


INTRODUCTION

Micro Linear Corporation, headquartered in San Jose, California, designs,
develops and markets high performance analog and mixed signal
integrated circuits for a broad range of applications within the
communications, computer and industrial markets. By combining its
analog expertise with a unique development methodology, Micro Linear
offers to its customers highly-integrated system-level solutions that add
value and reduce systems costs.

This product catalog contains more than 180 standard products many of
which are application specific focused on the following areas:

Local Area Networks
Telecommunications
Hard Disk Drives
Magnetic Tape Drives
Magneto-Optical Drives
Motor Controls

Switch Mode Power Supplies
DC to DC Converters
Fluorescent Lamp Ballasts
Data Acquisition Systems
Bus Products

Micro Linear is committed to supplying analog and mixed signal system
level solutions to our customers with the highest quality and best service
possible.
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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 at any time, without notice, to any of its products, specifications, processes, and suppliers. The
application notes, schematic diagrams, printed circuit layouts and other information contained herein is provided as application aids only and are
therefore provided “AS IS.” MICRO LINEAR MAKES NO WARRANTIES WITH RESPECT TO THE INFORMATION CONTAINED HEREIN, EXPRESS,
IMPLIED, STATUTORY OR OTHERWISE, AND MICRO LINEAR EXPRESSLY DISCLAIMS ANY IMPLIED WARRANTIES OF MERCHANTABILITY,
NON-INFRINGEMENT OF THIRD PARTY INTELLECTUAL PROPERTY RIGHTS AND FITNESS FOR A PARTICULAR PURPOSE.
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Package: J24N 24-Pin Hermetic Ceramic DIP (NarrOW) ........ccvvvveeeeeerciirreeeeecsivrnereeeeeens 9-12
Package: P24W 24-Pin Molded DIP ..............ccuvn.e.....

Package: P24N 24-Pin Molded DIP (Narrow)

Package: R24 24-Pin SSOP ....oteiiieieteeesteetetett et stessaesbesaa b e ae s e saessaessassaenes
Package: S$24W 24-Pin SOIC ......covieereieeieerreerreeeveanne

Package: J28W 28-Pin HErmMetic DIP .......cccvovvieieiieeeieienieeteceeeie et etee s enne
Package: P28W 28-Pin Molded DIP ......c.coerieeeiieerieieieineteieestenseteesee st sae e nenesnna
Package: P28N 28-Pin MOolded DIP .......c.covieieiirecninieerinieerieeessee et et sseasseenns
Package: Q28 28-Pin Molded Leaded PCC ........ccceevueruievienreniieieeeeieieeetese e e esaeeanenans
Package: R28 28-Pin SSOP ......oovveerevireerecrereennnne

Package: S28W 28-Pin SOIC ....coneiiieeieiieeiiereesieeeetaesieesnesseaesssessaeesaesssessassssassssasennes
Package: H32 32-Pin TQFP ..ottt ettt see et e sesae s eneen
Package: Q32 32-Pin Molded Leaded PCC .... 9-17
Package: S32W 32-Pin SOIC ...ttt ettt sa e e v e s i
Package: J40 40-Pin Hermetic DIP........

Package: P40 40-Pin Molded Plastic DIP .........ccuecieivierieienieneeieneeieneeeeeeesse e enesnens
Package: G44 44-Pin PQFP .....ooviiiiiiiiicciiicie e

Package: Q44 44-Pin Molded Leaded PCC
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SECTION 9 — PACKAGING INFORMATION (continued)

Package: H44 44-Pin TQFP
Package: H48 48-Pin TQFP
Package: G52 52-Pin PQFP
Package: Q52 52-Pin Molded Leaded PCC

Package: H52 52-Pin TQFP ..c.cocovvieevienirenene
Package: H64 64-Pin TQFP.....

Package: Q68 68-Pin Molded Leaded PCC
Package: Q84 84-Pin Molded Leaded PCC
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- - General
®L. Micro Linear Ordering Information

Part Number and Package Type Explanation

PART NUMBER
ML XXXX X X X —_ X
- —_ fad .l. fad
Package Type
Temperature Range
M =-55°C to +125°C
I = -40°C to +85°C
C=0°Cto +70°C
E=-20°C to +70°C
Number or letter indicates electrical grade of part (optional)
Three to five digit generic or product part number
Micro Linear Prefix or for second source device is the same as original source
Number or letter indicates electrical grade of part (optional) —
PACKAGE TYPE
Letter Suffix Description
D Side Brazed Hermetic DIP
F Flat Pack
G (PQFP) Plastic Quad Flat Pack
H Thin Quad Flat Pack (TQFP)
J Ceramic Hermetic DIP (CERDIP)
K Quarter Size Small Outline Package (QSOP)
L Ceramic Leadless Chip Carrier (LCC)
P Plastic DIP
Q Plastic Chip Carrier (PCC)
R Shrink Small Outline Package (SSOP)
S Small Outline (SOIC)
T Thin Shrink Small Outline Package (TSSOP)

T@L Micro Linear 1-1




- -
Lgl. 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?
AD7820BQ ML2261Cl) ADC0831BC] ML2281BlIJ
AD7820CQ ML2261Blj ADC0831BCN ML2281BCP
AD7820KN ML2261CCP ADC0831CC) ML2281ClJ
AD7820KP ML2261CCQ ADCO0831CCN ML2281CCP
AD7820LN ML2261BCP ADCO0832BCJ ML2282BI)
AD7820LP ML2261BCQ ADCO0832BCN ML2282BCP
AD7820TQ ML2261CM} ADC0832CC) ML2282ClJ
AD7820UQ ML2261BM] ADCO0832CCN ML2282CCP
AD7824BQ ML2264Cl) ADCO0833BCJ ML2283BIJ
AD7824CQ ML2264BlJ ADCO0833BCN ML2283BCP
AD7824KN ML2264CCP ADCO0833C(C} ML2283ClJ
AD7824LN ML2264BCP ADCO0833CCN ML2283CCP
AD7824TQ ML2264CM) ADC0834BC]J ML22848BIJ
AD7824UQ ML2264BM] ADC0834BCN ML2284BCP
ADC0834CCJ ML2284Cl)
. ADC0834CCN ML2284CCP
Linear Technology ADC0838BC) ML2288BlI)
Linear Technology Micro Linear ADCO0838BCN ML2288BCP
Part Number Direct Replacement! ADC0838BCV ML2288BCQ
ADC0838CCJ ML2288ClJ
LTC1060AC) ML2110B1j2 ADC0838CCN ML2288CCP
LTC1060ACN ML2110BCP2 ADCO0838CCV ML2288CCQ
LTC1060AM) ML2110BM)2 ADC08061BCN ML2261BCP
LTC1060C) ML2110Cl)2 ADC08061BCV ML2261BCQ
LTC1060CN ML2110CCP2 ADC08061BCWM ML2261BCS
LTC1060M]) ML2110CM)2 ADCO08061BCJ ML2261BC)
ADC08061BM] ML2261BM])
- . ADC08061CCN ML2261CCP
National Semiconductor ADCO8061CCV ML2261CCQ
National Semiconductor Micro Linear ADC08061CCWM ML2261CCS
Part Number Direct Replacement! ADCO08061CC) ML2261CC)
ADC0808C]) ML2258BM] ADC08061CMJ ML2261CM])
ADCO0808CC) ML2258BIJ ADCO08061BIN ML2261BIP
ADCOB08CCY ML2258BIQ ADCO08061BIV ML2261BIQ
ADCO809CCN ML2258CIP ADC08061BIWM ML2261BIS
ADC0809CCY ML2258CIQ ADC0806181) MLeZ61E
ADC0820BC) ML2261B1) ADC08061CIN ML2261CIP
ADCO820BCN ML2261BCP ADC08061CIV ML2261CIQ
ADCOB20BCY ML2261BCQ ADC08061CIWM ML2261CIS
ADCOB20GCN ML2261CCP ADCO08064BCN ML2264BCP
ADCOB20GCY ML2261CCQ ADC08064BCY ML2264BCQ
ADC0820C) ML2261CM) ADC08064BCWM ML2264BCS
ADC08064BC] ML2264BC)

Note 1. 100% pin-for-pin compatible with improved electrical specifications.
Note 2. Consult data sheet for electrical specifications that may vary from limit or conditions of alternate source.
Note 3. Alternate source ships —40°C to +85°C product as molded; Micro Linear does this on a customer need basis.
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Cross Reference Guide

National Semiconductor Silicon Systems, Inc.

National Semiconductor Micro Linear Silicon Systems, Inc. Micro Linear

Part Number Direct Replacement? Part Number Direct Replacement?
ADC08064BM] ML2264BM]) SS1 32P541-CH ML541CQ
ADC08064CCN ML2264CCP SSI 32P541-P ML541CP
ADC08064CCV ML2264CCQ SS1 32P541A-CH ML4042CQ
ADC08064CCWM ML2264CCS SSI 32P541A-P ML4042CP
ADC08064CC) ML2264CC| SSI 32P541B-CH ML4042CQ
ADC08064CM) ML2264CM) SSI 32P541B-P ML4042CP
ADCO08064BIN ML2264BIP SSI 32R4610A ML6320CS-5
ADCO08064BIV ML2264BIQ SSI 32R2020R ML6320CS-5
ADC08064BIWM ML2264BIS SSI1 32R2024R ML6320CS-5
ADCO08064Bl) ML2264Bl) SSI 32R2030A ML6320CS-5
ADCO08064CIN ML2264CIP SSI 32R2201R ML6320CS-5
ADC1061 ML2271 SSI 32R2300R ML6320CS-5
ADC08064CIV ML2264CIQ SSI 32R2310R ML6320CS-5
ADC08064CIWM ML2264CIS SSI 32R2300R ML6320CR-3
ADC08064Cl) ML2264Cl) SSI 32R2310R ML6320CR-3
ADC1061Cl) ML2271Cl) SSI 32R501R-6H ML501R-6CQ
ADC1061CIN ML2271CCP3 SSI 32R501R-8F ML501R-8CF
ADC1061CIWM ML2271CCS3 SSI 32R501R-8H ML501R-8CQ
ADC1061CM]J ML2271CM]) SSI 32R501R-8P ML501R-8CP
DP5016QC ML501-6CQ SSI 32R501-6H ML501-6CQ
DP5016RQC ML501R-6CQ SSI 32R501-8F ML501-8CF
DP5018QC ML501-8CQ SSI 32R501-8H ML501-8CQ
DP5018RQC ML501R-8CQ SSI 32R501-8P ML501-8CP
HA5016QC ML501-6CQ SSI 32R511R-4S ML511R-4CS
HA5016RQC ML501R-6CQ SSI 32R511R-6H ML511R-6CQ
pA5018QC ML501-8CQ SSi 32R511R-6P ML511R-6CP
nA5018RQC ML501R-8CQ SSI 32R511R-6S ML511R-6CS
DP8464BN-3 ML8464B-3CP2 SSI 32R511R-8H ML511R-8CQ
DP8464BV-3 ML8464B-3CQ2 SSI 32R511R-8P ML511R-8CP
DP8464BN-2 ML8464B-2CP2 SSI 32R511R-8S ML511R-8CS
DP8464BV-2 ML8464B-2CQ2 SSI 32R511-4S ML511-4CS
DP8464BN-2 ML8464B-2CP2 SSI 32R511-6H ML511-6CQ
DP8464BN-3 ML8464B-3CP2 SSI 32R511-6P ML511-6CP
DP8464BV-2 ML8464B-2CQ2 SSI 32R511-6S ML511-6CS
DP8464BV-3 ML8464B-3CQ2 SSI32R511-8H ML511-8CQ
DP8468BTP-3 ML4568-3CQ2 SSI 32R511-8P ML511-8CP
DP8468BTP-2 ML4568-2CQ2 SSI 32R511-8S ML511-8CS
LMF100CCN ML2111CCP

LMF100CCWM ML2111CCS

MF10A]) ML2110CM)2

MF10ACN ML2110BCP2

MF10CCJ ML2110Clj2

MF10CCWM ML2110CCS2

MF10CCN ML2110CCP2

Note 1. 100% pin-for-pin compatible with improved electrical specifications.

Note 2. Consult data sheet for electrical specifications that may vary from limit or conditions of alternate source.

Note 3. Alternate source ships —40°C to +85°C product as molded; Micro Linear does this on a customer need basis.

MMicro Linear
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Cross Reference Guide

Texas Instruments vTC

Texas Instruments Micro Linear VTC Micro Linear

Part Number Direct Replacement! Part Number Direct Replacement?

ADC0808M]) ML2258BM] VM117-2DK ML117-2C])

ADCO0808FN ML2258BCQ VM117-2PK ML117-2CP

ADCO0808N ML2258BIP VM117-4FK ML117-4CF

ADCO0809FN ML2258CCQ VM117-4PK ML117-4CP

ADCO0809N ML2258CIP VM117-4DK ML117-4C)

TLC0820ACN ML2261CCP VM117-6PK ML117-6CP

TLCO820ACFN ML2261CCQ VM117-6DK ML117-6C])

TLC0820BCN ML2261BCP VM117-6PK ML117-6CP

TLC0820BCFN ML2261BCQ VM117-6PLK ML117-6CQ

ADCO0831ACP ML2281CCP VM117R-2DK ML117R-2C)

ADCO0831AIP ML2281Clj3 VM117R-2PK ML117R-2CP

ADCO0831BCP ML2281BCP VM117R-4FK ML117R-4CF

ADCO0831BIP ML2281BI)3 VM117R-4PK ML117R-4CP

ADCO0832ACP ML2282CCP VM117R-4DK ML117R-4C)

ADCO0832AIP ML2282ClJ3 VM117R-6DK ML117R-6C)

ADCO0832BCP ML2282BCP VM117R-6PK ML117R-6CP

ADCO0832BIP ML2282Bl)3 VM117-6PLK ML117R-6CQ

ADCO0834ACN ML2284CCP VM217-6PK ML501-6CP

ADCO0834AIN ML2284Cl)3 VM217-6PLK ML501-6CQ

ADCO0834BCN ML2284BCP VM217-8PK ML501-8CP

ADCO0834BIN ML2284BIj3 VM217-8PLK ML501-8CQ

ADCO0838ACN ML2288CCP VM7204 ML6320CR-5

ADCO0838AIN ML2288Clj3 VM720H4 ML6320CR-5

ADCO0838CCN ML2288BCP VM720L4 ML6320CR-5

ADCO0838BIN ML2288BI)3 VM3204 ML6320CR-3
VM320H4 ML6320CR-3
VM320L4 ML6320CR-3

Unitrode

Unitrode Micro Linear

Part Number Direct Replacement!

UC1823) ML4823M]

UC1825) ML4825M])

UC2823N ML4823IP

UC2823Q ML4823IQ

UC2825N ML4825IP

UC2825Q ML48251Q

UC3823N ML4823IP

UC3823Q ML4823CQ

UC3825N ML4825IP

UC3825Q ML4825CQ

Note 1. 100% pin-for-pin compatible with improved electrical specifications
Note 2. Consult data sheet for electrical specifications that may vary from imit or conditions of alternate source.

Note 3. Alternate source ships —-40°C to +85°C product as molded; Micro Linear does this on a customer need basis.

1-4

8L Micro Linear



0§ Micro Linear

Alpha Numeric Index

PAGE
ML117 2,4, or 6-Channel REad/MWHIIte CIFCUILS .......ecvevueerverrerreerreiecreeseaeseeseeesesaesssesessessassesssessessasssssesssssseessenssens 5-5
ML117R 2, 4, or 6-Channel Read/Write Circuits..... . 5-5
ML501 6, 7, or 8-Channel Read/Write Circuits. 5-13
ML501R 6, 7, Or 8- Channel REAA/WIItE CIFCUILS ......c.cveeruercreemerereieresereneseseneseseenssseseneasssesssesssnssesentsessonssssnssasseses 5-13
ML502 6, 7, or 8-Channel Read/Write Circuits . e 5413
ML502R 6, 7, or 8-Channel Read/WHIite CIrCUILS .......cccuveeuererureerencrenisuereraeesesensenessssssesasessssesessessseseenens e 5-13
ML502S 6, 7, 0r 8-Channel Read/WIIte CHICUILS ....c.c.cuevivruereuniereieireriescseeriaessisesietssseaesesesssesesesssssessesessssssssassesens 5-13
ML511 4,6, 7, or 8-Channel Read /Write CirCUItS ........coreerrereerrenieereeneersenerasinennas oo 5221
ML511R 4, 6, 7, or 8-Channel Read/Write Circuits b eeetee e e ettt st et et e e be e et b e eh e er e s b e s e e e e aeane 5-21
ML541 Read Data Processor 5-29
ML1825 High Frequency Power Supply Controller 7-5
ML2004 Logarithmic Gain/Attenuator . 3-3
ML2008 WP Compatible Logarithmic Gain/Attenuator . . 3-14
ML2009 WP Compatible Logarithmic Gain/Attenuator ....... .. . 314
ML2020 Telephone Line EQUAliZer .......c.c.covecervevuveccrcnienneccrennenee 3-23
ML2021 Telephone Line Equalizer .................. 3-34
ML2031 ToNE Detector .......ovvvvviriiiiiiiiiiceicti e eees 3-45
ML2032 Tone Detector ........... R 3-45
ML2035 Programmable Sinewave Generator ...... 3-53
ML2036 Programmable Sinewave Generator ...........c.cccocecueenee 3-53
ML2110 UNIVErSal DUAI FIIEET ...ttt eaesesaesestssesesessseesesesssassesesassnsesessesssssesssesssnesssnssenes 3-65
ML2111 Universal Hi-Frequency Dual Filter ........ 3-84
ML2200 12-Bit + Sign Data Acquisition Peripheral 2-3
ML2208 12-Bit + Sign Data Acquistiion Peripheral 2-3
ML2221 Serial Peripheral Interface 12-Bit Plus Sign A/D Converter with Sample & Hold 2-31
ML2223 Asynchronous Serial Interface 12-Bit Plus Sign A/D Converter with Sample & Hold 2-45
ML2223EVAL 12-Bit A/D Converter with PC Compatible Serial Interface Evaluation Kit 2-53
ML2230 uP Compatible 12-Bit Plus Sign A/D Converter with Sample and Hold ...........cccocoeeenimcrcunnincnierenincncnnne 2-54
ML2233 WP Compatible 12-Bit Plus Sign A/D Converter with Sample and Hold 2-70
ML2252 WP Compatible 8-Bit A/D Converters with 2- or 8-Channel Multiplexer 2-86
ML2258 WP Compatible 8-Bit A/D Converter with 8-Channel Multiplexer . 297
ML2259 WP Compatible 8-Bit A/D Converters with 2- or 8-Channel Multiplexer ..........c.ccovecerierererneenn 2-86
ML2261 WP Compatible High Speed 8-Bit A/D Converter with T/H (S/H) ...eovevvecevrreerercruenneenne 2-108
ML2264 4-Channel High Speed 8-Bit A/D Converter with T/H (S/H) 2-123
ML2271 WP Compatible High Speed 10-Bit A/D Converter with S/H 2-139
ML2280 Serial 1/O 8-Bit A/D CONVEMETS.........c.crurururereneereerercrererereseresescenes 2-151
ML2281 Serial I/O 8-Bit A/D Converters with Multiplexer Options . .. 2-169
ML2282 Serial 1/O 8-Bit A/D Converters with Multiplexer Options . 2-169
ML2283 Serial 1/O 8-Bit A/D CONVEIENS..........ccuveeeueuerevemsrererereseseneressnssescseseseseneasans ettt nne 2-151
ML2284 Serial 1/O 8-Bit A/D Converters with Multiplexer Options .. 2-169
ML2288 Serial 1/O 8-Bit A/D Converters with Multiplexer Options 2-169
ML2330 Selectable Dual 3V/3.3V/5V 8-Bit D/A CONVEMErS ......cccouvvereemererererrerenennnns 2-189
ML2340 Single Supply Programmable 8-Bit D/A Converters...... 2-195
ML2341 Single Supply, Programmable 8-Bit D/A Converters 2-206
ML2350 Single Supply Programmable 8-Bit D/A Converters...... . 2-195
ML2351 Single Supply, Programmable 8-Bit D/A CONVEIETS..........coereerrrererirserererseresensssssesesessesssesessssssesessesessensesens 2-206
ML2375 DSP Analog 1/O Peripheral .........ccicuiueriiiiiiniieciiiiiiscsiescssesissesssssesssssisesssesssesssosens 2-218
ML2377 DSP Analog I/O Peripheral .... 2-218
ML2003 Logarithmic Gain/Attenuator reereeeereaeeeensaenenee 3-3
ML2652 10BASE-T Physical Interface Chip ... 4-3
ML2653 10BASE-T Physical Interface Chip ...... 4-3
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Alpha Numeric Index

PAGE
ML2653EVAL TOBASE-T Transceiver EValuation Kit.........ccceeeeurerieeneninenieneeeneniestieiesisiesesiestssessesssessesessessessesssseesens 4-23
ML4041 Read Data Processor 5-39
ML4042 Read Data Processor . 5-39
ML4401 Servo Demodulator ... 5-50
ML4402 Servo Driver ................ 5-56
ML4403 Servo Controller ... 5-61
ML4404 Trajectory Generator 5-71
ML4406 Disk VOice COil SEIVO DFIVET .....ccucrveuieeeirreriererenteristeenenseesnesieseesesiessenes 5-82
ML4407 Disk Voice Coil Servo Driver...... . 5-82
ML4408 Low Voltage Drop Voice Coil SErvo DIiVEr .......ccccceevreererircrecsrinenens 5-88
ML4410 Sensorless Spindle Motor Controller . 5-95
ML4411 Sensorless Spindle Motor Controller 5-106
ML4412 Enhanced Sensorless BLDC Motor Controller 5-119
ML4413 SEIVO CONIOIIET ...ttt ettt ettt eb st st sb et e st sae b e b s e b e sasaesbesasntsbessenesbesneaentne 5-61
ML4415 15-Channel Read/Write Circuit ... 5-132
ML4415R 15-Channel Read/Write Circuit 5-132
ML4416 14-Channel Read/Write Circuit with CS 5-132
ML4416R 14-Channel Read/Write Circuit with CS 5-132
ML4417 Zoned Bit Recording Circuit .......... 5-140
ML4418 Low Saturation Voice Coil Servo Driver 5-150
ML4420 Enhanced Sensorless BLDC Motor Controller .... 5-157
ML4425 Sensorless BLDC PWM Motor Controller 5-170
ML4426 Sensorless BLDC PWM Motor Controller with Reverse......... 5-170
ML4427 Zoned Bit Recording Circuit ....... 5-140
ML4431 Servo Demodulator 5-186
ML4451 2-Channel Preamplifier for Tape Drives.. 5-194
ML4452 MR Head Preamplifier for Tape Drives 2- CH Read and 1-CH Write thh Readback 5-202
ML4452 MR Head Preamplifier for Tape Drives 2-CH Read and 1-CH Write with Readback 5-202
ML4506 5V Disk Voice Coil Servo Driver ... e 5-207
ML4508 Low Voltage Drop Voice Coil Servo Driver . 5-214
ML4510 5V Sensorless Spindle Motor CONtroller ............cocvvererereneneeneeenrececenenccenens 5-221
ML4532 Servo Burst Area Detector With PWM ......c.ccoveiiieineireiitecieneccseecsitesestsessssessssesssssassesesesssnesenone 5-230
ML4533 Servo Burst Area Detector without PWM . 5-230
ML4534 Area Detector Based Embedded Servo Demodulator .... 5-241
ML4535 Area Detection Based Hybrid Servo Demodulator ...........ccocoevcveveicncccnnenns 5-248
ML4536 Servo Burst Area Detector without PWM DAC ...... 5-230
ML4568 Disk Pulse Detector + Embedded Servo Detector .. 5-261
ML4610R 5V, 2-, 4-Channel Thin-Film Read/Write Circuit.... 5-269
ML4611R 5V, 2-, 4-Channel Thin-Film Read/Write Circuit 5-269
ML4621 Fiber Optic Data QUantizer ..........cocececceueueuemerecneene 4-24
ML4622 Fiber Optic Data Quantizer ettt ettt s e sebenees 4-30
ML4624 Fiber Optic Data Quantizer .............. 4-30
ML4632 Fiber Optic LED Driver . 4-38
ML4642 AUI MUItIPIEXET .ttt 4-44
ML4644 4-Port AUI Multiplexer 4-58
ML4652 TOBASE-T Transceiver 4-69
ML4654 10BASE-T Transceiver for Multi- Port Repeaters 4-85
ML4658 10BASE-T Transceiver with Autopolarity 4-69
ML4661 FOIRL Transceiver 4-86
ML4662 TOBASE-FL Transceiver 4-87
ML4662EVAL TOBASE-FL Evaluation Kit ....cccceevereeieereerienieninrenenieseneenseseessenseessesaenees 4-99
ML4663 Single Chip 10BASE-FL Transceiver . ettt sa e a e 4-100
ML4663EVAL TOBASE-FL EValuation Kit ......c.ceeeeeeiererirenueieniereniereeneesseesesnesessesensesessessens 4-113
ML4670 Multi-Protocol Physical Interface Dewce . rreeeens 4-114
ML4761 Adjustable Output Low Voltage Boost Regulator .......... 7-12
ML4809 High Frequency Current Mode PWM Controller..........cceceueeceeecemreneeccnnnnee 7-20
ML4810 High Frequency Current Mode PWM CONLrOIIEN .........cceueueueuieenreeninienereenecetenicneneeneaeeeeseseneseseseeseeesennns 7-31
ML4811 High Frequency Current Mode PWM Controller ..........ceeecrerervenenen Ceveaenensneaens 7-31
1-6
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PAGE
ML4812 POWEF FACIOr CONTOIIET ....cviiieiieieirieiriese ettt ettt s e sae et b et e b b sebesae b esssnesnsesnenss 7-39
ML4812EVAL Power Factor Controller Evaluation Kit 7-53
ML4813 Flyback Power Factor Controller .. 7-54
ML4815 Zero Voltage Switching Resonant Controller 7-66
ML4816 High Frequency Multi-Mode Resonant Controller ... 7-79
ML4817 High Frequency Single Ended PWM Controller . 7-93
ML4818 Phase Modulation/Soft Switching Controller 7-101
ML4818EVAL Phase Modulation Controller Evaluation Kit 7-112
ML4819 Power Factor and PWM Controller “Combo” 7-113
ML4821 Power Factor Controller 7-127
ML4821EVAL Average Current PFC Controller Evaluation Kit 7-135
ML4823 High Frequency Current Mode PWM Controller-... 7-136
ML4824 Power Factor and PWM Combo ........... 7-143
ML4825 High Frequency Current Mode PWM Controller... 7-153
ML4826 Power Factor and Dual PWM Combo .......cevueuenee 7-160
ML4828 BiCMOS Phase Modulation/Soft Switching Controller . 7-165
ML4830 Electronic Ballast Controller ... . 7173
ML4831 120VAC Dimmable Electronic Ballast ........ . 7-186
ML4831EVAL 120VAC Dimmable Electronic Ballast Evaluation Kit 7-199
ML4851 Low Current, Low Voltage Boost Regulator . 7-200
ML4861 Low Voltage Boost Regulator...................... 7-202
ML4861EVAL Low Voltage Boost Regulator Evaluation Kit .. . 7-213
ML4862 Battery Power Controller IC ..o e 7-214
ML4862EVAL Battery Power Controller Evaluation Ki . 7-224
ML4863 High Efficiency Battery PACK CONVEMET ........c.eueuiirieureeirieiecieeieteeeniaestsesessesesseseseseseseesssssesessssesemeesessenens 7-225
ML4864 LCD Backlight Lamp Driver with Contrast . 7-232
ML4864EVAL LCD Backlight with Contrast Evaluation Kit ............ceceeeeenueeenereernreneniecereneeeenenes . 7-240
ML4865 High Voltage, High Current BoOst REGUIALOT .........ccoeeviiriiiiniiiniiciiieniiiiiccecnnentesesiesiee e naens 7-241
ML4866 3.3V Output DC-DC Step-Down Converter ... 7-243
ML4868 High Frequency, Low Voltage Boost Regulator .. . . . e 7-244
ML4871 High Current BOOSt REGUIALON .......ocveuerieuiiiiiiiieiiciectte ettt et ettt st e b et be st ssestesnesaens 7-252
ML4872 High Current Boost Regulator with Shutdown ..........cccceveueuene. R e 7-254
ML4873 Battery Power Control IC 7-256
ML4873EVAL Battery Management IC Evaluation Kit. 7-266
ML4874 LCD Backlight Lamp Driver 7-268
ML4874EVAL Differential Drive LCD Backlight Evaluation Kit.... 7-276
ML4875 Low Voltage Boost Regulator with Shutdown 7-277
ML4876 LCD Backlight Lamp Driver with Contrast 7-287
ML4876EVAL Differential Drive LCD Backlight with Contrast Evaluation Kit 7-294
ML4880 Portable PC and PCMCIA Power Controller 7-295
ML4890 High Efficiency, Low Ripple Boost Regulator 7-297
ML4890EVAL Low Ripple Boost Regulator Evaluation Kit 7-299
ML4961 Adjustable Output Low Voltage Boost Regulator with Detect 7-300
ML6005 24 Mbps Read Channel Filter/Equalizer 5-275
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@L Micro Linear R
Data Conversion A/D

Selection Guide

8-Bit A/D
PART |CONV. | MAX SAMPLE |INPUTS NON BUS SUPPLY SUPPLY PIN ALTERNATE
NUMBER | TIME FREQ TIME | (MUX) | LINEARITY | INTERFACE, |VOLTAGE]| CURRENT | COUNT | SOURCES FEATURES
OF Vj\ (MAX) BITS
ML2252 | 6.6us | 51KHz | 0.39us 2 +'5,+1LSB | Parallel 5V 3mA 20 Ratiometric output
ML2258 | 6.6ps | 51KHz | 0.39us 8 |+, £1LSB| Parallel 5V 3mA 20 |ADCO0808, |Superior alternative
ADCO0809 |Superior alternative
ML2259 | 6.6ps | 51KHz | 0.39us | 8 +1LSB Parallel 5V 3mA 28 Ratiometric output
ML2261 | 0.7ps | 500KHz| 0.30ps 1 |, £1LSB| Parallel 5V 15.5mA 20 |AD7820, |Superior alternative
ADCO0820, | Superior alternative
ADCO08061
TLC0820
ML2264 | 0.7us | 500KHz 4 |15, +1LSB| Parallel 5V 20mA 24 |ADC08064|T & H or S & H modes
ML2280 | 6.6ps | 51KHz [ 0.38us | 1 [£'/2, 1LSB| Serial 5V 2.5mA 8 No zero or full-scale
adjustment required
ML2281 | 6.6ps | 51KHz | 0.38us 1 +'/, +1LSB Senal 5V 2.5mA 8 ADCO0831 |Superior alternative
ML2282 | 6.6pus | 51KHz | 0.38us | 2 |+'/2, £1LSB| Senal 5V 3.5mA 8 ADCO0832 |Superior alternative
ML2283 | 6.6ps | 51KHz | 0.38us 4 |+, £1LSB| Serial 5V 2.5mA 14 |ADCO0833 |Superior alternative
ML2284 | 6.6pus | 51KHz [ 0.38.us | 4 |+', +1LSB| Serial 5V 2.5mA 14 |ADCO0834 |Superior alternative
ML2288 | 6.6ps | 51KHz [ 0.38.us| 8 |x'/2, £1LSB| Serial 5V 2.5mA 20 [ADCO0830 |Superior alternative
10-Bit A/D
PART |CONV.| MAX SAMPLE |INPUTS NON BUS SUPPLY SUPPLY PIN ALTERNATE
NUMBER | TIME FREQ TIME | (MUX) | LINEARITY | INTERFACE, [VOLTAGE{ CURRENT | COUNT | SOURCES FEATURES
OF V| (MAX) BITS
ML2271 | 1.5ps [150KHz 1 +'5,+1LSB | Parallel 5V 35mA 20 |ADC1061 |Latched 3-state output
ML2375| 2us 4 |£1to #1LSB| Parallel {5V, 12V{ 11mA 28 Two channel
simultaneous S & H
ML2377 | 2ps 6 [|t1to+1LSB| Parallel |5V, 12V] 11mA 44 Two channel
simultaneous S & H
12-Bit A/D + Sign
PART | CONV.| MAX SAMPLE |INPUTS NON BUS SUPPLY SUPPLY PIN ALTERNATE
NUMBER | TIME FREQ TIME (MUX) | LINEARITY | INTERFACE, |VOLTAGE| CURRENT | COUNT | SOURCES FEATURES
OF V) (MAX) BITS
ML2200 |31.5ps| 12KHz | 2.3ps 4 |+3/s, £1LSB| Parallel 15V 50mA 40 Differential inputs.
16 bit timer & clock.
Limit alarm.
ML2208 |31.5ps| 12KHz | 2.3ps 8 |t%, £1LSB| Parallel +5V 50mA 40 16 bit timer & clock.
Limit alarm.
ML2221 | 44ps [8.5KHz | 3.2us 1 +%,+1LSB|  Serial +5V 50mA 16, 20 4-wire interface to pP
ML2223 | 44ps |8.5KHz | 3.2pus 1 |£%s, £1LSB| Serial +5V 50mA 16, 20 Async. RS 232 interface
ML2230 {31.5us| 12KHz | 2.3ps 1 [+, £1LSB| Parallel +5V 50mA 24 Outputs two 8-bit bytes
ML2233 {31.5us| 12KHz | 2.3ps 1 {+%, £1LSB| Parallel +5V 50mA 28 Self calibrating.
Differential Inputs.
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Data Conversion D/A

Selection Guide

8-Bit D/A
8-BIT [SETTLING | SET-UP | OUTPUT | OUTPUT NON BUS SUPPLY | SUPPLY PIN
D/A TIME TIME |CURRENT| VOLTAGE LINEARITY INTERFACE, |VOLTAGE{ CURRENT | COUNT FEATURES
(MAX) BITS
ML2330| 10ps | 1.3ns| 2mA [20mV-4V +1 LSB Serial 3v, 4mA 8 Dual DAC. Low power.
20mV-2V 3.3V, 5V
ML2340{ 5ps 45ns | -10mA Vce +'/s, £'2LSB 8, upP 5V, 5V 9.3mA 18 Internal 2.50V reference.
+10mA | - 0.05V 12V 11 bit resolution.
Programmable voltage
gain: s, 2,1, 2
ML2341| 5ps | 50ns | 5mA Vee +'/s, £'/2LSB 8,uP |5V, +5V| 5mA 20 Internal 2.50V reference.
-0.05V 12V 11 bit resolution.
Programmable voltage
gain: s, /2,1, 2
ML2350( 5pus 45ns | 5mA Vee +'/s, £'/2LSB 8,uP |5V, 15V| 9.3mA 18 Internal 2.50V reference.
-0.05Vv 12v 11 bit resolution.
Programmable voltage
gain: s, '/, 1,2
ML2351} 5us | 50ns | 5mA Vce +'/s, £'/2LSB 8, uP |5V, £5V| 5mA 20 Internal 2.50V reference.
-0.05V 12V 11 bit resolution.
Programmable voltage
gain: s, /2,1, 2
ML2375| 2ps 60ns Vce +'/s, £'/2LSB 16, uP 5V TImA 28 16 bit timer & clock.
-0.25V Limit alarm.
ML2377| 2ps 60ns Vce +'/s, £'/2LSB 16, uP 5V 1TmA 44 16 bit timer & clock.
-0.25V Limit alarm.
10-Bit D/A
8-BIT [SETTLING | SET-UP | OUTPUT | OUTPUT NON BUS SUPPLY | SUPPLY PIN
D/A TIME TIME |CURRENT| VOLTAGE LINEARITY INTERFACE, |VOLTAGE|CURRENT COUNT FEATURES
(MAX) BITS
ML2375| 2ps | 60ns Vee +'/a, £'/2LSB 16, uP 5V 11TmA 28 16 bit timer & clock.
-0.25V Limit alarm.
ML2377| 2us | 60ns Vee | /4, £'2LSB | 16, pP 5V 11mA 44 16 bit timer & clock.
-0.25V Limit alarm.
N - -
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PRELIMINARY

ML2200, ML2208

12-Bit Plus Sign Data Acquisition Peripheral

GENERAL DESCRIPTION
The ML2200 and ML2208 Data Acquisition Peripherals

(DAP) are monolithic CMOS data acquisition subsystems.

These data acquisition peripherals feature an input
multiplexer, a programmable gain instrumentation
amplifier, a 2.5V bandgap reference, and a 12-bit plus
sign A/D converter with built-in sample-and-hold. In
addition to a general purpose 8-bit microprocessor
interface, the ML2200 and ML2208 include a
programmable processor, data buffering, a 16-bit timer,
and limit alarms.

The ML2200B and ML2208B self-calibrating algorithmic
A/D converters have a maximum non-linearity error over
temperature of 0.018% of full-scale, while the ML2200C,
ML2200D, ML2208C, and ML2208D have a maximum
non-linearity error over temperature of 0.024%.

The ML2200 has a four channel differential input
multiplexer and the ML2208 has an eight channel single
ended input multiplexer.

The digital interface, with software-alterable configurations,
is designed to off-load the microprocessor. Control of the
DAP is autonomously handled through the control
sequencer which receives its instructions from the
instruction RAM.

FEATURES

M Resolution

B Conversion time
(including S/H acquisition)

M Sample-and-hold acquisition
B Non-linearity error

M Low harmonic distortion

B No missing codes

12-bits + sign

31.5us max
2.3ps max

+3/4 LSB and £1 LSB max

0.01%

B Self-calibrating — maintains accuracy over time
and temperature

B Inputs withstand |7V| beyond supplies

H Internal voltage reference

2.5V+ 2%

M Four differential or eight single-ended input channels
B Data buffering (8 word data RAM)

B Programmable limit alarm

M 8-Bit microprocessor interface — interrupt, DMA,
or polling

M 16-Bit timer for programmable conversion rates
M Standard hermetic 40-pin DIP

BLOCK DIAGRAM

VREr  VIEMP
AVce AGND outr out Vs
CHO O— VRer Lo Do
CH1 0] o D1
CH2 O —o0 D2
CH3
H g: 8-CHANNEL 12-BIT PLUS SIGN A/D DATA up —O D3
CH4 MULTIPLEXER| WITH RAM DATA | ops
CH5 O] SAMPLE & HOLD FUNCTION /o
CHe6 O— o D5
CH7 o] H D6
COM O —O D7
{} ]
' Y
ADDRESS & L0 INT/INT
SYNC <3| CONTROL < INSTI;(:E‘TION D
SEQUENCER
0 A0
e A1l
controL [ ©
16-BIT TIMER LIMIT AND  [FOA2
& CLOCK ALARMS TIMING |—0 ALE
O S T b oW
DVcc DGND (2) CLK EXT TIMER PoN RESET [—O RD
0 CsS
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ML2200, ML2208

ML2200 BLOCK DIAGRAM

VRer  VIEMP
A\écc AG?ND o%n o§r "{)S
+CHO O] VREF o Do
—CHO o | o D1
+CH1 O —o D2
-CH1
cH2 g: 4-CHANNEL 12-BIT PLUS SIGN A/D DATA w | ops
* MULTIPLEXER WITH RAM paA | .
~CH2 0 SAMPLE & HOLD FUNCTION /o
+CH3 O— o D5
_CH3 o] 0 D6
—O D7
1 L1 Y
ADDRESS & Lo INT/INT
SYNC <€«—| CONTROL < 'NSTT&S'ON -
SEQUENCER
L o6 A0
P
controL [
16-BIT TIMER umIT AND oAz
&cLock ALARMS TIMING |0 ALE
4 ! I } 4 oW
DVce DGND (2) CLK EXT TIMER Pon RESET —o 'E’
=1
16 Bx16 DMA TRANSFER
TEMP REG (16) SHADOW RAM ‘I CONTROL
Y J
A ‘ts
| Bx16 DATA | DATA | (8
< <> l«8 » pATA
VReF < DATA RAM 16 BUFFER | Y8 5| 1O
SEQUENTIAL
VTEmP OUT co?nr ARATOR|—1__LIMITALARM A _ |
- > TRIGGER pfaroindes 18
CHo loGic |<—{ UMITALARMB <>
>
> <& Tric NT INDEX ; CONTROLS
cHi ] 7 COND | MASK > REG ADDRESS
ANALOG J6 LINES
+ MUX — N
cH2 7] __RUN
>1° B INT [ INT/
s " 13-BIT TR > status [<x 1 INT > INT
> - A/D BUSY _ MAIN
> CONTROL l
AVec ———> EOC LOGIC q < osc |_—|—
AGND ——————> 8x16
| ASYNC <8 INstRucTION [T _ [sequencE :||:: CLk
Vg ——————>1 ‘RAM < |COUNTER =
< A
A A —» DBR
16-BIT TIMER [CONTROL| <
L:TI____'?_ A BN INTER- ¢ TCLOCK
POWER-ON-RESET Tcik Y Y |LOGIC|«— RESET
> le—>SYNC

SECONDARY REGISTERS
(ACCESS BY USE OF
REG. POINTER)

PRIMARY REGISTERS
(DIRECTLY ACCESSIBLE)

Figure 1. Block Schematic Diagram.
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ML2200, ML2208

PIN DESCRIPTION

PIN# NAME FUNCTION PIN# NAME FUNCTION
1 AGND Analog Ground. 28 DBR Data Buffer Ready output active
v | ional high indicates that a sequence of
2 TEMP \}/10 tgge output proportional to operations has completed and
the die temperature. data is ready to transfer. DBR is
3 VRer Internal voltage reference output not maskable. It can be used to
generate an interrupt in addition
41 CH Analog Inputs. ) to the INT pin when the DBRIE
ML2200 — Positive or negative bit in the interrupt mask register
input of four ¢fferf_3nt:a| inputs has not been enabled. DBR is the
MLZZOS — Eight single ended DMA request pin when DMA
inputs referenced to common mode is enabled. DBR is not
pin. Digitally selected by control active unless in run mode and at
sequencer. least one sequence of operations
12 NC ML2200 — No connection. has been completed. DBR )
COM ML2208 — Negative common remains active in the halt mode if
input for the eight input channels. not acknowledged; low during
Tie to analog ground or reset time and power-down.
(Vss +2.5)to (AVcc - 2.5 V) 29 DGND  Digital Ground.
13 Vss Negative power supply; 30 CLK Clock input. Drive with an
decouple to AGND. external clock or crystal reference
14 PpN Power-Down Input When Ppy = to DGND. The crystal must be
0, device in power-down mode parallgl_ resonant with minimum
with register contents retained if capacitive loading (i.e., No
AVce >2.0V. bypass caps should be used and
leads should be kept short).
15 NC No Connection. - . .
o . 31 RESET Active low hardware reset with
16-19 D7, D6, Bidirectional data bits. internal pull up resistor of 200K.
D5, D4 Tie to system reset line or to
20 DGND Digital Ground. grounded capacitor. The capacitor
- ) size (usually >6pF) is based on the
21 DVce Digital power supply. Tie to time the power supplies stabilize,
AVcc to the time reset voltage reaches
from same power supply. 1.4V (>400ms).
22-25 D3, D2, Bidirectional data bits. 32 Teik External timer, Tcyk is used as
D1, DO external clock input for the 16-
26 SYNC Inthe slave mode, SYNC is a bit timer when the Tei bit in the
positive edge triggered input control register is set to one.
used to start a conversion. In 33 ALE Address latch enable, active low
master mode, SYNC is an output latches information on AQ, A1,
and indicates a conversion has A2 and CS. Tie to AVcc to
occurred . disable use when separate
27 INT Interrupt output. A maskable address and data bus are used.
interrupt programmable to be 34 A2 Address 2
active high or low or will default
to active high. INT will not clear 35 Al Address 1
until acknowledged in halt 36 AO Address 0
mode; not affected by the run or — . .
halt state. INT = O during reset 37 cs Chip select, active low
and inactive during Ppy. 38 RD Read, active low enables ML2200
or ML2208 to drive data bus.
39 WR Write, active low allows writing
into the registers.
40 AVce Positive analog Power supply.

Decouple to AGND. Tie to DV¢c
from same power supply

I§L Micro Linear
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ML2200, ML2208

PIN CONNECTIONS

ML2200 ML2208
40-PIN DIP 40-PIN DIP
AGND [ 1 i 40 ] AVce AGND []1 e 40 [] Avee
vieme [ 2 39[] Wk viewe [ 2 39[] Wk
VREFI: 3 38] RD VREFE 3 38 ] EB
cHo+ []a 37[] & cHo[]4 ] &
cHo- 15 36[] Ao cH1[]s 36[] A0
cHi+[]6 35[] A1 cHz2[]e 35[] a1
cHi-[]7 34[] A2 cu3[]7 34[] A2
cH2+ |8 33[] AL cHa[]s 33[] AL
cH2-]o 32[] Tax cs [ 9 32[] Tax
cH3+ ] 10 31[] RESET cHe [ 10 31[] RESET
cH3-[] 11 30[] ax cH7 [ 30[] ck
Ne[] 12 29[] DGND com[] 12 29[] pGND
vss [ 13 28[] pBr vss [ 13 28[] DBR
Pon [ 14 27[] INT/iNT o~ [] 14 27 [] INT/INT
Ne[] s 26 [] sYNC Ne[] s 26 [] syNC
o7 []16 25]] oo o7 []16 25[] Do
D6 []17 24[] o1 D6 []17 24[] o1
s []18 24[] D2 ps [| 18 24[] b2
D4 []19 22[] b3 pa[] 19 22[] b3
DGND [ 20 21[] pvee DGND [] 20 21[] pvee
TOP VIEW TOP VIEW
ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS
(Note 1) (Note 2)
Supply Voltages (AVce and DVEQ) covvvereeenveerereeeeeens 6.0V Temperature Range .........coevvveeeevennnnns TMIN € Ta < Tmax
Negative Supply Voltage (Vsg) «c..coververeerurceeruenene -6.0V ML2200BCP, ML2200CCP, ML2200DCP ...... 0°C to 70°C
Voltage at Analog INputs ................ Vss — 7V to AVce +7V ML2208BCP, ML2208CCP, ML2208DCP ......0°C to 70°C

Voltage at VRgF..oovivnveiennne woee Vs = 7V to AV +7V

Input Current per Digital Pin ....cccocecvvieevncnennene. +10mA
Input Current at Analog Inputs .......ccceecvevereennenene +20mA
Storage Temperature Range ....... 65°C to +150°C
Package Dissipation @ 25° C.......ccoveeeeeevenreeeeneeneans 1w
Lead Temperature (Soldering 10 sec.)

Dual-In-Line Package (Plastic) .........ccccoeeurnne. .. 260°C

Supply Voltage (AV¢c and DV() ........ 4.5Vpc to 6.0Vpc
Negative Supply Voltage (Vss) .......... -4.5Vpc to -6.0Vpc
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ML2200, ML2208

ELECTRICAL CHARACTERISTICS
The following specifications apply for AVee = DVee = +5V 5%, Vss = =5V £ 5%, AGND = DGND = COM = CHX- =
0V, Ta = Tmin to Tpmax unless otherwise specified. C; = 100pF for DO-D7, C, = 50pF for INT, DBR, and SYNC.

TYP
SYMBOL PARAMETER NOTES CONDITIONS MIN NOTE 3 MAX UNITS
Converter Characteristics
Linearity Error
ML2200BCP, ML2208BCP 4 | feak=0.1<7MHz +3/4 LSB
ML2200CCP, ML2208CCP fceik = 0.1 € 7MHz *1 LSB
ML2200DCP, ML2208DCP fecrk = 0.1 £ 5MHz +1 LSB
Unadjusted Zero Error
ML2200BCP, ML2208BCP 4 +3/4 LSB
ML2200CCP, ML2208CCP +2 LSB
ML2200DCP, ML2208DCP *2 LSB
Unadjusted Positive and 5 +4 LSB
Negative Full Scale Error
Zero Error Temperature Coefficient 0.5 ppm/°C
Gain Temperature Coefficient External Reference 3 ppm/°C
Common-Mode Rejection 13 80 dB
Analog Input Range 5 All Analog Inputs Vss —0.05 AVcc +0.05)  V
External Source Resistance Channel = Analog Input 2 kQ
for Analog Inputs 5 Channel = Voltage Reference 0.5 kQ
Differential Analog Input Range CHX referred to COM ~VRer +VRer \Y
for ML2208
CHX+ referred to CHX~ for
ML2200
Off Channel Leakage Current 5,6 | OnChan=25V, -100 nA
Off Chan = -2.5V
On Chan =-2.5V +100
Off Chan = 2.5V
On Channel Leakage Current 5,6 | OnChan=-2.5V, -100 nA
Off Chan = 2.5V
On Chan = 2.5V +100
Off Chan = —2.5V
Gain Error Gain=2,4,0r8 0.03 %
Voltage Reference and Vygmp Characteristics
Vger Absolute Value 4 Referred to AGND 2.45 2.55 \"
Vger Output Pin
Output Resistance 5 300 mQ
Minimum Load Resistance 5 1 kQ
Maximum Load Resistance 5 50 pF
Temperature Coefficient 50 ppm/°C
Line Regulation 4.75 < AVcc £5.25 1 mV
—4.75 2 Vgg 2 -5.25 1 mv
Load Regulation TpA - 2.5mA 1 mV
Output Noise 100 HVRMS
V1emp Output Pin AVcc-1.5
Absolute Value @ 25°C
Volts per °C 5 mV/°C
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ML2200, ML2208

ELECTRICAL CHARACTERISTICS (Continued)
The following specifications apply for AVec = DV = +5V £ 5%, Vsg = -5V 5%, AGND = DGND = COM = CHX- =
0V, Ta = Tmin to Tmax unless otherwise specified. C; = 100pF for DO-D7, C| = 50pF for INT, DBR, and SYNC.

TYP
SYMBOL PARAMETER NOTES CONDITIONS MIN NOTE 3 MAX UNITS
DC Characteristics
Power Supply Current
Alcc, Analog AVce 4 . 30 50 mA
Dicc, Digital DV 12 RD =CS =V 10 HA
Iss, Vss 4 18 30 mA
Icc Standby Current Alcc + Dicc 4,9 P_DN pin = GND 10 1000 HA
Iss Standby Current 10 1000 A
Vcepp Minimum AV and _
DV for power-down data Ppn pin = GND 2 \
retention Vss =-5.25 to GND
Power Supply Rejection 7
AVce/DVee DC 80 dB
DC to 25kHz, 200mVp_p 50 dB
Vs DC 80 dB
DC to 25kHz, 200mVp_p 50 dB
Vi Input Low Voltage (except CLK, tci k) 4 0.8 \%
Vi1 Input Low Voltage (CLK, tc1k) 4 0.8 \Y
ViH Input High Voltage (except CLK, tcik) 4 2.0 \%
Vi1 | Input High Voltage (CLK, tcik) 4 35 \Y
VoL | Output Low Voltage 4 loL=2.0mA 0.45 \Y
Von | Output High Voltage 5 lon =-1mA 4.0 \%
Iy Input Leakage Current 4 GND < V|N < Vee +10 HA
(except CLK and RESET)
1 Input Leakage Current (CLK) 4 GND < V|N < Ve +200 HA
llo | Output Leakage Current (DO - D7) 4 RD=CS=Vy +10 HA
IgsT | RESET Pin Source Current 4 RESET = 0V 15 50 100 HA
G Input Capacitance (All Digital Inputs) 10 pF
Co Output Capacitance (All 20 pF
Outputs and DO - D7)
AC Electrical Characteristics (Note 8)
tc Conversion Time , 4,9 | CLKMode=0 |fcix=7.0MHz 315 us
fcik = 5.0MHz 44.0 us
Sample and Hold Acquisition 4,9 | CLKMode=0 |fcix=7.0MHz 2.3 us
fcik = 5.0MHz 32 us
SNR | Signal-to-Noise Ratio V = 10kHz, 2.5V Sine. 73 dB
fouk = 7MHz (fsampunG =
31.8kHz). Noise is sum of all
nonfundamental components
up to 1/2 of fsampLING-
THD | Total Harmonic Distortion V = 10kHz, 2.5V Sine. 75 dB
feik = 7MHz (fsampLing =
31.8kHz). THD is sum of 2,
3, 4, 5 harmonics relative
to fundamental.
2-8 'T@L.Micro Linear
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ELECTRICAL CHARACTERISTICS (Continued)
The following specifications apply for AVce = DVee = +5V £ 5%, Vsg = -5V * 5%, AGND = DGND = COM = CHX- =
0V, Ta = Tmin to Tmax unless otherwise specified. C; = 100pF for D0-D7, C| = 50pF for INT, DBR, and SYNC.

SYMBOL PARAMETER NOTES CONDITIONS MIN Néz': 3 MAX UNITS
AC Electrical Characteristics (Note 8) (Continued)
IMD | Intermodulation Distortion VN = fa + fg. fa = 9kHz -75 dB
1.25V sine. fg = 10kHz, 1.25
sine. fcik = 7MHz
(fsampLNG = 31.8kH2).
IMD is (fa + fg), (fa — fa),
(2fa - fg), (2fa + fg), (fa + 2fg),
(fa — 2fg) relative to fundamental.
FR Frequency Response VN = 0 to 10kHz, 2.5V sine 0.01 dB
relative to TkHz
fcik | CLK Frequency 4 (No crystal) 0.1 7 MHz
fcikx | CLK Frequency 4 (Crystal) 3 7 MHz
fcukt | Internal CLK Frequency 12 feLk or
foukx
fcukt | CLK Frequency (tck only) 4 fewk MHz
fcikw | Minimum Clock High/Low Width (CLK) 5 50 ns
fckwT | Minimum Clock High/Low Width (tc k) 5 75 ns
tRF Maximum Rise/Fall Times, All Inputs 5 25 ns
tReseT | Minimum Reset Active Time 4,10 10 feik
Periods
tppn | Power-Up Time Time After PpN = Vin 1 ms
Non-Multiplexed Data Bus Timing
tAL Address to ALE Setup Time 4 20 ns
tLA Address Hold Time After ALE 4 20 ns
tLc Latch to RD or WR Control 4 20 ns
tRD Valid Data Delay from Read 4 150 ns
taD Address Stable to Valid Data 5 150 ns
t. | ALE Width 4 80 ns
tor Data Bus Float After Read 4 10 50 ns
teL Read or Write Control to ALE 4 20 ns
tcc Read or Write Control Width 4 150 ns
tpw | Data Setup Time for Write 4 100 ns
twp | Data Hold Time for Write 4 0 ns
trv Recovery Time Between 4 250 ns
Two Reads or Writes
taD Address Stable to Valid Data 5 150 ns
tAR Address Stable Before Read 4 0 ns
tRA Address Hold Time for Read 4 0 ns
trRR Read Pulse Width 4 150 ns
tRD Data Delay from Read 4 150 ns
tor Read to Data Float 4 10 50 ns
8L Micro Linear 2-9
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ELECTRICAL CHARACTERISTICS (Continued)

The following specifications apply for AVce = DVe = +5V £ 5%, Vss = -5V £ 5%, AGND = DGND = COM = CHX-=
0V, Ta = Tmin to Tpax unless otherwise specified. C = 100pF for DO-D7, C = 50pF for INT, DBR, and SYNC.
TYP
SYMBOL PARAMETER NOTES CONDITIONS MIN NOTE 3 MAX UNITS
Non-Multiplexed Data Bus Timing
trv Recovery Time Between 4 250 ns
Two Reads or Writes
taw | Address Stable Before Write 4 0 ns
twa | Address Hold Time for Write 4 0 ns
tww | Write Pulse Width 4 150 ns
tow | Data Setup Time for Write 4 100 ns
twp | Data Hold Time for Write 4 0 ns
DMA Interrupt and SYNC Timings
tckpsr | Clock to DBR Assert 11,4 | DMA 120 190 ns
trop | Read to DBR Negation on Last Byte 4 110 170 ns
tckpsr | Clock to DBR or teknT, INT Assert 11,4 | Non-DMA 100 180 ns
twrpDBR | Write to DBR or tyginT INT Negation | 11, 4 70 120 ns
teksyne | Clock to SYNC Delay 11,4 | Master Mode 150 220 ns
tsynen | SYNC Input Width 5 3 fei
tsyncek | SYNC to Clock Setup 4 Slave: Mode 4 Only 50 ns
tsynco | Minimum SYNC Output Width 4 4 4 feLk
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

Note 2:

Note 3:
Note 4:
Note 5:
Note 6:
Note 7:
Note 8:
Note 9:

Note 10:
Note 11:
Note 12:
Note 13:

respect to ground.

0°C to +70°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by correlation with worst-case
test conditions.

Typicals are parametric norm at 25°C.

Parameter guaranteed and 100% production tested.

P: 8 i. P not 100% tested are not in outgoing quality level calculation.

Leakage current is measured with the clock not switching.

Power supply rejection is the ratio of the change in zero error to the change in power supply voltage.

All parameters measured from 0.8V to 2.0V.

Power-down current is with power-down pin at GND potential only. Any other level will dissipate more power. Other digital input pins may float but cannot be
above VDD or below GND.

RESET should be held active for at least 10 internal clocks after power supplies have stabilized to within 5% of 5V

Since the internal master clock is the input clock divided by 2, this number can be either the maximum listed or the maximum histed plus 1/2 the input clock period.
When RD = CS = Vy, the current into the DVcc pin depends on the data bus pins DO - D7.

Common-Mode rejection is the ratio of the change in zero error to the change in common-mode input voltage.

2-10
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TIMING DIAGRAMS

READ CYCLE WRITE CYCLE
c  \ y/ / G \ /
K Vi c 7/
< tAD —— >
[}
4 \ y— _ \ X — N
ADO-7 X ADDRESS DATA b ADO-7 ADDRESS Dﬂ;mn VALID K
Kk 7 S N/ 7
T
w2 et —>| |«——toF Myl LAy I<—tow <> ta
ALE y/ ALE
4 K
tu |<trp—> <y l— 11 <—th—>| «—tcc <-twp
. - p |
RD \_ WR AIS. \
[e——tc— tcc—— | rtrv->> ~€—try >
Figure 2. Multiplexed Bus.
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READ CYCLE WRITE CYCLE
—PQWAi‘—

[€— tAR - tRR <> RA —> !<—two
— A A
RD /| DATA BUS INVALID >§ VALID X INVALID
.

€&—— tRrv [€—tRD > ——A toF €—tpw
"4
DATA BUS HIGH Z >§ VALID HIGH Z WR
N

trv tww

|«——— tap ——>|
A0-A2, CS §< A0-A2, CS
K 7
< taw —-—>|

Figure 3. Non-Multiplexed Bus.
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TIMING DIAGRAMS (Continued)

CLK

tckDBR

FIRST BYTE LAST BYTE

Note:  There are 2*n Read Operations where n 1s the number of words to be
transferred DBR 1s set and cleared by internal circuitry.
DMA bit in the control register must be set for this operation.

Figure 4. DMA Mode.
MASTER MODE
CLK 71_\_8
ﬂ tesyne
SYNC OUT
tcksyNC —>| tsyNco

-

oS

KDBR OR tCKINT
(‘(‘
DBR OR INT

twrRDBR OR tWRINT

Figure 5. DBR and INT (Non-DMA Mode).

SLAVE MODE

b)Y

TC
< >

[ tSYNCN >

SYNCIN

Figure 6. SYNC

1.0 FUNCTIONAL DESCRIPTION

1.1 ALGORITHMIC A/D CONVERTER

Micro Linear’s algorithmic converter uses a successive
approximation technique. Most of today’s successive
approximation converters use a DAC to feed back the
approximated signal, however this technique requires
more circuitry than algorithmic converters. In addition the
values of all of the resistors or capacitors in the DAC must
be matched to within the accuracy of the converter. This is
difficult to do in silicon beyond 10 bits unless trimming is
used. An algorithmic converter uses less circuitry and is
more easily trimmed. Micro Linear’s algorithmic converter
is implemented using a 2x amplifier, a sample/hold amp,
and a comparator as shown in Figure 7.

-
B
ES

ke

[«
>

i

VIN

| 2
¢ .—‘
TRIM

CAPS — C

GAIN OF LOOP = x2

COMPARATOR

]

<€

Figure 7. Self Calibrating A/D Converter.

The input sample is first multiplied by two then compared
to the reference voltage. If the 2x input voltage is greater
than the reference, the MSB is a 1 and the reference
voltage is subtracted from the 2x input voltage. The
remainder is stored in the sample-and-hold. If the 2x input
voltage is less than the reference, the MSB is a 0 and the
2x input voltage is stored in the sample-and-hold. This
process repeats again, however now the sample-and-hold
voltage is multiplied by 2.

Self-Calibration

In order to maintain integral and differential linearity to
the /2 LSB level in an algorithmic converter, two critical
parameters need to be controlled, loop offsets and the
gain of the loop. Loop offsets are automatically nulled
before each conversion using auto-zeroing circuitry on
both the sampling amp and the 2x amp. The gain of the
loop is adjusted using self-calibration .

Self-calibrating the algorithmic converter, once the offsets
have been nulled, is performed by measuring the 2x gain
of the loop and adjusting it. The gain can be measured by
converting the reference voltage as the input as well as the
reference (Vrer/VRer), and examining the output code.
Converting Vggr should yield plus full-scale, since Vggg/
Vger should equal 1. If the gain of the loop is slightly less
than 2, the resulting LSB of the conversion will be “0” . If
the magnitude bits of the resulting conversion are all “1s”,
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the gain may be too great, therefore the gain is reduced to
the point where the threshold of the LSB is reached.

Adjustment of the 2x gain is done with the binary
weighted trim capacitor arrays connected to each of the
2C input capacitors. A small value of capacitance is either
added to or subtracted from the 2C input caps until the
gain of the loop is within 13-bit accuracy of 2.

1.2 MULTIPLEXER INPUT

The input voltage is 2.5V relative to COM of the
ML2208 or a CH- of the ML2200. The input voltages
under normal operation must not exceed supply voltages
by 0.05V. Each channel is selected by the programmable
sequencer.

1.3 INTERNAL VOLTAGE REFERENCE AND Vygpp

The internal bandgap voltage reference with a temperature
coefficient of 50 ppm /°C has an external use current of
2.5mA.

The voltage reference Vygmp output is directly proportional
to the chip temperature.

1.4 CONVERSION TIMES

The following table lists the conversion times which
include the sample-and-hold acquisition time. For a
CALRD and CALWR no A/D conversion actually takes
place.

Number of
Operation Internal Clocks*
8-bit A/ D 80
13-bit A/ D 110
CALWR 52
CALRD 80

*Internal clock is the external clock divided by two.

1.5 SAMPLE-AND-HOLD TIMING

Figure 8 shows the internal timing for the sample-and-
hold circuitry. The relationship between the “Start of
Conversion” and the input channel going into sample
mode is fixed at 6 internal clocks, regardless of the Start

Mode. Six internal clocks after the Start of Conversion, the
Sample-and-Hold is switched into the sample mode,
placing two 9pF capacitors in parallel with the input pins;
one on CH+ and one on CH- for the ML2200, and CH
and COM for the ML2208. The sample switch is kept in
the sample mode for 8 internal clocks (2.3us at a 7MHz
external clock), then placed in the hold mode. During the
next 2 internal clocks the charge on the sample-and-hold
is transferred into the A/D, after which the Vggr pin is
sampled for 8 internal clocks.

Figure 8 also illustrates the timing of the SYNC pin in
Master Mode during a conversion. SYNC is activated one
internal clock cycle before the Start of Conversion and
lasts for four internal clocks.

1.6 ANALOG INPUTS DIFFERENTIAL INPUTS AND
COMMON-MODE REJECTION

The differential inputs of the ML2200 eliminate the effects
of common-mode input noise (60Hz, for example), as
CH+ and CH- are sampled at the same time.

Noise

The leads to the analog inputs should be kept as short as
possible to minimize output noise. Noise as well as digital
clocks can couple into the inputs and cause errors. Input
filters can be used to reduce the effects of these sources.

Power Supply Decoupling

Low inductance tantalum capacitors of TuF or greater and
0.01pF disc ceramic capacitors are recommended for
bypassing AVcc as well as Vgs to AGND. These capacitors
should be placed close to the AV and Vsg pins.

2.0 uP HARDWARE INTERFACE

The microprocessor interface is a byte-oriented structure
which occupies eight memory or I/O locations in the
microprocessor’s address space. Each register is readable
and writable via the chip select, read and write pins, three
address lines, and 8-bit data bus.

EXTERNAL
cock [LITUULLMULUULUULU UL UL UUT UL Ui

| 1 ]
7 8 9 10 11 12 13 14!15 16 '17 18 19 20 21 22 23 24!25 26

INTERNAL i1 2 3 4 5 6
CLOCK
NOTE 1 1= !
! ] ]
1
SYNC PIN I !
(MASTER MODE) | T ] !
NOTE 2 + )

START OF CONVERSION

€—— SAMPLING INPUT ——»

:4— SAMPLING REFERENCE ——»

Note 1: External clock in phase with internal clock using RESET.
Note 2: Immediate execute mode where start of conversion and start of operation

occur at the same time

Figure 8. Sample-and-Hold Timing.
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Interfaces are shown for multiplexed address data bus in are used, ALE can be tied high. All internal address and
Figure 9 and Figure 10. When non-multiplexed interfaces chip select latches are transparent.
ADDRESS & ADDRESS |, =
. b 3
0 > A2 . »| A2
. Al . Al
A0 A0
A8 A8 =N--)
AD7 = >| D7 g8 AD7 | » D7 [
NN
up 3 s NA uP 3 HEa o
AD2 | »| D2 -2"3' AD3 [« > D3 33
AD1 = »| D1 AD2 [« »| D2
ADO | »| Do AD1 = > D1
ADO | »| DO
ALE »| ALE ALE »| ALE
RD »| RD RD »| RD
WR »| WR WR »| WR
Figure 9. 8-Bit Multiplexed Bus Interface. Figure 10. 16-Bit Multiplexed Bus Interface.
2.1 INTERRUPTS 2.2 DMA
The ML2200 and ML2208 provide two interrupt pins, one The separate DBR pin can also serve as a DMA request
for control/status interrupts (INT), and one for data interrupts signal when DMA operation is enabled in the Control
(DBR). The standard INT pin is maskable via an interrupt register. DBR goes active high when the data buffer is full
mask register while the DBR pin is always enabled to and ready to be read. DBR remains high until the last byte
signify that data is available. DBR can be mapped into the in the data buffer has been read. This allows back-to-back
INT pin if only one interrupt pin is desired. DMA cycles or single cycle transfers depending on how

the DMA controller is programmed. The data for the DMA
cycle is transferred over the 8-bit data bus at address 0 (AO
— A2 =0). The ML2200 or ML2208 automatically places
directions. When INT is programmed for active low, it is both high and low bytes of the 16-bit wide data buffer at
an open drain output thepref%re an external pull-up ’ a(}i(!ress 0 or1 for thq DMA co.n.troller to read. The LOBYT
resistor of 2.5 kQ or more should be used. The DAP’s bit in the Control register specifies whether the high or

. . : low byte is placed on the bus first. Figure 11 shows a
Status register can be read to determine whether its block diagram interfacing to the 8237 DMA controller.
interrupt is active or not.

The interrupt pin (INT) can be programmed, via the
Interrupt Bit Mask register, to be active high, or active low.
When programmed for active high, it is driven in both

8237 HLDA
DMA CONTROLLER HOLD[]
IOW_DREQ

Ao-A7 Do - D7 IOR  DACK
A HOLD

| LS244 Il 15373 Il LS245 I Y
< DATA > -—A(’—:!D—> Ao

al
ML2200
ML2208

RD %D
WR »| Wk
DBR
B DATA Y, Do- D7

Figure 11. DMA Interface.
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3.0 REGISTER DEFINITIONS

These data acquisition peripherals contain six directly
addressable 8-bit registers, and twenty indirectly addressable
16-bit registers. Figure 12 illustrates the register architecture
while Figures 13, 14 & 15 illustrate the bit maps and
addresses. The first three primary registers (Window Low,

Window High, and Index) are used to access the 20
secondary registers. Window Low and Window High
provide read /write access to the low and high bytes of
the secondary register pointed to by Index.

PRIMARY SECONDARY
INDEX
REGISTER
VALUE
(RS4-RS0) UPPER BYTE ~ LOWER BYTE
J 00000[D75 D8[D7 DO
Al T T
READ/WRITE DDRESS BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 BIT1 BITO DATA RAM
|ooo| p7 [ o6 [ bs [ pa | 03 [ o2 | b1 | po ] 8 x 16 A/D DATA (READ)
WINDOW LOW REGISTER 16-BIT CAL (WRITE)
READ/WRITE| 001 | D15 | D14 | D13 | D12 | D11 [ Do | Do | D8 | J
WINDOW HIGH REGISTER
READ/WRITE | 010 JAUTOI] = | "+« ] Rsa | Rs3 | Rs2 | Rs1 | Rrso ]| o1000
INDEX REGISTER
INSTRUCTION RAM
READ/WRITE | 011 | CAL [ RESET [ SLFTST| TCLK | DMA [LOBYT| MSTR | RUN | 8 x 16 OPERATION
CONTROL REGISTER REGISTERS
READONLY | 100 | INT | cLcP | RNER | 1SQ | OVRN [ ALRM [OVRG | DBR |
STATUS REGISTER 10000 T ] 16-BIT TIMER VALUE
WRITEONLY | 100 |+ JcLCPAK|RNERAK] 1SQAK JOVRNAKJALRMAK|OVRGAK DBRAK] | 10001 T ] 16-BIT ALARM A VALUE
INTERRUPT ACKNOWLEDGE REGISTER 100101 1 ] L GF'I;ITR Aml/;:M B VALUE
READONLY | 101 | =1 [ 1 | 1+ [ 1 | 1 [ sk2 [ sr1 [ sro ]| 10011] T ] 8-BIT INTERRUPT ENABLE
A2, A1, A0 SEQUENCE REGISTER LOWER BYTE
8-BIT ALARM CRITERIA
*Weriting this bit has no effect
**Write a zero to these bits
ADDRESS read back ones DATA
Figure 12. Register Architecture.
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

l LAST IALRMENI MDE2 I MDE1 IMDEOI CH2 l CH1 ICHO ” SC2T SC1 l SCo I GN1 | GNoO I REF2 | REF1 I REFO I

s

MODE SELECT

000 = IMMEDIATE EXECUTE

001 = INTRA SEQUENCE PAUSE
010 = START ON NEXT TIMEOUT
011 = PRESET TIMER/START ON

INPUT CHANNEL SELECT
000 = CHANNEL 0
001 = CHANNEL 1
010 = CHANNEL 2
011 = CHANNEL 3

TIMEOUT 100 = ILLEGAL
100 = EXTERNAL SYNC/TIMER 101 = ILLEGAL
PRESET/TIMEOUT 110 = ILLEGAL
110 = ILLEGAL 111 = ILLEGAL

111 = ILLEGAL

CYCLE SELECT GAIN SELECT REFERENCE SELECT
000 = 16 BITS 00=1 000 = CHANNEL 0
001 =13 BITS 01=2 001 = CHANNEL 1
010 = 8 BITS 10=4 010 = CHANNEL 2
011 = READ CAL CODE 11=8 011 = CHANNEL 3

111 = WRITE CAL CODE 100 = ILLEGAL
101 = ILLEGAL
110 = INTERNAL VRgF

111 = ILLEGAL

Figure 13. ML2200 Bit Map of Instruction RAM.

15 14 13 12 1 10 9 8

7 6 5 4 3 2 1 0

rI.AST |AI.RMEN| MDE2 | MDE1 IMDEOl CH2 | CH1 [CHO ]I sC2 | sC1 | sCo I GN1 l GNoO I REF2 [REFI I REFO I

MODE SELECT

000 = IMMEDIATE EXECUTE

001 = INTRA SEQUENCE PAUSE

010 = START ON NEXT TIMEOUT

011 = PRESET TIMER/START ON
TIMEOUT

100 = EXTERNAL SYNC/TIMER
PRESET/TIMEOUT

110 = ILLEGAL

111 = ILLEGAL

INPUT CHANNEL SELECT
000 = CHANNEL 0
001 = CHANNEL 1
010 = CHANNEL 2
011 = CHANNEL 3
100 = CHANNEL 4
101 = CHANNEL 5
110 = CHANNEL 6
111 = CHANNEL 7

CYCLE SELECT GAIN SELECT REFERENCE SELECT
000 = 16 BITS 00=1 000 = CHANNEL 0
001 = 13 BITS 01=2 001 = CHANNEL 1
010 = 8 BITS 10=4 010 = CHANNEL 2
011 = READ CAL CODE 11=8 011 = CHANNEL 3

111 = WRITE CAL CODE 100 = CHANNEL 4
101 = CHANNEL 5
110 = INTERNAL VRgr

111 = ILLEGAL

Figure 14. ML2208 Bit Map of Instruction RAM.
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15 14 13 12 11 10 9 8

7 6 5 4 3 2 1 0

| INTL |CI.C PIEI RNERIEI ISQIE |OVRNIE| Al.RMlElOVRGlEI DBRIE ”

I ENB | ENA IANDIORI >B/<B I >A/<A|

INTERRUPT ENABLE REGISTER

ALARM CRITERIA REGISTER

Figure 15. Interrupt Enable and Alarm Criteria Registers.

3.1 Primary Registers READ/
WRITE

[ o7 ] b6 | D5 ] P4 [ D3 [ D2 | D1 | Do |
Window Low Register READ/

WRITE

[ D15 D14 [ D13 [ D12 [ D11 [ D10 | D9 | D8 |
Window High Register

Window Registers— Registers 0 and 1

These registers form a two-byte window into the
secondary registers. Window Low is the low byte of the
secondary 16-bit word, and Window High is the high
byte. Any one of the 20 words in the secondary register set
can be accessed by first setting a 5-bit address in the Index
register, then reading from or writing to the Window
registers. Sequential access of the secondary registers is
also available without writing to the Index register via the
AUTOI bit in the Index register.

Index Register — Register 2 READ/

WRITE
[‘Aautol] [ [ Rsa [ Rs3 [ Rs2 | RSt | RSO |

Index Register

RSX = Secondary Register Address (Bits 0 to 4): The
lower five bits of this register (RSO — RS4) define the
location within the secondary register set that the window
registers are positioned at.

Bits 5 and 6: Undefined. Writing to these bits have no
effect, however a zero should be written; always read as
ones.

AUTOI = autoincrement (Bit 7): Setting AUTOI signifies
that the lower five addressing bits in the Index register are
automatically incremented after either the Window Low
or Window High register is accessed. Whether the
autoincrement occurs when accessing Window Low or
Window High register, is based on the LOBYT bit in the
Control register.

Interrupt Operation Caution!!! — Using the autoincrement
feature with interrupt driven software deserves special
attention. A problem can arise when an interrupt service
routine accessing the secondary registers, interrupts
another routine accessing secondary registers. This
problem can be avoided one of two ways: disable the
interrupt in the main routine while accessing secondary
registers, or reload the index register to its entry value
when exiting the interrupt routine.

Note: The Index register is automatically cleared only
under two conditions, one is a RESET, the other is when
mode is used. This register is reset to 0 in DMA mode just
prior to the DMA request (DBR going active). DMA mode
uses the index register for operation, so the index register
should never be written to when RUN and DMA are set.

Control Register — Register 3 READ/

WRITE
[ cAL | RESET] SLFTST| tak | DMA [LOBYT | MSTR | RUN |

Control Register

RUN (Bit 0): Setting this bit to a one will cause the chip to
start executing the operations defined in the Instruction
RAM, beginning with location 0. This is referred to as the
Run mode. Clearing this bit will place the ML2200 in the
Halt mode. The run bit is initially cleared on power up or
after a hardware or software reset. In order to properly
start the chip operation, the RUN bit should be set after
setting all other applicable bits in the control register. The
act of halting the chip will always reset the sequence
pointer to operation 0. Thus, the next time RUN is
asserted, the chip starts from operation 0 again. Placing
the chip in the Run or Halt mode has no effect on the
Interrupt pins (INT and DBR), nor the status bits in the
status register. It is recommended that secondary registers
only be written to in the Halt mode. Writing to secondary
registers in the Run mode will cause the RNER status bit to
be set, indicating a run error. All of the status bits in the
Status register should be acknowledged (cleared) before
entering the Run mode.

MSTR = master (Bit 1): Indicates whether the SYNC pin
will be an input or an output. If set the chip will enter the
master mode of operation and the SYNC pin will become
an output pin which puts out a sync pulse at the
beginning of each operation. This serves as a signal for
other slave chips that are used in a synchronous operating
method. While in master mode, any operation requiring a
sync input will not proceed, and the chip will “hang”,
waiting for a sync that will never come. The chip default
is slave mode with the SYNC pin as an input.

LOBYT = low byte first (Bit 2): This bit is used to indicate
which byte is accessed first in AUTOI or DMA operation.
When this bit is set, the index register is incremented on
the read or write of the Window High register. When this
bit is clear, the index register is incremented on the read
or write of the Window Low register. If DMA operation is
specified, then setting this bit will make the low byte be
output first, then the high byte, after which the index
register is incremented. Conversely, clearing this bit will
output the high byte first, then the low byte, then
increment the index register. The default is low.

DMA = DMA Mode (Bit 3): When set enables DMA
operation. DMA operation proceeds as follows:

1) The DMA bit must be set after defining all other
registers (Instruction RAM, Alarm etc.) but prior to
setting the RUN bit. The RUN bit is then set.
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2) The sequence of operations in the Instruction RAM is
executed.

3) At the end of the sequence, the DBR pin goes true,
requesting DMA service, and the Index register is
automatically cleared, pointing to the first location of
the data buffer.

4) Each read of either Window Low or Window High
register outputs a byte from the data registers. The DMA
controller can read Window Low register, or Window
High register, or alternate between Window Low and
Window High. The same data is placed in both
Window Low and Window High registers, and updated
in both of them when either one is read. The data is
placed in the Window registers beginning with data
word 0 and incrementing on up. The placement of the
low byte/ high byte order is based on the LOBYT bit in
the Control register. The number of bytes transmitted
equals twice the number of operations defined, since
the words are 16-bits going over an 8-bit bus. DBR
remains asserted until all of the bytes have been
transmitted. It is negated on the leading edge of the last
byte read pulse. DBR acknowledge (setting the DBRAK
bit in the Status register) is not required when
transferring bytes via DMA.

The AUTOI bit does not have to be set when in the DMA
mode. Setting the DMA bit forces the Index register to be
auto-incremented in the Run mode. However if AUTOI is
not set, then when in Halt mode autoincrement will not
be enabled. If the AUTOI bit and DMA bit are both set,
the autoincrement will occur in both the Run mode and
the Halt mode.

tcik = enable external timer clock (Bit 4): When set, will
divert the clock input for the internal sixteen bit timer to
the tc g pin. When reset to 0, the timer runs at the internal
chip clock frequency, which is '/2 of that generated at the
CLK pin.

SLFTST = self test (Bit 5): When set, the function of the
input multiplexer is modified to enable self test
operations. This bit also redefines the Instruction Word,

specifically the CHAN field of the instruction word (See
Figure 16 for the redefinition of the Instruction Word
when SLFTST = 1). With SLFTST set the CHAN bits now
specify which of four self tests is to be performed as
shown below.

Instruction
Word
CHAN Field Function Description

000 System Offset Inputs shorted
together and
shorted to ground

001 Internal Convert internal
Vrer,

Reference plus side tied to

VRer, minus side
tied to AGND

010 Minus Internal Convert internal
VRer, Reference
minus side tied to
VREr, plus side
tied to AGND

o1 Common Mode Both inputs of the
converter are tied
to VRer

100-111 lllegal

These self-test results are useful for user confidence at
power on. The default on reset is 0, normal mode of
operation.

RESET = soft reset (Bit 6): Is a software reset of the chip.
This bit does not have to be cleared once set. The
microprocessor should read this bit back to determine if
the reset operation has completed, especially if a slow
clock rate is being used. It takes at least 4 internal clocks
for the reset bit to clear. Microprocessor communication
with the chip should be held off until this bit is read back
as cleared. When issuing a hardware reset, communication
with the chip should be held off until the RESET pin goes
inactive. The chip will be in the Halt mode (RUN bit
cleared) after a reset. See RESET/Power-On Conditions
(Section 4.2) for chip register conditions after a reset.

15 14 13 12 1" 10 9 8

7 6 5 4 3 2 1 0

I LAST |AI.RMEN| MDE2 I MDE1 | MDEOI CH2 | CH1 l CHoO ”

SCZl SC1 | sco | GN1 | GNO | REF2 | REF1 | REFO I

MODE SELECT

000 = IMMEDIATE EXECUTE

001 = INTRA SEQUENCE PAUSE
010 = START ON NEXT TIMEOUT
011 = PRESET TIMER/START ON

INPUT CHANNEL SELECT
000 = SYSTEM OFFSET
001 = INTERNAL REF
010 = INVERT INTRN REF
011 = COMMON MODE

TIMEOUT 100 = ILLEGAL
100 = EXTERNAL SYNC/TIMER 101 = ILLEGAL

PRESET/TIMEOUT 110 = ILLEGAL
110 = ILLEGAL 111 = ILLEGAL
111 = ILLEGAL

CYCLE SELECT GAIN SELECT REFERENCE SELECT
000 = 16 BITS 00=1 000-110

001 =13 BITS 01=2 INTERNAL REFERENCE
010 = 8 BITS 10=4 ONLY

011 = ILLEGAL 11=8

111 = ILLEGAL

Figure 16. Bit Map of Instruction Word When SLFTST = 1.
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CAL = calibration start (Bit 7): When set, a self-calibration
of the A/D converter will begin. Reading the CAL bit
indicates whether the chip has been calibrated since the
last reset or power-on condition. If CAL is a 1, then a
calibration of the A/D converter has been performed since
the last reset or power-up. When setting CAL, the user
should not write a 0 back to clear it. Writing a 0 to the
CAL bit has no effect; this will not clear it if it was
previously set. Attempting to set the RUN bit without this
bit being set will result in a run error condition, in which
the RNER status bit will be set, and an interrupt being
generated if it was enabled in the mask register. The
amount of time required for calibration is 8,260 internal
clocks, or 16,520 external clocks. To determine when a
calibration is complete, the microprocessor should enable
the calibration complete interrupt (CLCPIE) in the interrupt
mask register, and wait for the interrupt to occur. Interrupt
servicing of the calibration complete interrupt is done in a
normal manner, in which the interrupt is acknowledged
by setting the CLCPAK bit in the interrupt acknowledge
register. All I /O to the ML2200 should be avoided during
calibration (i.e., 16,520 external clocks after the CAL bit is
set), because accessing the chip during calibration could
adversely affect the calibration. If an interrupt is not
desired, the microprocessor can read the Status register to
verify completion 16,520 external clocks after the CAL bit
is set. When the CAL bit is set, all other bits in the Control
register should be cleared. DO NOT set the CAL and RUN
bits simultaneously.

Status Register — Register 4 READ
ONLY
[ INT T cicP [ RNER | 1SQ | OVRN [ALRM [ OVRG | DBR |

Status Register

Register 4 serves as the status register of the various
conditions that can occur. The bits in the Status register
will be updated regardless of the Mask register. The status
bits are updated any time within or at the end of a
sequence of operations. The bits in the Status register are
cleared by setting the corresponding bits in the Interrupt
Acknowledge register. The status register can be polled at
any time without fear of clearing the status bits. This
register is not cleared at HALT time. When entering the
Run mode, all of the old status bits should be cleared
(acknowledged).

DBR = Data Buffer Ready (Bit 0): Is set when the chip has
gone through one complete sequence of operations and
has filled the data registers with the converted results. This
bit signifies that the microprocessor should read all
locations in the data registers that have relevant data.
Reading all loaded data locations will clear DBR. If all
loaded data locations are not read, DBRAK in the Interrupt
Acknowledge register should be set to clear DBR, else
OVRN will be set. The DBR pin is logically the same as
the DBR status bit. The DBR pin is ALWAYS enabled and
cannot be masked out. The DBR status bit is the only
condition that can cause the DBR pin to be asserted. The
DBR status bit can be enabled to assert the INT pin
through the Interrupt Mask register.

OVRG = overrange interrupt (Bit1): Is set at the end of an
operation when an underflow or overflow of the A/D
converter has occurred (underflow and overflow are the
most negative and most positive number, respectively, that
is representable in the chip according to the specified
cycle length). The overflow and underflow conditions
apply to ALL incoming A/D converted data.

ALRM = limit alarm (Bit 2): Is the limit alarm status bit. It
is set whenever the alarm criteria specified in the alarm
registers is satisfied by a conversion from an operation
where the ALRMEN bit is enabled. The limit alarm test only
applies to an operation in which the ALRMEN bit is set.

Note that OVRG and ALRM can be enabled without
enabling the DBR interrupt so that the microprocessor can
be left alone until an overflow/underflow or limit alarm
occurs. This is done to search for a limit condition first
without taking any data into the microprocessor. Doing
this, however, will set the OVRN (overrun error) bit in the
status register, indicating that the microprocessor has not
read any data from previous sequences.

OVRN = overrun error (Bit 3): The OVRN bit indicates
that the microprocessor has missed from one byte to
several blocks of data. Even if an overrun error occurs, the
ML2200 or ML2208 continues converting the inputs and
updating the data registers with the new conversions.

This bit may intentionally become set as a result of
searching for the overflow/underflow or limit alarm
criteria without reading the data.

The setting of the OVRN bit also occurs in DMA mode if
all data has not been read by the completion of the next
sequence. (Note: DBRAK should not be set in DMA mode,
since DBR is automatically cleared by the chip.) If OVRN
occurs in DMA mode, DBR will not be reactivated once
all of the data from the sequence which was overrun is
read; OVRN automatically disables DBR reactivation.
Acknowledging OVRN (setting OVRNAK in the Interrupt
Acknowledge register) will re-enable the DBR pin,
however the OVRN bit may immediately be set again
before the DMA controller can read the entire buffer.
Therefore, it is recommended that in DMA mode if OVRN
gets set, put the ML2200 or ML2208 in the Halt state,
acknowledge the overrun and the DBR, then place the
chip back in the Run mode.

1SQ = intra-sequence pause (Bit 4): Indicates that the chip
has halted operation within a sequence as a result of
choosing the 1SQ op code in the mode field of the
Instruction word. Setting the ISQAK bit in the interrupt
acknowledge register will then restart the operation within
the sequence. This lets the microprocessor achieve timing
control of individual operations within a sequence.
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RNER= run error (Bit 5): Indicates that an error occurred
either entering or operating in the Run state. The following
operational errors cause the RNER bit to get set

1. Entering the Run state without having performed a self-
calibration after the most recent Reset or power-up. The
status of whether a calibration was executed or not is
indicated by the CAL bit in the control register. If the
CAL bit in the Control register is a one, the chip has
already been calibrated.

2. Writing to any secondary registers other than the data
registers during Run mode. All secondary register
locations are readable during Run time.

CLCP = calibration complete (Bit 6): Is set at the end of a
calibration sequence. The purpose of this bit is to notify
the microprocessor that a self-calibration has completed.

INT = interrupt (Bit 7): Is identical to the state of the INT
pin. The INT status bit and pin is an OR of the status bits
enabled in the Interrupt Mask register. While the polarity
of the INT pin can be defined in the interrupt mask
register, this bit is positive true only.

Interrupt Acknowledge Register — Register 4 WRITE
ONLY
L [ CLCPAK[RNERAK] ISQAK JOVRNAK| ALRAK [OVRGAK| DBRAK |

Interrupt Acknowledge Register

The status bits in the status register can only be cleared by
setting the appropriate bit in this register; writing a zero
has no effect. The relative bit positions in the Interrupt
Acknowledge register are identical to the Status register
except for bit 7, which is valid for reads (see explanation
in Status Register) and undefined for writes (user must
write a zero to this bit to be software-compatible for
possible future redefinitions).
Sequence Register — Register 5 READ
ONLY
| sR2 | sk | sro |

NI T N S T
Sequence Register

During the RUN mode, this register can be read back to
indicate the current operation in progress. This is
especially useful for examining interrupts when multiple
intra-sequence pauses are specified. Bits 3—7 always reads 1s.

Registers 6 and 7— these registers are reserved for future use.
3.2 SECONDARY REGISTERS

There are twenty 16-bit wide secondary registers
containing the Data RAM, Instruction RAM, Timer,
Alarms, Alarm Criteria Register, and Interrupt Mask.
Except for the Data RAM, the secondary registers should
only be accessed on initialization, or when the chip is
placed in the Halt mode.

Secondary Registers 0 to 7

Data RAM (read only)
Calibration Holding Register (write only)

UPPERBYTE  LOWER BYTE
D15 D8[D7 Do|0

1

2 | 8x16 A/DDATA

3 | REGISTERS

4 [ 16-BIT CAL

5 | REGISTERS

6

7

The Data RAM consists of eight 16-bit wide registers that
hold the output results from the latest conversion
sequence. Each word in the Data RAM has a one-for-one
correspondence with a word in the Instruction RAM. The
Data RAM is also referred to as the data output registers.

The data output registers are double buffered and readable
by the microprocessor at any time. The A/ D converter fills
a “shadow” bank of registers during conversions, while
the microprocessor is free to read the output registers.
When the sequence is done, the “shadow” bank
information is transferred to the output registers for the
microprocessor to read, after which time DBR is asserted.
Therefore, the microprocessor has essentially one
sequence time to drain the data buffer. This time varies
according to the number of operations defined, the system
clock frequency, the mode field for each operation, and
the cycle length (number of bits to be converted). Refer to
Conversion Times for more information.

Data Format

All data is returned from the converter in 16-bit two's
complement format, right hand justified, with the sign bit
extended across the most significant unused bits.

Cycle +Max -Max Mid-Range
16 7FFF 8000 0000
13 OFFF FO00 0000
8 007F FF80 0000

Calibration Holding Register —

This register is for diagnostic purposes only. It is one 16-bit
wide register mapped into the write only secondary
address space O to 7 (i.e., a write to any of the secondary
addresses 0-7 will load the Calibration Holding register).
This register is write only and cannot be read back
directly. It is used when the mode field in the Instruction
Word is set to CAL Write, and the Instruction is executed.
This command takes the contents of the Calibration
Holding register and loads it into the Calibration register
of the A/D converter. Note that this will change the
calibration of the A/D converter, and a calibration of the
A/D converter should be done after a CAL Write command
is issued.
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Instruction RAM — Secondary Registers

8 to 15 (Read/Write)
orlo 8
or1 9
orl2 10
or3 11 | 8x 16 OPERATION
oPla 12 ( REGISTERS
orls 13
orle 14
orl7 15

The Instruction RAM, sometimes referred to as the
Operation registers, consists of eight 16-bit wide registers
broken up into seven different fields (see Figures 10 and
10A). Each Instruction or Operation defines a single
conversion, where the converted data result is stored in
the corresponding data output register. Note that when the
SLFTST bit in the Control register is set, the Instruction
Word is redefined for diagnostic mode. Figure 12
illustrates the redefinition when SLFTST is set. The
following section defines the seven different fields making
up the Instruction word when SLFTST = 0.

D15 D14 Di13-11 D10-8 D7-5 D4,3 D2-0
[ tAsT TALRMEN | MODE | CHAN [ CYCLE | GAIN | REF |

REF (Bits 2,1, 0 — Voltage Reference Selection) REF
specifies the source of the voltage reference used for the
A/ D conversion.

GAIN (Bits 4 and 3 — Gain Settings) GAIN defines the
gain of the precision instrumentation amplifier. The gain
can be either 1, 2, 4, or 8. Each gain factor of 2 adds an
additional 4 internal clock cycles (1 /ffc k) to the
conversion time. Therefore a gain of 8 adds an additional
12 internal clock cycles to the conversion time.

CYCLE (Bits 7, 6, 5 — Cycle Select) CYCLE defines one of
five different cycles: 8-, 13-, or 16-bit conversions, and
READ or WRITE CAL CODE. Choosing 8-, 13- or 16-bit
cycles determines how many bits the A/ D converter will
convert. However, even though the converter has a 16-bit
cycle, it may not have 16-bits of useful resolution. The
useful resolution of the converter can be determined from
the linearity specs.

Since the algorithmic converter is a successive
approximation type of converter, an 8-bit cycle requires

the least amount of time to convert, and the 16-bit cycle
requires the most. Refer to Sampling Rates and Conversion
Times for the exact number of clocks each cycle takes.

READ CAL CODE and WRITE CAL CODE cycles are for
diagnostic purposes only. READ CAL CODE reads the
Calibration register in the A/D converter and loads it into
the corresponding data output register. WRITE CAL CODE
transfers the contents of the Calibration Holding register
into the A/D converter’s Calibration register. The transfer is
complete after the operation is executed. Refer to
Diagnostics for more information on READ and WRITE
CAL CODE.

CHAN (Bits 10, 9, 8 — Input Channel Number) defines
the input channel to be converted.

ALRMEN (Bit 14 — Alarm Enable) When this bit is set the
alarm criteria for the operation is enabled, otherwise the
alarm is disabled for this operation. If ALRMEN is set and
the alarm condition is met, the ALRM bit in the Status
register will be set at the end of the operation.

LAST (Bit 15 — Last Operation) signifies that this
operation is the last operation of the sequence. The chip
will return to and begin the first operation of the sequence
after execution of the current operation. If all eight
operations are specified, the last one MUST have this bit set.

MODE (Bits 13,12,11—Mode Selection) defines the
condition that must be met for the operation to proceed.
The mode field also has an effect on the Operation
Execution Time.

000 Immediate Execute

001 Intra-Sequence Pause

010 Start on Next Time out

011 Preset Timer/Start on Time out

100 External Sync Start

101 External Sync/Timer Preset/Time out
110 ILLEGAL

111 ILLEGAL

Events That Occur Within an Operation

To better understand six modes of the ML2200 or ML2208
one must first understand the events that occur during an
operation. This can be aided by referring to Figure 17.

1 OPERATION EXECUTION TIME |
2 CONVERSION EXECUTION TIME _
3 4 5 6
INPUT CHANNEL REF. CHANNEL
ACQ. TIME l ACQ. TIME |
| | | | TIME—>
NC PI
MASTER O SAMPLE HOLD SAMPLE HOLD
!____] MODE MODE MODE MODE l__‘
STARTOF  START OF START OF
OPERATION CONVERSION OPERATION

Figure 17. Events Within an Operation.
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The first event that occurs in the Operation is the Start of
Operation. This may or may not be the beginning of the
conversion, depending on the mode selected. The time
between the Start of Operation and Start of Conversion is
variable. When the conditions of the mode have been
met, the Start of Conversion occurs.

The Conversion Execution time includes the input and
reference acquisition times, the gain time, and the
successive approximation conversion time. Shortly after
the Start of Conversion the S/H goes into sample mode
acquiring the input channel for eight internal clocks. After
the input has been acquired the S/H goes into hold mode,
disconnecting the S/H from the input channel, and
transferring the charge into the A/D converter. A couple of
clocks later the same S/H goes into sample mode on the
reference voltage, either the internal Vggr or one of the
input channels. The reference acquisition time for all six
modes is the same; eight internal clocks. After the S/H
goes into hold mode the successive approximation A/D
conversion begins. When the conversion is complete the
next operation begins.

Immediate Execute (000) — The Start of Conversion
begins at the Start of Operation. In other words, the
conversion begins the instant the operation begins. There
is no gating item delaying the conversion. This mode
allows the chip to convert at its maximum rate with no
unnecessary delays. As an example of calculating the
sequence time, if all eight operations used Immediate
Execute with a gain of 1 and a 13-bit conversion, the time
to execute one sequence (all eight operations) would be
8 x 110 = 880 internal clocks.

Intra-Sequence Pause (001) — This mode provides a way
for the microprocessor to initiate conversions, rather than
the other modes which either initiate conversions from
internal timings or an external pulse. At the Start of
Operation the 1SQ status bit is set. The microprocessor
will recognize the setting of the 1SQ status bit either by
polling the Status register, or having enabled the I1SQ
interrupt. The Start of Conversion is delayed until the
ISQAK bit in the Interrupt Acknowledge register is set.

Start on Next Time out (010) — After the Start of
Operation occurs the Start of Conversion is delayed until
the internal timer decrements from 1 to 0. When using this
mode the timer will be free-running. This means that the
timer is initialized in the Halt mode and left alone to
decrement and reload automatically when in the Run
mode. This mode can be used to establish a specific
sampling rate. Note that the timer value must be greater
than the conversion time, therefore this mode can only
slow the sampling rate down from its maximum rate. In
the case where several operations are used, and only one
of them uses this mode, the timer value must be greater
than all the other Operation Execution times plus the
current operation conversion time.

Preset Timer/Start on Time out (011) — At the Start of
Operation the timer is loaded with its pre-programmed
count. The delay between the Start of Operation and the
Start of Conversion is the pre-programmed count.
Execution time of the operation is the pre-programmed
timer count plus the conversion time. As opposed to mode
2, the timer can be any value between 2 and 216; i.e.,

there is no restriction on the timer value being greater
than the conversion time. One application of this mode
would be when an external analog event is triggered by
the SYNC pulse, and the conversion needs to be delayed
by a programmable amount of time.

Using the External SYNC Input — The following
description applies to modes 4 and 5, since these two
modes use the external SYNC input. These modes should
only be used when the SYNC pin is programmed as an
input (MSTR bit in Control register is 0). If the external
SYNC signal arrives before the Start of Operation, it may
be latched depending upon the arrival time. If it arrives
22 clocks after the previous operation’s Start of Conversion,
external SYNC will be latched; any time before will miss
the pulse. Therefore the external SYNC pulse rate should
not be any faster than the frequency of the operations
which use this mode, otherwise there will be more
external SYNC pulses than conversions.

External SYNC Start (100) — After the Start of Operation,
the Start of Conversion is delayed until the rising edge of
the SYNC pulse and the next rising edge of the internal
clock. Unless the rising edge of the external SYNC is
synchronized with the internal clock (See tsyncck Spec),
the aperture uncertainty is one internal clock.

External SYNC/Timer Preset/Time out (101) — For this
mode, the external SYNC pulse presets the timer, and
when the timer times out the Start of Conversion begins.
The timer is preset after the rising edge of the external
SYNC and the next rising edge of the internal clock. When
the timer transitions from 1 to 0, the Start of Conversion
begins. As in the previous mode, unless the rising edge of
the external SYNC is synchronized with the internal clock,
the aperture uncertainty is one internal clock.

Timer Functions of the Different Modes — The on-chip
timer is started when RUN is asserted. It then free-runs,
pre-loads and restarts itself at the pre-programmed count
unless one of the modes in an operation word specifies a
timer preset. If “Start on Next Timeout” mode is selected
for all operations, the timer free-runs and subsequently
starts conversions on regular intervals, without the
inclusion of any variable overhead timing requirements of
any specific operation. The “preset timer” function that
can be specified in any operation, functions as a “one-
shot” time out feature; however it can upset the regularity
of conversions. The use of the external SYNC start allows
flexibility with asynchronous conditions outside the chip.
In addition, the use of time out with external SYNC allows
synchronous operation of multiple Micro Linear chips
with interleaved operation. If a different rate is desired
other than increments of one master clock cycle (/2 the
CLK pin frequency) or if external events need to be
counted before starting an operation, then setting the tc
bit in the control register will divert the timer to the tc g
pin for all operations.

Timer Holding Register — Secondary Register 16 — This
register holds the pre-programmed value of the timer. The
value is in 1 internal clock increments, or the period of
tevk if this input is used. The timer is a countdown timer,
therefore the realized delay will be the number loaded
into the Timer Holding register multiplied by the clock
period. The value is written as a 16-bit binary word, and
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either high or low bytes can be written first. These
registers are both writable and readable, with register
writes executed only when the chip is in the Halt mode
(RUN bit cleared in the control register). Reading the
Timer Holding register will return the preprogrammed
value for the timer, it will not provide the actual timer
value. Timer Holding register values of 1 or 0 are illegal
and will “hang up” the timer when placed in Run mode.
Therefore the minimum value that can be loaded into the
Timer holding register is 2. The timer is decrementing
when in Run mode and idle when in Halt mode. When
the chip is placed in Run mode, the timer is automatically
loaded with the value in the Timer Holding Register, and
begins to count down.

Alarm Registers — Secondary Registers 17, 18

(Read /Write) — These registers specify the alarm criteria
against which the converted data of a current operation is
compared. The comparison occurs only when the ALRMEN
bit is set within the operation. Secondary register 17 is
Alarm A and secondary register 18 is Alarm B. These
values are written in two’s complement format, right
justified and sign extended (refer to Data Format for more
information).

Alarm Criteria Register— Secondary Register 19

lower byte (Read/Write) — Specifies the compare criteria
to be used with alarm registers A and B. Bit O specifies
whether the comparison of alarm word A is to be greater
than (setting the bit) or less than equal to (clearing the bit).
Similarly, bit | specifies the same criteria for alarm word B.
The criteria of the two groups can be "ANDed" or "ORed"
together by clearing (OR) or setting (AND) bit 2. Bits 3 and
4 enable the alarm comparison for words A and B,
respectively. Bits 5, 6, and 7 are unused and be can be
any value when written, always read as ones. The
following table illustrates all of the possible combinations,
X signifies don‘t care.

Bit Number
2 1
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Using the various criteria, the chip can discern whether a
certain channel is inside or outside a band, or greater than
or less than a value. Notifying the microprocessor can be
done through an interrupt or by polling the status register.

Interrupt Mask— Secondary Register 19 Upper Byte
(Read/Write)

DI5 D14 D13 D2 DIt D0 D9 D8
[INTL T CLCPIE] RNERIE] ISQIE | IVRNIE [ ALRMIE [OVRGIE[ DBRIE |

This register is used to define which interrupt conditions
are capable of setting the hardware interrupt pin and the
INT bit of the Status register. The bits in the Interrupt Mask
register are interrupt enable bits, meaning when the bits
are set they enable the corresponding status bit to activate
the hardware interrupt pin as well as the INT bit in the
Status register. The INTL bit determines the polarity of the
INT pin. If set, the INT pin becomes active low, with an
open drain output. If clear, the INT pin becomes active
high, with driving capability in both directions.

Secondary Registers 20 to 31 — Undefined
These registers are undefined and will cause unpredictable
results if read or written to.

4.0 SAMPLING RATES AND
CONVERSION TIMES

To determine the sampling rate, one must first determine
the sequence execution time. A sequence is defined as the
number of operations or instructions used. Therefore the
sequence execution time equals the sum of the individual
operation execution times. The simplest case for determining
the sampling rate is when only one operation is used in
the sequence. Then the sampling period is the operation
execution time. If all eight instructions are used in the
sequence, the sampling rate would be the sequence rate
multiplied by the number of times the channel was
sampled in the sequence.

It is possible to sample one channel more frequently than
another. For example, if every other operation sampled
channel 0, while the remaining operations sampled
channels 1, 2, and 3, the sampling rate for channel 0
would be four times the sampling rate of the other
channels. If periodic sampling is important, one must be
careful when sampling a channel multiple times in a
sequence since different operations can have different
execution times.

EXAMPLE: SAMPLING FOUR CHANNELS
IN A BURST EVERY 10 MS

Using Mode 2 “Start on Next Time out” for Instruction 0
will establish the 10ms sampling rate, once the clock is
initialized properly. Instructions 1, 2, and 3 can each use
Mode 0 “Immediate Execution.” For the ML2200, each
instruction can sample a different channel, thus covering
all four channels in a burst. For the ML2208, the same
holds true except all eight channels can be sampled in a
burst, periodically.

Assuming the external clock is 7MHz and each conversion
is 13 bits with a gain of 1, the conversion time for each
operation will be 110 x 286 ns = 31.4us. Therefore four
instructions will require 4 x 31.4us = 125.7ps. The
execution time is much less than the sampling rate, thus
the timer can be used to set the sampling rate. The timer
value for a 10 ms sample rate is: 10 ms/286 ns = 35,000
decimal or 88B8H.
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OPERATION OR INSTRUCTION EXECUTION TIME

Figure 17 illustrates the Operation Execution Time. The time
between the Start of Operation and Start of Conversion is
variable and depends on the Mode chosen. For more
information on how to determine the time between Start of
Operation and Start of Conversion refer to the Secondary
registers Mode field description in the Instruction RAM.

The Conversion Execution time depends on the Cycle, the
Gain, and the Mode chosen in the instruction word.
Modes 0-5 all behave the same way when it comes to
Conversion Execution Time. To help determine the
Conversion Execution Time the following table gives the
number of internal clocks used for Modes 0-5 based on
the Cycle chosen.

Number of Internal System Clocks Needed
Cycle (1 /fcua)
16-Bit 128
13-Bit 110
8-Bit 80
Read CAL 80
Write CAL 52

Add 4 extra clocks to the Cycle time for each gain of 2
(including Read CAL and Write CAL). For a gain of 2 add
4 extra clocks, for gain of 4 add 8 extra clocks, for gain of
8 add 12 extra clocks. Example: Modes 0-5, Cycle =
13-bit conversion with a gain of 8. Conversion Execution
time is 122 internal clocks.

5.0 MICROPROCESSOR
INITIALIZATION PROCEDURE

The following sequence of steps is recommended when
initializing the ML2200 from the microprocessor:

1) Keep reset active for at least 10 internal clock cycles after
power supplies have stabilized. If a software reset is
issued, hold off microprocessor communications with the
chip until the RESET bit in the control register is read
back as cleared, which takes 4 internal clock cycles.

2) If desired, check the data register path by performing a
write and read of the calibration register for all 8
operations. (This step is optional, but does provide user
assurance of the integrity of the on-chip data paths.) The
calibration register is a full 16-bit data path.

3) Perform a calibration by first enabling the CLCP interrupt
in the Interrupt Mask register, then start the calibration by
asserting the CAL bit i n the Control register. Alternately, if
an interrupt driven system is not desired, the interrupt
status register can be polled 8260 internal clocks after the
CAL bit has been set. The chip should not be polled
during calibration.

4) Upon receiving the CLCP interrupt, acknowledge it. If
desired, read back the calibration code to verify a
successful calibration. Other diagnostics may be run at
this time, however diagnostics are optional and not
required.

5) Load the Instruction RAM, alarm criteria, interrupt conditions,
and timer. Set the proper data transfer mode up (DMA,

interrupt driven or polled mode.) Clear all status bits
before setting the RUN bit.

6) Start the chip running by setting the RUN bit in the
Control register. This may be done by ORing the RUN
bit with the other bits already configured in the Control
register; however do not set the CAL bit again or
another calibration will take place. Writing a 0 to the
CAL bit has no effect; it will still read 1.

5.1 RESET/ POWER-ON CONDITIONS

When applying power to the ML2200, DV¢c and AVcc
should never be powered-on at different times.

It is OK to assert both RD and WR during RESET time, but
not legal to do so otherwise; this may damage the chip
internally.

The following list specifies the affected registers on the
chip after a reset is performed. Note that both hardware
and software reset of the chip have identical effects.

All registers shown below are cleared (all bits 0):

Primary Registers:
Index register (register 2)
Control register (register 3)
Status register (register 4)
Sequence status (register 5)

Secondary Registers:
Interrupt bit mask (upper half, register 19)
Alarm criteria register (lower half, register 19)

All other registers will have random data in them after
power on. If a hardware or software reset is performed
later, registers which are not listed above will be
unchanged. Re-calibration after a hardware or software
reset is not necessary, since the calibration register
remains the same after a reset. Only after a power-up is a
calibration necessary. However the CAL bit in the Control
Register will be cleared after a reset. Setting the RUN bit
while the CAL bit is clear will cause the RNER bit to be
set. But, if a calibration had been done before the reset,
the RNER may be ignored.

5.2 TIMER

If any of the operations require a timer function, (either a
one-shot or regular conversion interval) then the timer value
must be written. This is done by writing the index register
value to 10 hexadecimal and writing the proper 16-bit time
value to the window registers. The timer value must be
greater than 1. If using mode 2 “Start on Next Time out” the
timer value must be greater than the conversion time.

5.3 LIMIT ALARM OPERATION

The chip may be set up to watch for certain data conditions by
enabling the proper interrupt bits in the Interrupt Mask register.
These conditions include A/D overrange/ underrange and user-
defined alarm criteria. In order to use the alarms, the A and B
alarm values must be defined. Note that since alarm registers A
and B are 16 bits wide, 13-bit two’s complement sign extended
values must be loaded. (Refer to Data Format for more
information). In order to further qualify alarm registers A and B,
the Alarm Criteria register must be initialized.

8L Micro Linear
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5.4 DEFINING INTERRUPT CONDITIONS

If the chip is used in polled situations, the interrupt mask
bits need not be set unless the “OR” of the interrupt
conditions, bit 7 in the Status register is used.

If the chip is used in interrupt mode rather than polled
mode, the desired interrupt conditions should be
considered. In addition to the interrupts specified for data
comparison operations, several other interrupts can be
defined in the Interrupt Mask register. The DBR bit can be
set if the DBR pin is not used. This enables interrupts at
the end of sequences for data transfer via the INT pin. The
intra-sequence interrupt bit should be enabled if intra-
sequence pauses are desired in any of the operations.
Overrun error and run-time error bits should be enabled if
trapping of these errors is desired.

Note that alarm A and B and overrange interrupts occur at
any time within the sequence of operations. Due to the
interrupt latency time of the microprocessor, multiple
interrupts of this type within a sequence may be
indistinguishable from each other. The A and B alarms
should generally be used on only one operation so that its
source can be determined with no ambiguity. Overrange
interrupts can be handled by examining the data in the
chip at the end of the sequence.

The INT pin polarity can be defined to be active high

(bit 15 cleared in the Interrupt Mask register) or active
low (bit 15 set). When active low is chosen, the INT pin
is open drain without a pull-up. When active high, the
INT pin is driven actively in both directions. The default
condition is active high, and the INT pin is actively driven
low during reset time.

6.0 METHODS OF DATA TRANSFER TO
THE MICROPROCESSOR

There are several ways to handle the data output; polling,
interrupt, or DMA. If interrupts are the method chosen,
method 5) may be preferable. Method 5) DMA/Interrupt
mode, does not require a DMA controller. It simply uses
the DMA mode of the ML2200 or ML2208 which can be
interfaced to an interrupt controller.

1) Intra-Sequence pause instruction is used when the
microprocessor is not going to periodically/continuously read
the data, but it will read the data at arbitrary times. The Table
1 below shows the op codes to sample all eight channels.

Using these instructions the program begins when the RUN bit
is set in the control register. Immediately after RUN is set, before
the first conversion takes place, the ISQ bit in the status register
is set. This indicates that the sequencer has paused. When the
microprocessor wants to read a value on one or more of the
channels it sets the ISQAK bit in the Interrupt Acknowledge
register. The ML2208 then performs eight conversions back-to-
back, jumps back to sequence 0, and sets the ISQ and DBR bits
in the status register. The data from all eight channels is now
available in the Data RAM. The next time a conversion is
desired, once again the microprocessor sets ISQAK in the
interrupt acknowledge register. :

2) Polled mode transfer is done simply by polling the
status register and examining the DBR bit to see if a
sequence has been completed. The DBRIE interrupt
mask bit need not be set, but an acknowledge should
be done by setting DBRAK in the Interrupt
Acknowledge register, otherwise an overrun error will
occur. The CPU can just poll the INT bit in the Status
register. Only the bits which are enabled in the
Interrupt Mask register will set the INT status bit. When
the INT bit is set, the CPU can examine the other status
bits to determine which requests are active.

3) Interrupt mode can be implemented using the INT pin
and enabling the desired interrupt conditions in the
Interrupt Mask register. The polarity of the INT pin can
be selected at the same time. If desired, DBR can be
used as a second interrupt pin to signify the transfer of
data only. This may be useful in systems with multiple
and prioritized interrupt structures. If DBR is used, the
DBR mask bit in the interrupt mask register should be
disabled or cleared.

4) DMA mode can be implemented by setting the DMA
enable bit in the control register and selecting high byte
or low byte first by setting or clearing the LOBYT bit.
The DBR pin is utilized as the DMA request, and will
remain asserted until all data from the sequence is read.

5) DMA/Interrupt mode. DMA mode can also be used in
non-DMA applications. Although this appears to be
unconventional, it may actually be preferred over the
interrupt mode because of its convenience and speed.
One way to do this would be to use the DBR pin as an
interrupt request but enable DMA mode in the DAP.
When data is ready DBR interrupts the microprocessor.
The microprocessor then reads either window register
the required number of times to drain the Data RAM.

TABLE 1. CHANNELS IN AN ML2208 AT ARBITRARY TIMES

LAST ALRMEN MODE CHAN CYCLE GAIN REF

SEQO 0 0 Intra Sequence Pause CHO 13 1 Internal
SEQI 0 0 Immed Execute CHI 13 1 Internal
SEQ2 0 0 Immed Execute CH2 13 | Internal
SEQ3 0 0 Immed Execute CH3 13 | Internal
SEQ4 0 0 Immed Execute CH4 13 | Internal
SEQ5 0 0 Immed Execute CH5 13 | Internal
SEQ6 0 0 Immed Execute CH6 13 | Internal
SEQ7 | 0 Immed Execute CH7 13 | Internal
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Using the DMA mode interrupt method over non-DMA
mode interrupt method saves a lot of overhead. For
example in non-DMA mode interrupt method (assuming
AUTOI is set), the index register would have to be set on
entry, and the DBRAK bit would have to be set each
service routine. In DMA interrupt mode, neither the Index
register nor the DBRAK bit would have to be set. These
are handled automatically in DMA mode.

7.0 POWER-DOWN MODE

The chip can be powered-down by asserting the Ppy pin.
It is advisable to place the chip in HALT mode first by
clearing the RUN bit in the control register, however the
chip will automatically go into Halt mode when powered-
down. All analog circuits are powered-off; digital circuits
are left in an idle state. All registers within the chip will
retain their values down to a level of 2V between V¢c
and GND.

Powering-up the chip is done by bringing Ppy high. The
chip will be in Halt mode upon power-up. Note, however,

that the first 10ms of chip operation after a power-up will
not be valid due to the settling of quiescent bias conditions
within the on-chip’s analog circuits. Any data that is
returned for this period after power-up should be considered
invalid. The user has the choice of either throwing away the
first 10ms of data or waiting for 10ms and then setting the
chip in RUN mode. The on-chip timer can be used for this
purpose, if desired, by defining a sequence of dummy
operations that last for the required delay, then rewriting the
required operations for normal use.

Acknowledge register. Dgrak should also be set sometime
before the next sequence to prevent the OVRN bit from
being set, however this is not necessary.

Note that the microprocessor cannot let the ML2200
sequencer run continuously, i.e., SEQ 0 would be changed
to Immediate Execute and asynchronously read the Data
RAM. The problem in this case would be that the
microprocessor may read the data at the same time that the
chip is updating it. That is why either polling, interrupt, or
DMA transfer is required in a continuous run mode of
operation.

APPENDIX A
DIAGNOSTICS

The ML2200 and ML2208 may be run through a diagnostic
routine after power-up. The DAP provides software
programmable diagnostics so that no external hardware is
necessary. Diagnostics are not necessary. They are provided
as an option to the user.

SELF-TEST MODE

Setting the SLFTST bit in the Control register redefines the
CHAN field in the Instruction Word. This in effect changes
the input to the Sample-and-Hold from the multiplexer
input channels to internal points within the chip; such as
Vger and AGND. Conversions in the Self-Test Mode allow
the user to determine how the Sample-and-Hold and A/D
converter behave with known input signals. This can be
useful as a diagnostic routine for a product in the field, or
as a debugging feature during product development.
Figure 16 illustrates the redefinition of the instruction
word when SLFTST= 1.

1. System Offset — The positive and negative inputs to
the Sample-and-Hold are tied to analog ground. With
this setting, converted data will give the offset of the
A/D converter and Sample-and-Hold combination.

2. Internal Reference — Connects the positive input of the
Sample-and-Hold to Vggr and the negative input of the
Sample-and-Hold to analog ground. The result of
converting in this test mode is a value near positive full
scale.

3. Invert Internal Reference — Connects the negative
input of the Sample-and-Hold to Vggr and the positive
input of the Sample-and-Hold to analog ground. The
result of converting in this test mode is a value near
negative full scale.

4. Common Mode — Both the positive and negative
inputs of the Sample-and-Hold are tied to the internal
VRee- The result of a conversion in this test mode
indicates how well the converter is rejecting a common
mode signal.

Since setting the SLFTST bit merely changes the input to
the Sample-and-Hold, conversions must be executed in
order to read the results. This means placing the chip in
the RUN mode and reading the results from the Data
RAM. It is possible to run one sequence then halt the
sequencer and read the results. The sequencer can be put
in a “pause” via the Intra Sequence Pause Mode
instruction. The following instructions accomplish this:

LAST ALRMEN MODE CHAN CYCLE GAIN REF
SEQO 0 0 Intra SEQ Pause System Offset 13 1 0
SEQ 1 0 0 Immed Execute INT REF 13 1 0
SEQ 2 0 0 Immed Execute Minus INT REF 13 1 0
SEQ 3 1 [¢] Immed Execute Common Mode 13 1 0

After the RUN bit is set, the ISQ bit in the status register is
immediately set. Setting the ISQAK bit in the Interrupt
Acknowledge register will allow the sequencer to
continue. The next time the ISQ bit is set, the results may
be read from the Data RAM.

Reading and Writing to the Calibration Register The
ML2200 and ML2208 architecture provides a way for the
microprocessor to indirectly read and write to the A/D
converter; specifically the Calibration register and the
A/D’s Data register. Figure 18 illustrates this architecture.

I@L Micro Linear
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The instructions that cause these transfers are READ CAL
CODE and WRITE CAL CODE; selected in the Cycle field
of the instruction word when SLFTST = 0. WRITE CAL
CODE transfers the contents of the Calibration Holding
register into the A/D converter’s Calibration register. READ
CAL CODE transfers the contents of the Calibration
Holding register through the A/D’s Data register, into the
Data Output register with the same location as the
operation.

SECONDARY REGISTERS
0-7

As a result of providing READ and WRITE CAL, it is
possible to execute digital loopbacks through the
Calibration register, A/D registers, and all 8 Data Output
registers. These loopbacks provides user assurance that all
of the paths are clear and there are no stuck bits.

Writing to the Calibration register changes the calibration
of the A/D converter. Therefore a self calibration should
be performed after executing a WRITE CAL CODE to
ensure the A/D is properly calibrated.

15 15 0
16
‘3',2'{5 CALIBRATION HOLDING REGISTER  |——7—>] CALIBRATION REGISTER ]
15 6l B 1 0
READ DAT, ] DATA REGISTER ]
ONLY A OUTPUT REGISTERS / {

1

N v fafafw(n

A/D CONVERTER

Figure 18. Digital Loopback Architecture.

DIGITAL LOOPBACK ARCHITECTURE

Reading the calibration register provides a way for the
microprocessor to determine that the self calibration was
successful. The microprocessor configures the DAP to
execute a READ CAL CODE after a self calibration has
been performed. If the lower byte of data from the READ
CAL CODE is anything other than all 1s, then the
calibration was successful.

Even though the calibration register itself is a 16-bit
register, and is capable of holding a 16-bit result, only the
lower 9 bits are significant in determining the calibration
code. These 9 bits have a sign magnitude format, in other
words the 9th bit (MSB of the 9-bit word) is the sign bit,
and the other eight bits are magnitude bits. An easy way to
determine whether the calibration has passed or failed is
to read the lower data byte after a READ CAL is executed.
If it's not all 1s then the calibration was a success.

2-26
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APPLICATIONS

Utilizing instruction RAM bits 0, 1, and 2, any of the
differential input channels of the ML2200 can be
programmed to sense the external reference (See Figure
13.) Only single ended channels O thru 5 can be used on
the ML2208 (See Figure 14.)

ML2200 ML2208
T AVcc T AVcc
VREF +CHo VREF CHoO
—CHO COM
AGND AGND

Figure 19. Using a 2.5V External Reference.

The system gain errors can be nulled by applying 2.4991 V
(the full-scale voltage minus 1.5LSB) to one of the input
channels and adjusting R1 until the digital output toggles
between 01111 1111 1110 and 01111 1111 1111. If offset is
not adjusted the full-scale voltage will be shifted by the
amount of this unadjusted offset voltage.

ML2200 ML2208
? AVcc Avcc T AvVcc AVcc
VREF + VREF +
+CHO CHoO
Vss Vss
1— -CHO 1— coM
O- AGND [ AGND

Figure 20. Adjusting Full-Scale Error.
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APPLICATIONS (Continued)

INPUTS
REFERENCED
TO AGND

ML2200

+CHO

—1 -CHO

+CH1

+CH2

$— -CH2

+CH3

L

OAVss

OVss

-CH3

AGND

Figure 21. Adjusting Zero Error.

An op amp with an offset adjustment with a range of at
least + 1.3 mV is required, like an OP — 27. The Zero Error
can be nulled by first applying 3051V to one of the input
channels (referenced to AGND.) 305uV is equivalent to /2
LSB which is the ideal input voltage which should cause
the digital output to toggle from 0 0000 0000 0000 to 0

0000 0000 0001. Adjust R3 until this occurs.

If an external reference is also being used, it should be
referenced to AGND, while the COM or negative inputs
are tied to the offset op amp as shown above. In this
configuration, the offset adjustment will effect the gain

setting and so should be set first.

The Channel to Channel Zero Error and Full-Scale Error

are very low and do not need to be adjusted separately. If,
however, the input signal sources have their own different
offsets, a separate op amp, with an offset adjustment, can

be placed at each channel input.

INPUTS
REFERENCED
$— -CH1 TO AGND

ML2208

CHoO
CH1
CH2
CH3
CH4
CH5
CHé6
CH7

| COM

AGND
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APPLICATIONS (Continued)

6800 ML2200
7
VMA > ADDR. e PPN
Ao-A7 |—~2 »|  DEcope > Avce 1 +5V
5V —| ALE DVcc
As-a1s |—#8 £3 »| A0-A2

Vss |€—— -5V
VIemp |——>

El
8l

l>° _ VREF |—» +2.5V
2 WR
yil
D0-D7 | 7 D0-D7 CHOs |le—
+5
(UNUSED) <——| DBR CHO- le—
3K CH1+ |e—o
1RQ [ ‘ INT CH1- |———— | 4 DIFFERENTIAL
RESET |« + »| RESET > ANALOG INPUT
10uF tak CH2+ [€—— | CHANNELS
; -ET (NOT USED) CH2- |«——
CiK CH3+ [e—
TMH
E 8 CH3- |e— )
] SYNC
= DGND AGND
Figure 22. Interfacing ML2200 to 6800 Type Microprocessors.
R1
VREF Vr
(From ML2208 ziro RO o
or ML2200) +
T ADJUST A2 o
SCALE
AGND = - > ADJUST
AGND k3
<
r——==- F———=n
AAA. AAA
Yvy yYvy
RS RG
| ——
RT
0-15 PSID AR, AR
\AJ AAJ
P1 SENSYM SCX15DNC 10
:3 RO }33?;“ - ARK ML2200
, A
RS 1.25KQ . 3 Vv » _@Ezos
RG 5000 R
OUTPUT VOLTAGE ]
0-2 WHEN J1 = AGND n
+2.5V WHEN J1 = -5V z
= AGND
-5V

Figure 23. Pressure Sensor Application.
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ORDERING INFORMATION

PART NUMBER LINEARITY MINIMUM PACKAGE TEMPERATURE
ERROR CONVERSION RANGE

Four Differential Analog Inputs

ML2200BCP +3/4 LSB 31.5us

ML2200CCP +1 LSB 31.5ps Plastic DIP (P40) 0°Cto +70°C

ML2200DCP + LSB 44.0us
Eight Single Ended Analog Inputs

ML2208BCP +3/4 LSB 31.5us

ML2208CCP +1 LSB 31.5ps Plastic DIP (P40) 0°C to +70°C
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PRELIMINARY

@ Micro Linear ML2221

Serial Peripheral Interface (SPI)

12-Bit Plus Sign A/D Converter with S/H

GENERAL DESCRIPTION FEATURES

The ML2221 is a member of Micro Linear’s 12-bit plus n Nonlinearity error 434 LSB and +1 LSB max
sign CMOS A/D converter family utilizing a self u Conversion time

calibrating algorithmic SAR technique. All errors of the (including S/H acquisition) 44us max
sample-and-hold are accounted for in the analog-to- m Harmonic distortion 0.01%
digital converter’s accuracy specification. = No missing codes

These A/D converters have a maximum nonlinearity u Inputs withstand |7V| beyond supplies

error over temperature of £0.009% or +0.012% of m Bipolar -5V to +5V analog input range

minus full scale to plus full scale.

The serial interface is compatible with industry

u Controlled or free run operation
m Direct 4-wire interface to uP (MPU) with

standard serial interfaces. The ML2221 has 4 modes of synchronous serial formats
operation: gated serial data clock, gated chip select, m 0°C to +70°C, —40°C to +85°C temperature range
chip select to initiate conversion with serial out data u 16-pin DIP 2

controlled by ML2221, and free run mode.

The serial interface allows either MSB or LSB first data
with 2's complement output coding. For easy interface
to microprocessors and shift registers the output data
word is 16 bits.

BLOCK DIAGRAM

PIN CONNECTION

VREF Vss CCLK+ CCLK  vcc
o]

16-PIN DIP
—o<H P
MUX vint []1 16 [] AGND

ViNt O——H

VIN- O——

SELF-CALIBRATING
12-BIT + SIGN A/D

AND
SAMPLE AND HOLD FUNCTION

2 Vin- E 2 15[] Vec
SCliinrour VREF E 3 u[] cax
vss []4 13]] cok+
CONTROL [0 SCIK SCLKinout [ 5 12 [] RESET
ngc ,,_—__..? z_\SJsv DGND []6 nu{] mse

\‘
3

SCIK [] []1Cs
O MSB
po [|s 9[] Busy
SHIFT
*| REGISTER DO TOP VIEW

l

AGND

|

DGND
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PIN DESCRIPTION

PIN PIN
NO. NAME FUNCTION NO. NAME FUNCTION
1 ViNt Positive Differential Analog Input; n MSB Most Significant Bit is transmitted
range = Vsg < Vit < Vce, first if MSB is tied to V¢ Least
[(ViN®) = (Vino)l = Ve Significant Bit transmitted first if
2 Vin- Negative Differential Analog Input; MSB is tied to DGND.
range = Vss < V|- < Vg, 12 RESET Active Low Reset. The RESET
J(ViN®) = (VinA)] < VRer period is set by the time constant
f the internal 50K pull up resistor
3 VRer Voltage Reference Input; o putl up
and an external capacitor. After
referefmced to analog ground. the RESET period the converter
4 Vss Negative Supply -5V =+ 5%; will be ready for accepting
decouple to AGND. requests or will automatically start
5 SCLKinvvout  SCLK mode select conversions/transmissions based
SCLKn/ouT = 5V; SCIK is an input upon the mode.
serial CLK. . 13 CCLK+  Sets CCLK equal to internal clock
SCLKn/our = 0V; SCLK is an if tied to 5V. If tied to OV the
output serial CLK. internal clock equals CCLK/2.
6 DGND  Digital Ground. With CCLK equal to the internal
7 SCLK Bi-Directional Serial Data Clock. CLK the user can synchronize to
Serial data is transmitted by the all internal timing events, although
clock present at SCLK. CCLK duty cycle must be' )
8 DO Data Out. Digital output which cfg\tl:olilie(:‘ t(')'lgrleet tt}i';er:'mmli]fm d
contains result of A/D conversion. clock high and low specitied.
The serial data is clocked out on 14 CCLK Clock Input. Internal clock can be
falling edges of SCLK. generated by tying a crysta! from
9 BUSY  Three-state active high BUSY this pin. to DGND, or applying a
status output. Normally low. Goes cloc Y 1o pin.
high to indicate that a conversion 15 Vce Positive Supply. +5V + 5%
is in progress; de-asserted when decouple to AGND.
conversion is complete and data is 16 AGND  Analog Ground 0 Voits, Common
available from the conversion just mode reference point of the
completed. A pulldown resistor is internal differential circuitry.
recommended on this pin.
10 [ Active Low Chip Select, starts a

conversion and brings the BUSY
and DO out of the three-state
mode. CS is used in modes where
conversion or transmission timing
is controlled; held low in gated
SCLK and FREERUN modes.

ABSOLUTE MAXIMUM RATINGS

OPERATING CONDITIONS

(Note 1) (Note 2)
Supply Voltage (Vee) vvveviieviniiiiie i, 6.0V Temperature Range .................co.en TMNSTAST,
Negative Supply Voltage (Vss) «........oeeveeeveennn.. -6.0V ML2221BI), ML222ICH ..oevvivnninennnns -40°C to +85°C
Voltage at Analog ML2221BCP, MI2221CCP .................ee. 0°C to +70°C
Inputs ......ooooeiiiiiiiii Vss - 7V to Ve + 7V Supply Voltage (Vco) ovvvvvvvnninniiannet 4.5Vpc to 6.0Vpc
Voltage at Vggg «.vvvvvveeiniiiiiiinnnn Vsg = 7V to Ve + 7V Negative Supply Voltage (Vsg) ........... -4.5Vpc to -6.0Vpc
Input Current per Digital Pin ........................ +10mA Reference Voltage (VRep) «.ooovvvvvvniiiiiiiiiiiiiine Vee
Input Current at Analog Inputs ...................... +20mA
Storage Temperature Range ................. -65°C to +150°C
Package Dissipation at 25°C (Board Mount) .......... 875mW
Lead Temperature (soldering 10 seconds)
Dual-In-Line Package (Molded) ...................... 260°C
Dual-In-Line Package (Ceramic) ..................... 300°C
2-32
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ELECTRICAL CHARACTERISTICS
The following specifications apply for Ve = +5V £ 5%, Vsg = -5V & 5%, Vger = +4.75V, Vin- = AGND,
ViNt = —4.75V to +4.75V, Ta = Ty to Tmax unless otherwise specified.

ML2221Blj, ML2221Cl)

ML2221BCP ML2221CCP

TYp TYP
PARAMETER NOTES CONDITIONS MIN |(Note 3)] MAX | MIN |(Note 3)| MAX | UNITS
Converter Characteristics
Linearity Error
ML2221BXX 4 |fcck = 01 to 5MHz +3%4 1% LSB
ML2221CXX +1 +1 LSB
Unadjusted Zero Error
ML2221BXX 4 +% +3%4 LSB
ML2221CXX +2 12 LSB
Unadjusted Positive and Negative 4 +5 +4 LSB
Full-Scale Error
Zero Error Temperature Coefficient 0.5 0.5 ppmFS/
°C
Gain Temperature Coefficient 10 10 ppmFS/
°C
Common Mode Rejection 56 80 80 dB
Analog Input Source Resistance 4 2 2 kQ
Analog Input Range 4 |V|\* Referred to Vin- | —Veer +Veer | ~VRer +VRer Vv
Analog Input Leakage Current 4 100 100 nA
Voltage Reference Input Source 4 0.5 0.5 kQ
Impedance
Reference Input Leakage Current 4 100 100 nA
Digital and DC Characteristics
Power Supply Current
|Cc, VCC 4 30 50 30 50 mA
lss, Vss 18 30 18 30 mA
Power Supply Rejection 7
Vee DC 80 80 dB
DC to 25kHz 50 50 dB
Vss DC 80 80 dB
DC to 25kHz 50 50 dB
Vitcik Clock Input Low Voltage 4 0.8 0.8 \%
Vincwk Clock Input High Voltage 4 35 Vee 35 Vee \%
Ii1, Input Leakage Current (CCLK) 4 |AGND < V|y < Vcc +200 +200 MA
V|, Input Low Voltage 4 0.8 0.8 Vv
Vi, Input High Voltage 4 2.0 Vee 2.0 Vee \'%
Vor, Output Low Voltage 4 J|loL = 20mA 0.45 0.45 \%
Vou, Output High Voltage 4 |loy = —400uA 2.4 2.4 \
I, Input Leakage Current 4 |DGND =V = Ve +10 +10 MA
(except CCLK)
l1.z, Output Leakage Current 4 |CS=Vy +10 +10 77
Cy, Input Capacitance 5 10 10 pF
(all digital inputs)
Co, Output Capacitance 5 10 10 pF
(all digital outputs)
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ELECTRICAL CHARACTERISTICS (continued)

TYpP
SYMBOL PARAMETER NOTES CONDITIONS MIN |(Note 3)| MAX | UNITS
AC Electrical Characteristics (Note 8)
tc Conversion Time 4,9 |fcok = 5SMHz (CCLK= = “0”) s
Sample and Hold Acquisition 4,9 |fcok = 5SMHz (CCLK=+ = “0”) 32 us
fcciko Clock Frequency 5,9 |Crystal (CCLK=+ = “0") 3 5 MHz
Driven (CCLK+ = “0") 0.1 5 MHz
feoik Clock Duty Cycle 5 9 |Driven 40 60 %
fcciko Clock Width 59 |Driven (CCLK+ = “0")| High 50 ns
Low 50 ns
fecik Clock Frequency 59  |Driven (CCLK+ = “1") 0.05 25 MHz
focikt Clock Width 5 Driven (CCLK+ = “1”)| High 150 ns
Low 150 ns
tcss 'CS Low to BUSY Driven 4 85 ns
tesgHZ 'CS High to BUSY, Hi-Z 4 85 ns
tscLkBA SCLK High to BUSY 5 Gated SCLK 270 ns
tccksD CCLK Low to BUSY, Deassert 5 160 ns
tscik, po | Serial Clock Low to DO Valid/Hold 4 190 ns
tcs, po 'CS Low to DO Driven 4 85 ns
tcs, poHZ | CS High to DO Hi-Z 4 85 ns
tcs, caik 'CS Low Setup Time to CCLK 4 Immediate Conversion Start 0 ns
tcs, scik | CS Low Setup to SCLK Low for 5 75 ns
No-Delay Data Transmit
tcaik, scik | CCLK to SCLK Output Delay 5 SCLKn/ouT = “0” 225 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:  0°C to +70°C and —40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100%
testing, sampling, or by correlation with worst-case test conditions.
Note 3: Typicals are parametric norm at 25°C.
Note 4: Parameter guaranteed and 100% production tested.
Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation.
Note 6: Common mode rejection is the ratio of the change in zero error to the change in common mode input voltage.
Note 7:  Power supply rejection is the ratio of the change in zero error to the change in power supply voltage.
Note 8: All parameters measured from 0.8V to 2.0V, C, = 50pF.
Note 9: Maximum frequency is 1/tciyq (high) + tcyq (low) + rise + fall times, which must be < 2.5 MHz.
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DATA
OouTPUT
CL 10k

10k
DATA
OuUTPUT

C

T

Vcc

ouTPUT
ENABLE
Vo VOH-100mV
ouTPUT 50%
GND ——— =

Vi

outpur <€

ENABLE
GND—

OuUTPUT 50%
VoL VoL +100mV

Figure 1. High Impedance Test Circuits and Waveforms

CCLK(CCLK+ = “17)
INTERNAL CLK

3 122 123 124 125 126 127 128 188

$¢

SCLK

DO

§5- = 124 INTERNAL CLKS

/ Y2 A

I Y,

FIRST DATA BIT

SECOND LAST / /
DATA BIT__DATA BIT /

tcsBA—>

—_—

<—tcsg

-

—>| |=—tccksD
*DATA WILL BE MSB OR LSB FIRST DEPENDING ON “MSB” LOGIC STATE

Figure 2. CS, SCLK Sourced Mode

CCLK(CCLK— = “1”)
INTERNAL CLK

120 il 123 124

125 p

tcse

tccukgD —
*DATA WILL BE MSB OR LSB FIRST DEPENDING ON “MSB” LOGIC STATE

Figure 3. CS, SCLK External Mode

= 124 INTERNAL CLKS 32 [_jé——b
N s Y,
—/ /
tscik, bo !
-—-- PREVIOUS * FIRST DATA BIT PREVIOUS * LAST DATA BIT =-—
4 —| |«—tcs, po Hz
5 —| tcss Hz

§§ = -
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CCLK(CCLK= = “1")
INTERNAL CLK

DO A PREVIOUS * FIRST DATA BIT ><

PREVIOUS * SECOND ~ PREVIOUS * 16TH
*DATA WILL BE MSB OR LSB FIRST DEPENDING ON “MSB” LOGIC STATE. DATA BIT DATA BIT
SCLKiN/OuT = “0”, CS = “0”, BUSY REMAINS “1”

Figure 4. FREERUN Mode

CCLK(CCLK=+ = “17)
INTERNAL CLK m 12 13 14 123 1 2 3 4 5 6 7

—> CONVERSION STARTS

BUSY t/
tcciks D —»| |=—tcaksA
1

SCIK 7[ M_
Do £ *FIRST DATA BIT X +SECOND DATA BiT X *THIRD DATA BIT X

SCLKin/ouT = 1, C5 = 0 —  |=— tscik, Do

*DATA WILL BE MSB OR LSB FIRST DEPENDING ON “MSB” LOGIC STATE

Figure 5. Gated SCLK Mode
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1.0 FUNCTIONAL DESCRIPTION

11 ALGORITHMIC A/D CONVERTER

Micro Linear’s algorithmic converter uses a successive
approximation technique. Most of today’s successive
approximation converters use a DAC to feedback the
approximated signal, however this technique requires
more circuitry than algorithmic converters. In addition
the values of all of the resistors or capacitors in the
DAC must be matched to within the accuracy of the
converter. This is difficult beyond 10 bits unless
trimming is used. An algorithmic converter uses less
circuitry and is more easily trimmed. Micro Linear’s
algorithmic converter is implemented using a 2x
amplifier, a sample/hold amplifier and a comparator as
shown in Figure 6.

The input sample is first multiplied by two then
compared to the reference voltage. If the 2x input
voltage is greater than the reference, the MSB is a 1
and the reference voltage is subtracted from the 2x
input voltage. The remainder is stored in the sample
and hold. If the 2x input voltage is less than the
reference, the MSB is a 0 and the 2x input voltage is
stored in the sample and hold. This process repeats
again, however now the sample and hold voltage is
multiplied by 2.

The algorithm involves multiplication by 2, comparison,
and possibly subtraction. Referring to Figure 6, the
algorithm for the circuit can be described as follows:

Step1  If(2x V) -Vregr =0

then MSB = 1

(2 x ViN) - VRer—S/H
else MSB =0

(2 x ViN)—S/H

Step 2 If 2 xS/H) - Vggg =0
then next bit = 1
(2 X S/H) = VRgr—~S/H
else next bit =0
(2 x S/H)—S/H

Step 3 Repeat Step 2 until conversion complete.

ViN TRIM C
CAPS

TRIM
CAPS C

GAIN OF LOOP =X2

Since the A/D converter handles bipolar inputs,
negative inputs are handled slightly differently using the
same principle.

111 Self Calibration

In order to maintain integral and differential linearity in
an algorithmic converter, two critical parameters need
to be controlled, loop offsets and the gain of the loop.
Loop offsets are automatically nulled before each
conversion using auto-zeroing circuitry on both the
sampling amplifier and the 2x amplifier. The gain of the
loop is adjusted using self calibration.

Self calibrating the algorithmic converter, once the
offsets have been nulled, is performed by measuring
the 2x gain of the loop and adjusting it. The gain can
be measured by converting the reference voltage at the
input as well as the reference (Vggr/Vger), and
examining the output code. Converting Vggr should
yield plus full scale, since Vger/Vger should equal 1. If
the gain of the loop is slightly less than 2, the resulting
LSB of the conversion will be “0”. If the magnitude bits
of the resulting conversion are all “1s”, the gain may be
too great, therefore the gain is reduced to the point
where the threshold of the LSB is reached.

Adjustment of the 2x gain is done with the binary
weighted trim capacitor arrays connected to each of
the 2C input capacitors. A small value of capacitance is
either added to or subtracted from the 2C input caps
until the gain of the loop is within 13-bit accuracy.

Self calibration is done at the factory. The calibration
process is not available at the finished product level.

K x VREF
z VREF

K=1,0,-1

> >0

COMPARATOR

SH |«

Figure 6. Self Calibrating A/D Converter
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11.2  Conversion Times

The following table lists the conversion times which
include the sample and hold acquisition time.

OPERATION MODE INTERNAL CLOCKS*
'CS, SCLK External 124
CS, SCLK Sourced 124
FREERUN 110
Gated SCLK 124

11.3 Sample and Hold Timing

Figure 7 shows the internal timing for the sample and
hold circuitry. The relationship between the start of
conversion and the input channel going into sample
mode is fixed at 6 internal clocks*, regardless of the
start mode. Six internal clocks after the start of
conversion the sample and hold is switched into the
sample mode, placing two 9pF capacitors in parallel
with the input pins; one on Vin+ and one on Vin-. The
sample switch is kept in the sample mode for 8 internal
clocks (3.2us at a 5MHz external clock, if CLK= = 0),
then placed in the hold mode. During the next 2
internal clocks the charge on the sample and hold is
transferred into the A/D, after which the Vggr pin is
sampled for 8 internal clocks.

1.2 ANALOG INPUTS

1.21 Differential Inputs and Common Mode Rejection

The differential inputs of the ML2221 eliminate the
effects of common mode input noise (60Hz for
example), as Vin+ and V|- are sampled at the same
time.

* For a description of internal clocks see Clock section.

EXTERNAL CLOCK
CCLK=+ = “0”

INTERNAL CLOCK
OR EXTERNAL CLOCK
CCLK+ = 1" | i

|

START OF CONVERSION

1.2.2 Noise

The leads to the analog inputs should be kept as short
as possible to minimize input noise. Noise as well as
digital clocks can couple into the inputs and cause
errors. Input filters can be used to reduce the effects of
these sources.

1.2.3 Power Supply Decoupling

Low inductance tantalum capacitors of 1uF or greater
and 0.01uF disc ceramic capacitors are recommended
for bypassing V¢ as well as Vsg to AGND. These
capacitors should be placed close to the V¢ and Vsg
pins.

1.3 CONVERTER CLOCK

The CCLK input can be driven with an external clock
or a crystal referenced to DGND. The crystal must be
parallel resonant with minimum capacitive loading. (i.e.,
no bypass caps should be used and leads should be
kept short)

If driven with external clock and if the CCLK= pin is
tied to Vcc, the frequency must be between 50KHz to
2.5MHz with the requirement that clock LOW (tcciky)
and clock HIGH (tccikn) durations must be more than
150ns. If the CCLK= pin is tied to ground then the
frequency can be from 100KHz to 5.0MHz.

For crystal operation with the divide by two flip flop
bypassed, and there is a 30 to 70% variation in duty
cycle of the oscillator, the maximum crystal frequency is
2.0MHz to insure that the minimum clock high and low
times are greater than 150 nsec.

28129 32133 agla9
| | |
9 10 11 12 13 14l15 16117 18 19 20 21 22 23 24125 26

|
|«———SAMPLING INPUT —| |«—— SAMPLING REFERENCE —»/

Figure 7. Sample and Hold Timing
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14 RESET

The RESET pin has an internal 100K pullup resistor.
Power supplies must be stable to within a +5%
tolerance before the reset condition is removed.

The active low hardware reset can be performed by a
capacitor value (usually >6uF) tied to the RESET pin or
by driving it with the system reset signal.

1.5 DIGITAL INTERFACE

All four synchronous interface modes of operation are
determined by CS during reset period as follows:

SCLK
_ Logic Level of Mode Select
CS During Reset | (SCLKjn/0u7) Serial Interfacle Mode
()} 0 FREERUN
0 1 Gated SCLK
1 0 'CS, SCLK Sourced
1 1 'CS, SCLK External

After the reset time, the SCLKn/ouT pPin can be
changed to switch between either (FREERUN and Gated
SCLK) or (CS, SCLK Sourced and CS, SCLK External).

The logic level of CS will not change the mode of
operation of the ML2221 once the mode of operation is
programmed during the RESET period.

a. Serial Transmission < Conversion Time

‘CONVERSION TIME—>|
(s 7 \

1.51 CS, SCLK External Mode

CS starts a conversion. The SCLK is continuously driven
into the ML2221 and data from the previous conversion
is shifted out at the SCLK rate starting at the first SCLK
falling edge from the CS assertion. CS is normally kept
low for all 16 bits of data, but can be brought back
high_after the desired number of bits have been shifted
out. CS should be held low for a minimum of 124
internal clocks (see Figure 8) for the conversion

to complete.

It takes 110 internal clocks to convert an analog signal
into 13 bits of data plus 13 more clock periods to make
data available. At a 5.0MHz clock and CCLK=+ = 0V, the
maximum conversion rate is 49.6 microseconds or 124
internal converter clocks.

When CS is asserted (LOW) a conversion begins and
the DO output becomes active. The ML2221 is ready to
shift out the data serially.

The BUSY output is in the high impedance state when
the ML2221 is not selected. When CS input goes low,
the BUSY output is driven high or low depending on if
a conversion is in progress. Once a conversion begins,
BUSY is held active for 123 internal converter clocks.

The DO output is high impedance when the ML2221 is
not selected. When CS input goes low, it is driven with
the first bit of data initially, and then begins to put out
all subsequent data bits on each FALLING edges of the
serial clock (SCLK). Data is always output in 16 bit
format: if the LSB is output first, the data is sign
extended after 13 bits; if the MSB is output first, the
data is zero-filled after 13 bits. DO remains driven as
long as CS remains low.

/T \

CONVERSION 1

BUSY

CONVERSION 2

CONVERSION 3

sa PIEPPVEEEREECECEEETEEEC PR R R R e e R R e L R

| XMIT PREVIOUS DATA | )
T Al

XMIT DATA 1 | L XMIT DATA 2 {

NOTE: CONVERSION TIME EQUALS 124 INTERNAL CLOCK OR CCLK'S IF CCLK+ = “1”

Notes:
1. Use 10k pulldown resistor on BUSY pin to get “true” convert busy.

2. If CS is brought high in the middle of a serial data tr

ion, the data

ion is aborted and the data is reloaded into the output shifter.

Figure 8. CS, SCLK External Mode

8L Micro Linear
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1.52 CS, SCLK Sourced Mode

Conversion is initiated by CS. In this mode, SCLK is
sourced by the ML2221. At the end of the conversion,
the device will provide a packet of 16 SCLKs to transmit
the 16 bits data stream (see Figure 9). The data rate at
which the data is being transmitted is (internal clock)/4.
For example, when CCLK+ = 1, CCLK = 256kHz, the
data rate is 64Kbps.

'CS should be held low during the entire conversion
and the transmission sequence. The time required to
convert an analog signal is 110 clocks, with additional

b. Serial Transmission > Conversion Time

«—— > 124 INTERNAL CLKS

s L0000

13 clocks to shift out the data. The total conversion
time is therefore 123 clocks plus one bit delay. Data
transmission will need 64 (16-bit x 4) internal clocks.
Hence, the total clock cycles to complete one
operation in this mode is 188 clocks. CS therefore
should be held low for a minimum of 188 clocks.

Example: If CCLK = 5 Mhz, CCLK=- = 0, the maximum
conversion time will be 75.2us. Therefore, the maximum
frequency for CS is 13.3kHz.

In this mode, the data transmitted is always the
current data.

CONVERSION 2

. CONVERSION 3 | )

____ CONVERSION 1
!

Il —
L

1 L — F

BUSY —/ \ /

n/ n__/

e R

XMIT
PREVIOUS
DATA ] XMIT DATA 1

Notes:

XMIT DATA 2

A

XMIT DATA 3
e

1. Use 10K pulldown resistor on BUSY pin to get “TRUE” convert BUSY status.
2. If CS is brought HIGH in the middle of a serial data transmission, the data transmission is aborted and the data is reloaded into the output

shifter.

Figure 8. CS, SCLK External Mode

| >*188 |

* * *
CONV - 110 @ ' 13+ 64 N

BUSY I "|

—

[

®

e |

1

UL

DOq

JUNK
XMIT DATA 1

DO,
| S ——— | -
XMIT DATA 2

*NUMBER OF INTERNAL CONVERTER CLOCKS OR C CLKS WITH C CLK+ = “1”

Notes:

1. Use 10K pulldown resistor on BUSY pin to get “TRUE” convert BUSY status.
2. If CS is brought HIGH in the middle of a serial data transmission, the data transmission is aborted and the data is reloaded into the output

shifter.

Figure 9. CS, SCLK Sourced Mode
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1.5.3 FREERUN Mode

The FREERUN mode executes continuous back-to-back
conversions at the rate of 110 internal converter clocks
per conversion, and outputs 16 bits of data and 16
corresponding SCLKS at the rate of 4 internal converter
clocks per bit (see Figure 10). The ML2221 immediately
begins converting after reset and starts outputting data
after the first conversion. A conversion rate of 44
microseconds can be achieved by using the maximum
CCLK frequency.

In the FREERUN mode, SCLK can not be sourced
externally. The SCLK provided internally by the device
is equal to (internal clock)/4. Since the converter is
performing continuous conversion, BUSY is therefore
always asserted.

1.5.4 Gated SCLK Mode

In this mode of operation, an external SCLK source
must be used. This external SCLK should be a 16 clock

packet which will be used by the converter to send out
the data and initiate the conversion simultaneously (see
Figure 11).

The data transmitted by ML2221 is the data from the
previous conversion (see Figure 11). Therefore, in order
to ensure integrity of the first data byte, the first SCLK
signal should be initiated after a minimum of 124
internal clocks after reset. After the reception of the
first SCLK signal, the converter will start the conversion
process which is 124 clock as mentioned. Therefore the
minimum time required between initiation of
conversion by the SCLK should be no less than 124
clocks. In the case of maximum CCLK at 5MHz, the
miniumum time interval between two packets of SCLK
should be 49.6us.

The BUSY output never floats and is asserted at the first
SCLK and deasserted after 123 internal converter clocks.
DO is always driven.

CONVERSION e © ., © O : ® | ® O]
BUSY __l '
scioun UL OO OO O A

o 2 ANz 2220 202222
@ O ® ® ®

*NUMBER OF INTERNAL CONVERTER CLOCKS OR CCLKS WITH CCLK+ = “1”

Note: DO is always driven.

Figure 10. FREERUN Mode

a. Serial Data Transmission < Conversion Time

RESET /
t

110 @ 3

B!
-

CONVERSION F +— F

l_l

15 16 15 16

»o////////////////////////l‘ gy

D1D2 D15

oA (D

DA D

*NUMBER OF INTERNAL CONVERTER CLOCKS OR CCLKS WITH CCLK+ = “1”
Note: Time from first SCLK! to seventeenth SCLKt must be greater than 124 internal converter clocks.

Figure 11. Gated SCLK Mode

8. Micro Linear 2-41




ML2221

1.6 DATA FORMAT

The MSB pin determines if the MSB or LSB data is
transmitted first and in the following format. If more
than 13 SCLK'’s occur.

FIRST LAST
MSB = 1 [ST11T10|918J7J615L4|3]2’1 ’0| , r1
MSB =0 f::)RISI|2[3‘4!5(6|7l8|9|10{11|5[5*,S-T;ST|

b. Serial Data Transmission > Conversion Time

- —t ®

CONVERSION — +— b @ +— - @
] L | —
102 13 14 15 16 12 3 4
SCLK l | I I I |
po DI D2 D12 D13 D14 D15 DO DI D2 D3 D4
S/ e
I XMIT DAA (D - XMIT DATA (2)

Note: Time from first SCLK! to seventeenth SCLK! must be greater than 124 internal converter clocks.

Figure 11. Gated SCLK Mode
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APPLICATIONS

START | MNEMONIC INSTRUCTION
START BCLRn Bit 0 Port C goes low (CS goes low)
LDA Load contents of SPI data register into
Acc. (Doyt MSBs)
CSle- co STA Start next SPI cycle
SCKre SCK AND Clear 3 MSBs of first Doyt word
STA Store in memory location A (MSBs)
mL2221 68HCD5C4 TST Test status of SPIF
—_s?v BPL Loop to previous instruction if not
MsB done with transfer
Do MISO BSETn Set B0 of Port C (CS goes high)
LDA Load contents of SPI data register into
Acc. (Doyt LSBs)
STA Store in memory location A + 1 (LSBs)

DO __ 12| 811 | B10| B9 | B3 87|86 |85 |Ba|B3|B2[B1]| BO R
Fiqsulmzlmzlsnlmol B9 I ns] I B7I B6 | B85 | B4 l 831 B2 l Bl I BOJ
WORD \ BYTE 1 _ | BYTE 2 ,
RECEIVED ! TRANSFER 1 f TRANSFER !
RAM LOCATION A LOCATION A + 1
STORE

Figure 12. Interfacing to 68HC05C4 with a Dedicated Serial Port

MODE 0
-5V TO +5V INPUT
REFERENCED Vint 8051
ND Vin- Lok +5v
Q =z ML2221 j
- SCLKIN/OUT
ML2221
‘ Vint O———14 DO RXD/P3.0
h SCLK fe TXD/P31
Oy, G TXD/P3.2
il AGND
Figure 13. Adjusting Zero Error Figure 14. 1 Mbps 8051 Interface
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+5V
172
% DS8830
22K
T ] o
ML2221 Lnec- | L {nano Y
= 2601 our A
SV 10 45v oV 2.2 0 G+ [
ANALO s1 RD -
DO » IN HCPL- —_I_:_— <—1
e YN sax IN our ] F}ZR T 3
MSB .
SCLKiN/OUT 3 N{A)TJI')r "J L j:‘ M l(): :>
= | Dsss30 i 2.2K ;
seh B | frems
gl | li{an
+5V
: so TS e
I S1 RO« [
T | bjax 4
L—»{sr S :>
E
F
HC299 G
8088
N —
RD
ADDRESS y
DECODER
Figure 15. Optical Isolated 8088 Interface
ORDERING INFORMATION
LINEARITY TOTAL TEMPERATURE
PART NUMBER ERROR UNADJUSTED ERROR RANGE PACKAGE
ML2221BCP +3 LSB 1% 0°C to +70°C MOLDED DIP (P16)
ML2221Bl) —40°C to +85°C HERMETIC DIP (J16)
ML2221CCP +1 LSB 2% 0°C to +70°C MOLDED DIP (P16)
ML2221ClJ -40°C to +85°C HERMETIC DIP (J16)
2-44
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PRELIMINARY

ML2223

Asynchronous Serial Interface
12-Bit Plus Sign A/D Converter with S/H

GENERAL DESCRIPTION

The ML2223 is a member of Micro Linear’s 12-bit plus
sign CMOS A/D converter family utilizing a self
calibrating algorithmic SAR technique. All errors of the
sample-and-hold are accounted for in the analog-to-digital
converter’s accuracy specification.

These A/D converters have a maximum nonlinearity error
over temperature of £0.009% or £0.012% of full scale.

For easy interface to microprocessors, the ML2223 is
designed to transmit data into RS-232 type ports.

The ML2223 operates in an asynchronous mode of
operation. In this mode, the A/D continuously transmits 2
bytes in a 24-bit stream, inserting 8 idle bits between
transmissions. When CURR input pin is tied high,
transmission of the previous data begins immediately
upon receiving a conversion start request. When CURR is
low, transmission is started after a new conversion is
completed.

The serial data clock can be generated by the ML2223 or
it can be provided by an external source.

The serial interface provides LSB first data with 2's
complement output coding.

FEATURES

RS-232 compatible asynchronous interface
One-wire data transmission
Nonlinearity error +3/4 LSB and 1 LSB max

Conversion time
(including S/H acquisition) 45.6ps max

m Bipolar -5V to +5V analog input range with £5V
power supplies

Harmonic distortion
No missing codes

|
]
m Continuous conversions
]
[ ]

0.01%

m Self calibrating — maintains accuracy over time
and temperature

m Inputs withstand 17VI beyond supplies
0°C to +70°C, —40°C to +85°C temperature range
m Standard 0.3" 16-pin DIP or 20-pin SOIC (wide)

BLOCK DIAGRAM

VRer  Vss CLKMODE  CCLK Vcc
O
1—oX] T
MUX
™%

ViN+O—
SELF-CALIBRATING
12-BIT + SIGN A/D
AND
SAMPLE AND
VIN-O—{ HOLD FUNCTION

——————O INSCLK

Yy Y

L]

AGND RESET

——O0 SCLK
UNIVERSAL OB
ASYNCHRONOUS USY
TRANSMIT ———O
CONTROL
AND ———O CURR
TIMING
O Dour
DGND

8L Micro Linear
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PIN CONFIGURATION
ML2223 ML2223
20-Pin SOIC (S20W) 16-Pin DIP (P16)
——
vint [T 20 | ] AGND Vin+ [ 16[] AGND
VIN- E:l: 2 19 3:] Vce Vin- [2 IS]VCC
veer [T} 3 w8 [T] cax Vrer 3 1] cak
Vs CLKMODE
Nsé % : :: % NC Vss E4 13:|CI.KMODE
Nc [T 5[] NC INSCLK [15 12[ ] RESET
INscik [T 7 14 [T7] RESET DGND [[s 11[] CURR
DGND [ |8 13 ]] CURR
sck [T o 12 [T] RESERVED sc [l tof] RESERVED
Dour [T |10 1 [T Busy Dour |8 sf ] BUSY
TOP VIEW TOP VIEW
PIN DESCRIPTION
20 16 20 16
PIN PIN NAME FUNCTION PIN PIN NAME FUNCTION
1 1 VNt Positive differential analog input; 11 9 BUSY Three-state active high BUSY status
range = Vsg < V|N + < Ve, output. Normally low. Goes high to
IViN+) = (VINOT < VRer indicate that a conversion is in
N . . . progress; de-asserted when conversion
2 2 Vn- Negatll/e;/dxff:r\?ntlal:r\}alog input; is complete and data is available from
T(a\r;gi)— (5{? - )I”i ;/' c the conversion just completed. A
INFI=RVINTID = VREF- pulldown resistor is recommended on
3 3 Vger Voltage reference input; referenced to this pin.
analog ground. 12 10 RESERVED This pin should be tied to ground.
4 4 Vss {\Jef‘étzeosupply =5V & 5%; decouple 13 11 CURR Current or previous data mode pin.
o : When this pin is tied high, the data
7 5 INSCLK  SCLK mode select. This pin is used to will be transmitted at the start of a
select SCLK pin as an input or an conversion (previous data mode).
output. When INSCLK is high, SCLK is When CURR is tied low, the data will
an input. When INSCLK is low, SCLK then be transmitted at the completion of
becomes an output pin. SCLK will the conversion.
then provide a clock at 1/128 or 1/256 SEoET . L
. . 14 12 RESET Active low reset. The RESET period is
ge::?:mg on how the CLKMODE pin set by the time constant of the
p- internal 100K pull up resistor and an
DGND  Digital ground. external capacitor. After the RESET
iod th ill b f
7 SCLK Serial data transmit clock. The serial gs:::)gtitnge rizr;\gge(r)rva” | e ready for
?ata will almf/a});s b'e trznsmitted at :?e automatically start conversions/
requency of the clock present at this P
pin. The SCLK pin can be transmissions based upon the mode.
programmed as an input or an output 17 13 CLKMODE Clock mode pin. When CLKMODE
by using the INSCLK pin (pin 5). When pin = 1, the internal converter clock =
the SCLK is used as an output pin. The CCLK. When CLKMODE pin is tied
data rate will be the internal converter low, the internal converter clock =
clock divided by 128. When CCLK/2.
%#Q%LDIEA:(;IIDSEC—%): CCLKN28. 18 14 CCLK Clock input. Internal clock can be
SCLK = CCLI</256— ’ generated by tying a crystal from this
- ) pin to DGND or applying a clock
10 8 Dour Data out. Digital output which directly to the pin.
contains result of A/D conversion. The - o
serial data is clocked out on falling 1915 Vee fg’;'gvﬁsu‘) ply. +5V £ 5% decouple
edges of SCLK. ’

20 16 AGND  Analog ground 0 volts. Common
mode reference point of the internal
differential circuitry.
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ABSOLUTE MAXIMUM RATINGS

(Note 1)

SUpPPly VOIAgE (VEE) wevevereereirieieririererinieiseneeeaenenene

Negative Supply Voltage (Vss)
Voltage at Analog
Inputs

Voltage at VREF veveererreveceerenennens

Input Current per Digital Pin ..
Input Current at Analog Inputs

Storage Temperature Range ........
Package Dissipation at 25°C (Board Mount)

Vss— 7V to Vee + 7V
Vss— 7V to Ve + 7V
........... +10mA

+20mA

-65°C to +150°C

Lead Temperature (soldering 10 seconds)

Dual-In-Line Package (Molded)..........ccccvuevunenee. 260°C
Dual-In-Line Package (Ceramic)........coccevveuvevveneee 300°C

OPERATING CONDITIONS

(Note 2)

Temperature Range.......c.cccooceeeevvennennen. TMIN £ Ta £ Tmax
ML2223BlIJ, ML2223ClJ ...oeeveviiieeneenne —40°C to +85°C
ML2223BCP, ML2223CCP .....ccccerveennenne 0°C to +70°C

Supply Voltage (Vce) veeeeeeenneenne.
Negative Supply Voltage (Vsg) .

... 4.5Vpc to 6.0Vpc
-4.5Vpc to -6.0Vpc

Reference Voltage (VREF) weoveeveeveivenineneenenieeeeieenns Vce
ELECTRICAL CHARACTERISTICS
The following specifications apply for Ve = +5V + 5%, Vss = =5V £ 5%, Vggr = +4.75V,
ViN— = AGND, V|N+ = —4.75V to +4.75V, Ta = Tmin to Tmax unless otherwise specified.
ML2223BIj, ML2223Cl) | ML2223BCP, ML2223CCP
TYP TYP
PARAMETER NOTES CONDITIONS MIN [(NOTE 3)| MAX MIN |(NOTE3) MAX |UNITS
Converter Characteristics
Linearity Error
ML2223BXX 4 | fecik=0.1 < 5MHz +3/4 +3/4 | LSB
ML2223CXX +1 +1 LSB
Unadjusted Zero Error
ML2223BXX 4 +3/4 +3/4 LSB
ML2223CXX +2 +2 LSB
Unadjusted Positive and Negative 4 +5 +4 LSB
Full-Scale Error
Zero Error Temperature Coefficient 0.5 0.5 ppmFS/
O
C
Gain Temperature Coefficient 10 10 ppmFS/
O
C
Common Mode Rejection 5,6 80 80 dB
Analog Input Source Resistance 4 2 2 kQ
Analog Input Range 4 V|n+ Referred to Vin— | —VRrer +VRer | —VRer +VREF \
Analog Input Leakage Current 4 100 100 nA
Voltage Reference Input Source 4 0.5 0.5 kQ
Impedance
Reference Input Leakage Current 4 100 100 nA
Digital and DC Characteristics
Power Supply Current
lcc, Vee 4 30 50 30 50 mA
Iss, Vss 18 30 18 30 mA
Power Supply Rejection 7
Vee DC 80 80 dB
DC to 25kHz 50 50 dB
Vs DC 80 80 dB
DC to 25kHz 50 50 dB
Vitcik: Clock Input Low Voltage 4 0.8 0.8 \
Vitcik Clock Input High Voltage 3.5 Vee 3.5 VCC \
IL1, Input Leakage Current (CCLK) DGND < Vv <€ Ve +200 +200 A
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ELECTRICAL CHARACTERISTICS (Continued)

ML2223BIJ, ML2223Cl) | ML2223BCP, ML2223CCP
TYP TYP
PARAMETER NOTES CONDITIONS MIN [(NOTE3)| MAX MIN |(NOTE3), MAX |UNITS
Digital and DC Characteristics (Continued)
V), Input Low Voltage 4 0.8 0.8 \
Vi, Input High Voltage 4 2.0 Vce 2.0 Vee \
VoL, Output Low Voltage 4 loL =2.0mA 0.45 0.45 \
VoH, Output High Voltage 4 lon = —400pA 2.4 2.4 \"
It, Input Leakage Current 4 DGND < V)N £ Vee +10 +10 HA
(except CLK)
Ip1.z, Output Leakage Current 4 CS>Viy +10 +10 HA
C, Input Capacitance 5 10 10 pF
(all digital outputs)
Co, Output Capacitance 5 10 10 pF
(all digital outputs)
TYP
SYMBOL PARAMETER NOTES CONDITIONS MIN |[(NOTE3) MAX |[UNITS
AC Electrical Characteristics (Note 8)
tc Conversion Time 4,9 |fccik = 5MHz (CCLKMODE = “0”) 45.6 us
fcclko Clock Frequency 5,9 |Crystal (CCLKMODE = “0”) 0.3 5 MHz
Driven (CCLKMODE = “0”) 0.1 5 MHz
feciko Clock Width 5,9 |Driven (CCLKMODE = “0”) | High 50 ns
Low 50 ns
feekt Clock Frequency 5 Driven (CCLKMODE = “1") 0.05 2.5 MHz
feclk Clock Width 5 Driven (CCLKMODE = “1”) | High 150 ns
Low 150 ns
tscik, po | Serial Clock Low to DO Valid/Hold 4 190 ns

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

Note 2: 0°C to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by
correlation with worst-case test conditions

Note 3: Typicals are parametric norm at 25°C

Note 4: Parameter guaranteed and 100% production tested.

Note 5: P P s not 100% tested are not in outgoing quality level calculation.

Note 6: Common mode rejection 1s the ratio of the change in zero error to the change in common mode input range.

Note 7:  Power supply rejection is the ratio of the change in zero error to the change in power supply voltage.

Note 8: All parameters measured from 0.8V to 2 0V, CL = 50pF.

Note 9:  Maximum frequency is 1/tcik1 (high) + tciki (low) + nise + fall times, which must be < 2.5MHz.

SCLK ‘/—_V \ / \
DouT X

- |
tsck, Dout

Serial Clock to Data Out Delay
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v,
DATA output ‘<€
OUTPUT ENABLE -\ —10%
a 10K
I Von 90%
= = OUTPUT 50%
GND
Vcc
OUTPUT
10K ENABLE
DATA
OUTPUT
CLI OUTPUT 50%

Figure 1. High Impedance Test Circuits and Waveforms

1.0 FUNCTIONAL DESCRIPTION

1.1 ALGORITHMIC A/D CONVERTER

Micro Linear’s algorithmic converter uses a successive The algorithm involves multiplication by 2, comparison,
approximation technique. Most of today’s successive and possibly subtraction. Referring to Figure 2, the
approximation converters use a DAC to feedback the algorithm for the circuit can be described as follows:
approximated signal, however this technique requires
more circuitry than algorithmic converters. In addition the Step1 I (2Xx Vi) - Vrer 20
values of all of the resistors or capacitors in the DAC must then MSB =1
be matched to within the accuracy of the converter. This is e MSB(z XOVIN) - Vrer — S/H

e =

difficult beyond 10 bits unless trimming is used. An

algorithmic converter uses less circuitry and is more easily 2xViN) = SH

trimmed. Micro Linear’s algorithmic converter is Step2 If (2% S/H) - VRge 20
implemented using a 2x amplifier, a sample/hold amplifier then next bit = 1
and a comparator as shown in Figure 2. (2 X S/H) - Vgegr = SH

The input sample is first multiplied by two then compared else next bit = 0

to the reference voltage. If the 2x input voltage is greater (2 xS/H) - SH

than the reference, the MSB is a 1 and the reference Step 3 Repeat Step 2 until conversion complete.
voltage is subtracted from the 2x input voltage. The

remainder is stored in the sample and hold. If the 2x input

voltage is less than the reference, the MSB is a 0 and the

2x input voltage is stored in the sample and hold. This

process repeats again, however now the sample and hold

voltage is multiplied by 2.
VIN TRIM c
F

I 12
115

TRIM L ‘__‘
CAPS C

GAIN OF LOOP = X2 COMPARATOR

SH [
L=

(g]

o]

Figure 2. Self Calibrating A/D Converter
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Since the A/D converter handles bipolar inputs negative
inputs are handled slightly differently using the same
principle.

1.1.1 Self Calibration

In order to maintain integral and differential linearity in an
algorithmic converter, two critical parameters need to be
controlled, loop offsets and the gain of the loop. Loop
offsets are automatically nulled before each conversion
using auto-zeroing circuitry on both the sampling
amplifier and the 2x amplifier. The gain of the loop is
adjusted using self calibration.

Self calibrating the algorithmic converter, once the offsets
have been nulled, is performed by measuring the 2x gain
of the loop and adjusting it. The gain can be measured by
converting the reference voltage at the input as well as the
reference (Vrer/Vrer), and examining the output code.
Converting Vggr should yield plus full scale, since Vgge/
VRgere should equal 1. If the gain of the loop is slightly less
than 2, the resulting LSB of the conversion will be “0”. If
the magnitude bits of the resulting conversion are all “1s”,
the gain may be too great, therefore the gain is reduced to
the point where the threshold of the LSB is reached.

Adjustment of the 2x gain is done with binary weighted
trim capacitor arrays connected to each of the 2C input
capacitors. A small value of capacitance is either added to
or subtracted from the 2C input caps until the gain of the
loop is within 13-bit accuracy.

The self calibration and trimming is performed in the
factory at wafer sort. This procedure is not available as a
finished product.

1.1.2 Conversion Times

The following table lists the conversion times which
include the sample and hold acquisition time.

OPERATION MODE INTERNAL CLOCKS*

FREERUN 113

1.1.3 Sample and Hold Timing

Figure 3 shows the internal timing for the sample and hold
circuitry. The relationship between the start of conversion
and the input channel going into sample mode is fixed at
6 internal clocks*. Six internal clocks after the start of

conversion the sample and hold is switched into the
sample mode, placing two 9pF capacitors in parallel with
the input pins; one on V|n+ and one on V)y—. The sample
switch is kept in the sample mode for 8 internal clocks
(3.2us at a 5SMHz external clock), then placed in the hold
mode. During the next 2 internal clocks the charge on the
sample and hold is transferred into the A/D, after which
the VRer pin is sampled for 8 internal clocks.

*For a description of internal clocks see Clock section.
1.2 ANALOG INPUTS

1.2.1 Differential Inputs and Common Mode Rejection

The differential inputs of the ML2223 eliminate the effects
of common mode input noise (60Hz for example), as ViN+
and V|- are sampled at the same time.

1.2.2 Noise

The leads to the analog inputs should be kept as short as
possible to minimize output noise. Noise as well as digital
clocks can couple into the inputs and cause errors. Input
filters can be used to reduce the effects of these sources.

1.2.3 Power Supply Decoupling

Low inductance tantalum capacitors of TpuF or greater and
0.01pF disc ceramic capacitors are recommended for
bypassing V¢ as well as Vs to AGND. These capacitors
should be placed close to the V¢ and Vsg pins.

1.3 CONVERTER CLOCK

The CCLK input can be driven with an external clock or a
crystal referenced to DGND. The crystal must be parallel
resonant with minimum capacitive loading. (i.e., no
bypass caps should be used and leads should be kept
short).

If driven with external clock and if the CLKMODE pin is
tied to Vcc, the frequency must be between 50KHz to
2.5MHz with the requirement that clock LOW (tccpki)
and clock HIGH (tcckn) durations must be more than
150ns. If the CCLKMODE pin is tied to ground then the
frequency can be from 100KHz to 5.0MHz.

For crystal operation with the divide by two flip flop
bypassed, and there is a 40 to 60% variation in duty cycle
of the oscillator, the maximum crystal frequency is
2.5MHz to insure that the minimum clock high and low
times are greater than 150 nsec.

' 12]13 28/29 3233 48/ 49
EXTERNAL CLOCK mmmfmﬂﬂﬂﬂﬂfmﬂfumﬂﬂﬂmumﬂmwmﬂmﬂﬂmmmwmﬂnm
CLKMODE = “0”

INTERNAL CLOCK 1 2 3 4 5 6 ,7 8 9 1 12 13 14'15 16117 18 19 20 21 22 23 24 I25 26

CLKMODE = “1” | A
I
I
I
START OF CONVERSION

‘«€—— SAMPLING INPUT —>

|
I
I
d <¢——SAMPLING REFERENCE—>»

Figure 3. Sample and Hold Timing

o~
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1.4 RESET

The RESET pin has an internal 100K pullup resistor. Power
supplies must be stable to within a £5% tolerance before
the reset condition is removed.

The active low hardware reset can be performed by a
capacitor value (usually >6pF) tied to the RESET pin or by
driving it with the system reset signal.

1.5 SCLK

The SCLK is used to clock out the data to the transmission
line via the Doyt pin. The SCLK can be supplied either
externally or internally through the use of the INSCLK pin.
Maximum SCLK frequency is 625kHz.

In applications where the internal SCLK is used, the SCLK
is generated by dividing the internal clock by 128. For
example, when 2.4576MHz crystal is used to generate
CCLK, this will result in a 19.2Kbps data transmission rate
(CLKMODE = 1). In the case where CLKMODE = 0, then
the transmission rate will be 9.6Kbps.

1.6 CONVERTER OPERATION

The ML2223 performs continuous conversion. The
conversion takes 110 clock periods and an additional 13
clock periods are required for the device to shift out the
data. In the Current Data Mode, the data are transmitted
after the conversion is completed. 24-bit time of the SCLK
(transmit clock) is required to transmit the full data frame
and an additional 8-bit time of idle is needed before the
next conversion begins. A total of 32-bit time delay of the
SCLK is therefore needed between conversions (see Figure 4).

In the Previous Data Mode, the data is transmitted at the
start of the conversion (see Figure 5).

1.7 DATA FORMAT

The converter data is output in two data byte frame. Each
frame has one start bit and two stop bits and each data
byte consists of 8 bits of data and one parity bit. The data
is transmitted LSB first (see Figure 6).

The first data byte transmitted is the least significant byte
with even parity and the second byte is the most
significant byte with odd parity. Thus, the UART can
identify the lower byte or the upper byte by observing the
parity error flag in accordance to the parity check it has

There are two basic types of operation. By programming set-up.
the CURR pin to “1”, the device will be operating in the
“Previous Data Mode” and when CURR pin = “0”, the
device is in the “Current Data Mode.”
RESET ___4///>
|€-123BT—>|
JSRENAREERE) SN gt
CONVERSION 1 CONVERSION 2 CONVERSION 3
CONVERSION o J RN e FE e e JV R e
)[ DATA1 -xl A DATA2 )\ A DATA3
DouT
24 BIT l ‘
—»| |«—sBITIDLE

Figure 4. Current Data Mode.

|«-123BT |
[N AR ISRy ARy YRR ) )
(II(I');‘JVERSIONI CONVERSION 2 CONVERSION 3 4(#&\/;&{»6»54
CONVERSION JUTEEN ARA RN NN ——— R R E R RN AR INNNNNNNE]
K DATA O >\ K DATA 1 X K DATA 2 >\ A DATA 3 X
DouTt

l<—24 sn——»ld——q

8 BIT
IDLE

Figure 5. Previous Data Mode.
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LAST

FIRST
START START
BIT BIT SIGN EXTENDED
IDLE LS8
0 1 2 3 45 6 7}P 8 9 1011|S S S S|P
L] [ Toor L] [ 7]
BIT
EVEN PARITY ODD PARITY
LOWER BYTE UPPER BYTE

Figure 6. Data Format.

APPLICATIONS (For detailed applications information, see Application Note 41)

w
INSCLK
CLKMODE
9600 BAUDS
DOUT §— UART

2.4576 —[

MHz ; ML2223

Figure 7. Remote Monitor System.

ORDERING INFORMATION

STOP
BIT

PART NUMBER LINEARITY TOTAL TEMPERATURE
ERROR UNADJUSTED ERROR RANGE PACKAGE
ML2223BCP +3/4 LSB +11/2 0°C to +70°C Molded DIP (P16)
ML2223BI) —40°C to +85°C Hermetic DIP (J16)
ML2224CCP +1LSB +21/2 0°C to +70°C Molded DIP (P16)
ML2223CCS 0°C to +70°C Molded SOIC (S20W)
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ML2223EVAL

12-BIT A/D Converter with PC Compatible
Serial Interface Evaluation Kit

N - -
gL Micro Linear

GENERAL DESCRIPTION FEATURES

The ML2223 12-bit plus sign A/D Converter has an
Asynchronous serial output designed specifically for the
communications port (COM1 or COM2 etc.) of IBM PC-
compatible computers. This is the same port used by the
mouse or any other external serial port device such as
modems and printers. The ML2223 evaluation kit is a
combination of hardware and software to ease the
interface between the PC and device without spending

RS-232 compatible asynchronous interface

One or two-wire data transmission

Assembly, C and LabWindows™ software provided
9600 or 19200 on-board baud rate generator
256Kbaud available with external generator

DB9 connector for direct connection to COM port

considerable time writing software or prototyping the

circuit board. The board contains optional functions to set KIT CONTENTS

baud rate, referenqe vpltage and analog mult.iplexing to B ML2223EVAL Users guide

allow user customization. The software provided ranges ML2223 d h

from a simple Assembly/C routine to a sophisticated GUI = 3 data sheet

(Graphical User Interface) that furnishes software control m Fully populated, assembled and tested

over the hardware and an “oscilloscope” type display of Evaluation board

the analog input. m 3.5" Disk with PC-compatible software
m Gerber File

045V OGND 045V

CHOKE 2 1. L1 1, lowr I 1
1 Wma ] g2 = - -
L apjusr. [2 3 :_[ 1oL
I33PF:E’"“F REF. |- ;s L N -
DB9 i = =T e I la BNC
= = 1
Re |2 14) € 11 DOUT VIN+ RSN E— | _.
crs |8 7 11§ gusy 2_5:-——2
ars 12113 12 _E_m] cak  ML2223 VNPT
A ol ol 12-BIT
DTR » [ A/D
onD |1t T I
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L. Micro Linear

October 1994
PRELIMINARY

ML2230

WP Compatible 12-Bit Plus Sign A/D Converter

with Sample and Hold

GENERAL DESCRIPTION

The ML2230 is a member of Micro Linear’s 12-bit plus
sign CMOS A/D converter family utilizing a self
calibrating algorithmic technique. The sample-and-hold,
incorporated on the ML2230, has a differential input for
noise immunity and power supply rejection. All errors of
the sample-and-hold are accounted for in the analog-to-
digital converter’s accuracy specification.

The ML2230B has a maximum non-linearity error over
temperature of 0.018% of full-scale, and the ML2230C
and ML2230D have a maximum non-linearity error over
temperature of 0.024% of full scale.

Designed to interface to an 8-bit microprocessor bus
without additional components, the ML2230 outputs the
13-bit data result two 8-bit bytes. Data format is 2's
complement. All digital signals are fully TTL and CMOS
compatible.

For interfacing to a 16-bit microprocessor bus the ML2233
provides a 13-bit data result.

FEATURES
m Resolution 12-bits + sign
m Conversion time
(including S/H acquisition) 31.5us max
Sample and hold acquisition 2.3us max
Non-linearity error +3/4LSB and £1LSB max
0.01%

n
[
® Low harmonic distortion
® No missing codes

]

Self calibrating — maintains accuracy over time
and temperature

B Inputs withstand |17V] beyond supplies

m Data transfer options — interrupt, DMA, or polling
m Outputs data in two 8-bit bytes

m Standard 24-pin DIP

BLOCK DIAGRAM

VREF DVcc DGND

I

-0 Do
0 D1
Vin+ 0 pata | o D2
12-BIT + SIGN A/D /0 :g g:
ViN- 0 AND LATCH
SAMPLE AND HOLD —O D5
FUNCTION —O D6
=%
P <€-OA0
conTroL[$2A1
AND [€OCS
TIMING [OWR
<«-ORD
|>0DAV

Vol

AVcc Vss AGND

LOCLK
SYNC

PIN CONNECTIONS
ML2230
24-Pin DIP (P24)
AGND [] 1 \_/  28[] Avee
VINt |] 2 27 ] CLK
VIN- q 3 26 :l WR
Ve [ 4 25 [] RD
Vss E 5 24 :l (<3
DAV [| 6 23 [] A0
SYNC [} 7 22[] A1
Do [|s 21[] D7
D1[}o 20[] D6
D2 [|10 19 [} DGND
D3 [j1 18[] D5
Dvce []12 17 D D4
TOP VIEW
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PIN DESCRIPTION
DIP PCC_NAME _FUNCTION

DIP PCC  NAME FUNCTION

1 1 AGND Analog ground. 13 16 D4 Bidirectional data bit.
2 2  Vn+  Positive differential analog input; 14 17 D5 Bidirectional data bit.
range = Vss < ViN+ S AV, ..
IVIN®) = (VIN) < VRer- 15 18,19 DGND Digital ground.
3 3 Vi~ Negative differential analog input; 16 20 De Bidirectional data bit.
range = Vss < Vin- < AVcc, 17 21 D7 Bidirectional data bit.
IVIND) = (VinO)] < VRgr. .
Vint) = (Vino) REF 18 22 Al Address for the microprocessor
4 4 Vgee Voltage reference input; referenced to interface to access any one of the four
analog ground. registers.
5 5 Vss Negative power supply; decouple to 19 23 A0 Address for the microprocessor
AGND. interface to access any one of the four
6 8 DAV Data available; indicates a conversion . registers.
has completed and data is available or 20 24 CS Chip select; enables writing to or
calibration completed. reading from.
7 9 SYNC Inthe slave mode, SYNC is a positive 21 25 RD Read; enables ML2230 to drive
edge triggered input used to start a data bus.
conversion. In master mode, SYNC e R L .
is an output and indicates a 22 26 WR  Write; allows writing into the registers.
conversion has occurred. 23 27 CLK  Clock input. Driven with an external
8 10 DO Bidirectional data bit. clock or crystal referenced to DGND.
The crystal must be parallel resonant
9 11 D1 Bidirectional data bit. with minimum capacitive loading.
S . (i.e., no bypass caps should be used
10 13 D2 Bidirectional data bit. and leads should be kept short.)
LI S Bidirectional data bit. 24 28 AVcc Positive analog power supply.
12 15 DVcc Digital power supply. Tie to AVcc from Decouple to AGND. Tie to DV from
same power supply. same power supply.
ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS
(Note 1) (Note 2)
Supply Voltages (AVce and DVee) cveeveveecneeevcneeeenee. 6.0V Temperature Range........c.ccceceevvievininccrinennnnee 0°C to 70°C
Negative Supply Voltage (Vss) ..cccccerueerrereereecrenenne -6.0V Supply Voltage (AVcc and DV¢() ........ 4.5Vpc to 6.0Vpc
Voltage at Analog Negative Supply Voltage (Vss) .......... —4.5Vpc t0 -6.0Vpc
INPULS vttt Vss — 7V to AVcc + 7V Reference Voltage (VREF) veoveeeertrerreeserienrervenicnunens 2.60V
Voltage at Vggr . Vss — 7V to AVcc + 7V
Input Current per Digital Pin .......ccccoceeveveeeerennnnnes +10mA
Input Current at Analog INputs .........ccceceeververeennnne. +20mA
Storage Temperature Range -65°C to +150°C
Package Dissipation @ 25°C.........cccceevveveenuennennes 875mW
Lead Temperature soldering,
Dual-In-Line Package (Plastic)........cccccveeevuerreennenn 260°C

8L Micro Linear
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ELECTRICAL CHARACTERISTICS

The following specifications apply for Ve = +5V £ 5%, Vs = =5V £ 5%, VRgr = 2.500V, Vjn— = AGND,

Vint =-2.5V to +2.5V, Ta = Tpmin to Tiax unless otherwise specified.

TYP
PARAMETER NOTES CONDITIONS MIN (NOTE 3) MAX UNITS
Converter Characteristics
Linearity Error
ML2230BXX 4 | feok=0.1 < 7MHz +3/4 LSB
ML2230CXX feck = 0.1 € 7MHz +1 LSB
ML2230DXX fecik = 0.1 < 5MHz +1 LSB
Unadjusted Zero Error
ML2230BXX 4 +3/4 LSB
ML2230CXX +2 LSB
ML2230DXX +2 LSB
Unadjusted Positive and Negative 5 +4 LSB
Full Scale Error
Zero Error Temperature Coefficient 0.5 ppm/°C
Gain Temperature Coefficient 10 ppm/°C
Common-Mode Rejection 5,6 80 dB
Analog Input Source Resistance 5 2 kQ
Analog Input Range 4 V|n+ Refer to Vin— ~VRer +VRer Y
Analog Input Leakage Current 4 100 nA
Voltage Reference Input 5 0.5 kQ
Source Impedance
Reference Input Leakage Current 4 100 nA
Digital and DC Characteristics
Power Supply Current
Alcc, Analog Ve 4 30 50 mA
Dlcc, Digital Vee 10 HA
155, VSS 18 30 mA
Power Supply Rejection 7
AVce DC 80 dB
DC to 25kHz 50 dB
Vss DC 80 dB
DC to 25kHz 50 dB
ViLcrk, Clock Input Low Voltage 4 0.8 \%
Vincik. Clock Input High Voltage 4 3.5 AVce \
11, Input Leakage Current (CLK) 4 AGND < VN £ AVce +200 HA
V)L, Input Low Voltage 4 0.8 \
Viu, Input High Voltage 4 2.0 DVcce \
VoL, Output Low Voltage 4 loL =2.0mA 0.45 \%
Von, Output High Voltage 4 loH = —400pA 2.4 Vv
1L, Input Leakage Current (except CLK) 4 AGND < V|N <AV +10 HA
I1.z, Output Leakage Current (D0-D7) 4 RD=CS=Vy +10 HA
C,, Input Capacitance (all digital inputs) 10 pF
Co, Output Capacitance 10 pF

(outputs DO to D7, and DAV)
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ELECTRICAL CHARACTERISTICS (Continued)

SYMBOL PARAMETER NOTES CONDITIONS MIN (N;‘Yl': 3)] MAX UNITS
AC Electrical Characteristics (Note 8)

tc Conversion Time 4,9 |CLKMode =0 |fcix=7.0MHz 31.5 us
feuk = 5.0MHz 44.0 us
Sample and Hold Acquisition 4,9 [CLKMode=0 |fcix=7.0MHz 2.3 us
fok = 5.0MHz 3.2 us

fcLko Clock Frequency 5,9 |Crystal (CLK Mode = 0) 3 7 MHz

Crystal (CLK Mode = 0) 1 7 MHz
tciko Clock Width 5,9 |Driven High 50 ns
(CLK Mode = 0)| Low 50 ns

ekt Clock Frequency 5,10 |Driven (CLK Mode = 1) 0.5 (Note 11)| MHz
teLk Clock Width 5,10 |Driven High 125 ns
(CLK Mode = 1){ Low 125 ns
tAD Address Stable to Valid Data 4 150 ns
tAR Address Stable Before Read 4 0 ns
tRA Address Hold After Read 4 0 ns
tRR Read Pulse Width 4 150 ns
tRD Read Access 4 150 ns
t1z, toz | Data Read to Hi-Z 4 0 50 ns
trv Recovery Between Two Reads 5 250 ns

or Writes

tRDCK Read to Clock Setup Time 5,12 40 ns
taw Address Stable Before Write 4 0 ns
twA Address Hold After Write 4 0 ns
tww Write Pulse Width 4 150 ns
tow Data Setup Before Write Trailing Edge | 4 100 ns
twp Data Hold After Write Trailing Edge 4 0 ns
twrck | Write to Clock Setup Time 5,12 40 ns
tckpav | Clock to DAV Assert 4,13 |C_ = 50pF 120 220 ns
tsyncek | SYNC Input to Clock Setup 5,12 40 ns

tsynen | SYNC Input Width 5 |(CLK Mode = 0) 6 1ffcLko

(CLK Mode = 1) 3 ekt
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ELECTRICAL CHARACTERISTICS (Continued)

TYP

SYMBOL| PARAMETER NOTES CONDITIONS MIN (NOTE 3)| MAX UNITS

AC Electrical Characteristics (Note 8) (Continued)

teksync | External Clock to SYNC Output Delay| 5, 13 |C = 50pF 150 200 ns
tsynco | SYNC Output Pulse Width 5,13 |(CLK Mode = 0) 8 1/fcLko

(CLK Mode = 1) 4 ]/fcuq
twrDAv | Write Reg2 to DAV Rising Edge 4,14 |C_ = 50pF 170 ns
tropAv | Read Reg0 to DAV Rising Edge 4,15 |C, = 50pF 170 ns
t, t Rise and Fall All Inputs 25 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: Devices are 100% tested with temperature limits guaranteed by 100% testing, sampling or by correlation with worst-case test conditions.

Note 3: Typicals are parametric norm at 25°C.

Note 4: Parameter guaranteed and 100% production tested.

Note 5: P s not 100% tested are not in outgoing quality level calculation.

Note 6:
Note 7:

Note 8:
Note 9:

Note 10:
Note 11:

Common mode rejectlon 15 the ratio of the change in zero error to the change in common mode input range.
Power supply rejection is the ratio of the change in zero error to the change in power supply voltage.

All parameters measured from 0 8V to 2.0V, C = 100pF

CK1X bit in control register = 0.

CK1X bit in control register = 1.

Maximum frequency is 1/tc k1 (mgh) + tcik (low) + rise + fall times and < 3 5SMHz.

Note 12: Setup time required for synchronous start of conversion.
Note 13: In CLK mode = 0 (CK1X bit in control register = 0) start of conversion will occur at specified time, or time plus one fci ko period (see Figure 5).

Note 14:

Writing a control register bit 0 with a one will acknowledge the DAV condition and de-assert DAV output.

Note 15: In start mode = 1, a read from location “0” will start the next conversion and de-assert the DAV output.

TIMING DIAGRAMS

-« tAD » —>»| fRA
— Y
A0, A1,CS >§‘
(
|€———— tAR —>| | tRR
e
RD / \‘
[ €————— Ry ———P>| | €——1RD —P> —>»| |tiz, toz
Y
DATA BUS HIGHZ K VALID HIGH Z

Figure 1. Read Cycle

- [~ twa
A0, A1,CS ’><
taw ———>»| —> |€—twp
DATA BUS INVALID )(( " VALID >< INVALID
|€——— tow ——>|

WR / N /

————— Ry ————p| | ———————— tW———— |

Figure 2. Write Cycle
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TIMING DIAGRAMS (Continued)

CLK, MODE = 1

CLK, MODE =0

<€—tckpAv

DAV

CLK, MODE =1

e

CLK, MODE = 0 ;F \
- tckpAv
DAV
RD
FIRST BYTE

DAV IS SET AND CLEARED BY INTERNAL CIRCUITRY.

—> ﬂ(— tRDD

SECOND BYTE

NOTE: DMA BIT IN THE CONTROL REGISTER MUST BE SET FOR THIS OPERATION.

Figure 3. Data Available

e
CLK, MODE =1

CLK, MODE = 0
’_—

-/
) -

- |<€— tCKSYNC " —> | tCKSYNC

. ks

SYNC OUT /

Figure 4. SYNC Output

[ €————— tsyNCcO ——— |
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TIMING DIAGRAMS (Continued)

START OF CONVERSION START OF CONVERSION
(NOTE 2) (NOTE 3)

cLk :
(NOTE 1) y |
—»| |<—tsyNCCK 1

SYNC IN d
(START MODE 3) /
M/5=0) : tSYNEN -
- tWRCK—P>|
WR
(START MODE 0)

€————— tRDCK——— P>

RD 1
(START MODE 1) To .3
NOTES:
1. CLK IS THE CLOCK DRIVEN AT THE CLOCK PIN.
2. IN CLK MODE 1, WILL ALWAYS OCCUR AT T0 IF SETUP TIMES ARE MET.
3. IN CLK MODE 0, WILL OCCUR EITHER AT TO OR T1 IF SETUP TIMES ARE MET.

Figure 5. Start of Conversion (Start Mode 0, 1, 3)

CLK——>| osc
DATA CLK DATA CLOCK
GENERATOR
*2 > TEMPORARY
T »|  REGISTER
A SYNC
1 0 LoGic [ s¥NC
MUX S fe i A~
CLK l ¢ DATA BUFFER
DATA REGISTER
DAV _
locic [ >Dav
VINt ————>] START
, BUSY START A
v~ roc > LOGIC <
VReF ———— 12-BIT DATA
+SIGN DAT
A/D, 2 $ SMDE
AGND ———>| SAN:%EL IA)\ND CK1X . .
— ( i \  DATA 2:>
- - o CONTROL Vo pe-p7
—> BUFFERS
ADRDY |
_ sC
8

T 16 CALCODE <::3’z
HOLDING
REGISTER < A0, A1

up l«—— CS
com:g; <\: INTERFACE Wi
<« RD

Figure 6. Block Schematic Diagram
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FUNCTIONAL DESCRIPTION

ALGORITHMIC A/D CONVERTER

Micro Linear’s algorithmic converter uses a successive
approximation technique. Most of today’s successive
approximation converters use a DAC to feedback the
approximated signal, however this technique requires
more circuitry than algorithmic converters. In addition the
values of all of the resistors or capacitors in the DAC must
be matched to within the accuracy of the converter. This is
difficult to do in silicon beyond 10 bits unless trimming is
used. An algorithmic converter uses less circuitry and is
more easily trimmed. Micro Linear’s algorithmic converter
is implemented using a 2x amplifier, a sample/hold amp,
and a comparator as shown in Figure 7.

The input sample is first multiplied by two then compared
to the reference voltage. If the 2x input voltage is greater
than the reference, the MSB is a 1 and the reference
voltage is subtracted from the 2x input voltage. The
remainder is stored in the sample and hold. If the 2x input
voltage is less than the reference, the MSB is a 0 and the
2x input voltage is stored in the sample and hold. This
process repeats again, however now the sample and hold
voltage is multiplied by 2.

The algorithm involves multiplication by 2, comparison,
and possibly subtraction. Referring to Figure 6, the
algorithm for the circuit can be described as follows:

Step1 If (2xV|N)-Vrer 20
then MSB = 1
(2 X VIN) = VRer = SH
else MSB = 0
(2xV|N) = S/H

Step 2 If (2 x S/H) - Vggr 2 0
then next bit = 1
(2 x S/H) - VREF & S/H
else next bit =0
(2 x S/H) —» S/H

Step 3 Repeat Step 2 until conversion complete.

Since the A/D converter handles bipolar inputs, negative
inputs are handled slightly differently using the same
principle.

VIN TRIM
CAPS

I}
1
11
1l

TRIM
CAPS

GAIN OF LOOP = X2

COMPARATOR

Figure 7. Self Calibrating A/D Converter
SELF CALIBRATION

In order to maintain integral and differential linearity to
the 1/2 LSB level in an algorithmic converter, two critical
parameters need to be controlled, loop offsets and the
gain of the loop. Loop offsets are automatically nulled
before each conversion using auto-zeroing circuitry on
both the sampling amp and the 2x amp. The gain of the
loop is adjusted using self calibration.
Self calibrating the algorithmic converter, once the offsets

have been nulled, is performed by measuring the 2x gain

of the loop and adjusting it. The gain can be measured by

converting the reference voltage as the input as well as the

reference (Vrer/VRer), and examining the output code.

Converting Vger should yield plus full scale, since Vggr/

VRere should equal 1. If the gain of the loop is slightly less

than 2, the resulting LSB of the conversion will be “0”. If

the magnitude bits of the resulting conversion are all “1s”,

the gain may be too great, therefore the gain is reduced to

the point where the threshold of the LSB is reached.

Adjustment of the 2x gain is done with the binary
weighted trim capacitor arrays connected to each of the
2C input capacitors. A small value of capacitance is either
added to or subtracted from the 2C input caps until the
gain of the loop is within 13 bit accuracy of 2.

8L Micro Linear
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CONVERSION TIMES

The following table lists the conversion times which
include the sample and hold acquisition time. For a
CALRD and CALWR no A/D conversion actually takes
place.

OPERATION # OF INTERNAL CLOCKS*
8 bit A/D 80
13 bit A/D 110
CALWR 52
CALRD 80
SAMPLE AND HOLD TIMING

Figure 8 shows the internal timing for the sample and hold
circuitry. The relationship between the “Start of
Conversion” and the input channel going into sample
mode is fixed at 6 internal clocks*, regardless of the Start
Mode. Six internal clocks after the Start of Conversion the
Sample and Hold is switched into the sample mode,
placing two 9pF capacitors in parallel with the inputs
pins; one on V|y+ and one on V|y—. The sample switch is
kept in the sample mode for 8 internal clocks (2.3ps at a
7MHz external clock), then placed in the hold mode.
During the next 2 internal clocks the charge on the sample
and hold is transferred into the A/D, after which the Vggp
pin is sampled for 8 internal clocks.

Figure 8 also illustrates the timing of the SYNC pin in
Master Mode during a conversion (M/S = 1 Control High
Byte register) and Start Mode O, 1, or 2. SYNC is activated
one internal clock cycle after the Start of Conversion and
lasts for four internal clocks.

*For a description of internal clocks see Clock section.

ANALOG INPUTS

Differential Inputs and Common Mode Rejection

The differential inputs of the ML2230 eliminate the effects
of common mode input noise (60Hz for example), as
Vin+ and V|- are sampled at the same time.

Noise

The leads to the analog inputs should be kept as short as
possible to minimize output noise. Noise as well as digital
clocks can couple into the inputs and cause errors. Input
filters can be used to reduce the effects of these sources.

Power Supply Decoupling

Low inductance tantalum capacitors of 1uF or greater and
0.01pF disc ceramic capacitors are recommended for
bypassing AVc as well as Vg to AGND. These capacitors
should be placed close to the AVc and Vsg pins.

MICROPROCESSOR INTERFACE

There are four 8-bit directly addressable registers; two
Data Buffer registers and two Control registers. The data
buffer registers provide the conversion results. The data
registers are double buffered, allowing one result to be
read while the next sample is being converted. The data
registers also allow access to the algorithmic converter’s
calibration code. Normally the ML2230 is operated
without ever accessing these registers. (Refer to
Diagnostics for more information). The two Control
registers provide complete control and status information.
These four registers are addressed by pins AO and A1.

BENAL AU IR AU AR U AU ALY
CLOCK

(CLK MODE 0)

INTERNAL
CLOCK
OR (CLK MODE 1)

7 8 9 10 1

| |
1 |
i I
| |
12 13 14 117 18 19 20 21 22 23 24 125 26

[

I

|

1

SYNC PIN ——L—I_________I :
(MASTER MODE) L
[

|

|

[

START OF CONVERSION

'«—— SAMPLING INPUT ——>!

| <«——SAMPLING REFERENCE——>

Figure 8. Sample and Hold Timing
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All data is returned from the converter in sixteen bit two’s
complement format, right hand justified, with the sign bit
extended across the most significant bits

Cycle +Max -Min Zero
13 OFFF FO00 0000
8 007F FF80 0000

REGISTER DESCRIPTION

REGISTER 0 — DATA BUFFER LOW BYTE:

Register O contains the low byte result of the latest
conversion when read. Depending on the Start Mode
selected, reading or writing to this register may start the
next conversion.

REGISTER 1 — DATA BUFFER HIGH BYTE:

Register 1 contains the high byte result of the latest
conversion when read.

REGISTER 2 — CONTROL REGISTER LOW BYTE:

Bit 0 (DAV status when READ/DAVACK acknowledge
when a ONE is written):

Reading DAV = 1 indicates that new data is available or a
calibration is complete. If both data bytes have been read,
DAV will be cleared automatically. This bit can be
explicitly acknowledged by writing a ONE to it; writing a
zero has no effect. The DAV output pin always reflects the
DAV status bit.

ADDRESS

Bit 1 (BUSY status when READ/RESET when a ONE

is written):

Reading BUSY = 1 indicates that a conversion or
calibration is in progress. Writing a ONE will force a chip
reset. Writing a zero has no effect.

RESET DEFAULT CONDITIONS:

Both Control registers will automatically be cleared. Both
Data Buffer registers will be unchanged. The Calibration
register is not cleared after a reset, however the ADRDY
bit is cleared. Since the DAV status bit is cleared, the
DAVB output is inactivated (high). The SYNC pin is forced
to be an input as a result of clearing the M/S bit in the
Control High Byte register.

Bit 2 (ADRDY status when READ/DOCAL request when a
ONE is written):

Reading ADRDY = 0 indicates that the converter has not
been calibrated since the last reset, and ADRDY =1
indicates that is has been calibrated since the last reset.
Writing a ONE will force the converter to do a calibration;
writing a zero has no effect.

Bit 3 (SC: Short cycle select):
Selects 8 or 13 bit conversions.

SC = 0: 13-bit conversion (default)
SC = 1: 8-bit conversion (short cycle)

READ READ
7 6 5 4 3 2 1 ATAC 5, 6 5 4 3 2 1 0
DATABUFFER[ D7 D6 D5 D4 D3 D2 DI D0 | o0 | CALCODE HOLDING LOW BYTE REGISTER | starT conversion
LOW BYTE IF SMDE = 0 OR 2
7 6 5 4 3 2 1 o0 7 6 5 4 3 2 1 0
DATABUFFER[ D15 D14 D13 D12 D11 D0 D9 D8 | o | CALCODE HOLDING HIGH BYTE REGISTER |
HIGH BYTE
7 6 5 4 7 6 5 4 3 2 1
CONTROL b%] 0 SMDE IAow.Dv BUSY ] pav_ | | o o] smoe | sc [pocat] reser | D“V
I
00: START IF REGO 15 WRITTEN ——|
01: START IF REGO/1 IS READ ——| ACKNOWLEDGE DAV
10: CONTINUOUS CONVERSIONS ——| wmmc 1 RESETS THE CHIP
AFTER REG 015 WRITTEN
ITIN
ST R TN WRITING 1 REQUEST A CALIBRATION
SHORT CYCLE 0 = 13-BIT, 1 = 8-BIT SHORT CYCLE
CHIP CALIBRATED STATUS START MODES
CONV BUSY STATUS
DAVSTATUS
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
CONTROU::&H[ x | oma| wn [aax] ms | TMDE ] v [ o Joma[wnJaxx[ms] o 0o o ]
UNUSED L
BIT NORMAL A/D CONVERSION
TEST MODE

1: MASTER MODE, SYNC IS AN OUTPUT

0: HIGH BYTE IS READ FIRST THEN LOW BYTE
1:LOW BYTE IS READ FIRST THEN HIGH BYTE

— 1: DMA MODE. READ REG00 TWICE TO GET BOTH BYTES

0: SLAVE MODE, SYNC IS AN INPUT (DEFAULT)

0:fcik = 0 DIVIDED BY 2 INTERNALLY (DEFAULT) MAXIMUM INPUT CLOCK FREQUENCY IS 8MHz
1:fak =11 MAXIMUM INPUT CLOCK FREQUENCY IS 4 MHz

[~ 0:NON DMA MODE. REG00 HAS LOW BYTE, REGO1 HAS HIGH BYTE (DEFAULT)

Figure 9. Register Description
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Note: For 8-bit conversions in non-DMA mode, only one
byte needs to be read. This can be accomplished by
setting L/H = 0, DMA = 0 and reading the Data Low Byte
register. In DMA mode both bytes need to be read.

Bits 4,5 (SMDE: Start Mode):
Defines Start Conversion mode.

Bits 5,4

00  Start Conversion upon writing to register O
(default)

01  Start Conversion upon reading register O if
L/H = 0, or Start Conversion upon reading register
1if L/H = 1. In DMA mode both bytes need to be
read. The second byte read will Start Conversion.

10  Start Continuous Conversions upon writing to
register 0.

11 Start on external SYNC input going high
(Requires Slave mode: M/S = 0)

Bits 7,6 (reserved):
These bits are reserved by Micro Linear and must be
written as zero.

Register 3 (Control Register High Byte):

Bits 2,1,0 (TMDE: test mode select bits)

These bits are used for diagnostic purposes only and
normally not accessed during operation. The default value
of TMDE is 000 which selects a normal A/D conversion.
See Diagnostics for more information.

TMDE Description

000  Normal A/D Conversion

001 Reserved by Micro Linear (Do Not Use)
010  CALWR Operation

011 CALRD Operation

100  System Offset

101 Common-mode

110  Plus Full Scale

m Minus Full Scale

Bit 3 (M/S: Master/Slave bit):
Dictates whether the SYNC pin is an input or an output.
Upon RESET, this bit is cleared.

M/S = 0: Slave Mode ~ SYNC is an input which is used
to trigger a conversion if

SMDE = 11.

SYNC is an output. At the
beginning of every conversion,
SYNC is high for 4 internal
clocks.

Bit 12 (CK1X: clock select bit):

Selects whether the external clock will be divided by two
or used directly as the internal clock. See Clock section
for a detailed explanation.

M/S = 1: Master Mode

CK1X =0: the external clock is divided by two and
used as the internal clock. This is referred
to as CLK Mode = 0.

CK1X=1: the external clock input is used directly

as the internal clock. This is referred to as
CLK Mode = 1.

Bit 5 (L/H: Low Byte/High Byte):

In non-DMA mode the L/H bit defines whether DAVB is
deactivated by reading the Data Low Byte or Data High
Byte. In DMA mode, the L/H bit defines the order in
which the Low/High Data Bytes are presented to the data
bus. DMA mode automatically deactivates DAVB after
both bytes are read.

*non-DMA mode: DMA = 0

L/H=0: reading register O (Low Byte) will de-
assert DAVB
LH=1: reading register 1 (High Byte) will de-

assert DAVB
*DMA mode: DMA = 1

L/H=0: the first read is the Data High Byte, and
the second read is the Data Low Byte,
then DAVB output is de-asserted

LH=1: the first read is the Data Low Byte, and

the second read is the Data High Byte,
then DAVB output is de-asserted.

Bit 6 (DMA: DMA mode bit):

This bit allows both high and low bytes from the 13 bit
conversion to be read from one address; either Data Buffer
Low Byte or Data Buffer High Byte registers.

DMA =0 The high byte of the conversion will
always be read from the Data Buffer High
Byte register and the low byte of the
conversion will always be read from the

Data Buffer Low Byte Register.

Both high and low bytes of the
conversion can be read from either the
Data Buffer High or Low Byte Registers. A
DMA controller, microprocessor, or other
I/O device can use a single I/O address to
read both the low and high bytes of the
conversion. The order in which the high
and low data bytes are presented is
defined by the L/H control bit.

Note: This feature is not restricted to DMA controllers. It is
an I/O option which may be used by a DMA controller,
microprocessor, or any other type of 1/O device.

Bit 7 (Reserved by Micro Linear)
This bit is not used. When written use zero.

DMA =1:
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GENERAL OPERATING INFORMATION

CONVERSION-START PROTOCOL

There are four different ways to start a conversion. They
are defined by SMDE bits 4 and 5 in the Control Low Byte
Register.

SMDE
Bits 5,4

00: A write to register O will start a conversion.
During a conversion, if another write is issued to
register 0, the “Start Conversion” command will
be latched and another conversion will
immediately follow the current one. To insure that
the second write will be latched, it must occur at
least 3 internal clocks after the first write. Only
one additional write will be latched; multiple
writes within a conversion will only yield one
more conversion.

01:  Reading the data from the previous conversion
starts the next conversion. Start Conversion upon
reading register 0 if L/H = 0, or Start Conversion
upon reading register if L/H = 1. In DMA mode
both bytes need to be read. The second byte read
will Start the Conversion.

10:  This mode causes continuous conversions; the
next conversion begins immediately after the
previous conversion ends. Writing to register 0
will start the first conversion; thereafter the
converter runs continuously. This mode yields the
maximum conversion rate.

11:  The SYNC input triggers the start of a conversion.
The M/S bit in the Control High Byte Register
must be cleared, placing the chip in the slave
mode.

Note: the external activation for Start Modes 0, 1, and 3
are synchronized internally to the system clock. If periodic
sampling is required using these Start Modes, the SYNC,
RD, or WR pulses must be synchronized to the system
clock. Start Mode 2 guarantees periodic sampling.

DOUBLE-BUFFERED DATA REGISTER

The A/D conversion result is double-buffered using the
Data Buffer registers and the A/D Data register. The actual
End-Of-Conversion (EOC) does not correspond with the
DAVB output going low. The DAVB output goes low 16
internal clocks after the EOC. From the time DAVB output
goes LOW, the user has one full conversion time (80 or
110 internal clocks) minus 16 internal clocks to read two
data bytes as shown in Figure 10.

SELF CALIBRATION

Setting the DOCAL bit issues a calibration request to the
chip. When calibration is done, the DAV status bit is set
and the DAVB output goes low.

A calibration requires 8,260 internal clocks. Using a
7MHz clock (CLK Mode = 0), this approximately 2 ms.
Power supplies and external voltage reference must be
stable before issuing a request for calibration.

The ML2230 should be calibrated before any conversions
are attempted. Calibrations must not be performed
simultaneously with conversions. Before requesting a
calibration, the user may want to read the Busy status bit
to make sure that the converter is idle. Polling the chip
while the calibration is in progress is not recommended.

START OF CONVERSION 2 START OF CONVERSION 3
START OF CONVERSION 1 END OF CONVERSION 1 END OF CONVERSION 2
CONVERSION 1 |«——CONVERSION 2 —»-/<¢—— CONVERSION 3—>
DATA 1 AVAILABLE | DATA 2 AVAILABLE
I .
Figure 10.
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CLOCK

The ML2230 has the option of dividing the clock at the
CLK pin by 2, or using it directly to drive the internal
logic. This option is selected through the CK1X bit in the
Control register. When CK1X = 0 the clock is divided by
2. This is referred to as CLK Mode = 0. The clock at the
CLK pin is referred to as the External clock, and the
Internal Clock is the External clock divided by 2. When
CK1X = 1, the clock at the CLK pin drives the internal
logic directly, therefore this clock is referred to as the
Internal clock. This is also known as CLK Mode = 1. All
internally clocked logic is positive edge triggered.

CLK Mode = 0:

There are two advantages to CLK Mode 0. This is the only
Mode that allows an external crystal to be used. CLK
Mode 1 cannot operate with an external crystal, the CLK
pin must be driven. The second advantage of CLK Mode 0
is that the duty cycle for a driven clock is less stringent
than in CLK Mode 1. (Refer to tc kg and tci kg in AC
Electrical Characteristics for CLK Mode 0 and 1 timing
requirements, respectively.)

On power up the state of the divide by two flip-flop is
indeterminate. Therefore the relationship between the
internal clock and the external clock at the CLK pin can
have one of two possibilities as shown in Figure 11. As a
result the following should be considered.

twrcks tRocks and tsyncck specs, (RD, WR, and SYNC
setup times to Start of Conversion), will be as shown in the
data sheet, or the data sheet specs plus one external clock
period. Since these specifications are with respect to the
rising edge of the external clock, it is not known whether
this rising edge corresponds to the rising edge or falling
edge of the internal clock. Therefore there is an
uncertainty of one external clock period.

If periodic sampling is necessary and Start Mode 0, 1 or 3
is used, the external start pulse (either RD, WR, or SYNC)
must be synchronous to the external clock, meet the setup
time, and be an even number of external clock periods. If
the start pulse were an odd number of external periods,
half the pulses would correspond with the rising edge of
the internal clock, and the other half would correspond
with the falling edge of the internal clock. Therefore the
sampling period would change by one external clock
period every sample. Start Mode 2 guarantees periodic
sampling regardless of the CLK mode.

CLK Mode = 1:

This mode eliminates the requirement that external start
pulses must be an even number of external clock periods.
However periodic sampling still requires that the start
pulse be synchronous to the external clock, and the setup
time must be met. CLK Mode 1 also eliminates the
uncertainty of the twrck, tkock and tsyncek requirements.

0
EXTERNAL
(CLK MODE = 0)

I
[ 1

INTERNAL
CLOCK*

.

*INTERNAL CLOCK MAY BE ONE OF THE TWO ABOVE IN CLK MODE = 0

Figure 11.
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DIAGNOSTICS

Diagnostics routines may be run after power up or any
other time to ensure proper operation. The diagnostic
features, which are software selectable, don’t require
external hardware. Both the analog and digital sections
can be tested.

The ML2230 is placed in the diagnostic mode via the
TMDE field in the Control High Byte Register. Once the
ML2230 is placed in one of the diagnostic modes, a
conversion must be executed before the results can be
read. As with all conversions, DAVB will be activated
upon completion.

ANALOG CONVERSION DIAGNOSTICS

TMDE = 000: Normal Operation
Selects normal A/D conversion. Default condition after a
software reset.

TMDE = 001: Reserved by Micro Linear.

TMDE = 0101: CALWR operation

The data in Write register 0 and 1 (CALCODE Holding
Register), are transferred into the converter’s Calibration
register when a “Start Conversion” is issued. A dummy
conversion occurs and the DAVB output goes LOW to
indicate that the operation is complete.

TMDE = 011: CALRD operation

The contents of the Calibration register are transferred
through the A/D Data register and loaded into the Data
Buffer register. A dummy 8-bit conversion occurs and
DAVB output goes LOW to indicate that the CALRD
operation is complete.

TMDE = 100: System Offset

The positive and negative inputs to the Sample and Hold
are tied to analog ground. With this setting, converted
data will give the offset of the A/D converter and Sample/
Hold combination. The V|n+ and Vin— pins will remain in
a high impedance state while in this mode.

TMDE = 101: Common-mode

Both the positive and negative inputs of the Sample and

Hold are tied to Vgeg. The results of a conversion in this

test mode indicates how well the converter is rejecting a
common mode signal.

TMDE = 110: Positive Full Scale

This test mode connects the positive input of the Sample
and Hold to Vger and the negative input of the Sample
and Hold to analog ground. The result of converting in
this test mode is a value near positive full scale.

TMDE = 111: Negative Full Scale

This test mode connects the positive input of the Sample
and Hold to analog ground and the negative input to Vgge.
The result of converting in this test mode is a value near
negative full scale.

DIGITAL LOOPBACK

The ML2230’s architecture provides a way for the
microprocessor to indirectly read and write to the A/D
converter’s calibration register and data register via a
CALRD and CALWR. Figure 12 illustrates this architecture.
This in effect allows a digital loopback.

REGISTERS
7

A/D CONVERTER 1
0

Al A0 WR RD CS
o 0o o 1 oI

CALCODE HOLDING LOW BYTE |

I [

7

o 1 o 1 o |

15

0
CALCODE HOLDING HIGH BYTE |
i
15

| aumumou REGISTER

0 15 0

|_vemporary | ReGistER |e——{  A/DDATA

| REGISTER |

7 <2 0

| DATA BUFFER HIGH BYTE |

A1 A0 WR RD CS
o 1 1 o0 o

[} I DATA BUFFER LOW BYTE J

=

Figure 12. Digital Loopback
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When the TMDE bits are set to 010 CAL WRITE (CALWR),
and a Start Conversion is issued in any one of the four
modes, the contents of the CALCODE Holding Low Byte
and High Byte registers are transferred into the A/D
converter’s Calibration register. When the TMDE bits are
set to 011 CAL READ (CALRD), and a Start Conversion is
issued, the contents of the Calibration register are
transferred through the A/D’s Data register into the Data
Buffer Low Byte and Data Buffer High Byte registers. The
result of these two operations is a complete loopback from
the CALCODE Holding registers through the A/D
converter and back into the Data buffer registers. This
loopback provides user assurance that all the paths are
clear and there are no stuck bits.

Note: When a CALWR is done, the previous calibration
value is lost. The correct calibration value must be
restored before the converter is used to convert data.

8 +5V
AV.
D0-D7 D0-D7 —C
LATCH BLALS

CALIBRATION PASS/FAIL TEST

The CALRD can be used as a way to verify a successful
calibration. After a calibration is completed, the CALRD
may be issued in order to read the contents of the
Calibration register. If the Low Byte of the data buffer
register is all ones after executing a CALRD, the
calibration failed; otherwise the calibration is successful.

2
ALE > I:> A1, A0
_ DALY
D > R | VREFE 2 5V EXTERNAL
R »| wr REFERENCE
y mL2230 | AGND

Vint ANALOG

INPUT

INT |

8048 ADDRESS & DGND
DECODE <€

DAV VIN-

P12

SYNC ¢k

o Ly

Figure 13. Interfacing to 8048 Microcontroller
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+5V
A1, A0 > A1, A0 AVec
DVcc
D0-D7 D0-D7
< > PALEY
RIW EXTERNAL
_Mi2230 REFERENCE
02 WR AGND
VMA A3-A152‘[ o—>| 3 2GND
+5v  (OPTIONAL) -4
% ViNt [<€——] ANALOG
iRQ |« DAV Vin-}e INPUT
FROM SYSTEM
6800 HARDWARE
CLOCKS OR — s ax
TIMERS
I
Figure 14. Interfacing to 6800 Microprocessor
ORDERING INFORMATION
LINEARITY MINIMUM TEMPERATURE
PART NUMBER ERROR CONVERSION RANGE PACKAGE
ML2230BCP +3/4 LSB 31.5ps 0°C to +70°C Plastic DIP (P24)
ML2230CCP +11SB 31.5ps 0°C to +70°C Plastic DIP (P24)
ML2230DCP +1LSB 44.0ps 0°C to +70°C Plastic DIP (P24)

8L Micro Linear
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ML2233

uP Compatible 12-Bit Plus Sign A/D Converter

with Sample and Hold

GENERAL DESCRIPTION

The ML2233 is a member of Micro Linear’s 12-bit plus
sign CMOS A/D converter family utilizing a self
calibrating algorithmic technique. The sample-and-hold,
incorporated on the ML2233, has a differential input for
noise immunity and power supply rejection. All errors of
the sample-and-hold are accounted for in the analog-to-
digital converter’s accuracy specification.

The ML2233B has a maximum non-linearity error over
temperature of 0.018% of full-scale, and the ML2233C
and ML2233D have a maximum non-linearity error over
temperature of 0.024% of full scale.

Designed to interface to a 16-bit microprocessor bus
without additional components, the ML2233 outputs the
13-bit data result in one word. Data format is 2’s
complement. All digital signals are fully TTL and CMOS
compatible.

For interfacing to an 8-bit microprocessor bus the ML2230
provides a 13-bit data result in two 8-bit bytes.

FEATURES

®m Resolution 12-bits + sign

m Conversion time
(including S/H acquisition) 31.5us max
Sample and hold acquisition 2.3us max
Non-linearity error +3/4LSB and +£1LSB max
Low harmonic distortion 0.01%

No missing codes

Self calibrating — maintains accuracy over time
and temperature

Inputs withstand 17V| beyond supplies

Data transfer options — interrupt, DMA, or polling
13-bit result for 16-bit bus interface

Standard 28-pin DIP

BLOCK DIAGRAM

VREF DVcc DGND

f TT

-0 Do
-0 D1
o0 D2
Vint O— 12-BIT ; :chN A/D :g 33
SAMPLE AND HOLD FUN N:> 4
Vin- 0 OLp FUNCTIO DATA |-ODs5
/0 |-oD6
LATCH |0 D7
o0 D8
-0 D9
-0 D10
o D11
-0 D12
AND |<OWR
TIMING [<ORD_
>0 DAV
Pt
l (L l CLK
L »0SYNC

AVcc Vss AGND

PIN CONNECTIONS
ML2233
28-Pin DIP (P28)
AGND [[ 1 -/ 28][] Avee
VIN+ ﬂ 2 27 [] CLK
Vin- (] 3 26 [] WR
VREFE 4 25 [] RD
Vss [| 5 24 :| (3

DAV [| 6 23[] A0

SYNC [} 7 22 [] D12
Do [| 8 21 % D11
D1[|o 20 [] DGND
D2 [|10 19{] D10
D3 [J11 18[] D9
D4 [|12 17[] D8
D5 [|13 16 [] D7
D6 [|14 15 [] bvee

TOP VIEW
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PIN DESCRIPTION

PIN# NAME FUNCTION PIN# NAME FUNCTION
1 AGND Analog ground. 15 DVcc Digital power supply.
2 VNt Positive differential analog input; 16 D7 Bidirectional data bit.
range = Vsg < Vin+ < AV, S .
(Vi) - (Vi) < Ve 17 D8 Bidirectional data bit.
3 V- Negative differential analog input; 18 D9 Bidirectional data bit.
range = Vss < ViN— < AV, 19 D10 Bidirectional data bit.
IV, = (ViN! £ VREr-
( |IN+) (f N = Vier ; 20 DGND  Digital ground.
4V, Volt; i t; ref t - . .
REF a:aliggegrs)sgzn'ce inpul; reterenced to 21 D11 Bidirectional data bit.
5 Vss Negative power supply; decouple to 22 D12 Bidirectional data bit.
AGND. 23 A0 Address for the microprocessor
6 DAV Data available; indicates a conversion interface to access registers.
has completed and data is available or 24 CS Chip select; enables writing to or
calibration completed. reading from.
7 SYNC In the slave mode, SYNC is a positive 25 RD Read; enables ML2233 to drive
edge triggered input used to start a data bus.
conversion. In master mode, SYNC — . L .
is an output and indicates conversion 26 WR Write; allows writing into the registers.
start. 27 CLK Clock input. Driven with an external
DO Bidirectional data bit. clock or crystal referenced to DGND.
S . The crystal must be parallel resonant
D1 Bidirectional data bit. with minimum capacitive loading.
10 D2 Bidirectional data bit. (i.e., no bypass caps should be used
directional data bi and leads should be kept short.)
11 D3 Bidirectional data bit. .
o 28 AVcc Positive analog power supply.
12 D4 Bidirectional data bit. Decouple to AGND. Tie to DV from
13 D5 Bidirectional data bit. same power supply.
14 D6 Bidirectional data bit.
ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS
(Note 1) (Note 2)
Supply Voltages (AVcc and DV() Temperature Range...........ccocceevvieniinncnnnenns 0°C to 70°C
Negative Supply Voltage (Vsg) ...cvene... Supply Voltage (AVcc and DV() ........ 4.5Vpc to 6.0Vpc
Voltage at Analog Negative Supply Voltage (Vsg) .......... —4.5Vpc to -6.0Vpc
INPULS .o Vss -7V to AVcce + 7V Reference Voltage (VREF) -eovereremmercreniveriueeseenennne 2.60V
Voltage at Vrgr . Vgg =7V 10 AVcc + 7V
Input Current per Dlgltal Pm ............................... +10mA
Input Current at Analog INputs .......ccceeveeeererreeennene. +20mA
Storage Temperature Range ..... -65°C to +150°C
Package Dissipation @ 25°C........ccceceourerrrereneane 875mwW
Lead Temperature (soldering, 10 seconds)
Dual-In-Line Package (Plastic).........cccouevververuenne 260°C

8L Micro Linear
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ELECTRICAL CHARACTERISTICS
The following specifications apply for AVce = DV = 5V * 5%, Vss = =5V * 5%, Vger = 2.500V, V|- = AGND,
ViN+ =-2.5V to +2.5V, Ta = Tmin to Tmax unless otherwise specified.

TYP
PARAMETER NOTES CONDITIONS MIN (NOTE 3) MAX UNITS
Converter Characteristics
Linearity Error
ML2233BCJ 4 | feck =0.1 € 7MHz +3/4 LSB
ML2233CC) fccik = 0.1 < 7MHz 1 LSB
ML2233DC} fcak = 0.1 < 5SMHz +1 LSB
Unadjusted Zero Error
ML2233BCJ 4 +3/4 LSB
ML2233CC) +2 LSB
ML2233DC} +2 LSB
Unadjusted Positive and Negative 5 +4 LSB
Full Scale Error
Zero Error Temperature Coefficient 0.5 ppm/°C
Gain Temperature Coefficient 10 ppm/°C
Common-Mode Rejection 56 80 dB
Analog Input Source Resistance 5 2 kQ
Analog Input Range 4 Vin+ Referred to Vin— ~VRer +VRer \
Analog Input Leakage Current 4 100 nA
Voltage Reference Input 5 0.5 kQ
Source Impedance
Reference Input Leakage Current 4 100 nA
Digital and DC Characteristics
Power Supply Current
Alcc, Analog Ve 4 30 50 mA
Dicc, Digital Ve 10 HA
Iss, Vss 18 30 mA
Power Supply Rejection 7
AVce DC 80 dB
DC to 25kHz 50 dB
Vss DC 80 dB
DC to 25kHz 50 dB
ViLcik. Clock Input Low Voltage 4 0.8 \%
ViHcLk. Clock Input High Voltage 4 3.5 AVcce \%
It1, Input Leakage Current (CLK) 4 AGND S VN £ AVcce +200 HA
Vi, Input Low Voltage 4 0.8 \%
Vin, Input High Voltage 4 2.0 DVcc \Y
VoL, Output Low Voltage 4 loL =2.0mA 0.45 \%
Vou, Output High Voltage 4 | 1oy = —400pA 2.4 v
1, Input Leakage Current (except CLK) 4 AGND < V|Ny £ AVcc +10 MA
Ih1.z, Output Leakage Current (D0-D12) 4 RD=CS=Vy +10 HA
C;, Input Capacitance (all digital inputs) 10 pF
Co, Output Capacitance 10 pF

(outputs DO to D12, SYNC and DAV)
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ELECTRICAL CHARACTERISTICS (Continued)

SYMBOL| PARAMETER NOTES CONDITIONS MIN (N;YTII’E 3)| MAX UNITS
AC Electrical Characteristics (Note 8)
tc Conversion Time 4,9 |CLKMode =0 |fcik =7.0MHz 315 us
fcik = 5.0MHz 44.0 s
Sample and Hold Acquisition 4,9 [CLKMode =0 |fcikx=7.0MHz 2.3 us
foik = 5.0MHz 3.2 Hs
fciko Clock Frequency 5,9 |CLK Mode =0 |Crystal 3 7 MHz
Driven 1 7 MHz
feiko Clock Width 5,9 |Driven High 50 ns
(CLK Mode = 0)| Low 50 ns
feuka Clock Frequency 5,10 | Driven (CLK Mode = 1) 0.5 (Note 11)| MHz
teikt Clock Width 5, 10 | Driven High 125 ns
(CLK Mode = 1)| Low 125 ns
taAD Address Stable to Valid Data 4 150 ns
tAR Address Stable Before Read 4 0 ns
tRA Address Hold After Read 4 0 ns
tRR Read Pulse Width 4 150 ns
trRD Read Access 4 150 ns
t1z, toz | Data Read to Hi-Z 4 0 50 ns
trv Recovery Between Two Reads 5 250 ns
or Writes
tRDCK Read to Clock Setup Time 5,12 40 ns
taw Address Stable Before Write 4 0 ns
twA Address Hold After Write 4 0 ns
tww Write Pulse Width 4 150 ns
tow Data Setup Before Write Trailing Edge | 4 100 ns
twD Data Hold After Write Trailing Edge 4 0 ns
twrck | Write to Clock Setup Time 5,12 40 ns
tckpav | Clock to DAV Assert 4,13 |Cy = 50pF 120 220 ns
tsyNcek | SYNC Input to Clock Setup 5,12 40 ns
tsynen | SYNC Input Width 5 |(CLK Mode = 0) 6 1/fcLko
(CLK Mode = 1) 3 ek
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ELECTRICAL CHARACTERISTICS (Continued)

TYP

SYMBOL| PARAMETER NOTES CONDITIONS MIN |[(NOTE 3)| MAX UNITS

AC Electrical Characteristics (Note 8)

teksyne | External Clock to SYNC Output Delay| 5, 13 |Cp = 50pF 150 200 ns

tsynco | SYNC Output Pulse Width 5,13 [(CLK Mode = 0) 8 1fcLko

(CLK Mode = 1) 4 ek

twrDAv | Write Reg2 to DAV Rising Edge 4,14 |C_ = 50pF 170 ns

tropAv | Read RegO to DAV Rising Edge 4,15 |CL = 50pF 170 ns

t b

Rise and Fall All Inputs 25 ns

Note 1:

Note 2:
Note 3:
Note 4:
Note 5:
Note 6:
Note 7:
Note 8:
Note 9:
Note 10:
Note 11:
Note 12;
Note 13:
Note 14:
Note 15:

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.

Devices are 100% tested with temperature limits guaranteed by 100% testing, sampling or by correlation with worst-case test conditions.
Typicals are parametric norm at 25°C

Parameter guaranteed and 100% production tested.

Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation.

Common mode rejection is the ratio of the change in zero error to the change in common mode input range

Power supply rejection 1s the ratio of the change in zero error to the change in power supply voltage.

All parameters measured from 0.8V to 2.0V, C = 100pF.

CK1X bit in control register = 0.

CK1X bit in control register = 1.

Maximum frequency 15 1/tcik (high) + teiky (low) + rise + fall times and < 3.5MHz.

Setup time required for synchronous start of conversion.

In CLK mode = 0 (CK1X bit in control register = 0) start of conversion will occur at specified time; or time plus one fc ko period (see Figure 5)
Wiriting a control register bit 0 with a one will acknowledge the DAV condition and de-assert DAV output

In start mode = 1, a read from location “0” will start the next conversion and de-assert the DAV output

TIMING DIAGRAMS

r————-—-————tAD-——~——> - {RA |
— N
A0, 3 ); §<

X 7

| «——— tar —>| | RR >

—— oo
RD / \(
[ €———— Ry ————>| |€——RRD — —>»| |-tz toz

DATA BUS HIGH Z ><E VALID HIGH Z

Figure 1. Read Cycle

—>| [ twa
A0, CS §<
A
AW ——> —»|  |<—twp
4 |
DATA BUS INVALID X‘ VALID X INVALID
|€———— tpw ——>
— N\
WR
.___/ S\ 1/
———— Ry ——— | |« tww ————————|
Figure 2. Write Cycle
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TIMING DIAGRAMS (Continued)

CLK, MODE = 1 / \
-
CLK, MODE = 0 { \ /—_\__

<€—tckDAv

DAV

)
7

CLK, MODE =1

CLK, MODE =0

.
(

tckpAav

DAV

)

—>| 44— tRDD

FIRST BYTE SECOND BYTE

DAV IS SET AND CLEARED BY INTERNAL CIRCUITRY.
NOTE: DMA BIT IN THE CONTROL REGISTER MUST BE SET FOR THIS OPERATION.

Figure 3. Data Available

CLK, MODE = 1 \ / \ /
CLK, MODE = 0 Vi \
—>

—>| |<€— tCKSYNC <€ tCKSYNC
‘

SYNC OUT /

T

[<€———— tsyNCo

Figure 4. SYNC Output
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TIMING DIAGRAMS (Continued)

START OF CONVERSION START OF CONVERSION
(NOTE 2) (NOTE 3)

CiK ;
(NOTE 1) 1 |

—»| [<—tsynCeK 1

I
SYNCIN i T

(START MODE 3) /
(M/$=0)

- tsYNCN >
. tWRCK—>|
WR |
(START MODE 0) !
<€———— tRpCK—————— > !
RD 1
(START MODE 1) T0 m

NOTES:

1. CLK IS THE CLOCK DRIVEN AT THE CLOCK PIN.

2. IN CLK MODE 1, WILL ALWAYS OCCUR AT T0 IF SETUP TIMES ARE MET.

3. IN CLK MODEO, WILL OCCUR EITHER AT TO OR T1 IF SETUP TIMES ARE MET.

Figure 5. Synchronous Start of Conversion (Start Mode 0, 1, 3)

CLK———> osc
DATA CLK DATA CLOCK
__+ GENERATOR
=2 > TEMPORARY
+ »|  REGISTER
Y SYNC
1 o ocic | > SYNC
MUX S 13 PN
ClKl ¢ DATA BUFFER |
DATA REGISTER
DAV —
LOGIC > DAV
Vine P START B
BUSY START }
ViN- —— toc > LOGIC
VREF — 12-BIT DATA
+SIGN BUS
A/D, 2£ SMDE
AGND —— 3| SAN:(;EL DAND CK1X s .
DATA
Vss < DOCAL conmon <I> 7o <:i> DO-D12
BUFFERS
ADRDY N
sC
< 13

‘ T 13 CALCODE 13
HODING K/
REGISTER < A0

up le—— G
com:g; <: INTERFACE -
l«<— RD

~

Figure 6. Block Schematic Diagram
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FUNCTIONAL DESCRIPTION

ALGORITHMIC A/D CONVERTER

Micro Linear’s algorithmic converter uses a successive
approximation technique. Most of today’s successive
approximation converters use a DAC to feedback the
approximated signal, however this technique requires
more circuitry than algorithmic converters. In addition the
values of all of the resistors or capacitors in the DAC must
be matched to within the accuracy of the converter. This is
difficult to do in silicon beyond 10 bits unless trimming is
used. An algorithmic converter uses less circuitry and is
more easily trimmed. Micro Linear’s algorithmic converter
is implemented using a 2x amplifier, a sample/hold amp,
and a comparator as shown in Figure 7.

The input sample is first multiplied by two then compared
to the reference voltage. If the 2x input voltage is greater
than the reference, the MSB is a 1 and the reference
voltage is subtracted from the 2x input voltage. The
remainder is stored in the sample and hold. If the 2x input
voltage is less than the reference, the MSB is a 0 and the
2x input voltage is stored in the sample and hold. This
process repeats again, however now the sample and hold
voltage is multiplied by 2.

The algorithm involves multiplication by 2, comparison,
and possibly subtraction. Referring to Figure 6, the
algorithm for the circuit can be described as follows:

If (2% V|N) — VRee 20
then MSB =1
(2 x V|N) = Vger = S/H
else MSB =0
(2xV|N) = SH

Step 2 If (2 x S/H) - VRerp 20
then next bit =1
(2 x S/H) - VREF bd S/H
else next bit = 0
(2xS/H) = SH

Step 3 Repeat Step 2 until conversion complete.

Step 1

Since the A/D converter handles bipolar inputs, negative
inputs are handled slightly differently using the same
principle.

VIN TRIM c
i
| 12€ ~ Kx VRer
N | G)y<—(x VREF
I v
K=10,-1
TRIM
e o
GAIN OF LOOP = X2 COMPARATOR
|I S/H II:
Figure 7. Self Calibrating A/D Converter
SELF CALIBRATION

In order to maintain integral and differential linearity to
the 1/2 LSB level in an algorithmic converter, two critical
parameters need to be controlled, loop offsets and the
gain of the loop. Loop offsets are automatically nulled
before each conversion using auto-zeroing circuitry on
both the sampling amp and the 2x amp. The gain of the
loop is adjusted using self calibration.
Self calibrating the algorithmic converter, once the offsets

have been nulled, is performed by measuring the 2x gain

of the loop and adjusting it. The gain can be measured by

converting the reference voltage as the input as well as the

reference (Vrer/VRer), and examining the output code.

Converting Vggr should yield plus full scale, since Vggr/

Vger should equal 1. If the gain of the loop is slightly less

than 2, the resulting LSB of the conversion will be “0”. If

the magnitude bits of the resulting conversion are all “1s”,

the gain may be too great, therefore the gain is reduced to

the point where the threshold of the LSB is reached.

Adjustment of the 2x gain is done with the binary
weighted trim capacitor arrays connected to each of the
2C input capacitors. A small value of capacitance is either
added to or subtracted from the 2C input caps until the
gain of the loop is within 13 bit accuracy of 2.

@ Micro Linear
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CONVERSION TIMES

The following table lists the conversion times which
include the sample and hold acquisition time. For a
CALRD and CALWR no A/D conversion actually takes
place.

OPERATION # OF INTERNAL CLOCKS*
8 bit A/D 80
13 bit A/D 110
CALWR 52
CALRD 80

SAMPLE AND HOLD TIMING

Figure 8 shows the internal timing for the sample and hold
circuitry. The relationship between the “Start of
Conversion” and the input channel going into sample
mode is fixed at 6 internal clocks*, regardless of the Start
Mode. Six internal clocks after the Start of Conversion the
Sample and Hold is switched into the sample mode,
placing two 9pF capacitors in parallel with the inputs
pins; one on Vin+ and one on V|n—. The sample switch is
kept in the sample mode for 8 internal clocks (2.3ps at a
7MHz external clock), then placed in the hold mode.
During the next 2 internal clocks the charge on the sample
and hold is transferred into the A/D, after which the Vggr
pin is sampled for 8 internal clocks.

Figure 8 also illustrates the timing of the SYNC pin in
Master Mode during a conversion (M/S = 1 Control
register) and Start Mode 0, 1, or 2. SYNC is activated one
internal clock cycle after the Start of Conversion and lasts
for four internal clocks.

*For a description of internal clocks see Clock section.

ANALOG INPUTS

Differential Inputs and Common Mode Rejection

The differential inputs of the ML2233 eliminate the effects
of common mode input noise (60Hz for example), as V|N+
and V- are sampled at the same time.

Noise

The leads to the analog inputs should be kept as short as
possible to minimize output noise. Noise as well as digital
clocks can couple into the inputs and cause errors. Input
filters can be used to reduce the effects of these sources.

Power Supply Decoupling

Low inductance tantalum capacitors of TuF or greater and
0.01pF disc ceramic capacitors are recommended for
bypassing AVcc as well as Vss to AGND. These capacitors
should be placed close to the AV¢c and Vgg pins.

MICROPROCESSOR INTERFACE

There are two 13-bit directly addressable registers; a Data
Buffer register and a Control register. The data buffer
register provides the conversion results. The data register
is double buffered, allowing one result to be read while
the next sample is being converted. The data register also
allows access to the algorithmic converter’s calibration
code. Normally the ML2233 is operated without ever
accessing these registers. (Refer to Diagnostics for more
information). The Control register provides complete
control and status information. The two registers are
addressed by pin AO.

BTERNAL LA UL AR AU AR AU LA UL ALY
CLOCK

(CLKMODE 0)

INTERNAL
CLOCK
OR (CLKMODE 1)

SYNC PIN | |
(MASTER MODE)

1
1
|
|
|
|
I

I
10 11 12 13 14 115 16 117 18 19 20 21 22 23 24 125 26

|
1
1
START OF CONVERSION !

<€¢—— SAMPLING INPUT ——>»

<€¢———SAMPLING REFERENCE——»

Figure 8. Sample and Hold Timing
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All data is returned from the converter in two's
complement format.

Cycle +Max -Min Zero

13 OFFF 1000 0000

8 007F 1F80 0000
REGISTER DESCRIPTION

REGISTER 0 — DATA BUFFER:

Register 0 contains the results of the latest conversion
when read. Depending on the Start Mode selected,
reading or writing to this register may start the next
conversion.

REGISTER 1 — CONTROL REGISTER

Bit 0 (DAV status when READ/DAVACK acknowledge
when a ONE is written):

Reading DAV = 1 indicates that new data is available or a
calibration is complete. DAV will be cleared
automatically when the data is read. This bit can be
explicitly acknowledged by writing a ONE to it; writing a
zero has no effect. The DAV output pin always reflects the
DAV status bit.

ADDRESS

Bit 1 (BUSY status when READ/RESET when a ONE

is written):

Reading BUSY = 1 indicates that a conversion or
calibration is in progress. Writing a ONE will force a chip
reset. Writing a zero has no effect.

RESET DEFAULT CONDITIONS:

The Control register will automatically be cleared. The
Data Buffer register will be unchanged. The Calibration
register is not cleared after a reset, however the ADRDY
bit is cleared. Since the DAV status bit is cleared, the DAV
output is inactivated (high). The SYNC pin is forced to be
an input as a result of clearing the M/S bit in the Control
register.

Bit 2 (ADRDY status when READ/DOCAL request when a
ONE is written):

Reading ADRDY = 0 indicates that the converter has not
been calibrated since the last reset, and ADRDY = 1
indicates that is has been calibrated since the last reset.
Writing a ONE will force the converter to do a calibration;
writing a zero has no effect.

READ DR WRITE
1211 10 9 8 7 6 5 4 3 2 1.0 1211 10 9 8 7 6 5 4 3 2 1 0
DATA purFER [ 13-BIT CONVERTED DATA 1 o [ CALCODE HOLDING REGISTER oo or
12 11 10 9 8 7 6 5 4 3 2 1 0 1211 109 8 7 6 5 4 3 2 1 0
CONTROLREG fckixjmys|  tMDe | oo | smoe |sc[ADleusoa] 1 foxdwis]  mpe | oo | swe [sc |22 wst
DAV STATUS L WRITING 1 DAY
CONV BUSY STATUS WRITING 1 RESETS CHIP
CHIP CALIBRATED STATUS WRITING 1 REQUESTS A CALIBRATION
SHORT CYCLE SHORTCYCLE0 = 13.81T, 1= 88T

00: START IF REGO IS WRITTEN
01: START IF REGO IS READ

AFTER REGO IS WRITTEN
TESTMODE 11: START IF SYNC GOES HIGH
— MASTER/SLAVE
{— 0: fcik = 1, CLK DIVIDED BY 2 INTERNALLY (DEFAULT)
MAXIMUM INPUT CLOCK FREQUENCY IS 7MHz.
L~ 1: fak = 1, CLK DRIVES INTERNAL LOGIC DIRECTLY
MAXIMUM INPUT CLOCK FREQUENCY IS 3.5MHz.

10: CONTINUOUS CONVERSIONS

START MODES
000: NORMAL A/D CONVERSION

0: SLAVE MODE, SYNC IS AN INPUT (DEFAULT)
1:  MASTER MODE, SYNC IS AN OUTPUT

Figure 9. Register Description

O8L Micro Linear
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Bit 3 (SC: Short cycle select):
Selects 8 or 13 bit conversions.

SC = 0: 13-bit conversion (default)
SC = 1: 8-bit conversion (short cycle)

Bits 4,5 (SMDE: Start Mode):
Defines Start Conversion mode.

Bits 5,4

00  Start Conversion upon writing to register 0
(default)

01  Start Conversion upon reading register 0

10  Start Continuous Conversions upon writing to
register 0.

11 Start on external SYNC input going high
(Requires Slave mode: M/S = 0)

Bits 7,6 (reserved):
These bits are reserved by Micro Linear and must be
written as zero.

Bits 10,9,8 (TMDE: test mode select bits)

These bits are used for diagnostic purposes only and
normally not accessed during operation. The default value
of TMDE is 000 which selects a normal A/D conversion.
See Diagnostics for more information.

TMDE Description

000  Normal A/D Conversion

001  Reserved by Micro Linear (Do Not Use)
010  CALWR Operation

011 CALRD Operation

100  System Offset

101 Common-mode

110 Plus Full Scale

111 Minus Full Scale

Bit 11 (M/S: Master/Slave bit):
Dictates whether the SYNC pin is an input or an output.
Upon RESET, this bit is cleared.

M/S = 0: Slave Mode ~ SYNC is an input which is used
to trigger a conversion if

SMDE = 11.

M/S = 1: Master Mode  SYNC is an output. At the
beginning of every conversion,
SYNC is high for 4 internal
clocks.

Bit 12 (CK1X: clock select bit):

Selects whether the external clock will be divided by two
or used directly as the internal clock. See Clock section
for a detailed explanation.

CK1X =0: the external clock is divided by two and
used as the internal clock. This is referred
to as CLK Mode = 0.

CK1X=1: the external clock input is used directly

as the internal clock. This is referred to as
CLK Mode = 1.

2-80
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GENERAL OPERATING INFORMATION

CONVERSION-START PROTOCOL

There are four different ways to start a conversion. They
are defined by SMDE bits 4 and 5 in the Control Register.

SMDE
Bits 5,4

00: A write to register O will start a conversion.
During a conversion, if another write is issued to
register 0, the “Start Conversion” command will
be latched and another conversion will
immediately follow the current one. To insure that
the second write will be latched, it must occur at
least 3 internal clocks after the first write. Only
one additional write will be latched; multiple
writes within a conversion will only yield one
more conversion.

01:  Reading the data from the previous conversion
starts the next conversion.

10:  This mode causes continuous conversions; the
next conversion begins immediately after the
previous conversion ends. Writing to register 0
will start the first conversion; thereafter the
converter runs continuously. This mode yields the
maximum conversion rate.

11:  The SYNC input triggers the start of a conversion.
The M/S bit in the Control Register must be
cleared, placing the chip in the slave mode.

Note: the external activation for Start Modes 0, 1, and 3
are synchronized internally to the system clock. If periodic
sampling is required using these Start Modes, the SYNC,
RD, or WR pulses must be synchronized to the system
clock. Start Mode 2 guarantees periodic sampling.

START OF CONVERSION 2
END OF CONVERSION 1

START OF CONVERSION 1

CONVERSION 1

DOUBLE-BUFFERED DATA REGISTER

The A/D conversion result is double-buffered using the
Data Buffer register and the A/D Data register. The actual
End-Of-Conversion (EOC) does not correspond with the
DAV output going low. The DAV output goes low 16
internal clocks after the EOC. From the time DAV output
goes LOW, the user has one full conversion time (80 or
110 internal clocks) minus 16 internal clocks to read the
data as shown in Figure 10.

SELF CALIBRATION

Setting the DOCAL bit issues a calibration request to the
chip. When calibration is done, the DAV status bit is set
and the DAV output goes low.

A calibration requires 8,260 internal clocks. Using a
7MHz clock (CLK Mode = 0), this approximately 2 ms.
Power supplies and external voltage reference must be
stable before issuing a request for calibration.

The ML2233 should be calibrated before any conversions
are attempted. Calibrations must not be performed
simultaneously with conversions. Before requesting a
calibration, the user may want to read the Busy status bit
to make sure that the converter is idle. Polling the chip
while the calibration is in progress is not recommended.

START OF CONVERSION 3
END OF CONVERSION 2

CONVERSION 2 —{<¢—— CONVERSION 3—>»

DATA 1 AVAILABLE 1 DATA 2 AVAILABLE

-

Figure 10.
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CLOCK

The ML2233 has the option of dividing the clock at the
CLK pin by 2, or using it directly to drive the internal
logic. This option is selected through the CK1X bit in the
Control register. When CK1X = 0 the clock is divided by
2. This is referred to as CLK Mode = 0. The clock at the
CLK pin is referred to as the External clock, and the
Internal Clock is the External clock divided by 2. When
CK1X =1, the clock at the CLK pin drives the internal
logic directly, therefore this clock is referred to as the
internal clock. This is also known as CLK Mode = 1. All
internally clocked logic is positive edge triggered.

CLK Mode = 0:

There are two advantages to CLK Mode 0. This is the only
Mode that allows an external crystal to be used. CLK
Mode 1 cannot operate with an external crystal, the CLK
pin must be driven. The second advantage of CLK Mode 0
is that the duty cycle for a driven clock is less stringent
than in CLK Mode 1. (Refer to tc kg and tcy kg in AC
Electrical Characteristics for CLK Mode 0 and 1 timing
requirements, respectively.)

On power up the state of the divide by two flip-flop is
indeterminate. Therefore the relationship between the
internal clock and the external clock at the CLK pin can
have one of two possibilities as shown in Figure 11. As a
result the following should be considered.

-

twrek, tRock. and tsyncck specs, (RD, WR, and SYNC
setup times to Start of Conversion), will be as shown in the
data sheet, or the data sheet specs plus one external clock
period. Since these specifications are with respect to the
rising edge of the external clock, it is not known whether
this rising edge corresponds to the rising edge or falling
edge of the internal clock. Therefore there is an
uncertainty of one external clock period.

If periodic sampling is necessary and Start Mode O, 1 or 3
is used, the external start pulse (either RD, WR, or SYNC)
must be synchronous to the external clock, meet the setup
time, and be an even number of external clock periods. If
the start pulse were an odd number of external periods,
half the pulses would correspond with the rising edge of
the internal clock, and the other half would correspond
with the falling edge of the internal clock. Therefore the
sampling period would change by one external clock
period every sample. Start Mode 2 guarantees periodic
sampling regardless of the CLK mode.

CLK Mode = 1:

This mode eliminates the requirement that external start
pulses must ‘be an even number of external clock periods.
However periodic sampling still requires that the start
pulse be synchronous to the external clock, and the setup
time must be met. CLK Mode 1 also eliminates the
uncertainty of the twgrck, tRock and tsyncck requirements.

2 3 4 5

0
EXTERNAL
(CLK MODE = 0)

INTERNAL
CLOCK*

I N O S
[ I I

*INTERNAL CLOCK MAY BE ONE OF THE TWO ABOVE IN CLK MODE = 0

Figure 11.
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DIAGNOSTICS

Diagnostics routines may be run after power up or any
other time to ensure proper operation. The diagnostic
features, which are software selectable, don’t require
external hardware. Both the analog and digital sections
can be tested.

The ML2233 is placed in the diagnostic mode via the
TMDE field in the Control Register. Once the ML2233 is
placed in one of the diagnostic modes, a conversion must
be executed before the results can be read. As with all
conversions, DAV will be activated upon completion.

ANALOG CONVERSION DIAGNOSTICS

TMDE = 000: Normal Operation
Selects normal A/D conversion. Default condition after a
software reset.

TMDE = 001: Reserved by Micro Linear.

TMDE = 0101: CALWR operation

The data in Write register 0 (CALCODE Holding Register),
is transferred into the converter’s Calibration register when
a “Start Conversion” is issued. A dummy conversion
occurs and the DAV output goes LOW to indicate that the
operation is complete.

TMDE = 011: CALRD operation

The contents of the Calibration register are transferred
through the A/D Data register and loaded into the Data
Buffer register. A dummy 8-bit conversion occurs and
DAV output goes LOW to indicate that the CALRD
operation is complete.

TMDE = 100: System Offset

The positive and negative inputs to the Sample and Hold
are tied to analog ground. With this setting, converted
data will give the offset of the A/D converter and Sample/
Hold combination. The V|n+ and V|- pins will remain in
a high impedance state while in this mode.

TMDE = 101: Common-mode

Both the positive and negative inputs of the Sample and

Hold are tied to Vggr. The results of a conversion in this

test mode indicates how well the converter is rejecting a
common mode signal.

TMDE = 110: Positive Full Scale

This test mode connects the positive input of the Sample
and Hold to Vggr and the negative input of the Sample
and Hold to analog ground. The result of converting in
this test mode is a value near positive full scale.

TMDE = 111: Negative Full Scale

This test mode connects the positive input of the Sample
and Hald to analog ground and the negative input to Vgg.
The result of converting in this test mode is a value near
negative full scale.

DIGITAL LOOPBACK

The ML2233’s architecture provides a way for the
microprocessor to indirectly read and write to the A/D
converter’s calibration register and data register via a
CALRD and CALWR. Figure 12 illustrates this architecture.
This in effect allows a digital loopback.

1
! REGISTERS | A/D CONVERTER i
| _ [
| A0 WR RD T3 2 L
"0 0 1 o0 | CALCODEHOLDINGREGISTER | :
! [ |
! !
: |12 0
: | CALIBRATION REGISTER | |
, I |
| 12 0o 11 < - [
E | TEMPORARY REGISTER I‘"T“I A/D DATA REGISTER |
|

L a0 WR B G 2 7 L
Lo 1 0 0 | DATA BUFFER REGISTER ] 1
| ]

______ L

Figure 12. Digital Loopback
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When the TMDE bits are set to 010 CAL WRITE (CALWR),

and a Start Conversion is issued in any one of the four
modes, the contents of the CALCODE Holding register is
transferred into the A/D converter’s Calibration register.
When the TMDE bits are set to 011 CAL READ (CALRD),
and a Start Conversion is issued, the contents of the
Calibration register are transferred through the A/D’s Data
register into the Data Buffer register. The result of these
two operations is a complete loopback from the

CALCODE Holding register through the A/D converter and

back into the Data buffer register. This loopback provides

user assurance that all the paths are clear and there are no

stuck bits.

Note: When a CALWR is done, the previous calibration
value is lost. The correct calibration value must be
restored before the converter is used to convert data.

CALIBRATION PASS/FAIL TEST

The CALRD can be used as a way to verify a successful
calibration. After a calibration is completed, the CALRD
may be issued in order to read the contents of the
Calibration register. If the Low Byte (lower 8 bits) of the
data buffer register are ones after executing a CALRD, the
calibration failed; otherwise the calibration is successful.

+5V
AVcc
A23 ADDRESS BUS __( Bl
Al DVcc
AS EN »| CS
ADDRESS Vss
VMA »| DECODER »! A0 5V
wAle— 7 | REF_ 2.5V EXTERNAL
REFERENCE
DTACK [4————0——— ML2233 | AGND
68000 _ — <
RW r_D)———» RD DGND|
a——
VIN+
y }ANALOG
1PLO | DAV 2N [ INPUT
D15 D12
v < DATA BUS > Do cLK
SYNC

-IHDI—1

Figure 13. Interfacing to 68000 Microprocessor
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+5V
AVce INT|——————0——————»{BIO
” D15 D15
DVcc, | DO < DATA BUS > G)
® CL_M RW
\Z
sV —35) o : 1 s
+2.5V EXTERNAL _YREF, | wij<«—C
REFERENCE TMS320C25
AGND | ML2233
> la«—]A15
DGND. . ADDRESS
L Csje DECODER [€—]A14
Vins <«—]A13
ANALOG > l«—] 1S
INPUT |_ViN- XZ/CI.KIN‘Tl
WAIT
STATE »{ READY =
CLK GENERATOR
A0 f A0 X1

'lHDI—l

Figure 14. Interfacing to TMS320C25 Digital Signal Processor

ORDERING INFORMATION

PART NUMBER MAXIMUM MAXIMUM TOTAL MINIMUM
LINEARITY ERROR UNADJUSTED ERROR CONVERSION PACKAGE
ML2233BCP +3/4 LSB +11/2 LSB 31.5ps Plastic DIP (P28)
ML2233CCP +1 LSB +21/2 LSB 31.5ps Plastic DIP (P28)
ML2233DCP +1LSB +21/2 LSB 44.0pus Plastic DIP (P28)
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ML2252, ML2259

uP Compatible 8-Bit A/D Converters
with 2- or 8-Channel Multiplexer

GENERAL DESCRIPTION

The ML2252 and ML2259 combine an 8-bit A/D
converter, 2- or 8-channel analog multiplexer, and a
microprocessor compatible 8-bit parallel interface and
control logic in a single monolithic CMOS device.

Easy interface to microprocessors is provided by the
latched and decoded multiplexer address inputs and a
double buffered three-state data bus. These analog-to-
digital converters allow the microprocessor to operate
completely asynchronous to the converter clock.

The built in sample and hold function provides the ability
to digitize a 5V, 50KHz sine wave to 8-bit accuracy. The
differential comparator design provides low power supply
sensitiveity to DC and AC variations. The voltage
reference can be externally set to any value between
ground and V¢, thus allowing a full conversion over a
relatively small span if desired. All parameters are
guaranteed over temperature with a power supply voltage
of 5V £10%.

The device is suitable for a wide range of applications
from process and machine control to consumer,
automotive, and telecommunication applications.

FEATURES

m Conversion time (fc g = 1.46MHz) 6.6us
m Total unadjusted error +1/2LSB or £1LSB
m No missing codes

m Sample and hold 390ns acquisition
m Capable of digitizing a 5V, 50KHz sine wave

m 2- or 8-channel input multiplexer

m 0V to 5V analog input range with single 5V

power supply

Operates ratiometrically or with up to 5V
voltage reference

m No zero or full scale adjust required

m Analog input protection 25mA per input min

m Continuous conversion mode

B Low power dissipation 15mW MAX

B TTL and CMOS compatible digital inputs and outputs

m Standard 20-pin or 28-pin DIP or PCC

m Temperature range 0°C to +70°C,
or —40°C to +85°C,

or-55°C to +125°C

ML2252 BLOCK DIAGRAM

CHOO—J

2-CHANNEL

CH1

1L

ADDRESS
LATCH
AND
DECODER

S &

ADDRESS AO GND
LATCH
ENABLE

MULTIPLEXER |

CLOCK
START
CONTROL |———0FOC
& TIMING

I
SUCCESSIVE i
APPROXIMATION | | —ODBO
REGISTER | —oDB1
| THRee [ODB2
STATE [—ODB3
OUTPUT |—ODB4
BUFFER |—ODB5

| —oDB6
D/A
CONVERTER —ODB7
_______ I o —i ) _I l
+VREF ~VREF OUTPUT
ENABLE
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ML2259 BLOCK DIAGRAM

K
CHO O— Vcc CLOC! START
CH10—]
CH20—] CONTROL EOC
cH3o—] B8-CHANNEL &TIMING
CHaO—| MULTIPLEXER
cHso— | T TR T T T T -:
CHBO— SUCCESSIVE | 1
CH7 0—] APPROXIMATION | ! —ODBo
REGISTER | -0 DB1
| THREE DB2
STATE DB3
OUTPUT |—0ODB4
ADDRESS BUFFER |—0DB5
LATCH DA —oDB6
AND —oDB7
DECODER CONVERTER
O IS S
ADDRESS AO A1 A2 GND +VREE  -VRer OUTPUT
LATCH ENABLE
ENABLE
ML2252
20-Pin PCC (Q20)
ML2252 - e
20-Pin DIP (P20) s¥:zgh
w U VU <
cir [+ \_/ 2[] cHo 2
START [] 2 19 [] ADDRO DB3 1 ALE
EOC [ 3 18 g ALE OF ] D87
DB3 |: 4 17[] DBY CIK 1 ose
oE[]s 16 [] DB6 -
ck [ 15 [] oB5 Vee DB5
vee [ 7 14[] D84 +VREF (] pBa
+VREF E 8 13 DBO
GND [] 9 12| —Vrer ez 8 &8
7 @ © ¥ a
DB1 []10 1 [] DB2 § oo o
TOP VIEW TOP VIEW
ML2259
ML2259

28-Pin DIP(P28)

28-Pin PCC (Q28)

° n = o} [ =3
cH3 [ 1 u 28| ] CH2 TTT 553 3F
CH4 [] 2 27 [] CH1 (r—u—u—u—:mr—u—[
4 3 2 1 28 27 2
H5 H
cHs s 2 (] cho cH7 [5 25[7] ADDRO
CHe [ 4 25 [] ADDRoO .
cH7 s 24 [] ADDR1 START [J6 24]] ADDR1
START [ 6 23 [ ] ADDR2 EoC [}7 23[] ADDR2
EoC [} 7 22 [7] ALE DB3 []8 22{] ALE
DB! L}
3]s 21[] DB7 ok o 2117 pe7
OE[]9 20 [ ] DB6
ck 1o 19 [ D85 K o 20[] pBs
Vee O 18| DB4 Ve [J11 19]] D85
+ver [] 12 177 pBo 12 13 14 15 16 17 1
GND |13 16| | -Veer t 0§ & 53 3
DB1 [|14 15| ] DB2 4500 o a
T O |
TOP VIEW TOP VIEW
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PIN DESCRIPTION

Pin Number
ML2252 ML2259 Name Function
1 CH3 Analog input 3.
2 CH4 . Analog input 4.
3 CH5 Analog input 5.
4 CHé6 Analog input 6.
5 CH7 Analog input 7.

2 6 START Start of conversion. Active high digital input pulse initiates conversion.

3 7 EOC End of conversion. This output goes low after a START pulse occurs, stays
low for the entire A/D conversion, and goes high after conversion is
completed. Data on DBO-DB7 is valid on rising edge of EOC and stays valid
until next EOC rising edge.

4 8 DB3 Data output 3.

5 9 OE Output enable input. When OE = 0, DBO-DB?7 are in high impedance state;
OE = 1, DB0O-DB?7 are active outputs.

6 10 CLK Clock. Clock input provides timing for A/D converter, S/H, and digital
interface.

7 1 Vee Positive supply. 5V £10%.

8 12 +VREF Positive reference voltage.

9 13 GND Ground. 0V, all analog and digital inputs or outputs are referenced to this
point.

10 14 DB1 Data output 1.

11 15 DB2 Data output 2.

12 16 ~VRer Negative reference voltage.

13 17 DBO Data output 0.

14 18 DB4 Data output 4.

15 19 DB5 Data output 5.

16 20 DB6 Data output 6.

17 21 DB7 Data output 7.

18 22 ALE Address latch enable. Input to latch in the digital address (ADDR2-0) on the
rising edge of the multiplexer.

23 ADDR2 Address input 2 to multiplexer. Digital input for selecting analog input.
24 ADDR1 Address input 1 to multiplexer. Digital input for selecting analog input.

19 25 ADDRO Address input 0 to multiplexer. Digital input for selecting analog input.

20 26 CHO Analog input 0.

1 27 CH1 Analog input 1.

28 CH2 Analog input 2.

ABSOLUTE MAXIMUM RATINGS

(Note 1)
Supply Voltage, Vce 6.5V
Voltage

Logic Inputs .... ..—0.3V to Vcc +0.3V

Analog Inputs ......cceuevneee. ..=0.3V to V¢ +0.3V
Input Current per Pin (Note 2) ......ccceevvevcvecvneeennenn. +25mA
Storage Temperature ........c..ceeeeveeeeneenee. -65°C to +150°C
Package Dissipation

at Ta = 25°C (Board Mount) .......ceeeeevvveeennvennn. 875mW
Lead Temperature (Soldering 10 sec.)

Dual-In-Line Package (Plastic) .........ccecervevreernennen 260°C

Dual-In-Line Package (Ceramic)........cocevereeeruenne 300°C

Molded Chip Carrier Package

Vapor Phase (60 SEC.) «.ccccceerurerereruersierneenneens 215°C
Infrared (15 sec.) ....... . .
OPERATING CONDITIONS
Supply Voltage, Ve oo 4.5Vpcto 6.3Vpe

Temperature Range (Note 3) TMIN < Ta < Tmax
ML2252/59BM], ML2252/59CM] ....... -55°C to +125°C

ML2252/59Blj, ML2252/59Cl) ........... —40°C TO +85°C
ML2252/59BCP, ML2252/59BCQ, ML2252/59CCP,
ML2252/59CCQ .....oovriviririiiiiiinns 0°C TO +70°C
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ELECTRICAL CHARACTERISTICS

Unless otherwise specified, Ta = Tmin 10 Tmax, Ve = +Vrer = 5V £10%, -Vger = GND and fc g = 1.46MHz

ML2252B, ML2259B ML2252C, ML2259C
TYP TYP
PARAMETER NOTES CONDITIONS MIN (NOTE 4)| MAX MIN (NOTE 4) MAX |UNITS
Converter and Multiplexer Characteristics
Total Unadjusted Error 5,7 |Vger =Vcc +1/2 +1 LSB
+Vggr Voltage Range 6 ~VRer Vee + 0.1 —Veer Vec+0.1| V
-Vger Voltage Range 6 GND -0.1 +Vrer |GND -0.1 +VREp \Y
Reference Input Resistance 5 14 20 35 14 20 28 KQ
Analog Input Range 58 GND -0.1 Vce +0.1|GND - 0.1 Vec+0.1) V
Power Supply Sensitivity 6 DC, Vcc =5V £10% +1/32 +1/4 +1/32 +1/4 LSB
100mVp-p, 100KHz +1/16 +1/16 LSB
Sine on Ve, Vin=0
lorr, Off Channel Leakage | 5,9 |{On Channel = V¢ -1 -1 HA
Current (Note 9) Off Channel = 0V
On Channel = 0V 1 1 HA
Off Channel = Vcc
lon, On Channel Leakage | 5,9 [On Channel =0V -1 -1 HA
Current (Note 9) Off Channel = V¢
On Channel = V¢ 1 1 HA
Off Channel = 0V
TYP
SYMBOL PARAMETER NOTES CONDITIONS MIN| (NOTE 4) MAX UNITS
Digital and DC
VIN() Logical “1” Input Voltage 5 2.0 \%
ViNo) Logical “0” Input Voltage 5 0.8 \Y
ing Logical “1” Input Current 5 ViNn = Vce 1 HA
(TN Logical “0” Input Current 5 ViN =0V -1 pA
Vourtq) | Logical “1” Output Voltage 5 lout =-2mA 4.0 \
Vour) | Logical “0” Output Voltage 5 lout = 2mA 0.4 \%
lout Three-State Output Current 5 Vourt =0V -1 HA
Vourt = Vcc 1 HA
Icc Supply Current 5 1.5 3 mA
AC and Dynamic Performance Characteristics (Note 10)
tacQ Sample and Hold Acquisition 12 1/fcLk
fek Clock Frequency 5 10 1460 KHz
tc Conversion Time 8.5 8.5 + 250ns| 1/fcik
SNR Signal to Noise Ratio Vin = 51KHz, 5V Sine. 47 dB
fCLK = 1.46MHz
(fSAMPLlNG = 150KHz). Noise is Sum
of All Nonfundamental Components
up to 1/2 of fsampLING
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ELECTRICAL CHARACTERISTICS (Continued)

TYP
SYMBOL PARAMETER NOTES CONDITIONS MIN | (NOTE 4) MAX UNITS
AC and Dynamic Performance Characteristics (Note 10) (Continued)
THD Total Harmonic Distortion ViN = 51KHz, 5V Sine. -60 dB
fCLK = 1.46MHz
(fSAMPLING = 150KHz). THD is Sum
2, 3, 4, 5 Harmonics Relative to
Fundamental
IMD Intermodulation Distortion Vin = fa + fp. fo = 49KHz, 2.5V Sine. -60 dB
fg = 47.8KHz, 2.5V Sine,
fCLK = 1.46MHz
(fsampLING = 150KHz). IMD is (fa + fg)
(fa—fp), (2fa + fp), (2fa - fp), (fa + 2fp),
(fa — 2fg) Relative to Fundamental
FR Frequency Response VN = 0 to 50KHz. 5V Sine Relative 0.1 dB
to TKHz
toe Clock Duty Cycle 6,11 40 60 %
teoc End of Conversion Delay 5 1/2 1/2 + 250ns| 1/fcik
tws Start Pulse Width 5 50 ns
tss Start Pulse Setup Time 6, 12 | Synchronous Only 40 ns
tWALE Address Latch Enable Pulse Width 5 50 ns
ts Address Setup 5 0 ns
tH Address Hold 5 50 ns
tH1, Ho | Output Enable for DBO-DB7 6 Figure 1, C_ = 50pF 100 ns
6 Figure 1, C; = 10pF 50 ns
tin, o4 | Output Disable for DBO-DB7 6 Figure 1, C_ = 50pF 100 ns
6 Figure 1, C| = 10pF 50 ns
CiN Capacitance of Logic Input 5 pF
Cour Capacitance of Logic Outputs 10 pF
Note 1:  Absolute maximum ratings are imits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with
respect to ground.
Note 2:  When the input voltage (V}n) at any pin exceeds the power supply rails (Vi < GND =0 1V or Ve +0.1) the absolute value of current at that pin should be hmited
to 25mA or less.
Note 3: -55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. —40°C to +85°C operating
temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by correlation with worst-case test conditions
Note 4: Typicals are parametric norm at 25°C.
Note 5:  Parameter guaranteed and 100% production tested
Note 6: P: g d. P. not 100% tested are not in outgoing quality level calculation
Note 7:  Total unadjusted error includes offset, full scale, linearity, multplexer and sample and hold errors
Note 8: For —Vger 2 Vi (+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input which will forward conduct for analog input voltages
one diode drop below ground or one diode drop greater than the V¢ supply. Be careful, during testing at low Vc levels (4 5V), as high level analog inputs (5V) can
cause this input diode to conduct — especially at elevated temperatures, and cause errors for analog inputs near full scale. The spec allow 100mV forward bias of either
diode This means that as long as the analog V| or Vger does not exceed the supply voltage by more than 100mV, the output code will be correct. To achieve an
absolute OVpc to 5Vpc input voltage range will therefore require a minimum supply voltage of 4.900Vpc over temperature variations, initial tolerance and loading
Note 9: Leakage current is measured with the clock not switching.
Note 10: C = 50pF, timing measured at 50% point.
Note 11: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty cycle outside of these limits,
the minimum time the clock s high or the minimum time the clock 1s low must be at least 40ns. The maximum time the clock can be high or low 1s 60us.
Note 12: The conversion start setup time requirement only needs to be satisfied if a conversion must be synchronized to a given clock rising edge. If the setup time 1s not met,

start conversion will have an uncertainty of one clock pulse.
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a 10K
il von ;
= = OUTPUT 50%
GND
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ouTPUT Vee
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Figure 1. High Impedance Test Circuits and Waveforms

TYPICAL PERFORMANCE CURVES
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Figure 2. Linearity Error vs fc g
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TYPICAL PERFORMANCE CURVES (Continued)
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Figure 3. Linearity Error vs Vgge Voltage
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Figure 4. Unadjusted Offset Error vs Vggr Voltage

1.0 FUNCTIONAL DESCRIPTION

1.1 MULTIPLEXER ADDRESSING

The ML2252 and ML2259 contain a single ended analog
multiplexer. A particular input channel is selected by
using the address decoder. The relationship between the
address inputs, ADDRO-ADDR?2, and the analog input
selected is shown in Table 1. The address inputs are
latched into the decoder on the rising edge of the address
latch signal ALE.

ML2252
SELECTED ADDRESS
ANALOG CHANNEL INPUT
CHO 0
CH1 1
ML2259
SELECTED ADDRESS INPUT
ANALOG CHANNEL ADDR2 ADDR1 ADDRO
CHO 0 0 0
CH1 0 0 1
CH2 0 1 0
CH3 0 1 1
CH4 1 0 0
CH5 1 0 1
CHé6 1 1 0
CH7 1 1 1

Table 1. Multiplexer Address Decoding

1.2 A/D CONVERTER

The A/D converter uses successive approximation to
perform the conversion. The converter is composed of the
successive approximation register, the DAC and the
comparator.

The DAC generates the precise levels that determine the
linearity and accuracy of the conversion. The DAC is
composed of a capacitor upper array and a resistor lower
array. The capacitor upper array generates the 4 MSB
decision levels while the series resistor lower array generates
the 4 LSB decision levels. A switch decoder tree is used to
decode the proper level from both arrays.

The capacitor/resistor array offers fast conversion, superior
linearity and accuracy since matching is only required
between 24 = 16 elements (as opposed to 28 = 256
elements in conventional designs). And since the levels are
based on the ratio of capacitors to capacitors and resistors to
resistors, the accuracy and long term stability of the
converter is improved. This also guarantees monotonicity
and no missing codes, as well as eliminating any linearity
temperature or power supply dependence.

The successive approximation register is a digital block used
to store the bit decisions from the conversion.

The comparator design is unique in that it is fully differential
and auto zeroed. The fully differential architecture provides
excellent noise immunity, excellent power supply rejection,
and wide common mode range. The comparator is auto
zeroed at the start of each conversion in order to remove
any DC offset and full scale gain error, thus improving
accuracy and linearity.
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Another advantage of the capacitor array approach used in
the ML2252 and ML2259 is the inherent sample-and-hold
function. This true S/H allows an accurate conversion to be
done on the input even if the analog signal is not stable.
Linearity and accuracy are maintained for analog signals up
to 1/2 the sampling frequency. As a result, input signals up
to 50KHz can be converted without degradation in linearity
or accuracy.

The sequence of events during a conversion is shown in
figure 5. The rising edge of a START pulse resets the internal
registers and initiates a conversion on the next rising edge of
CLK providing that (tss) start pulse setup time is satisfied. If
this setup time is not met, start conversion will have an
uncertainty of one clock pulse. The input is then sampled
for the next half CLK period until EOC goes low. EOC goes
low on the falling edge of the next CLK pulse indicating that
the conversion is now beginning. The actual conversion
now takes place for the next eight CLK pulses, one bit for
each CLK pulse. After the conversion is done, the data is
updated on DBO-DB7 and EOC goes high on the rising
edge of the 9th CLK pulse, indicating that the conversion
has been completed and data is valid on DBO-DB7. The
data will stay valid on DBO-DB?7 until the next conversion
updates the data word on the next rising edge of EOC.

A conversion can be interrupted and restarted at any time by
a new START pulse.

1.3 ANALOG INPUTS AND SAMPLE/HOLD

The ML2252 and ML2259 have a true sample-and-hold
circuit which samples both the selected input and ground
simultaneously. These analog to digital converters can
reject AC common mode signals from DC-50KHz as well
as maintain linearity for signals from DC-50KHz.

The plot in figure 6 shows a 2048 point FFT of the
ML2259 converting a 50KHz, 0 to 5V, low distortion sine
wave input. The ML2252 and ML2259 sample and
digitize, at their specified accuracy, dynamic input signals
with frequency components up to the Nyquist frequency
(one-half the sampling rate). The output spectra yields
precise measurements of input signal level, harmonic
components, and signal to noise ratio up to the 8-bit level.
The near ideal signal to noise ratio is maintained
independent of increasing analog input frequencies to
50KHz.

The signal at the analog input is sampled during the
interval when the sampling switch is open prior to
conversion start. The sampling window (S/H acquisition
time) is one half CLK period long and occurs one half CLK
period after START goes low. When the sampling switch
closes at the start of the S/H acquisition time, 8pF of
capacitance is thrown onto the analog input. One half
CLK period later, the sampling switch opens, the signal
present at analog input is stored and conversion starts.
Since any error on the analog input at the end of the S/H
acquisition time will cause additional conversion error,
care should be taken to insure adequate settling and
charging time from the source. If more charging or settling
time is needed to reduce these analog input errors, a
longer CLK period can be used.

Each analog input has dual diodes to the supply rails, and
a minimum of £25mA (£100maA typically) can be injected
into each analog input without causing latchup.

|<-——>| 1/fck
ClK'IlII 123456789||l||||
- |<—- tss
START
tws
|
ALE
tWALE
<>
ADDRO-ADDR2 :X
> t5 | tH <>} tioc
EOC
- tc »|
DBO-DB7 PREVIOUS DATA * DATA H
tHy, tHo | |<—
tn, ton>| |
OF

Figure 5. Timing Diagram
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1.4 REFERENCE

The voltage applied to the +Vggr and ~Vger inputs defines
the voltage span of the analog input (the difference
between Vinmax and Vinmin) over which the 256 possible
output codes apply. The devices can be used in either
ratiometric applications or in systems requiring absolute
accuracy. The reference pins must be connected to a
voltage source capable of driving the reference input
resistance, typically 20K.

In a ratiometric system, the analog input voltage is
proportional to the voltage used for the A/D reference.
This voltage is typically the system power supply, so the
+VREer pin can be tied to V¢ and —Vggr tied to GND. This
technique relaxes the stability requirements of the system
reference as the analog input and A/D reference move
together maintaining the same output code for a given
input condition.

For absolute accuracy, where the analog input varies
between specific voltage limits, the reference pins can be
biased with a time and temperature stable voltage source.

+VRer and —=Vggr can be at any voltage between V¢ and
GND. In addition, the difference between +Vggr and
~VRer can be set to small values for conversions over
smaller voltage ranges. Particular care must be taken with
regard to noise pickup, circuit layout ond system error
voltage sources when operating with a reduced span due
to the increased sensitivity converter.

1.5 POWER SUPPLY AND REFERENCE DECOUPLING

A 10pF electrolytic capacitor is recommended to bypass
Ve to GND, using as short a lead length as possible. In
addition, with clock frequencies above TMHz, a 0.1pF
ceramic disc capacitor should be used to bypass V¢c to
GND.

If REF+ and REF- inputs are driven by long lines, they
should be bypassed by 0.1uF ceramic disc capacitors at
the reference input pins (pins 12, 16).

1.6 DYNAMIC PERFORMANCE
Signal-to-Noise Ratio

Signal-to-noise ratio (SNR) is the measured signal to noise
at the output of the converter. The signal is the rms
magnitude of the fundamental. Noise is the rms sum of all
the nonfundamental signals up to half the sampling
frequency. SNR is dependent on the number of
quantization levels used in the digitization process; the
more levels, the smaller the quantization noise. The
theoretical SNR for a sine wave is given by

SNR = (6.02N + 1.76)dB

where N is the number of bits. Thus for ideal 8-bit
converter, SNR = 49.92dB.
Harmonic Distortion

Harmonic distortion is the ratio of the rms sum of
harmonics to the fundamental. Total harmonic distortion
(THD) of the ML2252 and ML2259 are defined as

V2 4+ V2 + V2 4+ V)2
V1

20log =

where V1 is the rms amplitude of the fundamental and V5,
V3, V4, Vs are the rms amplitudes of the individual
harmonics.

MAGNITUDE (dB)
&
<

37.5 75

FREQUENCY (KHz)

Figure 6. Output Spectrum

2-94

T8. Micro Linear



ML2252, ML2259

Intermodulation Distortion

With inputs consisting of sine waves at two frequencies,
fa and fg, any active device with nonlinearities will create
distortion products, of order (m + n), at sum and
difference frequencies of mfa + nfg, wherem, n=0, 1, 2,
3,... . Intermodulation terms are those for which morn is
not equal to zero. The (IMD) intermodulation distortion
specification includes the second order terms (fa + fg) and
(fa — fg) and the third order terms (2fa + fg), (2fa — fg),

(fa + 2fg) and (fa — 2fg) only.

1.7 DIGITAL INTERFACE

The analog inputs are selected by the digital addresses,
ADDRO-ADDR?2, and latched on the rising edge of ALE.
This is described in the Multiplexer Addressing section.

A conversion is initiated by the rising edge of a START
pulse. As long as this pulse is high, the internal logic is
reset.

The sampling interval starts with the following CLK rising
edge after a START falling edge and ends on the falling
edge of CLK. The conversion starts and EOC goes low. The
sampling clock is at least one half CLK period wide. Each
bit conversion in the successive approximation process
takes 1 CLK period. On the rising edge of the ninth CLK
pulse, the digital output of the conversion is updated on
the outputs DBO-DB7 and EOC goes high indicating the
conversion is done and data on DB0O-DB?7 is valid.

One feature of the ML2252 and ML2259 is that the data is
double buffered. This means that the outputs DB0-DB7
will stay valid until updated at the end of the next
conversion and will not become invalid when the next
conversion starts. This facilitates interfacing with external
logic of pP.

The signal OE drives the data bus, DBO-DB?7, into the
high impedance state when held low. This allows the
ML2252 and ML2259 to be tied directly to a puP system
bus without any latches or buffers.

1.7.1 Restart During Conversion

If the A/D is restarted (start goes low and returns high)
during a convesion, the converter is reset and a new
conversion is started. The output data latch is not updated
if the conversion in process is not allowed to be
completed. EOC will remain low and the output data
latch is not updated.

1.7.2 Continuous Conversions

In the free-running, continuous conversion mode, the start
input is tied to the (figure 7) EOC output. An initialization
pulse, following power-up, of mementarily forcing a logic
high level is required to guarantee operation.

ML2252

Vec ML2259
START
A EOC START

Figure 7. Continuous Conversion Mode

2.0 TYPICAL APPLICATIONS

15Vpc Vcc

600Q | ANALOG v
IN CC

ML2252
ML2259

f‘ GND

-15Vpc

Figure 8. Protecting the Input

Vce (T5VDC)
4K
® +VREF Vce
FS 0.85Vcc +
ADJ ML2252 Iwm:
K ML2259 | =
XDR - CH

~VREF

ZERO AD)

Figure 9. Operating with Ratiometric Transducers 15% of
Vce £ Vxpr < 85% of Vee
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ORDERING INFORMATION

TOTAL TEMPERATURE
PART NUMBER UNADJUSTED ERROR RANGE PACKAGE
Two Analog Inputs, 20-Pin Package
ML2252BM]) +1/2 LSB -55°C to +125°C Hermetic DIP (J20)
ML2252Bl) —40°C to +85°C Hermetic DIP (J20)
ML2252BCP 0°C to +70°C Molded DIP (P20)
ML2252BCQ 0°C to +70°C Molded PCC (Q20)
ML2252Cl) +1 LSB —40°C to +85°C Hermetic DIP (J20)
ML2252CCP 0°C to +70°C Molded DIP (P20)
ML2252CCQ 0°C to +70°C Molded PCC (Q20)
Eight Analog Inputs, 28-Pin Package
ML2259BM] +1/2 LSB -55°C to +125°C Hermetic DIP (J28)
ML2259Bl) —40°C to +85°C Hermetic DIP (J28)
ML2259BIP —40°C to +85°C Molded DIP (P28)
ML2259BCP 0°C to +70°C Molded DIP (P28)
ML2259BCQ 0°C to +70°C Molded PCC (Q28)
ML2259CIP —40°C to +85°C Molded DIP (P28)
ML2259Cl) +1 LSB —40°C to +85°C Hermetic DIP (J28)
ML2259CCP 0°C to +70°C Molded DIP (P28)
ML2259CCQ 0°C to +70°C Molded PCC (Q28)
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ML2258

WP Compatible 8-Bit A/D Converter

with 8-Channel Multiplexer

GENERAL DESCRIPTION

The ML2258 combines an 8-bit A/D converter, 8-channel
analog multiplexer, and a microprocessor compatible 8-bit
parallel interface and control logic in a single monolithic
CMOS device.

Easy interface to microprocessors is provided by the
latched and decoded multiplexer address inputs and
latched three-state outputs.

The device is suitable for a wide range of applications
from process and machine control to consumer,
automotive, and telecommunication applications.

FEATURES

Conversion time
Total unadjusted error

[ ] 6.6ps

[ ] +1/2LSB or £1LSB
m No missing codes

m Sample and hold 390ns acquisition
m Capable of digitizing a 5V, 50KHz sine wave

B 8-input multiplexer

]

0V to 5V analog input range with single 5V
power supply

m Operates ratiometrically or with up to 5V
The ML2258 is an enhanced pin compatible second voltage reference
source for the industry standard ADC0808/ADC0809. The m No zero or full scale adjust required
ML2258 enhancements are faster conversion time, true log i . . )
sample and hold function, superior power supply ® Analog input protection 25mA per input min
rejection, wider reference range, and a double buffered m Low power dissipation 3mA max
data bus as well as faster dlgltal_tlmlng, All parameters are ® TTL and CMOS compatible digital inputs and outputs
guaranteed over temperature with a power supply voltage .
of 5V +10%. m Standard 28-pin DIP or surface mount PCC
® Superior pin compatible replacement for ADC0808 and
ADCO0809
BLOCK DIAGRAM
START  CLOCK
[ttt il it 1
! i
INO O— !
H s A:A/PDI.‘ENI!IT(;'LD | O END OF CONVERSION
IN1 0— ! CONTROL & TIMING | ! (INTERRUPT)
1 1
IN2 0— H i
]
y ]
o— 1
IN3 8-CHANNEL [ :
Na MULTIPLEXER H SAR. :
° } H DBO
IN5 0—] ! H L-—ODm
| COMPARATOR i THREE | —ODB2
IN6 0— ! ! STATE | —0DB3
H OUTPUT | opps
IN7 0— i 1 LATCH
! H BUFFER ODB5
! ! —oDB6
] ! —ODB7
L SWITCH TREE H
ADDRO O— ! H
ADDR1 O—]| ADDRESS i !
LATCH tmmmm e H
ADDR2 O—{  AND i 1
DECODER 1 CAPACITOR/ 1
ADDRESS O— i RESISTOR i
LATCH ENABLE i ARRAY !
! :
Vce GND +Vrer T TTTTTTT -VReg  OUTPUT
ENABLE
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PIN CONFIGURATION

ML2258
28-Pin DIP (P28)

ML2258
28-Pin PCC (Q28)

wns(r N\ _J =fgme 22222z ¢%2
INg [] 2 27 [] IN1 /mmr\ﬁr‘xr‘\m
4 3 2 1 28 27 2
INs [ s » % Ino IN7 5 25[7] ADDRO
IN6 []4 25 [ ] ADDRO
N7 [s 24 ] ADDR1 START [16 24/ ] ADDR1
START [ 6 23 [] ADDR2 EOC []7 23[] ADDR2
Eoc []7 22 [ ALE DB3 [|8 22[7 ALE
DB3 |8 21[] DB7 OF
OE[]9 20 ] DB6 g i
ck [J1o 19[] DBs Clk [J10 20[] DBs
vee [n 18| ] DB4 Vee [ 19[] DB5
+Veer []12 17[] pBO BBBBE"EB‘
GND 13 16 [ ] -VRer 5 05 8 58 3
DB1 |14 15 [] pB2 $§5638533
TOP VIEW TOP VIEW
PIN DESCRIPTION
PIN# NAME FUNCTION PIN# NAME FUNCTION
1 IN3 Analog input 3. 13 GND Ground. 0V, all analog and digital
2 IN4 Analog input 4. ;)nopil;;s or outputs are reference to this
3 INS Analog input 5. 14 DBI Data output 1.
4 IN6 Analog input 6. 15 DB2 Data output 2.
5 IN7 Analog input 7. 16  —VRer Negative reference voltage.
6 START Start of conversion. Active hjgh digital 17 DBO Data output 0.
input pulse initiates conversion.
7 EOC End of conversion. This output goes 18 DB4 Data output 4.
low after a START pulse occurs, stays 19 DB5 Data output 5.
low for the entire A/D conversion, and
goes high after conversion is 20 DB6 Data output 6.
completed. Data on DB0-DB?7 is valid 21 DB7 Data output 7.
L ¢ I
g:t?; sr:giteg(%%c:is?r?gceggg stays valid 22 ALE Address latch enable. Input to latch in
’ the digital address (ADDR2-0) on the
DB3 Data output 3. rising edge of the multiplexer.
9 OE Output enable input. When OE =0, 23 ADDRO  Address input 0 to multiplexer. Digital
DBO0-DB?7 are in high impedance input for selecting analog input.
; = —-DB7 i
f;j:;ht?E 1, DBO-DB7 are active 24 ADDRI1 Address input 1 to multiplexer. Digital
ock ) ) ’ ‘ input for selecting analog input.
10 CLK .Cl input ides timi . . ..
¢ /(‘E\/([))Cconv(e);termg/lll-l p;:é/ldiegsit;nmg or 25 ADDR2 Address input 2 to multiplexer. Digital
interface. input for selecting analog input.
1 Vee Positive supply. 5V £ 10%. 26 INO Analog input 0.
12 +Vger Positive reference voltage. 27 INT Analog input 1.
28 IN2 Analog input 2.
298 8L Micro Linear
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ABSOLUTE MAXIMUM RATINGS

(Note 1)

Supply Voltage, Vcc 6.5V Molded Chip Carrier Package

Voltage Vapor Phase (60 S€C.) ........cccvvurerrierieririieninns 215°C
Logic INPUts .....c.covvumineiniiciicncns -0.3V to V¢ +0.3V Infrared (15 SEC.) ..cvvveiriiiiniiiiccecccrnaae 220°C
Analog Inputs ........cccceuenee. ..=0.3V to V¢ +0.3V

Input Current per Pin (Note 2) .. e +25mA OPERATING CONDITIONS

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

Package Dissipation Supply Voltage, Vcc ... 4.5Vpc to 6.3Vpc
at Ta = 25°C (Board Mount) .......cceeveverrenrenennes 875mW Temperature Range (Note 3) ... CTMIN S Ta € Tmax

Lead Temperature (Soldering 10 sec.) ML2258BM}, ML2258CM] .. ..=55°C to +125°C
Dual-In-Line Package (Plastic) ......cccocovevrcrurneenens 260°C ML2258Blj, ML2258BIP, ML2258BIQ, ML2258ClJ
Dual-In-Line Package (Ceramic) .......ccceoevervevenenes 300°C ML2258CIP, ML2258CIQ.......ccceurrrruenne —40°C to +85°C

ELECTRICAL CHARACTERISTICS
Unless otherwise specified, Ta = Tmin t0 Tmax, Ve = +VRrer = 5V £10%, —Vger = GND and fe g = 10.24MHz

ML2258B ML2258C
TYP TYP
PARAMETER NOTES CONDITIONS MIN [(NOTE 4) MAX MIN (NOTE 4) MAX |UNITS
Converter and Multiplexer
Total Unadjusted Error 57 VRer = Vee +1/2 +1 LSB
+Vger Voltage Range 6 ~VRee Vce + 0.1 ~VREF Vce + 0.1 \Y
-Vger Voltage Range 6 GND-0.1 +VRee | GND-0.1 +VRerp \Y
Reference Input Resistance| 5 14 20 35 14 20 28 KQ
Analog Input Range 58 GND - 0.1 Vce + 0.1} GND -0.1 Vee+01) V
Power Supply Sensitivity 6 DC, Ve =5V 10% +1/32 +1/4 1£1/32 +1/4 LSB
100mVp-p, 100KHz +1/16 +1/16 LSB
Sine on Vcc, ViN=0
lorr, Off Channel Leakage | 5,9 | On Channel = Vcc -1 -1 A
Current (Note 9) Off Channel = 0V
On Channel =0V 1 1 HA
Off Channel = V¢
lon, On Channel Leakage | 5,9 On Channel = 0V -1 -1 A
Current (Note 9) Off Channel = V¢
On Channel = Ve 1 1 HA
Off Channel = 0V
Digital and DC
Ving)y Logical “1” Input 5 2.0 2.0 \Y,
Voltage
ViNn(oy Logical “0” Input 5 0.8 0.8 \%
Voltage
lingy Logical “1” Input 5 ViN = Ve 1 1 A
Current
Ny Logical “0” Input 5 VN =0V -1 -1 HA
Current
VOUT(])/ Logical “r 5 |OUT =-2mA 4.0 4.0 \%
Output Voltage
Vour(o), Logical “0” 5 lout = 2mA 0.4 0.4 \
Output Voltage
lour, Three-State Output 5 Vourt =0V -1 -1 HA
Current Vour = Vce 1 1 HA
Icc, Supply Current 5 1.5 3 1.5 3 mA
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ELECTRICAL CHARACTERISTICS (Continued)

TYP

SYMBOL PARAMETER NOTES CONDITIONS MIN | (NOTE 4) MAX UNITS
AC and Dynamic Performance Characteristics (Note 10)
tacq | Sample and Hold Acquisition 4 ik
feik Clock Frequency 5 100 10240 KHz
tc Conversion Time 5 67 67 + 250ns| 1/fcik
SNR Signal to Noise Ratio ViN = 51KHz, 5V Sine. 47 dB

fCLK =10.24MHz

(fsampLING = 150KHz). Noise is Sum

of All Nonfundamental Components

up to 1/2 of fsampLING
THD Total Harmonic Distortion Vin = 51KHz, 5V Sine. -60 dB

fCLK =10.24MHz

(fSAMPLING = 150KHz). THD is Sum

of 2, 3, 4, 5 Harmonics Relative to

Fundamental
IMD Intermodulation Distortion VN = fa + fg. fa = 49KHz, 2.5V Sine. -60 dB

fg = 47.8KHz, 2.5V Sine,

fCLK =10.24MHz

(fsampLING = 150KH2). IMD is (fa + fg),

(fa — ), (2fa + fp), (2fa —fp), (fa + 2fp),

(fa — 2fg) Relative to Fundamental
FR Frequency Response VN = 0 to 50KHz. 5V Sine Relative 0.1 dB

to 1KHz
tpc Clock Duty Cycle 6,11 40 60 %
teoc End of Conversion Delay 5 8 8 + 250ns | 1/fcik
tws Start Pulse Width 5 50 ns
tss Start Pulse Setup Time 6,12 | Synchronous Only 40 ns
twaLe | Address Latch Enable Pulse Width 5 50 ns
ts Address Setup 5 0 ns
tH Address Hold 5 50 ns
tH1,Ho | Output Enable for DBO-DB7 6 Figure 1, C_ = 50pF 100 ns

6 Figure 1, C| = 10pF 50 ns
tiH, o4 | Output Disable for DBO-DB7 6 Figure 1, C| = 50pF 200 ns
6 Figure 1, C_ = 10pF 100 ns

CIN Capacitance of Logic Input 5 pF
Cout Capacitance of Logic Outputs 10 pF

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:  When the input voltage (V|n) at any pin exceeds the power supply rails (Vjy < V-or Vi > V4) the absolute value of current at that pin should be limited to 25mA or less.

Note 3: -55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. —40°C to +85°C operating
temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by correlation with worst-case test conditions.

Note 4: Typicals are parametric norm at 25°C.

Note 5: Parameter guaranteed and 100% production tested.

Note 6: P 1. P s not 100% tested are not 1n outgoing quality level calculation.

Note 7: Total unadjusted ertor includes offset, full scale, linearity, multiplexer and sample and hold errors.

Note 8:  For -Vger 2 VN (+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input which will forward conduct for analog input voltages
one diode drop below ground or one diode drop greater than the V¢ supply Be careful, during testing at low V¢ levels (4.5V), as high level analog inputs (5V) can
cause this input diode to conduct — especially at elevated temperatures, and cause errors for analog inputs near full scale. The spec allow 100mV forward bias of either
diode. This means that as long as the analog V|n or Vggr does not exceed the supply voltage by more than 100mV, the output code will be correct To achieve an
absolute OVp¢ to 5Vpc input voltage range will therefore require a minimum supply voltage of 4 900Vpc over temperature variations, initial tolerance and loading

Note 9: Leakage current is measured with the clock not switching.

Note 10: C; = 50pF, timing measured at 50% point.

Note 11: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty cycle outside of these limts,
the minimum time the clock 1s high or the minimum time the clock is low must be at least 40ns. The maximum time the clock can be high or low 1s 60us.

Note 12: The conversion start setup time requirement only needs to be satisfied if a conversion must be synchronized to a given clock nising edge. If the setup time is not met,

start conversion will have an uncertainty of one clock pulse.
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t1HtHT t1H,Cp = 10pF ty1,CL = 50pF
v
DATA ourpur <€
OUTPUT ENABLE | Jgo
CL I 10K tiH
Vou 90%
= = OUTPUT 50%
GND ————— ==
ton,tHo ton,Cp = 10pF tHo,CL = 50pF
Vcc
v
ourpur ¢ T
10K ENABLE .\ Jo
DATA
ouTPUT Vee
CQ OUTPUT 50%

Figure 1. High Impedance Test Circuits and Waveforms

TYPICAL PERFORMANCE CURVES

1.0
L1
Vec=5V | |||
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Figure 2. Linearity Error vs fc
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TYPICAL PERFORMANCE CURVES (Continued)

I
Vcc =5V
fcik = 10.4MHz

e
N
o

Q 125°C

LINEARITY ERROR (LSB)
°©
12

-55°C
25°C
0.25
0
0 1 2 3 4 5
VREer (VDC)
Figure 3. Linearity Error vs Vggr Voltage
2 T
Vcc =5V
VREF = 5V
VIN =0V
Vos = 3MV
1.5 fcLk = 10.4MHz —
= Ta =25°C
-]
v
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£ \
o 1
-
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° \
0 1 2 3 4 5

VRer (VDC)

Figure 4. Unadjusted Offset Error vs Vggr Voltage
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1.0 FUNCTIONAL DESCRIPTION

1.1 MULTIPLEXER ADDRESSING

The ML2258 contains an 8-channel single ended analog
multiplexer. A particular input channel is selected by
using the address decoder. The relationship between the
address inputs, ADDRO-ADDR?2, and the analog input
selected is shown in Table 1. The address inputs are
latched into the decoder on the rising edge of the address
latch signal ALE.

SELECTED ADDRESS INPUT
ANALOG CHANNEL ADDR2 ADDR1 ADDRO
INO 0 0 0
IN1 0 0 1
IN2 0 1 0
IN3 0 1 1
IN4 1 0 0
IN5 1 0 1
IN6 1 1 0
IN7 1 1 1

Table 1. Multiplexer Address Decoding
1.2 A/D CONVERTER

The A/D converter uses successive approximation to
perform the conversion. The converter is composed of the
successive approximation register, the DAC and the
comparator.

The DAC generates the precise levels that determine the
linearity and accuracy of the conversion. The DAC is
composed of a capacitor upper array and a resistor lower
array. The capacitor upper array generates the 4 MSB
decision levels while the series resistor lower array generates
the 4 LSB decision levels. A switch decoder tree is used to
decode the proper level from both arrays.

The capacitor/resistor array offers fast conversion, superior
linearity and accuracy since matching is only required
between 24 = 16 elements (as opposed to 28 = 256
elements in conventional designs). And since the levels are
based on the ratio of capacitors to capacitors and resistors to
resistors, the accuracy and long term stability of the
converter is improved. This also guarantees monotonicity
and no missing codes, as well as eliminating any linearity
temperature or power supply dependence.

The successive approximation register is a digital block used
to store the bit decisions from the conversion.

The comparator design is unique in that it is fully differential
and auto zeroed. The fully differential architecture provides
excellent noise immunity, excellent power supply rejection,
and wide common mode range. The comparator is auto
zeroed at the start of each conversion in order to remove
any DC offset and full scale gain error, thus improving
accuracy and linearity.

Another advantage of the capacitor array approach used in
the ML2258 over conventional designs is the inherent
sample and hold function. This true S/H allows an accurate
conversion to be done on the input even if the analog signal
is not stable. Linearity and accuracy are maintained for
analog signals up to 1/2 the sampling frequency. As a result,
input signals up to 75KHz can be converted without
degradation in linearity or accuracy.

The sequence of events during a conversion is shown in
figure 5. The rising edge of a START pulse resets the internal
registers and the falling edge initiates a conversion on the
next rising edge of CLK. Four CLK pulses later, sampling of
the analog input begins. The input is then sampled for the
next four CLK periods until EOC goes low. EOC goes low on
the rising edge of the 8th CLK pulse indicating that the
conversion is now beginning. The actual conversion now
takes place for the next 56 CLK pulses, one bit for each 7
CLK pulses. After the conversion is done, the data is updated
on DB0-DB7 and EOC goes high on the rising edge of the
67th CLK pulse, indicating that the conversion has been
completed and data is valid on DBO-DB7. The data will stay

‘4-—->l 1/fck

CLK 1 2 3 4 5 6 7 8 l |ss| 67 68 69 70
— |<— tss
START
| tws {5
ALE
tWALE | {5
=l
ADDRO-ADDR2 % T
«
- - P
»>lts th | teoC
EOC
TR
- tc .y
o
DB0-DB7 PREVIOUS DATA v DATA -
4§ EN
tms->| tH <—"I |<_
OF 1§

Figure 5. Timing Diagram
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valid on DBO-DB?7 until the next conversion updates the
data word on the next rising edge of EOC.

A conversion can be interrupted and restarted at any time by
a new START pulse.

1.3 ANALOG INPUTS AND SAMPLE/HOLD

The ML2258 has a true sample and hold circuit which
samples both the selected input and ground
simultaneously. This simultaneous sampling with a true
S/H will give common mode rejection and AC linearity
performance that is superior to devices where the two
input terminals are not sampled at the same instant and
where true sample and hold capability does not exist.
Thus, the ML2258 can reject AC common mode signals
from DC-50KHz as well as maintain linearity for signals
from DC-50KHz.

The plot below (figure 6) shows a 2048 point FFT of the
ML2258 converting a 50KHz, 0 to 5V, low distortion sine
wave input. The ML2258 samples and digitizes, at its
specified accuracy, dynamic input signals with frequency
components up to the Nyquist frequency (one-half the
sampling rate). The output spectra yields precise
measurements of input signal level, harmonic components,
and signal to noise ratio up to the 8-bit level. The near ideal
signal to noise ratio is maintained independent of increasing
analog input frequencies to 50KHz.

The signal at the analog input is sampled during the
interval when the sampling switch is open prior to
conversion start. The sampling window (S/H acquisition
time) is 4 CLK periods long and occurs 4 CLK periods after
START goes low. When the sampling switch closes at the
start of the S/H acquisition time, 8pF of capacitance is
thrown onto the analog input. 4 CLK periods later, the
sampling switch opens, the signal present at analog input
is stored and conversion starts. Since any error on the
analog input at the end of the S/H acquisition time will
cause additional conversion error, care should be taken to
insure adequate settling and charging time from the

source. If more charging or settling time is needed to
reduce these analog input errors, a longer CLK period can
be used.

The ML2258 has improved latchup immunity. Each analog
input has dual diodes to the supply rails, and a minimum
of £25mA (£100mA typically) can be injected into each
analog input without causing latchup.

1.4 REFERENCE

The voltage applied to the +Vggr and ~Vggr inputs defines
the voltage span of the analog input (the difference
between Vinmax and Vinmin) over which the 256 possible
output codes apply. The devices can be used in either
ratiometric applications or in systems requiring absolute
accuracy. The reference pins must be connected to a
voltage source capable of driving the reference input
resistance, typically 20K.

In a ratiometric system, the analog input voltage is
proportional to the voltage used for the A/D reference.
This voltage is typically the system power supply, so the
+VRer pin can be tied to Ve and ~Vggr tied to GND. This
technique relaxes the stability requirements of the system
reference as the analog input and A/D reference move
together maintaining the same output code for a given
input condition.

For absolute accuracy, where the analog input varies
between specific voltage limits, the reference pins can be
biased with a time and temperature stable voltage source.

In contrast to the ADC0808 and ADC0809, the ML2258
~Vger and +Vggr reference values do not have to be
symmetric around one half of the supply. +Vggr and
-VRer can be at any voltage between Ve and GND. In
addition, the difference between +Vggr and —Vggr can be
set to small values for conversions over smaller voltage
ranges. Particular care must be taken with regard to noise
pickup, circuit layout and system error voltage sources
when operating with a reduced span due to the increased
sensitivity of the converter.

MAGNITUDE (dB)
&
=]

-80
-90 T l ] LI |
-100 }
-110
375 75
FREQUENCY (KHz)

Figure 6. Output Spectrum
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1.5 POWER SUPPLY AND REFERENCE DECOUPLING

A 10pF electrolytic capacitor is recommended to bypass
Vcc to GND, using as short a lead length as possible. In
addition, with clock frequencies above 1TMHz, a 0.1uF
ceramic disc capacitor should be used to bypass V¢ to
GND.

If REF+ and REF- inputs are driven by long lines, they
should be bypassed by 0.1uF Ceramic disc capacitors at
the reference pins (pins 12, 16).

1.6 DYNAMIC PERFORMANCE
Signal-to-Noise Ratio

Signal-to-noise ratio (SNR) is the measured signal to noise
at the output of the converter. The signal is the rms
magnitude of the fundamental. Noise is the rms sum of all
the nonfundamental signals up to half the sampling
frequency. SNR is dependent on the number of
quantization levels used in the digitization process; the
more levels, the smaller the quantization noise. The
theoretical SNR for a sine wave is given by

SNR = (6.02N + 1.76)dB
where N is the number of bits. Thus for ideal 8-bit
converter, SNR = 49.92dB.
Harmonic Distortion

Harmonic distortion is the ratio of the rms sum of
harmonics to the fundamental. Total harmonic distortion
(THD) of the ML2258 is defined as

V2 4+ V2 + V2 V12
VT

20log =

where Vy is the rms amplitude of the fundamental and V,,
V3, V4, Vs are the rms amplitudes of the individual
harmonics.

Intermodulation Distortion

With inputs consisting of sine waves at two frequencies,
fa and fg, any active device with nonlinearities will create
distortion products, of order (m+n), at sum and difference
frequencies of mfa + nfg, wherem,n=0, 1, 2, 3,... .
Intermodulation terms are those for which m or n is not
equal to zero. The ML2258 (IMD) intermodulation
distortion specification includes the second order terms
(fa + fg) and (fo — fg) and the third order terms (2f5 + fg),
(2fa — fg), (fa + 2fg) and (fo — 2fg) only.

1.7 DIGITAL INTERFACE

The analog inputs are selected by the digital addresses,
ADDRO-ADDR?2, and latched on the rising edge of ALE.
This is described in the Multiplexer Addressing section.

A conversion is initiated by the rising edge of a START
pulse. As long as this pulse is high, the internal logic is
reset.

The sampling interval starts with the 4th CLK rising edge
after a START falling edge and ends on the 8th rising edge
of CLK, 4 CLK periods later. On the rising edge of the 8th
CLK pulse, the conversion starts and EOC goes low.

Each bit conversion in the successive approximation
process takes 7 CLK periods. On the rising edge of the 64
CLK pulse, the digital output of the conversion is updated
on the outputs DBO-DB?7. On the rising edge of the 65th
CLK pulse, EOC goes high indicating the conversion is
done and data on DBO-DB? is valid.

One feature of the ML2258 over conventional devices is
that the data is double buffered. This means that the
outputs DBO-DB7 will stay valid until updated at the end
of the next conversion and will not become invalid when
the next conversion starts. This facilitates interfacing with
external logic of pP.

The signal OE drives the data bus, DBO-DB7, into the
high impedance state when held low. This allows the
ML2258 to be tied directly to a uP system bus without any
latches or buffers.

gL Micro Linear
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2.0 TYPICAL APPLICATIONS
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Figure 9. Continuous Conversion Mode
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ORDERING INFORMATION

ALTERNATE TOTAL TEMPERATURE
PART NUMBER PART NUMBER UNADJUSTED ERROR RANGE PACKAGE
ML2258BM]) ADC0808C) -55°C to +125°C Hermetic DIP ()28)
ML2258Bl) ADC0808CC) +1/2LSB —40°C to +85°C Hermetic DIP (J28)
ML2258BIP ADCO0808CCN -40°C to +85°C Molded DIP (P28)
ML2258BIQ ADC0808CCV —40°C to +85°C Molded PCC (Q28)
ML2258Cl) —40°C to +85°C Hermetic DIP (J28)
ML2258CIP ADCO0809CCN +1LSB —40°C to +85°C Molded DIP (P28)
ML2258CIQ ADC0809CCV —40°C to +85°C Molded PCC (Q28)
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PRELIMINARY

ML2261

uP Compatible High-Speed 8-Bit
A/D Converter with T/H (S/H)

GENERAL DESCRIPTION

The ML2261 is a high-speed, uP compatible 8-bit A/D
converter with a conversion time of 670ns over the
operating temperature range and supply voltage
tolerance. The ML2261 operates from a single 5V
supply and has an analog input range from GND to
Vce.

The ML2261 has two different pin selectable modes.
The T/H mode has an internal track and hold. The S/H
mode has a true internal sample and hold and can
digitize 0 to 5V sinusoidal signals as high as 500kHz.
Timing is compatible with the AD7821.

The ML2261 digital interface has been designed so that
the device appears as a memory location or I/O port
to a uP.

The ML2261 is an enhanced, pin compatible second
source for the industry standard ADC0820 and AD7820.
The ML2261 enhancements are faster conversion time,
parameters guaranteed over the supply tolerance and
temperature range, improved digital interface timing,
superior power supply rejection, and better latchup
immunity on analog inputs.

FEATURES

m Conversion time, WR-RD mode over temperature

and supply voltage tolerance
Track & Hold Mode ....................
Sample & Hold Mode ................. 700ns max

m Total unadjusted error ......... +1/2 LSB or £1 LSB

m Digitizes a 5V, 250kHz sine wave to 8-bit accuracy

= No missing codes

= 0V to 5V analog input range with single 5V power
supply

= No zero or full scale adjust required

w Analog input protection 25mA min

= Operates ratiometrically or with up to 5V voltage
reference

m No external clock required

m Easy interface to uP, or operates stand alone

m Power-on reset circuitry

= Low power

m Standard 20-pin DIP or surface mount PCC

m Superior pin compatible replacement for ADC0820
and AD7820

850ns max

BLOCK DIAGRAM
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PIN DESCRIPTION

PIN NO. NAME FUNCTION PIN NO. NAME FUNCTION
1 ViN Analog input. 10 GND Ground.
2 DBO Data output — bit 0 (LSB). 11 ~VRer Negative reference voltage for
3 DB1 Data output — bit 1. A/D converter.
4 DB2 Data output — bit 2. 12 +VREF Zc/)ls)itive refftrence voltage for
. converter.
5 _bss Dat.a output — bit 3. 13 [ Chip select input. This pin must
6 WR/RDY mta')nputdor :ﬁ?dy.oqtpvuvt%_{ln be held low for the device to
-RD mode, this pin Is erform a conversion.
input. In RD mode, this pin is P .
RDY open drain output. See " DB4 Data output — bit 4.
Digital Interface section. 15 DB5 Data output — bit 5.
7 MODE  Mode select input. 16 DB6 Data output — bit 6.
MoDE - \G/(':“cl?wg pnode 17 DB7  Data output — bit 7 (MSB).
Pin has internal current source 18 OFL Overflow output. This output
pulldown to GND. goes low at end of conversion
8 RD Read input. In RD mode, this ‘,,fv\;':: |_s1§2[eszger than
pin initiates a conversion. In J— )
WR-RD mode, this pin latches 19 SH/TH  S/H, T/H mode select. When
data into output latches. See SH/TH = Vcc, the device is in
Digital Interface section. ;?_I"/‘%_'e a’ngg’l‘tjhmgde; When
= . = , the device is in
9 INT Ipterrupt output. This output track and hold mode. Pin has
signals the end of a conversion internal pulldown current
and indicates that data is valid source to GND
on the data outputs. See Digital » ’
Interface section. 20 Vee Positive supply. +5 volts & 5%.

ABSOLUTE MAXIMUM RATINGS

(Note 1)
Supply Voltage, Ve vvvvvvviiiiiiiiiii 6.5V
Voltage
Logic Inputs ..., -0.3V to Ve + 0.3V
Analog Inputs ... 0.3V to V¢ + 0.3V
Input Current per Pin (Note 2) ................oo.0 +25mA

Storage Temperature -65°C to +150°C
Package Dissipation
at To = 25°C (Board Mount) ...........cceviivnnn..
Lead Temperature (Soldering 10 sec.)
Dual-In-Line Package (Plastic) ........................ 260°C
Dual-In-Line Package (Ceramic)
Molded Chip Carrier Package
Vapor Phase (60 sec.)
Infrared (15 sec.)

OPERATING CONDITIONS

Supply Voltage, Vcc

4.5Vpc to 6.0Vpc

Temperature Range (Note 3) .............. TviNn = Ta = Tmax

ML2261Bl), ML2261ClJ

—40°C to +85°C

ML2261BCQ, ML2261CCQ

ML2261BCP, ML2261CCP

..................... 0°C to +70°C

&L Micro Linear
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ELECTRICAL CHARACTERISTICS

Unless otherwise specified, Ta = Tpn t0 Tmax, Vec = +VRer = 5V £ 5%, and -Vggr = GND

ML2261XCX ML2261XIX
TYP TYP
PARAMETER NOTES CONDITIONS MIN | (Note 4) | MAX MIN | (Note 4) | MAX |UNITS
Converter
Total Unadjusted Error
ML2261BXX 5 7 |Vrer = Ve +1/2 +1/2 | LSB
ML2261CXX +1 +1 LSB

+Vger Voltage Range -VRer Vce+01 | Ve Vee+01 \Y
-Vger Voltage Range GND-01 +Veee  |GND-011 +VRer \'%
Reference Input 1 2 3 1 2 3 kQ
Resistance
Analog Input Range 58 GND-0:1 Vcet01 |{GND-01 Veet01 | vV
Power Supply Sensitivity 5 |DC +1/32 +1/4 +1/32 +1/4 LSB

VCC =5Vt 5%, VREF = 4.75V|

100mVp-p t1/16 +1/16 LSB

100kHz sine on Vcc,

V|N =0
Analog Input Leakage 5,9 |Converter Idle -1 +1 -1 +1 MA
Current
Analog Input Capacitance During Acquisition Period 45 45 pF
Digital and DC
Vinay Logical “1” Input 5 WR, RD, CS 20 20 v
Voltage MODE, SH/TH Vee05 Vce-0.5 v
Vinoy Logical “0” Input s |WRRD G 08 08 | VvV
Voltage MODE, SH/TH 05 05 v
liny Logical “1” 5 v =v WR, RD, CS 1 1 HA
Input Current "¢ MODE, SHATH | 15 50 150 15 50 150 | wA

el Oy 'WR, RD, CS -1 -1

llN(O)' Loglcal 0 5 Vi = GND R, — HA
Input Current MODE, SH/TH -20 -20 HA
VOUT(1)I Logical “1" 5 IOUT = -2mA 4.0 4.0 \%
Output Voltage
vOUT(O)« Logical “” 5 IOUT =2mA 04 0.4 \'%
Output Voltage
lour, Three-State Output | Vour = 0V -1 -1 HA
Current Vour = Vce 1 1 UA
Cour, Logic Output 5 5 pF
Capacitance
Cin Logic Input 5 5 pF
Capacitance
Icc, Supply Current 5 |CS=WR=RD =“1" 8 14 8 155 | mA

No Output Load

2-110

@, Micro Linear



ML2261

ELECTRICAL CHARACTERISTICS (Continued)

Unless otherwise specified, Ta = Tpn t0 Tmax, Ve = #VRer = 5V £ 5%, -Vrer = GND, and timing measured at 1.4V, -

Cy = 100pF.
ML2261XCX ML2261XIX
TYp TYpP

PARAMETER NOTES CONDITIONS MIN | (Note 4) | MAX MIN | (Note 4) | MAX |UNITS
AC and Dynamic Performance (Note 9)
tcrp, Conversion Time, 5 |RD to INT, MODE = 0V 1060 100 ns
Read Mode
tcwr.rp, Conversion Time,| 5,9 [WR Falling T
Write-Read Mode Edge to INT, SH/TH=Vcc 650 700 690 740 ns

trp < tinT, —

MODE = V| SH/TH=GND 850 920 | ns
SNR, Signal to Noise Ratio VN = 5V, 250kHz 48 48 dB

Noise is sum of all

nonfundamental

components

from 0-500kHz.

SH/TH = V¢, MODE = V¢

fsampunG = 1 MHz
HD, Harmonic Distortion VN = 5V, 250kHz -63 -63 dB

THD is sum of 2-5th

harmonics relative to

fundamental.

SH/TH = Vco MODE = Vcc

fsampung = 1 MHz
IMD, Intermodulation fa = 2.5V, 250kHz -60 -60 dB
Distortion fb = 2.5V, 248kHz

IMB is (fa + fb), (fa - fb),

(2fa + fb), (2fa - fb),

(fa + 2fb), or (fa - 2fh)

relative to fundamental.

SH/TH = V¢, MODE = V¢

fsampung = 1 MHz
FR, Frequency Response ViN = 5V, 0-250kHz +01 +01 dB

Relative to 1kHz

SH/TH = Vcc, MODE = VCC

fsampung = 1 MHz

SH/TH = V. 40 40 |V
SR, Slew Rate Tracking 6 —_ £

SH/TH = GND 25 25 Vips
AC Performance Read Mode (Pin 7 = 0V), Figure 2
troy, CS to RDY Delay 5 0 65 0 70 ns
tron, RD Low to 5,10 |Figure 1 1060 1100 | ns
RDY Delay
tcss) CS to RD, WR 5 0 0 ns
Setup Time
tesh, CS to RD, WR 5 0 0 ns
Hold Time
tcrp, Conversion Time — | 5, 10 1060 1100 ns
RD Low to INT Low
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ELECTRICAL CHARACTERISTICS (continued)

Unless otherwise specified, Ta = Ty to Tmax, Vec = +Vrer = 5V £ 5%, -Vrer = GND, and timing measured at 1.4V,

C, = 100pF

ML2261XCX ML2261XIX

TYP TYP

PARAMETER NOTES CONDITIONS MIN | (Note 4) | MAX MIN | (Note 4) | MAX [UNITS
AC Performance Read Mode (Pin 7 = 0V), Figure 2 (Continued)
tacco Data Access Time 5 tcrRD tcrot30 | terp tcrp*30 | ns
RD to Data Valid
trRoPW/ RD Pulse Width 5 tcro*30 tcrp+30 ns
tinTy RD to INT Delay 5,10 0 65 0 70 ns
tpy, Data Hold Time — 6, 10 |Figure 1 0 50 0 60 ns
RD Rising Edge to Data
High Impedance State
tp, Delay Time Between 5,10 |Sample & Hold Mode, 300 325 ns
Conversions — INT Low SH/TH = V¢
to RD Low Track & Hold Mode, 240 260 ns

SH/TH = GND
AC Performance Write-Read Mode (Pin 7 = 5V), Figures 3 and 4
tcss CS to Ti—D—, WR 5 0 0 ns
Setup Time
tesH, CS to RD, WR 5 0 0 ns
Hold Time

— SH/TH = V¢ 170 50K 180 50K ns
twr, WR Pulse Width —

SH/TH = GND 320 50K 360 50K ns
trp, Read Time — WR tro < tinTL 275 290 ns
High to RD Low Delay
tgy RD to INT Delay 510 |trp < tinmL 255 270 ns
tacci, Data Access Time 5 tro < tNTL 260 280 ns
— RD Low to Data Valid
tcwrgps Conversion Time | 5910 |tgp < tyyyy, SH/TH = Ve 650 700 690 740 ns
— WR Falling Edge to —

INT Low 6,910 |tgp < tyyr, SH/TH = GND 850 920 ns
tinTe, Internal Comparison | 5, 10 |tgp > tintL 650 670 ns
Time — WR Rising Edge

to INT Low

taccy Data Access Time 5 |trp > tiNTL 0 50 0 60 ns
— RD to Data Valid

tpy, Data Hold Time — 6, 10 |Figure 1 0 50 0 60 ns
RD Rising Edge to Data

High Impedance State

tynth, RD! to INT! Delay | 5, 10 0 65 0 70 ns
tp, Delay Time Between 5,10 |Sample & Hold Mode, 300 325 ns
Conversions — INT Low SH/TH = V¢

to WR Low Track & Hold Mode, 240 260 ns

SH/TH = GND
tswr, WR! to INT! Delay | 5, 10 |Standalone Mode 100 0 110 ns
tin, INT! to Data 5,10 |Standalone Mode 20 0 30 ns
Valid Delay
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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 22  When the voltage at any pin exceeds the power supply rails (V)y < GND or V|y > V() the absolute value of current at that pin
should be limited to 25mA or less.

Note 3: 0°C to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100%
testing, sampling, or by correlation with worst-case test conditions.

Note 4:  Typicals are parametric norm at 25°C.

Note 5: Parameter guaranteed and 100% production tested.

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation.

Note 7:  Total unadjusted error includes offset, full scale, linearity, and sample and hold errors. Total unadjusted error is tested at the
minimum specified times for WR, RD, tg, and tp. For example, for the ML2261XCX in the sample and hold mode, WR/RD mode: tyg =
170ns, tgp = 275ns with a frequency of 1.00MHz (cycle time of 1000ns).

Note 8:  For —Vgge = V) the digital output code will be 0000 0000. Two on-chip diodes are tied to the analog input which will forward conduct
for analog input voltages one diode drop below ground or one diode drop greater than the V¢ supply. Be careful, during testing at
low Vcc levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct — especially at elevated temperatures, and
cause errors for analog inputs near full scale. The spec allows 100mV forward bias of either diode. This means that as long as the analog
VN or Vgge does not exceed the supply voltage by more than 100mV, the output code will be correct. To achieve an absolute 0Vpc to
5Vpc input voltage range will therefore require a minimum supply voltage of 4.900Vpc over temperature variations, initial tolerance and
loading.

Note 9: Conversion time, write-read mode = tyg + tzp + tgp.

Note 10: Defined from the time an output crosses 0.8V or 2.4V.

tf
Vce 90%
DATA OUTPUT
OuTPUT ENABLE
10p sk GND —10% ~‘1H
Von

Vou-100mV

OuUTPUT

—| tf |-
V,
“ outputr <€ 90% ‘
oATA ENABLE oo | )
OUTPUT toH

Vee—
—_L_ OUTPUT
= Vou

VoL +100mV

Figure 1. High Impedance Test Circuits and Waveforms
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1.0 FUNCTIONAL DESCRIPTION

The ML2261 uses a two stage flash technique for A/D
conversion. This technique first performs a 4 bit flash
conversion on V|y to determine the 4 MSB’s. These

4 MSB’s are then cycled through an internal DAC to
recreate the analog input. This reconstructed analog
input signal from the DAC is then subtracted from the
input, and the difference voltage is converted by a
second 4 bit flash conversion, providing the 4 LSB’s of
the output data word. An additional overrange function
detects if V|\ is greater than +Vggr - V2LSB.

1.1 ANALOG INPUT

The analog input on the ML2261 behaves differently
than inputs on conventional converters. The analog
input current requirements change while the
conversion is in progress, and the amount of input
current depends on what cycle the converter is in.

The equivalent input circuit for the converter is shown
in Figure 6. When the conversion starts in the T/H
mode (WR! in the WR-RD mode or RD! in the RD
mode) S1, S4 and S6 close and S3 opens. This period is
known as the acquisition period where the MSB flash
converter tracks the input signal and the LSB flash .
converter samples it. During this period, VN is
connected to the 16 MSB and 15 LSB comparators.
Thus 38 pF of input capacitance must be charged up
through the combined Ry resistance of the internal
analog switches plus any external source resistance, Rs.
In addition, there is a stray capacitance of approximately
11 pF that needs to be charged through the external
source resistance Rs. This period ends in the WR-RD
mode when WRt or by an internal timer in the RD
mode. At this point S1 and S4 open and the analog
input at Viy is no longer being sampled; thus during
this time the analog voltage on V)y does not affect
converter performance.

Ll
Rs RoN N 1pF
VN —WV-‘W 12K
. 1pF RON
TO MS .
LADDER —0752( e L j’_ s3

Ron  # 134pF

3.6K

64K o 19F Ron

T01S X : I s6
UDDER 55 s = 3

15 LSB COMPARATORS

Figure 6. Converter Equivalent Input Circuit

As shown above, the critical period for charging up the
analog input occurs when the MSB and LSB
comparators are sampling the input, known as the
acquisition period. The source of the external signal on
Vin must adequately charge up the analog voltage
during the acquisition period. To do this, the input
must settle within the required analog accuracy
tolerance at least 50ns before the end of the acquisition
period so that the MSB comparators have adequate
time to make the correct decision. If more time is
needed due to finite charging or settling time of the
external source, the WR low period can be extended in
WR-RD mode. In RD mode, since the acquisition time
is fixed by internal delays, the burden is on .the external
source to charge up and settle the input adequately.

When the ML2261 operates in the S/H mode (pin 19 =
Vce) both the MSB and the LSB flash converter perform
a true sample and hold operation during the
acquisition or sampling period. This period starts after
the falling edge of INT and ends with the falling edge
of WR in the WR-RD mode or the falling edge of RD in
the RD mode. The duration of this period is user
controlled and must satisfy a minimum of tp.

During this period S1, S3, S4 and S6 close, therefore 46
pF of input capacitance must be charged up in addition
to the 11 pF of stray capacitance.

1.2 TRACK AND HOLD vs. SAMPLE AND HOLD

The MSB Flash Converter of the ML2261 in T/H mode
has a track and hold mechanism for sampling the input.
The input is attached to the MSB comparators directly
in the MSB compare cycle, or acquisition period. When
the MSB compare cycle ends, the state of the MSB
comparators is latched. The LSB Flash Converter always
performs a S/H operation. Thus, the analog input signal
can be changing during the MSB compare cycle, or
acquisition period, and the MSB comparators will be
tracking it as long as the slew rate of the analog input
is slow enough so that the MSB comparators can
respond. The ML2261 can track and hold signals with
slew rates as high as .25V/us (16kHz @ 5 volts) without
sacrificing conversion accuracy.

The ML2261 in S/H mode does not have the slew rate
limitation of the T/H mode since an internal sample and
hold acquires the analog signal, holds it internally, and
then performs a conversion. Since this is a true sample
and hold function, the S/H mode can theoretically
digitize signals of frequencies much higher than the
T/H mode. The ML2261 in S/H mode can digitize
signals of frequencies as high as 250kHz @ 5V (slew
rates as high as 4V/us) without sacrificing conversion
accuracy. In most applications, the S/H mode is more
desirable than T/H mode because of the better dynamic
performance.

I@L. Micro Linear
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1.21 CONVERTER — T/H MODE

The operating sequence for the WR-RD mode is
illustrated in Figure 7a. Initially, the internal comparators
are auto-zeroed while WR is high. A conversion is
initiated by the falling edge of WR. While WR is low,
the MSB comparators are tracking the analog input and
comparing this voltage against voltages from the
internal resistor ladder. At the same time, the input is
being acquired or sampled by LSB comparators. On the
rising edge of WR, the MSB comparator results are
latched, and the LSB acquisition time is ended by
closing_the sampling switch to the LSB comparators.
While WR is high, the LSB comparators then compare
the residual input voltage against internal voltages from
the resistor ladder to determine the 4 LSB’s. When the
LSB comparison or conversion is complete, INT goes
low and latches the conversion result into the output
latches. Then, the comparators are auto-zeroed while
WR is high before another conversion can start.

The operating sequence for RD mode, is similar to that
described above for the WR-RD mode, except the
conversion is initiated by the falling edge of RD, and
the MSB and LSB conversions are generated by internal
clock edges that are generated while RD is low.

1.2.2 CONVERTER — S/H MODE

The operating sequence for S/H mode is illustrated in
Figure 7b. Notice that it is similar to T7H mode
described above except this mode has_a true sample
and hold function. The falling edge of INT closes the
sampling switch and starts the acquisition period where
the analog input is sampled at the same time all ____
comparators are auto-zeroed. The falling edge of WR
opens the internal sampling switch, ends the acquisition
period, and starts the conversion on the internally
sample and held signal. The MSB comparators make
their decisions while WR is low. On the rising edge of
WR, the MSB comparator results are latched. The LSB
comparators make their decision when WR is high.
When the LSB comparison or conversion is complete,
INT goes low and latches the conversion result into the
output buffers. Then, the acquisition period begins
again and the converter is ready for the next
conversion.

The operating sequence for the RD mode is the same
as the WR-RD mode, except the conversion is initiated
by the falling edge of RD, and the MSB and LSB
conversions are generated by internal clock edges that
are generated while RD is low.

a). T/H Mode
N \
e > e .
ALL COMPARATORS ~ ACQUISITION LSB
AUTOZEROED. PERIOD. MSB COMPARATORS
COMPARATORS DECIDING.
ARE TRACKING
VIN. LSB
COMPARATORS
ARE SAMPLING
VIN. ‘
CONVERSION ViN SAMPLING RD BROUGHT LOW
STARTS. ENDS. MSB LATCHES LSB
COMPARATOR COMPARATOR
RESULTS ARE RESULTS AND
LATCHED. BRINGS INT LOW.
b). S/H Mode
" __——\_/ : \
| | |
U el 1
ACQUISITION MSB LSB
OR SAMPLING COMPARATORS COMPARATORS
PERIOD. ALL DECIDING. DECIDING.
COMPARATORS
AUTOZEROED.
CONVERSION MSB RD BROUGHT LOW
STARTS. COMPARATOR LATCHES LSB
ViN SAMPLING RESULTS ARE COMPARATOR
ENDS. HOLD LATCHED. RESULTS AND
TIME STARTS. BRINGS iNT LOW.
Figure 7. Operating Sequence (WR-RD Mode)
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1.3 REFERENCE

The +Vggr and -Vggr inputs are the reference voltages
that determine the full scale and zero input voltages,
respectively, for the A/D converter. Thus, +Vggr defines
the analog input which produces a full scale output and
-Vger defines the analog input which produces an
output code of all zeroes. The transfer function for the
A/D converter is shown in Figure 8.

+Vger and -Vggr can be set to any voltage between GND
and Vcc. This means that the reference voltages can be
offset from GND and the difference between +Vggp+ and
-Vger~ can be made small to increase the resolution of
the conversion. Note that the total unadjusted error
increases when [+Vggr - (-VRer)] decreases.

OUTPUT
CODE FULL SCALE
TRANSITION
ERRRRRRY]
11111110
1111101
1
1
| s
] 4
’
I ’
\ ’
Vs
00000011 {-
00000010 1
00000001
00000000 A4y — e
0 1LSB2LSB'S3LSB'S X _Fs

AN, INPUT VOLTAGE (IN TERMS OF LSB’S)

Figure 8. A/D Transfer Characteristic

1.4 POWER SUPPLY AND REFERENCE DECOUPLING

A 0.1uF ceramic disc capacitor is recommended to
bypass Vcc to GND, using as short a lead length as
possible.

If REF+ and REF- inputs are driven by long lines, they
should be bypassed by 0:1uF ceramic disc capacitors at
the reference input pins.

1.5 DYNAMIC PERFORMANCE

1.51 SINUSOIDAL INPUTS

Since the ML2261 has an internal sample and hold, the
device can digitize high frequency sinusoids with little
or no signal degradations. Using the Nyquist criteria,
the highest frequency input to the converter could
theoretically be 1/2 the sampling rate (fy). Any frequency
components above fy/2 will be aliased below fy/2. In
most applications, these aliased components cause
unacceptable distortion and must be filtered out of the
input. If the input frequency is too close to fy/2, then
the requirements on the anti-alias filter become difficult

to impossible to realize with standard component and
tolerances. In most practical applications, the highest
input frequency has to be limited to 1/3 to 1/4 of fiax
in order to relax the filtering requirements enough to
make a realizable anti-alias filter.

The maximum sampling rate (fay) for the ML2261 in
the WR-RD mode, (tgp < tinTL) can be calculated as
follows:

1

fmax “twR*tRo *tRI + tp

frna = 1

max = 170ns + 275ns + 255ns + 300ns
frnax = 1.00 MHz

twr = Write Pulse Width

trp = Delay Time between 'WR and RD Pulses
tr = RD to INT Delay

tp = Delay Time between Conversions

This permits a maximum sampling rate of 1MHz for the
ML2261. The dynamic performance specifications (SNR,
HD, IMD, and FR) for the ML2261 are all specified at
250kHz, which is approximately 1/4 of the sampling
rate, f,.

In applications where aliased frequency components
are acceptable and filtering of the input signal is not
needed or where a filter with a steep amplitude
response is available, the user can apply an input
sinusoid higher than 250kHz to the device. Note,
however, that as the input frequency increases above
500kHz, dynamic performance degradation will occur
due to the finite bandwidth of the internal sample and
hold.

The Figure 9 plots are 4096 point FFT’s of the ML2261
converting a 257kHz and a 491kHz, 0 to 4.5V, low
distortion sine wave input. The ML2261 samples and
digitizes at its specified accuracy, dynamic input signals
with frequency components up to the Nyquist
frequency (one-half the sampling rate). The output
spectra yields precise measurements of the input signal
level, harmonic components, and signal to noise ratio
up to the 8-bit level. The near ideal signal to noise ratio
is maintained independent of increasing analog input
frequencies to 500kHz.

1.5.2 SIGNAL-TO-NOISE RATIO

Signal-to-noise ratio (SNR) is the measured signal to
noise at the output of the converter. The signal is the
rms magnitude of the fundamental. Noise is the rms
sum of all the nonfundamental signals up to half the
sampling frequency. SNR is dependent on the number
of quantization levels used in the digitization process;
the more the levels, the smaller the quantization noise.
The theoretical SNR for a sine wave is given by

SNR = (6.02N + 1.76) dB

where N is the number of bits. Thus for ideal 8-bit
converter, SNR = 49.92 dB.

@ Micro Linear
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. T
10 —sNR 48.4dB 10 = GNR 49.1dB
20 | _HD -6287dB _20|_HD -5833dB
Vcc = VRer = 5.0V Vcc = VREr = 5.0V
_30}_Ta=25°C 30 -Ta=25°C
-40 -40
8 =
2 50 £ 50
8 8
a -60 ,:_> -60
Z 70 H Z -7
g -80 “é -80
90 -90
-100 —H—¥ } | { -100 1t i 'TJ if —
-110 H -10
120

200 400
FREQUENCY (KH2)

a) Ouput Spectrum with fiy = 257kHz, fs = TMHz

0 200 400
FREQUENCY (KH2)

b) Output Spectrum with fyy = 491kHz, fg = 1TMHz

Figure 9. Dynamic Performance, Sample and Hold Mode

1.5.3 HARMONIC DISTORTION
Harmonic distortion is the ratio of the rms sum of
harmonics to the fundamental. Total harmonic
distortion (THD) of the ML2261 is defined as
(V22 + V32 +V 42 + V52)'/z

Vi
where V; is the rms amplitude of the fundamental and

Vy, V3, Vg4, V5 are the rms amplitudes of the individual
harmonics.

20 log =

1.54 INTERMODULATION DISTORTION

With inputs consisting of sine waves at two frequencies,
fa and fg, any active device with nonlinearities will
create distortion products, of order (m + n), at sum and
difference frequencies of mfa + nfg, where m, n = 0, 1,
2, 3 ... Intermodulation terms are those for which m
or n is not equal to zero. The (IMD) intermodulation
distortion specification includes the second order terms
(fa + fg) and (fa - fg) and the third order terms

(2fA + fB), (ZfA - fB), (fA + ZfB), and (fA - 2fB) onIy.

1.6 DIGITAL INTERFACE

The ML2261 has two basic interface modes, RD and
WR-RD, which are selected by the MODE input pin.

1.6.1 RD MODE

In the RD mode, the WR/RDY pin is configured as the
RDY output. The read mode performs a conversion
with a single RD pulse. This allows the uP to start a
conversion, wait, and then read data with a single read
instruction.

The timing for the RD mode is shown in Figure 2. To
do a conversion, CS must be low to select the device.
After CS goes low, the RDY output goes low indicating
that the device is ready to do a conversion. The
conversion starts on the falling edge of RD. While RD is
low, the MSB and LSB decisions are made with
internally generated clock edges. When the conversion
is complete, RDY goes high and INT goes low signaling
the end of the conversion. After INT goes low, the data
outputs go from high impedance to active state with
valid output data. Data stays valid until either RD or CS
goes high. When either signal goes high, the output
data lines return to the high impedance state and INT
returns high. A pull up resistor on RDY in the sample
and hold mode will cause clock injection, degrading
the total unadjusted error, unless CS! is = 20ns before
RDI.

1.6.2 WR-RD MODE

In the WR-RD mode, the WR/RDY pin is configured as
the WR input. In_this mode, WR initiates the
conversion and RD controls reading the output data.
This can be done in several ways, described below.

1.6.3 WR-RD MODE — USING INTERNAL DELAY

(trp > tinTD

The timing is shown in Figure 3. To do a conversion,
CS must be low to select the device. Then, WR falling
edge triggers the conversion. While WR is low, the MSB
comparison is made. When WR returns high the LSB
decision is made. After some internal delay, INT goes
low indicating end of conversion. Valid data will appear
on DBO0-7 when RD is pulled low. INT is then reset by
the rising edge of either CS or RD.

2-118
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1.64 WR-RD MODE — READING BEFORE DELAY

(trp < tint)

The internally generated delay for the LSB decision
when tgp > tinTL is longer than necessary due to
circuit design tolerances of ty\y delay. If desired, a
faster conversion will result without loss of accuracy by
bringing RD low within the minimum time specified for
trp. The timing diagram for this mode is shown in
Figure 4. WR is the same as when tgp > tiyt. But in
this case, RD is brought low tgp ns after WR rising
edge and before INT. INT goes low indicating an end
of conversion after the falling edge of RD and is reset
on the rising edge of RD or CS. When RD is brought
low before INT goes low the data_bus always remains
in the high-impedance state until INTI.

1.6.5 WR-RD MODE — STAND ALONE OPERATION

Stand alone operation can be implemented by tying CS
and RD low as shown in Figure 5. WR initiates a
conversion as before. When WR is low, the MSB
comparison is made. When, WR goes high, the LSB
comparison is made. Since RD is already low, the
output data will appear automatically at end of
conversion. Since RD is always low, INT is reset on
rising edge of WR and goes low at end of conversion.

1.6.6 POWER-ON RESET

When power is first applied, an internal power-on reset
and timer circuit inhibits the CS input and resets the
internal circuitry to prevent the ML2261 from starting in
an unknown state. During this period of approximately
3us, INT remains high and the data bus is in the high-
impedance state.

@ Micro Linear
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2.0 TYPICAL APPLICATIONS

Vce
ML2261 ML2261
Vec
+ . W .
Apd REF AuF
VIN I 0 TO Vec 0— Vin :_l;

-VREF
-15Vpc I GND %

* NO PROTECTION IS REQUIRED IF INPUT CURRENT < 25mA

Figure 10. Protecting the Input Figure 11. Using V¢ as Reference for Ratiometric
Operation
I "ADDRESS 68008
ML2261
DDRESS
475V a Decobe P A
+VRer _L+ VREFOUT
IJ”F VIN 0— TR
mi2261 | = ML2340 Nt DTACK

0= Vin < Voc 0— Wit m"——"G-_oQ- R
" REFERENCE [0 Vout
DB7
DBO

) DATA DBO

Figure 12. Using External Reference of D/A Figure 13. 68000 Type Interface to ML2261
[ oGS
5V WR —OWR
?
+ +V —O RDX
" ;if REF w1
= Vi 4
.nyji REF :] a :!:% d d
L E GND DB7 DB7
10003 | = DBo T DBO
V‘No_‘soon:L
S
\ =
10003 WR [ _F)G
oI Fo( T
+ +VRer
= auF ofL Dc —» DB8
= VIN  pg7
VRer DBO

Figure 14. 9-Bit Resolution
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2.0 TYPICAL APPLICATIONS (Continued)

VREF
Q —
*—— o =3 ~s
WR¢ WR
RD [« RD A
INT f&— - INT
VINA O— ML2261
5V
DB7 DATA
[ DBO >
50K
< 25K
VWA— ML2261
\% 2 L CS |
IN—AAM—E WR _
ViN e D B
+ iNT > INT
L VINB O———1 Mm12261
e DATA >
Figure 15. 2.5V Analog Input Range Figure 16. Simultaneous Sampling of Two Variables
DB7 D7
DBO DATA > Do

NT| INT

TDle < i DEN

V|N0-—1 ML2261 _L
w25
T s -y
S [soumce o
T | ook || M o
_ PA1
Vouro— v_fI:; '—‘:9—52

Figure 17. TMS320 Interface with D/A Output

ML2261 8051
S
ViN 0— | =
WR|e P3, 1
RD P3, 2
iNT P3,3
DB? :> P, 7
DBojDATA P10

Figure 18. 8051 Interface to ML2261
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TYPICAL APPLICATIONS (Continued)
Vec Efvnc)
+VReF Vcc*l
+
I AuF
ML2261 =
égﬁ",%é VIN
_l_ 20k$
-VREF
1k§
=
=

Figure 19. Operating with a Ratiometric Analog Signal of 15% of V¢ to 85% of V¢

ORDERING INFORMATION

TOTAL TEMPERATURE

PART NUMBER UNADJUSTED ERROR RANGE PACKAGE
ML2261BI) +% LSB -40°C to +85°C HERMETIC DIP (J20)
ML2261BCP 0°C to +70°C MOLDED DIP (P20)
ML2261BCQ 0°C to +70°C MOLDED PCC (Q20)
ML2261Cl) +1LSB -40°C to +85°C HERMETIC DIP (J20)
ML2261CCP 0°C to +70°C MOLDED DIP (P20)
ML2261CCQ 0°C to +70°C MOLDED PCC (Q20)
2-122
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ML2264

4-Channel High-Speed 8-Bit

A/D Converter with T/H (S/H)

GENERAL DESCRIPTION

The ML2264 is a high-speed, uP compatible, 4-channel
8-bit A/D converter with a conversion time of 680ns over
the operating temperature range and supply voltage
tolerance. The ML2264 operates from a single 5V supply
and has an analog input range from GND to Vcc.

The ML2264 has two different pin selectable modes. The
T/H mode has an internal track and hold. The S/H mode
has a true internal sample and hold and can digitize 0 to
5V sinusoidal signals as high as 500kHz.

The ML2264 digital interface has been designed so that
the device appears as a memory location or I/O port to a
WP. Analog input channels are selected by the latched and
decoded multiplexer address inputs.

The ML2264 is an enhanced, pin compatible second
source for the industry standard AD7824. The ML2264
enhancements are faster conversion time, parameters
guaranteed over the supply tolerance and temperature
range, improved digital interface timing, superior power
supply rejection, and better latchup immunity on analog
inputs.

FEATURES

m Conversion time, WR-RD mode over temperature and
supply voltage tolerance

Track & Hold Mode ........c.coeuecerenennnnen. 830ns max
Sample & Hold Mode...........ccccveeurennennen. 700ns max
Total unadjusted error .........c..c.ce... +1/2 LSB or £1 LSB

Capable of digitizing a 5V, 250kHz sine wave
4-analog input channels
No missing codes

0V to 5V analog input range with single 5V power
supply

m No zero or full scale adjust required
B Analog input protection .......ccecceeceereveeenveenne 25mA min
m Operates ratiometrically or with up to 5V voltage

reference
m No external clock required
® Power-on reset circuitry
B LOW POWEN ....cviieiiiiiiiiiiininrccne e 100mW
m Narrow 24-pin DIP or surface mount SOIC
| Superior pin compatible replacement for AD7824

Vcc  +VRer -VRer  GND
? SH/TH
|
+VREF- 4-BIT >
-oDB7
AIN1 O DECODE L ODB6
LOGIC,
AIN2 O 4.cH LATCH [-ODB5
AIN 3 O MUX & | o4
AIN 4 O THREE
STATE [~ODB3
OUTPUT | opg2
BUFFER
> l-opB1
> -ODBo
ADDRESS TIMING
LATCH &
DECODE CONTROL
A0 Al INT CS WR/RDY RD SH/TH MODE

PIN CONNECTIONS
24-Pin DIP 24-Pin SOIC
AN M [JVec  anacT]s 24 [T Vee
AIN3[]2 BSHAH A N3T] 2 23 FTIsH/TH
AIN2[T]3 22 []A0 AIN2[T] 3 22 [ T7A0
AINT[] 4 2 []A1 AINTCT] 4 21 [TAt
MODEE 5 20[]DB7  MopE[T] s 20 [T DB7
DBO[] 6 19 []DB6 DBOCT] 6 19 [FT0B6
pB1[] 7 18 []DBS pB1CT] 7 18 [T7D8B5
DB2[] 8 17 [JoB4 pB2[T] 8 17 [TDBa
DB3[] 9 16 :]§ DB3[T] 9 16 [T1CS
R__DE 10 15 jWR/RDY RD[T] 10 15 [ TIWR/RDY
INT[ |1 14 | ]+Vger NTCT 14 [T +Veer
GNDE 12 13 | |-VRer GND [T 12 13 [T -VRer
TOP VIEW TOP VIEW
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PIN DESCRIPTION

PIN# NAME FUNCTION PIN# NAME FUNCTION
1 AIN4 Analog input 4. 15 WR/RDY  Write input or ready output. In WR-RD
. mode, this pin is WR input. In RD

2 AIN3 Analog input 3. mode, this pin is RDY open drain

3 AIN2 Analog input 2. output. See Digital Interface section.

4 AIN1 Analog input 1. 16 CS Chip select input. This pin must be

held low for the device to perf

5 MODE Mode select input. cgnve?:;/or?r ¢ device lo periorm a

MODE = GND: RD mode )

MODE = Vcc: WR-RD mode 17 DB4 Data output — bit 4.
Pin has internal current source .
pulldown to GND. 18 DB5 Data output — bit 5.

6 DBO Data output — bit 0 (LSB). 19 DB6 Data output — bit 6.

7 DBI Data output — bit 1. 20 DB7 Data output — bit 7 (MSB).

. 21 A1l Digital address input 1 that selects

8 De2 Data output — bit 2. analog input channel. See multiplexer

8 DB3 Data output — bit 3. addressing section.

10 RD Read input. In RD mode, this pin 22 A0 Digital address input O that selects
initiates a conversion. In WR-RD analog input channel. See multiplexer
mode, this pin latches data into output addressing section.

L latches. See Digital Interface section. 23 SH/TH S/H, T/H mode select. When SH/TH =

11 INT Interrupt output. This output signals Ve, the device is in sample and hold
the end of a conversion and indicates mode. When SH/TH = GND, the
that data is valid on the data outputs. device is in track and hold mode. Pin
See Digital Interface section. has internal pulldown current source

to GND.

12 GND Ground. |

iti 8 + 5%.

13 —VRer Negative reference voltage for 24 Vec Positive supply. +5 volts + 5%
A/D converter.

14 +Vger Positive reference voltage for
A/D converter.

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS
(Note 1)
Supply Voltage, Ve voeeveeeeenencncnnns 4.5Vpc to 6.0Vpc
Supply Voltage, Ve ceveeveeeiniererenirieieieieeenesesniesinneen 6.5V Temperature Range (Note 3) ................. TmiN < Ta < Tpax
Voltage ML2264BM], ML2264CM] ................. -55°C to +125°C
Logic INPUtS ..oovevriieeiiieieieineeee -0.3Vto Ve + 0.3V ML2264B1j, ML2264C!) ..o, 40°C to +85°C
Analog Inputs .........cccceeneee -0.3Vto Vce + 0.3V ML2264BCS, ML2264CCS
Input Current per Pin (NOte 2) ......cooooverrvevvervvenennns +25mA ML2264BCP, ML2264CCP .......orvvreverrnnee. 0°C to +70°C
Storage Temperature .......cc.cceeceeeveernennnen. -65°C to +150°C
Package Dissipation
at To = 25°C (Board Mount) .......cocceceveenneennnnnn. 875mW
Lead Temperature (Soldering 10 sec.)
Dual-In-Line Package (PlastiC) ........coccoververuereennns 260°C
Dual-In-Line Package (Ceramic).........ccceveevevrennne 300°C
SOIC
Vapor Phase (60 SEC.) ....ccevvervieeerereeereruaneanns 215°C
Infrared (15 SEC.) wuvevveeeeiereeeeirreeeeeeeeeeeeeeeseeenens 220°C
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ELECTRICAL CHARACTERISTICS

Unless otherwise specified, Ta = Tpmin to Tmax, Vee = +VRrer = 5V £ 5%, and —Vggr = GND

ML2264XCX ML2264XIX, ML2264XMX
TYP TYP
PARAMETER NOTES CONDITIONS MIN |(NOTE4)| MAX MIN [(NOTE 4)] MAX [UNITS
Converter
Total Unadjusted Error
ML2264BXX 5,7 | Vrer = Vee +1/2 +1/2 | LsB
ML2264CXX +1 +1 LSB
Integral Linearity Error
ML2264BXX 5,7 | Vrer = Ve +1/2 +1/2 | LSB
ML2264CXX +1 +1 LSB
Differential Linearity Error
ML2264BXX 5 | VRer = Vee +1/2 +1/2 | LSB
ML2264CXX +1 +1 LSB
Full Scale Error
ML2264BXX 5 +1/2 +1/2 LSB
ML2264CXX +1 +1 LSB
Zero Scale Error
ML2264BXX 5 +1/2 +1/2 LSB
ML2264CXX +1 +1 LSB
Channel to Channel 5 +1/4 +1/4 LSB
Mismatch
+VRer Voltage Range 6 ~VRer Vee+0.1| —Veer Vce+0.1 Vv
~Vger Voltage Range 6 IGND-0.1 +Vger IGND-0.1 +VRer \Y
Reference Input Resistance| 5 1 2.5 4 1 2.5 4 kQ
Analog Input Range 58 IGND-0.1 Vce+0.1IGND-0.1 Vcc+0.1 \Y
Power Supply Sensitivity 5 DC +1/32 | t1/4 +1/32 | +1/4 LSB
Vee =5V £ 5%, Vgee = 4.50V
100mVp-p +1/16 +1/16 LSB
100kHz sine on V¢c, Vin=0
Analog Input Leakage 5 ON Channel = V¢ -1 -1 HA
Current, OFF Channel OFF Channel = 0V
ON Channel = 0V 1 1 LA
OFF Channel = V¢
Analog Input Leakage 5 ON Channel = 0V -1 -1 HA
Current, ON Channel OFF Channel = V¢
ON Channel = V¢ 1 1 pA
OFF Channel =0V
Analog Input Capacitance During Acquisition Period 45 45 pF
Digital and DC
Vinay Logical “1” Input 5 | WR,RD, CS, A0, A1 2.0 2.0 \Y
Voltage MODE, SH/TH Vce-0.5 Vce-0.5 \%
Vino) Logical “0” Input 5 | WR, RD, CS, A0, A1 0.8 0.8 \%
Voltage MODE, SH/TH 0.5 0.5 \%
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ELECTRICAL CHARACTERISTICS (Continued)

Unless otherwise specified, Tao = Tpn to Tmax, Vec = +VRee = 5V * 5%, and =Vger = GND, and timing measured at 1.4V,

C, = 100pF.
ML2264XCX ML2264XIX, ML2264XMX
TYP TYP
PARAMETER NOTES| CONDITIONS MIN [(NOTE4)| MAX MIN [(NOTE4), MAX |UNITS
Digital and DC (Continued)
lingy, Logical “1” 5 Vi = Vce WR, RD, CS, 1 1 HA
Input Current A0, A1
MODE, SH/TH 15 50 150 15 50 150 HA
Iino), Logical “0” 5 | Vpy=GND | WR,RD,CS -1 -1 17
Input Current MODE, SH/TH | —20 20 HA
VOUT(I)/ Logical “" 5 IOUT =-2mA 4.0 4.0 \%
Output Voltage
VOUT(O)/ Logical “0" 5 IOUT =2mA 0.4 0.4 \%
Output Voltage
lour, Three-State Output 5 Vour =0V -1 -1 HA
Current
Vour = Vcc 1 1 HA
Cour, Logic Output 5 5 pF
Capacitance
Cin, Logic Input 5 5 pF
Capacitance
Icc, Supply Current 5 | CS=WR=RD="1" 18 20 mA
No Output Load
AC and Dynamic Performance (Note 9)
tcrp, Conversion Time, 5 | RD to INT, MODE = 0V 1020 1100 ns
Read Mode
tcwr-rD, Conversion Time, | 5,9 | WR Falling | SH/TH = V¢ 700 775 ns
Write-Read Mode Edge to INT, —
to <tint, | SH/TH = GND 830 930 ns
MODE = V¢
SNR, Signal to Noise Ratio VN = 5V, 250kHz 48 48 dB
Noise is sum of all
nonfundamental
components
from 0-500kHz.
SH/TH = Vcc, MODE = V¢
fsampLING = 1.0 MHz
HD, Harmonic Distortion VN =5V, 250kHz -63 -63 dB
THD is sum of 2-5th
harmonics relative to
fundamental.
SH/TH = Ve, MODE = Vc
fsampLING = 1.0 MHz
IMD, Intermodulation fa=2.5V, 250kHz -60 -60 dB
Distortion fb = 2.5V, 248kHz
IMB is (fa + fb), (fa - fb),
(2fa + fb), (2fa - fb),
(fa + 2fb), or (fa - 2fb)
relative to fundamental.
SH/TH = V¢, MODE = Ve
fsampLinG = 1.0 MHz

2-126

H-%Micro Linear



ML2264

ELECTRICAL CHARACTERISTICS (Continued)
Unless otherwise specified, Ta = Tmin t0 Tmax, Vec = +VRer = 5V £ 5%, and -Vggr = GND, and timing measured at 1.4V,
C_ = 100pF.

ML2264XCX ML2264XIX, ML2264XMX
TYP TYP
PARAMETER NOTES) CONDITIONS MIN [(NOTE4)] MAX MIN (NOTE4)] MAX |UNITS

AC and Dynamic Performance (Note 9) (Continued)

FR, Frequency Response VIN = 5V, 0-250kHz +0.1 +0.1 dB
Relative to 1kHz

SHfm = Vcc, MODE = V¢
fsampLING = 1.0 MHz

SR, Slew Rate Tracking 6 | SH/TH =Vcc 4.0 4.0 V/us
SH/TH = GND 0.25 0.25 | Vius
tas, Multiplexer Address 5 SH/TH = GND, Figure 1 0 0 ns
Setup Time (Track & Hold Operation)
tan, Multiplexer Address 5 | SH/TH = GND, Figure 1 60 70 ns
Hold Time (Track & Hold Operation)
tas, Multiplexer Address 5 | SH/TH = V¢, Figure 2 225 245 ns
Setup Time (Sample & Hold Operation)
taH, Multiplexer Address 5 SH/TH = Vc, Figure 2 60 70 ns
Hold Time (Sample & Hold Operation)
AC Performance Read Mode (Pin 5 = 0V), Figure 4
troy, CS to RDY Delay 5 0 60 0 65 ns
trpD, RD Low to 5,10 | Figure 3 1020 1100 ns
RDY Delay
tcss, CS to RD, WR 5 0 0 ns
Setup Time
tcsh, CS to RD, WR 5 0 0 ns
Hold Time
tcrD, Conver_sipn Time— | 5,10 1020 1100 ns
RD Low to INT low
tacco, Data Access Time 5 tcrp-10 tcrp+20|tcrp-10 tcrp+20 | ns
RD to Data Valid
tRDPW/ RD Pulse Width 5 tcrp+30 tcro+30 ns
tinTH, RD to INT Delay | 5, 10 0 65 0 75 ns
tpy, Data Hold Time — | 6, 10 | Figure 3 0 50 0 60 ns

RD Rising Edge to Data
High Impedance State

tp, Delay Time Between 5,10 | Sample & Hold Mode, 300 325 ns
Conversions — INT Low SH/TH = V¢

toRD Low Track & Hold Mode, 240 260 ns

SH/TH = GND

AC Performance Write-Read Mode (Pin 5 = 5V), Figures 5 and 6

tcss, CS to RD, WR 5 0 0 ns
Setup Time

tcsy, CS to RD, WR 5 0 0 ns
Hold Time

twg, WR Pulse Width 5 | SH/TH = Ve 190 50K | 205 50K ns

6 | SH/TH=GND 320 50K | 360 50K ns

8L Micro Linear 2-127




ML2264
ELECTRICAL CHARACTERISTICS (Continued)

Unless otherwise specified, Ta = Tmin to Tmax, Ve = +VRer = 5V £ 5%, and —Vggr = GND, and timing measured at 1.4V,
Cy = 100pF.

ML2264XCX ML2264XIX, ML2264XMX
TYP TYP

PARAMETER NOTES| CONDITIONS MIN |(NOTE4)| MAX MIN |(NOTE4)] MAX |UNITS
AC Performance Write-Read Mode (Pin 5 = 5V) Figures 5 and 6 (Continued)

trp, Read Time — WR 5 | tro <tNTL 275 300 ns
High to RD Low Delay .

tr1, RD to INT Delay 5,10 | trp < tiNTL 0 235 0 270 ns
tacci, Data Access Time 5 trRD < tiNTL 0 240 0 300 ns
— RD Low to Data Valid

tcwr-rD, Conversion Time|5, 9, 10| trp < tinTL, SH/TH = Ve 700 775 ns
— WR Falling Edge to P

INT Low 6,9, 10| trp < tinTL, SH/TH = GND 830 930 ns
tNTL, lntglﬁll Comparison| 5, 10 | trp > tiNTL 620 670 ns
Time — WR Rising Edge

to INT Low

tacca, Data Access Time 5 tRD > tNTL 0 50 0 60 ns
— RD to Data Valid

tpy, Data Hold Time — 6,10 | Figure 3 0 50 0 60 ns
RD Rising Edge to Data

High Impedance State

tintH, RDT to INTT Delay | 5, 10 0 65 0 75 ns
tp, Delay Time Between 5,10 | Sample & Hold Mode, 300 325 ns
Conversions — INT Low SH/TH = Ve

to WR Low Track & Hold Mode, 240 260 ns

SH/TH = GND

tinwr, WRT to INTT Delay| 5, 10 | Standalone Mode 0 90 0 100 ns
tip, INT{ to Data 5,10 | Standalone Mode 0 20 0 30 ns
Valid Delay

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:  When the voltage at any pin exceeds the power supply rails (Vi < GND or Vi > V) the absolute value of current at that pin should be limited to 25mA or less.

Note 3: -55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-cast test conditions. 0°C to +70°C and -40°C to +85°C
operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by correlation with worst-case test
conditions.

Note 4: Typicals are parametric norm at 25°C.

Note 5: Parameter guaranteed and 100% production tested.

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation.

Note 7: Total unadjusted error includes offset, full scale, linearity, sample and hold, and multiplexer errors. Total unadjusted error 1s tested at the minimum specified times
for WR, RD, tgy, and tp. For example, for the ML2264XCX in the sample and hold mode, WR/RD mode twg = 190ns, tzp = 275ns with a frequency of 1.000MHz
(cycle time of 1000ns).

Note 8: For -Vggr 2 Vi the digital output code will be 0000 0000. Two on-chip diodes are tied to the analog input which will forward conduct for analog input voltages one
diode drop below ground or one diode drop greater than the V¢ supply Be careful, during testing at low V¢ levels (4.5V), as high level analog inputs (5V) can
cause this input diode to conduct — especially at elevated temperatures, and cause errors for analog inputs near full scale The spec allows 100mV forward bias of
erther diode. This means that as long as the analog V) or Vger does not exceed the supply voltage by more than 100mV, the output code will be correct. To achieve
an absolute 0Vpc to 5Vpc input voltage range will therefore require a minimum supply voltage of 4.900Vpc over temperature variations, initial tolerance and
loading

Note 9: Conversion time, write-read mode = tyg + trp + tgy-

Note 10: Defined from the time an output crosses 0.8V or 2 4V

2-128 TEL Micro Linear



ML2264

{ ADDR /
AD, A1 X_VALID X
tan

- N\

a) RD Mode (Pin 5 = GND) b) WR-RD Mode (Pin 5 = V)

Figure 1. Analog Multiplexer Address Timing for Track & Hold Mode (Pin 23 = GND)

tas —p
|— tAH

ADDR
A0, A1 VALID ><

Figure 2. Analog Multiplexer Address Timing for Sample & Hold Mode (Pin 23 = V¢¢)

DATA
oy
10pF I 5k

OouTPUT

Vcc
OUTPUT
5k ENABLE
DATA
OUTPUT v
10pF cC
I OUTPUT /—
VoL Vol + 100mV

Figure 3. High Impedance Test Circuits and Waveforms
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R \
cs N N
<
R—D T
tp————»
RDY TERNAL PULL-UP

thm
DBO-DB7 VALD o eee
[« tDH

*In SAMPLE & HOLD mode a pull up resistor on RDY should not be used unless
CS! is > 20ns before RDI.

Figure 4. RD Mode Timing

WR twr )/ Y
tess < > [« tcsH < tp. -
RD \ Y/
[€—— tRD >N /

> |<tNTH
iNT \\ )“

[—— UNTL—>>|
DB0-DB7 ===-mmmememem e ————— mlr'f’ -
tacc2» |-
> -

Figure 5. WR-RD Meode Timing (tgp > tinT1)

[ tcsH
— twr S 7
WR %
tcss—» <€ tRp > €—tp
w NS
> |tRri| <€
N
INT K
> |ltinTH
DB0-DB7 == === === == - m&? --
tacci—o| tbH

Figure 6. WR-RD Mode Timing (tgp < tinTL)

€— tINTL—>

WR twr
tp
—>»| |<=tHwWR
INT 3 /

> tip
VALID
DB0-DB7 q  DATA

Figure 7. WR-RD Mode Stand-Alone Timing CS = RD = 0
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1.0 FUNCTIONAL DESCRIPTION

The ML2264 uses a two stage flash technique for A/D
conversion. This technique first performs a 4 bit flash
conversion on V| to determine the 4 MSB’s. These 4
MSB’s are then cycled through an internal DAC to
recreate the analog input. This reconstructed analog input
signal from the DAC is then subtracted from the input, and
the difference voltage is converted by a second 4 bit flash
conversion, providing the 4 LSB’s of the output data word.

1.1 MULTIPLEXER ADDRESSING

The ML2264 contains a 4-channel single ended analog
multiplexer. A particular input channel is selected by
using the address inputs AO and A1. The relationship
between the address inputs, AO and A1, and the analog
input selected is shown in Table 1.

Selected Address Input
Analog Channel A0 Al
AINT 0 5
AIN 2 1 0
AIN3 0 -
AIN 4 1 1

Table 1. Multiplexer Address Decoding

The address inputs _are latched into the ML2264 on the
falling edge of the RD, WR, or CS depending on the state
of pins SH/TH and mode as shown in Table 2.

Address Latching
Signal Mode Operation Mode
RD{ GND GND
WR{ Vee GND
[} GND Vee
csl Vee Vee
Table 2.

In the Sample & Hold mode of operation CS is used as the
address latch enable, allowing for continuous conversions
without addressing a given analog input for each
conversion.

The Track & Hold mode of operation requires an analog
input to be addressed and latched for each conversion
that the ML2264 performs.

1.2 ANALOG INPUTS

The analog input on the ML2264 behaves differently than
inputs on conventional converters. The analog input
current requirements change while the conversion is in
progress, and the amount of input current depends on
what cycle the converter is in.

The equivalent input circuit for the converter is shown in
Figure 8. When the conversion starts in the T/H mode
(WRU in the WR-RD mode or RD{ in the RD mode) S1,
S4 and S6 close and S3 opens. This period is known as the
acquisition period where the MSB flash converter tracks
the input signal and the LSB flash converter samples it.
During this period, V| is connected to the 16 MSB and
15 LSB comparators. Thus 38pF of input capacitance must
be charged up through the combined Ry resistance of
the internal analog switches plus any external source
resistance, Rs. In addition, there is a stray capacitance of
approximately 11pF that needs to be charged through the
external source resistance Rg. This period ends in the WR-
RD mode when WRT or by an internal timer in the RD
mode. At this point S1 and S4 open and the analog input
at V| is no longer being sampled; thus during this time
the analog voltage on V| does not affect converter
performance.

As shown above, the critical period for charging up the
analog input occurs when the MSB and LSB comparators
are sampling the input, known as the acquisition period.
The source of the external signal on V) must adequately
charge up the analog voltage during the acquisition
period. To do this, the input must settle within the
required analog accuracy tolerance at least 50ns before
the end of the acquisition period so that the MSB
comparators have adequate time to make the correct
decision. If more time is needed due to finite charging or
settling time of the external source, the WR low period
can be extended in WR-RD mode. In RD mode, since the
acquisition time is fixed by internal delays, the burden is
on the external source to charge up and settle the input
adequately.

When the ML2264 operates in the S/H mode (pin 23 =
Vce) both the MSB and the LSB flash converter perform a
true sample and hold operation during the acquisition or
sampling period. This period starts after the falling edge of
INT and ends with the falling edge of WR in the WR-RD
mode or the falling edge of RD in the RD mode. The
duration of this period is user controlled and must satisfy a
minimum of tp.

During this period S1, S3, S4 and S6 close, therefore
46pF of input capacitance must be charged up in addition
to the 11pF of stray capacitance.

1.3 TRACK AND HOLD vs. SAMPLE AND HOLD

The MSB Flash Converter of the ML2264 in T/H mode has
a track and hold mechanism for sampling the input. The
input is attached to the MSB comparators directly in the
MSB compare cycle, or acquisition period. When the MSB
compare cycle ends, the state of the MSB comparators is
latched. The LSB Flash Converter always performs a S/H
operation. Thus, the analog input signal can be changing
during the MSB compare cycle, or acquisition period, and
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the MSB comparators will be tracking it as long as the
slew rate of the analog input is slow enough so that the
MSB comparators can respond. The ML2264 can track
and hold signals with slew rates as high as 0.25V/us
(16kHz @ 5 volts) without sacrificing conversion
accuracy.

The ML2264 in S/H mode does not have the slew rate
limitation of the T/H mode since an internal sample and
hold acquires the analog signal, holds it internally, and
then performs a conversion. Since this is a true sample
and hold function, the S/H mode can theoretically digitize
signals of frequencies much higher than the T/H mode.
The ML2264 in S/H mode can digitize signals of
frequencies as high as 250kHz @ 5V (slew rates as high as
4V/us) without sacrificing conversion accuracy. In most
applications, the S/H mode is more desirable than T/H
mode because of the better dynamic performance.

1.3.1 Converter — T/H Mode

The operating sequence for the WR-RD mode is illustrated
in Figure 9a. Initially, the internal comparators are auto-
zeroed while WR is high. A conversion is initiated by the
falling edge of WR. While WR is low, the MSB
comparators are tracking the analog input and comparing
this voltage against voltages from the internal resistor
ladder. At the same time, the input is being acquired or_
sampled by LSB comparators. On the rising edge of WR,
the MSB comparator results are latched, and the LSB
acquisition time is ended by closing the sampling switch
to the LSB comparators. While WR is high, the LSB
comparators then compare the residual input voltage
against internal voltages from the resistor ladder to
determine the 4 LSB’s. When the LSB comparison or
conversion is complete, INT goes low and latches the
conversion result into the output latches. Then, the
comparators are auto-zeroed while WR is high before
another conversion can start.

The operating sequence for RD mode, is similar to that
described above for the WR-RD mode, except the
conversion is initiated by the falling edge of RD, and the
MSB and LSB conversions are generated by internal clock
edges that are generated while RD is low.

= = 11pF
Rs
VIN-'\NV— 1her 1
p
10 Ms >{
LADDER
16 MSB COMPARATORS =
s4
RON 1.34pF
———AXA«—; ; 3.6K
6.4K o 1P RoN
ToLs —P{ M 56
LADDER =
S5 To.5pF <
15 LSB COMPARATORS

Figure 8. Converter Equivalent Input Circuit

1.3.2 Converter — S/H Mode

The operating sequence for S/H mode is illustrated in
Figure 9b. Notice that it is similar to T/H mode described
above except this mode has a true sample and hold
function. The falling edge of INT closes the sampling
switch and starts the acquisition period where the analog
input is sampled at the same time all comparators are
auto-zeroed. The falling edge of WR opens the internal
sampling switch, ends the acquisition period, and starts
the conversion on the internally sample and held signal.
The MSB comparators make their decisions while WR is
low. On the rising edge of WR, the MSB comparator
results are latched. The LSB comparators make their
decision when WR is high. When the LSB comparison or
conversion is complete, INT goes low and latches the
conversion result into the output buffers. Then, the
acquisition period begins again and the converter is ready
for the next conversion.

The operating sequence for the RD mode is the same as
the WR-RD mode, except the conversion is initiated by
the falling edge of RD, and the MSB and LSB conversions
are generated by internal clock edges that are generated
while RD is low.
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(a) T/H Mode
W :
ACQUISITION MSB LS8
OR SAMPLING COMPARATORS ~ COMPARATORS
PERIOD. ALL DECIDING. DECIDING.
COMPARATORS
AUTOZEROED. T T
CONVERSION MsB RD BROUGHT LOW
STARTS. COMPARATOR  LATCHES LSB
Vin SAMPLING RESULTS ARE COMPARATOR
ENDS. HOLD LATCHED. RESULTS AND
TIME STARTS. BRINGS iNT LOW.
(a) S/H Mode
¥
WR h . :

ALL ACQUISITION LSB
COMPARATORS PERIOD. MSB COMPARATORS
AUTOZEROED. COMPARATORS DECIDING.

ARE TRACKING

VIN. LSB
COMPARATORS
ARE SAMPLING
VIN.
CONVERSION VIN SAMPLING RD BROUGHT LOW
STARTS. ENDS. MSB LATCHES LSB
COMPARATOR COMPARATOR
RESULTS ARE RESULTS AND
LATCHED. BRINGS INT LOW.

Figure 9. Operating Sequence (WR-RD Mode)

1.4 REFERENCE

The +VRer and -Vggr inputs are the reference voltages that ouTPUT
determine the full scale and zero input voltages, CODE
respectively, for the A/D converter. Thus, +Vggr defines \
the analog input which produces a full scale output and PO

—VRer defines the analog input which produces an output

code of all zeroes. The transfer function for the A/D 1o

converter is shown in Figure 10. 11111101

FULL SCALE
TRANSITION

+VRer and —Vggr can be set to any voltage between GND

and V¢c. This means that the reference voltages can be

offset from GND and the difference between +Vggr+ and

-VRee— can be made small to increase the resolution of the

conversion. Note that the total unadjusted error increases 00000011
when [+Vggr — (-Vgep)] decreases. 00000010

00000001
1.5 POWER SUPPLY AND REFERENCE DECOUPLING

A 0.1pF ceramic disc capacitor is recommended to bypass 0
Vce to GND, using as short a lead length as possible.

N,

- >

| )

FS - 1LSB

1LSB +
2LSB’S +
3LSB’S

. . . AIN, INPUT VOLTAGE (IN TERMS OF LSB’S)
If REF+ and REF- inputs are driven by long lines, they N

should be bypassed by 0.1uF ceramic disc capacitors at

the reference input pins. Figure 10. A/D Transfer Characteristic
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1.6 DYNAMIC PERFORMANCE

1.6.1 Sinusoidal Inputs

Since the ML2264 has an internal sample and hold, the
device can digitize high frequency sinusoids with little or
no signal degradations. Using the Nyquist criteria, the
highest frequency input to the converter could
theoretically be 1/2 the sampling rate (fs). Any frequency
components above f/2 will be aliased below fs/2. In most
applications, these aliased components cause
unacceptable distortion and must be filtered out of the
input. If the input frequency is too close to fs/2, then the
requirements on the anti-alias filter become difficult to
impossible to realize with standard component and
tolerances. In most practical applications, the highest
input frequency has to be limited to 1/3 to 1/4 of fyax in
order to relax the filtering requirements enough to make a
realizable anti-alias filter.

The maximum sampling rate (fyay) for the ML2264 in the
WR-RD mode, (trp < tinTe) €an be calculated as follows:

1
f =
M twr +trp +tri +tp

1
f =
MaX " 190ns + 275ns + 235ns + 300ns

fmax = 1.000 MHz

twr = Write Pulse Width

trp = Delay Time between WR and RD Pulses
R = RD to INT Delay

tp = Delay Time between Conversions

This permits a maximum sampling rate of 1MHz for the
ML2264. The dynamic performance specifications (SNR,
HD, IMD, and FR) for the ML2264 are all specified at

250kHz, which is approximately 1/4 of the sampling rate, fs.

In applications where aliased frequency components are
acceptable and filtering of the input signal is not needed,
or where a filter with a steep amplitude response is
available, the user can apply an input sinusoid higher than
250kHz to the device. Note, however, that as the input
frequency increases above 500kHz, dynamic performance
degradation will occur due to the finite bandwidth of the
internal sample and hold.

The Figure 11 plots are 4096 point FFT’s of the ML2264
converting a 257kHz and a 491kHz, 0 to 4.5V, low
distortion sine wave input. The ML2264 samples and
digitizes at its specified accuracy, dynamic input signals
with frequency components up to the Nyquist frequency
(one-half the sampling rate). The output spectra yields
precise measure-ments of the input signal level, harmonic
components, and signal to noise ratio up to the 8-bit level.
The near ideal signal to noise ratio is maintained
independent of increasing analog input frequencies to
500kHz.

1.6.2 Signal-To-Noise Ratio

Signal-to-noise ratio (SNR) is the measured signal to noise
at the output of the converter. The signal is the rms
magnitude of the fundamental. Noise is the rms sum of all
the nonfundamental signals up to half the sampling
frequency. SNR is dependent on the number of
quantization levels used in the digitization process; the
more the levels, the smaller the quantization noise. The
theoretical SNR for a sine wave is given by

SNR = (6.02N + 1.76) dB

where N is the number of bits. Thus for ideal 8-bit
converter, SNR = 49.92 dB.

1.6.3 HARMONIC DISTORTION

Harmonic distortion is the ratio of the rms sum of
harmonics to the fundamental. Total harmonic distortion
(THD) of the ML2264 is defined as

0 0 ]’
-10 [—SNR 48.4dB 10 [ —sNR 49.1d8
HD —62.87dB HD -58.33dB
20 Vcc = VREf = 5.0V =20 }-_Vcc = VREF = 5.0V
-30 —Ta=25°C -30 —Ta = 25°C
-40 -40
g 50 g -s0
8 -60 8 -60
2 B 1
£ -7 £ -7
g -80 ‘é’ -80
-90 -90
-100 -100 1 l
~110 1 I | -110 + | 1 T
-120 -120
[ 200 400 0 200 400

FREQUENCY (kHz)
a) Output Spectrum with fiy = 257kHz, fs = TMHz

FREQUENCY (kHz)
b) Output Spectrum with fjy = 491kHz, fs = TMHz

Figure 11. Dynamic Performance, Sample and Hold Mode
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V2 + V57 + V2 + V)12
V]

20log =

where V1 is the rms amplitude of the fundamental and
V3, V3, Vg, Vs are the rms amplitudes of the individual
harmonics.

1.6.2 Signal-To-Noise Ratio

Signal-to-noise ratio (SNR) is the measured signal to noise
at the output of the converter. The signal is the rms
magnitude of the fundamental. Noise is the rms sum of all
the nonfundamental signals up to half the sampling
frequency. SNR is dependent on the number of
quantization levels used in the digitization process; the
more the levels, the smaller the quantization noise. The
theoretical SNR for a sine wave is given by

SNR = (6.02N + 1.76) dB

where N is the number of bits. Thus for ideal 8-bit
converter, SNR = 49,92 dB.

1.6.3 HARMONIC DISTORTION

Harmonic distortion is the ratio of the rms sum of
harmonics to the fundamental. Total harmonic distortion
(THD) of the ML2264 is defined as

V2 + Vo2 4V, 2+ VA2

20log = v
1

where Vj is the rms amplitude of the fundamental and
V3, V3, V4, Vs are the rms amplitudes of the individual
harmonics.

1.6.4 Intermodulation Distortion

With inputs consisting of sine waves at two frequencies,
fa and fg, any active device with nonlinearities will create
distortion products, of order (m + n), at sum and
difference frequencies of mfs + nfg, where m, n =0, 1, 2,
3 ... Intermodulation terms are those for which m or n is
not equal to zero. The (IMD) intermodulation distortion
specification includes the second order terms (fo + fg) and
fa — fg) and the third order terms (2fp + f), (25 ~ fg),

(fa + 2fg), and (fa — 2fg) only.

1.7 DIGITAL INTERFACE

The ML2264 has two basic interface modes, RD and WR-
RD, which are selected by the MODE input pin.

1.7.1 RD Mode

In the RD mode, WR/RDY pin is configured as the RDY
output. The read mode performs a conversion with a
single RD pulse. This allows the pP to start a conversion,
wait, and then read data with a single read instruction.

The timing for the RD mode is shown in Figure 4. To do a
conversion, CS must be low to select the device. After CS
goes low, the RDY output goes low indicating that the
device is ready to do a conversion. The conversion starts

on the falling edge of RD. While RD is low, the MSB and
LSB decisions are made with internally generated clock
edges. When the conversion is complete, RDY goes high
and INT goes low signaling the end of the conversion.
After INT goes low, the data outputs go from high
impedance to active state with valid output data. Data
stays valid until either RD or CS goes high. When either
signal goes high, the output data lines return to the high
impedance state and INT returns high.

1.7.2 WR-RD Mode

In the WR-RD mode, the WR/RDY pin is configured as the
WR input. In this mode, WR initiates the conversion and
RD controls reading the output data. This can be done in
several ways, described below.

1.7.3 WR-RD Mode — Using Internal Delay
(trp > tinTL)

The timing is shown in Figure 5. To do a conversion, CS
must be low to select the device. Then, WR falling edge
triggers the conversion. While WR is low, the MSB
comparison is made. When WR returns high the LSB
decision is made. After some internal delay, INT goes low
indicating end of conversion. Valid data will appear on
DBO0-7 when RD is pulled low. INT is then reset by the
rising edge of either CS or RD.

1.7.4 WR-RD Mode — Reading Before Delay
(trp < tinTL)

The internally generated delay for the LSB decision when
trp > tinTL is longer than necessary due to circuit design
tolerances of tyyr, delay. If desired, a faster conversion
will result without loss of accuracy by bringing RD low
within the minimum time specified for tgp. The timing
diagram for this mode is shown in Figure 6. WR is the
same as when tgp > tiNTr. But in this case, RD is brought
low tgp ns after WR rising edge and before INT. INT goes
low indicating an end of conversion after the falling edge
of RD and is reset on the rising edge of RD or CS. When
RD is brought low before INT goes low the data bus
always remains in the high-impedance state until INTJ.

1.7.5 WR-RD Mode — Stand Alone Operation

Stand alone operation can be implemented by tying CS
and RD low as shown in Figure 7. WR initiates a
conversion as before. When WR is low, the MSB
comparison is made. When, WR goes high, the LSB
comparison is made. Since RD is already low, the output
data will appear automatically at end of conversion. Since
RD is always low, INT is reset on rising edge of WR and
goes low at end of conversion.

1.7.6 Power-On Reset

When power is first applied, an internal power-on reset
and timer circuit inhibits the CS input and resets the
internal circuitry to prevent the ML2264 from starting in
an unknown state. During this period of approximately
3us, INT remains high and the data bus is in the high-
impedance state.
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2.0 TYPICAL APPLICATIONS

] 68008
ML2264 < -
cSf«———d ADDRESS -
b———|&
Ao} DECODE s
Alle
INT »| DTACK
7D oHrw
= DB7
*NO PROTECTION REQUIRED IF INPUT CURRENT <25mA DBo
; BATR >ggg
Figure 12. Protecting the Input

Figure 15. 68000 Type Interface to ML2264

ML2264
Vce 5V
O—{AIN N %;/
o—| *VeeF 0.1pF o
0<VINSVcc O :_E 50K€: 25K
o— =
Vi ML2264
GND :i
VINOAA ) O0—AIN1
= N AIN 2
O—AIN3
0—AIN4

Figure 13. Using Vcc as Reference for =
Ratiometric Operation

Figure 16. £2.5V Analog Input Range

12v
+VREF 350V VREFOUT
N ML2264 8051
r 0— 0.14F Vee
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Figure 14. Using External Reference of D/A Figure 17. 8051 Interface to ML2264
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2.0 TYPICAL APPLICATIONS (Continued)
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Figure 18. TMS320 Interface with D/A Output
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Figure 19. Operating with a Ratiometric Analog Signal of 15% of Vcc to 85% of Vcc
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264

ORDERING INFORMATION

TOTAL TEMPERATURE

PART NUMBER UNADJUSTED ERROR RANGE PACKAGE
ML2264BM] +1/2 LSB —55°C to +125°C Hermetic DIP (J24)
ML22648BlIj —40°C to +85°C Hermetic DIP (j24)
ML2264BCP 0°C to +70°C Molded DIP (P24)
ML2264BCS 0°C to +70°C Molded SOIC (524)
ML2264CM] +1LSB -55°C to +125°C Hermetic DIP (J24)
ML2264Cl) —-40°C to 85°C Hermetic DIP (j24)
ML2264CCP 0°C to +70°C Molded DIP (P24)
ML2264CCS 0°C to +70°C Molded SOIC (524)
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October 1994

ML2271

uP Compatible High-Speed 10-Bit
A/D Converter with S/H

QgL Micro Linear

GENERAL DESCRIPTION FEATURES

The ML2271 is a high speed, uP compatible 10-bit A/D m Conversion time over temperature

converter. A three step flash technique is used to achieve a and supply voltage tolerance 1.8ps

conversion time of 1.65us. The ML2271 operates from a Linearity error +1LSB

single 5V supply and has an analog input range from

GND to V. Full scale error +1LSB
Zero error +1LSB

The ML2271 has a true internal sample and hold and can
digitize sinusoid signals as high as 150kHz without
conversion errors.

Capable of digitizing a 5V, 150kHz sine wave
No missing codes

The ML2271 digital interface has been designed so that 0V to 5V analog input range with single 5V
the device appears as a memory location or I/O port to a power supply

uP, eliminating the need for external interfacing logic. The
data outputs are latched and have three state control, ) )
allowing direct connection to a uP bus or I/O port. The ® Operates ratiometrically or
addition of an internal timing generator also allows the with up to 5V voltage reference
device to easily operate in stand alone applications. No external clock required

® Analog input protection — 25mA min

The ML2271 is pin and function compatible with the
ADC1061.

Easy interface to PP, or operates stand-alone
Latched, 3-state data outputs

Power-on reset circuitry

Low power — 175mW max

Standard 20-pin DIP or surface mount SOIC

0°C to 70°C, —40°C to +85°C operating
temperature range

B LOC K D lAG RAM +VREF A Vcc D Vcc

f f

+VREF —] o
3-BIT »
VINO FI;}SDH » || L oDB9
~VREF —] - H— —ODB8
— —oDpB7
|— LATCH & |—ODB6
|—] 3-STATE |—oDB5
- F |_|outeut|_opgs
E || surrer [ opps
2 o —ODB2
» & 8 —oDB1
<= -oDBo
> g §
= 8 —OWR
< < —
< = —o0
3 S || il
- e . —ORD
< —OINT
TIMING &
CONTROL
5-BIT
FLASH CIRCUITRY
A/D

l

~VREF GND
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PIN CONFIGURATION
20-Pin DIP 2¢-Pin SOIC
Dvce 1 20 [} DBO D vcc OOT] 1 20 {TT1 DBO
INT [ 2 19{] DB1 INT (1] 2 19 [10 DB1
Wr[]3 18] DB2 WR OO 3 18 {101 DB2
RD []4 17(] p83 RD [I] 4 17 [I0 DB3
cs[]s 16 [] DB4 Cs (1] 5 16 [ID DB4
Avec[]e 15[] DBS Avee D6 15 10 DB5
-vrer []7 14[] DB6 ~Vger [T} 7 14 [11] DB6
vin[]8 13{] DB7 viy [ 8 13 {10 DB7
+Veer []9 12{] DB8 +Vrer (1] 9 12 tm DB8
GND [ 10 1] pBY GND [T] 10 11 {10 DBY
TOP VIEW TOP VIEW
PIN DESCRIPTION
PIN# NAME FUNCTION PIN# NAME FUNCTION
1 DV Digital supply. +5V +5%. 7 -VRer Negative reference input voltage for
Connect to A Vcc. A/D converter.
2 INT Interrupt output. This output signals 8 VIN Analog input.
the end of a conversion and indicates 9 +Vger Positive reference input voltage for
that data is valid on the data outputs. A/D converter.
. See Digital Interface section. 10 GND Ground.
P OWR L Wideiou ik Y1 By Datacutut — it )
section. 12 DB8 Data output — bit 8
4 RD Read input. This input latches data 13 DB7 Data output — bit 7
into the output latches. See Digital 14 DB6 Data output — bit 6
= 'C":j’rfacf section. S 15 DB5 Data output — bit 5
Chipjelec MU TS IRLIUAEE 16 Db Dutacuput—bis
device to perform a conversion. 17 DB3 Data output — bit 3
6 AVcc Analog supply. +5V +£5%. Connect to 18 DB2 Data output — bit 2
D Vce. 19 DB1 Data output — bit 1
20 DBO Data output — bit 0 (LSB)
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS
Note 1
( ) Temperature Range (Note 3) ........cc..cu. TmiN S Ta £ Tmax
Supply Voltage, A Ve, D VEC s v 6.5V ML227TCCS oo 0°C to +70°C
Voltage ML2271CCP eovvvvvinminrerrcnnnemsnsseneees 0°C to +70°C
Logic Inputs......cc.coerieviecriceinnennee -0.3Vto Ve + 0.3V ML2271CIS... ... —40°C to +85°C
Analog INPULS ..o -0.3Vto Vcc + 0.3 ML2271CIP oo —40°C to +85°C
Input Current per Pin (Note 2) .....cccceeveevvivnencnnen. +25mA
Storage Temperature ........cccoovevveiennennene -65°C to +150°C
Package Dissipation
at Ta = 25°C (Board Mount).........ccceeeeeveeveennens 875mW
Lead Temperature (Soldering 10 sec.)
Dual-In-Line Package (Molded) .........ccceeruennee 260°C
Molded Small Outline IC Package
Vapor Phase (60 SEC.) ...cccevvereevverierienienreiene 215°C
Infrared (15 SEC.) eevieirerereriecreiereeeienrereenene 220°C
ELECTRICAL CHARACTERISTICS
Unless otherwise specified, Ta = Tpin t0 Twax, D Vee = A Vee = +Vger = 5V £5%, and —-Vger = GND
ML2271CCX ML2271CIX
TYP TYP
PARAMETER CONDITIONS MIN [ (Note 4) | MAX MIN | (Note 4)] MAX | UNITS
Converter
Integral Linearity Error
ML2271CXX Vrer = Ve (Notes 5,7) *1 £1.5 LSB
Differential Linearity Error
ML2271CXX Ve = Vee (Note 5) +1 £1 LSB
Full Scale Error
ML2271CXX (Note 5) +1 +1 LSB
Zero Scale Error
ML2271CXX (Note 5) +1 +1 LSB
Total Unadjusted Error
ML2271CXX (Note 5) +1.5 +2.0 LSB
+Vger Voltage Range (Note 6) ~VREer Vce+0.1| —VRer Vcce+0.1 \Y
-Vger Voltage Range (Note 6) IGND-0.1 +Vger  |GND-0.1 +VRer \Y,
Reference Input Resistance | (Note 5) 0.9 1.3 1.7 0.9 1.3 1.7 kQ
Analog Input Range (Notes 5,8) —VREF +VRer | —Vrer +VRer \Y
Power Supply Sensitivity DC Vee =5V £ 5%, Vrer = 4.75V +1/32 +1/4 +1/32 | +1/4 LSB
(Note 5)
100mVp.p, 100kHz sine on Ve, *1/16 +1/16 LSB
VN = 0 (Note 5)
Analog Input Leakage Current | Converter Idle (Notes 5,9) -2 +2' -2 +2 HA
Analog Input Capacitance During Acquisition Period 25 25 pF
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ELECTRICAL CHARACTERISTICS (continued)

Unless otherwise specified, To= Tpin to Tmax, D Vee = A Vee = +Vger = 5V £5%, and —=Vggr = GND

ML2271CCX ML2271CIX
TYP TYP
PARAMETER CONDITIONS MIN {(Note4)| MAX MIN | (Note 4)| MAX | UNITS

Digital and DC
Ving). Logical "1#
Input Voltage (Note 5) 2.0 2.0 \
VIN(O)/ Logical "0
Input Voltage (Note 5) 0.8 0.8 \Y
lingry, Logical "1
Input Current ViN = Ve (Note 5) 1 1 HA
Iincoy, Logical "0
Input Current ViN =0V (Note 5) -1 -1 HA
VOUT(I)/ Logical e
Output Voltage lout = -2mA (Note 5) 4.0 4.0 \Y
Vouro), Logical "0”
Output Voltage lout = 2mA (Note 5) 0.4 0.4 v
lour, Three-State Vourt =0V (Note 5) -1 -1 HA
Output Current Vour = Vcc (Note 5) 1 1 pA
Cour, Logic
Output Capacitance 5 pF
CN, Logic Input Capacitance 5 pF
Icc, Supply Current, CS=WR=RD=0 32 35 mA
Analog Plus Digital No Output Load (Note 5)
AC and Dynamic Performance (Note 9)
tconv, Conversion Time, Figure 2 twgr = 250ns 1.65 1.8 us
Interrupt Mode (Note 6)
tcwrp, Conversion Time, Figure 3 1.9 2.0 us
Write-Read Mode (Note 5)
tcrp, Conversion Time, Figure 4 19 2.0 us
Write-Read Mode (Note 6)
SNR, Signal to Noise Ratio | V|y = 5V, 150kHz Noise is sum 60 60 dB

of all nonfundamental

components from 0-300kHz.

fsAMPLING = 600kHz
HD, Harmonic Distortion ViN =5V, 150kHz -60 -60 dB

THD is sum of 2-5th harmonics

or aliases relative to fundamental.

fsAMPLING = 600kHz
IMD, Intermodulation fa = 2.5V, 150kHz -60 -60 dB
Distortion fb = 2.5V, 148kHz

IMB is (fa + fb), (fa — fb),

(2fa + fb), (2fa — fb), relative to

fundamental. fsampLing = 600kHz
FR, Frequency Response ViN = 5V, 0-150kHz +0.1 +0.1 dB

Relative to TkHz

fSAMPLING = 600kHz
SR, Slew Rate Tracking 2.36 2.36 V/us
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ELECTRICAL CHARACTERISTICS (continued)

Unless otherwise specified, Ta= Tpin to Twax, D Vee = A Vee = +Vger = 5V £5%, and —Vggr = GND

ML2271CCX ML2271CIX
TYP TYP
PARAMETER CONDITIONS MIN |(Note 4) | MAX MIN | (Note 4){ MAX | UNITS
AC Performance, Figures 2, 3, 4, and 5
tcss, CS to RD, WR
Setup Time (Note 5) 0 0 ns
tcsHy CSto WD., WR
Hold Time (Note 5) 0 0 ns
twgr, WR Pulse Width (Note 5) 250 50K 250 50K ns
taccz, WR to Data Valid (Note 5) 2.05 2.05 us
trp, Read Pulse Width (Note 5) 100 100 ns
twre, WRT to RDY (Note 6) 0 0 ns
tintH, RDT to INTT (Note 5) 10 55 10 55 ns
tacct, Data Access Time, (Note 5) 0 55 0 55 ns
RDJ to Data Valid
tip, Data Access Time, (Note 5) 0 50 0 50 ns
INT! to Data Valid
tiH, ton, RDT to Data High | Figure 1 10 50 10 60 ns
Impedance State (Note 5)
tp, Delay From End of (Note 6) 20 20 ns
Conversion to
Next Conversion
tic, INTY to Start of Next (Note 5) 500 500 ns
Conversion

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:  When the voltage at any pin exceeds the power supply rails (Vjy < or GND or V| > V¢) the absolute value of current at that pin should be limited to 25mA or less.

Note 3: 0°C to +70°C and —40°C to +85°C operating temperature range devices are 100% tested with temperature imits guaranteed by 100% testing, sampling, or by
correlation with worst-case test conditions.

Note 4:  Typicals are parametric norm at 25°C.

Note 5: Parameter guaranteed and 100% production tested.

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quahty level calculation.

Note 7: Total unadjusted error includes offset, full scale, linearity, and sample and hold errors.

Note 8:  For —Vggr 2 VN the digital output code will be 0000 0000. Two on-chip diodes are tied to the analog input which will forward conduct for analog input voltages one
diode drop below ground or one diode drop greater than the V¢ supply Be careful, during testing at low V¢ levels (4.5V), as high level analog inputs (5V) can
cause this input diode to conduct — especially at elevated temperatures, and cause errors for analog inputs near full scale The spec allows 100mV forward bias of
either diode. This means that as long as the analog Vi or Vggr does not exceed the supply voltage by more than 100mV, the output code will be correct To achieve
an absolute OVp¢ to 5Vpc nput voltage range will therefore require a minimum supply voltage of 4 900Vpc over temperature variations, initial tolerance and
loading.
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Figure 1. High Impedance Test Circuits and Waveforms
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1.0 FUNCTIONAL DESCRIPTION

The ML2271 uses a three step flash technique for A/D
conversion. This technique first performs a 3 bit flash
conversion on V| to determine the 3 most significant bits
(MSB decision). These 3 MSB's are then cycled through an
internal DAC to recreate the analog input. This
reconstructed analog input signal from the DAC is then
subtracted from the input, and the difference voltage is
converted by a second 3 bit flash conversion providing
the next 3 significant bits, called intermediate significant
bits (ISB decision). This procedure is then performed again
to provide the final 4 least significant bits (LSB decision).

The ML2271 has a true internal sample and hold. The
internal operating sequence is shown in Figure 5. The
falling edge of WR opens the S/H sampling switch, ends
the acquisition time for the analog input, and starts the
conversion on the internally sample and held signal. Then
the MSB, ISB, and LSB decisions are made. INT goes low
at end of conversion and RD controls the data outputs.
This falling edge of INT also closes the sampling switch
and starts the acquisition period for the next conversion.

1 I

L

—

l} ]
1 I I
ACQUISITION IS8 1SB ACQUISITION

PERIOD. ISB AND LSB

COMPARATORS

COMPARATORS PERIOD. ISB AND LSB

COMPARATORS DECIDING. DECIDING. COMPARATORS
AUTOZEROED. AUTOZEROED.
VIN SAMPLING ISB LSB
ENDS. MSB COMPARATOR COMPARATOR
COMPARATOR RESULTS ARE RESULTS ARE
RESULTS ARE LATCHED. LATCHED.
LATCHED.

Figure 5. Operating Sequence

1.1 ANALOG INPUT

The analog input on the ML2271 behaves differently than
inputs on conventional converters. The analog input
current requirements change while the conversion is in
progress, and the amount of input current depends on
what cycle the converter is in.

The input circuit for the converter is shown in Figure 6A
with the equivalent input circuit shown_in Figure 6B. The
acquisition period for the S/H starts on INT falling edge
and ends on WR falling edge.

The critical period for charging up the analog input occurs
during the acquisition period and the source of the
external signal on Vi must adequately charge up the
analog voltage during this time. To do this, the input must
settle within the required analog accuracy tolerance
100ns before the end of the acquisition period so that the
sampling capacitors have adequate time to store the input
signal. If more time is needed due to finite charging or
settling time of the external source, the WR high period
can be extended as long as is required.

1.2 SAMPLE AND HOLD

The ML2271 does not have the limitation of an equivalent
circuit implemented with a track/hold. An internal sample
and hold acquires the analog signal, holds it internally,
and then a conversion is performed on the sample and
held signal. Since this is a true sample and hold function,
the ML2271 can sample and hold signals with frequencies
as high as 150kHz @ 5V (slew rates as high as 2.36V/us)
without sacrificing conversion accuracy.

1.3 REFERENCE

The +Vger and —VRgr inputs are the reference voltages that
determine the full scale and zero input voltages,
respectively, for the A/D converter. Thus, +Vggr defines
the analog input which produces a full scale output and —
Vger defines the analog input which produces an output
code of all zeroes. The transfer function for the A/D
converter is shown in Figure 7.

8L Micro Linear
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+Vger and —Vgge can be set to any voltage between GND
and Vc¢c. This means that the reference voltages can be
offset from GND and the difference between +Vggr and
—~VRer can be made small to increase the resolution of the
conversion. Note that the linearity error increases when
[+VRer — (~Vgep)] decreases.

L1

— =11pF
Rs
VIN WV _.L
. 0.5pF
.
e
6 MSB COMPARATORS
0.05pF
Y anal ;g;;
0. 05pF
TOIS
lADDER
COS5pF ¢ -
= .
.
14 I1SB COMPARATORS
R N l6pF
100(1 s7 7 5pF % RON
TO S/H BLOCK

Figure 6A. Converter Input Circuit

Rs 3K

V'NW
l p

25pF

!

Figure 6B. Converter Equivalent Input Circuit
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11111110
11111101

1.4 POWER SUPPLY AND REFERENCE DECOUPLING

0.1pF in parallel with 0.01uF ceramic disc capacitors are
recommended to bypass A V¢ to GND, as well as D V¢
to GND, using the shortest lead lengths possible.

If +VRer and —Vggr inputs are driven by long lines, they
should be bypassed by 0.1uF in parallel with 0.01uF
ceramic disc capacitors at the reference input pins.

1.5 DYNAMIC PERFORMANCE

1.5.1 Sinusoidal Inputs

Since the ML2271 has an internal sample and hold, the
device can digitize high frequency sinusoids with little or
no signal degradations. Using the Nyquist criteria, the
highest frequency input to the converter could
theoretically by 1/2 the sampling rate (fs). Any frequency
components above fs/2 will be aliased below fs/2. In most
applications, these aliased components cause
unacceptable distortion and must be filtered out of the
input. If the input frequency is too close to fs/2, then the
requirements on the antialias filter become difficult or
impossible to realize with standard component and
tolerances. In most practical applications, the highest
input frequency has to be limited to 1/3 to 1/4 of fs in
order to relax the filtering requirements enough to make a
realizable antialias filter.

The maximum sampling rate (fyax) for the ML2271 can
be calculated as follows:

fmax = ————
tconT +tp

1
1.45us +0.300us

fMAX = 570kHz
twgr = Write Pulse Width
twrp = Write to Data Delay

fmax =

tp = Delay Time Between Conversions

Note that the dynamic performance specifications (SNR,
HD, IMD and FR) for the ML2271 are all specified at
150kHz, which is less than 1/3 of the sampling rate, fs.
This allows adequate margin between the input frequency
and the aliased components to allow antialias filtering if
needed.

In applications where aliased frequency components are
acceptable and filtering of the input signal is not needed,
the user can apply an input sinusoid higher than 150kHz
to the device. Note, however, that as the input frequency
increases above 150kHz, dynamic performance
degradation will occur due to the finite bandwidth of the
internal sample and hold.

1.5.2 Signal-to-Noise Ratio

Signal-to-noise ratio (SNR) is the measured signal to noise
at the output of the converter. The signal is the rms
magnitude of the fundamental. Noise is the rms sum of all
the nonfundamental signals up to half the sampling

w
8 /
Q : P
= | ’
2 | 0
'ﬂ-' [} o’
=2 4
O 00000011
00000010
00000001
00000000 —4—p—t— ———————— At
- N
kB Nrs
® R 2 FS - 1LSB
AIN, INPUT VOLTAGE (IN TERMS OF LSB'S)
Figure 7. A/D Transfer Characteristic
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frequency. SNR is dependent on the number of
quantization levels used in the digitization process; the
more the levels, the smaller the quantization noise. The
theoretical SNR for a sine wave is given by

SNR = (6.02N + 1.76) dB
where N is the number of bits. Thus for ideal 10-bit
converter, SNR = 61.96 dB.
1.5.3 Harmonic Distortion

Harmonic distortion is the ratio of the rms sum of
harmonics to the fundamental. Total harmonic distortion
(THD) of the ML2271 is defined as

(V2 + V4 + V3 + V)12

20 log= v
1

where V; is the rms amplitude of the fundamental and V,,
V3, V4, Vs are the rms amplitudes of the individual
harmonics.

1.5.4 Intermodulation Distortion

With inputs consisting of sine waves at two frequencies, fa
and fg, any active device with nonlinearities will create
distortion products, of order (m + n), at sum and
difference frequencies of mfa + nfg, wherem, n=0, 1, 2,

. Intermodulation terms are those for which m or n is
not equal to zero. The (IMD) intermodulation distortion
specification includes the second order terms (fa + fg) and
(fa — fg) and the third order terms (2fa + fg), (2fp — fg), and
(fa — 2fg) only.

1.6 DIGITAL INTERFACE

Depending on the way the external signals are applied to
the ML2271, the timing of the conversion and resultant
digital interface can be configured in three different
modes.

While the operation for each mode is described below,
there are some general rules that dictate the general
relationships between CS, WR, RD, INT, and DB0-DB9.
The falling edge of WR terminates the acquisition period
and initiates a conversion. INT is forced low when a
conversion is internally completed. INT is reset high by
the RD rising edge. DBO-DB9 is in the high impedance
state except when both RD and INT are low. RD low
period does not affect the internal conversion but only
determines when the digital signals DBO-DB9 are active;
thus, RD can occur anytime. CS is used to select the
device and needs to be low only while WR is low or
when RD is low.

1.6.1 Interrupt Mode

Timing for the Interrupt Mode is shown in Figure 2. To do
a conversion, CS must be low to select the device. INT
falling edge starts the acquisition period. The falling edge
of WR ends the acquisition period and the MSB
comparison is made. Then, the (Intermediate Significant
Bits) ISB and LSB decisions are made with internal timing

signals. After the conversion is complete, INT goes low
indicating end of conversion. When RD goes low,
DBO0-DB9 goes from high impedance to the active state
with the digital result of the conversion. INT is rest high
and DBO-DBY is reset to high impedance on the rising
edge of RD.

Interrupt Operation is intended to be used in interrupt
driven systems or applications where INT signals the
transfer of data.

1.6.2 Write-Read Mode

Write-Read Operation is the same as Interrupt Operation
except that RD is brought low before the internal
conversion is completed (before INT goes low).

Timing for Write-Read Operation is shown in Figure 3. To
perform a conversion, CS must be low to select the
device. INT falling edge starts the acquisition period. The
falling edge of WR ends the acquisition period and the
MSB decision is made. Then, the ISB and LSB decisions
are made by internal timing signals. In this mode, RD is
brought low before the internal conversion is completed.
When the internal conversion is completed, INT will be
forced low and _data will appear on DBO-DB9 as long as
RD is still low. INT is reset high and DBO-DB9 is reset to
high impedance on the rising edge of RD.

Write-Read Operation is intended for applications where
RD controls the transfer of data to a microprocessor.

1.6.3 Read Mode

Read Mode Operation is implemented by tying RD to WR
and keeping RD and WR low long enough so that the
conversion time is totally determined by the internal
timing signals.

Timing for the Read Mode is shown in Figure 4. Todo a
conversion, CS must be low to select the device. The RD
and WR fallmg edge starts the conversion. RD and WR is
held low for the entire internal conversion. Thus, the MSB,
ISB, and LSB comparisons along with the end of the
acquisition period are made by internally generated
timing signals. After the conversion is complete, INT goes
low. Since RD is fixed low, DBO-DB9 will go from high
impedance to active state as soon as INT goes low. INT is
reset high and DB0-DB9 is reset to high impedance on
rising edge of WR and RD.

Read Mode Operation allows a conversion to be done
with the device’s own internal timing and thus, no eternal
timing is needed.

1.6.4 Power-On Reset

When power is first applied, an internal power-on reset
and timer circuit inhibits the CS input and resets the
internal circuitry to prevent the ML2271 from starting in
an unknown state. During this period of approximately
50us, INT remains high and the data bus is in the high-
impedance state.

8L Micro Linear
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2.0 TYPICAL APPLICATIONS

+15Vpc

A Vcc| A Vcc! 5V
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Figure 8. Protecting the Input Figure 9. Using Vcc as Reference for
Ratiometric Operation
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Figure 10. Using External Reference of D/A
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Figure 11. 68000 Type Interface to ML2271 Figure 12. +2.5V Analog Input Range
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2.0 TYPICAL APPLICATIONS (Continued)

V(psﬂ:
Csj= "_:_S_ [~
WR WR
RD | RD A
ML2271 iNT|« »INT
VINAC
DB9 DATA \
DBo V]
|| o
W} .
RD|« RDB
ML2271 ey > iNT
ViNBO——
DB9 '\
DBO DATA
I~
Figure 13. Simultaneous Sampling of Two Variables
DBY DB9
DBO DATA DB
N »{INT
DEN
ViNO—
' o ADDRESS AEN
DECODE HEN
Y T™S320
/E14
cis
PAO
PA1
PA2
WE
Figure 14. TMS320 Interface with D/A Output
Vee (3Vpo)
CcC ') DC)
>3
4":» S
L veee AVCC
1K= + + .
> tl
1 AP Tossvee Toapr Io.mr
<>
24k = =
L ML2271
ANALOG - v
SOURCE N
L 3
L 20k S D Vcc ’
l ~VREF J_
<
139 » L Im F
ZERO AD) M
l 0.15Vcc I&WF 1
< _— =
313; -

Figure 15. Operating with a Ratiometric Analog Signal of 15% of Vcc to 85% of Vcc
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ORDERING INFORMATION

PART NUMBER

LINEARITY ERROR

TEMPERATURE RANGE

PACKAGE

ML2271CIP
ML2271CIS

+1LSB

—40°C TO +85°C
—40°C TO +85°C

MOLDED DIP (P20)
MOLDED SOIC (520)

ML2271CCP
ML2271CCS

+1LSB

0°C TO +70°C
0°C TO +70°C

MOLDED DIP (P20)
MOLDED SOIC (520)
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ML2280, ML2283

Serial 1/O 8-Bit A/D Converters

GENERAL DESCRIPTION

The ML2280 and ML2283 are 8-bit successive approximation
A/D converters with serial /O and configurable input
multiplexers with up to 4 input channels.

All errors of the sample-and-hold incorporated on the
ML2280 and ML2283, are accounted for in the analog-to-
digital converters accuracy specification.

The voltage reference can be externally set to any value
between GND and V¢, thus allowing a full conversion over
a relatively small voltage span if desired.

The ML2283 is an enhanced double polysilicon CMOS pin
compatible second source for the ADC0833 A/D converter.
All parameters are guaranteed over temperature with a
power supply voltage of 5V £10%.

FEATURES

= Conversion time 6us
= ML2280 capable of digitizing a 5V, 40kHz sine wave
= Total unadjusted error with external
reference +72LSBor +1LSB
= Sample-and-hold 375 ns acquisition
= 0 to 5V analog input range with single 5V power
supply
= 2.5V reference provides 0 to 5V analog input range
= No zero or full-scale adjust required
= Low power
® Analog input protection
n Differential analog voltage inputs
= 0.3” width 8- or 14-pin DIP
u 4-channel input MUX option
= Superior pin compatible replacement for ADC0833

12.5mW MAX
25mA (min) per input

BLOCK DIAGRAMS

ML2280
CONTROL [¢—OCS
AND
TIMING j ] oCIK
OUTPUT
SHIFT-REGISTER  [—»C DO
A
A7D WITH SAMPLE & HOLD FUNCTION i
|
-
Vin+0— SUCCESSIVE |
APPROXIMATION I
REGISTER |
|

ViIN-0—" O VREF/2

D/A
CONVERTER

Lo —

Vcc GND

ML2283
INPUT ot
SHIFT-REGISTER
b
wBit CONTROL >0 SARS
1 AND ¢ —0 CLK
TIMING | 0 &
y
ouTPUT
0
I SHIFT-REGISTER bo
Y
I .
CHO 0—|
4-CHANNEL
CH10— S.E. A/D
2 -CH(i'rEJNEI. > CONVERTER —O DGND
CH2 0— WITH
Muuollrflréxm ™  sampLeaHOLD
3 FUNCTION
© SHUNT
REGULATOR

vl L]

AGND VREF/2 Vec V+
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PIN CONNECTIONS

ML2280 Single Differential Input

ML2283 4-Channel MUX

8-PIN DIP 14-PIN DIP
v+[]1 1 []Vee
&1 7 svec c‘sliz B[]oi
Vi [ 2 7[]ck cHo[]3 2[]ax
VinG-)[]3 6{]po cHi[]4 1[] sArs
GNo[}4 5 Veer2 cH2[]5 10[]oo
cH3[]6 9[] Vrer/2
DGND [ 7 8[]acnD
TOP VIEW TOP VIEW
PIN DESCRIPTION
NAME FUNCTION NAME FUNCTION
Vce Positive supply. 5volts = 10% SARS Successive approximation register
DGND Digital ground. Ovolts. All digital status. PP |tg1tal output which indi-
inputs and outputs are referenced cates that a conversion is in pro-
o this point. gress. When SARS goes to 1, the
. sampling window is closed and
AGND Analog ground. The negative refer- conversion begins. When SARS
ence voltage for A/D converter. goes to 0, conversion is com-
GND Combined analog and digital pleted. When CS=1, SARS is in
ground. high impedance state.
CHO, Vin+, ViIN-  Analog inputs. Digitally selected to CLK Clock. Digital input which clocks
be single ended (V|n) or; VN + or data in on DI on rising edges and
V)N~ of a differential input. Analog out on DO on falling edges. Also
range = GND< VNS Ve used to generate clocks for A/D
VREF/2 Reference. The analog input range conversion.
is twice the positive reference DI Data input. Digital input which
voltage value applied to this pin. contains serial data to program the
V+ Input to the Shunt Regulator. _ MUX and channel assignments.
DO Data out. Digital output which cs Chip select. Selects the chip for
contains result of A/D conversion. multiplexer and channel assign-
The serial data is clocked out on ment and A/D converison. When
falling edges of CLK. CS=1, all digital outputs are in high
impedance state. When CS=0,
normal A/D conversion takes
place.
2-152
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ABSOLUTE MAXIMUM RATINGS

(Note 1)

CurrentintoV+ ..ottt e

Supply Voltage, Vcc
Voltage
Logic Inputs

Analoginputs ......................
Input Current per Pin (Note 2)
Storage Temperature .....................

Package Dissipation

at To=25°C (Board Mount)

Lead Temperature (Soldering 10 sec.)

Dual-In-Line Package (Molded)
Dual-In-Line Package (Ceramic)

~7VitoVee 47V
-0.3VtoVcc +0.3V

-65°Cto +150°C

OPERATING CONDITIONS
15mA Supply Voltage, Ve v v vvvvvveiieie e 4.5Vpct06.3Vpc
6.5V Temperature Range (Note 3) ................ TMINS TAS Tmax
ML2280BMJ, ML2283BM) ............... —-55°Cto +125°C

ML2280Blj, ML2283Bl)
ML2280Cl), ML2283Cl)

+25mA ML2280BCP, ML2283BCP ..................
ML2280CCP, ML2283CCP
800mwW
260°C
300°C

~40°Cto +85°C
0°Cto +70°C

ELECTRICAL CHARACTERISTICS

Unless otherwise specified To =Tyn to Tmax, Vec=5V £10%, fc x=1.333MHz, and Vggp/p=2.5V.

ML2280B, ML2283B ML2280C, ML2283C
TYP TYP
PARAMETER NOTES CONDITIONS MIN NOTE 4 MAX MIN NOTE 4 MAX UNITS

CONVERTER AND MULTIPLEXER CHARACTERISTICS
Total Unadjusted Error 5,7 | VRer/2=2.5V +1/2 +1 LSB

Vger/2 not Connected +2 *2 LSB
Reference Input 5 3 5 7.5 3 5 7.5 kQ
Resistance, VREF/Z
Common-Mode Input 58 GND Vee GND Vce \Y,
Range -0.05 +0.05 -0.05 +0.05
DC Common-Mode 6 Common Mode +1/e +1s +16 +1a LSB
Error Voltage GND to V¢c/a
AC Common-Mode 6 Comon Mode Voltage +a +1a LSB
Error GNDto Ve,

0to 50kHz
DC Power Supply 6 Vcc=5V £10% +1/32 +1/s +132 A LSB
Sensitivity Veer< Ve +0.1V
AC Power Supply 6 100mVp.p, 25kHz Sine +1/s +1/s LSB
Sensitivity onVce
Change in Zero Error 6 15mAintoV+ +1)2 +1) LSB
from V=5V to Inter- Vcee=N.C.
nal Zener Operation Vger/2=2.5V
Vg, Internal Diode 15mAintoV+ 6.9 6.9 \%
Regulated Breakdown
@atV+)
V + Input Resistance 5 20 35 20 35 kQ
log, Off Channel 5,9 | OnChannel=Vc -1 -1 MA
Leakage Current Off Channel=0V

On Channel=0V +1 +1 A

Off Channel =V
lon, On Channel 5,9 | OnChannel=0V -1 -1 uA
Leakage Current Off Channel =Vc

On Channel=Vc +1 +1 HA

Off Channel=0V
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ELECTRICAL CHARACTERISTICS (continued)

Unless otherwise Speciﬁed Ta=TmiNn 10 Tmax, Vce=5V £10%, fCLK =1.333MHz, and VRep/2=2.5V.

TYP LIMIT

PARAMETER NOTES | CONDITIONS MIN NOTE 4 MAX UNITS
DIGITAL AND DC CHARACTERISTICS
Vina. Logical “1” Input 5 20 %
Voltage
VIN(O)/ Logical “Q” Input 5 0.8 \%
Voltage
liny. Logical ““1” Input Current| 5 Vin=Vcec 1 MA
Iing), Logical “0” Input 5 [Vin=0V -1 uA
Current
Vourtay Logical “1” Output 5 lour=-2mA 4.0 \
Voltage
Vourtoy Logical “‘0”” Output 5 lout=2mA 0.4 \%
Vol :
IOUT' Hi-Z Output 5 VOUT =0V -1 MA
Current Vour=Vcc 1 HA
Isource, Output Source 5 Vour=0V -6.5 mA
Current
ISINKI Output Sink Current Vour=Vce 8.0 mA
Icc, Supply Current 1.3 2.5 mA
AC ELECTRICAL CHARACTERISTICS
feu, Clock Frequency 5 10 1333 kHz
tacq: Sample-and-Hold 2 ek
Acquistion
tc, Conversion Time Not including MUX 8 Wick

Addressing Time
SNR, Signal to Noise Ratio 12 Vin=40kHz, 5V Sine. 47 dB
ML2280 fek=1.333MHz

(fSAMpuNc%‘lZO kHZ)

Noise is Sum of All

Nonfundamental

Components up to 12 of

fSAMPLING
THD, Total Harmonic 12 Vin=40kHz, 5V Sine. -60 dB
Distortion ML2280 feik=1.333MHz

(fSAMPLINGg‘120 kHZ).

THDisSumof2,3,4,5

Harmonics Relative to

Fundamental
IMD, Intermodulation 12 Vin=Fa+g. fo=40kHz, -60 dB
Distortion ML2280 2.5V Sine.

fg=39.8kHz, 2.5V Sine,

fcu( =1.333MHz

(fSAMPLING§120 kHZ)

IMD is (fA +fB), (fA"fB)/

(2f7+fg), (2f7—fg),

(fA +2 fB), (f/\ -2 fB) Rela-

tive to Fundamental
Clock Duty Cycle 5,10 40 60 %
tserup CS Falling Edge or Data 5 130 ns
Input Valid to CLK Rising Edge
tyoLp, Data Input Valid after 5 80 ns
CLK Rising Edge
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ELECTRICAL CHARACTERISTICS (continued)

Unless otherwise specified Ty =Tyn to Tmax, Vec=5V £10%, fc x=1.333MHz, and Vggg/2=2.5V

TYP LIMIT
PARAMETER NOTES | CONDITIONS MIN NOTE 4 MAX UNITS
AC ELECTRICAL CHARACTERISTICS
todi, todo—CLK Falling Edge to 511 | C_=100pF
S:Itput Data Valid Data MSB First 90 200 ns
Data LSB First 50 110 ns
i1, ton, — Rising Edge of CSto 6 C_=10pF, R =10k (see 40 90 ns
Data Output and SARS Hi-Z High Impedance Test
Circuits)
6 | C.=100pF R =2k 80 160 ns
Cin, Capacitance of Logic 5 pF
Input
Cour Capacitance of Logic 5 pF
Outputs

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: When the input voltage (V}y) at any pin exceeds the power supply rails (Vi < GND or V| > V() the absolute value of current at that
pin should be limited to 25mA or less.

Note 3: —55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. 0°C
to 70°C and —40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sam-
pling, or by correlation with worst-case test conditions.

Note 4: Typicals are parametric norm at 25°C.

Note 5: Parameter guaranteed and 100% production tested.

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation.

Note 7: Total unadjusted error includes offset, full-scale, linearity, multiplexer and sample-and-hold errors.

Note 8: For Vin(—)>Vn(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (See Block Diagram)
which will forward conduct for analog input voltages one diode drop below ground or one diode drop greater then the V¢ supply. Be careful,
during testing at low V¢ levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct-especially at elevated
temperatures, and cause errors for analog inputs near full-scale. The spec allows 50mV forward bias of either diode. This means that as long as
the analog V) or Vger does not exceed the supply voltage by more than 50mV, the output code will be correct. To achieve an absolute 0V to
5V input voltage range will therefore require a minimum supply voltage of 4.950 Vp¢ over temperature variations, initial tolerance and loading.
Note 9: Leakage current is measured with the clock not switching.

Note 10: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty
cycle outside of these limits, the minimum, time the clock is high or the minimum time the clock is low must be at least 300 ns. The maximum
time the clock can be high or low is 60ps.

Note 11: Since data, MSB first, is the output of the comparator used in the successive approximation loop, an additional delay is built in (See
Block Diagram) to allow for comparator response time.

Note 12: Because of multiplexer addressing, test conditions for the ML2283 is Vi =30kHz, 5V sine (fsampLING=89kHz).
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tiH

DO AND

SARS OUTPUTS G

by
tr
s T E
DATA 0%
OUTPUT GND o
CLI Ry VoH —Q
= = ND ———

ton ton
Vcc
vcc —— ks
_ 50%
RL cs 0%
DATA GND
OUTPUT y toH
G DOAND Y€ ———=
_1: SARS OUTPUTS @

VoL D ————

Figure 1. High Impedance Test Circuits and Waveforms

Data Input Timing Data Output Timing

CLK m§
tpdo, tpdi - tpdo, tpd1
Ve -\
DATA
OUT (DO) / N N
_.>] t l—tSET-UP
m—om HOLD N
DATA \ _ Zs
IN (DD SE

ML2280 Start Conversion Timing

ax W
q tSET-UP

CLK

cs

START

CONVERSION
o——___ /N

BIT7 BIT 6
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Figure 2. Timing Diagrams
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ML2280 Timing

—>| |—tseT-up

CHIP SELECT (CS) -l |

sworgo—1 [ | [ 1 [ 1L 1 r———

l"‘ 7 6 5 4 3 2 1 0
SAMPLE & HOLD—>| MSB) (LSB)
ACQUISITION (tacQ)

*LSB FIRST OUTPUT NOT AVAILABLE ON M12280

ML2283 Timing

1 2 3 4 5 6 7 8 9 10 ®m 12 1B ¥ 15 16 17 18 19 2 21

R R
—4 e—tsET-UP ‘OUTPUT DATA
CHIP SELECT (CS) ADDRESS MUX |
START SELECT

BIT  ODD/SIGN BITO

DATA IN (m)% I I I I ’ W%ﬁq j 77/[ (jlj)lj%)/slA(/ng JN4I{IB{E§({'/C/0NV/E/(IS/I/(§N cv/cm/ / /% //// // /////W

SGL/DIF Sf,';ﬁ' A/D CONVERSION IN PROCESS———>1

SAR STATUS (SARS) _HEL

MSB FIRST DATA. LSB FIRST DATA—"——ﬁ

DATA OUT (DO) HI-Z I_l | | l I l I I | | I I HI-Z
5

7 6
SAMPLE-AND-HOLD _ | (MsB)
ACQUISITION (tac) ™ [

Figure2. Timing Diagrams (Continued)
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1.0

0.75

0.5

LINEARITY ERROR (LSB)

0.25

V‘cc l- 5|V|
VRep=25V[TT ]
25°C
-55°C N
N‘(\JJ_ W\~‘~u _/
25°C | [T
0.01 0.1 1

CLOCK FREQUENCY (MHz)

Figure 3. Linearity Error vs fo

25

1 1 .
Vcc=5V
Vcc=5V VIN=0V
fcik =1.333MHz fcik =1.333MHz
Ta=25°C
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g -
5 2
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Zos g o5
£ Nzs°c =
z -55°C 5]
S 25°C N
025 %g_ o \\
0 0
0 0.5 1 2.0 25 0 0.5 1 15 2.0
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Figure 4. Linearity Error vs Vggr Voltage Figure5. Unadjusted Offset Error vs Vggf Voltage
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Vee o > CIRCUITRY | R :1; ) omr
S
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Vr INPUT LADDER >
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DGND* 1 INTERNAL
REGULATOR 7 CIRCUITS cow[ T _[L EoC
B f
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* SOME OF THESE FUNCTIONS/ PINS ARE NOT AVAILABLE WITH ML2280.

Figure 6. MIL2283 Functional Block Diagram
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1.0 FUNCTIONAL DESCRIPTION

1.1 Multiplexer Addressing

The design of these converters utilizes a sample data compar-
ator structure which provides for a differential analog input to
be converted by a successive approximation routine.

The actual voltage converted is always the difference be-
tween an assigned “/+” input terminal and a “/~"’ input ter-
minal. The polarity of each input terminal of the pair being
converted indicates which line the converter expects to be
the most positive. If the assigned *“+"* input is less than the
/—"" input, the converter responds with an all zeros output
code.

A unique input multiplexing scheme has been utilized to
provide multiple analog channels with software configurable
single ended, or differential options.

A particular input configuration is assigned during the MUX
addressing sequence, prior to the start of a conversion. The
MUX address selects which of the analog inputs are to be
enabled and whether this input is single ended or differential.
In the differential case, it also assigns the polarity of the ana-
log channels. Differential inputs are restricted to adjacent
channel pairs. For example, channel 0 and channel 1 may be
selected as a different pair but channel 0 or channel 1 cannot
act differentially with any other channel. In addition to select-
ing the differential mode, the sign may also be selected.
Channel 0 may be selected as the positive input and channel
1 as the negative input or vice versa. This programmability is
illustrated by the MUX addressing codes shown in Table 1.

The MUX address is shifted into the converter via the DI
input. Since the ML2280 contains only one differential input
channel with a fixed polarity assignment, it does not require
addressing.

Since the input configuration is under software control, it can
be modified, as required, at each conversion. A channel can
be treated as a single-ended, ground referenced input for one
conversion; then it can be reconfigured as part of a differen-
tial channel for another conversion. Figure 7 illustrates these
different input modes.

2 DIFFERENTIAL

— +(2)
0,1{

’—— +(=)

2,3
l—-— -(+)

Table1. ML2283 MUX Addressing 4 Single-Ended or 2

Differential Channel
Single-Ended MUX Mode
MUX Address Channel #
sGL/ | opps | SELECT
DIF SIGN 1 0 0 1 2
1 0 0 1
1 0 1 1 +
1 1 0 1 +
1 1 1 1

Differential MUX Mode

MUX Address Channel #
SGL/ | opD/ | SELECT
DIF SIGN 1 0 0 1 2
0 0 0 1 + -
0 0 1 1 +
0 1 0 1 - +
0 1 1 1 -
4 SINGLE-ENDED
0— +
11—+
2—+
33—+
AN
MIXED MODE
—
01 {

AGND

M

Figure 7. Analog Input Multiplexer Functional
Options for M1L2283
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1.2 Digital Interface
The block diagram and timing diagrams in Figures 2-5 illus-
trate how a conversion sequence is performed.

A conversion is initiated when CS is pulsed low. This line
must be held low for the entire conversion. The converter is
now waiting for a start bit and its MUX assignment word.

A clock is applied to the CLK input. On each rising edge of
the clock, the data on DI is clocked into the MUX address
shift register. The start bit is the first logic ““1”” that appears on
the Dl input (all leading edge zeros are ignored). After the
start bit, the device clocks in the next 2 to 4 bits for the MUX
assignment word.

When the start bit has been shifted into the start location of
the MUX register, the input channel has been assigned and a
conversion is about to begin. An interval of /2 clock period is
used for sample-and-hold settling through the selected MUX
channels. The SAR status output goes high at this time to
signal that a conversion is now in progress and the Dl input is
ignored.

The DO output comes out of high impedance and provides a
leading zero for this one clock period.

When the conversion begins, the output of the comparator,
which indicates whether the analog input is greater than or
less than each successive voltage from the internal DAC,
appears at the DO output on each falling edge of the clock.
This data is the result of the conversion being shifted out
(with MSB coming first) and can be read by external logic or
uP immediately.

After 8 clock periods, the conversion is completed. The SAR
status line returns low to indicate this /2 clock cycle later.

The serial data is always shifted out MSB first during the con-
version. After the conversion has been completed, the data is
shifted out a second time with LSB first. The ML2280 data is
shifted out only once, MSB first.

Allinternal registers are cleared when the CS input is high. If
another conversion is desired, CS must make a high to low
transition followed by address information.

The DI input and DO output can be tied together and con-

Vcc
5V
1)
;: 10k
ML2280 VREF/2 +
ML2283 l Iz
S0k
$ \%4
12v

iGND

VFULLSCALEZ2.4V

v
NOTE: NO EXTERNAL BIASING RESISTOR NEEDED IF Vz< % and Iz min.<

trolled through a bidirectional uP 1/ O bit with one connec-
tion. This is possible because the Dlinput is only latched in
during the MUX addressing interval while the DO output is
still in the high impedance state.

1.3 Reference

The ML2280 and ML2283 are intended primarily for use in
circuits requiring absolute accuracy. In this type of system,
the analog inputs vary between very specific voltage limits
and the reference voltage for the A/ D converter must remain
stable with time and temperature. For ratiometric applica-
tions, see the ML2281 and ML2284 which have a Vggg input
that can be tied to Vc.

The voltage applied to the Vggr/2 pin defines the voltage span
of the analog input (the difference between VIN + and V|y-)
over which the 256 possible output codes apply. A full-scale
conversion (an all 1s output code) will result when the voltage
difference between a selected “+” input and */-"" input is
approximately twice the voltage at the Vggg/, pin. This inter-
nal gain of 2 from the applied reference to the full-scale input
voltage allows biasing a low voltage reference diode from the
5Vpc converter supply. To accommodate a 5V input span,
only a 2.5V reference is required. The output code changes
in accordance with the following equation:

Output Code =256 (VIN(+) — VIN(-))
2(VRer/2)

where the output code is the decimal equivalent of the 8-bit
binary output (ranging from 0 to 255) and the term Vggg/2 is
the voltage to ground.

The VReg/2 pin is the center point of a two resistor divider
(each resistor is 10k) connected from V¢ to ground. Total
ladder input resistance is the parallel combination of these
two equal resistors. As shown in Figure 8, a reference diode
with a voltage less than V¢, can be connected without
requiring an external biasing resistor if its current require-
ments meet the indicated level.

The minimum value of Vggg/, can be quite small (See Typical
Performance Curves) to allow direct conversions of trans-
ducer outputs providing less than a 5V output span. Particu-

Vcc

ML2280 V,
ML2283 REF/2
2.5V
[onD
VFULLSCALE=5.0V

Vcc/2-Vz
5kQ

Figure 8. Reference Biasing
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lar care must be taken with regard to noise pickup, circuit
layout and system error voltage sources when operating with
a reduced span due to the increased sensitivity of the con-
verter (1LSB equals Vggr/256)-

1.4 Analog Inputs and Sample/Hold

An important feature of the ML2280 and ML2283 is that they
can be located at the source of the analog signal and then
communicate with a controlling uP with just a few wires. This
avoids bussing the analog inputs long distances and thus
reduces noise pickup on these analog lines. However, in
some cases, the analog inputs have a large common mode
voltage or even some noise present along with the valid ana-
log signal.

The differential input of these converters reduces the effects
of common mode input noise. Thus, if a common mode
voltage is present on both ““+” and “~"" inputs, such as
60Hz, the converter will reject this common mode voltage
since it only converts the difference between ““+" and */-"'
inputs.

The ML2280 and ML2283 have a true sample-and-hold cir-
cuit which samples both “+"” and “—"" inputs simultane-
ously. This simultaneous sampling with a true S/H will give
common mode rejection and AC linearity performance that
is superior to devices where the two input terminals are not
sampled at the same instant and where true sample-and-hold
capability does not exist. Thus, these A/ D converters can
reject AC common mode signals from DC-50kHz as well as
maintain linearity for signals from DC-50kHz.

The signal at the analog input is sampled during the interval
when the sampling switch is closed prior to conversion start.
The sampling window (S/H acquisition time) is /2 CLK per-
iod wide and occurs /2 CLK period before DO goes from
high impedance to active low state. When the sampling
switch closes at the start of the S/H acquisition time, 8 pF of
capacitance is thrown onto the analog input. /2 CLK period
later, the sampling switch is opened and the signal present at
the analog input is stored.-Any error on the analog input at
the end of the S/H acquisition time will cause additional
conversion error. Care should be taken to allow adequate
charging or settling time from the source. If more charging or
settling time is needed to reduce these analog input errors, a
longer CLK period can be used.

For latch-up immunity each analog input has dual diodes to
the supply rails, and a minimum of +25mA (100 mA typi-
cally) can be injected into each analog input without causing
latch-up.

1.5 Zero Error Adjustment

The zero of the A/D does not require adjustment. If the mini-
mum analog input voltage value, Viymin is not ground, a
zero offset can be done. The converter can be made to out-

put 00000000 digital code for this minimum input voltage by
biasing any V| — input at this Viymin value. This utilizes the
differential mode operation of the A/D.

The zero error of the A/D converter relates to the location of
the first riser of the transfer function and can be measured by
grounding the V| — input and applying a small magnitude
positive voltage to the VN + input. Zero error is the difference
between the actual DC input voltage which is necessary to
just cause an output digital code transition from 00000000 to
00000001 and the ideal /2 LSB value (1/2LSB=9.8mV for
VReg/2=2.500Vpg).

1.6 Full-Scale Adjustment

The full-scale adjustment can be made by applying a differen-
tial input voltage which is 1/2LSB down from the desired
analog full-scale voltage range and then adjusting the magni-
tude of the Vggr/2 input for a digital output code which is just
changing from 11111110 to 11111111,

1.7 Adjustment for an Arbitrary Analog Input Voltage
Range
If the analog zero voltage of the A/D is shifted away from
ground (for example, to accommodate an analog input signal
which does not go to ground), this new zero reference should
be properly adjusted first. A V) + voltage which equals this
desired zero reference plus /2 LSB (where the LSB is calcu-
lated for the desired analog span, 1LSB =analog span/256) is
applied to selected “+ input and the zero reference voltage
at the corresponding *“~"" input should then be adjusted to
just obtain the 00000000 to 00000001 code transition.

The full-scale adjustment should be made by forcing a
voltage to the V| + input which is given by:

Vin+ fs adjust = Vpax—1.5*[(Vmax— Vmin) /256]
where Vpax = high end of the analog input range
VmiN = low end (offset zero) of the analog range

The Vggr or Ve voltage is then adjusted to provide a code
change from 11111110 to 11111111,

1.8 Shunt Regulator

A unique feature of the ML2283 is the inclusion of a shunt
regulator connected from V + terminal to ground which also
connects to the Vc terminal (which is the actual converter
supply) through a silicon diode as shown in Figure 9. When
the regulator is turned on, the V + voltage is clamped at 11
Vg set by the internal resistor ratio. The typical I-V curve of
the shunt regulator is shown in Figure 10. It should be noted
that before V + voltage is high enough to turn on the shunt
regulator (which occurs at about 5.5V), 35k of resistance is
observed between V + and GND. When the shunt regulator
is not used, V + pin should be either left floating or tied to
GND. The temperature coefficient of the regulator is
-22mV/°C.
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2.0 APPLICATIONS

8051 Interface and Controlling Software

CURRENT LIMITING |

RESISTOR, I +<15mA | >— cHo cs e e
. ik fe— P12
o] Mz 8051
. DI j¢—| Py

|
|
|
I
| >3 po | P1o
|

Ly |

Figure9. Shunt Regulator

Mnemonic Instruction
START ANL P1, #0F7H ;SELECT A/D
(CS =0)
I+ MOV B, #5 ;BIT COUNTER « 5
MOV A, #ADDR | ;A < MUXBIT
LOOP 1: RRC A ;CY < ADDRESS BIT
BmAp—————————— i ONE ;TEST BIT
;BIT=0
| ZERO: ANL P1, #OFEH ;Dl+=0
| SIMP CONT ;CONTINUE
| ;BIT=1
| ONE: ORL P1,#1 ;D11
CONT: ACALL PULSE ;PULSESKO =10
| DINZ B, LOOP1 ;CONTINUE UNTIL DONE
| ACALL PULSE ;EXTRA CLOCK FOR SYNC
| MoV B, #8 ;BIT COUNTER « 8
SLOPE = = | LOOP2:  ACALL PULSE ;PULSESKO — 1—+0
3k L MOV AP1 iCY < DO
A RRC A
55V 6.9V RRC A
MoV AC ;A < RESULT
RLC A ;A(0) < BIT AND SHIFT
Figure 10.  I-V Characteristic of the '511% g’ LAOOP 2 ;g&#ﬁldgumu DONE
Shunt Regulator RETI
;PULSE SUBROUTINE
PULSE: ORL P1, #04 SK <1
NOP ;DELAY
ANL P1, #0FBH SK <0
RET
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APPLICATIONS (Continu

ed)

ML2283 ‘‘Stand-Alone’’ or Evaluation Circuit

MUX ADDRESS
-05Vpc
< 1)
35tk@ 3 |«<—START BIT
o o | SGL/ DIF
11 2 13 u 3 4 |5 |6 |8
7
_4— 11 P PARALLEL INPUTS GMD% 7o ne
CiK 2 INPUT SHIFT REGISTER
CLK 74HC165
+ 1] sHiFT/ 9
I l *|oAD siN Ve bo
START L0 I
NC 5Vpce
5VDC (ORVIN)
1k 1k 1k 1k
I l 6 5 4 3
START 2| _ 3 2 ! g ol
sVoc [ ANALOG INPUTS " voc
CLK 2
| CLK ML2283
1 3
0.01F NCO SARS © S5k
VREF/2 __ AGND D GND V4 Vee DO
) i 7 !)1 1
. 25V = A N
LOSE TO -
START THE 9 v“
A/D CONVERSION CLR cc 1
7
/Io.omur GND SIA o -0
CLOCK = OUTPUT SHIFT REGISTER T
GENERATOR j- 74HC164 77
CL 8
v7g K » CLK . 2
B
CLR QH QA
B 2 ] 0 3 5 3 3
Q b»
CLK o B e B
13k @ < pS $ < bS
VA VA VA VA VA VA VA Y
1/2 74HC74 O 5Vpc
MSB DATA DISPLAY LB

Low-Cost Remote Temperature Sensor

by

RseT

5Vpc

10k
TAMIN
ADJ.

Vcc
(5Vpo
VIN (+) Vcc _j__+
Impr
= It
M12283 375k
L 5k
VIN(-)  VREF/2 —?}ADN:AX
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APPLICATIONS (Continued)

Protecting the Input
Vcc
(5Vpod
15Vpc
or
AMP 600Q
VIN (+) Vcc .
I 10uF
-15VpC =
M12280
_L_ VIN (=)
DIODE CLAMPING IS NOT NEEDED
IF CURRENT IS LIMITED TO 25mA
Digitizing a Current Flow
Vce 0.1Q — hoap (2A FULL-SCALE)
(6Vpo O— W N |
p: 'cC
:;1009 ? (5Vpo)
VIN (<) Vee _l_ LOAD
g L 4
:iz‘wk I 10uF 2k _J_._
L ML2280 =
100Q 2.5V
ZERO 2« VIN(+)  VReF/2 T
> — e — —
3; 120k = = = =
Operating with Ratiometric Transducers Span Adjust: 0V< VNS 3V
Vcc
(5Vpo)
[} Vcc
-~ (5VpO)
I %
VXDR
XDR VIN (+) Vcc . + VIN (+) Vcc
1k ~10uF ViN é

ML2280

ZERO VIN (=)* L
AD). -
3k ML2280 16k -

0.35
V. z
VRer/2 —— . g‘ —[-—— VIN(-)  VREF/2
+
R1uF ADJ. =
8.2k
*ViN (=) =0.15Vcc 1 - -

15% OF Vcc < VxpRr <85% OF Vcc = =
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APPLICATIONS (Continued)

Zero-Shift and Span Adjust: 2V V)NS5V

Vcc
(5Vpo
. VIN (+) Vce
VIN
= ML2280
VIN(-) VREF/2
SETS ZERO
CODE VOLTAGE 330
AAJ
2.7k
Digital Load Cell
330
0V ANV -
6.8k i 54V
eI T e ax
> REF/2
STRAIN GAUGE GAIN =
LOAD CELL DUAL
300Q/30mV FS 1.3k
10k ™ _
ML2280 CS
-IN
T DUAL 1IN Do
= S 20k
<M —AAA—10V ___L_
1 > 10k -
—>3 OFFSET

* USES ONE MORE WIRE THAN LOAD CELL ITSELF
* TWO MINI-DIPs COULD BE MOUNTED INSIDE LOAD CELL
FOR DIGITAL OUTPUT TRANSDUCER
© ELECTRONIC OFFSET AND GAIN TRIMS RELAX MECHANICAL
SPECS FOR GAUGE FACTOR AND OFFSET
© LOW LEVEL CELL OUTPUT IS CONVERTED IMMEDIATELY FOR
HIGH NOISE IMMUNITY ’
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? START
15193 l_
S19 s ok
:Do— LOAD COUNTBO hDO— R
A B CD DOWN TMS320
‘I‘ [_ SERIES
= D Qh
&sv A Q
T
[ D Qh
o DSP
AN
— 1
D Qph
A Q
M12280 ) ] :Do— FSR
CLK CLK
~~] VIN+
—lvn- O
DO DR
CLK
Sampling Rate 111KHz, Data Rate 1.33 MHz
CiK 1 2 3 4 5 6 7 8 9 10 1n 12 13 14

- \ Y —
o X XXX X XX o e

Interfacing M12280 to TMS320 Series
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ORDERING INFORMATION
ALTERNATE TOTAL TEMPERATURE
PART NUMBER PART NUMBER UNADJUSTED ERROR RANGE PACKAGE
SINGLE ANALOG INPUT, 8-PIN PACKAGE
ML2280BM) +1/21SB -55°Cto +125°C HERMETIC DIP (J08)
ML22808BlJ —40°Cto +85°C HERMETIC DIP (J08)
ML2280BCP 0°to +70°C MOLDED DIP (P08)
ML2280CI) +1LSB —40°Cto +85°C HERMETIC DIP (J08)
ML2280CCP 0°Cto +70°C | MOLDED DIP (P08)
FOUR ANALOG INPUTS, 14-PIN PACKAGE
ML2283BM) ADCO0833B} +121LSB -55°Cto +125°C HERMETIC DIP (J14)
ML2283Bl) ADC0833B() —40°Cto +85°C HERMETIC DIP (J14)
ML2283BCP ADCO0833BCN 0°to +70°C MOLDED DIP (P14)
ML2283Cl) ADC0833CC) +1LSB —40°Cto +85°C HERMETIC DIP (J14)
ML2283CCP ADCO0833CCN 0°Cto +70°C MOLDED DIP (P14)
2-168 @ Micro Linear
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ML12281, M1L2282
ML2284, M1.2288

Serial 1/O 8-Bit A/D Converters with

Multiplexer Options

GENERAL DESCRIPTION

The ML2281 family are 8-bit successive approximation A/D
converters with serial 1/O and configurable input multiplex-
ers with up to 8 input channels.

All errors of the sample-and-hold, incorporated on the
ML2281 family are accounted for in the analog-to-digital
converters accuracy specification.

The voltage reference can be externally set to any value be-
tween GND and V¢, thus allowing a full conversion over a
relatively small voltage span if desired.

The ML2281 family is an enhanced double polysilicon CMOS
pin compatible second source for the ADC0831, ADC0832,
ADCO0834, and ADC0838 A/D converters. The ML2281 series
enhancements are faster conversion time, true sample-and-
hold function, superior power supply rejection, improved AC
common mode rejection, faster digital timing, and lower
power dissipation. All parameters are guaranteed over
temperature with a power supply voltage of 5V +10%.

FEATURES

= Conversion time 6us

= Total unadjusted error +1>21SBor £1LSB

= Sample-and-hold 375ns acquisition

m 2, 4, or 8-input multiplexer options

= Oto 5V analog input range with single 5V power
supply

u Operates ratiometrically or with up to 5V voltage
reference

= No zero or full-scale adjust required

= ML2281 capable of digitizing a 5V, 40kHz sine wave

= Low power 12.5mW MAX

= 0.3” width 8-, 14, or 20-pin DIP

m 20-pin surface mount PCC ML2288

= Superior pin compatible replacement for ADC0831,
ADCO0832, ADC0834, and ADC0838

= Analog input protection 25mA (min) per input

BLOCK DIAGRAMS

ML2281

CONTROL Ccs
AND

TIMING j IOCLK

ML2288

INPUT
SHIFT-REGISTER

+

j&——O0 DI

ABIT CONTROL 0 SARS
T rf‘»ﬁ'ﬁc < O CLK
OUTPUT < -0 CS
SHIFT-REGISTER 000
A
I A/DWITHSAMPLE&HOLD FUNCIION | I -
| OUTPUT Do
Ve | SHIFI-REGISTER [ >°
™ SUCCESSIVE |
APPROXIMATION | CHO 0—] s
REGISTER I CH1 o
| o vees CcH2 o— s-CI-SlAENNEL
ViN-0—" . E.
N CH3 0+ OR ] copj\\//é)mm —0 DGND
= CH4 o 4—Cl;/'\‘:r:NEI. WITH
D/A 2 SAMPLE & HOLD
CONVERTER | | CH5 O—| MUITIPLEXER FUNCTION
CH6 0—
= SHUNT
______________________ 4 CH7 0— REGULATOR
COMMON AGND VRer Vcc V+
Vcc GND
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PIN CONNECTIONS

ML2281 Single Differential Input

ML2282 2-Channel MUX

8-PINDIP 8-PIN DIP
c?[l‘vti vee s 8] Ve (Vren)
vineH [} 2 7[]ax cHo[]2 7[Jak
vin-) []3 6[]po cHif]3 6[]po
ano [ 4 5 [ Ve onp[]4 5o ML2288 8-Channel MUX
TOP VIEW TOP VIEW 20-PINDIP
1 ~ 20 [V
ML2284 4-Channel MUX ~ ML2288 8-Channel MUX e <
“-PINDIP 20-PIN PCC cHif]2 9 :|v_+
v+ ] Vee CH2 CH1CHO Ve Y+ cHz[]3 sl
=i sfo , cH3[]4 7 []ot
53 ! 25 0n] _ cHa[ls 16 []cik
cHo ]k e M e 3 gf cHs [} 15 [] sARs
onlle s e BAK owdr  whoo
cHz[]s w[Joo CH7O8 g 0 g OO cHr[]s B]sE
cHsf]e 9| Veer /... { Tu\u\ com[]9 2] Vrer
DGND[] 7 8[JAGND COMDGND | Veer S pGND []10 1[]AGND
TOP VIEW TOP VIEW TOP VIEW
PIN DESCRIPTION
NAME FUNCTION NAME FUNCTION
Vce Positive supply. 5volts + 10% DO Data out. Digital output which
DGND Digital ground. Ovolts. All digital contains result of A/D conversion.
inputs and outputs are referenced The serial data is clocked out on
to this point. falling edges of CLK.
AGND Analog ground. The negative refer- SARS Successive approximation register
ence voltage for A/D converter. status.thgltal output which indi-
CHO-7,Vin+, VIN-  Analog inputs. Digitally selected to ;:;: tv\:;;:: g,?{g:ggsl:olr; ‘:ﬁz
s’;’ smg}e Z'.Tf?ed (\t/"‘l‘) on \t/';‘\: ?or sampling window is closed and
ralt’;‘g_eo aGr'\Jg:"V"a ?\F;gc alog conversion begins. When SARS
= NS A
goes to 0, conversion is com-
COM Common reference point for ana- pleted. When CS=1, SARS is in
log inputs. A/D conversion is high impedance state.
D e ciK Clock. Digital input which clocks
o data in on DI on rising edges and
coramon reference point if single- out on DO on falling edges. Also
pecitied. used to generate clocks for A/D
VRer Reference. The positive reference conversion.
_ voltage for A/D converter. DI Data input. Digital input which
SE Shift enable. Input controls contains serial data to program the
V‘lljhffézef LSB first bilt stream SO i MUX and channel assignments.
shifted out on serial output DO. = . .
SE=1, MSB first is shifted out only. = Chilp- s?lect. Seéec:\s the (I:hlp .for
1f SE=0, an MSB first bit stream is multiplexer and channe! assign-
hifted out. th 4 bit ment and A/D converison. When
after end of conversion impedance state. When CS -0,
: normal A/D conversion takes
V+ Input to the Shunt Regulator. place.
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ABSOLUTE MAXIMUM RATINGS
(Note 1)
Currentinto V+ ..ot 15mA
Supply Voltage, Ve« v v vv e 6.5V
Voltage
logiclnputs .......................... -7VtoVcc +7V
Analoglnputs ...................... -0.3Vto Ve +0.3V
Input Currentper Pin(Note 2) ..................... *25mA
Storage Temperature .................... —-65°Cto +150°C
Package Dissipation
atTa=25°C(BoardMount) ..................... 800mW
Lead Temperature (Soldering 10 sec.)
Dual-In-Line Package (Molded) .................... 260°C
Dual-In-Line Package (Ceramic) ................... 300°C
Molded Chip Carrier Package
Vapor Phase (60 SeC.) ..ottt 215°C
Infrared (155€C.) ......ovviiiiiii 220°C

ELECTRICAL CHARACTERISTICS

OPERATING CONDITIONS

Supply Voltage, Ve oo vveiiee i 4.5Vpct06.3Vpe

Temperature Range (Note3) ................ TMINS TAS Tmax
ML2281/2/4/8BMJ ................... -55°Cto +125°C
ML2281/2/4/8 CM)
ML2281/2/4/8Bl) ........ ... ... ... —40°Cto +85°C
ML2281/2/418 Cl)
ML2281/2/4/8BCP .........cc.oviuuiinn. 0°Cto +70°C
ML2281/2/4/8 CCP

Unless otherwise specified Ta =Tyn to Tmax, Vec=Vrer=5V £10%, and fc g =1.333MHz

@ Micro Linear

ML2281B, ML2282B ML2281C, M1L2282C
ML2284B, ML2288B ML2284C, ML2288C
TYP TYP
PARAMETER NOTES CONDITIONS MIN NOTE 4 MAX MIN NOTE 4 MAX UNITS
CONVERTER AND MULTIPLEXER CHARACTERISTICS
Total Unadjusted Error 5,7 | Vrer=Vcc +12 *1 LSB
Reference Input 58 6 10 15 6 10 15 kQ
Resistance
- Common-Mode Input 59 GND Vee GND Vee \

Range -0.05 +0.05 -0.05 +0.05
DC Common-Mode 6 Common Mode +1he +1/4 +e +1/4 LSB
Error Voltage GND to V¢,
AC Common-Mode 6 Comon Mode Voltage +1/a +1/a LSB
Error GND to Vccyp,

0to 50kHz
DC Power Supply 6 Vee=5V£10% - +1/32 +1/a +1/32 +1/a LSB
Sensitivity VRer<Vec+0.1V
AC Power Supply 6 100mVp.p, 25kHz sine +a +1/a LSB
Sensitivity onVce
Change in Zero Error 6 15mAintoV+ +1/2 +1>2 LSB
from Vec=5V to Inter- Vee=N.C. Vgge=5V
nal Zener Operation
Vg, Internal Diode 15mAinto V+ 6.9 6.9 \%
Regulated Breakdown
(atV+)
V + Input Resistance 5 20 35 20 35 kQ
loff, Off Channel 5,10 | On Channel=Vc -1 -1 uA
Leakage Current Off Channel =0V

On Channel=0V +1 +1 A

Off Channel=V¢
lon, On Channel 5,10 | On Channel=0V -1 -1 WA
Leakage Current Off Channel=V¢¢

On Channel =Vcc +1 +1 uA

Off Channel=0V
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ELECTRICAL CHARACTERISTICS (continued)

Unless otherwise specified Ty =Tpmn to Tmax, Vec=Vrer=5V £10%, and fcix=1.333MHz

ML2281B, ML2282B ML2281C, ML2282C
ML2284B, ML2288B ML2284C, ML2288C
TYP TYP
PARAMETER NOTES CONDITIONS MIN NOTE 4 MAX MIN NOTE 4 MAX UNITS
DIGITAL AND DC CHARACTERISTICS
Vingy, Logical 1”7 5 2.0 2.0 \Y
Input Voltage
Vinoy Logical 0™ 5 0.8 0.8 \Y
Input Voltage
Iingy, Logical “1” Input 5 Vin=Vcc 1 1 MA
Current
Iin), Logical “0” Input 5 Vin=0V -1 -1 uA
Current
Voura), Logical “1” 5 lout=—-2mA 4.0 40 \Y
Output Voltage
Vourto) Logical “0” 5 louT=2mA 0.4 0.4 \Y
Output Voltage
lour HI-Z Output 5 Vour=0V -1 -1 uA
Current Vour=Vce 1 1 A
Isource. Output 5 Vour=0V -6.5 -6.5 mA
Source Current
Isink, Output Sink 5 Vout=Vce 8.0 8.0 mA
Current
Icc, Supply Current 5 13 2.5 1.3 25 mA
ML2281, ML2284,
ML2288
ML2282 5 Includes Ladder 1.8 35 1.8 3.5 mA
Current
TYP LIMIT

PARAMETER NOTES | CONDITIONS MIN NOTE 4 MAX UNITS
AC ELECTRICAL CHARACTERISTICS
fcuk, Clock Frequency 5 10 1333 kHz
tacq, Sample-and-Hold 112 1 ferk
Acquistion
tc, Conversion Time Not including MUX 8 1 fek

Addressing Time
SNR, Signal to Noise Ratio 12 | Viy=40kHz, 5V Sine. 47 dB
ML2281 fok=1333MHz

(fsampLING=120kH2).

Noise is Sum of All

Nonfundamental

Components up to /2 of

fSAMPLING
THD, Total Harmonic 12 Vin=40kHz, 5V Sine. -60 dB
Distortion ML2281 fok=1.333MHz

(FsampLING=120kHz).

THDisSumof2,3,4,5

Harmonics Relative to

Fundamental
2-172
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ELECTRICAL CHARACTERISTICS

Unless otherwise specified Ta = Tpmin t0 Tmax, Voc=VRrer=5V £10%, and fc g =1.333MHz

TYP LIMIT
PARAMETER NOTES | CONDITIONS MIN NOTE 4 MAX UNITS
AC ELECTRICAL CHARACTERISTICS (Continued)
IMD, Intermodulation 12 Vin="fa+g. fa=40kHz, -60 dB
Distortion ML2281 2.5V Sine.
fg=39.8kHz, 2.5V Sine,
fCLK =1.333MHz
(fsampLnG=120kHz).
IMD is (fa +fg), (fa—1g),
(2fa+fg), (2fa—fg),
(fa+2fp), (fa—2fp) Rela-
tive to Fundamental
Clock Duty Cycle 51 40 60 %
tserup CS Falling Edge or Data 5 130 ns
Input Valid to CLK Rising Edge
tyoup, Data Input Valid after 5 80 ns
CLK Rising Edge
todi, tpdo— CLK Falling Edge to 5,13 | C_=100pF
utput Data Valid Data MSB First 920 200 ns
Data LSB First 50 110 ns
ti, tor, — Rising Edge of CSto 6 | C_=10pF R =10k (see 40 90 ns
Data Output and SARS Hi-Z High Impedance Test
Circuits)
5 | C_=100pF, R =2k 80 160 ns
Cn, Capacitance of Logic 5 pF
Input
Cour, Capacitance of Logic 5 pF
Outputs

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: When the input voltage (V)\) at any pin exceeds the power supply rails (V|5 < GND or Vi > V() the absolute value of current at that
pin should be limited to 25 mA or less.

Note 3: —55°Cto +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. 0°C
to 70°C and —40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing,
sampling, or by correlation with worst-case test conditions.

Note 4: Typicals are parametric norm at 25°C.

Note 5: Parameter guaranteed and 100% production tested.

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation.

Note 7: Total unadjusted error includes offset, full-scale, linearity, multiplexer and sample-and-hold errors.

Note 8: Cannot be tested for ML2282.

Note 9: For V|\(-) 2>V \(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram)
which will forward conduct for analog input voltages one diode drop below ground or one diode drop greater then the V¢ supply. Be careful,
during testing at low V levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct-especially at elevated
temperatures, and cause errors for analog inputs near full-scale. The spec allows 50mV forward bias of either diode. This means that as long as
the analog V| or Vger does not exceed the supply voltage by more than 50mV, the output code will be correct. To achieve an absolute 0V to
5V input voltage range will therefore require a minimum supply voltage of 4.950 Vpc over temperature variations, initial tolerance and loading.
Note 10: Leakage current is measured with the clock not switching.

Note 11: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty
cycle outside of these limits, the minimum, time the clock is high or the minimum time the clock is low must be at least 300 ns. The maximum
time the clock can be high or low is 60us.

Note 12: Because of multiplexer addressing, test conditions for the ML2282 would be V;y = 34kHz, 5V sine (fsampuing=102kHz); ML2284
Vin=32kHz, 5V sine (fsampLing=95 kHz); ML2288 V= 30kHz, 5V sine (fsampping=89 kHz).

Note 13: Since data, MSB first, is the output of the comparator used in the successive approximation loop, an additional delay is built in (see
Block Diagram) to allow for comparator response time.
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tin tH

Voo — &
DATA cs « _539/?"
OuTPUT GND 0%
CL RL tiH
Vou
I DOAND E”%
= ND —————————

SARS OUTPUTS G

toH toH
Vcc
Vi tr
'CC —]
— %0%
R G 50%
GND 10%
DATA
OUTPUT foH=<—
(o1 DOAND VeC —
I SARS OUTPUTS
= VoL ————F 10%

Figure1. High Impedance Test Circuits and Waveforms

Data Input Timing Data Output Timing

ax }P_/"m
tpdo, tpd1 - tpdo, tpd1
l "
DATA 2
OUT (DO) / -

¢

_..I I<_ |e—tser-UP
tHOLD 2
DATA N\ — =
IN (DY) .

CLK

ML2281 Start Conversion Timing
tseT-UP
cs l
START
CONVERSION
DO
BIT7 BITG
(MSB)

Figure2. Timing Diagrams
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ML2281 Timing

1 2 3 4 5 6 7 8 9 10 1n

—>| |<—tsn-UP
!
CHIP SELECT (CS) -| ! I

|
1 1
<
|

|
Iy Iy EEr—

7 6 5 4 3 2 1 0
SAMPLE & HOLD "— (MSB) (LSB)
ACQUISITION (tAcQ)

*LSB FIRST OUTPUT NOT AVAILABLE ON ML2281

ML2282 Timing

20
we_ITRRRATHUNVURRRNIIN.

U 1
- |- tser-up OUTPUT DATA

J— |
CHIP SELECT (CS) _l ADDRESS MUX
i

—

START  ODD/
BIT SIGN

| L3N AIALAVUVANUANA AT L ALA VAR AU AR AE LAV SRS RIS
DATA IN (D) | DON’T CARE (DI DISABLED UNTIL NEXT CONVERSION CYCLE)
AAALIAAMAAAVLAANVAAALAAA LA AAMAARAAAARARARAIAAAAAAAAMARMAAAR A

SGLIDIF |

[<€&—————— MSB FIRST DATA—-—-———'DW<—-——-—- LSB FIRST DATA—————-ﬂ
|

DATA OUT (DO) H"zA’i ||l|||||||||||

SAMPLE & HOLD 7 6 5 4 3 2 1 0
ACQUISITION (tacQ) (MSB) (LSB)

1 2 3 4 5 6 7 8 9 0 M 122 1B ¥4 15 1 177 8 19 20

HI-Z

e[RRI

1 1
—> e—tseT-up | OUTPUT DATA
— |
CHIP SELECT (CS) ADDRESS MUX | I
)
START \
BIT  ODD/SIGN
| UL L T
DATA IN (D) | DON'T CARE (DI DISABLED UNTIL NEXT CONVERSION CYCLE)
UL L L Ll

DIF SELECT
SGL/DIF BIT1 [*——A/D CONVERSION IN PROCESS ————

SAR STATUS (SARS) m‘

[z

'4-————-——MSB FIRST DATA ———————1¢—————LSB FIRST DATA ——————3

DATA OUT (DO) iz | | l | I | | _—_l—m—

SAMPLE & HOLD > " 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7
ACQUISITION (tacQ) (MSB) (LSB) (MSB)

Figure 2. Timing Diagrams (Continued)
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1 2 3 4 5

CLOCK (CLK) }I;I}I{I}1

6 7

M12288 Timing

8 9 w0 M 1 13 W 15 1w 17 B 19 20 21 22 23 24 25 26

OUTPUT DATA

¥

—>| |<— tsET-UP E

CHIP SELECT (C5) ADDRESSMUX |
H

—

START  ODD/ SELECT!
BIT SIGN  BITO

oo \\ AL A

L/DIf  SELECT
st/ BIT1

[«———A/D CONVERSION IN PROCESS———1

SAR STATUS (SARS) m

|&——————MSB FIRST DATA

HI-Z

LSB FIRST D/

S_E =
DATA OUT (DO) HI-Z -
7 6 5 4 3 2 1 12 3 6
—
s MsB) (LS8) SET-UP
USING SE
TO CONTROL
LSB FIRST MSB FIRST DATA DATA HELD
OUTPUT

SAMPLE & HOLD ]
ACQUISITION (tacQ)

0.75

0.5

LINEARITY ERROR (LSB)

0.25

po HI-Z

7
= (MsB)

7
(MsB)

5 4 3 2 1

o
(LSB)

*CLOCK EDGE #18 CLOCKS IN THE LSB BEFORE SE IS TAKEN LOW

LSB FIRST DATA ~————

2 3 4 5 6 7
(MSB)

Figure 2. Timing Diagrams (Continued)
Vcc ‘- S]V‘
I VREF =5V
25
N
55°C N
T~ T ™
25°C
] 0.01 0.1
CLOCK FREQUENCY (MH2)

Figure 3. Linearity Error vs fc

HI-Z
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1 1 -
Vee=5V
Vee=5V ViN=0V
fcLk=1.333MHz foik=1.333MHz
Ta=255C
0.75 0.75
a =
2 g
= 3
g g
05 N g 05
E 125°C =
£ o
z o g
g - 55 5
= N
0.25 0.25 \
0 0
0 1 2 3 4 5 0 1 2 3 4 5
VREF (VDO VREF (VDC)
Figure 4. Linearity Error vs Vgep Voltage Figure 5. Unadjusted Offset Error vs Vggf Voltage
DI 7
o8
v v v v v
3 K R 1 R 12
5-BIT SHIFT-REGISTER
~'| opo/ C —o>——cs
START SGL/DIF SIGN SELECT 1 | SELECT 0
[ START
16
Ko R 8o
Vee | ADDRESSy NOTE 1 NOTE 1
-} cs
1d—o-ld—
1 SARS*
CHO® o —— 4= 1t — +- *@ 15 )
id 1d —
L2 LD G + I
CH1* O 1 -4 4 - TIME DELAY C R|&
W I L] -
cH2 o +— >+ DSTART 2 Q0
4 41-i¢ -
CH3 O— )¢ -4
1d id. L — —»D Q
5 L] L] —
CH4* i - ANALOG L—Do—» ¢ RfeGS DSTART 1
id o ld L__/ MUX
14114 9 (EQUIVALENT)
CH5* - R —1 DEOC
7 Hiepie L . o q
CHé* O d 1 1 & C RleGCS
1| — cle
CH7* = I = -
ld—old 1 Ccs
comr 9 11 B COMP i l EOC
- C R B7 R C
Vere 2 77 [ 86
REF O; |+ < »
vee o2 5 TO INTERNAL | e85 ]
CIRCUITRY le| (AR B4 9-BIT
Rl 32 ] "?rﬁl)c < B3 | SHIFT C "
> — | REGISTER |5 —>—
. E | Aen B2 SR Q ]
V4 INPUT {ADDER
AND
DGND* 7V SHUNT T rowat| L lpecoper[*]
/l REGULATOR 7 ,f CIRCUITS COMP
- INPUT PROTECTION — ALL LOGIC INPUTS
AGND* O—
= TO SHIFT REGISTER

*SOME OF THESE FUNCTIONS/PINS ARE NOT AVAILABLE WITH OTHER OPTIONS.
NOTE 1: FOR THE ML2284 DI IS INPUT DIRECTLY TO THE D INPUT OF SELECT 1. SELECT 0 IS FORCED TO A ‘1, FOR THE ML2282, DI IS INPUT DIRECTLY TO THE D
INPUT OF ODD/SIGN. SELECT 0 1S FORCED TO A “‘1”” AND SELECT 11S FORCED TO A*‘0"".

Figure 6. ML2288 Functional Block Diagram
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1.0 FUNCT'ONAI_ DESCRI PTION Table1. ML2288 MUX Addressing 8 Single-Ended or 4

5 A Differential Channels
1.1 Multiplexer Addressing .
The design of these converters utilizes a sample data compar- Single-Ended MUX Mode
ator structure which provides for a differential analog input to MUX Address Analog Single-Ended Channel #

be converted by a successive approximation routine. SELECT
. . SGL/ |ODD/
The actual voltage converted is always the difference be- DIF | siGN

tween an assigned “’+" input terminal and a “ -’ input ter-

minal. The polarity of each input terminal of the pair being 0
converted indicates which line the converter expects to be
the most positive. If the assigned ““+” input is less than the
“—"" input, the converter responds with an all zeros output
code.

A unique input multiplexing scheme has been utilized to
provide multiple analog channels with software configurable
single ended, differential, or pseudo differential options. The
pseudo differential option will convert the difference be-
tween the voltage at any analog input and a common termi-
nal. One converter package can now accomodate ground Differential MUX Mode
referenced inppts and true differential inputs as well as signals MUX Address Analog Differential Channel-Pair #
with some arbitrary reference voltage.

sGL/ loDD/ SELECT 0 1 2 3

A particular input configuration is assigned during the MUX L

addressing sequence, prior to the start of a conversion. The DIF_| SIGN 112131415617
MUX address selects which of the analog inputs are to be 0 0
enabled and whether this input is single ended or differential.
In the differential case, it also assigns the polarity of the ana-
log channels. Differential inputs are restricted to adjacent
channel pairs. For example, channel 0 and channel 1 may be
selected as a different pair but channel 0 or channel 1 cannot
act differentially with any other channel. In addition to select-
ing the differential mode, the sign may also be selected.
Channel 0 may be selected as the positive input and channel
1as the negative input or vice versa. This programmability is

illustrated by the MUX addressing codes shown in Tables 1, 2,
and 3. Table 2. ML2284 MUX Addressing 4 Single-Ended or 2

. . Differential Channel
The MUX address is s to the converter via the DI )
input. Since the ML2281 conains only one differential input Single-Ended MUX Mode
channel with a fixed polarity assignment, it does not require MUX Address Channel #

addressing. SELECT
The common input li h QDD/
put line on the ML2288 can be used as a SIGN

pseudo differential input. In this mode, the voltage on the

COM pin is treated as the ““~" input for any of the other Y

input channels. This voltage does not have to be analog

ground; it can be any reference potential which is common

to all of the inputs. This feature is most useful in single supply

applications where the analog circuitry may be biased at a

potential other than ground and the output signals are all COM s internally tied to A GND

referred to this potential. Differential MUX Mode

Since the input configuration is under software control, it can MUX Address Channel #

be modified, as required, at each conversion. A channel can =

be treated as a single-ended, ground referenced input for one S oDD/ | SELECT

conversion; then it can be reconfigured as part of a differen- SIGN 1 0 1 2 3

tial channel for another conversion. Figure 7 illustrates these 0
0
1
1

112|13(4]|5|6]|7 |COM

wl|l=mlolo|wl=|olol -
—|O|l=|O|=|O|=|OC|O
+
I

__._._._._._._.
~laf=|=|o]o|e

o|lojo|o|o|o|o
Iy U [ S Fe 3 K=] =)
mlm|lo|lo|=]=|loo|=
—|O|=|O|=|0O|=|0O|O
+
|

7
9]
=
=

|

g
=

alaala
—|lo|=]|lo|=
+

0
1
1 +

0
=

=
=

different input modes.

(=] f =] fo] o)
—|Oo|=|O
|
+

2-178 @ Micro Linear



ML2281, ML2282, ML2284, ML2288

Table3. MI12282 MUX Addressing 2 Single-Ended or 1

Differential Channel
Single-Ended MUX Mode
MUX Address Channel #
SGL/DIF | ODD/SIGN 0 1
1 0 +
1 1 +
COM is internally tied to GND
Differential MUX Mode
MUX Address Channel #
SGL/DIF | ODD/SIGN 0 1
0 0 + -
0 1 - +
8 Single-Ended 8 Pseudo-Differential
0 —-J + 0 —+
11—+ 1—+
2 —+ 2—+
33—+ 3 —+
4 — + 4 —— +
5 — + 5 —+
6 — + 6 — +
7 —+ 77—+
- COM (-)
oMo y
- BIAS ——
4 Differential Mixed Mode
+
— +(=) 0,1{__ -
0,1{ —]-
)
— +() 213{__ +
2,3{____ (%)
4 —f +
—_ + (=)
4’5{——1 - (+) 5"
— +(=) 6 — +
6”‘—- - 77—+
—| com(-)
VBiAs —-

Figure 7. Analog Input Multiplexer Functional
Options for ML2288

1.2 Digital Interface

The block diagram and timing diagrams in Figures 2-5 illus-
trate how a conversion sequence is performed.

A conversion is initiated when CS is pulsed low. This line
must be held low for the entire conversion. The converter is
now waiting for a start bit and its MUX assignment word.

A clock is applied to the CLK input. On each rising edge of
the clock, the data on Dl is clocked into the MUX address
shift register. The start bit is the first logic ‘1"’ that appears on
the Dlinput (all leading edge zeros are ignored). After the
start bit, the device clocks in the next 2 to 4 bits for the MUX
assignment word.

When the start bit has been shifted into the start location of
the MUX register, the input channel has been assigned and a
conversion is about to begin. An interval of /2 clock period is
used for sample & hold settling through the selected MUX
channels. The SAR status output goes high at this time to
signal that a conversion is now in progress and the DI input is
ignored.

The DO output comes out of High impedance and provides
a leading zero for this one clock period.

When the conversion begins, the output of the comparator,
which indicates whether the analog input is greater than or
less than each successive voltage from the internal DAC,
appears at the DO output on each falling edge of the clock.
This data is the result of the conversion being shifted out
(with MSB coming first) and can be read by external logic or
uP immediately.

After 8 clock periods, the conversion is completed. The SAR
status line returns low to indicate this /2 clock cycle later.

The serial data is always shifted out MSB first during the con-
version. After the conversion has been completed, the data
can be shifted out a second time with LSB first, depending on
level of SE input. For the case of ML2288, if SE=1, the data is
shifted out MSB first during the conversion only. IfSE i is
brought low before the end of conversion (which is signalled
by the high to low transition of SARS), the data is shifted out
again immediately after the end of conversion; this time LSB
first. If SE is brought low after end of conversion, the LSB first
data is shifted out on falhng edges of clock after SE goes low.
For ML2282 and 2284, SE is internally tied low, so data is
shifted out MSB first, then shifted out a second time LSB first
atend of conversion. For ML2281, SE is internally tied high,
so data is shifted out only once MSB first.

Allinternal registers are cleared when the CS input is high. If
another conversion is desired, CS must make a high to low
transition followed by address information.

The D! input and DO output can be tied together and con-
trolled through a bidirectional uP 1/O bit with one connec-
tion. This is possible because the DI input is only latched in
during the MUX addressing interval while the DO output is
still in the high impedance state.
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1.3 Reference

The voltage applied to the reference input to these converters
defines the voltage span of the analog input (the difference
between V;ymax and Viymin) over which the 256 possible
output codes apply. The devices can be used in either ra-
tiometric applications or in systems requiring absolute accu-
racy. The reference pin must be connected to a voltage
source capable of driving the reference input resistance,
typically 10k. This pin is the top of a resistor divider string
used for the successive approximation conversion.

In a ratiometric system, the analog input voltage is propor-
tional to the voltage used for the A/D reference. This voltage
is typically the system power supply, so the Vggr pin can be
tied to Vcc. This technique relaxes the stability requirements
of the system reference as the analog input and A/D refer-
ence move together maintaining the same output code for a
given input condition.

For absolute accuracy, where the analog input varies be-
tween specific voltage limits, the reference pin can be biased
with a time and temperature stable voltage source.

The maximum value of the reference is limited to the V¢
supply voltage. The minimum value, however, can be quite
small to allow direct conversion of inputs with less than 5
volts of voltage span. Particular care must be taken with re-
gard to noise pickup, circuit layout and system error voltage
sources when operating with a reduced span due to the
increased sensitivity of the converter.

14 Analog Inputs and Sample/Hold

An important feature of the ML2281 family of devices is that
they can be located at the source of the analog signal and
then communicate with a controlling uP with just a few
wires. This avoids bussing the analog inputs long distances
and thus reduces noise pickup on these analog lines. How-
ever, in some cases, the analog inputs have a large common
mode voltage or even some noise present along with the
valid analog signal.

The differential input of these converters reduces the effects
of common mode input noise. Thus, if a common mode
voltage is present on both “/+"" and *“~*’ inputs, such as
60Hz, the converter will reject this common mode voltage
since it only converts the difference between ““+" and /-
inputs.

The ML2281 family have a true sample and hold circuit
which samples both “+"* and - inputs simultaneously.
This simultaneous sampling with a true S/H will give com-
mon mode rejection and AC linearity performance that is
superior to devices where the two input terminals are not
sampled at the same instant and where true sample and hold
capability does not exist. Thus, the ML2281 family of devices
can reject AC common mode signals from DC-50kHz as well
as maintain linearity for signals from DC-50kHz.

The signal at the analog input is sampled during the interval
when the sampling switch is closed prior to conversion start.
The sampling window (S/H acquisition time) is /2 CLK per-
iod wide and occurs /2 CLK period before DO goes from
high impedance to active low state. When the sampling
switch closes at the start of the S/H acquisition time, 8 pF of

capacitance is thrown onto the analog input. '/ CLK period
later, the sampling switch is opened and the signal present at
the analog input is stored. Any error on the aralog input at
the end of the S/H acquisition time will cause additional
conversion error. Care should be taken to allow adequate
charging or settling time from the source. If more charging or
settling time is needed to reduce these analog input errors, a
longer CLK period can be used.

The ML2281X family has improved latchup immunity. Each
analog input has dual diodes to the supply rails, and a mini-
mum of +/— 25mA (+/ —100mA typically) can be injected
into each analog input without causing latchup.

1.5 Dynamic Performance
Signal-to-Noise-Ratio

Signal-to-noise ratio (SNR) is the measured signal-to-noise at
the output of the converter. The signal is the RMS magnitude
of the fundamental. Noise is the RMS sum of all the nonfun-
damental signals up to half the sampling frequency. SNR is
dependent on the number of quantization levels used in the
digitization process; the more levels, the smaller the quanti-
zation noise. The theoretical SNR for a sine wave is given by

SNR=(6.02N +1.76)dB

where N is the number of bits. Thus for ideal 8-bit converter,
SNR=49.92dB.

Harmonic Distortion

Harmonic distortion is the ratio of the RMS sum of harmonics
to the fundamental. Total harmonic distortion (THD) of the
ML2281 Series is defined as

(V22+V32+V 2 +V52) 12
Vi

20 log

where V7 is the RMS amplitude of the fundamental and V,,
V3, Vg, Vs are the RMS amplitudes of the individual
harmonics.

Intermodulation Distortion

With inputs consisting of sine waves at two frequencies, fo
and fg, any active device with nonlinearities will create distor-
tion products, of order (m +n), at sum and difference frequen-
cies of mfa +nfg, where m, n=0, 1, 2, 3,... . Intermodulation
terms are those for which m or n is not equal to zero. The
(IMD) intermodulation distortion specification includes the
second order terms (fa +fg) and (fa —fg) and the third order
terms (2f5 +p), (2o —fg), (fo +2fg) and (fo —2fg) only.

1.6 Zero Error Adjustment

The zero of the A/D does not require adjustment. If the mini-
mum analog input voltage value, V\ymin is not ground, a
zero offset can be done. The converter can be made to out-
put 00000000 digital code for this minimum input voltage by
biasing any VN — input at this Vi min value. This utilizes the
differential mode operation of the A/D.
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The zero error of the A/ D converter relates to the location of
the first riser of the transfer function and can be measured by
grounding the V| — input and applying a small magnitude
positive voltage to the V) + input. Zero error is the difference
between the actual DC input voltage which is necessary to
just cause an output digital code transition from 00000000 to
00000001 and the ideal /2 LSB value (2 LSB=9.8mV for

Vrer=5.000Vpo)- v Ve P T T T e
1.7 Full-Scale Adjustment \ 14— r
328
The full-scale adjustment can be made by applying a differen- currentumming | $288%
tial input voltage which is 1/2 LSB down from the desired RESISTOR, I +<15mA 1
analog full-scale voltage range and then adjusting the magni- a2k
tude of the Vggr input or V¢ for a digital output code which 1’ ’
is just changing from 11111110 to 11111111, =
1.8 Adjustment for an Arbitrary Analog Input Voltage . $3.2k
Range o-

If the analog zero voltage of the A/ D is shifted away from
ground (for example, to accommodate an analog input signal .
which does not go to ground), this new zero reference should Figure 8. Shunt Regulator
be properly adjusted first. A Vi + voltage which equals this

desired zero reference plus /2 LSB (where the LSB is calcu-

lated for the desired analog span, 1 LSB =analog span/256) is

applied to selected ““+"” input and the zero reference voltage

at the corresponding ‘-’ input should then be adjusted to

just obtain the 00000000 to 00000001 code transition.

The full-scale adjustment should be made by forcing a
voltage to the Vi + input which is given by: I+

VN + fs adjust=Vmax —1.5*[(Vmax-Vmin)/256]
where Vmax = high end of the analog input range
Vmin = low end (offset zero) of the analog range
The Vggr or Ve voltage is then adjusted to provide a code
change from 11111110 to 11111111,

|

|

I

|

1.9 Shunt Regulator }
A unique feature of ML2288 and ML2284 is the inclusion of a I
|

1
9

BMAF——————————

shunt regulator connected from V + terminal to ground SLOPE = 337
which also connects to the V¢ terminal (which is the actual !
converter supply) through a silicon diode as shown in Figure 5.5V 6.
8. When the regulator is turned on, the V + voltage is

clamped at 11 Vg set by the internal resistor ratio. The typical . R it

1-V curve of the shunt regulator is shown in Figure 9. It should Figure 9. IS|:/ Craractlertlstlc of the
be noted that before V + voltage is high enough to turn on unt Regulator
the shunt regulator (which occurs at about 5.5V), 35kQ of

resistance is observed between V + and GND. When the

shunt regulator is not used, V + pin should be either left float-

ing or tied to GND. The temperature coefficient of the regula-

toris —22mV/°C.

V+
\%
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2.0 APPLICATIONS

8051 Interface and Controlling Software

>—{ cro s e P13
. CIK [¢— P12
ML2288 8051
: DI [ Py
> cnr po || P
Mnemonic Instruction
START ANL P1, #0F7H ;SELECTA/D
(CS =0)
MOV B, #5 ;BITCOUNTER « 5
MOV A, #ADDR | ;A < MUXBIT
LOOP 1: RRC A ;CY < ADDRESS BIT
JC ONE ;TEST BIT
;BIT=0
ZERO: ANL P1, #OFEH ;DIl< 0
SIMP CONT ;CONTINUE
;BIT=1
ONE: ORL P1, #1 ;D1 <1
CONT: ACALL PULSE ;PULSESKO —> 1—>0
DJNZ B, LOOP1 ;CONTINUE UNTIL
DONE
ACALL PULSE ;EXTRA CLOCK FOR
SYNC
MOV B, #8 ;BITCOUNTER « 8
LOOP 2: ACALL PULSE ;PULSESKO = 1—>0
MOV A, Pl ;,CY < DO
RRC A
RRC A
MOV AC ;A < RESULT
RLC A ;A(0) < BIT AND SHIFT
MOV CA ;C < RESULT
DJNZ B, LOOP2 | ;CONTINUE UNTIL
DONE
RETI
;PULSE SUBROUTINE
PULSE: ORL P1, #04 SK <1
NOP ;DELAY
ANL P1, #0OFBH ;SK <0
RET
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APPLICATIONS (Continued)

ML2288 ‘“Stand-Alone”’ or Evaluation Circuit

MUX ADDRESS
-05Vpc
< 3 <
S5k 2 2 b3 |« START BIT
- ] ! I SGL/ DIF
I" 2 13 u 3 4 |5 |6 |8
7
j— 1] P PARALLEL INPUTS GNDQo 7o ne
CIK 2 INPUT SHIFT REGISTER
CLK 74HC165
+ 1] sHiFr/ 9
” [OAD _SIN Vee bo
START X0 I
NC 5V,
5VDC (ORVin) e
e 1k @®) 1/8Vce
VAVAﬁ ‘vAvAv VAVA VA‘IA AVAVA AVAVAV ‘v‘v‘vﬁ AVAVAv
“ 8 7 6 5 4 3 2 1 Is _l_
START BlL ¢ : ! COI':I 7=
sVoc —»1Cs ANALOG INPUTS Voc
CLK 16| =13

€K ML2288 SE
15 $sik
NCO-| SARS $
VR AGND _ DGND V+ Vee po %
12 _Ln l1o Am k20

CLOSETO
START THE NEl »
A/D CONVERSION cc 1
7
;o.oowr GND ARt
CLoCK = OUTPUT SHIFT REGISTER T
GENERATOR _+— 74HCl64 Voud
Cl 8
g LK » CLK o8 2
CIR QH QA !
) 7 H 0 s 5 7 3
Q b
K S

I Y Y YA YA VA Y

LS‘OB 5Vbc

cL <
] 13k (s)%

1/2 74HC74
MSB DATA DISPLAY

Low-Cost Remote Temperature Sensor Vee

(5Vpo
o]
‘>
Ta <3k
SN .
LM335 :k r VIN (+) Vce _]_*
IW;AF
ML2281
10k $ 10k
TAMIN VIN (=) VREF =‘,T
AD). Ao
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APPLICATIONS (Continued)

Obtaining 9-Bit Resolution
Vce »>
1
2, ViN L
¢ + - 2R
3
>2.5V [<2.5V
- +
VRer :
ML2281
s
SR
)

CONTROLLER PERFORMS A ROUTINE TO DETERMINE WHICH
INPUT POLARITY PROVIDES A NON-ZERO OUTPUT CODE.
THIS INFORMATION PROVIDES THE EXTRA BITS.

Protecting the Input
Vcc
(5Vpo
15Vpc
or
AMP 600Q
VIN (+) Ve "
IIOuF
-15Vpc =
ML2281
_[_— ViN (=)

Digitizing a Current Flow

DIODE CLAMPING IS NOT NEEDED
IF CURRENT IS LIMITED TO 25mA

10k

FS

SETFOR3V 7

Vee 0.1Q — lioap (2A FULL-SCALE)
5Vog O AA I
S Vcc
3100Q ? Vo
VIN (=) Vcc LOAD
» I8
S 240k I“’VF S L
:l_— ML2281 - 9.1k
100Q |
ZERO >< VIN (+) VREF
ADJ. §
3120k
Operating with Ratiometric Transducers Span Adjust: 0V < Vj\ <3V
Vcc
(5Vpo) vee
b (Vo0
l 320k
VXDR
XDR VIN (+) Vce . . VIN (+) vec|
1k > R 10uF .
ZERO 3¢—{VIN (-)* i ViN 104F
AD]. § = L =
:E 3 ML2281 10k - MIL2281 -
= =l.: <
p:
- 2
VREF 1k VIN(-)  VREF
0.7 Vcc| . ¢ FS +
T uF AD). = RuF
24k L
*VIN (=) =0.15VcC 1
15% OF Vce < Vxpr <85% OF Ve - =
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APPLICATIONS (Continued)

Zero-Shift and Span Adjust: 2V <Vj\ <5V Digital Load Cell
330
Vcc ANA
VO v WA
6.8k %s.w l
v 1k <. = Vcc
IN (+) Vec INS > VRer CLK
+ J: STRAIN GAUGE GAINS B
VIN 104F = LOAD CELL 44
I 10k S 3002/30mV FS 7
= = 534 $12k 10k M _
ML2281 AD).3 1 mz2e1 s
~IN
VIN (=) VREF J_ DUAL +IN DO—>
) Sim 20k
SETS ZERO b3 —VYWA—10V "_'_-
CODEVOIAGEY 330 £ 0k
VA VWA > OFFSET
1K " ] —_
2.7k 2Vpc = =
ZERO AD). 20k l_

= * USES ONE MORE WIRE THAN LOAD CELL ITSELF
¢ TWO MINI-DIPs COULD BE MOUNTED INSIDE LOAD CELL
FOR DIGITAL OUTPUT TRANSDUCER
* ELECTRONIC OFFSET AND GAIN TRIMS RELAX MECHANICAL
SPECS FOR GAUGE FACTOR AND OFFSET
* LOW LEVEL CELL OUTPUT IS CONVERTED IMMEDIATELY FOR
HIGH NOISE IMMUNITY

Convert 8 Thermocouples with only One Cold-Junction Compensator

Tvpe) R
.

T

CHo —Vcc

* * CH7M [¢—> SERIALI/O

USES THE PSEUDO-DIFFERENTIAL MODE TO KEEP THE DIFFER-
ENTIAL INPUTS CONSTANT
WITH CHANGES IN REFERENCE TEMPERATURE (TRep).
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ML2281, ML2282, ML2284, ML2288

APPLICATIONS (Continued)

4mA-20mA Current Loop Converter

4mA—20mAl 1N4148 1/6 74HC14 100k =50kHz
+ ‘:
104F '[ $100 I1000pF
[ = INP__ Vco
<24 $6.2<2
:;i‘t :;ﬁl b3 k00 Ve CD4024
+ Vo5
= +IN CLK
a7 L
uF _l. =
50pF
L mL281 ! 100K
. 10kS + ~IN cs
LM385-2.5V b eNT3 1
OPTOCOUPLER  ~
> 3 o
LM385-2.5V 5k3; < VREF oo— {—W— Ve
L GND ‘\’fl
$47 $3.93300 lﬁ B v.
>k Sk ok
11 Yo
l GND
s o ALL POWER SUPPLIED BY LOOP

* 1500V ISOLATION AT OUTPUT

Isolated Data Converter

TRANSFORMER  1ng148

TRW-TC-SSD-32
. Vcc OUT
3 ! e cc
| 100uF
= 1N4148
1l
1L
CLK
(¢ Ve
ML2288 —
oI | 8ANALOG
— ( CHANNELS
DO [

© NO POWER REQUIRED REMOTELY
= 6N139 HIGH GAIN * 1500V ISOLATION
OPTOCOUPLER
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?smn
193 I_
LS s ok
:Do— LOAD B0 R
COUNT
AB CD DOWN TMS320
|I| I_ SERIES
= D QH
o5V A Q
|
[ D Ql
DSP
4
AN Q
J S |
[ D Qs
Q
| = Dl
CLK CIK
~| VIN+
—]vn- CS
DO DR
CLK

SAMPLING RATE 111kHz, DATA RATE 1.33MHz

CLK

FSR

HI-Z

DO———-1 KmXDsXDsXmeXmeXm)A_

Interfacing ML2281 to TMS320 Series
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ML2281, ML2282, ML2284, M12288

ALTERNATE TOTAL TEMPERATURE

PART NUMBER PART NUMBER UNADJUSTED ERROR RANGE PACKAGE
SINGLE ANALOG INPUT, 8-PIN PACKAGE
ML2281BM) ADCO8318) +1LSB ~55°Cto +125°C | HERMETIC DIP (J08)
ML2281Bl) ADCO0831BC) ~40°Cto +85°C | HERMETIC DIP (j08)
ML2281BCP ADCO831BCN 0° to +70°C MOLDED DIP (P08)
ML2281Cl) ADCO831CC) £1LSB -40°Cto +85°C | HERMETIC DIP (j08)
ML2281CCP ADCO83ICCN 0°Cto +70°C | MOLDED DIP (P08)
TWO ANALOG INPUTS, 8-PIN PACKAGE
ML2282BM) ADC08328) +1LSB ~55°Cto +125°C | HERMETIC DIP (08)
ML2282BI) ADC0832BC) -40°Cto +85°C | HERMETIC DIP (j08)
ML2282BCP ADC0832BCN 0°Cto +70°C | MOLDED DIP (P08)
ML2282Cl) ADC0832CC) +1LSB -40°Cto +85°C | HERMETIC DIP (j08)
ML2282CCP ADC0832CCN 0°Cto +70°C | MOLDED DIP (P08)
FOUR ANALOG INPUTS, 14-PIN PACKAGE
ML2284BM) ADC0834B] +151SB ~55°Cto +125°C | HERMETIC DIP (14)
ML2284Bl) ADC0834BC} -40°Cto +85°C | HERMETIC DIP (j14)
ML2284BCP ADC0834BCN 0° to +70°C MOLDED DIP (P14)
ML2284Cl) ADC0834CC) +1LSB ~40°Cto +85°C | HERMETIC DIP (j14)
ML2284CCP ADC0834CCN 0°Cto +70°C MOLDED DIP (P14)
EIGHT ANALOG INPUTS, 20-PIN PACKAGE
ML2288BM) ADC0838B) +1,1SB ~55°Cto +85°C | HERMETIC DIP (20)
ML2288BlJ ADC0838BC] —40°Cto +85°C | HERMETIC DIP (120)
ML2288BCP ADCO838BCN 0°Cto +70°C MOLDED DIP (P20)
ML2288BCQ ADC0838BCV 0°Cto +70°C MOLDED PCC (Q20)
ML2288Cl) ADC0838CC) +1LSB ~40°Cto +85°C | HERMETIC DIP (120)
ML2288CCP ADCO838CCN 0°Cto +70°C MOLDED DIP (P20)
ML2288CCQ ADC0838CCV 0°Cto +70°C MOLDED PCC (Q20)
2-188
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il‘"'\ Micro Li“ear PRELIMINARY
ML2330

Selectable Dual 3V/3.3V/5V 8-Bit DACs

GENERAL DESCRIPTION FEATURES

The ML2330 Selectable Dual 3V/3.3V/5V 8-bit DACs are W 3V 10%, 3.3 £10% or 5V +£10% operation

dual voltage-output digital-to-analog converters which m Low supply current (4mA max)

can be independently programmed or powered down to = Individual and full power down (down to TuA)
n

conserve power. The devices are intended for use in
portable or low power 3V systems where space is critical. 10MDb/s three-wire serial interface, compatible to SPI
and Microwire

Programming access to the DACs is provided over a high

speed (10Mb/s), 3-wire serial interface which is m 8-pin SOIC packages
compatible to the SPI™ and Microwire™ In addition to m Available in Extended Commercial Temperature range
independent programming of the DAC output voltages, (-20°C to 70°C)

each device may be powered down independent of the
other DAC to conserve power. Each DAC draws 2mA of
maximum quiescent current when operating, and typically
less than TuA when powered down.

The device comes in an 8-pin SOIC package and in a
special Extended Commercial temperature range
(-20°C to 70°C).

SPl 1s a trademark of Motorola.
Microwire 1s a trademark of National Semiconductor.

vee
8
e .. '
1 ]
1 1
] ]
1 ]
1 !
! t
! »E| DACA OUTA
1 ]
1
: \ 1
2! 1
Scik ———>1 i
1 1
1 1
1! i
DIN —+—>] 1
1 CONTROL !
! AND | — VREF i
3! TIMING i
cs ——» H
1 1
1 ]
4! !
Dout <—:—~— :
]
] A 1
1 I
! E| pacs —>—» OUT B
]
i i
1 |
1 1
1 1
] 1
1 m can e o o T - - - 1
5
GND
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ML2330

PIN CONFIGURATION PIN DESCRIPTION
PIN# NAME FUNCTION
ML2330 1 DN Data In
8-Pin SOIC (SO8N) 2 Sax Serial Clock
ow [ 8 [ vec 3 CS Chip Select
sax []2 7 [] outa
& ¢« 3 ours 4 DOU( Data Out
Dour [+ s [] GND 5 GND Ground
TOP VIEW 6 OUTB Output of DAC B
7 OUTA Output of DAC A
8 Vcc Positive Supply
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage (Vee) ceveveereenmeciinieninneciceseenieenne 6.0V

GND ..o -0.3Vto Vcc + 0.3V
Logic Inputs .. -0.3Vto Vcc + 0.3V
Input Current Per Pin.....cocccvveeeevierinnereeniieeeceeeenns +25mA
Storage Temperature................c..... 65°C to 150°C
Package Dissipation at T = 25°C ....ccccovevvevuennenne 750mwW
Lead Temperature (Soldering 10 sec.)

SOIC ettt ce st s st e sae e enne 150°C

OPERATING CONDITIONS
Supply Voltage (Vee) «evvereeverveneeneereniesenenenne 2.7V to 5.5V
Temperature Range..........ccecueevuvenuinns -20°C < Tp < 70°C

ELECTRICAL CHARACTERISTICS

Unless otherwise specified, Tao = Tyn to Twax, Vee = 3.3V £10%, Feik = 1T0MHz Ry = 1K, C = 100pF

PARAMETER | symso | CONDITIONS | min | tve | max | units
Converter
Resolution 8 bits
Integral Linearity Error ILE +1 LSB
Differential Linearity Error DLE +1 LSB
Offset Error 15 20 25 mV
Gain Error +3 %FS
Analog Output
Output Drive Current loutep | @00 & FF 2 mA
Power Supply Rejection Ratio PSRR @00 & FF —-40 dB
Digital and DC
Logic Input Low Vi 0.5 \%
Logic Input High Vin 2.0 \Y
Logic Input Low Current i Vin = GND -1 HA
Logic Input High Current i Vin = VCC 1 HA
Logic Output Low VoL I=3.2mA 0.4 \%
Logic Output High VoH 1=0.4mA 2.4 \Y
Supply Current lce R =00 2.5 4 mA
Power Down Current Vce =3V 1 A
Vee =5V 5 HA
AC Performance
Settling Time ts +1/2 LSB 5 10 us
Slew Rate 1.4 V/us
Crosstalk 60 dB
8L Micro Linear 2-191
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TIMING CHARACTERISTICS
VCC = 3.3V £10%, C = 50pF, Ta = Tpin to Tmax, unless otherwise noted
PARAMETER | symsot | | min | tve | max | unis
Converter
CS Fall to Sc1k
Setup Time tcss 20 ns
Scik Rise to €S
Rise Hold Time tesH 50 ns
Din to Scik
Rise Setup Time tps 20 ns
DiN to Scrk
Rise Hold Time toH 20 ns
Scik Frequency feik 10 MHz
Scik Duty Cycle 40 60 %
Scik to Doyr Valid tbo 30 ns
ML2330 MICROWIRE ML2330 SPI
) PORT A PORT
Scik |« SK Dour |« MISO
1 1
DIN |« SO DN |« MOSI
2
Dour SI ScLk SCK
3 _ |3
CS |= /0 CS |- I/0
Figure 1A. Connections for Microwire. Figure 1B. Connections for SPI.

ow 70NN 21 X 20 X2+ X XK o7 X s X o5 X s X 03 X 02 X b1 X_oo XY\

Dour __Do Car Xao X pt X po X o7 X o6 X 05 X4 X b3 X2 X0t X_Do

Dour* are the data from previous input.

Figure 1C. Interface Timing
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Din

T Xz,

S

< tpo
Dour

tcsH

Figure 2. Detail Interface Timing

FUNCTIONAL DESCRIPTION

SERIAL INTERFACE

The ML2330 communicates with microprocessors through
a synchronous, full-duplex, 3-wire interface (figure 1A &
B). At power on, the control registers are cleared and both
DACs have high impedance outputs. Data timing shown
in figure 1C is sent MSB first and can be transmitted in
one 4-bit and one 8-bit packet or in one 12-bit word. If a
16-bit control word is used, the first four bits are ignored.
The serial clock (ScLk) synchronizes the data transfer. Data
is transmitted and received simultaneously. Figure 2 shows
detailed serial interface timing. Note that the clock should
be low between updates. Doyt does not go into a high
impedance state if the clock idles or CS is high.

Serial data is clocked into the data registers in MSB-first
format, with the address and configuration information
preceding the actual DAC data. Data is sampled on the
Sci’s rising edge while CS is low. Data at Doyr is
clocked out 12.5 clock cycles later, on the Sc| ¢’s falling
edge.

Chip select (CS) must be low to enable the read or write
operation. If CS is high, the interface is disabled and Doyt
remains unchanged. CS must go low at least 10ns before
the first clock pulse to properly clock in the first bit. With
CS low, data is clocked into the ML2330’s internal shift
register on the rising edge of the external serial clock. Sci g
can be driven at rates up to 10MHz.

SERIAL INPUT DATA FORMAT AND
CONFIGURATION CODES

The 12-bit serial input format shown in Figure 3 comprises
two DAC address bits (A1, A0), two power down control
bits (P1, PO) and eight bits of data (D7 . . . DO).

DOUT A1 A0 P1 D7...D0 |<—DIN

Figure 3. Serial Input Format

The 4-bit address/control code configures the DAC as
shown in Table 3.

Al A0 | Function

0 0 No operation

0 1 Select control bits and DAC A
1 0 Select control bits and DAC B

1 1 Select control bits and both DACs

Table 3.1 Address Selection

P1 PO | Function

0 Normal

1 Power down DAC A
1 0 Power down DAC B

1 1

Power down entire chip

Table 3.2 Power Down Selection

DAC OPERATION

The DACs are implemented using an array of equal
current sources that are decoded linearly for the four most
significant bits to improve differential linearity and to
reduce output glitch around major carries. A voltage
difference between on-board bandgap reference voltage
and GND is converted to a reference current using an
internal resistor to set up the appropriate current level in
the DACs. The DACs output current is then converted to a
voltage output by an output buffer and a resistive network.
The matching among the on-chip resistors preserves the
gain accuracy between these conversions.

8L Micro Linear
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VOLTAGE REFERENCE

A bandgap voltage reference is incorporated on the
ML2330. It is trimmed for Zero Temperature Coefficient at
25°C to minimize output voltage drift over the specified
operating temperature range.

OUTPUT BUFFER AND GAIN SETTING

The output buffer converts the DAC output current to a
voltage output using a resistive network. The outputs can
swing from GND +0.02V to either 2.02V (3V) or 4.02V
(5V). The DAC transfer function is:

Vour = KXDATA XZDS’;‘TA +0.02

where K= 2 if Vcc =3V and K =4 if Vec = 5V

In the 3V operation, the amplifier outputs will settle to
1/2LSB in 10us when loads are greater than 1KQ (2KQ for
5V operation) and capacitive loads smaller than 100pF.

ORDERING INFORMATION

VCC SUPPLY RANGE

ML2330 can be operated at 3V £10% (ML2330-2), 3.3V
+10% (ML2330-3) or 5V £10% (ML2330-5).

POWER DOWN MODE

There are three power down modes in the ML2330. By
clearing the control bits P1-PO (Table 3.2), the entire chip
will be powered down with a supply current less than
5pA. Individual DACs can also be powered down to save
power.

PART NUMBER

TEMPERATURE RANGE

PACKAGE

ML2330ES

-20°C to +70°C

8-PIN SOIC (S08N)
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ML2340, ML2350

Single Supply, Programmable

8-Bit D/A Converters

GENERAL DESCRIPTION

The ML2340 and ML2350 are CMOS voltage output, 8-bit
D/A converters with an internal voltage reference and a
WP interface. These devices are designed to be powered
by a single supply, although they can be powered from
dual power supplies. The output voltage swings above
zero scale (Vzg) in the unipolar mode or around zero scale
(Vzs) in the bipolar mode, both with programmable gain.
Vzs can be set to any voltage from AGND to 2.25V below
Vcc. The digital and analog grounds, DGND and AGND,
are totally independent of each other. DGND can be set to
any voltage from AGND to 4.5V below V(¢ for easy
interfacing to standard TTL and CMOS logic families.

The high level of integration and versatility of the ML2340
and ML2350 makes them ideal for a wide range of
applications in hard disk drives, automotive, telecom, and
a variety of general purpose industrial. One specific
intended application is controlling a hard disk voice coil.

The internal reference of the ML2340 provides a 2.25V or
4.50V output for use with A/D converters that use a single
5V £10% power supply, while the ML2350 provide a
2.50V or 5.00V reference output.

FEATURES

m Programmable output voltage gain settings of 2, 1,
/2, /s provide 8-, 9-, 10-, or 11-bit effective resolution
around zero

m AGND to V¢ output voltage swing

Bipolar or unipolar output voltage

m 4.5V to 13.2V single supply or £2.25V to 6.5V
dual-supply operation

m Transparent latch allows microprocessor interface
with 30ns setup time

m Data flow through mode
m Voltage reference output

ML2340 ..o 2.25V or 4.50V
ML2350 .ot 2.50V or 5.00V
B Nonlinearity .....ccevevevverenrennenenienne +'/4 LSB or +'/2 LSB

m Output voltage settling time over temperature and
supply voltage tolerance
Within 1V of Vcc and AGND ... 2.5us max
Within 100mV of Vcc and AGND ............... 5us max
TTL and CMOS compatible digital inputs
Low supply current (5V supply) ...ccccoveevevennes 5mA max

18-pin DIP or surface mount SOIC

Operating temperature range of 0°C to +70°C, —40°C to
+85°C, and -55°C to +125°C

BLOCK DIAGRAM

Vzs Vce AGND

VREFOUT

PIN CONNECTIONS
ML2340 ML2340
ML2350 ML2350

18-Pin DIP (P18) 18-Pin SOIC (S18W)

vee[[1 7 10[]Veerin Veeom] 1 10 FIOVREF IN
Vourq 2 11 D VREF ouT
vour[] 2 11 1 Ver our Vzsod 3 12 FOGAIN 1
VeErin \ vzs[] 3 12 [JGAIN 1 AGNDOT] 4 13 IOGAIN 0
o0—] DGNDO 5 14 FIOIXFER
SBIT D/A AGND[] 4 13 [JGAINO peood ¢ 15 FODBY
DGND[] 5 14 [ ] XFER pB1OM 7 16 [MDB6
’ pB20r 8 17 fmDB5
DBO[} 6 15 {1087 B30T 9 18 fmDB4
DB1[] 7 16 []DB6 TOP VIEW
RESISTORS DB2D 8 17 | ] DB5
SWITCHES
DECODERS DB3[] 9 18 []DB4
TOP VIEW
XFER  (LSB) (MsB) GAINO  GAIN1
-— - -
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PIN DESCRIPTION

PIN# NAME FUNCTION PIN# NAME FUNCTION
1 Ve Positive supply. 8 DB2 Data input — Bit 2.
2 Vour Voltage output of the D/A converter. 9 DB3 Data input — Bit 3.
Vour is referenced to Vzs.
. 10 DB4 Data input — Bit 4.
3 Vg Zero Scale Voltage. Vour is referenced ) )
to Vzs. Vzs is normally tied to AGND 11 DB5 Data input — Bit 5.
in the unipolar mode or to mid-supply : —_Bi
in the bipolar mode. When the device 12 DB6 Data input ité.
is operated from a single power 13 DB7 Data input — Bit 7 (MSB).
supply, Vzs has a maximum current 14 XFER Transfer enable in .
. . . put. The data is
:ﬁgglerement of -300pA in the bipolar transferred into the transparent latch at
’ the high level of XFER.
4 AGND Analog ground. 15 GAINO Digital gain setting input 0.
DGND Digital ground. This is the ground .. . .
reference level for all digital inputs. 16 GAINT Digital gain setting input 1.
The range is AGND < (Ve - 4.5V). 17 Vgeroutr  Voltage reference output. VRer our is
DGND is normally tied to system referenced to AGND. Vggr oy is set
ground. to 2.5V and 5.0V in a low-voltage and
. . high-voltage operation, respectively
6 DBO Data input — Bit 0 (LSB). for the ML2350; 2.25V and 4.5V for
DB1 Data input — Bit 1. the ML2340.
18 VRerFIN Voltage reference input. VRgr N is
referenced to AGND.
ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS
(Note 1) (Note 1)
Supply Voltage V¢ with Respect to AGND ............ 14.2V Supply Voltage, Vi coveveevenenvenneennee 4.5Vpcto 13.2Vpc
DGND .ot -0.3Vto Ve + 0.3V Temperature Range (Note 3) ... - TMIN € Ta £ Tmax
Vzs, VREF IN - .-0.3Vto Ve + 0.3V ML2340BM), ML2340CM
Logic INputs ......coecveeeureeneenne 0.3V to Vcc + 0.3V ML2350BMJ, ML2350CM]J ................. -55°C to +125°C
Input Current per Pin (Note 2) .....cccccovvveenvivennnneen. +25mA ML2340BIj, ML2350BIJ ....ccccvvveeeeennne —40°C to +85°C
Storage Temperature ........ccccceeeveveeennenne -65°C to +150°C ML2340BCP, ML2340CCP

Package Dissipation at T = 25°C (Board Mount) ...875mW
Lead Temperature (Soldering 10 sec.)

Dual-In-Line Package (Molded)..........cccecerveurnne. 260°C
Dual-In-Line Package (Ceramic) ........coocevrueernne 300°C
Molded Small Outline IC Package
Vapor Phase (60 SEC.) ....cceevververvineeaiaesinanens 215°C
Infrared (15 SEC.) wuvviivereeeieieeereeeeeeeeeereeeseeeeens 220°C

ML2350BCP, ML2350CCP
ML2340BCS, ML2340CCS
ML2350BCS, ML2350CCS .......c.ccovvruiennns 0°C to +70°C

2-196

@Micro Linear



ML2340, ML2350

ELECTRICAL CHARACTERISTICS

Unless otherwise specified, Ta = Tpin t0 Tmax, Vec — AGND = 5V £10% and 12V £10%, Vggr N for ML2340 = 2.25V
and 4.50V, for ML2350 Vggr (N = 2.50V and 5.00V, Vour load is R = 1K and C = 100pF, Vg load is R = 1K and

C = 100pF and input control signals with tg = tr < 20ns.

ML2340XIX, ML2350XMX
ML2340XCX, ML2350XCX ML2350XIX, ML2350XMX
TYP TYP
PARAMETER INOTES| CONDITIONS MIN [(NOTE 4)] MAX MIN [(NOTE 4)| MAX UNITS
Converter and Programmable Gain Amplifier
Converter Resolution 5 8 8 Bits
Integral Linearity Error 5 |GAIN=2,1,"%,0r"
ML2340BXX, ML2350BXX +/s 4 LSB
ML2340CXX, ML2350CXX +'2 '/ LSB
Differential Linearity Error 5 |GAIN=2,1,%,0r's
ML2340BXX, ML2350BXX +'/s 4 LSB
ML2340CXX, ML2350CXX +'/ '/ LSB
Mode Select 5 | Vzs with respect to AGND
Unipolar Output 0 1.0 0 1.0 \
Bipolar Output 1.50 Vee-2.25  1.50 Vee-225 v
Offset Error 5 |Figure 1
Unipolar Mode GAIN =4, /2,1 +10 +12 mV
GAIN =2 +20 +24 mV
Bipolar Mode 5 |Figure 1
GAIN =4, /, 1,2 +10 plus +10 plus mV
+2'/2 LSB +2'/2 LSB
Gain Error 5 |Figure 1
Unipolar Mode GAIN =14, 2,1,2 +0.5 +2 +0.5 +2.5 %FS
Bipolar Mode GAIN = /s, ', 1,2 +0.5 +2 +0.5 +2.5 %FS
Reference
VRer out Voltage 5
ML2340BXX Vcc £7.0V Ta =25°C 2.23 2.25 2.27 2.23 2.25 2.27 \Y
TMINtO Tvax | 2.22 2.28 2.18 2.32 Y%
Vee = 8.0V Ta=25°C| 4.48 | 450 | 452 448 | 450 | 452 v
TMIN to TMmAx 4.46 4.54 4.43 4.57 \Y
ML2340CXX Ve £7.0V Ta=25°C 2.22 2.25 2.29 2.22 2.25 2.28 \Y
Tvin to Tmax | 2.20 2.30 2.18 2.32 v
Vcc 2 8.0V Ta =25°C 4.45 4.50 4.55 4.45 4.50 4.55 \Y
TMIN O Tmax | 4.40 4.60 435 4.65 Y%
ML2350BXX 5 Ve £7.0V Ta=25°C 2.48 2.50 2.52 2.48 2.50 2.52 \Y
TMmIN to Tmax 2.47 2.53 2.43 2.57 \%
Vee 2 8.0V Ta =25°C 4.98 5.00 5.02 4.98 5.00 5.02 \Y
TmIN to Tmax 4.96 5.04 4.90 5.10 \Y
ML2350CXX Vee £7.0V Ta = 25°C 2.45 2.50 2.55 2.46 2.50 2.55 \Y
TMIN t0 Tmax | 2.44 2.58 2.42 2.59 %
Vce 2 8.0V Ta = 25°C 4.95 5.00 5.05 4.95 5.00 5.05 \%
TMin 0 Twax | 4.90 5.10 4.85 5.15 Y
Temperature Coefficient
VReF ouT 50 50 ppm/°C
VRer Output Current 5 0.75 5 0.75 5 mA
VREF ouT Power Supply 5 100mVp_p, 1kHz -40 -60 -40 -60 dB
Rejection Ratio Sinewave on V¢
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ELECTRICAL CHARACTERISTICS (Continued)

ML2340XCX, ML2350XCX

ML2340XIX, ML2350XMX
ML2350XIX, ML2350XMX

TYP TYP
PARAMETER INOTES| CONDITIONS MIN |(NOTE 4)] MAX MIN |(NOTE 4)| MAX UNITS
Vrer IN and Vzs
VRer (N Input Range 5 |Vcc<8.75V AGND+2 Vee=1.75|AGND+2 Vee-1.75 \%
Vee 28.75V AGND+2 AGND+7|AGND+2 AGND+7 \Y
Vger N DC Input 5 10 10 MQ
Resistance
Vzs Voltage Range 5,8 {Vcc<7.0V AGND Vcce-2.25] AGND Vee-2.25 \Y
Analog Output
Vourt Output Swing
Unipolar Mode 5,8 [RL=100K AGND+ Vce-0.5 | AGND+ Vee-0.5 \
0.01 0.01
R =1K AGND+ Vce-1.0 | AGND+ Vce-1.0 \
1.0 1.0
Bipolar Mode 5 |RL=100K AGND+ Vce-0.1 | AGND+ Vee-0.1 \Y
0.1 0.1
R =1K AGND + Vce-1.0 | AGND + Vee-1.0 \Y
1.0 1.0
Vourt Output Current 5 |AGND+1V<Vgoyr<Vcece-1V -10 +10 -10 +10 mA
Power Supply 100mVp_p, TkHz -60 -60 dB
Rejection Ratio sinewave on Vcc
Digital and DC
Vino) Logical “0” 5 0.8 0.8 \%
Input Voltage
V]N“) Logical “” 5 2.0 2.0 \%
Input Voltage
IIN(O) Logical “0” 5 Vin = DGND -1 -1 HA
Input Current
ling) Logical “1” 5 |ViN=Vce 1 1 UA
Input Current
Supply Current,
Bipolar Mode
lcc, Vee Current 5 |Vcc=5V+10% 5.3 5.3 mA
laGNDs
Analog Ground Current -5.0 -5.0 mA
lyzs, Vzs Current -90 -300 -90 -300 HA
Icc, Vec Current 5 |Vec=12V£10% 9.3 9.3 mA
IacND,
Analog Ground Current -9.0 -9.0 mA
lyzs, Vzs Current -90 -300 -90 -300 LA
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ELECTRICAL CHARACTERISTICS (Continued)

ML2340XIX, ML2350XMX
ML2340XCX, ML2350XCX ML2350XIX, ML2350XMX
TYP TYP
PARAMETER INOTES CONDITIONS MIN [(NOTE 4), MAX MIN [((NOTE 4)[ MAX UNITS
Digital and DC (Continued)
Supply Current,
Unipolar Mode
Icc, Ve Current 5 |Vce=5V£10% 6.0 6.0 mA
IAGND/
Analog Ground Current -4.3 -4.3 mA
lvzs, Vzs Current -1.7 -1.7 mA
lcc, Vec Current 5 Vee =12V £10% 11.0 11.0 mA
IAGND:
Analog Ground Current -7.3 -7.3 mA
lyzs, Vzs Current -3.7 -3.7 mA
AC Performance
Settling Time 5 |Figure 2,
ts Output Step of AGND + 1V 1.2 2.5 1.2 3.0 us
toVec -1V, R = 1K
ts2 Output Step of 2.5 5 2.5 6 us
AGND + 100mV to
VCC - IOOmV, RL = 100K
ts3 Output Step of +1LSB 1 1 i
ts4, Gain Change Change of Any Gain Setting 1.1 2.5 1.1 us
txrer, XFER Pulse Width 5 |Figure 3 60 60 ns
tpgs, DBO-DB7 5 |Figure 3 40 45 ns
Setup Time
tpgH, DBO-DB7 5 |Figure 3 0 0 ns
Hold Time
treset, Power-On 6 16 16 Hs
Reset Time

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 analog ground

Note 2: When the voltage at any pin exceeds the power supply rails (Viy < AGND or V)N > Vc) the absolute value of current at that pin should be limited to 25mA or less.

Note 3: -55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. ~40°C to +85°C operating
temperature range devices are 100% tested with temperature linits guaranteed by 100% testing, sampling, or by correlation with worst-case test conditions.

Note 4: Typicals are parametric norm at 25°C.

Note 5: Parameter guaranteed and 100% production tested.

Note 6: Parameter guaranteed Parameters not 100% tested are not 1n outgoing quahity level calculation.

Note 7:  Supply current and analog ground current are specified with the digital inputs stable and no load on Voyr.

Note 8: In unipolar operation with Vzs and AGND tied together, digital codes that represent an analog value of less than 100mV from AGND should be avoided.
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.
ANALOG ~— IDEAL ANALOG
OUTPUT OUTPUT AN
ERROR™
r OFFSET (ZERO) ERROR

A

DIGITAL INPUT—> DIGITAL INPUT —>

Unipolar Mode Unipolar Mode
Figure 1. Gain and Offset Error

GAIN 0, GAIN 1
XFER
‘ SETTLED TO
Vour +1/2 LSB
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Figure 2. Settling Time
XFER
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Figure 3. Single Buffered Mode
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1.0 FUNCTIONAL DESCRIPTION

1.1 D/A CONVERTER

The D/A converter is implemented using an array of equal
current sources that are decoded semi linearly for the four
most significant bits to improve differential linearity and to
reduce output glitch around major carries. See Figure 4.

The input voltage reference of the D/A converter is the
difference between Vggr v and AGND. This difference
voltage is converted to a reference current using an
internal resistor to set up the appropriate current level in

the D/A converter. The D/A converter output current is
then converted to a voltage output by an output buffer
and a resistive network. The matching among the
on-chip resistors preserves the gain accuracy between
these conversions.

The D/A converter can be used in a multiplying mode by
modulating the reference input within the specified
VREF IN range.

41 41 41

LZI

IR

Vec
1 C)I
4-BIT
T DIVIDER
DACout
DACout

Figure 4. D/A Converter Implementation

1.2 SINGLE-SUPPLY vs. DUAL-SUPPLY OPERATION

ML2340 and ML2350 can be powered from a single
supply ranging from 4.5V to 13.2V or dual supplies
ranging from £2.25V to £6.6V.

The internal digital and analog circuitry is powered
between V¢ and AGND. The range of DGND is
AGND < DGND < V¢ - 4.5V with the logic thresholds
set between 0.8V and 2.0V above DGND (standard TTL
logic level). The range of Vzg is AGND < Vzg < (Ve -
2.25V).

1.3 UNIPOLAR AND BIPOLAR OUTPUT
VOLTAGE SWING

ML2340 and ML2350 can operate in either unipolar
bipolar output voltage mode. Unipolar/bipolar mode
selection is determined by comparing the zero scale
voltage (Vzs) of these devices to a precise internal

reference that is referred to AGND. Vzg is ideally the

1.3.2 Bipolar Output Mode

In the bipolar mode, Vot swings around Vzs. The input
data is in 2’s complement binary format. Ideally, the
00000000 code results in an output voltage of Vzs; the
10000000 code results in an output voltage of (Vzs — Vs);
and the 01111111 results in an output voltage of (Vzs +
Vs 127/128), where Vs is the full scale output voltage
determined by Vger (N and the gain setting.

1.4 OUTPUT BUFFER AND GAIN SETTING

The output buffer converts the D/A output current to a
voltage output using a resistive network with proper gain
setting determined by the GAIN 0 and GAIN 1 inputs.
There are four possible gain settings for unipolar output
voltage mode and bipolar output voltage mode as listed
below:

Unipolar Output Voltage Mode

voltage that will be produced at the DAC voltage output Voltage Outout Swin
when the digital input data is set to all “0’s” Unipolar GAIN1 | GAINO GAIN R§Iative ‘:o v 8
mode is selected when Vzg is lower than 1.00 volt, and z
bipolar mode is selected when Vzs is greater than 1.50 0 0 /a VREF IN X /4
volts. 0 1 2 VREF IN X /2
1.3.1 Unipolar Output Mode 1 0 1 Virer N X 1
In the unipolar mode, Vot swings above Vzs. Ideally the 1 1 2 VREF IN X 2
00000000 code results in an output voltage of Vzs, and
the 11111111 code results in an output voltage of
Vs x 255/256, where Vg is the full-scale voltage
determined by Vger 1N and the gain setting.
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Bipolar Output Voltage Mode ML2350
GAIN 1 GAIN O GAIN Voltage Outputp.p VRer = 2.50V with VRer = 5.0V with
Vee 7.0V Vcc = 8.0V
0 0 A VRer IN X V6 Gain CcC CcC
0 1 s Veer X U Setting | Unipolar Bipolar Unipolar Bipolar
T s 0t0 0.625V{-0.3125V to| Oto 1.25V | -0.625V to
! ° ! VReF IN X /2 +0.3125V +0.625V
! ! 2 VRer N X T ' |0to1.250V(-0.6250V to| 0to2.50V | -1.250V to
+0.6250V +1.250V
The output buffer can source or sink as much as 10mA of 1 |0to2.500V|-1.2500V to] 0to 5.00V | —2.500V to
current with an output voltage of at least 1V from either +1.2500V +2.500V
Vce or AGND. As the output voltage approaches V¢ or
AGND the current sourcing/sinking capability of the 2 |0t05.000V|~-2.5000V to| 0to 10.00V | -5.000V to
output buffer is reduced. The output buffer can still swing +2.5000V +5.000V

down to within 10mV of AGND and up to within 40mV of
Ve with a 100K load at Voyt to AGND in the unipolar
operation. In the bipolar operation, the output buffer
swing is limited to about 100mV from either rails.

1.5 VOLTAGE REFERENCE

A bandgap voltage reference is incorporated on the ML2340
and ML2350. Two reference voltages can be produced by
each device. An internal comparator monitors the power
supply voltage to determine the selection of the reference
voltage. A reference voltage of 2.25 volts on the ML2340
and 2.50 volts on the ML2350 is selected when the supply
voltage is less than approximately 7.50 volts. Otherwise, a
reference voltage of 4.50 volts and 5.00 volts is selected. To
prevent the comparator from oscillating between the two
selections, avoid operation with a power supply between 70
and 8.0 volts.

The bandgap reference is trimmed for zero Temperature
Coefficient (TC) at 35°C to minimize output voltage drift
over the specified operating temperature range.

The internal reference is buffered for use by the DAC and
external circuits. The reference buffer will source more
than 5mA of current and sink more than TmA of current.
With Vger N connected to Vgee our, the following output
voltage ranges of the DAC are obtained:

An external reference can alternatively be used on Vggr N
to set the desired full scale voltage. The linearity of the D/A
converter depends on the reference used, however. To
insure integral linearity at an 8-bit level, a reference
voltage of no less than 2V and no more than 7V (2.75V
for operation with a low-voltage power supply) should

be used.

1.6 DIGITAL INTERFACE

The digital interface of the ML2340 and ML2350 consist
of a transfer input (XFER) and eight data inputs, DBO
through DB?7. The digital interface operates in one of the
two modes:

1.6.1 Single-Buffered Mode

Digital input data on DBO-DB?7 is passed through an 8-bit
transparent input latch on the rising edge of XFER.
Because the outputs of the latch are connected directly to
the inputs of the internal DAC, changes on the digital data
while the XFER input is still active will cause an
immediate change in the DAC output voltage. To hold the
input data on the latch, the XFER input needs deactivated
while the data is still stable.

1.6.2 Flow-Through Mode

In the flow-through mode, the input latch is bypassed.
When XFER is set to logic “1”, a change of data inputs,
DB0-DB7, results in an immediate update of the output
voltage.

1.7 POWER-ON-RESET

The ML2340 and ML2350 have an internal power-on-
reset circuit to initialize the device when power is first
applied to the device. The power-on-reset interval of
typically 8us begins when the supply voltage, V¢ reaches
approximately 2.0V. During the power-on-reset interval,
the transparent latch is reset to all “0’s”.

ML2340
VREF = 2.25V with VRer = 4.5V with
. Vec £7.0V Vce = 8.0V
Gain - -
Setting | Unipolar Bipolar Unipolar Bipolar
a 010 0.562V| -0.281Vto | 0to 1.125V | -0.562V to
+0.281V +0.562V
2 0to 1.125V| -0.562V to | 0 to 2.250V | -1.125V to
+0.562V +1.125V
1 0to0 2.250V| -1.125V to | 0 to 4.500V | -2.250V to
+1.125V +2.250V
2 0to 4.500V| -2.250V to | O to 9.000V | -4.500V to
+2.250V +4.500V
2-202
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2.0 TYPICAL APPLICATIONS

4.5V
+VREF . VREFOUT
VREFIN
ML2271 N ML2340
D/A
< <4.
0<VINS4.5VO—] y up / with Vour
REFERENCE

Figure 5. Using 4.50V Reference of D/A for Reference of A/D Using Single 5V V¢ = 10%

DB7 J\ D7

DBO Do
T > iNE
RD <—G____ DEN
: VINO—] mL2261
ADDRESS S
_ DECODE HEN
WRl<——)
DB7, AAA TMS320
__| | ctock DBO| /E14
€S | | SOURCE c15
J__- OR ML2340
= TIMER D/A PAD
PA1
XFER|<€
Vouro—] PA2

Figure 6. TMS320 Interface
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Figure 7. Single 5V Supply Unipolar Voyt
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TYPICAL APPLICATIONS (Continued)

+12V
9.0V
Vee J 256 CODES
ML2340 / 6.75V
Vour BIPOLAR ¥ 256 CODES 5.625V
of ° ARV&'J’LD 256 CODES 5062V, oo
4.5V 45V a5V a5V g—msv

VREFIN
VREFOUT a 4.50V

Vzs
—>{GAIN 0

AGND
—>|GAIN 1

Figure 8. Single 12V Supply, Bipolar Voyt with 11-Bits Resolution Around Zero
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° 3 15 OUTPUT- {12
DB7 Vour CONTROL- Y
18 N PWR GND B
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___ {¢—— MOTOR
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1| —it—
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Figure 9. Hard Disc Drive Servo Coil Driver Providing 13-Bit Effective Resolution
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ORDERING INFORMATION

INTEGRAL & DIFFERENTIAL TEMPERATURE
PART NUMBER NON-LINEARITY RANGE PACKAGE
VREef out = 2.25V with Ve = 5V
ML2340BMJ/5 +'/4 LSB -55°C to +125°C Hermetic DIP (J18)
ML23408Bl)/5 —40°C to +85°C Hermetic DIP (J18)
ML2340BCP/5 0°C to +70°C Molded DIP (P18)
ML2340BCQ/5 0°C to +70°C Molded PCC (Q18)
ML2340CMJ/5 +'/2 LSB -55°C to +125°C Hermetic DIP (J18)
ML2340CCP/5 0°C to +70°C Molded DIP (P18)
ML2340CCQ/5 0°C to +70°C Molded PCC (Q18)
VRer out = 2.50V with Ve = 5V
ML2350BMJ/5 +'/4 LSB -55°C to +125°C Hermetic DIP (J18)
ML23508Bl)/5 ~40°C to +85°C Hermetic DIP (J18)
ML2350BCP/5 0°C to +70°C Molded DIP (P18)
ML2350BCQ/5 0°C to +70°C Molded PCC (Q18)
ML2350CMJ/5 +'/2 LSB -55°C to +125°C Hermetic DIP (J18)
ML2350CCP/5 0°C to +70°C Molded DIP (P18)
ML2350CCQ/5 0°C to +70°C Molded PCC (Q18)
VRer out = 4.50V with Ve = 12V
ML2340BM}/12 +'/4 LSB -55°C to +125°C Hermetic DIP (J18)
ML23408Bl)/12 —40°C to +85°C Hermetic DIP (J18)
ML2340BCP/12 0°C to +70°C Molded DIP (P18)
ML2340BCQ/12 0°C to +70°C Molded PCC (Q18)
ML2340CM)/12 +'/2 LSB -55°C to +125°C Hermetic DIP (J18)
ML2340CCP/12 0°C to +70°C Molded DIP (P18)
ML2340CCQ/12 0°C to +70°C Molded PCC (Q18)
VREF OouT = 5.00V with VCC =12V
ML2350BMJ/12 +1/4 LSB -55°C to +125°C Hermetic DIP (J18)
ML2350BI)/12 —40°C to +85°C Hermetic DIP (J18)
ML2350BCP/12 0°C to +70°C Molded DIP (P18)
ML2350BCQ/12 0°C to +70°C Molded PCC (Q18)
ML2350CMJ)/12 +1/2 LSB -55°C to +125°C Hermetic DIP (J18)
ML2350CCP/12 0°C to +70°C Molded DIP (P18)
ML2350CCQ/12 0°C to +70°C Molded PCC (Q18)

8L Micro Linear
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PRELIMINARY

ML2341, ML2351

Single Supply, Programmable

8-Bit D/A Converters

GENERAL DESCRIPTION

The ML2341 and ML2351 are CMOS voltage output,
8-bit D/A converters with an internal voltage reference
and a uP interface. These devices are designed to be
powered by a single supply, although they can be
powered from dual power supplies. The output voltage
swings above zero scale (Vzs) in the unipolar mode or
around zero scale (Vzg) in the bipolar mode, both with
programmable gain. Vzs can be set to any voltage
from AGND to 2.25V below V¢c. The digital and
analog grounds, DGND and AGND, are totally
independent of each other. DGND can be set to any
voltage from AGND to 4.5V below V¢ for easy
interfacing to standard TTL and CMOS logic families.

The high level of integration and versatility of the
ML2341 and ML2351 makes them ideal for a wide
range of applications in hard disk drives, automotive,
telecom, and a variety of general purpose industrial.
One specific intended application is controlling a hard
disk voice coil.

The ML2341 provides a 2.25V or 4.50V reference
output for use with A/D converters that use a single
5V % 10% power supply, while the ML2351 provides a
2.50V or 5.00V reference output.

FEATURES

m Programmable output voltage gain settings of 2, 1,
Y2, V4 provide 8-, 9-, 10-, or 11-bit effective
resolution around zero

m AGND to Vcc output voltage swing

m Bipolar or unipolar output voltage

m 4.5V to 13.2V single supply or +2.25V to 6.5V
dual-supply operation

m Single- and double-buffered, edge-triggered
interface with 30ns write time, Ons hold time

m Voltage reference output

ML2341 ... 2.25V or 4.50V
ML235T ..o 2.50V or 5.00V

m Nonlinearity ..................... +% LSB or £%» LSB

m Output voltage settling time over temperature and
supply voltage tolerance

Within 1V of V¢c and AGND
Within 100mV of Vcc and AGND ....... 5us max

m TTL and CMOS compatible digital inputs

m Low supply current (Vggr < 2.5V) ........

= 20-pin DIP or PCC

m Operating temperature range of 0°C to +70°C,
—40°C to +85°C, and -55°C to +125°C

BLOCK DIAGRAM

PIN CONNECTIONS

ML2341 ML2341
Vs Vee AGND ML2351 ML2351
T T T 20-Pin DIP 20-Pin PCC
VReFOUT 0 VREF
VREFIN[ 1 \jZO :I VREFOUT V'cc VREIFOU'
Vour | VReriN [ GAIN 1
VaERN \ vee [] 2 1 [] a1
8-BITD/A > vour Vour[]3 B[] cano | 8[] GaIN o
: vas [ 4 vl AGND [] G
DGND 0—— __
{ AGND [] 5 16 [] Wk DGND ik
. pGND [] 6 15 [] xeer
== e -
LATCH || DECODERs oso [17 ullosr o u[] oB7
pB1 [] 8 13 noss 9 10 1 12 B
EDGE TRIGGERED oe2 [| 9 12| | DBS DB2 | DB4 | DB6
LATCH o83 [ 0 1 {] b4 DB3  DBS
TOP VIEW TOP ViEW
XFER WRCS DBO DB7 GAINO GAIN 1
(LSB) (MSB)
- -
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PIN DESCRIPTION

PIN # NAME FUNCTION PIN # NAME FUNCTION
1 VREF IN Voltage reference input. VRgr N iS 10 DB3 Data input — Bit 3.
referenced to AGND. 1 DB4  Data input — Bit 4.
2 Vee Positive supply. 12 DB5 Data input — Bit 5.
3 Vour Voltage output of the D/A 13 DB6 Data input — Bit 6.
converter. Vour is referenced to . X
Vs 14 DB7 Data input — Bit 7 (MSB).
4 Vzs Zero Scale Voltage. Vour is 15 XFER Transfer enable input. In the
referenced to Vzs. Vs is normally double buffered mode of
tied to AGND in the unipolar operation, the data in the input
mode or to mid-supply in the latch is transferred to the D/A
bipolar mode. When the device is converter at the high level of XFER.
operated from a single power 16 'WR Write enable input. While CS is
supply, Vzs has a maximum low, data inputs are latched into
current requirement of -300uA in the_input latch on the rising edge
the bipolar mode. of WR.
5 AGND Analog ground. 17 [ Chip select input. Active low input
6 DGND  Digital ground. This is the ground which enables latching in the data
reference level for all digital on the rising edge of WR.
inputs. The range is AGND < (Vcc 18 GAIN 0  Digital gain setting input 0.
= 4.5V). DGND is normally tied to 19 GAIN1  Digital gain setting input 1.
system ground. 20 v Volt p tout
. . REF OUT Oltage reterence output.
DBO Data input — Bit 0 (LSB). VRer ouT is referenced to AGND.
DB1 Data input — Bit 1. VRer our is set to 2.5V and 5.0V in
9 DB2 Data input — Bit 2. a low-voltage and high-voltage

operation, respectively for the
ML2351; 2.25V and 4.5V for the
ML2341.

ABSOLUTE MAXIMUM RATINGS

(Note 1)

Supply Voltage V¢ with Respect to AGND ............ 14.2v
DGND ..ot 0.3V to V¢ + 0.3V
V76 VREFIN ++vvvvvvrnnnnenneeeeniiiannnns -0.3V to V¢ + 0.3V
Logic Inputs ... -0.3V to V¢ + 0.3V
Input Current per Pin (Note 2) ...................... +25mA

....................... -65°C to +150°C

Storage Temperature

Package Dissipation at Ty = 25°C (Board Mount) ..... 875mwW
Lead Temperature (Soldering 10 sec.)
Dual-In-Line Package (Plastic) ........................ 260°C
Dual-In-Line Package (Ceramic) ..................... 300°C
Molded Chip Carrier Package
Vapor Phase (60 sec.) ...............ccoiiiiiiiil, 215°C
Infrared (15 seC.) ......ccoooiiiiiiiiiiiii, 220°C

OPERATING CONDITIONS
(Note 1)

Supply Voltage, Ve vvvvvevvvnniiiniinnn, 4.5Vpc to 13.2Vpc
Temperature Range (Note 3) .............. TN = Ta = Tpax
ML2341BMj, ML2341CM]
ML2351BMj, ML2351CM])
ML2341Blj, ML2341ClJ
ML2351Blj, ML2351Cl)
ML2341BCQ, ML2341CCQ
ML2351BCQ, ML2351CCQ
ML2341BCP, ML2341CCP
ML2351BCP, ML2351CCP ............coeeeee 0°C to +70°C

-55°C to +125°C

-40°C to +85°C

@ Micro Linear
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ELECTRICAL CHARACTERISTICS
Unless otherwise specified, To = Tmin to Tmax, Vec — AGND = 5V =+ 10% and 12V £ 10% (Note 9),
Vrer IN for ML2341 = 2.25V and 4.50V, for ML2351 Vgge N = 2.50V and 5.00V, Vour load is Ry = 1K and C; = 100pF,
Ve load is Ry = 1K and C; = 100pF and input control signals with tg = tp < 20ns.

ML2341XCX, ML2351XCX

ML2341XIX, ML2341XMX
ML2351XIX, ML2351XMX

TYP TYP
PARAMETER NOTES CONDITIONS MIN (Note 4) MAX MIN (Note 4) [ MAX UNITS
Converter and Programmable Gain Amplifier
Converter Resolution 5 8 8 Bits
Integral Linearity Error 5 |GAIN =21 % or %
ML2341BXX, ML2351BXX ' Vs LSB
ML2341CXX, ML2351CXX +% +% LSB
Differential Linearity Error 5 |GAIN=21 % or
ML2341BXX, ML2351BXX a7} Vs LSB
ML2341CXX, ML2351CXX % +1 LSB
Mode Select 5 | Vzs with respect to AGND
Unipolar Output 0 10 0 10 A%
Bipolar Output 150 Vee225) 150 Vee225)  V
Offset Error 5 |Figure 1
Unipolar Mode GAIN = 4, 1, 1 +10 +12 mvV
GAIN =2 +20 +24 mV
Bipolar Mode 5 |Figure 1
GAIN =14, %, 1, 2 +10 plus +10 plus| mV
+2% LSB +2% LSB
Gain Error 5 |Figure 1
Unipolar Mode GAIN =1, 15, 1, 2 +5 +2 +5 +2.5 %FS
Bipolar Mode GAIN =1, %, 1, 2 +5 +2 +5 +2.5 %FS
Reference
Vger out Voltage 5
ML2341BXX/5 Vee = 50V Ta=25°C| 223 225 227 223 225 227 \%
Tymin to Tpax | 222 2.28 218 2.32 \%
MIL2341CXX/5 Ve = 5.0V Ta=25°C| 222 225 229 222 225 228 v
Thn 10 Tvax | 220 230 218 232 v
ML2351BXX/5 5 |Vce =50V Ta=25°C| 248 2.50 252 248 2.50 2.52 \%
Ton t0 Tvax | 247 253 243 2.57 Y
ML2351CXX/5 Vce = 50V Ta=25°C| 245 2.50 2.55 2.46 2.50 2.55 \%
Tmin 10 Tyax | 244 2.58 242 2.59 \Y
ML2341BXX/12 5 |Vce =120V Ta=25°C| 448 4.50 4.52 4.48 4.50 4.52 \
Thin 10 Tvax | 446 454 443 457 \Y
ML2341CXX/12 Vee = 120V Ta=25°C| 445 4.50 4.55 4.45 4.50 4.55 \Y
Tvin 0 Tvax | 440 460 435 465 v
ML2351BXX/12 5 |Vce =120V Ta=25°C| 498 5.00 5.02 4.98 5.00 5.02 \%
Twin 10 Tvax | 496 5.04 490 510 %
ML2351CXX/12 Vce = 120V Ta=25°C| 495 5.00 5.05 4.95 5.00 5.05 \
Twin 10 Tiax | 490 510 485 515 v
Temperature Coefficient
VRer out 50 50 ppm/°C
Vger Output Current 0.75 5 0.75 5 mA
Vrer out Power Supply 100mVp_p, 1kHz -40 -60 -40 -60 dB

Rejection Ratio

Sinewave on Ve

2-208
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ELECTRICAL CHARACTERISTICS (continued)

Unless otherwise specified, To = Tmin to Tmax, Vec = AGND = 5V =+ 10% and 12V £ 10% (Note 9),

VRer IN for ML2341 = 2.25V and 4.50V; for ML2351 Vggr iy = 2.50V and 5.00V, Vour load is Ry = 1K and C; = 100pF,
Vger load is Ry = 1K and C; = 100pF and input control signals with tg = t¢ < 20ns.

ML2341XIX, ML2341XMX
ML2341XCX, ML2351XCX ML2351XIX, ML2351XMX
TYP TYP
PARAMETER NOTES CONDITIONS MIN | (Note 4) | MAX MIN | (Note 4) | MAX | UNITS
Vier v and Vzg
Vier N Input Range 5 |Vee <875V AGND+2 Vee=1.75 |AGND +2 Vee175| v
Vce = 875V AGND+2 AGND+7 |AGND +2 AGND+7 Vv
Veer in DC Input 5 10 10 MQ
Resistance
Vzs Voltage Range 58 [Vcc =70V AGND Vce~ | AGND Vee- \%
225 225
58 [Vec =80V AGND Vce-30 | AGND V30| Vv
Analog Output
Vour Output Swing
Unipolar Mode 58 [R, = 100K AGND+ Vce-.05 | AGND+ Vee-05| V
0.01 0.01
Ry = 1K AGND+ Vcc—1.0 AGND+ Vcc—lo \"
10 10
Bipolar Mode 5 [R, = 100K AGND+ Vee-01 | AGND+ Vee-01| Vv
01 01
R = 1K AGND+ Vce-1.0 | AGND+ Vee-10 \
10 10
Vourt Output Current 5 |AGND+1V<Vour<Vcc-1V| -10 +10 -10 +10 mA
Power Supply 100mVp_p, 1kHz -60 60 dB
Rejection Ratio sinewave on V¢
Digital and DC
Vino) Logical “0” 5 0.8 08 v
Input Voltage
Ving) Logical “1” 5 20 20 v
Input Voltage
Iy Logical “0” 5 |Vjn = DGND -1 -1 HA
Input Current
IIN(1) Logical “1” 5 VIN =Vcc 1 1 HA
Input Current
Supply Current,
Bipolar Mode
Ice Ve Current 5 Vce =5V = 10% 53 5.3 mA
AGND
Analog Ground Current -5.0 -5.0 mA
lyzs, Vzs Current -90 -300 -90 -300 HA
lcc Ve Current 5 |[Vcc =12V = 10% 93 9.3 mA
lagnD
Analog Ground Current -9.0 -9.0 mA
lyzs, Vzs Current -90 -300 -90 -300 PA
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ELECTRICAL CHARACTERISTICS (continued)

Unless otherwise specified, Tp = Tpmin to Tmax Vec - AGND = 5V £ 10% and 12V + 10% (Note 9),
Vger IN for ML2341 = 2.25V and 4.50V; for ML2351 Vggr ny = 2.50V and 5.00V, Vour load is Ry = 1k and C; = 100pF,
VRer load is R; = 1K and C = 100pF and input control signals with tg = tg < 20ns.

ML2341XIX, ML2341XMX
ML2341XCX, ML2351XCX ML2351XIX, ML2351XMX
TYpP TYP
PARAMETER NOTES CONDITIONS MIN | (Note 4) | MAX MIN | (Note 4) | MAX | UNITS
Digital and DC (Continued)
Supply Current,
Unipolar Mode
Ice, Ve Current 5 |Vcc =5V X 10% 6.0 6.0 mA
'AGND/
Analog Ground Current -43 -43 mA
lyzs, Vzs Current -17 -17 mA
Ice, Ve Current 5 [Vce =12V £ 10% 1.0 11.0 mA
IAGNDr
Analog Ground Current -73 -73 mA
lyzs, Vzs Current -3.7 -37 mA
AC Performance
Settling Time 5 |[Figure 2,
tsy Output Step of AGND + 1V 12 25 12 3.0
to Ve - 1V, R, = 1K
ts2 Output Step of 25 5 25 6
AGND + 100mV to
Vcc—100m\/, RL = 100K
ts3 Output Step of +1LSB 1 us
ts4, Gain Change Change of Any Gain Setting 11 25 1 3 us
twr, WR Pulse Width 5 |Figure 3 40 40 ns
txrer, XFER Pulse Width 5 |Figure 3 60 60 ns
txws WRT to XFER! 6 |Figure 3 30 30 ns
tpss, DB0-DB7 5 |Figure 3 40 45 ns
Setup Time
tpgy, DB0O-DB7 5 |Figure 3 0 0 ns
Hold Time
tess [ Setup Time 5 |Figure 3 50 50 ns
tesH, CS Hold Time 5 |Figure 3 0 0 ns
treser, Power-On 6 16 16 us
Reset Time

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 analog ground.

Note 2:  When the voltage at any pin exceeds the power supply rails (V) < AGND or Vjy > V) the absolute value of current at that pin
should be limited to 25mA or less.

Note 3: -55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. —40°C
to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by
correlation with worst-case test conditions.

Note 4: Typicals are parametric norm at 25°C.

Note 5: Parameter guaranteed and 100% production tested.

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation.

Note 7:  Supply current and analog ground current are specified with the digital inputs stable and no load on Vgyr.

Note 8: In unipolar operation with V5 and AGND tied together, digital codes that represent an analog value of less than 100mV from AGND
should be avoided.

Note 9:  ML2341XXX/5 and ML2351XXX/5 are tested for 5V operation only and ML2341XXX/12 and ML2351XXX/12 are tested for 12V operation.
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Figure 1. Gain and Ofiset Error
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|
DBO-DB7 = = = == = = — = . VALID DATA === ——————— -
L—!Dss—-»l L—tDsH

XFER TIED TO LOGIC “1”

Figure 3a. Single Buffered Mode

XFER

DB0-DB7 == — — VALID DATA

Figure 3b. Double Buffered Mode

1.0 FUNCTIONAL DESCRIPTION

11 D/A CONVERTER

The D/A converter is implemented using an array of
equal current sources that are decoded semi linearly
for the four most significant bits to improve differential
linearity and to reduce output glitch around major
carries. See Figure 4.

The input voltage reference of the D/A converter is the
difference between Vggr v and AGND. This difference
voltage is converted to a reference current using an
internal resistor to set up the appropriate current level

in the D/A converter. The D/A converter output current
is then converted to a voltage output by an output
buffer and a resistive network. The matching among the
on-chip resistors preserves the gain accuracy between
these conversions.

The D/A converter can be used in a multiplying mode
by modulating the reference input within the specified
VREr IN Fange.

a Da Dal Da

N OL

4-BIT
i DIVIDER
* DACout

DACour

Figure 4. D/A Converter Implementation

2-212

I@L Micro Linear



ML2341, ML2351

1.2 SINGLE-SUPPLY vs. DUAL-SUPPLY OPERATION

ML2341 and ML2351 can be powered from a single
supply ranging from 4.5V to 13.2V or dual supplies
ranging from 12.25V to 16.6V.

The internal digital and analog circuitry is powered
between Vcc and AGND. The range of DGND is

AGND = DGND = V¢ - 4.5V with the logic thresholds
set between .8V and 2.0V above DGND (standard TTL
logic level). The range of Vzs is AGND < Vzg <

(Vce - 2.25V).

1.3 UNIPOLAR AND BIPOLAR OUTPUT VOLIAGE
SWING

The ML2341 and ML2351 can operate in either unipolar
and bipolar output voltage mode. Unipolar/bipolar
mode selection is determined by comparing the zero
scale voltage (Vzs) of these devices to a precise internal
reference that is referred to AGND. Vzs is ideally the
voltage that will be produced at the DAC voltage
output when the digital input data is set to all “0's".
Unipolar mode is selected when Vzg is lower than 1.00
volt, and bipolar mode is selected when Vzs is greater
than 1.50 volts.

1.31 Unipolar Output Mode

In the unipolar mode, Vout swings above Vzs. Ideally
the 00000000 code results in an output voltage of Vzs,
and the 11111111 code results in an output voltage of
Vs % 255/256, where Vs is the full-scale voltage
determined by Vggr v and the gain setting.

1.3.2 Bipolar Output Mode

In the bipolar mode, Voyt swings around Vzs. The
input data is in 2’s complement binary format. Ideally,
the 00000000 code results in an output voltage of Vzs;
the 10000000 code results in an output voltage of (Vzg
~ VEs); and the 01111111 results in an output voltage of
(Vzs + Vgs 127/128), where Vs is the full scale output
voltage determined by Vggr (v and the gain setting.

14 OUTPUT BUFFER AND GAIN SETTING

The output buffer converts the D/A output current to a

Bipolar Output Voltage Mode

GAIN 1 | GAIN 0| GAIN Voltage Outputp_p
0 0 Va +VRer N X ¥
0 1 13 +VRep IN X V4
1 0 1 +VRer IN X V2
1 1 2 +VRer N X 1

The output buffer can source or sink as much as 10mA
of current with an output voltage of at least 1V from

either Vcc or AGND. As the output voltage approaches
Vcc or AGND the current sourcing/sinking capability of
the output buffer is reduced. The output buffer can still
swing down to within 10mV of AGND and up to within
40mV of Ve with a 100K load at Voyt to AGND in the
unipolar operation. In the bipolar operation, the output
buffer swing is limited to about 100mV from either rails.

1.5 VOLIAGE REFERENCE

A bandgap voltage reference is incorporated on the
ML2341 and ML2351. Two reference voltages can be
produced by each device. An internal comparator
monitors the power supply voltage to determine the
selection of the reference voltage. A reference voltage
of 2.25 volts on the ML2341 and 2.50 volts on the
ML2351 is selected when the supply voltage is less than
approximately 750 volts. Otherwise, a reference voltage
of 4.50 volts and 5.00 volts is selected. To prevent the
comparator from oscillating between the two selections,
avoid operation with a power supply between 70 and
8.0 volts.

The bandgap reference is trimmed for zero
Temperature Coefficient (TC) at 35°C to minimize
output voltage drift over the specified operating
temperature range.

The internal reference is buffered for use by the DAC
and external circuits. The reference buffer will source
more than 5mA of current and sink more than 1mA of
current. With Vggr v connected to Vrer our, the
following output voltage ranges of the DAC are
obtained:

voltage output using a resistive network with proper ML2341
gain setting determined by the GAIN 0 and GAIN 1 Vger = 225V with Vger = 4.5V with
inputs. There are four possible gain settings for unipolar Gain Vee S 70V Ve = 8.0V
output voltage mode and bipolar output voltage mode Setting | Unipolar Bipolar Unipolar Bipolar
as listed below:
Ya 0 to 0.562V | -0.281V to | 0 to 1125V | -0.562V to
Unipolar Output Voltage Mode 0281V *0.562V
N 2 0 to 1125V | -0.562V to |0 to 2.250V | -1125V to
Voltage Output Swing 40562V #1125V
GAIN 1 | GAIN 0 [ GAIN Relative to Vzg
1 0 to 2.250V | -1125V to | 0 to 4.500V | -2.250V to
0 0 A VREF IN X ¥4 +1125V +2.250V
0 1 2 VREr IN X V2 2 0 to 4.500V | -2.250V to | 0 to 9.000V | —4.500V to
1 0 1 VRer N X 1 +2.250V +4.500V
1 1 2 VREF IN X 2
2-213
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ML2351
Vier = 2.50V with Vier = 5.00V with
Gain Vee < 70V Ve = 8.0V
Setting | Unipolar Bipolar Unipolar Bipolar
Ya 0 to 0.625V | -0.3125V to | 0 to 1.25V | -0.625V to
+0.3125V +0.625V
Ya 0 to 1.250V | -0.6250V to | 0 to 2.50V | -1.250V to
+0.6250V +1.250V
1 0 to 2.500V | -1.2500V to | 0 to 5.00V | -2.500V to
+1.2500V +2.500V
2 0 to 5.000V | -2.5000V to | 0 to 10.00V | -5.000V to
+2.5000V +5.000V

An external reference can alternatively be used on

Vier IN to set the desired full scale voltage. The linearity
of the D/A converter depends on the reference used,
however. To insure integral linearity at an 8-bit level, a
reference voltage of no less than 2V and no more than
7V (2.75V for operation with a low-voltage power
supply) should be used.

1.6 DIGITAL INTERFACE

The digital interface of the device consists of a chip
select input, CS, a write input, WR, a transfer input,
XFER and eight data inputs, DBO through DB7. The
digital interface operates in one of the two modes:

1.61 Single-Buffered Mode

To use the ML2341 and ML2351 in the single-buffered
mode, tie XFER to logic “1”. This will put the D/A latch
in the transparent mode and the rising edge of WR at
low level of CS will latch the data on DB0-DB7 into the
input latch as well as update the D/A output voltage.

1.6.2 Double-Buffered Mode

To use the devices in the_double-buffered mode, timing
information is applied to WR as well as XFER inputs.
The rising edge of WR at low level of CS will latch the
data on DB0-DB? into the input latch. The D/A output
voltage will not be updated, however, until XFER is
brought to a high level, which transfers the data from
input latch to D/A latch. Note that the D/A latch is a
transparent latch controlled by the level, not edge, of
the XFER input, any write operation to the input latch
while XFER is still at a high level results in the
immediate update of the D/A output voltage.

1.7 POWER-ON-RESET

The ML2341 and ML2351 have an internal power-on-
reset circuit to initialize the device when power is first
applied to the device. The power-on-reset interval of
typically 8us begins when the supply voltage, V¢
reaches approximately 2.0V. During the power-on-reset
interval, both the input and data latch are reset to all
gy
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2.0 TYPICAL APPLICATIONS

45V
+VREF VREFOUT
] VREFIN
ML2261 ML2341
D/A
0 < ViN < 4.5V 0—
" RerERENCE|—© Vour

Figure 5. Using 4.50V Reference of D/A for Reference of A/D Using Single 5V V¢c £ 10%

DB7 D7
DBO DATA > )
INT INT
) q———G__ DEN
VINO—] ML2261
of ADDRESS FEN
DECODE HEN
Tl w7 e
DBO
o | | aock cis
T 508&“ ML2341
= TIMER ML2351
D/A PAO
PA1
CS|e PA2
Vouro— © hliy
our WR [« WE
Figure 6. TMS320 Interface with D/A Output
A
| |
+5V | !
X 5.0V - 100mV |
! i
Vce : |
ML2351 1
UNIPOLAR | 256 CODE H
b I T VA |
VREFIN | |
:] 250V | 25V 1
VREFOUT | 256 CODES |
Vzs | |
125V
——»|GAIN 0 ! 256 CODES :
—>|GAIN 1 l ¥ 625V !
| 256 CODES |
= | GND GND GND GND \
| Vour, GAIN 2 Vour, GAIN 1 Vour, GAIN ¥ Vour, GAN % |
| |
e o e e e e e .

Figure 7. Single 5V Supply Unipolar Vour
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2.0 TYPICAL APPLICATIONS (continued)

+12V 9.0V

Vee 256 CODES

ML2340 BIPOLAR

-

1

1

|

I

I

1

: 675V

Vout}——o0  Vour | 4 256 CODES 5.625V
v AROUND | Y 256 CODES 5.062V 6 CODES
REFIN 4.5V 4.5V 4.5V r 4.5V
VREFOUT 3 450V : ’ g 3.938V

1

|

|

|

|

|

|

L

Vzs
———{GAIN 0

AGND
—>|GAN 1

. 4.5V
——L3.375V
Vour, GAIN =
Vi GAIN = ¥, ’
,;LHHL 2253y OU" :

Vour, GAIN = 1

GND + 100mV

Figure 8. Single 12V Supply, Bipolar Vour with 11-Bits Resolution Around Zero

ADDRESS
DECODE
12V +5V 412V
& ) 5 +sv 2
Ve +12v
cc T pwr v |1
AuF 10
16| o M3 .-._E 6 ouTPUT+ 3
5 '_L— REF PWR GND A
> XFER <
AuF I 4 2 1Q
DB vger our |20 - Rsense |
.
1
MICRO- . VREF IN M
CONTROLLER H 4 14 L4406 SCESY?
: Vzs ' CONTROL+ 12
3 15 OUTPUT-
DB7 Vour CONTROL- 9
18 PWR GND B
GAIN 0 31 DisaBLE __]_
19 5 6 =
| GAIN1  AGND GND
DGND s | L >
20| vger 14 OT0!
V(R
I—POWERWL RED S WINDIRGS
RETRACT ¢
5 I
> HIGH/TOW 4 R(RET)
I(RET) SET u—am—]

Figure 9. Hard Disc Drive Servo Coil Driver Providing 13-Bit Effective Resolution
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ORDERING INFORMATION

INTEGRAL & DIFFERENTIAL TEMPERATURE
PART NUMBER NON-LINEARITY RANGE PACKAGE
VRer out = 2.25V with Ve = 5V
ML2341BMJ/5 +% LSB -55°C to +125°C HERMETIC DIP (J20)
ML2341Blj/5 -40°C to +85°C HERMETIC DIP (J20)
ML2341BCP/5 0°C to +70°C MOLDED DIP (P20)
ML2341BCQ/5 0°C to +70°C MOLDED PCC (Q20)
ML2341CMJ/5 +% LSB -55°C to +125°C HERMETIC DIP (J20)
ML2341Cl)/5 -40°C to +85°C HERMETIC DIP (J20)
ML2341CCP/5 0°C to +70°C MOLDED DIP (P20)
ML2341CCQ/5 0°C to +70°C MOLDED PCC (Q20)
VRer out = 2.50V with Ve = 5V
ML2351BMJ/5 + LSB -55°C to +125°C HERMETIC DIP (J20)
ML2351BI)/5 —40°C to +85°C HERMETIC DIP (J20)
ML2351BCP/5 0°C to +70°C MOLDED DIP (P20)
ML2351BCQ/5 0°C to +70°C MOLDED PCC (Q20)
ML2351CM}/5 +% LSB -55°C to +125°C HERMETIC DIP (J20)
ML2351ClJ/5 -40°C to +85°C HERMETIC DIP (J20)
ML2351CCP/5 0°C to +70°C MOLDED DIP (P20)
ML2351CCQ/5 0°C to +70°C MOLDED PCC (Q20)
VRer out = 4.50V with Ve = 12V
ML2341BM}/12 +V4 LSB -55°C to +125°C HERMETIC DIP (J20)
ML2341BlJ/12 —40°C to +85°C HERMETIC DIP (J20)
ML2341BCP/12 0°C to +70°C MOLDED DIP (P20)
ML2341BCQ/12 0°C to +70°C MOLDED PCC (Q20)
ML2341CM}/12 +% LSB -55°C to +125°C HERMETIC DIP (J20)
ML2341ClIj/12 -40°C to +85°C HERMETIC DIP (J20)
ML2341CCP/12 0°C to +70°C MOLDED DIP (P20)
ML2341CCQ/12 0°C to +70°C MOLDED PCC (Q20)
VREer out = 5.00V with Ve = 12V
ML2351BM}/12 +v4 LSB -55°C to +125°C HERMETIC DIP (J20)
ML2351BIj/12 -40°C to +85°C HERMETIC DIP (J20)
ML2351BCP/12 0°C to +70°C MOLDED DIP (P20)
ML2351BCQ/12 0°C to +70°C MOLDED PCC (Q20)
ML2351CM}/12 +% LSB -55°C to +125°C HERMETIC DIP (J20)
ML2351Clj/12 -40°C to +85°C HERMETIC DIP (J20)
ML2351CCP/12 0°C to +70°C MOLDED DIP (P20)
ML2351CCQ/12 0°C to +70°C MOLDED PCC (Q20)
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ML2375, ML2377

DSP Analog 1/0O Peripheral

GENERAL DESCRIPTION

The ML2377 is a complete analog |/O peripheral front-
end for DSP based control system. It contains a high-
speed 10-bit A/D converter, a two channel simultaneous
sample/hold circuit, a 6 channel input multiplexer, a 10-
bit D/A converter and a 8-bit D/A converter.

The two channel simultaneous sample/hold in
conjunction with the multiple channel multiplexer
provided on-chip is especially well suited for disk drive
applications, where minimum skew positional channel
conversion and flexible calibration sensing functions are
desirable.

Both input and output channel voltages are referenced to
floating common points provided by the device. An
additional common point is also available in the A/D
input for flexibility. Bipolar conversion of +2 volts around
the floating point is provided by the chip.

Channel multiplexing and common referencing control
are provide on-chip via its easy to use microprocessing
port. In addition, external control of the conversion start
and MUX addressing is also available for the ML2377.

The ML2375 is a 4 channel version of the ML2377.

FEATURES

10-bit bipolar A/D resolution

10-bit bipolar and 8-bit bipolar D/A resolution

2ps A/D conversion time

2us D/A settling time (ILSB, 4ps full scale)

2 channel simultaneous S/H

6 bipolar input channels

A/D and D/A converters have no missing codes
Inputs and outputs have floating commons

+2 volt input/output range with 2.5V reference
Extra floating common input for A/D
Programmable input MUX and common
TMS320C14 compatible microprocessor interface
Single 5 volt power supply

External conversion start and MUX control (ML2377)
Additional package and bond-out options available

BLOCK DIAGRAM ML2375
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BLOCK DIAGRAM ML2377
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PIN DESCRIPTION

NAME FUNCTION NAME FUNCTION
VZap2 Programmable input common Vout8 Voltage output of the 8-bit D/A converter.
VZAD1 Default A/D input common. Vout10 Voltage output of the 10-bit D/A
VZpaio 10-bit D/A common. converter.
VZos 8-bit D/A common. D9-DO Data I/O bit 9 through 0.
. o
START Active low input starts A/D converter. bvcc Digital power supply. +5 volts £5%.
RESET Active low resets the IC. AVCC Analog power supply. +5 volts £5%.
MUXO0 Multiplexer address bit 0. DGND Digital ground.
MUX1 Multiplexer address bit 1. Al Register address 1.
MUX2 Multiplexer address bit 2. AO Register address 0.
VIN5-0 Analog input channels 5 through 0. BUSY Active h.'gh output indicates that an A/D
conversion is in progress.

AGND Analog ground. INT Active high output indicating A/D
VRAD Voltage reference input for establishing conversion complete.

+ full scale for the A/D converter. == . . .

+ full scale value is 0.8 of the voltage (_:E_ Active low chip select input.

on VRp, referenced to AGND. WR Write input, active low.
VRg * full scale value for the 8-bit D/A RD Read input, active low

converter is 0.8 of the voltage reference .

input on VRg, referenced to AGND. CLK Cl.ock input. Clock can bg generated by

tying a crystal from this pin to DGND or

VR10 * full scale value for the 10-bit D/A applying a clock directly to pin.

gonvener\;sRO.8 O:.: the vo(litageAlgfrixSnce Note:  ALE (Address Latch Enable) for demultiplexing address and data

input on 10, referenced to . information can be made available on request. Consult Micro Linear for

more information
Other pin-out options of the ML2377 are available on request.
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ABSOLUTE MAXIMUM RATINGS

Supply Voltages (AVce and DVee) weeeveevevveienecnneenenne. 6.0V
Maximum Voltage Between AGND and DGND ........... 1A%
Maximum Voltage Between AVcc and DV .... 0.3V

Input Current per Pin .....cccocevvvviiciicninnnne
Package Dissipation @ 25°C....
Lead Temperature (Soldering, 10 S€C) ...c.ccceeveueuenene 300°C

OPERATING CONDITIONS

Temperature Range.........ccccevevveevininicncinenns 0°C to +70°C
Supply Voltage (AVcc and DVee) 4.5Vpc to 6.0Vpc

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 in not implied.

ELECTRICAL CHARACTERISTICS

The following specifications apply for AVcc = DVce = +5V £5%, AGND = DGND = 0V, T = Operating Temperature
Range VZap1 = VZap2 = VZpaio = VZpag = VRAD = VRg = VR1g = 2.5V, Tp = TmiN t0 Tmax unless otherwise specified,
C= 50pF for all digital outputs, Vout8 and Vout10 load is R_ = 1K and C, = 100pF, and input control signals with

tr = tg 20ns, fc x = 1TMHz.

SYMBOL PARAMETER CONDITIONS | MIN | TYP | MAX } UNITS
A/D Converter, S/H and Multiplexer Performance
Integral Linearity Error C Grade +3 LSB
B Grade +1 LSB
Differential Linearity Error +1 LSB
Converter Resolution VRer = 2.5V 10 Bits
Zero Error VZ=2.5V +3 LSB
Positive and
Negative Full Scale Error VRes = 2.5V +3 LSB
Input Voltage Range 0 Vee \Y
Vger Input Resistance 1.5 35 kQ
Maximum Vggr Input Voltage | Referred to AGND 2.6 \Y
loN On Channel Leakage Current | OV < V|y < Vce -1 1 HA
loFr Off Channel Leakage Current | OV < V|y < Vce -1 1 HA
Con On Channel
Input Capacitance 0V < V)N < Ve 20 pF
Corr Off Channel
Input Capacitance 0V < VN < Ve 10 pF
Clock Duty Cycle 30 70 %
feLk Input Clock Frequency 1 11 MHz
tc Conversion Time Including S/H Acquisition Time 22 ffck
tacQ Acquisition Time Included in Conversion Time 2 1/ffeLk
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ELECTRICAL CHARACTERISTICS (continued)

SYMBOL l PARAMETER l CONDITIONS MIN | TYP l MAX | UNITS
10-Bit D/A Converter Performance
Integral Linearity Error VRer = 2.5V +3 LSB
Differential Linearity Error VRer = 2.5V +1 LSB
Settling Time VRer = 2V, Settling to
+1/2LSB, +1LSB Step 2 s
4V Step (Note 1) 4 us
Resolution VRer = 2.5V 10 Bits
Zero Error +5 LSB
+ and - Full Scale Error Full Scale = 4V +10 LSB
Output Voltage Swing VRer = 2.5V 0.25 Vee-0.25 \Y
VRer Input Resistance (ML2377 only) MQ

8-Bit D/A Converter Performance

Integral Linearity Error VRer = 2.5V +1 LSB
Differential Linearity Error VRer = 2.5V +1 LSB
Settling Time VRer = 2V, Settling to
+ 1/2LSB, £1LSB Step 2 us
4V Step (Note 1) 4 us
Resolution VRer = 2.5V 8 Bits
Zero Error +3 LSB
+ and - Full Scale Error +3 LSB
Output Voltage Range VRer = 2.5V 0.25 Vee—-0.25 \%
Vger Input Resistance (ML2377 only) MQ
DC Characteristics
I Logic Input Current 0 < V|N < Vce, MUXO-2, START, +100 MHA
RESET, ALE
N Logic Input Current 0<V|N< Ve +1 HA
Iinc Clock Input Current 0<V|Nn<Vee +200 HA
ViH Logic High 2 Vv
Vi Logic Low 0.8 \
Vet | Clock High (CLK Pin) 3.7 \"
Vi | Clock LOW (CLK Pin) 1.8 \Y
lorr Output Leakage Current CS =V, 0 < Vour < Vee +1 pA
Vou Output Low loL = 2mA 0.4 \%
Von Output High loH=-1TmA 2.4 \%
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AC ELECTRICAL CHARACTERISTICS

SYMBOI.| PARAMETER | CONDITIONS | min | e | max i UNITS

Supply Current (Vgge = 2.5V, No Output Load)

No Input Switching 10 20 mA

Analog Ground Current VRee = 2.5V 10 mA

Microprocessor Interface Read Cycle Timing

tsT START Pulse Width 100 ns
taD Address Stable to Data Valid 55 ns
tAR Address Stable Before Read 5 ns
tRA Address Hold After Read 5 ns
tRR Read Pulse Width 50 ns
tRD Data Valid from Read 55 ns
toF Read to Data Float (Note 1) 20 ns
try Recovery Time

Between Reads 25 ns

Microprocessor Interface Write Cycle Timing

taw Address Stable Before Write 5 ns
twA Address Hold After Write 5 ns
tww Write Pulse Width 50 ns
tps Data Valid Before Write 30 ns
tpH Data Hold After Write 15 ns
trv Recovery Time

Between Writes 25 ns

Microprocessor Interface Interrupt and Busy Timing

tci Clock to Interrupt Active 100 ns
(Y] Read to Interrupt Inactive 100 ns
tcs Clock to Busy Active (ML2377 Only) 100 ns
tc Clock to Busy Inactive (ML2377 Only) 100 ns

Note 1: Guaranteed by characterization and/or correlation to other test.
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