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Hewlett-Packard:
A Leader in Components

A Brief Sketch

For over 25 years, Hewlett-
Packard's Components Group
has developed reliable, high
performance optoelectronic and
microwave components.
Recognized for technological
advances, setting world
standards, and providing high-
quality products, the
Components Group has become
a leader in the markets it
serves, such as the computer,
telecommunication, automotive
and military/aerospace markets.

The products of the Components
Group are vertically integrated,
from the growing of LED
crystals, to the development of
the various on-board integrated
circuits, to package design.
Vertical integration ensures
that HP quality is maintained

throughout product development

and manufacturing.

Over 5000 employees are
dedicated to HP Components,
including a worldwide sales
force. Manufacturing facilities
are located in Malaysia and
Singapore with factory and
marketing support in San Jose,
California. Marketing operations
are also located in Germany,
Singapore, and Japan.

Each field sales office is staffed
with engineers trained to
provide technical assistance.
An extensive communications
network links field with factory
to assure that each customer
can quickly obtain the informa-
tion and help needed.

Quality and Reliability
Quality and reliability are very
important concepts to Hewlett-
Packard in maintaining the
commitment to product
performance.

At Hewlett-Packard, quality is
integral to product develop-
ment, manufacturing, and final
introduction. "Parts per
million" (PPM), as a measure
of quality, is used in HP's
definition of product assurance.
And HP's commitment to
quality means that there is a
continuous process of improve-
ment and tightening of quality
standards. Manufacturing
quality circles and quality
testing programs are

important ingredients in HP
products.

Reliability testing is also
required for the introduction of
new HP components. Lifespan
calculations in "mean-time-
between-failure" (MTBF) terms
are published and available as
reliability data sheets. HP's'
stringent reliability testing
assures long component lifetimes
and consistent product
performance.




About This Catalog

To help you choose and design
with Hewlett-Packard optoelec-
tronic components, this catalog
includes detailed specifications
for HP component products. The
catalog is divided into nine
sections:

1. Motion Sensing and Encoder
Products

2. LED Light Bars and Bar
Graph Arrays

3. LED Lamps

4. LED Displays

5. Fiber Optics

6. Optocouplers

7. Electrophotographic Products

8. Applications

9. Appendix

How to Find the Right

Information

¢ The Table of Contents (p. iii)
helps you to locate the
product sections as well as
the selection guides for each
of the product sections.

¢ An alphanumeric index
(p. iv) lists every component
represented in this catalog.

¢ Selection guides at the
beginning of each of the
seven product sections,
contain basic product
specifications which allows
you to quickly select
products most suitable for
your application.

Following the product sections
is a complete listing of applica-
tion bulletins and notes which
are frequently useful as design
aids. The final section is an
appendix containing HP sales,
service, and authorized
distributor locations.

How to Order

To order any component in this
catalog or additional applications
information, call the HP office
nearest you and ask for a
Components representative. A
complete listing of the U.S. sales
offices is on page 9-7; offices
located outside of the U.S. are
listed on page 9-8.

A world-wide listing of HP
authorized distributors is on
page 9-3. These distributors can
offer off-the-shelf delivery for
most HP components.

If you need technical assistance,
please call our Customer
Information Center at
1-800-752-0900.
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HDSP-5723
HDSP-5731

HDSP-5733
HDSP-5737 ....
HDSP-5738........ooerictc e s
HDSP-6300...........
HDSP-6504 ..

HDSP-6508........... .
HDSP-6621 ...t s
HDSP-6624 ....
HDSP-7301 ...ttt
HDSP-7301, OPT S01, S02........coovvvcrvirevecnnnnnen 4-11

HDSP-7302.......ccoiiiiiiicirccecisssannes 4-88
HDSP-7303......coiierncciicncini s 4-88
HDSP-7303, OPT S01, S02.......cccevcriniririniecanns 4-11
HDSP-7304
HDSP-7307

HDSP-7307, OPT S01, S02
HDSP-7308........coerrerircctctret s
HDSP-7308, OPT S01, S02
HDSP-7311 ..o
HDSP-7313....ortsct s

HDSP-7317 ..ottt
HDSP-7318....
HDSP-7401 ..ot
HDSP-7402 ..ot s
HDSP-7403.........coimircccrniceet s

HDSP-7404 ... e
HDSP-7407 ....
HDSP-7408.....
HDSP-7501 ...ttt s

HDSP-7502....
HDSP-7503.......cccoconururunnne.
HDSP-7503, OPT S01, S02
HDSP-7504 ...ttt s

HDSP-7507 ...t e
HDSP-7507, OPT S01, S02......cccovumiucrerrracrrininn 4-11
HDSP-7508.........covvuerniicnieii e s 4-88
HDSP-7508, OPT S01, S02.......cccocerueerivemincnnnne 4-11
HDSP-7511 ...

HDSP-7513....

HDSP-7517 ..
HDSP-7518......coviriiciiccsciisic e
HDSP-7801................

HDSP-7801, OPT S02 . . 4-11
HDSP-7802.......oooterrerereniereteteecter e 4-88



HDSP-7803 4-88
HDSP-7803, OPT S02 4-11
HDSP-7804 4-88
HDSP-7807 4-88
HDSP-7807, OPT S02 4-11
HDSP-7808 4-88
HDSP-7808, OPT S02 4-11
HDSP-8600 4-125
HDSP-8601.. 4-125
HDSP-8603 4-125
HDSP-8605 4-125
HDSP-8606 4-125
HDSP-8820 .
HDSP-8825 .
HDSP-8835 .
HEDS-5000.... 1-6
HEDS-5010 .1-6
HEDS-5110 ..o seeeeeeeessesessssserssseeeseees 16
HEDS-5120......c..ooreeeeeeeseeeeseseesesesnsnssessonens 1-12/31
HEDS-5140 1-22
HEDS-5200 1-6
HEDS-5210...ccoeoereereeecveseeesesesenesmnenns 1-6
HEDS-5300.......courvrerererecenn: 1-6
HEDS-5310 1-6
HEDS-5500.......oermeeverreerrns 1-41
HEDS-5505 .......c.cooeveeeeesiensssensssesssessssssssesssssssns 1-41
HEDS-5540 1-41
HEDS-5545 ............ooooerrvevesenersesnnssesssssennssssssee 1-41
HEDS-5600 . 141
HEDS-5605............coonnreneeen 1-41
HEDS-5640 ............cooneoeneeereeeeveeseaneeseesssssasnerens 1-41
HEDS-5645 .1-41
HEDS-5700 1-59
HEDS-5701 1-59
HEDS-6000 1-6
HEDS-6010 1-6
HEDS 6100 ...e.eneeereeeeesieeivesesesseseseseasesassssssesnns 1-12
HEDS-6140...... 1-22
HEDS-7500.................. 1-8
HEDS-7501 «.ooeeeeeeeeeesesvesseeenseeenesssesessesssisssseses 18
HEDS-7502......eeoeeereereesreseeeee e esssess s essssenssessns 1-8
HEDS-7503........ooeeeeeeeeeeeesseressreonns 1-8
HEDS-8902............cooreeeeeeeireeeereeseneesenessees 1-12/18/41
HEDS-8903..........oooeeoeereeeereeeesesreesessseassess 1-22/41
HEDS-8905 ........coomeeeeeeeeceerteseeeconesesseesessssenne 1-22
HEDS-8906 .......coceeereereeereeeeeeseeereseesessesesesesees 1-22
HEDS-8910 1-41
HEDS-892X .....ooerveeeereseveseseesesesseessssesessessssses 1-11
HEDS-8930 ...coeoreeeeereeeeeeeeeeesssesesssesesens 1-11
HEDS-9000 .......coeerererrienens 1-12

Bold = New Product

*Not recommended for new design; contact your local Sales Representative for further information (see Section 9).

HEDS-9040

1-22

HEDS-9100

1-12

HEDS-9140

1-22

HEDS-9200

1-18

HEDS-9700

1-31

HEDS-9701

1-31

HEDS-9720

1-31

HEDS-9721
HEMT-1001

1-31
329

HEMT-3301

3-29

HEMT-6000

3-29

HEXP-RT00

7-9

HFBR-AUDXXX

5-67

HFBR-AUSXXX

5-67

HFBR-AWDXXX

5-67

HFBR-AWSXXX

5-67

HFBR-AXDXXX

5-67

HFBR-AXSXXX....

HFBR-BUDXXX

...5-67

5-67

HFBR-BUSXXX

HFBR-BWDXXX
HFBR-BWSXXX
HFBR-BXDXXX

5-67
5-67

5-67

5-67

HFBR-BXSXXX......
‘HFBR-CXSXXX

5-67

5-67

HFBR-PLDXXX
HFBR-PLSXXX

5-11
5-11

HFBR-PMDXXX
HFBR-PNDXXX
HFBR-PNSXXX

5-11

5-11
5-11

HFBR-PUDXXX

5-11

HFBR-PUSXXX..

HFBR-QLSXXX

5-11

5-11

HFBR-QNSXXX
HFBR-QUSXXX

5-11

HFBR-0400

...5-11

5-36

HFBR-0410

5-35

HFBR-0501

5-1

HFBR-1100

HFBR-1125

HFBR-1160

HFBR-1202

5-116
5-126

5-116
5-90

HFBR-1204

5-98

HFBR-1402

5-11

HFBR-1404

5-11

HFBR-1412

5-46

HFBR-1412T

5-65

HFBR-1414

5-46

HFBR-1414T.........

HFBR-1432

5-65

5-46




HFBR-1434 ...t 5-46
HFBR-1442.............cccovvriiiiicaae 5-46
HFBR-1442T ...t 5-65
HFBR-1444 ... .
HFBR-1444T ...

HFBR-1452 ...t
HFBR-1454 .........cooriccctie e
HFBR-1462.... .
HFBR-1462T ..ot
HFBR-1464 ............cooniectee

HFBR-1464T ...ttt
HFBR-1502.....
HFBR-1510
HFBR-1512
HFBR-1521

HFBR-1522
HFBR-1523
HFBR-1524
HFBR-1531 ...
HFBR-1532 ....

HFBR-1533 ....
HFBR-1534 ....
HFBR-2100 ....
HFBR-2125 ...
HFBR-2202

HFBR-2204 ........ccoovviiiiiiiciciccicccceee
HFBR-2208 ....

HFBR-2402 ....
HFBR-2402C .
HFBR-2404 ...

HFBR-2404C ..........ccooiriiicciine e
HFBR-2406 ...
HFBR-2406C .
HFBR-2412 ...
HFBR-2412T ........cooiiiiiirccccccceicee

HFBR-2414 ...
HFBR-2414T..
HFBR-2416 ....
HFBR-2416T.. .
HFBR-2432............ccooviicccccae

HFBR-2432C
HFBR-2434....
HFBR-2434C .
HFBR-2436 ..........cooevireicccies

HFBR-2436C .........ccooiiiicae 5-63

HFBR-2442....
HFBR-2442T .. .
HFBR-2444 ................oooviiciinecnnes
HFBR-2444T
HFBR-2446 ............ccoooviiircrccccrnes
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HFBR-2446T...........cccoovrvviirceccccecrnne 5-65
HFBR-2452................ccevvnriicince 5-51
HFBR-2452C ..............cccovmirinieccccnes 5-63
HFBR-2454 .
HFBR-2454C ...t 5-63

HFBR-2456...............cccovvvrrece e 5-55
HFBR-2456C ..............cooeoeriicciciccceie 5-63
HFBR-2462 ..
HFBR-2462T
HFBR-2464 ..............cooooiiiicecee e

HFBR-2464C ..............cocoovniicceece 5-63
HFBR-2466 .
HFBR-2466T .............cooovniimeicccic s 5-65
HFBR-2501
HFBR-2502

HFBR-2503
HFBR-2521
HFBR-2522
HFBR-2523 ....
HFBR-2524 ....

HFBR-2531 ....
HFBR-2532 ...
HFBR-2533
HFBR-2534
HFBR-4202

HFBR-4501
HFBR-4503
HFBR-4505
HFBR-4506 ....
HFBR-4511

HFBR-4513
HFBR-4515
HFBR-4516 ....
HFBR-4525 ....
HFBR-4593

HFBR-5125
HLCP-A100....
HLCP-B100....
HLCP-C100 ...
HLCP-D100

HLCP-E100
HLCP-F100....
HLCP-G100 ...
HLCP-H100
HLCP-J100

HLMP-D101
HLMP-D101, OPT 001, 002
HLMP-D101, OPT 010, 100
HLMP-D105 ...ttt
HLMP-D105, OPT 001, 002




HLMP-D105, OPT 010, 100
HLMP-D150 .........
HLMP-D150, OPT 001, 002
HLMP-D150, OPT 010, 100
HLMP-D155 ...

HLMP-D155, OPT 001, 002
HLMP-D155, OPT 010, 100..
HLMP-D400 .....................

HLMP-D400, OPT 001, 002
HLMP-D400, OPT 010, 100

HLMP-D401 ...
HLMP-D401, OPT 001, 002
HLMP-D401, OPT 010, 100
HLMP-K101 .............

HLMP-K101, OPT 001, 002

HLMP-K101, OPT 010, 101, 102, 103, 104 ........ 3-126
HLMP-K105 . . 3-38
HLMP-K105, OPT 001, 002 ........cccceevurnnee ...3-119
HLMP-K105, OPT 010, 101, 102, 103, 104 ........ 3-126
HLMP-K150 ....cooeiriererceceneneennes 3-42
HLMP-K150, OPT 001, 002 .......ceeererreereceerneeen 3-119
HLMP-K150, OPT 010, 101, 102, 103, 104 ........ 3-126
HLMP-K155 ...
HLMP-K155, OPT 001, 002

HLMP-K155, OPT 010, 101, 102, 103, 104 ........ 3-126
HLMP-K400 .......cccevcervruanen

HLMP-K400, OPT 001, 002
HLMP-K400, OPT 010, 101, 102, 103, 104 ........ 3-126
HLMP-K401 ...t 3-77
HLMP-K401, OPT 001, 002 ......ccccceevrrerereecaenaen 3-119
HLMP-K401, OPT 010, 101, 102, 103, 104 ........ 3-126
HLMP-K402 .......oootirereenrrircenrececieaeseeesrenseseseenes 3-77
HLMP-K402, OPT 001, 002 ........cccveeverereereerennens 3-119
HLMP-K402, OPT 010, 101, 102, 103, 104 ........ 3-126
HLMP-L250.......ooreeceereeeceeeenenne 3-25
HLMP-L251 ...t cee e 3-25
HLMP-L350 ...t e reeraae e 3-25
HLMP-L351 ...... 3-25
HLMP-L550...... 3-25
HLMP-LS5T ..t seeanes 3-25
HLMP-M200 ........coiierereeree e e e e e s e eeeas 3-26
HLMP-M201 ...... 3-26
HLMP-M250 ...t ee e e seeneeen 3-26
HLMP-M251 ... reereee e eeeeeeseesreseaeensinns 3-26
HLMP-M300.................. 3-26
HLMP-M301 ... e eee e 3-26
HLMP-M350 3-26
HLMP-M351 ...t saeie s 3-26
HLMP-MS00 ...t eseee st seaesneenas 3-26
HLMP-MB50T ...t sree s e e seaeeas 3-26
Bold = New Product
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HLMP-MS50 ........ouimmmimemnnsensecessivessees e eeseseesens 3-26
HLMP-MS551 .....ooeveereereenerseseeeseeseseesses s ssnnns 3-26
HLMP-POOS .........oooveneececeneeeerecessssssessssesenes 3-91
HLMP-P005-010 3-127
HLMP-P105 3-91
HLMP-P005-010 3127
HLMP-P205 3-91
HLMP-P005-010 3-127
HLMP-P305 3-91
HLMP-P005-010 3-127
HLMP-P405 3:91
HLMP-P005-010 3-127
HLMP-P505 3-91
HLMP-Q101 .....3-91
HLMP-Q101, OPT 010 3-127
HLMP-Q105 ..3-91
HLMP-Q105, OPT 010......ovemceiceee e eens 3-127
HLMP-Q150

HLMP-Q150, OPT 010 3-127
HLMP-Q400.......... ..3-91
HLMP-Q400, OPT 010.......cemreeeereeeeeesensneene 3-127
HLMP-Q155.......... .3-91
HLMP-R100 ...3-83
HLMP-S100 ... eeeenen 3-87
HLMP-S200 3-87
HLMP-S201 ....ouoeoeeeeeeecee e seeese et sesson 3-87
HLMP-S300 ..3-87
HLMP-S301 3-87
HLMP-S400 ..3-87
HLMP-S401 3-87
HLMP-S500 3-87
HLMP-S501 3-87
HLMP-T200 2-19
HLMP-T300 2-19
HLMP-T400 2-19
HLMP-TS500........eeceeeeeeecea e e ieseeeeeeeesseaneeees 2-19
HLMP-0103 3-128
HLMP-0300 3-83
HLMP-0300, OPT S02 ' 3-29
HLMP-0301 S 3-83
HLMP-0354 3-142
HLMP-0364 3-153
HLMP-0365 3-153
HLMP-0366 3-153
HLMP-0380 .......ooomreereenrensensesenessene s sesssieiesnes 3-142
HLMP-0381 ...3-142
HLMP-0400 3-83
HLMP-0400, OPT S02 3-29
HLMP-0401 3-83
HLMP-0454 ... snesoni 3-142




HLMP-0464

HLMP-0465 ..

HLMP-0480

HLMP-0481

HLMP-0503

HLMP-0503, OPT S02..........coveicrirrireinirinnnncnens

HLMP-0504

HLMP-0554

HLMP-0564

HLMP-0566

HLMP-0580

HLMP-0581

HLMP-0800

HLMP-0904

HLMP-0930

HLMP-0931

HLMP-1000

HLMP-1000, OPT 001, 002...................
HLMP-1000, OPT 010, 101 .......
HLMP-1000, OPT 102, 103, 104

HLMP-1002
HLMP-1002, OPT 001, 002.......cccoveurirreruinrcrenne
HLMP-1002, OPT 010, 101

HLMP-1002, OPT 102, 103, 104
HLMP-1002, OPT S02

HLMP-1071

HLMP-1071, OPT 001, 002
HLMP-1071, OPT 010, 101

HLMP-1071, OPT 102, 103, 104 ...
HLMP-1080

HLMP-1080, OPT 001, 002........ccocervrireerincnaenene
HLMP-1080, OPT 010, 101

HLMP-1080, OPT 102, 103, 104
HLMP-1100
HLMP-1100, OPT 001, 002..........couveenrericrenenee

HLMP-1100, OPT 010, 107 ....covviriiierciecenes
HLMP-1100, OPT 102, 103, 104
HLMP-1120
HLMP-1120, OPT 001, 002
HLMP-1120, OPT 010, 101

HLMP-1120, OPT 102, 103, 104
HLMP-1155, OPT 010
HLMP-1200
HLMP-1200, OPT 001, 002..........cceosrvuncrensuncnenes
HLMP-1201

HLMP-1201, OPT 001, 002
HLMP-1300.........

HLMP-1300, OPT 001, 002
HLMP-1300, OPT 010, 101

HLMP-1300, OPT 102, 103, 104
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HLMP-1301 ...t 3-77
HLMP-1301, OPT 001, 002.........cceeterrerremrmerneences 3-119
HLMP-1301, OPT 010, 101 ..... ..3-125
HLMP-1301, OPT 102, 103, 104 ..........ccccecevueeee 3-126
HLMP-1302.......coireceiicrciicre e 3-77
HLMP-1302, OPT 001, 002........coerrrererrrmrncannnns 3-119
HLMP-1302, OPT 010, 101 ....coccvrrimriccncnnee 3-125
HLMP-1302, OPT 102, 103, 104 ........cccccvucurernes 3-126
HLMP-1302, OPT S02..........ccoovmmnirinnnireinnnnnne. 3-129
HLMP-1320 ...ttt veessseesene e e 3-73
HLMP-1320, OPT 001, 002..........ccoocvmrururminnncnes

HLMP-1320, OPT 010, 101
HLMP-1320, OPT 102, 103
HLMP-1321

, 104

HLMP-1321, OPT 001, 002
HLMP-1321, OPT 010, 101

HLMP-1321, OPT 102, 103, 104 ....
HLMP-1340........ccovrirricnnnee

HLMP-1340, OPT 001, 002..
HLMP-1340, OPT 010, 101 ........

HLMP-1340, OPT 102, 103, 104
HLMP-1350
HLMP-1385
HLMP-1385, OPT 001, 002..........ccouuruvurururrcnnes
HLMP-1385, OPT 010, 101 .....cccervemmrrnircinine

HLMP-1385, OPT 102, 103, 104

HLMP-1400......

HLMP-1400, OPT 001, 002
HLMP-1400, OPT 010, 101

'HLMP-1420, OPT 102, 103, 104

HLMP-1400, OPT 102, 103, 104

HLMP-1401
HLMP-1401, OPT 001, 002...........coervucrcnnnncne.
HLMP-1401, OPT 010, 101 .....cccccerrviccrciiennne
HLMP-1401, OPT 102, 103, 104
HLMP-1402

HLMP-1402, OPT 001, 002.........cccoeccurmemrurnnnnene.
HLMP-1402, OPT 010, 101 ........
HLMP-1402, OPT 102, 103, 104 ...

HLMP-1402, OPT S02........ccccvuurrenirrnricccrcnnnes
HLMP-1420

HLMP-1420, OPT 001, 002...........cccivrueucnnncnnnnnes
HLMP-1420, OPT 010, 101 ....ccocovririirricens

HLMP-1421
HLMP-1421, OPT 001, 002.........cocooecmiuecenrnnnnians

HLMP-1421, OPT 010, 101

HLMP-1421, OPT 102, 103, 104

HLMP-1440

HLMP-1440, OPT 001, 002
HLMP-1440, OPT 010, 101




HLMP-1440, OPT 102, 103, 104 ..........ccuevuuueee. 3-126

HLMP-1440, OPT S02
HLMP-1450

HLMP-1485, OPT 010, 101

HLMP-1485, OPT 102, 103, 104

HLMP-1503..........

HLMP-1503, OPT 001, 002
HLMP-1503, OPT 010, 101

HLMP-1503, OPT 102, 103, 104 .

HLMP-1520......ocooerrsrrrenee
HLMP-1520, OPT 001, 002
HLMP-1520, OPT 010, 101

HLMP-1520, OPT 102, 103, 104

HLMP-1521 ..o
HLMP-1521, OPT 001, 002
HLMP-1521, OPT 010, 101

HLMP-1521, OPT 102, 103, 104 .

HLMP-1523.........ceeeennee

HLMP-1523, OPT 001, 002
HLMP-1523, OPT 010, 101
HLMP-1523, OPT 102, 103
HLMP-1523, OPT S02........
HLMP-1540.........cccvveuennee

HLMP-1540, OPT 001, 002
HLMP-1540, OPT 010, 101
HLMP-1540, OPT 102, 103
HLMP-1540, OPT S02.......
HLMP-1550........ccccoveuemnecne.

HLMP-1585 ........ooorvvrernes
HLMP-1585, OPT 001, 002
HLMP-1585, OPT 010, 101
HLMP-1585, OPT 102, 103

HLMP-1600, OPT 001, 002
HLMP-1600, OPT 010, 101
HLMP-1600, OPT 102, 103
HLMP-1601 .....coeecuirrnnne

HLMP-1601, OPT 010, 101
HLMP-1601, OPT 102, 103
HLMP-1601, OPT S02........
HLMP-1620........ccccceuvunnee.
HLMP-1620, OPT 001, 002

HLMP-1620, OPT 010, 101
HLMP-1620, OPT 102, 103

HLMP-1621, OPT 001, 002
HLMP-1621, OPT 010, 101
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, 104 .

, 104 ...........

, 104 ...
HLMP-1621 ......cccovvvecenens

, 104 e 3-126
HLMP-1600 ........cocvveveneneee.

, 104 L, 3-126

L, 104 3-126

Xiv

HLMP-1621, OPT 102, 103, 104 ..........cceveereuevee 3-126
HLMP-1640 ........ocoiiniciinnenenesescsenssee e senees 3-115
HLMP-1640, OPT 001, 002.........ccccovreemeereemecnencs 3-119
HLMP-1640, OPT 010, 101 .

HLMP-1640, OPT 102, 103, 104 ..........ccccoruuunne 3-126
HLMP-1641................. 3-115
HLMP-1641, OPT 001, 002...........cccovvuvercrernennse 3-119
HLMP-1641, OPT 010, 101 .

HLMP-1641, OPT 102, 103, 104 ........ccccceeeuricee 3-126
HLMP-1660.......coeeinicniiccnieci et 3-25
HLMP-1661 3-26
HLMP-1674 ... 3-25
HLMP-1B75 ...t seeceseacn e 3-25
HLMP-1687 ...t sececencneneenn 3-25
HLMP-1B88........coeeienceeee e 3-25
HLMP-1700 ......coiuiniicritcnicnciciiisie e 3-54
HLMP-1700, OPT 001, 002.........c.cervuuvereneuiunnen 3-119
HLMP-1700, OPT 010, 1071 ..iueieieccieae 3-125
HLMP-1700, OPT 102, 103, 104 . 3-126

HLMP-1700, OPT S02........... .3-29
HLMP-1719.....coriiiriririnnnne ..3-54
HLMP-1719, OPT 001, 002...... 3-119
HLMP-1719, OPT 010, 101 ...... 3-125
HLMP-1719, OPT 102, 103, 104 ...........cccccucnce. 3-126
HLMP-1719, OPT S02........cccovevimenenn 3-29
HLMP-1740

HLMP-1760

HLMP-1790

HLMP-1790, OPT 001, 002

HLMP-1790, OPT 010, 101

HLMP-1790, OPT 102, 103, 104 ........cccovuvrueunne 3-126
HLMP-1790, OPT S02........ccoeiecueicunieeicncnneaiens 3-29
HLMP-1800
HLMP-1801
HLMP-1819

HLMP-1820
HLMP-1840
HLMP-1841
HLMP-2300
HLMP-2300, OPT S02.... 2-7

HLMP-2350.........
HLMP-2350, OPT S02
HLMP-2400.........
HLMP-2400, OPT S02
HLMP-2450....

HLMP-2450, OPT S02.....
HLMP-2490 (87019G01)
HLMP-2500...........
HLMP-2500, OPT S02.........coooommrereeeeeeemseesenoeeseneenen
HLMP-2550




HLMP-2550, OPT S02 2-7
HLMP-2598 2-30
HLMP-2599 2-30
HLMP-2600 2-8
HLMP-2600, OPT S02 2-7

HLMP-2620 2-8
HLMP-2620, OPT SO02 ..........ccoovrirnernrerisnnrennrinenanene 2-7
HLMP-2635 2-8
HLMP-2635, OPT S02 2-7
HLMP-2655 2-8

HLMP-2655, OPT S02 2-7
HLMP-2670 2-8
HLMP-2670, OPT S02 2-7
HLMP-2685 2-8
HLMP-2685, OPT S02...........coveemrenrcrnitcceienennne 2-7

HLMP-2700......cecooiireeeinrenniecrerennnene 2-8
HLMP-2700, OPT S02 2-7
HLMP-2720
HLMP-2720, OPT S02...........ccoreemerne 2-7
HLMP-2735...........covnrennene 2-8

HLMP-2735, OPT SO02 .....coooveeeeeeeemmmmmessssssssssseesose
HLMP-2740 (87019Y01)
HLMP-2755
HLMP-2755, OPT 502 ....ovvvoveeeemeesecsssessssssesosreseeene
HLMP-2770

HLMP-2770, OPT S02........cooeteimeretcinrceeine
HLMP-2785
HLMP-2785, OPT S02
HLMP-2800
HLMP-2800, OPT S02

HLMP-2820
HLMP-2820, OPT S02
HLMP-2835
HLMP-2835, OPT S02
HLMP-2855

HLMP-2855, OPT S02
HLMP-2870
HLMP-2870, OPT S02
HLMP-2885
HLMP-2885, OPT S02

HLMP-2898
HLMP-2899
HLMP-2950
HLMP-2965
HLMP-3000

HLMP-3000, OPT 001, 002....
HLMP-3000, OPT 010, 100
HLMP-3001
HLMP-3001, OPT 001, 002....
HLMP-3001, OPT 010, 100
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HLMP-3001, OPT S02
HLMP-3002
HLMP-3002, OPT 001, 002
HLMP-3002, OPT 010, 100
HLMP-3003

HLMP-3003, OPT 001, 002
HLMP-3003, OPT 010, 100
HLMP-3050......
HLMP-3050, OPT 001, 002
HLMP-3050, OPT 010, 100

HLMP-3105
HLMP-3105, OPT 001, 002
HLMP-3105, OPT 010, 100
HLMP-3112
HLMP-3112, OPT 001, 002

HLMP-3112, OPT 010, 100.
HLMP-3200 ......cooviiiiinniiinrniicncse i s
HLMP-3201 ..........cocuneee
HLMP-3300.........ceveeueee.

HLMP-3300, OPT 010, 100
HLMP-3301
HLMP-3301, OPT 001, 002
HLMP-3301, OPT 010, 100
HLMP-3301, OPT S02

HLMP-3315
HLMP-3315, OPT 001, 002
HLMP-3315, OPT 010, 100
HLMP-3316
HLMP-3316, OPT 001, 002

HLMP-3316, OPT 010, 100
HLMP-3316, OPT S02.........ccocverrrererernreeenanannns
HLMP-3350
HLMP-3351
HLMP-3365 ..

HLMP-3366 ..
HLMP-3390
HLMP-3400
HLMP-3400, OPT 001, 002
HLMP-3400, OPT 010, 100

HLMP-3401
HLMP-3401, OPT 001, 002
HLMP-3401, OPT 010, 100
HLMP-3415
HLMP-3415, OPT 001, 002

HLMP-3415, OPT 010, 100
HLMP-3416
HLMP-3416, OPT 001, 002
HLMP-3416, OPT 010, 100
HLMP-3450




HLMP-3451
HLMP-3465
HLMP-3466
HLMP-3490
HLMP-3502

HLMP-3502, OPT 001, 002..
HLMP-3502, OPT 010, 100

HLMP-3507

HLMP-3507, OPT 001, 002
, OPT 010, 100

HLMP-3507

HLMP-3517
HLMP-3517
HLMP-3517
HLMP-3519

HLMP-3519, OPT 001, 002
HLMP-3519, OPT 010, 100

HLMP-3553
HLMP-3554
HLMP-3567
HLMP-3568

HLMP-3590
HLMP-3600

HLMP-3600, OPT 001, 002
, OPT 010, 100

HLMP-3600
HLMP-3601

HLMP-3601, OPT 001, 002
HLMP-3601, OPT 010, 100

HLMP-3650

HLMP-3650, OPT 001, 002..
, OPT 010, 100 .

HLMP-3650
HLMP-3651

HLMP-3651, OPT 001, 002
HLMP-3651, OPT 010, 100 .

HLMP-3680

HLMP-3680, OPT 001, 002
HLMP-3680, OPT 010, 100

HLMP-3681

HLMP-3681, OPT 001, 002
HLMP-3681, OPT 010, 100 .

HLMP-3750

HLMP-3750, OPT 001, 002
HLMP-3750, OPT 010, 100
HLMP-3750, OPT S02

HLMP-3762

HLMP-3762, OPT 001, 002
HLMP-3762, OPT 010, 100

HLMP-3850

HLMP-3850, OPT 001, 002..
HLMP-3850, OPT 010, 100 .

, OPT 001, 002
, OPT 010, 100

HLMP-3850, OPT S02

xvi

HLMP-3862..........ooovviirerriecniinee e senne
HLMP-3862, OPT 001, 002
HLMP-3862, OPT 010, 100
HLMP-3950
HLMP-3950, OPT 001, 002

HLMP-3950, OPT 010, 100 ..
HLMP-3950, OPT S02
HLMP-3962 .
HLMP-3962, OPT 001, 002........cccoeeuriremevnnruannin
HLMP-3962, OPT 010, 100 .....coeveuiunrrercrrrrnncncnee

HLMP-4000 ........ortriiiicicre e s

HLMP-4100 ...t
HLMP-4101
HLMP-4700 ...
HLMP-4700, OPT 001, 002...

HLMP-4700, OPT 010, 100
HLMP-4700, OPT S02.........ccoovurvrrmiierceeneenieenne
HLMP-4719......ceoviiiiinn

HLMP-4719, OPT 001, 002... .
HLMP-4719, OPT 010, 100 ......ccceervrerrrererrnnen.

HLMP-4719, OPT S02........coovvirrrceenereiniinnieenns
HLMP-4740....................

HLMP-4740, OPT 001, 002...
HLMP-4740, OPT 010, 100 .. .
HLMP-4740, OPT S02..........coourviriveierinenreneenes

HLMP-5029.........ocomiiiririniiiccceneeeseeenseeane
HLMP-6000....
HLMP-6000, OPT 010
HLMP-6001 ......
HLMP-6001, OPT 010 .....ccccovenrivneneccierereaenenes

HLMP-6203....
HLMP-6204 ...
HLMP-6205 ..ottt
HLMP-6206 .........coovieiviriiieieceeeeeeenceneesseiaasenns
HLMP-6208..........cccoririririieccnecrcreiicecanasiesiaes

HLMP-6300 ........curiiiiiiecniecerceer e eeecisaereseaes
HLMP-6300, OPT 010 ....cocuenrrcrncnecneirncniaenas
HLMP-B305 ..ot ereissevesenes
HLMP-6305, OPT 010
HLMP-6400.............

HLMP-6400, OPT 010 ......cceevimvnnerrceennnee
HLMP-B405............coovrrirrcercccneccrceenen
HLMP-6405, OPT 010 ........cccceueuee
HLMP-6500.....................

HLMP-6500, OPT 010

HLMP-6505
HLMP-6505, OPT 010
HLMP-6600....
HLMP-6600, OPT 010
HLMP-B620..........cooveirriiicnnncrc e eenes




HLMP-6620, OPT 010 .....cocovvirviniiiiccriininne 3-127
HLMP-6653...
HLMP-6654.....................
HLMP-6655 ..
HLMP-6656......

HLMP-6658
HLMP-6700
HLMP-6700, OPT 010 .... 3-127
HLMP-6720 ...3-91
HLMP-6720, OPT 010 ......cooeevvirrnrcrcrccrcnnrencnnes 3-127

HLMP-6753.................. 3-91
HLMP-6754 ...t 3-91
HLMP-B755 ..ottt 3-91
HLMP-6756 .........coviireerrrrctcteceessiee e 3-91
HLMP-6758............cocuuu.e. .3-91

HLMP-6800.........cviereirrerciitiiee s
HLMP-6800, OPT 010
HLMP-6820..........ccc0euueee
HLMP-6820, OPT 010 ...
HLMP-6853

HLMP-6854
HLMP-6855...
HLMP-6856 ...
HLMP-6858....
HLMP-7000

HLMP-7000, OPT 010 ......cocovvvrirrcrcncrrncrcnnenee 3-127
HLMP-7019.............
HLMP-7019, OPT 010 ..3-127
HLMP-7040
HLMP-7040, OPT 010 .... 3-127

HLMP-8100 ..
HLMP-8102 ..
HLMP-8103 ...ttt
HLMP-8104 .............oonie ettt
HLMP-8150 .........coovieiitcecicccrti e

HMDL-2416 ...t

HMDL-2416TXV........... 4-185
HMDL-2418TXVB .......coooviiiiriiciniicnecncanns 4-185
HPDL-1414
HPDL-2416

HRPG-XXXX ...ttt ennes
HSSR-8200
HTIL-311A .o
IN5765 ...
INBO92 ......ccovevirvrnene

INBOO3 ...
IN6094 ...

IN6610 .... . .
INBBTT ...

Bold = New Product

JANINS76S...... 3-142
JANINBOD2..........cornrerineiciciieseec e 3-142
JANING093 . 3-142
JANINGO94................cu... 3-142
JANING6609 e e 3-1583

JANINGGT0 ... enensnene 3-153
JANIN6611 3-153
JANM19500/51903 .3-153
JANM19500/51904 3-153
JANM19500/52003 3-1583

JANM19500/52004 .............cccoevvrerruennne 3-153
JANM19500/52103 3-1563
JANM19500/52104 3-153
JANTXIN5765
JANTXIN6092

JANTXIN6093
JANTXIN6094
JANTXIN6609
JANTXING610...
JANTXIN6611

M187/00101AAX ...ttt
M187/00102AAX ..
M187/00103AAX ..
M187/00104AAX ..

55/883B ...ttt

5082-7100 ...overiincririrecrereee e *
5082-7101 ..t *
5082-7102 ...ttt *
5082-7295 ...t *

5082-7300 ..
5082-7302 ..
5082-7304
5082-7340
5082-7356

5082-7357
5082-7358
5082-7359
5082-7404
5082-7405

5082-7414
5082-7415
5082-7432
5082-7433.....
5082-7441

5082-7T446 ...t *
5082-7610 ...t 4-105
5082-7610, OPT S01, S02 4-11
5082-7611 ..ttt 4-105
5082-7611, OPT S01, SO2 ......ccoevvrcrccrccrrrienennne 4-11

*Not recommended for new design; contact your local Sales Representative for further information (see Section 9).



5082-7613 .....cooviriiiinrinreietiee et
5082-7613, OPT S01, S02 .
5082-7616 ....ceevereciererirerereie et
5082-7616, OPT S01, S02
5082-7620 .......cocoreieinnirnnnrentenrenennte e

5082-7621 ...........
5082-7623
5082-7626
5082-7650
5082-7650, OPT S01, S02

5082-7651
5081-7651, OPT S01, S02
5082-7653......coereeriererereennneesee e
5082-7653, OPT S01, S02
5082-7656 .........coverierierinirrerinnenteecitne e 4-105

5082-7656, OPT S01, S02.........ccocevvievuirienninnenine 4-11
5082-7660........c.cceuvuenennnnn

5082-7661 ....
5082-7663............... .
5082-7663, OPT S20 ......ccccevvrrccccrcrcccrnnesiannens 4-11

5082-7663, OPT S01, S02.......cccuvrviicrrierivnninnnnns 4-11
5082-7666
5082-7666 OPT S20 .
5082-7730 ....ceerrreirreriiererisese s
5082-7730, OPT S01, S02

5082-7731 .............
5082-7731, OPT S01, S02
5082-7736....
5082-7736, OPT S01, S02
5082-7740......cuocvrirrrcrircrirircne s

5082-7740, OPT S01, S02
5082-7750......ccccruereuiunrvenennns
5082-7750, OPT S01, S02
5082-7751 ....coevvicrcrirrnnnnnne
5082-7751, OPT S01, S02...

5082-7756 .........couvveereuenne
5082-7756, OPT S01, S02
5082-7760.......cceuernrererennnns

5082-7760, OPT S01, S02...
5962-8767901EC............c.cooiviiiiiiiiicccrnn,

Bold = New Product

xviii

5962-8876801PC....
5962-8876901PC
5962-8947701PC
5962-8957001PC
5962-8957101PC

5962-89571022A
5962-8957201EC....
5962-8978501PC
5962-89785022A ....
5962-8981001PC....

6N134
6N134TXV
6N134TXVB
6N134/883B
6N135

6N135, OPT 020
6N135, OPT 100, 300
6N136 ..
B6N136, OPT 020 .......cocovevrmmnnnrerenennrcncsesnsens
6N136, OPT 100, 300 .......c.ccvvreeemerrrirccrcnnannns

6N137, OPT 020
6N137, OPT 100, 300

6N138, OPT 020

6N138, OPT 100, 300 .........ccunerrcivivnnereesnsinnnne
6N139
6N139, OPT 20
6N139, OPT 100, 300
6N140A

6N140A/883B
6N140TXV
BNT40TXVB ...ttt
8102801EC..................
8302401EC..................

87019G01 (HLMP-Z490)
87019Y01 (HLMP-Z740) .....oooeoeeeeeeeeeeerecerereee
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Motion Sensing and Control

Motion Sensing and
Control

Hewlett-Packard’s growing
family of motion sensing and
control products developed as
an extension of our emitter/
detector systems capabilities.
Motion sensing products include
optical shaft encoders and
optical encoder modules for
closed-loop servo applications,
and rotary pulse generators for
manual input applications. HP’s
optical products provide a
digital link converting
mechanical shaft rotation into
TTL logic level signals. HP’s
motion control ICs complement
the optical products and greatly
simplify the design of digital
motion control systems.

Our HEDS-9000, HEDS-9100,
HEDS-9200, and HEDS-9700
series optical encoder modules
provide sophisticated motion .
detection at a low price; making
them ideal for high volume
applications such as printer,
plotters, and industrial
automation equipment. The
HEDS-9000 and HEDS-9100
are now available in three
channel versions, the HEDS-
9040 and 9140, which provide a
third channel index pulse in

addition to the standard two
channel outputs. The HEDS-
9200 series linear encoder
module uses the same emitter/
detector technology as the
HEDS-9000 to sense linear
position. The HEDS-9700
comes in a super small, wave
solderable package with a
variety of mounting options.

The HEDS-5500 and HEDS-
5600 series are complete, quick
assembly, low cost optical shaft
encoders. No adhesives or last
minute adjustments are
necessary for assembly. In
addition, the HEDS-5540 and
HEDS-5640 provide a third
channel index pulse for home
position sensing. The HEDS-
5500 and 5600 series encoders
offer a complete solution in
industrial, medical, and office
automation equipment.

Hewlett-Packard’s new HRPG
series of low cost miniature
rotary pulse generators (RPGs)
use reflective optics technology
for superior reliability and
consistent rotational feel for
more than 1 million
revolutions. The HRPG is ideal
for front panel applications
such as test and measurement
equipment, medical equipment,

CAD/CAM systems, and audio/
video equipment. The HRPG is
available in a variety of
configurations including smooth
or detented turning, multiple
terminations and mounting
options, and a wide selection of
shaft configurations.

To complement the motion
sensing products, HP has
released two motion control IC
families. The HCTL-1100 CMOS
general purpose motion control
IC performs all of the time-
intensive tasks of digital motion
control. The HCTL-1100 controls
position or velocity while using
an incremental encoder for
feedback information. The
HCTL-1100 is also available in a
surface mount package. The
HCTL-2000, HCTL-2016, and
HCTL-2020 Quadrature Decoder/
Counter ICs provide a one chip,
easy to implement solution to
interfacing the quadrature
output of an encoder or RPG to a
microprocessor. These CMOS ICs
include a quadrature decoder, a
12 or 16 bit up/down counter, and
an 8 bit bus interface. In
addition, the HCTL-2020 has
cascade output signals as well as
quadrature decoder output
signals.



Optical Encoder Modules

Package Outline Drawing PartNo. | Channels Resolution Page No.
HEDS-9000 AB 0 1-12
OPTOJ 00 A 500 CPR

B 1000 CPR

0 1-22
HEDS-9040 | A, B,! B 1000 CPR
OPTO] 00 J 1024 CPR

ad 1-12
HEDS-9100 A B K 9 CPR
oPTO 00 C 100 CPR

D 192 CPR

E 200 CPR

F 256 CPR

G 360 CPR

H 400 CPR

A 500 CPR

| 512 CPR

O 122
HEDS-9140| A, B, | 256 CPR
oPTO 00 G 360 CPR

A 500 CPR

| 512 CPR

0 1-18
HEDS-9200 A B L 120 LPI
oPTO 00 M 127 LPI

P 150 LPI

Q 180 LPI

R 200 LPI

Bold Type — New Product
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Small Optical Encoder Modules - HEDS-9700 Series

Package Outline Drawing PartNo. | Lead Bend Chanhelsk Resolution I:)OPI::L!:';Q Page No.
6 @2E 1-31
HEDS-9700 | Straight AB K 96 CPR | 50- Standard
OPT LA C 100CPR | 51 - Rounded Outline
HEDS-9701 Bent - A B D 192CPR | 52 - Backplane
OPT LA E 200CPR | 53~ Standard w/Posts
F 256 CPR | 54 - Tabless
G 360 CPR | 55- Backplane w/Posts
H 400CPR |
]
HEDS-9720 | - Straight A B L 120LPI
OPTREIEIE | M 127LPI
HEDS-9721 Bent - AB P 150LPI
OPTRBIEIE]

Bold Type - New Product




Quick Assembly Encoder - HEDS-5500 Series

[=]
2
Q
e
28
w
22
So
E
()
=

Mounting | Through Page
'Package Outline Drawing Part No. | Channels Type Hole Resolution Shaft Size No.
0] AlA| 1-41

MMAA

:’..

% YOV-0055-SAIH

HEDS-5500 A B Standard None | K 96 CPR | 01 2mm

LN
§
O

OPTHRA C 100CPR | 02 3mm

HEDS-5505 | A,B Standard 89mm | D 192CPR | 03 1@8in.

(0.35in.)
OPTHEE E 200CPR | 04 5/32in.
HEDS-5600 | A,B External None F 256CPR | 05 3/16in.
Mounting
OPT &R Ears G 360CPR | 06 t1/4in.

HEDS-5605 | A,B External 89mm [ H 400CPR | 11 4mm
Mounting (0.35in.)
OPTHEE Ears A 500CPR | 14 5mm

| 512CPR | 12 6mm

13 8mm
HEDS-5540 | A,B,| Standard None F 256 CPR

OPT B G 360CPR
HEDS-5545 | A,B,| Standard 89mm | A 500CPR
(0.35in.)
OPTRIRIE] | 512CPR
HEDS-5640 | A,B,| External None
Mounting
OPT BRI Ears

HEDS-5645 | A,B,| External 89 mm
Mounting (0.35in.)
OPT IR Ears

Bold Type — New Product



28 mm Encoders — HEDS-5000 Series

« ) Option Code » ' Page
Package Outline Drawing ~ PartNo. .| Channels Resolution ShaftSize =~ . | . No.
@@
HEDS5000 |  A,B C 10CPR | 01 2mm N
OPT.0EE D 192CPR 02 3mm
E 200CPR 03 1Bin.
F 256CPR 04  582in.
G 360CPR 05  316in.
HEDS5010 | AB,l | H 400CPR 06  1/4in.
oPTEEE | A socer | 11 4mm
| 512CPR 14 5mm
12 6mm

*Contact your local Sales Representative for information regarding this product. (See Section 9.)

56 mm Encoders — HEDS-6000 Series

Optioh Code Page
- Package Outline Drawing Part No. - Channels Resolution Shatt Size No.
@ Al
D 192 CPR '
HEDS-6000 A B E 200 CPR- | 05 3/16in.
opr.EEE| H 400 CPR 06  1d4in.
A 500 CPR 07 5/16in.
I 512 CPR 08 3/8in. .
B 1000 CPR 09 12in.
J 1024 CPR 10 5/8 in.
HEDS-6010 A B, 1 4 mm
oPTHEA 12 6mm
13 8§ mm

*Contact your local Sales Representative for information regarding this product. (See Section 9.)

1-6
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Rotary Pulse Generator - HRPG Series 2 §
' Package Shaft Feel/ Mechanical Page g°
Outline Drawing Part No. Resolution* Configuration Termination No. 2
] B B 1-51
HRPG- $16 — Smooth 11-0.3"x0.25" F - Pins Front
16 CPR with Bracket
ADMDDOPTRREE | D16-Detented . | 13-0.3"x0.25"
16 CPR D-cut
S 32 - Smooth 14-05" 0.25" R - Pins Rear
32CPR with Bracket
D32 - Detented 16-0.5"x0.25"
32CPR D-cut
S64 - Smooth 17-0.8"x 0.25" C - Cable Connector
64 CPR with Strain Relief
SCA - Smooth 19-0.8"x0.25"
120 CPR D-cut

51-7.6mmx6mm

53-7.6mmx6mm
D-cut

54-12.7 mm x 6 mm

56-12.7 mm x 6 mm
D-cut

57-20.3 mm x 6 mm

59-20.3 mm x 6 mm
D-cut

*When ordering detented versions, a D-cut shaft is recommended.
Bold Type — New Product



Rotary Pulse Generator - HEDS-5700

Package ‘ ‘ Page
Outline Drawing - | Part No. Termination Resolution | Shaft Configuration| Drag Option No.
o B | 159
Ilﬂﬂﬂ]]]\- HEDS-5700 | Pins K 96 CPR ]0-0.25"dia 0 - free spinning
OPT(A2E] C 100CPR | 1-6mmdia 1 - static drag
HEDS-5701 | 6" Color Coded Leads | D 192 CPR | 2-0.25" dia D-cut
OPT @M E 200CPR
F 256 CPR
G 360CPR
H 400 CPR
A 500 CPR
I 512CPR
Rotary Pulse Generator - HEDS-7500
Package Outline Drawing Part No. Resolution Channels Termination Page No.
HEDS-7500 256 CPR AB . Color Coded Wire *
ﬁ HEDS-7501 256 CPR A B Ribbon Cable
HEDS-7502 256 CPR A B, Color Coded Wire
HEDS-7503 256 CPR A B,I Ribbon Cable

Bold Type - New Product

*Contact your local Sales Representative for information regarding this product. (See Section 9.)




Motion Control ICS — HCTL-XXXX Series

Package Outiine Drawing PartNo. | Package Description Page No.
HCTL-1100 | PDIP | CMOS General Purpose Motion Control IC .
SYNC O 40 [J OE rpo 77
ADo/DB, [] 2 39 []¢s
ADy/DB, [] 3 38 [JALE
AD2/DB, [} 4 37 JRW
AD3/DB3 [ 5 36 [ RESET
‘AD4/DB4 [] 6 35 [ voo
ADs/DBs [} 7 34 [JEXTCLK
oBg [} 8 33 [JINDEX
pB; (9 32{1 GnD
GND [ 10 31[JcHA
Voo (11 30 [JcHB
PROF [ 12 29 [JPHD
NT 13 28 [ PHC
omiT [ 14 27 [JPHB
svopr[] 15 26 [1 PHA
PULSE [} 16 25 [IMmc;
siGN([] 17 24 [IMcq
mco [ 18 23[IMmcs
mc, [ 19 22 Amcq
mc, [ 20 21 mes
HCTL-1100 | PLCC | CMOS General Purpose Motion Control IC
OPT PLC
HCTL-2000 | PDIP | CMOS Quadrature Decoder/Counter IC, 12-bit Counter 1-61
oo} 16 Voo
cuk)2 15 [JDy
SEL[]3 141D
oe[]4 1300
RsT(]5 12[Jps
- 1 s HCTL-2016 | PDIP | CMOS Quadrature Decoder/Counter IC, 16-bit Counter
cHA[]7 10 0s
vss(]8 9oy
ool mhve HCTL-2020 | PDIP | CMOS Quadrature Decoder/Counter IC, 16-bit Counter,
k]2 10, Quadrature Decoder Output Signals,
seeds  wpes Cascade Output Signals
OE [J4 1770,
ub s 16 [J CNTpcpR
nc[Je 15 [ cNTeas
RsT([]7 1470,
cus[]8 13[]os
cHa [} @ 12[7) g
vss [J10 "o,

Bold Type - New Product
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Codewheels - 11.00 mm (0.433 in) Optical Radius

Matching
Encoder
Package Outline Drawing Part No. Module Channels Resolution Shaft Size Page No.
[ e 1-12
HEDS-5120 HEDS-9100 AB K 96 CPR 01 2mm 1-31
OPTIE HEDS-9700 C 100CPR 02 3mm
D 192CPR 03 18in.
E 200CPR 04 5/32in.
F 256 CPR 05 3/16in.
G 360CPR 06 1/4in.
H 400 CPR 11 4mm
A 500CPR 14  5mm
I 512CPR 12 6mm
13 8mm
@ 1-22
HEDS-5140 HEDS-9140 A B, I F 256 CPR
OPT BI21[2] G 360CPR
A 500CPR
| 512CPR
Codewheels - 23.36 mm (0.920 in) Optical Radius
Matching
Encoder
Package Outline Drawing Part No. Module Channels Resolution ShaftSize | Page No.
] @12 1-12
HEDS-6100 | HEDS-9000 | A,B D 192 CPR | 05 3/16in.
oPTHEE E 200 CPR | 06 1/4in.
H 400 CPR | 07 5/16in.
A 500 CPR | 08 3@in.
| 512 CPR | 09 1Rin.
B 1000CPR | 10 58in.
J 1024CPR | 11 4mm
12 6mm
&l 13 8mm 1-22
HEDS-6140 HEDS-9140 A B, B 1000 CPR
OPTRIEE J 1024 CPR

Bold Type — New Product



Accessories for Encoders and Encoder Modules

Package Outline Drawing Part No. Description Page No.
———=s | HEDS-8902 | 4-wire connector with 15.5 cm (6.1 in.) flying leads. Locks into 1-41
‘ ——d HEDS-5500 and HEDS-5600 2 channel encoders. Also fits 1-12
= = HEDS-9000, HEDS-9100, and HEDS-9200 2 channel encoder 1-18
modules.
HEDS-8903 | 5-wire connector with 15.5 cm (6.1 in.) flying leads. Locks into 1-41
= HEDS-5540 and HEDS-5640 three channel encoders. Also fits 1-22
: —— HEDS-3040 and HEDS-9140 three channel encoder modules.
HEDS-8905 | Alignment Tool for HEDS-9140 1-22
HEDS-8906 | Alignment Tool for HEDS-9040 1-22
HEDS-8910 | Alignment Tool for HEDS-5540/5545 and HEDS-5640/5645. -4
OPTOLO | Orderin appropriate shaft size.
Convenience Assembly Tools for 28 mm Diameter Encoders - Not Required
Package Outline Drawing Part No. , Description Page No.
HEDS-8930 | HEDS-5000 Series Tool Kit *
+ Holding Screwdriver
» Torque Limiting Screwdriver
+ HEDS-8920 Hub Puller
+ HEDS-8922 Gap Setter

HEDS-892X | Centering Cones
* Aid in High Volume Assembly
» Order in Appropriate Shaft Size

Bold Type - New Product

*Contact your local Sales Representative for information regarding this product. (See Section 9.)
1-11
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[ﬁﬂ HEWLETT

PACKARD

Two Channel Optical
Incremental Encoder Module

Technical Data

HEDS-9000
HEDS-9100
Features Description
¢ High Performance The HEDS-9000 and HEDS-
« High Resolution 9100 series are high
e Low Cost performance, low cost, optical

¢ Easy to Mount
* No Signal Adjustment

incremental encoder modules.
‘When used with a codewheel,
these modules detect rotary

Required position. The modules consist of
¢ Insensitive to Radial and a lensed LED source and a
Axial Play detector IC enclosed in a small

¢ Small Size
¢ -40°C to 100°C Operating

C-shaped plastic package. Due
to a highly collimated light

Temperature source and a unique photo- are accessed through five 0.025
* Two Channel Quadrature detector array, the modules are  inch square pins located on 0.1
Output extremely tolerant to mounting inch centers.
¢ TTL Compatible misalignment.

¢ Single 5 V Supply

Package Dimensions

The two channel digital outputs
and the single 5 V supply input

Standard resolutions for the
HEDS-9000 are 500 CPR and
1000 CPR for use with a HEDS-

26.7 (1.06)
15.2 )
S ~ — 4—_->'—
10.60) 254(0.100) 8.6(034) @ <50
0.63 (0.025) Il TYP rgzrlz
SQR. TYP. ] . o>o0z0
OPTION —| | 1.52 (0.060)—»-| |<— 1.8(0.07) e ON-
CODE | —> 1.0 (0.04) | ‘ ;
5.1(0.20)— DATE CODE (0262817) 6.9 (0.27)
W 3.73+0.05 R l || 11.5(0.45)
1024010 L_ (0-147£0.002) 20.8 T y l (0.100) | 8.8 (0.35)
:02:0. P —Y .82 E LI —dH—
©odo<o00s | | @\:""““3” / ? osa 1. I b O® QO
D. RIXF .46) - —(+)— 5.8 (0.23
ALIGNING 8 X e N 290 023
RECESS 2.67(0.105) DIA. - OPTICAL 4.75+0.10 ~
2.44/2.41 DIA. MOUNTING THRU CENTER (0.187 £ 0.004) \45 1
(0.096/0.095) ¢ | HOLE 2 PLACES 1.78+0.10 LINE 'ALIGNING RECESS
2.16(0.085) 1.85(0.073) — (0.070 + 0.008) ™| [*—~5.46 £0.10 2.44/2.41 DIA.
DEEP 8.64 (0.340) REF. OPTICAL 2.92+0.10 (0.215 £0.004) {0.096/0.095)
17.27 CENTER .92£0.10__ | |, OPTICAL CENTER 2.16 (0.085) DEEP
le— (0.115  0.004)
(0.680) 2.44/2.41 X2.79 —»  |e——a.14(0.163)
20.96 (0.096/0.095 X 0.110) 10.2 {——6.35 (0.250) REF.
(0.825) 2.16 (0.085) DEEP (0.400)
TYPICAL DIMENSIONS IN
SIDE A MILLIMETERS AND (INCHES) SIDE B

ESD WARNING: NORMAL HANDLING PRECAUTIONS SHOULD BE TAKEN TO AVOID STATIC DISCHARGE.
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6100 codewheel or equivalent.
For the HEDS-9100, standard
resolutions between 96 CPR and
512 CPR are available for use
with a HEDS-5120 codewheel or
equivalent.

Applications

The HEDS-9000 and 9100
provide sophisticated motion
detection at a low cost, making
them ideal for high volume
applications. Typical applica-
tions include printers, plotters,
tape drives, and factory
automation equipment.

Theory of Operation
The HEDS-9000 and 9100 are
C-shaped emitter/detector
modules. Coupled with a
codewheel, they translate the
rotary motion of a shaft into a
two-channel digital output.

As seen in the block diagram,
each module contains a single
Light Emitting Diode (LED) as
its light source. The light is
collimated into a parallel beam
by means of a single polycarbon-
ate lens located directly over the
LED. Opposite the emitter is
the integrated detector circuit.
This IC consists of multiple sets
of photodetectors and the signal
processing circuitry necessary to
produce the digital waveforms.

The codewheel rotates between
the emitter and detector, causing
the light beam to be interrupted
by the pattern of spaces and
bars on the codewheel. The
photodiodes which detect these
interruptions are arranged in a
pattern that corresponds to the
radius and design of the code-
wheel. These detectors are also
spaced such that a light period
on one pair of detectors corre-
sponds to a dark period on the

.
Block Diagram
[ wesiston | AT T T T e
| vy Tt ]?
| Lens ! ! |
| ! [
i ! I
| I |pHoTO. |
| : DIODES _ COMPARATORS 1
A .
l H CHANNEL A
|
! L] ne ’
! . 16,
| : CHANNEL B
| ' K
|
| JJ: SIGNAL |
| ™ PROCESSING |
| | CIRCUITRY |
! : |
| i 1 GND
| | 8
L S J
EMITTER SECTION CODE DETECTOR SECTION
WHEEL
Output Waveforms

o

A P

J/

—

’ CHANNEL A

3 o —
£
7 le— 51 s2 $3 —ale— 54 —»|
=
<
s
’ CHANNEL B
ROTATION

adjacent pair of detectors. The Definitions

photodiode outputs are then fed
through the signal processing
circuitry resulting in A, A, B,
and B. Two comparators
receive these signals and
produce the final outputs for
channels A and B. Due to this
integrated phasing technique,
the digital output of channel A
is in quadrature with that of
channel B (90 degrees out of
phase).

Count (N) = The number of bar
and window pairs or counts per
revolution (CPR) of the
codewheel.

1 Shaft Rotation = 360
mechanical
degrees

= N cycles
1 cycle (¢) = 360 electrical
degrees (°e)
=1bar and
window pair

E
£
=

2g
5




Pulse Width (P): The number of
electrical degrees that an output
is high during 1 cycle. This value
is nominally 180° or 1/2 cycle.

Pulse Width Error (AP): The
deviation, in electrical degrees,

Absolute Maximum Ratings

Storage Temperature, Tg........ccovvvrrrrevcivnnnnnes evveeeneen, -40°C to 100°C
Operating Temperature, T, ......ccccoovrrvnriinnnnrcennenne, -40°C to 100°C
Supply Voltage, Vi coevereiiiiieiieeciicniceeeiieene -0.5Vto7V
Output Voltage, Vi ..o.ovvveevicicicicceieceeees -0.5VtoV,,
Output Current per Channel, I ......cccocoevvvrinnnrnenn. -1.0 mA to 5 mA

of the pulse width from its ideal
value of 180°. Phase (¢): The number of
electrical degrees between the
center of the high state of
channel A and the center of the
high state of channel B. This
value is nominally 90°e for
quadrature output.

State Width (S): The number of
electrical degrees between a
transition in the output of
channel A and the neighboring
transition in the output of
channel B. There are 4 states
per cycle, each nominally 90°. Phase Error (Ad): The deviation
of the phase from its ideal value

State Width Error (AS): The of 90°.

deviation, in electrical degrees,
of each state width from its

¢ Direction of Rotation: When the
ideal value of 90°e.

codewheel rotates in the

Recommended Operating Conditions

direction of the arrow on top of
the module, channel A will lead
channel B. If the codewheel
rotates in the opposite direction,
channel B will lead channel A.

Optical Radius (Rp): The
distance from the codewheel's
center of rotation to the optical
center (0.C.) of the encoder
module.

Parameter Symbol | Min. | Typ. Max. Units Notes
Temperature T -40 100
Supply Voltage Vee 4.5 5.5 Volts Ripple < 100 mV,_
Load Capacitance C, ' 100 3.2kQ pull-up resistor
Count Frequency f 100 kHz Velocity (rpm) x N
‘ 60

Note: The module performance is guaranteed to 100 kHz but can operate at higher frequencies.

Encoding Characteristics

Encoding Characteristics over Recommended Operating Range and Recommended Mounting
Tolerances. These characteristics do not include codewheel contributions.

Parameter Sym. | Typ. | Case 1 Max. | Case 2 Max. | Units Notes
Pulse Width Error AP 7 30 40 °e
Logic State Width Error AS 5 30 40 °e .
Phase Error Ad 2 10 15 e

Case 1: Modules mounted on tolerances of £0.13 mm (0.005").
Case 2: HEDS-9000 mounted on tolerances of +0.50 mm (0.020").
HEDS-9100 mounted on tolerances of +0.38 mm (0.015").
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Electrical Characteristics
Electrical Characteristics over Recommended Operating Range, typical at 25°C.

Parameter Symbol | Min. | Typical | Max. | Units Notes
Supply Current Ioc 17 40 mA
High Level Output Voltage Vou 24 v Iy = -40 pA max.
Low Level Output Voltage Vo 0.4 A% I, =3.2mA
Rise Time t, 200 ns C,=25pF
Fall Time t, 50 ns R, =11kQ pull-up
Recommended Codewheel Characteristics
Codewheel Options
MAX. 1.9(0.075) Optical
HEDS | CPR Radius
Series (N) | Option mm (in.)
5120 96 K 11.00 (0.433)
5120 100 C 11.00 (0.433)
5120 192 D 11.00 (0.433)
5120 200 E 11.00 (0.433)
5120 256 F 11.00 (0.433)
5120 360 G 11.00 (0.433)
Figure 1. Codewheel Design. 5120 400 H 11.00 (0.433)
5120 500 A 11.00 (0.433)
5120 512 1 11.00 (0.433)
6100 500 A 23.36 (0.920)
6100 1000 B 23.36 (0.920)
Parameter Symbol | Minimum Maximum Units Notes
Window/Bar Ratio 6,/0, 0.7 14
Window Length L, 1.8 (0.07) 2.3 (0.09) mm (inch)
Absolute Maximum . Includes eccentricity
Codewheel Radius Re Rop +1.9(0.075) | mm (inch) errors




Mounting Considerations

— ALIGNING BOSS

0.76 (0.030) HIGH (MAX)

2.36 (0.093) +8.025 (0.001) DIA.
0.25 (0.010) x 46° CHAMFER

105 f
8.64
(0.413) (0.340) 08201
y (0.830)
MOTOR Rop
SHAFT
CENTER Q 3
0 1“ - OPTICAL CENTER
a o |
opo M 25 x 0.45
- 1.02 (256 UNC-28)
Rop*(g.040) 2PLACES
' I NOTE 2
<
475 363 (0.143)
«—Ror¥g.187 " 384 (0.751)
REF
3.12(0.123)
3.99(0.157) ARTWORK SIDE
MOUNTING
/ OF cooewues:/ moun
T T
£ / Lt
’ M
L

“MAX. 4.45(0.175)
NOTE 1

NOTES: CODE WHE!

EL

CODEWHEEL

OF CO

ARTWORK SIDE
cot E

6.17(0.243)

6.99(0.275)

l—MIN. 5.60(0.221)NOTE 1

NOTE 1

MOUNTING PLANE

M 2.5 x 0.45
(2-56 UNC-28B)
2PLACES
NOTE 2

OPTICAL CENTER

CENTER

1. THESE DIMENSIONS INCLUDE SHAFT END PLAY,

AND CODEWHEEL WARP.

2. MAXIMUM RECOMMENDED MOUNTING SCREW
TORQUE IS 4 kg-cm (3.5 in-lbs).

Figure 2. Mounting Plane Side A.

<— 25.40 (1.000) MAX.—>

DIMENSIONS IN MM (INCHES)

—,
S

1.D. HUBS

0.16 (0.400)

1 U
L T
12.70 (0.500) MAX.
3.58(0.141) — -

[<—0.20 (0.008) MAX.

Figure 4. HEDS-5120 Codewheel.

MOUNTING BOSS —
NOT USED ON 6 mm & 1/4"

[6.32 (0.249)

2-56 SETSCREW
USE 0.035” HEX WRENCH

Figure 3. Mounting Plane Side B.

[+ 5.94 (0.234) MAX.

——|«—— 0.064 (0.0025)

1-16

4.75
(0.187)

e——Rop+

NOTES:

ALIGNING BOSS

0.76 (0.030) HIGH (MAX)
2.36 (0.093):0.025(0.001) DIA.
0.25(0.010) x 45° CHAMFER
2PLACES

1. THESE DIMENSIONS INCLUDE SHAFT END PLAY,

AND CODEWHEEL WARP.

2. MAXIMUM RECOMMENDED MOUNTING SCREW
TORQUE IS 4 kg-cm (3.5 in-lbs).

50.30 DIA.
(1.980) MAX.

UNITS mm(INCHES)

USE 0.035” HEX WRENCH

MOUNTING BOSS

2-56 SETSCREW

2%eg 180 19.0
ax. (0.71) (0.747)
020
899 max. 1 ™ t0.008)
0.354)

Figure 5. HEDS-6100 Codewheel.



CONTROL

(=]
2
%)
=
{72}
z
w
(2]
o
E
o
=

Connectors (3,‘5;33) "— (51.32 : g'gzp
Mounting l 3
Manufacturer Part Number Surface ‘I =3
AMP 103686-4 Both f - =
640442-5 Side B ,05'200, 7.1+0.0/-0.3(0.28 + 0.00/-0.01)
- | 3+1(0.12+0.04)
DuPont 65039-032 with Both
R
4825X-000 term. : >
HP HEDS-8902 Side B 412 - ‘*(01(?509) T !PIN NUMBER | PARAMETER | COLOR |
with 4-wire leads |  (see Fig. 6) o wo | |wee S
071 : wh RED
Molex 2695 series with Side B DIMENSIONS IN MM (INCHES) ’ 5 |cks  [erown |
2759 series term. Figure 6. HEDS-8902 Connector.
Ordering Information
HEDS-9000 Option I;] [o][o] HEDS-6100 Option [FI (]
Resolution l
(Cycles/Rev) Shaft Diameter
A -500 CPR 05-3/16in. 10-5/8in.
B - 1000 CPR 06 - 1/4 in. 11-4 mm
07 - 5/16 in. 12 - 6 mm
08 - 3/8 in. 13 -8 mm
09 - 1/2 in.
HEDS-9100 Option @ [o][o] HEDS-5120 Option I;] ]
Resolution
(Cycles/Rev) Shaft Diameter
K-96CPR  G-360CPR 0l-2mm  11-4mm
C-100CPR H-400 CPR 02-3mm  14-5mm
D-192CPR A-500 CPR 03-1/8in.  12-6mm
E-200CPR 1-512CPR 04-5/32in. 13-8mm
F - 256 CPR 05 - 3/16 in.
06 - 1/4 in.




HEWLETT
PACKARD

O

OPTICAL INCREMENTAL

LINEAR
HEDS-9200

SERIES

ENCODER MODULE

Features

* HIGH PERFORMANCE
* HIGH RESOLUTION

*+ LOW COST

o EASY TO MOUNT

¢ NO SIGNAL ADJUSTMENT REQUIRED

INSENSITIVE TO MECHANICAL
DISTURBANCES

e SMALL SIZE

e -40°C TO 100°C OPERATING TEMPERATURE
e TWO CHANNEL QUADRATURE OUTPUT

e TTL COMPATIBLE

o SINGLE 5V SUPPLY

Description

The HEDS-9200 series is a high performance, low cost,
optical incremental encoder module. When operated in
conjunction with a codestrip, this module detects linear
position. The module consists of a lensed LED source and
a detector IC enclosed in a small C-shaped plastic package.
Due to a highly collimated light source and a unique photo-
detector array, the module is extremely tolerant to mounting

misalignment.

The two channel digital outputs and the single 5 V supply
input are accessed through four 0.025 inch square pins

located on 0.1 inch

centers.

Package Dimensions

Note: Codestrip not included with HEDS-9200.

Five standard resolutions between 4.72 counts per mm
(120 counts per inch) and 7.87 counts per mm (200 counts
per inch) are available. Consult local Hewlett-Packard
sales representatives for other resolutions ranging from
1.5 to 7.87 counts per mm (40 to 200 counts per inch).

Applications

The HEDS-9200 provides sophisticated motion detection at
a low cost, making it ideal for high volume applications.
Typical applications include printers, plotters, tape drives,
and factory automation equipment.

ESD WARNING: NORMAL HANDLING PRECAUTIONS
SHOULD BE TAKEN TO AVOID STATIC DISCHARGE.

- 26.7(1.06)—
15.2
- —
0.63 (0.025) 060 2.54(0.100) 86034 Y-
sar.TYR. | T[T TYP. 3 58528 E
OPTION - | | 1.52 (0.060)—»| )<~ 1.8(0.07) O ON~
CODE t—- l«——1.0(0.04) i
5.1 (0.20) DATE CODE 2.21
3 3.73:0.05 (0.087) [ i 11.5(0.45)
l"o"” £0.002) 208 l(ozf’c:)) L0 l 8.8(0.35)
1.02£0.10 ® g Pz ; ’ [} L
00z6-503H ¥ D 082 | - _ DO—H—0 © N
(0.040 < 0.004) ;G\)‘x < Wi 1.7 ] T ' __i
ALIGNING X -8 % f (0.46) I |' \ T 2904n | —(H— 5.8(0.23)
RECESS 2.67(0.105) DIA. OPTICAL 475+010 |
'20 1)3522311)3&!-? e | . MOUNTING THRU CENTER (0.187 + 0.004) \a5° }
A . HOLE 2 PLACES 1.78+0.10 LINE 'ALIGNING RECESS
1.85(0.07 . I 78£0.10_| N
é.;ssp(o.oss;) (0.073) —» !‘ | I (0.070 £ 0.008) ™ 5.46£0.10 ‘ 2.44/2.41DIA.
8.64 (0.340) REF, —-e——{ | jopTicAn . (0.215 £ 0.004) I | (0.096/0.095)
17.27 | CENTER 2.92+0.10 OPTICAL CENTER | | 2.16 (0.085) DEEP
~—(0.680) " (0.115 * 0.004) ke
2.44/2.41X2.79 —>| le—4.14(0.163)
20.96 (0.096/0.095 X 0.110) 10.2 - ‘ +——6.35 (0.250) REF
(0.825) 2.16 (0.085) DEEP (0.400)
TYPICAL DIMENSIONS IN
SIDE A MILLIMETERS AND (INCHES) SIDEB

1-18




Block Diagram

r RESISTOR | N e
| posail [ |
] vy T ] L |?
\ Lens | ! |

| ! 1
i ! ! I
1 L | JpHoTO- H
| L : DIODES COMPARATORS |

| A .
: T t+ f CHANNEL A
| LED 1+ : ] _ ——|-o
' i e -l I nelo
! . . Mo
| : CHANNEL B
: | 8 |5
' e SIGNAL :
| ] PROC H
| | CIRCUITRY |
[ : 1
| \ | GND
! —+0

1

e NN J

Theory of Operation

The HEDS-9200 is a C-shaped emitter/detector module.
Coupled with a codestrip it translates linear motion into a
two-channel digital output.

As seen in the block diagram, the module contains a single
Light Emitting Diode (LED) as its light source. The light is
collimated into a parallel beam by means of a single poly-
carbonate lens located directly over the LED. Opposite the
emitter is the integrated detector circuit. This IC consists of
multiple sets of photodetectors and the signal processing
circuitry necessary to produce the digital waveforms.

The codestrip moves between the emitter and detector,
causing the light beam to be interrupted by the pattern of
spaces and bars on the codestrip. The photodiodes which
detect these interruptions are arranged in a pattern that
corresponds to the count density of the codestrip. These
detectors are also spaced such that a light period on one
pair of detectors corresponds to a dark period on the
adjacent pair of detectors. The photodiode outputs are
then fed through the signal processing circuitry resulting in
A, A, B and B. Two comparators receive these signals and
produce the final outputs for channels A and B. Due to this
integrated phasing technique, the digital output of channel
A is in quadrature with that of channel B (90 degrees out of
phase).

Definitions

Count density (D): The number of bar and window pairs
per unit length of the codestrip.

Absolute Maximum Ratings

output Waveforms

[
A P

CHANNEL A
w s —»
=]
£
3 le—s1 s2 53 —»le— 54 —»|
=
<

CHANNEL B

p—

LINEAR POSITION

Pitch: 1/D, The unit length per count.

Electrical degree (°e): Pitch/360, The dimension of one bar
and window pair divided by 360.

1 cycle (C): 360 electrical degrees, 1 bar and window pair.

Pulse Width (P): The number of electrical degrees that an
output is high during 1 cycle. This value is nominally 180°e
or 1/2 cycle.

Pulse Width Error (AP): The deviation, in electrical degrees,
of the pulse width from its ideal value of 180°e.

State Width(S): The number of electrical degrees between a
transition in the output of channel A and the neighboring
transition in the output of channel B. There are 4 states per
cycle, each nominally 90°e.

State Width Error (AS): The deviation, in electrical degrees,
of each state width from its ideal value of 90°e.

Phase (¢): The number of electrical degrees between the
center of the high state of channel A and the center of the
high state of channel B. This value is nominally 90°e for
quadrature output.

Phase Error (A¢): The deviation of the phase from its ideal
value of 90°e.

Direction of Movement: When the codestrip moves, relative
to the module, in the direction of the arrow on top of the
module, channel A will lead channel B. If the codestrip
moves in the opposite direction, channel B will lead
channel A.

Parameter Symbol Min. Typ. Max. Units Notes
Storage Temperature Ts -40 100 °C

Operating Temperature Ta -40 100 °C

Supply Voltage Vee -0.5 7 Volts

Output Voltage Vo -0.6 Vee Volts

Output Current per Channel lo -1.0 5 mA

a
£
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Recommended Operating Conditions

Parameter Symbol Min. Typ. Max. Units Notes
Temperature T -40 100 °C
Supply Voltage Vee 4.5 5.5 Volts Ripple < 100 m Vp-p
Load Capacitance CL 100 pF 3.2 KQ pull-up resistor
Count Frequency f 100 kHz Velocity X D

Note:

The module performance is guaranteed to 100 kHz but can operate at higher frequencies.

Encoding Characteristics

Encoding Characteristics over Recommended Operating Range and Recommended Mounting Tolerances. These charac-
teristics do not include codestrip defects.

Parameter Symbol Min. Typ. Max. Units Notes
Pulse Width Error AP 7 35 elec. deg.
Logic State Width Error AS 5 35 elec. deg.
Phase Error A¢ 2 13 elec. deg.

Electrical Characteristics

Electrical Characteristics over Recommended Operating Range, typical at 25°C

Parameter Symbol Min. Typ. Max. Units Notes

Supply Current lce 17 40 mA

High Level Output Voltage Vou 24 Volts loH = -40 uA Max.

Low Level Output Voltage VoL 0.4 Volts loL=3.2mA

Rise Time tr 200 ns CL=25pF

Fall Time tf 50 ns RL =11 KQ pull-up
Note:

1. For improved performance in noisy environments or high speed applications, a 3.3 k() pull-up resistor is recommended.

Recommended Codestrip Characteristics

Codestrip design must take into consideration mounting as referenced to either side A or side B (See figure 1).

MOUNTING AS REFERENCED TO SIDE A MOUNTING AS REFERENCED TO SIDE B
MOUNTING MOUNTING ALIGNING

THRU HOLE ALIGNING | | THRU HOLE

| RECEss @_L REc(E)sizO l ‘

] Iﬂﬂﬂ il OROooTh
T T

STATIC CHARGE WARNING: LARGE STATIC
Figure 1. Codestrip Design - | CHARGE ON CODESTRIP MAY HARM MODULE.
PREVENT ACCUMULATION OF CHARGE.

Parameter Symbol Mounting Ref. Side A Mounting Ref. Side B Units

Window/Bar Ratio Ww/Wp 0.7 Min. 1.4 Max. 0.7 Min. 1.4 Max.

Mounting Distance L Lg < 0.51 (0.020) Lp=3.23 (0.127) mm (inch)

Codestrip edge to inside

window edge W, W;=<0.53(0.021) + Ly W1<4.27 (0.168) - Lp mm (inch)

Codestrip edge to outside

window edge W, W3 =150 (0.059) + Lg W3 >5.23 (0.206) - Lp mm (inch)
Note:

All parameters and equations must be satisfied over the full length of codestrip travel including maximum codestrip runout.
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Mounting Considerations

ALIGNING BOSS

0.76 (0.030) HIGH (MAX.)

2.36 (0.093) £0.025 (0.001) DIA.
0.25 (0.010) x 45° CHAMFER

2 PLACES

MOUNTING THRU
‘;‘/— HOLES

\ . 7

gonoo

~ 1

]
¥
|

12.17 (0.676)
| 1737 (vesa)
|
|

20.83 (0.820)
21.08 (0.830)

@ =R=a= 1-8-0

 nnnmna

| )ﬁ\ OPTICAL CENTER
M 25 X 045

(2-56 UNC-2B)
2 PLACES NOTE 3

e — [*— 4.75 (0.187) REF.

La

o 383 (0103
84

(0.

ARTWORK SIDE

OF CODESTRIP MOUNTING
1 \ / PLANE
I

T
MAX. 4.45 (0.175)
NOTE 1

M
|

CODESTRIP

MOUNTING PLANE SIDE A
Notes:
1. These dimensions include codestrip warp.
2. Reference definitions of L, and L, on page 3.
3. Maximum recommended mounting screw torque is 4 kg-cm
(3.5 in-lbs).

connectors

Manufacturer Part Number Mounting Surface
AMP 103686-4 Both
640442-5 Side B
DuPont | 4ao5.000 term. Both
2750 sericoterm, | SideB

CODESTRIP ARTWORK SIDE
OF CODESTRIP
6.17 (0.243]
&35 (0:278) NOTE 1
=

1 CLH

I

MIN. 5.60 (0 221) NOTE 1

MOUNTING PLANE

o M 25 X 045
[} (2:56 UNC-28)
O 2 PLACES
[my
j;( P OPTICAL CENTER
- =R A |
105 0 1@
(0413) a [ Y1
us] | 1260 (04%)
= 72,80 (0.504)
635 _| th | 20.83 (0.820)
(0.250) o 21,08 (0.830)
o |G
=2 1 v
o
[m]
ALIGNING BOSS
0.76 (0.030) HIGH (MAX.)
2.36 (0.093) £0.025 (0.001) DIA.
™ 0.25(0.010) x 45° CHAMFER

2 PLACES

MOUNTING PLANE SIDE B

Ordering Information

HEDS-9200 Option

RESOLUTION PITCH
Counts per mm (inch) mm (inch) per count
L -4.72 (120) 0.212 (0.0083)

M -5.00 (127) 0.200 (0.0079)
P - 5.91 (150) 0.169 (0.0067)
Q-7.09 (180) 0.141 (0.0056)
R - 7.87 (200) 0.127 (0.0050)

Consult local Hewlett-Packard sales representatives for
other resolutions.
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PACKARD
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Three Channel Optical
Incremental Encoder Modules

Technical Data

Features Description
e Two Channcl Quadrature The HEDS-9040 and HEDS-
Output with Index Pulse 9140 series are three channel

* Resolution Up to 1024
Counts Per Revolution

¢ Low Cost

+ Easy to Mount

¢ No Signal Adjustment
Required

¢ Small Size

¢ -40°C t0100°C Operating
Temperature

¢ TTL Compatible

¢ Single 5 V Supply

Package Dimensions

optical incremental encoder
modules. When used with a
codewheel, these low cost
modules detect rotary position.
Each module consists of a
lensed LED source and a
detector IC enclosed in a small
plastic package. Due to a highly
collimated light source and a
unique photodetector array,
these modules provide the same

HEDS-9040
HEDS-9140

high performance found in the
HEDS-9000/9100 two channel
encoder family.

|«——26.7 (1.06)——]
16.2
le— —
0.63 (0.025) 1280 2.54(0.100) 861034 @ <-g
SQR.TYP. - TYP. 588382
>
OPTION — | I 1.62 (0.060)—»| |«— 1.8(0.07) e mae O
CODE | —=| [+ —10 004 | l
5.1(0.20)— DATE CODE 2.21 X
— 6.9(0.27)
3.73:0.05 (0.087) {
' Julm 1 (0.147£0.002) Ef 254 l S A 115(0.45)
1.02+0.10 . ~ 208 o 0.100) l 8.8(0.35)
(0.040 < 0.004) ()\moesqau( ® o082 | 41— 1 - @®@—di—0 @ L
l % 2 1.7 — ¥
SR RIX T (0.46) J —(H— 5.8 (0.23)
ALIGNING ¥ S Z ¥ 29041 20
RECESS 2.67(0.105) DIA. a L1 orpTicAL 4.75+0.010
2.44/2.41 DIA. — | MOUNTING THRU CENTER (0.187 + 0.004) | ago 1
10.096/0095) | = 0.073 3 i HOLE 2 PLACES 178+0.10 LINE
2.16 (0.085) 1.95(0.073)—»{ (=— (6.870 + 0.00) ™ 5.46+0.10
DEEP 8.64 (0.340) REF.—— OPTICAL . (0.215+0.004) 4.14(0.163)
17.27 CENTER 2.92+0.10 le— OPTICAL CENTER B
0.680) (0.116 % 0.004)
2.44/2.41X2.78
20.96 | (0.096/0.095 X 0.110) 10.2 6.35 (0.250) REF.
(0.825) 2.16 (0.085) DEEP (0.400)
TYPICAL DIMENSIONS IN
SIDE A MILLIMETERS AND (INCHES) SIDE B

ESD WARNING; NORMAL HANDLING PRECAUTIONS SHOULD BE TAKEN TO AVOID STATIC DISCHARGE.
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The HEDS-9040 and 9140 have
two channel quadrature outputs
plus a third channel index
output. This index output is a
90 electrical degree high true
index pulse which is generated
once for each full rotation of the
codewheel.

The HEDS-9040 is designed for
use with a HEDS-6140 code-
wheel which has an optical
radius of 23.36 mm (0.920 inch).
The HEDS-9140 is designed for
use with a HEDS-5140 code-
wheel which has an optical
radius of 11.00 mm (0.433 inch).

The quadrature signals and the
index pulse are accessed
through five 0.025 inch square
pins located on 0.1 inch centers.

Standard resolutions between
256 and 1024 counts per revolu-
tion are available. Consult local
Hewlett-Packard sales repre-
sentatives for other resolutions.

Applications

The HEDS-9040 and 9140
provide sophisticated motion
control detection at a low cost,
making then ideal for high
volume applications. Typical
applications include printers,
plotters, tape drives, and
industrial and factory
automation equipment.

Theory of Operation

The HEDS-9040 and 9140 are
emitter/detector modules.
Coupled with a codewheel, these
modules translate the rotary
motion of a shaft into a three-
channel digital output.

As seen in the block diagram,
the modules contain a single

Block Diagram
ettt Tt Tt Tt Tvee
11 |
TT IO
I 4
, PHOTO |
| DIODES |
i COMPARATORS )
| Zg A |
| |CH.A
_ «
e i A 13
i s |
— t i :> ; CH.B
N ! 8 i
N e
& | | | CH.I
| 7 ——o0
- ' I > 12
—| J|-> INDEX I
! PROCESSING !
| SIGNAL CIRCUITRY |
| PROCESSING I
\ CIRCUITRY | GND
N\ —+0
N a!

Light Emitting Diode (LED) as
its light source. The light is
collimated into a parallel beam
by means of a single polycarbon-
ate lens located directly over the
LED. Opposite the emitter is
the integrated detector circuit.
This IC consists of multiple sets
of photodetectors and the signal
processing circuitry necessary to
produce the digital waveforms.

The codewheel rotates between
the emitter and detector, causing
the light beam to be interrupted
by the pattern of spaces and
bars on the codewheel. The
photodiodes which detect these
interruptions are arranged in a
pattern that corresponds to the
radius and design of the
codewheel. These detectors are
also spaced such that a light
period on one pair of detectors
corresponds to a dark period on
the adjacent pair of detectors.
The photodiode outputs are
then fed through the signal
processing circuitry resulting in
A, A, B, B, I and I. Comparators
receive these signals and
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produce the final outputs for
channels A and B. Due to this
integrated phasing technique,
the digital output of channel A
is in quadrature with that of
channel B (90 degrees out of
phase).

The output of the comparator
for I and I is sent to the index
processing circuitry along with
the outputs of channels A and
B. The final output of channel I
is an index pulse P, which is
generated once for each full
rotation of the codewheel. This
output P, is a one state width
(nominally 90 electrical
degrees), high true index pulse
which is coincident with the low
states of channels A and B.
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Definitions ence between an observed shaft

Count (N): The number of bar
and window pairs or counts per
revolution (CPR) of the
codewheel.

One Cycle (C): 360 electrical
degrees (°e), 1 bar and window
pair.

One Shaft Rotation: 360
mechanical degrees, N cycles.

Position Error (A®): The
normalized angular difference
between the actual shaft
position and the position
indicated by the encoder cycle
count.

Cycle Error (AC): An indication
of cycle uniformity. The differ-

angle which gives rise to one
electrical cycle, and the nominal
angular increment of 1/N of a
revolution.

Pulse Width (P): The number of
electrical degrees that an output
is high during 1 cycle. This
value is nominally 180° or 1/2
cycle.

Pulse Width Error (AP): The
deviation, in electrical degrees,
of the pulse width from its ideal
value of 180°e.

State Width (S): The number of
electrical degrees between a
transition in the output of
channel A and the neighboring
transition in the output of

Absolute Maximum Ratings
Storage Temperature, Tg.....ccoooveeiirnieiieneinnen, -40°C to 100°C

Operating Temperature, T, ....

.-40°C to 100°C

Supply Voltage, Vo ooveveeecninieiciiscineinns s -0.5Vto7V
Output Voltage, Vg ...ooeevveviireriiccieic s -0.5VitoV,
Output Current per Channel, I oo -1.0 mA to 5 mA
Shaft Axial Play .......ccccccveveeinrevcnieinieresnneninnes +0.25 mm (+0.010 in.)
Shaft Eccentricity Plus Radial Play ................ 0.1 mm (0.004 in.) TIR
VEIOCIEY ....veeveeireeeeciienreseecreeesstese s s eseesressaessessessaassnesne 30,000 RPM™!
Acceleration ........cceveeeeerirricierieviireieseereeeeaeeenes ....250,000 rad/sec?
Note:

1. Absolute maximums for HEDS-5140/6140 codewheels only.
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channel B. There are 4 states
per cycle, each nominally 90°e.

State Width Error (AS): The
deviation, in electrical degrees,
of each state width from its
ideal value of 90°e.

Phase (¢): The number of
electrical degrees between the
center of the high state of
channel A and the center of the
high state of channel B. This
value is nominally 90°e for
quadrature output.

Phase Error (A¢): The deviation
of the phase from its ideal value
of 90°e.

Direction of Rotation: When the
codewheel rotates in the
direction of the arrow on top of
the module, channel A will lead
channel B. If the codewheel
rotates in the opposite direction,
channel B will lead channel A.

Optical Radius (R ,): The
distance from the codewheel's
center of rotation to the optical
center (0.C.) of the encoder
module.

Index Pulse Width (P,): The
number of electrical degrees
that an index is high during one
full shaft rotation. This value is
nominally 90°e or 1/4 cycle.
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Recommended Operating Conditions

Parameter Symbol | Min. | Typ. | Max. Units Notes
Temperature T, -40 100 °C
Supply Voltage Vee 4.5 5.0 5.5 Volts Ripple < 100 mV
Load Capacitance C, 100 pF 2.7kQ pull-up
Count Frequency f 100 kHz Velocity (rpm) x N/60
Shaft Perpendicularity +0.25 mm 6.9 mm (0.27 in.) from
Plus Axial Play (£0.010) (in.) mounting surface
Shaft Eccentricity Plus 0.04 mm (in.) | 6.9 mm (0.27 in.) from
Radial Play (0.0015) TIR mounting surface

Note: The module performance is guaranteed to 100 kHz but can operate at higher frequencies.

Encoding Characteristics

Encoding Characteristics over Recommended Operating Range and Recommended Mounting Tolerances
unless otherwise specified. Values are for the worst error over the full rotation of HEDS-5140 and
HEDS-6140 codewheels.

Parameter Symbol Min. Typ.* Max. Units
Cycle Error AC 3 5.5 °e
Pulse Width Error AP 7 30 °e
Logic State Width Error AS 5 30 °e
Phase Error Ad 2 15 °e
Position Error A® 10 40 min. of arc
Index Pulse Width P, 60 90 120 °e
CH. I rise after -25°C to +100°C t, 10 100 250 ns
CH.Bor CH. Afall | 4900 t0 +100°C t, -300 100 250 ns
CH. I fall after -25°C to +100°C t, 70 150 300 ns
CH. Aor CH. Brise " 40oC 5 +100°C t, 70 150 | 1000 ns

Note: Module mounted on tolerance circle of +0.13 mm (+0.005 in.) radius referenced from module Side A aligning recess
centers. 2.7 kQ pull-up resistors used on all encoder module outputs.

Electrical Characteristics
Electrical Characteristics over Recommended Operating Range.

Parameter Symbol Min. | Typ.* | Max. | Units Notes
Supply Current 30 57 85 mA
High Level Output Voltage Vou 2.4 A% Iy = -200 pA max.
Low Level Output Voltage Voo 0.4 \% I, =3.86mA
Rise Time t, 180 ns C, =25pF
R, =2.7kQ pull-up
Fall Time t; 40 ns

* Typical values specified at V= 5.0 V and 25°C.
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Mechanical Characteristics

Part No. Parameter Dimension Tolerance Units
HEDS-6140 Codewheel 4 6 8 +0.000 mm
23.36 mm Available to Fit -0.015
optical radius These Standard 3/16 1/4 5/16 +0.000 in
codewheel Shaft Diameters 3/8 1/2 5/8 -0.0007
Moment of Inertia 7.7(110 x 10%) g-cm? (0z-in-s%)
HEDS-5140 Codewheel 2 3 4 +0.000 mm
11.00 mm Available to Fit 5 6 8 -0.015
optical radius These Standard 5/32 1/8 +0.000 in
codewheel Shaft Diameters 3/16  1/4 -0.0007
Moment of Inertia 0.6 (8.0 x 10®) g-cm? (0z-in-s?)

Note: The tolerance requirements arc on the mating shaft, not on the codewheel.
Electrical Interface
To insure reliable encoding Yy R=27k
performance, the HEDS-9040
and 9140 three channel encoder L L
modules require 2.7 kQ (+10%) ®L— R Rg RS
pull-up resistors on output pins O ® cH.B
2, 3, and 5 (Channels I, A and 4 Vee TO OUTPUT LOGIC
B) as shown in Figure 1. These @ hA l:tj> PeR ouTPUT)
pull-up resistors should be 1 GND .
located as close to the encoder ® ::]P—_J_
module as possible (within 4 ® =

feet). Each of the three encoder
module outputs can drive a
single TTL load in this
configuration.

Mounting
Considerations

Figure 2 shows a mounting
tolerance requirement for proper
operation of the HEDS-9040
and HEDS-9140. The Aligning
Recess Centers must be located
within a tolerance circle of 0.005
in. radius from the nominal
locations. This tolerance must
be maintained whether the
module is mounted with side A
as the mounting plane using
aligning pins (see Figure 5), or
mounted with Side B as the
mounting plane using an
alignment tool (see Figures 3
and 4).

Figure 1. Pull-up Resistors on HEDS-9X40 Encoder Module Outputs.

ALIGNING
RECESS CENTER
_
—
-
—
—
—_
1 . —
MOTOR i —_—
SHAFT [CE=y ]
‘g.g: o 00X s B/ TOLERANCE CIRCLE,
- - B 0.005 in. R FOR
e, ALIGNING RECESS
@ CENTERS
H -

1.02 mm

RoP+ (0:040 in.)

ALIGNING
RECESS CENTER

Figure 2. HEDS-9X40 Mounting Tolerance.
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Mounting with an
Alignment Tool

The HEDS-8905 and HEDS-
8906 alignment tools are
recommended for mounting the
modules with Side B as the
mounting plane. The HEDS-
8905 is used to mount the
HEDS-9140, and the HEDS-
8906 is used to mount the
HEDS-9040. These tools fix the
module position using the
codewheel hub as a reference.
They will not work if Side A is
used as the mounting plane.

The following assembly
procedure uses the HEDS-8905/
8906 alignment tool to mount a
HEDS-9140/9040 module and a
HEDS-5140/6140 codewheel:

Instructions:
1. Place codewheel on shaft.

2. Set codewheel height: (a)

place alignment tool on motor
base (pins facing up) flush up

CODEWHEEL

ALIGNMENT TOOL l E / MODULE SIDE A

\

Figure 3. Alignment Tool is Used to Set Height of

Codewheel.

MODULE SIDE B

against the motor shaft as
shown in Figure 3. (b) Push
codewheel down against
alignment tool. The codewheel
is now at the proper height. (c)
Tighten codewheel setscrew and
remove alignment tool.

Some motors have a boss
around the shaft that extends
above the mounting plane. In
this case, the alignment tool
cannot be used as a gage block
to set the codewheel height as
described in 2(a), (b), and (c).

If boss is above mounting plane:
Slide module onto motor base,
adjusting height of codewheel so
that it sits approximately in the
middle of module slot. Lightly
tighten setscrew. The codewheel
height will be more precisely set
in step 5.

3. Insert mounting screws
through module and thread into
the motor base. Do not tighten
screws.

ALIGNMENT TOOL

4. Slide alignment tool over
codewheel hub and onto module
as shown in Figure 4. The pins
of the alignment tool should fit
snugly inside the alignment
recesses of the module.

If boss is above mounting plane:
The pins of the tool may not
mate properly because the
codewheel is too high on the
shaft. Loosen codewheel
setscrew and lower codewheel
slightly. Retighten setscrew
lightly and attempt this step
again.

5. While holding alignment tool
in place, tighten screws down to
secure module.

If boss is above mounting plane:
Push codewheel up flush
against alignment tool to set
codewheel height. Tighten
codewheel setscrew.

6. Remove alignment tool.

ALIGNING
RECESSES

6.08 (0.240)
6.90 (0.272)

NOTE 1

~
CODEWHEEL \} MODULE SIDE A
l \ A
11
=)

MODULE SIDE B

NOTE 1: THIS DIMENSION IS FROM THE MOUNTING PLANE TO THE
NON-HUB SIDE OF THE CODEWHEEL.

Figure 4. Alignment Tool is Placed over Shaft and onto

Codewheel Hub. Alignment Tool Pins Mate with
Aligning Recesses on Module.
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Mounting with Ali gnmg

Pins

The HEDS-9040 and HEDS-
9140 can also be mounted using

(Hewlett-Packard does not
provide aligning pins.) For this
configuration, Side A must be
used as the mounting plane.

must be located within the
0.005 in. Radius Tolerance
Circle as explained in
"Mounting Considerations."
Figure 5 shows the necessary

aligning pins on the motor base. The aligning recess centers

dimensions.
CODEWHEEL
50.6 #2-56 SETSCREW
(1.99) D'A- MAX. USE 0.036” HEX WRENCH
INDEX PULSE ;
4.45(0.175) MAX.  3.12 (0.123; REFERENCE MARKER 2667 yax g‘gsUsNTING
NOTE 1 3.99 (0.157) MOUNTING PLANE (1.050) .

NOTE 1: THESE DIMENSIONS INCLUDE SHAFT END PLAY AND CODEWHEEL WARP.
NOTE 2: RECOMMENDED MOUNTING SCREW TORQUE IS 4 KG-CM (3.5 IN-LBS).
SETSCREW 18.0

(0.71)

ALIGNING PINS L s 2 ‘ . '
0.76 (0.030) HIGH (MAX) /4\_ 130° 0.24
. INDEX PULSE 20
N ULSE TYPICAL A—l'; (orops) MAX

2.44/2.41 (0.096/0.095) DIA.
0.25 (0.010) X 45° CHAMFER

POSITION 8.99
s6a 2 PLACES . } ) ey MAX.
' Rop=23.36 MM (0.920 IN.)
.
o
105 =P t .
0.413 : A .
(0413 | 1727 2083(0.820) Figure 6. HEDS-6140 Codewheel Used with HEDS-
(0.680)  21.08(0.830) 9040.
OPTICAL CENTER
MOTOR SHAFT M2.5 X 0.45
CENTER Row (2-56 UNC-2B)
2 PLACES
3.63(0.143)  NOTE 2
3.64(0.151)
1.02
Roe* 10.0a0) ™
. 4.75
Ror + 5 187)
Figure 5. Mounting Plane Side A.
C [«— 5.94 (0.234) MAX.
2657 (1.01)
DIA. MAX. 1.80(0.071) —>
MOUNTING BOSS
l 6.32(0.249)

SETSCREW -
INDEX PULSE 10.16 (0.400)
REFERENCE
MARKER - -
1270 (o.soo)__T
INDEX PULSE T WA,
POSITION TYPICAL #2-56 SETSCREW
‘ : USE 0.035” HEX WRENCH
' 3.568(0.141) —» H
Roe=11.00 mm (0.433 in.) —ll |«— 0.20 (0.008) MAX.

——>||«—— 0.064 (0.0025)
DIMENSIONS IN MM (INCHES)

Figure 7. 'HEDS-5140 Codewheel Used with HEDS-9140.
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Connectors
Manufacturer Part Number Mounting Surface

1 -4 Both

AMP 03686 ot
640442-5 Side B

DuPont 65039-032 with Both
4825X-000 term.

HP HEDS-8903 Side B
with 5-wire leads (see Figure 8)

Molex 2695 series with Side B
2759 series term.

14.30

16205
(0.563) ]“‘““‘""" T7(5.980.02) "’4’1

'<—~3,+1 (0.12 £ 0.04)

Yy

7.1+0.0/ -0.3(0.28 + 0.00/-0.01)

1 .l
Tl | T

282 (0.059)
(0.182) Ppm NUMBER; COLOR | PARAMETER |
— 050 [ 1 | BLACK | GROUND
(0.7 { 2 | BLUE | CHANNELI !
| 3 | WHITE | CHANNELA *
| " |pRED | e
DIMENSIONS IN MM (INCHES) 5 | BROWN | CHANNEL B |

Figure 8. HEDS-8903 Connector.

Typical Interfaces
CH. A HP
HEDS—9040 HCTL-2016/2020 HOST
OR CH.B__| QUADRATURE PROCESSOR
HEDS-9140 DECODER/
CH. | COUNTER
CH. A HP
HEDSESMO cH. B HCTL-1100 HOST
. HEDS:6140 - MOTION PROCESSOR
CH.1 CONTROL IC
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Ordering Information

Three Channel Encoder Modules and CodéWheels, 23.36 mm Optical Radius

HEDS-9040 Option l? [o][0] HEDS-6140 Option Q ]
| — |
Resolution [ ‘
(Cycles/Rev) Shaft Diameter
B - 1000 CPR 05-3/16in. 11-4mm
J-1024 CPR 06 - 1/4 in. 12 -6 mm

07-5/16in. 13 -8 mm
08 - 3/8 in.
09 - 1/2in.
10 - 5/8 in.

Three Channel Encoder Modules and Codewheels, 11.00 mm Optical Radius

HEDS-9140 Option [%J [o][o]

HEDS-5140 Option ;l ]

||

Resolution
(Cycles/Rev)

F - 256 CPR
G - 360 CPR
A - 500 CPR
I-512 CPR

Accessories

HEDS-8905
Alignment Tool for mounting the HEDS-9140.

HEDS-8906
Alignment Tool for Mounting the HEDS-9040.
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Shaft Diameter

 01-2mm 11-4mm

02 - 3 mm 14 - 5 mm
03 -1/8in. 12 - 6 mm
04 - 5/32 in. 13 -8 mm
05 - 3/16 in.

06 - 1/4 in.




Small Optical Encoder

Module
Technical Data

Features

e Small Size

* Low Cost

e Multiple Mounting
Options

e Wide Resolution Range

¢ Linear and Rotary Options
Available

¢ No Signal Adjustment
Required

¢ Insensitive to Radial and
Axial Play

¢ -40°C to +85°C Operating
Temperature

Package Dimensions

e Two Channel Quadrature
Output

¢ TTL Compatible

¢ Single 5V Supply

e Wave Solderable

Description

The HEDS-9700 series is a high
performance, low cost, optical
incremental encoder module.
When operated in conjunction
with either a codewheel or
codestrip, this module detects
rotary or linear position. The

MILLIMETRES

DIMENSIONS ARE INCHES

LEAD THICKNESS: 2:23_

3.8
0.150 (OPTICAL CENTER) 0.010

02 | | 9398
Font U2 as
0.14 0.152
0.006 T

75
2.00 0.295
205019 101
0398

(D

HEWLETT
PACKARD

HEDS-9700 Series

Q
2
1]
g
=
2
]
30
&
=

1.7
0.067
3.9
0.154

LEAD THICKNESS — 0.25 mm
LEAD PITCH — 2.54 mm

Mounting Option #50 - Standard Contact Factory for Detailed Package Dimensions

ESD WARNING; NORMAL HANDLING PRECAUTIONS SHOULD BE TAKEN TO AVOID STATIC DISCHARGE.
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module consists of a lensed LED
source and a detector IC
enclosed in a small C-shaped
plastic package. Due to a highly
collimated light source and a
unique photodetector array, the
module is extremely tolerant to
mounting misalignment.

The two channel digital outputs
and 5V supply input are
accessed through four solder-
plated leads located on 2.54 mm
(0.1 inch) centers.

The standard HEDS-9700 is
designed for use with an 11 mm
optical radius codewheel, or
linear codestrip. Other options
are available. Please contact
factory for more information.

Applications

The HEDS-9700 provides
sophisticated motion detection
at a low cost, making closed-
loop control very cost-

applications include printers,
plotters, copiers, and office
automation equipment.

Theory of Operation
The HEDS-9700 is a C-shaped
emitter/detector module.
Coupled with a codewheel, it
translates rotary motion into a
two-channel digital output.
Coupled with a codestrip, it
translates linear motion into a
digital output.

As seen in the block diagram,
the module contains a single
Light Emitting Diode (LED) as
its light source. The light is
collimated into a parallel beam
by means of a single lens
located directly over the LED.
Opposite the emitter is the
integrated detector circuit. This
IC consists of multiple sets of
photodetectors and the signal
processing circuitry necessary

The codewheel/codestrip moves
between the emitter and
detector, causing the light beam
to be interrupted by the pattern
of spaces and bars on the
codewheel/codestrip. The
photodiodes which detect these
interruptions are arranged in a
pattern that corresponds to the
radius and count density of the
codewheel/codestrip. These
detectors are also spaced such
that a light period on one pair of
detectors corresponds to a dark
period on the adjacent pair of
detectors. The photodiode
outputs are fed through the
signal processing circuitry. Two
comparators receive these
signals and produce the final
outputs for channels A and B.
Due to this integrated phasing
technique, the digital output of
channel A is in quadrature with
channel B (90 degrees out of
phase).

itive! Typical to produce the digital
competitive! Typica waveforms.
Block Diagram
== —Rs_ms_ron [ 1 Vee
H ISTOR | [EAL [
' WA T
\ LENS : ' : 3
! |
: I |pHOTO. :
1 : DIODES COMPARATORS |
! H CHANNEL A
| o
1 12
' 'f“ |
: ! CHANNEL B
| | — 10
: | 14
| _1_1: SIGNAL :
| i PROCESSING H
| | CIRCUITRY 1
1 ! 1
| ! 1GND
| L o
L e e e a!
EMITTER SECTION CODE DETECTOR SECTION
WHEEL
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Output Waveforms

/

—

CHANNEL A

AMPLITUDE

CHANNEL B

ROTATION

Definitions

Count (N) = The number of bar
and window pairs or counts per
revolution (CPR) of the
codewheel, or the number of
lines per inch of the codestrip
(LPD).

1 Shaft Rotation = 360
mechanical
degrees

= N cycles
1 cycle (¢) = 360 electrical
degrees (°e)
= 1bar and
window pair

Pulse Width (P): The number of
electrical degrees that an
output is high during one cycle.
This value is nominally 180° or
1/2 cycle.

Pulse Width Error (AP): The
deviation, in electrical degrees,
of the pulse width from its ideal
value of 180°%.

State Width (S): The number of
electrical degrees between a
transition in the output of

Absolute Maximum Ratings

Parameter Symbol | Min.| Max. [Units | Notes
Storage Temperature Ty -40 85 °C | See Note
Operating T, -40 | 85 °C | See Note

Temperature
Supply Voltage Vee -0.5 7 v
Output Voltage Vo 05| V. | V
Output Current per I, -1.0 5 mA
Channel
Soldering Temperature 260 | °C |t<b5sec.

Note: Higher operating ranges available, contact factory for more information.
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channel A and the neighboring
transition in the output of
channel B. There are 4 states
per cycle, each nominally 90%.

State Width Error (AS): The
deviation, in electrical degrees,
of each state width from its
ideal value of 90°e.

Phase (¢): The number of
electrical degrees between the
center of the high state of
channel A and the center of the
high state of channel B. This
value is nominally 90°e for
quadrature output.

Phase Error (A¢): The deviation
of the phase from its ideal value
of 90°.

Direction of Rotation: When the
codewheel rotates
counterclockwise, as viewed
looking down on the module (so
the marking is visible), channel
A will lead channel B. If the
codewheel rotates in the
opposite direction, channel B
will lead channel A.

Optical Radius (Rop): The
distance from the codewheel's
center of rotation to the optical
center (O.C.) of the encoder
module. ‘



Recommended Operating Conditions

Parameter Symbol Min. Max. Units Notes
Temperature T —40 85 °C
Supply Voltage Vee 4.5 5.5 v Ripple < 100 mVW
Load Capacitance k C, 100 pF 3.2kQ pull-up
Count Frequency 20 kHz (Velocity (rpm) x N)/60

Note: The module performance is guaranteed to 20 kHz but can operate at higher frequencies. Contact factory for more
information.

Encoding Characteristics
Encoding Characteristics over Recommended Operating Range and Recommended Mounting
Tolerances. These characteristics do not include codewheel/codestrip contributions.

_ Casel | Case 2
Parameter Symbol | Typ.| Max. Max. Units Notes
Pulse Width Error AP 7 30 40 °e
Logic State Width Error AS | 5 30 40 ‘e
Phase Error Ad 2 10 15 °e

Case 1: Module mounted on tolerances of £0.13 mm (0.005"). Case 2: Module mounted on tolerances of
+0.25 mm (0.010")

Note: Sce Figures in Mounting Considerations for details on Case 1 and Case 2 mounting tolerances.

Electrical Characteristics
Electrical Characteristics over Recommended Operating Range, Typical at 25°C.

Parameter Symbol | Min. | Typ. | Max. | Units Notes
Supply Current Iec 17 40 mA
High Level Output Voltage Vou 2.4 A% I,y =-40uA
Low Level Output Voltage Voo 0.4 \% I,,=32mA
Rise Time t, 200 ns C,=25pF, R, =11kQ
Fall Time t, 50 ns C,=25pF, R =11kQ
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Recommended Codewheel and Codestrip Characteristics

MAX 34 (0.134)

Parameter Symbol Min. Max. Units Notes
Window/Bar Ratio Ww/Wb 0.7 14
Window Length (Rotary) Lw 1.80 2.30 mm
(0.071) (0.091) (inch)

Absolute Maximum Codewheel Re Rop + 3.40 mm Includes eccen—

Radius (Rotary) (Rop + 0.134) | (inch) | tricity errors
Center of Post to Inside w1 1.04 mm

Edge of Window (0.041) (inch)
Center of Post to Outside w2 0.76 mm

Edge of Window (0.030) (inch)
Center of Post to Inside Edge L 3.60 mm

of Codestrip (0.142) (inch)

Optional Packages Available

CHB
Vee
CHA
Gnd

PIN 1 IDENTIFIER

fan)

P
%
N
%
|o

1
0.!

o

0
91

@

H97XO0
O x
Lyvwwel

20.2
0.795

LEAD THICKNESS: 222 J
0.016 o
T o
Iy — MILLIMETRES
| DIMENSIONS ARe MILLIMET

Mounting Option #51 - Rounded Outline
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Optional Packages Available (cont'd.)

3.8

3 108
g B YT o425 "]
050 |
0020 o 2 g PINTIDENTIFIER
i . S50 06 25
(OPTICAL 03 5094
&= CENTER) o,‘ﬁ"‘ a 0'398
o
bl L5éa— | 8y f—+
6.40 22 < 3] 126
0.252 | ‘ e 2 H 0.49
0167 d £0
’ 3.9 f 2z
0.14 [==] 0.152 ! | — "/
0.006 T
— 1. 9.8
49 |, 0.386
2.00 0.193
2X¢q.079 202 |
101 0.795
0.398
025 + MILLIMETRES
LEAD THICKNESS: 325 — -Q}- DIMENSIONS ARE ™ ncHES
N
Mounting Option #52 - Backplane
B I e T )
0.075
050 3.0 o o« :
0020 | 15 o8 T v r8xE
i | 0.059 . S>> 00 PIN 1 IDENTIFIER
55 (oPTICAL 2L -
0.217 center) %197
f T = 1) =
6.40 T 5. S =7 0276 136
0252 | 9226 gig L '>\<O g ¥ 0.496
P o 3.9 T f ¥ 2V 3
0.14 5 0.152 t —
0.006 I f 08 L .
0.031 . 202
75 3.9 T " o067 0795
2.00 0.205 JX I R
2X 05079 0.1
: 10.1
0398 e
15.0 L 9.8
0591 - oss
MILLIMETRES | — ) 025
DIMENSIONS ARE MIL-0REC l LEAD THICKNESS: g2
* POSTS TO BE USED IN CONJUNCTION
sl Lﬁ WITH ADHESIVES OR HEAT STAKING
0.071

Mounting Option #53 - Standard with Posts
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Optional Packages Available (cont'd.)

38 10.8
0.150 0.425
3.0
0.118 PIN 1 IDENTIFIER

08
(OPTICAL o577 [+
/ CENTER)

Sl
o
2

' BN .

'

17
— 1.7
0.067
— ki
; : MILLIMETRES
LEAD THICKNESS 225 DIMENSIONS ARE MILUHETIES
Mounting Option #54 - Tabless
_ 150
" 0591 ‘l
54 | |
0213
108
R 1S5 0.425
0.059 28
— 38 30
0.150 o1 PIN 1IDENTIFIER
050 .
o.ozo_']
l 08 _ _ile
55 (opTiIcAL  0-031
6317 CENTER)
&l 2.2 [
0.252 Az
f 3.9 f '
014 | 0.152
0.006 T
' 17
2.00 0.067
2X90.079 39
- 0.154 * POSTS TO BE USED IN CONJUNCTION
WITH ADHESIVE OR HEAT STAKING.
025 MILLIMETRES
LEAD THICKNESS: 227 DIMENSIONS ARE MILLIMETS

Mounting Option #55 - Backplane with Posts
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Bent Lead Option

3.0
0.118

5° TYP.

f

9.2
0.362

L

I

4= il
s j_j—

MILLIMETERS
E R DIMENSIONS ARE MILLIVETE
o,soj

Mounting Considerations

5.32
0209 MAX- I
|4 |
4441043 1
0.175£0.017 I
IL
SEE NOTE 1 T i G OF ALIGNMENT TAB
e—— Rm —|
Rop 630
— [ o545 MAX
650
G.256 "IN
%
2.03
N AN l 5080 MIN-
- = 1.0
\'/ T 0,035 DEEP MIN.
2X R
- \ , 2.03
Rm = Rop - 0.14 (0.006) % 5080 HOLE MIN.

552 DEEP MIN.
Note: These dimensions include shaft end play and codewheel warp.

All dimensions for mounting the module and codewheel/codestrip should be measured with respect to the two mounting posts,
shown above.

Mounting Tolerances

Case 1 and Case 2 specify the mounting tolerances required on Rm in order to achieve the respective
encoding characteristics shown on page 4. The mounting tolerances are as follows:

Case 1: Rm *+ 0.13 mm (.005 inches)
Case 2: Rm + 0.25 mm (.010 inches)

Recommended Screw Size: M2.5 x 0.45 or 2-56
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Wave Solder Conditions
Flux — RMA Water Soluble (per
MIL-F-14256D)

Process Parameters

1. Flux

2. Pre-heat 60 seconds total
PCB top side @ 230°C
PCB bottom side @ 260°C

3. Wave solder 255°C, 1.2

meters/min line speed

4. Hot Water Wash
1st: 30°C 45 seconds
2nd: 70°C 90 seconds

5. Rinse
1st: 23°C 45 seconds
2nd: 23°C 45 seconds

6. Dry
1st: 80°C 105 seconds
2nd: 95°C 105 seconds

Typical Interface
CHA HP
HCTL-2016/2020
HEDS-9700 CHB QUADRATURE
DECODER/
COUNTER

HOST
PROCESSOR
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Ordering Information

HEDS-97 l? Option
i

|

0 — Rotary
2 — Linear

Lead Bend
0 — Straight Leads
1 — Bent Leads

Resolution Options

(11 mm optical radius, Rop)
K- 96 CPR

C - 100 CPR

D - 192CPR

E - 200 CPR

F - 256 CPR

G - 360 CPR

H - 400 CPR

(Linear)

L~ 120 LPI

M - 127 LPI

P- 150 LPI

Contact Factory for Other
Resolution Options

Mounting Options
50 — Standard

51 — Rounded Outline
52 — Backplane

53 — Standard w/Posts
54 — Tabless

55 — Backplane w/Posts

Note: Please contact factory for codewheel and codestrip information.
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ﬁ/’ HEWLETT

PACKARD

Quick Assembly

Two and Three Channel
Optical Encoders

Technical Data

Features

o Two Channel Quadrature
Output with Optional
Index Pulse

¢ Quick and Easy Assembly

o No Signal Adjustment
Required

o External Mounting Ears
Available

¢ Low Cost

¢ Resolutions Up to 512
Counts Per Revolution

¢ Small Size

¢ -40°C to 100°C Operating
Temperature

¢ TTL Compatible

¢ Single 5 V Supply

Description

The HEDS-5500/5540 and 5600/
5640 are high performance, low
cost, two and three channel
optical incremental encoders.
These encoders emphasize high
reliability, high resolution, and
easy assembly.

Each encoder contains a lensed
LED source, an integrated
circuit with detectors and output

circuitry, and a codewheel
which rotates between the
emitter and detector IC. The
outputs of the HEDS-5500 and
5600 are two square waves in
quadrature. The HEDS-5540
and 5640 also have a third
channel index output in
addition to the two channel
quadrature. This index output
is a 90 electrical degree, high
true index pulse which is
generated once for each full
rotation of the codewheel.

These encoders may be quickly
and easily mounted to a motor.
For larger diameter motors, the
HEDS-5600/5640 feature
external mounting ears.

The quadrature signals and the
index pulse are accessed
through five 0.625 inch square

pins located on 0.1 inch centers.

Standard resolutions between
96 and 512 counts per revolu-
tion are presently available.
Consult local Hewlett-Packard
sales representatives for other
resolutions.

HEDS-5500/5540
HEDS-5600/5640
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Applications

The HEDS-5500, 5540, 5600,
and 5640 provide motion
detection at a low cost, making
them ideal for high volume
applications. Typical applica-
tions include printers, plotters,
tape drives, positioning tables,
and automatic handlers.

ESD WARNING; NORMAL HANDLING PRECAUTIONS SHOULD BE TAKEN TO AVOID STATIC DISCHARGE.
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Package Dimensions

HEDS-5500/5540
MAX
15.0 (0.59) RADIUS 2.7 (1.00
REF. \ 11.2 (0.44)
MAX
(0.035" HEX WRENCH)
PART ID AND 14.5 (0.57)
OPTION CODE ~ \| MIN
-——3
41.1 (1.62) <
MAX 8 = W
8 18.3 (0.72)
26.2 (1.03) % g
MAX 7.1 (0.28
MAX 8 U : - ’;l: b\ |
| ST gy R A :
PIN 11D — .9 (0. ’
B
— mIN L 3.0 (0.12)
AR, 9.9 (0.39)
z22222
—=Nwasan
RN NOTES: 0.64 (0.025)
©+0g0 1. LEAVE CLEARANCE FOR TURNING SQ. LEADS ON
g .)1;' = AND REMOVING THE HEX WRENCH. 254 (0.100) CENTERS TYP.
2. TYPICAL DIMENSIONS IN
MILLIMETERS (INCHES).
le— 30.0 (1.18) —>|

TYPICAL
<«—— INDEX PULSE
POSITION

*Note: For the HEDS-5500, Pin #2 is a No Connect. For the HEDS-5540, Pin #2 is CH. I, the index output.

HEDS-5600/5640
52.1(2.05) |
15.0 (0.59) \
RAD. REF.
25.7(1.01) MAX
9.53 (0.375) / //<11 2 (0.44) MAX
~ (0.035" HEX WRENCH) — [ 145057 MIN
age 18.3(0.72)
J MAX
o- g 00 l
41.1(1.62) 3 9.9(0.39)
MAX T S = 3.0(0.12) W l
0
26.2 @ 5 l |——r——x
(1.03) a ra : sagaa
W emy— o R
LAARR T T T
ITITI T 7.1(0.28) 213
PART ID AND 22222 mIN 0.084;
OPTION CODE YeRT bt (0.084
@ *0L0
g I8z
> @ 0.64 (0.025) SQ
LEADS ON 2.54 (0.100)
2.74(0.108) DIA HOLES ON CENTERS TYP.
23.0 (0.906) RAD. BOLT CIRCLE
[«— 30.0 (1.18)—»|
TYPICAL 1. LEAVE CLEARANCE FOR TURNING AND REMOVING HEX WRENCH.
<«——INDEX PULSE 2. TYPICAL DIMENSIONS IN MILLIMETERS (INCHES).

POSITION

*Note: For the HEDS-5600, Pin #2 is a No Conncct. For the HEDS-5640, Pin #2 is CH. I, the index output.
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Theory of Operation
The HEDS-5500, 5540, 5600,
and 5640 translate the rotary
motion of a shaft into either a
two- or a three-channel digital
output.

As seen in the block diagram,
these encoders contain a single
Light Emitting Diode (LED) as
its light source. The light is
collimated into a parallel beam
by means of a single polycarbon-
ate lens located directly over the
LED. Opposite the emitter is
the integrated detector circuit.
This IC consists of multiple sets
of photodetectors and the signal
processing circuitry necessary to
produce the digital waveforms.

The codewheel rotates between
the emitter and detector, causing
the light beam to be interrupted
by the pattern of spaces and
bars on the codewheel. The
photodiodes which detect these
interruptions are arranged in a
pattern that corresponds to the
radius and design of the
codewheel. These detectors are
also spaced such that a light
period on one pair of detectors
corresponds to a dark period on
the adjacent pair of detectors.
The photodiode outputs are
then fed through the signal
processing circuitry resulting in
A,A,Band B (alsoIandIin
the HEDS-5540 and 5640).
Comparators receive these
signals and produce the final
outputs for channels A and B.
Due to this integrated phasing
technique, the digital output of
channel A is in quadrature with
that of channel B (90 degrees
out of phase).
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Block Diagram
e
r-{ | —:Vcc
1 TT a
: PHOTO- |
| DIODES I
w | COMPARATORS |
A |
&_ : Zg | cH.A
1§
-+ & | A I3
-4 0 '
e ZE :> l, CH.B
| B
! CH.1
N =] S ¢
pun 1 T |
|- INDEX I
| PROCESSING |
| SIGNAL cirRcuITRY |
| PROCESSING |
k | CIRCUITRY | GND
\Ki +Q
& b a4

EMITTER SECTION

DETECTOR SECTION

NOTE: CIRCUITRY FOR CHs | IS ONLY IN HEDS-5540 AND 5640 THREE CHANNEL ENCODERS.

In the HEDS-5540 and 5640,
the output of the comparator for
I and I is sent to the index
processing circuitry along with
the outputs of channels A and
B. The final output of channel I
is an index pulse P, which is
generated once for each full
rotation of the codewheel. This
output P, is a one state width
(nominally 90 electrical
degrees), high true index pulse
which is coincident with the low
states of channels A and B.

Definitions

Count (N): The number of bar
and window pairs or counts per
revolution (CPR) of the
codewheel.

One Cycle (C): 360 electrical
degrees (°e), 1 bar and window
pair.

One Shaft Rotation: 360
mechanical degrees, N cycles.
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Position Error (A®): The
normalized angular difference
between the actual shaft
position and the position
indicated by the encoder cycle
count.

Cycle Error (AC): An indication
of cycle uniformity. The differ-
ence between an observed shaft
angle which gives rise to one
electrical cycle, and the nominal
angular increment of 1/N of a
revolution.

Pulse Width (P): The number of
electrical degrees that an output
is high during 1 cycle. This
value is nominally 180°e or 1/2
cycle.

Pulse Width Error (AP): The
deviation, in electrical degrees,
of the pulse width from its ideal
value of 180°e.

State Width (S): The number of
electrical degrees between a
transition in the output of
channel A and the neighboring
transition in the output of
channel B. There are 4 states
per cycle, each nominally 90°e.



State Width Error (AS): The

Absolute Maximum Ratings

deviation, in elfactrical degr ees, Storage Temperature, T .......ccoovvvvirinceninccnninencnnenenns -40°C to 100°C
9f each state width from its Operating Temperature, T, .......ccoccceeermreeemenrecsecneeenne -40°C to 100°C
ideal value of 90°e. SUpply VOItage, Vg «reeserermrernnresseessnsssssesssssesssessssssssnsesas -0.5Vto7V
Output Voltage, Vi ..o, -0.5VitoV,,
Phase (¢): The number of Output Current per Channel, I ..o -1.0 mA to 5 mA
electrical degrees between the VADTALION ... et eeee e ereeaeeeee 20 g, 5 to 1000 Hz
center of the high state of Shaft Axial P1ay .........coccmeremrrrnersnresenneesnsennnes +0.25 mm (+0.010 in.)
channel A and the center of the  Shaft Eccentricity Plus Radial Play ... ...0.1 mm (0.004 in.) TIR
high state of channel B. This VeloCity ..ooveevereeeerrenrenennea. ettt 30,000 RPM
value is nominally 90°e for ACCEIETAtION ..ottt 250,000 rad/sec?
quadrature output.
Phase Error (A): The deviation Output Waveforms
of the phase from its ideal value -~
of 90°. P
Direction of Rotation: When the / E——\_—:4 v
codewheel rotates in the [as—-l "—7 =24%a
counterclockwise direction (as le—s1 s2 s3 s4
viewed from the encoder end of w —24v
the motor), channel A will lead 2 2 / \ —o.ev
channel B. If the codewheel g ] cn-8
rotates in the clockwise < — te
direction, channel B will lead —2av
channel A. =
pos]
Index Pulse Width (P,): The oTon >
number of electrical degrees
that an index output is high
during one full shaft rotation.
This value is nominally 90°e or
1/4 cycle.
Recommended Operating Conditions
Parameter Symbol | Min. | Typ. | Max. Units Notes
Temperature T, -40 100 °C
Supply Voltage Vee 4.5 5.0 5.5 Volts Ripple < 100 mV_ |
Load Capacitance C. 100 pF 2.7kQ pull-up
Count Frequency f 100 kHz Velocity (rpm) x N/60
Shaft Perpendicularity | +0.25 mm 6.9 mm (0.27 in.) from
Plus Axial Play (£0.010) (in.) mounting surface
Shaft Eccentricity Plus 0.04 mm (in.) | 6.9 mm (0.27 in.) from
Radial Play (0.0015) TIR mounting surface

Note: The module performance is guaranteed to 100 kHz but can operate at higher frequencies. 2.7 kQ pull-up resistors

required for HEDS-5540 and 5640.

1-44




(=]
]
%
52
z
w
ag
F
E
o
=

Encoding Characteristics
Encoding Characteristics over Recommended Operating Range and Recommended Mounting Tolerances
unless otherwise specified. Values are for the worst error over the full rotation.

Part No. Description Sym. | Min. |Typ#| Max. Units
HEDS-5500 Pulse Width Error AP 7 45 °e
HEDS-5600 Logic State Width Error AS 5 45 °e
(Two Channel) | Phase Error Ad 2 20 °e
Position Error A® 10 40 min. of arc
Cycle Error AC 3 5.5 ‘e
HEDS-5540 Pulse Width Error AP 5 35 °e
HEDS-5640 Logic State Width Error AS 5 35 °e
(Three Phase Error Ad 2 15 e
Channel) Position Error A® 10 40 min. of arc
Cycle Error AC 3 5.5 e
Index Pulse Width P, 55 90 125 e
CH. I rise after -25°C to +100°C t, 10 100 250 ns
CH. A or CH. B fall | -40°C to +100°C t, -300 | 100 250 ns
CH. I fall after -25°C to +100°C t, 70 150 300 ns
CH. B or CH. A rise | -40°C to +100°C t, 70 150 | 1000 ns
Note: Sce Mechanical Characteristics for mounting tolerances.
Electrical Characteristics
Electrical Characteristics over Recommended Operating Range.
Part No. Parameter Sym. | Min. | Typ.* | Max. | Units Notes
HEDS-5500 | Supply Current | 17 40 | mA
HEDS-5600 | High Level Output Voltage| V., | 2.4 A% I = -40 pA max.
Low Level Output Voltage | V, 0.4 \% I, =32mA
Rise Time t, 200 ns | C, =25pF
Fall Time te 50 ns R, =11kQ pull-up
HEDS-5540 | Supply Current 30 57 85 mA
HEDS-5640 | High Level Output Voltage| V., | 2.4 V| I,,=-200 pA max.
Low Level Output Voltage | V- 0.4 A% I,, =386 mA
Rise Time t, 180 ns | C =25pF
Fall Time t; 40 ns | R =2.7kQ pull-up

*Typical values specified at V. = 5.0 V and 25°C.
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Mechanical Characteristics

Tolerance!! ,

Parameter Symbol Dimension HEDS-5X00 | HEDS-5X40 " Units
Codewheel Fits 2 3 4 +0.000 +0.000 mm
These Standard 5 6 8 -0.015 -0.015
Shaft . 5/32 1/8 +0.0000 +0.0000 in
Diameters 3/16 1/4 -0.0007 -0.0007 .
Moment of Inertia J 0.6 (8.0 x 10%) g-cm? (0z-in-s%)
Required Shaft 14.0 (0.55) +0.5 +0.5 mm
Length® (0.02) (+0.02) (in.)
Bolt Circle®! 2 screw 19.05 +0.13 +0.13 mm

mounting (0.750) (+£0.005) (+£0.005) (in.)
3 screw 20.90 +0.13 +0.13 mm
mounting (0.823) (£0.005) (+£0.005) (in.)
ext. mtg. 46.0 +0.13 +0.13 mm
ears (1.811) (£0.005) (£0.005) (in.)
Mounting Screw 2 screw
Size®! mounting | M 2.5 or (2-56) mm (in.)
3 screw
mounting | M 1.6 or (0-80) mm (in.)
ext. mtg.
ears M 2.5 or (2-56) mm (in.)
Encoder Base
Plate Thickness 0.33 (0.130) mm (in.)
Hub Set Screw (2-56) (in.)
Notes:

1. These are tolerances required of the user.

2. The HEDS-55X5 and 56X5 provide an 8.9 mm (0.35 inch) diameter hole through the housing for longer motor shafts. See

Ordering Information.

3. The HEDS-5540 and 5640 must be aligned using the aligning pins as specified in Figure 3, or using the alignment tool as
shown in "Encoder Mounting and Assembly". See also "Mounting Considerations.”
4. The recommended mounting screw torque for 2 screw and external ear mounting is 1.0 kg-cm (0.88 in-1bs). The recommended
mounting screw torque for 3 screw mounting is 0.50 kg-cm (0.43 in-Ibs).

Electrical Interface

To insure reliable encoding
performance, the HEDS-5540
and 5640 three channel
encoders require 2.7 kQ (£10%)
pull-up resistors on output pins
2, 3, and 5 (Channels I, A, and
B) as shown in Figure 1. These

BV

pull-up resistors should be
located as close to the encoder
as possible (within 4 feet). Each
of the three encoder outputs can
drive a single TTL load in this
configuration.

The HEDS-5500 and 5600 two
channel encoders do not

R=27k)

CH.B

XXX 0¥XS-SA3H

CH. 1

Figure 1. Pull-up Resistors on HEDS-5X40 Encoder Outputs.
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normally require pull-up
resistors. However, pull-up
resistors on output pins 3 and 5
(Channels A and B) are
recommended to improve rise
times.

TO OUTPUT LOGIC
> (ONE TTL LOAD
CH. A PER OUTPUT)
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Mounting two channel encoders are screw mounting option as é °
Considerations attached to a motor with the shown in Figure 2. The optional 2
The HEDS-5540 and 5640 three  screw sizes and mounting aligning pins shown in Figure 3
channel encoders must be tolerances specified in the can be used with either mount-
aligned using the aligning pins mechanical characteristics ing option.

as specified in Figure 3, or using  section without any additional
the HEDS-8910 Alignment Tool =~ mounting bosses, the encoder The HEDS-5600 and 5640 have

as shown in Encoder Mounting output errors will be within the external mounting ears which

and Assembly. maximums specified in the may be used for mounting to
encoding characteristics section. larger motor base plates. Figure

The use of aligning pins or 4 shows the necessary mounting

alignment tool is recommended  The HEDS-5500 and 5540 can holes with optional aligning

but not required to mount the be mounted to a motor using pins and motor boss.

HEDS-5500 and 5600. If these either the two screw or three

3 SCREW MOUNTING
M1.6 (0-80 UNF-28B)

3 PLCS-EQUALLY SPACED MOTOR BOSS ggJ_?:RSHAFT shart

ON 20.90 (0.823) DIA. PARTNO. | DIAMETER | HEIGHT LENGTH

BOLT CIRCLE HEDS-5500 | 11.10/10.94 | 2.5 SEE MECHANICAL
¢ 0.25 (0.010) (0.437/0.431)| (0.10) CHARACTERISTICS

HEDS-5540 | 11.13/11.10 25

MOTOR SHAFT CENTER (0.438/0.437)| (0.10)

0.8 (0.03) X 45° CHAMFER

[G[A[e%s 000

12.01 (0.473)|

ALIGNING PINS T -4
2 SCREW MOUNTING
Yog (2-56 UNC-28) PARTNO. | DIAMETER | HEIGHT
2 PLCS-EQUALLY HEDS-5500 | 2.39/2.34 0.76
SPACED ON (0.094/0.092) | (0.030)
19.05 (0.750) DIA. HEDS-5540 | 2.44/2.41 | 0.76 e—— 8.64 (0:340)
BOLT CIRCLE (0.096/0.095) | (0.030)
[$-]A]¢02 w000 0.25 (0.010) X
45° CHAMFER
2 PLACES — [ 17.270.680)
[6] ] 0.15 0.006)
Figure 2. Mounting Holes. Figure 3. Optional Mounting Aids.
OPTIONAL ALIGNING PINS 0.25 (0.010) X
PARTNO. | DIAMETER | HEIGHT 457 CHAMFER
M2.5 (2-56 UNC-2B)
HEDS-5600| 2.39/2.34 | 0.76

2 PLCS EQUALLY $0.15 (0.006)

SPACED ON (0.094/0.092) | (0.030) “

46.0 (1.811) DIA HEDS 5640 | 2.44/2.41 | 076

BOLT CIRCLE (0.096/0.095) | (0.030)

[¢]Aa[¢0.250010)

g
=

12,01 (0.473)

OPTIONAL MOTOR BOSS
PART NO. DIAMETER | HEIGHT

| l
HEDS-5600 | 11.10/10.94 | 2.5
8.64(0.340) (0.437/0.431)| (0.10)

17.27 (0.680) HEDS-5640 | 11.13/11.10 | 25 0.8 (0.03) X 45° CHAMFER
DIMENSIONS IN MM (INCHES) (0.438/0.437) | (0.10) o |A|005(0.002)

Figure 4. Mounting with External Ears.
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Encoder Mounting and Assembly

ENCODER
BODY

k SNAPS

ALIGNMENT

ENCODER
BASE PLATE

MOTOR
v / ENCODER

BASE PLATE

1. For HEDS-5500 and 5600: Mount encoder base plate 2. Snap encoder body onto base plate locking all 4
onto motor. Tighten screws. Go on to step 2. snaps.

1a. For HEDS-5540 and 5640: Slip alignment tool onto
motor shaft. With alignment tool in place, mount
encoder baseplate onto motor as shown above. Tighten
screws. Remove alignment tool.

SIDE SLOT
CENTER SCREWDRIVER SLOT
ENCODER CAP
SIDE SLOT
HEX WRENCH
CODE WHEEL .
HUB
HUB
SET SCREW
PUSH DOWN
WHILE @
TIGHTENING
ONE DOT POSITION TWO DOT POSITION
3a. Push the hex wrench into the body of the encoder 4. Use the center screwdriver slot, or either of the two
to ensure that it is properly seated into the code wheel side slots, to rotate the encoder cap dot clockwise from
hub set screws. Then apply a downward force on the the one dot position to the two dot position. Do not
end of the hex wrench. This sets the code wheel gap by rotate the encoder cap counterclockwise beyond the
levering the code wheel hub to its upper position. one dot position.

3b. While continuing to apply a downward force, rotate ~ The encoder is ready for use!
the hex wrench in the clockwise direction until the hub

set screw is tight against the motor shaft. The hub set

screw attaches the code wheel to the motor's shaft.

3c. Remove the hex wrench by pulling it straight out of
the encoder body.
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Connectors
Manufacturer Part Number
AMP 103686-4
640442-5
Berg 65039-032 with
4825X-000 term.
HP HEDS-8902 (2 ch.)
with 4-wire leads
HEDS-8903 (3 ch.)
with 5-wire leads
Molex 2695 series with
2759 series term.
14.30
(0.563)

152+0.5
"*“ (5.98+0.02)

:l t‘—‘.’!t'l (0.12+0.04)
==
—=

dqu

ot
l

7.1+0.0/-0.3(0.28 +0.00/-0.01)

"HEDS.8902 | HEDS-8903 |

PIN NUMBER | PARAMETER COLORS COLORS

GROUND BLACK BLACK

L
3 * — ; CH. I N/A* BLUE
T — lle_ 150 | 3 CH.A | WHITE WHITE
4.62 (0.059) a | Vee RED RED
(0.182) ~ 5 { CH‘ B 785%77 BFEQV\{N
T (11)?7'(1)) DIMENSIONS IN MM (INCHES) *THIS WIRE IS NOT ON HEDS-8902.
Figure 5. HEDS-8902 and 8903 Connectors.
Typical Interfaces
HP
HEDS-55XX [C-A_| HcTL-2016/2020 HOST
OR QUADRATURE
HEDS-56xX [CH-B DECODER/ PROCESSOR
COUNTER
CH. A HP
HED(S);{E»SXX HCTL-1100 HOST
CH. B MOTION PROCESSOR
HEDS-56XX CONTROL IC
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Ordering Information

HEDS-5 Option [:l:l
| |
Mounting Type Outputs Through Hole Resolution (Cycles/Rev) Shaft Di t
5 - Standard 0 - 2 Channel 0 - None (HEDS-550X, 560X 2 Channel) 01-2 mm 06 - 1/4in.
6 - External 4 - 3 Channel 5-8.9mm (0.35in.) K-96 CPR G -360CPR 02 -3 mm 11 -4 mm
Mounting Ears C-100CPR  H-400CPR 03-18in.  14-5mm
D-192CPR A - 500 CPR 04 - 5/32in. 12 - 6 mm
E-200CPR 1-512CPR 05-3/16in. 13 -8 mm
F - 256 CPR
(HEDS-554X, 564X 3 Channel)
F - 256 CPR
G - 360 CPR
A - 500 CPR
1-512 CPR

HEDS-8910 Olj:] Alignment Tool

(Included with each order of HEDS-554X/564X three channel encoders)
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D

Miniature Panel Mount
Optical Encoder

Technical Data

Features

¢ Miniature Size

¢ Smooth Turning and
Detented Options

o Multiple Mounting Bracket
Options

¢ Uses Optical Reflective
Technology

¢ Quadrature Digital Output

¢ Small Footprint for
Versatile Mounting

¢ TTL Compatible

Description

The HRPG series is a family of
miniature panel mount optical
encoders, also known as Rotary
Pulse Generators (RPG) and
digital potentiometers. The
HRPG is designed to be mounted
on a front panel and used as a
rotary, data-entry device. The
HRPG is very flexible for
numerous applications due to
the many configuration options
available. These options include
detents or smooth, multiple
terminations, versatile
mounting capabilities, and
different shaft configurations.

The HRPG uses optical
reflective technology providing
accuracy and reliability to the
encoder. An LED emits a beam
of light onto the specular
codewheel surface. When the
light strikes the surface, it
projects the image of the
codewheel back on the photo-
detector, causing the output to
change. The entire detector
circuit is on one IC, thus the
part is less sensitive to
temperature and other environ-
mental variations.

Applications

Typical applications for the
Rotary Pulse Generator include
front panel instruments, audio/
visual boards, and other devices
requiring digital output from a
turning knob.
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Absolute Maximum Ratings

~ Notes

Parameter Symbol | Min. | Max. | Units
Storage Temperature Ty -40 +85 °C
Operating Temperature T, 0 +70 °C
Vibration 20 g 20 Hz to 2 kHz
Supply Voltage Vee -0.5 7 v
Output Voltage . Vo -0.5 Vee v
Output Current Per Channel I, -1 5 mA
Shaft Load — Axial 4.0 N 10 Revolutions
Shaft Load — Radial 0.1 Nm | 10° Revolutions
Revolution Life 108 Rev | At Maximum Loads

Recommended Operating Conditions ,

Parameter Symbol | Min.| Max. | Units Notes v
Temperature T -0 +70 °C Non Condensing Atmosphere
Supply Voltage Vee 45| 55 A% Ripple < 100 mV,,,
Rotation Speed - Detented 200 RPM '

— Smooth 300 RPM
Electrical Characteristics
Over Recommended Operating Range
‘Parameter - Symbol | Min.| Max. | Units Notes
‘Supply Current Ic 40 mA
High Level Output Voltage Vou 24 | V| Iy =-40pA Max.
Low Level Output Voltage VoL 0.4 v I, =3.2mA
Output Waveforms
. i 360° Il i
CHA :
[ — |
CHB |
o- : TR
sé"ﬁ 0% —| le—o d)
[«—— DETENTED RANGE ——»
- NOTES: ) )

: - 360° MECH.
360% = PR

CHANNEL A LEADS CHANNEL B FOR CLOCKWISE ROTATION

CHANNEL B LEADS CHANNEL A FOR COUNTERCLOCKWISE ROTATION

1. FOR HRPG-ADXX #XXX THE NOMINAL DETENT POSITION IS CENTERED AROUND LOW-LOW STATE

(CHA =0,CHB=0)

2. DETENT POSITION‘WILL LIE WITHIN THESE BOUNDARIES, NEVER IN HIGH-HIGH STATE

(CHA=1,CHB=1).
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Mechanical Configurations

Termination Options

Option R - Pins Rear with Bracket
HRPG-AXXX#XXR

SUGGESTED CONFIGURATION

\ NUT AND WASHER MUST BE

S|==

na

| M~ pcs USED TO SECURE MOUNTING
PLATE TO THE HOUSING.
— oz—f’6 MAX PANEL THICKNESS

3/8"-32 UNEF THREAD

0.79
TABS 0.031° a PLACES]

8.1
0.32
15.11 _ _EE
0.595 096
0.392 ‘ 127
. / 327 max.
1 STAR WASHER
7. "
— ] 71 HEX NUT, 7/16
0.28 (12.7 mm)
36 FLAT 10 FLAT
o1
11.
0.45 ™1  PINS 0.64 mm/0.025” SOR. 5 PLACES

NOTES:
.__mm
DIMENSIONS ARE: INCHES
TOLERANCES ARE: X + 0.25 mm
XX+0.01"

XX+0.13 mm
XXX+ 0.005"

SHIELD IS FOR HOUSING ESD PATH ONLY

EIRIT 55

PCB MOUNTING DIMENSIONS

OB MIN. TO LAST COMPLETE THREAD

1.24+0.08
0.049 £0.003°

SHAFT CENTER

9 PLACES

L —

ON 2.54 mm/0.100” CENTERS

TaBs 931 _ .

0.020
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Option F - Pins Front with Bracket
HRPG-AXXX#XXF

SUGGESTED CONFIGURATION PCB MOUNTING DIMENSIONS

NO TRACES WITHIN ——————q
DOTTED LINES. | |
D
T I |
15.11 _l_l_ : : 8.38 (FLATS
X L . 0.330 OPTIONAL)
0895 506 756 I |
0.392 0.297 "t [

X

489
2.54 e
5.300 TYP. —4 0.193
— 25_MAX. PANEL THICKNESS — 23 N_, 124008
0.10 MAX- 327 1.24£0.08
5,049 0,003 'O PLACES
16.61
“0.654
— 05—‘283MIN. TO LAST COMPLETE THREAD
3/8"-32 UNEF THREAD 1a8s 281 4 pLaces
‘ l’ 0.032" l
-
| f ¥ 8.1
~ 3 H 11 0.32
0595 . ‘
P q o9 5-1?2 127 =
L ! o 050 VA || Nt ]
S 1 S 4
- 7.1 vvaxAsTcEé\ T :
‘ 0.8 ; " 17.3
. HEXNUT,7/16" (11.2mm)  [«—173 o
PINS 0.64 mm/0.025” SQR. 5 PLACES 26 FLAT TO FLAT -
ON 2.54 mm/0.100" CENTERS — L—— &=
16.1
le_16.1
109 63
™ a3 M
0.51
™es 2o —=
NOTES:
.__mm
DIMENSIONS ARE: ;o
TOLERANCES ARE: X + 0.25 mm
XX 0.01”
XX+0.13 mm
XXX % 0.005"
[/ Xe ¥ o)
SHIELD IS FOR HOUSING ESD PATH ONLY zz8 ;2
2zFze
52223
zP5Ro
8»5wg
e = 3
F
5 g
) ®
3
2
¢ 3
S ]
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Option C - Cable Connector with Strain Relief

HRPG-AXXX#XXC

SUGGESTED CONFIGURATION PANEL HOLE DIMENSIONS
r-—————"7- 1
| | |
| — |
I ! I
e e
! >\I/ l
| | |
| |
\N | IS0 [

4.89

R o.193

38 8.38
—={ | 355 MAX. PANEL THICKNESS — 23 L—

— 83 MIN. TO LAST COMPLETE THREAD
3/8"-32 UNEF THREAD 0.25
17.3
0.68 _ﬂ

— le— 140 yuax.
152+8.0 0.55

~—%0%031 "I STAR HEX NUT, 7/16” (12.7 mm)
WASHER  FLAT TO FLAT

CONNECTOR
AMP 641239-5 MTA-100 CLOSED END HOUSING WITH DUST COVER,
FEMALE CONNECTOR ON 0.100"(2.54 mm) CENTERS TO MATE WITH
MALE 0.025” (0.64 mm) SQR. POSTS, 0.28 + 0.04 (7.11 + 1.00 mm) LONG.

0.100” (2.54 mm) CENTERS, ROUND CONDUCTOR FLAT CABLE \

GRAY PVC INSULATION PIN 1 STRIPE
-
—
—
NOTES:
.__mm
DIMENSIONS ARE: ™
TOLERANCES ARE: X + 0.25 mm
XX £0.01"
XX+0.13 mm
XXX  0.005"
127 Rer. — F_
SHIELD IS FOR HOUSING ESD PATH ONLY aswNa
wo<on
ITIS T3
53530
rz&zc
E 2 < 22
zI5E6
e>4®
§ ¢
2
&
®
D
2
(=
2
o
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Shaft Configurations

Shaft Dimensions (D-cut shown also)

8.03
0316 FLANGE DIA.

0.252

.__mm
DIMENSIONS ARE: INCHES

640 ) ANGE FLATS

ct

4
—T—‘

4

0.001T SHAFT

0.13  D-CUT

0.005 THICKNESS

1.27
— ’4—- 9.050 FLANGE THICKNESS
—| |——

0.76
0.030

FLANGE FLAT DEPTH

«— b+ 213 pcurienemH

r_’.i 233 suart e
lliig

CHAMFER 0.76mm (0.030) x 45°

0.050 DIA.
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Shaft Options Available

Shaft Shaft D-Cut D-Cut
Length Diameter Thickness Length Sketch

Option # (4)] (d) (c) (b) (not to scale)
11 0.30" 0.251" - - mﬂj O
13 0.30" 0.250" 0.225" 0.230" Tﬂﬂ:ﬂ @
14 0.50" 0.251" - - ﬂ". | @
16 0.50" 0.250" 0.225" 0.400" ;m:ﬂ 7]
17 0.80" 0.251" - - _", 1 @
19 0.80" 0.250" 0.225" 0.700" mi:ﬂ %)
51 7.6 mm 6.02 mm - - ﬁmﬂ O
53 7.6 mm 6.00 mm 5.33 mm 5.84 mm Emj ©
54 12.7 mm 6.02 mm - - LWED %
56 12.7 mm 6.00 mm 533mm | 10.16 mm m:ﬂ O
57 20.32mm | 6.02mm - - E@:ll O
59 20.32 mm 6.00 mm 5.33 mm 17.78 mm ;mb @

.
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Typical Interface

CHA HP
HRPG HCTL-2016/2020
SERIES CHB QUADRATURE
DECODER/
COUNTER

Ordering Information

HOST
PROCESSOR

HRPG - A I::IEJ # ;}_IQT

Shaft Feel / Resolution Mechanical Configuration
S16 — Smooth 16CPR 11 - 0.3" long, 0.25" dia.
D16 — Detented 16CPR* 13 - 0.3" long, 0.25" dia. D-cut
S32 -_ Smooth 320PR 14-0 5" lon 0 25" d~

-0. g, 0. ia.
D32 — Detented 32CPR* 16 — 0.5" long, 0.25" dia. D-cut
S64 — Smooth 64CPR " .
SCA — Smooth 120CPR 17 - 0.8" long, 0.25" dia.

19 - 0.8" long, 0.25" dia. D-cut

51 — 7.6 mm long, 6 mm dia.
53 — 7.6 mm long, 6 mm dia. D-cut

54 — 12.7 mm long, 6 mm dia.
56 — 12.7 mm long, 6 mm dia. D-cut

57 —20.3 mm long, 6 mm dia.
59 — 20.3 mm long, 6 mm dia. D-cut

*Note: When ordering detented versions, a D-cut shaft is recommended.
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Termination

F — Pins Front with Bracket

R — Pins Rear with Bracket

C — Cable Connector with
Strain Relief




HEWLETT
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OPTICAL ENCODER

PANEL MOUNT

HEDS-5700
SERIES

Features

¢ AVAILABLE WITH OR WITHOUT STATIC
DRAG FOR MANUAL OR MECHANIZED
OPERATION

¢ HIGH RESOLUTION - UP TO 512 CPR
¢ LONG ROTATIONAL LIFE, >1 MILLION REVS

¢ -20 TO 85 °C OPERATING TEMPERATURE
RANGE

¢ TTL QUADRATURE OUTPUT
¢ SINGLE 5V SUPPLY
¢ AVAILABLE WITH COLOR CODED LEADS

Description

The HEDS-5700 series is a family of low cost, high perform-
ance, optical incremental encoders with mounted shafts and
bushings. The HEDS-5700 is available with tactile feedback for
hand operated panel mount applications, or with a free spin-
ning shaft for applications requiring a pre-assembled encoder
for position sensing.

The encoder contains a collimated LED light source and
special detector circuit which allows for high resolution, excel-
lent encoding performance, long rotational life, and increased
reliability. The unit outputs two digital waveforms which are 90
degrees out of phase to provide position and direction informa-
tion.

. .
Package Dimensions
THREAD 3/8:32 ¢ 6.35 +0.000, —0.008
g (NUT SUPPLIED) { ¢ 0.2500 +0.0000, —0.0003)
i 15.0 (059
RADIUS REF.
6.9 (0.27)
MIN LEAD

LENGTH

T

—

18.3
*—(0.72)—|

MAX =

T

The HEDS-5700 is quickly and easily mounted to a front panel
using the threaded bushing, or it can be directly coupled to a
motor shaft (or gear train) for position sensing applications.

Applications

The HEDS-5700 with the static drag option is best suited forap-
plications requiring digital information from a manually oper-
ated knob. Typical front panel applications include instruments,
CAD/CAM systems, and audio/video control boards.

The HEDS-5700 without static drag (free spinning) is best
suited for low speed, mechanized operations. Typical applica-
tions are copiers, X-Y tables, and assembly line equipment.

i SHAFT OPTIONS

411

(1.62)

MAX (0.396)—»| ¢0.250 REF
26.2
(1.03) {0.196)
MAX (0.421) _»| ‘4: ¢0.250 REF

‘ — ¢ 6 mm + 0.0, ~0.0076
14.5 (0.57)
MIN

012
!

OPTIONAL WIRING
COLOR CODE TABLE

0.64 (0.025)
$Q. LEADS ON

rene .I-———T 7.1 (0.28) MIN

Color Gutput
White A
Brown B8

2.54 (0.100) CENTERS TYP.

TYPICAL DIMENSIONS IN MILLIMETERS (INCHES).

] T ) Red Vee
zzzzz Black Gnd
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Absolute Maximum Ratings

Parameter Symbol Min. Max. Units Notes
Storage Temperature Ts -40 +85 °C
Operating Temperature Ta -20 +85 °C
Vibration 20 g 20Hz - 2kHz
Supply Voltage Vee -0.5 7 \"
Output Voltage Vo -0.5 Vee Vv
Output Current Per Channel lo -1 5 mA
Shaft Load - Axial 1 Ib

- Radial 1 Ib

Recommended Operating Conditions
Parameter Symbol Min. Max. Units Notes
Temperature T -20 +85 °C Non Condensing Atmosphere
Suppy Voltage Vee 45 5.5 \' Ripple <100mVp-p
Rotation Speed - Drag 300 RPM
- Free Spinning 2000 RPM

ElECtriC3| CharaCtel"iStiCS Over Recomme

nded Operating Range,

Typical at 25°C

Parameter Symbol Min. Typ. Max. Units Notes
Supply Current lcc 17 40 mA
High Level Output Voltage Von 24 \Y lon = -40uA Max.
Low Level Output Voltage VoL 04 Vv loL=3.2mA
Note: If more source current is required, use a 3.2K pullup resistor on each output.
Mechanical Characteristics
Parameter Min. Typ. Max. Units Notes
Starting Torque - Static Drag 0.47 ozin
- Free Spinning 0.14 ozin
Dynamic Drag - Static Drag 1.1 ozin 100 RPM
- Free Spinning 0.70 ozin 2000 RPM
Rotational Life - Static Drag 1x108 Revolutions 11b Load
- Free Spinning 12 x 108 Revolutions 4 oz Radial Load
Mounting Torque of Nut 13 Ibin

Output Waveforms
l‘——BBOi"i.S——’l

Ordering Information

CHA

[<— 180145 —»

CHB

e s1ofes2{es3|esa>| 90+ 45 TYPICAL

NOTE: All values are in electrical degrees, where 360°e=1 cycle of resolution.

Errors are worst case over one revolution.
CH B leads CH A for counterclockwise rotation.
CH A leads CH B for clockwise rotation.

HEDS-57(i_j5J

0 - Pins
1 - 6" Color Coded Leads

Mechanical Configuration

—

Resolutions

(Cycles Per Revolution)
K=96 CPR G=360 CPR
C=100 CPR H=400 CPR
D=192 CPR A=500 CPR
E=200 CPR I=512 CPR
F=256 CPR

Shaft Configuration

0 - 1/4" dia.with no flat
1 - 6mm dia.with no flat
2 - 1/4" dia.with flat

[P

Drag Option
0 - Free Spinning
1 - Static Drag




() Rl QUADRATURE DECODER/ | HCTL-2000
/B PACKARD | | COUNTER INTERFACE IC | HCTL-2020
Features

¢ INTERFACES ENCODER TO MICROPROCESSOR
¢ 14 MHz CLOCK OPERATION
e FULL 4X DECODE

¢ HIGH NOISE IMMUNITY:
SCHMITT TRIGGER INPUTS
DIGITAL NOISE FILTER

¢ 12 OR 16-BIT BINARY UP/DOWN COUNTER
e LATCHED OUTPUTS

e 8-BIT TRISTATE INTERFACE

* 8,12, OR 16-BIT OPERATING MODES

* QUADRATURE DECODER OUTPUT SIGNALS,
UP/DOWN AND COUNT

e CASCADE OUTPUT SIGNALS, UP/DOWN AND
COUNT

o SUBSTANTIALLY REDUCED SYSTEM
SOFTWARE

Description

The HCTL-2000, 2016, 2020 are CMOS ICs that perform
the quadrature decoder, counter, and bus interface function.
The HCTL-20XX family is designed to improve system per-
formance in digital closed loop motion control systems and
digital data input systems. It does this by shifting time inten-
sive quadrature decoder functions to a cost effective hard-
ware solution. The entire HCTL-20XX family consists of a 4x
quadrature decoder, a binary up/down state counter, and an
8-bit bus interface. The use of Schmitt-triggered CMOS
inputs and input noise filters allows reliable operation in
noisy environments. The HCTL-2000 contains a 12-bit
counter. The HCTL-2016 and 2020 contain a 16-bit counter.
The HCTL-2020 also contains quadrature decoder output
signals and cascade signals for use with many standard
counter ICs. The HCTL-20XX family provides LSTTL com-
patible tri-state output buffers. Operation is specified for a
temperature range from -40 to +85°C at clock frequencies
up to 14 MHz.

MICROPROCESSOR/
HOST SYSTEM BUS

J

ENCODER/DIGITAL

L—20X:
POTENTIOMETER HETL-20%X _/-

DIGITAL MOTION ENCODING

Do []1 20 [] Voo
Doch = 16 von oLk [ 2 197 oy
cLk]2 15 [0y seL[] 3 1802
ssLd 3 14102 OE [: 4 17 b3
OE(]4 13[0ps um[]s 16 ] CNTpcpr
RST(]5 12 [Jp, Nc [ e 15 [7] CNTcas
cHe[]e 11|Jos RST[] 7 14704
chnal]z 10 [Ios cus[] 8 130 os
Vss[]8 9o, cHa o 1217 06
vss []10 1o,
PINOUT A PINOUT B
Applications

¢ INTERFACE QUADRATURE INCREMENTAL
ENCODERS TO MICROPROCESSORS

¢ INTERFACE DIGITAL POTENTIOMETERS TO
DIGITAL DATA iNPUT BUSES

Table of Contents

PACKAGE DIMENSIONS ...................ceoe .. 2
OPERATING CHARACTERISTICS ................... 2
FUNCTIONAL PIN DESCRIPTIONS .................. 3
SWITCHING CHARACTERISTICS ................... 4
OPERATION ...\ 6
INTERFACING

¢ GENERAL INTERFACING ........................ 1
o MOTOROLA 6802/8, 24-BIT CASCADE ............ 12
© INTEL 8748 ...ooeeieieiei e 15

ESD WARNING: Standard CMOS handling precautions should be
observed with the HCTL-20XX family ICs.

Devices
Part Number | Description Package Drawing
HCTL-2000 | 12-bit counter. 14 MHz clock operation. A
HCTL-2016 | All features of the HCTL-2000. 16-bit counter. A
HCTL-2020 gggif\stures of the HCTL-2016. Quadrature decoder output signals. Cascade output B
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f 10° (0.130 + 0.010)
| 076+ 013 |(0%23+0335, | nax 193+ 0.13 J * 051+013 NLT;(
. 932 0. :
(0.030 + 0.005] 0076 oo 05 (0.020 * 0, oos»
0.
0.46 + 0.05 9.14 (0360) 9.14 (0.360)

Package Dimensions

)
6.35 * 025
(0.250 ;oo

d L A B B W LD WD
762+ 025 2667 + 0.25 l 762+ 0.25___|
19.30 £ 0.25 (0.300 = 0.010) (1.050 + 0.010) ™1 (0.300 + 0.010)

(0.760 £ 0.010)

6.35 + 0.25
(0.250 + 0.010)
¥

PIN 1

3.30t0.25 3.30+0.25

(0.130 + 0.010) (0.130 = 0010)
I
- —__L ] __
330 025 330+ 025
(0.130 + 0.010)

(0.018 + 0.002) (0.018 = 0.002)

025 = 0.05 MAx 0.25 + 0.05
2,54 (0.100) TYP (0.010  0.002) 254 (0.100) TYP (0.010 + 0.002)

Dimensions are in millimeters (inches) Dimensions are in millimeters (inches)

PACKAGE A LEAD FINISH: SOLDER DIPPED PACKAGE B LEAD FINISH: SOLDER DIPPED

PACKAGE A PACKAGE B

Operating Characteristics

Table 1. Absolute Maximum Ratings (All voltages below are referenced to Vgg)

Parameter Symbol Limits Units
DC Supply Voltage Vbp -0.3to +5.5 v
Input Voltage Vin -0.3 to Vpp +0.3 \"
Storage Temperature Ts -40 to +125 °C
Operating Temperature Talll -40 to +85 °C

Table 2. Recommended Operating Conditions

Parameter Symbol Limits Units
DC Supply Voltage Vbp +4.5t0+5.5 Y
Ambient Temperature Talll -40 to +85 °C

Table 3. DC Characteristics Vpp = 5 V £ 5%; T = ~40 to 85°C

Symbol Parameter Condition Min. | Typ. | Max. | Unit
v 21 Low-Level Input Voltage 1.5 v
V2! High-Level Input Voltage 35 Vv

hmitt-Tri r Positive-Goi
Vi ?zresr::t);l(’;lgge ositive-Going 35 40 v
hmitt-Trigger Negative-Goin
Vr- ?ﬁreshok; gger Negative-Going « 10 ] 15
Vy Schmitt-Trigger Hysteresis : 1.0 2.0
] Input Current Vin = Vss or Vpp -10 1 +10 kA
Vonl2! | High-Level Output Voltage lop -1.6 mA 2.4 45 \Y
VoL[2l | Low-Level Output Voltage loL = +4.8 mA 0.2 0.4 v
loz High-Z Output Leakage Current | Vg = Vsg or Vpp -10 1 +10 uA
Ipp Quiescent Supply Current Vin = Vss or Vpp, Vo = HiZ 1 5 uA
Cin Input Capacitance Any Input(3] 5 pF
Cout | Output Capacitance Any Output(3] 6 pF
Notes:
1. Free Air

2. In general, for any Vp between the allowable limits (+4.5V to +5.5V), V= 0.3 Vpp and Vj = 0.7 Vpp; typical values are
Vor =Vpp - 0.5V @ loy =-40 uAand Vo = Vg + 0.2V @ lo, = 1.6 mA.
3. Including package capacitance.
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Functional Pin Description

Table 4. Functional Pin Descriptions

Pin Pin

Symbol | 2000/2016 | 2020 | Description

Vbob 16 20 Power Supply

Vss 8 10 Ground

CLK 2 2 CLK is a Schmitt-trigger input for the external clock signal.

CHA 7 9 CHA and CHB are Schmitt-trigger inputs which accept the outputs from a

CHB 6 8 quadrature encoded source, such as incremental optical shaft encoder. Two
channels, A and B, nominally 90 degrees out of phase, are required.

RST 5 7 This active low Schmitt-trigger input clears the internal position counter and the
position latch. It also resets the inhibit logic. RST is asynchronous with respect to
any other input signals.

OE 4 4 This CMOS active low input enables the tri-state output buffers. The OE and SEL
inputs are sampled by the internal inhibit logic on the falling edge of the clock to
control the loading of the internal position data latch.

SEL 3 3 This CMOS input directly controls which data byte from the position iatch is
enabled into the 8-bit tri-state output buffer. As in OE above, SEL also controls the
internal inhibit logic.

SEL | BYTE SELECTED
0 High
1 Low
CNTpcpr 16 A pulse is presented on this LSTTL-compatible output when the quadrature decoder
has detected a state transition.

u/D 5 This LSTTL-compatible output allows the user to determine whether the IC is
counting up or down and is intended to be used with the CNTpgpr and CNTgas
outputs. The proper signal U (high level) or D (low ievel) will be present before the
rising edge of the CNTpgpr and CNTgas outputs.

CNTcas 15 A pulse is presented on this LSTTL-compatible output when the HCTL-2020 internal
counter overflows or underflows. The rising edge on this waveform may be used to
trigger an external counter.

DO 1 1 These LSTTL-compatible tri-state outputs form an 8-bit output port through which
D1 15 19 the contents of the 12/16-bit position latch may be read in 2 sequential bytes. The
D2 12 18 high byte, containing bits 8-15, is read first (on the HCTL-2000, the most significant
D3 13 17 4 bits of this byte are set to 0 internally). The lower byte, bits 0-7, is read second.
D4 12 14

D5 11 13

D6 10 12

D7 9 1

NC 6 Not connected — this pin should be left floating.
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Switching Characteristics

Table 5. Switching Characteristics Min/Max specifications at Vpp = 5.0 + 5%, Tp = -40 to + 85°C

Symbol Description Min. Max. Units
1 toLk Clock period 70 ns
2 toHH Pulse width, clock high 28 ns
3 toplll (E’)slgyégme, rising edge of clock to valid, updated count information 65 ns
4 tope Delay time, OE fall to valid data 65 ns
5 topz Delay time, OE rise to Hi-Z state on D0-7 40 ns
6 tspy Delay time, SEL valid to stable, selected data byte (delay to High 65 ns
Byte = delay to Low Byte)
7 toLH Pulse width, clock low 28 ns
8 tssl? Setup time, SEL before clock fall 20 ns
9 tosl?! Setup time, OE before clock fall 20 ns
10 tgnl2! Hold time, SEL after clock fall 0 ns
11 tont?l | Hold time, OE after clock fall 0 ns
12 tRsT Pulse width, RST low 28 ns
13 toep Hold time, last position count stable on DO-7 after clock rise 10 ns
14 tpsp Hold time, last data byte stable after next SEL state change 5 ns
15 tbop Hold time, data byte stable after OE rise 5 ns
16 tuop Delay time, U/D valid after clock rise 45 ns
17 tcHD Delay time, CNTpepr or CNTeas high after clock rise 45 ns
18 tcLo Delay time, CNTpcpr or CNTgag low after clock fall 45 ns
19 tupH Hold time, U/D stable after clock rise 10 ns
20 tubcs Setup time, U/D valid before CNTpcpg of CNTgas rise toLk-45 ns
21 tubcH Hold time, U/D stable after CNTpcpr or CNTgag rise tcLk-45 ns
Notes:

1. tep specification and waveform assume latch not inhibited. )
2. tgs, tos. tsH. ton ONly pertain to proper operation of the inhibit logic. In other cases, such as 8 bit read operations, these setup and
hold times do not need to be observed.

®

Figure 1. Reset Waveform
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Figure 2. Waveform for Positive Clock Related Delays




[~}
2
g -
- I
r a 'g
[}
oF / z8
5
@ D) |
@ &) =
Do7  HIGH-Z STASLE STABLE DATA SThaLE HIGH -2
Figure 3. Tri-State Output Timing
cLK \_
A
P
oF /
e t o
_— P
SEL \ / /
'® ®
A\ 2/

INTERNAL
INHIBIT
HIGH-Z HIGH DATA LOW DATA
Doz “'G"mon UNSTABLE DATAXXXX BYTE STABLE XXX DATA UNSTABLE BYTE STABLE

®

Figure 4. Bus Control Timing

©F— — —®

-
u/D VALID U/D

CNTpcor
(CNTcas)

'l

(20)
@

Figure 5. Decoder, Cascade Output Timing (HCTL-2020 only)

1-65



Operation

A block diagram of the HCTL-20XX family is shown in
Figure 6. The operation of each major function is de-
scribed in the following sections.

HCTL-2020 ONLY

r""""-""""""""—""—""""—""—""—""—7
; DECODE OUTPUT :
I |
| CNT pcor |
| |
u/d

: cascape outruT U/ :
| CNT, I

CLK p CK | CAS '
| |
| |
I 0 S

DIGITAL FILTER_ 4X DECODE LOGIC 12116 BIT 1216 BIT OCTAL 2 BIT
BINARY CTR LATCH MUX/BUFFER

CNT CNT Qo-a; 2808,

CH A—-P— CHANNEL A UP/DBN UP/DN Qg-Q1115—2] A0-As* B Do-D;

Qo-Q11,18 Do-D11,15
CH B—>— CHANNEL B CLR SEL
CLR — INH 3
RST 9
SEL
OE
INHIBIT LOGIC

*Asz—A7 GROUNDED ON HCTL—2000

Figure 6. Simplified Logic Diagram

DIGITAL NOISE FILTER

The digital noise filter section is responsible for rejecting
noise on the incoming quadrature signals. The input sec-
tion uses two techniques to implement improved noise
rejection. Schmitt-trigger inputs and a three-clock-cycle
delay filter combine to reject low level noise and large,
short duration noise spikes that typically occur in motor
system applications. Both common mode and differential
mode noise are rejected. The user benefits from these
techniques by improved integrity of the data in the coun-
ter. False counts triggered by noise are avoided.

Figure 7 shows the simplified schematic of the input sec-
tion. The signals are first passed through a Schmitt trigger
buffer to address the problem of input signals with slow

rise times and low level noise (approximately < 1 V). The
cleaned up signals are then passed to a four-bit delay fil-
ter. The signals on each channel are sampled on rising
clock edges. A time history of the signals is stored in the
four-bit shift register. Any change on the input is tested for
a stable level being present for three consecutive rising
clock edges. Therefore, the filtered output waveforms can
change only after an input level has the same value for
three consecutive rising clock edges. Refer to Figure 8
which shows the timing diagram. The result of this circui-
try is that short noise spikes between rising clock edges
are ignored and pulses shorter than two clock periods are
rejected.
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Figure 7. Simplified Digital Noise Filter Logic
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Figure 8. Signal Propagation Through Digital Noise Filter

QUADRATURE DECODER

The quadrature decoder decodes the incoming filtered
signals into count information. This circuitry multiplies the
resolution of the input signals by a factor of four (4X
decoding). When using an encoder for motion sensing,
the user benefits from the increased resolution by being
able to provide better system control.

The quadrature decoder samples the outputs of the CHA
and CHB filters. Based on the past binary state of the two
signals and the present state, it outputs a count signal and
a direction signal to the internal position counter. In the
case of the HCTL-2020, the signals also go to external
pins 5 and 16 respectively.

Figure 9 shows the quadrature states and the valid state
transitions. Channel A leading channel B results in count-
ing up. Channel B leading channel A results in counting

down. lllegal state transitions, caused by faulty encoders
or noise severe enough to pass through the filter, will pro-
duce an erroneous count.

DESIGN CONSIDERATIONS

The designer should be aware that the operation of the
digital filter places a timing constraint on the relationship
between incoming quadrature signals and the external
clock. Figure 8 shows the timing waveform with an incre-
mental encoder input. Since an input has to be stable for
three rising clock edges, the encoder pulse width (tg - low
or high), has to be greater than three clock periods (3tg k).
This guarantees that the asynchronous input will be stable
during three consecutive rising clock edges. A realistic
design also has to take into account finite rise times of the
waveforms, asymmetry of the waveforms, and noise. In the
presence of large amounts of noise, tg should be much
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greater than 3tg g to allow for the interruption of the con-
secutive level sampling by the three-bit delay filter. It
should be noted that a change on the inputs that is quali-
fied by the filter will internally propagate in a maximum of
seven clock periods.

The quadrature decoder circuitry imposes a second timing
constraint between the external clock and the input sig-
nals. There must be at least one clock period between
consecutive quadrature states. As shown in Figure 9, a
quadrature state is defined by consecutive edges on both
channels. Therefore, tgg (encoder state period) > tc k. The
designer must account for deviations from the nominal 90
degree phasing of input signals to guarantee that tgg
> toik-

COUNT up

VALID
STATE
TRANSITIONS

Ol oM
CHA CHB STATE
1 [} 1
1 1 2
0 1 3
0 [ 4

Telp

Figure 9. 4x Quadrature Decoding

POSITION COUNTER

This section consists of a 12-bit (HCTL-2000) or 16-bit
(HCTL-2016/2020) binary up/down counter which counts
on rising clock edges as explained in the Quadrature De-
coder Section. All 12 or 16 bits of data are passed to the
position data latch. The system can use this count data in
several ways:

A. System total range is < 12 or 16 bits, so the count rep-
resents “absolute” position.

B. The system is cyclic with < 12 or 16 bits of count per
cycle. RST is used to reset the counter every cycle and
the system uses the data to interpolate within the cycle.

C. System count is > 8, 12 or 16 bits, so the count data is
used as a relative or incremental position input for a
system software computation of absolute position. In
this case counter rollover occurs. In order to prevent
loss of position information, the processor must read
the outputs of the IC before the count increments one-
half of the maximum count capability (i.e. 127, 2047, or
32,767 quadrature counts). Two's-complement arithme-
tic is normally used to compute position from these
periodic position updates. Three modes can be used:

1. The IC can be put in 8-bit mode by tying the SEL
line high, thus simplifying IC interface. The outputs
must then be read at least once every 127 quadrature
counts.

2. The HCTL-2000 can be used in 12-bit mode and
sampled at least once every 2047 quadrature counts.

3. The HCTL-2016 or 2020 can be used in 16-bit mode
and sampled at least once every 32,767 quadrature
counts.

D. The system count is > 16 bits so the HCTL-2020 can be
cascaded with other standard counter IC’s to give abso-
lute position.

POSITION DATA LATCH

The position data latch is a 12/16-bit latch which captures
the position counter output data on each rising clock
edge, except when its inputs are disabled by the inhibit
logic section during two-byte read operations. The output
data is passed tc the bus interface section. When active, a
signal from the inhibit logic section prevents new data
from being captured by the latch, keeping the data stable
while successive reads are made through the bus section.
The latch is automatically reenabled at the end of these
reads. The latch is cleared to 0 asynchronously by the
RST signal.
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INHIBIT LOGIC

The Inhibit Logic Section samples the OE and SEL signals
on the falling edge of the clock and, in response to certain
conditions (see Figure 10 below), inhibits the position data
latch. The RST signal asynchronously clears the inhibit
logic, enabling the latch. A simplified logic diagram of the
inhibit circuitry is illustrated in Figure 11.

_ INHIBIT
STEP|SEL | O | CLK || SIGNAL | ACTION
1 L1 1 SET INHIBIT; READ HIGH BYTE
2 [H L] 1 READ LOW BYTE; STARTS RESET
3 |[x|H]|1 0 COMPLETES INHIBIT LOGIC RESET|

Figure 10. Two Byte Read Sequence

BUS INTERFACE

The bus interface section consists of a 16 to 8 line multi-
plexer and an 8-bit, three-state output buffer. The multi-
plexer allows independent access to the low and high
bytes of the position data latch. The SEL and OE signals
determine which byte is output and whether or not the
output bus is in the high-Z state. In the case of the HCTL-
2000 the data latch is only 12 bits wide and the upper four
bits of the high byte are internally set to zero.

QUADRATURE DECODER OUTPUT (HCTL-2020 ONLY)
The quadrature decoder output section consists of count
and up/down outputs derived from the 4X decode logic of
the HCTL-2020. When the decoder has detected a count, a
pulse, one-half clock cycle long, will be output on the
CNTpcpr pin. This output will occur during the clock
cycle in which the internal counter is updated. The U/D
pin will be set to the proper voltage level one clock cycle
before the rising edge of the CNTpcpR pulse, and held one
clock cycle after the rising edge of the CNTpcpr pulse.
These outputs are not affected by the inhibit logic. See
Figures 5 and 12 for detailed timing.

CASCADE OUTPUT (HCTL-2020 ONLY)

The cascade output aiso consists of count and up/down
outputs. When the HCTL-2020 internal counter overflows
or underflows, a pulse, one-half clock cycle long, will be
output on the CNTgag pin. This output will occur during
the clock cycle in which the internal counter is updated.
The U/D pin will be set to the proper voltage level one
clock cycle before the rising edge of the CNTgag pulse,
and held one clock cycle after the rising edge of the
CNTcas pulse. These outputs are not affected by the
inhibit logic. See Figures 5 and 12 for detailed timing.

SEL —o——— o CLR
— D
OE

Qb5 INTERNAL INHIBIT SIGNAL
TO POSITION DATA LATCH

ckL bt

O
1Dy

Figure 11. Simplified Inhibit Logic
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CHAFILT* | . I

CHBEjLT * | I

| , [T

X
w1 M

[ []

XA

CNTcas | | I I

COUNT FFFDH FFFEH FFFFH 0000H - FFFFH ' FFFDH
*CHAg 1 and CHBg y are the

outputs of the digital noise filter

(see figures 7 and 8). Figure 12. Decode and C: de Output Diag!

CASCADE CONSIDERATIONS (HCTL-2020 ONLY)

The HCTL-2020’s cascading system allows for position
reads of more than two bytes. These reads can be accom-
plished by latching all of the bytes and then reading the
bytes sequentially over the 8-bit bus. Care must be taken
to latch all of the bytes such that they represent the count
as it actually is, despite propagation delays through the
counters.

A good understanding of the mechanics of count propaga-
tion is important in designing a proper interface. Consider
the sequence of events for a read cycle that starts as the
HCTL-2020’s internal counter rolls over. On the rising
clock edge, count data is updated in the internal counter,
rolling it over. A count-cascade pulse (CNTgag) will be
generated with some delay after the rising clock edge
(tcHp)- There will be additional propagation delays through
the external counters and registers. Meanwhile, with OE
and SEL low to start the read, this new count on the
HCTL-2020 will be latched in on the falling clock edge of
this cycle. If the external registers are latched too soon,
before the CNTcas pulse has toggled the external count-
ers and registers, a major count error will occur.

Valid data can be ensured by latching the external counter
data on the first rising clock edge following the falling
edge on which the internal count on the HCTL-2020 is
latched (provided that all the delays are less than one
clock cycle). This will ensure that a cascade pulse that
occurs during the clock cycle when the read begins has
adequate time to propagate. This also guarantees that a
cascade pulse occurring on the clock cycle after the read
is initiated will not be erroneously latched.

For example, suppose the HCTL-2020 count is at FFFFH
and an external counter is at FOH, with the count going
up. A count occurring in the HCTL-2020 will cause the
counter to roll over and a cascade pulse will be generated.
A read starting on this clock cycle will show 0000H from
the HCTL-2020. The external counter should read F1H,
but if the host latches the count before the cascade signal
propagates through, the external counter will still read
FOH.




General Interfacing

The 12-bit (HCTL-2000) or 16-bit (HCTL-2016/2020) latch
and inhibit logic allows access to 12 or 16 bits of count
with an 8-bit bus. When only 8-bits of count are required, a
simple 8-bit (1-byte) mode is available by holding SEL
high continuously. This disables the inhibit logic. OE pro-
vides control of the tri-state bus, and read timing is shown
in Figures 2 and 3.

For proper operation of the inhibit logic during a two-byte
read, OE and SEL must be sy_nchronous with CLK due to
the falling edge sampling of OE and SEL.

The internal inhibit logic on the HCTL-20XX family inhibits
the transfer of data from the counter to the position data
latch during the time that the latch outputs are being read.
The inhibit logic allows the microprocessor to first read
the high order 4 or 8 bits from the latch and then read the
low order 8 bits from the latch. Meanwhile, the counter
can continue to keep track of the quadrature states from
the CHA and CHB input signals.

Figure 11 shows the simplified inhibit logic circuit. The
operation of the circuitry is illustrated in the read timing
shown in Figure 13.
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*OE can consist of two short low pulses,as well as one long pulse, and still satisfy
1l a [¢]
the inhibit logic sequence. During the time that OE is high, the data lines are tri-stated.
Figure 13. Typical Interface Timing
ACTIONS

1. On the rising edge of the clock, counter data is trans-
ferred to the position data latch, provided the inhibit signal
is low.

2. When OE goes low, the outputs of the multiplexer are
enabled onto the data lines. If SEL is low, then the high
order data bytes are enabled onto the data lines. If SEL is
high, then the low order data bytes are enabled onto the
data lines.

3. When the IC detects a low on OE and SEL during a
falling clock edge, the internal inhibit signal is activated.
This blocks new data from being transferred from the
counter to the position data latch.

4. When SEL goes high, the data outputs change from the
high byte to the low byte.

5. The first of two reset conditions for the inhibit logic is
met when the IC detects a logic high on SEL and a logic
low on OE during a falling clock edge.

6. When OE goes high, the data lines change to a high
impedance state.

7. The IC detects a logic high on OE during a falling clock
edge. This satisfies the second reset condition for the
inhibit logic.
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Interfacing the HCTL-2020 to a Motorola 6802/8 and Cascading
the Counter for 24 Bits
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Figure 14. A Circuit to Interface to the 6802/8
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In this circuit an interface to a Motorola 6802/8 and a cas-
cading scheme for a 24-bit counter are shown. This circuit
provides a minimum part count by: 1) using two 74LS697
Up/Down counters with output registers and tri-state out-
puts and 2) using a Motorola 6802/8 LDX instruction
which stores 16 bits of data into the index registers in two
consecutive clock cycles.

The HCTL-2020 OE and the 74LS697 G lines are decoded
from Address lines A15-A13. This results in counter data
being enabled onto the bus whenever an external memory
access is made to locations 4XXX or 2XXX. Address line
A12 and processor clock E enable the 74LS138. The pro-
cessor clock E is also used to clock the HCTL-2020.
Address A0 is connected directiy to the SEL pin on the
HCTL-2020. This line selects the low or high byte of data
from the HCTL-2020.

Cascading is accomplished by connecting the CNTgag
output on the HCTL-2020 with the counter clock (CCK)
input on both 74LS697’s. The U/D pin on the HCTL-2020
and the U/D pin on both 74LS697's are also directly
connected for easy expansion. The RCO of the first 4-bit
74L.S697 is connected to the ENT pin of the second
74LS697. This enables the second counter only when there
is a RCO signal on the first counter.

This configuration allows the 6802 to read both data bytes
with a single double-byte fetch instruction (LDX 2XXO0).
This instruction is a five cycle instruction which reads
external memory location 2XX0 and stores the high order
byte into the high byte of the index register. Memory
location 2XX1 is next read and stored in the low order byte

of the index register. The high byte of counter data is
clocked into the 74LS697 registers when SEL is high and
OE goes low. This upper byte can be read at any time by
pulling the 74LS697 G low when reading address 4XXX.
Figure 15 shows memory addresses and gives an example
of reading the HCTL-2020. Figure 16 shows the interface
timing for the circuit.

Address Function

CXXX Reset Counters

4XXX Enable High Byte on Data Lines

2XX0 Enable Low Byte on Data Lines

2XX1 Enable Mid Byte on Data Lines

Read Example

LDX 2000 Loads mid byte and then low byte into
STX 0100 memory locations 0100 and 0101
LDAA 4000 Loads the high byte into memory
STAA 0102 location 0102

Figure 15. Memory Addresses and Read Example
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Figure 16. Interface Timing for the 6802/8

ACTIONS 6.

1. The microprocessor clock output is E. If the internal
HCTL-2020 inhibit is not active, new data is trans-
ferred from the internal counter to the position data
latch.

2. An even address output from the 6802 causes SEL to 7
go low. When E goes high, the address decoder out-
put for the HCTL-2020 OE signal goes low. This
causes the HCTL-2020 to output the middle byte of

the system counter (high byte of the HCTL-2020 8.

counter).

3. In this case, the HCTL-2020 counter has overflowed
and there is an output on the CNTgag line. This pulse
is counted by the 74LS697 but not loaded into the

output register of the 74LS697 at this time. 9.

4. The 6802 reads the data bus on the falling edge of E,
storing the high order 2020 data byte (middle system
byte) into the high byte of the index register. The chip

detects that OE and SEL are low on the falling edge of ~ 10-

E and activates the internal inhibit signal. The position
data latch is inhibited and data cannot be transferred

from the internal counter to the latch. 11.

5. When E goes low, the address decoder output is dis-
abled and OE goes high. The 6802 increments the

address, causing SEL to go high. The position data 12.

latch is still inhibited.

When SEL is high and OE is low the 74LS697 register
clock (RCK) goes high. The rising edge of RCK loads
the 74LS697 count into the 74LS697 register. Delaying
the RCK signal until the second OE allows for delays
on the CNTgag signal.

. The address decoder is enabled after E goes high.

The OE line goes low and the low data byte is enabled
onto the bus.

The 6802 reads the data bus on the falling edge of E,
storing the low order data byte into the low byte of the
index register. The HCTL-2020 detects that OE is low
and SEL is high on the falling edge of E, thus meeting
the first inhibit reset condition.

When E goes low, the address decoder is disabled,
causing OE to go high and the data lines to go to the
high impedance state. The 6802 continues its instruc-
tion execution, and the state of SEL is indeterminate.

The HCTL-2020 detects OE is high on the next falling
edge of E. This satisfies the second inhibit reset condi-
tion and the inhibit signal is reset.

When E goes high, a new address causes the G line on
the 74LS697 to go low and enables the high byte onto
the data bus.

When E goes low, the high byte is read into the 6802.
The data bus returns to tri-state.
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Interfacing the HCTL-20XX to mi i :
an Intel 8748 a2 e of

P 3 w
The circuit shown in Figure 17 shows the connections D:: 19 9 ;E é"
between an HCTL-20XX and an 8748. Data lines DO-D7 are Das 18 L) P =}
connected to the 8748 bus port. Bits 0 and 1 of port 1 are 8748 17 M b HCTL—20%X
used to control the SEL and OE inputs of the HCTL-20XX i 2|
respectively. TO is used to provide a clock signal to the Dea e . b
HCTL-20XX. The frequency of TO is the crystal frequency Des >
divided by 3. TO must be enabled by executing the ENTO De2 3 . b
CLK instruction after each system reset, but prior to the Da1 2 ; D1
first encoder position change. An 8748 program which Dgo Do

interfaces to the circuit in Figure 17 is given in Figure 18.

The resulting interface timing is shown in Figure 19. * NOTE: PIN NUMBERS ARE DIFFERENT FOR THE HCTL-2020

Figure 17. An HCTL-20XX-to-Intel 8748 Interface

LoC Object Code Source Statements Comments

000 99 00 ANL P1, 00H Enable output and higher order bits

002 08 INS A, BUS Load higher order bits into ACC

003 A8 MOVE RO A Move data to register 0

004 89 03 ORL P1, 01H Change data from high order to low order bits
006 08 INS A, BUS Load order bits into AC

008 A9 MOV R1, A Move data to register 1

009 89 03 ORL P1, 03H Disable outputs

00B 93 RETR Return

Figure 18. A Typical Program for Reading HCTL-20XX with an 8748
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CLK

| .
|
I : .
|
ERROGRAN  ANL, P1, 004 INsA,BUS | mMovRA onLer o || INSABUS MOV R, A ORL P1, 03H RETR
|
| |
| |
SEL ! ﬂ :
T | !
[ !
| |
—_ |
OE | |
| |
| ]
3 | |
! |
’ I
INHIBIT : I
|
BUS READ |
i ! i
DATA BUS % HIGH BYTE LOW BYTE : M

SN R © © ®

®

Figure 19. 8748 READ Cycle from Figure 18.

ACTIONS

1. ANL P1, 00H has just been executed. The output of bits 5. INS A, BUS has just been executed. Lower order data

0 and 1 of Port 1 cause SEL and OE to be logic low.

The data lines output the higher order byte. 6

2. The HCTL-20XX detects that OE and SEL are low on
the next falling edge of the CLK and asserts the internal
inhibit signal. Data can be read without regard for the
phase of the CLK.

3. INS A, BUS has just been executed. Data is read into

the 8748.

4. ORL PORT 1, 01H has just been executed. The pro-
gram sets SEL high and leaves OE low by writing the
correct values to port 1. The HCTL-20XX detects OE is
low and SEL is high on the next falling edge of the
CLK, and thus the first inhibit reset condition is met.

bits are read into the 8748.

. ORL P1, 03H has just been executed. The HCTL-20XX

detects OE high on the next falling edge of CLK. The
program sets OE and SEL high by writing the correct
values to port 1. This causes the data lines to be tri-
stated. This satisfies the second inhibit and reset condi-
tion. On the next rising CLK edge new data is trans-
ferred from the counter to the position data latch.
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General Purpose Motion

Control IC
Technical Data

Features

e Low Power CMOS

e PDIP and PLCC Versions
Available

e Enhanced Version of the
HCTL-1000

e DC, DC Brushless, and
Step Motor Control

o Position and Velocity
Control

¢ Programmable Digital
Filter and Commutator

+ 8-Bit Parallel, and PWM
Motor Command Ports

¢ TTL Compatible

e SYNC Pin for
Coordinating Multiple
HCTL-1100 ICs

* 100 kHz to 2 MHz
Operation

¢ Encoder Input Port

Description

The HCTL-1100 series is a high
performance, general purpose
motion control IC, fabricated in
HP CMOS technology. It frees
the host processor for other
tasks by performing all the
time-intensive functions of
digital motion control. The
programmability of all control
parameters provides maximum
flexibility and quick design of

Pinouts
swmern ~ whoE
ADo/DBg [ 2 39[]cs
AD/DB; [ 3 38 [JALE
AD2/DB; [} 4 37 JRW AD4DBS
AD3/DB3 [] 5 36 [J RESET ADS/IDBS
AD4/DB4 [] 6 35 [ vop DB6
ADs/0Bs [} 7 34 [JEXTCLK DB7
pBg ] 8 33 [JINDEX GND
08y [ 9 32[] GnD Vop
GND [ 10 31]CcHA PROF
Voo 1 30[JcHe INIT
PROF [ 12 29 [JpHD umir
nT 13 28 [JpHC sToP
omiT [ 14 27 [ rHB NC
sTor[] 15 26 [ PHA
PULSE(] 16 25 [Imc;
siGN[] 17 24 [IMcg
Mco[] 18 23 Imcs
mc, [ 19 22 Imc,
mcz [ 20 21{mcs

HEWLETT 2
Iﬁp PACKARD 5
: 3
g
HCTL-1100 Series

control systems with a
minimum number of
components. In addition to the
HCTL-1100, the complete
control system consists of a host
processor to specify commands,
an amplifier, and a motor with
an incremental encoder (such as
the HP HEDS-5XXX, -6XXX, -
9XXX series). No analog
compensation or velocity
feedback is necessary.

M N - O

‘Qn § S é % a jw %l.-u)

THHTIEH

minininininininininin|

6 5 4 3 2 1 4443 42 41 40
7 . 39 []NC
8 (TOP VIEW) 38 [ ]Vop
9 37 [ JEXTCLK
10 36 |_]iNDEX
1 35 [ JaND
12 3a [ JcHa
13 33 [ ]cHs
14 32 [ ]pHp
15 31 [ Tpnc
16 30 [pu
s 19 20 21 22 23 24 25 25 27 25 | IPHA

DISCHARGE.

ESD WARNING; NORMAL HANDLING PRECAUTIONS SHOULD BE TAKEN TO AVOID STATIC
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Pin Descriptions......

Applications

Typical applications for the
HCTL-1100 include printers,
medical instruments, material
handling machines, and
industrial automation.

HCTL-1100 vs.
HCTL-1000

The HCTL-1100 is designed to
replace the HCTL-1000. Some
differences exist, and some

enhancements have been added.

System Block Diagram

Comparison of HCTL-1100 and HCTL-1000

Pin Functionality Description HCTL-1100 HCTL-1000
O%zrt}tti:n of the HCTL'H(;(; Max. Supply Current 30 mA 180 mA
T 1173 oSO :
Register Block Diagram .15 Max. Power Dissipation 165 mW 950 mW
Register Reference Max. Tri-State Output ‘
Tables ............ RIS 16 Leakage Current ‘150 nA 10 pA
Register Descriptions .....19
Commutator .............. ...25 | Operating Frequency 100 kHz-2 MHz | 1 MHz-2 MHz
Operation Flowchart.......... 29 Operating Temperature
Setup Modes .................... 30 Range ’ _2000 to +85°C ooC to 7000
Hard Reset .... .30
SOft ReSet voeveeereeereeerinins 30 Storage Temperature Range | -55°C to +125°C ‘| -40°C to +125°C
K}itializationlld]e ............ gg Synchronize 2 or More ICS Yes ] _ !
1741 RO .
Control Modes ..........coueun.n. 30 Preset Actual Position
Position Control .............. 31 | Registers Yes -
Proportional ‘{eloclty ...... 31 Read Flag Register Yes _
Integral Velocity ............. 32 . :
Trapezoid Profile............. 34 | Limit and Stop Pins Must be pulled | Can be left
Applications of the | up to Vp,, if floating if not
HCTL-1100...............ccoeeee. 36 ‘ not used. used.
Interfacing the Hard Reset Required Re ded
HOTL-1100 to Host | ar se; v quire: commende:
Processors.......ccceeveveeennne 36 PLCC Package Available Yes -
Interfacing the k ,
HCTL-1100 to
Amplifiers and Motors....37
Additional Information
from HP..........cocovvvnvennnnee 39
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Package Dimensions

ORIENTATION NOTCH:
SHAPE MAY VARY

NOTES:
1.

EAé

LON

H PIN CENTERLINE TO BE LOCATED

WITHIN 0.010” OF ITS TRUE

IGITUDINAL POSITION.

2. LEAD FINISH: SOLDER COAT

3. DIMENSIONS ARE - ™M™

PIN NO. 1 ID

5232 , 0.25
2.060 ~ 0.010
03 , 0.25
0.080 ~ 0.010 "_

2.4

inches

1524, 025
381 , 005 °‘6°gm%°1°
0156~ 0.002 (SO

SEATING

PLANE

5.08
0.200 MAX.

0.64
__{ 0025 "

[ |
1657, 0.7
025 } 318 16.57, 0.7
0010 10.125 "N 0'6?1_006030
013 gq0e
0.00!

40-PIN PLASTIC DUAL INLINE PACKAGE

PIN1

; : T 127y
E 127 . 013 L (0.050)
1765 pay O ] (0.500) ~ (0.005) 074, 0076 14—
3 i (0.029) ~ (0.003)
(0.695) E - o )~ (0.003) f v oas . o0
[ . (0.017) ~ (0.004)
i = (0.656) MAX | 0017 " 0009

X ULITIoOooooony
17,65
(0.695) MAX
NOTES: 1. LEAD FINISH: SOLDER COAT

MM
2. DIMENSIONS ARE (INCHES)

|l 051
| {0.020) MIN

457
(.180) MAX

SEATING PLANE —

44 PIN PLASTIC LEADED CHIP CARRIER PACKAGE

Theory of Operation
The HCTL-1100 is a general
purpose motor controller which
provides position and velocity
control for DC, DC brushless
and stepper motors. The
internal block diagram of the
HCTL-1100 is shown in Figure
1. The HCTL-1100 receives its
input commands from a host
processor and position feedback
from an incremental encoder
with quadrature output. An 8-
bit bi-directional multiplexed
address/data bus interfaces the
HCTL-1100 to the host

processor. The encoder feedback
is decoded into quadrature
counts and a 24-bit counter
keeps track of position. The
HCTL-1100 executes any one of
four control algorithms selected
by the user. The four control
modes are:

¢ Position Control

¢ Proportional Velocity Control

* Trapezoidal Profile Control for
point to point moves

¢ Integral Velocity Control with
continuous velocity profiling
using linear acceleration
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The resident Position Profile
Generator calculates the
necessary profiles for
Trapezoidal Profile Control and
Integral Velocity Control. The
HCTL-1100 compares the
desired position (or velocity) to
the actual position (or velocity)
to compute compensated motor
commands using a
programmable digital filter
D(z). The motor command is
externally available at the
Motor Command port as an 8-
bit byte and at the PWM port as
a Pulse Width Modulated
(PWM) signal.

The HCTL-1100 has the
capability of providing
electronic commutation for DC
brushless and stepper motors.
Using the encoder position
information, the motor phases
are enabled in the correct
sequence. The commutator is
fully programmable to
encompass most motor/encoder
combinations. In addition,
phase overlap and phase
advance can be programmed to
improve torque ripple and high
speed performance. The HCTL-
1100 contains a number of flags
including two externally
available flags, Profile and
Initialization, which allow the
user to see or check the status of
the controller. It also has two
emergency inputs, Limit and
Stop, which allow operation of
the HCTL-1100 to be
interrupted under emergency
conditions.

The HCTL-1100 controller is a
digitally sampled data system.
While information from the host
processor is accepted
asynchronously with respect to
the control functions, the motor
command is computed on a
discrete sample time basis. The
sample timer is programmable.

CONTROL

2
2
2
]
E
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Mt STop PROF INIT
e e e el R _‘
' |
! |
I |
l I
| POSITION
| PROFILE EMERGENCY STATUS |
AD/DBg +——>1 GENERATOR FLAGS FLAGS : MGo
AD]/DB1<—:-—> : MC,
AD3/DB. ! INPUT ! Mc;
2/082 COMMAND ]
AD3/DB3 +——*1 MOTOR = Mc;
COMMAND !
AD4 /DBy PORT ; MCq
ADs /DB MCs
| vorort + D(2)
DBg +— > MCg
p DIGITAL
DB; FILTER mc;
ACE - |
T t |
cs _‘{ — — ! o : PULSE
OFE— | FEEDBACK I FORT ! SIGN
n/W—I» I
| : PHA
: PHB
SYNE COMMUTATOR
SYNe SAMPLE QUADRATURE PHC
EXTCLK Y en DECODER/
COUNTER PHD
RESET—I—>
| |
I |
| |
Y R U PSRRI SR |
CHA CHB INDEX
Figure 1. Internal Block Diagram.
SET/CLEAR FO, F3, OR F5*
RESETPIN  WRITE 00H
Low TO ROSH Fo
l 1 TRAPEZOIDAL
PROFILE
(CONTROLLER CLEARS ||
. FO AT THE END
RESET OF THE MOVE.)
| s

WRITE 02H
TO ROSH

INITIALIZATION

WRITE 01H
TO RO5H

ALIGN

|

RITE 03H
0 RO5H

POSITION
CONTROL

PROPORTIONAL
VELOCITY
CONTROL

F5

INTEGRAL
VELOCITY
CONTROL

FO,F3,F5

Figure 2. Operating Mode Flowchart
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Electrical Specifications

Absolute Maximum Ratings

Operating Temperature, T, ........c.ccocoeereiviniinineinrnnnirennns -20°C to 85°C
Storage Temperature, Tq.........cocooveeemiriieirirrierennnenns -55°C to 125°C
Supply Voltage, V..o -0.3Vto 7V

Input Voltage, Vi .ocoueeeiiiiicrcrccie 03VtoV, +03V
Maximum Operating Clock Frequency, fy . ...cccoovvevrrericnnnnnes 2 MHz
DC Electrical Characteristics
Vip =5V £5%; T, =-20°C to +85°C
Parameter Symbol | Min. | Typ. | Max. | Units Test Conditions
Supply Voltage Voo 4.75 5.00 5.25 v
Supply Current Iy 15 30 mA
Input Leakage Current Iy 10 100 nA Vi =0.00and 5.25V
Input Pull-Up Current
SYNC PIN Iy -40 -100 LA V=000V
Tristate Output Leakage
Current I, 10 150 nA Vour =-0.3t05.25 V
Input Low Voltage \'A -0.3 0.8 \4
Input High Voltage Vin 2.0 Voo \
Output Low Voltage Vou -0.3 0.4 A% I, =22mA
Output High Voltage Vox 2.4 Voo \'% I,y =-200 pA
Power Dissipation P, 75 165 mW
Input Capacitance Cn 20 pF
Output Capacitance Cour 100 pF
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AC Electrical Characteristics
Vop =58V £5%; T, =-20°C to +85°C; Units = nsec

Clock Frequency Formula*
D 2 MHz 1 MHz
# Signal Symbol | Min. | Max. | Min. | Max. | Min. Max.
1 | Clock Period (clk) topEr 500 1000
2 | Pulse Width, Clock High tepwr 230 300
3 | Pulse Width, Clock Low tepwr, 200 200 200
4 | Clock Rise and Fall Time ter 50 50 50
5 | Input Pulse Width Reset trer 2500 5000 5clk
6 | Input Pulse Width Stop, Limit tp 600 1100 lclk
+ 100 ns
7 | Input Pulse Width Index, Index ty 1600 3100 3 clk
+ 100 ns
8 | Input Pulse Width CHA, CHB tis 1600 3100 3clk
+ 100 ns
9 | Delay CHA to CHB Transition tyn 600 1100 1clk
+ 100 ns
10 | Input Rise/Fall Time CHA, CHB,
Index tiamg 450 900 900 (clk
< 1MHz)
11 | Input Rise/Fall Time Reset, ALE,
CS, OE, Stop, Limit tw 50 50 50
12 | Input Pulse Width ALE, CS tpw 80 80 80
13 | Delay Time, ALE Fall to CS Fall |  t,, 50 50 50
14 | Delay Time, ALE Rise to CS Rise|  t, 50 50 50
15 | Address Setup Time Before
ALE Rise basm1 20 20 20
16 | Address Setup Time Before CS tysk 20 20 20
Fall
17 | Write Data Setup Time Before
CS Rise tosr 20 20 20
18 | Address/Data Hold Time ty 20 20 20
19 | Setup Time, R/W Before CS Rise |  tycq 20 20 20
20 | Hold Time, R/W After CS Rise tym 20 20 20
21 | Delay Time, Write Cycle, CS
Rise to ALE Fall toean | 1700 3400 3.4 clk
22 | Delay Time, Read/Write, CS
Rise to CS Fall tescs 1500 3000 3 ck
23 | Write Cycle, ALE Fall to ALE
Fall For Next Write twe 1830 3530 3.7clk
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AC Electrical Characteristics, continued

Clock Frequency
Formula*
D 2 MHz 1 MHz
# Signal Symbol | Min. | Max. | Min. | Max.| Min. Max.
24 | Delay Time, CS Rise to OE Fall tesos | 1700 3200 3 clk
+ 200 ns
25 | Delay Time, OE Fall to Data
Bus Valid toEpE 100 100 100
26 | Delay Time, CS Rise to Data
Bus Valid teson 1800 3300 3 clk
+ 300 ns
27 | Input Pulse Width OE tpwor | 100 100 100
28 | Hold Time, Data Held After
OE Rise toorn 20 20 20
29 | Delay Time, Read Cycle,ﬁg
Rise to ALE Fall tesarr | 1820 3320 3 clk
+ 320 ns
30 | Read Cycle, ALE Fall to ALE
Fall For Next Read tec 1950 3450 3 clk
+ 450 ns
31 | Output Pulse Width, PROF,
INIT, Pulse, Sign, PHA-PHD,
MC Port te | 500 1000 1clk
32 | Output Rise/Fall Time, PROF,
INIT, Pulse, Sign, PHA-PHD,
MC Port tom 20 | 150 | 20 | 150 | 20 150
33 | Delay Time, Clock Rise to
Output Rise tep 20 300 20 300 20 300
34 | Delay Time, CS Rising to MC
Port Valid tosuc 1600 3200 3.2 clk
35 | Hold Time, ALE High After
CS Rise L. 100 100 100
36 | Pulse Width, ALE High [ — 100 100 100
37 | Pulse Width, SYNC Low teyne 9000 18000 18 clk

*General formula for determining AC characteristics for other clock frequencies (clk), between 100 kHz and 2 MHz.
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HCTL-1100 I/0 Timing Diagrams

Input logic level values are the TTL Logic levels V;; = 0.8 V and V,; = 2.0 V. Output logic levels are V
=04VandV ;=24V.
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INDEX 3
@ [ ®
®

——

PROF

INIT
SIGN
PULSE
PHASE




HCTL-1100 I/O Timing Diagrams

There are three different timing configurations which can be used to give the user flexibility to interface
the HCTL-1100 to most microprocessors. See the I/O interface section for more details.
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HCTL-1100 I/O Timing Diagrams
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Pin Descriptions and Functions

Input/Output Pins
Pin Number
Symbol |PDIP|PLCC Description
ADO/DBO- | 2-7 3-8 Address/Data Bus — Lower 6 bits of 8-bit I/O port which are

AD5/DB5

multiplexed between address and data.

DB6,DB7 | 8,9 | 9,10 | Data bus — Upper 2 bits of 8-bit I/0 port used for data only.
Input Signals
Pin Number
Symbol |PDIP|PLCC Description

CHA/CHB |31, 30| 34, 33 | Channel A, B — Input pins for position feedback from an incremental
shaft encoder. Two channels, A and B, 90 degrees out of phase are
required.

Index 33 36 Index Pulse — Input from the reference or index pulse of an incre-

i mental encoder. Used only in conjunction with the Commutator, Either
a low or high true signal can be used with the Index pin. See Timing
Diagrams and Encoder Interface section for more detail.

RW 37 41 Read/Write — Determines direction of data exchange for the I/O port.

ALE 38 42 Address Latch Enable — Enables lower 6 bits of external data bus into
internal address latch.

CsS 39 43 Chip Select — Performs I/O operation dependent on status of R/W line.
For a Write, the external bus data is written into the internal
addressed location. For Read, data is read from an internal location
into an internal output latch.

OE 40 44 Output Enable — Enables the data in the internal output latch onto the
external data bus to complete a Read operation.

Limit 14 15 Limit Switch — An internal flag which when externally set, triggers an
unconditional branch to the Initialization/Idle mode before the next
control sample is executed. Motor Command is set to zero. Status of
the Limit flag is monitored in the Status register.

Stop 15 16 Stop Flag — An internal flag that is externally set. When flag is set
during Integral Velocity Control mode, the Motor Command is
decelerated to a stop.

Reset 36 40 Reset — A hard reset of internal circuitry and a branch to Reset mode.

ExtClk 34 37 External Clock

Vo 11, 35| 12, 38 | Voltage Supply — Both V, pins must be connected to a 5.0 volt supply.

GND 10, 32| 1,11, | Circuit Ground

23,35
SYNC 1 2 Used to synchronize multiple HCTL-1100 sample timers.
NC — 117,39 | Not connected. These pins should be left floating.
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Output Pins
Pin Number
Symbol |PDIP|PLCC Description
MCO0-MC7 | 18-25 | 20-22, | Motor Command Port — 8-bit output port which contains the digital
24-28 | motor command adjusted for easy bipolar DAC interfacing. MC7 is

the most significant bit (MSB).

Pulse 16 18 Pulse — Pulse width modulated signal whose duty cycle is proportional
to the Motor Command magnitude. The frequency of the signal is
External Clock/100 and pulse width is resolved into 100 external clocks.

Sign 17 19 Sign — Gives the sign/direction of the pulse signal.

PHA-PHD | 26-29 | 29-32 | Phase A, B, C, D — Phase Enable outputs of the Commutator.

Prof 12 13 Profile Flag — Status flag which indicates that the controller is execut-
ing a profiled position move in the Trapezoidal Profile Control mode.

Init 13 14 Initialization/Idle Flag — Status flag which indicates that the controller
is in the Initialization/Idle mode.

Pin Functionality
SYNC Pin

The SYNC pin is used to syn-
chronize two or more ICs. It is
only valid in the INIT/IDLE
mode.(see Operating the HCTL-
1100). When this pin is pulled
low, the internal sample timer
is cleared and held to zero.
When the level on the pin is
returned to high, the internal
sample timer instantly starts
counting down from the pro-
grammed value.

Connecting all SYNC pins
together in the system and
pulsing the SYNC signal from
the host processor will syn-
chronize all controllers.

Limit Pin

This emergency-flag input is
used to disable the control
modes of the HCTL-1100. A low
level on this input pin causes
the internal Limit flag to be set.
If this pin is NOT used, it must
be pulled up to V. If it is not
connected, the pin could float
low, and possibly trigger a false
emergency condition.

The Limit flag, when set in any
control mode, causes the HCTL-
1100 to go into the Initializa-
tion/Idle mode, clearing the
Motor Command and causing an
immediate motor shutdown.
When the Limit flag is set, none
of the three control mode flags
(F0, F3, or F5) are cleared as
the HCTL-1100 enters the In-
itialization/Idle mode. The user
should be aware that these flags
are still set before commanding
the HCTL-1100 to re-enter one
of the four control modes from
Initialization/Idle mode.

In general, the user should clear
all control mode flags after the
limit pin has been pulled low,
then proceed.

‘Stop Pin

The Stop flag affects the HCTL-
1100 only in the Integral
Velocity Mode.

When a low level is present on
this emergency-flag input, the
internal stop flag is set. If this
pin is NOT used, it must be
pulled up to V.. If it is not
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connected, the pin could float
low, and possibly trigger a false
emergency condition.

When the STOP flag is set, the
system will come to a deceler-
ated stop and stay in this mode
with a command velocity of zero
until the Stop flag is cleared
and a new command velocity is
specified.

Notes on Limit and Stop
Flags

Stop and Limit flags are set by a
low level input at their respec-
tive pins. The flags can only be
cleared when the input to the
corresponding pin goes high,
signifying that the emergency
condition has been corrected,
AND a write to the Status regis-
ter (RO7H) is executed. That is,
after the emergency pin has
been set and cleared, the flag
also must be cleared by writing
to RO7H. Any word that is writ-
ten to RO7H after the emer-
gency pin is set and cleared will
clear the emergency flag. The
lower four bits of that word will
also reconfigure the Status
register.



Encoder Input Pins (CHA,
CHB, INDEX)

The HCTL-1100 accepts TTL
compatible outputs from 2 and 3
channel incremental encoders
such as the HEDS-5XXX, 6XXX,
and 9XXX series encoders.
Channels A and B are internally
decoded into quadrature counts
which increment or decrement
the 24-bit position counter. For
example, a 500-count encoder is
decoded into 2000 quadrature
counts per revolution. The
position counter will be incre-
mented when Channel B leads
Channel A. The Index channel
is used only for the Commutator
and its function is to serve as a
reference point for the internal
Ring Counter.

The HCTL-1100 employs an
internal 3-bit state delay filter
to remove any noise spikes from
the encoder inputs to the HCTL-
1100. This 3-bit state delay
filter requires the encoder in-
puts to remain stable for three
consecutive clock rising edges
for an encoder pulse to be
considered valid by the HCTL-
1100's actual position counter
(i.e., an encoder pulse must
remain at a logic level high or
low for three consecutive clock
rising edges for the HCTL-
1100's actual position counter to
be incremented or
decremented.) The designer
should therefore generally avoid
creating the encoder pulses of
less than 3 clock cycles.

The index signal of an encoder
is used in conjunction with the
Commutator. It resets the
internal ring counter which
keeps track of the rotor position
so that no cumulative errors are
generated.

The Index pin of the HCTL-
1100 also has a 3-bit filter on its
input. The Index pin is active
low and level transition
sensitive. It detects a valid high-
to-low transition and qualifies
the low input level through the
3-bit filter. At this point, the
Index signal is internally
detected by the commutator
logic. This type of configuraiton
allows an Index or Index signal
to be used to generate the
reference mark for commutator
operation as long as the AC
specifications for the Index
signal are met.

Motor Command Port (MCO-
MC7)

The 8-bit Motor Command port
consists of register ROSH whose
data goes directly to external
pins MC0-MC7. MC7 is the
most significant bit. ROSH can
be read and written to, however,
it should be written to only
during the Initialization/Idle
mode. During any of the four
Control modes, the controller
writes the motor command into
RO8H.

This topic is further discussed
in the “Register Section” under
“Motor Command Register
ROSH”. -

Pulse Width Modulation
(PWM) Output Port (Pulse,
Sign)

The PWM port consists of the
Pulse and Sign pins. The PWM
port outputs the motor
command as a pulse width
modulated signal with the
correct polarity. This topic is
further discussed in the
“Register Section” under “PWM
Motor Command Register
RO9H”.
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Trapezoid Profile Pin (Prof)
The Trapezoid Profile Pin is
internally connected to software
flag bit 4 in the Status Register.
This flag is also represented by
bit 0 in the Flag Register
(ROOH). See the “Register
Section” for more information.
Both the Pin and the Flag
indicate the status of a trape-
zoid profile move. When the
HCTL-1100 begins a trapezoid
move, this flag is set by the
controller (a high level appears
on the pin), indicating the move
is in progress. When the HCTL-
1100 finishes the move, this flag
is cleared by the controller.

Note that the instant the flag is
cleared may not be the same
instant the motor stops. The
flag indicates the completion of
the command profile, not the
actual profile. If the motor is
stalled during the move, or can-
not physically keep up with the
move, the flag will be cleared
before the move is finished.

INIT/IDLE Pin (INIT)

This pin indicates that the
HCTL-1100 is in the INIT/IDLE
mode, waiting to begin control.
This pin is internally connected
to the software flag bit 5 in the
Status Register RO7H. This flag
is also represented by bit 1 in
the Flag Register (ROOH) (See
the “Register Section” for more
information).

Commutator Pins (PHA-
PHD)

These pins are connected only
when using the commutator of
the HCTL-1100 to drive a
brushless motor or step motor.
The four pins can be
programmed to energize each
winding on a multiphase motor.



Operation of the

HCTL-1100
Registers

The HCTL-1100 operation is
controlled by a bank of 64 8-bit
registers, 35 of which are user

accessible. These registers
contain command and
configuration information
necessary to properly run the
controller chip. The 35 user-
accessible registers are listed in
Tables 1 and 2. The register
number is also the address. A

POSITION PROFILE GENERATION

INTEGRAL
VELOCITY

TRAPEZOIDAL
PROFILE

R27H ACCEL MSB

R26H ACCEL LSB

R3CH COMMAND
VELOCITY

R27H ACCEL MSB
R26H ACCEL LSB

CONFIGURATION
REGISTERS

ROOH FLAG REGISTER
RO5H PROGRAM COUNTER
RO7H STATUS REGISTER

R28H MAXIMUM VELOCITY °
R2BH FINAL POS MSB °
R2AH FINAL POS M
R29H FINAL POS LSB .
L]
Y
COMMAND VELOCITY COMMAND POSITION
R24H MSB ROCH MSB
R23H LSB RODH
ROEH LSB
[ A8 |
—0\ o

m————
J

-

~

r————=

DIGITAL FILTER

_ K(z -A/256)
Dl = ot 872561 —o’[/
R20H A

R21H B
R22H K

SAMPLE TIMER

ROFH

ACTUAL VELOCITY

0|
<
2]
O

ACTUAL POSITION

R35H MSB

R12H MSB R15H

R34H LSB

functional block diagram of the
HCTL-1100 which shows the
role of the user-accessible
registers is also included in
Figure 3. The other 29 registers
are used by the internal CPU as
scratch registers and should not
be accessed by the user.

8-BIT PARALLEL
MOTOR COMMAND
PORT
RO8H = MCo-MCy
PWM MOTOR |——— PULSE
COMMAND PORT SIGN
ROSH

COMMUTATOR PORT

R18H RING
R1AH X

R13H R16H
R14H LSB R17H

A = e PROPORTIONAL VELOCITY
CONTROL MODE

B = ® POSITION CONTROL MODE

® INTEGRAL VELOCITY CONTROL MODE
® TRAPEZOIDAL PROFILE MODE

Figure 3. Register Block Diagram

QUADRATURE DECODER

CHA CHB
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R1CH OFFSET
R1FH MAX ADVANCE
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Table 1. Register Reference By Mode

Register

User
Hex Dec. Function Data Type!!! Access
General Control
ROOH ROOD Flag Register r/w
RO5H RO5D Program Counter scalar r/w
RO7TH RO7D Status Register - r/w?
ROFH R15D Sample Timer scalar r/w
R12H R18D Read Actual Position MSB 2’s Complement 4
R13H R19D Read Actual Position 2’s Complement ri4/wisl
R14H R20D Read Actual Position LSB 2’s Complement ri4
R15H R21D Preset Actual Position MSB 2’s Complement wiel
R16H R22D Preset Actual Position 2’s Complement wit]
R17H R23D Preset Actual Position LSB 2’s Complement w8l
Output Registers
RO7TH RO7D Sign Reversal Inhibit - r/w®
ROSH R08D 8 bit Motor Command 2’s Complement+80H r/w
RO9H R0O9D PWM Motor Command 2’s Complement r/w
Filter Registers
R20H R32D Filter Zero, A scalar r/w
R21H R33D Filter Pole, B scalar r/w
R22H R34D Gain, K scalar r/w
Commutator Registers
RO7H RO7D Status Register - r/w?
R18H R24D Commutator Ring scalar'®”! r/w
R19H R25D Velocity Timer scalar w
R1AH R26D X scalar!®” r/w
R1BH R27D Y Phase Overlap scalart®”] r/w
R1CH R28D Offset 2’s Complement!” r/w
R1FH R31D Max. Phase Advance scalar!®” r/w
Position Control Mode
ROOH ROOD Flag Register - r/w
R12H R18D Read Actual Position MSB 2’s Complement il
R13H R19D Read Actual Position 2’s Complement ri4/wis!
R14H R20D Read Actual Position LSB 2’s Complement il
ROCH R12D Command Position MSB 2’s Complement r/wi!
RODH R13D Command Position 2’s Complement r/wt
ROEH R14D Command Position LSB 2’s Complement r/wi

1-92




Table 1. Continued

Register

User
Hex Dec. Function Data Type Access
Trapezoid Profile Control Mode
ROOH ROOD Flag Register - r/w
RO7H RO7D Status Register - r/wi
R12H R18D Read Actual Position MSB 2’s Complement ri4)
R13H R19D Read Actual Position 2’s Complement 4wt
R14H R20D Read Actual Position LSB 2’s Complement 4
R29H R41D Final Position LSB 2’s Complement r/w
R2AH R42D Final Position 2’s Complement r/w
R2BH R43D Final Position MSB 2’s Complement r/w
R26H R38D Acceleration LSB scalar r/w
R27H R39D Acceleration MSB scalar'® r/w
R28H R40D Maximum Velocity scalarf® r/w
Integral Velocity Mode
ROOH ROOD Flag Register - r/w
R12H R18D Read Actual Position MSB 2’s Complement ri4
R13H R19D Read Actual Position 2’s Complement ri4l/wis!
R14H R20D Read Actual Position LSB 2’s Complement ri4
R26H R38D Acceleration LSB scalar r/w
R27H R39D Acceleration MSB scalar®® r/w
R3CH R60D Command Velocity 2’s Complement r/w
Proportional Velocity Mode
ROOH ROOD Flag Register - r/w
R12H R18D Read Actual Position MSB 2’s Complement ri4l
R13H R19D Read Actual Position 2’s Complement ri4)/wl5!
R14H R20D Read Actual Position LSB 2’s Complement ritl
R23H R35D Command Velocity LSB 2’s Complement r/w
R24H R36D Command Velocity MSB 2’s Complement r/w
R34H R52D Actual Velocity LSB 2’s Complement r
R35H R53D Actual Velocity MSB 2’s Complement r

Notes:

. Consult appropriate section for data format and use.

. Upper 4 bits are read only.

. Writing to ROEH (LSB) latches all 24 bits.

data in R12H and R13H.

. Writing to R13H clears Actual Position Counter to zero.
. The scalar data is limited to positive numbers (00H to 7FH).

1
2
3
4. Reading R14H (LSB) latches
5
6
7

. The commutator registers (R18H, R1CH, R1FH) have further limits which are discussed in the Commutator section of this

data sheet.

8. Writing to R17H (R23D) latches all 24 bits (only in INIT/IDLE mode).
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Table 2. Register Reference Table by Register Number

Register
User
Hex Dec. Function Mode Used Data Type Access
ROOH ROOD Flag Register All - r/w
RO5H RO5D Program Counter All scalar w
RO7TH RO7D Status Register All - r/wi2l
RO8H R0O8D 8 bit Motor Command Port All 2's complement
+ 80H r/w
RO9H RO9D PWM Motor Command Port All 2's complement r/w
ROCH R12D Command Position (MSB) All except Proportional 2's complement r/wid
Velocity
RODH R13D Command Position All except Proportional 2's complement r/widl
Velocity
ROEH R14D Command Position (LSB) All except Proportional 2's complement r/wi3
Velocity
ROFH R15D Sample Timer All scalar r/w
R12H R18D Read Actual Position (MSB) All 2's complement 4
R13H R19D Read Actual Position All 2's complement ri4)/wls]
R14H R20D Read Actual Position (LSB) All 2's complement 4
R15H R21D Preset Actual Position (MSB) INIT/IDLE 2's complement wisl
R16H R22D Preset Actual Position INIT/IDLE 2's complement wiel
R17H R23D Preset Actual Position (LSB) INIT/IDLE 2's complement wisl
R18H R24D Commutator Ring All scalar(®” r/w
R19H R25D Commutator Velocity Timer All scalar w
R1AH R26D X All scalarl® r/w
R1BH R27D Y Phase Overlap All scalar(® riw
R1CH R28D Offset All 2's complement!” | r/w
R1FH R31D Maximum Phase Advance All scalarl®” r/w
R20H R32D Filter Zero, A All except Proportional scalar r/w
Velocity
R21H R33D Filter Pole, B All except Proportional scalar r/w
Velocity
R22H R34D Gain, K All scalar r/w
R23H R35D Command Velocity (LSB) Proportional Velocity 2's complement r/w
R24H R36D Command Velocity (MSB) Proportional Velocity 2's complement r/w
R26H R38D Acceleration (LSB) Integral Velocity and scalar r/w
Trapezoidal Profile
R27H R39D Acceleration (MSB) Integral Velocity and scalari® r/w
Trapezoidal Profile
R28H R40D Maximum Velocity Trapezoidal Profile scalart®! r/w
R29H R41D Final Position (LSB) Trapezoidal Profile 2's complement r/w
R2AH R42D Final Position Trapezoidal Profile 2's complement r/w
R2BH R43D Final Position (MSB) Trapezoidal Profile 2's complement r/w
R34H R52D Actual Velocity (LSB) Proportional Velocity 2's complement r
R35H R53D Actual Velocity (MSB) Proportional Velocity 2's complement r
R3CH R60D Command Velocity Integral Velocity 2's complement r/w
Notes:

1. Consult appropriate section for data format and use.

2. Upper 4 bits are read only.

3. Writing to ROEH (LSB) latches all 24 bits.

4. Reading R14H (LSB) latches data in R12H and R13H.
5. Writing to R13H clears Actual Position Counter to zero.

6. The scalar data is limited to positive numbers (00H to 7FH).

7. The commutator registers (R18H, R1CH, R1FH) have further limits which are discussed in the Commutator section of this

data sheet.

8. Writing to R17H (R23D) latches all 24 bits (only in INIT/IDLE mode).
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Register Descriptions -
General Control,
Output, Filter, and
Commutator

Flag Register (ROOH)

The Flag register contains flags
FO through F5. This register is
a read/write register. Each flag
is set and cleared by writing an
8-bit data word to ROOH. When
writing to ROOH, the upper four
bits are ignored by the HCTL-
1100, bits 0,1,2 specify the flag
address, and bit 3 specifies
whether to set (bit=1) or clear
(bit=0) the addressed flag.

Flag Descriptions
F0-Trapezoidal Profile Flag —
set by the user to execute
Trapezoidal Profile Control. The
flag is reset by the controller
when the move is completed.
The status of FO can be
monitored at the Profile pin and
in Status register RO7H bit 4.

F1-Initialization/Idle Flag — set/
cleared by the HCTL-1100 to
indicate execution of the
Initialization/Idle mode. The
status of F1 can be monitored at
the Initialization/Idle pin and in
bit 5 of the Status register
(RO7H). The user should not
attempt to set or clear F1.

F2-Unipolar Flag — set/cleared
by the user to specify Bipolar
(clear) or Unipolar (set) mode
for the Motor Command port.

F3-Proportional Velocity
Control Flag — set by the user to
specify Proportional Velocity
control.

F4-Hold Commutator flag — set/
cleared by the user or auto-
matically by the Align mode.
When set, this flag inhibits the
internal commutator counters to

allow open loop stepping of a
motor by using the commutator.
(See "Offset register”
description in the "Commutator
section.")

F5-Integral Velocity Control —
set by the user to specify
Integral Velocity Control. Also
set and cleared by the HCTL-
1100 during execution of the
Trapezoidal Profile mode. This
is transparent to the user except
when the Limit flag is set (see
"Emergency Flags" section).

Writing to the Flag Register
When writing to the flag
register, only the lower four bits
are used. Bit 3 indicates
whether to set or clear a certain
flag, and bits 0,1,and 2 indicate
the desired flag. The following
table shows the bit map of the
Flag register:

Bit Number | Function
7-4 Don't Care
3 1=set
0 = clear
2 AD2
1 AD1
0 ADO

The following table outlines the
possible writes to the Flag
Register:

Flag | SET | CLEAR
Fo 08H 00H
F1 - -
F2 0AH 02H
F3 0BH 03H
F4 0CH 04H
F5 0DH 05H
Reading the Flag Register

Reading register ROOH returns
the status of the flags in bits 0
to 5. For example, if bit 0 is set
(logic 1), then flag F0 is set. If
bit 4 is set, then flag F4 is set. If
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bits 0 and 5 are set, then both
flags FO and F5 are set.

The following table outlines the

Flag Register Read:
Flag
Bit (1 = set)
Number | (0= clear)
8-6 Don't Care
5 F5
4 F4
3 F3
2 F2
1 F1
0 Fo
Notes:

1. A soft reset (writing 00H to RO5H)
will not reset the flags in the flag reg-
ister. A hard reset (RESET pin low)
is required to reset all the flags. The
flags can also be reset by writing the
proper word to the Flag register as
explained above.

. While in Trapezoid Profile Mode,
Flag FO will be set, and Flag F5 may
be set. F'5 is used for internal pur-
poses. Both flags will be cleared at
the end of the profile.

N

Program Counter Register
(RO5H)

The Program Counter, which is
a write-only register, executes
the preprogrammed functions of
the controller. The program
counter is used along with the
control flags F0, F3, and F5 in
the Flag register (ROOH) to
change control modes. The user
can write any of the following
four commands to the Program

Counter.
Value
written
to RO5H Action
00H Software Reset
01H Enter Init/Idle Mode
02H Enter Align Mode
(only from INIT/
IDLE Mode)
03H Enter Control Mode
(only from INIT/
IDLE Mode)




These Commands are discussed
in more detail in the “Operating
Modes” section.

Status Register (RO7H)
The Status register indicates
the status of the HCTL-1100.

Each bit decodes into one signal.

All 8 bits are user readable and
are decoded as shown below.
Only the lower 4 bits can be
written to by the user to
configure the HCTL-1100. To
set or clear any of the lower 4
bits, the user writes an 8-bit
word to RO7H. The upper 4 bits
are ignored. Each of the lower 4
bits directly sets/clears the

Reversal Inhibit, sets the
Commutator Phase
Configuration to "3 Phase", and
sets the Commutator Count
Configuration to "full".

Motor Command Register
(ROSH)

The 8-bit Motor Command Port
consists of register ROSH. The
register is connected to éxternal
pins MC0-MC7. MC7 is the
most significant bit. ROSH can
be read and written to; however,
it should be written to only in
the Initialization/Idle mode.
During any of the four control
modes, the HCTL-1100 writes

corresponding bit of the Status values to register ROSH.
register as shown below. For
example, writing XXXX0101 to The Motor Command Port
RO7H sets the PWM Sign operates in two modes, bipolar
Table 3. Status Register
Status Bit | Function
0 PWM Sign Reversal Inhibit
0 = off
l1=on
1 Commutator Phase Configuration
0 = 3 phase
1 =4 phase
2 Commutator Count Configuration
0 = quadrature
1="full
Should always be set to 0

Trapezoidal Profile Flag FO
1 = in Profile Control

5 Initialization/Idle Flag F1
1 = in Initialization/Idle Mode

6 Stop Flag

0 = set (Stop triggered)
1 = cleared (no Stop)

7 Limit Flag

0 = set (Limit triggered)
1 = cleared (no Limit)
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and unipolar, when under
control of internal software.
Bipolar mode allows the full
range of values in RO8H (-128D
to +127D). The data written to
the Motor Command Port by the
control algorithms is the
internally computed 2’s-
complement motor command
with an 80H offset added. This
allows direct interfacing to a
DAC. Connecting the Motor
Command Port to a DAC,
Bipolar mode allows the full
voltage swing (positive and
negative).

Unipolar mode functions such
that with the same DAC circuit,
the motor command output is
restricted to positive values
(80H to FFH) when in a control
mode. Unipolar mode is used
with multi-phase motors when
the commutator controls the
direction of movement. (If
needed, the Sign pin could be
used to indicate direction). In
Unipolar mode, the user can
still write a negative value to
RO8H in INIT/IDLE mode.

Unipolar mode or Bipolar mode
is programmed by setting or
clearing flag F2 in the Flag
Register ROOH.

Internally, the HCTL-1100
operates on data of 24, 16 and
8-bit lengths to produce the
8-bit motor command, available
externally. Many times the
computed motor command will
be greater than 8 bits. At this
point, the motor command is
saturated by the controller. The
saturated value output by the
controller is not the full scale
value 00H (00D), or FFH



(255D). The saturated value is
adjusted to OFH (15D) (negative
saturation) and FOH (240D)
(positive saturation). Saturation
levels for the Motor Command
port are in Figure 4.

PWM Motor Command
Register (RO9H)

The PWM port outputs the
motor command as a pulse
width modulated signal with
the correct sign of polarity. The
PWM port consists of the Pulse
and Sign pins and RO9H.

UNIPOLAR
OPERATION

The PWM signal at the Pulse
pin has a frequency of External
Clock/100 and the duty cycle is
resolved into the 100 clocks.
(For example, a 2 MHz clock
gives a 20 KHz PWM
frequency).

The Sign pin gives the polarity
of the command. Low output on
Sign pin is positive polarity.

The 2's-complement contents of
RO9H determine the duty cycle
and polarity of the PWM

+Vour
(VOLTS)

command. For example, DSH
(—40D) gives a 40% duty cycle
signal at the Pulse pin and
forces the Sign pin high. Data
outside the 64H (+100D) to 9CH
(~100D) linear range gives 100%
duty cycle. RO9H can be read
and written to. However, the
user should only write to RO9H
when the controller is in the
Initialization/Idle mode.

Figure 5 shows the PWM output
versus the internal motor
command.

BOTH BIPOLAR
<—— AND UNIPOLAR

OPERATION
—t——

|
)
i
|l

DIGITAL FILTER OUTPUT -128D0 112D 1270 DIGITAL FILTER QUTPUT
(2's COMPLEMENT) (80H) (70H) (7FH) (2's COMPLEMENT)

(-) MOTGR COMMAND 8] 240D 255D (+) MOTOR COMMAND
OUTPUT (00H) (FOH) (FFH) OUTPUT

[2's COMPLEMENT +80H]

BIPOLAR
OPERATION

-Vour
(VOLTS)

Figure 4. Motor Command Port Output
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When any Control mode is being
executed, the unadjusted
internal 2's-complement motor
command is written to RO9H.
Because of the hardware limit
on the linear range (64H to
9CH, +100D), the PWM port
saturates sooner than the 8-bit
Motor Command port (00H to
FFH, +127D to —128D). When
the internal motor command
saturates above 8 bits, the PWM

shows the actual values inside
the PWM port. Note that the
Unipolar flag, F2, does not
affect the PWM port.

For commutation of brushless
motors with the PWM port, only
use the Pulse pin from the PWM
port as the commutator already
contains sign information. (See
Figure 9.)

type amplifiers. The option is
Sign Reversal Inhibit, which
inhibits the Pulse output for one
PWM period after a sign
polarity reversal. This allows
one pair of transistors to turn
off before others are turned on
and thereby avoids a short
across the power supply. Bit 0
in the Status register (RO7H)
controls the Sign Reversal
Inhibit option. Figure 6 shows

port is saturated to the full The PWM port has an option the output of the PWM port
+100% duty cycle level. Figure 5  that can be used with H-bridge when Bit 0 is set.
PWM
PULSE DUTY CYCLE (%)
SIGN = HIGH 100 SIGN = LOW

| —— e
| I | :

| 5 |
[ S N /A
o L

| N 50 | I |
' | | | |
| | | | | | | |
| I | ' s ' ' I |
I ! | ' | | I |

RO9H | | Il . | | | | | 1 ROSH
CONTENTS -128D -100D -75D -50D - -25D oD 25D 50D 75D 100D 127D CONTENTS
(80H) (9CH) (BSH) (CEH) (E7H) (00H) (19H) (32H) (4BH) (64H) (7FH)
Figure 5. PWM Port Output
v |
SIGN
PULSE F——n
b
TIME

Figure 6. Sign Reversal Inhibit
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Actual Position Registers
Read, Clear: R12H,R13H,R14H
Preset : R15H,R16H,R17H

The Actual Position Register is
accessed by two sets of registers
in the HCTL-1100. When
reading the Actual Position
from the HCTL-1100, the host
processor will read Registers
R12H(MSB), R13H, and
R14H(LSB). When presetting
the Actual Position Register, the
processor will write to Registers
R15H(MSB), R16H, and
R17H(LSB).

When reading the Actual
Position registers, the order
should be R14H, R13H, R12H.
These registers are latched,
such that, when reading
Register R14H, all three bytes
will be latched so that count
data does not change while
reading three separate bytes.

When presetting the Actual
Position Register, write to R15H
and R16H first. When R17H is
written to, all three bytes are
simultaneously loaded into the
Actual Position Register.

Note that presetting the Actual
Position Registers is only
allowed while the HCTL-1100 is
in INIT/IDLE mode.

The Actual Position Registers
can be simultaneously cleared
at any time by writing any
value to R13H.

Digital Filter Registers
Zero (A) R20H
Pole (B) R21H
Gain (K) R22H

All control modes use some part
of the programmable digital
filter D(z) to compensate for
closed loop system stability. The
compensation D(z) has the form:

A
K|{z——
256
B
4 | z+—
256
where:

z = the digital domain operator
K = digital filter gain (R22H)
A = digital filter zero (R20H)
B = digital filter pole (R21H)

D(z) = [1]

The compensation is a first-order
lead filter which in combination
with the Sample Timer T
(ROFH) affects the dynamic step
response and stability of the
control system. The Sample
Timer, T, determines the rate at
which the control algorithm gets
executed. All parameters, A, B,
K, and T, are 8-bit scalars that
can be changed by the user any
time.

As shown in equations [2] and
[3], the digital filter uses
previously sampled data to
calculate D(z). This old
internally sampled data is
cleared when the Initialization/
Idle mode is executed.
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In Position Control, Integral
Velocity Control, and Trape-
zoidal Profile Control the digital
filter is implemented in the time
domain as shown below:

MC, = (K/M4)X) -
[(A/256)(K/A)(X, ) +
(B/256XMC, )] [2]

where:

n = current sample time

n-1 = previous sample time

MC, = Motor Command
Output at n

MC, , = Motor Command
Output at n-1

X, = (Command Position —
Actual Position) at n

X, = (Command Position —

Actual Position) at n-1

In Proportional Velocity control
the digital compensation filter is
implemented in the time
domain as:

MC,_ = (K/M4XY,) [3]
where:

Y, =(Command Velocity —
Actual Velocity) at n

For more information on system
sampling times, bandwidth, and
stability, please consult
Hewlett-Packard Application
Note 1032, Design of the HCTL-
1000°s Digital Filter Parameters
by the Combination Method.



Sample Timer Register
(ROFH)

The contents of this register set
the sampling period of the
HCTL-1100. The sampling
period is:

t = 16(T+1)(1/frequency of the
external clock) [4]

where:
T = contents of register ROFH

The Sample Timer has a limit
on the minimum allowable
sample time depending on the
control mode being executed.
The limits are given in Table 4
below.

The minimum value limits are
to make sure the internal pro-
grams have enough time to com-
plete proper execution.

The maximum value of T (ROFH)
is FFH (255D). With a 2 MHz
clock, the sample time can vary
from 64 psec to 2048 psec. With
a 1 MHz clock, the sample time
can vary from 128 psec to 4096
usec.

Digital closed-loop systems with
slow sampling times have lower
stability and a lower bandwidth
than similar systems with faster
sampling times. To keep the
system stability and bandwidth
as high as possible the HCTL-

programmed with the fastest
sampling time possible. This
rule of thumb must be balanced
by the needs of the velocity
range to be controlled. Velocities
are specified to the HCTL-1100
in terms of quadrature encoder
counts per sample time. The
faster the sampling time, the
higher the slowest possible
speed.

Hardware Description

The Sample Timer consists of a
buffer and a decrement counter.
Each time the counter reaches
00H, the Sampler Timer Value
T (value written to ROFH) is
loaded from the buffer into the
counter, which immediately
begins to decrement from T.

Writing to the Sample Timer
Register

Data written to ROFH will be
latched into the internal buffer
and used by the counter after it
completes the present sample
time cycle by decrementing to
00H. The next sample time will
use the newly written data.

Reading the Sample Timer
Register

Reading ROFH gives the values
directly from the decrementing
counter. Therefore, the data
read from ROFH will have a
value anywhere between T and
00H, depending where in the

1100 should typically be sample time cycle the counter is.
Table 4.
ROFH Contents
Control Mode Minimum Limit
Position Control 07H(07D)
Proportional Velocity Control 07H(07D)
Trapezoidal Profile Control O0FH(15D)
Integral Velocity Control 0FH(15D)

Example —

1. On reset, the value of the
timer is pre-set to 40H.

2. Reading ROFH shows
S3EH .. .2BH.. .08H. ..
3CH. ..

Synchronizing Multiple Axes
Synchronizing multiple axes
with HCTL-1100s can be
achieved by using the SYNC pin
as explained in the Pin Discus-
sion section. Some users may
not only want to synchronize
several HCTL-1100s but also
follow custom profiles for each
axis. To do this, the user may
need to write a new command
position or command velocity
during each sample time for the
duration of the profile. In this
case, data written to the HCTL-
1100 has to be coordinated with
the Sample Timer. This is so
that only one command position
or velocity is received during
any one sample period, and that
it is written at the proper time
within a sample period.

At the beginning of each sample
period, the HCTL-1100 is
performing calculations and
executions. New command
positions and velocities should
not be written to the HCTL-
1100 during this time. If they
are, the calculations may be
thrown off and cause
unpredictable control.

The user can read the Sample
Timer Register to avoid writing
too early during a sample
period. Since the Sample Timer
Register continuously counts
down from its programmed
value, the user can check if
enough time has passed in the
sample period to insure the
completion of the internal
calculations. The length of time
needed by the HCTL-1100 to do



its calculations is given by the
Minimum Limits of ROFH
(Sample Timer Register) as
shown in Table 4. For Position
Control Mode, the user should
wait for the Sample Timer to
count down 07H from its
programmed value before
writing the next command
position or velocity. If the
programmed sample timer
value is 39H, wait until the
Sample Timer Register reads
32H. Writing between 32H and
00H will make the command
information available for the
next sample period.

Commutator

Status Register (RO7H)
Commutator Ring (R18H)
X Register (R1AH)
Y Phase Overlap (R1BH)
Offset (R1CH)
Max. Phase Advance  (R1FH)
Velocity Timer (R19H)

The commutator is a digital
state machine that is configured
by the user to properly select
the phase sequence for
electronic commutation of
multiphase motors. The
Commutator is designed to work
with 2, 3, and 4-phase motors of
various winding configurations
and with various encoder
counts. Along with providing
the correct phase enable
sequence, the Commutator
provides programmable phase
overlap, phase advance, and

* phase offset.

Phase overlap is used for better
torque ripple control. It can also
be used to generate unique state
sequences which can be further
decoded externally to drive
more complex amplifiers and
motors.

Phase advance allows the user
to compensate for the frequency
characteristics of the motor/
amplifier combination. By
advancing the phase enable
command (in position), the
delay in reaction of the motor/
amplifier combination can be
offset and higher performance
can be achieved.

Phase offsset is used to adjust
the alignment of the
commutator output with the
motor torque curves. By
correctly aligning the HCTL-
1100's commutator output with
the motor's torque curves,
maximum motor output torque
can be achieved.

The inputs to the Commutator
are the three encoder signals,
Channel A, Channel B, and
Index, and the configuration
data stored in registers.

(+)

2Vava
\/

The Commutator uses both
channels and the index pulse of
an incremental encoder. The
index pulse of the encoder must
be physically aligned to a known
torque curve location because it
is used as the reference point of
the rotor position with respect
to the Commutator phase
enables.

The index pulse should be
permanently aligned during
motor encoder assembly to the
last motor phase. This is done
by energizing the last phase of
the motor during assembly and
permanently attaching the
encoder codewheel to the motor
shaft such that the index pulse
is active as shown in Figures 7
and 8. Fine tuning of alignment
for commutation purposes is
done electronically by the Offset
register (R1CH) once the
complete control system is set
up.

POSITIVE DIRECTION ————»
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1 MOTOR REVOLUTION
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Figure 7. Index Pulse Alignment to Motor Torque Curves.
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Each time an index pulse
occurs, the internal commutator
ring counter is reset to 0. The
ring counter keeps track of the
current position of the rotor
based on the encoder feedback.
When the ring counter is reset
to 0, the.Commutator is reset to
its origin (last phase going low,
Phase A going high) as shown in
Figure 10.

The output of the Commutator is
available as PHA, PHB, PHC,

INDEX PULSE
DETECTOR

CODEWHEEL
INDEX PULSE

ENCODER
BODY

CHANNEL A& B
DATA TRACK

ENCODER
CODEWHEEL

CHANNEL A & B DETECTORS

and PHD. The HCTL-1100's
commutator acts as the
electrical equivalent of the
mechanical brushes in a motor.
Therefore, the outputs of the
commutator provide only proper
phase sequencing for
bidirectional operation. The
magnitude information is
provided to the motor via the
Motor Command and PWM
ports. The outputs of the
commutator must be combined
with the outputs of one of the

3PHASE

motor ports to provide proper
DC brushless and stepper motor
control. Figure 9 shows an
example of circuitry which uses
the outputs of the commutator
with the Pulse output of the
PWM port to control a DC
brushless or stepper motor. A
similar procedure could be used
to combine the commutator
outputs PHA-PHD with a linear
amplifier interface output
(Figure 16) to create a linear
amplifier system.

ENCODER: 90 COUNTS/REVOLUTION

DC POWER SUPPLY

FULL COUNTS
RING: 9
INDEX PULSE
CASE 1 2 [ 3 [ a | poExPULS
X 3 | 2 | 2 | 2 | THEORIGIN
v 0 | 1 1 1
OFFSET o] o] 2 | 2
ADVANCE o | 0] o | 1
MOTOR OUTPUT VOLTAGE
INDEX COUNTS
PULSE , , , ,
(INPUT) 84 85 86187 88 890 1 213 4 5{6 7 89 10 1

®

PHA

]

PHB

1

PHC

A+)

PHA

RING(1)

x |v

Figure 8. Codewheel Index Pulse Alignment.

SIGN
PULSE

HCTL-1100

P
COMMUTATOR

Figure 9. PWM Interface to Brushless DC Motors.
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Figure 10. Commutator Configuration.
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The Commutator is pro-
grammed by the data in the
following registers. Figure 10
shows an example of the
relationship between all the
parameters.

Status Register (RO7H)

Bit #1- 0 = 3-phase configura-
tion, PHA, PHB, and
PHC are active
outputs.

1 = 4-phase configura-
tion, PHA — PHD
are active outputs.

Bit #2- 0 = Rotor position
measured in quad-
rature counts
(4x decoding).

1 = Rotor position
measured in full
counts (1 count =1
codewheel bar and
space.)

Bit #2 only affects the
commutator's counting method.
This includes the Ring register
(R18H), the X and Y registers
(R1AH & R1BH), the Offset
register (R1CH), the Velocity
Timer register (R19H), and the
Maximum Advance register
(R1FH).

Quadrature counts (4x decoding)
are always used by the HCTL-
1100 as a basis for position,
velocity, and acceleration
control.

Ring Register (R18H)

The Ring register is defined as 1
electrical cycle of the
commutator which corresponds
to 1 torque cycle of the motor.
The Ring register is scalar and
determines the length of the
commutation cycle measured in
full or quadrature counts as set
by bit #2 in the Status register
(RO7H). The value of the ring
must be limited to the range of
0 to 7FH.

X Register (R1AH)

This register contains scalar
data which sets the interval
during which only one phase is
active.

Y Register (R1BH)

This register contains scalar
data which set the interval
during which two sequential
phases are both active. Y is
phase overlap. X and Y must be
specified such that:

X + Y = Ring/(# of phases) [5]

These three parameters define
the basic electrical commutation
cycle.

Offset Register (R1CH)

The Offset register contains
two's-complement data which
determines the relative start of
the commutation cycle with
respect to the index pulse. Since
the index pulse must be
physically referenced to the
rotor, offset performs fine
alignment between the
electrical and mechanical torque
cycles.

The Hold Commutator flag (F4)
in the Status register (RO7H) is
used to decouple the internal
commutator counters from the
encoder input. Flag (F4) can be
used in conjunction with the
Offset register to allow the user
to advance the commutator
phases open loop. This
technique may be used to create
a custom commutator alignment
procedure. For example, in
Figure 10, case 1, for a three-
phase motor where the ring =9,
X =3,and Y = 0, the phases can
be made to advance open loop
by setting the Hold Commutator
flag (F4) in the Flag register
(RO7H). When the values 0, 1, or
2 are written to the Offset
register, phase A will be
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enabled. When the values 3, 4
or 5 are written to the Offset
register, phase B will be
enabled. And, when the values
6, 7, or 8 are written to the
Offset register, phase C will be
enabled. No values larger than
the value programmed into the
Ring register should be
programmed into the Offset
register.

Phase Advance Registers
(R19H, R1FH)

The Velocity Timer register and
Maximum Advance register
linearly increment the phase
advance according to the
measured speed for rotation up
to a set maximum.

The Velocity Timer register
(R19H) contains scalar data
which determines the amount of
phase advance at a given
velocity. The phase advance is
interpreted in the units set for
the Ring counter by bit #2 in
RO7H. The velocity is measured
in revolutions per second.

Advance = NyAt [6]

where: At = —IM;D [n

f external clk

N; = full encoder counts/
revolution.
v = velocity (revolutions/second)

The Maximum Advance register
(R1FH) contains scalar data
which sets the upper limit for
phase advance regardless of
rotor speed.

Figure 11 shows the
relationship between the Phase
Advance registers. Note: If the
phase advance feature is not
used, set both R19H and R1FH
to 0.
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Commutator
Constraints and Use
When choosing a three-channel
encoder to use with a DC
brushless or stepper motor, the
user should keep in mind that
the number of quadrature
encoder counts (4x the number
of slots in the encoder's
codewheel) must be an integer
multiple (1x, 2x, 3x, 4x, 5x, etc.)
of the number of pole pairs in
the DC brushless motor or steps
in a stepper motor. To take full
advantage of the commutator's
overlap feature, the number of
quadrature counts should be at
least 3 times the number of pole
pairs in the DC brushless motor
or steps in the stepper motor.
For example, a 1.8°, (200 step/
revolution) stepper motor
should employ at least a 150

ADVANCE

(COUNTS)

MAX
ADVANCE |

SLOPE = Ngat

slot codewheel = 600 quadrature
counts/revolution = 3 x 200
steps/revolution).

There are several numerical
constraints the user should be
aware of to use the Commutator.

The parameters of Ring, X, Y,
and Max Advance must be posi-
tive numbers (00H to 7FH).
Additionally, the following
equation must be satisfied:

(-128D) 80H < 3/2 Ring
+ Offset + Max Advance
< 7FH (127D) (8]

In order to utilize the greatest
flexibility of the Commutator, it
must be realized that the
Commutator works on a circular
ring counter principle, whose
range is defined by the Ring

VELOCITY

- (REVOLUTIONS/
SECOND)

Figure 11. Phase Advance vs. Motor Velocity.

register (R18H). This means
that for a ring of 96 counts and
a needed offset of 10 counts,
numerically the Offset register
can be programmed as 0AH
(10D) or AAH (-86D), the latter
satisfying Equation 8.

If bit #2 in the Status register is
set to allow the commutator to
count in full counts, a higher
resolution codewheel may be
chosen for precise motor control
without violating the
commutator constraints
equation (Equation 8).

Example: Suppose you want to
commutate a 3-phase 15 deg/
step Variable Reluctance Motor
attached to a 192 count encoder.

1. Select 3-phase and
quadrature mode for
commutator by writing 0 to
RO7H.

2. With a 3-phase 15 degree/step
Variable Reluctance motor
the torque cycle repeats every
45 degrees or 8 times/
revolution.

3. Ring register
_(4)(192) counts/revolution

8/revolution

=96 quadrature counts
= 1 commutation cycle

4. By measuring the motor
torque curve in both
directions, it is determined
that an offset of 3 mechanical
degrees, and a phase overlap
of 2 mechanical degrees is
needed.

(4) (192)

360°
= 6 quadrature counts

Offset = 3°

To create the 3 mechanical
degree offset, the Offset



register (R1CH) could be
programmed with either AGH
(-90D) or 06H (+06D).
However, because 06H
(+06D) would violate the
commutator constraints
Equation 8, A6H (-90D) is
used.

(2°) (4) (192)
360°

4

n

Y = overlap =

X+Y=96/3

Therefore, X = 28
Y=4

For the purposes of this
example, the Velocity Timer and
Maximum Advance are set to 0.

Operation Flowchart
The HCTL-1100 executes any
one of three setup routines or
four control modes selected by
the user. The three setup rou-
tines include:

- Reset

— Initialization/Idle

— Align.

The four control modes avail-
able to the user include:

— Position Control

— Proportional Velocity Control
— Trapezoidal Profile Control

— Integral Velocity Control

The HCTL-1100 switches from
one mode to another as a result
of one of the following three
mechanisms:

1. The user writes to the Pro-
gram Counter.

2. The user sets/clears flags FO,
F3, or F5 by writing to the
Flag register (ROOH).

3. The controller switches auto-
matically when certain initial
conditions are provided by
the user.

This section describes the func-
tion of each setup routine and

RESET PIN
Low

|

WRITE 00H

TO ROSH

|

RESET

|

WRITE 02H
TO ROSH INITIALIZATION WRITE 01H
TO ROSH
WRITE 03H
TO RO5H
ALIGN

SET/CLEAR FQ, F3, OR F5*

FO

TRAPEZOIDAL
PROFILE

(CONTROLLER CLEARS |

FO AT THE END

OF THE MOVE.)

F3

PROPORTIONAL
VELOCITY ——1
CONTROL

F5

INTEGRAL
VELOCITY l———‘
CONTROL

POSITION
CONTROL

Fo0, F3,F5

*Only one flag should be set at a time.

Figure 12. Operation Flowchart.

control mode and the initial con-
ditions which must be provided
by the user to switch from one
mode to another. Figure 12
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shows a flowchart of the setup
routines and control modes, and
shows the commands required
to switch from one mode to
another.
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Setup Modes

Hard Reset

Executed by:

-Pulling the RESET pin low
(required at power up)

When a hard reset is executed
(RESET pin goes low), the fol-
lowing conditions occur:

— All output signal pins are held
low except Sign, Data bus,
and Motor Command.

— All flags (FO0 to F5) are
cleared.

— The Pulse pin of the PWM

From Reset mode, the HCTL-
1100 goes automatically to
Initialization/Idle mode.

Initialization/Idle

Executed by:

- Writing 01H to R05H, or

- Automatically executed after a
hard reset, soft reset, or

- Limit pin goes low.

The Initialization/Idle mode is
entered either automatically
from Reset, by writing 01H to
the Program Counter (RO5H)
under any conditions, or pulling

port is set low while the Reset
pin is held low. After the
Reset pin is released (goes
high) the Pulse pin goes high
for one cycle of the external
clock driving the HCTL-1100.
The Pulse pin then returns to
a low output.

— The Motor Command port
(RO8H) is preset to 80H
(128D).

— The Commutator logic is
cleared.

— The I/O control logic is
cleared.

— A soft reset is automatically
executed.

Soft Reset

Executed by:

- Writing 00H to RO5H, or

- Automatically called after a
hard reset

When a soft reset is executed,

the following conditions occur:

—The digital filter parameters
are preset to
A (R20H) = E5H (229D)
B (R21H) = K (R22H) = 40H
(64D)

— The Sample Timer (ROFH) is
preset to 40H (64D).

— The Status register (RO7H) is
cleared.

— The Actual Position Counters
(R12H, R13H, R14H) are
cleared to 0.

the Limit pin low.

In the Initialization/Idle mode,

the following occur:

— The Initialization/Idle flag
(F1) is set.

—The PWM port RO9H is set to
00H (zero command).

— The Motor Command port
(RO8H) is set to 80H (128D)
(zero command).

— Previously sampled data
stored in the digital filter is
cleared.

It is at this point that the user
should pre-program all the
necessary registers needed to
execute the desired control
mode. The HCTL-1100 stays in
this mode (idling) until a new
mode command is given.

Align
Executed by:
- Writing 02H to RO5H

The Align mode is executed only
when using the commutator
feature of the HCTL-1100. This
mode automatically aligns mul-
tiphase motors to the HCTL-
1100's internal Commutator.

The Align mode can be entered
only from the Initialization/Idle
mode by writing 02H to the Pro-
gram Counter register (RO5H).
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Before attempting to enter the
Align mode, the user should
clear all control mode flags and
set both the Command Position
registers (ROCH, RODH, and
ROEH) and the Actual Position
registers (R12H, R13H, and
R14H) to zero. After the Align
mode has been executed, the
HCTL-1100 will automatically
enter the Position Control mode
and go to position zero. By
following this procedure, the
largest movement in the Align
mode will be one torque cycle of
the motor.

The Align mode assumes: the
encoder index pulse has been
physically aligned to the last
motor phase during encoder/
motor assembly, the Commu-
tator parameters have been
correctly preprogrammed (see
the section called Commutator
for details), and a hard reset
has been executed while the
motor is stationary.

The Align mode first disables
the Commutator and with open
loop control enables the first
phase (PHA) and then the last
phase (PHC or PHD) to orient
the motor on the last phase
torque detent. Each phase is
energized for 2048 system
sampling periods (t). For proper
operation, the motor must come
to a complete stop during the
last phase enable. At this point
the Commutator is enabled and
commutation is closed loop.

The HCTL-1100 then automati-
cally switches from the Align
mode to Position Control mode.

Control Modes

Control flags F0, F3, and F5 in
the Flag register (ROOH) deter-
mine which control mode is exe-
cuted. Only one control flag can
be set at a time. After one of



these control flags is set, the
control modes are entered either
automatically from Align or
from the Initialization/Idle
mode by writing 03H to the Pro-
gram Counter (RO5H).

Position Control Mode
Flags: FO Cleared

F3 Cleared

F5 Cleared

Registers Used:

Register
ROOH ROOD
R12H R18D

R13H R19D

Function
Flag Register
Read Actual
Position MSB
Read Actual

Position
Read Actual
Position LSB
Command
Position MSB

R14H R20D

ROCH R12D

RODH R13D

ROEH R14D

Command
Position
Command
Position LSB

Position Control performs point-
to-point position moves with no
velocity profiling. The user
specifies a 24-bit position
command, which the controller
compares to the 24-bit actual

position. The position error is
calculated, the full digital lead
compensation is applied and the
motor command is output.

The controller will remain
position-locked at a destination
until a new position command
is given.

The actual and command
position data is 24-bit two's-

‘complement data stored in six

8-bit registers. Position is
measured in encoder
quadrature counts.

The command position resides
in ROCH (MSB), RODH, ROEH
(LSB). Writing to ROEH latches
all 24 bits at once for the
control algorithm. Therefore,
the command position is
written in the sequence ROCH,
RODH and ROEH. The
command registers can be read
in any desired order.

The actual position resides in
R12H (MSB), R13H, and R14H
(LSB). Reading R14H latches
the upper two bytes into an
internal buffer. Therefore,
Actual Position registers are

Example Code to Program Position Moves

{

{

Begin }

3
:
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read in the order of R14H,
R13H, and R12H for correct
instantaneous position data.

The largest position move possi-
ble in Position Control mode is
7FFFFFH (8,388,607D) quadra-
ture encoder counts.

Proportional Velocity Mode
Flags: FO0 Cleared

F3 Set

F5 Cleared

Registers Used:

Register Function

ROOH ROOD
R23H R35D

R24H R36D

R34H R52D

Flag Register
Command
Velocity LSB
Command
Velocity MSB
Actual Velocity

LSB
Actual Velocity
MSB

R35H R53D

Proportional Velocity Control
performs control of motor speed
using only the gain factor, K, for
compensation. The dynamic pole
and zero lead compensation are
not used. (See the "Digital Fil-
ter" section of this data sheet.)

Hard Reset { HCTL-1100 goes into INIT/IDLE Mode }

Initialize Filter, Timer, Command Position Registers

Write 03H to Register ROSH
{ HCTL-1100 is now in Position Mode }

Write Desired Command Position to Command Position Registers

{ Controller Moves to new position }

Continue writing in new Command Positions

end }
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The command and actual veloc-
ity are 16-bit two's-complement
words.

The command velocity resides
in registers R24H (MSB) and
R23H (LSB). These registers are
unlatched which means that the
command velocity will change to
a new velocity as soon as the
value in either R23H or R24H is
changed. The registers can be
read or written to in any order.

R24H R23H
IIII IIII IIII FFFF
COMMAND VELOCITY . FORMAT

The units of velocity are quadra-
ture counts/sample time. To
convert from rpm to quadrature
counts/sample time, use the
formula shown below:

Vq = (Vr)(NXt)X0.01667/rpm-sec) [9]

Where: .

Vq = velocity in quadrature
counts/sample time

Vr = velocity in rpm

N =4 times the number of slots
in the codewheel Gi.e.,
quadrature counts).

t = The HCTL-1100 sample time
in seconds. (See the section on
the HCTL-1100's Sample
Timer register).

Because the Command Velocity
registers (R24H and R23H) are
internally interpreted by the
HCTL-1100 as 12 bits of integer
and 4 bits of fraction, the host
processor must multiply the
desired command velocity (in
quadrature counts/sample time)
by 16 before programming it
into the HCTL-1100's Command
Velocity registers.

The actual velocity is computed
only in this algorithm and
stored in scratch registers R35H
(MSB) and R34H (LSB). There
is no fractional component in
the actual velocity registers and
they can be read in any order.

The controller tracks the
command velocity continuously
until new mode command is
given. The system behavior
after a new velocity command is
governed only by the system
dynamics until a steady state
velocity is reached.

Integral Velocity Mode
Flags: FO0 Cleared

F3 Cleared

F5 Set to begin move

Registers Used:

Register Function
ROOH ROOD Flag Register
R26H R38D Acceleration LSB
R27H R39D Acceleration MSB
R3CH R60D Command

Velocity

Integral Velocity Control
performs continuous velocity
profiling which is specified by a
command velocity and command
acceleration. Figure 13 shows
the capability of this control
algorithm.

The user can change velocity
and acceleration any time to
continuously profile velocity in
time. Once the specified velocity
is reached, the HCTL-1100 will
maintain that velocity until a
new command 1is specified.
Changes between actual
velocities occur at the presently
specified linear acceleration.

The command velocity is an 8-
bit two's-complement word

Example Code for Programming Proportional Velocity Mode

{ Begin }

Hard Reset { HCTL-1100 goes into INIT/IDLE Mode }

Initialize Filter,

Write 03H to Register ROSH
{ HCTL-1100 is now in Position Mode }

Timer, Command Position Registers

Write Desired Command Velocity (if needed)

Set Flag F3 {Proportional Velocity Move Begins}

{ System ramps to Command Velocity }

Continue writing new Command Velocities

{end}
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stored in R3CH. The units of
velocity are quadrature counts/
sample time.

The conversion from rpm tc
quadrature counts/sample time
is shown in equation 9. The
Command Velocity register
(R3CH) contains only integer
data and has no fractional
component.

While the overall range of the
velocity command is 8 bits,
two's-complement, the
difference between any two
sequential commands cannot be
greater than 7 bits in magnitude
(i.e., 127 decimal). For example,
when the HCTL-1100 is
executing a command velocity of
40H (+64D), the next velocity
command must fall in the range
of 7FH (+127D), the maximum
command range, C1H (-63D),
the largest allowed difference.

The command acceleration is a
16-bit scalar word stored in
R27H and R26H. The upper
byte (R27H) is the integer part
and the lower byte (R26H) is the
fractional part provided for
resolution. The integer part has

R27H R26H
OIITIIII FFFFFFFF/256
Command Acceleration Format

a range of 00H to 7FH. The
contents of R26H are internally
divided by 256 to produce the
fractional resolution.

The units of acceleration are
quadrature counts/sample time
squared.

To convert from rpm/sec to
quadrature counts/[sample
time]?, use the formula shown
below:

Aq = (Ar)(N)(t2)(0.01667/rpm-
sec) [101

Where:

Aq = Acceleration in quadrature
counts/[sample time]?

Ar = Acceleration in rpm/sec

N =4 times the number of slots
in the codewheel G.e.,
quadrature counts)

t = The HCTL-1100 sample time
in seconds. (See the section on
the HCTL-1100's Sample
Timer register).

Because the Command
Acceleration registers (R27TH
and R26H) are internally
interpreted by the HCTL-1100
as 8 bits of integer and 8 bits of
fraction, the host processor
must multiply the desired
command acceleration (in
quadrature counts/[sample
time]?) by 256 before
programming it into the HCTL-
1100's Command Acceleration
registers.

Internally, the controller per-
forms velocity profiling through
position control.

@? @@
@ CVEL2
CVEL1L7A;

VELOCITY
A1

Each sample time, the internal
profile generator uses the
information which the user has
programmed into the Command
Velocity register (R3CH) and
the Command Acceleration
registers (R27H and R26H) to
determine the value which will
be automatically loaded into the
Command Position registers
(ROCH, RODH, and ROEH).
After the new command position
has been generated, the differ-
ence between the value in the
Actual Position registers (R12-
R13H, and R14H) and the new
value in the Command Position
registers is calculated as the
new position error. This new
position error is used by the full
digital compensation filter to
compute a new motor command
output by this sample time. The
register block in Figure 3
further shows how the internal
profile generator works in
Integral Velocity mode. In
control theory terms, integral
compensation has been added
and therefore, this system has
zero steady-state error.

F5 SET

CVEL = COMMAND VELOCITY R3CH
A= ACCELERATION R26H, R27H

STOP TRIGGER

(1) USER CHANGES ACCELERATION COMMAND
(2) USER CHANGES VELOCITY COMMAND

Figure 13. Integral Velocity Modes.
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Although Integral Velocity
Control mode has the advantage
over Proportional Velocity mode
of zero steady state velocity
error, its disadvantage is that
the closed loop stability is more
difficult to achieve. In Integral
Velocity Control mode the
system is actually a position
control system and therefore the
complete dynamic compensation
D(z) is used.

If the external Stop flag F6 is
set during this mode signalling
an emergency situation, the
controller automatically
decelerates to zero velocity at
the presently specified -
acceleration factor and stays in
this condition until the flag is
cleared. The user then can
specify new velocity profiling
data.

Trapezoid Profile Mode
Flags: FO Set to begin move
F3 Cleared
F5 Cleared

Registers Used:

Register Function
ROOH ROOD Flag Register
RO7H RO7D Status Register
R12H R18D Read Actual

: Position MSB
R13H R19D Read Actual
’ Position
R14H R20D Read Actual
Position LSB
R29H R41D Final Position
LSB
R2AH R42D Final Position
R2BH R43D Final Position
~ MSB
R26H R38D Acceleration LSB
R27H R39D Acceleration MSB
R28H R40D Maximum
Velocity

Trapezoid Profile Control
performs point-to-point position
moves and profiles the velocity
trajectory to a trapezoid or
triangle. The user specifies only
the desired final position,
acceleration and maximum
velocity. The controller
computes the necessary profile
to conform to the command
data. If maximum velocity is
reached before the distance
halfway point, the profile will
be trapezoidal, otherwise the
profile will be triangular.
Figure 14 shows the possible
trajectories with Trapezoidal
Profile Control.

The command data for
Trapezoidal Profile Control
mode consists of a final position,
a command acceleration, and a

Example Code for Programming Integral Velocity Mode

(Begin)

Hard Reset {HCTL-1100 goes into INIT/IDLE Mode}

Initialize Filter, Timer, Command Position Registers

Write 03H to Register ROS5H
{HCTL-1100 is now in Position Mode}

Write Desired Acceleration (if needed)

Write Desired Maximum Velocity (if needed)

Set Flag F5 {Integral Velocity Move Begins}

{System ramps to Maximum Velocity}

Continue writing new Accelerations and Velocities

{ end }
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MAXIMUM VELOCITY

VELOCITY FO SET FO CLEARED BY
BY USER ACCEL ACCEL HCTL-1100
t
TRAPEZOIDAL
—L—- MAXIMUM VELOCITY

VELOCITY

FOSET ACCEL ACCEL £ CLEARED BY
BY USER 1/2 WAY TO HCTL-1100
FINAL POSITION
4 t

TRIANGULAR

Figure 14. Trapezoidal Profile Mode.

maximum velocity. The 24-bit,
two's-complement final position
is written to registers R2BH,
(MSB), R2AH, and R29H (LSB).
The 16-bit command
acceleration resides in registers
R27H (MSB) and R26H (LSB).
The command acceleration has
the same integer and fraction
format as discussed in the
Integral Velocity Control mode
section. The 7-bit maximum
velocity is a scalar value with
the range of 00H to 7FH (0D to
127D). The maximum velocity
has the units of quadrature
counts per sample time, and
resides in register R28H. The
command data registers may be
read or written to in any order.

The internal profile generator
produces a position profile using
the present Command Position
(ROCH-ROEH) as the starting
point and the Final Position
(R2BH-R29H) as the end point.

Once the desired data is
entered, the user sets flag F0 in
the Flag register (ROOH) to
commence motion (if the HCTL-
1100 is already in Position
Control mode).

FINAL POSITION

When the profile generator
sends the last position com-
mand to the Command Position
registers to complete the
trapezoidal move, the controller
clears flag F0. The HCTL-1100
then automatically goes to
Position Control mode with the
final position of the trapezoidal
move as the command position.

When the HCTL-1100 clears
flag FO it does NOT indicate
that the motor and encoder are
at the final position NOR that
the motor and encoder have
stopped. The flag indicates that
the command profile has
finished. The motor and
encoder's true position can only
be determined by reading the
Actual Position registers. The
only way to determine if the
motor and encoder have stopped
is to read the Actual Position
registers at successive intervals.

The status of the Profile flag can
be monitored both in the Status
register (R07) and at the exter-
nal Profile pin at any time.
While the Profile flag is high
NO new command data should
be sent to the controller.
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Each sample time, the internal
profile generator uses the
information which the user has
programmed into the Maximum
Velocity register (R28H), the
Command Acceleration
registers (R27H and R26H), and
the Final Position registers
(R2BH, R2AH, and R29H) to
determine the value which will
be automatically loaded into the
Command Position registers
(ROEH, RODH, and ROCH).
After the new command position
has been generated, the
difference between the value in
the Actual Position registers
(R12H, R13H, and R14H) and
the new value in the Command
Position registers is calculated
as the new position error. This
new position error is used by
the full digital compensation
filter to compute a new motor
command output for the sample
time. (The register block
diagram in Figure 3 further
shows how the internal profile
generator works in Trapezoidal
Profile mode.)
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Example Code for Programming Trapezoid Moves

{ Begin }

Hard Reset { HCTL-1100 goes into INIT/IDLE Mode }

Inititalize Filter, Timer, Command Position Registers

Write 03H to Register ROS5SH
{ HCTL-1100 is now in Position Mode }

{ Profile #1}

Write Desired Acceleration

Write Desired Maximum Velocity

Write Final Position

Set Flag FO {Trapezoid Move Begins, PROF pin goes high}

Poll PROF pin until it goes low (Move is complete)

- { Profile #2}

Write Desired Acceleration

Write Desired Maximum Velocity

Write Final Position

Set Flag FO {Trapezoid Move Begins, PROF pin goes high}

Poll PROF pin until it goes low (Move is complete)

{ Repeat 1}

{ end }

Applications of the
HCTL-1100

Interfacing the HCTL-1100 to
Host Processors

The HCTL-1100 looks to the
host microprocessor like a bank
of 8-bit registers to which the
host processor can read and

write (i.e., the host processor
treats the HCTL-1100 like
RAM). The data in these
registers controls the operation
of the HCTL-1100. The host
processor communicates to the
HCTL-1100 over a bidirectional
multiplexed 8-bit data bus. The
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four I/O control lines. ALE, 6§,
OE, and R/W execute the data
transfers (see Figure 15).

There are three different timing
configurations which can be
used to give the user greater
flexibility to interface the



HCTL-1100 to most
microprocessors (see Timing
diagrams). They are
differentiated from one another
by the arrangement of the ALE
signal with respect to the CS
signal. The three timing
configurations are listed below.

ALE, CS non-overlapped

1.
2. ALE, CS overlapped
3. ALE within CS

Any I/O operation starts by
asserting the ALE signal which
starts sampling the external bus
into an internal address latch.
Rising ALE or falling CS during
ALE stops the sampling into the
address latch.

CS low after rising ALE samples
the external bus into the data
latch. Rising CS stops the
sampling into the data latch,
and starts the internal
synchronous process.

In the case of a write, the data
in the data latch is written into
the addressed location. In the
case of a read, the addressed
location is written into an
internal output latch. OE low
enables the internal output
latch onto the external bus. The
OE signal and the internal
output latch allow the I/O port
to be flexible and avoid bus
conflicts during read operations.

It is important that the host
microprocessor does not attempt
to perform too many I/O
operations in a single sample
time of the HCTL-1100. Each
I/0 operation interrupts the
execution of the HCTL-1100's
internal code for 1 clock cycle.
Although extra clock cycles have
been allotted in each sample
time for I/O operations, the
number of extra cycles is

reduced as the value
programmed into the Sample
Timer register (ROFH) is
reduced.

Table 5 shows the maximum
number of I/O operations
allowed under the given
conditions.

The number of external clock
cycles available for I/O
operations in any of the four
control modes can be increased
by increasing the value in the
Sample Timer register (ROFH).

For every unit increase in the
Sample Timer register (ROFH)
above the minimums shown in
Table 5 the user may perform
16 additional I/O operations per
sample time.

Interfacing the HCTL-1100 to
Amplifiers and Motors

The Motor Command port is the
ideal interface to an 8-bit DAC,
configured for bipolar output.
The data written to the 8-bit
Motor Command port by the
control algorithms is the
internally computed 2's-
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complement motor command
with an 80H offset added. This
allows direct interfacing to a
DAC. Figure 16 shows a typical
DAC interface to the HCTL-
1100. An inexpensive DAC, such
as MC1408 or equivalent, has
its digital inputs directly
connected to the Motor
Command port. The DAC pro-
duces an output current which
is converted to a voltage by an
operational amplifier. R, and R
control the analog offset and
gain. The circuit is easily
adjusted for +5Vto -5V
operation by first writing 80H to
RO8H and adjusting R, for 0 V
output. Then FFH is written to
RO8H and R is adjusted until
the output is 5 V. Note that 00H
in RO8H corresponds to -5 V
out.

Figure 17 shows an example of
how to interface the HCTL-1100
to an H-bridge amplifier. An H-
bridge amplifier allows bipolar
motor operation with a unipolar
power supply. The Sign
Reversal Inhibit feature
prevents all transistors from
being on at the same time when
the direction of motion is
reversed.

Table 5. Maximum Number of I/O Allowed

Maximum Number
Sample Timer of I/O Operations
Register Value | Operating Mode | Allowed per Sample
07H (07D) Position Control or 5
Prop. Vel. Control
Position Control or 133
Prop. Vel. Control
OFH (15D)
Trapezoidal Prof.
or Integral 6
Vel. Control
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ADDRESS RIW
6 LATCH STROBES
EXTERNAL BUS —— 54—
8
> IP/G"EAH INTERNAL BUS
8
8 ouTPUT
LATCH
ALE
€5 ———er] 1/0
R CONTROL
OE
Figure 15. O Port Block Diagram.
464K L 4BV +5V
15 2 "~
Vref- GND 1K <
Ls8) mco |8 2] palLse) Vee[E—d—a- RO;I’“
19 1
MG 20 10 A 14 “}/
mCz As Vref+ F——AW\- AN
mc; P 9 484K 5 K
HCTL—1000 22 8 MC1408 bS]
MCq <
mcs |22 Has L
mee |2 &), =
3
(Ms8) Mc; |2 51 Ar (mss) Io l\s
CcompP Vee LF356 Vout
16| 3 2]
75 of =
-12V
Figure 16. Linear Amplifier Interface.
UDN-2935Z UDN-2950Z

+Vmoror
r-=-1
SIGN !
PULSE o—l——Dcl
I 1
[p—
1/6 74LS14

DC MOTOR

Figure 17. H-Bridge Amplifier Interface.
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Additional Information
From Hewlett-Packard

Additional information
regarding the HCTL-1100 is
available from the Hewlett-
Packard Motion Control
Factory. Please contact your
local HP sales representative for
more information.

1. Application Note 1032:
"Design of the HCTL-1000's
Digital Filter Parameters by
the Combination Method"

2. Intel 8051 interface to the
HCTL-1100

3. Zilog Z80 interface to the
HCTL-1100

4. Motorola 6803-1 interface to
the HCTL-1100

5. HCTL-1100 Sample Timer
and Digital Filter (Seminar
Slides)

6. DC Brush Motor Interfaces
(Seminar Slides)

7. DC Brushless Motor
Interfaces (Seminar Slides)

8. Step Motor Interfaces—
including half-step mode
(Seminar Slides)

9. List of Board Level Vendors
using the HCTL-1000/
HCTL-1100. Many
companies provide board
level products using the
HCTL-1000 and HCTL-1100
compatible with numerous
busses.

10. HCTL-1000/HCTL-1100
Troubleshooting Guide. An
answer guide to the most
often asked questions about
the operation of the HCTL-
1000 and HCTL-1100.

Ordering Information

HCTL-1100: 40 Pin DIP
Package

HCTL-1100#PLC: 44 Pin
PLCC Package
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Light Bars and Bar Graph

Arrays

LED Light Bars are Hewlett-
Packard's innovative solution to
fixed message annunciation.
The large, uniformly illumin-
ated light emitting surface may
be used for backlighting legends
or simple indicators. Four
distinct colors are offered:
AlGaAs red, high efficiency red,
yellow, and high performance
green with two bicolor
combinations. The AlGaAs Red
Light Bars provide exceptional
brightness at very low drive
currents for those applications
where portability and battery
backup are important
considerations. Each of the
eight X-Y stackable package
styles offers one, two, or four
light emitting surfaces. Along
with this family of stackable
light bars, HP also provides a
single chip light bar for high
brightness indication of small
areas. Panel Mounts are also
available for all devices.

In addition to light bars, HP
offers effective analog message
annunciation with the 10-
element LED Bar Graph
Arrays. These bar graph arrays
eliminate the matching and
alignment problems commonly
associated with arrays of discrete
LED indicators. Each device
offers easy to handle packages
that are compatible with
standard DIP sockets. The 10-
element Bar Graph Array is
available in standard red,
AlGaAs red, high efficiency red,
yellow, and high performance
green. The multicolor 10-element
arrays have high efficiency red,
yellow, and green LEDs in one
package. The package is X-Y
stackable, with a unique
interlock allowing easy end-to-
end alignment.
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LED Light Bars

Typical | Typical

Device Description Luminous | Forward
Intensity | Voltage | Page
Package Outline Drawing Part No. Color Package Lens | @20mA | @20mA | No.
HLMP-2300 High | 4 Pin In-Line; 0.100" Diffused | 23 med 20V 2-8

Efficiency | Centers; 0.400"L x
Red |0.195"Wx 0.245"H

o«
30
23
Zx
03
Zx
<a
@
ES
]

-

HLMP-2400 | Yellow Diffused | 20 mcd 21V

HLMP-2500 | Green Green | 25 mcd 22V
Diffused

HLMP-2350 High | 8 Pin In-Line; 0.100" Diffused | 45 med 20V
Efficiency| Centers; 0.800"L x
Red |0.195"Wx 0.245"H

W HLMP-2450 | Yellow Diffused| 38med | 2.1V
HLMP-2550 | Green Green 50 med 22V

Diffused

HLMP-2600 High | 8 Pin DIP; 0.100" Diffused| 22 mcd 20V
Efficiency| Centers; 0.400°L x

Red | 0.400"W x 0.245"H
Dual Arrangement

HLMP-2700 | Yellow Diffused| 18 med 21V
HLMP-2800 | Green Green | 25mcd 22V
Diffused
HLMP-2620 High | 16 Pin DIP;0.100" Diffused | 25 med 20V
Efficiency| Centers; 0.800"L x
Red | 0.400"W x 0.245"H
Quad Arrangement
HLMP-2720 | Yellow Diffused| 18 mcd PARY
HLMP-2820 | Green Green | 25mcd 22V
Diffused
HLMP-2635 High | 16 Pin DIP;0.100" Diffused| 45 med 20V
Efficiency| Centers; 0.800"L x

| Red | 0.400"W x 0.245"H
Dual Bar Arrangement

HLMP-2735 | Yellow Diffused| 35 mcd 21V
HLMP-2835 | Green Green | 50 med 22V
Diffused

—
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LED Light Bars (Continued)

0.195"W x 0.245"H

Typical | Typical
Device Description Luminous| Forward
Intensity | Voltage | Page
Package Outline Drawing Part No. Color Package lens |@20mA | @20mA | No.
HLMP-2655 | High |8 PinDIP;0.100" Diffused | 43 med 20V 28
l Efficiency | Centers; 0.400"L x
Red | 0.400"Wx 0.245"H
. Square Arrangement
HLMP-2755 | Yellow Diffused | 35 mcd 21V
H l ’ ﬂ-‘l HLMP-2855 | Green Green | 50 med 22V
Diffused
HLMP-2670 High | 16 Pin DIP;0.100" Diffused | 45 mcd 20V
Efficiency| Centers; 0.800"L x
Red | 0.400"Wx 0.245"H
Dual Square
HLMP-2770 | Yellow | Arrangement Diffused | 35 med 21V
[ ] HLMP-2870 | Green Green | 50 med 22V
Diffused
[ — HLMP-2685 High | 16 Pin DIP;0.100" Diffused | 80 med 20V
Efficiency | Centers; 0.800"L x
Red |0.400"Wx 0.245"H
Single Bar Arrangement
HLMP-2785 | Yellow Diffused | 70 med 21V
W HLMP-2885 | Green Green | 100med | 22V
Diffused
DH AlGaAs Low Current LED Light Bars
Typical | Typical
Device Description Luminous | Forward
Intensity | Voltage | Page
Package Outline Drawing Part No. Color Package Llens | @3mA | @3mA | No.
@ HLCP-A100 | AlGaAs |4 Pin In-Line;0.100" Diffused | 7.5 med 16V 28
Red | Centers; 0.400"L x
%ﬁﬁ& 0.195"W x 0.245"H
[ZI HLCP-B100 | AlGaAs | 8 Pin In-Line; 0.100" Diffused |15.0 mcd
Red | Centers; 0.800"L x
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DH AlGaAs Low Current LED Light Bars (Continued)

Typical | Typical
Device Description Luminous | Forward
Intensity | Voltage | Page -
Package Outline Drawing Part No. Color Package lens | @3mA | @3mA | No. 3o
Sa
0 HLCP-D100| AlGaAs | 8 Pin DIP;0.100" Diffused| 7.5 med 16V | 28 ZE
Red | Centers;0.400"L x =2
— 0.400"W x 0.245"H E &
Iﬁﬂ}:@ Dual Arrangement =
1] HLCP-E100 | AlGaAs| 16 Pin DIP;0.100" Diffused| 7.5 mcd
HiNInN Red | Centers; 0.800"L x
0.400"W x 0.245"H
lﬁﬁﬁ] Quad Arrangement
L] HLCP-F100 | AlGaAs | 16 Pin DIP; 0.100" Diffused| 15.0 med
[ ) Red | Centers;0.800"L x
0.400"W x 0.245"H
W Dual Bar Arrangement
HLCP-C100| AlGaAs | 8 pin DIP;0.100" Diffused| 15.0 med
Red | Centers; 0.400"L x
0.400"W x 0.245"H
%ﬂ__ﬂ‘l Square Arrangement
HLCP-G100| AlGaAs| 16 Pin DIP;0.100" Diffused| 15.0 med
Red | Centers; 0.800"L x
0.400"W x 0.245"H
Dual Square
iR | Arrangement
i bt
HLCP-H100| AlGaAs| 16 Pin DIP;0.100" Diffused| 30.0 med
Red | Centers;0.800"L x
0.400"W x 0.245"H
%ﬁ'ﬂ‘l Single Bar Arrangement
i
LED Bicolor Light Bars
Typical | Typical
Device Description Luminous | Forward
Intensity | Voitage | Page
Package Outline Drawing Part No. Color Package Lens | @20mA |@20mA | No.
HLMP-2950 | High | 8 PinDIP;0.100" Diffused| HER: HER: | 2-8
Efficiency| Centers; 0.400"L x 20 med 20V
Red/ | 0.400"W x 0.245"H Yeliow: | Yellow:
Yellow | Square Arrangement 12 med 21V
HLMP-2965 |  High Diffused| HER: HER:
Efficiency 20 med 20V
Red/ Green: | Green:
Green 20 med 22V




Single Chip LED Light Bar

" Device

: : Luminous Forward | Page
Package Outline Drawing Part No. Color Package Lens | Intensity | 201/2 | voltage | No.
HLMP-T200 High | One Chip.LED | Tinted 48med | 100° 22V 2-19
I:‘ Efficiency| Light Bar Diffused| @ 20 mA @20mA
Red
‘ (626 nm)
HLMP-T300 | Yellow 6.0 med 22V
: (585 nm) @20 mA @20mA
HLMP-T400 | Orange 4.8 med S |-22V
(608 nm) @20mA @20mA
ﬂ I HLMP-T500 | Green 6.0 mod 23V
(569 nm) @20mA @20 mA
LED Bar Graph Arrays
. . Typical | Typical
Device Description Luminous | Forward | Page
Package Outline Drawing Part No. Color Package Lens | Intensity | Voltage | No.
HDSP-4820 Standard | 20 Pin DIP; 0.100" Diffused | 1250 pcd 16V 2-23
Red Centers;1.0"L x @20mA |@20mA
0.400"W x 0.200° DC DC
ﬂ U D [] U I:IU D U I:I HDSP-4830 High Diffused | 3500 ped | 21V
Efficiency @10mA [@20mA
Red DC DC
HDSP-4840 Yellow Diffused | 1900 ped | 2.2V
@10mA (@20mA
DC DC
HDSP-4850 High Green | 1900pucd | 21V
Performance Diffused | @ 10 mA |@ 10 mA
Green DC DC
HDSP-4832 Multicolor Diffused | 1900 pcd
@10 mA
DC
HDSP-4836 Multicolor Diffused | 1900 pcd
@10 mA
DC
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DH AlGaAs Low Current 10-Element Bar Graph Arrays

Device Description Typical | Typical
Luminous | Forward | Page
Package Outline Drawing Part No. Color Package Lens | Intensity | Voltage | No.
HLCP-J100 | AiGaAs | 20 Pin DIP;0.100" Diffused| 1000pucd| 16V | 2-23

000000600 o @k o1m

Panel Mounts for LED Light Bars

GRAPH ARRAYS

3
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Device
Page
Package Outline Drawing Part No. Corresponding Light Bar Module Part Number No.
HLMP-2598 | HLMP-2350, -2450, -2550, 2-30
["‘:l HLCP-B100
HLMP-2599 | HLMP-2300, -2400, -2500,
1 HLCP-A100
HLMP-2898 | HLMP-2600, -2700, -2800
-2655, -2755, -2855
-2950, -2965, HLCP-C100, -D100
HLMP-2899 | HLMP-2620, -2720, -2820,
-2635, -2735, -2835
-2670, -2770, -2870
-2685, -2785, -2885
HLCP-E100, -F100, -G100, -H100
Intensity Selected Light Bars
Page
Description Option Code Applicable Part Number HLMP- No.
S02 This option provides the selection of light bars from two adjacent *

luminous intensity categories.

*Contact your local Sales Representative for information regarding this product. (See Section 9.)
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LED Light Bars
Technical Data

Features

¢ Large Bright, Uniform
Light Emitting Areas

¢ Choice of Colors

* Categorized for Light
Output

¢ Yellow and Green
Categorized for Dominant
Wavelength

¢ Excellent ON-OFF
Contrast

* X-Y Stackable

¢ Flush Mountable

¢ Can be Used with Panel
and Legend Mounts

¢ Light Emitting Surface
Suitable for Legend
Attachment per
Application Note 1012

* HLCP-X100 Series
Designed for Low
Current Operation

¢ Bicolor Devices Available

Applications

+ Business Machine
Message Annunciators

¢ Telecommunications
Indicators

* Front Panel Process Status
Indicators

* PC Board Identifiers

¢ Bar Graphs

Description

The HLCP-X100 and HLMP-
2XXX series light bars are
rectangular light sources
designed for a variety of
applications where a large
bright source of light is
required. These light bars are
configured in single-in-line and
dual-in-line packages that
contain either single or
segmented light emitting areas.
The AlGaAs Red HLCP-X100
series LEDs use double
heterojunction AlGaAs on a
GaAs substrate. The HER
HLMP-2300/2400 and Yellow
HLMP-2400/2700 series LEDs

have their p-n junctions diffused

into a GaAsP epitaxial layer on
a GaP substrate. The Green
HLMP-2500/2800 series LEDs

use a liquid phase GaP epitaxial
. layer on a GaP substrate. The

bicolor HLMP-2900 series use a
combination of HER/Yellow or
HER/Green LEDs. -

2-8

HLCP-A100, -B100, -C100,
-D100, -E100, -F100, -G100,
-H100

HLMP-2300, -2350, -2400,
-2450, -2500, -2550, -2600,
-2620, -2635, -2655, -2670,
-2685, -2700, -2720, -2735,
-2755, -2770, -2785, -2800,
-2820, -2835, -2855, -2870,
-2885, -2950, -2965




Selection Guide

(-4
B0
D=
Light Bar Part Number Nm:fber Corresponding g g
Size of h Package Panel and -
HLCP- HLMP- Light Emitting Areas | . Light Outline | Legend Mount a5
Emitting Part No. HLMP- 50
AlGaAs | HER | Yellow | Green Areas . g
A100 | 2300 | 2400 2500 | 8.89 mm x 3.81 mm 1 Al O 2599
(.850 in. x .150 in.)
B100 | 2350 | 2450 2550 | 19.05 mm x 3.81 mm 1 I — 2598
(.750 in. x .150 in.)
D100 | 2600 | 2700 2800 | 8.89 mm x 3.81 mm 2 D [D 2898
(.50 in. x .150 in.)
E100 | 2620 | 2720 2820 | 8.89 mm x 3.81 mm 4 E [I[D 2899
(.850 in. x .150 in.)
F100 | 2635 | 2735 2835 | 3.81 mm x 19.05 mm 2 F E 2899
(.150 in. x .750 in.)
C100 | 2655 | 2755 2855 | 8.89 mm x 8.89 mm 1 c D 2898
(.350 in. x .350 in.)
G100 | 2670 | 2770 2870 | 8.89 mm x 8.89 mm 2 G ED 2899
(.850 in. x .350 in.)
H100 | 2685 | 2785 2885 | 8.89 mm x 19.05 mm 1 H ':l 2899
(.850 in. x .750 in.)
2950 2950 8.89 mm x 8.89 mm Bicolor I D 2898
(.350 in. x .350 in.)
2965 2965 | 8.89 mm x 8.89 mm Bicolor | I [:] 2898
(.350 in. x .350 in.)




Package Dimensions

| 4.064 MIN. 4.953 8.890 4.953 19,050
0,508+ 0.076 (0.160) 0.195) (0:350) 3810 (0.195) " (0750 3810
(0.020 +0.003) MAX ' | (0.150) MAX (0.150)
L =—-4—¢
1 2] e =
3 TOP A TOPB
10.160 20.320
le— (0.400) —={ +———(0.800) ———ﬁ PART
END VIEW A, B MAX MAX. /NUMBER
. COLOR BIN (NOTE 2)
PIN 1 -7 DATE
AW pin 1 CODE HLXX-XXXX
SEATING l SEATING “y»e XYY Z W
PLANE T » PLANE
I] I] I I T L 6.223MAX. LUMINOUS /Lﬁ’ﬂ: ‘EHHL T L 6.223
1.016 (0.245)  INTENSITY U 1016 (0.245)
' 1.2 3 4 (goag) CATEGORY 1 2 3 4 5 6 7 8 (0.040) MAX.
TYP. TYP.
254 TYP ) 254 TYP
0.100) 0.584+0.076 (0.100) 0584 £ 0.076
(0.023 £ 0.003) (0.023+0.003)
SIDE A SIDE B
7.620
(0.300)
PIN 02541005 |
NUMBER l (0.010+0.002)
1 = 4064 —
i il
MIN.

3810 (0050
0.150)

o
(0.150) 1270

1.016
(0.040) — |
TYP. o223 r :| 8890
(0.245) Tl (0.350)
1

MAX.

ENDVIEWC, D, E,F, G, H, |

1
1
SIDE VIEW C, D, | .Gl D 1m0
! ! — [*(0.050)
SEATING
25540 LANE  DATE ! ! 3810 le .| 3810 8890 |
{0.100) CODE ' : (0.150) 10.150) (0.350)
TYP. — : _ — _
LUMINOUS —y 3810 1 6§
—l INTENSITY l:} I PR 8890 2 5
T CATEGORY E __T e ) It
19.050 1 20320 13
1.270 0.750] 194
PART ':I (0.050) (0750 (0.800 5 12 (0750)
} NUMBER 8.890 1270 6 n
L (0.350)(0.050) 7 10
1 L] 1 T (| s : )
0.508 £ 0.05 - T -
10.160 10.160 10.160 10.160
(0.020£0.002)  COLOR BIN ——I (0.400) ]-— ——I (0.400) '*— —-l (0400 |=— —| (0400) |-—
TYP. (NOTE 2) MAX MAX. MAX. MAX.
F G H

SIDEVIEWE,F,G,H

NOTES:

1. DIMENSIONS IN MILLIMETRES (INCHES). TOLERANCES +0.25 mm (+0.010 IN.) UNLESS OTHERWISE INDICATED.

2. FOR YELLOW AND GREEN DEVICES ONLY.

3. CATHODE NOTCH IS IN PROCESS OF BEING REPLACED BY A CATHODE DOT ON THE UNIT MARKING SIDE OF THE DEVICE.

PROPOSED EFFECTIVE DATE FOR THIS CONVERSION IS JANUARY 1ST, 1991.
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Internal Circuit Diagrams

2 — 7
—2
- 3 6
3 ﬁ ¥ ; PIN PIN FUNCTION
b 4 S c,D E,F,G,H
. PIN FUNCTION
A 5 1 CATHODEa | CATHODE a
A PIN -2300/-2400 -2350/-2450 cp 2 ANODE a ANODE a
-2500 -2550 3 ANODE b ANODE b
T amwe—s | Givow— | camopes | cemicors
—1 2 Anode — a Anode — a 11— l 6 | 6 ANODE ¢ ANODE ¢
; 5 Catode — b % —‘5 7 ANODE d ANODE d
g 3 Cathode aode : 2 L s | 8 CATHODEd | CATHODEd
—2 4 Anode — b Anode — b 9 CATHODE e
3| s Cathode — ¢ 3 —1a | 10 ANODE e
B Ez 5 1 ANODE f
6 Anode —¢ 4— —13 | 12 CATHODE f
[ 7 Cathode — d \ L |3 CATHODE g
— 14 ANODE
g 8 Anode —d c_E,S ZE 15 ANODE h
| . 6] —" |16 CATHODE h
—7 7— —10
8—1 —9
—8
B E,F,G,H
PIN FUNCTION
1 YELLOW/
# # PIN HER GREEN
a e h d
) 1 | CATHODEa | ANODE e
2 | ANODEa CATHODE e
s 3 | ANODEb CATHODE f
. 4 | CATHODEb | ANODE f
b 9 c
. 5 | CATHODEc | ANODEg
6 | ANODEc CATHODE g
7 | ANODEd CATHODE h
8 | CATHODEd | ANODEh
* HIGH EFFICIENCY RED LED $ YELLOW OR GREEN LED
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Absolute Maximum Ratings

HER Yellow Green
Parameter AlGaAs Red HLMP-2300/ | HLMP-2400/ | HLMP-2500/
HLCP-X100 2600/29XX 2700/2950 2800/2965
Series Series Series Series
Average Power Dissipated per LED chip 37 mWit 135 mWt2l 85 mWt? 135 mW2
Peak Forward Current per LED chip 45mA™ 90 mA® 60 mAS 90 mA®! ‘
Average Forward Current per LED chip 15 mA 25 mA 20 mA 25 mA
DC Forward Current per LED chip 15mAl 30 mA™! 25 mAP! 30 mAR2!
Reverse Voltage per LED chip 5V 6 vl
Operating Temperature Range —20°C to +100°Ct" —40°C to +85°C -20°C to +85°C
Storage Temperature Range -55°C to +100°C —40°C to +85°C
Lead Soldering Temperature 1.6 mm 81
(1/16 inch) Below Seating Plane 260°C for seconds
Notes:
1. Derate above 87°C at 1.7 mW/°C per LED chip. For DC operation, derate above 91°C at 0.8 mA/°C.
2. Derate above 25°C at 1.8 mW/°C per LED chip. For DC operation, derate above 50°C at 0.5 mA/°C.
3. Derate above 50°C at 1.8 mW/°C per LED chip. For DC operation, derate above 60°C at 0.5 mA/°C.
4. See Figure 1 to establish pulsed operation. Maximum pulse width is 1.5 mS.
5. See Figure 6 to establish pulsed operation. Maximum pulse width is 2 mS.
6. Does not apply to bicolor parts.
7. For operation below —20°C, contact your local HP sales representative.
8. Maximum component side temperature is 140°C during solder process.
Electrical/Optical Characteristics at T, = 25°C
AlGaAs Red HLCP-X100 Series
Parameter HLCP- Symbol | Min. | Typ. | Max. | Units | Test Conditions
Luminous Intensity AL00/D100/E100 L 3 75 med L, =3mA
zr Iﬂghting Emitting | B100/C100/F100/G100 6 15 med
eal
H100 12 30 med
Peak Wavelength Appax 645 nm
Dominant Wavelength!?! A 637 nm
Forward Voltage per LED Ve 1.8 2.2 v I, =20mA
Reverse Breakdown Voltage per LED Vi 5 15 v I;=100pA
Thermal Resistance LED Junction-to-Pin RO, v 250 °Eé‘iv)/




High Efficiency Red HLMP-2300/2600/2900 Series

Parameter HLMP- Symbol | Min. [ Typ. | Max. | Units | Test Conditions
Luminous Intensity 2300/2600/2620 L, 6 23 med I, =20 mA
per Lighting Emitting | 2350/2635/2655/2670/2950% 13 | 45 med
Areal” 2965 19 45 med

2685 22 80 mced
Peak Wavelength Mopax 635 nm
Dominant Wavelength!?! A 626 nm
Forward Voltage per LED Ve 2.0 2.6 v I, =20 mA
Reverse Breakdown Voltage per LED!®! Ve 6 15 v I, =100 pA
Thermal Resistance LED Junction-to-Pin L - 150 OI(?E/I‘;V)/

Yellow HLMP-2400/2700/2950 Series

Parameter HLMP- Symbol | Min. | Typ. | Max. | Units | Test Conditions
Luminous Intensity 2400/2700/2720 I, 6 20 med I,=20 mA
per Lighting Emitting | 2450/2735/2755/2770/295051 13 | 38 med
ArealV

2785 26 70 med
Peak Wavelength Appax 583 nm
Dominant Wavelength!?! A 579.0 | 585 | 595.0 | nm
Forward Voltage per LED Ve 2.1 2.6 \% I =20mA
Reverse Breakdown Voltage per LED!5! Vi 6 15 v I, =100 pA
Thermal Resistance LED Junction-to-Pin RO o 150 °I(J3E/§V)/
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High Performance Green HLMP-2500/2800/2965 Series

Parameter HLMP- Symbol | Min. | Typ. | Max. | Units | Test Conditions
Luminous Intensity 2500/2800/2820 I, 5 25 med I, =20mA
milghting Emitting | 2550/2835/2855/2870 11 | 50 med

29654 25 50 med

2885 22 100 med
Peak Wavelength Appax 565 nm
Dominant Wavelength!?! A, 572 | 577 nm
Forward Voltage per LED Vi 2.2 2.6 v I, =20mA
Reverse Breakdown Voltage per LEDI5! \A 6 15 v I, =100 pA
Thermal Resistance LED Junction-to-Pin RO, iy 150 oIC.E/)‘?I)/

Notes:

1. These devices are categorized for luminous intensity. The intensity category is designated by a letter code on the side of the
package.

2. The dominant wavelength, A, is derived from the CIE chromaticity diagram and is the single wavelength which defines the
color of the device. Yellow and Green devices are categorized for dominant wavelength with the color bin designated by a
number code on the side of the package.

3. This is an HER/Yellow bicolor light bar. HER electrical/optical characteristics are shown in the HER table. Yellow electrical/
optical characteristics are shown in the Yellow table.

4. This is an HER/Green bicolor light bar. HER electrical/optical characteristics are shown in the HER table. Green electrical/
optical characteristics are shown in the Green table.

5. Does not apply to HLMP-2950 or HLMP-2965.
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AlGaAs Red
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Figure 1. Maximum Allowable Peak Current vs. Pulse Duration
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Figure 2. Maximum Allowed DC Current per LED vs. Figure 3. Relative Efficiency (Luminous Intensity per

Ambient Temperature, T MAX = 110°C

Unit Current) vs. Peak LED Current
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Figure 4. Forward Current vs. Forward Voltage Figure 5. Relative Luminous Intensity vs. DC Forward
Current
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HER, Yellow, Green
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Figure 6. Maximum Allowed Peak Current vs. Pulse Duration
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Figure 7. Maximum Allowable DC Current per LED vs. Figure 8. Relative Efficiency (Luminous Intensity per
Ambient Temperature, T; MAX = 100°C Unit Current) vs. Peak PED Current
%0 24
4 22
£ 80 20
| 2
i / Es
a 7 f—green Z2E 18
p © YELLOW BR 16
i 7 =
= av » 5 14
2 . 2 *
g % HE I" g2 4 A /
z E| )¢ EN 7
A
3 s 8 10 Va
o
z 30 4g os
E; / Bz
g 2 J ag <
s /,'I T o4
I 10 Y HER, YELLOW,
K & 0.2 GREEN
0 A3 0 I
1.0 2.0 30 4.0 5.0 ] 5 0 15 20 25 30
V¢ - FORWARD VOLTAGE - V Is — FORWARD CURRENT PER LED — mA
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For a detailed explanation on the use of data sheet information and recommended soldering procedures, see
Application Notes 1005, 1027, and 1031.
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Electrical

These light bars are composed
of two, four, or eight light
emitting diodes, with the light
from each LED optically
scattered to form an evenly
illuminated light emitting
surface.

The anode and cathode of each
LED is brought out by separate
pins. This universal pinout
arrangement allows the LEDs
to be connected in three possible
configurations: parallel, series,
or series parallel. The typical
forward voltage values can be
scaled from Figures 4 and 9.
These values should be used to
calculate the current limiting
resistor value and typical power
consumption. Expected
maximum V,, values for driver
circuit design and maximum
power dissipation, may be

calculated using the following
V:MAX models:

AlGaAs Red HLCP-X100 series

V:MAX=18V+IL, , (20Q)
For: I, , <20 mA

V. MAX =20V +1, , (10Q)
For:20mA<I,  <45mA
HER (HDSP-2300/2600/2900),
Yellow (HDSP-2400/2700/2900)
and Green (HDSP-2500/2800/
2900) series

V:MAX =16+, (50Q)
For: 5mA<I,  <20mA

V.MAX =18 +1,,, (40Q)
For: 1, , >20mA

The maximum power
dissipation can be calculated
for any pulsed or DC drive
condition. For DC operation, the
maximum power dissipation is
the product of the maximum

Optical
Size of Light Surface Area
Emitting
Area Sq. Metres Sq. Feet
889 mmx 889 mm | 67.74x10-¢ | 729.16 x 10-¢
889mmx3.81mm | 33.87x10° | 364.58x10°¢
8.89 mm x 19.05 mm | 135.48x 10¢ | 1458.32x 10-¢
3.81 mmx 19.05 mm | 72.85x10¢ | 781.25x 10°¢

The radiation pattern for
these light bar devices is
approximately Lambertian.
The luminous sterance may be
calculated using one of the two
following formulas:

1, (cd)

L, (cd/m?) =
A (m?

nl, (cd)
A (ftH)

L, (footlamberts) =

Refresh rates of 1 kHz or faster
provide the most efficient
operation resulting in the
maximum possible time average
luminous intensity.

The time average luminous
intensity may be calculated
using the relative efficiency
characteristic of Figure 3 or 8,
Nlpeux: and adjusted for
operating ambient temperature.
The time average luminous
intensity at T, = 25°C is
calculated as follows:

forward voltage and the
maximum forward current. For
pulsed operation, the maximum
power dissipation is the product
of the maximum forward
voltage at the peak forward
current times the maximum
average forward current.
Maximum allowable power
dissipation for any given
ambient temperature and
thermal resistance (R9, ,) can be
determined by using Figure 2 or
7. The solid line in Figure 2 or 7
(R9, , of 600/538 C/W)
represents a typical thermal
resistance of a device socketed
in a printed circuit board. The
dashed lines represent
achievable thermal resistances
that can be obtained through
improved thermal design. Once
the maximum allowable power
dissipation is determined, the
maximum pulsed or DC forward
current can be calculated.

(-
<
o »
23
Zcx
0
Zr
<a
@
£S
(*]
-

I
L, rive ave = [I A ] (I, (0, Data Sheet)

TEST
where:
I zsr =3 mA for AlGaAs Red

(HLMP-X000 series)
20 mA for HER,
Yellow and Green
(HLMP-2XXX series)

Example:

For HLMP-2735 series

T‘IPEAK =1.18 at IPEAK =48 mA
12 mA
L, rove ave = 20 mA (1.18) (35 med)
=25 mced



The time average luminous
intensity may be adjusted for
operating ambient temperature
by the following exponential
equation:

I, (T,) = I, (25°C)e M -2

Color K
AlGaAs Red | —0.0095/°C
HER -0.0131/°C
Yellow —-0.0112/°C
Green —0.0104/°C

Example:

I, (80°C) = (25 mcd)el00112 60251
= 14 med.

Mechanical

These light bar devices may

be operated in ambient
temperatures above +60°C
without derating when installed
in a PC board configuration that
provides a thermal resistance
pin to ambient value less than
280°C/W/LED. See Figure 2 or 7
to determine the maximum
allowed thermal resistance for
the PC board, RS, ,, which will
permit nonderateg operation in
a given ambient temperature.

To optimize device optical
performance, specially developed
plastics are used which restrict
the solvents that may be used
for cleaning. It is recommended
that only mixtures of Freon
(F113) and alcohol be used for
vapor cleaning processes, with
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an immersion time in the vapors
of less than two (2) minutes
maximum. Some suggested
vapor cleaning solvents are
Freon TE, Genesolv DES,
Arklone A or K. A 60°C (140°F)
water cleaning process may also
be used, which includes a
neutralizer rinse (3% ammonia
solution or equivalent), a
surfactant rinse (1% detergent
solution or equivalent), a hot
water rinse and a thorough air
dry. Room temperature cleaning
may be accomplished with
Freon T-E35 or T-P35, Ethanol,
Isopropanol or water with a
mild detergent.

For further information on
soldering LEDs please refer to
Application Note 1027,



SINGLE CHIP LED LIGHT BAR

(ﬁp] HEWLETT HIGH EFFICIENCY RED HLMP-T200 SERIES

YELLOW HLMP-T300 SERIES
PACKARD ORANGE HLMP-T400 SERIES
HIGH PERFORMANCE GREEN HLMP-T500 SERIES

Features

e FLAT RECTANGULAR LIGHT EMITTING
SURFACE

GRAPH ARRAYS
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e CHOICE OF 4 BRIGHT COLORS
e EXCELLENT ON/OFF CONTRAST

e IDEAL AS FLUSH MOUNTED PANEL
INDICATORS

® LONG LIFE: SOLID STATE RELIABILITY

e SOLDER COATED LEADS

Description ' Appllcat|ons

The HLMP-T200/-T300/-T400/-T500 light bars are rectang- BAR GRAPHS

ular light sources designed for a variety of applications
where this shape and a high sterance are desired. These * FRONT PANEL STATUS INDICATORS

light bars consist of a rectangular plastic case around an e TELECOMMUNICATIONS INDICATORS

epoxy encapsulated LED lamp. The encapsulant is tinted to
match the color of the emitted light. The flat top surface is ¢ PUSH BUTTON ILLUMINATION

exceptionally uniform in light emission and the plastic case =~ ® PC BOARD IDENTIFIERS

eliminates light leakage from the sides of the device. o BUSINESS MACHINE MESSAGE
ANNUNCIATORS

Package Dimensions

622 _
(0.245) "] )

‘:11235) (0.140)

6.73
0.38
(0.015) (0.265)

)
3.68 —_—
A (0,1*45) 165 '
(0.065) —'f

MIN.

LIGHTED ‘° 730’
AREA 572
™ (0.225) CATHODE
1 27 | Now.
NOTES: (0 020) SQ. TYP.
1. DIMENSIONS ARE IN MILLIMETRES (INCHES).
2. TOLERANCES ARE :0.25 mm (:0.010 INCH)
UNLESS OTHERWISE NOTED. ‘° """)
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Electrical/Optical Characteristics at Ta =25°C

Device ;
Symbol | Description HLMP- Min. Typ. Max. Units. | Test Conditions
ly Luminous Intensity High Efficiency Red
T200 3.0 4.8
Orange
T400 3.0 4.8
Yellow
T300 3.0 6.0 med | I[g=20 mA
Green
T500 3.0 6.0
201/2 Included Angle
Between Half Ig =20 mA
Luminous Intensity Al 100 Deg. See Note 1
Points '
APEAK Peak Wavelength High Efficiency Red 635
Orange 612
Yellow 583 nm | Measurement at Peak
Green 565
A Dominant Wavelength High Efficiency Red 626
Orange 608
Yellow 585 nm | See Note 2
Green 569
s Speed of Response High Efficiency Red 350
Orange 350
Yellow 390 ns
Green 870
C Capacitance High Efficiency Red 4
Orange 4
Yellow 8 pF | VE=0;f=1MHz
Green 1
. o Junction to Cathode
Ré,c Thermal Resistance All 120 C/W Lead at Seating Plane
Vg Forward Voltage HER/Orange 15 22 26
Yellow 15 22 2.6 " Ig =20 mA
Green 16 23 26
' Reverse Breakdown Volt. | All 5.0 \' Ir =100 A
v Luminous Efficacy High Efficiency Red 145
Orange 262 lumens
Yellow 500 Watt See Note 3
Green 595
Notes:

1. ©1/2 is the off-axis angle at which the luminous intensity is half the axial luminous intensity.

2. The dominant wavelength, Aq, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the color of

the device.

3. Radiant intensity, lg, in watts/steradian, may be found from the equation lg = ly/ny, where |y is the luminous intensity in candelas and »y is
the luminous efficacy in lumens/watt.

2-20




Characteristics at Ta = 25°C
0
Ta =25°C
>
s HIGH EFFICIENCY
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Figure 1. Relative Intensity vs. Wavelength
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Absolute Maximum Ratings at Ta = 25°C

High Efficiency Red/
Parameter Orange Yellow Green Units
Peak Forward Current 90 60 90 mA
Average Forward Current(1] 25 20 25 mA
DC Currentl2] 30 20 30 mA
Power Dissipation[3] 135 85 135 mw
Operating Temperature Range -40 to +85 -40 to +85 -20 to +85 oo
Storage Temperature Range -55 to +100 -55 to +100 -55 to +100
Reverse Voltage (Ig = 100 uA) 5 Y
i [4]
Transient Forward Current 500 mA
(10 usec Pulse)
Lead Soldering Temperature
[1.6 mm (0.063 in.) below 260° C for 3 seconds
seating plane]
Notes: —
1. See Figure 5 to establish pulsed operating conditions.
2. For Red, Orange, and Green derate linearly from 50° C at 0.5 mA/° C. For Yellow derate linearly from 50°C at 0.34 mA/°C.
3. For Red, Orange, and Green derate power linearly from 25° C at 1.6 mW/° C. For Yellow derate power linearly from 50°C at 1.6 mW/°C.
4. The transient peak current is the maximum non-recurring peak current that can be applied to the device without damaging the LED die

and wirebond. It is not recommended that the device be operated at peak currents beyond the peak forward current listed in the

Absolute Maximum Ratings.

Electrical

The typical forward voltage values, scaled from Figure 2,
should be used for calculating the current limiting resistor
values and typical power dissipation. Expected maximum
Ve values for the purpose of driver circuit design and
maximum power dissipation may be calculated using the
following Vg models:

Vg = 1.8V + Ipgak (40Q2)
For Ipgak = 20 mA

Vg =16V + Ipc (50Q)
ForS mA<Ipc<20 mA

Optical
The radiation pattern for these light bar devices is approx-

imately Lambertian. The luminous sterance may be calc-
ulated using one of the two following formulas:

L _ly(cd
v (cd/m2) = ( ))
Ly (fo rl

v (f otlamberts) —V(—f(tcz?)_

Size of light emitting area (A)= 318 mm x 5.72 mm
=18.19 x 10-6 m2
=195.8 x 1076 ft2

Mechanical

These light bar devices may be operated in ambient
temperatures above +50° C without derating when installed
in a PC board configuration that provides a thermal re-
sistance (junction to ambient) value less than 625° C/W.

To optimize device optical performance, specially devel-
oped plastics are used which restrict the solvents that may
be used for cleaning. It is recommended that only mix-
tures of Freon (F113) and alcohol be used for vapor
cleaning processes, with an immersion time in the vapors
of less than two (2) minutes maximum. Some suggested
vapor cleaning solvents are Freon TE, Genesolv DI-15 or
DE-15, Arkione A or K. A 60°C (140°F) water cleaning
process may also be used, which includes a neutralizer
rinse (3% ammonia solution or equivalent), a surfactant
rinse (1% detergent solution or equivalent), a hot water
rinse and a thorough air dry. Room temperature cleaning
may be accomplished with Freon T-E35 or T-P35, Ethanol,
Isopropanol or water with a mild detergent.
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10-Element Bar Graph Array

Technical Data

Features Description

¢ Custom Multicolor Array These 10-element LED arrays
Capability are designed to display

e Matched LEDs for Uniform information in easily
Appearance recognizable bar graph form.

¢ End Stackable The packages are end stackable

¢ Package Interlock Ensures and therefore capable of
Correct Alignment displaying long strings of

¢ Low Profile Package information. Use of these bar

* Rugged Construction
* Large, Easily Recognizable

graph arrays eliminates the
alignment, intensity, and color

HDSP-4820
HLCP-J100
HDSP-4830
HDSP-4840
HDSP-4850
HDSP-4832
HDSP-4836
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Segments matching problems associated
¢ High ON-OFF Contrast, with discrete LEDs. The HDSP-  CUSTOM MULTICOLOR
Segment to Segment 4820/4830/4840/4850 and ARRAYS ARE AVAILABLE
» Wide Viewing Angle HLCP-J100 each contain LEDs ~ WITH MINIMUM DELIVERY
e Categorized for Luminous  of one color. The HDSP-4832/ REQUIREMENTS. CONTACT
Intensity 4836 are multicolor arrays with ~ YOUR LOCAL DISTRIBUTOR
e HDSP-4832/4836/4840/4850 High Efficiency Red, Yellow, OR HP SALES OFFICE FOR

Categorized for Dominant
Wavelength

* HLCP-J100 Operates at
Low Current
Typical Intensity of 1.0 med
at 1 mA Drive Current

and High Performance Green
LEDs in a single package.

Package Dimensions

|:——2540(1 .000) MAX ———»]
(o 015)

DETAILS.

. . 1. DIMENSIONS IN MILLIMETRES (INCHES).

Apphcatlons o1 2. ALL UNTOLERANCED DIMENSIONS FOR
. . REFERENCE ONLY.

¢ Industrial Controls (o 200 I I * *+ I I I I I E bl 3. HDSP-4832/-4836/-4840/-4850 ONLY.

¢ Instrumentation | :

¢ Office Equipment
¢ Computer Peripherals
¢ Consumer Products

_’l 152
(0100 (0.060)

LUMINOUS COLORBIN

6.10 + 0.25
INTENSITY (NOTE 3)

CATEGORY — 17(0-240 +0010)
[ ]
TIVTTTII &

4.06
0.61 — 254+ 0.25 [N ! | 762:038
oo < (0.100 + 0,010) e | | 0300+ 0.015)
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Absolute Maximum Ratings!”!

Red AlGaAs Red HER Yellow Green
Parameter HDSP-4820 HLCP-J100 | HDSP-4830 | HDSP-4840 | HDSP-4850
Average Power Dissipation per
LED (T, = 25°C) 63 mW 37TmW 87mW 50 mW 105 mW
Peak Forward Current per LED| 150 mA! 45 mA? 90 mAP! 60 mA?! 90 mA?!
DC Forward Current per LED 30mA™ 15mAM“! 30 mA®! 20 mA!S! 30mAS!
Operating Temperature Range |—40°C to +85°C | —20°C to +100°C —40°C to +85°C —20°C to +85°C
Storage Temperature Range —40°C to +85°C | —55°C to +100°C —-40°C to +85°C
Reverse Voltage per LED 3.0V 50V 30V
Lead Soldering Temperature
(1.59 mm (1/16 inch) below 260°C for 3 seconds'®!
seating plane)®

Notes:

1. See Figure 1 to establish pulsed operating conditions. Maximum pulse width is 1.5 ms.
2. See Figure 2 to establish pulsed operating conditions. Maximum pulse width is 1.5 ms.
3. See Figure 8 to establish pulsed operating conditions. Maximum pulse width is 2 ms.

4. Derate maximum DC current for Red above T, = 62°C at 0.79 mA/°C, and AlGaAs Red above T, = 91°C at 0.8 mA°C. See

Figure 3.

5. Derate maximum DC current for HER above T, = 48°C at 0.58 mA/°C, Yellow above T, = 70°C at 0.66 mA/°C, and Green above
T, = 37°C at 0.48 mA/°C. See Figure 9.

6. Clean only in water, isopropanol, ethanol, Freon TF or TE (or equivalent), or Genesolve DI-15 (or equivalent).

7. Absolute maximum ratings for HER, Yellow, and Green elements of the multicolor arrays are identical to the HDSP-4830/4840/

4850 maximum ratings.

8. Maximum component side temperature is 140°C during solder process.

Internal Circuit Diagram

20

19

18

17

VA4

10

Pin Function Pin Function
1 Anode a 11 Cathode j
2 Anode b 12 Cathode i
3 Anode ¢ 13 Cathode h
4 Anode d 14 Cathode g
5 Anode e 15 Cathode f
6 Anode f 16 Cathode e
7 Anode g 17 Cathode d
8 Anode h 18 Cathode ¢
9 Anode i 19 Cathode b

10 Anode j 20 Cathode a
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Multicolor Array Segment Colors

HDSP-4832 HDSP-4836
Segment Segment Color Segment Color
a HER HER
b HER HER
c HER Yellow
d Yellow Yellow
e Yellow Green
f Yellow Green
g Yellow Yellow
h Green Yellow
i Green HER
j Green HER

Electrical/Optical Characteristics at T, = 25°C*")

Red HDSP-4820

Parameter Symbol | Test Conditions | Min. | Typ. | Max. | Units

Luminous Intensity per LED _

(Unit Averagey™ I I, =20mA 610 | 1250 ped

Peak Wavelength Aopax 655 nm

Dominant Wavelength!?! A, 645 nm

Forward Voltage per LED Ve I, =20mA 1.6 2.0 v

Reverse Voltage per LED'! \'A I, =100 pA 3 12 v

Temperature Coefficient V, per LED AV,/°C -2.0 mV/°C

Thermal Resistance LED Junction-to-Pin ROy 300 °C/W/
LED

AlGaAs Red HLCP-J100

Parameter Symbol | Test Conditions | Min. | Typ. [ Max. | Units

Luminous Intensity per LED [=1mA 600 | 1000

(Unit Average)"" L I, = 20 mA Pk; 5200 ped

1 of 4 Duty Factor
Peak Wavelength Appak 645 nm
Dominant Wavelength!?! A, 637 nm
I,=1mA 1.6

Forward Voltage per LED Ve I, =20 mA 1.8 29 v

Reverse Voltage per LED!! Vi I, =100 A 5 15 v

Temperature Coefficient V, per LED AV,/°C -2.0 mV/°C

Thermal Resistance LED Junction-to-Pin RO, oy 300 °C/W/
LED
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High-Efficiency Red HDSP-4830

Parameter Symbol | Test Conditions | Min. | Typ. | Max. | Units
Luminous Intensity per LED _
(Unit Average)™¥ L, I,=10mA 900 | 3500 ped
Peak Wavelength  —_ 635 nm
Dominant Wavelength!?! Ay 626 nm
Forward Voltage per LED Ve I,=20mA 21 2.5 A\
Reverse Voltage per LED! A I,=100pA 3 30 v
Temperature Coefficient V, per LED AV /PC -2.0 mV/°C
Thermal Resistance LED Junction-to-Pin RO, . 300 °C/W/
LED
Yellow HDSP-4840
Parameter Symbol | Test Conditions | Min. | Typ. | Max. | Units
Luminous Intensity per LED _
(Unit Average)4 I, [ =10mA 600 | 1900 ped
Peak Wavelength Aopax 583 nm
Dominant Wavelength!2# A 581 585 592 nm
Forward Voltage per LED Ve I,=20mA 2.2 2.5 v
Reverse Voltage per LED'! Ve I, =100 A 3 40 v
Temperature Coefficient V,, per LED AV,/°C -2.0 mV/°C
Thermal Resistance LED Junction-to-Pin | RO 300 °C/W/
LED
Green HDSP-4850
Parameter Symbol | Test Conditions | Min. | Typ. | Max. | Units
Luminous Intensity per LED _
(Unit Averagey™4 I I,=10mA 600 | 1900 ped
Peak Wavelength Aopax 566 nm
Dominant Wavelength!2% Ay 571 577 nm
Forward Voltage per LED Ve I,=10mA 2.1 2.5 A
Reverse Voltage per LED®) \'A I,=100pA 3 50 A\
Temperature Coefficient V, per LED AV, /°C -2.0 mV/°C
Thermal Resistance LED Junction-to-Pin RO, 300 °C/W/
LED

Notes:

1. The bar graph arrays are categorized for luminous intensity. The category is designated by a letter located on the side of the

package.

2. The dominant wavelength, A,, is derived from the CIE chromaticity diagram and is that single wavelength which defines the

color of the device.

3. The HDSP-4832/-4836/-4840/-4850 bar graph arrays are

gorized by dominant wavelength with the category designated by a

number adjacent to the intensity category letter. Cnly the yellow elements of the HDSP-4832/-4836 are categorized for color.
4. Electrical/optical characteristics of the High-Efficiency Red elements of the HDSP-4832/-4836 are identical to the HDSP-4830

characteristics. Characteristics of Yellow elements of the HDSP-4832/-4836 are identical to the HDSP-4840. Characteristics of

Green elements of the HDSP-4832/-4836 are identical to the HDSP-4850.
5. Reverse voltage per LED should be limited to 3.0 V max. for the HDSP-4820/4830/4840/4850/4832/4836 and 5.0 V max. for the

HLCP-J100.
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RATIO OF MAXIMUM OPERATING

IPEAK MAX
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Figure 1. Maximum Tolerable Peak Current vs. Pulse

Duration - Red.

<
E a0 T 1
5 Roy = 600°CIW
g =
g o Leeo
K \
w
g \
£ 2
w
g
g 20
(3]
Q AIGaAs RED |
S 15
E \
2
£ w0
<
=
L5
x
E:
0
8 x5 5 a5 s 65 75 85 95 105

Ta - AMBIENT TEMPERATURE - °C

Figure 3. Maximum Allowable DC
Current vs. Ambient Temperature.

T = 100°C for Red and T, =110°C
for AlGaAs Red. -

/

/

(NORMALIZED TO 1.0 AT 20mA)

RELATIVE LUMINOUS INTENSITY

20 25

I; — FORWARD CURRENT PER SEGMENT — mA
Figure 6. Relative Luminous

Intensity vs. DC Forward Current -
Red.

LIl T\ VI I WITH _.DC OPERATION

g
g5 g
w 8
= w
2z ® 2o 7
ZE S EE 6
w3 125 — =)
a0 . >
Z0 10 o OPERATION IN THIS g3 °
=2 3 3 REGION REQUIRES cww g,
e3 ¢ N TEMPERATURE sge
£ § 6 DERATING OF Ipc Max @3
g5 ° 3o 2 s
© 4 s -
38 W wkES
o5 3 °z2 ,
S5 \ T
ao , 25<
i o5 NIENENE NN mx‘-l’ =
= ) m \ \ § 3
2 | | \ DC OPERATION | ST
1 10 100 1000 10000 #H8 1

100 1000 10000

tp — PULSE DURATION — us

Figure 2. Maximum Tolerable Peak Current vs. Pulse

Duration - AlGaAs Red.
o 2 T Bl
ol AlGaAs RED RED E
~
o 11 N [ 1140 —
3¢ s RED
3¢ 4, H
< M N g 120
29 > @
SE o9 @ 100
og w
g- e
8 08 z
wy 07 =)
weo o
Za a
Eo o<
gL 06 ; 40 }
#E g I AIGaAs RED
LR 05 T 20
iz L '
== o4 T o Z
0 20 40 60 80 100 120 140 160 0 05 10 15 20 25 30 35 40

Ipeak — PEAK SEGMENT CURRENT — mA
Figure 4. Relative Efficiency

(Luminous Intensity per Unit
Current) vs. Peak Current.

20

Vg - FORWARD VOLTAGE -V

Figure 5. Forward Current vs.
Forward Voltage.

> 10 -
% e
G- 05 7
2% /
b V4
32 o2
2o
55 1
E
ol
Ys
g8 4
z2 4
(4
/‘
ol 4
01 02 05 1 5 10 20

Ir — FORWARD CURRENT PER SEGMENT

Figure 7. Relative Luminous
Intensity vs. DC Forward Current —

AlGaAs.

Application Note 1005.

For a Detailed Explanation on the Use of Data Sheet Information and Recommended Soldering Procedures, See
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For a Detailed Explanation on the Use of Data Sheet Information and Recommended Soldering Procedures, See
Application Note 1005.
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Electrical/Optical

These versatile bar graph
arrays are composed of ten light
emitting diodes. The light from
each LED is optically stretched
to form individual elements.
The Red (HDSP-4820) bar
graph array LEDs use a p-n
junction diffused into a GaAsP
epitaxial layer on a GaAs
substrate. The AlGaAs Red
(HLCP-J100) bar graph array
LEDs use double heterojunction
AlGaAs on a GaAs substrate.
HER (HDSP-4830) and Yellow
(HDSP-4840) bar graph array
LEDs use a GaAsP epitaxial
layer on a GaP substrate. Green
(HDSP-4850) bar graph array
LEDs use liquid phase GaP
epitaxial layer on a GaP sub-
strate. The multicolor bar graph
arrays (HDSP-4832/4836) have
HER, Yellow, and Green LEDs
in one package.

These displays are designed for
strobed operation. The typical
forward voltage values can be
scaled from Figures 5 and 11.
These values should be used to
calculate the current limiting
resistor value and typical power
consumption. Expected
maximum V values for driver
circuit design and maximum
power dissipation may be
calculated using the following

V:MAX models:
Standard Red HDSP-4820
series

V.MAX =18V +1,  (10Q)

For: 1, ., >5mA

AlGaAs Red HDSP-J100 series
V.MAX =18V + 1, (20Q)
For: I, , <20 mA
VMAX=2.0V+1, , (10Q)
For: I, , 220 mA

HER (HDSP-4830) and Yellow

(HDSP-4840) series
VMAX =16 +1,_, (45Q)
For: 5 mA<[, ., <20mA
V:MAX =175+ 1, (38 Q)
For: I, , 220 mA

Green (HDSP-4850) series

V:MAX =2.0+ I, (50Q)
For: I, >5mA

Figures 4 and 10 allow the
designer to calculate the
luminous intensity at different

peak and average currents. The

following equation calculates
intensity at different peak and
average currents:

I,AVG = (I AVG/I,AVG DATA
SHEET)m
SHEET)

Where:
I,AVG is the calculated time

peak

averaged luminous intensity

resulting from I, AVG.
ILAVG is the desired time
averaged LED current.
I,AVG DATA SHEET is the
data sheet test current for
I,DATA SHEET.

M,y 18 the relative efficiency at
the peak current, scaled from

Figure 4 or 10.

I, DATA SHEET is the data
sheet luminous intensity,
resulting from [LAVG DATA
SHEET.

2-29

)(1,DATA

For example, what is the
luminous intensity of an HDSP-
4830 driven at 50 mA peak 1/5
duty factor?

IAVG = (50 mA)(0.2) =
10 mA

ILAVG DATA SHEET = 10 mA

nPeak = 1'3

I, DATA SHEET = 3500 pcd

Therefore

I,AVG = (10 mA/10 mA)
(1.3)(3500 ped)
= 4550 ped
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|
PANEL AND | HLMP-2598
[0 H50ETT || Lecend MoUNTs FoR | e
LED LIGHT BARS | HLmP-2899

Features

¢ FIRMLY MOUNTS LIGHT BARS IN PANELS

e HOLDS LEGENDS FOR FRONT PANEL OR
PC BOARD APPLICATIONS!™ -

e ONE PIECE, SNAP-IN ASSEMBLY

e MATTE BLACK BEZEL DESIGN ENHANCES
PANEL APPEARANCE

e FOUR SIZES AVAILABLE

e MAY BE INSTALLED IN A WIDE RANGE OF
PANEL THICKNESSES

¢ PANEL HOLE EASILY PUNCHED OR MILLED

Description

This series of black plastic bezel mounts is designed to (0.125 inch). A space has been provided for holding a 0.13
install Hewlett-Packard Light Bars in instrument panels mm (0.005 inch) film legend over the light emitting surface
ranging in thickness from 1.52 mm (0.060 inch) to 3.18 mm of the light bar module.

Selection Guide

Panel and Legend Corresponding Light Bar . )
Mount Part No. Module Part No. Panel Hole Installation Package
HLMP- HLCP-| HLMP- Dimensions!?! Outline
2598 B100 | 2350, 2450, 2550 7.62 mm (0.300'inch) x 22.86 mm 10.900 inch' |l | B
2599 A100 | 2300, 2400, 2500 | 7.62 mm (0.300 inch) x 12.70 mm (0.500 inch) | =3 A
D100 | 2600, 2700, 2800
2898 C100 | 2655, 2755, 2855 12.70 mm (0.500 inchi x 12.70 mm (0.500 inch D c
2950, 2965, 2980
E100 | 2620, 2720, 2820 :
F100 | 2635, 2735, 2835 . )
f s D
2899 G100| 2670, 2770, 2870 | 12.70 MM (0.500inch x 22.86 mm 10.900 inch -
H100 | 2685, 2785, 2885

Notes:
1. Application Note 1012 addresses legend fabrication options.
2. Allowed hole tolerance: +0.00 mm, -0.13 mm (+0.000 inch, -0.005 inch). Permitted radius: 1.60 mm (0.063 inch).
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Package Dimensions

3.61

18.85
(0.742)

8.69
(0.342)
T T

(0.142)
—
8.64 + 0.25 "
(0.340 + 0.010) |
TOP A T TOPB SIDEAB
—-| 1372+ 0.25 |@—o 2388+ 0.25 0.76 6.22+ 0.25
(0.540 : 0.010) | (0.940 + 0.010) (0,030)_' (0.245 + 0.010)
) ! ;
372+ 0.25 8.69
(0.540 + 0.010) (0.342)
v - T \
TOoPC TOP D SIDEC,D
NOTES: 1. DIMENSIONS IN MILLIMETRES (INCHES)

2. UNTOLERANCED DIMENSIONS ARE FOR
REFERENCE ONLY.

Mounting Instructions

1. Milll® or punch a hole in the panel. Deburr, but do not
chamfer, the edges of the hole.

2. Place the front of the mount against a solid, flat surface.
A film legend with outside dimensions equal to the out-
side dimensions of the light bar may be placed in the
mount or on the light bar light emitting surface.
Press the light bar into the mount until the tabs snap
over the back of the light barl4. When inserting the
HLMP-2898, align the notched sides of the light bar
with the mount sides which do not have the tabs).
(See Figure 1)

3. Applying even pressure to the top of the mount, press the
entire assembly into the hole from the front of the panel(5l.
(See Figure 2)

NOTE: For thinner panels, the mount may be pressed into

the panel first, then the light bar may be pressed into the

mount from the back side of the panel.

Notes:

3. A 3.18 mm (0.125 inch) diameter mill may be used.

4. Repetitve insertion of the light bar into mount may cause
damage to the mount.

5. Repetitive insertion of the mount into the panel will degrade the
retention force of the mount.

Suggested Punch Sources

Hole punches may be ordered from one of the following
sources:

Danly Machine Corporation
Punchrite Division

15400 Brookpark Road
Cleveland, OH 44135

(216) 267-1444

Ring Division

The Producto Machine Company
Jamestown, NY 14701

(800) 828-2216

Porter Precision Products Company
12522 Lakeland Road

Santa Fe Springs, CA 90670

(213) 946-1531

Di-Acro Division
Houdaille Industries
800 Jefferson Street
Lake City, MN 55041
(612) 345-4571

Installation Sketches

NOTCH

.

/

TAB

Figure 1. Installation of a Light Bar into a Panel Mount

A %

Figure 2. Installation of the Light Bar/Panel Mount Assembly into
a Front Panel
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- Solid State Lamps

* AlGaAs Lamps
~ * General Purpose Lamps
~* Special Purpose Lamps o 4
* Lead Bend Options -
* JAN Qualified Hermetic Lamps (pg 3-129)




Solid State Lamps

From General to Special
Purpose Lamps, Hewlett-
Packard continues to grow its
LED lamp product offering.
This year, HP expanded the AS
AlGaAs product family with the
introduction of new rectangular,
T1, T-1 3/4, and subminiature
lamps.

HP always strives to supply
products with greater
performance each year. To this
effect, HP has introduced a
new series of transparent
substrate AlGaAs products,
including the world's brightest
LED, the HLMP-8150.

New packages are always an
area of growth and importance
to designers and Hewlett-
Packard. Now, applications

that require a high brightness
light source can be addressed
with HP's high power LED
family. These LEDs have a
superior optical performance due
to the high tech package design.
In addition, these parts are
capable of being driven by higher
currents than traditional LEDs
and this results in more light
output. Finally, designers will
have a high reliability
alternative to applications which
traditionally required the
brightness supplied by incandes-
cent bulbs.
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High Power TS AlGaAs Lamps

Device Description Typical Typical
Luminous Forward | Page
Package Outline Drawing Part No. Color Package Lens | Intensity [ 201/2 | Voltage | No.
G HLMP-8150 | Red |T4 Untinted | 150med | 4° | 185V | 3-30
(637 nm) Nondiffused| @ 20 mA @20 mA
HLMP-8104 | Red | T-13/4 Untinted | 4.0 med 7 185V | 3-34
(M (637nm) Nondiffused| @ 20 mA @ 20 mA
HLMP-8103 3.0 med
@20mA
HLMP-8102 2.0 med
@ 20 mA
HLMP-8100 0.7 med 24°
@20 mA
High intensity DH AlGaAs Lamps
Device Description Typical Typical
Luminous Forward | Page
Package Outline Drawing Part No. Color Package Lens | Intensity | 261/2 | Voltage | No.
HLMP-D101 | AlGaAs | T-13/4 Tinted | 700med | 65° 18V | 3-38
Red Diffused | @ 20 mA @20mA
(637 nm)
I] I] HLMP-D105 Untinted | 2400 med| 24°
Nondiffused| @ 20 mA

Bold Type - New Product
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High Intensity DH AlGaAs Lamps (Continued)

Device Description Typical Typical
Luminous Forward | Page
Package Outline Drawing Part No. Color Package Lens | Intensity | 20 1/2 | Voltage.| No.
HLMP-K101 | AlGaAs |T-1 Tinted | 450med | 60° 18V |3-38
! Red Diffused | @ 20 mA @20mA
(637 nm)
HLMP-K105 Untinted. | 650med | 45°
Nondiffused | @ 20 mA
P HLMP-R100 Rectangular Tinted 75med | 100° 3-83
| e——] Diffused @ 20 mA
HLMP-S100 2mmx 5 mm 75med | 110° 3-87
I:Z Rectangular @20 mA
=0 HLMP-P105 Flat Top Untinted | 10.0med | 125° | 1.7V |31
. {5 @ Subminiature | Nondiffused| @ 10 mA @10mA
= == |HmP-ai01 Subminiature | Tinted | 450med | 70° | 18V
=={£_1}== Diffused | @ 20 mA @20mA
[=]
HLMP-Q105 Untinted | 55.0 mcd 28° 1.7V
Nondiffused | @ 10 mA @10mA
Low Current DH AlGaAs Lamps
Device Description Typical Typical
Luminous Forward | Page
Package Outline Drawing Part No. Color Package Lens Intensity | 20 1/2 | Voltage | No.
HLMP-D150 | AlGaAs | T-13/4 Tinted 3.0 med 65° 16V | 342
Red Diffused | @ 1 mA @1mA
(637 nm)
HLMP-D155 Untinted | 10.0mcd | 24°
l] Nondiffused] @ 1 mA

Bold Type — New Product
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Low Current DH AlGaAs Lamps (Continued)

Device Description Typical Typical
Luminous Forward | Page
Package Outline Drawing Part No. Color Package Lens Intensity | 20 1/2 | Voltage | No.
HLMP-K150 | AlGaAs | T-1 Tinted 2.0 med 60° 16V | 342
Red Diffused | @ 1mA @1mA
(637 nm)
HLMP-K155 Untinted | 3.0 med 45°
Nondiffused| @ 1 mA
:n:@: HLMP-Q150 Subminiature Tinted 1.8 med 70° 16V | 391
N Diffused | @ 1mA @1mA
)
HLMP-Q155 Untinted | 4.0 med 28°
Nondiffused| @ 1.0 mA
Very High Intensity AlGaAs Lamps
Device Description Typical Typical
Luminous Forward | Page
Package Outline Drawing Part No. Color Package Lens | Intensity | 201/2 | Voltage | No.
HLMP-4100 | AlGaAs | T-13/4 Untinted | 7500 med| 8° 18V | 3-46
' Red Nondiffused| @ 20 mA @20mA
(637 nm)
” ” HLMP-4101 1000.0 med
4 @20mA

Bold Type - New Product
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Ultrabright Lamps

Device Desctiption Typical Typical
Luminous Forward | Page
Package Outline Drawing Part No. Color Package Lens | Intensity | 201/2 | Voltage | No.
HLMP-3750 | High | T-13/4 Untinted | 125.0 med|  24° 22V | 350
Efficiency Non-diffused| @ 20 mA @20 mA
Red
(626 nm)
HLMP-3850 | Yellow 140.0 med 22V
H U (585 nm) @20 mA @20 mA
o HLMP-3950 | Green 120.0 med 23V
S (569 nm) @20mA @20 mA
HLMP-3390 | High | T-13/4 Untinted | 55.0med| 32° 22V
Efficiency | Low Profile Non-diffused| @ 20 mA @20 mA
Red
(626 nm)
HLMP-3490 | Yellow 22V
(585 nm) @20 mA
w mj; HLMP-3590 | Green 23V
N= (569 nm) @ 20 mA
HLMP-1340 | High | T-1 Untinted | 450med |  45° 22V
! Efficiency Non-diffused] @ 20 mA @20mA
Red
(626 nm)
HLMP-1440 | Yellow 22V
(585 nm) @20 mA
HLMP-1540 | Green 23V
(569 nm) @20 mA
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Low Current Lamps

Device Description Typical Typical
Luminous Forward | Page
Package Outline Drawing Part No. Color Package Lens | Intensity | 20 1/2 | Voltage | No.
HLMP-4700 | High | T-13/4 Tinted 20med | 50° 18V | 3-54
Efficiency Diffused | @2mA @2mA
Red
(626 nm)
HLMP-4719 | Yellow 1.8 med 19V
[I (585 nm) @2mA @2mA
HLMP-4740 [ Green 1.8 med 18V
(569 nm) @2mA @2mA
HLMP-1700 [  High T1 Tinted 1.8 med 50° 18V
! Efficiency Diffused | @ 2mA @2mA
Red
r "I (626 nm)
HLMP-1719 | Yellow 1.6 med 19V
(585 nm) @2mA @2mA
HLMP-1790 | Green 1.6 med 18V
(569 nm) @2mA @2mA
HLMP-7000 | High | Subminiature Tinted 0.8mcd | 90° 18V | 391
=k Efficiency Diffused | @ 2mA @2mA
A Red
6 (626 nm)
HLMP-7019 | Yellow 0.6 med 19V
(585 nm) @2mA @2mA
HLMP-7040 | Green 0.6 med 18V
(569 nm) @2mA @2mA
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High Intensity T-1 3/4 Lamps

Device Description Typical Typical
Luminous Forward | Page
Package Outline Drawing Part No. Color Package Lens | Intensity | 20 1/2 |{Voltage | No.
HLMP-3315 High | T-13/4 Tinted 40.0 med 35° 22V | 358
Efficiency Nondiffused| @ 10 mA @10mA
Red
HLMP-3316 | (626 nm) 60.0 med
@10mA
HLMP-3415 | Yellow 40.0 med 22V
(585 nm) @10mA @10mA
HLMP-3416 50.0 med
RN @ 10 mA
o o) L. _
= HLMP-3517 | Green 500med | 24° | 23V
(569 nm) @10mA @10mA
HLMP-3519 70.0 med
@ 10mA
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Diffused (Wide Angle) T-13/4 Lamps

Device Description Typical Typical
Luminous Forward | Page
Package Outline Drawing Part No. Color Package Lens | Intensity | 201/2 | Voltage | No.
HLMP-3300 | High T-13/4 3.5 med 60° 22V | 3-62
Efficiency @10 mA @10 mA
Red
HLMP-3301 | (626 nm) 7.0 med
@10mA
HLMP-3762 12.0 med g
@10mA 3
HLMP-D400 | Orange 35med 22V 8
(602 nm) @ 10mA @ 10 mA 3
HLMP-D401 7.0 med
@10mA
HLMP-3400 | Yellow 4.0 med 60° 22V
(585 nm) @10mA @10mA
HLMP-3401 8.0 med
@10mA
HLMP-3862 12.0 med
@10mA
HLMP-3502 | Green 2.4 med 60° 23V
(569 nm) @ 10 mA @10mA
HLMP-3507 5.2 med
@10mA
HLMP-3962 11.0 med
@ 10 mA
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High Intensity T-1 3/4 Low Profile Lamps

Device Description Typical Typical
Luminous Forward | Page
Package Outline Drawing Part No. Color Package Lens | Intensity | 201/2 | Voltage | No.
HLMP-3365 | High | T-13/4 Tinted | 10.0mecd | 45° 22V | 366
Efficiency | Low Profile Non- @10mA @10mA
Red Diffused
HLMP-3366 | (626 nm) 18.0 mcd
@10mA
H H HLMP-3465 | Yellow 12.0 med 22V
(585 nm) @10mA @ 10 mA|
HLMP-3466 18.0 med
@10mA
HLMP-3567 | Green 7.0 med 40° 23V
(569 nm) @10mA @10mA
HLMP-3568 15.0 med
@10mA
Diffused (Wide Angle) T-1 3/4 Low Profile Lamps
Device Description Typical Typical
Luminous Forward | Page
Package Outline Drawing Part No. Color Package Lens | Intensity | 261/2 | Voltage | No.
HLMP-3200 | Red T-13/4 Tinted | 2.0 med 60° 16V | 3-66
(640 nm) | Low Profile Diffused | @ 20 mA @20 mA
HLMP-3201 4.0 med
@20mA
HLMP-3350 | High 3.5 med 50° 22V
Efficiency @10mA @10mA
Red
HLMP-3351 |(626 nm) 7.0 med
@10mA
HLMP-3450 | Yellow 40med 22V
(585 nm) @ 10mA @ 10mA
HLMP-3451 10.0 mcd
@10mA
HLMP-3553 | Green 3.2 med 23V
(569 nm) @10mA @10mA
HLMP-3554 10.0 med
@10mA




Standard Red T-13/4 Lamps

Device Description Typical Typical
Luminous Forward | Page
Package Outline Drawing Part No. Color Package Lens | Intensity | 201/2 | Voltage | No.
HLMP-3000 | Red T-13/4 Tinted 2.0 med 60° 16V |3-71
CE — (648 nm) Diffused | @ 20 mA @20mA
= | HLMP-3001 40med
@20mA
p w— |
Cﬁ = HLMP-3002 2.0 med g
@20 mA 3
=
HLMP-3003 40 med 2
@20 mA ]
— HLMP-3050 Tinted | 25med | 24°
Non- @20mA
=
Diffused
T-1 3/4 Mounting Hardware
Device
Page
Package Outline Drawing Part No. Description No.
HLMP-0103 | Mounting Clip and Ring for T-1 3/4 Lamps 3-128
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T-1 High Intensity Lamps

Device Description Typical Typical
Luminous Forward |Page
Package Outline Drawing Part No. Color Package Lens | Intensity | 261/2 |Voltage | No.
HLMP-1320 | High | T-1 Untinted | 120mecd | 45° 22V | 373
! ‘ Efficiency Nondiffused | @ 10 mA @10mA
Red
HLMP-1321 | (626 nm) Tinted
Nondiffused
HLMP-1420 | Yellow Untinted | 12.0 med 22V
(585 nm) Nondiffused | @ 10 mA @10mA
i HLMP-1421 Tinted
— Nondiffused
HLMP-1520 | Green Untinted | 12.0 med 23V
(569 nm) Nondiffused | @ 10 mA @10 mA
| HLMP-1521 Tinted
Nondiffused
T-1 Diffused (Wide Angle) Lamps
Device Description Typical Typical
Luminous Forward | Page
Package Outline Drawing Part No. Color Package Lens | Intensity | 201/2 | Voltage | No.
HLMP-1300 | High |T-1 Tinted | 5.0 med 60° 22V 377
Efficiency Diffused | @ 10 mA @10mA
Red
HLMP-1301 |(626 nm) 5.5 med
@10mA
HLMP-1302 7.0 med
@10mA
HLMP-1385 10.0 med
@10 mA
N HLMP-K400 | Orange 4.0 med 22V
(602 nm) @10mA @10mA
HLMP-K401 5.0 med
@10mA
HLMP-K402 6.5 med
@10 mA
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T-1 Diffused (Wide Angle) Lamps (Continued)

Device Description Typical Typical
Luminous Forward | Page
Package Outline Drawing Part No. Color Package Lens Intensity | 26 1/2 | Voltage | No.
HLMP-1400 | Yellow |T-1 Tinted 5.0 med 60° 22V 377
(585 nm) Diffused | @ 10 mA @ 10mA
HLMP-1401 6.0 med
@10mA
HLMP-1402 7.0 mcd
@ 10mA
HLMP-1485 10.0 med
@10mA
L
L HLMP-1503 | Green 5.0 med 23V
@ (569 nm) @ 10mA @10mA
HLMP-1523 7.0 med
@10mA
HLMP-1585 8.5 med
@10mA
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T-1 Standard Red Lamps

Device Description Typical Typical
Luminous Forward | Page
Package Outline Drawing Part No. Color Package Lens Intensity | 20 1/2 |Voltage | No.
HLMP-1000 | Red T1 Tinted 1.0 med 60° 16V | 381
(648 nm) Diffused | @ 20 mA @20mA
HLMP-1002 2.5 med
@20mA
HLMP-1080 Untinted 1.5 med
Diffused | @ 20 mA
HLMP-1071 Untinted 2.0 med 45° 16V
Non-Diffused| @ 20 mA @20mA
LJ
L HLMP-1200 T-1 Untinted | 1.0mcd | 55° 16V
Low Profile ~ |Non-Diffused| @ 20 mA @ 20mA
HLMP-1201 2.5 med
@20 mA
T-1 Low Profile Diffused Lamps
Device Description Typical Typical
Luminous Forward | Page
Package Outline Drawing PartNo. | Color Package Lens | Intensity | 261/2 | Voltage | No.
HLMP-1350 [ High | T-1 Tinted 2.0 med 55° 22V *
Efficiency | Low Profile Diffused | @ 10 mA @ 10mA
Red
(626 nm)
HLMP-1450 | Yellow 22V
(585 nm) @10mA
HLMP-1550 | Green 23V
(569 nm) @10mA

*Contact your local Sales Representative for information regarding this product. (See Section 9.)
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Rectangular Lamps

Device Description Typical Typical
Luminous Forward (Page
Package Outline Drawing Part No. Color Package Lens | Intensity | 201/2 | Voltage | No.
HLMP-R100| DH Rectangular Tinted 75med | 100° 18V 383
AlGaAs Diffused | @20 mA @20 mA
Red
(637 nm)
HLMP-0300 | High 2.5 med 22V
Efficiency @20mA @20 mA
Red
HLMP-0301 | (626 nm) 5.0 med
@20mA
i
HLMP-0400 | Yellow 2.5 med 22V
- (585 nm) @20 mA @20mA
HLMP-0401 5.0 med
@20mA
HLMP-0503 | Green 2.5 med 23V
(569 nm) @20 mA @20mA
HLMP-0504 5.0 med
@20mA

Bold Type ~ New Product
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2 mm x 5 mm Rectangular Lamps

Device Description Typical Typical
Luminous Forward |Page
Package Outline Drawing Part No. Color Package Lens | Intensity | 201/2 |Voltage | No.
HLMP-$100|  DH 2mmx5mm Tinted 75med | 110° 18V | 387
AlGaAs | Rectangular | Diffused | @ 20 mA @20 mA
Red
(637 nm)
HLMP-S200( High 3.5 med 22V
Efficiency @20 mA @20mA
Red
Ex HLMP-S201 | (626 nm) 4.8 med
@20mA
HLMP-S400 | Orange 3.5 mica 22V
(602 nm) @20 mA @20mA
HLMP-S401 4.8 med
@20 mA
HLMP-S300 | VYellow 2.1 med 22V
(585 nm) @20 mA @20 mA
HLMP-S301 3.5 med
@20mA
HLMP-S500( Green 40 med 23V
(569 nm) @20mA @20mA
HLMP-S501 5.8 med
@20 mA

Bold Type - New Product
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Subminiature Flat Top Lamps

Device Description Typical Typical
Luminous Forward |Page
Package Outline Drawing Part No. Color Package Lens Intensity | 201/2 | Voltage | No.
HLMP-P005| Standard | Flat Top Untinted 25 med 125° 16V |3-91
f— -'@— Red | Subminiature |Non-diffused| @ 10 mA @10 mA
E [E] (640 nm)
HLMP-P105| DH 45.0 med 18V
AlGaAs @20 mA @20 mA
Red
(637 nm)
HLMP-P205| High 5.0 med 18V
Efficiency @10mA @10mA
Red
(626 nm)
HLMP-P405| Orange 4.0 med 19V
(602 nm) @ 10mA @10mA
HLMP-P305| Yellow 4.0 med 20V
(585 nm) @10mA @10mA
HLMP-P505( Green 5.0 med 20V
(569 nm) @ 10mA @10 mA

Bold Type — New Product
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Subminiature Diffused Lamps

Device Description Typical Typical
Luminous Forward | Page
Package Outline Drawing Part No. Color Package Lens Intensity | 201/2 | Voitage | No.
HLMP-6000 | Standard | Subminiature Tinted 1.2med 90° 16V |3-91
.:,@: Red Diffused | @ 10 mA @10mA
(640 nm)
==E)== @ HLMP-5001 3.2 med 16V
@10mA @10mA
HLMP-Q101| DH 45.0 med 18V
AlGaAs @20 mA @20 mA
Red
(637 nm)
HLMP-6300 | High 3.0 med 18V
Efficiency @10mA @10mA
Red
(626 nm)
HLMP-Q400 | Orange 3.0 med 19V
(602 nm) @10mA @ 10 mA
HLMP-6400 | Yellow 3.0 med 20V
(585 nm) @10mA @10mA
HLMP-6500 | Green 3.0 med 20V
(569 nm) @10mA @ 10mA
Subminiature Nondiffused Lamps
Device Description Typical Typical
Luminous Forward | Page
Package Outline Drawing Part No. Color Package Lens Intensity | 26 1/2 | Voltage | No.
HLMP-Q105| DH Subminiature Untinted | 55.0mcd | 28° 18V |391
I:@:i AlGaAs Non-diffused| @ 20 mA @20mA
Red
0= B
HLMP-6305 | High 12.0 med 18V
Efficiency @10mA @ 10 mA
Red
(626 nm)
HLMP-6405 | Yeliow 12.0 med 20V
(585 nm) @ 10mA @ 10mA
HLMP-6505 | Green 12.0 med 20V
(569 nm) @ 10mA @10mA
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Subminiature Low Current Lamps

Device Description Typical Typical
Luminous Forward | Page
Package Outline Drawing Part No. Color Package Lens Intensity | 261/2 | Voltage | No.
HLMP-Q150| DH Subminiature Tinted 1.8 med 90° 16V | 391
= = AlGaAs Diffused | @ 1.0mA @1.0mA
Red
==@m @] HLMP-Q155 (637 nm) Untinted | 40mcd | 28°
Nondiffused | @ 1.0 mA
HLMP-7000 | High Tinted 0.8 med 90° | 1.8V@
Efficiency Diffused | @ 2.0 mA 10.0 mA
Red
(626 nm)
HLMP-7019 | Yellow 0.6 med 20V@
(585 nm) @20mA 100 mA
HLMP-7040 | Green 0.6 med 20V@
Bold Type — New Product
Subminiature Resistor Lamps
Device Description Typical Typical
Luminous Forward | Page
Package Outline Drawing Part No. Color Package Lens Intensity | 201/2 | Current | No.
HLMP-6600 | High | Subminiature | Tinted | 50mcd | 90° | 9.6mA | 391
— ,4[ j: Efficiency | Resistor Diffused | @5.0V @50V
Red
_ E} l@] HLMP-6620 | (626 nm) 2.0 med 35mA
@50V @50V
HLMP-6700 | Yellow 5.0 med 9.6 mA
(585 nm) @50V @50V
HLMP-6720 2.0 med 35mA
@50V @50V
HLMP-6800 | Green 5.0 med 9.6 mA
(569 nm) @50V @50V
HLMP-6820 2.0 med 35mA
@50V @50V
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Subminiature Lamp Arrays

Device Description Typical Typical
Luminous Forward | Page
Package Outline Drawing Part No. Color Package Lens Intensity | 201/2 |Voltage | No.
HLMP-6203 | Red Array  t|3]| Tinted 1.2 med 90° 16V | 391
HLMP-6204 | (640 nm) 4| Diffused | @ 10mA @10mA
HLMP-6205 5
HLMP-6206 6
HLMP-6208 8
HLMP-6653 | - High 3 3.0 med 18V
HLMP-6654 | Efficiency 4 @10mA @10 mA
HLMP-6655 | Red 5
HLMP-6656 | (626 nm) 6
HLMP-6658 8
HLMP-6753 | Yellow 3 20V
HLMP-6754 | (585 nm) 4 @10mA
HLMP-6755 5
HLMP-6756 6
HLMP-6758 8
HLMP-6853 | Green 3 20V
HLMP-6854 | (569 nm) o4 @10 mA
HLMP-6855 5
HLMP-6856 6
HLMP-6858 8

tArray length
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Lead Bend Options, Subminiature Lamps

Device
Description Page
Package Outline Drawing | Option No. No.
011 Gull Wing, Tape and Reel, 1500 Lamps per Reel 3-91

j@\ 012 Gull Wing, Bulk Packaging

013 Gull Wing Array, Shipping Tube

N

.@..
=
o

:[IE‘:ED 021
Jﬁ:@ﬂ

7

Yoke Lead, Tape and Reel, 1500 Lamps per Reel

ow
S
3
=
4
Q
=1
]

022 Yoke Lead, Bulk Packaging

031 Z-Bend, Tape and Reel, 1500 Lamps per Reel

032 Z-Bend, Bulk Packaging

@

mgm 1L1 2.54 mm (0.100 in) Rt. Angle Bend, Long Leads

=
=7

ﬁ 181 2.54 mm (0.100 in) Rt. Angle Bend, Short Leads

E ? 2L1 5.08 mm (0.200 in) Rt. Angle Bend, Long Leads
1]

=0

f ? 281 5.08 mm (0.200 in) Rt. Angle Bend, Short Leads
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Bicolor Solid State Lamps

Device Description Typical Typical
— Luminous Forward | Page
Package Outline Drawing Part No. Color Package Lens Intensity | 261/2 | Voltage | No.
HLMP-0800 | High |2mmx5mm | Untinted 35med | 100° 21V [3111
" | Efficiency | Rectangular Diffused | @ 20 mA @10mA
Red
(626 nm) |-
Green 4.0 med 23V
(569 nm) @20mA @10mA
HLMP-4000 | High | T-13/4 Untinted 5.0 med 65° 21V
: Efficiency Diffused | @ 10 mA @ 10mA
Red
(626 nm)
Green 8.0 med 23V
(569 nm) @10 mA @10mA

Bold Type — New Product
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T-13/4 and T-1 Integrated Resistor Lamps

Device Description Typical Typical
Luminous Forward | Page
Package Outline Drawing Part No. Color Package Lens | Intensity | 260 1/2 | Current | No.
HLMP-3105 Red T-13/4 Tinted 3.0 med 60° 13mA | 3-115
(648 nm) Diffused @5V @5V
HLMP-3112 3.0 med 13mA
@12V @12V
|
“1 l“J HLMP-3600 | High 8.0 med 10 mA
Efficiency @5V @5V
” Red
HLMP-3601 | (626 nm) 8.0 med 13 mA
@12V @12V
//\\
o« HLMP-3650 | Yellow 8.0 med 10mA
(585 nm) @5V @5V
HLMP-3651 8.0 med 13 mA
@12V @12V
HLMP-3680 | Green 8.0 med 12 mA
(569 nm) @5V @5V
HLMP-3681 8.0 med 13 mA
@12V @12V
HLMP-1100 | Red | T-1 Tinted 2.5 med 60° 13 mA
(648 nm) Diffused @5V @5V
HLMP-1120 Untinted
Diffused
HLMP-1600 | High Tinted 8.0 med 10 mA
Efficiency Diffused @5V @5V
Red
i HLMP-1601 | (626 nm) 8.0 med 13 mA
@12V @12V
HLMP-1620 | Yellow 8.0 med 10 mA
(585 nm) @5V @5V
HLMP-1621 8.0 med 13mA
@12v @12V
HLMP-1640 | Green 8.0 med 12mA
(569 nm) @5V @5V
HLMP-1641 8.0 med 13 mA
@12V @12V
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2 mm Round Flat Top Lamps

Device Description Typical Typical
Luminous Forward | Page
Package Outline Drawing Part No. Color Package Lens |Intensity | 201/2 | Voltage | No.
HLMP-1800 | High | 2mmFlatTop, | Tinted 1.8 med 140° 22V *
Efficiency | Round Emitting | Diffused | @ 10 mA @10mA
Red | Surface
HLMP-1801 | (626 nm) 2.9 med
@10mA
HLMP-1819 | Yellow 1.5 med 22V
(585 nm) @10mA @10mA
@ HLMP-1820 2.5 med
- @10mA
HLMP-1840 | Green 20med 23V
(569 nm) @10mA @10mA
HLMP-1841 3.0 med
@10mA
HLMP-1740 | High 0.5 med 18V
(Low Efficiency @2mA @2mA
Current) Red
(626 nm)
HLMP-1760 | Yellow 0.4 med 19V
(Low (585 nm) @2mA @2mA
Current)

“Contact your local Sales Representative for information regarding this product. (See Section 9.)
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2 mm Round Integrated Resistor Lamps

Device Description Typical Typical
Luminous Forward | Page
Package Outline Drawing Part No. Color Package Lens Intensity | 201/2 | Voltage | No.
HLMP-1660 | High [ 2 mm Flat Top, Tinted 1.0 med 140° 10mA | *
Efficiency | Round Emitting | Diffused | @5V @5V
Red | Surface
(626 nm)
HLMP-1661 1.0 med 13mA
” l] @12V @12V
HLMP-1674 | Yellow 1.0 med 10 mA
@ (585 nm) @5V @5V
HLMP-1675 1.0 med 13mA
@12V @12V
HLMP-1687 | Green 1.0 med 10 mA
(569 nm) @5V @5V
HLMP-1688 1.0 med 13 mA
@12V @12V
2 mm Square Flat Top Lamps
Device Description Typical Typical
Luminous Forward | Page
Package Outline Drawing Part No. Color Package Lens | Intensity | 20 1/2 | Voltage | No.
HLMP-L250 [ High | 2 mm Flat Top, Tinted | 18mecd | 140° 22V *
Efficiency | Square Emitting | Diffused | @ 10 mA @ 10mA
Red Surface
HLMP-L251 | (626 nm) 29 med
@10mA
i HLMP-L350 | Yellow 1.5 med 22V
I (585 nm) @10mA @ 10 mA
@. HLMP-L351 2.5 med
< @10mA
HLMP-L550 | Green 2.0 med 23V
(569 nm) @10mA @10mA
HLMP-L551 3.0 med
@ 10mA

*Contact your local Sales Representative for information regarding this product. (See Section 9.)

3-25

g
3
=
<
=
»
a
3
o
]




4 mm Round Flat Top Lamps

Device  Description Typical Typical
- - .| Luminous Forward | Page
Package Outline Drawing |. PartNo. | Color ‘Package Lens | Intensity | 261/2 | Voltage | No.
HLMP-M200| - High |4 mm Flat Top Tinted 50med | 135° 22V *
Efficiency Diffused | @ 20 mA @10mA
Red
HLMP-M201| (626 nm) 7.0 med
: @20 mA
i HLMP-M250 Tinted | 50med | 80°
I 7 Non-Diffused | @ 10 mA
K : HLMP-M251 7.0 med
K @10 mA
HLMP-M300| Yellow Tinted | 50med | 135° 22V
‘ (585 nm) Diffused | @ 20 mA @10mA
HLMP-M301 7.0 med
@20 mA
HLMP-M350 Tinted | 50mcd | 80°
Non-Diffused | @ 10 mA
HLMP-M351 7.0 med
@ 10mA
HLMP-M500| Green Tinted 70med | 135° 23V
(569 nm) Diffused | @ 20 mA @10 mA
HLMP-M501 10.0 med
@ 20 mA
HLMP-M550 Tinted 100med | 80°
‘ Non-Diffused | @ 10 mA
HLMP-M551 16.0 med
@10mA

*Contact your local Sales Representative for information regarding this product. (See Section 9.)
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Right Angle Lamp Options

Device
Description Page
Package Outline Drawing | Option No. No.
@ 010 T-1 3/4 Rt. Angle, Leads Sheared Even 3123
[
100 T-1 3/4 Rt. Angle, Leads Sheared Uneven
g C 101 T-1 Rt. Angle, Leads Sheared Even 3-125
>
010 T-1 Rt. Angle, Leads Sheared Uneven
102 T-1 Rt. Angle, 2 Element Array 3-126
103 T-1 Rt. Angle, 3 Element Array
104 T-1 Rt. Angle, 4 Element Array
105 T-1 Rt. Angle, 5 Element Array
106 T-1 Rt. Angle, 6 Element Array
107 T-1 Rt. Angle, 7 Element Array
108 T-1 Rt. Angle, 8 Element Array
C 010 Subminiature Rt. Angle, Leads Sheared Even 3-127
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Tape and Reel Lamp Options

Device
Description Page
Package Outline Drawing | Option No. No.
GC 001 T-1 3/4,5 mm (0.197 in) Formed Leads, 1300 Lamps per Reel 3-119
== 002 T-13/4, 2.54 mm (0.100 in) Formed Leads, 1300 Lamps per Reel
(- 001 T-1,5 mm (0.197 in) Formed Leads, 1800 Lamps per Reel
o — 002 T-1, 2.54 mm (0.100 in) Formed Leads, 1800 Lamps per Reel
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Intensity Selected Lamps

Device
Description Page
Package Outline Drawing | Option No. No.
S02 This option provides the selection of lamps from two adjacent luminous *
intensity categories
Emitter Components %
Device i
Description Features Page &
Package Outline Drawing Part No. No. 3
HEMT-6000 | 700 nm High Intensity | < Visible (Near IR) emission facilitates *

alignment.
= Subminiature Emitter | « Compatible with most silicon phototransistors

and photodiodes.

HEMT-3301 | 940 nm T-1 3/4 « Efficiency at Low Currents
Cj: High Radiant Emitter + Radiated spectrum matches response of
‘ silicon photodetectors
» Non-saturated, high radiant flux output

HEMT-1001 | 940 nm T-1 High

Radiant Emitter

T-1 3/4 Mounting Hardware

Device
- Page
Package Outline Drawing Part No. Description No.
HLMP-5029 | Right Angle Housing for T-1 3/4 Lamps *

g [

“Contact your local Sales Representative for information regarding this product. (See Section 9.)

Hermetic Lamps Selection Gude (see page 3-131).

3-29



[bp HEWLETT

PACKARD

High Power T -4 (13.3 mm)
TS AlGaAs Red Lamp

Technical Data

HLMP-8150 15 Candela

Features lamp design utilizes advanced

o 15 Candelas at 20 mA optical methods to enable ex-

o Outstanding LED Material tremely high pegk i'ntensity and
Efficiency a very narrow viewing angle. .

« High Light Output Over a The LED color is red at a domi-
Wide Range of Drive nant wavelength of 637 nm.
Currents

¢ 4° Viewing Angle

¢ Low Forward Voltage

* Low Power Dissipation Package Dimensions
¢ CMOS/MOS Compatible \
* Red Color 1 Gata
Applications 13 o0 m
¢ Emitter for Emitter/ 1858 (0.740)

Detector Applications b om 005
¢ Power Signaling T o (0:025)
¢ Bright Ambient Lighting

Conditions

23.0 (0.90) MIN

¢ Bar Code Readers
* Replacement for a Low

Power Laser I

. ) 1.27 (0.050) NOM T——i—A l‘_ogf) 'j:.gz;s)

Description NOMIMAL
This untinted, nondiffused solid
state lamp utilizes a highly
optimized LED material, trans- 156 0514
parent substrate aluminum gal- CATHODE o 751 (0.599)
lium arsenide, TS AlGaAs. This

material has outstanding light 254 (0.100) NOM,

output efficiency over a wide

range of currents, and has supe- . . o .
Notes: 1. All dimensions are in millimetres (inches).

rior hlg}l current capa‘plhty to 2. The leads are mild steel. solder dipped.
most other LED materials. The 3. An epoxy meniscus may extend about 1 mm (0.040 ") down the leads.
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Axial Luminous Intensity and Viewing Angle at T, = 25°C

Minimum Typical Maximum Typical
Intensity Intensity Intensity Radiant Intensity 20,
(cd) @ 20 mA (cd) @ 20 mA (cd) @ 20 mA (mW/sr) @ 20 mA (degrees)
8.0 15.0 36.0 176 4.0
Note. 1.6, is the off axis angle from optical centerline where the luminous intensity is /2 the on-axis value.
[
S
Absolute Maximum Ratings at T, =25 °C 3
Peak Forward Current™ 2 . .........ccovevevieiiiieieeeee e =
Average Forward Current (@ I,,,,=300 mA)®@! g
DC Forward Current® a
Power Dissipation ..........cccccccieeiiniiieiiciinciieeceeseeeeseneeseeeens
Reverse Voltage (I,=100 pA).......cccvevinnneen
Transient Forward Current (10 ps Pulse)!...
Operating Temperature Range....................... .-55 to +100°C
Storage Temperature Range.........ccccoovevvevievenneeiennennes -55 to +100°C
Lead Soldering Temperature
[1.6 mm (0.063 in.) from body] .......c.ccceevrrrurenene 260°C for 5 seconds
Notes:
1. Maximum I, at f =1 kHz, DF = 5%.
2. Refer to Figure 6 to establish pulsed operating conditions.
3. Derate linearly as shown in Figure 5.
4. The transient peak current is the maximum non-recurring peak current the
device can withstand without damaging the LED die and wire bonds. It is not
recommended that the device be operated at peak currents above the Absolute
Maximum Peak Forward Current.
Electrical/Optical Characteristics at T, = 25 °C
Description Symbol Min | Typ | Max Units Test Condition
Forward Voltage Ve 185 | 24 v I.=20mA
Reverse Voltage \'A 8.0 | 20.0 v I, =100 pA
Peak Wavelength p — 650 nm
Dominant Wavelength Ay 637 nm
Spectral Line Halfwidth AN1/2 22 nm
Speed of Response Tg 45 ns Exponential Time
Constant, e
Capacitance C 20 pF V. =0, f=1MHz
Thermal Resistance RO, .in 220 °C/W | Junction-to-Anode Lead
Luminous Efficacy @ n, 85 Im/W

Notes:

1. The dominant wavelength, 4, is derived from the CIE chromaticity diagram and represents the color of the device.

2. The radiant mtensxty, I,in watts per steradian, may be found from the equation I =I,/n,, where I, is the luminous intensity
in candelas and 7, is Tu$ninous efficacy in lumens/watt.

3. The approximate total luminous flux output within a cone angle of 20 about the optical axis may be obtained from the
following formula:

9,2(8) = [0, (8L, (0)]L,;

Where: ¢,(8)/1,(0) is obtained from Figure 7.
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Figure 5. Maximum Forward DC Current vs, Ambient Figure 6. Maximum Average Current vs. Peak Forward
Temperature. Current. Refresh Rate =1 kHz.

Derating Based on T,MAX = 110°C.

3-32



v
1.0 2 F
g 3
w
-
1.8 oot E ] =
00155 28 n
0014 WX a
I
! = 3
6 0.012 o3 b
oo0 X3
3 3 é
4 =
. oos L3
S«
0006 Q%
s
2 0004 ZE
35
0002 F|m
S|z

o
10° 20° 30° 40° 50° 60° 70° 80° 90°100°

6-ANGLE FROM OPTICAL CENTERLINE-
RELATIVE LUMINOUS INTENSITY DEGREES (CONE HALF ANGLE)

Figure 7. Relative Luminous Intensity vs. Angular Displacement,
HLMP-8150.

3-33



High Power T-1 3/4 (5 mm)
TS AlGaAs Red Lamps

Technical Data

Features

o Exceptional Brightness

o Qutstanding LED Material
Efficiency

¢ High Light Output Over a
Wide Range of Drive
Currents

» Viewing Angle: Narrow or
Wide

¢ Low Forward Voltage

o Low Power Dissipation

* CMOS/MOS Compatible

o Red Color

Applications

e Signaling Applications

¢ Emitter for Emitter/
Detector Applications

* Moving Message Signs

¢ Bright Ambient Lighting
Conditions

¢ Automotive Lighting

o Medical Instruments

¢ Bar Code Readers

¢ Low Power Laser Replace-
ment

o Alternative to Incandes-
cent Lighting

Description

These untinted, nondiffused
solid state lamps utilize a highly
optimized LED material, trans-
parent substrate aluminum gal-
lium arsenide, TS AlGaAs. This
material has outstanding light
output efficiency over a wide
range of currents, and has supe-
rior high current capability

compared to most other LED
materials. The lamp design
utilizes advanced optical meth-
ods to enable extremely high
peak intensity and a very nar-
row viewing angle. The LED
color is red at a dominant wave-
length of 637 nm.

Package Dimensions

&' ©
]
)|
a8
&

é

l 4 0.89 (0.035)
J Lﬁ (0.052)

1.02 (0.040)

230

BonyMN

1.27
050 NoM 7

—»{ = 0.64 (0.025)
SQUARE
NOMIMAL

" 6.0 (0.240)
#—0) 536 (6:215)
AN

CATHODE

HLMP-8104/8103/8102

Notes:

l=—2.54 (0.100) NOM.

HEWLETT
PACKARD

(D

HLMP-8104 4 Candela
HLMP-8103 3 Candela
HLMP-8102 2 Candela
HLMP-8100 Wide Angle

‘ 9.19 (0.362)
543 (0.332)

1.32 (0.052
.02 (0.040)

|
|

127
{0.050)

¥ 0.64 (0.025)
—»{l=— SQUARE
NOMIMAL

CATHODE

HLMP-8100

1. All Dimensions are in millimetres (inches).

2. The leads are mild steel. solder dipped.
3. An epoxy meniscus may extend about 1 mm (0.040 ") down the leads.
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Axial Luminous Intensity and Viewing Angle at T,= 25 °C

Part Minimum Typical Maximum Typical Radiant
Number Intensity Intensity Intensity Intensity 20,,™
HLMP- (cd) @20 mA | (cd) @20 mA | (cd) @ 20 mA (mW/sr) @ 20 mA Degrees
8104 2.9 4.0 8.4 47.1 7
8103 2.0 3.0 5.8 35.3 7
8102 1.4 2.0 4.0 23.5 7
8100 0.29 0.7 2.0 11.8 24
Note:
1.6, , is the off axis angle from optical centerline where the luminous intensity is 1/2 the on-axis value.
Absolute Maximum Ratings at T, =25 °C
Peak Forward Current ™2 | ......coovieirirircieneeeeseeceene
Average Forward Current (@ I, =300 mA) &
DC Forward Current P...........c.covieiiiiiiienieeeceseece e seenene
Power Dissipation ........ccceceeveeeneniniieninseenieseccectentee e
Reverse Voltage (I,=100 pA) .......ccevevvrneneee
Transient Forward Current (10 us Pulse) .
Operating Temperature Range... ....=55 to +100°C
Storage Temperature Range ...........cccceeeeevveevieecrveceennnene -55 to +100°C
Lead Soldering Temperature
[1.6 mm (0.063 in.) from body] ........cccevvrereeneene 260°C for 5 seconds
Notes:
1. Maximum [, at f =1 kHz, DF = 5%.
2. Refer to Figure 6 to establish pulsed operating conditions.
3. Derate linearly as shown in Figure 5.
4. The transient peak current is the maximum non-recurring peak current the
device can withstand without damaging the LED die and wire bonds. It is not
recommended that the device be operated at peak currents above the Absolute
Maximum Peak Forward Current.
Electrical/Optical Characteristics at T, = 25 °C
Description Symbol Min | Typ | Max Units Test Condition
Forward Voltage \'A 1.85 2.4 v I, =20mA
Reverse Voltage \A 8.0 | 20.0 \% I, =100 pA
Peak Wavelength Apgak 650 nm
Dominant Wavelength ) Ay 637 nm
Spectral Line Halfwidth AN1/2 22 nm
Speed of Response Tg 45 ns Exponential Time
Constant, et
Capacitance C 20 pF V,=0,f=1MHz
Thermal Resistance RO,y 220 °C/W | Junction-to-Anode Lead
Luminous Efficacy @ n, 85 Im/W
Notes:

1. The dominant wavelength Ay is derived from the CIE chromaticity diagram and represents the color of the device.

2. The radiant mtenmty, I, in watts per steradian, may be found from the equation I =I,/n,, where I, is the luminous intensity

in candelas and 7 is Tutninous cfficacy in lumens/watt.

3. The approximate total luminous flux output within a cone angle of 26 about the optical axis may be obtained from the

following formula:
9,2(6) = [6,(B)VI(O)]L,;

W‘flere ¢,(8)/1,(0) is obtamed from Figure 7. 335
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Derating Based on T,MAX = 110°C.
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Figure 7. Relative Luminous Intensity vs.Angular Displacement.
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DOUBLE HETEROJUNCTION AlGaAs
HIGH INTENSITY RED LED LAMPS

(ﬁp HEWLETT

PACKARD

T-1 3/4 (5mm) HLMP-D101/D105
T-1 3mm) HLMP-K101/K105
SUBMINIATURE HLMP-Q101

Features

o EXCEPTIONAL BRIGHTNESS

e WIDE VIEWING ANGLE

e OUTSTANDING MATERIAL EFFICIENCY
o LOW FORWARD VOLTAGE

¢ CMOS/MOS COMPATIBLE

e TTL COMPATIBLE
- DEEP RED COLO

Applications

e BRIGHT AMBIENT LIGHTING CONDITIONS
o MOVING MESSAGE PANELS

o PORTABLE EQUIPMENT

o GENERAL USE

Description

These solid state LED lamps-utilize newly developed double
heterojunction (DH) AlGaAs/GaAs material technology.
This LED material has outstanding light output efficiency
over a wide range of drive currents. The color is deep red
at the dominant wavelength of 637 nanometres. These
lamps may be DC or pulse driven to achieve desired light

Package Dimensions output
5.08 (0.200) 3.18 (.125)
457 (0.180) __"_—‘ - ™ 267 (105)
_| 3.43(135)
q /\ e [~ 292 (118
919 (0.362) I}
843 (0332) 12.44 (.490) 470 (185)
1168 (450) 6.35 (.250) 470 (.185)
| 5.58 (.220) ) - 4.19 (.165)
089 (To.nas J A 1 l‘ 1.02 (.040)
0.64 (0.025) 1.15 (.045) NOM.
0.88 (.035) ) :
25.40 (1.00) e 0.45 (0.018) 23.0 (.90) 0.64 (.025) 0.45 (.018)
(M"S,) " SQUARE NOMINAL MIN. SQUARE —»] J«—SQUARE
NOMINAL 25.40 (1.00) NOMINAL
MIN,
1.27(.050)
.27 (0.050)
ot NOM.
1.27(.050)
v | NOM.
o 6.10 (0.240) L]
558 (0.220) ‘1—‘ )
._L 2.54 (.100)
6.1 (.240) — l~—
CATHODE 254 (0.100) e NOM.
NOMINAL 56 (.220)
A CATHODE
NOTES: — 254 (.100) NOM.

1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES).
2. AN EPOXY MINISCUS MAY EXTEND ABOUT
1 mm (0.040) DOWN THE LEADS.

CATHODE (o]

(Continued on next page.)
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Package Dimensions

0.94 (0.037)

1.24(0.049)

—-‘ 1—3123—}‘&3%%% le— CATHODE LEAD s }3;332; R
BOTLVL';ADS .
0.46 (0.018) 1 1.27 (0.050
0.560.022) 0.18 (0.007) 1.91 (0.075) Wo:oss;
{ 0.23 (0.009) 1.65 (0.065) 2.92(0.115)
— - 2.41 (0.095)
I S T | =
0.20 0 -
; . «__ 1.65 (0.065 0.76 (0.030)
(0907:50) (0.008) ‘!L 0413 %S:g%ﬁ% DA o1 (°<°2°L_‘ 1.91(0.075) J 2.08 (0.082) L
REF: N“g#’é'z 1 (0.005) MAX- 2.16(0.085) [+ p 2.31(0.091)
NOTES: 1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES) CATHODE STRIPE
2. PROTRUDING SUPPORT TAB IS CONNECTED TO CATHODE LEAD. 7
. - . . . >
[o]
Axial Luminous Intensity and Viewing Angle @ 25°C 5
]
E
=
Part Number | Package ly (med) @ 20 mA 20 2 Note 1. Package P
HLMP- Description Min. Typ. Degrees Outline §,
D101 T-1 % Red Tinted Diffused 35 70 65 A
D105 T-1 % Red Untinted, Non-diffused 100 240 24 B
K101 T-1 Red Tinted Diffused 22 45 60 (o}
K105 T-1 Red Untinted Non-diffused 35 65 45 C
Q101 Subminiature Red Tinted Diffused 20 45 70 D
Note:

1. 8" is the off axis angle from lamp centerline where the luminous intensity is % the on-axis value.

Absolute Maximum Ratings at Ta = 25°C

Peak Forward Current(.2] .. .. ................ 300 mA
Average Forward Current(2] ..................... 20 mA  Notes:
DCCurrentlBl ... . 30 mA 1. Maximum Ipgak at f = 1 kHz, DF = 6.7%.
Power Dissipation ..............cooiiiiiiii, 87 mW 2. Refer to Figure 6 to establish pulsed operating conditions.

_ 3. Derate linearly as shown in Figure 5.
Re"e".se Voltage (Ig = 100pA) ..o, 5V 4 The transient peak current is the maximum non-recurring peak
Transient Forward Current (10 us Pulse)4] ...... 500 mA current the device can withstand without damaging the LED
Operating Temperature Range ........... -20 to +100°C die and wire bonds. It is not recommended that the device be
Storage Temperature Range ............. -55to +100°C operated at peak currents beyond the Absolute Maximum

Lead Soldering Temperature Peak Forward Current.

[1.6 mm (0.063 in.) from body] ... 260°C for 5 seconds

Electrical/Optical Characteristics at Ta = 25°C

Symbol | Description Min. Typ. Max. Unit | Test Condition
Ve Forward Voltage 18 22 \ lg=20 mA
Vg Reverse Breakdown Voltage 5.0 15.0 \ Ig =100 A
Ap Peak Wavelength 645 . nm Measurement at peak
Ad Dominant Wavelength 637 nm |Note 1
AN | Spectral Line Halfwidth 20 nm
Ts Speed of Response 30 ns Exponential Time Constant, e/Tg
(] Capacitance 30 pF VE=0,f=1MHz
0ic Thermal Resistance 220 °C/W [Junction to Cathode Lead
nv Luminous Efficacy 80 Im/W | Note 2
Notes:

1. The dominant wavelength, A4, is derived from the CIE chromaticity diagram and represents the color of the device.
2. The radiant intensity, lg, in watts per steradian, may be found from the equation Ig = ly/ny, where ly is the luminous intensity is in
candelas and 7y is luminous efficacy in lumens/watt.
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{NORMALIZED AT 20 mA)

05
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Figure 1. F ity vs. Wavelength
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DC Forward Current.
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DOUBLE HETEROJUNCTION AlGaAs

%7 HEWLETT LOW CURRENT RED LED LAMPS
[,” PACKARD T-1 3/4 (5mm) HLMP-D150/D155
T-1 3mm) HLMP-K150/K155

SUBMINIATURE HLMP-Q150

Features

¢ MINIMUM LUMINOUS INTENSITY
SPECIFIED AT 1 mA

e HIGH LIGHT OUTPUT AT LOW CURRENTS
e WIDE VIEWING ANGLE

o OUTSTANDING MATERIAL EFFICIENCY

e LOW POWER/LOW FORWARD VOLTAGE

a MRANC/ARANGC ANAAMDATIDI =
T WWIVO/ VIV Y WWIVIE M e

e TTL COMPATIBLE
e DEEP RED COLOR

Applications
« LOW POWER CIRCUITS Description
e BATTERY POWERED EQUIPMENT These solid state LED lamps utilize newly developed double

e TELECOMMUNICATION INDICATORS het'erOJunctlon (_DH) AIGaAs/G'aAs .materlal techpqlogy.
This LED material has outstanding light output efficiency
at very low drive currents. The color is deep red at the
dominant wavelength of 637 nanometres. These lamps are

ideally suited for use in applications where high light

Package DimenSionS output is required with minimum power input.

5.08 (0.200) - | 5.08(200) . e 218(.125)
457 (0.180) *7 457 (.180) 2567 (.105)
_| T 343(.135)
m ™ ™ 292 (115)
9.19(.362) ;
919 (0.362) .89 (.035)  8.43(332)
.43 (0.332) ﬁ;“‘ :T‘zg; 64 (.025) 6.35 (.250) 470(.185)
| l T 4 558 (.220) ). 4 4«;9 (-165)
f | +—(d L
089 (0.035) i A i 1.02 (.040)
0.64 (0.025) 1.15 (.045) NOM.
0.88 (.035)
2540 (1.00) _4 - 0.45 (0.018) 23.0 (.90) 0.64 (.025) 0.45 (.018)
MIN. SQUARE NOMINAL MIN. SQUARE —»{ l«—SQUARE
NOMINAL 25.40 (1.00) NOMINAL
MIN.
1.27 (.050)
NOM.
l 1.27 (.050)
Y NOM.
1.27 (0.050) N l

NOM. 6.10 (0.240) L]

5.59 (0.220) Ti —
ans 254 (.100)

CATHODE 6.1 (.240) — NOM.

- 254 (0.100)

NOMINAL 5.6 (.220)

A CATHODE
NOTES: — 2,54 (.100) NOM.
1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). CATHODE

2. AN EPOXY MINISCUS MAY EXTEND ABOUT B c
1 mm (0.040) DOWN THE LEADS. (Continued on next page.)
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Package Dimensions

0.67 (0.420) 0.94(0.037)
10.! K 1.24 (0.049)
W‘-’T CATHODE LEAD 8—%%{%:8%?,{
BOTH LEADS
|
0.46 (0.018) T
0.56 (0.022) 0.18(0.007)  1.91(0.075) }Z‘%‘:'g%g%
{ 0.23 (0.009) 1.65 (0.065) 2.92 (0.115)
3 - { 2131 (0.095)
T —
ty 4 f L
0.76 (OO:O%) __ 1.65(0.065) 0.76 (}).030) L ‘>1 L
(0.030) - 1.91(0.075) 0.51 (0.020) K |
REF. Nn:#:.z 1 400_ ;,1035, MAX. ™ L?;:%Z% p g’.’g%:gfggiz‘}
NOTES: 1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES) CATHODE STRIPE
2. PROTRUDING SUPPORT TAB IS CONNECTED TO CATHODE LEAD. ;
o . . . . 3
[o]

Axial Luminous Intensity and Viewing Angle @ 25°C T
=
wn

Part Number | Package ly (med) @ 1 mADC 20 2 Note 1. Package g

HLMP- Description Min. Typ. Degrees Outline a

D150 T-1 % Red Tinted Diffused 1.2 3 65 A

D155 T-1 % Red Untinted, Non-diffused 5 10 24 B

K150 T-1 Red Tinted Diffused 1.2 2 60 (e}

K155 T-1 Red Untinted Non-diffused 2 3 45 (e}

Q150 Subminiature Red Tinted Diffused 1 1.8 70 D

Note:

1. 6% is the off axis angle from lamp centerline where the luminous intensity is 2 the on-axis value.

Absolute Maximum Ratings at Ta = 25°C

Peak Forward Currentlll ... .................. 300 mA

Average Forward Current ...................... 20mA  Notes:

DC Currentl2] .. ... .. i 30 mA 1. Maximum Ipgak at f = 1 kHz, DF = 6.7%.

Power Dissipation ...........ccviiiiiiiiain.. 87 mW 2. Derate linearly as shown in Figure 4.

Reverse Voltage (IR =1004A) .. .oevvnneennnennn. 5V 3. The transient peak current is the maximum non-recurring peak
R 3 current the device can withstand without damaging the LED

Transnept Forward Current (10 us Pulse)i®l ... 500 ":A die and wire bonds. It is not recommended that the device be

Operating Temperature Range ........... -20 to +100°C operated at peak currents beyond the Absolute Maximum

Storage Temperature Range
Lead Soldering Temperature
[1.6 mm (0.063 in.) from body] ...

Peak Forward Current.

260°C for 5 seconds

Electrical/Optical Characteristics at Ta =25°C

Symbol | Description Min. Typ. Max. Unit | Test Condition

Ve Forward Voltage 1.6 1.8 \Y le=1mA

Vg Reverse Breakdown Voltage 5.0 15.0 \ Ig = 100 LA

Ap Peak Wavelength 645 nm Measurement at peak

Ad Dominant Wavelength 637 nm Note 1
AN | Spectral Line Halfwidth 20 nm

Ts Speed of Response 30 ns Exponential Time Constant, e¥/Tg
C Capacitance 30 pF VE=0,f=1MHz
04c Thermal Resistance 220 °C/W [Junction to Cathode Lead
nv Luminous Efficacy 80 Im/W | Note 2
Notes:

1. The dominant wavelength, A4, is derived from the CIE chromaticity diagram and represents the color of the device.
2. The radiant intensity, lg, in watts per steradian, may be found from the equation lg = ly/ny, where ly is the luminous intensity is in
candelas and ny is luminous efficacy in lumens/watt.
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[ﬁ[” HEWLETT

PACKARD

DOUBLE HETEROJUNCTION AIGaAs

VERY HIGH INTENSITY
RED LED LAMPS

T-1 3/4 (5 mm) HLMP-4100,-4101

Features

e 1000 mcd AT 20 mA

e VERY HIGH INTENSITY AT LOW DRIVE
CURRENTS

e NARROW VIEWING ANGLE

e OUTSTANDING MATERIAL EFFICIENCY
¢ LOW FORWARD VOLTAGE

e CMOS/MOS COMPATIBLE

e TTL COMPATIBLE

e DEEP RED COLOR

Applications

e BRIGHT AMBIENT LIGHTING CONDITIONS

e EMITTER/DETECTOR AND SIGNALING
APPLICATIONS

e GENERAL USE

Package Dimensions

0.89 (0.035)

0.64 (0.025)

6.10 (0.240)
5.59 (0.220)

Alm

o

it
S[e
Y
®(e
ele

Description

These solid state LED lamps utilize newly developed double
heterojunction (DH) AlGaAs/GaAs material technology.
This LED material has outstanding light output efficiency
over a wide range of drive currents. The lamp package has
a tapered lens, designed to concentrate the luminous flux
into a narrow radiation pattern to achieve a very high
intensity. The LED color is deep red at the dominant
wavelength of 637 nanometres. These lamps may be DC
or pulse driven to achieve desired light output.

0.64 (0.025)

SQUARE
1.32 (0.052) NOMINAL
_1—_‘ 1.02 (0.040)
1

==

- =

CATHODE 2.54 (0.100)

12.44 (0.490)
11.68 (0.460)

NOMINAL 9.19 (0.362) ]
8.43 (0.332)

[———— 23.0 (0.90) MIN, ——————»

1.27
(0.050) ——» |a—0o
NOMm.
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Luminous Intensity @ 25°C

ly (mcd) 201/2

P/N Package @ 20 mA DC | Note 1.

HLMP- | Description Min. Typ. | Degrees

4100 T-1 3/4 Red Untinted, 500 750 8
Non-diffused

4101 700 1000

Note:

1. 61/2 is the angle from optical centerline where the luminous
intensity is 1/2 the optical centerline value.

Absolute Maximum Ratings at T = 25°C

Parameter Maximum Rating Units
Peak Forward Current(* 2] 300 mA
Average Forward Currentl(2] 20 mA
DC Current[3] 30 mA
Power Dissipation 87 mWwW
Reverse Voltage (Ig = 100 uA) 5 \'
Transient Forward Current (10 us Pulse)[4] 500 mA
Operating Temperature Range -20 to +100 °C
Storage Temperature Range -55 to +100 °C
Lead Soldering Temperature [1.6 mm (0.063 in.) from body} 260°C for 5 seconds

Notes:

1. Maximum Ipgak at f = 1 kHz, DF = 6.7%.

2. Refer to Figure 6 to establish pulsed operating conditions.

3. Derate linerally as shown in Figure 5.

4. The transient peak current is the maximum non-recurring peak current the device can withstand without damaging the LED die and
wire bonds. It is net recommended that the device be operated at peak currents beyond the Absolute Maximum Peak Forward
Current.

Electrical/Optical Characteristics at T = 25°C

Symbol | Description Min. Typ. Max. Unit | Test Condition
Ve Forward Voltage 18 22 \ 20 mA
Vg Reverse Breakdown Voltage 5.0 15.0 Vv Ir =100 uA

Apeak | Peak Wavelength 645 nm Measurement at peak
A Dominant Wavelength 637 nm Note 1

AN 1/2 | Spectral Line Halfwidth 20 nm
Ts Speed of Response 30 ns E)i/ponential Time Constant,

e-Us
C Capacitance 30 pF VE=0,f=1MHz
bic Thermal Resistance 220 °C/W | Junction to Cathode Lead
v Luminous Efficacy 80 Im/W | Note 2
Notes:

1. The dominant wavelength, Aq, is derived from the CIE chromaticity diagram and represents the color of the device.

2. The radiant intensity, lg, in watts per steradian, may be found from the equation lg = ly/ny, where ly is the luminous intensity in
candelas and ny is luminous efficacy in lumens/watt.

3. The approximate total luminous flux output within a cone angle of 26 about the optical axis, ¢y(26), may be obtained from the
following formula:
dv(260) = [¢y(6)/Iv(0)]ly;
Where:¢y(6)/1y(0) is obtained from Figure 7.

3-47

g
3
=
=
”n
a
2
a




1.0 300 I
280
< 29
£ 240
|
> 220
e B J
5 = i
] Z 180 7
2 3 160 1
S o5 a 140
> < ]
= < 120
3 £ 10 /
w o
o« v 80
|
. 60
40
2 /I
[
0 600 650 700 0 05 10 15 20 25 30 35
WAVELENGTH — nm V; — FORWARD VOLTAGE — V
Figure 1. Relative Intensity vs. Wavelength Figure 2. Forward Current vs. Forward Voltage
12
14 A
>
[ 1.0 ~
@ 1.2 > \\
2 _ oz ™~
£q gt M
2 =
28 10 oo 08
oR N \
Sk W
0« W <
2n 08 7 wo 06
sy S>uw
SN / =
-
Az 06 V4 hE
= / w 2 04
N o
22 o4 1 O
22 / -2
s IS
& o2 / 02
2
"o 5 10 15 20 25 30 05 10 20 50 100 200 300
Ipc — DC FORWARD CURRENT — mA lpeak — PEAK FORWARD CURRENT — mA
Figure 3. Relative Luminous Intensity vs. DC Forward Current Figure 4. Relative Efficiency vs. Peak Forward Current
s
40 fr} 10
£ 9
* 22 7
< x
Pow gge © ‘
= N 8% s
Z Rg,_, = 559°C/W \ =\ 50
[ Rg,_, = 574°CW M Zz3 4
5 R,_, = 689°C/W \ A 3%o
o 20f sg0
g W\ iz °
< 15 A} ]
3 \ \ 0% 2
2 10 WA RS \
. . 2L\
] W
u % %
- 5 > z \2|\z
s 52 & |\F N &
M
Q 8 1 | | 1
0 10 20 30 40 50 60 70 80 90 100 110 == 10 100 1000 10,000
Ta — AMBIENT TEMPERATURE — °C tp — PULSE DURATION — us
Figure 5. Maximum Forward DC Current vs. Ambient Figure 6. Maximum Tolerable Peak Current vs.

Temperature Derating Based on T; MAX. =110°C

Peak Duration (Ipgak MAX Determined

from Temperature Derated Ipc MAX).

3-48




10° 0

20°

30°

60°,

80°

90°

N

/\\

NORMALIZED INTENSITY

0-ANGLE FROM OPTICAL CENTERLINE-DEGREES

Figure 7. Relative 1

(CONE HALF ANGLE)

ity vs. Angular Displacement

0.02

0.00
10° 20° 30° 40° 50° 60° 70° 80° 90° 100°

) LUMINOUS FLUX TO INTENSITY RATIO

WITHIN A GIVEN CONE ANGLE

3-49

g
3
w
-
<
=
1
a
=2
[*]
1]




ULTRA-BRIGHT LED LAMPS
[ﬁ'g HEWLETT T-1 3/4 HLMP-3750,-3850,-3950
PACKARD T-1 3/4 LOW PROFILE HLMP-3390,-3490,-3590
T-1 HLMP-1340,-1440,-1540
Features

e IMPROVED BRIGHTNESS
e IMPROVED COLOR PERFORMANCE

e AVAILABLE IN POPULAR T-1 and T-1 3/4
PACKAGES

e NEW STURDY LEADS
e |C COMPATIBLE/LOW CURRENT CAPABILITY
e RELIABLE AND RUGGED

e CHOICE OF 3 BRIGHT COLORS
High Efficiency Red
High Brightness Yellow
High Performance Green

Description

These clear, non-diffused lamps out perform conventional
LED lamps. By utilizing new higher intensity material, we
achieve superior product performance.

The HLMP-3750/-3390/-1340 Series Lamps are Gallium
Arsenide Phosphide on Gallium Phosphide red light
emitting diodes. The HLMP-3850/-3490/-1440 Series are
Gallium Arsenide Phosphide on Gallium Phosphide yellow
light emitting diodes. The HLMP-3950/-3590/-1540 Series
lamps are Gallium Phosphide green light emitting diodes.

Applications

LIGHTED SWITCHES
BACKLIGHTING FRONT PANELS
LIGHT PIPE SOURCES
KEYBOARD INDICATORS

L[]

Axial Luminous Intensity and Viewing Angle @ 25°C

Iy (mcd)

Part Number Package @ 20 mA DC 20 1/2 Package

HLMP- Description Color Min. Typ. Note 1. Outline
3750 HER 80 125 24° A
3850 T-13/4 Yellow 80 140 24° A
3950 Green 80 120 24° A
3390 HER 35 55 32° B
3490 T-1 3/4 Low Profile Yellow 35 55 32° B
3590 Green 35 55 32° B
1340 HER 24 45 45° C
1440 T-1 Yellow 24 45 45° (¢}
1540 Green 24 45 45° C

NOTE:

1. ©1/2 is the typical off-axis angle at which the luminous intensity is half the axial luminous intensity.
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Package Dimensions

| 5.08(.200)
~ T a57(180)

9.19 (.362)
.89 (035)  8.43(332)
12.44 (.490) “64 (025)
e oo 64 (.025)
i =
1.32(.052)
1.02 (-040)
23.0 (.90) 0.64 (.025)
MIN. SQUARE
NOMINAL
1.27 (.050)
NOM. U
6.1 (.240)
5.6 (.220)
A |
CATHODE
- 2.54 (.100) NOM.
PACKAGE OUTLINE “A”
HLMP-3750, 3850, 3950
NOTES:

5.08 (200
457 (180)
10901( 129 6.35 (.250)
1000 429 533 l(.zw)
; T 165 Loe)
1.40 (.055)
1.32 (.052)
1.02(.040)
0.64 (.025)
23.0 (.90)
Py SQUARE

I NOMINAL

1.27 (.050)
NOM.

W

[— 2.54 (.100) NOM.

PACKAGE OUTLINE “B”
HLMP-3390, 3490, 3590

1. All dimensions are in millimeters (inches).
2. An epoxy meniscus may extend about Tmm (0.40”) down the leads.

—f le 3:18 (.125)
267 (.105)
3.43(.135)
™ ™ 292 (115)
6.35 (.250) 470 (.185)
558 (220 ). 4.19 (.165)
7
4 (TS
1.02 (.040)
NOM.
0.45 (.018)
—»| J+—sauare
24.13(.95) NOMINAL
MIN.
CATHODE
127 (.050)
NOM.
L

jd! —
. 2.54(.100)
NOM.

PACKAGE OUTLINE “C”
HLMP-1340, 1440, 1540

Absolute Maximum Ratings at Ta = 25°C

Parameter Red Yellow Green Units
Peak Forward Current 90 60 90 mA
Average Forward Current!1] 25 20 25 mA
DC Currentl2] 30 20 30 mA
Power Dissipation(3] 135 85 135 mwW
Transient Forward Currentl4] 500 500 500 mA
(10 usec pulse)
Reverse Voltage (Ir = 100 uA) 5 5 5 \
Operating Temperature Range —-20 to +100

-55 to +100 -55 to +100 °C
Storage Temperature Range 55 to +100

Lead Soldering Temperature
1.6 mm (0.063 in.) from body}

260° C for 5 seconds

NOTES:
See Figure 2 to establish pulsed operating conditions.
For Red and Green series derate linearly from 50°C at 0.5 mA/° C. For Yellow series derate linearly from 50°C at 0.2 mA/°C.

For Red and Green series derate power linearly from 25°C at 1.8 mW/°C. For Yellow series derate power linearly from 50°C at

1.
2.
3.

4.

1.6 mW/°C.

The transient peak current is the maximum non-recurring peak current that can be applied to the device without damaging ?he LED die
and wirebond. It is not recommended that the device be operated at peak currents beyond the peak forward current listed in the

Absolute Maximum Ratings.

3-51

g
3
=
1
b=
n
o
3
[}
@a




Electrical/Optical Characteristics at Ta = 25°C

T-13/4
Low
Symbol Description T-13/4 Dome T-1 Min. | Typ. | Max. Units | Test Conditions
Apeak |Peak Wavelength 3750 3390 1340 635 nm Measurement at
3850 3490 1440 583 peak
3950 3590 1540 565
Ad Dominant Wavelength 3750 3390 1340 626 nm Note 1
3850 3490 1440 585
3950 3590 1540 569
AM1/2  [Spectral Line Halfwidth 3750 3390 1340 40 nm
3850 3490 1440 36
3950 3590 1540 28
Ts Speed of Response 3750 3390 1340 90 ns
3850 3490 1440 90
3950 3590 1540 500
(o} Capacitance 3750 3390 1340 1 pF VF=0;f=1MHz
3850 3490 1440 15
3950 3590 1540 1R
Quc |Thermal Resistance 3750 3390 95 °C/W | Junction to
3850 3490 95 Cathode Lead
3950 3590 95
1340 120
1440 120
1540 120
VF  |Forward Voltage 3750 3390 1340 15 22 3.0 Vv IF=20 mA
3850 3490 1440 15 22 30 (Figure 3)
3950 3590 1540 1.5 23 3.0
VR Reverse Breakdown 3750 3390 1340 5.0 \' IF =100 uA
Voltage 3850 3490 1440
3950 3590 1540
ny  |Luminous Efficacy 3750 3390 1340 145 lumens | Note 2
3850 3490 1440 500 watt
3950 3590 1540 595
NOTES:

1. The dominant wavelength, \g, is derived from the CIE chromaticity diagram and represents the singie wavelength which

defines the color of the device.

2. Radiant intensity, le, in watts/steradian, may be found from the equation le = lv/nv, where |y is the luminous intensity in

candelas and 7y is the luminous efficacy in lumens/watt.

Red, Yellow and Green

GREEN

HIGH EFFICIENCY

1.0
{WWELLO‘"

N

05

Ta =25°C

RELATIVE INTENSITY

N

S —

600 650 700

WAVELENGTH - nm

Figure 1. Relative Intensity vs. Wa

750
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LOW CURRENT LED LAMPS

(b/” HEWLETT
T-1 3/4(5mm) HLMP-4700, -4719, -4740
PACKARD T-1 (3mm) HLMP-1700, 1719, -1790
SUBMINIATURE  HLMP-7000, -7019, 7040

Features

e LOW POWER

e HIGH EFFICIENCY

e CMOS/MOS COMPATIBLE

e TTL COMPATIBLE

e WIDE VIEWING ANGLE

e CHOICE OF PACKAGE STYLES

Applications

e LOW POWER DC CIRCUITS

e TELECOMMUNICATIONS INDICATORS
e PORTABLE EQUIPMENT

e KEYBOARD INDICATORS

LOW CURRENT LAMP SELECTION GUIDE

Color
Description Size Red Yellow Green
HLMP- HLMP- HLMP-
These tinted diffused LED lamps were designed and optim-
. " P or ( T-13/4 4700 4719 4740
ized specifically for low DC current operation. Luminous
intensity and forward voltage are tested at 2 mA to assure T-1 1700 1719 1790
consistent brightness at TTL output current levels. Subminiature 7000 7019 7040
318(125) 10.67 (0.420)
. . 1.68 (0.460)
b ™ | ZEim 168104500 |
| N L— 343 (135) BOTH LEADS CATHODE LEAD
292 (.115)
q T T_ - T 0.46 (0.0;g)
9.19(.362) 4.70/(.185) 0.56 (0.022)
§43(332) % | | i 4.;9 (165 ) 7
' l f * - 4
1.02 (.040) - L
i NOM. T
089 (.035) 0.76 oz
X .008)
064 (.025) 0.030) 10.008) ( on | Max 185 }8;33:, DIA.
0.45 (018) ! 045 (.018) NoTES:
zs::l:ﬂm) e SQUARE - SQUARE NOMINAL 0.84 (0.037)
NOMINAL L 0760030 o 1.24 (0.649)
0.89 (0.035)
CATHODE-I—-
1'21‘30("/!0450) _l { 1.27 (0.050)
LJ L 0.18 (0.007) 196; ‘ggzg) 1.40 (0.055)
| 0.23 (0.009) .65 (0. 2.92(0.115)
1 1.27 (.050) T St 241 (0.09;)
=
T
6.10 (240)
£59 [ 755) — 2,54 (0.100) NOMINAL 0.76(0.030 A‘ L
0.51(0.020) K .075) 2.08 (0.082)
254 ™ ';fﬂ 5383?, [~ 2.?1! 10.091)
CATHODE (10
NOM CATHODE STRIPE
NOTES: HLMP-7000, -7019, -7040

1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES).
2. AN EPOXY MINISCUS MAY EXTEND ABOUT
HLMP-4700, -4719, -4740 HLMP-1700, -1719, -1790 1 mm (0.040”) DOWN THE LEADS.
3. PROTRUDING SUPPORT TAB IS CONNECTED
TO CATHODE LEAD.
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AXIAL LUMINOUS INTENSITY AND VIEWING ANGLE @ 25°C

Part ly (mcd)
Number Package @2mADC Package
HLMP- Description Color Min. Typ. 20 1/21 Outline
-4700 T-13/4 Red 1.2 20 50° A
-4719 Tinted Diffused Yellow 1.2 1.8
-4740 Green 1.2 18
-1700 T-1 Red 1.0 1.8 50° B
-1719 Tinted Yellow 1.0 16
-1790 Diffused Green 1.0 16
-7000 Subminiature Red 0.4 08 90° C
-7019 Tinted Diffused Yellow 04 0.6
-7040 Green 0.4 0.6

Note:
1. ©1/2 is the typical off-axis angle at which the luminous intensity is half the axial luminous intensity.

£
3
w
=
=
w
(=]
=]
[=3
(2]

Electrical/Optical Characteristics at Ta = 25°C

Test
Symbol Description T-13/4| T-1 Subminiature | Min. Typ. Max. Units Condition
VF Forward Voltage 4700 1700 7000 1.8 22 Vv 2 mA
4719 1719 7019 19 27
4740 1790 7040 1.8 22
VR Reverse Breakdown 4700 1700 7000 5.0 \ IR =50 pA
Voltage 4719 1719 7019 5.0
4740 1790 7040 50
AD Dominant Wavelength | 4700 1700 7000 626 nm Note 1
4719 1719 7019 585
4740 1790 7040 569
AN1/2 Spectral Line Halfwidth| 4700 1700 7000 40 nm
4719 1719 7019 36
4740 1790 7040 28
7S Speed of Response 4700 1700 7000 90 ns
4719 1719 7019 90
4740 1790 7040 500
C Capacitance 4700 1700 7000 11 pF VE=0
4719 1719 7019 15 f=1MHz
4740 1790 7040 18
0Jc Thermal Resistance 4700 1700 7000 120 °C/W Junction to
4719 1719 7019 120 Cathode lead
4740 1790 7040 120
Apeak | Peak Wavelength 4700 1700 7000 635 nm Measurement
4719 1719 7019 583 at peak
4740 1790 7040 565
v Luminous Efficacy 4700 1700 7000 145 Lumens | Note 2
4719 1719 7019 500 Watt
4740 1790 7040 595

Notes:

1. The dominant wavelength, Ap, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the
color of the device.

2. Radiantintensity, le, in watts/steradian, may be found from the equation le = lv/nv, where lv is the luminous intensity in candelas and ny
is the luminous efficacy in lumens/watt.
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Absolute Maximum Ratings

Parameter Maximum Rating Units

Power Dissipation Red 24 mwW
(Derate linearly from 92°C at 1.0 mA/°C) Yellow 36

Green 24
DC and Peak Forward Current 7 mA
Transient Forward Current (10 usec pulse)l1l 500 mA
Reverse Voltage (IR= 50 uA) 5.0 \'
Operating Temperature Range Red/Yellow -55°C to 100°C

Green -20°C to 100°C

Storage Temperature Range

-55°C to 100°C

Lead Soldering Temperature (1.6 mm [0.063 in| from body)

260°C for 5 Seconds (T-1, T-1 3/4)
260° C for 3 Seconds (Subminiature)

Note:

1.The transient peak current is the maximum non-recurring peak current that can be applied to the device without damaging the LED die
and wirebond. It is not recommended that the device be operated at peak currents beyond the peak forward current listed in the

Absolute Maximum Ratings.
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T-13/4 (5 mm)
(bp HEWLETT HIGH INTENSITY SOLID STATE LAMPS

PACKARD HIGH EFFICIENCY RED e HLMP-331X SERIES
YELLOW e HLMP-341X SERIES
HIGH PERFORMANCE GREEN e HLMP-351X SERIES

Features
* HIGH INTENSITY

e CHOICE OF 3 BRIGHT COLORS
High Efficiency Red
Yellow
High Performance Green

e POPULAR T-1 3/4 DIAMETER PACKAGE
e SELECTED MINIMUM INTENSITIES

e NARROW VIEWING ANGLE

o GENERAL PURPOSE LEADS

e RELIABLE AND RUGGED

e AVAILABLE ON TAPE AND REEL

Package Dimensions Description

This family of T-1 3/4 lamps is specially designed for
applications requiring higher on-axis intensity than is

5.08 (2001 achievable with a standard lamp. The light generated is
457 (180) focused to a narrow beam to achieve this effect.
m 9.19 (.362)
843(332) Minimum
{ 1 Part Intensity
7 Number (mcd) Color
T &74 f«% HLMP- | Description at 10 mA (Material)
045 (018) 3315 | Hlluminator/Point 12 High
2540 100 [ |_o] [« sauane Source Efficiency
NOMINAL B —
3316 llluminator/High 20 Red
Brightness (GaAsP
127 (0501 1 on GaP)
3415 llluminator/Point 10 Yellow
1 Source (GaAsP
3416 llluminator/High 20 on GaP)
Brightness
3517 llluminator/Point 6.7 Green
Source (GaP)
CATHODE 3519 Hlluminator/High 10.6
Brightness

NOTES:

1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES).

2. AN EPOXY MENISCUS MAY EXTEND ABOUT 1mm
(.040") DOWN THE LEADS.
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. . . _ o
Electrical Characteristics at Tp = 25°C
Device
Symbol Description HLMP- | Min. | Typ. | Max. | Units Test Conditions
v Luminous Intensity 3315 120 | 40.0 mcd IF =10 mA (Figure 3)
3316 20.0 | 60.0
3415 10.0 | 40.0 mcd IF = 10 mA (Figure 8)
3416 20.0 | 50.0
3517 6.7 50.0 mcd IF =10 mA (Figure 3
3519 106 | 70.0
261/2 Including Angle 3315 35 Deg. IF=10 mA
Between Half 3316 35 See Note 1 (Figure 6)
Luminous Intensity 3415 35 Deg. Ie = 10 MA
Points 3416 35 See Note 1 (Figure 11)
3517 24 Deg. IF =10 mA %
3519 24 See Note 1 (Figure 16) o
d -
APEAK Peak Wavelength 331X 635 nm Measurement at Peak E
341X 583 (Figure 1) =]
351X 565 a
AN 1/2 Spectral Line Halfwidth 331X 40 nm
341X 36
351X 28
A Dominant Wavelength 331X 626 nm See Note 2 (Figure 1)
341X 585
351X 569
T Speed of Response 331X 90 ns
341X 90
351X 500
C Capacitance 331X 1" pF VF=0;f=1MHz
341X 15
351X 18
AT Thermal Resistance 331X 120 °C/W Junction to Cathode Lead
341X
351X
VF Forward Voitage 331X 15 22 3.0 \ IF =10 mA (Figure 2)
341X 15 22 3.0 IF =10 mA (Figure 7)
351X 15 23 3.0 IF = 10 mA (Figure 12)
VR Reverse Breakdown Volt. All 5.0 \ IR =100 A
nv Luminous Efficacy 331X 145 lumens | See Note 3
341X 500 Watt
351X 595
NOTES: 1. 01,2is the off-axis angle at which the luminous intensity is half the axial luminous intensity.
2. The dominant wavelength, A4, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the color
of the device.
3. Radiant intensity, lg, in watts/steradian, may be found from the equation lg = Iy/ny, where Iy is the luminous intensity in candelas and ny is
the luminous efficacy in lumens/watt.
i i —_ o
Absolute Maxirnum Ratings at Ta = 25°C
Parameter 331X Series 341X Series 351X Series Units
Peak Forward Current 90 60 90 mA
Average Forward Currenti 1 25 20 25 mA
DC Currenti2| 30 20 30 mA
Power Dissipationi3 135 85 135 mwW
Reverse Voltage (Ir = 100 uA) 5 5 5 v
Transient Forward Current/4l (10
usec Pulse) 500 500 500 mA
Operating Temperature Range -20 to +100
+ °
Storage Temperature Range 95104100 9510 +100 —55 to +100 C
Lead Soldering Temperature 260° C for 5 seconds
[1.6 mm (0.063 in.) from body]|
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NOTES:

AN

. See Figure 5 (Red), 10 (Yellow), or 15 (Green) to establish pulsed operating conditions.
. For Red and Green series derate linearly from 50°C at 0.5 mA/°C. For Yellow series derate linearly from 50°C at 0.2 mA/°C.

. For Red and Green series derate power linearly from 25°C at 1.8 mW/°C. For Yellow series derate power linearly from 50°C at 1.6 mW/°C.
. The transient peak current is the maximum non-recurring peak current that can be applied to the device without damaging the LED die

and wirebond. It is not recommended that the device be operated at peak currents beyond the peak forward current listed in the
Absolute Maximum Ratings.
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Yellow HLMP-341X Series
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T-1 3/4 (5mm)
DIFFUSED SOLID STATE LAMPS
HEWLETT
U prckaro PO T ORANGE @ HLMP. D200 SERES
YELLOW e HLMP-3400 SERIES
HIGH PERFORMANCE GREEN ® HLMP-3500 SERIES
Features
¢ HIGH INTENSITY
¢ CHOICE OF 4 BRIGHT COLORS
High Efficiency Red
Orange
Yellow

High Performance Green
e POPULAR T-1%: DIAMETER PACKAGE
e SELECTED MINIMUM INTENSITIES
e WIDE VIEWING ANGLE
e GENERAL PURPOSE LEADS
e RELIABLE AND RUGGED
e AVAILABLE ON TAPE AND REEL

Description
. . .y L .
Thl_s family of:l'1 A Iamp§ is widely ysed in gener.al purpQSe Part Minimum
indicator applications. Diffusants, tints, and optical design .
) - . - Number Intensity Color
are balanced to yield superior light output and wide viewing e .
; . X X R HLMP- | Application (mcd) at 10mA | (Material)
angles. Several intensity choices are available in each color
for increased design flexibility. 3300 | General Purpose 21 High
Efficiency
P k D, . 3301 High Ambient 4.0 Red
(GaAsP
ac age ImenS|onS 3762 Premium Lamp 8.0 on GaP)
506 (200 D400 | General Purpose 21 Orange
457 (180) (GaAsP
R D401 | High Ambient 4.0 on GaP)
T 340 General Purpose 2.2
9.19(.362) 0 P Yellow
43 (332) 3401 High Ambient 4.0 (GaAsP
e l 3862 | Premium Lamp 8.0 on GaP)
T o,_sg?(,os_s) 3502 General Purpose 1.6 Green
0.64 (.025)
3507 High Ambient 4.2 (GaP)
B (| Nowar * 3962 | Premium Lamp 8.0 565 nm
1.27 (.050)
NOM.

CATHODE

NOTES:

1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES).
2. AN EPOXY MENISCUS MAY EXTEND ABOUT tmm

{,040") DOWN THE LEADS.
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Electrical Characteristics at T, = 25°C
Device
Symbol | Parameter HLMP- Min. | Typ. | Max. | Units Test Conditions
ly Luminous Intensity High Efficiency Red
3300 21 35
3301 4.0 7.0
3762 80 | 12.0
Orange
D400 21 35
D401 40 70 mcd I =10 mA
Yellow
3400 2.2 4.0
3401 4.0 8.0
3862 80 | 120
Green
3502 1.6 24
3507 4.2 5.2
3962 80 | 11.0
20172 |Including Angle High Efficiency Red 60
Between Half Orange 60 Ig=10 mA
Luminous Intensity Yellow 60 Deg. See Note 1
Points Green 60
Apeak | Peak Wavelength High Efficiency Red 635
Orange 600 nm Measurement at Peak
Yellow 583
Green 565
ANq/2 | Spectral Line HER/Orange 40 nm
Halfwidth Yellow 36
‘Green 28
A Dominant Wavelength High Efficiency Red 626
Orange 602 nm See Note 2
Yellow 585
Green 569
Ts Speed of Response High Efficiency Red 90
Orange 280 ns
Yellow 90
Green 500
(o} Capacitance High Efficiency Red 1
Orange 4 pF VE=0;f=1MHz
Yellow 15
Green 18
6yc | Thermal Resistance All 140 °C/W Junction to Cathode
Lead
VE Forward Voltage HER/Orange 15 22 3.0
Yellow 15 2.2 3.0 \ Ig=10 mA
Green 15 23 3.0
VR Reverse Breakdown Voltage | All 5.0 Vv Ig = 100 uA
v Luminous Efficacy High Efficiency Red 145 lumens| See Note 3
Orange 380 Watt
Yellow 500
Green 595
NOTES:
1. ©1/2 s the off-axis angle at which the luminous intensity is half the axial luminous intensity.
2. The dominant wavelength, Aq, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the
color of the device.
3. Radiant intensity, lg, in watts/steradian, may be found from the equation lg = Iy/ny, where Iy is the luminous intensity in candelas and 7y
is the luminous efficacy in lumens/watt.
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Absolute Maximum Ratings at Ta = 25°C

Parameter HER/Orange Yellow Green Units
Peak Forward Current 90 60 90 mA
Average Forward current!1l 25 20 25 mA
DC Currentl?l 30 20 30 mA
Power DissipationI3| 135 85 135 mwW
Reverse Voltage (Ig = 100 pA) 5 5 5 Vv
Transient Forward Current'4! (10 usec Pulse) 500 500 500 mA
Operating Temperature Range 55 10 +100 55 to +100 -20 to +100 o
Storage Temperature Range -55 to +100

Lead Soldering Temperature [1.6 mm (0.063 in.) from body]| 260° C for 5 seconds

NOTES:

1. See Figure 5 (Red/Orange), 10 (Yellow) or 15 (Green) to establish pulsed
operating conditions.

2. For Red, Orange, and Green series derate linearly from 50°C at 0.5
mA/°C. For Yellow series derate linearly from 50°C at 0.2 mA/°C.

4. The transient peak current is the maximum non-recurring peak current
that can be applied to the device without damaging the LED die and
wirebond. It is not recommended that the device be operated at peak
currents beyond the peak forward current listed in the Absolute Maximum

For Red, Orange, and Green series derate power linearly from 25°C at Ratings.
.3. 1.8 mW/°C. For Yellow series derate power linearly from 50°C at 1.6
mw/°C.
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T-1%4 Yellow Diffused Lamps
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("ﬁ HEWLETT

PACKARD

T-1 3/4 (5mm) LOW PROFILE
SOLID STATE LAMPS

RED ® HLMP-3200 SERIES

HIGH EFFICIENCY RED ® HLMP-3350 SERIES
YELLOW @ HLMP-3450 SERIES

HIGH PERFORMANCE GREEN @ HLMP-3550 SERIES

Features
o HIGH INTENSITY

o LOW PROFILE: 5.8mm (0.23 in) NOMINAL
® T-1% DIAMETER PACKAGE

REQUIREMENTS

DIFFUSED AND NON-DIFFUSED TYPES
GENERAL PURPOSE LEADS
IC COMPATIBLE/LOW CURRENT

e RELIABLE AND RUGGED

Description

The HLMP-3200 Series are Gallium Arsenide Phosphide

Red Light Emitting Diodes with a red diffused lens.

The HLMP-3350 Series are Gallium Arsenide Phosphide on

Gallium Phosphide High Efficiency Red Light Emitting

Diodes.
Minimum
The HLMP-3450 Series are Gallium Arsenide Phosphide on Number Intensity
Gallium Phosphide Yellow Light Emitting Diodes. HLMP- Application |@ 10 mA (mcd), Lens
The HLMP-3550 Series are Gallium Phosphide Green Light 3200 |Indicator — 10 Tinted
Emitting Diodes. General Purpose Diffused
. . . i — Wide Angle
The Low Profile T-1% package provides space savings and 3201 :_:’Ad"faé:’ir hiness 20 Red o
is excellent for backlighting applications. '9 9
3350 |!ndicator — Tinted
i : 2.0
Package Dimensions General Purposs Diffused
3351 |Indicator — 50 Wide Angle
5.08 (.200) High Brightness . HER
| 4.57 (.180)
T 3365 |General Purpose 70 Tinted
6.35 (.250) Point Source ) Non-diffused
| Sm 3366 |Indicator — Narrow Angle
1 . . 12.0 HER
High Brightness
T T 3450 (Indicator
- Tinted
:ﬁ% General Purpose 25 Diffused
3451 |Indicator — 6.0 Wide Angle
: i i - Yellow
zsi‘:do"f:)m’ N N DIMENSIONS ARE High Brightness
- ™ 1 IN M1 ETI (INCHE i
2 AN EPOXY MENISCUS MAY 3465 Ge'nergl Purpose 6.0 Tinted
EXTEND A mm (.040" X
sown THE Leaps Point Source Non-diffused
1.27 (.050) 3466 |Indicator — 120 Narrow Angle
Nom. ¥ 4 J High Brightness . Yellow
1 Tl 3553 |Indicator — Tinted
—>’ [<— 0.45 (.013) SQUARE NOMINAL General Purpose 16 Diffused
3554 |Indicator — 67 Wide Angle
High Brightness ) Green
3567 |General Purpose 42 Tinted
CATHODE 1 Point Source Non-diffused
e 3568 |Indicator — 106 Narrow Angle
High Brightness ’ Green
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RED HLMP-3200 SERIES
Electrical Specifications at T,=25°C

Device

Symbol | Description HLMP- | Min. | Typ. | Max. | Units Test Conditions
|\ Axial Luminous 3200 1.0 2.0 X

Intensity mcd IF =20 mA (Figure 3)

3201 2.0 4.0

201/2 Included Angle Between 60 deg. Note 1 (Figure 6)

Half Luminous Intensity

Points
APEAK Peak Wavelength 655 nm Measurement at Peak (Fig. 1)
Ad Dominant Wavelength 648 nm Note 2
AN1/2 Spectral Line Halfwidth 24 nm
Ts Speed of Response 10 ns
(o} Capacitance 100 pF VE=0;f=1MHz
(X1} Thermal Resistance 120 °C/W Junction to Cathode Lead
VE Forward Voltage 14 16 20 \ IF =20 mA (Fig. 2)
VR Reverse Breakdown 5.0 Vv Ir =100 uA

Voltage
Ny Luminous Efficacy 65 Im/W Note 3

Notes: 1. 61, is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 2. Dominant wavelength, Ay, is derived from the CiE
chromaticity diagram and represents the single wavelength which defines the color of the device. 3. Radiant Intensity lg, in watts/steradian may be found
from the equation lg = Iy,/ny, where I is the luminous intensity in candelas and 7y is the luminous efficacy in lumens/watt.
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Figure 2. Forward Current versus
Forward Voltage.
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GREEN HLMP-3550 SERIES
Electrical Specifications at T,=25°C

Device
Symbol Description HLMP- | Min. | Typ. | Max. | Units | Test Conditions
v Axial Luminous Intensity | 3553 1.6 3.2 mcd | IF=10 mA (Fig. 18)
3554 6.7 | 10.0
3567 42 70
3568 106 | 15.0
26172 Included Angle Between | 3553 50 Deg. | Note 1 (Figure 21)
Half Luminous Intensity | 3554 50
Points 3567 40
3568 40
APEAK Peak Wavelength 565 nm | Measurement at Peak (Fig. 1)
Ad Dominant Wavelength 569 nm | Note 2
AN1/2 Spectral Line Halfwidth 28 nm
Ts Speed of Response 500 ns
C Capacitance 18 pF | VF=0;f=1MHz
6Jc Thermal Resistance 120 °C/W| Junction to Cathode Lead
VF Forward Voltage 15 23 30 V | IF=10 mA (Fig. 17)
VR Reverse Breakdown 50 V| Ir=100 A
Voltage
nv Luminous Efficacy 595 Im/W | Note 3

Notes: 1. 04, is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 2.
chromaticity diagram and represents the single wavelength which defines the color of the device. 3. Radiant Intensity lg, in watts/steradian may be found
from the equation lg = I,,/ny, where | is the luminous intensity in candelas and ny is the luminous efficacy in'lumens/watt.
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HIGH EFFICIENCY RED HLMP-3350 SERIES
Electrical Specifications at T,=25°C

Device
Symbol Description HLMP- | Min. | Typ. [ Max. | Units | Test Conditions
v Axial Luminous Intensity | 3350 20 3.5 mcd | IF =10 mA (Fig. 8)
3351 5.0 7.0
3365 7.0 10.0
3366 120 | 18.0
201/2 Included Angle Between | 3350 50 Deg. | Note 1 (Fig. 11)
Half Luminous Intensity | 3351 50
Points 3365 45
3366 45 "
ApEAK Peak Wavelength 635 nm | Measurement at Peak (Fig. 1) %
Ad Dominant Wavelength 626 nm | Note 2 E
AM/2 Spectral Line Halfwidth 40 nm b
3
Ts Speed of Response 90 ns ]
(¢} Capacitance 1 pF [ VF=0;f=1MHz
8ic Thermal Resistance 120 °C/W| Junction to Cathode Lead
VF Forward Voltage 1.5 22 3.0 V | IF=10 mA (Fig.7)
VR Reverse Breakdown 5.0 V [ Ir=100 uA
Voltage
nv Luminous Efficacy 145 Im/W | Note 3

Notes: 1.6, is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 2. Dominant wavelength, Ag, is derived from the CIE
chromaticity diagram and represents the single wavelength which defines the color of the device. 3. Radiant Intensity lg, in watts/steradian may be found
from the equation lg = l/n,, where | is the luminous intensity in candelas and 7y is the luminous efficacy in lumens/watt.
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(= / wE 8 /
g 60 ze 2 13 L
= u
£ gk ** 5 /
3 50 2o w 12
a 24 20 z
g == 4 < 11
54 / o
g 23 15 P
= o= ! o
g. 30 / > g I 3
uw E 1.0 x
120 7 << RS
L 3 £ 1]
10 < 05 0.8
[} / 0 0.7
1.0 2.0 30 2.0 5.0 ) 5 10 15 20 25 30 © 10 20 30 40 50 60 70 80 90
Ve — FORWARD VOLTAGE -V I — FORWARD CURRENT — mA Ipgak — PEAK CURRENT PER LED — mA
Figure 7. Forward Current versus Figure 8. Relative Luminous intensity Figure 9. Relative Efficiency
Forward Voltage. versus Forward Current. (Luminous Intensity
w per Unit Current)
E(n’ w 8 1 l i versus Peak Current.
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Figure 10. Maximum Tolerable Peak Current versus Pulse Figure 11. Relative Luminous Intensity versus
Duration. (lpc MAX as per MAX Ratings) Angular Displacement.
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YELLOW HLMP-3450 SERIES
Electrical Specifications at T,=25°C

Device
Symbol Description HLMP- | Min. | Typ. | Max. | Units| Test Conditions
lv Axial Luminous Intensity [ 3450 25 40 mcd | IF=10 mA (Fig. 13)
3451 6.0 | 10.0
3465 6.0 | 120
3466 120 | 18.0
260172 Included Angle Between | 3450 50 Deg. | Note 1 (Fig. 16)
Half Luminous Intensity | 3451 50
Points 3465 45
3466 45
APEAK Peak Wavelength 583 nm | Measurement at Peak (Fig. 1)
Ad Dominant Wavelength 585 nm | Note 2
AN172 Spectral Line Halfwidth 36 nm
Ts Speed of Response 90 ns
C Capacitance 15 pF |VF=0;f=1MHz
(AT} Thermal Resistance 120 °C/W | Junction to Cathode Lead
VF Forward Voltage 15 2.2 30 V| IF=10 mA (Fig. 12)
VR Reverse Breakdown 5.0 V | IrR=100 uA
Voltage
nv Luminous Efficacy 500 | Im/W | Note 3

Notes: 1.6, is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 2.

Dominant wavelength, Ay, is derived from the CIE

chromaticity diagram and represents the single wavelength which defines the color of the device. 3. Radiant Intensity lg, in watts/steradian may be found
from the equation lg = Iy/ny, where I is the luminous intensity in candelas and 7, is the luminous efficacy in lumens/watt.
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HEWLETT
PACKARD

A

T-1 3/4 (5mm)
RED SOLID STATE LAMPS

HLMP-3000
HLMP-3001
HLMP-3002
HLMP-3003
HLMP-3050

Features

LOW COST, BROAD APPLICATIONS
LONG LIFE, SOLID STATE RELIABILITY
LOW POWER REQUIREMENTS: 20 mA @ 1.6V

HIGH LIGHT OUTPUT:
2.0 mcd Typical for HLMP-3000

4.0 mcd Typical for HLMP-3001
o WIDE AND NARROW VIEWING ANGLE TYPES
e RED DIFFUSED AND NON-DIFFUSED
VERSIONS

Description

The HLMP-3000 series lamps are Gallium Arsenide
Phosphide light emitting diodes intended for High Volume/
Low Cost applications such as indicators for appliances,
smoke detectors, automobile instrument panels and many

Absolute Maximum Ratings
at Ta = 25°C

other commercial uses.

The HLMP-3000/-3001/-3002/-3003 have red diffused

lenses where as the HLMP-3050 has a red non-diffused

lens. These lamps can be panel mounted using mounting

clip HLMP-0103. The HLMP-3000/-3001 lamps have .025"

leads and the HLMP-3002/-3003/-3050 have .018” leads.

NOTES:
1. The transient peak current is the maximum non-recurring peak current that
can be applied to the device without damaging the LED die and wirebond. It

is not recommended that the device be operated at peak currents beyond the

peak forward current listed in the Absolute Maximum Ratings.

Parameter 3000 Series [ Units
Power Dissipation 100 mwW
DC Forward Current (Derate 50 mA
linearly from 50°C at 0.2 mA/°C)

Average Forward Current 50 mA
Peak Operating Forward Current 1000 mA
Reverse Voltage (Ir = 100 uA) 5 \
Transient Forward Currentl 1] 2000 mA
(10 usec Pulse)

Operating and Storage Temp- -55°C to +100°C
erature Range

Lead Solder Temperature (1.6 mm 260° C for 5 seconds
[6.063 inch| below package base)

Package Dimensions

HLMP-3002/-3003/-3050

e

089 (035)
0.64 (.025)

0.45 (.018) SQUARE
25A4I3“(N1 .00) | | — [ NOMINAL

1.27 (.050) NOMINAL
—l NOTES:
1. ALL DIMENSIONS ARE IN M|

T (.040") DOWN THE LEADS.

CATHODE

2.54 (.100)
NOM.

2. AN EPOXY MENISCUS MAY EXTEND ABOUT Tmm

HLMP-3000/-3001

5.08 (.200)
4.57 (.180)

(.362)

19 )

-
|
|

9.
.89 (.035) 8.43(.332)

11.56 :.455)) 64 (.025)
1080 (425
| b
| T
1.32 (.052)
1.02 (.040)
0.64 (.025)
23;\2];\-‘9‘” <— SQUARE
- NOMINAL
1.27 (.050)
NOM.
ILLIMETRES (INCHES). S
6.1 (.240)
T/) 56 (220)

CATHODE
=| |« 254 (100 NOM.
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Electrical Characteristics at T,=25°C

Symbol Description B Device HLMP- Min. Typ. Max. Units | Test Conditions
v .| Luminous Intensity 3000/3002 1.0 20 mcd | IF=20 mA
. 3001/3003 2.0 4.0 mcd | IF =20 mA
3050 1.0 25 mcd | IF =20 mA
20172 Included Angle Between 3000/3002 60 Deg. | IF=20 mA
Half Luminous 3001/3003 60
Intensity Points 3050 24
AP Peak Wavelength 3000/3002 655 nm | Measurement at Peak
3001/3003 655
) 3050 655
Ad Dominant Wavelength 3000/3002 648 nm
3001/3003
' 3050
AN1/2 Spectral Line Halfwidth 3000/3002 24 nm
: . 3001/3003
) ' 3050
TS ! Speed of Response 3000/3002 10 ns
3001/3003
3050
C Capacitance 3000/3002 100 pF | VF=0,f=1MHz
3001/3003
3050 )
0Jc Thermal Resistance 3000/3001 95 °C/W | Junction to Cathode Lead
3002/3003 120
3050 120
VF Forward Voltage 3000/3002 14 16 20 \ IF =20 mA (Fig. 2)
3001/3003
3050
VR - Reverse Breakdown 3000/3002 5.0 \" Ir =100 uA
Voltage 3001/3003
3050
50 250
a0
2.25
a0l  Ta=25C >
@ 200
£ ol 2 //
1 E s
= 2 v
E / 2 150 ”
g 0 g /
3 s 125
a T El /
g 51 S 100
: L S /
3 w
|
L a1
2 74
.25 /
, ! L L °
1.40 1.50 1.60 1.70 0 10 20 30 40 50
V¢ — FORWARD VOLTAGE — VOLTS Ig — FORWARD CURRENT — mA
Figure 1. Forward Current Versus Forward Voltage Figure 2. Relative Luminous Intensity Versus Forward Current
10 %
N .
Y N Ta =25°C
i = RED
0 (3
t 2
; e
4
Y w 05 /
% 2
o Z
,_HLMP-3000/01/02/03 g
- w
), o
HLMP-3050 ) ["ve.,
e, .
N 500 550 600 650 700 750
20 40 60 80°  100° WAVELENGTH — nm
Figure 3. Relative Luminous Intensity Versus Angular Figure 4. Relative Luminous Intensity Versus Wavelength.

Displacement.
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T1 (3 mm)
(’9/0] HEWLETT HIGH INTENSITY SOLID STATE LAMPS

PACKARD HIGH EFFICIENCY RED e HLMP-132X SERIES
YELLOW e HLMP-142X SERIES
HIGH PERFORMANCE GREEN e HLMP-152X SERIES

Features
o HIGH INTENSITY

CHOICE OF 3 BRIGHT COLORS
High Efficiency Red
Yellow
High Performance Green

e POPULAR T-1 DIAMETER PACKAGE
e SELECTED MINIMUM INTENSITIES
e NARROW VIEWING ANGLE

e GENERAL PURPOSE LEADS

e RELIABLE AND RUGGED

e AVAILABLE ON TAPE AND REEL

g
3
w
=
P
[
=]
=]
(=]
7]

Package Dimensions Description

This family of T-1 lamps is specially designed for applica-
tions requiring higher on-axis intensity than is achievable

— e 32 1220 with a standard lamp. The light generated is focused to a
_ | 3430139 narrow beam to achieve this effect.
292 (.115)
6.35 (.250) ﬂ(_.'lif})
5580220 ). __ 7| i 4.;9(.165) Minimum
_L agy f Part Intensity
102 (040) Number (mcd) Color
’ HLMP- | Description at10 mA (Material)
1320 Untinted 86 High
24.1310.95) Non-Diffused ) Efficiency
I | R 1321 Tinted Red
SQUARE NOMINAL Non-Diffused 8.6 (GaAsP
CATHODE on GaP)
v LU 1420 | Untinted 9.2 Yellow
1 Non-Diffused ) (GaAsP
NOMINAL 421 | Tinted oo on GaP)
Non-Diffused :
[=— 254 (.100) 1520 | Untinted 4.2 Green
NOMINAL Non-Diffused ' (GaP)
1521 Tinted 42
Non-Diffused ’
NOTES:

1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES).

2. AN EPOXY MENISCUS MAY EXTEND ABOUT 1mm
(.040”) DOWN THE LEADS.
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Electrical Characteristics at Ta = 25°C

: Device .
Symbol | Description HLMP- | Min. | Typ. | Max. | Units Test Conditions
ly Luminous Intensity 1320 86 | 120 mcd Ir=10 mA (Figure 3)
1321 86 | 120
1420 92 | 120 mcd Ig =10 mA (Figure 8)
1421 6.0 | 120
1520 42 | 120 mcd IF =10 mA (Figure 3)
1521 42 | 120
201/2 |Including Angle All 45 Deg. IF=10 mA
Between Half See Note 1
Luminous Intensity Points (Figures 6, 11, 16, 21)
Apeak | Peak Wavelength 132X 635 nm Measurement at Peak
142X 583 (Figure 1)
152X 565
AMN1/2 | Spectral Line Halfwidth 132X 40 nm
142X 36
152X 28
Ad Dominant Wavelength 132X 626 nm See Note 2 (Figure 1)
142X 585
152X 569
Ts Speed of Response 132X 90 ns
142X 90
152X 500
C Capacitance 132X 1" pF VE=0;f=1MHz
142X 15
152X 18
04c Thermal Resistance All 120 °C/W Junction to Cathode Lead
VE Forward Voltage 132X 15 22 3.0 \" lg=10 mA
142X 15 22 30
152X 15 23 3.0
VR Reverse Breakdown Voltage | All 5.0 Vv Ir =100 A
v Luminous Efficacy 132X 145 lumens See Note 3
142X 500 Watt
152X 595
Notes:
1. ©4/2 is the off-axis angle at which the luminous intensity is half the axial 3. Radiant intensity, lg, in watts/steradian, may be found from the equation
luminous intensity. lg = ly/ny, where |, is the luminous intensity in candelas and 7y, is the
2. The dominant wavelength, Aq, is derived from the CIE chromaticity luminous efficacy in lumens/watt.
diagram and represents the single wavelength which defines the color of
the device.
i i — (¢}
Absolute Maximum Ratings at T, = 25°C
Parameter Red Yellow Green Units
Peak Forward Current 90 60 90 mA
Average Forward Current!1! 25 20 25 mA
DC Currenti2| 30 20 30 mA
Power Dissipation!3! 135 85 135 mw
Reverse Voltage (IR =100 pA) 5 5 5 "
Transient Forward Currentl4l (10
usec Pulse) 500 500 500 mA
Operating Temperature Range -20 to +100 o
Storage Temperature Range 55 to 00 55 t0+100 55 to +100 ¢
Lead Soldering Temperature 260° C for 5 seconds
[1.6 mm (0.063 in.) from body]
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NOTES:
1. See Figure 5 (Red), 10 (Yellow), or 15 (Green) to establish pulsed operating conditions.
2. For Red and Green series derate linearly from 50°C at 0.5 mA/°C. For Yellow series derate linearly from 50°C at 0.2 mA/°C.
3. For Red and Green series derate power linearly from 25°C at 1.8 mW/°C. For Yellow series derate power linearly from 50°C at 1.6 mW/°C.
4. The transient peak current is the maximum non-recurring peak current that can be applied to the device without damaging the LED die
and wirebond. It is not recommended that the device be operated at peak currents beyond the peak forward current listed in the
Absolute Maximum Ratings.
1. ’
GREEN YELLOW Ta=25C
% \ |HIGH EFFICIENCY g
g 3
= o e _— w
| =
: | 2
o =]
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WAVELENGTH - nm
Figure 1. Relative Intensity vs. Wavelength
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g ® =P g 2
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s ¥ 28 |10
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o ] 0.7
1.0 20 3.0 40 5.0 o 5 10 15 20 25 30 o 10 20 30 40 50 60 70 80 90
Vg — FORWARD VOLTAGE - V Ipc - DC CURRENT PER LED - mA Ipeak — PEAK CURRENT PER LED — mA
Figure 2. Forward Current vs. Forward * Figure 3. Relative Luminous Intensity Figure 4. Relative Efficiency
Voltage Characteristics vs. DC Forward Current (Luminous Intensity per Unit
Current) vs. Peak LED Current
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Figure 5. Maximum Tolerable Peak Figure 6. Relative Luminous Intensity vs. Angular Displacement
Current vs. Pulse Duration.
(IpcMAX as per MAX Ratings)
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T-1 Yellow Non-Diffused
/

/ I
/

1.0 15 20 25 30 35 40

Ig - FORWARD CURRENT - mA
(NORMALIZED AT 10mA)

RELATIVE LUMINOUS INTENSITY

Vg - FORWARD VOLTAGE -V

Figure 7. Forward Current vs.
Forward Voltage
Characteristics
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Figure 8. Relative Luminous Intensity
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Figure 9. Relative Efficiency
(Luminous Intensity per Unit
Current) vs. Peak Current

vs. Forward Current
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vs. Pulse Duration. (IpcMAX
as per MAX Ratings)
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Characteristics
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Current) vs. Peak LED Current

vs. Forward Current

w %0
30,
- | s\
50
L6
60,
L\
70°
- 2
NON-DIFFUSED
90
l l o 200 40° 60° 80°  100°
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T-1 (3mm)
DIFFUSED SOLID STATE LAMPS

(ﬁlﬂ HEWLETT HIGH EFFICIENCY RED ® HLMP-1300 SERIES
PACKARD ORANGE ® HLMP-KA00 SERIES

YELLOW @ HLMP-1400 SERIES
HIGH PERFORMANCE GREEN ® HLMP-1500 SERIES

Features

e HIGH INTENSITY

CHOICE OF 4 BRIGHT COLORS

High Performance Green

[‘d
High Efficiency Red %
Orange =
Yellow 5
5
a

* POPULAR T-1 DIAMETER PACKAGE
e SELECTED MINIMUM INTENSITIES
e WIDE VIEWING ANGLE

* GENERAL PURPOSE LEADS

* RELIABLE AND RUGGED

e AVAILABLE ON TAPE AND REEL Descnptlon
This family of T-1 lamps is widely used in general purpose
indicator applications. Diffusants, tints, and optical design
are balanced to yield superior light output- and wide viewing
angles. Several intensity choices are available in each color

H H for increased design flexibility.
Package Dimensions o v
e le3.18(0.125)
2.67 (0.105)
. | 343(0.135)
2.92(0.115)
6.35 (0.250) 4.70(0.185 Part Minimum
sozol). || #1907 Number Intensity Color
+—(d L Lozm!w) o HLMP- | Application (mcd) at 10mA | (Material)
1300 General Purpose 1.0 High
1301 General Purpose 2.0 Efficiency
24.13 (0.95) Red
MIN. 1302 High Ambient 3.0 (GaAsP
—»] |+— 0.45 (0.018) SQUARE NOM. .
1385 | Premium Lamp 6.0 on GaP)
CATHODE /4 K400 | General Purpose 1.0 Orange
1 K401 High Ambient 2.0 (GaAsP
127 (00500 A K402 | Premium Lamp 3.0 on GaP)
. 254 (0:100) 1400 General Purpose 1.0 Yollow
NOM. 1401 | General Purpose 2.0 (G?a:sP
1402 High Ambient 3.0 on GaP)
1485 Premium Lamp 6.0
1503 General Purpose 1.0
NOTES: P Green
1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 1523 High Ambient 2.6 (GaP)
2. AN EP?XV MENISCUS MAY EXTEND ABOUT 1Tmm
(0.0407) DOWN THE LEADS. 1585 | Premium Lamp 4.0

3-77



Electrical Characteristics at Ta = 25°C

Symbol Description Device Min. | Typ. | Max. | Units Test Conditions
ly Luminous Intensity High Efficiency Red
1300 1.0 5.0
1301 2.0 5.5
1302 3.0 7.0
1385 6.0 | 100
Orange
K400 1.0 4.0
K401 2.0 5.0
K402 3.0 6.5 med | Ig=10mA
Yellow
1400 1.0 5.0
1401 2.0 6.0
1402 3.0 7.0
1485 6.0 | 10.0
Green
1503 1.0 5.0
1523 2.6 7.0
1585 4.0 8.5
201/2 Including Angle
Between Half IF=10mA
Luminous Intensity Al 60 Deg. See Note 1
Points
APEAK Peak Wavelength High Efficiency Red 635
eerl?g‘ge ggg nm Measurement at Peak
Green 565
Ad Dominant Wavelength High Efficiency Red 626
Orange 602
Yellow 585 nm See Note 2
Green 569
AN1/2 Spectral Line High Efficiency Red 40
Halfwidth Yellow 36 nm
Green 28
TS Speed of Response High Efficiency Red 90
Orange 280 ns
Yellow 90
Green 500
C Capacitance High Efficiency Red 11
Orange 4 =0 f=
Yellow 15 pF | Ve=0:1=1MHz
Green 18
ROc Thermal Resistance All 120 °C/W i:ggtion to Cathode
Vg Forward Voltage HER/Orange 15 22 3.0
Yellow 1.5 22 3.0 Vv Ig=10 mA
Green 15 23 3.0
Vg Reverse Breakdown Volt. | All 5.0 \ Ig =100 pA
nv Luminous Efficacy High Efficiency Red 145
Orange 380 lumens
Yellow 500 Watt See Note 3
Green 595
NOTES:

1. ©1/2is the off-axis angle at which the luminous intensity is half the axial luminous intensity.
2. The dominant wavelength, Ay, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the
color of the device.
3. Radiant intensity, lg, in watts/steradian, may be found from the equation lg = I\/ny, where ly is the luminous intensity in candelas and 7y
is the luminous efficacy in lumens/watt.
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Absolute Maximum Ratings at Ta = 25°C
Parameter HER/Orange Yellow Green Units
Peak Forward Current 920 60 90 mA
Average Forward Current!!! 25 20 25 mA
DC Currentl?! 30 20 30 mA
Power Dissipation!3! 135 85 135 mw
Reverse Voltage (Ig = 100 pA) 5 5 5 \
Transient Forward Current!4! (10 usec Pulse) 500 500 500 mA
Operating Temperature Range -20 to +100
P 9 P 9 55 to +100 55 to +100 °C
Storage Temperature Range -55 to +100
Lead Soldering Temperature {1.6 mm {0.063 in.) from body| 260°C for 5 seconds
NOTES: 14
1. See Figure 5 (Red/Orange), 10 (Yellow) or 15 (Green) to establish pulsed 4. The transient peak current is the maximum non-recurring peak current %
operating conditions. that can be applied to the device without damaging the LED die and o
2. For Red, Orange, and Green series derate linearly from 50°C at 0.5 wirebond. It is not recommended that the device be operated at peak =
mA/° C. For Yellow series derate linearly from 50°C at 0.2 mA/°C. currents beyond the peak forward current listed in the Absolute Maximum 5
3. For Red, Orange, and Green series derate power linearly from 25°C at'1.8 Ratings. a
mW/°C. For Yellow series derate power linearly from 50°C at 1.6 mW/°C. §
1.0
ORANGE
Ta =25°C
YELLOW.
>
5 HIGH EFFICIENCY
2 RED
]
._
2
o o5
2
>
5 GREEN
o
o«
o 5 \
500 550 600 650 700 750
WAVELENGTH - nm
Figure 1. Relative Intensity vs. Wavelength
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T-1 Yellow Diffused Lamps
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A eacinro

T-1 Gmm)
RED SOLID STATE LAMPS

HLMP-1000 Series
HLMP-1200 Series

Features

* WIDE VIEWING ANGLE

* SMALL SIZE T-1 DIAMETER 3.18mm (0.125”)
® |IC COMPATIBLE

* RELIABLE AND RUGGED

Description

The HLMP-1000 is a series of Gallium Arsenide Phosphide
Light Emitting Diodes designed for applications where
space is at a premium, such as in high density arrays.

The HLMP-1000 series is available in three lens configura-

6.35 (.250)

5.58 (.220)

24,13 (0.95)
MIN.

il

0.45 (.018)
—»| |«=—SQUARE
NOMINAL

CATHODE

tions. 127 (.050)—] |
NOM.
HLMP-1000 — Red Diffused lens provides excellent on-off
contrast ratio, high axial luminous intensity, and wide view- —| |~— 2.54 (0.100) NOMINAL
ing angle.
HLMP-1080 — Same as HLMP-1000, but untinted diffused to
mask red color in the “off” condition. Figure A.
HLMP-1071/-1201 — Untinted non-diffused plastic lens pro-
vides a point source. Useful when illuminating external lens,
annunciators, or photo-detectors.
e 318(.125)
2.67 (.105)
| 3.30 (.130) MAX.
I -ﬂ (.147)
% % 3.23 (127)
Part Iv (mcd) Typ. . —
Number @ 20 mA Viewing .
HLMP- Package & Angle
Lens Type Min. Typ. | 20 1/2
-1000 | A-Tinted 5 1.0 60° e
Diffused
" ’ 0.45 (.018)
-1002 A-Tllnted 15 25 60 CATHODE > [ Sauare
Diffused
-1080 A-Untinted 5 15 60°
Diffused 127 (0501 \ T
-1071 | A-Untinted 10 20 45° now. |
Non-Diffused _," | 254 (0.100)
NOMINAL
-1200 B-Untinted 5 1.0 55°
Non-Diffused
-1201 | B-Untinted 15 | 25 55° Figure B.
Non-Diffused

NOTES:

1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES).

2. AN EPOXY MENISCUS MAY EXTEND ABOUT 1mm
(.040”) DOWN THE LEADS.
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Absolute Maximum Ratings at Ta = 25°C

Parameter 1000 Series Units
Power Dissipation 100 mW
DC Forward Current [1] ' 50 mA
Average Forward Current 50 mA
Peak Operating Forward Current 1000 mA
Reverse Voltage (Ir = 100 pA) 5 \
Transient Forward Currentl!! (10 usec Pulse) 2000 mA
Operating and Storage Temperature Range -556°C to +100°C
Lead Solder Temperature (1.6 mm [0.063 inch] below package base) 260° C for 5 seconds

Note:

1. Derate linerarly from 50°C at 0.2 mA/°C.

Electrical Characteristics at T,=25°C

Symbol Parameters Min. Typ. Max. Units | Test Conditions

APEAK Peak Wavelength 655 nm | Measurement at Peak

Ad Dominant Wavelength 648 nm

AN1/2 Spectral Line Halfwidth 24 nm

Ts Speed of Response 10 ns

C Capacitance 100 pF | VF=0,f=1MHz

6Jc Thermal Resistance ) 120 °C/W| Junction to Cathode Lead
VE Forward Voltage 14 16 2.0 \" IF=20 mA

VR Reverse Breakdown Voltage 5 \ Ir =100 A

HLMP-1200/-1201

50 2.50 -
1.0,
N 225
E 40 5 2.00
! &
e 175
2 [=ER R
=3 3 / \
S g s
g 20 § 1.00
g w
o > .75
g £ w1 AN
- g s/ N
. N
0 0 —
[ 0.4 0.8 1.2 1.6 20 0 10 20 30 40 50 10° 20° 30° 40° 50° 60° 70°.80° 90° 100°
FORWARD CURRENT — VOLTAGE CHARACTERISTICS I — FORWARD CURRENT — mA
Figure 1. Forward Current vs. Figure 2. Luminous Intensity vs. Figure 3. Typical Relative Luminous
Voltage Characteristic. Forward Current (IF). Intensity vs. Angular Displ t
HLMP-1000/-1002/-1080 HLMP-1071
00
20°
30 \
40° 8
50°
® \
609 \
4
N \
80° 2
90°
40° 60° 80° 100° 10° 20° 30° 40° 50° 60° 70° 80° 90° 100°
Figure 4. Relative Luminous Intensity vs. Angular Displacement. Figure 5. Relative Lumi Intensity vs. Angular Displ t
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[ﬁﬂ HEWLETT

PACKARD

Rectangular Solid State
Lamps

Technical Data

HLMP-R100 "
HLMP-0300/0301 2
HLMP-0400/0401 B
HLMP-0503/0504 5
p=1
)

Features The HLMP-R100 uses a double
¢ Rectangular Light heterojunction (DH) absorbing
Emitting Surface substrate (AS) aluminum
¢ Flat High Sterance gallium arsenide (AlGaAs) red
Emitting Surface LED chip in a light red epoxy
« Stackable on 2.54 mm package. This combination
(0.100 inch) Centers produces outstanding light
« Ideal as Flush Mounted output over a wide range of
Panel Indicat drive currents.
anel Indicators
* Ideal for Backlighting The HLMP-0300 and -0301 have
Legends a high efficiency red GaAsP on
* Long Life: Solid State GaP LED chip in a light red ‘
Reliability epoxy package_ The HLMP-0503 and -0504
« Choice of 4 Bright Colors provide a green GaP LED chip
DH AS AlGaAs Red The HLMP-0400 and -0401 in a green epoxy package.
High Efficiency Red provide a yellow GaAsP on GaP
Yellow LED chip in a yellow epoxy
High Performance Green package.

¢ IC Compatible/Low

Current Requirements Package Dimensions

. . 2.54 (0.100)
Description NOM.
The HLMP-R100, -030X, -040X, | = 18:232}:L SAUARE NG
-050X are solid state lamps — )
encapsulated in a radial lead 555 (0278 ol
rectangular epoxy package. T 7 _—f
They utilize a tinted, diffused — 200 (0318) BOTTOM VIEW
epoxy to provide high on-off 2021 \ CATHODE
contrast and a flat high inten- 254 (0.100) (i8> LEAD
sity emitting surface. Borderless 216 {0.085) _H | 127 (0.050)
package design allows creation l | Nom.
of uninterrupted light emitting
areas. T SIDE VIEW L 25 :g:;gg:

NOTES:

1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES).

2. AN EPOXY MENISCUS MAY EXTEND-ABOUT 1 mm (0.040”) DOWN THE LEADS.
3. THERE IS A MAXIMUM 1° TAPER FROM BASE TO TOP OF LAMP.
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Axial Luminous Intensity

I, (mcd) @
20 mADC
Part
Color Number Min. | Typ.
AlGaAs Red HLMP-R100 3.4 7.5
High HLMP-0300 1.0 2.5
Efficiency
Red HLMP-0301 | 25 5.0
HLMP-0400 1.5 2.5
Yellow
HLMP-0401 3.0 5.0
High HLMP-0503 1.5 2.5
Performance
Green HLMP-0504 3.0 5.0

Absolute Maximum Ratings at T, = 25°C

(1.6 mm [0.063 in.] from body)

HLMP- HLMP- HLMP- HLMP-

Parameter R100 0300/-0301 | 0400/040 0503/-050 Units
Peak Forward Current 300 90 60 90 mA
Average Forward Current!!) 20 25 20 25 mA
DC Current!?] 30 30 20 30 mA
Power Dissipation 87 135 85 135 mW
Reverse Voltage (I, = 100 pA) 5 5 5 5 v
Transient Forward Current!® (10 ps Pulse) 500 500 500 500 mA

erating Temperature Range -20 to -20 to
op & pe & +100 -55 to -55 to +100 °C

+100 +100
Storage Temperature Range -55 to -55 to
+100 +100

Lead Soldering Temperature 260°C for 5 seconds

Notes:

1. See Figure 5 to establish pulsed operating conditions.
2. For AlGaAs Red, Red, and Green Series derate linearly from 50°C at 0.5 mA/°C. For Yellow Series derate linearly from 50°C

at 0.2 mA/°C.

3. The transient peak current is the maximum non-recurring peak current that can be applied to the device without damaging
the LED die and wirebond. It is not recommended that the device be operated at peak current beyond the peak forward

current listed in the Absolute Maximum Ratings.
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Electrical/Optical Characteristics at T, = 25°C

HLMP HLMP HLMP
HLMP-R100 -0300/-0301 -0400/-0401 -0503/-0504
Test
Sym. | Description | Min.|Typ.|Max.|Min. |Typ.|Max. |Min. | Typ.|Max.|Min. | Typ.|Max. | Units | Conditions
26,,, | Included Angle
Between Half
Luminous 100 100 100 100 Deg. | Note 1.Fig. 6
Intensity
Points
Ap Peak 645 635 583 565 nm | Measurement
Wavelength at Peak
Ay Dominant 637 626 585 569 nm | Note 2
Wavelength
Ak, | Spectral Line 20 40 36 28 nm
Halfwidth
T, Speed of 30 90 90 500 ns
Response
C Capacitance 30 16 18 18 pF | V.=0;
f=1MHz
6,c | Thermal 220 120 120 120 °C/W | Junction to
Resistance Cathode Lead
V; | Forward 16 | 18|22 )16 |22]| 30 (16| 22| 30| 16| 23| 3.0 v I, =20 mA
Voltage ﬂgure 2.
Vv, Reverse 5.0 5.0 5.0 5.0 v I, =100 pA
* | Breakdown *
Voltage
n, Luminous 80 145 500 595 1Im/W | Note 3
Efficacy
Notes:

.8, is the off-axis angle at which the luminous intensity is half the axial luminous intensity.

1
2. The dominant wavelength, 4, is derived from the CIE chromaticity diagram and represents the single wavelength which

defines the color of the device.
3. Radiant intensity, I, in watts/steradian, may be found from the equation I, = I /n,, where I is the luminous intensity in
candelas and 7, is the luminous efficacy in lumens/watt.

YELLOW

AlGaAs RED

Ta=25°C

RELATIVE INTENSITY

HIGH
EFFICIENCY
RED

500

650

WAVELENGTH - nm

Figure 1. Relative Intensity vs. Wavelength.

3-85

750

g
3
w
-
=
13
a
3
[*]
23




AlGaAs
0 Rep | 4!
< 7
£ y
e
E M [wn ,/'
S s k.
° I 12 T YELLO
< 40 7
< ’ y
£
g [,
T 20 i
o I /! _|GREEN
10 Al i
AN
20

1.0 3.0 4.0 5.0

Vg - FORWARD VOLTAGE -V

Figure 2. Forward Current vs.
Forward Voltage. V_ (300 mA) for
AlGaAs Red = 2.6 Volts Typical.
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Figure 3. Relative Luminous

Intensity vs. Forward Current.
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Figure 4. Relative Efficiency
(Luminous Intensity per Unit
Current) vs. Peak Current. n, (300
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Displacement.
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2 mm x 5 mm Rectangular

Lamps
Technical Data

Features

* Rectangular Light
Emitting Surface

¢ Excellent for Flush
Mounting on Panels

¢ Choice of Five Bright
Colors

¢ Long Life: Solid State
Reliability

¢ Excellent Uniformity of
Light Output

Description

The HLMP-S100, -S200, -S300,
-S400, -S500 are epoxy encapsu-
lated lamps in rectangular
packages which are easily
stacked in arrays or used for
discrete front panel indicators.
Contrast and light uniformity
are enhanced by a special epoxy
diffusion and tinting process.

The HLMP-S100 uses double
heterojunction (DH) absorbing
substrate (AS) aluminum
gallium arsenide (AlGaAs)
LEDs to produce outstanding
light output over a wide range
of drive currents.

Package Dimensions

18 (0.204)

;e

5.46 (0.215)

J-— 4.95 (0.195)

\ CATHODE

LEAD
"—25440 {1.00) MIN, —

1.27 (0.050)
NOMINAL

—

8

(031

(0.2

_L
[:I—'_——__—D
(0.

C

wl.
4

z__ 095)
2.23 (0.088) 2.03 (0.085)
s SIDE VIEW
0.46 (0.018) SQ.
NOMINAL
2554 (0.100)
NOMINAL

=B
BOTTOM VIEW

NOTES:

1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES).

2. AN EPOXY MENISCUS MAY EXTEND ABOUT
1 mm (0.040”) DOWN THE LEADS.

3. THERE IS A MAXIMUM 1° TAPER FROM
BASE TO THE TOP OF LAMP.
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Electrical/Optical Characteristics at T, = 25°C

Sym. Description Device HLMP- |Min.|Typ. |Max. | Units | Test Conditions
I, | Luminous AlGaAs Red
Intensity S100 361|175
High Efficiency Red
200 21| 35
S201 34 | 48
Orange
S400 21| 35
S401 34 | 4.8 mced I.=20mA
Yellow
S300 14 | 21
S301 22| 35
Green
S500 2.6 | 4.0
S501 41 | 58
261/2 | Included Angle
Eetw_een Half All 110 Deg. I, =20 mA
uminous
Intensity Points See Note 1
Peak Wavelength | AlGaAs Red 645
Aema High Efficiency Red 635
Orange 600 nm Measurement at
Yellow 583 Peak
Green 565
A, |Dominant AlGaAs Red 637
Wavelength High Efficiency Red 626
Orange 602 nm See Note 2
Yellow 585
Green 569
T, | Speed of AlGaAs Red 30
Response High Efficiency Red 350
Orange 350 ns
Yellow 390
Green 870
C | Capacitance AlGaAs Red 30
High Efficiency Red 11
Orange 4 pF Vp=0;f=1MHz
Yellow 15
Green 18
R6,, | Thermal AlGaAs Red 220 Junction to Cathode
Resistance All Others 120 °C/W | Lead at Seating
Plane
V. |Forward Voltage | AlGaAs Red 16 | 1.8 | 2.2
HER/Orange 15|22 | 3.0 v I, =20 mA
Yellow 15| 22 | 3.0
Green 15| 23 | 8.0
Vi | Reverse Break- All 5.0 v I, =100pA
down Voltage
N, |Luminous AlGaAs Red 80
Efficacy High Efficiency Red 145
Orange 380 lumens/ | See Note 3
Yellow 500 watt
Green 595

Notes:

1. 01/2 is the off-axis angle at which the luminous intensity is half the axial luminous intensity.

2. The dominant wavelength, A, is derived from the CIE chromaticity diagram and represents the single wavelength which
defines the color of the device.

3. Radiant intensity, I, in watts/steradian, may be found from the equation I, = I/ , where I is the luminous intensity in
candelas and 7, is the luminous efficacy in lumens/watt.
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Absolute Maximum Ratings at T, = 25°C

AlGaAs High Efficiency
Parameter Red Red/Orange Yellow Green Units
Peak Forward Current 300 90 60 90 mA
Average Forward Current!!! 20 25 20 25 mA
DC Current? 30 30 20 30 mA
Power Dissipation 87 135 85 135 mW
Transient Forward Current® 500 mA
(10 psec Pulse)
Operating Tem t Ra -20 to +100 -20 to +100
peraung ~emperature Tanee B5t0+100 | -55 to +100 A °C
Storage Temperature Range -55 to +100 -55 to +100
Lead Soldering Temperature i
[1.6 mm (0.063 in.) below 260°C for 5 seconds
seating plane]
Notes:

1. See Figure 5 to establish pulsed operating conditions.
2. For AlGaAs Red, Red, Orange, and Green series derate linearly from 50°C at 0.5 mA/°C. For Yellow series derate linearly

from 50°C at 0.34 mA/°C.

3. The transient peak current is the maximum non-recurring peak current that can be applied to the device without damaging
the LED die and wire bond. It is not recommended that the device be operated at peak currents beyond the peak forward
current listed in the Absolute Maximum Ratings.

1.0
YELLOW: ORANGE Ta=25°C
HIGH EFFICIENCY
>
E
@ GREE!
& AlGaAs RED
£ \ |
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>
3 !
=
w
& :
*
0
500 550 600 650 700 750
WAVELENGTH - nm
Figure 1. Relative Intensity vs. Wavelength
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Figure 2. Forward Current vs.
Forward Voltage Characteristics.
V. (300 mA) for AlGaAs Red = 2.6
Volts Typical
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~DC CURRENT PER LED - mA

Figure 3. Relative Luminous
Intensity vs. DC Forward Current
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Subminiature Solid State

Lamps

Technical Data

Features

¢ Subminiature Flat Top
Package
Ideal for Backlighting and
Light Piping Applications

¢ Subminiature Dome
Package
Diffused Dome for Wide
Viewing Angle
Nondiffused Dome for High
Brightness

¢ Arrays

e TTL and LSTTL
Compatible 5 Volt Resistor
Lamps

» Available in Six Colors

¢ Ideal for Space Limited
Applications

* Axial Leads

¢ Available with Lead
Configurations for Surface
Mount and Through Hole
PC Board Mounting

Description

Flat Top Package

The HLMP-PXXX Series flat top
lamps use an untinted, non-
diffused, truncated lens to
provide a wide radiation pattern
that is necessary for use in
backlighting applications. The
flat top lamps are also ideal for
use as emitters in light pipe
applications.

Dome Packages

The HLMP-6XXX Series dome
lamps for use as indicators use a
tinted, diffused lens to provide a
wide viewing angle with a high
on-off contrast ratio. High
brightness lamps use an
untinted, nondiffused lens to
provide a high luminous
intensity within a narrow
radiation pattern.

Arrays

The HLMP-66XX Series
subminiature lamp arrays are
available in lengths of 3 to 8
elements per array. The
luminous intensity is matched
within an array to assure a 2.1
to 1.0 ratio.

Resistor Lamps

The HLMP-6XXX Series 5 volt
subminiature lamps with built
in current limiting resistors are
for use in applications where
space is at a premium.

Lead Configurations

All of these devices are made by
encapsulating LED chips on
axial lead frames to form molded
epoxy subminiature lamp
packages. A variety of package
configuration options is avail-
able. These include special sur-
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U orckano

HLMP-PXXX Series

HLMP-Q1XX Series 3
HLMP-6XXX Series ™
HLMP-70XX Series 5

3

face mount lead configurations,
gull wing, yoke lead or Z-bend.
Right angle lead bends at 2.54
mm (0.100 inch) and 5.08 mm
(0.200 inch) center spacing are
available for through hole
mounting.



Device Selection Guide

Part Number: HLMP-XXXX
DHAS | High High Device
Standard | AlGaAs | Efficiency Performance Outline
Red Red Red Orange | Yellow Green Device Description!! Drawing
P005 P105 P205 P405 P305 P505 Nondiffused, Flat Top A
6000/6001 | Q101 6300 Q400 6400 6500 Diffused
Q105 6305 6405 6505 Nondiffused, High Brightness
Q150 7000 7019 7040 Diffused, Low Current B
Q155 Nondiffused, Low Current
6600 6700 6800 Diffused, Resistor, 5V, 10 mA
6620 6720 6820 Diffused, Resistor, 5V, 4 mA
6203 6653 6753 6853 3 Element
6204 6654 6754 6854 4 Element
Matched Array,
6205 6655 6755 6855 5 Element | Diffused (o}
6206 6656 6766 6856 6 Element
6208 6658 6768 6858 8 Element
Package Configuration Options
Package
Option Outline
Code Package Configuration Description Drawing
011 | Gull Wing Lead, Tape and Reel® D.L P
012 | Gull Wing Lead, Bulk Packaging®® o
013 | Gull Wing Lead, Arrays, Shipping Tube E,M
Surface Mount Lead
021 | Yoke Lead, Tape and Reel® Configurations
F,N,P
022 | Yoke Lead, Bulk Packaging®®
031 | Z-Bend, Tape and Reel®
G,0O,P
032 | Z-Bend, Bulk Packaging®™
1L1 |2.54 mm (0.100 inch) | Long Leads; 10.4 mm (0.410 in.) H
Center Lead Spacing
181 Short Leads; 3.7 mm (0.145 in.) | Right Angle Lead I
Bends for Through
2L1 | 5.08 mm (0.200 inch) | Long Leads; 9.2 mm (0.364 in.) | Hole Mounting J
Center Lead Spacing
251 Short Leads; 3.7 mm (0.145 in.) K
Notes:

1. Diffused lamps have tinted lenses. Nondiffused lamps have untinted lenses.

2. Lamps are supplied in 12 mm embossed tape on 178 mm (7 inch) diameter reels, with 1500 lamps per reel. Minimum order
quantity and order increment are in quantity of reels only.
3. Vapor barrier bags are used for bulk packaging.

3-92




Package Dimensions

(A) Flat Top Lamps
1.40 (0.055)
050 (0.020) Rer, 165 (0.065)

|
|

11.48 (0.452)
[ 11.18 (0.420)
BOTH SIDES

CATHODE

1.40 (0.055)

—

1.14 (0.045)
2

0.64 (0.025)
0.76 (0.030)

L

|
046 10,018 0.76 (0.030) MAX.
ANODE 056 (0.022) T
1.65 (0.065) | ¢
1.91 (0.075) - [<— 0.25 (0.010) MAX. N o
NOTE 2 0918 (0.007) 91 (0.075)
0.20 (0.008) MAX. 0.23 (0.009) 216 (o‘o—)
NOTES:
1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES).
2. PROTRUDING SUPPORT TAB IS CONNECTED TO CATHODE LEAD.
(B) Diffused and Nondiffused
0.18 (0.007)
0.50 (0.020) REF. 0.23 (0.009)

CATHODE

11.48 (0.452)
1118 (0.440)—>|
BOTH SIDES
ANODE

1.65 (0.065)
1.91 (0.075)

>
3
EE
&

1.91 (0.075) MAX.

—

[
-
N
]

0.46 (0.018,

0.76 (0.030) MAX. l !
NOTE 2 1.

DIAT

0.56 (0.022)
[— 0.25 (0.010) MAX.

w
2
Gl
o
I
&

0.20 (0.008) MAX.

»
5
>

S
8

2

NOTES:
1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES).
2. PROTRUDING SUPPORT TAB IS CONNECTED TO CATHODE LEAD.
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1.91

2.41 (0.095)

ATHODE

(0.075)

g
3
w
=
=
7]
=]
2
[=]
D

STRIPE
2.8 (0.082)
2.34 (0.092)

0.76 (0.030)

0.89 (0.035)™ 0.94 (0.037)

—]

|<_?.2—4 (0.049)

2.08 (0.082)

2.34 (0.092)

2.92 (0.115)
MAX.

CATHODE
STRIPE



_ 0.46 (0.018)
(C) Arrays ’I 0.56 (0.022)
0.76 (0.030) I:I
0.89 (0.035) " 11.48 (0.452) ANODE

11.18 (0.440)

} 9% NOTE 3
) BOTH SIDES LI H_ 0.25(0.013)MAX.
1.91 (0.075) MAX. 76.(0.030) MAX, 29:‘(315) m m m i B R jml

| g

|

| s mm— |

0.20 (0.008) REF. [} N [2.54 (0.100)] MAX. ‘ Ll
NOTE 2 165 (0.065)
CATHODE D D 1.91 (0.075)
1.91 (0.075) STRIPE
2.16 (0.085) CATHODE
NOTES:

1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES).
2. OVERALL LENGTH IS THE NUMBER OF ELEMENTS TIMES 2.54 mm (0.100 IN.).
3. PROTRUDING SUPPORT TAB IS CONNECTED TO CATHODE LEAD.

Package Dimensions, Lead Bend Options
(D) Individual Lamp, Gull Wing Lead, Option 011 and 012

CATHODE
1 | 0.13 (0.005) R TYP.
0.76 (0.030)
ANODE = MAX.
[——3.81 (0.150) MAX.
— 013 0000) CSThPE
MAX.

ALL DIMENSIONS ARE IN MILLIMETRES (INCHES)

(E) Subminiature Array, Gull Wing Lead, Option 013

2.49 (0.098)
259 (0.102)

m m 0.13 (0.005) R TYP.
331 (0.150)
MAX
\ T 0.76 (0.030) MAX.
0.13 (0.005) MAX.

CATHODE STRIPE

ALL DIMENSIONS ARE IN MILLIMETRES (INCHES)
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(F) Individual Lamp, "Yoke" Lead<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>