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COMPONENT TAPE INCLUDING A PRINTED 
COMPONENT COUNT 

BACKGROUND OF THE INVENTION 

[0001] 1 Field of the Invention 

[0002] This invention relates to the ?eld of automatic 
assembly of electronic devices. In particular, the invention 
relates to counting electronic components on a component 
tape and printing a sequential count on the cover tape. 

[0003] 2. Description of the Related Art 

[0004] Companies in the electronics manufacturing ser 
vices (EMS) industry are constantly presented With the need 
to determine the inventory of parts currently available for 
production of complicated machinery and electrical devices 
and printed circuit board assemblies (PCBAs). MiniaturiZa 
tion of electronic circuits and parts in the electronics and 
electrical-mechanical arts has evolved to the point Where 
many of the parts used in devices such as calculators, 
computers, pagers, telephones, and Watches are difficult to 
store and handle When the parts are in inventory or are being 
used in conjunction With a mass production line utiliZing a 
large supply of components. 

[0005] Many of the electrical parts, as an eXample, are so 
tiny that they are stored on tapes, Which are then rolled onto 
supply reels for handling. The electrical parts may be 
encapsulated on the surface of a storage tape by providing a 
cavity on the storage tape over Which another tape is placed 
in order to capsulate or capture the tiny part and protect the 
parts from damage or destruction. The component dispens 
ing tape is usually provided in reel form, With a single reel 
having many feet of tape. Depending on the density of 
component carriers in the tape, such a reel may contain 
thousands of components. 

[0006] Along one side of the typical component dispens 
ing tape are tractor drive or indeX holes. The automated 
assembly equipment generally includes a toothed drive 
Wheel that advances the tape by engagement With these 
holes. The spacing betWeen the holes corresponds to the 
spacing betWeen the carrier compartments so that When the 
tape is advanced a particular predetermined number of holes, 
a number of components are advanced, usually to a robotic 
assembly arm for placement on a circuit board. 

[0007] In order to better manage component supply and 
demand, it is desirable to provide each assembly station With 
only the number of components that are eXpected to be used 
in a certain product run or in a certain period of time. As 
many of the components are individually quite valuable, a 
manufacturer must keep a running account of the number of 
such parts in inventory for tracking material ?oW, reducing 
Waste, and preventing disruptions in daily production line 
operation. The physical problem of handling the total num 
ber of such small parts is extremely difficult from a bulk 
handling point of vieW. As a result, the encapsulating storage 
tapes become a useful method for maintaining these parts in 
inventory. 
[0008] The component tapes protect the components and 
provide a supply reel of sufficient siZe for handling by 
employees. On the other hand, such storage complicates the 
problem of counting parts for the purpose of identifying a 
total number of such parts in inventory. Furthermore, the 
small siZe of these parts becomes a burden When the parts 
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are placed on a manufacturing line Where they are used at a 
rapid pace. Also, it is imperative that the assembly operation 
maintain a running inventory of parts available to the 
manufacturing process at all times. Many electronic units 
contain literally thousands of tiny parts for inclusion in a 
single ?nished electrical unit. If one of these parts is 
eXhausted during the manufacturing process, then the entire 
manufacturing line may be shut doWn until the exhausted 
parts can be replaced. Consequently, a manufacturer is 
burdened With the problem of keeping a running inventory 
of the number of parts available during the continuous 
manufacturing of larger electrical units. 

[0009] Avariety of methods are used to track the storage 
and manufacturing inventory of small parts, including 
Weight, component tape measuring, and component count 
ing methods. Using the Weight method, some inventory 
systems rely on Weight as a Way of measuring the total 
number of small items in inventory. Each unit has a knoWn 
Weight, Which can be used to calculate the number of units 
from a total Weight of a bulk container of such small units. 
The disadvantage of this Weight determination system is that 
eXpensive electronic scales must be used to make the Weight 
checks. Furthermore, these electronic scales are subject to 
variations in Weight measured and therefore must be con 
stantly recalibrated. Also, Weight counting systems are not 
particularly useful or efficient in a continuous manufacturing 
process. Some of these Weight systems have variations 
caused by environmental conditions, for eXample heat and 
dust, and packaging variables Which tend to result in erro 
neous Weight calculations, thereby resulting in an erroneous 
calculation as to the number of tiny parts in inventory. 

[0010] In component tape measuring methods, the length 
of component tape needed to supply a desired number of 
components to an assembly station may be determined 
manually. Since counting each of the desired number of 
components is impractical, the number of components in a 
short length of the tape is counted instead. The length of tape 
required for a particular assembly run is then estimated 
based on the component density of the sampled length of 
tape, taking into account the occurrences of empty carrier 
compartments in the sampled tape. The desired length of 
tape is then unrolled, measured and cut. Although someWhat 
Wasteful of components, the tape is generally cut slightly 
longer than the computed length to ensure that the equip 
ment does not prematurely eXhaust the component supply 
before the corresponding assembly run is completed. 

[0011] Component counting includes three typical meth 
ods for counting reel quantities of electronic components: 
reel count, gauge, and estimation methods. The accuracy of 
these methods varies, but they each have numerous disad 
vantages. 
[0012] The reel count method, While having an approxi 
mate accuracy of 99%, is sloW and has a risk of higher 
attrition. Reel count also eXhibits a lack of counters While 
being immobile. Furthermore, it is time consuming, requires 
a great deal of training in operation, and is highly susceptible 
to human setup error. 

[0013] The disadvantages of the gauge method are that, 
While there are over 50 possible variants, not every reel type 
is covered. This method also requires training to operate 
accurately and is subject to human error in the identity of the 
reel type, packaging type, and correct components. The 
gauge method is also subject to estimation error. 
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[0014] As the most commonly used method of counting 
reel quantities, the estimation method is very inaccurate, 
even With training. Human error inheres in the inconsistent 
visual clues. Moreover, the estimation error trend is to 
underestimate the quantities on almost full reels While 
overestimating the quantities on almost empty reels. 

[0015] The adverse effects of the typical counting and 
tracking methods are numerous. For example, material ?oW 
cannot be accurately tracked. This results in back?ushing the 
quantity of material assumed used in production. As pro 
duction often consumes only part of a reel, this means a 
signi?cant amount of stock is Wasted. Furthermore, an 
estimated quantity of attrition called autoscrap is added in an 
attempt to keep the stock accurate. Work in progress (WIP) 
cycle counting is then used to verify or correct the stock 
data. The typical error of over one million parts in WIP 
indicates that this stock check technique is sloW and inac 
curate. A typical WIP cycle count has an absolute accuracy 
level of 30%, meaning that the post-hoc material tracking 
process is very time consuming and, consequently, ineffec 
tive. As planning, purchasing, manufacturing, and customer 
commitment decisions are based on the material integrity, 
they are adversely affected. Furthermore, poor data integrity 
causes disruptions in daily production line operation and 
results in sloW kitting times. Consequently, there is a need 
for a method and apparatus for determining and printing an 
electronic component count on the component tape and 
using the count information to increase the ef?ciency of the 
production process. 

SUMMARY OF THE INVENTION 

[0016] A component tape is provided including a carrier 
tape and a cover tape. The carrier tape is a unitary ?exible 
carrier tape useful for the storage and delivery of electronic 
components by an advancement mechanism. The carrier 
tape includes an elongate cover tape applied over pockets of 
the carrier tape. The component tape includes information 
printed on a portion of the component tape. The printed 
information includes a count or quantity of electronic com 
ponents carried by the component tape, Where the count at 
a particular location on the component tape indicates the 
position of the corresponding electronic component on the 
component tape. An indicator is printed corresponding to 
each quantity count that indicates Which component position 
of the tape corresponds to the printed count. The printed 
information may also include a variety of information asso 
ciated With the components, information comprising part 
number, tolerance and value description, batch number, lot 
number, component manufacturer, and component vendor. 
The printed information is produced by direct marking, as 
With laser etching or printing, or by imaging. The print type 
used to print the information includes alphanumeric char 
acters and Automatic Identi?cation and Data Capture 
(AIDC) technologies. 
[0017] The descriptions provided herein are exemplary 
and explanatory and are intended to provide examples of the 
claimed invention. 

BRIEF DESCRIPTION OF THE FIGURES 

[0018] The accompanying draWings illustrate embodi 
ments of the claimed invention. In the draWings: 

[0019] 
ment. 

FIG. 1 is a component tape printer of an embodi 
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[0020] FIG. 2 is an isometric draWing of a component tape 
printer of an embodiment. 

[0021] FIG. 3 is a top vieW of a component tape of an 
embodiment including a component count. 

[0022] FIG. 4 is an alternate vieW of a component tape of 
an embodiment. 

[0023] FIG. 5 is a ?oWchart of a method for determining 
and printing a component count of an embodiment. 

[0024] FIG. 6 is block diagram of a surface-mount device 
(SMD) machine capable of using the printed information on 
a component tape of an embodiment for automatic produc 
tion set-up veri?cation. 

[0025] FIG. 7 is an alternate vieW of an SMD machine of 
an embodiment for automatic production set-up veri?cation. 

[0026] FIG. 8 is a side elevation vieW of an SMD machine 
of an embodiment for automatic production set-up veri?ca 
tion. 

[0027] FIG. 9 is a block diagram of an SMD machine 
coupled to an automatic veri?cation system of an embodi 
ment using a Radio Frequency Data Communications 
(RFDC) system. 
[0028] FIG. 10 is a block diagram of a production control 
system of an embodiment controlling equipment of a pro 
duction facility using the information printed at intervals 
along a component tape. 

[0029] FIG. 11 is a block diagram of a device table 
(D-table) and scanning device coupled to a production 
control system of an embodiment using a RFDC system. 

[0030] FIG. 12 is a ?oWchart of a method for controlling 
a production operation of an embodiment. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0031] Avariety of component tape printers are described 
herein that count components on a component tape. These 
printers also print information including the component 
count on a portion of the tape at intervals along the com 
ponent tape. The printed information on the component tape 
is used to control a production operation by electronically 
scanning and reading the printed information and using 
components of the information to automatically control 
production equipment and devices. In this manner, the 
component tape printer provides an advantage to EMS 
industry companies by providing higher stock turns, improv 
ing the supply of printed circuit boards to mainline produc 
tion, improving stock check accuracy, providing for accurate 
and automatic material back?ushing, providing accurate 
information to action problem areas, and providing 100% 
surface-mount device (SMD) material integrity. These and 
other advantages may result in improved decision making 
With an improved ability to meet customer commitments, 
thereby raising customer satisfaction and employee satisfac 
tion. 

[0032] FIG. 1 is a component tape printer 100 provided in 
accordance With one aspect of the invention that includes a 
feeder 102, a counter 104, and a printer 106. The feeder 102 
transfers the component tape 108 from and to a component 
tape reel 110. A take-up reel 112 may be used to receive the 
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component tape 108 from the component tape reel 110, but 
the embodiment is not so limited. The counter 104 is a 
component reel counter that counts the electronic compo 
nents stored on the component tape 108. The counter 104 is 
capable of differentiating betWeen full and empty pockets of 
the component tape 108. Furthermore, the counter 104 is 
capable of identifying the beginning and the end of a length 
of component tape 108. 

[0033] The printer 106 prints information on the compo 
nent tape 108 at speci?ed intervals along the component tape 
108. The counting and printing are performed during the 
transfer process. The printed information can be printed on 
the carrier tape portion or the cover tape portion of the 
component tape 108. The printed information may include 
any information relating to the particular components, for 
eXample speci?cation data, tolerance data, and manufactur 
ing information, and the information may be encoded. In an 
embodiment, the printed information includes a count of 
electronic components Where the count indicates the posi 
tion of the corresponding electronic components on the 
component tape 108. As the electronic components are 
susceptible to electrostatic charge, the component tape 
printer 100 is protected from electrostatic discharge (ESD). 

[0034] The component tape printer 100, While generally 
including the functionality of a feeder 102, counter 104, and 
printer 106, uses a number of speci?c components. FIG. 2 
is an isometric draWing of a component tape printer 200 of 
an embodiment. While not so limited, the components of the 
component tape printer 200 are as folloWs: one Trio MC202 
motion controller; tWo IMS IM483 stepper drive boards; tWo 
Cetronic MAE HY200 3424 310 A8 stepper motors 206; one 
LPC Kubler 8360011121000 encoder; one Omron S82K 
05024 24-volt poWer supply; one RS 214-6158IEC inlet/ 
?lter; one RS 311-5048 BCD sWitch; one Domino A100 
(600 hour) high-speed ink jet printer 202; one Domino 
3m-60 micron head 204; one Domino 1L7HQ60 font; one 
Domino 270BK ink system; one Domino M37751 peltier 
kit; one Domino M37775 RS232 kit; and, Domino Codenet 
communication softWare. The motion controller is coupled 
to the printer 202 using a serial link over Which printing data 
is doWnloaded. The component tape printer may be housed 
on a mobile frame 299, but is not so limited. 

[0035] The component tape printer of an embodiment may 
be integrated With or used in combination With a variety of 
other equipment of the component processing, manufactur 
ing, and assembly process. For eXample, the component tape 
printer may be integrated With, used in combination With, or 
coupled to manual taping machines and automatic taping 
machines. Furthermore, the component tape printer may be 
integrated With, used in combination With, or coupled to 
automatic component handing systems that integrate com 
ponent making, inspection, and testing. Moreover, the com 
ponent tape printer may be integrated With, used in combi 
nation With, or coupled to an integrated taper, parts counter, 
and peel force tester. Additionally, the component tape 
printer may be integrated With, used in combination With, or 
coupled to a peel force tester. 

[0036] FIG. 3 is a top vieW of a component tape 300 of 
another embodiment of the invention. FIG. 4 is an alternate 
vieW of a component tape 300. The component tape 300 may 
accomodate surface-mount devices (SMDs), or components, 
radial components, and aXial components, but is not so 
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limited. Paper and plastic SMD component tape is supported 
in a variety of siZes. While supporting any Width and step 
variant of component tape, the Width and step variant of 
component tape supported in an embodiment varies from 8 
millimeter to 56 mm in steps of 8, 12, 16, 24, 32, 44, 
and 56. While supporting any pitch and step variant of 
component tape, the pitch and step variant of component 
tape supported in an embodiment varies from 2 millimeter 
(mm) to 36 mm in steps of 2, 4, 8, 12, 16, 24, 32, and 36. 
While supporting any depth variant of component tape, 
component tape having a depth up to 10 mm is supported in 
an embodiment. While supporting any component reel 
diameter variant of component tape, component reel diam 
eters up to 75 mm are supported in an embodiment. 

[0037] The component tape 300 of an embodiment 
includes a carrier tape 302 and a cover tape 304, but is not 
so limited. The carrier tape 302 is useful for the storage and 
delivery of components by an advancement mechanism. The 
components may be electronic components, but are not so 
limited. The carrier tape 302 is a unitary ?exible carrier tape 
having a strip portion de?ning a top surface and a bottom 
surface opposite the top surface. The strip portion includes 
longitudinal edge surfaces, and a roW of aligned advance 
ment holes 306, or guide holes, formed in and extending 
along one, and possibly both, edge surfaces. The advance 
ment holes 306 provide a means for receiving an advance 
ment mechanism such as the teeth of a sprocket drive for 
advancing the carrier tape toWard a predetermined location. 
Depending upon the siZe and type of components carried by 
the component tape 300, and the type of carrier tape 302 
used, the cover tape 304 may not be used. 

[0038] One type of carrier tape 302 includes a series of 
pockets 308 formed in and spaced along the strip portion of 
the carrier tape 302. The pockets 308 open through the top 
surface of the strip portion, but are not so limited. Within a 
given carrier tape 302, each pocket 308 is usually essentially 
identical to the other pockets. Typically, the pockets 308 are 
aligned With each other and equally spaced apart. Each 
pocket 308 may include four side Walls, each at generally 
right angles With respect to each adjacent Wall. Side Walls 
adjoin and eXtend doWnWardly from the top surface of the 
strip portion and adjoin the bottom Wall to form a pocket. 
The bottom Wall is generally planar and parallel to the plane 
of the strip portion. The bottom Wall may include an aperture 
or through hole that is siZed to accommodate a mechanical 
push-up to facilitate removal of a component that is stored 
in pocket. The aperture may also be used by an optical 
scanner to detect the presence or absence of a component 
Within any given pocket. In addition, the aperture may be 
useful in applying a vacuum to the pocket to permit more 
ef?cient loading of the pockets With components. 

[0039] The pockets 308 of the carrier tape 302 may be 
designed to conform to the siZe and shape of the components 
that they receive. HoWever, the pockets 308 may also be 
designed so that a single pocket 308 of generic design may 
readily accommodate components of Widely varying siZe 
and shape. The pockets 308 may have side Walls of various 
dimensions; hoWever, in general, each pocket includes at 
least one side Wall that adjoins and eXtends doWnWardly 
from strip portion, and a bottom Wall that adjoins the side 
Wall to form the pocket 308. Thus, the pockets 308 may be 
circular, oval, triangular, pentagonal, or have other shapes in 
outline. Each side Wall may also be formed With a slight 
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draft in order to facilitate insertion of the component, and to 
assist in releasing the pocket from a mold or forming die 
during fabrication of the carrier tape 302. The depth of the 
pocket 308 can also vary depending on the component that 
the pocket 308 is intended to receive. In addition, the interior 
of the pocket 308 may be formed With ledges, ribs, pedes 
tals, bars, rails, appurtenances, and other similar structural 
features to better accommodate or support particular com 
ponents. Although one embodiment has a single column of 
pockets, tWo or more columns of aligned pockets could also 
be formed along the length of the strip portion in order to 
facilitate the simultaneous delivery of multiple components. 

[0040] The strip portion of the carrier tape 302 of an 
embodiment may be formed of any paper or polymeric 
material that has a sufficient gauge and ?exibility to permit 
the material to be Wound about the hub of a component reel, 
or storage reel. Avariety of polymeric materials may be used 
including, but not limited to, polyester, polycarbonate, 
polypropylene, polystyrene, polyvinyl chloride, and acry 
lonitrile-butadiene-styrene. The carrier tape 302 may also be 
an embossed tape. The strip portion may be optically clear, 
pigmented, or modi?ed to be electrically dissipative. In the 
latter case, the strip may include an electrically conductive 
material, such as carbon black or vanadium pentoXide, that 
is either interspersed Within the polymeric material or is 
subsequently coated onto the strip. The electrically conduc 
tive material alloWs an electric charge to dissipate through 
out the carrier tape and preferably to the ground. This feature 
may prevent damage to components contained Within the 
carrier tape due to an accumulated static electric charge. 

[0041] The carrier tape 302 may include an elongate cover 
tape 304. When the carrier tape 302 includes pockets 308, 
the cover tape 304 is applied over the pockets 308 of the 
carrier tape 302 to provide an additional method of retaining 
the components. The cover tape 304 can also protect the 
components from dirt and other contaminants that could 
invade the pockets 308. The cover tape 304 is ?exible, 
overlies part or all of the pockets 308, and is disposed 
betWeen the roWs of advancement holes 306 and along the 
length of strip portion of the carrier tape 302, but is not so 
limited. The cover tape 304 is releasably secured to the top 
surface of strip portion so that it can be subsequently 
removed to access the stored components. The cover tape 
304 includes parallel longitudinal bonding portions that are 
bonded to longitudinal edge surfaces of the strip portion. For 
eXample, a pressure sensitive adhesive such as an acrylate 
material, or a heat-activated adhesive such as an ethylene 
vinyl acetate copolymer, can be used to adhere the cover to 
edge surfaces. Alternatively, the cover tape 304 can be 
secured to the strip portion by a mechanical fastener such as 
a snap ?t interference fastener or a hook and loop fastener, 
With the hooks being carried by either the cover or the strip 
portion and the loops being carried by the other. 

[0042] In an embodiment, the bottom Wall of the pockets 
308 may include a ring of adhesive. The adhesive provides 
a means for securely retaining components in the pockets 
308. As a result, a single pocket 308 having a generic design 
can be used to accommodate components of Widely varying 
shape and siZe since the adhesive provides a means for 
retaining the component in the pocket 308. Consequently, 
pockets 308 need not be shaped to closely receive the 
component nor must the pockets 308 be siZed to match a 
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particular component. The shape and the placement of the 
adhesive may take on a variety of con?gurations. 

[0043] The component tape 300 includes information 310 
312 printed on a portion of the component tape 300. In an 
embodiment, the printed information 310-312 is printed on 
the cover tape 304. In an alternate embodiment, the printed 
information 310-312 may be printed on the carrier tape 302. 
In another alternate embodiment, the printed information 
310-312 may be printed on the carrier tape 302 and the cover 
tape 304, With the same information printed in the same 
format on both the carrier tape 302 and the cover tape 304. 
In still another alternate embodiment, the printed informa 
tion 310-312 may be printed With a ?rst portion of the 
information on the carrier tape and a second portion of the 
information on the cover tape. In yet another alternate 
embodiment, printed information in a ?rst format, for 
eXample a barcode format, can be printed on a ?rst portion 
of the component tape 300, for eXample the cover tape, 
While printed information in a second format, for eXample an 
alphanumeric format, can be printed on a second portion of 
the component tape 300, for eXample the carrier tape. 

[0044] The printed information 310-312 includes a count 
or quantity 310 of electronic components on a component 
tape 300 Where the count 310 at a particular location on the 
component tape 300 indicates the position of the corre 
sponding electronic component on the component tape 300. 
An indicator 311 is printed along With each quantity count 
310 that indicates Which component position of the tape 300 
corresponds to the printed count 310. The printed informa 
tion 310-312 may also include a variety of information 
associated With the components, information comprising 
part number, tolerance and value description, batch number, 
lot number, component manufacturer, and component ven 
dor. 

[0045] The printed information 310-312 may be produced 
by direct marking, as With laser etching or printing, or by 
imaging. The printing includes ink jet printing and laser 
printing. The component tape printer of an embodiment 
supports printing that is compatible With reading and scan 
ning technologies including, but not limited to, Optical 
Character Recognition (OCR) technology, Optical Mark 
Recognition (OMR) technology, reading by infrared scan 
ners, and Magnetic Ink Character Recognition (MICR) 
technology. Furthermore, the component tape printer sup 
ports printing that is compatible With machine vision tech 
nology including linear imagers, laser imagers, and charge 
coupled device (CCD) cameras or other visual image sen 
sors. 

[0046] The print type used to print the information 
includes alphanumeric characters and Automatic Identi?ca 
tion and Data Capture (AIDC) technologies, for eXample 
barcodes 312. The AIDC technologies that may be used are 
varied and include one-dimensional barcodes, tWo-dimen 
sional barcodes, Composite Symbology, Reduced Space 
Symbology (RSS) barcodes, three-dimensional multi-color 
superimposed symbologies, and Radio Frequency Identi? 
cation. Combinations of different AIDC technologies may 
be used, as Well as combinations including AIDC technolo 
gies and alphanumeric characters. 

[0047] One-dimensional, or linear, barcodes are formed 
from a series of varying-Width parallel dark bars and light 
spaces. The one-dimensional barcodes that may be accomo 
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dated in an embodiment include, but are not limited to: 
Universal Product Code (UPC) including UPC-A and UPC 
E; European Article Numbering system codes includ 
ing BAN-13 and EAN-8; Interleaved 2 of 5 (ITF); Codabar; 
Code 39; Code 128; LOGMARS; Code 93; Code 11; Plessy 
code; Matrix 2 of 5; NiXdorf Code; Postnet; 4-state Code; 
Industrial 2 of 5; Standard 2 of 5; and, MSI. 

[0048] TWo-dimensional, or multi-roW, barcodes provide a 
means of storing large amounts of data in a very small space. 
TWo types of tWo-dimensional barcode in use that are 
supported by an embodiment include stacked symbologies 
and matriX symbologies. The tWo-dimensional barcodes that 
may be accomodated in an embodiment include, but are not 
limited to: AZtec Code; Small AZtec Code; CP Code; Code 
One; Code 16K; Code 49; DataGlyph; DataMatriX; Maxi 
Code; MiniCode; Portable Data File 417 (PDF417); 
MicroPDF417; Quick Response (QR) Code; SuperCode; 
Ultracode; 3-DI; ArrayTag; Codablock; Datastrip Code; Dot 
Code A; hueCode; SmartCode; Snow?ake Code; and, Ultra 
code. 

[0049] Composite symbology incorporates a linear com 
ponent With a tWo-dimensional composite component. The 
composite symbologies that may be accomodated in an 
embodiment include, but are not limited to: EAN.UCC 
Composite symbol; AZtec Mesas; 93i Symbology; and, 
Code 128. 

[0050] FIG. 5 is a ?oWchart of a method for determining 
and printing a component count of an embodiment. Opera 
tion begins at step 505, at Which a component reel contain 
ing a component tape is loaded onto the component tape 
printer of an embodiment. The component tape may contain 
electronic components, but is not so limited. The component 
tape printer is adjusted to accomodate the component tape 
dimensions, at step 510. The component tape is transferred 
from the component reel, at step 515, and transferred back 
to the component reel, at step 520. The electronic compo 
nents on the component tape are counted, at step 525. 

[0051] The component count, at prespeci?ed intervals, is 
printed on the component tape along With a corresponding 
indicator indicating a particular component that is associated 
With a particular value of the count, at step 530. The printed 
component count represents the position of the correspond 
ing component on the component reel. The beginning num 
ber for the count, the beginning position on the component 
tape, and the count interval are preselected and prespeci?ed. 
For eXample, the components of an embodiment are num 
bered starting from the center of the component reel With a 
component count printed at intervals of 10, but are not so 
limited. Therefore, if printing is accomplished on a compo 
nent tape containing 5000 components, component number 
one is located at the center of the component tape reel and 
component number 5000 is located at the end of the com 
ponent tape reel. As another eXample, component number 
5000 is located at the center of the component tape reel and 
component number one is located at the end of the compo 
nent tape reel. 

[0052] A number of alternate embodiments eXist for deter 
mining and printing a component count. A ?rst alternate 
embodiment performs both the counting and the printing as 
the component tape is transferred from the component reel. 
Asecond alternate embodiment performs the counting as the 
component tape is transferred from the component reel, and 
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performs the printing as the component tape is transferred 
back to the component reel. Another alternate embodiment 
performs both the counting and the printing as the compo 
nent tape is transferred to the component reel. 

[0053] A number of counting techniques are supported for 
counting the components of the component tape. In an 
embodiment, the advancement holes, or guide holes, of the 
component tape are used to calculate the number of com 
ponents using a standard relationship betWeen the number of 
advancement holes per component for each siZe of compo 
nent tape. An alternate embodiment determines a number of 
components using a number of components per a unit length 
of component tape. The number of components per unit 
length of component tape may be automatically determined 
or may be preprogrammed, but the embodiment is not so 
limited. Another alternate embodiment uses machine vision 
subsystems to count the components of the component tape. 

[0054] In using the advancement holes to calculate the 
number of components, an embodiment uses a spindle to 
pull the carrier tape through the cover tape printer using the 
guide holes. The spindle is coupled to an encoder, and the 
encoder counts the number of guide holes as the spindle 
rotates. The count is based on the relationship betWeen the 
spindle rotations, the guide holes, and the component place 
ment on the component tape. The counting device is set to 
the speci?ed starting value prior to advancing the compo 
nent tape. The counting and printing is initiated With the ?rst 
component or pocket on the component tape, and printing 
continues at the speci?ed interval until the end of the 
component tape is reached. 

[0055] In using the advancement holes to calculate the 
number of components, an alternate embodiment of the 
component tape printer includes a surface mounted device 
parts counter apparatus having a guide track and ?rst and 
second detectors. The guide track positions the component 
tape in a desired orientation as the tape moves through the 
component tape printer. A ?rst detector, or indeX hole 
detector, is positioned for detecting advancement holes in 
the carrier tape When the tape moves through the guide track. 
A second detector, or sense hole detector, is positioned for 
detecting sense holes, indicative of empty carrier compart 
ments, When the carrier tape moves through the guide track. 

[0056] The outputs from the ?rst and second detectors are 
fed to a counter circuit through a logic circuit. The counter 
typically counts indeX holes as they are detected by the ?rst 
detector. When, hoWever, the second detector detects an 
empty carrier compartment, a logic circuit inhibits the 
counter from counting the neXt indeX hole. Thus, the total 
count accumulating in the counter equals the number of 
indeX holes detected less the number of empty carrier 
compartments detected. This count equals the number of fall 
component carrier compartments that have passed the ?rst 
and second detectors. 

[0057] The ?rst and second detectors may be photoelectric 
source and detector pairs positioned for detecting optical 
continuity through indeX holes and sense holes, respectively. 
The photoelectric sources can comprise simple light emit 
ting diodes. The photoelectric detectors can comprise pho 
totransistor circuits. 

[0058] The phototransistor circuits may include a poten 
tiometer for adjusting the sensitivity of the circuit. This 
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adjustment provides a Way to adjust the sensitivity of the 
photodetectors in order to optimize performance of the 
apparatus With tapes of differing optical qualities. For 
example, if the tape is optically translucent, the sensitivity of 
the photodetectors may be reduced in order to prevent the 
photodetectors from sensing light passed through the tape 
itself. In alternative embodiments, the sensitivity of the 
photodetectors can be varied by varying the intensity of light 
emitted by the photoelectric sources. Such an alternative 
system comprises a potentiometer for varying the current 
through the light emitting diode. 

[0059] When the carrier tape is formed from a clear 
plastic, the indeX hole photodetector may not be able to 
optically distinguish betWeen an indeX hole and the inter 
vening clear tape. The clear tape is accomodated by chang 
ing the sense hole photodetector utility from detecting 
optical continuity, indicative of an empty carrier compart 
ment, to detecting optical discontinuity, indicative of a fall 
carrier compartment. The number of optical interruptions 
detected by the sense hole photodetector as the tape is 
advanced through the apparatus thus corresponds to the 
number of components carried by the tape. Accordingly, to 
count components in an optically transmissive tape, the 
counter is arranged so that it counts optical discontinuity 
signals from the sense hole photodetector. 

[0060] The counter apparatus of an embodiment automati 
cally detects Whether the component tape is optically opaque 
or transmissive. This is done by monitoring the output from 
the indeX hole photodetector. If the output from this photo 
detector continuously indicates optical continuity, it is deter 
mined that an optically transmissive tape is being used. If, 
hoWever, the output signal from the indeX hole photodetec 
tor occasionally indicates optical discontinuity, it is deter 
mined that an opaque tape is being used. 

[0061] Component tapes containing printed component 
information as described herein are used to control a pro 
duction or assembly operation by using the printed infor 
mation to control resources of the production operation, 
resources including components, equipment, and facilities. 
Applications capable of being controlled by the printed 
component information Within the production operation 
include, but are not limited to, automatic production initial 
set-up veri?cation, automatic production feed change set-up 
veri?cation, feeder performance veri?cation, material moni 
toring including automatic back?ushing and stock check/ 
Work-in-process cycle counting, and production system con 
trol. 

[0062] Typically, during initial set-up of a production run, 
a manual veri?cation procedure is used in Which barcoded 
information affixed to the side of component reels is scanned 
using a hand-held scanning unit at the time the component 
reel or kit is loaded on the placement machine. This, 
hoWever, introduces human error into the production process 
because, While the barcode is scanned correctly, the com 
ponent reel may be loaded onto the Wrong placement 
machine or in the Wrong position on the placement machine. 
The potential for error introduction may also be introduced 
When an operator chooses not to scan a component reel 
during set-up. These errors alloW Wrong feeds into the 
production process. 

[0063] Automatic scanning and veri?cation of component 
tapes, hoWever, prevents human error in the production line 
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from resulting in errors in the products produced. FIG. 6 is 
block diagram of an SMD machine 600 capable of using the 
printed information on a component tape of an embodiment 
for automatic production set-up veri?cation. FIG. 7 is an 
alternate vieW of an SMD machine 600 of an embodiment 
for automatic production set-up veri?cation. 

[0064] The SMD machine 600 of an embodiment com 
prises a device table (D-table) 602, feeders 604, and a 
scanning device 606. The scanning device 606 is capable of 
electronically scanning 699 the component tapes provided 
by the feeders 604, and is positioned to perform such 
scanning 699. The SMD machine 600 is also coupled to an 
automatic veri?cation system 610. The automatic veri?ca 
tion system 610 of an embodiment includes a component 
database 612, an alternative component database 614, a rules 
database 616, and a feeder database 618. 

[0065] In an alternate embodiment, the automatic veri? 
cation system 610 is coupled to a host system (not shoWn) 
that includes the component database 612, alternative com 
ponent database 614, rules database 616, and feeder data 
base 618. In another alternate embodiment, the automatic 
veri?cation system 610 is coupled to multiple host systems 
(not shoWn) that, using some combination of the host 
systems, include the component database 612, alternative 
component database 614, rules database 616, and feeder 
database 618. The automatic veri?cation system 610, as Well 
as any of the host systems, may comprise a personal 
computer (PC), but is not so limited. The coupling betWeen 
the automatic veri?cation system 610 and any host systems 
may be via Wired netWork, Wireless netWork, or some 
combination of Wired and Wireless netWork. 

[0066] FIG. 8 is a side elevation vieW of an SMD machine 
600 of an embodiment for automatic production set-up 
veri?cation. The SMD machine 600 includes a parts cassette 
802, or component feeder, set on the D-table 602. The parts 
cassette 802 serves as the parts supply device of an embodi 
ment. The parts cassette 802 includes a component reel 
mounting section 804 provided in the rear portion of the unit 
for rotatably mounting a component reel 806 on the parts 
cassette 802. A feeding section 808 intermittently feeds a 
carrier tape 810 of the unit 812 so as to sequentially move 
each of the parts carried by the carrier tape 810 to a parts 
removing position. AWinding section 814 is positioned at a 
rear portion of the feeding section 808 and Winds a cover 
tape 816 of the unit 812. The scanning device 606 is 
positioned to scan 699 and read printed information from the 
component tape 810 as the component tape 810 advances. 

[0067] In the operation of the SMD machine 600 of an 
embodiment, the printed information on the component tape 
810 is exposed at the end of each feeder 802 When the 
component reel 806 is loaded onto the feeder 802. The 
scanning device 606 scans and reads the printed information 
from each component tape loaded onto each feeder 802 of 
each D-table position. The scanned information is trans 
ferred, using a netWork, to the automatic veri?cation system 
610 Where the information is used to verify the correct feed 
against the correct D-table position. The netWork may be a 
Wired netWork, a Wireless netWork, or a combination of 
Wired and Wireless netWorks. Any set-up errors are signalled 
by an alarm and an instruction for the operator to correct the 
set-up. The production operation is inhibited until the correct 
set-up is accomplished and veri?ed. Thus, by scanning each 
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component tape of each production position, the human 
error in the manual scanning of component-reel barcodes is 
eliminated. 

[0068] The automatic veri?cation system 610 includes a 
component database 612, an alternative component database 
614, a rules database 616, and a feeder database 618, but is 
not so limited. Some combination of the databases 612-618 
and interaction among the databases 612-618 of the auto 
matic veri?cation system 610 is used to verify the correct 
production set-up, control production resources, and main 
tain, control, and track a component inventory, as described 
herein. 

[0069] The component database 612 provides a database 
of suitable components for each component part and each 
component production position. The scanned information is 
used by the automatic veri?cation system 610 and the 
component database 612 to verify the correct feed against 
the correct D-table position. Set-up errors are signaled by an 
alarm and an instruction for the operator to correct the 
set-up. The production operation is inhibited until the correct 
set-up is accomplished and veri?ed. Furthermore, if an error 
is detected When comparing the scanned information against 
information of the component database 612, the automatic 
veri?cation system 610 may compare the scanned informa 
tion against the information of the alternative component 
database 614. 

[0070] The automatic veri?cation system 610 of an 
embodiment includes an alternative component database 
614 that provides a database of suitable alternative compo 
nents for each component part. Upon scanning a component 
tape and recogniZing that the component tape does not 
contain the preferred components called for at that produc 
tion position by the production records, the automatic veri 
?cation system 610 accesses the alternative component 
database 614 to determine if the component tape loaded 
contains suitable alternative components. The information 
contained in the alternative component database 614 is used 
as a frame of reference by the automatic veri?cation system 
610 to verify equivalent components. If the component tape 
is not veri?ed as containing primary or alternative compo 
nents, the production process is blocked by the automatic 
veri?cation system 610. 

[0071] In the event that an equivalent component is not in 
the alternative component database 614, a manual con?r 
mation may be made by an individual, Whereupon the 
verifying individual scans their identi?cation badge barcode 
into the system. The identi?cation badge barcode is used by 
the automatic veri?cation system 610 to verify that the 
con?rming individual is authoriZed to make such a con?r 
mation. Upon such authoriZation, the production block 
placed by the automatic veri?cation system 610 is overriden 
and production is alloWed to commence or continue. As a 
result of the alternative component database 614, the time 
required for a set-up or product changeover is reduced by 
eliminating the manual veri?cation of alternative component 
tolerance and speci?cation values. 

[0072] The automatic veri?cation system 610 of an 
embodiment also includes a rules database 616. The rules 
database 616 contains rules or conditions upon Which com 
mencing or continuing production depend. For example, a 
printed circuit board (PCB) is due to change revision as a 
result of a change associated With tWo components of the 
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PCB. While the tWo responsible components are not chang 
ing tolerance or value, they are only to be sourced from a 
particular vendor for the neW revision. The automatic veri 
?cation system 610 is programmed to accept only compo 
nents from the speci?ed vendor at the associated D-table 
positions during production runs of this version of the PCB, 

[0073] During a mid-run feed change operation, the 
printed information on the component tape serves many 
useful functions, including advance Warning of material 
exhaustion, a reduction in the amount of material stored on 
the production ?oor, and feed change component veri?ca 
tion. In providing advance Warning, scanning and monitor 
ing of the quantity information during production runs 
alloWs for a programmable advance Warning regarding When 
material Will be exhausted on a particular feeder. The 
amount of time programmed for the Warning can be pro 
grammed to correspond to the typical time required to locate 
and transport the additional component tapes. This mini 
miZes lost production time. 

[0074] Providing the quantity information to material 
stores may also result in a reduction in the amount of 
material stored on the production ?oor. The automatic 
veri?cation system 610 can continuously track the quantity 
of material used at each D-table position during a production 
run. The average run-rate of a position is used to calculate 
an approximate time that a particular component part is 
projected to run out in production, and stores is noti?ed of 
this approximate time, along With the production line and the 
D-table position. This alloWs stores to transact the required 
material from a stores location into Work in process (WIP) 
for use in production. This alloWs for a reduction in the 
volume of the WIP by eliminating the requirement to store 
large quantities of material on the production ?oor. 

[0075] As in initial set-up veri?cation, the automatic veri 
?cation system 610 is used to verify that a feed change is 
properly accomplished during a production run. As compo 
nent tapes are exhausted during a production run, the pro 
duction run is temporarily halted While the exhausted com 
ponent tapes are replaced. The replacement component tapes 
are veri?ed using the feed change veri?cation to ensure that 
the exhausted component tapes are replaced With component 
tapes containing the correct components or appropriate 
equivalent components in the correct feeder position prior to 
resuming the production run. Also, the system provides very 
useful information on vendor quality and alloWs for the 
identity and isolation of problem components and packaging 
issues. 

[0076] An embodiment of the automatic veri?cation sys 
tem 610 includes a feeder veri?cation component for moni 
toring feeder performance. The feeder veri?cation compo 
nent includes a feeder database 618 coupled to the automatic 
veri?cation system 610. The feeder database 618 is used to 
aid feeder maintenance and ensure that malfunctioning 
feeders are removed from the production operation. 

[0077] In performing feeder veri?cation, each feeder is 
identi?ed using a barcode. A feeder database 618 is created 
that includes information on the feeders of the production 
process, including maintenance records, performance his 
tory, and product production history. During production 
runs, the automatic veri?cation system 610 identi?es each 
feeder using the feeder barcode and noti?es production of 
the identity and position of any feeders having a high rate of 










