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identify reject print heads. But a usefulCQool must
Abstract provide much more information: What is wrong with the
rejecta print hea®® How should the production process be
In research and development of inkjetint heads, agjusted to increase yield? How does a wiyEocess
characterizing ink drops in flight isften dore using high-  yariabke affed quality? In other words, the QC tool must
speed video and image analysis techniqiiesvever such  provide useful feedback to the production process.
characterizatio techniqueshave limited use in production In this paper, an automated print qualianalysis
quality control because of limitation;n measurement system for QC in inkjet printheal manufacturig is
accuracy, reproducibility and speedrurthermore the  giscussed. In using the approach described here, the print
techniques offer no opportunity to observe the interaction ofead being evaluated is used to pantarefully designed
ink and media, well recognized asdeterminimg factar in test pattern. Measurements on the test pates usel to
inkjet print quality. A more practical alternativerfokjet  getermine the critical characteristick the print head and

headquality contrd isto examine print quality using a well- g provide diagnostics for adjustments ttee production
designeded patternprinted on selected media. Print quality process.

measuremest typically quantify the accuracy of dot

placement, the relative positions dbts projected from Print Head Characterization

multiple nozzles, and dot size and shape. Also quantified are What are the critical characteristic the print head?

the absence of dots and the presence of satellites, indicatange print head of course, contains many discrete pumping
of faulty jetting. If implemented properly, the print quality chambers and nozzles, hereinafter reférte as jets.
methodology described can yield critical informatinot  Although there are many technologies and designs for ink
only for final product acceptance, but alsor forocess jets they all share the same fundamental requirement: to
control and continuous product improvement. Discussedeliver single dropsof ink (i.e. with no satellite drops) of
here are the general design requirements for this type of tgstescribel volume to prescribed locations on the print
system, a design methodology forettest targets,data  mediunt. This fundamental requirement correspondsvio
reduction and analysis methods, and systealibration  fundamenthprint quality metrics for each jet: dot size and
issues Performane resuls from a commercial system are dot location. Each jet must also be able to re-arm for
also critically examined. consistent delivery of drops in rapid successidihis
characteristic can be quantified by examining the edge
quality of a line printed from a single jet. Finally, the jets

i . . . mug be uniformly arranged in the print head so that images
The first step in the desigaf a quality contrd (QC) formed from multiple jets do not exhtbigeometric

system forflnhkjet prl_nt head Cr)n;rTUfa?tu”ngh'séauCleardistortions and solid fills can be printed without
statement of the requirements. Obviously, at the értte objectionable variations in optical density. €ellspacing

productio line afinal inspection must be performed to requirement is made especially complicatenen jets from

Introduction

— multiple print heads or multiple passes are interlaced. Jet
* Contact for inquiries
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spacing can be evaluated by measurimg ¢hative locations  example, to print a solid fill, bthe jets are simultaneously
of lines printed from single jets. fired. To print a single pixel width line nandividual jet is

In research and development, drops in flight ardired.
commonly viewed using high speed wided stroboscopic,
technique¥’. These methods reveal important informationPrint Quality Analysis System
about drop formation, size, velocityand othe jetting
behavior. However, they are not optimal for production QC.Hardware Architecture

As ink jet print technologies hacontinual to develop Typicd hardwae for print quality analysis is illustrated
rapidly, significant advances have been made in inrjat  in Figure 1. Critically important requirements of the system
quality (PQ) analysis techniquesrfquantifying overall ~ @ré accuracy and repeataplhty_ of both ;patlal and optical
print quality®. For effective print hehQC, however PQ refle(_:t_ang measuremenmvhlch in turn define many of the
analyses must be optimized to address elfaracteristics SPecifications  for the various hardwarsubsystems
tha specificallyrelae to the print head (not the paper, ink, described below.

ripping, screening, etc...) and to provide useful feedback to  But accuracy and repeatability are not the only
the production process. requiremerg of the PQ analysis system. Flexibility (the

ability to measue various test targets, adapt to new test
General Design Requirements of a QC Tool  targets, correct for misregistered samples, etc...), ease-of-

Which Uses Print Quality Analysis use, and automation are equally importafinally,
_ _ throughpt of the system defines its utility as a productivity
Consumables: Ink and Print Medium tool; the system must keep jeaith the productian of print

In orde to perform print quality analysis, test targets headsand provide timely feedback so that processes can be
must be printed. This requires both ink angrint medium.  corrected with minimum loss.

The most important requirement the selection of these
materials is uniformity. In the QGysten describe here,

CCD Camera

we assume that all variables are fixed ex¢eg print head, —
sotha anyvariationin print quality can be attributed to the e pocessnn
print head If print head quality is stable, but ink viscosity is ollon and Moion Contol
different from week to week, the Brwidth measurements Opties N

will changeand creat the false impression that the print o O -0 Frome Gratver
heads are the cause. Similarly, the characteristics of tl s 7| Spectopnotometer
print medium which affect print quality mu®e uniform & Motion Controlle
ard stable. The print medium must also be dimensional’ — : VIVttt !
stable so that variations in érposition measuremestcan XY Table Vacuum_Holddown

be propery attributed to nozzle placement and/or ° ‘
straightness. Finally, the print quality measurement&igure 1. Print Quality Analysis System Hardware Architecture
obtained from the seleace consumablesshoutl be

correlatedwith the print quality obtained with combinations Image Capture and Digitization

of consumablesypically used with the same type of print The test target is imaged using either a scanner2e
heal in actual practice, so that reasonable acceptance limitimensional CCD (charge coupled device) camera with a

can be established. frame grabber. The primary benefits of scanraestheir
low cog andtheir ability to image large areas (e.g., a full
Printing Device A4 page) in a single pass. Scanners are seited to

As a QC tool in production, the printing device used tomeasuring low spatial frequency grijuality characteristics
generag the required testtargets must allow for fast and such as print skew and density uniformity. However,
easy changing of print headsThe most important scanners are not as well suitedmaking measurementef
requirement of the printing device is that it bBakigh fine features, such as small dotsidime width lines For
precision and repeatability, so that variations intayirality  ink jet head QC, where the width and position of jets must
can be propery attributed to the print head and not to the be determined with high precision, 2-D CCD cameras are
printing device. One way to achieve this is to hold the prinigenerally preferred. This choice also facilisateasy
heal stationary while moving the medium in one axis. Tochanges of magnification using adjustable or
eliminate print quality artifacts from the printinigvice the  interchangeable optics (lenses).
velocity of the medium must be constant anel direction Specificatios of the camera relate directly to the
of motion must be linear. With proper software control, anyaccuracy and repeatability of results from the PQ analysis
combinationof jets in the print head can be fired as the system.
medium moves past to produce the requiredtéegets.For
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lllumination Source and Diffuse Lighting Environment
Lighting must be consistent aveime ard uniform
acros the cameras field of view. If it is not, measurements
of certain attributes (e.g., optical density) will not be
accurate. Also important is a light-tighmeasurement

Copyright 1999, IS&T

accuracy, and repeatability. The system tmirclude
methods for easy and reliable calibrations to traceable
standardsFor maximumutility, it must be easy to program
the system to measure new and different print targets. The
throughput requirement depends the specific production

enclosurgwhich eliminates several sources of measuremeriine, but generally the system must keep pace with the

error including ambient light and shadows cagt the
equipment operator.

Motion Control

production line while providing timely feedbaéor process
adjustments. Finally, accuracy amdpeatability mug be
consistent with the print quality goals for the print head.

A limitation of high resolution imaging (e.g. 5-10 pm Table 1. Print Quality Analysis Metrics

per pixel, or 5080-2540 dpi) ugjmffordableCCD cameras
and frame grabbers is that prd smallfield can be imaged
in asingle frame (e.g. 25 mm?). Since a typical test targ
may be much larger than this small field, the system mu
havean x-y motion stage to move the test target relative
the camea in two axes. The motion stage must be flat, fag
and accurate The accuracy of the motion stage and th
spatial resolution of the imagdefine the accurag of
absolute position measurements of featurestle test
target. This requirement can be relaxed ifegd targe is
designé in which only relative positions of features in &
single frame need to be measurddwever for ink jet head

Image Element Quality Attributes
Dot location

Dot gain

Dot shape

Edge raggedness
Satellites

Line location

Line width

Edge sharpness
Edge raggedness
Optical density
Resolution

Dot
st
to

T —

Line

QC, the most straightforward approach requires absolute
position measurements.

Media Handling

et
Solid Area

Optical density

Color (chroma, hue)
Noise (graininess, mottle)
Gloss

A methal is required for holding the test sample flat o

the x-y table so that the lighting is consistent and the samplgest Target Design

is in focus. Although glass plates are commonly used to well-designel test target is key to successful
hold down samples, they are a potential source of error: th?nplementatiornf the print quality analysis QC system. The
glass plate makes contact with the sample, it is easilyitical characteristics of the print head are position and
contaminated, and the sample is viewed through it. The begt,e of the drops printed fivead jet. For acceptats print
option appearsto be a vacuum system, which providesquality, the drops from all jets must be uniform in size and
uniform hold-down over the test print surface. uniformly spaced Otherwise, a solid print area will not be

| Acauisition. Displ dp ina Functi uniform in density. Furthermore, the drops from each jet
mage Acquisition, Lisplay and Frocessing Functions must be of the proper size — large enough sbatpcent

. Bast functions 'mclude'lmage captgre, image 0|ISplay'Iines overlap to produce a complete solid fill, but sot
histogran computation profile computation, and contour Igrge as to degrade resolution

ﬁ;(tractlo:l] 'Il'heise fur;ctrfnsl; ‘T? rrleces;si:y fgr;ggjau:icr)] rtnate Based on these requirements, one might consitiest
a?te a alys's Sys e'f. ' ”u %ldi'ys el 1? ef Y | target consisting of a single solid fill area. Many phirad
quality anaysis speciiically, additional Tunctions are aisojefects will manifest as non-uniformity acrassolid fill.

needed as listed in Table 1. The print quality analysis performed saochan area could

Data Reduction, Display, and Storage be very fast and simple, consisting of a s#riglage profile

An automatd computerized PQ analysis system is
capable of generating overwhelming quantities of data fro

a single print target. It is therefore essentialnworporate
effective data reduction algorithms to reduce the

measurement across the solid arfidhere are many
fJimitations to this technique, however. Firgte sensitivity
of the measurement to a problem involving a gngt is
very poor. For a high resolution print head (i.e. one with
close jet spacing), a single missing jetarsolid fill area

information to simple indicators and useftiétistics In the
system discussed here, data logging facilitates trackin
processes over time.

ay be difficult to detect, and slight variatianget widths
re virtually undetectable. The solid fill can also mask many
problems.For example, if alternate nozzles are producing
System Performance both wide and narrow lines, the solid fill may kofine, but
There are many issues reft® systen performance, text, half-tones or interlaced images produced wigstime
including  calibration,  programmability, ~ throughput, Print head would be poor. ®hprint heal ought to be
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rejected but the solid fill test would be unlikely to expose presentd here, as they include various examples of jet
its defects. The most severe limitatiohthe solid fill test  failure.

target is that it cannot revedthe soure of failures. For The first category of failure is missing jets. Among the
example a solid fill with a light streak through it may be first 240 jets jets number 137 (module 2, jet 12) and 225
due to a missing jela misdirectedjet’, a narrow jet, or a (module 9, jet 19) are missing. The former carobserved
combinatia of problems in adjacent jets. From the solid fill in Figure 2. It should be emphasized that the d&@lysis
areg there is no way to determine the source of themethods described here using the test tar§endividual
problem and therefore no feedback can be provided tolinesyields a very high degree of confidence in identifying
correct the production process. For thesasonsthe solid  exactly which jets are present and which are missing.

fill print target is inadequate.
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Figure 2. Small portion of a well-designed print head test target.  Figure 3. Line widths frc?crjn f'tr?t 240 jets withceptional jets
identifie

To overcome these limitations, a test target tmhes

designeé to provide measurements of the output of . . .
individual jets. A pattern of one pixel védines each shows the line width measurements from the 8¢t jets of

printed from a single jet, spaced so that eachibrclearly the print head. Tr_'e absolute acceptange_éifr_)itlinewidth
resolved satisfies the test target design requirements. ThemUSt b? determlned' pased ore mpeC|f|gat|onsfor any
width and position of each line areetfundamenta print g|ven prlnt head, bqt it is clear from the. figure that'several
quality metrics for eachjet and can be measured directly. !etsdewaEsubstantlallyfromthe mean width. In particular,

This results in a data set that not only detects defects, blﬁrtf 22, 46, 70, and S?I Or?mjm incrementsap too wide.
also clearly indicates the sourcedaratue of defectin the This corresponds to all the even numbered jetsaduk 3

print head. In addition taevealirg arny problems with (ets 2, 4, 6, ...). n this particula print head piezo-

individual jets this type of data can be processed to predicttranSdu,Cers are bopded to two opmbsm_rfa_ces each
the print quality of solid areas based on the relativéontrolling alternate jets The data clearly indicate faulty

positiors and widths of adjacent jets (after interlacing). Thisassemb_lyof moduk 3, providing valuable feedback to the
type of test target provides usetliagnosticfeedbak to the production process.
production process.

Another failure category is faulty line widths. Figi8

250
Application and Discussion 200 10
o 150 faulty jett————
To demonstrat the diagnostic utility of this QC system, § 100
an inkjet print head with several defects was sefefae E 5 63 faulty jel
testing Figure 2 shows a small portion of the test target g o
printed. This particular print head contains 12 modules; & ., ”
eat moduke has 128 jets nominally spaced 1750 an inch § 100 adjacent to 63
(0.51 mm) apart The 12 modules are offset from each other 2 150
by 1/60d of an inch (0.042 mm) in the print head, so that 200 o1
the interlaced print head contains 1536 jets evenly spaced at 50 adjacent to 214
600 dpi (23.62 dots per mm). 0 50 100 150 200
Line position and width measurements were obtained Pixel Nu mber

from this test target for all 1536 jets using QEMS-1000
Image Analysis System. In the interest of brevitgly the  Figure 4. Adjacency errors from first 240 jets wekceptional jets
resultsfrom the first 240 jets (20 from each module) are identified.
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