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Introduction

1997 representghe 13th sellingyear for commercialized

thermal ink jetproducts. The first embodiment dhis His P
technology toreachmarket was HP’s ThinkJeteleased in i
1984. The'decadeplus” has seen many technicadvances :
andthe growth of a multi-billiondollar industry that now Pl
exceedsunit sales of any other technolodgr printing, ety Mot
including, the previous ubiquitouslot matrix impact Eain
printers. ST
My purposetoday is to highlight the keytechnical lllustration 3: Hewlett-Packard Printhead.

breakthrough that enabled the growth of the technology and Both technological h ded &
thus the industry. To begin with, thermal ink jet has two Otf ;ec E%oglcmgp;oac es nelc(a ed malrme) am?]
common embodiments, the top shootpioneered by types of breakthroug the parts taken Iearly researc

HewlettPackard, and the side shooter pioneered by Canon. was comlmon to_ both companies.
Here's how it unfolded.

Breakthrough 1: Vaporization Principle

forfice plate top plate oritice The vaporization principle of fluid ejection is the
i fundamental breakthrougthat enables any discussion of
thermal ink jet. Without thisthere would be nadnk jet
industry, as illustration 4 shows, the principle involves
superheating a fluid to theoint of bubble formation. This

substrate

refill substrate rapidly expandingbubble drives a drop ofink out of an
+ Top-shooter « Edge-Shooter exposed area (a nozzle) and onto the media to be printed. All
lllustration 1: Architecture of this happens on a rapid tinseale (<200 microseconds).

Although a lot of workhad to be done tdevelop a stable
As you can see from illustrations 2 and 3, batbhitectures ~ system, thisfundamentalinvention thatcan betraced to
have many parts in common; the silicon thin filsub-  experimentsconducted by LordKelvin in 1867, made an
strates, the formation of inkhannelscalled barriersand a  industry possible. Although ironcurrent development by
top layer to close off the channels. HP andCanon, the original impulse, thermal patent was
issued to Endo of Canon in 1978.

BubbleCollapse  _ ::".1"
& Drop Breakoff hiad
Bubble Growth 10-20 Hege o

3-10 Bgge

lllustration 2. Canon Printhead IIIust_ration 4: Vaporizatio_n F_’rinciple ofDrop Ejection: No
moving parts except the ink itself
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Breakthrough 2: secondanyjetting. The simplesquarepulse is anadvantage
Disposable Printheads Concept over more complex pulse shapes required by piezo ink jet.
Today, a warming pulse is often usedpteheatthe ink
This innovation was brought to market in 1984 byto remove viscosity fluctuations that result from temperature
Hewlett-Packardinkjet technology implementationsefore  changes.
this had a poor reputation for reliabilignd wereconsidered

"specialty” printers. The disposableead changeduser What was tried What worked
perceptionsand allowed TIJ to become a mainstream

printing technology. Byoffering low cost, ($10)disposable 3
headswith built-in ink supplies, HPenables adegree of : i
customeracceptancethat allowed the market todevelop. wons  em —

This self-contained,printing unit alsoenabled low cost

. A ’ Long non- Short high Advantages
printers and this allowed the TIJ technology torapidly nucleating pulse to trigger «energy control
replace dot matrix printers. s"::;’:::";: nucleation + stable drops
Several embodiments of disposalileads madeheir _ _ _
way to market:bladders(ThinkJet, 1985), foam (DeskJet, lllustration 7: Simple Square Pulse Drive

1987, SpringBags(DeskJet, 1993and“snap on” supplies

(Bubblejet~ 1992), Breakthrough 4: Plain Paper Inks

Early TIJ embodiments required special papers to absorb the
inks used in ThinkJet, PaintJet, BubbleJet. For Tldkéch
mainstream printing markets, it was vital to invent inks that
maintained enough surfatension onordinary office papers

to form crisp, round dots.

microscopic view filler (acidic) clay, TIO,, sliica;

of paper surface C} (basic) CaCO3
increases stiffness
affects porosity
absorbs water

Increases brightness & opacit

starches, PVA, CMC
sizing binder. improves strength
S affects wettabliity
holds colorant at surface
Improves smoothness

cellulose fiber
strength

lllustration 8: Paper is a Complex Chemical System

High surface tension inks usually consist of water as the
main ingredient, thus, an effect known as cockle occurs.

Applying water-based inks
to plain {uncoated) paper
can produce wrinkles in the
surface called "cockle™.

Illustration 6: Inside the Current Cartridge

Breakthrough 3: Simple Square Pulse I

Drives

Cockle occurs as ceilulose fibers swell and shift:

. . bond
Canon patented the use of simptuarepulses todrive TIJ dorand w“ﬂ:.::':,:'(grnﬂh" ane

heads. This breakthroughproducedextremely stabledrop o 0 @
ejectionand relatively easy energgontrol to the resistor. - %0'
Early work involved using pre-curser and trigger pulsgés Q%o

the pre-curser being a long nonnucleating heat pulse to stc

energyandthe trigger being a short high pulse to start the

nucleation. Thisyielded inconsistent drop ejection and lllustration 9: Plain Paper Inks - Cockle
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Ink systems must bengineered taovercomethis cockle,
especially for highdensity colorsystems. Inaddition, TIJ
inks must be robust to higiemperatureandachieve many
other characteristics as it interacts with paper.

ink jet printing
Ink/Paper Interaction .

low dot dJensity dots 100 smal duts 100 big

openiines &

area Miis & cockle

poor dot missing or paper

Teathering piacement weak dots
I~ -
—t
i 1
-

;\ovmodgn banding
& Wnes

regged edges
Illustration 10 : Ink/Media Effects

Although this area has lots of room for continued
innovation, inksused inthe HP DeskJet (1987froduced
respectabletext quality and allowed applications in the
office.

Breakthrough 5: Multiplexed Addressing

Multiplexed addressing allowedrintheads with “many”

nozzles to beuilt with fewer electrical connectionsthus,

offering throughput advances atlow cost. Today's best
example is the DeskJet 1600 black pen that hasng@fles
multiplexed to 64padsthat connect tothe printercarriage.
The breakthrough involvedusing standard tab circuit

technologyandforming a tab finger that idbonded to the
silicon substrate of therinthead.This required abonding
pad beexposed orthe reverse side ofthe taband involved

process innovation in tab circuit manufacturing.

Each scan [Ine requires a drop generator

More lines/scan = higher throughput

Challenge: operate more drop generators
with fowor electrical connections

Daskint Osakiot 1200  DeskJet 1800

(1995

.

Direct Addressing Multiplexed Addressing

Illustration 11: Multiplexed Addressing A Key Challenge to

Throughput and Cost
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Breakthrough 6: Photo Imageable Barriers

Even though the architectures are very differbath Canon
and HP used photo definable films to define ailannels on
the surface of the printhead substrdéacrel” (trademark of
Dupont Co.) was the magic material thairovided
reasonable stable spacing with good adhesion characteristics.
The amazinghing is that the imaging resolutiolequired
and delivered was far beyomide manufacturers specification
for the intended application as a solder mask.

This breakthrough enablesnass production using
standard silicon wafer processing equipment for the
disposable head concept.

Ink Channels

Thick film photopolymer
Laminated (o sillcon waler

Lithographically patfermed
Designed to direct Nuid Row

Illustration 12: Photo Imageable Barriers

Breakthrough 7: Nickel Orifice Plate

There were two major things enabled by the
electroformed nickel orificplate: masgproductionandhigh
densityheadarrays. Theadvantage to top shootebecame
evident when HPFintroducedthe DeskJetprinthead which
contained a 2row array containing 50 orifices. This
continues to be a significamtdvantageover other layouts
and over piezo.

In addition, the ability to electroform complete sheets of
orifice plates, i.e., millions of holes.enabled mass
production. Electroforming was alsodavelopedechnology
with good process control, thus enabling HP to beat Canon
to market since there were many process control problems in
the edge shooter design.

Prrosgaas;
P |
——— — & W Fuves @l wll Uy Treles
™ « Tight bore conbred +-I mkcrons
& Convargant bores o aliow siraight
| shoating

Illustration 12: Electroformed Orifice Plates.
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Breakthrough 8: Logic Integration diluted inks to create agray scale or “tone levels” to allow
photo realistic printing. Dilute inks allow printing with

The combination of TIJ thin films and an NMOS logic layerfairly large volume drops to appear much less grainy than if
done inHP’s DeskJet 1200 & 1600 seriesllowed even the inks had nobeen diluted. Thaddition ofthe two extra
larger head arrays to bebuilt economically. The new inks alsoallowed many more colors to be printedge.,
circuitry allowed the use ofstandardFET’s to direct the binary 4 color ink jet printergan produce 16spot colors
current to the nozzle to be fired, thus reducing the number afithout halftoning, whereas 6colors can give you 2500
lines in both the head and the tab circuit. spot colors using no more thandfops ofany one ink and
no more than 8 total. Dilute inks can, theender more
colors and can produce smoother gradients of these colors to
mimic the effects of photos.

The technological implementations availaldelay are
all 6 ink systemsbecause “tri-chamberpens havebeen
developedor normal 3 color binarnyprinting. There is no
technological reasowhy 9 or even 12inks could not be
used to produce even less granular output.

In addition, to carefukelection of the dilution levels,
rendering toeliminate common printin@artifacts must be
considered toobtain true “photo” quality. HP’snewly
announcedPhotoSmart(!) printer hastate-of-the-artmedia
advance agvell as many innovations in print masks and
lllustration 13: Logic Integration Merging TI1J with Logic on error diffusion. HP alsadeveloped drue photo stock print
Silicon mediafor this printer. This systerapproach obptimizing
printer, ink and mediahasyieldedtruly outstanding results
Breakthrough 95 The .Use of Computer and photos made from PhotoSmart using high quedjiyt

Simulation signals have beenmistaken for silverhalide output by
representatives of film companies.

| doubt thatthis technologycould have comé¢his far, this

fast, without the use of computer modelingdevelop and Future Breakthroughs
verify the fundamental concepts oflJ printing to save
countless prototype runs during development. As we approachihe 21st Centurythere arisemany more

As a perusal through the I1S&droceedingwill show,  preakthroughs in TI1J technology thatll yield even more
therearealways one or twgapers eacltonference on the pusiness opportunity.
discoveries made using computer simulation. | can foresee the day when we totaligplacethe “print

Within  HP’s many laboratories we useomputer and distribute” paradigmand each of uswill own ink jet
modeling tounderstandluidic flow, to simulateink/media printers that produce a Customim{d}rning papercomp|ete
interactions, and to understand thermal dissipation. with photo images to match the best thmagazines of

today can deliver.
The 3 most important breakthroughs of the rdedade

Provide better understanding of

| the physics of bubble formation are as follows:
& drop ejection

1. Page wide arrays to enable very high speed output

Clarify interaction between drop
generator structure and fluidic
behavior

Page-wide array prints an entire
page column

TH devices

Support development of
improved architectures for
smaller drop volumes

Illustration 14: Computer Simulation

« 3600 ortfices

« 300 dpl

. lity demonstrated by
experimental prototypes

high-speed
Breakthrough 10: Photo Imaging Using data link

Dilute Inks

ink delivery

1996 and 1997 will be known as therear of the photo lllustration 15: Page Wide Arrays. High Throughput from a
printer. This hasbeenmadepossible through the use of Large Array of Orifices.
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2. Variable Dot size printing from a single nozzle. Thid
yield image quality with fewer nozzlesdwill put less ink
on a page thus enabling faster dry times.

Muitidrop (Burst Mode)

One CYM orifice for each pixel
Up to 50 kHz within burst

(limited by 20 usec refill time)
Demonstrated in iab

: Variable Drop Size

Illustration 16
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This technique requires vegmall dropsthat yield spot
sizes just below the visual threshold (<40 um).

3. The third area of breakthrough is in inks. Therld will
surely benefit from an instantlry, permanent, jettable,
non-cockling, safe, cheap and nonpatentable ink
breakthrough. This area will require slow, steady,
development. | work with many chemistnd chemical
companiesandfor every breakthrough otine key frontiers,
there always seems to be npvoblems to solve. Inks can
be said to behe “Achilles Heel” of thermal ink jet as
opposed to piezo technology thddesn’'t exposé¢he ink to
thermal degradation owiscosity changes as &unction of
heating.Breakthroughs orthis frontier are severelyneeded,
but the current set of printable medias illustrates the inherent
flexibility of this technology.Thermalink jet canprint on
paper, plasticfiims, CD’s, photo stock, vellums, and
fabrics. If youcanfeed it in, you can print on it. Such
flexible, fast-moving technology will continue tdind
applications and will continue to grow. | hope to be doing a
“Top 20" in the early 2000’s.
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