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bstract. The wide-format dual-line 1200 dpi thick film thermal
ead was developed utilizing the following technologies: (a) an al-

ernated conductive lead circuitry inside the thermal head is devised
n that it does not use diodes for the prevention of reverse current;
nstead, it adds a secondary power supply to redirect the reverse
urrent. (b) The heater nib line of the printhead is produced stably
nd accurately using the direct dispensing system which, based on

he air microtechnology, feeds back the air pressure and controls the
inear actuator to follow the surface of a substrate. (c) The 1200 dpi
rinthead is combined of two identical 600 dpi nib lines with half-
itch offset in the nib line direction and separated by a distance of
2 nib lines in the printing direction. Although the printhead is not
ade of a 1200 dpi single nib line and may be classified as a quasi-
200 dpi printhead in a more strict sense; however, it does exhibit a
200 dpi-like performance and, for the convenience of presentation,

t is still called a 1200 dpi printhead in this article. Several wide-
ormat (up to 54 in. width) products based on the 1200 dpi thermal
rinthead have been designed and are capable of printing half-tone

mages of up to 133 lines per inch. © 2009 Society for Imaging
cience and Technology.

DOI: 10.2352/J.ImagingSci.Technol.2009.53.5.050301�

NTRODUCTION
he concept of thermal printing was introduced in the
960s; the development phase in utilizing thick film technol-
gy as serial printheads started in early 1970s and the line
hermal printheads followed in late 1970s.1 In the early days,
he direct thermal printing technology was mostly used in
acsimile applications and later expanded for its use in engi-
eering plotters and, in some cases, in grayscale image re-
ording due to the advantages of low cost, free of mainte-
ance, and high printing speed. In most applications,

hermal sensitive papers are used whereas for the prepress
mage-setters, the main media are thermal sensitive film. The
980s and 1990s have seen a full blossoming of the thermal
ransfer technology using the color ribbon as the transfer

edia and resulting in a full range of high resolution ma-
hines for full color printing and copying. Meanwhile, very
igh quality black-and-white direct imaging systems were
lso introduced.2

In the early days low-resolution, such as 200 dpi or at

eceived Dec. 17, 2008; accepted for publication May 25, 2009; pub-
ished online Aug. 11, 2009.
062-3701/2009/53�5�/050301/7/$20.00.

. Imaging Sci. Technol. 050301-
ost 400 dpi, thermal heads would usually suffice. As the
rinting applications move upward to graphic and other
igh end markets, high resolution thermal heads become a
ecessity and 600 dpi is the basic requirement. To move
pward further, 1200 dpi thermal heads are becoming more
esirable. However, there have been challenging technical
ifficulties involved. For example, two major issues: heater
urability and high density integrated circuit (IC) assembly,
ave been addressed in the development of 600 and 1200 dpi

hin film printheads.3

This article describes the development of a wide-format
200 dpi thick film thermal head and the innovations
volved during the course of development. The conventional
lternated conductive system used in a thick film printhead
s briefly discussed; then the innovative alternated conduc-
ive lead system without diodes is explained in detail. To
atisfy the need of developing a high resolution nib line, the
irect dispensing system based on the air microtechnology is
pplied. Finally, the technical details of forming a 1200 dpi
rinthead by means of combining dual 600 dpi nib lines are
iscussed.

ONDUCTIVE LEAD SYSTEMS USED IN THICK
ILM PRINTHEADS
here are two technologies in manufacturing thermal
rintheads: thin film and thick film. In thin film technology,
film is coated by physical vapor deposition (for example,

puttering) or chemical vapor deposition. Then a conductor
attern and heater elements of high electrical resistance are

ormed with photolithographic technology. Thin film tech-
ology achieves a better printing quality due to its smaller
ariation in resistance of heater elements and thus in size of
eated dots. Printers utilizing a thin film head may express
hotograph-like continuous-tone image quality.

On the other hand, in thick film technology, a conduc-
ive film is coated by screen printing and heated in furnace.
hen a conductor pattern is formed with photolithographic

echnology. The heater resistive line is deposited in the form
f paste, usually screen-printed across the width of the
rinthead on top of the complex conductor pattern. It is

hen heated in a furnace to develop the required character-
Sep.-Oct. 20091
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stics. Thick film head is more desirable where heavy use and
arsh environment are present.

The print characteristic of a thick film printhead usually
xhibits an S-like curve for the relationship between the op-
ical density on the printed media and the applied energy.
hown in Figure 1 is the print characteristic for a typical case
here film is the printed medium.

Note that the proper applied energy for the film being
ested is in the range of 0.15–0.18 mJ/dot so that the satu-
ation optical density can be achieved. Also note that the
hreshold applied energy, beyond which the media can get
nergized and the printed dot visible, is rather large, about
.08–0.09 mJ/dot and almost half of the saturation energy.
n the range between the threshold and saturation, the en-
rgy curve is very steep, nonlinear, and thus not easy to
ontrol. Therefore, most applications for a thick film
rinthead are for half-tone imaging.

The conductor pattern used in conventional thick film
rintheads is called “alternated conductive lead system”4 and
as utilized to develop a 1100 mm �44�� 400 dpi thermal
ead on a single substrate in 1994.5 The alternated conduc-
ive lead system will be discussed in the next section.

onventional Alternated Conductive Lead System
n the conventional alternated conductive lead system, the
ownstream driver ICs and the upstream conductive circuits
re shared by pairs of neighbor nibs. The heating of nibs is
ontrolled by switching between different paths from the
ower supply and by turning on or off the individual driver
C based on the data bit being 1 or 0. Each conductive path
s connected to a diode to prevent the reverse current from
owing back to the other path.

A simplified circuit diagram of the alternated conduc-
ive lead system is shown in Figure 2. While the external
ontroller sends data to be printed to the register in the
river IC, the power supply is connected to the conductive
ath A (A-phase) or to the conductive path B (B-phase)
lternatively.

The diodes in the conductive circuit path prevent the
everse current from flowing back to the other conductive
ath. This can be illustrated in the simplest case that only
ne driver IC is switched on, as shown in Fig. 2. The current
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igure 1. Optical density as a function of the applied energy for a typical
lm.
owing through the supposedly energized nib is V /R, while p

. Imaging Sci. Technol. 050301-
he current flowing through the three neighbor nibs on the
eft side is only V / �3R�. Since on each of these three nibs,
hich are not intended to be energized, the current is only
ne-third of that through the supposedly energized nib (i.e.,
/R), it generates on each of these three neighbor nibs only

ne-ninth of the power of that on the energized nib.
For manufacturing purpose, it is necessary to embed

iodes into arrays with multiple elements mounted. How-
ver, if A- and B-phases are not dissociated completely, the
eakage may occur between arrays. This requires extreme
recaution during the developing of the printhead.

By utilizing the alternated conductive lead system, only
ne half of conductive circuits and driver ICs need to be
udgeted, easing the density requirement of pattern forma-
ion. Therefore, wide conductor lines can be used to achieve
eliable performance and also the benefits of ease of part
nspection and correction/repair.

iodeless Alternated Conductive Lead System
or thermal heads utilizing the conventional alternated con-
uctive lead system, diode arrays are required. However, for
igh resolution thermal heads the space allowed for mount-

ng the diode arrays becomes small, which in turn requires
orming a deep diffusion zone during the manufacturing
rocess. Therefore, the addition of diode arrays may present
roblems in technical implementation as well as in manu-

acturing cost.
These considerations have led us to the invention6 in

hich the diodes are removed and a secondary power supply
s added. The invention is depicted in the following illustra-
ions. Shown in Figure 3 is a connection diagram for the
eneralized case that one single driver IC and an adjacent
air are switched on.

Instead of using diodes on the upstream conductive

R4 R5 R6 R8 R10 R11R7 R9

A

VS

VP

B

IN
IO IO

INIEIE IEIN

R1 R2 R3 R12

Figure 3. Current flow in diode-less alternated conductive system.

A

B

Heater nibs

Driver ICs

Power
supply

V

Diodes

V/RV/(3R)

Figure 2. Conventional alternated conductive lead system.
aths, a secondary power supply VS is placed at the other

Sep.-Oct. 20092
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ide of the main conductive path and at any time is switched
o the path not connected to the primary power supply VP.
llustrated in Fig. 3 is the case that VP is switched to A and

S ��VP� to B and that three drive ICs are turned on to
ave the nibs R3, R4, and R8 energized.

With the assumption that all the nibs are of the same
esistance (denoted by R), the current going through each
ib can be classified into three categories:

For the nibs, R3, R4 R8, to be energized

IE = VP/R , �1�

or the neighbor nibs, R2, R5, and R9,

IN = VS/R �2�

or all other nibs �R1, R6, R7 ,R10, R11, R12, . . .�,

IO = �VP − VS�/�2R� . �3�

he relationship of currents IE, IN, and IO versus VS for a
xed VP are plotted in Figure 4. Note that a higher VS gen-
rates a larger IN but a smaller IO and that the balance point
s at VS =VP /3 where IN = IO =VP / �3R�. This relationship

eans that if the secondary power supply is selected to be of
ne-third of the primary one, all the nonenergized nibs
ould have the same current, one-third of that on the ener-
ized nibs, no matter what data pattern is applied on the
river ICs.

Based on these analyses, a diodeless alternated conduc-
ive lead system is designed so that the secondary power
upply Vs =Vp /3 is always connected to the conductive path
hich the primary power supply is unconnected. A simpli-
ed circuit diagram is shown in Figure 5.

The design principle may also be illustrated from a dif-

IN
IE

A

B

VS

=Vp/3

 

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10R11R12

S1 S2 S3 S4 S5 S6 S7

Vp

Heater nibs

Driver ICs

B

A

igure 5. Current flow of diode-less alternated conductive system with
nly one nib on.

VS

I

VP

IE = VP/R

VP/(2R)

VP/3

IN= VS/R

Io = (VP-VS)/(2R)

0

VP/(3R)

Figure 4. Relationship of IE, IN, and IO versus VS.
erent point of view by analyzing the need for diodes in a i

. Imaging Sci. Technol. 050301-
onventional alternated conductive system. Consider the fic-
itious case that VS is removed (i.e., voltage on path B VB is
etermined by the circuit configuration in Fig. 5). When the
river IC S4 is turned on to provide a current path to ener-
ize the heater nib R7 with the current of IE =VP /R, the
urrent flowing into the neighbor nib R6 (which is not sup-
osed to be energized) can be expressed as

IN = VB/R = �VP − VB�/�2R� + NR�VP − VB�/�2R� . �4�

he first term in the right-hand side represents the current
owing through the path A-R4-R5-R6-S4 and the other

erm accounts for the NR reverse currents such as A-R3-R2-
6, A-R11-R10-R6, etc. The values of VB and IN can be

olved from the above equation as

VB = VP�1 + NR�/�3 + NR� , �5�

IN = VB/R = IE�1 + NR�/�3 + NR� . �6�

or NR =0 (the case of every other driver IC being on),

B =VP /3 and IN = IE /3. However, for a very large NR (i.e.,
n the case of very few switched-on driver ICs), it results in
n undesirable situation of VB �VP and IN � IE. That is why
iodes are required in the conventional alternated conduc-
ive lead system, as shown in Fig. 2, to block the NR reverse
urrents so that the maximal IN is IE /3. In the case that
very driver IC is switched on, IN =0.

For a diode-less conductive system, the selection of

S =VP /3 forces VB =VP /3 as shown in Fig. 4. This effec-
ively limits the current flowing into nib 6 to VP /3R, as in
he case with the diodes in the circuit. Thus it can be seen
hat the secondary power supply VS serves two functions: a
ink path for the primary power supply VP to flow out (such
s VP-R3-R2-VS, VP-R8-R9-VS, etc.), as well as a source
ath for the current to flow into the driver IC (such as

S-R6).

MPLEMENTATION OF DIODELESS ALTERNATED
ONDUCTIVE SYSTEM
s compared to the conventional alternated conductive sys-

em with diodes, the diodeless system using a secondary
ower supply is easier to control. This is because the con-
entional system is influenced by the structure of diode ar-
ays and the associated semiconductor characteristics. With
he elimination of diodes, these variations do not exist.
hus, the specification of parts can be relaxed, and the work
f parts inspection is unnecessary, resulting in reduced labor
ost.

Note that VP /3 is always applied to the heater resistance
ibs and, when the temperature on the nib elements be-
omes high, the small energy generated may cause thermal
eaction on the printing media and result in an unwanted
maging effect. Therefore, the switching of power supplies
eeds to be synchronized very precisely with the strobe sig-
al of driver IC, as shown in Figure 6.

Shown in Figure 7 is the circuit diagram for the real

mplementation of the power supplies VP and VS �=VP /3�.

Sep.-Oct. 20093
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ote that for cost and efficiency considerations, an 8 V
ower supply is used for VS and stacked up with a 16 V
ower supply to provide a 24 V VP. The path of current
owing in/out depends on the ON/OFF state of the driver
Cs inside a thermal head.

The flow of the current inside the thermal head when
ot printing is shown in Figure 8. In that case, all the cur-
ents are flowing from VP through all the nibs into VS with
he magnitude of VP / �3R� on each nib. On the other hand,
hen printing one full nib line (i.e., with all the heater ele-
ents on) both VP and VS act as current sources. Therefore,

roper attention should be paid to the timing response and
apacity matching in the selection of power supplies and
mplementation of the power switching circuit.

In the test prints shown in Figure 9, only one nib ele-
ent was printed repeatedly, and it can be seen that the

Current flows bi-directionally

VP =24V A

B
 

 

A

 

B
 

B
 

A

GND
GND

Thermal Head

VS =8V

8V

16V

igure 7. Power supply circuit for the diode-less alternated conductive
ystem.

  

A

B

Heater nibs

Driver ICs
VP

 

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11
R12

S1 S2 S3 S4 S5 S6 S7
VS

=VP/3

Figure 8. Flow of current inside thermal printhead when not printing.

data

clock

latch

strobe

  
V

A-supply V/3

  

V
B-supply

 
V/3

A B A B

igure 6. Thermal head control timing for the diode-less alternated con-
uctive system.
nfluence of VS on the neighbor nibs is negligible. t

. Imaging Sci. Technol. 050301-
ORMATION METHODS OF A HEATER NIB LINE
or low-resolution thermal heads, the pattern formation of
onductive path and nib line can be achieved by means of
creen printing. The lower limit of width for which a heater
esistance nib line can be formed reliably is about 0.15 mm
150 �m�.

For a single-line 400 or 600 dpi thermal printhead, the
itch is 63.5 or 42.3 �m, which is the maximal width of the
ot formed. For a proper aspect ratio (width:length) of 1:1.5

or the dot formed, the length should be no more than
00 �m in 400 dpi or 65 �m in 600 dpi. In consideration
f the fact that at either flank edge of the nib line the heating
ffect is usually negligible due to its thinness, the length of
he dot formed is much smaller than the width of nib line.

owever, the maximal requirement of dot length still places
restriction on the width of nib line. In the case of 400 dpi,

enerally good printing quality can be obtained by using
60–200 �m linewidth, and for 600 dpi, 120–140 �m.

For thermal heads of higher resolution, the conductor
attern density requirement becomes more demanding, es-
ecially for 1200 dpi heads, and it makes the manufacturing
rocess more difficult. For our 1200 dpi printhead made of
ual 600 dpi nib lines and explained in detail later, although

he width of nib line is not proportionally smaller, it still
hould be in the range of 90–110 �m. Furthermore, form-
ng a nib line of narrow width with stability and consistency
s more challenging due to the fact that the influence of the
urge of a substrate on the thickness and width of a nib line
ecomes more detrimental.

ew Formation Method Using a Microdispensing System
o form a heater resistance nib line, two methods are avail-
ble. One is screen printing; the other is the direct drawing
ystem using a dispenser. As mentioned above, since
50 �m is a minimal achievable width by screen printing, it
ecomes unsuitable for forming a 600 or 1200 dpi head.
herefore, we have turned to the use of a microdispensing

ystem which can detect the surge of a substrate and draw a
eater element line more stably and accurately.7–9

A dispensing system is usually composed of a surface-
ollowing subsystem and a discharging device. It detects the
urge of a substrate, usually using a touching stylus or a laser
evice, and moves up/down following the surface curvature
hile the discharging device dispenses fluid. The use of a

ouching stylus, however, is problematic to our application
ince it may create scratches on a conductive pattern when
ouching the substrate. A laser device, though offering the
dvantages of free of contact, presents technical complica-

100um

Feed
direction

Print head direction

600dpi

1200dpi
Figure 9. Enlargement of one-element printing.
ions for incorporation into our system, however.

Sep.-Oct. 20094
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Our approach is to devise a microdispensing system
hich has the desirable surface-following capability and can
raw the nib line on the substrate accurately. The block
iagram of the microdispensing system is shown in Figure
0.

In the system, a pressure sensor is used to detect the
hange in backpressure at the tip of the nozzle due to the
ariance in the gap between the nozzle and the substrate.
he sensed pressure is used as the feedback signal to control
linear actuator so that the variance in the gap can be mini-
ized. The sensed and control signals are shown in Figure

1 for a test substrate with a surge.
A capillary of the type used for wire bonding has been

dopted in our dispensing system. The production quality
as been improved that a narrow width of down to 80 �m
an be formed stably.

To demonstrate the improvement of the microdispens-
ng system over the screen printing method, two 54� 600 dpi
ib lines (32,255 nibs per line) are formed separately by

hese two methods. It is aimed to have a nominal nib width
f 170 �m and a nominal resistance of 3000 � per nib.
he test results are shown in Figure 12 and in Table I for
omparison. Note that the results shown are for the nib lines
efore trimming. In the screen printing method, it has been
oted that when a wider heater nib line is formed, the width
xhibits a wave-like variation which appears to be under the
nfluence of the screen mesh. For the nib line being formed
n this manner, the maximum width deviation, (max-min)/
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Figure 11. Microdispense system control and output data.

Substrate

Air pressure
source

Regulator

Regulator

Control
circuit

Pressure
sensor

Linear
actuator

Syringe
with paste

Figure 10. Block diagram of microdispense system.
verage, is about 7%, whereas it is no more than 2% for the 1

. Imaging Sci. Technol. 050301-
icrodispenser approach. Moreover, the resistance variation
n the latter is less than half in the former, i.e., 14.8% versus
1.5%.

ORMATION OF DUAL-LINE 1200 DPI THERMAL
RINTHEAD
s mentioned above, the heater nib line can be formed sta-
ly by means of an air pressure microdispensing system.
ormation of a heater nib line of narrow width can be real-

zed through the optimal adjustment of operational param-
ters such as output pressure, drawing speed, selection of a
ozzle and paste viscosity, etc. It has also been proven that

he design is achievable via the use of the alternated conduc-
ive lead system without incorporating diodes in the circuit.

The formation of a 1200 dpi thermal head is comprised
f two identical 600 dpi nib lines. The approach is an exten-
ion of the pioneering feasibility study,10 which formed a
uasi-600 dpi thermal head by combining two identical 300
pi nib lines. The design and formation procedure of 1200
pi thermal heads are as follows:

• Draw two 600 dpi heater resistance nib lines, with the
gap set to 0.677 mm (32�1200 dpi lines).

• Since 1200 dpi is formed by two 600 dpi nib lines, a
wide conductive path for dot and heat separation is
formed.

• Arrange the 1200 dpi pattern to be a symmetrical con-
ductive path, using commercial driver ICs with a shift
register and a latch, so that two directions of data trans-
fer are performed simultaneously into each heating nib
line.

• Communalize power supplies for both nib lines.

The conductive path diagram is shown in Figure 13 and
he enlarged view of heater resistance nibs is shown in Figure

Screen-printingMicro dispenser

100µm

igure 12. Enlargement of nib lines formed by microdispensing system
nd screen printing.

able I. Comparison of nib lines formed by microdispensing system and screen
rinting.

Microdispenser Screen printing

ib line formed Averaged width, µm 170.80 169.80

�max-ave�/ave, % 0.71 3.10

�min-ave�/ave, % −1.06 −3.96

esistance Average, Ω 3228 3626

Variation 3 −�, % 14.8 31.5
4.

Sep.-Oct. 20095
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Note that for the case of a narrow conductive path, as
hown in the left side in Fig. 14, each 600 dpi nib line may
roduce round-shaped dots suitable for 600 dpi imaging;
ut an image of 1200 dpi may lose the clarity it deserves due
o interlacing of two 600 dpi nib lines. Therefore, a wide
onductive lead pattern should be used as shown in the right
ide.

MPLEMENTATION AND TEST PRINTINGS OF A
200 DPI 54� THERMAL HEAD
isted below are the specifications of a 1200 dpi 54� thermal
ead:

• Effective printing width: 1365 mm (54 in.).
• Platen diameter: 70 mm max.
• Data depth in the shift register: 256 bits.
• Number of data input ports: 126.
• Typical heater resistance value: 3000 �.

For a 1200 dpi printhead of 54 in. long, mechanical
tability and electrical/electronic efficiencies are two impor-
ant factors requiring thorough consideration in realizing the
eal system implementation. In order to provide the me-
hanical rigidity for the printing system, a big platen is re-
uired. Data depth in the shift register is set to 256 bits to
inimize the data transfer time for high-speed printing as
ell as for the implementation of micropulse control and

Conductive pattern

Direction of data transfer

Direction of data transfer

Heat spot

Power supply A

Power supply B

Heat nib line C

Heat nib line D

Driver IC with shift registers and latches
(data depth: 256bits/input)

Driver IC with shift registers and latches
(data depth: 256bits/input)

0.677 mm
32x1200dpi

Figure 13. The conductive path diagram of 1200 dpi thermal head.

Image of heat spot Conductive lead pattern

Heater nib line

Image of printed dots

igure 14. Form of nib pattern with narrow and wide conductive paths.
istory control. c

. Imaging Sci. Technol. 050301-
For the implementation of electrical power sources and
irings, careful attention needs to be paid in consideration
f different operational conditions. Shown in Figure 15 is a
ore realistic circuit diagram for the operation of the

rinthead at any time instant in either phase A or B.
NE, NN, and NO in Fig. 15 represent the numbers of

nergized nibs, neighbor nibs sharing the same driver ICs
ith energized ones, and the rest of nibs, respectively. Simi-

arly, RE, RN, and RO are the corresponding average resis-
ances. RP, RS, and RG represent the lumped resistances ac-
ounting for the internal resistance of the power supplies as
ell as the combined resistance of conductive path on the
rinthead and the wiring cables. Note that in the ideal case,

P, RS, and RG are usually very small and thus negligible.
his ideal case of RP =RS =RG =0 is the foundation upon
hich Eqs. (1)–(3) hold and which the design of the diode-

ess alternated conductive system is based.
Note that at any time during printing, the sum of NE,

N, and NO equals the total number of nibs in the nib line.
or a 600 dpi 54� nib line, it is about 32,400. Also note that
ny of NE, NN, and NO may be large, depending on the data
attern in the image to be printed, and that any of the
quivalent impedance RE /NE, RN /NN, or RO /NO may be as
mall as to 0.1 �. Therefore, RP, RS, and RG should be made
s small as possible. For such purpose, the metal bar is used
nside a thermal head to minimize the wiring/conductor re-
istance and the accompanying voltage drop. The cross-
ectional structure including the platen of the thermal head
ssembly is shown in Figure 16.

The printed samples using 1200 and 600 dpi thermal
eads are shown in Figure 17. The character “R” is an en-

argement from the original six-point font. Not surprisingly,
he curve and the slanting line are expressed more smoothly
n 1200 dpi. Similarly, printings of a step tablet in grayscale
half-toned dots) are also shown, and gradation can be ex-
ressed continuously at 133 lines per inch when using 1200
pi thermal head.

Another factor to be considered in the system imple-
entation is the finite current capacity of real power sup-

lies. As the number of energized nibs increases, so does the

VP

VS

RP

RS

RG

NEIE

RE/NE

NOIO

NNIN

RO/NO

RN/NN

igure 15. Conceptual circuit diagram of the printhead system including
he resistances of power supplies, conductive paths, and wiring cables.
urrent drawn from the power supply. It may result in dif-
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erent amounts of current flowing through the energized
ibs between the cases of high black-rate and low black-rate
rintings. Our solution is to implement in the system firm-
are a “black-rate control” scheme that adjusts the internal
ulse control by utilizing the black-rate information for each
ata scanline to be printed. Printing samples of different
lack rates are shown in Figure 18.

ONCLUSION
evelopment of a wide-format (up to 54�) 1200 dpi thermal
rinthead was realized by utilizing the following innovative
pproaches.

The diodes which are usually required in the conven-
ional alternated conductive lead system are eliminated. In-
tead, a secondary power supply is added, resulting in a sim-
ler circuitry inside the thermal head and making the
anufacturing of the thermal head of high resolution more

easible. By means of the microdispensing system, which
ses the air backpressure for feedback to achieve accurate
urface following, the uniform heater resistance line can be
ormed stably by minimizing the influence of the surge of a
ubstrate. The narrow-width nib line, which cannot be
ormed using the conventional screen printing method, can
e achieved and the exothermic domain also made small.
he 1200 dpi printhead is then realized by combining two

dentical 600 dpi nib lines with half-pitch offset in the nib
ine direction and separated by a distance of 32 nib lines in

1mm1mm

600dpi 1200dpi

Figure 17. 600 and 1200 dpi printing samples.

Metal bar for power supply

Vhd
(B)

Vhd (A)
GND GND

Heat sink

Platen

Figure 16. Cross-sectional structure of thermal head.
he printing direction. Although the printhead is not made

. Imaging Sci. Technol. 050301-
f a genuine 1200 dpi single nib line and may be classified as
quasi-1200 dpi printhead in a more strict sense; however, it
oes exhibit a 1200 dpi-like performance.

Further improvements, however, are still in order espe-
ially in the areas of glaze structure and coating method. A
ecent article11 based on narrow-format thin film thermal
eads has studied the effect of different glaze structures on
eat storage, heat response, print quality, and productivity.
imilar studies are being carried out on our 1200 dpi thick
lm thermal heads. For durability improvement of thermal
eads, different coating methods and protection layers are
eing pursued as well.

The wide-format 1200 dpi thermal head is of the con-
entional flat type. While sufficing for use on film image-
etters and paper plotters, its performance may be further
mproved on systems requiring ribbon peel-off, such as
irect-to-screen applications, by utilizing corner-edge ther-
al heads. This is another area being explored.
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