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Thermal Print Head.

We, TExAS INSTRUMENTS INCORPORATED,
a Corporation organised according 10 the
laws of the State of Dclaware. United States
of America, of 13500 North Central Express-
way, Dallas, Texas, United States of
America, do hereby declare the invention,
for which we pray that a patenl may be
granted to Us, and the method by which it
is to be performed, to be particularly des-
cribed in and by the following statement:—

This invention pertains to thermal print-
ing, and more particularly to a novel form of
thermal print head.

In the printing art there is a continuing
search for new and better printing metheds
and apparatus. Onc of the more recent im-
provements has been the development of
a process which uses heat rather than im-
pact for the printing encrgy. According to
this process, a matrix of heating elements
is sclectively energized to heat a specially
treated paper semsitive 10 changes in tem-
peraturc, the paper being in physical con-
tact with the heating elements at the time the
printing takes place. For example, if the
letter “A” is desired to be printed, the heat-
ing matrix will be energized in a pattern
corresponding to this fetter, the letter “A”
thereby being defined, or “printed”’, upon
the heat sensitive paper.

The advantages of thermal printing over
impact printing include a minimum of mech-
anical motion (thc primary mechanism being
enly that required to advance the heat sen-
sitive paper); a reduction in the problems
associatzd with any change of information
representation from one form of representa-
tion to another (the information up to the
time of printing appearing as an electrical

[Price 4s. 6d.] price 280

signal); and a substantial increase in print-
ing speed.

The heart of the thermal printer is the
thermal print head which contains the matrix
of heating clements. These thermal print
Leads are generally fabricated by several
different processes. By one process, for
example, resistors compased of a conduc-
tive compound, for example, tin oxide, arc
selectively deposited by evaporation or the
like upon a ceramic substrate, the resistors
forming the heating elements. By another
process, the fabrication of the print head
involves planar techniques, whereby resistors
are formed by difusion into one face of a
fiat semiconductor wafer, the heat sensitive
paper passing in contact with this face.

There are problems associated with these
techniques, however, which result in thermal
print heads that are unsatisfactory  for
various reasons. First, the heating elements
of the print head are subjcct to degradation
due 10 the abrasive action of the paper when
passing over the print head. Second, in the
planar approach, leads to and between the
resistor healing elements are ordinarily ex-
posed, providing unreliable  connections.
Also, where the diffused resistors are formed
in a monolithic semiconductor planar sub-
strate, a large amount of power is required
to heat the elements to the proper printing
temperature, and 2 substantial amount of
“gpillover” heat occurs from one element
to another, due to the lack of thermal isola-
tion between clements, thereby reducing the
ability to achieve a sharp print-out,

With these dilficulties in mind, it is an
object of the present invention to provide an
improved print head for a thermal printer.
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not exposed, the resulting structure provides
ereater reliability. The raised mesas, being
substantially thermally isolated from one
another, avoid heat “spillover™, thereby pro-
ducing sharp and well-defined print-outs.
Additionally because there will be practically
no loss of heat between elements due to tnis
thermal isolation, less power is required to
operate the device.

The invention may best be understood by
reference to the following detailed descrip-
tion when read in conjunction with the ac-
companying drawings, in which:

Figure 1 is a top view of the thermal print
head of ihe present invention, showing an
array of mesa heating clements disposed in
the form of a plurality of characters with
sclected elements in each character energized
to detine the numbers “17, “27, “3”, “4”,
and ‘55’9;

Figure 2 is an underside view of a por-
tion of the ar ray shown in Figure 1, illus-
trating the formation of a diode-resistor pair
within cach mesa element, and the lead and
expanded intercopnection paitern between
elements:

Figures 3--6 are sectional views of a por-
tion of the heating elements shown in Figure
2, taken along the section line 33, and
showing subseyuent steps in the fabrication

being at(p
lenath QIB}& ingly oW
betwee ch pair o adja
ing approximately 0.004 inch. The slltcon
wafer 10 may be approximately 0.3 inch in
width by 0.5 inch in length and have a thick-
ness of approximately 0.001 to 0.002 inch.
The active prmtmﬂ sitrface {in other words,
the “‘characters” and their spacmg) occupies
an area of approximaiely 0.1 inch by 0.5
inch, and is centrally located upon the wafer
10,

The silicon wafer 10 with the mesas there-
in is mounted upon a ccramic substrate 20 so
that the metallized leads 30—32, for ex-
ample, formed upon the sides of the sub-
strate 20 interconnect with the expanded
leads 304—-32¢, respectively, located on the
underside of the excess material of the wafer
10. These expanded Jeads, as well as the
other expanded leads, are actually extensions
of second level interconnections which make
contact to various first level interconnections
of the printing elements shown in Figure
2. The interconnections lie at two elevels
relative to the surfaces of the mesas as des-
crm\.d later on with respect to Figurc 5 or
Figure 8. The metallized leads 30—32 may
be formed directly upen the surface of the
ceramic subsirate 20, or may be formed
within slots within the sides of the ceramic.
The joining of the expanded leads 30u—32a
to the external metailized leads 30—32 may
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tected, providing greater reliability. upon one surface of
said substrate, 115 The renoval of the polycrystalline sai d
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\l print head

leads, such as 30—32, the pulse causing cuf
rent to flow throvﬂh resistors of selected

and 46 are to remain ‘“‘cool”; ic.. no cur-
rent is to flow through the resistors R,,, R,

miconductor printing elements, the selected puntm" ele- and R,,. A source of positive potential is
having five 80 15 ments heating up to say 300°C in a pattcrn  applied to the terminal 90 while a source of 80
erein, Each corresponding to the letters or numbers to negative or ground potential is appiied 1o
of a matrix be printed. The selection of the proper terminal 91. Due io the blocking eficct of the
such as the feads to be energized way be accomplished diode D,;, the only current path between
ar 11. Each manually or by a separate diode digital de- the positive and negative terminals is the
miconductor 85 20 coder, for example, Accorclinﬂl\. as shown one through the diode Dy, and resister R,,. 85
+ carbide 60 in Figure 1, sclected elements of the “charac-  Consequently, only the element 40 heats up.
1 the rest of tcrs” 11—15 may be heated to define the Similarly, utilizing the same principle and
hich will numbers 17, “27, “3”, “4”, and “5”, re- arrangement, the remaining diodes and resis-
~frrence to spectively, which then are printed on heat tors of the other clements may be wired in
.aing an in- 90 25 sensitive paper which has been indexed over like manner or in any other conventional 90
The par- the face of the thermal print head 1. (The manner, to selectively heat desired clements,
f the charac. selected elemients which have been heated the dicdes functioning as current blocks. It
tion. In the are represented on Figure 1 by a double is io be peinted out that the usc of the
shown and . . . cross-hatching, and may be best seen by diodes allows one to limit the number of
cter is com- 95 30 holding the drawing at arms length from the  external leads: if a pair of leads is applied 95
ng elements, . eve) Depending upon the interconnection  to cach clement of cach character, there is
.—25 for ex- % scheme used, the printing may be accom- no need for the diodes.
016 inch in ! plished, for e\ample by simultaneously heat- With reference to the cross-section views
the spacing b ing selected elements of ‘“‘characters” 11— of Figures 3—6 therc is now described the
elements be- 100 ° 35 15, thereby printing a whole line at a time, or  fabrication of the print head of this inven- 100
The silicon by heating the selccted clements of the tion, particularly the formation of the silicon
/03 inch in characters in a manner so as to s\,qucnuall\ mesa thermal printing elements.  Single
have a thick- print out the numbers *‘1”” through *5”. crystal semiconductor material, such as
+ 0.002 inch. Referring now 1o Figure 2, there is de- silicon, is used as the starting material for
ather words, 105 40 picted an underside plan view of a por- a slice 10. A portion of this slicc is shown 105
7} occupies tion of one of the “characters” 11, showing in Figure 3. The top surface of the slice
ach by 05 some of its heating elements 40, 41, 42, and  is first masked and etched to form a pattern
o the wafer 43 and a typical, but not restrictive, paticrn  of raised mesas such as 40, 41 and 45. The
of interconnections. Each of the heating masking may be by a matcrial such as wax
mesas there- 110 45 elements comprises a raised mesa of semi- or prucrably by photoresisi techniques 110
bstrate 20 so conductor matcrial (as observed in the cross-  which permit excellent geometry control.
-32, for ex- scction view of Figures 3—6), a diode and The height of the mesas 40, 41 and 45, for
of the sub- resistor pair such as D,, and D,, being exampk or in other words, the depth of the
te expanded formed by conventional n]"sklno and diffu- etching may be approx1matclv 1.5 to 2 mils.
cated on the 115 30 sjon techniques, for example, in the base of  After the mesas are formed, the top surface 115
of the wafer the mesa, the pair being interconnected with  of the slice is coversd with a coating 60 of
well as the each other and with the rest of the system. silicon carbide which may be formed by any
ly extensions The function of the resistors Ry, R,;, Ry, technique to a thickness of perhaps 0.3 to
which make . and R, is to provide the source of heat for 0.8 mil.
reonnections 120 35 each printing element, and the function of  One method of depositing the silicon 120
n in Figure the diodes D,,, D,,, D,., and D, is to direct carbide is described with reference to
two elevels the current flow through only those resistors Figure 7. Apparatus for depositing the
tesas as des- which are to be heated. First level inter- silicon carbide in acordance with this pro-
Figure 5 or conncctors such as 50 and 51 ohmically con-  cess comprises a reactor in the form of a
30—32 may 125 &0 nect the P-type regions of the diodes D,. furnace tube 70 having heating coils 71. The 125
irface of the and D,, and the P-type regions of diodes furnace may be of a horizontal or vertical
be form;d D,, and D,, to ths second level intercon- tvpe, may be suited for single or multiple
the ceramic. nector 75 respectively, and first level inter- slices, and may be either resistively or in-
ds 306—32a . conncctors 52, 53, and 54 connect the ends ductively heated. Silicon slices, including the
30—32 may 130 65 of the resistor R,., and other resistors of the slice 10, with the mesas formed therein, are 130



printing elenents is sawed into the indivi-
reference to Figures

dual

the first
‘ad-
:as
for 704
1 evel i

Art-efreof
formed on ‘1‘?’%‘3
{101 as o
.appropri atig,

‘pattern onCting ofr afficén Stels

tern deposited as before.
shown strate 20 with the slot 80,

‘The wafer with the mesa printing

| evel interconnection pat-

in

elements is aligned so thasisdse second | evel

t?ﬂ‘@‘?“‘“%&%“ 0

\_hac

%xlpose M ted

hloAde, (Si&])

sdown ndut t id

Crs aming [
it he mesa euf %{% 1 Ii'[é sihcon tetmchlortd“
soI deri ng. thr énlﬁ; fw f%h Adeed Ehd ghidd! 0

‘in the pr Qmﬁﬁﬁi,drtcbfh)micﬂ@ﬁtyﬁtcad 173 ﬁrahe owefing fie

10s @mcwnahpcfﬂm of] thy gasesgifitoithe wbhp

:sel ecti vellyisi Abds s by r estntivnty P‘i’f"%rtﬁl {Poct yre sh
W

;i ndi vi dual Y €xte Séfcﬁ'e §h<§ilus V\ﬁytéﬁgmcd 15nat

I evel

Tthermal

+40 and Bl dthoorls e»ealmm

‘i sol at ed

'substrate

diirgely &} Ithebom
ed, tharflew Migethpo

73 l()
f h %ﬁl%nm%ﬁ crlqj?cxa e
ﬂn rate was k przlt Qt lﬂ

-t hen provnﬁkeeltr m@huaeqess]afu;e themlpammre

accem 20 japrepbreximeisly 108G aod Ithevishasivipf rasiglggapir of e

1 tcd 1
Tetchant sUBH“Hs Ao %Eﬂsé i *&"é‘h@ét
fof hydr of |zh'z91ﬁ1hrcnﬁp d$crpﬁ sxlu, L
. sub- \mﬂmuafe\as dEpoEx[eﬂ(DpatCkl e (A bs

- subst r atde i2di

iconnects

; the pol ycrc)‘@{aﬂ g se

j mat eri al
; mesas
- tinme havi

- conduct i Vldf)’su oo pét&vmsl@eaacm? b8 “Ejayel;..

¥p 103

tH }
T

Gl B8 BolchCO

par t diipsim
Si #iad Irate Oémdprav@@w lacpggn 5 B ‘F‘@t
I' S[

1 ple p%po l/

viously described with
waf ers and i nverted and nounted upon

3-

71

and

ceram c substrate 20 with a suitable

o o

se 0
ax

TN

The ceram ¢ sub- hesi ve 68, such as epoxy,

for exanple, has 5 Figure 6.

the second | evel interconnection pattern,
sxanpl e second

printing ele
Cfl wafers
€QUamic sul

hdﬁ@} eklﬁfmms()u Sthk hemfmum(ﬁd facenme 68,

lled 79
(,Ol:g;)“ smtc?e a:hc%ﬁxc ess 3§

5.k euSHcAr PRI A dfOked
bnonss)

m Q}?\QP Ioo'ﬂmﬁ

\ldgg) otﬁ)m

E ur8 5. .ﬁ%
l
enaw bxﬁ‘&powhrcglépxdaxagd i @at

aﬁay\gﬂ" dgﬁbenm‘ tﬁﬁfgﬁ:ze

40 an

JTBY

i

Eﬁhlz

ke elhg Qszd

(l,

aI

yhielg in it dele e St spesds 7ari@

bz}/t way o
Ghpgf the RBSGonduc
gludtat iR a}&p;reopr»lmtxeu PEWNbS conSBered [Hel ﬁaplfmg el ememtcged, res
deapuif, ribe tﬂrmCéM appaass nhein Sendvdd

) iy %%J“%?h

150 vas@e\m WLWLﬂIVglurletrC&iU@CﬂeﬂT’dhﬂ| pgtetd] vien et mhsa up ions tnhle beefaniSc Figure 6. 1

Stsﬁ%d by
thng Next kR
shet w8@s, thhethérmabtre-and sedan cbattcr

‘elements is
interconnect
, eng

h-fé‘ﬂl in F

<cing dLLOl
next step il

cure 6, w
printing cle
isolated fre

S| otsilBéh cart

( may be fimfe iex@pt ejoricalbiihs diogsoval |

8%;@4@!9 g

@(fnlvéﬂuom %didé Q{askﬁrﬁeanunsul at | 4AQ acetic
mhmm in tbd I\altvm Bterii nce, 1 hep surface

M‘—bo AR

gair, for ex

darlllshtd by

mixture of

r\’%lumn) n

line mater
<umcondu

Of mesas is ¢

| i ne laver 60 o

ﬁﬂ)p(bSSLdeb\(Cheld awayr,facmkm[ |Uﬁ: ihbe arqiua{be fbhned rm!huxtasa 1ay mrh b&t wee

con cFrhifie daver 60ni

er“# ’xs "Z’&éﬁ%& ool Rl

*Oﬂ‘h dayidg l&l&ghs‘

bl RS wﬁ%ﬁ

C. d

S of,. Toh ia&Otla Ganb

etch pat Hrben it the artezslaSuarirtnernntMmpu mhde Anoxe;k fow resistivity N+ rcmons

40

45

50

60

65

tion here. The conductivity type of the layer
61 is not critical; the crystalline structure
may also be cither single crystalline or amor-
phous, and should be, perhaps, six or cight
mils or more to facililate handling.

As the next step in the fabrication of the
thermal printing head of this invention, the
structure of Figure 3 is subjected to a lap-
ping and polishing treatment on its lower
face to remove all the original silicon
material except that portion remaining with-
in the mesas 40, 41 and 45, as illustrated in
Figure 4. It is to be noted at this paint, and
as a particular feature of the invention, that
the silicon carbide coating 60 functions as a
substantially continuous “stop” to the lap-
ping and polishing operation, enabling pre-
cision control to be maintained over the
amount of semiconductor material left with-
in the mesa regions. This is important for
a variety of reasons. First, as a consequence
of the various steps preceding the lapping
operation, the silicon slice will bow, pre-
senting a somewhat convex or concave Sur-
fuce to the lapping apparatus. Hence when
the lapping and polishing operations arc
carried out to remove the substrate matertul
from below the mesa regions, a considerable
number of the mesas will be cut through and
destroved.  The silicon carbide layer 60
tends to halt the lapping operation at the

as shown. The diffusion operations utilize
silicon oxide masking as mentioned so that
an oxide layer 65 is formed which acquires a
sicpped  configuration in the final device.
Openings are made in the oxide where con-
tact is necessary, then metal film is de-
posited over the cxide and selectively re-
moved to provide the desired contacts and
interconnections,

It is to be observed that the silicon mesa
45 is masked with the silicon oxide laver 65
during the formaiion of the dioxides and res-
sistors in the various printing clements, This
region provides the spacing between the in-
dividual characters as also observed in
Figures 1 and 2. The second level inter-
connections 30, 3la, and 32q, for example,
are formed over these regions between the
characters rather than over the printing
elements in order to prevent exposure of the
insulation between these leads to the high
temperature thermal transionts  associated
with the thermal printing elements. An in-
sulating Jayer 66 capable of withstanding
high temperatures is formed by conventional
techniques intermediate the first level inter-
connections and the second level intercon-
nections 30z and 305, as shown in Figure 5.

As the final steps in the fabrication of the
thermal print head of the present invention,
the composite structure with the individual
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Laiions utilize 1000 35 tor pair of each clement is positioned away thermal print head may be used to print 100
tioned so that from the surface over which the thermal many forms of information as letters, figures,
“vh acquires a sensitive paper passes, the silicon material symbols, etc. The starting material of the
final device. within the mesas and the silicon carbide semiconductor slice may be either P- -type or
-2 where con- coating 60 providing the protection for these N-type.
i film is de- 105 40 components. The final structure, even with- Various other modifications of the dis- 105
selectively re- out the silicon carbide, will offer consider- closed embodiments, as well as other em-
contacts and able wear resistance, the silicon material it- bodimenis of the invention, may become
self affording substantial protection from the apparent to persons skilled in the art with-
> silicon mesa abrasive action of the thermal sensitive out departing from the invention as de-
wide layer 65 110 45 paper. The presence of the silicon carbide fined by the appended claims. 110
layer 60, however, affords much greater pro-
wents, This tection for both the components and the WHAT WE CLAIM IS: —
‘tween the in- overlying silicon material. In addition, since 1. A thermal print head comprising:—
observcd in the interconnections are also formed away (a) a substrate,
1 level inter- 115 50 from the upper surface, they will be pro- (b) an array of semiconductor mesas
. for example, tected, providing greater reliability. upon one surface of said substrate, 115
: between the The removal of the poly&.rvstalline said mesas being so arranged in said
thg, printing material between cach mesa, resulting in the array that various ones of said mesas
-posure of the .. gaps between each printing clement, p10v1des can be selected to define a form of
5 to the high 12( 35 thermal isolation between each of the prmt- information representation,
tis  associated ing e]emcxm thereby reducing heat “spill- (c) a resistor within each of said mesas, 120
2 An in- overs” into the adjacent elements and keep- and 77 T
withstanding ing the quantity of powder required to heat (d) means for producing current in the
. conventional each clement af a minimum, resistors of selected ones of said
st level inter- 128 90 In addition to the interconnection scheme messas, thereby to heat said selected
~vel intercon- described above, allernate interconncction ones of said mesas. 125
n in Figure 5. schemes may be utilized. One such scm.m, 2. A thermal print head as claimed in
“ication of the is shown in Figure 6. The mesa prmtm" ele-  claim 1 wherein the said form of information
ent invention, 6 ments, with the diode-resistor pairs and the representation is a letier of an alphabet.
the individual 1% 95 silicon carbide layer arc fabricated as pre- 3. A thermal print head as claimed in

|

such as 40 and 41, is produced, the com-
plete structure providing numerous advan-
tages. As seen in Figure 6, the diode-resis-

cribed, any matrix or array of printing cle-
ments is deemed to be within the scope of
the present invention. In addition, the
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cl«;m\md in mixture of hydrofluoric acid (2 parts per
i Ry, are volume), nitric acid (15 parts per volume) strate 20. Since the substrate 20 physically
asking and and acetic acid (5 parts per volume) to the connects the individual mesas, it should be
pe material top surface, whereby all of the polvcrystal- fabricated of a material that provides ade-
sectively. 90 25 line material 61 is etched away, while the quate thermal isolation between the mesas S0
d 63b bro- semiconductor material within the individual while at the same time having sufficient
diodes D,, mesas is protected from the etchant by the thermal conductivity to provide a cooling
regions 64a layer 60 of silicon carbide acting as an etch path for the mesas after the print. An cx-
y with the barrier. ample of one material which inay be used is
s R,and 95 30  As a result of the above described pro- alumina. 95
¢ mesas 40 cess, a matrix of mesa printing clements, Although a 5X5 array has been des-
the diudes such as 40 and 41, is produced, the com- cribed, anv matrix or array of printing cle-
¥ region is plete structure providing numerous advan- ments is decmed to be within the scope of
i+ regions tages. As seen in Figure 6, the dicde-resis- the present invention. In addition, the
‘ions utilize 100" 35 tor pair of cach clement is positioned away thermal print head may be used to print 100
ned so that from the surface over which the thermal many forms of information as letters, figures,
1 acquires a sensitive paper passes, the silicon material symbols, etc. The starting material of the
:nal device. within the mesas and the silicon carbide semiconductor slice may be either P-type or
where con- coating 60 providing the protection for these N-type.
film is de- 105 40 components The final structure, even with- Various other modifications of the dis- 105
lectively re- out the silicon carbide, will offer consider- closed embodiments, as well as other em-
-ontacts and able wear resistance, the silicon material it- bodimenis of the invention, may become
self affording substantial protection from the apparent to persons skilled in the art with-
silicon mesa abrasive action of the thermal sensitive out departing from the invention as de-
ide laver 65 110 45 paper. The presence of the silicon carbide fined by the appended claims. 110
ides and res- layer 60, however, affords much greater pro-
sments. This tection for both the components and the WHAT WE CLAIM 1S:—
~een the in- overlying silicon material. In addition, since 1. A thermal print head comprising:—
observed in the interconnections are also formied away (a) a substrate,
level inter- 115 30 from the upper surface, they will be pro- (b) an array of semiconductor mcsas
for example, tected, providing greater reliability. upon one surface of said substrate, 115
between the The removal of the polvcrysta]lme said mesas being so arranged in said
the printing material between each mesa, resulting in the array that various ones of said mesas
~osure of the .. gaps between each printing e]ement, provides can be selected to define a form of
to the high 12( 33 thermal isolation between each of the print- information representation,
s associated ing elements, thereby reducing heat “spill- (c) a resistor within each of said _mesas, 120
:nts. An in- overs” into the adjacent elements and keep- and )
withstanding ing the quantity of powder required to heat (d) means for producing current in the
conventional each element at a minimum. resistors of selected ones of said
it level inter- 120 80 In addition to the interconnection scheme messas, thereby to heat said selected
vel intercon- described above, alternate interconnection ones of said mesas. 125
1 in Figure 5. schemes may be utilized. One such scheme 2. A thermal print head as claimed in
ication of the is shown in Figure 6. The mesa printing ele-  claim 1 wherein the said form of information
°nt invention, gg ments, with the diode-resistor pairs and the representation is a letter of an aiphabet,
ne individual 13 85 silicon carbide layer arc fabricated as pre- 3. A thermal print head as claimed in

in the material used for the insulating sub-
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sem conduct or mesas. 7. A thermal print head as clained in 12. A
thermal print head as clainmed in 45 claim6 wherein said resistor and
diode are claim 11l wherein the |ayer of wear-resistant formed by

diffusi®én into tthe sem conductor hil@#8 al is silicon carbide.
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material of said mesa. 13. A thermal print head substantially as
20 8. A thermal print head as claimed in described herein with reference to Figures
either claim 6 or claim 7 wherein the resis- 1 to 6, 8 and 9 of the drawings. 50
tors and diodes of the respective mesas are
vertically spaced from the top surfaces of ABEL & IMRAY,
the respective mesas, Chartercd Patent Agents,
25 8. A thermal print head as claimed in Quality House,
any of the preceding claims, wherein the Quality Court,
substrate has a slot opening to an oppo- Chaacery Lane,
site surface of the substrate from said one London, W.C.2.

surface having said semiconductor mesas
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