THERMAL PRI NTI NG SYSTEM The present invention relates to thermal printing
systens, and nore particularly,  to a thermal printing systemi Sﬁ%;yﬁSél
peinting speed is, maxim zed :-by electron- 5 ically controlﬂpﬁg
tepperature of the print elenents in accordance with the varying dot
~pattern being printed. Thermal printers-are w dely used in devices such as:

el ectronic adding machi nes, cash regtstess, and home conputer systens.
Typlbally t hey print alphanunerlc 10 information in dot matrix form on

paper coated with a thernally Pem@iAl VERTRTENG a5YSTEME print head el enents
conpri se thick filmdeposited TEsSrStors THTougm WATCN current is passed in

puISﬁs to heat the thermally sensitive material to a tenperature at which

it changes 15 <color, thereby causing dots to.,b he pa The
speed of printing |nT¥QPR§ nbrFﬂYg?trganﬁ}Fgﬁgbb ﬁg §B§gd §PdkﬁQ§lthe
I ndi vi dual DFI%? %ﬁg”“éh rh$Pﬁd§é£Eicﬁf§glgantgeaheﬁhgﬁdyjﬁ%ﬂﬁﬂﬂﬁ%aIure

above the ther ﬁng hres tenperatture and then 20 “cool ed

bel ow the t her ngfstwamtinoviiiclesprintingpspeedr msdmaxmgtmleel i rethetg:mn-each
dot. In sone environnents, such as a ticket vendln ne f MASS '

transit syst emicallpeneeolilingabhe FS‘“BFB?FHEea Iprﬂ'ﬂ PRt em
SRRt ¥ a4 RAanGe ' ] £h"PhECYa2P1ing" dbkC n%%%%e%@'be%.ﬂé’[%ﬂ%éd)d

of time with hi y an ow1po nsunption. The pr y obj ect
of the present inventTiRérmaltpriheerdcase widetyedsederimldewicds rg.ldysasm

o L B Speet LS 1 220, B ] P S S Bl i 1
.computer systems. Typically they print alphanumeric
10 information in dot matrix form on paper coated with a
thermally sensitive material. Tho print head elements
comprise thick film'deposited resistors through which
| current is passed in pulses to heat the thermally
sensitive material to a temperature at which it changes
15 color, rhereby causing dots to be printed on the paper.
The speed of printing'in a thermal printer is
limited by the speed at which the individual print |
elements in the print head can be heated to a temperature
above the thermal coating threshold temperature and then
20 cooled to below the thermal coaring threshold temperarure
during the printing of each dot,r In some environments,
such as a ticket vending machine for.a mass transit
system, it would be desirable to provide a thermal
. printing system capable of rapldly printing information
25 on tickets over a long perlod of time with high
| rellablllty and low power consumptlon.
The prlmary obJect of the present invention is
to'provide an improved thermal printing system in which
printing spééd is maximized by electronically controlling

30 the temperature of the print elements.



| phanuneric information in dot matrix format consisting of a plurality of
ol ums of dots on stock coated with material having a predetérnined 5 o=

threshol d tenperature at whi-ch it changes col or conprises: a print head o
including a plurality of print eLepents arranged in a row, each print

- el enment adapted to be selectively heated in an anmobunt proportional to tggg-
anplitude of the e | C_CULT flow t = 0 ;. meat
for supporting ar@‘l'%‘f%%ie’&l gé?ﬁ%sgggﬁhgégk’t ﬁerlg‘%lq—rﬂg%@a{d{%%ent to the
print el enyjigamdior ﬁrﬂhﬁf_ﬁfy alphshendiri¢ deforaldtidierienddeul ar .to the
row of . print el enents; control neans for 'receiving conmands representative.
of the for matzixl fexmabfconeissingl pfamupduraliiiforafieokmws et print-ed
and for decpdi ng the_copmands. gnd.storing_dat.a.representatiye of fhe
col ums of % W %'éof#. i ﬁ?@g?gamf% gk rﬁ'@;nglar‘}éﬂﬁnﬁi eqeEeIRIngd: ol
neans for sapuedMéPd! Yefpeshbiira AteRBAlchc Yt ¥Hange Prddlor WoipEis@sd t hen
a zero current to flow 20 through certain of the print elenents which are.
to print da pxintrgeadeipclnding ef pduralimy off qurint salememtsausi ng t he
preheat current to,flow continuously through other print.elenents which are
not to pri MEGRREEHIRNG Fﬂg’pFPﬁ§i§§18F fQTQﬁhlﬁ#%PEﬂ% %?e ®at current
being 25 s | CA t 18N a8 SHRRN : | reqhe t enperature
and the arrlpﬁél]f%%gf%?i?hgégglsﬂt lg‘ura‘rﬁent : beﬁn&%ﬁ%ﬂﬁpt%@rgge t he
t enper at ur eanppLitpdehefit eHeckdpetrigacurtrentt madhdtial fhowetheéree during
the printing of a dot by said preheated elenept. In i{s 30 preferred form
t he sysl%m'%b‘frﬁmgléés BeaRsr fAF supROsting and propelling the stock

past the print head adjacent to the print elements and .

(;%%2- According to this invention, a thermal printing systemfor printing

in a directidn“extending-generally-perpendieulér~td the vl
rbﬁ of print eleménts; dbﬂtrdl means for fecéiving |
commands representativé of the format and text of the

15 alphanumeric'information'to be printed and fdf:decdding
the commands and'storing data representative of the
columns of dots to be printed; and driver means responsive
to the control means for séquentially'causing a preheat
current, a érint current, and then a zero cufrent to flow

20 through gértain of the print elements which are to print
dots during-ﬁhe printing of a colum of dots, and for
causing the_pfeheat current to flow continuouély through
other print eleménts'which are not to print dots during
the printing of said column, the preheat current being

25 sufficient to préheat ah_element to a certain preheat
temperature and the'amplitude of the pfint current being
sufficient to raise ﬁhe temperature of a pfeheétéd
element past the threshold tempéfature during the
printing of a dot by said préheéted element. In its

30 preferred form the system compriées a thermal printer



<
- 2A - nodule and a print circuit. The printer nodule is specially Céz)-
designed so that, it €an be utilized in a nodul ar systeri ncl udi ng

conpati ble feeder/cutter, static diverter, and transport nodul es, - 3-
al{_ supported by a conmon vertical support plate. The printer nodule
includes a plurality of drive roIIerstind pressure rollers.-for propelling a
ticket. through a channel, beneath and 4 Tontact with a print head. The 5
print>™head is pivotally nounted and resiliently biased toward a drive
roller inmediately beneath it so that the ticket will be squeezed between
the drive rol | ppdale and @ ipriidtcadmsuite tiThetprinpeppmbdelet isough t he
nmodul e. A hei ght adjusting nmechapismlimts the'Hg dgmn ar d novenent of
the print headSPGﬁéﬁélﬂhé%ﬁi S rtRAart (bt | ean ¢ Re prkvehzedohlatlt

t her ebet J IS snOl 3 ' tob
rapi 'y mount oAORH LR YR=eEh AR Lom EASTE  Ee g r PLORLES, ' -

various 15 gedtlies divdrtang aaptivensporvsmoddbesopposi te ends of the
drive rollers are journaled in ball bearings nmounted in opposite side

pl ates of the -nodules. The drive rollers are surrounded with sl eeves or

cushions nmade of an elastoneric material that yields when a ticket is 20

propell ed through the ticket channel forned in adjacent



per and |l ower ticket guide plates of the nodule. The guide pl ates have
ertures therein which permt the resilient cushions and. sl eeves of the
“dfi ve roIIers to project therethrough for propelling the tickét. There 25 _«
is also an aperture in the upper ticket guide plate in which the print head
I's hingedly nounted. The underside of the print head has a plurality of
print elements arranged in a row which traverses the path of travel of {he
ticket. The print elenents conprise thick film 30 deposited resistors= -

t hrough which current is passed in -4- pulses to heat the coating of

i b BSRSo6a TBYOh Bnilel VR £AES LOpRBES! ISR, ¢ AREDST FT LS
The prpnuetenrmnﬂm1e51apéudaslpagtnna%htproﬁadrmwarqykiersragdsFﬁe?hby
Con”nialrsggxfﬂée:t&ﬂ) étfaﬁﬁ ) elﬁdé] e%ﬁ@ﬁgﬁ: h’}o%ngajr-i”é’ance""' e.

varyi ot pattern bern be rapidly
propelCbénmﬂlnmpem¢@thhendahnpnqntﬁchnMuth afprlexamaadio Theat the

speed gfihkr eeddICiesp 6£a299" qgﬂé& %tke ﬁlll'efi&e& ganuneri c

i nformation are |nte on t I nformati o |s prlnted i n dot
mat ri xtPYARA Yﬂﬂrﬁ}1§6I&mWQQ%ﬂﬁQﬁw bﬁnéﬁﬁbrIWbﬁﬂ;thékh character

consi Si:ﬁeOftl%@é@E aduyfrbécahu@@w%éiwéaﬁsth&dnw LB PeEr t
S|nultan§ou y print aplurality of l[i1nes of alphanuneric iIn ornatlon t he

first @8R PNk head as F?QyﬁﬁﬂkﬁhebﬁsPiOBPQMQﬁjth#@#ﬂ?he second.
characthe aodfleé. | i Achalghto daFddtiny Me¥hahisnMihfitd henéirst

10 downward movement of the print head toward the adjacent
drive roller to prevent contact therebetween when a
ticket is not present.

The module is adapted to be raoldly mounted on and
detached from the common support plate for the various
15 modules utilizing captive screws. The opposite ends of
the drive rollers are journaled in ball bearings mounted
in opposite side plates of the modules. The drive
rollers are surrounded with sleeves or cushions made of
an elastomeric material that-yields when a ticket is
20 propelled through the ticket channel formed in adjacent
upper and lower ticket guide plates of the module. The
guide plates have apertures therein which permit the
resilient cushions and sleeves of the drive rollers to
project therethrough for propelling the ticket. There
25 is also an aperture in the upper ticket guide'plate in
which the print head is hingedly mounted. The underside
of the pfint head has a plurality of print elements
arranged in a row which traverses the path of travel of
the ticket. The print elements comprise thick £ilm
30 deposited resistors through which current is passed in



' .
col um. of dot.s which is printed may consist of six 20 vertical dots for-(}i&
‘the letter Ain the first line,- one dot for the letter T in the second
I#ne, two dots for the letter Xin the third line, etc. In order to print
rapi,dly, the printer circuit nmaximzes the rate at which the tenperature of
each 25 I ndi vidual print elenent passes the thermal coating threshold
tenpetature. The tinme required to heat the individual elenents to a
tenpérature above the thermal coating threshold tenperature and the tine
required to cool each individual print elenent to a tenperature bel ow 30

the ther malp\yieadd neo thegehehd tc%lﬁieir?é £ @fx?rﬁgtlliy sefidiitiwgd. Heating
time is mnimzed ﬁﬁ%gr Beatl ach Pprint element “to a tenperature just

bel ow t he (ST} hget ket drr Bhuesho 1o dlemrena tire sati ni ni zed
by re”UVln@ﬁiﬁh[ﬂﬁ*&ﬁ&n@ék®bd¥ﬁ¥1fkﬂeféb erEE@ng5dots to g?e printer
e

D B T oee T e e e oL he
formad and text THe thweintpbandreniit i1 osp@éian1yhiaedgeed adye print ed.
The prlnter ocessor, denpdul a the serial .data 10 . commnds and
stores the (?er%%{i‘uﬁ%;rf%dsgé{‘& 1ng éﬁ%er?f;ﬁ?y BTRR EFO L A8 Initiie fraRRR%RFUELS 0
decodes t hefdathe gwirtl ehetmea tisn &dtidﬁdaﬂad Gekh %eaﬂzﬁ&ﬂ% gtfer
i cr opr ocelasteta SEngibiihtedt PHE B . Fheker mue b raptitpu
buffer to Pesqrelidtedti throught rthleemhamam poihverembdules |fopsetsmple
Zf'eﬁgbftvel LS ¥Hd Upd & &EMRRLRLYTS cq{eseaﬁgr O;eéggd',ndh\illdeu%lmloéigie
lines of ‘alphanumeric lnformatlon are prlnted on the
ticket. The information is printed in dot matrix form,
in column by column fashion. In other words, each
character consists of'several vertical columns of dots.

15 In order to simultaneouély print a plurality of lines of
alphanumeric 1nformat10n, the flrst character of each
line is 51multaneously printed, then the second character
of each line and so forth. - By way.of example, .the first
column of dots which is printed may consist of six

20 vertical dots for the letter A in the first line, one dot
for the letter T in the second line, two dots for the
letter X in the third line, etc. ,

In order to print rapidly, the printer circuit
maximizes the raté'at'which the temperature of each

25 individual print elemént passes the thermal coating
threshold temperature. The time required to heat the

" individual elements to a temperature above the thermal
coating threshold témperature'and the time required to
cool each individual print element to a témperature below

30 the thermal coating threshold temperature are both '



&ach individual print element has associated there- with solid state

R%;heat and print drivers. These drivers 20 - are turned on ,and off. so

Dhaj. sequentially a preheat current,-sprint current, and then zero current*
t hrough the corresponding print elenment. The anplitudes of preheat \o

and print currents are selected so that the preheat current heats the print

elenment to a tenperature 25 slightly belowthe thernmal coating threshol d

temperature and the print current heats the print elenent to a tenperatUre

above the thermal coating threshold tenpera- ture. Once all of the serial

"dat a hamihdevizerlei vndabynt;hua@ is pﬁimimizéacruyprgl@wlngteaehses t he
pr eheat current to .- fl ow 't hrough

each of PEH&Te %ﬁﬁﬁﬁ%F tﬁf?eFegﬁeﬁﬁtﬁﬂ% aﬁ?ﬁ P&Pﬂ&wﬁhﬁrﬁf%g%%}unn of dots
conpri sccogtiog |tcmsesho&aaltempersatureachCOblt1hq Mimenlis ymbhiined of

mforrra%;yg?eg“%‘}:ﬁ‘ réﬂéegrgﬁial%eea@ ?ﬁc_). $gchn plr"%tr ?}I%ng%e% of latches,

the con n1crop oCesSs causes a : ‘strobe signal
toSeach of tMhed pcinterTha ricadd N eligdesf at pe':sttremen:‘sci::gmrocaases t he

pr e- he%l%‘ﬂ{ rreégei@% @891%'16;%1%‘\,\/ \i%gma%)ﬁst %r%n{ U oo O ?Erbur”$ﬂ off

and to ha he prTnt currént rough ¥ane el enshnt
preheatp@@naaaonxwhiQBegommamﬁ@Nnepxmgenthahatﬁarmaﬁrnnéléasntgfwhlch

are not 4 h@ngrprﬁaméﬂer 1 itz 181 wﬁ/kgwagfst Py C;#@?téﬁrat ipg of the

strobe si the print current 1S turne for ea e print
el ement prn@ttqs? mwnsocesg@trs dempdulatesr the fagniak dak@ interval

PP§ses dbmmdhds and stores the demodulated data in an input
.buffer. The midroprqcesSor also decodes the data stored
in the input buffer and sets up an output buffer contain-
ing character data to be printed on the ticket. The '
microprocessor causes the character'data_contained in the
15 output buffer to be printed on the ticket, using software
‘timing loops to selectively control the temperature of
each of the individual print elements.

Each. individual print element has associated there-
- with solid state preheat and print drivers. These drivers
20 are turned on and off so that seQuentially a preheat
current, a print current, and then zero current flows
through the corresponding print element. The amplitudes
of preheat and print currents are selected so that the
preheat current heats the print element to a temperature
25 slightly'bélow the thermal coating threshold temperature
and the print current heats the print element to a
temperature above the thermal coatinq.threshold tempera-
ture. : . _
Once all of the serial data has been received by the
30 printér microérocessor; it causes the prehéat current to



.ﬁhich,zero current is supplied to the elenents that just printed dots. (:EE;J
~This permts themto rapidly cool to a tenperature below the thermal

goating threshold tempera- ture. The trailing edge of the strobe signal
causes the 20 preheat current.to once again flow through the print
eMnents which just printed dots so that ‘once again all. of the print

el ements have a preheat current flow ng therethrough. This cycle repeats
itsekf for each vertical colum of dots which is printed. 25 Upon
the conclusion of the printing of all of the al phanuneric i nfor mation on

the tickete)boeRELRLE ealdipbs eHbORLHERLI. P, 2y ChaoRgs! i C routine

to nmake sure that no e print enents is hi's routine
entails sedabat farl yrpmxm & ee bymnt pfodetr ssEomprbeingf peREiensSnent s of

the print Yeadnapdciis 2% dcn of OfRe' ;Imf rd13 5P 5E i?ﬁ e¥obage devel oped

across a current sensing resistor. nter circult further includes a
timng mechafPsHRRAPSN teohe (ﬁ%llﬁ%dsbﬁéb@e@ngrﬁdq%re@pm ghelgralsit¥ati on

of agredeser rhpeteki, mrﬂéﬁwﬂ@oﬁfﬁerb%da@s& ré’él?séé deafmu1khe tiner

automatically turns of f t he preheat current to each t he_print el enents.

Thus, the B}?ﬁﬁFttﬂa§%ﬁ4u§nﬁﬁ§ﬂ%md§99ﬁéﬁeFcb&@ﬁhﬂﬂfcﬁP%n%PFCPﬁ§°next
printing omeéaneaam@ leddee geréRs NEdrobd s;gnaﬁhe:aﬁ%gttaa piclel- now be

descri bed Rga%agurreexa@%éaggég éféﬁé%@ciﬂ§%§r¥§ égvépgnt a mthh
to be turned off and to have the print current flow _

10 through the . same element. The preheat current continues
to flow through the other print elements which are not
to print dots for this column. Midway through the
duration of the strobe signal, the print current is
turned off for each of the print element that printed

15 dots. Thereafter, a'further time interval passes during

e which zero current is supplied to the elements that just
printed dots. This pérmits them to rapidly cool to a
temperature below the thermal coating threshold tempera-
ture. The trailing edge of the strobe signal causes the

20 preheat current to once again flow through the print
elements which just printed dots so that once again all
of the pfint elements have a preheat current flowing _
therethrough. This cycle repeats itself for each vertical
column of dots which is printed. '

25 - Upon the conclusion of the printing of all of the
alphanumeric information on the ticket, the printer
circuit automatically performs a diagnostic routine to
make sure that none of the print elements is defective.
This routine entails sequentially passing current through

30 each of the elements of the print head and utilizing a



hermal printing systemof the present invention nay be utilized; Figure 2
s a perspective view of the thermal=3-printer nmodule which forms a part of «
the thermal printing systemof the present invention; Figure 3 is a top
‘plan view of the thermal printer nodule; Figure 4 is a sectional. view of
the thermal printer 10 modul e t aken along line 4-4 of Figure 3; Figure 57is
~a sectional view of the thermal printer nodule taken along line 5-5 of 5o
Figure 4;" Figure 6 is a partial sectional view of the thermal printer '
modul e bwmaazﬂtm@ tOnse@s@<ﬁh¢agmltage developed ARECFSi 3 a sinplified
vi ew of éﬁ'@e Lshd rtet?:ié mal print head of the thermal -printer
nodul e; Fi'gure 8 Is a ectlona vi ew of- the thernal print head taken al ong
line 8-8 of Fhererinterg@icanits furtheri damlusiesia ct8BiBm of the printer

20 ci rcmécmwmfamehaxﬂzﬁ{it&ésteﬁet Qe&we HidHd 19, SYepen ehet he present
invention; Figure 10 _is an i]lustratiqQn of the organlzatjﬁp for

pr|nﬁln@ﬂRﬁﬁa%hﬁPaEFePsHq?éﬁﬁﬁﬁmﬁﬁﬁﬁl%lmﬁulq&Q¢V§%eafFEFn§ i nting

system qaéﬂ‘%@f@ﬁé”%l‘g’ﬂ&”}'ﬂﬁb tider aut@nﬁﬁﬁéﬂlystﬁrﬁﬁh@ﬂﬁl c diagram
illustrating ong rou 0 he conb ation _preheat. ang ﬁ t drivers of the
circuit ¥ |Eﬁ%h %ﬁﬁ%? .to h pf, print elemenhsic di agr am of

the currmiis, the c1rcu1t has minimum standby power consumotlon
until the next prlntlng operation is to be performed

10 The invention will now be described by way of example

<:E§bgure 1is asinplified view of a ticket vending machine in which the )

w1th reference to the drawings, in whlc $=



sensing portion of the circuit of Figure 9 which is utilized to carry OUtJZE%%;

t he print head djagnestic operation; and 5 Figure 13 illustrates th
mahner in which the printer circuit of Figure 9 controls the power supplied
to_the print el enents in accordance with varying dot pattern being
printed. Referring to Figure 1, there is illustrated therein in 10
si.mplified forman automatic tlcket vendi-ng nmachine 10 in which the t her mal
pri nTYng system of the present invention may be utilized. Mass transit
'systenms now use tickets that are coded for fare collection for a nunber of
trips. Thus, nultiple fare paynents for rides on trains, subways, busses 15
or the like may be handl ed by the purchase of one ticket froma device such

-as the vending machi ne 10,illustrate . ure 1. _This_ avoids the
necessity of indi VixEPEE mbnd§ End qr%{]’r%‘#ug%?&"f(ﬁ% i theketn venging educes

r obbery probhnn:h,:.rmﬂdimaehtchl theddtmmmd Drp :Simlhmé ﬂé@é@éﬂgoai ltlhe'ZhOWDVllgg
assengers o ances e the vendi ng machi ne
Chgure 1) aBEesalt AsivdnclfR Al BENEEN Y, X

(Figure 1) does no rn1pa fVention, its operation wll
be briefly descri E‘eebume c%nmsyaaperraimcsumailmmfof h*ehéyphe@inaﬂﬂvu ron-

e uti 11 72d P2 intel S WL CHD SRS, gt DR ERF nErePrade PRABEAES
i s advanced 5y§meon@ﬁ)ftmeppassn¢r invendttiotpck rolls 14 into a
Thi s ti oket 1s ad‘v“al%@%t“%e%ﬁe%.gﬁ’?rﬁ?%ﬁ*gﬁ” i S e ERRL, BEARE s 50
whi ch recei vB®9d%l@3al s froma printer-circuit later descrlbed
Figure 4 is a sectional view of the thermal prlnter
10 module taken along line 4-4 of Figure 3; _
- Figure 5'is a sect10na1 view of the thermal prirnter
module taken along line 5-5 of Figure 4,
. Figure 6 is a partial sectional view of the thermal
printer module taken along line 6-6 of Figure 4;
15 . Figure 7 is a simplified view cf the underside of the
thermal print head of the thermal printer module,
Figure 8 is a sectional view of the thermal print
head taken along line 8-8 of Figure 7; |
F;gure 9 is a functlonal block dlagram of the printer
20 circuit which forms a part of the thermal printing system
of the present invention;
_ Figure 10 is an ;11ustration of the ROM organization_
for printing four characters in a 7x5 matrix font with the
~ thermal printing system of the presént ihVention;
25 Figure 11 is a schematic'diagram illustrating one group of
the combination'preheat and print drivers of the circuit
depicted in Figure 9; i



10- so that al phanunmeric information can be printed onto the. coating of
ermal 'y sensitive material on the ticket. The thermal printer nodule 18
nd the printer circuit hereinafter dgscribed conprise the thermal printinge
system of the present invention.” The ticket next passes to the rightyy
through a static diverter nodule 20 into a high speed ticket transport '
nmodul e 22. The ticket has a strip of magnetic material thereon so that -~ -
binary info- Fi@iFe@N 2 epseaenthemaeief diagranof the cutetentni nation 10’
and col l ection can be encoded onto and read fromthe tjicket. As the ticket

passes tseraigrg tper bbomeef ctheardpsnd trodulFd ure ihrdiieh i bh represenLative
f | ative f . _paid fart t he s pat ' - i
20 | o itk ired] 65 oRbhg 08k, Sheh BT, MR Ak A gL fen e ne

magneti ggldy encoded onto the ticket passes a verification step, the ticket
I's dispensed to the right through an exit bezel 24 to the patron. If the
i nf orSmat i on rBggurecds ildmstieatesat shehaarninsketin aivhic_:hh'ehez’a’rgrrimr on
step, t | t oS pd L ' t a LU Ot ] at i hverter 20
nodul e %ééﬁﬁemﬂfcﬁqﬁ“\fgﬁ %&Egrv\?%r c*rf’% far?t%% %‘lsﬁ‘ﬁ%g%a t% %h\nég defective
ti cket s Podnt nalemepss s accerdangs widh therawapyingedotogatders (Fi gure
1) al ph i grintegration is printed thereon in dot matrix formin
col um- by-col um fashion to provide 25 the patron with visual indication
of the type of ticket, the route, the expiration date, frequency of
passage, totaReférdingeitds Fijurxalpl ehelrde iid CKEIugBY akave tHadml | in
prlntﬁg Lh%%fgg.tae follown Lnfognathn on consegutive lines: 30 _
"Vi ctor ST 46PN S5 anahtomaric ticket vending machine 10 in

which the thermal printing system of the present invention

may be utilized. Mass transit systems now use tickets that:

are coded for fare dollectidh for a number of trips. Thus,

multiple fare=payments'for :idéS'on trains, subways, busses
15 or the like may be handled by'the purchase of.one_tiéket
from a device such as the vending machine 10 illﬁst:ated in
Figure 1. This avoids the.neéeSSity of individual money
and coin transactions with each ride, redﬁces fobbery
problems, and eases time delays for such tranéactions'in
20 moving passengers bnto and off of ﬁhe conveyaﬁées.

While the vending machine 10 (Figure 1) does not form
part of the present invention, its operétion wili be briefly
described to convey an understanding of the type of environ- -

‘ment in which the thermal prihting system of the present
25 invention may be utiliied to great advantage. In this.
vending machine,.tidket stock 12 is advénced from.one of the
pair of ticket stock rolls 14 iﬁto'a'feedgr/cutté:'module 16
where a shear cuts off a1£icket from the stock. This ﬁicket
is advanced to the right through a thermal printer module 18
30 which receives signals from a printer circuit later deséribed



+. ® .
JPrivi:lege Child"; Wekly until 15 July 1980"; "F20.75"; etc. In order for(:gzy
.the vendi ng machine .10 (Flgure 1) to be capable of rapidly dispensing -
td ckets to successive 5 patrons, the_ #phanunerlc i nformation nust be
thermally printed on the ticket at very gh speed. In the preferred

odi nent of the system the ticket passes through the printer. nodule at a
speed. of three inches per second. Since the vending nachine 10 operates
ovei~a | ong period of tinme, 10 it is desirable that the thermal printing
system i ncorporated therein consune.a mni num anount of: pomer inits

standby nodg, ¢R edgugha uﬂ'ﬁa cth.g{{@ém&iah' nssb%t %?l'ﬂgé oN€8dLA

machi ne 10 nust. have relia since t he nacﬁlne can
result in pa%%bhgerOFaﬁﬁeamaﬂiy:§§n51 %ﬁ?lmﬁtefﬂﬂi%ﬁnnﬁhe|¥1¢be§e5|rable

~to have a sghé- éhagﬂas.t beﬁ%@w%adwrperahadth@ Q:rt éﬁ%{@éupﬁl nting

systemin the ven machi ne so,.that defects in ermal printing
system can Qﬁ??bﬁ?ﬁFgrdéﬁéFﬁﬁhﬁﬁzﬁﬂFRﬁbﬁ@hFhﬁoﬁﬂﬁ?mﬁ¥eﬂﬁ#ﬁﬁ#%ﬂ

approfgiates meeaneaep@r&@mﬂi irfPegKpbal. Nnedh@ g et ndxt| Fabsesafter,
t hese capabj es arﬁ %E%_eveq_ta#/ the {herpal  print |Cﬁg'}ln%s£ m of t.he s
present |nvg%t? & It udver et %r%ﬂ?%ranndule
18 (Figure High J;ﬂ:ebd d&e&eﬂaeﬁ:a‘nspdrtamddhh@r e&‘te@ﬁ&etmk@tehael BCui t

and it i be.d b |, Print
Vodul o Rel GFETHG ©F BRGORELS. MARFAIRS pReFRPR: 5P HAK ST RCHIGEE o pai

of verti calma’diaopl aepsegénamt:z& vdnf cindieilielad |ﬁﬁ)&@bmmatmonal | el
Lel aty, nshlé)?‘ﬁy gfg %%rﬁn%ct ‘%‘3 a 8 Q an eré{ ure 4 to forma
ousiTig for 6?%% R sOBFCt F&% u A pair
of upper and1¢bebn As the ticket passes through the magnetic transport
L module 22, information representative of cumulative fares . ..
- paid for by the patron operating the vending machine 10 is
magnetically encoded onto the ticket. If the information
15 magnetically encoded onto the ticket passes a verification
step, the ticket is dispensed to the right through an exit
bezel 24 to the patron. If the information magnetically
~encoded onto the ticket fails the verification step, the
ticket is driven to the left, back into the static diverter
20 = module 20 from which it exits downwardly into a bin con-
taining defective tickets. _ | |
As the ticket passes through the thermal printer module
18 (Figure 1) alphanumeric information is printed thereon
_ in dot matrix form in column-by-column fashion to provide
25 the patron with visual indication of the tYpe of tickét, the
route, the expiration date, frequency of passage, total
value, etc. For: example; theiticket may have thermélly
prlnted thereon the follow1ng lnformatlon on consecutive
_ lines: ' '
30 : ' "Victoria to Paddington"; Via Oxfbfd Cirg¢cus";



£ 12- horizontal ticket guide plates 34 and 36 are cl anped together and
\ Wiounted to the upper edges of the side plates 26 and 28 ¢Figure 2). The

ower guide plate 36 has a |ongitudisaalky extending channel .38 (Figure 5) 5+
fornmed therein which forns a track through which the ticket is propelled \
during the printing operation. The preferred enbodi nent of the printer
modul e i's adapted for accepting credit card size tickets. Ticket thickngs
may vary from .007 inches to .020 10 inches. Ticket may be made of =
paper or plastic coated with a suitable thermally sensitive material. The

ti ckets ‘may "@rsivibegeaCitirlid) orWéeklpauntidadSetdul el 2808k on one side to
enabl e t he ”ﬁﬂﬂftigu?n%@@ ng of information thereon. 15 The ti cket

is propelled through’thie tthermal printer nodule 18 by a ticket drive roller
40 (Figure 9n sirdée Eorr Al wind hngnodghénand by(Riguxéel) deovberol ler 42 -

it ' A : e . | .JLive Il 42
o pos CRESHLF (Y LoptBly SLPRRigoeiBRLE HinladEosith Vhoid e s
b8st sPatuansy g&h@saépamumenm ippermetda mpsticopl ther®allys a | arge

rect angidli3it AP Y UERe 48 ikt SatBile sy HQghi QpecH® BelEngUbeerehaRed print
head 44 is npunted wthin the aperture 46_of "the upper guide plate 34,
utiliziempodimant RLpEPet SHiSkeme tRe tickpfupesseareha9ughThBeprint - head
i's nor plilnt drRinddh D8dakN d Ispdid | 38NEALeBOINOHYE PFWMNsbBohAgUr €k t hat
a ticket that is propelled through the channel qr track 38 (F%gune 4) will
"be squé@?@dﬁﬁﬂ%ﬁ%ﬁmPﬁEHmﬁ\kPrQP¢¥#t§2 over .a long period of time,

10 it.is.desirable that the thermal printing system incorporated
therein consume a minimum amount 6f'power.in its standby
mode. In addition}_the thermal ﬁrinting'system in the
vending machine 10 must have a high reliability since down
time of the machine can result in passenger jams at the

15 station. Therefore, it is desirable to have a self-diagnostic
feature inéorporated_into.the thermal printing system in the
vending machine so that defects in the thermal printing’
system can be rapidly determined-and'brought to the attention
of appropriate maintenance personnel. As explained more

20 fully hereafter, these capabilities are achieved by the
thermal printing system of the present invention. The
mechanical structure of the thermal printer module 18
(Figﬁre 1) will be described first, and thereafter the

: printer circuit and its operation will be described.
25 1. The Thermal Printer Module o
Referring to Figure 2, the thermal prihter module 18

includes a pair of vertical side plates 26 and 28 which are

held in spaced apart parallel relationship by a pair of connect-

ing bars 30 and 32 (Figure 4) to form a housing for the operative
30 components of the printer module. A pair of upper and lower



L . .
and the underside of the print head 44. In this node, the 30 under si d
of the print head 44.is in direct contact with -13- the coating of
thermal |y sensitive materidl on the upggg side of the ticket. As the
thgbet noves to the right in Figure 4, b %eath the print head, the

i ndi vi dual print. elenents on the print head are selectively heated and 5
cool ed so that al phanunerical information is printed on. the ticket in dot
mat r™ format. The print head 44 may be raised to the position shown in
phantomlines in Figure 4 to facilitate adjustnments in alignment and

periodic | [ d,af ' | 1\ ad_ %0 [ ‘'om t he
pi vot pi nglb% d;g;aa1 p%lbcr?k%? g&%gtgr?%%ﬂa%egES%némi3gh %%F%ﬁlcf[“&r%im opposite
si des of peigatheadrnd novnkedntd fhe woperaedges adj ddealsisdereans for -

resi st ent iAS| e Pai nk ik Wnwapgld Yy pPLOMisde cifically, a
pair of cg%ta?\fszﬁeﬁ@;igg E?‘Sgr%g%@ha\\c?%a%légggzg@i\% %}15%2@ ext end
t hr ough hdedds & rgitydipadd vorxtiandingorhanngdges sFignre thhr side

of .. ghe Pffb&ﬁnefaeafhé'ﬁeiﬂ'hﬁhEBheff_@Q(i'ndoq-Féﬁé'ék5gﬁr8ﬁng§1h‘%ar&%9£ié’}?é's_cr_eWS are.
screwed into.threaded holii i,n _either side of the upper ticket guide plate
34. The diF3f¥Sh 6t RIRPEOIES ANTHRS RYipFiRgeSPSFAtiani ghtly 20

| arger than thahl 3ms Bérpédt babskddmen ©28f othkhpraarledry encdi®s so that
Eﬂe suppo&t f%a%ﬂfs can freegé slid%:be enat e uppe&é% i de plate 34 and
e heads *52896P 1% T2t REESRELAT . thgSas2 Sd@fo shanks 52a of
the capti Tdcketewh ixkhess payi viaayed durh Wee07t hacheadxdb2020 the screws
o7 a0 o SRR SRR chaby e OB o RERR 8% R LgRT ™ 1Y

) with a suitable thermally sensitive material. The
tickets may also have a strip or facing of magnetic
material on one side to enable the magnetic encoding
of information thereon.

15 The ticket is propelled through the thermal printer
module 18 by a ticket drive roller 40 (Figure 5) at the
entrance of the module and by a ticket drive roller 42
positioned midway of the length of the module. The ticket
drive roller 42 is positioned directly beneafh a hingedly

20 mounted print head 44. As best seen in Figures 3 and 4,
the upper ticket guide plate 34 has a large rectangular
aperture 46 in its medial portion. The rectangular shaped

-print head 44 is mounted within the aperture 46 of the |
upper guide plate 34, utilizing a'pair of pivot pins 48

25 . (Figures 3 and 4). The print head is normally maintained
in its horizontal position shown in Eigurezz so that a
ticket that is propelled through the channel or track 38
(Figure 4) will be,squeezed-between the drive roller 42
and the underside of the print head 44. 1In this mode, the

30 underside of the print head 44 is in direct contact with



' [ |ler 42. Wen a ticket is propel  ed between the drive roller 42

Z ?Lgvgr{gt.head 44, the print head 44 can pivot slight]y upmard by X
npressing the springs 54 somewhat 303- to provide enough p{earance Q. s

all ow the ticket' t,o pass -14- through. Thus if a credit card OL sgngah

ot her foreign object is forced through the channel 38, the pr;nt ea n

pi vot away to reduce the Iikelihood of damage thereto. Also if a e Z

conventional ticket should become crunpled or misaligned in 5 A g.

channel, the print head can |ikew se swing away. As best seen in Fig :

40 TRy CONOT LS gt L Sha g gt & e peet e e P BE T L o

T Y o g Rl e g e + raer b b he
T s pamaL e s o o pobnile WedPobhed iR DUANGY KRLRE P00t
por 1 onBenehedI®h Hna ring"Head Susesbechanelyr heandd abid ol ast orer i o
ot telr apooled SoslWete ylphdnumerddd kel résmeEeBs! 1§0 rpﬁ%?%ﬁé f etnhtéhe
drive rgﬁéegiégé@u%é;gégiﬁgkahea 44,  The upper- nost po .

FvEFTIat%er 42 extends through a rectangul ar
S:ogf: ure. gﬁlbgieé&rim head 6} mayt he md e des! BhBOBOS: Bin LdKouguer
ticket gui gﬁaglzaihﬁ 155%5% ggne:ﬂg@%? 433;{‘1.(1 e@%"‘g{ gtaF% S ma o 3.y
Eg\?va?ge%ilgéng9§ P89 @eriod icenleaminmnot h TRESaga 6f e WOkl Mas§ the
aioer t Ureppds Yrehapesh Vﬂi@ Eﬁéﬁi Bibes 4 &33453@ é ilrsosfe%lxj:rp%%rtto tglh;ngugsper'
side(ﬁsg Shiggwg;%éﬂé égom gpgo;gt;1;;des-of'print head as shown
in Figure 2, 3 and 6. Adjustable means for resistently
biasing the print head downwardly are Provided. Specifically,
a pair of captive screws 52 (Figure 6) have shanks 52a, which
15 extend through holes-iﬁ respective ones of the.sdpport
flanges 50 on either side of the orint head 44. The threaded
portions 52b of the captive screws are screwed into threaded
holes in either side of the upper ticket guide plate 34. The -
diameter of the holes in the support flanges 50 is slightly
20 larger than the diameter of the shanks 52a of the captivé
screws so that the support flanges can freely slide between
the upper guide Plate 34 and the heads 52c¢c of the captive
screws. Springs 54 surround the shanks 52a of the captive
screws and are positioned between the hgads 52c of the screws
25 and the upper_side.of the support-flanges.sb. The springs.
normally bias the print head.downwardly closely adjacent to
the drive roller 42. When a ticket is propelled between the
drive roller'42 and the print head 44, the print head 44 can
pivot slightly upward -by compressing the springs 54 somewhat
30 to provide enough clearance to allow the ticket to pass



_55 screw 72 is threadedly engaged in a hole extending vertically throug%zggl
_a tongue 73 extending forwardly fromthe mddle of the yoke 70. The | ower

gnd of the screw 72 buts against the upper side of the upper ticket guide
ptate 34 as shown in Figure 4, just forwed of the aperture 46 containing

t f& 30 print head 44. The screw 72 may be turned to adjust the - 15-
hei ght of the.print head relative to the drive roller 42. Preferably the
pri i head is prevented fromcontacting the drive roller 42 by proper

adj ustment of the screw 72. A pair of rectangul ar-shaped receses 74
(Figures 2_and 6) 5 are,tornmed i.n either side of the u rticket, gui de
D ate 54 1 5REPuEh i AP Thel EopoBreatiEn AARd S3F | SOPB, hEnethE Gra 1em i

to be | owedied forcad WHyohohi £hat ehaposil i 3, thenpedataheadOvarsipivabte
print head_i: del nber, 01127:5GL,. 10. _.-80021D uf act ured oy, GQuLton
‘Industries® %32?‘dﬁ%gh@ﬁvﬁg?sg§Fegﬁhﬁé§lﬁﬁtééh%?ggg§e5F%fhﬁr?%%%D . h%
construct i conyentiicnaly peicket hshorlldhetorhe acruspil eRushr atiesshliigned in -
sinplified r i@VE! ur 7 8 - i i 44 . jessan upper
heat %ink B&%tggﬁ _#%ﬁ%ﬁ#ép§$g%a gégmﬁéga?ikgﬁgggréﬁF%'1$%§§éupstrgte
(not visible inAshdetavsees) insFablineed i cthdeduhver sicdd eaf 4hevinech $Enk
portion .75 3 Rl 't§h¢§ t Qe SHYN, A$nehaRLYM4 4 | Sofb PYEES
7 and 8) anéﬁoﬁhe ‘%n t édﬁ%ggggiggﬁb gﬁe cer n?g su%strate Eé depd%?t%ng

a layer of acogfal shef: c¥6 nhavhagsand.arger cdbagaten medizl pprtion a
ey e PR B L ELEpofasit areey Bndonen . iy
intol@ pl uPgritdpngs qf drhe shaft are journaled in ball bearings 58
secured in aligned holes 60 in corresponding ones of the
-Side~Platesm26mandmZBJM“Surroundingmthe medial portidn S6a. .- .
of the shaft 56 is a sleeve 62 made of a suitable elastomeric
material. This sleeve yields as a ticket is pfopelled | _
15 between the drive roller 42 and the print head 44. The upper-
most portion of the elastomeric sleeve 62 of the drive
.roller 42 extends through'a rectangﬁlar aperture 64 (Figufes
4 and 6) in the intermediate poftion of the lower ticket
guide plate 36. The rearward and forward edges 66 and 68 of
20 the aperture 64 in the lower ticket guide plate are beveled
downwardly toward the drive :6ller 42 to ensure smooth
passage of the ticket past the aperture. _ _
A U-shaped yoke 70 (Figures 2, 3 and 4) is secured to
the upper side of the forward end of the print head 44. A
25 screw 72 is threadedly engaged in a hole extending Veftically
through a tongue 73 extending-forwérdly from the middle of
the yoke 70. The lower end of the screw 72 buts against
the upper side of the upper ticket guide plate 34_as-shown
in Figure 4, just forward of the aperture 46 containing the
30 print head 44. The screw 72 may be turned to adjust the



\ddual print elements 78. Current nmay be passed through individual ones of
e print elenents 78 via the conductors 25 76 to cause dots to be
inted onto the thermally sensitive material on top of the ticket at given.
" Tocations directly beneath the particul ar print elements. It will be
understood that for sinplicity, in Figure 7 only a few of the conductors 76

have been schematically 30 represented and the manner in which they are -
i nterconnected -16- to the bar 77 of resistive material has not beens’
illustrated in detail. Current is supplied to selected ones of the

. conduct SgH® &ﬂrenahp&MﬂeréaayrefLaw@Iewwaﬂhdw d£sveoppeqleed 4nereto,
_the W re el ped in | e_fl at buses_ 79 and 80 Flgures 2 and
Tﬁé%&%@% ld?%a’&%ﬂﬂeéﬁear@a%%oﬁmm%tas g e

under sidiei v fdsualérl m2t8 Hlﬁ%ftdﬁefhéﬁ%htth%iﬁﬁcdf veaeggagat«fedzapegz utrjesS 83}(.
and 82 Fgurges_3 jacen ward an orward edge

t he pr| ﬁ ﬁ rﬁg P?)@Taren%xgea%? tﬁscﬁﬁgése’% ygpes QTW% )connect ed
t8 the apre nfarmedr dni & iddsnr |$)iadehefeaht=.emlﬁmhtf>d:mtrgﬁuaél bﬂdﬁmt L O![ﬁ

t he tenper Lh,nt elements in acg ce e
varyi ngpﬁ ft% ’te?‘g?ﬁ{’ dngqg"perl N gﬁgrt & 1PRGSH t‘br??ﬁ'mégeﬁgﬁt PADYFigure

~7) ext dwhad n441 tonber lowexmedictosa fhdlyatomifzchttal posielionf, tife ticket
and tku&g&%] meric information is printed.on the ticket in colum by
I on

col um S will "be explained in greater detail hereafter. The
rearward edd¥e osuiteblgp@rimt headr isi ModtelyNutebet 2023234581 36 are

hgvel ez qnsﬂgfag éreeegos«gt¢uf£¥na§na%sm%@%a9t§a9%eN‘é»}_0 gui de

the ticket
Jersey, in the United States of America. The construction

_ofithis type of thermal priht.head is illustrated in simplified
form in Figures 7 and 8. The print head 44 includes an upper
heat sink portion 75 (Figure 8) made of metal. A ceramic

15 substrate (not visible in the drawings) is affixed to the
underside of the heat sink portion 75. A plurallty of _
' conductors 76 (shown as phantom lines in Figures 7 and 8) are

formed on the underside of the ceramic substrate by depositing
a layer of cepper and etching the same. 2An elongated bar 77
20  of a material having suitable electrical resistance is
deposited on the underside of the ceramic substrate. The
conductors 76 divide the bar 77 into a plurality of indi-
vidual print elements 78. Current may be passed through
individual ones of the print-elements 78 via the conductors
25 76 to cause dots to be printed onto the thermally sensitive
materiel on top of the ticket at given locations directly
- beneath the particular'print elements.
It will be understood that for simplicity, in Figure 7
-only a2 few of the conductors 76 have been schematically
30 represented and the manner in which they are interconnected



nDduIe 16 (Figure 1) into the printer nodule 18. The rear ticket drive <§é//
‘roller.40 (Figure 5) includes a central netal shaft 84 which is
formed with a palr of- spaced apart |arger_ dianeter portions 84a and a pair
of stub portions ‘25 °~ 84b and 84c at ohH%S|te ends thereof. The stub
: pbrilons 84b and 84c are journaled in ball bearings 86 nDunted I n
corregspondi ng holes 87 formed in the side plates 26 and 28. Annul ar
cuskicons 88 made o.f a suitable elastoneric matertal surround each of the
portions 84a of the shaft of the drive 30 roller 40. The upper portions
of each of th

hi o extend throu di sl ot
(Figures 4%8n h@ | ﬂilj ?h Fﬁ@érs V\ﬁar"lf"p%?%?g ﬁg;pggg %%\ﬁé" O‘t]rslc‘k%'frﬁﬁ?ﬁe
pl gtle 3?8 ]:{huﬁe&&zl.?.e tCekeenentier sdutﬂpql itédiC'lkol ggembaaaal &&e@fh dmethﬁf\l ht er
nmodul e ro e fe utter nodule 5 . t .en the annul ar>
cushi ons 8§ 8%?@?5‘8??@% "‘E:ra t%‘?ghl‘iﬁﬁjéﬁg%%taa‘e WitgRt
formardgy coanelcted gtHeratéj gthe firk pdeimd @reepaaelmomargESEﬁéﬁlgures
2, 3 and 4) are t ted t di
and | 8ar ohrERs do o 80 SRYGTREY & ARucEl oo RRST hEd R P! %%
t he upper bpmhecu;d(kpptheecendasﬂmﬂﬂ E@emnlhhélguders4déﬂufrthawprdnt
ortion of gt
Poertures. BEakf Khog&fft cAybERl M Gibhddted BBLE LR 82 i ons
15 of tHKEignresurd and| &) sfozmed: @rﬂjaxsezshovheu reRryaxd 4nd Therwapdor t
bracket andaldl oFUHY 3224E80heSR .04 7if?i dERLL Vehlas oENErl SidUe 19! bRES

downwar dl'y adal nst correspon ones of the annular cushions 88 of
rearWird défvérepiqannasted SRokhe PrHMier Girquis @ﬁéﬁr&hQQ:HEQr%§§%§

fromthe yhich electronically controls the temperature of the indi-
vidual print elements ihuaccordance.withwthe“vanying.dotw-GL--wn.-
pattern being printéd. The individual print elements 78
(Figure 7) extend in a linear array across the path of
15 travel of the ticket and thus alphanumeric-information is
printed on the ticket in column by column fashion as will
‘be explained in greater detail hereafter. '
The rearward edges of the upper and lower ticket guide
plates 34 and 36 are beveled at 34a and 36a, respectively as
20 shown in Figure 4 to guide the ticket from the feeder/cutte#
module 16 (Figure 1) into the printer module 18. The rear |
- ticket drive roller 40 (Figure S) - includes a central
metal shaft 84 which is formed with a pair of spaced apart
Iarger diameter portions 84a and a-pair'of stub portions
25 84b and 84c at opposite ends thereof. The stub portiohs
84b and 84c are journéled'in ball bearings 86 mounted in
cdrresponding holes 87 formed in the side plates 26 and 28.
Annular cushions 88 made of a suitable elastomeric material
surround each of the portions 84a of the shaft of the drive
30 roller 40. The upper portions of each of the cushions 88



VY . feeder/cutter nmodule 16 (Figure 1) into the printer nodule 18, the
Qkcket is squeezed between the rear drive roller 40 and the pressure
gl lers 92, the drive roller 40 propelling the ticket forwardly to the e

right in Figure 4. A reversible AC mell@r 98 (Figures 2 and 4) is nounted 25;
to the | owernost portion of the side plate 26. The shaft 100 of the notor
98 has a toothed drive pulled 102 -rigidly nmounted thereon. Simlarly, as-
shown in Figures 2, 5 and 6, the stub portions 56b and 84b of the'drive\¢f
rollers 42 and 40 have toothed drive pulleys 104 and 106 rigidly nounted 30.
thereon. A toothed timng belt- 108 (Figure 2) is entrained - 18- about .
the dri "X45RRG yRrawgh ¢orrgsporsting shatst A btiguress chmardnddt aneous! y

drive badym¥d tiye thekebadtiard rgdt€i6n48raRtletd i Na Sade ghggetion. It
at the outer di aprlriét er l(‘)f t he gl eg\l‘;% 62‘% Fi gurgh%?gof the

ill b ot.ed ]
\(Ijmr i ve E Prla.tﬁol# gr MY gash Ut Ckp neRERT §f thee thaak 2T cchanpad 88

(Figure3® of tle pirineeromodul4) ¥8 ef eeathandelle rJfduie Pl heds1404 and
10 arelkdentical Thus ti_cket, entering the éhernal printer. mpdul e will
r

begdriven%ﬂlﬁtﬁ?%%ﬁ%ssB§8d?qﬁﬁ#ﬁﬁ FushEPRRy 88r Ofe &R 3T VaTdhot h t he
drive rdidismes rifl 1€ 40awti¢h pdobdéhethectecked FHREIED), Ofot BReSYStEM’

the tickat .i.s s d under, the print head at a speed of three inches per
. second.ggﬁptdégfﬁﬁﬂ?&ﬁgo é-way, Sprague-type clutch may be operatively

coupl ed bet wderpair ofi prepsirey rtillens $2e (Figoaes 12 cktandi 4 rol ler 42
50, et e ek hodeqn” Sefeld o PERERL Dk B Vol ARRRRL B
ptBvi de@n@ tieathrepr tngt Assemblies 94 which are secured to the '
rearward portion of the upper ticket guide plate 34 as best
seen.inmEigurem4,.mTheJrearwand_portionmquthe”upper”ticketfmmpwhm,
guide plate 34 has a pair of spaced apart apertures 96
(Figure 3) formed the:ein through which thé lowermost portions
15 of the pressure rollers 92 extend as shown in Figure 4. The
' supgort bracket and leaf spring assemblies 94 resilently
bias the pressure rollers downwardly against corresponding
ones of the annular cushions 88 of the rearward drive roller .
40 as shown in Figure 5. Thus when a ticket passes from the
20 feeder/cutter module 16 (Figure-l) into the printer module
18, the ticket is squeezed between the rear drive roller 40
and the pressure rollers 92, the drive roller 40 propelling
the ticket forwardly to the right in Figure 4.
_ A reversible AC motor 98 (Figures 2 and 4) is mounted
25  to the lowermost portion of the side plate 26. The shaft
100 of the motor 98 has a toothed drive pulled 102 rigidly
mounted thereon. Similarly, as shown in Fi§hres 2, 5 and 6,
the stub portions 56b and 84b of the drive rollers 42 and 40
have toothed drive pulleys 104 and 106 rigidiy'moﬁnted
30 thereon. A toothed timing belt 108 (Figure 2) is entrained



.retaining screw nechani sns 110 (Figures 2 and 5) which permt the printer(j%iy.
nodule 18 to be readily nounted to, and readily 20 detached from a ! :
"lsarge conmon support plate 112 (Figures % and 5) which supports the various
_nQﬁers of the vending machine 10. The™ 8fmon support plate has an

rture 114 (Figure 5) through which the drive pulleys of the printer |
nnduke extend so that the timng belt is free to travel 25 about the
samesThe forward edges of the upper and |ower ticket guide plates 34 and
36. are each provided with a plurallty of fingers 116 (Figure 3) which mate

wth a plurglbly PheShF:\Rl ﬁjaiﬁrl%%é 148 f%ﬁegnd“}?%esr %dtﬁ g§8t8§- the

30 cor respondi ng upper gur fe

(Figures 3 3%idcan simuldaneicarssiil Qxxwecbdthepﬁemhaxhﬂakél)drﬂ%e zolflegres
of the finggssaddo h fhace a&igg 8 dirke a t hapge! .
The surfaceg6 ?&é éﬂ?F% 5}% 11&%%"&'e t he Ekgﬁ Zé gggjé?%¥ éﬁ?@@ gﬁﬁ% whe
This 5 |¢1‘?*@¢¥0‘ékﬁﬂ§t\e¢n§eﬁ' Freeat 68n (Fnsucm t6)ofof h@"%rdﬁ%ﬁ? modul e

per ni ts. mat i gy Yei ha phanadichienidipe &b a&ismétéer ber t'ﬂédlﬂrﬁ'uﬁl%f F@ﬁsﬁhsny @lset
will be able to travel ejther dlrectlon at the interface between t

wi t hout any (BhseracPl oRfotNeafifdite neller 40 aﬂ%lﬁﬂqﬁﬂrcﬁiﬁilﬁe(ﬁFgﬂPes 2,

3 and 5) S%ﬂpyéfgdlbq hﬂalﬂuﬁﬁaﬁé“fEéﬁtibal34 @M%éﬂéﬂﬂiéﬁétténhégﬂhg
downwardly through an_aperture |rl%€e gui, | ate,, t hrough the channe

and into antBperRermaln BT idtsmme ¥%eWF6%egeg§H&¥ﬂﬂeﬁ e same spee
‘phot osensoreileﬁef Ffeware)ly o tddeat@1hebyS bot iR dfipvef rd thelr@WBUD

tICke]F gui de 8 %e 3gn %Ezer %Creéfgrnlged embodlment of the system, the
tlcket is moved under the print head at a speed of three
~ inches per second. If désired, a one-way, Sprague-type. ... ... ... ...
clutch may be 6perative1y coupled between the drive pulley
104 and the forward ticket drive roller 42 so that the ticket
15 ~drive roller beneath the print head'can.only be driven to
move a ticket forwardly past the print head.
. The side plate 26 lS provided with three captive
retélnlng screw mechanisms 110 (Figqures 2 and 5) which permit
~ the printer module 18 to be readily mounted to, and readily
20 detached from, a large common support plate 112 (Figures 1
~ and 5) which supports the various modules of the vending
machine 10. The common supportfplate has'an'aperture 114
(Figure 5) through which the drive pulleys of the printef
module extend so that the timing belt is free to travel
25 about the same. | - . ' | '

The forward edges of the uﬁpér and lower ticket guide
plates 34 and 36 are each pfovided with a plurality of
fingers 116 (Figure 3) which mate with a plurality of
similar fingers 118 forméd“in_the rearward edges of the

30 corresponding upper”and lower guide plates 120 and 122_'



ot odi ode 124. The phot odi ode and the photo- -sensor are electrically
connected to a nicroprocessor to enabll®tt to detect the presence of a .
cket. This mcro- 20 processor in turn send signals to the printer
circuit hereafter described upon detecting the |eading edge of a ticket in
order to commence the printing operation shortly thereafter. 2. The Prig:gr
Circuit 25 The speed of printing in a thermal printer of the dotw
matrix type is limted by how fast the individual print elenents in the
print hed8igunese haapddil o0& tdepaditagenbpsvatine diventdr qwdukg

threshol dot emgieatdiies a08st Ben t@x@olﬁdagiéaré)eiw e chh e patéRgnnel
t hreshol d tenperature 30 rinting each dot. _ The printer circuit

of Fi guré8gdivergn aifp¥nh FBWW§ ﬁ%ﬁnQﬁ t heThReBREL aGasH QRS st em of

the preseginh e&\gerltlsnrbenahéeﬁxoamaorzmtam §i’ﬁ§@a§:9.yb‘¥c&rn@.ﬂi |y TReseased by
el e tronlcall c ntrol# t he teqperat

accdr dandB ﬁﬂr Srdgfrg ge“fﬁﬂ e‘?‘h Bé ééﬁ?ﬁ] ?ﬂbnEFEket
- Each primbdallempﬁrnﬁlmmaﬁﬁmgawtﬂtl‘cltﬁe|mji©ﬂﬁ$nt;e§tra¢.‘§k$tdltvdd‘ltéh is

heated b assin eleciri rent r.oug he el enent heat at
wnron o EoRRIRnaR Jh ofh, B1BRE R Hh BR bl P FRAVEY £
pIastic)dikactiaﬂm&@iﬂ@ecmhterﬂhce bexweénrthé twdmwmﬁhous ahg threshold

t enper at rd int rapidly, the rate of change of
tenperat§%§tg J‘Hgss s?%ﬁkg reshold tenperature durlng bot h heating- and

cob0|ngrn5t Bephpﬁodxede IR4 H&Fbdtgunesi2e 3TApd 5) is mounted to the
upper guide plate 34 and projects its light downwardly
' through an aperture in the gulde.plate, through the channel
38, and into an aperture (nct'ehOWn) in the lbWer‘guide'J'""m'
plate 36. A phoﬁosensef 126 (Figure 4) is mounted to the
15 underside of'the'lowér ticket guide plate 36 for receiving

he light projected into the aperture in the guide plate 36 fromthe

the light projected into the aperture in the gﬁide plate
36 from the photodiode 124. The photodiode and the photo-
sensor are electrically_connected to a microprocessor to
enable it to detect the presence of a ticket.' This micro-
20 processor in turn send signals to the printer circuit
hereafter described upon detecting the leading edge of a
ticket in order to commenee the'printing operation shortly
thereafter. ' |
. 2. The Printer Circuit

25 ' The speed of prlntlng in a thermal prlnter of the dot
matrix type is limited by how fast the individual print
elements in the print head can be heated to a temperature
above the thermal coating threshold temperature and then
coocled to below the thermal coeting threshold temperature

' 30 while printing each'dot._ The printer circuit of Figure 9



_Fequired Is directly proportional to the tenperature 15 differenti al %,7':
~inversely proportional to the applied power. This relationship is set font

i,n Equation I. bel ow.- Equation |. - [err£ wher e: [err] = thermal
Q?/Ing threshold tenperature 20 Jerr] = starting

, eheat) tenperature [err] = tinme required to change tenperature from

: [errL [err] proportionality constant I = current 25 R

= résﬁstance of print head The cooling tine [err] .is inversely proportional
to the difference between the thermal coating threshold tenperature and the

heat sink t ragure (Tb) Thi el atjonship is set for ip Equation |l
set forth H&ng% é tK%%Ué‘P?O%ILPFma I printing esysigem ot [tg‘ler] =
cooling ti rm:éequtredvb@tafmnmabn@srahurer&hMﬁnB dpeelkdh Yo be greatly
[err] t hesr nal coa hol d. te rature |[. = .heat sink erature
[err] pnﬂﬂﬁf?iﬁﬁ E? ggﬁﬁ ?nﬁ%% FB“FEQ%iﬁJﬂ:ﬁ?% e%@ﬁflﬁﬁnglne
[err] thetu&rmmerpilnm Emﬁmentsllnuatcbedande:wﬁﬂﬂ e pvahgdhgndol0
the indivi n 3 tEat sl I ' Tt. To
m ni m%(zje t%oo h Le?hwlf?’éé)er%ﬁ fﬁgr ]kz%L quaté%r}glgr W%%EP@ _ _
Iarge_by<ﬂ¢¢mpmd$ﬁg ah@hQQ#uﬁnkmydapnsn&addrmsﬂainrrwhiahelprhnﬁaﬁd
circurt by passing an electric current through the element. The
heat at which the thermally sensitive coating on the

- ticket media (paper or plastic) starts changing color
10 is referred to herein as the threshold temperature (Tt)'
In order to print rapidly, the rate of change of temperature

.as_it-passesmthemthresholdutemperaturemduring-both~heatingmm-w~-w

‘and cooling must be maximized The heating time (Th)
requlred is directly oronortlonal to the temperature

15 differential ang inversely proportional to the applied
power. This relatlonshlp is set forth in Equation I below:
Equation I. Th = l (Tt T )

2
IR
where: : Tt = thermal coating threshold. temperature
20 Ta = starting (preheat)”témperature
Th = time required to change temperature from

Ta to ‘1‘t
Ky = proportionality constant
I = current
25 _ R = resistance of print head |
' ~ The cooling time (T ) is inversely proportional to the
difference between the thermal coating threshold temperature
and the heat sink temperature (Tb). This relétionship is
- set for in Equation II set forth hereafter:



-Figure 9 acconplishes both of the aforenentioned 15 obj ecti ves by

| ectively applying a preheat current to each individual print elenment in
he print head on a dot by dot basisJju accordanceé with the information  *
"being printed. Referring to Figure 9, the printer circuit includes 20 o/
_printer mcroprocessor 128, such as an INTEL 8039, to control the .
application of power to selected ones of 64 different print elenents iﬁ'?he
- print head 44. The thermal printing systemof the present invention prifts:
colum- wi se across the ticket. 1In the preferred enbodi nent of 25 t he
systemg ﬁggibhnqq.of-ﬁpraﬁgnerLc information are printed on-the ticket at’
~atime, for 50 characteéfs pgr Lime. Characters may be printed in three _
different fornms, nanely in at7 byb5 matrix, a 9 by 5 matrix, and a 9 by 9 .
mat ri x.wkieggel i ni ng can_ be poblied Mind NESgdirdd @6 Thihge on-7 by 5

‘characters. -22- Théaprigter'nig&ﬁfrﬁgeSSOﬁ_1§8 g@ts comands from a

control microprocessor (not -SHBRARWHTH TYBr denaPesat he. operation of

(g ous modules L0 theydendl gg, o e O AR D B eipdl oot 1

roll's 14 as well as t net beatf srinkhedmpeteatanet er nodule 16 and the

the therpal printer mowmis EORE e THFElfons8aRE expander 130 ( Fi gure

9) 10 to Thergfionertei siopmicesddie I8atifgr tmeddTy )f ridve thermont r ol

M CTOPTRp 2SOk 1S i B ELe §8nt RE R Y made small by preheating

10 the individual print elements so that T, is only slightly
lower than T,. To minimize the cooling time, the term
(T, - Tb) in Equationhllmmustmbe"made 1arge by eliminating -« - -
the previously mentioned preheating. The printer circuit

_ of Figure 9 accomplishes both of the aforementioned

15 objectives by selectively applying a preheat current to
each individual print element in the print head on a dot
by dot basis in accordance with the information being
printed. . ; o

Referring to Figure 9, the printer circuit includes

20 a printér microprocessor 128, such as an INTEL 8039, to
control the application of power to selected ones of 64
different print elements in the print head 44. The thermal
printing system of the present invention prints column-

) wise across the ticket. in the preferred embodiment of

25 the system, five lines of-éiphanumeric information are
printed on the ticket at a time, for 50 characters per
line. Characters may be printéd.in three different forms,
namely in a 7 by 5 matrix, a 9 by S5 matrix, and a 9 by 9
matrix. Underlining can be printed on lines 2, 3, or 5

30 on 7 by 5 characters. ‘ '



n1croprocessor 128 through its input 132. The printer m croprocessor 128 ﬁf/,“
‘hds a ready output 134 which is set to logical H to tell the control '
i croprocessor that 15 - the printer circuit is ready to respond to
commands sent over the serial data |ine2p36. There is a print head
dignostic input 138 to the printer mcroprocessor 128. As described nore
full'y hereafter, each print elenent can be checked to verify 20 that it
mnlkudraW/suff|C|ent current to enable it to thermally print a dot onto the
ticket. A diagnostic routine is performed after each ticket is printed by
sending a préheat current to all of the print elenents while enabling print
current i s sequdhe Fuintep| niéareopresessamhd 28 getat cemwandss fnempl ace of

the preheag ea&e&:—&tl m&%f@lsboe&%relﬁwtsﬂo%ﬂﬁ%féh 8062 %sagéé}]{ .

wi || output | ogi cal to the printer mnicroprocessor Input t he
" el ement drﬁﬂé @HG&&#kﬁnrQﬁtV§619BF|ﬂQQﬁkﬁs|#n|%h%dYeGéﬁB§tm@§hlﬂﬂl print

el enents ang Q@lgurbﬂQJVldwgibﬁaiaeihaﬁddkﬂﬂﬁStﬂ@”@ﬁéré&&%haﬂaCh ticket

-23- sprlnte &é:g'l even ﬁtyoe print eerrentéskels

det erdi nedStatHe @ ?\mPt?ﬁewEFF 5@%?%%?&ﬁ¥%%s§%?ck4§réﬁu a signa

to be sentrs@lkhai asstwdiDnast thadmeiord |fdepehé tbeqetieuthead. 5
rocessor. 128, causes egch of the

Suppl i ed vnPHEeLEnGRE CEPF RS ABRLoREEAY TR Rt | LPscBdfaS BErTt o
printing i sigynatemfeese tine dpeiealt sensvra givuthé hehernalli g ioytaamt i on.
Duri ng actual' ri g'g%etgghDEHQg%%HﬂQ:ﬁ%rt expander 130 (Figure 9)
10 ' to the printer mlcroprocessor 128, Serial data from
the control microprocessor is inputed to the printer
miqrépfocessor-lza-through“i€S“input”132;- The printer
microprocessor 128 has a ready output 134 which is set
to logical HI to tell the control microproceséqr'that
15 the prihter circuit is ready to respond to commands sent
over the serial data line 136.

There is a print head diagnostic input 138 to:- the
printer microprocessor 128. As described more fully
hereafter, each print element can be checked to verify

20 that it will draw sufficient current to enable it to
:thermally print a dot onto the ticket. A diagnostic
routine is performed after each ticket is printed by
sending a preheat current to all of the print elements
while enabling print current is sequentially applied to
25 the 64 print elements in place of the preheat current..
_ As each print element is chegked,'a comparator 140
will output a logical HI to £he printer microprocessor
input 138 if the element draws enough current to verify
that it is not defective. All print elements are
30 individually checked in this manner after each ticket



processor causes a print current to be selectively applied to the
I nt elenents to cause the various dots to be printed on the noving ticket
|| cause the predeterm ned alggwmnuneric information to be printed ..

at w

onto the ticket. It will be understood that the anpli- 15
preheat and print currents is carefully selected in/accordance with

Equations | and Il above in order to permt rapid printing of the tickef.}
An 8 bit code is utilized to send commands to the printer

over .the serial data |line 136 20

CIFCUIt

be descy

28T e

whi ch causes the printer
to execﬂsebnantedsftnnnthmsevestiMhzﬁraﬁymbﬁereﬁftbe G (MSB 1 ST)

EHBE&LE%E%& Ls is deﬁ%ﬁyfnegT

CANOH.@écrbprocessor 148 SEAEESPHIEEgﬁ%KIib*bé*teﬁﬂIH&SﬁHat 32) [err]
PRI NT 75 PR KKK . PRI NT -9X5
CHAR ' * §£§%5?? aﬁiﬁ“@éﬁ?ﬂ“@i@ g%ﬂﬁ“*th% 5r%§t h&EF'(NOTE ‘x' ABOVE

| DI CATES ' 0TheRprinter mdrophecesgm 2k 8 omausgsopacdt iafh Whethe printer
f%bg%%@k@aegﬁ £4nGL | gagbﬂ'

sunmar

0k, dhgog 2y

LA

croprocess

tude of the W/

m cr opr ocessor«
m cropr ocessor

START LI NE

et &itlva . pRPEERF IS

égﬁ§89 will

denDduIates

seri al ampu@xaaaaa&xn%%%nmllslsecp sdmiere prantingniset@ontro
m cr oprosmasRkte éﬂ&Ethereafter throughout the printing

operation. During actual printing, the printer micro-

10

15

processor causes a print current to be selectively

applied to the.print elements to'cause'thé various dots
to be printed on the moving ticket that will cause the
predetérmined alphanﬁmeric'information to be'printed

onto the ticket. It will be understqu_that the ampli-

tude of the preheat and prinﬁ currents is carefully

 selected in;accordance with Equations T and'Ii above in

order to permit rapld prlntlng of the ticket.
An 8 bit code is utilized to send commands to the

printer mlcroprocessor over the serial data line 136

20

25

30

which causes the prlnter microprocessor to execute

various functions, as illustrated hereafter.'

CODE (MSB 1 ST)
1100901
11669010
11060100
11661098
11010000

11 F*x%xk
gg******

gl******

10******

FUNCTION

START LINE
START LINE UNDERLINED
START PREHEAT

START
SPACE
PRINT

PRINT

PRINT

(NOTE: '*' ABOVE INDICATES

. CANCEL

PRINT

Mkkkhk?

7XS CHAR thkkhkikk?
9XS CHAR '***##%?
9X9 CHAR '**xxx%:

1¢l

OR

Ill)

TIMES (1. - 32)

(1 - 64)

(1 - 64)
(L - 64)

»



printer mi croprocessor stores the denodul ated data in an input buffer. T?f}%iﬁ

data contained '"in the input buffer is decoded and character data to be
peinted on the ticket :is stored in an ou%Rut-buffer. Thereafter, the
“printer 10 m croprocessor causes the"tharacter data stored in the output
~buffer to be printed on the ticket, utilizing software timng |oops to
~control the preheat and print. current signals to the print elenents. After
the'ﬁwﬂnting of al phanuneric information on the ticket is conpleted, 15
the mcroprocessor institutes the diagnostic routine that verifies that

h of th ts_I.S - I f d t t t. f
orinting. The soilierceoPiareies (G TPEf ACARBUPS FheETA AT b othe
ticket womxilnstmatedlmmsfuhdﬁidualZﬁlockpdiabaam'ﬁmrmeﬁnrﬁn@@fevendlng
e e 10,065, Hecauses i £oky Ul SEORLARGSIST S0 SSILASTATT

- PREHEAT conmand mcr opt oce$so
‘date line m@rroprp¢%sponsé2&)QHMdebmhead$erhelpmnmuﬁ damaopepresent-

causeg a PrefiPdlofiidi@l! skardFrom MY/ LOROLET. RICTCR-dAS Dl PFI S

‘el enents of e print 4 an sets rea i né e S|gnaF on the
- ready I|neRFﬁPﬁﬁﬁn@P%§°E§PC@@SqTtSﬁP{#$nt Redemodulatiedidaf@sincanout i ne

“whi ch took jpigfge ffértheTh%Stdéﬂéﬁn@é‘ﬂngéeE Pl §Ghdfidi t??ffé’r is

~defective print_el enent case t e station at dant woul d

be notifi edeagrfied and.charpgteafdata ke sbeonrdnseddicspditedinket iRe
- appro- pri ater&Paik SanesatFRde bt . t hPhavERReS, YL ifEeFequired

-destlnatlon
10 mlcroprocessor causes the character data stored in the
output buffer to be printed on the ticket, utilizing
software timing loops to control the preheat and print . .. ... .

current signals to the print elements. After the printing
of alphanumeric information on the ticket is'completéd,

15 - the microprocessor institutes the diagnostic routine that
verifies that each of the print elements is capable of
drawing the requlslte current for printing.

The sequence of events that would occur in the
printing of the-ticket would be as follows. A ticket

20 purchaser operating the vending'machine 10 (Figurefl)

| causes the control microproceSSOr to send a START PREHEAT
.command to the printer microprocessor 128 (Figure 9) via.
the serial date line 136. 1In response to this command, '
the printer microprocessor causes a preheat current to

25 flow through each of the 64‘ptint elements of the print
head 44 and sets ready line 142 HI. The signal on the
ready line 142 would be set LO if the print head current
diagnostic routine which took place after the last ticket
had been printed indicated a defective print element. in

30 such a case the station attendant would be notified and



(yde of card,duration, etc. information at the vending 5  nachine to
cify the type of ticket, the control mcro-. processor .sends-the
rresponding text data to the printerdJr croprocessor 128 over the serial
data input line 136. The control m.croprocessor sends conmands to the
printer mcroprocessor for START LINE, START LINE UNDERLI NED, 10 SPACE,
and character commands, as required. The printer nicroprocessor 128~
denodul ates the serial data received fromthe control m croprocessor aned
stores the denodul ated data in an input buffer in the formof a RAM 144,

After esshrehehaet eidiet£opbyed, behdippdHasd st 0l the appresessor times’
t he |nteryal until .the next character is sent over the liné 136. If no data

i s recBTEACGr TP HRARIMRAGA tinme interval, for exanple ten
m|lisecondsaftae mmawtpﬁirdsmaagerr eates’ tﬂﬁsun‘\@@uihea abetlmettmﬁ,r acter

has b t tt nd set dy |, I f
otorod TYPa BF ChPa b BN 1 80 A FR ARG (b o BEc S0 b odes the
dst a streaekine tbes@@\ﬂﬂzyl thd sgbe of anickpu} bhéfecntmoﬂ.h‘aul%@n‘d-lM .

t t t th t. Th
const SRl ghshhe IS LAL S8t RelbAhY (R S350 WU ket The
t he mﬂminmeprpapssbn'12ﬂ5¢vekethataan1aknﬁht@ imphindin@ 136 control

t ds .t t t
7L orOPR6ESS0he £Ba! IR I A8 BRI U U RRARER 5! P BAIR e ot o
nodul e micrppronessare foreSTARS béNﬁwﬂSTﬁRﬂcﬁﬁﬁEeEHEERﬁaNEDﬁends a START
R NT copnagpd Lag t@%ﬂéé‘%@f Ebﬁﬁ%g%cesa?rreqmréé VMR Tha dirdnt er

n1croprocessor receives this co
mlcroprocessor 128 demodulates the serial data received

from the control mlcroprocessor and stores the demodulated
data in an 1nput buffer in the form of a RAM 1l44.

After each character is received, the.priﬁter'micro-

15 processor tlmes the 1nterval until the next charactef is
sent over the line 136. If no data is received after a
predetermined time intexval, for example ten milliseCoﬁds,_
the printer microproceseor assumes that the last character
has been transmitted and sets ready line 142 1LO. Utilizing

20 software storedein"a programmable ROM 146, the printer
microprocessor decodes the data stored in the RAM 144 and
sets up an upput buffer in the RAM 144 consisting of the
character data which is to be'printed on the ticket. ‘The

_ printer microprocessor then sets the ready line 142 HIGH.

25 After the purchaser pays for the ticket at the vending
machine 10, the centrol mlcroprocessor in the vendlng
machine sends commands to operate the motor 98 (Figure 2)
to start the movement of the ticket through the printer
module 18. At the_same time, the control microprocessor

30 sends a START PRINT command to the grinter microprocessor.

LI



° ) .

it sets the ready line 142 LO. A signal is sent fromthe photosensor 126
‘(Figure 4) through the port expander 130 (Figure 9) to the printer

g croprocessor 128 indi- 5 cating that the | eading edge of the ticket
hQ;/arrrved to a.position just rearward-@6~the print head .44 (Figure 4).
Th® record to be printed on the ticket has previously been put in the
proper format and stored in the RAM 144. 10 - The format is controlled by
an &ight bit code sent by the control m croprocessor. Exanples of codes for
7 X5 9 X5 and 9 X 9 character formats have previously been given. The

| east significant six bits.in the character code are ASC | |. while the nost
si gni fi cantWhewn bhesptintenasicrdprobestomt rekativde ihbsacommand,to be
printed in.;Jh r 6 1Ak t s~are ,star | n; 4 d 150
(Figure o) “orset ERe iR PELAE 1R2' oNt o sadint o ont Frgal 10
charact ers ¥thepphetasgnsam ke {Figsreod). through the TperSTARFaRRENT
command cau : bNtBr YA CERa S oD ool €5 : for

out putting ?ﬁg ???gggghgﬁag?%fig? ?ﬁgﬁgé?s#lkghe to ég%?Lﬁgﬁggﬁé&

Concur¥ ent | G2ting Bhast dherikeapingesdar afsdhauttpiaket heagoasringd
identifies ¢heaf phaitgelifudd FO&rGhaRAGEEHRIHY nt Aead FhESE tWO
addresses are_ input to the ROV 148 and 150 which I n turn output the
pattern podéF+SPr?hé)fir$t colum of thirteen dots in the first character
o:‘ tEe fi rslt !;' theTBb;é:dﬂﬁl Olfémlt:éiggriﬁz?ath @hetifw ©iddErhd82pkEva otisly
¢ QC Slgnabeegoghg g% %ﬂ%(gggper fo:mat %%%agggred in the RAM 144.

10 The format is controlled by an eight bit code sent by

the control microprocessor. Examples of codes for 7 X 5,

9-X 5 and® X9 character formats have previously been™” = "7 77
given. The least significant six bits in the character
code are ASC II while the most significant two bits

15 describe the font that the character is to be printed in.
The three 64-character_fonts are stored in ROMs 148 and
150 (Figure 9). Figure'lb illustrates the ROM organi-
zation for the characters A, B, F and G in the 7%X5 -
font. B _ _ . _ |

20 The START PRINT command causes the printer micro- .
processor to address the RAM 144 for outputting the first
character of the first line to be printed. Concurrently,
the printer microprocessor also outputs the code that

_ identifies the first column in the character matrix.

25 These two addresses are input_to the ROMs 148 and 150 |
which in'tufn output the péﬁfgrn code for the first
column of thirteen dots in thé first character of the
first line. - B

' This information is latched in a LATCH 152 by a
30 clock signal from a multiplexer 154. As hereafter
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- described, 64 of. the individual print elenments of the print head are
ilized in printing the ticket. These are divided into four groups of
irteen el enents each and one groupof- twel ve el enents. Each of these . =
groups. 5 is utilized to print one of five |ines of al phanuneric -/
information on the ticket. .As previously explained, alphanuneric

i nformation is printed colunmmw se on the ticket as it travels in a ey
direction which is perpendi- cular to the row of print elenents. Each‘*g

i ndi vidual 10 character in a given line is also nade up of sever al

col umsgdé@écedobedys 6 b £atrd tﬂdEvg.W\ﬁllQ:rﬁytV@](eﬂéneéa@ﬁ &hdf the
ted X5 fpnt the fi m of thirteen

character ," A" o be i col ym

dot s hagrﬁﬁtdBF§ﬁE &% Bzed 1o’ 25N QQK;FFCFB %8%e iR puts the
aﬁdr es|Saf.-er dtibddedd sitnf@afaaregroﬁ:p@ebsemndtéeﬂeemfamtalfnest igdsti | eavi ng
the colu code the sa ut.Qut_ fromt qgwt 148 and 150 is now

| at ched® Hﬁ gnpatgaou]%()onﬁnF ?Kg H é"[er{:toﬁ ‘Urr&e}%? tﬂg F?‘Fsste FF8%RY er of the
se&cond isnetiliRiesd b ‘prinvcese aflﬁixaukmhésrofla&ph&nuhéribS of the
ticket, I n I che 1.60 Aand 162 _ _
respect | %’/g§§hgk|91 r;#a rg {I:lg?cﬁggk%tgw cg\% ;J:Oe é&?ﬁ¥orﬁ'3fll ¥ the printing
of the dbphahumeﬂunfxnﬁmrmat&nn dfs prirdtedtcobmowise eachthd the five

[ines of;gRer AQH I Ghs1bEth A IAL B, UALOAT 9ECRRAGRESS (he

mul ti- préxer i V& SEpArat e’ gr oup3 print
el ement culaveto memrQWT@faPSﬂﬂ@b@lﬁ@ﬁnﬂsaJoﬂgca haédVEﬁhahhls causes’

tlhf fi réﬁBEQE‘é@} Afn dé’télégn 1i8k bfEe Jlsétmecﬁ’ét&ﬁso‘ff s%ﬂ the five

I nes t
columns of dots as indicated in Flgure 10.

By way of example, if the character "A" is to be
printed in 7 X 5 font, the flrst column of thlrteen dots
‘has no dots prlnted
15 Next the mlcroprocessor outputs the address for the
first character of the second llne of the ticket leavxng
the column code the same. The outout from the ROMs 148
and 150 is now latched in a latch 156 with the first
column of the first character of the second line. This
20 process is repeated for lines 3, 4 and 5 of the ticket,
| the information being latched into latches 158, 160 and
162 respectively. All five latches now contain the
information for the printing.of the dots for the first
column of the first letter of each of the five lines of
25  the ticket. _ |
Next the prlnter mlcroprocessor causes the multi-
plexer 154 to strobe the five separate groups 164-168
of print element'drivers by.sending a stfobe signal
along a lead 170. This causes the first column of dots
30  of the first letters of each of the five lines to be



~28- printed onto the ticket utilizing the contents of the latches 152, <E%£}
156, 158, 160 and 162. The printer mcro- processor then addresses the RAM™—
154 for outputti'ng the addresses far the second colum of the first

character 5 of each line, again seque&ﬁeﬂly | oadi ng the | atches 152,

- 1567 . 158, 160 and 162. The printer m croprocessor then causes the

nultrplexer to again strobe the drivers 164-168 to conplete the printing of

t hedgatire second colum of dots for the first character in each of the 10

five lines of-.al phanuneric information. This process of Ioadlng | at ches

and printin I I 0 .s.(40 charactér |ine nes 7

col uﬁnls f:)rg]égghg Z’rnétc eak}g % FS? bl g'ﬁ‘ri"@ ﬁﬁ'é t?%ﬂg?“ﬁlﬁ r‘?% ﬁﬁ’e It will

be under st oddtthets d&MAnﬁiﬁbsleocéég tand tiaket The prhatbﬁlmiamWanced

rapi di 'thr I d ‘of r..examl e

thPee ynche %gFgg%fjgyéggagéggégésrgﬂ%%%?ﬁ%ﬁg%ép tﬂBtPH ;gh?nlng

system of tAddpesses: fiawechhe opecpndncolgmpert] tise 2ﬂ1rstrm:h1amamrémy '

el ectroni ca rQlJd n t n £ :

accor dance J\?\nlf%/ﬁgeﬁe 1\?’52 gaé%gt gggtﬁérﬁn a‘ilﬁrf fl‘l n % I:E E,E‘E% %he groups

of print el &h@nt 186iv usl@@ednﬂnlﬁaﬁaHﬂﬁethlmmerlmecr¢®nmﬂ¢SS°r -
tor/ t 7 t f

psistor] coprch! Bl LRvLESe LEel 3o AN LOPORD cneBBMliviAl4 of ©

t he strobe S|g to eac rivers i's
' spreads t help a35§nﬁﬂu??ﬂﬁ&#t%ubbﬁyp§n@ﬁﬁnqrﬁﬁé@heh%ntlﬁéhﬂﬁﬁﬂPQﬁ

over| oadi ngchEnpAeE WYl FOK! ehat BELUSRHGMULLAY fn! BRER BE UM

current. were |nstantaneouslf drawn through a |ar
10 five lines of alphanumeric lnformatlon. This process

of loading latches and printing ‘columns ‘repeats for 280
cycles (40 character lines times 7 columns. -for each . .
. character) completing the entire ticket prlntlng. IE-
will be understood that during this process the ticket
15 is being advanced rapidly through the thermal printer
' module at a speed of, for example;'three-inches per
second. '
- As previously mentloned, in the thermal printing
system of the present 1nventlon, printing speed is
20 maximized by electronlcally controlling the temperature_
' of the print elements in accordance with the varying dot
pattern being printed. Each of the groups of print
element drivers is tied in parallel to the line 170 and
resistor/capacitor delay circuits 172-175 stagger the
25 application of the strobe signal to each of the groups
of print element drivers. 'This'spreads the load on the
power supply and minimizes the likelihood of overloading
the same which would otherwlse occur if a large: surge of
current were 1nstantaneously drawn through a large
30 number of the print elements all at once. The delay



30. nunber of the print elenents all at once. The del ay -29- caused
gy the circuits 172-175 is very snmal |..and has:no effect .on the ability- of
the systemto sinultaneously print cessive col unims of dots on the ticket®
as the ticket noves through the prit®er nodule. 5 Referring to ‘=
Figure 13, once all the colum informa- tion has been |atched into the _

| at ches 152, 156 , 158, 160 and 162 for a given colum of a given char ac, er
in each of the five lines to be printed, the |eadi ng edge of the strobe
signal fromthe nultiplexer 154 turns off 10 t he preheat power to each

of the r|n e S .are.to print. a dot. Lt under st.ood t hat
nor mal ¥ 5 %B't e d?%%?%ﬁ§556§¢%€$%' b?é%éﬁy 8&3& Qf&ﬂ?? ﬂously :
suppl|eﬂfEGteaﬂ1tﬁetmhibitNtuﬁ(hhﬂusystemrﬂerstmuhﬂaﬂ&nuslhelr

Lemer gLupe Lt DB QUL BEILSE e Mbce GRELLOOLISENYS degerature,

The pe e signal is ty Ver or "éxanpl e three
n1|I|-tsekemdmovﬁﬁathaﬁug§ @Myapﬁlntnrsmoébbe3|gnal al so causes print

wer to begsg tpae t S Lnt a dot.

to those prl nt %gg fo ?Eggntsl\tﬁ %ﬁ% %%ting?%nt %"‘? ﬁ?ﬁfgﬁ’%t he
pr|nt|h§00fhﬁﬁubaﬁnL%@tchﬁéyhﬁﬁﬂ|ﬁhﬁel%ﬁﬂh@é éﬁ@hedﬁﬁum&§3supplled to
them f‘? ol bhdstred &b NaF 9.’«}%?1 'thEQ%r c?x‘é&@d@é# gﬂeach of the

print elenents which are eMed umng printing i's colum
stays eachopfath®rfiver dines torbe@mpnted, sthel |1|e§éc=mmse d®e print

power bg Qf':es%ftfr'dfﬁénélgﬁﬁﬂ' e t&é%@ﬂ:fﬁf@x@& s Rhirtis ebgFENES Which

ﬂgve the preheat power to each of the print elements that are
to print a dot. It will be understood that normally
during the printing operation preheat power is conti-
hously supplied to each of the print elements in order
to maintain their temperature just below the thermal

15 coating thresholﬂ'temperatﬁre.- The period of the strobe .
signal is.typically very short, for example three milli-
seconds. The leading edge of the strobe signal also
causes print power to be supplied to each of the print
‘elements that are to print a dot. As to those print

20 elements which do not print a dot during the printing of
this column, they continue to have preheat power suppiied.
to them. ' '

As illustrated in Figure 13, the print power supplied

to each of the print elements which aré'heateq.during the

25 printing of this column stays on for a short duration, for

| example 1.5 milliseconds. The print power is of sufficient
magnitude to cause each of the print elements which have
been éelected_to heat up to a temperature_above the thermal
coating threshold temperature so that each of these elements

30 causes a dot to be_prinﬁed. The dots are printed in _ '
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pbeen selected to heat up.to a tenperature above the thermal coating
threshol d tenperature so that each of these elenments 30 causes a do
be printed. The dots-are printed in -30- pre-sel ected p03|t|ons in
colu in accordance with the dot matri x-paétern of the various letters -
being printed in the various lines. The preheat power may be roughly
one-fRird of the print power. For exanple, 5 . when-a given print elenent

i s b®&-Ng supplied with pre- heat power, thirty mllianps may be caused to
flow through it. Wen a given print elenent is being supplied with print
power, one-hundred millianps may be caused to flow through it. By way of
further 10 praaaaﬁﬁ@¢e@hpoeitﬁensuﬁnnﬂheoeblngnthmesh@uid&n&zwwuthure i's

appr oxi mat elg ‘m : e r r l.ene 3
~appr oxi mat el 3};1% err ?%%esgr%?'tﬁtﬁe{gelfreaﬁgt\Z?r%%?%?ur%ter?a%ﬁso} ’p%? oxi mately
[err]. F|gumsxntadILBtthegarheqam&wnsﬂpplThd poeheals powemdnay doal

print el eﬁe%nféjﬁllﬁgoﬁétetﬂikﬁt 620 13 SE/ER COLUMRS Ocol b idie tlcket.

In this exanple e print element 0 cause €' printed in
colums§ 1, ¥hen I gken Brlnﬁeethe@ee’tt imebeing suppdritedotstmdprerint a

‘dot in CO'“@&%ﬁ1§3WE§ 0£hi9€yzﬁlllfd tma JHéthUééatéﬁtffb&r'nt'ng of

.the first dot by this partlcu rint , the print elenent has been
recei vi ng pré¥eigholker s¥hepae s@yannﬁﬁ#@tueéemgnpemq bering | eadi ng edge

of the firstsu?gntéaswﬂﬁl pehiR¥ pohAlieOUshy-hihAz caf hltﬂﬁa%p@%ﬁ’é pover and

turns on th ri-nt power causi the first. dot ‘be rlnted _ The
%e caused to Elow througéllt. By way of furtﬁ;r
10 example, where the thermal coating threshold tempera-

ture is approximately 90°C, the preheat temperature
of the elements may be approximately 80°C arnd the
print element temperature may be approximately 150°C.
Figure 13 illustrates the power supplied to an
- 15 individual print'element during the printing of seven.
columns of dots on the ticket. In this example, the
print element is heated to cause dots to be printed in
columns 1, 2, 3, 6 and 7 of the ticket. The same
_ element does not print a dot in columns 4 and 5 of the
20 ticket. Just pribr to the printing of the first dot
by this particular print element, the print element has
been réceiving preheat power so that its temperaﬁure is |
Ta. The leading edge of the first strobe signal simul-
taneously turns off the preheat power and turns on the
25 print power causing the first dot to be printed. The.
print power stays on for a_fraCtion of the time that the
preheat power is off. ' For exampie, where the strobe
signal is approxima£e1y thfee'miilisetonds in duration,
the print power may stay on for approximately 1.5 milli-
30 seconds. Thus for approximately 1.5 milliseconds the



f. For exanple, where the strobe signal is approximtely three

| i seconds in duration, the print power may stay on for approxi mately 1,.5«
1 11i- 30 seconds. Thus for approRitmately 1.5 milliseconds the -31_/
el ement is supplied wiwth no power at all so that it can rapidly cool.
Continuing with Figure 13, the trailing edge of the first strobe S|gnal

i mmedi atel y causes the preheat 5 power to be once again applied to fﬂg
print elenment. However, as this particular print element is to print a dot
In the next col um, the preheat power i.s al nost jnstantaneously swi tched

of f agaﬁ4%ﬂﬂP¥hbsp?PEPHiﬁﬂNW%%gtﬁ?nEBWGﬁ &Faiatl 130 sthByk| &t §anepeat ed
three ti id coolf,ter the printing of the third dot, the. preheat power
stays on for t articular, prjnt el nt .t hroughout t he printing of. the
fourth. and. q??FHRE&ﬂ&n¥%§h %&ﬁ§r§|ﬁg§ e TRt} EegaPdgei RE el enent does

not prirdhed #ikstnNseirbhey sﬁgﬂétesemmeaam@lyli:auses th&0pkkReiatg W th
Fi gure 13, the Ieﬁdln% ed e of the 1Fab§ si.gnal for thiﬁSIX h col un€m once

agdi n t ML I e? PP § RE WPt pFrAPeBFenent and -
turns onidvmmm;naspnhﬁ.rs p%ﬁmh&rppw&m&tammtfﬂs gof padhnitora of the

d ' t.h h b inted b
hi o of BRICT EEROAERR IFLgt i, ShenBXEPAAY B UtD LB *LRE R/ obe i gnal

for therns&&ntameonsdgusm;ﬁdha@reﬁéaagpumemnd)theeongntnpmman1 tarily
turn on g ()éégéeglggeggaLHFElfﬁ@é”QySi%?fg éepeated three times.
10 After the printing of the third dot, the preheat power

" Wrint power stays on for a fraction of the tine that the preheat power is
“%9
/

stays on'for this particular print element throughout
the printing of. the fourth.and fifth columns of dots.
since this particular print element does not'print a dot
in either of these columns. _
15 _.Continuing with Figure 13, the leading edge of the
strobe signal for the sixth column once again turns off
" the preheat power to this particular print element and
turns on the print power. 'The print power stays on for
~a fraction of'the duration that the preheat power is off
20 causing a dot tofbe printed by this element in the sixth
column. The trailing edge of the strobe signal for the
sixth column causes the preheat power to once again momen-
tarily turn on to this element. The leading edge of the
following strobe signal for the seventh column causes the
25 preheat power to turn off and the print power to turn on
once again so that the dot in the seventh column can be
printed by this element. S . |
The wave forms depicted in Figure 13 beneath the pre-
heat power wave forms illustrate the manner in which the.
30 print element rapidly fluctuates above and below the thermal



power to turn off and the print power to turn.on once again so that the d

jkﬂlomﬁng strobe signal for the seventh col unmm causes the 25 pr eheat é;gé;»
ign the seventh colum-can be printed by this el ement. The wave forns -

depicted in Figure 13 beneath the pre- Tie4T power wave forns illustrate the
malher in -which the 30 print elenment rapidly fluctuates above and bel ow-
t he ther nal -32- coating threshold tenperature Tt during the printing of

dot sashown. - By turning off all cufrent to the element after the printing
of each dot, .cooling tine is mnimzed by turning on preheat power prior to

printing each dot. Thus,, each print_elenent _can ragpidly.print a_pattern
bf' ot o1 Soneepy Seefbiis FRnbAating o ApcSRg e Y iPELER, 8870 om
cool i ng dowot® s$ihewheat By tarindnperaffirell curfeathdad thekelempatature is
the tenperature. of, the_lLar tal head,dj ssi Ayl artion 75.(Figure 8)
of the B0 B#4s i BrsBRIRS R oA ohe T HBRY B filnd e Wipenieed ®

- Figure 9, the twtwing56napadehlesiymmwyed 6gr bbrptonpdirdneng eachedot.have
been il | us d j chematli ¢ 5f ' i'g . . ' LD, power
suppl ?.vol ?gg;esem‘%g?grgggg‘%p%el?%&ighgﬁ #éﬁf‘éj}'yoﬁ%é e\égc] é%%%%ﬂcg%nect ed
to 64 of tKOtHntRcRorow?s6 [Thieghemmratuvecofi dheofprint pplementadst hr ough
conduct or 7 I 8 3 . FL.Qu 1 dggi he
ri ght sidquf t he %éaﬁfég %E%?gé f%%n%yﬁgh%ﬁgr%gﬁ %gggpnar §%§3F9ﬁh
-nuneral s 1-T3 arBheohaast sdnko temperaterei dgakthendempenaurenalickbes 76
on the othergigle métahenBanaieAb {1ty SoftiohN7S P YBr&UT €BE khebe

: 10 - print head 44. | '

In order to further explain the circuit of Figure 9,

~ " the latch 152 and. the group 164 .of print element drivers-. ... - -

have been illustrated in schematic form in Figure 1l. As
shown therein, a power supply voltage V1, for'example +35
15 volts, on a lead 176 is connected to 64 of the conductors
- 76 (Figure ?7) on one side of the print head through
conductor branches 178 (Figure 1l). 1In Figure ll, the
conductors on:the right side of the drawing represented
by the arrow heads marked with numerals 1-13 are connected
20 to individual ones of the condugtors 76 on the otherside
of the print head (Figure 7. This allows current to be
selectively applied to the first thirteen ones of the
print elements 78. These elements are delineated by the
dividing of the resistive bar 77 into segments'by the;-
25 conductors 76. , ' _ o
| | The latch for the first thirteen print elements is
surrounded by phantom lines in Figure 11 and marked with
- the referenced numeral 152. 'In the preferred embodiment
of the circuit, the latch 152 may consist of two chips
30 which are type SN54LS273. The element drivers for the



'bel ectively applied to the first thirteen ones of the print elenents 78.
~[These el enents are delineated by the dividing-of the resistive Bar 77 into
segnments by the 25 conductors 76=33he latch for the first thirteen pripnts
el enents is surrounded by phantomlines in Figure 11 and marked with the\
referenced nuneral 152. 1n the preferred enbodinment of the circuit, the-
| atch 152 may consist of two chips 30 whi ch are type SN54LS273.. The
el enent drivers for the -33- first thirteen print elenments are.
surrounded by phantomlines marked with the references nuneral 164 in
Fi gur e fiilcsEathivtesne grint elenents bxe conmmmirsdled hbyepbaotome side a

combi naﬂﬁgs%spﬁ@h INPrind Péf§ Peag %%&-ﬁﬁ:f %rtﬁGﬁIQg{g ggate

such hav Its. output con pri 1ver ‘havi ng
onelluiﬂchleﬁ tbetmgxnﬁuelﬁme@ta1has Gbnmqﬂtﬂﬁ%mhdreterOBBQHGThe drivers’

180 and OB 1R1 A4 18 i dlht aaangrrn#e 'dllf‘véP' Pﬁcgﬁamgr taype

ULN2803A. ach o the diodes 184 1n driver | pS. are not
ui | i z&EGATRVE ANDsiga#e i 5UEhR gaf Al bpviimg fides ewbPutasAngFodite di odes

i's conr@fﬁfdal rRataldrelvd® P86 OSARNKEGA% S Wik atnd86 wheaete! hgle end is
not connec 0 any caonductor. The output’s of_ the drivers 180 and 182 are

bot h cPREXRY t8rMidabRfid o?r?ﬁﬁaFn&rtW% 182y heThec8FA¥8EENdi ng pri nt
el enment1ggp TARGOUBRUMAB B ﬁldééabydh't\iquzlﬁ'?g|rﬁu§@ﬂ§§§t eaigy ough a

and t h@Trtoer cYes ENA10TRne FRERoE SOV LRRR | LA%: OBt RBSHA nt of enent
19 suf fdeieat ERipw Rird hdt SutelPeedlur This is shown in Flgure 11
- by the fact that each of the diodes is. connected in parallel
to a common lead such as 186 whose'other end is not
connected to any conductor. The outputs of the drivers 180
and 182 are both connected to the conductor leading to
15 " their corresponding print element. The output of the pre-
heat driver 182 is connected through a,reeistor_lse having
a suitable resistance so that when the driver 182 is on and"
the driver 180 is off, the preheet power supplied to the
" print element is suff1c1ent to maintain 1tS temperature
20 just below the thermal coatlng threshold temperature. The
Voltage V1 is chosen so that the amount of power.supplied
to the print element when the print driver 180 is on is
sufficient to raise the temperature.of the print element
above the therma;_coeting threshold temperature. The

s&

25 resistor 188 may'be one of a package Rl of four resistors.
The inputs to each of the drivers 180 and 182'heve_a
supplemental input voltage V2, which maytbe +5 volts,
connected thereto through. respective resistors 190 and 192.
This provides the proper interface between.the logic
30 signals and the drivers- 180 and 182 required to turn the



20 just below the thermal coating threshold tenperature. The Voltageryl
i's chosen so that the anmpunt of- power supplied to the print el enent en
the print driver 180 i's on'is sufficient to raise the tenperature of the
“print elenent above the thermal coating=B8Kreshol d tenperature. The 25

resi stor 188 nmay be one of a package Rl of four resistors. The inputs to
each™©f the drivers 180 and 182 have a suppl enental input voltage V2, which

may € +5 volts, connected thereto through respective resistors 190 and
192. 'This provides the proper interface between the |ogic 30 signal s and
the drivers_ 180 and 182 required to turn the . .-34- drivers on and off in

response t FIHECERpPPRe@oRiE HyaSPIRESACe bty JrPhtedalPgis NOR gate

connect ed t$iHPLI at eThe @-Miniél\Ebaahq-liﬂ ta FOR Qeadé O¥bHRE CREA
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utilizing ogne gate of a chip. of type S 5 2 -
such gates ‘gﬂ%rﬁ ©t R8s & &ﬁ(ffsitﬁ?‘pn %ﬁ’grgﬁit&n, Orle 3% P nPEPHEGESN for a-
particul ar ylwthl btiagpamne cdtts chaaachép of adeh type $Rs4absenr ,stored

i nto t.he | at,c wiihcluding the ,atch 152, the tipl exer, 154 transmts a
st robté5 Si gﬁta g%?otﬁ%l{’ﬁe PaEy SHFR 93585 dn.20f créu‘l ttﬂgeﬁ%t eRiRg7, A18, A19
and A23. A pai rInfoperattiers, Ncenthéd&nforratiicsh i foseai pargieviar

AL, ALe. ATSH 552 PRI AY R RBAPE S Ph PSRt ac h85 PR R mnect ca

directly tctdmedsintol ¢he D&chd#) sinciladdegerthe slatchi ¥82,t ahean out
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10 170 to each of the gates Al7, Al8, Al9 and A23. A pair
of inverters 194 and 196 connected in series are con-
nected"between-the~1ead~170fandfthe~negative-inputswa
half of the gates Al7, Al8, Al9 and A23. The negative
inputs of the other gates are connected directly to the

15 lead 170. This arrangement is utilized to fan out the
strobe signal from the multiplexer to the thirteen gates
of the groﬁp 164 of element drivers. An inverter 198, a
resistor R38, a capacitor C53, and inverters 200 and 202
make up the delay circuit 172 (Figure 9) and transmit

20 the strobe signal'frdm the lead 204 to the next group
165 of element drivers. The ouiput of each of the drivers
180 and 184 is tied to a'common.leaa 206 which is couplea
to ground through a resistor 208 (Figure 9) having a lbwl
resistance such as .2 ohms. | o

25 Prior to the initiation of the strobe signal, the
signal supplied to thé'posiﬁive'input of each of the gates
Al7, Al8, Al9 and A23 is HI and the input to each of the
negative terminals of the gatés is LOW. Under these condi-
tions, each of the drivers 182 is turned on so that each

30 of the print elements is supplied with preheat power.



gsistor R38, a capacitor C53, and inverters 200 and 202 nake up the del ay
cifrcuit 172 (Figure 9) and transmt 20 the strobe signal fromthe |ead
0¥ to the next group 165 of el enent_-gsivers. The output of each of the .
r/fivers 180 and 184 is tied to a common l.ead 206 which is coupled to grougd
rough a resistor 208 (Figure 9) having a | ow resistance such as .2 ohns
25 Prior to the initiation of the strobe signal, the signal
supplied to the positive input of each of the gates Al7, Al8, Al9 and AZQ
is H and-the input to each of the negative termnals- of the gates is LOW
Under t feiyece otie- neigaitdvecantd ofosheidei iapmtBht sedchned @heso that each

he neg 1t ThL po LA B, A d RSS20 0D ol JEF L PRBECRi 100 ana s

are LO atte Hutpaspedt lemil-y of h\eheugaue's.oflseam:h aid ttiee gptréati s LO and the
print dr %ﬁf%r%BQSQrS When the nul tipl exer sends a strobe
signal , ﬁ % V|a the lead 170 to the negative inputs of each.
of 5t he gat es Wi€n Abe, mumtxptbxeﬁ aedd3|aIsiﬂtbénshgmalhelthups whi.ch
conprls 1 e f auses the
posi ti ve %FSILEEEQ& g%. tyaéghi% gogg t?’ lyg%l%i&%lgnghgg
corresp@atimp £ othhege.lt@merﬁls’? whl\bﬂ, aA&S’«t @n@' A3 tandev sat 1e@dsThe ot her
ones of g Ve t [ S hes | enent s

conti nuezt]lhje ‘?a@vﬁ%r g?lﬁ%%\/\%r%gﬁagﬁerg Igritgﬁe ghe g?éfhe%stgr obe si gnal

al so 15 leamegdgneoﬁegéns/estmbessggneécwaotsqsnetlget PosAtiveAls,

10 inputs of each of the gates Al7, A18 Al9 and A23
' correspondlng to the elements which are to orlnt to be

set LO. The other ones of the negatlve 1nputs of the
gates remain HI so these elements continue to draw pre-
heat power. The leadlng edge of the strobe signal also
15 . causes the negative.inputs of each of the gates Al7, AlS,
Al9 and A23 which correspond to the elements which are
to print to be_set LO. Each of the gates whlch now have
their inputs LO now output a HI sxgnal to their print
drlvers 180 causxng prlnt power to be drawn through each
20 one of their corresponding print elements so that a dot
'is immediately printed. It will be noted that for each
of these gates having both of their inouts set 1O, the
" preheat drivers 182 are off so that no preheat power is
drawn by them. | |
25 Midway through the strobe signal, the print power
is turned off and the elements whlch Just prlnted dots
rapidly cool since they receive no. power until the end
of the strobe 51gnal. The trailing edge of the strobe
signal causes the latch 152 to set the positive:ﬁnpnts
30 of the gates Al7, Al8, Al9 and A23 corresponding to the

.



Al19 and A23 which correspond to the el enents which are to print to be se
‘Lo,  Each of the gates which now have their inputs LO now output a HI
gignal to their ‘print-drivers 180 causi print power to be drawn throu
‘each 20 . one of their corresponding prfht elenents so that a dot is
‘i nvredi ately printed. It will be noted that.for each of these gates having -
bot h~of their inputs set LO the preheat drivers 182 are off so that no
“prekegat power is drawn by them: 25 M dway t hrough the strobe

signal, the print power is turned off and the el enments which just printed

dots rapi dly |, Si h egei_ye r I L.t he_end of .t he strobe

si gnal . Tﬁé‘et?“%g‘ltlslgr%}?g%geﬁéyét ﬁgss fﬂ(%erptg%n%#e%ahgeggﬁ?‘é"l atT(?huﬁSZ to set
t he positiedl futthe8printf el kmegdise coXiFespdRd A9 tandhé? Jresnup espondi ng
to the. - BN Sy Yh] ' . print i,n._Thus, all of
the print g'l%grrg%s cor%‘a%\g%%%i ﬂ&’f?ﬂ“ﬁéoﬁpﬁ%ﬂg? gk’ir\%(% + % now _ '
drawi ng a preéh&sadrrenprint the nexty Yinerofitdoke.next |ine of dots. 5
Wien gl | of the aHreg EC+ haf gF j b Lated - | cket, a.
di agngstic r qut iw?i’leeq?s per?gr_%g tgg%gﬁﬂrt' e %Oﬁxﬁ?ﬁgfr&h&ﬁg?i g{agc%r%?ééhe print
el ements. PRiidted andhei shekeby apdiamnpProriat rpvhdnet dseqmgrigrmed print

drivers 18@o( ki@ & rel)cORLiabiRy! UEe ddtH b tAECESIHROR 13L Vs MONi toring
the current_fl ow throug% eaéh (J)'f- yt he print el ement gﬁ%ﬁe%clurrer;r:&t/smm ch

flows throf§#Seddh 4RGP L EREA! Pie RRARIRIRG \BF i BfeParess$a lRagles?Etor 208
(Figure 9) tWel gitint EBPErsy180e (FIRYSIPL) one at a time in

10 succession and by monitoring the current flow through
- each of the print elements. The current which flows |
through each print element develops a voltage across .the .
resistor 208 (Figure 9) which is sensed by the comparatdr
_ 140 to provide an indication of the amplitude.of the
15 current flowing through the print element. |
A schematic diagram of the portion of the circuit of
- Figure 9 which is utilized in performing the diagnostic’
routine is shown in Figure 12. A normal element will

allow enough current flow through the resisfo: 208 to
20 develop a voltage across the same which is more positive
 at the non-inverting terminal than a pre-set threshold
at the inverting terminal of the comparator 140. This
causes the comparator to send a HI output along the
lead 138 to the printer microprocessor 128 indicating a
25 normal element. An open or damaged print element will
| have a higher than normal resistance and the current
flowing through the resistor 208 will be less than the
. amount required to cross the threshbld of the comparator.
The comparator will then send a LO output along the lead
30 138 to the printer microprocessor indicating a faulty |



[ 7]

I¥0 to provide an indication of the anplitude of the 15 current flow ng
ough the print elenent. A schematic diagram.of the portion of the
cuit of -Figure 9 which is utilized 5Q_perforn1ng t he -di agnostic routine_ «
g shown in Figure 12. A normal elenment 'will allow enough current flow
through the resistor 208 to 20 devel op a vol tage across the sane which"
"is nmore positive at the non-inverting termnal than a pre-set threshold-a
the inverting termnal of the conparator 140. This causes the conparato _o_
send a Hl .out put al ong the Iead 138 to the printer nicroprocessor 128

i ndi cat idbRed®. DR r t wll

have a hi gher t han %grgg reS| %ﬁgéﬁg g&ehe cdgﬁgﬁgé Igwﬁﬁ% ?%ﬁgh t he

resistor LR E2 be5h§§$%rﬁ#ﬁtﬁénéﬁﬁﬂnﬁﬁﬁ&ﬁﬁqzxﬂQ& keepsmgutheweshold

of -the Cd&ﬁaﬁé@t&flvzbee&amﬁtpéaw bbst &%&ﬁ%&é&ﬂgt RBEea'agguthe | ead
a

30 138 to ri.nter mcroprocessor indicating
el enent .2 efReNSL MM R/t fert pXREP1ey I Rltwe (ﬁlgmﬂenz) shunt s

the sensiin'gié ezsmst QFl%QS:é@EZJ)I r@stasls.gmn td{é Vx@éf@ﬁéﬁ&sr g%%g[?é)ﬁ from

develop nDre tg redeter volta for exanp A zener
5 gﬁ?‘s %’Bf | Qhethensompanakng %Pt A§edexdveshi ch t he

threshol d of metnenparmtwr Jmli)crspﬁlce@sedr |d‘etiétﬁ:§rénfﬁh1'@yc§%&rﬂ¥3€550r
detects fault ﬁrlnt Iene I dur| the i,agnosfic routine, it sends a

si gnal Fépgnl&%) %ﬁﬁ%%ﬁ ﬁhF?W HP urkt s$eRdsaassdenalio to
a statumo(xhqnwamtno1ommarapmm¢a950rndhd&hIﬂhtﬁﬁﬁnngeﬁasnéD%QQﬁél -

riﬂu're%olélgégifgﬁnEoHﬁ é}cgieggher receiver indicating that
maintenance is required. In the event that a defective
print elemeﬁt is detected, the printer microprocessor
prevents further ticket prlntlng from taklng place untll
the print element is repaired.

15 Finally, a programmable tlmer 210 (Figure 9) monitors

' the strobe signals transmitted from the'multiplexer 154. -
If no strobe signals are detected after a predetermined
time interval, the programmable timer 210 operates.a

_ power switch 212 to turn off the power-supply-voitage-VI

20 to the print elements. Under this condition the print
elements no longer draw preheat power. The programmable
timer 210 is preferably set to turn off the power supply
to the print elements after an interval of time which is
sufficiently long to indicate that the printing of a

25 single ticket is complete. Thus, standby power consump-

| tion of the printer circuit is minimized. This turn off
is further required since the print head cannot withstand
continuous. application of power for more than a few seconds
because the print elements will burn up. When a purchaser

30 next operates the vending machine 10 (Figure 1) to purchase



prlnt el enment is detected, the printer nicroprocessor prevents further

*ticket. printing fron1tak|ng place until the print element is repaired. /15

'Flnally, a programmabl e timer 210 (Figure 9) nonitors the strobe signa
ransmtted fromthe nultiplexer 154. |f=38=strobe signals are detected

a#rér a predetermned time interval, the programmable tinmer 210 operates-a

powet. swtech 212 to turn off the power supply voltage VI 20 to the print

el elents. Under this condition the print elenents no |onger draw preheat

power. The programmable tiner-210 is preferably set to turn off the power

supply to the print elements after an interval of tinme which is

suffIC|entﬁyﬂhﬂh?ﬁx)?ﬂﬂlEﬁﬂéﬁﬁ%ﬂm%¢ﬁ9$ﬁ?ﬁ?§ﬁ@roﬁu§ﬂ§5On thagpewercket is

conpl et e. y YNy peuek H!NParteABugh Hhe HVAHEL , CEsgUIt IS
m nim zed. T |s turn of f- 1Ts further required Since the print head cannot
wi t hst and -e&AMPde A0 QppiLddsesenss po‘Wér PFeheas: henalemerts shedpas

because thengr igHi it i@ NbSeWaltli dildomiRen¥¥8N 2 pReHIAS Powdr ishext

operates the vendin nachlne 0 e 1) ur chase a ticket, the’
print®r m EMBRIGESSS ?ﬁFHs°% Qhﬁ;%gwﬁﬁ1§Ep§ﬁ§“ﬁ§§%ﬁf?ﬁ|%tth@5d far

enough i n ad¥3aiCcBed®©rt&XBeRhgy IHen i €REORER Fetr%tl%:@eﬁt jhstel enents
before the_printing operatign comences. Prehea ower supplied to

~each of thbedewtha %ﬁ%ﬁ@ﬂ@scﬂﬁt¥P$|F%r§§PPﬂé|éﬁ@ﬂﬁ?%ﬁ??@ t hERNESo t he

t enper at ur giokerititstldeépihBa Wi NBlr $Ratbl@mhhofs adwk t BsPSE ahved., Thus,
monents | ater when the fIrSt@ir ra;( E)reots is printed, the ele nts are
1

al ready pr &bt dEEPERaRTEY epkPRt lsﬁg%aﬁh%nrﬁaﬁ t ake pl ace

-as pigVvi ougplinting operation can take place as previously
described. ' | | _

Having described a preferred embodiment of the
thermal printing system of the present invention, it will
be apparent to those skilled in the art that the system

15 ‘ may be modified in arrangement and detail. Therefore,
- the.- protectlon -afforded our invention should -be limited
only in accordance with the scope of the following claimss, |



scribed. Having described a preferred enbodi ment of the thermal printing
tem o ention, it will be apparent to those skilled in
el art “'ﬂm“mm'muum may be nodified in arrangenment and detail. %

eforel the 'prdteéti dn afforded our invention should be l'inmted only I
cordance with the scope of the followi ng clains. -39- CLAIMS 1. A
thermal printing systemfor printing9akphanumeric information in dot matrix -
format consisting of a plurality of colums of dots on stock coated wit

material hayiapM8 5 predetermined threshold tenperature at which it
changes col®r;, Tonprising: a print head including a plurality of. print

el enent s ar anged | | t_ ad 10 selectlvely
heated |- oh amouft ChESBAL: pEii i Mytal Hhr, Wik ne e hEnaRuBEr Lt
current mdﬂnf@rﬁlhﬁ‘ﬂ’ohhihedotth MRUHH X "Rgat CoksDPOIhg NGE aadpmﬁeaﬁlcyng
. the stock past the print head adjacent to the print -elenents and. in a

direction eafeadiugngenér doits mmwaﬂnnknnqated)wh@hrmaperlas having a

el ement contr.ol neans .f recei C nds re ve, of the format.
ond texs’ of BTRECLEBRARE e EhE SR h e TR D 1 £ bt WRLERAL o FDEBEBA: g t he
commands angogggrlegmgggglb@presentatlve of the colums of dots to be

printed; and .~ driver nmeans responsive to the control neans for
sequentially causanpranmrhhaﬂ inelneding ca pplurakityeof, print elements

arranged in a row, each print element adapted to be
selectively heated in an amount'ptoportioﬁal to the
10 amplitude of the electric current made to flow there-
through;. _ | |
means for supporting and propelllng the stock past
the print head adjacent to the print elements and in a
direction extending generally perpendicular to the fow of
15 print elements; |
control means for receiving commands representative
of the format and text of the glphanumeric informaton to
be printed and for decoding the commands and storing data
representative of the columns of dots to be ﬁrinted; and
20 driver means responsive to the control means for
sequentially causing a preheat current, a.print current,
‘and then a zero current to flow through certain of the
print elements which are to print dots during the prlntlng
of a column of dots, and for causing the preheat current
25 to flow continuously through other print elements which
are not to print dots durihg the printing of said dolumn,
the preheat current being sufficient to preheat an element
to a certain preheat temperature and the amplitude of
" the print current being sufficient to raise the temper-

30 ature of a preheated element past the threshold



and then a .zero current to flow through certain of the pri ts whi
are to print dots during the printing of a colu r causi
.t;he preheat current 25 to flow continuously thr 'ﬂ,’m “Emmﬂel enent
ich are not to print dots during the printing of sal he preheat -
¥7ent being sufficient to preheat an elenment to a certaln pr eheat

tenperature and the anplitude of the ﬁﬁ IM current being sufficient to
rai &gzt he tenper- 30 ature of a preheated el enent past the threshold

-40 - tenpera re_durin ng _of. g .dot 'saj reheat ed el enent.
2. A syste %BSFEF get gufg'&gmtq‘ FF‘%EV‘% rars‘#‘?dﬁ%?éa% or testing
each print el egpahedte@’ elildfedtRha- 5 numeric information has been
printed on the stock to determine if any of the elenents are defective. 3.

. A thermal printing systemaccording to claim?2 mhereln t he testing neans

~includes a vol fage nparator. - S acc to a ecedlng
claimfurther 40 congrﬁglﬁ thﬁQOWQHW%ﬁ%b #9%%@%@ ¢ %ﬁl%%rrent

th h h | d
hrough eac S{apg Ebﬁ:ntte%t‘:?ﬂ%gl etloﬁ}oy@%éﬁ'm ' eflgh gL m ne

time interval - ow ng the co he printing of the alphanuneric
i nf ornmati oh onnumericodbfoirmation has theemygprinted iom Systswoekcboding to

any preceding ¢laim ,wherein the s f.or supporti nd propelling the
st ock past thegﬁFPﬁﬂlﬁéa& i REYU S gﬂ?(ﬂ%ﬁﬂ?ﬂ?ﬁl%ﬁe t*Yﬁ rot atabl y
nounting the driver roller

3. A thermal printing system according to claim 2

wherein the testing means includes a voltage comparator.

4. A éystem according to any preceding claim, further

10 comprising timer means for eliminating the flow of
current thfough each of the priﬁt elements upon the
expiration of a predetermined time interval following'
the completion of the printing of the alphanumeric

"information on the stock.

15 5. A thermal printing system according to any preceding
claim, wherein the means for supporting and propelling
the stock past the print head includes:
a drive roller;
means for rotatably mounting the driver roller
20 adjacent the print head so that the drive roller can be
rotated to propel the stock between the drive roller and
the print hea&; | ,
means for mounting the print head for pivotal

movement toward and away from the driver roller;



20) adj acent _theprint—head so that the drive roller can be rotated to

opel the stoc . he drive roller and the print head; neans for

unting :\m‘\l\\ﬁ“mmﬂ““ .pivotal novenent toward and-away from _a
cdri verl I@RIE " s 41 - nmeans for resiliently biasing the print head \,

toward the drive roller; and adjustable neans for limting the novenent .of
the print head toward the driver=réil er. 5 6. A thermal printing i
system according to any preceding claimincluding delay neans for *!* .
staggering the printing_of the_ dots in egch colum. 7., At herma

printing systerm dBeaRa; F9Tt eah) 1pnELyy] ﬁﬂﬂﬂlﬁﬂaMﬂﬁ¥ﬂFlb%% anpl i tude of -

t he preheat Ny LS a LA one-third the anplitude of the
pTint-curré%%#Q%& EhéAﬁ%gg?ngPigékﬁt%ﬁ%ysysten1according to any precedi ng

claim wherein thgdgestablenmeansi folruddmi ring aleprmoxe=ment 46 the  a
random access_nenpry operatively coypled tqo the mcroprocessor; a plurality
of read onlprimkEohead gﬁ@ﬁﬁ@iF@Fyd&%ﬂﬁQNFQL;Qqﬁérﬁcroprocessor for storing

t he decoded data representative of the dot colums of the dot matrix 20 .
format of the al phanuneric information; a multiplexer operatively coupled

to the gicr@; progesherinalngrintiiveilsyisten dcdcrding nterénygeproecedtng t he

claim including delay means for staggering the printing

of the dots in each columm.

7. A thermal printing system according to_any_precéding
claim,-wherein the amplitude of the preheat current is
10 approximately one-third the amplitﬁde_of the print

current.

8. A thermal printing systeﬁ according to any preceding
claim, wherein the control means includes:

a microprocessor;

15 a random access memory operatively coupled to the
microprocessor; | '

a plurality of read only memories operatively
coupled to the microprocessor for storing the decoded
data represéntative of the dot columms of the dot matrix

20 format of the alphanumeric information; |

a multipleier operatively ;oupled to.the micro-
processor; and . |

a plurality of latches interfaced between the
read only'memoriés and the driver means for operating

25 the driver means in fésponse to signals sent-from-the

microprocessor through the multiplexer.



read only menories and the driver neans for Operatwm@

In response to signals sent frromthe m croprocessor, through the

wul ti pl exer. “-42 - 9. ' Athermal printing sy'stﬁm, mwm ny -
‘p(eceding claim wherein the driver neans conprises’ mmﬁ"Fnd a
preheat driver for each print elenment, the print drivers and"prehea
driivers being divided into a 5 plaurg2i4y of groups each adapted to
recdiwe a strobe signal fromthe control neans, and wherein the system
further conprises a resistor/capacitor network connected between each group

of drivers foP.stagdethermede puimnting i systemt accerding tpgany poeckdiggoup
of 10 drivers,

“substanti al | ycgtég‘ﬂlér o trh%bﬁ%@%%]gﬁﬁ%er?ﬁiﬁg%%g% %gggggta%&r‘}%%d _

and a preheat driver for each print element, the print
drivers and preheat drivers being divided into a

5 plurality of groups each sdapted to receive a strobe
signal from the control means, and wherein the system
further comprises a resistor/capacitor network connected
between each group of drivers for staggering the
application of the strobe signal to the group of

10 drivers.

10. A thermal printing system constructed and arranged
substantially as herein described and shown in the

drawings.




