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-1- TI TLE OF THE | NVENTI ON METHOD AND APPARATUS 5 yS s f
| MPLEMENTING ~  HI ERARCHI CAL _ELECTRONIC CASH -5:1 - BACK OF THEé
FNVENTI ON The present REMeACEDNSHEESE 65 THGA ﬂ‘eft hod and appalajus
for inplenmenting hierarchi céi{(& @gggggptgapcgsb th ug,h utilization of
a tel ecommuni cation system o¥ -gasa ik q”lal e st rage such as a
smart card. 10 I n regps Mwygw(% é BAS 15 | ari zed an

el ect-roni c funds trangjer,g y| agbﬁi.‘ 'é‘l 8@ rﬂ cation system In
general, a certificate conv j_ ) e |nt gy ‘gt!fi‘}iﬁ"a“s 0 draft or
check, has a symbol i c funct L8R Gt OF 1R rch ~gyarantees its
possessor to the rights stated thereon) V\hen 15 handl'ed in the

t el econmuni cati on system thaNkeIEY IRECORDENG HEAD

~ The invention relates to an ink jét recording head.

It has been previously proposed to impfcove dot density for
better print quality by an arrangement in which four rows of
nozzle openings extend in the carriage moving direction, i.e.,
) in the main scanning direction. Such a nozzle arrangement is
0 usually implemented by two sets of a recording head that has
two rows, the nozzle openings in each row being staggered by a
single dot in the sheet forward direction.

However, the second and third nozzle opening rows that ar.e'
adjacent to each other in the middle are separated from each
other by a housing forming member, and this not only increases
- the distance between the rowé , but also requires an ink supply
means. In addition, the operation of aligning the two heads
| is cumbersome as well. ’

It has been furthermore proposed to overcome the above
) problems by means of an integrated ink jet recording head in
which four or more nozzle opening rows are arranged on a
common nozzle plate and each nozzle opening has a pressure

producing chamber thereof.

As shown in Figure 10, such an integrated ink Jjet re'cording
head is characterized as staggering the nozzle opening of each
of the nozzle opening rows A, B, C, D by a single dot in the
physically arranged order.

In this recofr:ding head, aftexr driving the nozzle opening rows

A, B, C, D in the phys:.cally arranged order, the nozzle
opening rows are driven again cyclically in such physically

Il llll
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digitized data, which could easily be copied-fbr r epeat ed arbitrary.
or unfair conversion into noney. This problem arises as well in the

i mpl enent ation of electronic e¢ash such as a prepaid card, because it
could al so be copied for 20 repeated arbitrary or unfair conversion into
noney or purchase of merchandi se.20n the other hand, the credit card
Is essentially free fromthe danger of such doubl e usage, but I nst ead
it has a di sadvantage that the whole history of custoner's use of the
card beconmes known to a credit card 25 I ssuing conpany (that is, user
privacy is not preserved). As a solution to these problens, there
has been proposed a schene that uses a card having a conputation

fac |1t wutihoeq orfigyl SComblle, C¥ABANISALAR APEL 1BS) £ $RLLaERTS:

t he conversion T nto nmon ensur e user
L2 + L3, which is the distance between the outermost rows,
until the fourth nozzle opening row D printing a dot adjacent
_to.xhe;dotm;minted_byﬂthe“firstmnozzle“opening.A is driven.
As a result, any inclination of the ink jet recording head
caused at the time of mounting the head or a change in the
head mounting angle caused by play aggravates fluctuations in
‘“the distance between the dots printed by other nozzle opening

“ rows, thereby inviting impairment in print quality.

It is the object of the present invention to overcome the

above mentioned drawbacks.

This object is solved by an ink jet recording head according

to independent claim 1. Further advantageous features,
aspects and details of the present invention are evident from
the dependent claim, the description and the drawing. The

claims are to be understood as a first non-limiting approach °

to define the invention in general terms.

The ink jet recording head according to the present invention
has at least four rows of nozzle openings in a main scanning
direction with each row having a plurality of nozzle openings
in a sheet forward direction. From'such ink jet recording
head, ink droplets are jetted out by pressure produced by
pressure producing sources using piezoelectric elements,
heating elements or the like.

The invention furthermore provides an ink jet recording head
capable of reducihg relative displacement of dot among a
plurality of nozzle opening rows to a smallest possible level.

-
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-2-. privacy and detects its double usage. This is disclosed in,

for exanple, Chaum Fiat and Naor, "Untraceable Electronic Cash, "
*Proc. OF CRYPTO ' 88. Wth the Chaumet al. schene, however, it is
necessary, 5 for preserving security to sone extent (the probability of
success in overspending is 1/2[err], for instance), that three
procedures-of inquiry, response and verification in the processi ng of
user's paynment of electronic cash to a shop be repeat ed by_the nunber
of times (30 tines, for example) 10 corresporiieginventioncEsferty

I ntended to provide--this significantly increases the vol une of
communi cattonaneipkr gét recordimg fheadpridisite naludels vEQREi PEt ROgRe rows

el ectroni c cash. The principle for divisjonal use of electronic
cash ofropzebe opehingss ipadedadm FRANHRT I F§CEHAgRni oF2hodOW 15
that utilizes a hierarchial structure as disclosed in U.S. . Pat ent No.
5,242, 162, hadorai ptuanddtyHokenozzlese Sicfalto extend straightly in a

sheet forward direction at a pitch corresponding to the
number of rows of nozzle openings. In such an ink jet
recording head, the rows of nozzle openings in an auxiliary
scanning direction are staggered at a certain pitch so that

‘ an order of arrangement of the rows of nozzle openings is
different from the physically arranged order.

The nozzle opening rows are staggered in the
auxiliary scanning direction by a predetermined pitch so that
the order of their arrangement is different from the
physically arranged order. As a result, the maximum distance
between adjacent nozzle opening rows to print vertically
adjacent dots becomes smaller by a distance between the
adjacent nozzle opening rows than at least the physical
maximum distance, thus contributing to reducing relative
displacement in the vertical direction by a distance
equivalent to the distance between the adjacent nozzle
opening rows compared with a head in which nozzle opening
fows are sequentially staggered in the auxiliary scanning

direction in the physically arranged ordex:. .
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| ipl ementati on of this conventional schene involves many procedur es
and | arge conputational | oads. The el e¢tronic cash inplenenting
‘systen1|s configured 20 primarily on the assunption that the same
financi al institution both issues electronic cash and nanages users
accounts, and consequently, the electronic cash issued by the
financial institution returns thereto fromthe user via shops and
banks. Hence, it is inpossible to keep a watch on the 25 anount of
el ectroni c cash isBigdrendl d¢israuldiagoram shovwaingg @n ink jetrréeerding
SUMVARY OF THE | NVENTI ON It is therefore an object of the present
i nventi on head, which is an embodiment of the inven@ion, in the form of
nozzle opening arrangement;
Figure 2 is an exploded perspective view showing the
ink jet recording head shown in Figure 1;
~Figure 3 is a diagram showing the ink jet recording
head shown in Figure 1 with a nozzle plate thereof removed;
'Figure 4 is a diagram showing a sectional structure

q. of the ink jet recording head shown in Figure 1;

Figure 5 is an exploded perspective view showing ink
flow paths in an ink jet recording head, which is another
embodiment of the invention;.

'Figure 6 is a diagram showing the ink jet recording
head shown in Figure 5 with a nozzle plate thereof removed;

Figures 7(a) and 7(b) are diagrams illustrative of
inter-dot relative errors caused by the ink jet recording
head of the invention and those of a conventional ink jet
recording head;

Figure B is a diagram showing an ink jet recording
head, which is still another embodiment of the invention, in
the form gf znozzle opening arrangement;

Figure 9 is a diagram showing an ink jet recording
hea&, which is still another  embodiment of the -invention, in

the form of anozzle opening arrangement; and
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provide an el ectronic cash inplenenting method which ensur.es ‘user

privacy and prevents abuses of electronic cash but permts reduction
of the amount of conmmunication involved in t he paynent of electronic
cash and its divisional use and 5 makes it possible to keep under
surveill ance the anount of el ectroni c cash issued and circul ated

t hr oughout the financial worl d. Anot her object of the

m i ti IS, t id t f i_npl ting:th
above- rent | oned el SAFHFFCL0105 ScSERNE KSR Showing @ mRkalei GRoRiAghe

ent | one c” 18" Sy i n
Tethod for St Lidaet; 8 SR’ S6hVBAcIBna) (il B AR RAART ORI HHEDLRE

i ssuer, a ' a er's account, an electronic cash
ta?c{sl#o ‘F’)%vg% of noz 8 g§§n§n§§.

user, and recerves - paynent by e]ectronic cash, the
met hod conpri si ng: step (1) wherein the electronic cash
| ssuer. opens an ' -

Embodiments of the invention will be described in
detail with reference to the accompanying drawingsf
Figure 1 shows an embodiment of the inventioﬂ. In
Figure 1, reference numeral 7 designates a nozzle plate
having four rows of nozzle openings A, B, C, D. The pitch
between nozzle openings 1, 1 +++, 2, 2 s+, 3, 3 ++-, oOr 4, 4
.-+, each being arranged linearly on each of the rows B, D,
C, A, is four times a pitch between vertically adjacent dots,
i.e., ad x 4. The first nozzle opening row A that is located
outermost and the second nozzle opening row B that is
adjacent thereto, as well as the third nozzle opening row C
and the fourth nozzle opening row D that is adjacent thereto
are arranged at smallest possible distances L1 and L2,
whereas the second and third nozzle opening rows B,C are arranged at
such a distance L3 as to allow a viSrating element uﬁit
(later described) to be accommodated. As shown in Figure 1,
-each row of nozzle openings is selected so that the second
row B, the fourth row D, the third row"C, and the first row A
stagger one another in a sheet forward direction at a

distance equal to a single dot (ad) in the written order.

-
This Sheet Has Been

LT



enb}pher function E[err] and a signature'verification function V[err]

to the public; 20 step (2) wherein the user sends to the bank user
information U and a face value X for requesting the bank to wi t hdr aw
an anount of noney X from his bank account and issue el ectroni c cash
of the face value X, while at the sane tine t he user generates
verification key Nerr] for his signature and 25 a ci pher key K, then
enci pliers the signature verification key N[ err] and the cipher key K
to generate enci phEigures@r shows 3 rftorustins &f ethé(knk, Sksr recoxdiichgsends
It to the bank; step (3) wherein the bank w thdraws the anount of

nnhey X head having the above-mentioned nozzleg-opening pryangementor'

bank account, and sends information {X, ‘{erré (X, K,NJerr])} as an
eIectron|cIGa§h9P§§u3nc€Qﬁaﬁﬁﬂﬂetﬂ?@#ﬁ? esignates a spacer

interposed between the nozzle plate 7 and a vibrating Plate 6
(described- later) -so-as to'forﬁ.an ink flow pafh. As shown
in Pigure 3, not only rows of throughholes 10, 10, 10 ;--,
11, 11, 11 ee., 12, 12, 12 ~.., 13, 13, 13 ... that will
serve as'pressure.producing chamﬁers at a pitch corresponding

¢ to the pitch at which the nozzle openings 1, 1, 1 =+, 2, 2,
2 e+, 3, 3, 3 ..., 4, 4, 4 +++- of the respective rows of
nozzle openings B, D, C, A are arranged, but élso a
throughhole 14 that will serve as an ink flow path for
supplying ink to the pressure producing chambers from a tank
is provided. The throughholes 10, 10, 10 +--, 11, 11, 11
ees, 12, 12, 12 +e+, 13, 13, 13 +++ that will serve as
pressure producing chambers are formed so as to confront the
nozzle openings 4, 4, 4 e, 1, 1, 1 eeo, 3, 3, 3 -, 2, 2,
2 --- of the respective rows of nozzle openings A, B, C, D at
an end thereof. And the throughholes 10, 10, 10 --- and the
throughholes 13, 13, 13 -++<, both located outermost of the
nozzle plate 7, include communicating recessed portions 1l0a,
10a, 10a --:, lia, 1l1la, 113 +--, 1l2a, 12a, 12a +--, l3a, l3a,
13a ---, eacl communicating ‘recessed portion being formed in
a size slightly smaller than the throughhole.

In Figure 2, reference numeral 14 designates the

throughhole that will serve as an ink supply path for

-x\“
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| ectroni c cash I ssuer, while at the sane-tinme the bank records in a
- yser data base the user nane U and the 5  enciphered user information

err](X,K,Nerr]) in correspondence wi'th each other; step
(8) wherein the electronic cash issuer uses a deci pher function
Dierr] to decipher the enciphered user information E[err] (X K Nerr])
t@ obtain information (X K-Nerr]), 10 gener at es infornation n=g( Nu)
chtalnlng t he signature verification key Nerr qrs t he .
i nf or rrat.oﬁeﬁeaﬁanghénésrrr#mm the task igteguahitd eRER ¥ anlels &8 siffhatere
SQerr](X n), the registers the information n and B[ e Q}QﬁEK,N[err])
in an |nsp§Et¢8ﬁl9ned thats theseh FPQQ##Q%%o%ﬁeﬁEEmRP%ﬁaE ot and

cal cul ates n enC| hered i sSsu ure E errL(S r](X obt ai ned
l:?1)rf1'\d sendsegiﬁgﬁhﬁﬂ&?h oS ng gﬁ&i}t %ﬁtﬁT{%errbELﬁ %?%—‘:(e e K
user; ﬁg E‘ﬁ’()i ét’hg' usSETHERY %é é H% g S’%‘)ﬁnered i ssuer

throughholes 10, 10, 10 ..., 11,.11,.11 .-.,_12, 12, 12 +.--,

13, 13, 13 ..., and the communicating recessed portions 10a,
10a, 1l0a +--, lla, 1lla, lla e++, l12a, 1l2a, l2a ---, 135, 13a,
13a -++. As a result, the pressure producing chambers for
Q - the nozzle opening rows A, D that are located outermost of
the nozzle plate 7 receive ink from the independent reserve
tanks, whereas the nozzle opening rows B, C located in the
middle receiwve ink from the common reserve tank, which is the
throughhole 16.

Reference numeral 6 designateé the above-mentioned
vibrating plate, which is made of an elastic material for
partitioning the pressure producing chambers, the ink supply
path, the reserve tanks formed on the spacer 5 from vibrating element
units 20, 21, 22, 23. The vibrating plate 6 comes in contact
: with ends of piezoelectric vibrating elements 25, 25, 25 ---,
26, 26, 26 +--, 27, 27, 27 ---, 28, 28, 28 --- to transmit
vibration produced by the vibrating elements 25, 26, 27, 28

‘to the pressure producing chambers. At a position

R T e S

confronting the ink supply path is the ink supply inlet 30 so that
an end of an ink supply pipe 36 communicates with the

throughhole 14 that will form the ink supply path.

-
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éo signature E[err](S[err](X,n)) by the key Kinto the issuer signature
gl (X n): step (6) wherein the user sends, as electronic cash C of
tthe face value X, information containing {Nu, X, S[err](X,n)} to t he
shop for the paynent thereto in an anount y; 25 step (7) wherein the
shop verifies the validity of the el ectronic cash C and, if valid,
recei ves the paynent in the anount vy; step (8) wherein the

shov"sends |0 LIeRELESLAOH aMLe 201, 2 R ASTRERIEHE by the
glhgg rgﬂgﬁbeé‘éhméﬂﬁibﬁgﬁe%ti%féﬁdf%f‘éméx?t Sghits.aceaUBl &f the W th the
| vibrating elements 25, 26, 27, 28 are mounted on fixed plate
31, 32, 33, 34 so that the vibrating eiément units confront
the pressure chambers of the respective rows of’ nozzle
openings. To mount the units 20, 21 as well as 22, 23
mounted on the first and second rows of nozzle opening rows A, B
as well as the third and fourth rows of nozzle opening rows C, D,
s the fixed plates 31, 32, 33, 34 are mounted on a frame 35 so
that the respective vibrating elements confront each other.
Figure 4 shows a sectional stfucture of the above-
mentioned ink jet recording head. A predetermined gap G is .
provided between the vibrating plate 6 and the nozzle plate 7
by the spacer 5. Reserve tanks 40, 41, +--, pressure
producing chambers.44, 45, +++, communicating flow paths 47,
48 -+- are formed of the throughholes 15, 16, 17 and the
recessed portions 10a, 10a, 10a .--, lla, lla, lla +--, 12a,
12a, 12a «--, 13a, 13a, 13a .-+ of the spacer 5. The ends of
the vibrating elements 25, 26 of the vibrating units 20, 21
abut against the vibrating plate 6‘in'such a manner as to
confront the pressure producing chambers 44, 45,
respectively. These vibrating elements 25, 25, ---, 26, 26,
-+« are designed so that =& drive signal can be applied
thereto by cables 52, 53 through electrically conductive

patterns 50, 51. Reference numerals 54, 55 designate

reinforcing members for supporting the vibrating plate 6.
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|srep (9) wherein the electronic cash issuer obtains, with 5 the signature
verification key Nerr] in the comruni cation data H the information
n=g(Nu) containing the key N err], nakes a check to see if the
information n is already registered in t he i nspection data base,
verifies the validity of the el ectronic cash and, if valid, instructs

t he bank to transfer Q t he t_ of paynent to oynt of the
shop. The abdt&Yhét o?aﬁﬁjl aiFt et 'é/ S%Qﬁ%pgﬁ ﬁf ronic
cash i ssuer geneiakeseandqyonﬁinguheﬂﬂﬂwhmqpmmane verification key
N[err] to the user. The user apparatus for the electronic cash
mpl emenkind@hekd embiti ishtcsHr thegifivehbeonl esEAt Figwaes G axndipf ) ses:

ans for generating a cipher key K, nmeans for generating a

i gnat ur geferenated MunewalSS @rdés ymlatés ai gpatere van fuhda iembodimenkey
[err]; encipher neans for enciphering the anmount of noney X and the
eys K amtirtughhloltes obt ai Tl § hEli nf of nB2i oR2E[ @2r P (X, BsNweld] )as 20  neans
fior sending the user information U, the dnount of nobney
throughholes 73, 73, +--, 74, 74, 74 -++, which will become

pressure producing chambers, formed on the first nozzle

et 2

opening row A and the second nozzle opening row B as well as
the thifa nozzle opening row C and the fourth nozzle opening
‘ ~ row D, are arranged so that the ink supply ports of the
throughholes 71,-71, 71 ..+ or of the throughholes 73, 73,
.+« confront fhose of the throughholes 72, 72, 72 +e+ oOr of
the throughholes 74, 74, -.-.. In addition, communicating
recessed portions 7la, 7la, 7la <+-, 72a, 72a, 72a +--, 73a,
73a, 73a -+, 74a, 74a, 74a --- connected to throughholes 75,
76 that will serve as reserve tanks are formed on the side

that will become the ink supply path.

PRamperpsrEr R

According to this embodiment, an ink supply path
portion can be shared in common by two nozzle opening
rows, thereby achieving a simple flow path design.

In this embodiment, when the first nozzle opening row

Ao b e
IR RE L LE

A has reached a predetermined position, a drive signal is

v - Rt T NS

applied to the vibrating elements 25, 25, 25 ---
: corresponding to dots to be printed by nozzle openings 1, 1,

1 .-+ that belong to the first nozzle opening row A. As a

. e

result, ink droplets are jetted out of the nozzle openings 1,

1, 1 -+-- to form the dots on a not shown recording sheet.

-
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and the information E[err] (X, K, Nerr]) to the bank; deci pher means
tor .deci phering enci phered information received via the bank fromthe
| ectronic cash issuer to obtain the issuer si gnature
$[err](X,N[err]); and signature generating neans for - 25
Uyser signature to information e received from the shop and the anount
af payment y to generate a signature Su(e,y) and for sending the
&lgnarure Su(ey) to the shop.

The bank apparatus for the
eJeCtrO”'Cw%éﬁhﬂﬁgﬂfagﬁgdiﬁb head has moved by a distance equal to Bl +
thod according to the present invention conpiises: a user dat a base
fpr storing ider %Bﬁlﬁl{é?r&&ktiﬁgémhl arikkesibh¥1KiN eigdlied to @&l the
user information i n correspondence with each other; means for
sendi ng, t gibratdmeidXementtasPei s38¢r 26i Rf6r mx@aspdidmg to dots to be

SB(X E[err] (X, K, Nerr])) obtained by attachlng a bank signature to the
| printed by the second nozzle opening row B.

attaching the

As a result, the
dots 'are ‘formed in a-row-one dot-staggered in the main

scanning direction from the previously printed dots

Further, when the carriage has moved by a distance

:
H
S
3
i
i
i
i
a .

: equal to L3 + 1 dot, dots are formed by driving the third
i’ o

i

nozzle opening row C; and when the carriage has moved by a

distance equal to L2 + 1 dot, dots are formed by driving the

fourth nozzle opening row D.

Upon end of printing a single line while moving the
ink jet recording head in the main scanning direction, the

; recording sheet is forwarded by a single line before printing

a next line. For the second line, printing is started when

the first nozzle opening row has reached a predetermined

iAo A et 1V 470

position. The same processes as in the printing of the first

PRPRNCTRIRE

line are sequentially followed to print desired dots

By the way; the dots printed by the respective nozzle

iiny sl

: opening rows are produced by causing the carriage to move by

; ~ a distance (L3 + L2) or (Ll + L3), which is a distance Ll or
i
L2 shorter than the distance (L1 + L2 + L3) between the

- .'outermost nozzle opening rows. In other words, the carriage

moving distance is shorter compared with the conventional

carriage moving distance (L1 + L2 + L3).

\_ﬂﬁ_\
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nformation X and E[err], together with information X and E[err]
X, K,N[err]); and neans for retrieving fromthe inspection data base
#.he user information U corresponding to the enci phered user
fnformation E[ferr] (X, K, Nerr]) sent fromthe electronic cash 10 I ssuer.
Yhe el ectronic cash issuer apparatus for the electronic -cash
I;mpl enmenti ng nmet hod according to the present invention conpri ses:

eci pher neans for deci phering the enciphered information E[err] from
tihe bank to obtai nAshe mesulsi,gesten df the irdk ifetratecordingNherd] womld
iEspection data base for registering the user signature verification
key N err]bamiotuhtednwhpler édclined ibyf amerigke B era| gap eoregs petsheere
fth each other; signing means for attaching an issuer signature to
i nf or mat i oW XeFbicplly arrangeghtiots dredamasrsmabherub¥ aH compared
Sterr] (X, N[err]), means for enciphering 20 and sending the issuer
stgnat ure vsr@hr{d(@(, SPeVeRfFipsadh@rfs@s; shoys 1n Figyge ‘?é@bi e¥i Agbdhe

i nspection data base for the registration? , of the signature

verificat i keyL NPELRY PEARE A¥G1ikY: @ be improved. Since the

distance between the nozzle opening row including the nozzle

openings that printed the lowermost of a last line and the
_ nozzle;dbening row including the nozzle openings that will
§ print the uppermost of the next line is shorter by L1 or L2
compared with the conventional example, vertical displacement
of the lowermost and uppermost dots between the lines becomes
short even if the recording head is mounted while inclined by
an angle a, thereby achieving improvement in the print
guality, particularly, graphic data.

Further, to print dots by taking one dot out in the
auxilia=ry scanning direction such as e.g., in draft printing
dots are printed by using the nozzle opening row A and the
nozzle opening row D, or by using the nozzle opening row B
and the nozzie opening row C, a space a]_.most-as large as a
single dot is produced between two vertically adjacent dots,
thus making vertical displacement of the dots generally
conspicuous. However, since the distance between the nozzle
opening rows is shorter by L1 or L2 compared with the
conventional example as dascribed above, the error in the

distance between the vertically adjacent dots can be made
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bommuni cation data H received fromthe shop; neans for updating the
fot-al anmount of noney Y paid so far, held in the 25 | nspection data base
iln correspondence with the S|gnature verification key N err], with
tthe anount of paynent y to Y+y; and means whi ch conpares the updated
tiotal anmount of noney Y with the face value X of the electronic cash
Iissued and, if X<V, : -7- deci des
tthhat the payment by the user is i mproper, then cancel s the

corr espondistprism sSfoatthe sameheersspsctthws ddildwing higls eqaalli sgndsaifire
cprrespondi ng enci phered information E[err] (X, K, NJerr]) to the bank

5 Thepsirplng peo dvesa¢bietvbd .el ectroni ¢ cash i npl enenting
m

pt hod according to the present invention conprises: mnmeans
Figures 8 and 9 show other emhodlments in the form of

nozzle opening row arrangement. Figure 8 shows-an embodiment
) in.whiéh.the_second"rome,.the:third“row.C,"tﬁe.fourth row D,

and the first row A are staggered by a single dot in the

auxiliary scanning direction in the order written, whereas

Figure 9 shows an embodiment in which the first row A, the

* third row C, the fourth row D, and the second row B are
staggered by a single dot in the auxiliary scanning direction
- in the order written.

The same as above applies to these embodiments. More
specifically, the distance of a nozzle opening row to be
driven in the main scanning direction is shorter by Ll or L2
than the distance (L1 + L2 + L3) between the.outérmost nozzle
opening rows, so that relative displacement between dots in

the auxiliary scanning direction caused.by the inclination of

the ink jet recording head can be reduced.

While the_. example in which the pitch in the auxiliary
scanning direction is set to a single dot to simplify the
descriptioh in the above embodiments, it goes without saying
‘that the same advantage can be obtained by setting the pitch
to a multiple of an integer "or a reciprocal of such multiple.

Further, the same advantage can be obtained by applying a

i;ecordlng head having five or more nozzle opening rows.
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for‘verifying the issuer signature S[err] in the electronic cash C

received fromthe user; neans for generating and sendi ng t he
arbitrary information e to the user; neans for verifying 10 t he user
signature S[err] received fromthe user; and neans which, if either
of the signatures is valid, receives paynent of the anount y by

el ectronic cash and 8% iFetalackiBba embodiHERN O3thENeYak I 45"
S CCOF

(0] the electronlc ca I ssuer I Ng to the pr esent

nventi onpehfe ddisdd t uhbowfﬂatéég 1EHENE ch8Cly Opies§ash (ddieratin
| ectronic cash issuer) and-t financial institution (Bank) whic

nages Fgguh‘&érwésaﬁé@@&tibed. Hoevieirel ahehineddle sefdmidtbnt B O UMY s
tilization of the public key cipher of the issuer in the processing

or issuifigventiont hesef4un elapgpiivdalsleaddn bheheads i pasikbi [Hdaringt
0O information peculiar to the user becones known to the bank.

rther, é&hemehtst ame disptisddsirerearitd ofiepbaskurenggeerating lwhamssrs
ihf or mat i on i ndependently of each other, and when an * abuse of the
ectroni formetd imn hAouiddkodilow mgsapes of

As described above the ink jet
recording head, which includes at least four rows of nozzle
openings straightiy in the main scanning direction with each
i’ nozile opening row having a plurality of nozzle openings_in
the sheet forward direction arranged at a pitch corresponding
to the number of nozzle opening rows, is characterized as
staggering the positions of the nozzle opening rows in the
auxiliary scanning direction by a single dot so that the

order of their arrangemenﬁ is different from the physically

arranged order. As a result, the maximum distance between
the nozzle opening rows to print vertically adjacent dots

becomes smaller by a distance between the adjacent nozzle

£ e egrr B ans s

opening rows than the physical maximum distance. This makes
the relative displacement in the vertical direction

attributable to any inclination of the ink jet recording head
smaller than the arrangement in which nozzle opening rows are

sequentially staggered in the auxiliary scanning direction in

the physically arranged order. As a result, print guality

can be improved. The invention is particularly beneficial

Ry
o i 7T TR

when applied to a printing pattern in which a long distance
between vertically arranged dots is conspicuous, such as in

draft printing in which a single dot is thinned out.

*his Sheet Has Been. Reﬂlaced
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I nformati on held by them are conbined to specify the abuser 25 On -
t he ot her hand, the use of the signature key of the user in the
processi ng_for_his paynment pernits divisional use of el ectronic cash.
That is, the user signature o the anount of paynent coul d be

br esent ed an ﬂ abuse : or overspending if the
ser pays; J, ﬂm"ﬁ H@l er m ned anount of noney. BRI EF

DESCRI PTI ON*OF¢ THE DRA

Fig. 1 is a block diagram
chematically illustrating an

5 exanpl e of the systemconfiguration to
hi ch the nmet hod of the present invention is applied, Fig. 2
s a block diagramillustrating a functional

CLAIMS

—_ == LS

1. An ink jet recording head, comprising:

a nozzle plate (7) into which a plurality of nozzle
i openings (1,2,3,4) are formed;
* .

means for supplying an ink;

a plurality of pressure producing chambers (44,45) each
communicating with said plurality of nozzle openings

(1,2,3,4) correspondingly for supplying a pressure to said

ink supplied from said ink supply means to jet said ink
from said nozzle openings (1,2,3,4);

: wherein said plurality of nozzle openings (1,2,3,4)
; compflse at least four rows (A,B,C,D) of nozzle openings
arranged in a main scanning direction, each row having a
plurality of nozéle openings so as to extend straightly in

a sheet forward direction at a pitch corresponding to the
number of nozzle opening rows,

U
A RIS B ki T

and the rows of nozzle
openings in an auxiliary scanning direction are staggered

at a certain pitch so that an order of arrangement of the

rows of nozzle openings is different from the physically
arranged oxrder.

2 L
pupISeRRE. L T Ve AIARMAIARIARS WY provm P o

2. An ink jet recorrling head .as c¢laimed in claim 1, further
comprising a common reserve tank with which said pressure
i producing chambers (44, 45) for two adjacent rows of nozzle
2 openings communicate.
This Sheet Has Been Re;
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P od

configuration in the processing for the issuance of

according to the nethod of the present 10 I nventi on;

a block diagramillustrating a functional
rocessing for the payment by ‘el ectronic
f the present invention; Fig. 4 is a block diagramillustrating
functional 15 configuration.in the processing for the settlenent of

| ectronic cash according to the nethod of the present i nventi on;

ig. 5is a block diagramil Eﬁéging an exanpl e of t he functional

f t f t A 1 t.0 th
ent on | O 01 TEY HRSEARPRRLELE s&%ﬁ%&%gﬂ%qu Aprit ﬁgﬁﬂaﬁﬁﬁé%f
h f. the b d
hg pr esen%ijll nve ??{D)ﬁgongggw %tolwoga%m}? %?za cia%f%%?sa%(’:lcg%uk?r gfﬁ%ﬁ

Kanpl e ofg{fi8ightly in a sheet forward direction, the nozzle opening

el ectronic cash
Fig. 31
configuration in the
cash according to the nmeth

D~ —~ = .5

rows are staggered by a single.&ot.in.the“sheef forward
direction in an order different from the physically arranged
order. The maximum distance between nozzle opening rows to

print vertically adjacent déts becomes smaller by Ll or L2

than at least the physical maximum distance L1 + L3 + L2, Ll

——

or L2 being a distance between the outermost nozzle opening

row and the inner nozzle opening row. As a result, the

relative displacement in the vertical direction can be

TR

reduced by such distance Ll or L2 compared with a recording

head in which nozzle opening rows are sequentially staggered

Y AR AIY L APPPBas S pprste K31

in the auxiliary scanning direction in the physically

arranged order.

SANT A

Tl

LA LR IRA AT



2[3 functlonal conflguratlon of the shop apparatus accerding to - t he

preséﬂ’eqm%?’i‘tf:%o ahtpbn Fig. 8 is a block diagramillustrating
eka e93& P186le functional configuration of the i ssuer appar at us
akco @1?055919‘ | {o- the present
I pvention. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS In Fig.
ljthere is schenmatically shown an exanple of the system configuratio
tb which the nethod of the present 5 invention is applied. 1In the
systemthere are interconnected via comunication lines or the |like
ah apparatus of an el ectronic cash issuing institution (hereinafter
referred to sinply as an issuer) 100, an apparatus of an institution
i ch manages userF/'Ger mat7' on (account informati (?4/5 8
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SR
| 1 h 3
2 e d 2 o= ad
G( ﬁd' &~ GC/ Ad
G Ad 3 o Ad
3 14 o— d 1 » Ad
0/2 > ad 2 o )
| o3 < o’ o
O © o ©
© 0 | © O
o) O
° 5 o ©° |
(o) ' o)
o O o o)
(o) /'/ o @) —
° 5 o- o o
) o
o o
o) O
o) © - C ©
O . o)
o) o
o (@]
o o
®) 0]
© O ° @)
o o) o O
0] o
o (o)
o o
o) o - (o)
O © (o)
% 1}» A (?3
— 2 3 2\, | (\2 L \
QN S T T
L2 L3 L1 | Lz- 13 u
T




0 (hereinafter referred to sinply as a bank) 200, an appar atus . of.
é per san who has el ectronic cash issued (hereinafter referred to
S|npl l§§ E Eﬁuﬁﬂd an apparatus of an institution which
recei %19 I ¢_cash fromthe user (hereinafter referred tqg
$inpl ag fi “200. These 15 apparatus may al so be interconnected via

smart card or the Iike. According to the present
nvention, when the user 300 requests the bank 200 to performa
rocedure for issuing el ectronic cash of the face value X, the bank
00 withdraws 20 t he amount of noney X fromthe bank account of the user
00 and sends to the issuer 100 the user's request together with

digital signature of the bank 200 indicating that the request is
al i d. The issuer 100 verifies the validity of t he request for
ssuance of el ectronic cash and issue ctronic cash of the face

bl ue .X to the user 300. 7Ef2§.|n§£§nce, t he user 300

bnerates, as electronic :
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cajh issuance requesting information,

i nformati on containing ta_,
sign f ey N err] that would be needed by a )
sh a}%;é %%%}flrgo %reioﬁser signature in the procedure for t he a
to rgéy16-g@sh to the shop 400. If the signature verificCation
ke fﬁalts contained in an exposed form I n the i ssuance request
I n ormatlon the bank 200 can easily b5 find out the verification key
N[ ¢rr}- of the user 300 requesting the issuance of electronic cash.
Compsequently, if the bank 200 c th shops, the forner can
gef information on t he user (uszsi&; ion U who paid electronic
cagh to the | atter, and hence t nk c¢an get to know how much the
us¢r 10 spent the el ectronic cash at which shop; that is, user
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p ~va cannot -be provided. To ensure user privacy, in this
e 8°§h€°-“ﬂi>§§atimo enci phers the informati on contai ni ng th
S|g ? 1 6 verification key N err] by using a public encipher

t jeO*: % 3 ER00 and sends the enci phered information to the bank
240 to request it to carry out the procedure for the issuance

eliectroni c cash. The bank 200 stores the enciphered r equest
inforfation E[err] (X, K, Nerr]) in a data base in correspondence with
the user nanme U, while at the sane tinme 20 it sends the request

I nformati on together with the bank signature. This enbodinent will be
de¢scri bed below in detail. VWhile this enbodi nent wll be
d¢scri bed on the assunption that n=(x,Nu), it is also possible, in
g¢neral, to use an 25 arbitrary identity functi.on g to-transform (x, Nu) .
t¢ n=g (x,Nu) and use n as a value (information) corresponding to

(X, Nerr]). In this enbodinment, g is conS|dered as an |dent|ty

FIG. 4
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cash. 5
generate in advance and store public and secret keys for a
cryptosystem and a digital
Schni er,

kes public a public key PE[err]
. puplic key PS[err]

‘fo

Db BRj18ON. &

bqgﬁagh information Eferr] (X, K,NJerr]) may be considered as a

EE?PT(X,K) and E[err] (Nerr]). (1) Processing r
#afiQe: 0dsorhegd roni ¢ Cash A description will be given fi %
h reference to Fig. 2, of how the user has a bank issue el ectr odic
| Let it be assuned that the issuer 100 and the bank 200
' public key
for exanple, Bruce
1994). The issuer 100

signature system (see,
"Applied Cryptography,”™ John Wl ey,
10

for public key cryptography and-a
signature verification use.

for digital In the

| owi ng an enci pher
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nction err S|ng the public key PE[err] of the issuer 100 wil|

_ _i To make the public key PE[err] public is

e Q&Bqﬂiact that the encipher function E[err] using it é//

S nadé pu Simlarly, to make public the public key PS[ ;3
r issuer dlgltal signature verification use is - predi cated on the
ct .that a signature verification function V[err]=V[err] using the
blic key PS[err] is also nade public. The bank 200 al so nakes
public the public key PS[err] for digital 20 signature verification use
and a signature verification function V[err]=V[err] using it.
Incidentally, the issuer 100 secretly holds in a nenory 10M a secret
key SE[err] corresponding to a decipher functign Derr]=D{err], and
the public key PE[err] to be use i %BCIpher 25 function E[err];
that is, the key SE[err] is held’i ecr C Further, the issuer 100
secretly holds in.the nenory | OM using a secret key SS[err] to be
used with a signature generating function S[err]=S[err] and a public
key PS[err] to be used with the

| - AH
;'  | 2 : W&
? ' \:L AB \:L IN:)
THIS INVENTION PRIOR ART
' FIG. 7(b)
\:\ AH
‘ W 1
VL AB
THIS INVENTION PRIOR ART.
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- pe 5| gnature verlflcatlon functlon Merr] for si gnature %
% 5 | BpEohoPRrpobattions, t he key SS[err] is held in secrecy. Li
-1 9320186208 secretly holds in a menory 20M a secret key SS[err ?o
bdsuSdte WSPML%TERI gnat ure generating 5 function S[err]=Y[err] and the
public key PS[err] to be used with the signature verification
function Vferr]. To make a request for the issuance of electronic
cash of ~a face value X, the user 300 carries out the follow ng steps
to request the bank 200 to draw out the amount of noney X 10 fromhis
bank account. Step 1: The user 300 generates a signature
generati ng key SS[err], a signature generating function S[ferr] and a
si gnature F/G 9 F/G 70
D C B A : Dl C’ 'T ‘l\
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verification key Nerr] in a digital signature key generat| ng ' section

301. Further, the user 300 generates a cipher K

generat 1. ngbae(,;st(rggr_,n 53Q§2rj3)r a ﬁgzcretg key Cryptosy.

exanp eu%ﬁéﬁmfﬁ ..... "Applied, | Cryptogr afhy; :
PEl

Next , e . f'he"dpened ci phe:r

encip I@lﬁ% ! 6?’1:0 u j-«gl ssuer 100 to ncl:phe Porat-i

(X K, Zier ane %’ “§@ctli on 303 | ntgo Yan: el et rorhfr*tv{:%fshi |e355=uarrce;
requeR¥ ‘E Xp"ce """" le%fir]) dnd sends it]| to the bank 200 toget her ;
with BE2fes " RECEIPT .. ti:ng-i-t:{t 0 Wit hdraw tiheianplnt; J@;@.*“_.?J‘.ieam‘!'i_h.e.. _;
bank account of the user 300. The ci pher key K'i's~one ttatr—tte

i ssuer 100 uses to encipher a r &WoJEE BECORPINGNEBAR]|) to the user 25
300 described later on. qt is desirable that this nmessage be :
aut henticated by a digital signature of the user 300, for I nstance.
Step 2: The bank 200 checks the bal ance in the bank

The invention relates to an ink jet recording head.

It has been previously proposed to improve dot density for
better print quality by an arrangement in which four rows of
nozzle openings extend in the carriage moving direction, i.e.,
in the main scanning direction. Such a nozzle arrangemént is
usually implemented by two sets of a record'ing head that has
two rows, the nozzle openings in each row being staggered by -a
single dot in the sheet forward direction. -

However, the second and third nozzle opening rows that are
adjacent to each other in the middle are separated from each
other by a housing forming member, and this not only increases
the distance between the rows, but also requires an ink supply
means. In addition, the operation of aligning the two heads
is cumbersome as well. -

It has been furthermore proposed to overcome the above
problems by means of an integrated ink jet recording head in
- which four or more .nozzle opening rows are arranged on a
'common nozzle plate and each nozzle opening has a pressure

producing chamber thereof.

As shown in Figure 10, such an integrated ink jet recording
head is characterized as staggering the nozzle opening of each
of the nozzle opening rows A, B, C, D by a single dot in the
physically arranged order. '

In this recording head, after driving the nozzle opening rows
A, B, C, D in the physically arranged order, the nozzle
opening rows are driven again cyclically in such physically

This Sheet Has Been Reﬂlaced :
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-13- account of the user 300, then subtracts the amunt X fromthe
bal ance, ,and records the user nane U and the request E[err] (X

K, N[err]) in a pair in a user data base 201. The wi thdrawal request
nessage of the user 300 nay al so be regorded. The 5 request nessage, if
signed, in particular, will possess the probative val ue of evidence.
The withdrawal fromthe user's ~-bank account nmay be nade anytine after
checki ng the bal ance. Next, the bank 200 calculates its digita

si gnature Slerr]=S[err] (X Eerr](X K Nerr])) for X and
E[err] (X, K,NJerr]) in a signature 10 generating section 202 and sends
the information {X Eferr] (X K, NJerr])S[err]} to the user 100:

Step 3: Th&riéﬁg&ﬂ &0 ever | fd:x@@stheh&alch@h:tmg@f ddRes by aSkdRdadce Sersl
fromthe bank 2 e_signatuyre verlflcatlon function Vferr] in a

si gnat ure Iv%rl*’fchﬁtl 6’&11§§ct+%n L5 HERe Petween the outermost rows,

until the fourth nozzle opening row D printing a dot adjacent
to the dot printed by the first nozzle opening A is driven.
‘As a result, any inclination of the ink jet recording head
caused at the time of mounting the head or a change in the
head mounting angle caused by play aggravates fluctuations in
the distance between the dots printed by other nozzle opening
rows, thereby inviting impairment in print quality. |

It is the object of the present invention to overcome the
above mentioned drawbacks.

This object is solved by an ink jet recording head according

to independent claim 1. Further advantageous features,
aspects and details of the present invention are evident from
the dependent claim, the description and the drawing. - The

claims are to be understood as a first non—iimiting approach
to define the invention in general terms.

The ink jet recording head according to the present invention
has at least four rows of nozzle openings in a main scanning
direction with each row having a plurality of nozzle openings
in a sheet forward direction. From such ink jet recording
head, ink droplets are jetted out by pressure produced by
pressure producing sources using piezoelectric elements,
heating elements or the like.

The invention furthermore provides an ink jet recording head

capable of reducing relative displacement of dot among a
" plurality of nozzle opening rows to a smallest possible level.
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15 signature verification key PS[err]. 1f the signature S[err] is

valid, then the issuer 100 deci phers the enci phered I nformati on
E[err] (X, K,NJerr]) by using the secret key SE[err] in a deci pher
section 102 to obtain the information X, K and Nu. After this, the

| ssuer 100 conpares the information X sé%t, 20 fromthe bank 200 and the
deci phered information X in a caonpare section 103 to see if they are
identical. If so, the i ssuer 100 creates, | ITHe Sifprsttien aaferati ng
section 104, a signature S[err] (X Nerr]) for the information

(X, N[err]) com adii it L €t recordiMPaedE Mt fidelidds kyul &F rhobé +bes
user 300. Mor eover, the issuer 100 registers a triad of
|nfornat|on of noi{b&rc}paﬁzﬁgs]iﬁ(,éﬂrﬁ{m rggaranichd daredtifon mat Each Brova t he
bank 200 (its nane or identification aunber) in an inspection data

base 105 has re @iveshbbty et enavtles o 38 tialextend strghtlyr imtal
sheet forward direction at a pitch corresponding to the
number of rows of nozzle openings. In such an ink jet
- recording head, the rows of nozzle openings in an auxiliary
scanning‘difection are staggered at a certain pitch so that
‘an order of arrangement of the rows of nozzle openings is
different from the physically arranged ordez. |
The nozzle opening rows are staggered in the
~ auxiliary scanning dir ection by a predetermined pitch so that
the order of their arrangement is different from the
physically arrang=d order. As a result, the maximum distance
between adjacent nozzle openihg rows to print vertically
adjacent dots becomes smaller'by a distance.between thé
adjacent nozzle openiﬁg TOWS ﬁhanlat least the physical
maximumn disténce, thué contributing to reducing relative
displacement in the vertical direction by a2 distance
equivalent to the distance between the adjacent nozzle
opening rows compared with a head in which nozzle opening
rows arse sequentiaily staggered in the auxiliary scanning

direction in the physically arranged order.

_
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anount of noney used Y. Addi tionally, the issuer 100 enci phers

the signature Slerr](X,Nerr]) by the enci pher key K in an enci pher
Section 106 to obt ai n enci phered i nfornmation :

E[err](S[err] (X, Nerr])), which is sent to 5 the band 200.

Step 4: The bank 200 sends to the user 400 the enci pher ed I nformation
Elerr](S[err](X,Nerr])) sent fromthe issuer 100. . Step 5: The

user 300 deciphers t hie; gagl phereds | AFOLIRL | Olbwing afifﬁ;zlé&@%gé@am) by

the key K in a decipher?sectTon hesignatur

S[err](X,“[erﬁéﬁdfﬁwﬁfﬁ?i§§Q§ﬁ e odim?n%kgft%ﬁ@efhvéﬁ@}&ﬁeriﬁoghétfé@ﬁhE@'a

a nenory 30Mthe 1nitra alue o ance x of efectronic cas

set at x=X angbiime Openiﬁéﬁégfgﬁéémng{x,X,N[err],S[err](X,N[err])} as
el ectronic cash of the face value X, together with the information x,

Nerr] and SS[err]. IFidd¥e A5s J0ld:@uidikdesrdgudian,d Rei b eshiswing €rsh
Cwll be called -
ink jet recording head shown in Figure 1;

Figure 3 is a diagram showing the ink jet recording
head shown in Figure 1 with a nozzle plate ther=of removed;

Figure 4 is a diagram showing a sectional structure
of the ink jet recording head shown in Figure 1;

Figure 5 is an exploded perspective view showing ink
flow paths in an ink jet recording head, which is another ‘
embodiment of the invention;

Figure 6 is a diagram showing the ink jet recording
head shown in Figure 5 with a nozzle plate thereof removed;

Figures 7(a) and 7(b) are diagrams illustrative of
inter-dot relative errors caused by the ink.jet recording
head of the inﬁention and those of a conventional ink jet
recording head;

Figure 8 is a diagram showing an ink jet recording
head, which is still another embodiment of the invention, in
the fbrmcf anoizle opening arrangement;

Figure 9 is a diagram showing an ink jet recording
head, which is still another embodiment of the invention, in

the formof anozzle opening arrangement; and

I
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el ectronic cash issued by the issuer 100. (2) Paynment by El ectronic
Cash . Next, a description wll be given, with reference to Fig.

3, of how the user 300 pays the anmount of noney y (y[err]x) to 20 "the
shop 400 by the electronic cash C of the_face value X and t he bal ance
X. Step 1: The user 300 displ a?s on a display section 30D

t he bal ance x read out of the nennry 30NIand makes sure that t he

bal ance x is nore tha%zbﬁ%e@?% Qg §F% ﬁu)fhgweghda n%izlea%%e he%

sends the electronic cash C
Step 2: The shepah@@mesr Bfestﬁé’%o‘f@lér&'lbﬁaqf ihe aet rec%":a'l"i‘ltg“w:ead having

Serr](X,Nerr]) of the electronic cash issuer
four rows of nozzle openings.

Embodiments of the invention will be described in
detail with reference to the accompanying drawings.

Figure 1 shows an embodiment of the invention. 1In
Figure 1, reference numeral 7 designates a nozzle plate
hafing four rows of nozzle openings A, B, C, D. The pitch .
between nozzle openings 1,1 -«+, 2, 2 +++, 3, 3 «--, Or 4, 4

-,:each being arranged linearly on each of the rows B, D,

C, &, is four times a pitch between vertically adjacent dots,
i.e., ad x 4. The first nozzle opening row'A that is located
outermost and the second nozzle opening'row B that is
adjacent thereto, as well as the third nozzle opening row C
and the fourth nozzle opening row D that is adjacent thereto
are arranged at smallest possible distances Ll and L2,
whereas the second and third nozzle opening rows B,C are arranged at
such a distance L3 as to allow a vibrating element unit
(later described) to be accommodated As shown in Figure 1,
each row of nozzle o h_nlngs is selected so that the second
row B, the fourth row D, the third row C, and the first row A
stagger one another in a sheet forward direction at a

distance equal to a2 single dot (ad) in the written order.
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public key PS[err] for verification of the signature of the | ssuer
100 in g signature verification section (of a signature verification
Vlerr]) 401. If the issuer signature is valid, the shop 400 generates
inquiry information e=f(TIVMVE W 5 for verification frominformation W
corresponding to the shop 400 (suéﬁ as its identifier IDerr] or
signature verification key ‘Nw) hy a one-way function cal cul ating
section 402 using a one-way function f, and the shop 400 sends the .
i nf ormati on TIMGuie addskov® 4 hetosctuBdOef tile ink jStepeBordhmguser
300 verifies the validity of the inquiry information e=f(TIME,W by a
one-way funchéawh kayiugathegabove-mervitored 308z kadoperbn@arcrangement307.
If it is valid, the user 300 cal cul ates by a signature generating
section 305 Bn Figurgsdr' sefegpacereumeyal)s (¢esigeates ok nBPREGATe sent

thereto 15 and the paynent y (ysx) by the signature generating Kk
sS[err] intempPeelsP E‘ée?‘hfﬁ?ra‘%?%f?/ Blrtsu{ 39413 Yh%r%bﬁgmggte 6

(described later) so as to form an ink flow path. As shown
in Figure 3, not only rows of throughholes 10, 10, 10 ---.,
11, 11, 11 ---, 12, 12, 12 -++, 13, 13, 13 --- that will
serve as'pressuré'producihg chambers at a pitch corresponding
to the pitch at which the nozzle openings 1, 1, 1 .-, 2, 2,
2 e++, 3, 3, 3 e+, &, 4, 4 ... of the respective rows of
nozzle openings B, D, C, A are arranged, but also a
throughhole 14 that will serve as an ink flow.path for
supplying ink to the pressure producing chambers from a tank
is provided. The throughholes 10, 10, 10 ---, 11, 11, 11
eee, 12, 12, 12 ++s, 13, 13, 13 +-+ that will serve as
pressure producing chambers are formed so a§ to confront the
nozzle openings 4, 4, 4 -++, 1, 1, 1 e+, 3, 3, 3 -, 2, 2,
2 +-- of the respective rows of nozzle openings A, B, C, Dat
an end thereof. And the throughholes 10, 10, 10 --- and the
throughholés 13, 13, 13 .-+, both located outermost of the
nozzle plate 7, include communicating recessed portions 10a,
10a, 10a +--, lla, lla, lla +--, 1l2a, 122, 12a ---, l3a, 13a,
135 -«-, each communicating recessed portion being formed in
a size slightly smaller than the throughhole.

In Figure,2, reference numeral 14 designates the

throughhole that will serve as an ink supply path for

—_—
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Step 4: The shdp 400 verifies the validity of the user signature

Su(ey) by a signature verification section (of a signature
verifi-cation function Vu) 404 using the signature 20 verification key

N[ err] received fromthe user 300 and verifies y s[err] by a conpare
section 403. If either of themis valid, 'the shop 400 approves the
paynment of the anobunt of noney concerned y by electronic cash and
sends a decision result OK to the user 300, and if at |east one of
themis i naldedwihfe indS fromhehetREnketHsodgHESI §h_9§l%e§h'iét Nép deckinigg

t he paynent by el ectroni c cash. The shop 400 may verify the
validity ofsct Hesigped! that the thfetnghhXlé| kértomabnibereésswptnh 100 after
sending the information -16-

throughheles 15, 16, 17 which will serve as reserve tanks,
the throughholes 15, 16, 17 communicating with the
throughholes 10, 10, 10 +--, 11, 11, 11 +--, 12, 12, 12 =+--,
;3, 13, 13 -;-, and the communicating recessed portions 10a,
10a, 102 +--, 1lla, lla, 1lla ---, 1l2a, 122, 12a ---, 13a, 1l3a,
132 ---. As a result; the pressure producing chambers for
the nozzle opening rows A, D that are located outermost of
the nozzle plate 7 receive ink from the independent reserve
tanks, wheréas the nozzlé opening rows B, C locatad in the
middle receive ink from the common reserve tank, which is the
throughhole 158.

Reference numeral 6 designates the zbove-mentioned
vibrating plate, which is made of an elastic material for
partitioning the presﬁure producing chambers, the ink supply
-path, the reserve tanks formed on the spacer 5 from vibrating element
units 20, 21, 22, 23. The vibrating plate & comes in contact
with ends of piezoelectric vibrating elements 25, 25, 25 ...,
26, 26, 26 ---, 27, 27, 27 ---, 28, 28, 28 --- to tramsmit
vibration produced by the vibrating elezﬁents 25, 26, 27, 28

ion

ct

to the pressure producing chambers. At a posi

‘g

conironting the ink supply path is the ink supply inlet 30 so that
an end of an ink supply pipe 36 communicates with the

orm the ink supply path.

th

throughhole 14 that will

_—
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TIME, Wand e to the user 300. | Step 5: When receiving the

decision result OK fromthe °~ - shop 400, the user 300 updates, by a
subtract ‘section 314, t he bal ance x in the menory 30Mwith x-x-y. 5
(3) Settlenment of Accounts Turnlng next to Fig. 4, a nethod for
settl enment of accounts between the8 shop 400 and the bank 200 w Il be
descri bed. o Step 1: In the first place, the.shop 400 sends all 10
conmuni cation data H= u

betwee.h it.and the u S[ ‘h‘gﬁ(aésﬁlj[ 'r]O%' TlME \%ed}/ S[errgf(e%}l ssuer
100 k k t f t N e h t

veri macgtsi gn atl}"f/ ?\Idrpe& ee%rl%aEdusvelr %%Umg elemén? m‘rt'fgaz:eoéf“#%g ‘f(l %t ;lr (ra]ed I n
th t t

105, 1 Tt R dlarenel] 25, O 2 A 008 Bae oA O R L e
107 and 318 GUPHE, SRCIdPREHES, tﬁéweu&sfa&%ﬁale%n@nﬂoaﬁm e Led

correspondlng to the i nfornation (X, Nerr]) with Y+y-> and nakes
the pressure chambers of the respective rows of nozzle

openings. To mount the units 20, 21 as well as 22,'23
mounted on the first and second rows of nozéle.ééening'nmm A, B
as well as the third and fourth rows of nozzle openingrows C, D,
the fixed plates 31, 32, 33, 34 are mounted on a frame 35 so
that the respective vibrating eiemeﬁts confront each other.
Figure 4 shows a sectional structure of the above-
mentioned ink jet recording head. A predetermined gap G is
provided between the vibrating plate 6 and the nozzle plate 7
by the spacer 5. Reserve.tanks 40, 41, ---, pressure
producing chambers 44; 45, ..., Communicating flow paths 47,
48 ... are formed of the throughholes 15, lé, 17 and the
recessed portions 10a, 10a, 1Ca ..., 1ll2, lla; lla <.+, 123,
12a, 122 +--, 13a, 13a, 132 --« of the spacer 5. The ends of
the vibrating elements 25, 26 of the vibrating units 20, 21
 abut against the vibrating plate 6 in such a manner as to
confront the pressure producing chambers 44, 45,
respectively. These vibrating elements 25, 25, --., 2§, 26,
.-+ are designed so that a drive signal can be applied
thereto by cables 52, 53 through electrically conductive

patterns 50, 51. Reference numerals 54, 55 designate

reinforcing members for supporting the vibrating plate 6.
etHasBeenR . |
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a check again to see if the updated value Y is smaller than 20 the face
value X. Further; the issuer 100 records the =communi cation data Hin
a history data base 108. It is preferable that the anpbunt of data
stored in the history data base 108 be reduced by setting a termto

t he storage of every data therein dnd elininating therefromthe data
when the term 25 expiresg;: .. fgt rs &rr S
already registered in the Figu resnss e%r%cjilon %?ot a rgsle 10%135#%;\% ssuc}efa aJ100
instructs the bank ink IRK)r@ﬂﬁﬁ#ﬂ%&wh%%%dﬁ@§h(i%he bank information B

recorded in -17- correspondence
with the regi ahetheri efbodimenh ¢X ther ihyentbon. IntFagsfkes Bhendnbunt of
noney y to the bank account of the shop 400. In this case, the bank

wi th whi ch t heefgppngeonwgeral 70 designates a spacer. In this embodiment
throughholes 71, 71, 71 -+, 72, 72, 72 <+« as weil as
throughholes 73, 73, ---, 74, 74, 74 -F-, which will become
pressure producing chambers, formed on the first-noézle
opening row A and the second nozzle opening row B as well as
the third nozzle opening row C and the fourth nozzle opening
row D, are arranged so that the ink supply ports of the
throughholes 71, 71, 71 ;--,or of the throughholes 73, 73,
... confront those of the throughholes 72, 72, 72 «++ or of
the throughholes 74, 74, -:+. 1In addition, communicating
recessed portions 71a, 71ia, 71a +--, 72a, 722, 72a ++., 73a,
73a, 73a --+, 74a, 74a, 74a --- connected to throughholes 75,
76 that will serve as reserve tanks are for@ed on the side
that will become the ink supply path.
~According to this embodiment, an ink supply path
portioh can be shared in common.by two nozzle opening
rows, thereby achieving a simple flow path design.
In this embodiment, when the first nozzle opening row
A has -_achad a predetermined position, a drive signal is
applied to the vibrating elements 25, 25, 25 .

corresponding'to dots to be printed. by nozzle openings 1, 1,

I*h

1 -.. that belong to the first nozzle opening row A. As a
result, ink droplets are jetted out of the nozzle openings 1,

1, 1 --- to form the dots on a not shown recording sheet.

This Sheet Has Bee

[ ﬂll | R ——

Date: 3 0 OCT-1998



its account need nof be the sane as the bank 200 with which 5 the user

300 has its account. | f Y+y=X, the issuer 100 elim nates the
iFnformation (X, Nferr]) and the corresponding total sum of noney used
Y and bank information B fromthe inspection data base 105 because
all the electronic cash was spent. 10 10  Wen the information

(X, Nerr]) is not registered in the _. | nspection.data base 105, the

i ssuer 100 decides that the - . user 300 overspent, and it perfornms
processi ng f okepedleyirdtording Hiad 1A peivel byt fa Giywtanddedissliaio 0 +
del etes the information (X, Nerr]) and the corresponding total sum of
noney 15  u3edo¥ aRd thanlcarieget ioriBve aagred il @apliad da dhmse
105. Also in this case, the issuer 100 decides that the user 300

overspent, aneibrating edemsntsh@ &y epafder smaarasnading tq i sihde
Step 3: I'n the overspender specifying processing, prior_ 20 to th%_
el imnation ofprimgednir e Geqoud\mazgle RAAIIE row B.  As 2 result, the

dots are formed in a row one dot staggered in the main
scanning direction from the previously printed dots;

Further, when thé éarriage has moved by & distance
equal to L3 + 1 dot, dots are formed by driving the third
nozzle opening row C; and when the carriage has moved by a
distance equal to L2 + 1 dot, dots are formed by.driving the
fourth nozzle opening row D.

Upon end of printing a single line while mdving the
ink jet recording head in the main scanning direction, the
recording sheet is fo:warded by a single line before printing
a next line. For the second line, printing is started when
the firét nozzle opening'fow has reached a prede;ermined |
position. The same processes as in the printing of the first
line are sequentially followed to print desired dots.

By the way, the doté printed by the respective nozzle
opening rows are produced by causing the carriage to move by

-a distance (L3 + L2) or (L1 % L3), .which is a distancé L1 or
L2 shorter than tﬁe distance (L1 + L2 + L3) between the
outermost nozzle opening rows. In other words, the carriage
moving distance is shorter compared with the conventional

carriage moving distance (L1 + L2 + L3).
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i nspection data base 105, the issuer 100 retrieves fromthe hi story
data base 108 information (all comunication data H concerning the
overspendi ng) that is used as evi dence of over spendi ng and sends the
retrieved information to the bank 25 200 along with the information

(X, K,N[err]) and E[err] (X K Nerr]) alsdl retrieved fromthe

i nspection data base 105. The bank 200 verifies the validity of the

evi dence of overspending by a . signature verification key Nu in a
signature verificati oAs a result, even if the ink jet recordingghead. would

section 203 and, if it is valid, specifies overspender I nformation U
by retrievi ngbehmousseddwha leagacidnesy bysgngangle 8yhe BAPoEFECToRetWeen
E[err] (X, K, NNerr]) as a key. In the above e odlge . gg%gath%
same user is SFPovesdtisally arranged dots becomes smal Y a re
with the conventional art as shown in Figure 7(a) or 7(b),

. thus allowing print quality to be improved. Since the
distance between the nozzle opening row including the nozzle
openings that printed the lowermost of a last line and the
nozzle opening row including the nozzle openings that will
print the uppermost of the next line is shcfter by L1 or L2 .
comparsd with the conventional example, vertical displacement
of the lowermost and uppermost dots between the lines becomes
short even if the recording head is mounted while inclined by
an angle a, thereby achieving improvement in the print

lity, particularly, graphic data. |

Further, to print dots by taking'one dot out in the
auxiliary scanniné direction such as e.g., in draft printing
dots are printed by using the nozzle opening row A and the
nozzle opening row D, or by using the nozzle opening row B
and the nozzle bpening row C, a space almost as iarge as a
single dot is produced between two vs rtically adjacent dots,
thus making vertical displacement of the dots generally

‘conspicuous. However, since the distance between the nozzle
opening rows is shorter by Ll or L2 compared with the
conventional example as described above, the error in the

distance between the vertically adjacent dots can be made

T e
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5 sinmul taneously have plural pieces of electronic cash of the sane

face value X, the user needs only to create an arbitrary vari abl e,

for exanple, tine informati on TM and denand t he i ssuance of

el ectroni c cash corresponding to infor L on (X, K, Nerr]TM.
Alternatively, if a different verificatioh key 10 N err] is generated
for each request for issuance of el ectronic cash, such variable as ™
may not be used. While in the above the user has been descri bed
to create shorhersfgnatbeesemei teesbnonthey RLéewingphéghsioumligy beaft
made to generate it by sone other institution , for exanple, the 15

i ssuer 100, sBriBtipg| tghbenachéervedd of processing on the user. In

such an instance, the_user 300 sends information L {U X Eerr](X, K} to
the bank 200, and as ThIthRescBsandfd show ?EE%FV?%BO?hELEFEIb%eFé% Folhd of

el ectroni ¢ cash issuance, request E[ err K t he _bank 200 regqi,ster
The i nfor it | SREERS: SPERLRG P spTangRBetter AIUEBaBesBatS; AR enbouihgh

cor r espondencey, Wl Dof NendSghcona ol "hO" BRI ER:th ¥Bl' €, AknkEoRER Lhiep! !

signs the _
and the first row A are staggered by a single dot in the

auxiliary scanning direction in the order written, whereas
Figure 9 shows an embodiment in which the first row A, the
third row C, the fourth row D, and the secoﬁd row B are
staggered by a single dot in the auxiliary scanning directiqn_
in the order written.

The same as above applies to these embodiments. More
specifically, the diﬁtancé of a nozzle opening qu to be
driven in the main séanning direction is shorter by Ll or L2
than the distance (L1 + L2 + L3) between the outermost nozzle
opening rows, so that relative displacement between dots in
the auxiliary scanning direction caused'by the inclination of
the ink jet recording head can be reduced.

While the example in which the pitch in the auxiliary
scanning direction is set to a single dot to simplify the -
description in the above embodiments, it goes without saying
that the same advantage can be obtained by setting the pitch
to 2 multiple of an integer or a reciprocal of such multiple.
Further, the same advantage can be obtained by ap?lying a

recording head having five or more nozzle opening rows.
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information {X E[err](X,K)} in the signature generating section 202
to generate the information S[err]=Serr] (X Eerr](X K)), which is

Sent to the issuer 100 together with the information {X Eerr] 25

(X, K)}. The issuer 100 al so verifies th% validity of the bank
signature S[err] (X E[err] (X K)) in the §'ignature verification section

101 and deci phers thg ipformati on E[err] (X K) .inf.o (X K, after I ch
the i ssuer 100 generg?egL?h€°§V H&F%FE b Sl e ts, 'the example o#"

e ion  MELATLEIHOASY LS A BN LLNG] Keds 00T BhLaking

section 7 and,” as'1n es Its signature
information (X Negrgdd dds Pﬁ%ft “%‘émﬁd dHd Qo e NLgr :
then enci phers JFN'% and t%e ifey err] to o tai n qI%[errl](N e_r{r?ﬁb,rs err ?Xlli\:lu f
5 which is;jgeditiont he USRE0300pYNi fcdbBebaik 200headn Mt R@ich heat?n§
it is also possible to enploy a system configuration in
elements are disposed in each of pressure generating chambers
formed in an ink flow passage.
As described above ‘the ink jet
recording head, which includes at least'fqur rows of nozzle
openings straightly in the main scanning direction with each

nozzle opening row having a plurality of nozzle openings in

the sheet forward direction arranged &t a pitch corresponding

v

to the number of nozzle opening rows, is characterized as
staggering the poéitions of the nozzle opening rows in the
auxiliary scanning.direction by a single dot so that the
order of their arrangement is differeﬁt from the physically
arranged order. As a result, the maximum distance between
the nozzle opening rows to print vertically adjacent dots
becomes smaller by a distance between the adjacent nozzle
opening rows than the physical maximum distance. This makes
the relative displacement in the vertical direction
attributable to any inclination of the ink jet recording head
smaller than the arrangement in which nozzle opening rows are
saquentially staggered in the auxiliaxy scanning diréction in
ths physically arranged order. As a result, print quality
can be improved. The invention is particularly beneficial
whan applied to a2 printing patté:n in which a long distance
between vertically arranged dots is conspicuous, such as in
draft printing in which a single dot is thinned out.

- _
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whi ch the issuer 100 transforms the key Nu by an arbitrary function
to obtain information n=g(Nu) instead of obtaining the information
(X.Nerr]),

, ‘and enci phers i 4 together with the key :
"ﬂu # E ing themto the user 300. In such an instance,

i nfor
N err]

the isstierc 100 rmegiss

E[err] (X K)
the information n. The user uses 15 the information

,S[err](X,n)} as the electronic cash C In the settl enent
of an account for the paynent by the el ectronic cash C, the issuer
100 derives the information n=g( Ncghfkg from the signature -

{x, XN err]

verification key Nu in the updated

t hen attac its signature to (X,n) 10 to obtain signed

s -the I nformation E[err] (X KN err]) or

in the inspection data base 105 in correspondence with

H received fromthe shop 400

and rmakes a check to see if 20 the information n is registered in the

i nspection Mat arbdstk jet red¥rding head, odegridiingr:to the above-descri bed
el ectroni c cash i mpl ementi ng nethod of the present invention, the

i ssuer

100

2.

a nozzle plate (7) 4into which a plurality of nozzle
openings (1,2,3,4) are formed;

means for supplying an ink;

a2 plurality of pressure producing chambers (44,45) each
communicating with said plurality of nozzle openings
(1,2,3,4) correspondingly for supplying a pressure to said
ink supplied from said ink supply means to jet said ink
from.said nozzle openings (1,2,3,4);

wherein said plurality of nozzle openings (1,2,3,4)
comprise at least four rows (A,B,C,D) of nozzle openings
arranged in a main scanning direction, each row having a
plurality of nozzle openings so as to extend straightly in
a sheet forward direction at a pitch corresponding to the
number of nozzle opening rows, and the rows of nozzle
openings in an auxiliary scanning direction are staggered
at a certain pitch so that an order of arrangement of the
rows of nozzle openings is different from the physically
arrénged order. |

An ink jet recording head as claimed in claim 1, further
comprising a common reserve tank with which said pressure
producing chambers (44, 45) for two adjacent rows of nozzle
openings communicate. |
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’

I ssues all electronic cash in response to a request of each 25 bank 200,

and hence it ‘can al ways keep track of the total anount of electronic
cash in circulation. Moreover, since what is required of the user
300 for the - paynent to the shop 400 by electronic cash is only to
make ‘. 15 -20- ’ sure that the anount

of noney to be paid is snaller than the current .bal ance x, the
procedure for the divisional usengfjetT RECERANLIMEADC cash is far si mpl er

t han the procedure discl osed in the afore-nentioned U S. Patent No.
5,224,162 and the 5 anmpbunt of communication therefor is also significantly
smal | . Anot her feature of .the present invention resides in that

the data (X, K Nerr]) registereABEFRAEE j ssuer 100 in the

In an ink recording head having at least four nozzle
opening rows, each row having nozzle openings so as ﬁo extend
straightly in a sheet forward direction, the nozzle opening
rows are staggered by a single dot in the sheet forward
direction in an order different from the physically arranged
order. The maximum distdhté bet&een nozzle opening rows to
print ve&tiéally adjacent dots becomes smaller by Ll or L2
than at least the physical méximum distance L1 + L3 + L2, L1
or L2 being a distance between the outermost nozzle opening-
row and the inner nozzle opsning row. As a result, the
relative displacement in thé vertical direction can be
reduced by such distance Ll or L2 compared with a recording
head in which nozzle opening rows are sequentially staggered
in the auxiliary scanning direction in the physically

.

arranged order.

FIGURE 1
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i nspection data base 105 is erased when all the correspondi ng

el ectronic cash is used up to the face value X. Hence, 10 subsequent
over spendi ng of the electronic cash is found out .- at once since the
data (X, K, NJerr]) of the electronic .cash _sent ~fromthe shop 400 to

the issuer 100 for settlenment is already1 erased fromthe data base
105. Additionally, what is characteristic of this method is 15
that since the data (X K Nerr]) registered in the data base 105 for
inspection is erased at the tine when all the electronic cash is
spent or its overspending is discovered, the regi stered data
(X, K, NJerr]) held in the data base 105 is limted only to those
effective at that point in time. Accor Y, 0 if the total anount of
el ectroni c cash issued remains [o int to some extent, the anount of
regi stered data to be held in the |nspect|on data base 105 renmmi ns
substantially unchanged and dges pot acc I te. In contrast to this,
according to the conventional electloni cash m every
2 1)
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25 bank needs to keep lists of overspent el ectronic cash and spent

el ectronic cash (that has a possibility for overspending in future)
under surveill ance; hence, the anount ~ of data held under surveillance
accunul ates with an increase -21-

in the anount of electronic cash issued? - Next, a description wll
be given, with reference to Figs. 5 through 8,. of the functional
configurations of the - apparatus 300, 200, 400.and 100. The parts
corresponding to 5 t hose shown in Figs. 2 through 4 are identified by

t he sane reference nuneral s and no description will be repeated in
connection with them Fig. 5 illustrates the user apparatus 300.
The user 300 can input the anmount of noney X, the anpunt of paynent y
and '

FIG. 2

I

1
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10 the user identifier Uinto a control section 309 through an

| nput section 308 such as a keyboard. Wen the user apparatus 300 is
dedi cated to the user, the user identifier U may al so be prestored in
the menory 30Min the control . section 309. The anount of noney X, the
user identifier U 15 and the encipher%d el ectroni c cash issuance request
E[err] (X K,Nferr]) are sent via a sending section 310 to the bank
200, whereas the enci phered information E[err](S[err](X Nerrr]))
fromthe ~issuer .100 via the bank 200 is received in a receiving
section 311. The keys Nerr], SSu and K generated in the key- 20

generating section and the ci pher key generating section 302 are once
witten into the nenory 30M and held therein. The control section 309
reads out the keys Nerr], Kand SS[err] fromthe menory 30M as
required and uses themto operate the encipher section 303, the
deci pher section 304 and the signature 25 generating section 305 at

required points in time. The sendi ng section 310 is also placed
under the control of the

FIG. 3
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control section 309 and the reception by the receiving section 311 is
reported to the control section 309.

=22- The one-way function calculatlng section 306 and the

conpare section 307 are also controlled by the control section 309 to
start their operation. The control secti®n 309 deci des whet her or not .
to take further steps for the 5 payment of electronic cash according to
the result of - conparison in the conpare section 307. The

el ectronic cash C={xX,NuS[err](X,Nerr])}, the user signature Su(e,y)
and the anount of paynent y are sent to the shop 400 via-a sending

section 312 under the control of the control section 309. 10 The i nquiry
information e and the signals TIME and Wfromthe

N

Z.
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shop 400 are received in a receiving section 313 and separated into

I ndi vidual information, and the reception is reported to the control
section 309. Fig. 6 is a block diagramillustrating the bank 200.
In 15 the menory 20Mthere are prestored the keys SS[err] and PS[err]

t hat are used in the signature genebPating section 202 and the
signature verification section 203. The information {U,

X, E[err] (X, K,Nerr])} sent fromthe user 300 is received in a

receiving section 204 and separated into individual 20 i nf or mat’i on and
the reception of ‘the information is reported to a control section
205. The control section 205 controls read/wite and retrieval of the
user data base 201 and controls the signature generating section 202
and the signature verification section 203 to start their operation.
25 Under the control of the control section 205 the infornmation

Slerr] (X E[err] (X K Nerr])), X and E[err](X K Nerr]) are sent to the

i ssuer 100 via a sending section ?g?c;- f;
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The information fromthe issuer 100 is received in a

-23- recei ving section 207, and when it is an enci phered signature’
E[err](SI(X,N[err])) for the issuance of electronic cash, it is send

to the user 300 via a sending section 208. The reception .of

information in the receiving section 2076 s reported to the 5 control

section 205 and the transm ssion of information via . t he sendi ng
section 208 is placed under the control of the control section 205.
When over spender specifying request i nformati on containing the

communi cation data His received in the receiving section 207,
processing for specifying the 10 overspender is carried out under the
control of the control section 205, and when the overspender is
specified, it is reported to the outside via an output section 209 to
t ake the

FIG. 6
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necessary steps. Fig. 7 is a block diagramillustrating the shop
-400. In 15 a nenory 40Mthere is prestored the public key PS[err] that

i s used in the signature verification section 404 to verify the
signature of the issuer 100. The information fromthe user 300 is
received in a receiving section 405 and skparated into i ndi vi dual
information and the reception of the information 20 is reported to a
control section 406. The control section 406 effects operation start
control of the signature verification sections 401 and 404, the
conpare section 403 and the one-way function cal culating section 402
i n response to the reception of the electronic cash C and the
reception 25 of the user signat A cl ock 407 is provided,
from ‘which time information Z&?ESis E%pgg into the control section
406. The informati on Wdependent o O is stored in t he
control section 406. The information e, TIME and Ware
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-24- sent to the user 300 via a sending section 408 under the
control . of the control section 406. The results of verification in
the signature verification sections 401 and 404 and the result of
conparison in the conpare section 403 5 are input into the control
section 406, which, based on these nputs, sends the comuni cation
data H as a request for settlenent to the issuer 100 via a sending
section 409. Fig. 8 is a block diagramillustrating the issuer
100. In the nenory 10Mthere are prestored the keys PE[err], SEerr],
PS[err] 10 and SS[err] generated in advance. A control section 110 -
effects operation start control of the signature verification section
101, the deci pher section 102, the conpare section 103, the signature

generating section 104, tthGi phg section 106,
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3

4he add section 107 and the conpare section 109 and controls 15 wite,
retrieval and read out operations of the inspection data base 105 and
tthe history data base 108. The information

{X,S[err],Eerr](X,K Nerr])} fromthe bgnk 200 is received in a receiving
section 111 and separated into individuaF information and the

reception of the information.is reported to control section 20 110. The .

control section controls the respective sections to performthe

af or e- nent i oned processing. The information from the shop 400 is
received in a receiving section 112 and separated into individual

I nformati on and the afore nment i oned processing i s conducted under the

control of the conF/J& section 110. Wen ?A&qu for settl enent
i s approved as e r&sult of the processin section 110
sends via a sending section 113 the information y and VVto t he bank

with which the shop 400 has |ts account, requesbingcit to. B A
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oo s e S,

25 ' | tisAhabEN: Ih:e sapount of{' money y to the shop's account geFke o5
enci phered§7’1 grraiptice : EKGS1 ¢ X N-erL] )§ for electronic cash and

over speng eMSpeﬁ{J}yl A 10F matlon are sent via a sendi ng
section 11# T merfpa tfie control os the 5 control section

110. M/ag,t;.l%yall 6 aboyv .descyi bed apparatus 100, 200, 300 and
400 are ¢ach confi gur d’ SO that"“respec ivg gperations are nost |y
processed bypone eLegr.roJ;n c)? 1Eputer r fornmed. by several DSPs -
(Di gi t al LtSkgnal.: Processorsgl5? at ach 10 © appar a EﬁA‘CEN@ forrred as
one piece of hardware. &HCTJﬁgz THE | NVENTI O\I he
case with the Chaumet al. syst REFQE‘BH'G I nvention ensures user

privacy and permts detection of overspendi ng of el ectronic cash.
Anot her advant age of the )

- The invention relates to an ink jet recardihg' head.

It has been previcusly proposed to improve dot density for
better print quality by an arrangemant in which four rows of
nozzle opanings extend in the carriage moving dirac‘-:i-cn, i.e.,
in the main scanning dirsctien. Such a nozzle arrangement is
usually implemented by two sets of a recording head that has
 Two rows, the nozzle openings in each row being staggezed by a
single dot in the sheet forwvaxd dirachion.

However, the second and third nozzle opening rows that are
adjacent to ea.cb other in the middle are separated from each
other by a housing- forming member, an d this not only increases
the distance between the raws, buk also raquirces an ink supply
means. In addition, the operation of a.li.qm.nq the two heads
is cumberscme as well,

-»>

It has been furchermors .pzoposed to overcome the above
problems by means of an intagrated ink jet recording head in
waich four or moras nozzle opening Tows arzae arranged on a

common nozzle plate and each nozzle ogening has a pressura
"producing chamber thersof,(see alsoc document DE-A~3208104).

As shown in Pigure 10, such an integwzated ink jet recording
head is characterized as staggering the nczzla opaening of each
of the nozzle opening rows A, B, C, D by a2 single dot in the
physically arranged order.

In this recoxding head, after driving the nozz]..e', opening rows
A, B, C, D in the physically arranged oxrder, che nozzle
opening rows are driven again cyclically in such paysically
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-

1%  invention resides in that the anpbunt of communication in the

paynment processing can be nade smaller than in the Chaum et al .
system Besides, the electronic cash is divisible and the electronic
cash issuer and the financial institution that manages users

accounts can be separated hierarchically. 20 For exanpl e, according
to the Chaumet al. schene, when the probability of success in
overspendi ng in the paynent by ~ele@ ronic cash is 1/2[err],
processi ng needs to be perforned 30 tinmes, so twEPLACEMENT SHEPTIt size
of the one-way function is assuned to be 128 bits, an anount of
comuni cation of at 25 | east (3x128x39)=11520 bits is required.

Accordi ng tectiveyqd eneddz i NvENas PNthbheastZ8§20moiBe Bt a2 distadeddg) €. and
e e oL LT IS, 15 B hetlan wnd BN O,
- 26- uncil the fourth nozzle opening zow D printing a dot adjacant
ta the dot pzinted by the f£irst nozzla opening A is drivan.
A3 a result, any inclination of the ink jet =mecording head
caused at the tima of mounting the head or a change in tha
head mounting angle caused by play aggravatas flucﬁuations in
the distance between tha: dots priated by other nozzle opening

rows, thereby inviting impairmeat in print qualitw.

Further, document US-A-4 905 017 discloses the besic
stzucture of an ink jet racozding head, wherein a laminated
liquid jetuing head compzises a nozzle plate with a
plurality cf nczzle openings, means for supplying a liquid
and a pluraliey of pressure producing chambers. Howewver,
this disclosuxe does not mention anything about a
specifically desized relative positioning of the nozzle.
ows Iin respect to each other when used in a serial
Irangementc. )
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s_iz:es of the data y and e (and TIME,W is a nmaxi num of about 200

bits. Assunming that the size of the signature is 1024 bits, the tota
is 1200 bits at the maxi mum Thus, accordi ng to the present

i nvention, the amount of comrunication that is 5 needed for the paynent
processi ng can be reduced by approximately 1/10 that in the past.
Moreover, the electronic cash issued can be divided and used
repeatedly until the total sum of paynents- reaches the face val ue.

10 Besi des, the electronic cash issuer and the f'”@@PLR&EMENTSHE'T

I nstitutions (banks) t hat manage users' bank accounts are separate

hi erarchically--this enables the issuer to keep a wat ch on the anDunt
of electronic cash that hs i ssued by an retur ed tQ each ban th
Accor di ngl y, TEhes s&Rar ePdechp At e 3’5‘%&‘1‘?‘% uﬂ’f‘%‘f"m e

el ectroni ¢ Ccasbveihéttt ety doarmagixs . every bank from exceedi ng the sum
total predeterm ned by the ’
This object is solved by an ink jet zecording head eccording
ts independent claim 1.

The ink jet reccrdi.ng head according to the presen.t {invention
has at least four rows of nozzle openings in & main scanning
directicn with each. zow having a plurality of naozzle openings
in a sheet forward dirsection. From such iank jet zecording
head, ink droplats are jetted out by pressure produced by
prassure producing sources using piezoelectric elements,
heating elements or the like.

The invegticozn furthermcore p:::‘:idas an ink jet recording heed

capable of zeducing relative displacement of dot among 2
plurality of nozzle opening rows to a smallest possible level.
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bank.

It will be apparent that many nodifications and

variations nmay be effected w thout departing fromthe scope 20 of the
novel concepts of the present invention. VWHAT IS CLAI MED | S:
1. An electronic cash inplenenting nethod for an electronic cash system

whi ch is conposed of an electronic cash jssuer, a bank vggéﬁgggﬁﬁgges ”
W i SHEET
i

account

information of a user, a user whO uses el ectron

paynment, and a shop which receives a payment by el ectronic cash, said

net hod
an

conpri si ng: step (1) wherein said el egl QRentadYy r8EaQI Opens

to an ink jet recording head that includes four or more rows
of nozzle openings in a main scanning direction. Each row
has a plurality of nozzles so as to extend straightly in a
-Sheet forward direction at a pitch corresponding to the
number of rows of nozzle openings. In such an ink jet
recording head, the rows oé nozzle openings in an auxiliary
scanning direction are staggered at a certain pitch so that
an order Qf arrangement of the rows of nozzle openings is
different from the physically arranged order.

The nozzle opening rows are staggered in the
auxiliary scanning direétion by a predetarmined pitch so that

their arrangsment is different from the

ct

he ordazr o

) |

physically arrangsd order. As a result, the maximum distance
between adjacent nozzle o?ening rows to print vertically
adjacent dots becomes smaller by a distance.between.the
adjacent nozzle opening rows than at least the physical
maximum distance, thus contributing to reducing relative
displacement in the vertical direction by a distance
equivalent to the distance between the'adjacent nozzle
opening rows compared with a head in which nozzle opening
rows are saquentially staggered in the auxiliary scanning

direction in the physically arranged order.
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enci pher function E[err] and a signature verification function V[err] to -
tthe publi c; step (2) wherein said user sends to said bank user
information U and a face value X for requesting said bank to w thdraw an
anount of noney X from his ‘bank account and i ssue electronic cash of said
face value X, while at the sanme tine said user generates verification key
Nlerr] for his signature and a ciphes key K then enci papr&CEMENT SHEERt ure
verification key Nerr] and said cipher key Kto generate enci phered user
information E[err] (X, K, Nerr]), and sends it to said bank; step (3)
wher ei n sai d bank Rigudealsisaaddaaguam showbngyanXihkofetthgegogdingbank

account, and sends information {X Eferr] (X K Nerr])} as an electronic
cash i ssuaheddyctiiésh i85 sai emboHémensnpé shshinyensionwhiine the figams ofea

time said bank, records in a user data base the user nanme U and said
enci pher ed®g%&tej APBRABE| BRTERERRERX;K, N[ err]) in correspondence with each

ot her; . . . .
Figure 2 is an exploded perspective view showing the

_ink jet recording head shown in Figure 1;

Figure 3 is a diagram showing the ink jet recoxding
head shown in Figure 1 with a2 nozzle plate ther=20f removed;

Figure 4 is a diagram showing a sactional structurs
of the ink jet rscording head shown in Figure 1;

Figure 5 is an exploded perspective view showing ink
flow paths in an ink jet rscording head, which is another
embodiment of the invention;

Figure 6§ is a diagram showing the ink jet recording
head shown in Figure 5 with a nozzle plate thersof resmoved;

Figures 7(a) and 7(b) ars diagrams illustrative of
. ;

n.

inter-dot relative errors causad by the ink jet rscozding
head of the invention and those of a2 conventional ink jet
recording head;

Figure 8 is a diagram showing an ink jet rscording
head, which is still another embodiment of the invention, in
the formof gznozzle opening arrangement;

Figure 9 is a diagram showing an ink jet recording
head, which is still anothér_eﬁbodiment of the invention, in

the formof anozzle opening arrangement; and
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steﬁ (4) wherein said electronic cash issuer uses a decipher function
BDlerr] to decipher said enciphered user information E[err](X K Nerr]) to

obtain information (X, K, Nerr]), “generates information
n=g(N[err]) containing said signature verification key Nerr], S|gns sai d
I nformati on n-and said anobunt of noney X to create an |BEM§YCEMF@H
S[err](X,n), then registers said inforstht+on n and E[err] (X, K, N[err]) I n

‘an inspection data base in correspondence with each other, and cal cul ates
enci phering

an enci phered issu nat yre E err S[err](X n)) obtalned by
sai d i ssuer |gnatﬁ¢% %f%ri?(ks ; 5|H‘EVpﬁEP“R§9 aKnoéﬁ&958E6§l§§|
sai d user;

enci phered }3sustemb@0aber €nEl 80RLERLELNLEX D) Jet recording head having

four rows of nozzle openings.

Embodiments of the invention will be described in
detail with reference to the accompanying drawings.

Figure 1 shows an embodiment of the invention. In
Figure 1, reference numeral 7 designates a nozzle plate
having four rows of nozzle openings A, B, C, D. The pitch
between nozzle openings 1, 1 eee, 2, 2 ;.., 3, 3 -+, 0r &, &
---, each being arranged linearly on each of the rows B, D,
C, &, is four times a pitch betwesen vertically adjacent dots,

irst nozzle opening row A that is located

-

Fh

i.e., ad x 4. The
ocutermost and the second nozzle opening row B that is
adjacent thereto, as well as ths third nozzie opsning row o]
and the fourth nozzles opening row D that is adjacent thereto
are arranged at smallest possible distances Ll and L2,
whereas the second and ﬁhird nozzle opening rows B,C are arranged at
such a distance L3 as to allow a vibrating element unit
(later described) to be accommodated. As shown in Figure 1,°

- each row of nozzle opanings is selected so that the second
row 3, the fourth row D, the third row C, and the first row A
stagger one another in a sheet forward direction at a

distance equal to 2 single dot (ad) in the written order.
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step (5) wherein said user deciphers said enci phered issuer signature
E[err](S[err](X,n)) by said key Kinto said issuer signature S[err](X n);
step (6) wherein said user sends, as electronic cash C of said face val ue
X, information containing {Nerr], X S[err](Xn)} to said shop for the

paynent thereto in an anount vy; siegp_(7) wherein said shop verifies
the validity of said electronic cash Cand, if valid, receives the paynent
in said anount vy; step (8) wherein said shop BEMGTEAAGA é? ectronic
cash issuer all communication data H concerning the payne ) ai d

el ectroni c cash andFiguoes?sskawsl 4 ssteucterseef| theatebuies WREATdang
shop; and step (9) wherein said electronic_cash issuer obtains, wth
said si gnatbead ve2vingathenakeyenpertionad sapazésnfAniayi 8RT2H9ERAT ‘sai d
i nformation n=g(N[err;) containing said key Nlerr], makes a check to-see
i f said i nfBrnBtgORene; stafeegpge numeral designates a spacer

. interposed between the nozzle plate 7 and a vibrating plate 6
—{described later) so as to form an ink flow path. As shown
in Figﬁre 3, not only rows of throughholes 10, 10, 10 +--,
11, 11, 11 ;-0, 12, 12, 12 .-, 13, 13, 13 --- that will
. serve as'prassﬁre producipg chambers at a pitch corresponding
to the pitch at which the nozzle openings 1, 1, 1 ---, 2, 2,
2 cce, 3, 3, 3 0., &, 4,.4 .++ of the respective rows of
nozzle openings B, D, C, A are arranged, but also a
throughhole 14 that will serve as an ink flow path for
supplying ink to the pressure producing chambers from a tank
is provided. The throughholes 10, 10, 10 ---, ;l,_ll, 11
eee, 12, 12, 12 ++.+, 13, 13, 13 --- that wil} serve as
pressurs producing chambers are formed so as to confront the
nozzle openings 4, 4, 4 ««¢, 1, 1, 1 e+, 3, 3, 3 -, 2, 2,
2 ... of the respective rows of nozzle openings A, B, C, D at
an end thereof. And the throughholes 10, 10, 10 --- and the
throughhdles 13, 13; 13 «+., both located outermost of the
nozzle plate 7, include communicating recessed portions 10z,
102, 10a ---, 1la, lla, lla ---, 1l2a, 12a, 122 ---, 132, 1l3a,
132 -«+, each communicating recessed portion being formed in
a size slightly smaller than the throughhole.

In Figure 2, reference numeral 14 designates the

throughhole that will serve as an ink supply path for
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regi stered in said inspection data base, verifies the validity of said
el ectronic cash and, if valid, instructs said bank to transfer
t he ambunt of paynent y to a bank account of said shop. 2. An

el ectronic cash inplenenting method for an electronic c @?ﬁﬁgﬁﬁﬂﬂvgﬁég? S
conposed of an electronic cash issuer, a bank which nangg a t
I nformation of a user, a user who uses e#ectronic cash for paynent, and a

shop which receives a paynent by el ectfonhic cash, said method conprising:
step (1) wherein said electronic cash issuer opens an encipher function

E[err] and g qi;99ak Ul fx VeEdS | G -kl WREELER ¥ 8ibdly inlet 30. It is
so designed that the throughhole 14 communicates Qith
throughholes 15, 16, 17 which will serve as reserve tanks,
the throughholes 15, 168, 17 communicating with the
thfdughholes 10, 10, 10 ---, 11, 11, 11 ---, 12, 12, 12 =--,
13, 13, 13 ---, 2and the communicating recessed portions 1l0a,
10a, 102 ---, ll2, 1ll2, lla +.., 122, 122, 122 +--, 132, l1l3a,
132 ---. As 2 result; the pressure producing chambers for
the nozzle opening rows A, D that are locatad outermost of
the nozzle plate 7 receive ink from the independent rssexve
tanks, whsreas the nozzle opening rows B, C locatsd in the
middle raceive 3ink £from tha common :ese:vé tank, which is the
throughhole 1l6.

Reference numeral 6 cdasignates ths above-mentioned
vibrating plats, which is made of an elastic matexial £

artitioning the pressure producing chambers, the ink supply

'g

-path, the reserve tanks formed on the spacer 5 from vibrating element
units 20, 21, 22, 23. The vibrating plate § comes in contact

with ends of piezoelectric vibrating elements 25, 23, 25 ---,

26, 26, 26 ---, 27, 27, 27 ---, 28, 28, 28 --- to transmit
vibration produced by the vibrating elements 25, 2§, 27, 28

to the pressura2 pzoducing chambers. At a position

confronting the ink supply path is the ink supply inlet 30 so that

an end of an ink supply pipe 3§ communicates with the

throughhole 14 that will form the ink supply path.
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to the public; - step (2) wherein said user sends to said bank user
information U and a face value X for requesting said bank to w thdraw an
anount of noney X from his bank account and issue electronic cash of said
face value X, while at the sane tinme said user generates a cipher key K,

t hen enci phers said amount of nopney X and said ci pheepkRYENENPSEERRET at e
enci phered user information E[err] (X,KB,-and sends it to said bank;

step (3) wherein said bank withdraws said anount of noney X fromthe

user's bank account, and sends information {X E[err] (X K)} as an
el ectroni ¢ cash i sf@fesenceqnameredssidfd 2 ed?r oABcdeasgnaseueie while at

the sane tinme said bank records in a user data basngge uger. name U and

said enci PR MIRELAYE% MRS 8] BLEPEREKY A ERScor FBSPoRteRRE with each

other;  SALSRGE MERL 331 958! 055 038Ca £8P bREHE" ohPFPRRHS H fee
31, 32, 33, 34 so that the vibrating element units confront
the pressure chambers of the respective rows of nozzle
aopenings. To mount‘the units 20, 21 as well as 22, 23
mountad on the first andlseccnd rows of nozzle opening rows A, B
as well as the third and fourth rows of nozzle openingrows C, D,
the fixed plates 31, 32, 33, 34 are mounted on a frame 35 so |
that the respective vibrating elements confront each other..

Figure 4 shows a sectional structure of the above-

mentionaed ink jet recording head. A pradetarmined gap G is
provided betwaen the vibrating plate 6§ and the ncz;le plate 7
by the spacer 5. Resexrva tanks 40, 41, ---, prassurs
producing chambers 44, 45, -.-, communicating flow paths 47,
48 --- are formed of the throughholes 15, lé, 17 and the
recessed portions 10a, 102, 102 ..., 1la, 1lla, ll2 ..., 1l2a,
122, 122 .., 132, 132, 132 +-+ of the spacer 5. The ends of
the_vibrating elementé 25, 26 of the vibrating units 20, 21
abut against the vibrating plate 6 in such 2 manner as to
confront the pressure producing chambers 44, 45,
respectively. These vibrating elements 25, 25, ---, 28, 2§,
-+« are designed so that a drive signal can be applied
thezeto by cablas 52, 53 through electrically conductive

patterns 50, 51. Reference numerals 54, 55 designate

reinforcing members for supporting the vibrating place 6.
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said el ectronic cash issuance request to generate a signature

= 30- verification key N err] for said user and information n=g(Nu)
containing said signature verification key N err], registers said
information n and E[err] (X K) in an inspection data base in correspondence

wi th each other, deciphers said received |pdornat|on E év bé a
deci pher functlon Derr] toqegtaln I nf or mat.i on Qg 1 SEERES
signature S[err](Xn), therf3&fesyparad %rﬁhé’r‘ltlaéh |“§§6¥P 2r e

E[err](Nerr], S[err]{ak neét rmabziding dheadndigreriisng sai d |ssuer si gnature
S[err](X,n) by said cipher key K, and sends said enci phered issuer

signature E[gdthel| erbdd Ghest |{X UNe inoeadidnusern F;_qurss ePp &) 6yherein
said user deciphers said enciphered

reference numeral 70 dasignates a spacer. 1In this enbadimant
throughholes 7L, 71, 71 -.., 72, 72, 72 ..- as wall as

_ throughholes 73, 73, .-+, 74, 74, 74 ..., which will becoma
pressure producing chanhe:s; formed on the fizst nozzle
opening row A and the secsnd nozzle opening zow B as well as
the .third nozzla cpening row C and the fouzth nozzla copening
rew O, ara arzanged so that. the ink supply ports of the
throughholas 71, 7L, 71 con or of the throughholes 73, 73,
..+ confront those of thes throughholes 72, 72, 72 «-- oz of
the throughholes 74, 74, ---. In addition, communicating
recessed pertions 71a, 7la, fla cee, 722, 723, 722 ---, 13a,
73a, 73a +++, 74a, 74a, T4a --- cannected to_ih:oughhclés 18,
76 that will serva as reserve tanks are formed on the side
that «ill become the ink supply path. |

According to this embediment, an ink supgly path
portion can be sharsd in common by twe nozzle opening
rows, thereby achieviag a simple flow path éeslgn.
In this embodiment, whan the first nozzle opening row

A has reached a predetermined pesition, a drive signal is
applied ko the vibrating éléments 25, 25, 25 ---
cazresponding to dots to be printed by nozzle openings 4, %b
4 ... thak belong to the first nozzle opening row A. As ;
result, ink droplets are jetted ocut of the nozzle openings q,

4, 4 -.. to form the dots on a nac, shown recozdinq_sheet.
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I ssuer signature E[err](Nerr],S[err](X,n)) by said key Kinto said issuer
signature Serr] (X n); step (6) wherein said user sends, as electronic
cash C of said face value X, information containing {Nu, X, S[err](X,n)} to
said shop for the paynment thereto in an anount y; step (7) wherein
said shop verifies the validity of said | ectronic cash C by said
signature verification key N err] and, } val i d, RéEbA@E%EN%&HEQynent I n
sai d anmount v; step (8) wherein sai d shop sends to said electronic

cash i ssuer c m‘rum CE‘E on d%{pwe?ugﬁgrgé” Feg&sp,gy‘ggngqu{_hég 191

el ectronic c r§ ﬁ% dccount s W
shop; and st e {kif{a ] rs‘?.Q'HQlCi%h appliQe eBlghas, wth
e err

sai d signature verlflcatlo I n sard communréation data H, said

't ondy T ogi TR aTIr A B A T e e vl & 5% o
sai d eYeCt?C”béhdiﬂahbﬁndhe secgkd nozzle opening row B. A3 a resulc, tjg
- dots are formed in a row one dot staggexsd in the main
scanning diraction from the praviously printed dots.

Further, when the carriags has moved by a distanca
equal to L3, ~ dots ﬁ:e farnad by driving the third
nozzle opening row C; and when the carriage has mavéd by 2
distance equal €o L2, . . dots are formed by ‘driving thae
fourth nozzle opening zow O.

Upoa e#d of printing a single line while woving the

ink jet recording head in the main scanning direction, the
recording sheet is £c=wardad by 2 single line Befors priating
a raxt line. For the second line, printing is startad when
the first nozzle opening row has reached 2 predatazminad
positioa. Tha same prccesées as.in the printing of the first
liﬁe.are saquentially followed to pzint desired dots.

By the way, thae dots printad by the respective nozzla
opening rows aze producad by causing the carriage to move by
a discance (L3 ¢+ L2) or (Ll + L3}, which is a distance Ll or
L2 shoxter than the iLstihce (Ll'é L2 + L3) between khe
outazrmost nozzle opening rows. In other woxds, the carriage
moving discanca Ls storter compared with tha coaveational

carriage moving distance (L1 + L2 + L3J).
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iIf valid, instructs said bank to transfer the anount of paynent y to a

bank account of said shop. 3. The nmethod of claiml or 2, wherein said
step (3) is a step wherein said bank attaches a signature S[err] (X Eerr])
to information (X E[err]) sent fromsaid user and sends it to said issuer

together with said information (X,E[err#g,_and said step (4) is a step
wherein said issuer verifies the validi of said siRERIADEMENT SHEET

S[err] (X, E[err]) and, if valid, deciphers said information by said
decipher function Dlerr], conpares said deciphered amount of noney X and
t he anount of noneyAX aserésultpnesandibankeandk jett regomdiny, hgadewaudd

said issuer signature S[err].

be mounted while inclined by an angle 8, 2 gap error between
two vertically arrangsd dots becomes smaller by aH compared
with the conventional art as shown in Figure 7(2) or 7(b),

—thus allowing print quality to be improved. Since the-
distance between the nozzie opening row including the nozzle
openings that printed the lowermost of a last line and the
nozzle opening row including the nozzle openings that will
print the uppermost of the next line is shofter by L1 or L2
comparad with the conventional example, vertical displac;men;
of the lowermost and uppsrmost dots between the lines becomes
short even if the recording head is mounted while inclined by
an angle a, thereby achieving improvement in the prin
quality, particularly, graphic data. |

Further, to print dots by taking one dot out in the

auxiliary scanning' direction such as e.g., in draft printing
dots ars printed by using the nozzle opening row A and the
nozzle opening row D, or by using the nozzle opening row B
and the nozzle opening row C, a séace almost as large as a
single dot is produced between two vartically adjacent dots,
thus making vertical displacement of the dots generally
conspicuous. However, since the distance between the nozzle
opening rows is shorter by Ll or L2 compared with the
conventional example as dascribed above, the error in the

distance between the vertically adjacent dots can bes made
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4. The nmethod of claim1l or 2, wherein said step (7) conprises: step

(‘7a) wherein said shop receives fromsaid user said electronic cash C

containing a balance x, then generates arbitrary information e and sends

it to said user; step (7b) wherein said user calculates a signature

Slerr] (e,y) of said user for said_infornghion e sent fromsaid shop and
|

sai d anount of paynent y and sends said sigrature ?E%F g%_EﬁﬁsHEEﬂ shop
together with said amount of paynent y; and st Lﬁ W‘ erein said
shop verifies the validity of said issuer signature Serr](X,n) by a

public key P3h@itled For hhe \Wiinid L), HhsAid IRAHURY iU B AU
signature verification function V[err], further verifies the validity of

sai d user si grdhigSuee Be) auhisdtgl user signature verification key Nerr]

contained in said electronic cash C received fromsaid user, while at the

sane tine said shop Figures 8 and 9 show other embodiments in the form of
nozzle opening row arrangement. Figure 8 sﬁcws an embodiment
—i&Jthch the second row B, the third row C, the fourth row D,
and the first row A are staggered by 2 single dot in the
auxiliary scanning direction in the order written, whereas
Figure 9§ shows an embodiment in which the first row A, the
third row C, the fourth row D, and the secoﬁd row B ars
staggered by a single dot in the auxiliary scanning direction
in the order wxritten.
The same as above applies to these embodiments. More
specifically, the distance of a2 nozzle opéning row to be
driven in the main scanning direction is shorter by L1 or L2
than the distance (L1 + L2 + L3) between the outermost nozzle
opening rows, so that relétive displacement betwesn dots in
the auxiliary scanning direction caused-by the inclination of
the ink jet recd:ding head can be reduced.

While the example in which the pitch in the auxiliary
scanning direction is set to a single dot to simplify the
description in the above embodiments, it goes without saying
that the same advantage can be obtained by setting the pitch
to a multiple of an integer or a reciprocal of such.multiple.
Further, the same advantage can be obtained by applying a

recoxding head having five or more nozzle opening rows.

" This is the replacement sheet

12 WAy 9%

Date:



- 32- verifies if said balance x satisfies a condition y[err]x, and, if
tthe results of all the verifications are valid, approves the paynent by
said electronic cash C of said anount V. 5. The method of claim 4,
wherein said step (7) is a step: wherein said shop verifies the validity
of said issuer signature S[err] (X n) contﬁLned in sajd el ectronic cash C
by using said public signature verificali¥h-key PS[eRERLAGKMENTSHBET i d,
cal cul ates a one-way function f(TIME,W using time information TIME and
shop informati on Wk thei abore-deiseribpshambedinents; ntbengxeople ofd a
sends it to said user together with said time information TIME and said
shop i nforkeaq oHSings the | vibrating elrRAGES sasd dsBFeEIREl g¥e=qting

one-way function e=f . .
y source was described. However, the nozzle arrangement of this

invention is also applicable to a2 head in which heating
eLgments aré disposed in eaéh of pressure generating chambers
formed in an ink flow passage.

As described above the ink jet
racording head, which includes at least four rows of nozzle
ovenings straightly in'the:%ain écanning dirsction with each
nozzle épening row having a éluralitj of nozzle openings in

the sheet forward direction arranged at a pitch corresponding

to the number of nozzle opening rows, is characterizad as
staggering the positions of the nozzle opening rows in the

auxiliary scanning direction by a single dot so that the

]
'_l
[

~

order of their arrangement is different from the paysic
arranged order. As 2 result, the maximum distancs betwaen
the nozzle opening rows to print vertically adjacent dots
becomas smaller by a distance between the adjacent nozzle
opening rows than the physical makimnm distance. This makes
the relative displacement in the vertical direction
attributable to any inclination of the ink jet recording head
smaller than the arfangement'in which noizle opaning rows arse
sequentially staggered in the auxiliary scanning direction in

h2 physically arranged order. As a result, print quality

t

78

can be improved. The invention is particularly beneficial
whan applied to a2 printing pattern in which a2 long distance
between vertically arranged dots is conspicuous, such as in

raft printing in which a single dot is thinned out.
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(TIME,W using said tine information TIME and said shop information Was
vari abl es, then conpares said one-way function e with said infornation e

sent fromsaid shop and, if they match, sends said information {y,Su(e,y)}
to sai The nethod of claim4, wherein said step (9)

conprls (9a) wherein said i ssuer nakes a check to see if said
I nf orma Mﬂﬂfﬂ ”"‘om sai d communi cat+d¥-data received fromsaid shop
is alrea said inspection data base; step (9b) wherein

if said |nfornat|on n s registered, said issuer updates with a val ue Y+y
the total ampbunt of noney used Y corresponding to said information n,
step (9c) wherein said issuer nmakes a check to see if.

REPLA Iy
EMER
CLAIMS eEMENT SHeer

1. An ink jet racozding head, comprising:

a2 nozzle plate (7) inte which a plurality of neozzla
apenings (1, 2, 3, 4} are formed; '

means for supplying an iank;

a piuralLty of pressure producing chambers (44, 435) each
communicating with said plurality of nozzle ogenings (I, 2,
3, 4) corrxespondingly faz supplying a pressura to said ink
‘supplied from said ink supply means to jet said ink from
said nozzle cpenings (1, 2, 3, 4}):

whezain said plurality of nozzle opgenings (L, 2, 3, ¢)

comprise at least four rows (A, 8, C, D) of nozzle openings
arrangad in a main ‘scaaning direétion in a first ozder of

arrangement, each row having a plurality of nezzle openings

so as to extend straightly in a sheet forward direetion at
a pitch corresponding te the number of rows of aozzle
egedings and said rows of nozzle openings ara staggered at
another pitch along aa auxiliary scanning direction in a
second ozder of arrangemeant, said second zder of
arrangement being differeat from said f£irst order of
arrangement. -

2. An ink jet recording head as claimed in claim 1, further

- comprising a common reserve tank with which said pressure
producing chambers (44, 45) for two adjacent rows of nozzle
openings communicate.
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said value Y+y is snmaller than said face value X and, if so, instructs

said bank to transfer said anount of noney y to a bank account of said

shop; step (9d) wherein if Y+y=X, said issuer erases said information
n fromsaid i nspection data base; and step (9e) wherein if Y+y>X, said
i ssuer decides that said user overspent,l@nrd sends said information E[err]
to said bank to specify the nane of overspender frominformation stored in
a user data base of said bank. 7. The nmethod of claiml1l or 2, wherein

said information n=g(Nlerr]) {5 p=Np 1 DB.MEQWMME@a!ml or
2, wherein said step (7) i ncllhge@ a §¢® %E”Eél n en said el ectronic cash
is verified '
ABSTRACT
In an ink recording head having at least four nozzle

opening rows, each row havin§ nozzle openings so as to extend
straightly in a sheet fofward direction, the nozzle opening
rows are staggered by a2 single dot in the sheet forward
direction in an order different from the physically afranged
order. The maximum distance between nozzle opening rows to
print vertically adjacent dots becomes smaller by L1 or L2
than at léast the physical maximum distance L1 + L3 + L2, Ll
or L2 being a distance between the outermost nozzle opening-
row and the inner nozzle opsning fow. As a result, the
relative displacsment in the vertical directiﬁn can be
reduced by such di;tance.Ll or L2 comparsd with a2 recording
head in which n&zzle opening rows are sequentially staggered
in the auxiliary scanniné direction in the ?hysically

arrangsed order.

FIGURE 1
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to be valid by said shop, said user updates the bal ance x of said

el ectronic cash with a value x-y. 9. The nethod of claim1 or 2,
wherein said step (4) includes a step wherein said issuer sends said
enci phered issuer signature E[err] to said user via said bank.

user apparatus for an electronic cash systemwhich is conposed of an
el ectronic cash issuer, a bank which - manhges account information of a
user, a user who uses electronic cash for paynent, and a shop which
receives a paynment by electronic cash, said user apparatus conprising:

i nput neans for inputting an anmount of noney X and an anount of paynent vy;
ci pher key generating neans for generating a cipher key K, Key generating
means for generating a signature generating key SS[err] and a signature

verification key Nerr];
| | FIG. 1

1

10. A

D
i
éz

Ad
S 29
3 14 4O Ad
o2 3 S Ad.
el 4
| o
o ©
© o)
o o
o)
o)
o o
o o 7
o p—t
° ]
° o
© o
o o
0
(o]
o o
© o)
o o)
© o
o o)
o)
- o)
J
\

This is the rep\acement sheef

{2 MAY 1990

Date:



enci pher nmeans for enciphering said amunt of noney X and said keys K and
N err] by a public cipher function E[err] of said electronic cash issuer
to obtain the information E[err] (X, K Nerr]);. means for sending to
sai d bank said enciphered information E[err](X K Nerr]), user information
U and a nessage requesting said bank to withdraw said anmount of noney X

from a bank account of said user; 2deci pher neans for deci phering
enci phered i ssuer signature fromsaid bank by said key Kto.obtain a
signature S[err](X,Nerr]) of said issuer; signature generating nmeans

for generating a user signature Su(e,y) by said user signature generating
key SS[err] for information e in information received fromsaid shop and
sai d amount of paynment y; and

FIG. 2
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means for sending said anmount of noney X, said anmount of paynent y, said
signature verification key N err] and said signatures Serr](X Nerr]) and
Su(e,y) to said shop. 11. A bank apparatus for an el ectronic cash
system which is conposed of an el ectronic cash issuer, a bank which
manages account information of a user, a user who uses electronic cash for
paynment, and a shop which receives a paynedt by el ectronic cash, said user
bank conpri sing: means for receiving fromsaid user enciphered
information Eerr](X K Nerr]), user information U and a request for

i ssuance of electronic cash of a face val ue X " a user data base for
storing said enciphered information Eerr] (X K Nerr]) and said user
information U in correspondence with each other;

FIG. 3
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means for attaching a bank signature S err] to said enciphered information
E[err] (X, K, Nerr]) and said anmount of noney X to obtain information
Slerr] (X, Elerr](X,K,Nerr])) and for sending it to said issuer together

wi th said anount of noney X and said enciphered information

E[err] (X, K, Nerr]); means for sending to said user said enciphered

| ssuer signature Eferr] received fromsaid issuer; and nmeans for
retrieving fromsaid user data base said user information U correspondi ng
to said enciphered user information Blerr](X K N err]) received together
with a retrieval request fromsaid electronic cash issuer. 12. An

el ectronic cash issuer apparatus for an electronic cash systemwhich is
conposed of an el ectronic cash issuer, a bank which nanages account
informati on of a user, a user who uses electronic cash for paynent, and a
shop which receives a
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paynent by el ectronic cash, said user bank conprising: deci pher neans
for deci phering enciphered information Eerr](X K, Nerr]) fromthe bank by
a secret key SE[err] .of a public key cryptosystemto obtain an anount of
noney X, user cipher key K and a user signature verification key Nerr];

an inspection data base for registering said user signature verlflcatlon
key NJer], said enciphered information E[&r](X K Nerr]) and the total

anount of noney paid so far Y as a set; si gnat ure generating neans
for generating an issuer signature S[err](X,N[err]) for said anmount of
noney X and said user signature verification key Nerr]; enci pher

means for enciphering said issuer signature
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S[err](X,Nerr]) by using said user cipher key K as a key therefor;

means which receives fromsaid shop communi cation information H concerning
paynent by el ectronic cash, reads out of said inspection data base said
total anmount of noney wused Y corresponding to said user signature
verification key Nerr], then adds said total anount of noney paid so far
Y with an anount of paynment y, and upda®es said total ampunt of noney Y;
means whi ch nmakes a check to see if said updated total anount of nobney Y
is smaller than said amount of noney X, and if so, instructs said bank to
transfer said anount of paynment y to a bank account of shop information W
contained in said ‘received information H; a history data base for
recording therein said received information H, and means whi ch, when
sai d updated total anount of noney Y is

FIG. 6
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equal to or larger than said amunt of noney X, erases from said
Fnspection data base the record corresponding to said user signature
verification key N err] and, when said updated total anmount of noney Y is
| arger than said total anmpunt of noney Y, reads out of said inspection
data base said enciphered information Eferr](X K N err]) corresponding to
said verification key Nerr] and sends 3aid read-out information
E[err] (X, K, NNerr]) to said bank so as to trace an abuser or overspender.
13. A shop apparatus for an electronic cash systemwhich .is conposed of an
el ectroni c cash issuer, a bank which nmanages account information of a
user, a user who .- uses electronic cash for paynent, and a shop which

FIG. 7 a
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payment by el ectronic cash, said user bank conprising: means for
receiving electronic cash C, the anmbunt of paynent y and a user signature

Su(ey) from said user; i ssuer signature verifying nmeans for verifying
the wvalidity of an issuer signature S[err] (X Nerr]) in said electronic
cash C received fromthe user; user signature verifying neans for
verifying the validity of said received §ser signature by using said
recei ved user signature verification key Nerr]; means for making a
check to see if said received amount of paynment y is smaller than the
anount of noney X in said received electronic cash C means for
generating information e using shop information Was a variable and for
sending said information e to said wuser; and - means for sending, to

sai d issuer, communication -data between said user and said shop concerning

t he paynent by F/G 8 |
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saird el ectronic cash.
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