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ABSTRACT

The presence of air bubbles is detected during a
dispensing of samples for determining if the volume of
the sample dispensed is insufficient.

The characteristic of a presence—of—-bubbles curve
(101) has a difference in a pressure inside a nozzle
from the characteristic of a curve (100) under a normal
condition in which no bubbles exist, at the time Jjust
before the dispensing of the sample is completed.
Accordingly, it is possible to determine whether or not
bubbles exist by detecting the pressure inside the
nozzle at the determination time (105) and comparing
the detected value with an established threshold value,
and it is determined that an insufficient volume of
sample has been dispensed, thereby a warning is

generated.

Selected Drawing Fig., 2

4
'
-~
‘ v
'
'
'
'
I
L ]
,
'
'
. - 4 S 5 a4 - ' r - . e "y 1 Y g -| ., . . .. . . Y 1 v - -
i . . . . - - ‘r . v - Ry, TN S T ' - a1 ey - ' ., .t LT . L Lo e L . -, .’ »
¢/ va ~' . s s ] ’ AL o - \ . . ’ v ! . . * ' 3 ) '0- Y 1 - M .',.. . -. - .{\'\l "N . FESF S v .$_".'_" ‘.'.--‘.%'..s I 14,‘ f’ PN ~,,:.l‘. . .’,‘l-.;l -\. ‘. L ‘: ToaeN g
IR S I . o - 4 . a0 s * ' . ‘ - .- . . rte s . PR c.', P . & e v - - [ \$-‘-t- P v - ta " : ~ : Py y [ - v.u L) ' ' - ‘y re o= - -
- 4 8 e LR B 4 ‘., - . . ' «1 Y ¢ . - e N [ ’ ' . Vt“ N . i DS L) N . . % ' (. . -4 S » ro4 gy LI ‘t -~ el .  'eT . ‘-'-,‘ , ”.: .. . “' ".' " .'_.’ - " . . . ‘. - e . . 'y .
-4 ' - aur . - . - Vs 4 -t ' ' ‘e - . ' - . £ PLEL . [ . - -y ! - 4 - a re’ e A Lot . e - “ie AL A B L ' "
e ot .. . ~ . . y - o- e ., a L - .4 - L) e - s Voo P . . > s e s @ CO 4 - - ‘_'_ ger T ‘“o L s LI . ' . L I X Y ) .l e, N + -
: e ' N s Tt w2 * . et . LI ' = . ’ ‘s v « L ol i = * T d &8 v v ' ' -8 DR P . ‘e, LR R Y '* ‘ Ve, .’a. oAt n * 4 N . o AR ‘. ] ’ ' L] * -
. s . " - \“ J ‘e - L. L R B - i 3 . ’ e E T S R I T . ] L R Tk il * « 48 0 AL AR A I P S ‘s o.l'( oy cmr a4 P o, * . 4 - -
‘e A B M g L L O N - v it ' tre P TenTe I A I T AP TL P Ve ooa- -3 1t - e me U I A S NP P S s N Y Tl e LY e ¢ ' . .
. . . R " . '.’1.‘ et . T ! : ‘ * L ) ’ Tt " " CER N -y LR RN s . ccaae' ¢ .. .. l‘ IR ' LD R - ‘.‘..‘4" ! './ - [ . ..P..j - " a=t' Y oa O - b - ® -~ . T . ’ '
. L - SN ' () ’ LR B . y ' .ot P 1 " P . . e R AT L e, TN . A R RS ey g. LR TR T I seet s e e M R e, iy ow, . e Lyt - va ¢ ° - " N, D - . .
* - T ' L . ' : L L PO ) - - e N 4 L B .. 8= 41 L. v..- R . B . "N te) v o L | (L B e R R, R A ,.1 v - etar'd " - To.o. W' . \" aant ’ '
, ’ s vt oy . . . [ «'s -.| - . ‘ ~ e e S a ® . Y ' L '\‘ ‘s L A R R . SN e . N I C'E I l- b ‘g 1 4'.""" -3 .,] .o P |4', - ', = B e 1P [ . DR -" [ L] T, - .
. . . . Loy o L -, . . " - . s . - . . o Loy N A T L . 1 N ' M e % . . . % @ i e M prgn ¢ e - ¢ . : . A 5 L " - 8 ' . o an . . ® . s .
edanteite Jae 0 2T [T e LI L N B v . - ', . ¢ RS ".---r'o SN (,.f'-", e et ew o T IS RTINS RN P BRI treel. ';:p. ool ". L AN Tt A ",‘- J o a el 1 * PR ' . . Wt
. « 7 o e b - [ ] a eed 0w L, . L -~ Yo - e B I . !“'p~'1 LI . Ve o a . a4 4,40 . a' " P 4, -8 - N " e ‘.. . . . - . . ‘ » .
A s =" . o -4 . - 4 N ] a2, CR - . . 2Ty LU .'_,,l- " ‘- -J .4 A - - . 4. 2 =l -, - . - . N 1=t o4 M -~ ' ot " . * - . R v 4 . - .
1.0- 0 . ¥ A T RN P ‘e . " g ¢ .F - UL EPIRET EUE L TN -, C e . N R L ¢ . . At U IR LA G ‘ A PR . P . ‘
i . ".. - T S 3. Ne . - L . - ow s ety N Jlaw 4 Noroeon ..'.' L s c,q’ ‘ iy o . . - ‘,‘.“ . - ,4'.’.',-... e e o x . A . ‘q:‘.v . , | . . , ) r . 4 wiae g . . . .
” - . ' A . . e . - . L . "ty ? 4> - ' ~ ’ . o - “a, . a - . .. .. . . . s ' ' . . -~ o .
. - = Eora ) TAY L L _.., [PRS . 'k . . ) {Q. ’ i . N ot . 1 ?, ' ' A & = ".. .. .2 Y T _'_.l . o ' . ’ R S N . d N ay
- - . . - 'Y 4 ' - ¢ 4 P. 1 . 5 LI le v o r - - .
L a ‘N . ' ‘. L] e 0 .- . - ] . - . "a > LA - H A, = " 1 ’ . .y * - -.““\' e . - 0 * o ey T . ' - o 1 3 s L =
LS . 1] L - ] LY -t . A N ] , - M . . LI B . '_.. s f - Y - - ¢’ " N * 'c . » " ‘ Ny - .“ . -d - -- . .. . .-‘. . . L. . = . . . . . .
! ' . ST T v 8 . i ' ‘ e SR : ‘ AT s A Sl S L P N M T e . ] ' tea
. 0 eio L -, 1 | I - ’ . . . ' » P Le 9 L" ' ’ e . e -, . . v r 2 1'm - .f . w o, . 'l - = K " .o N v . 4 . ‘. .
. . ‘e - 2 . F - . { * - ‘.: - "R . . - ’ .. ' . . ’L' - N v oL ¢ . -~ » an - . s . A . - L B . ’ ‘
! o - M 1 v P LY rae Y e ‘e S ¢ Par s " A . e LR e " . Yot ay -. ' ' PR . . -t . e . '
R . 5 . : ) . PRI P . . PPN . ’, } . , . ’ banstt . .0 M - - o ey - ) ' LI . . ‘ '
) . ) . . . . . ) s = a8 = . n - .- .. . . . . N [ M I A _,u"-.-.}‘ 1 ' . 4 -
' . ' P | . Sy = R e [ . e oo "y P T P , . ) ' - ‘. - - . - s ' -
. - 4 o i . s . - > - . . F a . : ' ove 4 g - . . . - . . \ - .. t(. e LY - a M 4 . A . i ; € v - - s . N . , .- -
, .o’ o " . ' v ' - ' - e\ :“ . "N, bl ! . N 4 ’ 1! T . - " "“‘ Fro s 4 L -t * | R ) . ' )
- ' - . T . - ' - . . ] - . 5 . .. ' '
. - = . . . st :d- . . \ i i .b . l. . ., " I'\ . - ., -. . S 1‘ L oL . . . '1‘ ’ N , e : 4 oy o~ 2 " s v Ly | l.‘ .. - . \. . e
ve o (I . - ‘e .. ‘ rg v . - o ' - ‘ ‘ st Ve & - Yy et PR I Vv . ' ' '
. - ‘y [ |. N, . \ ¢ "‘.-‘ " ’ R . . . L - .-,’- i ‘e, . . e v a I . "L f.v. " ”- . . 4. . ,‘ '. . - v :
. » . ‘ ~l .- SRR T Y PP B AR “h L, ae 3 - - .. R Y |1t S . - - ol Lt :
* » L - . . } - - a« - 4 . - ' ' £ = A ’ ' L. ' - L | e " ': ' " e LS L } ‘ ! t '
v 4 & g : h ) ’ . * .~ r T R . " . P . vy - . . ’ ‘o - . ‘ [} H - . “-, ‘ - e . - v *
vy d ' ' - . -1 r - ' . W . asd o4 - . . P . . ’ - . - o . - ’ Rl 3 . . - 5., -
P L ' . .~ X, o. e [ ! \ . 1, r - .« « v . . '
] . / . ) LI ' ' ’ 4 N . ' - - - . 'f : “ e " . o PR . " ., . . . “ - - 4 o
. e LI ’ - . et RS e - ‘ b o a ’ AL ' . S M e e, "t * - 'ory : : . . - . .
- ' L - = . L - - ‘e o AL S L s M TR L e, 1 ’ e vl - ‘n 8" o . > . - LY . N . e . ' -
. . * v, - PR 4 ' . -n LI I T LI B PR ey ¢ - !‘k . ar. E . a4 va- o i an. Yoo ', ' - . LA ’
\‘l" - L p. ’ l‘ AR 8 L] riy ’ - L] ' ' 3 L ‘e r . - ) v - . » v“/\'. . ¢ +°% _e o BN . . 25 > ’. 1.0 - . = "o, 44 vl s ,". 4 \' ‘ ‘« CTS-L ' - r
) $ . P . ; . . = [ p . 5 . er 00 = - "‘Q i+ D . ..I‘ .0 o . L tam 2 —_— L. LTI W s . 4 % l. -r, . e " - - .
A R ‘4 . 4 ' - ' A ' " e b4 ¢ \ ? _’. ,t Yoo r ay,e } , . I S AT M A B .:‘ S .. 'b. 1“ s O A Ve 1Y Jroa, v . : ., e . € ANy . ,
’ . v - 4 LI l ubir\ | Y L] I LI ] . 1, ¢ . . . ’ - ',-n [ . T . A 2 L LI MY ', PEIFEL JEE B 1 - . » * «Jan a4 4 . : : AL I N ‘L PRI [ . L a2, \ .
- . . . - I S . E v M . . 0 . . re ‘ . . ., k-‘ L . ik . . FPIEE R LR . ' PR ] “ 1 N, PR 4 . “.._‘_.“ . ’ o el = . . L ¥ D . L . A X . X v
. a2 % ' L S U IR . ~, - . . - . .,. Y Yy o P E T : 3 . ¢ P ., ‘0., jou . PN ‘... ) . ‘r\ . fon ....‘{"’ 5 Ll v . .
, ' « dw '. -y _ M 1 . N ' T -.\"‘! ! ‘. ] 4 T By . ' R 3. P -._ ’. ..'l.:‘.‘. . ‘' e a4 e ad s s il » e “ - { v ,
. \ . r N, ' N ’ . s a ' L -1 e 1 - DK R st 000',(,. Y A T . | EEERA - v LI ] s e _u . e T . o e '
' Sy ~ ST s - ' U I ST S AT P R T I OMEL REAEPIEAN MR AT CE T I PO T L O L Rt AL T
'k . " . v ' ‘¢ ' : ’ - A "3,}"" e T T £ ey @ "" . ' o [ : ‘a roa PR I B O T 1, | N I '. a.x - oy N P oa= s, fore l"{""' - - .
i ' " L) . ! - .« - . - . Y . PR Yoteel * V. LL vy - ' . u- . a”. . - R ' 4 .
+ LR S T ML LS ! . L) ' ' ' N S ' . st P I .0 voere Tl e v . .4 * B TR R L B LR S EL KRR S L B ' . . * ¢
‘ - ‘-\' ' L ) . B - ’ . « 0N 4 Ja . . i Al .y ) voa tey Al . LN . .
' * “4‘ . ' ' ' N ' .. =L " * = Y " vt o e N . et w4 Y ‘.‘ ‘I-I ' N b ‘ & L . Yo i Sl vta, - [ - - ‘ v . ! 0\‘0.. " Vg ot N, ¥ ., .. - - . 4 '
o - N ’ . ' . ' . 4 . - N ' ’ e oL eyl s T * . DR T T ' gt . “ P | . ., v . 1 e [ | B
{. . . Sl -' : . . . a I . . .( o K "' N le" e '-}., .. 1 o , . Rty e e g ; + . ‘\\ . - ,v‘_"- oy g ’n.l . z ) [ ._‘,‘1 ' :\ Y | .‘l: . ’ . !.f“ v'v. . r'-:' 2 LI S .
et T . N T . . 0 [ v - - > - . T LR L O VR I b P =" L T K f . 1 .. ate Yot ew 4 r' J-’ . = .=t e Vet LA ol L . m ‘ 4. % =" -" .. ‘
. .« L v, [ L l. . . . . I A TR T ELPE S P hPEERL ¢ | LI A ws s PR -t Sy '-!,. L "» KN cju. v . "-“'("‘: 4 ’:‘ UL RN IR ) ’: P TR s . PR .
- g = L "" P N et T . e R '.' 4 P e R T - TR L AT T R BTN .“"‘b--- L ‘,-' o "\’ “‘ ’, ? PR NS M AN AT hy - St ratlyt B et tgt ) ©
.‘ CI . " -u"" * . . = l S & -t .‘ . .. g r ¥ 'Y f."' : ’.";- -":'I‘. N KT PR I N 1;.' a0 t h- "‘."' :'.'.""' ". oo "GI .Q.(.‘J b -""l“' '."‘.".l."".' ’Q" . .\-'J ‘4*“| L' ..--,‘ ' Pt wos e 4 . r
. ' - . 1y *+ v ',' . : ] ' . DRENREEE I - s e LY T T A ) - - e e s adov, 1wV b LSRR P R ) . ..
Y SRR ADLEEUTE S ‘ - - - s '-ra--c-‘i AR *sw*-n. N, 1~..-.-.-’»,~.-,.c.-u--..--s..uo.w-ek'.u g L “"““"‘twiv-'-orct“Of .";.-. el AEACHY Pe adp T SIS T
: "“"’s’.“'"t‘-\v"“ y lb n ! iX ‘ LN Ay VP ) T et P LA I O XA R R R R A AR [’""',. oL PR t-:? A O GO AR YOO FES BUR L IR S
: R ) 4 r'r o3 1 IV"QKI ‘. - S 1 ,*’\.\ . . '1’{" “' - ~p "' . . L '/ ,r'!l-"bj’_"l.’.'l‘r‘l't',"llQl..’ ;.’4.0.\\ ™ .‘I | ] '.‘;{t. . 1. A B ‘ I-‘-a)‘ﬂ""“ e b & ‘....gf .hcl!’-f)- - . .
EES AR LAy, AN L LN R N -'~"~*'>-"c ? RO SN SRR EALKD S SR SN PR b A A N /- TR S U NCOUGCODSNERE XA I .
' 4 . . J PR - LRI L B N | '# P L | . . rd 4 P o » PRIV . ’ . . - ‘) P T ll L ] ‘ H R l ‘ ! v . . |" . » N
. . R AL e, . .s\a'~1|; ..0-‘ 4 q - N . . ' Y B R T R R "
.y Y. . - = \g { o q ‘ 0 ,I". ' ' [T vl ., N . - N . . = . . . N P r T . 3 . r vy X, = ) - -~ ol N 4 Sy ‘. - .
. YR N : . .. e ¢ > . - - r - a . . . “ 2 . . . ' e . LN r w - . " s . e . - .. 4 . T
y 4 fer . -t 4 ' LS . fote - . DRI ] . L ' RN , ' rooe . . ’ : . 2Ty .t
O ' cyvest oo g st . v . .- R ' . . -""""-.‘I---., NI ‘. '
p 'y . . . . . - % . "oy « y oo | d . AT R B LIRS ll + . ‘A N -
. i‘ - | LY . ‘ . ’ " v . . - . . - Y r e s . - 3 o " .
- . . .
LN . . Lhe v ' .. . : . [ S ¢ . . L. . -I'*"- ‘e o T e oe . . . , L \
' ' : ... . . :. “n e > - f ' : . L . "’r“ : ‘ : - ek - ' : D S "'li l.‘.‘-l“ a» LI LN . - A Pos o e . - . ’ . F IS
" - .. . . . . s . . . . . . - - - . L . . -
‘., , . « s a? 1= ‘ f.-{ N ® . gt . ' - vt L - b b et Y m e s J “’ . " . =% . > .. . -, . PR N .o q e . Pia .- -
. . ' .

) : . [ P et EEEE I 3 NS S - RS .
. . . . . . . . - \ i . L] 4 . . L - "o - .o - R - - a ' N -
] st R 2 o LI L .. . % ‘. . . s a . 2 = o S - -p. .l.’-'.' o % LI ] ’ » . | L . - 1



9131283
SPECIFICATION

TITLE OF THE INVENTION

PIPETTING APPARATUS

DETAILED DESCRIPTION OF THE INVENTION

Field of Industrial Utilization

The present invention relates to a pipetting apparatus,
and more particularly relates to a plipetting apparatus
having the ability to determine if the volume of a sample
dispensed 1s insufficient, during the dispensing of samples
into containers with the use of a nozzle, by detecting the

presence of air bubbles inside the nozzle, for instance.

Description of the Prior Art

There are known pipetting apparatuses for pipetting
samples, which are used, for example, as distribution
apparatuses that distribute blood extracted from human
bodies and the like into a plurality of containers.

In such apparatuses, aspliration of the sample 1is
performed through a disposable nozzle. In this case, 1in
order to make certain that a prescribed volume of sample 1s
pipetted, it 1s required to make sure that an appropriate
volume of sample is aspirated into the inside of the nozzle
at the aspirating operation. However, when such aspiration
is taken place without considering presence of bubbles, the
accuracy of the volume of sample aspirated will not be
precise if bubbles get aspirated together with the sample.
Consequently, the volume of such sample pipetted will have a

lower degree of accuracy.

In this connection, the applicant of this application
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previously proposed, in Japanese Laid-Open Publication No.
2-196963, a pipetting apparatus, in which the pressure
within an air tube connected to the nozzle i1s detected by a
pressure sensor when aspirating sample, whereby an

insufficient aspiration of the sample is determined when an
integrated value of the detected pressure 1is lower than a

predetermined reference value.

The Problem to be Solved by the Invention

However, 1f the volume of sample beling dispensed is not
precise at the time when the sample is dispensed, it 1s not
possible to improve the pipetting accuracy. Namely, when
tiny bubbles like foams seen 1n beer are generated due to
vibrations and the like caused when the nozzle 1s being
moved, and then thus generated tiny bubbles float up to
collect near the top part of the sample contained in the
nozzle, there is a case that these bubbles remain in the
inside of the tip of the nozzle even after the sample has
been dispensed, resulting in an inaccurate volume of sample
being dispensed. Moreover, after a sample has been
dispensed, there is a case that a small amount of the sample
remains in the form of a balloon-shaped bubble that 1s
formed around the tip of the nozzle and dangles down
therefrom, and this also results in an inaccurate volume of
sample being dispensed. Of course, in the conventional
apparatus, factors such as the adhesion of the sample on the
inside walls of the nozzle have been taken into account when
determining the volume of sample to be aspirated. However,
the above-mentioned unexpected cases have not been taken
into their accounts.

Moreover, in the apparatus disclosed in Japanese Laid-
Open;Publication No. 2-196963, since the method for
detecting an insufficient volume of sample is carried out

only at the time of aspirating the sample, it 1s not

possible for the apparatus to detect an insufficient volume
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of sample dispensed as a result of some volume of the sample
remaining behind at the time of dispensing. Furthermore, as
bubbles may momentarily go undetected during the aspiration
of a sample, this further emphaslizes the need for a way of

detecting the presence of bubbles at the time of dispensing

of a sample in order to improve the accuracy of the volume

of sample pipetted.

The present invention has been made in view of the
above-mentioned problems. Therefore, it is an object of the
present invention to provide a pipetting apparatus which can
detect presence of bubbles inside the nozzle or in the
vicinity of the tip thereof just before the dispensing of
the sample is completed.

Means for Solving the Problem

In order to achieve the above-mentioned object, the
present invention is directed to a pipetting apparatus which
includes a nozzle for carrying out aspirating and dispensing
of a sample, a threshold value memory which stores a
prescribed threshold value, a pressure sensor for detecting
the pressure inside the nozzie at a prescribed determination

time just before the dispensing of a sample has been

completed, and a determination section that determines the
presence of bubbles when the actual pressure inside the

nozzle which is detected by the pressure Sensor exceeds the

threshold value.

Operation

According to the above construction, at the prescribed
determination time the pressure Sensor directly or
indirectly detects the pressure inside the nozzle, and then
this detected value is compared with the threshold wvalue
stored in the threshold value memory. At this time, 1if the
detected value exceeds the threshold value, the

determination section determines that bubbles are present.
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Namely, at the moment when the dispensing of a sample
has been completed, if some portion of the sample in the
forms of tiny bubbles remain inside the tip of the nozzle or
when a balloon-shaped bubble is formed around the tip of the
nozzle, or if tiny bubbles are discharged out of the nozzle
Just before the completion of the dispensing of the sample,
such bubbles become obstructions that block the opening of
the tip of the nozzle. At this time, the dispensing ailr

‘supplied from a pump to the inside of the nozzle for

dispensing the sample is affected by the resistance of the
bubbles that remain behind. As a result, the pressure
inside the nozzle remains above the usual pressure.
Accordingly, at the moment when this change 1n pressure
:arises relative to the usual pressure just before the
dispensing of the sample is completed, or more concretely
stated, at the moment when most of the sample has Dbeen
dispensed, by observing the pressure inside the nozzle at
any time before the pressure :inside the nozzle has returned
to the atmospheric pressure, it is possible to determine the
existence of bubbles and thereby determine that an
insufficient volume of sample has been dispensed.

In this regard, it should be noted that 1in order to
obtain a proper volume of dispensed sample, it 1s essential
for the apparatus to aspirate an accurate volume of sample.
For this purpose, it 1s preferable to combine with the
present invention a means for determining whether or not an
accurate volume of sample has been aspirated, such as the

means disclosed in the above-mentioned Laid-Open Publication
No. 2-196963.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Hereinbelow, a preferred embodiment of the present
invention will be explained with reference to the drawings.

Fig. 1 illustrates in block diagram form the essential
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elements of a preferred embodiment of a pipetting apparatus
according to the present invention.

As shown in Fig. 1, for the purpose of pipetting a
sample, a nozzle 10 1s provided to carry out the functions
of aspirating and dispensing the sample. In the present
embodiment, a disposable type nozzle 1s utilized for the
nozzle 10. The nozzle 10 is in turn held by an XYZ robot
that enables the nozzle 10 to be freely movable 1n any side-
to-side or up-and-down direction.

The nozzle 10 is connected to a pump 16 via an air hose
14. The pump 16 is comprised of a cylinder 18 and a piston
20 and serves as a means for generating an aspirating force
and a dispensing force. Connected to the air hose 14 1s a
pressure sensor 22 that detects the pressure inside the alr
hose 14, thereby enabling detection of the pressure inside
the nozzle 10. Pressure detection signals outputted from
the pressure sensor 22 are fed to a limiting circuit 26 after
being amplified by a DC amp 24. The limiting circulit 26
serves to prevent excessive current from flowing into an A/D
converter 28 provided as the next element in the sequence of
elements. The A/D converter 28 in turn converts the signals
based on detected pressure into digital signals and then the
digital signals are fed to a control unit 30.

The control unit 30 is used to cohtrol the overall
operations of the pipetting apparatus according to the
present invention. For example, the control unit 30 is used
to control the operations of the pump 16, the XYZ robot 12
and the like. Furthermore, the control unit 30 includes a
determination circuit 32 and a memory 34, the functions of
which are described below.

Fig. 2 shows a graph of an example of the change 1n
pressure inside the nozzle 10 over time during the
dispensing of a sample. In the graph of Flg. 2, the
vertical axis represents the pressure detected by the

pressure sensor 22, and the horizontal axls represents the

. [P TTr aepsp—— = =eas . . . omi®ep fu bio tetm v gty —pred gyt
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progression of time.
As shown in Fig. 2, a curve 100 represents the change

in pressure over time for the dispensing of a sample under
the normal condition in which no bubbles exist withiln the
nozzle 10. In this case, the dispensing volume is 200 ul.
As for the curve 101, it represents the change in pressure
over time for the dispensing of a sample 1n the case where
bubbles exist within the nozzle 10. In the particular case
represented by the curve 101, bubbles of the volume of 50 ul
are existed therein, with all other conditions being the

same as those for the normal condition.
As shown in the figures, when the piston 20 shown in

Fig. 1 is pushed into the cylinder 18, a dispensing force is
generated which causes the pressure inside the nozzle 10 to
rise. and this starts the dispensing of the sample contained
in the nozzle 10. Before this operation is begun, the
pressure inside the nozzle 10 1is below that of the
atmospheric pressure in order for the sample to be held

within the nozzle 10.
After a certailn amount of time has elapsed from the

moment that the dispensing of the sample was begun, all the
sample will be dispensed. At this time, due to the
viscosity of the sample, there 1is a tendency for the actual
time required to dispense the sample to be slightly longer
than the dispensing operation time of the pump. This is the
primary cause for the occurrence of a smooth decrease in
pressure after the pump 1is turned off. In this connection,
as shown in Fig. 2, arrow 103 indicates the polnt in time
when the pump is turned off (i.e., the point in time when

the speed of the piston begins to slow down), and arrow 104

indicates the point in time when the action of the pump

completely stops.
As shown in the graph of Fig. 2, before the pump 1s

turned off., both the normal curve 100 and the presence-of -

bubbles curve 101 have substantially the same
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characteristics. However, after the pump is turned off,
namely, at the moment just before the dispensing of the
sample 1s completed, marked differences arise with regards
to the characteristics of the curves 100 and 101. In other
words, when the dispensing of a sample is close to being

completed, the bubbles that exist in the top portion of the

sample contained in the nozzle are either gradually
dispensed from the nozzle or remain adhered to the inside of
the tip of the nozzle,'and the presence of such bubbles
creates a resistance that has an effect on the pressure of
the dispensing air flowing into the nozzle. This accounts
for the upwards shift of the presence-of-bubbles curve 101
relative to the normal curve 100 after the pump has been
turned off. Furthermore, as shown in Fig. 2, in the case
where some bubbles continue to remain behind in the nozzle,
or in the case where a balloon-shaped bubble remains adhered
to the tip of the nozzle, the pressure inside the nozzle
reaches a constant value that is higher than the atmospheric
pressure. In other words, the pressure inside the nozzle

does not return to the atmospheric pressure. However, in

the case when these bubbles ultimately get discharged from
the nozzle, the presence-of-bubbles curve 101 would finally
begin to approach the dashed 1line indicating the atmospheric
pressure. However, as shown in Fig. 2 which shows the
characteristics of the normal curve 100 and the presence-of -
bubbles curve 101 during the interval of time before the

occurrence of such final discharge of bubbles, there still

be a difference therebetween.

Accordingly, by comparing the pressure detected inside
the nozzle with the pressure previously measured for the
normal case of no bubbles being'present, for example, at the
determination time 105 indicated in Fig. 2, it is possible
to determine whether or not bubbles exist. For the purpose

of carrying out such determination, a threshold value is

established, as shown in Fig. 2.
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As for the determination time 105, it is preferably set
at a time when the difference in characteristics of the
normal curve 100 and the presence-of-bubbles curve 101 1is
easily distinguishable during the interval of time after the
pump has been turned off and before the pressure inside the
nozzle returns to the atmospheric pressure. With regards to
the threshold value, it is established in view of such
factors as the viscosity of the sample and the like.

Now with regards to the determination circuit 32 shown
Iin Fig. 1, 1t carries out determination of the presence or
absence of bubbles by comparing the value of the pressure
detected inside the nozzle, at the determination time just
before the completion of the dispensing of the sample, with
the threshold value stored in the memory 34. In the case
when the determination circuit 32 determines that bubbles
are 1n fact present, this means that there is an
Insufficient volume of sample dispensed, and therefore the
control unit 30 generates a warning that alerts the person

operating the pipetting apparatus.

Effects of the Invention

By using the pipetting apparatus according to the
present Invention described above, it is possible to
determine whether or not bubbles are present when carrying

out dispensing of a sample with a nozzle. This
determination makes it possible to determine whether or not

a sufficient volume of sample has been dispensed, and in the
case when it is determined that an insufficient volume of
sample has been dispensed, this fact can be reported in the
form of a warning to the operator of the pipetting

apparatus. Thus, the present invention provides a pipetting

apparatus that has improved accuracy.

BRIEEF DESCRIPTION OF THE DRAWINGS
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Fig. 1 is a block diagram illustrating the overall

construction of a pipetting apparatus according to the

present invention.

Fig. 2 1s a graph showing the change in pressure inside
the nozzle over time when a sample is being dispensed with

the pipetting apparatus of the present invention.

txplanation of the Reference Numerals

10 ..... Nozzle

16 ..... Pump

22 ..., Pressure Sensor

30 ..... Control Section

32 ..... Determination Circuit
34 ..... Memory
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CLAIMS:

1. A pipetting apparatus having a nozzle for carrying
out aspirating and dispensing of a sample, comprising:

(a) a pressure threshold value storage section for
storing a prescribed pressure threshold value;

(b) a pressure sensor for detecting pressure inside
the nozzle at a prescribed determination time just before
completion of the dispensing of the sample; and

(c) a determination section which determines
presence of bubbles when actual pressure inside the
nozzle detected on the basis of output from the pressure
sensor exceeds the prescribed pressure threshold wvalue.

2. A pipetting apparatus including a nozzle having a
tip portion for aspirating and dispensing a sample,
comprising:

(a) a pressure threshold value storage section for
storing a prescribed pressure threshold value which is
greater than atmospheric pressure;

(b) a pressure sensor for detecting pressure inside
the nozzle at a prescribed determination time just before
completion of the dispensing of the sample; and

(c) a determination section which determines
presence of a bubble inside said nozzle or around said
tip portion of said nozzle when pressure inside the
nozzle detected by said pressure sensor at the prescribed

determination time exceeds the prescribed pressure
threshold wvalue.

3. A pipetting apparatus having a nozzle for aspirating
and dispensing a sample, comprising:

(a) a pressure threshold value storage section for
storing a prescribed pressure threshold value:

(b) a pressure sensor operatively connected with
the nozzle for detecting pressure inside the nozzle at a
prescribed determination time prior to completion of the
dispensing of the sample from the nozzle: and

10
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(c) a determination section which determines
presence of a bubble without compressing the sample when
the pressure inside the nozzle detected by the pressure
sensor exceeds the prescribed pressure threshold value.

RIDOUT & MAYBEE
Toronto, Canada
Patent Agents

11
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