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©  In  known  aspirator  probes,  horizontal  displace- 
ment  of  a  tip  carried  by  the  probe  may  occur  at  a 
dispensing  station.  Although  the  tip  is  accurately 
seated  for  dispensing  a  sample  on  to  a  test  element, 
the  tip  can  pivot  on  withdrawal  of  the  probe  from  the 
seating  arrangement.  This  pivoting  movement  can 
lead  to  "tip  flick"  -  a  problem  in  which  the  dispensed 
sample  is  not  fully  absorbed  into  the  test  element 
and  the  pivoting  movement  causes  the  residual  liq- 
uid  to  be  flicked  off-center  and  as  a  consequence 
provides  inaccurate  analysis.  Described  herein  is  an 
improved  aspirator  probe  (40A)  which  is  pivotable 
about  a  pivot  point  (P)  to  allow  for  horizontal  dis- 
placement  error  in  seating  the  probe  (40A).  The 
amount  of  "tip  flick"  which  occurs  by  pivoting  the  tip 
(48A)  about  the  pivot  point  (P)  as  the  probe  40A 
starts  to  withdraw  from  the  seating  is  minimized  by 
having  the  pivot  point  (P)  located  from  a  fulcrum 
(49A)  at  the  seating,  a  distance  (L)  which  is  at  least 
five  times  the  length  (1)  of  the  disposable  tip  (48A) 
measured  from  the  fulcrum  (49A). 
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FIG.  3 
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This  invention  relates  to  aspirator  probes,  and 
is  more  concerned  with  stations  at  which  they  are 
vertically  mounted  to  dispense  liquid,  especially  in 
clinical  analyzers. 

Clinical  analyzers  conventionally  use  an  aspira- 
tor  probe  to  aspirate  sample  into  a  disposable  tip, 
and  then  dispense  some  of  that  sample  onto  a 
slide  element  that  has  dried  reagents  therein.  Such 
a  sequence  is  schematically  illustrated  in,  for  ex- 
ample  US-A-4  340  390. 

It  is  also  conventional  to  provide  for  some 
compliance  in  the  horizontal  mounting  of  the  probe 
to  allow  for  slight  displacement  errors  in  the  seat- 
ing  of  the  tip  at,  for  example,  the  sample  dispens- 
ing  station.  Such  compliance  is  conventionally 
achieved  using  a  vertically  depending,  pivotable 
spring  positioned  a  short  distance  above  the  seat- 
ing  surface  of  the  tip,  the  spring  allowing  for  the 
horizontal  displacement. 

Such  a  design  has  worked  well  in  most  in- 
stances.  However,  occasionally  there  is  a  problem 
due  to  the  amount  of  horizontal  displacement  in- 
curred  at  the  sample  dispensing  station.  Although 
structure  is  provided  to  accurately  "seat"  the  tip  for 
dispensing,  notwithstanding  such  displacement, 
when  the  tip  starts  to  withdraw,  the  displacement 
force  is  still  present  and  acts  to  slightly  pivot  the 
tip  above  its  vertical  axis. 

Furthermore,  with  some  chemistries,  if  the  dis- 
pensed  sample  has  not  been  completely  absorbed, 
this  pivoting  can  lead  to  what  is  called  "tip  flick".  In 
particular,  the  residual  liquid  above  the  surface  of 
the  slide  is  flicked  off  center,  causing  the  slide  to 
"read"  as  though  the  dispensing  occurred  off-cen- 
ter.  Such  off-center  locations  of  the  sample  can 
interfere  with  accurate  detection  of  the  concentra- 
tion  of  the  analyte  in  question. 

Accordingly,  prior  to  this  invention  the  problem 
has  been  to  prevent  "tip  flick"  by  some  mecha- 
nism. 

It  is  therefore  an  object  of  the  present  invention 
to  provide  a  probe  structure  which  drastically  re- 
duces  the  amount  of  "tip  flick"  which  can  occur. 

More  specifically,  in  accordance  with  one  as- 
pect  of  the  present  invention,  there  is  provided  an 
aspirator  probe  for  aspirating  and  dispensing  liquid 
comprising:- 

a  housing; 
a  support  shaft  mounted  within  the  housing; 

and 
a  tip-mounting  surface  connected  to  the  shaft 

for  a  disposable  tip,  the  tip  having  a  seating  sur- 
face  and  a  dispensing  orifice,  the  support  shaft 
being  disposed  generally  vertically  and  including 
pivotable  compliant  means  for  allowing  for  horizon- 
tal  displacement  of  the  tip  at  a  dispensing  station, 
the  exterior  surface  of  the  tip  adjacent  to  its  seating 
surface  acting  as  a  fulcrum  for  inadvertent  tip- 

pivoting  at  the  dispensing  station,  causing  a  hori- 
zontal  displacement  of  the  dispensing  orifice  of  the 
tip; 

characterized  in  that  the  compliant  means  is 
5  pivoted  vertically  along  the  support  shaft  at  a  point 

from  the  tip  mounting  surface  which  is  at  least  five 
times  the  length  of  the  tip  from  its  seating  surface 
to  the  tip  orifice  so  that  the  horizontal  displacement 
of  the  orifice  due  to  the  inadvertent  pivoting  is 

io  minimized. 
Accordingly,  it  is  an  advantageous  feature  of 

the  invention  that,  through  the  use  of  a  much 
longer  pivot  arm,  the  amount  of  "tip  flick"  is  dras- 
tically  reduced. 

75  For  a  better  understanding  of  the  present  in- 
vention,  reference  will  now  be  made,  by  way  of 
example  only,  to  the  accompanying  drawings  in 
which:- 

Figure  1  is  a  fragmentary  perspective  view  of  a 
20  conventional  aspirator  probe,  a  sample  supply 

station,  and  dispensing  station  for  dispensing 
liquid  on  to  a  slide  element  in  an  analyzer; 
Figure  2  is  a  fragmentary  sectioned  elevational 
view  of  a  portion  of  the  probe  shown  in  Figure  1 

25  which  further  illustrates  the  problem  to  be 
solved  by  the  present  invention; 
Figure  3  is  an  elevational  view  similar  to  that 
shown  in  Figure  2,  but  illustrating  the  improve- 
ment  of  the  present  invention;  and 

30  Figure  4  is  a  diagrammatic  analysis  of  the  way 
in  which  the  objective  is  achieved  by  the 
present  invention. 
The  invention  is  described  hereinafter  with  re- 

spect  to  certain  preferred  embodiments,  wherein 
35  the  aspirator  is  used  in  a  clinical  analyzer  to  as- 

pirate  and  dispense  biological  liquid  on  to  a  slide 
element  such  as  those  available  from  Eastman 
Kodak  Company  under  the  trademark  "Ektachem" 
slides. 

40  In  addition,  the  invention  is  applicable  to  any 
vertically  operated  aspirator  probe,  whether  in  an 
analyzer  or  not  and  regardless  of  what  receives  the 
dispensed  liquid,  if  it  is  desired  that  the  dispensing 
be  done  at  a  predetermined  location  on  that  which 

45  receives  it. 
Figure  1  illustrates  both  the  preferred  environ- 

ment  of  use  (in  a  clinical  analyzer),  as  well  as  the 
above-mentioned  prior  art.  Figure  1  shows  an  ana- 
lyzer  10  conventionally  includes  a  sample  supply 

50  station  20;  a  liquid  dispensing  station  30;  an  aspira- 
tor  probe  40  having  a  disposable  tip  48;  means  for 
controlling  the  vacuum  and  pressure  in  the  probe, 
including  an  air  hose  50;  and  a  mechanism  60  for 
raising  and  lowering  the  probe  and  traversing  it 

55  from  sample  supply  station  20  to  the  dispensing 
station  30  where  it  is  shown  as  being  located.  For 
further  details  of  these  stations  and  the  mechanism 
can  be  found  in  US-A-4  340  390. 
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It  will  be  readily  apparent  that,  to  dispense 
liquid  on  to  a  slide  E  held  at  station  30,  probe  40  is 
lowered  until  tip  48  enters  into  station  30  where  it 
is  seated.  To  that  end,  a  tip  locator  cone  32  is 
provided  at  station  30,  with  a  tip-seating  surface  34 
at  the  top  and  an  entrance  orifice  36. 

Further  details  of  the  tip  locator  are  shown  in 
Figure  2.  Tip-seating  surface  34  is  located  a  fixed 
distance  Di  from  slide  element  E  such  that  end  62 
of  tip  48  is  spaced  a  predetermined  distance  from 
slide  element  E.  Orifice  36  acts  to  confine  tip  48  in 
the  horizontal  plane,  that  is,  precisely  over  the  spot 
"S"  on  element  E  on  to  which  the  liquid  is  to  be 
dispensed. 

Probe  40  conventionally  mounts  tip  48  at  cone 
end  68.  Probe  40  further  includes  a  mechanism 
that  provides  both  horizontal  compliance  and  verti- 
cal  compliance,  to  adjust  for  positional  errors  vis-a- 
vis  locator  32.  That  is,  probe  40  comprises  an 
exterior  housing  70  which  loosely  surrounds  probe 
shaft  72  and  which  is  biased  away  from  end  74  of 
shaft  72  by  a  compression  spring  76.  End  74  in 
turn  is  cone-shaped  at  77  to  allow  it  to  seat  in  a 
matching  cone  surface  78  which  is  part  of  housing 
70  when  spring  76  has  expanded  as  much  as  it 
can. 

As  a  result,  a  horizontal  positional  error  X  can 
occur  for  shaft  72,  off  the  axis  69  of  housing  70, 
when  the  probe  seats  in  tip  locator  32.  This  error 
does  not  immediately  affect  the  dispensing,  due  to 
the  constraint  provided  for  by  orifice  36.  It  is, 
however,  a  pending  error,  which  makes  itself  ap- 
parent  as  soon  as  probe  40  starts  to  rise  from 
locator  32  after  dispensing.  That  is,  tip  48  has  its 
own  seating  surface  49  which  mates  with  surface 
34,  as  shown.  When  probe  40  starts  to  rise  and 
surface  49  starts  to  release  from  surface  34,  spring 
76  starts  to  recenter  shaft  housing  70  on  to  shaft 
72  to  get  rid  of  error  X.  This  in  turn  creates  a  pivot 
force  F  as  shown,  which  causes  tip  48  to  pivot  to 
the  right  (as  shown  in  phantom)  about  its  surface 
49,  with  a  pivot  arm  Di  about  the  fulcrum  provided 
by  surface  34.  The  total  distance  pivoted  is  con- 
trolled  by  the  length  of  the  displacement  arm 
shown  as  D2,  which  in  turn  is  measured  between 
the  fulcrum  of  surface  34  and  the  seat  of  spring  76 
on  end  74. 

It  turns  out  that  distances  Di  and  D2  are  ap- 
proximately  equal,  that  is,  arm  D2  which  induces 
the  pivoting  to  account  for  error  X  is  about  equal  to 
the  length  of  tip  48  measured  from  surface  49. 

The  pivoting  of  the  tip  as  shown  in  phantom 
causes  what  is  known  as  "tip  flick"  in  those  in- 
stances  in  which  the  liquid  already  dispensed  has 
not  been  completely  absorbed  by  the  test  element. 

In  accordance  with  the  present  invention,  "tip 
flick"  is  minimized  by  drastically  extending  the 
length  of  arm  D2  so  that  it  equals  at  least  five  times 

the  length  Di  ,  hereinafter  I  of  tip  48  measured 
from  its  fulcrum  surface. 

Referring  now  to  Figure  3,  a  construction  is 
shown  which  replaces  the  probe  of  Figures  1  and 

5  2,  except  that  the  same  or  similar  mechanism 
(60A)  is  used  to  provide  vertical  and  horizontal 
displacement  of  the  probe,  as  needed.  Parts  similar 
to  those  previously  described  bear  the  same  refer- 
ence  numeral,  to  which  the  distinguishing  letter  "A" 

io  is  appended. 
Thus,  probe  40A  mounts  a  disposable  tip  48A 

on  a  cone  surface  68A,  with  a  housing  70A  which 
loosely  surrounds  a  shaft  72A  generally  as  de- 
scribed  above  for  the  prior  art  probe.  However, 

is  unlike  the  prior  art,  shaft  72A  is  seated  in  a  depres- 
sion  90  in  a  block  92  and  the  vertical  compliance  is 
due  to  a  compression  spring  76A  surrounding  most 
of  shaft  72A.  The  intersection  of  block  92  by  shaft 
72A  creates  the  pivot  point  for  the  entire  probe 

20  down  to  and  including  tip  48A  which  is  essentially 
a  rigid  arm.  A  cone  110  is  mounted  on  the  end  of 
shaft  72A,  with  a  conical  surface  112  which  mates 
with  an  opening  114  when  spring  76A  is  fully 
extended.  However,  cone  110  has  a  cylindrical 

25  portion  116  which  is  considerably  smaller  than  the 
opening  114,  so  that  when  cone  110  is  pushed  up 
against  spring  76A  by  the  tip  locator  (not  shown)  at 
the  dispensing  station,  shaft  72A  is  free  to  pivot,  in 
the  direction  indicated  by  arrows  120,  about  pivot 

30  point  P  in  depression  90,  until  cone  110  strikes 
either  opening  114  with  cylindrical  portion  116,  or 
the  inside  of  housing  70A  with  upper  portion  122 
connected  to  cone  surface  112.  The  horizontal  ex- 
tent  of  the  pivoting,  as  shown  by  arrows  120, 

35  introduces  the  pending  displacement  error  X'  which 
may  or  may  not  be  the  same  quantitative  value  as 
error  X  of  the  prior  art.  However,  this  error  is 
controlled  now  by  a  pivot  arm  L,  measured  from 
fulcrum  surface  49A  of  the  tip,  all  the  way  back  to 

40  pivot  point  P,  which  is  at  least  five  times  the  tip 
length  I  measured  from  that  same  fulcrum  surface. 
(Figure  3  has  been  fore-shortened  for  ease  of 
drawing,  so  that  L  does  not  appear  to  be  quite  as 
much  as  5  x  I.) 

45  Because  shaft  72A,  cone  110  and  tip  48A  com- 
prise  one  rigid  arm,  any  displacement  error  X' 
which  does  occur  will  of  course  misalign  the  axis  of 
this  rigid  arm  slightly  off  vertical.  However,  the 
small  amount  which  this  disturbs  tip  48A  from 

50  being  vertical  is  of  no  consequence  to  the  perfor- 
mance  of  the  tip. 

The  other  features  of  Figure  3,  including  com- 
pression  spring  130,  microprocessor  140,  sensor 
150  and  flag  160,  are  optional  and  not  part  of  this 

55  invention,  but  are  as  described  in  co-pending  Eu- 
ropean  patent  application  no.  filed 
concurrently  herewith  and  corresponding  to  com- 
monly  owned  US  patent  application  serial  no. 

3 
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954632.  They  are  shown  to  illustrate  that  some 
sensing  mechanism  is  preferred  to  allow  the  probe 
to  sense  when  it  and  its  tip  48A  has  descended  the 
proper  distance  to  pick  up  a  tip,  and  preferably, 
only  a  tip.  The  sensing  is  a  function  of  the  move- 
ment  of  flag  160  past  the  sensor  150.  Flag  160 
ceases  movement  when  cone  110  ceases  move- 
ment  (shaft  72A  having  bottomed  out  in  depression 
90  and  housing  70A  continues  to  advance  against 
spring  130.  Detection  of  the  cessation,  coupled 
with  the  number  of  flag  windows  which  have  gone 
past  the  sensor  150,  informs  the  microprocessor 
how  far  the  probe  has  descended. 

The  manner  in  which  error  X'  expresses  itself, 
and  the  advantage  of  the  present  invention,  are 
further  apparent  from  Figure  4.  The  prior  art  con- 
struction  is  shown  in  solid  lines  for  tip  48,  by  way 
of  comparison.  That  is,  displacement  error  X  at 
pivot  point  O,  due  to  the  construction  shown  in 
Figure  2,  becomes  translated  into  displacement 
error  X  and  a  significant  "tip  flick",  at  tip  aperture 
13,  given  that  arm  I  is  about  equal  to  overall 
length  I  of  the  tip  measured  from  surface  49A. 

In  this  invention,  as  with  the  prior  art  analyzer, 
tip  48A  is  seated  in  tip  locator  32A  and  is  con- 
strained  in  the  x  direction  by  opening  36A  of  lo- 
cator  32A.  Tip  surface  49A  and  locator  surface  34A 
are  the  pivotal  or  fulcrum  surfaces.  Misalignment  of 
the  probe  with  locator  32A  causes  a  displacement 
error  X'  of  cone  110,  Figure  3,  of  up  to  0.8mm. 

As  the  probe  of  the  present  invention  lifts  up 
from  the  tip  locator  32A,  compliant  spring  76A 
(Figure  3)  causes  shaft  72A  to  pivot  about  point  P 
to  return  the  shaft  to  its  vertical  orientation  and 
recover  the  pending  error  X'.  Tip  48A  (shown  in 
phantom,  Figure  4)  pivots  on  surface  34A  to  allow 
this,  and  this  creates  tip  movement  d,  the  actual 
displacement  error  resulting  from  the  "pending" 
error  X'.  This  movement  d  gives  a  reduced  amount 
of  "tip  flick". 

Since  the  displacement  error  of  the  invention 
which  can  occur  is  X',  which  can  be  equal  to  X  of 
Figure  2,  the  amount  of  pivoting,  Figure  4,  which 
can  occur  once  the  tip  unseats,  provides  a  new 
pivot  angle  a2,  smaller  than  ai  of  the  prior  art, 
which  can  be  defined  as: 

tan  cc2  =  X7L  =  X/5I 

where  L  is  at  least  5 x 1 .   But,  the  "tip  flick" 
distance  d  with  the  present  invention,  for  tip  13A, 
also  fits  the  equation: 

tan  a2  «  611  . 

Hence,  X/5H  «  6H,  so  that  d  clearly   ̂ 1/5  X,  or  no 
more  than  one-fifth  the  amount  the  tip  tends  to 
"flick"  in  the  conventional  design. 

A  highly  preferred  example  is  one  in  which  I  < 
1/5.7  X,  because  L  =  5.71. 

The  invention  disclosed  herein  may  be  prac- 
tised  in  the  absence  of  any  element  which  is  not 

5  specifically  disclosed  herein. 

Claims 

1.  An  aspirator  probe  (40A)  for  aspirating  and 
io  dispensing  liquid  comprising:- 

a  housing  (70A); 
a  support  shaft  (72A)  mounted  within  the 

housing  (70A);  and 
a  tip-mounting  surface  (68A)  connected  to 

w  the  shaft  (72A)  for  a  disposable  tip  (48A),  the 
tip  (48A)  having  a  seating  surface  (49A)  and  a 
dispensing  orifice  (13A),  the  support  shaft 
(72A)  being  disposed  generally  vertically  and 
including  pivotable  compliant  means  (76A)  for 

20  allowing  for  horizontal  displacement  of  the  tip 
(48A)  at  a  dispensing  station,  the  exterior  sur- 
face  of  the  tip  (48A)  adjacent  to  its  seating 
surface  (49A)  acting  as  a  fulcrum  for  inadver- 
tent  tip-pivoting  at  the  dispensing  station,  caus- 

25  ing  a  horizontal  displacement  of  the  dispensing 
orifice  (13A)  of  the  tip  (48A); 

characterized  in  that  the  compliant  means 
(76A)  is  pivoted  vertically  along  the  support 
shaft  (72A)  at  a  point  (P)  from  the  tip  mounting 

30  surface  (49A)  which  is  at  least  five  times  the 
length  of  the  tip  (48A)  from  its  seating  surface 
(49A)  to  the  tip  orifice  (13A)  so  that  the  hori- 
zontal  displacement  of  the  orifice  (13A)  due  to 
the  inadvertent  pivoting  is  minimized. 

35 
2.  A  probe  according  to  claim  1,  wherein  the 

compliant  means  (76A)  comprises  a  compres- 
sion  spring  surrounding  at  least  a  portion  of 
the  shaft  (72A). 

40 
3.  A  probe  according  to  claim  1  or  2,  wherein  the 

dispensing  station  includes  means  for  holding 
a  slide  test  element  (E),  and  a  tip  locator  (32A, 
34A,  36A)  into  which  the  tip  (48A)  is  seated, 

45  the  locator  (32A,  34A,  36A)  having  a  seating 
surface  (34A)  on  which  the  tip  seating  surface 
(49A)  acts  as  a  fulcrum  when  the  tip  (48A)  is 
first  withdrawn  from  the  seating  surface  (34A) 
of  the  locator  (32A,  34A,  36A). 

50 

55 
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