1 On-Chip Laboratory For Blood Analysis The present application relates to an on-chip laboratory for
blood analysis. The present application also relates to a 5 method of using the on-chip laboratory for
blood analysis. On-chip laboratories include devices for metering, measuring, and/or mixing liquid
samples with chemical reagents, moving the mixtufes into an integrated, temperature controlled reac- 10

tion chamber,éﬁga aIinqec?{rélEositions and/(zlr determi 'nr% results of the mixtures with an onboard
biosensor. CoaddbtPateARMARMISitheRIAR d%'b’l’%’ &Rt of the known on-chip laboratories is
prohibitive. 15 The present application provides an on-chip laboratory that comprises an analysis

cartridge having,biqspasars SMWFiCARIGIT AU Rdnenaliln 3 idgs RIS ripuiing analyte

fluids to biosensors, and an analyzer base connected to the analysis cartridge. The on-chip laboratory
further 20 contptRed RNALKHS Infdia iy RO riRRRYGAE LaThlgdis e aF eSS tHe @nhalyzer base such

that the amalysig eagHdge isdiiesChargerblenipe Lversed ieraeewnioprises igsnanical features that
25 assemble the analysis cartridge and the analyzer base together. The universal Interface further allows
the analysis cartridge and the analyzer base to be taken apart so that a new analysis cartridge can be
attached to thé@anelyrer balkker TherdeslyJischitiigéethicese domebekradingbleneake raiiigdyzer 30 base.

The universal kjgifgre RIS REPTES FE SHRRICNRRIPSHRIGED ‘iklé’aabﬁﬁlléi? FRIVidee and the

analyzer base such that the analysis cartrjd%e and the analyzer base can be electrically coupled for

performing testISVABKRELERR e B0 2ais N ERINREE A GIR S EA R FerfiBURY AR IhE SRy zer base so
that on-chip lakk@ratoshsmiepigceskpdthaet ey eoalysisiaardndge fordresh dotésesn Thg new analysis
cartridge shar S lectr [ n the if e lysis cartridge
has biosensor%t%a?e[%i e‘?erﬂ%ré?t%% %@%ﬁaéﬁne@%tﬁé%%ﬁ#§£ﬂ t%%%i\%%%%herface can
comprises a c@@soi ikka ekvRd rpEeo aner/888 teyieoh @mitimitarm pritoebssd eiat computing
software for agsuiRe PesAidlypirsHiemasge more general for 10 the wide variety of sensors and
analysis types. For example, the universal interface comprises a socket on the analyzer base and a plug
on the analysis cartridge. The universal interface also comprises electrical terminals on 15 the socket and
on the plug wiffherguetsenibeaghiinarestans |pcatackeandrelectrichl pathayo vdterngtiwdigtthe universal

Interface can he,pravided by Aoy R INe A FRIREPRSIPRY SB#BEL AL P ¢hilFugR-chip
laboratory can be reused for cost-effective analyses. 20 ) i i )
actuator coupled to the analysis cartridge for distributing

analyte fluids to biosensors, and an analyzer base connected
to the analysis cartridge. The on-chip laboratory further

20 comprises a universal interface for connecting the analysis
cartridge to the analyzer base such that the analysis car-

tridge is iInterchangeable.

The universal iInterface comprises mechanical features that

25 assemble the analysis cartridge and the analyzer base togeth-
er. The universal interface further allows the analysis car-
tridge and the analyzer base to be taken apart so that a new
analysis cartridge can be attached to the analyzer base. The
analysis cartridge thus becomes detachable to the analyzer

30 base. The universal interface also provides electrical con-
nections between the analysis cartridge and the analyzer base
such that the analysis cartridge and the analyzer base can be

electrically coupled for performing tests. When required, a



The on-chip laboratory having the universal Interface is provided for a wide variety of biosensors because
many analysis cartridges with diversified biosensors can share the same universal Interface for
connecting to the analyze base. The 25 on-chip laboratory can provide a common mechanical, electronic
and computing platform for many different analyse$ and different biosensors. Cost of development and

deployment of mechanical, electronic and computing platforms far catering different biosensors is much
oduondl The UORr TR 38 EISTHR s BEerENRRhat P G oBBRMEHE in B3 of keeping

upgrading or learntigahevnaopliqatibrscassourate dsvitie plesmtsors th newgpesn drbys tifferent
manufacturersc%lmiHgénﬂpvﬁggﬁuggQ%léggnﬁ{ée%@wd é?]%if%b?go&lﬁt?fi%@ manufacturers and

the users can be reduced. Consequently, pharmaceutical groups cah be more focus on their expertise in
developing angMid&strikigingen g eheatsdy tatnIinadssonddsignasaly@ slod#zdrs can comprise
different typeseVba HiFsamsorsdnclusieIgRatlonetretyagof hieserisseiBatrarerhplicalfdosensors based

on the phenom of surface plagsmon resonance using evanescent wave technigues. The biosensors
180 Intluce 10 HAG S ol oD B Bt B e BT o b SHE okl A26E  FBEion fo
producing or congueiisg bldditeidade eapymesrésesor armnyness deta bsdraoge flfieer Include

piezoelectric spRgOks K WtilizRFOYStaHIAGRIYANS Btie S poGAtigm WhesR elgrgrical potential is
applied to 15them. Each one of the different types of biosensors can be used for different purposes of
analyses, posSiBil#¥? ffe EAMASAYNKD A8 Kb ANBINAIh O SRR AR R a9 B 8 biBEnsor can 20
be used far gludesemidaitoangemyialfetesrpatientanm uinelgsdlgtiagipasasurement of folic acid, biotin,
vitamin B12 and pantothenic acid; and detection of pathogens. The same type of biosensors can
Include different kinds of 25 biosensors. For example, the electrochemical type of biosensor can include
ECG biosensorogluexssamlesertdist, Bvkviansadant 8 Eedaesorcanihd IR orefilsedof different

purposes. 30 lgrehashdlg 2nalyEiscaaniglos ¢anigava bipeensti v pifferapt PirrRefordiderent purposes
ofanalyses. The ANEPSAY ConEePRRIS VRS2 oMo tagy dngl Tany WBRRwars 4 4

15 the socket and on the plug with predetermined dimensions, lo-
cations and electrical ratings. Alternatively, the universal
interface can be provided by any part of the on-chip labora-
tory so that other parts of the on-chip laboratory can be re-
used for cost-effective analyses.

20
The on-chip laboratory having the universal interface iIs pro-
vided for a wide variety of biosensors because many analysis
cartridges with diversiftied biosensors can share the same
universal interface for connecting to the analyze base. The

25 on-chip laboratory can provide a common mechanical, electron-
ic and computing platform for many different analyses and
different biosensors. Cost of development and deployment of
mechanical, electronic and computing platforms for catering
different biosensors is much reduced. The universal interface

30 also provides users with ease of daily operation, instead of
keeping upgrading or learning new applications associated
with biosensors of new types, from different manufacturers or

having improved accuracies. Inventories and logistic effort



numbers of biosensor can be Integrated for analyzing the analyte fluid at the same time. Savings from
time and material can greatly benefit manufacturers, users such as hospitals and doctors, and patients in
bring better medical care. 5 The analysis cartridge can comprise a sample reservoir and chemical reagent
reservoirs for containing the analyte fluids. The sample reservoir can be in the form of multiple reservoirs

that are connec%ec%b)@guidic channels or discgnnect- 10 ed. Simil§rly, thﬁéé:h%nic | reagent reservoirs can
be con- necte®®r BB APRUHREFHEER DIREE I tHEF8In T2 RghEASYoir CPREGnalysis cartridge
with the sampleueseiyoir phdthechetiical reagenisesarvdis doaenforplimatiirionaégentainers for

carrying the analyleLuidy andkGan diHe e deitlBERSTLTRSS Haedo IR AfbAYRYnations during

analysis can be avoided. The fluid actuator may comprise a sample actuator and a cheni- ical reagent
actuator. Sepa8fin§ IRSANRPACHRSOMto two 20 parts enables the function of having two-stage fluid
release. Ilssome situations, the chemical reagent actuator can be firstly triggered for discharging chemical

reagents for bi.? gnB?Bgalri]brg}_ion. g’HbSSﬂU?-?EJ, , the1§ﬁ1emr Inetacitua(te%r cgn bebslecgsofEfSC)cgrexpelling sample
fluid. The expelled sampFe Q025 M Rie Wclitr']t € chemi redger[ﬁ or ana?yzmg.si\/leasurement
accuracy of thd emlolip labotaogtisieniigvedo Thelasspsiercartitife aae fonitdcednmptize waste

reservoirs thatugcanngeied do doe BREMHIRSASRIMMNAY Re FREBUCRIBR IRADGRISESERIrS Via fluidic

paths. The waste_reservoirs are empty before the_activation of the fluid actuator. In particular, the
biosensors cah'BE G oYRLE SERIEEWSRYE rd&SFUBH9UERe oHENPISBERRBRP dBAS Nt HAAS provide bio-
5 sensors@at eedpcasechein sodbabiwscospiexithand apst bateanalysiwzgardtdge cateduced.
Separating the hiosengo a i e ' e r VOit$ also provide
flexibility in de igﬁ?r\ggzngyfé%%c é’@eﬁ&ﬁ&%ﬁ.ﬁ?gﬁ& xphgggr%%ﬁtia%?r%%g fﬁﬁ%ér@a% comprise a
heater for war@#ygha hdiPEoNLigsZ8Bafe ahbfyseiaseRs Bioelyligbere tambedgipd dependent,

including bloo@ sgewietr e Jenkerier Braddat A Pa feryatRipdina dawrgd ety idn temaeratures for

accurate data acquisition. The analysis cartridge can further comprise, temperatyre sensors for monitoring
temperatures tthe gﬂ%ﬂ%&ﬁdiﬂ@. ﬂ%’l?ﬂarﬁ SRS NS ﬁ’ov'iﬁqufﬁ %?gtu% readings for

compensiding thasorrecting analyses results. The temperature sensors can further be used for controlling
the heater during analyses.
Each one of the different types of biosensors can be used for
different purposes of analyses, possibly for the same analyte
fluid. For example, the electrochemical type of biosensor can
20 be used for glucose monitoring in diabetes patients; routine
analytical measurement of folic acid, biotin, vitamin B12 and

pantothenic acid; and detection of pathogens.

The same type of biosensors can include different kinds of
25 Dbiosensors. For example, the electrochemical type of biosen-
sor can include ECG biosensor, glucose biosensor,

Even the same biosensor can be used for analyses of different
purposes.

30
In short, the analysis cartridge can have biosensors of dif-
ferent types for different purposes of analyses. The analysis
cartridge provides a common stage that many types, kinds and



20 The analyzer base comprises a Subscriber Identity Module (SIM) card interface. The SIM card

module enables the on-chip laboratory to check identity information so that only authorized user can

access and operate the on-chip laboratory. A manufacturer of the on-chip laboratory can preclude others

25 from using the on-chip laboratory to ensure his flnancial return based on the device. The SIM card can

also prevent unauthorized ED(Ersons accessing sensitive é)éo rietary data g&i-gedical ecords. The SIM card
ri

may further mEMBR for SR FHATH o sBREEGERNEdo SO TR IAAL TG AW ar 30settings,
or doctors infoliytiofil Tnd sgoplithdionarss movéde agpansgaalifirealttt e that coakqirisek the on-chip

laboratory, a PeLspnA! EoPIRH IS AR SRRSING 1 1hE OelyR labpiatary. ARG Bgisonal health card

readable by the perSonal computer for editing analyses results on the Personal health card. The Personal
health card is @8t SIOFAGE PreRBH) Bald BitkSs FoaBAlRDL\PESHHIAGAIEA VIS For example, the
Personal kealth card can be a smart card that is accessible by a multi-card reader of a personal computer
(PC). A patientr% h[asnfa[nil%/_do%tgr an (g%eeepcthne (F;er%sorke}:‘!gegltsh car efo'[ stoeri_r\lﬁ)Persa{)nr%ﬁl medical
records. The PerSoRarnealiy c&f ¢an upgatedowﬁﬁ new ana%/s%s rer 10 <uite frofl fhe on-chip
laboratory. Thekesredaksuitagamtiurerse edieds rdivievedriradiaked Bhetrmralydieaf professionals for
helping a patiepyvittyifie Bgrsanal healinkarF: Assoplingrioghe apsyigatienrinees it erewded a method

of 15 assembling an on-chip laboratory comprising the steps of providing an analyzer base, inserting an

analysis cartrije/ SMS ' akaR e r BARRCGEEM LA DI HliEsBNRL SRy L RSP R ounting a
fluidic gcllﬂ)atoredmdSriapi_eI(arrggbemlysiemaﬂaiqgeea@bmmmsnfmlrxnsiis_samidgeefomesuming 20 a fresh
analysis. A ”S%%S‘PS&/%E 08%@98%%5%%')&“’%8_ Wi R %eeﬁdea‘tﬂf’"%ﬁls FRYFEWQBGPR‘}M‘%P%’V analyses can be
carried out. In other words, the analyzer base is preserved for connecting both the used and the new
analysis cartri§dé'Hguibafatsah st cdhte@nAbysiay sanpadslas adibhdifsianiRl FS<lisplaying are

not changed \lﬂé\amsirf]grhpthﬁhee@m%@al {ba%@@@at Fwét@fmgaﬁgeadﬁgﬁqﬁmﬁtrze%f@wéq avo]cidﬁd-
onse- quenté,%((fst_o USin%t e on-c I% oratorg/ IS_Mucn reduceq, Wnic mc;ﬂu es tralnlng of the
ng e

users, softwar Véf(%}ﬁ NWehaWArL Hetin SR rr%éﬂgfa%l?ﬁriﬁ& ¥teh Iéh' ?zé’r“go e becomes
universallfor afialytietatedgds aepded ess the useabeEortype savithiosetsoreiatiiies on the analysis

cartridge. 7 Thg, pméugﬁgi§Q%orj§§nc%\éerg1\g)%ar_lalyte fluids with a membrane. The membrane seals

analyte fluids in the analysis cartridge so that an analyte fluids carrying analysis cartridge can be
transported or stored without the risk of con-
The fluid actuator may comprise a sample actuator and a chem-

ical reagent actuator. Separating the fluid actuator into two
20 parts enables the function of having two-stage fluid release.
In some situations, the chemical reagent actuator can be
firstly triggered for discharging chemical reagents for bio-
sensor calibration. Subsequently, the sample actuator can be
set off for expelling sample Tluid. The expelled sample fluid
25 i1s later mixed with the chemical reagent for analyzing. Meas-

urement accuracy of the on-chip laboratory is improved.

The analysis cartridge can further comprise waste reservoirs
that are connected to the sample reservoir and the chemical
30 reagent reservoirs via fluidic paths. The waste reservoirs
are empty before the activation of the fluid actuator. In
particular, the biosensors can be provided at the waste res-
ervoirs. The on-chip laboratory does not have to provide bio-



5 tamination. The membrane can further be transparent so that visual observation and optical analysis
can be performed with the least disturbance to the cartridge. The membrane can be made of low cost
plastic materials, such as low-density polyethylene (LDPE) for reducing overall cost of using the on- 10
chip laboratory. In the application, there is provide®a method of using an on-chip laboratory comprising
the steps of assembling an on-chip Iaborato(r)y_ with an analysis cartridge, initializing the 15 on-chip
laboratory, actR/RG teth-SHE AcrRERY AL 59kttt (U ERb L8RSt oR? i Pleplacing the
analysis cartridgie watted yevnsanalytisi dgeridge fedinesid andésasaTiheginttiedizbapstpscars be starting up
a software progiajp g Re e fENRIiin i oRrrlBHRhAaliny S uhte IR G i pannected fo

the on-chip laboratory. The activating step can be releasing any one of the analyte fluids for biosensor
calibration ancPd@fer RIS, Fspahl 4By tHe ae8ed@nd Bt Bahyrite sSRESARgOMuAbErs into reser-
voirs of thg analyie flgidenis_order to displace them and 25 forcing them into desired analyzing site known
as waste reservoirs. Alternatively, the activating can be performed by turning on and off certain valves for
distributing the ana- lyte fluids. The step of acquiring data can Involve using electronic hardware, firmware
and software. The diabispe- Gordifi¢ dorréstrdikege carateomyrdisseastredihatldivn to the analyte
fluids. The step.of¥eRIGCing ¥f-2BANPiFEAFIdGE8YOklsehanRINg4Bs V&troler@-saﬁklapmatory totally. In
t

fact, the number of parts for the replacing can be minimized 8 and only restricted to the parts in physical
contact with thE3sha e FGBRCRRNUIRIfPRERYT the BACAMP 1A80RARH a R PRI ved!% that a fresh
analysis tartrithigatan jpsidva desertectaod résumend mexi i agabysid ydhiBlcasis stdspan=>5 tial amount

of saving can Qe real y i e ai ris.-New software program of an on-chip laboratory
%etu?%ﬂézrﬁd.w? Leusipgel ﬁ&% Q%ﬁ% ividRY

connected PC, new firmware and new electronic hardware are avoided. 10 The acquiring data of the
on-chip laboratory can comprise acquiring data for analyses of different purposes. For the same analyte

fluids, there areHaaBy PHBRISCT A BRRIGESIAA! FaRBRFaERFhIITMEdiANERaBleviRifer using the
same type or kind of piosensors. For exam[ﬁle, the same bE% sam[fl can %1 15 exarﬂ}ned for sodium,
n

potassium, blodd dre Orfitm%%h,tﬂrézg,gcrgg H%"’,‘%@osse? 8Iy§ PASE) Hféjgﬁobi S his method can
greatly Improveefficieatyicf tse usbar acqansitooidie nbenitgrte tiose nsmad oigse Bameoype or kind are

Installed in thmgm&h@la@g;q@éﬁﬁgp%ﬁ gggascggggﬁgytiﬁﬁgdt%q]I{)%rr%q}mlgr-check their

values to ensure accuracy and reliability. present application also provides a method of using a
personal healtR§iRPIHat ¥ diddd e B pdsitofeErgye Hd perdditu Meakemely BhB%eplacing the
analysis cartridge e new analysis cartridge. The personal health hub can be portable and connected
to any other PC with suitable software. As a result, the personal health hub can either be used in a

doctor's office or a patient's home with convenience.
20 The analyzer base comprises a Subscriber ldentity Module

(SIM) card interface. The SIM card module enables the on-chip
laboratory to check identity information so that only author-
ized user can access and operate the on-chip laboratory. A
manufacturer of the on-chip laboratory can preclude others

25 from using the on-chip laboratory to ensure his financial re-
turn based on the device. The SIM card can also prevent unau-
thorized persons accessing sensitive proprietary data or med-
ical records. The SIM card may further memory for storing da-
ta on other personal details, operation manuals, , parameter

30 settings, or doctors information.

The application can provide a personal health hub that com-

prises the on-chip laboratory, a personal computer for con-



30 The step of replacing the analysis cartridge is specially advantages because there can be no need in
having new software, new firmware, new hardware electronics and new training for users just because of
having a new analysis cartridge with 9 new biosensors. Substantial amount of saving in manpower and
material cost can be achieved. In other words, the Personal health hub or the on-chip laboratory has the

flexibility of ti bi the analysis cartridge with the 5 jversal Interface. Th
applcation proUiis BnEeicH tHatoH PTAGHABGRREN A Rebcs BORANS ENY. TAE bortable

casing comprisesdatdyeuby, ahacheatsonak, anngnatyae rflnnit, exchidta rog namalhy:sEcaten unit. The tray
unit is used fotpeplving afRItHAgeFRT cRELifBe COIPRiseRaMRRNI IPSRNGIFHOLIRR¢IVINg an analyte
Iy . i eal

fluid, one or more chemical reagent reservoirs for stor- 15 ing one or more chemical reagent fluids, and
one or more cHEnfaa&orHCAEE thenemiear fedderk rdSe RRALARAR thY FRIRE R38N The analyte

fluid can Iscludd bieod, RN aatiiaeandieces rdun alansallaemespas camassusemeai-area whilst the
measure measctgtegﬂ%r}]t rea comggs%slg er%)r. 20T e_actuaéorrunlt is us%d {l‘lor reducn;ﬂ the volume of

the analyte reservoir OArivEIneana yte Gid ¥ il tha Crantels. Inegg(%ﬁoﬁ, tfe REL2RS nit is also used

for reducing theoruiterofP@chémivat teade otrasesvdiasid dride OEothecetre ke rdhgent fluids to fill
the channels spichdBah g A e dxiimpsss Wibrhes apisahsqagriiflids Fe fragne or more

mixtures. The analyzer unit is used for measuring a physical value in 30 the measurement area using the
sensor to meas0fe HRY RiRGIe PERd Uhafed ANCRT nAREaLprb MLl RS HeRINESS rd&it of the
analyte filod usingtbefneaswiesl valuek i phéaommBtomicatiorheni toueedd fesadtipitiag the physical value.

10 The portablg, ¢3sing h@éi%&?"?@%@% Iying. analys| fo‘?ﬁe%r.‘%@i%‘é@:; .fﬁefggﬂe outdoor. This

is especially Im- portant in remote areas. Furthermore, the actuator unit ena- e mixtures to be
formed within SEopalabEcdadind Riitb A reglitrijtnivERuddIssiiiersonal health card.

According to the application, there is provided a method of
15 assembling an on-chip laboratory comprising the steps of
providing an analyzer base, inserting an analysis cartridge
onto the analyzer base, dosing analyte fluids onto the analy-
sis cartridge, mounting a fluidic actuator, and replacing the
analysis cartridge with a new analysis cartridge for resuming
20 a fresh analysis. A used analysis cartridge is replaced with
a new analysis cartridge so that new analyses can be carried
out. In other words, the analyzer base is preserved for con-
necting both the used and the new analysis cartridge. Equip-
ments that connect the analyzer base for data acquisition and
25 displaying are not changed when using both the analysis car-
tridges. Further changes of software are also avoided. Conse-
quently, cost of using the on-chip laboratory is much re-
duced, which includes training of the users, software devel-
opment, hardware design and manufacturing, etc. The analyzer
30 base becomes universal for analysis cartridges, regardless
the number or types of biosensors installed on the analysis
cartridge.



The measurement area can comprise a mixture reservoir. This allows the mixtures of the chemical

reagent fluids and the 10 analyte fluid to collect or gather for easier measurement. The actuator unit can

comprise an analyte actuator and a chemical reagent actuator. This allows separate volume of the

respective fluids, which is needed in certain situatidhs. In 15 addition, the actuator unit can comprise a

push area, sucll]as a pus ton, for manual actuation byﬁ?‘l useréj the lahoratory. Tgﬁ manual can allow
: it

bu
the laboratory 16'BeSHhpl& Shded: IGAMESASSoAVERA) L aH e FPNMESR A HISVAIE  sBch as a slidable
tray. The moveeibrteaneendblesrerhegmecseaksohtieel yaeridd uTds cantritge fanikbysosprises one or

more waste analylg, 3% FeSeyOFR APLANS AL YR PSR WasisTRseRR JOR Wasje analyte

reservoirs and the chemical reagent waste res- ervoirs are connecCtedto the analyte reservoir and to the

chemical reag&hti 3R rF&iNs DR HEAMSBUHERthe. ShRhan tha$abhe ahhfjte 9Es&RRrs can receive

the excess an+13@ e fbnd wihilst temshandcalanasieriasery e cendaspivecihe excegsaahemical reagent.
11 The cartrid(\;/ei c&gllngl?dgr% hﬁ%%r forr] heatigg thi: %n%ll)‘te f%%idcaannd It é:aneln gutgeeg tﬁl:ln erature sensor
for monitoring a t%mpera e ofthe ané"}y% RGTES! cerr}alr}/gnalyss, the afr)1aTyte UG netds to be
heated. 5 The toenrheaittidhstivir bandecltide thsubstitivd dientith & oo (SNe) eard ireterface. This

allows the resyibtp.bg pUfBHited ¥a BIMERIPESTRRPT 1S The RPPlicatipRRIQYiSS) RssTgnal health hub.

The personal health hub Includes the above laboratory, a computing device connecting to the laboratory,
and a device STERXLRNE H{URBEL QNG ALEH P e ofeTr Abr& a8 tB . HE mboratory. 15 The
applicatian prosticigs dabettwrbefusing a portable laboratory. The method comprises a step of a cartridge
receiving a analyte fluid. The cartridge is then placed inside a portable casing for analyzing the analyte

fluid. 20 The analysis Includes a step of an actuator unit of the casing driving the analyte fluid to fill a part
of one or morelfluiiiehaneld ealigiindpecod ;aPe QY bpsidaPraefddiuids HSRING [Jdlt of one or more

fluid channels.ohhe A1 & eBe P uUshniprl §ihgnehie Huihmives aadeiheIaignigal pagent fluids to

form one or mo e_mi>irtgo{?es. One or more sensors_of the casin%la er measure qgne or more values of the
0

mixtures. Apr8 cfﬁg‘é%'é}'ndvéﬁ r\ﬁgroaag@(ﬁﬂﬁeé:ﬁrr’é b %?thé%h‘éfﬁ 'fﬁﬂ&%smbethe measured
values. ABomeB6chuapichtbanativoftheacddivgthag othputhehrgsukaboratory, ac-

quiring data of the on-chip laboratory, and replacing the
analysis cartridge with a new analysis cartridge for fresh
analyses. The initializing step can be starting up a software
program on a PC and a firmware on the on-chip laboratory,

20 while the PC is connected to the on-chip laboratory. The ac-
tivating step can be releasing any one of the analyte fTluids
for biosensor calibration and other analyses. For example,
the activating step comprises inserting plungers into reser-
voirs of the analyte fluids in order to displace them and

25 forcing them into desired analyzing site known as waste res-
ervoirs. Alternatively, the activating can be performed by
turning on and off certain valves for distributing the ana-
lyte fluids. The step of acquiring data can involve using
electronic hardware, firmware and software. The data of spe-

30 cific iInterest are generated by biosensors in relation to the
analyte fluids. The step of replacing the analysis cartridge
avoids changing the whole on-chip laboratory totally. In
fact, the number of parts for the replacing can be minimized



12 Include a step of measuring temperature of the analyte fluid. Theses step are required for certain
analysis of the analyte fluid. 5 The result also can be outputted to one or more LED lights or to an external
computing device for communicating the result to a user. The application provides a cartridge for a
portable laborato- 10 ry. The cartridge comprises & analyte reservoir, one or more chemical reagent
reservoirs, one or more fluid channels, a first contact area, and a secqnd contact area, The analyte

reservoir is usB390PRBEINIRG Hr SAER td AutDe PARES LRIV REGRh FRBERI s for storing
the chemical reagdpttiuiisuite ciRemeis arg upadtsr odnibetimg tiehepetaded ratigewt sEasErvoirs with

the analyte reﬁﬁrgggr'\l'/ga th@nmésccgmﬁ)'tggﬁr}gﬁéf@’ﬂgn[:g% daé)aégﬁuljtﬁstpedgegﬁgrement areas

comprise sensors for measuring physical 20 values in the measurement areds and electrical contacts for
accessing the SBhE6R. it iR ¢BRtatRWasT Py ithe JiRinky 15t thdSthalpiees@voir. The first

contact arsa isgieidediprcAF Salaaitiocarinmn aeliRiciednibiorreedkibing Birevekiinrd of the analyte
reservoir to drive the anfaslyte luid top@ the channels. Sin}ilarlr%/, the sgconfil ontac{[ area isrp_laced in the
vicinity of the chngnf%%rredgen te2RNolF ThE8dRT cBhtatt area s E)Poviaea%r 85Xta%?|ng with the
actuator unit 30€otesd iRfingnkew vbilumeasfeharshemitatkegfarmnése haidwarériva ¢he chemical reagent
fluids to fill theghayuels such that the analyte fluid mixes with the chemical reagent fluids to form one or
more mixtures. 13 The measurement area often Includes a mixture reservoir. The mixture reservoir
allows a gathering of the fluid mixture for easier measurement. 5 The cartridge can comprise one or more
waste anglyte Tégeraoie anchgnelatanoe themics! oidsie Fabensis y heawastenpralyte aeservoirs and

the chemical r%ﬁﬁi?ii‘n a3 EeSFéW"5%5&%89”8%‘6&%&%33&% gRanoir g tﬂqté‘e?%*ﬂq%mica' 10
reagent reservoirs viathe fluid channels. The waste analyte reservolirs and the chemical reagent waste
reservoirs candadyde 1 bedrdsexcd@rifuigse many purposes of analyses that can

be carried out simultaneously, whether using the same type or
kind of biosensors. For example, the same blood sample can be

15 examined for sodium, potassium, blood urea nitrogen, urea,
creatinine, glucose, and glycosylated hemoglobin. This method
can greatly improve efficiency of the data acquisition. When
multiple biosensors of the same type or kind are installed in
the same on-chip laboratory, acquired data can be scrutinized

20 for counter-check their values to ensure accuracy and relia-
bility.

The present application also provides a method of using a
personal health hub that comprises the steps of connecting

25 the personal health hub and replacing the analysis cartridge
with a new analysis cartridge. The personal health hub can be
portable and connected to any other PC with suitable soft-
ware. As a result, the personal health hub can either be used
in a doctor®s office or a patient®s home with convenience.

30 The step of replacing the analysis cartridge is specially ad-
vantages because there can be no need in having new software,
new firmware, new hardware electronics and new training for

users just because of having a new analysis cartridge with



The cartridge can comprise a heater in the vicinity of the 15 analyte reservoir for heating the analyte fluid.
This is required for certain analysis. Moreover, the cartridge can comprise a temperature sensor in the
vicinity of the analyte reservoir for monitoring a tem- 20 perature of the analyte fluid. This is also required
for certain analysis. Figures below have similar par®s. The similar parts have the same names or similar
part numbers. The description of the 25 similar parts is hereb Incor orated b reference, ﬁvhere

appropriate, tH&F¥by FOFSERG TR pertiGs bREb ANitASAUGitH tﬁ@vl Qobird! np?‘fbetﬁeaf strates an
exploded schenadter vielv obat araB0bkipaaboestedy. fdrblotdenalysidsEigtine Zodlustvateks a top view of a

plood sample AElPifY PLIBCGH-EhP BROEATEY PPty nld SeHEUR ElqyPITigyreFigure Figure 3.4
accepting new biosensors on the analysis cartridge with the

5 same universal interface.

The application provides a medical laboratory. The laboratory

comprises a portable casing. The portable casing comprises a

tray unit, an actuator unit, an analyzer unit, and a communi-
10 cation unit.

The tray unit is used for receiving a cartridge. The car-
tridge comprises an analyte reservoir for receiving an ana-
lyte fluid, one or more chemical reagent reservoirs for stor-

15 i1ng one or more chemical reagent fluids, and one or more
channels connecting the chemical reagent reservoirs with the
analyte reservoir. The analyte Tluid can include blood,
urine, salvia, and feces. The channel comprises a measurement
area whilst the measure measurement area comprises a sensor.

20
The actuator unit is used for reducing the volume of the ana-
lyte reservoir to drive the analyte fTluid to fill the chan-
nels. In addition, the actuator unit is also used for reduc-
ing the volume of the chemical reagent reservoirs to drive

25 the chemical reagent fluids to fill the channels such that
the analyte fluid mixes with the chemical reagent fluids to
form one or more mixtures.

The analyzer unit is used for measuring a physical value 1in

30 the measurement area using the sensor to measure the mixture.
The analyzer unit can have a processor to determine a result
of the analyte fluid using the measured values. The communi-
cation unit is used for outputting the physical value.



illustrates a top view of a biosensor chemical actuator of the on-chip laboratory of Figure 1, illustrates a
top view of a multi-analysis cartridge of the on-chip laboratory of Figure 1, illustrates a schematic view of
fluidic paths for the multi-analysis cartridge of Figure 4, illustrates a top view of a portable base analyzer
of the on-chip laboratory of Figure 1, illustrates a s€hematic circuit diagram of elec- 10 15 Figure Figure 8
9 tronic components for the multi-analysis cartridge of Figure 5, illustrates a physical structure of a blood
sample temperature sensor for the multi-analysis cartridge of Figure 4, illustrates a

resistance-temperanoetretakmnshid iy thedlaod advaplteagen pdratrbosamsprafdligemes20Figure Figure
F@ure[ﬁgume{ﬂéja%%igwg fluid to be done outdoor. This is especially im-

portant in remote areas. Furthermore, the actuator unit ena-
5 bles the mixtures to be formed within the portable casing

without requiring much user skill.

The measurement area can comprise a mixture reservoir. This
allows the mixtures of the chemical reagent fluids and the
10 analyte fluid to collect or gather for easier measurement.

The actuator unit can comprise an analyte actuator and a
chemical reagent actuator. This allows separate volume of the
respective fluids, which is needed in certain situations. In
15 addition, the actuator unit can comprise a push area, such as
a push button, for manual actuation by a user of the labora-
tory. The manual can allow the laboratory to be simple and of

low cost.

20 The tray can be provided as a movable, such as a slidable
tray. The moveable tray enables a easy receiving of the car-

trige.

The cartridge further comprises one or more waste analyte

25 reservoirs and one or more chemical waste reservoir. The
waste analyte reservoirs and the chemical reagent waste res-
ervoirs are connected to the analyte reservoir and to the
chemical reagent reservoirs via the fluid channels. Function-
ally, the waste analyte reservoirs can receive the excess an-

30 alyte fluid whilst the chemical waste reservoir can receive
the excess chemical reagent.



illustrates a structure of a biosensor for the multi-analysis cartridge of Figure 4, illustrates the biosensor of

Figure 10 with a blood sample for analysis, illustrates an impedance variation curve of the biosensor of

Figure 10, illustrates a structure of a resistance thermometer 25 30 Figure Figure Figure Figure 14 15 16

17 for the multi-analysis cartridge of Figure 4, illusthtes a voltage-current relationship of the resistance

thermometer of Figure 13, iaustrates a reiis}%gce- em eratc%re relationship aof the reiistance thermometer
I

of Figure 13, il/&rat8% BHIBER dfalrath Bl Wit iIEREM pdn S BB tERiARBEYASry of Figure 1,
illustrates funcfidbnsdrahihtdarictians Dicleddea tremje caryon eses Saguréok6,mab Rigumnds8 illustrates a

personal health %F@Pgﬁﬂﬁeo%?hiﬂn@%ﬁ%ﬁ%’f FISHE LAoPUER ARANUSUAle R} 8Ssgimbling method

of the on-chip laboratory of Figure 1, 5 Figure 20 illustrates releasing chemical reagents from chemical
reagent reseni KgEBidbntdr iefbratih R? theakBmi-analysis cartridge of Figure 4,
5

The communication unit can include a Subscriber ldentity Mod-
ule (SIM) card interface. This allows the result to be out-
putted via a wireless means.

10 The application provides a personal health hub. The personal
health hub includes the above laboratory, a computing device
connecting to the laboratory, and a device accessible by the

computing device for storing one or more results of the la-

boratory.

15
The application provides a method of using a portable labora-
tory. The method comprises a step of a cartridge receiving a
analyte fluid. The cartridge is then placed inside a portable
casing for analyzing the analyte fluid.

20

The analysis includes a step of an actuator unit of the cas-
ing driving the analyte Tluid to fill a part of one or more
fluid channels and driving one or more chemical reagent flu-
ids to fTill a part of one or more fTluid channels. The filling
25 1s done such that the analyte Tluid mixes with the chemical
reagent fluids to form one or more mixtures. One or more sen-
sors of the casing later measure one or more values of the
mixtures. A processor of the casing afterward determines a
result of the analyte fluid using the measured values. A com-
30 munication unit of the casing then outputs the result.

The method can include a step of heating any one of the ana-
lyte fluid and the chemical reagent fluids. The analysis can



Figure 21 illustrates a method of blood analysis using the on-chip laboratory of Figure 1, 10 Figure 22
illustrates input settings of electrodes of the biosensor of Figure 10 during an initialization phase, Figure
23 illustrates input settings and output readings of the electrodes of the biosensor of Figure 10 during 15a
calibration phase, Figure 24 illustrates input settind€ of the electrodes of the biosensor of Figure
10 during an activation phase, Figure 25 illustrates input settinrgs and output readings_of the electrodes of
the biosensor SPEMRE T 85ARg ZbAIFARieRBn LSRR, FRYAR 98 M-8 G OGS of the
electrodes of thbeses stipsanrsorEddtiguss lfaurceyasiancinapiass, bigute 7afladyrsites a schematic
diagram of a giyqpsg bio- sensor for the multi-analysis cartridge of Figure 254, Figure 28 illustrates input
settings of electrodes of the glucose biosensor of Figure 27 during an initialization phase, Figure 29
illustrates input settings and output readings of 30the electrodes of the glucose biosensor of Figure 27

during a cglibraien peset 1 EigwerBhlustrate it eetivngs ot theeledirnlepiefitbe @wcose
biosensor of Figure 27 dyrin activation phase, -Figure 31 lllustrates input settings and output readings
of bthe slectrofs B R TIAL BOLSHCAFSr Rtk 57 Ahring N A AN S ot e

to a user.

The application provides a cartridge for a portable laborato-
10 ry. The cartridge comprises an analyte reservoir, one or more
chemical reagent reservoirs, one or more fluid channels, a

first contact area, and a second contact area.

The analyte reservoir is used for receiving an analyte fluid.
15 The chemical reagent reservoirs are used for storing the
chemical reagent fluids. The channels are used for connecting
the chemical reagent reservoirs with the analyte reservoir.
The channels comprise measurement areas. In particular, the
measurement areas comprise sensors for measuring physical
20 values in the measurement areas and electrical contacts for

accessing the sensors.

The first contact area is placed iIn the vicinity of the ana-
lyte reservoir. The first contact area is provided for con-
25 tacting with an actuator unit for reducing the volume of the
analyte reservoir to drive the analyte fluid to fill the
channels. Similarly, the second contact area is placed in the
vicinity of the chemical reagent reservoir. The second con-
tact area is provided for contacting with the actuator unit
30 for reducing the volume of the chemical reagent reservoirs to
drive the chemical reagent fluids to fill the channels such
that the analyte fluid mixes with the chemical reagent fluids

to form one or more mixtures.



Figure 32 lllustrates a relationship between glucose level and sensor response of the glucose biosensor
of Figure 27, 10 Figure 33 lllustrates input settings of the electrodes of the glucose biosensor of Figure 27
during a standby phase, Figure 34 lllustrates an embodiment of a portable laboratory unit in an opened
state with a USB (Universal Seri- 15al Bus) cable,¥&gure 35 lllustrates the portable laboratory unit of
Figure 34 in a closed state, Figure 36 lllustrates an exploded view of the portable laboratory unit of Figure
34, 20 Figure 37 lllustrates parts of an embodiment of a cartridge module for the portable laboratory unit
of Figure 34, Fitparen@@dilutnates sarexplofiedrviawakute saatrivipetunoe ute sé Figure 37 H25 Figure 39

llustrates an apabaer LA dar- s FAUTRERAOYERIdTiONES GF. BiRrertfiduritaics. & try-of the

portable laboratory unit of Figure 34 in an open state, the cartridge module of Figure 37 is seated on the
tray, and 30 FigaPd Q1 ME3FHR®Rtray of Figure 40 in a closed state. 17 In the following description,
details aresprovided to describe the embodiments of the application. It shall be apparent to one skilled in
the art, howevq1 éhgt }Ijtelre@bé)d(i:rgents ma ige p(g%cti%erd W(i)tpgut su%h de%%iis. tSeFkr?ewe?’ 1to 6 shows
structures of an on-cﬁlp a o?atory DoTorRIdsT anaFyS|s. Igllgure Yaimisir&Yed ar exp oded schematic view
of an on-chip lsbarsoandodoebodanglysizemheadn wait b atry @0reomphisewaf®en top to bottom in
Figure 10 1, a hipad samrie &FUGAPS 28n8 HASERFRIGREN G Ag8iRION 2418 TPEELR)BlYpiS cartridge 26

covered by a plastic membrane 30, and a portable base analyzer 28. As not shown here, these parts are

normally attacRES (GBI 16 Foth aHigideRabrtsy  BRAINCT BIchdRs tS-5tefteddn coordinate sys-
15 tem X¥-Z wegiyerdiractoaa oidicatidns ehthefdoahigtaboralay 20hel heabtaohsarhpte actuator 22

comprises ar S rtinn 3 ich.i f q[m 2 i ' The base 20 portion 33
is resilient ano?%agr% %kle)%ﬁee\% é(rﬁ o%%ti%%ﬁr%%ﬁ rfgg(%éﬁll eng#s%&?%%%%%iﬁ%oﬁoﬁ%ers of the blood
sample actuatdegd, 9 betpseer N ¢3§urEl2 itiBe four locating pins 34 extend from a bottom surface of
the base portion 33 in a negative Z-axis direction. A blood sample plunger 36

The cartridge can comprise a heater in the vicinity of the
15 analyte reservoir for heating the analyte fluid. This is re-
quired for certain analysis.

Moreover, the cartridge can comprise a temperature sensor in
the vicinity of the analyte reservoir for monitoring a tem-
20 perature of the analyte fluid. This is also required for cer-

tain analysis.

Figures below have similar parts. The similar parts have the
same names or similar part numbers. The description of the

25 similar parts i1s hereby incorporated by reference, where ap-
propriate, thereby reducing repetition of text without limit-
ing the disclosure.

Figure 1 1illustrates an exploded schematic view of an on-
30 chip laboratory for blood analysis,
Figure 2 illustrates a top view of a blood sample actuator
of the on-chip laboratory of Figure 1,



25 is located in the centre of the base portion 33. The blood sample plunger 36 has a shape of a pole that
extends from the base portion 33 downwards in the negative Z-axis direction. The blood sample plunger
36 has an ellipse-shaped cross-section and is tapered towards a remote end of the blood sam- 30 plc
plunger 36. The blood sample plunger 36 is longefthan any one of the four locating pins 34. 18 The
biosensor chemijcal actuato_rﬁ has four blind pinholes on jop of the biosensqr chemical actuator 40. Four
locating pine 3SR Errangdd LBEHBHF ot the BRbobHEt: hemBAPSEISMr A0SR B bottom side,
there are eight chemical redgertiod piundgdre 4h-4Sheptehalnng attheynedatugdirectign of Z-axis. Layout
patterns of thellqlﬁllﬁjrginﬁ“"%sl495%'9&@“59{855 &%@MP%CHSW‘%Q‘J&&W&E plyngers 44, 45 are best

[ f the bl

seen in Figure 3.710 Figure 2 shows a top view of the blood sample actuator 22 of the on-chip laboratory

20 of Figure 1. A cut-off lindALAGE spbwH'® BB=¢e nidbRd BESKvnr thdBHR Bortion 33, in the

direction & the-Yqwtie. She fauuloepsaepias Séneitaaiiangedarofng 1ng dieogpaanpleptunger 36 at four
diagonal 15 corners of the l%%%e oit'{aln 33. A major axi§i of the eIIi{gs'g:sha}peqlblood sample plunger 36 is

in the direction of the X-axis, whi sta hiRoraXid"or tid'e ﬁds@%hgped Yios& sample plunger 36 is in the

direction of thé-Yganis. 20 HdUsI trbisisa tgpvienedf @ bigsarmckaihkenieasacarady24 of the on-chip

laboratory 20 of Figure 1. The RingepsQ-HIeMICH SFHYPY 241c¢TgUses four locating pins 38, four blind
pinholes 40, a plunger hole 42, and eight chemical reagent plungers 44, 45 on a base portion 46 of the

biosensor 25 (RIS ActublJUSATREE DR STEBAUE hSL TRE Lha LA 2thiR FeBdifgular sheet, which
is made abplastic material. firenliase popicored€ss fFesiliehtsucH thiatahady besbentrinrthdge and Y axes
directions and can return b%céﬁgésnoéigénal shape as shown in Figure 1. The base portion 46 of the 30
biosensor chemical actuator 24 is“broadef than the base portion 33 of the biosensor chemical actuator 24
in both directidnkOsfhedX-akid HalIGTERS Ya okl SIgahestontdcdithPhir 2d eP¢thsaissksor chemical

actuator 24 are solid cylindegsniha £itaed Fonsiurrdipgenal fmers K Hasediariipadtiein the
negative Z-axis direction. Thf I!gur locating pins 38 are placed close to edges of the base 5portion 46. At

the centre of the base porti8 6 %‘g%lﬁhger hole 42 is provided as an ellipse-shaped opening. The size
of the plursger Rotpu42 i9 largkl tsdmr ate v ss-Jextivatiasize-dfahpditatd € sarhpla phsitggy 36 such that

the entire blood sample pluiagpr_{sﬁecqﬂ Bgas_gg\r[ﬁlblgg t@%gpg%pgleségsé,mgjpr@%%pgthe plunger hole

42 is in the direction of the X-axis, whilst a minor axis of the plunger hole 42 is in the direction of the
Y-axis. 15 8,
Figure 10 illustrates a structure of a biosensor for the mul-

ti-analysis cartridge of Figure 4,
20 Figure 11 illustrates the biosensor of Figure 10 with a blood
sample for analysis,
Figure 12 illustrates an impedance variation curve of the bi-
osensor of Figure 10,
Figure 13 illustrates a structure of a resistance thermometer
25 for the multi-analysis cartridge of Figure 4,
Figure 14 illustrates a voltage-current relationship of the
resistance thermometer of Figure 13,
Figure 15 illustrates a resistance-temperature relationship
of the resistance thermometer of Figure 13,
30 Figure 16 illustrates a block diagram of electronic compo-
nents of the on-chip laboratory of Figure 1,
Figure 17 illustrates functions and interactions of the elec-

tronic components Figure 16,



The four blind holes 40 are especially of equal depth. The pinholes 40 have predetermined distances

between each other such that they can receive the four locating pins 34 of the blood sample actuator 22
simultaneously. 20 The four inner chemical reagent plungers 44 are serially distributed along the cut-off
line A-A. Two of the inner chemical reagent plunger? 44 are provided at one side of the plunger hole 42

and other two chemical reagent plungers 44 25 are provided at another side of the plunger hole 42. The
four outer chefl@H TEadnt NGBS e 3 BFARGEA bt A5 HAGBHE Eis Hihe e ifbrtion 46
respectivelly. Ag shown in Flglhmrﬁuthewhef_n}éiagmzagmt plungers 45 are lo- 30 ca_ted in the area between
the four biind pighales 43 ap fliedpuriacalno ot inl Fideitnd ShpvE e RN of ke

multi-analysis cartridge 26 of the on-chip laboratory 20 of Figure 1. The multi-analysis cartridge 26
comprises forty contact pad¥86%X08y4 o306 18312, 314, 316, 5 318, 322, 324, 326, 328, 332, 334,

336, 338, 842 Fif rHA @B 48 Rk 2ote S5 BaSs Bg, Shém 8681 3p8agdért3 7 #1316 chémi382, 384, 386,
388, 64, 66, 68, and 70, a blo?d sample.reservoir 72 iaht chemical rqa%errgtrleservoirs 74,76, 78,

80, 82, 1084, 86, and 88, aSWell §8 I%?cﬁc 'b%?ﬁsr Yr?o'trsﬁwofv%). Oesgf?)%%rsgr%pfe f&5e0ir 72 is here filled
with a blood sample 71. Th€®igkhehamldal reagdivsiss epadity ¥dgg60T3F1880€82,.84, 86, 88 are filled
with chemical FERARAUS AP5; MhestpsicerathscaHgst dye @]% saﬁ};q%ggeqygirnﬁz {9 the chem_ical
reagent reservoirs 74, 76, 78, 80, 82, 84, 86, 88. The multi-analysis cartridge 26 has a base portion 47 of
a rectangular prism shape. ShiecBd8e haPRIE9 Y bEIG Sith 20 electronic circuits such that the
multi-andl@sis Eagtidge 25 hddopesaztets lika@ntintegreied seoficeddotivoddip .offhefartyp §entact pads
302’304'306'308’312’3%%é%§%r of Figure 10 during an initialization
phase,

Figure 23 illustrates input settings and output readings of

the electrodes of the biosensor of Figure 10 during
15 a calibration phase,

Figure 24 illustrates input settings of the electrodes of the
biosensor of Figure 10 during an activation phase,

Figure 25 illustrates input settings and output readings of
the electrodes of the biosensor of Figure 10 during

20 an acquisition phase,

Figure 26 illustrates input settings of the electrodes of the
biosensor of Figure 10 during a standby phase,

Figure 27 illustrates a schematic diagram of a glucose bio-
sensor for the multi-analysis cartridge of Figure

25 4,

Figure 28 illustrates input settings of electrodes of the
glucose biosensor of Figure 27 during an initiali-
zation phase,

Figure 29 illustrates input settings and output readings of

30 the electrodes of the glucose biosensor of Figure
27 during a calibration phase,



318, 322, 324, 326, 328, 332, 334, 336, 338, 342, 344, 346, 25348, 352, 354, 356, 358, 362, 364, 366,
368, 372, 374, 376, 378, 382, 384, 386, 388, 64, 66, 68, and 70 are distributed around a periphery of the
multi-analysis cartridge 26. These contact pads 302, 304, 306, 308, 312, 314, 316, 318, 322, 324, 326
328, 332, 334, 336, 338, 342, 344, 346, 348, 352,180 354, 356, 358, 362, 364, 366, 368, 372, 374, 376,
378, 382, 384, 386, 388, 64, 66, 68, and 7Q are electrical extensions that are connecteEd tq eight
biosensors, arf BEPFORD (HILLHREIR e KR BrSgahREDI O Rd O%ifWrﬂgﬂﬁ i nﬁﬁ a blood 21
sample temperature sensog bincbad|dadseaszrr THE Eghtbos2Znsdug;ithg BEP&GYMaenwory, the blood
sample temperature sensorbﬂggérle blood heater are best seen in Figure 7. The eight biosensors are a
biosensor A, a biosensor B, a biosensor C, a 5 biosensor D, a biosensor E, a biosensor F, a biosensor G

and a biosensbi BYER pattitd Uk BeeRwWEHIHy S B a2 RiP e BriFigge Wi Plure 4, there

are, from [eft to right in Figuree4, d0uE€9Bd&8 tagt pads @i thwbiwIsisosdsdeubFortpgl pads of the
biosensor B, four contact p%(;s &fjme biosensor C, arjkdi four %ontact pads of the biosensor D. On the

upper edge of the multi-analysis car r%gaen2€,ct ers !are,o ol ttto right in Fig- ure 4, four contact pads of

the biosensor El itureccitagtll 18 ptidatsithe iederdonshiturkebieepadiopsr Biegehsor G, and four

contact pads of the biosensgiH Jedefail e fnecontagiada gElsbiops8sALAringkides, from left to
right in Figure 4, a first contact pad 302, a 20 second contact pad 304, a third contact pad 306, and a

fourth contact pad 308. Thé M @ridet pads of the biosensor B comprises, from left to right in Figure 4,

a first comtact paduie, 3esadondstenteet pRd@Rid ,sethichgenteft pad ks cndddsunifi admsact pad 318.

Thefourmmﬂactpads(ﬁthalucose biosensor of Figure 27 during a standby
phase,

Figure 34 illustrates an embodiment of a portable laboratory
unit In an opened state with a USB (Universal Seri-

15 al Bus) cable,

Figure 35 illustrates the portable laboratory unit of Figure
34 in a closed state,

Figure 36 illustrates an exploded view of the portable labor-
atory unit of Figure 34,

20 Figure 37 illustrates parts of an embodiment of a cartridge
module for the portable laboratory unit of Figure
34,

Figure 38 i1llustrates an exploded view of the cartridge mod-
ule of Figure 37,

25 Figure 39 illustrates an analyzer card for the cartridge mod-
ule of Figure 37,

Figure 40 illustrates a tray of the portable laboratory unit
of Figure 34 in an open state, the cartridge module
of Figure 37 is seated on the tray, and

30 Figure 41 illustrates the tray of Figure 40 in a closed
state.



25 biosensor C contains, from left to right in Figure 4, a first contact pad 322, a second contact pad 324, a
third contact pad 326, and a fourth contact pad 328. The four contact pads of the biosensor D
encompasses, from left to right in Figure 4, a first contact pad 332, a second contact pad 334, a third 30
contact pad 336, and a fourth contact pad 338. 24 -fact pad 344, a third contact pad 346, and a fourth

contact pad 348. Trbe f(()}yr C ntactP ds of the biosensor F. orrcllggses, from left to rigawt in Figure 4, a first
Y

contact pad 359" &t8&cdid L8 eP5%4 PHIRR cBRERY 56 PXRY 5969 rth% Y6itact pad 358. The

four contact pautsrcibmetbiesgmbodenemtmimﬂf fidra lafipd ricgut iorigure 4hedilstloaeispad 362, a
second contact padedo,f 1§71 3RO ANd AJALUD,CONACP SOEndgsinuf gontact pads of

the biosensor H encompasses, from left to right in Figure 4, a first 10 contact pad 372, a second contact
pad 374, a thifB@bM8cPpaF BrecandiX A eBrthd$ERIAZ3. At a left side of the multi-analysis
cartridge 26 in Figure 4, there are two contact pads 64, 70 provided for the blood 15 heater, which are the
contact pad n Iberr ghirtx—sg(\)/e @;hqud th% 'pL?gEag epa% Fu;%b%r f9(r:ﬁ¥i70. ilgzlijé e Same side, two
contact pads 6,%% Sfthe bido sampFé tSempera UiesensStardlocatdl DEVESHh tHe tfio contact pads
64, 70 of the bfsud héarst. Ihakywisontatgpids 561 bBusitihatisisodsenplkoded 2Cperatire sensor are

the contact pagauppbgr Byt eigneh pRditisHA¥BF LoD NHEIOSTIEE Y-8 §8i 4L afight side of the
multi-analysis cartridge 26 in Figure 4, four contact pads 62 are arranged for the cartridge ID 25 EEPROM

memory. The fOUF B dGRILE85Y38R §85PIdSSRe, FEAMIEIMYS BRTRHgdRe 518WRtact pad
number thirty-thyea foldod 38&2npleoniatupad nuzahenthiripdenstor Whed84ad cactaciymad number

thirty-six for S%% 38&3,&9&1 9&%@;{%3%: BHWPE gty%%ig&t)\f/%rrégéb?% ﬁg F%]g;%oég sample reservoir

72 is a recess that has an ellip- ti pe, similarto the cross sectional s ood sample
plunger 36. THa'BBBd¥ampRarcdcpeditablis 8293 anelyaaneZentiSontie FIMANARISS cartridge 26

such that an egd&ddhpdiqed spanie mitNAST 3G easirICiesgbtinsertes nérineblangisample reservoir

72.5The elghtacshseennﬂqllgﬂ/teia—q%rl]}rree T r\éollrsso7éh2)9v’s7%’ %Q’DS%a%Afesian coordinate sys-

15 tem X-Y-Z to give directional indications of the on-chip la-
boratory 20.

The blood sample actuator 22 comprises a rectangular base
portion 33 which is made from a thin plastic sheet. The base

20 portion 33 is resilient and can be bent. Four locating pins
34 of equal lengths are placed at four corners of the blood
sample actuator 22, as best seen iIn Figure 2. The four locat-
ing pins 34 extend from a bottom surface of the base portion
33 In a negative Z-axis direction. A blood sample plunger 36

25 1s located i1n the centre of the base portion 33. The blood
sample plunger 36 has a shape of a pole that extends from the
base portion 33 downwards in the negative Z-axis direction.
The blood sample plunger 36 has an ellipse-shaped cross-
section and is tapered towards a remote end of the blood sam-

30 ple plunger 36. The blood sample plunger 36 is longer than
any one of the four locating pins 34.



86, 88 are arranged on the multi-analysis cartridge 26 in a pattern that is similar to that of the eight
chemical reagent plungers 44, 45 on the biosensor chemical actuator 24. In other words, the four inner
chemical reagent plungers 44 can 10fit closely into the chemical reagent reservoirs 74, 84, 80, 82
respectively. In the mean time, the other four chentféal reagent plungers 45 can also fit closely into the

other four chemical reagent reservoirs 76, 78, 86, 88, respectively. 15 Figure 5 depicts a top view of the
it analysis LBRR0SHGPE GRETRSAh ietbe 2og e itk RRAL:0 LGS Fcomprises
four chemical wl_valstg)llésmeobsi @Qe@Qo 4c6nziuhbmd:tluadtwrast@ reEeum@dso@&tj(D@, 11]213104, which
are not showndg Figre. g M iy ek d0m.28 Al bilier mpiiees e.eidhspemical
reagent reservoirs 74, 76, 78,30, 82, 84, 86, 88 that are shown in Figure 4. The fluidic paths 109 are
precisely shap@@-cHdhife19BntdaBetsition Witef HeeHRIRERaSAH Eafh8Hd S THRA8GA%k paths 109

connect thg bipadisgairlesasendiexieingichenicatiZs wagterRaervaire8i 83, 84, 26, the blood waste
reservoirs 98, 1OCI)SlOE 104, and { e cheml%altreéslgoem feservairs |74S 74% 78thS% (532 84. 86, 88 together

to form a fluid %mrﬁun%\é%lrt] rPe‘ri‘wo?I{.n?O ?n depall, a chemPc'arI] V\?as‘?e resérvoire ?s(.i %ri]rqgcted between

the chemical redgenB@sanvoitiia aietHeathorasgenitap lenogdist réderiir 88«/iest separate fluidic
paths. A bloodwagfejresefyriFd 04 is also connected to between the chemical 24 reagent reservoir 74
and the other chemical reagent reservoir 88 via other two fluidic paths. The two fluidic paths of the
chemical waste reservoir 90 Intersect with the two fluidic paths of the blood waste reservoir 104
respectively. TRigineed ersacicnaotteseitmur dfidibgdile ade $arpdielireitocthe BB ostfvaste reservoir
72 via two addjtj luidlj ' I imi nnegr, a chemical waste reservoir 92 is con-
10 nected bet%v%oé:lact!éé %ﬂfe#\?ggl% r%%%ﬁ%%%gv%f;ﬁﬁemgbt erc%ﬁérgn?(]:*gﬁrﬁ%eﬁf 'gas%rvoir 76 via two
separate fluidi€pRits 1R brso@ivathe rédeldbe sEiditencaihekhed hasenrnest tre chémidal reagent

reservoir 84 anghéhey PIRIGHINISAl 1PROSNILRPEIVOIh &6 b PtRYCHHE Agidia Raths Theetwo
arranged around the blood sample plunger 36 at four diagonal

15 corners of the base portion 33. A major axis of the ellipse-
shaped blood sample plunger 36 is iIn the direction of the X-

axis, whilst a minor axis of the ellipse-shaped blood sample

plunger 36 is in the direction of the Y-axis.

20 Figure 3 depicts a top view of a biosensor chemical actuator
24 of the on-chip laboratory 20 of Figure 1. The biosensor
chemical actuator 24 comprises four locating pins 38, four
blind pinholes 40, a plunger hole 42, and eight chemical rea-
gent plungers 44, 45 on a base portion 46 of the biosensor

25 chemical actuator 24. The base portion 46 has the shape of a
thin rectangular sheet, which is made of plastic material.
The base portion 46 is resilient such that it can be bent in
the X and Y axes directions and can return back to its origi-
nal shape as shown in Figure 1. The base portion 46 of the

30 biosensor chemical actuator 24 is broader than the base por-
tion 33 of the biosensor chemical actuator 24 in both direc-

tions of the X-axis and of the Y-axis.



15 fluidic paths of the chemical waste reservoir 92 Intersect with the two fluidic paths of the blood waste
reservoir 98 respectively. Two intersections of these four fluidic paths are further linked to the blood waste
reservoir 72 via two additional fluidic paths respectively. 20 In a like pattern, a chemical waste reservoir
96 is connected between the chemical reagent resetvoir 86 and the other chemical reagent reservoir 82
via two separat fluégic aths. A blood waste reservojr 102.is also connected tq between the 25 chemical
reagen reseroEad St HEGAHEPEnBATEA B b RSsdt Br o SHEP LB HAHEBRRRE. The two
fluidic paths of2fheasteemichi asyd resewsirtdtinterdenidvithrtne oo Audiegatizd otthmblond waste
reservoir 102 15ppege tiielye TWAPISISELRORS ofthesi fnifliidie naths ap R iyther ted to the blood

waste reservoir 72 via two additional fluidic paths respectively. 25 Furthermore, a chemical waste
reservoir 94 is \Hh et bERRe 8 e 3R eRliBaPltatRt Fd 9SS okBFAaaIhE THERICRRR®A- gent reservoir
78 via twossepgsateifiridipapaths. A blood waste reservoir 100 is also connected to between the chemical
5 reagent reservoir 80 and the other chemical reagent reservoir 78 via other two fluidic paths. The two
fluidic paths of the chemical waste reservoir 94 Intersect with the two fluidic paths of the blood waste
reservoir 100 wsEptbeveignTre piferteetibasof poedd surdfuidichsathduneeurtheld énked 16 10 the blood
waste reservog.Y&M@éwoa%d%eﬁoeﬂfiwgec_eﬂ%er@ shvely Theduigic pad 102, thesrgemical waste

reservoirs 90, 92, 94, 96, the_blood waste reservoirs 98, 100, 102, 104, the 15 blood sample reservoir 72
and the chemiEAl t}é%b%nf'?eéérvbﬂggf{ 781818 B FESEzsAEtEGL ST okhfe DR Yor- tion 47
and are axpossdnip tbe phsitierZ IxisdiectbatT tbse catdaveins I6hHd 4ahth I8, [BD18Ze B4, 86, 88, 90,

92, 94, 96, 98, Q:Eé?(())%g]s% %HE%SQW% p&tnﬁégg Sy og%zl(—‘)i gﬁl:?gaséﬁhg)pi%stj)cfnmbrane 30, after

being filled with the sample 7T"and chemicalreagent hows a top view of the portable
base analyzer2Bigoge Hetaigthbbratdty teofiEkeed NomHefpdhgbieBxds angbi st a

minor axis of the plunger hole 42 is in the direction of the

Y-axis.

15
The four blind holes 40 are especially of equal depth. The
pinholes 40 have predetermined distances between each other
such that they can receive the four locating pins 34 of the
blood sample actuator 22 simultaneously.

20

The four inner chemical reagent plungers 44 are serially dis-
tributed along the cut-off line A-A. Two of the inner chemi-
cal reagent plungers 44 are provided at one side of the
plunger hole 42 and other two chemical reagent plungers 44

25 are provided at another side of the plunger hole 42.

The four outer chemical reagent plungers 45 are arranged at
four diagonal corners of the base portion 46 respectively. As
shown in Figure 2, the chemical reagent plungers 45 are lo-

30 cated in the area between the four blind pinholes 40 and the
four locating pins 38.



25 lyzer 28 has a rectangular prism shaped base portion 32 and a protruding wall 106. The protruding
wall 106 extends from the base portion 32 in the positive Z-axis direction. A height of the protruding wall
106 is larger than a thickness of the multi-analysis cartridge 26 in the Z-axis direction. Within 30 the
protruding wall 106, the portable base analyzer 28%€bm- prises a rectangular pocket 107 that has similar
size and shape as that of tkhe base portion 47 of the multi-analysis cartridge 26. The pbase portion 47 can
be closely InsiHS . 963BAHE BV o e 57, THIEA TBRALE SR A g mechaniom.
Forty electricabdortiaet adshi@2'] 304t BOGHY3XD, 8I2TF bodd4A, 316TI34 81 B -324 1 3265 328", 332,
334", 336", 338,347 aéé"%%c?mﬁ’é%%" 354, 356', 358', 362', 364", 366', 368', 372", 374, 376", 378",
382', 384", 386", 388', 64', 66, 68', 70" are arranged around four sides of the pocket 107 according to a
predetermined patterf? LBYTROTSAF BIRAAEa S ntadProad3Ce S8Rt cHtRactidde Bithe biosensor A

302', a sesondza@tagbadsiy the egsaz®y B304, 3thirdsgentagsEadinr thedigsaasyr A 306, a fourth
contact lead far the higosen 308!, a first con-.15 le rt io SO, 12' g second contact
lead for the bi()é§1egr1§2‘$?§3l ,@thlgrgasdorgigasét’lega%%‘brt‘?éé bi?)é;(;gfsogfgézl%%a’fosﬁfﬂ (:Zgr?'tj%tt lead for the
biosensor B 313'8a fi382coA84t |e386for IB8 biddansy .C B2 2' andeddnd contact lead for the biosensor C
324', a third contact Igag fgpthe 0diesers Gowd 73 fourth contact lead for the biosensor C 328", a first

contact lead for the biosensor D 332', a second contact lead for the biosensor D 334, a third contact lead
for the biosensor D b 1SN LEAI K FELETIr theSEbYeALS R348 Ca fif&-ciRactRad for the
biosensar(E 342, 256, seeah@8ontastledd farsthe biosensor E 344, a third contact lead for the biosensor

E 346, a fourth cont?gltdiaq éoﬁ%giorf@@%ﬁﬁﬁ’ a first contact lead for the biosensor F 352', a
or ' athi

second contact lead the bioSensor rd contact lead for the biosensor F 356', a fourth
contact 30 lead for the biosensor F 358', a first contact lead for the biosensor G 362', a second contact

lead for the biagenserSed64anditrd-eaptiped lRadrior gheipseAsaneBeh 1 faurh seatact lead for the
biosensor G 368', a firsgion ctlead 27 fchr the bigsensor H 372', a second c_?nta%t Ieag or the biosensor
df

H 374', a third %%WA& I ﬁmeeﬂ%lgién Pt " 5%gﬁﬂtcd’rﬁ§8tr LAY ﬁle blosensor H 378, a first
contact 1é&d fd3Qhe 82ytrigige S EERRONM nfarhbeg 38Rt sbeoriccal reagents 105. The

fluidic paths connect the blood sample reservoir 72 to the
chemical reagent reservoirs 74, 76, 78, 80, 82, 84, 86, 88.
The multi-analysis cartridge 26 has a base portion 47 of a
rectangular prism shape. The base portion 47 is embedded with
20 electronic circuits such that the multi-analysis cartridge 26

becomes acts like an integrated semiconductor chip.

The forty contact pads 302, 304, 306, 308, 312, 314, 316,
318, 322, 324, 326, 328, 332, 334, 336, 338, 342, 344, 346,
25 348, 352, 354, 356, 358, 362, 364, 366, 368, 372, 374, 376,
378, 382, 384, 386, 388, 64, 66, 68, and 70 are distributed
around a periphery of the multi-analysis cartridge 26. These
contact pads 302, 304, 306, 308, 312, 314, 316, 318, 322,
324, 326, 328, 332, 334, 336, 338, 342, 344, 346, 348, 352,
30 354, 356, 358, 362, 364, 366, 368, 372, 374, 376, 378, 382,
384, 386, 388, 64, 66, 68, and 70 are electrical extensions
that are connected to eight biosensors, an EEPROM (Electri-
cally Erasable Programmable Read-Only Memory) memory, a blood



5 contact lead for the cartridge ID EEPROM memory 384', a third contact lead for the cartridge 1D
EEPROM memory 386', a fourth contact lead for the cartridge ID EEPROM memory 388', a contact lead
for the resistance thermometers Vcc 64', a contact lead for the blood sample temperature sensor 66', a 10
contact lead for the blood sample temperature sersbr 68', a contact lead for the resistance thermometers

Vss 70'. A contact I(iad for connecting to a contact Had 0 te Iti- analysis, cartridge 26 at the same
Jovation shareS T8 1Bict T AL BEP 7 1o 26Fhdt DLPISA e FARLESBol Each of
these contact eanis@G2, 304, BEBRGO8heB 'y 314h S8 161l RiAB' sa2P | 8 28 A&, a328'23321334", 336, 20
338, 342, 34%0%4§{n§4%h§58ic?o%f"h%%@e%ﬁ'.ré%s?@%e%ﬁﬁiﬁﬁé'i(%?'?é 3747AL8e pffy 382, 384,

386', 388', 64', 66', 68', 70" are connected to one of the contact pads 302, 304, 306, 308,312, 314, 316,
318, 322, 324 PIFSETHIBAIBA IBNIYL A2\ 342, BHBSENBOB5E . 384P3966P59%8 C362 364, 366,

368, 372, 874 pitBenEb 38R, 384 i1iiesSy 64, 68, BBoLOrrespondinglysshen the nawii-analysis
cartridge 26 is in%erted into thﬁ poecslfeé 119|7\'/<|9:Wther mechanical catches for snapping the multi-analysis
cartridge 26 in®to Er?é%%%%t 07 GRS prO\Xded, but not shown here. 30 Four blind pinholes 110 are
provided in an area between the protruding wall 106 and the pocket 107. The blind pinholes 110 are

arranged in SUA GRaUEHNHIALBGIOBTORIRE GRFNEi -4R &R EGRIMEAIVIARES 4% CR s fserted into the

four respective blind pinholes 110 simultaneously. The portable base analyzer 28 also has three LED

(light- 5 emittity-8icte) YR h@E&ord 1B dSIL H9rhdidh 174FHEEY S8 botRYSc 488 hear a lower
edge of the potiabte pade anbliter 28 osEiggoe A T eoLEDchgitaodigatorks lodvettiweridiferent colors,
which are red, y : gur i ¢ circuit diagr lic
components of t ﬁegr[%]'ﬁlrt?énﬂ)@gs %%ﬁﬁ%%g ;)696&? F%i?gﬁ?%{i‘?,n%ﬁ{%}éa y’sig @tﬁégée%) comprises the
eight biosensokaatepads, aPotheobiogensgriPg, §80 Hith thepeforgdge of the multi-

analysis cartridge 26, there are, from left to right in Fig-
ure 4, four contact pads of the biosensor E, four contact

15 pads of the biosensor F, four contact pads of the biosensor
G, and four contact pads of the biosensor H.

In detail, the four contact pads of the biosensor A includes,
from left to right in Figure 4, a first contact pad 302, a

20 second contact pad 304, a third contact pad 306, and a fourth
contact pad 308. The four contact pads of the biosensor B
comprises, from left to right in Figure 4, a Tirst contact
pad 312, a second contact pad 314, a third contact pad 316,
and a fourth contact pad 318. The four contact pads of the

25 Dbiosensor C contains, from left to right in Figure 4, a fTirst
contact pad 322, a second contact pad 324, a third contact
pad 326, and a fourth contact pad 328. The four contact pads
of the biosensor D encompasses, from left to right in Figure
4, a first contact pad 332, a second contact pad 334, a third

30 contact pad 336, and a fourth contact pad 338.

The four contact pads of the biosensor E includes, from left
to right in Figure 4, a first contact pad 342, a second con-



contact pads 302, 304, 306, 308, 312, 314, 316, 318, 322, 15324, 326, 328, 332, 334, 336, 338, 342, 344,
346, 348, 352, 354, 356, 358, 362, 364, 366, 368, 372, 374, 376, 378, 382, 384, 386, 386, 64, 66, 68, 70,
a SIM card (Subscriber Identity Module) 132, eight resistance thermometers 134, 136, 138, 140, 142,
144, 146, 148, the blood heater 150, a blood sampié 20 temperature sensor 152, the EEPROM 154 and

other electrical connections, The eight bipsensors inclggreégl%bios?sor 116, the biosen- sor B 118, the

biosensor C 136%he5idseidor B £Y HeiihT5%R 1, 38 Fod MU E $9B A biosensor G
128 and the bipadnsdi8H T3 T eigtuntastanpee therindhetdrs asghis@asistanoapirdisasmeters 134,

136, 138, 140,047, 10l AR HEIlE PIGRIREICE IFTIRRCISRACS hogiiange thermometer

RB 136, a resistance thermometer RC 138, are- 30 sistance thermometer RD 140, a resistance
thermometer RGN LRINStahcBAeFREmetetRE 44200 ask 1A%k ARimaheiét RPUIAE) and a

resistancesthegpameter R&d1488 29Thkee fight ioatasarsphts b8, a0, blidksekkb 125, 128, 130 are

placed at the eight waste reservoirs 90, 92, 94, 96, 98, 100, 102, 104 respectively. In detail, the biosensor
A 116 is locatet Qtt ﬁl%n&eerﬁrcoaw V\”a(?sl%e9 rggeﬁ/' r 6;'{F1e'16i%tsjgﬁsg'r’ Ba5$13|1r§: (Ii:S I%%%aFea(f at ﬁﬁaedblood waste

reservoir 102; 862 bicsesrop @ 1Q0_ﬁ§&§datedda_t3fié ck@nﬁb&f@a@@t@ﬁv@ﬁl@@@ﬁe_ bioskrgsor D 122 i_s
located at the ?Wtwaé%ﬁ?é‘@fvc?'é&%éhe PIRSSASOF Fcéﬁ@d%_{o ad aliherhamiigabyaste reservoir

90; the biosensor F 128 is located at the blood waste 10 reservoir 104; the biosensor G 126 is located at
the chemical w¥e Te8BRRAINPESSE T tHd BosknEDr 1915498 Toditeh LEYRE Hlood Wdkts teservoir 98.
Furthermide, tberreatstaneal tigrMmometsddAdL b istakcangad t374,ba coniligdoushadad chemical waste

reservoir 96; t %5e%j§@pc§ntge£mp&q1@ﬁ :@éﬁ% '§ 6}55%1%to be contiguous to the blood waste

reservoir 102; the resistance thermomete is'arranged to be contiguous to the chemical waste
reservoir 94; the resistance thermometer RD 140 is arranged to be 20 contiguous to the blood waste

reservoir 100; the aesiétﬁﬂcgmérmpr&ﬁ@rmg&mn%gﬁ@@q:&%@ﬁ @@@%diﬁﬁ) IPJEIQQPHQUOUS to the
chemical waste reservoir 90; the resistance ther-#?]o%?te RF 146 is agag&ed tIQt bg)jonﬁguous to the
r o t

blood waste reserolf 194 e RGN EARE AR R CME;"@Y#J 5eﬁ 28 iguous to the
chemicallwastbaatervpindd ciinch tiee thsistzmreaitie rpacineienbtht 182iisyrraeyent tédearmhtiguous to the

blood V‘;azte regRvV AL Bl eSS HARER FNYRPeRyS S PGl ¥hd Ahnlé s ilde, 18P 148 are
connecte contact pads 66, 68 of the blood sample temperature sensor

are located between the two contact pads 64, 70 of the blood
heater. The two contact pads 66, 68 of the blood sample tem-
20 perature sensor are the contact pad number thirty-eight 66

and the contact pad number thirty-nine 68.

At a right side of the multi-analysis cartridge 26 in Figure
4, four contact pads 62 are arranged for the cartridge ID

25 EEPROM memory. The four contact pads 382, 384, 386, 388 are,
from bottom to top in Figure 3, a contact pad number thirty-
three for Vcc 382, a contact pad number thirty-four for WC
384, a contact pad number thirty-six for SCL 386, and a con-
tact pad number thirty-eight for SDA 388.

30
The blood sample reservoir 72 is a recess that has an ellip-
tical shape, similar to the cross sectional shape of the
blood sample plunger 36. The blood sample reservoir 72 is lo-



in parallel such that each of resistance thermometers 134, 30136, 138, 140, 142, 144, 146, 148 is
connected between the contact pad of Vcc 64 and the contact pad of Vss 70. 30 Figure 7 also shows that
the EEPROM memory 154 is connected between the contact pad of Vcc 64 and the contact pad of Vss
70. The EEPROM memory 154 adopts 12C (Inter-Hdegrated Circuit) protocol with a multi-master serial

computer bus for 5 ttachir]g Iow-sieed Eri herals to_an envaed_ded system, The SIM cz—hrd 132is
embedded at £85 FEenGRi? Hﬁly‘g idyd SBRRR ST JE98 2B oS Electrical
connections bdtvaeratheeStViatrtHisS Danddhs &R R QNlungaorgd sZhardrotdiosehy 1@nFhe blood

heater 150 is ig GoptRCtWiER t%glmgan}ggﬁlmgeryggg ofite blpod heater 150 is connected between
the contact pad of Vcc 64 and the contact pad of Vss 70. In close proximity with the blood heater 150, the

blood sample temper- 15 ature sensor 152 is also located adjacent to the blood sample reservoir 72. The
blood sanple temaperpgiie seReaictd? ivadgenistareiainamete], whiclys,also calzd esistance

temperature degtect RTDs). Two leads of the blopd.sample temperature. sensqy. 152 are connected to
the two contac%%ad%sr% ,rﬁ) €>§ qu%ﬁg?a;]ﬁlrﬁ-atrbaﬁy@%%%rfr?d’g%@gyEig%%%’aégﬁ:tgg pﬂwnys?cal structure of
the blood samprtitemperthate densomiF2of tie thit-oklykie calgiotect@ol Fidureeademnd blood sample

temperature s%r]wg%ﬁ% CANPIIES S ZPrHaBREREWES L G WPCANRRL MRS RIS 4L5G wo joints 160, an

Insulator 162, and a sheath 164. The blood sample temperature sensor 152 is also known as a resistance
thermometer d? BatifORs Fesili2n EME rhaRRef i8R G hEGRIE R B 98ESis ¥ ™28 into a loop
and changes itEidlectisd lg- 30 Gistehee oladud vAEnrexpeianairg éewperature yagiatiod0The platinum
wire 156 is engjgs ggg d for. preventing e ic short-cirguits. terminal the platinum
wire 156 are c%gnggt d to@tﬁ\zé?/\% cgbng%&?on%%s@fg$ \’/ia?' ?]hée t(\slv[%ilé’fl i%?ﬁi‘é % IH]S&ié(SgllorlfateIy. The two
connection leabRaEEE brd PaPaIRd $o Fackanhal spdfihbyclesadilaled ey thecotisivihplehloride)

material in the daen reEACtBEYEREhPRSERIMRIePE 6.6 278vhig sepres peetneilatpy 162. Other two
ends of the 5 two connection leads 158 that are remote to the two joints 160 are exposed outside the

Insulator 162. The other two ends of the two connection leads 158 are connected to the two contact pads
66, 68. THe sherguté43hdesicts caoftametabal-ddy finthewdidloses tys plattaunt miidgd 56, the joints

160 26 of Figure 4 with fluidic paths 109. The multi-analysis

cartridge 26 comprises four chemical waste reservoirs 90, 92,
94, 96 and four blood waste reservoirs 98, 100, 102, 104,
which are not shown in Figure 4. The multi-analysis cartridge

20 26 further comprises the eight chemical reagent reservoirs
74, 76, 78, 80, 82, 84, 86, 88 that are shown in Figure 4.
The fluidic paths 109 are precisely shaped channels on a base
portion 47 of the multi-analysis cartridge 26. The fluidic
paths 109 connect the blood sample reservoir 72, the chemical

25 waste reservoirs 90, 92, 94, 96, the blood waste reservoirs
98, 100, 102, 104, and the chemical reagent reservoirs 74,
76, 78, 80, 82, 84, 86, 88 together to form a fluid communi-

cation network.

30 In detail, a chemical waste reservoir 90 is connected between
the chemical reagent reservoir 74 and the other chemical rea-
gent reservoir 88 via two separate fluidic paths. A blood
waste reservoir 104 is also connected to between the chemical



10 and a portion of the Insulator 162. Figure 9 lllustrates a resistance-temperature relationship of the
blood sample temperature sensor 152 of Figure 8. The relationship between temperature and resistance
is given by the 15 Callendar-Van Dusen equation, as shown graphically in the Figure 9. The
Callendar-Van Dusen equation states that it= RO(24 AT + BT2) 20 Here, RT is a resistance value at

temperature T; Ro is a resistance_valt%e at 0C; (i%stants of tpséei e%%tion for an alpha value of 0.00385
platinum RTD 5F83&oh8SRIYSAY affti 8% ¥78xP8PAE- £ SHaE e TERLEH: £ ORIy small, 25
the resistance &8I hangébambst lifdaniy wetiptoenempéatareo T Filuikdjuce S the terhpenature and

resistance relaépé}ﬁp&iis W&’é‘i@em&ge}?%@ﬁ“r% 1%@‘1@'@& twgﬁjnﬁ{gi% Cﬁﬁgaiﬁg coordinate. The

coordinate has a horizontal axis 168 indicating the temperature T and a vertical axis 170 showing 30the
resistance RT P&bSigife HoesiA0e4d Haskard €320 e sPtheBroRertamelYs, 118, 190, 122, 124,

126, 128, 430 péikponitmnabfsiticessidpenst Hpuiel flc Thetwthepiaies osenser Fithiecbioggnsor A 116
with four electrjcal terminals 174, 176, 178, 180_The S5foyr electricgl termi ljf}f 176, 178, 180 are
comnested to (hETo 0 oA s 5 ey b B GBI EAT I AL A, 180 are,
from top to bott@spiactigved Y0, a counter electrode (CE) 174, a reference electrode (RE) 176, a working
electrode (WE) 178 and an isolation elec- 10trode (IE) 180. The counter electrode 174 is a square piece
of thin metal sheet that is connected to a straight metal strip extension 182. Similarly, the reference

electrode 176 MaRoS Al afe BRINRSS -thih MRATSHeRRER MRRSNP IS iRagHSmeA strip extension
184. ThelworkitertledtiodenEzA 78He achgudreadiecearfeahit metalsiodet Bat pinde tothstraight metal
strip extension . Ki lectro 7 0 rajlel | St that are
perpendicular gﬁ%ept-tgﬁ: (Vé\%oftot eggﬁggﬁgéee&#ﬁﬁsf eé;t%]?ffsiiégw 8b§ %ﬁ %ﬂ%ﬁnﬁ!ﬁj ‘%‘ﬁg isolation
electrode 180 RPdRGuate Rbosidcwatthe ke SAEEP MHatItasign 2keeh sioRNeREgHuULeIREcal terminals 174,

176, 178, 180 tihedneid stitpexikIore d§en £ SfedS8PITI- thufudaralie besdl tHBRIL88 are sur-

cal reagent reservoir 76 via other two fluidic paths. The two

15 fluidic paths of the chemical waste reservoir 92 intersect
with the two fluidic paths of the blood waste reservoir 98
respectively. Two intersections of these four fluidic paths
are further linked to the blood waste reservoir 72 via two
additional fluidic paths respectively.

20
In a like pattern, a chemical waste reservoir 96 is connected
between the chemical reagent reservoir 86 and the other chem-
ical reagent reservoir 82 via two separate fluidic paths. A
blood waste reservoir 102 is also connected to between the

25 chemical reagent reservoir 86 and the other chemical reagent
reservoir 82 via other two fluidic paths. The two fluidic
paths of the chemical waste reservoir 96 intersect with the
two fluidic paths of the blood waste reservoir 102 respec-
tively. Two intersections of these four fluidic paths are

30 further linked to the blood waste reservoir 72 via two addi-

tional fluidic paths respectively.



rounded by an enclosing metal strip 190 in the form of a square. The enclosing metal strip 190 is
connected to the ex- 25 tension that links to the isolation electrode 180. Figure 11 depicts the biosensor A
116 of Figure 10 with a reacted blood sample 192 for analysis. Only two probes 193, 195 of the biosensor
A 116 are shown and they are covered by a 30 po®Pof reacted chemical reagent 194. One of the probes

193 is made of silver and i;ejoined o the rellference electrode 176. The other probe 195 is made of gold

that is joined t6 IR eleBuBaE ™ A bt deSralNOMG RimbashPa oSG PFife two probes
193, 195 receiteeevoltige pbeart I 98caigeret eteseinedival86. dihd rébetecheimamadhl reagent 194 is

obtained by mixing the.blaad s3mple \Z}aarﬂvw%ggg%@ rgggget—&lggﬁgéhe &hSWB@iI waste reservoir

96. 5 Figure 12 shows an Impedance variation curve 200 of the biosensor A 162 of Figure 10. A
horizontal axis@pFesdRSaR¥ipethcts1 6d e siteacdrethdpobediReR iddenehfediG@hgent 194. A

vertical axgs repeespiiie the soiager@eniabl@H980atiess dhemiodlrobesgdid 1¥surden #n alternating
current (AC). impedance 196 platted is the real part of impedance, which is, resis e value. Figure
Uhe Vlg %ﬂer %WCP QEUIC&I% aet% - {i n%w&i?ﬁé{ Ifsé?éh% O?Qf}le

13 depicts a structure of one the Tesistance th&iome- 15ters , 14 4,146, 148 of
the multi- analgisnteeatl g3t of Fegeeve ITh@4tiictieesE’L shibkls theeretigalde liddienometer RA 134

with four electricalHermnaine08180d: #98180BeIBpVBT I EITYNRSHEAR I9R RotipRL in Figure 13, a
counter electrode (CE) 202, a refer- 20ence electrode (RE) 204, a working electrode (WE) 206, and an

isolation electrbBEXRE388SEQEh H1gREsd timihlii 985, PaENsoarsod HELNEEqdARKRR & had. A metal
strip 2101i0 zigelag folmdihkgabea efersacecdecTade 2 4tand doel arkinglelELtrbdeatdgether. A
square frame %Je% \g@fw% metal 25strip, encloses the four terminals 202, 204, 206, 208 and the metal
strip 210. The resistance thetmometer RA 134 is a thin film temperature sensor whose electric voltage
and current values are measured at the working electrode 206. Other electrodes, which include the

counter electragf: 2¢Futite tefpErtds enoe £lediEode 2hfc e indaidon-elraHasi-309@ndothe square frame
212,aﬂeconn%%?dég}h%ﬁgegpgghgwgg¥£«%§£)kvoirs 98, 100, 102, 104, the
15 blood sample reservoir 72 and the chemical reagent reservoirs
74, 76, 78, 80, 82, 84, 86, 88 are provided on the base por-
tion 47 and are exposed in the positive Z-axis direction.
These reservoirs 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92,
94, 96, 98, 100, 102, 104 and the fluidic paths 109 are cov-
20 ered by the plastic membrane 30, after being filled with the

blood sample 71 and chemical reagent 105.

Figure 6 shows a top view of the portable base analyzer 28 of
the on-chip laboratory 20 of Figure 1. The portable base ana-
25 lyzer 28 has a rectangular prism shaped base portion 32 and a
protruding wall 106. The protruding wall 106 extends from the
base portion 32 in the positive Z-axis direction. A height of
the protruding wall 106 is larger than a thickness of the
multi-analysis cartridge 26 in the Z-axis direction. Within
30 the protruding wall 106, the portable base analyzer 28 com-
prises a rectangular pocket 107 that has similar size and
shape as that of the base portion 47 of the multi-analysis
cartridge 26. The base portion 47 can be closely inserted in-



34 Figure 14 shows a voltage-current relationship of the resistance thermometer 134 of Figure 13. A
straight line 214 represents the voltage-current relationship. A horizontal axis 216 represents voltage
values obtained between the working 5 electrode 206 and the reference electrode 204, whilst a vertical
axis 218 represents electric current values obtainetfbetween the working electrode 206 and the reference

electrode 204. In other words, the voltage-current relationship 214 descrihes electrical resistance
betwoen the wEPRCHEE SABSE0T A GRS raRfendD S I 50 PSS b G e

resistance-templeratureaelationship of the resistance thermometer RA 134 of Figure 13. The resistance
value is obtained by having the voltage at the work- 15 ing electrode 206 divided by the electric current at
the same electrode. A horizontal axis 221 represents temperature values of the metal strip 210, whilst a

vertical axis 25 FdpreS ARG hneeVERGds beatS mAal stripCMo. BPA strAGR( ind 24 9-indicates that
the metal stripRi4r changes its edectrigresistaer in trepresgree tegrrerat@eavarigigsr Jn other words,
the resistance yagiatiog of the thin,fil peratyte sepsQr 34 lin telationghip with its
temperature vaét/r%tio’n. e thi:ﬁt%]m’tg%%gratl%gsénsgograzS I;%%Sdf g%sgg fer%%rgraftu%g I%nd’ication in terms
of resistance cBlrthgesIfrlsretb8f theSmetal Strifh 21 B F6Jure318 shovda bl88é diagd&m of electronic

components ofie-oneiip lafpratey-20 obFigre TpRgsirgiAMmineor 0 aapyar grsquare boxes

represent specific electronic functions or components of the on-chip laboratory 20. A line or a cluster of
lines electrical f¥Sn 89 RS el e A CERARE LRGN L &P F§ GREL B B85l LIRELomponents and electrical

con- 35 nections are omitted for simplifying the illustration. For example, the resistance thermometers

134, 136, 13844021 40 40 RAAD 25 PRE eFOBNO R BIGHEAE. B lastiore ggmponents and

connections of the biosensor chemical actuator 24 appear at a | ash line in Figure

16. Electronic €8mpBtritd apensshnettiddd of thegRsitille ¢zEastalyead28ere BWH At a right-hand
side beyond the-dagl lineadd 1n detah ithe mBlitacalysissepieHoaRE EIBRERSD e ety biosensors

116, 118, 120, 132, 124}%126, 128, 1?0,&{1 blood heater 150, the 82%6 ard 13§_and the EEPROM
memory 154. Phd ST LGOLEESE TR 97 J0e 1 4SENS0R A 280850 P KId i@ Gonnected to a
microprobﬁsso_tegill VieasletwodEheubipts@rs@15 aiﬁﬂﬂr’ialogusetﬁgw conertx dfeadgéane 217, and
an analogue digial GPBLEIEEP! A o 226 Pl 466 AEIORME IO CPRLe: sk one 217 anc

the analogue digital converter of range two 220 are controlled by 20 low voltage analogue drivers 223 and

an analogue cBn@éfier 284 FoHE Hlo 6P REaEd: 1565 doaindbedtbaRetrFofroet8ser 211 via an
analogue digitgiegrvastareicanpeddra® P 2ehwhidh ichithercaremligdbysaquwecdieicd25. The SIM

Ca“j132isCOQQ%QEF&Ptpﬁéngggggﬁégﬁoézgiimyjgo%H?Fd contact lead for the

20 Dbiosensor C 326", a fourth contact lead for the biosensor C
328", a first contact lead for the biosensor D 332", a second
contact lead for the biosensor D 334", a third contact lead
for the biosensor D 336", a fourth contact lead for the bio-
sensor D 338", a first contact lead for the biosensor E 342°,

25 a second contact lead for the biosensor E 344°, a third con-
tact lead for the biosensor E 346", a fourth contact lead for
the biosensor E 348", a fFirst contact lead for the biosensor
F 3527, a second contact lead for the biosensor F 3547, a
third contact lead for the biosensor F 356", a fourth contact

30 lead for the biosensor F 358", a first contact lead for the
biosensor G 3627, a second contact lead for the biosensor G
364", a third contact lead for the biosensor G 366", a fourth
contact lead for the biosensor G 368", a first contact lead



25 ler by a smart card reader controller 226. The EEPROM memory 154 is connected to the
microprocessor 211 and controller by a memory controller 228. The portable base analyzer 28 comprises
a clock 227, a power 30 management circuit 229, a wired USB (Universal Serial Bus) controller 230, a
flash drive controller 232, a flash drive memory 2347 and a SRAM (Static Random Access Memory) 236.

The clock 227 js a clock generator that proﬁtyces a timing, signal 36 fqr use in synchronizing the on-chip
laboratories' o %&Eﬁ T%'eoﬁ’%ﬁaﬁvgr 2éfitroll & fff‘fg%s GBiARE i?ﬁgpﬁ’dgsg?&? A4%or accessing
the flash drive seesory 23374he SREM 2B6ceniseckby ¢lael nfiorogrioeebsas2ibsdar sigBdbprocessing. The

5 wired USE cgniyglies 230 s0ehias e (o BROBIONARIA afcgsmextanal deyices,yia USE

connections. The microprocessor 211 provides execution of electronic work- flow of the on-chip laboratory
20. The micropgidebsd6ad1ToE- 0 FHIHAROR AP IHFREON RARAEY 388N thé FRESHKh the on-chip

laboratorys20 issivraeetae el afde (Dessenrataagpetan FrbrlbY pie@doess Jamalsastaialysis results of

the reacted blood sample 192. The microprocessor 211 is fHﬂP& d to the pr ol of IEEE 1451 standard,
which is a smacr?ﬁg%(s: u?:eera 5 r?t'ér%&% l%"er(}: m'\é)lgr%letDs sensorﬁng{\efvné?lg ?’g)egldwa\‘/oltage analogue
drivers 223 defeerddtsasivieebeatt Ecttbeunantd dge bidsdrsorOM 16emaB8y 1388122, 124, 126,

128, 130 accolipgieaedgtermines VaHes-Jesipnncl validaroaralepyeltivess 223 receives electronic

instruction known as sequence from the microprocessor 211 and generates voltages and currents to the
biosensors 116218 ctod epsh T3, tigs bEaOd) SRh e LEHRGELTMESH MR 8he Generation of
voltagesEhd ctorerdstT e ate doodethaulbilleadrsah ks tempestdbercordacislendsB02'a304", 306/,

contact lead for the resistance thermometers Vss 70".

A contact lead for connecting to a contact pad of the multi-
analysis cartridge 26 at the same location shares the refer-

15 ence number of the contact pad with an additional prime sym-
bol.

Each of these contact leads 302", 304", 306", 308", 312",
314", 3167, 318", 322", 3247, 326", 328", 3327, 334", 336",

20 338", 3427, 3447, 346", 348", 3527, 354", 356", 3587, 362",
364", 3667, 368", 372", 3747, 376", 378", 3827, 384", 386",
388", 64, 66", 68", 70" are connected to one of the contact
pads 302, 304, 306, 308, 312, 314, 316, 318, 322, 324, 326,
328, 332, 334, 336, 338, 342, 344, 346, 348, 352, 354, 356,

25 358, 362, 364, 366, 368, 372, 374, 376, 378, 382, 384, 386,
388, 64, 66, 68, 70 correspondingly when the multi-analysis
cartridge 26 is inserted into the pocket 107. Further mechan-
ical catches for snapping the multi-analysis cartridge 26 iIn-
to the pocket 107 are also provided, but not shown here.

30
Four blind pinholes 110 are provided In an area between the
protruding wall 106 and the pocket 107. The blind pinholes
110 are arranged in such a pattern that the four outer chemi-



308, 312', 314', 316', 318',322', 324', 326', 328', 332, 334", 336', 338', 342', 344',346', 348', 352', 354",
356,

28

cal reagent plungers 45 can be inserted into the four respec-
tive blind pinholes 110 simultaneously.

The portable base analyzer 28 also has three LED (light-

5 emitting-diode) light indicators 112 and a start button 114.
They are both located near a lower edge of the portable base
analyzer 28 in Figure 6. The LED light indicators have three
different colors, which are red, green and yellow.

10 Figure 7 depicts a schematic circuit diagram of electronic
components of the multi-analysis cartridge 26 of Figure 5.
The multi-analysis cartridge 26 comprises the eight biosen-
sors 116, 118, 120, 122, 124, 126, 128, 130 with their forty
contact pads 302, 304, 306, 308, 312, 314, 316, 318, 322,

15 324, 326, 328, 332, 334, 336, 338, 342, 344, 346, 348, 352,
354, 356, 358, 362, 364, 366, 368, 372, 374, 376, 378, 382,
384, 386, 386, 64, 66, 68, 70, a SIM card (Subscriber ldenti-
ty Module) 132, eight resistance thermometers 134, 136, 138,
140, 142, 144, 146, 148, the blood heater 150, a blood sample

20 temperature sensor 152, the EEPROM 154 and other electrical

connections.

The eight biosensors include the biosensor A 116, the biosen-
sor B 118, the biosensor C 120, the biosensor D 122, the bio-

25 sensor E 124, the biosensor F 126, the biosensor G 128 and
the biosensor H 130. The eight resistance thermometers eight
resistance thermometers 134, 136, 138, 140, 142, 144, 146,
148 include a resistance thermometer RA 134, a resistance
thermometer RB 136, a resistance thermometer RC 138, a re-

30 sistance thermometer RD 140, a resistance thermometer RH 142,
a resistance thermometer RG 144, a resistance thermometer RF
146, and a resistance thermometer RE 148.



358, 362", 364", 366', 368',372', 374", 376', 378, 382, 384", 386', 388', 64', 66',68',70' of the portable
base analyzer 28 to 30

10

15

20

25

30

29

The eight biosensors 116, 118, 120, 122, 124, 126, 128, 130
are placed at the eight waste reservoirs 90, 92, 94, 96, 98,
100, 102, 104 respectively. In detail, the biosensor A 116 is
located at the chemical waste reservoir 96; the biosensor B
118 is located at the blood waste reservoir 102; the biosen-
sor C 120 is located at the chemical waste reservoir 94; the
biosensor D 122 is located at the blood waste reservoir 100;
the biosensor E 130 is located at the chemical waste reser-
voir 90; the biosensor F 128 is located at the blood waste
reservoir 104; the biosensor G 126 is located at the chemical
waste reservoir 92; and the biosensor H 124 is located at the
blood waste reservoir 98.

Furthermore, the resistance thermometer RA 134 is arranged to
be contiguous to the chemical waste reservoir 96; the re-
sistance thermometer RB 136 is arranged to be contiguous to
the blood waste reservoir 102; the resistance thermometer RC
138 is arranged to be contiguous to the chemical waste reser-
voir 94; the resistance thermometer RD 140 is arranged to be
contiguous to the blood waste reservoir 100; the resistance
thermometer reference electrode 130 is arranged to be contig-
uous to the chemical waste reservoir 90; the resistance ther-
mometer RF 146 is arranged to be contiguous to the blood
waste reservoir 104; the resistance thermometer RG 144 is ar-
ranged to be contiguous to the chemical waste reservoir 92;
and the resistance thermometer RH 142 is arranged to be con-
tiguous to the blood waste reservoir 98. The resistance ther-
mometers 134, 136, 138, 140, 142, 144, 146, 148 are connected
in parallel such that each of resistance thermometers 134,
136, 138, 140, 142, 144, 146, 148 is connected between the
contact pad of Vcc 64 and the contact pad of Vss 70.



the low voltage analogue drivers 223,to the analogue digital converter of range one 217 and to the
analogue digital con- verter of range two 220. The electrode multiplexers 215 re- ceive electronic
instruction as sequence from the micropro- 37 cessor 211. The electrode multiplexers 215 cover several
spectrums of noise and voltage ranges, including #f& spectrums of the eight biosensors 116, 118, 120,
122, 124, 126, 128, 13Q, of the EEPROM memory 62, of the blood sample tem- 5 perature sensor 152,
and of the blodd ALSEr15H She BRAR U GRAF cbRIGRAL BPRRGE dré 245, FRR ARGk digtal
converter of rangeneen220cacdnitachapegue@igiat céavartdr theampnttaet 2i22iredeivesoltage and

electric 10curTopt VaHESIERRACRIASTYSASA Lo 1P 10Pnddf: fABedleddocying

measurement and translate them into digitized signals for the microprocessor 211. The power driver
225 enables bibHEIaMpREAESNY bl Yeddiy I8 desike e i FOBRAGE SeBuEnE@Signals to the

blood heager 15Ptdbrisigalicardgeedepepppniealst ebtainseipetael sigseals.agrequence from the
microprocessq wl. Th& i@]ﬁlrtcard %0 cgl%lader %ontroller 226 ggiu_ngﬁlg thelrﬁ'iglré%ﬁ)f the embedded SIM

card 132. AP at e connectéd 16 The on(-ec(:]l‘lif)l ago%%rnyefo feads Feferende YaresSrthe multi-analysis

cartridge 26 foeantityigleT 26 radding it Subjediad to shie Bheekaxpiesade fol asibigittalon-chip laboratory
20. connections between the SIM card 132 and the EEPROM memory

154 are not shown.
10
The blood heater 150 is in contact with the blood sample res-
ervoir 72. The blood heater 150 is connected between the con-
tact pad of Vcc 64 and the contact pad of Vss 70. In close
proximity with the blood heater 150, the blood sample temper-
15 ature sensor 152 is also located adjacent to the blood sample
reservoir 72. The blood sample temperature sensor 152 is a
resistance thermometer, which i1s also called resistance tem-
perature detectors (RTDs). Two leads of the blood sample tem-
perature sensor 152 are connected to the two contact pads 66,

20 68 of the multi-analysis cartridge 26.

Figure 8 depicts a physical structure of the blood sample
temperature sensor 152 of the multi-analysis cartridge 26 of
Figure 4. The blood sample temperature sensor 152 comprises a

25 platinum wire 156, two connection leads 158, two joints 160,
an insulator 162, and a sheath 164. The blood sample tempera-
ture sensor 152 is also known as a resistance thermometer or
a platinum resistance thermometer (PRT). The platinum wire
156 is formed into a loop and changes its electrical re-

30 sistance value when experiencing temperature variation. The
platinum wire 156 is enclosed and insulated for preventing
electric short-circuits. Two terminals of the platinum wire
156 are connected to the two connection leads 158 via the two



25 The flash drive memory 234 provides storage space for an operating system and application programs

of the on-chip laboratory 20. 30 The flash drive controller 232 receives electronic signals as sequence

from the microprocessor 211 and creates constants, references and response curves to the biosensors

116, 118, 120, 122, 124, 126, 128, 130. 38 The pdwer management circuit 229 regulates overall electric

power of various compaonents of the onl-]}cé\ip_l_l boratory 20. 5 Figiure 7 shows functions and interactions
A

of the electronkdoHpohRRtSEPRIGEE &Y BORRESE RO e 3RScHipaBEAtBR 20 is connected
to a Personal Gbikeluten(RE¢R38thaa HSE thble. dhe Resormt&brhputtdrGl€{edby\a oxild reader that

can read a megay,GEaMed PRLTOTA el aan! PHRLIA AN TRSmEmAnCcAdiRARs in the form

of a smart card. The biosensors 116, 118, 120, 122, 124, 126, 128, 130 provide voltage and current
signals to the p&fabd&dt 8RENSEr 28 B mdsithakidntd 67 e HOSRSHWRNGRE T DI sdiRare 242

communigatesewish dbe mesieide bpsadnalgee A3 engdranalyret etiS eedvegve epsinament values.

Analyzed resu nd the measurement vglues are_displayed o creen of the PC 238. The cycle of
faking measur R 5 B OSER T e L R Ao b0 6t BJS (Bienerds
predetermineddfmh®h&rersonatn&dion cheddd01si8rey e iMnsfiahechridly 3iBeintR0 acldlition to results

of a”_a_'ySiS his@élé_tTIBSd%E889'@8‘?GWYS1%%Wr%%ﬂ%@%ignﬁaeps&ﬁsaf%éﬁl Cyy ﬁ'_‘d setup
conditions of the biosensors 116, 118, 120, 122, 124, 126, 128, and 130. Constants of the biosensors

116, 25118, 126N BB ANGHesesthe RELHRWHIEBE tHeEEPROMMERDHES4. The constants
are furtheosendrta the B3 €B8fov£ontrellingsaldserue6ring of the on-chip laboratory 20. 30 In return,
the PC 238 gives instructions on inserting the actuators 22, 24 in order to release the chemical reagents

105 and the blood sample 71 from the fluidic reservoirs 72, 74, 76, 78, 80, 82, 84, 86, 88. The lab hub
software 242 drigigre 9 illustrates a resistance-temperature relationship of

the blood sample temperature sensor 152 of Figure 8. The re-
lationship between temperature and resistance is given by the

15 Callendar-Van Dusen equation, as shown graphically in the
Figure 9.

The Callendar-Van Dusen equation states that
R, = R,(1+ AT + BT?)
20

Here, Ry is a resistance value at temperature T; Rp IS a re-
sistance value at 0°C; constants of the equation for an alpha

value of 0.00385 platinum RTD are A=3.9083x10°°C™* and

B=-5.775x107°C?. Since the constant B is relatively small,

25 the resistance Ry changes almost linearly with the temperature
T. In Figure 9, the temperature and resistance relationship
is represented by a curve 166 within a two-dimensional Carte-
sian coordinate. The coordinate has a horizontal axis 168 in-
dicating the temperature T and a vertical axis 170 showing

30 the resistance Rr.



39 PC 238 communicates with an analysis sequencing electronic program on the portable base analyzer
28, which further controls the blood heater 150. 5 The PC 238 also reads the SIM card 132 in the process
of analysis. In fact, the PC 238 only performs the analysis after a valid manufacturing reference certificate
is found in the SIM card 132. The SIM card 132 pré%ides security and license control for using the on-chip
laboratory 20. 10 Figure 18 shows a personal health hub 244 usin ttﬁ?on-phi laboratory 20 of Figure 1.
The personal & ﬁuﬂ)%&%’r‘?‘npﬁsﬁwg%%oﬁg?c% AEr Bt ARSI MR Ih @ nd 240, and
the on-chip labick&tory 22D, TIRPonicp ldRsratd3820 130s cbnbleetetitiheaaRE1938 viacardSE cable. The

personal healt sgrted,int a I 8 jonvia a smart
card Interface.IE'I[':h?éﬁar;_ézrt‘())fr?glri hge%ljtér: ﬁub%ﬁ (igea%ilaé%é%sgeqé)(%ﬁlt{ﬁémﬁgﬁﬁgltﬁ?&egvgeﬁ%g% XML

(Extensible MarkBpW Yy Qe fdRediascR! the poinsdatibhd The 19171 8n ARGt stdifdard for
healthcare spegiiia-datexeliarge beivaaa pomputer applicatras. TBIe bitd wiareotde tep layer (that is
Level 7) of the t(%gl %%B(Er.lc%%s%gmg Iné%rcoggelgggn)elc er ll:ot_ocﬂlufeorig(glL(Jerhea]Iteh %p\lzlr%riment. The XM_L IS
a general-purpose specification for é?eaﬁng 5 custom mar h/p languages. Itis"C1a58fi8d as an extensible
language becdigenii aHd®sla dseliPdefin8 thd dhakrep efdmantn Heo XMt seahderdFaids information

systems in sha[ing siuctired dfareeiecizinya ?&'}‘tqfﬂﬂ 13 eREPEAPHRQUITBERISL ARgeserializing the
data. 30 The biosensors 116, 118, 120, 122, 124, 126, 128, 130 have electrochemical properties, which

are amperome$fiEd, pdiBntidntRiEd B et tiiE) Atdh AN NAh A Sl 8i%ikOB- €46 Boratory 20 can

adopt other tymaodengdis)fol 8alorirhetreoonitiez oe lentic coeadiié menta. $haaee spisors also use

electric currensy vgligges A0k IEQUERCiER A PUSANIAHIEUIR, S.TUE Aliehip BRIy 20 employs
ge e

the multi-analysis cartrid  that can be replaced in use. When in use, a test-finished multi-analysis
cartridge 26 wiit @ HfrdEaakfile 182%:ard bekbprdoed #hanbefersananaitiestagdr daieridge for a fresh

et 107 o L A e e B G oo mocket
pOC e 0 e portaple pase analyzer . e  newm I-an SIS cartri el u ed INnto e pOC e
P for the ol SRR o ER I FeETHS OO e T KA LB RERR oo of
chemicallfeagéﬁfsl(iS amdsdiﬁe_r@mypee ocbﬁesténs.n&liwb_lsrwﬂwarbat Instajled rwdtm_aPQ 238 for
carrying out thege AnabSaeliFet; Theveiaie e eashiniabaiay 2 63ade-ued fvsanying out a

variety of body fluid analysis, 20 including blood analysis. _
further has four parallel metal strips 188 that are perpen-

dicular and attached to the straight metal strip extension

186 in their middle. The isolation electrode 180 is a square
20 piece of metal sheet that has an extension. The four electri-

cal terminals 174, 176, 178, 180, the metal strip extensions

182, 184, 186 and the four parallel metal strips 188 are sur-

rounded by an enclosing metal strip 190 in the form of a

square. The enclosing metal strip 190 is connected to the ex-
25 tension that links to the isolation electrode 180.

Figure 11 depicts the biosensor A 116 of Figure 10 with a re-
acted blood sample 192 for analysis. Only two probes 193, 195
of the biosensor A 116 are shown and they are covered by a

30 pool of reacted chemical reagent 194. One of the probes 193
is made of silver and is joined to the reference electrode
176. The other probe 195 is made of gold that is joined to
the working electrode 178. Impedance value 196 i1s measured



The on-chip laboratory 20 employs a variety of sensors and their associated techniques. This is because
the portable base analyzer 28 is able to work with many multi-analysis 25 cartridges with different types of
sensors. The personal health hub 244 uses common communication protocols HL7 and XML with
universal data exchange formats so that the on-chi$laboratory 20 can be linked to a PC for analyzing 30

many elements in the blood sample 71, such as sodium, potassium, urea, blood urea nitrogen, creatinine
and glucose IEVERY A0 F48 HQBRSHE Tabd RoRPSS BY6 et 30 BRIMEHR! 1 Barrying wide
range of bloodaésptgmstdieioedhyabimraitrg Aacdied lichitatioratb spagéoteh3drdaand their

associated techiaER.d 17, PIRFLRRE thiCp bR mhA% 24P raR A npdanger restricted

to specific elec- tronic hardware to perform the measurements of interest. Common software that caters
for many type 9815 oHSaRbltARafRA ISR beasdfte HCRB ¥R H18 - the on-chip laboratory 20 can use
insulin specific biosensor and treatment unit for 10 Medtronic Diabetes treatment. The on-chip laboratory
20 can also reelacerEC (%!ﬁgtroc%rrgiq ram fr% ere\a/!atimaetrp(())nitolrjip eby2 détpn{% gmq%d_ded
pacemakers and Uhibriatra tReBh-¢ f%) a%oratory SR Substiut® BIodd Igomt of Use
disposable sesssisand\oftfe? gifcddguensadfs, whibloateprsal Sptisaneiesentehditigand, the variety

of blood analy§ig i dhRQN-¢0p RLIEYPEA 20:FaFhRe R58IEb¥P A dahening opdhe demands of

patients and hospitals. To a patient, the on-chip laboratory 20 can offer dedicated 20 blood sample
analysis to suiPfiEpafént SindRilSPh R SidrRRVSRGA LEoF BRaMN & oG ARERRE P Ihalysis of
P02-PCQR- pH98 CacCdsNattan heconcbisted 083N v hipdaoratory1A@ riaticectourene

multi-analysis id 6C e j 5fgK0 terest of t lpo 7] so that material
logistic can bei%r%%ligg Wit@é)séﬁl{gtéé%%%ét r%%c%gﬁs%‘#l}ce{%ét ﬁﬁ-ﬁ%%?at%ﬁaagr%@d ?gan receive fresh
blood sample ffdaBFemeviial)sikSnTesd @ 6o Yaihuges, the doctor can make decisions fast for the

benefits of patients. The 30 multi-analysis cartridge 26 also offers a large extendable

Figure 13 depicts a structure of one the resistance thermome-
15 ters 134, 136, 138, 140, 142, 144, 146, 148 of the multi-
analysis cartridge 26 of Figure 4. The structure 134 shows
the resistance thermometer RA 134 with four electrical termi-
nals 202, 204, 206, 208. The four terminals are, from top to
bottom in Figure 13, a counter electrode (CE) 202, a refer-
20 ence electrode (RE) 204, a working electrode (WE) 206, and an
isolation electrode (IE) 208. Each of these terminals 202,
204, 206, 208 has a square metal pad. A metal strip 210 in
zigzag form links the reference electrode 204 and the working
electrode 206 together. A square frame 212, which is a metal
25 strip, encloses the four terminals 202, 204, 206, 208 and the
metal strip 210. The resistance thermometer RA 134 is a thin
film temperature sensor whose electric voltage and current
values are measured at the working electrode 206. Other elec-
trodes, which include the counter electrode 202, the refer-
30 ence electrode 204, the isolation electrode 208 and the
square frame 212, are connected to the electrical ground
(GND) .



spectrum of options to pharmaceutical labs vendors without the requirement of reinvestment in material,
software design, user training and compatibility with the ULA Standard. 42 To pharmaceutical groups,
adoption of the multi-analysis cartridge 26 allows vendors to dedicate their effort in developing biosensor
related chemistry knowledge and biosensor 5 struéthres. The vendors can save their Investments in
developing readjn%tools ancilassociate electronic hardware, The vendors can also use market available

for their on-chip YdBbFatAeSHOUPaar ¥PINGIE SRUERIMERTATARETNE M cHR8abBratories. 10 To
medical commsingiesice|uhegniosertacel@piiniesgant gb8ermmstirbediet rkiated2bhealthcare, the

on-chip laborajory 20.gff36s &yipuliaalyaiscaridae 20 SiRMasd siesapi syl gonnections so

that multi-analysis cartridges 15 with different types of biosensors can be coupled to the same portable
base analyzer 8. 3}s BpRFesaNEan \alkase trAdYRa: RuEalied BEEMARA J&18 YREIES laboratory

tests. Large argpdbtebaestesiughan@ssoriatedarite the laboratry 20ats ean beexpegted. 20 The
on-chip Iabora%or and th grsonal heal&h hub 244 adopt the USE eliectroni% ommupnication protocol,
LTS, ThS Aahgane

axis epres .electric current values 0O e .
HL7 and XML rmats. This arrgngemen? i§ CORvENent 1o & ManGractite? who produces the on-chip

laboratory 20, b@tﬂ@%i@&nﬂ%&@@@d%@ﬁkﬁa?@@a@@dgét@.e'l' e heaiaufaetiedectnades concentrate
his effort of deyglpprieniap e fIRGLNIGREPYRSRSVGHFEA B VIR GSHI9I9a0ls derdata

exchanges. Efforts on providing hardware for data input and output are saved because a PC screen, an
universal keybdaFd Pssd %|@§Er367%!)nﬁ@éﬂéﬁ%’?&%gﬁiﬁ‘/"ﬁ%iIéﬁﬂ@ BPLEANghE LR S boratory
associatag sofagareandn tiecusedfto eelace ke titbelwvige4equired firmware. This approach provides an
affordable on-chip laboratory 20 with continuous upgrade possibility and 43 interoperability at low cost.
The SIM card 132 is utilized to control the access to the on-chip laboratory 20, for securing royalties to the
manufacturer Fdssd enlisild e bradiep (Aberdiefi stas qaretapEEAbIIeS EakAldeT ik a

Sen&i?0gdUCtObQ‘hiﬂﬁﬁith@g&@ﬁ%%@sﬁlléﬁﬁﬁ%ﬂ%@@frﬁ'At typgsofthe FgUFba'l@'ySiﬂféarﬁé?ge §6 Carll be
modified to accept other biosensors with_higher aor lower integration density. For example, the multi- 10
nalysis cartriGe S8 Ko R didRt & REbr UMANG A OF P LRt L WoFk-
15 i1ng electrode 206 divided by the electric current at the same
electrode. A horizontal axis 221 represents temperature val-
ues of the metal strip 210, whilst a vertical axis 213 repre-

sents resistance values of the metal strip 210.

20 A straight line 219 indicates that the metal strip 210 chang-
es its electric resistance in the presence temperature varia-
tion. In other words, the resistance variation of the thin
film temperature sensor RA 134 has a linear relationship with
its temperature variation. The thin film temperature sensor

25 RA 134 gives temperature indication in terms of resistance
changes occurred at the metal strip 210.

Figure 16 shows a block diagram of electronic components of
the on-chip laboratory 20 of Figure 1. In the diagram, rec-
30 tangular or square boxes represent specific electronic func-
tions or components of the on-chip laboratory 20. A line or a
cluster of lines electrical stands for electrical connections
made by wires or a bus. Some components and electrical con-



The on-chip laboratory 20 can be modified to have biosensors for analyzing other types of body fluids,
including amniotic 15 fluid surrounding a fetus, aqueous humour, bile, blood plasma, chyle, chyme,
interstitial fluid, lymph, menses, breast milk, mucus, pleural fluid, pus, saliva, sebum (skin oil), serum,
sweat, and urine, etc. 20 Figure 19 shows an assetbling method of the on-chip laboratory 20 of Figures

1. Four major components are depicted, which incl , from top tq pottom in Figure 19, the blood
sample actumtOPSS HieRo e 08 EAEH T RABR I3 18 iR BRI Ehaige 28 and the portabie
base analyzer&8abl€he theltireslgtisreztridga R6ne tiestly dGged Wakh,bld88 .saimple 182nd chemical

reagent 105 atlgfr@delgfrérjinfgsoqﬁ(%nﬁo'@q%g@?twlmk}rﬁngi% {fot,ghown) is later covered on top
A ) .

such that the blood sample 71 and chemical reagent 105 30 are sealed inside the chemical reagent
reservoirs 74, 76, 78, 80, 82, 84, 86, 88 and the blood sample reservoir 72. 44 The blood sample 71 and

chemical gagenetdyditied raulipanaiiss caitridgmabdtilber pbpagkinia deepsskether pf the portable
302, 35, 336 a0 H Ly SRR eIt AL T ol 0399 TS a7,
382, 384, 386,i386; 6 166,188, Tl artrondectednpaherfbayaiuhteoneadt BOm, 304'tBe6’, 308", 312/,
314', 316, 3133320 §24n 320 H0iy33¢ - 334arSSrR, 342 3o rdShaRdBs7a2. 90354, 356, 358"
362", 364", 366', 368', 372', 374", 376/,
yond the dash line.
10
In detail, the multi-analysis cartridge 26 comprises the
eight biosensors 116, 118, 120, 122, 124, 126, 128, 130, the
blood heater 150, the SIM card 132 and the EEPROM memory 154.
The eight biosensors 116, 118, 120, 122, 124, 126, 128, 130
15 are further connected to a microprocessor 211 via electrode
multiplexers 215, an analogue digital converter of range one
217, and an analogue digital converter of range two 220. Both
the analogue digital converter of range one 217 and the ana-
logue digital converter of range two 220 are controlled by
20 low voltage analogue drivers 223 and an analogue controller
224_. The blood heater 150 is connected to the microprocessor
211 via an analogue digital converter of range three 222,
which is further controlled by a power driver 225. The SIM
card 132 is connected to the microprocessor 211 and control-
25 ler by a smart card reader controller 226. The EEPROM memory
154 is connected to the microprocessor 211 and controller by

a memory controller 228.

The portable base analyzer 28 comprises a clock 227, a power
30 management circuit 229, a wired USB (Universal Serial Bus)
controller 230, a flash drive controller 232, a flash drive
memory 234, and a SRAM (Static Random Access Memory) 236. The
clock 227 is a clock generator that produces a timing signal



378', 382', 384", 386, 388', 64, 66', 68', 70' on the portable base analyzer 28 respectively. Subsequently,
the biosensor chemical actuator 24 is mounted 15 onto the portable base analyzer 28 that the four
locating pins of the biosensor chemical actuator 38 are Inserted into the four pinholes of the portable base
analyzer 110 respectively. When fully Inserted, theé3four outer chemical reagent plungers 45 and the four

inner chemical reagent plun%ers 4 20 are in c{%se groggj% \gith the Elas_tic membrane_30 on the
chemical reag& red&fvdits FNGBTIB184NE2 0%, 8668 'Ritd RPQIRTH BooPREN B QRtuator 22 is
mounted onto Tine bidksesisod cheenicabadtvaldrel4 .ZB2e icuisedtiby ptine ofhfiwaap tdoced sample actuator

34 are Inserted jyogp (que Blag Mintiles A{ALR BiRSRRSdiSFYCabactuptar 4Rl Biggmpan time, the

blood sample plunger 36 passes through the plunger hole of | iosensor chemical actuator 42 and
resides above YREPI&ticthe MY PO GRES gapl Bofekupd 2Pde PERCRSSASBg cHifnical reagent 105

from chengcalwgagantustservoity ¢ #1€6, Z8086n8B184, #he8dhochipsenapbealtiyayiopolntthe action, the
blood sample actuator 45 2r|rs1 ﬂ'eased down whi gauses the biosensor chemical actuator 24 to bend.

The inner cher%lcc%(?sr’gaSé(n eplungers(.e A% S outet chemics r'eoangse'nt plungers 45 reach the plastic
mem- brane 30 on the multi-analysis cartridge 26. Thereafter, 5 front ends of the inner chemical reagent

plungers 44 ang,the el HRsPaSah e 39eN NG BIssA 2 £OLRRINYM A CEBEBUGRIIR REERb IRSErvoirs 74, 76,

78, 80, 82, 84, 86, 88 respectively. As a result, the chemical reagent 105 are expelled from the chemical

reagent reservbli@¥ 217 as Aty &M B4l FROHBRR AL F ther] BAIESHGNAR BRERERLe fderlBirs 90, 92, 94,
96, 98, 100, 1@2 il@4% vigeftaidrpathka0hubhe bftasenser242 604 18na2PC 12Aeh24h&26n128, 130 are

ready for calibrgti rejp contact wi vingshepi chemical
waste reservoi%@g, g%sgﬁggé&Si,g‘teﬁ%h%e%t@ﬁé%%aaﬁlib?ra%%]n fﬁ{%ﬁéﬁﬁ?gﬁg‘ S%I{Paetor 22 is further
forced down sa&¥ tedsPeiiodd e sikgnahgerscatrdbsitito Kesbldsd sdnke reésaebad72. The blood
reaclions betugen e hement radant s e oo saple 71, HIe 21 Sopiets & method of blood
reactions between the chemic agent and the blood sample 71. Figure epicts, a method of bloo
analysis usingRﬁgg%qgﬁ?pqrgbﬁ%raﬂ%.lTﬁEa&g%Eéjﬂr %6 ri's%s%k??gQBErtErg’ﬂ%%?orp part explains
process fldw of nsgghteconsdip kboratm ey Hanauddiegtamn (s various phases of blood sample

analysis. The lower part describes interactions between hardware and software 242 of the on-chip

laboratory 20 during the various phases. i i
The Tow voltage analogue drivers 223 deliver sets of voltages

and electric current to the biosensors 116, 118, 120, 122,
124, 126, 128, 130 according to predetermined values. The low
20 voltage analogue drivers 223 receives electronic instruction
known as sequence from the microprocessor 211 and generates
voltages and currents to the biosensors 116, 118, 120, 122,
124, 126, 128, 130. Several drivers are provided for the gen-
eration of voltages and currents. The electrode multiplexers
25 215 connect the contact leads 302", 304", 306", 3087, 312°¢,
3147, 3167, 318", 3227, 324", 3267, 3287, 332", 334", 336",
338", 3427, 3447, 3467, 348", 3527, 3547, 356", 358", 3627,
364", 3667, 368", 3727, 374", 376", 3787, 382", 384", 386",
388", 64", 66", 68", 70" of the portable base analyzer 28 to
30 the low voltage analogue drivers 223, to the analogue digital
converter of range one 217 and to the analogue digital con-
verter of range two 220. The electrode multiplexers 215 re-

ceive electronic instruction as sequence from the micropro-



30 In the top part, the lab hub software 242 reads constants of the biosensors 116, 118, 120, 122, 124,
126, 128, 130 from the EPROM memory 154 and sends electronic sequencing flow to 46 lab hub
hardware, which includes the multi-analysis cartridge 26 and the portable base analyzer 28. There are
five phases (i.e. t1-t5) in a process of blood sam- 5 plc analysis. The five phases are explained in
conjunction with some of the fo Iowirbgﬁgigggur sin dﬁtail. The fiveé)hases include an injtialization phase tl,

a calibration pH&SE®S, &l -hetivifor? e RALEIRAGES BRagtI4CY 8" SEYR Ihhase t5. 10 Figure
22 lllustrates iispeatcdattings of tne etecteodbs/ofl hegeiosanges A 116 Hudnggh€heitispeation phase tl. In the

initialization phgsendhe ForRLETSIERIEOHS 209,45 Lefergnce plectiegdye 204,the wprkipgelectrode 206,
I ; ), ) "

and the Isola- 15 tion electrode 208 are all connected to GND (électrical ground) initially (i.e. t1=0

second). Figuré283 dépftts ok e thEGS N dMaRB LY réxing¥ oFise RIGAFb R¥Bd & f E8E8 hiosensor A 116

during a cglibrptigafrehass&drintbe calihtalian phaselhsdbliegdsampioactuator 22 is pressed down
such that the locating pins of the blood sample actuator 34 pushes the biosensor chemical actuator 24
lower accordingly. The front ends of the inner chemical reagent plungers 44 and the outer chemical
reagent plungdisessn8 knguasdied tath tensiedrhal edagamnaesendirl 74, Tbe78n8d 08RIE34, 86, 88

respectively. The GG FRRIIU LT aFasirPlaged 894 forerd ¥ie thashemisativgsgeservoirs 90,
92, 94, 96 and the blood waste reservoirs 98, 100, 102, 104 via the fluid communication network, which is

known as a 30FPENGEEEFIRT £iRAGE. Y RSerated Efetl¥tevsdtagsy adiIad Lfectrode 208
remains tonneaiet¢éo the &ANBs whilsh tHeheanliingezisorede BOS is18.ppleo, withdnel vt for the duration

of half second A dirst gieasysgment i hR0AUPE IREUBAES %124t 2%hen into dig-

itized signals for the microprocessor 211.

The power driver 225 enables blood sample heating by feeding
15 electric current and voltage sequence signals to the blood
heater 150.

The smart card reader controller 226 obtains electronic sig-
nals as sequence from the microprocessor 211. The smart card
20 reader controller 226 controls the reading of the embedded
SIM card 132. A PC that i1s connected to the on-chip laborato-
ry 20 reads reference values of the multi-analysis cartridge
26 for analysis. The reading is subjected to the check of li-
cense for using the on-chip laboratory 20.
25
The flash drive memory 234 provides storage space for an op-
erating system and application programs of the on-chip labor-
atory 20.

30 The flash drive controller 232 receives electronic signals as
sequence from the microprocessor 211 and creates constants,
references and response curves to the biosensors 116, 118,
120, 122, 124, 126, 128, 130.



5 208 for the output values in a first second. In the first second, both the counter electrode 202 and the
isolation electrode 208 have zero amperes. The working electrode 206 has an electric current value of
Iwel and the reference electrode 204 has no current output. A second measurement is tak- 10 en at a
following second of calibration phase t2. In the sec$hd measurement, the counter electrode 202, the
reference electrode 204, and the isolation electrode 208 remains connected to the GND, whilst the
working electrode 206 is supplied with two volt for the duration of half second. The sec- 150nd
measurement iakemnatrtheagiagendet 200y Qont 2289 268dul Htesuguenaldes lledhesecond

measurement,ﬁaﬁeqo%llte(lgtepg@gec%%oql;@rjﬁ%aélpntﬂgcgﬂggr%@, l'aa%jottt%?tr gresge electrode 204

have zero amperes. The working electrode 206 has an electric current value of lwe2. The second
measurement 20 also takes about half a second. The entire calibration phase t2 requires two seconds.

Figure 24 shows dijrét settisgsws therdessadead® ghiberbiotenner Al ihduemeanr-astivation phase t3.

In the activa- 25 tion phase t3_the blood ple actuator 22 is further drjven down such that the blood
sample plunger P RIRRES BE SAGHE Frdutbr AT SLL BB EoeAHy TS rbin chiFoF HEBIBa sample

plunger 36 ocdghes @t® bloatPsds pleonessrtelt TaadRegstndle GlvmidanpE@?) idBthe chemical
waste reservoir§ 3090488, 84p 98 anthieBIRGSHARSIELIFRFELY 8 P80 1A9s 192cAP4- FRgSR ACtions

complete a second stage fluid release. In the activation phase t3, the counter electrode 202, the reference
electrode 204 ERAthEGT05EBH AefFBaE ¥ 03LE A5NedsHSIGenad theHh. sHeAWERkA] electrode 206
is conneti@ed t@40e [Toiat fieeopit fonadradetarminadtesiotb Fiigoe A5 shegratsdéapdt. sattiags and output
readings on th rodes.48. of mQﬁﬁgso 11 ri n isitiog phase #4. In the acquisition
phase, the cou%fggée[i%ﬁlg%e@%z tﬁfi%a%r’efqrenbeie eétr% éj?g%gﬁd tgeg iSé‘I%{[eI)O %?é’cittégde 208 remain
connected to tHe Eégficangrstia e EomligiRe kb etRoliey Ratkrdtke 20858 cORAbYERY to?8ne point five

10 volt. Electrigglcuisariyeanirasare rkercapteseialrC1 Hpdrs & drradpeubbshecepunter electrode
202 and the isolation electrode 208 have no %I%%tr'cal currengou%put %he rﬁeferenfe electrode 204 stays
¥aSEct

with the GND TG thd WHkilg% Bl b8 prRIvidee &Alifet\VRlNES? "~
15

ceived measurement values. Analyzed results and the measure-
ment values are displayed on a screen of the PC 238. The cy-
cle of taking measurements and presenting results is repeated
till the number of cycles reaches a predetermined limit. The
Personal health card 240 stores results of the analysis, iIn

20 addition to results of analysis history.

The EEPROM memory 154 stores identifications, biosensors aba-
cus and setup conditions of the biosensors 116, 118, 120,
122, 124, 126, 128, and 130. Constants of the biosensors 116,

25 118, 120, 122, 124, 126, 128, 130 are also provided by the
EEPROM memory 154. The constants are further sent to the PC
238 for controlling and sequencing of the on-chip laboratory
20.

30 In return, the PC 238 gives instructions on inserting the ac-
tuators 22, 24 in order to release the chemical reagents 105
and the blood sample 71 from the fluidic reservoirs 72, 74,
76, 78, 80, 82, 84, 86, 88. The lab hub software 242 on the



15 Iwe. In the acquisition phase t4, the blood sample 71 and the chemical reagent 105 are fully mixed and
settled in the waste reservoirs 90, 92, 94, 96, 98, 100, 102, 104 for stabilized data acquisition. 20 Figure
26 shows input settings on the electrodes 48 of the biosensor A 116 during a standby phase t5. In the
standby phase t5, the counter electrode 202, the réference electrode 204, the working electrode 206 and

the isolation elegrﬁgg 208 are connected_to the GND, waiting for a next cycle of 25 blood sample

analysis. Figure pRALILE EahGTC W AT oRRAYEASe BRSUETG PhE WG X Bfosensor is the
biosensor B 118 t@rglucose tinee|poedsinbanbatsd henbibgzasolB,1 18 sch pfamarham peocometric 30

glucose sensog paped Qn.oyifass InvLeRilize¢dShitosan Film on Prussian Blue Layer with three

electrodes. Three out of the contact pads 50 of the multi-analysis cartridge 26 are connected to the three
electrodes of the biosensor B 118 respec- 49 tively. A fourth contact pad of the biosensor B 118 is left

unconnected amhe denZggea DR fehtRprerentng arkisalatem qlectrdepitiésdhethree contact pads

are a counter %Ire]gVog?SMS' a o(r:I%ing t%lgcrl_r) d%%?ooaqd a rée'tge'[lngg %I]ﬁgtrgﬁle PZSSZiSTha?fEhree electrodes
248, 250, 252 are conhacted to tree concentrié et sl¥ipg via three thin parérJ\ o TbRndCiive lines

respectively. Therhrey alddl saipshaeckucdmngemeaterepceviten tidadeda Oisn bovndirdd 254 connected
to the counter giRetroyip 243 JaR Wneriipd 2pk CARECed 1o Ha¢ NHkingeleriefetrP fd a middle ring

258 connected to the reference electrode 252. There are _five phases tl-t5 of operation under an AC
current for usiff§ BRE bRUEHSR! BF1g Usd tq e 8o inhaP RERERYYofe electrodes 50 of the

glucose hiwsensor 118 of Figure 27 during an initialization phase tl. In the initialization phase, the counter

electrode 248,&?@@%& gcg%&grgdggpg%%q_\q@ﬁgi%.elqﬁ%ogg z?% fé)%’gar&ﬂ éhgésé%ﬁgn electrode 256

are connected to I.e. electrical grounad) Initi t1=0 seco ure 29 input settings

and output reatiigy 8ttey/e 1@l s D betHe gilltd seedisssadoherd B Hiyle22# deRM25 ing a

calibration phasejt2edn i crbpabionIPase tiee blood sathdenatdaivs Rhisarressed pwn such that the

locati [ bl I tor 34 hes the bi hemi tuator 24 |
accorcingly. 1At EhcR B e AP cAERUEA VoL PP pil or A 118 SRS re- 30 agent

plungersi4b aredneerteddtitgtheocttdngidl rédgentceseriSits ¢4b¥6,. 78n80p82 s8#Ha36, 88 respectively.
The chemical ipagep 10510 HEFNEMIHL§ARNIESIVAE 44 chfd’ FeBRed2 8% 08 are forced into

the chemical waste i i )
the PC 238 for operation via a smart card interface. The per-

sonal health hub 244 is able to use both the HL7 (Health Lev-
el 7) and XML (Extensible Markup Language) standards for the

20 operation. The HL7 is an ANSI standard for healthcare specif-
ic data exchange between computer applications. The HL7 re-
fers to the top layer (that is Level 7) of the 0SI (Open Sys-
tems Interconnection) layer protocol for the health environ-
ment. The XML is a general-purpose specification for creating

25 custom markup languages. It is classified as an extensible
language because it allows a user to define the mark-up ele-
ments. The XML standard aids information systems in sharing
structured data, especially via the Internet to encode docu-
ments, and serializing the data.

30
The biosensors 116, 118, 120, 122, 124, 126, 128, 130 have
electrochemical properties, which are amperometrics, potenti-
ometrics and conductimetrics. Alternatively, the on-chip la-



50 reservoirs 90, 92, 94, 96 and the blood waste reservoirs 98, 100, 102, 104 via the fluid communication
network, which is a first stage fluid release. 5 In the calibration phase t2, there are two measurements
taken. In a first measurement, the counter electrode 248, the reference electrode 252, and the isolation
electrode 246 remains connected to the GND, whifé? the working electrode 250 is supplied with one volt
for the duration of twenty seconds. 10 A first measurement is taken at the electrodes 246, 248, 250, 252
for the output \%U@E.OI'F% Oreddusineht, ﬁﬁhéy&%ﬁuté?a%%Fr%d%%%ﬁarth@%&hﬁoﬂrelectrode 246
have zero amperezo@& heatorking etesaincaeiee P58 hathasetetrosonen latueistlvedlentd fiwe reference
electrode 252 tp Ft':ﬁﬁ@ . cﬂ@qmﬁﬂ,s ti %qlmp‘y in the calibration
phase t2. In thgasﬁe'f:%rr]%grhgéuremeﬁt,%%ecounter elet%%rag%g], the re%ﬁ%snce electsr'éde 252, and the
isolation electrode 246 remains connected to the GND, whilst the working electrode 250 is increased to
two volt fo therderasionc?G of habaraeeeyd 2o daiploiie apienten PlactEeta Y48stheaisolation electrode
246, and the rq{lgE%nce g'e:c%oegte 222 qggvilgg 210 e%{n ﬁres.eTh %\/oquiplg elegtroge t2550thas an electric
current value Of We2- igure 30°¢hotvs mp?ut Séettings of i elettrodes 5591 the g?ucose biosensor
118 of Figure Fanisingcamatvainapyiass tgamthedgetirfionighaddes thedslosanaheplélactuator 22 is
further driven dawnissichdhPLadEOmyeRh SE s bIpgs sRmple BB 6 essuRisaghe Rigod sample

reservoir 72 and 30 pushes out the blood sample 71 into the chemical waste reservoirs 90, 92, 94, 96 and
the blood wastE RGN 880 028y S84, FRisTERIRLAGNpIkBE dLssdaild Qfaﬂlﬁﬁufaurlﬂease. In the
activation@phagd tarthbycistenelecinge 248, itheunp lefggencefetecttdoe po2iket the7isolfition electrode

246 are connegied ' d 6 jS.cO d n int five volt for a period
of twenty secoﬁ%eg Mgﬁge 1%1?&&%%%&%1%&2%3@ e%n Sgﬁtp%{ﬁgsa%ﬁg%qaﬁﬁg g%é:%i—rodes 50 of the
glucose bioseAdhIDES 6 FRAHEPEHJEN’Y FhachFskRh pRdsd . IkhRe BRRIkitioNPhaRE, the counter
electrode 248 gnd theysference electrode 252 are respectively fed with electric current of Ice and Ire at
prede- 10 termined values. The isolation electrode 246 remains connected to the electrical ground. In
contrast, the working electrode 250 is connected to one volt. Output readings are taken at these
electrodd$50. Theleteil, the ldaraenélesioden?4d wigethearft@veeddiéfrode 5Ryhave affixed voltage of

half 15 a volt. ZRe 5elayop ciaeds g46hrp H?PFEP%?#‘E%'P%&’Q{Fr@eﬂ@&FQE’es%ﬁ%Bq\édes an

electric current value of Iwe. In the acquisition phase t4, the blood sample 71 and the chemical reagent
105 are fully niRdd¥aESsctied M5 Hd !/\%té"?egé}‘?/o'ﬁg BT Y2, G 96 NYPUBtNSEor stabilized 20
data acquisitioan&iges3 2 ei€pisie thd yelatinashipdretyvegieg bigosh ipvdlait aeosyr msponse of the
glucose biosensélor Jb18 8f g(i)gulrﬁ 2C7.'jl'rhe. relaga sglipvinrﬂge{orm fa iosgi\Ls]%r%srpaolnsst’a.curve 25 260 is
expressed a cHaR with & Norizontal axié 262 and averical axis GAP & horizontal axts 262 represents
glucose édnterneetimgebdiood smadiesis.-The vertical axis 264

The on-chip laboratory 20 employs a variety of sensors and

their associated techniques. This is because the portable

base analyzer 28 is able to work with many multi-analysis
25 cartridges with different types of sensors.

The personal health hub 244 uses common communication proto-
cols HL7 and XML with universal data exchange formats so that
the on-chip laboratory 20 can be linked to a PC for analyzing
30 many elements in the blood sample 71, such as sodium, potas-
sium, urea, blood urea nitrogen, creatinine and glucose lev-

els.



represents electric current response level at the working electrode 250. The biosensor response curve
260 provides an 30 indication of glucose content level in the blood sample 71 once an electric current
value is determined in the acquisition phase t4. The Ice reading (i.e. electric current value at the counter
electrode) is taken at a given Vre input value 52 (fé. voltage value at the reference electrode) and Vwe

input value (i.e; voltage value at the working electrode). The Ice reading is converted into the glucose
content lovel Cglua5E nabB8 SHiSFAtReRHREF L5452 0r GHAAHER Chl HARERT e EERGRe. Figure 33
shows input sdttngsaf tiya etectiattesrantpe giticb$eduodmstortyi st Fidwedv-dbmpg Iaastandby phase
19. In the standhyr RARS gNeele] FIFFRHRA* G hedeliind0 sarasiectiode gheifhe working

electrode 252 and the iSolation electrode 246 are connected to the GND, waiting for a next cycle of blood
sample analysRSSH AtRit SaH100@R-thENRuRLARENSA Sartt@ge 2Heart 48 bel éfher be molded or

machinedsy MBMS {Mroigigctrogechveical sysirjap) maltedstéfe ahysinat prasswperctuators in the
forms of the bl%qdnsiacmﬂlgr V\'I[g%ort%Z an(tj hlgmbi%%een%oerachuermical ctua'gor_ 2% can %e rgalaged electronic
micro-valves andror inen gas AlSvemeRts’ Some bissencors ﬁné‘?ré 1%, 1%, ?LE%S 24, 96, 128, 130 on
the multi-analyspncapftidgee2etbait beadeastivEred vtile driees remhdi aedvarupfbe lgealhe activation

ad deactivation,¢pg heypagiechauhREFOMGFecRARMIE EPRNRRTIHepineemPiRasian ofboth. 25 The

on-chip laboratory 20 can have extensions of architecture for more complex biosensors. The

multi-analysis E8frilge 24 HaveRsHRte PARBGERAY ol TeathsEh g it dRblex biosensor. 30
Figure 34@howsdtporidicleDahbetiosy undaifitewith abSoAJolvepsdldbenaltibus) @ableatD2. 53 The

portable laboray %6uP%@Qc@%?ﬁ%@&%@%ﬁé%%%ﬁ%ﬁii%? o “Pivd NRYBPHR has a

slidable tray 407 for receiving a cart Internal electri- cal terminal cohnector 410
for attaching t®¥hd'egikfiapd G RitkrMsad opTReMakKRI % 8 Had ahifeth b teis412h@hthrhas an push

button 413 thag ks phqupdrdtewe 3D, eaneflatreyelpsel ¢aieasEIdddNgs At4dfatiseshown in
Figure 34. The casing 4&304 also has a few LED Qe_irght Emitting Diode) light Rul s 415.
dispoSable sensors and oth glucose™sensors;, which are pro-
15 prietary. On the other hand, the variety of blood analysis of
the on-chip laboratory 20 can be scaled up or down depending

on the demands of patients and hospitals.

To a patient, the on-chip laboratory 20 can offer dedicated
20 Dblood sample analysis to suit the patient"s individual metab-
olism system. For example, synchronized analysis of P02-PCO2-

pH-K-Ca-Cl-Na can be conducted on an on-chip laboratory 20.

To a doctor, one multi-analysis cartridge 26 can be provided
25 for general iInterest of the blood sample 71 so that material
logistic can be simplified with associated cost reduction.
Since the on-chip laboratory 20 can receive fresh blood sam-
ple for real time analysis in less than two minutes, the doc-
tor can make decisions fast for the benefits of patients. The
30 multi-analysis cartridge 26 also offers a large extendable
spectrum of options to pharmaceutical labs vendors without
the requirement of reinvestment in material, software design,

user training and compatibility with the ULA Standard.



10 The cartridge module 409 comprises a multi-analyze cartridge 418 that is positioned next to and being
connected a portable analyzer 419. This is lllustrated in Figure 36. The multi-analyze cartridge 418 and
the portable analyzer 419 are en- 15 closed by an uppermost cover 421 and a lowermost cover 422.
Specifically, the uppermost cover 421 has a blood™ample opening 425 and several recesses 427. The
multi-analyze cartridge 418 has a blood sample reservoir 430 for receiving the 20 blood sample. It also
has several chemical reagent reservoirs 432, which are connected to the blood sample reservoir 430 via
fluid paths 434TaspiastnatszbibilEiglirg Bauhs adadmt ibima® fetbml mikiureaesbysas 436 that are

connected to tie glamisal ARSAL rESARIGKS 4372 ABdiiedbe HRRY PoTABPIE PaRUgk AF9-via the fluid

paths 434. The mixture reservoirs 436 have sensors that are connected to the analyzer 419. The analyzer
419 has electrit3® chagRshsaarkedoHREtENDIBERE B ssEa AR are HRSRIBHRA at the mixture

reservoirssA36sthecaetisal Tiieueam eanoantesby elewticalicnskeierst43§ o deedlosensors, as
illustrated in Fi(?éjre 39. Thgibios%gs rs an%the eledri%glbcir(iuits are not 54 shown in {_he Figure 39. The

analyzer 419 a 0 as's %rocn sor ANESFRRR |g(aree §5r0n1'k(1:e rp‘)‘?‘)Fta\%'f‘erﬁaborzgfeory unit 400 has

advantages of\ygodielity Sase\retabansigseaitkeh avadbbabieafon abdedan provitid phd analysis results
quickly.  In ong, imRISMIBRIEfIN. iR ANRY Z8h dr-Biasiavi it Rt RP Bikmeters anrbadangth of 80

millimeters. The hlood sample 1Q has a volume of about 10 to 100 microliter. In practice, the portable
laboratory unitAPis!GO 1 PrbSRting several blood analyses. The USE cable 402 is for transmitting
results ofithe blood analyses to a computing de- 15vice. The cartridge module 409 is used for receiving
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cartridge module retracting the cartridge mo e portab ratory unit 400

such that the c@¥FiHeRjetnRRileaonadatectritalyeshtberirto tHaeePhmedl kb ntlkedidA LW YThe terminal

connector 4107p UseHPs ransiitinaAalpkqlvegi-tia sadridge iiedulewdiiand agi gsternal computing
device. Moreover, 25 the caririd e module 409 is also used for anal Izinqcthe blood§§m§le. In particular,
af‘h% ) i

the cover 405 @gsgd(ﬁ?rrﬁa in ngrctﬁbo&f‘rtﬁ(?gg Jqie |416'9_ ﬁ1g°3f§5r|3 ns the plungers
15

with different types of biosensors can be coupled to the same
portable base analyzer 28. This approach can save the time
that is required for a third party chemical laboratory tests.
Large amount of cost reduction associated with the laboratory
tests can be expected.

20
The on-chip laboratory 20 and the personal health hub 244
adopt the USB electronic communication protocol, HL7 and XML
data formats. This arrangement is convenient for a manufac-
turer who produces the on-chip laboratory 20, accessories and

25 associated software packages. The manufacturer can thus con-
centrate his effort of development on the electronic hard-
ware, associated software, and protocols for data exchanges.
Efforts on providing hardware for data input and output are
saved because a PC screen, an universal keyboard, and a USB

30 connection are readily available for use. The on-chip labora-
tory associated software can be used to replace the otherwise
required firmware. This approach provides an affordable on-
chip laboratory 20 with continuous upgrade possibility and



30414 of the actuator unit 412 onto the recesses 427 of the cartridge module 409. In addition, the placing
actuates the chemical reagent reservoirs 432 to release and distribute its 55 different chemical reagents

such that the different chemical reagents fill a part of the fluid paths 434. A user uses the activation button
413 to actuate or to push 5 the blood sample resefsir 430 such that the blood sample distributes and fills

different parts of the fluid paths 434 and such that the distributed blood samples mjx with the different
chemical reagd RS HEPPLE I B ALl GOSEil T0E rc b GRE miard el S €936t he
biosensors arecosdatdd ntbaswecedsetof tie ddferent mitabves @ttty bRibd $ampseandithg chemical

reagent. The BAGRRRYUIIL P piended RadaisrainBa et ATIPleRd spmeleysipg these

measured values. 15 In addition, the analyzer 419 is used for transmitting and showing the result of the
blood sample. AHEABRIBY mple re- sults can be shown by using the LED light bulbs 415. The blood
sample results can also be transmitted via the electri- 20 cal terminal connector 410 and via the USE

cable 402 to th&extn?m%licomg tinq device. In c?%%eagrag gense a.separate actua}t‘or instf d of the cover

405, can be uset td actuaté tie Yhemica rr%rébe réservoire Z%E 1356 Orlg e%%g and to diktibute its

different chemiaal tei@g@nﬂ@.iQ'ﬁ@lmr@oleﬁaﬂ(iﬁ@_nﬁ(]mtmn haeenwbt hs;@a(_!!ﬁime, push button
413. One pushchyigen eashafEsh3a iY@ el shermiral SerepnisiosBhewil hgdiood sample for

a form several intermediate substances. The other push button can release a second plurality of chemical

reagents later i B0 Wit i ABLE IR R AR SRS anERY. 5&aH Broddie GiMHkageously allows
a two stage mixireg] which saraedeldjén 2értaiminbeleiastatidned tA naetdwmthoblagiagftbaportable

laboratory unitO@qgnd%-ﬁoggJ%%qgglow.

The on-chip laboratory 20 can be modified to have biosensors
for analyzing other types of body fluids, including amniotic
15 fluid surrounding a fetus, aqueous humour, bile, blood plas-
ma, chyle, chyme, interstitial fluid, lymph, menses, breast
milk, mucus, pleural fluid, pus, saliva, sebum (skin oil),

serum, sweat, and urine, etc.

20 Figure 19 shows an assembling method of the on-chip laborato-
ry 20 of Figures 1. Four major components are depicted, which
includes, from top to bottom in Figure 19, the blood sample
actuator 22, the biosensor chemical actuator 24, the multi-
analysis cartridge 26, and the portable base analyzer 28.

25
The multi-analysis cartridge 26 is firstly dosed with blood
sample 71 and chemical reagent 105 at predetermined posi-
tions. The plastic membrane 30 (not shown) is later covered
on top such that the blood sample 71 and chemical reagent 105

30 are sealed inside the chemical reagent reservoirs 74, 76, 78,
80, 82, 84, 86, 88 and the blood sample reservoir 72.



The method Includes a step of a user releasing the blood sample onto the cartridge module 409 via the
blood sample opening 425. Then, the cartridge module 409 is placed on the open 10 tray 407, as shown
in Figure 40. After this, the tray 407 closes such that the cartridge module 409 is electrically connected to
the terminal connector 410, as shown in Figure 4144 he cover 405 is later closed over the cartridge

module 409, as shown in Figure 35. 15 A user afterward activates the blgod analyses by pressing the
riah button 4 70T B SRR 2L (R GHSACLs 15 BUER trd Vo TR S 1S earidion module
409. This pushang tglersesaseterdgdiff2éentscharitap lemgeats Frdm thbeeppeke20 10€@ chemical reagent

reservoirs 432t@ep6ﬁg5q Ql%égg}péq )t&g;szgt}%%reﬂﬁgrieqlqgepgﬁ e&g@&tll%t%nd channels the

different mixture to the respective mixture feservoirs 436. The analyzer 419 then analyzes the different

mixtures using>3®Aued3t théWosettidrs3the artyzetF10 BtEr tradsd- 284lits Peults’6Pthe analyses for
display bysusirggthe BB, ligBdiulBsd 1534tcarsalso sagsmy4be resplis hahe biwd apalyses to a
computing device. Althoug ahqye riptjon copntains Jyych cificity, 3Q thes ould not be
construed as Ilérr%%hg éﬁg)%gofgtaé ’ednfggdirrgzr%ts gjt%me#(z?/’prgg%ngg #%Str%%%h (%giﬁé foreseeable
embodiments. ®spdifiallyothe dBove statedreikedades thehdenthodinrtrsthbaitlsoBba tonstrued as

limiting the scepg 57 ghthe erppdimepss bugmerelystpsexplgiigrossible-ackisyemesyg i the described
embodiments are put into practice. Thus, the scope of the embodiments should be determined by the

claims and theﬁzgquivﬁ%ts, r%l%ﬁér'th?‘c\‘loﬁéo'y tt‘?@éxan{%‘f@é 5g§/‘é4‘n'. 58 Hefersi® NufmSers 20on-chip

laboratoryd22bgsett sagiie acBER0, 3627, 364", 366", 368", 372", 374", 376",
378", 382", 384", 386", 388", 64", 66", 68", 70" on the port-
able base analyzer 28 respectively.

Subsequently, the biosensor chemical actuator 24 is mounted
15 onto the portable base analyzer 28 that the four locating
pins of the biosensor chemical actuator 38 are inserted into
the four pinholes of the portable base analyzer 110 respec-
tively. When fully inserted, the four outer chemical reagent
plungers 45 and the four inner chemical reagent plungers 44
20 are i1n close proximity with the plastic membrane 30 on the
chemical reagent reservoirs 74, 76, 78, 80, 82, 84, 86, 88.

Afterwards, the blood sample actuator 22 is mounted onto the
biosensor chemical actuator 24. The four locating pins of the
25 Dblood sample actuator 34 are inserted into the four blind
pinholes of the biosensor chemical actuator 40. In the mean
time, the blood sample plunger 36 passes through the plunger
hole of the biosensor chemical actuator 42 and resides above
the plastic membrane 30 with a gap.-
30
Figure 20 depicts releasing chemical reagent 105 from chemi-
cal reagent reservoirs 74, 76, 78, 80, 82, 84, 86, 88 for bi-
osensor calibration. In the action, the blood sample actuator
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brane 30 on the multi-analysis cartridge 26. Thereafter,

5 front ends of the inner chemical reagent plungers 44 and the
outer chemical reagent plungers 45 enter into the chemical
reagent reservoirs 74, 76, 78, 80, 82, 84, 86, 88 respective-
ly. As a result, the chemical reagent 105 are expelled from
the chemical reagent reservoirs 74, 76, 78, 80, 82, 84, 86,

10 88 and then entered into the waste reservoirs 90, 92, 94, 96,
98, 100, 102, 104 via fluidic paths 109. The biosensors 116,
118, 120, 122, 124, 126, 128, 130 are ready for calibration
when they are in contact with the arriving chemical reagent
105 at the chemical waste reservoirs 90, 92, 94, 96.

15
After the biosensor calibration, the blood sample actuator 22
is further forced down such that the blood sample plunger 36
enters into the blood sample reservoir 72. The blood sample
71 is expelled and enters iInto the waste reservoirs 90, 92,

20 94, 96, 98, 100, 102, 104, causing reactions between the

chemical reagent and the blood sample 71.

Figure 21 depicts a method of blood analysis using the on-
chip laboratory 20. The procedure comprises three parts. The
25 top part explains process flow of using the on-chip laborato-
ry 20. The middle part tells various phases of blood sample
analysis. The lower part describes interactions between hard-
ware and software 242 of the on-chip laboratory 20 during the
various phases.
30
In the top part, the lab hub software 242 reads constants of
the biosensors 116, 118, 120, 122, 124, 126, 128, 130 from
the EPROM memory 154 and sends electronic sequencing flow to
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There are fTive phases (i.e. tl-t5) in a process of blood sam-
5 ple analysis. The five phases are explained in conjunction
with some of the following Figures in detail. The five phases
include an initialization phase tl, a calibration phase t2,
an activation phase t3, an acquisition phase t4, and a
standby phase t5.
10
Figure 22 illustrates input settings of the electrodes of the
biosensor A 116 during the initialization phase tl. In the
initialization phase, the counter electrode 202, the refer-
ence electrode 204, the working electrode 206, and the isola-
15 tion electrode 208 are all connected to GND (electrical

ground) initially (i.e. t1=0 second).

Figure 23 depicts input settings and output readings of the
electrodes 48 of the biosensor A 116 during a calibration

20 phase t2. In the calibration phase, the blood sample actuator
22 is pressed down such that the locating pins of the blood
sample actuator 34 pushes the biosensor chemical actuator 24
lower accordingly. The front ends of the inner chemical rea-
gent plungers 44 and the outer chemical reagent plungers 45

25 are inserted into the chemical reagent reservoirs 74, 76, 78,
80, 82, 84, 86, 88 respectively. The chemical reagent 105 are
displaced and forced into the chemical waste reservoirs 90,
92, 94, 96 and the blood waste reservoirs 98, 100, 102, 104
via the fluid communication network, which is known as a

30 first stage fluid release.

In the calibration phase t2, there are two measurements tak-
en. In a First measurement, the counter electrode 202, the
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is supplied with one volt for the duration of half second. A
first measurement is taken at the electrodes 202, 204, 206,

5 208 for the output values iIn a first second. In the first
second, both the counter electrode 202 and the isolation
electrode 208 have zero amperes. The working electrode 206
has an electric current value of lwel and the reference elec-
trode 204 has no current output. A second measurement is tak-

10 en at a following second of calibration phase t2. In the sec-
ond measurement, the counter electrode 202, the reference
electrode 204, and the isolation electrode 208 remains con-
nected to the GND, whilst the working electrode 206 is sup-
plied with two volt for the duration of half second. The sec-

15 ond measurement is taken at the electrodes 202, 204, 206, 208
for the output values. In the second measurement, the counter
electrode 202, the i1solation electrode 208, and the reference
electrode 204 have zero amperes. The working electrode 206
has an electric current value of lwe2. The second measurement

20 also takes about half a second. The entire calibration phase

t2 requires two seconds.

Figure 24 shows input settings on the electrodes 48 of the
biosensor A 116 during an activation phase t3. In the activa-
25 tion phase t3, the blood sample actuator 22 is further driven
down such that the blood sample plunger 36 reaches the plas-
tic membrane 30. Subsequently, a front end of the blood sam-
ple plunger 36 occupies the blood sample reservoir 72 and ex-
pels the blood sample 71 into the chemical waste reservoirs
30 90, 92, 94, 96 and the blood waste reservoirs 98, 100, 102,
104. These actions complete a second stage fluid release. In
the activation phase t3, the counter electrode 202, the ref-
erence electrode 204 and the isolation electrode 208 are con-
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one point five volt for a predetermined period.

Figure 25 depicts input settings and output readings on the

5 electrodes 48 of the biosensor A 116 during an acquisition
phase t4. In the acquisition phase, the counter electrode
202, the reference electrode 204 and the isolation electrode
208 remain connected to the electrical ground. In contrast,
the working electrode 206 is connected to one point five

10 volt. Electrical current readings are taken at these elec-
trodes 48. As a result, the counter electrode 202 and the
isolation electrode 208 have no electrical current output.
The reference electrode 204 stays with the GND value and the
working electrode 206 provides an electric current value of

15 lwe. In the acquisition phase t4, the blood sample 71 and the
chemical reagent 105 are fully mixed and settled in the waste
reservoirs 90, 92, 94, 96, 98, 100, 102, 104 for stabilized

data acquisition.

20 Figure 26 shows input settings on the electrodes 48 of the
biosensor A 116 during a standby phase t5. In the standby
phase t5, the counter electrode 202, the reference electrode
204, the working electrode 206 and the isolation electrode
208 are connected to the GND, waiting for a next cycle of

25 Dblood sample analysis.

Figure 27 depicts a schematic diagram of a glucose biosensor.
The glucose biosensor is the biosensor B 118 for glucose lev-
el measurement. The biosensor B 118 is a planar amperometric
30 glucose sensor based on oxidase immobilized Chitosan Film on
Prussian Blue Layer with three electrodes. Three out of the
contact pads 50 of the multi-analysis cartridge 26 are con-
nected to the three electrodes of the biosensor B 118 respec-
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5 The three contact pads are a counter electrode 248, a working
electrode 250 and a reference electrode 252. The three elec-
trodes 248, 250, 252 are connected to three concentric metal
strips via three thin parallel connective lines respectively.
The three metal strips form concentric rings, which includes

10 an outer ring 254 connected to the counter electrode 248, an
inner ring 256 connected to the working electrode 250 and a
middle ring 258 connected to the reference electrode 252.
There are five phases tl-t5 of operation under an AC current
for using the biosensor B 118.

15
Figure 28 shows input settings of the electrodes 50 of the
glucose biosensor 118 of Figure 27 during an initialization
phase tl. In the initialization phase, the counter electrode
248, the reference electrode 252, the working electrode 250,

20 and the isolation electrode 256 are connected to GND (i.e.

electrical ground) initially (i.e. t1=0 second).

Figure 29 depicts input settings and output readings of the
electrodes 50 of the glucose biosensor 118 of Figure 27 dur-
25 1ng a calibration phase t2. In the calibration phase, the
blood sample actuator 22 is pressed down such that the locat-
ing pins of the blood sample actuator 34 pushes the biosensor
chemical actuator 24 lower accordingly. The front ends of the
inner chemical reagent plungers 44 and the outer chemical re-
30 agent plungers 45 are inserted into the chemical reagent res-
ervoirs 74, 76, 78, 80, 82, 84, 86, 88 respectively. The
chemical reagent 105 in the chemical reagent reservoirs 74,
76, 78, 80, 82, 84, 86, 88 are forced into the chemical waste
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100, 102, 104 via the fluid communication network, which is a
first stage fTluid release.

5 In the calibration phase t2, there are two measurements tak-
en. In a Ffirst measurement, the counter electrode 248, the
reference electrode 252, and the isolation electrode 246 re-
mains connected to the GND, whilst the working electrode 250
is supplied with one volt for the duration of twenty seconds.

10 A first measurement is taken at the electrodes 246, 248, 250,
252 for the output values. In the measurement, both the coun-
ter electrode 248 and the isolation electrode 246 have zero
amperes. The working electrode 250 has an electric current
value of Iwel and the reference electrode 252 has no output

15 taken. A second measurement is taken subsequently in the cal-
ibration phase t2. In the second measurement, the counter
electrode 248, the reference electrode 252, and the i1solation
electrode 246 remains connected to the GND, whilst the work-
ing electrode 250 is iIncreased to two volt for the duration

20 of half a second. In detail, the counter electrode 248, the
isolation electrode 246, and the reference electrode 252 pro-
vide zero amperes. The working electrode 250 has an electric
current value of lwe2.

25 Figure 30 shows iInput settings of the electrodes 50 of the
glucose biosensor 118 of Figure 27 during an activation phase
t3. In the activation phase t3, the blood sample actuator 22
is further driven down such that a front end of the blood
sample plunger 36 occupies the blood sample reservoir 72 and

30 pushes out the blood sample 71 into the chemical waste reser-
voirs 90, 92, 94, 96 and the blood waste reservoirs 98, 100,
102, 104. This action completes a second stage fluid release.
In the activation phase t3, the counter electrode 248, the
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the electrodes 50 of the glucose biosensor 118 of Figure 27
during an acquisition phase t4. In the acquisition phase, the
counter electrode 248 and the reference electrode 252 are re-
spectively fed with electric current of Ice and Ire at prede-

10 termined values. The isolation electrode 246 remains connect-
ed to the electrical ground. In contrast, the working elec-
trode 250 is connected to one volt. Output readings are taken
at these electrodes 50. In detail, the counter electrode 248
and the reference electrode 252 have a fixed voltage of half

15 a volt. The isolation electrode 246 has no output and the
working electrode 250 provides an electric current value of
Iwe. In the acquisition phase t4, the blood sample 71 and the
chemical reagent 105 are fully mixed and settled in the waste
reservoirs 90, 92, 94, 96, 98, 100, 102, 104 for stabilized

20 data acquisition.

Figure 32 depicts the relationship between glucose level and
sensor response of the glucose biosensor 118 of Figure 27.
The relationship in the form of a biosensor response curve

25 260 i1s expressed a chart with a horizontal axis 262 and a
vertical axis 264. The horizontal axis 262 represents glucose
content level in the blood sample 71. The vertical axis 264
represents electric current response level at the working
electrode 250. The biosensor response curve 260 provides an

30 indication of glucose content level in the blood sample 71
once an electric current value is determined In the acquisi-
tion phase t4. The lIce reading (i.e. electric current value
at the counter electrode) is taken at a given Vre input value
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(i.e. voltage value at the reference electrode) and Vwe input
value (i.e. voltage value at the working electrode). The Ice
reading Is converted into the glucose content level Cglucose
based on predetermined abacus or mathematical transfer func-

tions.

Figure 33 shows input settings of the electrodes of the glu-
cose biosensor 118 of Figure 27 during a standby phase t5. In
the standby phase t5, the counter electrode 248, the refer-
ence electrode 252, the working electrode 252 and the isola-
tion electrode 246 are connected to the GND, waiting for a

next cycle of blood sample analysis.

The fluidic paths 109 on the multi-analysis cartridge 26 can
be either be molded or machined by MEMS (Micro-
electromechanical systems) methods. The physical pressure ac-
tuators iIn the forms of the blood sample actuator 22 and the
biosensor chemical actuator 24 can be replaced electronic mi-
cro-valves and/or inert gas movements. Some biosensors 116,
118, 120, 122, 124, 126, 128, 130 on the multi-analysis car-
tridge 26 can be deactivated while others remain activated
for use. The activation ad deactivation can be carried out by
software, hardware connection or iIn combination of both.

The on-chip laboratory 20 can have extensions of architecture
for more complex biosensors. The multi-analysis cartridge 26
can have expanded electronic circuit for managing the complex

biosensor.

Figure 34 shows a portable laboratory unit 400 with a USB
(Universal Serial Bus) cable 402.
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The portable laboratory unit 400 includes a portable casing
404 with a cover 405. The casing 404 has a slidable tray 407
for receiving a cartridge module 409 and an internal electri-
cal terminal connector 410 for attaching to the cartridge
module 409. The cover 405 has an actuator unit 412, which has
an push button 413 that is shown in Figure 35, as well as
several protrusions or plunger 414 that is shown in Figure
34. The casing 404 also has a few LED (Light Emitting Diode)
light bulbs 415.

The cartridge module 409 comprises a multi-analyze cartridge
418 that is positioned next to and being connected a portable
analyzer 419. This is illustrated in Figure 36. The multi-
analyze cartridge 418 and the portable analyzer 419 are en-
closed by an uppermost cover 421 and a lowermost cover 422.

Specifically, the uppermost cover 421 has a blood sample
opening 425 and several recesses 427. The multi-analyze car-
tridge 418 has a blood sample reservoir 430 for receiving the
blood sample. It also has several chemical reagent reservoirs
432, which are connected to the blood sample reservoir 430
via fluid paths 434, as illustrated in Figure 37. In addi-
tion, i1t has several mixture reservoirs 436 that are connect-
ed to the chemical reagent reservoirs 432 and to the blood
sample reservoir 430 via the Tluid paths 434. The mixture
reservoirs 436 have sensors that are connected to the analyz-
er 419.

The analyzer 419 has electrical circuits that are connected
to the biosensors that are positioned at the mixture reser-
voirs 436. The electrical circuits are connected by electri-
cal conductors 438 to the biosensors, as illustrated in Fig-

ure 39. The biosensors and the electrical circuits are not
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shown in the Figure 39. The analyzer 419 also has a processor
437, as i1llustrated in Figure 39.

The portable laboratory unit 400 has advantages of providing
5 several analyses in an outdoor situation and can provide the

analysis results quickly.

In one implementation, the analyzer 419 has a width of 50
millimeters and a length of 80 millimeters. The blood sample
10 has a volume of about 10 to 100 microliter.

In practice, the portable laboratory unit 400 is used for
providing several blood analyses. The USB cable 402 is for
transmitting results of the blood analyses to a computing de-

15 vice.

The cartridge module 409 is used for receiving the blood sam-
ple from syringe via the blood sample opening 425. The tray
407 1s used for receiving the cartridge module 409 and for

20 retracting the cartridge module 409 into the portable labora-
tory unit 400 such that the cartridge module 409 is electri-
cally connected to the terminal connector 410. The terminal
connector 410 i1s used for transmitting data between the car-
tridge module 409 and an external computing device. Moreover,

25 the cartridge module 409 i1s also used for analyzing the blood

sample.

In particular, the cover 405 is used for placing over the
cartridge module 409. The placing also positions the plungers
30 414 of the actuator unit 412 onto the recesses 427 of the
cartridge module 409. In addition, the placing actuates the
chemical reagent reservoirs 432 to release and distribute its
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different chemical reagents such that the different chemical
reagents Till a part of the fluid paths 434.

A user uses the activation button 413 to actuate or to push

5 the blood sample reservoir 430 such that the blood sample
distributes and fills different parts of the fluid paths 434
and such that the distributed blood samples mix with the dif-
ferent chemical reagents.

10 The different mixtures also fill the respective mixture res-
ervoirs 436. The biosensors are used to measure values of the
different mixtures of the blood sample and the chemical rea-
gent. The processor 437 is intended for determining a result
of the blood sample using these measured values.

15
In addition, the analyzer 419 is used for transmitting and
showing the result of the blood sample. The blood sample re-
sults can be shown by using the LED light bulbs 415. The
blood sample results can also be transmitted via the electri-

20 cal terminal connector 410 and via the USB cable 402 to the

external computing device.

In a general sense, a separate actuator, instead of the cover
405, can be used to actuate the chemical reagent reservoirs
25 432 to release and to distribute i1ts different chemical rea-

gents.

The portable laboratory unit 400 can have two, instead of
one, push button 413. One push button can release a first
30 plurality of chemical reagents to mix with the blood sample
for a form several intermediate substances. The other push
button can release a second plurality of chemical reagents
later to mix with the respective intermediate substances.
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This process advantageously allows a two stage mixing which

is needed iIn certain implementations.

A method of using the portable laboratory unit 400 is de-

scribed below.

The method includes a step of a user releasing the blood sam-
ple onto the cartridge module 409 via the blood sample open-
ing 425. Then, the cartridge module 409 is placed on the open
tray 407, as shown in Figure 40. After this, the tray 407
closes such that the cartridge module 409 is electrically
connected to the terminal connector 410, as shown in Figure
41. The cover 405 is later closed over the cartridge module
409, as shown in Figure 35.

A user afterward activates the blood analyses by pressing the
push button 413. The pressing causes the plungers 414 to push
the recesses 427 of the cartridge module 409. This pushing
releases several different chemical reagents from the respec-
tive chemical reagent reservoirs 432, releases the blood sam-
ple to mix with the released chemical reagents, and channels
the different mixture to the respective mixture reservolirs
436. The analyzer 419 then analyzes the different mixtures
using values of the biosensors. The analyzer 419 later trans-
mits results of the analyses for display by using the LED
light bulbs 415. It can also transmit the results of the
blood analyses to a computing device.

Although the above description contains much specificity,
these should not be construed as limiting the scope of the
embodiments but merely providing illustration of the foresee-
able embodiments. Especially the above stated advantages of
the embodiments should not be construed as limiting the scope
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of the embodiments but merely to explain possible achieve-
ments iIf the described embodiments are put into practice.
Thus, the scope of the embodiments should be determined by
the claims and their equivalents, rather than by the examples

5 given.
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Reference Numbers

20
22
24
26
28
30
32
33
34
36
38
40
42
44
45
46
47
64
64"
66
66"

68
68"

70
70"
71
72
74
76

on-chip laboratory

blood sample actuator

biosensor chemical actuator

multi-analysis cartridge

portable base analyzer

plastic membrane

base portion of the portable base analyzer

base portion of the blood sample actuator

locating pin of the blood sample actuator

blood sample plunger

locating pin of the biosensor chemical actuator
pinhole of the biosensor chemical actuator

plunger hole of the biosensor chemical actuator
inner chemical reagent plunger

outer chemical reagent plunger

base portion of the biosensor chemical actuator
base portion of the multi-analysis cartridge
contact pad of the resistance thermometers Vcc
contact lead for the resistance thermometers Vcc
contact pad of the blood sample temperature sensor
contact lead for the blood sample temperature sen-
sor

contact pad of the blood sample temperature sensor
contact lead for the blood sample temperature sen-
sor

contact pad of the resistance thermometers Vss
contact lead for the resistance thermometers Vss
blood sample

blood sample reservoir

chemical reagent reservoir

chemical reagent reservoir
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78 chemical reagent reservoir
80 chemical reagent reservoir
82 chemical reagent reservoir
84  chemical reagent reservoir
5 86 chemical reagent reservoir
88 chemical reagent reservoir
90 chemical waste reservoir
92 chemical waste reservoir
94  chemical waste reservoir
10 96 chemical waste reservoir
98 blood waste reservoir
100 blood waste reservoir
102 blood waste reservoir
104 blood waste reservoir
15 105 chemical reagent
106 protruding wall
107 pocket
109 fluidic paths
110 pinhole of the portable base analyzer
20 112 LED light indicator
114 start button
116 biosensor A
118 biosensor B or glucose biosensor
120 biosensor C
25 122 biosensor D
124 biosensor H
126 biosensor G
128 biosensor F
130 biosensor E
30 132 SIM card or smart card
134 resistance thermometer RA
136 resistance thermometer RB
138 resistance thermometer RC
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140 resistance thermometer RD
142 resistance thermometer RH
144 resistance thermometer RG
146 resistance thermometer RF
5 148 resistance thermometer RE
150 blood heater
152 blood sample temperature sensor
154 EEPROM memory
156 platinum wire

10 158 connection leads

160 joints

162 rectangular-shaped envelope or insulator

164 sheath

166 curve of the temperature and resistance relation-
15 ship

168 horizontal axis

170 vertical axis

172 structure of the biosensor

174 counter electrode
20 176 reference electrode

178 working electrode

180 1isolation electrode

182 straight metal strip extension

184 straight metal strip extension
25 186 straight metal strip extension

188 parallel metal strips

190 enclosing metal strip

192 reacted blood sample

194 pool of reacted chemical reagent
30 196 i1mpedance

198 voltage potential

200 curve of the voltage and impedance relationship

202 counter electrode
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204
206
208
210
211
212
213
214
215
216
217
218
219

220
221
222
223
224
225
226
227
228
229
230
232
234
236
238
240
242
244
246
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reference electrode

working electrode

isolation electrode

metal strip

microprocessor

square frame

vertical axis

straight line of voltage-current relationship
electrode multiplexers

horizontal axis of voltage values
analogue digital converter of range one
vertical axis of electric current values
straight line indicating electric resistance chang-
es in the presence temperature variation
analogue digital converter of range two
horizontal axis

analogue digital converter of range three
low voltage analogue drivers

analogue controller

power driver

smart card reader controller

clock

memory controller

power management circuilt

wired USB controller

flash drive controller

flash drive memory

Static Random Access Memory

Personal Computer

Personal Health card or pH2

lab hub software

personal health hub

isolation electrode



64 372' first contact lead for the biosensor H 374 second contact pad of the biosensor H 374' second
contact lead for the biosensor H 376 third contact pad of the biosensor H 5376' third contact lead for the
biosensor H 378 fourth contact pad of the biosensor H 378' fourth contact lead for the biosensor H 382
first contact pad of the cartridge ID EEPROM menfary 382" first contact lead for the cartridge ID EEPROM
10memory 384 second contact pad of the cartridge ID EEPROM memory 384" second contact lead for the
cartridge ID EEPROI@I%en‘F&?'%&%ere SRt pad of the cartridge ID EEPROM memory 386" third
contact lead for the c2i0idgeocliEk BiP ROAM treaiery 388 fourth contact pad of the cartridge ID EEPROM
memory 252 reference electrode
254 outer ring
5 256 i1nner ring
258 middle ring
260 biosensor response curve
262 horizontal axis
264 vertical axis
10 302 first contact pad of the biosensor A
302" first contact lead for the biosensor A
304 second contact pad of the biosensor A
304" second contact lead for the biosensor A
306 third contact pad of the biosensor A
15 306" third contact lead for the biosensor A
308 fourth contact pad of the biosensor A
308" fourth contact lead for the biosensor A
312 first contact pad of the biosensor B
312" first contact lead for the biosensor B
20 314 second contact pad of the biosensor B
314" second contact lead for the biosensor B
316 third contact pad of the biosensor B
316" third contact lead for the biosensor B
318 fourth contact pad of the biosensor B
25 318" fourth contact lead for the biosensor B
322 first contact pad of the biosensor C
322" first contact lead for the biosensor C
324 second contact pad of the biosensor C
324" second contact lead for the biosensor C
30 326 third contact pad of the biosensor C
326" third contact lead for the biosensor C
328 fourth contact pad of the biosensor C

328" fourth contact lead for the biosensor C



20388' fourth contact lead for the cartridge ID EEPROM memory 400 portable laboratory unit 402 USE
(Universal Serial Bus) cable 404 casing 25405 cover 407 tray 409 cartridge module 410 electrical
terminal connector 412 actuator unit 30413 activation button 414 plunger 415 light bulb 418 multi-analyze
cartridge 65 419 portable analyzer 421 uppermosf8over 422 lowermost cover 425 blood sample
opening 332 first contact pad of the biosensor D
332" first contact lead for the biosensor D
334 second contact pad of the biosensor D
334" second contact lead for the biosensor D
5 336 third contact pad of the biosensor D
336" third contact lead for the biosensor D
338 fourth contact pad of the biosensor D
338" fourth contact lead for the biosensor D
342 first contact pad of the biosensor E
10 342" first contact lead for the biosensor E
344 second contact pad of the biosensor E
344" second contact lead for the biosensor E
346 third contact pad of the biosensor E
346" third contact lead for the biosensor E
15 348 fourth contact pad of the biosensor E
348" fourth contact lead for the biosensor E
352 first contact pad of the biosensor F
352" first contact lead for the biosensor F
354 second contact pad of the biosensor F
20 354" second contact lead for the biosensor F
356 third contact pad of the biosensor F
356" third contact lead for the biosensor F
358 fourth contact pad of the biosensor F
358" fourth contact lead for the biosensor F
25 362 first contact pad of the biosensor G
362" first contact lead for the biosensor G
364 second contact pad of the biosensor G
364" second contact lead for the biosensor G
366 third contact pad of the biosensor G
30 366" third contact lead for the biosensor G
368 fourth contact pad of the biosensor G
368" fourth contact lead for the biosensor G
372 first contact pad of the biosensor H



5427 recess 430 blood sample reservoir 432 chemical reagent reservoir 434 fluid path 436 mixture
reservoir 10437 processor 438 conductor 66 Claims 1. A laboratory (400) comprising a portable casing
(404) comprising 5a tray unit (407) for receiving a cartridge (409), the cartridge (409) comprising an
analyte reservoir (430) for receiving an analyte fluféf* at least one chemical reagent reservoir (432)
10for storing at least one cttemical re%%ent f|Liid, gn? at least %n.e channel (434) connecting the at least

r ﬁlyc?Fé

one chemical reagent fésel/blr 432 Widtthe's ot Y4365'HE channel 15(434) comprising a
measurement area (434), tse copaswentaatupEdenfatdee (436)semaprises a sensor, an actuator unit
(405, 412) 374" second contact lead for the biosensor H

376 third contact pad of the biosensor H
5 376" third contact lead for the biosensor H

378 fourth contact pad of the biosensor H

378" fourth contact lead for the biosensor H

382 first contact pad of the cartridge ID EEPROM memory

382" first contact lead for the cartridge ID EEPROM

10 memory
384 second contact pad of the cartridge 1D EEPROM
memory
384" second contact lead for the cartridge ID EEPROM
memory
15 386 third contact pad of the cartridge ID EEPROM memory
386" third contact lead for the cartridge ID EEPROM
memory
388 fourth contact pad of the cartridge 1D EEPROM
memory
20 388" fourth contact lead for the cartridge ID EEPROM
memory

400 portable laboratory unit
402 USB (Universal Serial Bus) cable

404 casing
25 405 cover
407 tray

409 cartridge module
410 electrical terminal connector
412 actuator unit
30 413 activation button
414 plunger
415 light bulb
418 multi-analyze cartridge



for reducing the volume of the analyte reser- 20voir (430) and for reducing the volume of the at least one
chemical reagent reservoir (432), an analyzer unit (419) for measuring a physical value in the
measurement area (436) using the sensor, 25and a communication unit (402, 415, 438) for outputting
the physical value. 2. The laboratory (400) of clain2, wherein 30the measurement area comprises a
mixture reservoir (436). 3.The labpratory (20) of claim 1 or 2, wherein 67 the actuator unit comprises an
analyte actuator (72)5mt aRHeHRRAFr Zfttuator (24). 4. The laboratory (400) of one of the
aforementioned 5cla#ad, whepemtlos tictuater unit comprises a push area (413) for manual actuation by a
user of the laboratory, 400); &,d AedaporgLy-(400) of one of the aforementioned 10claims, wherein the

tray is provided as a movable tray. 6. The laboratory (20) of one of the aforementioned claims, wherein
425 Dblood sample opening

5 427 recess
430 blood sample reservoir
432 chemical reagent reservoir
434 fTluid path
436 mixture reservoir
10 437 processor
438 conductor



15the cartridge (26) further comprises at least one waste analyte reservoir (98-104) and at least one
chemical waste reservoir (90-96), the at least one waste analyte reservoir (98-104) and the at least one
chemical reagent waste reservoir (90-96) are connected to the analyte re- 20servoir (72) and to the at
least one chemical reagent reservoir (74-88) via tffat least one channel (109). 7. The laboratory (20) of
one of the aforementioned claims, wherein 25the cartridge (26) further comprises a heater (150) for
heating the angﬁé'ﬁﬁid (71, 105). 8. The laboratory (20) of one of the aforementioned claims, wherein
30the cartridge (26) further comprises a temperature sen- sor (134-148, 152) for monitoring a

temperature of;the agalyg&)gggtg,]y 1@@()?80%“{9}@ agorlyo(,zpatg)ign@a%fitng Q&@entioned claims,

! g
wherein the communication unit comprises a Subscri%)qer(%{dentlty Module (SIM) card interface. 5 10. A
personal health hub @¥'cbmplsing  a laboratory (20) of one of the aforementioned claims,

a computipg device (238) canegalinaiid the faroyaffioryd@ivang a adlavwaelg@4Quacoessible by the
computing device (Z%@efo(r:gt({r'i,r}%&tele(aﬁé)fe result.of the laboratory (20). 15 11. A method of using a
g

portable laboratory comprlsw{ comprising
- an analyte reservoir (430) for receiving an
analyte fluid,
- at least one chemical reagent reservoir (432)
10 for storing at least one chemical reagent
fluid, and
- at least one channel (434) connecting the at
least one chemical reagent reservoir (432)
with the analyte reservoir (430), the channel
15 (434) comprising a measurement area (436), the
measure measurement area (436) comprises a
sensor,
an actuator unit (405, 412)
- for reducing the volume of the analyte reser-
20 voir (430) and
- for reducing the volume of the at least one
chemical reagent reservoir (432),
an analyzer unit (419) for measuring a physical
value iIn the measurement area (436) using the sensor,
25 and
a communication unit (402, 415, 438) for outputting

the physical value.
2. The laboratory (400) of claim 1, wherein
30 the measurement area comprises a mixture reservoir

(436) .

3. The laboratory (20) of claim 1 or 2, wherein



a cartridge (409) receiving a analyte fluid and placing the cartridge (409) inside a portable casing
(404) for analyzing the analyte fluid, the analysis comprising 20driving the analyte fluid to fill at least one
channel (434) and driving at least one chemical reagent fluid to fill the at least one channel (434) such
that the analyte fluid mixes with the at least one cl®mical reagent flu- 25id to form at least one mixture,
measuring at least one value of at least one mixture, measuring temperature of the apalyte fluid,
determining a result S hESTRISEuf L SGHB AR I@Qst%%é aﬁ%ﬂ%‘?ﬁe,(gﬁ(? odtlitting the
result. 12. The meth@d ohelanmalll ndayeimt 6octhesdioaly€i24Dicther comprising heating any one of the
analyte fluid with at least one chemical reagent fluid. 513. The method of one of claims 11 to 12 wherein
the result is outputted to at least one LED light bulb (415). 14. The method of one of claims 11 to 12
wherein 10the4esult TE8ulRAIPEPEN LASPh ebnPiRirffadiigeafaraneikk/itefbr a portable
laboratorys the cartridgie¢i9) egepeEsing an analyte reservoir (430) for receiving an analyte

the actuator unit comprises a push area (413) for manual

actuation by a user of the laboratory (400).

5. The laboratory (400) of one of the aforementioned
10 claims, wherein
the tray is provided as a movable tray.

6. The laboratory (20) of one of the aforementioned claims,
wherein
15 the cartridge (26) further comprises at least one waste

analyte reservoir (98-104) and at least one chemical

waste reservoir (90-96), the at least one waste analyte

reservoir (98-104) and the at least one chemical reagent

waste reservoir (90-96) are connected to the analyte re-
20 servoir (72) and to the at least one chemical reagent

reservoir (74-88) via the at least one channel (109).

7. The laboratory (20) of one of the aforementioned claims,
wherein
25 the cartridge (26) further comprises a heater (150) for

heating the analyte fluid (71, 105).

8. The laboratory (20) of one of the aforementioned claims,
wherein
30 the cartridge (26) further comprises a temperature sen-

sor (134-148, 152) for monitoring a temperature of the
analyte fluid (71, 105).



15fluid, at least one chemical reagent reservoir (432) for storing at least one chemical reagent fluid,
at least one channel (434) connecting the at least one chemical reagent reservoir (432) with the analyte
20reservoir (430), the channel (434) comprising a measure- ment area (436), the measurement area
(436) comprises a sensor for measuring a physicaf%alue in the measurement area (436) and electrical

contacts for accessing the sensor, 25a first contact area in the vicinity of the_analyte reservoir (430), the
frst contact arda bei g prd AHBEAP Exne gt i, Aok S GHPLRORE WA S ARG the voluime of

the analyte reservoiri8@eand a second contact area in the vicinity of the chemi- 30cal reagent reservoir

(132), the secand coplAg SARNFIRGPIRHCRA 18" EORIAFIDOLYN S BEkAF UPLAR (412) for reducing

the volume of the at least one chemical reagent reservoir (432). 70 16. The cartridge of Claim 15, wherein
the measurement aré@@elricet' nGiRfifte Ya8EREAC&36). 5 17. The cartridge of claim 15 or 16, wherein
the cartridge (26) further comprises at least one waste analyte reservoir (98-104) and at least one
chemical waste reservoir (90-96), the ast one e analyte 10reservoir (98-104) and the at least one
chemical reage(ir(lgt'waété) Féssé%&)g (58%%%ar%eué%on%%€§d © ﬂ%éﬁépﬂe reservoir (72) and to the at least
one chemical reagent rese@okafar@dpvig thadx ledsomee ehathel aligjensngivhectartridge of one of
the claims 15 to 17, wigiigia |

a computing device (238) connecting to the labora-
10 tory (20), and
a device (240) accessible by the computing device
(244) for storing at least one result of the laboratory

(20).

15 11. A method of using a portable laboratory comprising
a cartridge (409) receiving a analyte fluid and
placing the cartridge (409) inside a portable cas-
ing (404) for analyzing the analyte fluid, the analysis
comprising
20 - driving the analyte fluid to fill at least one
channel (434) and driving at least one chemi-
cal reagent fluid to fill the at least one
channel (434) such that the analyte fluid mix-
es with the at least one chemical reagent flu-
25 id to form at least one mixture,
- measuring at least one value of at least one
mixture,
- measuring temperature of the analyte fluid,
- determining a result of the analyte fluid us-
30 ing the at least one measured value, and
- outputting the result.

12. The method of claim 11 wherein



the cartridge (26) further comprises a heater (150) in the vicinity of the analyte reservoir (72). 19. The
cartridge of one the claims 15 to 18, wherein 20the cartridge (26) further comprises a temperature sen-

sor (134-148, 152). .

the analysis further comprising
heating any one of the analyte fluid with at least one

chemical reagent fluid.

5 13. The method of one of claims 11 to 12 wherein
the result is outputted to at least one LED light bulb
(415).

14. The method of one of claims 11 to 12 wherein

10 the result is outputted to an external computing device.

15. A cartridge for a portable laboratory, the cartridge

(409) comprising

an analyte reservoir (430) for receiving an analyte

15 fluid,

at least one chemical reagent reservoir (432) for
storing at least one chemical reagent fluid,

at least one channel (434) connecting the at least
one chemical reagent reservoir (432) with the analyte

20 reservoir (430), the channel (434) comprising a measure-
ment area (436), the measurement area (436) comprises a
sensor for measuring a physical value In the measurement
area (436) and electrical contacts for accessing the
sensor,

25 a Tirst contact area in the vicinity of the analyte
reservoir (430), the first contact area being provided
for contacting with an actuator unit (405, 412) for re-
ducing the volume of the analyte reservoir (430) and

a second contact area in the vicinity of the chemi-

30 cal reagent reservoir (432), the second contact area
being provided for contacting with the actuator unit
(405, 412) for reducing the volume of the at least one
chemical reagent reservoir (432).
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19.
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The cartridge of claim 15, wherein
the measurement area comprises a mixture reservoir
(436).

The cartridge of claim 15 or 16, wherein

the cartridge (26) further comprises at least one waste
analyte reservoir (98-104) and at least one chemical
waste reservoir (90-96), the at least one waste analyte
reservoir (98-104) and the at least one chemical reagent
waste reservoir (90-96) are connected to the analyte
reservoir (72) and to the at least one chemical reagent
reservoir (74-88) via the at least one channel (109).

The cartridge of one of the claims 15 to 17, wherein
the cartridge (26) further comprises a heater (150) in

the vicinity of the analyte reservoir (72).

The cartridge of one the claims 15 to 18, wherein
the cartridge (26) further comprises a temperature sen-
sor (134-148, 152).



