2 220643 ] Data Card Circuits This’invention relates to data cards of the
type where an integrated circuit on a semconductor chip is.5 enbedded in a
-plastic card of a size simlar to that of the nost frequently used credit

or ¢cheque cards. ‘Such cards may be so- caldd~smart" card Clude a
n1c$%grocessor and may be used for | ow cost debit cards fgzqggge¥% ;kenent

of coins in applications such as p g C diel er hones. Such cards nust be
capabl e of providing adequate pro use and fraudul ent
mani pul ation. As is known from for exanple, an article entitled

“Intel | gent Non- Vohatig § shiidbr a1 (Ril¥a ks BRGHL BoELaNcesco

and Hart nut Sc renk in |EEE Transactions on nsuner ctronics
CE-32, No. 3, YR§GSstMddEegrated S3XH3E on & issgiconduekoroship a—scharge

in a non- \élsl aembeddedo in mpuh@tgm&mdw @ sdkiep glaﬁliié!a%ha%ﬁ%%soﬁs it is
not possible t | r rQsc ca chem cally or
to |nvaI|dateE®ﬁ %&TF%% %?lg u% %rfghicgﬁd #aﬁg useéuFﬁ such
cards generalpyrﬂﬁcmadebg m&Tcﬂﬂlﬂd "snalrslt canids mbunhennmﬂddeup of a

bi nary up- CoURi@ropRécabedt BeChiah Bl Y‘S'éaa?%?a?. WM deBT R s The

EEPROM i s progra with a counter value.in e Val Ue o
servi ces renar HFn& regéecgm&nﬁay PPlpéquré@P&ﬁ§§tﬁﬁ@Eu§@C§ R&r sona
| denti fi cd®i opubldkertelblbonedhen a new card is first issued an initial

t I [ I t he 30 hqwever po bl e
Chat cards may be sEaFinCAFaR RERR B8 FARARIFORT ProMLEA0AS0SRIAES, hoy
-have been |n|PrategﬁdonhagaahsawmngusheahdawdaudHIEDtpmagdpuﬂhh&unMAthsthe

(tial count Qé kﬁb%ﬁ bem' Sfb@%xﬁ FQBJ eah QEt&%gep%ﬁ?QQEFanent lon to 35

prOV|de an ing E gg evel secur | gal nst un-initialised
cards. Accordlﬁﬂ & Fﬁéntnyeﬁfveﬁaﬁﬁé§lH€§°§Yd59§ gmpytofards"t hije
conpri si n§SanRobeeyr DeFtaticescot and Hartmut Schrenk in IEEE

Transactions on Consumer Electronics Vbl. CE-32, No. 3,
August 1986, pages 604-607, storing information as a
charge in a non-volatile memory on the semiconductor chip
is advantageous as it is not possible to detect charges
20 either microscopically or chemically or to invalidate them
during analysis. .
The semiconductor chips used in such cards generally
include ‘a non-volatile electronic counter made up of a
binary up-counter and of an Electrically Erasable PROM
O, 25 (EEPROM) . The EEPROM is programmed with a counter value
indicative of the value of services remaining or used and .
may, if required also include a Personal Identification
-Number (PIN). When a new card is first issued an initial
counter value is also programmed into the EEPROM. It is
30 however possible that cards may be stolen or otherwise
fraudulently obtained before they have been initialised
thus allowing the fraudster to program them with the
‘initial counter value.
It is thus an object of the present invention to
35 provide an increased level of security against the theft
of un-initialised cards.
Accordingly, the invention provides a data card of
the type comprising an integrated circuit on'a'
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-2- senmicondutor chip enbedded in a plastic card, the circuit including a
non-vol atile nenory having a transport code preprogramred therein, coéntrol
circuitry for controlling the circuit, a co arator having a, first |nput

coupled to 5 an input node of the circuit f receiving an externally -\,
-applied code and a second input. coupled to sald menory for conparing said

ext ernal | y-appl S f r Si
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and nmay al so co I Nng neans coup e e control circurt
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has not been aCén&ta?dnfgttifd:emsml@fsMrecm Mledhtshapr ehatpabl y£

conprises an El ctrlcall rasa ogra bLe

may i nclude pro %uﬁﬁ?ﬁ?%? %ﬁs g%ags%%n$'%ﬁr%%dgrghﬁgﬁgegg?tféfgégﬁﬁ%er
val ue into Xhe actmwatyed The the ee%t%rh&blxwpnhlgdeaadabrgmsnnpt| cedes fuse
whi ch may be m¢?%b y applying a high current pulse thereto. 30 It
wi |l of course appreci ated_t hat _al t hough such a data card_has an

i mproved | evel of sect®i?yPrgbersed: empedirent, | fhei drtaceaEdr furthersych
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trials, it Mbulfibet dewitehlkasobeen actuated, whereby the transport code

is deleted from the memory and initialisation of the
memory is enabled by the control circuity if the first
switch has been actuated and may also comprise blocking
means coupled to the control circuitry for preventing the

20 memory from being read or-programméd if the first switch
has not been actuated.

Initialisation of the memory, which preferably
comprises an Electrically Erasable Programmable Read Only
Memory (EEPROM), may include programming a personal )

25 security code and an initial counter value into the e
memory. . '

The irreversible switch preferably comprises a fuse
which may be blown by applying a high current pulse
thereto.

30 It will of course be appreciated that although such
a data card has an improved level of security against
theft of un-initialised cards, if such cards are illegally
obtained, it may be possible to try to entar different
exterhally-applied codes until the correct one is found.

35 Aalthough, depending on the length of the code, this may
involve a large number of trials, it would be desirable to
improve the security of the card still further in order to
prevent large numbers of trials.



i nprove the security of the card still further in order_to prevent |arge
nunbers of trials. -3- Accordingly, the debit card may further conprise
- a second irreversible switch, preferably.aksa a fuse, coupled to an out put
of Lge conpar ator such that the second irreversible switch is actuated if
the 5 externally-applied and transport codes do not nmatch. The debit card
preferably further Acopridimglg,sehendebetstagdnpaysaeunbedcbapyesn hhe

control circuj ds 0nd S fo nsi pg::whet her the second
S Ch has poedoRdlikpEysEaRle hid ety Dby 8RR IRTER E BBt 1o 10
circuitry forcapBaeti g aneoutputi ofi theheompavatioswsuch hhatbtha act uat ed.
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e oufput of a signa

parall el tg the, out % of tge 80 ﬁrgtor such that t
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‘actuated. Both irreVeesdébitseardhpsesierablyef cunbhyrf vorprhsesng sacendgal

sensitivity. , t | LT ersible,swiches 20 .between
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activating t heeeondceeiteh Eencfensingcvhether the secondtswpbchtbas

The Swi ohES i el b0t ft o b T hy healg Sotifled O el ReBRtEYE. N0
e sw tches . \Ou n_he. destyoyed, . ccordingly, e

debi t ca?g&nd§@#%?}%g¥ g%ﬁp$+§€b%%§g ﬁ%énglFS?lgi%ﬁl%??nﬁe?ﬁ%dsﬁﬁ%ﬁghof an

i rreversibl e Ba®theenhactigtedie circuit may be tested without activating

the irreversible swfch. f : di tes t ng i's

cnabl ed 30 by & oot SiBharerEed ERbEELATHE. PR, ibeE ARE' oRFPRE

T ever si bl e L4 EcRes ¥ cFABPYed insparakleh te theycwtpubnofotipeetion of

the test. ThecémpiraeepsSsasN ERIR'tRE SutPatCofi 4CHignuhi ehoRr ehgrably
S'nU|atesléth§$§%f§tgg causes either the first or second switch to be
' actuated. '
Both irreversible switches are preferably fuses
having an equal sensitivity.
Clearly, a data card having irreversible switches
20 between different modes of operation cannot be tested
during manufacture by activating the switches in order to
check that the circuit operates satisfactorily in the
different modes since this would involve activating the
switches which would then be destroyed. |
25 Accordingly, the debit card may further comprise
- test means for simulating the status of an irreversible
switch whereby the circuit may be tested without .
activating the irreversible switch.
In a preferred embodiment, the test means is enabled
30 py a test signal to start a test and includes a third
irreversible switch, preferably a fuse, which is actuated
on completion of the test. The test means may comprise a
logic circuit which preferably simulates the status of
both the first and second irreversible switches.
35 This invention will now be more fully described, by
way of example, with reference to the drawings of which:



both the first and second irreversible swtches. 35 Thi s. i nvention
wll now be nore fully described, by way of exanple, wth reference to the
drawi ngs of which: -4- Figure 1 is a block diagramof part of an . *
integrated circuit for use in debit cards according to the invention;, =/
Figure 2 is a flow diagramfor operation of the circuit of Figure 1 in -~

transport node; 5 Flgufégyrﬁs?alﬁlacilwﬂwrmr@ﬂ @ftoaﬁraﬁlmt@éraeed
circuit of Fi gure S one e a Cl CUI
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data input/out put poris J&omci:@cixicy@@utl?&)namtegfss@a 8§rd:ﬁli>ﬁtf8£ aV\hen
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follows the st FhFHrT SR T)l%@f? Yr?tbgﬁﬁu?%u%terw nSBh card S \'J
inserted into aregaxsmexe 4reatd e Read 0nlyrdemoryn(ROME G6jromia is 30

power ed-up and g A1 Tmadat.ﬁn?éolﬁgﬁi &Ni L hes EFPROM Enbs transferred
(42) to the count 2 At ehls tinme, h% da?a stor ghln the ROM6 is
transferreéqi)¥qﬁpt1fication of the type of card according to ISO

standards. The non-volatile counter is made up of a
binary up-counter 2 with no wrap=-around and of
corresponding Electrically Erasable PROM bits (EEPROM) 8.
The operation of the EEPROM and of the rest of the

20 circuitry requires some program control circuitry 10. The
control circuitry has three supply inputs - a programming
voltage input 12, a supply voltage input 14 and a
reference voltage input 16. It also has three ports - a
data input/oﬁtput port 18, a clock input 20 and a reset

25 jinput 22. \_:)

When in normal use by a user called hereinafter N
"User Mode", the ﬁroceduré follows the steps shown in the
. Flow Diagram of Figure 3. When the card is inserted into
. + a service machine for a transaction, the circuit is

30 powered-up and reset (40). The data stored in the EEPROM
8 is transferred (42) to the counter 2. At this time,
also,'the data stored in the ROM 6 is transferred to the
shift register a4 for checking that thes card is valid for
the transaction. .

35 Once this check has taken place, the user can
control the card (44) to read (46) the value in the
counter 2 via the shift register 4 in order to check
whether the maximum credit available with the card has yet



" shift register 4 .for checking that the card is valid for the transaction.
35 . Once this check has taken place, the user can control the card
. (44) to read (46) the value in the counter 2_via the shift register 4 in
orQﬁT to check whether the maxi mum credit available with the card has yet
beew teached. |If credit is still available, the user may obtain a service

at which tinepblg ceUBheR.2 % b%a%eat-,egtaﬁ) avwe%slsacfahbnﬁ&s%e@s@' bi't
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storage and twheapehkataed Aer nestt heedinghecetonalteed2t kdllr bespeeketode, a

security or trgggpﬁgﬁ c§§§agﬁégﬁeprogranned into the EEPROM 8. This

transport: codd 6 the output port 18 and is del eted during
20 the iniPialisatids psasvidens frovmedtbecaboviee belfbreed cord: gan biee

initialisatio 19@3530'5 glew) 3ehauRk S%'Ehl?&a&ﬁ%eh'ﬁy gb%%&ﬁﬁh%ﬂ Wth”

Flgure 2 of the card in trandport no g ower on and
resetting t heEBPROM; Wish tbezﬁmoan&oaé F§eﬁﬁﬁuﬁveﬁlﬁb@ ‘the circuit and
\ceﬁpar ed (56) with theokdemsper preodaeb)seeuﬁwaaghdhsmunahﬂ:hblir&sbuo codes
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‘the storage and transportation period, hereinafter called
the transport mode, a security or transport code is
preprogrammed into the EEPROM 8. This transport code is
not readable to the output port 18 and is deleted during
20 the initialisation phase.

The procedure to be followed to start the
initialisation phase is shown schematically in the flow
diagram shown in Figure 2 of the card in transport mode.
After switching the power on and resetting the circuit

25 (52), a code is input (54) to the circuit and compared
- (56) with the transport code by a comparator 24. 1If the.
two codes match, then an irreversible switch in the form
of a fuse 26 coupled to the output of the comparator 24 is
blown (58). Sensing means 32 determines whether the fuse
30 26 is blown or not and passes the result to the control
circuitry 10.
If it is found that the fuse 26 has been klown,
i.e. that tue cocrract code has been input, the transport
code is deleted and new data for initialisation of the
35 card is input (60) and programmed (62) into the EEPROM 8.
The card is now in user mode and at the next power-up the
operation will follow that shown in Figure 3.



circuitry 10. If it is found that the fuse 26 has been blown, i.e. that the
correct code has been input, the transport code is del eted and new data- for

initialisation of the 35 card is input (60);and programed (62) into the. x
EEPROM 8. The card is now in user node and at the next power-up.the N
operation will follow that shown in Figure 3. -6- By using the sane -
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st ol en, severaloﬁtéﬁgﬁﬂom&&f\%% M%Q&%Pe@él%é E&F’e URHELS by

fraudsters. There ere I's provi a second Tuse ,also coupled®to
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24 determ ne that fuif 28.?§ﬁ%been bIowQ g@d furtggr inggt and conpari son
of codes with the stored’t POTRPILHE i §23F R F285°D %‘ii‘%ﬁ"ﬁ%anﬁ 30 so
that the cak@ isudhn camdscin MocanspPert mode areistohen;tseverahtatbempts
operation of 1 hg GRELAShYEREIodaL Lould RS [paDEifaubEoRey oy one OF the
two fuses is blown. IS Ts to prevent a fraudster trying to avol d bl owi ng

the fuse 28 af tifaudskersy cEReFRECTR FheFR clePFIVided 2xsaprRd fraet2dg \—J
the current or aidd agsupbed St®Pthé lolitphb ot Nele VESpAPELSHSP4 28ygeN| d be -

Val e current VI i (YT LY of Sh kot Eoe 1 FBRt chrde B, FREOETBREPORE  he
conpar at or Jhd dadd o gaoe match. In this event, sensing means 24 :
determine that fuse 28 has been blown and further input
and comparison of codes with the stored transport code is
blocked by blocking.means 30 so that the card is in a
block mode. '
20 It is important that the operation of the chip is
symmetrical in transport mode whichever one of the two
fuses is blown, This is to prevent a fraudster trying to
avoid blowing the fuse 28 after a wrong code has been
entered by, for example, limiting the current or voltage N
25 supplied to the chip when the fuse 28 should be blown. -’
Therefore, both fuses 26 and 28 are identical, requiring -
_the same value current to blow them and are coupled in
parallel to the output of the comparétor and to the same
supply voltage so that it is impossible to change one of
30 the fuse circuit outputs without changing the other, even
with variations in the supply voltage. For the same
reasons koth sensing means 32 and 34 are also identical.
Furthermore, the card is only allowed to go from the
transport mode to the user mode if both fuse 26 is blown
35 and fuse 28 is unblown (68). If this is not the case, for
example if both fuses are somehow blown, then the card is
also put into block mode. Thus the card in transport mode



" supply voltage sa that it is inpossible to change one of 30 the fuse
circuit outputs w thout changing the other, even with variations in the

. supply voltage. For the same reasons both sensing neans 32 and 34 are al so
i dentjcal. Furthernore, the card is only allowed to go fromthe transport
mod& to the user mode if both fuse 26 is blown 35 and fuse 28 i s unbl own
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t hem i nst ead %& t he actuyal fuse status. Hégﬂﬁk4-shqms'one enbodi nent of

such a logic 3@isccanmat be fested &Y &f Sdowdingh fhe Luse, asFhis
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uses an r c e [ reference. The
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and 78 t o Y% spgaetther AuBeyathdshedsarmlam wiosonplediidmmft $he deasdupl ed to

the test signal frofyaPdest0ndd® @k provided by a logic circuit which
simulates the other modes by latching control and test

'signals and using them instead of the actual fuse status.
Figure 4 shows one embodiment of such a logic
20 circuit. In this circuit, a test signal is applied to
node 70, a data or control signal to node 72 and a clock
signal to mode 74. Fuses 26 and 28 are shown coupled
between Vpp and ground reference. The signals from the
fuses 26 and 28 are coupléd via respective inverters 76
25 and 78 to respective AND-gates 80 and 82 whose other
- ' " inputs are coupled to the test signal from node 70 via an
inverter 84. The uninverted test signal from node 70 is
coupled to first inputs of respective AND-gates 86 and 88
whose other inputs are coupled respectively to the outputs
30 of latches 90 and 92. The latches are set from the
| outputs of AND-gates 94 and 96 having as inputs the test
and data signals and the test and clock signals
respectively, such that one latch 50 simulates the status
of fuse 26 and the other latch 92 simulates the status of
35 fuse 28.
By passing the outputs of AND-gates 80, 86, and 82,
88 respectively to OR-gates 100 and 102, the output from
the OR-gates depends only on the status of latches 90 and



inverter 84. The uninverted test signal fromnode 70 is coupled to first

i nputs of respective AND-gates 86 and 88 whose other inputs are coupl ed
respectively to the outputs 30 of latches 9¢ and 92. The | atches are set .
fromthe outputs of AND-gates 94 and 96 having as inputs the test and daga
signals and the test and clock signals respectively, such that one | atch-90
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102 are repl aced, fora eacied Mt dlibct Sdil G E i 24 (R U £ 1W-apgk 106.

Al other parts of this circuit are the sane as shown in Figure 4, and the
outputs frd@ tH& Bt&“@SI:\VEFéﬁLb%ﬁ &S VRS e i RreateR 8% %’g?ms%lsa‘?q om
OR-gates 100 amR-kFted (100 ldndaloparentepluded) tfumtigdach stusa] Bpadal of

dependi ng on 1 RARSE TNV {BhoheBE 104 Spd e LA 0lISE Blses, o8,
t hat al t hough difiis tafkrQoitemnslithatsang as |shpwn cin ctigurers siand atheg t hew
Zgaggs of the TaifGtd Ge P Whe BECIYSTWE SR -Sabel TRD I End" o &l £Pe PARST DI .

~ 15 same as from OR-gates 100 and 102.

It will be apparent that although a serial load of
test data to the latches is shown, a parallel load is also
possible depending on the availability of circuit inputs.

It will also be apparent that although only two '

20 embodiments of a logic circuit for simulating the status
of the fuses are shown} various other embodiments are also
possible. -

23 | | —
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35 ° -9- Cainms 1. A data card ‘of the type conprising an integrated
circui,t on a sem conductor chip enbedded in a plastic 5 card, the circuit
glncludlng a non-vol atile nmenory having aJrg@nsport code preprogranned

t hege |n control ‘circuitry for controlling the circuit, a conparator having
a fim I'nput coupled to an input node of the circuit f or recei ving an
externally applied code and a second i ngitailfs coupled to said nenory for
conparing said externally-applied and transport codes, and a first
irreversible switch coupled to an output of the comparator such that said
first irrever §j.bl e s\/vidat‘ra icamt tafttde itfypma:mnpr:!'rsiaiq )ara;ipiﬁqi'aimzﬂ

transport cod &ﬁgé? fdirther
conprising firs sen3| r#%ngsfr%lccd?u %et W?gn sal é onltq}o Cl rsc]:twdtrj and
sai d first Sswiqagdlf &h%mwwmdw @ fnqnstv%lﬂftlclkﬁ H‘E@“Qi’ééﬁlaé@mmtaed

wher eby the trﬁ‘hﬁ%&r@%&ié rébrighaingted aBrdig, rr&fm{ﬁi-?ncbltzrudn?ly Sﬁt ion
Irs S as

of the nennry s ena control,.circuitry if th
been act uat ed Qﬁ%ﬁt’é‘% eﬁ?&ﬁ%%gat&%a@éqﬁtf]? AP i€t ng 25
bl ocki ng neansn.nmuplcamphad:&aj aninmit qiodriiaf ycHercipravidntfiow the nenory

o " A datn CoqPLPRy PR cnd R diied Wadd R L ¥ar RS Bmie o

i ni tiatisd0 orwiplked temaid insnariestor qpnpaning Frihital value of a
counter. 5.  eAdidial GALLhEICT] Hil rhdPo fmez:d&es:l HRE 2 #0rde wherein

ot sat oo S T ol s e e A 2K perseral e
Wrel n sai d rmamal ythat ssaIEFARGMt irreversible sw1tch is actuated 1f
the externally-applied and transport codes match. |
15 -
2. A data card according to claim 1 further comprising
first sensing means coupled between said control circuity
and said first switch for sensing whether said first
switch has been actuated, whereby the. transport code is
20 deleted from the memory and initialisation of the memory
is enabled by the control circuitry if the first switch
has been actuated.

3. A data card according to claim 2 further comprising
. 25 Dblocking means coupled to said control circuitry for
- preventing the memory from being read or programmed if
said first switch has not been actuated.

4, A data card according to either claim 2 or claim 3
30 wherein initiatisation of the memory includes programming
an inital value of a counter.

- 5. A data card according to any one of claims 2 to 4
wherein initialisation of the memory includes programming
35 a personal security code into the memory.

6. A data card according to any preceding claim wherein
said memory is an EEPROM. '

T



-10- 7. A data card according to any preceding claimfurther, conprising
a second irreversible switch coupled to an output of the conparator such

that the irreversible switch is actuated Lf,4he externally-applied and .
transport codes 5 do not match. 8. A data card according to ¢claim7 s
further conprising second sensing neans coupl ed between said control e

circuitry and spjd segogst8Wehsl 46E0B&IEGNEoVREY "BEe88lUnd0c188R0REEHELCH
has been actuated angd di sablin d con rcuitry for

aps coupled.to sa trol .c
disabling the (FOTRFLSHRY o8| HOCRRSUELETPERLRLE BRLFCHCPRUPLad 80 an A’ dara
card accordi ng ¢wtput hef thai conparatomhsuehnthiadt thedifresératdleeswitch

swi tches are coypl ' rakl t u e u at
t he out put of aP£i§%%+g¥$§n1 hgh%oﬁﬁggg?ggi auggiiéatﬁggn?ﬁéﬁ%ﬁégg %Ed%%e
second switcdh t@ bRotichatERd. 20 10. A data card according to any

preceding claimwherein said first irreversible swwtch is a fuse. 11. A
data card according to §n¥ one gf claigs 6 go 9 m?ereig sg*d second, .
irreversible sWtch i® @atgseardsageordingtp clatn 2.£BrHPRY E8™RFiFINg0
wherein said figedondidsansbng meanscesupledshetwben aatdfosasrdavi ng the
sanme sensitivitys h et s LSl [ b Liher.
fuse. 50 13 " SiRAEEDMnd 6 A ECHAA DY kn £OY LEfls iy WRULRLE"Eh1a
conpri si ng ¥®stseeend switehnbaatbagnt actuatedsand disabdingreeansible
swi tch wher eby é@ﬁﬁlédrﬁaléaﬂQYCéﬁt£6§t6ﬂréhiﬂﬁyFféﬁtaigébﬁﬂn atHe
irreversible swijc ..35.%4. . A data cardtaﬁcordlgg to cLa|g1 3 wherein _
sai d test meansSHorpiFsts 8219gPECRPACBYEEERRE BASBI 2E°HYT8t est S
9. A data card according to gither claim 7 or 8 wherein
15 said first and second switches are coupled in parallel to
the output of the comparator such that the ocutput of a
signal from the comparator causes either the first or the
second switch to be actuated.

20 10. A data card according to any preceding claim wherein
said first irreversible switch is a fuse.

11. A data card accordiné'to any one of claims 6 to 9

_ wherein said second irreversible switch is a fuse.
12. A data card according to claim 10 wherein said first -
and second irreversible switches are fuses having the same

sensitivity such that the same current is required to blow
either fuse.

30
13. A data card according'to any preceding claim further
comprising test means for simulating the status of a said
irreversible switch whereby said circuit'may be tested
without activating said irreversible switch.

35

14. A data card according to claim 13 wherein said test
means comprises a logic circuit and is enabled by a test
signal.

DA



15. A data car.d according to claim14 wherein said test neans conprises a
| at ch .havi ng an output coupled to a first 5 input of an AND-gate, a second
+input_of the AND gate being coupled to receive the test signal, and an
EXCE9§IVE OR-gate having a first input coupled to the output of said
AND-Gate, a second input coupled to said7i fteVersible switch. 10 16. A
data card according to claim 14 wherein said test neans conprises a |atch
havi ng an out put cqup| to.a firstinput of.a first AND.gate, a second
i nput of the ﬁ%ﬁst%AﬁﬁggggFégbgFﬁargbﬁ R ?%F*Qx%ﬁiﬂ??ﬁﬁ% S8e%tgRE |, a
second AND- gaeenisa¢omprasesrat labputhaoing ech tantyaitd coupdedr sobhefibst
switch, a sec LNRYt GO [ recel ' L. @Ay W | ter,
and an CR—%at gﬂggﬁplggda?ogggggﬁ/g' a% ]gétésl&ll&ngﬁ%ﬂsl&stgufts ;1):81'% S AiNr o%at@ Eeb%\g&
AND- gat es. 17CORPd&Latearacat¥eriagtest ariondl clagdnan] EXCEUSEVEOOR-gate

conprising finakingdasesent $apet t &SipI@ANSD fidfe YuPPut bFJshhe ﬁﬁ@tgétet

first and second irreversiple swtches respectively., 18. A data car

according to & &°fE™ 3“‘8“?7%%&%‘?nt%a?ad"‘QSir’?eé’selysﬂgiﬁs SMAELBdes a third
irreversible switch which is actuated on conpletion of the test. 19. A
data car ccqrdi n e clLaj el [ | rd.irr rsible
o ton | LO°FIES' " WracRhlabaltdindles b lif i WL SBUA TSt
descri bed by RERNSf ceRRRpPEsvRt kel raving tan ndpatc sopadpdngodradiings.

input of a first AND-gate, a second input of the first AND-
\;/ gate being coupled to receive the test signal, a second AND-

_ gate having a first input coupled to said irreversible

15 switch, a second input coupled to receive the test signal via
an inverter, and an OR-gate coupled to receive at its inputs,
outputs from the two AND-gates.

17. A data card accérding to any of claims 14 to 16

20 comprising first and second said test means for simulating
the status of first and second irreversible switches
respectively.

18. A data card according to claims 13 to 17 wherein said
25 test means includes a third irreversible switch which is
N - actuated on completion of the test.

19. A data card according to eay-ene—e# claim 18 wherein
'said third irreversible switch is a fuse. '

30
20. A data card substantially as hereinbefore described by
way of example with reference to the accompanying drawings.
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