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An object of the present invention is a device for fusing a 
fusible element in an integrated circuit of the CMOS type. It can be used 
in numerous integrated circuits, in particular for defining read only 

i.__.... memories or for replacing, by functional redundant circuits, functional 
circuits which have been put out of action·. In memory card applications 
the fusible elements may also serve to protect, during access, certain 

.··memory zones. Befor.e they are· fused,. the connection which they est~bl]sh 
·m~ke it possible .to program the integrated circui~ of the memQry card in 
o~der to introduce into it ~ec_ret codes or recognition algorithms. After 
they are fused this.programming and also reading of the said secret codes 
or the said algorithms bec-ome i,mpossibl e • 

. ;· 

In an integrated circuit the· fusible elements are mainly formed by 
connections made of polysilicon or of metal. The sizes of the 
cross-sections of these connections and the useful fusible length of the 
fuse are determined in dependence on a nominal 'tusion current. The 
principle involved in fusing a fuse is simple. It suffices to pass 
through the fuse a current sufficiently large to make it blow. In 
practice this current, in modern integrated circuits, is of the order of 
several tens of milliamperes. After the fuse has blown, one of the 
terminals of the fuse, the one which it is desired to make inaccessible, 
is electrically floating. To avoid such a situation this terminal of the 
fuse is connected to a level detector. The said level detector is able on 
the one hand to. indicate the fusing a·f the fuse and, on the other hand, 
to maintain the fioating end of the connection at a constant potential . 

. '··. 

However· there are problems associated with the fusing of the fuse. 
First of all, the fusing current must be sufficiently large whiG·~ . 

'• necessitates, for routing the curf~ent, a very large control transistor. 
This control tr,arlsistor serves to 

1
facilitate the programming of'Jhe 

fusion of various fuses in a cirdlit.'·The size of the transistor is 
dependent on the current which the said transistor must allow to pass. On 
the other hand, the rising edge of the current pulse must be very steep. 

In fact if the rise in current occurs slowly, all things considered, the 
fuse melts little by little. As it melts its electrical resistance 

... .. · 
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increases proportionately. In practice, for example, the dimensions of 
its cross-section may decrease during this fusing. As this resistance 
increases, the energy which the fuse is able to dissipate decreases. As 
this energy decreases the fuse heats up less and less and there is a risk 
that it can no longer fuse. If this situation occurs it is subsequently 
impossible to make the fuse melt. Lastly, the control of the transistor 
for routing the curr~nt makes it necessary to provide, in the procedure 
for fusing a fuse, the ~pplication of an end of fusing command and.this· 

·c9mplicates this procedure. In practice, it is :necessary to· provide a 
. fu.sion durati-on. This·fus:ion dt1ration must be· re~atively long in order to 
ensure correc~ fusing in every case. 

·'FU!;ie·s are also very susceptible to rupture caused by electrostatic 
V · di.~charges. This fragility, is· ~ssentially due to the presence of the 

large transistor for controlling the fusing of the fuse. In practice, 
because of its size, the.said transistor does not provide good protection 
with respect to high voltage electrostatic discharges, even if its 
control input is deactivated. It is in fact .possible for the large 
transistor to allow the energy of the electrostatic discharges to pass 
when the integrated circui~ is manipulated, in particular at the end of 

v manufacturing and at the time of installation of the said integrated 
circuit in an electronic system. These repeated electrostatic discharges 
may have the same effect as an edge of the fusing current which rises too 
slowly. At the time when it is desired to melt the fuse.the .resistance of 
the latter may be large because of the initiations of fusing to which it 

\..,;.' has been subjected. The energy which it is then ·able to diss.ipate is too 
·small:· it no longer fuses. 

·~ 

An aim of the present inNention is to overcome these ,disadvantages 
whilst, howeve_r,, only applying to integrated circuits of the. G,~OS type. ..~. 

This restrictfon is not a nuisa;nce ~since at present CMOS technology is \f 

increasingly used and in particular it is ·often preferred to NMOS 

technology. CMOS technology is ch.aracterized by a semiconductor substrate 
of a given conductivity type (usually of type P) in which insulation 
islands are formed by implantation of impurities corresponding to an 
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opposite conductivity type (usually type N). Various transistors and 

junctions may be fanned by the implantation of regions doped with one or 

other type of impurities either in the substrate or in the said islands. 

CMOS technology is however known to suffer from the occurrence of 

switching over of conduction, known as "latch up" in English 

_publicatio~s. This switching over corresp~nds to a triggering of 

parasitic· thyri stars :whith are created naturally in a CMOS. ci rcutt 
. . 

comprising islands. These para~itic thyristors are fanned· by a succession 

·· of regions having a 1 ternate types of conducti. vfty. A first region, of a . 
\' ·.. ... ·. . . 

given conduc ti .vi ty type (usually P) is contained in an 1s1 and of a second 

given conf,:lyctivi~y type (usually N),, thi_s· island is itself locat.~d in a 

substra~e of the first given conductivity type (usually. P) 'and comprises 

v· one or more regions of the s~cond given conductivity type -.( usua·l ly. N). 

fhe succession of these io~r regions having alt~rnating conductivities 

constitutes a thyristor the triggering of which in certain cases is very 

sensitive. 

In the invention use has been made of the existence of this 

· parasitic thyristor to melt the fuse by connecting a terminal of the fuse 

l_..,· to the thyristor and triggering it. At the time of fusing, the current is 

supplied by a generator of a fusion potential. The current passes through 

the fuse and the thyristor, one of the terminals of which is connected to 

the other terminal of the gen~rator of the fusing potential. Use of a 

parasitic thyristor for fusing a fuse is describ~d in Patent Abstracts of 

Japan, Vol.8, No 221 (E-271)[1658], 9.10.1984, page 148. This document 

describes a device in accordance. with the precharacterizing .part of 

claim l. 

·~ ·& ,~ 

On th~ .. ;;~ne hand the, thyr;_istor, whilst being of smalle_r.t:.size, 

withstands a very high current .... : On_ the other hand the thyrist~r conducts 
... " 

as long as the fuse is not completely fused - so long as the fuse allows 

current to pass. As soon as the ·fuse is blown the thyristor cuts off, and 

it is not necessary to provide.in the procedure a command for end of 

fusing. 
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In the invention a triggering device having a circular structure 
is proposed. Thus, when the parasitic thyristor is not triggered it 
provides a much greater protection of the fuse from electrostatic 
discharges than is obtained in the quoted state of the art. 

An object of the invention; therefore, is a device for fusing a 
fuse in an integrated ~ircuit of the CMOS type of. the kind characterized 
in clai~ l. Cla.ims 2 and 3 relate to advantageous ·embodiments •. · 

.. 
· The invention will be better under'stood on reading the following 

description with reference to the Figures which accompany it. They are 
given so:lely by way of n'on-limiting iUustration of the 0·invention. The . 
F1gures show: 

·-.Figure l: a cross;-sec.tion of an integrated circuit of the CMOS 
type provided with a parasitic thyristor; 

- Figure 2: a diagram equivalent to the circuit represented by 
this parasitic thyristor; 

- Figure 3: a device for triggering a parasitic thyristor having a 
circular structure in accordance with the invention; 

- Figure 4: an alternative embodiment of a triggering circuit not 
G i i1 accordance with the invent ion; · 

- Figure 5: a schematic representation ~f a level detectcr for 
checking the fusing state of the fuse; 

- Figure 6 : a technological improvement of a pull down transistor 
in this level detector. 

Figure 1 shows· a parasitic thyristor of an integra·ted circuit of 
the CMOS .. :type. The integrated circuit, not shown, is integrated in a . 
substrate· l, in this case oi type P-, ~omprising islands.-~ in particular 
an isl and·.Z''t,of opposite' conductivity: N-. Conventionally. -t.he substrate -1 

includes regions 3 and 4 do~ed with the same impurities as those which 

were used to dope the island 2 but in a higher concentration: N+. They 
serve to perfonn various electronic functions, in particular acting as 
transistors. The substrate also includes a substrate tenninal 5 
comprising a region doped with the same impurities but in a higher 
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concen~ration, P+, than the substrate itself. This substrate terminal 

serves to bias the substrate to a fixed potential. When the substrate is 

of type P, this fixed potential Vss is usually zero volts. One of the N+ 
doped regions in the substrate, for example in this case the region 3 

near the island 2, is also biased to the potential Vss. 

:·The isl and 2 c::ompr:ises in a similar manner P+ regions 6 and 7. 

doped with .. dfrfere.nt impurities to those which were u~ed to dope the 

island 2. It also comprises an N+ region·a._.doped with the same impurities 

as itself which acts as a; terminal for the island. Usually-an island· 

terminal is biased to an opposJ~e potential to the bias potential of the 

substrate. In the, case-of a P·type ~ubstrate and N type islands, .the 

·'island is positively biased to Vee. One of the p+ doped regions in the , ... 

isl and~ for example in thh case the region 6 near the region 3 is al so; · 

biased to the pote·ntial Vee. It can be established that the highly doped 

regions 3 and 6 on either side of the boundary 9 of the island in the 

substrate 1, in combination with the island 2 and the substrate 1 

constitute a parasitic thyristor of the P+ N- P- N+ type. Access can be 

obtained to the intermediate regions of the said thyrist~r through the 

terminals 8 and~ of.the island and.the substrate respectively. 

The equivalent circuit to the said thyristor is shown in Figure 2. 

In the island, the region 6, the island 2 and the substrate 1 form a 

bipolar transistor Tl. In· the substrate, the.region 3,the substrate .1 

and the island 2 form a bipolar transistor T2. Everything happens as if:. , · 

v the transistor Tl , in this examp 1 e of PNP type, was connected by its 

emitter to Vee (in the region 6, Figure 1), and connected by its 

collecto,r, through the intermediary of the resistors RZ ... and R3 .connected·.· 

in series, to the substratie terminal 5, and was connec,ted by its base, · t; 

through w~e intermediary of a resistor Rl, to the isl an<4Jterminal 8 • .The { 

NPN type transistor T2 may be. considered to be connected by its emitter ~x 

to the region 3, by its collector, through the intermediary· of the 

resi_stors Rl and R4. connect~d in series, to the region 8, and by its 

base, through the intermediary of the.resistor R3, to the substrate 

terminal 5. The bases of these transistors, the points A and B 

.;. 
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respec~ively, are thus connected to the mid-points of resistance bridges 

Rl-R4 and R2-R3 respectively. 

At rest the thyristor is not conductive. The potential at the 

point A is equal to the voltage Vee and the potential at the point B is 

equal to Vss. The two transis~ors Tl and T2 are blocked. To trigger the 

thyristor it suffices tq. lower the ·voltage at the poi.nt A until the 

transistor Tl begins to conduct. For ·example it suffices to.lower this 

voltage by 0.6 volts. This drop' in voltage. equals the emitter-base of the 

transistor"il voltage. As S?On as the transistor Tl begins .to conduct the , 

voltage at the point B rises because cur~ent passes through the resistor 

R3. As a result,, the transistor T2 .. which was blocked .-becomes conductive. 

Because the transistor ·r2 .becomes conductive, current now pa.sses throug~ 

the resi.stors Rl and R4 •• -This continues to .cause the.voltage at the. point 

A to fall and results in a positive reaction. The phenomenon of switching 

then occurs. The two transistors become saturated causing a very large 

current (several hundreds of mi 11 i amperes) to pass betwe-en the supply Vee 

and the ground potential Vss. Only a switching off or a breakdown of the 

supply Vee can stop this occurrence. 

The idea of the invention is to use a control means to cause a 

drop in the potential at the point A or, conversely, to cause an increase 

in the potential at the point B when the thyristor is blocked. The 

following description corresponds, without it being possible to infer ~ny 

restriction therefrom~ to the said first solution: to lower the voltage. 

v at the point A • 

. . figure 3 shows a cross-section of an embodiment. of a circuit for 

triggering a thyristor ir:1 accordanc~ with the inventi,on. In this Figure~: 

the fU,seJ1·10 has been•· sho.wn as well as its supply with'.a.t,fusing potential>, 
. : •' 

VFUS which may be specifk. Nevertheless, in the invention, because of t 

the greater effecti_veness of the thyristor, it is possible to cause the 

fuses to melt with a small~r voltage than Vee. The device for fusing a 

fuse is· formed with a circular structure centered around an axis 11 

situated substantially in line with the the terminal 12 of the fuse 

.;.-
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closest to the thyristor. The parasitic triggering thyristor thus 
comprise~ a central N+ doped region 8 surrounded by a p+ doped circular 
region 6. The said regions 8 and 6 are contained in the island 2 which 
likewise is circular and is itself surrounded by a N+ doped circular 

region 3 in the substrate. The region 3 is itself contained in another p+ 
doped circular region 5. The regions 8, 6, 3 and 5 here have the same 
func~ions as,, those .desc,ribed hereinaQove. The. region,s 3 and .5 are join~d 
by connections 13 and 14 to the substrate polarisation voltage·. The two 

~ . 

regions 6 and 8 in the island are connec~ed in convnon to the terminal 12 
of the fuse 6 ·by cormecti ons 15 to 17. . . 

··· An MOS transistor T3 for tr.i ggeri ng the thyristor comprises a 
\...,) limitrophe zone 18 of the isla.nd 2 near the boundary 9, a z.one· 19 in the 

substrate facing the said zone 18 on the pther side of the boundary 9; -

and the annular N+ doped region 3. This hybrid transistor thus comprises 
regions of which the respective concentrations of impurities are N-, p­

and N+. A gate 20 superposed above an oxide electrical in~ulation gate, 
not shown, is supplied With a command signal COM. The gate 20 bridges 
over the boundary 9. Effectively it controls the conduction by the 
transistor T3 in the zone 19. It is without effect on the zone 18 and 

\..._.,- thus it is no~ a disadvantage to allow it to extend above this zone 18. 
At the time of application of a positive pulse to the gate 20, current· 
flows in the transistor T3 thus formed. This current can only come from 
the island 2. Because of the internal resistance of the semiconductive 
material of the island 2 .. (resistor Rl), the potential falls in the ~aid 

\....l island 2. The fall in potential at the .point A is thus caused. In order.-.:. 
that the effect of trigge·ring the thyristor occurs it is however- .. , ·. 

necessary to arrange that the transistor T3 will ensur.e .a fall in 
potential of at least 01i6 volts at.,.the point A. For-,,this purpose the :t.· 

resist~ce Rl must be relatively large and the resis,'!:AtJ~e R4 relati-vely;_ 
small. In addition the transistor T3 must itself not be too resistive.;~. 
Figure 2 shows by dashed lines the method of connection of the transistor 
T3 in the equivalent circ.uit ~o the thyristor'. 

. ·-

.. '.· 
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;·The arrangement shown in Figure 3 has other great advantages. In . 
particular it means it can protect itself very effectively against 
electrostatic discharges. Let it be assumed for example that a device for 
protection against electrostatic discharges greater than 20 volts is 
connected in parallel to the terininal 21 of the fuse. In the 
aforementioned state of the art the transistor for fusing the fuse was 
u~ually _trigger.e·d at the .same voltage as the protection_ device. (for., 

·example by junction .avalanche or .. BVdSS) or even possibly at a lower. 
. . - . 

voltage. This led to ·deterioration of ;_the fuse or possibly to its 
unexpected destruction •. In the device shown, conduction of ttie N- P=- type 
junction between the island and the substrate, because of the low 

. . 

·'concentrations of" impurities near this junction;:'·typically occurs at 100 . 
. . -

to 150 volt.s·. Under these conditions the device for protecting the fuse 
is always affec.ted:first. It plays its,usual role: the fuse cannot.be .. 
caused to deteriorate • 

. The device shown in Figure 4, not in accordance with the 
invention, provides an inferior protection against electrostatic 
discharges. The transistor for triggering the thyristor is a conventional 
MOS transistor. It includes- a region 22 near the boundary 9 .as wel 1 as 

t...._,,. the region 3 situated near the region 22 and having the same 
concentration of impurities as it has (N+). The region 22 is separated 
from the region 3 by a distance corresponding to the conduction channel 
of this transistor. This channe 1 is contra 11 ed by a _gate 23 receiving the 
command signal COM. The island 2 also includes another, N+ doped, region 

\.._.. 24 acting as a terminal for the secondary isl and 2 and connected '·, · 
el ectri cal ly by a connection 25 to the region 22 of the contro 1 · ·· ,, 
transistor. In this alternative embodjment the reg,ion 22 is no longer 
directly connected tG> the voltage Vss. It is· only. connected to it under 
ce.r;tain conditions: .~hen the COM signal.is appliep.:$.o the gate 23 an'd 
when it makes the transistor 3-22 c~nductive. The control transistor; 
therefore is in thi~ case a conventional MOS transistor. 

Before causing the fuse to melt, the voltage present on the 
connection 25 is substantially the voltage VFUS. When the command for 
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fusing .. is applied to the gate 23, the transistor 22-23-3 begins to 
conduct in such a manner that the voltage at a mid-point C of a voltage 
divider formed by the resistors R5, Rl falls. At this time no current 

~ passes through the resistor Rl. However because of the location of the 
region 24 between the region 8 and the region 6, the fall of the voltage 
at the point C causes a substantially equal fall of the voltage at the 
point: A. in the :transis:tor T1. Under these .conditions, the expected,. 
effect, the triggering of t.he thy.ri~tor, occurs. 

· The interesting ,feature of this device resides· in the formation .. of 
a ·transistor 22-23-3 of conventional type in contrast to the hybrid 

"trans.istor 18-19-3 in· Figure 3·.· However, in thfs· alternative embodiment 
. . ~ . 

V the protection against electrostatic discharges is less reliable. ln :fact . 
an electrostatic discharge may make use of a pathway. passing succes~ively· 
through the connection 16, the region 8, the island 2, the region 24, the 
connection 25 and the region 22 before passing to ground by avalanche of 
the junction 22~1. and BVdSS of the control transistor. Under these 
conditions it is the junction 22-1 and the length of the channel of the 
transistor T3 which ensures the maintenance of the voltage against this 
discharge. Because the region 22 is highly doped, the potential barrier 
of this junction is smaller. There is therefore a disadvantage of the 
same type, from this point of view, as in the aforementioned state of the 
art. 

There can be·a very large number of circuits for detecting the 
i ' "--" state of the fuse. 'Figure 5 shows one example. Thi.s circuit substantially 

comprises a pull down:· transistor T4 and a detection inverter incl ud~ng 
~wo transistors 26, 27. The transistors 26 and 27 .. are connected in seri~s 
between the supply Vee of the i,ntegrated circui~. and ground. When ttte 

.. ~ . 

detection inverter detects the change in state of,;:the fuse it switcnes 
over. The output 28 of the level detector is connected to the middle 
point of the two transisto~s 26 and 27. These two transistors are 
controlled in common,· through the intennediary of a resistor R6, by a 
voltage available at the terminals of a transistor T4. The transistor T4 
is connected in parallel to the terminals of the transistor T3 and it 
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recei~es the potential Vee on its gate. When the fuse has melted, when 
the command COM has stopped, the transistor T4 causes the input to the 
transistors 26 and 27 to be connected to ground. The transistor 27 is 
then blocked, whereas the transistor 26 is conductive. The output 28 is 
brought to the potential Vee. The presence of the resistor R6 serves to 
protect the fuse 10 against electrostatic discharges which could pass 

_ through. the ~ransi,s~rs. 26 or 27. ~t the time ()f such a discharge .. a large 
potential difference is develop~d in the resistor R6 so that the 

•· 
potential barrier of the transistor,27 is sufficient to resist the. 
remainder of this-electrostatic .dis.charge. On the .other hand this ca~not 
be envisaged with-the transistor T4 which is almost always conductive.nor 

··with <the transi'stor T3·· in th¢. altern·ative embodiment,. in Figure 4. 

In order ne¥er.theless to achieve this objective, these twp 
transistors may be fanned in the manner shown in Figure 6. Preferably the 
transistors T3 and T4 comprise a gate 29 which controls a conduction 
channel ~etween two N+ doped regions 30 and 31. One of their regions, ·the 
region 31 which is spatially nearest the thyristor in the substrate 1, is 
implanted in an N~ doped island 32. Because of the low concentration of 
·impurities in the island 32 the N- P- junction between this island and 

G the substrate resists electrostatic discharges. A potential difference of 
150 volts may for example be withstood (in practice however it may be 
limited by the breakdown of the oxide of the gate between the region 32 
and the gate 29 to about 50 volts)~ The length of· the channel must 
however be sufficient to.avoid passage by premature breakdown of the 

G · transistor T4. 
.. ·' 

···'· 
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CLAIMS 

1. A device for fusing a fuse in an integrated circuit of the CMOS 

_type comprising a thyristor in series with the fuse and means for 

controlling the switching on of the thyristor comprising an MOS 

transistor the control ·gate of which is connected to·a thyristor control 

sign_al, _c~ar:acte..ri~ed in that th1s device has a circular. structµre, the 

thyristor comprising: 

"an integrated circuit su~strate (i) of a first conductivity type, ,. 

an island (2) of a second conductivity type .formed ·in the 

substrate, 

a first region (8)~~ in the centre of the island, having the same,· 

conductivity type as but bein.g more highly doped than the island, 

. a secon~ region (6) in the island having the same conductivity. 

type as but being more highly doped than the substrate, this second 

region (6) surrounding the central region (8), · 

a third region (3·) in the substrate, having the same type of 

conductivity as but being more highly doped than the island, thfs third 

region (3) surrounding the island, 

a fourth region (5) in the substrate having the same type of 

\..._.,, conductivity as but being more highly doped than the substrate, this 

fourth region (5) surrounding the region (3), the first region (8) and 

the second regi.on (6) being connected to a terminal (12) of the fuse, the 

third region (3) and the fourth region (5) being connected in common to a 

polarisation voltage (14) of the substrate, 

v the MOS transistor (T3) being formed by the alignment of a zone (18) of 

the island adjacent to the boundary (9) between the island and .the 

_substrate, of a zone (19} in the substrate aci.Jacent to the said boun~ary 

( 9) and of the tfii rd region. ( 3) of the thyri s'.tor, the contra l ga:ite ( 20) 

being located above, bri dgi ~g the bounda_r:y ( 9.). :. · 

2. A device as claimed in claim l, characterized in that the 

thyristor is of· the paras_itic type in the integrated circuit. 

-------
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3. A device as claimed in claim 1 or claim 2, having a detection 
~ 

circuit connected to the terminal {12) of the fuse connected to the 
thyristor, for detecting fusing of the fuse and for forcing the potential 
at the. terminal (12) of the fuse, and comprising a pull-down transistor 
(T4) connected in series between this terminal (12) of the fuse and 
ground, this pull-down transistor (T4) being characterized in that it- is 
connected in parallel to the terminals of the MOS transistor (T3) and in 
that it comprises· two :egions having ·the second conductivity type fonned 
in the substrate (1) having the first conductivity type, that one of the 

(. 

two regions which is spatiall·y. closer to the thyristor being fonned in a 
region whic'h is larger than it is and. which has the same conduc.tivity 
type as, it has. but i"s les~'highly doped. 

_.;._ 
-~. 
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