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FIELD OF THE INVENTION

This invention generally relates to electronic circuits and specifically relates to a

low current differential fuse circuit.

BACKGROUND OF THE INVENTION

Integrated circuits often require components having operating characteristics (e.g.,
resistance, capacitance, etc.) fabricated to a high degree of precision. For instance, the
accuracy of a digital-to-analog (D/A) converter using binary weighted current sources
depends on the matching accuracy of the transistors. Similarly, the accuracy of a charge
redistribution analog-to-digital (A/D) convertor or D/A convertor depends on the matching
accuracy of the capacitors. The component’s characteristics, such as a capacitor’s

capacitance, used in the D/A or A/D converter must be fabricated to establish a precise

| relationship between the components to maintain correct weighting of the individual bits

of the converter.
Variations in the operating characteristics of the components will adversely affect
the ability of the converter to correctly convert a given input such as a digital word for

a D/A converter or an analog voltage level for an A/D converter. In semiconductor circuit

| ow current differential
Integrated circuits

fabrication, processing variations often prevent components from having precisely

fabricated operating characteristics. This problem is further compounded in a device such
as in an A/D or D/A converter where the operating characteristics of a given component,
in relation to the operating characteristics of other components, are critical. The greater
the resolution of a given converter (e.g., the more bits that are involved in the conversion

process), the greater the number of components that must be precisely matched.
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capacitance, etc.) fabricated to a high degree of precision.
, the accuracy of a digital-to-analog (D/A) converter using
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converter ot output bits for an A/D converter) with good yields. Yet, in sound processing
applications for example, a conversion resolution of ZQ-bits or more is commonly
required.

To fabricate reliably a D/A converter that can accurately convert a given input of
greater than 10-bits, or fabricate reliably an A/D converter that can accurately convert a
given input to an output of greater than 10-bits, requires a calibration process such as laser
trimming to calibrate precisely the operating characteristics of components. Laser
trimming is a calibration process where individual components of an integrated circuit are
cut using a laser to alter specific physical characteristics (e.g., surface area) of the
components. Reducing the surface area of a given component, also affects the operating
characteristics of that component. By precisely measuring the operating characteristics of
the component during the laser trimming process, the operating characteristics of the
component can be precisely calibrated. However, laser trimming is expensive and time
consuming in that it requires extra processing steps to complete the fabrication of the
component. Additionally, laser trimming requires a special test setup and must be
performed prior to packaging the integrated circuit. This introduces another problem in
that some component values change after packaging due to factors such as stray
capacitance of the packaging material or stress during the packaging process. For such
cases, laser trimming cannot be used. The prior art teaches using an on-chip

programmable memory to solve the above problems. The on-chip programmable memory
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a D)A converter or an analog voltage level for an A/D converter. In

sem conductor circuit fabrication, processing variations often prevent
cdbnmponents from having precisely fabricated operating characteristics.
This problemis further conpounded in a device such as in an AAD or DA
converter whmay cohsistofduse; ERBOM ar EEPROM cirewitsof a gi ven conponent, in
relation to the operating characteristics of other conponents, are

critical. The grep{ Qracticée ah cinfigritédoeirohit s Ofabeicatab wide tadditioralg compérentsor e
bits that are involved in the conversion process), the greater the nunber

of conponent g« bighiB S ImitneRtss Havink ¥in TofthieHt of operating characteristics. During the
calibration of the integrated circuit, either the fuses or the PROM circuits are used to
5 selectively connect the calibrating components to the component that requires the
calibration (the “calibrated component™) until the operating characteristics of the combined
components are precisely adjusted. For example, a capacitor (the calibrated component)
may have several additional cépacitors (the calibrating components) added in paralle] until
the precise required capacitance is obtained.

10 The problem with using EPROMs and EEPROMs to calibrate the operating
characteristics of components is that the fabrication of EPROM and EEPROM memory
circuits requires additional processing steps. A fuse can be fabricated during standard
CMOS processing and is therefore less expensive to use for calibrating components than
EPROM and EEPROM memory circuits.

15 One prior art method of calibrating a component uses a single fuse between the
calibrated component and each individual calibrating component. Initially, the fuse
operates as a short circuit between the calibrated component and the calibrating
components. During the calibration of the component, the fuses are selectively opened
(blown out) by passing a large current through the fuse. The components that are attached

20 to the blown out fuse are physically disconnected from the calibrated component and thus
do not affect the operating characteristics of the calibrated component.

A problem with using fuses to calibrate components is that each fuse requires a
separate bond pad (input terminal) to enable the selective burning of each fuse. A large

number of fuses may be required on one chip to enable a proper calibration of the critical
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2- Experimentally, it has been proven that transistors, resistors
capacitors can be fabricated for a ratio matching accuracy (e.g., the
relative characteristics of all the conponents required for a given
application, such as all the resistors used in the conversion process for

an A/ D convecdneponents ang it magt Gobbe possibile techavierasepaitet inpoioternaing) t selestivelyt er
or output bits for an A/D converter) with good yields. Yet, in sound

processi ng apply dash RS T o1eX BiiPpdbleth, @A Mndhip Gecodesmby be amsedfo lechively or
nore is conmonly required. To fabricate reliably a D/ A converter

that can acc%ﬁdgéos? le¥cICRRY CHowdv@ 1 sk BPY deSder BRER RS crRAD thhP ek bSusedrto

fabricate re y an Al'D convetter that can accurately convert a

blow a fuse. As a result of this limited current, a fuse may only be partially blown. In

5 the single fuse method of calibrating a component (as discussed above), the partially

biown fuse will have some unpredictable resistance which will alter the effect that an

added component (e.g., the calibrating component) will have on the calibrated component.

This results in an indeterminable output which destroys the utility of a calibrating circuit.

Another prior art method of calibrating components, which overcomes the

10  problems of the single fuse method discussed abo.ve, uses a differential fuse circuit.

Unlike the single fuse circuit, the differential fuse circuit has two fuses per calibrating

component and the relative difference in the resistance value of the two fuses determines
whether the calibrating component is used or not. In operation, only one of the two fuses

is blown and only a relatively small difference in resistance between the blown and

15 unblown fuse (remembering that even an unblown fuse has some measurable resistance)

is required to set the output of the differential fuse circuit either to a “low” or a “high”

potential. The potential at the output of the differential fuse circuit determines whether

the calibrating component is used or not. Therefore, even if a fuse is only partially blown,

the resistance of the partially blown fuse does not alter the effect of the calibrating

20 component. The differential fuse circuit solves the problem that the single fuse circuit has

with partially blown fuses but introduces another problem in that the differential fuse

circuit of the prior art consumes from 5 to 10 pA of current.
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given input to an output of greater than 10-bits, requires a calibration
process such as laser trimming to calibrate precisely the operating

characteristics of conponents. Laser trinmmng is a calibration process

wher e i ndi vi dual onents of ,an integrated circuit_ _are_cut using.a |aser
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conponents. Reduci ng the surface area of a given conponent, also affects
t he operati n¥Vit e 028cPitedt?’)c s Thé comtants afrthe @2 Pateyt gre dncospirgtedehesain ibyg
the operating characteristics of the conponent during the |aser trimmng
process, therggeficet i ng characteristics of the conponent can be precisely
cal i brated. However, laser trimmng is expensive and tinme consumng in

that it requires geng ash%mCaea eg&tafﬁ&é&&uﬁ%pd&ﬁ&e&*}mﬂquiesg " $hist ne

conponent. Additi y, laser trimmng requires Speci a Set upand

st be 5  differential fuse circuit comprises a bias circuit 20, a fuse circuit 10 and an invertor 13.

The fuse circuit 10 comprises a first leg that is connect to a supply potential Vgyppy

through a first fuse 11, and a second leg that is connect to a supply potential Vgppy

through a second fuse 12. The first and second leg are configured such that a current in

a lower portion of the first leg will induce a current in a lower portion of the second leg.

10  This is called a “current mirror” circuit since the current in the lower portion of the

second leg “mirrors” the current in the lower portion of the first leg. Conversely, a

current in the lower portion of the second leg does not induce a current in the lower
portion of the first leg.

In operation, if the resistance of the second fuse 12 is made greater than the

15 resistance of the first fuse 11 (e.g., the second fuse 12 is blown), there is essentially no

current I, in the upper portion of the second leg. The current I; in the first leg is not

affected by the second fuse 12 being blown and the current in the lower portion of the

first leg induces a current in the lower portion of the second leg (due to the current mirror

described above). Therefore, a node V;, which is connected between the upper and lower

20  portion of the second leg, is essentially at the same potential as a reference supply Vggr

(e.g., a low potential) and the potential at an output node V,, which is connected to the

node V, through the inverter 13, is at a high potential.
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performed prior to packaging the integrated circuit. This introduces
another problemin that some conponent wval ues change after packagi ng due
t'o factors such as stray capacitance of the packaging material or stress
during the packagl ng process. For such cases, |aser trinmm ng@_cannot be

used. The pri or Inthis easedheeurrent hhrenghothe seopd fise 43 insmalbios a fasgorepistasce ol ve

t he above problens. The on-chi p progranmable nenory
REPLACEMENT obiid=decond fuse 12 (e.g., a blown fuse). The current I, through the firstefypsec dhds st

of fuse, EPROM or EEPROM circuits.
independent of the resistance of the blown second fuse 12 and depends on the bias current
from the bias circuit 20. The current I, is typically in the range of 5 to 10 uA.

5 " To set the potential at the output node V,, low, the first fuse 11 is blown and
thereby, there is essentially no current I,. Since essentially no current flows in the lower
portion of the first leg of the fuse circuit 10, essentially no current flows in the lower
portion of the second leg of the fuse cfrcuit 10 (due to the current mirror effect). In this
case, the current 1, (since the second fuse 12 is unblown) causes the node V; to be

10 essentially at the same potential as Vgyppy (€.8., high). Therefore, the potential at the
output node Vg, is low, |
When the first fuse 11 is blown and the second fuse 12 is intact (e.g., when the
potential at the output node V, is low), current’s I; and I, are small as long as the
resistance of the first fuse 11 (the blown fuse) is large (e.g., greater than 2 MQ). When
15  the potential at the output node V,, is high (e.g., when the first fuse 11 is unblown and the
second fuse 12 is blown), the current I, is low (due to the high resistance of the blown
second fuse 12). The current I, (typically in the range of 5 to 10 uA, as discussed above)
is independent of the resistance of the blown second fuse 12 and depends on the bias
circuit 20.
20 The differential fuse circuit of the prior art has several drawbacks. For example,
using the prior art differential fuse circuit; an integrated circuit having N fuse circuits,
with half the fuse circuits programmed “high” (e.g., the potential at the output node V,
is high), consumes approximately (I, x N/2) amps (not including the bias current or the

current consumed by the rest of the integrated circuit). For the case when N is large, the

——

E— 6
This Sheet Has g

LT

vtz
U s et o oot

THIS SHEET HAS BEEN
REPLACED




In practice, an integrated circuit is fabricated with additional conponents

("calibrating conponents") having an assortnent of operating

characteristics. During the calibration of the integrated circuit, either

the fuses or the PROMcircuits are used to_selectively connect the

cal i brating ﬁ@ﬁ'ﬁ@'ﬁ‘@ﬁt‘yﬂl eonsiie @olafasrARAUNt G cutrery IYhiels mag ot bg|acepIAlGFT( ¢ he
"cal i brated conponent”) until the operating characteristics of the

conbi ned conmatig idve carrent Hiitegrated| circaid pppslicationsFor exanpl e, a capacitor (the

calibrated conponent) nmay have several additional capacitors (the

calibrating conmpong @&1% tiRAHe pl‘oBchﬁr #héwlow Blirként diFRer@ftRE Fls6 clir@@tisREEbY

capaci tance i s obt ai ned The probl em w th usi ng EPROVM and EEPROVs
to calibrate peratl ng characteristics of conponents is that the
fabrication S'fs and EEPROM nenory

5 Therefore, it is an object of the present invention to provide a method of forming

a low current differential fuse circuit which consumes less than 1 pA of current (aside
from bias current) when the potential at the output node V,, is high or low (e.g., when
either the first or second fuse is blown).

Another object of this invention is to provide an improved differential fuse circuit

10  (e.g., a low current differential fuse circuit) which consumes less than 1 gA.

A further object of this invention is to provide a circuit and a method of forming
it that can be utilized to appropriately change the value of components without requiring
additional processing steps.

A still further object of this invention is to provide a circuit configuration and a

15 method of forming that circuit configuration, which can compensate for characteristic
variations of integrated circuit components without requiring external means such as laser

trimming.

SUMMARY OF THE INVENTION

20 These and other objects of the present invention are achieved by a low current
differential fuse circuit of the present invention. A preferred embodiment of the present
invention has a first fuse and a second fuse. The first fuse is coupled to a supply
potential. The second fuse is coupled to a reference potential through an NMOS

transistor. The fuses are coupled together through a switching circuit. A first circuit is
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circuits requires additional processing steps. A fuse can be fabricated
during standard CMOS processing and is therefore | ess expensive to use for
calibrating conponents than EPROM and EEPROM nenory circuits. One
prior art nethod of calibrating a conponent uses a single fuse between the
cal i brated ceoymediothe first fizseHor selectively blowdng the fisstifesg. dospeerdeircuitiiprounied v,
the fuse operates as a short circuit between the calibrated conponent and

the cali brat ithghe sseombfsatfor seldetivelg bldwing ahé kocand GuseofOrehef the rfrstn@mndeconde
fuses are selectively opened (blown out) by passing a |large current

through the fiigeis Qi&ﬁ%l?’%%\%"b? ifs Redpe@ivR fus! bl18eiRkitcit! NThOLRINEhiA Lirbdis €

are physically disconnected fromthe calibrated conponent and thus do not

affect the O%Jritg‘ﬁésn(ﬂe S&gﬁnaaf 153! 'sv%l%lﬁrfg Rgdetcﬂsen(ﬂé. 8{ AL $haF R0 GPlhe first fuse

5 to the second fuse (e.g., depending on which fuse is blown). The switching node is
switched by the switching circuit to the potential connected to the first fuse (e.g., a supply
or high potential), if the second fuse is blown. The switching node is switched by the
switching circuit to the potential connected to the second fuse (e.g., a reference or low
potential), if the first fuse is blown. A bias circuit is preferably connected to the

10  switching circuit to ensure that the switching circuit correctly switches in response to a
selectively blown fuse. Further, an invertor is preferably connected to the switching node
to achieve a desired output potential (e.g., either a “high” or “low” potential) at an output
node coupled to the inverter.

In operation, a low current differential fuse circuit configured according to the

15  present invention consumes less than 1 zA of current (not including the bias current) when
the potential at the output node Vj, is either high or low (e.g., when either the first or
second fuse is blown). This is preferably accomplished by configuring a switching circuit
comprising a PMOS transistor with its drain coupled to a drain of an NMOS transistor.
As a result of using the switching circuit of the present invention as opposed to the prior

20  art current mirror circuit (shown in Fig. 1 and discussed above), the current consumption
of the fuse circuit can be reduced from the 5 to 10uA level of the prior art, to less than

1 pA by the present invention.
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A problemw th using fuses to calibrate conponents is that each fuse
requires a separate bond pad (input termnal) to enable the selective
barni ng of each f ﬁ A lar nunber of fuses may be required on one chip
to enable a pr Ope!,lJ ¢ low fg differsptial fuse circvit efthe present invention consumes less than

4 conponents and it nmay not be possible to have a separate input term nal
to sel ectivellp thplcomertaafhthe psier affalifferemial tfhsescifouitb| Biis lawn cﬂﬁe:ﬁf’donsdm{aﬁler
may be used to selectively address each fuse. However, the use of
decoder |im tendeiethe UsifcRitt of RS pfdfntbRveiRE fdre practical for low current circuit
applications. Yet, the circuit of the present invention is reliable for precisely calibrating
5 the components of a circuit.
In a preferred embodiment of the present low current differential fuse circuit, a
fuse blowing circuit (e.g., the fuse blowing circuit coupled to the second fuse) may share
a component amongst a plurality of low current differential fuse circuits. Therefore in an
application that requires a plurality of low current differential fuse circuits, less surface
10 area is required than if a completely separate fuse blowing circuit is used. This sharing

of components in the fuse blowing circuit saves surface area without having any adverse

effects in the utility of the low current differential fuse circuit of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

15 Following is a description of a preferred embodiment of the present invention,
which when taken in connection with the following drawings, will illustrate the above
noted features and advantages as well as further ones. It should be expressly understood
that the drawings are included for illustrative purposes and do not represent the scope of
the present invention.

20 Fig. 1 is a schematic diagram of a prior art differential fuse circuit;

Fig. 2 is a schematic diagram of a low current differential fuse circuit, in
accordance with a preferred embodiment of the present invention;

Fig. 3 is a plot of the results of a SPICE simulation of the circuit shown in Fig.

2; T
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blow a fuse. As a result of this limted current, a fuse may only be
partially blown. In the single fuse nethod of calibrating a conponent (as
dPscussed above), the partially blown fuse will have sone unpredictable
resistance which will alter the effect that an added conponent (e. t he

calibrating conpofigtd)iswi plpt of-the resylts pha §£I¢%usmlé%ﬂ°ndtfﬁb©ﬁ§mﬁ ShPh‘fnslnr%gul ts

I n an indeterm nabl e out put which destroys the utility of a calibrating
circuit. 2, havidy atcheentpoffser baweennthe fasd oidcuit ahd kredbiangranityrphent s, whi ch
overcomes the problens of the single fuse nethod di scussed above, uses a

differential fusepgg ridialplot dthb k&sultd 6f 8 ISPICE sinlfiftichl 6fGtHé tircdihshown in Fig.
differential fuse ci rcwt has two fuses per calibrating conponent and the

relative di Thehange a kS HEbeN AR e Yk Lol ahd'the'vi GikARSWHA &' RS

5  from the current offset shown in Fig. 4.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
A circuit diagram of a preferred embodiment of a low current differential fuse
circuit according to the present invention is shown in Fig. 2. As a result of this novel
10 circuit, the fuse circuit of the present invention consuﬁles less than 1/5 of the current (not
including the bias current) of the prior art fuse circuit. Yet, the fuse circuit of the present
invention can reliably and precisely calibrate the components of a circuit.
Further, in a preferred embodiment of the low current differential fuse circuit of
the present invention, a portion of the circuitry used by the low current differential fuse
15  circuit (e.g., a portion of a fuse blowing circuit) may be shared amongst a plurality of low
current differential fuse circuits. This reduces the circuit area required by the plurality of
low current differential fuse circuits, without any adverse effects in the utility of the low
current differential fuse circuit of the present invention.
Hereinafter, any reference to a “fuse” is intended to encompass any fusible link
20  inciuding, but not limited to, a gate junction, a resistor, a metal fuse, a polysilicon fusé,
or any other fusible link. Any reference to a “blown fuse,” or any other such terms, is
intended to encompass the process of altering the resistance of the fuse (a fusible link,

etc.) such that the resultant resistance of the blown fuse is greater than the resistance of

an unblown fuse.
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whet her the calibrating conponent is used or not. In operation, only one of
the two fuses is blown and only a relatively snall difference in

resi stance between the blown and unblown fuse (renmenbering that even an
unbl own fuse has sone neasurabl e resistance) s required to set the output
of the differenti Ak shaygeindig.Quthe lewchment diffesentiabfyse ejrcuit of thepresenpinventiony| |
The potential at the output of the differential fuse circuit determ nes
whet her  t hepfeférably 2bnpeises @/hidtirelit 1160 toradcted towfuse iteniel 6k lheamtput of the
fuse is only partially blown, the resistance of the partially blown fuse

does not al t?ﬁsc}cﬂ‘é‘ui?fl L%&?r%raﬁiﬁonﬁ@été&'b%@ ifere? BRARETN0. ARBuphi AcdecV) isal

fuse circuit solves t roblemthat the single fuse circuit has wt

oL, D 15 A SR I 008 VIR S e
current. determines if a component (a “calibrating component,” not shown) is used to calibrate
another component (a “calibrated component,” not shown).

Specifically, the fuse circuit 110, according to a preferred embodiment, comprises
a first fuse 21, a second fuse 22, a first fuse blowing circuit, a second fuse blowing circuit
and a switching circuit. The first fuse 21 is connected to a supply potential Vgppy and

10  the switching circuit. The fuse may be a metal fuse or any other fuse or fusible link such
as a resistor, gate junction, etc. (as discussed above). For a metal fuse, the potential of
VguppLy is preferably in the range of 4.5 to 5.5 volts and is nominally 5.0 volts. The
switching circuit preferably comprises a P-channel MOS transistor (a “PMOS transistor”)
and an N-channel MOS transistor (an “NMOS transistor”). The first fuse 21 is connected

15 to a source of the PMOS switching transistor 23. A drain of the PMOS switching
transistor 23 is connected to a drain of fhe NMOS switching transistor 24, A source of
the NMOS switching transistor 24 is connected to the second fuse 22. The second fuse
22 is also connected to a reference potential Vi through an NMOS transistor 28. For
a metal fuse, the potential of Vg is preferably in the range of -0.5 to +0.5 volts and is

20  nominally 0.0 volts.

The first fuse 21 is also connected to a first fuse blowing circuit to enable the first
fuse 21 to be selectively blown (e.g., to increase the resistance of the blown fuse with
respect to the resistance of the unblown fuse, as discussed above) during the calibration
of the calibrated cémponent. The circuit for blowing the first fuse 21 preferably

—_—
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5 A differential fuse circuit is disclosed in U S. Patent No.
5,353,028 to Mchiel de Wt ("the '028 -Patent”). The contents of the '028
Patent are incorporated herein by r ef er ence. Fig. 1 shows a
differential fuse circuit as disclosed in the '028

. Thj
di f f erenti al compasesiap NNIDSempistos &% withi; diain cppnegted tczglt efl&tstr@%éﬁm%ﬁqm%

and an invertor 13. The fuse circuit 10 conprises a first leg that is
connect to acenrzpted tpdhe rdferahce zere  The NMOS transistor 25 can be selectively

enabled to blow the first fuse 21 by applying a “high” potential (e.g., 5 volts) to a gate
of the NMOS transistor 25.

5 The width to length ratio, or aspect ratio, of the NMOS transistor 25 is preferably
large enough to allow 30 to 50 mA of current through the first fuse 21 for a Vgyppy
potential of 4.5 to 5.5 volts. This current is sufficient to blow the preferred metal fuse.

The second fuse 22 is connected to a second fuse blowing circuit preferably
comprising an NMOS transistor 26, the NMOS transistor 28, and a PMOS transistor 27.
10  The PMOS transistor 27 may be part of the fuse circuit 110, or it may be shared amongst
a plurality of fuse circuits 110, 110A, 110B, etc. (as discussed below). A drain of the
NMOS transistor 26 is connected to a side of the second fuse 22. Another side of the
second fuse 22 is connected to a drain of the PMOS transistor 27 and a drain of the
NMOS transistor 28. The source of the PMOS transistor 27 is connected to the supply

15  potential Vgyppy -
To blow the second fuse 22, the NMOS transistor 26 and the PMOS transistor 27
are turned “on” and the NMOS transistor 28 is turned “off” by applying a high potential
(e.g., 5.0 volts) to a gate of the NMOS transistor 26 and applying a low potential (e.g.,
0.0 volts) to the gate of the PMOS transistor 27 and the NMOS transistor 28. The aspect
20 ratio of the NMOS transistor 26 and the PMOS transistor 27 is preferably large enough
to allow 30 to 50 mA of current through the second fuse 22 which is sufficient to blow

the preferred metal fuse.
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through a first fuse 11, and a second leg that is connect to a supply
potential VSUPPLY through a second fuse 12. The first and second |l eg are
configured such that a current in a |lower portion of the first leg wll
induce a current inh a _|ower, portion of the second |eg This is called a

"current mirror" eieethetragsiston2? isa RMPOSdransistar, iy @spegwgpo Boypically Bree;tiaes

second leg "mrrors" the current in the Iower portion of the first |eg.
Conver sel y, that ofiarr NMOS transistor! forthe sgme tuncent odrryihg capacion dThereforky e FMOS
i nduce a current in the lower portion of the first |eg. In

operation, i trafidistor ZB il 80Py Qf relalifel 220 dilicths Bred 2 TioSredlictethe Tt difcuit hada t he
resi stance of the flrst fuse 11 (e.g., the second fuse 12 is blown), there

RS aoenn By g L g W B o L, 50
5 embodiment of the present invention shares the PMOS transistor 27 amongst the plurality
of fuse circuits, including fuse circuits 110 and 110A through 110(N-1). This greatly
reduces the surface area occupied by a plurality of low current differential fuse circuits
in a given application.

The current through the PMOS switching transistor 23 and the NMOS switching
10  transistor 24 is set by the bias circuit 100. The bias circuit 100 preferably comprises a
PMOS transistor 29 that has a source connected to the supply potential Vyppy and has
a gate and drain connected together. The gate and drain of the PMOS transistor 29 are
connected to a gate of the PMOS switching transistor 23 and a side of a resistor 30.
Another side of the resistor 30 is connected to a drain and gate of an NMOS transistor 31
15 and a gate of the NMOS switching transistor 24. A source of the NMOS transistor 31 is
comnected to a drain of an NMOS ftransistor 32. The NMOS transistor 32 has a gate

connected to the supply potential Vgpp v and a source connected to Viggg.
To reduce the effect of the resistance of the NMOS transistor 28 on the NMOS
switching transistor 24, the aspect ratio of the NMOS transistor 28 is preferably made
20  large so that its “on resistance” is very small (typically less than 500 Q). To maintain thé
same bias conditions for the NMOS switching transistor 24 and the NMOS transistor 31,
the aspect ratio of the NMOS transistor 32 is preferably kept the same as that of the

NMOS transistor 28.
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affected by the second fuse 12 being blow and the current in the | ower
portion of the first leg induces a current in the |ower portion of the
second |l eg (due to the current mirror described above). Therefore, a node
Verr], which is connected between the upper and | ower rtion of the
second leg, is edsswitehing godetVyineonngeted between MIPM@SQMTQE!QE@#@@SWE%BMI
VREF (e.g., a low potential) and the potential at an output node VO, which
is connect dhe NMOBeswitliing\Virarisistceuh (The switeking afodd 3, isSalsat cdtmbctgdh to the

porential invertor 120. The inverter 120, preferably comprising a PMOS transistor 33 and an
NMOS transistor 34, is configured to invert the potential at the switching node V; and
5 obtain a desired potential (e.g., either 0.0 or 5.0 volts) at the output node V.

In operation, if the first fuse 21 is blown (e.g., the resistance of the first fuse 21
is higher than the resistance of the second fuse 22), the gate-to-source potential of the
PMOS switching transistor 23 will decrease which increases the resistance of the PMOS
switching transistor 23. As a result thereof, the potential of the switching node V, will

10  go low and the potential at the output node V, will go high (e.g., 5.0 volts). This for
instance, may connect the calibrating component to the calibrated component so that the
calibrating component will affect the operating characteristics of the calibrated component.
Similarly, if the second fuse 22 is blown (e.g., the resistance of the second fuse 22 is
greater than the resistance of the first fuse 21), the gate-to-source potential of the NMOS

15  switching transistor 24 will decrease which increases the resistance of the NMOS
switching transistor 24, with the result that the potential of the switching node V, will go
high and the potential of the output node V, will go low (e.g., 0.0 volts). This for
instance, may disconnect the calibrating component from the calibrated component so that
the calibrating component will not affect the operating characteristics of the calibrated

20 component.

Fig. 3 shows the simulated transfer curves of the preferred circuit shown in Fig.
2 as a function of the potential at the switching node V; and the output node V,, with
respect to the resistances of the first fuse 21 and the second fuse 22. Table 1 tabulates

the resultant current I, though the fuse circuit 110 and the resultant cutrent I, through the

14
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In this case, the current I[err] through the second fuse 12 is small for a
| arge resistance of the second fuse 12 (e.g., a blown fuse). The current
Iferr] through the first fuse 11 is independent of the resistance of the
bl omn second fuse 12 and depends on the bias current fromthe bias circuit
20. The cur r énverter eirquit 129, forpthe sesisparicn and surrentvaluss skowm in §ig: S  The higher

To set the potential at the output node VOIlow, the first fuse 11 is bl own

and t her eby residifce valaesset otif indfiky3 and Table dnarelvahies that Siayde ohtainent ifzither no
current flows in the lower portion of the first leg of the fuse circuit

10, essenti algdlyfRQ A5 I1CAH thE |0 flisel 22id AWRompRAEL, bidwR! The SowacREstah@®d Of

the fuse circuit 10 (due to the current mrror "effect). In this case, the

curent |2, (ShERe! 85 AEErEA T3 G LU o MRS BP oG Yh bl
potentialsatﬁhgé
As is apparent from Fig. 3, for a 10 Q resistance of the second fuse 22 (e.g., the
typical unblown fuse resistance for a metal fuse) and a 1 KQ or higher resistance for the
first fuse 21 (e.g., the blown fuse resistance), the voltage at the output node V, is 5.0
volts (e.g., at a high potential). For a 1 KQ or higher resistance of the second fuse 22
10  (e.g., the blown fuse resistance), and a 10 Q fuse resistance of the first fuse 21 (e.g., the
typical unblown fuse resistance of a metal fuse), the voltage at the output node V,, is 0.0
volts (e.g., at a low potential).
As shown in Table 1, for a 500 KQ or higher resistance of the blown fuse (e.g.,
either the first fuse 21 or the second fuse 22), the fuse circuit of the present invention will
15  consume less than 1 uA of current. If the fuse is blown completely (e.g., if either the first
fuse 21 or the second fuse 22 has a 10 MQ or higher resistance), there is virtually no
current through the fuse circuit.
The simulation results shown in Fig. 3 and Table 1 are for the PMOS switching
transistor 23 having a zero current offset with respect to the PMOS transistor 29, and the
20 NMOS switching transistor 24 having a zero current offset with respect to the NMOS
transistor 31.

-
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out put node Vo is | ow. When the first fuse 11 is blown and the
second fuse 12 is intact (e.g., when the potential at the output node Vo
is low), current's I[err] and 12 are small as | ong as the resistance of
the first fuse 11 (the blown fuse) is lar e.g., greater than 2 Merr]).
When the potential at the output node'Kﬁb sk hi gh (e g., when the first
Egse 11 Iﬁ unbl owmn and the second fuse 12 is bl own) the current 12 is |ow
ue to the high resistance of t b The current

I[err] (typically in the rangg‘ \b‘ V?Io‘@%"[%gfﬁ?ﬁsft%ﬁs@cflscussed above) is

I ndependent of the resistance of the bl own second fuse 12 and depends on

the bias ci Fw T =THerdriierentr E priLpr
art has sevejal drgﬁﬁm Bor_exanpl els 4 0
e 2 (1A) (1A) W) )

5 10M 10 0.0 0.0 0.0 5.0

500K 10 0.6 0.0 0.0 5.0

100K 10 22 0.0 0.1 5.0

2K 10 9.5 0.0 0.4 5.0

1K 10 9.8 2.7 1.2 5.0

10 500 10 9.9 19.0 1.8 4.7

10 10 10.0 41.9 2.5 0.9

10 500 9.9 22.0 3.0 03

10 1X 9.8 8.2 34 0.1

10 2K 9.5 0.0 3.5 0.0
15 10 100K 2.7 0.0 49 0.0 -

10 500K 0.8 0.0 5.0 0.0

10 10M 9.0 0.0 ) 5.0 0.0

In a real application, there is some current mismatch between transistors 23 and

20 29 and transistors 24 and 31. This current mismatch is due to several factors such as
variations in the substrate material that the components are formed on, resistance of the

leads between components (since the bias circuit 100 and the fuse circuit 110 can be
located from 1 to 2 mm apart), variations in component operating characteristics, etc. The
current mismatch can reliably be fabricated to be from 1-2 percent. In the case when

25  there is a current mismatch, a larger difference between the blown and the unblown fuse

resistances is required to set the output node V,, to a known logic state (e.g., either a low

or high potential). This Sheet Has Been Replace
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using the prior art differential fuse circuit, an integrated circuit having

N fuse circuits, wth half the fuse circuits programed "high" (e.g., the
pot enti al

g trapsistors to

7 fuse circuits will consune a | arge anount of current which may not be
accept abl e f dhie biasrxansistarsvischy cheanging theeaspedtaratic of thaiswitehipg itransistors23 and 24
To solve the above problens, a new low current differential fuse circuit

her eby

10

15

20

with respect to the bias resistors 29 and 31, respectively. For this purpose, two
parameters, m1 and m2 are defined. Parameter m1 equals the aspect ratio of the PMOS
switching transistor 23 divided by the aspect ratio of the PMOS transistor 29. Parameter
m2 equals the aspect ratio of the NMOS switching transistor 24 divided by the aspect ratio
of the NMOS transistor 31.

Fig. 4 shows that if the PMOS switching transistor 23 draws 5% less current than
is drawn by the PMOS transistor 29 (m1 = 0.95), and the NMOS switching transistor 24
draws 5% more current than is drawn by the NMOS transistor 31 (m2 = 1.05) under
respectively identical bias conditions, then a difference of 4.0 KQ between the resistances
of the blown fuse (the second fuse 22) and the unblown fuse (the first fuse 21) is required
to set the output node V,, to a low potential.

Similarly, Fig. 5 shows that if the PMOS switching transistor 23 draws 5% more
current than is drawn by the PMOS transistor 29 (m1 = 1.05) and the NMOS switching
transistor 24 draws 5% less current than is drawn by the NMOS transistor 31 (m2 = 0.95),
under the same bias conditions, then a difference of 4.0 KQ between the resistances of the
blown first fuse 21 and the unblown second fuse 22 is required to set the output node V,,
to a high potential. Since a current mismatch between the switching transistors and the
bias transistors can generally be maintained at less than 5% and a difference of more than
4.0 KQ between the resistances of the blown and unblown fuses can readily be realized,

the output node V,, will always be at a known potential (either a low or high potential).

at the output node Vo is high), consunes approxinmately (l[err] x

N 2) anps (not including the bias current or the__current consuned, by the
rest of the integPReawmydpsumylaty theeffect picthe sumenyofisetiofitae ?%F‘g'é’}

S
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di scl osed. Therefore, it is an object of the present invention _tb
provi de a nethod of formng a lowcurrent differential fuse circuit which
consunes less than 1 [err] A of current (aside frombias current) when the

potential at the qutput node Vo is high or |low ( n ei ther_the
first or -second fggén,aite@pgwt)o the above de“%?@ﬁlﬁf?“@iﬁ?@qul@ﬁmt thesfuses2drandon

Is to provide an inproved differential fuse circuit (e.g., a low current
di ff erenti al 22 owy alsorcomiprise pbliysiticano riEhentgpichlassistanvarof an ﬂmbho}vﬂ.polysilicon fusé
further object of this invention is to provide a circuit and a method of

forming it tshe Q%d@pﬂéfddeﬂ&&%eti@r ARPVQRS | pbRhiYal G BEGReh Bk andl seferPlolts
conponents w thout requlring di ti onal processing steps.

with a nominal voltage of 6.5 volts.

CONCLUSION
The low current differential fuse circuit disclosed in the present invention is a low
cost alternative to using an EPROM memory, an EEPROM memory, or laser trimming,
to calibrate components of a given circuit. The low current differential fuse circuit of the
10  present invention can be implemented in a standard CMOS process without any additional
processing steps and consumes less than 1 pA of current (other than bias current). This
low current differential fuse circuit, as illustrated by the above preferred embodiments,
consumes less than 1/5 .of the current that is required by the prior art differential fuse
circuit. This reduction in current consumption is a result of using the switching circuit
15 of the present invention as opposed to the current mirror circuit that was known in the
prior art. Therefore, the circuit of the present invention can be used in low current
integrated circuits that require a high degree of precision, such as an A/D converter that
has more than 10-bits of resolution.
Further, by preferably sharing the PMOS transistor 27, which is a portion of the
20  second fuse blowing circuit, among a plurality of low current differential fuse circuits, the
plurality of low current differential fuse circuits will occupy less surface area than if the
fuse blowing circuits did not share components. Therefore, a plurality of low current
differential fuse circuits, according to the preferred embodiment of the present invention,

require less surface area and are more practical in applications where there is a minimum

18
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A still further object of this invention is to provide a circuit
configuration and a nethod of formng that circuit configuration, which
can conpensate for characteristic variations of integrated circuit
conponents W thout requiring external means such as |aser trinmmng.
SUMVARY OF TREftervmprecrea that can betutilized by dheopluealitionf Bse sirefitst he present

I nvention are achieved by a low current differential fuse circuit of the

present inventi onWileprthd einvenion mhasdibeemtdeséritlell € withe seferience iy ethel ?fbfl?ﬁéﬂ a
first fuse and a second fuse. The first fuse is coupled to a supply

potential. TRmboamR, (40l Beoapporehl Bhbd Rilled'i? e MrPrhBPhEfrbE vAdMiBHbar? "
be made without departing from the spirit or scope of the invention which is defined by
5  the appended claims. While the above preferred circuit has been discussed with reference
to A/D and D/A converters, the present invention may be used in any circuit application
where a high degree of precision is re(juired in the operating characteristics of the
components which comprise the circuit, such as in a signal conditioning application where
offset and sensitivity variations of sensors must be compensated. The preferred

10 embodiments were described above solely for illustrative purposes and were not intended

to limit the scope of the appended claims.

—_—
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transi stor. The fuses are coupled together through a switching circuit. A
first circuit is -

coupled to the first fuse for selectively blowing the first fuse. A d
circuit is coupled to the second fuse for, selectively blwm }“Hwﬁ;ﬂm}
fuse. One of the first or second fusesSGlaiMe| ectively b el
respective fuse blowing circuit. The switching circuit swi t&hes the
potential of a switching node depending on the relative state of the first

fuse to the second fuse (e.g., depending on which fuse is blown). The
switching 1 claim:

5 1 A low current differential fuse circuit comprising:
a first fuse coupled to receive a supply potential;
a first circuit coupled to said first fuse for blowing said first fuse;
a second fuse coupled to receive a reference potential;
a second circuit coupled to said second fuse for-blowing said second fuse;

10 a switching circuit coupled between said first and said second fuses.

2. The low current differential fuse circuit of Claim 1, further comprising a bias

circuit wherein said bias circuit is coupled to said switching circuit.

15 3. The low current differential fuse circuit of Claim 1, wherein said switching circuit

comprises a plurality of transistors.

-4, The low current differential fuse circuit of Claim 3, wherein said plurality of
transistors comprises MOS transistors.

20
5. The low current differential fuse circuit of Claim 4, wherein one of said plurality
of transistors comprise an NMOS transistor and an other of said plurality of transistors
comprise a PMOS transistor.

I

cet Has Been Replaced

"

THIS SHEET HAS BEEN
REPLACED

»



node is switched by the switching circuit to the potﬁ to the
first fuse (e.qg. a supply or high potential), if t muﬂm;mﬁrmym&
btown. The switchi ng node is switched by the svvltchl’hg tci tcukt o
potential connected to the second fuse (e.g., a.reference or |ow
potential), Pf thdheloveeurrent diffezentinlofupe cmum0£§1aémrle dirther gomprsing ayinyerter
connected to the switching circuit to ensure that the switching circuit
correctly sweiraliewhemin @ipinvertertoircait isedupledi to shid solitohing feirseit. Furt her, an
invertor is preferably connected to the switching node to achieve a
desired output potential (e.g., either a "high" or "low' potential) at an
out put node coupled to the inverter. In operation, a | ow current

o erent o o Us a5k UGy AULRRESAGH AT | NSRS SR

consunes | ess 't han las curren

5  second circuits comprise a transistor,

8. The low current differential fuse circuit of Claim 1, wherein each of said first and

second fuses comprise a metal fuse.

10 9. The low current differential fuse circuit of Claim 1, wherein each of said first and

second fuses comprise a polysilicon fuse.

10.  The low current differential fuse circuit of Claim 1, wherein said supply potential

is in the range of 4.5 to 7.0 volts.

15
11. A fuse circuit for calibrating output characteristics of an integrated circuit, said
fuse circuit comprising a plurality of low current differential fuse circuits, each of said
plurality of low current differential fuse circuits comprising:
a first fuse coupled to receive a supply potential;
20 a first circuit coupled to said first fuse for blowing said first fuse;

a second fuse coupled to receive a reference potential;
a second circuit coupled to said second fuse for blowing said second fuse; and

a switching circuit coupled between said first and second fuses.
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when the potential at the output node Vo is either high n
‘either the first or second fuse is blow). This is pref glmmlmﬂﬂ“@‘med
by configuring a switching circuit conprising a PMOS trarsistor wth 1¢s
drain coupled_ to a drain of .an_ NMOS ransi stor, g.resul.t of ,using the

swi t chi ng ci déuit 18¢ @ﬁf‘e%?‘é%éﬁtck‘“ﬁ’véi’t WhETeHY e%ﬁ?p@é%}d lﬁB‘ ‘We°%)|l‘i"8r°“g‘i°{“
current mrror circuit (showmn in Fig. 1 and discussed above), the current
consunpt i on différbetial fise circuitsfinther aompriseradrlasoantuit mbereitsaidbiascitaiitds equrledev el

of the prior art, to less than 1 [err]A by the present invention.
REPLACEMENT  &isdid switching circuit.

5 13.  The fuse circuit of Claim 11, wherein each said switching circuit of said plurality

of low current differential fuse circuits comprises a plurality of transistors.

14.  The fuse circuit of Claim 13, wherein said plurality of transistors comprise a MOS
transistor.

10
15.  The fuse circuit of Claim 14, wherein one of said plurality of transistors comprise
an NMOS transistor and an other of said plurality of transistors comprise a PMOS

transistor.

15 16. The fuse circuit of Claim 11, wherein each of said plurality of low current
differential fuse circuits further comprise an inverter circuit wherein said inverter circuit

is coupled to said switching circuit.

17.  The fuse circuit of Claim 11, wherein each of said first and second circuits of said

20  plurality of low current differential fuse circuits comprise a transistor.

18.  The fuse circuit of Claim 11, wherein each of said first and second fuses of said

plurality of low current differential fuse circuits comprise a metal fuse.
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9 The low current differential fuse circuit jJ,MHMI

i nvention consunmes |less than 1/5 the current of the mﬁ”"# Hb‘t i al
fuse circuit. This low current consunption renders the ‘citcuft ©
present invention nore practical for low current circuit applications,

Yet, the cirdBit &hefess obicuit of ClaimHpnmherein eachefisaid) first and sspend fsesyof said

cal i brating the conponents of a circuit. In a preferred enbodi nent
of the preseplurhlityof low entrertidifferestisl ifede cireties eoniprise ta, padysilicon fuse.

20.  The fuse circuit of Claim 11, wherein said supply potential is in the range of 4.5

5 to 7.0 volts.

21.  The fuse circuit of Claim 11, further comprising a component that is shared by

each of said second circuits of said plurality of low current differential fuse circuits.

10 22, A method of forming a low current differential fuse circuit comprising the steps
of:
providing a first fuse coupled to a supply potential;
providing a second fuse coupled to a reference potential;
providing a first circuit for blowing said first fuse;
15 providing a second circuit for blowing said second fuse;
blowing one of said first and second fuses;
providing a switching circuit, said switching circuit providing said potential of said
first or second fuses to a node connected to said switching circuit such that said potential
of said node is substantially at said supply potential when said second fuse is blown and
20  said potential of said node is substantially at said reference potential when said first fuse

is blown.

23.  The method of Claim 22, further comprising the step of providing a bias circuit

for biasing said switching circuit. —_—
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fuse blowing circuit (e.g., the fuse blowng circuit couphf nd
fuse) may share a conponent anongst a plurality of |OV\“-e mﬂﬂ“lnml IT“T)
drfferential fuse circuits. Therefore in an application*that uequiresa
plurality of low current differential fuse circuits, less surface area is
required thad4if Zhesrgthast of (laimp2; funther compnisingithe steprof iproviding ane inverter s
sharing of conponents in the fuse blowing circuit saves surface area

Wi thout havi sgcunior invbring saidpbtestiad of ailledeiti | ity of the low current
differential fuse circuit of the present invention. BRI EF DESCRI PTI ON
OF THE DRAW NGS Following is a description of a preferred

enbodi nent of the present invention,

L

25.  The method of Claim 22, wherein said step of providing said switching circuit

5 further comprises providing a plurality of MOS transistors.

26.  The method of Claim 25, wherein said step of providing said plurality of MOS
transistors further comprises providing one of said plurality of MOS transistors as an
NMOS ftransistor and an other of said plurality of said MOS transistors as a PMOS

10  transistor.

27.  The method of Claim 22, wherein said step of blowing one of said first and second

fuses comprises providing a high current path through one of said first and second circuits.
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whi ch when taken in connection with the followng drawings, wll illustrate
the above noted features and advantages as well as further ones. It should
be expressly understood that the drawings are included for illustrative
pur poses and do not represent the scope of the-present invention.

Fig. 1 is a schematic diagramof a pri dbstraet differential-fuse circuit;

Fig. 2 is a schematic diagramof a low current differential fuse circuit,
in accordance with a preferred enbodi nent of the present invention;

Fig. 3is a plot of the results of a SPICE sinulation of the circuit shown

:QEPEIA%E I\/El\ﬂ' SHEETA low current differential fuse circuit for adjusting the operating characteristics of
semiconductor circuits. A switching circuit is connected between a first and a second

5 fuse. The first and second fuses are respectively connected to a supply potential (e.g., 5.0

volts) and a reference potential (e.g., 0.0 volts). Additionally, each fuse is connected to

a circuit for blowing the fuse. The switching circuit is also connected to a bias circuit that

biases the switching components (e.g., a PMOS ftransistor and an NMOS transistor) to

ensure that the évritching circuit correctly switches in response to a selected fuse (e.g.,

10  either the first fuse or the second fuse) being blown (e.g., opened). An inverter circuit

may also be provided between a switching node and an output node to provide a desired

output potential.
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10 Fig. 4is a plot of the results of a SPICE sinulation of the
circuit shown in Fig. 2, having a current offset between the fuse circuit
and the bias circuit; and Fig. 5is a plot of the results of a

SPI CE sinulation of the circuit shown in Fig. 2, having a current offset
between the fuse circuit and the bias circuit which is different fromthe

current offset shown in Fig. 4. DETAI LED DESCRI PTI ON OF THE PREFERRED
ENVMBCODI VENT
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A circuit diagramof a preferred enbodiment of a |low current differential
fuse circuit according to the present inventionis showmn in Fig. 2. As a
résult of this novel «circuit, the fuse circuit of the present invention
consunes less than 1/5 of the current (not including the bias current) of
the prior art fuse circuit. Yet, the fuse circuit of the present invention
can reliably and precisely calibrate the conppnents of circuit.

Further, in a preferred enbodi nent of the | oy cbrrent differential fuse
circuit of the present invention, a portiqupf]tge cirpuitry used by the
|l ow current differential fuse circuit (e.g.9Q}a pqgrtionjof a fuse bl ow ng
circuit) may be shared anongst a plurality of ow current differenti al
fuse circuits. This reduces the circuit area retjuis ed by the plurality of

low current differential fuse circuits, wthogtiaty—adverse effects in the
utility

||Oﬁ.’?

VREF

20 2
G
3
= 28
b |
Fig. 2 Low current differential fuse circuit
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|
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of the low current differential fuse circuit of the present invention.
Hereinafter, any reference to a "fuse" is intended to enconpass any fusible
li'nk including, but not limted to, a gate junction, a resistor, a netal
fuse, a polysilicon fuse, or any other fusible link. Any reference to a
"bl own fuse,"” or any other such terns, is intended to enconpass the
process of altering the resistance of the fuse (a fusible link, etc.) such
that the resultant resistance of the blown fuse is greater than the

resi stance of an unbl own fuse.

REPLACEMENT SHEET
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As shown in Fig. 2, the low current differential fuse circuit of the
present invention preferably conprises a bias circuit 100 connected to a
fluse circuit 110. The output of the fuse circuit 110 is preferably
connected to an inverter circuit 120. An output node Vo is connected to an
out put of the inverter circuit 120. The state of the output node Vo
determnes if a conponent (a "calibrating conponent,” not shown) is wused
to calibrate another conponent (a "calibrated conponent,”™ not shown).
Specifically, the fuse circuit 110, according to a preferred enbodi nent,
conprises a first fuse 21, a second fuse 22, a first fuse blowng circuit,
a second fuse blowing circuit and a switching circuit. The first fuse 21
is connected to a supply potenti al

6
D OS54 - e
NS
S 4
N
>;2__
1
O T T T T T T T T T T T

21]-——10K 500 10 10 10 10 10 10 10 10 10 10 10 10 10O
22— 10 10 18 500 10K 1SK 20K 25K 30K 35K 40K 45K 50K 535K 60K

Fuse Resistance (ohms)
Fig.4 Vi, Vo vs Fuse Resistance (m1=0.95, m2=1.05)
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VSUPPLY and the switching circuit. The fuse may be a netal fuse or any

ot her fuse or
di scussed above).

For

a net al

fusible link such as a resistor,

fuse,

t he potenti al

gate junction,

etc. (as
of VSUPPLY is preferably

in the range of 4.5 to 5.5 volts and is
circuit preferably conprises a P-channel
transistor”) and an N-channel MOS transi
first fuse 21 is connected to a source
23. A drain of the PMOS

nomnally 5.0 volts. The sw tching
MOS transi stor (a "PMOS

stor (an "NMOS transistor"). The

of the PMOS swi tching transistor

switching transistor 23 is connected to a drain of

the NMOS swi tching transistor 24. A source of the NMOS sw tching

transi stor

24 is connected to the second fuse 22. The

second fuse 22 is

al so connected to a reference potenti al

VREF t hrough an NMOS

transi st or

28. For a netal

fuse,

t he potenti al

of VREF is preferably in the range of

-0.5

O T T T T T T 1

21— 60K 55K 580K 45K 40K 35K 30K 25K 20K 15K 10K 500 10

22— 10 10 10 10 10 10 10 10

T 1 T T 1
10 18

10 10 10 10 10 500 10K

Fuse Resistance (ohms)
Fig. 5 Vi, Vo vs Fuse Resistance (m1=1.05, m2=0.93)
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to £0.5 volts and is nomnally 0.0 voljt/§fS SHEET HASTBEENt) r st | f REPAAGEMENT SHER
connected to a first fuse blowing cirguit tBERMABED e thg firgt[TuSE 21 to
be selectively blown (e.g., to increase the resistance of the bl,‘oi/\n UR87
with respect to the resistance of the,unblown fuse, as di s:u*sed aBove)
during the calibration of the cali bra}—ed conponent. The ci f cli+

blowing the first fuse 21 preferably

12
A LOW CURRENT DIFFERENTIAL FUSE CIRCUIT

FIELD OF THE INVENTION
This invention generally relates to electronic circuits and specifically relates to a

low current differential fuse circuit.

BACKGROUND OF THE INVENTION

Integrated circuits often require components having operating characteristics (e.g.,
resistance, capacitance, etc.) fabricated to a high degree of precision. For instance, the
accuracy of a digital-to-analog (D/A) converter using binary weighted current sources
depends on the matching accuracy of the transistors. Similarly, the accuracy of a charge
redistribution analog-to-digital (A/D) convertor or D/A convertor depends on the
matching accuracy of the capacitors, The component’s characteristics, such as a
capacitor’s capacitance, used in the D/A or A/D converter must be fabricated to establish
a precise relationship between the components to maintain correct weighting of the
individual bits of the converter.

Variations in the operating characteristics of the components will adversely affect
the ability of the converter to correctly convert a given input such as a digital word for
a D/A converter or an analog voltage level for an A/D converter. In semiconductor
circuit fabricaﬁon, processing variations often prevent components from having precisely
fabricated operating characteristics. This problem is further compounded in a device such
as in an A/D or D/A converter where the operating characteristics of a given component,
in relation to the operating characteristics 0% ofiier rt:-c")mponents, are critical. The greater
the resolution of a given céﬁverter (e.g., the more bits that are involved in the conversion

process), the greater the number of components that must be precisely matched.
This Sheet Has Been Replaced
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P -
corrﬁrises an NMOS transistor 25 wth a drain connecte
apd a source connected to the reference potenti al
25 can be selectively enabled to blow the first fuge 211
"hi gh" potential (e.g., 5 volts) to a gate of the
The width to length ratio, or aspect & i o, of the

A1 AT i M A

sufficient. to bl Qqw the preferred rretal con 22 is
connect edabrrateds o‘hdati %’PW?@“*W r 1gt’ 'BF e‘F]«?P‘é%Icyara‘étﬁﬂﬁ’rcF s&n&ﬁliﬁ
transi stor 26, the NMOS transi stor 28, and a PMOS transi stor The PI\/DS
transi st con@dnemy reeuiredr forod given hpplisatiom,csich asiell the resistarsy ugqgl #hdhed
anongst

e

current IS

conversion process for an A/D converter) of up to 10-bits (either input bits for a D/A
converter or output bits for an A/D converter) with good yields. Yet, in sound
processing applications for example, a conversion resolution of 20-bits or more is
commonly required. |

To fabricate reliably a D/A converter that can accurately convert a given input of
greater than 10-bits, or fabricate reliably an A/D converter that can accurately convert a
given input to an output of greater than 10-bits, requires a calibration process such as
laser trimming to calibrate precisely the operating characteristics of components. Laser
trimming is a calibration process where individual components of an integrated circuit
are cut using a laser to alter specific physical characteristics (e.g., surface area) of the
components. Reducing the surface area of a given component, also affects the operating
characteristics of that component. By precisely measuring the operating characteristics
of the component during the laser trimming process, the operating characteristics of the
component)can be- precisely calibrated. However, laser trimming is expensive and time
consuming in that it requires extra processing steps to complete the fabrication of the
component. Additionally, laser trimming requires a special test setup and must be
performed prior to packaging the integrated circuit. This introduces another problem in
that some component values change after packaging due to factors such as stray
capacitance of the packaging material or stress during the packaging process. For such
cases, laser trimming cannot be used. The prior art teaches using an on-chip
programmable memory to solve the above problems. The on-chip programmable

memory



a pI:uraIity of fuse circuits 110, 1 10A, 1 10B, etc. (afs r W} .
Asdrain of the NMOS transistor 26 is connected to a si dﬁgﬁgﬁ@?\ge

fuse 22. Another side of the second fuse 22 is connectled to a drain off {he
PMOS transistor 27 and a drain of the _NMOS transistor P§. THeligoupsk of

the PMOS transi stor 27 I s connected tQ:i_the supply potegntfi al VSUPPLY.

To bl ow the second rans stor 26 and {t hé ransi st or
27 are CUH&PS tOPIf SE}?}%(QN#\I@E)E%R@ 528 is turned "off" by applyi Ng
a high potential (e.g., 5.0 volts) to a gate of the N&{DS tranS|stor 26 and
applying a | ol p@ﬂ@iﬂei #n (ngeggated 9“@“‘\/& tfglymta@dt rethy additignal; Gempgjsgts
transistor 27 and the NMOS transistor 28. The aspect ratio of the NM3S

t ransi st ¢fcalbrating coinpoiiE) having s asort@enti of gperafing ahdrgetéristiges  Puong the

calibration of the integrated circuit, either the fuses or the PROM circuits are used to
selectively connect the calibrating components to the component that requires the
calibration (the “calibrated component™ until the operating characteristics of the
combined components are precisely adju.sted. For example, a capacitor (the calibrated
component) may have several additional capacitors (the calibrating components) added
in parallel until the precise required capacitance is obtained.

The problem with using EPROMs and EEPROMs to calibrate the operating
characteristics of components is that the fabrication of EPROM and EEPROM memory
circuits requires additional processing steps. A fuse can be fabricated during standard
CMOS processing and is therefore less expensive to use for calibrating components than
EPROM and EEPROM memory circuits,

One prior art method of calibrating a-component uses a single fuse between the
calibrated component and each individual calibrating component. Initially, the fuse
operates as a short circuit between the calibrated component and the calibrating
components. During the calibration of the component, the fuses are selectively opened
(blown out) by passing a large current through the fuse. The components that are
attached to the blown out fuse are physically disconnected from the calibrated component
and thus do not affect the operating characteristics of the calibrated component.

A problem with using fuses to calibrate components is that each fuse requires a
separate bond pad (input terminal) to enable the selective burning of each fuse. A large

number of fuses may be required on one chip to enable a proper calibration of the critical



to allow 30 to 50 mA of current through the second fuse 22 which is-
sufficient to blow the preferred netal fuse.

13 _ Since the transistor 27 is a PMOS transistor, its aspect ratio
is typically three times that of an NMOS transistor for the same current
carrying capacity. Therefore, the PMYS transistor 27 will occupy a

|t ogr o GHmERRES ang ey BGERs aeSPIERFR o Serptin ifft Wiblnat (GNARuleRS By o

preferred )
blow each fuse. To solve this problem, an on-chip decoder may be used to selectively

address each fuse. However, the use of a decoder limits the current that can be used to
blow a fuse. As a result of this limited current, a fuse may only be partially blown. In
the single fuse method of calibrating a component (as discussed above), the partially
blown fuse will have some unpredictable resistance which will alter the effect that an .
added component (e.g., the calibrating component) will have on the calibrated
component. This results in an indeterminable output which destroys the utility of a
calibrating circuit.

Another prior art method of calibrating components, which overcomes the
problems of the single fuse method discussed above, uses a differential fuse circuit.
Unlike the single fuse circuit, the differential fuse circuit has two fuses per calibrating
component and the relative difference in the resistance value of the two fuses determines
whether the calibrating component is used or not. In operation, only one of the two fuses
is blown and only a relatively small difference in resistance between the blown and
unblown fuse (remembering that even an unblown fuse has some measurable resistance)
is required to set .the output of the differential fuse circuit either to a “low” or a “high”
potehﬁal. The potential at the output of the differential fuse circuit determines whether
the calibrating component is used or not. Therefore, even if a fuse is only partially
blown, the resistance of the partially blown fuse does not alter the effect of the
calibrating component. The differential fuse circuit solves the problem that the single
fuse circuit has with partially blown fuses but introduces another problem in that the

differential fuse circuit of the prior art consumes from 5 to 10 pA of current.
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)
enbodi ment of the present invention shares the PMOS transi stor 27 anongst
the plurality of fuse circuits, including fuse circuits 110 and 110A
through 1 10(N-1). This greatly reduces the surface area occupied by a
plurality of Iow current differential fuse circuits in a given
appl i cation. The current throu&h the PMOS switching transistor 23

and t he NMOS sy Lt | . . 24 1S i Lbrcuj.t,.100. The
bias circuit f%nghgr}éeﬂf}%} gge ;alc ﬂg{él?rrﬁ)s(r)‘lilgé%seg mi@%é%“&ﬁ@r 5’(333’0% R w&fhl%la% g _
source c ecd.ed, he .su otential VSUPPLY and has a gate an rain
connect ed fog ehé)>.9 1£Ial’ieé‘tgalto @L%ﬁgma%mt ¢ 3% Posmiorre inereparetsd begeig by
connected to a gate of the PMOS switching transistor 23 and a side of a
resi st or 8frencanot her side of the resistor 30 is connected to a drain and
gate of an NMOS transi stor

Fig. 1 shows a differential fuse circuit as disclosed in the ‘028 Patent. This

differential fuse circuit comprises a bias circuit 20, a fuse circuit 10 and an invertor 13.
The fuse circuit 10 comprises a first leg that is connect to a supply potential Vgppry
through a first fuse 11, and a second leé that is connect to a supply potential Vgyppry
through a second fuse 12. The first and second leg are configured such that a current in
a lower portion of the first leg will induce a current in a lower portion of the second leg.
This is called a “current mirror” circuit since the current in the lower portion of the
second leg “mirrors” the current in the lower portion of the first leg. Conversely, a
current in the lower portion of the second leg does not induce a current in the lower
portion of the first leg.

In operation, if the resistance of the second fuse 12 is made greater than the
resistance of the first fuse 11 (e.g., the second fuse 12 is blown), there is essentially no
current I, in the upper portion of the second leg. The current I, in the first leg is not
affected by: the se.cond fuse 12 being blown and the current in the lower portion of the
first leg induces a current in the lower portion of the second leg (due to the current
mirror described above). Therefore, a node V,, which is connected between the upper
and lower portion of the second leg, is essentially at the same potential as a reference
supply Vegr (e.g., a low potential) and the potential at an output node V,, which is

connected to the node V; through the inverter 13, is at a high potential.
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31 and a gate of the NMOS switching transistor 24. A source of the NMOS
transistor 31 is connected to a drain of an NMOS transistor 32. The NMOS
transi stor 32 has a gate connected to the supply potential VSUPPLY and a
source connected to V F. To reduce the effect of the resistance of
the NMOS transistor 28 on the NMOS swltching transistor 24, the aspect

rati o of the trans st or 2 i r ef er abl e ar ge hat, its "on
resi st ance" EIN%tsy “a5fra l}e | Jaﬁl”@“ﬁé?@e tsﬁ%)ﬁgaglﬁ 1 ér b ﬁmgﬁl)'(f’hﬁl kres n the
sanme bi as condltlons for the NMOS swi t chi transi stor 24 and the NMOS
transi st gesistance of ike sesprd-fuse A2 (@gon biaym The guereatt o throgeh the Sirgfaseap| y

kept the sanme as that of the NMOS transistor 28.
I1 is independent of the resistance of the blown second fuse 12 and depends on the bias

current from the bias circuit 20. The current I, is typically in the range of 5 to 10 pA.

To set the potential at the output node V,, low, the first fuse 11 is blown and
thereby, there is essentially no current I,. Since essentially no current flows in the lower
portion of the first leg of the fuse circuit 10, essentially no current flows in the lower
portion of the second leg of the fuse circuit 10 (due to the current mirror effect). In this
case, the current I, (since the second fuse 12 is unblown) causes the node V; to be
essentially at the same potential as Vgyppy (e.8., high). Therefore, the potential at the
output node V, is low.

When the first fuse 11 is blown and the second fuse 12 is intact (e.g., when the
potential at the output node V, is low), current’s I, and I, are small as long as the
resistance of the first fuse 11 (the blown fuse) is large (e.g., greater than 2 MQ). When
the potential at the output node V, is high (e.g., when the first fuse 11 is unblown and
the second fuse 12 is blown), the current I, is low (due to the high resistance of the
blown secottd fuse 12). The current I, (typically in the range of 5 to 10 uA, as discussed
above) is independent of the resistance of the blown second fuse 12 and depends on the
bias circuit 20.

The differential fuse circuit of the prior art has several drawbacks. For example,
using the prior art differential fuse circuit, an integrated circuit having N fuse circuits,
with half the fuse circuits programmed “high” (e.g., the potential at the output node V,
is high), consumes approximately (I, x N/2) amps (not including the bias current or the

current consumed by the rest of the integrated circuit). For the case when N is large, the
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to invert the potential at the switchi»ng node Vf and obtain a desired

A switching node Vf is connected between the PMOS sw tching

trFansistor 23 and the NMOS switching transistor 24. The sw tching node Vf
is also connected to the invertor 120. The inverter 120, preferably
conprising a PMOS transi stor 33 and ans, NMOS transistor 34, is configured

pot ent i alfudeeifouits SvillNInsGind aOfarge: &n 't tof )cklﬁénttxbﬁcﬁ %a&uﬁot%d&céélﬁ ahle for

operation, if the first fuse 2 1|s

fuse 21

esl stanc

gate-to- s.omyhle p&{"e Pﬁgf’é%éd[ﬁ?f? app lcatlof the second fuse 22), the

To solve the above problems, a new low current differential fuse circuit is hereby
disclosed.

Therefore, it is an object of the present invention to provide a method of forming
a low current differential fuse circuit which consumes less than 1 gA of current (aside
from bias current) when the potential at ;the output node Vj is high or low (e.g., when
either the first or second fuse is blown).

Another object of this invention is to provide an improved differential fuse circuit
(e.g., a low current differential fuse circuit) which consumes less than 1 pA.

A further object of this invention is to provide a circuit and a method of forming
it that can be utilized to appropriately change the value of components without requiring
additional processing steps.

A still further object of this invention is to provide a circuit configuration and a
method of forming that circuit configuration, which can compensate for characteristic
variations of integrated circuit components without requiring external means such as laser

trimming.

SUMMARY OF THE INVENTION

These and other objects of the present invention are achieved by a low current
differential fuse circuit of the present invention. A preferred embodiment of the present
invention has a first fuse and a second fuse. The first fuse is coupled to a supply
potential. The second fuse is coupled to a reference potential through an NMOS

transistor. The fuses are coupled together through a switching circuit. A first circuit is

U St St i

In
first
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PMOS switching transistor 23 will decrease which increases the resistance
of the PMOS switching transistor 23. As a result thereof, the potential of
the switching node Vf will go low and the potential at the output node VO
will go high (e.g., 5.0 volts). This fpor instance, may connect the

calibrating conponent to the calibrated conponent so that the

conponendoypely! toafﬂeeﬁf'st tfP?e ﬁ&%éféch@ﬂy? ¢ ﬁxreisﬁ f ?ﬁseoz Al 8&ofid

conponent. “Sim | arl y, e secon g., t

calibrating

| diRpAtigd

he resi stance

21). ¢ ne R poHE Gerded fﬁﬁg@ﬁﬁ%erm}&@a&o@% ereRot Bt e 5riet B 22 i 1

decr ease V\/m ch increases the resi stance of the NI\/DS SW tchl n

g transistor

24, wi t hseeprd fussuistselertively filovpbbi ifs respedive tfhise Blapingntiregitnodbe switthing | go
hi gh and the potential of the output node Vo will go low (e.g., 0.0 volts).
Thi s circuit switches the potential of a switching node depending on the relative state of the

first fuse to the second fuse (e.g., depending on which fuse is blown). The switching

node is switched by the switching circuit to the potential connected to the first fuse (e.g.,

a supply or high potential), if the second fuse is blown. The switching node is switched

by the switching circuit to the potential connected to the second fuse (e.g., a

reference

or low potential), if the first fuse is blown. A bias circuit is preferably connected to the

switching circuit to ensure that the switching circuit correctly switches in response to a

selectively blown fuse. Further, an invertor is preferably connected to the switching node

to achieve a desired output potential (e.g., either a “high” or “low” potential) at an output

node coupled to the inverter.

In operation, a low current differential fuse circuit configured according to the

present invention consumes less than 1 pA of current (not including the bias current)

when the potential at the output node V, is either high or low (e.g., when either the first

or second fuse is blown). This is preferably accomplished by configuring a

switching

circuit comprising a PMOS transistor with its drain coupled to a drain of an NMOS

transistor. As a result of using the switching circuit of the present invention as opposed

to the prior art current mirror circuit (shown in Fig. 1 and discussed above), the current

consumption of the fuse circuit can be reduced from the 5 to 10pA level of the prior art,

to less than 1 uA by the present invention.
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for instance, may di sconnect the calibrating conponent fromthe calibrated
conponent so that the calibrating conponent will not affect the operating
characteristics of the calibrated conponent. Fig. 3 shows the
sinmul ated transfer curves of the preferred circuit shown in Fig. 2 as a
function of the potential at the swi t cBli ng node Vf and the output node Vo,

22, Tabl o 1 t A epesirren HEGETA T iHeit by PESF FHOBGR CABTRGOESY [ cui
110 and the resultant current I[err] through the
than 1/5 the current of the prior art differential fuse circuit. This low current
consumption renders the circuit of the present invention more practical for low current
circuit applications. Yet, the circuit of the present invention is reliable for precisely
calibrating the components of a circuit.
In a preferred embodiment of the present low current differential fuse circuit, a
fuse blowing circuit (e.g., the fuse blowin.g circuit coupled to the second fuse) may share
a component amongst a plurality of low current differential fuse circuits. Therefore in
an application that requires a plurality of low current differential fuse circuits, less
surface area is required than if a completely separate fuse blowing circuit is used. This
sharing of components in the fuse blowing circuit saves surface area without having any

adverse effects in the utility of the low current differential fuse circuit of the present

invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Following is a description of a preferred embodiment of the present invention,
which whep takeq in connection with the following drawings, will illustrate the above
noted features and advantages as well as further ones. It should be expressly understood
that the drawings are included for illustrative purposes and do not represent the scope of
the present invention.

Fig. 1 is a schematic diagram of a prior art differential fuse circuit;

Fig. 2 is a schematic diagram of a low current differential fuse circuit, in
accordance with a pfeférré&— embodiment of the present invention;

Fig. 3 is a plot of the results of a SPICE simulation of the circuit shown in Fig.
2 REPLACEMENT SHEET




15 inverter circuit 120, for the resistance and current values shown in
Fig. 3. The higher resi stance values set out in Fig. 3 and Table 1, are
val ues that nmay be obtained if either the first fuse 21 or the second
fuse 22 is not conpletely blown. The | ower resistance val ue set out in
Fig. 3 and Table 1 (e.g., 10 [err]), js the resistance of an unbl own netal
fuse. As is apparent fromFig. 3, for a 10 [err] resistance of the

second fuse (e.q. h typi.cal.u . fuse resistance for a petal
fuse) and a %&[‘gf‘s?‘s} plc?& oﬁiﬂben’égul e%ﬁ%ggk@é@%ﬁ‘ﬁ{ e§s¢‘?F§fm$ﬁl§°é”r§T ¥ g., the
bl owmn fuse resistance), the voltage at the output node Vo is 5.0
2, having a current offset between the fuse circuit and the bias circuit; and
Fig. 5 is a plot of the results of a SPICE simulation of the circuit shown in Fig.

2, having a current offset between the fuse circuit and the bias circuit which is different

from the current offset shown in Fig. 4.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A circuit diagram of a preferred embodiment of a low current differential fuse
circuit according to the present invention is shown in Fig. 2. As a result of this novel
circuit, the fuse circuit of the present invention consumes less than 1/5 of the current (not
including the bias current) of the prior art fuse circuit. Yet, the fuse circuit of the present
invention can reliably and precisely calibrate the components of a circuit.

Further, in a preferred embodiment of the low current differential fuse circuit of
the present invention, a portion of the circuitry used by the low current differential fuse
circuit (e.g., a portion of a fuse blowing circuit) may be shared amongst a plurality of
low current differential fuse circuits. This reduces the circuit area required by the
plurality of low current differential fuse circuits, without any adverse effects in the utility
of the low current differential fuse circuit of the present invention.

Hereinafter, any reference to a “fuse” is intended to encompass any fusible link
including, but not limited to, a gate junction, a resistor, a metal fuse, a polysilicon fuse,
or any other fusible link. Any reference to a “blown fuse,” or any other such terms, is
intended to encompass the process of altering the resistance of the fuse (a fusible link,

etc.) such that the resultant resistance of the blown fuse is greater than the resistance of

an unblown fuse. REPLACEMENT SHEET
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volt's (e.g

., at a high potential). For a 1 K[err] or higher resistance of

the second fuse 22 (e.g., the blown fuse resistance), and a 10 [err] fuse
resi stance of the first fuse 21 (e.g., the typical unblown fuse resistance
of a netal fuse), the voltage at the output node Vo is 0.0 volts (e.g., at

a |l ow potential). As shown in Table 1, for a 500 K[err] or higher
resi stance of the blown fuse (e.g. eilt her the first fuse 21 or the second
fuse 22)

, the fus Ci rc f th resent ve ume | ess than
1ot A of o i i ik & A5 e cithiarel sy (“é"‘{j‘ oF [ 15e ekl ¢ he
first fuse 21 or t he second fuse 22 has a 10 Merr] hi gher resistance),

there i s Invanfion greforably eamprisas athipsocizmitt Y ¢amvected m;elftlse circuit 110. Thee
simulation results showmn in Fig. 3 and Table 1 are for the PMOS swi tching

output of the fuse circuit 110 is preferably connected to an inverter circuit 120. An
output node V, is connected to an output of the inverter circuit 120. The state of the
output node V, determines if a component (a “calibrating component,” not shown) is
used to calibrate another component (a “calibrated component,” not shown).

Specifically, the fuse circuit 110, according to a preferred embodiment, comprises
a first fuse 21, a second fuse 22, a first fuse blowing circuit, a second fuse blowing
circuit and a switching circuit. The first fuse 21 is connected to a supply potential
Vsuerry and the switching circuit. The fuse may be a metal fuse or any other fuse or
fusible link such as a resistor, gate junction, etc. (as discussed above). For a metal fuse,
the potential of Vgppy is preferably in the range of 4.5 to 5.5 volts and is nominally 5.0
volts. The switching circuit preferably comprises a P-channel MOS transistor (a “PMOS
transistor”) and an N-channel MOS transistor (an “NMOS transistor”). The first fuse 21
is connected to a source of the PMOS switching transistor 23. A drain of the PMOS
switching transistor 23 is connected to a drain of the NMOS switching transistor 24. A
source of the NMOS switching transistor 24 is connected to the second fuse 22. The
second fuse 22 is also connected to a reference potential Vig through an NMOS
transistor 28. For a metal fuse, the potential of Vyg is preferably in the range of -0.5
to +0.5 volts and is nominally 0.0 volts.

The first fuse 21 is also connected to a first fuse blowing circuit to enable the first
fuse 21 to be selectively blown (e.g., to increase the resistance of the blown fuse with
respect to the resistance of the unblown fuse, as discussed above) during the calibration

of the calibrated component. The circuit for blowing the first fuse 21 preferably
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transi stor 23 havi ng a zero current offset with respect to the PMOS
transistor 29, and the NMOS switching transistor 24 having a zero current
offset with respect to the NMOS transistor 31.

REPLACEMENT SHEET 16
Table 1 | 3, ng Vo Vs Fuse Resi stances
Resi stance ([err]) I3 faled | 4 Vf Vo

comprises an NMOS transistor 25 with a drain connected to the first fuse 21 and a source
connected to the reference potential Vige. The NMOS transistor 25 can be selectively
enabled to blow the first fuse 21 by applying a “high™ potential (e.g., 5 volts) to a gate
of the NMOS ftransistor 25.

The width to length ratio, or aspect ratio, of the NMOS transistor 25 is preferably
large enough to allow 30 to 50 mA of current through the first fuse 21 for a Vgyppy
potential of 4.5 to 5.5 volts. This current is sufficient to blow the preferred metal fuse.

The second fuse 22 is connected to a second fuse blowing circuit preferably
comprising an NMOS transistor 26, the NMOS transistor 28, and a PMOS transistor 27.
The PMOS transistor 27 may be part of the fuse circuit 110, or it may be shared amongst
a plurality of fuse circuits 110, 110A, 110B, etc. (as discussed below). A drain of the
NMOS transistor 26 is connected to a side of the second fuse 22. Another side of the
second fuse 22 is connected to a drain of the PMOS transistor 27 and a drain of the
NMOS transistor 28. The source of the PMOS transistor 27 is connected to the supply
potential Vgyppy -

To blow the second fuse 22, the NMOS transistor 26 and the PMOS transistor 27
are turned “on” and the NMOS transistor 28 is turned “off” by applying a high potential
(e.g., 5.0 volts) to a gate of the NMOS transistor 26 and applying a low potential (e.g.,
0.0 volts) to the gate of the PMOS transistor 27 and the NMOS transistor 28. The aspect
ratio of the NMOS transistor 26 and the PMOS transistor 27 is preferably large enough
to allow 30 to 50 mA of current through the second fuse 22 which is sufficient to blow

the preferred metal fuse.
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21 22 ([err]A) ([err]A) (V)

(V) 10M 10 0.0 0.0 0.0
5.0 500K 10 0.6 0.0 0.0
5.0 | OOK 10 2.2 0.0 0.1
5.0 2K 10 3 5 0.0 0.4
5.0 1K 10 1§ 8 2. 7 1.2
5.0 Si g 1.8
17 r&‘ the transistor 21015 a PMOSléraesmtor its aspect 1ra§o 1s typically threg
0.9 9.9 22.0 3.0
0.3 times tha}(pf an NMOS transq_stqr for the sgmg current carrying cgpaeity. Therefore, ttg, 4
0.1 10 2K 9.5 0.0 3.5
0.0 PMOS trbBsistor 27 will 00d6py a relativel lafge silicon area. TO rélluce the fuse circuft. 9
0.0 10 500K 0.8 0.0 5.0

0.0 area used By an mtegratehoé\ﬂcult that re ﬂrég a Plurahty of fust cﬂcmts, the r’rgre ehrreﬁ 0
0.0 In a real "application, t ere 1Ts sonme current bet ween

ngnfgsgg@E?éﬁeﬁpg{ thggre%grgﬁﬂ\gegﬂgn HSiné Prids transxstc-)rrhi'fanggnrgrs e plurality tehis
of fuse circuits, including fuse circuits 110 and 110A through 110(N-1). This greatly
reduces the surface area occupied by a plurality of low current differential fuse circuits
in a given application.

The current through the PMOS switching transistor 23 and the NMOS switching
transistor 24 is set by the bias circuit 100. The bias circuit 100 preferably comprises a
PMOS transistor 29 that has a source connected to the supply potential Vg, and has
a gate and drain connected together. The gate and drain of the PMOS transistor 29 are
connected to a gate of the PMOS switching transistor 23 and a side of a resistor 30.
Another side of the resistor 30 is connected to a drain and gate of an NMOS transistor
31 and a gate of the NMOS switching transistor 24. A source of the NMOS transistor
31 is connected to a drain of an NMOS transistor 32. The NMOS transistor 32 has a
gate connected to ‘the sixpply potential Vgypp v and a source connected to Vige.

To reduce the effect of the resistance of the NMOS transistor 28 on the NMOS
switching transistor 24, the aspect ratio of the NMOS transistor 28 is preferably made
large so that its “on resistance” is very small (typically less than 500 Q). To maintain
the same bias conditions for the NMOS switching transistor 24 and the NMOS transistor
31, the aspect ratio of the NMOS transistor 32 is preferably kept the same as that of the

NMOS transistor 28.
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variations in the substrate material that the conpondnBEPIACEMENT rBHEEDN

resistance of the |eads between conponents (since the[bras Trreurt

the fuse circuit 110 can be located from1l to 2 mnch rti ‘\{@” ,a. |ons in

conponent operating characteristics, etc. The current
reliably be fabricated to be from1-2 percent In thg
current msmatch, a Iarger di fference Hetvveen t he bl ¢
fuse resistances js.requjred to set t he out put_node

state (e.g., &% ing;neds,V o copngrted detyren4hg PMOS switching transistor 23 an

the NMOS switching transistor 24. The switching node V; is also connected to the
invertor 120. The inverter 120, preferably comprising 2 PMOS transistor 33 and an
NMOS transistor 34, is configured to invert the potential at the switching node V, and
obtain a desired potential (e.g., either 0.0 or 5.0 volts) at the output node V,,

In operation, if the first fuse 21 is blown (e.g., the resistance of the first fuse 21
is higher than the resistance of the second fuse 22), the gate-to-source potential of the
PMOS switching transistor 23 will decrease which increases the resistance of the PMOS
switching transistor 23. As a result thereof, the potential of the switching node V; will
go low and the potential at the output node V, will go high (e.g., 5.0 volts). This for
instance, may connect the calibrating component to the calibrated component so that the
calibrating component will affect the operating characteristics of the calibrated
component. Similarly, if the second fuse 22 is blown (e.g., the resistance of the second
fuse 22 is greater than the resistance of the first fuse 21), the gate-to-source potential of
the NMOS switching transistor 24 will decrease which increases the resistance of the
NMOS switching transistor 24, with the result that the potential of the switching node
V, will go high and the potential of the output node V,, will go low (e.g., 0.0 volts). This
for instance, may disconnect the calibrating component from the calibrated component
so that the calibrating component will not affect the operating characteristics of the
calibrated component.

Fig. 3 shows the simulated transfer curves of the preferred circuit shown in Fig.
2 as a function of the potential at the switching node V; and the output node V,, with
respect to the resistances of the first fuse 21 and the second fuse 22. Table 1 tabulates

the resultant current I, though the fuse circuit 110 and the resultant current I, through the



17 One way to sinulate the effect .of the current offset of the
swtching transistors to the bias transistors is by changi ng the aspect
ratio of the switching transistors 23 and 24 with respect to the bias
resistors 29 and 31, respectively. For this purpose, two paraneters, mi
and n2 are defined. Paraneter ml equals the aspect ratio of the PMOS
switching transistor 23 divided by thdSaspect ratio of the PMOS transistor

29. Paraneter nP.e | s the aspect rafio of the NMOS sw tching transistor

24 di vi dEFeH§T Pﬁ@nfagg(gégr thegepistange andecutrant velueh shogiroin Big. 3. The highgrj g, 4

shows that if the PMOS swtching transistor 23 draws 5% | ess current than
resistance values set out in Fig. 3 and Table 1, are values that may be obtained if either

the first fuse 21 or the second fuse 22 is not completely blown. The lower resistance
value set out in Fig. 3 and Table 1 (e.g., 10 Q), is the resistance of an unblown metal
fuse.

As is apparent from Fig. 3, for a 10 Q resistance of the second fuse 22 (e.g., the
typical unblown fuse resistance for a metal fuse) and a 1 K€ or higher resistance for the
first fuse 21 (e.g., the blown fuse resistance), the voltage at the output node V, is 5.0
volts (e.g., at a high potential). For a 1 KQ or higher resistance of the second fuse 22
(e.g., the blown fuse resistance), and a 10 Q fuse resistance of the first fuse 21 (e.g., the
typical unblown fuse resistance of a metal fuse), the voltage at the output node V,, is 0.0
volts (e.g., at a low potential).

As shown in Table 1, for a 500 KQ or higher resistance of the blown fuse (e.g.,
either the first fuse 21 or the second fuse 22), the fuse circuit of the present invention
will consume less than 1 pA of current. If the fuse is blown completely (e.g., if either
the first fuse 21 or the second fuse 22 has a 10 MQ or higher resistance), there is
virtually no current through the fuse circuit.

The simulation results shown in Fig. 3 and Table 1 are for the PMOS switching
transistor 23 having a zero current offset with respect to the PMOS transistor 29, and the
NMOS switching transistor 24 having a zero current offset with respect to the NMOS

transistor 31,
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MOS-—swi-t-c g

i s drawn by the PMOS transistor 29 (mM = 0.95), and the

J
transistor 24 draws 5% nore current than is drawn by the RIFOCAMETSSREGY

31 (nm2 = 1.05) under respectively identical bias condit
difference of 4.0 Klerr] between the resistances of the
second fuse 22) and the unblown fuse (the first fuse 21)

set the output node Vo to a | ow potent.!'L-aI. Simlprly, Fig -5 showy
that if the PMOS switching transistor 23 draws 5% nore gturrent than is
drawn by the PMOS transistor 29 (ni Lablegb) and the NVOS-swi-tehing

transi stor 24 draws 5%l ess current than is drawn by the

ons-—tiema
bl own fuse. 4 he
i!s r’e‘éﬁgr@é}t )

NMOS transi stor 31

(nm2 0.95), under the sang bw?z\@og;%}lirpggske%i%@gw%fdi fference of 4.0 Klerr]

bet ween the resistances of’ t I'rst

fuse 22 is required to set

and the unbl own second

Resistance () I I V; Vo
21 22 (HA) (nA) V) V)
10M 0| 00 0.0 0.0 5.0
500K 0| o6 0.0 0.0 5.0
100K 0| 22 0.0 0.1 50
2K 0f 95 0.0 0.4 50
1K 0| 98 27 12 50
500 0] 99 19.0 1.8 47
10 0] 100 419 25 0.9

10 s00| 99 2.0 3.0 0.3

10 K| 98 8.2 3.4 0.1

10 K| 95 0.0 35 0.0

10 100K | 27 0.0 49 0.0

10 SO0K | 038 0.0 50 0.0

10 M| 00 0.0 5.0 0.0

In a real application, there is some current mismatch between transistors 23 and

29 aﬁd transistors 24 and 31. This current mismatch is due to several factors such as

variations in the substrate material that the components are formed on, resistance of the

leads between components (since the bias circuit 100 and the fuse circuit 110 can be

located from 1 to 2 mm apart), variations in component operating characteristics, etc.

The current mismatch can reliably be fabricated to be from 1-2 percent. In the case

when there is a current mismatch, a larger difference between the blown and the unblown

fuse resistances is required to set the output node V,, to a known logic

a low or high potential).

state (e.g., either



t he output node Vo to a high potential. Since a current m smatch betwe
the switching transistors and the bias transistors can generally be
mai ntai ned at less than 5% and a difference of nore than 4.0 K[err]
bet ween the resistances of the blown and unbl own fuses can readily be
realized, the output node Vo wll almays be at a known potential (eith
| ow or high potential). 17

18 Ond N b A B el AR eeSet B e R
to the bias transistors is by changing the aspect ratio of the switching transistors 23 and
24 with respect to the bias resistors 29 and 31, respectively. For this purpose, two
parameters, m1 and m2 are defined. Parameter m1 equals the aspect ratio of the PMOS
switching transistor 23 divided by the aspect ratio of the PMOS transistor 29. Parameter
m2 equals the aspect ratio of the NMOS switching transistor 24 divided by the aspect
ratio of the NMOS transistor 31,

Fig. 4 shows that if the PMOS switching transistor 23 draws 5% less current than
is drawn by the PMOS transistor 29 (m1 = 0.95), and the NMOS switching transistor 24
draws 5% more current than is drawn by the NMOS transistor 31 (m2 = 1.05) under
respectively identical bias conditions, then a difference of 4.0 KQ between the resistances
of the blown fuse (the second fuse 22) and the unblown fuse (the first fuse 21) is
required to set the output node V, to a low potential.

Similarly, Fig. 5 shows that if the PMOS switching transistor 23 draws 5% more
current than is drawn by the PMOS transistor 29 (m1 = 1.05) and the NMOS switching
transistor 24 draws 5% less current than is drawn by the NMOS transistor 31 (m2 =
0.95), under the ‘same bias conditions, then a difference of 4.0 KQ between the
resistances of the blown first fuse 21 and the unblown second fuse 22 is required to set
the output node V,, to a high potential. Since a current mismatch between the switching
transistors and the bias transistors can generally be maintained at less than 5% and a
difference of more than 4.0 KQ between the resistances of the blown and unblown fuses
can readily be realized, the output node V,, will always be at a known potential (either

a low or high potential).

en

er

t he
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22 may al so conprise polysilicon. The typical resist
polysilicon fuse 1is 100 [err] and a preferred range{f

potential is between six and seven volts wth a noniingl vol th.bﬁge of B.
vol ts. CONCLUSI ON The low current differenrtilal4 fiuliN &% cuft

di sclosed in the present invention is a low cost al
EPROM nenory, an EEPROM nenory, or | asdr tri mﬂ ng

of a given circuit.. The |agw.current, differe fusel cir
pr ese%t invenﬁoﬁ??}ﬁ?ﬁnag‘é( (% ?@HF@IBS"F‘L?G‘E ‘?E Mﬁ

addi ti onal processing_steps and consunes | ess than 1
(ot her t Rarmayi also comprise polysilicon. The typical resistance of an un

t
tio

Tﬁﬂé

erfnati ve to_using|an
‘calribrate conpohents

ut any

err] A of current
unblown polysﬂlcon fuse

is 100  and a preferred range for the Vg ppy potential is between six and seven volts

with a nominal voltage of 6.5 volts.

CONCLUSION

The low current differential fuse circuit disclosed in the present invention is a low
cost alternative to using an EPROM memory, an EEPROM memory, or laser trimming,
to calibrate components of a given circuit. The low current differential fuse circuit of
the present invention can be implemented in a standard CMOS process without any
additional processing steps and consumes less than 1 uA of current (other than bias
current). This low current differential fuse circuit, as illustrated by the above preferred
embodiments, consumes less than 1/5 of the current that is required by the prior art
differential fuse circuit. This reduction in current consumption is a result of using the
switching circuit of the present invention as opposed to the current mirror circuit that was
known in the prior art. Therefore, the circuit of the present invention can be used in low
current intégrated’ circuits that require a high degree of precision, such as an A/D
converter that has more than 10-bits of resolution.

Further, by preferably sharing the PMOS transistor 27, which is a portion of the
second fuse blowing circuit, among a plurality of low current differential fuse circuits,
the plurality of low current differential fuse circuits will occupy less surface area than if
the fuse blowing circuits did not share components. Therefore, a plurality of low current
differential fuse circuits, according to the preferred embodiment of the present invention,

require less surface area and are more practical in applications where there is a minimum



current). This low current differential fuse circuit, as illustrated by the
above preferred enbodinents, consunes less than 1/5 of the current that is
required by the prior art differential fuse circuit. This reduction in
current consunption is a result of using the switching circuit of the
present invention as opposed to the cxéient mrror circuit that was known
in the prior art. Therefore, the circ of the present invention can be

used in | current inptegrated.circuits that r i re a, high degree of
br eci si oftt Hex HHTAcE M Rabhec b guliaet b e Pl P s S0 i ¢ o of
resol ution. ) Further, by preferably sharing the PMOS transistor 27,
which is a poMhilgnthst inyeation ebasndeensdeseribedi mithcireferanee tondbry refsredal ity
of low current differential fuse circuits, the plurality of |ow current
di f f er enembéddifiests, itiwitl (Hetappadeht toathesepskilledsia tisusr e namerus Ivariatidns can

be made without departing from the spirit or scope of the invention which is defined by

the appended claims. While the above preferred circuit has been discussed with reference

to A/D and D/A converters, the present invention may be used in any circuit application

where a high degree of precision is required in the operating characteristics of the

components which comprise the circuit, such as in a signal conditioning application

where offset and sensitivity variations of sensors must be compensated. The preferred

embodiments were described above solely for illustrative purposes and were not intended

to limit the scope of the appended claims.
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the fuse blowing circuits did not share corrponentsMe a plurality

of low current differential fuse circuits, accordl e pr\f?ﬁf@d
enbodi ment of the present invention, require Iess are
nore practical in applications where there is a mni rrum
19 of free surface area that can be utilized by the pl ural | ty of* use
circuits. Wil e the invention 2hs been described with reference to
the preferred i
Claims
I claim:
1. A low current differential fuse circuit comprising:
a first fuse coupled to receive a supply potential;
a first circuit coupled to said first fuse for blowing said first fuse;
a second fuse coupled to receive a reference potential;
a second circuit coupled to said second fuse for blowing said second fuse;
a switching circuit coupled between said first and said second fuses.
2. The low current differential fuse circuit of Claim 1, further comprising a bias
circuit wherein said bias circuit is coupled to said switching circuit.
3, The low current differential fuse circuit of Claim 1, wherein said switching circuit
comprises a plurality of transistors.
4, The low current differential fuse circuit of Claim 3, wherein said plurality of
transistors comprises MOS transistors.
5. The low current differential fuse circuit of Claim 4, wherein one of said plurality

of transistors comprise an NMOS transistor and an other of said plurality of transistors

comprise a PMOS transistor.
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enbodi ments, it will be apparent to those skilled in the art that numerous
variations can be nmade w thout departing fromthe spi r"mmm:l ' 1 he
i nvention which is defined by the appended cl ai ns. i mwﬂlﬂ “r
preferred circuit has been discussed with reference to* AD &nd*D/A *
converters, the present invention may be used in any circuit application

where a high degree of precisionis réﬂuired I n the operating
characteristics of the conmponents which conprise the cirguyit, such as in a

si gnal céndi t i1bgilewy cament; ditierential fugecsiteuis of Slamdy, hSPRPIRG A IVEHEET; ons of

sensors nust be conpensated. The preferred enbodinments were descri bed
above solcikyit fadierdin Isaid tinverfey eirpuit posmpledrtd saidr switebingi gitceitded to linmit the
scope of the appended cl ai ns.

7. The low current differential fuse circuit of Claim 1, wherein each of said first and

second circuits comprise a transistor.

8. The low current differential fuse circuit of Claim 1, wherein each of said first and

second fuses comprise a metal fuse.

9. The low current differential fuse circuit of Claim 1, wherein each of said first and

second fuses comprise a polysilicon fuse.

10.  The low current differential fuse circuit of Claim 1, wherein said supply potential

is in the range of 4.5 to 7.0 volts.

11. A fuse circuit for calibrating output characteristics of an integrated circuit, said
fuse circuit comprising a plurality of low current differential fuse circuits, each of said
plurality of low current differential fuse circuits comprising:

a first fuse coupled to receive a supply potential;

a first circuit coupled to said first fuse for blowing said first fuse;

a second fuse coupled to receive a reference potential;

a second circuit coupled to said second fuse for blowing said second fuse; and

THIS SHEET MAS BEEN
a switching circuit coupled between said first and second fuses. REPLACED
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20 ' d ai
5. 1. A low current differenti al fuse circuit consuillm;ml ﬂq m

| [err] A conpri sing: a first fuse coupled fecLe
potential ; a first circuit coupled to said first fuse for
bl owi ng said first fuse; -

12.  The fuse circuit of Claim 11, wherein each of said plurality of low current
differential fuse circuits further comprise a bias circuit wherein said bias circuit is

coupled to said switching circuit.

13.  The fuse circuit of Claim 11, wherein each said switching circuit of said plurality

of low current differential fuse circuits comprises a plurality of transistors.

14.  The fuse circuit of Claim 13, wherein said plurality of transistors comprise a MOS

transistor.

15.  The fuse circuit of Claim 14, wherein one of said plurality of transistors comprise
an NMOS transistor and an other of said plurality of transistors comprise a PMOS

transistor.

16. The fuse circuit of Claim 11, wherein each of said plurality of low current
differential fuse circuits further comprise an inverter circuit wherein said inverter circuit

is coupled fo said 'switching circuit.

17.  The fuse circuit of Claim 11, wherein each of said first and second circuits of said

plurality of low current differential fuse circuits comprise a transistor.

18. The fuse circuit of Claim 11, wherein each of said first and second fuses of said

plurality of low current differential fuse circuits comprise a metal fuse.
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a second fuse coupled to receive a reference potentlal

second circuit coupled to said second fuse for-blow ng Hmﬂl
10 a switching circuit coupl ed between said f ,wgmnond

fuses. 2. The low current differential fuse circuitt of
further conprising a bias circuit wherein said bias circuit is
coupl ed to said switching circuit. 285 3. The | ow current

differential fuse circuit of Claim] “Wherein said switching.circui
conpri sed9a pllheduse girquit ofrGlain 44 owherein each of said first and secondgfuses 0 sa11:d

plurality of low current differential fuse circuits comprise a polysilicon fuse.

20.  The fuse circuit of Claim 11, wherein said supply potential is in the range of 4.5

to 7.0 volts.

21.  The fuse circuit of Claim 11, further comprising a component that is shared by

each of said second circuits of said plurality of low current differential fuse circuits.

22. A method of forming a low current differential fuse circuit comprising the steps
of:

providing a first fuse coupled to a supply potential;

providing a second fuse coupled to a reference potential;

providing a first circuit for blowing said first fuse;

providing a second circuit for blowing said second fuse;

blowing one of said first and second fuses;

. providing a switching circuit, said switching circuit providing said potential of
said first or second fuses to a node connected to said switching circuit such that said
potential of said node is substantially. at said supply potential when said second fuse is
blown and said potential of said node is substantially at said reference potential when

said first fuse is blown.

23.  The method of Claim 22, further comprising the step of providing a bias circuit

for biasing said switching circuit. REPLACEMENT SHEET
This Sheet Has Been Replaced - L“ 1 JUN 897
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4.
pturality of

The low current differential fuse circuit of

transistors conprises MS tranS| stors I Iw)m um“mli”"l
fuse circuit of Claim4, whe

The | ow current differenti al

plurality
said plurality of transistors

conprise a PMOS transi stor.

—

24, The method of Claim 22, further comprising the step of providing an inverter

circuit for inverting said potential of said node.

25.  The method of Claim 22, wherein said step of providing said switching circuit

further comprises providing a plurality of MOS transistors.

26.  The method of Claim 25, wherein said step of providing said plurality of MOS
transistors further comprises providing one of said plurality of MOS transistors as an
NMOS transistor and an other of said plurality of said MOS transistors as a PMOS

transistor.

27.  The method of Claim 22, wherein said step of blowing one of said first and
second fuses comprises providing a high current path through one of said first and second

circuits.

wherein said

of transistors conprise an NMOS transi stor and an "ot her* of



6.  The low current differential fuse circuit of Claim1, further
conprising an inverter «circuit wherein said inverter circuit is coupled to

said switching circuit. 7. The low current differential fuse circuit
of Claim1l, wherein each of said first and second circuits conprise a
transi stor. 8. The low current differential fuse circuit of Caiml,
wherein each of said first and second5f uses conprise a netal fuse. 9.
The low current differential fuse circuit of Claim1, wherein each of said
first and Abstract

A LOW CURRENT DIFFERENTIAL FUSE CIRCUIT

A low current differential fuse circuit for adjusting the operating characteristics
of semiconductor circuits. A switching circuit is connected between a first and a second
fuse. The first and second fuses are respectively connected to a supply potential (e.g.,
5.0 volts) and a reference potential (e.g., 0.0 volts). Additionally, each fuse is connected
to a circuit for blowing the fuse. The switching circuit is also connected to a bias circuit
that biases the switching components (e.g., a PMOS transistor and an NMOS transistor)
to ensure that the switching circuit correctly switches in response to a selected fuse (e.g.,
either the first fuse or the second fuse) being blown (e.g., opened). An inverter circuit
may also be provided between a switching node and an output node to provide a desired
output potential.

FIG, 1
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second fuses conprise a polysilicon fuse. 10. The | ow current
differential fuse circuit of Claiml, wherein said supply potential 1is in
the range of 4.5 to 7.0 volts. 11. A fuse circuit for calibrating

out put characteristics of an integrated circuit, said fuse circuit
conprising a plurality of low current differential fuse circuits which
consune less than 1[err]A, each of said plurality of |ow current

differential fuse circuits conpri sing: a first fuse coupled to
receive a supply potential; a first circuit coupled to said first
fuse for blowng said first fuse; L
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a second
and

21

bl owi ng said second fuse;

a switching circuit coupled between said first and second fuses.

a second fuse coupled to receive a reference potential;

circuit coupled to said second fuse for
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12.° The fuse circuit of aim 11, wherein each of said plurality of |ow
current differential fuse circuits further conprise a bias circuit wherein
said bias circuit is coupled to said switching circuit. 13. The fuse
circuit of daim 11, wherein each said switching circuit of said plurality
of low current differential fuse circuits conprises a plurality of
transistors. 14. The fuse circuit of Claim1l13, wherein said plurality
of transistors conprise a MOS transistor.

\4‘/ \/a (\/O“"s)
I
|

N
2_
1
N -
o t—TT T T T T T T T T T 7T

21 —35K3PK25K20K15K10K 500 10 16 10 10 10 10 10 10
22—10 10 10 10 10 10 10 10 500 10K 15K 20K 25K 30K 35K

Fuse Resistance (ohms)
Fig. 3 Vi, Vo vs Fuse Resistance
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15.° The fuse circuit of Claim14, wherein one of said plurality of

transi stors conprise an NMOS transistor and an other of said plurality of
transi stors conprise a PMOS transistor. 16. The fuse circuit of Caim
11, wherein each of said plurality of low current differential fuse
circuits further conprise an inverter circuit wherein said inverter circuit
Is coupled to said swtching circuit. 17. The fuse circuit of Caim
11, wherein each of said first and second circuits of said plurality of

|l ow current differential fuse circuits cgnprise a transistor.

— ¥

L D O L L O O I R A L
21— 10K 500 10 10 10D 10 10 10 10 10 0 10 10 110 10

22— 10 10 10 500 10K 15K 20K 25K 30K 35K 40K 45K 50K 55K 60K
Fuse Resistance (chms)

Fig.4 Vi, Vo vs Fuse Resistance (m1=0.95, m2=1.05)
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18.° The fuse circuit of laim 11, wherein each of said first and second
fuses of said plurality of low current differential fuse circuits
conprise a netal fuse. 19. The fuse circuit of Claim1ll, wherein
each of said first and second fuses of said plurality of |ow current
differential fuse circuits conprise a polysilicon fuse.

— —

o r—TT T T T T T T T T T
2] — 60K 53K 50K 45K 40K 35K 30K 25K 20K 15K 10K 500 10 10 1O

22— 10 10 10 10 10 10 10 10 10 10 10 10 10 500 10K
Fuse Resistance (chms)

Fig. 5 ¥, Vo vs Fuse Resistance (m1=1.035, m2=0.95)
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20. The fuse circuit of Claim 11, wherein said supply potential—isinthe

range of 4.5 to 7.0 volts. 21. The fuse circuit of (Al r
conprising a conmponent that is shared by each of said se’ﬂmuﬂw}mnﬁﬂﬂmﬂ
said plurality of low current differential fuse circuits. * <221 uASs od
of formng a low current differential fuse circuit consumng |ess than

1[err] A conprising the steps of: 20providing a first fuse coupled to
a supply potential; provi ding a second fuse coupled to a reference
potential; )
Claims
I claim:

5 L A low current differential fuse circuit consuming less than 1pA comprising:

a first fuse coupled to receive a supply potential;
a first circuit coupled to said first fuse for blowing said first fuse;
(. ' - asecond fuse coupled to receive a reference potential; ‘
a second circuit coupled to said second fuse for-blowing said second fuse;

10 a switching circuit coupled between said first and said second fuses.

2. The low current differential fuse circuit of Claim 1, further comprising a. bias

circuit wherein said bias circuit is coupled to said switching circuit.

15 3. The low current differential fuse circuit of Claim 1, wherein sé.id switchiﬁg circuit

comprises a plurality of transistors. =

‘4. The low current differential fuse circuit of Claim 3, wherein said plurality of
transistors comprises MOS transistors.
20
5. The low current differential fuse circuit of Claim 4, wherein one of said plurality
of transistors comprise an NMOS transistor and an other of said plurality of transistors

comprise a PMOS transistor.

REPLACEMENT SHEET

3 1 AUG 1999

4Foirro— o
zil8tas




providing a first circuit for blowing said first fuse; u,
second,circuit for blow ng said second fuse, bl o W”mqmﬂﬂwrﬂ,
first and second fuses; providing a switching cirtui%, tsa

swi t chi ng circuit providing said potential of said first or second fuses

to a node connected to said switching circuit such that said potential of

said node_is s anti al | ypply potential when said second fuse
is bl own &nd gﬁf" S)O%B‘Fé‘??f' “"r?f‘%sgl?"d‘mﬁ'a‘& fiCdaim ), further icgmpysing alpyeper

reference potential when said first fuse is blown. = 23. The met hod of
Cl ai m 22, cfrepit whereinosaid inyertey cireuit ds equplsid torsaidi wwitshing dircni$ circuit

7. The low current differential fuse circuit of Claim 1, wherein each of said first and

second circuits comprise a transistor.

8. The low current differential fuse circuit of Claim 1, wherein each of said first and
second ﬁses comprise a metal fuse. k
9. The low current differential fuse circuit of Claim 1, wherein each of said first and
. second fuses compnse a polysilicon fuse | | |

10. . Thelow current differential fuse c:rcmt of Clmm 1, wherem said supply potenual

_~1s in me range of 4.5 to 7.0 volts.

S IL A fuse circit for calibrating output characteristics of an integrated circuit, said

fuse cn-cmt comprising a plurality of low current dxﬁ'erenual fuse circuits which consume

' less than IM each of saud plurahty of low current d1ﬁ‘erentlal fuse citcuits comprising:

a first fuse coupled to receive a snpply potennal
" a first circuit coupled to said first fuse for blowing said first fuse;
a second fuse coupled to receive 2 reference potential;
a second circuit coupled to said second fuse for blowing said second fuse; and

a switching circuit coupled between said first and second fuses.
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fzgr bi a;SI ‘'ng said switching circuit. " Zumm Cllffﬁmﬂﬂﬂof

Clakm 22, further conprising the step of providing an inverter
inverting said potential of said node.

19.  The fuse circuit of Claim 11, wherein each of said first and second fuses of said

plurality of low current differential fuse circuits comprise a polysilicon fuse.

20.  The fuse circuit of Claim 11, wherein said supply potential is in the range of 4.5

to 7.0 volts.

21.  The fuse circuit of Claim 11, further comprising a component that is shared by

each of said second circuits of said plurality of low current differential fuse circuits.

22. A method of forming alow current diﬁ'erenﬁal fuse circuit consuming less than
_1pA comprising the steps of: | |
providing a first fuse coupled to a 'suppl)-' p<')tenﬁal;.
- providing ‘a second fuse coupla;d toa referénce potential;
" providing a first circuit for blowing said first fuse;
providing a second circuit for blowing said second fﬁse;
_blowing one of said first and second fuses; .
i ﬁrovi;ﬁng a switching circuit, said switching cxrcmt providing said potential of s;aid
first or second fuses to a node connected to said switching circuit such that said potential
of said n;)'de is substantiaily at said supply potential when said second fuse is blown and

said potential of said node is substantially at said reference potential when said first fuse

is blown.

23.  The method of Claim 22, further comprising the step of providing a bias circuit

for biasing said switching circuit.
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25. The met hod of C aim 22, wherein said step of providing BéMC%NEr%HﬁET
circtit further conprises providing a plurality of MOS transifstors. 26
The nethod of C aim 25, wherein said step of providing saidipl urﬁit__‘%{_ g/ﬁgg
MOS transistors further conprises prO\}i ding one of said plyrality o
transistors as an NMOS transistor and an ot her of said plunal+ty—of—sard
MOS transistors as a PMOS transistor. 27. The nethod qf C aim 22,

wherein said step of L gWWCORKIT DIFFERENTISL. POSE ROV f USES conpri ses
provi ding a high current path through one of said first and second

FIELD OF THE INVENTION
This invention generally relates to electronic circuits and specifically relates to a

low current differential fuse circuit.

BACKGROUND OF THE INVENTION

Integrated circuits often require components having operating characteristics (e.g.,
fesistance, capacitance, etc.) fabricated to a high degree of precision. For instance, the
accuracy of a digital-to-analog (D/A) converter using binary weighted current sources
depends on the matching accuracy of the transistors. Similarly, the accuracy of a charge
redistribution analog-to-digital (A/D) convertor or D/A convertor depends on the
matéhing accuracy of the capacitors. The component’s characteristics, such as a
capacitor’s capacitance, used in the D/A or A/D converter must be fabricated to establish
a precise relationship between the components to maintain correct weighting of the
individual bits of the converter.

Variations in the operating characteristics of the components will adversely affect
the ability of the converter to correctly convert a given input such as a digital word for
a D/A converter or an analog voltage level for an A/D converter. In semiconductor
circuit fabrication, processing variations often prevent components from having precisely
fabricated operating characteristics. This problem is further compounded in a device such
as in an A/D or D/A converter where the operating characteristics of a given component,
in relation to the operating characteristics of other components, are critical. The greater
the resolution of a given converter (e.g., the more bits that are involved in the conversion

process), the greater the number of components that must be precisely matched.
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Abstract
LOW CURRENT DIFFERENTIAL FUSE CIRCUIT
A low current differential fuse circuit for adjusting the operating chargcteristics
of semiconductor circuits. A switching circuit is connected between a first and a second
fuse. The first and second fuses are respectively connected to a. supply potential (e.g.,
5.0 volts) and a reference potential (e.g., 0.0 volts). Additim;ally, each fuse is connected
to a circuit for blowing the fuse. The switching circuit is also connected to a bias circuit
that biases the switching components (e.g., a PMOS transistor and an NMOS transistor)
to ensure that the switching circuit correctly switches in response to a selected fuse (e.g.,
either the first fuse or the second fuse) being blown (e.g., opened). An inverter circuit
may also be provided between a switching node and an output node to provide a desired
output potential.

FIG. 1



