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metal migration. This is accomplished by pulsing the resistor with high
amplitude, small duty cycle current Background of the Invention
pulses. US Patent No. 4, 606, 781 discloses a resistor element structure
which may be trimmed by metal This invention relates generally to
integrated cir-   5   migration. This approach is especially useful In pro-
cuits and, more particularly, to an integrated circuit  duction and has
definite advantages over laser trim- such as an operational amplifier
wherein a parameter  ming, link blowing, or zener zapping. First the of the
circuit such as input offset voltage is trimmed  resistors can now be
trimmed after the integrated cir- by metal migration.
cuit is packaged. Second, the resistor trimmed by The term "trimming" as
used herein means the   10   metal migration (RTMM) occupies very little
die area. fine adjustment of parameters such as resistance,  Third, when
using RTMM resistors, a test computer capacitance, or inductance in an
integrated circuit,  performs a trim algorithm, not digital logic on the
chip. Also, as used herein, the term "metal migration" refers  Fourth, RTMM
resistors exhibit increased accuracy to the movement of metal into a
semiconductor crystal  and resolution; i.e. they undergo resistance changes
such as a resistor by passing current pulses of high   15  as small as 25
milliohms/pulse on a 25 ohm resistor. amplitude and generally small pulse
width through the  Finally, no additional expensive equipment is resistor.
required. As is well known, it is often times necessary to   Assuming a
silicon substrate and aluminum con- "match" (i.e. make electrically
identical) resistors,  tacts, when small duty cycle current pulses are
transistors, diodes, etc. or to set the absolute value of  20  applied to
the RTMM resistors, electron momentum a single electronic device to a
certain value (i.e. trim-  exchange causes some movement of silicon and
ming a resistor to establish a desired current level).  aluminum atoms in
the direction of electron current This is done, for example, to minimize
the input offset  flow, commonly referred to as electromigration. As the
voltage of an operational amplifier.               resistor temperature
rises, however, the ability of Resistor trimming is, by far, the most
common   25  aluminum  to dissolve silicon  increases. This method of
adjusting electrical parameters on inte-  phenomenon causes an aluminum
filament to grow grated circuits. Two methods are generally known.  from
the positive terminal, dissolving silicon as It The first utilizes a trim
potentiometer external to the  grows, towards the negative terminal,
against the flow semiconductor device but connected to it through pins  of
electrons. As the filament grows, the resistive value (e.g. on the printed
circuit board). The second method   30  decreases. Involves trimming the
resistor on an integrated circuit  It would therefore be desirable to
provide circuitry die itself, usually while In wafer form.            which
is configured so as to incorporate the desirable Resistors may be trimmed
mechanically by        features of RTMM resisitors. means of abrasion,
usually sand blasting, and laser shaping of a conductive layer. Another
approach is to  35   Summary of the Invention blowfuses which involves the
vaporization of metal by passing high current therethrough. Zener zapping
It is an object of the present invention to provide Involves the short
circuiting of diodes by means of  circuitry, a parameter of which may be
altered by trim- excessive current. In addition, the resistance of resis-
ming RTMM resistors utilized therewith. tors may be altered chemically as
by anodizing.  40    It is an object of a preferred embodiment of the Known
method of resistor trimming on the die    present invention to provide an
operational amplifier have serious disadvantages. Laser trimming equip-
Integrated circuit having an Input offset voltage ([err]) ment Is very
expensive and its maintenance and pro-  which may be trimmed through the
use of RTMM gramming extremely critical and costly. The blowing  resistors.
of fuses can result in service contamination and   45  According to a broad
aspect of the invention there cracks In the protective glass layer which,
in turn, may  is provided an apparatus including a RTMM resistive cause
poor reliability. Zener zapping requires dedi-  element for altering an
electrical parameter of an utill- cated circuitry which may amount to over
20% of the  zation circuit the latter of which is coupled between die area.
first and second power supply rails (V+ and ground) A further disadvantage
in the well known methods  50  and includes at least first and second
inputs, charac- of resistor trimming on the die is characterized in that
terized by: after the die is trimmed (usually while in wafer form)   diode
means coupled between the at least first it is scribed and assembled in a
package. The assem-  and second inputs for conducting current from said bly
process places stresses on the semiconductor   first input to said second
Input when the voltage at chip which can cause the trim resistor to change
in  55  said first input exceeds a predetermined value; and value due to
piezoresistive effects.                     the RTMM resistive element
being coupled be- It is now known that a specially designed diffused  tween
the second input and one of the first and sec- resistoron an integrated
circuit die may be trimmed by  ond power supply rails whereby said current
flowing 2    
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means also flows through said   is then deposited over the insulating layer
28 and into RTMM  resistor element altering the resistance     openings 30
thus creating metal contacts 18, 19, 20, thereof.
21, 22 and 23. A protective glass layer 34 Is deposited According to a
further aspect of the invention  over metal 32 and openings 36 and 38
formed therein there is provided an apparatus wherein said utilization   5
so as to provide access to pads 14 and 16. circuit comprises an operational
amplifier integrated  It was discovered that when using a 111 oriented
circuit formed in a semiconductor substrate of the type  silicon wafer 10
having a diffused resistor 12 running which includes first and second
differentially coupled  parallel to the [1101 flat 40 that there was a
difference input transistors each having a base electrode coup-  in the
shape of the aluminum flow into the silicon led to first and second input
terminals respectively,  10  towards the negative terminal that was
dependent and each having emitter and collector terminals, first  upon the
direction of electron flow in resistor 12 during means for coupling to the
emitter terminals of the first  trimming. That is, referring to wafer 10 In
FIG. 1 having and second input transistors for supplying current  a flat 40
at the bottom (6 o'clock), if the electron flow thereto; and current mirror
means coupled to the col-  is from rightto leftand conventional currentis
from left lector terminals of the first and second input transis-  15  to
right as indicated by arrow 44, a narrow filament of tors.
aluminum 42 is observed to grow from contacts 18 The above and other
objects, features, and      and 22 into the silicon to the right of that
contact. If, advantages of the present invention will be more    however,
electron flow during trim is from left to right clearly understood from the
following detailed des-  and conventional current Is from right to left as
indi- cription taken in conjunction with the accompanying   20  cated by
arrow 46 In FIG. 3, acomparativelywide area drawings in which:
of aluminum 48 forms to the left of the aluminum con- tact. Brief
Description of the Drawings                      This behavior is
attributed to the directions of the 111 crystal planes in the silicon
relative to the direc- FIG. 1 is a top view of an RTMM resistor on a   25
tion of the aluminum-silicon alloy filament growth. The semiconductor wafer
trimmed by passing current  111 planes are the  close-packed planes making
It pulses therethrough in a proper direction;      most difficult to
dissolve silicon in direction normal to FIG. 2 illustrates In cross-section
the RTMM    these planes. The dissolving of silicon takes place resistor of
FIG. 1;                             more readily in directions that are not
normal to the FIG. 3 is a top view of an RTMM resistor on a   30  111
planes. Thus, it is much easier for the silicon to semiconductor wafer
trimmed by passing current  dissolve in any of the three directions
corresponding therethrough in an improper direction;          to the
intersection of the 111 planes than it does nor- FIG. 4 is a schematic
diagram illustrating how  mal to the 111 planes. If a resistorto be trimmed
is for- input offset voltage may be calculated;         med parallel to the
wafer flat, a narrow filament of FIG. 5 is a schematic diagram of the
inventive   35  aluminum-silicon alloy grows to the right when the
operational amplifier circuit; and              trimming high current
electrons flow to the left (viewed FIGS. 6 and 7 illustrate generally how
an RTMM  with the wafer flat at 6 o'clock). The filament is fairly resistor
may be utilized in conjunction with any  narrow since widening of the
filament would require circuit exhibiting a parameter which must be trim-
dissolution in a direction with a component normal to med.
40  the (111) plane. If, on the other hand, the trimming current were
Description of the Preferred Embodiment            reversed so that
electrons move from left to right in the above oriented resistor, a very
wide filament of alumi- FIG. 1 is a top exploded view of a 111 oriented
sill-  num-silicon alloy would grow to the left of the contacts con wafer
10 having a diffused resistor 12 thereon.  45  since it is easier to
dissolve silicon from the crystal in Contact pads 14 and 16 are provided
for contacting  directions parallel to the 111 planes than near norrnal
metallic (e.g. aluminum) contacts 18 and 20 respect-  to them. ively at
opposite ends of the resistor. In addition, a  Since there are three
directions in the 111 orien- plurality of intermediate metallic contacts 22
are pro-  ted crystals in which etch pitfacets intersect, there are vided.
50  three optimum directions in which resistors can be FIG. 2 is a
cross-sectional view illustrating the  constructed. These are 120 degrees
apart and are in typical manner in which the resistor shown in FIG. 1  the
crystal directions [112], [121] and [211]. A narrow is constructed. A
P-type silicon substrate 24 is layer  filament of alloy would grow from an
ohmiic contact in covered by an N-type epitaxial layer 26. Resistive reg-
a direction opposite to the electron flow if the electron ion 12 is formed
by, for example, diffusing an N-type  55  flow were directed towards a
point of the etch pit. Simi- dopant into epitaxial layer 26. An insulating
layer 28,  larly, a wide filament would grown from the ohmic con-
preferably nitride, is deposited over epitaxial layer 26  tact opposite the
direction of electron flow if the and openings 30 are etched therein. A
metal layer 32  electron flow were directed towards a flat of the etch 3
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88 and 90. As can be seen, input PNP transistors 92 In the case of a 100
oriented silicon wafer, there  and 94 have their base terminals coupled to
inputs A are two directions in which the 111 planes intersect to  and B
respectively. Resistor 89 Is coupled between form a four-sided pyramid
shaped etch pit. Thus , there  the emitter of transistor 92 and the emitter
of transistor are two directions along which trimmable resistors   5   94.
The collectors of transistors 92 and 94 are coupled can be constructed
which would produce narrow fila-  to a current mirror circuit comprised of
NPN transistor ments in the direction opposite to the electron flow.  100
and diode 102. First and second PNP current These are the [010] and the
[001] directions and are  source transistors 101 and 103 each have their
base located at angles  45 degrees and 135 degrees from   electrodes
coupled to a reference voltage [err] the [011] oriented flat. A more
detailed discussion of  10  through resistor 93. The emitter of transistor
101 is the crystallographic orientation of silicon wafers can  coupled to a
first terminal of RTMM resistor 88, and be found in "OPTIMUM
CRYSTALLOGRAPHIC               the collectorof transistor 101 is coupled
toa common ORIENTATION  FOR  SILICON  DEVICE FABRI-             point
between the emitter of transistor 92 and resistor CATION" by Duane 0.
Townley, Solid State Technol-    89. Transistor 103 has its emitter coupled
to a first ter- ogy, January, 1973, pages 37-41.                15   minal
of RTMM resistor 90 and a collector coupled to As suggested above, the
directions in which      a common point between the emitter of transistor
94 resistors can be constructed and exhibit the desired  and resistor 89.
The second terminals of RTMM resis- natural filament growth are related to
the crystal-  tors 88 and 90 are coupled through a source of supply
lographic direction of the wafer. That is, the etch pit in  voltage (V+). A
first diode 104 has its anode coupled 111 silicon consists of three
intersecting 111 planes   20  to input terminal A and its cathode coupled
to a com- forming a tetrahedron shaped pit. The intersections of  mon node
between the emitter of transistor 101 and the 111 planes point in three
directions 120 degrees  the first terminal of RTMM resistor 88. A second
diode apart. It will be noted that an etch pit point containing  106 has
its anode coupled to input terminal B and its an intersection of two (111)
planes is directed parallel  cathode coupled to a common node between the
to the flat of the wafer and to the right. To the left of  25  emitter of
transistor 103 and the first terminal of the etch pitthere exists a (111)
plane. Thus, itis easier  RTMM resistor 90. to dissolve silicon from the
crystal into the alloy along  Ignoring for the moment resistors 88 and 90
and the Intersection of two (111) planes to the right than it  diodes 104
and 106, the input stage operates in the would from the (111) plane to the
left.              well known manner. Should the voltage at terminal A FIG.
4 illustrates the input stage of an operational  30   exceed that at
terminal B, the current flowing through amplifier comprising current
sources 74 and 75 which  transistor 92 will be lower than that flowing
through generate currents [err] respectively, first and sec-  transistor
94. Through the action of the current mirror ond PNP input transistors 76
and 78 each having a    circuit, transistor 100 will attempt to pull from
node base electrode coupled to a differential input signal,  108 a current
substantially equal to that flowing in the and an emitter resistor 80
having resistance RA. As   35  collector of transistor 92. Since this is
less than the can be seen, resistor 80 is coupled between the emit-
current flowing into node 108 from the collector of ter of transistor 76
and the emitter of transistor 78. As-  transistor 94, the voltage at node
108 will rise. Con- suming, for example, that [err] and all like elements
versely, should the voltage at node A be less than that are substantially
identically matched, then the collec-  at node B, more current will flow in
the collector of tors of transistors 76 and 78 will conduct currents [err]
40  transistor 92 than flows In the collector of transistor and [err]
respectively. Furthermore, current [err] will equal  94. However, due to
the current mirror action, transis- zero. Since the collectors of
transistors 76 and 78 are  tor 100 will attempt to pull more current out of
node coupled to a current mirror circuit 86 in the well known  108 than is
being supplied thereto and as a result, the manner, the ratio of collector
currents (and emitter  voltage at node 108 will fall. currents) of
transistors 76 and 78 remain constant,  45  Should a positive offset
voltage exist between independent of [err]                           Input
terminals A and B, It may be substantially The input offset voltage [err]
appearing across the  reduced by increasing the current flowing through
base terminals of transistors 76 and 78 may be       resistor 89 (IR) as
previously described in connection defined as
with FIG. 4. This in turn may be accomplished by [err]
50  increasing current 11 relative to [err] Since [err] equals (Vcc where
[err] are the base emitter voltages of tran-  - [err] is the base-emitter
sistors 76 and 78 respectively. It should be apparent  voltage of
transistor 101 and [err] is the resistance of that should an off set
voltage exist, it may be substan-  RTMM resistor 88, it should be clear
that [err] may be tially eliminated by changing the current flowing
increased by reducing the resistance of RTMM resis- through resistor RA by
altering the value of [err] with res-  55  tor 88. pect to [err] with
respect to [err]                   Typically, the signals appearing at the
input ter- FIG. 5 Is a schematic diagram of the input stage  minals A and B
reside somewhere between the upper of an operational amplifier including
RTMM resistors  and lower rail voltages (e.g. ground and V+). Thus, 4    
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generally remain reverse biased.  cult wherein Input offset voltages or any
other current Should it be desired to reduce the resistance of RTMM
dependent parameters may be altered through the resistor 88 for the purpose
of reducing a positive [err],  use of RTMM resistors coupled between an
input ter- it is only necessary to pull input terminal A above V+  minal
and one of the power supply rails. to forward bias diode 104 so as to
conduct a large cur-   5 rent through RTMM resistor 88. As previously des-
cribed, this will cause the resistance of RTMM resistor  Claims 88 to be
reduced by metal migration. By reducing the value of RTMM resistor 88,
current [err] will be increased  1. An apparatus including a RTMM
ResistorTrim- by a differential current (I) causing current IR = (I/2)  10
med by Metal Migration resistive element (88, 90, to flow through resistor
89 producing a ( I/2)[err]  122) for altering an electrical parameter of an
utili- change in Vos. Due to the current mirror action, the  zation circuit
the latter of which Is coupled between base current of transistor 92 and
its collector current  first and second power supply rails (V+ and ground)
is still equal to the base current of transistor 94 and  and Includes at
least first (116) and second (118) its collector current.
15  inputs, characterized by: Should a negative offset voltage exist, it
may be   diode means (104, 106, 120 or 124) coupled similarly reduced by
pulling input terminal B above V+  between the at least first and second
inputs for con- so as to forward bias diode 106 and cause a high cur-
ducting current from said first Input to said second rent to flow through
RTMM resistor 90 reducing the  Input when the voltage at said first input
exceeds a resistance thereof.                          20  predetermined
value; and Thus far, this trimming technique from an input     the RTMM
resistive element being coupled be- terminal to the positive rail has been
described in con-  tween the second input and one of the first and sec-
nection with the operational amplifier shown in FIG. 5.  ond power supply
rails whereby said current flowing It should be apparent however that such
a technique  through said diode means also flows through said may be
appropriately used in connection with any utili-  25  RTMM  resistive
element altering the resistance zation circuit wherein an internal
parameter is to be  thereof. modified by modifying the current flowing into
the utili-  2. An apparatus according to claim 1 wherein said zation
circuit. For example, referring to FIG. 6, a utili-  diode means comprises
at least one diode (120) hav- zation circuit 110 has a first supply rail
112 (e.g.  ing an anode coupled to said first input and a cathode ground)
and a second supply rail 114 (V+). In addition,  30  coupled to said second
input. the utilization circuit has a first input 116 for receiving  3. An
apparatus according to claim 1 wherein said an Input signal and a second
input 118 for receiving  at least one diode is a zener diode (124). current
[err]. As can be seen, diode 120 has an anode    4. An apparatus according
to claim 2wherein said coupled to Input 116 and a cathode coupled to input
utilization circuit (110) Includes said first powersupply 118. An RTMM
resistor 122 is coupled between Input  35  rail (V+) for coupling to a
higher voltage than said sec- 118 and V+. By pulling Input 116 above V+,
diode 120  ond power supply rail (ground), and wherein said becomes forward
biased causing a high current to  RTMM resistive element (122) is coupled
between flow through resistor 122 reducing the resistance  said second
Input and said first power supply rail. thereof. In this manner, current
[err] flowing into utill-  5. An apparatus according to claim 3 wherein
said zation circuit 110 may be altered to effect a desired  40  utilization
circuit (110) includes said first power supply internal parameter change.
rail (V+) for coupling to a higher voltage than said sec- In FIG. 7,
utilization circuit 110 also has a first  ond power supply rail (ground),
and wherein said supply rail 112, a second supply ral 114, a first input
RTMM resistive element (122) is coupled between 116 and a second input 118.
In this case, however, a  said second input and said second power supply
rail zener diode has a cathode coupled to input 116 and   45  (ground). an
anode coupled to Input 118, RTMM resistor 122 is   6. An apparatus
according to claim 4 wherein said coupled between input 118 and rail 112
(typically  utilization circuit is characterized by: ground). To assure
that current flows through RTMM      an operational amplifier integrated
circuit for- resistor 122 only when it is desired to alter the resist-  med
in a semiconductor substrate and includes: ance thereof, zener diode 124 is
chosen to have a pre-  50  a) first and second differentially coupled input
determined breakdown voltage (e.g. 7 volts). A        transistors (92,94)
each having a base electrode plurality of zener diodes could be utilized
for different  coupled to first and second inputs of the oper- voltage
requirements. Nevertheless, by placing a high  ational amplifier and each
having an emitter and enough voltage on input 116 with respect to the first
a collector electrode, the first input of the utli- supply voltage 112,
current flows through RTMM   55   zation circuit being said first input of
the oper- resistor 122 causing its resistance to change and thus  atonal
amplifier. altering [err].                                          b) a
current supply (104, 103) coupled to said Thus, there has been shown and
described, a cir-  emitter electrodes of said first and second input 5    
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diodes 104 and 106 generally remain reverse biased.  cult wherein input
offset voltages or any other current Should it be desired to reduce the
resistance of RTMM  dependent parameters may be altered through the
resistor 88 for the purpose of reducing a positive Vos,  use of RTMM
resistors coupled between an input ter- it is only necessary to pull input
terminal A above V+  minal and one of the power supply rails. to forward
bias diode 104 so as to conduct a large cur-   5 rent through RTMM resistor
88. As previously des- cribed, this will cause the resistance of RTMM
resistor  Claims 88 to be reduced by metal migration. By reducing the value
of RTMM resistor88, current [err] will be increased  1. An apparatus
including a RTMM ResistorTrim- by a differential current (I) causing
current [err] = (112)  10   med by Metal Migration resistive element (88,
90, to flow through resistor 89 producing a ( I/2)[err]   122) for altering
an electrical parameter of an utili- change in Vos. Due to the current
mirror action, the  zation circuit the latter of which is coupled between
base current of transistor 92 and its collector current  first and second
power supply rails (V+ and ground) is still equal to the base current of
transistor 94 and  and includes at least first (116) and second (118) its
collector current                          15  Inputs, characterized by:
Should a negative offset voltage exist, it may be     diode means (104,
106, 120 or 124) coupled similarly reduced by pulling input terminal B
above V+  between the at least first and second inputs for con- so as to
forward bias diode 106 and cause a high cur-  ducting current from said
first input to said second rent to flow through RTMM resistor 90 reducing
the  input when the voltage at said first input exceeds a resistance
thereof.                            20   predetermined value; and Thus far,
this trimming technique from an input       the RTMM resistive element
being coupled be- terminal to the positive rail has been described in con-
tween the second input and one of the first and sec- nection with the
operational amplifier shown in FIG. 5.  ond power supply rails whereby said
current flowing It should be apparant however that such a technique
through said diode means also flows through said may be appropriately used
in connection with any utili  25   RTMM  resistive element altering the
resistance zation circuit wherein an internal parameter is to be  thereof.
modified by modifying the current flowing into the utili-  2. An apparatus
according to claim 1 wherein said zation circuit. For example, referring to
FIG. 6, a utili-  diode means comprises at least one diode (120) hav-
zation circuit 110 has a first supply rail 112 (e.g.  ing an anode coupled
to said first input and a cathode ground) and a second supply rail 114
(V+). In addition,  30  coupled to said second input. the utilization
circuit has a first input 116 for receiving  3. An apparatus according to
claim 1 wherein said an input signal arid a second Input 118 for receiving
at least one diode is a zener diode (124). current [err],. As can be seen,
diode 120 has an anode     4. An apparatus according to claim 2wherein said
coupled to input 116 and a cathode coupled to input  utilization circuit
(110) includes said first powersupply 118. An RTMM resistor 122 is coupled
between input  35  rail (V+) for coupling to a higher voltage than said
sec- 118 and V+. By pulling input 116 above V+, diode 120  ond power supply
rail (ground), and wherein said becomes forward biased causing a high
current to    RTMM resistive element (122) is coupled between flow through
resistor 122 reducing the resistance   said second input and said first
power supply rail. thereof. In this manner, current [err] flowing into
utili-  5. An apparatus according to claim 3 wherein said zation circuit
110 may be altered to effect a desired   40  utilization circuit (110)
includes said first power supply internal parameter change.
rail (V+) for coupling to a higher voltage than said sec- In FIG. 7,
utilization circuit 110 also has a first  ond power supply rail (ground),
and wherein said supply rail 112, a second supply rall 114, a first input
RTMM resistive element (122) is coupled between 116 and a second input 118.
In this case, however, a  said second input and said second power supply
rail zener diode has a cathode coupled to input 116 and   45  (ground). an
anode coupled to input 118, RTMM resistor 122 is     6. An apparatus
according to claim 4wherein said coupled between input 118 and rail 112
(typically   utilization circuit is characterized by: ground). To assure
that current flows through RTMM        an operational amplifier integrated
circuit for- resistor 122 only when it is desired to alter the resist-  med
in a semiconductor substrate and includes: ance thereof, zener diode 124 Is
chosen to have a pre-  50  a) first and second differentially coupled input
determined breakdown voltage (e.g. 7 volts). A         transistors (92, 94)
each having a base electrode plurality of zener diodes could be utilized
for different  coupled to first and second inputs of the oper- voltage
requirements. Nevertheless, by placing a high   ational amplifier and each
having an emitter and enough voltage on input 116 with respect to the first
a collector electrode, the first input of the utili- supply voltage 112,
current flows through RTMM   55    zation circuit being said first input of
the oper- resistor 122 causing its resistance to change and thus  ational
amplifler, altering [err].                                           b) a
current supply (104, 103) coupled to said Thus, there has been shown and
described, a cir-    emitter electrodes of said first and second input 5
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S  * transistors for providing current thereto and  um dessen Widerstand
abzuandern. including said RTMM resistive element therein;    2. Gergt
gemai Anspruch 1, bei dem zumindest and
eine Diode (120) mit ihrer Anode an der eonen Ein- c) a current mirror
circuit (100,102) coupled tothe  gangsklemme und mit ihrer Kathode an der
anderen collector electrodes of said first and second input   5
Eingangsidemme angeschlossen ist. transistors.
3. Gerat gemaB Anspruch 1, bet dem zumindest 7. An apparatus according to
claim 6 charac-   eine Diode eine Zener-Diode (124) ist. terized further
by:                                   4. Gernt gemA9 Anspruch 2, bei dem zu
der said RTMM resistive element being coupled in  Anwendungsschaltung (110)
die eine Stromschiene a first current path between said first power supply
rail  10  (V.) zum AnschluB elner h6heren Spannung als der and said emitter
electrode of said first input transistor  Spannung (Erde)der anderen
Stromschiene geh6rt, (92);                                             und
bel dem das durch Metallwanderung abgegll- said current supply including an
additional  chene Widerstandselement(122)zwlschen derande- RTMM resistive
element coupled between said first  ren Eingangsklemrnme und der elnen
Stromschiene power supply rail and a third input of the utilization cir-
15  angeschlossen let. cuit in a second current path between said first
power  5. Gerat gemiB Anspruch 3, bei dem zu der supply rail and said
emitter electrode of said second  Anwendungsschaltung (110) die elne
Stromschlene input transistor, and                             (V+) zum
Anschlug einer h8heren Spannung als der an additional diode means coupled
between    Spannung (Erde) der anderen Stromschlene gehort, said third
input and said second Input of said oper-  20  und bei dem das durch
Metallwanderung abgegli- ational amplifier.
chene Widerstandselement (122) zwischen der ande- 8. An apparatus according
to claim 7 wherein said  ren Eingangsklemme und der anderen Stromschiene
RTMM resistive comprises:                         (Erde) angeschlossen ist.
a resistive region (12) in said substrate having  6. Genat gemril Anspruch
4, bel dem die Anwen- first and second ends; and                    25
dungsschaltung durch first and second metallic contacts (18, 20) for   eine
einen Operationsverstlrker aufweisende, contacting the first and second
ends of said resistive  integrieate Schaltung gekennzeichnet ist, die In
elner region.                                           Unterlage aus einem
Halbleiter ausgebildet ist, 9. An apparatus according to claim 8 wherein
said  a) mit zwel gegensitzlich angeschlossenen Ein- substrate is silicon
and said first and second metallic  3o  gangstransistoren (92, 94), die
mit; ihrer Basis contacts are aluminum.
jeweils an den Eingangen des Operationsverstfr- 10. An apparatus according
to claim 9 wherein     kers liegen und elnen Emitter und einen Kollektor
said substrate is a 111 crystal substrate and said   besitzen, wobei der
eine Eingang der Anwen- resistor is disposed in a direction selected from
the  dungsschaltung den elnen Eingang des Opera- group consisting of [1121,
[121], and [211].  35     tionsverstarkers bildet, b) mit einer Stromquelle
(104, 103), die an dem Emitter der beiden Eingangstransistoren fOr
Patentansprflche                                      deren Stromversorgung
angeschlossen !st und das durch Metallwanderung abgeglichene Wider- 1.
Gerfit mit elnem durch Metallwanderung abge-  4o  standselement enthalt,
und glichenen Widerstandselement (88, 90, 122) zur        c) mit elner den
Strom refiektierenden Schaltung Abanderung einer elektischen HilfsgroBe
elner         (100, 102), die an dem Kollektor der beiden Eln-
Anwendungsschaltung, die zwischen zwel Strom-         gangstransistoren
angeschlossen ist. schienen (V+ und Erde) angeschlossen ist und zwei     7.
Gerit gemal Anspruch 6, ferner dadurch Eingangsleitungen (116, 118)
besitzt, dadurch   45  gekennzeichnet, daB das durch Metallwanderung
gekennzeichnet,                                   abgeglichene
Widerstandselement in einem Strom- daS eine Diode (104, 106, 120 oder 124)
weg zwischendereinen Stromschlene und dem Emit- zumindest zwischen zwei
Eingangskiemmen ange-     ter  des   ersten   Eingangstransistors  (92)
schlossen ist, urn den Strom von der einen Ein-   angeschlossen ist,
gangsklemme zu der anderen zu leiten, wenn die  50      laS die Stromquelle
ein zusAtzliches, durch Spannung an der einen Elngangsklemme elnen vor-
Metallwanderung  abgeglichenes Wlderstandsele- herbestimmten Wert
Obersteigt, und                ment enthilt, das zwischen der einen
Stromschiene daM das durch Metallwanderung abgegllchene   und einem dritten
Eingang derAnwendungsschaltung Widerstandselement zwischen der anderen Ein-
in einem weiteren Stromweg zwischen der einen gangsklemme und der elnen von
den belden Strom-  55   Stromschlene und dem Emitter des zwelten Ein-
schienen angeschlossen Ist, wobel der durch die   gangstransistors
angeschlossen Ist, und Diode flielende Strom auch durch das durch Metall-
daB eine zusatzliche Diode zwischen dem drit- wanderung abgeglichene
Wlderstandselement flielt,  ten und zwelten Elngang des
Operatfonsverstirkers 6    
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* angeschlossen ist.                                  I'e6lment resistif
RTMM (122) est connect6 entre la 8. Gerat gemAS Anspruch 7, be! dem das
durch    seconde entree et la seconde ligne d'alimentatlon Metallwanderung
abgeglichene Widerstandselement     (masse). einen Widerstandsbereich (12),
der sich in der Unter-  6. Un appareil selon la revendication 4, dans lage
mit zwei Enden befindet, und zwei Metallkon-   5   lequel le circuit
d'utilisation est caracterise par: takte (18,20) aufweist, um mit den
beiden Enden des      un circuit integre amplificateur operationnel,
Widerstandsbereiches einen Kontakt zu bilden.      forrne dans un substrat
semiconducteur et compre- 9. Gerat gemklf Anspruch 8, be! dem die Unter-
nant: lage aus Silizium und die beiden Metallkontakte aus    a) des premier
et second transistors d'entree (92, Aluminium bestehlen.
10      94), connectes de fagon diflerentlelle, chacun 10. Gerat geamil
Anspruch 9, bei dern die Untbr-   d'eux ayant une alectrode de base
connectee a lage in II 1-Kristall ist und der Widerstand in eaner  des
premiere et seconde entr6es de l'amplifica- Richtung orientiert ist, die
unter 1121, [121] und [211]  teur op~ratlonnel, at chacun d'eux ayant une
ausgewahit ist.                                        electrode d'emetteur
et une alectrode de collec- 15     teur, la premiere entree du circuit
d'utilisation etant la prermlre entree de I'amplificatbur opera-
Revendications                                         tionnel; b) une
source de courant (104, 103) connect~e 1. Un apparell comprenant un element
resistif      aux electrodes d'emetteur des premier et second consistant en
une resistance ajustbe par migration de   20  transistors d'entree, pour
leur foumir du courant metal, ou RTMM (88,90,122) qui est destine A modi-
et contenant l'element resistif RTMM; et faer un parametre electrique d'un
circuit d'utilisation  c) un circuitrmiroirdecourant(100, 102) connecte qul
est connect6 entre des premibre et seconde lignes  aux electrodes de
collecteur des premier et d'alimentation (V+ et la masse), et qui comprend
au    second transistors d'entree. moins des premibre (116) et seconde
(118) entr6es,  25  7. Un appareil selon la revendication 6, caracte-
caracterise par:                                   rlse en outre en co que:
des moyens A diodes (104, 106, 120 ou 124)       I'e6lment resistif RTMM
est connecte dans un connectes entre les premiere et second entr6es, au
premier chemin de courant entre la premiAre ligne moins, pour conduire un
courant de la premlere      d'alimentation et l'Melctrode d'metteur du
premier entree vers la seconde entree lorsque la tension sur  30
transistor d'ehtree (92);  I la premibre entree depasse une valeur
prbdeterml-      la source de courant comprend un 6lbment resis- nbe; et
tif RTMM supplementaire qul est connecte entre la l'elbment resistif RTMM
etant connecte entre  premibre ligne d'alimentation et une trolsieme entr6e
la second. entree et l'une des premibre et seconde  du circuit
d'utilisation, dans un second chemin de cou- lignes d'alimentation, grAce A
quoi le courant qui cir-  35  rant entre la premiere ligne d'alimentation
et' I'1ec- cule dans lea moyens A diodes circule egalement     trode
d'bmetteur du second transistor d'entree; et dans l'element resistif RTMM
et modifie la valeur de   des moyens 3 diodes supplhmentaires sont
resistance de celui-ci.                            connectes entre la
troisieme entree et la seconda 2. Un apparel! selon la revendication 1,
dans   entrbe de l'amplificateur opbrationnel. lequel les moyens a diodes
comprennent au moins  40    8. Un appareil selon la revendication 7, dans
une diode (120) ayant une anode connectbe A Ia pre-  lequel l'616ment
resistif RTMM comprend: miere entree et une cathode connect6e A la seconde
une rbglon resistive (12) dans le substrat, ayant entree.
des premiere et seconde extremites; et 3. Un appareil selon la
revendication 1, dans       des premier et second contacts metalliques (18,
lequel la diode ou chacune d'elles consisto en une   45  20) qui sont
destines A etablir un contact avec les pre- diode zener (124).
mibre et seconde extremites de la reglon resistive. 4. Un appareil selon la
revendicatfon 2, dans       9. Un appareil selon la revendication 8, dans
lequel le circuit d'utilisation (110) comprend la pre-  lequel le substrat
est en silicium et les premier et mlere ligne d'alimentatlon (V+) prhvue
pour etre   second contacts metalliques sont en aluminium. connectee A une
tension superieure A celle de la  5o   101 Un appareil selon la
revendication 9, dans seconde ligne d'alimentation (masse), et dans lequel
lequel le substrat est un substrat consistent en un l'element rhsistif RTMM
(122) est connecte entre la  cristal d'on'entation (111), et la resistance
est dispo- secondo entrbe et la premiere ligne d'alimentation.  see dens
une direction qui est s~lectionnAe dans le 5. Un appareil selon la
revendicatlon 3, dans   groupe comprenant les directions [112], [121] et
lequel le circuit d'utilisation (110) comprend la pre-  B5  [211]. miere
ligne d'alimentation (V+), prbvue pour etre cannect6e A une tension
supbrieure A celle de la seconds ligne d'alimentatlon (masse), et dans
lequel 7    


