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Electronic device comprising means for compensating an undesired capacitance. 

The invention relates to an electronic device comprising two nodes and means 

for compensating at least a part of a capacitive impedance between said nodes. 

In the field of electronic devices undesired or parasitic capacitances between two nodes often 

restrict the usefulness of such an electronic device, as these undesired capacitances limit the 

S upper frequency at which the device can be used, or even cause instability of the device. In 

the general prior art a coil is often used as means for compensating said undesired 

capacitances, by placing the coil between said nodes and thus in parallel with said undesired 

capacitance. A drawback of such a coil is that it requires a very large surface area on an 

integrated circuit when integmtedt and is therefore expensive. An external coil requires extra 

10 pins connected to the integrated circuit. Furthermore, the coil may need adjustment for an 

exact compensation. 

It is an object of the present invention to provide a device with means for at 

least partially compensating an undesired capacitance, said means being compact and easily 

15 integratable. 

A device according to the invention is characterised in that said means comprise 

a reverse-biased diode coupled to said nodes, said diode being driven in breakthrough. 

The invention is based on the recognition that the impedance of a reverse-biased 

20 diode exhibits the behaviour of a negative value capacitance, connected in parallel with a 

resistance, and can be used advantageously for compensating an undesired positive 

capacitance. By placing the negative capacitance in parallel with the undesired positive 

capacitance, this positive capacitance can be cancelled at least partially. By using the measure 

according to the invention both a compact and easily integratable means for compensating an 

25 undesired capacitance is realised. 

An embodiment of the device according to the invention is characterised in that 

said device comprises a transistor in common-collector configuration, the diode being 

coupled between an emitter of the transistor and a reference terminal. 

A common-collector transistor circuit loaded at the emitter output with a 
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significant - often undesired - capacitance can become instable. By compensating the 

undesired capacitance with a diode driven in breakthrough, coupled to said emitter output, 

the stability of the common-collector transistor circuit is significantly improved. 

A further embodiment of such a &Mee according to the invention is 

5 characterised in that said device comprises a transistor in common-emitter configuration, the 

. diode being coupled between a collector of the transistor ·and a reference terminal. 

The bandwidth of a common-emitter transistor circuit is·often·limited .by parasitic or 

undesired capacitances seeri at -the collector output of said circuit. By providing a diode 

driven in breakthrough, coupled to the collector output, the· bandwidth is improved 

10 significantly.· A further advantage is that due to the reinaining differential resistance of the 

diode, a collector resistor is no longer·required,···as the differential resistance of the diode can 

be used as collector resistor, when the diode. is properly dimensioned. 

An embodiment -of a device according to the invention is characterised in that 

the device is an integrated circuit on semiconductor material. · 

15 The measure of the invention is especially suited for iritegration on semiconductor material as 

no external components are required. Furthermore, especially in the field of semiconductor 

devices the problem of undesired or parasitic capacitances .often limits the performance of 

such devices. 

Another embodiment of ·such a device according· to the ·invention is 

20 characterised in that one of the nodes is connected to a bondpad. 

In integrated circuits, inputs and outputs of the circuit are provided via bondpads. A bondpad 

has a significant capacitance to the substrate of the semiconductor material, and thus often 

limits the bandwidth of said inputs or outputs of the integrated circuit. This parasitic 

capacitance can be cancelled by coupling a diode driven in· breakthrough to the bondpad. 

25 An embodiment· of such a device according to the invention is characterised in 

that one of the nodes is cbnneeted to an interconnect Wire of the integrated circuit. 

Interconnect wifes on an integrated circuit are used to .cimnect different components in the 

circuit. As these wires are close to the semiconductor-material, they have a parasitic 

capacitance, which can be compensated· using the measure according to the invention. 

30 A further embodiment of such a device according to the invention is 

characterised in that a buried 18.yer is· placed between the bondpad or interconnect wire and a 

substrate of the semiconductor material and that the diode is connected between the bondpad 

· or interconnect wire and the burled layer. 

By incorporating a buried layer in the semiconductor material below the bondpad or 

.• 
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interconnect wire, the parasitic capacitance will now be fonned betWeen the bondpad or 

interconnect wire and said 8uried layer, instead of betw~~ tile bondpad or interconnect wire 

and the substrate. Now the value of the parasitic capacitance will be well-defined as during 

the fabrication of the semiconductor material the distance between said layer and the bondpad 

S or interconnect wire can be controlled accurately. Now an acburate compensation of said 

parasitic capacitance is possible by a proper dimensioning of·the diode in breakthrough. A 

further advantage is that the parasitic capacitance is contained between said bondpad or wire 

and said layer, thus reducing a coupling with other devices present on the semiconductor 

material. 

10 An embodiment according to the invention is characterised in that said device 

further comprises means for providing a bias current through the diode. 

By selecting a bias current through the diode, it is possible to select an appropriate value of 

the negative capacitance of the diode, which allows an accurate compensation of the 

undesired capacitances in situations where the value of the negative capacitance needs to be 

15 tuned to a value of an undesired capacitance. 

20 

25 

The above object and features of the present invention will be more apparent 

from the following description of the preferred embodiments with reference to the drawings, 

wherein: 

Fig. 1 is a circuit diagram of the equivalent circuit of a diode in breakthrough 

at frequencies below the avalanche frequency, 

Fig. 2 is a circuit diagram of an approximation of the equivalent circuit of a 

diode in breakthrough at frequencies below the avalanche frequency, 

Fig. 3 is a circuit diagram of a first known amplifier arrangement, 

Fig. 4 is a circuit diagram of a first embodiment of an electronic device 

according to the invention, 

Fig. 5 is a circuit diagram of a second known amplifier arrangement, 

Fig. 6 is a circuit diagram of a second embodiment of an electronic device 

according to the invention, 

30 Fig. 7 is a diagram of an integrated semiconductor device, 

Fig. 8 is a cross section of a semiconductor device, comprising a bondpad and, 

schematically, a diode used in accordance with the teachings of the invention, 

Fig. 9 is a circuit diagram of a biasing circuit for a diode, used in accordance 

with the teachings of the invention. 
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In the figures, identical parts are provided with the same reference numbers. 

In IEEE Transactions. on Electron Devices;,: Vol. ED-13, No. 1, p.169-174, the 

. . behaviour of avalanche diodes; is described. This article eoncentrates on the effect that it 

5 frequencies higher than the avalanche frequency, the resistivefpart of the impedance of the 

diode is negative. This effect can be used advantageously in for example osciJJators. For 

frequencies lower thin the avalanche frequency, the diode ~ be regarded as a series · 

arrangement of a resistor and a cOil. ·This is also known ,from the above-mentioned article. 

Figure 1 shows a circuit diagram of the equivalent circmt of a diode in breakthrough at 

10 frequencies· below the avalanche frequency~ which circuit comprises a series arrangement of 

a resistor. having a resistance R and a coil having an inductance L. The admittance Yi of the 

series arrangement of figure· l is given by: 

. L 
1 :- J W-

Y.= l.··= .R 
s R + j wL 2L2 

R(l +~) 
Pl-

where w is the radial frequency. 

15 If the resistance value of the resistor is significantly larger than the impedance of the coil, 

this series arrangement can be approximated by a patallel arrangement of said resistor with a 

capacitor, which. has a negative capacitance. This approximation is valid for frequencies 

lower than the avalanche frequency. Figure 2 shows the approximation of the equivalent 

circuit by a parallel arr31lgement of a conductor having a conductance G, where G = 1/R, 
. . 

20 and a capacitor having a capacitance C. The admittance YP. of the parallel arrangement of 

25 

figure 2 is given by: 

YP = G+jwC 

As these admittances Y • and Y P should be equal, it follows from the expressions for Y s and 

Y P that the capacitance value C is negative and frequency dependent and given by: 

Thus the diode operating in breakthrough at frequencies below the avalanche frequency can 
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be regarded as a parallel arrangement of a conductor G and a negative capacitance C. 

By switching a negative ca};acitance parallel to a positivt· capacitance, the positive 

capacitance is compensated. Thus by switching a diode operating in breakthrough in parallel 

with an impedanceJ comprising a capacitive component, this capacitive component can 

S effectively be compensated. As a diode is a rather simple and small device as well as easily 

integratablet the present invention offers an atttactive solution for compensation of undesired 

capacitances, especially in integrated circuits. The breakthrough mentioned here is a 

generation of carriers caused by band-band tunnelling or impact-ionisation or both. Thus the 

breakthrough mechanism is not restricted to avalanche breakthrough, but comprises other 

10 breakthrough mechanismst such as tunnelling, as well. 

Figure 3 shows a circuit diagram of a first known amplifier arrangement a so­

called common-collector arrangement. A voltage source 1 is coupled to the base of transistor 

Tl via resistor 3. The emitter of transistor Tl is connected to a first node 20. A current 

source S is coupled between first and second nodes 20 and 21, respectively, of which nodes 

15 at least one is carrying a signal. The second node 21 is connected to reference terminal 31. 

A supply voltage source 7 is coupled to reference terminals 30 and 31. The collector of 

transistor Tl is coupled to reference terminal 30. This amplifier arrangement is often used as 

a buffer between a high impedance output, here represented by voltage source l and resistor 

3, and a low impedance load. This load often comprises a substantial capacitive part, here 

20 represented by capacitor 9 coupled between nodes 20 and 21. This capacitive load can be 

caused by a number of things. For instance, the output of the amplifier arrangement is 

usually coupled to inputs of other transistor circuits. The inputs of these transistor circuits 

often have parasitic capacitances, especially in integrated circuits, thus loading the output of 

the amplifier arrangement capacitively. Furthermore, the wires connecting the output of the 

25 amplifier arrangement to other circuit often have parasitic capacitances in integrated circuits. 

The combination of a high impedance output together with a capacitive load often leads to 

instability of the amplifier arrangement at high frequencies. 

Figure 4 shows a circuit diagram of a first embodiment of an electronic device 

according to the invention. Figure 4 differs from figure 3 in that a diode 11 in breakthrough 

30 is added to the amplifier arrangement, an anode of said diode being coupled to node 20 and a . 

cathode of said diode being coupled to node 21. By using a diode in breakthrough parallel to 

the capacitive load, the capacitive part of the load can be compensated fully in a particular 

frequency band (or partially, if so desired), thereby avoiding the above-mentioned instability. 

The value of the negative capacitance can be adjusted by placing an additional current source 



W096/28847 PCT/IB96/0011l 

6 

in series with the· diode, as. the value of the negative capacitance· is a function· of the current 

through the diode. From the above it follows that the use of such a diode in breakthrough is 

not restricted to compensating the parasitic capacitances is seen at the output of an amplifier, 

but also comprises the com:IJensation. of parasitic capacitances .at an input of an ~plifier. 

5 Figure 5 shows a circuit diagram of a second known amplifier arrangement. 

Figure 5 differs from· figure 3 • in the· following: 

- a resistor 13 is coupled between the collector of transistor Tl and the reference terminal 
30, 

- transistor T2 and current source 15 ·are added~· the base ·.of transistor T2 being coupled to 

10 the collector of transistor Tl, the eolleetor of transistor 1'2 being coupled to reference 

terminal 30 and the current source 15' being,coupled on one side·to the emitter of transistor 

T2 and on another side ·to referelice terminal 31, 

- node 20 is now·the node· to which the collector of transistor Tl and the base of transistor 

T2 are coupled, · 

15 - node 21 is connected to 'reference terminal 30, 

- the capacitor 9, representing parasitic capacitances, is coupled between nodes 20 and 21, 

- a capacitor 10 is provided, so that the emitter of transistor Tl is virtually short-circuited to 

reference terminal 31 for AC signals. 

This type of amplifier arrangement is commonly used in high frequency integrated circuits. 

20 ·The dominant restriction of the bandwidth of this amplifier arrangement is mainly determined 

by· the time constant, consisting of the product of the resistance value of resistor 13 and the 

total capacitance valU:e·of parasitic capacitances of transistor Tl (collector-substrate and 

collector-base capacitances), wires and transistor T2 (collector-base, base-emitter and 

diffusion capacitances), said resulting capacitance value being seen between nodes 20 and 21 

25 as a capacitance of capacitor 9. 

Figure 6 is a circuit diagram of a· second embodiment of an electronic device 

according to the invention. Figure 6 differs from figure 5 in that resistor 13 is replaced by 

diode 11, an anOde of the· diode 11 being coupled to node 21 and a cathode of said diode 

being coupled to node 20. By replacing resistor 13 with a diode operating in breakthrough, 

30 the capacitance value of capacitance 9 can. be (at least partially) compensated, thereby 

increasing the bandwidth of the amplifier arrangement. The differential resistance of the · 

diode 11 operating in breakthrough cai1 be used as a replaCement of resistor 13, although it is 

also possible to put the diode .11 in parallel with the resistor 13. Transistor T2 is not 

essential to the amplifier arrangement of figures Sand· 6, but only serves as an illustration of 
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a possible source of ~tic capacitances, limiting the bandwidth of the amplifier 

amngement. It furthemlOie possible to compensate the c6Uector-base capacitance of 

transistor Tl in figure S, by coupling a diode driven in breakthrough over the collector-base 

junction of the transistor Tl, by coupling the anode of the diode to the base of the transistor 

S and coupling the cathode of the diode to the collector of the transistor. A variant of the 

amplifier arrangement of figure 5, in which a feedback resistor is coupled between the 

collector and the base of the transistor, can also be equipped with a diode driven in 

breakthrough for compensation of the collector-base capacitance of the transistor. For such a 

compensation the anode of the diode is coupled to the base of the transistor and the cathode 

10 of the diode is coupled to the collector of the transistor. 

Figure 7 is a diagram of an integrated semiconductor device. A semiconductor 

body 62 in a casing or housing 61 is mounted on a support 63 and bondpads 66 of the 

integrated device are connected to the connection pins 64 via bonded wires 65. A bondpad 

in an integrated semiconductor device has a parasitic capacitance to a substrate of the 

15 semiconductor device. This parasitic capacitance between the bondpad and the substrate can 

be compensated by a diode in breakthrought coupled between the bondpad and the substrate. 

The integrated semiconductor device comprises at least one interconnect wire 67 which in 

this specific example is coupled to the bondpad 66. As is well-known, interconnect wires are 

also used for providing a connection between devices, said devices being integrated on the 

20 semiconductor body 62. Interconnect wires in integrated circuits have pm:asitic capacitances 

between the wire and - for example - the substrate of the semiconductor body 62, which can 

be compensated by a diode in breakthrough, coupled between the wire and the substrate. 

Although in practice it may be so that the diode is coupled to an interconnect wire anyway, 

this example is merely intended to illustrate that the diode in breakthrough can also be used 

25 for compensation of the parasitic capacitance of such an interconnect wire. 

Figure 8 shows a cross section of a semiconductor device, comprising a 

bondpad and, schematically, a diode used in accordance with the teachings of the invention. 

The structure of the semiconductor device shown is only intended as an illustration and 

should not be considered in a restrictive sense. 

30 The semiconductor material is fabricated in process steps, which are commonly known. Area 

I is a metallic bondpad, similar to the bondpads 66 of Figure 7. Instead of a bondpad, the 

area I may also represent an interconnect wire. Area II is an insulating layer of SiOi. Area 

m is a thin layer of Si~, with metallic contacts vm making a connection with areas V and 

VI, which areas are heavily doped n-type material. Area VI is a so-called buried n-layer and 
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is connected to a reference 'potential. Area ·IV is a ·further Si~ layer. Area. vn is the p-type 

substrate of the semiconductor ·material and. is usually· coilDeded to a ground reference~ 

Without the buried. n~layet, 'there would be a Parasitic capacitance between the bondpad (area 

I) and the substrate (area VII). In. densely packed senucbliductor· devices having a· large 

5 number of devices closely spaCed 01Hhe sem1conduetor bOdy: possible parasitic capacitances 

may occur between the bondpad and devices, which are clOse to the bondpad. This results in 

a number of parasitic capacitances emanating from thcrbondpad. The amount and values of 

the capacitances are not well defined· and therefore difficult to compensate. By adding ·the 

bUried n-layer VI, a parasitic capacitance Will b~ detiilecrbetween the bondpad and said· 

10 buried n-layer VI. As the distance between the layer and the bondpad is well-«>ntrolled by 

the thickness of the layers between them, a well-defined·: parasitic capacitance is obtained, 

which is restricted to the area ·between the btmdpad and 'the buried n-layer. Thus there Will 
be no longer any significant.parasitic capaci~ces betweeri the bondpad and neighbouring . 

devices. A well~efmed parasitic ea~tance can be more easily be compensated than a less 

15 clearly defined parasitic capacitanee from bondpad to subStrate or even to neighbouring 

devices. For a compensation of·md parasitic· capacitance a diode 11 in breakthrough .can be 

connected between the bondpad and the )Juried n-layer. ·For this purpose the bondpad can be 

biased at a relatively low bias· voltage and the buried n..:layer can be biased at a sufficiently 

high bias voltage for driving the thus reverse-biased diode 11 in breakthrough. 

20 By· seleCting ·an appropriate bias voltage component of the voltage supplied by 

voltage source ·1 in Figure'4, the diocie· 11 will be driven in bteakthrough. By selecting an 

appropriate value for the voltage by voltage· sdurce 7 the diode 11. in Figure 6 will also be 

driven· in breakthrough automaticatly. In the case of a diode being coupled between for 

example a: bondpad ind a substrate, a separate biis circuit may be required to drive the diode 

25 in breakthrough~ 1n··Figure 9 a circuit diagram is shown ofa biasing circuit for a diode, used 

in accordance with the teachings of ·the invention. This exemplary circuit can be used if there 

is no breakthrou:gh possible by an appropriate selection of supply or bias voltages,. as in 

figures 4 and 6. The circuit shown is in principle a simple transistor circuit,· where the base 

of transistor T3 receives a bias voltage suiJpnect by voltage: source 17. The emitter of 

30 trinsistor T3 is coupled via resistor 19 to reference terminal 30. The diode is coupled 

between node 21, which is connecte_d tC> reference tenninal 31, and node 20, which is 

connected to the collector· of transistor T3. Voltage soutce·7 u·coupled between reference 

terminals 30 ·and 31. If the voltage across the diode· 11 is sufficiently large, the diode 11 will 

be driven in bi'eakthrough. · By a proper selection of the voltage supplied by voltage source 17 
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and the resistance value of resistor 19, the current through the diode can be set at a desired 

value. This biasing circuit an be used for instance for bitsing the diode when it is coupled 

to a bondpadt represented by node 20, and where the substtat:e can be represented by node 

21. 

A diode operated in breakthrough can also be used advantageously to reduce the· 

minimum capacitance value of a variable capacitance diode by switching a diode in 

breakthrough pam1lel to the variable capacitance diode, thereby increasing the relative range 

of the variable capacitance. Other applications, such as the compensation of the input 

capacitance of a Surface Acoustic Wave (SAW) filter using a diode in breakthrough, or using 

10 a diode in breakthrough in an impedance matching network may come to mind. 

The use of the diode in breakthrough as compensation means has as further 

advantage over conventional compensation means - such as a coil -, that for DC there is no 

short circuit, due to the remaining differential resistance of the diode. This means that no DC 

blocking capacitor is required, such a DC blocking capacitor being as a rule undesirable in 

15 integrated circuits, as they either require a significant chip area for a sufficiently large 

capacitance value or are implemented as an external capacitor, requiring extra pins, 

connected to the integrated circuit, for the external connection of said DC blocking capacitor. 

This property is exploited in figure 6, where the diode compensates capacitance 9 as well as 

replaces resistor 13 of figure 5. 

20 The embodiments of the present invention described herein are intended to be 

taken in an illustrative and not a limiting sense. In the circuits shown previously, the NPN 

(or PNP) transistors can of course be substituted by PNP (or NPN) transistors, in which case 

the direction of the diode 11 should be reversed. The diode can be implemented as a 

transistor of which only the base-emitter or base-collector is used. Various other 

25 modifications may be made to these embodiments by persons skilled in the art without 

departing from the scope of the present invention as defined in the appended claims. 
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CLA1MS:. 

1. An electronic device comprising two nodes. (20, 21) and means for 

compensating at least a part of a capacitive impedance between said nodes, characterised in 
that said means comprise a reverse-biased diode (11) coupled. to said nodes (20, 21), said 
diode (11) being driven in breakthrough. 

S 2. The device of claim 1, ·characterised in that said device comprises a transistor 
(Tl) in common-collector confipration, the diode (ll)·being coupled between an emitter of 

the transistor (Tl) and a reference terminal (31). 

3. The device of cli.im 1 or 2, characterised in that said device comprises a 
transistor (Tl) in common-Cmitter configuration, the diode (11) being coupled between a 

10. collector of the transistor (Tl) and a reference terminal (30). 

4. The device.of claim 1, 2 or 3, characterised in that the device is an integrated 
circuit on semiconductor material. 

5. Th~ device of claim 4, characterised in thafone of the nodes is connected to a 
bondpad. 

15 6. The device of claim 4 or 5, characterised· in·that one of the nodes is connected 
to an interconnect wire of the integrated circuit; a capacitance of said wire to the substrate 
being the part of the capacitive imPeclance to be compensated. 

7. The device of claim S. or 6, characterised in that a buried layer is placed 
between the bondpad or interconnect· wire and· a substrate of the semiconductor material and 

20 that the diode is connected between .the bondpad or interconnect wire and the buried layer. 
8. ·The device of claim 1, 2, 3, 4, s, 6 or 7, characterised in that said device 
further comprises means for providing a bias current through the diode (11 ). 
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