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Matter enclosed in heavy brackets [II appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

ABSTRACT OF THE DISCLOSURE 

There is provided a solid state electronic pH detector. 

This invention relates to a solid state ampli?er circuit 
which may be utilized for measuring pH or hydrogen ion 
concentration in a solution. More particularly, the sub 
ject invention provides a system for automatically and 
continuously providing an electrical signal that is a func 
tion of the pH of the solution under test. 
As is well known, pH is a symbol that refers to the 

concentration of hydrogen ions present in a liquid or 
solution. The relationship is a logarithmic one. That is, 
pH is approximately the negative logarithm (to the base 
10) of the concentration of hydrogen ions per liter of 
solution. The hydrogen ion concentration of pure water, 
for example, is equal to l0—7 gram-equivalents per liter 
at twenty-two degrees centigradc. Consequently, pure 
water is assigned a pH value of 7 (the exponent) on the 
pH scale. The scale typically extends from zero for rela 
tively strong acids to fourteen for relatively strong bases. 
This range, for all practical purposes, covers the useful 
area of investigation regarding pH. 

While the concentration of hydrogen ions has signi? 
cance because of its effect on certain chemical reactions, 
there are other important uses of the pH index. For 
example, the control of pH is a valuable method of con 
trolling a large number of industrial processes, such as 
sugar re?ning, fermentation, petroleum processing, and 
the like. It is obvious, therefore, that a reliable method 
and apparatus for continuously providing an electrical 
signal, as a function of the pH of the solution or process 
under control, is of great importance. 

It is generally conceded that the electrochemical method 
of pH measurement provides more accuracy than other 
methods. In this method, the potential developed between 
measuring and reference is indicative of the pH of the 
solution. Additionally, it is conceded that this method is 
more suitable for most industrial purposes than other 
methods. For example, the electrical output signal pro 
duced by apparatus using this method may be utilized to 
direct computer controlled processes or the like whereby 
direct control, either analog or digital, may be effected. 

However, one problem which arises in the electro 
chemical sampling technique is in that the electrical am 
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2 
plifying device is detached from the electrodes of the 
sensing apparatus and separated therefrom by a relatively 
large, ?nite distance. This separation, especially in view 
of the high input impedance of the device, causes a severe 
problem insofar as input noise is concerned. To avoid 
this problem, it is desirable to place the electrodes and 
the amplifying system as close to one another as is pos 
sible. Consequently, the instant invention has been de 
veloped. 

The subject invention relates to a differential-operation 
mode ampli?er circuit which is utilized with an electro 
chemical sensing apparatus for detecting the pH of a 
solution. In the instant device, a transistorized or solid 
state circuit is utilized. For example, the input stage may 
comprise a pair of matched metal oxide semiconductor 
?eld effect transistors (also known as insulated gate ?eld 
effect transistors) thereby providing a large input imped 
ance, for example on the order of 1014 ohms. The out 
put stage of the ampli?er may comprise a pair of 
matched NPN junction transistors such that the ampli?er 
exhibits a relatively low output impedance, for example 
on the order of less than 5,000 ohms. Zeroing networks 
are connected to at least one of the ampli?er stages in 
order to set the initial zero bias. That is, it is known that 
a small offset signal may be produced because of dif 
ferences in the ambient temperature and/or the tempera 
ture in the solution. Additionally, a constant current 
source is provided to ?x the proper operating conditions 
for the input stage. This constant current source, in a 
preferred embodiment, includes its own temperature com— 
pensation network. In addition, in one embodiment of 
the invention, a temperature compensating feedback net 
work may be provided between the input and output net 
works. This temperature compensation feedback network 
is utilized to compensate for any variation in output sig 
nals which could be produced by a change in tempera 
ture of the solution which is under test. 

These and other objects and advantages of the instant 
invention become more readily apparent with the reading 
of the following description in conjunction with the at 
tached ?gures in which FIGURE 1 is a schematic diagram 
of one embodiment of the instant invention. FIGURE 2 
is a further embodiment of the instant invention includ 
ing a temperature compensating feedback network. FIG 
URE 3 is a diagrammatic showing of a typical pH detect 
ing apparatus (and the associated electrodes) showing 
the instant circuit associated therewith. FIGURE 4 is an 
illustration of typical operating characteristics of a metal 
oxide semiconductor-?eld effect transistor. 

Referring now to FIGURE 1, there is shown one em 
bodiment of the instant invention. In this embodiment, 
an input signal is supplied by input device 1. Input de 
vice 1 may be any device for supplying a potential signal 
and may include the typical “measurement" and “refer 
ence” cell arrangement found in pH measuring apparatus. 
The input device is connected to the gate electrode of 
the metal oxide semiconductor ?eld effect transistor 2. 
The metal oxide semiconductor ?eld effect transistors are 
hereinafter referred to as MOS FET. The source or emit 
ter electrode of MOS FET 2 is connected to the source 
or emitter electrode of a similar MOS PET 3. In fact, 
MOS FET’s 2 and 3 may be a dual MOS fabricated on 
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the same chip or substrate base. This type of‘ fabrication 
is known, especially in integrated circuitry techniques. 
Furthermore, if the MOS FET’s 2 and 3 are fabricated 
on the same chip, the problem of drift current and 
potential produced thereby which may be caused by 
differences in ambient temperature at the different ele 
ments is greatly reduced. 
The gate or base electrode of MOS FET 3 is connected 

to the movable terminal of variable impedance 4. One 
terminal of impedance 4 is connected to the common 
junction of impedances 5 and 6. Another terminal of 
impedance 5 is connected to a reference potential, for 
example ground. Another terminal of impedance 6 is 
connected to the movable terminal of variable impedance 
7. The other terminals of variable impedance 7 are con 
nected to the positive and negative potential sources 8 
and 9, respectively. These sources, as well as all other 
sources, may supply +12 volts or — 12 volts, respectively, 
relative to the reference potential noted supra. 
As noted supra, the emitter or source electrodes of 

the MOS FET’s 2 and 3 are connected together. In addi 
tion, these electrodes are connected to the collector elec 
trode of the PNP transistor 10. The emitter of transistor 
10 is connected via impedance 11 to potential source 12 
which is any typical source capable of supplying a sub 
stantially constant, relatively positive potential. Also 
connected to source 12 is one terminal of impedance 
13. Another terminal of impedance 13 is connected to 
the anode of diode 14. The cathode of diode 14 is con 
nected to the base electrode of transistor 11. Impedance 
15 is connected between the base electrode of transistor 10 
and the source 16 which may be any substantially con 
stant potential source which supplies a relatively negative 
potential. 

It is seen that, in addition to providing a potential 
dropping effect (for biasing), the PN junction of diode 
14 provides a temperature compensation effect. That is, 
the PN junction of diode 14 is connected in parallel with 
the PN junction of transistor 10. Therefore, any ambient 
temperature effects on one junction will affect the other 
junction as well. 

Connected between the collector or drain electrodes 
of MOS FET’s 2 and 3 is the differential ampli?er com 
prising NPN transistors 17 and 18. The base electrodes 
of the transistor 17 and 18 are connected to the drain 
electrodes of MOS FET’s 2 and 3, respectively. The 
emitter electrodes of the transistors 17 and 18 are con 
nected together. Impedance 19 is connected between the 
common emitter junction and source 20. Source 20 may 
be any suitable potential source capable of supplying a 
substantially constant, relatively negative potential. A 
load impedance 21 is connected between source 20 and 
the base of transistor 17 which is also connected to the 
drain of MOS FET 2. A similar impedance is connected 
between source 20 and the base electrode of transistor 
18. Load impedances 23 and 24 are connected from the 
collector electrodes of transistors 17 and 18, respectively, 
to potential source 25. Source 25 is any suitable potential 
source capable of supplying a substantially constant, rela 
tively positive potential. Since the circuit branch com 
prising transistor 18 and impedance 24 primarily provides 
balance to the circuit, these elements may be eliminated, 
if desirable. 

Output terminal 26 is connected to the collector of 
transistor 17 and to a terminal of aforementioned im 
pedance 4. The output signal at terminal 26 is measured 
relative to a suitable reference potential, for example 
ground. 

Initially, the circuit can be zeroed. For example, espe 
cially in pH measurement, a pure water sample is sup 
plied to the electrodes of input device 1. Typically, the 
signal supplied by input means 1, in the case of a pH 
measurement, will be on the order of zero to 0.5 volt 
(depending upon the type of electrodes). That is, the 
signal supplied by the “glass electrode" as related to the 
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4 
reference electrode is approximately one-half volt. Input 
means 1 applies this signal to the gate electrode of MOS 
PET 2. 

While the reference signal is applied to the gate elec 
trode of MOS FET 2 by input device 1, another signal 
is applied to the base electrode of MOS FET 3 via the 
wiper arm of impedance 4. This latter signal is controlled 
by the setting of the wiper arms on impedances 4 and 7. 
That is, impedance 7 (a variable resistor for example) 
is connected between sources 8 and 9 which produce 
potentials large enough to offset any circuit unbalance. 
This circuit branch provides the adjustment for the zero— 
ing arrangement. Impedances4 and 5 form a negative 
feedback network to stabilize the ampli?er. The vari 
ation of impedance 4 provides the gain adjustment for 
the amplifier. The output signal produced by this balanced 
condition is used to signify a solution having a pH of 
seven or other selected reference value. Thus, when the 
aforesaid electrodes of input: device 1 are immersed in 
an unknown solution under test, the variation in the 
signal produced thereby is detected by MOS FET 2 rela 
tive to the signal supplied to MOS FET 3. The signal 
produced by the circuit, at output terminal 26, is then 
indicative of the pH of the test solution. 
The constant current source comprising transistor 10 

and the associated elements, provides the current to the 
MOS FET’s 2 and 3. It should be noted, that this con 
stant current generator is also temperature compensated 
through the use of the diode 14 as noted supra. That 
is, if the ambient temperature changes, it is conceivable 
that the PN junction of transitor 10 could vary whereby 
the operating characteristics thereof are altered. By insert 
ing the PN diode junction 14 in parallel therewith, the 
ambient temperature effects are compensated. Therefore, 
the current supplied by the current generator comprising 
transistor 10 remains substantially constant. It is desir 
able to utilize a constant current source such that the 
signal supplied by input device 1 is the control signal. 
Additionally, the constant current source ?xes the proper 
operating conditions for the input stage. 
The current produced by the constant current source 

is determined in accordance with the MOST FET operat 
ing characteristics shown in FIGURE 4. More particu 
larly, MOS FET’s exhibit slightly different gate voltage 
VG versus drain current In characteristic curves for dif 
ferent temperatures. Thus, the curves T1, T2 and T3 are 
somewhat different. However, in most MOST FET’s a 
temperature stable point 200 is observable. This point 
is characterized by a relatively ?xed gate voltage and 
current drain. Therefore, in order to avoid temperature 
compensation problems at the MOST FET, the proper 
drain current is supplied by the constant current source. 
Since MOS FET‘s 2 and 3 are driven by the constant 
current source, transistor 10 supplies about 2ID. The 
current provided by transistor 1.0 (1.0 milliampere for 
example) is determined by properly choosing the values 
of resistors 11, 13 and 15 as well as the values of sources 
12 and 16. By regulating the constant current source 
to provide the “temperature-stable-drain-current,“ the 
requirement of temperature ovens or the like is avoided. 

Thus, after initializing. the circuit is prepared for op 
eration. In operation, the circuit detects changes pro 
duced by the input device. With the change of the signal 
at the gate or base electrode of MOS FET 2, the conduc 
tion thereof changes. For example, if the pH of the solu 
tion produces a signal greater than the reference signal 
used for zeroing, MOST FET 2 will conduct more current 
therethrough. Of course, a smaller signal at the gate elec 
trode of MOST FET produces less current therethrough. 
Consequently, the current and potential supplied at the 
base of transistor 17 are also altered. That is, the current 
through the series circuit branch comprising MOS FET 2 
and impedance 21 is altered whereby, the potential dif 
ference between the base and emitter electrode of trans 
sistor 17 is altered. The conduction of transistor 17 at the 
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collector-emitter junction is thereby altered such that the 
potential drop across impedance 23 changes. For example, 
as more current ?ows through the aforesaid series circuit 
branch, the potential drop across impedance 21 increases. 
Therefore, the potential at the base of transistor 17 be 
come relatively more positive. A more positive signal at 
the base of an NPN transistor produces increased current 
?ow therethrough. This increased current flow also exists 
in impedance 23 whereby a greater potential drop is 
detected thereacross. This change in potential drop across 
impedance 23 is detected at output terminal 26. 
The output signal detected at output terminal 26 is a 

function of the potential which is dropped across the load 
resistor 23. Therefore, as the operation of MOS FET 2 
varies in response to the application of a changed input 
signal, the operation of transistor 17 similarly is altered. 
As the current conduction through transistor 17 and im 
pedance 23 varies, the potential dropped across impedance 
23 varies. Consequently, the output signal detected at 
terminal 26 is altered in response thereto. By detecting this 
signal at the output terminal 26, the pH of the solution 
under test, for example, may be determined. 

Thus, it is seen that an amplifier circuit incorporating 
the extremely high input impedance (for example on the 
order of 1014 ohms) of an MOS FET element and pro 
viding relatively low output impedance (for example less 
than 5,000 ohms) is described. In addition, temperature 
compensation for ambient temperatures is also provided. 
These advantages provide for more accurate and more 
reliable operation of the instant circuit when used as an 
ampli?er, for example in pH measuring apparatus. 

Referring now to FIGURE 2, there is shown another 
embodiment of the instant invention wherein similar tech 
niques are utilized. In FIGURE 2, components which are 
similar to those shown in FIGURE I bear similar refer 
ence numerals. In FIGURE 2, input device 1 is shown in 
more detail as including the typical electrodes found in a 
pH measuring apparatus. For example, the glass electrode 
1a is shown connected to the base or gate electrode of 
MOS FET 2. The Calomel or reference electrode 1b is ex 
empli?ed as providing a reference against which the output 
from the glass electrode is compared. It should be noted 
that a beaker-like container is illustrated. However, the 
instant invention will operate in other applications, for 
example a conduit or the like in a system under control. 

In addition, there is shown electrode 50 which includes 
a temperature sensitive impedance 27. Such temperature 
sensitive impedances are known in the art. Temperature 
sensitive impedance 27 is so chosen that its variation is 
proportional to and of the proper sense to offset the 
change in pH of the solution as indicated by the electrodes 
due to change in temperature thereof. Each of these elec 
trodes is inserted into the sample solution which is being 
investigated. It is noted that one terminal of the tem 
perature sensitive impedance 27 is connected to reference 
electrode 1b. This junction is also connected to a suitable 
reference potential, for example, ground. Another termi 
nal of impedance 27 is connected to the base or gate elec 
trode of MOS FET 3. The feedback impedance 28 is con 
nected from the base or gate electrode of MOS FET 3 to 
the collector of transistor 17 which is connected to output 
terminal 26. Impedance 28, which is also designated as 
R1, is shown as a variable impedance. This impedance 
need not be variable; however, a variable impedance at 
this location provides for selectively variable gain adjust 
ment. 

In the embodiment shown in FIGURE 2, the biasing 
network of FIGURE 1 comprising, inter alia, impedances 
21 and 22 is eliminated. Instead, the zeroing network is 
replaced by a single variable impedance 30. The movable 
tap of impedance 30 is connected via impedance 19 to 
the common connection of the emitter electrodes of trans 
sistors 17 and 18. This arrangement provides for the 
initial zeroing of the circuit. Thus, when a reference solu 
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6 
tion (e.g., pure water) is initially utilized, the movable 
tap of impedance 30 is moved (as may be necessary) until 
the parallel circuit branches are balanced. 
The operation of the circuit con?guration shown in 

FIGURE 2 is substantially similar to the operation of the 
circuit shown in FIGURE 1. Thus, a change at the gate 
electrode of MOS FET 2 in response to a signal produced 
by the pH of a solution under test alters the current in that 
circuit branch. Ultimately, the signal developed across 
impedance 23 is also altered. In addition, the inclusion 
of the temperature sensitive impedance 27, which is di 
rectly immersed in the solution, compensates for tem 
perature variations in the solution. Thus, more accurate 
and reliable operation is afforded. That is, it is known 
that the characteristics of the pH electrodes in a solution 
vary as a function of the temperature of the solution. By 
varying the ampli?er operation as a function of tempera 
ture change, this variation in pH electrodes is com 
pensated. 
More particularly, in the operation of the circuit, if the 

ampli?cation is relatively high, the overall ampli?cation 
is (within a reasonable assumption) essentially a func 
tion of the feedback resistors R1 and R2. That is, the 
ampli?cation may be expressed as: 

AIR1/R2 

Typically, A may have a value of 200 to 300, but is not 
limited thereto. From the foregoing, the output signal may 
be designated as: 

Therefore, if R2 is a properly selected temperature de 
pendent resistor or similar impedance, variations in the 
temperature of the solution will be detected thereby, in 
herently included in the circuit operation and the overall 
operation of the circuit will be altered as required. 
A review of the expression for the output signal shows 

that variable gain is easily obtained by varying the im 
pedance of elements R1 or R2. However, R2 (impedance 
27) is not readily adjustable for selective control by the 
operator. Therefore, variable impedance 28 (R1) is pro 
vided to permit easily adjustable gain selection for the 
network. 

Referring now to FIGURE 3, there is shown a diagram 
matic representation of the instant circuit utilized as a uni 
tary and integrally packaged pH measurement ampli?er. 
In this diagrammatic representation, the package for 
the instrument is partially broken away for convenience. 
Thus, the input device 1 is shown comprising a wall 100 
of the vessel containing the solution 101 which is being 
investigated. The wall 100 may be a beaker, a vat, a 
pipeline or the like. The electrodes 1a, 1b and 50 are 
immersed in the solution or ?uid 101. Each of the afore 
said electrodes extends through the cap 110 and the base 
111. The cap 110 is a ?tting which may be inserted into 
the vessel 100 to assure a tight seal as may be necessary 
in some applications. The base 111 is the support member 
for the internal packaging of the device. The base 111 
may be attached to the housing 112 by any suitable fab 
rication method, for example a force fit or by set screws 
or the like. A mounting element 113 is connected to the 
base 111 by means of screws and brackets, for example. 
The mounting element 113, which may be fabricated of 
a sheet of Bakelite for example, may be utilized both as a 
means for mounting circuit components as well as a 
spacer element for holding the package or “can” 115 away 
from the electrode ends. 

Thus, the circuitry shown in FIGURES 1 and 2 may be 
encapsulated in a suitable can 115 and mounted within 
the housing 112 as suggested in FIGURE 3. The elements 
114 are inserted to suggest that certain bulky elements 
may be disposed within the housing 112 but external to 
the can 115, if desirable. The speci?c type of component 
and the connections thereof are not shown in FIGURE 3. 
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In accordance with the suggested structure shown in 
FIGURE 3, a prepackaged unit including an external 
housing 112 closed by a base 111 and including the am 
pli?er circuitry (see FIGURES 1 and 2) housed within 
the can or internal housing 115. This package, including 
the electrodes which extend through base 111 forms the 
basic unit. A sealing member 110, for example cork or 
the like, may be included if desirable. In a typical design, 
the package, exclusive of electrodes, was constructed in a 
cylindrical con?guration having a diameter of approxi 
mately three inches and a height of approximately four 
inches. 

Thus, it is seen that there is provided, by this inven 
tion, an ampli?er having high input impedance and low 
output impedance with relatively high ampli?cation. 
Through the various compensation means, circuit align 
ment and drift is reduced. Because of this con?guration, 
the necessity for an AC. ampli?er which requires a 
chopper or the like is eliminated. Therefore, and because 
of the solid state components which are utilized, the 
physical dimensions of the device are small. Consequently, 
the advantages of this invention become readily apparent. 

It is to be understood, of course, that this description 
is a preferred embodiment only. Various modi?cations 
and changes can be made to this embodiment. For ex 
ample, PNP transistors may be utilized instead of NPN 
transistors; polarities may be changed; and the like. Such 
modi?cations, which fall within the purview of this 
description, are intended to be included herein. 
What is claimed is: 
[1. An ampli?er circuit comprising, ?rst ampli?er means 

characterized by extremely high input impedance, second 
ampli?er means characterized by relatively low output 
impedance, input means connected to a ?rst input ter 
minal of said ?rst ampli?er means, control means con 
nected to a second input terminal of said ?rst ampli?er 
means, said ?rst ampli?er means connected in a differ 
ential mode whereby the operation thereof is indicative 
of the relationship between the signals supplied by said 
input means and said control means, said ?rst ampli?er 
means further characterized by a predetermined tem 
perature-stable operating point determined by the current 
and voltage applied thereto, said second ampli?er means 
connected to said ?rst ampli?er means such that the op 
eration thereof is indicative of the operation of said ?rst 
ampli?er means, said second ampli?er means connected 
in a di?erential mode to form a symmetrical load for said 
?rst ampli?er means, and output means connected to said 
second ampli?er means to be controlled thereby] 

[2. The ampli?er circuit recited in claim 1 wherein said 
?rst differential operating mode ampli?er means com 
prises a pair of metal oxide semiconductor ?eld effect tran 
sistors, said second ampli?er means comprises a pair of 
balanced semiconductor devices connected across the 
outputs of said ?rst ampli?er means] 

[3. The ampli?er circuit recited in claim 1 including 
constant current generating means connected only to said 
?rst ampli?er means, said constant current generating 
means including temperature compensating means to re 
duce the deleterious effects of variable ambient tempera 
ture on the constant current generated by said constant 
current generating means, said constant current generat 
ing means including control means for regulating the 
current generated thereby to ?x the operating conditions 
for said ?rst ampli?er means at a temperature stable 

value] 
[4. The ampli?er circuit recited in claim 1 including 

adjustable bias means associated with said ?rst ampli?er 
means, and wherein said control means includes adjust 
ment means such that the gain of said ampli?er circuit 
is selectively variable] 

[5. The ampli?er circuit recited in claim 1 including 
electrodes connected to the input of said ?rst ampli?er 
means, said electrodes being adapted to be inserted into a 
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8 
solution to be investigated, said electrodes characterized 
by producing a potential difference therebetween which 
is a functional of a physical characteristic of said solu 
tion.] 

[6. The ampli?er circuit recited in claim 5 including 
feedback means connected to said output means, said 
feedback means comprising a temperature sensitive de 
vice adopted for insertion into said solution being inves 
tigated to thereby detect a change in temperature of said 
solution, said feedback means operative to effect said 
output means as a function of the change in temperature 
of said solution whereby the output change produced by 
said temperature change is compensated for] 

7. An ampli?er system for measuring a physical char 
acteristic of a solution comprising 

an electrode structure adapted to be inserted into a 
solution to be investigated, said electrode structure 
being characterized by a response to a physical char 
acteristic of the solution to produce a potential rep 
resentative of said physical characteristics across an 
extremely high output impedance, 

a ?rst ampli?er means, having an input circuit char 
acterized by an extremely high input impedance and 
a relatively low output circuit impedance, said ?rst 
ampli?er means having said input circuit connected 
to said extremely high output impedance of said elec 
trode structure and being immediately adjacent to 
said electrode structure to minimize pickup of elec 
trical noise in said input circuit, 

stabilizing means connected to said ?rst ampli?er means 
to establish the operating state of said ?rst ampli?er 
means at a temperature-stable value, 

control means to produce a control signal indicative 
of a predetermined level of said physical character 
istic, 

a second ampli?er means connected to receive an out 
put signal from said ?rst ampli?er means and having 
a connection to receive said control signal from said 
control means, said second ampli?er means having 
a relatively low input impedance matching the rela 
tively low output impedance of said ?rst ampli?er 
means and including a di?erence ampli?er arranged 
to produce an output signal representing the di?er 
ence between the output signal from said ?rst ampli 
?er means and said control signal, and 

output signal terminal means for said second ampli?er 
means. 

8. An ampli?er system as set forth in claim 7 and in 
cluding a temperature compensating means associated with 
said solution and being connected to said second amplify 
ing means, the temperature compensating means being op 
erative to modify an output signal from said second am 
plifying means as a function of a change in temperature 
of said solution whereby to compensate the output signal 
from said second amplifying means upon change in the 
temperature of said solution. 

9. An ampli?er system as set forth in claim 7 wherein 
said electrode structure includes a pH sensitive electrode 
responsive to the hydrogen ion activity of the solution. 

10. A n ampli?er system as set forth in claim 7 wherein 
said ?rst ampli?er means includes a pair of ?eld-effect 
transistors connected as a di?erence ampli?er to amplify 
the potential from said electrode structure and said con 
trol signal. 

I]. An ampli?er system as set forth in claim 8 wherein 
said ampli?er means includes a pair of ?eld-e?ect fran 
sistors connected as a difference ampli?er to amplify the 
di?erence between the potential from said electrode struc 
ture and said control signal. 

12. An ampli?er system as set forth in claim 9 wherein 
said ?rst ampli?er means includes a pair of ?eld-e?ect 
transistors connected as a difference ampli?er to amplify 
the di?erence between the potential from said electrode 
structure and said control signal. 
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