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SETTLING TIME REDUCTION IN WIDE-BAND I 
DIRECT-COUPLED TRANSISTOR AMPLIFIERS 

REFERENCE TO RELATED PATENT 

This application is related to the subject matter of 
U.S. Patent Ser. No. 4,358,739, entitled WIDE-BAND 
DIRECT-COUPLED TRANSISTOR AMPLIFIER, 
and issued Nov. 9, 1982, to David A. Nelson. The sub 
ject matter thereof is incorporated herein by reference. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

This invention relates generally to wide-band direct 
coupled transistor ampli?ers of the type described in 
US. Patent Ser. No. 4,358,739 to Nelson, and more 
speci?cally to improved implementations of such ampli 
?ers to achieve reduced settling time characteristics. 
One embodiment of the wide-band direct-coupled tran 
sistor ampli?er described in the Nelson patent is illus 
trated in FIG. 1 of the present application. In that em 
bodiment, an input voltage V] produces an in phase 
ampli?ed voltage V3, and another input voltage V; 
produces a voltage V3 that is 180 degrees out of phase 
therewith, such that V3=A(V1-—xV2), where A and x 
are factors that are functions of the circuit component 
values, the temperature of the components, the source 
and load impedances, the supply voltages 1V“, and the 
magnitude and frequency of the input voltages. All of 
these factors have an adverse in?uence upon the settling 
time of the ampli?er, which may be precisely de?ned 
for a linear system such as this, as being the time re 
quired, following the initiation of a step voltage for V1 
or V; or both, for the output to enter and remain within 
a speci?ed narrow band centered on its steady state 
value. ‘ 

Many techniques known in the art for reducing set 
tling time in other types of ampli?ers are obvious and 
are applicable to the ampli?er of FIG. 1. For example, 
precision matched resistors having low temperature 
coef?cients of resistance are useful. In addition, the use 
of monolithic transistors for Q0); and Qlx creates good 
thermal coupling so that the long term temperature of 
both transistors will be very close. This prevents the 
occurrence of large thermally induced Vbe mismatches. 
Likewise, in accordance with the instant FIG. 2, a diode 
connected transistor Q3x, thermally coupled to Q2x, 
may be coupled in series with RClx to prevent a long 
term change in the collector current of Q2x as a func 
tion of temperature. A straightforward approach to 
reducing the effect of load impedance on ampli?er set 
tling time is to add a unity gain buffer B1 in series with 
the output, a difference which is also illustrated in FIG. 
2. Lastly, to reduce the effect of Vcc on‘ settling time, 
transistors having a greater Early Voltage rating can be 
used and the value of RF2 can be increased. While these 
known techniques for reducing settling time are some 
what effective, their incorporation into ampli?ers of the 
type taught by the Nelson reference does not result in a 
suf?ciently reduced settling time characteristic for 
many applications. 

It is, therefore, the principal object of the present 
invention to provide a wide-band direct-coupled tran 
sistor ampli?er having a greatly improved settling time 
characteristic. This object is accomplished in accor 
dance with the illustrated embodiments of this invention 
by modifying an ampli?er of the type taught by Nelson 
to allow the use of current feedback rather than voltage 
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2 
feedback in order to reduce the sensitivity of settling 
time and bandwidth to feedback elements without 
thereby affecting the manner in which feedback is ap 
plied externally by the user, to reduce the sensitivity of 
settling time to the effects of temperature, to eliminate 
saturation and turn-off problems within the ampli?er 
that are related to bias control, to large input signals, 
and to high frequency input signals or those having fast 
rise times, and to minimize the sensitivity of settling 
time to supply voltages. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a detailed schematic diagram of a wide-band 
direct-coupled transistor ampli?er constructed in accor 
dance with the teachings of the prior art. 
FIG. 2 is a detailed schematic diagram of an embodi 

ment of the ampli?er of FIG. 1 that is employed in 
implementing the teachings of the present invention to 
greatly improve the ampli?er settling time characteris 
tic. 
FIG. 3 is a detailed schematic diagram of a unity gain 

buffer that is known in the prior art. 
FIG. 4 is a simpli?ed schematic diagram of illustrat 

ing a portion of the ampli?er of FIG. 2 for purposes of 
analyzing its operation. 
FIG. 5 is a simpli?ed schematic diagram of a conven 

tional ampli?er topology illustrating the known use of 
voltage feedback. 
FIG. 6 is a detailed schematic diagram of a portion of 

the ampli?er circuit of FIG. 2 showing the addition of 
a cascode gain stage that is employed to maintain con 
stant power dissipation in a transistor pair to prevent 
self-induced temperature changes. 
FIG. 7 is a detailed schematic diagram illustrating 

one embodiment of a current source that may be em 
ployed in the ampli?er of FIG. 2, together with some 
additional components, for preventing saturation of a 
transistor pair. 
FIG. 8 is a detailed schematic diagram of illustrating 

an alternative embodiment of a current source that may 
be employed in the ampli?er of FIG. 2 for preventing 
saturation of a transistor pair. 
FIG. 9 is a detailed schematic diagram of an inverting 

input stage of the ampli?er of FIG. 2 illustrating the 
addition of a capacitor that is employed to stabilize the 
bias current in the ampli?er in response to high fre 
quency input signals or those having a fast rise time. 
FIG. 10 is a detailed schematic diagram of a modi?ca 

tion to the bias control circuit of the prior art that elimi 
nates sensitivity of the bias to supply voltages. 
FIG. 11 is a detailed‘schematic diagram of an alterna 

tive modi?cation to the bias control circuit of the prior 
art that eliminates sensitivity of the bias to supply volt 
ages. 
FIG. 12 is a detailed schematic diagram illustrating a 

modi?cation to the circuit of FIG. 11 that establishes a 
reference voltage for the bias control circuit that is 
independent of the supply voltage and that serves to 
prevent the bias control circuit from turning the ampli 
?er off under large input signal conditions by compar 
ing the geometric average of the sense current to the 
reference. 
FIG. 13 is a detailed schematic diagram illustrating an 

alternative modi?cation to the circuit of FIG. 11 that 
establishes a reference voltage for the bias control cir 
cuit that is independent of the supply voltage and that 
does not require the use of large precision resistors. 
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FIG. 14 is a detailed schematic diagram of an ampli 
?er exhibiting an improved power supply rejection 
ratio, signi?cantly reduced temperature sensitivity of 
settling time to various transistor pairs, and wider 
ranges of input impedance, output impedance, and gain 
with less interaction therebetween. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENTS 

Referring now to the detailed schematic diagram of 
FIG. 1, there is shown an ampli?er whose input stage 
consists of the transistor pairs Q0 and Q1. Connected as 
shown in FIG. 3, this input stage forms a wideband, 
unity gain buffer, referred to in detail in Knitter and 
Zuch, Unity-gain Buffer Ampli?er is Ultrafast, Electron 
ics, Apr. 27, 1978, pp. 124-125. When this circuit is 
modi?ed as illustrated in FIG. 2 such that the collectors 
of the Q1 transistor pair are connected to the next gain 
stage and the emitter current for the Q0 transistor pair 
is supplied by the bias control circuit taught by Nelson 
rather than by a resistor, a signi?cant improvement in 
ampli?er performance results, based upon the fact that 
the ampli?er now operates in a current feedback mode 
rather than a voltage feedback mode. This result may be 
understood with reference to FIG. 4. The gain of the 
Q2 pair and B1 stage is described as inverting gain “G” 
for simplicity. For purposes of analysis, the feedback 
path through RFl from V3 to the emitters of the Q1 
transistor pair is broken and the loose end of RFI is 
terminated in a voltage V], since the voltage at the 
emitter of the Q1 pair is also V1. With V2=O, the open 
loop gain is described by the transfer function lam/Ii”, 
where—- 10",: (V3 — V1)/RF1 = (V1/RE1)(G 
+RE1)/RF1, and I,~,,=(V1/RE1). Hence, (low/Ii”) is 
equal to -—(G+RE1)/RF 1. In the case of G> >RE1, 
RE1 has almost no in?uence on the open loop gain. In 
practice, it is easy to make G>>RE1, even at high 
frequencies. Thus, when the loop is closed, the closed 
loop gain becomes 
(V3/V1)=(l+RF1/RE1)/(l+RF1/G), and since G is 
the only frequency dependent term, REl cannot in?u 
ence the —3 dB bandwidth, settling time, or other pa 
rameters. When Vgis unequal to O and V1 =0, the open 
loop gain is low/Ii”: —(G/RF1), with no dependence 
on RBI, and the closed loop gain becomes 
(V3/V 2)=(-'RF 1/RE1)/ ( l +RF1/ G). These equa 
tions for closed loop gain are identical to those for a 
common differential input operational ampli?er, so this 
new embodiment is transparent to the user. The advan 
tage it offers is that the ampli?er can be designed and 
manufactured to give optimum open-loop pole-zero 
response for a ?xed value of RFI. The user may still 
control gain by selecting the value of REI. As a result, 
no external compensation is necessary for optimum 
bandwidth and settling time, whatever the gain. This 
means that the ampli?er has the same bandwidth and 
settling time at a gain of l or 2 as it does at a gain of 30 
or 40, limited only by the requirements that G> >RE1 
and that RE1>2re of the Q1 transistors. This is unlike 
prior art ampli?ers, which are burdened with the re 
striction that gain and bandwidth are inversely propor 
tional, requiring the user to provide external compensa 
tion that varies according to gain in order tooptimize 
performance. Settling time and distortion are also 
greatly affected by the closed loop gain. 

FIG. 5 provides an illustration of why a conventional 
differential input (emitter coupled pair) based ampli?er 
suffers from this problem. For purposes of analysis, the 

30 

40 

45 

65 

4 
feedback path is broken to compute the open~loop gain. 
Note that the feedback signal is now in the form of a 
voltage, rather than a current. With V2=O, 
V3=(V1/2reQ1)(G)(R1/(R1+Rz)). Therefore, (V3/V1), 
which is the open-loop gain, is equal to the expression 
(GR1)/(2reQ|)(R1+R2). In this equation, R1 multiplies 
G rather than being added to it, so both R1 and R2 will 
dominate the open-loop response, and the closed-loop 
response leads to the dif?culties referred to above. 
While the use of monolithic, thermally coupled tran 

sistors for the Q2 and Q3 transistors pairs will substan 
tially reduce the long term Vbe mismatch which causes 
an output error in the ampli?er of FIG. 2, short term 
settling performance in the 0 to 300 ns range is not 
thereby improved, given the present practical size of 
commercially available transistor cells. Recently intro 
duced products such as the HA2539 from the Harris 
Semiconductor Corporation use this technique for set 
tling times of 300 ns to 0.1% error. Such products are 
used with a conventional differential emitter-coupled 
input stage, so some gain precedes the point at which 
this thermally induced error occurs, and so under 
closed-loop conditions the magnitude of the error is 
reduced in proportion to the gain preceding it. In the 
ampli?er of FIG. 2. the gain preceding the Q2 transistor 
pair is proportional to RClx. (A reference herein to 
RClx is the same as a reference to either RCla or 
RClb. Similar references to other components carry the 
same implication, since much of the ampli?er circuitry 
discussed is symmetric. Likewise, a modi?cation de 
scribed as having been made to one side of a symmetric 
circuit is impliedly made to the other side of that sym 
metric circuit.) By replacing RClx and Q3x with a ?xed 
value current source CSlx (as illustrated in FIGS. 7 and 
8), the necessary current can still be supplied to Qlx and 
Q2x, while insuring that the effective impedance is 
> >RC1x. This results in higher gain preceding Q2x 
and reduces the sensitivity of settling time to thermal 
changes in Q2x. Hence, when VbeQz, which varies at 
—2 mV/degree C., changes due to self-heating or an 
external heat source, the overall effect under closed 
loop conditions will be very small. Care must be taken 
to insure that this current source does not adversely 
interact with the bias control circuit 10. Close matching 
of the “a” and “b” current sources is required, as any 
mismatch between the two will be manifest as an input 
offset current at the emitters of the Q1 transistor pair. 

Referring now to FIG. 6, there is shown another 
embodiment of a portion of the ampli?er of FIG. 2 that 
results in reducing settling time errors that are ther 
mally induced at Q2. This embodiment involves the 
retention of RC1 and Q3, and the addition of Q4 as a 
cascode to Q2. Except during short periods of very fast 
slewing of the output, the collector currents (I,) of Q2a 
and Q2b remain very nearly constant due to the effects 
of the bias control circuit 10 and the high input impe 
dance of the B1 buffer, as may be understood with 
reference to FIG. 2. Only the change in Vce of Q2 of the 
ampli?er of FIG. 2 gives rise to large variations in self 
heating since the power dissipation equals (VCEXIC). By 
adding Q4x, Vce of Q2x may also be held constant. Ex 
ternal heating will still give rise to Vb‘. mismatches of 
Q2x and Q3x, but if iso-thermal layout rules are fol 
lowed, this problem can be reduced substantially. 
With further reference to the ampli?er of FIG. 2, and 

without regard for the modi?cations thereto that have 
been discussed above, it is instructive to consider the 
case of a large signal, high slew rate input signal V1 or 
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V3. Assuming that the rise time or slew rate of this input 
is fast enough to cause the ampli?er to begin to slew 
rate limit, the inrush of current through RBI and RFl 
into the emitters of the Q1 transistor pair may represent 
a large portion of, or even exceed the nominal DC bias 
current flowing in the Q1 transistor pair. In the case of 
a positive going V1, Q2a will be turned on hard and Q2b 
will begin to turn off. Since legza may continue to in 
crease and since leQgb can be no less than zero, the con 
dition that I@Q2a+IeQ2b is constant, as established by the 
bias control circuit, may be violated and the bias control 
circuit will attempt to reduce the current in the Q0 
transistor pair in order to reduce the average current in 
the Q2 transistor pair. As the bias control circuit 10 
reduces the current in the Q0 and Q1 transistor pairs, 
the current sources CSla and CSlb (in the event they 
have been chosen to replace RCla and RClb as de 
scribed above) will eventually saturate at a low Vce. 
This condition may occur within é'rrfg seconds, where 
f[, is the bandwidth of the bias control circuit 10. At that 
point in time, all currents in Q2); will cease to flow and 
the bias control circuit 10 will again attempt to turn the 
ampli?er back on, succeeding after another é'zrfg sec 
onds. As long as the input conditions V1 or V2 persist, 
this undesirable oscillation will continue. Several modi 
?cations to the ampli?er of FIG. 2 can reduce the risk 
of this happening, the ?rst of which is illustrated in 
FIG. 7. 
The CS1 pair may be clamped with diodes to prevent 

the Q2 transistor pair from being cut off, and to reduce 
the impedance seen at the base of the Q2 transistors. 
This reduces the open-loop gain of the bias control 
circuit and of the ampli?er itself, and further reduces 
the tendency of the Q2 transistors to cut off. An more 
desirable embodiment of CS1 is illustrated in FIG. 8. 
This embodiment uses fewer parts and gives slightly 
better settling time performance. As the drain current of 
a ?eld effect transistor Fla decreases, V05 decreases 
and Fla begins to act like a resistance rather than a 
current source. This in turn reduces the open-loop gain 
of the bias control circuit and of the ampli?er and pre 
vents the ampli?er from turning off. The use of one of 
these two embodiments illustrated in FIGS. 7 and 8 is 
essential to permit the ampli?er to rapidly recover form 
an input overload in the event RClx has been replaced 
by a current source. Until recovery has occurred, accu 
rate settling is not possible. 
Another closely related problem occurs in the case of 

a fast rise time input signal V1 under small signal condi 
tions. This problem is illustrated, with reference to FIG. 
2, by assuming that V1 is a square wave input signal. In 
that case, as V] goes positive, 18g;a will increase, and 
I@Q1b should ideally decrease by the same amount and at 
the same rate, and so the quantity (IeQlu‘l'IgQlb) should 
remain constant. However, because of the effects of Cal, 
and the non-linear relationship of 18 versus Vbe, the 
value of that quantity will momentarily increase, caus 
ing the total current flowing in the Q2 transistor pair to 
increase also. This will greatly increase the settling time 
of the ampli?er. 
To prevent the occurrence of this problem, a capaci 

tor C1, shown in the embodiment of FIG. 9, is con 
nected between the collectors of Qla and Qlb. The 
capacitor C1 acts to maintain a constant voltage across 
its terminals. The total current, expressed as (IQ-4+1”) 
: (IcQla +101 -* Icba) + (IcQl 17 +100 — Icbb): will more 
nearly remain constant as is required for optimum per 
formance. 1C1 will normally consist of the difference 
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between Id,a and Icbb. Even though capacitor C1 is 
primarily useful under small signal, fast rise time condi 
tions, it also helps under large signal conditions. 

In the Nelson patent referenced above, a bias control 
circuit is described in which the reference voltages 
:tVcc set the current level expressed as (lcga-t-lcgb). As 
i-V“ changes, so does the expressed current level. In 
order to insure that this current level is independent of 
V“, the circuit illustrated in FIG. 5 of Nelson may be 
modified as shown in FIG. 10 of the instant application. 
In the circuit of FIG. 10, resistors R1 and R2 are equal 
‘in value, and VB is set equal to the quantity (RE2a+ 
REZb) times (desired current level in Q2 transistor 
pair). 
An alternative embodiment of the circuit modi?ca 

tion of FIG. 10 is shown in FIG. 11, wherein a current 
source reference, I5, replaces the voltage source, V B. In 
this alternative embodiment, the values of resistors R1 
and R2 are equal, and 130 —y)R1 should equal (REZx) 
times (desired current level in Q2 transistor pair). 
The bias control circuit described in the Nelson pa 

tent, as well as the circuit modi?cations thereto that 
have just been described, all compare the average cur 
rent (IeQ2¢l+IeQ2bL) to the reference current or voltage. 
Under the large signal conditions described above in 
connection with F IGs. 7 and 8, these three types of bias 
control circuit can operate to degrade the signal 
settling time by turning the ampli?er off. Normally, 
under small signal conditions, (184m +IeQ2b)=IT, a 
constant. In the presence of a large amplitude, positive 
going input V1, Lqza can increase by a factor of 3 or 4, 
‘and IeQgb will approach zero. As V1 goes negative, Ieqm 
‘becomes small and 14202!) becomes large. Thus, the 
arithmetic average of the quantity (LQ-2a+I¢Q-2b) over 
one complete input cycle can be several times the 
,reference value 11, eventually causing the bias control 
circuit to shut the ampli?er off, and then causing it to 
oscillate as described above. 
A modi?ed bias control circuit, illustrated in FIG. 12, 

signi?cantly reduces the severity of this problem and 
' allows the ampli?er to operate normally at much higher 

45 

65 

frequencies in the presence of large signal conditions. In 
that circuit, (IeQ2a-i- IeQ2b)=2I1Ib, where n is the ratio of 

I the emitter area of Dlx to the emitter area of D2x. Also, 
in that circuit, the voltages across the D1 and D2 diode 
pairs are compared by the ampli?er A1, just as in the 
case of the three previously described bias control cir 
cuits. In this embodiment, however, the relationship 
between the voltage across the D1 diode pair and the 
current through it is a logarithmic one. This means that 
‘the bias control circuit will attempt to maintain the 
geometric average of the quantity (IeQZa'i-IeQZb) over 
many cycles equal to the reference current, rather than . 
the arithmetic average, as is the case in the previously 
described circuits. Thus, for example,’ if the reference 
value is 10 mA, 1992,, could momentarily be 100 mA, 

' IeQZb could be 1 mA, and the bias control circuit would 
not begin to turn the ampli?er off. However, under 
small signal conditions in which the instantaneous varia 
tions from nominal of leQza and IeQZb are small, the geo 
metric average and the arithmetic average are nearly 
equal. Therefore, this circuit provides more optimum 
conditions for large signal operation, as well as provid 
ing nearly identical conditions under small signal opera 
tion. 

One of the requirements for successful operation of i 
an ampli?er employing the bias control circuit de 
scribed in the Nelson patent or any of the three modi? 
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cations thereof described above in connection with 
FIGS. 10-12 is that the resistors R1 and R2 be ratio 

‘ matched precisely to within about 0.2% or better. 
These resistors should, in practice, be large so that little 
power dissipation heating is created. However, these 
requirements are dif?cult to satisfy using most mono 
lithic integrated circuit processes. In order to avoid the 
use of resistors R1 and R2, a common mode to differen 
tial mode conversion circuit may be employed as illus 
trated in the detailed schematic diagram of FIG. 13. In 
that circuit D3x, R3x, and Q5x operate to sense the Q2 
pair current and send an attenuated image of the sensed 
current toward the common to differential mode stage 
comprising the D4 and Q6 pairs. Q5x is one implemen 
tation of a high .input impedance voltage-to-current 
converter. Using a high impedance device to sense the 
current flowing ‘in D3): insures that all of this current 
will flow into Q2x, thus reducing the sensitivity of ICQZX 
to variations in iV“. The collector currents from the 
Q5 transistor pair are in phase. At the Q6 output, Ila and 
I11, are of equal magnitude and 180 degrees out of phase. 
The A2 current ampli?er then compares these currents 
to the reference I3, and servos the current in the Q0 
transistor pair until the quantity (IeQ2a+IeQ2b) is at the 
desired level. In this circuit, resistors R3a and R3b are 
small in value and the needed degree of ratio matching 
and absolute tolerance can easily be achieved with stan 
dard integrated circuit processes. Likewise, resistor R4 
is not critical. This circuit also provides high attenua 
tion of the signal from D3 through Q6 and high reverse 
isolation to prevent input/output interactions 'in the 
main ampli?er consisting of stages Q0 through Q2. The 
A2 stage then provides a forward gain which is large 
enough to overcome the initial attenuation and still 
provide sufficient forward open-loop gain to insure 
proper closed-loop operation of the bias control circuit. 
One major cause of settling time degradation in the 

ampli?er circuit of FIG. 1 is associated with compo 
nents RF2 and Q1. In some cases RF2 may be in?nitely 
large and the problem is not manifest. However, for 
?nite values of RF2, changes in VbeQo and VbeQz versus 

- temperature or minor perturbations in iVcc can cause 
large settling errors. To prevent this from occurring, 
the ampli?er circuit may be modi?ed in accordance 
with FIG. 14. Although the equations set forth in the 
Nelson patent are changed by this modi?cation, the 
same values of impedance and gain can be achieved. 
The action of V5,, a voltage source whose value is 
controlled by the bias control circuit, and Q72: is to 
supply the signal current ?owing through RF2x from a 
high impedance (the collector of Q7x) into the base of 
Qlx. The addition of RS1 allows the input impedance to 
be corrected to the desired value. For optimum perfor~ 
mance, the v1; pair may be servo controlled (closed-loop 
feedback) to minimize DC offset and drift versus tem 
perature at the input. 
We claim: 
1. A wide-band, variable gain, differential input, DC 

coupled ampli?er employing current feedback to en 
hance the settling time characteristic of the ampli?er, 
the ampli?er comprising: 

a ?rst pair of transistors each having emitter, base, 
and collector electrodes, said ?rst pair of transis 
tors being connected to receive a first input signal; 

a second pair of transistors connected to said ?rst pair 
of transistors, each of said second pair of transistors 
having emitter, base, and collector electrodes, and 
being further connected in a command emitter 
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8 
con?guration; 
inverting gain means having a high input impedance, 

a high output impedance, ‘and an inverting voltage 
gain, said inverting gain means having a pair of 
inputs connected to the collector electrodes of said 
second pair of transistors; 

unity gain means having a high input impedance and 
a low output impedance, said unity gain means 
having an input connected to an output of said 
inverting gain means; , 

?rst resistor means connected between an output of 
said unity gain means and the common emitter 
electrodes of said second pair of transistors to pro 
vide a feedback path therebetween; and 

second resistor means connected between the com 
mon emitter electrodes of said second pair of tran 
sistors and a second input signal. 

2. A wide-band, variable gain, differential input, DC 
coupled ampli?er employing current feedback to en 
hance the settling time characteristic of the ampli?er, 
the ampli?er comprising: 

a ?rst pair of transistors each having emitter, base, 
and collector electrodes, the base electrodes 
thereof being connected in common to receive a 
?rst input signal, the collector electrode of a ?rst 
one of said ?rst pair of transistors being connected 
to a source of negative supply voltage, and the 
collector electrode of a second one of said ?rst pair 
of transistors being connected to a source of posi 
tive supply voltage; 

a second pair of transistors each having emitter, base, 
and collector electrodes, the emitter electrodes 
thereof being connected in common, the base elec 
trode of a ?rst one of said second pair of transistors 
being connected to the emitter electrode of said 
?rst one of said ?rst pair of transistors, and the base 
electrode of a second one of said second pair of 
transistors being connected to the emitter electrode 
of said second one of said ?rst pair of transistors; 

a ?rst resistor and a ?rst diode connected in series, a 
cathode electrode of said ?rst diode connected to 
the collector electrode of said ?rst one of said sec 
ond pair of transistors, and said ?rst resistor being 
further connected to said source of positive supply 
voltage; 

a second resistor and a second diode connected in 
series, an anode electrode of said second diode 
being connected to the collector electrode of said 
second one of said second pair of transistors, and 
said second resistor being further connected to said 
source of negative supply voltage; 

a third pair of transistors each having emitter, base, 
and collector electrodes, the collector electrodes 
thereof being connected in common, the base elec 
trode of a ?rst one of said third pair of transistors 
being connected to the collector electrode of said 
?rst one of said second pair of transistors, and the 
base electrode of a second one of said third pair of 
transistors being connected to the collector elec 
trode of said second one of said second pair of 
transistors; 

a third resistor connected between the emitter elec 
trode of said ?rst one of said third pair of transis 
tors and said source of positive supply voltage; 

a fourth resistor connected between the emitter elec 
trode of said second one of said third pair of transis~ 
tors and said source of negative supply voltage; 

unity gain means having a high input impedance and 
a low output impedance, said unity gain means 
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having an input connected to the common collec 
tor electrodes of said third pair of transistors; 

a ?fth resistor connected between an output of said 
unity gain means and the common emitter elec 
trodes of said second pair of transistors to provide 
a feedback path therebetween; 

a sixth resistor connected between the common emit 
ter electrodes of said second pair of transistors and 
a second input signal; 

a seventh resistor connected between the emitter 
electrode of said ?rst one of said ?rst pair of transis 
tors and the emitter electrode of said ?rst one of 
said third pair of transistors; and 

an eighth resistor connected between the emitter 
electrode of said second one of said ?rst pair of 
transistors and the emitter electrode of said second 
one of said third pair of transistors. 

3. A wide-band, variable gain, differential input, DC 
coupled amplifer as in claim 2 further comprising bias 
control circuit means having a ?rst input connected to 
the emitter electrode of said ?rst one of said third pair of 
transistors, a second input connected to the emitter 
electrode of said second one of said third pair of transis 
tors, a ?rst output connected to the emitter electrode of 
said ?rst one of said ?rst pair of transistors, and a second 
output connected to the emitter electrode of said second 
one of said ?rst pair of transistors. 

4. A wide-band, variable gain, differential input, DC 
coupled ampli?er as in claim 2 further comprising an 
equalizing capacitor connected between the collector 
electrode of said ?rst one of said second pair of transis 
tors and the collector electrode of said second one of 
said second pair of transistors. 

5. A wide-band, variable gain, differential input, DC 
coupled ampli?er employing current feedback to en 
hance the settling time characteristic of the ampli?er, 
the ampli?er comprising: 

a ?rst pair of transistors each having emitter, base, 
and collector electrodes, the base electrodes 
thereof being connected in common to receive a 
?rst input signal, the collector electrode of a ?rst 
one of said ?rst pair of transistors being connected 
to a source of negative supply voltage, and the 
collector electrode of a second one of said ?rst pair 
of transistors being connected to a source of posi 
tive supply voltage; 

a second pair of transistors each having emitter, base, 
and collector electrodes, the emitter electrodes 
thereof being connected in common, the base elec 
trode of a ?rst one of said second pair of transistors 
being connected to the emitter electrode of said 
?rst one of said ?rst one of said ?rst pair of transis 
tors, and the base electrode of a second one of said 
second pair of transistors being connected to the 
emitter electrode of said second one of said ?rst 
pair of transistors; 

a ?rst resistor and a ?rst diode. connected in series, a 
cathode electrode of said ?rst diode being con 
nected to the collector electrode of said ?rst one of 
said second pair of transistors, and said ?rst resistor 
being further connected to said source of positive 
supply voltage; 

a second resistor and a second diode connected in 
series, an anode electrode of said second diode 
being connected to the collector electrode of said 
second one of said second pair of transistors, and 
said second resistor being further connected to said 
source of negative supply voltage; 
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10 
a third pair of transistors each having emitter, base, 
and collector electrodes, the collector electrodes 
thereof being connected in common, the base elec 
trode of a ?rst one of said third pair of transistors 
being connected to the collector electrode of said 
?rst one of said second pair of transistors, and the 
base electrode of a second one of said third pair of 
transistors being connected to the collector elec 
trode of said second one of said second pair of 
transistors; 

a third resistor connected between the emitter elec 
trode of said ?rst one of said third pair of transis 
tors and said source of positive supply voltage; 

a fourth resistor connected between the emitter elec 
trode of said second one of said third pair of transis 
tors and said source of negative supply voltage; 

unity gain means having a high input impedance and 
a low output impedance, said unity gain means 
having an input connected to the common collec 
tor electrodes of said third pair of transistors; 

a ?fth resistor connected between an output of said 
unity gain means and the common emitter elec 
trodes of said second pair of transistors to provide 
a feedback path therebetween; 

a sixth resistor connected between the common emit 
ter electrodes of said second pair of transistors and 
a second input signal; 

seventh and eighth resistors connected in series be 
tween the emitter electrode of said ?rst one of said 
third pair of transistors and said source of negative 
supply voltage; 

ninth and tenth resistors connected in series with a 
DC. voltage source between the emitter electrode 
of said second one of said third pair of transistors 
and said source of positive supply voltage; and 

bidirectional transconductor ampli?er means having 
a non-inverting input connected to the juncture of 
said seventh and eighth resistors, and having an 
inverting input connected to the juncture of said 
ninth and tenth resistors, said bidirectional trans 
conductance ampli?er means having a pair of out 
puts, each supplying a current that is equal in mag 
nitude and opposite in direction to that supplied by 
the other, one of said pair of outputs being con 
nected to the emitter electrode of one of said ?rst 
pair of transistors and the other one of said pair of 
outputs being connected to the emitter electrode of 
the other one of said ?rst pair of transistors. 

6. A wide-band, variable gain, differential input, DC- . 
coupled ampli?er as in claim 5 wherein: 

said seventh, eighth, ninth, and tenth resistors are 
equal in value; and 

said DC. voltage source is equal to the sum of the 
resistances of said third and fourth resistors multi 
plied by a predetermined desired current flow 
through said third pair of transistors. 

7. A wide-band, variable gain, differential input, DC 
coupled ampli?er as in claim 5 further comprising an 
equalizing capacitor connected between the collector 
electrode of said ?rst one of said second pair of transis 
tors and the collector electrode of said second one of 
'said second pair of transistors. 

8. A wide-band, variable gain, differential input, DC 
coupled ampli?er employing current feedback to en 
hance the settling time characteristic of the ampli?er, 
the ampli?er comprising: 

a ?rst pair of transistors each having emitter, base, 
and collector electrodes, the base electrodes 
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thereof being connected in common to receive a 
?rst input signal, the collector electrode of a ?rst 
one of said ?rst pair of transistors being connected 
to a source of negative supply voltage, and the 
collector electrode of a second one of said ?rst pair 
of transistors being connected to a source of posi 
tive supply voltage; 

a second pair of transistors each having emitter, base, 
and collector electrodes, the emitter electrodes 
thereof being connected in common, the base elec 
trode of a ?rst one of said second pair of transistors 
being connected to the emitter electrode of said 
?rst one of said ?rst pair of transistors, and the base 
electrode of a second one of said second pair of 
transistors being connected to the emitter electrode 
of said second one of said ?rst pair of transistors; 

a ?rst resistor and a ?rst diode connected in series, a 
cathode electrode of said ?rst diode being con 
nected to the collector electrode of said ?rst one of 
said second pair of transistors, and said ?rst resistor 
being further connected to said source of positive 
supply voltage; 

a second resistor and a second diode connected in 
series, an anode electrode of said second diode 
being connected to the collector electrode of said 
second one of said second pair of transistors, and 
said second resistor being further connected to said 
source of negative supply voltage; 

a third pair of transistors each having emitter, base, 
and collector electrodes, the collector electrodes 
thereof being connected in common, the base elec 
trode of a ?rst one of said third pair of transistors 
being connected to the collector electrode of said 
?rst one of said second pair of transistors, and the 
base electrode of a second one of said third pair of 
transistors being connected to the collector elec 
trode of said second one of said second pair of 

~ transistors; 

a third resistor connected between the emitter elec 
trode of said ?rst one of said third pair of transis 
tors and said source of positive supply voltage; 

a fourth resistor connected between the emitter elec 
trode of said second one of said third pair of transis 
tors and said source of negative supply voltage; 

unity gain means having a high input impedance and 
a low output impedance, said unity gain means 
having an input connected to the common collec 
tor electrodes of said third pair of transistors; 

a ?fth resistor connected between an output of said 
unity gain means and the common emitter elec 
trodes of said second pair of transistors to provide 
a feedback path therebetween; 

a sixth resistor connected between the common emit 
ter electrodes of said second pair of transistors and 
a second input signal; 

seventh, eighth, and ninth resistors connected in se 
ries, said seventh resistor being further connected 
to said source of negative supply voltage and said 
ninth resistor being further connected to the emit 
ter electrode of said ?rst one of said third pair of 
transistors; 

tenth, eleventh, and twelfth resistors connected in 
series, said tenth resistor being further connected to 
said source of positive supply voltage and said 
twelfth resistor being further connected to the 
emitter electrode of said second one of said third 
pair of transistors; and 
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bidirectional transconductance ampli?er means hav 

ing a non-inverting input connected to the juncture 
of said eighth and ninth resistors, and having an 
inverting input connected to the juncture of said 
eleventh and twelfth resistors, said bidirectional 
transconductance ampli?er means having a pair of 
outputs, each supplying a current that is equal in 
magnitude and opposite in direction to that sup 
plied by the other, one of said pair of outputs being 
connected to the emitter electrode of one of said 
?rst pair of transistors and the other one of said pair 
of outputs being connected to the emitter electrode 
of the other one of said ?rst pair of transistors. 

9. A wide-band, variable gain, differential input, DC 
coupled ampli?er as in claim 8 wherein: 

said third and fourth resistors are equal in value, said 
eighth and eleventh resistors are equal in value, 
said ninth and. twelfth resistors are equal in value, 
and said seventh and tenth resistors are equal in 
value; and 

said DC. current source is equal to the product of the 
value of said third resistor and a predetermined 
desired current flow through said third pair of 
transistors divided by the value of said seventh 
resistor. 

10. A wide-band, variable gain, differential input, 
DC-acoupled ampli?er as in claim 9 wherein: 

the value of each of said eighth and eleventh resistors 
is the product of the value of either of said ninth 
and twelfth resistors and a fraction between zero 
and one; and 

the value of each of said seventh and tenth resistors is 
the product of the value of either of said ninth and 
twelfth resistors and the quantity one minus a frac 
tion between zero and one. 

11. A wide-band, variable gain, differential input, 
DC-coupled ampli?er as in claim 8 further comprising 
an equalizing capacitor connected between the collec 
tor electrode of said ?rst one of said second pair of 
transistors and the collector electrode of said second 
one of said second pair of transistors. 

12. A wide-band, variable gain, differential input, 
DC-coupled ampli?er employing current feedback to 
enhance the settling time characteristic of the ampli?er, 
the ampli?er comprising: 

a ?rst pair of transistors each having emitter, base, 
and collector electrodes, the base electrodes 
thereof being connected in common to receive a 
?rst input signal, the collector electrode of a ?rst 
one of said ?rst pair of transistors being connected 
to a source of negative supply voltage, and the 
collector electrode of a second one of said ?rst pair 
of transistors being connected to a source of posi 
tive supply voltage; 

a second pair of transistors each having emitter, base, 
and collector electrodes, the emitter electrodes 
thereof being connected in common, the base elec 
trode of a ?rst one of said second pair of transistors 
being connected to the emitter electrode of said 
?rst one of said ?rst pair of transistors, and the base 
electrode of a second one of said second pair of 
transistors being connected to the emitter electrode 
of said second one of said ?rst pair of transistors; 

a ?rst resistor and a ?rst diode connected in series, a 
cathode electrode of said ?rst diode being con 
nected to the collector electrode of said ?rst one of 
said second pair of transistors, and said ?rst resistor 
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being further connected to said source of positive 
supply voltage; 

a second resistor and a second diode connected in 
series, an anode electrode of said second diode 
being connected to the collector electrode of said 
second one of said second pair of transistors, and 
said second resistor being further connected to said 
source of negative supply voltage; 

a third pair of transistors each having emitter, base, 
and collector electrodes, the collector electrodes 
thereof being connected in common, the base elec 
trodes of a ?rst one of said third pair of transistors 
being connected to the collector electrode of said 
?rst one of said second pair of transistors, and the 
base electrode of a second one of said third pair of 
transistors being connected to the collector elec 
trode of said second one of said second pair of 
transistors; 

a third resistor connected in series with a third diode, 
an anode electrode of said third diode being con 
nected to a source of positive supply voltage, and 
said third resistor being further connected to the 
emitter electrode of a ?rst one of said third pair of 
transistors; 

a fourth resistor connected in series with a fourth 
diode, a cathode electrode of said fourth diode 
being connected to a source of negative supply 
voltage, and said fourth resistor being further con 
nected to the emitter electrode of a second one of 
said third pair of transistors; 

unity gain means having a high input impedance and 
a low output impedance, said unity gain means 
having an input connected to the common collec 
tor electrodes of said third pair of transistors; 

a ?fth resistor connected between an output of said 
unity gain means and the common emitter elec 
trodes of said second pair of transistors to provide 
a feedback path therebetween; 

a sixth resistor connected between the common emit 
ter electrodes of said second pair of transistors and 
a second input signal; 

seventh and eighth resistors and a ?fth diode, all 
connected in series, a cathode electrode of said ?fth 
diode being connected to said source of negative 
supply voltage, and said seventh resistor being 
further connected to the juncture of said third 
resistor and said third diode; 

ninth and tenth resistors and a sixth diode, all con 
nected in series, an anode electrode of said sixth 
diode being connected to said source of positive 
supply voltage, and said ninth resistor being further 
connected to the juncture of said fourth resistor 
and said fourth diode; 

DC. current source means connected between the 
juncture of said sixth diode and said tenth resistor 
and the juncture of said eighth resistor and said 
?fth diode; and 

bidirectional transconductance ampli?er means hav 
ing a non-inverting input connected to the juncture 
of said seventh and eighth resistors, and having an 
inverting input connected to the juncture of said 
ninth and tenth resistors, said ‘bidirectional trans 
conductance ampli?er means having a pair of out 
puts, each supplying a current that is equal in mag 
nitude and opposite in direction to that supplied by 
the other, one of said pair of outputs being con 
nected to the emitter electrode of one of said ?rst 
pair of transistors and the other one of said pair of 
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outputs being connected to the emitter electrode of 
the other one of said ?rst pair of transistors. 

13. A wide-band, variable gain, differential input, 
DC-coupled ampli?er as in claim 12 wherein: 

a junction area of said third diode is equal to a junc 
tion area of said fourth diode, and a junction area of 
said ?fth diode is equal to a junction area of said 
sixth diode; and 

the junction area of each of said third and fourth 
diodes is equal to the product of a number greater 
than zero and the junction area of either of said 
?fth and sixth diodes. 

14. A wide-band, variable gain, differential input, 
DC-coupled ampli?er as in claim 12 further comprising 
an equalizing capacitor connected between the collec 
tor electrode of said ?rst one of said second pair of 
transistors and the collector electrode of said second 
one of said second pair of transistors. 

15. A wide-band, variable gain, differential input, 
DC-coupled ampli?er employing current feedback to 
enhance the settling time characteristic of the ampli?er, 
the ampli?er comprising: 

a ?rst pair of transistors each having emitter, base, 
and collector electrodes, the base electrodes 
thereof being connected in common to receive a 
?rst input signal, the collector electrode of a ?rst 
one of said ?rst pair of transistors being connected 
to a source of negative supply voltage, and the 
collector electrode of a second one of said ?rst pair 
of transistors being connected to a source of posi 
tive supply voltage; 

a second pair of transistors each having emitter, base, 
and collector electrodes, the emitter electrodes 
thereof being connected in common, the base elec 
trode of a ?rst one of said second pair of transistors 
being connected to the emitter electrode of said 
?rst one of said ?rst pair of transistors, and the base 
electrode of a second one of said' second pair of 
transistors being connected to the emitter electrode 
of said second one of said ?rst pair of transistors; 

a ?rst resistor and a‘ ?rst diode connected in series, a 
cathode electrode of said ?rst diode being con 
nected to the collector electrode of said ?rst one of 
said second pair of transistors, and said ?rst resistor 
being further connected to said source of positive 
supply voltage; 

a second resistor and a second diode connected in 
series, an anode electrode of said second diode 
being connected to the collector electrode of said 
second one of said second pair of transistors, and 
said second resistor being further connected to said 
source of negative supply voltage; 

a third pair of transistors each having emitter, base, 
and collector electrodes, the collector electrodes 
thereof being connected in common, the base elec 
trode of a ?rst one of said third pair of transistors 
being connected to the collector electrode of said 
?rst one of said second pair of transistors, and the 
base electrode of a second one of said third pair of 
transistors being connected to the collector elec 
trode of said second one of said second pair of 
transistors; 

a third resistor connected in series with a third diode, 
an anode electrode of said third diode being con 
nected to a source of positive supply voltage, and 
said third resistor being further connected to the 
emitter electrode of a ?rst one of said third pair of 
transistors; 
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a fourth resistor connected in series with a fourth 
diode, a cathode electrode of said fourth diode 
being connected to a source of negative supply 
voltage, and said fourth resistor being further con 
nected to the emitter electrode of a second one of 5 
said third pair of transistors; 

unity gain means having a high input impedance and 
a low output impedance, said unity gain means 
having an input connected to the common collec 
tor electrodes of said third pair of transistors; 

a ?fth resistor connected between an output of said 
unity gain means and the common emitter elec 
trodes of said second pair of transistors to provide 
a feedback path therebetween; 

ter electrodes of said second pair of transistors and 
a second input signal; 

a fourth pair of transistors, each having emitter, base, 
and collector electrodes, the base electrode of a 
?rst one of said fourth pair of transistors being 
connected to the juncture of said third resistor and 
said third diode, and the base electrode of a second 
one of said fourth pair of transistors being con 
nected to the juncture of said fourth resistor and 
said fourth diode; 
seventh resistor connected between the emitter 
electrode of said ?rst one of said fourth pair of 
transistors and a source of positive supply voltage; 

an eighth resistor connected between the emitter 
electrode of said second one of said fourth pair of 
transistors and a source of negative supply voltage; 

?fth and sixth diodes connected in series, the juncture 
therebetween being connected to a source of 
ground potential, an anode electrode of said ?fth 
diode being connected to the collector electrode of 
said ?rst one of said fourth pair of transistors, and 
a cathode electrode of said sixth diode being con 
nected to the collector electrode of said second one 
of said fourth pair of transistors; 

and collector electrodes, the base electrode of a 
?rst one of said ?fth pair of transistors being con 
nected to the collector electrode of said ?rst one of 
said fourth pair of transistors, and the base elec 
trode of a second one of said ?fth pair of transistors 
being connected to the collector electrode of said 
second one of said fourth pair of transistors; 

a ninth resistor connected between the emitter elec 
trodes of said ?fth pair of transistors; 

having a non-inverting input and an inverting in 
put, said inverting input being connected to the 
collector electrode of said ?rst one of said ?fth pair 
of transistors, said ?rst bidirectional transconduct 
ance ampli?er means having a single current out 
put connected to the emitter electrode of one of 
said ?rst pair of transistors; 

transconductance ampli?er 
means having a non-inverting input and an invert 
ing input, said inverting input being connected to 
the collector electrode of said second one of said 
?fth pair of transistors, said second bidirectional 
transconductance ampli?er means having a single 
current output connected to the emitter electrode 
of the other one of said ?rst pair of transistors; and 

DC. current source means connected between the 
non-inverting inputs of said ?rst and second bidi 
rectional transconductance ampli?er means. 
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16. A wide-band, variable gain, differential input, 

DC-coupled ampli?er as in claim 15 wherein said sev 
enth and eighth resistors are equal in resistance value. 

17, A ‘wide-band, variable gain, differential input, 
DC-coupled ampli?er as in claim 16 wherein said sev 
enth and eighth resistors have a resistance value equal 
to zero. 

18. A wide-band, variable gain, differential input, 
DC-coupled ampli?er as in claim 15 further comprising 
an equalizing capacitor connected between the collec 
tor electrode of said ?rst one of said second pair of 
transistors and the collector electrode of said second 
one of said second pair of transistors. 

19. A wide-band, variable gain, differential input, 
DC-coupled ampli?er employing current feedback to 
enhance the settling time characteristic of the ampli?er, 
the ampli?er comprising: 

a ?rst pair of transistors each having emitter, base, 
and collector electrodes; 7 

a second pair of transistors each having emitter, base, 
and collector electrodes, the emitter electrodes 
thereof being connected in common, the base elec 
trode of a ?rst one of said second pair of transistors 
being connected to the collector electrode of a ?rst 
one of said ?rst pair of transistors, and the base 
electrode of a second one of said second pair of 
transistors being connected to the collector elec 
trode of a second one of said ?rst pair of transistors; 

?rst and second resistors, said ?rst resistor being 
connected between the collector electrode of said 
?rst one of said second pair of transistors and a 
source of positive supply voltage, and said second 
resistor being connected between the collector 
electrode of said second one of said second pair of 
transistors and a source of negative supply voltage; 

a third pair of transistors each having emitter, base, 
and collector electrodes, the collector electrodes 
thereof being connected in common, the base elec 
trode of a ?rst one of said third pair of transistors 
being connected to the collector electrode of said 
?rst one of said second pair of transistors, and the 
base electrode of a second one of said third pair of 
transistors being connected to the collector elec 
trode of said second one of said second pair of 
transistors; 

third and fourth resistors, said third resistor being 
connected between the emitter electrode of said 
?rst one of said third pair of transistors and said 
source of positive supply voltage, and said fourth 
resistor being connected between the emitter elec 
trode of said second one of said third pair of transis 
tors and said source of negative supply voltage; 

a ?fth resistor connected between the common emit 
ter electrodes of said second pair of transistors and 
the common collector electrodes of said third pair 
of transistors; 
sixth resistor connected to the common emitter 
electrodes of said second pair of transistors and 
being further connected to receive a second input 
signal; 
seventh resistor connected between the emitter 
electrode of said ?rst one of said ?rst pair of transis 
tors and the emitter electrode of said ?rst one of 
said third pair of transistors; - 

an eighth resistor connected between the emitter 
electrode of said second one of said ?rst pair of 
transistors and the emitter electrode of said second 
one of said third pair of transistors; 
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?rst and second diodes connected in series, an anode 
electrode of said ?rst diode being connected to the 
base electrode of said ?rst one of said second pair 
of transistors, a cathode electrode of said second 
diode being connected to the base electrode of said 
second one of said second pair of transistors, and 
the juncture between said ?rst and second diodes 
being connected to receive a ?rst input signal; 

?rst voltage reference means connected between the 
base electrode of said ?rst one of said ?rst pair of 
transistors and said source of positive supply volt 
age; and 

second voltage reference means connected between 
the base electrode of said second one of said second 
pair of transistors and said source of negative sup 
ply voltage. 

20. A wide-band, variable gain, differential input, 
DC-coupled ampli?er as in claim 19 further comprising 
bias control circuit means having a ?rst input connected 
to the emitter electrode of said ?rst one of said third pair 
of transistors, a second input connected to the emitter 
electrode of said second one of said third pair of transis 
tors, a ?rst output connected to the emitter electrode of 
said ?rst one of said ?rst pair of transistors, and a second 
output connected to the emitter electrode of said second 
one of said ?rst pair of transistors. 

21. A wide-band, bariable gain, differential input, 
DC-coupled ampli?er as in claim 19 further comprising 
an equalizing capacitor connected between the collec 
tor electrode of said ?rst one of said second pair of 
transistors and the collector electrode of said second 
one of said second pair of transistors. 

22. A wide-band, variable gain, differential input, 
DC-coupled ampli?er employing current feedback to 
enhance the settling time characteristic of the ampli?er, 
the ampli?er comprising: 

a ?rst pair of transistors each having emitter, base, 
and collector electrodes, the base electrodes of said 
?rst pair of transistors being connected in common 
to receive a ?rst input signal, the collector elec 
trode of a ?rst one of said ?rst pair of transistors 
being connected to a source of negative supply 
voltage, and the collector electrode of a second 
one of said ?rst pair of transistors being connected 
to a source of positive supply voltage; 

a second pair of transistors each having emitter, base, 
and collector electrodes, the emitter electrodes 
thereof being connected in common, the base elec 
trode of a ?rst one of said second pair of transistors 
being connected to the emitter electrode of said 
?rst one of said ?rst pair of transistors, and the base 
electrode of a second one of said second pair of 
transistors being connected to the emitter electrode 
of said second one of said ?rst pair of transistors; 

a ?rst resistor and a ?rst diode connected in series, a 
cathode electrode of said ?rst diode being con 
nected to the collector electrode of said ?rst one of 
said second pair of transistors, and said ?rst resistor 
being further connected to said source of positive 
supply voltage; 

a second resistor and a second diode connected in 
series, an anode electrode of said second diode 
being connected to the collector electrode of saod 
second one of said second pair of transistors, and 
said second resistor being further connected to said 
source of negative supply voltage; 

a third pair of transistors each having emitter, base, 
and collector electrodes, the base electrode of a 
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?rst one of said third pair of transistors being con 
nected to the collector electrode of said ?rst one of 
said second pair of transistors, and the base elec 
trode of a second one of said third pair of transis 
tors being connected to the collector electrode of 
said second one of said second pair of transistors; 

a fourth pair of transistors each having emitter, base, 
and collector electrodes, the collector electrodes 
thereof being connected in common, the emitter 
electrode of a ?rst one of said fourth pair of transis 
tors being connected to the collector electrode of 
said ?rst one of said third pair of transistors, the 
emitter electrode of a second one of said fourth pair 
of transistors being connected to the collector elec 
trode of said second one of said third pair of transis 
tors, and the base electrode of each one of said 
fourth pair of transistors being connected to a 
source of reference voltage; 

a third resistor connected between the emitter elec 
trode of said ?rst one of said third pair of transis 
tors and said source of positive supply voltage; 

a fourth resistor connected between the emitter elec 
trode of said second one of said third pair of transis 
tors and said source of negative supply voltage; 

unity gain means having a high input impedance and 
a low output impedance, said unity gain means 
having an input connected to the common collec~ 
tor electrodes of said fourth pair of transistors; 

a ?fth resistor connected between an output of said 
unity gain means and the common emitter elec 
trodes of said second pair of transistors to provide 
a feedback path therebetween; 

a sixth resistor connected between the common emit 
ter electrodes of said second pair of transistors and 
a second input signal; 

a seventh resistor connected between the emitter 
electrode of said ?rst one of said ?rst pair of transis 
tors and the emitter electrode of said ?rst one of 
said third pair of transistors; and 

an eighth resistor connected between the emitter 
electrode of said second one of said ?rst pair of 
transistors and the emitter electrode of said second 
one of said third pair of transistors. 

23. A wide-band, variable gain, differential input, 
DC-coupled ampli?er as in claim 22 further comprising 
bias control circuit means having a ?rst input connected 
to the emitter electrode of said ?rst one of said third pair 
of transistors, a second input connected to the emitter 
electrode of said second one of said third pair of transis 
tors, a ?rst output connected to the emitter electrode of 
said ?rst one of said ?rst pair of transistors, and a second 
output connected to the emitter electrode of said second 
one of said ?rst pair of transistors. 

24. A wide-band, variable gain, differential input, 
DC-coupled ampli?er as in claim 22 further comprising 
an equalizing capacitor connected between the collec 
tor electrode of said ?rst one of said second pair of 
transistors and the collector electrode of said second 
one of said second pair of transistors. 

25. A wide-band, variable gain, differential input, 
DC-coupled ampli?er employing current feedback to 
enhance the settling time characteristic of the ampli?er, 
the ampli?er comprising: 

a ?rst pair of transistors each having emitter, base, 
and collector electrodes, the base electrodes of said 
?rst pair of transistors being connected in common 
to receive a ?rst input signal, the collector elec 
trode of a ?rst one of said ?rst pair of transistors 
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being connected to a source of negative supply 
voltage, and the collector electrode of a second 
one of said ?rst pair of transistors being connected 
to a source of positive supply voltage; 

a second pair of transistors each having emitter, base, 
and collector electrodes, the emitter electrodes 
thereof being connected in common, the base elec 
trode of a ?rst one of said second pair of transistors 
being connected to the emitter electrode of said 
?rst one of said ?rst pair of transistors, and the base 
electrode of a second one of said second pair of 
transistors being connected to the emitter electrode 
of said second one of said ?rst pair of transistors; 

?rst constant value current source means having a 
?rst terminal connected to said source of positive 
supply voltage, said ?rst constant value current 
source means also having a second terminal and a 
third terminal; 

second constant value current source means having a 
?rst terminal connected to said source of negative 
supply voltage, said second constant value current 
source means also having a second terminal and a 
third terminal; 

reference bias means connected between the second 
terminal of said ?rst constant value current source 
means and the second terminal of said second con 
stant value current source means; 

a third pair of transistors each have emitter, base, and 
collector electrodes, the collector electrodes 
thereof being connected in common, the base elec 
trode of a ?rst one of said third pair of transistors 
being connected to the third terminal of said ?rst 
constant value current source means, and the base 
electrode of a second one of said third pair of tran 
sistors being connected to the third terminal of said 
second constant value current source means; 

a ?rst resistor connected between the emitter elec 
trode of said ?rst one of said third pair of transis 
tors and said source of positive supply voltage; 

a second resistor connected between the emitter elec 
trode of said second one of said third pair of transis 
tors and said source of negative supply voltage; 

unity gain means having a high input impedance and 
a low output impedance, said unity gain means 
having an input connected to the common collec 
tor electrodes of said third pair of transistors; 

a third resistor connected between the output of said 
unity gain means and the common emitter elec 
trodes of said second pair of transistors to provide 
a feedback path therebetween; 

a fourth resistor connected between the common 
emitter electrodes of said second pair of transistors 
and a second input signal; 

a ?fth resistor connected between the emitter elec 
trode of said ?rst one of said ?rst pair of transistors 
and the emitter electrode of said ?rst one of said 
third pair of transistors; and 

a sixth resistor connected between the emitter elec 
trode of said second one of said ?rst pair of transis 
tors and the emitter electrode of said second one of 
said third pair of transistors. 

26. A wide-band, variable gain, differential input, 
DC~coupled ampli?er as in claim 25 further comprising: 

a ?rst diode having an anode electrode connected to 
the second terminal of said ?rst constant value 
current source means and having a cathode elec 
trode connected to a ?rst terminal of said reference 
bias means; 
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a second diode having a cathode electrode connected 

to the second terminal of said second constant 
value current source means and having an anode 
electrode connected to ‘a second terminal of said 
reference bias means; 

a third diode having an anode electrode connected to 
the base electrode of said ?rst one of said third pair 
of transistors and having a cathode electrode con 
nected to the cathode electrode of said ?rst diode; 

a fourth diode having an anode electrode connected 
to the base electrode of said second one of said 
third pair of transistors and having a cathode elec 
trode connected to the cathode electrode of said 
second diode; ’ 

a ?rst capacitor connected between the cathode elec 
trodes of said ?rst and third diodes and said source 
of positive supply voltage; and 

a second capacitor connected between the cathode 
' electrodes of said second and fourth diodes and 
said source of negative supply voltage. 

27. A wide-band, variable gain,‘ differential input, 
DC-coupled ampli?er as in claim 25 wherein said refer- ' 
ence bias means comprises a current source. 

28. A wide-band, variable ‘gain, differential input, 
DC-coupled ampli?er as in claim 25 wherein said refer 
ence bias means comprises a resistor. 

29. A wide-band, variable gain, differential input, 
DC-coupled ampli?er as in claim 25 wherein said ?rst 
constant value current source means comprises: 

a fourth pair of transistors each having emitter, base, 
and collector electrodes, the base electrodes 
thereof being connected in common, the collector 
electrode of a ?rst one of said fourth pair of transis 
tors forming the second terminal of said ?rst con 
stant value current source means and being further 
connected to the common base electrodes of said 
fourth pair of transistors, and the collector elec 
trode of a second one of said fourth pair of transis 
tors forming the third terminal of said ?rst constant 
value current source means; 

a seventh resistor connected between the emitter 
electrode of said ?rst one of said fourth pair of 
transistors and the ?rst terminal of said ?rst con 
stant value current source means; and 

an eighth resistor connected between the emitter 
electrode of said second one of said fourth pair of 
transistors and the ?rst terminal of said ?rst con 
stant value current source means; and wherein said 
second constant value current source means com 
prises: 

a ?fth pair of transistors each having emitter, base, 
and collector electrodes, the base electrodes 
thereof being connected in common, the collector 
electrode of a ?rst one of said ?fth pair of transis 
tors forming the second terminal of said second 
constant value source means and being further 
connected to the common base electrodes of said 
?fth pair of transistors, and the collector electrode 
of a second one of said ?fth pair of transistors form 
ing the third terminal of said second constant value 
current source means; 

a ninth resistor connected between the emitter elec 
trode of said ?rst one of said ?fth pair of transistors 
and the ?rst terminal of said second constant value 
current source means; and 

a tenth resistor connected between the emitter elec 
trode of said second one of said ?fth pair of transis 
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tors and the ?rst terminal of said second constant 
value current source means. 

30. A wide-band, variable gain, differential input, 
DC-coupled ampli?er as in claim 29 wherein the resis 
tance value of each of said seventh, eighth, ninth, and 
tenth resistors is equal to zero. 

31. A wide-band, variable gain, differential input, 
DC-coupled ampli?er as in claim 25 further comprising 
bias control circuit means having a ?rst input connected 
to the emitter electrode of said ?rst one of said third pair 
of transistors, a second input connected to the emitter 
electrode of said second one of said third pair of transis 
tors, a ?rst output connected to the emitter electrode of 
said ?rst one of said ?rst pair of transistors, and a second 
output connected to the emitter electrode of said second 
one of said ?rst pair of transistors. 

32. A wide-band, variable gain, differential input, 
DC-coupled ampli?er as in claim 25 further comprising 
an equalizing capacitor connected between the collec 
tor electrode of said ?rst one of said second pair of 
transistors and the collector electrode of said second 
one of said second pair of transistors. 

33. A wide-band, variable gain, differential input, 
DC-coupled ampli?er as in claim 25 wherein said ?rst 
constant value current source means comprises: 

a ?rst ?eld effect transistor having source, gate, and 
drain electrodes, the drain electrode thereof form 
ing the ?rst terminal of said ?rst constant value 
current source means, and the gate electrode 
thereof forming the second and third terminals of 
said ?rst constant value current source means; and 

a seventh resistor connected between the source elec 
trode of said ?rst ?eld effect transistor and the 
second and third terminals of said ?rst constant 
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value current source means; wherein said second 
constant value current source means comprises: 

a second ?eld effect transistor having source, gate, 
and drain electrodes, the drain electrode thereof 
forming the ?rst terminal of said second constant 
value current source means, and the gate electrode 
thereof forming the second and third terminals of 
said second constant value current source means; 
and 

an eighth resistor connected between the source elec 
trode of said second ?eld effect transistor and the 
second and third terminals of said second constant 
value current source means; and wherein said ref 
erence bias means comprises an open circuit. 

34. A wide-band, variable gain, differential input, 
DC-coupled ampli?er as in claim 33 wherein the resis 
tance value of each of said seventh and eighth resistors 
is equal to Zero. 

35. A wide-band, variable gain, differential input, 
DC-coupled ampli?er as in claim 33 further comprising 
bias control circuit means having a ?rst input connected 
to the emitter electrode of said ?rst one of said third pair 
of transistors, a second input connected to the emitter 
electrode of said second one of said third pair of transis 
tors, a ?rst output connected to the emitter electrode of 
said ?rst one of said ?rst pair of transistors, and a second 
output connected to the emitter electrode of said second 
one of said ?rst pair of transistors. 

36. A wide-band, variable gain, differential input, 
DC-coupled ampli?er as in claim 33 further comprising 
an equalizing capacitor connected between the collec 
tor electrode of said ?rst one of said second pair of 
transistors and the collector electrode of said second 
one of said second pair of transistors. 

* * * * * 


