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BRIDGE VOLTAGE SOURCE 

D. L. Danyuk and G. V. Pil'ko UDC 621.311.6+539.107.8 

This voltage source is designed to bias superconducting tunnel junctions when studying their current-voltage charac-
teristics at voltages ranging from zero to several millivolts. The source has been used in experiments with junctions 
whose resistances ranged from 10-2 to 103Ω, breakdown voltages from 0.1 to 10 V, and maximum dissipated powers 
from 0.1 to 100 mW. The device allows the current and voltage to be measured across circuit components with 
resistances under 100Ωto within 0.1%. 

Bias sources can be used to record the current-
voltage characteristics (CVC) of superconducting 
samples and superconducting tunnel junctions [1] at 
voltages where their resistance is negative, and to de-
termine the derivatives of the CVC curve with respect 
to voltage by direct differentiation [2]. 

In contrast to modulation techniques, which de-
mand ac voltage sources with low output impedances 
operating at frequencies over 1 kHz, direct differenti-
ation yields the derivative with its correct sign. 

Bias sources yield the CVCs and their derivatives 
without the distortion that is inherent in modulation 
techniques because of the phase difference between 
the voltage and current, which is a function of fre-
quency. For instance, a considerable phase shift is 
introduced by a circuit that includes the output re-
sistances and their reactive impedances of an ac gen-
erator and the cables connecting it to a sample struc-
ture. 

Given these positive features, voltage sources are 
preferable to current sources. The higher the Rj/Rout 
ratio and the lower the reactive component of the 
source's output impedance, the better the voltage 
source used for the measuring circuit (here Rj is the 
equivalent impedance of the sample junction and is 
shown surrounded by a dashed line in Fig. 1, and Rout  
is the source's output resistance). Sometimes sources 
with Rout~10-2Ω operate with Josephson junctions in 
circuits with large spurious reactive impedances, 
where relaxation oscillations may be generated [3]. 
The lower the output resistance, the lower is influence 

of the reactive components of the circuit's impedance. 
An output resistance of 10-2Ω can be obtained us- 
ing low-resistance shunts [4]. In circuits built around 
operational amplifiers with large negative feedback, 
the connecting wires and contacts may be included in 
the feedback loop, which puts Rout under 10-3Ω.  
However these circuits should include at least four 
wires to connect a sample with the corresponding 
topology. If one of the contacts in the feedback loop 
breaks, the voltage source may fail, or the sample 
structure may be destroyed by overvoltage. 
Consequently, voltage sources with feedback are 
less frequently used in low-temperature experiments 
than current sources. Nonetheless, the possibilities 
offered by feedback voltage sources are worth the 
expense and effort needed to build a sophisticated 
device. 

A voltage source with negative feedback has been 
used [5] in low-temperature experiments. It includes 
an operational amplifier connected as a noninverting 
follower fed by a "floating" source of the input signal. 
The voltage source has several flaws, namely, the sig-
nal source is not grounded, the considerable dc drift, a 
large current goes through the sample when the feed-
back loop is opened, the output current is low, the 
output is not reliably protected, etc. In our modified 
version we have attempted to get rid of these flaws 
using simple cheap techniques. 

A simplified circuit diagram of the source is shown 
in Fig. 1 (the dc balance and power supply circuits are 
not shown). It uses a bridge circuit with multiple-
loop feedback. The bridge circuit uses a grounded   
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Fig.1. Circuit diagram of the voltage source: OA1, OA8)  140UD6 (analogue MC1456); OA2, OA3, OA6, 
OA7 ) 140UD17 (OP07E); OA4, OA5) 140UD6 with the buffer stage shown in Fig. 2; the equivalent circuit of the 

load (tunnel junction) is encircled by the dashed line. 

source for the input signal and does not feed the out-
put current Iout via the common bus. The circuit 
allows us to use inverting operational amplifiers to 
divide the input voltage Uin along halves a and b 
of the bridge circuit, which results in a higher signal-
to-noise ratio in respect to the input voltage. Two 
overall feedback loops are applied to each half of the 
bridge and one local loop around the output follower 
(OA4)• 

The overall servo loops maintain the voltage dif-
ference between inputs  ϕ a 0  and ϕb 0  c lose to 
zero if  U i n  = 0. They maintain the voltage gain at 
K=-1 and are permanently closed. The servo loop of 
the half a includes a capacitor C1, two 
resistors R2 and R5, and operational amplifiers 
OA2 a n d  OA4.  T h e  voltage across the resistor R2 
is proportional to the output current Iout, and the 
voltage U=R2Iout is applied between outputs 
ϕ a 0  and ϕ a 1 .  The resistor R2 also limits the 
output current to protect the output of  OA4 i f  the  
outputs  ϕ a 0  or  U a 1  are  unintent ional ly  
connected to the common bus. In this case, the out-
put current Io u t< 0.15 A. The rated power of 
R2 is  15 W, hence its resistance is practically 
independent of the dissipated power.   

The capacitor C1 defines the main pole of the 
frequency characteristic of the output stage and 
provides a smooth step response for the circuit. 

The main feedback loop is closed via the follower 
OA6,  R1,  wires,  tes ted s tructure,  and OA2 
and OA4.  It allows external devices to be connected 
to the outputs of OA6 and OA7. The tunnel 
junction is decoupled from the reactive impedance 
components of external cables. The output of OA6 
is protected by a resistor of 2.2kΩ. Given the 
values of components in Fig. 1, the gain K = -2⋅10-3 
with an error controlled by the tolerances of R1, 
R3, and R5 (0.1%). The resistance between 
inputs U a 0  and U b 0  is ~ 100Ω. This results in 
an error in the current Iout of less than 0.1% at 
Rj<100Ω .  The servo loop is  practically 
disabled when the overall loop is on because 
R5=2⋅103R1. 

The dc voltage gain of OA4 is K04=5⋅104. When 
the local feedback loop is taken to the stage with 
OA4, its output resistance is Rout4 ≈ R2/K04 ≈ 
2⋅10-3Ω.  The operational amplifiers OA2, OA3, 
OA6, and OA7 are 140UD17 (analogue of OP07E) 
with K0> 1.5 • 105. Therefore, when the overall loop is 
closed and R=0, the 
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Fig. 2. Circuit diagram of the buffer stage:T1) KT815B, 
T2 ) KT816B. 

output resistance of the bridge circuit becomes 
Rout0~10-7Ω. With local feedback, the problem of 
minimizing Rout is equivalent to reducing R. The 
resistance R is the sum of the resistances of the 
film, contacts, and connecting wires. For a typical 
R≈0.2Ω, the total output resistance is 
Rout≈2RR1/R5≈2⋅10-4Ω. The circuit is driven by 
voltages with equal values and opposite polarities 
generated by the inverter OA1 with a gain K=-1. The 
input of the inverter is matched to the signal source 
by an inverting amplifier OA8, whose gain is tuned 
between -2.2 and -1. With R1=10Ω the output 
resistance can be reduced to ~ 10-5Ω, but in this case 
the measurement error rises to 0.5% and special 
measures are needed to stabilize the dc balance and 
drift since the measurement range of Uout is 
squeezed to ±1.4 mV. 

In order to get a higher Iout, power buffer 
stages [6] are directly connected to the outputs 
of OA4 and OA5. The circuit parameters are 
stabilized best with a class A buffer stage. Its circuit 
diagram is given in Fig. 2. 

In the absence of force cooled heat sinks, the 
power dissipated by the output transistors T1 and T2 
has to be limited. The resistor R2= 100Ω (Fig. 1) 
limits the output buffer current to Iout≈130mA The 
quiescent current of T2 is 0.25 A. The transistors 
T1 and T2 are set on a common copper heat sink 
with an area of 90 cm2 and a thickness of 2 mm. The 
transistor collectors are placed symmetrically on 
opposite sides of the heat sink and insulated from it 
with mica. They are about 40 °C hotter than the 
ambient temperature, but since their base-emitter 
junctions are antiparallel, the thermal drifts of the  

voltage drops across the junctions compensate each 
other and the buffer bias remains stable over a wide 
temperature range. 

The temperature stability of the output dc volt-
age in the balance bridge circuit is mainly controlled 
by the precision 140UD17 operational amplifiers. The 
thermal voltage drift is under 1.6µV/°C within the 
range 20-50 °C. 

The current-voltage characteristics of tunnel junc-
tions were recorded using a ramp generator whose cir-
cuit diagram is given in Fig. 3. The generator includes 
an integrator built around OA1 and OA2, a 
reference voltage source Uref= 10 V built around 
a Zener diode D1, a switch for the reference 
voltage built around T1 and OA4, comparators 
OA5-1, OA6-OA9, a trigger of operation modes OA5-2 
with a mode indicator around a transistor T2 and 
LED D2, and an inverter OA3. These generators 
are described elsewhere [7, 8] and can operate in two 
modes. 

In the first mode it generates the output voltage 

 
in the form of isosceles triangles. Here Uc is the 
voltage drop across R2 and R3, which controls 
the integrator; R1C1≈1sec is the integrator's time 
constant; t is time. The period of Uout can be 
changed between 4 and 1000 sec by the 
potentiometer R2. 

In the second mode, the generator periodically 
scans the voltage over a predetermined interval within 
±Uref at a constant rate. The upper and lower voltage 
limits are set by the potentiometers R4 and R5, 
respectively. When the power is turned on, the dif-
ferentiating circuit C2, R6 generates a positive 
pulse, whose edge pushes the input Q of the trigger 
OA5-2 high. In this state the emitters of the output 
transistors  in OA6 and OA7 are connected to a 
common bus, and the circuit operates in the first 
mode, LED D2 gives off. Since the outputs of OA6 
and OA8, and OA7 and OA9 are ORed in pairs, 
the trigger OA5-2 can switch the generator to the 
second mode. The operating mode is selected by a 
switch S1. The reference voltage polarity is switched 
through the voltage gain of OA4 using the 
transistor switch T1 driven by a RS-trigger OA5-1. 
The trigger is switched when the output ramp 
voltage of OA2 or OA3 equals Uref. The 
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Fig.3. Circuit diagram of the ramp generator:  OA1, OA2) 544UD1B (TL071AC); OA3, OA4) 140UD17; 
OA5) 561TM2 (CD4013); OA6 –OA9) 521SA3 (LM311A); T1, T2) KT315A (2SC641);  

D1) KS191A (1N1986); D2 ) AL307. 
 

integrator is started, stopped, and reset by switches 
S2 and S3, respectively. 

In a generator using an integrator built around 
one operational amplifier, the relative integration er-
ror is ∆=t/2R1C1K01. The integrator in this circuit 
included two operational amplifiers, and its inte-
gration error is smaller (∆ = t/2R1C1K01K02, where 
K01 =K01=2⋅105 are the dc voltage gains of the 

amplifiers). At t=103 sec the calculated error of the 
compound integrator ∆=2⋅10-7.  The measured 
integrator nonlinearity is better than 2⋅10-4 and is 
limited by the circuit noise. Since the resistor's val-
ues are accurate to within 0.1%, the asymmetry of 
the rise and fall voltage rates is less than 0.05%. 

The current-voltage characteristics are recorded 
by an N-307 X-Y plotter. The X input is connected
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Fig. 4. Current-voltage characteristic of a Sn-SnOx-Pb 
junction. 

to the outputs ϕ a 0  and ϕ a 1 , and the Y input is 
connected to U a 1  and U b 1 . The zero level 
between the outputs of OA4 and OA5 is checked by 
an F30 voltmeter disconnected before recording a 
curve. 

Figure 4 shows the CVC of a film Sn-SnOx-Pb  
tunnel junction fabricated by thermal deposition in a 
vacuum on a standard devitrified glass substrate. The 
insulator layer of the junction was produced by oxidiz-
ing a tin film in air at atmospheric pressure and room 
temperature. The film was ~ 500 nm thick, the insu-
lator thickness 5-10 nm, and the thickness of the top 
lead film 100-200 nm. The structure is cross-shaped, 
the junction area was ~ 20 x 20µm. A voltage was 
applied across the structure using compressed cop- 

per contacts coated with indium. The contacts of 
the two connectors were also included in the feedback 
loop. The curves were recorded in the laboratory. 
The negative differential impedance was ~ 7Ω on the 
dropping portion of the CVC. The features recorded 
on CVC concurrently with relaxation oscillation [3], 
nor the oscillations themselves were observed. 

The source has been used to study nonequilib-
rium phenomena in tunnel junctions, the properties of 
metal-oxide HTSC ceramic, and structures fabricated 
from them. It can also be used in various tunneling 
spectrometers. 
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