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DN120N

LOGARITHMIC CURRENT TO VOLTAGE CONVERTER

WITH 220 dB DYNAMIC RANGE

The DN120N is a Logarithmic Current to Voltage Converter
capable of measuring current from 1.0fA to 100pA without the
need of changing ranges. This feature makes it possible to
continuously measure current that changes many orders of
magnitude in a short period of time. Loss of data during
autoranging makes comparable measurements difficult in
conventional instruments. The large dynamic range of the
DN120N is made possible by an oven controlled matched
pair of silicon diodes that make up the log element in this
converter.

The output of the DN120N increases 0.500 Volts per decade
increase in the input current. The equations relating the
output voltage to input current are shown below. The
resolution of the DN120N output is + 1mV which is 0.5% of
the current being measured. An output voltage of 1.500 volt,
for example, results from one pico ampere of input current.
A variation of +1mV in this 1.500 Volt output, therefore,
indicates a +5fA change in input current. The input offset
voltage drop of the DN120N is less than 200uV. This makes
it possible to make accurate current measurements from
circuits with very low voltage sources.

An offset current lorr can be programmed into the virtual
ground input of the DN120N. This is illustrated in the block
diagram for the device. This current is added to the input
and is used to null or offset the input current when measuring
very low current in the femtoampere range.
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The DN120N is ideally suited for measuring the output of
photodiodes, ion chambers, biological reactions of other
applications where a large dynamic range of current must
be measured. This device can be used in data acquisition
systems where the output voltage of the DN120N is
converted to a digital signal, processed, and displayed in
accordance with the user's needs. Housed in a cast
aluminum chassis, the DN120N operates from a single
+5Volt power supply and has an operating case
temperature temperature range of 0°C to +50 °C.

CONVERSION EQUATIONS

The equations relating the output voltage of
the DN120N to the input current are shown

below.
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EXAMPLES

For-5.5V<Vo<0

Measured Output
Voltage (Vo)

+1.152 Volts

Calculated Input
Current IIn (loFF = 0)

+201.4 fA

-3.725 Volts -28.18 nA

OUTPUT VOLTAGE (Vo) vs INPUT CURRENT (Ii)

This graph is shown for positive input current only.
Negative output voltage occurs for negative input

current.
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Input Current lin (Amperes)

The ouput voltage (Vo) of the DN120N is zero
when the input current (lin) is less than + 1.0fA.

[ /1c711OpticS e w—



| DN120N |

SPECIFICATIONS FOR THE DN120N FROM +18°C TO +28°C

OUTPUT CACULATED

ACCURACY OUTPUT CURRENT CURRENT RISE TIME

INPUT OUTPUT (£ mV) RESOLUTION ACCURACY RESOLUTION (10% TO 90%)
10 fA 0.500V T0my 1mv 4 fA 0.051A 30 sec.
100 fA 1.000 V 30 my 1mV =15 A 0.5fA 50 sec.
1 pA 1.500 V 10my 1mv 50 fA 51A 1.0 sec.
10 pA 2,000V 4mv 1mv +200 fA 50 1A 150 msec.
100 pA 2500V 4mv 1mv +2pA 500 fA 15 msec.
1 nA 3000V 4mv 1mV +20pA 5 pA 1.5 msec.
10 nA 3.500V amv 1mv +200pA 50 pA 150 psec.
100 nA 4.000V 4mV 1mV +2 nA 500 pA 50 psec.
1 pA 4.500 V 4mv 1mVv +20 nA 5nA 50 psec.
10 uA 5.000V 4mv 1mv +200 nA 50 nA 50 psec.
100 pA 5500V 10 mV 1mV 5 uA 500 nA 50 psec.

The above measurements are made with a 20pF of shunt input capacitance.

INPUT OFFSET VOLTAGE: < 200uV

OUTPUT IMPEDANCE: < 100Q From 0 TO 10KHz

OUTPUT VOLTAGE: 0 TO + 5.5V with 5KQ load

MAXIMUM INPUT VOLTAGE WITHOUT DAMAGE: +40 VDC

CONNECTO
female BNC.

output, are made through a male D-9 connector. The pin
outs are shown below.

RS: The input and output connectors are
All other connections, including an additional

WEIGHT: 7 oz, (200 gms) Pin 1
OPERATING TEMPERATURE RANGE: 0°C to +50°C DIMENSIONS:
) [ Il D-9
TEMPERATURE COEFFICIENT: +18°C to 0°C and +28°C 0l il @ g O o)
to +50°C (Increases the error of the above specifications BNC Input BNG Outout
by + 0.1% per °C) Connector O VO TACE CONVERTER Connector
; 225 g
OFFSET VOLTAGE ADJUSTMENT (VorF): A voltage = E[ E B R
VorF= 1.0 Volts causes an output voltage of a least ° Pin Designations
+1.200 Volts an equivalent (loFF = + 250fA). Pin No. Einatin
POWER: The DN120-N operates from a single 5VDC +0.25V 1 | Amplifier Output
power supply capable of delivering 1.5A of current at turn-on. ; :g
(DO NOT REVERSE THE INPUT SUPPLY VOLTAGE, 4 | ofiset Voltage Input
OTHERWISE PERMANENT DAMAGE WILL 25" 5 | Power Ground
OCCUR TO THE DN120N). This amount of current is 63 5mm P [
required to requlate the temperature of the oven that houses 8 |nc.
the LOG element. The 5VDC is supplied from an external 9 | #5 volt Power
power source. There are many suppliers of 5 Volt modular T )
power supplies that will work very well with the DN120N. sl_'gim I::[ ]::]
WARM UP TIME: Power must be applied to the DN120N for ¢
at least 10 minutes before the stated accuracies are met.
BLOCK DIAGRAM OF THE DN120N
The DN120N allows the user to null or offset the input GURRENT TO VOLTAGE | comecror
current by injecting a current into the virtual ground CONVERTER M S%TPUT
input of the log amplifier. This is illustrated in the - loFF 3] NG
figure to the right. The magnitude of this offset current INPUT ¢ 100kQ 4| OFFSET VOLTAGE IN
is adjustable from zero to approximatly +100fA to E‘, ! 5] FOWERGND,
. 4 . . LOG = 6 SIGNAL GND.
+250fA per Volt. This Voltage is applied between Pin I:l — ELEMENT 71 nC.
4 and Signal Ground (Pin 6) of the D-9 connector. In P 8| NG
addition the DN120N has been scaled so that it can + > stage| | 18] +5VOLTS POWER
measure input currents down to 1fA. The I/O - - =
equations are shown on page 1. Bt Lo ol

ThermOpticse—



FREQUENCY RESPONSE

OUTPUT VOLTAGE (VOLTS)
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The DN120N used in this test has a TNC input connector. A TNC to
BNC adapter is attached. Two hunderd seconds after the output
1.0 voltage had stabilized to zero volts, the adapter was added andthe ———
Output Voltage measured and recorded. This chart shows that it took
about 24 minutes for the Output voltage of the DN120N to once again
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8 The DN120N used in this test has a TNC input connector. A TNC to BNC
05 adapter is attached. After the output voltage had stabilized to zero volts, -
the adapter was removed and the Output Voltage measured and recorded.
This chart shows that it took about 12 minutes for the Output voltage of the
10 DN120N to once again return to Zero. The induced current shown in this |
’ figure is due to Turboelectric effect between the connector insulator and
the conductor.
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