A Ten-Decade Logarithmic
Current-to-Voltage Converter

The DN120 logarithmic I/V converter is capable of translating the entire
dynamic range of current (10 fA-100 pA) produced by various sensors

into a buffered output voltage that can easily be measured and
recorded by a data acquisition system.

Jim Phalan, Dawn Electronics Inc.
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The smallest current the converter can
measire 15 determimed by the revene sahira-
tion current I of the transistors and the input
leakage current of the op amp. The revene
safuration cirrent 1w <05 EA at 23°C for the
DN120's transistors and the npot leakage
current of the DNSSOUA, an ultra low cur-
et op amp svailable from Dawn Flee-
tranics, s dvpically <2 EA Tl fow reverse sal
uration current of the transistors and low
gt currend of the op smp enable the con-
verter to measure mput cureent down 1o
[0 EA and o resolve comrent changes of <1 (A

Circuit Design

The DNI120 way designed to produce an
ontpul voltage that mcereases 0.5 Videcade
change of input current, and to deliver

Asron, Ohio 443331256 USA =30V when the mput current s + 100 A
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{see Figure 21 When the input current is
positive, transistor Q1 conducts; when it
is negative, Q2 conducts. The autpat voltaze
V', from this stape, which increases 588 mV/
decade, s fed into two active seetifier circuits
that have independent full-scale and gain
achustments for pesitive and negabive nput
currenl {see Figure 3, page 53). Recombin-
ing these signals peoduces the putput voltage
Fquations 4.1 through 4.4 define the con-
verter's 1) charactenstis:

Positive Input Current | Nagative Input Current
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For 5V Vg >0 For -5V <V <0

(42) 44
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For 107> &, > 107*A For <107 < iy, <108
Application

\ simple radiometer incorporating a
I.2 mam- silicon photodiode from Centronic
Ine, (Newbury Park, Califormia) was con
strncted 1o demonstrate the converter's
cdymamic range (see Phato 1, page 51). The
photodhiode was connected to the input of
the INI20 as shown in Figure 4 (page 53
Photodiode euerent by, which i directly pro-
portional 1o the incommg radiation, flows
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into the comverter's virtual ground input
[hiy produces an output voltage Vi, that 1s
propodional to the loganthm of the coment
(Eguabon 4.2,

Ihe radiometer (sce Figure 3) was pomied
vertically to micasure the mtensity of the ligl
radiating from the sk The photodiode was
placed in & tube to prevent direct sunlight
frorn coterng the aperture, A data acquishon
system incorporating & Hewlett-Packard
A DMM and a PC rumming HPFSAS1 2\
Benchl ik software measured and recordes
the comverter's outpul from 1:16 p.m, to
10:27 a.m. the following day. This tame
penod expased the photodinde to the max-
e sichation of vk and the mimmmmm
radiation of carly mormme. Measurements
were mide every 30 s The recorded daka
were transferred to o Microofl Facel file

Figire fr (page 54) plats the onfput voltage
Vi as o fiunchion of time. TThis yvoltage o the
logarithm of the phatodiode current, which
can be calculated g Fapmation 4.1, and
is shown on the nght Y axis. Note that the
PN120 measared nearly cight decades of
|;|m|mlux|t' current; th lughc\l h(_;l'l level
ocetrred at the begmmng of the test when
there were clonds in the mdiometer’s fickd of
view, and the bosest leved in the gare mom-

ing hours of the experiment. These extremes
occnrred at 1:34 pmeand 2228 i, ad peo-
duced photodiode currents of 708 pA and
165 tA respectively >
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D120 Qutput Voltage (V) vs. Tiew of Day
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It onst be noted that the madiomeler was
not calibrated to determine a wale factor
between the rudiant energy striking the plio-
todiode and the resulting photodiede cur-
rent I can be estimated, howeser. that
=6 1\ of photodiode cursent s produced
when radbant enerev, wath flux densite of

I pWiems (at 900 nimil. stnkes the Cen-

fromc \I'I( on p'lﬂ"‘(ll"l'l'

Condlusions

e base-to-cmitter vy, collector carment
relationship of a ttansastor can be folly
cxploited m logarithime B\ comerters In

precese temperatare stabilization of the log
transastor. This s demonstrated by the
IINI20S 10 decades (33 bits) of Joganitha
conversion from 10 EN o T00 A

Hhe radiometer apphication illustrtes how
abment exght devades of photadiode current
were loganthoncall convered to usable out.
put sollage. Similar results have been
achucved i applications such as onization
chambers wed o detect nuclear radiation
and photomultiphens ot measore wltralon
lt'\r’su“u_f’ll B
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DN120 Output Volitage (V,) vs. Time of Day
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