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(571 ABSTRACT 
Advantage is taken of the current-exponential voltage 
characteristic of a diode over a certain range whereby 
the incremental impedance across the diode is in- 
versely proportional to the current through the diode. 
Accordingly, a divider circuit employs a bias current 
through the diode proportional to the desired denomi- 
nator and applies an incremental current to the diode 
proportional to the numerator. As a result, the incre- 
mental voltage across the diode is proportional to the 
quotient. 

8 Claims, 3 Drawing Figures 
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ELECTRONIC ANALOG DIVIDER 
The invention described herein was made by an em- 

ployee of the US. Government and may be manufac- 
tured and used by or for the Government for govern- 
mental purposes without the payment of any royalties 
thereon or therefore. 

BACKGROUND OF THE INVENTION 
1. Field of the invention 
The invention relates to analog calculators. 
2. Description of the Prior Art 
Many divider circuits are known. Some of these use 

log and antilog techniques, or multipliers with a feed- 
back loop incorporating an operational amplifier. Fre- 
quently, they are inaccurate at low denominator volt- 
ages unless complicated circuits are employed to insure 
accuracy. 

SUMMARY OF THE INVENTION 
According to the present invention, a relatively sim- 

ple circuit is employed which enjoys substantial accu- 
racy at relatively low denominator (divisor) values. 
The invention employs the known exponential charac- 
teristic of a diode where, particularly a t  low forward 
voltages and currents, the current is an exponential 
function of the voltage applied across the diode, and 
the incremental impedance of the diode is therefore 
inversely proportional to the current through the diode. 
Accordingly, the diode bias current is made propor- 
tional to the desired denominator, and the incremental 
signal current is applied across the diode as a numera- 
tor, whereby the resultant incremental voltage across 
the diode is proportional to the desired quotient. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The invention will be more fully understood from the 

following detailed description when read in connection 
with the accompanying drawing in which: 

FIG. 1 is a schematic diagram of a simple embodi- 
ment of the invention useful for an A. C. (alternating 
current) coupled numerator signal and helpful in ex- 
plaining the invention. 

FIG. 2 is a schematic diagram of an embodiment of 
the invention for D. C. (direct current) incorporating a 
temperature compensation arrangement; and 

FIG. 3 is a schematic diagram of a further embodi- 
ment of the invention similar to that of FIG. 2, but with 
some additions. 

DETAILED DESCRIPTION 
Referring now to FIG. 1, a diode 10 has its anode 

connected to a junction 12 and its cathode connected 
to ground or a common connection, indicated by the 
conventional ground symbol. The current proportional 
to the desired denominator is applied via terminal 14 
through a resistor 16 and the diode 10 to ground. Be- 
tween terminal 20 and ground is applied an incremen- 
tal voltage proportional to the desired numerator. The 
output is taken between junction 12 and ground, as 
indicated. 

In operation the current I from terminal 14 through 
the diode 10 is proportional to the desired denomina- 
tor. The incremental impedance across the diode, say 
dV/dI, where V is the voltage across the diode is in- 
versely proportional to the diode current I, because the 
diode current lies in the range in which the diode cur- 
rent is an exponential function of the diode voltage. 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

5 5  

60 

65 

L 
The incremental current applied to the diode is propor- 
tional to the incremental voltage input applied between 
terminal 20 and ground. The resultant voltage across 
the diode is then proportional to the product of the 
incremental current applied at terminal 20 which is 
proportional to the incremental voltage at terminal 20, 
and the impedance of the diode. In this simple circuit, 
the voltage applied at terminal 20 should be applied 
through a blocking condenser (not shown). It is also 
assumed that the output is applied to a high impedance 
circuit, such as a high impedance amplifier. Further, 
the denominator current applied through resistor 16 
should be much greater in value than the incremental 
current through the diode 10 (by which is meant at 
least ten times) to assure that the incremental current 
flow through diode 10 from terminal 20 is indeed pro- 
portional to the desired numerator and lies along the 
slope of the current voltage characteristic. 

Referring now to FIG. 2, a voltage is applied between 
terminal 22 and ground which is proportional to the 
desired denominator. The current from terminal 22 
divides at junction 25 and flows through first and sec- 
ond resistors R1 and R2. The terminals of resistors R1 
and R2 remote from junction 25 are respectively con- 
nected to the anodes of first and second diodes Dl  and 
D2. Preferably the diodes are of the same type with 
identical voltage-current characteristics and in close 
thermal coupling, as indicated by the dotted bracket. 
The diodes may, of course, be replaced by diode con- 
nected transistors. The diode cathodes are joined at a 
junction 23. The resistor R1 is connected in series with 
diode D1 and resistor R2 is connected in series with 
diode D2, each resistor being connected in series with 
its corresponding diode. The two series circuits are 
connected in parallel, one junction 25 of the parallel 
circuit joining the resistors R1 and R2 and the other 
junction 23 joining the cathodes of diodes D1 and D2. 
The output of an amplifier A2, the positive polarity 
(non-inverting) input of which is connected to ground 
as indicated by the conventional ground symbol, and 
the negative polarity (inverting) terminal of which is 
connected to the anode of the second diode D2 is con- 
nected to the diode cathodes at 23. The negative 
polarity input to the amplifier is connected to the diode 
D2 anode. 

A voltage proportional to the desired numerator is 
applied between terminal 24 and ground. A resistor R 3  
has one of its terminal connected to terminal 24 and 
the other to the anode of diode D1. The anode of diode 
D1 is also connected to the positive input terminal of 
an amplifier Al ,  the output of which is the output ter- 
minal of the circuit. The output terminal of the ampli- 
fier A1 is also connected to one terminal of resistor R4. 
The other terminal of resistor R4 is connected to the 
negative input terminal of the amplifier Al,  and at  a 
junction to one terminal of a resistor R5, the other 
terminal of which is connected to ground. 

In the circuit of FIG. 2, assume that the resistors R1 
and R2 are of the same value. The voltage applied at 
terminal 22 must be positive in value. Consequently, 
amplifier A2 will draw current through diodes D1 and 
D2 until the junction between resistor R2 and diode D2 
(that is, the voltage at the anode of diode D2) is at 
ground voltage. At the same time, assuming negligible 
current loss through amplifier Al ,  which may have a 
high input impedance, the current contribution to 
diode D1 through resistor R1 and diode D1 will be the 
same as that through resistor R2 and diode D2. The 
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current through diode D1 (as well as that through The arrangement in FIG. 3 provides a differential 
diode D2) from resistor R1 is now propo&nal to the numerator-incremental current SO that the current 
voltage applied at input terminal 22, and the i m p d m  through the diodes D1 and D2 more accurately reflects 
ante of the diode Df is inversely proportional to the the current value of the denominator and at the same 
denominator input. The numerator voltage is applied at 5 time the additional current in D1 reflects the incremen- 
terminal 24. If there is no voltage applied at 24, the tal current corresponding to the numerator. 

two additional diodes connected in inverse parallel diodes independent of denominator current greater with diodes Dl and D2. Resistors R1 and R2 Serve to 

ence in diode voltage and is, therefore, zero. Assuming very low denominator inputs can be improved by using 
that the value of resistor R3 is appropriately selected to high impedance current such as those which 
be adequately large to Prevent large undesired inequal- employ active circuits, in place of resistors R1 and R2. 
ity in diode denominator currents, the incremental What is claimed is: 
current from resistor R 3  from terminal 24 through the 15 1. A divider circuit comprising a pair of resistom, a 
diode D1 is proportional to the numerator. Conse- pair of diodes, each resistor being connected in series 
quently, the voltage difference across diodes D1 and with a corresponding diode and the two series circuits 
D2 is now proportional to the product of the current thereby formed being connected in parallel, the resis- 
from resistor R3 and the impedance of diode D1 which tors connected to form one junction of the parallel 
is proportional to the inverse of the denominator. A 20 circuits, means for applying to said one junction a cur- 
resultant voltage proportional to the desired quotient is rent ProPoflional to a desired denominator the exPo- 
developed and sensed by the amplifier AI, the output nentid v o l ~ g e - c u ~ e n t  characteristic of the diode, 

currents in diodes D1 and D2 are equal for matched Four quadrant Operation may be Obtained by using 

than zero' The quotient is proportiona1 to the differ- 1 0  act high impedance current murc-s. Accuracy at 

of which develops a voltage propofiional to the quo- whereby the current through the diodes is Propohond 
tient across resistors R4 and R5. The gain of amplifier 

R4 and R5, 
to said denominator* for to One Of said 

25 diodes an incremental current proportional to a desired is determined by the ratio Of numerator, and an amplifier, one input to =id amplifier 
the at Dl may, for be On comprising the connection bemeen said other diode 
the order of millivolts and is amplified by amplifier A I  
to produce a higher output. 

being embodied in integrated form. All the components 
of FIG. 2 can be readily integrated on a single chip. 
With diodes D1 and D2 in close proximity they are, of 
course, in close thermal relationship. With diodes D1 
and D2 similarly integrated on the same chip and resis- 35 are in close thermal coupling. 
tors R l  and R2 of like value on the same chip, the 
circuit affords temperature compensatjon and per- 
forms well over a relatively broad range of denomina- 
tor values. 

those in FIG. 2 bear like reference numerals, the ar- 
rangement and operation is similar to that in FIG. 2, 
except as follows: 

connected between terminal 24, to which one terminal 
R6 is connected, and the anode of diode D2, to'which 
one terminal of resistor R8 is connected. The junction 
between resistors R6 and R7 is connected to the nega- 
tive input terminal of an amplifier A3, and the output 50 
of amplifier A3 is connected to the junction between 
resistors R7 and R8. The other positive input terminal 
of A3 is connected to ground. 

and its correspondjng resistor, the output ofsaid ampli- 
fier being connected to the diode junction of said paral- 

The circuit of FIG. 2 is particularly well adapted to 30 lei circuits, and the other amplifier input being con. 
netted to a common terminal, 

2. A circuit as claimed in claim 1 wherein the diodes 
are substantially the same in characteristics. 
3. A circuit as claimed in claim 1 wherein the diodes 

4. A circuit as claimed in claim 1 wherein the said 
resistors are of equal value, and the said diodes are in 
Close thermal COUPl% 

5. A circuit as claimed in claim 1 said means for 
Referring to FIG. 3, in which parts corresponding to 40 applying numerator current to said one of said diodes 

comprising a 
6. A circuit as claimed in claim 5, further comprising 

an amplifier connected with an input and an output 
across said numerator applying resistor. 

7. A divider circuit as claimed in claim I, the ,&d two 
series circuits having characteristics 
whereby the voltage difference between the 
acrooss the d ides  is proportional to the numerator volt- 
age. 

8. The divider circuit of claim 1 wherein each said 
pair of resistors is replaced by a high impedance cur- 
rent source. 

Three serially connected resistors R6, R7 and R8 are 45 
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