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57 ABSTRACT 
The subject array structure provides a large current 
mirror array which generates a plurality of substantially 
equal output currents from high impedance sources in 
response to at least one input control current. This array 
structure reduces the control current deviation problem 
of prior art current mirror circuits. 

14 Claims, 10 Drawing Figures 
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PRECISION CURRENT MIRROR ARRAYS 

FIELD OF THE INVENTION 

This invention relates to an array structure and more 
particularly to an arrangement for providing a large 
current mirror array which generates a plurality of 
substantially equal output currents from high impe 
dance sources in response to at least one input control 
current. 

BACKGROUND OF THE INVENTION 

A current source is a very high output impedance 
electrical element which provides a predetermined 
(typically fixed) output current. The magnitude of the 
output current is substantially independent of both the 
voltage impressed across the current source and the 
load impedance presented to the output of the current 
source. In so-called "controlled' current sources, the 
magnitude of the output current, rather than being 
fixed, is a function of a control signal or a selected cir 
cuit parameter, such as a resistor value. 
A current mirror circuit is a particular type of con 

trolled current source in which the output current is 
controlled by the input current applied to the current 
mirror circuit. Current mirror circuits known in the art 
typically include first and second base-coupled transis 
tors. The input or controlling current is extended to the 
collector of the first base-coupled transistor while the 
output or controlled current is obtained from the collec 
tor of the second base-coupled transistor. Base drive 
current for both the first and second base-coupled tran 
sistors is provided by control summing circuitry which 
draws a small amount of drive current from the bases of 
the first and second base-coupled transistors and inserts 
this drive current into the collector lead of one or the 
other of the base-coupled transistors. 

Ideally, the input and output currents of a unity-gain 
current mirror circuit should have identical magnitudes. 
In practice, however, some input/output current devia 
tion is always encountered due to the fact that the drive 
current for the current mirror circuit is diverted from 
the bases of the base-coupled transistors by the control 
summing circuit to the collector of one of these base 
coupled transistors. In some current mirror circuits this 
deviation is as small as 

-2- 
(1 + 6)? 

per unit of input current, wherein beta (beta) is the 
common-emitter current gain of the transistors compris 
ing the current mirror circuit. In some applications, 
however, more precise input/output current matching 
may be required. Moreover, some applications may 
require a current mirror circuit having higher output 
impedance than is typically provided by these arrange 
ments. 
A step toward solving this current deviation problem 

is disclosed in U.S. Pat. Nos. 3,936,725 and 4,166,971 
issued Feb. 3, 1976 and Sept. 4, 1979, respectively, to 
the above-named applicant. In these patents, added 
precision is achieved by cascading current mirror cir 
cuits to produce a square array containing at least three 
columns of serial-controlled semiconductor devices. 
Currents flowing through the various controlled semi 
conductor devices from one current mirror circuit to 
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2 
the next are essentially confined to flow in the respec 
tive columns of such serial-controlled devices. 
Each current mirror circuit in this arrangement is a 

row of the square array and is provided with a base 
drive circuit responsive to the signal at the collector of 
at least one controlled transistor in the current mirror 
circuit. Such base drive-collector connections are dis 
tributed throughout the array structure on a one or 
more per row basis in accordance with a connection 
scheme which restricts each column of serial-controlled 
semiconductor devices to contain exactly the same 
number of base drive connections as does every other 
column. 

SUMMARY OF THE INVENTION 

The subject invention expands upon the basic con 
cepts disclosed in the above-referenced patents. The 
environment of this invention is an nm array of nodes, 
each of which produces a control signal that is propor 
tional to the signal passing through the node. A control 
signal interconnection arrangement is disclosed to mini 
mize the imbalance caused by control signals being fed 
forward. In particular, this control signal interconnec 
tion arrangement is illustrated by describing its applica 
tion to high and medium precision current mirror array 
structures of arbitrary size. This is accomplished by 
providing a base drive-collector interconnection struc 
ture which minimizes the control current deviation 
problem of prior art current mirror circuits. In an inxm 
current mirror array, where n is the number of columns, 
m is the number of rows and where n is large, the num 
ber of base drive-collector interconnection possibilities 
becomes enormous. The subject current mirror array 
structures realize a base drive-collector interconnection 
configuration which reduces the output current devia 
tion to the lowest possible level for each particular 
current mirror array configuration. 

In particular, the current mirror array is divided into 
two segments. One segment is a region of symmetric 
base drive-collector interconnections while the other 
segment is a region of asymmetry. The symmetric re 
gion is defined by interconnecting the base terminals of 
all the transistors in the first row of the current mirror 
array to the control summing circuit. The resultant 
drive current is then fed forward equally to the collec 
tor terminals (i.e. columns of the current mirror array) 
of one or more of these transistors in the first row. This 
pattern of base-collector interconnections is then repli 
cated in the last row of the current mirror array. A 
similar operation is repeated for the successive rows. 
The base terminals of all the transistors in the second 
row are interconnected to the control summing circuit 
and the resultant drive current is fed back to the collec 
tor terminals of a different set of one or more of these 
transistors (i.e. a different set of columns). Again this 
pattern is replicated, this time in the next-to-last row of 
the current mirror array. 

This shifting of interconnections continues until all 
the columns of the current mirror array are receiving a 
share of the drive currents. This resulting pattern is then 
repeated in its entirety over and over again until there 
are an insufficient number of rows remaining in the 
current mirror array to completely reproduce the pat 
tern. At this point, the rows remaining in the array 
represent the region of asymmetry. 
The region of asymmetry is significantly smaller than 

the symmetric segment. The resultant number of possi 
ble base drive-collector interconnections is thereby 
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row contains p control feedforward connections. How 
ever, in an inn array structure, the number of possible 
array interconnections is: 

= -- a-- (3) pl(n - p) 

In a large array, this number becomes excessively large 
and some ordered structure selection is necessary. 

Odd/Odd Array 
For the following discussion, a "blank crosspoint' is 

a current mirror transistor that feeds current straight 
through to the next row without the addition of the 
fractional or total error current to the collector terminal 
of the transistor. A "nodal crosspoint' is one that has 
the addition of the error current to the collector termi 
nal of the transistor via a control node. FIG. 6 illustrates 
a typical 99 current mirror array with each of the 
base-coupled transistors of a blank crosspoint being 
represented by a 0. In this structure, there are eighty 
four possible control feed-forward interconnection ar 
rangements if we select p=3. This also is defined as an 
odd/odd array since both n and p are odd. With each 
nodal crosspoint illustrated by *, FIG. 6 illustrates the 
optimum control feedforward interconnection for this 
current mirror array. This is accomplished by dividing 
the current mirror array structure into a bifurcated 
region of symmetry (A and C) and a central region of 
asymmetry (B). All nodal crosspoints in section A of the 
region of symmetry are mirrored in region C so that the 
effects of these nodal crosspoints balance to the greatest 
possible degree. The selection of nodal crosspoints in 
each row is dependent only on the requirement that, in 
the region of symmetry, all columns receive equal expo 
sure. This requirement is satisfied in FIG. 6 by the nodal 
crosspoints being the first three crosspoints in the first 
and ninth rows, the second three crosspoints in the 
second and eighth rows and the last three crosspoints in 
the third and seventh rows. Obviously, there are many 
other patterns of nodal crosspoints which satisfy this 
requirement and produce the same result. 
However, since in this case n and p are odd numbers, 

simple mirroring cannot be applied throughout the cur 
rent mirror array structure and, therefore, a central 
region of asymmetry of size n/p rows by n columns 
remains for minimization. In the 9*9 array case, only the 
center three rows must be ordered to minimize the 
columnar current deviation. Since this region of asym 
metry is a 3*9 array with three nodal crosspoints per 
row, the selection of connections shown in FIG. 6 is an 
optimum configuration. This is simply a replication of 
the pattern used in the region of symmetry starting with 
the leftmost column. This selection of nodal crosspoints 
again is just one of many that would produce identical 
results. As long as the overall current mirror array 
satisfies the above-mentioned equal column exposure 
requirement, the deviation in column currents is mini 
mized. 

Odd/Even, Even/Odd and Even/Even Arrays 
FIG. 7 illustrates a 17* 17 current mirror array with 

each row having 6 nodal crosspoints. As can be seen in 
FIG. 7, much of the array falls into the bifurcated re 
gion of symmetry and the simple sliding interconnec 
tion scheme satisfies the balance requirements. The 
region of asymmetry (B) occupies only 3 rows of this 
array and the scheme selected in FIG. 7 results in the 
minimization of the difference between the sums of the 
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8 
nodal interconnection on a column-by-column basis. A 
similar scheme is illustrated in FIG. 8 where a 24*24 
array having 7 nodal crosspoints per row is illustrated. 
Once again, the central region of asymmetry occupies 3 
rows and it is apparent that the nodal cross-point selec 
tion for these 3 rows is a far less challenging task than 
determining the optimal cross-point interconnection for 
the entire 24*24 array. Finally, FIG. 9 illustrates an 
even/even array wherein the array is a 32*32 structure 
with 10 nodal crosspoints per row. In such an arrange 
ment, the region of asymmetry collapses to zero and a 
completely symmetric pattern can be realized in this 
array. 

Deviation Range 
This result can be illustrated in table form in FIG. 10, 

where the various array possibilities are listed. Thus, for 
n and p both even, maximum columnar balance can be 
achieved since the region of symmetry encompasses all 
of the current mirror array. For all othern and p, partial 
balance can be obtained by concentrating the unbal 
ances in a region of asymmetry centered about the hori 
zontal center axis of the current mirror array. The bal 
ance of such configurations can be signified by a figure 
of merit called the deviation range (dr) which indicates 
the difference between the maximum and minimum 
column currents. In particular, as was indicated above, 
each column current contains a fixed K(n) and a vari 
able V(n,p,n) term. The difference between any two 
columns is therefore the variation between the corre 
sponding variable terms. This difference, as stated 
above, is solely due to the selection of the nodal cross 
point locations. The current in each column of the cur 
rent mirror array is therefore the entry current less the 
control current withdrawn from each row plus the 
error current inserted at row r, which error current is 
subsequently reduced in the following n-r rows by hav 
ing a portion of it withdrawn at each successive row as 
a component of the control current for those rows. 
Thus, the variable component of the exit current due to 
a single error current being added in row r, the partial 
variable error (PVE), is given by: 

4. PWE - 1. (1 - g -- g?)-(1 - g) - (4) 

With this being the case, it is apparent that for the 
current mirror element of FIG. 2 being the basic build 
ing block of a current mirror array, the above formula 
is given by: 

PVE - -i- (1 - g)-r (5) 

for that case. These equations can be expanded and they 
become respectively: 

(6) 

PVE - ;-(+ ( - ) + = , = , = , = 2 + 
(a (a - r = 2)(a - r 3) 3. * +...) 

and 
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-continued 
(7) 

PVE2 = ;(a -g)" g + (r-1)(1 - g)-2g+ 

1 - 4 - 2)-(1-8)-g' -- 

(r. F Dr. 2) - 3) (1 - g) g + } 

It is apparent that the first term of each of these equa 
tions is a constant dependent upon the current mirror 
array size. The second most significant term is a linear 
function of r, the row number of the nodal crosspoint; 
the third most significant term is a quadratic function of 
r; and so on for successive terms. Thus, it is obvious that 
the difference in exit currents among the columns of a 
current mirror array will be given by: 

dr2 = PVE2 - PVE2 = (9) 

where (ldr) indicates the term is a linear function of r 
and (qdr) indicates the term is a quadratic term of r. 

Rules of Construction 

Thus, to minimize the deviation range, it is important 
to first minimize the linear (ldr) term of each equation. 
This can only be accomplished by selecting the nodal 
crosspoints so that the sum of the row numbers of the 
nodal crosspoints in each column differ by the minimum 
amount. This difference in the sum of row numbers is 
minimized by selecting the nodal crosspoints as de 
scribed above: using a bifurcated region of symmetry 
with each region being the mirror image of the other 
with respect to the horizontal axis and also providing 
equal exposure horizontally with each column having 
the same number of nodal crosspoints on a total array 
basis. 
By following these rules of construction, the linear 

(ldr) term can be reduced to the value indicated in the 
table of FIG. 10. Since the last case illustrated in FIG. 
10 (n, p even) has an (ldr) of zero, the next most signifi 
cant term (qdr) must be minimized. This minimization is 
accomplished by selecting the nodal crosspoints not 
only to make the (ldr) zero but also to reduce the differ 
ence between columns of the sum of the square of the 
row numbers. It must be remembered that all successive 
terms in the PVE1 and PVE2 equations are ignored in 
this scheme because it is assumed that gC < 1 and since 
successive terms of these equations differ by g?, they are 
therefore much smaller than the higher order term 
being considered. 

Thus, the table of FIG. 10 illustrates the minimum lodr 
obtainable for all combinations of n and p with ann"n 
array. For ann'm array (where m is an integer multiple 
of n) this basic nm array can simply be replicated m/n 
times to obtain the same result. 

In addition, this description has centered around a 
current mirror array but need not be limited to such 
devices. The basic node described above is comprised 
of an element which produces a drive or control signal 
which is proportional to the signal passing through the 
node (entry signal). Thus, the disclosed array structure 
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10 
is applicable to any array wherein the nodes are com 
prised of some element which produces a control signal 
which is proportional to the entry signal. 
While a specific embodiment of the invention has 

been disclosed, variations in structural detail, within the 
scope of the appended claims, are possible and are con 
templated. There is no intention of limitation to what is 
contained in the abstract or the exact disclosure as 
herein presented. The above-described arrangements 
are only illustrative of the application of the principles 
of the invention. Normally, other arrangements may be 
devised by those skilled in the art without departing 
from the spirit and the scope of the invention. 
What is claimed is: 
1. A method of interconnecting control points in an 

nm array where n is the number of columns in said 
array and m is the number of rows in said array, and 
each node of said array produces a control signal which 
is proportional to the signal passing through said node 
comprising the steps of: 
summing said control signals on a row-by-row basis; 
selecting a fixed number of said nodes in each of said 
rows on the basis of minimizing the differential be 
tween sums of the row numbers of said selected nodes 
on a columnar basis for the overall array; and 

distributing on a row-by-row basis an equal share of said 
sum of control signals to the columns associated with 
each of said selected nodes. 
2. The method of claim 1 wherein the step of select 

ing includes the step of: 
equalizing the number of selected nodes on a column 
by-column basis. 
3. The method of claim 1 wherein the step of select 

ing further includes the steps of: 
allocating a bifurcated region which is symmetric about 

the horizontal center line of said array; and 
replicating the nodal selections in one segment of said 

bifurcated region on a mirror image basis about said 
horizontal center line with the nodal selections in the 
other segment of said bifurcated region. 
4. The method of claim 3 wherein the step of select 

ing further includes the step of: 
equalizing the number of selected nodes on a column 
by-column basis in said bifurcated region. 
5. The method of claim 4 wherein the step of select 

ing includes the step of: 
providing said fixed number of nodal selections per row 

in the segment of said array outside said bifurcated 
region to equalize the number of nodal selections on 
a column-by-column basis for said array. 
6. A method of interconnecting control points in an 

nn array where the number of columns and rows in 
cluded said array are equal and said equal number of 
columns and rows is represented as a single variable n, 
wherein n is an even number and wherein each node of 
said array produces a control signal which is propor 
tional to the signal passing through said node, compris 
ing the steps of: 
summing said control signals on a row-by-row basis; 
selecting a fixed number of said nodes in each of said 
rows on the basis of minimizing the difference be 
tween sums of the squares of the row numbers of said 
selected nodes on a columnar basis for the overall 
array; and 

distributing on a row-by-row basis an equal share of said 
sum control signals to each of said selected nodes. 
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7. The method of claim 6 wherein the step of select 
ing includes the step of: 
equalizing the number of selected nodes on a column 
by-column basis. 

12 
side said bifurcated region to equalize the number of 
exit lead connections on a column-by-column basis 
for said current mirror array. 
13. A method of interconnecting the base terminals of 

8. A method of interconnecting the base terminals of 5 the transistors in an n*n current mirror array where the 
the transistors in an nm current mirror array where n 
is the number of columns in said array and m is the 
number of rows in said array, and and a control current 
is available at each of said base terminals to control the 
operation of the associated transistor, comprising the 
steps of: 
joining all of said base terminals on a row-by-row basis 

to sum said control currents on a row-by-row basis; 
selecting a fixed number of exit leads in each of said 
rows on the basis of minimizing the differential be 
tween the sums of the row numbers of said selected 
exit leads on a columnar basis for the overall array; 
and 

connecting said joined base terminals to said selected 
exit leads on a row-by-row basis to distribute an equal 
share of said summed control currents to each of said 
selected exit leads. 
9. The method of claim 8 wherein the step of select 

ing includes the step of: 
equalizing the number of exit lead connections on a 
column-by-column basis. 
10. The method of claim 8 wherein the step of select 

ing further includes the steps of: 
allocating a bifurcated region which is symmetric about 

the horizontal center line of said current mirror array; 
and 

replicating the exit lead connections in one segment of 
said bifurcated region on a mirror image basis about 
said horizontal center line with the exit lead connec 
tions in the other segment of said bifurcated region. 
11. The method of claim 10 wherein the step of select 

ing further includes the step of: 
equalizing the number of exit lead connections on a 
column-by-column basis in said bifurcated region. 
12. The method of claim 11 wherein the step of select 

ing includes the step of: 
providing said fixed number of exit lead connections per 
row in the segment of said current mirror array out 
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number of columns and rows included in said array are 
equal and said equal number of columns and rows is 
represented as a single variable n, wherein n is an even 
number and wherein a control current is available at 
each of said base terminals to control the operation of 
the associated transistor, comprising the steps of: 
joining all of said base terminals on a row-by-row basis 

to sum said control currents on a row-by-row basis; 
selecting a fixed number of exit leads in each of said 
rows on the basis of minimizing the differential be 
tween the sums of the squares of the row numbers of 
said selected exit leads on a columnar basis for the 
current mirror array; and 

connecting said joined base terminals to said selected 
exit leads on a row-by-row basis to distribute an equal 
share of said summed control currents to each of said 
selected exit leads. 
14. In an nm array of nodes where n is the number of 

columns in said array and m is the number of rows in 
said array and each node of said array produces a con 
trol signal which is proportional to the signal passing 
through said node, control signal interconnection appa 
ratus comprising: 
summing means connected to all of said nodes and re 

sponsive to said control signals for summing said 
control signals on a row-by-row basis; 

control means responsive to the size of said array for 
selecting a fixed number of said nodes in each of said 
rows on the basis of minimizing the differential be 
tween sums of the rows numbers of said selected 
nodes on a columnar basis for the overall array; and 

distribution means connected to said summing means 
and responsive to said summed control signals for 
distributing equal portions of said summed control 
signals to the columns associated with each of said 
selected nodes. 
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