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(57) ABSTRACT 

(76) Inventors; Rodney Louis Kranz, Cambridge, MA An integrated circuit including a number of repetitive cells 
(Us); Charles I), Lane, Greensboro, for producing output signals in response to respective inputs, 
NC (US); David Jarman, Summer?eld, each cell having associated with it an output circuit respon 
NC (US) sive to the cell output signal to produce an output circuit 

output signal, each of the output circuits including a circuit 
Correspondence Address? device having two terminals to provide for the ?ow there 
IANDIORIO 8‘ TESKA through of a current from an associated current supply and 
INTELLECTUAL PROPERTY LAW producing a corresponding output signal; the improvement 
ATTORNEYS for reducing the effects of cell mismatch and output circuit 

1018 (Us) mismatch including an impedance network, having a set' of 
impedance elements each connected between corresponding 

(21) Ap p1 N O _ 09/851 658 terminals or respective pairs of the circuit devices with each 
i ii ’ circuit device forming a part of a respective output circuit, 

(22) Filed; May 8, 2001 the impedance elements reducing the effects of cell mis 
match and output circuit mismatch on the output signals; 

Publication Classi?cation there maybe one impedance network which accommodates 
mismatches in both the cells and output circuits or there may 

(51) Int. Cl.7 .................................................... .. H03M 1/36 be one impedance network to accommodate cell mismatch 
(52) US. Cl. ............................................................ .. 341/159 and another to accommodate output circuit mismatch. 
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FIG. 2 
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FIG. 3 
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MODIFIED REPETITIVE CELL MATCHING 
TECHNIQUE FOR INTEGRATED CIRCUITS 

FIELD OF INVENTION 

[0001] This invention relates to an integrated circuit hav 
ing repetitive cells With repetitive output circuits designed to 
be matched for proper, accurate circuit operation, and more 
particularly to such an integrated circuit having means to 
reduce the adverse effects of output circuit mismatch as Well 
as cell mismatch. 

BACKGROUND OF INVENTION 

[0002] There are many integrated circuits Which include a 
large number of repetitive cells designed to perform in 
matched fashion so as to assure speci?ed circuit perfor 
mance. Such cells often include impedance elements such as 
resistors Which are for eXample supplied by current sources 
to produce corresponding output signals. Analog-to-digital 
(A/D) and digital-to-analog (D/A) converters are eXamples 
of devices Which frequently incorporate such repetitive 
cells. 

[0003] One problem Which often arises With such inte 
grated circuits is that in a practical device the actual match 
betWeen cells turns out to be less than Wanted, so that the 
device performance is less than satisfactory. For example, in 
A/D converters of the ?ash type, mismatch betWeen repeti 
tive cells typically forming part of the comparators conven 
tionally used in such converters Will adversely affect the 
differential and integral linearity of the outputs. Thus, in any 
group of processed monolithic chips having such integrated 
circuits, the number of parts meeting speci?cations for 
high-grade performance may be much smaller than desired 
due to random mismatches caused by small deviations from 
nominal in the parameters of some of the circuit elements. 
Attempts have been made to solve this problem of mismatch 
betWeen repetitive cells in an integrated circuit. 

[0004] In one approach, the cells all include resistors (of 
equal ohmic value) carrying currents (designed to be of 
equal value) producing corresponding output signals. To 
avoid the effects of cell mismatch on the output signals, a 
netWork of equal-valued resistors is added to the circuit, 
With each netWork resistor connected betWeen correspond 
ing ends of adjacent pairs of the cell resistors as disclosed in 
US. Pat. No. 5,175,550. This Works Well With respect to 
accommodating for cell mismatches, but in actual applica 
tion each cell has associated With it one or a pair of output 
circuits such as a level shifting circuit or a driver circuit 
Which also must be properly matched in order to obtain 
desired precision. 

BRIEF SUMMARY OF THE INVENTION 

[0005] It is therefore an object of this invention to provide 
an integrated circuit Which reduces the adverse effect of 
output circuit mismatch as Well as cell mismatch. 

[0006] It is a further object of this invention to provide 
such an integrated circuit Which reduces the adverse effect of 
output circuit mismatch as Well as cell mismatch With feW 
additional components. 

[0007] It is a further object of this invention to provide 
such an integrated circuit Which reduces the adverse effect of 
output circuit mismatch as Well as cell mismatch With a 
simple impedance netWork. 
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[0008] The invention results from the realiZation that the 
adverse effects of both cell mismatch and associated output 
circuit mismatch in a repetitive cell integrated circuit can be 
reduced using an impedance to form circuitry Which modi 
?es the effective output of the cell and of the output circuit. 

[0009] This invention features an integrated circuit includ 
ing a number of repetitive cells for producing output signals 
in response to respective inputs. Each of the cells includes 
a circuit element having tWo terminals to provide for the 
How therethrough of a current from an associated current 
source and producing a corresponding cell output signal. An 
impedance netWork includes a set of impedance elements 
each connected betWeen the corresponding terminals of 
respective pairs of the circuit elements With each circuit 
element of the pairs forming part of respective cell. The 
impedance elements permit the How of current therethrough 
to reduce the effects of cell mismatch on the output signals. 
An output circuit is associated With each cell; each output 
circuit includes a circuit device having tWo terminals to 
provide for the How therethrough of a current from an 
associated current supply and produces a corresponding 
output signal. The improvement for reducing the effects of 
output circuit mismatch includes a second impedance net 
Work having a second set of impedance elements each 
connected betWeen corresponding terminal of respective 
pairs of the circuit devices, With each circuit device of such 
pairs forming part of a respective output circuit. The second 
impedance elements permit the How of current therethrough 
to reduce the effects of output circuit mismatch on the output 
signals. 

[0010] This invention also features an integrated circuit 
including a number of repetitive cells for producing output 
signals in response to respective inputs. Each cell has 
associated With it an output circuit responsive to the cell 
output signal to produce an output circuit output signal. Each 
of the output circuits includes a circuit device having tWo 
terminals to provide for the How therethrough of a current 
from an associated current supply and produces a corre 
sponding output circuit output signal. The improvement for 
reducing the effects of cell mismatch and output circuit 
mismatch includes an impedance netWork having a set 
impedance elements each connected betWeen corresponding 
terminals of respective pairs of the circuit devices. Each 
circuit device of such pairs forms a part of a respective 
output circuit. The impedance elements reduce the effects of 
cell mismatch and output circuit mismatch on the output 
signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Other objects, features and advantages Will occur to 
those skilled in the art from the folloWing description of a 
preferred embodiment and the accompanying draWings, in 
Which: 

[0012] FIG. 1 is a schematic diagram shoWing elements of 
repetitive cells on an integrated circuit of a monolithic chip 
together With an additional resistor netWork according to the 
prior art for reducing the effects of cell mismatch; 

[0013] FIG. 2 is a schematic diagram similar to that 
shoWn in FIG. 1 With an additional impedance netWork for 
reducing the effects of output circuit mismatch; and 
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[0014] FIG. 3 is a schematic diagram similar to FIG. 2 but 
using only a single resistor network to compensate for the 
mismatch of the output circuits as Well as the mismatch of 
the cells. 

DISCLOSURE OF THE PREFERRED 
EMBODIMENT 

[0015] There shoWn in FIG. 1, cells 14, 16, and 18 such 
as, for example, preampli?ers or comparators used for ?ash 
converters. Each cell 14, 16, and 18 includes a number of 
circuit elements such as transistors 20 and 22 and current 
source 24. Also included are a pair of resistors 26 and 28. 
Although only three cells are shoWn in FIG. 1, normally 
there are many more than that. In order for the ?ash 
converter to Work accurately, transistors 20 and 22 must be 
identical as must resistor 26 and 28. In addition, the circuit 
elements must be identical to those of every other cell, so 
transistors 30 and 32 in cell 16 must be identical With each 
other and With transistors 20 and 22 in cell 14. Current 
source 34 must be identical With current source 24 and 
resistors 36 and 38 in addition to being identical With each 
other should be identical to resistors 26 and 28. Likewise in 
cell 18, transistors 40 and 42 must be identical to each other 
and to transistors 20, 22, and 30 and 32; current source 44 
must be identical to current sources 34 and 24 and resistors 
46 and 48 must be identical to each other and to resistances 
26, 28, 36 and 38. 

[0016] VieWing integrated circuit 12 as a portion of a ?ash 
converter, the inputs 50, 52 and 54 to transistors 22, 32, and 
42 respectively, represent reference inputs, reference 50 
being (n-l), reference 52 being (n), and reference 54 being 
(n+1). The other input to transistors 20, 30 and 40 is the 
single input presented at 56, 58 and 60. For illustrative 
purposes, assume that the reference 54 is +1 volt, that 
reference 52 is +2 volts and that reference 50 is +3 volts. 
Then assuming an input of 2.5 volts Which appears at all 
inputs 56, 58 and 60, cell 14 Will sense that the 2.5 volts at 
input 56 is loWer than the +3 volts at input 50. This causes 
point 62 to go high to +5 volts and point 64 to go loW to 4 
volts. A similar thing occurs With cell 16 With point 68 going 
high to +5 volts and point 66 going loW to 4 volts and With 
cell 18 With point 72 going to +5 volts and point 70 going 
to 4 volts. This, of course, is assuming that all of the circuit 
elements in each of the cells is balanced and identical With 
one another. Assuming for the sake of eXample that cell 16 
has mismatched elements in it, and also assume that the 
input signal is 2 volts, then cell 14 Will indicate that the input 
signal of 2 volts is less than its reference voltage of 3 volts 
and point 62 Will go to +5 volts With point 64 going to 4 volts 
again. Skipping doWn to cell 18, since 2 volts at input 60 is 
greater than the +1 reference voltage at 54, point 70 Will go 
to 4 volts and point 72 Will go to +5 volts. Assuming further 
that point 60 has imbalanced circuit elements in it, it Will 
sWitch betWeen going high and going loW at the Wrong point 
and Will cause an inaccuracy in the converter output. 

[0017] In order to remove the adverse effects of such 
mismatched elements, the prior art device shoWn in FIG. 1 
adds an impedance netWork 80 including identical resis 
tances 82, 84, 86, 88, 90, 92, 94, and 96. NoW With cell 14 
sWitched one Way and cell 18 sWitched the opposite Way and 
cell 16 electrically isolated from the resistor ladder (i.e., no 
connection betWeen points 102 and 68 and betWeen points 
100 and 66), there is 4 volts at point 64, +5 volts at point 72, 
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and at point 68 it Will be 4.5 volts since resistors 92 and 94 
are equal. Similarly, since point 62 is gone to +5 volts and 
point 70 has gone to 4 volts, point 66 is also at 4.5 volts. 
NoW assume that element mismatches in cell 16 result in 
setting the voltage at point 100 to 4.4 volts and the voltage 
at point 102 to 4.6 volts. 

[0018] NoW assume that cell 16 is electrically connected 
to the resistor ladder (i.e., points 102 and 68 are connected 
and points 100 and 66 are connected). With this situation, 
since the voltage at point 102 is higher than the voltage of 
point 68, current Will ?oW outWard as shoWn by arroW 104 
from point 102. In contrast, as shoWn by arroW 106, the 
current Will ?oW into point 100 because its value of 4.4 is 
beloW the value of 4.5 at point 66. It is this current ?oW that 
reduces the adverse effects of mismatched circuit elements. 
A further explanation of this including construction, opera 
tion, and theory is shoWn more fully in US. Pat. No. 
5,175,550 incorporated herein by reference in its entirety. 

[0019] In some applications, cells 14, 16 and 18 are 
accompanied by output circuits 110, 112, 114, 116, 118, and 
120, FIG. 2. Each output circuit may include one or more 
circuit devices such as transistor 122, resistance 124 and 
current supply 125, in output circuit 110; transistor 126, 
resistance 128 and current supply 129 in output circuit 112; 
transistor 130, resistance 132 and current supply 133 in 
output circuit 114; transistor 134, resistance 136 and current 
supply 137 in output circuit 116; transistor 138, resistance 
140 and current supply 141 in output circuit 118; and 
transistor 142, resistance 144 and current supply 145 in 
output circuit 120. Although shoWn separately, output cir 
cuits 110 and 112 may constitute a single output circuit as 
referred to hereinafter. So to output circuits 114 and 116 and 
output circuits 118 and 120. In order to adjust for the adverse 
effects of imbalances in these circuit devices 122-144, a 
second impedance netWork 150 including resistances 152, 
154, 156, 158, 160, 162, 164, and 166 is provided in 
accordance With this invention. This second impedance 
netWork 150 operates to accommodate for imbalances in 
output circuits 110-120 in the same Way that the ?rst 
impedance netWork 80 compensates for imbalances in the 
cells. 

[0020] In another embodiment of even simpler design both 
the cells 14, 16, and 18 and the output circuits 110, 112; 114, 
116; and 118, 120 can be compensated for any mismatches 
by a single impedance netWork 180, FIG. 3 Which includes 
resistances 182, 184, 186, 188, 190, 192, 194, and 196. 
Thus, the netWork comprised of resistors 182-196 serves to 
supply current to or sink current aWay from any cell and its 
associated output circuit in Which there is an imbalance or a 
mismatch, Whether it be due to mismatches of circuit ele 
ments in the cell or mismatches of circuit devices in the 
output circuits. Although thus far the embodiments have 
been shoWn With the impedance netWorks implemented With 
resistances, this is not a necessary limitation of the invention 
as other impedances such as capacitances can be used. 
Furthermore, the invention is not limited to circuits using 
bipolar junction transistors as it applicable to circuits using 
any kind of transistor circuits, for eXample, MOSFET types 
of devices. 

[0021] Although the embodiments described herein have 
been disclosed as including output circuits, it Would be 
understood by one skilled in the area of integrated circuits 
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have repetitive cells that the term output circuits incluldes, 
for example, second stage ampli?er circuits, latch circuits, 
and output driver circuits (such as shoWn at 110, 112 in FIG. 
2). 
[0022] Although speci?c features of the invention are 
shoWn in some drawings and not in others, this is for 
convenience only as each feature may be combined With any 
or all of the other features in accordance With the invention. 
The Words “including”, “comprising”, “having”, and “With” 
as used herein are to be interpreted broadly and comprehen 
sively and are not limited to any physical interconnection. 
Moreover, any embodiments disclosed in the subject appli 
cation are not to be taken as the only possible embodiments. 

[0023] Other embodiments Will occur to those skilled in 
the art and are Within the folloWing claims: 

What is claimed is: 
1. In an integrated circuit including a number of repetitive 

cells for producing output signals in response to respective 
inputs, each of said cells including a circuit element having 
tWo terminals to provide for the How therethrough of a 
current from an associated current source and producing a 
corresponding cell output signal and an impedance netWork 
including a set of impedance elements each connected 
betWeen the corresponding terminals of respective pairs of 
said circuit elements, With each circuit element of said pairs 
forming part of a respective cell, said impedance elements 
permitting the How of current therethrough to reduce the 
effects of cell mismatch on said output signals and an output 
circuit associated With each cell, each output circuit includ 
ing a circuit device having tWo terminals to provide for the 
How therethrough of a current from an associated current 
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supply and producing a corresponding output circuit output 
signal, the improvement for reducing the effects of output 
circuit mismatch comprising: 

a second impedance netWork including a second set of 
impedance elements each connected betWeen corre 
sponding terminals of respective pairs of said circuit 
devices, With each circuit device of such pairs forming 
part of a respective output circuit, the second imped 
ance elements permitting the How of current there 
through to reduce the effects of output circuit mismatch 
on the output signals. 

2. In an integrated circuit including a number of repetitive 
cells for producing output signals in response to respective 
inputs, each cell having associated With it an output circuit 
responsive to said cell output signals to produce an output 
circuit output signal, each of said output circuits including a 
circuit device having tWo terminals to provide for the How 
therethrough of a current from an associated current supply 
and producing a corresponding output circuit output signal, 
the improvement for reducing the effects of cell mismatch 
and output circuit mismatch comprising: 

an impedance netWork including a set of impedance 
elements each connected betWeen corresponding ter 
minals of respective pairs of said circuit devices, With 
each circuit device of such pairs forming a part of a 
respective output circuit, said impedance elements 
reducing the effects of cell mismatch and output circuit 
mismatch on the output signals. 


