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Class AB regulated cascode current memory
cell

A_H. Bratt, T. Olbrich and A.P. Dorey

Indexing terms: Switched-current circuits, Memories

The presented sampled-current memory cell demonstrates class
AB operation where the bipolar input current magnitude may
exceed twice the quiescent bias current even though full cascode
regulation is maintained. Calculation of the necessary safety
margin to accommodate process tolerances is shown to be
simplified compared with the standard regulated cascode cell.

Introduction: Switched current (SI) signal processing has recently
come of age and several interesting designs have emerged for both
the basic building blocks [1] and more complex designs [2]. The
growth of SI techniques looks set to increase still further because
the technological requirements are modest [3], requiring only a sin-
gle polysilicon layer, and are thus ideally suited to producing ana-
logue circuits on the periphery of digital core chips.

Fundamental to almost any SI design is the memory cell, a
number of which are shown in Fig. 1. The simple cell shown in
Fig. la suffers badly from channel length modulation [4] which
gives a poor output impedance of approximately 1/g,. (typically
500kQ for a drain current of 100puA).

The cascoded cell of Fig. 15 improves the output resistance by
approximately a factor of 100 but the penalty paid is that the min-
imum voltage at the 1/0O node is at least two threshold voltages
plus the body effect of transistor M2, approximately 2.2V in total
for nFET threshold voltages of 0.9V.

The final circuit of Fig. 1 shows an opamp regulated memory
cell. This circuit looks superficially attractive but contains a
number of problems which make its implementation unattractive.
Assuring stability of the opamp leads to a bandwidth for the
whole circuit very much less than that for either of the two previ-
ous circuits. The additional complexity is also problematic for cir-
cuits with a large number of memory cells.

The regulated cascode cell [5] shown in Fig. 2 has been used as
a memory cell and offers a large output resistance of approxi-
mately
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which is typically 10GQ if all the transistors operate in saturation
mode.
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Fig. 1 Early current memory cells
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Fig. 2 Regulated cascode current memory cell

To obtain a sufficient voltage range at the i/o node it is neces-
sary to run M3 in the linear region of operation so that its drain-
source voltage may be reduced to around 0.5 V. Under all input
conditions and full process tolerance, the range of allowable
aspect ratios for M1 is given by the following two equations:
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where the symbols have their usual meanings, 7y, 4.y 1S the input
current plus the bias current, 4 is the aspect ratio (W/L) of M1
and Vbsy, is assumed to be constant. These bounding functions
are clearly a function of both fast and slow process parameters
which tends to lead to extreme values of A,y and A4,,,, especially

ELECTRONICS LETTERS 27th October 1994 Vol. 30 No. 22 1821

Authorized licensed use limited to: Lancaster University Library. Downloaded on December 5, 2008 at 09:40 from IEEE Xplore. Restrictions apply.



on a digital process not optimised for high precision analogue
work.
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Fig. 3 Class AB current memory cell

Class AB current-memory cell: The push-pull regulated cascode
cell shown in Fig. 3 allows alteration of the bias current produced
by the upper regulated cascode. It has the very desirable feature
that as the current through M1 increases, the bias current supplied
by M4 decreases. The input current range is therefore increased to
the extent that class AB operation is easily possible.

The current provided by the upper and lower regulated cells is
given approximately by

Ip = |Iya| = KpAp((Vesp—Vrp)—Vpsp/2)Vpse (4)

In = Innn = KNAn{((Vasn —Vrn) = Vpsn/2)Vpsn (5)

and their difference is the input or output current. Assuming that
KpAp = KyAy, |Vrpl = Vyn), Vipgp = Vpsy the difference between
the currents may be written as
Al =Ip—Iy ~ KA(Vagsp—Vasn)Vos (6)
The quiescent bias current, I, is the current through M, (or M)
with zero input/output current to the cell as a whole and may be
written as
Iy =In = KA((Vaesno—V1) = VD5, /2)VDSm:  (7)

where Vi, is the quiescent gate-source voltage of M1. Thus the
total input current range is written as
2A1 _ 2(Vosp—Vosn)Imax
Io ((Vosno—Vr)—Vps/2)

8)

Table 1: Principal process parameters

FET Process K Ve
WA/ v

nMOS Slow 24 1.0
Typical 35 0.8

Fast 48 0.6

pMOS Slow 9 1.0
Typical 12 0.8

Fast 18 0.6

Inserting the values (Vgsp — Vosalaax = 2, Vps = 1V and slow
parameters (worst case input current range) from Table 1 gives

2A7
Tt (9)

This represents a lower limit to the achievable input current
range. With typical or fast process parameters the input current
range is greater although J, is also greater. One great advantage of
this circuit is that input current range is defined almost solely by

the slow parameter set. The aspect ratios of transistors M1 and
M2 may be more accurately defined as a result, and the spread of
aspect ratios necessary to accommodate process variations is
reduced.

Table 2: Input current range simulation results

Parameter Igiss Lyax Iy
nA nA A
Slow 94.5 201.1 -205.2
Typical 135.2 238.7 -224.7
Fast 171.6 276.4 -235.6

Performance: Table 2 shows the input current limits of the class
AB regulated cascode cell in the limit that the IO node voltage is
constrained to 1.5 < V), < 3.5,

Table 3: Sample and output simulation results

Parameter 1y Toyr IirroR
[y pA bit

Slow 100.0002 99.9987 16.0
Typical 100.0013 99.9985 15.1
Fast 100.0027 99.9941 13.5

Performing sample and output simulations of the class AB
memory cell across slow, typical and fast process parameter sets
with a 100pA input current’ gives the results shown in Table 3.
Clearly the current copying accuracy is better than 13bit across
the full process range, although it must be stated that charge injec-
tion effects due to mismatch of the switch transistors will almost
certainly degrade these accuracies.

Conclusion: A novel class AB memory cell suitable for a current
mode ADC or DAC has been described and simulated. The design
significantly reduces the static bias current and offers the advan-
tage of reduced power consumption while increasing the maximum
allowable signal amplitude. By careful consideration of the neces-
sary bias voltages and the use of a novel class AB architecture, the
input current range is greatly extended beyond that available with
previous current memory cells. Current copying accuracy of 13bit
or better has been simulated.
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