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Abstract— In this work a new topology for a self-biased current
reference, based on an asymmetric bulk-modified MOS (ABM)
composite transistor is presented. Two current references based in
this technique were designed: a 13.5nA current reference in a
1.5µm CMOS technology, and a 100nA current reference in a
0.18µm CMOS technology. The latter was designed to minimize
the temperature dependence of the output current; the result was
less than 5% from 0°C to 100°C, which is a very good result in
comparison to other reported similar current references.
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I. INTRODUCTION
A bulk-linearization technique was presented in [1] to
enhance the linearity of the MOS transistor, using two series
MOSFETs like in Fig. 1; later in [2] this composite structure was
examined as a new composite transistor. In Fig. 1 two transistors
are connected as a MOS divider to bias the bulk of the selftransistors, defining the equivalent transistor Meq with its own
Source (S), Gate (G), Drain (D) terminals; the equivalent bulk
terminal is not defined for Meq. As pointed in [1], [2], Meq shows
an enhanced linear region, where the best results are obtained
when the aspect ratios (W/L)a of Ma and (W/L)b of Mb are very
different (W/L)a >> (W/L)b. Depending on the transistors’ sizes,
the resulting composite structure is linear up to an equivalent
saturation VSat_eq voltage of a few hundred mV like in Fig. 1.
Because (W/L)a ¹ (W/L)b the new composite transistor will be
denoted as an asymmetrical bulk-modified transistor or ABMMOS, and allows to build basic structures like differential pairs
or current mirrors [2], to emulate large resistors [1], or exploiting
its behavior to implement basic building blocks with a transfer
function otherwise difficult to obtain, enabling a new family of
circuits. In this work, a simple self-biased current reference in
CMOS technology is presented, based in the characteristics of
an ABM composite transistor. Firstly, a current mirror where the
copy factor K,
K =𝐼"#$ /𝐼&'
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Fig. 1. The ABM-MOS composite transistor. Two MOS transistors Ma, Mb,
are connected in series sharing the bulk terminal to the middle point. In this
work the symbol on the left Meq or the explicit composite MOS schematic on
the right will be used interchangeably. At the bottom, a simulated curve
ID(VDS) is shown for a Wa/La = 10µm/0.6µm, Wb/Lb = 0.6µm/40µm ABMMeq, VGS = 1.05V ≈ VT.

self-biased current reference. Finally, the design of a 13.5nA(nom)
and a100nA(nom) current references are shown. The latter was
designed to minimize the current dependence on the
temperature, achieving only a 5% variation from 0°C to 100°C.
Although the proposed new type of current source is not
particularly suitable for low voltage operation because of the
relatively large saturation voltage of the ABM, and the need of
cascode transistors to enhance the mirror’s output impedance, it
has many parameters to adjust making possible to minimize the
current dependence with PVT variations.

(1)

depends on the input current K=K(IIn) is presented, based in an
ABM transistor copying to a standard one or vice versa. Then,
this non-uniform mirror is utilized to set the operating point of a
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II. THE ABM CURRENT MIRROR
While for the large signal ABM it is not straightforward to
develop an analytic expression for the drain current of Meq,
ID(VGeq, VSeq, VDeq), the design space can be firstly explored with
a SPICE simulator. The result for a composite transistor using
isolated n-MOS (threshold voltage VTN » 1V) are presented in
Fig. 1 and also in Fig. 2, showing the extended linear range and
‘saturation’ effects as described in [1],[2]. In Fig. 2b the
saturation current ISat_eq(VGS) and the equivalent (gm/ID) ratio [3]
are shown for a specific ABM-Meq (continuous lines), in
comparison to a single reference transistor MRef with the bulk
connected to the source (dash-dot lines). A quick look to the first
two plots in Fig. 2 concludes the ABM behaves approximately
as a transistor with an equivalent lower threshold voltage VTeq.
Apart from the simulated results in Fig.2b, the saturation current
of the Meq, can be estimated like in Fig. 2c, noting the upper Ma
in Fig. 1 always operate with the bulk connected to its source.
First the saturation current of a single Ma is simulated (or
calculated) for a fixed VG while varying VSa; then assuming that
for the ABM in the linear region VSa is close to VD of Meq [1],
VSat_eq can be calculated intersecting this curve with the linear
approach ID = VDS/Req, where Req is the equivalent resistance of
the ABM in the linear region ([1], see Fig.1). Req can be
estimated with a small signal analysis on Mb at VD = 0. An
analytical expression can be derived for example for a relative
low drain current assuming, as is reasonable, that Ma is in weak
inversion (WI) since (W/L)a >> (W/L)b :

(a)

(b)

VGS0
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𝐼()$*+ ≈ 𝑉()$*+ /𝑅/0 = 𝐼() ∙ 𝑒
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In Fig. 3b three copy factor curves KP(IIn) for a p-MOS ABM
mirror are shown for different M1 channel width. Note that for
higher IIn values KP is less sensible to changes on the input
current. A horizontal line was also included for an arbitrary KP
= 2 showing the intersection points with the previous KP(IIn)
curves, this intersection will be used in the next section to set the
bias point of a current source. There are endless possibilities
varying the transistors’ size for the ABM mirror curves and
horizontal intersection, thus the design space is large (even the
ABM mirror can be flipped using the composite transistor at the

(c)
Fig. 2. Simulated ID(VDS) for different VGS values in (a), saturation current
ISat and gm/ID ratio in (b) and an equivalent saturation of the ABM-MOS
estimation using a graphical method in (c). The ABM transistor
(continuous line) sizing is Wa/La = 10µm/0.6µm, Wb/Lb = 0.6µm/10µm,
and a standard n-MOS (dash-dot line) MRef = 0.6µm/10µm.
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(2)

In (2) VSa, ISa, VT, are Ma’s source voltage, specific current,
and threshold voltage respectively, and n ≈ 1∙∙∙1.5 is the slope
factor. Because of the pseudo saturation effect of Meq, apart from
pseudo-resistors like in [1], the composite transistor can be
utilized to implement operative circuit blocks like current
mirrors and differential pairs. An interesting non-standard
current mirror is shown in Fig. 3a where the input transistor is a
regular p-MOS, and the output transistor is an ABM one. The
main difference with a standard current mirror is that the copy
factor KP of (1) is not a constant value regardless the value of IIn.
In the case of the ABM in Fig. 3a, it is necessary to solve (2) to
find IOut = ISat_eq but the result clearly is not proportional to the
input current IIn; this fact can be also corroborated in Fig.2b.
Thus, for the ABM current mirror, KP = KP(IIn), the copy factor
is not constant but variable. If the transistors are properly sized,
it is possible to achieve a monotonically decreasing function
KP(IIn) in a range of several orders of magnitude for IIn.

Req
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(a)

Fig. 4. The ABM-MOS Current Source. The proposed circuit is
composed of three distinctive blocks, an upper ABM-MOS current mirror
(M1, M2a and M2b), a bottom n-MOS current mirror (M5, M6 and M8)
and cascode transistors (M3, M4 and M).

(b)

the case of classic BJT bandgaps [4] the non-uniform mirror is
a pair of bipolar transistors and a resistor, or the self-cascode
MOS (SCM) is used in the case of [5]. Equation (3a) can be
graphically solved like in Fig. 3b by the intersection of KP(I1)
with the horizontal 1/KN, and the designer could set the
convergence point just by adjusting either the KN ratio or by
tuning the KP(I1) curve by changing the ABM mirror’s
transistors sizes. For example, to design a current source Iout of
100nA, assuming KN = Kout, from Fig.2b KP must be intersected
at 1/KN = 2 so the lower mirror has a ratio KN = 0.5. Two current
sources were designed using the proposed topology in two
different technologies, in both cases it is arbitrarily assumed that
the output current Iout = I1. The first one is a Iout1 = 14nA(nom)
current source in a 1.5µm UHV-CMOS technology, using low
voltage transistors (VDSmax = 5.5V, VTN = 0.9V, VTP =-0.9V); the
second one is a Iout2 = 100nA(nom) current source in a 0.18µm
HV-CMOS technology, using low voltage transistors (VDSmax =
1.9V, VTN = 0.53V, VTP = -0.7V). The DC simulation of both
current sources are shown in Fig. 5a and Fig. 5b, and the
transistors’ sizes are shown in Table I. Two plots are included:
with and without the cascode M3-M4, showing its importance to
reduce the Vdd dependence. In the case of the second current
source, it utilizes the ABM mirror of Fig. 3b thus a KN2 = 0.5
ratio was selected. The convergence value of IOut2 for a high
enough Vdd is approximately 100nA as expected from Fig. 3b.

Fig. 3. (a) The ABM current mirror using a regular p-MOS transistor M1
and a p-MOS ABM transistor (M2a - M2b). (b) Transfer functions KP =
KP(IIn) simulated for three different M1 widths.

input). In the case of Fig. 3b, for KP=2 and IIn=100nA the
transistors are sized: (W/L)1 = 0.5µm/10.5µm, (W/L)2a =
38µm/0.5µm, (W/L)2b = 0.5µm/10µm in a 0.18 µm CMOS
technology.
III. A SELF-BIASED CURRENT SOURCE
The proposed current source is shown in Fig. 4; it is
composed by an upper p-MOS ABM current mirror M1-M2 with
a non-uniform copy factor KP, and a lower n-MOS standard
current mirror M6-M5 with a constant copy factor KN.
Additionally, an output mirror M6-M8 with a copy factor Kout is
included to derive the output current Iout, and cascode transistors
M3-M4-M7 are used to better decouple the effect of the mirrors’
output impedance. The input current I2 of the lower mirror is the
output of the ABM mirror I1 and vice versa. Therefore, assuming
the circuit is stable and converges at a certain current value I1,
I2, the operating point will be defined by the following equation
in which KN is a constant and KP is not.
𝐾> (𝐼@ ) = 1/𝐾C ;

(3a)

𝐼"#$ = 𝐾"#$ ∙ 𝐼@

(3b)

Note in Fig. 5, that a trade-off exists about whether to include
the cascode transistors or not; while the introduction of the
cascode increased the minimum Vdd to 1.4V, it also greatly
reduced the Vdd dependence of the current source. A summary
of the simulated main characteristics of the proposed self-biased

The idea is the same behind other self-biased current
sources: an upper(lower) constant current mirror and a lower
(upper) non-uniform mirror converge to a single bias point. In
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TABLE II.

ABM CURRENT SOURCE DIFFERENET IMPLEMENTATIONS
CHARACTERISTICS COMPARISSON
Simulated Results
1.5um.

0.18um.

Unit

14

101

nA

+/-10%

+/-20%

-

<35%

<5%

-

47

45

0.32

2.15

<4.5

<1.48

𝑝𝐴
℃
nA
𝑉
V

Min. Output Voltage

1.25

0.4

V

1/KN

1.2

2

-

Die Area

0.0238

n/a

mm2

𝐼F#$('FG@IJ℃)
𝛥𝐼F#$
(𝑝𝑟𝑜𝑐𝑒𝑠𝑠)
𝐼F#$
𝛥𝐼F#$
(0 → 100℃)
𝐼F#$
𝛥𝐼F#$
(0 → 100℃)
𝛥𝑇
Δ𝐼F#$
Δ𝑉𝑑𝑑
Min. Vdd

(a)

A. An untrimmed current source with a low variation with
temperature.
It should be pointed that the designer has many parameters
to adjust in Fig. 4: KN, Kout, and especially the KP curve that
depends on M1, M2a(b), sizes. Thus, the design space exploration
is complex and some design criteria must be chosen. But that
many parameters to adjust may allow reducing PVT variations
of the nominal current value. The premise for the design of the
second current source was to reduce as much as possible, the
fluctuations of Iout with temperature. The design space
exploration was carried via simulator, and for the typical
transistor model, varying the temperature T from 0°C to 100°C.
First an arbitrarily long M1 transistor was selected, and then a
W1 was modified, which shifts KP to a point where ΔIOut was at
(b)
Fig. 5. Simulation of both designed ABM-MOS self-biased current
sources a) 14nA reference in a 1.5μm CMOS technology. (b) 100nA
reference in a 0.18μm. The transistor size chart is presented in Table I.

current sources are presented in Table II (for both CMOS
technologies), including corner cases (process variations),
temperature variation (0-100°C), and Vdd sensitivity.

TABLE I.

ABM CURRENT SOURCE TRANSISTOR SIZE CHART

M1

M2a

M2b

M5

M6

M8

M3/M4/M7

0.18μm

W

0.5

38

0.5

100

200

100

20

L

10.5

0.5

10

4

4

4

1

1.5μm

W/L (µm/µm)

W

4

20

2

1.2

1

1

1

L

40

2

10

12

12

12

5
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Fig. 6. The source response to a temperature variation from 0°C to 100°C.

its minimum and 1/KN was not impractical. Once W1 was
selected the same method was applied for each of the ABM
Mirror transistors sizes. Finally, through an iterative process a
minimum variation for Iout(T) was achieved in the full
temperature range.
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simulator-driven design-space exploration, to reduce the impact
of temperature to a minimum. Without further trimming Iout2 =
100nA varies less than 5% from 0°C to 100°C, which is a very
promising result.

The nominal current variation shows promising results with
ΔIOut/IOut < 5%, ΔIOut/ΔT = 45pA/°C, from 0°C to 100°C (these
values are reduced to only ΔIOut/IOut < 2%, ΔIOut/ΔT = 29pA/°C,
from 0°C to 75°C), in comparison to other simple untrimmed
reported current sources like [6], [7].
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IV. CONCLUSIONS
In this work, a new family of self-biased current references
was presented, using an asymmetric bulk-modified MOS
(ABM) composite transistor as the key element. The idea is to
connect an ABM mirror where the copy factor KP depends on
the copy current, to a standard mirror with a constant copy factor
KN. The result is a self-biased current reference circuit
converging to a single output reference current Iout that depends
on the KN, and on the ABM transistor’s sizes. Two current
references based in the proposed topology were presented: first
an Iout1 = 14nA current source in a 1.5µm CMOS technology,
and then an Iout2 = 100nA current source in a 0.18µm HV-CMOS
technology. A summary of the simulated main characteristics of
the proposed self-biased current sources are presented in Table
II.
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