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A Compact Wide-swing Self-biased Cascode Current
Mirror for Wide Dynamic-range Applications
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Abstract: The cascode current mirror is the most widely used block in analog circuit design, and wide voltage swing

operation is essential for low-supply voltage applications. In wide dynamic-range applications, such as current

sensing in DC-DC converters, the current mirror must maintain high accuracy across a wide range of reference

currents while enabling wide voltage swing operation at the maximum reference current. In this paper, a wide-

swing self-biased cascode current mirror for wide dynamic-range applications is described. Unlike conventional

structures, the proposed design is biased by a non-isolated active device without using an extra current path or an

isolated active device. The proposed current mirror demonstrates higher accuracy for a wide-range of reference

currents compared to prior wide-swing cascode current mirror designs and offers a more compact design.

Index terms: Cascode current mirror, low-voltage, self-biased, wide-swing, wide dynamic-range

I. INTRODUCTION

The current mirror is a fundamental design block in
analog integrated circuits, providing both supply and ref-
erence currents to each design block. The cascode current
mirror is widely used due to its larger output resistance
and greater mirroring accuracy compared to the single-
ended current mirror [1]. To reduce the voltage headroom
in low-supply voltage, wide voltage swing operation is re-
quired for the cascode current mirror [2]. Moreover, wide
dynamic-range operation is crucial for applications where
the reference current varies over a wide range [3]. For in-
stance, current sensing in switching power converters [4,5]
necessitates a wide dynamic-range current mirror. Fig. 1
shows the high-side (HS) and low-side (LS) current sens-
ing circuits in a switching power converter. The current
sensing circuit is followed by the current mirror to uti-
lize the sensed current information. Since the inductor cur-
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Fig. 1. High-side and low-side current sensing circuits in the
switching power converter.

rent can be varied by the output load (R;), inductance (L),
switching frequency, and duty-cycle, the following current
mirror has to operate at a wide dynamic-range. In partic-
ular, when the switching power converter operates in the
discontinuous conduction mode (DCM), the inductor cur-
rent may drop to 0 A. Therefore, the current mirror has to
be designed to cover the current levels ranging from 0 A
to the maximum current rating of the inductor.

In this paper, a wide-swing self-biased cascode current
mirror designed for wide dynamic-range applications is
described. Unlike conventional cascode current mirrors,
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the proposed structure is compact and demonstrates high
accuracy across a wide dynamic-range while maintaining
a wide voltage swing at the output.

This paper is organized as follows. Section II introduces
the conventional cascode current mirrors. Section III de-
scribes the proposed wide-swing cascode current mirror
and Section IV provides the circuit implementation and
measurement results, followed by the conclusion in Sec-
tion V.

II. CONVENTIONAL CASCODE CURRENT
MIRRORS

Fig. 2 shows the different types of conventional wide-
swing cascode current mirrors. The cascode current mir-
ror consists of four transistors My, My2, My3, and Myy,.
A wide voltage swing can be achieved by connecting the
gate of My, and My, (V1) to the drain of My3, and prop-
erly biasing the gate of My3 and My4 (Vi52). Assuming that
the same sized NMOS transistors are used for My, My»,
Mys, and My, in implementing the cascode current mir-
ror and ignoring the body effect, V5, should be biased as
follows [6]:

Vo = Vr +2Voy, (D

a*lger Irer lour
(as7)

Irer lour

V V
Mns = Mys  Mysy _gz_l Miq
My Y Mz V_I M2
G1 G1
(@) (b)
/
Iner REF
Y lout lour
RBEE -I Mpg;

G1

My I‘
() (d

Fig. 2. Cascode current mirrors. (a) Baseline structure. (b) Bi-
ased by the extra current path. (c) Self-biased by the re-
sistor. (d) Self-biased by the isolated active-device [6].

where Vr and Vyy are the threshold and overdrive voltage
of the NMOS used in the current mirror, respectively.

The Vi, can be biased with an extra current path as
shown in Fig. 2(b). In addition to the reference current
path, the extra current path is added and bias the Vg, to
Vr + 2Vpy by setting the overdrive voltage of Myp; to
2Vyy . Although, this structure can achieve wide-swing and
wide dynamic-range operation, it is not preferable to use
in the current mirrors of CM1 and CM3 in Fig. 1, because
the extra current path requires an additional current sens-
ing circuit. Therefore, the self-biased current mirror struc-
ture is necessary here.

The wide-swing self-biased cascode structure can be
implemented using a resistor (Rp) or an isolated-active
device (Mpg;) [7] as shown in Figs. 2(c) and 2(d), respec-
tively. The Vi, can be self-biased by choosing the Rp value
to set the voltage drop across the Rz to Vyy [Fig. 2(c)].
However, self-biasing with a resistor is not suitable for the
wide dynamic-range applications because the voltage drop
across the resistor is proportional to the reference current
(Irer), while Voy is proportional to the v/Izzr. To resolve
this issue, the isolated-active device (Mpp;) can be used as
shown in Fig. 2 (d) [7]. Assuming the threshold voltage of
PMOS and NMOS are nearly identical, Vi, can be set to
Vr +2Vyy by setting the Vpy of Mpp; to the same value
as the Voy of Myj3. Therefore, the AVy, is proportional
to v/Irer allowing Vg, to track Vr + 2Vpy across a wide
range of the reference currents. However, this approach
requires the isolated MOSFET to use as an active-device,
which increases the die size. In addition, it cannot be used
for P-type current mirror if the deep N-well process is not
supported which is essential for using an isolated NMOS
transistor.

III. PROPOSED WIDE-SWING CASCODE
CURRENT MIRROR

Fig. 3 shows the proposed wide-swing self-biased cas-
code current mirror, which employs the non-isolated
active-device. A P-type active-device is used for the
NMOS current mirror [Fig. 3(a)], with its gate connected
to GND, and an N-type active-device is used for the
PMOS current mirror [Fig. 3(b)], with its gate connected
to the supply-voltage (Vpp). In the proposed structure, Vi,
is determined by the Vs of Mpg,, however, the body effect
has to be considered since a non-isolated active-device is
used. Therefore, Vi, in Fig. 3(a) can be expressed as fol-
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(a) (b)

Fig. 3. Proposed wide-swing self-biased cascode current mir-
rors. (a) NMOS current mirror self-biased by the P-type
active-device. (b) PMOS current mirror self-biased by the
N-type active-device.

lows:

VGZ = VTO,PBz + AVT7PBZ + VOV,PBZ) (2)

where V7 is the threshold voltage without the body effect,
AVr, is the amount of threshold voltage varies caused by
the body effect. AVr pp, also can be expressed as follows:

AVr ppr = Y(\/ | —20r +Vsp peo| — v/ |2¢F|> , 3

where v, ¢r, and Vg are the body effect coefficient, the
fermi potential of the substrate, and the body-to-source
voltage, respectively. Since the |Vsg pp| is increased by
VIRer, AVr pp) is inverse proportional to v/Iggr. There-
fore, AV, is proportional to v/Iggr by Voy ppo term and
inverse proportional to v/Izzr by the body effect.

When considering a wide-range of Irzr, the body effect
becomes less effective at high Izgr, and Vi, can be ap-
proximated as Vro pp2 + Vov,pg2. Assuming that the thresh-
old voltage of PMOS and NMOS are nearly the same,
Vov,ps2 1s set to Voyni1 + Vovaz by appropriately sizing
Mpp, to achieve wide-swing operation. On the other hand,
at low Irgr, Vov,pe2 is almost negligible, and Vi, can be
approximately as Vro pgs + AV pgo, Whereas Vi is Vo pai
in the conventional approaches [Figs. 2(b) and 2(d)]. Thus,
the proposed approach shows a higher Vi, due to the body
effect of the biasing device (Mpg,), which is beneficial in
reducing current mirror mismatch at low Iggr. In conven-
tional current mirrors, the Vpg of My, and My, decreases
to a small value at low Izgr, and even a small mismatch of
Vps between My, and My, can lead to significant current
mirror mismatch. By applying a higher Vpg of My, and
My, in the proposed approach, the channel length modu-
lation can be suppressed, and current mirror mismatch can
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Fig. 4. (a) Schematic of implemented self-biased wide-swing
current mirror. (b) Circuit parameters.

be reduced. Therefore, a wider range of Iggr with lower
current mirror mismatch can be achieved in the proposed
structure. The design procedure is very simple, requiring
the sizing of Mpp, to satisfy Eq. (2) to meet Eq. (1) at the
highest Iggr. This ensures that the current mirror main-
tains high accuracy over a wide-range of Igr.

IV. CIRCUIT IMPLEMENTATION AND
MEASUREMENT RESULTS

The proposed wide-swing self-biased current mirror has
been implemented in 0.18 um CMOS process. Fig. 4
shows the schematic of the implemented self-biased cur-
rent mirror along with its parameters. To ensure a fair
comparison among different bias devices, a single cas-
code current mirror (Mp; — Mpy) is utilized, and different
bias devices can be selected by S[2:0]. As a result, the
current mirror can be tested with the proposed bias de-
vice (Myp) as well as conventional bias devices (Rp and
Myg1). In addition, by employing the same mirrored cir-
cuit (Mp; — Mpy), the performance mismatch caused by
process variation can be avoided.

For wide dynamic-range applications, the wide-swing
operation has to be achieved at the maximum Iggr, ensur-
ing that the voltage swing is not limited through the en-
tire range of Iggr. Therefore, the bias devices (Rp, Myp1,
and Myp;) are sized appropriately that Vi; is set to almost
the same level at the maximum IggF, ensuring a consistent
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Fig. 5. (a) Chip photograph and layout. (b) Test-setup.

maximum voltage swing performance. Once the highest
voltage swing is set at the maximum /Iggr, the dynamic-
range of Iggr can be fairly compared by decreasing its
level.

Fig. 5 depicts the chip photograph, and layout. The sizes
of Rg, Myp, and My, are 40 um?, 557 um?, and 28 um?,
respectively. The Myp occupies a relatively large area due
to its requirement for an isolated device, which utilizes a
deep N-well process to isolate the body of Myp; from the
P-substrate. The supply voltage of 1.8 V is applied, and
Vour is set to 0.5 V. The Iggr is varied from 30 nA to 40
UA, and the mismatch of current mirror is shown in Fig.
6. At low Izgr, the mismatch of the current mirror biased
by the resistor structure is degraded because the voltage
drop across the resistor is proportional to the Iggr, which
is not suitable for the wide dynamic-range operation. The
mismatch results for both the biased by the isolated and
non-isolated active devices are similar. Fig. 7 shows the
measured current mirror mismatch at different tempera-
ture with the Iggr of 100nA. The current mirror biased
by the resistor shows significant mismatch variation com-
pared to the active device biasing methods due to the dif-
ference in temperature coefficient between the resistor and
the threshold voltage of the transistors.

Table 1 summarizes the performance and provides a
comparison with other biasing structure. The proposed
structure can achieve X333 wider dynamic-range com-
pared to the resistor based biasing structure. Furthermore,
it is a compact design that can achieve wide dynamic-
range without the requirement for an isolated active de-
vice. The area of the bias device is reduced by approxi-
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Fig. 6. Measured current mirror mismatch at different Igzr.
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Fig. 7. Measured current mirror mismatch at different tempera-
ture with Izgr of 100 nA.

Table 1. Performance comparison.

Isolated Non-isolated
Bias type Resistor active-device active-device
[7] [Proposed]
Dynamic x4 %1333 %1333
range* (5 HA-20 HA) | (30 nA-40 wA) | (30 nA-40 LA)
Mismatch | 50,18.6% | —0.9%-1.6% | —1.1%-1.5%
range
Isolated
device No Yes No
requirement
Bias device 40 pm? 557 um? 28 pm?
size

* Dynamic-range is defined by the Iggr range with the mismatch within

3%

mately 20 times compared to prior work [7], while achiev-
ing a similar wide dynamic range.

V. CONCLUSIONS

A wide-swing self-biased cascode current mirror for
wide dynamic-range is demonstrated. The proposed struc-
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ture can achieve high accuracy and wide voltage swing
over a wide range of Iggp without requiring an extra cur-
rent path or an isolated active device. The implemented
current mirror was tested with different bias devices,
showing better current mirror mismatch and x333 wider
dynamic-range compared to conventional resistor-based
biasing structure. It is also a compact design that can be
easily biased by a non-isolated active device.
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