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A LOW VOLTAGE CURRENT MIRROR WITH A HIGH OUTPUT
VOLTAGE SWING

A circuit of the current mirror is proposed providing 85% precise current copying even in
the linear region of the transistor operation. It can copy currents in power supply low voltage
cases when transistors enter the triode region due to less overdrive voltages. Compared with
the classic current mirror, the proposed structure provides about 0.94 V (normalized to power
supply value) voltage range operation without degrading process variations related mismatches
of currents. These are possible to be used in low voltage and low power analog and mixed-
signal designs where they can provide a higher accuracy than the conventional current mirror.

Keywords: low voltage, current mirror, CMOS.

Introduction. The current mirror is fundamental building block in analog and
mixed signal IC design which is used for biasing to provide active loads in differential
amplifiers and for current-mode signal processing. In many circuits, the performance
of the elementary current mirror is sometimes improper, because of a systematic gain
error and comparably low output resistance [1]. In low voltage corners, these types of
issues appear when devices operate out of the saturation region and the solution of
these problems require structural changes. For example, in biasing and some other
structure current mirrors used in the big part of a design, when the transistor is going
out of the saturation region, the current variation depending on voltage becomes
bigger causing a big error during current mirroring [2].

To achieve low power consumption and a high speed performance in modern
analog and mixed-signal integrated circuits, devices are supplied by low voltages so as
to provide low transition time and low current consumption. As CMOS technology is
scaling power supply voltage scales down as well, but the threshold of transistors are
not scaled by the same scaling factor as the power supply does [3]. But this scaling
gives rise to some limitations and problems which require structural solutions. One of
the main problems is that analog structures have exact operation voltage ranges in
which transistors operate in the saturation region and when the supply voltage is going
down, this region is becoming smaller and keeping these structures in a good
operation mode is becoming more difficult [4].

Current mirrors which are mostly used in analog and mixed-signal designs as a
building block, operate in some limited voltage range, because when transistors are
going out of the saturation region, the accuracy of current copying is becoming
smaller.
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The idea of the proposed technique is to keep the current copying accuracy as
much as possible not only in the transistor’s saturation region, but also in linear region
by giving some structural solutions in active current mirror structures.

The general approach is to embed in conventional architecture of current mirrors,
negative feedback which can keep the current copying in the operation region 30%
more when compared with the standard mirror transistors switching from saturation to
triode region due to low supply voltages.

General parameters of linear region operated active current mirror
architecture. In [5] reference parameters definitions are introduced for the passive
and active current mirrors. These parameters completely describe the mirror behavioral
small signal parameters. In this section, analytical expressions will be solved out for
the proposed solution.
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Fig. 1. Conventional and proposed current mirrors

The first parameter which is introduced is the output current for both
conventional (1) and proposed (2) current mirrors (Fig. 1). The output current defines
the amount of the current which is a result of copying from the reference one. The
equation of the output current can be written as

2
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where |, is the mirror output currents, 4,18 the hole’s mobility of the PMOS

transistor, C,, is the unit capacity of the MOS transistor under-gate isolator and g,,,

is the M2 transistor conductivity.

The expression for the output current will be calculated based on equations
(1) and (2). Fig. 1 presents the proposed current mirror which consists of the
additional M, transistor biasing by R, and Rj resistive divider. This structure takes the
role of negative feedback which can keep the current copying accuracy even when M-
the main mirror transistor is out of the saturation region and can change its drain-
source resistance linearly depending on the branch current.

The main mechanism providing the linear region operation. The idea of that
mechanism is to add a negative feedback sensitive circuit to the mirror architecture.
That mechanism can keep the whole mirroring system in the operational region
dynamically in case of different overdrive voltages for the mirror device.

Starting from the one of low overdrive voltage the mirror can go out of the
well-operating condition. The proposed method can sense that and keep a good
performance which in case of mirrors means current high accuracy copying. The block
diagram on Fig. 2 is proposed to copy the reference current and have a high accuracy
of current duplication in case of low supply voltage and hence overdrive voltages. In
this structure, to avoid unequal distribution, the system which is in the negative
feedback condition is used.
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Fig. 2. A block diagram of the proposed linear region operation method
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The reference current of the circuit followed through the diode-connected
transistor generates bias voltage for the M1 transistor the operation condition of which
depends on its drain-source voltage. Due to this dependence, different operations can
be obtained hence different current copying accuracy. For this reason, it is necessary
to create some negative feedback to dynamically stabilize the overdrive voltage on the
M1 device. In the proposed circuit (Fig. 3), the negative feedback is composed by the
M2 and M4 transistors creating vice dependency between the two branches of this
architecture. The coefficient of the negative feedback depends on the proportionality
of the M2 and M4 transistor W/L ratios which can be manipulated to match the
currents in the two branches.
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Fig. 3. The proposed current mirror

The simulation results. The conventional and proposed current mirror architecture
has been designed with “SAED32nm” library and studied with HSPICE simulator.
The simulation results show (Fig. 4) that in the proposed current mirror, the voltage
swing on the output increases by about 0.2 V versus conventional. When the drain-
source voltage of the M1 transistor is close to 1.6 ... 1.8 V, it enters into the linear
region of operation causing the output current to drop drastically, but in the proposed
current mirror, it is seen that the current remains constant even in the linear region.

Also, the conventional and proposed current mirrors have been simulated with
MONTE CARLO analysis (the number of samples is 100, e.g. the accuracy is about
98%) to check the process variability. As seen from Fig. 5, the standard deviation of
the current is similar for both architectures and equal to 1.12 uA and 1.4 uA for the
conventional and proposed current mirrors respectively.
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Fig. 4. The current vs output voltage for both conventional and proposed current mirrors

This means that introducing additional transistors in feedback does not cause
more variation over the process mismatches.
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Fig. 5. The current historgram for both conventional and proposed current mirrors

The most important parameter for current mirrors is the “mirroring accuracy”
from the reference current and the output current. So the summerized table with an
accuracy relative to the drain-source voltage of M1 is presented in Table 1.
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Mirroring accuracy dependency on M1 overdrive voltage

Table 1

Conventional current mirror Proposed current mirror
M1 overdrive Mirroring M1 operating Mirroring M1 operating
voltage, mV accuracy, % region accuracy, % region
400 98 Saturation 99 Saturation
200 87 Saturation 97 Saturation
100 80 Saturation 91 Saturation
50 20 Triode 89 Triode
25 5 Triode 85 Triode

Also, the comparative analysis has been carried out on the leakage current
consumption which is presented in Table 2. It is seen that the leakage current
decreases by about twice.

Table 2
Leakage current consumption comparison
Bound Conventional current mirror Proposed current mirror
C?)l;:ers Leakage Leakage Leakage current, Leakage
current, nA Power, nW nA Power, nW
TT/25 21 37.8 8 14.4
FF/-40 29 52.2 11 19.8
SS/125 14 52.2 6 10.8

The output resistance has also been measured versus voltage overdrive on the M1
transistor to show the improved region where the resistance is still linearly

proportional to the drain source voltage of the M1 transistor (Fig. 6).
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Fig. 6. The output resistance for both conventional and proposed current mirrors
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Conclusion. This paper proposes a current mirror which can operate in the linear
region of operation simultaneously providing a precise current copying. Negative
feedback is embedded in the proposed current mirror which helps to have current
mirroring even when the transistors enter the undesired region of operations (e.g.
triode region). With this negative feedback, the output voltage swing increases by
about 0.2 V relative to the conventional current mirror which is beneficial when analog
and mixed signal circuits need to work properly in low voltage conditions. MONTE
CARLO simulations also show that the variation is not degraded due to additional
transistors used in the feedback path. The standard deviation of the current increases
by 25% in the proposed current mirror.
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Unwownlyk] t npuwbqhunnpubph tnyuhuly gsughlt wohwwnwipughtt nhpnypubpnid
ynyuophttmfdwi Unwn 85% &ounipinit wyywhnynny hnuwtph huybnt ujubdw: Undwb jupdwi
thnpp wpdbpubph nhypnid’ wyuhipt whmbp-wpunupkp (wpdwb thnpp wpdbplitph wwngwnng
wnpwiqhunnpubph gduyhtt wpuwnwpuyhtt nhdhd wugubnt yupwquynid, huybjht nihwy ©
ynYyuophtmkjnt hnuwptitpp: Quinpwpugubing hnuwpubph wnkjininghwljwb obnniduk-
pny wuplwiunpyws wiynmpmibitkpp wowewplyws wwpplpulp wjwinulwi hnuwbph
hujbym upubdwhl gbipuquigmu b Ejpughtl jupdwi wiunwipught nhpnypnyd hwugltyng
wyl punhniy Uhtsh 0,94 9 (unpdwynpws uidwib jupudw wpdbpht): Znuwbiph huybine wdwb-
nulub uubdugh hudbdwn qquihnpbt wbjh Uks Sounmpmil wywhnybyne stnphhy dpwl-
Jwd ujubdwl Yupny b juyunpkt Yhpunyt] guspudnjn b thnpp Eukpquuyundwdp whwjnqu-
1ht b fiwnp wgnupwbwghtt hwdwlwpgbpnud:

Unwbgpuyhll pupkp. gusp jupnud, hnuwph hwybth, YU0G:
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B.III. MEJIUKSAH, A.T'. IMHI'YSAH, A.C. CAAKSH,
A.I. AHPATIETSH, B.C. BABASIH, A.C. MAPTUPOCSH

HMU3KOBOJIbTHOE TOKOBOE 3EPKAJIO C BOJIBIINUM BbBIXOJHbIM
JUAITA30OHOM HAIIPSIKEHU A

[MpennoxeHa cxema TOKOBOTO 3epKajia, 00ecHedYHBaroIias Jaxe B JMHEHHBIX pabo4nx
001acTAX TPaH3UCTOPOB TOYHOCTh KomHpoBaHUs ~85%. Cxema crmocoOHa KONMUPOBATH TOKH
IIpY HEOOJIBIIINX 3HAYCHMSX HANpPSHKCHUS MTUTaHUS, T.€. B CIydae Iepexo/ia TPaH3UCTOPOB B JIH-
HelHbIH pabounii peXuM U3-3a MaJICHPKUX 3HAYCHUH HANpsKEHUS UCTOK-CTOK. [IpemoxeHHas
CcXeMa MpEeBOCXOAUT TPAAUIIUOHHYIO CXEMY C IHAalla3OHOM BBIXOAHOI'O p360qero Haps>KCHU S
BILUIOTH 10 0,94 B (HOpMUpPOBAaHHOE 3HAUYCHWE HANPSDKCHMS IMHUTAHUSA), HE YXyIIIas MPH 3TOM
00YCIIOBJICHHBIC TEXHOJIOTMYCCKMMHU Pa30pOCaMH TOYHOCTH TOKOB. 3a CYET 0OOecredeHUs
CYIIECTBEHHO BBICOKOH TOYHOCTH 110 CpPaBHCHUIO C TPAAUIIMOHHBIMU CXEMaMU IMPCATIOKEHHOEC
pEIIeHHE MOXET IIUPOKO MPUMEHATHCS B aHAIOTOBBIX M aHAJIOTO-IIU(POBBIX CXeMaxX ¢ HU3KUM
SHEPronoTPeOICHUEM.

Kniouegwie cnosa: nuzkoe HarpsbkeHue, TokoBoe 3epkaino, KMOIT.
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