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AN ACCURACY IMPROVEMENT TECHNIQUE FOR ON-CHIP
CURRENT SOURCES

A new design technique for accuracy improvement of on-chip reference current
sources is proposed. A mathematical model has been developed describing the operation of
the proposed technique. Based on the obtained equations, the variation of the reference
current caused by the changes in operating conditions and process inaccuracies of the
technological should not exceed 1...2%. The proposed technique has been implemented in
the design of on-chip reference current source circuit in 14 nm FinFet technology. Spice
simulations performed for the developed circuit show less than + 5% variation of the
reference current in the -40...125°C temperature range considering the process variations in
+3 sigma range. The circuit keeps that accuracy for the supply voltage drop up to 0.66 V.

Keywords: on-chip current source, current generators, reference current sources.

Introduction. ICs have found wide application in various systems such as
household appliances complex electronic systems, computers, military, aviation,
space stations, etc. One of the technical specifications of modern complementary
metal-oxide-semiconductor (CMOS) ICs is to ensure high stability of the main
parameters, regardless of ambient temperature, supply voltage, and technology
deviations. The main parameters of the elements in relation to the typical
characteristics may deviate from values reaching tens of percent to multiple [1]. As
a result, it becomes clear that the issues of maintaining the stability of various IC
parameters have become crucial for chip designers. With the advent of portable
devices, the energy consumption and requirements for the IC surface have also
tightened, limiting the use of circuits with a large surface area and high energy
consumption [2,3]. The design of stable reference voltage sources and the
development of voltage stabilizers have also become an important task. The
existing deviations in the latest technological processes and new developments, as
well as the strict requirements imposed on the IC, have made the need for new
methods and solutions urgent conditioned by reducing the deviations in the output
values of these nodes and ensuring the safe operation of circuits connected to them
as a load [4,5]. The availability of precision voltage sources does not ensure the
design of stable current sources. The combination of resistance and a reference
voltage source in the MOS structure depends on resistance variation [6,7].
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However, in nodes requiring high accuracy, such indicators lead to large deviations
either from standard results or the requirements of the technical specification. So,
with the development of CMOS technology, a number of difficulties have arisen
due to the need of stable current sources, supply voltage values in the IC, the
provision of which is an essential reliability indicator.

Statement of the Problem. The modern CMOS IC design process allows
the resistance to be produced in two ways: by a transistor operating in a triode
mode, or by polysilicon. The resistance of a transistor operating in the triode mode
depends on the ambient temperature and technology. Changing the resistance of
such a device won’t provide high stability of the current source, therefore, the use
of such structures in the stable current source design does not make sense:

1
R = .
,U*Cox*W/L*(Vgs_Vth)

The resistances obtained on the basis of polysilicon is independent of the
applied voltage values, and the temperature impact is about 1.5%. While the
technology process shifts of result in £ 20% resistance change. So, it becomes clear
that the design of stable on-chip current sources are relevant and require the
development of new design technique.

The Proposed solution. The block diagram of the current source consists of
the following main blocks: PTAT block, voltage and current generator (Fig. 1).
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Fig. 1. The block diagram of a high-precision DC current source

It is known that the current flowing through a N-MOS transistor in a linear
mode is determined by:

Iy = B[(Vys — Ven)Vas — 0.5V457]
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where

ﬁ — (W/l;)ﬂngox )
ox

Hence, it is obvious that if the transistor dimensions are large, the changes in
the remaining parameters under the above influences can be ignored. If the temperature
is constant, mobility is a fixed parameter. In cases of all possible processes, the
thickness of the oxide layer t,, varies approximately within + 4.5...5%. If we
assume that the temperature is stable, then the change in B will be approximately
within 5%. The difference of currents flowing through two N-MOS transistors
operating in linear modes will be determined by the expression:

Loy — Loz = B[(Vgs1 = Ven)Vass — 0.5Vas1 ] = B[(Vys2 — Ven)Vasz — 0.5Vas2?]
Al = B(Vgsl - VgsZ)Vds >

B — (W/L)unEox

tox

pr) = L) () = b7,

Al = ,B(Vgsl - VgSZ)VdS H

Vgsl - VgsZ = AV + VO .

b

The difference of gate source voltages is designated as AV+V,. It is
necessary to get this designation according to the circuit, and imagine that AV is
the drain source voltage:

Vas = 4V,

where AV is the output voltage of the PTAT unit. AV is directly proportional to
temperature, and Vyis a voltage independent of temperature,

Al = B(AV + VAV,
AI(T) = baT~ > T(Vy + aT) = abVyT %5 + a?bT%5 .

To understand how the resulting expression depends on the temperature
change, it is necessary to derive it in time and get the following expression:

AI(T) = baT~>T(Vy + aT) = abV,T™%° + a?bT%>,

dAI(T
a; ) = —0.5abV,T~1% + 0.5a%bT %% = 0.

From the graphical presentation of the resulting expression, it can be seen
that the current depends on the temperature variation (Fig. 2).
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Fig.2. The graphical display of the obtained equality

Simulation Results. To justify the mean of the theoretical analysis Spice
simulations for 14 nm FinFet technology note has been performed. The dependence
of the reference current on several in stabilization factors has been considered and
checked. Based on the simulation results, it is possible to reach a less than 3%
current change from the temperature variation in the range - 40...125°C (Fig. 3).
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Fig. 3. The dependence of the reference current on the ambient temperature variation

Based on the simulation results, it is possible to reach less than + 3% current
change from the supply voltage and process variations (Fig. 4).
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Fig. 4. The dependence of the output current on technological changes

The results show that the reference current variation for the -40...125°C
temperature range considering the process variations in £3 sigma range and supply
voltage variation in £10% range is less than + 5% (Fig. 5).
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Fig. 5. The dependence of the output current on temperature, as well as supply voltage and

technological changes

The next reformed analyze is the power supply noise impact on the designed
circuit. The PSRR analysis performed in 100...101° Hz ensure more than -10 dB
noise rejection and more than -35 dB rejection in a low frequency range (Fig. 6).
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Fig. 6. The results of the frequency analysis

Conclusion. A novel design technique for on-chip current sources has been
proposed, designed, and simulated. According to those simulations, the new circuit
is capable of providing accurate reference currents and operate in the -40...125°C
temperature and £+ 10% supply variation ranges by providing around + 5% variation
compared to the existing resistor-based architecture, which provides several times
lower accuracy. The main limitation of technique is the usage of bipolar transistors
as well as the estimated area increase by 20%. Both requirements are acceptable
considering more relaxed requirements for such parts of IC.
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4.U. UUzU43UL

LELR3NPLTENUSPL ZNUULLE UNASNRLT LKTSNhE8UL FUM2MMUSUTL
BULUY

Unwownlyty t ubppniptinuyhtt hnuwtiph wnpniputiph £ogpuinipjui pupdpugdut
unp tnwbwly: Unweowpyyuws knuuwlh hhupnid pujws E dowldus dupbdwnpljulwui un-
nhp: Unwugquws hwjuwuwpnidubph wppyniipnid hhdtwdnpdty E np wojuwwnwipughe
wuydwutbph thnthnpjumpnibtiph @ mkjpuninghwlwt gnpépupwgh wudownnipniuubpp
htwnbwupny wnwewgnn hnuwph otnnudp swybtwnp b gkpuquigh 1-2%: Unwowplws tnu-
twlt hpwluwbwg]ty t 14 &/ FinFet wikuuninghwljwl qnpsplpwgny tkppmiptnuyht hb-
twljuyhtt hnuwtph wnpniph dpwljuwt hwdwp: Yunupyus spice tdwtwuljdwb wpnyniipnid,
obpdwunhdwuuyght -40...125°C dhowluwypnid, wkjuuninghwjwb gnpépupwugh +3 uhquw
otinnudubph nhwpnid, dowljyws upubdwi wuyyuhndt) E hbtwluyhtt hnuwbiph + 5%-hg wuljuu
otnudubp: Upubdwh mbwy £ wywhwywbibym Gogws dpgpunipiniip uidwhb jupdwb’ paghnig
uhlsh 0,66 o wjuqugniyi wpdtiph ywpwuquynud:

Unwbgpuyhl punkp. tkppnipknuyhtt hnuwtiph wnpynip, hnuwtiph qhubpunnpubp,
htwljwjhtt hnuwbph wnpniptkp:

B.A. CAAKSIH

CITIOCOB NOBBIIIEHUSA TOYHOCTHU BHYTPUKPUCTAVIMYECKUX
NCTOYHHUKOB TOKA

Hpe;[non(eﬂ METO MOBBIIICHUA TOYHOCTU BHYTPUKPUCTATUIMYECKUX NCTOYHHUKOB TOKA.
[IpenmaraeMslii METO OCHOBAH Ha pa3pabOTaHHOW MaTeMaTH4YecKoWl MoJnenu. B pesymbrare
MOJTyYCHHBIX YPaBHEHUH YCTAaHOBJICHO, YTO OTKIIOHEHUE TOKA, BRI3BAHHOE U3MCHCHUEM YC-
JIOBUH pa60T1>1 N HETOYHOCTAMHU TEXHOJIOI'MYECKOro mnpouecca, HE OOJDKHO IMPEBLINIATH
1...2%. Ilpennmaraemblii MeTO OBUI peaM30BaH C HCIIONB30BaHHWEM 14 #y TEXHOJIOTH-
geckoro mporecca FinFet ams pa3paboTku BHYTPHUKPUCTATUIMIECKOTO ATATOHHOTO HCTOY-
HHUKa TOKa. B pe3ynbraTe SKCIepHMMEHTAIFHOIO MOJCIMPOBAHUS B AUAINA30HE TEMIIEPATyp
-40...125°C mpu OTKJIOHEHHUSAX TEXHOJOTHMYECKOTO TMporecca +3 curma paszpaboTaHHas
cxema obecrieunBana +5% OTKIOHEHHH OT STATOHHOTO ToKa. CxeMa CIiocoOHa TTOIep KUBATh
YKa3aHHYIO0 TOYHOCTb IIPU NaJeHUH HanpshkeHus nuranus 1o 0,66 B.

Kniwouegvle cnoea: BHYTPUKPHUCTAJUIMUECKMH HCTOYHHMK TOKa, T'€HEPATOpPBI TOKA,

OIIOPHBIC HCTOYHUKHU TOKA.
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