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THE OUTPUT NOISE REDUCTION OF A LOW-TO-HIGH SUPPLY
VOLTAGE LEVEL-SHIFTER

A new approach for reducing output noises in the level-shifter is presented. The
level-shifters which are intended for making the high-voltage amplitude signal from low-
voltage amplitude signal, has a big issue related to the output noises. The noises that come
from parasitic capacitances and other sources become much higher in the output as the
circuit increases the amplitude of the input signal in the output, so it also increases the
noises. These level-shifters also have the delay time issue. The delay time range between
the input signal and output signal is not so low. Using the capacitances in the output for
reducing the noises can increase the delay time range, which is not a good feature for the
circuit. The new method reduces the output noises without increasing the delay time range,
also it increases the area of the circuit with a little percent. By using this method in 32nm
technology, the area of the circuit increases by 14% and the noise error decreases by 68%.
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Introduction. In electronics, a level shifter, (logic-level shifter, voltage level
translator) is a circuit for signal translation from one voltage level to another,
allowing compatibility between the circuits with different voltage requirements.
Level shifters are used in modern systems to bridge domains between processors,
logic and other circuits. The three most common logic levels are 1.8V, 3.3V, and
5V. Levels above and below these voltages are also used. Level shifters have a
wide application in interfacing legacy devices, also in SD cards, SIM cards CF
cards, audio codecs, UARTS, etc.

The two main types of the level-shifters are the circuits which translate the
high voltage to low voltage and the ones which translate low voltage to high
voltage. The first type is simpler than the second, because getting a low voltage
signal from a high voltage does not require a complex structure of a scheme. Also,
as the circuit is simple and low output voltage does not require high power
consumption, there are no such circumstances that can lead to big noises in the
output.

In case of level-shifters which translate a low voltage signal to a high
voltage, the working principle of the circuit is more complicated. The circuit
structure has some components that bring about noises in the output, also the high
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voltage switch causes a bigger amplitude of generated noises. The more complicated is
the circuit of the level-shifter, the higher will be the noises in the output signal. So,
there is a requirement to use an approach which will help to get an accurate high-
voltage output signal for the level-shifter.

Literature review. There are several methods and approaches for reducing
the output noises for different level-shifter circuits. For example in [1] a level shifter
for noise and leakage suppression is presented. The level shifter is insensitive to
noise on the input and also reduces the leakage current.

A level-shifter circuit characterized by high noise immunity and improved
capacity is proposed in [2]. In difference to the conventional structure, the proposed
circuit adopting two cross-coupled p-type transistors realizes the selective filtering
ability by exploiting the path which filters out the noise. A differential noise
cancellation scheme is designed to enhance the noise immunity further.

An improved noise immune level-shifter with gate-emitter voltage detection
is presented in [3]. The circuit includes detection and pull down modules with
process matching robustness and low circuit complexity. The noise is removed by
monitoring the interval of the gate-emitter voltage variation and locking the output
logic at the noise coming period.

A high-voltage level shifter with noise shielding is presented in [4]. The
main principle is to determine whether there is noise through signal changes. When
there is noise, the designed level shifter’s output is locked by the noise shielding
circuit. So, the designed level-shifter has infinite immunity, and it is not affected by
the supply voltage, or processes.

A switched-capacitor level-shifting technique with sampling noise reduction
for rail-to-rail input range instrumentation amplifiers is presented in [5]. In the
proposed circuit, two adaptive level-shifting (ALS) schemes are combined with the
two input stages of an Indirect Current-Feedback (ICF) instrumentation amplifiers.

A level-shifter for low power application is presented in [6]. The proposed
schemes take advantage of the stacking technique's advantages of lower leakage
current and also of the reduced leakage power. But the reduced supply voltage
includes problems such as low voltage swing, insufficient noise margin, currents
escaping from a leak. Power loss has increased to constitute a significant part of
power dissipation as technology advances into the submicron range.

A level shifter for low power applications with a body bias technique is
presented in [7]. In the work, three new innovative designs of the level shifter in
the 0.35 um technology using body bias approach are introduced. Issues of small
voltage swing, insufficient noise margin, leakage currents are originating with the
scaling of the power supply voltage.
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The proposed low-to-high supply voltage level-shifter circuit. The experiments
are carried out on the simple circuit of level-shifter, which is shown in Fig.1.
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Fig. 1. Primary circuit of the low-to-high supply voltage level-shifter (1 — invertor,
Vout -straight output, Vout! — inverse output)

The comparator with high supply voltage generates high noises in the output.
Using a capacitor in the output can solve the issue with noises, but it can lead to a
bigger delay time range between the input and output signals, and it is not preferred
as the delay time is long without using a capacitor because of a big output rise-fall
time. So, there’s a requirement to develop a method by which the delay time range
will not increase and the output noises will reduce. The idea that can lead to the
expected results use a transmission gate between the straight output and the inverse
output, so that it will be on at the input switch moment with a very short time and
will compensate the noises of the straight and inverse outputs. At the constant
signal time it must be off.

Two chains with the capacitor and the resistor are connected to the input.
The resistor of one chain is connected to the ground and the node between the
resistor and the capacitor reaches the high voltage in a short time when the input
signal changes from 0 to VDDL. That node is connected with the n-type transistor
of the transmission gate, so, the n-type transistor appearing on a triode region
compensates the noises of the straight and inverse outputs at the rise time.
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Also, the resistor of a second chain is connected to the high supply voltage
source and the node between the resistor and capacitor gets to the lower voltage
from VDDH in a short time when the input signal changes from VDDL to 0. That
node is connected with the p-type transistor of the transmission gate, so, the p-type
transistor appearing on a triode region compensates the noises of the straight and
inverse outputs at the fall time. By this approach, we get an output signal with
reduced noises without increasing the delay time range. The circuit of the optimized
level-shifter is shown in Fig.2.
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Fig.2. The optimized circuit of low-to-high supply voltage level-shifter (1 — invertor,
2 — transmission gate, Vout -straight output, Vout! — inverse output)

Simulation results. The main block of a low-to-high supply voltage level-
shifter is designed. Simulations are performed using the HSPICE simulator
(described in [8]) for a number of PVT corners including 3 main conditions (TT,
FF and SS processes with respective voltage and temperature values). Here the
results of the TT typical corner are presented. The circuit is designed and
simulation is performed in the 32 nm technology. The primary circuit of the level-
shifter designed in 32 nm technology is shown in Fig.3. Low supply voltage (VDDL)
is 1.2 V, high supply voltage (VDDH) is 3.3 V, and the signal frequency is 1 G.
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Fig.3. The primary circuit of low-to-high supply voltage level-shifter designed in 32 nm
technology (1 - invertor)

The optimized low-to-high supply voltage level-shifter is shown in Fig.4.
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Fig.4. The optimized circuit of low-to-high supply voltage level-shifter designed in 32 nm
technology (1 — invertor, 2 — transmission gate)

The added two capacitors, two resistors and the transmission gate increase
the area of the circuit by 14%. The input and output signals of the primary level-

shifter are shown in Fig.5.
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Fig.5. The input and output characteristics of the primary level-shifter (Vin — input signal,
Vout — straight output signal, Vout! — inverse output signal)
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The input and output signals of the optimized level-shifter are shown in Fig.6.

Fig.6. The input and output characteristics of the optimized level-shifter (Vin — input signal,
Vout — straight output signal, Vout! — inverse output signal)
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Noises of the output signal become less by 68% in the output signal by using
the method.
Conclusion. A new method for noise reduction of the low-to-high supply
voltage level-shifter is presented. In those level-shifters the higher is the supply
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voltage, the higher will be the noises in the output signal, also the bigger the delay
time range between the input and output signals. The experiments are carried out
on the simple level-shifter circuit with an invertor and a comparator. By using the
new method 2 capacitors, 2 resistors and one transmission gate are used. The
advantage of this method is that it increases the area of the circuit by a very low
percent in any technology, it does not increase the delay time range between the
input and output signals in difference with output capacitors (which can also be
required for the output noise reduction), it decreases the noises in the output with
high percent and this method can be used almost in any type of low-to-high supply
voltage level-shifter. By using the method, the area of the circuit increases by 14%
and the noise strength decreases by 68% in the low-to-high supply voltage level-
shifter designed in 32 nm technology.
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2.U. RURLULQULBUL, U.Iv. vNRIUYEMBUL

8UOIres AUC2C ULNRSUUL LUNTUTL ONMULSUUUL UUSPEULUSRL
ONWUNTP GLLRUSHL UNUNRYLESP LJUQUruNRhUC

Ukpjuyugdws b wunhgubiughtt thnpuwphsnid Gpuyghtt wnunijubph tuqkgdwi
unp Unnbgnud: Uunhdwbwghtt thnjuwphstbpp, npnup twjpunbtugus u gudn wdwhunnt-
nuyhtt jupdudp wqnuiowihg pupdp wdyhnniqujhtt jupdwt wqpubtput vnwbwnt
hudwp, Ukd uinhp mbkt juuyws bjpujhl wnunidyabph htn: Undmlakpp, npnip wow-
owunud b wupwqhwnwhtt ntbwnipniiutbphg b wy] wypnipubphg, Epuyhtt wqpuow-
und wybph b dkdwunud, putth np upubdwb Ukwgunid E dntnpught wqnutpwith wduygh-
wnnigp Gpnud, ntunh dkdwgunud | tub wndnujubipp: Uju wunhdwbughtt thnpawplhst niih
twl hbnwdquut dudwiwlh jughp: Upw dntnpughtt wqpuipwih b Gpuyghtt wgnu-
upwth dhol nipwgudwtt vhowluypl wyupw ) qudp sk: Ununijubpp tduqkgutint hwdwp
Eipughtt nibwlnipiniiibph oqunwugnpénidp Jupnn b dkdwgut] htinwdquub dudwbwlh
wmhnpnypn, hiyp (wy hwnfwihy sk ujubdugh hwdwp: ‘Unp dbpnnp bjuqbgunid b Epugh
wnunijubpp wowbg nowgdwh dudwbwlh whpnypp Ukswgikng, husybu wb thopp
unlnuny k dkdwginid snpuyh dwljtptup: Uju dbpngp 32 bwbndbunp nkutininghuygh dke
oquiuugnpstint nypmu onpuyh dwlbpbup dedwunud  14%-ny, hul wnuniyh uppwjwipp
ujuqnud & 68%-ny:

Unwhgpuypll punkp. wuunh&wbughtt thnfuwplhs, Ynunkiuwnnp, nhiqhuwnnn, opehs,
Yndywpuwnnp:

A.A. BABA/UKAHSH, C.X. XYJABEP/STH

MUHUMM3ALNUA BBIXOJHBIX ITYMOB ITPEOBPA3OBATEJISI YPOBHSA C
HEPEXOJOM OT HU3KOI'O HICTOYHUKA HANIPAKEHHUSA 10 BBICOKOT'O

[IpencraBneH HOBBIN MOJAXOJ] K CHWKEHHIO BBIXOJIHBIX IIYMOB B IIpeoOpasoBarere
ypoBHSL. Y mnpeoOpasoBaresnieil ypoBHsl, IIpeiHa3HAYeHHBIX U1l MPEeoOpa3oBaHMsl BHICOKOBOJIBT-
HOT'O aMIUIUTYHOTO CHTHAJIa U3 HU3KOBOJIFTHOTO aMIUIMTYAHOTO CHTHAaJla, €CTh OOJbLIas
npoOJieMa, CBSI3aHHAs! C BHIXOAHBIMH IryMamu. [1lyMbl, HCXOnsIIME OT NapasuTHBIX eMKOCTEH
U JPYTHX UCTOYHHUKOB, CTAHOBSATCS HAMHOT'O BBILIE HA BBIXOAE, IOCKOJIBKY CXeMa yBEJIUYH-
BaeT aMIUIUTYIly BXOJHOTO CHTHAja Ha BBIXOJE, II09TOMY OHA TAKKe yBEJIUYMBACT LIYMBL.
[pyras npoGiiemMa cBs3aHa C BpEeMEHEM 3aJIepKKU. lHara3oH BpEeMEHHU 3aJepPiKKH MEKIy
BXOJHBIM CHT'HAJIOM U BBIXOJHBIM CUTHAJIOM HE Tak Y Majl. Vcrosip30BaHHE eMKOCTEeH Ha
BBIXOJIE [UISl YMEHBLICHHS IIIyMOB MOXKET YBEJIMYHUTh AUAINa30H BPEMEHH 3aJCPHKKH, 4TO HE
OYEHb XOpOIIO yIsi cXeMbl. HOBBII MeTO/1 MO3BOJISIET YMEHBIINTD BBIXOIHBIE IIyMBbI, HE yBe-
JMYMBasl AMANa30H BPEMEHH 3aJIEP)KKH, a TaKKe YBEJIMYUTh IUIONIA/b CXEMbI Ha HEOOJIb-
o nmpoueHT. IIpy MCHONIB30BaHUM ATOTO METO/A B TEXHOJOTMU 32 HM TUIOLIAh CXEMBI
yBennuuBaeTcs Ha 14%, a nrymoBast ominOka yMmeHbIaercst Ha 68%.

Kniouesvle cnoga: mepexiodaTesb YpOBHS, KOHAEHCATOP, PE3UCTOpP, MHBEPTOD,
KOMIIapaTop.
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