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STUDYING THE I-V AND V-F CHARACTERISTICS OF A
PHOTODETECTIVE STRUCTURE WITH OPPOSITELY ACTING
POTENTIAL BARRIERS

The results of a study of the I-V and I-F characteristics of a semiconductor structure
with oppositely acting potential barriers are presented. The relationship between I-V and I-
F characteristics in the dark and in the light, as well as the relationship between the change
in the sign of the photocurrent depending on the bias voltage at different wavelengths and
the difference in the heights of potential barriers are revealed.
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THE OUTPUT NOISE REDUCTION OF RING VOLTAGE-CONTROLLED
OSCILLATOR

A new method of reducing output noises in the ring voltage-controlled oscillator
(VCO) is presented. In contrast to other methods, it keeps a small increase of area and saves
accurate output frequency of the ring VCO. By using this method, the area of the circuit
gets larger by 18%. By using the method, the noise error of the signal is 0% at the lowest
frequency and 0.031% at the highest frequency.
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1.Introduction. VCO is a very important block for mixed-signal integrated
circuits and its accurate work is very required. The existence of noises is a big
problem in mixed-signal circuits and there is often a need to reduce them by using
some methodologies. The methodologies are different for different circuits, also
one block may have many cases of methods for reducing the noises. The output
noise usually occurs at high frequencies, because of the fast charge and discharge
on capacitors or very big sizes of transistors. For example, in the DAC (digital-
analog converter) or in ADC (analog-digital converter) output noises occur because
of switching of many transistors at the same time, and it is one of the biggest
problems in those converters. The noises in the circuit can make all the equipment
nonfunctional, or it can simulate correctly, but has functional or performance
problems. The example of noises on the periodic signal is shown in Fig.1.
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Fig. 1. The periodic signal with noises at its switching moments (1-signal, 2-noises)

Here is presented a simple type of VCO based on the ring oscillator and a
method of reducing the noises of the output signal in which the noises form mainly
because of the parasitic capacitors at high frequency.

Literature review. There are several interesting methods of reducing output
noises in mixed-signal circuits. Many methods are based on disguising the
switching effect. For example, in [1] a method of reducing noises in the single chip
with silicon substrate is described. The switching of digital schemes makes noise
that is injected into the silicon substrate and that noise goes to the analog circuit
and degrades the performance of the circuit. It has two solutions of reducing the
noises. The first one works with reducing the switching noise generated in digital
clock buffers. The second noise reduction method is based on reducing the
switching noise below half of the clock frequency.

In [2], more internal circuits for noise reduction are used. The primary
example is the switch on the inverter. Digital rise/fall transitions create wide-
bandwidth noise. If we have a large number of gates in the circuit which receive a
clock signal, the noise will be significant. For this, the noise reduction methods are
also two. The first one requires multiple redesign efforts, as well as several trips to
the wafer foundry. The redesign cost is sizable. The second method includes noise
immunity in the original design.

Another method is described in [3]. In general, mixed-signal integrated
circuits, noise coupling is often distributed with multiple talkers and listeners. The
most effective methods of noise reduction include suppression of the talkers at the
source. It is a ring VCO and a method of its noise reduction, for which capacitors
and resistors must be used. The only disadvantage is making a bit larger area.

The problem with large capacitive coupling between the digital clock
network and the substrate shared with the analog circuits and the solution of the
problem is presented in [4]. It is possible to reduce the substrate noise in the analog
circuit by increasing the distance to the digital circuit.

In [5], a set of techniques to reduce the switching noise generated by the
digital circuitry based on classical digital methodologies at a circuit level is
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proposed. One of the most important sources of switching noise in large VLSI
circuits is the clock-driven circuitry and the clock generation and distribution logic.
Harmonics of clock signal are easily injected in the analog part.

In [6], a method of noise reduction in analog circuits is presented. Especially
in mixed signal environments where digital circuits and analog circuits are
combined, the noise generated by relatively noisy digital circuits often cause the
analog circuits to produce incorrect output signals. Additional circuitry is added
where one of the added circuits is denoted as the noise separator circuit.

In [7], noise reduction is developed by using passive filtering. Unfortunately,
noise is a complex subject. While various online resources do cover this topic in
detail, knowledge of the fundamental approaches to noise reduction can also be
helpful. The inclusion of footprints for a feedback capacitor and isolation resistor
to help fine-tune noise performance is covered.

2. The proposed ring VCO. The strategy of the method of the noise
reduction for ring VCO is adding resistors and capacitors without changing the
sizes of the transistors and saving the output frequency. The noise occurs because
of rise/fall transitions. The primary circuit of ring VCO is shown in Fig.2. It
consists of current mirrors and invertors.
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Fig. 2. The primary circuit of ring VCO
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It is very difficult to reduce the noise saving the output frequency, because
every inner change in the scheme leads to modification in the output signal. The
modified transistor sizes, or the additional device changes the rise/fall times with
some percent, by which the period of the output signal is also changed. To get a
square output signal, it is necessary to add an inverter in the output, but it will also
change the frequency. By this method the transistor sizes must not be changed,
because the parasitic capacitance also changes with it, and it is difficult to calculate
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its effect on the output signal. So, we add a resistor and a capacitor on each
inversing block of the VCO. The changed block is shown in Fig.3.
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Fig. 3. The changed inversing block for the proposed VCO

C11, C12, C21 and C22 capacitors are used to keep longer rise and fall times
to avoid from noises. R11, R12, R21 and R22 resistors are used with big resistance
to avoid from the big impact of capacitors, which can distract the output signal
from the right frequency. R1 and R2 are used with small resistance just to keep
some voltage drop. With some percent it helps to avoid also from noises.

In the output of the circuit we need to use an inverter to make a square
signal, but as it also affects the output frequency, the value of capacitors and
resistors are taken into account also for that factor. All the proposed circuit is
shown in Fig.4.
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Fig. 4. The proposed ring VCO
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3. Simulation results. The main block of VCO is designed. Simulations are
performed using the HSPICE simulator [8] for a number of PVT corners including
3 main conditions (TT, FF and SS processes with respective voltage and temperature
values) [8]. Here the results of TT typical corner are presented. The circuit is
designed and simulation was performed in 32nm technology. The simulation
results without using a method is shown in Fig.5. The signal gets higher than
supply voltage (vdd).

Fig. 5. Simulation results of the ring VCO without using the method

It is shown that the output signals had noises at the rise and fall times. The
simulation results of the ring VCO by using the method is shown in Fig.6.

“““

Fig. 6. Simulation results of the ring VCO by using the method. One signal is the input of
the inverter used in the output of the ring VCO and the second one which is a square
signal, is the output of the inverter

The output characteristics of the ring VCO without the method is shown in
Fig. 7. The output characteristics by using the method are shown in Fig.8.
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Fig. 7. The output characteristics of the ring VCO without using the method
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Fig. 8. The output characteristics of the ring VCO by using the method

Both characteristics are nearly the same with a very little difference (0.009%),
so the linearity of the circuit isn’t spoiled. The circuit designed in 32nm technology
is shown in Fig.9. Without using the method, the noise error is 0.04% when the
frequency of the circuit is 200 MHz and 0.085% when it is 1.22 GHz. By using the
method, the noise error is 0% when the frequency is 200 MHz and 0.031% when it
is 1.22 GHz. This shows that by using the method, the noise error gets a much
smaller value. In the formula of the noise error, Vampl is an amplitude of the output
voltage, Vsup.volt is a supply voltage.

Vampl=Vsupwolt
erT0Typise = — 222 % 100%

Vampl
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Fig. 9. The optimized ring VCO designed in 32nm technology (1-inverter)

Conclusion. A new method of noise reduction of the ring VCO is presented.
As in the ring VCO the output signal occurs with self-generation, every additional
device for reducing the noises can change the output characteristics. The main
advantage of the method is that it reduces noise without changing any parameter of
the design except the area. By using the method, the area of the circuit increases by
18%. Also, the output characteristics are changed by 0.009% by using the method
in the ring VCO designed in 32nm technology. We save the parameters by nearly
the same value, also not changing the sizes of the transistors and also by adding an
inverter on the output for a square signal. The input voltage is changed from 0.9v
to 2.5v, and the output frequency is changed from 200 MHz to 1.22 GHz. Without
using a method, the noise error is 0.04% at 200 MHz and 0.085% at 1.22 GHz. By
using the method, the noise error is 0% at 200 MHz and 0.031% at 1.22 GHz.
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onuuudne LurnruNd 1s4UdUrdnN asuerusnrp GLEU3hL
uunryLENh LYyURRUrUNRUL

Ubipluwjwgyws £ onwlhwynp jwpnwing nblwdwnynn ghubpwnnph (LS Gpwhu
wnunubiph bjwgbigdwt unp dbpnn: b nwppbpnyegniu wy) depnnubph’ wjt wywhnydnid
E dwytpbup thnpp wép b Gpwiht wgnwtowuh Gogpnnyeiniup: Ubpnnh Yhpwndwdp ufub-
dwjh dwybipbup dbdwunw k£ 18%-ny: Ubipnnh ogunwgnpdiwdp wqnwuswuh wndnwyubiph
ufuwjwupp 0% £ wdbuwgwdp hwdwfunpjwu nbuwpnd b 0.031% £ wiktwpwpap hwéw-
funiejwt nGwpnu:

Unwtigpuyhtr punbp. LS, onwywynp gbubpwwnn, opshs, hnuwuph hwytih, Ynu-
ntuuwwnp, ntighuwnnp, wndniy:

A.A. BABAJIZKAHSTH

YMEHBUHIEHUE BBIXOJHbIX IIYMOB KOJIBLHHEBOI'O
I'EHEPATOPA, YIIPABJIAEMOI'O HAITPS’KEHUEM

[IpencraBneH HOBBI METOJI YMCHBIICHHS BRIXOJHBIX ITyMoB KoibiieBoro ['YH (re-
HEepaTop, YIpaBIsAeMbIi HaNpsDKCHUEM). B OTITHYIE OT IPpyruX METOMIOB, MPH HCIIOIh30BAHIN
JIAaHHOTO METOJIa CO3/aeTCs MaJIoe MOBBIICHUE TUIOIIAN U COXPAHSETCS] TOUHOCTh BBIXOJ-
HOTO CUTHAJa, IJIONIab CXEMbI MOBbIAeTCs Ha 18%, MOrpenHOCTh TYMOB BBIXOJIHOTO CHUT-
HaJia B city4yae Hu3liel yactotsl cocranisieT 0%, a B cimyvae Boicuield yactots - 0,031%.

Kniouesvie cnoea: renepatop, ymnpasisiemblid HanpspkeHuem (I'YH), kombiieBoid
reHepaTop, HHBEPTOP, 3€PKAI0 TOKA, KOHACHCATOP, PE3UCTODP, IITYM.
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