


the output signal starts from the minimal voltage and increases to a value
appropriate to the input frequency.

WVout

W1 f£1

0 T
Fig.2. The output characteristics of the transistor pump frequency discriminator
The purpose of the optimization method is to make the output signal more
stable whose value, during the first period of the input signal, will get close to a

value of appropriate frequency. By this, the delay time range will be short.
In the newly designed FVC, a staircase generator is also used (Fig.3) [1].

T1

T “out
S E

Fig.3. A transistor pump staircase generator

FVC is very important in the circuits with feedback connection (like VCO,
or PLL) and it is preferable to have accurate input and output signals for it. If the
output voltage of FVC starts at 0 and obtains its accurate value much later, it can
disturb the right working process of all the circuit in which the FVC is to be used.
If the output voltage starts at the right value after the first half-period, the work of
the circuit will be secured.

There are several methods of creating accurate FVC, for example:

e using a differentiator and an RMS-DC converter [2],

e using a charging/discharging switch [3],

e using a current-controlled oscillator (ICO) [4],

e using an R-C network, an amplifier, a rectifier and a filter [5].
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By the new method of optimization, the output characteristics of the FVC are
very accurate.

A method for improving the output characteristics of FVC. The circuit
that is used for optimization is working with non-negative supply voltages (Fig.4).
The only difference of Fig.4 and Fig.1 circuits is that all negative voltages are
turned to 0, and Os to positive voltages, but the method of working is the same in
both circuits.

e E@ﬁ
o0V — 5o - D1 T

C‘.I.=|: B ‘?T Woutr

Fig.4. The transistor pump frequency discriminator (with positive voltages)
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Let’s assume that the input voltage is changing from 0 to Vdd. In this case,
the formula of the accurate Vout will be (1):

Vout = C*R* f*(Vdd —Vd1-Vth). (1)

As, at the beginning of the input signal Vout=0, we get the constant value of
the output voltage by some delay time range (AT). The output characteristics of the
circuit are shown in Fig.5.

Vout Vout

AT
L] R i = 5 V5| oo
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Fig.5. The output characteristics of the transistor pump frequency discriminator in case of
different input signals

The higher is the frequency, the more time is spent to obtain the constant
value of the output voltage. So, we use some other circuits to solve this problem.
The essence of the method is to provide the output with a voltage near to the
appropriate value in the first period, during which, the output voltage will be
formed with the help of other circuits and after the second period, it will keep its
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value only by FVC. A circuit should be added by which the output voltage will be
low in a long period and will be high in a short period. The option of the method is
to have high Vout in the first half-period, and in the second half-period, it starts to
discharge. As the period time is long, the Vout will go to a low voltage.

So, the lower is the input frequency, the lower is Vout in the first period and
is near to the right output value of the appropriate frequency. By that, the delay
time range (AT) will be short for any frequency. For that, we use a circuit which
will repeat only the first period of the input signal and then, it will keep a constant
value. The circuit consists of a staircase generator, Schmitt trigger and inverters
(Fig.6).

Vin Staircase generator

Vddl .
Vsch_in Vsch_out Vg2
Schmitt trigger

Vssh
Fig.6. A circuit for the first period of the input signal (CFFP)

The staircase generator is designed in the way in which its output will get to
Vdd during the first period. If the first period starts with a low half-period, in the
high half-period it will immediately increase to Vdd. If the first period starts with a
high half-period than in the low half-period it will be 0 and, at the beginning of the
second period, when the input gets to Vdd, the output will also increase to Vdd
immediately. Two invertors are connected to the output of the staircase generator
to have a more accurate signal. AND cell connected to the input of the Schmitt
trigger uses Vddl and Vssh supply voltages. Vddl is chosen less than Vdd and Vssl
is higher than Vss to have more accurate Vsch_out. Two inverters after netl are
used to equalize the delays for two input signals of AND of the Vg2 output. All
signals are shown in Fig.7 for two variants of the input signal.
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Fig.7. Signals of CFFP

In Fig.8, we see the circuit of the optimized FVC. It consists of CFFP, a
transistor pump frequency discriminator, T2 and T3 transistors. The sizes of the T2
and T3 transistors are chosen so, that the R resistor should get much more
resistance than the T2 and T3 transistors in the triode region. T3 is n-type and its
base is connected with Vq2, T2 is p-type and its base is connected with Vql. In the
first half-period, when Vql and Vg2 are 0, T2 is in the triode region and T3 is cut-
off and as the R resistor has much more resistance than T2 when it is opened, then
Vout will be close to Vdd. In the second half-period, when Vql and Vq2 are Vdd,
T2 will be in cut-off and T3 in the triode region, and Vout will start to decrease.
The higher is the input frequency, the shorter is the half-period and the sooner will
decreasing be over stopping at a high voltage. In the second period, Vql will be
Vdd and Vq2 will be 0, and both transistors will be in the cut-off region, so Vout
will depend only on the work of the transistor pump frequency discriminator.
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Transistor pump frequency discriminator
Fig.8. An optimized FVC

As at the end of the first period, Vout will be close to the expected value, the
transistor pump frequency discriminator will change it to a little lower or a little
higher value. The output characteristics of an optimized FVC are shown in Fig.9.
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Fig.9. The output characteristics of the full FVC

Simulation results. Here are presented the circuits and simulation results for
the 32 nm technology. The transistor pump frequency discriminator designed in the
32 nm technology is shown in Fig.10.
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Fig.10. The transistor pump frequency discriminator

The staircase generator designed in the 32 nm technology is shown in Fig.11.
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Fig.11. The staircase generator
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The CFFP circuit designed in the 32 nm technology is shown in Fig.12.

WVdd
Vql
Vss  vaa
Vin
' 1
Vddl

Vq2

(¥

1 - Staircase generator
2 - Schmitr trigger

Vdd=2.5v, Vss=0, Vddl=1.8v, V1=0.8v

Fig.12. CFFP (Circuit for first period)

An optimized FVC designed in the 32 nm technology is shown in Fig.13.

Vdd
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Vddl pmos
Vin . i *
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1 2 Vout

nmos _.
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1 - CFFP

2 - Transistor pump frequency discriminator

Fig.13. An optimized FVC

The frequency range is from 0.02 GHz to 0.2 GHz with a 0.02 GHz step.
The supply voltage and the input signal amplitude are 2.5 v.
All characteristics are created by the HSPICE simulator. The output

characteristics of the transistor pump frequency discriminator designed in the 32

nm technology are shown in Fig.14.

166



P

vout= 2,25V |
wvout = 2,1V

vout = 1,95V
vout = 1,78V

wout = 1,58V

vout = 1,38V

wvout = 1,15V

wout = 0.9V

wout = 0,64V

vout = 0,33V f
i

e,

TR EER RS
AP
s

B A ARk LA pa g

t=3u

{£=02G ||

f=018G
£=0.16G

£=014G

£=012G

£=01G

£=0.08G

£=006G

f=004G

£=002G

Fig.14. The output characteristics of the transistor pump frequency discriminator

The output characteristics of an optimized FVC designed in the 32 nm

technology are shown in Fig.15.
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Fig.15. The output characteristics of an optimized FVC

The dependence of the output voltage on the input frequency of an optimized

FVC is shown in Fig.16.
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Fig.16. Linearity characteristics of an optimized FVC (dependence of output voltage on
frequency). Frequency is changed from 0.02 GHz to 0.2 GHz with a 0.02GHz step

Fig.17 presents output characteristics in which the input frequency is
becoming twice less at the end of every 2000 n time range. At the [0 - 2 ] range,
the input frequency is 0.2 GHz, at [2 u - 4 u], it is 0.1 GHz, ([4 u — 6 u] - 0.05 GHz,
[6 u-8u]-0.025 GHz, [8 u — 10 u] — 0.0125 GHz). In the picture, we can see that
the decreasing range of the output voltage also becomes nearly two times less
during every 2 u time range.

t=0u t=2u t=du t=6u t= Bu t=10u

vout = 2,25V

vout = 1,38V

vout = 0.8V

vout = 0.42v ||,
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Fig.17. The output characteristics with different frequencies in different time ranges.

Conclusion. The main advantage of the full FVC is that it has not got a
problem of delay time range. In the transistor pump frequency discriminator, the
delay time range is as big as the frequency of the input signal. In a full FVC, the
delay time range is very small for any frequency. In the transistor pump frequency
discriminator designed in the 32 nm technology, in case of the 0.02 GHz frequency
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of the input signal, the delay time range is 700 #s, and in case of 0.2 GHz- 1700 ns.
In the optimized FVC, in case of the 0.02 GHz input frequency, the delay time
range is 700 ns, and in case of 0.2 GHz, it is also 700 ns.
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4.C. UGLPL3UL, E.[k. WUQRLUUULEUL, 2.U. RULRULRULIUL,
4.0. MESrNnusuL

GLRUSPUL ULTULTULP WUL K NhTUSUUL ShrNk3ENY ZUKUNNRE3NPL-
LULNPrU-eNuOYGMNh2

Uhpuyugqus ' hwdwjunmpnib-jupnud-thnjuwtpyhsh (2LO) owwhdwjugdwi
unp dbpnn: Opnp 2LQ upjubdwibpnid Gjpuyhtt wgpubpwih npwgnidp swwn ks k
Untinpwjht wqpubpwih Uks hwdwunipyul nhypnud: Cutn wyju oyynhdwjugdwi dkpnnh’
2L®-h Gypuyhtt jupnudp hwubnd | hp &ogphn wpdbiphtt jupd dudwbwluyhtt whpnypoud
Untnpujhtt mqnupwith guujugws hwlwhunipyut niypnid: Uju dkpnnh ogunuugnpsdwdp
upubduwyh dwfbpbup dbdwund t 81% -ny: Owuhdwjugqus ZLO-u twjuptwnpkih k og-
wnwqgnpsdt] hnyuhwdwpuubught hwignygubpnud, jupnudng nEjudupynn ghubpunn-
powd b thopp BEjunpntught twpuwgstpnid: 32- twndbnpuing mbkininghuynd hwpuw-
gdqud oyunhdwjugdus ZLO - h b hwdwhiwwiwghtt ghuljphdhtwnnph Gpught jupdwl
nipwgdwt whpnypp 0.02 ¢Zg Umwnpuihtt wgpupywih hwdwhnipjut nhwpnud 700 &/ E: 0.2
Qg — Uniinpuwyyhlt wgnupwth hwdwnipjut phypnid hwdwpwbwhtt ghujphudhtiwnn-
poud npwgudwl whpnypep 1700 &/t hul ouqunhdwgws 2LO-mud 700 &}

Unwbgpuyhl punkp. tnpuiqghuinnpuyhtt wyndwh hwdwhuljuiiughtt nhuljphdhbiw-
wnp, wunhfwtuyht gkubpwwnnn, Guhwnh wiphgbp, opehs, wnwehtt wppkpnipjw upbdw:
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B.1II. MEJIUKSIH, 3.P. KATPAMAHSH, A.A. BABA/I’KAHSIH,
K.O. HETPOCSIH

IMPEOBPA3OBATEJIb YACTOTBI B HAIIPSI’)KEHUE C KOPOTKUM
JUAIIA30HOM BPEMEHMU 3AIEPKKH BBIXOJHOI'O CUTHAJIA

[pencrasiieH HOBBII METO/ ONTHMU3ALIUK CXEMBI IIPe0Opa3oBaTelisi 4acTOThl B HAIIPS-
xkenue (ITYH). B nexoropsix xoHcTpyKimsx [TYH nuama3oH BpeMeHH 3aep)KKH BBIXOA-
HOTO CHTHAajJa OYEHb OONBIION B CIy4ae BBICOKMX BXOTHBIX 4acTOT. COrjlacHO HOBOMY
METOIy ONTHMU3aIuy, BerxoaHou curaai ITYH nprobperaer cTaOUIBHOCTD B TEUEHHE KO-
POTKOTO BPEMEHH 3aJICPKKH IIPH KKIOW YacTOTE BXOJHOTO cUTHANA. [Ipy MCTonb30BaHIH
9TOTO METOAA IUIOMIAaah CXeMbl oBhImaeTcs Ha 81%. Onrummsuposannsii [TYH npeamod-
TUTENFHEE UCIIOIH30BATh B TeHEPATOpe, YIIPABIIeMOM HarpsbkeHHEeM, B (pa30BOi aBTOIIO-
CTPOWMKE YaCTOTHI ¥ B HEOOJIBIINX 3JICKTPOHHBIX MpoekTax. B ontummsupoBanHoM [TUH u
B YaCTOTHOM AMCKPUMMHATOPE, MPOCKTUPOBAHHOM B 32- HAHOMETPOBOW TEXHOJIOTUH, MPHU
gactore BXoaHoro curHama 0,02 /77 nuamna3oH BpeMEHHU 3aJE€pKKH BBIXOJHOTO CHUTHAJA
cocrasnger 700 nc. ITpu gactore BxogHoro curHaina 0,2 /7y nuana3oH BpeMEHH 3aJepKKI
B YaCTOTHOM JucKkpuMHHaTope cocTaBisieT 1700 uc, a B ontumusupoBanHoM ITHH - 700 xe.

Knroueevie cnosa: 9acTOTHBIN TUCKPUMUHATOP TPAH3UCTOPHOW IMOMIIBI, JIECTHUY-
HBI reHeparop, Tpurrep llIMuTTa, HHBEPTOP, CXEMa ISl IEPBOTO TMEPHOIA.
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