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_ Abstract—A low-voltage frequency synthesizer fabricated subthreshold leakage current [4]-[7]. This circuit technique can
with a 0.35.um standard CMOS technology is presented. A1-V pe used in present standard bulk CMOS processes to reduce the

dual-modulus prescaler using the dynamic back-gate forward ., e5holqd voltage electrically without any mask or process mod-
bias method has been developed for low-voltage operation. The ifications

prescaler, including a preamplifier, measured at 1-V supply . . . .
voltage has a maximum operating frequency of 170 MHz, and  In this paper, low-voltage static and dynamic logic circuits
its power dissipation is only 0.9 mW. The voltage-controlled using a dynamic BGFB method are presented. A novel DFF
OSC!::HEOf (\\//vio) iln tr&eére?ttjﬁncy S)ilnttheSi?ef is a”-C-t]figzgﬁﬁd using this technique is also proposed. A low-voltage dual-mod-
oscillator. When locked at the oscillation frequency o z, : i ;
the measured phase noise of the VCO islogdBclls—Gz at 100-kHz ulus prescaler using the proposed DFFs_has been fabricated in a
from the carrier. The whole power consumption of the frequency stan_dard 0.3%:m CMOS tec_hnology. Besides, a frequency syn-
synthesizer is 10.5 mW. thesizer for European Radio Message System (ERMES) pager

application with the proposed prescaler is also implemented. It

I. INTRODUCTION integrates . C-tank based VCO using an external inductor.

The paper is divided into four additional parts. Section I

I N MODERN communications, the phase-locked l0op (PLLgescribes the conventional BGFB method and the proposed dy-
based frequency synthesizer is an important building blogl mic BGFB technique. Section Il describes the components
for frequency translation. The high-speed prescaler and voltage-ihe synthesizer, including the proposed dynamic BGFB

controlled oscillator (VCO) are two critical components in &escaler. Section IV describes the measured results. Finally,
frequency synthesizer. Although they have usually been implgaction v gives the conclusions.

mented in bipolar or GaAs technologies before, advanced stan-
dard CMOS technology has been widely used to design such cirq
cuits for several years in order to realize single-chip RF-to-base-
band systems [1], [2]. Some experimental results about the conventional BGFB
One of the important design goals of the synthesizer is Idiethod have been presented in [4]. A few important conclu-
power consumption for battery-operated portable appncaﬂo,%(_)ns are briefly introduced below. In circuit designs, we often
For CMOS digital circuits, the dynamic power dissipation i§hort the source and the body of MOS transistors or reverse
proportional to the square of supply voltage and thus the gd4@s the diode formed between the MOS source and bulk.
can be efficiently achieved by lowering the supply voltage. Fdfowever, take a NMOS transistor for example, if we forwardly
example, a 1-V frequency synthesizer implemented in a spedias the body-source p-n junction by adding a small voltage on
CMOS process has been used for pager systems [3]. Howeee, body with respect to the source, there is a small increase in
Vpp can't be lowered further as further reduction in thresholdie drain current. This result can be viewed as a reduction in
voltage is not easy because of the exponentially increasing s@fective threshold voltagé’;. The scheme is called back-gate
threshold leakage current. For example, the typical threshéfdward bias method. To understand the advantage of BGFB,
voltages of the NMOS and PMOS transistors in our .35- the fall ime of a CMOS inverter is listed below [8]
technology are 0.55 and0.7 V, respectively. Thus, the oper- C
ating speed of low-voltage digital <_:ircuits will be limited. ReZrHT. = m
cently, a novel back-gate forward bias (BGFB) scheme has been

NEw DYNAMIC BACK-GATE FORWARD BIAS METHOD

introduced as an efficient tradeoff between operating speed and ) Vi " 1 1n<3VDD — 4%)} 1)
Vop -V 2 Voo
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Fig. 1. Improved inverter using the dynamic BGFB method. (a) Schematic. (b) Transient response. (c) Propagation delay. (d) Dynamic logic getsigith dy
BGFB.
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Fig. 2. Functional block diagram of the frequency synthesizer.

than 0.4 V in order to prevent latch-up and other undesiratill consume excess power dissipation because of the resultant
effect [4]-[6]. larger leakage current when the PMOS transistors are cutoff.
Since the bottleneck of the operating speed of low-voltagderefore, a more efficient bias scheme, called dynamic BGFB
digital circuits depends on the PMOS transistors, whose nmethod, which only forward biases the PMOS transistors when
bility is only about half of the NMOS ones and threshold voltagthey are turmen is presented [7].
is usually larger than the NMOS ones, it is more efficient to Fig. 1(a) is the proposed 1-V dynamic BGFB inverter. M1 and
apply the BGFB method to PMOS transistors only. Besides, all2 form a conventional CMOS inverter, and M3 and M4 form
though applying the BGFB method stated above on low-voltagesource follower to dynamically bias the body of M2 (n-well).
circuit design is capable of increasing the operating frequencywithen the input of the inverter goes low, M3 and M4 tor and
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Divide-by 415 Mode shows a typical dynamic logic circuit with the dynamic BGFB
7 applied. The n-well bias is now dynamically controlled by the
[ clock signal. When¢k” is high, the circuit is in the “evaluation
P9 iED 9 !43[) ?L mode,” and the n-well is biased at 1 V to make the PMOS sub-
e [ g S g threshold leakage current as low as possible. Whktstarts to

Mode]  fout go low, the circuit enters the “precharge mode,” and the output
Me G: 0 | finfed node of each stage has to be chargetp via the PMOS tran-

i T e sistors. The n-well is now biased at 0.6 V to reduce PMOS tran-

sistor’s effective threshold voltages. Thus, the precharge time
can decrease and the operating frequency of the dynamic circuit
=l | lg—= L"D—sJ Lln—z;‘_\ can increase. Since all of the PMOS transistors can be laid out

in a single well, only one bias circuit is needed.
O o= ot To conclude, the dynamic BGFB method can be applied to
both low-voltage static and dynamic logic circuits to improve

operating frequency. A ne flip-flops (DFF) using the method
will be discussed in the next section.

Q 9] 19

Fig. 3. Functional block diagram of the dual-modulus prescaler.

A low-voltage single-chip frequency synthesizer for ERMES
pager application with the proposed dynamic BGFB method
is designed. The channel bandwidth of ERMES pager is
| __{ 25 kHz. The radio band frequency is 169.442%59.8125

MHz in Taiwan, and the first IF frequency is 21.4 MHz. Thus,
the local oscillator (LO) tuning range must be able to cover

Al

D ——Ci -ol I1l. L Oow-VOLTAGE FREQUENCY SYNTHESIZER

ck - 148.0125-148.4125 MHz. Fig. 2 shows the functional block
' diagram of the whole synthesizer. There are three sets of supply
Fig. 4. The 7-transistor DFF proposed in [1]. voltages in the synthesizer chippp; is the supply voltage

for the 1-V circuits, including the dividers, preamplifiers, and
FD. Vpps is the supply voltage for charge pump and VCO.

. . der to achieve better signal to noise ratio and provide a
is designed to have a smadlk of 0.6~0.7V, thus Vsg of M2 h or X ? . )
is about 0.3-0.4 V, which can electrically reduce the thresholéfvIder tuning range, the VCO is designed to operate at a higher

voltage of M2. In this instance, the PMOS transistor, M2, capiPply voltage of 3 VVpps is the supply voltage for shift

deliver a larger drain current to the output capacitor than a caggister. The signal levels of the microcontroller that programs

ventional inverter does, and reduce the propagation delay of{ & synt_he5|zer determ'”ém- The components used in the

gate. When the input starts to go high, M3 tuow- then the synthesizer are described below.

body of M2 is pulled back td’pp by M4. The threshold voltage .

of M2 returns to the normal value again. Therefore, with the dft LOW-Voltage Back-Gate Forward Bias Dual-Modulus

namic BGFB method, M2 is able to pull up faster and tars rescaler

normally without excess leakage current. The capacitocan Fig. 3 shows the schematic of the low-voltage dual-modulus

be added to improve the switching speed of the body of M@rescaler. The dual-modulus divide-by-64/65 prescaler consists

When input is low, there will be a voltage drop of 0.6 V storedf a synchronous divide-by-4/5 counter, an asynchronous di-

on the capacitor(C'. As the input starts to go high again, theside-by-16 counter and a few static gates. When mode is one

voltage of n-well will be pushed higher quickly as the voltagéero), the divide ratio is 65 (64). A new dynamic DFF using

drop across the capacitor will try to remain unchanged. The e dynamic BGFB method is developed here for low-voltage

quired value of the capacitor depends on the parasitic capamperation.

tance of the n-well. From another point of view, the capacitor, 1) Low-Voltage Back-Gate Forward Bias DFFfrue single-

C, and M4 can be regarded as a highpass filter, which direcfihase clock (TSPC) DFFs have been widely used in many dig-

couples the input signal to the substrate of M2. M4 also helfial circuit designs [9] because of their high operating speed and

to keep the substrate bias voltage above 0.6 V, and thus latchsimple circuits required. Much work has been done to improve

can be avoided. the performances of TSPC DFFs [1], [2]. Among them, a 7-tran-
The 1-V dynamic BGFB inverter is compared to a conversistor ratioed version, as shown in Fig. 4, has been proposed

tional CMOS inverter by simulations. Fig. 1(b) gives the simu#n [1]. It replaces theN -precharge stage and tlReC?MOS

lated transient response of the two inverters. The difference &}, [9] stage in a negative-triggered TSPC DFF [9] by two

tween the propagation delays of the two inverters is also copseudo-nMOS inverters to form a ratioed latch. Instead of the

pared in Fig. 1(c). stacked structures in TSPC circuits, no serial transistors are used
Moreover, the dynamic BGFB scheme presented here darthe latch, thus the RC time constant can be reduced. There-

be also applied to the dynamic logic circuit design. Fig. 1(dyre, this DFF with a ratioed latch has the better frequency re-

then the body of M2 will follow the input and become lower. M
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Fig. 5. (a) Circuit schematic of the proposed dynamic BGFB DFF. (b) Circuit schematic of the proposed dynamic BGFB and LFF.
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Fig. 6. Low-voltage divide-by-4/5 prescaler using the dynamic BGFB method.

sponse then the conventional TSPC DFFs and it is more suitabled) If D is low (i.e., belowVpp—| V3, |) as ‘ck” goes low, M2
for low-voltage operation. will pull up node “a” quickly to turn oFr M4. Since M3

Further, we can replace tihe-C?MOS stage in Fig. 4 by an- is also cutoff now, nodel” can remain low to keep M5
other pseudo-nMOS inverter. This becomes a new low-voltage  oFF. Therefore, node®” can be charged td'pp through
dynamic DFF as shown in Fig. 5(a). The operation principles of M6 now.

this DFF can be briefly described below: However, in order to make the ratioed flip-flop to operate

1) When ‘ck” is high, the circuit is in the “hold” mode. The correctly as stated above, careful design must be done to ensure
signal, ‘ck,” will turn oFF M6, and M3 turnsoN to dis- thatthe NMOS transistors have larger pull-down capability than
charge nodels” to low (i.e., belowV,, of M5) in orderto the pull-up capability of the PMOS transistors. Besides, the high
turn oFr M5. Since both M5 and M6 are cutoff now, thelevel of “ck” must be larger thaipp — | Vi, | and the low level
data at nod&) can be held. M1 must be also turnedto  must be smaller the#i’;,,. The DFF presented here has the same
predischarge nodex" to low regardless of the inpub. functions as conventional TSPC DFFs but it is faster, especially

2) When ‘ck” goes low, the DFF enters into the “evaluation’when operating at low supply voltage. That is because only six
mode. If the inpuD is high (i.e., abovd/nn — | V3, |) in  transistors and no stacked structures are used. Besides, if there
this instant, both of M1 and M2 are turnegrand node are some logic gates required in front of the DFFs in circuit
“a" will remain low. Since M3 also turn®FF now, M4 designs, one can also include the gates into the flip-flops to form
can pull up node” to Vpp easily and then node)” is  a logic flip-flop (LFF). Fig. 5(b) is an example of such a LFF,
discharged to low through M5. which combines anND gate and a DFF.
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TABLE |
SOME FEATURES OF THEPRESCALER PROPOSED
transistor count Clocked transistor count ** power dissipation
TSPC * 41 12 18.1uW @ 100MHz
Proposed 24 and a capacitor 10 and a capacitor 18.7uW @ 100MHz

*  The prescaler using TSPC DFFs and static AND gates

**  The number of the transistors connected to the clock signal

Finally, the body-biased scheme stated in the last section c
also be applied to the DFF as shown by the dashed lines in Fig. 2
Now, the Vsg of the PMOS transistors is dynamically controlled
by “ck.” Inthe “hold” mode, i.e., ¢k”is high, “ck” turnsoFFM7
and then the body bias of PMOS transistdrgp, is pulled up L MN3
to Vpp. This makes the threshold voltages of the PMOS transi: i
tors return to the normal value. There are two reasons to do it. !
If the data stored i) is 0 now, the node)” instead of being at §
V'ss, is pulled up toward’pp due to the large leakage current
of M6. Biasing the body of the PMOS transistorsigt, can
eliminate the large leakage current, and the minimum operatit
frequency of the circuit can be decreased. 2) M4 is alwaysturni L 4 < 4
ONin this mode and M2 may also be turned by the node D” first second |
if * D” is low. Increasing their threshold voltages can reduce th stage stage
drain currents of M2 and M4. Therefore, the pull-down ability
of M1 and M2 will not be influenced, and the power dissipation
is also reduced. Fig. 7. Proposed low-voltage preamplifier.

When the DFF is in its “evaluation” mode, i.eck” is low,
both of M7 and M8 turroN. The body of the PMOS transistors_. ) ) _
is biased at about 0.6 V in order to reduce the effective threshdfi-1oPs (TFFs) [1]. Since the maximum operating frequency
voltage of the PMOS transistors. This is because either of N2 it iS only one-fourth that of the divide-by-4/5 prescaler,
and M4 must pull up its drain from low to high rapidly in thisconventlonal TSPC DFFs [9] are used here.
instant, and M6 may also have to charge the nagiefrom low .
to high if D is low now. Therefore, by decreasing the effectiv®- Preamplifier
threshold voltage of the PMOS transistors, the time needed folTSPC type dynamic digital circuits require an almost full
PMOS transistors to pull up their output nodes can be shortemwing clock signal. However, most of the VCOs used in high
and the operating frequency of the circuit can increase. frequency communication systems can't provide so large an

All of the three PMOS transistors in the DFF (M2, M4, anautput signal, so a low-voltage preamplifier is used to amplify
M®6) are laid outin the same n-well and only one bias circuit (Mthe smaller VCO output signal, as shown in Fig. 7.
and M8) is used to control their back-gate forward bias voltage. The amplifier is composed of two stages. The first stage is a

2) Synchronous Divide-by-4/5 Counte& 1-V dual-mod- PMOS common-source amplifier with an NMOS transistor as
ulus divide-by-4/5 prescaler using the proposed DFFs aiid load. The dc voltage of the gate of MP1 is biased at ground
LFFs is shown in Fig. 6. All of the PMOS transistors are in ththrough aroFrchip 5042 resistor. Then the RF signal is coupled
same n-well and only one bias circuit is used to control the bitss the amplifier through awrFFchip capacitance. The second
voltage of the n-well. The well is biased at 1 V wherk™is stage is a low-voltage inverter stage. When nodé&is low
1 and at 0.6 V whendk” is 0. (high), MP3 (MN2) is cutoff and node:" (* ") is pulled down

Simulation results show that maximum operating frequen¢yp) to ground {pp) through MN3 (MP2). Thus, MP4 (MN4)
of the prescaler without the dynamic BGFB method is about twornsoN to pull up (down) the output node to high (low). At
times of the conventional one using TSPC DFFs [9] and statlus time, node ” (“ ¢") is biased at only a little above (below)
AND gates at 1-V supply voltage. If the body-biased schemié, (Vpp — | V3,|) by MN2 and MP2 (MN3 and MP3). This
is applied to the PMOS transistors, the speed can even be atlews MN4 (MP4) to drive only a small current and prevents it
proved three times of the TSPC circuits. The other featuresfodm being completely cutoff. It speeds the switching time be-
the prescaler are also summarized in Table I, including the &use when nodea" starts to go high (low) again, the small
quired transistor count (area), the number of the transistors ctwost capacitance, C1 (C2), can push ndde(* ¢”) from V3,
nected to the clock signal (clock load), and the simulated pow@fVpn — | V3,|") to Vpp (ground) quickly, instead of from
dissipation at 100-MHz frequency. ground (Vpp) to Vpp (ground) in a conventional inverter. Thus,

3) Asynchronous Divide-by-16 CounteAs shown in MN4 (MP4) turnsoN to pull down (up) the output node to low
Fig. 3, the asynchronous counter consists of four toggleigh) more quickly than a conventional inverter.
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into the filter and modulate the VCO. Therefore, extra gates
(G1~G4) are added in our work to remove the glitches. Since
the PFD is designed to operate at 1 V, and the charge pump and
VCO are designed to operate at 3V, it is necessary to amplify
out- the 1-V digital signal ¢p anddw) such that they can drive the
voltage pump properly. Thus, two level shifters [12] are added in
the PFD. It is worth it to note that the level shifters are inserted
= into the middle of the PFD, instead of in back of the PFD. This
is because the level shifters will somewhat increase the pulse

between the voltage pump NMOS and PMOS currents will flow
M
4
C

external inductor L=100nH width, and make the charge transfer into the filter larger than
it should be. Now, if the pulse width increases of the two level
ETC . .
— 1-1-13 shifters are the same, the error can be removed by the logic gates
= (G1~G4) in the end of the PFD. The lock detector is formed by
St ORgating theupanddwsignals. After the PLL is lockedijpand

dw will be 0 andLD signal keeps on 0.
Fig. 9. Schematic of theC-tank based VCO.

E. VCO

C. Frequency Dividers Most oscillators used in the communications &@tank

The input frequency divider is a 16-b programmabl@ased oscillators because of the highfactor possible. An
dual-modulus frequency divider, which is used to divide theC-tank based VCO is shown in Fig. 9. The back-connected

frequency of the VCO output signal. It consists of a prean@ctive devices M1, M2 (M3, M4) produce a negative resistor
plifier (Fig. 7), the proposed dynamic BGFB dual-modululo cancel the effect of the parasitic resistor. In order to achieve
prescaler (Figs. 3 and 6), an 11-b programmable counter 4Ry POwer operation, the technique of current reuse [13] is
a 5-b programmable counter [10]. The reference frequent§ed- M1 and M3 (M2 and M4) share the same bias current
divider is a 14-b programmable frequency divider that is usdgen Produce an effective transconductange= g1 + g

to divide the frequency of the crystal oscillator output signal. [gherefore, the bias curredip can be halved to obtain the same
consists of a preamplifier, a divide-by-4 prescaler and a 14tgnsconductance and therefore the power dissipation can be

programmable counter. Both dividers can operate at 1. ~ reduced. o _ _
Since the oscillation frequency of such a VCO is proportional

to 1/4/LC.g, alarge inductor is need in the low frequency ap-
D. PFD and Lock Detector pIice/ltions, such as the ERMES pager systems. However, since
Fig. 8 shows the PFD and charge pump used in the sym technique to implement large and highinductors in stan-
thesizer. A voltage pump circuit consisting of a NMOS and dard CMOS process is available yerFOchip inductors are
PMOS is used here. The PFD in Fig. 8 is similar to the onesed in our work. The oscillation frequency is tuned by the var-
proposed in [11]. It not only uses fewer transistors, but alsoagtor consisting of M5 and’; (M6 andC5). The effective ca-
faster than the conventional static PFD. However, the circuit pacitanceC.g of the varactor is decided b§; (C>) and the
[11] produces short pulses at both output nodgs @w) every parasitic capacitor€yg, Ces, Cys 0f M5 (M6). Thus, with dif-
reference period even after the PLL is locked. At the instancefeentV,;, the parasitic capacitor of M5 (M6) and thély; are
dc path from power supply to ground is present and then disshanged. The oscillation frequency of the VCO is tuned through
pates extra power. What is more important is that the mismatittis mechanism.
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Fig. 10. Microphotograph of the frequency synthesizer.
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Fig. 11. Measured maximum operating frequency and power dissipation at different supply voltage of the prescalers.
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Fig. 12. Measured input and output waveforms of the prescaler. Fig. 13. Measured output frequency spectrum of the synthesizer.

Two source followers buffer the different.ial output signals%%i?noﬁrgssefg\?eﬂn’ 230m > 70 pm, and 1000um x
The QFr—Chlp. transform_er, ETC.1_1_13 [14], IS used to transfer The proposed prescaler has been measured at supply voltage
the differential signals into a single- ended signal. from 0.9 to 1.5 V. Fig. 11 shows the measured maximum oper-
ating frequency and power dissipation at different supply volt-
ages. When the supply voltage is 1.5V, the prescaler can operate
at a clock rate of about 1.5 GHz. The maximum operating fre-
The chip has been fabricated with a 0,35 standard quency of 170 MHz and the power dissipation of 0.9 mW (90%
CMOS process. Fig. 10 shows the microphotograph of tloéthe power is dissipated in the preamplifier, and 10% of it is
whole frequency synthesizer. The active area of the VCO, tHessipated in the prescaler) have been measured at 1-V supply
proposed prescaler and the other components of the synthesiodtage. Fig. 12 shows the 170-MHz input waveform and the

IV. MEASUREMENT RESULTS
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TABLE I

833

ERMES RAGER FREQUENCY SYNTHESIZER

VCO gain Koo 2.329 MHz/V
Open loop gain bandwidth K 1 kHz
Zero frequency @, 0.25 kHz
First pole frequency @p1 4 kHz
Second pole frequency @p2 8.3 kHz
Passive elements: R, 10k
R, 340 k(2
C, 1.8nF
C, 0.12 nF
R, 680 k()
C; 28 pF
Frequency range 148 ~ 148.425 MHz
Channel spacing 25 kHz
Channel number 16
Phase noise @ 148 MHz, 100-kHz offset -106 dBc/Hz
Power dissipation @ 148 MHz 10.5 mW
Active area 800umX500um (VCO)
1000umX750um (others)

TABLE Il

COMPARISON BETWEEN NPCs CHIP WITH THIS WORK

NPC’s chip [3] This work
Process Molybdenum-gate CMOS 0.35um 2P3M process
vVCO No On-chip VCO with external inductor
Max. operating frequency -
of the prescaler 100MHz @ 1V 170MHz @ |V
Input sensitivity of the :
prescaler 0.5Vpp <-10dBm (0.2Vpp @ 500hm)
Power consumption of the . 1.5mW @ 150MHz, 1V (digital)
PLL 0.85mA @ 95MHz input 9mW @ 150MHz, 3V (VCO)

output waveforms in the two different modes. A divide-by-64he preamplifier dissipates much power to achieve the sensitivity
prescaler consisting of six cascaded TSPC TFF’s [1] is also imF— 10 dBm. If the chip is redesigned with VCO directly con-
plemented for comparison, and the measured results are alsoted to the preamplifier in the chip. The required sensitivity
shown in Fig. 11. The maximum operating frequency and powesin be released and the current consumed in the preamplifier
dissipation of the TSPC prescaler are 100 MHz and 1.8 mWen be reduced.
1V, respectively, (including preamplifier). It shows that the pro-
posed prescaler can work at higher speed with less power dissi-
pation than a TSPC one.

The VCO is measured at a supply voltage of 3 V. Fig. 13
shows the frequency spectrum of the VCO output signal lockedin this paper, a low-voltage CMOS frequency synthesizer has
at the frequency of 148 MHz. Reference frequency is generataeken implemented with the 0.35n standard CMOS process. A
by a 4-MHz crystal oscillator. Reference frequency divide-ratib-V dual-modulus prescaler with the proposed dynamic BGFB
and VCO frequency divide-ratio are 160 and 5920, respectivelgethod is used in the synthesizer. A maximum operating fre-
Third order loop filter is utilized [15]. The measured phase noigpiency of 170 MHz with the power consumption of 0.9 mw
is — 106 dBc/Hz at 100-kHz distance from the carrier. The meéincluding a preamplifier) has been measured at 1-V supply
sured VCO power consumption excluding the output buffers iroltage. AnLC-tank based VCO using apFFchip inductor is
this condition is 9 mW, and the total frequency synthesizer dialso implemented. When locked at an oscillation frequency of
sipates 10.5 mW. Table Il gives a summary of the final ERME®8 MHz, measured phase noise of the VCO-806 dBc/Hz
pager frequency synthesizer. Finally, Table Ill compares tha$ 100-kHz from the carrier. The power consumption of the fre-
work with NPCs SM5160 [3], which is implemented with agquency synthesizer excluding the output buffers of the VCO is
molybdenum-gate process. The operating frequency and s&@-5 mW. It is shown that the low-voltage frequency synthesizer
sitivity of this work are better than NPCs chip. However, thean be implemented by the proposed circuit techniques with a
power consumption of the digital parts is slightly larger thacheap, standard CMOS process without any mask or process
NPCs because the chip is operated at a higher frequency. Alsmdifications.

V. CONCLUSION
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