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New Frequency-Locked Loop Based on CMOS
Frequency-to-\Voltage Converter: Design
and Implementation

Abdelouahab Djemouai, Mohamad A. Saw&enior Member, IEEEand Mustapha Slamani

Abstract—In this paper, we describe the architecture of a and a voltage-controlled oscillator (VCO) or current-controlled
new CMOS fully integrated frequency-locked loop (FLL). The gscillator [1]. The PLL may also include frequency dividers
proposed FLL contains a frequency-to-voltage converter (FVC), 544 mixers when used in synthesizing frequency applications
an operational amplifier (opamp) and a differential voltage-con- o1 131. The low- filter i ired t the stabilit
trolled oscillator (VCO). The operation of the proposed circuit is [2], [3]- The O_W pass Titer ',S required to e”S‘%fe X e stability
based on frequency comparison of a reference and feedback sig-and to determine the bandwidth of the PLL by filtering the PFD
nals. The architecture of the FVC is built upon capacitors charge output signal. Usually, the low-pass filter is not integrated but
redistribution principle, whereas the architecture of the VCO is  ijmplemented externally with discrete components in order to
based on differential delay cells in order to minimize the effect minimize the area of the integrated PLL. To overcome these

of the power supply and the substrate noise. Simulation carried . . S .
out with Hspice using the CMOS 0.35m process shows that the design constraints and to allow the circuit to be fully integrated

FLL is very fast and operates over a wide frequency range. Two With an acceptable die area, we propose, in the present paper,
versions of the FLL are reported; the basic architecture could a new frequency-locked loop (FLL) similar to a PLL in the
show a static offset due to the two employed FVCs. To alleviate way that it generates an output signal which tracks an input
this effect, a second version is proposed to completely eliminate reference signal [4], [5]. However, in this case, the output
the offset. The area of the proposed FLL is very small, and the . ¥ hroni 'd .I in f ! ith th . t si |
design could be easily integrated in the same die together with signa 'S_ synchronized only In requgncy wi g Input signa
other analog, digital and mixed-signal blocks. A functional test of and notin phase, therefore, the locking time of this FLL would
five samples of a first version of this FLL proved that the proposed be very short. The proposed FLL is based on a new architecture
FLL works as expected from simulation results. Examples of the that does not require the use of the phase detector, the charge
application of the proposed FLL are a high-precision VCO and  ;mp nor the low-pass filter. The FLL principle operation is
a freguency synthesizer Wlth .true-fractlonal mgltllpllcatlon and based on frequency comparison instead of phase comparison
division that does not require binary frequency dividers. q y p > ; p p_ h
Index Terms—DPifferential-delay cell, frequency-locked loop, fre and where frequency comparison is completed by combining
quency-to-voltage converter, phase-lc;cked loop, voltage-conirolled two frgquency-to—voltqge converter§ (FVCs)and an _operatlonal
oscillator. amplifier (opamp). Since the FLL is to be totally integrated
with other analog and digital blocks in the same die, the FVCs
are used to perform the frequency comparison. They should not
|. INTRODUCTION be complex in order to keep the total area of the FLL short. In

PHASE-LOCKED loop (PLL) circuit is an interesting this direction, we propose a simple and fast FVC that requires

electronic building block widely used in many integrate@ small integrated area [6]. The architecture of this FVC is built
applications. It is generally used in systems involving autéiPon the charge redistribution principle based on switching
matic control of frequency or phase, such as Communicatioﬁagpacitors, and requires control signals that are derived from
frequency synthesis, radar, telemetry, and instrumentatit®input signal.
systems. The PLL circuit generates an output signal that tracks'he remainder of this paper covers the description and the
an input reference signal. The output signal is synchronizegeration of the proposed FLL and its different building blocks
with the input reference signal in frequency as well as in phade Section Il. In Sections Il and IV, we outline the design steps
Typically, a PLL is built around a phase detector or phas¥ the FLL and the simulation and measurement results. In Sec-

frequency detector (PFD), a charge pump, a low-pass filtéien V, a second version of an offset-free FLL is discussed. This
will be followed by Section VI, where we describe several ap-
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Fig. 1. Block diagram of the FLL circuit. 2 —
operation of the circuit is described as follows. First, the fre- Fin

quency of the input reference sigrid,.¢) is divided byN and
converted to a voltagél;,;) by the FVCL In the same way,
the VCO oscillating frequenci/..) is divided byA{ and con-

verted to a voltag€Vi,» ) by theFVC2 The difference between ®

Vin1 andV,s is then amplified by the high-gain opamp and the I_D.; . o2
resulting output voltagél.:, ) is employed to control the output 12

frequency of the VCO. Sinc®,,; andV,,» correspond td;.¢ -

and F,.. respectively, th&=VC1 and FVC2 together with the T

) ) T; =2,
opamp act as an analog frequency comparator. Depending ¢ V(Fln)L.__,_i‘:,_|_,_|_l_‘ Time
the voltage difference betweéf),; andV,,., the opamp output ;
voltageV,, will increase or decrease the VCO oscillating fre- ) CMT_H AT n
quencyl,. until the voltagel;,,» becomes equal to the voltage T
Vin1 . Atthe time wherV/,» reached’,,; , the output voltag@’, n T M Time
ceases to vary and keeps the VCO oscillating at a constant fre-
quency. Of course, as in any negative feedback system, the sig-2. Fvc. (a) Basic architecture. (b) Logic controller block. (c) Control
bility of the proposed design is carefully realized by the propeignals.
compensation of the opamp feedback loop in order for the de-

Time

@21

sign to work properly. _ If Vin, of (4) is replaced by the expression given by (5), we ob-
From Fig. 1, the opamp output voltage which represents tig, the expression of... in term of the input reference fre-
control voltage(V..,) of the VCO can be expressed by qUENCYF,, that is,
A M Kf'vl
V::tr— 1+KA‘/1111 (1) FOSC_N.KfrUQ 'Fref- (6)
with If the converter§VC1andFVC2exhibit the same characteris-
1 tics (if their components are matchddy,» = K¢,1), the VCO
K= i “Kyp - Ko (2) oscillating frequency,.. will be related to the input reference
frequencyF,.; by
whereA, K,,¢, andK s, are the gains of the opamp, the VCO, M
and theFVC2, respectively. Foo. = — - Fref. 7)
If the dc gainA of the opamp is very high, (1) can be simpli- N
fied to lead to Inthe case wherg/ andV are equalF,. will be equal toF};.
1 M It is important to note that the FVC used here acts as an in-
Vir=—= Vini= ——— Vin- (3) verting amplifier (e.g., its output decreases when its input in-
K Kop - Ko creases and vice versa), therefore, the right opamp connection

From (2) and (3), we can derive the expression of the VCO Ossr]ould be car_efully considered. It follows that, in the phase
cillating frequencyFy.. space, the action of t_h_e feedback branch compose_d by the_VCO,
the FVC2 and the divider byM can be characterized by in-
M verting amplifier. In these conditions, the transient behavior of
Fose = Ky Verr = 7o - Vint (4) the FLL feedback loop will be mainly predominated by the
Jv2 opamp characteristics. Therefore, the stability of the FLL circuit
could be simply realized by Miller compensation of the opamp
as verified by Hspice simulation. This is an interesting feature
1 since in this case we do not use a low-pass filter as in the case
Vin1 = N Koy - Fret- (5)  of a conventional PLL.

with Vi,; equal to
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grated during the tim&1 which is equal to half of the period
of the input signal1/Fin), the total charge of’1 is then di-
rectly proportional to the half period of the input waveform. This

Icl Icl Icl

Mpl Mn3

charge should be then transferred to capacit®rto be stored
as an indication of the input frequency which is accomplished
5 .—_I' f/-\\i ﬂ '_:I_ in the following way: just after capacit@r1 is isolated from the
rest of the circuit, signab1 goes to its high level for the short
l CII CZ__I_- ]_ I I periodr; and turnsoN transistorMn3. Meanwhile, sincevipl
Gnd  andMn2areoFF, the charge stored in capacitol and the ini-
e b ©) tial charge stored in capacit@r2 are then distributed equally
_ _ _ _ between these two capacitors [Fig. 3(b)]. It is important to note
Fig. 3. Different operation steps of the proposed FVC. (&) Charging of o 44 nsistoMn4with drain and source short connected acts as
capacitorC'1. (b) Charge redistribution af'1 andC2. (c) Isolation ofC'2 and
discharging ofC'1. a dummy switch and its main purpose is to minimize the voltage
errors associated with charge injection effect when the transistor
Mn3is alternatively turnedN andorFr. Once the charge distri-
bution of C1 andC2 is completed, transistdin3is turnedoFF,
The FVC used in the FLL is presented in Fig. 2 [6]. It isherefore, capacito€2 is isolated from the rest of the circuit
composed of two equal capacitdrg andC2 (C'1 = C2 = ), and holds its charge safely during the second half pefipdf
a current sourcé,, a set of transistorsMpl1, Mn1, Mn2, Mn3, the input signal [Fig. 3(c)]. When the sigrl returns to zero,
andMn4) that act as switches [Fig. 2(a)], and a logic controllesignal®2 goes up for the short time period and turnoN the
block (LCB) which generates the signdld and®2 [Fig. 2(b) transistorMn2 which discharges capacitérl [Fig. 3(c)].
and (c)] that control transistofgn2, Mn3, andMn4. ¢1 and If the input signalV (Fin) to this circuit is a square wave-
$2 have the same frequendy,; as the input reference signal,form of a frequencyin and with 50% of duty cycle, the FVC
but, with narrow pulsewidths that are equal, respectively, to tleetput voltage can be expressed in ternd'ef by the following
time required to discharge capacit@t and the time required to relation:
accomplish the charge redistribution operation betwg&gand I T I 1
C2. The pulsewidth of®1 could be evaluated using the time Vout = — <—) == < ) : (8)
constant given byC'1 + C2) times theoN resistor of transistor Cl\2 ¢ \2Fn
M4, whereas the pulsewidth éf2 could be evaluated using thegqyation (8) shows that the FVC output voltage is inversely
time constant given by’1 times theoN resistor of ransistor ,onortional to the frequendyin of the input waveform which
Mn2[Fig. 2(a)]. In the presented design, the pulsewidth®df .14 he understood as an inversion in the phase plan.
and®2 are approximately equal to 2 ns each. _ Referring to (8), the minimum and the maximum limits of
_ Transistorgvipl andMnlare controlled Q|rectly by the input ¢ frequency operating range of the FVC can be fixed by the
signal, and are turnedN and OFF alternatively at the rate of charging current., the value of capacita®’1, and the minimum

the input signal frequency. The FVC uses, in afirst step, the tWaq the maximum values of the output voltage. These limits are
signals (1 and®2) together with the reference signal to Chargﬁiven by

the capacitor”1 by the constant curredt during one-half pe-

}d Since accumulated charge of capacitdr is the charge inte-

Mn!

A. FVC

riod of the input waveform. Then, in a second step, the initial P _L < 1 ) )
charge ofC2 and the accumulated charge(@f are equally re- B0\ Viax

distributed in order to produce the output voltage that will be I 1

held by capacitor>2. Fonax =55 <Vmin) (10)

The detailed operation of this proposed FVC is presented
in the following. During the half period’1 where the input SinceV;.., andV,,;, of the output voltage are limited by the
signal V(L;n) is at its low level, transistoMpl is turnedoN negative and positive power suppliés,;, andF,,., of the op-
while Mn1, Mn2, and Mn3 are oFF, therefore, capacito€'l erating frequency range of this FVC could be fixed by the proper
will be charged by the constant currehit during the timel'l  choice ofI. andC.
[Fig. 3(a)]. TransistoMnlis included here to keep the voltage In order to determine the time resporiEe of this FVC, we
of the nodeX [Fig. 2(a)] at a low voltage level when the inputneed to find the expression that relates the electrical charges
signal is high, therefore when the input signal changes from tbeC'1 and C2, which is similar to the expression that relates
high level to the low level, capacitaf'l will begin charging the output voltagé’,.; and the voltagé ¢, of capacitorC1. If
from a very low voltage. This will eliminate the voltage errothe frequency of the input signal is constant and capacidrs
that could be introduced by the transient spikes that show apdC2 are equal, then the output voltaljg,; will progress in
during the switching of transistdvpl in the case where tran- time in the following way. After the first periody/..; is equal
sistorMn1 is not used. to the half of Vi¢; (this is the result of the charge redistribution
When the input signal switches to its high level, transistdretweenC'1 and C2). Similarly, after the second period,.;
Mpl is turnedorF andMnl is turnedon, therefore, capacitor will be increased by the quarter Bi:; (the half of the difference
C1 ceases charging and is isolated from the rest of the circlietweenV ¢; andVy,), and after the third periol,,; will be
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Fig. 4. Schematic of: (a) the VCO of the FLL of Fig. 1; (b) its basic differential cell; and (c) its bias circuit.

increased by the eighth &fc ; and so on. This progression can Finally, in order for this circuit to operate properly, the max-
be expressed by the following equation: imum frequencyf,..x should be selected to respect the fol-
lowing relation:

Lye. 1)

1 1 1
‘/outzﬁvcl‘i‘?vcl‘i‘ﬁvcl‘i‘"""ﬁ

1
-Fmax S 15
5 (15)

T+ T2)
Here,N is aninteger and is equal to the total number of cycles f 71 andr, are set, for example, to 2 ns each, then from (15),
the input signal corresponding to the time over which we wouttie maximum frequency limit of this FVC would be equal to
express the output voltadé,,;. Equation (11) can be simplified 100 MHz. Here,; and, are determined respectively by the

and arranged to lead to time required to discharge capacit@i and the time required
to accomplish the charge redistribution operation betw@&n

1 andC2. One way to overcome this FVC maximum frequency

Vour = Ver <1 — 2—]\) (12) limit and allow the circuit to operate at higher frequencies, is

to insert a frequency divider at the input of the FVC. As an
example, a division by 2 will push the maximum frequency limit
to 200 MHz, a division by 4 will push it to 400 MHz, and so on.
Following this, the presence of the dividers kg and by~ in

the FLL circuit of Fig. 1 is justified.

Using (12), the absolute errakV,,; corresponding to the
difference betweel ¢ ; andV,,,; can be expressed by

ichl. (13)

AVvout = |Vv0ut - Vcl| = oN

B. VCO

By examining the expression given by (13), it is obvious that to The schematic of the proposed VCO is presented in Fig. 4(a).

minimize the erro\V,,.., N should be very large, but, in fact, It is a differential ring oscillator composed of five delay cells

a small value ofV leads to acceptable results. As an examplgf'g' 4(b)], an output buffer, and an enable circuit. The enable
for N = 7, AV, is less then 1% and faV = 8, AV, is circuit is composed of two transmission gale$ andTr2, four

approximately equal to 0.4%. If we consider tadt, ,, = 0.4% transistoraMis1-Ms4, and an invertetl. This circuit is useful

corresponding tavV = 8 is acceptable, then the time responsfé’r testing purposes and for saving power when.the FLL is not
of the proposed converter could be approximated b used (e.g., in the idle mode). The output buffer is necessary to
prop PP y isolate the VCO from the other sub-blocks that require the VCO

outputs and to provide enough power to drive high-capacitive
Tr =8T (14) loads without disturbing the VCO operation. Since this buffer
changes the load capacitance of the last delay cell of the VCO,
where(1/T) is the frequency of the input signal. the delay of this cell would be different from the other delay
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Fig. 5. Folded cascode operational amplifier used in the design of the FLLFig. 6. Self-biasing voltage reference circuit used to generate the bias voltages
of the folded cascode opamp of Fig. 5.

cells of the VCO which is not acceptable in some applications
To reduce this effect, all the load capacitors of all the delay cell /
of the VCO are equilibrated by inserting the capacitors forme|voltage 4

by the gates of the transistovic1-Mcn [Fig. 4(a)]. Here, each
transistor has the same size as the input transistors of the out|
buffer and with the drain and source tied together to the pow| ¢

supply.

The schematic of the basic differential delay cell of this VCCH
is presented in Fig. 4(b). It is composed of two starved cros:
coupled CMOS inverters that are in the opposite states perm
nently and share the same source and sink currents that are u jgfi
to control the delay of this stage. Since the capacitances of tl;
output nodes of each delay cell are charged by equal currer
(the sink and the source currents), the VCO based on this del |#*
cell produces balanced output waveforms. Moreover, this a g =&
chitecture shows no static power loss, and the only losses &g
those attributed to the dynamic power consumption caused If
the charge and the discharge of the parasitic capacitances asi |,
ciated with the output nodes. The sink and the source currents |
each delay cell of the VCO are determined by the bias voltage
V, andV;, which are generated by the circuit of Fig. 4(c).

The operation of this circuit is described by the following:
transistorgvipl andMp2 form a voltage follower with thé1p2
acting as a load that limits the current flowing through these
two transistors. The aim of this follower is to shift up the inpu'- 7~ Complete layout of the proposed FLL.
voltage (V.i;) by a dc voltage equal t&;,, (the threshold of _
the transistoMp1). This is necessary to allow the circuit to opihe nodesV1 and N2 act as low-pass filters, therefore, they
erate over a wide range of the control voltddé,) especially eliminate or filter out the high-frequency transient components
when this voltage is very low. Transistok4n1 and Mn2 op- that could be coupled from the VCO.
erate in their linear region and act as resistors with the resistor
of Mn2being controlled by the voltadé.,, . Therefore, the cur- ©- ©OPamp
rent(V,) developed in this branch is determined or controlled The opamp used in our application is reported in Fig. 5. It
by the voltagé/.;.1 which is simply equal to the input voltageis a folded cascode CMOS opamp with an input stage made of
I plusVi,. The same current is mirrored and used to contrplchannel MOS transistors. Its biasing current is fixed by the
the delay of the differential inverter stage. bias voltaged/,i, Vae, Vi1, and V.. These bias voltages are

In order to achieve this task, we need to generate the desigatherated by the bias circuit of Fig. 6. This opamp has a wide
bias voltaged/, andV;, of this inverter. These bias voltages areommon mode range and presents the following characteristics:
simply generated by the current mirrors composed of the transisdc gain of 109 dB, a phase margin of9and a bandwidth of
tors Mp3-Mp4 andMn3-Mn4. To improve the high-frequency 2.2 MHz. The bias circuit of Fig. 6 is a self-biasing voltage ref-
response of this biasing circuit, we added two capacit6is ( erence constructed around high-swing cascode current mirror
and C;,) of 1 pF each that stabilize the bias voltagésand circuits and a resistoRp) that fixes the current source (15.3
Vp.These two capacitors together with the impedances seemn:A) of the current mirrors. For this circuit to operate properly,

Bias
Bias

Opamp |
> 4| Capacitors

” Capacitors
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Fig. 8. Open-loop ac characteristics of the folded cascode opamp of Fig. 5.

it is important that the width of transistd3 should beX times ground lines of the analog and digital parts were separated in
greater than the width of the transistdd where K is an in- the layout of the FLL; these lines would be connected together
teger and, in our application, is fixed to 4. Since this kind afutside the chip containing the die of the FLL [7]. Also, for the
bias circuit presents two stable operating points, one at the decuracy of the analog parts, multiple matched transistors are
sired current (15.3:A) and one at a current equal to zero, iused for the input stage of the amplifier and for all the current
requires a startup circuit that forces the circuit to move to thmirror circuits. This will beneficially reduce the channel length
right operating point once it is powered up. This startup circuihodulation and the process variation effects.
is composed of the transistdwis1, Ms2, andMs3(Fig. 6).

IV. SIMULATION AND EXPERIMENTAL RESULTS

lll. CIRCUIT IMPLEMENTATION OF THE FLL In this section, we present the Hspice simulation results of the

To simulate the FLL, we fixed the capacitafd andC?2 of FLL and its various blocks implemented in a 0.36+ CMOS.
the FVCs to 5 pF each and the charging curtgnis fixed to Fig. 8 illustrates the open-loop ac characteristics of the opamp
4304A [Fig. 2(a)]. The two dividers pedd andNV, whereM =  of Fig. 5 used in this application. The dc gain, the phase margin,
N = 4, are based on negative edge triggered D flip-flops arahd the unity gain bandwidth of this opamp are equal to 109 dB,
are dedicated to increase the maximum frequency limit of t8€° and 2.2 MHz, respectively. In Fig. 9, we depictthe FVC con-
FVC. Moreover, they also serve to transform the input and th@l signals®1 and®2 and the output voltage corresponding to
output frequencies to balanced signals with 50% of duty cyclen input square waveform with a period of 12 ns. From these re-
The operating frequency range of the VCO scales from 1614alts and as described previously, it is clear that the FVC output
256 MHz. voltage reaches its final value after 8 cycles of the input wave-

The complete FLL was implemented using the O.3B6- form.
CMOS double polysilicon and three metal process, and itsSimulation results of the complete FLL show that the circuit
layout is presented in Fig. 7. The total active area of the circuststable and very fast. To highlight the large transient behavior
is equal to 0.22 mi (= 361 xm x 593 um). Since this FLL of the FLL and to test its tracking ability, the FLL was simu-
design includes digital and analog parts, its layout was realiziaded with an input reference frequengy.: that changes from
with special attention to minimize the noise injection from th&71 to 230 MHz. The results of this simulation are depicted in
digital parts to the analog parts. For this reason, the power dfig. 10, where we present the variation of the different control
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Fig. 9. Transient response of the FVC to a square-wave input.

voltages of the FLL. The frequendy,.; is equal to 171 MHz
during the period of 0—1.ps and equal to 230 MHz in the pe-
riod of 1.5-6.5us. The depicted voltages are the output of the
FVC1 (Vi,1) that corresponds to the reference frequehgy,

the output of thé=VC2(V},,2) that corresponds to the VCO os-
cillating frequency.., and the output of the opanip.., ) used

to control the VCO frequency. These results prove the stability
and the capacity of the FLL to correctly track the changes asso-
ciated to the frequency of the input signal. From Fig. 10, the time
required for the FLL to adjust the frequency of output signal to
a change in the frequency of the input signal from 171 to 230
MHz is less than 2:s. A functional test of five samples of a first

version of this FLL shown in Fig. 7 proves that the proposec
FLL operates correctly as expected. Experimental results of tr
tested chips show that the FLL has a frequency dynamic ran¢Fres
(196-248 MHz) a little bit smaller than the frequency range ob
tained from Hspice simulation (161-256 MHz).

Fosc
V. FLL OFFSETCANCELLATION

Since the proposed FLL uses two separate FVCs that cou
show some mismatches because of the bad tolerance of their
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Fig. 10. Large transient response of the FLL.

F2

F3

tegrated elements, the FLL performance will be deteriorated i
such case. Indeed, any mismatch between the elements of b
the FVCs will be directly reflected as a frequency offset in the
FLL oscillating frequency. The major causes of this offset are
mismatches between the charging currents of the FVCs, and tne

;

a)
d1x
diy

T1 ' o2

o}

b)

capacitorg”1 of the FVC1andFVC2 Since the mismatch be-Fig. 11. Frequency-to-voltage converter with offset cancellation. (a) Basic
tween integrated current sources could be kept very small &ghitecture. (b) Circuit used to generate the control signals; the controller

using wide-swing or cascoded current sources and current nf
rors, the offset caused by the FVC charging currents is not too

H,r_nent is the object of Fig. 12.

critical and it could be neglected. On the other hand, the offdebrtunately, it is possible to completely eliminate the offset re-
caused by the mismatch of the FVCs capacitors is critical badlted from any mismatch between the two FVCs by using the
cause the tolerance of integrated capacitors could be as higlpegposed circuit of Fig. 11(a). The new circuit is intended to re-
30%, therefore, this kind of mismatch could not be neglecteplace the two FVCs used inthe FLL of Fig. 1 and is controlled by
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the signals generated by the circuit of Fig. 11(b). In this confic —U—‘—U—U—U—“U—u—u—"‘u—u“‘l_
uration, both FVCs share the same charging current source ¢ ~ -¢ L.~ . s

- ; X o 46 oo oo i) 1% St
the same integrating capacitoti, therefore, this circuit can be
considered as offset free. Capacit6fa: andC2y serve only as
storage elements and are used to hold the converted voltageskigr43. Control signals of the circuit of Fig. 12 for the case whirg and
responding to the reference frequency and oscillating frequén-- are different.

cies of the FLL, therefore, their mismatch does not induce any

offset. . o _ _ pulsewidth ofQ1 defines the conversion periddl mentioned
The mismatch-free FVC circuit converts, alternatively, duringreviously and is used to generate the sigriakvhich contains
one period of timg11) the reference frequendyi. and during - exactly N/2 pulses ofFy.;. At the same time (when th& N
another period of tim€Z'2) the FLL oscillating frequencyo...  signal returns to 0) and where the latch SR1 is reset, the circuit
During the period of tim@"1 the holding capacitof2y is iso-  gperation process is reversed &RiAatchesQ2that defines the
lated and the circuit converts a fixed number of cycles of thgne conversion period2. Since, in this cas& N is equal to 0,
reference frequency.; and stores the result in capaci@2z.  the input of the divider by is equal toF.... and, consequently,
In the period of timel"2 the holding capacito€2x is isolated jts output will return to 1 afterV/2 cycles of 3. In this case,
and the circuit converts a number of cycles of the oscillating frgne £ signal is equal to 0 during atleadt/2 cycles of F..
quencyl,. and stores the result in capacitoey. Therefore, |t follows that the signali"2 generated during the conversion
it is obvious that the two capacito€®2z andC2y are continu- period7'2 will contain exactlyN/2 pulses ofF,.. The switch
ally isolated from each other and store adequately the voltagemtrol signalsplz, ¢ly, and$2 of the FVC are then derived
resulting from the conversion df..; andFo... The circuit that  from the signalsF1, F2, andF3 whereF3 is generated from
generates all the needed control signals (the controller) to prgpr- andrF2 using anaND gate. In Fig. 13, an Hspice simulation
erly operate this new FVC is shown in Fig. 12. It is an asyfjystrates the control signal, F2, andF3 generated by this

chronous circuit composed mainly of logic gates, two set/res@introller whenZ,.; and £, are different.
(SR) latches, a frequency dividét/N), and two delay lines

(~1 ns each). The frequency divider is necessary to determine
the two conversion periodsl and72. These two periods are
not fixed, but track the FLL reference and oscillating frequen- One of the numerous interesting applications of the proposed
cies variation in such a way thdtl contains/N/2 periods of design is a high-precision VCO. This can be achieved by re-
Lier andT2 containsN /2 periods ofFogc. moving the dividerl/N and the frequency-to-voltagevVC1l

The operation of the controller is described here with the hepig. 1) and applying an input control voltage directly at the
of Figs. 12 and 13. When the divider outg#it V) changes from nodeV;,; instead of an input reference frequency. In this case,
0 to 1, the latctSR2is reset and its output is forced to stay at the VCO will be less sensitive to the power supply noise, since
the whole time where thE NV signal is equal to 1. Just after thisits oscillating frequency will be stabilized by the feedback ac-
moment, the circuit generates a pulse (the set sifmpivhich tion in such a way thaV,,. is equal toV;,;. Moreover, the
is synchronized with thé . to set the outpu@1 of the latch transfer characteristics of this VCO are determined by the FVC
SR1to 1. During this period of time where bofaV and21 are FVC2 whereas its frequency dynamic range is fixed by that of
equal to 1, the input of the divider péf is equal taF;.; and the the internal VCO. In these conditions, the output frequency can
divider output(ZN) will return to 0 after/N/2 cycles of F'3. be determined using the transfer function of FA&C2
In this case, th&ZN signal is equal to 1 during at leaat/2 Another interesting application of the FLL is its use as a con-
cycles ofF..;. When theE N signal returns to 0, the latctBR1 tinuous-frequency synthesizer by keeping the charging current
is rese{ @1 = 0) and stays at this state as longfa® = 0. The (I..¢) of the FVC that convertd'ref constant and replacing

Time (sec)

VI. FLL A PPLICATIONS
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the charging current/..s.) of the FVC that convert#.,.. by a [6] ——, “High performance integrated CMOS frequency-to-voltage con-

programmable current source. To get a clear insight of this, we verter,” presented at the Int. Conf. Microelectronics, Monastir, Tunisia,
’ 1998, pp. 63-66.

suppose that t_he two dividers of the FLL are equel = N) [7] D.J.Allestot, S.-H. Chee, S. Kiaei, and M. Shrivastawa, “Folded source-
and the capacitor§'l of the two FVCs are also equal. In such coupled logic vs. CMOS static logic for low-noise mixed-signal IC’s,”

case, it follows from (6) and (8) that the FLL oscillating fre- ~ 'EEE Trans. Circuits Syst, kol. 40, pp. 553-562, Sept. 1993.
quencyF,,. can be expressed by

Icosc
Fosc = < . Fref- (16)

Icver Abdelouahab Djemouaiwas born in Ras-El-oued,
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Therefore, it is now clear that by programmifig.sc. we can glree fror;ﬂ the University of Setiff, Setlif, (flgeria, th(;a
. Lo PTET : : electrical engineering Master of applied science de-
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VII. CONCLUSION

In this paper, we have presented a new architecture o ) . . .
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CMOS fully integrated FLL design. The new approach igrated circuits for different projects. In December 2000, he moved to Intrinsix
based on frequency comparison instead of phase comparigeamada Corporation, Kanata, ON, Canada, where he is a Senior ASIC Designer.
such as in the case of conventional PLLs. This design is

mainly composed of a new FVC, a VCO, and an operational

amplifier. The presented FLL does not comprise a low-pass

filter employed in the case of a PLL to guarantee its stabilit
but it is stabilized by the Miller compensation of the opam
In this application, a capacitor of 12 pF is used to compens
the opamp and is sufficient to stabilize the whole system. Lar
transient simulation results show that the system is very f
and works over a wide frequency range which is determin
(or flxgd) by the VC_:O total delay cells. A version of this circuil nique de Montréal, Montréal, QC, Canada. His sci-
was simulated using a 0.3 CMOS, and the results were entific interests include VLS| computer aided design,
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