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Efficient Architecture for Flexible Prescalel
Using
Multimodulo Prescaler

G SWETHA, S YUVARAJ

frequency and consumes large power. So, there must be
Abstract This paper An Efficient Architecturefor Flexible power reduction in the fitstage of
Prescalet)sing Multimodulo Prescalés an architecture which is Prescaler so it is an important one to realize the low power.
designed fromthe proposed yhamic logic multiband flexible
divider. The multiband divider consist of different Multimodulo
Prescaler by using different N/N+1 dual modulo Prescaler we get
different Multimodulo Prescaler. In this paper, it shows the power
reduction by using four Predeain one block is less than that of two
Prescaler in one block.
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Division operation is very important in the computer o

system. For division algorithm nonva dayéssemeo ¢ oLcmimitoss | % % % % H
hardware mdule divider. So many techniques are there to *

implement the divider. In synchronous technique it always
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I. INTRODUCTION

. Counter

i . ——
need clock signal to trigger the system. If we use that o
technigue it magause some problems, such as clock skew, | emuswaten
dynamic powerconsumption... etc. If & compared with Coute
synchronous systems, asynchronous circuits do not neec
system clock signals and thus the asynchronous system doe (} é é é é 0

1%

not have the shortcomings mentioned above.

Wireless communication has received increasing interest
for military and commerciapplicationsThe Wireless LAN
(WLAN) it operates in different frequency band,nvarketa
leading WLAN solutions must offer multhode I. DESIGN PARAMETERS
interoperability with transparent worldwide usagthe

) . i T In electronics, digital circuits and digital electronics, the
design for frequency synthesizers is for fast switching and fBFopagation delay, or gatielay, is the length of time which
high operating frequenciesThe synthesizer can be an ' '

inteaerN  tvpe with proarammable Inteaer  frequenc starts when the input to a logic gate becomasistand valid,
ey ype W prog . ger 1req Yat that timethe output of that logic gate is stable and valid.
dividers or FractionaN type synthesizerBy using dual

modulo Prescaler that is N or N+1 we can do fre uenWhen input changes it takes some time to reach 0.1% to
division AUENGY 994 of its final output levelf we reduce the gate delay in

the circuit, then the process will be faster and has a good
Frequency dividers (FDs) alsalled Prescaler which are performance

used in many communications applications such as Propagation daly increased due to temperatusapply
frequency synthesizers, timirrgcovery circuits and clock ygltage andoutput load capacitance. Thaitput of a logic
generation circuits. The Prescaler is loaded at the feedbagdte is onnected to many other gates (hitgm-out) the
path of the synthesizer, takes signal and generate aljgeriqpropagation delay increases substantially. Wires have an
output signal and frequency is fraction of the inpuhpproximate propagation delay of 4far every 6 inches (15
frequency. Prescaler @ne of the most criticddlocksin the  cm) of length. Logic gates cdrave delays ranges from more
frequency synthesizer since it operates at the highehtan 10 ns The operating frequency is decided by the
propagatio delay and it is calculated as

Fig. Lanew architecture of dynamic logieultiband flexibledivider

1
Fmax = toLH+EpHL (1)
Manusaipt received Feh 2014 PLH+IPHL

G SWETHA VLS| DESIGN, SRM UNIVERSITZhennai, India, In equation (1) tpLH is a low to high transition and tpHL

9962214181 is a high to low transition of the gatékhe totd power
S Yuvaraj ELACTRONICS AND COMMUNICATION ENGINEERING i t the CMOSidital circuits is determined b
SRMUniversity, Chennai, India, Phone/ Mobile No.9715340404 consumptuon of the aigital circunts 1s aetermined by
the switching and short circuit power. The switching power
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is linearly proportional to the operating frequency and is division ratio to divide bgitherN or N+1Wh en M=60 6,

given by thesum of switching power at each outpate asin - and D2 willform a divideby-4 with q3r e mai ni ng a't

) and NAND1 behaving like a NOT gatetWhen M=016

NAND2 will behave like aNOT gate and NAND1 will

Where n is the number of switching nodes, fclk isthe clock Ut put 6006 when botHencgg2wiland g

frequency, CLi is the load capacitance at the output node@fangefrom high-to-low after 3 cycles of élk, forming a

the i th stage, and Vdd is the supply voltalyermally, the divide-by-5.

shortcircuit power occurs in dynamic circuits whémere

exists direct paths from the supply to ground which is given

by

Pswrcame =Elaf ey

Psc = Isc*Vdd (3) e
Where bc is the shortircuit current.From this it shows o, ¢ e
thatthe shoricircuit power is mucthigher in ETSPC logic o b u
circuits than in TSPC logic circuitdVhere, TSPC logic ’ ¢ ¢ o
. . - . . . Q2 Q2 Qb
circuits exhibit higher switching power compared to that of kg o @ (
E-TSPC logic circuits due to high load capacitance. For the F
E-TSPC logic circuit, the shaodircuit power is the majo o
problem. The ETSPC circuit hathe merit of higher e
opemting frequency, but itonsumesnore power than the
TSPC circuit does for a given transistor size Fig. 3 Divideby- 4/5 Prescaler
ll. Dual modulo Prescaler ¢) 8/9 Prescaler
The Fig. 4 is a dividethy-8/9 Prescaler it consist of two
a) 2/3 Prescaler divided-by 2 and divideeby-2/3 Prescaler. According to MC

logic it operates in dividedy-8 or dividedby 9.

Qb2

Clk

Fig. 2 SinglePhase Clock 2Rrescaler

In conventional 2/ 3 Prescaler u FigdgDivided QYo Prd3ceF 6 s . DFF1 i s
loaded by OR gate and DFF2 is loaded by DFF1, an AND
gate in the output stage which makes a larger load. A I 16/17 Prescaler
power and improved speed 2/3 Prescaler implemented in the
TSPC logic format. Fig2 shows the Prescaler which uses
two embedded NOR gates instead of an OR, AND gate for the
conventional 2/3 TSPC Prescaler. This arrangement reduces L

the switching nodes 12 to 7 and consumes less power
compared to the conventional 2/3 Prescaler.

The contrbsignal MC selects the divide by 2 or 3 mode. =~ _,
When MC is logic 1 DFF1 will disconnect from the power
supply and DFF2 alone work to form the dividg2
operation. Therefore the short circuit power and switching

power DFF1 is removed. When MC Low both ffipps
combine give the dividey-3 operation.

Fig. 5 Dividedby-16/17 Prescaler

The block diagram of the dual modulus 16/17 Prescaler in
b)4/5 Prescaler fig.5 consist of a synchronous divideg2/3 stage andma
) asynchronous stage with division ratio of 8.By combination
It dependson the logic value at MOwhen MC = 0 the yjth other logic gates, the division ratio of 16/17 is realized
division ratio is 4 if MC = 1 then it operate in the divisiongnd it control the modulus control signal.

ratio 5.A modulus control signaly, is used to control the
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When Sel = 1, the inverted output of the NAND2 gate is
directly transferred to the input of 2/3 Prakr and the
. MULTIMODULOS 32/33/47/48 PRESCALER  Multimodulo Prescaler operates as a 47/48 Prescaler, where
] ) the division ratio is controlled by the logic signal MOD. If
The proposed wideband Multimodulo Prescalefic= 1, the 2/3 Prescaler operates in divige3 mode and
which can divide the input frequency by 33,317, and 48 is \yhen MC=0, the 2/3 Prescaler operates in diige mode

shown in Fig. 31t is similar to the 32/33 Prescaler used inyhich is quite opposite to the operation performed when
but with an additional inverter and a multiplexéthout any  gg|=q.

extra flip-flop it can also perform 47 and 48 and also it saves o )

the power, reduces the complexityThe Multimodulo If MOD = 1, the division ratio N+1 performed by the
Prescaler consists of the wideband 2/3 (N1/(N+1))Prescaldpulti modulus Prescaler is same as except that the wideband
four asynchronous TSPC dividiy-2 circuits ((AD)=16) and Presca}ler operates in the divibg3 mode for the entire
combinational logic circuits to achieve multiple divisionoperation given by

ratios. Be_s_ides the usu_a! MOD signar_innntrollin_g N/ N + 1 = ((AD *(N+1))+(0*N)) = 48

(N+1) divisions, the additional control signal Sel is used to (6)

switch the Prescaler between 32/33 and 47/48 modes.
If MOD = 1, the divisionratio N performed by the Multi

Modulus Prescaler is

N=((AD-1) * (N+1))+ (1*N) =47 )
Fin6— CLK Q30K QYK (1K QLK oo

Fo For dividedby-2/3 Prescaler we get32/33/47/48
Fiaoe 2 1 1 1 Multimodulo Prescaler. In that way in the place proposed 2/3
Prescaler if we keep 4/5 Prescaler we get 64/65/79/80
Multimodulo Prescaler. And for 8/9 Prescaler we get
128/129/143/144.In the same way for 16/17 Prescaler we get
256/257/271/272 Mitimodulo Prescaler.

MC ®

IV. MULTIBAND FLEXIBLE DIVIDER

a) Program Counter

The program counter is responsible for counfrulses
Fig. 6 Multimodulo Prescaler of Slow CLK before outputting a pulse to the
phase/frequency detector and resetting itself and the swallow
counter. The implementatioused in this project, using a
M Case1:S=606 7-bit ripple counter, a-bit comparator, and a zedetector

When Sel=0, the output from the NAND2 gate is directli shown i.n Figure. The ripple counter is clocked by Slow
transferred to thenput of 2/3 Prescaler and the Multimodulo LK, and increments its count by one each clock cycle. At

Prescaler operates as the normal 32/33 Prescaler, Wheret %h stage, th;l?it g.c;mp?kr]ator c?mlpa}res leadx(tjmt ?'t tto 0
division ratio is controlled by the logic signal MOD. If € corresponding bit in the control signal, and outputs a

_ : " for each equal bhit. When the zedetector detects
g/lncd_v%/hg:]el\%s tifsz(/:g'Errec;%zztregpgﬁ;iﬁg?ﬁggﬂe equivalence in all of the 7 bits, indicating that the desired
mode. If MOD =1. the NAND?2 gate output switches to count has been reached, Fout is driven high. On the next

logic-1& (MC=1) and the wideband Prescaler operates in tI‘fJeOCk cycle the program counter is reset to zero and the count
divide- by-2 mode for entire operation is restarted. In addition, the output pulse on Fout is used to

reset the count of the swallow counter, indicating the end of
The divsion ratio N performed by the WMtimodulo one complete cycle of the frequency divider.

Prescaler is The ripple counter is implementagsing 7 cascaded

N = (AD*N)+(0*(N+1)) = 32 D-type flip-flops, each arranged in a toggle configuration.
(4) The output of each fliflop is used to clock the next fhfiop.
Where N=2 and AD=16 is fad for the entire design. If Since the output of each fljop inverts on every clock cycle,

MOD=0, for 30inputclock ycl es MC r e ma ie?iCE fllpgolp espeqt IL|y %'V'desits clock o, causing the
where wideband Prescaler operates in diige€ mode and next stage of the ripple counterto be clocked at half the rate
for three input cl ock£wheel %fsthe PG usrf!éorﬂ%oi ﬁ}g%h flgﬂ?p oy T ed. t
the widebandPrescaler operates in the divibg3 mode. resppndtot e fallifig edge of its clack, when't € output o he
The division ratio N+1 performed by the MultimoduloPreVious stage _changes frqm TS 0 In this way
Prescaler is incrementing binary count is achieved with the outputs of
each flipflop forming the bits of the count. Since the
N + 1 = ((ADT 1)*N)+(1*(N+1)) =33 program counter containsbits, any count between 0 and
(5) 127 can be set by the control signal. It is important to realize
however that irorder to achieve a division ratio as specified
in the equatiodIV=NP+S, the control signal must be set to

M Case2: 51 P-1, since the zerstate is included in the count.
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block diagram of the swallow counter is provided in Fegur
By looking at Figure, the similarities between the swallow
counter and the program counter are apparent. Once again,
the count (€bits in this case) is maintained using a ripple
counter comprised of cascaded {flipps clocked with Slow
CLK. In additian, a comparator compares each count bit with
its corresponding bit in the control signal, and a
zeradetector asserts modulus control when all bits are equal.

Fout

Comparision hit =0 when

e o Dt However, the swallow counter does not reset when the count
is reached, but masks the input clacting an AND gate
8 4’ connected to the inverse of modulus control. As a result, the
= © Bt R ) ripple counter stops co_un_ting vv_hen_ the count is reache(_JI, and
T the state of the circuit is maintained until a reset signal
T-Hi Gl (SwallowRST) is received from the program
Bitl it2 Bis Lil}
D g} 1 0 —
o T ampmeaien o= | n g |
-1 g e - Lore Brivcte
S]WCLKT |

& - Min Commparwies (XOR Ay )

Fig. 7 Block Diagram Of A it Program Counter

ol |na e ) =y Bit5

Program Counter Implementation 17 ' [ Tl 3
B | ¥ 4Lk ] ¥ ar=

It is posgle to see the three major components of th
program counter implemented using MCML logic gates. A |
the input of the counter, an array of 7 fflpps is used as the
ripple counter. The outputs of the ripple counter, taken fro
the outputs of each of thilp -flops, are fed into an array of 7 Fig.8 Black Diagram Of 6bit Swallow Counter
XNOR gates. The XNOR gatesompare each bit with the
corresponding bit in the control signal, outputting a logical
M6 when the bits are equal .scduhtdrinpleh@itationhi s 1 ogic i s i n\
compared to the description of the congiar in the previous o )
section, the zerdetector is implemented as a etector _ 1h€ 6bit ripple counter implemented as an array of
using a tree of cascaded AND gates. In this way, the overiiP-flops, and clocked with the gated clock provided by the
logic of the circuit is unchanged, and the output pulse can AP of Slow CLK and modulus control. In addition, the

generated without any additional logic. Anotherfatifnce Ccomparator is implementeds @n array of MCML XNOR
seen in Figure is a sep&autput, Swallow RST, and somedates, while the zerdetector is actually implemented as a
’ ' onedetector using a tree of cascaded AND gates. Unlike the

simple circuitry used to generate it program counter however, no additional circuitry is
SwallowRST is used internally to reset the ffipps of hecessary to generate the reset as the reset is received fro

the program counter, and externally to reset theflilips of the program counter by means of the SwalRBT signaBy

the swallow counter. Sind@e farout of the reset signal is implementing individual block and placing the entire blocks

high (7 flip-flops in the PC, and 6 in the SC), the reset sign& new block diagram of dynamic logic multiband flexible

is broken into two paths and driven using separate MCMdivider is formed.

buffers. In early simulations, these buffers were absent and

the reset signal could not provide egbicurrent to drive the

input capacitance associated with the-flgps. Swallow |. OPERATION

RST was generated using an gpproach that guarantees Always clock is high and thegﬂt control sign&of
D Eop e i 19 Pt dounte h806obana it gl ¢ 2P P € ¢
p P y Fin. Swallowcounter i011000The output is show below in

cycle immediately following Fout going high, the pulse iSfabular form with different Prescaler and Mux inputs the

sampled by the fliglop, generating SwallowRST and ; o
resetting both the program counter and the swallow count@H'tPut will be varied in to 2/3, 4/5, 8/9, 16/17 Prescaler and

To ensure that the reset signal is removed before the ngXgcutes Multimodulotiéscaler in the graph which is shown
clock cycle, the reset signal is fed back to its generatifRflOW tabular form and it is done with HDL program.

flip-flop through a delay chain comprised ofdamuffers.

¢ B e Piegerm e

a) Swallow Counter

The swallow counter, as indicated in Figure, is used to
count S pulses of SIowCLK before asserting the modulus
control signal and changing the modulus of the DMR.té
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TABLE |
) ] Output Multimodulo
Prescaler input Mux input
Prescaler

10 00 2/3 32/33/47/48
11 01 4/5 64/65/79/80
00 10 8/9 126/127/143/144
01 11 16/17 256/257271/272

When Prescaler input is 10 and Mimput is 00 the output is 2/3 Prescaler that is 32/33/47/48 Multimodulo Prescaler
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When Prescaler input is 00 and Mux input is 10 the output is 8/9 Prescaler that is 128/128/143/144 Multimodulo Prescaler.

10 1 |
il oL 1] 00
|
i
1 1 1
| |
10 1 |
11 01 10
1 I 1 I ]
IL LI n
UL JULTLII LU LILLILTULILIL{LLIL
U IJIJU{HI T |'LI1I'IJ'II'I.|_LI_L

20000 ns S0000 s S0000 e

<
100 ns - 12300 ns—

—_|_—I_i— 12900 ns—] 25300 ns [—— 14400 ns—]
12900 ns

When Prescaler input 01 and Mux input 11 the output is 16/17 Prescaler that is 256/257/271/272 Multimodulo Prescaler.
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