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TRANSI STOR BACKGROUND OF THE | NVENTION Field of the Invention The present
i nvention generally relates to. the design of high-speed prescaler
circuits. Mre particularly, this invention relates to a circuit and a
met hod for creating high-speed CMOS dual nodul us prescal ers using
pul | -down transistors. Description of the Prior Art. There have been few
attenﬂﬁga%ﬁﬂthe past for the CMOS design of high-speed dual nodul us
prescal ers where | ow power consunption and hi gh speed have been considered
the stringent requirenents. The speed of these prescalers gets further
degraded due to. additional |oads fromgates and flip-flops to achieve high
di vided-by 1 | MEQ2-0Q7 value. In general, the speed of the prescalers
consi sting of high-speed synchronous .

A HIGH SPEED CMOS DUAL MODULUS PRESCALER USING PULL

DOWN TRANSISTOR

BACKGROUND OF THE INVENTION

.Field of the Invention

The present invention generally relates to. the design of high-speed prescaler
‘circuits. More particularly, this invention relates to a circuit and a method for creating

' high.-Speed CMOS dual modulus prescalers using pull-down transisfors.

Description of the Prior Art:

There have been few attempts in the past for the CMOS design of high-speed dual
modulus prescalers where low power consumption and high speed have been-
considered the stringent requirements. The speed of these prescalers gefs further

degraded due to additional loads from gates and flip-flops o achieve high divided-by-
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~counter§ i'sSTTimted by the deray of feedback criticatrpaths—tnm the prior-~-—
art, in nost cases., logic gates are used in the feedback critical 1
paths. U S. Patent 6,369,623 Bl (Heinen) "G rcuit Configuration for a
Frequency Divider" describes a frequency divider with a prescal er which

i ncludes two dual nodulus dividers. U S. Patent 6,067,339 (Knapp et al.)
"Frequency Divider with Lower Power Consunption" describes a dual nodul us.
prescaiMeoz-pewi ng flip-flops. U S Patent 6,219,397 (Park) "Low Phase Noise
CMOS "Fr act i ondl’- N Frequency Synthesizer for Wrel ess Comruni cati ons”
describes a frequency synthesizer with a prescaler which includes a two

modul w8lYs:. egeneral fiei spgedtof teapresoaters tdridiingiof h}éh—sﬁ;eéaaéﬁﬁﬁroﬁﬂéél 693
t  Using rged

(Jayaranman) "Low Vol tage Dual - Modul us Prescal er Crcul

Ps eud coDhifere isclimited] by 6@ delaylesReHBES &i d ' pseudo
differential |ogic. %i NEOg-OO7 (Yang,'twgfb%tﬁ%Mﬁ%%gf&%#gg’* -

Pr escabgic gBtesedle @ded i feBabad cHitRal ﬁ&atng_r ee D-Flip Flop" shows a dual

modul us divide by 1281129 prescal er which uses a new

U. S. Patent 6,369,623 B1 (Heinen) *Circuit Configuration for a Frequency Divider"

describes a frequency divider with a prescaler which includes tWo dual modulus

dividers.

" U. S. Patent 6,067,339 (Knapp et al.) "Frequency Divider with Lower Power

- :C__)oh'sumption“ describes a dual modulus prescaler using flip-flops.

U S. Patent 6,219,397 (Park) "Low Phase Noise CMOS Fractional-N Frequency
" Synthesizer for Wireless Communications" deécribes a frequency synthesizer with a

prescaler which inciudés a two modulus prescaler having at least one flip flop.

U. 8. Patent 6,157,693 (Jayaraman) "Low Voltage Dual-Modulus Prescaler Circuit

~ Using Merged Pseudo-Differential Logic" describes a dual modulus preséalér using

pseudo differential logic.




“"char ge sharing dynam ¢ D-Frip Fop fortigh speed—and—tow power—operation. ——
(Craninckz, et al.) "A 1.75-GHz/ 3-V Dual Mdulus D vided by 1281129
Prescaler in 0.7um CMOS shows a dual nodul us divide by 1281129 prescal er
‘whi ch uses synchronous high speed for only one divided by 2 flip flop.
Synchronous neans the clock goes to each flip-flop. The remai nder of the
prescz?ﬁgé;f es an asynchrgonous divider. '(Tang, et al.) "A H gh-Speed Low
Power by 15116 Dual Modulus Prescaler in 0.6 um CMOS" describes a
'synchronous “Count ef ‘which" neans that the clock goes to each flip-flop. The

d d Thi I
Goes nottTh ééﬁﬁgpﬁiﬁii%@gse(’ggﬁ@?a@gﬁ%%%i BRaan s Netw Ghaeshding: G Cnes
Dual - P Ne D T Flip-Fl d b
i gh ?%%Q*EP%E@F%L @cdve?madé“msé’%ﬁé%acmﬁ?aiares'@@gw%wimi;%éwes ]
asynchyponous, coun 02-007 (Foroudi, et al.) "CMc)S Hi gh-Speed
Dual - YRl 8haRng éﬁ‘@}}c B‘ YRiElopriar higl speed god ey psyer npetationdescr i bes a

circuit which utilizes level-triggered differential |ogic

(Craninckz, et al) "A 1.75-GHz/3-V Dual Modulus Divided by 1 281129 Prescaler in
0.7um CMOS shows a dual modulus divide by 128/129 prescaler which uses
synchronous high speed for only one divided by 2 flip flop. Synchronbus means the

clock goes to each flip-flop. The remainder of the prescaler uses an asynchrohous

divider.

{Tang, etal.) "A High-Speed Low-Power Divide-by-15/16 Dual Modulus Prescaler in
- 0.8 um CMOS" describes a synchronous counter vv.rhich means that the clock goes to
. each flig-flop. The remainder of the prescaler uses an asynchronous divider. This

prescaler does not have the NAND gate between stages.

(Chang, et al.) "A 1.2 GHz CMOS Dual-Madulus Prescaler Using New Dynamic D-
Type Flip-Flops" describes a high speed prescaler which contains a synchronous

counter and an asynchronous counter.




"t o produce a owpower;high~—frequency—circuit--function—4—t—Me62-0067——
SUMMARY OF THE INVENTION It is therefore an object of the present invention
to provide a circuit and a method for high-speed prescaler circuits. It is
further an object of this invention to provide high speed CMOS circuitry
for dual nodul us prescalers which utilize pull-down transistors. The
objects .of this.invention are achieved by a high speed CMOS dual nodul us
prescaler circuit made up of data or D-flip flops connected serially where
the fl IME=ORIOOD positive output Q of stage N is connected to the D-input of
the N+1 flip-flop stage. It is also made up of a P-channel netal oxide

sem conductor field-effect transistor, PMOS FET whose gate is -connected
to the negative output of a | ast stage of the serial chain of D -flip
flops and an N-channel netal oxide sem conductor field effect transistor,
NMOS FET whose: drain is connected to the PMOS FET. It is also nade up of a
two input. NAND. gate whose one input is the positive output of the |ast

flip-fl offwbudihet algricMOSHIgN-Speed Dual-Modulus Frequency Divider for RF
Frequency Synthesis" describes a circuit which utilizes level-triggered differential logic

to produce a low-power, high frequency circuit function.




of 7 D=fIip flops and whose second Tnputisa mode controt—si-gnat—and-whose-——
output drives the gate of the NMOS FET. A second NMOS FET has a gate which
is attached to the drain of the first NMOS FET, and a second or final

D-flip fl op whose data input cones fromthe positive output of the

previous D-flip flop. The high speed CMOS dual nodul us prescaler circuit

has a {Id rozt -J{}fl ip flop whose clock input has a frequency known as a

ci r,cui El,_'fJ)H frequency, Fin. The output of this prescaler circuit has an -
output frequency, Fout. The f"r'éq'uency' di'vision which results fromthis

prescaler circuit is a (n+2)] mnus | if the 5

| MEO2 007 node si gnal 2% equal Sé&g&%ﬁ&y@ﬁ?ﬁ{) a divide by [2 to the
power (n+2)] counter, which results when. the node signal 250 is |ow. The
above and ot her objects, features and advantages of the present invention

wi || hr nders%ood fromthe follow ng detail ed description taken in
conj unct h WEEIRre 8R obirct ehibeRrerentdnysatieg 4o peovide a circuit and a methed for

high-speed prescaler circuits. It is further an object of this invention to provide high
speed CMOS circuitry for dual modulus prescalers which utilize puli-douﬁn transistors.

The objects of this invention are achieved by a high speed CMOS dual modulus
prescaler circuit made up of data or D-flip flops connected serially where the flip-flop
positive output Q of stage N is connected to the D-input of the N+1 flip-flop stage. ltis
also made up of a P-channel metal oxide semiconductor field effect transistor, PMOS
FET whose gate is connected to the negative output of a last stage of the serial chain of
D-flip flops and an N-channel metal oxide semiconductor f eld effect transistor, NMOS -

' FET whose dram Is connected to the PMOS FET. Itis also made up of a two mput |
NAND gate whose ¢ne input is the posmve oufput of the last flip-flop of the serial cham -; :
of D-ﬂtp ﬂops and whose second input is a mode control signal and whose output dnves
the gaie of the NMOS FET. A second NMOS FET has a gate wh:ch is attached e} the
drain of the ﬁrst NMOS FET, and a second or final D-flip flop whose data input comes
from the positive output of the previous D-flip fiop.

The high speed CMOS dual modutus prescaler circuit has a first D-lip flop wh.ose
clock input has a frequency known as a circuit inpﬁt frequency, Fin. The output of
_ th'is_prescaler circuit has an output frequency, Fout. The frequency division which

results from this prescaler circuit is a divide by [2 to the power (n+2)] minus 1 if the




~TNEO2-007 BRI-EF DESCR-PTHON-OFFHE-DRAW NGS—Fi-gr—t—shows—t-he—frai-p————-——

enbodi nent of this invention with a specific inplenentation of a divide by

314 dual nodul us prescaler. Fig. 2 shows the nain enbodi nent of this
invention with a general inplenentation of a divide by [2 to the power

(n+2)] mnus | and 12 to the power (n+2)]. 7 ..~ EO02-007 DESCRI PTION OF THE

PREFERRED EMBODI MENT Figure 1 shows a main enbodi nent of this invention. It

shows the specific case of the dual nodulus or dual nodes of divide by 3

and di vivgez-boy 4. The figure shows two D-flip flops 111, 151. Both of these

flip-flops have a clock signal attached. The clock is |labeled Fin 110 to
denote that the frequency of this clock input signal is equal to Fin. The

-dat a i npulode sigrat 250 syublsi ag bp@osbaltolasd.@%gﬂgqo %&g (ﬁggﬁack signal,

whi ch cones fromthe negative out put (2N ffrom
f1i p-fl opwhich.resuits when the mode signal 250 is low.

The above and other objects, features and advantages of the present mventlon will

be better understood from the following detailed description taken in conjunction with

the accompany:ng drawings.

§PUREE " second




Thé out put —of the second ftip-ftopt5i-is—tabeted Fout—130-to-denote-that— —
the frequency of the second flip-flop 151 has a frequency equal to Fout.
This output frequency, Fout 130 will be equal to Fin/3 or Fin/4 depending
on the logical bit setting -of the node signal M If node 150 equals 1,
Fout 130 equals Fin/3. If node 1.50 equals 0, Fout 130 equals Fin/4. In
figure 1, the two input NAND gate 121 has two i nputs, which are @ 140 and
t he mM4€O0BIPnal 150. The out put of the two-input NAND circuit 121 is 160.
This signal 160 goes to the gate of a first NMOS FET device M2 141. The
source of NMOS FET goes to ground 180. The drain of this NMOS FET M2 141
is connected to the drain of a PMOS FET device M3 131. The drain of NMOS
FET M2 141 is also _connected to the gate of a second NMOS FET device ML
161. .a | MEO2- 007 ThBRIBGDESERIATE HEDRAWINGSMVB 131 is connected to
the vdd power supply 190. The gate of PMOS device M3, 131 is connected to
the negative output @@N, 120 of the second flip flop 151. The gate of the

PMOS FET MB 131 is also connected to the data input of the first flip-flop
111.

Fig. 1 shows the main embodiment of this invention with a specific

imp!ementation of a divide by 3/4 dual modulus prescaler.

Fig. 2 shows the main embodiment of this invention with a general
" implementation of a divide by [2 to the power (n+2)] minus 1 and

[2 to the power (n+2)].




TheTdrain of the second NVOS-FET devitce M, —161-+s—connected-to-Node~-€——
195, which is connected to the positive output of the first flip-flop 111
and the data input of the second flip-flop 151. The source of the NMOS FET
device 161 is connected to ground 180. Wen the node signal 150 is high
and the positive output 130 of the second flip- flop is high the output 160
of the two input NAND 121 is low. This causes the voltage at the gate of
NMOS FET device M2, 141 to be low. This results in the charge up of Node B,
170. TWEEz-edentual|ly causes the second NMOS FET ML, 161 to turn ON. This
device, ML 161 pulls down Node C, 195. The result is a divide by 3 counter
as opposed to a djvide by 4 counter, which results when the node signal"”
150 =i s' |ow WRRSCRIP Qff §HE PREBERREDFEMBOBRIMENGuUt 160 of the two
i nput NAND 121 is high. This causes NMOS FET M2 to turn ON. This
di scharges Node B, 170 causing NMOS FET device ML 161 to turn OFF. Wth
device ML 161 OFF, there is no pull- down of node C 195. Therefore,
D-f1ip-flopiguel shovsia widin empedment $ this imvention. t@huwe ehd¥pebifcostaer . 9

of the dual moduius or dual modes of divide by 3'and divide by 4. The figure shows
two D-flip flops 111, 151. Both of these flip-flops have a clock signal attached. The
clock is labeled Fin 110 to denote that the frequency of this clock input signal is
equal to Fin.

The data iniput of the first flip-flop 111'is attached to the feedback s;ignal. wﬁich
comes from the negative output Q2N 120 from thé'output of the second flip-flop 151.
The oulput of the second flip-flop 151 is labeled Fout 130 to denote that the
frequency of the second flip-flop 151 has a frequency equal fo Fout. This output
frequency, Fout 130 will be equal to Fin/3 or Fin/4 depending on the logical bit
setting of the mode signal 150. If mode 150 equals 1, Fout 130 equals Fin/3. If
made 150 equals., Fout 130 equals. Fin/4.

In figure 1, the two input NAND gate 121 has two inputs, which are Q2 140 and
the mode signal 150. The output of the two-input NAND circuit 121 is 160. This
signal 180 goes to the gate of a first NMOS FET device Mé 141. The source of
NMOS FET goes to ground 180. The drain of this NMOS FET M2 141 is connected
to the drain of a PMOS FET device M3 131. The drain of NMOS FET M2 141 is also

connected to the gate of a second NMOS FET device M1 161.




—tNVEOZ2- 007 A -summary—of-the-—key—potnts—of-—t-he-operatton-of —the—enboti-rent
in figure 1 is as follows. The critical path is fromthe N output 120 of
the second flip-flop 151 to node C195 through M3 (131) and through ML
(161). This means the delay in critical path is rather snmall and the | oad
fromcritical path to high frequency node 2N 120 is also conparably | ow
This structure results in high speed. Mdreover, this configuration needs a
| essewviepawmber of flip-flops and | ogic gates conpared to the prior art.
This results in |lower power dissipation than the prior art. Next, in figure
2, the geperal inplenentation case is shown. This is facilitated by the
addi ti on ofhesource of theePMehe FET deyiseRr18dds sonrratedto e Mddpawere 2 shows a
nore general presentation of the nmain enbodi nent of this invention. It
shows t sPRHHER0a Theagatesit RM@Sdievicentddull 3% iscrondeeledrto des nedatirievdutirutby [2 to
the (n+2) power] mnus 1 and divide by [2 to the (n+2) power]. The figure
shows t W&2ih-12Q of thesesond flip Rip115BoTlhe géatetdfdse PMO P FEHTAES 3dviealoc| ock
signal attached. The clock is | abeled Fin-210 to 'denote that the
f r equenopnnéctetits ot date inpuaftthe gt &lip-icp ¢oual to Fin. The data input of
the first flip-flop 211 is attached to the feedback signal, which

The drain of the second NMOS FET device M1, 161 is connected to Node C,
195, which is connected fo the positive output of the first flip-flop 111 and the dafa
input of the second flip-flop 151. The source of the NMOS FET device 161 is
connecfed to ground 180.

When the mode signal 150 is high and the positive output 130 of the second flip-
flop is high the output 160 of the two input NAND 121 is low. This causes the
voltage at the gate of NMOS FET device M2, 141 to be low.

This results in the chafg‘e up of Node B, 170. This even‘tuglﬁééﬁseé the second
NMOS FET M1, 161 to tum .ON. This device, M1 161 pulls downNode C, 195. The
resuit is a divide l_ayfs counter as opposed {0 a divide b)_;:.gj counter, which results

“when the mode SIgnaHSOzs low. AR

When the mode signal 150 is low, the output 160 of the two input NAND 121 is

high. This causes NMOS FET M2 {o turn ON. Th'is discharges Node B, 170 causing
- NMOS FET device M1 161 to turn OFF. With device M1 161 OFF, theée is no pull-
down of node C 195. Therefore, D-flip-flops 111 & 151 will operate as a normal

"divide by 4 counter.




cones fromthe negative output QU 220 from theoutput—of-thesecond
flip-flop 251. The output of the second flip-flop 251 is 235. The out put
of the second flip-flop goes to another block 271 | abeled "divide by 2 to
the power n". Block 271 represents a divide by "2 to the power n"
asynchronous counter. The output of block 271 is an Fout signal 230 which
is a signal with a frequency of Fout. This output frequency, 10 | MEO2-007
Fout 230 will be equal to FIN divided by 2 to the power (n+2) if the node
signahﬁg Jog7 S 0. It results in a prescaler, which has Fout 230 equal to
FI'N divi ed)by 12 to the power (n+2)] mnus | if the node signal 250
equals 1. In figure 2, the two input NAND gate 221 has two inputs, which

are 2 240 AsiinmbRCofTRE Rey bt 0P8 o -ng'é’tié?n'"'éfplﬂé eﬂboﬁnﬁ?ﬁt\gﬁﬁé&gﬁ iﬁ@DFET

circuit 221 is 2M-This signal 26 es to the gate o

devi ce Moligdd. TREGigen e Bl rom MR RFIuAPT2d Or M B P iRiacb dgai n of

this N'VICS FET M2 241 i s connect et rain-o Hevice MB .
o SIS0 Mgy TR e bl BB 1«
connect egathqs tdtferdlaiPNE heSiuBE Ifr\én%gr?ﬁcaTBgthgt%th?ghoFrequency node Q2N 120
is also comparably low. This structure results in high speed. Moreover, this
configuration needs a lesser number.of fiip-flops and logic gates compared to the
prior art. This results in lower power dissipation than the prior art. Next, in figure 2,
the general i_mplementation case is shown. This is facilitated by the addifion of a
“2 to the power n" asynchronous counter 271.
Figure 2 shows a more g’engral_ presentation of the main embodiment of this
inveqtion. it shows the general case of the dual modulus or dual modes of
divide by [2 fo the (n+2) power] mius 1 and divide by [2 to the (n+2) power]. The
figure shows two D-flip ﬂops 211, 251. Both of these flip-flops have a clock signal
attachied. The dlock isTabeled Fin210 to denote that the frequanicy of this clock
input signal is equal-to Fin. _
- The d4ta input of the ﬁrst flip-flop 211 is attached to the feedback signal, which
comes from the negative output QN2 220 from the output of the second fiip-flop 251.
The output of the second fiip-flop 251 is 235. The output of the second flip-flop goes
to another block 271 labeled "divide by 2 to the power n". Block 271 represents a
divide by "2 to the power n" asynchronous counter. The output of biock 271 is an

- Fout signal 230 which is a signal with a frequency of Fout. This output frequency,

10




—PMOS deviTe VB, 231 stonmected-to-thenegati-ve-out-put—ERN,—226-of—t-he—- -
second flip flop 251. The gate of the PMOS FET M3.231 is al so connected to
the data input of the first flip-flop 211. The drain. of the second NMOS
FET device ML, 261 is connected to Node C, 295, Wich is. connected to the
positive output of the first flip flop 211 and the data input of the second
flip-flop-251. The source of the NMXS FET device 261 is connected to

“gr oungiR2®07 Wien t he node signal 250 is high and the positive output 235 of
tHe second flip- flop is high the output 260 of the two input NAN D 221 is
| ow. ThIFS lﬁggses the vol tagle at the gate of NMOS FET device M2, 241 to be
| ow. ThifQYt eSOl begaupkto ailyéedpy@ftortbooower OP@) ifthe sademigna26Q causes
the second NMOS FET M, 261 to turn ON. This device, ML 261 pulls down Node
C. 295- iffle ltresulty inj & peesglerauhiply has FENEZEO0 0QUal[ta FIN dividedopi to(the2) | i nus
1 if the node signal 250 equals 1 as opposed to a divide by [2 to the
pover (PeNEr (Rbddhienys Hiifithe matedigral@erequals hode si gnal 250 is low Wen
t he node signal 250 is |low, the output 260 of the two-input NAND 221 is

In figure 2, the two input NAND gate 221 has two inputs, which are Q2 240 and
the mode signal 250. The output of the two-input NAND circuit 221 is 260. . This
signal 280 goes to the gate of a first NMOS FET device M2 241. The source of .
NMOS FET goes to ground 280. The drain of this NMOS FET M2 241 is connected
to the drain of a PMOS FET device M3 231. The drain of NMOS FET M2 241 is aiso
connected to the gate of a second NMOS 'F'ET device M1 261. The source of the
PMOS FET device M3 231 is connected to the Vdd power supply 290. The gate of
PMOGS device M3, 231 is connected to the negaﬁve ouiput Q2N, 220 of the second
fiip flop 251. The gate of the PMOS FET M3 231 is also connected o the data input
of the first flip-flop 211. The drain of the second NMOS FET device M1 261is
connected to Node C, 295 Whlch is connected to the posntlve output of the first flip-
ﬂop 211 and the data mput of the second ﬂlp-ﬂop 251 The source of the NMOS

FET device 261 is connected to ground 280.

When the mode signal 250 is high and the positive output 235 of the second fiip-
flop is high the outpuf 260 of the two input NAND 221 is low. This causes the
yoltége at the gate of NMOS FET device M?. 241 to be low. This results in the
charge up of Node B, 270. This eventually causes the second NMOS FET M1, 261

to turn ON. This device, M1 261 pulls down Node C, 295. The result is a divide by

1"




- hi ght—Thi's—causes—NMS—FEF—M—to—ttrn-ON-—Fhi-s—di-seharges—Nede—B—270—— —
causing NMOS FET device ML 261 to turn OFF. Wth device M .261 OFF, there
is no pull- down of node C 295. Therefore, D-flip-flops 211 & 251 wll
operate as a nornmal divide by 4 counter. This invention provides a circuit
and nmethod for creating prescalers that have the. follow'ng advantages

over the prior-art. This. circuit and nethod of this invention provides

for higher speed and hi gher divide-by values than the prior art. These
advan‘tl\ﬁ%%siogare achi evable, due to the sinplicity of the pull-transistor-in
the c ;  feedback path of the prescaler. Simlarly, this invention
affords | ower power dissipation than the prior art due to the sinplicity

of ne 12 ndbaber cARNLE S 1RURGE S HEP A 303 RBEed B e orT LT cal

f eedbac esca nvention'rs easier to build

Ul 1t ﬁ@?&?&ﬂ%ﬂﬁtﬂ%@é%ﬁy oty v&%ﬁ&ﬁ’ N8 4 B Pt 228
| MEO2- 28% Whil e the invention has been described in terns of the preferred

enbodi those skilled in the art will recognize that various changes

'n form a”\?\m%%tt AL odBigBS 250 is low, the output 260 of the two-input NAND 221 is

high. This causes NMOS FET M2 to turn ON. This discharges Node B, 270 causing
NMOS FET device M1 261 to turn OFF. With device M1 261 OFF, there is no pull-

down of node C 295. Therefore, D-flip-flops 211 & 251 will operate as a normal

divide by 4 counter.

This invention provides a circuit_andf:méthod for creating prescalers that have the. :
following advantages over the prior art. This-circuit and method of this invention -
provides for higher speed and h[gher divide-by values than the prior art. These

" ‘advantages are achievable, due to the smphcnty of the puli-transistorin the ent{cai
feedback path of the prescaler. Similarly, this invention affords lower power
dissipation than the prior art due to the simplicity of the small number of devices
such as the pull-transistor in the critical feedback path of the prescaler. Fiﬁally, this
invention is easier to build and integrate into integrated circuitry due to the simplicity

of the pull-transistor in the critical feedback path of the prescaler.

i2




made without departing fromthe spirit and scope of the invention. 13 ! W
EQ2- 007 Cains 1. "Ahigh §peed CVMOS Dual ~Modulus prescarercireuit
conprising: data or D-flip flops connected serially in a chain wherein a
flip-flop positive output Q of stage Nis. connected to a D-input of an
N+1 flip-flop stage, a P-channel netal oxide sem conductor field effect
transistor, PMOS FET whose gate is connected to a negative output of a

| ast stage of said serial chain of Dflip flops, an N-channel netal oxide
sem cHMBRAWr field effect transistor, NMOS FET whose drain is connected
to said PMOS FET, a two input NAND gate whose one input is a positive

out put of said Iast flip-flop of said serial chain of D-flip flops and
whose second input is a node control signal and whose output drives said

gate of sapg w FET a second NMOS FET whose gate is attached to a drain
of said fi V¥k dreen described in terms of the preferred embodiments,

those skilled in the art will recognize that various changes in form and details may be

made without depart'ing,from the spirit and scope of the invention.
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“a second or final D-fTip flop ~whose. datainput—comes froma positive e
out put of said previous D-flip flop. 2. The high speed CMOS Dual Mdul us
prescaler.circuit of claimt wherein said D-flip flops include a first
D-flip fl op whose clock input has a frequency known as a circuit input
frequency. . 3 14 |INEO2-007 3. The high speed CMOS Dual Mdul us prescal er

Ci rcui,[mEB%_o@-}ai m 1l wherein said first D flip flop has a data or D-input,
which I1s fed froma negative output of a last flip-flop in said serial

chain of flip-flops. 4. The high spesginfdOS Dual Mddul us prescal er circuit

of claiml wherein said first flip-flop has a positive output, which feeds
an input of a second or final D-flip flop. 5. The high speed CMOS Dual

! e PO meos Dl uplalavioatersiataytndgone o [ D TLLY,
first stage fli pidth @PD-flip flops connected serially in a chain wherein a flip-flop positive
output Q of stage N is connected to a D-input of an N+1 flip-flop stage,
a P-channel metal oxide semiconductor field effect transistor, PMOS FET
whose gate is connected to a negative output of a last stage of said serial chain
of D-ﬂib flops,
an N-channel metal oxide semiconductor field effect transi'stor; NMOS
-FET whose drain is connected to said PMOS FET,
a two input NAND gate whose one input is a positive output of said last
flip-flop of said serial chain of D-flip flops and whose second inputis a node
- control signal and whose output drives said gate of s_élid NMOS FET, . -
a second NMOS FET whose gate is aitached to a drain of said first NMOS
FET, énd o
- a second or final D-flip flop 'wh:ogeldata_-i_nput comes-from apeatlveﬂutput 3

6? said previous D-flip flop.

.2. The high speed CMOS Dual Modulus pfescaler circuit of claim 1 wherein said D-fiip
. flops include a first D-flip flop whose clock input has a frequency known as a circuit

input fréquency. .
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" 6.7 The ni gh speed CVOS Duat—Wdul us—prescater—circurt—of—<tarmt—werern——
said second or final flip-flop has a negative. output, which feeds said
data or D-input of said first flip-flop of said. serial chain;.:. 7. The
hi gh speed CMOS Dual Mbdul us prescaler circuit of claiml| wherein said
second or final flip-flop has a positive output, which becones a primary

out put signal whose frequency is sone fraction of said input clock
frequemngg2-0dr. The hi gh speed CHAGCS Dual Mbdul us prescaler circuit of claim

1 wherein said is IMEO2-0(c)7 PMOS FET has its source connected to a

supply voltage Vdd, its drain connected to said drain of said NMOS FET,

and i t3 Fhe dighsspesdMOSIDual Modalga brestakuttchuiit of clgiai ¢ whasdin shid fsf | op
stage and also to said Dinput of said first Dflip flop. 9. The high speed

CMVES Dxdlip Spdsiass dpteesolisputowhietiig fe fréth & MBdatid @ugiul o8 3kt i fidp in\NMOS FET
has its drain connected to said drain of said PMOS FET device, it's source

I s comaet sexihl thaigrafdiipdfiownd its gate is connected to said output of said
two-i nput NAND gate. 10. The high speed CMOS Dual Mbdul us prescal er '
circuit of claim 1 .wherein said

4. The high speed CMOS Dual Modulus prescaler circuit of claim 1 wherein said first

flip-flop has a positive output, which feeds an input of a second or final D-ilip-flop.

5. The high speed CMOS Dual Modulus prescaler circuif of claim 1 wherein said

second or final D—ﬂip-ﬂqp has a data or D-input, which is fed from said positivé input of

said first stage flip-fiop.

6. The high speed CMOS Dual Modulus prescaler circuit of claim 1 wherein said
- second or final flip-flop has a negative-oput, which feeds said data or D-input of said

first fiip-flop of said serial chain; .

—— .t mee e . P -

7. The high speed CMOS 'Dual Modulus prescaler circuit of ciaim 1 wherein said
second or final flip-flop has a positive oqtput, which becomes a primary oufput signal

whose frequency is some fraction of said input clock frequency.

8. The high speed CMOS Dual Modulus prescaler circuit of claim 1 wherein said
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second NMOS FET has Ttsdrar mconnectedto sard—posrtive—output—of—sat-d— —
first D-flip- flop, its source connected to ground, and its gate is
.connected-to said drain of said first NMoS FET. 11 The hi ghspeed- CMOS Dual
Modul us prescaler circuit of claiml wherein said second NMOS FET is used
as a pull-down transistor to cause the swtching between nodes of frequency
di vi S"ﬁﬂ%g _%é? The hi gh speed CMOS Dual Modul us prescaler circuit of claiml
wher ei 2 two i nput NAND has an output, which drives said gate of said
first NMOS FET. 16 | MEO2-0O 07 13. The hi gh speed CMOS Dual Modul us

pr escapROP EEFHias i scthé 8254 SRR ! s volBAR Vdd! s AthiR oLyl second

frequency, Fout Wm IS a I on" O cul't i nput requency.
sai d o Pes “ﬁ?@% T LR EPSTRRT 3 e 805“@'#2035‘31@”\%60?
oy A1 MRS D s Bl . e IS Dl ol

9. The high speed CMOS Dual Modulus prescaler circuit of claim 1 wherein said first

NMOS FET has its drain connected to said drain of said PMOS FET devicé, its source

is connected to ground, and its gate is connected to said output of said two-input NAND

gate.

10. The high speed CMOS Dual Modulus prescaler circuit of claim 1 wherein said
second NMOS FET has its drain connected to said positive output of said first D—ﬂip-
flop, its source connected to ground, and its gate is connected to sarddrazn of s_éid first

NMOS FET.

"7 The Tiigh speed CMOS Dual Miodiliis prescaler dircuit of dlalit 1. whergin said
second NMOS FET is used as a pull¥down transistor {o cause the swiiching between

modes of frequency division.

12. The high speed CMOS Dual Modulus prescaler circuit of claim 1 wherein said two

input NAND has an output, which.drives said gate of said first NMOS FET.
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mode control “Signal "equal™To one W It producean outputsignal—whose S
frequency is 1/3 .of the frequency of said input clock. 16. The high speed
CMOS Dual Mbdul us prescaler circuit of claiml wherein said node control
signal equal to zero will produce an output signal whose frequency is 114
of said frequency of said input clock. 17. The high speed CMOS Dual Mbodul us
prescaler circuit of claiml wherein a divide by 2" circuit block is added
serlaggg;g@b 7an output of said serial flip-flop chain. 18. The hirgh speed

? dul us prescaler circuit of claim9 wherein said input 17
| M- 02-007 of said divide 2" circuit block comes fromsaid positive out put

of said. | P hi@hfslpeedfdmes BiAWModdds pr&Egi&k gﬂ‘agpfgf?ﬁ? WP@SI Hitn sl WIdH M use

prescaler circuit of claim1l wherein sai

said gokiik t4:>u‘l;53.1t ¥ QQMCéZ%ct@ag& g%ga%%% ‘r?%?tn @ggcﬂ Yo ﬁra%ﬂ%)'ﬁ f X%‘giCHCWEE'BUL nput

frequency divided m nus ignal is
a 1. ZheckiRguhep speed CMOS Dual Modul us prescaler circuit of claiml
wherein said node control signal will cause said circuit to produce a

si gnal whose output frequency is

14. The high speed CMOS Dual Modulus prescaler circuit of claim 1 wherein said

positive output of said second or final D-flip flop stage is one of two inputs to said two-

input NAND.

15. The high speed CMOS Dual Modulus prescaler circuit of claim 1 wherein said

mode controi signal equal to one will produce an output signal whose frequency is 1/3

-of the frequency of said input clogk.

16. The high speed CMOS Dual‘Modulus prescaler circuit of claitn 1 wherein said

mode control 3|gnal equat to zero w;ll produce an output sngnal whose frequency is 1/'4

of said frequency of sald input clock

17. The high speed CMOS Dual Modulus prescalér circuit of claim 1 wherein a divide

. by 2" circuit block is added serially to an output of said serial flip-flop chain.

18. The high speed CMOS Dual Modulus prescaler circuit of claim 1 wherein said input

17




said input frequency divided by ™2 to-the power{(m+2)"—if—sardnode—signal-—
is a 0. 21. A CMXS Dual Mdulus: nethod for prescaling an electrical signal
conprising the steps of providing data or D-flip flops connected serially
wherein in a flip-flop positive output Qof stage Nis connected to a
D-input of an N+1 flip-flop stage, providing a P-channel netal oxide

sem conductor field effect transistor, PMOS FET whose gate is connected to
a negae(aor7out put of a | ast stage of said serial chain of Dfli p flops,
provi ding an N-channel netal oxide sem conductor field effect transistor,
NMOS FET whose drain is connected to said PMOS FET, 18 | ME02-007 providing
a t wof saigldivitia®b ciyaviebickk semesdronnild fositieRRSi oY SaRYARY-aR fopsal d | ast
flip-flop of said serial chain of D-flip flops and whose se onglnput s a
nodestagetrol signal and whose output drives said gate of said NMOS FET,
provi ding a second NMOS FET whose gate is attached to a drain of said

first NMOS FET, and . :

19. The high speed CMOS Duai Modulus prescaler circuit of claim 1 wherein said
mode control signal will cause said circuit to produce a signal whose output frequency is

said input frequency divided by "2 to the power (n+2)" minus 1 if said mode signal is a 1.-
20. The high speed CMOS Dual Modulus prescaler circuit of claim 1 wherein said
mode control signal will cause said circuit to produce a signal whose output frequency is

said Input frequency divided by "2 to the power (n+2)" if said mode signal is a 0.

- 21..ACMOS Duéff_ﬁf\ﬂedulusi method for prescaling an elect'_'rff:?éh &

gpal:—éqmp_rising the
steps of: i

prowdmg dataﬂar*D—mpJﬂopsuconnech;é':-': ally.wherem a ﬂlp—ﬂop posmve

output Q of 'stage N'is connected to a D-input of an N+
providing a P-channel metal oxide semiconductor field effect fransistor,
PMOS FET whose ggte is connected to a negative output of a last stage of said

serial chain of D-flip flops,

providing an N-channel metal oxide semiconductor field effect transistor,

NMOS FET whose drain is connected to said PMOS FET,
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provi di ng a second or final D-fTip TTop whose data input——comes—froma —
positive output of said previous D-flip flop. 22. The CMOS Dual Modul us

nmet hod for prescaling an electrical signal of claim21 wherein said D-flip
flops include a first D-flip flop whose clock input has a frequency known
as a circuit input frequency. 23.-- The. CMOS Dual Modul us net hod for
prescaa@él%(@z el est-ri cal _signal 'of claim21 wherein said first D-flip

flo ta or Dinput which is fed-froma negati ve out put of a last
fI|p flop in said serial chain of flip-flops. 24. The CMOS Dual Mbdul us

[lip i1op has a Pouting3 Woifioet ANDRAY Bnode ohe il spostNeCUIRIS! 1 nal

Si gnal of 3%1&?%*8%%%% it o i floem i Seean deond it 53

Ot i s FLoPopas cBaal Rt R VIR o s oo vare STeslinaB HiE® TP O
providing a second NMOS FET whose gate is attached to a drain of said

first NMOS FET, and

providing a second or final D-flip flop whose data input comes from a

positive output of said previous D-fiip fiop.

22. The CMO‘S Dual Modulus method for prescaling an electrical signal of claim 21

" wherein sa:d D-ﬁ:p ﬂops include a first D-flip flop whose clock input has a frequency

known as a_clrcutt :nput frequency.

23. The CMOS Dual Modulus method for prescaling an electrical s:gnal of c!a:m 21

"wherem _raid—f' rstJlﬂLpﬂQp has a datg or D—mout which is fed from @ negatlve output of

a last ﬂ:p-ﬁop m sald senal chain of flip-flops.

24. The CMOS Dual Modulus method for prescaling an electrical signal of claim 21

wherein said first ﬁib—ﬂop has a positive output, which feeds an input of a second or final

D-flip-flop.

25. The CMOS Dual Modulus method for prescaling an electrical signal of ciaim 21
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26. The CMOS Dual Mbdul us net hod for prescaling an €léctrical signalof 7
claim21 vvherein said second or final flip-flop has a negative output,

whi ch feeds said data or D-input of said first flip-flop of said serial
chain. 27. The CMOS Dual Mdulus nmethod for prescaling an electrical signal
of claim21 wherein said second or final flip-flop has a positive output,
whi ch becones a primary output signal whose frequency is sone fraction of
said i Hiﬁ&iock frequency. 28. The CMOS Dual Mdulus nethod for prescaling
an el &¥EPT ¢Al signal of claim?21 'wherein said PMOS FET has its source
connected to the supply voltage Vdd, its drain connected to said drain of
sai d Wyfsy i ' Alip- tep DRINPEE AHiMEIs fedfronithef said | ast
flip fIopQEF%ggégﬁ%kg?g%ﬂﬁg)ggidﬁgy§ﬁ%%?aof :ggig first Dflip flop. 29.

The % aﬁq ¢ rescaling an electrical signal of claim
21 eré@r%qégl %aﬁ?%gﬁwcﬁgs its drain connected-to said. drain of

said PMOS FET device, its source is connected to ground, and its gate is
connected to said output of said two-input NAND gate. 20 | MEQZ-007 30. The

CMES %lThl\ébeNAd@ Dl RRGuhR matha ¢4 ﬂr@gca%ﬂg%lnee(iéét.?igﬁlsigsrja%%]aﬂ{ ofl aim21

wherein said second or final flip-flop has a negative output, which feeds said data or

D-input of said first flip-fiop of said serial chain.

27. The CMOS Dual Modulus method for prescaling an electrical'signal of claim 21 -
wherein said second or final flip-flop has a positive output, which becomes a primary

cutput signal whose frequency is some fraction of said input clock frequency.

28. The CMOS Dual Modulus method for prescaling an electrical signal of claim 21
wherein said PMOS FET has its source connected to the s~u;'3ply voltage Vdd, its drain

connected to said drain of said NMOS FET, g

nd its gate is connected '_tp a negative

output of said last flip flop stage and also to said 'D-‘iﬁ';‘ifif"afgé’éid first D-flip flop.
29. The CMOS Dual Modulus method for prescaling an electrical signal of claim 21
wherein said first NMOS FET has its drain connected to said drain of said PMOS FET

‘ devics, its source is connected to ground, and its gate is connected to said output of

said two-input NAND gate.
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wherein said second NMOS'FET has 1ts drai n connected to said positive "
output of said first Dflip flop, its source connected to ground, and its
gate is connected to said drain of said first NMOS FET. 31. The CMOS Dual
Modul us nmethod for prescaling an electrical signal of claim?2l wherein

said second NMOS FET is used as a pull-down transistor to cause the .
swi t ching between the two nodes of frequency division. 32. The CMOS Dual
ModuleE021¥ hod for prescaling an electrical signal of claim2l -wherein

sai d two-input NAND has an output, which drives said gate of said first

. d . Ccal e

%@ﬁg.ﬁ%%%% Wgoiiua,u%éh‘é?\fg?é{%%galﬁn"%feﬁ’é%?ﬁ%&@ﬁﬁ%%f?@ﬁ?&5?‘ four
' ' ' ' | ock f .. 34.. The CMOS

Dual WisEn s dsesRn NMOS FET s firain eiieeiadiisal] BRRVEUtpt sedl

wherein said positive output of said second or final D (” ié),.dflorp Ptage S

an i fipetDdiP-Sap.dts Sauics eprteciede, ground  apedts grje Is connected to said drain ©

sztid first NMOS FET.

31. The CMOS Dual Modulus method for prescaling an electrical signal of claim 21
- wherein said second NMOS FET is used as a pull-down transistor to cause the

switching between the two modes of frequency division.

32. The CMOS Dual Modulus method for prescaling an electrical signal of ¢laim 21
wheraip;séi-d_-_two—input NAND has an output, which drives said gate of said first NMOS

47 33, The CMOS Dual Modulus method for prescaling an electrical signal of c]alm 21
Wﬁ&é’ir&"sﬁé positive output of said second frequency, four which is a fraction ofsaid .-

circuit input clock frequency.
34. The CMOS Duai Modulus method for prescaling an electrical signal of claim 21

wherein said positive output of said second or final D-flip flop stage is an input of said

two-input NAND.
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35. The CMOS Dual Modul us nethod for prescalinganerectrical—signmal—of—
claim21l wherein said node control signal equal to one will produce an

out put signal whose frequency is 113 of the frequency of said input clock.
36. The CMOS Dual Modul us nethod for prescaling an electrical signal of
claim?21 wherein said node control signal equal to zero will produce an

out put signal whose frequency is 1/4 of the frequency of said input clock.
37. Th&MESE®7 Dual Mdul us met'’hod for prescaling an electrical signal of
claim21 wherein a divide by 2n circuit block is added serially to an

out put gf ﬁai d serial flip-flop chain. 38. The CMOS Dual Mdul us net hod

for prdscAN® M@ RuadMadubus meﬂ‘g)ldafbrpfeschl&ign@électﬂ&ﬁfﬁ@rﬁhl%%ﬁimg@“t of said

divide 2";:cireuit block cones from said positive output of said |ast

D- f 1 i pWhPHHn Seidgaods contit eighDSqiRalab oNB il Podiies AAG il sRYrEPERbLNT an

el ectrical signal of claim2l wherein said node control “signal W |l cause
sai d cfraqu@ncytls)1{i3roﬁheérequehqn6ﬂsawmﬁﬁtc@gkput frequency is an input
frequency divided by. "2 to the power (n+2)" mnus | if said node signal is
al 22

36. The CMOS Dual Modulus method for prescaling an electrical signal of claim 21

wherein said mode control signal equal to zero will produce an output signal whose

frequen_cy is 1/4 of the frequency of said input clock.

37. The CMOS Dual Modulus method for prescaling an electrical signal of claim 21

wherein a divide by 2" circuit block is added serially to an output of said serial flip-flop

chain.

38. The CMOS Dual Modulus method fof'ptéé'ééling an electrical signal of claim 21
wherein said input of said divide 2" circuit block comes from said positive output of said

last D-flip flop stage.

39. The CMOS Dual Modulus method for prescaling an electricat signal of claim 21
wherein said mode control signal will cause said circuit to produce a signal whose
output frequency is an input frequency divided by "2 to the power {n+2)" minus 1 if said

mode signal is a 1.




| MEQ2- 007 40. ~The- CMOS Dual -Modul-us—rrethod—for—prescal-+ng—an—etect+riecat-——
signal of claim2l1 wherein said node control signal will cause said

circuit to produce a signal whose output frequency is the input frequency
divided by "2 to the power (n+2)" if said node signal is a 0. 23

IME02-007

40. The CMOS Dual Modulus method for prescaling an electrical signal of claim 21
wherein said mode control signal will cause said circuit to produce a signal whose

output frequency is_the input frequency divided by "2 to the power (n+2)" if said mode

signatl isa 0.
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