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Design of Down Scalers in Mixed-Signal GHz Frequency Synthesizer
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Abstract : An optimized method is presented to desgn the down scalersin a GHz frequency synthesizer. The down
scalers are comprised of dual modulus prescaler (DM P) and programmable & pulse swallow divider ,different meth-
ods of high frequency analog circuit and digital logical synthes s are adopted respectively. Usng a DM P high speed,
lower jitter and lower power dissipation are obtained ,and output frequency of 133 OM Hz of the DM P working at di-
vide-by-8 shows an RM Sjitter less than 2ps. The flexibility and reusability of the programmable divider is high;its
use could be extended to many complicated frequency synthesizers. By comparison ,it is a better desgn on perfornr
ance of high-frequency circuit and good design flexihility.
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1 Introduction

One of the critical RF functionsin the trans
celver of a wireless LAN is the frequency synthe-
szer in which down scalers are used intensively.
Down scalers are made of digital and analog (oper-
ating on RF frequency band) mixedsignal circuits,
due to the complexity , high operation frequency ,
and low power disspation. Therefore the desgn of
the down scalersis always a challenge. The choice
of the dividing architecture is therefore essential
for achieving a lower power dissipation,good de
sgn flexibility, and high reusability of existing
building blocks*?'. A modular architecture fulfils
these requirements ,as will be demonstrated in this
paper.

In this paper a down scalers consisting of a
DMP and a programmable & pulse swallow divider
isdesigned in a mixed-signal 0. 18/ m CMOS tech-
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nology. The former works at high operation fre-
quencies with a lower jitter and lower power diss-
pation,and the latter is desgned in digital logical
synthes s for good reusability and high desgn flex-
ibility.

2 System block of the frequency syn-
thesizer

The block diagram of the PLL-based frequen-
cy syntheszer is shown in Fig. 1;the shaded por-
tion indicates the down scalers section. Quarter of
the VCO output is divided down in a DMP and
then feed back to phase-frequency detector (PFD)
through programmable & pulse swallow divider to
compare the phase and the frequency. The synthe-
sizer generates frequencies (fveo) in the range of
4. 144 to 4 256GHz in a step of 16M Hz. The total
divide-ratio changesfrom 259 to 266 by the step of
1,when the reference clock frequency of phase
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locked loop (PLL) is4M Hz.

Down scalers

mod-scl ¥

VI(V+1)

Dual-modulus-prescales

FHg.1 Block diagram of the PLL-type frequency syn-

thesizer

3 High speed DM P design

In the total syntheszer the DM P block oper-
ateson the high frequency band,s0 an RF design
method is adopted. In this paper ,a novel D-latch
architecture integrated with®* OR’ logic is presen-
ted. The implemented circuit of the DMP is shown
in Fig. 2. Figure 3 shows the circuit schematic of
the D-latch integrated with' OR’ logic gates. It is
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Fig.2 Block diagram of the high speed dua-modulus prescaler
T primary advantage is higher speed and larger driv-
! ing capacity. The measured output frequency of
EE j_F] 133 OM Hz of the DMP working at divide by-8
b ] i a QEP) shows an RM Sjitter less than 2ps(givenin Fig. 4
DI gﬁ (a)) ,corresponding to 0. 02 % of the clock period.
g_l_t@,:""l - I The power disspation of the core part of the dual
modulus prescaler is only 3 2mA. An excellent
B |
EDng ':11 r| performance of lower jitter and lower power diss-
1 °
CLKB

¥

Fig.3 D-latch architecture with' OR’ logic input

verified that this D-latch can work 20 %faster than
a normal D-latch®®* .

The D-flip-flop is made of an improved mas
ter/ dave SCFL D-latch. Its operation principle and
advantages are introduced in detail in Ref. [4]. The

pation is achieved. The measured output waveform
of the DMP working at divide-by-8 (seenin Fig. 4
(b)) would be trandated into programmable &
pulse swallow divider.

4 Programmable & pulse swallow di-
vider design!®®

There are two counters A’ & B’ and aconr
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Fig.4 Measured waveform of the high speed DMP
(a) Measured jitter waveform; (b) Output of the DMP
at divide by-8

trol block in this section. The operation of the total
down scalersisasfollows. N2 and N areinitialized
to counter’ A’ &' B’ ,and both counters begin to
count up. At first ,the DM P divides the quarter of
V CO frequency output by 9 until* A’ counter
counts up to N2 ,at thispoint it switches over and
divides by 8 until the B’
ing up to N:i. Then the two counters are reset and
DMP switches back to divide- by - 9 at the same

counter continues count-

247,828 ,300,000

1350,000

time. The flow diagram of the down scalers behav-
ioris shownin Fig.5.

Initialize (Reset)
Prescaler=9
Counter A=N,,Counter B=N,
(N>N,)

!

Counter A,Counter B,
Up-count synchronously

NO
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Prescaler=8
Counter A stop
Counter B keep on up-counter
NO

YES

Fig.5 Behavior flow diagram of down scalers

To get a clear picture of the function of down
scalers,an example of post-smulation waveforms
of 9-bits programmable divider is given in Fig. 6.
There are two counters respectively loaded Ni (h’
1F) and Nz (h'7) at the beginning. When' mod _
sel’ is 1’ atfirst DMP worksat divide-by-9in N:
(=7) cyces,and when' mod_ sel’ is* 0' ,DMP
works at divide-by-8in ((N:1 +1) - N2) (=25) cy-
cles. So total divideratio of the down scalers is
((N1+1) - N2) x8+ Nz x9=263. At this time,
V CO frequency (fvco) synthesized by loop circuits

400,000 1,450,000 551,976

ck=00i A 01 [ f i i panpannrpnnannantifiinnljpil

clr=0

N,[4:0)="h 1F

N,[3:01="h 7

Q=0

mod_sel=1

count [4:0]="h xx|]

Fg.6 Post-smulation waveforms of 9-bits programmable divider
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is4M Hz x 263 x 4 = 4208M Hz for 4M Hz reference
clock frequency. The other frequency-points needed
could be syntheszed by changing programmable
reloaded data Ni1 and N:.

The greatest advantage of this method is bet-
ter design flexibility and higher reusability. For ex-
ample,its use could be extended to a frequency-
hopping (FH) syntheszer with thousands of fre-
quency-points which is difficult to manualy de
sgn. On the other hand ,easy optimization of power
disspation, fast desgn time, and smple layout
work are achieved. The microphotograph of the
DMP and the magnified layout of the programma-
ble divider made from Apollo P&R is shown in
Figs.7(a) and (b). The chip area of the DMP is
62Q m x 5Qu m ,while the programmable divider is
relatively much smaller ,only 50 m X 5@ m.

(b)

Fig.7 Layout of down scalers

(a) Microphotograph
of DMP; (b) Layout of programmable & pulse swallow
divider

5 Conclusion

In this paper different blocksof the down scal-
ers are desgned using different 1C design methods
as theinternal circuits consst of analog and digital
parts. For high speed and high frequency ,the DM P
could only be manually desgned in RF method
with a 0. 18 m CMOS technology. For the design
of the programmable & pulse swallow divider ,dig-
ital logical synthesis is used for design flexihility
and reusahility.
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