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Abstract: Dual-modulus prescalers (DMP) for RF receivers are studied. An improved D-latch is proposed to in-

crease the speed and the driving capability of the DMP. A novel D-latch architecture integrated with ‘OR’ logic is

proposed to decrease the complexity of the circuit. A divided-by-16/17 DMP for application in a digital video

broadcasting-terrestrial receiver is realized with a TSMC 0. 18m mixed-signal CMOS process. The programmable

& pulse swallow divider in this receiver is designed with a 0. 18m CMOS standard cell library and realized in the

same process. The measured results show that the DMP has an output jitter of less than 0.03% and works well

with the programmable & pulse swallow divider.
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1 Introduction

Dual-modulus prescalers (DMP) are widely
used in frequency synthesizers in RF receivers.
Low power consumption,low jitter,and low man-
ufacturing costs are essential for this circuit. Many
low jitter DMP circuits are manufactured in SiGe
or III-V technologies with higher power consump-
tion and high manufacturing costs''**/. At the same
time, many DMP circuits with lower jitter and
lower manufacturing costs are manufactured in Si
bipolar or CMOS technology suffering from high-
er jitter. All these have brought a demand for
DMP circuits with low power consumption, low
jitter,and low manufacturing costs.

DMP is a part of a down-scaling circuit. The
down-scaling circuit mainly includes analog cir-
cuits like prescalers and digital circuits like pro-
grammable dividers. It is a critical block of the
PLL based frequency synthesizer and is also the
only block in feedback path. The DMP is used to
reduce the input operation frequency of the se-
quential programmable divider, while the aim of
the programmable divider is to acquire a series of
continuous division ratios by working together
with DMP. The design of the programmable divi-
der chips has always been done using the conven-
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tional full custom method and is difficult.

This paper focuses on the design of a dual
modulus prescaler (DMP) with low power con-
sumption,low jitter,and low manufacturing costs
and its applications in PLL-type frequency syn-
thesizers of a DVB-T RF receiver. First, the struc-
ture of the receiver with dual frequency conver-
sion and the applications of DMP in an RF receiv-
er are introduced. Then, some key circuit tech-
niques are discussed. Next, the design,realization,
and measurement of a DMP are discussed. Final-
ly,a new method based on standard cells for the
programmable divider design is introduced and
the design, realization, and measurement of the
down-scaling circuit including the proposed DMP
are discussed.

2 Down-scaling circuit in PLL-type
frequency synthesizer

A simplified architecture of a dual frequency

conversion RF receiver™

is shown in Fig. 1.

The structure of a PLL-type frequency syn-
thesizer"' that produces a local oscillating signal is
shown in Fig. 2. It is made up of a phase frequency
detector (PFD),a charge pump (CP),a low-pass
filter ( LPF ). a voltage-controlled oscillator

(VCO) ,and a down-scaling circuit.

(©2007 Chinese Institute of Electronics
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Fig.2 Simplified architecture of a PLL-type frequen-
cy synthesizer

The block diagram of the down-scaling cir-
cuit®! is shown in Fig. 3. In the PLL-type frequen-
cy synthesizer,the down-scaling circuit commonly
consists of three parts:a prescaler working at di-
vided-by-K ,a dual modulus prescaler (DMP),and
a programmable & pulse swallow divider made up
of a counter-M and a counter-A. In some PLL-
type frequency synthesizers,the prescaler working
at divided-by-K is not needed and the K equals 1.

The values of A and M are initialized to
counter-A and counter-M , and both counters be-
gin to count up. The DMP divides the output by
P + 1 until counter-A counts to A. At this point it
switches over and divides by P until counter-M
counts to M. Then,the two counters are reset and
DMP switches back to divide-by-(P + 1) at the
same time. The total division ratio of the down-
scaling circuit is

N = K(PM + A) @y

3 Circuit techniques

As shown in Fig. 4, an improved D-latch is
used to realize the master/slave D-flip-flop
(DFF)'* in the DMP. M1 and M2 form the input
current switch pair. Complementary cross-coupled

IN OouT
/K > P/P+1 > Counter-M —
Counter-4

Fig.3 Block diagram of the down-scaling circuit
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pairs M7 and M8 are used in the output part of
the latch. The load of the output part is lightened
to improve the speed. M5 (M6) is used to turn off
the discharge path when QP (QN) changes from
logic 0 to logic 1. Although the output logic 1 de-
creases from VDD, and a static current path exists
if the input data changes in the evaluation phase
(CLK =logic ‘17), the proper logic operation
could be ensured by carefully selecting the dimen-
sions of the transistors. Moreover, in high-speed
applications, due to the continuous switching at
high frequencies, the dynamic power dissipation
dominates and the added static power dissipation
is not significant. Thus, the improved high-speed
flip-flop is favorable for RF applications and the
output voltage can directly drive the following
block without any post amplifier.

The DMP circuit is commonly made up of a
synchronous divider, several asynchronous divid-
ers,and control logic gates. The synchronous divi-
der is commonly made up of several source cou-
pled logic (SCL) DFF and several ‘OR’ gates. It
works as the highest frequency in the DMP and
plays an important role in the DMP circuit. A
true-single-phase-clock ( TSPC) DFF integrated
with the logic gate is proposed in Ref. [7]. This
structure is adopted in the synchronous divider of
the proposed DMP. As a SCL DFF is made up of
two latches with the same structure,one works as
the master-latch,and the other works as the slave-
latch . Based on the D-latch shown in Fig. 4, the

1
|_|_t,M3 ‘:I’_|‘|M4 M7 msH QP
>
DP D——l\l/li:’ E"l\lu HeMs Mol QDN
DN >
CLK DH._JE ’_|
CLKB > f

ps

Fig.4 Schematic diagram of the improved D-latch
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Fig.5 Schematic diagram of the D-latch architecture
integrated with an ‘OR’ logic

‘OR’ gate is integrated with the master-latch of
the DFF. The architecture of the latch integrated
with an ‘OR’ logic is shown in Fig. 5. It can be
seen from the figure that DP and DN become the
two input ports of the ‘OR’ gate. VB is a band-
gap reference voltage at 1.1V. Through this mer-
ging of ‘OR’ logic for dual-modulus operation in-
to DFF, the delays associated with both the ‘OR’
and DFF operations are reduced, which increases
the maximum operating frequency and decreases
the complexity of the circuit.

An output buffer can be inserted between the
output terminal of the DMP and the input clock
signal terminal of the programmable & pulse swal-
low divider,as shown in Fig. 6. This circuit can be
used as an output buffer of the DMP circuit for

measurement.
4 DMP and application in DVB-T
receiver

An RF receiver in a DVB-T system with dual
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Fig. 6 Schematic diagram of the output buffer

frequency conversion architecture is proposed.
The range of the first local oscillating signal
(LO1) is 1350 ~2080MHz. The range of the sec-
ond local oscillating signal (LOZ) is 1180 ~
1190MHz.

The down-scaling circuits in two PLL-type
frequency synthesizers producing the local oscilla-
ting signals consist of two parts:a DMP and a pro-
grammable & pulse swallow divider made up of
counter-M and counter-A. Because there is no
prescaler between the DMP and the VCO, the di-
vision rate ‘K’ is equal to 1.

In the proposed frequency synthesizer for the
signal LO1, P = 16 is selected. The least division
ratio of the frequency synthesizer is 926 when A
=14 and M =57, and the largest division ratio is
1387 when A =11 and M = 86. In the frequency
synthesizer for the signal LOZ, the least division
ratio of the frequency synthesizer is 573 when A
=13 and M = 35,and the largest division ratio is
575 when A =15 and M = 35. The DMPs in the
two proposed frequency synthesizers are same.
The two programmable & pulse swallow dividers
are the same but with different division ratio set-
tings. Thus, the DMP designed for two frequency
synthesizers should work well in the frequency
band of 1~2GHz and the two different program-
mable & pulse swallow dividers should work well
in the frequency band of 50~150MHz.

The block diagram of the designed DMP-®%!
is shown in Fig. 7. It is made up of a synchronous
divided-by-4/5 circuit, two asynchronous divided-
by-2 circuits made up of several master/slave D-
Flip-Flops (DFFs), and several control logic
gates. The signal MC is used to select the dual
modulus division ratio. When the control signal
MC is at logic high (MC=1),the division ratio of
the synchronous divided-by-4/5 circuit is equal to
5 and the total division ratio of the DMP is 17.
Otherwise, the division ratio of the synchronous
divided-by-4/5 is equal to 4,and the total division
ratio of the DMP is equal to 16. The D-latch and
the D-latch integrated with ‘OR’ made up the
logic master/slave DFFs in the DMP are realized
with the improved architectures proposed in sec-
tion 3.

The block diagram of the asynchronous divid-
ed-by-2 circuit in the DMP is shown in Fig. 8.1t is
made up of two similar D-latches. One works as
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Fig.7 Block diagram of the proposed DMP working at divided-by-16/17

the master-latch,the other one works as the slave-
latch. The D-latches are realized with the im-
proved architecture, the same as the D-latches in
the synchronous divided-by-4/5 circuit.

The DMP described above has been realized
in a 0.18ym mixed-signal CMOS process of
TSMC. Effort was made to compact the layout
and keep the parasitic capacitances and resist-
ances as small as possible. The supply voltage of
this process is 1. 8V.

The block diagram of the proposed program-
191 is shown in Fig. 9. It consists of
two counters. One is the program counter and the

mable divider

other is the swallow counter , where the program

OUT_P
L pp QP DP QP
DN QN DN QN
Master Slave OUT N
latch latch
CLK CLKB CLK CLKB
/N N\ VAN AN
CLK
CLKB

Fig.8 Block diagram of the asynchronous divided-by-
2 circuit

counter is modulus M while the swallow counter is
modulus A (M>A).The two control parameters
M and A can be configured as necessary. Both the
counters count up until the values are equal to M
and A separately. A period of LOW_OUT is com-
pleted when the program counter up-counts to M.
At the same time,the counters of the programma-
ble frequency divider are cleared when the pro-
gram counter up-counts to M. The most important
output of the programmable frequency divider is
MC which is used to control the propose DMP di-
vided-by-16/17.1f MC is high,the DMP is divid-
ed-by-17; otherwise, it is divided-by-16. As shown
in Fig. 10, the swallow counter keeps the output
MC high while its value is less than A.Otherwise,
MC is kept at a low level . By using the program-

DMP_OUT LOW_OUT
Counter-M
(Program counter)
A.
Counter-4
(Swallow counter)
MC <

Fig.9 Block diagram of the proposed programmable
divider
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Fig.10  Principle of frequency division of the pro-
posed programmable divider
mable frequency divider and DMP, the total divi-
sion ratio N of the down-scaling circuit in DVB-T
Fig.11  Chip microphotograph of the down-scaling

receiver can be realized based on the following
formula:

N=AX17T+(M-A) X116 =MX16+ A
(2)

The programmable dividers have always been de-
signed in the customary way analog circuit chips
are designed, which is difficult. In this proposed
down-scaling circuit, the programmable frequency
divider is designed using a new method based on
standard cells.

The design of the programmable divider in
the down-scaling circuit is based on the Artisan
TSMC 0. 18um CMOS standard cell library. Dif-
ferent from full custom design,standard cell based
design mainly depends on EDA tools. First, the
function is realized in Verilog-HDL. Then a syn-
thesis tool of Design Compiler is used to synthe-
size the design from the first step. In this step,the
wire load model is required for Design Compiler
to predict the signal delay. The more precise the
wire load model is, the more perfect the design
that can be obtained in submicron technology,es-
pecially in deep submicron. In most cases, howev-
er, the linear wire load models are provided by
synthesis tools,in which the path delay,wire load,
and wire length have linear relationships with the
fan-out of the circuits. Therefore, it is better to
generate a precise wire load model to improve the
synthesis results for a specific design. In order to
create the custom wire load model before detail
synthesis, initial synthesis and initial Place and
Routing are required. In these two steps,the ‘ini-
tial’ means not much attention is paid to the tim-
ing since they are for creating a practical wire
load model. Then the obtained RC parameters.
wire load delay,and the results of initial Place and
Routing are back-annotated to Design Compiler.
The wire load is created and used to develop the
custom wire load model in Design Compiler. In
the custom wire load model, the wire length, re-

circuit

sistance,capacitance, and area do not have linear
relationships with the fan-out. After obtaining the
custom wire load model, the design can go to the
detail synthesis. The next steps of the design are
Place and Routing,which are back-end design and
can be completed in Apollo™"’, the Synopsys’ VL-
SI implementation program. The last step of the
design flow is the verification. In this step, the
layout information is imported from Apollo into
Cadence Virtuoso,and some processes such as de-
sign rule check (DRC) and layout versus schemat-
ic (LVS) can be done to verify the correctness of
the design. It was finally realized in a 0.18pm
mixed-signal CMOS process of TSMC. The pro-
posed programmable divider is connected with
DMP with the buffer proposed in section 3.

The chip microphotograph of the down-scal-
ing circuit in the PLL is shown in Fig. 11.

The measurement of the chip includes two
parts. In the first part,the part of DMP was tested
alone on wafer. The input sinusoidal signal is pro-
duced by a Rohde/Schwarz SMP04 microwave sig-
nal generator.

Figure 12 (a) shows the measured output
waveform of DMP on a 50Q load of measurement
equipment at the division ratio of 17 when the in-
put signal is at 2ZGHz. The measured output fre-
quency is 117. 5MHz. Figure 12 (b) shows the
measured output waveform of DMP on a 50() load
of measurement equipment at the division ratio of
16 when the input signal is at 1GHz. The meas-
ured output frequency is 62. 5SMHz. The core part
of the DMP only draws 4mA from the 1.8V pow-
er supply. The results indicate that the chip works
well in the frequency band of 1~2GHz,the range
of the proposed receciver for the DVB-T. The
maximum operating speed of the proposed DMP is
up to 3GHz.
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Fig.12 Measured output signal of the DMP

Figure 13 shows the jitter of the output sig-
nal. The input frequency is 2ZGHz and the meas-
ured output frequency is 117. 5MHz. The time jit-
ter at this frequency is only 3ps,corresponding to
0.03% of the clock period.

In the second part of the measurement, the
down-scaling circuit including the DMP and the
programmable divider was tested in the PLL as a
part of the DVB-T receiver chip. The aim of this
part of the measurement was to test how the
down-scaling circuit works in the PLL. The re-
ceiver chip is bonded to the printed circuit board
(PCB). Off-chip devices are welded onto the
PCB. High frequency signals to be tested are con-
nected to SMA-type microwave connectors at the
edge of the PCB. Test nodes for the low frequency
signals to be tested are designed on the PCB. The

. ./Histogram
mean 41.38505 ns  median 41.38507 ns
std dev 3.0257 ps hits 18.42 khits -
p-p 19.1 ps utle BI.8 ¥ W
peak hits 852 hits w2 98.5 % -
pk pos 41.3842 ns 1£3s 100 % sour|
Fig.13 Measured output RMS jitter of the realized
DMP
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Fig.14 Measured output signal of the programmable
dividers

testing detectors connected to the measurement
instruments are touched on these nodes to get the
desired signals. The final output signals of the
down-scaling circuit in the PLL are obtained in
this way.

Figure 14 (a) shows the measured output sig-
nal of the programmable divider in frequency syn-
thesizer for LO1 at the division ratio of 1128. The
measured output frequency is 1. 345MHz. Figure
14 (b) shows the measured output signal of the
programmable divider in a frequency synthesizer
for LOZ at the division ratio of 573. The measured
output frequency is 2. 047MHz. The measurement
results show the programmable divider can work
well along with the DMP,as desired.

5 Conclusions

Using new circuit techniques,such as the im-
proved D-latch architecture,the novel D-latch ar-
chitecture integrated with ‘OR’ logic and a new
method based on standard cells in which the pro-
grammable frequency divider is designed,a divid-
ed-by-16/17 DMP and two programmable & pulse
swallow dividers have been designed for a DVB-T
receiver and realized with a TSMC 0. 18:m mixed-
signal CMOS process. The measurement results
show that they are of low jitter and low power
consumption, and are suitable for application in
RF receiver systems.
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