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Abstract- This paper presents a new circuit design selection to apply digital techniques to moduladéad
for digital pulse-width modulators (DPWM). In this pulse width. An example of digital PWM architecture
paper, we improve the structure of hybrid DPWM by is shown in Fig. 2 [2]The function of time quantizer,
utilization of the separation of MSB/LSB group. In instead of the analog carrier generator shown @n Fi
addition, a delay line element is shared by MSB/LSB 1, which quantize time scale into a number of diter
group to reduce the power consumption. The newtime slots of lengthd. A specific time slot is selected
DPWM prototype circuit operates at 600 MHz clock by the digital control input wordl[n]. The digital
frequency and has.1-mW power consumption. An  modulation has the advantages of a low-cost, low
experimental chip is fabricating by using a staddar sensitivity, and low power. Observations from recen
0.18 micron CMOS process. The layout area is 461years, the digital modulation techniques are alyead
um x 370 um. Post-layout simulation shows the new widely used in electrical, electronic and other
DPWM with advantages of smaller chip area and low application fields. In the paper, we propose a new
power consumption especially for PWM with high digital PWM circuit with advantages of sharing of

resolution requirement. delay elements to achieve small chip area and simpl
circuit design.

Keywords. Digital Pulse-Width  Modulators The organization of the paper is described as

(DPWM), Pulse-Width Modulation, PWM. follows. Section 2 briefly review various realized
techniques for digital PWM circuits. Section 3

1. Introduction proposes the new digital PWM (DPWM) circuit.

Section 4 shows the simulation results. Finally,

According to different signal modulations, analog conclusions of the paper are given in Section 5.
e

pulse modulation system can be classified as Puls
Amplitude Modulation (PAM), Pulse Position

Modulation (PPM), and Pulse Width Modulation OEC Lo gec::r';f;r
(PWM). Based on the signal level, PAM modulates :
the amplitude of data pulses. However, the moddlate Frequerley—fs Control

4

voltage

data in a communication system are easily

interference by noise disturbance, which leads to

signal distortion. The method of PPM modulates data

pulses with different phases according to the

transmitted signal. The PPM demodulation in the PPWM <o s

received side, however, the hardware is not easy to Jﬂl—l_

realize. As a result, the cost of PPM realizatien i

higher than PAM and PPM modulations. PWM ERe )

modulates the pulse stream with various pulse’sFig- 1. Conceptual block diagram of analog PWM.

width according to signal level. PWM circuit has

many advantages including of high performance,

high anti-noise capability, and a wide range of 0SC

applications. f
Fig. 1 shows a conceptual block diagram of an m m

analog PWM [2]. An analog input signal is compared IHEEEHI

with a given carrier to provide amplitude to time Digal comparator 7&'1"1

domain conversion. The output of carrier genertor selection

general is a linear ramp waveform like as saw-tooth

wave. The architecture is with advantages of simple

circuit  architecture and easy realization. P <fe s

Unfortunately, the performance of the architecture =

suffers higher sensitivity in temperature, process e

variation, and noise, etc. Based on the drawbaclis a _. i : .

IC technology improvement, it seems to be a good Fig. 2. Conceptual block diagram of digital PWM.
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2. PreviousWorksof DPWM (3) DPWM Typelll - Hybrid DPWM:
Architectures Fig. 5 shows a hybrid DPWM architecture, which is
) . _ . . combination of count and delay line types methods
In this section, we explore various techniques in [1]. In 2003, the method was proposed by B. J.

the open literature for DPWM realization. The pgieia, trying to achieve an optimization in thpc
modulation techniques are divided into the follogvin ;.65 and power consumption. The architecture will

categories. also suffer from larger chip area when high resotut
is required.
(1) DPWM Typel - Counter type: Ring Oscillator
Fig. 3 is block diagram for the counter method [3]. by
The method is based on a zero detection of a i vob
presetting counter count down operation. It neeas t T- L T_ L | aon
different clocksfsw and fclk. For this operation, a flUs oL o4 Lo Q_‘i_l:) bt outl1:0]
higher frequencyfclk is required when the high el ¥
resolution is needed. This method is with apprderia L 1 —
chip area, but it suffers from relatively high powe ato) %\ 210 1 MUX / comparator 1
consumption. input ¢ @?7=b)
P d[io}f a0l gyt
. . :0](a=b)
d[3:2]
n.-bit
fsw comparator 2
> Load Data (a?=b)
ent[1 : 0] .
Set —eno out
Dm;iiy::—le Data [PWM Out ne Ao i1 0
ek eset Fig. 5. Typelll: Hybrid DPWM
-cT—>Count Data Zero Detect Flip-Flop
Fig. 3. Typel: counter type. (4) DPWM TypelV - X-ADPWM [4]:

This techniqgue was proposed in the 1960s. The
. conceptual diagram is shown in Fig. 6. In receatrye

(2) DPWM Typell - Delay line: it has begun more popular for communication and
Fig. 4 shows a block diagram for the delay line gversampling analog-to-digital converter. For high
method [3]. The counter function shown in Fig. 3 is resolution PWM, the method is more accurate than

replaced by a serial of delay-line element. The others at the expenses of high complexity and high
architecture can relieve the problem of high power ¢qst.

consumption. However, if DPWNM:-bit resolution
(pulse width modulated by 2tates) is requirement, a
delay line with length of 2stage is needed. The chip | s .

area will be greatly increased. din] Delay Truncat Core

-1
10-bit ") 1obit DPWM

10-bit
4 MSBs

4-bit |

2X'- A Modulator |
- -

Fig. 6. TypelV: ¥-A DPWM

\ 21 MUX /éb/n/ Although today Hybrid DPWM anB-A DPWM
techniques are often apply to realize PWM circuit,
w these methodologies have drawbacks of high cost and
R | Clear high complexity. In this study, based on Hybrid
7 DPWM architecture, we propose a new design to
Fig. 4. Typell: Tapped delay linetype. simplify the complexity of circuit. In addition, we

utilize the common delay line elements to share
between two MSB and LSB control parts. As a result,
chip area and power consumption are improved.




3. Proposed DPWM Architectures function is realized by two-stage D flip-flop. The
function of delay line is shared between two 2-bit

When conventional hybrid DPWM architecture DPWMFDC. Therefore, the chip area and power

operates in high-resolution requirement, the number . fh d archi !
of delay-line element increases in proportional to consumption of the proposed architectaii€smaller

resolution bitn. Table 1 summarizes the number of than the traditional DPWM.
required elements under various resolutionnbifor

. . . S0 S1
example, 16 hbit resolution, the conventional [ ]
architecture needs 256 delay elements while our |cx - @ Viou
proposed architecture only needs 128 delay elements | .S 2-bit DPWMFI)IC]_ Lspie:tl
> Qlo:1] MSB/LSB our|—
Table 1. The speification of hybrid DPWM. = T Combination Cireuit
Bit no. of no.of |no. of delay a s v
n MUX | counter [line eement RESET 2-bit DPWMFDC | [P
4 4x1 2 4
8 8x1 4 16 Fig. 9. Architecture of 4-bit new hybrid DPWM.
16 16x1 8 256
8 4 2 1 %
S3 S2 S1 SO T o R
—lajo:1; 2-BIT + 4 vio—
1 0 1 0 DPWM
Fig. 7. Theduty cycle of 4-bit DPWM. Fig. 10. 2-bit DPWMFDC

Figure 7 describes an example for 4-bit PWM
operation. In this example, 4-bit resolution allo¥ Figure 10 shows the function blocks of the 2-bit
modulated statuses, pulse width ranges from 0/16 DPWMFDC, in which including the 2-bit DPWM
1/16, 2/16, ..., to 15/16. In Fig. 7, if we set thesb ~ circuit, NOR gate, and avided-by-4 circuit. The
S3, S2, S1, and SO as logic 1, 0, 1, ang8pectively; PWM control of the 2-bit DPWM is set by CO and C1.
that is, As CO and C1 are set as “00", the divided-by-4

1x0 + 21 + 4¢0 + &1 =10 (1) function is reset. CO and C1 are set as range of

The circuit puts out at tenth status (9/16). In. Big “01"-"11", the frequency of signal Q is divided By
the innovation of the paper is that the 4-bit numibe ~ t0 create some proper time intervals. Figure 1lvsho
divided into two parts: MSB and LSB groups. The bit the circuit design for 2-bit DPWM [5].
number of MSB is amplified by weighted 4. Then the

MSB value plus the LSB value also equals the result 0 9 i
of (1). The procedure is described as ) 4
R

C0—

the value of LSB group=xD + 1 = 2, (2) s
the value of MSB group= D + X1)x4 = 8, 3) §
MSB + LSB =8 + 2 = 10. 4) Al 5
MSB : LSB Fig. 11. Circuit design for 2-bit DPWM .
2 12
S3 S2 1 S1 SO
l 0 | l 0 LSB[o:I]ﬁ)— ; ouT
Fig. 8. Theresolution bit isdivided asM SB and A_OUT—# " é‘ =
L SB. e % 2
J— = = NOR_OUT
5
A new proposed hybrid DPWM composed of  Mssie] s
delay line, 2-bit DPWMFDC block, and MSB/LSB _q>—
combination circuit shows in Figure ®PWMFDC

block is composed by a 2-bit DPWM succeeding with

frequency divider circuit. Delay line with reset Fig. 12. MSB/L 58 combination dircuit.



Figure 12 shows the MSB/LSB combination and simulation indicated that the designed DPWM
circuit. Based on the circuit, either the outpuPdsit can successfully 600MHz clock frequency in
DPWMFDC (LSB) or the output of 2-bit 0.18um CMOS process, which satisfying 4-bit
DPWMFDC (MSB) will be selected by controlling resolution requirement. The new hybrid DPWM chip
bits SO-S3 and MSB/LSB combination circuit. Hence,area is 0.461mr0.37mm and power consumption is
the PWM modulated outputs 0/16 to 15/16 will be 1. 1mw.

arrived.
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Fig. 14, Layout of the proposed hybrid DPWM.



