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Abstract: - In this study, a single-chip is designed with MOS techniques for the digital TV tuner. The chip consists
of the modules of low noise amplifier ( LNA ) , RF mixer, digital voltage control oscillator, and polyphase filter. The

tuner is designed with the structure of a single conversion by mixing the Quadrature local signal with polyphase filter. The
frequency band is designed from 530 MHz to 602 MHz for DTV channels in Taiwan. The gain of the entire tuner can be

over 32 dBm, and the image rejection ratio ( IRR ) of the tuner is above 30 dBm. The local oscillator built-in digital-to-

analog converter can be directly controlled by a digital code to select the TV channel. The silicon chip had been designed
with a full-custom layout, where the chip size and core size is about 0.497 and 0.1095 mm?, respectively, when
implemented by TSMC 0.18um CMOS process. The maximum power dissipation is about 136.7 mW when the chip works
3.3V.
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with the ployphase filter operated on low IF is suggested,
as shown in Fig. 1(b). This architecture requires the mixers
to generate four phase signals.

1. Introduction

A wireless RF communication systems had widely

used for portable devices, such as cell-phone, TV receiver,
and GPS and so on. For the portable device, the chip size
and power dissipation is as small as possible [1-3]. The
digital TV had been popular because of high quality and
low noise. For TV broadcasting, the tuner is required to
select the TV channel from the RF signal modulation [4-
11]. The main function of a tuner is to transform RF signal
to IF (intermediate frequency) one for TV receiver. The
tuner architectures can be split to the single conversion and
dual conversion with zero IF, low IF and IF [9-11]. The
single conversion requires a tracking filter that employs
high Q inductance, which is hardly implemented in a
silicon chip. The double conversion method is widely used
to reject the image frequency for the cable TV systems
[11]. The architecture is shown in Fig. 1(a). The first is an
up-conversion that modulates the video signal to the high
frequency band. The frequency of the first local oscillator is
1220~2080MHz, and the TV band is from 48~860MHz.
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Fig. 1(a) The architecture of dual conversion with IF.
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Figure 2 The architecture of the proposed DTV tuner.

TV tuner can be implemented with either discrete
chip or single chip. The former can easily adjust the feature
of tuner in various processes. However, the power
consumption and tuner size is larger, which is not
appreciated for a portable device. In order to improve the
performance of tuner, a single silicon chip for tuner
implementation is studied in recent [9-11]. In this paper, we
design a silicon tuner with TSMC 0.18um process. First
each sub-module, such as low noise amplifier (LNA),
mixer, filter, and local oscillator, is implemented
respectively. Then an entire tuner is combined with these
sub-modules within a silicon chip. The cost-efficient chip is
designed with small area and high gain for a low cost TV
receiver.

2. Proposed Tuner Design

To achieve cost-efficient design, the proposed tuner
adopts a single stage conversion for low-1F output. Figure
2 shows the architecture of proposed DTV tuner. The
two-step LNA is used to amplify the weak signal from an
antenna. The LNA chip is designed by referring to [6]
with active inductor to reduce the core size. For the single
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Fig. 3 The active mixer.
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stage conversion, the local oscillator employs Quadrature
Local Oscillation (QLO) [7]. For QLO signals, the
ployphase filter 1 is used to generate 0, 90, 180, 270
degree signals, which are generated with a simple RC
circuit with one stage [7]. Then the QLO signals are sent
to the mixers to generate the four-phased IF signals. The
QLO signal frequency can be controlled by the digital
code from a local oscillator. The four phased IF signals
are further filtered by the ployphase filter 2. The main
purpose of the ployphase filter 2 is : (1) can filter the
selected low IF frequency from the differential signal to
the output; (2) reduce the image signal level. The module
of the ployphase filter 2 is designed with four stages,
where the detail is shown in our previous paper [8].

The mixer is designed with active two-balance
structure [2], as shown in Fig. 3. If RF input signal and
local signal is Vi=A;Cos(wit) and  Vo=AoCos(wot)
respectively, after mixing, we can achieve

2A; A cos(m;t)cos(w,t)
Besides the basic frequency, the additive and differential

frequencies generated can be applied to up conversion
and down conversion for RF signal.

(1)

The mixer can feed two-phased RF signals, and two-
phased local frequencies. With two mixers, one can
achieve four phased signals. Each mixer can output two
basic signals, one differential signal and one additive
signals. Then the polyphase filter is used to catch the
differential signal to find IF signal.

The local oscillator is designed with a digital-based
voltage control oscillator (VCO). The digital VCO
consists of the digital to analog conversion and the five-
stage ringing oscillator, as shown in Fig. 4. The input
digital code with 8 bit can directly control the frequency
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Fig. 4 The digital-based voltage control oscillation.
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Fig. 5 The weight digital to analog conversion.

from 500 to 600 MHz for DTV band in Taiwan. The pull-
up resister is used to promote the voltage of DAC output
to overcome the threshold of VCO to improve the
linearity between voltage and frequency. The VCO is
designed with five-stage inverters ringing [12]. A low
pass filter is employed at the end of VCO, to smooth the
harmonic of ringing oscillator. However, the frequency of
VCO may be deviated in process changed. The digital
correction with micro-processor can be employed to
calibrate the deviation to meet the current DTV band. The
digital local oscillator can directly select the TV channel
with micro processor control.

The digital to analog conversion (DAC) is designed
with by the current mode, as shown in Fig 5. P-MOS
devices, M16 to M23, are employed to control the current
switching. The PMOS driving current is dependent on
channel width (W) and length (L), which can be
expressed by

1 W 2
Id =Eupcox f(vgs_vthp) ’ (2)
{urrent Mirror Delay:wCell
[

I
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I

Fig. 6 The five stages inverter oscillator.

The PMOS M16 is LSB, and M23 is MSB. Since PMOS
switch turns on when its gate is low, the inverter is used
for positive logical control. Also, the inverter can isolate
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the digital circuit from the analog current to reduce the
digital noise. The ration of W/L in each bit is designed to
generate 2"-degree weighting. We have Iref, 2 Iref,
4lref...256Iref from LSB bit, 2™ LSB, 3 LSB, to MSB,
where Iref is basic reference current. All PMOS devices
are in parallel, and the resistor is employed to transform
the current to voltage by Vout=lpacxR, where Ipac is the
total output current from DAC, which can be given by
Ipac =Sg lret +S1 21 +S, 4l +..57 2561 . (3)

where Sp to S7is the PMOS switch from LSB to MSB.

The five stage ringing local oscillator is shown in
Fig. 6 [12]. The input stage is a current mirror, which the
input voltage can control the bias to change the current.
The second stage is five ringing inverters. The current
mirror can control the capacitance charging time for each
inverter to change the delay. As the current is high, the
charging time becomes short and the frequency increases
accordingly. The last stage is buffer, which can provide
driving power and avoid the loading effect for VCO.

3. Chip
Comparisons

Implementation  and

Based on the proposed circuit in Fig. 2, the tuner
chip is realized with TSMC 0.18um 1P6M process. First,
we individually implement the modules of LNA, mixer,
DAC, oscillator and ployphase filter. Then the entire
tuner consists of these modules. With Agilent Advanced
Design System (ADS) tool simulations, the results of
DAC and VCO are shown in upper and bottom of Fig. 7
respectively. The linearity of DAC is checked by a 8-bit
binary counter, where the output voltage is from 0 to 1.6v
as the counter from 0 to 255. The VCO output may be not
good linearity when the input is at the low and high
voltage. In the linearity region, the VCO can generate
530MHz to 680MHz corresponding to the input voltage
from 0.75v to 2.5v. To overcome the MOS offset, the pull
resistor used in Fig. 4 can increase about 0.75v offset
voltage.

Table 1 Chip Features of the Proposed Tuner

Receiving Frequency 530 to 602 MHz
PDC/Power Supply 136,692 mW/1.8 £33V
Process TSMC 18um 1P6M
Core Area 300 * 365 um?
Chip Area with PAD 705 * 705 um?
Gain 32 to 37 dBm
IRR 30 to 103 dBm

The parameters of MOS width/length and resistor
are extracted from the results of ADS simulator. The chip
layout with the full-custom methodology is according to
the MOS parameter. The chip has been verified with LVS
and DRC tools in success. Table 1 lists the chip features.
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The chip can be worked under 1.8V or 3.3V , and the
average power dissipation is about 137mW as estimating
from Powermill tools. When the operation frequency is
from 530 to 602 MHz, the gain can be over 32dBm.
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Fig. 7 The simulated results of DAC and VCO.
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Fig. 8 The frequency response of the proposed tuner.
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Fig. 9 The image rejection response using proposed tuner

Figure 8 shows the gain of the tuner, where the chip
can gain about 35dB in average. Figure 9 shows the
image rejection power, where the maximum rejection
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power at the central frequency can achieve about
103dBm, and the image frequency rejection is at least
30dBm among all bands. The image rejection ration
(IRR) can achieve about 67dBm in average. The
operation band is designed from 530MHz to 602 MHz for
the current DTV tuner in Taiwan. The photo for the chip
layout is shown in Fig. 10, where the size is 705 * 705
um? as included 1/0 pad.

Fig. 10 Photomicrograph of the proposed tuner.

One can extract the parameters from the post layout
to estimate the performance when encountering the
process, supply and temperature spread. The tuner is
designed by the relative ration of MOS. When the process
occurs deviation, but the ration of MOS parameter can be
always hold, and the chip feature can be almost kept.
With ADS simulations, when the parameter of MOS
changes 10%, the gain will degrade 0.8dB at the center
frequency. As the power supply has +£10% spread, the
chip also can work in normal, but the frequency will shift
about 32MHz at maximum. The chip also can work under
various temperatures during 0~80°C. However, the center
frequency may shift about 1.5MHz, when the temperature
changes +10°C.

Now we evaluate the performance for the
proposed tuner with some parameters. (1) The group
delay is about 0.4~0.6 ns in the DTV band, as shown in
Fig. 11. (2) The stability of filters operates at entire
frequency range, as shown in Fig. 12. These values in
operated band all can be over 1, which denote that the
tuner can work stably. (3) The dynamic Range is
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Fig. 11 The group delay of the proposed tuner.

7

b m6
6 freq=566.0MHz
5 Mu1=4.453

Mu1

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

freq, GHz

Fig. 12 The stability of filters from IF output ports.

measured at IF 36.2 MHz when input power is from -190
dBm to -55 dBm. The dynamic range of proposed tuner is
about 135 dBm, as shown in Fig. 13. (4) The linearity of
filter between input and output is shown in Fig. 14. The
points m3 is located at 1dBm gain compression, where
the output becomes non-linearity when input power is
over —55dBm.

Table 2 lists the comparisons with the competing
chips. A. Maxim el at. [9] presented a hybrid tuner for
ATSC/DVB-T digital terrestrial TV standards with
ployphase filter. However, the chip consumes about 1.2W
power, which is not suitable for mobile TV device. A
DBS satellite tuner [10] is presented with the single
conversion. A ring oscillator-based frequency synthesizer
is designed, which the local oscillation frequency can be
controlled by the digital circuit. However, its chip area is
8.6mm? that is too large for most of low-cost TV
receivers. R. Montemayor [11] presented a dual-
conversion tuner IC for cable TV. Its power dissipation
and chip area is clearly lower than [9] and [10].
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Table 2 Comparisons of Tumer Chips.

[9] [10] [11] Proposed
Chip Process 0.13um 0.13um 0.18um 0.18um
. Single Conv. | Single Conwv. Dual Conv. Single Conwv.
Architecture
LowIF LowIF LowIF LowIF
vocC Analog Digital Analog Digital
TV Standard Hybird DBS Cable DVB
RF Gain 45dB 454B 264B 35dB
RR 658 55dB 364B 6748
Power
. 1.2Wi33v  |0.7TW/3.3V&18V| 410mW/3.3V (136.6mW/3.3v&1.8V|
Consumption
2
Area 3 mm’ 8.6 mm’ 2.6 pmm 0.497mm’
Dyanmic Range
0 1'1'13/
Pout of 7 m2
IE.(dBm) _5() 7
] ml
] m4
-200 trrrrrrtrtrrtr T T T

-240 -220 -200 -180 -160 -140 -120 -100 -80 -60 -40 -20

RF _input power (dBm)

Fig. 13 The dynamic range(RD) of the proposed tuner.
1dB-compression
20 m1
7 RF_power=-75.350
E o+ dBm(vout[::,11)=-41.702)
T 4
o m3 m2
2 -20 m2 RF_power=-61.910
gl 1 dBm(vout]::,1])=-27.797
w -40— m3
] RF_power=-55.370
'60 LI ‘ T T ‘ L ‘ L ‘ L ‘ LI Ilnear=-21 '031
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RF_power,dBm
a=(m2-m1 )/(indep(m2)-indep(m1))
b=(m1 *indep(m2)-m2*indep(m1))/(indep(m2)-indep(m1))
Iinear=a*RF_power+b

Fig. 14 The linearity evaluation for the proposed filter.

However, the down conversion is designed with trifilar
transformer that is not easily implemented in CMOS
chip. We proposed a cost-effective tuner chip for DTV
with DVB standard. The chip is designed with the single
conversion based on ployphase filter. The power
dissipation can be reduced by 88%, 51%, 30% compared
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with [9], [10] and [11] respectively. Also, the silicon area
is only about 16%, 5.8% and 19% that of [9], [10] and
[11] respectively. Clearly, the proposed tuner is not only
to achieve low power but also to keep low cost, which
can be applied on mobile TV system. Besides, the digital
circuit, such as extra micro-processor, can directly
control the VCO to select the TV channel.

4. Conclusions

This paper presented a low-cost tuner module for
DTV. The chip is successfully implemented with TSMC
0.18um process. Comparisons with the existed tuner
chips, there are many advantages using this approach. (1)
The silicon area can be greatly reduced on-chip. (2) The
power dissipation can be much reduced. (3) The chip can
be directly controlled by the digital circuit. (4) The chip
without using any inductor is easily implemented in
silicon chip. When polyphase filter combined with a
mixer, the image frequency can be rejected about 67dBm
in average for DTV tuner band. With area cost-effective
design, the chip size is only 0.49 mm? (included 1/O pad)
and its core size is only 0.11 mm? with TSMC 0.18um.
With low power and small area, this tuner chip can be
embedded to the set-top-box for the DTV system.

References

[1] B. Razavi, RF Microelectronics, Prentice Hall,
1998.

[2] D. M. Pozar, Microwave Engineering, John

Wiley & Sons, New York, 1998.
[3] D. M. Pozar, Microwave and RF Design of
Wireless System, John Wiley & Sons, New

York, 2001.

[4] W. Redman-White et at., “An analog CMOS
front-end for a D2-MAC TV decoder”, IEEE
Journal of Solid-State Circuit, VVol. 29, No. 8,
p.p. 998-1001, August 1994.

[5] M. Notten, J. van Sinderen, F. Seneschal, F.
Mounaim, “A low-IF CMOS double quadrature
mixer exhibiting 58 dB of image rejection for
silicon TV tuners”, in IEEE RFIC Symp. Dig.,
pp. 171-174, 12-14 June 2005.

[6] A. Thanachayanont and A. Payne. “A 3-V RF
CMOS bandpass amplifier using an active
inductor”. In Proc. IEEE Int’l Symp. Circuits
Syst., volume 1, pages 440-443, June 1998.

[7] F. Behbahani, Y. Kishigami, J. Leete, A. A.
Abidi, “CMOS mixer and polyphase filters for
large image rejection,” IEEE Journal Solid State
Circuit, vol. 36, no. 6, pp.873-887, June 2001.

[8] S.C. Hsia and K.T. Lin “High-Performance
active polyphase filter design for digital TV
tuner”, Microelectronics Journal, vol.40 no.6
pp.966-972, June, 2009.

E-ISSN: 2415-1513

18

[9]

[10]

[11]

[12]

Shih-Chang Hsia,
Szu Hong Wang, Hsin-Hsien Huang

A. Maxim, R. Johns, and S. Dupue, “0.13um
CMOS hybrid TV tuner using a calibrated
image and harmonic rejection mixer,” 2007
Symposium on V/LSI Circuits, pp. 206-207,
2007.
A. Maxim, R. K. Poorfard, R. A. Johnson, P. J.n
Crawley, J. T. Kao, Z.i Dong, M. Chennam, T.
Nutt, and D. Trager, “A fully integrated 0.13um
CMOS digital low-IF DBS satellite tuner using
a ring oscillator-based frequency synthesizer,”
IEEE Journal Solid State Circuit,, Vol. 42, No.
5, pp.967-982, MAY 2007.
R. Montemayor, “A 410-mW 1.22-GHz down
converter in a dual-conversion tuner IC for open
cable applications,” IEEE Journal Solid State
Circuit,, Vol. 39, No. 4, pp.714-718, Apr., 2004.
K. H. Cheng, L.J. Tzou, W.B. Yang and S.S.
Sheu, “A CMOS low power voltage controlled
oscillator with split-Path controller”, IEEE Conf.
Electronic, Circuit and System, 2001. pp. 421-424
vol.1.

Volume 10, 2019





