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Abstract—A UHF CMOS variable gain low-noise 
amplifier (LNA) is designed for mobile digital TV 
tuners. The proposed LNA adopts a feedback 
topology to cover a wide frequency range from 474 to 
868 MHz, and it supports the notch filter function for 
the interoperability with the GSM terminal. In order 
to handle harmonic distortion by strong interferers, 
the gain of the proposed LNA is step-controlled while 
keeping almost the same input impedance. The 
proposed LNA is implemented in a 0.11 mm CMOS 
process and consumes 6 mA at a 1.5 V supply voltage. 
In the measurement, it shows the power gain of 
greater than 16 dB, NF of less than 1.7 dB, and IIP3 
of greater than -1.7 dBm for the UHF band.    
 
Index Terms—CMOS, DVB-H/T, feedback, GSM 
interoperability (IOP), LNA, mobile TV tuner, 
variable gain    

I. INTRODUCTION 

DVB-H/T (Digital Video Broadcasting-Handheld/ 
Terrestrial) is the mobile TV standard in Europe [1-4]. 
DVB-H/T tuners have been used independently in mobile 
electronic devices or with GSM (Global System for 
Mobile Communications) chips in mobile terminals, as 
shown in Fig. 1. In the case of stand-alone usage, the 

DVB-H/T tuner has to cover the UHF band from 474 to 
868 MHz. When the DVB-H/T receiver operates with the 
GSM transceiver in mobile terminals, the upper limit of 
the input frequency is reduced to 746 MHz for GSM 
interoperability. 

In order to support both stand-alone mode and 
interoperation mode with the GSM transceiver, the LNA 
should cover a wide frequency range from 474 to 868 
MHz while having high out-of-band linearity to handle 
strong blockers without desensitization. There are two 
LNA design approaches for the DVB-H/T receiver, 

 

(a) 
 

 

(b) 

Fig. 1. (a) Stand-alone DVB-H/T tuner in mobile electronic 
devices, (b) DVB-H/T tuner with GSM transceiver in mobile 
terminals. 
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including the multiple tuned narrowband LNAs and the 
wideband LNAs [5, 6]. In case of the multiple tuned 
narrowband LNAs, the tunable capacitors, such as 
varactor diodes and switched capacitor array, are 
inevitably employed to tune the narrowband input 
impedance matching over a wide frequency range. This 
narrowband impedance matching is able to attenuate the 
strong transmitter (Tx) blockers of GSM 850 (824~949 
MHz) and GSM 900 (890~915 MHz) through the 
transmission loss by reflection and helps to support for 
GSM IOP. However, it is difficult to make constant gain, 
input impedance matching, and accurate gain step over a 
wide frequency range. In addition, the additional tuning 
circuit is required for compensating process, voltage, and 
temperature (PVT) variations. 

In this paper, a feedback variable gain CMOS LNA 
with the notch filter function is proposed for DVB-H/T 
receiver with GSM IOP. Based on a single hardware, it 
supports both stand-alone mode with the operating 
frequency range from 474 to 868 MHz and TV-GSM 
interoperation mode with the operating frequency range 
from 474 to 746 MHz through the programmability. In 
addition, the gain of the proposed LNA is step-controlled 
while maintaining the input return loss (S11) of less than -
10 dB. Section II presents the circuit design of the 
proposed LNA. Section III reports the results of 
experiments on the designed LNA, and conclusions are 
given in Section IV. 

II. CIRCUIT DESIGN 

Fig. 2 shows the GSM interference environment in the 
TV-GSM interoperation mode. Assuming the maximum 
output power of GSM Tx signal is about +33 dBm and 
the isolation between two antennas of the cellular and 
DVB-H/T is around 15 dB, GSM Tx signal with a power 
of +18 dBm can be coupled to the antenna of DVB-H/T 
receiver. Because this strong Tx leakage signal 
desensitizes the receiver and directly degrades the 
receiver sensitivity, the band rejection filter in front of 
the receiver is inevitably required to attenuate the Tx 
leakage signal. The out-of-band rejection characteristic 
of the commercial band rejection filter allows the 
incoming Tx leakage signal to be attenuated by 40 dB 
and as a result, the power of the leakage signal is reduced 
to about -22 dBm. However, unfortunately, the residue of 

the Tx leakage signal can still desensitize the receiver if 
the linearity of the front-end is not sufficiently high. If 
there is no additional rejection of the Tx leakage signal, 
during the automatic gain control (AGC) operation, the 
gain setting of the LNA is changed to the low gain mode 
even though the desired signal is very weak. This results 
in the degradation of the receiver sensitivity. According 
to MBRAI 2.0 specifications [1], the sensitivity 
degradation should be less than 1.5 dB when the GSM 
Tx interferer is present. Therefore, the additional Tx 
blocker filtering should be supported by the LNA. 

Fig. 3(a) shows the proposed resistive shunt feedback 
LNA with a second-order notch filter. Basically, it 
provides a wideband input impedance matching 
characteristic over the UHF band. The second-order LC 
notch filter is designed by the combination of two first-
order LC filters placed at the input and output of the 
LNA. It adopts two external inductors L1 and L2 and on-
chip digitally controlled switched capacitor array to keep 
high quality factor (Q-factor) of the filter and achieve 
large attenuation of the GSM Tx leakage signal. The 
input and output LC filter attenuates the GSM Tx leakage 
signal through the transmission loss by reflection and 
gain reduction by load impedance control, respectively. 
When the on-chip switched capacitor array is in fully off-
state, the band-stop frequency of the notch filter moves 
out of the operating frequency and the LNA covers the 
entire UHF band from 474 to 868 MHz. 

Fig. 3(b) shows the simplified small-signal equivalent 
circuit of the proposed LNA with a second-order notch 
filter. The transfer function of the proposed LNA is given 
as 

GSM Tx signal
GSM850 : 824 ~ 849 MHz
GSM900 : 890 ~ 915 MHz

Frequency

GSM 
Transmitter

DVB-H/T
Receiver

Frequency

33 dBm

18 dBm Tx signal 
coupling

Isolation 
(~ 15 dB)DVB-H/T signal

(474 – 746 MHz)

GSM 
rejection filter

RF filter

 

Fig. 2. GSM interference environment in the TV-GSM 
interoperation mode. 
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  (1) 
 

where Rs is the source impedance, Gm (» gm1) is the short 
circuit transconductance of the cascode amplifier, Zm(s) 
is the impedance of the input matching network, Z1(s) is 
the impedance of the input notch filter, Zf(s) is the 
impedance of the feedback network, Ro (» ro1 + ro2 + 
gm2ro1ro2) is the output impedance of the cascode 
amplifier, Z2(s) is the impedance of the output notch 
filter, and ZL(s) is the input impedance of the following 
circuit of the down-conversion mixer.  

In case of the input impedance of the proposed LNA, it 
is calculated as following: 
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Most of the conventional feedback LNAs have 
implemented the variable gain function by controlling 
only Zf(s). However, from (2), this causes the variation of 
the input impedance and S11. In order to achieve a small 
variation of S11 over wide gain control range, both 
feedback resistor Rf and load resistor RL are changed 
simultaneously in the proposed LNA [7]. 

III. EXPERIMENTAL RESULTS 

The proposed LNA was implemented in a 0.11-μm 
CMOS process. The chip photograph of the proposed 
LNA is shown in Fig. 4. The chip size is about 550 µm ´ 
450 µm. The current consumption of the designed LNA 
is 6 mA at a 1.5 V supply voltage.  

Fig. 5 shows the measured input return loss (S11) of the 
proposed LNA when the LC notch filter is turned on and 
off, respectively. As predicted, when the LC notch filter 
is turned off, the LNA covers the entire UHF band from 
474 to 868 MHz. As shown in Fig. 5, when the LC notch 
filter is enabled, the input impedance of the LNA is 
unmatched to the source impedance at GSM frequency 
band and this relaxes the linearity requirement of the 
front-end due to the additional rejection of GSM Tx 
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(b) 

Fig. 3. (a) Schematic of the proposed feedback variable gain 
LNA with notch filter function, (b) its simplified small-signal 
equivalent circuit without the low gain path. The L1, L2, and LL
are external components. 
 

 

Fig. 4. Chip photograph of the proposed LNA. 
 

 

Fig. 5. Measured input return loss (S11) of the proposed LNA 
when LC notch filter is turned on and off, respectively. 
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signal. And as a result, the upper limit of the input 
frequency is reduced to 746 MHz.  

Fig. 6 show the measured gain of the proposed LNA 
over various gain modes when the LC notch filter is 
turned off. The designed LNA covers a 20 dB gain range 
with a 10 dB gain step. Fig. 7 shows the measured gain 
of the LNA at high gain mode when the LC notch filter is 
activated. 

As shown in Fig. 8, S11 of the LNA is less than -10 dB 
for all gain modes. It shows a small variation of S11 over 
the wide gain control range because both feedback and 
load resistance values are changed simultaneously 
according to the gain modes. Fig. 9 shows the measured 
NF and third-order input-referred intercept point (IIP3) 
of the proposed LNA at high gain mode when the LC 
notch filter is turned off. The NF and IIP3 of the 
designed LNA are less than 1.7 dB and greater than -1.7 
dBm over the entire UHF band, respectively. 

IV. CONCLUSIONS 

A UHF CMOS feedback variable gain LNA with 
wideband input impedance matching and GSM 
interoperability (IOP) is proposed for DVB-H/T 
receivers. Based on a single hardware, it supports both 
stand-alone mode with the operating frequency range 
from 474 to 868 MHz and TV-GSM interoperation mode 
with the operating frequency range from 474 to 746 MHz 

 

Fig. 6. Measured gain of the proposed LNA over various gain 
modes when LC notch filter is turned off. 

 

 

Fig. 7. Measured gain of the proposed LNA at high gain mode 
when LC notch filter is turned on. 
 

 

Fig. 8. Measured input return loss (S11) of the proposed LNA 
over various gain modes when the LC notch filter is turned off. 
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Fig. 9. (a) Measured NF, (b) third-order input-referred intercept 
point (IIP3) of the proposed LNA at high gain mode when the 
LC notch filter is turned off. 
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through the programmability. In the TV-GSM 
interoperation mode, the second-order notch filter 
embedded in the LNA attenuates the GSM Tx leakage 
signal through the transmission loss by reflection and 
gain reduction by load impedance control. It relaxes the 
linearity requirement of the front-end. 
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