
he interstage transmitter (Tx) SAW ýlter between the transceiverôs 
Tx output and the power ampliýer has effectively two functions.

1. To reduce the transmit output from increasing the receiver (Rx) 
noise ýgure.

2. To reduce out-of-band spurious and noise emission from the Tx.  
If this Tx SAW ýlter can be eliminated, it would save cost and area 

on the PCB. This article analyzes the trade-offs involved with removing 
the Tx SAW ýlter from the perspective of improving the performance 
of either the transceiver and/or the duplexer.

Item (1) is not a concern for GSM/GPRS/EDGE radios because 
these standards are half-duplexði.e., the Rx and Tx are not on at 
the same time. However, item (2) is an important concern for GSM/
GPRS/EDGE. According to the 3GPP speciýcation, Tx noise within  
the low bands of GSM/GPRS (850 MHz and 900 MHz) cannot ex-
ceed ï79 dBm over a bandwidth of 100 kHz at an offset of 20 MHz. 
At +33 dBm output (as per the 3GPP speciýcation) the noise at a 20 
MHz offset has to be better than ï163 dBc/Hz (i.e., ï79 dBm-10log 

(100 kHz)-33 dBm). This number is achievable for both the transceiver 
and the power ampliýer. Consequently, a Tx SAW is not required for 
the GSM standard. 

Both functions 1 and 2, are explored with a SAW and without a 
SAW for WCDMA and various trade-offs are discussed. However, the 
article addresses item (1) in much more detail since item (2) is well 
understood for GSM. 

Tx to Rx desensitization occurs because the transmit noise in the  
Rx band leaks into the Rx chain and effectively increases the noise þoor 
of the Rx. This increase in the noise þoor increases the overall noise 
ýgure of the Rx. If we assume the Eb/No=7 dB for a bit error rate (BER) 
of 10-3, the required noise ýgure (NF) at the antenna port, with the Tx 
on, must be designed to be less than 9 dB. There are three basic sources 
of noise in the transmit path that can add to the Rx noise ýgure:

1. The digital-to-analog converter (DAC) used to generate the 



analog IQ signals.
2. The modulator (i.e., the transceiver).
3. The power ampliýer.
 In our initial analysis, we will assume the DAC noise is much 

lower (at least 10 dB lower) than the transceiver and power ampliýer 
noise.

Figure 1 illustrates a generalized WCDMA system with an intra-
stage Tx SAW ýlter. All the variables within the following analysis 
are deýned within Figure 1. The Rx noise due to the transceiver at 
the output of the power ampliýer, NTX-RX,PA is given by the following 
equation:

 (1)
Therefore, the total in-band Rx noise at the output of the power 

ampliýer, NPA is a combination of the transceiver noise and the power 
ampliýer noise;  
  

  
 (2)

Given this, the noise at the input of the Rx, NRX is identiýed as NPA 
minus the attenuation of the duplexer, plus its own noise contributions 
when the Tx is off (-174+10log(3.84MHz) + NFTX,eff ); 

 (3)
Therefore, the NF at the antenna input with the Tx on is given by 

the following equation;

 (4)
By using equations (1) to (4), the effective noise ýgure of the  

Rx can be derived. In a typical application, the duplexer Tx to Rx  
isolation is approximately 42 dB, the noise from the PA is typically 
around ï73 dBm, the noise ýgure of the Rx with the Tx off is typi-
cally around 3 dB, and the power and noise output of the transceiver is  

+4 dBm and ï153 dBc/Hz, respectively. If a low-cost Tx SAW is  
used, one would expect an in-band loss of 1 dB and an out-of-band 
loss of 30 dB. The in-band loss from the switch and duplexer to  
the antenna is typically around 2 dB and 3 dB for the Tx and Rx,  
respectively. Given all this, the gain of the PA would have to be 23 dB  
to achieve an output power of +24 dBm as per the 3GPP requirement.  
With all these variables, the noise ýgure with the Tx on would be  
NTX,on = 6.4 dB, which meets the spec and has about 2.6 dB of margin. 
For this particular case, the transmit noise in the Rx band is mainly  
inþuenced by the PA noise rather than the transceiver noise. For 
example, if the transceiver noise increased by 8 dB, NTX,on = 6.5 dB, 
which is only a 0.1 dB increase. Consequently, with a Tx SAW ýlter, 
the affects of the transceiver noise in the Rx band can be effectively 
ignored.

Now, letôs assume the SAW is removed from the Tx chain and the 
transceiver noise is ï153 dBc/Hz; see Figure 2. Under this scenario, the 
NF at the antenna port is 10.9 dB, which fails the NF spec of 9 dB.

From the analysis, it becomes apparent that there are only two  
variables that dramatically inþuence the amount of Tx to Rx desen-
sitization; (a) the duplex isolation between the Tx and Rx (DTX-RX) 
and (b) the transceiver noise in the Rx band (NTX-RX). Better duplexer 
isolation usually implies increased cost and size. Furthermore, duplexer 
technology generally moves toward producing smaller scales, thus one 
would expect the Tx to Rx isolation to become worse. In any case, letôs  
make the assumption the duplex isolation is now 48 dB (as opposed 
to 42 dB). With 48 dB of isolation, NTX,on = 7.8 dB, which meets the 
spec of 9 dB, but only has 1.2 dB of margin.  




