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Duplexer and Receiver Filter Requirements for Type 2 Mobiles 
1 Introduction
This paper discusses the filter parameters that are used in the various analyses for different type 2 mobile architectures ([5], [1], and [6]).  Specifications that are used in these analyses are given.  As type 2 GSM mobiles are not currently manufactured, some of the filters required are not available.  Filter specifications for some bands had to be derived from existing filters.  

2 Methodology

Frequency scaling allows filters with different centre frequencies to be compared.  To estimate filter parameters, it is necessary to find a filter with similar scaled bandwidth and transition bands as the required filter.  Figure 1 illustrates typical bandpass filter characteristics and defines parameters that are subsequently used in the equations.  
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Figure 1:  Diagram Showing Bandpass Filter Characteristics
The scaled bandwidth and the scaled transition band are used to map filter requirements:
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 is not used in the above equations as it is on the high side of the RX band, away from the TX band, and therefore its value is not critical.
By matching the normalized bandwidth, normalized transition bands, and shape factor relatively closely, filter performance can be projected for other frequency bands.  This method is just used to give approximate filter performance, and does not confirm that filters can be fabricated with these specifications.

The EGSM and DCS frequency bands did not have sample high TX rejection filters or duplexers available.  The normalized bandwidth, transition bands and shape factor for EGSM and DCS are given in Table 1.
	
	Filter for DCS
	Filter for EGSM900

	
	Actual
	Scaled
	Actual
	Scaled

	Centre Frequency 
	1842.5 MHz
	1
	942.5 MHz
	1

	Filter Bandwidth 
	75 MHz
	0.041
	35 MHz
	0.037

	Transition Band (FTL)
	20 MHz
	0.0109
	10 MHz
	0.0106

	Shape Factor
	0.789
	-
	0.778
	-


Table 1:  Key Filter Parameters for the EGSM and DCS Band

3 Receiver Bandpass Filter Specifications

Two sets of receiver bandpass filters are considered in this analysis.  Filters designed for current GSM receivers (i.e. type 1) have not been optimized for high rejection of the transmitter band since full duplex operation is not required.  Sample filter specifications for these filters are given in Appendix A.  
For the GSM bands that are coincident with CDMA bands (i.e. GSM 850 and PCS 1900), there are sample high TX rejection filters targeted for the CDMA market that can be used for a type 2 mobile.  The sample high TX rejection filter used in this analysis for the 850 MHz band is the EPCOS B9035.  For PCS band the sample filter used is the EPCOS B9034.   Filters were not found for the EGSM and DCS bands, so the filter specifications for these bands were derived from the B9034 according to the procedure described in Section 2.
Table 2 compares the normalized key filter parameters for the EGSM and DCS bands with those of the two high TX rejection filters.  

	
	B9035
	B9034
	DCS
	EGSM 900

	
	Actual (MHz)
	Scaled
	Actual (MHz)
	Scaled
	Actual (MHz)
	Scaled
	Actual (MHz)
	Scaled

	Centre Frequency
	881.5 
	1
	1960 
	1
	1842.5 
	1
	942.5 
	1

	Filter Bandwidth
	25 
	0.0284
	58.8 
	0.03
	75 
	0.041
	35
	0.037

	Transition Band
	20
	0.0227
	21.2 
	0.0108
	20 
	0.0109
	10
	0.0106

	Shape Factor
	0.556
	-
	0.735
	-
	0.789
	-
	0.778
	-


Table 2:  Key Filter Parameters for Each GSM Band

It can be seen that the scaled parameters and shape factor for the DCS and EGSM bands more closely match the B9034, therefore values for passband attenuation and rejection in the TX band for EGSM900 and DCS were taken directly from the B9034.  For specifications outside of the RX and TX band frequencies, the frequency ranges were directly scaled by the ratio of the centre frequencies;  
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for the EGSM band, and
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 for the DCS band.  
The high TX rejection bandpass specifications for all of the bands are given in Appendix A.
4 Duplexer Filter Specifications

The EPCOS B7638 duplexer was available for the GSM 850 band and is used in this analysis.   For the PCS band, the EPCOS BAW B7633 duplex filter for CDMA applications was used in this analysis.   Duplex filters were not found for the EGSM and DCS bands, so the filter specifications for these bands were derived from the B7633 according to the procedure described in Section 2.
Table 3 and Table 4 compare the normalized key filter parameters for the EGSM and DCS bands with those of the two high TX rejection filters.  

	
	B7638
	B7633
	DCS
	EGSM 900

	
	Actual (MHz)
	Scaled
	Actual (MHz)
	Scaled
	Actual (MHz)
	Scaled
	Actual (MHz)
	Scaled

	Centre Frequency
	836.50
	1
	1880
	1
	1747.5
	1
	897.5
	1

	Filter Bandwidth
	25
	0.0299
	58.8
	0.0313
	75
	0.043
	35
	0.039

	Transition Band
	20
	0.0239
	21.2
	0.0117
	20
	0.0114
	10
	0.0111

	Scale Factor
	0.556
	-
	0.735
	-
	0.789
	-
	0.778
	-


Table 3:  Key Duplexer Filter Parameters for TX-ANT

	
	B7638
	B7633
	DCS
	EGSM 900

	
	Actual
	Scaled
	Actual
	Scaled
	Actual
	Scaled
	Actual
	Scaled

	Centre Frequency
	881.5
	1
	1960
	1
	1842.5
	1
	942.5
	1

	Filter Bandwidth
	25
	0.0284
	58.8
	0.03
	75
	0.0407
	35
	0.037

	Transition Band
	20
	0.0227
	21.2
	0.0112
	20
	0.0109
	10
	0.0106

	Scale Factor
	0.556
	-
	0.735
	-
	0.789
	-
	0.778
	-


Table 4:  Key Duplexer Filter Parameters for ANT-RX

It can be seen that the scaled parameters for both DCS and EGSM 900 bands more closely match the B7633, in both the transmit and receive path.  Therefore values for TX-ANT attenuation, ANT-RX attenuation, and TX-RX isolation are taken from the B7633.  For specifications outside of the RX and TX band frequencies, the frequency ranges were directly scaled by the ratio of the centre frequencies as described in Section 3.

While bandpass SAW filters are available for the EGSM and DCS bands (but just not optimized for TX rejection performance), it seems that making duplexers for these frequency band has not been tried.  The methodology here is a way to estimate the performance of a duplexer in these bands, and is not a guarantee that the filter will have this performance in reality.   In addition, the EGSM filter estimation is based on the PCS filter, which is fabricated using bulk acoustic wave (BAW) technology.  However, it is more likely that the EGSM filter would be fabricated using SAW technology, similar to the filter for GSM 850.  Similar performance would be expected.  

The duplex filter specifications for all of the frequency bands are given in Appendix A.

5 Worst Case Assumption

For simplicity, only worst case conditions were considered.  Minimum rejection figures over temperature were used for the filters and duplexers.  Maximum in-band attenuation (insertion loss) figures were also used.  If a particular frequency band of interest straddled two different rejection performance regions of a filter, the lowest rejection was assumed to apply to the entire frequency band.

6 Summary
The bandpass and duplex filter selections have been described in detail, and the derived specifications (for frequency bands without implemented parts) have been explained.  
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APPENDIX A
Bandpass Filter Specifications

Sample Standard GSM Bandpass Filters

Minimum Attenuation for Temperatures -30oC to 85oC
	EGSM Filter
	PCS Filter

	Frequency (MHz)
	Attenuation (dB)
	Frequency (MHz)
	Attenuation (dB)

	DC-880
	48
	DC-1830
	30

	880-905
	30
	1830-1910
	10

	905-915
	17
	2010-2070
	10

	980-1025
	25
	2070-2150
	22

	1025-2880
	40
	2150-3000
	25

	2880-6000
	18
	3000-6000
	25

	Maximum Insertion Loss 925-960 = 2.7 dB

Typical Insertion Loss 925-960 = 1.8 dB
	Maximum Insertion Loss 1930-1990 = 3.0 dB

Typical Insertion Loss 1930-1990 = 1.8 dB

	GSM 850 Filter
	DCS Filter

	DC-824
	45
	DC-1300
	30

	824-849
	35
	1300-1705
	30

	915-960
	20
	1705-1785
	11

	960-2000
	35
	1920-1980
	18

	2000-6000
	18
	1980-2500
	22

	
	
	2500-3840
	25

	
	
	3840-6000
	25

	Maximum Insertion Loss 869-894 = 2.4 dB

Typical Insertion Loss 869-894 = 1.7 dB
	Maximum Insertion Loss 1805-1880 = 3.0 dB

Typical Insertion Loss 1805-1880 = 1.8 dB


High TX Rejection Bandpass Filters
Minimum Attenuation for Temperatures -30oC to 85oC

	B9035
	B9034

	GSM 850 Filter
	PCS Filter

	Frequency (MHz)
	Attenuation (dB)
	Frequency (MHz)
	Attenuation (dB)

	0.3 – 824
	46
	0 – 1850.6
	40

	824 – 849
	46
	1850.6 – 1909.4
	46

	914 – 950
	20
	2040 – 2070
	35

	950 – 1500
	46
	2070 – 4500
	35

	1500 – 2200
	46
	4500 – 5200
	28

	2200 – 3000
	30
	5200 – 6000
	18

	3000 – 4500
	20
	
	

	4500 – 6000
	15
	
	

	Maximum Insertion Loss 869-894 = 2.5 dB

Typical Insertion Loss 869-894 = 2.1 dB
	Maximum Insertion Loss 1930.6 – 1989.4 = 4.4 dB
Typical Insertion Loss 1930.6 – 1989.4 = 2.7 dB

	EGSM900 Filter
(Derived from B9034)
	DCS Filter

(Derived from B9034)

	Frequency (MHz)
	Attenuation (dB)
	Frequency (MHz)
	Attenuation (dB)

	0-880
	40
	0-1710
	40

	880-915
	46
	1710-1785
	46

	981-995
	35
	1918-1946
	35

	995-2164
	35
	1946-4230
	35

	2164-2501 
	28
	4230-4888
	28

	2501-2885
	18
	4888-5640
	18

	Maximum Insertion Loss 925-960 = 4.4 dB

Typical Insertion Loss 925-960 = 2.7 dB
	Maximum Insertion Loss 1805-1880 = 4.4 dB

Typical Insertion Loss 1805-1180 = 2.7 dB


Duplex Filter Specifications

EPCOS B7638 Cellular Band Mobile Station Duplexer

Minimum Attenuation Performance for Temperature Range -30oC to 85oC

	TX Port – Antenna Port
	Antenna Port – RX Port
	TX Port – RX Port

	Frequency (MHz)
	Attenuation

(dB)
	Frequency (MHz)
	Attenuation

(dB)
	Frequency (MHz)
	Attenuation

(dB)

	100 – 698
	35
	100 – 804
	35
	100 – 800
	50

	698 – 746
	36
	824 – 849
	54
	824 – 849
	55

	746 – 804
	30
	954 – 1648
	35
	869 – 894
	47

	869 – 894
	45
	1648 – 1698
	40
	954 – 1700
	45

	954 – 1570
	30
	1698 – 2547
	40
	
	

	1570 – 1698
	40
	2547 – 3000
	35
	
	

	1698 – 2547
	30
	
	
	
	

	2547 – 3000
	20
	
	
	
	

	Maximum Insertion Loss 824-849 = 2.3 dB

Typical Insertion Loss 
824-849 = 2.0 dB
	Maximum Insertion Loss 869-894 = 2.8 dB

Typical Insertion Loss
 824-849 = 2.4 dB
	


EPCOS B7633 PCS Band BAW Duplexer
Minimum Attenuation Performance for Temperature Range -30oC to 85oC

	TX– Ant.
	Ant. – RX
	TX – RX

	Frequency

(MHz)
	Atten.
(dB)
	Frequency

(MHz)
	Atten.
(dB)
	Frequency

(MHz)
	Atten.
(dB)

	0.3 – 1570
	31
	0.3 – 1770
	33
	0.3 – 1800
	57

	1570 – 1580
	30
	1770 – 1850.6
	39
	1850.6 – 1907
	54

	1580 – 1800
	29
	1850.6 – 1905.4
	54
	1907 – 1909.4
	50

	1930.6 – 1935
	42
	1905.0 – 1909.4
	48
	1930.6 – 1935
	44

	1935 – 1989.4
	38
	2010 – 2070
	7
	1935 – 1989.4
	42

	2400 – 2500
	34
	2070 – 2750
	39
	2070 – 4200
	53

	2500 - 3400
	20
	2750 - 3350
	20
	
	

	3400 – 4400
	25
	3350 – 3500
	39
	
	

	4400 – 5550
	5
	3500 – 4500
	30
	
	

	5550 - 5730
	5
	4500 – 6000
	20
	
	

	Maximum Insertion Loss 1850.6 – 1909.4 = 3.5 dB

Typical Insertion Loss 1850.6 – 1909.4  = 2.1 dB
	Maximum Insertion Loss 1930.6 – 1989.4 = 4.5 dB

Typical Insertion Loss 

1930.6 – 1989.4 = 3.1 dB
	


Assumed EGSM900 Duplexer (based on EPCOS B7633 performance)

	TX – Ant.
	Ant. – RX
	TX – RX

	Frequency

(MHz)
	Attenuation
(dB)
	Frequency

(MHz)
	Attenuation

(dB)
	Frequency

(MHz)
	Attenuation

(dB)

	0-750
	31
	0-851
	33
	
	

	750-754
	30
	851 – 880
	39
	
	

	754-859
	29
	890 – 912
	54
	0–859
	57

	925-928
	42
	912-915
	48
	880-913
	54

	928-960
	38
	967 – 995
	7
	913-915
	50

	1146-1193
	34
	995 –1322
	39
	922 – 924
	44

	1193-1623
	20
	1322 – 1611
	20
	924 – 950
	42

	1623-2101
	25
	1611 – 1683
	39
	988 – 2005
	53

	2101-2735
	5
	1683 – 2164
	30
	
	

	
	
	2164 – 2885
	20
	
	

	Maximum Insertion Loss 880-915 = 3.5 dB

Typical Insertion Loss 880-915 = 2.1 dB
	Maximum Insertion Loss 925-960 = 4.5 dB

Typical Insertion Loss 

925-960 = 3.1 dB
	


Assumed DCS Duplexer (based on EPCOS B7633 performance)

	TX – Ant.
	Ant. – RX
	TX – RX

	Frequency

(MHz)
	Attenuation
(dB)
	Frequency

(MHz)
	Attenuation

(dB)
	Frequency

(MHz)
	Attenuation

(dB)

	0-1459
	31
	0– 1664
	33
	
	

	1459-1469
	30
	1664 – 1710
	39
	
	

	1469-1673
	29
	1710-1778
	54
	0-1673
	57

	1805-1811
	42
	1778-1785
	48
	1710-1781
	54

	1811-1880
	38
	1890-1946
	7
	1781-1785
	50

	2231-2324
	34
	1946 –2585
	39
	1805-1811
	44

	2324-3160
	20
	2585 – 3149
	20
	1811-1880
	42

	3160-4090
	25
	3149 – 3290
	39
	1924-3904
	53

	4090-5326
	5
	3290 – 4230
	30
	
	

	
	
	4230 – 5640
	20
	
	

	Maximum Insertion Loss 1710-1785 = 3.5 dB

Typical Insertion Loss 

1710-1785  = 2.1 dB
	Maximum Insertion Loss 1805-1880 = 4.5 dB

Typical Insertion Loss 

1805-1880 = 2.1 dB
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