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Tagore filter/antenna tuning switches T2

: SP2T (2-bit
Tunable RF Switches Features ( ) Compact QFN IC Package
RF1
« Low Ron/Coff Ant/RM
« Up to 120V peak handling o RE2 TTSW
« DC supply (2.6-5.5V) T564210L
« Citrllogic (1.2-5.0V) digital :
« Individual logic ctrl (4-bit) SPAT (4-bit)
« Compact QFN IC package RF1
C—— RF3
O———RF4
v TTSwW L
Coff (pF) Peak RF Voltage (V) Pa(glli:ge H
TS64210L 2T 1.6 0.4 120 4x4 < _
16 pin 3x3x0.8mm QFN package
TS63210K 2T 1.4 0.4 100 3x3
TS63420K 4T 1.9 0.35 100 3X3 <«
TS63421K 4T 1.9 0.35 100 3x3
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Tuning switch model S-parameter file

SPAT tuning switch simulation model

» Derived 5 Port S-parameter file .S5P

« 16 total .S5P files for all 4-bit states

* Frequency up to 3GHz

« Accurately predict Q and losses

« Compatible with ADS/Microwave Office

e Current Model Version MX3

Portl=RF1 Port2=RF2

%P
TermG !

i TermG1 ¢ m TermG
Num=1 TermG2
Z=50 Ohm =2

Z=50 Ohm
- TermG
TermG4
Num=4
Z=50 Ohm
- TermG
TermG3
% Num=3 Port4=RF4
Z=50 Ohm

Port3=RF3 Port 5=Ant/RFC

@T:;q " » Libraries » Documerts

Organize + Share with New folder

7t Favorites
B Desktop
18 Downloads

% Recent Places

 Libraries

=] Pictures
B videos

#d Homegroup

1M Cornputer
&, WindowsT_0S(Cy)

l 17 items State: #& Shared

Documents library
Tuiningll

Mame

= [ 4] searcn

Date modified Type

Amangeby:  Folder =

Size

| Ant_datafile vl

10/2/2019 11:30 AWM Tewt Docurnent

1KB

7] TSa3421_0000
|7 Ts63421_0001
] Ts63421_0010
|7 TSA3421 0011
|7 Te63421_0100
1] TS63421_0101
|7 TS6a3421 0110
|7 Te6a3421 0111
|| Ts63421_1000
7] TS63421_ 1001
7] TS63421_1010
|7 Te63421 1011
| TS63421 1100
|7 TS63421_1101
|7 Ts63421 1110
1] Ts63421 1111

104172019 4:49 PR S3P File
104172019 5:45 PR S5 File
10/1/2019 5:46 PRA SaP File
10172019 5:47 PR S3P File
104172019 5:49 PrA S5P File
10/1/2019 5:49 PrA SaP File
104172019 5:50 PR S3P File
104172019 5:53 Phd S5P File
10/1/2019 5:54 PR SaP File
10412019 5:55 PR S3P File
10/1/2019 5:56 PR S5P File
104172019 6:00 PR S5P File
10/1/2019 5:56 PR S5P File
10/1/2019 5:57 PR S5P File
104172019 5:58 PR S5 File
10/1/2019 5:59 PR SaP File

L#ikE
1282 K8
1282K8
LiKE
1282 KE
1282K8
L282KE
1783KE
1282K8
L2k
L#IKE
1282 KB
122K
L#iKE
1282 K8
1283K8

Tagore Technology Confidential




Replacing caps with 4-bit switchable shunt capacitor element T2

Simplified Schematic
RFC/Ant Port

Tuning Switch

Ul

V p— /’U

e ==

Cl C2 C3 C4
External Capacitors

(may be chosen to be binary weighted C, 2C, 4C, 8C)

C4 —— | . .
C3 i RF4 | -
ﬁ RF3 j Ul -
C2 .|}|_| RF2 ;m j

Full schematic implementation

RFC/Ant Port

U1l=TS63420K

v

v¥3

v2

et WL
C5 1nF I

vl

nd
17

e

C6 10nF T

+

Vdd V1 V2 V3 V4 Gnd
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Design Guidelines (£

* Model simulation guidelines:

* Accurate model all circuit external components such as inductors and capacitors is required

* Component SRF may shift from vendor’s datasheet depending on placement of component on PCB
* Use low-loss component inductors and capacitors if applicable

* Component tolerances could be as low as +/-0.1pF (enough to cause few MHz shift at 1GHz)

* Accurate EM simulation of PCB routing to account for parasitic capacitances and inductances

* Lots of VIAs improves RF ground on PCB
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Example 1: Tunable Band-Pass Filter: 280-500MHz (single pole)

T2

Schematic

Measured vs. Simulated Data

U1=TS63420K
L1=27nH

(CoilCraft 1111SQ Series)
Note: inductor model SRF

L1

re-adjusted from vendor’s
datasheet based on
measured data on PCB

Realized prototype

State_1111_Meas
State_1110_Meas
State_1101_Meas

State_1011_Meas
State_1010_Meas
State_1001_Meas
State_1000_Meas
State_0111_Meas
State_0110_Meas
State_0101_Meas
State_0100_Meas
State_0011_Meas
State_0010_Meas
State_0001_Meas
State 0000 Meas

State_1111_Sim

State_1101_Sim _
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State_1001_Sim -

State_1000_Sim
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State_0110_Sim _

State 0101_Sim
State”_0100_Sim

State_0010_Sim -

State_0001_Sim
State_0000_Sim

0 —_state 1111

Measured (solid) vs. Simulated {dashed)

\ ey <«— state:0000
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e
i

200

300 400 500 500 700 500
freq, MHz

Next slides 7 and 8 show more detailed plots

Tagore Technology Confidential




Example 1: S21 Filter response for every state

Measured vs.

Simulated Data
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State 100 Fdeas

State 1000 Tukeas
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Example 1: S11 Filter response for every state

Measured vs. Simulated Data

Meazured va. Simulated S11: 0000 Measured va. Simulated S11: 0001 Meazured vs. Simulated S11: 0010 Meazured va. Simulated S11: 0011
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Example 2: 3 Element Low-Pass Filter Stage: 500-1000MHz

Schematic Measured vs. Simulated Data
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Example 3: 3 Element Low-Pass Filter Stage: 30MHz

T2

Schematic

Measured vs. Simulated Data
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Example 4: 3 element Tunable Capacitor Network 0-2GHz

Schematic Measured vs. Simulated Data

Measured va. Simulated S21: 0000 Meazured vs. Simulated 521: 0001 Meazured v, Simulated 521: 0010 Measured va. Simulated S21: 0011
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