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5 Pin Configuration and Functions

DCT or DCU Package
8 Pin (SSOP or VSSOP)
Top View

NO1 [1}—» 8] vee
comt [2}—0" < 7] INg
we o] >0 cone

GND [ 4] < 5] NO2

YZP Package
8 Pin (DSBGA)
Bottom View

GND [6)4 NO2
IN2 @i[>i\o—6@ COoM2
COoM1 IN1

NO1 8@ Ve

Pin Functions

NO. NAME DESCRIPTION

1 NO1 Normally open

2 COM1 Common

3 IN2 Digital control to connect COM to NO

4 GND Digital ground

5 NO2 Normally open

6 COM2 Common

7 IN1 Digital control to connect COM to NO

8 Vee Power supply

Copyright © 2005-2018, Texas Instruments Incorporated
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6 Specifications
6.1 Absolute Maximum Ratings®®
over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
Vee  Supply voltage range® -0.5 6.5 Y
x“o Analog voltage range ®)®©®) -05 Vgc+05 \Y
com
Ik Analog port diode current Vnos Veom < 0 or Vo, Veom > Vee -50 50 mA
:zg On-state switch current Vnos Veom = 0 1o Ve -50 50 mA
M
Vin Digital input voltage range ®® -0.5 6.5 \Y
Ik Digital input clamp current ViN<O0 -50 mA
Icc Continuous current through Ve 100 mA
I Continuous current through GND -100 100 mA
Tstg Storage temperature range —-65 150 °C

(1) Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under "recommended operating
conditions" is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) The algebraic convention, whereby the most negative value is a minimum and the most positive value is a maximum.

(3) All voltages are with respect to ground, unless otherwise specified.

(4) The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed.

(5) This value is limited to 5.5 V maximum.

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001() +2000
Vesp)y  Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- +1000 \
c101® £l

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process. .

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
Vee Supply voltage range 1.65 5.5 \%
Vno Veowm Analog voltage range 0 Vee \%
VN Digital input voltage range 0 5.5 \%
6.4 Thermal Information
TS5A2066
THERMAL METRIC® DCT (SSOP) | DCU (VSSOP) | YZP (DSBGA) | UNIT
8 PINS 8 PINS 8 PINS

Rosa Junction-to-ambient thermal resistance 2141 212.8 99.8 °CIW
RoJc(top) Junction-to-case (top) thermal resistance 106.8 93.6 1.0 °CIW
Ross Junction-to-board thermal resistance 127.8 133.6 29.6 °CIW
LAL Junction-to-top characterization parameter 30.2 304 0.5 °CIW
NAL: Junction-to-board characterization parameter 125.5 133.1 29.8 °CIW

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

4 Copyright © 2005-2018, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/ts5a2066?qgpn=ts5a2066
http://www.ti.com.cn
http://www.ti.com/cn/lit/pdf/spra953

13 TEXAS

INSTRUMENTS

www.ti.com.cn

TS5A2066

ZHCSIM3F —JANUARY 2005—REVISED AUGUST 2018

6.5 Electrical Characteristics For 5-V Supply®
Vee =45V 1055V, T, =-40°C to 85°C (unless otherwise noted)

PARAMETER | SYMBOL | TEST CONDITIONS | T4 | Ve | MIN  TYP MAX | UNIT
Analog Switch
Analog signal
rangeg g Veom Vo 0 Vee \
ON-state 0=Vno =Vcc, Switch ON, 25°C 7.5 10
. fon | =_32 mA b 45V Q
resistance com ) See Figure 16 Full 15
ON-state 25°C 0.4 1
resistance Vio = 3.15 V, Switch ON,
match Alon | |oom = -32 mA SeeFigure 16 45V Q
between com = d 9 Full 3
channels
g;'i'sstt:‘;‘ée | 0sVio sVee Switch ON, 25°C A5Y 35 5 a
flatness onla) | |oqy = =32 MA, See Figure 16 Full : 8
Vo =1V, 25°C -30 -10 30
NO VCOM =45V, .
Switch OFF
OFF leakage INo(oFF) | OF . ; 55V nA
current Vo =45V, See Figure 17 Full —-40 40
Veom =1V,
Veom =1V, 25°C -50 -8 50
COM VNO =45 V, .
Switch OFF
OFF Ieakage ICOM(OFF) or . ; 55V nA
current Vcom =45V, See Figure 17 Full -50 50
Vno =1V,
Vo =1V, 25°C -40 =12 40
NO Veom = Open, .
Switch ON
ON leakage Ino(on) | OF ) ' 55V nA
current Vo =45V, See Figure 18 Full -4 40
Vcom = Open
Veom =1V, 25°C -70 -30 70
COM Vo = Open, .
Switch ON
ON leakage lcomony | Or ) ' 55V nA
current Vcom =45V, See Figure 18 Full -70 70
Vo = Open,
Digital Control Input (IN)
Input logic high Viy Full Vee x 0.7 5.5 \Y
Input logic low Vi Full 0 Vee x0.3 \%
Input leakage _ 25°C -0.1 0.05 0.1
current I Vin=55Voro0 Full 55V 1 1 HA
(1) The algebraic convention, whereby the most negative value is a minimum and the most positive value is a maximum.
Copyright © 2005-2018, Texas Instruments Incorporated 5
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Electrical Characteristics For 5-V Supply® (continued)

Vee =45V 1055V, Ty =-40°C to 85°C (unless otherwise noted)

PARAMETER | SYMBOL | TEST CONDITIONS ENE™ MIN  TYP MAX| UNIT
Dynamic
25°C 5V 4.4 5.2 5.8
on ti Vcom =3V, C, =35pF, 45V
Turn-on time on IR =3000Q, See Figure 20 il | 3.4 61l M
55V
25°C 5V 1.7 2.6 3.6
off ti Veom =3V, C =35 pF, 45V
Tum-off time torr IR =300 Q, See Figure 20 fal | 13 42| ™
55V
. V =0, C_=0.1nF, o
Charge injection Qc Riim —0 Sge Figure 24 25°C | 5V 1 pC
NO .
_ Switch OFF, o
OFF ) CNO(OFF) VNO = VCC or GND, See Figure 19 25°C 5V 55 pF
capacitance
COM .
VCOM = VCC or Switch OFF, °
OFF Ceomorm) | GND, See Figure 19 25°C | 5V 55 pF
capacitance
NO _ Switch ON, o
ON capacitance Cnon) | Vno = Vec OFGND, - g0 Figure 19 25°C | 5V 13.5 pF
COM VCOM = VCC or Switch ON, °
ON capacitance Ceomon) GND, See Figure 19 25°C | 5V 13.5 pF
Digital input _ . o
chpacitance Cn | Vin=Vccor GND,  See Figure 19 25°C | 5V 25 pF
Bandwidth BW |R =500, g‘é"gﬁ‘ig(af‘e’ - 25°C | 5V 300 MHz
. . R. =50 Q, Switch OFF, o
OFF isolation Oiso f=10 MHz, See Figure 22 25°C 5V -68 dB
R =500, Switch ON, . ~
Crosstalk XTALK f=10 MHz, See Figure 23 25°C 5V 66 dB
Total harmonic R =600 Q, f=20 Hz to 20 kHz, o o
distortion THD C,_ =50 pF, See Figure 25 25°C 5V 0.01%
Supply
Positive supply _ . 25°C 01
current Icc VN = Ve or GND, Switch ON or OFF al 55V MA

Copyright © 2005-2018, Texas Instruments Incorporated
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6.6 Electrical Characteristics For 3.3-V Supply®
Vee =3V 10 3.6V, T, =-40°C to 85°C (unless otherwise noted)

PARAMETER | SYMBOL TEST CONDITIONS | T4 | Ve | MIN  TYP MAX | UNIT
Analog Switch
Analog signal
rangeg g Veom: Vo 0 Vee \
ON-state 0<Vyo = Vce, Switch ON, 25°C 12 15
i Ton lcom = —24 MA i 3V Q
resistance com ) See Figure 16 Full 20
ON-state 25°C 0.5 15
resistance Vo = 2.1V, Switch ON,
match Alon lcom=-24 mA,  See Figure 16 3V Q
between Com = ' 9 Full 35
channels
rcé'g'i'sstt:‘;‘ée - 0<Vno SVee,  Switch ON, 25°C 3y ! 8 a
flathess on(fla lcom = —24 MA, See Figure 16 Full 12
Vo =1V, 25°C =30 -6 30
NO VCOM =3V, .
Switch OFF
OFF leakage INo(OFF) or ) ; 36V nA
current Vo =3V, See Figure 17 Full —40 40
Veom =1V,
Veom =1V, 25°C -50 -7 50
COM VNO =3V, .
Switch OFF
OFF Ieakage ICOM(OFF) or . ; 3.6V nA
current Veom =3V, See Figure 17 Full —50 50
Vno =1V,
Vo =1V, 25°C -40 -7 40
NO Vecom = Open, .
Switch ON
ON leakage Ino(oN) or ) ' 36V nA
current Vo =3V, See Figure 18 Full -40 40
Vcom = Open,
Veom =1V, 25°C -70 -20 70
COM Vno = Open, .
Switch ON
ON leakage Icomon) or ) ' 36V nA
current Veom =3V, See Figure 18 Full —70 70
Vo = Open,
Digital Control Input (IN)
Input logic high Viy Full Vee x 0.7 5.5 \Y
Input logic low Vi Full 0 Vee x0.3 \%
Input leakage _ 25°C -0.1 0.05 0.1
current T Vin=55Vor0 Full 36V 1 1 HA
(1) The algebraic convention, whereby the most negative value is a minimum and the most positive value is a maximum.
Copyright © 2005-2018, Texas Instruments Incorporated 7
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Electrical Characteristics For 3.3-V Supply® (continued)

Vee =3V 1o 3.6V, Ty =—-40°C to 85°C (unless otherwise noted)

PARAMETER | SYMBOL | TEST CONDITIONS ENE MIN  TYP MAX| UNIT
Dynamic
v Y G = 35 bF 25°C | 3.3V 4.9 5.6 6.4
Turn-on time t com = < V. L= 29 pr, ns
ON R, =300 Q, See Figure 20 Eull %\é?/) 43 71
v v C. =35 pF 25°C | 3.3V 2 2.7 3.7
o com =2V, L= 350 pF,
Turn-off time torFF R, = 300 Q, See Figure 20 Full %\é%) 13 a7 ns
Charge injection Qc \Fggi': zo gg;gélu?e':’z . 25°C | 3.3V 05 pC
(,\;(IBF c Vo = Vec o Switch OFF, 25°C | 3.3V 55 pF
) NO(OFF) GND, See Figure 19 : :
capacitance
COM )
VCOM = VCC or Switch OFF, °
OFF Ceomors) | GND, See Figure 19 25°C | 33V 6 pF
capacitance
NO Vno = Ve or Switch ON, °
ON capacitance Cnocon GND, See Figure 19 25°C | 33V 14 pF
COM VCOM = VCC or Switch ON, °
ON capacitance Ceomon) GND, See Figure 19 25°C | 33V 14 pF
Digital input _ : o
capacitance C Vin = Ve or GND,  See Figure 19 25°C | 3.3V 3 pF
Bandwidth BW R =500, g‘é"chhig(S:\‘e' - 25°C | 3.3V 300 MHz
. . R =50 Q, Switch OFF, o
OFF isolation Oiso o M, See Figure 22 25°C | 3.3V 68 dB
R.=500, Switch ON, . ~
Crosstalk XTALK f=10 MHz, See Figure 23 25°C | 3.3V 66 dB
Total harmonic R =600 Q, f=20 Hz to 20 kHz, o o
distortion THD C_ =50 pF, See Figure 25 25°C | 33V 0.065%
Supply
Positive supply _ . 25°C 01
current lcc V|n = Ve or GND,  Switch ON or OFF al 36V MA

Copyright © 2005-2018, Texas Instruments Incorporated
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6.7 Electrical Characteristics For 2.5-V Supply®
Vee=2.3V 10 2.7V, T, =-40°C to 85°C (unless otherwise noted)

PARAMETER | SYmBOL | TEST CONDITIONS | A | Vee | mMN TV MAX | UNIT
Analog Switch
Analog signal
rangeg g Vcom: Vo 0 Vee \
ON-state 0<Vyo =Vce Switch ON, 25°C 22
. Ton | = -8 mA b 23V Q
resistance CcoM : See Figure 16 Full 30
ON-state 25°C 0.5 1.5
resistance Vo = 1.6V, Switch ON,
match Alon | |oom = -8 mMA SeeFigure 16 23V Q
between com = g g Full 5
channels
flatness on(a) | eom = -8 mA, See Figure 16 Full ' 25
Vno = 0.5V, 25°C -30 5.5 30
NO VCOM =22V, .
Switch OFF
OFF leakage INo(oFF) | OF . ; 27V nA
current Vo =22V, See Figure 17 Full —40 40
VCOM =05V
Veom = 0.5V 25°C -50 -7.5 50
COM VNO =22 V, .
Switch OFF
OFF leakage lcomorr) | OrF ) ; 27V nA
current Veom = 2.2V, See Figure 17 Full -50 50
Vno = 0.5V,
Vo = 0.5 V, 25°C —40 5 40
NO Veom = Open, .
Switch ON
ON leakage Ino(oN) or ) ' 27V nA
current Vo =22V, See Figure 18 Full —40 40
Vcom = Open,
Veom = 0.5V, 25°C —70 _12 70
COM Vo = Open, .
Switch ON
ON Ieakage ICOM(ON) or . ' 2.7V nA
current Veom = 2.2V, See Figure 18 Full -70 70
Vo = Open,
Digital Control Input (IN)
Input logic high ViH Full Vcco >7< 55 v
Input logic low Vi Full 0 Vce x 0.3 \%
|nput |eakage _ 25°C -0.1 0.05 0.1
current IlH! |||_ VlN =55Vor0 Full 2.7V 1 1 HA

(1) The algebraic convention, whereby the most negative value is a minimum and the most positive value is a maximum.

Copyright © 2005-2018, Texas Instruments Incorporated
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Electrical Characteristics For 2.5-V Supply® (continued)

Vee=2.3V 10 2.7V, Tp =-40°C to 85°C (unless otherwise noted)

PARAMETER | SYMBOL | TEST CONDITIONS | 7a | Ve | MIN TYP MAX| UNIT
Dynamic
v 15V G = 35 bF 25°C 25V 5.7 6.4 8.1
Turn-on time t com = -2V, L= 29 pr, ns
ON R, =300 Q, See Figure 20 Full 2-237\/\;0 4.4 8.5
v ey C. =35 pF 25°C 25V 2.1 3.1 4.3
_off ti com = LoV, L= 39 pr,
Turn-off time lorF R. =300 Q, See Figure 20 Full 2-237V\}° 1.8 a8 ™
Charge injection Qc \FQEE: zo gg;gélupe':’z . 25°C | 25V 05 pC
('\;EF c Vio = Vee oF Switch OFF, osoc | 25V . oF
) NO(OFF) | GND, See Figure 19 :
capacitance
COM .
VCOM = VCC or Switch OFF, °
OFF Cecomorr) | GRD, See Figure 19 25°C | 25V 6 pF
capacitance
NO Vno = Ve or Switch ON, °
ON capacitance Cnoon) | GND, See Figure 19 25°C | 25V 14 pF
COM VCOM = VCC or Switch ON, °
ON capacitance Ceomon) GND, See Figure 19 25°C | 25V 14 pF
Digital input _ . o
capacitance Cin V|n = Veec or GND,  See Figure 19 25°C 25V 3 pF
Bandwidth BW |R =500, g‘é"gﬁ‘ig(af‘e’ - 25°C | 25V 300 MHz
. . R =50 Q, Switch OFF, o
OFF isolation Oso |1t 70 My, See Flgure 22 25°C | 25V 68 dB
RL=50Q, Switch ON, .
Crosstalk XTALK f=10 MHz, See Figure 23 25°C 25V —66 dB
Total harmonic R =600 Q, f=20 Hz to 20 kHz, o o
distortion THD C,_ =50 pF, See Figure 25 25°C 25V 0.35%
Supply
Positive supply _ . 25°C 01
current lcc V|n = Ve or GND,  Switch ON or OFF Eul 27V MA

10
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6.8 Electrical Characteristics For 1.8-V Supply®
Vee =1.65V 10 1.95V, T, = —40°C to 85°C (unless otherwise noted)

PARAMETER | SymBoL | TEST CONDITIONS | s | Vec | MIN  TYP MAX | UNIT
Analog Switch
Analog signal
rangeg g Veom: Vo 0 Vee \Y
ON-state 0<Vyo = Ve, Switch ON, 25°C 85
; Ton | =4 mA : 1.65V Q
resistance CoM ) See Figure 16 Full 120
ON-state 25°C 0.9 2
resistance Vio = 115V, Switch ON,
match Afon lcom = ~4 MA See Figure 16 165V Q
between COM = ' g Full 6
channels
?ei'{sst?rﬁie Ton 0=Vno = Ve, Switch ON, 20 1.65V ® % o)
flathess on(fla Icom = —4 MA, See Figure 16 Full ' 100
VNo = 0.3V, 25°C -30 -6 30
NO VCOM =165V, .
Switch OFF
OFF leakage INo(OFF) or . ; 195V nA
current Vno = 165V, See Figure 17 Full —40 40
VCOM =0.3 V,
Vcom =0.3V, 25°C -50 -7 50
COM VNO =165V, :
Switch OFF
OFF leakage Icom©FF) or ) ; 195V nA
current Vcom =1.65V, See Figure 17 Full -50 50
Vno = 0.3V,
Vno = 0.3V, 25°C -40 7 40
NO Vcom = Open, i
Switch ON
ON Ieakage INO(ON) or . ’ 1.95V nA
current Vo = 1.65 V, See Figure 18 Full —40 40
Vcom = Open,
Vcom =0.3V, 25°C -70 -85 70
COM Vno = Open, .
Switch ON
ON Ieakage ICOM(ON) or . ’ 1.95V nA
current Vcom =1.65V, See Figure 18 Full -70 70
Vo = Open,
Digital Control Input (IN)
. . VIH Full VCC X 55
Input logic high 0.65 \
. Vi Full 0 Vee X
Input logic low 0.35 v
Input leakage _ 25°C -0.1 0.05 0.1
current I Vin=55Voro0 Full 195V 1 1 HA
(1) The algebraic convention, whereby the most negative value is a minimum and the most positive value is a maximum.
Copyright © 2005-2018, Texas Instruments Incorporated 11
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Electrical Characteristics For 1.8-V Supply® (continued)
Vee =165V to 1.95V, T, = —-40°C to 85°C (unless otherwise noted)
PARAMETER | SymBOL | TEST CONDITIONS | 7a | Ve | MIN  TYP MAX| UNIT
Dynamic
25°C 1.8V 9.3 10.4 115
P Veom = 1.3V, C_ =35 pF, 1.65V
Turn-on time fon R, =300 Q, See Figure 20 Eul o 6.8 20| ™
195V
25°C 1.8V 3.3 4.3 5.2
e Veom = 1.3V, C_ =35 pF, 1.65V
Turn-off time torr R, =300 Q, See Figure 20 Eul o 24 es| ™
195V
. . VGEN =0, CL =0.1nF, °
Charge injection Qc Regn = 0, See Figure 24 25°C 1.8V 0.5 pC
NO .
_ Switch OFF, o
OFF . CNO(OFF) VNO = VCC or GND, See Figure 19 25°C 1.8V 6 pF
capamtance
COM .
VCOM = VCC or Switch OFF, °
OFF Ceom(orr) GND, See Figure 19 25°C | 18V 6 pF
capaCItance
NO _ Switch ON, o
ON capacitance Croon) Vo = Vee OF GND, - g Figure 19 25°C | 18V 14.5 PF
COM VCOM = VCC or Switch ON, °
ON capacitance Ceomon) | GND, See Figure 19 25°C | 18V 14.5 pF
Digital input _ ) o
capacitance Cin V|n = Ve or GND, See Figure 19 25°C 1.8V 3 pF
Bandwidth BW R.=50Q, Switch ON, 25°C | 18V 293 MHz
See Figure 21
. . R_ =50 Q, Switch OFF, °
OFF isolation Oiso oM, See Figure 22 25°C | 1.8V 68 dB
R, =50 Q, Switch ON, o
Crosstalk XTALK f=10 MHz, See Figure 23 25°C 1.8V -66 dB
. _ f=20Hzto 20
gic;tt‘;'rtri‘gr:mon'c THD EL = ég k% kHz, 25°C | 1.8V 2.7%
L=V PR See Figure 25
Supply
Positive supply _ . 25°C 01 1
current lec V\N = Vec or GND,  Switch ON or OFF Full 195V 5 HA

12 Copyright © 2005-2018, Texas Instruments Incorporated
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6.9 Typical Performance

Copyright © 2005-2018, Texas Instruments Incorporated
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_ /| . N\
c 50 . /
5 40 \ ¢ S/ \
O s e
/ \ 5 10 / ~
30 \ /
20 / \ P
I ~ 5
10 " —
0 0
0 0.25 05 0.75 1 1.25 1.5 1.75 0 03 06 09 1.2 15 18 21 24
Veom (V) Veowm (V)
VCC =1.65V Vcc =23V
Figure 1. ron VS Veom Figure 2. ron VS Veom
14 ‘ 10
TAs 250 T
12 [ NO1 COM1 Tp=25°C
/ 8 | NO1 COM1
10 7 7 /NG
—~ 8 / \ __ 6
©] g ~ c
K / = 5 S
S 6 5, —
4 3
2
2 1
0 0
0 0.5 1 15 2 2.5 3 0 05 1 15 2 25 3 35 4 45
Vcom (V) Vcom (V)
VCC=3V VCC=4-5V
Figure 3. ron Vs Veom Figure 4. rgn VS Veom
14 [ Ta=-40°C 9 Ta=-40C
Tp=25°C y g |- Ta=25C //
12 | T oo Ta=85°C
Ta=85°C \><// 7 - /TN
g 7 AN N g ° — AR
g 8 / 7 / N ~ | & ~ // )/r ~——
6 > L
K
4 /
2
2 1
0 0
0 0.5 1 1.5 2 25 3 0 05 1 15 2 25 3 35 4 45
Veom (V) Veom (V)
Figure 5. ron VS Veom (Vec = 3 V) Figure 6. ron Vs Vcom (Vec = 4.5 V)
13


http://www.ti.com.cn/product/cn/ts5a2066?qgpn=ts5a2066
http://www.ti.com.cn

TS5A2066
ZHCSIM3F —JANUARY 2005—REVISED AUGUST 2018

13 TEXAS
INSTRUMENTS

www.ti.com.cn

Typical Performance (continued)

20 | | 4.0
18 INO2(ON)—~ 3.5 /.
o | Y/ 3.0 /
INOZ(OFFW ) /
L 14 Icom2(0N), lcom2(oFFR7/ 2.5 /7
< ! Y, 2.0 /
= 12 |NO1(ON) (&) ' 33V /
o) | ‘ &}
o 10 Icom1(oN), lcom1(oFF) 1.5
© ! | /
S 8 INO1(OFF) & 1.0 / /
A 6 > 0.5 / / SV
2 // / -0.5 //
0 —% -1.0
-40°C 25°C 85°C 0 1 2 3 4 5 g
Ta (C) Vcom
Figure 7. Leakage Current vs Temperature Figure 8. Charge Injection (Qc) VS Vcom
12 6
10 ™\ 5 ton
/
\ _—
> 8 N 4
= \ —
E 6 —_ ton 2
S w -  ° torF |
EEN S
S 4N t S
~ o |3
2 1
0 0
1.65 215 265 3.15 365 4.15 465 5.15 _40°C °C °C o5 85
Supply Voltage (V
, pply ge (V) Ta (C)
igure 9. toy and togg VS Ve
Figure 10. toy and topg vs Temperature (Vec =5 V)
3.5 5
re 0 TTT
3 Ta=25°C Gain 0
/ -1 ~ \
- 7 Ta=25°C [\ |-
> 25 - Phase|| [\ \
= Y L 2 ~10
2 2 o g \ 11
— — [0]
@ // % 4 \\/ ‘ 15 -‘g
= 15 ViH O \ 20
|— _— 6
3] — -
2 A % 25
= —
Vic -8 30
0.5
10 =35
0 0.1 1 10 100 1000
16 21 26 31 36 41 46 51 56 Frequency (MHz)
Vee (V) Figure 12. Bandwidth (Ve = 5 V)
Figure 11. Logic Threshold vs V¢
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Typical Performance (continued)

0 7
/ 6 /"’__ I
-20 ’\/\_ AT THD (3.3 V)
|
—40 e
=) y @
o Rant! 2 4
= —60 ani I
T Crosstalk | ||| + 31N
O | LT "
—80 \\/ ;v/ I .
L~ | OFF Isolation F 2
J‘A AT \w“- H
~100 ML 1
THD (5 V)
120 . L LI
0.1 1 10 100 1000 0.1 1 10 100
Frequency (MHz) Frequency (MHz)
Figure 13. OFF Isolation and Crosstalk (Vcc =5 V) Figure 14. Total Harmonic Distortion vs Frequency
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Figure 15. Power-Supply Current vs Temperature

(Vec=5V)
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7 Parameter Measurement Information
Table 1. Parameter Description
SYMBOL DESCRIPTION
Veom Voltage at COM
VNo Voltage at NO
fon Resistance between COM and NO ports when the channel is ON
Aron Difference of ry, between channels in a specific device
Ton(flat) Difference between the maximum and minimum value of ry, in a channel over the specified range of conditions
INO(OFF) Leakage current measured at the NO port, with the corresponding channel (NO to COM) in the OFF state

| Leakage current measured at the NO port, with the corresponding channel (NO to COM) in the ON state and the output
NO(ON) (COM) open

lcom©FF) Leakage current measured at the COM port, with the corresponding channel (COM to NO) in the OFF state
lcom Leakage current measured at the COM port, with the corresponding channel (COM to NO) in the ON state and the output
(ON) (NO) open
Vi Minimum input voltage for logic high for the control input (IN)
Vi Maximum input voltage for logic low for the control input (IN)
Vin Voltage at the control input (IN)
ims I Leakage current measured at the control input (IN)
fon 'Cli'urn—on time for the _S\_Nitch. This parameter is measured under the specified range of conditions‘and_by the_ propagation
elay between the digital control (IN) signal and analog output (COM or NO) signal when the switch is turning ON.
torr Turn-off time for the switch. This parameter is measured under the specified range of conditions and by the propagation

delay between the digital control (IN) signal and analog output (COM or NO) signal when the switch is turning OFF.

Charge injection is a measurement of unwanted signal coupling from the control (IN) input to the analog (NO or COM)
Qc output. This is measured in coulomb (C) and measured by the total charge induced due to switching of the control input.
Charge injection, Qc = C x AVcowm, C. is the load capacitance and AVcopy is the change in analog output voltage.

CNO(OFF) Capacitance at the NO port when the corresponding channel (NO to COM) is OFF

Cno(on) Capacitance at the NO port when the corresponding channel (NO to COM) is ON

Ccom(oFF) Capacitance at the COM port when the corresponding channel (COM to NO) is OFF

Ccom(on) Capacitance at the COM port when the corresponding channel (COM to NO) is ON

Cin Capacitance of IN
o OFF isolation of the switch is a measurement of OFF-state switch impedance. This is measured in dB in a specific
1SO frequency, with the corresponding channel (NO to COM) in the OFF state.

Crosstalk is a measurement of unwanted signal coupling from an ON channel to an adjacent ON channel (NC1 to NC2).

XraLk This is measured in a specific frequency and in dB.
BW Bandwidth of the switch. This is the frequency in which the gain of an ON channel is —3 dB below the DC gain.
THD Total ha_rmonic distortiqn is defined as the ratio of th_e root mean square (RMS) value of the second, third, and higher
harmonics to the magnitude of fundamental harmonic.
lcc Static power-supply current with the control (IN) pin at Vcc or GND

16 Copyright © 2005-2018, Texas Instruments Incorporated
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—V_I-'-,_N_IN I>
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Veom

(3) tcom

GND
1

Channel ON

\ -V
CcoM NO

|COM

fon =

ViN=Vigor VL

Figure 16. ON-State Resistance (ry,)

Vee

"

—v
COM

e

GND

Veom

i

L

OFF-State Leakage Current
Channel OFF

ViN= Vi or Vi

Figure 17. OFF-State Leakage Current (Icomors) Ino©oFF)

Vee

T

IN |>

NO
COM

GND
L

Veom

ON-State Leakage Current
Channel ON

ViN= Vg or V.

Figure 18. ON-State Leakage Current (Icomon) Inoon))
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Vee
Vno |NO
O
Capacitance —O/v !
Meter Vgias = Vcc or GND
| v com : ViN = Vi or Vi
VBias O com i Capacitance is measured at NO,
VIN IN | COM, and IN inputs during ON
O——> - and OFF conditions.
GND
Figure 19. Capacitance (Cy, Ccomorr), Ccomon): Cnorr): Crnoon))
Vee
T TEST Re CL
V
NO| Vno ton 300 Q 35 pF
Veom 3) COM |
CL@ R
I I torr 3000 | 35pF
| L L
| -
IN
Vi _D__l Logic Vee
Loai Input XSO% >|<50%
ogic v 0
Input(1) GND (ViN) | | | |
1 ton ——— [P torr
= = Switch - ———
Output 90% 90%
(VNo)
(1) Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 Q, t, < 5 ns,
tr<5ns.
(2) C,includes probe and jig capacitance.

©)

See Electrical Characteristics tables for Vcow.

Figure 20. Turn-On (toy) and Turn-Off Time (togg)

Network Analyzer Vee
Q
50 Vo | NO Channel ON: NO to COM
—» {'\Q COM VCOM VIN = VCC or GND
Source
Signal

Network Analyzer Setup

ég

N IND

GND

i

-

Figure 21. Bandwidth (BW)

Source Power = 0 dBm
(632-mV P-P at 50- Qload)

DC Bias = 350 mV
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Vee

Channel OFF: NO to COM
Vo | NO

Network Analyzer
50Q
—>
Source
Signal

50Q

VIN = VCC or GND

COM Vcom

v
500 1
Network Analyzer Setup

.

Network Analyzer

Source
Signal

50Q

L

IN Source Power = 0 dBm
| > (632-mV P-P at 50-Q load)

DC Bias = 350 mV

i1
2<
|||—%

Figure 22. OFF Isolation (O;50)

VNo1 | NO1 Channel ON: NO to COM

—»
<_
B 500%

50Q Network Analyzer Setup
VNO2 . comz

= IN | = Source Power = 0 dBm
—D— - (632 mV P-P at 50-Qload)

GND DC Bias = 350 mV

'IHM*‘_‘;

Figure 23. Crosstalk (Xtaik)

RGeN

Input
OFF ON OFF
T (Viny = ViL

v

—

VGEN

I

COM | Veowm S
{'\C l Veom J—\_ AVcowm
I CL(Z) T

Vin | 1N Veen=0to Ve
—l >— Reen=0
Logic C_L=0.1nF
Input (1) GND Q¢ =CL x AVcom
J_ ViN=Vigor VL

(1) Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 Q, t, <5 ns,

tr<5ns.

(2) C_includes probe and jig capacitance.

Figure 24. Charge Injection (Qc¢)
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Channel ON: COM to NC
Vsource = Vec P-P

VIN =V|H or V||_ RL=6OOQ
fsourcE=20 Hzto 20kHz  C, =50 pF

Audio Analyzer

Vee

Source

10pF
|| COoOM O/\}

Signal AAY%
é} 600 Q 6000

600Q

>

R
L 10 uF
NO Il
[
T

-||—|||}—‘z<

GND

Il

(1) C_includes probe and jig capacitance.

Figure 25.

Total Harmonic Distortion (THD)
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8 Detailed Description

8.1 Overview

The TS5A2066 device is a 2-channel single-pole single-throw (1:1 SPST) analog switch that is designed to
operate from 1.65 V to 5.5 V. This device can handle both digital and analog signals, and signals up to V¢ can
be transmitted in either direction

8.2 Functional Block Diagram

SPST
NO1 U/T//G————-COMI
|
IN1 I !
SPST
NO2 o//T//e————— com2
|
IN2 I !

8.3 Feature Description

5-V tolerant control inputs allow 5-V logic levels to be present on the IN pin irrespective of the voltage on VCC
pin.

Low ON-resistance and THD performance allows minimal signal distortion through device.

8.4 Device Functional Modes

Table 2 shows the functional modes for TS5A23166.

Table 2. Function Table

IN NO TO COM,
COM TO NO

L OFF

H ON

Copyright © 2005-2018, Texas Instruments Incorporated 21
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9 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

The TS5A2066 2-channel, 1:1 SPST analog switch is a basic component that could be used in any electrical
system design that signal isolation.

9.2 Typical Application

3.3V 3.3V
VCC
SPST switch Device 1
System —— | IN2 '
Controller |

<«——p|com1
Data |*—®|com2 NOJ€——»| Device2

GND

Figure 26. Typical Application Circuit

9.2.1 Design Requirements

Ensure that all of the signals passing through the switch are within the specified ranges in the recommended
operating conditions to ensure proper performance.

9.2.2 Detailed Design Procedure

The TS5A2066 can be properly operated without any external components.

Unused signal path pins COM or NO maybe left floating or connected to ground through a 50-Q resistor to
prevent signal reflections back into the device.

Tl recommends that the digital control pins (INX) be pulled up to VCC or down to GND to avoid undesired switch
positions that could result from the floating pin. Leaving the logic pins floating may increase Icc. Refer to the Tl
application report, Implications of Slow or Floating CMOS Inputs (SCBA004), for further details.

22 Copyright © 2005-2018, Texas Instruments Incorporated
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Typical Application (continued)
9.2.3 Application Curves

Figure 29. ron VS Veom

90 i i 25
Ta=25°C /N T | C |
80 A= A =25°
- | NO1 cowm /1 20 | NO1 Ccom1 //\
60 / \ / \
= / \ 15 N\
g %0 \ ~ / N
5 g
o / \ 5 10 // ~
30 / \ /
\ /
10— [~
0 0
0 025 05 0.75 1 125 15 175 0 03 06 09 12 15 18 21 24
Veowm (V) Veowm (V)
VCC =165V VCC =23V
Figure 27. rgn VS Veom Figure 28. ron VS Veom
14 ‘ 10
Ta=25°C 9l 1 .
12 - NO1 COM1 . NAQ=1 ZSC%M1
/ /TN
10 / \ 7 \\
g 8 ] N g o
= = 5 P
;ié 6 / x_g 4 //
4 3
2
2 1
0 0
0 0.5 1 1.5 2 2.5 3 0 05 1 15 2 25 3 35 4 45
Vcom (V) Vcom (V)
VCC=3V VCC=4-5V

Figure 30. ron VS Veom

10 Power Supply Recommendations

Proper power-supply sequencing is recommended for all CMOS devices. Do not exceed the absolute maximum
ratings, because stresses beyond the listed ratings can cause permanent damage to the device. Always
sequence VCC on first, followed by NO, NC, or COM. Although it is not required, power-supply bypassing
improves noise margin and prevents switching noise propagation from the VCC supply to other components. A
0.1-uF capacitor, connected from VCC to GND, is adequate for most applications. Copyright

Copyright © 2005-2018, Texas Instruments Incorporated
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11 Layout

11.1 Layout Guidelines

High-speed switches require proper layout and design procedures for optimum performance. Reduce stray
inductance and capacitance by keeping traces short and wide. Ensure that bypass capacitors are as close to the
device as possible. Use large ground planes where possible.

11.2 Layout Example

Ty

.} VIA to GND Plane (Inner Layer)

I

|

: OVIA to Power Plane Polygonal Copper Pour
I

|

.

Bypass Capacitor

To System
<+— - 04}

S,

Vce

s

E NO1 VCC
To System To System
-« E COM1 IN1 — >
E IN2 cownz@
To System 5 To System
E GND NO2
To System

2
“oe

e i

Figure 31. Layout Example
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
TS5A2066DCTR Active Production SSOP (DCT) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40to 85 JAG
z
TS5A2066DCTR.B Active Production SSOP (DCT) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 JAG
z
TS5A2066DCUR Active Production VSSOP (DCU) | 8 3000 | LARGE T&R Yes NIPDAU | SN Level-1-260C-UNLIM -40to 85 JAGR
TS5A2066DCUR.B Active Production VSSOP (DCU) | 8 3000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40to 85 JAGR
TS5A2066YZPR Active Production DSBGA (YZP) | 8 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 85 JAN
TS5A2066YZPR.B Active Production DSBGA (YZP) | 8 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 85 JAN

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, ROHS Exempt. See the TI RoHS Statement for additional information and value definition.

@ | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.
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In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
LR ey R g T
o| |e e Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TS5A2066DCTR SSOP DCT 8 3000 180.0 13.0 335 | 45 155 | 4.0 12.0 Q3
TS5A2066DCUR VSSOP | DCU 8 3000 178.0 9.0 225 | 335 | 1.05 | 4.0 8.0 Q3
TS5A2066YZPR DSBGA | YZP 8 3000 178.0 9.2 1.02 | 202 | 0.63 | 4.0 8.0 Q1
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

TS5A2066DCTR SSOP DCT 8 3000 182.0 182.0 20.0
TS5A2066DCUR VSSOP DCU 8 3000 180.0 180.0 18.0
TS5A2066YZPR DSBGA YZP 8 3000 220.0 220.0 35.0

Pack Materials-Page 2




PACKAGE OUTLINE
DCUOOOSA VI VSSOP - 0.9 mm max height

SMALL OUTLINE PACKAGE

3.2
-
3.0 TYP

PIN 1 INDEX AREA SEATING
PLANE
" 7 N 8 ox[05]
- IRE
—C =
i
NOTE 3
1
— . o=
- - 1 5 0.25
04 8X 017
[B— 22 - [# [0.08@ [c|A[B]

.
GAGE PLANE

/7SEE DETAIL A
/' (AN

(’ ]
: ,, N {
\*\,,/"/ j o"-e"yﬁ J

(0.13) TYP

DETAIL A
TYPICAL

4225266/A 09/2014

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

4. Reference JEDEC registration MO-187 variation CA.

INSTRUMENTS
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EXAMPLE BOARD LAYOUT
DCUOOOSA VSSOP - 0.9 mm max height

SMALL OUTLINE PACKAGE

SEE SOLDER MASK
DETAILS

(R0.05) TYP

T
]

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

SCALE: 25X
SOLDER MASK METAL METAL UNDER SOLDER MASK

OPENING | SOLDER MASK\ OPENING

(N

EXPOSED METAL | *~——EXPOSED METAL
0.05 MAX # 0.05 MIN

ALL AROUND ALL AROUND

NON-SOLDER MASK SOLDER MASK

DEFINED DEFINED

(PREFERRED) 50| DER MASK DETAILS
4225266/A 09/2014

NOTES: (continued)

5. Publication IPC-7351 may have alternate designs.
6. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

INSTRUMENTS
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EXAMPLE STENCIL DESIGN

DCUOOOS8A

VSSOP - 0.9 mm max height

SMALL OUTLINE PACKAGE

|

8X(0.3) 1 | I ]
|
{

8X (0.85)
SYMM
R
|
|
|

(RO.05) TYP
Gj

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 25X

4225266/A 09/2014

NOTES: (continued)

7. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.
8. Board assembly site may have different recommendations for stencil design.

INSTRUMENTS
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DCTOOO8A

PACKAGE OUTLINE
SSOP - 1.3 mm max height

SMALL OUTLINE PACKAGE

f——————

4.25
3.75

TYP

AREA

PIN 1 1D

- 2X
]

1t

\

SEATING PLANE———_ |

(2 Joi[c]

gin

e i :
5
4 Lage kﬁj
2.9 . |9 [0.13@ [c[A[B] 13
2.7 1.0
NOTE 4

—T

1
N

SEE DETAIL A

1
T (0.15) TYP

GAGE PLANE

DETAIL A
TYPICAL

4220784/C 06/2021

NOTES:

1. All linear dimensions are in millimeters. Dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.

2. This drawing is subject to change without notice.
3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not

exceed 0.15 mm per side.
4. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.
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EXAMPLE BOARD LAYOUT

DCTOOO08A SSOP - 1.3 mm max height

SMALL OUTLINE PACKAGE

j 8X (1.1) T SYMM R008)
1 ¢ TYP

| 8
e

6X (0.65)

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:15X

SOLDER MASK\ METAL

OPENING
EXPOSED METAL
J 0.07 MAX

SOLDER MASK
METAL UNDER
SOLDER MASK\ /OPENING
— =
TS EXPOSED METAL

|
(— !
J L 0.07 MIN

ALL AROUND

NON SOLDER MASK
DEFINED

ALL AROUND

SOLDER MASK
DEFINED

SOLDER MASK DETAILS

4220784/C 06/2021

NOTES: (continued)

5. Publication IPC-7351 may have alternate designs.
6. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DCTOOO08A SSOP - 1.3 mm max height

SMALL OUTLINE PACKAGE

8X (0.4) —

| L1 )
Sy S —

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:15X

4220784/C 06/2021

NOTES: (continued)

7. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
8. Board assembly site may have different recommendations for stencil design.
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% PACKAGE OUTLINE
YZPO0008 DSBGA - 0.5 mm max height

DIE SIZE BALL GRID ARRAY

BALL Al/ﬂ s

CORNER

D: Max = 1.918 mm, Min =1.858 mm
E: Max = 0.918 mm, Min =0.858 mm

4223082/A 07/2016

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.
2. This drawing is subject to change without notice.
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EXAMPLE BOARD LAYOUT
YZPO0008 DSBGA - 0.5 mm max height

8X (3 0.23)

DIE SIZE BALL GRID ARRAY
ﬁ (0.5) TYP
1 4 )
(0.5) TYP
ele
e
|
|
|
|
|
|
|
|
\
M

SYMM

O
O

LAND PATTERN EXAMPLE
SCALE:40X

©0.23)
SOLDER MASK
OPENING

SOLDER MASK: 0.05 MAX 0.05 MIN
OPENING .-

(©0.23) \
METAL METAL UNDER

SOLDER MASK

NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS
NOT TO SCALE

4223082/A 07/2016

NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
For more information, see Texas Instruments literature number SNVA009 (www.ti.com/lit/snva009).
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EXAMPLE STENCIL DESIGN

DSBGA - 0.5 mm max height
DIE SIZE BALL GRID ARRAY

YZP0008

= (0.5) TYP W
8X (10.25) T (R0.05) TYP
1

- —f— + —

? N
(0.5)
TYP

SYMM
¢

METAL
TYP

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE:40X

4223082/A 07/2016

NOTES: (continued)
4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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