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5 Pin Configuration and Functions
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& 5-1. PT Package, 48-Pin LQFP (Top View)
# 5-1. Pin Functions
PIN
TYPE() DESCRIPTION
NAME NO.
N.C. 1 — No internal connection. Leave floating or connect to GND.
N.C. 2 — No internal connection. Leave floating or connect to GND.
D4 3 /0 Drain pin 4. Can be an input or an output.
S4 4 /0 Source pin 4. Can be an input or an output.
D3 5 /0 Drain pin 3. Can be an input or an output.
S3 6 /10 Source pin 3. Can be an input or an output.
D2 7 110 Drain pin 2. Can be an input or an output.
S2 8 110 Source pin 2. Can be an input or an output.
D1 9 110 Drain pin 1. Can be an input or an output.
S1 10 110 Source pin 1. Can be an input or an output.
DO 1 /0 Drain pin 0. Can be an input or an output.
SO 12 /0 Source pin 0. Can be an input or an output.
Y 13 P Negative power supply. This pin is the most negative power-supply potential. For reliable operation, connect a
Ss decoupling capacitor ranging from 0.1 pF to 10 uF between Vgg and GND.
N.C. 14 — No internal connection. Leave floating or connect to GND.
Copyright © 2023 Texas Instruments Incorporated TR 15 3
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# 5-1. Pin Functions ( 4t)

NAME PIN e TYPE(") DESCRIPTION

Voo 15 P Positive_power supply. Thils pin is the most positive power-supply potential. For reliable operation, connect a
decoupling capacitor ranging from 0.1 pF to 10 pyF between Vpp and GND.

N.C. 16 — No internal connection. Leave floating or connect to GND.

GND 17 P Ground (0 V) reference.

Vi 18 p 1.8V - 5V SPI power supply. For reliable operation, connect a decoupling capacitor ranging from 0.1 pF to 1 uF
between V| and GND.

DIN 19 | SPI (Daisy Chain) Data Input.

CLK 20 | SPI (Daisy Chain) Clock Input.

LCE 21 | Latch enable input, active low.

CLR 22 | Latch clear input, active high.

DOUT 23 (6] SPI (Daisy Chain) Data Output.

RGND 24 P Bleed Resistor GND. Connect to ground (0 V) reference.

D15 25 110 Drain pin 15. Can be an input or an output.

S15 26 110 Source pin 15. Can be an input or an output.

D14 27 /0 Drain pin 14. Can be an input or an output.

S14 28 /0 Source pin 14. Can be an input or an output.

D13 29 /0 Drain pin 13. Can be an input or an output.

S13 30 /0 Source pin 13. Can be an input or an output.

D12 31 /0 Drain pin 12. Can be an input or an output.

S12 32 110 Source pin 12. Can be an input or an output.

D11 33 110 Drain pin 11. Can be an input or an output.

S11 34 110 Source pin 11. Can be an input or an output.

N.C. 35 — No internal connection. Leave floating or connect to GND.

N.C. 36 — No internal connection. Leave floating or connect to GND.

D10 37 /0 Drain pin 10. Can be an input or an output.

S10 38 /0 Source pin 10. Can be an input or an output.

D9 39 /0 Drain pin 9. Can be an input or an output.

S9 40 110 Source pin 9. Can be an input or an output.

D8 41 110 Drain pin 8. Can be an input or an output.

S8 42 110 Source pin 8. Can be an input or an output.

D7 43 /0 Drain pin 7. Can be an input or an output.

S7 44 /0 Source pin 7. Can be an input or an output.

D6 45 /0 Drain pin 6. Can be an input or an output.

S6 46 /0 Source pin 6. Can be an input or an output.

D5 47 /0 Drain pin 5. Can be an input or an output.

S5 48 110 Source pin 5. Can be an input or an output.

(1) 1 =input, O = output, P = power

Copyright © 2023 Texas Instruments Incorporated
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6 Specifications
6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)() 2) (3)

MIN MAX UNIT
Vbp - Vss 240 Y
Vpp Supply voltage -05 120 \
Vss -120 0.5 %
Vi SPI/Logic supply voltage -0.5 6 \%
A Logic control pin voltage (DIN, DOUT, CLK, LE, CLR) -0.5 Vi V
I Logic control pin current (DIN, DOUT, CLK, LE, CLR) -30 30 mA
Vg or Vp Source or drain voltage (Sx, D) Vss Vpp \%
lpk Analog Signal Peak Current/Channel 3 A
Ta Ambient temperature -40 125 °C
Tstg Storage temperature -65 150 °C
T, Junction temperature -40 150 °C

(1)  Operation outside the Absolute Maximum Rating may cause permanent device damage. Absolute Maximum Rating do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Condition. If
used outside the Recommended Operating Condition but within the Absolute Maximum Rating, the device may not be fully functional,
and this may affect device reliability, functionality, performance, and shorten the device lifetime.

(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.

6.2 ESD Ratings

VALUE UNIT

Human body model (HBM), per ANSI/ESDA/

o JEDEC JS-001, all pins() 1000
V(Esp) Electrostatic discharge : v
Charged device model (CDM), per ANSI/ESDA/ +500

JEDEC JS-002, all pins(?

(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 Thermal Information

TMUX9616
THERMAL METRIC(") PT (LQFP) UNIT
48 PINS
Roya Junction-to-ambient thermal resistance 60.8 °C/W
R0 yc(top) Junction-to-case (top) thermal resistance 15.4 °C/W
Ro s Junction-to-board thermal resistance 26.9 °C/W
wr Junction-to-top characterization parameter 0.5 °C/wW
W Junction-to-board characterization parameter 26.6 °C/IW
R0 yc(bot) Junction-to-case (bottom) thermal resistance N/A °C/W

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

Copyright © 2023 Texas Instruments Incorporated TR 15 5
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6.4 Recommended Operating Conditions

over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX| UNIT
Vpp -~ Vss Power supply voltage differential 40 200 220 \Y
Vpp Positive power supply voltage 20 100 110 \%
Vss Negative power supply voltage -110 -100 0 \Y
Vg or Vp Signal path input/output voltage (source or drain pin) (Sx, D)(") Vgs+ 10 Vpp - 10 \Y
Vi SPI/Logic power supply voltage 1.7 5.5 \%
Vi Logic control pin voltage (DIN, DOUT, CLK, LE, CLR) 0 Vi \Y
\m Logic control pin high-level input voltage (DIN, DOUT, CLK, LE, CLR) 0.9xV_ \%
VL Logic control pin low-level input voltage (DIN, DOUT, CLK, LE, CLR) 0.1xV \Y
Ta Ambient temperature -40 85 °C
T, Junction temperature -40 125 °C

(1) Vs, Vp operation up to Vgg and Vpp is acceptable for recommended operation. Royn pLat Mmay increase when operating beyond Vgg +
10Vand Vpp - 10V

6.5 Electrical Characteristics: TMUX9616

Vpp=+110V,Vgs= - 110V, V| =1.7V-55V, GND =0V (unless otherwise noted)
Typical at Vpp = +110V, Vgg = - 110V, V|| =3.3V, To =25C (unless otherwise noted)

Product Folder Links: TMUX9616

PARAMETER ‘ TEST CONDITIONS Ta MIN TYP mAX| UNIT
ANALOG SWITCH
: Vs = -100V to +100 V 25°C 14 9] e
Ron On-resistance
b= -5mA -40°C to +85°C 24 Q
. Vg = -100 Vto +100 V 25°C 13 7)o@
Ron On-resistance
Ip=-200 mA - 40°C to +85°C 19 @
AR On-resistance mis mAtch Vs = -100Vto+100 V 25°C 2 %
ON between channels b= -5mA - 40°C to +85°C 200 %
RonL Large-Signal On-resistance Ip=-1A 25°C 12 Q
<
lswek | Switch Peak Output Current tpw <100 ns, duty cycle < 0.1%, | y5oc 3 A
current into source or drain.
Iswpk_pio | Switch Peak Isolation Diode - < 50 o
oE Current tpw <300 ns, duty cycle < 2% |25°C 300 mA
; = 25°C 1.6 mV
Vbc oFFs Switch DC Offset Voltage Switch ON or OFF, RL_ No load
ET (Integrated Bleed Resistors) - 40°C to +85°C - 60 30 mv
. Source or Drain Output to GND, o
RiNT Output Bleed Resistor T = 20 pA. Switch is OFF 25°C 20 35 50| kQ
Vpp =110V, Vgs= - 110V 25°C 0.07 MA
| Source off leakage current(!) Switch state is off
S(OFF) Vg=+100V/ - 100V -40°C to +85°C -4 4| pA
Vp=-100V/+100V
Vpp =110V, Vgg= - 110V 25°C 0.07 WA
Switch state is off
| Drain off leakage current(")
D(OFF) 9 Vg=+100V/ - 100 V - 40°C to +85°C -4 4] pA
Vp=-100V/+ 100V
DIGITAL LOGIC (DIN, DOUT, CLK, LE, CLR Pins)
ViH Logic voltage high Vi =17V-55V ~ 40°C to +85°C 0.6\? X Vv
LL
. _ o R 0.33 x
Vi Logic voltage low ViL=17V-55V -40°C to +85°C vV \
LL
6 TR 15 Copyright © 2023 Texas Instruments Incorporated
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6.5 Electrical Characteristics: TMUX9616 ( 4t )

Vpp=+110V,Vgs= - 110V, V| =1.7V-55V, GND =0V (unless otherwise noted)
Typical at Vpp = +110 V, Vgs = - 110V, V| = 3.3V, Tp =25 (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta MIN TYP mAX| UNIT
[ Input leakage current -40°C to +85°C 1.0 pA
M Input leakage current -40°C to +85°C -1.0 MA
Cin Logic input capacitance -40°C to +85°C 3 10| pF
Von Logic high output voltage Isource = 1 MA - 40°C to +85°C VIZ)L1- v
VoL Logic low output voltage Isink = 1 mA, includes open - 40°C to +85°C 01| V
drain /THERM pin
POWER SUPPLY
_ Vpp =110V, Vgg = - 110V 25°C 15 HA
Ibba_oFf | Vbp quiescent supply current IsDwzit(-;i(.;r.onFF _40°C fo +85°C 23] A
. Vpp=110V, Vgg = - 110V 25°C 40 MA
Ibba_on | Vpp quiescent supply current Isl:)\,;t(-;iens]AON ~ 40°C to +85°C 95| pA
_ Vpp=110V, Vgg = - 110V 25°C 10 MA
Issq ofFr |Vss quiescent supply current ISDV\;t(-;ien;AOFF _40°C to +85°C 65 A
. Vpp=110V, Vgs = - 110V 25°C 22 MA
Isso_on | Vss quiescent supply current Ié:)wjt;iengAON _40°C to +85°C 40 uA
_ Vpp =110V, Vgs= - 110V 25°C 24 mA
Ibp Vpp dynamic supply current Qtllfs;/vgtghkeljzturned ON and OFF _40°C to +85°C 4l maA
. Vpp=110V, Vgs = - 110V 25°C 3.1 mA
Iss Vss dynamic supply current ,:tllfs;/v’ljtghke:ztumed ON and OFF _40°C to +85°C Al ma
) 25°C 3.8 MA
ILLa V| quiescent supply current T 40°C to +85°C 8| A
I V| dynamic supply current fCLK=5MHz,V =5V 25°C 020 mA
-40°C to +85°C 0.25| mA

(1) When Vg is positive, Vp is negative, or when Vg is negative, Vp is positive.

6.6 Switching Characteristics: TMUX9616

Vpp=+110V,Vgs= - 110V, VL =1.7V -5.5V, GND = 0 V (unless otherwise noted)
Typical at Vpp = +110 V, Vgg = - 110V, V| = 3.3V, Tp =25 (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta MIN TYP MAX| UNIT
) Vg =100V 25°C 1.5 us
t Turn-on time from enable
oN RL=10kQ - 40°C to +85°C 3| s
= 25°C 0.8 us
torr Turn-off time from enable Vs i 100V
RL=10kQ - 40°C to +85°C 25| s
AV/dtyax '\R"aatxe'm“m Analog Signal Slew - 40°C to +85°C 20| Vins
o R, =50 @ . _
OISO_TX Off-isolation TX Vs =0 VB|AS, 10 VPP, f= 5 MHz 25°C 70 dB
- . R|_=1kQ,C|_=15pF ° _
Oiso_1x |Off-isolation TX Vs = 0 Vs, 10 Vpp, f = 5 MHz 25°C 54 dB

Copyright © 2023 Texas Instruments Incorporated
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6.6 Switching Characteristics: TMUX9616 ( )
Vpp=+110V,Vgs= - 110V, VL =1.7V -5.5V, GND = 0 V (unless otherwise noted)

Typical at Vpp = +110 V, Vgg = - 110V, V| = 3.3V, Tpo =25 (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta MIN TYP  MAX| UNIT
y . R =50 Q o _
Oiso rx | Off-isolation RX Vp = 0 Vgias, 10 Vep, = 5 MHz 25°C 70 dB
. . R . =1kQ ,C_=15pF o B
Oiso rx |Off-isolation RX Vg = 0 Vgas, 10 Vpp, f = 5 MHz 25°C 54 dB
R =50 Q o _
XTALK_TX Crosstalk TX VS =0 VB|A3, 10 Vpp, f= 5 MHz 25°C 75 dB
R =50 @ o _
XTALK_RX Crosstalk RX VD =0 VB|A3, 10 VPP, f=5MHz 25°C 75 dB
- 3dB Bandwidth (Small Signal) |R_ =50 Q o
BWss 1 | 1x Vs =0V, Vpp = 200 mV 25°C 500 MHz
- 3dB Bandwidth (Small Signal) |R_ =50 Q o
BWSS_RX RX VD =0 V, Vpp =200 mV 25°C 500 MHz
HD2PC Second Harmonic Distortion \épp_: 21%%\22\('51?)8 ;YF
_ . . L - o
LL TX Pulse Cancellation (Large Signal) f= 5 MHz, 2 Cydles, dvidt: 25°C 54 dBc
TX
7.1VIns
Cs(orr) | Source off capacitance \I\CISH; 0 Veias, 100 mVep, f= 1 25°C 5 pF
Cp(orr) |Drain off capacitance \I\CIEI)-; 0 Veias, 100 mVep, f=1 25°C 5 pF
Cson. | on capacitance Vs/Vp =0 Vpias, 100 mVee, F=1 1550 10 pF
CD(ON) MHz
; RL_Source =1kQ, RL_Drain =500 o -
Vspk Output voltage spike Erable and Disable Switch 25°C 45 18 mV
; RL_source = 1K, R prain = 5002 —A0° ° _
Vspk Output voltage spike Erable and Disable Switch 40°C to +85°C 55 25| mV
6.7 Digital Timings: TMUX9616
Vpp=4.5V-55V,V =1.7V-55V, GND =0V (unless otherwise noted)
Typical at Vpp =5V, V| =3.3V, Tp =25C (unless otherwise noted)
PARAMETER TEST CONDITIONS Ta MIN TYP  MAX| UNIT
SPI Clock Frequency (including _ o R
foLk_spi daisy chain mode) V=5V 40°C to +85°C 72| MHz
SPI Clock Frequency (including _ PP o
fCLKfSPI daisy chain mode) Vi =33V 40°C to +85°C 54| MHz
SPI Clock Frequency (including _ PP o
fCLKfSPI daisy chain mode) V=18V 40°C to +85°C 24| MHz
tr. tr_spi | SPI Clock Rise and Fall Times -40°C to +85°C 50 ns
tck_spi | CLK SPI Period V=5V -40°C to +85°C 11.76 ns
tck_spi | CLK SPI Period Vi =33V -40°C to +85°C 16.67 ns
tck_spi | CLK SPI Period VL =18V -40°C to +85°C 41.67 ns
tcLk_H_spi | CLK High Time SPI Vi =5V -40°C to +85°C 5.29 ns
tCLKﬁHfSPI CLK ngh Time SPI V|_|_ =33V -40°C to +85°C 7.5 ns
tcLk_H_spi | CLK High Time SPI Vi =18V -40°C to +85°C 18.75 ns
tCLKﬁLfSPI CLK Low Time SPI VL =5V -40°C to +85°C 5.29 ns
tCLK_L_SPI CLK Low Time SPI V|_|_ =33V -40°C to +85°C 7.5 ns
tCLKﬁLfSPI CLK Low Time SPI V=18V -40°C to +85°C 18.75 ns

8 HERXFIRIF

Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: TMUX9616

English Data Sheet: SCDS436



https://www.ti.com.cn/product/cn/tmux9616?qgpn=tmux9616
https://www.ti.com.cn/cn/lit/pdf/ZHCSMS8
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSMS8&partnum=TMUX9616
https://www.ti.com.cn/product/cn/tmux9616?qgpn=tmux9616
https://www.ti.com/lit/pdf/SCDS436

13 TEXAS
INSTRUMENTS

www.ti.com.cn

TMUX9616
ZHCSMS8 - SEPTEMBER 2023

6.7 Digital Timings: TMUX9616 ( 4 )
Vpp=4.5V-55V,V  =1.7V-55V, GND =0V (unless otherwise noted)

Typical at Vpp =5V, V| =3.3V, Tp =25C (unless otherwise noted)

PARAMETER TEST CONDITIONS Ta MIN TYP  MAX| UNIT
tsu_spi Set Up Time Data to Clock SPI VL =5V -40°C to +85°C 1.0 ns
tsu_spi Set Up Time Data to Clock SPI |V =3.3V -40°C to +85°C 2 ns
tsu_spi Set Up Time Data to Clock SPI V=18V -40°C to +85°C 5 ns
th_sei Hold Time Data to Clock SPI Vi =5V -40°C to +85°C 1.0 ns
tH_spi Hold Time Data to Clock SPI VL =33V -40°C to +85°C 1.2 ns
th_spi Hold Time Data to Clock SPI Vi =18V -40°C to +85°C 3 ns
tbo Clock Delay Time to Data Out Vi =5V -40°C to +85°C 3 12.8| ns
tbo Clock Delay Time to Data Out VL =33V -40°C to +85°C 4 16.3 ns
tbo Clock Delay Time to Data Out VL =18V -40°C to +85°C 7 34| ns
ts/LE Set Up Time Before LE Rises -40°C to +85°C 25 ns
twiLe Time Width of LE -40°C to +85°C 12 ns
tweLr Time Width of CLR -40°C to +85°C 55 ns
6.8 Timing Diagrams

DIN Dy Xso% Dy 5o%>{ Dit
LE 50% Z507\ /
— tW/LE
N Ts/1e
CLK \ 7% 7Z 50%
tsu ty
tho
DOUT 50% ><
SWITCH
CLR sott N

& 6-1. Logic Timing Diagram
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/LE U
aw__ UYL UYL

|
DIN DjlrS D14 X D13 :><D2 ><D1 ><DO><
DOUT Dlsi ><D14><D13><:::>< D2 ><D1 ><DO ><D15
l |

Data from Previous Data Byte
Power-Up Default: D15-D0 = 0

B 6-2. Latch Enable Timing Diagram
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6.9 Typical Characteristics

at Ty =25°C, Vpp =110V, Vgs = - 110V, and V|| = 3.3V (unless otherwise noted)

35 T 70
— Ta=-40°C | = 65 Ipba_orFr — lssa_on
325 Ta = 25°C Vss = -Vbp 60 I5bQ ON - Vpp = +110V
30 | — Ta=85C — i Vss =-110V
— Ta=125°C 55 LLQ VL =5.5V
27.5 AT . — lssq_oFF LL = 9.
S < 50
o 25 =2 45
€ 225 § 40
@ 5 35
7] 20
:: 17.5 g 30
& § 25
15 » 20
12,5 15
10 10
7.5 S
20 30 40 50 60 70 8 9 100 110 0
Voo (V) 20 30 40 50 60 70 80 90 100 110 120 130
&l 6-3. On-Resist Vpp/Vss S ly Volt Temperature (°C)
-3. On-Resistance vs u oltage
bp/¥'ss SUPPlY 9 &l 6-4. Supply Quiescent Current vs Temperature
6 5
— Ipp: 0°C 48| — Ta=25°C
5 Iop: 25°C 46 Ta=85°C
4|— loo:85°C 44| = Ta=125°C
e |SS: 0°C [— 4.2 T 1
3| — lIss: 25°C — 2 —
2 | T lssi8°C = 3.8 ] -
3 ] = < 36
[}
1] g 34
2 9 — =35 L~
2 .
- 1 \\\ 3
R ~
— 2.8
2 2.6
2.4
-3 F\Eﬁ 22|+
-4 2
0 10 20 30 40 50 60 70 80 90 100 1.5 2 25 3 35 4 45 5 5.5
Switching Frequency (kHz) Vi (V)
A 6-5. High Voltage Supply Current vs Switching Frequency B 6-6. 1. q Vs ViL
1.7 0
TorrF
16 [ — Tox -10
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T 14 __ 30
> g
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 6-7. Turn ON and Turn OFF Time vs Temperature &l 6-8. Large Signal Off Isolation vs Frequency
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6.9 Typical Characteristics (continued)

at Ty =25°C, Vpp =110V, Vgs = - 110V, and V|| = 3.3V (unless otherwise noted)

Magnitude (dB)

1 2 3 4 5678 10 20 30 405060
Frequency (MHz)

& 6-9. Large Signal Crosstalk vs Frequency

Attenuation (dB)

-1

-2

-3

-4

-5

-6

-7

—— Bandwidth

100k ™

Bl 6-10. Small Signal Insertion Loss vs Frequency

10M 100M 1G
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7 Parameter Measurement Information
7.1 Off-Leakage Current
There are two types of leakage currents associated with a switch during the off state:

1. Source off-leakage current Igorr): the leakage current flowing into or out of the source pin when the switch
is off.

2. Drain off-leakage current Ipofr): the leakage current flowing into or out of the drain pin when the switch is
off.

The setup used to measure both off-leakage currents is shown in & 7-1.

ls (oFF) Ip (oFF)

()
iu

|

<
o
<
] ]

i o
%
o] o
.
]
E

RGND GND

&

Is(oFF)

C ,D %) i i
s

& 7-1. Off-Leakage Measurement Setup

7.2 Device Turn On/Off Time

Turn-off time (topf) is defined as the time taken by the Sx pin of the TMUX9616 to rise to a 90% final value after
the CLK signal has risen to 50% of its final value. Turn-on time (toy) is defined as the time taken by the output of
the TMUX9616 to fall to a 10% initial value after the CLK signal has risen) to 50% of its final value. [&| 7-2 shows

the setup used to measure tgy and togr.
Voo Vss
L o1 L o1
100V g ; H
CLK /
7 50% 50% — R
Sx / o Dx

torr —» —> ton
90%

Sx

10% GND  RGND

< <

K 7-2. Turn-on/off Measurement Setup
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7.3 Off Isolation

Off isolation is defined as the ratio of the signal at the drain pin (Dx) of the device when a signal is applied to the
source pin (Sx) of an off-channel. [¥ 7-3 shows the setup used to measure off isolation.

0.1 pF_I_ | ] 0.1 pF

1
f1
Vs

Vour

D1

C.
Sx/Dx

50Q

Re

GND RGND

Vour
Or50 =20+ LOQ(_V )
S

K 7-3. Off Isolation Measurement Setup
7.4 Inter-Channel Crosstalk

Crosstalk (X1aLk) is defined as the ratio of the output signal at the Dx pin of an on-channel to the input signal at
the Sx pin of an off-channel, as shown in & 7-4.

) e
Vour
O @7 S1 o—— D1
50Q
50Q
Vs
s2 C,/ o D2
50Q
Sx/Dx
50Q GND RGND
Vour

Xrawx = 20 % Log(

v

K 7-4. Crosstalk Measurement Setup
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7.5 Output Voltage Spike

Output Voltage Spike (Vspike or Vspk) is the magnitude of the transient output voltage spike which occurs on an
input or output pin when turning the switch channel ON or OFF. When measuring Vspk on the Dx pin, 50 Q is
placed on the Dx pin and 1 kQ is placed on the Sx pin. Likewise, when measuring Vgpk on the Sx pin, 50 Q is

placed on the Sx pin and 1 kQ is placed on the Dx pin. & 7-5 shows the setup used to measure the Vgpk of the
switch.

Vpp Vss
oN 0.1 pFL l0-1 uF
oy $ Voo Vss g
s1 D1
OFF OFF i 0/} © |
| |
|
ke | } | 50 Q
Ve 531 / o D31
Output |
_J
Vo 1kQ : 50 Q

V GND RGND
-Vspike i i

K 7-5. Vspk Measurement Setup

7.6 Switch DC Offset Voltage

The switch DC offset voltage (Vpc orrseT) is the DC offset voltage that can be present on an Sx or Dx pin when
the switch channel is ON or OFF. ¥ 7-6 shows the setup used to measure the Vbc_orrser Voltage of the device.

SW ON or OFF

Sx O/o

Vbc_oFFseT

Dx

GND RGND

&l 7-6. Vpc_orrser Measurement Setup

7.7 Isolation Diode Current

The switch peak isolation diode current (Iswpk_piope) is the maximum peak current the isolation diodes on each
channel can sustain. |4 7-7 shows the set-up used to measure Iswpk_piope
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ISWF’KﬁDIODE

Cn)

+110v
lVDD

+110V

Voo

N

Vs > Vpp such
v that current =
s
Iswrk_piope
Vs < Vss such
that current =
-lswpk_piobe

ISWPK_DIODE

Iswpk_piope

lswpk_piope

& 7-7. Isolation Diode Current Measurement Setup
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N
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that current =
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8 Detailed Description
8.1 Overview

The TMUX9616 is a 16-channel low resistance, low capacitance high-voltage analog switch integrated circuit
(IC) with latch-up immunity. Each device has 16 independently selectable 1:1, single-pole, single-throw (SPST)
switch channels. The device works well with dual supplies up to +110 V. Asymmetric supply biasing is also
supported within the recommended supply range. The TMUX9616 supports bidirectional analog and digital
signals on the source (Sx) and drain (Dx) pins ranging from Vgg to Vpp. TMUX9616 also integrates bleed
resistors on its source (Sx) and drain (Dx) pins to discharge capacitive loads, like piezoelectric transducers.

8.2 Functional Block Diagram

Level HV Voo

Latches Shifters Switches

5 )
b O—:Q:J * Voo
LE \ v %
DIN O— CLR | ss Do
|
|
|
|
LA \\—

|
16-Bit | | Vss

CLKQ—  shift I
|

Register Voo

* S15

DOUT 0—— b o— * Voo
E

\7_7_'\/\/\'_" Vss %

& CLR

| | ‘ ‘ * D15

Vss

Vu GND LE CLR Voo Vs RGND
8.3 Feature Description
8.3.1 Wide Input Signal Range (up to £110 V, 220 Vpp)

TMUX9616 can pass a wide input signal range, up to Vpp/Vss of £110 V (220 Vpp), which is very beneficial as
many high voltage transmitters are designed to transmit up to 100 V. The extra headroom above +100 V that
TMUX9616 provides is critical for operating the high voltage transmitters in systems up to 100 V for a few
reasons. First, with high voltage supply multiplexers (110 V Vpp/Vss), typically as the Vg pin approaches Vpp
(Vs > Vpp - (6 V to 10 V)), the Ry of the switch starts to rapidly increase. With a large change in Ron when Vg
is near Vpp, this can cause the harmonic distortion performance of the system to degrade (HD2PC, so fourth).
Setting the high voltage supplies 10 V above the pulser operating voltage, allows Vg to stay < (Vpp - 10 V),
keeping the switch in its flat Rgy operating region for the intended TX signal, and therefore greatly improving
system harmonic distortion performance.

Second, various system parasitics (or even intentionally added tuning inductors) and transmission line reflections
in the system (due to cables, long PCB traces, and so forth) can cause some temporary peaking of the
maximum voltage that the TMUX9616 receives above the £100 V maximum output voltage of the high voltage
transmitter. Having the high voltage multiplexer in the system have voltage tolerance above the high voltage
transmitter (up to VDD = +110 V and VSS = -110 V per Recommended Operating Conditions) is crucial for being
able to run the system at the high voltage transmitters maximum voltage output capability.

8.3.2 Bidirectional Operation

The devices conduct equally well from source (Sx) to drain (Dx) or from drain (Dx) to source (Sx). Each signal
path has very similar characteristics in both directions.
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8.3.3 Device Digital Logic Control

The TMUX9616 is controlled by a SPI interface to a 16-bit shift register, and a CLR pin. The SPI interface can
run at speeds up to 72 MHz. It can also be run with 1.8 V - 5 V logic levels (set by logic supply V). The DIN
pin will take in the data for the 16-bit register, and CLK will take in the clock signal. Data is shifted in on the DIN
pin with the most-significant bit (MSB) first. After writing in 16 bits into the shift register using DIN and CLK, LE is
then used to latch the state of the switches in the shift register to change the state of the switches in analog. The
switches go to a state of retaining their present state on the rising edge of the LE pin. When LE is high, updates
to the shift register does not change the condition of the 16 switches until LE is made low again. When LE is low,
the shift register data flows through the latch and the condition of the 16 switches will be changed as the shift
register is updated.

TMUX9616 16-bit shift register can be used in daisy chain mode. This is done by connecting the DOUT pin of
the first TMUX9616 device to the DIN pin of the next TMUX9616 device in the chain. All TMUX9616 in the daisy
chain will share the same source CLK signal (the CLK pin of each device in the daisy chain will be shorted
together). DOUT is the data output pin of the 16™ bit of the shift register, which is the data on DIN clock shifted
by 16 clock cycles. The LE pin of each device in the chain will be shorted together, using the same LE source.

Assuming N number of TMUX9616 devices in the daisy chain, the standard method of writing to the shift
registers is to write 16 * N bits of data, corresponding to each switch in the daisy chain, with LE set high. Once
all 16 * N bits are written into the shift register, LE is pulsed low for at least ty g to update the condition of the 16
* N switches in the daisy chain to the new state recorded in the shift register. Then LE is set high again so that
the state of the switches will not change until the next 16 * N bits are written into the shift register (and LE is
pulsed low again following the 16 * N bit write).

The CLR pin, when asserted high, causes all the 16 switches in TMUX9616 to turn OFF, regardless of the state
of the bits in the 16-bit shift register. When the CLR pin asserted low, the switches will then use the shift register
again to set its values.

For more details on programming the shift register and the logic state of each switch, see the Device Logic Table
section. For more details of programming the shift register with the correct digital timings, see the Timing
Diagrams section and the Digital Timings table. For more details on the maximum speeds obtainable in daisy
chain mode depending on device configuration, see the Switching Characteristics table. € 8-1 shows more
details on how to connect the TMUX9616 device's in daisy chain mode.

System/Console Probe Head
Pulsar PZT Pulsar PZT Pulsar PZT
Sx D|x Sx Dx Sx D|x
Pulsar w/ CMOS SPI CMOS SPI o
. CMOS SPI
TR Switch P ro be DIN bOUT L DIN bOUT . _—DIN DOUT = N.C.
Ca b | e CLK LK CLk
Central CMOS SPI /LE —— /LE NLE
FPGA
Digital
[ Power
71 swpy | Probe -
Connector
8-1. Daisy Chain System Block Diagram
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8.3.4 Latch-Up Immunity by Device Construction

Latch-up is a condition where a low impedance path is created between a supply pin and ground. This condition
is caused by a trigger (current injection or overvoltage), but once activated, the low impedance path remains
even after the trigger is no longer present. This low impedance path may cause system upset or catastrophic
damage due to excessive current levels. The latch-up condition typically requires a power cycle to eliminate the
low impedance path.

The TMUX9616 is constructed on silicon on insulator (SOI) based process where an oxide layer is added
between the PMOS and NMOS transistor of each CMOS switch to prevent parasitic structures from forming. The
oxide layer is also known as an insulating trench and prevents triggering of latch up events due to overvoltage,
fast voltage slew rates, and current injections. The latch-up immunity feature allows the TMUX9616 to be used in
harsh environments. For more information on latch-up immunity, refer to Using Latch Up Immune Multiplexers to
Help Improve System Reliability.

8.4 Device Functional Modes

8.4.1 Normal Mode
In normal mode operation, TMUX9616 is controlled by its digital logic, which is detailed in the Device Digital
Logic Control section. In normal mode, switches are available to be used to pass high voltage +110 V signals

(signals from Vgg to Vpp). More details of the device operation in normal mode can be found in the Feature
Description and Device Logic Table sections.

8.4.2 Device Power Up

TMUX9616 will be powered up once V|, Vpp, and Vgg reach their final voltage. V|, Vpp, and Vgg can be
powered up in any order (there is no power sequencing requirement). The device digital logic control will not
receive updates until both V|, Vpp, and Vgg are powered up. Additionally, after V|, Vpp, and Vgg are powered
up, the system FPGA or controller should wait at least 500 u s until writing to the device digital logic control. For
more details on the device digital logic control, see the Device Digital Logic Control section.

On power-up, all 16 switches in TMUX9616 will be in the OFF state.
8.5 Device Logic Table
Z 8-1. Device Logic Table()(2)3)4)®)(6)(7)

Inputs Outputs
) D1 D15 E CLR SW0 SW1 SW15
0 — - L L OFF - —
1 — - L L ON - —
— 0 - L L — OFF —
— 1 - L L - ON —
_ _ _ L L _ _ _
- — 0 L L — - OFF
1 L L - - ON
X X X H L HOLD PREVIOUS STATE
X X X X H OFF OFF ‘ OFF ‘ OFF

(1)  All 16 switches operate independently.

(2) Serial data is clocked in on the rising edge of CLK. Data is shifted in on the DIN pin with the most-significant bit (MSB) first.

(3) The switches go to a state of retaining their present state on the rising edge of the LE pin. Once the LE pin is high, updates to the shift
register no longer change the condition of the 16 switches until the LE pin is made low again. When the LE is low, the shift register
data flows through the latch.

(4) Shift register clocking has no effect on the switch states if the LE pin is high.

(5) DOUT is the data output pin of the 16 bit shift register for daisy chaining multiple muxes together. It is the data of the DIN clock shifted
by the 16 clock cycles.

(6) The CLR input overrides all other inputs.

(7)  While LE = H or CLR = H, if the CLK pin still receiving a valid clock signal, DIN will still function and input data into the shift register,
and DOUT will still output the contents on the shift register. However, while LE = H or CLR = H, the state of the analog switches is no
longer dependent on the contents of the shift register, but rather takes the state per this logic table.
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9 Application and Implementation

#1E

Information in the following applications sections is not part of the Tl component specification, and TI
does not warrant its accuracy or completeness. Tl’ 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 TMUX9616 is a 16-channel low harmonic distortion, low resistance, low capacitance, high-voltage analog
switch integrated circuit (IC) with latch-up immunity. Each device has 16 independently selectable 1:1, single-
pole, single-throw (SPST) switch channels. The device can support high voltage supplies and signals up to
+110V. It comes in popular, pin-to-pin (P2P) 48-pin QFP package for 16CH SPST multiplexers. This makes
TMUX9616 a great replacement in an existing design with fixed foot print, where improvement is needed on
harmonic distortion performance of the system. Also, TMUX9616 a great solution any time the application may
require a leaded package.

9.2 Typical Application

9-1 shows a multiplexer configuration that is found in a variety of ultrasound applications. Two TX7516 are
used to provide 32 TX/RX channels, and 8x TMUX9616 are used to multiplex the 32 TX/RX channels to 128
piezoelectric (PZT) elements, making a 4:1 multiplexer configuration. An FPGA controls both the TX7516 and
TMUX9616 using SPI.

MHV(-100/-60V)

PHV(+100V/+60V] PMHV(+110V) MMHV(-110V) VSYS_5V

PHV_A/B MHV_A/B VDD Vss VLL
s1 D1
VSYS_5V 533 D2
TR our_s 5 5 128
_VSYSSV | _
VSYS_1.8V C‘;';DLM
- ouT_2 s2 D5
s34 D6 PZT
66 D7
598 D8
% N
567 D11
TX7516 ., % TMUX9616 b T
2x 8x m—
L] .
L] .
BF_SYNCP
BF_SYNCM L] .
SCLK_P
LK
SDATA_P_0
SDATA_M_0
SDATA_P_1 ouT_32 $32 D125
Span-m-t 53 - s64 D126
SN 3 3 596 5 D127
FPGA 5 & s128 25 8 D128
? LMK00304
[ ]
LMK62A2
K 9-1. TMUX9616 Application Schematic
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9.2.1 Design Requirements

% 9-1. Design Parameters

PARAMETERS VALUES
Positive analog supply (Vpp) TMUX9616 +110 V
Negative analog supply (Vss) TMUX9616 -110V
Logic supply (V) TMUX9616 5V
Pulser supply A (PHV_A/MHV_A) TX7516 +100 V/-100 V
Pulser supply B (PHV_B/MHV_B) TX7516 +60 V/-60 V
Analog signal support TMUX9616 +110V
Maximum SPI speed supported TMUX9616 72 MHz
System level HD2PC target requirement =40 dB
System level HD1PC target requirement =40 dB
System test load 100 @ || 100 pF

9.2.2 Detailed Design Procedure

9-1 shows a system configuration found in a variety of ultrasound applications. The TX7516 has two supply
rails A (PHV_A/MHV_A) and B (PHV_B/MHV_B) that enable switching between multiple TX levels for 3-Level
mode, and also enable transmitting 5-Level mode. Each supply channel (A or B) can both provide up to 2 A
output current, and the two channels can be operated in parallel for a 4 A output mode. Two TX7516 are used to
provide 32 TX channels, and eight TMUX9616 are used to multiplex the 32 TX channels to the 128 PZT
elements (4:1 mux configuration). Supply A will transmit at £100 V, and supply B will transmit 60 V.

A very important system level requirement for good image quality is to target =40 dB for both HD2PC and
HD1PC (harmonic distortion pulse cancellation). The entire system, including both the TX7516 pulser and
TMUX9616 mux, must output a TX signal at =40 dB. TX7516 is a pulser with excellent output signal
performance, performing higher than the =40 dB target. Additionally, TMUX9616 is an excellent multiplexer,
having minimal and in many cases negligible impact on the HD2PC/HD1PC performance, keeping the output
signal performance high for good image quality while also allowing to increase the number of PZT elements in
the system without increasing the number of pulser TX channels.

An example system use case using the TX7516EVM with the TMUX9616 EVM was performed first with the
TMUX9616 removed and replaced with a pass through connection. Second, the same system level use case
was performed by removing the pass through connection and adding the TMUX9616 back into the signal path.
For a £100 V pulser supply in this system use case, transmitting in 3-level mode with 5 cycles at 5 MHz with a
100 Q || 100 pF test load, TX7516 alone performed with an HD2PC of 49 dB and an HD1PC of 67 dB. For the
same use case, adding in TMUX9616 into the signal path, the system performed with an HD2PC of 54 dB and
an HD1PC of 60 dB. Therefore, in this use case the TMUX9616 has negligible impact on the system level
HD2PC/HD1PC performance; TX7516, by itself, and TX7516 with TMUX9616 in its signal path perform at an
HD2PC/HD1PC performance level well above 40 dB.

For more details on the HD2PC and HD1PC performance of TX7516 and TMUX9616 across multiple supply
levels, see the Application Curves. Additionally, some example use cases are plotted in the time domain and
frequency domain for observation.
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9.2.3 Application Curves
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9.3 Power Supply Recommendations

The TMUX9616 supports a wide signal range of £110 V (signals from Vgg to Vpp). It is recommended to use a
supply decoupling capacitor of at least 0.1 yF at the Vpp pin to ground and at the Vgg pin to ground. It is also
recommended to use a supply decoupling capacitor for the logic supply V|| of at least 0.1 yF (V| pin to ground).
The TMUX9616 EVM uses 1 yF capacitor in parallel with a 0.1 pF capacitor for both the Vpp, Vss, and V|
supply pins.

There are no specific power sequencing requirements between the Vpp, Vss, and V| supplies.

9.4 Layout
9.4.1 Layout Guidelines

The following image shows an example of a PCB layout with the TMUX9616. Some key considerations are as
follows:

* For reliable operation, connect at least one decoupling capacitor of at least 0.1 yF of capacitance between
Vpp and Vgg to GND. The TMUX9616 EVM uses a 0.1 yF in parallel with a 1 yF capacitor. It is
recommended to place the lowest value capacitor as close to the pin as possible. Ensure that the capacitor
voltage rating is sufficient for the supply voltage.

* Keep the input lines as short as possible.

* Use a solid ground plane to help distribute heat and reduce electromagnetic interference (EMI) noise pickup.

* Do not run sensitive analog traces in parallel with digital traces. Avoid crossing digital and analog traces if
possible, and only make perpendicular crossings when necessary.

9.4.2 Layout Example
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K 9-14. TMUX9616 Layout Example
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10 Device and Documentation Support
10.1 Documentation Support
10.1.1 Related Documentation

For related documentation, see the following:

* Texas Instruments, Using Latch Up Immune Multiplexers to Help Improve System Reliability
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11 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ® (415)
(6)
TMUX9616PTR ACTIVE LQFP PT 48 1000 ROHS & Green NIPDAU Level-3-260C-168 HR -40 to 85 TM9616

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

© Lead finish/Ball material - Orderable Devices 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.

Important Information and Disclaimer: The information provided on this page represents Tl'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 TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

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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PACKAGE OUTLINE

PTOO48A LQFP - 1.6 mm max height
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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. Reference JEDEC registration MS-026.

4. This may also be a thermally enhanced plastic package with leads conected to the die pads.
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EXAMPLE BOARD LAYOUT
PTOO48A LQFP - 1.6 mm max height
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SOLDER MASK DETAILS 4215159/B  11/2023

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
PTOO48A LQFP - 1.6 mm max height
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SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE: 10X

4215159/B 11/2023

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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