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5 Pin Configuration and Functions

PW Package
16-Pin TSSOP
Top View
' A
(e}
st (] 1 16 | ] Ne
sia (] 2 15 | ) Ne.
ot (] s 14 [ Ne
s (| 4 1 [ vgp
ves (] s 12 | ) so8
oo (| 6 1 [ b2
ne (] 7 0[] sea
ne. (] s 9 [ ] sew2
\ J
Not to scale
Pin Functions
PIN
TYPE DESCRIPTION
NAME NO.
SEL1 1 | Select line 0
S1A 2 1/O Source pin 1A. Can be an input or output.
D1 3 1/O Drain pin D1. Can be an input or output.
S1B 4 1/O Source pin 1B. Can be an input or output.
Negative power supply. This pin is the most negative power-supply potential. In single-
Vss 5 P supply applications, this pin can be connected to ground. For reliable operation, connect a
decoupling capacitor ranging from 0.1 pF to 10 puF between Vgg and GND.
GND 6 Ground (0 V) reference
N.C. 78, fg 15, No Connect No internal connection
SEL2 9 | Select line 1
S2A 10 1/0 Source pin 2A. Can be an input or output.
D2 11 1/0 Drain pin D2. Can be an input or output.
S2B 12 1/0 Source pin 2B. Can be an input or output.
Positive power supply. This pin is the most positive power-supply potential. For reliable
Vpp 13 P operation, connect a decoupling capacitor ranging from 0.1 pF to 10 pF between Vpp and
GND.

Copyright © 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
Vpp t0 Vsg 36 \
Vpp to GND Supply voltage -0.3 18 \Y
Vgss to GND -18 0.3 \Y
Vpic Digital input pin (SEL1, SEL2) voltage GND -0.3 Vpp+0.3 \%
Ibic Digital input pin (SEL1, SEL2) current -30 30 mA
VANA_IN Analog input pin (Sx) voltage Vss—0.3 Vpp+0.3 \%
IANA_IN Analog input pin (Sx) current -30 30 mA
Vana_ouT Analog output pin (D) voltage Vgs—0.3 Vpp+0.3 \Y
IaNA_ouT Analog output pin (D) current -30 30 mA
Ta Ambient temperature -55 140 °C
T, Junction temperature 150 °C
Tstg Storage temperature -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Rating may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Condition. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

6.2 ESD Ratings

VALUE UNIT

Human body model (HBM), per

o ANSI/ESDA/JEDEC JS-001, all pins® +2000
V(Esb) Electrostatic discharge - \%
Charged device model (CDM), per JEDEC +500

specification JESD22-C101, 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

TMUX6136
THERMAL METRIC® PW (TSSOP) UNIT
16 PINS
Rgia Junction-to-ambient thermal resistance 111.0 °C/IW
Rojctop) Junction-to-case (top) thermal resistance 41.7 °C/IW
Rgis Junction-to-board thermal resistance 57.2 °C/IW
¥y Junction-to-top characterization parameter 4.1 °C/IW
Y18 Junction-to-board characterization parameter 56.6 °C/IW
Roscbot) Junction-to-case (bottom) thermal resistance N/A °C/IW

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

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

MIN NOM MAX UNIT
\(/1?'3 10 Vss | power supply voltage differential 10 33 v
\(/BE,’\‘DDtO Positive power supply voltage (singlle supply, Vss = 0 V) 10 16.5 \%

(1) Vpp and Vgg can be any value as long as 10 V < (Vpp — Vss) £33 V.

4 Copyright © 2018, Texas Instruments Incorporated
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Recommended Operating Conditions (continued)

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

NOM MAX UNIT
\é'?\lDDto Positive power supply voltage (dual supply) 16.5 \%
\é?\lsDtO Negative power supply voltage (dual supply) -16.5 -5 \%
vg @ Source pins voltage Vbb v
Vp Drain pin voltage Vpp \%
Vpic Digital input pin (SEL1, SEL2) voltage Vpp \%
IcH Channel current (T = 25°C) 25 mA
Ta Ambient temperature 125 °C
6.5 Electrical Characteristics (Dual Supplies: £15 V)
at T, = 25°C, Vpp = 15V, and Vgg = -15 V (unless otherwise noted)
PARAMETER | TEST CONDITIONS | TEST CONDITIONS MIN TYP MAX | UNIT
ANALOG SWITCH
Va Analog signal range Ta =-40°C to +125°C Vss Vpp \%
Vs=0V,lg=1mA 120 135 Q
Ron On-resistance 140 160 2
V=210V, Is=1mA Ta = —40°C to +85°C 210 Q
Ta =-40°C to +125°C 245 Q
) ) 2.5 6 Q
ARon S;;Ar,eese'ﬁtzﬂgﬁnngizmat"h Vg=%10V,ls=1mA | Ta=-40°C to +85°C 9| o
Ta =-40°C to +125°C 11 Q
23 33 Q
Ron_rLat | On-resistance flatness \:/51=m—A10 V.0V, +10V, Is Ta = —40°C to +85°C 35 Q
Ta =-40°C to +125°C 37 Q
Ron_priFt | On-resistance drift Vg=0V 0.42 %l/°C
Switch state is off, Vg =
+10 v/ -10V, Vp = -10 -0.05  0.005 0.05 nA
V/+10V
Switch state is off, Vg =
Is(oFF) Source off leakage current® | +10 V/ =10V, Vp = =10 | Ta = —40°C to +85°C -0.17 01| nA
V/+10V
Switch state is off, Vg =
+10 V/ =10 V, Vp = -10 Ta =-40°C to +125°C -1 0.25 nA
V/+10V
Switch state is on, Vg = —0.06  0.008 0.06 nA
Ipon) Drain on leakage current +10 V/ =10 V, Vp = -10 Ta =-40°C to +85°C -0.25 0.15 nA
vi+10V T, = —40°C to +125°C -16 04| nA
DIGITAL INPUT (EN, Ax pins)
Viy Logic voltage high 2 \%
Vi Logic voltage low 0.8 \%
RppEn) Pull-down resistance on EN pin 6 MQ
POWER SUPPLY
17 21| pA
oo Vpp supply current va=0Vor33V.Vs =0 [1, - 40°C o +85°C 2] uA
Ta =-40°C to +125°C 23 HA

(1) When Vg is positive, Vp is negative, and vice versa.

Copyright © 2018, Texas Instruments Incorporated
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Electrical Characteristics (Dual Supplies: £15 V) (continued)

at T, = 25°C, Vpp = 15V, and Vgg = -15 V (unless otherwise noted)

PARAMETER TEST CONDITIONS TEST CONDITIONS MIN TYP MAX | UNIT
8 10 HA
Iss Vsg supply current xA =0Vor33V,Vs=0 Ta =—40°C to +85°C 11| pA
Ta =—40°C to +125°C 12 pA
6.6 Switching Characteristics (Dual Supplies: £15 V)
at T, = 25°C, Vpp = 15V, and Vgg = -15 V (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vg=10V,R_.=300Q,C_=35pF 66 78 ns
Vg=10V,R_ =300 Q, C_=35pF, Ty =—40°C to 107 ns
tTRAN Transition time +85°C
Vg = 10V,R.=300Q,C_ =35 pF, Ta = -40°C to
+125°C 117 ns
tBBM Break-before-make time delay :_/15_2:538 ViR =3000Q, C=35pF, Ty =-40°Ct0 20 40 ns
Q; Charge injection Vs=0V,Rs=0Q,C_=1nF -0.4 pC
Oiso Off-isolation R =50Q,C_ =5pF, f=1MHz -85 dB
g,_szzf)o Q, C_=5pF, f=1 MHz (Inter-channel: S1x _105 dB
XTALK Channel-to-channel crosstalk
R =50Q, C, =5 pF, f =1 MHz (Intra-channel: SxA
-92 dB
& SxB)
I Insertion loss R, =50Q,C_ =5pF, f=1MHz -7 dB
R.=10kQ,C =5 pF, Vpp= 0.62VonVpp, f=1
N -59 dB
AC Power Supply Rejection MHz
ACPSRR .
Ratio R =10kQ, C_ =5 pF, Vpp=0.62 V on Vgg, f=1
-59 dB
MHz
BW -3dB Bandwidth R . =50Q,C =5pF 670 MHz
THD Toral harmonic distortion R, = 10kQ, C, =5 pF, f= 20Hz to 20kHz 0.08 %
Cin Digital input capacitance Vin=0Vor Vpp 15 pF
Cs(orr) Source off-capacitance Vg=0V,f=1MHz 2.4 3.3 pF
Cs(on), Source and drain on- V=0V, f=1MHz 55 75 pF
Cpon) capacitance
6 Copyright © 2018, Texas Instruments Incorporated
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6.7 Electrical Characteristics (Single Supply: 12 V)
at T, = 25°C, Vpp = 12V, and Vgg = 0 V (unless otherwise noted)
PARAMETER | TEST CONDITIONS MIN TYP MAX | UNIT
ANALOG SWITCH
Va Analog signal range Vss Vpp Y,
235 345 Q
Ron On-resistance Vg=10V, Ig=1mA Ta =—-40°C to +85°C 400 Q
Tp =—-40°C to +125°C 440 Q
) ) 4 12 Q
ARoN ge”wf,fgﬁtiggﬁ nmeizmamh Vs=10V, Ig =1 mA Tp = —40°C to +85°C 19] @
Ta =—-40°C to +125°C 23 Q
Ron_priFt | On-resistance drift Vg=0V 0.47 %/°C
' ' -0.03  0.005 0.03 nA
Is(oFF) Source off leakage current® fg)v '\t/C/hls\t/?tleszo{f ’V\//slzo v | Ta =—40°C to +85°C -0.1 0.07| nA
Ta =—-40°C to +125°C -0.8 0.2 nA
' ' -0.04 0.01 0.04| nA
Ipon) Drain on leakage current ﬁ(\)/\g:icnhg,st\a;[t)e:lslocl, 1/05\7 Tp =-40°C to +85°C -0.16 0.09 nA
Ta =—-40°C to +125°C -1.2 0.3 nA
DIGITAL INPUT (EN, AX pins)
\im Logic voltage high 2 Y,
VL Logic voltage low 0.8 Y,
Rpp(EN) Pull-down resistance on EN pin 6 MQ
POWER SUPPLY
13 16| pA
Iob Vpp supply current xA =0Vor33V,Vs=0 Ta = —40°C to +85°C 17| pA
Ta = —40°C to +125°C 18| pA
(1) When Vg is positive, Vp is negative, and vice versa.
6.8 Switching Characteristics (Single Supply: 12 V)
at Tp = 25°C, Vpp = 12 V, and Vgg = 0 V (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vs=8V, R, =300Q,C_=35pF 72 84| ns
o Vs=8V, R, =300Q, C_=35pF, Ty =-40°C to 17! ns
tTRAN Transition time +85°C
\+/§2=5°80V, R.=300Q,C_=35pF, Tp=—40°C to 128 ns
team Break-before-make time delay :_/15_2:59(:\/' RL=300Q, CL=35pF, Ty =-40"Cto 20 40 ns
Q3 Charge injection Vg=6V,Rg=0Q,C_=1nF -0.7 pC
Oiso Off-isolation R, =50Q,C_ =5pF, f=1MHz -85 dB
ELSZZE)O Q, C_ =5 pF, f=1 MHz (Inter-channel: S1x ~110 dB
XT1ALK Channel-to-channel crosstalk
R =50Q, C =5 pF, f=1 MHz (Inra-channel: SxA
&'SxB) -95 dB
I Insertion loss R. =50Q,C =5pF, f= 1MHz -13 dB
ACPSRR | AC Power Supply Rejection | g = 10 ka , G, = 5 pF, Vpp= 062 V, f= 1 MHz 58 dB
BW -3dB Bandwidth R. = 50Q,C_=5pF 650 MHz
Cin Digital input capacitance Vin=0VorVpp 1.7 pF
Cs(oFr) Source off-capacitance Vg=6V,f=1MHz 2.6 3.7 pF

Copyright © 2018, Texas Instruments Incorporated 7
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Switching Characteristics (Single Supply: 12 V) (continued)
at T, = 25°C, Vpp =12V, and Vgg = 0 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
gs(o,\,), Sourct_e and drain on- Vs =6V, f=1MHz 6.3 85 pF
D(ON) capacitance

8 MY © 2018, Texas Instruments Incorporated
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6.9 Typical Characteristics

at To = 25°C, Vpp = 15V, and Vg5 = —15 V (unless otherwise noted)

250 ‘ ‘ 650
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200 Vpp= 12V Vss = -13.5V — 550
= Vs =-12V | %/ = 500
& < Vpp= 12V
= 2 J > 450 —vpp= 10V Voo~ 121
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c c
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| |
0 100 |
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250 T T 700 T
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5. Leakage Current vs Temperature 6. Leakage Current vs Temperature
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Typical Characteristics (T X)
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11. Crosstalk vs Frequency 12. THD+N vs Frequency
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Typical Characteristics (T R)
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7 Detailed Description

7.1 Overview

7.1.1 On-Resistance

The on-resistance of the TMUX6136 is the ohmic resistance across the source (Sx) and drain (D) pins of the
device. The on-resistance varies with input voltage and supply voltage. The symbol Rqy is used to denote on-
resistance. The measurement setup used to measure Rgy is shown in B 17. Voltage (V) and current (Icy) are
measured using this setup, and Rqy is computed as shown in 23 1:

()
N

—
S o0 @

17. On-Resistance Measurement Setup

Ron =V / lcy (1)

7.1.2 Off-Leakage Current

Source off-leakage current is defined as the leakage current that flows into or out of the source pin when the
switch is in the off state. This current is denoted by the symbol Isgr). Drain off-leakage measurement is not
characterization since the drain pin is always connected to one of the two source pins.

The setup used to measure both off-leakage currents is shown in § 18

Is (oFF) Ip (oFF)

S D
———o ~o——

VS;L VDL

18. Off-Leakage Measurement Setup
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7.1.3 On-Leakage Current

On-leakage current is defined as the leakage current that flows into or out of the drain pin when the switch is in
the on state. The source pin is left floating during the measurement. & 19 shows the circuit used for measuring
the on-leakage current, denoted by Ipon.

Io (on

)
NC © 0 O A
N

NC = No Connection
Vp _—

¢

19. On-Leakage Measurement Setup

7.1.4 Transition Time

Transition time is defined as the time taken by the output of the TMUX6136 to rise or fall to 90% of the transition
after the digital address signal has fallen or risen to 50% of the transition. 20 shows the setup used to
measure transition time, denoted by the symbol tygan-

VDD VSS
Vop Vss
3V mmmmmes i V. SB
/ O s KO b Output
Vel t, <20 ns 50% 50% X tr<20ns SA i Ty O
O |
ov :
SEL __ 3000 —L 35pF
Vs T gev
Output trRan1—> > trean 2
VSEL
0.1Vs GND

trran = Max ( trran 1, trran 2) %

B 20. Transition-Time Measurement Setup
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7.1.5 Break-Before-Make Delay

Break-before-make delay is a safety feature that prevents two inputs from connecting when the TMUX6136 is
switching. The TMUX6136 output first breaks from the on-state switch before making the connection with the
next on-state switch. The time delay between the break and the make is known as break-before-make delay.
21 shows the setup used to measure break-before-make delay, denoted by the symbol tggy.

Vop Vss
3 v VDD VSS
Vs SB
t,<20ns tr<20ns © O\Q D * o
VseL i f SA i O
O |
ov }
SELx _ _ 3000 —— 35pF
VS \ b \
0.8 V.
Output s Vsev ﬂ GND
—> teem 1 —> < tggy2
OV —mmmmm TR YT il

tgem = Min (tagm 1, teem 2)

21. Break-Before-Make Delay Measurement Setup

7.1.6 Charge Injection

The TMUX6136 have a simple transmission-gate topology. Any mismatch in capacitance between the NMOS
and PMOS transistors results in a charge injected into the drain or source during the falling or rising edge of the
gate signal. The amount of charge injected into the source of the device is known as charge injection, and is
denoted by the symbol Q,y;. B 22 shows the setup used to measure charge injection from drain (D) to source
(Sx).

oV —————-—- 1nF

Vop Vss
Vop Vss
3V Qutput
sB .| e ——
O+ Q of | K
VseL SA i AP\/\N\ﬁ_ l
NC —1—O ' Rs :
|

! |

b

Output /
Vs Qno = Cu x AVour Avour V.
SEL GND

22. Charge-Injection Measurement Setup

7.1.7 Off Isolation

Off isolation is defined as the voltage at the drain pin (D) of the TMUX6136 when a 1-Vgys signal is applied to
the source pin (Sx) of an off-channel. 23 shows the setup used to measure off isolation. Use 243 2 to
compute off isolation.
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Network Analyzer

VSEL

23. Off Isolation Measurement Setup

Off Isolation = 20 - Log[m]
Vs

@

7.1.8 Channel-to-Channel Crosstalk
There are two types of crosstalk that can be defined for the TMUX6136:

1.

2.

Intra-channel crosstalk: the voltage at the source pin (Sx) of an off-switch input, when a 1-VRMS signal is
applied at the source pin of an on-switch input in the same channel, as shown in § 24
Inter-channel crosstalk: the voltage at the source pin (Sx) of an on-switch input, when a 1-VRMS signal is
applied at the source pin of an on-switch input in a different channel, as shown in B 25

Network Analyzer

VDD

I

VSS

1

VSS

VOUT

24. Intra-channel Crosstalk Measurement Setup

RN © 2018, Texas Instruments Incorporated
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Vob Vss
Network Analyzer Vbp Vss
S1A
) oo
50 Q ne—S18 o
| 50 Q
. |
s Vour S2A |
& ) ol
|
NC— 1528 ~
50 Q : 50 Q
o=
GND
VseL

25. Inter-channel Crosstalk Measurement Setup

Channel-to-Channel Crosstalk = 20 - Log(—VSUT]
S

©)

7.1.9 Bandwidth

Bandwidth is defined as the range of frequencies that are attenuated by < 3 dB when the input is applied to the
source pin (Sx) of an on-channel, and the output is measured at the drain pin (D) of the TMUX6136. & 26 shows
the setup used to measure bandwidth of the mux. Use A= 4 to compute the attenuation.

VDD VSS
Network Analyzer Vob Vss
QL) 2 a
N NC| SB

VSEL

26. Bandwidth Measurement Setup

Attenuation = 20 - Log (ﬁ]
\%

“

7.1.10 THD + Noise

The total harmonic distortion (THD) of a signal is a measurement of the harmonic distortion, and is defined as the
ratio of the sum of the powers of all harmonic components to the power of the fundamental frequency at the mux
output. The on-resistance of the TMUX6136 varies with the amplitude of the input signal and results in distortion
when the drain pin is connected to a low-impedance load. Total harmonic distortion plus noise is denoted as
THD+N.
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VDD VSS
Audio Precision Voo Vss
QL) > a_
N\ NC| sB

VOUT D

O Py
Vs |
0k Q seL ~
GND
VSEL 47

27. THD+N Measurement Setup

I
I
Rs I
I
|
T
I

7.1.11 AC Power Supply Rejection Ratio (AC PSRR)

AC PSRR measures the ability of a device to prevent noise and spurious signals that appear on the supply
voltage pin from coupling to the output of the switch. The DC voltage on the device supply is modulated by a sine
wave of 620 mVpp. The ratio of the amplitude of signal on the output to the amplitude of the modulated signal is
the AC PSRR.

Voo

Network Analyzer ¢
DC Bias Vss
Injector T
Vob Vss
620 mVpp Veias sSw
S1
O— [
Vin 3s2 SwW
O NC 1 oC
I
VOUT D }
|
I
KQ VseL I
50 Q 10 5pF O—SEL .
l GND
Veias =0V %

PSRR= 20 x Log (Vour/ Vin)

28. AC PSRR Measurement Setup

The Functional Block Diagram section provides a top-level block diagram of the TMUX6136. The TMUX6136 is a
4-channel, single-ended, analog multiplexer. Each channel is turned on or turned off based on the state of the
address lines and enable pin.
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7.2 Functional Block Diagram

S1A
D1
S1B
SEL1
S2A
D2

S2B

SEL2

TMUX6136

Copyright © 2018, Texas Instruments Incorporated

7.3 Feature Description

7.3.1 Ultralow Leakage Current

The TMUX6136 provide extremely low on- and off-leakage currents. The TMUX6136 is capable of switching
signals from high source-impedance inputs into a high input-impedance op amp with minimal offset error
because of the ultralow leakage currents. 29 shows typical leakage currents of the TMUX6136 versus
temperature.

400

Ip(ony+

200 Is(oFF)+ 7
0 \ |/

< —

S K

[

S -200 \

5

3 SN

o -400

(o2}

% Is(oFF)- - 4

@ -600 J
-800 oon-

-1000 ‘
-50 -25 0 25 50 75 100 125 150
Ambient Temperature (°C)

29. Leakage Current vs Temperature

7.3.2 Ultralow Charge Injection

The TMUX6136 is implemented with simple transmission gate topology, as shown in B 30. Any mismatch in the
stray capacitance associated with the NMOS and PMOS causes an output level change whenever the switch is
opened or closed.
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Feature Description (3T )

OFF | ON

CGSN e

SO

—_— CGDN

Cesp ——

oD

—_— CGDF’

‘ OFF| ON

30. Transmission Gate Topology

The TMUX6136 utilizes special charge-injection cancellation circuitry that reduces the drain (D)-to-source (Sx)
charge injection to as low as —0.4 pC at Vg = 0 V, as shown in § 31.

2

Charge Injection (pC)
o

VDD: 15v
Vgs = -15V
VDD: 12v
k Vss =0V
— N
; —~———1

VDD: 10v
Vss = -10v

|

15 -10 -5 0 5 10 15

Drain Voltage (V)

31. Charge Injection vs Drain Voltage

7.3.3 Bidirectional and Rail-to-Rail

Operation

The TMUX6136 conducts equally well from source (Sx) to drain (D) or from drain (D) to source (Sx). Each
TMUX6136 channel has very similar characteristics in both directions. The valid analog signal for TMUX6136
ranges from Vgg to Vpp. The input signal to the TMUX6136 swings from Vgg to Vpp without any significant

degradation in performance.
7.4 Device Functional Modes

7.4.1 Truth Table

3 1. TMUX6136 Truth Table

SELx Switch A Switch B
(S1A to D1 or S2A to D2) | (S1B to D1 or S2B to D2)
OFF ON
ON OFF

RN © 2018, Texas Instruments Incorporated
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8 Application and Implementation

x

/:

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.

8.1 Application Information

The TMUX6136 offers outstanding input/output leakage currents and ultralow charge injection. The device
operate up to 33 V (Vpp to Vgg dual supply) or 16.5 V (Vpp single supply), and offer true rail-to-rail input and
output. The on-capacitance of the TMUX6136 is low. These features makes the TMUX6136 a precision, robust,
high-performance analog multiplexer for high-voltage, industrial applications.

8.2 Typical Application

One example to take advantage of TMUX6136’'s precision performance is the implementation of parametric
measurement unit (PMU) in the semiconductor automatic test equipment (ATE) application. The PMU is
frequently used to characterize and measure the digital pin's DC characteristics of a device under test (DUT).
Among all the PMU’s capabilities, force voltage, measure current (FYMC), and force current, measure voltage
(FCMV) are the two most typical configurations in DC characterizations.

Force Force
Vin Amplifier Vin Amplifier
- P Rsense Force —* P

RSENSE

Curren Current
Sense Sense
Amplifier Amplifier
Voltage p
Sense
Amplifier 4 Vour—4 Voltage

Sense
Amplifier

32. FVYMC Measurement in PMU 33. FCMV Measurement in PMU

32 shows a simplified diagram of the PMU in FVMC configuration. The control loop consists of the force
amplifier with the voltage sense amplifier (unity gain in this example) making up the feedback path. Current
flowing through the DUT is measured by sensing the current flowing through a sense resistor (Rgense) in series
with the DUT. The current sense amplifier with a gain of Av generates a voltage (Vout) at its output and the
voltage can then be measured by an ADC. The voltage produced at the DUT pin stays at the input voltage level
(IN) as long as the force amplifier doesn’t rail out (ie. Ipyt X Rsense X Av stays within the input voltage range of
the force amplifier). Depending on level of the DUT current to be measured, different gain settings need to be
configured for the current sense amplifier.

33 shows a simplified diagram of the PMU in FCMV mode. The voltage V|y is how converted to a current
through the following relationship:

Force Current = Vi / (Rsense X AV) (5)
The control loop consists of the force amplifier with the current sense amplifier making up the feedback path. The

voltage at the DUT is sensed across the voltage sense amplifier (unity gain in this example) and presented at the
output for sample.
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Typical Application (3ETR)
8.2.1 Design Requirements

The goal of this design example is to simplify the FVMC and FCMV functions of a PMU design using a SPDT
switch. The FVMC configuration is useful to test a device being used as a power supply, or in continuity or
leakage testing. In this configuration, the input voltage is directly applied to the DUT pin, and the current into/ out
of the DUT pin is converted to a voltage by a sense resistor and measured by an analog to digital converter
(ADC). In the FCMV mode, an input current is forced to the DUT and the produced voltage on the DUT pin is
directly measured. In this example, the PMU design is required to meet the following specifications:

» Force voltage range: —15 volts to +15 volts

» Force current range: £5 pA to 50 mA

» Measure voltage range: —15 volts to +15 volts
* Measure current range: £5 pA to 50 mA

In additional to the voltage and current requirements, fast throughput is also a key requirements in ATE because
it relates directly to the cost of manufacturing the DUT.

8.2.2 Detailed Design Procedure

Force Force

Amplifier Amplifier
DAC + P Rsense DAC + P Rsense
- Current - Current
Sense Sense

Amplifier ~% Amplifier ~%

oo 50 >

7
TMUX6136 Voltage ~ TMUX6136 Voltage ~

R
Q Q

Sense Sense
Amplifier Amplifier
34. FVMC Implementation in PMU Using the TMUX6136 35. FCMV Implementation in PMU Using the TMUX6136

The FVMC and FCMV modes implementations can be combined with the use of a dual SPDT switch such as the
TMUX6136. ¥ 34 and B 35 shows simplified diagrams of such implementations. In the FVYMC mode, the switch
is toggled to position A and this allows the voltage sense amplifier to become part of the feedback loop and the
voltage output of the current sense amplifier to be sampled by the ADC. In the FCMV mode, the switch is toggled
to position B, and this allows the current sense amplifier to become part of the feedback loop and the voltage
output of the voltage sense amplifier to be sampled by the ADC.
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Typical Application (3ETR)
8.2.3 Application Curve

The fast transition time of the TMUX6136 and low input/ output parasitic capacitance help minimize the settling
time, making the TMUX6136 an excellent candidate to implement the FVMC and FCMV functions of the PMU.

36 shows the plot for the transition time vs. temperature for the TMUX6136.
120 T T T

ton(Vpp= 12V, Vss= 0V)

| ton(Vbp= 15V, Vss= -15V) )

%«j/f’/’
— N

torr(Vpp= 15V, Vgs=-15V) |

©
o

I
\

Turn On/Off Time (ns)

w
o

[
torr(Vop= 12V, Vss= 0V)

o1 [ |
-50 -25 0 25 50 75 100 125 150
Ambient Temperature (°C)

36. Transition Time VS Temperature for TMUX6136

9 Power Supply Recommendations

The TMUX6136 operates across a wide supply range of +5 V to £16.5 V (10 V to 16.5 V in single-supply mode).
The device also perform well with unsymmetric supplies such as Vpp = 12 V and Vgg= -5 V. For reliable
operation, use a supply decoupling capacitor ranging between 0.1 pF to 10 pF at both the Vpp and Vgg pins to
ground.
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10.1 Layout Guidelines
B 37 illustrates an example of a PCB layout with the TMUX6136.

Some key considerations are:

1. Decouple the Vpp and Vgg pins with a 0.1-uF capacitor, placed as close to the pin as possible. Make sure
that the capacitor voltage rating is sufficient for the Vpp and Vg supplies.

2. Keep the input lines as short as possible.
3. Use a solid ground plane to help distribute heat and reduce electromagnetic interference (EMI) noise pickup.

4. 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.

10.2 Layout Example

O_> Via to

ground plane

@)
O SEL1 NC c
[s1a | NC
O e [ N ]
O S1B TMUX6136 [ Voo |
Vs S2B @)
oo | (2 ] ()
c e | ENNe
O

O_> Via to
ground plane
Copyright © 2018, Texas Instruments Incorporated

37. TMUX6136 Layout Example
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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.

. This drawing is subject to change without notice.

. 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.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

. Reference JEDEC registration MO-153.
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PWOO0O16A

EXAMPLE BOARD LAYOUT
TSSOP - 1.2 mm max height
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SOLDER MASK
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SOLDER MASK DETAILS

4220204/A 02/2017

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.

7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN

PWOO16A TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE

16X (0.45) |

16X (1.5) SYMM
|1 | ¢ (RO.05) TYP
— | e
|
|

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 10X
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NOTES: (continued)
8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

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