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Analog Multiplexer Parameters Summary

 Part 1: Understanding Basic Construction of CMOS Switch

 Part 2: Understanding DC Performance parameters of Multiplexer

1) ON Resistance
- ON Resistance and it's dependence on input Signal of MUX
- ON resistance effect on Gain Error

2) On Capacitance
- Terminology for capacitance related with Multiplexer
- Effect of ON capacitance on Multiplexer Settling Behavior
» Goals:
— 1. To understand DC parameters of multiplexers
— 2. Understand their importance while designing data acquisition system
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Basic Construction of CMOS Switch

© == NMOS
INPUT G OUTPUT
.—

V+

On-Resistance

—— PMOS

Combined

CONTROL
® —_ | »
V- Input Voltage V+

e Parallel combination of N channel and P channel FET
« Control Signal determines state of the switch

« PMOS conducts for positive input voltage and NMOS conducts for Negative Input Voltage
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MUX ON Resistance (Rgy)
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* RN = Resistance between source to
drain terminal when switch is closed.

« Switch on resistance varies with input
voltage.

e Difference between maximum and
minimum value of on resistance over
specified input range is termed as

“Ro\ Flatness”™.
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Input Signal Dependent Distortion Due to MUX R4, Variation
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MUX ON Resistance (Rgy)

+15V

Ivop « Recommended to have high

s1 Ron Impedance stage such as buffer
¥ 52N R2 500 amplifier between MUXOUT and
Vin SN . .. :

sa signal conditioning

- S
o VOUT
2; J P g 03 * High input impedance of buffer
AQ =y, OPA addresses errors associated MUX

Al
A2 Ron @nd Rgy flatness.

ENI y1 MUX36508
= ‘ GND vas

sV

-15V
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MUX ON Capacitance (Cgy)

* Cs and C, represent the switch source

5 Ron and drain capacitance respectively when
S1—+—¢ ANN—F———— switch is OFF
— Cs D
A1 —t——<  «When switch is on, we can
P _—Cp ! approximate MUX on capacitance as
| Ron " —_
2 ——4—AMN—>— | Con = Csom* Co on.
T Cs ,  The drain capacitance Cg is switched
— from one channel to the next when
Simplified Multiplexer Model | the MUX switches channels

wi3 TEXAS INSTRUMENTS



MUX ON Capacitance (C,y) : Settling Behavior

+15V

TVDD

« Charge on Capacitance C, when Channel-1 is
Rsi s Ron ON :
AN > ;
+
V1Cf 5vdc >3 ot h .
S4 » Charge on Capacitance C, when Channel-2 is
= S9f ON :
Rs> |
PR 2? - veuT Qpz =V, *Cp
D . . :
Vch 1Vdc S8 —c, « The difference in charge i.e AQ = Qp,-Q,, should
A2 | be provided by the input source on channel 2
= s ﬁcl) B AQ = (V1—V3)*Cp
N éj EN| U1 MUX36508 . 'llo'he MUX settling time to N-bit precision is given
Control ‘ Y.
1 sv NP lVSS Tmux-settie = K * (Ron+Rs2) * (Cp + Cs)
- = 15V =K * (Ron+Rs2) * (Con)
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MUX ON Capacitance (C,y) : Settling Behavior

+15V 10.00 — —
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Thanks for your time!
Please try the quiz.
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Quiz: Basics of Analog Multiplexers — 1

A typical CMOS switch is formed by
Connecting two NMOS in Series
Connecting two PMOS in Series
Connecting an NMOS and PMOS in parallel
None of the above

Qa o0 T v F

The ON resistance of a CMOS switch is

The resistance between drain and source pin

The resistance between Drain and Gate pin

Lower than the individual resistance of the NMOS and PMOS transistors that form the switch

Qa 6 o oD

Both aand ¢
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Quiz: Basics of Analog Multiplexers — 1

The ON resistance of a switch can lead to
Gain Error

Offset voltage error

Crosstalk

Bothaandb

Q 0 T 9 W

To counter gain error introduced due to the ON resistance, it is recommended to
Interface the MUX output to a high impedance stage

Interface the MUX output to a low impedance stage

Interface the MUX output to non-inverting buffer amplifier

Q 0 T 9 b

Both aand ¢
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Quiz: Basics of Analog Multiplexers — 1

Higher On capacitance of a multiplexer can lead to
Settling issues

Gain error

Offset error

e 0 T p O

None of the above

On capacitance is an important parameter to consider in
High input impedance data acquisition systems

Fast Switching data acquisition systems

Low power circuits

Bothaandb

Qa 6 o o o
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Quiz: Basics of Analog Multiplexers — 1

A typical CMOS switch is formed by
Connecting two NMOS in Series
Connecting two PMOS in Series
Connecting an NMOS and PMOS in parallel
None of the above

Qa o T » F

The ON resistance of a CMOS switch is

The resistance between drain and source pin

The resistance between Drain and Gate pin

Lower than the individual resistance of the NMOS and PMOS transistors that form the switch

o 6o o oD

Both a and ¢
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Quiz: Basics of Analog Multiplexers — 1

The ON resistance of a switch can lead to
Gain Error

Offset voltage error

Crosstalk

Bothaand b

o 0 T 9 W

To counter gain error introduced due to the ON resistance, it is recommended to
Interface the MUX output to a high impedance stage

Interface the MUX output to a low impedance stage

Interface the MUX output to non-inverting buffer amplifier

o 0 T o b

Both a and ¢
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Quiz: Basics of Analog Multiplexers — 1

Higher On capacitance of a multiplexer can lead to
Settling issues

Gain error

Offset error

o o0 T o O

None of the above

On capacitance is an important parameter to consider in
High input impedance data acquisition systems

Fast Switching data acquisition systems

Low power circuits

Bothaandb

o 6o o o o
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1. In the circuit below, one of the input channels of the
MUX36S08 is fed with a 2V, ; sinewave signal. The output of the
MUX is interfaced with an mvertlng amplifier with gain of 1. What
will be the output of the amplifier? Simulate it using TI-TINA.
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1 o
= o)
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- < AN
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U2 OPA209

<
S
(6]
L
F—{eno
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2. In the below circuit, the multiplexer input channels are fed
with two high-impedance voltage sources. VG1 and VG2 have a
DC output of 5V and 1V. The MUX has total on capacitance of
50pF. These channels are switched at 20us. Does the output
settle to the input voltage in the given time period? Simulate it
using TI-TINA.

v+

+
> V+ 15

—1t GND
+

V+
) V- 15

Lyv- UL MUX36S08
R1 100k

44"4% RZTOOK

+ VG1 ] A o
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sa
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= L GND S6 - - Vour
- - MUX36S08 DI— 1
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A
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+ A0 A2
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6 =2 e
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3. Using the below circuit, simulate the R, Flatness. Use a dc
transfer characteristic to ramp the input signal from -12V to
+12V. Use the Tina Post Processor to calculate Ry.

—V+
+ Vip Ve
C) V+ 15 N _[
[tteno n | UL MUX36S08
11+ VG1 5
"(Dv-1s | 1. S
— S2
’ Vmux
_|IV gi (
S5
S6 i
s7 MUX36S08
S8
AO C@"
g AM1
o 7))
EN = 7] X
5 ¢ “s
- - l o
vens5 = 1
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Basics of Analog Multiplexers — 1

Solution
Tl Precision Labs — Op Amps
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1. In the circuit below, one of the input channels of the
MUX36S08 is fed with a 2V, ; sinewave signal. The output of the
MUX is interfaced with an mvertmg amplifier with gain of 1. What
will be the output of the amplifier? Simulate it using TI-TINA.

Ans: Open TI TINA schematic. Run transient simulation. You will
get simulation results as shown here
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) V415 v
J -|‘
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1. In the circuit below, one of the input channels of the
MUX36S08 is fed with a 2V, ; sinewave signal. The output of the
MUX is interfaced with an mvertmg amplifier with gain of 1. What
will be the output of the amplifier? Simulate it using TI-TINA.

Ans: MUX36S08 has typical on resistance of 125 Ohms. This can
be seen in datasheet electrical characteristics

Effective Gain with MUX

1.5 Electrical Characteristics: Dual Supply Roy is:
atTy=25°C, Vpp=15V, and Vs = =15V (unless otherwise noted)
PARAMETER TEST CONDITIONS MN  TYP  MAX| UNT AG = —R2/(R1 + Roy)
ANALOG SWITCH =100/ (100+125)
- =0.444
Analog signal range Ty=-40°Cto +125°C Vs o~ Y v ) )
vA—ow » — Thus for 2Vpp input signal
570V, lgy=1mA QZSJ 170 _
" - you will observe voltage
Row  On-esistance Q0 | around 0.88 at the output
Ve=+10V Iy=1mA | T,=—40°C 1o +35°C 20 .
of the amplifier.
T, =40°C to +125°C 250

Ans: To address this gain error, introduce buffer stage between MUX
output and inverting amplifier and verify results.
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2. In circuit below MUX36S08 input channels are fed with two high
Impedance voltage sources. VG1 and VG2 have DC output of 5V and
1V. MUX has total on capacitance of 50pF. These channels are
switched at 20us time. Does output settle to input voltage in given time
period. Simulate it using Tl TINA model

Ans: Open Tl TINA schematic. Run transient simulation. You will
get simulation results as shown here

10.00 —

A0
v+

> V+15 000 A
500

—tGND
+

V+
) V-15 Vot
V- UL MUX36508
[a)

R1 100k

T

000

M RZTO0K S1 S
1.00
. VGl _ o i !
VG2 S3 :
2: e ]

= GND S vour

6 . 1
< MUX36508 |- :
S8 0.00—
o C150p R51G 489 —

+ AO fﬁi ]
e 2B vour ]
O > = ]
|j(V+
0.00—) T
V,

0.00 50.00u 100.00u 150.00u
Time (s)
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2. In the below circuit, the multiplexer input channels are fed with two
high-impedance voltage sources. VG1 and VG2 have a DC output of 5V
and 1V. The MUX has total on capacitance of 50pF. These channels are
switched at 20us. Does the output settle to the input voltage in the given
time period? Simulate it using TI-TINA.

Ans: From simulation results in last o
slides you can see output of the !
MUX does not settle to final value
of input voltage at respective
channel. This is because of long
RC time constant formed by MUX |
on capacitance (50pF) and 100k :
input impedance of source. o]

1.00

A0

To address this you can simulate
same Tl TINA schematic with below ]
condition and see output settling o
1. Change capacitor on MUXOUT ;
“D” from 50pF to 10pF o]
2. You will get simulation results ]
as shown here. You can clearly
see MUX output settles to input et
channel value

000‘
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3. The plot below shows the simulation result for Ron. Ron is
calculated as Ron=(Vin-Vmux)/AM1. Note that this was done in
two different simulation runs to avoid the division by zero (I=0A
when Vin=0).

160 160
150 150
140 1404
5 ] ]
%‘ 1304 Ron130_:
o ] ]
120 120—:
110+ 110
1004+———————— ——— : 100 . | . |
-12.00 -6.05 -0.10 0.00 6.05 12.00
Input voltage (V) Input voltage (V)
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3. (continued). The dc transfer characteristic is done as is
shown below.

_'_E“_! mux problem 3 - Schematic Editor

Analysis Interactive T&M Tools Help

File Edit Insert View

=|a|8|=| BlE
J+[B|1=E[S] R

Basic | Switches | Meters

ERC...

I_IM, %c'lflm

Mode...

Faults enabled

Stress Analysis Enabled
Enable MCU Code debugger
Select Optimization Target
Select Control Object

oyl dlel=]=

ectronic | Spice Macros | Gates | Fliplo

Set Analysis Parameters...
DC Analysis ld  Calculate nodal voltages
AC Analysis »  Table of DC results
Transient... DC Transfer Characteristic...
Steady State Solver... Temperature Analysis...
Fourier Analysis L4 * UTMUXI6508
[}
Digital Step-by-Step 2'2‘ =
Digital Timing Analysis... a3
Digital VHDL Simulation... 54
Mixed VHDL Simulation... S5
S6
Symboic Analysis 5 a7 MUX36S0
Noise Analysis... ig
Optimization L4 A1 ¢
A2
Options... =
_Z
o

I
.
}——|+
—
=
1p—{anD
T b—{¥SS

DC Transfer Characteristic

Startwalue |-1 ¢
End walue |—1 0drm
Number of points 100

Input [vG1 |

|_ Enable hysteresis run

[+]
[+]

X Cancel

?  Help
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= Noname - DC resultl
Fle Edit | view FProcess Help

Zoom
= d | Normal zoom

Ctri+Z
Ctri+Alt+2Z

=10 x|

+=

b

St

& o

QN

0.00 v Display axes
Show/Hide curves ...
Separate curves

Separate outputs

Collect curyes

Default curve width
-6.00  vector label style

Set grid color...

Set page name ...

Delete page

Output

Ctri+D

v Curve drawing acceleration
-12.00 v Keep results

Ctrl+K

-12.00

-6.05

Input voltage (V)

DC result] I

=4 Noname - DC resultl
Fle Edit | View Process Help

Zoom
= H | Normal zoom

3. (continued). Below are some TINA features that can be used
to format you plots.

-lofx
| 2

Ctrl+Z
Ctri+Al+Z

| ~|o

+=

b

I

0.00 + Display axes

Show/Hide curves ...
Separate curves
Separate outputs
Collect curyes
Default curve width

-6.00  vector label style
Set grid color...
Set page name ...
Delete page

Output

Ctr+D

v Curve drawing acceleration
-12.00 v Keep results

Ctrl+K

-12.00

-6.00 -0.10

Input voltage (V)

DC result] |
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3. (continued). The post processor allows you to do math in

TINA. In this case we do the calculation Rout = (Vin-Vmux)/AM1

—
Noname -

File Edit WView FErocess Help

DC result20

+

Post processor
\ ~lol x|

o a| B &l ala |77 a~[of HE =
0.00—
-10.72m-
-0.10+
-12.00-
0.00—
Vmux
-10.72 I T |
-12.00 -6.05

DC resultlf | DCresult1? | DC resulild | DC resultld | Mixed TR resultl  DC resuli2d |

-0.10
Input voltage (V)

AN

==
%5 Post-processor

Auvailable curves: Curves o insert;

=10l x|

win
Wi
<< Remove X Cancel |
Delete | 2 Help |
Show
v Outputs
[ Hadsl Yaltages
[ | Othersaltages
[~ Currents
¥ User defined
[ heasurement << Less
User defined curves
—— Built-in functions: + LI
Line Edit
(Vin (x) -Vmux (x) ) /BM1 (x)
<]

Advanced Edit

Mew function name:

IRoﬂ
[~ Advanced edit
[~ % Plot

i

{This i=s a template} -
{Don"t modify the functionname}
Function F(x);
Begin
{Your expressions here}

{The result wvalue} —
»

Kl

Create

Freview

i, [l

|mu>: problem 3. TSC »» DC Transfer Analysis
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