Basics of Analog I\/Iultlplexers 2

TIPL 2602 T s -
Tl Precision Labs — Op Amps—1>, 73 c-=. 332 7%

A & e a - P SR
v = ot
x < L ~
S -c 2 B VI e -—— e
2 = _—
~ C= = SV 2 e S8
1 . T
z > . T2 &
e — i e
e L R = Sl

Created by Abhijeet Godbole, Art Kay e san
Presented by Peggy Liska S TR

wi3 TEXAS INSTRUMENTS



Analog Multiplexer Parameters Summary

« Part 1. Understanding Performance parameters of Multiplexer

1) Leakage Current
- Types of Leakage Current
- Offset issues Related to Leakage Current

2) Charge Injection
- Understanding Charge Injection Phenomenon
- Effect of Charge Injection on Multiplexer Output Voltage Error

« Goals:
— 1. To understand performance parameters of multiplexers

— 2. Understand their importance while designing data acquisition system
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Leakage Current
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« Leakage Current: Current flowing out Source (S) and Drain (D) pins when MUX switch is ON or OFF
* Switch = OFF: Leakage current flows out Source pin and Drain pin, lsoer and Ipoer
* Switch = ON: Approximate leakage current out Source and Drain pin is lson = Ipony
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Leakage Current
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« Switch = OFF: Ig e flows through Rgoyrce @nd I o) flows through Ry

« Switch = ON: Error introduced by leakage current: Verror = (Ron + Rsource) X Ibon
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Offset Error Introduced by Leakage Current
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current (25°C/85°C) AKA Surce 18 bit System (in bits)
MUX1 (Low Leakage) 10pA/50pA 10uV/50uV 0.52/2.62
MUX2 (High Leakage) 100pA/500pA 100uV/500uV 5.24 / 26.22
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Review:

Charge Equation
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Definition

Q = Charge in Coulombs
C = Capacitance in Farads
V = Voltage in Volts

Charge of C1,
Assuming initial 1V

Close switch

New Voltage after charge
redistribution

~

Charge Equation Example

Q=C-V

Q=C; -V, = (100pF) - (1V) = 100pC

Ctotal —_ C1 + CZ —_ 110pF

Q  100pC

T Cootar 110pF

/
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Charge Injection (Q;)
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« Charge injection Error: Voltage change introduced at the output of switch when switch is turned ON or OFF
 Larger load capacitance minimizes the effect of charge Injection at the multiplexer output
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Charge Injection Error vs. Input Voltage

+15V
Tvop
Vour ;
" Sl .\. ; . D o ( E
onfoftd i | | L -
Vin —|—CDG —Co| —Cu RL g
EN p— p— L
- 1 - - -
+ = - )
T1(DEN _ad 3
- Al
- A2
| Ul MUX36S08
= GND J_VSS

— -15V

[ Error =Q,;/C_, ]

1.0

0.5

0.0

-0.5

-1.0

-1.5

~0.8pC

0.4pC

-12

0 6 12
Vin (V)

wi3 TEXAS INSTRUMENTS



Summary:. MUX Leakage Current and Charge Injection

Leakage Current Charge Injection
— Introduces DC offset Error — Introduces output voltage error when
— Varies with temperature and can control logic Is switched
iIntroduces linearity errors too — Typically worse on multiplexers with
— Important parameter for high input large Con.
Impedance data acquisition systems — Smaller the load capacitor higher the

error introduced due to charge injection

— Important parameter for fast switching
systems
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Thanks for your time!
Please try the quiz.



