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1 Applications and the important parameters of analog switches

Analog switches are used in a wide range of products today. From power-routing to audio and video

signal routing, all these different applications require different performance parameters of the
switches.

Key parameters for the analog switch are maximal ON resistance and ON resistance flatness. Both

should be low as possible to have fewer losses and fewer harmonic distortions.

However, other parameters are also important:

e Switching times (high speed switching needed)
e Leakage currents (very small or no current flowing in OFF states to avoid power losses)

e OFF resistance (it should be high; defined indirect by OFF leakage currents)

The block diagram AS1744 is presented in Fig.1. There are 4 switches: COM1 to NC1, COM1 to
NO1, COM2 to NC2 and COM2 to NO2.
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Fig.1: Block Diagram AS1744
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2 High speed

Terminal COM can be connected to either NC or NO, dependent on IN terminal. Switching from NC
to NO or vice versa is performed very fast. It lasts just few ns, typical Ton = 14ns and Toff = 4ns.
First, after one switch is turned OFF, the second one will be turned ON. This feature is called break
before make and lasts typ. Tbbm = 10ns (Ton-Toff). That is why Ton takes longer time. This is a
very important feature, because otherwise the terminal NC and NO could be connected together for
some time, even if they have different signals (voltages), which would cause problems and energy

losses. Fig.2 presents what the break before make interval looks like.
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Fig.2: Break before make interval

With a bigger load capacitor, the switches’ time and the break before make interval will be longer.
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3 Leakage currents and OFF resistance

Leakage currents are tested on every side of the switch. So, not any of the terminals COM, NC and
NO can have any high leakage currents if the different voltages are applied on the switch in OFF
state. If the same voltage is applied to the terminals of the switch in ON state, there is also a very
low possible leakage. The exact values are presented in Fig.3. With this any possible damage in the

internal structure (like diodes of input stages is tested) is also excluded.

INOx(OFF), | NOx or NCx Off- V+ = 5.5V, Vcomx = 1 or 4.5V, TAMB = +25°C -0.1 | #0.01| 0.1 nA
INCX(OFF) | Leakage Current 3 VNOx or VNCx =4.5or 1V TAMB = TMIN to TMAX | -0.3 0.3
COMx Off- V+ =55V VVcoMx = 1 or 4.5V TAMB = +25°C -0.1 | £0.01| 0.1
ICOMx(OFF ! . ’ nA
HOFD) Leakage Current > V/NOx or VNCx = 4.5 or 1V TAMB = TMINto TMAX | -3 3
COMx On- V+ =55V, Vcomx=4.50r 1V TAMB = +25°C -04 | ¥01 | 04
[COMx(ON -2V, b= &. , nA
KON Leakage Current > VNOx or VNCx =4.5 or 1V Tams = TMINto TMAX | -4 4

Fig. 3: AS1744 Leakage currents

The OFF resistance is needed to have good signal isolation. In the Data Sheets of analog switches
there are usually no specifications for OFF-resistance. However, there is always specification about
the parameter called OFF-leakage of the current switch. With this parameter, we can also calculate
the OFF-resistance, if we divide the voltage that is applied on the open switch with OFF-leakage
current which flows through it:

ROFF = VOFF / |OFF

As an example, analog switch AS1744 has ultra-low leakage currents for all channels, less than

0.1nA at 25°C (typ. 0.01nA), if voltage of 3.5V is applied on the open switch. This means that:

ROFF, MIN at 25C = 3.5V / 0.1nA = 35 GQ
ROFF, TYP at 25C = 3.5V / 0.01nA = 350 GQ

The OFF-resistance of typical 350 GQ is a very good value, which means there are almost no

losses during power down (OFF state of the switch), and the isolation of the switch channel is great.
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4 ON resistance parameters

For the analog switches’ realization the single transistors NMOS or PMOS are usually used. The
NMOS has very low resistance for signals near ground (negative supply), and the PMOS has very

low resistance for signals near positive supply.

To realize good analog switch as a standard linear product for different applications, the ideal
solution is to put NMOS and PMOS parallel, so-called TGATE. So, the switch will have low
resistance in the whole throughput domain from ground to supply (please see Fig.4). It is dependent

on supply voltage, since the lower the supply voltage, the higher ON resistance.
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Fig. 4: ON resistance for different supply voltages
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5 Results

To achieve very low ON resistance and flatness for analog switches, two parameters are important.
For both PMOS and NMOS, the size should be as big as possible, and its voltage thresholds should
be as low as possible. Double bigger transistors should have double smaller resistance, but it also
costs double the price in production. The smaller thresholds would improve flatness. The resistance
peak (maxima) on the left side in Fig.5 is caused by the NMOS threshold and the resistance peak
(maxima) on the right side are caused by the PMOS threshold. However, the technology processes
with lower transistor thresholds are also more expensive. AS1744 offers an ideal compromise,
where the great flatness and low ON resistance are achieved in the whole voltage range and for all

temperatures and process variations.

Figure 5. Ron vs. Vcowm and Temperature (VDD = 3V)
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Fig. 5: On resistance flatness
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6 Contact Information

Buy our products or get free samples online at:

www.ams.com/ICdirect

Technical Support is available at:

www.ams.com/Technical-Support

For further information and requests, e-mail us at:

ams_sales@ams.com

For sales offices, distributors and representatives, please visit:

www.ams.com/contact

Headquarters

ams AG
Tobelbaderstrasse 30
8141 Unterpremstaetten

Austria, Europe

Tel: +43 (0) 3136 500 0

Website: www.ams.com
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7 RoOHS Compliant & ams Green Statement

RoHS

The term RoHS compliant means that ams AG products fully comply with current RoHS directives.
Our semiconductor products do not contain any chemicals for all 6 substance categories, including
the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed
to be soldered at high temperatures, RoHS compliant products are suitable for use in specified
lead-free processes.

ams Green (RoHS compliant and no Sb/Br)

ams Green defines that additionally to RoHS compliance, our products are free of Bromine (Br) and
Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight in homogeneous
material).

Important Information

The information provided in this statement represents ams AG knowledge and belief as of the date
that it is provided. ams AG 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. ams AG 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. ams AG and ams AG
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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8 Copyrights & Disclaimer

Copyright ams AG, Tobelbader Strasse 30, 8141 Unterpremstaetten, Austria-Europe. Trademarks
Registered. All rights reserved. The material herein may not be reproduced, adapted, merged,
translated, stored, or used without the prior written consent of the copyright owner.

Devices sold by ams AG are covered by the warranty and patent indemnification provisions
appearing in its Terms of Sale. ams AG makes no warranty, express, statutory, implied, or by
description regarding the information set forth herein. ams AG reserves the right to change
specifications and prices at any time and without notice. Therefore, prior to designing this product
into a system, it is necessary to check with ams AG for current information. This product is intended
for use in commercial applications. Applications requiring extended temperature range, unusual
environmental requirements, or high reliability applications, such as military, medical life-support or
life-sustaining equipment are specifically not recommended without additional processing by ams
AG for each application. This product is provided by ams AG “AS IS” and any express or implied
warranties, including, but not limited to the implied warranties of merchantability and fitness for a
particular purpose are disclaimed.

ams AG shall not be liable to recipient or any third party for any damages, including but not limited
to personal injury, property damage, loss of profits, loss of use, interruption of business or indirect,
special, incidental or consequential damages, of any kind, in connection with or arising out of the
furnishing, performance or use of the technical data herein. No obligation or liability to recipient or
any third party shall arise or flow out of ams AG rendering of technical or other services.
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