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About Siliconix

Siliconix is a leading manufacturer of semiconductor products for the computer, communications,
automotive, industrial, and hi-rel markets. The company’s products bridge the interface gap between
real-world analog signals and the digitally operated microprocessor, providing both discrete and
integrated solutions to

¢ sense, convert, and control signals at a system’s input
« regulate and manage the system’s power supplies

¢ provide useful signals and power at the output.

As a member of TEMIC, the microelectronics enterprise of Daimler-Benz, Siliconix has expanded its
worldwide presence and is further equipped to serve its customers on an international scale by sharing the
technologies and applications expertise of its sister companies and by taking advantage of a combined
international sales network.

In keeping with this global perspective, the company has aggressively pursued world-class standards of
cycle time, yields, and average outgoing quality in its manufacturing facilities in the United States and
Asia. Siliconix’ continuous improvement efforts have resulted in dramatic improvements for each of
these areas and in numerous quality awards from its customers. The company has pursued international
quality certifications as well, and received ISO 9001 certification for its Santa Clara facilities in
November 1993. Our booklet “Making Continuous Improvement A Way of Business” tells more about
our commitment to quality. You can request a copy by calling (800) 554—5565.

The Company’s manufacturing operations include wafer fabrication, assembly, and product testing. All
wafer fabrication is done in Santa Clara, where the facilities include a four-inch wafer fab and a Class 1,
six-inch wafer fab. High-volume assembly and product testing for plastic- and ceramic-packaged products
are handled in the Company’s facilities in Taiwan, the Philippines, and China.
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About This Data Book

The products detailed in this data book include analog switches and multiplexers, wideband video
switches, multiplexers, crosspoints, buffers, amplifiers, and voltage converters. These products are
designed for applications in the industrial, instrumentation, computer peripherals, communications,
automotive, and military markets. Siliconix serves these markets with products of unequaled
performance, quality and reliability through the use of its leading design, processing, packaging, and
testing technologies.

The product specifications listed in this data book are arranged in a simplified format. The electrical
tables and performance curves contain detailed information, simplifying the tasks of design and
component engineers. Each of the data sheets is controlled by the Siliconix Quality Assurance
organization, which guarantees all stated limits.

For More Information

To request additional literature please call 1-800-554-5565. Literature and samples can also be requested
from our sales representatives. See the sales office listings in Section 6. :

Customer service representatives are available during normal West Coast business hours to provide
information on orders placed with the factory.

For Technical Support

In addition to the individual data sheets, which provide Application Hints, Siliconix offers a number of
Applications Notes and Technical Articles to help you with your designs. Please refer to the Application
Note listing in Section 5, and use our FaxBack system 408-970-5600 to obtain copies.
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Ordering Information

Integrated Circuits Nomenclature

Device Family

DG 506 A C J

Device Number

Device Revision (when used)

Operating Temperature Range

Package

Process Option

Device Family
(1 or 2 Letters)

DG — Analog Switches and Analog Multiplexers
Si — Siliconix Integrated Circuits

Device Number

(3- or 4-Digit Numbers)

Operating Temperature Range

(1 Letter)

A — =55t0125°C
B — —-25t085°C
C — 0to70°C

D — —40t085°C
E — —40to105°C

Package
(1 Letter)

NRERTZZERS >

— Metal Can

— Dual-In-Line Package — Plastic DIP

— Dual-In-Line Package — Ceramic DIP

— Flat Package

— CerQuad J-Leaded Chip Carrier

— Plastic J-Leaded Chip Carrier — PLCC

— Dual-In-Line Package — Sidebraze

— Dual-In-Line Package — Sidebraze

— Wide-Body Small-Outline Package (SOIC)
— Narrow-Body Small-Outline Package (SOIC)
— Leadless Chip Carrier — LCC

Process Option

/883— Processing to the current

revision of MIL-STD-883,
Level B. Compliant Non-JAN

—4 — Ruggedized Plastic Flow

All possible combinations of device types, temperature ranges, package types and MIL-883 process options are not necessarily available. Consult

individual data book pages or sales office for complete information.

i
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Military Nomenclature

MIL-M-38510
J Mo 1 o7 BEC

“JAN” Certification Mark

Military Designat

Detail Specification (Slash Sheet)
/111 — DG181 Series
/116 — DG300A Series
/123 — DG200A Series
/190 — DG506 Series

Device Type

/111 01 - DG181 05 — DG187
02 - DG182 06 — DG188
03 - DG184 07 - DG190
04 - DG185 08 — DG191

/116 01 — DG300A 05 — DG304A
02 - DG301A 06 — DG305A
03 - DG302A 07 — DG306A
04 - DG303A 08 — DG307A

/123 01 - DG200A 02 - DG201A

/190 01 - DGS06A 07 — DGS08A
03 - DG507A 08 — DG509A

[——'— Lead Finish

A — Solder Dip
C — Gold Plate

Case Outline
C — 14-Pin Sidebraze
E - 16-Pin Sidebraze
I - 10-Pin Metal Can
X — 14-Pin Flatpack* or
28-Pin Sidebraze

Device Class '

S —Class S
B —Class B

*Package Designator for Flatpack Package
Changed 5/92 from “D” to “X”

Standard Military Drawing

5692 - 90731 01 M E A
TT
Federal Stock Class Designation* Lead Finish
A — Solder Dip
Drawing RHA Designat C — Gold Plate
Number - =NonRHA Case Outline
C — 14-Pin Dual-In-Line
Part Number E — 16-Pin Dual-In-Line
77052 — DG508 90569 — DG401 I —10-Pin Metal Can
77053 - DG201 90689 — DG189 F — Flatpack
78014 — DG129 90731 — DG411 X — 14-Pin Flatpack
86716 — DG271 thru DG413 V —18-Pin Dual-In-Line
87673 — DG180 91552 — DG542 2 -LcC
87689 — DG528 92041 — DG441/442 Device Class Designator*
89763 — DGAO3 92042 — DG408/409 M — Non-JAN class B
Bor S — MIL-M-38510 certification and
qualification
* Applicable where documented by specification Q or V — MIL-I-38535 certification and
qualification

v

Dash No.
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About Analog Switches

Siliconix is the world’s leading supplier of high-performance, precision solid-state analog switches. For more
than twenty years, we’ve combined new technologies with our experience and expertise to produce new families
of leading-edge products.

Our DG4XX and DG6XX families of analog switches and multiplexers are one way Siliconix maintains its high
reputation for innovation. These new devices can be used to upgrade existing products or to open new doors to
high-performance analog switching. The DG4XX family includes all the most popular functions—SPST, SPDT,
and DPST—in single and dual switch configurations, along with several SPST quads. Packaging options include
both plastic and ceramic DIP, mini DIF, PLCC, and plastic SOIC packages for surface-mount assembly. These
are available in both industrial (—40 to 86°C) and military (—55 to 125°C) temperature ranges. The growing
DG6XX series goes even further, giving you the fastest switching times and lowest on-resistance available.
The DG641/DG642, for example, are the industry’s first analog switches with on-resistance below 10 €,
while the DG611/612/613 achieve switching speeds of 15 ns.

The DG2XX, DG3XX, and DG5XX families provide adequate performance for many applications. Siliconix
also offers its popular JFET (DG18X) family of switches. Single-supply operation, charge injection
optimization, and a wide range of packaging options, including small outline and PLCC, are additional benefits.

CMOS

Since CMOS analog switches are parallel combinations of p- and n-channel MOSFET;, the effective
on-resistance is a combination of the PMOS and NMOS resistance curves (Figure 2). This gives a fairly
constant on-resistance over the entire analog voltage range. New CMOS switches also have the advantage of
very low quiescent supply current because, other than for channel leakage, no current flows in the driver except
when a control input transition occurs.

On Off
o0—o—%—o Ideal o—o"+—o0
v+ V+ . V+ V+

On Real
Analog Switch

-OD S Io/‘I D

L
L L XL

Rg Rg

Figure 1. Comparison of the “Ideal” Switch to a Solid-State Analog Switch
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Metal-Gate and Silicon-Gate CMOS

Both metal- and silicon-gate technologies are incorporated into our CMOS processes, but each is used with
separate productlines. The mature metal-gate process is used for our DG2XX, DG3XX, and DG5XX families.
Our newer silicon-gate process (DG4XX family) is recommended for applications needing state-of-the-art
performance and versatility.

Figure 3 gives a comparison of on-resistance curves for a JFET (DG180), a D/CMOS (DG642), a metal-gate
CMOS (DG201A), and a silicon-gate CMOS (DG400) analog switch.

D/CMOS “T” Switches

Siliconix manufactures analog switches and multiplexers for wideband/video applications using double-diffused
MOS (DMOS) technology. DMOS FETs are n-channel enhancement-mode MOSFETs which exhibit very low
capacitance and on-resistance compared to conventional CMOS devices. The result is wide bandwidth switches
which feature crosstalk and off-isolation performance as high as 100 dB at 5 MHz and 3 dB bandwidths in excess of
500 MHz. These devices are ideal for broadcast video, digital data routing, high-end workstation networks and
imaging applications from medical to military. The DG54x family of wideband/video “T” switches includes the
DGS540, DG541 and DG542 devices. The DG61X family of high-speed non-T switches boast 15-ns switching times.
The DG64X family offers very low on-resistance.

Important Switch Parameters

Each switch family in the Siliconix product line has a set of optimized characteristics that make it suitable for
certain types of applications. Several major specifications should be compared and prioritized before selecting
an analog switch for a particular circuit.

PMOS 1000 : ' ;
i va;os DCMOS (DG642)
\ /
\ / ‘
\ ; 100 | CMOS (DG2014)
a \ / g
- N\ / —
g \ 7/ B ~ DG411 _4#-
3 Mo’ g I /]
> 10 JFET (DG180) =]
Cd ~
- S~ T 1 .
—v V+=15Vv ]
V-=-15V |
Effective Parallel Resistance 1 :TA - 25.0 ¢
_15 : 0 +15 -15 -10 -5 0 5 10 15
Va — Analog Signal Voltage (V) Va ~ Analog Slglfa[ Voltage (V)
Figure 2. Graph of CMOS Switch Resistance Figure 3. On-Resistance for Several Analog

vs. Analog Signal Switch Technologies
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On-Resistance (rpson))

This specification is the dcresistance of the channel when the analog switch is in the on state. The on-resistance
of an analog switch depends upon the device type and the analog signal magnitude. Although the resistance may
vary across the entire analog signal range, the worst case is normally specified on the data sheet.

Switching Speed

Switching speed is the elapsed time from the application of the control signal on the input pin to the appearance
(or disappearance) of the analog signal at the output. Switching speed can be affected by the load on the analog
switch. Each data sheet shows a switching time test circuit with a standard load for comparison purposes.

Switch Current

The amount of current that can be fed through the switch channel is sometimes important. For example, the
DG411 canhandle up to 100 mA of pulsed current or 30 mA of continuous current, while the DG180 can handle
up to 200 mA of continuous current.

Break-Before-Make vs. Make-Before-Break

For most analog switch applications, break-before-make switching is desired. Because it is often necessary to
disconnect one signal source before connecting another to avoid source crosstalk.  However,
make-before-break switching is critical in some control circuits, such as the feedback resistor gain selector for
programmable gain op amps, to avoid opening the loop.

Electrostatic Discharge Sensitivity (ESDS)

Electrostatic discharge is the transfer of charge that occurs when an object makes contact with a device at a
different potential. The standard MIL-883C, method 3015, classifies three levels of voltage protection that a
device must withstand on all pins. Class 1 devices are protected to 1999V, Class 2 from 2000 to 3999 V, and Class
3 protection is greater than 4000 V. Beginning with DG411 series, most of our new devices have Class 2 ratings
and are marked accordingly.

Charge Injection

Charge injection is the transfer of charge to a load from the driver to the FET channels during switching. Ina
sample-and-hold circuit, charge injection is critical as the charge added or subtracted from the holding
capacitor is seen as an offset error. The lower the charge injection the better. The DG4XX family, especially
the DG441 and DG411 series, are designed for balanced (linear and crossing near zero) charge injection. The
DG601 and DG611 use internal compensation to minimize the charge injection seen by applications sensitive to
this parameter.
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Power Supplies and Power Consumption

Abipolar supply means positive and negative voltages are used, while single supply means the negative supply is
grounded. Most analog designs use bipolar supplies, but a growing number of designers are turning to
single-supply operation to save board space and cost. Most of our devices work well with bipolar supplies, but
not all function properly in the single supply mode. The DG4XX family for analog switches and multiplexers
not only functions superbly in a single-supply mode, but it is fully characterized and specified with V+ at 12V
and V- at GND. The less the power consumed by a device within a system the better. Some members of the
DG4XX family draw under 1 pA of supply current compared to the milliamperes required by previous products.

Interfacing

The two most common logic families are TTL and CMOS. The standard logic levels for both families are
displayed in Table 1. Not all analog switches are compatible with both types of logic. Refer to the functional
diagram section for each data sheet to determine the required logic levels.

Microprocessor compatibility is a growing concern when designing with analog switches. Standard analog
switches require a constant control signal present on the input to hold the switch in the desired position (on or
off). This could tie up a microprocessor control system unless external latches are added to control the switch.
The DG42X series has incorporated these latches, complete with control logic, on board to minimize parts
count and ease interface to microprocessor-based control systems.

Table 1. Logic Levels for TTL and CMOS Compatibility

Logic TTL CMOS

0 =08V =15V

1 =24V = (Vec - 15V)




Analog Switch Selector Guide

Max Max Max Typ Max On-Chip Max Power
Functional Part rpg_gm) Is(omm ton Q;(lg Supply Range gic Consumption

Configuration Number (2 (nA) (us) (p (\4) Regulator (mW) Package Comments Page
1-Channel SPST DG417 35 0.25 175 60 44 - 0.035 LKY 8-Pin Package 1-146
—ofa—0 DG418 35 0.25 175 60 44 - 0.035 LKY 8-Pin Package 1-146

DG180 10 10 400 N/A 36 - 120 ABX JFET 14

DG181 30 1 150 N/A 36 - 120 ABRX JFET 14
2-Channel SPST | 404 35 025 150 80 44 - 0.035 1K Z - 1127
o fio DG421 35 0.25 250 80 4 0.035 LK Latches 1-155
-- DG300A 50 1 300 8 44 - 7.65 ALKP - 1-90
o—oTio DG304A 50 1 250 30 a4 - 03 ALKP - 1-99
DG381A 50 1 300 10 44 - 7.65 J - 1-119

DG200A 70 2 1000 -10 44 Yes 60 ALK - 1-32

DG182 75 1 250 N/A 36 - 120 ARX JFET 1-4
DG641 15 10 70 -19 21 Yes 108 LY Video 1-208
DG411 35 0.25 175 5 44 - 0.035 LKY,Z - 1-137
DG412 35 0.25 175 5 44 - 0.035 LKY,Z -~ 1-137
DG413 35 025 175 5 44 - 0.035 LKY,Z - 1-137
DG601 35 4 45 13 2 Yes 180 LKY,Z High Speed 1-189

DG271 50 1 65 9 44 Yes 225 LKY,Z High Speed 1-85

DG201HS 50 1 50 5 44 Yes 240 LKY,Z High Speed 1-52
4-Channel SPST | PG540 60 10 70 -25 2 Yes 108 LN,P Video 1-179
DG541 60 10 70 =25 21 Yes 108 LBY Video 1-179
o—oTa—o DG611 60 0.25 35 1 21 - “0.018 LKY,Z Glitchless, High Speed 1-200
-- DG612 60 0.25 35 1 . 21 - 0.018 LKY,Z Glitchless, High Speed 1-200
— 4o DG613 60 0.25 35 1 21 - 0.018 LKY,Z Glitchless, High Speed 1-163
o—oTao DG201B 85 05 300 1 44 Yes 0765 LK Y - 1-44
fao DG202B 85 0.5 300 1 44 Yes 0.765 JLKY - 1-44

- DG211B 85 0.5 300 1 44 - 0.35 LY General Purpose 1-68
DG212B 85 0.5 300 1 44 - 035 LY _ General Purpose 1-68
DG308B 85 0.5 200 1 44 - . 0.03 LKY General Purpose 1-200
DG309B 85 0.5 200 1 44 - 0.03 LKY General Purpose 1-200
DG441 85 0.5 250 1 44 Yes 15 LKY - 1-163
DG442 85 0.5 250 1 44 Yes 1.5 LKY - 1-163
DG444 85 0.5 250 1 44 - 0.035 LY - 1-171
DG445 85 0.5 250 1 44 - 0.035 LY - 11711




Analog Switch Selector Guide (Cont’d)

Max Max Max Typ Max On-Chip Max Power
Functional Part rDss'Sm) Is(otn ton Qy Supply Range Logic Consumption
Configuration Number ) (mA) (ns) (p (A% Regulator {mW) Package Comments Page
4-Channel SPST DG221 90 1 550 20 44 Yes 37.5 LKY Latches 1-75
DG308A 100 1 200 -10 44 - 0.3 LKY - 1-107
o—oTao DG309 100 1 200 -10 44 - 03 LY - 1-107
o—oTa—o
- DG201A 175 1 600 20 44 Yes 60 LKY,Z - 1-37
o—oj/ 4—0 DG202 175 1 600 20 44 Yes 60 LK - 1-37
- o DG211 175 5 1000 3 44 - 204 LY - 1-60
— DG212 175 5 1000 3 44 - 20.4 1LY - 1-60
DG642 8 10 100 —-40 21 Yes 108 1LY Video 1-208
DG186 10 10 400 N/A 38 - 73 AP JFET 1-18
1-Channel SPDT DG301A 50 1 300 8 44 - 0.3 ALKZ - 1-90
— DG187 30 1 150 N/A 38 - 73 ABX JFET 1-18
o-I |: DG419 35 0.25 175 60 44 - 0.035 LKY 8-Pin Package 1-146
_l DG305A 50 1 250 30 44 - 03 AKP - 1-99
DG387A 50 1 300 10 44 - 7.65 ALK - 1-119
DG188 75 1 250 N/A 38 - 73 APRX JFET 1-18
DG189 10 10 400 N/A 36 - 120 P JFET 1-25
DG643 15 10 70 -19 21 - 108 1LY Video 1-208
DG190 30 1 150 N/A 36 - 120 B X JFET 1-25
2-Channel SPDT | pg403 35 025 150 60 4 - 0.035 LK Y. Z - 1127
DG423 35 0.25 250 60 44 - 0.035 LKN Latches 1-155
° | :l'_o DG243 50 1 500 60 44 - 045 J,N Latches 1-81
- —l DG303A 50 1 300 8 44 - 7.65 LK PZ - 1-90
v—0 DG307A 50 1 250 30 44 - 03 LKBRZ - 1-99
° | | ‘ DG390A 50 1 300 10 44 - 7.65 J,K - 1-119
- -I DG5043 50 1 1200 30 44 - 9 J - 1-218
DG5143 50 0.5 200 60 44 - 0.035 J,K - 1-221
DG542 60 10 100 =25 21 Yes 108 LBY Video 1-179
DG191 75 1 250 N/A 36 - 120 BX JFET 1-25




Analog Switch Selector Guide (Cont’d)

Max Max Max Typ Max On-Chip Max Power
Functional Part rpsém) Is(omn toN Q4 Supply Range Logic Consumption
Configuration Number €2) (@A) (ns) (p ) Regulator (mW) Package Comments Page
DG183 10 10 400 N/A 36 - 120 P JFET 1-11
DG184 30 1 150 N/A 36 - 120 BX JFET 1-11
2-Channel DPST DG405 35 0.25 150 60 44 - 0.035 LKY,Z - 1-127
o—ofieo o-ofa-o |DG425 35 025 250 60 44 - 0.035 J Latches 1-155
| | DG302A 50 1 300 8 44 - 7.65 LK P - 1-90
o—ofi—o o—ofi—o |DG306A 50 1 250 30 44 - 03 LK, P - 1-99
DG384A 50 1 300 10 44 - 7.65 LK - 1-119
DG185 75 1 250 N/A 36 - 120 X JFET 1-11
A = Metal Case J = Plastic DIP K = CerDIP N=PLCC
P = Sidebraze X = Flatpack Y = SOIC Z=1LCC
o L3 L3
Analog Switch—Switching Speed vs. rpgon)
toN (Max) or topr (Max), Whichever is Greater
I'PS(on)

(Max ) 20/35 ns 60/75 ns 125/150 ns 200 ns 250 ns 300 ns 500/600 ns 1us
175 DG201A DG202 |DG211 DG212
100 DG441 DG444 DG308A DG485 DG221

DG442 DG445 DG309A DG89%4
85 DG308B DG309B [ DG182 DG188 |[DG201B DG211B DG200A
DG185 DG191 DG202B DG212B
60 DG611 DG613 | DG540 DGS542
DG612 DG541
DG271 DG201HS DG5143 DG304A DG306A | DG300A DG381A DG243 DG5043
50 DG305A DG307A | DG301A DG384A
DG302A DG387A
DG303A DG390A
DG601 DG181 DG405 DG419
DG184 DG411 DG421
351025 DG187 DG412 DG423
DG190 DG413 DG425
DG401 DG417 DG181
DG403 DG418
15 DG641 DG643
DG642 DG180 DG180
10 DG183  DG183
DG186  DG186
DG189 DG189




Analog Switch—Power Consumption vs. rpgson)

Maximum Power Consunption

DS
(om) 180 to0 240
Max Q) 0.018 mW 0.035 mW 0.1to 1.5 mW 5 to 40 mW 60 to 140 mW mW
175 DG211 DG212 DG201A DG202
DG444 DG445 DG308A DG442 DG221 DGB89%4 DG89%4
100 DG309A DG485
DG441
DG308B DG309B DG201B DG211B DG182 DG191
85 DG202B DG212B DG185 DG200A
DG188
60 DG611 DG613 DG540 DG542
DG612 DGS41
DG5143 DG243 DG306A DG300A DG381A DG201HS DG271
50 DG304A DG307A DG301A DG384A
DG305A DG302A DG387A
DG303A DGS5043
DG401 DG417 DG181 DG187 DG601
DG403 Dg4lg DG184 DG190
DG405 DG41
351025 DG411 DG421
DG412 DG423
DG413 DG425
15 DG641 DG643
DG180 DG189
10 DG183 DG642

DG188







Siliconix

AMember of the TEMIC Group

DG129

Dual DPST JFET Analog Switch

Features Benefits Applications
® Standby Power: <1 mW ® Minimizes Standby Power ® Battery Powered Systems
® Bipolar Drivers Requirements ® Aerospace Control Systems
o Constant rpg(on) Over Signal Range ® Better Radiation Tolerance e Low Distortion Circuits
o Off Isolation: > 60 dB @ 1 MHz ® Less Distortion ® High Frequency Switching Circuits
® Make-Before-Break ® Higher Frequency Switching
® Smooth Closed Loop Response

Description

The DG129 is a dual double-pole single-throw analog
switch for use in instrumentation, control, and audio
communication systems. It is ideally suited for applications
requiring a constant on-resistance over the entire analog
range.

On-resistance for the DG129 is 20  (typical), and on-leakage
is < 2 nA. With all switches off, total power consumption is
< 750 uW. These switches have make-before-break action
and due to the processing are relatively radiation tolerant. An

enable pin (VR) simplifies interfacing with microprocessor, or
other logic.

Each device contains four junction field-effect transistors
(JFETs) to achieve constant on-resistance. Level-shifting
drivers enable low-level inputs (0.8 to 2.5 V) to control the
on-off state of each switch. With logic “0” at the driver input
the switches will be off. With a logic “1” at the input the
switches will be on. In the on-state each switch will conduct
current in either direction, and in the off-state each switch
will block voltages up to 20 V peak-to-peak.

Functional Block Diagram and Pin Configuration

Dual-In-Line

/

D2 [1 ————u4] =

Ss E | _1__3| IN;
Dy E} ] v-
NC% 5 v+
D3|s 10| VR (ENABLE)
S3 E’:?_ i E INy
]

of

30

Top View

Not Recommended for New Designs

Four SPST Switches per Package

Truth Table
Logic Switch
0 OFF
1 ON

Logic“0” < 08V
Logic“1” = 2.5V

Switches Shown for Logic “1” Input

Ordering Information
Temp Range " Package Part Number
DG129AP/883
—55t0125°C 14-Pin Sidebraze
781401CA

P-32167—Rev. B (11/15/93)




DG129 Siliconix

AMember of the TEMIC Group

Absolute Maximum Ratings

V+toV—- VINIOVR tviiiiiiiiiiiininnennn, e +6V

V+toVp Current (any terminal) ............... e 30 mA

Vp or Vgto V- Storage Temperture . .........ooiiiiiiiiiiiian, -65to 150°C
Power Dissipation?

YptoVs T4PINDIPY .. .oooiee e 825 mW

V+to VR

VrioV- Notes:

Vinto V- a. Allleads welded or soldered to PC Board.

b. Derate 11 mW/°C above 75°C

Specifications?
Test Conditions A Suffix
Unless Otherwise Specified —5510125°C
V+ =12V, V- = -18V,
Parameter Symbol VR=0V,VIN=08Vor2.5Vf Temp® | Mind | Typ® | Max? | Unit
Switch
Analog Signal Range VANALOG Full -10 10 v
Drain-Source On-Resistance DS(on) Is= ~10mA, Vp = 10V Room 20 DNle
Room -1 0.03 1
Source-Off Leakage Current Is(off) Vg= 10V, Vp= F10V Full -100 100
Drain-Off Leakage Current Ip(off) Vp=+10V,Vg= F10V R}?&T __1(1)0 0.02 1(1)0 nA
Channel-On Leakage Current ID(on) Vp=Vg=-10V Rl?lmn __130 -0.03
Input
Input Current with Input Voltage High |  Invi V=25V Room I A
pA
Input Current with Input Voltage Low INL Vin =08V nglﬂll“ 0.005 oil
Dynamic
Turn-On Time tON See Fi 1 Room 0.5 0.6
Turn-Oft Time orr © Higure Room 11 6 | "
Source-Off Capacitance Cs(off) Room 24
0 - f=1MHz
Drain-Off Capacitance Cp(off) Vp, Vs = 0 Room 24 pF
Channel-On Capacitance Cp(on) | Room 238
Off-Isolation OIRR RL=75Q,f=1MHz Room > 60 dB
Supply '
Positive Supply Current I+ Room 2.5 3
T One Channel On
Negative Supply Current I- Vi =25V Room | -1.8 -16 mA
Reference Supply Current Ir Room | -1.4 -11
Positive Supply Current I+ Room 0.6 25
n All Channel Off
Negative Supply Current I- Both Viy = 0V Room | -25 -05 RA
Reference Supply Current Ir Room -25 -0.5
Notes:
a. Refer to PROCESS OPTION FLOWCHART (Section 5 of the 1994 Data Book or FaxBack number 7103).
b. Room = 25°C, Full = —55t0 125°C.
c. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
d. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
e. Guaranteed by design, not subject to production test.
f. VN = input voltage to perform proper function.

12 P32167—Rev. B (11/15/93) Not Recommended for New Designs



Siliconix DG129
Test Circuits

Switch output waveform shown for Vs = constant with logic input waveform as shown. Note that Vg may be + or — as per switching time test circuit. Vo
is the steady state output with switch on. Feedthrough via gate capacitance may result in spikes at leading and trailing edge of output waveform.

+12V
V+
. 3V tr <10 ns
S D Logic 1 \ T
-10V A 50% tf <10 ns
10V o O’r J_ O Vo Input gy T ° \
IN - Switch
3V —>— Ry CL Input VS
GND V- 1kQ 35 pF 90% ov
— — Switch
| $ Output v/ Vg
-_— -_ -18V —! ton — toFF
CL (includes fixture and stray capacitance) Logic “1” = Switch On
Vo=Vs —RL
Ry + rDs(on)
Figure 1. Switching Time
Application Hints
Vv
Ve Ve Vr Logic Input VsorVp
Positive Supply Negative Supply Reference Voltage Analog Veltage
Voltage Voltage Voltage Vinst(miny VINL(nax) Range
) \2) 1\ \)} \2
12 -18 0 2.5/0.8 -10t0 10
15 -15 0 2.5/0.8 -7t013
7 -12 0 2.5/0.8 -5t05
5 -15 0 2.5/0.8 -7to3
5 -10 0 2.5/0.8 —-2t03

Not Recommended for New Designs P-32167—Rev. B (11/15/93) 13



DG180/181/182

Siliconix

AMember of the TEMIC Group

High-Speed Drivers with Dual SPST JFET Sw1tches

Features Benefits Appllcatlons
® Constant On-Resistance Over Entire ® Low Distortion ® Audio Switching
Analog Range ® Eliminates Large Signal Errors ® Video Switching
® LowLeakage e High Precision ® Sample/Hold
® Low Crosstalk e High Bandwidth Capability ® Guidance and Control Systems
o Rad Hardness o Fault Protection ® Aecrospace

Description

The DG180/181/182 are precision dual single-pule,
single-throw (SPST) analog switches designed to provide
accurate switching of video and audio signals. This series s

ideally suited for applications requiring &a. constant

on-resistance over the entire analog range.

The major difference in the devices is the on-resigtance
(DG180—10 Q, DG181—30 Q, DG182—75 Q). Reduced
errors are achieved through low leakage gurrent (Ip(oq
< 2nA). Applications which begefit from the flat J¥

on-resistance include audio switching, video switching, and
data acqmsmon

To achieve fagt and accurate switch performance, each
device comprises four n-channel JFET transistors and a

'TTL compatible bipolar driver. In the onstate, each switch

tonducts current equally well in either direction. In the off
cendition, the switches will block up to 20 V peak-to-peak,
with feedthrough of less than —60 dB at 10 MHz.

Functional Block Diagram and Pin Configuration

Dual-In-Line Flat Package
S ~ S S 1 LLg) mem— R}
G T Ee 2=E
—*v—| r D1 [ 2 13— D,
Dy E_f |—‘E D, ‘
(| NC [ 3 12 /1 NC
NGl 11 2] N onx s 4 uf—— xc
NC E E NC IN; = 5 FLUN Sm— N )
A2 6 o —— v-*
N; [ 10] ™
: VL I 7 L
o o] v
' Top View
VL E E VR Refer to JAN38510 Information, Military Section
Top View Top View
Ordering Information — DG180/181/182 *Common to Substrate and Case
Temp Range Package Part Number Truth Table
DG180BA Logic Switch
10-Pin Metal Can | DG181BA 0 ON
—251085°C DG182BA 1 OFF
DG180BP Logic “0” < 0.8V
14-Pin Sidebraze | DG181BP Logic“1” =220V
DG182BP Switches Shown for Logic “1” Input
DG180AA/883, 5962-87673011IA
10-Pin Metal Can DG181AA/883, IM38510/11101BIA
DG182AA/883, IM38510/11102BIA
DG180AP/883, 5962-8767301CA
-55t0125°C 14-Pin Sidebraze DG181AP/883, IM38510/11101BCA
DG182AP/883, IM38510/11102BCA \
5962-8767301XA
14-Pin Flat Pack JM38510/11101BXA
JM38510/11102BXA

14
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Siliconix DG180/181/182

AMember of the TEBMIC Group

Absolute Maximum Ratings

V+toV- Current (Sor D) DG181,DG182 .........ccvvvvinn.n, 30mA
V+toVp Current (All Other Pins)
VptoV- Storage TEMPerature .. .....ovvvvnveneneenennnnes
Vp toVp Power Dissipation?
VL toV— 10-PinMetal CanP . ...oovveiieeei it 450 mW
VLto VN 14-Pin Sidebraze® ........veuieeeieirnrrennnnaieenns 825 mW
VLto VR 14-Pin Flat Packd
VN to VR Notes:
VRto V- a. All leads welded or soldered to PC Board.
Vi to Vs b. Derate 6 mW/°C above 75°C
R0 VIN c. Derate 11 mW/°C above 75°C
Current (S or D) DG180 d. Derate 10 mW/°Cabove 75°C

Specifications? for DG180

Test Conditions A Suffix B Suffix
Unless Otherwise Specified -55t0125°C —251t085°C
V4+=15V,V-=-15V, V=5V
Parameter Symbol VR=0V,Viy=2V,08 VI Temp® | Typ¢ | Mind | Maxd | Mind | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full -75 15 -15 15
Drain-Source Room 7.5 10 15
On-Resistance TDS(on) Is=-10mA, Vp = -75V Full 20 25 e
Vs=+10V,Vp = F10V Room 0.05 10 15
Source OFf s V+ =10V, V- =-20V Hot 1000 300
Leakage Current © Room 0.05 10 15
Vg=+75V,Vp=F75V Hot 1000 300
Vs=+10V,Vp = F10V Room 0.04 10 15 nA
Drain Off oty V+ =10V, V- =-20V Hot 1000 300
Leakage Current ° Room | 0.03 10 15
Vs=+75V,Vp=F75V Hot 1000 300
Channel On v Room -0.1 -2 -10
Leakage Current ID(on) Vp=Vs=%75V Hot -200 -200
Saturation Drain Current Ipss 2 ms Pulse Duration Room 300 mA
Digital Input
Input Current with I Vi =5V Room | <0.01 10 10
Input Voltage High INH IN= Hot 20 20 ua
Input Current with _ _ _ _
Input Voltage Low INL V=0V Full 30 250 250
Dynamic Characteristics
Turn-On Time ton s Time Test G Room 240 400 600
PR  Circuit
Turn-Off Time o ce 8 Lime dost Lireu Room | 140 200 250 |
Source-Off Capacitance Cs(off) Vs=-5V,Ip=0 Room 21
Drain-Off Capacitance Cp(off) f=1MHz Vp=-5VIs=0 Room 17 pF
Channel-On Capacitance Cp(on) Vp=Vs=0V Room 17
Off Isolation OIRR f=1MHz,RL=75Q Room >55 dB
Power Supplies
Positive Supply Current I+ Room 0.6 15 15
Negative Supply Current I- Room -2.7 -5 -5
- ViN=0V,or5V mA
Logic Supply Current I Room 3 45 4.5
Reference Supply Current Ir Room -1 -2 -2

P-32167—Rev. B (11/15/93) 1-5



DG180/181/182

Specifications? for DG181

Siliconix

AMember of the TEMIC Group

Test Conditions A Suffix B Suffix
Unless Otherwise Specified —551t0125°C —25t085°C
V+=15V,V-=-15V,V =5V
Parameter Symbol VR=0V,Viy=2V,08Vf Temp® | Typ¢ | Mind | Maxd | Mind | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full =175 15 =75 15 v
Drain-Source _ _ Room 18 30 50
On-Resistance DS(or) Is=-10mA, Vp = =75V Full 60 75
Vg=+10V,Vp = 10V Room | 0.5 1 5
Source Off Iset V+ =10V, V- = -20V Hot 100 100
Leakage Current o Room 0.07 1 5
Vg=+75V,Vp=F75V Hot 100 100
Vg=+10V,Vp = F10V Room | 0.5 1 5 A
Drain Off ot V+ =10V, V- = -20V Hot 100 100
Leakage Current o Room 06 1 5
Vg=+75V,Vp=F15V Hot 100 100
Channel On v Room | -0.02 -2 -10
Leakage Current ID(on) Vp=Vs= 75V Hot -200 -200
Digital Input
Input Current with I Vg =5V Room | <0.01 10 10
Input Voltage High INH N= Hot 20 20
Input Current with wA
Tnput Voltage T ow I ViN=0V Full -30 | -250 -250
Dynamic Characteristics .
Turn-On Time ton Room 85 150 180
See Switching Time Test Circuit ns
Turn-Off Time toff Room 95 130 150
Source-Off Capacitance Cs(off) Vs=-5VIp=0 Room 9
Drain-Off Capacitance Cp(offy f=1MHz Vp=-5VIs=0 Room 6 pF
Channel-On Capacitance Cp(on) Vp=Vs=0V Room 14
Off Isolation OIRR f=1MHz, Ry =75Q Room >50 dB
Power Supplies
Positive Supply Current I+ Room 0.6 15 15
Negative Supply Current I- Room =21 -5 -5
Vin=0V,or5V mA
Logic Supply Current IL Room 31 45 45
Reference Supply Current Ir Room -1 -2 -2
1-6 P-32167—Rev. B (11/15/93)



Sikcanix DG180/181/182

Specifications? for DG182

Test Conditions A Suffix B Suffix
Unless Otherwise Specified -5510125°C —251t085°C
V+=15V,V-=-15V, V=5V
Parameter Symbol VR=0V,Viy=2V,08Vf Temp® | Typ¢ | Mind | Maxd | Min? | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full -10 15 -10 15
Drain-Source _ _ Room 35 75 100
On-Resistance TDS(on) Is=-10mA, Vp =75V Full 150 150
Vs=+10V,Vp = F10V Room 0.05 1 S
Source Off Isctn V+ =10V, V- = -20V Hot 100 100
Leakage Current ©
Vs=£10V,Vp = ¥10V Room | 007 100 o0
Vs=%10V,Vp = F10V Room 0.4 1 5 nA
Drain Off et V+=10V,V-=-20V Hot 100 100
Leakage Current © Room 0.5 1 5
Vs=+10V,Vp = F10V Hot 100 100
Channel On v Room | -0.02 -2 -10
Leakage Current ID(on) Vp =Vs = %10V Hot -200 —-200
Digital Input
Input Current with I Vg =5V Room | <0.01 10 10
Input Voltage High INH IN= Hot 20 20 uA
Input Current with _ _ _ _
Input Voltage Low I V=0V Full 30 250 250
Dynamic Characteristics
Turn-On Time ton Room 120 250 300
See Switching Time Test Circuit ns
Turn-Off Time toff Room 100 130 150
Source-Off Capacitance Cs(off) Vs=-5V,Ip=0 Room 9
Drain-Off Capacitance Cp(off) f=1MHz Vp=-5VIg=0 Room 6 pF
Channel-On Capacitance Cp(on) Vp=Vg=0V Room 14
Off Isolation OIRR f=1MHz,RL=75Q Room >50 dB
Power Supplies
Positive Supply Current I+ Room 0.6 15 15
Negative Supply Current I- Room =27 -5 -5
ViN=0V,or5V mA
Logic Supply Current I Room 31 4.5 4.5
Reference Supply Current Ir Room -1 -2 -2
Notes:
a. Refer to PROCESS OPTION FLOWCHART (Section 5 of the 1994 Data Book or FaxBack number 7103).
b. Room = 25°C, Full = as determined by the operating temperature suffix.
c. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
d. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
e. Guaranteed by design, not subject to production test.
f. VN = input voltage to perform proper function.

P-32167—Rev. B (11/15/93) 1-7



DG180/181/182

Typical Characteristics

1-8

I, I-, I+, Iz (mA)

ps(on) ()

IS:ID (ﬂA)

Supply Current vs. Temperature

5
4 —
e
5 \\‘\ - I —
s \\‘

~

2 ~
—-IR

1 et
I+

0 I

~55-35 -15 5 25 45 65 85 105 125

Temperature (°C)

IDS(on) V. Temperature

100 T T ;?
T T
—— DG182
7~
"
I DGlBl,
7 ] "
10 z,za
[ DG180
—
Vp=-75V
Is = -10mA
1
-50-25 0 25 50 75 100 125
Temperature (°C)
Leakage vs. Temperature (DG180)
100 —r—7—
= V+=10V
[ V—-=-20V
= VL=5V
- V=0 //
10 A
1/
.44
I fo) /
1
T T 1
ID(on) '
/,4.. ID(?ff) ]
y
o1 AN |
25 45 65 85 105 125
Temperature (°C)

IN (pA)

toN, toFF (ns)

toN, toFF (ns)

Siliconix

AMember of the TEMIC Group

IIN vs. VN and Temperature

100 T T 1
VINL =0 —
VINu=5V
80 g
60 \‘—IQ
TN
40 ™.
-~
20
| I
0 .
-55-35 =15 5 25 45 65 85 105 125
Temperature (°C)
Switching Time vs. Vp and Temperature (DG180)
BT T T ] —
™ —Vp =75V D d
210 — _ - —
| e=e=Vp=-75V 1 oN -
/ r J’
190 >
P LY
P P
170 “" - —4
P2t i toFF
150 _+=F
—g >
130 -7 ™
P
=
110
90
-55 -35 =15 5 25 45 65 85 105 125
Temperature (°C)
Switching Time vs. Vp and Temperature (DG181/182)
130 T T 1
120 |— === Vp =75V
— e Vp=-75V
110 +— ToN
100 <
»”3
Pd
90 T L=
> {OFF
80 .
70 <
—
g =
60
50

-55 =35 =15 5 25

45 65 85 105 125
Temperature (°C)
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Siliconix

AMember of the TEMIC Group
Typical Characteristics (Cont’d)
Ip(ofr) vs. Temperature (DG181/182)
100 . F = ;
= Ve =10V,V—=-20V
[~ Vp=-10V,Vg=10V
10 QE%QELE%{
5 =
a ”
— — B Suffix i
1 A Suffix
——
P
v
0.1
25 45 65 85 105 125
Temperature (°C)
Capacitance vs. Vp or Vg (DG181/182)
20 T T
18 VinNL =08V
VINH=2V
16 - f=1MHz —
CD(on)
14
g 12
A 10 ~
§ B—— Csom |
6 ~— C]?(oft)l ]
4 T
Capacitance is measured from test terminal
2 T tocommon.
0 1 1 1 1 1 1 1 1 1

-10 -8 -6 -4 -2 0 2 4 6

8 10
Vp or Vg — Drain or Source Voltage (V)

Schematic Diagram (Typical Channel)

P-32167—Rev.

30

26

22

Cs,p (PF)

18

14

10

100
90
80
70
60
50
40
30
20
10

0

1SO (dB)

DG180/181/182

Capacitance vs. Vp or Vg (DG180)
I

T
| f=1MHz

R
L
CD(on)
N
T~y

Cp(off)

-8 -4 0 4 8
Vp or Vg — Drain or Source Voltage (V)

Off Isolation vs. Frequency

~N

p 4

DG181/182 |

DG180 N

N

~ V+=15V,V- = ~-15V

| VR=0,VL=5V
RpL=75Q Ny

I— VIN = 220 mVRMms

Lo
106 107
f — Frequency (Hz)

105 108

VL Y_;"
4 e !ﬂ
¥ — ]
s
IN L—

4
4 1l

THELL

I

P j
: ) :

\",’R ‘;‘_ Figure 1.
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DG180/181/182 Siliconix

AMember of the TEMIC Group
. .
Test Circuits
Feedthrough due to charge injection may result in spikes at the leading and trailing edge of the output waveform.
+5V +15V v 4 <101
ton: Vs=3V T T Logic t <10ns
torr: Vs = -3V VL V+ Input 50%
S oTal oV —ro \—-—
[o, O Vo
|
&.D. | Ry CL 3V }
1kQ 100 pF 90%
VR V-
I $ - - ov
— — -15V — toN — toFF
- - Switch 0
Output v

Cy, (includes fixture and stray capacitance)

Ry -3V - 90%
Vour = Vs XR.F TDS(on)
Figure 2. Switching Time
Application Hints?
Vv
Logic Input
V¢ V- Vi Vi Voltage Vs
Positive Supply | Negative Supply Logic Supply Reference Supply ViNH@miny Analog Valtage
Voltage Voltage Voltage Voltage YVINL(max) Range
Switch ) ) \2) ") ' n%)
15b -15 5 GND 2.0/08 -75t015
DG180
DG181 10 -20 5 GND 2.0/0.8 -12.5t010
12 -12 5 GND 2.0/08 -4.5t012
15b -15 B GND 2.0/0.8 -10t0 15
DG182 10 -20 5 GND 2.0/08 -15t010
12 -12 5 GND 2,008 ~Tto12
Notes:

a. Application Hints are for DESIGN AID ONLY, not guaranteed and not subject to production testing.
b. Electrical Parameter Chart based on V+ =15V, VL, = 5V, VR = GND

1-10 P-32167—Rev. B (11/15/93)



Siliconix

AMember of the TEMIC Group

DG183/184/185

High-Speed Drivers with Dual DPST JFET Switches

Features Benefits Applications
o Constant On-Resistance Over Entire ® Low Distortion © Audio Switching
Analog Range ® Eliminates Large Signal Errors ® Precision Switching
® Low Leakage ® High Precision © Video Switching
® Low Crosstalk ® Improved Channel Isolation ® Video Routing
® Break-Before-Make Switching ® Eliminates Inadvertent Shorting e Sample/Hold
® Rad Hardness Between Channels ® Aerospace
® Fault Projection
Description

The DG183/184/185 are precision dual double-pole,
single-throw (DPST) analog switches designed to provide
accurate switching of video and audio signals. This series is
ideally suited for applications requiring a constant
on-resistance over the entire analog range.

The major difference in the devices is fhe on-resistance
(DG183—10 Q, DG184—3(l Q, DGIB5—T75 Q). Reduced
errors are achieved through low leakage current (Ip(on
< 21nA). Applications which benefit from the flat JF&-E’I2

on-resistance include audio switching, video switching, and
data acquisition.

To achieve fast and accurate switch performance, each
device comprises four n-channel JFET transistors and a
TTL compatible bipolar driver. In the on state, each switch
conducts current equally well in either direction. In the off
condition, the switches will block up to 20 V peak-to-peak,
with feedthrough of less than —60 dB at 10 MHz.

Functional Block Diagram and Pin Configuration

Dual-In-Line Flat Package
1 14 |
B[] % ok T — —
| Dy 12 X3 mm— ]
NC 3] :—-Q—E Ny D, ] 3 2 b
Dj E ] E v- S, [ 4 SN m— ]
S D— Va N, 5 10 1 1INy
E _1—;-' V+ 16 S/ v
s [5] 2] W v 7 8 VR
nE @ e
G ]
D; E+E S, Refer to JAN38510 Information, Military Section
*Common to Substrate and Case
Top View
Ordering Information — DG183/184/185
Temp Range Package Part Number Truth Table
. DG183BP Logic Switch
—25t085°C 16-Pin Sidebraze DG184BP 0 OFF
DGI85BP 1 ON
DGIG3AP/883 Logic “0” = 0.8V
e DGI84AP Logic “1” = 2.0V
55 10125°C 16-Pin Sidebraze |y T APIRS3, IM3SS 0T TIOSBEA Switches Shown for Logic “1” Input
DGI85AP/883, IM38510/11104BEA
14.pin Flat pack. | 2SS0/ T103BXA
- TM38510/11104BXA

P-32167—Rev. B (11/15/93)
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DG183/184/185

Absolute Maximum Ratings

Siliconix

AMember of the TEMIC Group

V+toV- Current (SorD)DG183 ........coovviiiiiiieninnn 200mA
V+toVp Current (Sor D) DG184,DG185 ..........coovvnnnn. 30mA
VptoV- Current (AlOther Pins) . ......oovvervninniiiennennen. 30mA
Vp toVp Storage Temperature ... ......oovvuviuvaneannnn —65t0150°C
VL toV- Power Dissipation?
Vi to Viy 16-Pin Sidebraze® ...........iiiiiiiii i 900 mW
VL to VR 14-PinFlatPack® .......oooviiiiiiniiiiiiiennan, 900 mW
ViNto VR Notes:

a. Allleads welded or soldered to PC Board.
VRto V-

VR to VN

Specifications? for DG183

b.
c.

Derate 12 mW/°C above 75°C
Derate 10 mW/°C above 75°C

Test Conditions A Suffix B Suffix
Unless Otherwise Specified —55t0125°C —251085°C
V+=15V,V-=-15V,VL =5V
Parameter Symbol VR=0V,ViN=08Vor2Vl Temp® | Typ¢ | Mind | Max? | Mind | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full =75 15 =75 15
Drain-Source _ _ Room 7.5 10 15
On-Resistance ™S(on) Is=-10mA, Vp = -75V Full 20 25
Vs=+10V,Vp = F10V Room 0.05 10 15
Source Off I V+=10V,V- = ~20V Hot 1000 300
Leakage Current o Room | 005 10 15
Vs=+75V,Vp=F75V Hot 1000 300
Vs=+10V,Vp = F10V Room 0.04 10 15 nA
Drain Off o, V+ =10V, V- =-20V Hot 1000 300
Leakage Current © Room | 003 10 15
Vg=+75V,Vp=F75V Hot 1000 300
Channel On Room -0.1 -2 -10
Leakage Current Ip(on) Vp=Vs= %75V Hot -200 -200
Saturation Drain Current Ipss 2 ms Pulse Duration Room 300 mA
Digital Input
Input Current with I Ve =5V Room | <0.01 10 10
Input Voltage High INH N= Hot 20 20
Input Current with I Vin =0V Full 30 | —250 —250 wA
Input Voltage Low INL ™= u
Dynamic Characteristics
Turn-On Time ton See Switching Time Tost Circui Room 240 400 600
Turn-OFf Time ot ¢ Swilching Hime fest Ghreult I —poom | 140 200 77
Source-Off Capacitance Cs(off) Vg==-5V,Ip=0 Room 21
Drain-Off Capacitance Cp(off) f=1MHz Vp=-5VIg=0 Room 17 pF
Channel-On Capacitance Cp(on) Vp=Vg=0V Room 17
Off Isolation OIRR f=1MHz, R, =75Q Room >55 dB
Power Supplies
Positive Supply Current I+ Room 0.6 15 15
Negative Supply Current I- Room =217 -5 -5
ViN=0V,or5V mA
Logic Supply Current IL N o Room 31 45 4.5
Reference Supply Current Ir Room -1 -2 -2
1-12 P-32167—Rev. B (11/15/93)



Siliconix DG183/184/185

Specifications? for DG184

Test Conditions A Suffix B Suffix
Unless Otherwise Specified -5510125°C —251t085°C
V+=15V,V-=-15V, VL =5V
Parameter Symbol Vr=0V,Vy=08Vor2Vf Temp® | Typ¢ | Mind | Maxd | Mind | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full =75 15 =75 15 v
Drain-Source _ _ Room 22 30 50
On-Resistance TDS(on) Is=-10mA,Vp = -75V Full 60 75 Q
Vs=+10V,Vp = F10V Room | 0.06 1 5
Source Off lsety V+ =10V, V- =-20V Hot 100 100
Leakage Current o Room 0.05 1 5
Vg=+75V,Vp= F15V Hot 100 100
Vg= %10V, Vp = F10V Room 0.4 1 5 nA
Drain Off ot V+=10V,V-=-20V Hot 100 100 )
Leakage Current o Room 03 1 5
Vs=+75V,Vp=F7.5V Hot 100 100
Channel On v Room | —0.02 -2 -10
Leakage Current Inon) Vp=Vs= %75V Hot ~200 ~200
Digital Input
Input Current with I Vin =5V Room | <0.01 10 10
Input Voltage High INH N= Hot 20 20
Input Current with wa
Input Voltage Low INL ViN=0V Full -30 | -250 ~250
Dynamic Characteristics
Turn-On Time ton Room 85 150 180
See Switching Time Test Circuit ns
Turn-Off Time toff Room 95 130 150
Source-Off Capacitance Cs(off Vg=-5V,Ip=0 Room 9
Drain-Off Capacitance Cp(off) f=1MHz Vp==-5VIs=0 Room 6 pF
Channel-On Capacitance Cp(on) Vp=Vg=0V Room 14
Off Isolation OIRR f=1MHz,RL=75Q Room >50 dB
Power Supplies
Positive Supply Current I+ Room 0.6 3 3
Negative Supply Current I- Room =27 =55 -55
ViNn=0V,or5V mA
Logic Supply Current IL Room 31 45 4.5
Reference Supply Current Ir Room -1 -2 -2

P-32167—Rev. B (11/15/93) 1-13
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DG183/184/185 Siliconix
A Member of the TEMIC Group
Specifications? for DG185
Test Conditions A Suffix B Suffix
Unless Otherwise Specified —551t0125°C —25t085°C
V+=15V,V-=-15V, VL =5V
Parameter Symbol VR=0V,Viy=08Vor2Vf Temp® | Typ¢ | Mind | Maxd | Mind | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full -10 15 -10 15
Drain-Source ) _ _ Room 35 75 100
On-Resistance TDS(on) Is=-10mA, Vp = =75V Full 150 150 e
Vg=+10V,Vp = F10V Room | 0.05 1 5
Source Off IS( o V+=10V,V—-=-20V Hot 100 100
Leakage Current o Room 0.07 1 5
Vg=+10V,Vp = F10V Hot 100 100
Vs=%10V,Vp = F10V Room 0.4 1 5 nA
Drain Off ot V+ =10V, V- = -20V Hot 100 100
Leakage Current ! Room 03 1 5
Vs=+10V,Vp = F10V Hot 100 100
Channel On T Room | -0.03 -2 -10
Leakage Current ID(on) Vp=Vs =10V Hot —200 -200
Digital Input
Input Current with I Vin =5V Room | <0.01 10 10
Input Voltage High INH N= Hot 20 20
nA
Input Current with _ _ _ _
Toput Voltage Low INL ViN=0V Full 30 250 250
Dynamic Characteristics
Turn-On Time ton Room 120 250 300
See Switching Time Test Circuit ns
Turn-Off Time toff Room 100 130 150
Source-Off Capacitance Cs(offy Vs=-5V,Ip=0 | Room 9
Drain-Off Capacitance Cp(otty f=1MHz Vp=-5VIg=0 Room 6 pF
Channel-On Capacitance Cp(on) Vp=Vg=0V Room 14
Off Isolation OIRR f=1MHz, R =75Q Room >50 dB
Power Supplies
Positive Supply Current I+ Room 0.6 3 3
Negative Supply Current I- Room -2.7 =55 =55
ViN=0V,or5V mA
Logic Supply Current IL Room 31 4.5 45
Reference Supply Current Ir Room -1 -2 -2

Notes:

meae o

1-14

Refer to PROCESS OPTION FLOWCHART (Section 5 of the 1994 Data Book or FaxBack number 7103).
Room = 25°C, Full = as determined by the operating temperature suffix.

Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
Guaranteed by design, not subject to production test.
VIN = input voltage to perform proper function.

P-32167—Rev. B (11/15/93)



Siliconix

AMember of the TEMIC Group

Typical Characteristics
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DG183/184/185 Siliconix

AMember of the TEMIC Group

Typical Characteristics (Cont’d)

Ip(otr) vs. Temperature (DG184/185) Capacitance vs. Vy or Vs (DG183)
Rl —————— 30 r1.T
FV+=10V,V-=-20V _\_f=1MHz
F Vp=-10V,Vg=10V
i N
10 AN
—~ & 22 Cs(off)
g : = c N
Qa 7 2. I
= — B Suffix > O 18 g CD(en)
1 = A Suffix — -
=z 14 Cp(oify
v
01 10
25 45 65 85 105 125 -8 -4 0 4 8
Temperature (°C) Vp or Vg — Drain or Source Voltage (V)
Capacitance vs. Vi) or Vg (DG184/185) Off Isolation vs. Frequency
20 | 100
VINL =08V
18 -y oV 90 AN
16 |- f=1MHz — 80 N
Cp(on) N N DG184/185
14 70 N
| DG183 N
g 12 @ 60 N
A 10 =50
73 \4 C 8 NS
3 . ~ S(of) __| 2 40 u .
N \ N
6 Cp(offy — 30 = V+=15V,V-=-15V AN
o), VR=0,V=5V
4 T—1 L N
Capacitance is measured from test terminal Vi = 220 mV;
2 [ tocommon. 7] 10 = "IN RMS
ol o L L LLIHM {1 1IN
-10 -8 -6 -4 -2 0 2 4 6 8 10 105 106 107 108
Vp or Vg — Drain or Source Voltage (V) f — Frequency (Hz)
Schematic Diagram (Typical Channel)
Vi ovV+
¥ = 5
¥ — (a
s
s
IN
Y
4 11
[THLL
I
P
2 1
wo |1 &5

Figure 1.
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Siliconix

AMember of the TEMIC Group

Test Circuits

DG183/184/185

Feedthrough due to charge injection may result in spikes at the leading and trailing edge of the output waveform.

+5V +15V
T ? 3v tr <10 ns
L Ve | tow Vs=3V Logi [ \
torg: Vs = -3V npu %
S
Vs o2t 01/‘ Dy o Vor oV __7 \—
| \Y
D 02
Ve o442 ofa <A - ' sy
I f 90
%
IN
_D_ J Cr1
GND V- ov
& — toN - tOFF
Switch
= = -15v. = = Output ov
Cy, (includes fixture and stray capacitance) -3V - 90%
Ry
Vour = Vs X R F TDs(on)
Figure 2. Switching Time
- . . .
Application Hints?
Vv
Logic Inpnt
V4 \ A Vi Vr Voltage Vs
Positive Supply | Negative Supply Logic Supply Reference Supply VINHGmin Analog Valtage
Voltage Voltage Voltage Voltage VINL(max) Range
Switch (\2] [4%) [\4] : 6)
15b -15 5 GND 2.0/08 -751t015
DG183
DG184 10 =20 5 GND 2.0/08 —-12.5t010
12 -12 S GND 2.0/08 -4.5t012
15b -15 5 GND 2.0/0.3 -10t015
DG185 10 =20 5 GND 2.0/08 -15t010
12 -12 5 GND 2.0/08 -7t012
Notes:
a. Application Hints are for DESIGN AID ONLY, not guaranteed and not subject to production testing.
b. Electrical Parameter Chart based on V+ = 15V, V[, = 5V, VR = GND.
P-32167—Rev. B (11/15/93) 1-17




DG186/187/188

Siliconix

AMember of the TEMIC Group

High-Speed Drivers with SPDT JFET Switches

Features Benefits Applications
® Constant On-Resistance Over Entire ® Low Distortion ® Audio Switching
Analog Range ¢ Eliminates Large Signal Errors ® Video Switching
® Low Leakage ® High Precision e Sample/Hold
® Low Crosstalk ® High Bandwidth Capability ® Guidance and Control Systems
® Rad Hardness ® Fault Protection o Telemetry
Description
The DGI186/187/188 are precision single-pole, To achieve fast and accurate switch performance, each

double-throw (SPDT) analog switches designed to pravide
accurate switching of video and audio signals. This series is
ideally suited for applications requiring a constant
on-resistance over the entire analog range.

The major difference in the devices is the on-resistance
(DG186—10 Q, DG187—30 Q, DG188—75 ©2). Reduced
errors are achieved through low leskage current (Ip(on
< 2nA). Applications which benefit front the flat JFSElZ
on-resistance include agdio switching, video switching, and
data acquisition. o .

device comprises two n-channel JFET transistors and a
TTL compatible bipolar driver. The driver is designed to
achieve break-before-make switching action, eliminating
the inadvertent shorting between channels and the
crosstalk which would result. In the on state, each switch
conducts current equally well in either direction. In the off
condition, the switches will block up to 20 V peak-to-peak,
with feedthrough of less than —60 dB at 10 MHz.

Functional Block Diagram and Pin Configuration

Dual-In-Line Flat Package
/ Ne = 1 14— NC
[] 14] e
NC NC /™ 2 1P NC
2] 13] ™ b, —3 2E—n,
NC 1 |
B ] Sl e nE—a s
D1E Ty Dsz IN —5 10 /] NC
s é u v+ ] 6 s —— v-*
'] 1] N0 v —7 Cl Y
IN Ve
6 El Top View
V+
7 LT_I VR Refer to JAN38510 Information, Military Section
V;
L Top View
Top View
*Common to Substrate and Case
Ordering Information — DG186/187/188
Temp Range Package Part Number Truth Table
DGI86BA Logic SW1 SW;
10-Pin Metal Can DG187BA 0 OFF ON
_251085°C DG188BA 1 ON OFF
DG186BP Logic “0” < 08V
14-Pin Sidebraze DG187BP Logic “1” 2 20V
DG188BP Switches Shown for Logic “1” Input
DG186AA/883
10-Pin Metal Can DGI87AARE3, IM38510/11105BIA
DGI188AA/883, IM38510/11106BIA
5510 125°C DGI86AP/883
o 14-Pin Sidebraze DG187AP/883, IM38510/11105BCA
DGI88AP/883, IM38510/11106BCA
14-Pin Flat Pack JM38510/11105BXA
At Rk I TMB38510/11106BXA
1-18 P-32167—Rev. C (11/15/93)



Siliconix DG186/187/188

AMember of the TEMIC Group

Absolute Maximum Ratings

V+toV- Current (Sor D) DG187,DG188 ...........cvvvvnunnn, 30mA
V+toVp Current (All Other Pins) . ........oooviiiiiii e, 30mA
VptoV— Storage Temperature
Vp toVp Power Dissipation?
VL to V- 10-PinMetal Canb .. ......ooviiiiiii 450 mW
VLto VN 14-Pin Sidebraze®
Vi to VR 14-Pin Flat Packd
VN to VR Notes:
VR to V- a. Allleads welded or soldered to PC Board.
Vi to V b. Derate 6 mW/°C above 75°C
R10VIN c. Derate 11 mW/°C above 75°C
Current (Sor D) DG186 ........ . d. Derate 10 mW/°Cabove 75°C
Specifications? for DG186
Test Conditions A Suffix B Suffix
Unless Otherwise Specified —55t0125°C —25t085°C
V+ =15V, V== -15V, V=5V
Parameter Symbol VR=0V,Vy=080r2 Vf Temp® | Typ¢ | Mind | Maxd | Mind | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full =75 15 =75 15
Drain-Source _ _ Room 75 10 15
On-Resistance ™DS(on) Is=-10mA, Vp = ~7.5V Full 20 5 | @
Vs=%10V,Vp = ¥10V Room 0.05 10 15
Source OFf . V+ =10V, V- = -20V Hot 1000 300
Leakage Current S(off) Room | 0.05 10 15
Vs=+75V,Vp=F75V Hot 1000 300
Vs=+10V,Vp = ¥10V Room 0.04 10 15 nA
Drain Off V+=10V,V-=-20V Hot 1000 300
Ipof
Leakage Current (i) Room | 003 10 5
Vs=+75V,Vp=F75V Hot 1000 300
Channel On . Room -0.1 -2 -10
Leakage Current ID(en) Vp=Vs=£75V Hot ~200 -200
Saturation Drain Current Ipss 2 ms Pulse Duration Room 300 mA
Digital Input
Input Current with I VN =5V Room <0.01 10 10
Input Voltage High INH = Hot 20 20
: pA
Input Current with _ _ _ _
Input Voltage Low INL ViN=0V Full 30 250 250
Dynamic Characteristics
Turn-On Time ton S Time Tost Room 240 400 425
Switchi t Circuit ns
Turn-Off Time ot e § Hime fost Mrowt Room | 140 200 225
Source-Off Capacitance Cs(off) Vs=-5V,Ip=0 Room 21
Drain-Off Capacitance Cp(offy f=1MHz Vp=-5VIg=0 Room 17 pF
Channel-On Capacitance CD(Qn) Vp=Vg=0V Room 17
Off Isolation OIRR f=1MHz,Rp =75Q Room >55 dB
Power Supplies
Positive Supply Current I+ Room 0.8 0.8
Negative Supply Current I- Room -3 -3
- ViIN=0V,or5V mA
Logic Supply Current I Room 32 32
Reference Supply Current Ir Room -2 -2
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DG186/187/188

Siliconix

AMember of the TEMIC Group
. ]
Specifications? for DG187
Test Conditions A Suffix B Suffix
Unless Otherwise Specified -55t0125°C —25t085°C
V+ =15V, V-=-15V,Vp =5V
Parameter Symbol VR=0V,Viy=080r2 Vf Temp® | Typ¢ | Mind | Maxd | Mind | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full ~175 15 -1.5 15 v
Drain-Source _ _ Room 22 30 50
On-Resistance DS(on) Is = -10mA, Vp = =75V Full 60 75
Vg=%10V,Vp = F10V Room 0.06 1 5
Source Off st V+=10V,V-=-20V Hot 100 100
Leakage Current ©! Room 013 1 5
V=75V, Vp=F75V Hot 100 100
Vs=+10V,Vp= F10V Room | 0.04 1 5 A
Drain Off ot V+ =10V, V- = -20V Hot 100 100
Leakage Current ° Room | 003 1 5
Vs= %75V, Vp=F75V Hot 100 100
Channel On Room | —0.02 -2 -10
Leakage Current ID(on) Vp=Vs= %75V Hot ~200 ~200
Digital Input
Input Current with I Vi =5V Room | <0.01 10 10
Input Voltage High INH N= Hot 20 20
Input Current with wA
Input Voltage Low I ViN=0V Full -30 | -250 -250
Dynamic Characteristics .
Turn-On Time ton Room 85 150 180
See Switching Time Test Circuit ns
Turn-Off Time toff Room 95 130 150
Source-Off Capacitance Cs(off) Vs=-5VIp=0 Room 9
Drain-Off Capacitance Cp(off) f=1MHz Vp=-5VIs=0 Room 6 pF
Channel-On Capacitance Cp(on) Vp=Vg=0V Room 14
Off Isolation OIRR f=1MHz,RL =75Q Room >50 dB
Power Supplies
Positive Supply Current I+ Room 0.8 0.8
Negative Supply Current I- Room -3 -3
ViN=0Vor5V mA
Logic Supply Current I Room 32 3.2
Reference Supply Current Ir Room -2 -2
1-20 P-32167—Rev. C (11/15/93)



Siicanix DG186/187/188

Specifications? for DG188

Test Conditions A Suffix B Suffix
Unless Otherwise Specified -55t0125°C —251t085°C
V+ =15V, V- =-15V, VL =5V '
Parameter Symbol VR=0V,Viy=08or2Vf Temp® | Typ¢ | Mind | Maxd | Min? | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full -10 15 -10 15
Drain-Source _ _ Room 35 75 100
On-Resistance DS(on) Is=-10mA, Vp = =75V Full 150 150 Q@
Vs=+10V,Vp = ¥10V Room 0.05 1 5
Source Off It V+ =10V, V- =-20V Hot 100 100
Leakage Current o Room 0.07 1 5
Vs=£10V,Vp = 10V Hot 100 100
Vs=+10V,Vp = F10V Room 0.04 1 5 A
Drain Off et V+ =10V, V- =-20V Hot 100 100
Leakage Current o Room 0.50 1 5
Vs=+10V,Vp=F10V Hot 100 100
Channel On T Room | -0.03 -2 -10
Leakage Current ID(on) Vp=Vs==%10V Hot ~200 ~200
Digital Input
Input Current with I Vin=5V Room | <0.01 10 10
Input Voltage High INH N= Hot 20 20
Input Current with nA
Input Voltage Low INL VIN=0V Full -30 —250 —250
Dynamic Characteristics
Turn-On Time ton Room 120 250 300
See Switching Time Test Circuit ns
Turn-Off Time toff Room 100 130 150
Source-Off
Capacitance Cs(off) Vs==5V,Ip=0 Room 9
Drain-Off
Capacitance Cp(off) f=1MHz | Vp=-5VIs=0 Room 6 pF
Channel-On
Capacitance Cp(on) Vp=Vs=0V Room 14
Off Isolation OIRR f=1MHz,RL=75Q Room >50 dB
Power Supplies
Positive Supply
Current 1+ Room 0.8 0.8
Negative Supply
Current I- Room -3 -3
R — Vin=0V,or5V mA
gic Supply
Current Iy Room 32 32
Reference Supply
Current Ir Room -2 -2
Notes:
a. Refer to PROCESS OPTION FLOWCHART (Scction 5 of the 1994 Data Book or FaxBack nnmber 7103).
b. Room = 25°C, Full = as determined by the operating temperature suffix.
c. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
d. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
e. Guaranteed by design, not subject to production test.
f. VIN = input voltage to perform proper function.
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DG186/187/188

Typical Characteristics

IL, I-, I+, Ir (mA)

TDS(on) (Q)

Is.Ip (nA)

1-22

Supply Current vs. Temperature
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Siliconix

AMember of the TEMIC Group

IN vs. Viy and Temperature
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Switching Time vs. Vp and Temperature (DG186)
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Siliconix DG186/187/188

AMember of the TEMIC Group

Typical Characteristics (Cont’d)

Ip(ofry vs. Temperature (DG187/188) Capacitance vs. Vp or Vg (DG186)
10 == 30 T T 1
—— 1 | f=1MHz
- V+=10V,V-=-20V
- Vp=-10V,Vs=10V 2 C
10 N
- & 22 NC Cs(off)
g = S A N
2] 7 ; "
= I— B Suffix r [P \ Cp(on)
1 < A Suffix — Sh
—— h
> 14 Cp(off)
-
0.1 10
25 45 65 85 105 125 -8 -4 0 4 8
Temperature (°C) Vp or Vg — Drain or Source Voltage (V)
Capacitance vs. Vp or Vs (DG187/188) Off Isolation vs. Frequency
20— 100
VINL =08V
18— oL 90
ViNg=2V
16 | f=1MHz — 80 N 1
CD(on) RN N[ pc187ss T[[]]
.
1 70 N DG18s N
g 12 Ny g 60 i
A 10 ~ S 50
g & Cseotfy __| 2 . ™ ' S
'l\ N
6 ~ Cpefy — 30 - V+=15V,V-=-15V
4 4 20 | VR=0,VL=5V
4 - T 1 RL=75Q NN
| Capacitance is measured from test terminal 10 VIN = 220 mVRuMs
2 T tocommon. I
ol o L LI 1 L1l
-10 -8 =6 -4 -2 0 2 4 6 8 10 105 106 107 108
Vp or Vg — Drain or Source Voltage (V) f — Frequency (Hz)

Schematic Diagram (Typical Channel)

VL oV+
L o tﬂ
¥ — M
g =
IN - I —0S
L 4 -
I D
11 1l
1]
'
< <
150
o 5
VR \
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DG186/187/188

Test Circuits

Siliconix

AMember of the TEMIC Group

Feedthrough due to charge injection may result in spikes at the leading and trailing edge of the output waveform.

ov

+5V +15V
? ? ton: Vs=3V v tr <10 ns
toFr: Vs = =3V Logic /—_—\ tf <10 ns
VL V+ Input 50%
S1 ofaDi ov —/ \
Vs1 © 0 Vo
| 1
Sy Dy
Vs2 © —Olx Ry o 3V o7
| 1kQ l 100 pF °
_IN__D_ | — —
- - ov
VR V-
toN — LOFF
| (L Switch L
- b -15V Output
Cg, (includes fixture and stray capacitance) -3V T 90%
Ry,
Vour = Vs X Ry F Tosey
Figure 2. Switching Time
Application Hints?
Vv
Logic Input
V4 Ve~ VL Yr Voltage Vs
Positive Supply | Negative Supply | Logic Supply Reference Supply VINE i/ Analog Voltage
Voltage Voltage Voltage Voltage VINIL(max) Range
Switch ™ ) \B ™ Ry W
15b -15 5 GND 2008 -75t015
DG186
DG187 10 -20 5 GND 2.0/0.8 -12.5t010
12 -12 5 GND 2.0/0.8 -45t012
15b -15 5 GND 20008 ~-10t015
DG188 10 -20 5 GND 2.0/0.8 -15t010
12 -12 5 GND 20/08 ~Tt012
Notes:

a. Application Hints are for DESIGN AID ONLY, not guaranteed and not subject to production testing.
b. Electrical Parameter Chart based on V+ =15V, Vi, = 5V, VR = GND
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Siliconix

AMember of the TEMIC Group

DG189/190/191

High-Speed Drivers with Dual SPDT JFET Switches

Features Benefits Applications
® Constant On-Resistance Over Entire ® Low Distortion ® Audio Switching

Analog Range ® Eliminates Large Signal Errors ® Video Switching
® Low Leakage ® High Precision ® Sample/Hold
® Low Crosstalk ® High Bandwidth Capability ® Guidance and Control Systems
® Rad Hardness ® Fault Protection ® Aerospace
Description

The DG189/190/191 are precision dual single-pole,
double-throw (SPDT) analog switches designed to provide
accurate switching of video and audio signals. This series is
ideally suited for applications requiring a constant
on-resistance over the entire analog range.

The major differencg in the devices is the on~resistance
(DG189—10 2, DG1%0—30 Q, D{3191—75 Q). Reduced
errors are achieved through low leakage current (Ip(on
< 2nA). Applications which benefit from the flat JF%Z’[2

an-resistance include audia switching, video switching, and
data acquisition.

To achieve fast and accurate switch performance, each
devive compris¢s four n-channel JFET transistors and a
TTL compatibje bipolar driver. The driver is designed to

. achieve break-before-make switching action, eliminating

the inadvertent shorting between channels and the
crosstalk which would result. In the on state, each switch
conducts current equally well in either direction. In the off
condition, the switches will block up to 20 V peak-to-peak,
with feedthrough of less than —60 dB at 10 MHz.

Functional Block Diagram and Pin Configuration

Dual-In-Line
nE—r @
Nk
Dy 1514 N 4] V-
S3 %’_/_ % VR
S [ 12| VL

.

SOl I T
[ F—<t10] ™
D2 [ >, ] =

Top View

Ordering Information — DG189/190/191

Flat Package
S4 ; 1 P a7
YR m— B D3
D, 3 2/ D
S, ] ¢ unfE—mas
N, 5 LU m—— |51
v+ ] 6 9 —— v-*
vo (17 8 Vr

Top View
Refer to JAN38510 Information, Military Section

*Common to Substrate and Case

Temp Range Package Part Number Truth Table
DG189BP Logic SWj, SW; | SW;3, SW,y
~25t085°C 16-Pin Sidebraze [ DG190BP 0 OFF ON
[DGi91BP ON OFF
DG189AP/883, 5962-906800IMEA Logic “0” < 0.8V
16-Pin Sidebraze [ DG190AP/383, IM38510/11107BEA Logic “1” 2 24V
—551t0125°C | DG191AP/883, IM38510/11108BEA Switches Shown for Logic “1” Input
) JM38510/11107BXA
14-Pin Flat Pack
TM38510/11108BXA

P-32167—Rev. B (11/15/93)
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DG189/190/191

Absolute Maximum Ratings

Siliconix

AMember of the TEMIC Group

V+1toV- Current (SorD)DG189 .................t. e
V+1oVp Current (S or D) DG190, DG191
VptoV- Current (AllOther Pins) ... ......oooiiiiniieiin., 30 mA
Vp to Vp Storage Temperature . ......ouoovieiininnniinenn —651t0150°C
VL toV— Power Dissipation?
VLto VN 16-Pin Sidebraze® ...........c.coiiiiiiiiiiiiein 900 mW
VL to VR 14-PinFlatPack® ..ottt 900 mW
Vi to VR Notes:
Ve to V. a. All leads welded or soldered to PC Board.
Rto V= b. Derate 12 mW/°C above 75°C
VRrtoViN c. Derate 10 mW/°C above 75°C
Specifications? for DG189
Test Conditions A Suffix B Suffix
Unless Otherwise Specified ~551t0125°C —251t085°C
V+ =15V, V-=-15V| VL =5V
Parameter Symbol VR=0V,VIy=08Vor2Vt Temp® | Typ¢ | Min? | Max? | Mind | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full ~75 15 =75 15
Drain-Source _ _ Room 75 10 15
On-Resistance ™DS(on) Is=-10mA, Vp = =75V Full 20 25
Vs=£10V,Vp= ¥10V Room | 0.05 10 15
Source Off V+ =10V, V- =~20V Hot 1000 300
Is(off
Leakage Current (off) Room | 0.03 10 15
Vs= 175V, Vp=F75V Hot 1000 300
Vs=£10V,Vp = ¥10V Room | 0.04 10 15 A
Drain Off V+ =10V, V- =-20V Hot 1000 300
Ip
Leakage Current (ofh Room | 0.03 10 15
Vs= 75V, Vp = ¥75V Hot 1000 300
Channel On e Room -0.1 -2 -10
Leakage Current Ip(on) Vp=Vs= %75V Hot ~200 —200
Saturation Drain Current IDpss 2 ms Pulse Duration Room 300 mA
Digital Input
Input Current with I Vin =5V Room | <0.01 10 10
Input Voltage High INH = Hot 20 20
Input Current with I Vin =0V Full -30 —250 —250 nA
Input Voltage Low INL N = u
Dynamic Characteristics
Turn-On Time ton See Switching Time Tost Circui Room 240 400 425
\{ t Circuit ns
Turn-Off Time toff co Switching Jime et Room 140 200 225
Source-Off Capacitance Cs(off) Vs=-5V\Ip=0 Room 21
Drain-Off Capacitance Cp(off)y f=1MHz Vp=-5VIs=0 Room 17 pF
Channel-On Capacitance Cb(on) Vp=Vg=0V Room 17
Off Isolation OIRR f=1MHz, R, =75Q Room >55 dB
Power Supplies
Positive Supply Current I+ Room 0.6 15 15
Negative Supply Current I- Room =27 -5 -5
- ViN=0V,or5V mA
Logic Supply Current IL Room 31 4.5 45
Reference Supply Current Ir Room -1 -2 -2

1-26
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Sikconix DG189/190/191

Specifications? for DG190

Test Conditions A Suffix B Suffix
Unless Otherwise Specified —551t0125°C —25t085°C
V+ =15V, V== -15V, VL =5V
Parameter Symbol VR=0V,Viy=08Vor2Vf Temp® | Typ¢ | Mind | Maxd | Mind | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full =15 15 =75 15 v
Drain-Source _ _ Room 18 30 50
On-Resistance TDS(en) Is=-10mA, Vp = -75V Full 60 75
Vg=+10V,Vp = F10V Room 0.06 1 5
Source Off st V+ =10V, V- =-20V Hot 100 100
Leakage Current o Room 01 1 5
Vg=+7.5V,Vp = F7.5V Hot 100 100
Vs=x10V,Vp = F10V Room 0.05 1 5 nA
Drain Off ot V+ =10V, V- =-20V Hot 100 100
Leakage Current © Room 0.06 1 5
Vs==x75V,Vp=F75V Hot 100 100
Channel On Room | —0.02 -2 -10
Leakage Current ID(on) Vp=Vs=+£75V Hot -200 —-200
Digital Input
Input Current with _ Room | <0.01 10 10
Input Voltage High Ivm ViN=5V Hot 20 20
HA
Input Current with _
Input Voltage Low InL ViN=0V Full -30 -250 —-250
Dynamic Characteristics
Turn-On Time ton Room 85 150 180
See Switching Time Test Circuit ns
Turn-Off Time toff Room 95 130 150
Source-Off Capacitance Cs(off) Vs=-5V,Ip=0 Room 9
Drain-Off Capacitance Cp(off) f=1MHz Vp=-5VIs=0 Room 6 pF
Channel-On Capacitance Cp(on) Vp=Vg=0V Room 14
Off Isolation OIRR f=1MHz,RL=75Q Room >50 dB
Power Supplies
Positive Supply Current I+ Room 0.6 15 15
Negative Supply Current I- Room =27 -5 -5
ViN=0V,or5V mA
Logic Supply Current IL Room 31 4.5 4.5
Reference Supply Current Ir Room -1 -2 -2
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DG189/190/191

Specifications? for DG191

Siliconix

AMember of the TEMIC Group

Test Conditions A Suffix B Suffix
Unless Otherwise Specified -55t0125°C —251t085°C
V+=15V,V-=-15V, VL =5V
Parameter Symbol VR=0V,Vy=08Vor2V Temp® | Typ¢ | Mind | Maxd | Min? | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full -10 15 -10 15
Drain-Source _ _ Room 35 75 100
On-Resistance Do) Is=-10mA, Vp = -75V Full 150 150
Vs=+10V,Vp = F10V Room 0.05 1 5
Source Off Iset V+ =10V, V- =-20V Hot 100 100
Leakage Current © Room 0.07 1 5
Vs=+10V,Vp = F10V Hot 100 100
Vg=+10V,Vp = F10V Room 0.04 1 5 nA
Drain Off I V+ =10V, V- =-20V Hot 100 100
Leakage Current o Room 0.05 1 5
Vs=+10V,Vp = F10V Hot 100 100
Channel On vl Room | —0.03 -2 -10
Leakage Current ID(on) Vp=Vs=£10V Hot —200 -200
Digital Input
Input Current with 1 V=5V Room | <0.01 10 10
Input Voltage High INH IN= Hot 20 20
pA
Input Current with - _ — -
Input Voltage Low INL ViN=0V Full 30 250 250
Dynamic Characteristics
Turn-On Time ton Room 120 250 300
See Switching Time Test Circuit ns
Turn-Off Time toff Room 100 130 150
Source-Off Capacitance Cs(off) Vg==5VIp=0 Room 9
Drain-Off Capacitance Cp(off) f=1MHz Vp=-5VIs=0 Room 6 pF
Channel-On Capacitance Cp(on) Vp=Vg=0V Room 14
Off Isolation OIRR f=1MHz, R =75Q Room >50 dB
Power Supplies
Positive Supply Current I+ Room 0.6 15 15
Negative Supply Current I- Room =27 -5 =5
- Vin=0V,or5V mA
Logic Supply Current I Room 3.1 4.5 4.5
Reference Supply Current IR Room -1 -2 -2

Notes:

a. Refer to PROCESS OPTION FLOWCHART (Section 5 of the 1994 Data Book or FaxBack number 7103).

me oo

Room = 25°C, Full = as determined by the operating temperature suffix.
Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
The algebraic convention whereby the most ini
Guaranteed by design, not subject to production test.
VIN = input voltage to perform proper function.

value is a

and the most positive a maximum, is used in this data sheet.
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Siliconix

AMember of the TEMIC Group

Typical Characteristics

Supply Current vs. Temperature
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Leakage vs. Temperature (DG189)
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IN (1)

toN, LOFF (ns)

toN, toFF (ns)

DG189/190/191

IN vs. Vin and Temperature
100 T 1
ViNL =0 —
VINu =5V
80 \\
§ K
N
40 S
N
N
20
[ Inm
0 '
-55-35 -15 5 25 45 65 85 105 125

Temperature (°C)

Switching Time vs. Vp and Temperature (DG189)
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Switching Time vs. Vp and Temperature (DG190/191)
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DG189/190/191 Siliconix

Typical Characteristics (Cont’d)

Ip(ofry vs. Temperature (DG190/191) Capacitance vs. Vp or Vg (DG189)
100 —_— 30 T T 1
EV+=10V,V-=-20V | f=1MHz
- Vp=-10V,Vg=10V
26 \
10 N
_ T 22 S Cs(otf)
: = LN~
a 7 3
= — B Suffix i ST \ Cp(on)
1 et >~ A Suffix = S
= -~
P 14 Cp(off)
v
0.1 10
25 45 65 85 105 125 -8 -4 0 4 8
Temperature (°C) Vp or Vg — Drain or Source Voltage (V)
Capacitance vs. Vp or Vg (DG190/191) Off Isolation vs. Frequency
20 T 1 100
VINL =08V
18 = vﬁh =2V 90 N
16 | f=1MHz — 80 N L
Cp(on) N N DG190/191
N
14 70 “NJ DG1so N
g 12 g 60 !
A 10 ~ 5 50
g ™~ Cs(ofty __| 2 ™
8 40 2
n..\ \..
6 ~ Cp(oty — 30 = V+ =15V, V- =-15V AN
] = =
‘ =t N e N
5 L t((l)agoa:;::szﬁe is measured from test terminal | 10 — VIN = 220 mVRus
ol O A I A
-0 -8 -6 -4 -2 0 2 4 6 8 10 105 106 107 108
Vp or Vg — Drain or Source Voltage f — Frequency (Hz
g equency (Hz)
Schematic Diagram (Typical Channel)
A\ oV+
-y
_. '—
[
[ L4
S |'--.J
N | == o5
M ~ D
1 1]
1]
V
s :
VRO g Vo

Figure 1.
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Siliconix

AMember of the TEMIC Group

Test Circuits

Feedthrough due to charge injection may result in spikes at the leading and trailing edge of the output waveform.

DG189/190/191

+5V +15V
? ? toN: Xs =3 Vv v tr <10 ns
tore: Vs = -3 Logic /———\ t; <10ns
VL V+ Input 7 50% g
oV
vs1 oL O’]/‘ D1 O Vo
| L
S D
Vs2 O 3 0-:-.‘ = Rr ICL 3V t 0%
0
IN J _1 kQ 1 100 pF
[ - - 0V ——
VR V-
I & Switch toN — OFF
— — ~15V Output ov
CL (includes fixture and stray capacitance) -3V - 90%
L
Vour = Vs X R+ TDS(on)
Figure 2. Switching Time
Application Hints?
Vv
Logic Input
V4 e A VR Voltage Vs
Positive Supply | Negative Supply Logic Supply Reference Supply VINE (miny/ Analog Veltage
Voltage Voltage Voltage Voltage VINL(max) Range
Switch ) %) )
15b -15 5 GND 2.0/08 -751015
DG189
DG190 10 -20 5 GND 2.0/08 -12.5t010
12 -12 5 GND 2.0/08 -4.5t012
15b -15 5 GND 2.0/0.8 -10to15
DG191 10 =20 5 GND 2.0/0.8 -15t010
12 -12 5 GND 2.0/0.8 -T7to12
Notes:
a. Application Hints are for DESIGN AID ONLY, not guaranteed and not subject to production testing.
b. Electrical Parameter Chart based on V+ =15V, V[, = 5V, Vg = GND
P-32167—Rev. B (11/15/93) 131



DG200A

Siliconix

AMember of the TEMIC Group

Monolithic Dual SPST CMOS Analog Switch

Features

® 115V Input Signal Range

® 44-V Maximum Supply Ranges
® On-Resistance: 45Q

® TTL and CMOS Compatibility

Description

The DG200A is a dual, single-pole, single-throw analog
switch designed to provide general purpose switching of
analog signals. This device is ideally suited for designs
requiring a wide analog voltage range c(mpled with low

on-resistance.

Benefits

® Wide Dynamic Range
® Simple Interfacing
® Reduced External Component Count

The DG200A is desxgped on Sﬂmpm’ impxomad PLUS-40
CMOS process. An epitaxial layer prevents fatchup.

Applications

Functional Block Diagram and Pin Configuration

Dual-In-Line
N
an ]
e YY [
GND E : : V+ Substrate
S I B PP B
) b s
(i~ g Ll s
n T )
v ] e
Top View
Ordering Information
Temp Range Package Part Number
0t070°C 14-Pin Plastic DIP DG200ACY
251085 14-Pin CerDIP DG200ABK
—-25t085°C
10-Pin Metal Can DG200ABA
DG200AAK
14-Pin CerDIP
DG200AAK/883, IM38510/12301BCA
—5510125°C DG200AAA
10-Pin Metal Can
DG200AAA/883, IM38510/12301BIC
14-Pin Sidebraze JM38510/12301BCC

1-32

Servo Control Switching
Programmable Gain Amplifiers
Audio Switching
Programmable Filters

Each switch conducts equally well in both directions when

" on, and blocks up to 30 V peak-to-peak when off. In the on
‘gondition, this bi-directional switch introduces no offset
“¥oltage of its own.

Metal Can
V+ (Substrate and Case)

Truth Table
Logic Switch
0 ON
1 OFF

Logic“0” < 0.8V
Logic“1” = 24V

Switches Shown for Logic “1” Input

P-32167—Rev. A (11/15/93)



Siliconix

AMember of the TEMIC Group

Absolute Maximum Ratings

DG200A

Vo Vo e Power Dissipation (Package)®
GND to V— IO-P{n MetalCan® .....oviiiiii ittt 450 mW
L 14-PinCerDIPd ... 825 mW
Digital Inputs?, Vs, Vp ............. (V=) =2Vio(V+) +2Vor 14-PinPlastic DIPE ......ovuvinniinniniiniinnennn., 470 mW
30 mA, whichever occurs first Notes:
Current (Any Terminal) Continuous .................... 30 mA a. Signals on S, Dy, or INx exceeding V+ or V- will be clamped by
internal diodes. Limit forward diode current to maximum current
Current Sor D ratings.
(Pulsed at 1 ms, 10% Duty CycleMax) ................. 100 mA b.  Allleads welded or soldered to PC Board.
c. Derate 6 mW/°C above 75°C
Storage Temperature (AX, BX Suffix)......... —65 to 150°C d. Derate 11 mW/°C above 75°C
(CISuffix) ............. —651t0125°C e. Derate 6.5 mW/°C above 25°C
Specifications?
Test Conditions A Suffix B, C Suffix
Unless Otherwise Specified —55t0125°C
V+=15V,V-=-15V
Parameter Symbol VN =24V,08 V Temp® Typ® Mind | Maxd | Mind | Max{d | Unit
Analog Switch .
Analog Signal Range® VANALOG Full -15 15 -15 15 v
Drain-Source _ _ Room 45 70 80
On-Resistance DS(on) Vp==10VIs = -1mA Full 100 100
Source Off _ _ Room -2 2 -5 5
Leakage Current Is(ofty Vs=+14V,Vp= F14V Full £001 | _100 | 100 | -100 | 100
Drain Off _ _ Room -2 2 -5 5
Leakage Current Inetry Vp=£14V,Vs=FUV Full 001 | 450 | 100 | 100 | 100 | MA
Channel On _ _ Room -2 2 -5 5
Leakage Currentt IDgon) Vs =Vp =14V Full £01 1 200 | 200 | -200 | 200
Digital Control
e EEINE
Input Current with Inm
Input Voltage High Room | 0.05 05 1
ViN=15V Full 1 10 |
Input Current with I Viw =0V Room -0.0015 | -0.5 -1
Input Voltage Low INL wN= Full -1 -10
Dynamic Characteristics
Turn-On Time toN Room 440 1000 1000
See Switching Time Test Circuit ns
Turn-Off Time toFF Room 340 425 425
Charge Injection Q CL=1000pE Vg =0V,R; =02 | Room -10 pC
Source-Off Capacitance Cs(offy £ = 140 kHz Vs=0V Room 9
Drain-Off Capacitance Cpey | YIN=5V Vp=0V Room 9 oF
¥ i Cpon) + =Vg= =
Channel-On CaPacltance Cs(on) Vp=Vs=0V,VIN=0V Room 25
Off Isolation OIRR Room 75 dB
ro—— VIN=5V,RL=75Q
T0SS! Vs=2V,f=1MHz
(Channel-to-Channel) XTalK s Room 90
P-32167—Rev. A (11/15/93) 1-33




DG200A Siliconix

AMember of the TEMIC Group
Specifications?
Test Conditions A Suffix B, C Suffix
Unless Otherwise Specified —-551t0125°C
V+ =15V, V== —-15V

Parameter Symbol VN =24V,08 VE Temp® Typ¢ | Mind | Max4 | Mind | Max? | Unit
Power Supplies
Positive Supply Current I+ Both Channels On or Off Room 0.8 2 2 mA
Negative Supply Current I- Vi =0Vand24V Room -0.23 -1 -1

Notes:

o

. Refer to PROCESS OPTION FLOWCHART (Section 5 of the 1994 Data Book or FaxBack number 7103).

Room = 25°C, Full = as determined by the operating temperature suffix.

Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.

The algebraic convention whereby the most negative value is aminimum and the most positive a maximum, is used in this data sheet.
Guaranteed by design, not subject to production test.

VN = input voltage to perform proper function.

mopo o

Typical Characteristics

rps(on) Vs- Vp and Power Supply Voltage Leakage Currents vs. Analog Voltage
T T T T T T +6
120 | A £5V Ta=25°C —|
o inv ' 7
g I orl
x5y INCA 0 PO 4 /
100 ™ g y20v Y \“ — i 1
a \ T -6 I
: 80 / % / D(on)
] >~
X > \® e AN
60 ’ C | |
% ~D | 7
40 o -18 I
!
20 ] -24
-15-12 -9 -6 -3 0 3 6 9 12 15 -15-12 -9 -6 -3 0 3 6 9 12 15
Vp — Drain Voltage (V) VANALOG — Analog Voltage (V)
Input Switching Threshold vs, V+ and V— Supply Voltages Supply Currents vs. Toggle Frequency
25 LT T 1
[LLRLRALLL LI
6 — V+ =15V
20 - V=—=-15V
| Both logic inputs
5 toggled simutaneously
s 13 E
~ f 5 |
> o it " 3
1.0 i V ot /
e ' 2 v V.
o
05 = I+ =
1 I ? 7
0 0 T |
0 +5 +10 +15 +20 1k 10k 100k iM
V+, V- Positive and Negative Supplies (V) Toggle Frequency (Hz)
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Siliconix DG200A

AMember of the TEMIC Group

Schematic Diagram (Typical Channel)

V+ ©O
r 3
> O S
g ] I
lte o
[ -
N -
¢ i >°——|',:——' (b
l
 § . v
GND Oj '—— o
A
INx O— -O D
2
V- O f

Figure 1.

Test Circuits

Vo is the steady state output with switch on. Feedthrough via gate capacitance may result in spikes at leading and trailing edge of output waveform.

+15V
.. 3V / V+
Logic 50% tr <20 ns s D
Input g5y \ _ tf <20 ns Vs=+5V O of Y
| 1
. =¥ lOFF [+ IN
Switch _.D_ J
Input Vs 3v ?kg %‘ F
0% GND v- | L _| p
Switch \ l - -
Output Vo $
—* toN - — -15Vv R
L
Vo=V o—/——
o RL + .
Figure 2. Switching Time S
+15V
T AVo
v+ Vo

Ry f
S—O’I/A_]l_ Vo

IN ' G

L

sy _D‘ J 1000 pF INx ON OFF ON

GND V-

Ve

i

$ = AV = measured voltage error due to charge injection
The charge injection in coulombs is AQ = Cp,x AV
— -15V

Figure 3. Charge Injection
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DG200A Siliconix
Test Circuits (Cont’d)

Vo is the steady state output with switch on. Feedthrough via gate capacitance may result in spikes at leading and trailing edge of output waveform.

c +15V
+15V _I:l
o
C- —_— s V+ D
l !I [ Vs ~ 1 1
— V+ I
Vs AN R ] PN Rg=50Q —I— N I = 3 s0e
N O Vo - 1 J -
Rg=s0e _L_ I X ov o+—>— L
N { = R = S2 D, -
5v o—+—>- NCo o—:"— Vo
= = - 3R
GND v- |c ov o2y - -
I <t I! | GND v- |lc =
= 15V = I é__”]
Vs - ~-15V =
Off Isolation = 20log | — v
Xrark = 20log | —— I
Vo

C = RF bypass

Figure 4. Off Isolation Figure 5. Channel-to-Channel Crosstalk
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Siliconix

AMember of the TEMIC Group

DG201A/202

Monolithic Quad SPST CMOS Analog Switches

Features Benefits

® +15-V Input Range e Wide Input Range

® Low Off Leakage—Ip(ony: 0.10A ® Low Distortion Switching

e Low On-Resistance—rDs(on): 115Q ® Can Be Driven from Comparators or
® 44-V Maximum Supply Ratings Op Amps Without Limiting Resistors
® TTL and CMOS Compatible

Description

The DG201A and DG202 are quad SPST analog switches
designed to provide accurate switching over a wide range of
input signals. When combining a low on-resistarnce and a
wide signal range (£15 V) with low charge-transfer these
devices are well suited for industeial and military
applications.

Built on Siliconix’ high valtage metsl gate process to
achieve optimum switch petformance, each switch

Applications

® Disk Drives

® Radar Systems

® Communications Systems
® Sample-and-Hold

cenducts equélly well in hoth direetions when on. When off
these switches will block up te 30 ¥ peak-to-peak and have
a 44V absolute maximum power supply rating.

These two devices are differentiated by the type of switch
actions (See Truth Table).

The DG201B/DG202B upgrades are recommended for
new designs.

Functional Block Diagram and Pin Configuration

Lcc
DG201A Dual-In-Line and SOIC DG201A D; IN; NC IN; D
U/
b YY b
! Iz—l J LAl 1] D2
SEHT Y e
Y [4] v
GND E NC
O S O
]
D Tk
INg E 5] INs
Dy INy NC IN; Dj
Top View Top View
Ordering Information — DG201A/202
Temp Range Package Part Number Truth Table
0t070°C 16-Pin Plastic DIP [ DorotAC) Logic DG201A | DG202
DG202CT 0 ON OFF
—251085°C 16-Pin CerDIP DG201ABK 1 OFF ON
—401085°C 16-Pin Narrow SOIC | DG201ADY Logic“0” < 08V
DG201AAK Logic“1” = 24V
DG201AAK/883, IM38510/12302BEA Switches Shown for DG201A Logic “1” Input
16-Pin CerDIP 7705301EA
. DG202AK
~3510125°C DG202AK/EE3
. JM38510/12302BEC
16-Pin Sidebraze TT05301EC
LCC-20 DG201AAZ/383, 77053012A

P-32167—Rev. B (11/15/93)
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DG201A/202

Absolute Maximum Ratings

Siliconix

AMember of the TEMIC Group

Voltages Referenced to V— Power Dissipation (Package)b
T 4V IG'Pi“ Plastioc DIP® ....oovuvniiiiieiniiiie, 470 mW
16-Pin SOICY
GND ..................................... e 25V 16-Pin CerDIP and Sidebraze® . ......oovveerennennnnn. 900 mW
Digital Inputs® Vg, VD «.vvenvveennn. (V=) =2Vio(V+) +2V | 760 750 mW
or 20 mA, whichever occurs first
. Notes:
Current, Any Terminal ExceptSorD ................... 30mA a. Signals on Sx, D, or INx exceeding V+ or V— will be clamped by
Continuous Current, SOrD ......ovvviviniineeernnnnn. 20mA internal diodes. Limit forward diode current to maximum current
! ratings.
Peak Current, S or D b. All leads welded or soldered to PC Board.
(Pulsed at 1 ms, 10% duty cycle max) ................... 70 mA c. Derate 6.5 mW/°Cabove 25°C
d. Derate 7.6 mW/°C above 75°C
Storage Temperature (K, ZSuffix) ........... —65to 150°C e. Derate 12 mW/°C above 75°C
(3, Y Suffix) ........... —651t0125°C f.  Derate 10 mW/°Cabove 75°C
. .
Specifications?
Test Conditions A Suffix B, C, D Suffix
Unless Otherwise Specified ~5510125°C
V+ =15V, V- = —-15V
Parameter Symbol Vv =24V,08VE Temp® | Typ¢ |Mind | Maxd | Mind | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full -15 15 =15 15 v
Drain-S On-R V; 10V, Ig=1mA Room w 17 175 Q
rain-Source On-Resistance =+ [Ig =
TDS(en) D s Full 250 250
Room +0.02 -1 1 -5 5
Source Off Leakage Current Is(otty Vs=+14V,Vp=F14V Full ~100 100 | —100 100
. Room +0.02 -1 1 -5 5
Drain Off Leakage Current Ip(otfy Vp=+14V,Vg=F14V Full ~100 100 | —100 100 nA
. R« +0.15 -1 1 -5 5
Drain On Leakage Current ID(on) Vs=Vp=14V f?l;)lxln ~200 200 | =200 200
Digital Control
Room | —0.0004 -1 -1
VN =24V - N
Input Current with - Full 1 10
Input Voltage High Room [ 0.003 1 1
Vv =15V Full 10 10 | B
Input Current with I Vin =0V Room | -0.0004 | -1 -1
Input Voltage Low INL N= Full -10 -10
Dynamic Characteristics
Turn-On Time toN Room 480 600 600
See Switching Time Test Circuit ns
Turn-Off Time tOFF Room 370 450 450
Charge Injection Q Cr, =1000pE Vz=0V,R; =0Q | Room 20 pC
Source-Off Capacitance Cs(off) Room
n n Vs=0V,VIN=5V,f=1MHz
Drain-Off Capacitance Cp(offy Room 5 oF
: Cp(on) + Vp=Vg=0V,VIN=0V
Channel On Capacitance c§ (oz) %o 1MHz Room 16
Off Isolation OIRR VIN=5V,RL=75Q Room 70 B
Channel-to-Channel Crosstalk | Xrtarx Vs =2V,f=100kHz Room 90

1-38
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Sikconix DG201A/202

Specifications?
Test Conditions A Suffix B, C, D Suffix
Unless Otherwise Specified —55t0125°C
V+ =15V, V- = =15V
Parameter Symbol VN =24V,08VE Temp? | Typ® |Mind [ Maxd | Mind | Maxd | Unit
Power Supply
Positive Supply Current I+ Room 0.9 2 2
All Ch Is On or Off mA
Negative Supply Current I- Room -0.3 -1 -1
Notes:
a. Refer to PROCESS OPTION FLOWCHART (Section 5 of the 1994 Data Book or FaxBack number 7103).
b. Room = 25°C, Full = as determined by the operating temperature suffix.
c. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
d. The algebraic convention whereby the most negative value is 2 minimum and the most positive a maximum, is used in this data sheet.
e. Guaranteed by design, not subject to production test.
f. VN = input voltage to perform proper function.

Typical Characteristics

Charge Injection vs. Analog Voltage TDS(on) ¥Ss VD and Power Supply Voltage
70 T T T 300 I
60 L V+=15V,V-=-15V Ta =25°C
Ty =25°C
50 250
/ £5V
40
) 3 20
[9) Qp I =
2 20 ™~ B /\ =8V
° L ‘g’ 150 /'\//% £10V __|
"
0 O3] AN
100 A st f
-10 r
=20
50
-30
-15 =10 -5 0 5 10 15 -25 -15 -5 5 15 25
VANALOG — Analog Voltage (V) Vp — Drain Voltage ($%)
rps(on) VS: Vp and Temperature Leakage vs. Temperature
CET T T T T
f\ V4 =15V, V== ~15V Vi =15V, V- = -15V
160 4 \ 10nA Vp=+14V
o | N\ 1nA
g //\\ e /Y 8 A
g 10 N " ~~ " 100pA
E% / \ SNL_85°C ( — Is(otfy, ID(ofty ID(on) o
100 z\\ 5°C_ o+~ N 100A A
/ \ c P L~
NS~ =
80 N _m‘:_’___,é 1
— PA
-55°C ?” N
60 L 0.1pA

-15 -10 -5 0 5

=
o
—
wn

-55-35 -15 5 25 45 65 85 105 125

Vp — Drain Voltage (V) Temperature (°C)
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DG201A/202

Typical Characteristics (Cont’d)

6
4
— 2
T
-
+
I~
-2
-4

-6

1k 10k

Supply Current vs. Switching Frequency

V4 =15V
V- =-15V

I+

Of==‘\

\

v )

100k 1M
f — Frequency (Hz)

Crosstalk and Off Isolation vs. Frequency

0 T Illlllll T T T T T T TTTm
_7p — V+ =15V
20 V-=-15V
—40 — Ref. 0 dBm
- RL=50Q
2]
2 -60 ~
o Off Isolatiox/
2 -8 /
; _ =T Crosstalk __|
& 100 /
- T
-120 " See Figures 3 and 4
-140
~160 | SN 1 I I A 111 L b
10k 100k 1M 10M
f — Frequency (Hz)
Switching Time vs. Temperature
1000 T T T
V+ =15V
900 — V- =-15V
V=2V
800 —
~ 700
&
600 =
s toN g
z 500
g e "
400 torr |+
300 gl
//
200
100
-55 35 -15 5 25 45 65 85 105 125

1-40

Temperature (°C)

LOSS (dB)

Is,Ip (rA)

ton, toEF (ns)

Siliconix

AMember of the TEMIC Group

Insertion Loss vs. Frequency

20 ‘r“r‘rl‘lTnﬂ B 01 1 e
0.0 L 1MQ __]
V+ =15V 1kQ
g0 L V==-15V
" 7 Ref.0.0dBm
40 See Figures 3 and 4 \
RL=50Q \
-6.0 —
I I 1 1 T O 1 O V) T M WA 1
1k 10k 100k 1M 10M
f — Frequency (Hz)
Leakage Current vs. Analog Voltage
10
8
6
: /
2 Is(otty ID(off)
0 f
e ID(om)
-2 / ~ 1 T 1
» V+ =15V
* Y V-=-15V
—6 Ta =25°C
For Ip(oft), Vs = ~VD
-8 For Is(offy, VD = — Vs
10 L1 I
-20 -15 -10 -5 0 5 10 15 20
Vp or Vg — Drain or Source Voltage (V)
Switching Time vs. Power Supply Voltage
1000
900
800
700
600 N
toN
500 \\ N
400 N ~
N toFF S —
300
—
200
100

10 12 14 16 18 20 22

V+ — Positive Supply (V)
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Siliconix DG201A/202

AMember of the TEMIC Group

Schematic Diagram (Typical Channel)

V+ O
F 3
O S
§ 'H y 3
[ °
N V-
—> >c (=
ps I =
I¥
x —|'— M vt
GND o 0
i x
INx O A oD
i
V- O

Figure 1.

Test Circuits

Vo is the steady state output with switch on. Feedthrough via gate capacitance may result in spikes at leading and trailing edge of output waveform.
+15V

.3V —/ v+
Logic 50% ( t; <20 ns
Input vy \ __.__/. tg <20 ns Vs=+2V S D
s= o, O Vo
! 1
; —* tOFF [+~ IN Rp CL
Tt VS 3v —>—- 1k I 35 pF

Input
50% GND \
Switch \ I
Output Vo &
- toN — —_— -15V R
L
Vo=Vs Ry + rDs(on)
Figure 2. Switching Time
+15V
C
+15V l
o | I
E l.c___ —_ s V+ D
Vs ~ 1 1 7~
= v+ Rg=502Y | T
Vs o ls m/A D - IN; [ - s0Q
O VN
Ry=50% Y

oD
hd w24V o—A—1P>- 1
0V, 24V o—fN—-D-— i NC o- o= iio Vo
= — RL
c =

J_— é_—i ':L A INzo:;ND J' V-

-15V i____l
C = RF bypass |
. . Vs - -15v =
Off Isolation = 20log | —— XrtaLk Isolation = 20 log o
(o)
Figure 3.  Off Isolation Figure 4. Channel-to-Channel Crosstalk
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DG201A/202 Sliconix

Test Circuits (Cont’d)

+15V
T AVo
Vo
v+
Ry
_E\/v\v s o*}/‘ D o Vo I
Ve = R c INx ON OFF ON
X
3v 1000 pF
GND V-
- l = AV = measured voltage error due to charge injection
The charge injection in coulombs is AQ = CL.x AV
—_— —_— -15V
Figure 5. Charge Injection
Application Hints?
v+ Ve Vin Logic Input VsorVp
Positive Supply Negative Supply Valtage Analog Veltage
Voltage Voltage vINH(min),VINL(max) Range

\2 W) ™) ")

15 -15 2.4/0.8 -15t015
10 -12 2.4/0.8 -12t012
12 -10 2.2/0.6 -10to 10
8b -8 2.005 -8108

Notes:

a. Application Hints are for DESIGN AID ONLY, not guaranteed and not subject to production testing.
b. Operation below +8 V is not recommended.

Applications

L "q O Logic Input

Low = Sample
High = Hold

+15V ‘\Nv—oq—‘ +15V

A=
Vin 5MQ 74—

'{ 50 pF
51MQ A 7
v-  DG201A ‘ I

30pF 6-15v 4 =
Acquisition Time =25ps
Aperature Time =1ps
Sample to Hold Offset = 5mV
Droop Rate =SmV/s

Figure 6. Sample-and-Hold
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Siliconix DG201A/202

AMember of the TEMIC Group

Applications (Cont’d)

T +15V
160
Vi
= e
[ fes 150 pF jl>_ ] 120
Select ygi-l IL . — -
@
ofes JM_D._J T 50
Cm ] elect Ca24y o’]/‘ 5 ~
ontrol
ffz o OﬂgpF D___J % fc1 fca | fc3 £
Select
ey ofa NN N
for o JOOISUF D" ] N N
| Select 0 U U
-40
1 10 100 1k 10k 100k 1M
Frequency — Hz
. R3
O—AN\— Ap (Voltage Gain Below Break Frequency) = R = 100 (40 dB)
R; =10k fc (Break Frequency) = Z7R-Cx
1
f, (Unity Gain Frequency) = 7R Cx
= D!
Ry =10k Max Attenuation = ngi—n) ~ -40dB
Figure 7. Active Low Pass Filter with Digitally Selected Break Frequency
+15V 30 pF
DG200A 1 3v
+
VN1 O- b T +
VN2 O ofal LM101 ‘ ‘ o
| I ~ +15V
] Rpy Rpy Rp1 <
CH1°———‘>'J ] -5V 1 18k0 S 99k0 S 100@ S
< < <
Cﬂzo————D— ] DG202 .
V- GND P
T T i
15V = : : : NE
Rt € Raz € Ras <
Gain 1 (x1) ) S By B 2k2 S 1009 S 100Q
n= RetRo s 11
Gain = Gain 2 (x10) O-
Re S |
Gain 3 (x100) © > = = =
Gain 4 (x1000) o {} J
Logic High = Switch O = o2
ogic High = Switch On l _1_
-15V N

Figure 8. A Precision Amplifier with Digitally Programable Input and Gains
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DG201B/202B

Siliconix

AMember of the TEMIC Group
L]
Improved Quad CMOS Analog Switches
Features Benefits Applications
® +22-V Supply Voltage Rating ® Wide Analog Signal Range o Industrial Instrumentation
e TTL and CMOS Compatible Logic =~ @ Simple Logic Interface o Test Equipment
® Low On-Resistance—rpg(on): 45 Q ® Higher Accuracy o Communications Systems
® Low Leakage—Ip(on): 20 pA ® Minimum Transients ® Disk Drives
® Single Supply Operation Possible ® Reduced Power Consumption o Computer Peripherals
o Extended Temperature Range ® Superior to DG201A/202 ® Portable Instruments
® Fast Switching—ton: 120 ns ® Sample-and-Hold Circuits
® Low Glitching—Q: 1pC

Description

The DG201B/202B analog switches are highly improved
versions of the industry-standard DG201A/202. These
devices are fabricated in Siliconix’ proprietary silicon gate
CMOS process, resulting in lower on-resistance, lower
leakage, higher speed, and lower power consumption.

These quad single-pole single-throw switches are designed
for a wide variety of applications in telecommunications,
instrumentation, process control, computer peripherals,
etc. An improved charge injection compensation design

mnctiona

A e -

DG201B

Dual-! In-me and SOIC

Ny E
]: % _/._n LL% ]::
V- I: EI v+
GND [: ] NC
e
9% T

16| IN2

D4 7
INs |8

minimizes switching transients. The DG201B and DG202B
can handle up to +22-V input signals, and have an
improved continuous current rating of 30 mA. An epitaxial
layer prevents latchup.

All devices feature true bi-directional performance in the
on condition, and will block signals to the supply voltages in
the off condition.

The DG201B is a normally closed switch and the DG202B
is a normally open switch. (See Truth Table.)

Rlock Diagram and Pin Configuration

Truth Table
Logic DG201B DG2028
0 ON OFF
1 OFF ON
Logic“0” = 0.8V

Logic“1” = 24V
Switches Shown for Logic “1” Input

Ordering Information

Temp Range Package Part Number

DG201BDJ
16-Pin Plastic DIP

DG202BDJ
DG201BDK

—40t0 85°C 16-Pin CerDIP
DG202BDK
DG201BDY

16-Pin Narrow SOIC

DG202BDY
DG201BAK
DG201BAK/883

—55t0125°C 16-Pin CerDIP
DG202BAK
DG202BAK/883

P-32167—Rev. A (11/15/93)



Siliconix DG201B/202B

Absolute Maximum Ratings

Voltages Referenced to V— Power Dissipation (Package)®
Vo e 44V 1GPInPIaSCDIPC ... 470 mW
GND .t e 25V 16-Pin Narrow SOIC <o G40 mW
Digital Inputs® Ve, Vi «vvvvvveenns.. (V=) =2V 1o (V+) 42V llftPl: CerDIP® ... 900 mW
N otes:
. or 30 mA, whichever oceurs first a. Signals on Sx, Dy, or INx exceeding V+ or V— will be clamped by
Current, Any Terminal ..., 30mA internal diodes. Limit forward diode current to maximum current
Peak Curren, § or D b, Allleads welded or soldered to PC Board
. eads welded or soldered to oard.
(Pulsed at 1 ms, 10% dutycyclemax) .................. 100 mA c. Derate 6.5 mW/°C above 75°C
Storage Temperature (AK, DK Suffix) ........ —65 t0 150°C d. Derate 7.6 mW/°C above 75°C
(DJ, DY Suffix) ........ -65t0125°C c. Derate 12 mW/°Cabove 75°C
Specifications?
Test Conditions A Suffix D Suffix
Unless Otherwise Specified —55t0125°C | —40t085°C
V+ =15V, V- =-15V
Parameter Symbol Vv =24 V,08 VE Temp® | Typ® |Mind | Max4 | Mind | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full -15 15 -15 15 v
. . Room 45 85 85
Drain-Source On-Resistance DS
(on) Vp = £10V,Is = 1mA Full 100 100 | o
DS(on) Match Arps(on) Room 2
Source Off Leakage Current Iscoth V=14V vp=su4y | Room | X001 | -05 4 05 ) ~05 ) 035
Drain Off Leakage Current Ip(off) Vp=%14V,Vg=F14V ngl?l‘ln +001 :023 gg __055 035 nA
Drain On Leakage Current Inon) Vs=Vp=14V Room | 2002 4 ~03 4 & 1% | %
Digital Control
Input Voltage High ViN" Full 24 24
v
Input Voltage Low VINL Full 0.8 0.8
Input Current ’I{“ﬁjl‘" ViNg of VINL Full 1|1 | = 1| pa
Input Capacitance Cin Room 5 pF
Dynamic Characteristics
Turn-On Time ton Room 120 300 300
_ Full
Vg=2V . .
See Switching Time Test Circuit
Turn-Off Time torE 8 Room | 65 200 200
Full
Charge Injection Q CL=1000pE Vg=0V,R; =0Q | Room 1 pC
Source-Off Capacitance Cs(offy Room
n " Vs=0V,f=1MHz
Drain-Off Capacitance Cp(off) Room 5 pF
Channel On Capacitance Cp(on) Vp=Vs=0V,f=1MHz Room 16
Off Isolation OIRR CL=15pERL=50Q Room 90 B
Channel-to-Channel Crosstalk XTAIK Vs =1Vrms, f = 100 kHz Room 95
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DG201B/202B Siliconix

AMember of the TEMIC Group

Specifications?
Test Conditions A Suffix D Suffix
Unless Otherwise Specified —5510125°C | —-40t085°C
V4+=15V,V-=-15V
Parameter Symbol VIN = 2.4 V,08 VI Temp? | Typ® | Min? | Maxd | Min? | Maxd | Unit
Power Supply
- Room 50 50
Positive Supply Current I+ Full 100 100
ViN=0o0r5V RA
. Room -1 -1
Negative Supply Current I- Full _5 -5
Power Supply Range for
Continuous Operation Vop Full +4.5 | £22 | 45 | £22 v
Specifications? for Single Supply
Test Conditions A Suffix D Suffix
Unless Otherwise Specified —55t0125°C | —40t085°C
V+=12V,V-=0V
Parameter Symbol VIN =24 V,08 VI Temp® | Typ® |Mind | Maxd | Mind | Max? | Unit
Analog Switch _
Analog Signal Range® VANALOG Full 0 12 0 12
Drain-Source _ _ Room 90 160 160
On-Resistance TDS(on) Vp=3V8VIs=1mA Full 200 200
Dynamic Chavadiiisiics
Turn-On Time toN Vs=8V Room 120 300 300
Turn-Off Time tOFF See Switching Time Test Circuit Room 60 200 200 ns
Charge Injection Q CL =11nF Vgen=6 V,Rgen =0Q Room 4 pC
Power Supply
. Room 50 50
Positive Supply Current I+ Full 100 100
ViIN=00r5V "A
. Room ~1 -1
Negative Supply Current I- Full -5 -5
Power Supply Range for
Continuous Operation Vor Full +4.5 | +25 | +45 | +25 v
Notes:
a. Refer to PROCESS OPTION FLOWCHART (Section 5 of the 1994 Data Book or FaxBack number 7103).
b. Room = 25°C, Full = as determined by the operating temperature suffix.
c. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
d. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
e. Guaranteed by design, not subject to production test.
f. VN = input voltage to perform proper function.
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Siliconix DG201B/202B

Typical Characteristics

rps(on) V5. Vp and Power Supply Voltages I'DS(on) ¥S- Vp and Temperature

110 100 T
V+ =15V
100 90 [~ yv-=-15v
A
90 J 80
80 I \ +5V 70 /\\
= \ | a 2N . A
g m g = 0 N2 A
= / +10V = \ o -
g 60 \( | g 50 85°C ~
g so —f N £15V g 40 S P P~
] . g
40 ”a 30 -55°C >
N £20V ~ | —
30 — 20
20 10
10 0
-20-16-12 -8 -4 0 4 8 12 16 20 -15  -10 -5 0 5 10 15
Vp — Drain Voltage (V) Vp — Drain Voltage (V)
’ (I)‘DS (on) VS. Vp and Single Power Supply Voltages ’s Input Switching Threshold vs. Supply Voltage
225 / V+ =5V
200 \ 2
175 i T
o 150 ’ “ 15 4/ B . R R
e / A s & /
0 125 4 I E ’
5 w0/ 10V g
/)~ 12V
75 — 15V
L \
50 e 05
25
0 0
0 2 4 6 8 10 12 14 16 +4 £6 £8 +10 +12 +14 16 +18 £20
Vp - Drain Voltage (V) V+, V- Positive and Negative Supplies (V)
Leakage Currents vs. Analog Voltage Leakage Currents vs. Temperature
80 T T 1nA
V=22V EV+=15V
60 — V—=-22V - V-=-15V /
Tp = 25°C - Vs, Vp= %14V >
< 40
g . ] 7
2 20 S 100pA = E}éﬁ
3 - 5
g Is(otfy ID(off) ©
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DG201B/202B

Typical Characteristics (Cont’d)
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Siliconix

AMember of the TEMIC Group

Switching Time vs. Power Supply Voltage
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Siliconix DG201B/202B

AMember of the TEMIC Group

Schematic Diagram (Typical Channel)

V+ © I
F 3
5V ' O Sx
Reg x
1 e Level — b v-
= [y o Shift/ e
l—l Drive ( | O V+
INx © | [t %
X _Iq '—| O Dx
GND © Y
V- o—
Figure 1.
Test Circuits
+15V
v
V+ Logic °
Vs=+2V O S ofa D o Vo Input gy
| 1
IN _ Rp CL
3V > 1kQ 35pF
GND V-
= = Switch
I é Output Vo
—_— -_— -15V
Ry
Vo=Vg T —
° s R + IDS(on)
Figure 2. Switching Time
: +15V
15V ¥ ?
+
; i p—
I:“C___ ' ' - S V+ b
Vs ~ 1 11
= v+ Rg=50Q ] I T /
Vs ~ Is ofi Pl ~ = |~ I — 2 50Q
. O Vo = 1 =
Rg=5mi | hd 0V, 24V O—"—D“J L
- N | - RL = S o, | =
ov,24v o—~—P>--! NCo -oT% o Vo
— — | ] R
- D N - = L
SN c 0v,24V o] —INLD— -
| i l GND \= (o] =
- -15Vv =
C = RF bypass
. s . Vs | = -15v =
Off Isolation = 20log | ——  Xrarx Isolation = 20 log V_
(o]
Figure 3.  Off Isolation Figure 4. Channel-to-Channel] Crosstalk
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DG201B/202B

Test Circuits (Cont’d)

+15V

o Vo

L.
| 1000 pF

Applications

§

-15V

Siliconix

AMember of the TEMIC Group

AV

T

INx ON OFF ON

Vo

AV = measured voltage error due to charge injection
The charge injection in coulombs is Q = CLx AVg

Figure 5. Charge Injection
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i
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L ._Q o Tou
LogicI
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High = Hold
] l 1kQ +15V
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Figure 6. Sample-and-Hold
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Siliconix DG201B/202B

AMember of the TEMIC Group

Applications (Cont’d)
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Figure 7. Active Low Pass Filter with Digitally Selected Break Frequency
+5V 15V 30 pF
v 7 +15V
VN1 O o™ [ +
iz 0 o4 LM101 ‘ o
| pears 15v ? SV Rpy % Rpy Rpg
- 18kQ 2> 9.9kQ > 100 kQ
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Figure 8. A Precision Amplifier with Digitally Programable Input and Gains

P-32167—Rev. A (11/15/93) 1-51



DG201HS

Siiliconix

AMember of the TEMIC Group

High-Speed Quad SPST CMOS Analog Switch

Features Benefits Applications
® Fast Switching—toN: 38 ns ® Faster Throughput ® Data Acquisition
® Low On-Resistance: 25 Q ® Higher Accuracy ® Hi-Rel Systems
® Low Leakage: 100 pA ® Reduced Pedestal Error ® Sample-and-Hold Circuits
@ Low Charge Injection ) ® Upgrades Existing Designs ® Communication Systems
® TTL/CMOS Logic Compatible ® Simple Interfacing ® Automatic Test Equipment
® Single Supply Compatibility ® Replaces HI201HS, ADG201HS o Integrator Reset Circuits
® High Current Rating: —~30 mA ® Choppers .

. ® Gain Switching

® Avionics

Description

The DG201HS is an improved monolithic device
containing four independent analog switches. It is designed
to provide high speed, low error switching of analog signals.
Combining low on-resistance (25 Q) with high speed (ton:
38 ns), the DG201HS is ideally suited for high speed data
acquisition requirements.

To achieve high voltage ratings and superior switching
performance, the DG201HS is built on a proprietary
high-voltage silicon-gate process. An epitaxial layer
prevents latchup.

Each switch conducts equally well in both directions when
on, and blocks input voltages to the supply values, when off.

Functional Block Diagram and Pin Configuration

Dual-In-Line and SOIC

N LT_ Y\JV L—GI N,
Pz, L{E Dz
s E—f 1] s
V- E v+
GND E NC

“[] o
D ED-‘A g{ﬂ Ds

LCcCc

N TR WA TATS T
] uN] NC Ny asg

NC
GND

Sy

m; [&] 9| N
o Dy INgs NC IN; D3
Top View Top View
Ordering Information
Temp Range Package Part Number Truth Table’
16-Pin Plastic DIP | DG201HSDJ Logi¢ Switch
—401t0 85°C
16-Pin Narrow SOIC | DG201HSDY 0 ON
16-Pin CerDIP DG201HSAK/883 1 OFF
—55t0125°C -
LCC-20 DG201HSAZ/883 Logic“0” < 08V
Logic“1” = 24V
Switches Shown for Logic “1” Input
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Siliconix DG201HS

AMember of the TEMIC Group

Absolute Maximum Ratings

VA oV e 4V
GND IO V= ittt 25V
Digital Inputs® Vg, VD ....vvvvevnnn.. (V=) =4 V1o (V+) +4 V
or 30 mA, whichever occurs first
Continuous Current (Any Terminal) .................... 30mA Noless‘: Is on Sx. D N ding V V- willbecl b
a. Signals on Sx, Dx, or INx exceeding V+ or V— will be clamped by
Current, S or D (Pulsed 1 ms, 10% duty cycle) ........... 100 mA internal diodes. Limit forward diode current to maximum current
Storage Temperature (A Suffix) .............. —65t0150°C b :'\allli?g:& ded or soldered to PC board
D Suffix) .............. —65t0125°C . eads welded or soldered to oard.
L. (D Suffix) ol c. Derate 6 mW/°C above 75°C.
Power Dissipation (Package)b d. Derate 12 mW/°C above 75°C.
16-PinPlasticDIP® .......... ..., 470 mW e. Derate 7.6 mW/°C above 75°C.
Specifications?
Test Conditions A Suffix D Suffix
Unless Otherwise Specified -55t0125°C —40t0 85°C
V+=15V,V-=-15V
Parameter Symbol Vv =3V, 08Vl Temp® | Typ¢ | Mind | Maxd | Min? | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full V- V+ V- V+
. . Is=-10 Vp =+85V Room 25 50 50
Drain-Source On-Resistance TDS(on) VS.,. = 13.5nvu?'V_D= —135V Full 75 75
Ds(on) Match . Room 3 %
Isofty Room 0.1 -1 1 -1 1
o Full -60 60 -20 20
. V+ =165V, V- =-165V
Switch Off Leakage Current Vb= £155V, Vs = ¥155V [TRoom 01 - n - I
Incet) Full 60 | 60 | 20 | 20 | ™A
V+ =165V, V- = -165V Room 0.1 -1 1 -1 1
Channel On Leakage Current ID(on) Vs=Vp = F155V Full —60 60 20 20
Digital Control
Input, High Voltage VINu Full 24 24
v
Input, Low Voltage VINL Full 038 0.8
Input Capacitance Cin Full 5 pF
Input Current I'f&:' Vin under test = 0.8V, 3V Full -1 1 -1 1 pA
Dynamic Characteristics
Room 38 50 50
Turn-On Time tON Full 70 70
Ry =1kQ, Cy, =35 pF
{OFFL Vs=*10V,ViINu=3V Room 30 50 50
Turn-Off Time See Figure 3 Full 70 70 ns
toFF2 Room 150
Output Settling Time to 0.1% ts Room 180
—_— CL=1nEVg=0V
Charge Injection Q Vgen = 0V, Rgen = 0Q Room -5 pC
. Ry = 1kQ, Cp = 10 pF
OFF Isloation OIRR £ = 100 KHz Room 85 dB
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DG201HS Siliconix

AMember of the TEMIC Group
Specifications? (Cont’d)
Test Conditions A Suffix D Suffix
Unless Otherwise Specified —-55t0125°C —401t085°C
V+=15V,V-=-15V
Parameter Symbol VN =3V,08 Vi Temp? | Typ¢ | Mind | Max? | Mind | Maxd | Unit
Dynamic Characteristics (Cont’d)
Any Other Channel Switches
Crosstalk _ ~
(Channel-to-Channel) XTALK Ry = flffbglﬁ};zm 123 Room 100 dB
Source Off Capacitance Cs(off) Room 8
Drain Off Capacitance CD(off) Room 8
Channel On Capacitance Cp(on) Vs, Vp =0V, f=1MHz Room 30 pF
Drain-to-Source
Capacitance Cps(off) Room 0.5
Power Supplies
Positive Supply Current I+ Rglﬂlln 45 10 10
V+=15V,V-=-15V R 33 mA
Negative Supply Current I- VIN=0or5V 1?:];“ ’ -6 -6
Power Consumption® Pc Full 240 240 mW
Specifications? for Single Supply
Test Conditions A Suffix D Suffix
Unless Otherwise Specified —5510125°C | —40t085°C
V+=108Vt0165V
Parameter Symbol | V- =GND =0V, Viy=3V,08 V! | Temp? [ Typ¢ | Min? [ Max? | Min? | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full 0 V+ 0 V+ v
. . Is=-10 Vp=85V Room 65 90 90
Drain-Source On-Resistance DS(on) S v +m;AiO.gV Ftﬁl 120 120
Isot Room 0.1 -1 1 -1 1
° - - Full -60 60 -20 20
Switch Off Leakage Current Vi = {?'S_V’IXSV_OOS'SVV’ v
I b= » U Room | 0.1 -1 1 -1 1 A
D(off) Full —60 60 -20 20
ID(on) + _ _ Room 0.1 -1 1 -1 1
Channel On Leakage Current Ié((,;) V+=165V,Vp =05V,10V Full 60 60 20 20
Digital Control
Input, High Voltage VINH ' Full 24 24
v
Input, Low Voltage VINL Full 0.8 0.8
Input Capacitance Cin Full 5 pF
Input Current o or Vi under et 208V, 3V Ful ECUN T T U VN
Dynamic Characteristics
Turn-On Time toN nglflxln gg gg
RL=1kQ,CL=35pEVs=2V
toFF1 V= = 108V, Ses Figure 3 Room » O
Turn-Off Time u
tOFF2 Room 150
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Siliconix DG201HS

Specifications? for Single Supply

Test Conditions A Suffix D Suffix
Unless Otherwise Specified —55t0125°C | —-40t085°C
V+=108Vt0165V
Parameter Symbol | V- =GND =0V, Vpy=3V,08Vf [ TempP | Typ® | Mind |Max9 | Min? | Maxd | Unit
Dynamic Characteristics (Cont'd)
Output Settling Time to 0.1% tg Room | 180 ns
_— CL=1nEVg=0V
Charge Injection Q Vgen =0V, Rgen =09 Room 10 pC
Oft Isloation OIRR Ry =1k, Cr = 106F Room | 85
dB
Crosstalk X Any Other Channel Switches R 100
(Channel-to-Channel) TALK | Ry =1kQ,Cp = 10 pE f = 100kHz | 0™
Source Off Capacitance Cs(off) Room 10
_ _ f=1MHz
Drain Off Capacitance Cp(off) Room 10 pF
Channel On Capacitance Cb(on) VaNaLoGg =0V Room 30
Power Supplies
Positive Supply Current I+ Full 10 10 mA
V+ =15V, Viy=0or5V
Power Consumption® Pc Full 150 150 mW

Notes:
. Refer to PROCESS OPTION FLOWCHART (Section 5 of the 1994 Data Book or FaxBack number 7103).

Room = 25°C, Full = as determined by the operating temperature suffix.

Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.

The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.

Guaranteed by design, not subject to production test.

Vv = input voltage to perform proper function.

»

mepe o

Typical Characteristics

0 rps(on) VS- Vp and Power Supply Voltages IDS(on) V- Vp and Temperature
50 T L

~ ~ V+ =15V
g g V- =-15V
g 8 A\
g /\ g 40
§ % (v 2 ‘\\ A N
& / * & h /\
O‘.= 40 l‘ A jl g 30 / ‘\SS‘S/ /\\\
3 +10V ] Nl sc
Y < AN 2 2 NS e §
3 T\ £15V %
£ NN £ NN 0C
i~ I~ °
QI +20V QI 10 —s°C
g g
" 323
= 0 a 0

-20-16-12 -8 -4 0 4 8 12 16 20 -15 -10 -5 0 S 10 15

Vp — Drain Voltage (V) Vp — Drain Voltage (V)
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DG201HS

Typical Characteristics (Cont’d)

Ips(on) — Drain-Source On-Resistance ( Q)

18 JDS(on) vs. Vp and Single Power Supply Voltages
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Siliconix

AMember of the TEMIC Group

Leakage Currents vs. Temperature
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Switching Time vs. Power Supply Voltage
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Siliconix DG201HS

AMember of the TEMIC Group

Typical Characteristics (Cont’d)

Switching Times vs. Temperature Charge Injection vs. Source Voltage
50 T 20 T ool L
V+ =108V V+ =15V, V- =0V
45 F V-=0V 10 A\
€ 2 \'4
g oy L~ § -
g ] 8 _10 Z
g 35 ( E - /
S / o V+=15V
E o OFF B [l v-=-15v
& 30 § -20
// o
25 L -30
—/
20 —40
-55 -25 0 25 50 75 100 125 -15 -10 -5 0 S 10 15
Temperature (°C) Vs — Source Voltage (V)

Off Isolation vs. Frequency

120
e LU
110 N V- =-15V
100 \‘ 1,
™ PN = oo
90 L A
” ‘F‘n N
280 N
© N N
70 Ry =1kQ Esl’ N
60 \
N
50 ~
40
10k 100k 1M 10M
f — Frequency (Hz)
Test Circuits
V+ O 1
o x
S
Reg O Sx
Y 3
| s Level (- o V-
— 2 —— Shift/ e
: I'—l I_ Drive 1 Il-— 0 V+
Nx © o o 7
x J::i 1 o Dx
GND © x
V- o

Figure 1.
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DG201HS Siliconix

Test Circuits (Cont’d)

+15V

3V

V+ Logic 1 50% 4 tr <20 ns

10V o> _oTal o Vo Input gy | t <20 ns

| 1
___.llN >_ .J Switch | torri[*~
3v Ry CL Input Vs
GND V- 1ke | 35pF o 3
| = = Switch 10%
J) Output 0
—_— — -15Vv —» toN —*>| toFF2

Cy (includes fixture and stray capacitance)
Ry

Vo =Vg
RL + rD§(on)

Figure 2. Switching Time

+15V

Rg
\ a o Vo
" 1L f
= IN . CL
| 3v l 1nF INx
. GND Vé—- L SWoN OFF
= —_— -15V Q=AVpxCL
Figure 3. Charge Injection
c +15V
+15V | I I
‘o — V+
—E | Vs ~ Sy O‘“ Di| ~
— v+ Rg=50Q hd | X 50Q
Vs Q— S O’]/‘ D| A ‘;o - IN; N =
ov,24V o4—>—
Ry =50Q -L :L = Sy D, =

Re = NCo o=

IS0
o
s

0V, 24V o—l—N—D--

RL

= oD v- | T w24V o2 >
I i——| GND v- |c =
= -15V = I i_—‘| ':L
- -15V -

Vs . Vs

Off Isolation = 20log | —— Xraik Isolation = 20log | —
Vi Vo

C = RF bypass
Figure 4. Off Isolation Figure 5. Crosstalk
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Siliconix

AMember of the TEMIC Group
Applications
A high-speed, low-glitch analog switch such as Siliconix’s

DG201HS improves the accuracy and shortens the
acquisition and settling times of a sample-and-hold circuit.

Input

DG201HS

Buffer DG201HS JFET Buffer
v A OUTPUT
ANALOG 0/]/ _L to A/D Converter
. Cu
Sis81 4 I (Polystyrene)

)

SAMPLE/HOLD

P-32167—Rev. A (11/15/93)
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DG211/212

Siliconix

AMember of the TEMIC Group

Low Cost Monolithic Quad SPST CMOS Analog Swifches

Benefits

® Wide Signal Range

Features

® +15-V Analog Signal Range

o TTL Compatibility

® Logic Inputs Accept Negative Voltages
® On-Resistance—rps(ony: 115 Q

Description

The DG211 and DG212 are low cost quad single-pole
single-throw analog switches for use in general purpose
switching applications in communication, instrumentation
and process control. These devices differ only in that the
digital control logic is inverted (see Truth Table). The use
of both p- and n-channel devices minimizes on-resistance
variation over the analog signal range.

Designed with the Siliconix PLUS-40 CMOS process to
combine low power dissipation with a high breakdown

e Simple Logic Interface
® Reduced Power Consumption

Applications

® Disk Drives

o Test Equipment

® Communication Systems
® Sample-and-Holds

voltage rating of 40 V, both switches will handle +15-V
input signals with ease, and have a continuous current
rating of 20 mA. An epitaxial layer prevents latchup.

Both devices feature true bi-directional performance (with
no offset voltage) in the on condition, and will block signals
to 30 V peak-to-peak in the off condition.

For new designs we recommend the silicon-gate
DG211A/212A upgrades.

Functional Block Diagram and Pin Configuration

DG211 Truth Table
Dual-In-Line and SOIC Logic DG211 DG212
IN; E -/ E IN, 0 ON OFF
D Y v b 1 OFF ON
1 2
L, Ly
Logic“0” < 0.8V
S E E S2 Logic“” =24V
|
V- E j V+ Switches Shown for DG211 Logic “1” Input
4 13
GND V;
[5] 2] vt Ordering Information — DG211/212
S, S
* E ar 7,5_ E ? Temp Range Package Part Number
Dy D3 DG211CY
EH ¢ ¢ 1 0°Cto70°C 16-Pin Plastic DIP YOTTT
INg E 9| INs
- DG211DY
—40°C10 85°C 16-Pin Narrow SOIC SGIIDT
Top View
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Siliconix DG211/212

AMember of the TEMIC Group

Absolute Maximum Ratings

Vo Ve 4V Storage Temperature .. ...ovveveinn i ineenn —65t0125°C
VINEOGND? .o i e e i i V-, V+ Power Dissipation (Packagc)b
VLIOGND ..o -03V,25V 16-Pin Plastic DIP ..........oiviuiininiininnnnnnn. 470 mW
VSorVptoVa .o 0,-40V 16-PinNarrow SOICY ..., 600 mW
VsorVpto V=2, . it 0,40V
VHIOGND oottt 25V Notes:
V=toGND ... i =25V a. Signals on Sx, Dx, or INx exceeding V+ or V— will be clamped by
Current, Any Terminal Except SorD .....o.vvenvnn.... 30 mA internal diodes. Limit forward diode current to maximum current
Continuous Current, S or D 20mA ratings.
Ontnuous CUrFent, SOF L) «ovvvveeenvnnvneeeeeees m b. All leads welded or soldered to PC Board.
Peak Current, Sor D c. Derate 6.5 mW/°C above 25°C
(Pulsed at 1 ms, 10% duty cyclemax) ...............oov.n 70 mA d. Derate 7.6 mW/°C above 75°C
Specifications
Test Conditions Limits
Unless Otherwise Specified
V+ =15V, V- =-15V
Parameter Symbol VN =24V,08Ve Temp® | Min® | Typ® | Max® | Unit
Analog Switch
Analog Signal Ranged VANALOG Full -15 15 v
Drain-Source On-Resistance TDS(on) Is=1mA, Vp=+10V Room 115 175 Q
Source Off Leakage Current Is(offy Room -5 +0.02 5
- Vs=+14V,Vp=F14V
Drain Off Leakage Current In(ott) Room -5 +0.02 5 nA
Drain On Leakage Current ID(on) Vs=Vp=+14V Room -5 +0.15 5
Digital Control
ViN=24V Room -1 —0.0004
Input Current—Input Voltage High I
P P ge HIE NH VN =15V Room 0.003 T | wa
Input Current—Input Voltage Low INnL ViN=0V Room -1 —0.0004
Dynamic Characteristics
Turn-On Time toN Room 460 1000
tOFF1 See Switching Time Test Circuit, Vg =2V Room 360 500 ns
Turn-Off Time
tOFF2 Room 450 450
Source-Off Capacitance Cs(offy Room 5
- Vs=0V,ViN=5V,f=1MHz
Drain-Off Capacitance Cp(off) Room 5 pF
Channel On Capacitance Con Vp=Vs=0V,VIN=0V,f=1MHz Room 16
Off Isolation OIRR ViN=5V,R = 1kQ Room 70 4B
Channel-to-Channel Crosstalk XTALK CL =15pE Vs =1 VRms, f = 100 kHz Room 90
Power Supplies
Positive Supply Current I+ Room 0.35 0.48
Negative Supply Current I- ViIN=0o0r5V Room 03 0.48 mA
Logic Supply Current I Room 0.5 12
Notes:
a. Room = 25°C, Full = as determined by the operating temperature suffix.
b. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
c. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
d. Guaranteed by design, not subject to production test.
e. Vi = input voltage to perform proper function.
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DG211/212

Typical Characteristics
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I

V-=-15V

V=5V
\ Ta =25°C —
\'-ON

'OFN
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V+ — Positive Supply (V)

Ds(on) ()

Is,Ip (pA)

toN, toFF (ns)
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500

400

300

200

100

Siliconix

AMember of the TEMIC Group

IpS(on) V- Vp and Power Supply Voltage

L1

AV+=5VV-=-5V
- B.V+=75V,V- =75V
C.V+=10V,V-=-10V
D.V+=12V,V- = -12V
FE V+=15V,V—=-15V

JASN

Z A

—
CB/N\ >

Ta = 25°C
| [

-15 -10 -5 0 5 10 15

60

40

20

Vp — Drain Voltage (V)

Leakage Current vs. Analog Voltage

Is(ofty, ID(off)

-15 -10 -5 0 5 10 15

1000

800

600

400

200

0

-55 =35 -15 5 25 45

VaNALOG — Analog Voltage (V)

Switching Time vs. Temperature

T 1T T 1
V+ =15V, V- =-15V
VL=5V,Vg=2V
™ Rp=1kQ,Cy =35pF
Ta =25°C

W\

/‘
——

L toFF1

/A/

65 85 105 125

Temperature (°C)
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Siliconix DG211/212

AMember of the TEMIC Group

Typical Characteristics (Cont’d)

Switching Time vs. Negative Supply Voltage Charge Injection vs. Analog Voltage
T 70 T T
V+ =15V 60 | V+ =15V
VL=5V V-=15V
500 |— Ta=25°C 50 — VL=5V
Ty =25°C
40
i toN
E 450 —_ 30
& 2 ~— Qp
9 g 20 ——
. (e}
5 400 10 / /
Q
0 754/
350 {OFF -10
-20
300 -30
0 -5 -10 -15 -15 -10 -5 0 5 10 15
V- — Negative Supply (V) VANALOG — Analog Voltage (V)
Capacitance vs. Vp or Vg Input Switching Threshold vs. Logic Supply Voltage
30 7
I I |
f=1MHz V+ =15V A
Ta =25°C 6 — V-=-15V Z
2 T = 25°C / p
5 it n.,l" 'y
= 18 - ]
& CD(on _/ S 4 7, P
a‘ ) — ., >(" P s
o 12 3 /m, 4
W
Cp(off) OF Cs(off) 2 f/’
[ ——— ):
1 7,
0 o K
-15 -10 -5 0 5 10 15 0 5 10 15 20
Vp or Vg — Drain or Source Voltage (V) VL — Logic Supply (V)
Off Isolation vs. Frequency Channel-to-Channel Crosstalk vs. Frequency
160 g I I 160 J
~
~ Vs=1V, > ~ Vs =1VRMs
140 Sese ]"igurleu“;s ] 140 \\ See Figure 4
120 [ i 120 \\\\ I l
N N RL=50Q
100 \\\\ R\L =2 =~ 100 N \\\‘ N
—~ =) N
-~ ~
8 80 NN \ N < 30 N \ N "
8 \ \\ “\ N\ E \\ N \RL=1k.Q
- \ - Y < S -~ ]
60 ‘ ’\RL=;I.kQ ~ 60 ‘\ Rp=10kQ
\ RL=10k@ | SN I
40 NT—— ; 40 R = 100 kQ
N Ry = 100kQ | |
20 20
0 0 _J_LLI.IHL_I_U.LIIILJ_LLLLLII_LIJJ]LJ_LIJJ.HJ_I_LLUHI
100 1k 10k 100k 1M 10M 100M 100 1k 10k 100k 1M 10M 100M
f — Frequency (Hz) f — Frequency (Hz)
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Siliconix

AMember of the TEMIC Group

DG211/212

Schematic Diagram (Typical Channel)

V+0O
x
O S
VLo 1'—] X
H o
1 v
3 h =
! + >‘_E>° o Ml
I¥
X i A Tt
GNDO— :,‘: 0
. M
INxO oD
x
V-0

Figure 1.

Test Circuits

Vo is the steady state output with the switch on. Feedthrough via switch capacitance may result in spikes at the leading and trailing edge of the
output waveform.

+5V +15V
sy — P 7
},ogltt: 50% tr <20 ns Vi V+
nput - gy \.__.7 tf <20 ns
v oS oL ov
Switch ! _J__
Input Vs L'D— - Rp CL
90% GND Vo 1kQ I 35 pF
Switch ,_ _ | 10% (e . — —
Output "V $ - ’
— toN —* lOFF1 I I
= = -15v
—# lOFF2
Cy, (includes fixture and stray capacitance)
i Vo=vs —k
Figure 2. Switching Time RL + rDS(on)
c +5V +15V c
+g v +13) v —l Vi, v+ _I
Vs ,-: S; D; -
l C ' C o—rt__
| | | Ry =50 Qi. | 50Q
Vs e VL V+ — - INy -
1 o—F ——ori— 215 ° Vo 0,24V o—A—>~- 1
)R, =s0a_T Y =S o =
Rg=s00 L I = S N2 oo oV
N ] L
. v 24v o4—1> 1kQ | L SR
= = w24V o2 > -
GND \ C -
GND \= C =
I s | H
RF bypass C = RF bypass
- -15V - . S
XtaLK Isolation = 20 log Yo - =15V =
(o)

Figure 3. Off Isolation vs. Frequency

Figure 4. Crosstalk vs. Frequency
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Siliconix DG211/212

AMember of the TEMIC Group

Applications Hints?

Some applications of the DG211 or DG212 will find the logic transition voltage from the normal 1.6 V of TTL to
logic control inputs INx driven from the output of zero volts by connecting the Vi pin to the GND pin. In this
comparators or op-amps with nearly plus to minus 15V mode of operation the input offset voltage between INx
transitions. In these applications the user canshift theinput  and Vi, (= GND) measures less than +500 mV.

v
v+ o Ve Vi, Logic Input VsorVp
Positive Supply Negative Supply Logic Supply Voltage Analog Voltage
Voltage Voltage Voltage ViNE(min)/ VINLGnax) Range
™) $2] \Z ) )

20 -20 5 2.4/0.8 —20t0 20
15 -15 5 2.4/0.8 —-15to 15
12 -12 5 2.4/0.8 -12to 12
10 -10 5 2.4/0.8 -10to 10

8b -8 5 2.4/0.8 -8t08
10 -10 10 5”2 -10t010

Notes:
a. Application Hints are for DESIGN AID ONLY, not guaranteed and not subject to production testing.
b. Operation below +8 V is not recommended.

Applications
Precision Attenuator
+5V +5V +15V n
T VIN(max) = 150V
Vv, vV V+
cc @ - oMe
! o
Ds —
Data Bus D, Q D— - 900 k@
Dy !
Do l_A\¢
obap @ D— - % 20kQ
D |
Jrgt > %’m
INPUT o——l [ °
DG211 or 1kQ
WR DG212
GND V- =
1L TLOS1  VouT
— -
Address -15Vv
\ Bus

Figure 5. Microprocessor Controlled Analog Signal Attenuator
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DG211/212

Applications (Cont’d)

)

Siliconix

AMember of the TEMIC Group

+15V
QS \%
Viy o—————————¢
N / 0 Vour
T +15V T +5V
V+ VL
o,‘/ N Gain error is determined only by the
| resistor tolerance. Op amp offset and
GAIN; o ‘>" > Ry CMRR will limit accuracy of circuit.
Av=1 ? 90 kQ2
y 4’(
A
| L Vour _ Ri+Ry+R3+Ry =100
GAIN, > Ry e =
Ay =10 % 5kQ R4
0/:/ 4 (with SW, closed)
GAIN; R3
Ay =20 >J SWy % 4kQ
GAIN; 0] ——DJ R4
= 1kQ

Av =100 DG211 or DG212

V- GND -

d-1sv L

Figure 6. Precision-Weighted Resistor Programmable-Gain Amplifier
+15V +5V
v+ Vo
O Logic Input
Low = Sample
High = Hold
l 1kQ
AAA—O <I o +15V

N

Aquisition Time =25us
Aperature Time =1lps
Sample to Hold Offset =5mV
Droop Rate =5mV/s

Figure 7. DG211 Sample-and-Hold
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Siliconix DG211/212

AMember of the TEMIC Group

Applications (Cont’d)

+15V +5V
Vi Vi
DG212
S1

+5V

[
1/, MM74C73
I Q i o)
CLK
| >'-" IN,
KcLr __|——>— -
D
' D :
S3
1/, MM74CT3 | ),. o)
) I__ N3 —2
CLK | { —D‘ r
: )’ D
KCLR 2
H| s
4
L —
I - INg i\
. o

| +15V Channel 1 Amplifier
IN o—'— Identical to 2, 3, 4
! M (See Below) ¢ "

|
|
| A l—o s
: /( +15V :
-5V +15V
I AN |
| 100 kQ T iMe |
| {741 Position |
—_ AAA——s
| 100 kQ |
1L -15v :
| SR z
| (See Below) 15V |
= |
L J

A is op amp with suitable bandwidth, slew rate, etc., for desired signals.
R is added for extra gain according to formula: Voltage Gain = 1 + lﬂ%k&

Figure 8. The “Scope Extender” Which Displays 4-Channels Simultaneously on a Single Trace Scope
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DG211B/212B

Siliconix

AMember of the TEMIC Group

Improved Quad CMOS Analog Swtiches

Features Benefits Applications

® 22-V Supply Voltage Rating ® Wide Analog Signal Range ® Industrial Instrumentation
¢ TTL and CMOS Compatible Logic o Simple Logic Interface ® Test Equipment

® Low On-Resistance—rpg(ony: 50 &2 ® Higher Accuracy ® Communications Systems

® LowLeakage—Ip(on): 20 pA ® Minimum Transients ® Disk Drives

® Single Supply Operation Possible ® Reduced Power Consumption o Computer Peripherals

® Extended Temperature Range ® Superior to DG211/212 ® Portable Instruments

o Fast Switching—ton: 120 ns . ® Sample-and-Hold Circuits
® Low Glitching—Q: 1pC

Description

The DG211B/212B analog switches are highly improved
versions of the industry-standard DG211/212. These
devices are fabricated in Siliconix’ proprietary silicon gate
CMOS process, resulting in lower on-resistance, lower
leakage, higher speed, and lower power consumption.

These quad single-pole single-throw switches are designed
for a wide variety of applications in telecommunications,
instrumentation, process control, computer peripherals,
ctc. An improved charge injection compensation design

<l

minimizes switching transients. The DG211B and DG212B
can handle up to +22 V, and have an improved continuous
current rating of 30 mA. An epitaxial layer prevents
latchup.

All devices feature true bi-directional performance in the
on condition, and will block signals to the supply levels in
the off condition.

The DG211B is a normally closed switch and the DG212B
is a normally open switch. (See Truth Table.)

Functional Block Diagram and Pin Configuration

Dual- In-Line and SOIC
N E Y 7 :| IN,
D [} L as] >
Sl E L sz
V- E _1'T_| v+
GND E E '
S EF—& 1] s
by [

L "1w0] o5
INg [: ¢ A 9 | IN3

Top View

1-68

Truth Table
Logic DG211B DG212B
0 ON OFF
1 OFF ON

Logic“0” < 08V
Logic“1” = 2.4V

Switches Shown for Logic “1” Input

Ordering Information
Temp Range Package Part Number
DG211BDJ
16-Pin Plastic DIP
DG212BDJ
—40t085°C
DG211BDY
16-Pin Narrow SOIC
DG212BDY

P-32167—Rev. A (11/15/93)



Siliconix DG211B/212B

AMember of the TEMIC Group

Absolute Maximum Ratings

Voltages Referenced to V- Power Dissipation (Package)®
............................................... 4“v 16-Pin Plastic DIP® .....ocviiiiineiiieinininees
......................................... 25V 16-Pin Narrow SOICY

............... (V=) =2 V1o (V+) +2V

. Notes:
or 30 mA, whichever occurs first a. Signals on Sy, Dy, or INx exceeding V+ or V— will be clamped by
Current, Any Terminal ..............oooviiiiiiniinn. 30 mA intgmal diodes. Limit forward diode current to maximum current
Peak Current, Sor D ratings.
(Pulsed at 1 ms, 10% dutycyclemax) .................. 100 mA : Sl:::;dé.?‘:g;c}o% :gl.ﬂ:;g :?:PC Board.
Storage Temperature —6510125°C d. Derate 7.6 mW/°C above 75°C
Specifications
Test Conditions D Suffix
Unless Otherwise Specified —40to0 85°C
V+=15V,V-=-15V
Parameter Symbol VL=5V,VIN=24V,08Ve Temp® | Min® Typ® Max® | Unit
Analog Switch
Analog Signal Ranged VANALOG Full -15 15 A
Drain-Source On-Resistance DS(on) nglrltln 45 18050
Vp=+10V,Ig=1mA Q
rps(on) Match Arps(on) Room 2
Source Off Leakage Current Is(offy Vg=+14V,Vp=F14V R;‘ﬂfl —_()55 £001 035
Drain Off Leakage Current Ingotty Vp=+£14V,Vg= F14V Rl?lﬁ;“ ‘_035 +001 055 nA
Drain On Leakage Current IDp(on) Vs=Vp=14V R]?llen :(ig £0.02 (;g
Digital Control
Input Voltage High VINH Full 24
v
Input Voltage Low VinL Full 08
Input Current ImNm or IINL ViINH or VINL Full -1 1 A
Input Capacitance Cin Room 5 pF
Dynamic Characteristics
Turn-On Time toN Vs=2V Room 300
ns
Turn-Off Time {OFF See Figure 2 Room 200
Charge Injection Q CL=1000pE Vg=0V,R; =0Q Room 1 pC
Source-Off Capacitance Cs(off) Room 5
" " Vs=0V,f=1MHz
Drain-Off Capacitance Cp(offy Room 5 pF
Channel On Capacitance Cb(on) Vp=Vs=0V,f=1MHz Room 16
Off Isolation OIRR CL=15pERL=50Q Room 90 B
Channel-to-Channel Crosstalk XTAIK Vs =1Vrus, f =100 kHz Room 95
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DG211B/212B

Siliconix

AMember of the TEMIC Group

Specifications
Test Conditions D Suffix
Unless Otherwise Specified —401t085°C
V+ =15V, V- = -15V
Parameter Symbol VL=5V,Viy=24V,08 Ve Temp® | Min® Typ® Max® | Unit
Power Supply
Positive Supply Current I+ Rl?‘:)lxln ;g
ViN=0o0r5V
Negative Supply Current I- R}?lﬂxln :;g pA
Logic Supply Current IL nglﬁ? ég
Power Supply Range for
Continuous Operation Vor Full *4 £22 v
Specifications for Single Supply
Test Conditions D Suffix
Unless Otherwise Specified —401085°C
V+=12V,V-=0V
Parameter Symbol VL=5V,ViIN=24V,08 Ve Temp? | Min® Typ® Max® | Unit
Analog Switch
Analog Signal Raniged VANALOG Full 0 12 \%
. . _ _ Room 90 160
Drain-Source On-Resistance DS(on) Vp=3V,8VIs=1mA Full 200
Dynamic Characteristics
Turn-On Time toN V=8V Room 300 s
Turn-Off Time toFF See Figure 2 Room 200
Charge Injection Q CL=1nE Vgen=6V,Rgen =0Q Room 4 pC
Power Supply
Positive Supply Current I+ Rl?‘?ﬁn }g
Vin=0o0r5V
Negative Supply Current I- Rglolfl :;g HA
Logic Supply Current IL Rglﬁlln ;g
Power Supply Range for
Continuous Operation Vor Full +4 +44 v
Notes:
a. Room = 25°C, Full = as determined by the operating temperature suffix.
b. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
c. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
d. Guaranteed by design, not subject to production test.
e. VIN = input voltage to perform proper function.

1-70
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Siliconix DG211B/212B

Typical Characteristics

rps(on) ¥s- Vp and Power Supply Voltages rDS(on) VS- Vp and Temperature

110 __ 100 T
o A a | V=15V
= 100 I‘ =~ 9 Ve=-15V
g 90 A J % 80
2 I \ 5V A /\\
z 80 Z 70
"Z 70 \ f 60 Pa \ B SN
S / M S 7 N 125°C__A
g 60 10V +— g 50 85°C P~
3 Z \g I 3 I o P
“ 50 ~— " +15V ] g 40 ~=_25°C ~
E a0 P N § 30 -55°C —f
a £20V | a L~ "]
R 30 120
a
£ 2 z 10
s 10 £ 0
-20-16-12 -8 -4 0 4 8 12 16 20 =15 -10 -5 0 5 10 15
Vp — Drain Voltage (V) Vp — Drain Voltage (V)
’s (1)'1)5(.,“) vs. Vp and Single Power Supply Voltages 0 Leakage Currents vs. Analog Voltage
L L T
~ I V+=22V
- 225 / V+ =5V 30 |- V-=-22V
8 Ty =25°C
s 200
2 | & 2 Sis
R g 'Don)_4
& &
n - 10
S 150 /r“ 7V E *
8 125 7 t 8 o Is(ofty ID(off) —
3 /A 10V , L~ /
& 100 — 10 LT 4
2 /7 I~ 12V A -10
i 15 A4 15V v /
i - /
A i —~ -20
I 50 /
g -
§, 25 30
0 -40
0 2 4 6 8 10 12 14 16 -20 -15 -10 -5 0 5 10 15 20
Vp — Drain Voltage (V) VANALOG — Analog Voltage (V)
Leakage Current vs. Temperature Qs, Qp — Charge Injection vs. Analog Voltage
1nA = = 30
= V+ =15V
= V-=-15V
- Vs, Vp=+14V /’I 20
) o g
5 100 pA = 2 10 —
1= 5]
3 ~ ] Vi =15V /1%\
| — -,
| 7 5 0~ v-=-15V 7
a L1 I . V+ =12V
= S(offy Incet) 77 | / Ve oV
=~ 10pA Z C _10 v
i /
~20 L
1pA -30
-55-35 =15 5 25 45 65 85 105 125 -15 -10 -5 0 5 10 15
Temperature ("C) VANALOG — Analog Voltage (V)
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DG211B/212B Siliconix

Typical Characteristics (Cont’d)

Off Isolation vs. Frequency
T TTTH
V+ =415V |

\ V-=-15V

120

110

100

90
RL=50Q
80

OIRR (dB)

70

60

50

40
10k 100k 1M 10M

f — Frequency (Hz)

Schematic Diagram (Typical Channel)

v+ O
A
v © 1 O Sx
Y 3
! Leyel (- $ V-
ji |— Shife/ -
I—l I—_ Drive o Q v+
o O Ji— L
— l'-—l -
y 3 _I;:_-_l 0 Dx
GND O~ A
V- o-
Figure 1.
Test Circuits
+15V
v .
s + b Logic tr <20 ns
Vs=+2V o© a o Vo Input gy tf <20 s
o 1
IN
3v - RL CL
GND v- 1kQ 35 pF
- - Switch
| é Output Vo
—_— -_— -15V R
L
Vo=

Figure 2. Switching Time
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Siliconix

AMember of the TEMIC Group

Test Circuits (Cont’d)

DG211B/212B

+15V
+15V
7 In
E lc_—_ -_ s V+ b
Vs 1 1 ~
= v+ =50Q I I T
Vs PN L ofa—2l o Vo IN; [ =
Rg=50Q 7 I ] ov,2.4v o———D—J 1
- N | = RL — Sz Dy ~ -
0V, 24V o———D--J NC o- o= o Vo
— — | i
- GND e C = - R
0V,24V O— —IEE—D— - _E;
| i | GND N =
- -15V - i_l
C = RF bypass
. Vs . s - -15v. =
Off Isolation = 20 log | —— XtALK Isolation = 20 log | ——
Vo o
Figure 3. Off Isolation Figure 4. Channel-to-Channel Crosstalk
+15V
? AVo
R v+ Vo
g
_I-_va» 3 o2 o Vo
L
Ve = .___D_‘N 4 a INx ON OFF ON
X
3V 1000 pF
GND V-
- $ - AV = measured voltage error due to charge injection
The charge injection in coulombs is Q = Cpx AVp
— - -15V

Figure 5. Charge Injection

Applications
+5V +15V
? ?
v+

VL _14
L
.___._q___

DG211B

O Logic Input
Low = Sample
High = Hold

1kQ

o

+15V

Aquisition Time
Aperature Time
Sample to Hold Offset
Droop Rate

< 7{ 50 pF 200Q
A b-o Vour
v I 1000 pF
T L =
= -15V

=25us
=1ps

=5mV
=5mV/s

P-32167—Rev. A (11/15/93)

Figure 6. Sample-and-Hold
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DG211B/212B Siliconix

Applications (Cont’d)

? +15V
160
Vi
<4 s
75534 o—1 150pF _D__l 120
ect .92.‘ ) oTa ™
I 8 S
Jfos o ast0oEL I | 80
COTT;L I{ elect C, - 5 \
ntro; ;
fca o 0.015 uF D__J g) 40 fci fco  fcz  fce
Select
elec £1-| | oTa ;2 \ \ ~
fc1 o 0.15 uF D_-J \ N
| Select 0 NN
-40

1 10 100 1k 10k 100k 1M
Frequency — Hz

R3
Ay, (Voltage Gain Below Brealk Frequency) = R = 100 (40 dB)
fc (Break Frequency) = m

1
f, (Unity Gain Frequency) = m

. DSen) o _404B
Max Attenuation = )

Figure 7. Active Low Pass Filter with Digitally Selected Break Frequency

+5V +15V 30 pF
v T +15V
ViNio- o™ +
Vi o o | LM101 : o
| DG419 / 15V T+15V Rrp1 s Rp1 :L RF1
- 18kQ S 99k0 S 100kQ
CHO——D—-J DG212B 9 ]
o7
GND V- | oa
T T
T -
Gain1 (x1) © N R T I Rei < Rez S Ras
. Rp+Rg ain1 (x1) > C I 2 1003 100Q
Gain= =% Gain 2 (x10) O— 1> I
Gain 3 (x100) > I = = =
Gain 4 (x1000) o- {} J
Logic High = Switch O A Sl
0gIC k1, = 1tcl n 1 _l_

Figure 8. A Precision Amplifier with Digitally Programable Input and Gains
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Siliconix

A Member of the TEMIC Group

DG221

Quad SPST CMOS Analog Switch with Latches

Features Benefits

Accepts 150-ns Write Pulse Width

5-V On-Chip Regulator

Built on PLUS-40 Process

Latches Are Transparent with WR Low
Low On-Resistance: 60 Q

Description

The DG221 is a monolithic quad single-pole, single-throw
analog switch designed for precision switching applications
in communication, instrumentation and process control
systems. Featuring independent onboard latches and a
common WR pin, each DG221 can be memory mapped,
and addressed as a single data byte for simultaneous
switching.

Designed on the Siliconix PLUS-40 CMOS process, the

e Compatible with Most uP Buses

® Allows Wide Power Supply Tolerance
Without Affecting TTL Compatibility

® Reduced Power Consumption

@ Allows Flexibility of Design

Applications

® uP Based Systems

o Automatic Test Equipment
o Communication Systems

® Data Acquisition Systems
@ Medical Instrumentation
o Factory Automation

DG221 combines low power and low on-resistance (60 €2
typical) while handling continuous currents up to 20 mA.
An epitaxial layer prevents latchup.

The device features true bidirectional performance in the
on condition. These switches guarantee a rail-to-rail
blocking capability (44 V max), in the off condition.

Functional Block Diagram and Pin Configuration

Dual-In-Line and SOIC

INg E ;jv 16| IN2
L RPN
SR
GND % _g: ——% WR
S: |6 1] S3
Dy E}i Ar{— 10| D3
INs E o] s

P-32167—Rev. B (11/15/93)

Four Latchable SPST Switches per Package

Truth Table
INx WR Switch
0 0 ON
1 0 OFF
Control data latched-in,
X I switches on or off as selected
by last INx
X 1 Maintains previous state
Logic“0” < 0.8V
Logic“1” =2 24V
Switches Shown for Logic “1” Input
Ordering Information
Temp Range Package Part Number
0°Cto 70°C 16-Pin Plastic DIP DG221C)
—40°Cto 85°C 16-Pin Narrow SOIC | DG221DY
—55°Ct0125°C 16-Pin CerDIP DG221AK/883
1-75



DG221

Absolute Maximum Ratings

Voltages Referenced to V—
V+

GND

Siliconix

AMember of the TEMIC Group

Power Dissipation (Package)®
16-PinCerDIPC ... ittt rens

16-Pin Plastic DIPY ..

Digital Inputst, Ve, VD v (V=) =2 Vito (V) +2V 16PinSOIC ..o
or 20 mA, whichever occurs first Notes: s b N ding V. v bl b
. . a. Signals on Sx, Dx, or INx exceeding V+ or V- will be clamped by
Continuous Current (Any Terminal) 30mA internal diodes. Limit forward diode current to maximum current
Continuous Current,SorD ...t 20 mA ratings.
' b. All leads welded or soldered to PC Board.
Peak Current, S or D (Pulsed 1 ms, 10% duty cycle) ....... 70 mA c. Derate 12 mW/°C above 75°C
Storage Temperature: (AK Suffix) ............ —65 10 150°C d. Derate 6.5 mW/°C above 25°C
(CJ and DY Suffix) ...... —651t0125°C e. Derate 7.7 mW/°C above 75°C
. .
Specifications?
Test Conditions A Suffix - D Suffix
Unless Otherwise Specified -55t0125°C | -40t085°C
V+ =15V, V- =-15V
Parameter Symbol Vin =24 V,08{V,WR =0 TempP Typ¢ | Min® | Maxd | Mind | Max{d | Unit
Analog Switch
Analog Signal Range® VANALOG Full -15 15 -15 15 v
Drain-Source _ Room 60 90 90
On-Resistance DS(on) Is = ~10mA, Vp = =10V Full 135 135
Source Off 1 Room +0.01 -1 1 =5 5
Leakage Current S(off) Full -100 | 100 | -100 | 100
Vs=+14V,Vp = F14V
Drain Off I Room +0.02 -1 1 -5 5 nA
Leakage Current D(off) Full -100 | 100 | —100 | 100
Drain On Room +0.01 -1 1 -5 5
Leakage Current ID(on) Vs=Vp =1V Full -200 | 200 [ —200 | 200
Digital Control
. Room —0.0004 -1 1 -1 1
Input Current I, I ViN=0Vor=24V Full ~10 10 —10 10 HA
Dynamic Characteristics
Turn-On Time toN Room 550 550
See Figure 2
Turn-Off Time tOFF Room 340 340
Turn-On Time Write ton, WR Room 550 550
—_ See Figure 3
Turn-Off Time Write tors WR Room 340 340 ns
Write Pulse Width tw Room 120 150 150
Input Setup Time ts See Figure 4 Room 130 180 180
Input Hold Time tH Full 0 20 20
A Cy, = 1000 pF
Charge Injection Q Vgen = 0V, Rgey = 0Q Room 20 pC
Source-Off Capacitance Cs(off) Room 8
Drain-Off Capacitance Cp(off) f=1MHz, Vs, Vp =0V Room 9 pF
Channel-On Capacitance Cp(on) Room 29
Off Isolation OIRR Vg =1Vpp, = 100kHz Room 70 .
Interchannel Crosstalk XTAIK CL=15pE Ry =1kQ Room 90
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DG221

Specifications?
Test Conditions A Suffix D Suffix
Unless Otherwise Specified -551t0125°C —40t0 85°C
V+=15V,V-=-15V
Parameter Symbol Vin =24 V,08{V, WR =0 Temp? Typ® | Mind | Maxd | Mind | Max?d | Unit
Power Supplies
Positive Supply Current I+ All Channels On or Off Full 0.8 15 15
i Vin=0Vor24V mA
Negative Supply Current I- IN g Room -04 -1 -1
Notes:
a. Refer to PROCESS OPTION FLOWCHART (Section 5 of the 1994 Data Book or FaxBack number 7103).
b. Room = 25°C, Full = as determined by the operating temperature suffix.
c. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
d. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
e. Guaranteed by design, not subject to production test.
f. VIN = input voltage to perform proper function.
Schematic Diagram (Typical Channel)
V+ O ]
sy A
Reg 'J O S
| A
GND O—-—-——-————] x = : [o)
i I\J V-
+ Level =
INx o %A Latch [ Shif/ l/>° e =
V- Drive ':
v+ T
] . v+
— %:4 (o]
WR + L %
O D
a
V- o
Figure 1.
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Test Circuits

Siliconix

AMember of the TEMIC Group

+15V
. 3V —--\ /—-———
vr }ﬂgw R 50% j t; <10ns
ut T
2v o4 oTal o Vo Pt ov 1 < 10ns
. 1
IN Switch
- Ry L Input VS
GND WR V- 1k 35pF 90%
= - Switch v
_L.—" $ Output ' ©
- - -15V = oN —* tOFF
Cy, (includes fixture and stray capacitance)
Vo =Vg R .5
Ry + IDS(on)
Figure 2. Switching Time
+15V
3V
v T LR VN S/
WK Vit 0V —rp
- s D IN 3V —
2V © Ul/‘ O Vo _\ / tr<10ns
| _L ov tf<10ns
IN _
—- e e
GND V- 1kQ 35 pF Vs
I $ = = Vour 90%
- = -5V Vo
toN, WR — |O— ~— l.— LOFF, WR
Cp, (includes fixture and stray capacitance)
Vo =Vs R
R + rps(on)
Figure3. WR Switching Time
3V
IN
3V
WR
ty = Hold Time
ts = Setup Time
tw = WR Pulse Width
Vour

The latches are level sensitive. When WR is held low the latches are transparent and the switches
respond to the digital inputs. The digital inputs are latched on the rising edge of WR.

Figure 4. WR Setup Conditions
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Test Circuits (Cont’d)

+15V

T AVo
V+ Vo

_'—_ IN 1 —l— CL
_D 1000 pF INx OFF ON OFF
WR V-
| (L AV = measured voltage error due to charge injection
= — —-15V The charge injection in coulombs is Q = Cx AVp
Figure 5. Charge Injection
+15V
C
+15V
] i
{ -— s V+ D
Vs ~ 1 1l A~
= v A T
Vs N CES ] IPN R;=50Q I 500
! o Vo = IN; } -
R, =50Q _j . l oV o _|>_
i = |~ I T gk = s D =
24V O— —D— | - NC 0] L__o,rt___z_ Vo
= DWR v-| ¢ ™ I = RL
ov o— .EILD_ J =
_t b_ GND WR V- C =
Vs = -15V =
Off Isolation = 20 log | ===
Vo
C = RF bypass N s
Xrark Isolation = 20log | —
C = RF bypass
Figure 6. Off Isolation Figure 7. Channel-to-Channel Crosstalk
Application Hints?
Vin
Vo Ve Logic Input VsorVp
Pasitive Supply Negative Supply _— Voltage Analog Voltage
Voltage Voltage GND WR ViNg(miny VINL(max) Range
) \2 ) \2) I\
15 -15 0 2.4/0.8 2.4/0.8 -15to15
20 =20 0 2.4/0.8 2.4/0.8 —20t0 20
10 -10 0 2.4/0.8 2.4/0.8 -10t010
10 -5 0 2.4/0.8 2.4/0.8 -5t010
Notes:
a. Application Hints are for DESIGN AID ONLY, not guaranteed and not subject to production testing.
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81 —O Vo

Applications
15V Vv
V+ oMo
DG221 S
IN
[o_;b__g Q ——-g\ § 900 kO
[o.
S2
IN:
© —Z_D':g Q ——-& § 90kQ
fo.
Data Bus Ss
sl 4T
[o,
S
IN,
_ \ : D :g Q —-—& § 1kQ
WR S WE [D4
= GND v- <L
L I A
= +
Lo

Address Bus Dl Decoder ~-15V

The TLO081 is used as an output buffer while
the voltage divider provides attenuation.

Figure 8. pP-Controlled Analog Signal Attenuator

Truth Table Output Attenuation for Figure 8
e On " ’

N; IN; IN; Ny WR? | Switch WR N; IN; IN3 INg Gain
0 0 0 0 0 All 0 0 1 1 1 01
1 1 1 1 0 None 0 1 0 1 1 0.01
0 1 1 1 0 1 0 1 1 0 1 0.001
1 0 1 1 0 2 0 1 1 1 0 0.0001
1 1 0 1 0 3
1 1 1 0 0 4

Notes:

a. WR may be held at “0” for temporary operation similar to DG201As. With WR at “0” SW1 will remain on as long as INj is held at “0”.
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General Purpose

DG243

Monolithic Dual SPDT CMOS Analog Switch

Features Benefits Applications

® PLUS-40 Process ¢ LowPower ® Programmable Gain Amplifiers
® Make-Before-Break Operation ® Reduced Switching Noise ® Analog Multiplexing

o Full Rail-to-Rail Analog Signal Range @ Reduced Need for Buffers ® Servo Control Systems

® True TTL Compatibility . ® Programmable Filters

® Lowrpg(on): 30L2 ® Audio Switching

Description

The DG243 is a monolithic dual SPDT analog switch
designed for general switching applications in
communication, instrumentation, and process control
systems. Featuring make-before-break action, the DG243
is used in closed loop systems to switch gain or bandwidth
networks without opening the loop.

The DG243 is designed on the Siliconix PLUS-40 CMOS
process to combine low power dissipation with a high
breakdown voltage rating of 44 V. An epitaxial layer
prevents latchup.

Each switch conducts equally well in both directions when
on, and blocks up to 30 V peak-to-peak when off.

Functional Block Diagram and Pin Configuration

Dual-In-Line
D, N~ S1
T
NC _<l_ INy

}J
[

<
I —

Top View

FREFFFEFE
FEEEEERE]

P-32167—Rev. A (11/15/93)

Truth Table
Yogic SWy, SW, | SW3, SWy
0 OFF ON
1 ON OFF
Logic“0” < 0.8V
Logic“1” 2 20V

Switches Shown for Logic “1” Input

Ordering Information

Temp Range Package Part Number

0°Cto70°C 16-Pin Plastic DIP DG243CY
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Absolute Maximum Ratings

Power Dissipation (Package)b

16-PinPlasticDIP® ...........cooviiiiiiiiiinnnae, 450 mW
... (GND - 03V)to44V
(V=) =2Vi1o (V+ plus2V) Notes:
or 30 mA, whichever occurs first a. Signals on Sx, Dx, or INx exceeding V+ or V— will be clamped by
Current (Any Terminal) Continuous .................... 30 mA intf!rnal diodes. Limit forward diode current to maximum current
ratings.
Current, S or D (Pulsed 1 ms 10% duty) ... .. [T PR 100 mA b. All leads welded or soldered to PC Board.
Storage Temperature ..............ooeiieniin. —65t0125°C c. Derate 6 mW/°C above 75°C
Specifications
Test Conditions C Suffix
Unless Otherwise Specified 010 70°C
V+=15V,V- = -15V
Parameter Symbol VL=5V,Viy=2.0V,08Ve Temp® | Min® | Typ® | Maxt | Unit
Analog Switch
Analog Signal Ranged VANALOG Full -15 15 \%
Drain-Source On-Resistance IDS(on) Ig=-10mA,Vp = +£10V Rl?:;l.n 30 3(5) Q
I Room -1 +0.3 1
S(off) Full ~100 100
Switch Off Leakage Current Vp=+14V,Vg= F14V -
I Room -1 +0.3 1 BA
Deoff) ' Full | -100 | 100
Channel On Leakage Current ID(on) Vp=Vs= %14V Rl?;;n _330 +05 230
Digital Control
Tnput Current with Viw Low Inm. ViN=08V Full -1 -0.005 1
Input Current with Viy High I ViN=20V Full -1 —-0.01 1 e
Dynamic Characteristics
Turn-On Time toN Room 250 700
Ry = 1kQ, Cy, = 35 pE, See Figure 2 ns
Turn-Off Time toFF Room 390 1200
Charge Injection Q Cr = 1000 pE VGggn =0V, RGgen = 0Q Room 60 pC
Off Isolation Reject Ratio OIRR Room 75
RL=75Q,f=1MHz dB
Crosstalk (Channel-to-Channel) XTALK Room 89
Source-Off Capacitance Cs(off) Room 15
Drain-Off Capacitance Cp(offy f=1MHz,Vs=0V Room 17 pF
Channel-On Capacitance Cp + §(on) Room 45
Power Supplies
Positive Supply Current I+ Room 180 300
Negative Supply Current I- Room —300 ~150
All Channels On or Off HA
Logic Supply Current I Room 100 300
Ground Current IeND Room -300 ~140
Notes:

a. Room = 25°C, Full = as determined by the operating temperature suffix.

b. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.

c. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
d. Guaranteed by design, not subject to production test.

e. VN = input voltage to perform proper function.
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Schematic Diagram (Typical Channel)

V+ O
3
O S
VL 0— I.J X
ey
T VO_
x -> =
p |:>° = =
X ] M V+
GND O— i; e}
. %
INx O O D
F
V- O

Figure 1.

Test Circuits

Vo is the steady state output with the switch on. Feedthrough via switch capacitance may result in spikes at the leading and trailing edge of the

output waveform.
+5V +15V
Logic 3V N 50% % A% v+
Input gy \__0—] tr <20ns s Dy
1 <201s £10V O ofa o Vo
| 1
Switch LI
Input Vs R{;Q C;-
90% GND V- 1 35pF
Switch - =
Output Vo I &
—» tON —»| tOFF|e— — —_— -15V

Cp (includes fixture and stray capacitance)

Vo =Vs — R
Ry + rps(on)

Figure 2. Switching Time

+5V +15V
A% 9 A%

0 Vo

1.
;]';10 nF

+
w S oal
|

N>
gk

= -15V

'||——-|||

Figure 3. Charge Injection
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Applications

The make-before-break operation of the DG243 provides
simple transient suppression in these two important
applications.

Figure 3 shows a minimum amount of glitching during
changes of gain states. The relatively low impedance of the
gain setting resistors (10 kQ, 1 k€2, and 100 Q) shunt the
injected charge-to-ground minimizing transient effects

Siliconix

AMember of the TEMIC Group

occurring at the inverting input of the op amp.
Consequently, these transients are not amplified to Voyt

Figure 4 takes advantage of the make-before-break
operation of the DG243 by shorting transition current to
real ground instead of virtual ground. The best results are
obtained by selecting an op amp with the proper offset
voltage specification.

Vini O— W\

S1 Dy

'A%
Op Amp

M%__JE_T

Vine O— WV

——O0 Vour

DG243

Sz 71/‘ D
e

Figure 4. Minimizing Giitches in Audio Swiichin
8! g g

Vin

o —{ N\
el L

Clean transitions no glitches due to op amp open loop.

Figure 5. Make-Before-Break Improves Transient Response in Programmable Gain Amplifiers

Vour
Vin +\\JHigh Speed Op Amp ?
10kQ
S1 1 D,
|
: 1kQ
S3 L D;
|
INg
J1 o D - 100Q
1, DG243
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DG271

High-Speed Quad Monolithic SPST CMOS

Analog Switch

Features

o Fast Switching ton: 55 ns

® Low Charge Injection: 9 pC
e Low rDs(on)Z 32Q

o TTL Compatible

® Low Leakage: 50 pA

Description

The DG271 high speed quad single-pole single-throw
analog switch is intended for applications that require low
on-resistance, low leakage currents, and fast switching

speeds.

Benefits

e Fast Settling Times
® Reduced Switching Glitches
o High Precision

Applications

High Speed Switching
Sample/Holds

Digital Filters

Op Amp Gain Switching
Flight Control Systems

Built on Siliconix’ proprietary high voltage silicon gate
process to achieve superior on/off performance, each
switch conducts equally well in both directions when on,

and blocks up to the supply voltage when off. An epitaxial
layer prevents latchup.

Functional Block Diagram and Pin Configuration

LCC
D; IN; NC IN,

Dy

NC
GND

Sy

D4y INy NC IN3
Top View

D3

Truth Table

Logic

Switch

0

ON

1

OFF

Logic“0” < 0.8V
Logic“1” 2 2V

Switches Shown for Logic “1” Input

Dual-In-Line and SOIC
N [1] >~ 16| IN;
o G, Y Y ]
St EJ %—E S
V- E E v+
oND [5] 12] NC
s [sh= 1] 55
Ds EJ lg LE Ds
w, [5] [o]
Top View
Ordering Information
Temp Range Package Part Number
0 t070°C 16-Pin PlasticDIP | DG271CJ
4010 85°C 16-Pin Narrow SOIC | DG271DY
DG271AK
16-Pin CerDIP | DG271AK/883
—5510125°C 5962-8671602MEA
DG271AZ/883
Leeo 5962-8671602M2A

P-32167—Rev. B (11/15/93)
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Absolute Maximum Ratings

VoV e

GND to V-

Digital Inputs® Vs, Vp ............. (V=) —2Vito(V+) +2Vor
20 mA, whichever occurs first

Current, Any Terminal Except S or D 30 mA

Continuous Current, SorD .......ovviiniiiinirennnnns 20 mA
Peak Current, S or D

(Pulsed at 1 ms, 10% dutycyclemax) .................. 100 mA
Storage Temperature (AK, AZ, DY Suffix) ..... —65 to 150°C
(CISuffix) ............. —65 t0 125°C
Power Dissipation (Package)®
16-PinPlasticDIP® .......ooovviiiiiiiiiiiinnene, 470 mW
16-Pin Plastic Narrow SOICY .............covvvvnnnnn. 600 mW
16-PinCerDIP® . ... ooviiiiiiiiii i i 900 mW
LCC20f ..ottt 750 mW

Siliconix

AMember of the TEMIC Group

Notes:

a.

mepo o

Signals on Sk, Dx, or INx exceeding V+ or V— will be clamped by
internal diodes. Limit forward diode current to maximum current
ratings.

All leads welded or soldered to PC Board.

Derate 6.5 mW/°C above 75°C

Derate 7.6 mW/°C above 75°C

Derate 12 mW/°C above 75°C

Derate 10 mW/°C above 75°C

. .
Specifications?
Test Conditions A Suffix C, D Suffix
Unless Otherwise Specified —5510125°C 0to 70°C
—401t085°C
V+=15V,V- = -15V )
Parameter Symbol Vv =2V,08VE Temp® | Typ® | Mind | Maxd | Min? | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full -15| 15 | ~15 ] 15 v
Drain-Source On-Resistance DS(on) Is=1mA,Vp = £10V Room | 32 > 3
1 Room +0.05 -1 1 -1 1
S(off) Full -100 100 | -100 100
Switch Off Leakage Current Vp==*14V,Vg= F14V
I Room +0.05 -1 1 -1 1 nA
D(off) Full —-100 100 -100 100
Ib(on) + o Room | £005 | -1 1 -1 1
Channel On Leakage Current Ig(ox)n ) Vs=Vp=+14V Full —200 | 200 | =200 | 200
Digital Control
Room 0.010 -1 -1
Viv=2V Full -10 -10
Input Current with Voltage High I
P go g NH 15 v Room | 0.010 1 1
N = Full 10 10 | HA
Input Current with Voltage Low INL ViN=0V Rl?:l:n 0.010 :110 _—110
Dynamic Characteristics
Room 55 65 65
Turn-On Time toN
Vs=£10V Full 80 80 i,
See Figure 2
Turn-Off Time toFE ¢ Room | 50 & o
Charge Injection Q C= 11({0 pF,_ng =ov Room 9 pC
gen =
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Specifications?
Test Conditions A Suffix C, D Suffix
Unless Otherwise —55t0125°C 0to70°C
Specified —401t0 85°C
V4 =15V,V- = -15V
Parameter Symbol Vv =2V,08 VI Temp® | Typ¢ |[Mind | Maxd | Mind | Maxd | Unit
Dynamic Characteristics (Cont'd)
Source Off Capacitance Cs(off) Vs=0V,Vy=5V Room 6
Drain Off Capacitance Cp(off) f=1MHz Room 8 pF
Channel On Capacitance Cp(on) Vp=Vg=0V,VIN=0V Room 24
Off Isolation OIRR Room 75
RL =50Q,f=1MHz dB
Crosstalk XTALK Room 95
Supply
Positive Supply Current I+ ng‘:)‘f‘ 43 7115 ';15
All Ch Is On or Off mA
Negative Supply Current I- nglﬁin -3.4 :160 __160

Notes:
. Refer to PROCESS OPTION FLOWCHART (Section 5 of the 1994 Data Book or FaxBack number 7103).

Room = 25°C, Full = as determined by the operating temperature suffix.

Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.

The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.

Guaranteed by design, not subject to production test.

Vin = input voltage to perform proper function.

(S

mepe o

Typical Characteristics

rps(on) VS Vp and Power Supply Voltage Leakage Currents vs. Analog Voltage
—~ | | | 1 I T
g Ta=125°C In(otr) Or Is(ott)
g 80 [ Ig=-10mA 0 =
+5V

§ A } —~ / ID(on e =
2 N —g <
% & /
& A ]
5 / <
3 V4 T %
: sov/ f ol
s N 3
5 % ™ A 3 ~100
| +15V
5 ]
13 Ta=25°C

20 -150 l I

-15 -10 -5 0 5 10 15 -15 ~10 -5 0 5 10 15
Vp — Drain Voltage (V) VANALOG — Analog Voltage (V)
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Typical Characteristics (Cont’d)

vr (V)

Ips(on) — Drain-Source On-Resistance (2)

Switching Time (ns)

1-88

2.5

20

15
1.0

0.5

70
60
50

40

90
80
70
60
50
40

30

-55 =35 -15 5

Input Switching Threshold

i
g
»L.-" .i'

MA"" o e ’_.. ¥

ot
o
" o o I.-" o
o

o
o f" o e

l"I
4
f
&

4

0 +5 +10 +15
V+, V- Positive and Negative Supplies (V)

+20

l’DS(on) vs. Vp and Temperature

V+ = 15V
- V— = -15V

Pa\

125°C /
85°C " / S

¥ 25°C

\

-0 -5 0 5 10 15
Vp — Drain Voltage (V)

Switching Times vs. Temperature

[ 1 ]

V+ =15V
— V—=-15V

e

Yon; /

P
/'

—

totD
L1

25 45 65 85 105 125
Temperature (°C)

Leakage

Switching Time (ns)

I+,I- (mA)

Siliconix
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Supply Current vs. Switching Frequency

7
f
6
/
5 // ’
4 I+ 2
T 1
I- 11y
3
2
1
1k 10k 100k 1M
Switching Frequency (Hz)
Leakage Currents vs. Temperature
100A = |
— Ip on) ;
1nA /
= / =
— / =
- —
B // /IS(off), Ity |
100pA = 717 =
= 17T /4 =
= | |1 5
| — ’P —
I P e —
Cq P
10pA
-55 =35 -15 5 25 45 65 85 105 125
Temperature (°C)
Switching Times vs. Power Supply Voltage
160 \
\
140 \
120 \
100, \ AC ton)
N
60 — \ ’ \\
off) N
‘] \
40
+4 +6 *8 +£10 +12 +14 16 +18 *20

V+ - Positive Supply (V)
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Schematic Diagram (Typical Channel)

V+ ©
Y
> O S
g |_l X
— [e)
[ v
- =
L + >—_E>c — ]|‘—
% X — M V+
GND [T o
. . . 3
x O oD
A
V- O ‘
Figure 1.
Test Circuits
+15V Logic > ¥ T\ 0% [/t <20ms
T Input v, \ / tf <20 ns
V+ : toFF [+~
s D Switch —
+*10V © A o Vo Input Vo—,
| _L 90% 3\
IN 1 Switch
5V D> RL a Output Z
GND V- 1kQ 35 pF - ton
| $ B - Cp (includes fixture and stray capacitance)
= -_ -15V Vo = Vs Rp
Ry + rDs(on)

Figure 2. Switching Time
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DG300A/301A/302A/303A

CMOS Analog Switches

Features Benefits
® Analog Signal Range: +15V o Full Rail-to-Rail Analog Signal Range
® Fast Switching—toN: 150 ns e Low Signal Error
® Low On-Resistance—rpg(on): 30 ® Low Power Dissipation
® Single Supply Operation
® Latch-up Proof
® CMOS Compatible
Description

The DG300A-DG303A family of monolithic CMQS
switches feature three switch configuration optioss (SPST,
SPDT, and DPST) for precision applications in
communications, instrumentation and process control,
where low leakage switching combined with low power
consumption are required.

Designed on the Siliconix PLUS-40 CMOS process, these
switches are latch-up proaof, and are designed tablack up to
30 V peak-to-peak when off. An epitaxial layer prevents
latchup. :

Siliconix

AMember of the TEMIC Group

Applications

® Low Level Switching Circuits
® Programmable Gain Amplifiers
® Portable and Battery Powered Systems

In the on rondition the switches conduct equally well in
both directions (with no offset voltage) and minimize error
conditions with their low on-resistange,

Featuring low power consumption (3.5 mW typ) these
switches are ideal for battéry powered applications, without
sacrificing  switching  speed. Designed  for
break-before-make switching action, these devices are
CMOS and quasi TTL compatible. Single supply operation
is allowed by connecting the V— rail to 0 V.

Functional Block Diagram and Pin Configuration

DG300A Dual-In-Line Metal Can
[ N — V+ (Substrate and Case)
NC |1 [14] V+
ve [3] }H ry [z ~e
s 1 Hus
we [5] é + [10] ne
INg E E INy
GND |7 ;zl \'%
- GND
Top View Top View
Ordering Information — DG300A
Temp Range Package Part Number Truth Table
0 t070°C 14-Pin Plastic DIP | DG300ACY Logic Switch
14-Pin CerDIP DG300ABK 0 OFF
~25t085°C ~
10-Pin Metal Can DG300ABA ON
DG300AAK
. Logic“0” < 08V
14-Pin CerDIP DG300AAK/883 Logic“1” = 4V
—551t0125°C _ IM38510/11601BCA Switches Shown for Logic “1” Input
14-Pin Sidebraze JM38510/11601BCC
DG300AAA/883
10-Pin Metal Can
JM38510/11601BIA
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DG300A/301A/302A/303A

Functional Block Diagram and Pin Configuration (Cont’d)

DG301A Dual-In-Line Metal Can
/ V+ (Substrate and Case)
ne [1] 1] v+
nlq el
" } TYE
s 1 Hus
wGl A [
w [ ] e
o [7] o] -
Top View
Ordering Information — DG301A
Temp Range Package Part Number Truth Table
0 to 70°C 14-Pin Plastic DIP DG301ACT Logic Swy SW,
14-Pin CerDIP DG301ABK 0 OFF ON
~25 10 85°C -
10-Pin Metal Can DG301ABA 1 ON OFF
DG301AAK
. Logic“0” < 0.8V
14-Pin CerDIP DG301AAK/883 Logic“1” = 4V
IM38510/11602BCA Switches Shown for Logic “1” Input
—551t0125°C 14-Pin Sidebraze JM38510/11602BCC
DG301AAA
10-Pin Metal Can DG301AAA/883
JM38510/11602BIA
DG302A
Truth Table
Dual-In-Line Loglc Switch
-/ 0 OFF
NC |1 [14] v+ 1 ON
Ss Ej"‘l ‘__EE S4 Logic “0” < 0.8 V
L T 619 V
o GH 1 T o e’z
Switches Shown for Logic “1” Input
OB
S E 4 # E Sz Ordering Information — DG302A
Ny E ZI IN, Temp Range Package Part Number
0to 70°C 14-Pin Plastic DIP DG302ACY
o [7] ] - '
DG302
14-Pin CerDIP DG302AAK/883
Top View —551t0125°C —
JM38510/11603BCA
14-Pin Sidebraze JIM38510/11603BCC
1-91
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DG300A/301A/302A/303A

Functional Block Diagram and Pin Configuration (Cont’d)

DG303A
Dual-Ini-Line
-/
ne [ [14] v+
S E _‘\r'l ﬁE Sa
L T
DSEZ I ‘%Eﬂlm
D [4] D 1] .
-4 k
s [ AL s
m; [o] 2] ™,
anp [7] 2] v-
Top View
Absglute Maximum Ratings
Voltages Referenced to V—
2 4V
GND .ottt e 25V
Digital Inputs?, Vs, VD .« ..o eeee ... (V=) =2 Vto (V+) +2V or
30 mA, whichever occurs first
Current, Any Terminal Except SorD ................... 30mA
Continuous Current,SorD ........covviiieennnnnennn. 30 mA
(Pulsed at 1 ms, 10% dutycyclemax) .................. 100 mA
Storage Temperature (A & B Suffix) . «... —65t0150°C
(CSuffix) .............. —65t0 125°C
1-92

Siliconix

AMember of the TEMIC Group
Truth Table
Logic SWy, SW, | SWa, SW,
0 OFF ON
1 ON OFF

Logic“0” < 0.8V
Logic“1” 2 4V

Switches Shown for Logic “1” Input

Ordering Information — DG303A

Temp Range Package Part Number
0to 70°C 14-Pin Plastic DIP | DG303ACY
—251t085°C DG303ABK
DG303AAK
14-Pin CerDIP —_—
. DG303AAK/883
~5510125°C —
JM38510/11604BCA
14-Pin Sidebraze JM38510/11604BCC
Power Dissipation®
14-Pin Plastic DIP®
14-PinCerDIPY . ..................
10-Pin Metal Can®
Notes:

a. Signals on Sy, Dy, or INx exceeding V+ or V- will be clamped by
internal diodes. Limit forward diode current to maximum current
ratings.

All leads welded or soldered to PC Board.

Derate 6.5 mW/°C above 25°C

Derate 11 mW/°C above 75°C

Derate 6 mW/°C above 75°C

pano
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Siliconix

AMember of the TEMIC Group

DG300A/301A/302A/303A

Specifications?
Test Conditions A Suffix B. C Suffix
Unless Otherwise Specified —55t0125°C
V+ =15V, V- =-15V
Parameter Symbol VN =08 Vor Vy = 4 VI Temp? | Typ® | Mind | Maxd | Mind | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full -15 15 -15 15 v
Drain-Source On-Resistance IDS(on) Vp =10V, Is = =10 mA Rl?lﬁ;n 30 ;2 gg
Source fo Leakage Current Isoff) R}(;g:n £01 _—1(1)0 1(1)0 —_lgO 130
Vg=+14V,Vp = F14V = > = .
Drain Off Leakage Current Ip(offy ﬁg{n +01 _;(1)0 1(1)0 __100 100 nA
Drain On Leakage Current In(on) Vp=Vs=x14V Rﬁgltn +0.1 __1(1)0 1(1)0 __130 1(5)0
Digital Control
Room | —0.001 -1 -1
VIN=5V
Input Current with I IN Full -1
Input Voltage High Room 0.001 1 1
V=15V Full 1 KA
Input Current with _ Room | -0.001 -1 -1
Input Voltage Low IinL Vin=0V Full -1
Dynamic Characteristics
Turn-On Time toN Room 150 300
See Figure 2
Turn-Off Time tOFF Room 130 250 s
DG301A/303A Only
Break-Before-Make Time tOPEN Sec Figure 3 Room 50
— CL=1nERyen =0Q,Vgen =0V
Charge Injection Q L S&F gure 4 gen Room 8 pC
Source-Off Capacitance Cs(off) Room 14
Drain-Off Capacitance Cp(off) Vs, Vp=0V,f=1MHz Room 14
Channel-On Capacitance Cp(on) Room 40 pF
Vin=0V Room
Input Capacitance Cin f=1MHz
ViN=15V Room 7
Off-Isolation OIRR Vin=0V,Rp = 1k Room 62 dB
Crosstalk (Channel-to-Channel) | Xrarx Vs =1V, £ =500 kHz Room 74
Power Supplies
Positive Supply Current I+ RI? Oﬁn 0.3 OiS 1 mA
Vin = 4 V (One Input) v
All Others =0V — — —
Negative Supply Current I- Rl?lﬂfl 0.001 _11(;::) 100
Positive Supply Current I+ RI?;T 0.001 11‘?0 100 HA
VN = 0.8 V (All Inputs)
. Room | —0.001 -10 -100
Negative Supply Current I- Full ~100
Notes:
a. Refer to PROCESS OPTION FLOWCHART (Section 5 of the 1994 Data Book or FaxBack number 7103).
b. Room = 25°C, Full = as determined by the operating temperature suffix.
c. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
d. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
e. Guaranteed by design, not subject to production test.
f. Vin = input voltage to perform proper function.
P-32167—Rev. A (11/15/93) 1-93




DG300A/301A/302A/303A

Typical Characteristics

1ps(on) — Drain-Source On-Resistance (Q)

tps(on) — Drain-Source On-Resistance (Q)

Q(pO)

1-94

rDs(on) V. Vp and Power Supply

90
Ta=25°C
K /\J =V
50 +8V
N
/ /\ +10V
30 NG P AV 12V
N\ L/ £15V
[ ——]
+20V
10—25 -15 -5 5 15 25
Vp — Drain Voltage (V)
TDS(on) ¥S- Vp and Power Supply Voltage
T T
V-=0V
100 ! ! A —ose
15V / Ta =25°C
y
80
N\
ov
/ / \
60 //
AN 15V PN
0 20V ~
—
20
0 5 10 15 20
Vp — Drain Voltage (V)
Charge Injection vs. Analog Voltage
50 l |
V+ =15V
40 [~ vV-=-15V
CL=10F
30
20 N
10 \
N—
-15 -10 -5 0 5 10 15

Vs — Source Voltage (V)

toN, toFF (ns) rDs(on) — Drain-Source On-Resistance ( Q)

vr (V)

60

50

40

30

20

10

500

400

300

200

100

Siliconix

AMember of the TEMIC Group

rDs(on) V- Vp and Temperature

V+ =15V
V-=-15V
1

Ta = 125°C
\‘L R

]

\“‘iﬁ °C

\\'l",:x:-jf::"c/’—\

-5 0 5
Vp — Drain Voltage (V)

10 15

Switching Time and Break-Before-Make Time

vs. Positive Supply Voltage
T T

V- =-15

\ Ta=25°C

ViNu=4V
\ VINL=0V

v

\

tOFF

N\

tON\\\{

tOPEN

DG301
|

0

V+ — Positive Supply (V)

Input Switching Threshold
vs. Positive Supply Voltage

/303 Only
| 1
5 10

15

T

V- =-15V
Ta =25°C

T

5 10
V+ — Positive Supply (V)

P-32167—Rev. A (11/15/93)

15



Siliconix DG300A/301A/302A/303A

AMember of the TEMIC Group

Typical Characteristics (Cont’d)

00 Supply Current vs. Temperature 120 Off Isolation and Crosstalk vs. Frequency
~ ~
400 100 LN
_— N (TN Crosstalk
\\ \~ F
. 300 I+ \\
g ™~ —80
= | V+=15V S~ a \\\
Lo 200 V-=-15V 3z Off Isolation \ N
X VN = 4 V(One Input) -60 NN
100 (All Other = 0V) N\
Vi =+15V N
I- —40 . V-=-15V N
0 Rp=509Q
IR
-55 =35 =15 5 25 45 65 85 105 125 10k 100k 1M 10M
Temperature (°C) f — Frequency (Hz)
Supply Curents vs. Switching Frequency Leakage vs. Temperature
100nA g =
E I 3
LI :
L Vo =15V V-=-15V 3
v 15 10nA t Vs, Vp= %14V /)
E— / E
10 - : V3
g a  F o dE
& — Inen) A/ ]
HH T 1nA E (on)
g f CE: 4 E
Lo / 2 ]
/ - Inefry of Isofyy
+1 4 / 100pA | // 7 :
7 : /| E
i N - jé ]
0 10pA
1k 10k 100k 1M -55-35 -15 S 25 45 65 85 105 125
f — Frequency (Hz) Temperature (°C)
Switching Time vs. Power Supply Voltage Switching Time vs. Temperature
400 | T 400 I
V4 =15V yiIny
350 = 350 [~ V-=-15V
V-=-15V V=3V
300 300
-
_. 250 o 250 toN
g \\ g ~ ||
s 200 toN S 200 ——
NN I _—1]
F s " B s -
OFF —— tOFF
N\\ //
100 100
50 50
0 0
+10 +12 +14 +16 +£18 £20 +£22 -55 -35 -15 5 25 45 65 85 105 125
Supply Voltage (V) Temperature (°C)
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DG300A/301A/302A/303A

Schematic Diagram (Typical Channel)

Siliconix

AMember of the TEMIC Group

V+ O
7
O S
7 3 I'_J 7 3
F H o
= = V-
v Level P)c ||_
IN 0——‘¥¥& Shift/ e
— Drive b I ;!_‘
o o v+
H —
] o [o]
GND o . 3
-0 D
A
V- O-
Figure 1.
Test Circuits
+15V
T Logic “1” = Switch On
vr pogie 50%
S D Input F 2V
Vs=3V O A O Vv,
et 5L — =
IN
- Ry Cp Vs -
sv GND V- 300 33 pF Switch 90%
I l - -l Oll!.pl.ll 10%
] ] (s} oV —
= -_— -15V I_ L
— —t t
CL (includes fixture and stray capacitance) foN OFF
Vo = Vs _EL
L + D, .
S(em) Figure 2. Switching Time
+15V
Logic “1” = Switch O
? Logic oge hOn
Input
v+ P v Asom X
S
Vs1=3V o2 ofa—I1 +0 Voi 3"
. s1
s, | Dy Voz Switch S\
Vs2=3V o Olx +—O out
put Vo1 A 50%
N | ov | —
> Ru | Vs2
GND v - 3009 33pF Switch Voz 509
L2 | Cp — — Output 0V
I g 3009 33pF
= = -15v. = = ~ tgeM  —
CL (includes fixture and stray capacitance)
Figure 3. Break-Before-Make SPDT (DG301A, DG303A)
196 P-32167—Rev. A (11/15/93)



Siliconix

AMember of the TEMIC Group

Test Circuits (Cont’d)

DG300A/301A/302A/303A

+15V
Ry . V+ s /-L———\AVO
™ : ° Vo vo T
>4 |+
Vg = IN _| CL IN:
3V 1nF X
I GND v | ON OFF / ON
—_— —_— -15V
Figure 4. Charge Injection
Application Hints?
iy
V4 Ve Logic Input Vs or Vp
Pasitive Supply Negative Supply GND Voltage Analog Veltage
Voltage Voltage Voltage VINH(min) VD¥L(max) Range
\2 \2 (\) \J)
15 =15 0 4/0.8 -15to15
20 -20 0 4/0.8 —20t020
15 0 0 4/0.8 0to15
Note:
a. Application Hints are for DESIGN AID ONLY, not guaranteed and not subject to production testing.
Applications

The DG300A series of analog switches will switch positive
analog signals while using a single positive supply. This
facilitates their use in applications where only one supply is
available. The trade-offs of using single supplies are:

1) Increased rpg(on); 2) slower switching speed. The analog
voltage should not go above or below the supply voltages
which in single operation are V+ and 0 V. (See Input
Switching Threshold vs. Positive Supply Voltage Curve.)

P-32167—Rev. A (11/15/93) 197



DG300A/301A/302A/303A Siliconix

AMember of the TEMIC Group

Applications (Cont’d)

+15V

50kQ
e AAA——
10kQ +15V
<
5kQ
v - .
' O Vour
T %{
10 pF =
_[ +svo— | T
DG301A
—[__ L
100 kQ +5V
SkQ I
o—wW\ \
©O TTL Input
2
> -
10kQ i
Figure 5. Single Supply Op Amp Switching
+15VT T -15V +15VQ
Diff, IN A .r‘;
i b Y —
| sv ~-15V
CMOS Logic +1 T T
Input Select ~ © g DJ . R
High = Diff. INB —o T 75 kQ
O——F—o*— oo
Diff, IN B |
! a ->|
D" D Ri S "1 DG301A Vour
DG302A 16kQ S S15kQ T
L =GND R
5kQ +15V
CMOS Logic ¢ A
Gain Select o VosNULL
High = Ay = 101 b Rs sor0
+ 75kQ  67kQ
Voltage gain of the instrumentation amplifier is:
Ay=1+ %‘3‘ (In the circuit shown, Ayq = 10.4, Ayz = 101) -15V
1

Figure 6. Low Power Instrumentation Amplifier with Digitally Selectable Inputs and Gain
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Siliconix

AMember of the TEMIC Group

CMOS Analog Switches

DG304A/305A/306A/307A

Features Benefits Applications

® +15-V Input Range e Full Rail-to-Rail Analog Signal Range @ Low Level Switching Circuits

® Fast Switching—ton: 110 ns ® Low Signal Error ® Porgrammable Gain Amplifiers

® Lowrpgony 30 Q ® Wide Dynamic Range ® Portable and Battery Powered Systems
® Single Supply Operation ® Low Power Dissipation

® CMOS Logic Levels

® Micropower: 30 nW

Description

The DG304A through DG307A series of monolithic
CMOS switches were designed for applications in
communications, instrumentation and process control.
This series is well suited for applications requiring fast
switching and nearly flat on-resistance over the entire
analog range.

Designed on the Siliconix PLUS-40 CMOS process to
achieve low power consumption and excellent on/off switch
performance, these switches are ideal for battery powered

applications, without sacrificing switching speed.
Break-before-make switching action is guaranteed, and an
epitaxial layer prevents latchup. Single supply operation
(for positive switch voltages) is allowed by connecting the
V—railto0V.

Each switch conducts equally well in both directions when
on, and blocks up to the supply voltage when off. These
switches are CMOS input compatible.

Functional Block Diagram and Pin Configuration

DG304A
Dual-In-Line
NC E 7 ZI v+
Dq E E D3
NC E 1T NC
st [4] | 1] S
ne [5] L# + NC
N E 9] IN
GND E V-
Top View

Ordering Information — DG304A

Temp Range Package Part Number
-0to70°C 14-Pin Plastic DIP DG304ACT
DG304AAK/883
14-Pin CerDIP
JM38510/11605BCA
—S510125°C 10-Pin Can JM38510/11605BIA
14-Pin Sidebraze JM38510/11605BCC

P-32167—Rev. A (11/15/93)

Metal Can
V+ (Substrate and Case)

Truth Table

Togic Switch
0 OFF
1 ON

Logic“0” <35V
Logic“1” 2 11V

Switches Shown for Logic “1” Input

1-99




DG304A/305A/306A/307A

Siiliconix

AMempber of the TEMIC Group

Functional Block Diagram and Pin Configuration (Cont’d)

DG305A

Dual-In-Line
/

EIEFEERE
I__:L'

FEEEERE
o

Top View

V+
D;

NC

NC
NC

Ordering Information — DG305A

Metal Can
V+ (Substrate and Case)

Temp Range Package Part Number Truth Table
14-Pin CerDIP IM38510/1160SBCA Logic SWq W,
DG305AAA 0 OFF ON
~55 t0125°C 10-Pin Can
JM38510/11606 BIC 1 ON OFF
14-Pin Sidebraze TM38510/11606BCA Logic“0” <35V
Logic“1” 2 11V
Switches Shown for Logic “1” Input
DG306A
Dual-In-Line Truth Table
Logic Switch
Y ¢
NC E E v+ 0 | orr
MOESEEE .
Ds 1r Ds Logic“0” < 35V
E I Logic“1” = 11V
Dy E I Dy Switches Shown for Logic “1” Input
4
5 ] =
™ [ 51 ™ Ordering Information — 306A
Temp Ra Packa; Part Number
oD [ v p Range ge N
—0t070°C 14-Pin Plastic DIP | DG306ACY
4-Pin CerDIP DG306AAK/883
14-Pin I ——
Top View -5510125°C e TM38510/11607BCA
14-Pin Sidebraze JM38510/11607BCC

1-100
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Siliconix

AMember of the TEMIC Group

DG304A/305A/306A/307A

Functional Block Diagram and Pin Configuration (Cont’d)

DG307A

Dual-In-Line

IN,

V-

EEFEEFE
T
il

EEEEEEE

Top View

Absolute Maximum Ratings

Voltages Referenced to V—

Vo e e s 4V
GND oo s 25V
Digital Inputs?, Vs, Vp ... ... ... (V=) =2Vto (V+) +2Vor
30 mA, whichever occurs first

Current, Any Terminal Except SorD ................... 30mA
Continuous Current, SorD ........cooviiiiiiiiininnn. 30mA
(Pulsed at 1 ms, 10% dutycyclemax) .................. 100 mA
Storage Temperature (AAA, AAK, ABK Suffix) —65 to 150°C
(ACT Suffix) ............ —65t0 125°C

P-32167—Rev. A (11/15/93)

Four SPST Switches per Package

Truth Table
Logic SWi, SW, | SW3, SW,
0 OFF ON
1 ON OFF

Logic“0” <35V
Logic“1” = 11V

Switches Shown for Logic “1” Input

Ordering Information — 307A

Temp Range Package Part Number
0to 70°C 14-Pin Plastic DIP DG307ACT
-25t085°C DG307ABK
DG307AAK
14-Pin CerDIP
DG307AAK/883
-551t0125°C
JM38510/11608BCA
14-Pin Sidebraze JM38510/11608BCC
Power Dissipation?
14-Pin Plastic DIP®
14-PinCerDIPd ...............
10-Pin Metal Can®
Notes:

a. Signals on Sx, Dy, or INx exceeding V+ or V— will be clamped by
internal diodes. Limit forward diode current to maximum current
ratings.

All leads welded or soldered to PC Board.

Derate 11 mW/°C above 75°C

Derate 6.5 mW/°C above 25°C

Derate 6 mW/°C above 75°C

sang
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DG304A/305A/306A/307A Siliconix
AMember of the TEMIC Group
Specifications?
Test Conditions A Suffix B, C Suffix
Unless Otherwise Specified —551t0125°C | —25t085°C
0to70°C
V+ =15V, V== -15V
Parameter Symbol ViIN=35Vor11 VE Temp® | Typ® | Mind | Maxd | Mind | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full -15 15 -15 15 v
Drain-Source On-Resistance IDS(on) Vp = +£10V,Ig =10 mA RI?uC;Tl 30 32 ;g Q
Source Off Leakage Current Is(oif) Vs=+14V,Vp=F14V Rl?lﬁfl *0.1 __1(1)0 1(1)0 __1(5)0 1(5)0
Drain Off Leakage Current IpGsin) Vg=+14V,Vp=F14V R;&T +01 _—130 1&) _;(5)0 130 nA
Drain On Leakage Current ID(on) Vp=Vg=+x14V nguc;xln +01 __230 230 __230 230
Digital Control
Room | —0.001 -1 -1
ViN=5V
Input Current I m Full -1
with Input Voltage High INH Room | 0.001 1 1
V=15V Full 1 A
Input Current _ Room | -0.001 | -1 -1
with Input Voltage Low Ie Vin=0V Full -1
Dynamic Characteristics
Turn-On Time toN Room 110 250
See Figure 2
Turn-Off Time tOFF Room 70 150 ns
Break-Before-Make Time tOPEN DG32§5§£Z$2NLY Room 50
. CL=1nFRgen =0
Charge Injection Q Vgen = 0V, Se 5 gure 4 Room 30 pC
Source-Off Capacitance Cs(off) Room 14
- - f=1MHz, Vs=0V
Drain-Off Capacitance Cpy(offy Vs, Vp =0V Room 14
Channel-On Capacitance Cp(on) Room 40 pF
VIN=0V Room 6
Input Capacitance Cin f=1MHz
VIN=15V Room 7
Off-Isolation OIRR Vin=0V,Ry = 1kQ Room 62 B
Crosstalk (Channel-to-Channel) XTALK Vs =1V, £ =500 kHz Room 74
Power Supplies
Positive Supply Current I+ R}?ﬁlln 0.001 11(?0 100
Vv =15V or 0V (All Inputs) nA
Negati Room | -0.001 | —-10 -100
egative Supply Current I- Full ~100
Notes:
a. Refer to PROCESS OPTION FLOWCHART (Section 5 of the 1994 Data Book or FaxBack number 7103).
b. Room = 25°C, Full = as determined by the operating temperature suffix.
c.  Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
d. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
e. Guaranteed by design, not subject to production test.
f. VIN = input voltage to perform proper function.
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Siliconix DG304A/305A/306A/307A

Typical Characteristics

100 rps(on) ¥S- Vp and = Power Supply rps(on) vs- VD and + Power Supply Voltage
~ I | ~ I I
¢ L m=2sc ¢ 100 A Ta=25°C —
3 8 +15V V-=0v
g 80 g I
2 ;S\L’J A 2 80 |
Q o
o~ 4 2\
& 60 o / +10V_J "\
H /| 5 g o7 g |
*75V
E 0 N E N sy N
& /‘W &40 — +20V o
£ 15V e £
T o0 = : n
3 *20V B 20
Z =
é | g
0 0
-20 -15 =10 -5 0 5 10 15 20 0 5 10 15 20
Vp — Drain Voltage (V) Vp — Drain Voltage (V)
Input Switching Threshold vs. V+ and V-
10 Leakage Currents vs. Analog Voltage 10 Supply Voltages
[
9 |— To=25°C
0 ™ Ip(otry or Is(of 8 /
(o 0' (off) ; /’ .
P T
~ —10 > s .
< / ID(on) y S T
& 4 € p d
Nl / =
T =20 >
= 4
3
-30
2
-40 1
0
-15-12 -9 -6 -3 0 3 6 9 12 15 0 *5 *10 *15 +20
Vp or Vg — Drain or Source Voltage (V) V+, V- Positive & Negative Supplies (V)
Switching Time vs. Positive Supply Voltage Switching Time vs. Negative Supply Voltage
T T .240 T T
V- =-~15V V+ =15V
Ta=25°C | q To=25C
200 Ving=15v _| ViNu=15V
\ ViNL =0V 200 AN VL= 0V
& 160 \ ! & 160
B N, toN & ton
%‘ 120 N\ % 120 \\‘
- \ tOFF \ - \
\ T
t
80 \\ 80 OFF
40 40
0 5 10 15 0 -5 -10 -15
V+ — Positive Supply Voltage (V) V- — Negative Supply Voltage (V)
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DG304A/305A/306A/307A Siliconix

Typical Characteristics (Cont’d)

Supply Currents vs. Toggle Frequency

AMember of the TEMIC Group

b

Rp= o
CL=0
6 — Vs =Open -
. 4
4 /
2
—“'J’-
0
1k 10k 100k 1M
f — Frequency (Hz)
Schematic Diagram (Typical Channel)
V+ O—
Y
O S
A |‘_J Y
} 1t (o)
—
V-
'——
Level N o
Vin Shift/ >0 lie
pL Drive b ||_ IH
= =
V+
H T {.'j o
GND o | J ; Y
O D
A
V- o
Figure 1.
Test Circuits
+15V
? Logic “1” = Switch On
V+ Logic —__\
- S 0 1/ D Input Vou £ 0%
e | ] Vo ov— | W
IN D
15v - ?()Lo Q % pF Vs
GND V- 90%
J’ - - 10%
ov
= = sV Switch tox — ] torr
Cy, (includes fixture and stray capacitance) Output
Vo =Vs Ry
RL + Ds(on)
Figure 2. Switching Time
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Siliconix DG304A/305A/306A/307A

AMember of the TEMIC Group

Test Circuits (Cont’d)

+15V
T Logic Logic “1” = Switch On
V4 Input Viem 0%
S
Vs =3V o2 ofa—21 0 Vo 3v
| v, . s1
Sy D, 02 Switch S\
Vs2=3V o Oy ‘ o J_ Output Vi 50%
N | P ov 01—7 R_
—D— . Ry |y Vs2
GND V- N 3002/ 33pF Switch Voz spg
L2 | CLo = = Output oV
l $ 300Q| 33 pF P
= = -15v. = = — teemM
Cy, (includes fixture and stray capacitance)
Figure 3. Break-Before-Make SPDT (DG305A, DG307A)
+15V
R, . V+ o AVo
—[’VW 4 O Vo Vo i
>d |+
Vg ¢ IN _ CL
3V 10k Bk e ofFf / ON
GND V-
| $ Q=AVoxCL
—_— e -15V
Figure 4. Charge Injection
Application Hints?
Vin
V+ \'& Logic Input Vs or Vp
Positive Supply Negative Supply GND Voltage Analog Voltage
Voltage Voltage Voltage Vnm(mmyvmum) Range
) \Z 1\ Y] \2)
15 -15 0 1135 -15t0 15
20 -20 0 11735 —-20t020
15 0 0 1135 0to 15

Notes: :
a. Application Hints are for DESIGN AID ONLY, not guaranteed and not subject to production testing.
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DG304A/305A/306A/307A

Siliconix

AMember of the TEMIC Group

———O Vour

—O Vour

Applications
+15V
ViN + 10kQ
A4 +
+15V  ~15V 10kQ
10kQ T
100 kQ 1MQ
- $'AAY NN—
?‘ o
I
b
A o——[>—J '—-Q——o Ao
DG304A
Figure 5. Low Power Binary to 10° Gain Low Frequency Amplifier
+15V -15V -15V
V A o
15V N1 O— O’Il/ J +
ViNg O— -——O‘T‘— -
CMOS Logic
Input Select DJ
High = Vixg
° -15V
+15v =T J‘"}/‘ J
|
CMOS Logic
Gain Select v‘
High = 10x
= 10x 1x DG307A
. I GND
20kQ | 180kQ -
WW

Figure 6. Low Power Non-Inverting Amplifier with Digitally Selectable Inputs and Gain
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Siliconix

AMember of the TEMIC Group

DG308A/DG309

Quad Monolithic SPST CMOS Analog Switches

Features Benefits Applications

® +15-V Analog Input Range ® Full Rail-to-Rail Analog Signal Range @ Portable and Battery Powered
® Low On-Resistance: 60 Q ® Low Signal Error Instrumentation

® Fast Switching: 130 ns ® Wide Dynamic Range e Communication Systems

® Low Power Dissipation: 30 nW ® Single or Dual Supply Capability ® Computer Peripherals

® CMOS Logic Compatible ® Static Protected Logic Inputs ® High-Speed Multiplexing
Description

The DG308A and DG309 are quad single-pole single-throw
analog switches designed for high speed switching
applications in communications, instrumentation, and
process control. This series is well suited for applications
requiring a low on-resistance over the entire analog range.

Featuring low on-resistance (60 Q) and fast switching
(130 ns), the DG308A is supplied in the “normally open”

configuration while DG309 is supplied “normally closed”.
Input thresholds are high voltage CMOS compatible.

Designed with the Siliconix PLUS-40 CMOS process to
combine low power dissipation with a high breakdown
voltage rating of 44 V, each switch conducts equally well in
both directions when on, and blocks up to the supply voltage
when off. An epitaxial layer prevents latch up.

Functional Block Diagram and Pin Configuration

Dual-In-Line
IN; |:1: g E IN
Dy E}Y Y_ 15] p,
st [5] 4] s,
- [ "
oND [ NC
« ] .
Dy E:}_lg Ds
N, E __T_| N

Top View

P-32167—Rev. B (11/15/93)

Four SPST Switches per Package

Truth Table
Logic DG308A DG309
0 OFF ON
1 ON OFF

Logic“0” = 3.5V
Logic“1” 211V

Switches Shown for Logic “1” Input

Ordering Information
Temp Range Package Part Number
DG308ACT
0to 70°C 16-Pin Plastic DIP
DG309CT
DG308ADY
—40t0 85°C 16-Pin Narrow SOIC
DG309DY
DG308AAK
~55t0125°C 16-Pin CerDIP DG308AAK/883
DG309AK/883
1-107




DG308A/DG309

Absolute Maximum Ratings

Siliconix

AMember of the TEMIC Group

Voltages Referenced to V— Power Dissipation®
Vo e 4“v 16-Pin Plastie DIPC ...
16-Pin Narrow SOIC®
GND ettt 25V 16-Pin Cordip .. vvrooee e
Digital Inputs3, Vs, Vp . ............ (V=) =2Vto(V+) +2Vor
20 mA, whichever occurs first NOIOSSI s onSx. D N dine V4 or Vo will be.l by
. a. Signals on Sx, Dy, or INx exceeding V+ or V- will be clamped by
Current, Any Terminal Except SorD .........c..oeoneen 30mA internal diodes. Limit forward diode current to maximum current
Continuous Current,SorD .......ooiviiiiiiiiiiinnn, 20 mA b Ztll{:f:ds Jded ldered to PC Board.
Ised at 10% dutycyclemax) ...............ou0un - welded or soldered to oard.
(Pulsed at 1 ms, 10% duty cycle max) 70mA c. Derate 12 mW/°C above 75°C
Storage Temperature (AK Suffix) ............ ~6510150°C d. Derate 6.5 mW/°C above 25°C
(CJ and DY Suffix) ...... ~65t0125°C e. Derate 7.6 mW/°C above 75°C
Specifications?
Test Conditions A Suffix
Unless Otherwise Specified —5510125°C G, D Suffix
V+=15V,V-=-15V
Parameter Symbol VIN=35Vor11 Vi Temp® [ Typ¢ | Mind | Maxd | Mind | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full -15 15 -15 15 v
Drain-Source _ _ Room 60 100 100
On-Resistarnce TDS(on) Vp=£10VIs=1mA Full 150 15 | @
Source Off Leakage _ _ Room | +0.1 -1 1 -5 5
Current Iscoty Vs=#14V,Vp = F14V Full -100 | 100 | -100 | 100
Drain Off Leakage _ _ Room | +0.1 -1 1 -5 5
Current Ip(etr) Vp=*14V,Vs=F14V Full -100 | 100 [-100 | 100 | A
Drain On Leakage . < Room +0.1 -1 1 -5 5
Current ° ID(on) VD=Vs= 14V Full -100 | 100 | -200 | 200
Digital Control
Input Current with _
Input Voltage High INH VN=15V Full | 0.001 1 1
pA
Input Current with _
Input Voltage Low INL VN=0V Full | -0001] -1 -1
Input Capacitance CiN Room 8 pF
Dynamic Characteristics
Turn-On Time toN Room 130 200 200
See Figure 2 ns
Turn-Off Time tOFF Room 90 150 150
Charge Injection Q Cr, = 0.01 uE Rgen =09, Vgen =0V | Room -10 pC
Source-Off Capacitance Cs(oﬁ) Room 11
Drain-Off Capacitance Cp(off) f=140kHz, Vs, Vp =0V Room 8 pF
Channel-On Capacitance Cp(on) Room 27
Off-Isolationf OIRR RL=75,Vs=2Vppf=500kHz | Room | 78 dB
4
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Siliconix DG308A/DG309

Specifications?

Test Conditions A Suffix
Unless Otherwise Specified -55t0125°C G, D Suffix
V+=15V,V-=-15V
Parameter Symbol ViN=35Vor11Vf Temp® | Typ¢ | Mind | Max? | Mind | Maxd | Unit
Power Supplies
. Room | 0.001 10 10
Positive Supply Current I+ '
PPy All Channels On or Off Full 100 100 HA
Negati Vin=0Vorlsv Room | —0.001 | —10 ~100
egative Supply Current I- Full ~100

Notes:
. Refer to PROCESS OPTION FLOWCHART (Section 5 of the 1994 Data Book or FaxBack number 7103).

Room = 25°C, Full = as determined by the operating temperature suffix.

Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.

The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.

Guaranteed by design, not subject to production test.

Vv = input voltage to perform proper function.

»

mepego

Typical Characteristics

TDS(on) VS- Vp and Power Supply rDS(on) V- Vp and Power Supply Voltage
a Ta25°C | o 20 Vi =415V T, l25c:|
| Ta= = +7. " =25°C __|
3 150 74 3 V= =0V
g /Y 5 20 \
2 120 2
g / 2
P V N\ S 150
& o +75V A 8 JAPEZ2%A
: AP z '/
3 N0V 4 3 100 |7 y ——
£ 60 ! 7 0 +15V
‘s | 15V K| e
a ] a
Lo 30 *20V L0 +20V
S o
[7] 172
a8 =)
0 0
-20 -15 -10 -5 0 5 10 15 20 0 5 10 15 20
Vp - Drain Voltage (V) Vp — Drain Voltage (V)
Input Switching Threshold
Leakage Currents vs. Analog Voltage vs. V+ and V— Supply Voltages
", ' 10 |
—Ta = 25°C Ty = 25°C
10 8
Iscofr
g ° —] 6
& I ID(off) &
R Ip(on) — =
& -10 (cn) >
K | 4
-20
2
=30
0
-15-12 -9 -6 -3 0 3 6 9 12 15 0 +5 +10 +15 +20
Vp or Vg — Drain or Source Voltage (V) V+, V- Positive & Negative Supplies (V)
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DG308A/DG309 Siliconix

Typical Characteristics (Cont’d)

Supply Currents vs. Switching Frequency Input Switching Threshold vs. Positive
(All Inputs Active) Supply Voltage
1000 T T TTTTIm T 8 I I
+15 V Supplies V=-=0V
Ta = 25°C 7 [ Ta=25°C
800
6
< 5
g o0 S
! = 4
A 400 i 3
I-
2
200 L+
} 1
100 . 0
1k 10k 100k 1M 0 5 10 15
f — Frequency (Hz) V+ — Positive Supply Voltage (V)
Schematic Diagram (Typical Channel)
V+ 0
y 3
S S
Y 3 ||__l ZLE
[t
[ A
— Level N '|.._.
Shift/ % |t —
Vin O VVVv Drive Y L I
x l—
Lo v+
lnay =
L ] l' o
GND o a
O D
Y 3
V- O-

Figure 1.
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Siliconix

AMember of the TEMIC Group

Test Circuits

+15V
V+
Switch
Input O S 0'1/‘ D O Vo
Vs=3V ] J_
IN >
Ry CL
GND V- 1kQ 33 pF
Logic — —
Input I (L
= —_ -15V

Cy (includes fixture and stray capacitance)
R

Vo =Vg
R + rps(on)

Logic
Input

Switch
Output

Switch
Output

Figure 2. Switching Time

Applications

Single Supply Operation

The DG308A and DG309 will switch positive analogsignals
while using a single positive supply. This will allow use in
many applications where only one supply is available. The
trade-offs or performance given up while using single
supplies are: 1) increased rpson) and 2) slower switching

P-32167—Rev. B (11/15/93)

DG308A/DG309

tr <20 ns
IN; tf <20 ns
50%3—
0
tOFF [+
Vs
: 90%
V
0 o]
- tON

speed. As stated in the absolute maximum ratings section
of the data sheet, the analog voltage should not go above or
below the supply voltages which in single supply operation
are V+and O V.
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DG308B/309B

Siliconix

AMember of the TEMIC Group

Improved Quad CMOS Analog Switches

Features Benefits Applications

® +22-V Supply Voltage Rating ® Wide Analog Signal Range e Industrial Instrumentation
® CMOS Compatible Logic e Simple Logic Interface o Test Equipment

® Low On-Resistance—rpg(ony: 45 Q ® Higher Accuracy e Communications Systems

® Low Leakage—Ip(on): 20 pA ‘ ® Minimum Transients ® Disk Drives

® Single Supply Operation Possible ® Reduced Power Consumption o Computer Peripherals

® Extended Temperature Range ® Superior to DG308A/309 @ Portable Instruments

® Fast Switching—toN: < 200 ns e Sample-and-Hold Circuits
® Low Glitching—Q: 1pC

Description

The DG308B/309B analog switches are highly improved
versions of the industry-standard DG308A/309. These
devices are fabricated in Siliconix’ proprietary silicon gate
CMOS process, resulting in lower on-resistance, lower
leakage, higher speed, and lower power consumption.

These quad single-pole single-throw switches are designed
for a wide variety of applications in telecommunications,
instrumentation, process control, computer peripherals,
etc. An improved charge injection compensation design

minimizes switching transients. The DG308B and DG309B
can handle up to +22-V input signals. An epitaxial layer
prevents latchup.

All devices feature true bi-directional performance in the
on condition, and will block signals to the supply levels in
the off condition.

The DG308B is a normally open switch and the DG309B is
a normally closed switch. (See Truth Table.)

Functional Block Diagram and Pin Configuration

DG308B

Dual-In-Line

141 S2

O/
ol
DIEDJ L
SIE
V—E V+
GNDE NC

S4E

Dy 7}-"- 10| D3
w44 E

Top View

IN3
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Truch Tabie

Logic DG308B DG309B
0 OFF ON
1 ON OFF

Logic “0” =< 3.5V
Logic“1” = 11V

Switches Shown for DG308B Logic “1” Input

Ordering Information
Temp Range Package Part Number
DG308BDJ
16-Pin Plastic DIP |
DG309BDJ
—401t0 85°C
DG308BDY
16-Pin Narrow SOIC  }———————
DG309BDY
DG308BAK
DG308BAK/883
-55t0125°C 16-Pin CerDIP _
DG309BAK
DG309BAK/883

P-32167—Rev. A (11/15/93)



Silkiconix DG308B/309B

Absolute Maximum Ratings

Voltages Referenced to V— Power Dissipation (Package)®

16-Pin Plastic DIP® .........ooviiiiiiiiiiiienennn
16-Pin Narrow SOIC? .
16-PinCerDIP® ......ooiiiiiiiiiiiiii i

Digital Inputs® Vg, Vp ............... (V=) =2Vio (V+) +2V Not
N es:
or 30 mA, whichever ocours first a. Signals on Sx, Dy, or INx exceeding V+ or V— will be clamped by
Current, Any Terminal ............. ... 30mA internal diodes. Limit forward diode current to maximum current
Peak Curent, § or D b, All leads welded o soldered to PC Board
. eads welded or soldered to oard.
(Pulsed at 1 ms, 10% duty cyclemax) .................. 100 mA c. Derate 6.5 mW/°C above 75°C
Storage Temperature (AK, Suffix) ............ —65 t0 150°C d. Derate 7.6 mW/°C above 75°C
(DI, DY Suffix) ........ ~6510125°C e. Derate 12 mW/°Cabove 75°C
Specifications?
Test Conditions A Suffix D Suffix
Unless Otherwise Specified -55t0125°C —40t085°C
V+ =15V, V== -15V '
Parameter Symbol VN =11V,35Vf Temp? | Typ® |Min? | Max? | Mind | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full -15 | 15 | <15 | 15 A
. . Room 45 85 85
Drain-Source On-Resistance ©ID!
S(on) Vp = £10¥Is = 1 mA Full 100 100
rps(on) Match Arps(on) Room 2 %
Source Off Leakage Current | Isgofry Vs=£14V,vp=Fu4y | Room | x001 | -0 | 05 | ~05 | 03
Drain Off Leakage Current Ipcofry Vp==x14V,Vsg=F14V RI?;T +001 :gg gg __055 055 nA
. Room +0.02 -0.5 0.5 -0.5 0.5
Drain On Leakage Current ID(on) Vs=Vp=14V Full —40 40 ~10 10
Digital Control
Input Voltage High VINH Full 1 11
v
Input Voltage Low VINL Full 35 35
Input Current II?;::‘ VINu or VINL Full -1 1 -1 1 HA
Input Capacitance CN Room 5 pF
Dynamic Characteristics
Turn-On Time toN Room 200 200
Vs =3V, See Figure 2 ns
Turn-Off Time toFF Room 150 150
Charge Injection Q CL =1000pE Vg=0V,R; =0Q | Room 1 pC
Source-Off Capacitance Cs(off) Room 5
" n Vs=0V,f=1MHz
Drain-Off Capacitance Cp(off) Room 5 pF
Channel On Capacitance Cp(on) Vp=Vg=0V,f=1MHz Room 16
Off Isolation OIRR CL=15pERL=50Q Room 90 B
Channel-to-Channel Crosstalk | Xrarx Vs =1Vgms, f = 100 kHz Room 95
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ape -
DG308B/309B Siliconix
AMember of the TEMIC Group
Specifications?
Test Conditions A Suffix D Suffix
Unless Otherwise Specified —55t0125°C | —40t085°C
V+ =15V, V- =-15V
Parameter Symbol ViN=11V,35Vf Temp® | Typ® |Mind | Max? | Min? | Max? | Unit
Power Supply
Positive Supply Current I+ R]?‘:’l?' § ;
Vin=0o0r15V HA
. Room -1 -1
Negative Supply Current I- Full -5 -5
Power Supply Range for
Continuous Operation Vor Full 40 E2 [ £4 | £22 |V
. . .
Specifications? for Single Supply
Test Conditions A Suffix D Suffix
Unless Otherwise Specified —55t0125°C | —40t085°C
V+=12V,V-=0V
Parameter Symbol ViN=11V,35Vf Temp® | Typ¢ |[Mind [ Max? [ Min? | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full 0 12 0 12 v
Drain-Source _ _ Room 160 160
On-Resistance TDS(on) Vp=3V.8VIs=1mA Full %0 200 200 | ©
Dymamic Chiaiacienisiics
Turn-On Time toN Room 300 300
Vs = 8V, See Figure 2 ns
Turn-Off Time tOFF Room 200 200
Charge Injection Q CpL=11nE Vgen=6V,Rgen =0Q Room 4 pC
Power Supply
Positive Supply Current I+ Rﬁﬁ{“ ; ;
Vin=0o0r12V RA
. Room -1 -1
Negative Supply Current I- Full _5 _5
Power Supply Range for
Continuous Operation Vor Full 4 44 4 44 v
Notes:
a. Refer to PROCESS OPTION FLOWCHART (Section 5 of the 1994 Data Book or FaxBack number 7103).
b. Room = 25°C, Full = as determined by the operating temperature suffix.
c.  Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
d. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
e. Guaranteed by design, not subject to production test.
f. VN = input voltage to perform proper function.
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Sikconix DG308B/309B

Typical Characteristics

rps(on) ¥s- Vp and Power Supply Voltages DS (on) VS- Vp and Temperature

110 . 100 T T
V+ =15V
2 100 A I A
g A1\ g
3 \V4 : YA
2 I *5V 2 N
E 80 \ | é 70 / \
g y \— & a  125°C =N
+*10V . e
g 60 / I g 50 < 85°C ~
% 50 ~—17 N +15V w40 ~ 25°C P~
= (=1
3 ] B . o~
E 40 A N g 30 -55'C —5
A D £20V Q —
N 30 B 120
g o
x 20 x 10
2] g
10 0
-20-16-12 -8 -4 0 4 8 12 16 20 -15 -10 -5 0 5 10 15
Vp — Drain Voltage (V) Vp — Drain Voltage (V)
ZSEDS(on) vs. Vp and Single Power Supply Voltages 10 Leakage Currents vs. Analog Voltage
g s V+=5V 30 b V+=22V
§ 200 / V== -22V
a ) g B
2 175
F 50 / S 1w LY
§ ! ANV g |
8 125 / i g 0 —Is(oty ID(offy =
g 10 / / oY ! 2
& 4 /] L~ 12v A -10 7
g 75 — 15V 5 /]
a " S~ = -20 A
IR 50
g
x 2 -30
8
0 —40
0 2 4 6 8 10 12 14 16 -20 -15 -10 -5 0 5 10 15 20
Vp — Drain Voltage (V) Analog Voltage
1A Leakage Currents vs. Temperature Qs, Qp — Charge Injection vs. Analog Voltage
STV E TR = e = 30
E V+=15V
Ev-=-15V
[ Vs, Vp==x14V /’I 20
v ~
g Z Q
§ 100pA = 2 10 —
5 =z ) — )%
(l) > E 0 xt - 1_51‘51\/ = A P~
a L fer 1 .- o ~ / V+=12V
= S(ofty In(otty [ o / V-=0V
~ 10pA ~10 /,
i =20 i
1pA -30
-55-35 -15 5 25 45 65 85 105 125 -15 -10 -5 0 5 10 15
Temperature (°C)

Analog Voltage (V)
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DG308B/309B Siliconix

Typical Characteristics (Cont’d)

Off Isolation vs. Frequen
120 ? 9

110 \
ol N\

80

V+ =15V
V-=-15V 7

g

RL=50Q

OIRR (dB)

70

60

50

40

10k 100k 1M 10M
f — Frequency (Hz)

Schematic Diagram (Typical Channel)

V+ O
a
O Sx
F 3
! Level (- O V-
x [~ shift/ So——]|—
I-'L I_- Drive | oy | o V+
INx O e !
1 x
ii _Jq . o Dx
GND O- ]F
V- O
Figure 1.
Test Circuits
+15V
V+ R ‘12v - tr <20 ns
Logic 50% tf <20 ns
Vs=+3V o> D —0 Vo Input gy N
! 1
IN =% toFF
12V D - Ry CL
GND V- 1kQ 35 pF 90%
- = Switch
I l Output Vo
= = -15V toN
RL
Vo

Figure 2. Switching Time
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Siliconix

AMecember of the TEMIC Group

Test Circuits (Cont’d)

DG308B/309B

15V
c
+15V
? s
d I.E— -_— s V+ b
Vs ~ 1 1 ~
= v+ Ry =50Q I
Vs S D 4 -L N ] -l- 50Q
o) 01/. Vo o Vo = INy =
Rg=50Q Y | T w15V o——> L
= | I = 509 — S5 Dy =
v 15v o—+—>-! NC o o= "’: , o Vo
= GND v- e = IN, _: = S ¢
w15V o4+—2>
| i l GND v- |c =
= -15v = i_l
C = RF bypass
. Vs . Vs — -15V —
Off Isolation = 20log | =— Xrtaix Isolation = 20 log o
o o

Figure 3. Off Isolation

Figure 4. Channel-to-Channel Crosstalk

+15V
T AVo
R V+ Vo
g S - D
_E'\N\v I J_ 0 Vo
Ve = N> C INx ON OFF ON
12V 13“00 F X
p!
GND V-
- (L - AV = measured voltage error due to charge injection
The charge injection in coulombs is Q = C, x AVg
— —_— -15V
Figure 5. Charge Injection
Applications
+5V +15V 30 pF
Vi S +15V
Vv o o™ T +
A LM101
Viv2 o B §+15V
| pgars. 1%
: -15Vv
CHo D N DG308B
>
GND V- ndb
[ e A
Ret R BV Gain1x1) 0 ll> oy
Gain = —F——C. ; N |
R Gain 2 (x10) O- |
G . SN J
Gain 3 (x100) O- > |
Gain 4 (x1000) o > J
V- GND
Logic High = Switch On l I
-15V -

Figure 7. A Precision
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Amplifier with Digitally Programmable Inputs and Gains
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DG308B/309B Siliconix

AMember of the TEMIC Group

Applications (Cont’d) -

L —< O Logic Input

Low = Sample
High = Hold
j I 1kQ
+15V A +15V

Vv SMQ -—<—

5.1 MQ _),A
v DG309B

30pF d-1sv —
Aquisition Time =25us
Aperature Time =1us
Sample to Hold Offset = 5mV
Droop Rate =5mV/s
Figure 8. Sample-and-Hold
? +15V
160
Vi
=l a
[ fcs 0| 1509F __D_ - 120
Select —
C;
< o 5 <
fc3 o| 1500 pF D - T 80
TTL Select Gy, y‘/A § ~
Control 0.0 g F (&)
Sftl:Z o # D-_..J % 40 Mo lfce fos fos
elect c : 04/‘ § \ \ \
fc1 0.15 uF D_ | N
[ select © 0 N N UENIENREN
—40

1 10 100 1k 10k 100k 1M
Frequency — Hz

R
AL (Voltage Gain Below Brealk Frequency) = Ei =100 (40 dB)
fc (Break Frequency) = Z7R.Cx

1
f, (Unity Gain Frequency) = 7R Cx

. TDS(n) o _40dB
Max Attenuation = 0ka

Figure 9. Active Low Pass Filter with Digitally Selected Break Frequency
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Siliconix

AMember of the TEMIC Group

CMOS Analog Switches

Features Benefits

® +15-VInput Range

o Low IDS(on): 30

® Single Supply Operation

¢ Pin and Function Compatible with the
JFET DG180 Family

Description

The DG381A—-DG390A series of monolithic CMOS
analog switches was designed for applications in
instrumentation, communications, and process control.
This series is suited for applications requiring fast switching
and nearly flat on-resistance over the entire voltage range.

Designed on Siliconix’ PLUS-40 CMOS process, these
devices achieve low power consumption (3.5 mW typical)
and excellent on/off switch performance. These switches

o Full Rail-to-Rail Analog Signal Range
® Minimizes Signal Error
® Low Power Dissipation

DG381A/384A/387A/390A

Applications

® Low Level Switching Circuits
® Programmable Gain Amplifiers
® Portable and Battery Powered Sytems

are ideal for battery powered applications, without
sacrificing switching speed. Break-before-make switching
action is guaranteed, and an epitaxial layer prevents
latchup. Single supply operation is allowed by connecting
the V—railto O V.

Each switch conducts equally well in both directions when
on, and blocks up to the supply voltage when off. These
switches are CMOS and quasi TTL logic compatible.

Functional Block Diagram and Pin Configuration

DG381A
Dual-In-Line
s U/ 5
1)1 —\c f 14
D; [2 -I :- 1—£| D,
NC |3 | ] 12| NC
NC é 4 11} NC
IN; |5 E IN,
v+ [6] 9] v-
NC |7 8 | GND
Top View

P-32167—Rev. B (11/15/93)

Truth Table
Logic Switch
0 ON
1 OFF
Logic“0” < 0.8V
Logic“1” 24V

Switches Shown for Logic “1” Input

Ordering Information — DG381A

Temp Range Package Part Number
01070°C 14-Pin Plastic DIP | DG381ACJ
-551t0125°C 14-Pin CerDIP DG381AAK/883
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DG381A/384A/387A/390A

Siliconix

AMember of the TEMIC Group

Functional Block Diagram and Pin Configuration (Cont’d)

DG384A
Dual-In-Line
U/
NC|2

:‘—4— 15| IN;
D3 E _l E V-
S3 E} 13] onD
Sa Eg_ Ez:l NC
Dy E -—= EZ' V+
NC |7 r—<]—£] IN;
D, [s f—=bo—T5] s

Top View

Truth Table
Logle Switch
0 OFF
1 ON

Logic“0” < 0.8V
Logic“1” =24V

Switches Shown for Logic “1” Input

Ordering Information — DG384A

Temp Range Package Part Number
0to70°C 16-Pin Plastic DIP DG384ACT
—55t0125°C 16-Pin CerDIP DG384AAK/883
Truth Table
Logic SWi, SWy | SW;, SWy
0 OFF ON
1 ON OFF

Logic“0” = 0.8V
Logic“1” = 4V

DG387A
Dual-In-Line
U/
NC E 14] Nc
ve [2] 5] ne
D; |3 12| D2
-
2 oH T -
N [5] [10] nc
v [C o
Ne [7] [s] onp
Top View
Metal Can

1-120

Switches Shown for Logic “1” Input

Ordering Information — DG387A

Temp Range Package Part Number
01to70°C 14-Pin Plastic DIP DG387ACT
14-Pin CerDIP DG387AAK/883
—5510125°C :
10-Pin Metal Can DG387AAA/883
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Siliconix

AMember of the TEMIC Group

DG381A/384A/387A/390A

Functional Block Diagram and Pin Configuration (Cont’d)

DG390A
Dual-In-Line
/ Truth Table
Di|1 =T 1__6| S1
Logic SW1, SW, | SW3, SWy
Nc[2 - '<]—l_5_| N
I 0 OFF ON
Ds]3 D«. J 1] v- 1 ON OFF
Ss 4 E GND Logic“0” < 0.8V
siafs . NC Logic“1” = 4V
\-— Switches Shown for Logic “1” Input

Dy [6 = —: v+

NC|7 F—<t10] ™, Ordering Information — DG390A

Dy{8 9| S2 Temp Range Package Part Number

0to70°C 16-Pin Plastic DIP DG390ACT
Top View —25t085°C DG390ABK
16-Pin CerDIP DG390AAK
—55t0125°C I ——
DG390AAK/883

Absolute Maximum Ratings
Voltages Referenced to V- Power Dissipation®
Vb e e 4“v 14-Pin Plastic DIPY ...
GND .ottt 25V 14-Pin CerDIF® ...

10-PinMetal Can® . ... ovvvviiviniiiiniinnnenneanns

Notes:
a. Signals on Sx, Dy, or INx exceeding V+ or V- will be clamped by

(V=) =2Vito(V+) +2Vor
30 mA, whichever occurs first

Current, Any Terminal Except S or D
Continuous Current, S or D
(Pulsed at 1 ms, 10% duty cycle max)

30mA

saog

internal diodes. Limit forward diode current to maximum current

ratings.

All leads welded or soldered to PC Board.
Derate 11 mW/°C above 75°C

Storage Temperature (AAA, AAK, ACK Suffix) . —65 to 150°C Derate 6.5 mW/°C above 25°C
(ACT Suffix) ............ —6510125°C Derate 6 mW/°C above 75°C
Specifications?
Test Conditi B, C Suffix
est “onditions A Suffix 0to070°C
Unless Otherwise Specified _5510125°C —25 10 85°C
V+ =15V, V== -15V
Parameter Symbol ViN=08Vor4 Vi Temp® | Typ¢ | Mind LMaxd Mind | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full -15 15 -15 15 v
Drain-Source Room 30 50 50
On-Resistance DS(on) Vb = #10VIs = ~10mA Full 75 75
Source Off Leakage _ _ Room | 01 ] -1 1 -5 5
Current Is(ott) Vs= 21V Vp=F1V Hot -100 [ 100 | -100 | 100
Drain Off Leakage _ _ Room | +01] -1 1 -5 5
Current In(ofy Vs= 214V Vp = F14V Hot -100 | 100 | -100 | 100 | ™4
Drain On Leakage . Room | £01 | -11 1 -5 5
Current ID(on) Vp=Vs= UV Hot -100 | 100 | -100 | 100
P-32167—Rev. B (11/15/93) 1-121




DG381A/384A/387A/390A Siliconix

AMember of the TEMIC Group

Specifications?
Test Conditi B, C Suffix
est Loncitions A Suffix 0t070°C
Unless Otherwise Specified —5510125°C —95 t0 85°C
V+=15V,V-=-15V
Parameter Symbol ViN=08Vor4 Vi Temp? | Typ¢ | Mind | Max? | Mind | Max? | Unit
Digital Control
-0.0
_ ViN=5V Room 1 o1 | 7] -1
Input Current with Input I
Voltage High INH R o0 T n
ViN=15V e b 1 A
Input Current with Input I Ve =0V Room _001'0 -1 -1
Voltage Low INL IN= Full -1
Dynamic Characteristics
Turn-On Time toN Room 150 300
See Figure 2
Turn-Off Time tOFF : Room 130 250 s
%‘;z;k-Before-Make tOPEN See Figure 3 Room 50
Charge Injection Q CL =001 pE Rgen =0Q Ve =0V Room 10 pC
Source-Off Capacitance Cs(off) Room 14
Drain-Off Capacitance Cp(off) f=1MHz; Vs, Vp =0V Room 14
Channel-On Capacitance Cp(on) Room 40 pF
VIN=0V Room 6
Input Capacitance CiN f=1MHz
ViIN=15V | Room 7
Off-Isolation OIRR Room 62
ram—"Y VIN=0V,RL = 1kQ 4B
“rosstal <. Ve =1V, f=500kHz oom
(Channel-to-Channel) ATALK o Room e
Power Supplies
Positive Supply Current I+ Rgﬁr 023 (1)(5) 1 mA
VIN = 4V (One Input) i
All Others = 0 — — —
Negative Supply Current I- ¢ ) ngl:)ﬁn OCi.O _11(?0 100
Positive Supply Current I+ Rl?:x)llln 0.001 110% 100 "
ViN = 0.8 V (All Inputs -
Nesati (AllTnputs) Room | 720 | —10 ~100
egative Supply Current 1- Full 01 ~100
Notes:
a. Refer to PROCESS OPTION FLOWCHART (Section 5 of the 1994 Data Book or FaxBack number 7103).
b. Room = 25°C, Full = as determined by the operating temperature suffix.
c. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
d. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
e. Guaranteed by design, not subject to production test.
f.  Vin = input voltage to perform proper function.
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AMember of the TEMIC Group

Typical Characteristics

rpS(on) vS- Vp and Power Supply

. 100 T T

a | Ta=25°C

% 80

2 =5V

g NS

o

8 / |

8 +75V

5 P
7 g NI\
2 +15V >
L2 =20V

8 i

8 ||

0
-20 -15 -10 -5 0 5 10 15

Vp — Drain Voltage (V)

Charge Injection vs. Analog Voltage (Vs)

20

50 T T
V+ =15V
V-=-15V
40  CL=1nF
30
)
&
o AN
B / N—~_
0
-15 -10 -5 0 5 10 15
Vs — Source Voltage (V)
Input Switching Threshold
5 vs. Positive Supply Voltage
T T
V- =0to -15V
Ta=25"C
4
3
&
s
2
1
0 5 10 15

V+ — Positive Supply Voltage (V)

P-32167—Rev. B (11/15/93)

DG381A/384A/387A/390A

toN , torr (ns) rps(on) — Drain-Source On-Resistance ( Q)

I+,1- (LA)

rps(on) ¥S- Vp and Temperature

V+ =15V
V- =-15V
50
= N
e~
30
\isoc L~
2 =
\ -55°C e

10—15 -10 -5 0 5 10 15

Vp — Drain Voltage (V)

Switching Time and Break-Before-Make
Time vs. Positive Supply Voltage

T

500 V-=-15 V\

- TaA=25°C

L Vinu=4V \
400 " vy =0V \

\ toFF
300
200 toN
\\
100
tOPEN
DG301/303 Only
0
0 5 10 15
V+ - Positive Supply Voltage (V)

500 Supply Current vs. Temperature

™S
400

N
nl

300 I+ ]

V+ =15V
200 = y-=-15V
VIN = 4 V(One Input)
(All Other =0V)

00
-55 =35 =15 5 25 45 65 85 105 125
Temperature (°C)
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DG381A/384A/387A/390A

Typic

al Characteristic (Cont’d)

Off Isolation and Crosstalk vs. Frequency

120 J
100 D
N M\ Crosstalk
, WY
N
80
= N
g oft 1solazion\\\
N
60 \\ o
V+=15V \{
40 |- V-=-15V N
Rp=50Q '
LT |
10k 100k 1M 10M
f — Frequency (Hz)
100nA Leakage vs. Temperature
I 3
E V+=15V A
V-=-15V b
jona [ VsVp=x14V /
: ( / V3
% 2 / / ;
g F Ioen) A 4 ]
S 1nA L o
A : / J E
5 F / / E
= L 4y -
100 pA 3 //I r g Ipoir) or Is(off) —3
10pA Vi / 1
-55-35 -15 5 25 45 65 85 105 125
Temperature (°C)
Switching Time vs. Temperature
400 1T
V+ =15V
350 [ V=-=-15V
Vs=3V
300 =
é 250 |~ to}r
5 200 L ~ *
2 L
S 150 tOFF
100
50
0
-55 -35 =15 5 25 45 65 85 105 125
Temperature (°C)
1-124

ton, torF (ns) I+,1- (mA)

Ips(on) — Drain-Source On-Resistance ()

Siliconix

AMember of the TEMIC Group

Supply Curents vs. Switching Frequency

T T T
V+ =15V )
| V-=-15V
10 i
s /
+1 /
/A
LT / -I
=l | I
0
1k 10k 100 k 1M
f — Frequency (Hz)
Switching Time vs. Power Supply Voltage
400
| V=15V
350 ™ y_ < 15V
300
250
N —
200 \\ ton
150 " tOFF
100
50
0
10 12 14 16 18 20 22
V+, V- Positive and Negative Supplies (V)
170 IDS(on) VS- Analog and Positive Supply Voltage
T TT
| V-=0V
150 I Ta=125°C T
130 \\ V+ =5V N
110 (A ™
/ \
90
A
70 AN V=10V
Y
50 V+=15V
a1 Ny - "~
30
10

0 2 4 6 8 10 12 14

V+, V- Positive and Negative Supplies (V)
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Siliconix DG381A/384A/387A/390A

Schematic Diagram (Typical Channel)

§

-15v. =

V+ O
Y 3
oS
Y |_| Y 3
|
— [ 0
= v-
Level —
Vv 0—M Shift/ gc o
p‘ — Drive b o i'_
— . . v+
|
h ?
GND o M X
oD
Y
V- 0o
Figure 1.
Test Circuits
+15V
T . Logic “1” = Switch On
V+ Logic T
S D Input Vinu 0% A
Vs=3V O oTa 0V
l l o . oV ___—] \—
IN
5V D - RL CL Vs ‘ -
GND V- 3002 33pF 90%
) == 10%
oV —
— = -15V N
. Switch ton — — tOFF
CL (includes fixture and stray capacitance) Output
Vo =Vs Rr.
Ry + rDs(on)
Figure 2. Switching Time
+15V
‘f ) Logic “1” = Switch On
Logic
V4 Input ViNg {—_\_50%
S
Va=3V o2 ofa—D1 0 Vo1 SV
S1
Sz ! D, V°2 Switch S\
Ve=3V o ole ' ot X
put Vo1 50%
| ov N
- gg‘ol o| 5 Ve —
V- 33pF Switch Vo2 509
C = Output oV
33

L

[~ 'BBM i

Cy, (includes fixture and stray capacitance)

Figure 3. Break-Before-Make SPDT (DG301A, DG303A)
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Test Circuits (Cont’d)

Siliconix

AMember of the TEMIC Group

AVo
Vo —r—
INx
ON OFF ON

Figure 4, Charge Injection

+15V
7
V+
R S D
\% A O Vo
Vg ;."I:'V\A IN D _; —[— CL
__l_ v GND V- _—__[ T
- _I_ $ -
—_— —_— -15V
Applications

The DG381A series of analog switches will switch positive
analog signals while using a single positive supply. This
allows their use in applications where only one supply is
available. The trade-offs or performance given up while
using single supplies are: 1) increased rps(on), 2) slower
switching speed. Typical curves for aid in designing with
single supplies are supplied (see Typical Characteristics).
The analog voltage should not go above or below the supply

3 nxr

voitages which in singie operaiion ate V+ aiid O V.

In the integrator of Figure 4, Rp controls the discharge rate
of the capacitor so that the pulsed or continuous current
ratings are not exceeded. During reset SWj is closed and
SW, is open. Opening SW; with SW; also open will hold the
integrator output at its present value.

Rp C
s WA~ [
Reset O———D‘J
R
Vv O SW2°_I A AN -

StaryStop O__D-D-:;ssm

1
——-———OV0=chvm'dt

Figure 5. Integrator with Reset and Start/Stop
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Siliconix

A Member of the TEMIC Group

DG401/403/405

Low-Power, High-Speed CMOS Analog Switches

Features Benefits Applications

® 44-V Supply Max Rating ® Wide Dynamic Range ® Audio and Video Switching
® +15-V Analog Signal Range ® L ow Signal Errors and Distortion ® Sample-and-Hold Circuits
® On-Resistance—rps(ony: 20 @ ® Break-Before-Make Switching Action ® Battery Operation

® Low Leakage—Ip(ony: 40 pA ¢ Simple Interfacing ® Test Equipment

® Fast Switching—ton: 100 ns ® Hi-Rel Systems

® Ultra Low Power Requirements—Pp: 0.35 uW e PBX, PABX

e TTL, CMOS Compatible

® Single Supply Capability

Description

The DG401/403/405 monolithic analog switches were
designed to provide precision, high performance switching
of analog signals. Combining low power (0.35 uW, typ) with
high speed (ton: 100 ns, typ), the DG401 series is ideally
suited for portable and battery powered industrial and
military applications.

Built on the Siliconix proprietary high-voltage silicon-gate
process to achieve high voltage rating and superior
switch on/off performance, break-before-make is
guaranteed for the SPDT configurations. An epitaxial layer
prevents latchup.

Each switch conducts equally well in both directions when on,
and blocks up to 30 V peak-to-peak when off. On-resistance
is very flat over the full +15-V analog range, rivaling JFET
performance without the inherent dynamic range limitations.

The three devices in this series are differentiated by the
type of switch action as shown in the functional block
diagrams.

Functional Block Diagrams and Pin Configurations

. LCcC
Dual-In-Line and SOIC NC D: NC S IN
1 1 1
DG401 o e B o) - DG401 ke
T
k] bS] ™ Ne v-
NC A
E EI NC GND
NC GND
L] 1] N Ne
e [ o] Y " v
L
NC V+
" L] KT o v
[] r—<two) ™2
D, E Ll 9 S2
NC D; NC S; IN;
Top View Top View
Ordering Information — DG401 Two SPST Switches per Package
Temp Range Package Part Number Truth Table
—401085°C 16-Pin Plastic DIP DG401DJ . Logic Switch
) DG401AK 0 OFF
16-Pin CerDIP
—5510125°C DG401AK/883 1 ON
LCC-20 DG401AZ/883 Logic “0” < 0.8V
Logic“1” = 24V
Switches Shown for Logic “1” Input
P-32167—Rev. C (11/15/93) 1-127




DG401/403/405

Functional Block Diagrams and Pin Configurations (Cont’d)

Siliconix

AMember of the TEMIC Group

Dual-In-Line and SOIC Lcc
G403 NC D; NC S§; INg
DG40 b, E ErJ El s DG403
| kg ™
V-
D | V-
: E} J 0 v .
S3 E E GND
Sy \%9 NC
G )
P v :
NC IN; V+
G r<fo ™
b [sf—rle—ds]
NC D, NC S, IN,
Top View Top View
Ordering Information — DG403 Two SPDT Switches per Package
Temp Range Package Part Number Truth Table
4010 85°C 16-Pin Plastic DIP | DG403DJ Logic | SWy,SW, | SW;, SW,
bt (o]
16-Pin Narrow SOIC | DG403DY 0 OFF ON
DG403AK 1 ON OFF
16-Pin CerDIP F— T
- o DG403AK/883 Logic“0” < 08V
55t0125°C Logic“1” = 24V
LCC-20 DG403AZ/883 Switches Shown for Logic “1” Input
Dual-In-Li d SOIC Lee
uai-in-Line an
DG405 U DG405 NC D; NC §; IN;
D, M1l iy I Y Key /MU
L] [ [10] ’ 37 2] 1 20] 19
NC IN
G b<g ™ I VR S i
D; V- -1l __
E}_l 14] ‘ 1
S3 GND
S3 GND
! 1 NC 16¢ NC
Gy
Dy A V+ S4 1 L
[ o W) o
NC E {10 IN,
Dy E—ﬁlo— 9 S
NC D; NC S; INp
Top View Top View
Ordering Information — DG405 Two DPST Switches per Package
Temp Range Package Part Number Truth Table
401085°C 16-Pin Plastic DIP DG405DJ Logic Switch
- {o]
16-Pin Narrow SOIC | DG405DY 0 OFF
DG405AK 1 ON
N 16-Pin CerDIP
—55t0125°C DG405AK/883 Logic“0” < 0.8V
LCC-20 DG405AZ/883 Logic“1” = 24V
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Absolute Maximum Ratings

Vo Ve i i e e 44V Notes:
GND O Vo Lottt ettt e e eee e iaieeennnns 25V a. Signals on S, D, or INx exceeding V+ or V— will be clamped by
VL oo, ... (GND = 03 V)10 (V+) +03V ;:i;:;;:.l diodes. Limit forward diode current to maximum current
Digital Inputs? Vg, Vp ..........eee (V=) =2V1o (V+ plus2V) b. All leads welded or soldered to PC Board.
or 30 mA, whichever occurs first c. Derate 6 mW/°C above 75°C
Current (Any Terminal) Continuous .................... 30mA d. Derate 12 mW/ :C above 75 °°C
Current, S or D (Pulsed 1 ms 10% duty) .... 100mA ‘;‘ gz‘;:: Z;:V‘x/" g;:’;‘:;ss,, ((::
Storage Temperature  (AK, AZ Suffix)......... -6510150°C )
(DJ, DY Suffix) ......... ~6510125°C
Power Dissipation (Package)®
16-Pin Plastic DIP®
16-PinCerDIPd .......... .
B 1 0 ) (0
LCC-20f ...
Specifications?
Test Conditions A Suffix D Suffix
Unless Otherwise Specified ~551t0125°C | —40t085°C
V+ =15V, V-=-15V
Parameter Symbol | VL=5V,Viy=24V,08Vl | Tempb Typ¢ | Min? | Maxd | Mind | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full ~15 15 -15 15 v
. . Is=-10 Vp==10V R 20 35 45
Drain-Source On-Resistance DS(on) Vﬁ- _ 13.5‘%,1,\'\,_D= 135V ;‘ﬁ?‘ 45 55
Q
A Drain-Source A Is=-10mA,Vp =x5V,0V Room 3 3 3
On-Resistance DS(on) V+ =16.5V,V—- = -16.5V Full 5 5
Tscott Room —-0.01 =025 | 025 -0.5 0.5
ol - —_
Switch Off Leakage Current VV-t = 16'?’3 ;/ =" 1612 Vv Hot % % 5 5
L D= 155V, Vs = 155 Room [ 001 [-025[ o025 [-0s| o5 | .
D(off) Hot -20 20 -5 5
Channel On 1 V+ =165V, V- =-165V Room —-0.04 -04 04 -1 1
Leakage Current D(on) Vs=Vp==+155V Hot —-40 40 -10 10
Digital Control
Input Current Viy Low I Viy piader test =08V Fat | ooos | -1 | 1 | -1 ]| 1
pA
Input Current Viy High - Voyunder test =24V Full 000s | -1 | 1 | -1 | 1
Dynamic Characteristics
Turn-On Time toN Ry =3009,Cy = 35 pF Room 100 150 150
Turn-Off Time toFF See Figure 2 Room 60 100 00 |
Break-Before-Make
Time Delay (DG403) tp Ry, =300Q, CL =35 pF Room 12 5 5
. CL = 10,000 pF
Charge Injection Q Vgen = 0V, Ryen = 02 Room 60 pC
Off Isolation Reject Ratio OIRR RL=1008,CL =5 pF Room 72 4B
Channel-to-Channel Crosstalk | Xrtarx = Room 90
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3 .
Specifications?
Test Conditions A Suffix D Suffix
Unless Otherwise Specified ~551t0125°C | —40t085°C
V+ =15V, V- =-15V
Parameter Symbol | VL=5V,ViN=24V,08Vl | TempP Typ¢ | Mind [ Maxd | Min? | Maxd | Unit
Dynamic Characteristics (Cont'd)
Source Off Capacitance Cs(off) Room 12
Drain Off Capacitance Cp(off) f=1MHz,Vg=0V Room 12 pF
Channel On Capacitance Cp, Cs(on) Room 39
Power Supplies
Positive Supply Current I+ R;lﬁfl 00t ; ;
. Room -0.01 -1 -1
Negative Supply Current I-
& Py V+ =165V, V- = -165V Full -5 -5 WA
Lo Vv =0or5V Room | 001 1 1
gic Supply Current IL Full 5 5
Ground Current IGND nglﬂ?] -oo1 :; :§

Notes:

Room = 25°C, Full =

as determined by the operating temperature suffix.

Refer to PROCESS OPTION FLOWCHART (Section 5 of the 1994 Data Book or FaxBack number 7103).

Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.

Guaranteed by design, not subject to production test.
VN = input voltage to perform proper function.

Typical Characteristics

Input Switching Threshold vs. Logic Supply Voltage

10
T
V+ =15V
8 — V- =-15V
Ta =25°C b
S 6
£
4 DG403 |
SW3,4
2 4
0
0 2 4 6 8 10 12 14 16 18 20
VL — Logic Supply (V)
1-130

a
b.
c
d. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
e
f.

Input Switching Threshold vs. Supply Voltages

35

AN

-

2.5

20

Viv (V)

15

(/1) /
[

1.0

0.5

0
(V#) 5 10 15 20 25 30 35 40
V-)-5 -10 -15 -10 -5 0 0 O
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Typical

—_ 35
a
é
& 25
g
3
%@ 20
£
5
a
L 15
g
g
10
—~ 70
a
8 60
3
E 50
=
o
8 40
El
[}
@
g 30
5
[=)
= 20
o
g 10
100 nA
10 nA
1nA
g
A 100 pA
10 pA
1pA
0.1 pA

Characteristics (Cont’d)

rDs(on) V- Vp and Temperature

T T T T
V4 =15V, V- = ~15V
V=5V

L1/

/
25°C ;

/] /A

RN

-15 -10 -5 0 5 10 15
Vp - Drain Voltage (V)

rps(on) vs- Vp and Power Supply Voltage
V==0V)

-
Tp = 25°C

A\
15V

e /"\ 12v

20V
22V

L

(=]
w

10 1
Vp — Drain Voltage (V)

Leakage Current vs. Temperature

[T T
V4 =15V
V- =-15V

x}; == 5:1:‘/14 A% /
/ ”
ID(oif) / /
» /%D(on)
A

~-55-35-15 5 25 45 65 85 105 125

Temperature (°C)

P-32167—Rev. C (11/15/93)

Q(pC) IDS(on) — Drain-Source On-Resistance ()

Is:Ip (pA)

40

30

20

10

200
180
160
140
120
100
80
60
40
20

90
60

30

-120

-150

DG401/403/405

rps(on) ¥S. Vp and Power Supply Voltage

Ta -f! 25°C r\:':?\

NE12Y
NL 5V
< £20V o

+22V

/N0v N\
L~

=25 -15 -5 5 15 26
Vp — Drain Voltage (V)

Charge Injection vs. Analog Voltage

T T T
| V+=15V,V-=-15V
VL=5V

P
—
-15 -10 -5 0 5 10 15
Vs — Source Voltage (V)

Leakage Current vs. Analog Voltage

B ID(off)y IS(off‘ I
— //

—— llD(on)

V+ =15V, V- =-15V —
VL=5V,Tp =25°C
For Ip(offy Vs =0V —
For Igefry, VD =0V

! i 1

-15 =10 -5 0 5 10 15
Vp or Vs — Drain or Source Voltage (V)
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Typical Characteristics (Cont’d)

Supply Current vs. Temperature

Siliconix

AMember of the TEMIC Group

Switching Time vs. Temperature*

100n
T 11 ] @ T T [ T 1 1]
V4 =15V,V-=-15V 210 V+=15V,V=-=-15V,VpL =5V
10n VL=5V | emmm tON == e= tOFF
180 |
. -
—~ —~ »>_
< 1n g 150 [ —
= B Vs =10V__| T |
" O 120 |[ueed —
" 100 e e
X P 8 9% P Vs=-10V T | Vg=-10V |
I dot==2=FZ
100p 60 - = = = Vg=10V
I- 30
1p l 0
-55-35 -15 5 25 45 65 85 105 125 _55-35 15 5 25 45 65 85 105 125
Ta — Temperature (°C) ‘ Ta — Temperature (°C)
200 Switching Time vs. Power Supply Voltage* 300 Switchihg Time vs. Positive Supply Voltage*
180 270 — 0V i ‘.l
Vg=5V
160 \Vs=5V 240 |- _sv \\
140 \\\ | S — 7 210 | -15V \\
— s=- P
E 120 \\ VA ,f’ Z 10 < —
7
E 100 [ Vs=5V . B 150 | _1s5v NN
s 80 — s 120 \ ov 4
o [ =l 2 =5V N\ ’5‘15"
60 F—— vg=-5V 90— o0V KSNY
4 60 SW R =y o
VL=5V
20 @ {ON ®=e= tOFF — 30 : =—t{ON ==lOFF
0 | | 0
0 5  £10 15 20 %25 0 5 10 15 20 z
V+, V- Positive and Negative Supplies (V) V+ — Positive Supply (V)
*Refer to Figure 2 for test conditions.
. . .
Schematic Diagram (Typical Channel)
V+ O
S < 3
O S
‘|__I r 3
VL O—AWN 1t o
1
== -
- Level N l|_
Shif L
Vi 0—AWW Dr;vté l’» 1!1 =
] [
V+
i -
. H e o
GND o . '_" ¢
-0 D
Y
7
V-0
Figure 1.
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Test Circuits

DG401/403/405

Vo is the steady state output with the switch on. Feedthrough via switch capacitance may result in spikes at the leading and trailing edge of the

Logic
Input

Switch
Input*

Switch
Output

Switch
Input*

3V t; <20 ns
tf <20 ns
oV
Vs
ov —
_VS

*Vs =10V for toN, Vs = —10 V for topr

Note: Logic input waveform is inverted for switches that

have the opposite logic sense control

Logic
Input

Switch
Output

Switch
Output

output waveform.
+5V +15V
VL V+
£10V o3 al o Vo
> 1
IN
- Rp CL
GND V- 1kQ 35pF
-_— —_— -15V
CL (includes fixture and stray capacitance)
Vo=Vs —=k
RL + rps(on)
Figure 2. Switching Time
+5V +15V
\%7 V+
S
Vs1 o——l———o’l/* D, O Voi
I v
D 02
Vo o Sz ol 2 —0
|
IN
__D_ - Rui | ¢y
GND V-
I J) Re | co= =
- = -15v. = =

Cy (includes fixture and stray capacitance)

Figure 3. Break-Before-Make
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A O Vo
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IN CL
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GND V-
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Figure 4. Charge Injection
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DG401/403/405
Test Circuits (Cont’d)

+5V +15V

i

VL

r =
Vs ~ S - D
e o B

oV, 24V o—-llq—-D-J

V-

Off Isolation = 20 log

C = RF bypass

I

-15V

hd

C
r{é
Vs

o

C

Al

Vv

Figure 5. Off Isolation

c +5V +15V
—_l_j Vi V+ I:L
Vs ;\ S1 D ~ -
Rg=50Q T II hd
Vo - Sy I -
o
=T Y A
R N |
08V O— J
-— GND V- C
- -15V -
XralLx Isolation = 20 log =
C = RF bypass °
Figure 7. Crosstalk
Applications

Stereo Source Selector:

Siliconix

AMember of the TEMIC Group

c oy ¢
O=—1

V. - S D
o Vo & -t o= ©——o0 Vo
L R A
1009 | o h 1000
V24V o——>—
= GND V- c =
- -15V =
C = RF bypass
Figure 6. Insertion Loss
45V 415V
o e}
ed b
—I:l A% v+ i—

- S

B
/ Meter
IN I \ HP4192A
0V,24V O+ ——D— | Impedance
\

Analyzer
\ | or Equg'alent

L 21Y
GND V- c f=1MHz
= 15V =

Figure 8. Capacitances

Dual Slope Integrators:

A single logic signal controls the status of all four switches of The DG403 is well suited to configure a selectable slope
source  switching. integrator. One control signal selects the timing capacitor
The low on-resistance (<35 €2) minimizes total harmonic C; or C,. Another one selects e;; or discharges the

the device, simplifying stereo

distortion.

1-134

capacitor in preparation for the next integration cycle.
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Silicanix DG401/403/405

Applications (Cont’d)

+5V  +15V +5V  +15V
A% V+ VL V+
oLeft S1 oTa Dy o ein OAM—L o Ta D1 —O cout
Source 1 X S3 | D, l Left s; | Ds
Right C)‘/lL [

— IN
IN I )) = 1
o Left N -~ C;
Sz o Ta D, ° gtegrate/ S2 oTa D2 __”,_1
) eset
o Right Ss o/:‘ D, ] Right — rpp S4 o_{,‘_g_ |
| Cy

|
E IN2_ 1 IN2 |
TIL DG403 D

Source 2

Channel Sl DG403
ope -
Select GND V- Selgcl GNl D V6
= -15v R tA
Figure 9. Stereo Source Selector Figure 10. Dual Slope Integrator

Band-Pass Switched Capacitor Filter:

Single-pole double-throw switches are a common element higher clock rates and consequently higher filter operating
for switched capacitor networks and filters. The fast frequencies.
switching times and low leakage of the DG403 allow for

+5V +15V

%3 V+
519/(A Dq
s | D3 ]'_'-J]i
o -+
I et
S
s e
S4 Dy
oT* =

|
o N |
Clock DG403
GND V-

14 T

= -15v

Figure 11. Band-Pass Switched Capacitor Filter

P-32167—Rev. C (11/15/93) 1-135




DG401/403/405 Siliconix

AMember of the TEMIC Group

Applications (Cont’d)

Peak Detector:

Ajz acting as a comparator provides the logic drive for goes negative, turning SW; off. The system will therefore
operating SWj. The output of A; is fed back to Az and store the most positive analog input experienced.
compared to the analog input ej;. If ej, > eqy the output

of Az is high keeping SW closed. This allows C to charge

up to the analog input voltage. When ej,, goes below eqy Az

Reset O———4— A

| Ay Oequt

Figure 12. Positive Peak Detector
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DG411/412/413

Precision Monolithic Quad SPST CMOS Analog Switches

Features Benefits Applications

® 44-V Supply Max Rating ¢ Widest Dynamic Range ® Precision Automatic Test Equipment
® +15-V Analog Signal Range ® Low Signal Errors and Distortion ® Precision Data Acquisition

® On-Resistance—rpg(on): 25 Q ® Break-Before-Make Switching Action o Communication Systems

® Fast Switching—ton: 110 ns ® Simple Interfacing ® Battery Powered Systems

o Ultra Low Power—Pp: 0.35 uW o Computer Peripherals

e TTL, CMOS Compatible

® Single Supply Capability

Description

The DG411 series of monolithic quad analog switches was
designed to provide high speed, low error switching of
precision analog signals. Combining low power (0.35 pW)
with high speed (ton: 110 ns), the DG411 family is ideally
suited for portable and battery powered industrial and
military applications.

To achieve high-voltage ratings and superior switching
performance, the DG411 series was built on Siliconix’s high

voltage silicon gate process. An epitaxial layer prevents
latchup.

Each switch conducts equally well in both directions when
on, and blocks input voltages up to the supply levels
when off.

The DG411 and DG412 respond to opposite control logic
as shown in the Truth Table. The DG413 has two normally
open and two normally closed switches.

Functional Block Diagram and Pin Configuration

LCC
DG411/412  Duat-In-Line and SOIC DG411/412 D; IN; NC IN; Dy
U/ Key
IN; E ? 16| INy
D |2/ J L !J_ 15] D2 S1 Sy
S1 |_3_—"‘i uj S V- v+
V- E 13| V+ NC NC
GND E zl VL GND NC
ol s ;
|~ r * ’
oS oft
n of
Dy INgy NC IN3 D3
Top View Top View
Ordering Information — DG411/412 Truth Table
Temp Range Package Part Number Laogic DG411 DG412
~40t085°C 5 X DG411DJ 0 ON OFF
——————1 16-Pin Plastic DIP
DG412DJ 1 OFF ON
—40t0 85°C 16-Pin N solC DG411DY
-Pin Narrow Logic“0” < 08V
DG412DY Logic“1” = 24V
16-Pin CorDIP DG411AK, DG411AK/883, 5962-9073101MEA Switches Shown for DG411 Logic “1” Input
55 10125°C DG412AK, DG412AK/883, 5962-9073102MEA
- T °
° LCC20 DG411AZ/883, 5962-9073101M2A
) DG412AZ/883, 5962-9073102M2A

P32167—Rev. B (11/15/93)
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DG411/412/413

Siliconix

AMember of the TEMIC Group

DG413 . DG413 LcC
Dual-In-Line and SOIC b1 IN: NC IN» D
1INy 2 Dy
U/ Key
s [1] 7 ? [16] v,
D IZJ_J LIJ'—_I_—SI D2 S; S2
S1 E :1—11 S2 v- v+
v-[4] i3] v+ NC Ne
GND | 5 E L GND NC
S4| 6 11} S
Ly s : )
o [7] AL ] o,
INg E g IN;
Dy INy NC IN3 Ds
Top View Top View
Ordering Information — DG413 Truth Table
Temp Range Package Part Number Lagic SWy, SWy | SW,, SW;
4010 85°C 16-Pin Plastic DIP DG413DJ 0 OFF ON
¢ 16-Pin Narrow SOIC | DGA13DY 1 ON OFF
5510 125°C 16-Pin CerDIP DG413AK, DG413AK/883, 5962-9073103MEA
—5510125° Logic“0” < 08V
LCC-20 DG413AZ/883, 5962-9073103M2A Logic“l” = 2.4V

Absolute Maximum Ratings

V+to V-

GNDto V- ..

4 TN . (GND -03V) (V+) +03V

Digital Inputs?, Vg, Vp .........oooute (V=) =2Vt (V+)+2V

or 30 mA, whichever occurs first

Continuous Current (Any Terminal) .................... 30mA

Current, S or D (Pulsed 1 ms, 10% Duty Cycle) .......... 100 mA

Storage Temperature (AK, AZ Suffix)......... —65t0150°C
(DJ, DY Suffix) ......... —65to 125°C

Power Dissipation (Package)®

16-Pin PlasticDIP® ...........coiiiiiiiiniiininnn, 470 mW

1-138

Switches Shown for DG411 Logic “1” Input

16-Pin Narrow SOIC? .. ....ooovvviiiiiiiiininininn 600 mW
16-PInCerDIP® .. ...oviiiii ittt 900 mW
0 0 900 mW
Notes:

a. Signals on Sx, Dy, or INx exceeding V+ or V~— will be clamped by

saog

internal diodes. Limit forward diode current to maximum current
ratings.

All leads welded or soldered to PC Board.

Derate 6 mW/°C above 25°C

Derate 7.6 mW/°C above 75°C

Derate 12 mW/°C above 75°C
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DG411/412/413

Specifications?
Test Conditions A Suffix D Suffix
Unless Otherwise Specified ~55t0125°C | —40t085°C
V+ =15V, V- =-15V
Parameter Symbol VL=5V,Vin=24V,08Vl | Temp® [ Typ® |Mind | Maxd | Mind | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full -15 15 -15 15 \'
Drai . V+ =135V,V=-=-135V Room 25 35 35
rain-Source On-Resistance DS(on) Is = 10 mA, Vp = 85V Full 45 45
Isgofty Room +0.1 -025 | 025 | -025 | 025
© Full -20 20 -5 5
. V4 =165V-=-165V
Switch Off Leakage Current !
& ] Vp =155V, Vs= F155V ['Room | 01 |-025 | 025 |-025 | 025 A
D(eff) Full -20 | 20 -5 5
V+ =165V, V- = ~16.5V R +0.1 -04 04 -04 0.4
Channel On Leakage Current ID(on) Vg =Vp =155V If.’:ﬁ“ ~40 40 ~10 10
Digital Control
Input Current, Viy Low I VN Under Test = 0.8 V Full 0.005 -05 0.5 -0.5 0.5
Input Current, Viy High I VIN Under Test =24 V Full 0.005 -0.5 05 -0.5 0.5 nA
Dynamic Characteristics
Room 110 175 175
Turn-On Time toN
RL=300Q, Cp = 35 pF Full 240 220
Vg = +10V See Figure 2
Turn-Off Time tOFF le‘)\?l'ln 100 123 123 ns
Break-Before-Make Time Delay tp gfilgoggy’(; 8:3150; Room 25
Charge Injection Q Vg=0V,R; =0Q,C, =10nF | Room 5 pC
Off Isolation® OIRR Room 68
RL=50Q,Cp=5pEf=1MHz dB
Channel-to-Channel Crosstalk® XTAIK Room 85
Source Off Capacitance® Cs(off) Room 9
Drain Off Capacitance® Cp(off) f=1MHz Room 9 pF
Channel On Capacitance® Cp(on) Room 35
Power Supplies
Positive Supply Current I+ ngl?lxln 0.0001 ; ;
. Room | -0.0001 | -1 -1
Negative Supply Current I-
& PPy V+ =165, V- = ~165V Full -5 -5 uA
. Vv =0or5V Room | 0.0001 1 1
Logic Supply Current IL Full 5 5
Ground Current IgND R;_)‘:J;ln -0.0001 :; :;
P32167—Rev. B (11/15/93) 1-139




DG411/412/413 Siliconix

AMember of the TEMIC Group
Specifications? for Unipolar Supplies
Test Conditions A Suffix D Suffix
Unless Otherwise Specified —55t0125°C | -40t085°C
V+ =12V, V- =0V
Parameter Symbol VL=5V,Vin=24V,08Vl [ Temp® | Typ¢ [Min? [ Max? | Mind | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full 12 12 v
. . V+ =108V, Ig = -10mA R 40 80 80
Drain-Source On-Resistance DS(on) Vp=3 %,’ 8V l?lﬁin 100 100
Dynamic Characteristics
Room 175 250 250
Turn-On Time toN
’ RL=300Q, Cp = 35 pF Hot 400 315
Vs =8V, Sce Figure 2 Room | 95 125 125
Turn-Off Time tOFF Hot 140 140 ns
Break-Before-Make " DG413 Only R 25
Time Delay D Vs=8V,Ry =300Q,Cp =35pF | ~°°™
Charge Injection Q Vg=6V,R;=0Q,C, =10nF | Room 25 pC
Power Supplies
Positive Supply Current I+ ngg;n 0.0001 é ;
Negative Supply Current I- ngg:n ~oa0oL :} :;
V+ =135 ViN=00r5V A
Logic Supply Current IL R}(;g:n 0.0001 ; ;
Ground Current IGND ngg:n ~0.0001 :§ :;
Nuics.
a. Refer to PROCESS OPTION FLOWCHART (Section 5 of the 1994 Data Book or FaxBack number 7103).
b. Room = 25°C, Full = as determined by the operating temperature suffix.
c. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
d. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
e. Guaranteed by design, not subject to production test.
f.  Vin = input voltage to perform proper function.

Typical Characteristics

On-Resistance vs. Vp and

On-Resistance vs. Vp and Power Supply Voltage Unipolar Supply Voltage

~ O T T T 30 T
G 45 [ Ta=25°C _ :{:SVjA : VL=5V
250 —1A
% 40 A V‘ V+ =3V
2 5 / / V=3V
g 200
L 30 =5V A )
© N 10V = A
g = +12V ] g 10
5y LES AN AS 2 / \v+=5v
2 W \ N 100 l
.§ 15 _N \ —|
5 £20V 8V
L10 so {4 ~¢_ 12V _
g — a llsv 20V
§ o=t
0 0

-20 -15 -10 -5 0 5 10 15 20

(=]

2 4 6 8 10 12 14 16 18 20
Vp - Drain Voltage (V) Vp ~ Drain Voltage (V)
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Typical Characteristics (Cont’d)

Leakage Current vs. Analog Voltage

40
0= ve=15v
20 |- V=-=-15V
VL=5V
10 — Ta =25°C Ipetn —
g o0 1
B
Y I
= rd
° =20 // Ip(on)
-30 ,/
-40
-50
—60
-15 -10 -5 0 5 10 15
Vp or Vg — Drain or Source Voltage (V)
Charge Injection vs. Analog Voltage
100
I
V+ =15V
80 r— V-=-15V
Vp=5V
60
40
~ /.
Q CL =10nF
& 20 /
o]
0
CL=1nF
—20 —= -
—a0 PN A
7
60
-15 -10 -5 0 5 10 15
Vs — Source Voltage (V)
35 Input Switching Threshold vs. Supply Voltage
3.0 \E:\\Q
N
= \b\\\f\\\
VL=75V
\\\ L
S 20 AN SIS
3 ‘\\ A~ A
£ s \\\‘\ —
1.0 \\s \\\\L\ 557
. T 4S5V —5
0.5
0
V+) 5 10 15 20 25 30 35 40
(V-)-5 =-10 -15 -10 -5 0 0 0
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Q (pO)

tDs(on) — Drain-Source On-Resistance ( Q)

toN, toFF (ns)

35

NS

" R 85°C I
NG
\

DG411/412/413

Ip, Is Leakages vs. Temperature

T 1
V+ =15V
V-=-15V
V=5V

I /\
I~ 25°C __’/\
N

15
-
—-55°C
10 \‘_ —
5
-15 -10 -5 0 5 10 15
Vp - Drain Voltage (V)
Charge Injection vs. Analog Voltage
140 T T
120 |- V+ =15V l /
V-=-15V Cp = 10nF
100 [~ VL=5V ~
80 / \
60 IC 1nF ’
=1n
40 / =
20
0 ///
-20 N /4
IAN/4
\V/
—60
-5 -10 -5 0 5 10 15
Vp — Drain Voltage (V)
Switching Time vs. Temperature
240 T T T
210 — V+ =15V
V-=-15V
| V=5V
180 = yo—10v
150
toN L ~
120
&/’ tOFR
90
60
30
0
-55-35 =15 5 25 45 65 85 105 125
Temperature (°C)
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Typical Characteristics (Cont’d)

Operating Voltage Range Supply Current vs. Input Switching Frequency
50 100 mA T T
I
CMOS . 7 | i vezusyo /]
42 Vpo23V+— - V- =-
P N L/ 10 Vi V+ N 10mA V=5V (//
X Dxl & —-—=1SW A /
——o 12— IMA I e = 4SW 7,7
N o+—p- I+1- /7 /
30 — 1 A 7
S — GND V- g 100 pA (/ r g / P 7
2 V=5V D% = 2 10pa 4 L AL 7
20 ;  Compatible 7 J/ 7 / /'IL
) YNENPZ i o
mpatlbé A

10 o L
7/ VN=08V,24V /) 100 nA / il
bkkkkk bk bl l CMOS 4 v
2 =~ Compatible 3 ,
0 [ ] | 10nA Z
0 -10 -20 -30 -40 10 100 1k 10k 100k 1M 10M
V- — Negative Supply (V) f — Frequency (Hz)

Schematic Diagram (Typical Channel)

a A 7 3
-0 S
|_J y 3
Vi O— A\~ [aam
L _|;_J — :)
et -
— Level N ll—-
N —_—
ViN O—WWV il L T— (=
JEI = ks A
e o
[
GND o —l M Y 3
o D
7 x
V-0

Figure 1.
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Test Circuits

DG411/412/413

v
+3 SV 3V tr <20 ns
T ? Logic tf <20 ns
Input J 50%
A% V+ oV
+10V O S 4}14 D 0 Vo toN
[ J_ Switch ndlhy
IN ,J Input* s Vv,
R & °7C 90%
GND V- 300 R 35 pF
| cL switch OV 7]
= -_ -15V Output —| toN je—
90%
Switch _‘\’,(S)
CL (includes fixture and stray capacitance) Input*
R *Vgs =10V for ton, Vs = =10V for torr
Vo =Vs .. - .
RL + IDS(on) Note: Logic input waveform is inverted for switches that
have the opposite logic sense control
Figure 2. Switching Time
+5V +15V
T T Logic 3v
v S Input ][ 50% 3(
L +
v s _ ', ov
s1 N 0 Vo ‘\,’ s1
o1 —
v ) D D, Voz 7 90% \
210 O—x o Switch oV
N | Output Ve
2 D— J Rp1 Cr1 Vo2 90%
GND v 3002] 35pF
L R, fop = = Switch OV —
| L |00 ss5pr Output e —
= = -15v = -
Cp (includes fixture and stray capacitance)
Figure 3. Break-Before-Make (DG413)
| AVo
+5V +15V v _/—\r_
T T °
IN;
Rg SVL V; X OFF ON OFF
—E\/\/‘v A O Vo
L
V, = IN 4 CL
& 3v —D- 100F
_ OFF ON OFF
GND \% INx
= | é = Q=AVoxCL
— — -15Vv INx dependent on switch configuration Input polarity determined by

P32167—Rev. B (11/15/93)

sense of switch.

Figure 4. Charge Injection
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Test Circuits (Cont’d)

+5V +15V

C C
_|:| ?——-1 I:L +5V  +15V
— A\%9 V+ — c Q ? c
A S -
Rg=50§2 i IN I i 50Q —_— VL V+ — V.
- 1 = Vs N S . D o
0,24V o—+—> J © 01/‘ © ©
= N ol = Re-s00 L | XL},
- O - - L
NC O- OTL O Vo oV, 24V O_IN E ] 500
) i_ Ry gy —
0V, 24V O_IN_2>__I - = GND v- |c <
GND v- |c = I l———l I:L
| (t——H:L = sy =
- -15V = Vs
Off Isolation = 20 log | =—
- I Vs Vo
XTaLK Isolation = 20 log W C = RF Bypass
C = RF bypass
Figure 5. Crosstalk Figure 6.  Off Isolation
+5V +15V
o
i B
— VL v+ —
= s =
P
/ Meter
Analyzer
1 D ‘\‘) I or Equl)"/alent
GND \A c
= -15v =
Figure 7. Source/Drain Capacitances
Applications

Single Supply Operation:

The DG411/412/413 can be operated with unipolarsupplies  tied to Vi and V— is tied to 0 V. See Input Switching
from 5 V to 44 V. These devices are characterized and Threshold vs. Supply Voltage curve for Vi, versus input
tested for unipolar supply operationat 12 V to facilitate the  threshold requirments.

majority of applications. In single supply operation, V+ is
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AMember of the TEMIC Group
Applications (Cont’d)

Summing Amplifier

‘When driving a high impedance, high capacitance loadsuch  shunt switches for rapid discharge of the filter capacitor,
as shown in Figure 8, where the inputs to the summing thus preventing offsets from occurring at the output.
amplifier have some noise filtering, it is necessary to have

ViNg O———O0 T &A———AMT—\WWA—
e

ST 1 ;

VN2 O —oT& NMNV——MWV -

_D__J . ——0 Vour
O_[ _D°‘§\ I o

Rg

DG413 = =

Figure 8. Summing Amplifier
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Precision CMOS Analog Switches

Features Benefits Applications

® +15-V Analog Signal Range ® Wide Dynamic Range ® Precision Test Equipment

® On-Resistance—rpg(on): 20 22 ® Low Signal Errors and Distortion ® Precision Instrumentation

® Fast Switching Action—ton: 100 ns ® Break-Before-Make Switching Action ~ @ Battery Powered Systems

® Ultra Low Power Requirements—Pp: 35nW @ Simple Interfacing o Sample-and-Hold Circuits

e TTL and CMOS Compatible ® Reduced Board Space o Military Radios

® MiniDIP and SOIC Packaging e Improved Reliability ® Guidance and Control Systems
® 44-V Supply Max Rating ® Hard Disk Drives
Description

The DG417/418/419 monolithic CMOS analog switches
were designed to provide high performance switching of
analog signals. Combining low power, low leakages, high
speed, low on-resistance and small physical size, the DG417
series is ideally suited for portable and battery
powered industrial and military applications requiring high
performance and efficient use of board space.

To achieve high-voltage ratings and superior switching
performance, the DG417 series is built on Siliconix’s high

voltage silicon gate (HVSG) process. Break-before-make is
guaranteed for the DGA419, which is an SPDT
configuration. An epitaxial layer prevents latchup.

Each switch conducts equally well in both directions when
on, and blocks up to the power supply level when off.

The DG417 and DG418 respond to opposite control logic
levels as shown in the Truth Table.

Functional Block Diagram and Pin Configuration

Dual-In-Line and SOIC
_/ o
s [1] 2 B
NC [Z : 7| v-
GND E I---<]-—1 6| IN
V+ IZ EI VL

DG417

. Top View
Truth Table — DG417/418
Logic DG417 DG418
0 ON OFF
1 OFF ON
Logic“0” = = 08V, Logic“1” = =224V

Switch Shown for DG417 Logic “1” Input
Ordering Information — DG417/418

Dual-In-Line and SOIC

DG419 N,
D T—:To—zj Sy
s E—1— [+
GND E |-—<}—E| IN
V+ E __T_' VL

Top View

Truth Table — DG419

Logic SWI Sw;
0 ON OFF
1 OFF ON

Logic“0” = =< 0.8V, Logic“1” = = 24V
Switches Shown for DG419 Logic “1” Input

Ordering Information — DG419

Temp Range Package Part Number Temp Range Package Part Number
DG417DJ 8-Pin Plastic MiniDIP | DG419DJ
8-Pin Plastic MiniDIP —40t085°C ~
401085°C DG418DJ 8-Pin Narrow SOIC | DG419DY
- i °
© | DG417DY —55t0125°C 8-Pin CerDIP DG419AK, DG419AK/883
8-Pin Narrow SOIC
DG418DY
DG417AK, DG417AK/883
-551t0125°C 8-Pin CerDIP
DG418AK, DG418AK/883
1-146 P-32167—Rev. C (11/15/93)
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Absolute Maximum Ratings

Voltages Referenced to V—~ Power Dissipation (Package)®
................................................ 8-Pin Plastic MiniDIP® ...................cc.o.o.... 400mW
8-Pin Narrow SOICH .. ....oovuieiin e, 400 mW
8-PinCerDIPe ... ..ot e 600 mW
(GND =03 V) to (V+) + 03V
............... (V=) -2Vto(V+) +2V Notes: .
or 30 mA, whichever occurs first a. Signals on Sy, Dx, or INx exceeding V+ or V— will be clamped by
R A internal diodes. Limit forward diode current to maximum current
Current, (Any Terminal) Continuous .. .................. 30mA ratings.
C t (S or D) Pulsed 1 ms, 10% dut Ie oorennnnnns 100 mA b. All leads welded or soldered to PC Board.
urrent (S or D) Pulsed 1.ms o duly eyele c. Derate 6 mW/°Cabove 75°C
Storage Temperature (AK Suffix) ............ —6510150°C d. Derate 6.5 mW/°C above 25°C
(DJ, DY Suffix) ......... —65t0125°C e. Derate 12 mW/°C above 75°C
Specifications?
Test Conditions A Suffix D Suffix
Unless Otherwise Specified —5510125°C | -40t085°C
V4+ =15V, V- =-15V
Parameter Symbol VL=5V,ViN=24V,08 VI Temp® | Typ¢ | Mind | Maxd | Mind | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full -15 15 -15 15
Drain-Source Is=-10mA, Vp = £12.5V Room 20 35 35
On-Resistance TDS(on) V+=135V,V- = -135V Full 45 45
I Room -0.1 -025] 025 | -025]| 025
S(off) Full -20 | 20 -5 5
Switch Off V+ =165V, V- =-165V | DG417 | Room -0.1 -025 | 025 | —-0.25 | 0.25
Leakage Current . Vp = F155V, Vg = £155V | DG418 Full =20 20 -5 5
D(efh) Room | —01 | —075| 075 | -05 | 0.75
DG419 | “gyy 60 | 60 | -12 | 12 | "
DG417 | Room -04 -0.4 0.4 -0.4 04
Channel On I V+ =165V, V- = -165v | PG48 | Full —40 | 40 | -10 | 10
Leakage Current Déen) Vs=Vp =155V DGalo | Room | —04 [ =075 | 075 [-075 | 075
Full -60 60 -12 12
Digital Contro}
Input Current, Viy Low In, Full 0.005 -0.5 0.5 -0.5 0.5
Input Current, Vy High Iy Full 0.005 -0.5 0.5 =05 | 05 nA
Dynamic Characteristics
Turn-On Ti ¢ DG417 | Room 100 175 175
rn-On fime ON RL=300Q,CL=35pF | DG418 | Full 250 250
S DG417 | R %0 15 145
" See Switching Time Test Circuit oom
Turn-Off Time LOFF ¢ DG418 | Full 210 210
ns
- Ry, =3009Q, Cp, =35 pF Room 175 175
Transition Time URANS | v = 10V Vs = F10V | PG40 | "Ry 250 250
Break-Before-Make Ry =300, Cy, = 35 pF
Time Delay tp Vo1 = Vs = £10V DG419 | Room 13 5 5
Charge Injection Q Cp =10 nE Vgen =0V, Rgen = 0Q Room 60 pC
Source Off Capacitance Cs(off)y Room 8
Drain Off Capacitance Cpyoff) ggﬁ; Room 8
f=1MHz, Vs=0V pF
DG417
Channel On Cp(on) DG41g | Room 30
Capacitance
DG419 | Room 35
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DG417/418/419

Siliconix

AMember of the TEMIC Group

. .
Specifications?
Test Conditions A Suffix D Suffix
Unless Otherwise Specified —55t0125°C | -40to85°C
V+=15V,V-=-15V
Parameter Symbol VL =5V, VN =24V,08 VI Temp? | Typ¢ |Mind | Maxd [ Mind | Maxd | Unit
Power Supplies
Positive Supply Current I+ nglﬁ;n 0.001 ; g-
Room | -0.001 -1 -1
Negative Supply Current 1- .
& i V4 =165V, V- = 165V Full = =5 A
. Vy=0or5V Room | 0.001 1 1
Logic Supply Current I Full 5 5
Ground Current IgND Rﬁﬁ?‘ —0.0001 :; :;
. . . .
Specifications? for Unipolar Supplies
Test Conditions A Suffix D Suffix
Unless Otherwise Specified —55t0125°C | —40t085°C
V+ =12V, V-=0V
Parameter Symbol VL=35V,VIy =24V,08Vf Temp® | Typ¢ |Min% | Maxd | Mind | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full 0 12 0 12 v
Drain-Source tpseny | Is= ~10mA, Vp =38V, V+ =108V | Room | 40
Dynamic Characteristics
Turn-On Time toN Ry =3009,Cp =35pE Vs =8V Room 110
Turn-Off Time {OFF See Switching Time Test Circuit Room 40 s
?{;ik,')iﬁ;“’“m D Ry =300Q,CL=35pF |DG419 | Room | 60
Charge Injection Q CL =10nF Vgen =0V, Rgen =0Q Room 5 pC
Power Supplies
Positive Supply Current I+ Room 0.001
Negative Supply Current I- V+ =132V, VL =525V Room | -0.001
i ViNn=0o0r5V RA
Logic Supply Current IL Room 0.001
Ground Current IeND Room —0.001

Notes:

Room = 25°C, Full = as determined by the operating temperature suffix.

a
b
c. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.

d. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
e

f.

Guaranteed by design, not subject to production test.
VN = input voltage to perform proper function.
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DG417/418/419

Typical Characteristics

50 T 40
fe |
Ta = 125°C
) /\J 30 | T /
- N =8V ~
a 30 " =]
= ) ~—" = 20 25°C
< *10 V.l —~t12V A
g 20 : . 8 _sso
15V ,/l/ _ -55°C /
=20V 10
10
Ip = —10mA
S .
-20 -15 -10 -5 0 5 10 15 20 -15 -10 -5 0 5 10 15
Vp — Drain Voltage (V) Vp - Drain Voltage (V)
30 Leakage Currents vs. Analog Voltage 200 Drain Charge Injection
| 1 I |
V+ =15V V+ =165V Cp =10nF
| V-=-15V ve o issy N\
20 _ 16.5
VL=5V 150 — vy =5V 1nF
| ViN=0V
10 DGA417/418: Ipofty, Is(ofty o
DG419: Is(oﬂ) 100
g o | g
- — ° s
-10 ;—/ DG417/418: Ip(on) i
DG419: Ip(otty, ID(on)
-20 0 p e g
-30 =50
-15 -10 -5 0 5 10 15 -15 -10 -5 0 5 10 15
Vp or Vg — Drain or Source Voltage (V) Vs — Source Voltage (V)
35 Input Switching Threshold vs. Supply Voltages 50 Operating Voltage Range
30 & 0
\\ 40 N
25 N 5V CMOS
\ Compatible
S 20 g V=7V _] s ¥ ~
+
g .- ~— /
> 15 NN < > 50 7 // D,
w TN = T RN
TTL Compatible //
M~ 10 Vin=08V,24V %
05 ~ LLLLb L L L L .
2 <—— CMOS Compatible
0 2 I | | |

rDS(on) VS- Vp and Supply Voltage

(V) 5 10 15 20 25 30 35 40
(V-)-5 =10 =15 -10 -5 0 0

P32167—Rev. C (11/15/93)

rpS(on) vs. Temperature

0 -10 =20 -30 -40
Negative Supply V- (V)
@= Voltages Used for Production Testing
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DG417/418/419 Siliconix

AMember of the TEMIC Group

Typical Characteristics (Cont’d)

Switching Time vs. Temperature 140 Crosstalk and Off Isolation vs. Frequency
RO T T T 1
V+=15V,V-=-15V lcl)N /
100 | VL =5V, Vin =3V Pulse e 120 DG;})MIS?IQ —
urce
" 100 '
— 80
é 80
E g0 et o g Source 1
S —— 3
- e 60
p——1
2 4 \\
40
V+ =15V
20 V-=-15V
20—y =s5v
0 0 | I
-55-40 -20 0 20 40 60 80 100 120 100 1k 10k 100k 1M 10M 100M
Temperature (°C) f — Frequency (Hz)
Switching Time vs. Supply Voltages 130 Switching Time vs. V+
80
N 120 \\
) -
\\ 110 -
70 ‘\ . 100 \
7 | v-=0v X 7 D
£ V=5V E 9 t— vyv-=0V
VIN=3V V=5V
E ool § s — sy
z N z 10
S o
NL 60
50 S % 3
LOFF
— ‘r_ 40 toFF |
40 30
+10 *11  =*12 *13  x14 15 =16 10 11 12 13 14 15 16
Supply Voltage (V) V+ Supply Voltage (V)
Power Supply Currents vs. Switching Frequency Supply Current vs. Temperature
1omA l l ' A T T T 1
V+ =15V, V- =-15V / V+ =165V,V—- = -165V /
VL=5V,V1N=5V,50%DCycly 100nA } VL=5V,Viy=0V Ly
1mA
V4 Ny
10nA +1- 7
/ '
o 1004 I+,1 / / 5 1nmA /‘//j
=~ 10pA 2 100 pA

e}

/ 4 ; / 10pA S
1pA L~
/ / 1pA =
100nA / 0.1pA

100 1k 10k 100k 1M 10M -55-40 -20 0 20 40 60 80 100 120
f — Frequency (Hz) Temperature (°C)
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Siliconix DG417/418/419

Schematic Diagram (Typical Channel)

V+ O-
A A F 3
o S
'J ¥ 3
VL 0—AMW ] o o
V-
—I|_. Level N Il---
shift/ >0 f —
VI O—AAN Drive | — 1
_I"" - '_\ V+
::1 °
GND O- d = 7 3
oD
X i
V- o~
Figure 1.
Test Circuits
Vo is the steady state output with the switch on.
+5V +15V Logic 3v o <20m
T T Input —- 50% tf <20 ns
SVL V+D oV J
+10V O- ! A 0 Vo - tomE

Switch Vg

_D_IN J Ry L Input Vo
Q 35

90%
GND V- 300 pF
I (L - - Switch 0V

= — 15V Output > ton
CL (includes fixture and stray capacitance) Note: Logic input waveform is inverted for switches that have
R the opposite logic sense.
Vo = Vs L
Ry + rDs(on)
Figure 2. Switching Time (DG417/418)
+5V +15V

3V

T T Logic tr <20 ns
Input ’ \ tf <20 ns
%9 V+ ov
s

Vs1 O—— ofa— D
V. o—ﬁ—-o-:.g—l "L Vg1 =V,

2 R; S1= Vs2

! 3000 Vo 90%
KL Tota] N \/]‘—
- - Switch
GND V- ov ~ o+

Output I-. tp .-I

O Vo
pF

a0

I & Cy (includes fixture and stray capacitance)
-_— —_— -15V

Figure 3. Break-Before-Make (DG419)
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DG417/418/419 Siliconix

Test Circuits (Cont’d)

+5V +15V
VL V+ . t; <20 ns

S D }‘03&‘: t; <20 ns

Vsi1 © oy o Vo P v
! 1

Sz
Vs2 0 | Ry ICL ) Y tTRANS -I

N x 300Q | 35pF vf; - —

—|>— - = o %~
GND V- . Switch

J) Output
' Voz 10%
— -15V Vs2

Cp, (includes fixture and stray capacitance)

Vo = Vs Rp
RL + 1DS(on)
Figure 4. Transition Time (DG419)
+5V +15V J AVo

R \%% V+ Vo - 1 -
£ S ra D
Vo INx
OFF - ON OFF
CL

|
V, = IN .
& | 3V D I 10nF
= Sl i L _ Q=AVoxCL

Figure 5. Charge Injection
+5V +15V
C C .
_|:| |—$ T—| tl_ +5V 415V
— A% V+ o o

C
5 . L S
Rg=502 1 I ) _le VL v+
= 0Q Vs o8 o
|
Vo i Sz 1 Ry=50Q TI |

- I oV, 24V O———IIN >--J
08v o> = ve

T—tn T En

IHe

!
D

O Vo

RL

D,
v

(e}

-15V -15V
Vs . Vs
XtALK Isolation = 20log | — Off Isolation = 20 log -‘70-
C = RF bypass
Figure 6. Crosstalk (DG419) Figure 7.  Off Isolation
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Test Circuits (Cont’d)

DG417/418/419

+5V +15V
1
—_.l_—_' VL V+ I:_l_—
Vs Al D| ~~
O‘r' O Vo
Rg=50Q _] | hd
- = RL
0v24v o— > o
= GND V- c =
= -15V =
Figure 8. Insertion Loss
+5V +15V
o o +15V  NC
C e c o}
| !I ||: I
— Vi v+ — l I
= S - = V+ S2 S1
DG417/418 _/? — DG419 _l?\ Metor
IN \ HP4192A IN HP4192A
0V,24V 0~ —-D— | Impedance 0v,24V O——D— F [ Impedance
\ Analyzer \ Analyzer
D -—b I or Equivalent D, D; \;_) I or Equivalent
GND V- . f=1MHz GND V- f=1MHz
1 I
= -15v = = -15v =
Figure 9. Source/Drain Capacitances
Applications
Switched Signal Powers Analog Switch _L
D; C
PR . s 1
The analog switch in Figure 10 derives power from its input v | 0.01 uF
signal, provided the input signal amplitude exceeds 4 V and v+ L
its frequency exceeds 1 kHz. ss| =
Input O D, ora O Vour
This circuit is useful when signals have to be routed to either | S5
of two remote loads. Only three conductors are required: —O|\v—
one for the signal to be switched, one for the control signal I Riz
and a common return. ' Control O_E_D_J 10k2
e L DG419 Rey
A positive input pulse turns on the clamping diode D; and GND V- 10k
charges C;. The charge stored on C; is used to power the l —
chip; operation is satisfactory because the switch requires b
less than 1 pA of stand-by supply current. Loading of the L 1
signal source is imperceptible. The DG419’s on-resistance - -
is a low 100 €2 for a 5-V input signal. Figure 10. Switched Signal Powers
Remote SPDT Analog Switch
P32167—Rev. C (11/15/93) 1-153




DG417/418/419

Applications (Cont’d)

Micropower UPS Transfer Switch

When Ve drops to 3.3 V, the DG417 changes states,
closing SW; and connecting the backup cell, as shown in
Figure 11. D; prevents current from leaking back towards
the rest of the circuit. Current consumption by the CMOS
analog switch is around 100 pA; this ensures that most of
the power available is applied to the memory, where it is

Siliconix

AMember of the TEMIC Group

really needed. In the stand-by mode, hundreds of pA are
sufficient to retain memory data.

When the 5-V supply comes back up, the resistor divider
senses the presence of at least 3.5 V, and causes a new
change of state in the analog switch, restoring normal
operation.

D1 Dv+sw1 L

Vce o »l A
e O ! I!

R V. +

4 513 - SENSE Memory DG417 - 3VLiCel

IN _ |
R, GND \ =
383 kQ . |
— P

Figure 11. Micropower UPS Circuit

Programmable Gain Amplifier

The DG419, as shown in Figure 12, allows accurate gain
selection in a small package. Switching into virtual ground
reduces distortion caused by rpg(on) variation as a function
of analog signal amplitude.

Voutr

L

Figure 12. Programmable Gain Amplifier

1-154

GaAs FET Driver

The DG419, as shown in Figure 13 may be used as a GaAs
FET driver. It translates a TTL control signalinto —8-V, 0-V
level outputs to drive the gate.

+5V
[+]
Vi v+ GaAs FET

i—O’r‘——‘

Vour f

_I:__ Sy | D| Vo
-~ N\v
svl© D—J DG419
GND N

L

(]
-8V

Figure 13. GaAs FET Driver
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AMember of the TEMIC Group

Low-Power, High-Speed,

DG421/423/425

Latchable CMOS Analog Switches

Features Benefits Applications

® Latched Control Inputs ® uP Compatible ® Data Bus Switching

® Rail-to-Rail Analog Input Range ® Wide Dynamic Range ® Sample-and-Hold Circuits

® On-Resistance: 25 ® Reduced Component Count ® Programmable Filters

o Fast Switching Action—ton: 170 ns ® Low Signal Errors and Distortion ® P Controlled Analog Systems
® Micropower Requirements—Pp: 35nW e Break-Before-Make Switching Action ~ @ Portable Instruments

® TTL and CMOS Logic Compatible ® Battery-Compatible Operation ® Telecommunication Systems

® Low Leakage: 40 pA

Description

The DG421/423/425 are monolithic analog switches
featuring latchable logic inputs to simplify interfacing with
microprocessors. This series combines fast switching speed
(ton: 170 ns, typ), and low on-resistance (rps on): 25 Q,
typ) making it ideally suited for battery powered industrial
and military applications that require microprocessor
compatible analog switches.

The DG421 has two normally open switches (SPST). The
DG423 has two single-pole, double-throw (SPDT) pairs.
The DGA425 has two normally open pairs (DPST).

To achieve high-voltage ratings and superior switching

performance, the DG421 series is built on Siliconix’s high
voltage silicon gate CMOS process. Break-before-make is
guaranteed for the DG423. An epitaxial layer prevents
latchup.

Each switch conducts equally well in both directions when
on and blocks input voltages up to the supply rail voltages
when off.

The input data latches become transparent when WR is set
low. When WR goes high the latches store the logic control
data. A low on RS resets all switches to their default state
(all inputs low).

Functional Block Diagram and Pin Configuration

DG421 Dual-In-Line DG425 Dual-In-Line
/ _/
o [ o [—— =
WR E l---<]—T_5'| N WR E L—Q—E N
v 5 ] v- » Byl | @
NC E 5 E GND S E : EI GND
e { |2 @w s G d| Ew
1
ve [ i v o (1| @ ow
w T e w [T P
D, [8 aL, 9] s, D, E:—,J—o——ﬂ S
Top View Top View
Truth Table — DG421/DG425
WR RS INy Switch
Logic“0” < 0.8V
0 1 0 OFF Logic“1” 2 24V
1 ON Switches Shown for Logic “1” Input

P-32167—Rev. C (11/15/93)
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DG421/423/425

Functional Block Diagram and Pin Configuration

Siliconix

AMember of the TEMIC Group

DG423 Dual-In-Line o PLCC
N E a8 52
1 16
Dy [1——p—if] = GRS
W [2] F<H5] ™ o |
v B || [ - o Ey L [
J ;_/_
; J— > ss [5] 17] GND
1 G . -
s [4] § i3] oxp ne [6] Latch 16] NC
s 7 | @ s T [ | B
o G| @ e e A
RS [7 <J—{10] m,
U1 o]
o [F—%—F] = s
|c< Az v Z
Top View Top View
, Truth Table — DG423
WR RS INg SWy, SW, | SW;, SW, Logic 0" = 08V
0 1 0 OFF ON Logic“1” = 24V
1 ON OFF Switches Shown for Logic “1” Input
Ordering Information — DG421/423/425 Latch Operation Truth Table
Temp Range Package Part Number INy | RS | WR Latch/Switeh X
DG421D] X 1 0 Transparent latch operation
—4010.85° 16-Pin Plastic DIP DG423DJ X ) | Control data latchedin, switches
DG425D] on or off as selected by last INx
20-Pin PLCC DG423DN X 0 X | Alllatches reset, switches on or off
X 'L X aswhen INx =0, WR =0,RS=1

Absolute Maximum Ratings

Voltages Referenced to V—

V+

Continuous Current (Any Terminal)
Current, S or D (Pulsed 1 ms, 10% duty)
Storage Temperature .. .........oooiiiiiiin..,

1-156

(GND -03V).to (V+) +0.3V
V-~ minus 2 Vto (V+ plus 2 V)

Power Dissipation (Package)®

or 30 mA, whichever occurs first

a.

...... 40 mA b
..... 100 mA .
—651t0125°C d.

16-Pin Plastic DIPC .........ocoiiiiiieeinianaans 470 mW
20-PinPLCCY L. .ouiiee it ien e 800 mW
Notes:

Signals on Sx, Dy, or INx exceeding V+ or V- will be clamped by
internal diodes. Limit forward diode current to maximum current
ratings.

All leads welded or soldered to PC Board.

Derate 6 mW/°C above 75°C

Derate 10 mW/°C above 75°C
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Siliconix DG421/423/425

A Member of the TEMIC Group

Specifications
Test Conditions D Suffix
Unless Otherwise Specified —401t0 85°C
V+=15V,V-=-15V
Parameter Symbol VL=5V,Vy =24V,08V¢ Temp® | Min® | Typ® [ Max® | Unit
Analog Switch
Analog Signal Ranged VANALOG Full -15 15
. . Is=-10mA, Vp = £85V Room 25 35
Drain-Source On-Resistance DS(on) V4 =135V, V= = 135V Full 45
. Room | —0.25 | #+0.01 0.25
Switch Off Leakage Current I
& Steff) V4 =165V, V- = —165V Full | -5 5
] Vp=F155V, Vg = 155V Room | —-025 [ +001 | 025
D(off) Ful | -5 B
Channel On Leakage Current ID(on) V+ =165V, V- =-165V Rglﬁ;n :(;(‘)‘ +004 013
Digital Control
Input Current with Viy Low I VN under test = 0.8 V, all other = 2.4V Full -0.5 0.005 0.5
Input Current with Vpy High I Vin under test = 2.4 V, all other = 0.8 V Full -0.5 0.005 0.5 uA
Dynamic Characteristics
Room 170 250
Turn-On Time to]
N Re =300Q, Cp = 35 pF Full 300
See Figure 2
Turn-Oft Time torr ¢ Room 1o 200
tww Room 200
Full | 200 ns
. Ry =300, Cr, = 35 pF Room | 100
Latch Timing tpw Vg=+10V Full 100
4 Room 60
WD Full 100
Break-Before-Make Time Delay tp DG423 Only, Ry, = 300 Q, Cy, = 35 pE, See Figure 3 | Room 5 25
Charge Injectiond Q CL =10 nE Vgen = 0V, Rgep = 0L, See Figure 4 | Room 60 pC
Off Isolation Reject Ratio OIRR RL=50Q,CL=5pEf=1MHz Room 65
Crosstalk X Between Any Two Channels Room 7 dB
(Channel-to-Channel) TALK Rp =50Q,CL=S5pEf=1MHz
Source Off Capacitance Cs(off) Full 9
Drain Off Capacitance Cpoff) f=1MHz ' Full 9 pF
Channel On Capacitance Cp(on) Full 35
Power Supply
Positive Supply Current I+ R;lﬁ?l 0.0001 ;
Negative Supply Current I- Rl? Olll“ :§ ~0.0001
V+=165V,V-=-165V u uA
A ViN=00r5V Room 0.0001 1
Logic Supply Current IL Full 5
Ground Current IeND ng:l;n :; ~0.0001
Notes:

a. Room = 25°C, Full = as determined by the operating temperature suffix.

b. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.

c. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
d. Guaranteed by design, not subject to production test.

e. VN = input voltage to perform proper function.
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DG421/423/425 Siliconix
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Typical Characteristics

rps(on) ¥S: Vp and Power Supply Voltage rps(on) V- Vp and Power Supply Voltage
—~ —_ T T
A Ta =25°C
2@ 5oL Ta=25C g I\ VooV
z /\ J é 60 y. V4 =175V
Y, 40 2 \
& / &
= g / ‘
o o 50 ,A
5V
g » I\ 75 /’\ g \// \ 10V
3 ~= 3 \
£ AL 10V g 0
g V v g A~ 15V |
a a V \
[ 20 <l +15V L7 L 30 /4
g S~ g — 20V |_A
8 +20V 8 —71
10 L 20
-20 -15 -10 -5 0 5 10 15 20 0 5 10 15 20
Vp — Drain Voltage (V) Vp — Drain Voltage (V)
Leakage Currents vs. Analog Voltage Supply Currents vs. Switching Frequency
0 7 4
ID(otf) Or Is(otf) T
yd —
—_ —_ 3
g -5 - E
"? Ip, on) o »-I- A
s ] ~ £ / '
-100 — /
/ 1 | 1l
! I+,1- ’
"
-150 0 =
-15 -10 -5 0 5 10 15 1k 10k 100k 1M
VANALOG — Analog Voltage (V) f — Frequency (Hz)

Input Switching Theshold
vs. V+ and V— Supply Voltages

25

20

15

vr (V)

1.0

0.5

0 +5 +10 +15 +20
V+, V- Positive and Negative Supplies (V)
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Siliconix DG421/423/425

Schematic Diagram (Typical Channel)

V+ ©
7 3
Vi ;_J 7 3
JE —l‘__ '—I -0 S

INy O— N 3(5

J'— I v

A A H_ . Level N -
— Lat =1 Shift/ 4
- Drlive Y L =

§
i

oD
Y 3 I
— Y 3
V- ©
Figure 1.
Test Circuits
+5V  +15V
? 3V tr <20 ns
| l Logic —] tf <20 ns
RS VL V+ Input ov __J
£10V oS ofa2 0 Vo Switch torr |+
IN | J_ Input* Vs Vo
> RL a 90%
GND WR V- 300Q | 35pF
:L - = swich 0V ]
Output + toN
— — -15V 90
. Vo %
Switch  _y/
Input* s
Cy, (includes fixture and stray capacitance)
Vo = Vs _RL *Vs =10V for ton, Vs = —10 V for topp
RL + rpS(on) Note: Logic input waveform is inverted for switches that

have the opposite logic sense control

Figure 2. Switching Time
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DG421/423/425 Siliconix
Test Circuits (Cont’d)

+5V +15V

T_—l T Logic 3V
— Input 50%
VL RS V+ ov j t

S1 D
10V O ofa 1 o Vo1 Vor o
Sz ! D, Voz \
10V o Ol ! Switchl oV
| Output
IN D_ J Rp; | Cua Voa 90%
300Q| 35 pF
WR R | Cro = Switch2 0V
_I:— GND Ve 300Q| 35 pF Output tp —» tp
- - -15V CL (includes fixture and stray capacitance)
. Figure 3. Break-Before-Make
+5V +15V
R VL RS V+ AVo
g
_I:fw» S oral o Vo Vo T
o 1
Vv, = IN _ Cp IN
£ 3V 10nF On oft On
GND, WR V-
= | $ - Q=AVpxCL
—_— —_— -15V
Figure 4. Charge Injection
+5V +15V
C $ i C
ey +5V +15V
_L_.|_ VL RS V+ I:L_ c o c
\Y% - S D; - L |
S O o_rr o [j| 1 | h
Ry =50Q i_ | i__ 50Q -_ Vi RS wyi =
- Ny N - Vs ~ s or]/ D| A Vo
a
ov,24v o4—> 1 )
= NCol® or= Do | oy =50Q _'_| | 1 .
o - IN -
. I I Ry 0v,24V o —D-J
2 = — _ —
w24V o2 > | = GNDWR V- |Jc —=
GND WR V- C = | | é__l 'j_
| | $ I I | - = -15V =
- = -15V - v
. Off Isolation = 20 log | —
XraLx Isolation = 20log | — Vo

C = RF bypass

Figure 5. Crosstalk Figure 6. Off Isolation
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Siiconix DG421/423/425

Test Circuits (Cont’d)

+5V 415V .
c, ¢ T ,c . 50%
WR
_I:II | -I_ ||:L tww
- VL RS v+ - tpw twp Io
S

B N 20%
/ Meter X 0 >¢ Z 80% ;P<
/ HP4192A
| Impe;iance
\ Analyzer
l or Equivalent 3V

Ply = d s NC 50%
GND WR V- c 0 =

| | i_' [ (OFF(RS) E—

L L Switch Vo 80%

Output g

0V,24V o_ip_

Figure 7. Source/Drain Capacitances Figure 8. Latch Timing

Applications

Figure 9 shows a circuit configured to increase the effective ~ with a sign plus magnitude code. A sign bit of “0” connects
resolution of the 12-bit DAC to 13 bits. The circuitoperates R3z to GND, giving 12-bit resolution per quadrant.

Ry Ry
VoD FAN MWV
T a 20kQ
33pF
Vpp Rrp DG423
ouT \
0_3/\,_ VREF A1 ‘\PC

AGND .~ |

D11 — DBO/ '\LC 10kQ

12 Analqg Corpmon IN; WR
Sign Bit

VIN Ry

WR O O Cs
12-Bit Plus Sign Magnitude Code Table
Sign Digital Input Analog Output
Bit | MsB LSB (Vour)
0 1111 1111 1111 +(4095/4096)VIN
0 0000 0000 0000 0 Volts
1 0000 0000 0000 0 Volts
1 1111 1111 1111 +(4095/4096)VIN

Figure 9. 12-Bit Plus Sign Magnitude D/A Converter
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DG421/423/425

Applications

Siliconix

AMember of the TEMIC Group

When switch S; of Figure 10 is closed, the op amp is placed  The microprocessor system WR must gate the decoder

in the familiar unity-gain non-inverting configuration.
When switch S; is closed and S; is open the gain is given by:

AV=1+R‘

R,

Vin o———\

/jv +1T5V

output to ensure proper timing.

O Vour

RS| Vo V+
o
1 _J
gn
DG421
ofa
L _
T Ry
System WR WR| GND__ V-
dergss = (L =
ecoder
74HC138 -15V

Figure 10. Bus-Controlled Precision Gain-Ranging Circuit

Figure 11 shows a balanced-line microphone input stage
that provides selection or summing between two
balanced-line  microphones and also periorms
differential-to-single-ended conversion. Either MIC A or
MIC B can be selected, and neither and/or both may be

summed at the output. This configuration uses “virtual
ground” switching, a method which minimizes distortion
resuliting from the anaiog switch on-resisiance moduiaiion.
The actual voltage swings experienced by the analog switch
barely exceed 1V for a 15-V full-scale range input.

500Q
A%
500Q "
-0—AM A -
MIC 500Q | ——O0 Vour
A ota
+O—AMA .
L oot
500 Q DG425 D, b, Output
MIC -0—A\\WV °’r‘ 0 0 None
i 5000 I 0 1 MIC A
+O—A\ ota
1 0 MICB
1 D; O—o > 00 1 1 MIC A and MIC B

Figure 11. Bus-Controlled Selector for Balanced-Line Microphones
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Siliconix

AMember of the TEMIC Group

Quad SPST CMOS Analog Switches

Features

Low On-Resistance: 50 Q

Low Leakage: 80 pA

Low Power Consumption: 0.2 mW
Fast Switching Action—ton: 150 ns .

DG201A/DG202 Upgrades
TTL/CMOS-Compatible Logic

Benefits

® Less Signal Errors and Distortion

® Reduced Power Supply Requirements
® Faster Throughput

Improved Reliability

® Reduced Pedestal Errors

o Simplifies Retrofit

e Simple Interfacing

DG441/442

Applications

Audio Switching

Battery Powered Systems
Data Acquisition

Hi-Rel Systems
Sample-and-Hold Circuits
Communication Systems
Automatic Test Equipment

°
.
.
°
® Low Charge Injection—Q: —1pC
.
°
.

Single Supply Capability

Description

The DG441/442 monolithic quad analog switches are
designed to provide high speed, low error switching of
analog and audio signals. The DG441 has a normally closed
function. The DG442 has a normally open function.
Combining low on-resistance (50 €, typ.) with high speed
(ton 150 ns, typ.), the DG441/442 are ideally suited for
upgrading DG201A/202 sockets. Charge injection has been
minimized on the drain for use in sample-and-hold circuits.

Medical Instruments

To achieve high voltage ratings and superior switching
performance, the DG441/442 are built on Siliconix’s
high-voltage silicon-gate process. An epitaxial layer
prevents latchup.

Each switch conducts equally well in both directions when
on, and blocks input voltages to the supply levels when off.

Functional Block Diagram and Pin Configuration

DG441
Dual-In-Line and SOIC
IN; E—-p—lur—q-—{ 16 [ 1N,
[
D E:T‘I» I 4-{ 15| b,
SO M
v- E E v+
GND E 1_—2] NC
« [ o
NGESISAC N
INg __{>_J l_<]__T_| IN;

Top View

P-32167—Rev. E (11/15/93)

DG441

LCcC

D; IN; NC IN; D

Key
S1 Sz
\'A V+
NC NC
GND NC
S4 S3

Dy INgy NC IN3
Top View

D3
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DG441/442

Ordering Information and Truth Table

Siliconix

AMember of the TEMIC Group

Ordering Information Truth Table
Temp Range Package Part Number Logic DGA441 DG442
DG441DJ 0 ON OFF
16-Pin Plastic DIP
‘ DG442DJ 1 OFF ON
—40t085°C
16-Pin N: SoIC DG#41DY
-Pin Narrow | Logic“0” < 08V
DG442DY Logic“1” = 24V
DG441AK Switches Shown for DG441 Logic “1” Input
DG441AK/883
5962-9204101MEA
16-Pin CerDIP
DG442AK
—551t0125°C I ———
DG442AK/883
5962-9204102MEA
5962-9204101M2A
LCC-20 —_—
5962-9204102M2A

Absolute Maximum Ratings

V+toV-
GNDtoV-—-

Digital Inputs® Vg, Vp ...

Continuous Current (Any Terminal)
Current, S or D (Pulsed 1 ms, 10% duty cycle)
(AK Suffix)
(DJ, DY Suiiix)
Power Dissipation (Package)b

Storage Temperature

16-Pin Plastic DIP®
16-Pin CerDIPY . ..........
16-Pin Narrow Body SOICH .
Lcc-20d

a.

(V=) -2Vio (V+)+2V
or 30 mA, whichever occurs first

b.
............ 30 mA c.

100 mA d.
...... —65 10150°C

e anEam
=0J 0 izo ©

Specifications? for Dual Supplies

Notes:

Signals on Sx, Dx, or INx exceeding V+ or V— will be clamped by
internal diodes. Limit forward diode current to maximum current
ratings.

All leads welded or soldered to PC Board.

Derate 6 mW/°C above 75°C

Derate 12 mW/°C above 25°C

Test Conditions A Suffix D Suffix
Unless Otherwise Specified —55t0125°C | -40t085°C
V+=15V,V-=-15V
Parameter Symbol ViN =24 V,08VE TempP Typ¢ | Mind | Max? | Mind | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full -15 15 -15 15 v
Drain-Source Is=—-10mA, Vp = 85V Room 50 85 85
On-Resistance TDS(on) V+ =135V,V- = -135V Full 100 100
Ise Room +0.01 -0.5 0.5 -0.5 0.5
o Full -20 20 -5 5
. V+=165,V-=-165V
Switch Off Leakage Current _ H _
s ; Vp =155V, Vs=F155V [TRoom | 001 | -05 | 05 | -05 | 05
D(off) Full 20 ] 20 | -5 | 5 |
Channel On I V+ =165V,V- = -165V Room +0.08 -0.5 0.5 =05 05
Leakage Current D(on) Vs=Vp==%155V Full —40 40 -10 10
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AMember of the TEMIC Group

Specifications? for Dual Supplies (Cont’d)

DG441/442

Test Conditions A Suffix D Suffix
Unless Otherwise Specified —551t0125°C | —40t085°C
V+=15V,V-=-15V
Parameter Symbol Vin =2.4V,08 VI TempP Typ¢ | Mind | Maxd | Mind | Maxd | Unit
Digital Control
Input Current Viy Low InL Vi uader test =08V Full —00t | =500 | s00 | —s00 | so00
nA
Input Current Vi High I Vi ueder test = Zer ¥ Full 001 | -s00 | s00 | -s00 | s00
Dynamic Characteristics
Turn-On Time tON Room 150 250 250
Ry, =1kQ, Cp = 35pF
DG441 Room 90 120 120 ns
Turn-Off Time {OFF Vs = *=10V, See Figure 2
DG442 Room 110 210 210
Charge Injection® Q VCL =_10x37,l¥ S =_0(¥ Q Room -1 pC
gen = UV, Rgen =
Off Isolation® OIRR Room 60
RL=509,CL=5pF
Crosstalk® f=1MHz a8
(Channel-to-Channel) XTALK Room 100
Source Off Capacitance® Cs(otf) Room 4
~ - f=1MHz
Drain Off Capacitance® Cpyotf) Room 4 pF
Channel On Capacitance® Cp(on) VaNaLog =0V Room 16
Power Supplies
Positive Supply Current I+ Full 15 100 100
Negative Supply Current I- V= l\zz‘__’_’ OV;, ;; 165V ng::)l;n ~0.0001 :; :; HA
Ground Current IgND Full -15 —100 -100
Specifications? for Single Supply
Test Conditions A Suffix D Suffix
Unless Otherwise Specified —55t0125°C | —40t085°C
V+=12V,V-=0V
Parameter Symbol Vin =24 V,08 VE Temp? Typ¢ | Mind | Maxd | Mind | Max? | Unit
Analog Switch
Analog Signal Range® VANALOG Full 0 12 0 12
Drain-Source Is=-10mA,Vp=3V,8V Room 100 160 160
On-Resistance TDS(on) V+ =108V Full 200 200
Dynamic Characteristics
Turn-On Time toN Ry =1k, Cp = 35 pF Room 300 450 450
f ns
Turn-Off Time tOFF Vs =8Y, See Figure 2 Room 60 200 200
Charge Injection Q Vyen =C‘I§\7 lll::,; —00 Room 2 pC
P-32167—Rev. E (11/15/93) 1-165




DG441/442

Specifications? for Single Supply? (Cont’d)

Siliconix

AMember of the TEMIC Group

Test Conditions A Suffix D Suffix
Unless Otherwise Specified —55t0125°C | —40t085°C
V+=12V,V-=0V
Parameter Symbol Vi =24V,08 VE Temp® Typ¢ | Mind | Maxd | Mind | Maxd | Unit
Power Supplies
Positive Supply Current I+ Full 15 100 100
. V+ =165V, V- =-165V Room —0.0001 -1 -1

Negative Supply Current I- ViN=00r5V Full -100 —-100 nA

Ground Current IGND Full -15 -100 -100
Notes:
a. Refer to PROCESS OPTION FLOWCHART (Section 5 of the 1994 Data Book or FaxBack number 7103).
b. Room = 25°C, Full = as determined by the operating temperature suffix.
c. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
d. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
e. Guaranteed by design, not subject to production test.
f. VIN = input voltage to perform proper function.

Typical Characteristics

100

rps(on) V- Yp and Power Supply Voltage

) NA L

a
8
: 4
g
& A
& 60 AL =8V
3 K/: N—1 >\ =10v
5 +12V
5 — A sy
I-
*20V
o =2
g
]
0
~20 -15 -10 -5 0 5 10 15 20
Vp — Drain Voltage (V)
I'DS(on) V8- V]) and
Unipolar Power Supply Voltage
~ 300 | —
a H V-=0V
g 25 \
§ \ V+=5V
g 200 \
)
8 150
=
3 / A —\8V
g 100 oV
g ///'"\./ 1
o 12V
‘? — <15V
= 50 —
& 20V
§ 0
0 4 8 12 16 20
Vp — Drain Voltage (V)
1-166

rps(om) — Drain-Source On-Resistance ( Q)

tps(on) — Drain-Source On-Resistance (Q)

rps(on) VS Vp and Temperature

80 T T
V+ =15V
70 V- =-15V
60 ,/4‘\ |
125°C
50 n \-¥ 4 "N
N~ 8°c AN
40 — 25°C
30 _4\~\_\d_ LN
—
20 o/ ssc
10 —4|0°c
0
-15 -10 -5 0 5 10 15
Vp - Drain Voltage (V)
rps(on) Vs. Vp and Temperature
(Single 12-V Supply)
140
120 e
vz e AN
100 ,/ > o — 85°C
80 25°C
" d // -\\ e
P /
== | ~F % RN
40 —55°C +—]
0°C I
20 —40°C V+=12V
l | V-=0V
0 [ L1 1
0 2 4 6 8 10 12

Vp - Drain Voltage (V)

P-32167—Rev. E (11/15/93)



Siliconix

AMember of the TEMIC Group

Typical Characteristics (Cont’d)

Crosstalk and Off Isolation vs. Frequency

140
\\
120 \ Crosstalk
100 ™
~ 80 N
)
ki
- 60
Off Isolation
40
V+ =15V
20 = v-=-15Vv
Ref. 10 dBm
0 1
100 1k 10k 100 k 1M 10M
f — Frequency (Hz)
24 Switching Threshold vs. Supply Voltage
1.6 r ol o
i
A
0.8 by
0
0 =5 =10 *15 *20
V+, V~ Positive and Negative Supplies (V)
Source/Drain Leakage Currents
(Single 12-V Supply)
10
Is(otfy » ID(oty -l
0
g - =
_9 1S(cm + ID(OV
& =20 //
/ V+=12V
-30 V-=0V -
For Ip, Vg =0
Forls, Vp =0
10 L1
0 2 4 6 8 10 12

Vp or Vg ~ Drain or Source Voltage (V)

P-32167—Rev. E (11/15/93)

Q (pPO)

Is,Ip (pA)

v+ (V)

50

40

30

20

10

DG441/442

Charge Injection vs. Source Voltage

CpL=1nF
V+ =15V
V-=-15V
,‘
R
-
B
Vi=12V _]
// V-=0V
-
-10 -5 0 s 10

—60

—-80

-100

Vs — Source Voltage (V)

Source/Drain Leakage Currents

Isoffy » ID(oti)

L~

-

=

[D(on)

V4 =15V —

V-=-15V

For Iof), VD = =V
! (off) 'D ‘S

-15 -10 -5 0 5 10 15

20

Vp or Vg — Drain or Source Voltage (V)

Operating Voltage
I [
T V+
& S D
5V-CMOS — ]
'/, + Compatible ;’_ 1
‘ al
]
<=4y
+ TTL Compatible .
" Vin=08V,24V
"y
CMOS
Compatible
L 1
-30 —40 =50
V- — Negative Supply (V)
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DG441/442 Siliconix

AMember of the TEMIC Group

Typical Characteristics (Cont’d)

160 Switching Time vs. Power Supply Voltage 00 Switching Time vs. Power Supply Voltage
— =0V
140 v 0 .
toN — 400 ‘\
120
\\tON

100 300 \
w0 I ~

t (ns)
t (ns)

200 ——
N o S—
60
, 100
40 tOFF
20 0 I
+10  *12  *14 *16 =18 x20 22 8§ 10 12 14 16 18 20 22
Supply Voltage (V) Vg — Source Voltage (V)
Schematic Diagram (Typical Channel)
V+ O
3
% os
I'J |
- [ |;3 o
) —— Lovel V-
€eve!
INx O |_% Shift/ '\Sc I.':"" —
— Drive | e I
| =
i — V+
— Q
GND o ‘ ™ x
x —O D
A
V-0
Figure 1.

Test Circuits

+15V

? Logic 3V _\
Input _\ tr <20 ns
V+ 50%  50% tr <20 ns
ov
£10v oS oTal 0 Vo ,
! 1 Swich torr| =~
IN 1 Rp CL itc] Vs ‘
3V > 1kQ 35pF Tnput Vo 509 80%
GND V- §
J, Switch 0V
— — 15V Output — ton

Cy (includes fixture and stray capacitance) Note: Logic input waveform is inverted for DG442.

Figure 2. Switching Time
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AMember of the TEMIC Group

Test Circuits (Cont’d)

+15V l AVo

V+ Vo 1

s D
_[«/w—c oTal] Vo Ny
v N _: o eain OFF ON OFF
= L 4
& 3V __D- 1nF ( )
GND V-
—l— -5V INg OFF ON OFF

Q=AVoxCpL
(DG442)

Figure 3. Charge Injection

C = 1 pF tantalum in parallel with 0.01 uF ceramic
+15V

] M +15V
—T ? ¢
V+ =

Vs

O
Rg=5°9;‘__/— 50

Vs
IN; o o O Vo
0V, 24V o——-D——' Ry =50Q i : _i R
— S D B -
NC o—~——o=— f\: , o Vo 0V, 24V o—%—-l

-
1D
I
A s

I R
L GND =
w24V o2 c
GND i C - | i |
I I I | - -15V -
= -15V = s
Off Isolation = 20log | —
V.

Xrtaix Isolation = 20 log =
C = RF bypass Vo

Figure 5. Off Isolation

Figure 4. Crosstalk
V+ S
3
/ Meter
IN I \ HP4192A
0V,24V O~ ——D— | Impedance
l Analyzer
D

_& -:_l or Equivalent

I =h

Figure 6. Source/Drain Capacitances
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Applications

+15V +24V
T Ry
DGasz V* 13
+15VO —OoT&- 150Q VNO300
IN O - W 15V
4.7/1/ A T
L- 10k - v % DG442
IN
+ S D
o-T& A0 +15V ofa
- _L cul t Vour
= - -
GND__ V- | ] Ll, [
0 = Load Off IN =15V H=Sample
1 =Load On . L = Hol
Figure 7. Power MOSFET Driver Figure 8. Open Loop Sample-and-Hold
o—1
Vv f\ O Vour
T+ 15V Gain error is determined only by the resistor
tolerance. Op amp offset and CMRR will
v+ #r* limit accuracy of circuit.

GAIN | :

1 o = > Ry
Av=1 o/l/ % 90 kQ

A
| With SW4 Closed
GAIN; > Ry
Av =10 Q/I/A SkQ Vour _ _Ri+Ra+R3+Ry =100
] ViN Ry
GAIN3 | R3
av=20 © D> 4kQ
iAINfoo ° D 4 Pkﬂ
VT DG441 or DG442
V- GND L
-15Vv -

Figure 9. Precision-Weighted Resistor Programmable-Gain Amplifier
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Siliconix

AMember of the TEMIC Group

DG444/445

Quad SPST CMOS Analog Switches

Features Benefits Applications
® Low On-Resistance: 50 Q ® Low Signal Errors and Distortion ® Audio Switching
® Low Leakage: 80 pA ® Reduced Power Supply Requirements @ Battery Powered Systems
e Low Power Consumption: 22 nW ® Faster Throughput ® Data Acquisition
e Fast Switching Action—ton: 120 ns ® Improved Reliability ¢ Sample-and-Hold Circuits
® Low Charge Injection ® Reduced Pedestal Errors ® Telecommunication Systems
e DG211/DG212 Upgrades ® Simple Interfacing ® Automatic Test Equipment
e TTL/CMOS Logic Compatible ® Single Supply Circuits
® Hard Disk Drives

Description

The DG444/DG445 monolithic quad analog switches are
designed to provide high speed, low error switching of
analog signals. The DG444 has a normally closed function.
The DG445 has a normally open function. Combining low
power (22 oW, typ) with high speed (ton: 120 ns, typ),
the DG444/DG445 are ideally suited for upgrading
DG211/212 sockets. Charge injection has been minimized
on the drain for use in sample-and-hold circuits.

To achieve high-voltage ratings and superior switching
performance, the DG444/DG445 are built on Siliconix’s
high-voltage silicon-gate process. An epitaxial layer
prevents latchup.

Each switch conducts equally well in both directions when
on, and blocks input voltages to the supply levels when off.

Functional Block Diagram and Pin Configuration

DG444

Dual-In-Line and SOIC

w oy ro{d =
B
- E o
"B O
e [8 | b—]o ] ms

P-32167—Rev. D (11/1593)

Truth Table
Logic DG444 DG445
0 ON OFF
1 OFF ON

Logic“0” < 0.8 V,Logic“1” = 24V
Switches Shown for DG444 Logic “1” Input

Ordering Information

Temp Range Package Part Number

DG444D]
16-Pin Plastic DIP

DG445DJ

—40°Cto 85°C
DG444DY

16-Pin Narrow SOIC
DG445DY
1-171




DG444/445

Absolute Maximum Ratings

(GND —03 V) to (V+) + 03V
............... (V=) -2Vio (V4) 42V
or 30 mA, whichever occurs first

Continuous Current (Any Terminal) .................... 30mA
Current, S or D (Pulsed 1 ms, 10% dutycycle) ........... 100 mA
Storage Temperature ...........ooiviieninanin.n. —65t0125°C

Specifications for Dual Supplies

Siliconix

AMember of the TEMIC Group

Power Dissipation (Package)b

16-PinPlasticDIP® ......covviiiiiiiiiiiiiiieannns 450 mW
16-Pin Narrow Body SOICY . .......ooviiiuneeennnnnn. 600 mW
Notes:

a. Signals on Sx, Dx, or INx exceeding V+ or V— will be clamped by

ae

internal diodes. Limit forward diode current to maximum current
ratings.

All leads welded or soldered to PC Board.

Derate 6 mW/°C above 75°C

Derate 12 mW/°C above 75°C

Test Conditions D Suffix
Unless Otherwise Specified —401085°C
V+=15V,V-=-15V
Parameter Symbol VL =5V, VN =24V,08Ve Temp® | Min¢ | Typ® | Max® | Unit
Analog Switch )
Analog Signal Ranged VANALOG Full -15 15 \%
. . Is=-10 Vp ==85V Room 50 85
Drain-Source On-Resistance TDS(on) Vs+ = 13.5m\?’v_D= -135V Full | 100 Q
Is(ofty Room -0.5 +0.01 0.5
& Full -5 S
. V+ =165,V- = -165V
Switch Off Leakage Current Vp = £155V,Vs = 155V T Y o0l 03
In(otfy Full -5 5 nA
V+ =165V, V- =-165V Room -0.5 +0.08 0.5
Channel On Leakage Current ID(on) Vg = Vp = 155V Full -10 10
Digital Control
Input Current Viy Low I Vi under test = 08V Ful | —s00 | —001 | s00
nA
Input Current Vi High I Viyunder tost =24V Rl | -s00 | o001 | 500
Dynamic Characteristics
Turn-On Time toN Room 120 250
Ru=1k2 C.=35pF 5G| Room 0 | 140 | ms
Turn-Off Time tOFF Vs = £10V, See Figure 2
DG442 Room 160 210
L CL=1nEVs=0V
h Injection® -
Charge Injection Q Vgen = 0V, Rgen = 02 Room 1 pC
Off Isolation® OIRR Room 60
Ry =50Q,Cp=5pEf=1MHz dB
Crosstalk (Channel-to-Channel)d XTALK Room 100
Source Off Capacitance Cs(offy Room 4
f=1MHz
Drain Off Capacitance Cp(off) Room 4 pF
Channel On Capacitance Cpon) VaNaLog =0V Room 16
1-172
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Siliconix DG444/445

Specifications for Dual Supplies (Cont’d)

Test Conditions D Suffix
Unless Otherwise Specified —40to0 85°C
V+ =15V, V== -15V
Parameter Symbol VL=5V,Viy =24V,08 Ve Temp® | Min® | Typ® | Max® | Unit

Power Supplies
Positive Supply Current I+ R];)uollln 0.001 ;

. Room -1 —0.0001
Negative Supply Current I-

& el V+=165V,V- = -165V Full =5 A
ViN=0or5V Room I H

Logic Supply Current I Full 0.001 5
Ground Current IgND Rglﬁ'ln :g —0.001

Specifications for Unipolar Supplies

Test Conditions D Suffix
Unless Otherwise Specified —401t085°C
V+=12V,V-=0V
Parameter Symbol VL=5V,VIy=24V,08 Ve Temp? Min® Typ® Max® | Unit
Analog Switch
Analog Signal Ranged VANALOG Full 0 12 A
. . Ig=-10 Vp=3V,8V Room 100 160
Drain-Source On-Resistanced DS(on) %1 += 10% v‘i —525V Full 200
Dynamic Characteristics
Turn-On Time toN RL=1kQ,Cp = 35pF Vg =8V Room 300 450 s
Turn-Off Time {OFF See Figure 2 Room 60 200
Charge Injection Q CL=1nE Vgen =6V, Ryen =0Q Room 2 pC
Power Supplies
Positive Supply Current I+ V+ =132V, Viy=0o0r5V RI?;T 0.001 %
Negative Supply Current 1- ViN=0or5V ng:lxl“ :; —0.0001
R 0.001 1 hA
Logic Supply Current IL VL=525V,Viy=00r5V 1?1?1;“ - 5
Ground Current IGND ViN=0or5V Room -1 —0.001
Full -5
Notes:
a. Room = 25°C, Full = as determined by the operating temperature suffix.
b. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
c. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
d. Guaranteed by design, not subject to production test.
e. VN = input voltage to perform proper function.
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Typical Characteristics

rps(en) vS- Vp and Temnperature

80 I
@ ol vH=15V
3 V-=-15V
=}
g 60
3
% s S
1) ~ N~ 85°C /\
g 4 ~ 25°C
g /\
7] 30 .
£ o
©
A 20 ooc — ~40°C
|
E 10
g
0

-5 -10 -5 0 5 10 15
Vp — Drain Voltage (V)

Charge Injection vs. Source Voltage

50 I
40 — Cp=1nF
30
i
- V+ =15V 7
2 1 V-=-15V
o d /
0
. _ [ V+ =12V
—w // V-=0V
~20 L]
-30
-10 -5 0 5 10
Vs — Source Voltage (V)
Source/Drain Leakage Currents
20 I I
Is(otf) » ID(otfy
0 /
-20 //
<
S a0 Ipcon) ]
27 L~
>
—
~60
V+ =15V
-80 V-=-15V —
For Ioffy, VD = —Vs
-100
-15 -10 -5 0 5 10 15
Vp or Vg — Drain or Source Voltage (V)
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Crosstak and Off Isolation vs. Frequency

-140
\\ ’
—120 \ Crosstalk |
~100 \
-8
=)
Z
—-60
Off Isolation
—40
V+ =15V
20 b—— v-=-15V
Ref. 10 dBm
0 | |
100 1k 10k 100k 1M 1o0M
f — Frequency (Hz)
Switching Threshold vs. Supply Voltage
4
3
e
& : =
g, :,g vL=7V _|
1 F
0
0 +4 +8 *12 *16 +20
+Vsuppry (V)
Source/Drain Leakage Currents
10 (Single 12-V Supply)
0 Is(otty ID(off)
g - —
A Is(on) + ID(on/
& 20 ~
L~
/ V+ =12V
-30 V-=0V -]
ForIp, Vg =0V
Forls,Vp =0V
—40 | |
0 2 4 6 8 10 12

Vp or Vg — Drain or Source Voltage (V)
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Siiliconix DG444/445

AMember of the TEMIC Group

Typical Characteristics (Cont’d)

50 Operating Voltage 160 Switching Time vs. Power Supply Voltage
T T
V+
8V — CMOS Vi 7?7 10 4
40 Compatible s %(_ _BX ] 7
I 120 Ton =
o—-|>-I 'O}FF/
30 | 5V-CMOS ] -
N e e~
> oo - 80 S ——
20 " toN =
) \ " 60 tOFF
10 | TTL Comp ::'
L ViN=08V,24V 40 L DG444
“4’__'_ jo- CMOS Compatible DG445 am o =
0 | | 20 ) L
0 -10 -20 -30 -40 =50 *10 *12 =14 =*16 =*18 20 22
V- — Negative Supply (V) +Vsupery (V)
500 Switching Times vs. Power Supply Voltage 100 A Supply Current vs. Temperature
I |
V=-=0V
V=5V 10pA
400 \\ .
\ DG 444 e 1pA —
N\ loN DS = == & 100na I+, IoND
300 FeETTT N K /
Z SN N £ 10nA
prg tON Y R e " //—(I—)
200 ~J —3 1nA
~~ =
=~ <l 100pA L |
100 tOFF - [ ™ /
- J e L L 10pA A L
0 l 1pA
8 10 12 14 16 18 20 22 =55 =25 0 25 50 75 100 125
V+ — Positive Supply (V) Temperature (°C)
Source/Drain Capacitance vs. Analog Voltage Switching Time vs. Input Voltage
25 160
| | T
V+ =15V
Vi3V 140 |- V-=-15V
20 f— V-=-15V / toN o
| | e 120
Cs(on) + CD(on
%: 15 / = 100 N\
A & \\ toN
l = N~
(’5’ 10 80 N - 3 :
-— — L
o - \ - tor -—
5 DG444
Cs(offy Cp(of 40
ity ZPe | DG4S = e e
0 20 ! 1
-15 -10 -5 0 5 10 15 2 3 4 5
VANALOG — Analog Voltage (V) Input Voltage (V)
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DG444/445 Siliconix

AMember of the TEMIC Group

Schematic Diagram (Typical Channel)

V+ O-
3 1& F 3
-0 S
||_I X
VL O v (o [o}
L AW |_| |'_ -
—||._ Level P>C ||_
Shift/ -
Vi O———AA—] Drive Y [ =
|'— — M V+
— E:‘ o
GND o . y 3
oD
Y x
V- O
Figure 1.
Test Circuits
+5V, +15V
T Cr Logic: 3V j
Input | ty <20 ns
\%3 V+ P 50%  50% t; <20ns
ov
+10V o> oTa2 o)
tOFF l‘—
IN _: J_ CL Switch Vg
sv [© D T 35p Input Vo_y o l 20%
GND \'% | | / ” °
| $ i - Switch ov — ' L
= — ~-15V Output —{ ton
Cy (includes fixture and stray capacitance) Note: Logic input waveform is inverted for DG445.

Figure 2. Switching Time

45V 415V I AVo
Rg A% V+ Vo ﬂ
s D
_va—c o ° Vo Ny
! j_ OFF ON OFF

CL (DG444)

OFF ON OFF

= = -15V INg Q=aVoxCy

(DG445)

Figure 3. Charge Injection
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Siliconix DG444/445

AMember of the TEMIC Group

Test Circuits (Cont’d)

C = 1 pF tantalum in parallel with 0.01 pF ceramic
+5V +15V

s L'C +(_5)V +15V c

el s \%9 V+ D
Vs ~ 1 1l A~
O’r‘ = VL V+
R, =50Q hd | hd s D
— Ny = S ofa o o Vo
w24V o—A—P>- 1 = 50Q j__/_ : _\L
= D - - IN -
NCo—SQ——o—r‘——i - ov24v o——>-
| = —
— GND \=
0V, 24V o—m—zb— .| - l |
GND \s C = | |
| | l | . -_- -15V -
- -15V = : s
Off Isolation = 20log | ——
s Vo
Xtarxk Isolation = 20log | ——
C = RF bypass o
Figure 4. Crosstalk Figure 5. Off Isolation
+5V +15V c
1 ? |
o 7
= VL V+ § =
5
/ Meter
IN I \ HP4192A
0v,24V o—>— | Impedance
] \ r %nalyzelr
D _b L or Equival ent
GND N c f=1MHz
= -15V =
Figure 6. Source/Drain Capacitances
Applications
+5V  +15V
Vi V+
+15V VL +15V

1/, DG444
O/rA - o) VOUT——|—I—:V

+5V |

10kQ
ov—rl— Viyo—f— —

Figure 7. Level Shifter
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DG444/445 Siliconix

AMember of the TEMIC Group

Applications (Cont’d)

vy o——— N
>~ O Vour
T+ 5V T+15 v Gain error is determined only by the resistor
v v+t tolerance. Op amp offset and CMRR will
L :/r‘ limit accuracy of circuit.
S
GAIN; o > J R
Av=1 o 90k
A
| : .
GAIN, ° D‘ 3 R, With SW4 Closed:
Ay =10 SkQ Vour Ri+Ry+R3+ Ry
ol a = s S =100
| VIN Ra

GAIN; o J Ry

Ay =20 > 4kQ
&0 — - it

Ve DG444 or DG445

V- GND L
-15V -

Figure 8. Precision-Weighted Resistor Programmable-Gain Amplifier

+% \% +15V
Yora
Logic Input
I_ -— _4 O Low=S r-
L DG444 High = Hold
+15V {
-15V +15V
4 ——<<
|- J202
+ C
Vin sMQ ——< #s0or SR 2N4400
o)/ 7 p 200 kQ v
A —0 VOoUT
s1MQ V, GND Cy l J500 J507

30pF L L J_ 1000 pF

Figure 9. Precision Sample-and-Hold
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Siliconix DG540/541/542

Wideband/Video “T” Switches

Features Benefits Applications

® Wide Bandwidth: 500 MHz o Flat Frequency Response ® RF and Video Switching
® Low Crosstalk: —85dB o High Color Fidelity ® RGB Switching
o High Off-Isolation: ~80dB @ 5MHz e Low Insertion Loss ® ILocal and Wide Area Networks
® “T” Switch Configuration o Improved System Performance ® Video Routing
@ TTL Logic Compatible ® Reduced Board Space ® Fast Data Acquisition
® Fast Switching—toN: 45 ns ® Reduced Power Consumption e ATE
® Lowrps(on): 30Q ® Improved Data Throughput ® Radar/FLR Systems
® Video Multiplexing

Description

The DG540/541/542 are high performance monolithic To achieve TTL compatibility, low channel capacitances
wideband/video switches designed for switching RF, video and fast switching times, the DG540 family is built on the
and digital signals. By utilizing a “T” switch configuration Siliconix proprietary D/CMOS process. Each switch
on each channel, these devices achieve exceptionally low conducts equally well in both directions when on.
crosstalk and high off-isolation. The crosstalk and

off-isolation of the DG540 are further improved by the

introduction of extra GND pins between signal pins.

Functional Block Diagrams and Pin Configurations

DG540 Dual-In-Line
N
™ [T , E N a PLCCN
V4 - ~
Z A
Dy |2 #% 19| D2 S ag &
2] o] FIEHR
oo [3] F 18] GND / vivall
|-
s [4] 7] ss [y | f 8] GND
v- ] v o B
GND [6] i6] v+
GND E E GND
Sa E I—'—-—| E GND
ss [7] 14] S3 oD [3] ] s
oNp [8] Y9 o [3] ovp $
be [3] }% 3] o TR
. o =
AZZ Az
INg {10 11| IN3 =
E "_—I Top View ©
Top View
Ordering Information — DG540 Truth Table
Temp Range Package Part Number Logic Switch
20-Pin Plastic DIP DG540DJ 0 OFF
—40 t0 85°C
20-Pin PLCC DGS40DN 1 ON
DGS40AP .
-5510125°C 20-Pin Sidebraze Logic 0’ = 08
DGS540AP/883 Logic“1” 2 2

Switches Shown for Logic “1” Input
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DG540/541/542

Siliconix

AMember of the TEMIC Group

Functional Block Diagrams and Pin Configurations (Cont’d)

DG541 Dual-In-Line and SOIC
IN; E ~ E N,
D1 ED—Y 7 :13 D,
S E E S
V- E E A2
GND E 1__2| GND
« [& o s
Dy Ej-l gf:la D3
INg E zl INg
Top View
DG542 Dual-In-Line and SOIC
N [1] ~ _1_6—| IN,
D; E Y ? 15| D2
GND E’:}L-: I 12| GND
SO e
V- li [ £| V+
S E : : 11| S3
GND (_T__J\VJ |—/[‘_1o GND
Dy E—I L 9| D3

Top View

Absolute Maximum Ratings

V+toV- .. -03Vto21V
V+ to GND ~03Vto21V
V- to GND -19Vto+03V
Digital Inputs .. ............oouee (V=) —-03Vito(V+) +03V
' or 20 mA, whichever occurs first
£ » T (V=) -03Vio(V-) +14V
or 20 mA, whichever occurs first
Continuous Current (Any Terminal) .................... 20 mA
Current, S or D (Pulsed 1 ms, 10% duty cycle max) ........ 40 mA
Storage Temperature (AP Suffix)............. -6510150°C
(DJ, DN, DY Suffixes) ... —65t0125°C

1-180

Truth Table — DG541

Logie Switch
0 OFF
1 ON

Logic“0” < 0.8V
Logic“1” 22V
Switches Shown for Logic “1” Input

Ordering Information — DG541

Temp Range Package Part Number
16-Pin Plastic DIP DG541DJ
—4010 85°C _
16-Pin Narrow SOIC DGS541DY
DGS41AP
—55t0125°C 16-Pin Sidebraze l—
DG541AP/883
Truth Table — DG542
. Logic SWy, SW,; | SWsi, SWy
0 OFF ON
1 ON OFF

Logic “0” < 0.8V
Logic“1” 2 2V

Switches Shown for Logic “1” Input

Ordering Information — DG542

Temp Range Package Part Number
16-Pin Plastic DIP DG542DJ
—401085°C .
16-Pin Narrow SOIC DG542DY
DGS42AP
-55t0125°C ' 16-Pin Sidebraze Y
DG542AP/883
Power Dissipation (Package)a
16-Pin Plastic DIPY .........oooviiiiiiiiiinnneenn. 470 mW
20-PinPlasticDIPC .......coiiiiiiniiniininnnnnnnn, 800 mW
16-Pin Narrow Body SOICY ...........covvvnnnnnnn... 640 mW
20-Pin PLCCd
16-,20-Pin Sidebraze DIP® . ..............c0vnenin... 900 mW
Notes: .
a. Allleads welded or soldered to PC Board.
b. Derate 6.5 mW/°Cabove 25°C :
c. Derate 7 mW/°C above 25°C
d. Derate 10 mW/°C above 75°C
e. Derate 12 mW/°Cabove 75°C
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Siliconix DG540/541/542

Specifications?
Test Conditions A Suffix D Suffixes
Unless Otherwise Specified —55t0125°C —40t085°C
V+ =15V, V- = -3V
Parameter Symbol Ving =2V, VI = 0.8 VE Temp? | Typ¢ | Mind | Maxd | Mind | Maxd | Unit
Analog Switch
Analog Signal Range VANALOG V—-=-5VV+ =12V Full -5 8 -5 8 \'
Drain-Source On-Resistance DS(on) nglﬁlln 30 1680 32
Is=-10mA,Vp =0V Q
ps(on) Match Arps(on) Room 2 6 6
Source Off Leakage Current Is(off)y Vs=0V,Vp=10V RI?;JITI -0.05 :51000 51(?0 :110% 110%
Drain Off Leakage Current ID(off) Vs=10V,Vp=0V Rl%ﬁrl -005 :510% 510% __110% 110% nA
Channel On Leakage Current ID(on) Vs=Vp=0V R]?:l?‘ -005 _—1(1380 1(1)80 __110% 11(?0
Digital Control
Input Voltage High VINH Full 2 2
A%
Input Voltage Low VINL Full 0.8 0.8
Input Current Iy ViN = GND or V+ Room 1005 1 4t o | 2o | 2% | na
Dynamic Characteristics
On State Input Capacitance® Cs(on) Vs=Vp=0V Room 14 20 20
Off State Input Capacitance® Cs(offy Vs=0V Room 2 4 4 pF
Off State Output Capacitance® Cp(off) Vp=0V Room 2 4 4
Bandwidth BW RL = 50 Q, See Figure 5 Room 500 MHz
DG540 | Room 45 70 70
DG541 Full 130 130
Turn On Time toN
DG542 Room 55 100 100
RL =1k, Cy, =35 pF Full 160 160
50% to 90% ns
See Figure 2 DG540 | Room 20 50 50
DGS41 Full 85 85
Turn Off Time tOFF
DG542 Room 25 60 60
Full 85 85
Charge Injection Q C= égg(i;?;’lx%= ov Room | -25 pC
DG540 | Room -80
Oft Isolation OIRR | R e s | DOS4L | Room | —60
DG542 | Room | —75 dB
All Hostile Crosstalk XrALK(AH) ?Esvgféfgggz;% Room | -85
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DG540/541/542

Siliconix

AMember of the TEMIC Group

Specifications?
Test Conditions A Suffix D Suffixes
Unless Otherwise Specified —55t0125°C —40t0 85°C
V+=15V,V- = -3V
Parameter Symbol Ving =2V, VinL = 08 VI Temp® | Typ¢ | Mind | Maxd | Min? [ Maxd | Unit
Power Supplies
Positive Supply Current I+ Rﬁ? 35 g g
All Ch Is On or Off mA
Negative Supply Current I- R;;T -32 :g :g

Notes:

Room = 25°C, Full = as determined by the operating temperature suffix.
Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.

Guaranteed by design, not subject to production test.
VN = input voltage to perform proper function.

Typical Characteristics

Supply Curent vs. Temperature

6
5 P
4 S
I+
3 —— )
2 M— £
! ;
s 0 IGND g
-1 ':"f
-2 g
-3 (S 4
—
—4 4/
s L r
-55 =35 -15 5 25 45 65 85 105 125
Temperature (°C)
vs. Drain Voltage
160 : rD‘S(on) 8! _
G | V+=15V / G
Z 140 = 2
8 14 V-=-3V / g
8 8
z 10 75°C 2
& / &
% 100 &
o / o
80 8
g 25°C // / 5
%2 60 ,\‘ > %
5 / / 5
R == L LE B
1 |
~ [ _
g 20 — K
P
g 8
0

-3 -1 1

1-182

3 5 7 9 1
Vp — Drain Voltage (V)

42

40

38

36

34

32

30

20

18

Refer to PROCESS OPTION FLOWCHART (Section 5 of the 1994 Data Book or FaxBack number 7103).

a
b
c.
d. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
e
f.

Temperature (°C)
V+ Constant V~— Constant
RN 2
\V+\= oV 0 t
N 38
\ \\\ V—=-5V
F V+ =12V 36
=UTN Y
N " \\l V-=-3V
TS NG
30 N
™ 20 | vV-=-1 v\—\
NI

-5-4-3-2-10
V- — Negative Supply (V)  V+ — Positive Supply (V)

10 11 12 13 14 15 16
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Siliconix DG540/541/542

AMember of the TEMIC Group

Typical Characteristics (Cont’d)

” On Capacitance Off Isolation
-110
20 -100
—
18 =90 N N
N
-80 T N D540
= . \ g - \\ N ~
Q. Z | e . \ SN~
& 14 \ by —60 DG542 S Sq
] \ 2} 50 F.\‘ I~
12 N “ DG541 TRl [T
10 o N
8 -20
6 -10
0 2 4 6 8 10 12 14 1 10 100
Vp - Drain Voltage (V) f — Frequency (MHz)
Off Isolation vs. Frequency and Load Resistance
100 (DG540) All Hostile Crosstalk
- -110
= I
\\ N Ry =750 —100
80 NG DG540
B N 180Q -9
-170 o~ 1 7/\ ~80 S
. N ke ~N ~ ~ | TN
g 10kQ s B 70 [ DGS42 TN~
; _50 \N \ ‘hn. ~ ~60 \\L| ™
I~ . E TS N ﬁ~
5 -40 & _so DGSA1 S N
. N~
-3 -40
™
-20 -30
-10 -20
0 -10
1 10 100 1 10 100
f — Frequency (MHz) f — Frequency (MHz)
Switching Times vs. Temperature
40 Charge Injection vs. Vg (DG540/541)
90
30 \ 80 //
20 \ 7 ///
10 60 7
—~ @ toN
9 \ & 50 /
s ° g / r
o y E 40 -
30
-20 \ —
N Cp = 1000 pF )/ 20 OFF
—40 0
-3-2-10 1 2 3 4 5 6 7 8 =55 =25 0 25 50 75 100 125
Vs — Source Voltage (V) Temperature (°C)
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DGS540/541/542

Typical Characteristics (Cont’d)

Switching and Break-Before-Make Time
vs. Temperature (DG542)

90
80

toN

70

60

4
/ {BBM /
P
/ tOFF

50

Time (ns)

40

30

20 s

10

25 50 75 100 125

Temperature (°C)

=55 =25 0

V+ — Positive Supply (V)

Schematic Diagram (Typical Channel)

Siliconix

AMember of the TEMIC Group

Operating Supply Voltage Range

20

18

16

14

] Oﬁérét.iﬁg 4

Voltage

12

Area

10

-6

-5

-2 -3 -4
V- — Negative Supply (V)

V+ O
GND O VREF
x t 0 S
o
x
A |
IN o ;> >° 1 oD
o x
"j
V- o
Figure 1.
Test Circuits
S TAV
T tr <20 ns
V+ Logic 3V f s0% 5 tf <20 ns
3V o S dl/‘ D -0 Vo Input ; ° ;
- 1
IN .
- Ry CL S&"‘ﬁ:‘ Vs
GND \ 1 1kQ L 35 pF P! o7
r - - Switch /
Output
= = -3V toN torF
Cp (includes fixture and stray capacitance) -
Vo =Vsg Ry
RL + rps(on)
Figure 2. Switching Time
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Siliconix DG540/541/542

AMember of the TEMIC Group

Test Circuits (Cont’d)

+}f5 v AVo
V+ _—__/'J—\—

R v

g o]

va S ofa2 o Vo T
L
v, = IN _ CL

8 3V —> 1000 pF =

GND ~ x ON OFF ON

J_— -3V AV = measured voltage error due to charge injection

The charge injection in coulombs is AQ = Cpx AVg

Figure 3. Charge Injection

+15V
[}
}C____ +15V
| o
z ;
- V+ —E |——
s D
Vs o O’I/‘ O o Vo — R v N
Rg=75Q _\_ﬁ_ : _I Ry s 6 Vo
N L i T S 150 Ry =50Q I
24V o——>- N | 1?5"59
- GND v- |lc = 0V, 24V O‘—D"I
| +— ':L - GND v- | T
= 5T [ P
-3V 1 S L
Vi
Off Isolation = 20log | = -3V
Vo
C = RF Bypass
Figure 4. Off Isolation Figure 5. Bandwidth
+15V
o cC
V+ -
S o—K Dq o Vo
R
10QZ 24V 0—] INx s
S D
— 2 _o—=x 2

S3 %

= ?

Vour
Xrarx(am = 20 10gyo 7y o

Figure 6. All Hostile Crosstalk
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DG540/541/542
Applications

Device Description

The DG540/541/542 family of wideband switches offers
true bidirectional switching of high frequency analog or
digital signals with minimum signal crosstalk, low insertion
loss, and negligible non-linearity distortion and group
delay.

Built on the Siliconix D/CMOS process, these “T” switches
provide excellent off-isolation with a bandwidth of around
500 MHz (350 MHz for DG541). Silicon-gate D/CMOS
processing also yields fast switching speeds.

An on-chip regulator circuit maintains TTL input
compatibility over the whole operating supply voltage
range, easing control logic interfacing.

Circuit layout is facilitated by the interchangeability of
source and drain terminals.

Frequency Response

A single switch on-channel exhibits both resistance
[rDs(on)] and capacitance [Cgo ] This RC combination
has an attenuation effect on the analog signal — which is
frequency dependent (like an RC low-pass filter). The
—3-dB bandwidth of the DG540 is typically 500 MHz (into
50 Q) This measured figure of 500 MHz illustrates that

4L~ Al Al Al ane st hhn wnmenannt,
thoswitch channclcannotbe ICPITsThnch by atwe Stage RC

combination. The on capacitance of the channel is
distributed along the on-resistance, and hence becomes a
more complexmultistage network of R’s and C’s making up
the total IDS(on) and Cg(on). See Application Note AN502
for more details.

Off-Isolation and Crosstalk

Off-isolation and crosstalk are affected by the load
resistance and parasitic inter-electrode capacitances.
Higher off-isolation is achieved with lower values of Ry.
However, low values of Ry increase insertion loss requiring
gain adjustments down the line. Stray capacitances, evena
fraction of 1 pF, can cause a large crosstalk increase. Good
layout and ground shielding techniques can considerably
improve your ac circuit performance.

Power Supplies
A useful feature of the DG54X family is its power supply

flexibility. It can be operated from a single positive supply
(V+) if required (V— connected to ground).

1-186

Siliconix

AMember of the TEMIC Group

Note that the analog signal must not exceed V— by more
than —0.3 V to prevent forward biasing the substrate p-n

junction. The use of a V— supply has a number of
advantages:
(291) It allows flexibility in analog signal handling, i.e.,

withV— = —-5Vand V+ =12V, up to £5-V acsignals
can be controlled.

(292) 'The value of on capacitance [Cs(on)] may be
reduced. A property known as ‘the body-effect’ on the
DMOS switch devices causes various parametric
effects to occur. One of these effects is the reduction in
Cs(on) for an increasing V body—source. Note,
however, that to increase V— normally requires V+ to
be reduced (since V+ to V— = 21 V max.). Reduction
in V+ causes an increase in IDS(on)s hence a
compromise has to be achieved. It is also useful to note
that optimum video linearity performance (e.g.,
differential phase and gain) occurs when V— is around
-3V

(293) V- eliminates the need to bias the analog signal
using potential dividers and large coupling capacitors.

Decoupling

It is an established RF design practice to incorporate
sufficient bypass capacitors in the circuit to decouple the
power supplies to all active devices in the circuit. The
dynamic performance of the DG54X is adversely affected
by poor decoupling of power supply pins. Also, of even
more significance, since the substrate of the device is
connected to the negative supply, adequate decoupling of
this pin is essential.

Rules:

(1) Decoupling capacitors should be incorporated on all
power supply pins (V+, V-). (See Figure 7.)

(2) They should be mounted as close as possible to the
device pins.

(3) Capacitors should have good high frequency
characteristics — tantalum bead and/or monolithic
ceramic types are adequate.

Suitable decoupling capacitors are 1- to 10-pF
tantalum bead, plus 10- to 100-nF ceramic.
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Siliconix DG540/541/542

AMember of the TEMIC Group

+15V Board Layout
0
1___|_ PCB layout rules for good high frequency performance
s must be observed to achieve the performance boasted by
CII Icz the DG540. Some tips for minimizing stray effects are:
V+ (1) Use extensive ground planes on double sided PCB,
§; 00— o D; separating adjacent signal paths. Multilayer PCB is
even better.
S; 00— ——o0 Dy
S DG540 Ds (2) Keep signal paths as short as practically possible, with
all channel paths of near equal length.
S4 Ol ————-o0 Dy
GNDs (3) Carefularrangement of ground connections is also very
V- | important. Star connected system grounds eliminate
= signal current flowing through ground path parasitic
I [ I C resistance from coupling between channels.
L L
-3V Figure 8 shows a 4-channel video multiplexer using a
Cj = 10 uF Tantalum DG540.
Cz = 0.1 pF Ceramic
Figure 7. - Supply Decoupling Figure 9 shows an RGB selector switch using two DG542s.

+15V

C—'Lf% >
= qi CHy >'—| :

s
75Q (L

000
[N——
TTL Channel Select

..F@
\

= 5Q

Figure 8. 4 by 1 Video Multiplexing Using the DG540
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DG540/541/542 Siliconix

AMember of the TEMIC Group

Applications (Cont’d)

+15V

V+

oTa
>J

e i > JDG542

V-

z
9

5Q

e
.||-@)
A

—@ Red Out
—@ Green Out

Ry

750 3

v

!
YY

v Sis84

+15V

V+

oTx
oTa #
= 750 E_ >._J
Sync1 (O ! = O’r‘
759% Sync2 (o °/|/A
= N |

DG542
RGB Source Select O— V-

!

-3V

=
o

75Q

|-'\Nv-
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DG601

High-Speed Quad CMOS Analog Switch

Features Benefits Applications

® Fast Switching Action—ton: 30 ns © Improved Data Throughput e Hard Disk Drives

® Low On-Resistance—rpg(on): 20 22 ® Reduced Switching Errors ® Fast Sample-and-Hold Circuits

® Single-Supply Operation o Simplified Power Supply ® Precision Instrumentation

® Low Charge Injection e Reduced Switching Transients e Computer Peripherals

e TTL and CMOS Logic Compatible o Simplified Interfacing o Low Noise Op Amp Gain Switching
e High Reliability e High-Rel Systems

Description

The DG601 is a high performance quad SPST CMOS
analog switch intended for applications where fast
switching, low charge injection and low on-resistance are
required. The DG601 features single-supply operation,
and is TTL-compatible with either a single 12-V supply, a
single 5-V supply, or with +5-V supplies.

Applications for the DG601 include 12-V systems requiring
TTL or 5-V logic levels, such as disk drives and other

computer peripherals. The fast switching time and low
charge injection make the DG601 ideal for high speed data
acquisition applications such as sample and hold amplifiers,
channel selection and gain ranging.

The DG601 is built on the Siliconix proprietary PolyMOS
process, allowing low parasitic capacitance to facilitate high
speed switching.

Functional Block Diagram and Pin Configuration

Dual-In-Line and SOIC

LCC

U/ D; IN; NC IN; Dy
N E Y 7 16 IN; Key
D 2 —1 —115] D
1 GH ’—% 2 N :
S; 3 14 Sy
V- V+
V- E El V4
NC NC
oND [5] [12] e
GND NC
S E}_\r E S3
b [ Tl » 3 .
Ny [8] L# 4 o]
Dy INgy NC IN3 D3
Top View Top View
Ordering Information Truth Table
Temp Range Package Part Number Logic Switch
16-Pin Plastic DIP DG601DJ 0 ON
40 t085°C -
16-Pin Narrow SOIC DG601DY 1 OFF
DG601AK
16-Pin CerDIP Logic“0” < 0.8V
—55t0125°C DG601AK/883 Logic“1” = 24V
LCC-20 DG601AZ/383 Switches Shown for Logic “1” Input

P-32167—Rev. C (11/15/93)
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DG601 Siliconix
AMember of the TEMIC Group
Absolute Maximum Ratings
Voltages Referenced to V— G0 T 0) (oL N 900 mW
s 2 22V 16-Pin CerDIP® ... ..ottt 900 mW
GND Lo e e e 13V LCC20° . .o 1200 mW
Digital Inputs?, Vs, Vp ........... (V=) =2Vto(V+)plus2Vor
30 mA, whichever occurs first Notes:
Current (any terminal) 30 mA a. Signals on Sx, Dx, or INx exceeding V+ or V— will be clamped by
"""""""""""""""" internal diodes. Limit forward diode current to maximum current
Current S or D (Pulsed 1 ms at 10% duty cycle) .......... 100 mA ratings.
Storage Temperature (AK, AZ Suffixes) ....... -65t0150°C b. All leads welded or soldered to PC Board.
(DJ, DY Suffixes) ....... —65t0125°C c. Derate 6.5 mW/°C :lgove 2§ °C
P Dissipation (Package)P d. Derate 7.7 mW/°C above 25°C
12?;?; P;:::ia];?;c( ackage) 470 mW e. Derate 12 mW/°C above 75°C

Specifications? for Single 12-V Supply

Test Conditions A Suffix D Suffix
Unless Otherwise Specified —5510125°C | —401t085°C
V+=12V,V-=0V
Parameter Symbol VN =24V,08VE Temp® Typ¢ | Mind [ Maxd | Mind | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full 0 12 0 12 v
Drain-Source On-Resistance IDS(on) ngl.(l)llln 20 zg
V+ =108V, Isg = 10mA Q
Vp=2V,10V
On-Resistance Matching8 Arps(on) Rgfﬁn 22 160 160
I Room +0.01 —4 4 —4 4
S(off) V+=132V,V-=0V Full -100 | 100 | —100 | 100
Switch Off Leakage Current Vp=122V,1V
I Vs=1V122V Room +0.01 -4 4 —4 4 WA
D(off) Full -100 100 —-100 100
V+ =132V, V-=0V Ro +0.1 —4 4 -4 4
Channel On Leakage Current ID(on) Vs, Vp = 1V,122V Fl?lxln _200 | 200 | =200 | 200
Digital Control
Input Current with Viny Low I Vv Under Test = 0V Full -10-5 -10 -10
A
Input Current with Viy High I Vi Under Test = 5V Full 10-5 10 10 "
Dynamic Characteristics
Turn-On Time toN Ry =300, Cp = 35 pF Room 30 45 45
g ns
Turn-Off Time {OFF See Figure 2 Room 14 30 30
. CL = 1,000 pE, Vgen =6 V
Charge Injection Q Rgen = 0, See Figure 3 Room 13 pC
Off Isolation Reject Ratio OIRR Ry =50Q,Cp =5 pF Room 69
3 dB
Crosstalk XTAIK f=1MHz Room 88
Source Off Capacitance Cs(off) Room 8
Drain Off Capacitance Cp(offy f=1MHz,Vg=6V Room 8 pF
Channel On Capacitance Cp(on) Room 20
Power Supplies
Positive Supply Current I+ Rl? ollln 22 z 2
V+=132V,V-=0V u mA
) ViN=0Vor5V Room | -21 | -4 1
Negative Supply Current I- Full -6 -6
1-190 P-32167—Rev. C (11/15/93)
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Specifications? for Dual Supplies

DG601

Test Conditions A Suffix D Suffix
Unless Otherwise Specified —551t0125°C —40t085°C
V+ =5V V-=-5V
Parameter Symbol ViN =24V,08VE TempP C Mind | Maxd | Mind | Max{d | Unit
P P
Analog Switch
Analog Signal Range® VANALOG Full -5 5 -5 5 v
. . Room 27 40 40
Drain-Source On-Resistance TDS(on) F
V+ =45V, V- = —45V ull 60 60
Is = —10mA, Vp = a5y Room 3 3 3 e
On-Resistance Matching® Arps(on) Full 10 10
Is(otfy V4 =55V, V-=-55V Room 0.01
Switch Off Leakage C t T |
wieh Offt Leakage Current I3 e | Vo= F45U Vs =245V [Room | 001 N
Channel On Leakage Current ID(on) V*{/:jg,;,’!—irssé v Room 0.1
Digital Control
Input Current with Viy Low I, VmAl(fnod:;’lrJe:t;\? v Room -10
= pA
Input Current with Viy High I vl%‘f'gilr{e:to_\}s v Room 10
Dynamic Characteristics
Turn-On Time toN Rp =300, C, = 35 pF Room 34 us
Turn-Off Time tOFF See Figure 2 Room 20
Charge Injection Q XE";:I 21:‘,1'51:56&;?3 Room 1 pC
Source Off Capacitance Cs(off) Room
Drain Off Capacitance Cp(offy f=1MHz,Vs=0V Room pF
Channel On Capacitance Cp(on) Room 21
Power Supplies
Positive Supply Current I+ V4 =55V, V= =-55V Room 18 mA
Negative Supply Current I- VIN=0Vor5V Room -18
Specifications? for Single 5-V Supply
Test Conditions A Suffix D Suffix
Unless Otherwise Specified —-55t0125°C | —40to085°C
V+=5V,V-=0V
Parameter Symbol ViN =24V,08 Vi Temp® Typ¢ | Mind | Maxd | Mind | Max? | Unit
Analog Switch
Analog Signal Range® VANALOG Full 0 5 0 5 \%
. . Room 50 100 100
Drain-Source On-Resistance DS,
(on) V4 =45V, Ig= 10 mA Full 140 140 o
Vp=2V,35V
On-Resistance Matching8 Arps(on) D RISUOIT 2 }2 1(5)
V+ =55V
Is(offy Vp=1V,Vs =45V Room +0.01
Switch Off Leakage Current Sy
Ip(ofr) Vp =45V, Vs -1V Room +0.01 nA
Channel On Leakage Current ID(on) Ve =VJ;) 15455“// 1v Room +0.1
P-32167—Rev. C (11/15/93) 1-191
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Specifications? for Single 5-V Supply (Cont’d)

Test Conditions A Suffix D Suffix
Unless Otherwise Specified —55t0125°C | —40t085°C
‘ V+=5V,V-=-5V
Parameter Symbol VN =2.4V,08 VI Temp® |, Typ¢ |Min? | Max? | Mind | Max?d | Unit
Digital Control
Input Current with Viy Low I Vin Under Test =0V Room -10 A
Input Current with Viy High I VIN Under Test =5V Room 10 p
Dynamic Characteristics
Turn-On Time toN Rp =300, C, = 35 pF Room 32
Turn-Off Time tOFF See Figure 2 Room 25 ' s
- Vgen =25V, Rgen =0Q
Charge Injection Q CL = 1 nF, See Figure 3 Room 6 pC
Source Off Capacitance Cs(off) Room 8
Drain Off Capacitance Cp(offy f=1MHz, Vg =25V Room 8 pF
Channel On Capacitance Cp(on) Room 22
Power Supplies
Positive Supply Current I+ Room 12
- V+=55V,ViN=0Vor5V mA
Negative Supply Current I- Room -0.8
Notes: .
a. Refer to PROCESS OPTION FLOWCHART (Section § of the 1994 Data Book or FaxBack number 7103).
b. Room = 25°C, Full = as determined by the operating temperature suffix.
c. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
d. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
e. Guaranteed by design, not subject to production test.
f. VN = input voltage to perform proper function.
8 Arps(on) compares on-resistance at the specified Vp values.

Typical Characteristics

Ips(on) ¥S- Vp and Temperature 16 Supply Current vs. Switching Frequency
~ 40
g I
g 12
g
2 30 25°C \ 8
w 1
% 0°C < 4 I+ /
0 Co
8 A‘\___ N~ ;E/ [
g 20 - § 0
o 5 e
& > \‘ 8 -4 I-
Ly — = LIl A
8 10 === 8 N
= V=12V vizny
8 — V-=0V -12 . .
g All Switches Toggling
0 | | Zg6 LLLLnmm 1y
0 2 4 6 8 10 12 1k 10k 100k 1M 10M
Vp - Drain Voltage (V) f — Frequency (Hz)
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Typical Characteristics (Cont’d)

Leakage Current vs. Temperature

= | n— T pdi 21 1
E100pA el
3 = Ip(on) 2 = t |

[ T [V 21 1 1

1074 e ——
L T '/ | 4 1 1
==
| — ~ T
|

1
|
]

7 i
0.1pA LT 7 1 I
—-55-40 0 40 80 120
Temperature (°C)
30 Capacitance vs. Analog Voltage
I
V+ =12V
25 - V-=0V
e t—"T\ 4
[ L
] /o |
8
§ 15 /
K
- /
1 N~ Cp(ofty Cs(off)
5
0
0 2 4 6 8 10 12
VANALOG — Analog Voltage (V)
120 Off-Isolation and Crosstalk vs. Frequency
100 Syj <
TN Crosstalk
80 U —T ]
Off-Isolation N
g w0 ne
i
40
V+ =12V
V-=0V
20— R =50Q T
Vv =3 Vpp
0 LU 1)
1k 10k 100k 1M 10M

f — Frequency (Hz)
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Switching Time (ns)

Current (pA)

Input Voltage (V)

60

40

30

20

10

2.8

24

2.0

1.6

12

0.8

0.4

DG601

Switching Time vs. Temperature

I
V+ =12V

l_ V=-=0V
Vs=2V /
7
ton /
_—_
/ —_
et
t
OFF |t "]
—55-40 0 40 80 120
Temperature (°C)
Leakage Current vs. Analog Voltage
—
T ID(ott), Is(ott) 7
= —
P
/
// Is + D(on)
/ -
V+ =12V
V-=0V —|
I |
0 2 4 6 8 10 12
VANALOG — Analog Voltage (V)
Switching Threshold vs.
Unipolar Power Supply Voltage
- V—-=0V
,
5 6 7 8 9 10 11 12

V+ - Positive Supply (V)
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Typical Characteristics (Cont’d)

Input Current (pA)

Q(p0O)

Switching Time (ns)
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Input Current vs. Input Voltage

V+ =12V
— V-=0V

/
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8

Input Voltage (V)

Charge Injection vs. Vg

10 12

V+ =12V

V-=0V

V7

Cp=10nF

///CL=1nF

~—/

0 2 4

6 8

Vs — Source Voltage (V)

10

Switching Time vs. Temperature

I
V=5V
L | v-=-5v

V=2V

/

L —T

Iy tOFF

—55-40 0
Temperature (°C)

40 80

120

Current (mA)

Ds(on) — Drain-Source On-Resistance ( Q)

Current (mA)

QO = N W s W

36
32

24
20
16
12

O R N W A

Siliconix

AMember of the TEMIC Group

Supply Currents vs. Temperature

V+ =12V T
V-=0V

~——

e —

—55-40 0

40

80 120

Temperature (°C)

rps(on) ¥S. Vp and Temperature

Ta =125°C AN
g5°C| N

I

/]
-/
-/

AN

o}

—ll

——

V+=5V
— Vo= -5V
L1

|

-5 -4 -3

-2 -1 0 1

2 3 4 5

Vp — Drain Voltage (V)

Supply Currents vs. Temperature

I
I~ V+ =5V
V-=-5V
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—55-40 0

40
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Temperature (°C)
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Typical Characteristics (Cont’d)

rps(en) vS- Vp and Temperature

DG601

Switching Time vs. Temperature

g [ T] ® |
a
S 2 . Ty = 125°C _| V+=5V
8 85°C /'\ 50 —-V=-=0V
g 60 0°C pd Vs=2V
2 B aR 5
) s\ et t,
D/ anuE AN I o
§ 40 =~ 4 A ~ o0 30 /
v:g: 30 — / _ \ v — E /
= A1 L~ ~ 2 20 — "
K g g — N sseC H -
5 20 === A\ | L
! — -40°C 10
g 10 V+ =5V toFF
1 V-=0V
0 | | | 0
0 1 2 3 4 5 —55 -40 0 40 80 120
Vp — Drain Voltage (V) Temperature (°C)
Supply Currents vs. Temperature 18 Charge Injection vs. Vg
T T I
V+ =5V A
v-=ov 16—y /
2
\\ N 14
~ 1 e 12
2 — /
& o 10 Cp = 10nF - "
g 0 5 8N pd
5 - ’—’J "] \-—/ ~ /
° 4 I 6 Z
" =
— |~ ‘cL=1uF
L~ 4
-2
2
-3 0
—55 —40 0 40 80 120 0 1 2 3 4 5
Temperature (°C) Vs — Source Voltage (V)
Schematic Diagram (Typical Channel)
V+ ©
l y 3
r Y VREF O S
|J X
l IH Py
GND O0— ||_... v
qQ -
T > >c 'ﬁ
INx © AN 4 = v
1
V+
= o
y 3 — x
oD
Y
V- o
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Figure 1
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DG601 Siliconix
Test Circuits

+12Vor 5V

t; <10 ns

Logic 3V
tr <10 ns

Input
Vs=2v 04> —oTa2 J_ 0 Vo ovj
IN N
—|>— t
3v RLQ C;. , OFF
| 3

GND V- 300 pF

l <L = Vo 90%
= = Oor -5V Switch 0V — 10%
Output — toN

CL (includes fixture and stray capacitance)

Ry

Vo=Vg =———
. R+ rps(on)
Figure 2 Switching Time
+12Vor+5V
? AVo
R V+
L
Vg — IN _ CL INx
3V 1nF OFF ON OFF
GND A

Q=AVpxCy,

Figure3 Charge Injection

+12V

- V+ C
Vg ~ S D1 EI__

oT™ o L .
S AN e B Eaalt
0V,24V 0 = |
- S, D, = SOQT I = Rp
NC o- _(E o Vo 0V, 24V o—-I-N—D-—'
—_-i = : GND v- |c =

V-

T "

|
0V, 24V o—&—b— J
GND

: V.
Xrark Isolation = 20 log -{,-S- Off Isolation = 20log | ——
o ‘
C = RF bypass C = RF bypass
Figure 4 Crosstalk Figure 5  Off Isolation
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Test Circuits (Cont’d)

DG601

+12V
C
3
/ Meter
IN I HP4192A
0v,24V o4+—>— | Impedance
\ _I:— %nalyzoir
l D —-}3 or Equivalent
GND V- c f=1MHz
—I—._ 1‘_ C = RF bypass
= v =
Figure 6  Source/Drain Capacitances
+5V
V+
+5V DG601 +5V
S D
Vin Sis81 L W Sis81 To AID
1 —I_ Converter
-5V : Cu -5V
o IN; D)J
(TTL) v

Figure 7  Simple High-Speed Sample-and-Hold Circuit for Data Acquisition System Front Ends

Applications

Application Examples

Analog switches are found in a variety of applications. The
DG601 is useful in applications that require low-supply
voltages, high-speed switching, and/or low on-resistance.
Computer peripherals, such as disk drives, are an example
of single-supply (12-V or 5-V) systems that use analog
switches for sampling, signal conditioning, signal routing,
and level translation. High-speed data acquisition systems
typically use +5-V supplies for the flash converters, and
they require very fast, accurate switches for the input
sample-and-hold amplifiers.

P-32167—Rev. C (11/15/93)

Sample-and-Hold Amplifiers

Figure 7 shows a sample-and-hold amplifier that provides
a very fast sample acquisition time with the +5-V power
supplies that are required for high-speed A/D converters.
The circuit is controlled by the sample-and-hold input,
which is a TTL (5-V CMOS) control line. When a logic “0”
isapplied to the sample-and-hold input, the switch is turned
on. A sample of the input signal is acquired by charging up
the hold capacitor (Cp) to the value of the input signal.
When a logic “1” is applied, the switch is turned off. The
value of the input signal at the time the switch is turned off
is held in Cyy. The sample-and-hold amplifier is designed
for the following features:
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Sample-and-Hold Amplifiers (Cont’d)

1.

4.
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+5-V Operation

The DG601 and Si581 buffer are both rated for
+5-V operation.

Low Pedestal Error

This is a result of the low charge injection of the
DG601. Pedestal error can be reduced even further
by using other switches in the quad to cancel out
the injected charge (Figure 8).

Fast Acquisition Time

Sample-and-hold amplifiers take advantage of the
fast switching time of the DG601 with a (+5-V
supply, tonis typically 50 ns) and the high slew rate
(800 V/us) of the Si581.

The 20-pA bias current for the Si581 will result in
a20-mV/us droop rate, which is adequate for 8-bit
operation at a 1-MHz sampling rate. Better droop
rate can be achieved with a lower input-bias
current buffer, such as a FET input device.

TTL-Compatible Operation

Rc

Siliconix

AMember of the TEMIC Group

Precision Signal Routing

The low on-resistance of the DG601 makes it an ideal
choice for digitally controlled analog signal conditioning
applications, such as channel selection and gain ranging in
low-voltage systems. High-voltage switches (like the
DG201A) suffer increased on-resistance and logic
incompatibility when operated at lower supply voltages like
+12 V. The 30-Q on-resistance of the DG601 helps to
maintain low impedance levels and reduce switch
resistance-induced offsets and noise.

Level Translation Applications

The DG601 makes an excellent level translator for use with
MOSPOWER drivers, relay drivers, JFET drivers, GaAs
FET drivers, DMOS drivers, and other circuits that require
high-speed 5-V logic compatibility and an output range up
to 12 V. Figure 9 shows one-half of a DG601 acting as the
interface between the TTL and the Si9950 half-bridge
driver. The Si9950 has a 1000-pF input capacitance, which
is difficult to drive from a standard logic gate. The DG601
delivers a fast level translation from a TTL signal to provide
12 V of enhancement on the Si9950. A 180-Q resistor is
placed in series with the Si9950 input to limit the current
through the DG601 to 100 mA (worst case). This prevents
the current from exceeding the absolute maximum current
rating. Increased gate drive current can be handled by
connecting two sets of switches in parallel.

MV
+5V

Cu

V+
DG601

+5

Siss1 Sy

St o 1al2
N1 _J

aD2

ViN
[Nz_- N
-5 i

SH o <|>

-5V

——

Figure 8 Using On-Board Switches to Cancel Out Charge Ingection
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Conclusion

The DG601 has many applications in low-voltage systems,
and specified
TTL-compatible operation. It is also excellent in £5-V and
single 5-V supply applications where fast switching speed,

having been designed

TTL
Input

P-32167—Rev. C (11/15/93)

for

DG601

low charge injection, and low on-resistance are required.

12-V, This datasheet highlights some typical applications to assist

CMOS
Inverter

dle Motor

+12V
> =
180 Q
A%
IM
D>\
1, DG601 Si9950
= +

O To Spi

Figure 9 DG601 Provides Level Translation for MOSFET Gate Drive

CH1 0]
CH2 ?—
|

I
CH16 J)—

CH170—

CHIB?—
|

|
cind]

DG406 oTa
#1 |
D>
oT&
|
-d
2 DG601
DG406 |
oo Hsv )

MUX Select

Figure 10 Super Multiplexing Improves Settling Times

Vo
to AD
Converter

the design engineer in getting optimum performance in
low-voltage mixed analog/digital systems.

1-199




DG611/612/613

Siliconix

AMember of the TEMIC Group

High-Speed, Low-Glitch D/CMOS Analog Switches

Features Benefits Applications
® Fast Switching— ton: 12 ns ® Improved Data Throughput ® Fast Sample-and-Holds
® Low Charge Injection: +2pC ® Minimal Switching Transients e Synchronous Demodulators -
® Wide Bandwidth: 500 MHz ® Improved System Performance @ Pixel-Rate Video Switching
® 5-V CMOS Logic Compatible ® Easily Interfaced @ Disk/Tape Drives
® Lowrps(on) 18 Q ® Low Insertion Loss ® DAC Deglitching
® Low Quiescent Power : 1.2nW ® Minimal Power Consumption ® Switched Capacitor Filters
® Single Supply Operation © GaAs FET Drivers
@ Satellite Receivers
Description

The DG611/612/613 feature high-speed low-capacitance
lateral DMOS switches. Charge injection has been minimized
to optimize performance in fast sample-and-hold
applications.

Each switch conducts equally well in both directions when on
and blocks up to 16 V., when off. Capacitances have been
minimized to ensure fast switching and low-glitch energy. To
achieve such fast and clean switching performance, the
DG611/612/613 are built on the Siliconix proprietary

D/CMOS process. This process combines n-channel DMOS
switching FETs with low-power CMOS control logic and
drivers. An epitaxial layer prevents latchup.

The DG611 and DG612 differ only in that they respond to
opposite logic levels. The versatile DG613 has two normally
open and two normally closed switches. It can be given various
configurations, including four SPST, two SPDT, one DPDT.

For additional information see Applications Note AN207.

Functional Block Diagram and Pin Configuration

DG611 Dual-In-Line and SOIC DG611 LCC
U/ D: IN; NC IN; D,
Ny L 1 r 16 ] IN2 Key
o G, Y Vsl >
S;
s [a] 4]
V-
V[ ER
NC
GND E A%
GND
i S
D, E_r ; ¢r L] P Ss
INg E 5| MNs
Ds INy NC IN3 D3
Top View Top View
Ordering Information — DG611/612 Four SPST Switches per Package
Temp Range Package Part Number . Truth Table
DG611DJ Logi DG611 DG612
16-Pin Plastic DIP o
—401085°C DG612DJ 0 ON OFF
16-Pin N solc DG611DY 1 OFF ON
~Hin Narrow DG612DY
i DG611AK/883 Logic“0” <1V
. 16-Pin CerDIP (DG612AKRSS Logic“l” = 4V
—5510125°C DG611AZ/883 Switches Shown for DG611 Logic “1” Input
Leezo DG612AZ/383
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DG611/612/613

Functional Block Diagram and Pin Configuration (Cont’d)

DG613 DG613
Dual-In-Line and SOIC Lce
U/ D; IN;y NC IN; D
K
N 7 E IN, ey
Dy Y V Dy
2 J iy 15] S
S 3 E Sy v
\A V+
4 13
N
GND [ VL
GND
> [Ej_ sl
S.
o ) il P “
Ny [ E IN3
Dy INy NC IN3 D3
Top View Top View
Ordering Information — DG613 Four SPST Switches per Package
Temp Range Package Part Number Truth Table
10 1085°C 16-Pin Plastic DIP | DG613DJ Logic SW,, SW, SW), SW;
- 0 85°
16-Pin Narrow SOIC | DG613DY 0 OFF ON
16-Pin CerDIP DG613AK/883 1 ON OFF
TSSte12s"C LCC-20 DG613AZ/883 Logic“0” < 1V
Logic“1” 2 4V
Switches Shown for Logic “1” Input
Absolute Maximum Ratings
VA IOV -03Vto21V Power Dissipation (Package)®
V+ to GND . =03Vto21V 16-Pin Plastic DIPC . ..ot 470 mW
V= to GND ... =19V1003V 16-Pin Narrow L6 (oL 600 mW
VLIOGND ..eoniniinaienineaianenennen, ~1Vio(V+)+1V 16-Pin CerDIP®
or20 mA, whichever occurs first 20-PInLCCe . i i e e
VN ettt e (V=) -1Vio(V+) +1V
or 20 mA, whichever occurs first Notes:
Ve, Vp? o (V=) -03Vio(V-)+16V a. Signals on Sx, Dx, or INx exceeding V+ or V— will be clamped by
or 20 mA, whichever occurs first internal diodes. Limit forward diode current to maximum current
Continuous Current (Any Terminal) ................... +30mA b thlii‘g:é Jded o soldered to PC Board.
. eads welded or soldered to oard.
Current, S or D (Pulsed at 1 ps, 10% Duty Cycle) ....... +100 mA ¢. Derate 6 mW/°C above 75°C
Storage Temperature: CerDIP .................. —-65t0150°C d. Derate 7.6 mW/°C above 75°C
Plastic .......cocvvvvnnnnn —6510125°C e. Derate 12 mW/°C above 75°C

CAUTION: ESD (electrostatic discharge) sensitive. All pins are diode protected; however, permanent damage may
occur on unconnected devices subjected to high energy electrostatic fields. Use proper ESD control

procedures.

Recommended Operating Range

Vo 5Vto21V
Vo -10Vto0V
7 TN 4VitoV+

P-32167—Rev. C (11/15/93)
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DG611/612/613 Siliconix
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. .
Specifications?
Test Conditions A Suffix D Suffix
Unless Otherwise Specified —-5510125°C —401t085°C
V+=15V,V-= -3V
Parameter Symbol VL=5V,Viy=4V,1Vf Temp® | Typ® |Mind | Maxd | Mind | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG V-==-5V,V+ =12V Full -5 7 =5 7 v
Switch On-Resistance TDS(on) nglflT 18 2(5) 2(5)
Is=~1mA,Vp=0V Q
Resistance Match Bet Ch. Arps(on) Room 2
_ _ Room | +0.001 | —0.25 | 0.25 -0.25 025
Source Off Leakage Is(offy Vs=0V,Vp=10V Hot —20 20 20 20
Drain Off Leakage Current Incoft) Vs=10V,Vp =0V R}gg{“ +0.001 '_%5 Oé%f —_oé%)s 0,_;205 nA
. Room | £0.001 | —0.4 0.4 -04 0.4
Switch On Leakage Current ID(on) Vs=Vp=0V Hot —40 40 —40 40
Digital Control
Input Voltage High Vi Full 4 4
v
Input Voltage Low A% Full 1 1
Room | 0.005 ~1 1 -1 1
Input Current I Hot 20| 20 | -20] 20 |#
Input Capacitance CiN Room 5 pF
Dynamic Characteristics
Off State Input Capacitance Cs(off) Vs=0V Room 3
Off State Output Capacitance | Cp(off) Vp=0V Room 2 pF
O State Input Capacitance Cstony Ve=Vn=0V Room 10
Bandwidth BW R =50Q Room 500 MHz
Turn-On Time® toN RL=300Q,CL=3pE Vs = £2V Room 12 25 25
Turn-Off Time® tOFF See Test Circuit, Figure 2 Room 8 20 20
Turn-On Time toN ngl;)ﬁn 19 gg 2(5) ns
Rp=300Q,CL=75pE Vs = £2V
See Test Circuit, Figure 2 Room 16 25 25
Turn-Off Time tOFF Full 35 35
Charge Injection® Q CL=1nEVg=0V Room 4
C
Ch. Injection Change® & AQ CL=11E| V5| <3V Room 3 4 4 P
Off Isolation® OIRR Ry =50Q,R;, =50Q,f=5MHz | Room 74
dB
Crosstalk® XTaik | RIN=10Q,Rp =50Q,f=5MHz | Room | 87
Power Supplies
. Room | 0.005 1 1
Positive Supply Curent I+ Full 5 5
. Room | -0.005 | -1 -1
Negative Supply Current I- Full -5 -5
ViNn=0Vor5V
Logic Supply Current I Room | 0.005 1 1 *
8IC SUpply L Full 5 5
Room | -0.005 -1 -1
Ground Current IeNnDp Full -5 -5
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Siliconix DG611/612/613

Specifications? for Unipolar Supplies

Test Conditions A Suffix D Suffix
Unless Otherwise Specified —5510125°C | -40t085°C
V+ =12V, V- =0V
Parameter Symbol VL=5V,ViN=4V,1Vf Temp® | Typ® | Mind | Maxd | Mind | Max{ | Unit
Analog Switch
Analog Signal Range® VANALOG Full 0 7 0 7 A%
Switch On-Resistance TDS(on) Is=-1mA, Vp=1V Room 25 60 60 Q
Dynamic Characteristics
Turn-On Time® tON RL=300Q,CL=3pEVsg=2V Room 15 30 30 .
L=-p n
Turn-Off Time® 1OFF See Test Circuit, Figure 2 Room 10 25 25

Notes:
a. Refer to PROCESS OPTION FLOWCHART (Section 5 of the 1994 Data Book or FaxBack number 7103).

b. Room = 25°C, Full = as determined by the operating temperature suffix.

c.  Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.

d. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
e. Guaranteed by design, not subject to production test.

f. VN = input voltage to perform proper function.

g AQ=,QatVs=3V—QatVs=—3V|.

Typical Characteristics

rps(oen) vs- Vp and Power Supply Voltages IDS(on) V- Vp and Temperature
. 400 T T —_ 400 T T
a Is= —1mA a V+=15V
E,: 350 E; 350 - V==-3V
g V=12V £ Is=-1mA
300 V-=-5V = 300
3 3
" V+ =5V A
& 250 1 V- =-5V & 250
e} @)
g 200 V+ =15V 8 200
RN ]
L 150 . 150
g / /T / g 25°C / / I
A 100 / A 100 \ /
5 y yd 5 A
S 50 > ~ s 50 125°C e
g == = | g -55°C
0 0 + +
-5-4 -2 0 2 4 6 8 10 12 -4 -2 0 2 4 6 8 10 12
Vp - Drain Voltage (V) Vp — Drain Voltage (V)
Leakage Current vs. Analog Voltage 100A Leakage Currents vs. Temperature
3 | I EeeV—=—————————— |
V+ =15V i 1 = E— —— 7
g o VI eSS
& < =Z7
g 7
<
é: 1 £ 100pa
I 1 = Ip, -
§) 0 S(off), 1D(off) ‘IQ ; (on)
E 2 10pA / —
] N = Is(ofn), In(ofty =]
| -1 4 & Z T
[} 3 V4 1
— & 7
& = 1pA
- -2 ID(on) =
L i 4
-3 0.1pA I
-4 -2 0 2 4 6 8 10 -55 =25 0 25 50 75 100 125
Vp or Vg ~ Drain or Source Voltage (V) Temperature (°C)
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DG611/612/613

Typical Characteristics (Cont’d)

Input Switching Threshold vs. Vy,

6
V+ =15V
& Srv-=33v
o
g 4
S
E
g3 .
g -l
Q
2 s
£ et
0
0 5 10 15
VL — Logic Supply Voltage (V)
Charge Injection vs. Analog Voltage
20 T T T
V+ =15V
- V-=-3V
10
Qd
Q —
E‘) 0 —
< -
5 s Os
~10
-20

3-2-101 2 3 45 6.78 910
VANALOG — Analog Voltage (V)

0 —3 dB Bandwidth/Insertion Loss vs. Frequency

Insertion Loss (dB)
1
-
(5]

1-204

RL=509Q

1 10 100 1000
f — Frequency (MHz)

(@B) Time (ns)

Supply Current (mA)

24
22
20
18 tOoFF —
- o
16 —
:: ION |
-
8 ~
6 V+=15V —]
V-=-3V _ |
4 RL =300Q
2 CL=10pF —]
o |

S = N W A

Siliconix

AMember of the TEMIC Group

Switching Times vs. Temperature

-55 =35 -15 5 25 45 65 85 105 125
Temperature (°C)

Crosstalk and Off Isolation vs. Frequency
L T T

V+ =15V

I~ V-=-3V

~

SN
\\\ T ~~— Crosstalk

Off Isolation —™g

1 10 100
f — Frequency (MHz)

Supply Currents vs. Switching Frequency

— V+ =15V
V-=-3V

I vp=5V

- Cx=0,5V

\\‘

1+ /
J/

f IL

o

I-

1k 100k 100k 1M 10M
f — Frequency (Hz)
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Schematic Diagram (Typical Channel)

V+ O

VL

DG611/612/613

——o0s
Level . !
INx Translator Driver ! oD
DMOS Switch
V-0
Figure 1.
Test Circuits
+5V +15V
? ? 5V tr<10ns
E f tf <10ns
L V+ Logic Input — 50% —
+2V O S al O Vo ov
| 1
IN Vg= £2V
- RL I a 90%
GND V- 3008 Switch Output
(L = = 20%
ov
= = -3V —1 ton —*1 torr
Cy, (includes fixture and stray capacitance)
Vo =Vs R
Ry, + rDs(on)
Figure 2. Switching Time
+5V +15V
+5V +15V Vs
7 7 R,
R VL V+
e S D
o4 0 Vo = S D,
| _L NC o——o7%—— Vo
v, = IN ] L
& 5V 1nF IN, ! — RL
GND V- 1V,4V o0 _D_ J
= | J} = GND v- |c =
= = v XrALK Isol log | =3 —I— i I:L
tion = 20 —
‘TALK Isolation og Yo — v —
C = RF bypass
Figure 3. Charge Injection Figure 4. Crosstalk
1-205
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DG611/612/613

Applications

High-Speed Sample-and-Hold

In a fast sample-and-hold application, the analog switch
characteristics are critical. A fast switch reduces aperture
uncertainty. A low charge injection eliminates offset (step)
errors. A low leakage reduces droop errors. The Si581, a
fast input buffer, helps to shorten acquisition and settling

Siliconix

AMember of the TEMIC Group

times. A low leakage, low dielectric absorption hold
capacitor must be used. Polycarbonate, polystyrene and
polypropylene are good choices. The JFET output buffer
reduces droop due to its low input bias current. (See
Figure 5.)

+5V  +12V
Input Buffer T T
Output Buffer
Analog S —o a_D)
Input I o =5V Output
| to A/D
5V Control o— 4> o
HOLD
¥ DG611 650 pF Polystyrene
= sy
Figure 5. High-Speed Sample-and-Hold
Pixel-Rate Switch

Windows, picture-in-picture, title overlays are
economically generated usinga high-speed analog switch
such as the DG613. For this application the two video

sources must be synclocked. L'he giitch-iess analogswitch
eliminates halos. (See Figure 6.)

+5V +12V
? T Output Buffer
\ D
Background (O 75Q Composite
75Q 2 Output
= ¥ Sis84 L
Titles \ -
|
= |
= 5V Control © >
% DG613
T sy

Figure 6. A Pixel-Rate Switch Creates Title Overlays
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Applications (Cont’d)

GaAs FET Drivers

Figure 7illustrates a high-speed GaAs FET driver. To turn  low-power driver is especially suited for applications that
the GaAs FET on 0V are applied toits gate via Sy, whereas require a large number of RF switches, such as phased
to turn it off, —8 V are applied via S;. This high-speed, array radars.

GaAs RF

S e ¥§°—_| [ otr
_L— IN1>___=

1 DG613
S D;

ox
SVJ—L ° IN2>__}

GND V-
=

o
-8V

Figure 7. A High-Speed GaAs FET Driver that Saves Power

P-32167—Rev. C (11/15/93) 1207



DG641/642/643

Siliconix

AMember'of the TEMIC Group

Low On-Resistance Wideband/Video Switches

Behefits

' Applications

Features
® Wide Bandwidth: 500 MHz e High Precision o RF and Video Switching
® Low Crosstalk at 5 MHz: —85 dB ® Improved Frequency Response ® RGB Switching
® Low rps(ony: 5 2, DG642 ® Low Insertion Loss e Video Routing
e TTL Logic Compatible ® Improved System Performance ® Cellular Communications
® Fast Switching: ton 50 ns ® Reduced Board Space e ATE
® Single Supply Compatibility ® Low Power Consumption ® Radar/FLIR Systems
® High Current: 100 mA, DG642 o Satellite Receivers
.

Description

The DG641/642/643 are high performance monolithic
video switches designed for switching wide bandwidth
analog and digital signals. DG641 is a quad SPST, DG642
is a single SPDT, and DG643 is .a dual SPDT function.
These devices have exceptionally low on-resistances (5 Q
typ—DG642), low capacitance and high current handling
capability.

Programmable Filters

To achieve TTL compatibility, low channel capacitances
and fast switching times, the DG641/642/643 are built on
the Siliconix proprietary D/CMOS process. Each switch
conducts equally well in both directions when on, and
blocks up to 14 V,, when off. An epitaxial layer prevents
latchup.

Functional Block Diagram and Pin Configuration

DG641
Dual-In-Line and SOIC

N; E % E N,
D1 E}_J L 5 Dz
S$1]13 14| S2
V- E E v+
GND E @ GND

L,
D4E

10| D3
INg E EI IN;

A4

Top View

1-208

Truth Table
Logic Switch
0 OFF
1 ON

Logic“0” < 0.8V
Logic“1” = 24V

Switches Shown for Logic “1” Input

Ordering Information — DG641

Temp Range Package Part Number
16-Pin Plastic DIP DG641DJ
—40t0 85°C
16-Pin Narrow SOIC | DG641DY

P-32167—Rev. C (11/15/93)
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Functional Block Diagram and Pin Configuration

DG642
Dual-In-Line and SOIC

Si EB_E,—/-G—E N
|
|

v+
LT

ot

Top View

DG641/642/643

Truth Table
Logic swW, SW;
0 OFF ON
1 ON OFF

Logic“0” < 0.8V
Logic“1” = 2.4V

Switches Shown for Logic “1” Input

Ordering Information — DG642

Temp Range Package Part Number
8-Pin Plastic DIP DG642D]
-401t085°C
8-Pin Narrow SOIC | DG642DY
Truth Table
Logic SWi, SWy | SW3, SWy
0 OFF ON
1 ON OFF

Logic“0” < 0.8V
Logic“1” 224V

Switches Shown for Logic “1” Input

Ordering Information — DG643

DG643 Dual-In-Line and SOIC

Ny E U 16| IN2
Dy E TY T_S—I D2

GND E}-1 Ir 14] onp
s L)) e
Vo E [ E V+
Sy E : : E S

aw 5] M L] 5] aw
nH  Lge

Top View

Absolute Maximum Ratings

VH+1oV— -03Viwo2lV
V+ to GND . =03V1to21V
V- to GND -19Vito +03V
Digital Inputs . .................. (V=) =03Vito(V+) +03V
or 20 mA, whichever occurs first
Vs VD oo (V=) =03Vto(V-)+14V
or 20 mA, whichever occurs first
Continuous Current (Any Terminal ExceptSorD) ........ 20mA
Continuous Current Sor D: DG641/643 ................ 75 mA
DG642 ...ovviiiaiiin 100 mA

Current, S or D (Pulsed 1 ms, 10% duty cycle max)
DG641/643 ....o.coviinin 200 mA
DG642 .....oviiii.l 300 mA

P-32167—Rev. C (11/15/93)

Temp Range Package Part Number
16-Pin Plastic DIP DG643DJ
—401085°C -~
16-Pin Narrow SOIC | DG643DY
Storage Temperature . .......oveviiiieinneenn, —65 to 125°C
Power Dissipation (Package)?
8-Pin Plastic DIP and Narrow SOIC®................... 300 mW
16-Pin Plastic DIPd ... 470 mW
16-Pin Narrow SOIC® ... ...oiiiiiiiiiiiiiininn 600 mW

Notes:

a. Signals on Sy, D, or INx exceeding V+ or V-~ will be clamped by
internal diodes. Limit forward diode current to maximum current

ratings.

cpog

All leads welded or soldered to PC Board.
Derate 7.6 mW/°C above 75°C

Derate 6 mW/°C above 75°C

Derate 10 mW/°C above 75°C

1-209
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Specifications for DG641 and DG643

Siliconix

AMember of the TEMIC Group

Test Conditions Limits
Unless Otherwise Specified —401t085°C
V+ =15V, V- = -3V
Parameter Symbol ViNg = 24V, VN = 0.8 Ve Temp? | Min¢ | Typ? | Max® | Unit
Analog Switch
a V-—==5V,V+ =12V Full -5 8
Analog Signal Range Vv v
B> 8 ANALOG V- =GND,V+ =12V Full 0 8
Drain-Source On-Resistance IDS(on) Rl?lﬁlln 8 %(5)
Is=-10mA, Vp =0V o)
IDS(on) Match Arps(on) Room 1 2
Source Off Leakage Current Ts(otry Vs=0V,Vp=10V R]f.’:’li“ _'110% -0.02 11(?0
Drain Off Leakage Current Ip(ott) Vs =10V, Vp =0V P;?fl;" _’11(?0 -0 11(?0 nA
Channel On Leakage Current ID(on) Vg=Vp=0V ngl(l)ﬁ“ __1%% -01 11(?0
Digital Control
Input Voltage High VINu Full 24
v
Input Voltage Low VinL Full 0.8
Input Current Iy ViN = GND or V4 Room 2o 12| & | va
Dynamic Characteristics
On State Input Capacitanced Cs(on) Vs=Vp=0V Room 10 20
Off State Input Capacitanced Cs(off) Vs=0V Room 4 12 pF
Off State Output Capacitanced CD(off) Vp=0V Room 4 12
Bandwidth BW Ry, = 50 R, See Figure 6 Room 500 MHz
Turn On Time toN le-):’l‘ln 50 174%
Ry, = 1kQ, Cy, = 35 pF, See Figure 2 ns
Room 28 50
Turn Off Time tOFF Full 85
Charge Injection Q Cy, = 1000 pE, Vp = 0V, See Figure 3 Room -19 pC
. RIN=75Q,RL =75Q,f=5MHz
Off Isolation OIRR See Figure 4 Room —-60
dB
. Rin=10Q,Ry =75Q, f = 5§ MHz
All Hostile Crosstalk XTALK(AH) See Figure 5 Room -87
Power Supplies
Positive Supply Current I+ Rl?&'ln 35 g
VIN=0VorViN=5V mA
Negative Supply Current I- R}?lﬁin :g -
Notes:

a

b. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.

c. Thealgebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.

d. Guaranteed by design, not subject to production test.

e. VN = input voltage to perform proper function.

1-210 P-32167—Rev. C (11/15/93)
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Siliconix DG641/642/643

Specifications for DG642

Test Conditions Limits
Unless Otherwise Specified —40t085°C
V4+ =15V, V- = -3V
Parameter Symbol ViNg = 24V, VINL = 0.8 Ve Temp® | Min® | Typ® | Max¢ | Unit
Analog Switch
P V-=-5V,V+ =12V Full -5 8
Analog Signal Range! V, v
8o & ANALOG V- =GND,V+ =12V Full 0 8
Drain-Source On-Resistance IDS(on) RE?S;“ 5 g
Is=-10mA, Vp =0V Q
TDS(on) Match Arps(on) Room 0.5 1
Source Off Leakage Current Is(off) Vs=0V,Vp=10V Rl?lﬁiln __210% —0.04 21&
Drain Off Leakage Current Ip(off) Vs=10V,Vp =0V Rl?lﬁrln :210% —004 210% nA
Channel On Leakage Current ID(on) Vg=Vp=0V RI?;T :21(% -02 21(%
Digital Control
Input Voltage High VINH Full 2.4
\%
Input Voltage Low VINL Full 0.8
Input Current IN VIN = GND or V+ Rﬁﬂ?‘ ___210 0.05 210 A
Dynamic Characteristics
On State Input Capacilanced Cs(on) Vg=Vp=0V Room 19 40
Off State Input Capacitanced Cs(off) Vs=0V Room 8 20 pF
Off State Output Capacitanced Cp(offy Vp=0V Room 8 20
Bandwidth BW RL = 50 Q, See Figure 6 Room 500 MHz
. Room 60 100
Turn On Time toN Full 160
R =1kQ, Cr = 35 pE See Figure 2 ns
Turn Off Time t Room 40 60
OFF Full 100
Charge Injection Q Cr = 1000 pF, Vp = 0V, See Figure 3 Room —40 pC
. Rn=75Q,RL=75Q,f=5MHz
Off Isolation See Figure 4 Room -63
dB
. RN =10Q,R, =75Q,f=5MHz
All Hostile Crosstalk XTALK(AH) N SoeFi qure s Room -85
Power Supplies
Positive Supply Current I+ RP(‘)'ﬁ;n 35 g
VIN=0VorViN=5V mA
Negative Supply Current - R;lﬁfl :g -3
Notes:
a. Room = 25°C, Full = as determined by the operating temperature suffix.
b. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
c. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
d. Guaranteed by design, not subject to production test.
e. VN = input voltage to perform proper function.

P-32167—Rev. C (11/15/93) 1-211



DG641/642/643

Typical Characteristics

Supply Current vs. Temperature

6
5 P
4 \\
- I+
< 2
£
§ 0 IgND
E}
© -1
-2 - /_’
_3 a1
-4
-5 "
-55 -35 -15 5 25 45 65 85 105 125
Temperature (°C)
DG641/643
IDS(on) VS- Drain Voltage
40 T I
a | v+=15V
g V-=-3V //
2 30
)/}
& 125°C
&
3 0
g 2 25°C 7
3 N
- “ S
£ // /_:or*
5 10 7/ /,‘4' i
g .
g
0

-3 -1 1 3 5 7 9 11
Vp - Drain Voltage (V)
On Capacitance
22
20 \
18 \
16
z L\
© \\DG642
12
N
\
10 —
8 I —— DG641/643
6 | ]
0 2 4 6 8 10 12
(Vp) = (V-)
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Leakages vs. Temperature

100 nA
10nA _
A'I
1nA 7
g
d
7
& 100pA /
o
& .
10 pA )
p
lf
1pA P
0.1pA
Plss -25 0 25 50 75 100 125
Temperature (°C)
DG642
TDS(on) VS- Drain Voltage
20 I |
g Vi=15V /
g —V-=-3V
T
Z //
& 125°C //
8 0 / /
g 1 25°C 4
g
2 g /5/
g 5 44)4/—55@
a —_—
L
)
1723
£
-3 -1 1 3 5 71 9 1
Vp - Drain Voltage (V)
Off Isolation
-110
-100
~90
-80
8 7 .
< N_DG641/643
™ N
g -6 S
O -s0 R
- DG642
40 s3I0
-30 A
~20
-10
1 10 100

f — Frequency (MHz)
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Typical Characteristics

DG641/642/643

110 All Hostile Crosstalk Charge Injection vs. Vp
’ ||
100 \\Q | CL= 1000 pF
9
0 \thC!J4l/ﬁ43 _10
80
8 TR |
AU N ~ ‘ A
2 6 DG642 9) 20 ~ DG641/643 )
> 50 ] o]
40 —
30 —30 DG62
20
10 —-40
1 10 100 -3 -2-10 1 2 3 4 5 6 7 8
f — Frequency (MHz) Vp - Drain Voltage (V)
Switching Times vs. Temperature 2 Operating Supply Voltage Range
90 -
/]
80 g
// S el
70 S 18 . -
on
// s \.9-
60 7 S " ) \\
ON 16 g :
2 50 // e BN
£ /1 ] 5 5
= 40 7 e 14 ; Operating
30 k=] - Voltage
= 3 i Area .
J/ ~ L
20 toFF ! i
y 12
10 >
0 10 :
-55 =25 0 25 50 75 100 125 0 -1 -2 -3 —4 -5 -6
Temperature (°C) V- — Negative Supply (V)
Schematic Diagram (Typical Channel)
V+ O ]
5V o S
GND H Reg
I ) Yo
IN 0— i 1> =
Y
x O D
Y 3
V-0
Figure 1.
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DG641/642/643 Siliconix

Test Circuits

+15V
T tr <20 ns
3v r
. { 5 tf <20
S v D }Dg‘c so% e
3V o 0’]/‘ o Vo nput 7 :

> 1
IN |
3V Rp CL |
GND V- 1kQ 35 pF 90% —— 90%
= - Switch
I $ Output 0—

-3V toN toFr

Y

Figure 2. Switching Time

+15V
V+ Vo AVo
S ~ D f

IN
—D' - Imoo pF

= AV = measured voltage error due to charge injection
I $ The charge injection in coulombs is Q = Cpx AVg

Rg
_[Wv O Vo
| _J_ ON ON
= CL INx OFF
I 3V

Figure 3. Charge Injection

—_— V+

f'\. FaY
R8=50$2_\_£_ | l
owaty ol ps ] T
24V o>~

Vs

= GND v- |c
= -3V =
Vs
Off Isolation = 20log | —
Vo

Figure 4. Off Isolation

1-214 P-32167—Rev. C (11/15/93)



Siliconix

AMember of the TEMIC Group

Test Circuits

Signal
Generator

DG641/642/643

DG642

S1 o

D; Vout

Generator
5Q == —
= ug» =

()

Vour
Xrark(an = 20 logyo —

Figure 5. All Hostile Crosstalk — XTALK(AH)

Figure 6. Bandwidth

5Q
Signal
Generator
50Q
Applications

Device Description

The DG641/642/643 switches offer true bidirectional
switching of high frequency analog or digital signals with
minimum signal crosstalk, low insertion loss, and negligible
non-linearity distortion and group delay.

Built on the Siliconix D/CMOS process, these switches
provide excellent off-isolation with a bandwidth of around
500 MHz. The silicon-gate D/CMOS processing also yields
fast switching speeds.

An on-chip regulator circuit maintains TTL input
compatibility over the whole operating supply voltage
range shown, easing control logic interfacing.

P-32167—Rev. C (11/15/93)

Circuit layout is facilitated by the interchangeability of
source and drain terminals.

Frequency Response

A single switch on-channel exhibits both resistance
[rDs(on)] and capacitance [Cs(on)]- This RC combination
has an attenuation effect on the analog signal — which is
frequency dependent (like an RC low-pass filter). The
—3dB bandwidth of the DG641/642/643 is typically
500 MHz (into 50 Q).

1-215




DG641/642/643
Applications (Cont’d)

Power Supplies

Power supply flexibility is a useful feature of the
DG641/642/643 series. It can be operated from a single
positive supply (V+) if required (V— connected to
ground).

Note that the analog signal must not exceed V— by more
than —0.3 V to prevent forward biasing the substrate p-n
junction. The use of a V— supply has a number of
advantages:

1. It allows flexibility in analog signal handling, i.e., with
V—=-=5Vand V+ =12 V;up to £5-V acsignals can
be controlled.

2. Thevalue of on capacitance [Cg(on)] may be reduced. A
property known as ‘the body-effect’ on the DMOS
switch devices causes various parametric effects to
occur. One of these effects is the reduction in Cg(on) for
an increasing V body-source. Note however that to
increase V— normally requires V+ to be reduced
(since V+ to V— = 21 V max.). A reduction in V+
causes an increase in IDS(on)s hence a compromise has
to be achieved. It is also useful to note that tests
indicate that optimum video linearity performance
(e.g., differential phase and gain) occurs when V— is
around =3 V.

3. V- eliminates the need to bias the analog signal using
potential dividers and large coupling capacitors.

Decoupling

It is an established rf design practice to incorporate
sufficient bypass capacitors in the circuit to decouple the
power supplies to all active devices in the circuit. The
dynamic performance of the DG641/642/643 series is
adversely affected by poor decoupling of power supply pins.
Also, of even more significance, since the substrate of the
device is connected to the negative supply, adequate
decoupling of this pin is essential. Suitable decoupling
capacitors are 1- to 10-uF tantalum bead, plus 10- to 100-nF
ceramic or polyester.

Rules:

1. Decdupling capacitors should be incorporaiéd on all
power supply pins (V+, V-). (See Figure 7).

2. They should be mdunted as close as possible to the
device pins.
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3. Capacitors should be of a suitable type with good high
frequency characteristics — tantalum bead and/or
ceramic disc types are adequate.

+15V

v+

§; O—oT o b,

o] o D

S2 DG64X 2

S3 O l——o0 D3

Sy O- —0 Dy
v_ GNDs —]—

L L

1

C1 = 10 pF Tantalum o
Cj = 0.1 uF Ceramic -3V

Figure 7. Supply Decoupling

Board Layout

PCB layout rules for good high frequency performance
must also be observed to achieve the performance boasted
by these analog switches. Some tips for minimizing stray
effects are:

1. Use extensive ground planes on double sided PCB,
separating adjacent signal paths. Multilayer PCB is
even better.

2. Keep signal paths as short as practically possible, with
all channel paths of near equal length.

3. Carefularrangement of ground connections is also very
important. Star connected system grounds eliminate
signal current, flowing through ground path parasitic
resistance, from coupling between channels.

Figure 8 shows a 4-channel video multiplexer using a
DG641.

In Figure 9, two coax cables terminated on 75 2 bring two
video signals to the DG642 switch. The two drains tied
together lower the on-state capacitance. An Si582 video
amplifier drives a double terminated 75-Q cable. The
double terminated coax cable eliminates line reflections.

P-32167—Rev. C (11/15/93)
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Applications (Cont’d)

C-'Li >
C—f— o >

= C:i CH;4 > -

T 1509 %i —>-- DG641

TTL Channel Select
Figure 8. 4 by 1 Video Multiplexing Using the DG641

T +15V
V+
C_'i e
V
! s koo B e
C-'Li e T,
1 DG642 e
TTL Channel Select -3V
Figure 9. 2-Channel Video Selector Using the DG642
INy
fe SELECT o—————>—
S - D G
o/:/ |
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1/, DG643

CH; O D: o’l/A $1 A

] R R3
CH, © De  orx S AN -
IN
CHSELECT O—1—>— — LF401 —O Vour
1, DG643 /
1

Ry fc = TR,Cx

Figure 10. Active Low Pass Filter with Selectable Inputs and Break Frequencies
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Monolithic General Purpose CMOS Analog Switch

Features Benefits Applications

® 115V Input Range ® Improved Signal Headroom ® Audio Switching

® On-Resistance: <50 Q © Reduced Switching Errors e Instrumentation

® Break-Before-Make Switching e No Shorting of Inputs ® Battery Powered Systems
e TTL and CMOS Compatible o Simple Interfacing

Description

The DG5043 solid state analog switch is recommended for
general purpose applications in instrumentation, and
process control. Built on the Siliconix PLUS-40 high voltage
CMOS process, this device provides ease-of-use and
performance advantages to the system designer. Key
performance features of the DG5043 are 1-ps switching,

low power supply requirements, and break-before-make
switching. Each switch conducts equally well in either
direction, when on, and blocks up to 30 V peak-to-peak
when off. Off leakage current is 1-nA maximum. An
epitaxial layer prevents latch up. For new designs, DG403
is recommended.

Functional Block Diagram and Pin Configuration

Dual-In-Line

NC E :—-<]——£| IN;
D3 E—-l _l ’1__4| V-
S3 Er——(‘_ E GND
DB
NC E l“q—T_O—I INy
b k5]

Top View

Absolute Maximum Ratings

................................. (GND - 03V)t044V
(V=) =2Vto (V+ plus 2V)
or 30 mA, whichever occurs first

Current (Any Terminal) Continuous .................... 30 mA

Current, Sor D (Pulsed 1ms 10% duty) ................ 100 mA

Storage Temperature . . .......coo.iiieiiiiian, —65t0125°C
1-218 P-32167—Rev. A (11/15/93)

Truth Table
Logic SWI, SWZ SW;;, SW4
0 OFF ON
1 ON OFF

Logic“0” = =08V
Logic“1” = 22V
Switches shown for Logic “1” input.

Ordering Information
Temp Range Package Part Number
0to070°C 16-Pin Plastic DIP DG5043C)
Power Dissipation (Package)®
16-Pin PlasticDIP® ... ....oooviniiiiininiinenan., 470 mW

Notes:

a. Signals on Sx, D, or INx exceeding V+ or V- will be clamped by
internal diodes. Limit forward diode current to maximum current
ratings.

b. Allleads welded or soldered to PC Board.

Derate 6 mW/°C above 75°C

o

Not Recommended for New Designs



Siliconix DG5043

Specifications
Test Conditions C Suffix
Unless Otherwise Specified 0to70°C
V4+=15V,V-=-15V
Parameter Symbol VL=5V,VIN=2V,08Ve Temp® Min¢ | Typ® | Max® | Unit
Analog Switch
Analog Signal Ranged VANALOG Full -15 15 v
. . Room 50
Drain-Source On-Resistance TDS(on) Is=-10mA,Vp = £10V l?;’l 75
Room -1 1
Vs=Vp=14V Full ~100 100
Switch Off Leakage Current I
& Stefh Ve=Vp = —14V Room -1 1
S=YD= Full -100 100
R ) nA
_ oom
Vs=Vp =14V Full 200
Channel On Leakage Current ID(on)
Vs=Vp=-14V Room -2
S=VD= Full —200
Digital Control
Input Current with Vyy Low I VIN Under Test = 0.8 V Full -1 1 "
Input Current with Vpy High In Vin Under Test =2V Full -1 1
Dynamic Characteristics
Turn-On Time toN Vs = £10V,Ry = 1kQ, CL = 35 pF Room 1200
. ’ ns
Turn-Off Time tOFF See Figure 1 Room 700
Charge Injectiond Q Cp =1010F Vgep = 0V, Rpep =0Q Room 30 pC
Off Isolationd OIRR R, =75Q,CL=5pEf=1MHz Room 75
dB
Crosstalk (Channel-to-Cha.nnel)d XTAIK RL=75Q,Vs=2Vppf=1MHz Room 89
Source Off Capacitance Cs(off) Room 15
Drain Off Capacitanced Cpof) Vp=Vsg=0V,f=1MHz Room 17 pF
Channel On Capacitanced Cb(on) Room 45
Power Supplies
Positive Supply Current I+ Full 300
VIN=00r24V
Negative Supply Current o Full —300
Logic Supply Current I Full 300 wa
Vin=00r24V
Ground Current IoND Full -300
Notes:

Room = 25°C, Full = as determined by the operating temperature suffix.

Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.

The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
Guaranteed by design, not subject to production test.

Vv = input voltage to perform proper function.

pae e
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Test Circuits

+5V +15V
7 !
i V+ o SW t; <20 ns
Vs1 o 51 O’I/‘ Dy O Voi Logic 3V T Lopie™0" = SWOn 1 <20ns
S P B E R
|
L‘D—J _J' Ru | ¢ (s)‘:itc:t Vs o |*
GND V- P

R | c, ™= = e
J) L2 Switch 90% Vo
Output
- - -15v. = = 0 —
Cy (includes fixture and stray capacitance) © =+ loN

Figure 1. Switching Time

+5V +15V
%9 V+ ‘

D AVp
S A o Vo Vo _/

.||__|||
e )_é"x

V, IN _ -J— CL IN
& D> 100F X
GND Ve OFF ON OFF
I é Q=Cy X AVp

Figure 2. Charge Injection

1-220 P-32167—Rev. A (11/15/93) Not Recommended for New Designs



Siliconix

AMember of the TEMIC Group

DGS5143

Low-Power, High-Speed CMOS Analog Switch

Features Benefits

© =+ 15-V Input Range

® On-Resistance: 50 2

® Fast Switching Action—ton: 100 ns
© Low Power—Pp: <350 pyW

o TTL and CMOS Compatible

Low Signal Errors

® 0 6 06 ©

Simple Interfacing

Description

The DG5143 solid state analog switch is built on the
Siliconix proprietary high-voltage silicon gate process to
achieve high voltage rating and superior switch time on/off
performance. Break-before-make switching action
guarantees that an on-channel will be turned off before the
off-channel can turn on. The DG5143 features ultra-low
power supply requirements and TTL and CMOS
compatibility.

Improved Signal Headroom

Break-Before-Make Switching Action
Reduced Power Consumption

Applications

® Audio Switching

@ Precision Switching

e High-Speed Switching

® Battery Powered Systems

Each switch conducts equally well in both directions when
on and blocks input voltages to the supply values when off.
This switch is ideal for battery powered industrial
applications with a maximum power supply current of 1 pA.
An expitaxial layer prevents latchup.

Functional Block Diagram and Pin Configuration

Dual-In-Line
b [T «
NC |2 - E] IN;
b, %h 3 [~
s [ 5]
S4 Ehr E A%
D4 E}—f —: 1] v+
NC E F—<t—10| N,
Sy T

Top View

P-32167—Rev. A (11/15/93)

Truth Table
Logic SWi, SWy | SW3, SWy
0 OFF ON
1 ON OFF

Logic“0” < 0.8V
Logic“1” =224V

Switches Shown for Logic “1” Input

Ordering Information

Temp Range Package Part Number

16-Pin Plastic DIP DG5143CT

010 70°C
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Absolute Maximum Ratings
(V) = (Vo) e Continuous Current, Any Terminal ..................... 30mA
(VA) = (VD) et Peak Current, S or D (pulsed a 1 ms, 10% duty cycle max) . 100 mA
(VD) = (Vo) ettt ettt Storage Temperature . ......o.oviiiiiieineian, —65to 125°
(VD) = (V8P e+ e Power Dissipation (Package)®
v v 16-PinPlasticDIP .......ooviniiiiiiiii i, 450 mW
(VL) = (V=) e Notes:
Vo) - (ViN) - - a. Signals on Sx, Dy, or INx exceeding V+ or V- will be clamped by
v internal diodes. Limit forward diode current to maximum current
PR ratings.
0 1 ol b. Allleads welded or soldered to PC Board.
Specifications
Test Conditions C Suffix
Unless Otherwise Specified 0to70°C
V+ =15V, V- =-15V, V=5V
Parameter Symbol Vi =24V,08 Ve Temp® | Min® | Typ® | Max¢ | Unit
Analog Switch
Analog Signal Ranged VANALOG Full -15 15 \%
Drain-Source On-Resistance IDS(on) Vp=£10V,Ig = - 10mA R;lﬁlln 17050
I Room -5 5
S(off) Full -20 20
Switch Off Leakage Current Vp=F10V,Vg= +£10V
I Room -5 5
D(off) Full | -20 20 | nA
Room -2 2
Channel On Leakage Current ID(on) Vs=Vp=-10to 10V Full —40 40
Digital Control
Input Current with Viy Low I Full -1 1
Input Current with Viy High Iy Full -1 1 hA
Dynamic Characteristics
Turn-On Time toN Room 175
" Ry, =300, C, = 35 pF
Turn-Off Time tOFF Sce Figure 1 Room 150 ns
Break-Before-Make toN — tOFF Room 5
Charge Injectiond Q Cp, = 10,000 pE, Vgen, = 0V, Rgen = 0Q Room 150 pC
Off Isolationd OIRR RL=100Q,C, < 5pEf=1MHz Room -50
Any Other Channel Switch a8
Channel-to-Channel Crosstalkd XTALK Ry = %(00 Q?EL ;m;l ;F, fo lehiﬂ-lz Room -50
Power Supplies
Positive Supply Current I+ Room 10
Negative Supply Current 1- ViN=0Vor5V ‘Room -10 WA
Logic Supply Current IL Switch Duty Cycle <10% Room 10
Ground Current IgND Room -10
Notes:
a. Room = 25°C, Full = as determined by the operating temperature suffix.
b. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
c.  The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
d. Guaranteed by design, not subject to production test.
e. Vin = input voltage to perform proper function.
1-222 P-32167—Rev. A (11/15/93)



Siliconix

AMember of the TEMIC Group

Test Circuits

+5V +15V
VL V+ t}’s =10 B’ 3’{ toN
= -1 ort,
s s OFF
Vs1 o——= ofa—D1
S | D Voz
Va2 o—— oTa——2

Ve 3000 35pF
Ry - -
é 300Q 35 pF

-15V - -

ﬁp__: _L RL1:|:
1

Cy, (includes fixture and stray capacitance)

Logic
Input

Switch
Input

Switch
Output

Switch
Input

Figure 1.  Switching Time
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3V

ov

Vs

ov

DG5143

tr <20 ns
__7 50% t < 20 ns

tOFF

VO] 90%

ox /
90% Vo

Vo
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About Analog Multiplexers

Analog multiplexers represent a higher level of integration than analog switches. They have many (4, 8, 16, or
more) inputs with only one or two common outputs. Multiplexers are used where it is necessary to transfer
information from many input channels to a common output, most often when only one transmission line is
available for all data transfer between various points. The transmitted signals are in either analog or digital
form. Siliconix multiplexers handle analog signals, passing bipolar voltages or currents, which are often
obtained from transducers. The analog signals represent physical phenomena such as temperature, pressure,
velocity, and flow speech. Typical applications include data acquisition, industrial process control, aircraft
systems monitoring, medical electronics, telemetry, and telecommunications.

Differential vs. Single-Ended Multiplexing

When is it better to select a differential multiplexer versus a single-ended configuration? Figures 1 and 2
demonstrate both options. Single-ended multiplexing, as shown in Figure 1, applies to systems that have signal
sources which are close to full-scale range and referenced to a common point (usually ground). Another caseis
where different signal sources with small signal amplitude (mV range) are generated by transducers.
Instrumentation amplifiers can be used to precondition the signals and provide a common reference. This step
reduces feedthrough errors and losses while tailoring each signal source to a desired voltage (or current) to
obtain the maximum resolution available in an A/D or D/A converter or other device driven by the multiplexers.

Differential multiplexing (Figure 2) is utilized for low-level switching and in noisy environments. It can tolerate
switching transients or some mismatch without a significant degradation of signal accuracy. Major
considerations are switch matching (rDS(on)s I (off), and capacitance), common-mode rejection, and the system’s
tolerance to switching transients introduced by the break-before-make switching sequence.

© o
10 Ao O o
: ) [o ‘\c O Output A
) N , ) O——‘\|¢ —O Output B
' | +—O Output ! \L& v
: I 'O A [
foho | DEER A
] |
Decode Decode
Logic Logic
Ay A1 Ay Ay A1 A

Figure 1. Single-Ended Multiplexing Figure 2. Differential Multiplexing
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The DG4XX series of Siliconix multiplexers is designed to reduce switching errors, glitching, and power
consumption while providing improved data throughput and increased ruggedness. For data acquisition, hi-rel,

and battery operated systems, the rugged DG406/407 and DG408/409 multiplexers are the answer for designs
requiring low on-resistance, low charge injection, fast transition time, and single-supply capability.

Other DG4XX family members include the DG428 and DG429, which have on-chip address and control latches
to simplify design in microprocessor-based applications, as well as the DG485 octal analog switch array for
low-power multiplexing in serial control applications.

D/CMOS Wideband/Video Multiplexers

The DG535 and DG536 are 16-channel wideband/video multiplexers which use the Siliconix D/CMOS process
to combine wideband DMOS “T” switches with high-density, high-speed CMOS logic and switch drivers to
form monolithic wideband/video multiplexing systems. These devices include on-board latches to hold the
address selection data and all of the necessary control logic to facilitate connection into larger arrays, matrices,
and multiplexers. The DG534 and DG538 are 4- and 8- channel wideband/video multiplexers which, like the
DG535 and DG536, feature address latches and control logic with the addition of data feedback and TTL
compatibility. They make excellent wideband/video crosspoints, routers, and multiplexers, reducing board
space, power dissipation, component count, and cost, while simplifying system design and improving reliability.

For detailed information on these products, please refer to the individual data sheets and to application notes

ANS501 and ANS02.

Crosspoints

The DG884 is the first monolithic wideband/video crosspoint switch available for commercial use. Any of eight
video inputs can simultaneously be routed to any of our outputs. This highly integrated device offers a major
reduction of the physical size and component count needed to implement a video switching matrix. The DG884
uses double-diffused DMOS switching elements to maintain low capacitance and low levels of crosstalk among
signal paths.

Double-diffused CMOS latches, chip select, reset, readback, and disable functions are all included on the chip

to ease system design, save power, and improve system reliability.

Factors Affecting Systems Performance

In any multiplexer application, the following factors should be considered:

1. System Attenuation: Includes loss in the analog signal caused by the multiplexer and the transmission path.
This is a frequency dependent factor.

2. Channel Isolation: At low frequencies, this is principally a function of channel off-leakage currents, and at
high frequencies, it is a function of device and system capacitance.

3. Crosstalk: There are several sources of crosstalk, including overlap between switching channels, off-switch
capacitance, inter-switch capacitance, stray circuit capacitance, and distortion in the transmission medium.
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4. Noise: There are several sources of noise, including thermal or Johnson noise generatedin anyresistance
components, crosstalk, leakages, switching transients, as well as thermal EMFs and transmission path
pick up.

5. Switching Rate: This isimportant in sampling system where it determines the maximum bandwidth frequency
of the multiplexers (via the sampling theorem) and defines crosstalk errors.

6. Settling Time: Although settling time is a function for the source and load impedances, the multiplexer’s
contribution is directly related to the rps(on) X Cs(on) time constant and to the charge injection of the
multiplexer.

Glossary of Terms

Bandwidth
The “3 dB down” point of the frequency response characteristic.

Crosspoint Switch

A two-dimensional array of analog switches or analog multiplexers that allows for the routing of signals from
any input to any output.

Crosstalk

A measure of how much of an unwanted signal appears on a given analog channel due to spurious capacitive or
inductive coupling from another channel.

D/CMOS
Semiconductor process that combines DMOS FETs and CMOS logic on a monolithic chip.

Differential Gain

Expressed as a percentage, this is a form of distortion that appears as changes in the amplitude of the
chrominance (color) signal as a function of luminance (brightness) amplitude.

Differential Multiplexer

An analog multiplexer that selects both the high and the low side of each signal. It can be thought of as two
single-ended multiplexers operating in tandem.

Differential Phase
Measured in degrees, this is the phase shift of the color subcarrier resulting from changes in luminance level.

DMOS (Double-Diffused MOS)
A type of field-effect transistor featuring low on-resistance and low capacitance.

Input Capacitance

The capacitive load that the input terminal of an analog switch presents to the signal source. Itis specified for
two conditions, with the switch on or off.
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Insertion Loss

Expressed in dB, this is a measure of the signal loss caused by the impedance of the analog switch at a given
frequency.

Off-Isolation

A measure of how much of the signal applied to an “open” switch appears at its output due to parasitic
components such as gate-to-channel capacitance and lead inductance.

On-resistance
The dc input-to-output resistance of an analog switch channel when the switch is turned on.

Output Capacitance
The capacitive load that the output of an off switch adds to the output node.

PLCC Package (Plastic Leaded Chip Carrier)

A surface-mount package characterized for its small size and reliable lead-to-printed circuit board mechanical
interface

Readback
A feature that allows for the inspection of the control latch contents in a multiplexer or crosspoint switch.

Single-Ended Multiplexer
An array of analog switches that selects one of several analog input signals.

“T” Switch

An analog switch configuration consisting of two series switches and a shunt switch to ground. It is used to
improve dramatically the off-isolation of the array.

Video Amplifier

An amplifier, typically with a gain of 2, which is normally used at the output of a video multiplexer or crosspoint
to drive a length of double-terminated coaxial cable.

Video Buffer ' -

A current amplifier that is used is to preserve signal quality by eliminating the capacitive loading effect to
several video multiplexer inputs on a common signal source. This is normally a unity gain buffer.

Wideband
A relative term that is used in this book to refer to a frequency spectrum that is more than 2 MHz wide.



Analog Multiplexer Selector Guide

Typical
Max Max Analog Transition Charge On-Chip Max Power
Functional IDS(on) IS(on) Range Time Injection Logic Consumption
Configuration Part No. ) (@A) (us) @0 Regulator (mW) Package Comments Page
2-Channel
Differential DGS534A 90 20 ~5t010 03 -70 - 59.5 ILN,P Video, Latches 2-86
DGS534A 90 20 ~5t010 03 -70 - 59.5 ILN,P Video, Latches 2-86
DG538A 90 20 -5t010 03 -70 - 59.5 ILN,P Video, Latches 2-86
DG409 100 1 +15 0.25 20 Yes 0.9 LKY,Z High Speed 2-11
4-Channel
Differential DG429 100 1 +15 025 4 Yes 1.58 LK,N | Latchable, High Specd | 222
DG509A 400 10 +15 1.0 20 Yes 58.5 LKY - 2-60
DG529 400 10 +15 1.0 4 Yes 60 LK Latchable 2-70
DG459 1200 2 -9.51010 0.5 - Yes 3 LK Z Fault Protected 234
DG538A 90 20 -5t010 03 -70 - 59.5 LN, P Video, Latches 2-86
DG408 100 1 +15 02 20 Yes 09 LK Y High Speed 211
8-Channel DG428 100 1 +15 0.25 4 Yes 1.58 LKN Latchable, High Speed | 2-22
Single-Ended  "hG5084 | 400 10 +15 10 20 Yes 595 LKY,Z - 2-60
DG528 400 10 +15 1.0 4 Yes 60 LK Latchable 2-70
DG458 1200 2 -9.5t010 0.5 - Yes 3 LK Z Fault Protected 234
8-Channel DG407 100 1 +15 03 15 Yes 0.5 LKN,Z High Speed 2-1
Differential DGS507A 400 5 +15 1.0 20 Yes 585 LK,R - 2-52
DG535 90 10 01010 03 -35 - 0.75 ILP Low Power, Video 2-102
16-Channel DG536 90 10 0to 10 03 -35 - 0.75 M,N Low Power, Video 2-102
Single-Ended DG406 100 1 +15 03 20 Yes 0.47 LK N,Z Low Power, Fast 21
DGS506A 400 10 +15 1.0 20 Yes 58.5 LKNR,Z - 252
DG485 85 20 +15 02 17 - 0.1 LN, Z 8-Ch, Serial Control 2-42
Specials DG884 90 20 -5108 03 -100 - 02.5 M,N 8x4 Video Crosspoint | 2-113
DG894 100 10 ~5t08 0.2 - Yes 136 LW RGB Video Mux 2-126
J = Plastic DIP K = CerDIP M= CLCC N=PLCC P = Sidebraze
R = Sidebraze W = SOIC Wide-Body Y = SOIC Z=1CC
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16-Channel/Dual 8-Channel

DG406/407

High Performance CMOS Analog Multiplexers

Features Benefits Applications
e Low On-Resistance—rDS(on): 50Q o Higher Accuracy ® Data Acquisition Systems
e Low Charge Injection—Q: 15 pC ® Reduced Glitching e Audio Signal Routing
® Fast Transition Time—tTraNs: 200 ns ® Improved Data Throughput o Medical Instrumentation
e Low Power: 0.2 mW @ Reduced Power Consumption ® ATE Systems
e Single Supply Capability ® Increased Ruggedness o Battery Powered Systems
® 44-V Supply Max Rating ® Superior to DG506/507A ® High-Rel Systems

® Wide Supply Ranges: £5Vto 20V e Single Supply Systems
Description

The DG406 is a 16-channel single-ended analog
multiplexer designed to connect one of sixteen inputs to a
common output as determined by a 4-bit binary address.
The DG407 selects one of eight differential inputs to a
common differential output. Break-before-make switching
action protects against momentary shorting of inputs.

An on channel conducts current equally well in both
directions. In the off state each channel blocks voltages up

. to the power supply rails. An enable (EN) function allows
the user to reset the multiplexer/demultiplexer to all
switches off for stacking several devices. All control inputs,
address (Ax) and enable (EN) are TTL compatible over the
full specified operating temperature range.

Applications for the DG406/407 include high speed data
acquisition, audio signal switching and routing, ATE
systems, and avionics. High performance and low power
dissipation make them ideal for battery operated and
remote instrumentation applications. For additional
application information, see application note AN206.

Designed in the 44-V silicon-gate CMOS process, the
absolute maximum voltage rating is extended to 44 volts,
allowing operation with +20-V supplies. Additionally
single (12-V) supply operation is allowed. An epitaxial layer
prevents latchup.

Functional Bleck Diagrams and Pin Configurations

DG406 Dual-In-Line
V+ E N 28] D
NC IZ E V-
NC E _o»rn__ Sg
S16 E__qfrn____ofrA__E Sy
Sis E—o‘l’ﬁ—ﬁ——«l’t—i_ﬂ Ss
S1a E—J‘_—}_Jr‘_zl Ss
S13 Iz__o'}/A____..oI/ A——E S4
S12 E—oer.ﬁ—_ofrA___E S3
Sn E——d/——o’h—ﬂ Sz
S10 @—o’{/ — : Sy
s [ EN
o [ "
NC E E Aq
A3 [14 15] A2

Top View
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DG407 Dual-In-Line
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DG406/407

Functional Block Diagrams and Pin Configurations (Cont’d)

Siliconix

AMember of the TEMIC Group

PLCCand LCC PLCCand LCC
20 U F I DG407 8 + I
DG406 G ZZ5Aa>S s283dsd
(12 8]272e) [N 2)[T][2s]27][26]
sis 3] ota Ar——3] 5, s[5 p—otn ota— B3] s
314 z J,k .J’A ET SS sﬁh E—a’:/A— L—o’{"———E Sﬁa
sn [[—p——t ] S [—ft T S
S12 _8- “r‘ "r‘ Z Ss Ssb T—o'r‘—‘ ’—o’r‘—@ S4a
S11 B ota i — 1] S3 S3p T———o*h )——of{,h-————E S3a
— ota " — — ]
Swo [0 —20] s, Sob g-i—"' HI_‘—\@ Soa
sy [ | | L] s, s [11] [ i LT_9'_| Sta
] I Diecoders/Drivers | [ Decoders/Drivers ]
L1111 T T TT
2 1 0 3 i 35 0 0 )
U Ld N - o ' - o
B I<<E 8BS E<<<E
Top View o Top View
Truth Table — DG406 Truth Table — DG407
As Ay A Ag EN On Switch Ay Ay Ay EN | OnSwitch Pair
X X X X 0 None X X X 0 None
0 [1] 0 0 1 1 0 0 0 1 1
0 0 0 1 1 2 0 0 1 1 2
0 0 1 0 1 3 0 1 0 1 3
0 0 1 1 1 4 0 1 1 1 4
0 1 0 0 1 5 1 0 0 1 5
0 1 0 1 1 6 1 0 1 1 6
0 1 1 0 1 7 1 1 0 1 7
0 1 1 1 1 8 1 1 1 1 8
1 0 0 0 ! o Logic“0” = VaL <08V
1 0 0 1 1 10 Logic“l” = Vay =24V
1 0 1 0 1 11 X = Don’t Care
1 0 1 1 1 12
1 1 0 0 1 13
1 1 0 1 1 14
1 1 1 0 1 15
1 1 1 1 1 16
Ordering Information — DG406 Ordering Information — DG407
Temp Range Package Part Number Temp Range Package Part Number
28-Pin Plastic DIP DG406DJ 28-Pin Plastic DIP DG407DJ
—40t085°C - —40t0 85°C .
28-Pin PLCC DG406DN 28-Pin PLCC DG407DN
28-Pin CerDIP DG406AK/883 28-Pin CerDIP DG407AK/883
-5510125°C —-55t0125°C
. LCC-28 DG406AZ/883 LCC-28 DG407AZ/883
22 P-32167—Rev. C (11/15/93)
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Absolute Maximum Ratings

Voltages Referenced to V—

DG406/407

Power Dissipation (Package)P
28-Pin Plastic DIP® ....

725 2 4V
28-Pin CerDIPd ........
GND Lo 25V 28-Pin Plastic PLCCE . . .
Digital Inputs®, Vs, Vp ............. (V=) -2Vio(V+)+2Vor LOC-288 ..ttt ettt et
20 mA, whichever occurs first Notes:
Current (Any Terminal,) . ........oooiiniiiiiinnn.. 30 mA a. Signals on Sy, Dy or INx exceeding V+ or V- will be clamped by
internal diodes. Limit forward diode current to maximum current
Peak Current, S or D ratings.
(Pulsed at 1 ms, 10% Duty Cycle Max) ................. 100 mA b. Allleads soldered or welded to PC board.
c. Derate 6 mW/°C above 75°C
Storage Temperature (AK, AZ Suffix) . —65t0150°C d. Derate 12 mW/°C above 75°C
(DJ, DN Suffix) —6510125°C e. Derate 13.5 mW/°Cabove 75°C
Specifications?
Test Conditions A Suffix D Suffix
Unless Otherwise Specified —551t0125°C | —401t085°C
V+=15V,V-=-15V
Parameter Symbol VAL =08V, Vay =24 VI Temp® | Typ® | Mind | Maxd | Mind | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full -15 15 -15 15 v
Drain-Source Vp = 10V, Ig = —10 mA Room 50 100 100 Q
On-Resistance TDS(on) Sequence Each Switch On Full 125 125
ai(gg)e {\:gatchmg Between ArDs(on) Vp = 10V Room 5 %
Source Off I Room 0.01 -05 0.5 -0.5 0.5
Leakage Current S(off) Full -50 50 -5 5
VEN=0V DG406 Room 0.04 -1 1 -1 1
Vp=+10V,Vg= ¥10V Full —200 | 200 —-40 40
Drain Off Leakage Current Ip(otty
DG407 Room 0.04 -1 1 -1 1 nA
Full -100 | 100 -20 20
Room 0.04 -1 1 -1 1
) Vs=vp=xi0y |20 | FRul -200 | 200 | —40 | 40
Drain On Leakage Current In(on) Sequence Each Switch On Reom 007 = 1 ) 1
DG407 | “puy -100 | 100 | -20 | 20
Digital Control
Logic High Input Voltage VINH Full 2.4 24 v
Logic Low Input Voltage VL Full 08 08
Logic High Input Current Ian Va=24V,15V Full -1 1 -1 1
Logic Low Input Current IaL VEN=0V,24V, VA =0V Full -1 1 -1 1 nA
Logic Input Capacitance Cin =1MHz Room 7 pF
Dynamic Characteristics
Transition Time tTRANS See Figure 2 Rl?lﬁfl 200 3% 388
Break-Before-Make . Room 50 25 25
Interval {OPEN See Figure 4 Full 10 10
ns
Room 150 200 200
Enable Turn-On Time LON(EN) Full 100 400
Sce Figure3 R 70 150 150
oom
Enable Turn-Off Time LOFF(EN) Full 300 300
Charge Injection Q CL=1nEVs=0V,R;=0Q Room 15 pC
Off Isolation® OIRR Ven = 0V,Ry = 1kQ, f = 100 kHz Room -69 dB

P-32167—Rev. C (11/15/93) 23
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DG406/407

. .
Specifications?
Test Conditions A Suffix D Suffix
Unless Otherwise Specified —55t0125°C | —40t085°C
V+ =15V, V-=-15V
Parameter Symbol VaL = 08V, Vayy = 24 VI Temp® | Typ¢ | Mind | Maxd | Min? | Max? | Unit
Dynamic Characteristics (Cont’d)
Source Off Capacitance Cs(off) VEN=0V,Vg=0V,f=1MHz Room 8
. . Room 130
Drain Off Capacitance Cp(off)
VeN=0V,Vp=0V DG407 Room 65 pF
] ‘ f=1MHz DG406 | Room | 140
Drain On Capacitance Cp(on) DGaoT Room 7
Power Supplies
Positive Supply Current I+ R;;:“ 13 32 ?,(5)
VEN=Vp=00r5V
. Room -0.01 -1 -1
Negative Supply Current I- Full ~10 -10
. Room 50 100 100 nA
Positive Supply Current I+ Full 500 200
VEN =24V, VA =0V
. Room -0.01 -1 -1
Negative Supply Current I- Full ~10 10
Specifications? for Single Supply
Test Conditions A Suffix D Suffix
Unless Otherwise Specified —5510125°C | —40t085°C
V+=12V,V-=0V
Parameter Symbol VaL = 08V, Vay =24 VI Temp® | Typ¢ | Mind | Maxd | Mind | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full 0 12 0 12
Drain-Source
On Resistance IDS(on) Vo3V 10V I = - 1mA Room 90 120 120 Q
TDS(on) Matching Between Sequence Each Switch On
Ch asnmxll)elsg ArpS(on) Room 5 %
Source Off
Leakage Current Isotry Van=0V Room 0.01
B ‘\7,‘; :32‘\’,‘;'[2‘3 “,' DG406 | Room | 0.04
Drain Off Leakage Current ID(off) - nA
DG407 Room 0.04
DG406 Room 0.04
. Vg=Vp=+10V
Drain On Leakage Current ID(on) Sequence Each Switch On [DGa07 oo 001
Dynamic Characteristics
Switching Time of _ _ _
Multipleser trRaNs | Vs1=8V,Vss=0V,Vin=24V | Room | 300 450 450
Enable Turn-On Time TON(EN) Ving = 2.4V, Vi, = 0V Room 250 600 600 ns
Enable Turn-Off Time tOFFEN) Vs1=5V Room | 150 300 300
Charge Injection Q CL=1nEVg=6V,Rg=0 Room 20 pC
2-4 P-32167—Rev. C (11/15/93)



Siliconix DG406/407

Specifications? for Single Supply

Test Conditions A Suffix D Suffix
Unless Otherwise Specified —55t0125°C | —40t085°C
V+=12V,V-=0V
Parameter Symbol VaL =08V, Vayy = 2.4 VI Temp® | Typ® |Mind | Maxd | Mind | Maxd | Unit
Power Supplies
Positive Supply Current I+ R;.ﬂ?’ 13 32 32
VEN=0V V,Vao=0V v
, BN =0VorSV,Va=0Vors Room | 001 | -1 -1 na

Negative Supply Current I- Full _5 _5
Notes:
a. Refer to PROCESS OPTION FLOWCHART (Section 5 of the 1994 Data Book or FaxBack number 7103).
b. Room = 25°C, Full = as determined by the operating temperature suffix.
c.  Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
d. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
e. Guaranteed by design, not subject to production test.
f. VN = input voltage to perform proper function.
g Arpg(on) = FD§(on) MAX —~ rDSéon) MIN.
h. Worst case isolation occurs on Channel 4 due to proximity to the drain pin.

Typical Characteristics

Ips(on) VS- Vp and Supply rps(on) ¥5. Vp and Temperature
160 80
140 70
g " g / 15:c_# N
3 120 5 60 A
+5V / A
g 100 \ § s 8s'c_ N
'r;:" 'é / N /N \
& 80 & 40 ~— 25°C N
& _:_)gv v NN & /4- __3/517’/\ N
60 +1 30 -
LT N =
g | +15V, g - —
z 40 g 20 —55°C
*20V
20 10 V+ =15V —
I | V-=-15V
0 0 1 1
-20-16-12 -8 -4 0 4 8 12 16 20 -15 -10 -5 0 5 10 15
Vp ~— Drain Voltage (V) Vp — Drain Voltage (V)
rDS(on) V. Vp and Supply 120 Ip, Is Leakage Currents vs. Analog Voltage
1 I ! T
240 ! V-=0V —| L v+ =15V
V+ =15V | V-=-15V
~ \ 80 Vs = =Vp for In(ofry
3 200 =\ &:; — VD = Vs(open) for Ip(on)
g T\ Z 40 |
g 160 ] \ 5 |
2 /x 10V g Is(otf)
e L X 5 o
o !/ 12V L e I
IS/ 15V ~ 40 =T DGA406 Ip(onp In ot
8 S — 20V 2nV ) |
5 t
e 40 - _80 DG407 Ip(on), Ip(offy
(] -120
0 4 8 12 16 20 -15 -10 -5 0 5 10 15
Vp — Drain Voltage (V) Vs, Vp — Source Drain Voltage (V)
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DG406/407

Typical Characteristics (Cont’d)

Ip,Is — Current

Time (ns)

ISOL (dB)

2-6

100 nA

10nA

1nA

100 pA

10pA

1pA

01pA

Ip, Is Leakages vs. Temperature

Ve-lsy.
|- V—-=-15V
Vp = +14V
ID(on ID(off) ‘
// P
// /4S(oif)
P "
/, //
4"
4

-55 -35-15 5 25 45 65 85 105 125

700

600

500

400

300

200

100

Temperature (°C)

Switching Times vs. Single Supply

I
V-=0V

ITRANS

1
t?N(EN)\\;
—

LOFF(EN)

~—0L |

5 10 15
V+ — Supply Voltage (V)

Off-Isolation vs. Frequency

20

N

N

100 1k 10k 100k 1M
f — Frequency (Hz)

10M

Time (ns)

Q(pC)

1 ~ Current (mA)

350

300

250

200

150

100

50

70

60

50

40

30

20

10

Siliconix
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Switching Times vs. Bipolar Supplies

A

ITRANS

tONEN)

~
o

LOFF(EN)

*5 *=10 *15 *20
VsuprLy — Supply Voltage (V)

Charge Injection vs. Analog Voltage

N

— V+ =15V,

v-=-15v N

-5 0 5 10 15

Vs — Source Voltage (V)

Supply Currents vs. Switching Frequency

T
En=5V

— Ax=0or5V

:4

10 100

1k 10k 100k 1M 10M
f — Frequency (Hz)
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Siliconix DG406/407

AMember of the TEMIC Group

Typical Characteristics (Cont’d)

200 toN/torF vs. Temperature Switching Threshold vs. Supply Voltage
3
1
80 - vy =15V
260 |- V-=-15V ]
240 <
P F
220 —— b) 2 ]
P 5
Z 200 —F 'TRANS E \S
5 180 - - 8
g P lONEN) 2~ g
5 160 g y
140 e’ | 1 ;,
120 . = >
100
80 'OFFEN),
60 N 0
-55-35 -15 5 25 45 65 85 105 125 0 +5 +10 *15 *20
Temperature (°C) VsuppLy — Supply Voltage (V)

Schematic Diagram (Typical Channel)

V+ 0
GND O VREF %
——
I_| '_l O D
Ao O] § 3 I T , E)w o 7
tle L w | &
A; Jl % - : Level _L Decode/ : t__ o V-
X O § DO Shift Drive : '_l x S
% V+ | [ : -0 §;
EN o f D° R B e e A
v- o I l L—o S
Figure 1.
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Test Circuits

Siliconix

AMember of the TEMIC Group

+15V
+24vo—]en YVt s ko s10v
As
A S2-S15 |
2 DG406 1 tr <20 ns
A Sis o F1ov = Logic 3V L—__—l tf <20 ns
| Ao Vo Input 50%
GND V- P ov _7 K-—
509 & 300 35 pF
-15V Ve1
- = - - = Switch 90%
+15V Output
? Vo ov
V+
+2.4V 0—EN St f—o0 10V Ves 90%
Ay * l —
DG407 -1 ITRANS ™ {TRANS
A Sgpf—0 F1OV = S;ON Sz ON
Ao Dy Vo
GND V-
50Q 5 3000 35pF
-15V
* = S1a — Sga, S2b — S7, Da .
Figure 2. Transition Time
+1?5 v
V+
A3 S0 -5V
- e I L
A1 pGaos ==
Ag -
EN D Vo
GND V- . t; <20 ns
35 oF Logic 3V t; <20 ns
509 300Q P Input
-15V ov
== = - = ONGEN) tOFF(EN)
+15V oV
? 10%
V+ gwittchl
A2 S0 -5V utpu
= A S1a— Sga Vo
Ag Sob — Sgb ] Vo
DG407 -
EN D, and Dy Vo
GND V- 35 pF
50Q I 300Q
-15V
Figure 3. Enable Switching Time
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Test Circuits (Cont’d)

DG406/407

t; <20 ns
Logic 3V t <20 ns
Input 50%
ov
A%
s 80%

Switch
Output

Vo oV tOPEN

Figure 4. Break-Before-Make Interval

+15V
V+
+2.4V o—EN
a;, AllSandDy [0 +5V
A, DGA406
A DG407
~— A DDy Vo
GND V-
50Q é 300 2 35 pF
-15V I
Application Hints

Sampling speed is limited by two consecutive events: the
transition time of the multiplexer, and the settling time of
the sampled signal at the output.

tTRANS is given on the data sheet. Settling time at the load
depends on several parameters: Ips(on) Of the multiplexer,
source impedance, multiplexer and load capacitances,
charge injection of the multiplexer and accuracy desired.

The settling time for the multiplexer alone can be derived
from the model shown in Figure 5. Assuming a low
impedance signal source like that presented by an op amp
or a buffer amplifier, the settling time of the RC network for
a given accuracy is equal to nT:

% Accuracy # Bits n
0.25 8 6
0.012 12 9
0.0017 15 11

IDS(on)
O AN O Vour
Rg=0

Figure 5. Simplified Model of One Multiplexer Channel

P-32167—Rev. C (11/15/93)

The maximum sampling frequency of the multiplexer is:

1

= (195)

N (tSETTLING + 'TRANS)
where N = number of channels to scan
{SETTLING = 0T = DX ID§(on) X CD(on)
For the DG406 then, at room temp and for 12-bit accuracy,
using the maximum limits:

1
fy= 19
16 (9x 100 Qx100x 10~12 F) + 300x 10~125 (196)

or

f; = 694 kHz (197)

From the sampling theorem, to properly recover the
original signal, the sampling frequency should be more than
twice the maximum component frequency of the original
signal. This assumes perfect bandlimiting. In a real
application sampling at three to four times the filter cutoff
frequency is a good practice.

Therefore from equation (197) above:

f, = % xf =173 kHz (198)

From this we can see that the DG406 can be used to sample
16 different signals whose maximum component frequency
can be as high as 173 kHz. If for example, two channels are
used to double sample the same incoming signal then its
cutoff frequency can be doubled.

29




DG406/407
Application Hints (Cont’d)

The block diagram shown in Figure 6 illustrates a typical
data acquisition front end suitable for low-level analog
signals. Differential multiplexing of small signals is
preferred since this method helps to reject any common
mode noise. This is especially important when the sensors
are located at a distance and it may eliminate the need for
individual amplifiers. A low 1ps(en), low leakage

Siliconix

AMember of the TEMIC Group

multiplexer like the DG407 helps to reduce measurement
errors. The low power dissipation of the DG407 minimizes
on-chip thermal gradients which can cause errors due to
temperature mismatch along the parasitic thermocouple
paths. Please refer to Application Note AN203 for
additional information.

To
Sensor 1
- Inst
- _DOOOO( Anal Amp SH
| 2108 12-Bit
™ Multiplexer AD
Sensor 8 [} DG407 Converter
P E—

|

Controller

Figure 6. Measuring low-level analog signals is more accurate when using a differential multiplexing technique.

2-10

P-32167—Rev. C (11/15/93)



Siliconix

AMember of the TEMIC Group

8-Channel/Dual 4-Channel

DG408/409

High Performance CMOS Analog Multiplexers

Features Benefits Applications

@ Low On-Resistance—rps(ony: 100 ® Reduced Switching Errors ® Data Acquisition Systems

® L ow Charge Injection—Q: 20 pC ® Reduced Glitching ® Audio Signal Routing

® Fast Transition Time—tTraNs: 160ns @ Improved Data Throughput ® ATE Systems

o Low Power—Isyppry: 10 pA ® Reduced Power Consumption ® Battery Powered Systems

® Single Supply Capability ® Increased Ruggedness ® High Rel Systems

@ 44-V Supply Max Rating ® Superior to DG508/509A ® Single Supply Systems

® Wide Supply Ranges (+5Vto £20V) e Medical Instrumentation

Description
The DG408 is an 8-channel single-ended analog address(Ay)and enable (EN)are TTL compatible over the

multiplexer designed to connect one of eight inputs to a
common output as determined by a 3-bit binary address
(Ao, A1, Ag). The DG409 is a dual 4-channel differential
analog multiplexer designed to connect one of four
differential inputs to a common dual output as determined
by its 2-bit binary address (Ao, A;). Break-before-make
switching action protects against momentary crosstalk
between adjacent channels.

An on channel conducts current equally well in both
directions. In the off state each channel blocks voltages up
to the power supply rails. An enable (EN) function allows
the user to reset the multiplexer/demultiplexer to all
switches off for stacking several devices. All control inputs,

full specified operating temperature range.

Applications for the DG408/409 include high speed data
acquisition, audio signal switching and routing, ATE
systems, and avionics. High performance and low power
dissipation make them ideal for battery operated and
remote instrumentation applications.

Designed in the 44-V silicon-gate CMOS process, the
absolute maximum voltage rating is extended to 44 V.
Additionally, single supply operation is also allowed. An
epitaxial layer prevents latchup.

For additional information please see App Note AN201
and Technical TA201.

Functional Block Diagrams and Pin Configurations

DG408 Dual-In-Line and SOIC
N

Ay [1: E A

V- E | | E GND
S E"”f“’ bo[m] v
Sy E_o/ra__yll/ A_E Ss
S3 E_q/ll’a__qfa_g Se
S4 E—o} o ‘—E S7
D E -J’ A_E Sg

Top View

P-32167—Rev. C (11/15/93)

DG409 Dual-In-Line and SOIC
A [ 7 E Aq
EN o] 15] oND
V- E | | 1__4J V+
S1a E_«r "_E S1b
S2a E_,{If |._ 2] S»
S [6 [T | S
S4a E’_o)' 2 {T0] S
D, E 9| Db
Top View




DG408/409

Truth Table — DG408

Ay Ar Ay EN On Switch
X X X 0 None

0 0 0 1 1

0 0 1 1 2

0 1 0 1 3

0 1 1 1 4

1 0 0 1 5

1 0 1 1 6

1 1 0 1 7

1 1 1 1 8

Ordering Information — DG408

Siliconix

A Member of the TEMIC Group

Truth Table — DG409

Ay Ay EN On Switch

X X 0 None

0 0 1 1

0 1 1 2

1 0 1 3

1 1 1 4
Logic“0” = Var <08V
Logic“1” = Vag =224V

X = Don’t Care

Ordering Information — DG409

Temp Range Package Part Number Temp Range Package Part Number
16-Pin Plastic DIP | DG408DJ 16-Pin Plastic DIP | DG409DJ
~40t0 85°C —40t085°C
16-Pin SOIC DG408DY 16-Pin SOIC DG409DY
DG408AK DG409AK
16-Pin CerDIP DG408AK/883 16-Pin CerDIP DG409AK/883
~55t0125°C — —5510125°C Pyt s—
5962-920401MEA 5962-920402MEA
LCC-20* 5962-920401M2A LCC-20* 5962-920402M2A
*Block Diagram and Pin Configuration not shown.
. .
Absolute Maximum Ratings
Voltage Referenced to V~ 16-Pin Narrow SOICY . ... ......oiiiiiiiniineiinn., 600 mW
Vo e e 4V 16-PinCerDIP® . ... .o 900 mW
GND ..o 25V LCC20f oo 750 mW
Digital Inputs?, Vs, Vp . ............ (V=) =2Vto(V+)+2Vor
20 mA, whichever occurs first
Current (Any Terminal) ...........ccooiiiiiniiiiinnn. 30mA NOwSS_I s on Sx. D or IN ding V-4 or V— will be clamped b
a. Signals on Sx, Dx or INx exceeding V+ or V— will be clamped by
Peak Current, Sor D internal diodes. Limit forward diode current to maximum current
(Pulsed at 1 ms, 10% Duty Cycle Max) ................. 100 mA ratings.
Storage Temperature (AK Suffix) .... —-6510150°C b. Allleads soldered or welded to PC board.
(DJ, DY Suffix) —65 10 125°C c. Derate 6 mW/°C above 75°C.
L b d. Derate 7.6 mW/°C above 75°C.
Power Dissipation (Package) e. Derate 12 mW/°C above 75°C.
16-Pin PlasticDIPC ............. ..o, 450 mW f. Derate 10 mW/°C above 75°C.

2-12
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Sikcanix DG408/409

Specifications?

Test Conditions A Suffix D Suffix
Unless Otherwise Specified —55t0125°C —40t085°C
V+=15V,V-=-15V
Parameter Symbol VAL = 0.8V, Vay = 2.4 VI Temp? | Typ¢ | Mind | Maxd | Mind | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full -15 15 -15 15 A\
Drain-Source _ _ Room 40 100 100
On-Resistance TDS(on) Vp = =10V Is = —10mA Full 125 125
Matching Betwee:
gﬁ;;%, S;‘ 108 BEWEET 1 Arps(on) Vp =10V Room 15 15 %
Source Off 1 Vsg=+10V,Vp= F10V Room -0.5 0.5 -0.5 0.5
Leakage Current S(off) VEN=0V Full ~50 50 -5 5
Room -1 1 -1 1
Vo = 210V Ve o 710y | PO | Full -100 | 100 | -20 | 20
Drain Off Leakage Current Ip(offy D Vi ’ SV
EN= DG409 Room -1 1 -1 1 1A
Full -50 50 -10 10
Room -1 1 -1 1
Vesvp=xtoy | 0% | Ful ~100 | 100 | -20 | 20
Drain On Leakage Current ID(on) Sequence Each S_witch Oon
DG409 Room -1 1 -1 1
Full -50 50 -10 10
Digital Control
Logic High Input Voltage VINH Full 24 24
v
Logic Low Input Voltage VINL Full 0.8 08
Logic High Input Current Iay Va=24V,15V Full -10 10 -10 10
MA
Logic Low Input Current IaL VEN=0V,24V, V5, =0V Full -10 10 -10 10
Logic Input Capacitance Cin f=1MHz Room 8 pF
Dynamic Characteristics
Transition Time tTRANS See Figure 2 Full 160 250 250
Break-Before-Mak
I;tzz;val ctore-Make tOPEN See Figure 4 Room 10 10
ns
Room 115 150 150
Enable Turn-On Time tON(EN
@ See Figure 3 Full 225
Enable Turn-Off Time LOFF(EN) Room 105 150 150
Charge Injection Q CL=10nEVs=0V Room 20 pC
Off Isolation? OIRR VEN=0V,R =1kQ,f=100kHz | Room =75 dB
Source Off Capacitance Cs(offy VEN=0V,Vg=0V,f=1MHz Room 3
DG408 Room 26
Drain Off Capacitance Cp(off)
VEN=0V,Vp=0V DG409 Room 14 pF
f=1MHz DG408 | Room | 37
Drain On Capacitance Cp
P o) DG409 | Room | 25
Power Supplies
Positive Supply Current I+ Full 10 75 75
VEN=VA=0Vor5V A
Negative Supply Current I- Full 1 =75 =75
Positive Supply Current I+ nglﬁfl 02 Oés 025 mA
VEN=24V,Vp =0V
Negative Supply Current 1- Full ~500 —500 HA

P-32167—Rev. C (11/15/93) 2-13
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Specifications? for Single Supply

Siliconix

AMember of the TEMIC Group

Test Conditions A Suffix D Suffix
Unless Otherwise Specified —5510125°C | —40t085°C
V+ =12V, V- =0V
Parameter Symbol VaL = 08V, Vay = 2.4 VE Temp? | Typ¢ | Mind | Maxd | Mind | Maxd | Unit
Analog Switch
Drain-Sourco Vp=3V,10V,Is= - 1mA R 9 Q
On-Resistance® { DS(on) D=3V 10V Is=~ oom
Dynamic Characteristics
i}{;{;‘;‘;ﬁ;{gﬂ‘e of trRaNs | Vs1=8V,Vsg=0V,Viy=24V | Room | 180
Enable Turn On Time® LON(EN) Ving =24V, VinL =0V Room 180 ns
Enable Turn Off Time® tOFF(EN) Vs1=5V Room 120
Charge Injection® Q CL=1nEVg=6V,Rg=0 Room 5 pC

Notes:

Smmean o

Typical Characteristics

0 Source/Drain Capacitance vs. Analog Voltage

T T
V=15V }
— V—=-15V /
60
Cp(on) /V
T
Q) Co(ott)
A 40
5
Q
20
Cs(offy
0
~-15 -10 -5 0 5 10 15
VANALOG — Analog Voltage (V)
2-14

Ip (pA)

Refer to PROCESS OPTION FLOWCHART (Section 5 of the 1994 Data Book or FaxBack number 7103).
Room = 25°C, Full = as determined by the operating temperature suffix.
Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.

The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
Guaranteed by design, not subject to production test.
Vin = input voltage to perform proper function.
Arpg(on) = IDS(on) Max — rps(on) Min.
‘Worst case isolation occurs on Channel 4 do to proximity to the drain pin.

Drain Leakage Current vs. Source/Drain Voltage

(Single 12-V Supply)
60 T T T
Vs = 0V for Ip(ofr
Vs = Vp for ID(on)
40
DG408 Ip(off) l
20 DG409 Ip(of) ;
DG409 Ip(ony I. A ,\r
0 / N\
———
-20 T
DG408 Ip
w0 _ > (on)
—60
0 2 4 6 8 10 12

Vp - Drain Voltage (V)

P-32167—Rev. C (11/15/93)



Siliconix

AMember of the TEMIC Group

Typical Characteristics (Cont’d)

Drain Leakage Current vs. Source/DrainVoltage

100 T T T
V+ =15V
V—-=-15V j
60 — Vg=-Vpfor Ip(ott)
Vb = Vs(open) for ID(on)
| |
o DG409 Iperry y
g —t— T
S 20
& "1 /\|/
-60 /4 ' DG409 Ipgony — |
-100 / DG408 Ip(ony, In(off)
o | 1]
-15 -10 -5 0 5 10 15
'Vp or Vs — Drain or Source Voltage (V)
Input Switching Threshold vs. Supply Voltage
2.0
15 . 7"’7?
\%Z'
e
S 1.0
&
0.5
0.0
4 8 12 16 20
+Vsurery (V)
Positive Supply Current vs. Switching Frequency
100 mA T T

Vsuppry = =15V

10 mA //
VEN = 2.

.4V/
1mA L~

I+

100 pA

VeEN=0Vor5V

10pA l I
100 1k 10k 100k 1M  10M

Switching Frequency (Hz)

P-32167—Rev. C (11/15/93)

DG408/409

Source Leakage Current vs. Source Voltage

20
s |
V+ =15V
- 10 V-=-15V
g 5 =
0 /] =
~
/v+ =12V
-5 V-=0V —]
||
-15 -10 -5 0 5 10 15
Vg — Source Voltage (V)
Negative Supply Current vs. Switching Frequency
—100 mA I I
VsuppLy = *15V
~10mA //
-1mA /
A Ve =24 VV
—-100 pA 71
-10pA /
/7 VEN=0Vor5V
-1 P
-01pA
100 1k 10k 100k 1M 10M
Switching Frequency (Hz)
IsuppLy Vs. Temperature
100 pA
10pA — I+
1pA —
,  100nA
=
< 10na /,/
1nA e
74
-(I-) / VsuppLy = =15V
100 pA Va=0VvV —
4/ VEN=0V
10pA L1

-55-35 =15 5 25 45 65 85 105 125
Temperature (°C)

2-15




DG408/409

Typical Characteristics (Cont’d)

Positive Supply Current vs. Temperature (DG408)

20 \\
15 \\\
z ™~
~ V+ =15V
X 10 Fv-=-15V
ViN=0V
VeN=0V
5
0
=55 =35 -15 5§ 25 45 65 85 105 125
Temperature (°C)

rps(en) V- Vp and Supply

120
100
A +5V
80
) /
D N +8V
B N +10V |
g 4 — AT v
40 ’l/ —
/
20 20V L x15V
: [ [ L] ]
-20 -16-12 -8 -4 0 4 8 12 16 20
Vp - Drain Voltage (V)
IDS(on) VS- Vs and Temperature
80 T T
V+ =15V
70 \ V-=-15V |
. |
6 ~ 125°C /\
~ 50 ] <o
g N [ —) 85°C _A
g 40 ~ 25°C
v
E 30 \\‘ A
T e /‘
2 0°C / ~55°C
10 -40°C
0 i
-15 -10 -5 0 5 10 15
Vg — Source Voltage (V)
2-16

Q(pC)

tDs(on) ()

s(on) (£2)

Siliconix

AMember of the TEMIC Group

Charge Injection vs. Analog Voltage
I

90 T T
80 |— CL=10,000pF
Vi =5Vp-p /
70
60 /V
50 V+ =15V
40 V-=-15V
30
20
10
0 v+ =12V |
V-=0V
-10 i
-15 -10 -5 0 5 10 15
Vs — Source Voltage (V)
160 IDS(on) V- Vp and Supply (Single Supply)
140
I V+ =75V
120 \ i 4i
100 v
N\, |
0 o \2V
60 L \15 v 20V
e
V/ﬁ ﬁ'\
40 22V
V-=0V
20
0
0 4 8 12 16 20 22
Vp - Drain Voltage (V)
130 rps(on) ¥s- Vs and Temperature (Single Supply)
4 ]
/ 125°C
10— —
T | 4 85°C N
/ ]
90 1 T
~— 25°C
70 >
o B /\
50 [~ PaN
— \/:“
-55°C ooc/ /
30 —40°C V+ =12V
v-=0v -
o ] NS
0 2 4 6 8 10 12

Vs — Source Voltage (V)
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Siliconix DG408/409

AMember of the TEMIC Group

Typical Characteristics (Cont’d)

150 Off Isolation and Crosstalk vs. Frequency Insertion Loss vs. Frequency
- | [ 1 I I
V=15V 0 Ry =1ka
~130 V-=-15V |
RL=1kQ \
-1 V=15V \
-110 N V—-=-15V
\\\ a Ref. 1 Vrms \
-2
= I
g - N ) 2
\ Off-Isolation S -3

=70 —4
Crossta]k\\\
-50 R =50Q

N
N -5
-30 \- 6 | I
100 1k 10k 100k 1M 10M 100M 10 100 1k 10k 100k 1M 10M 100M
f — Frequency (Hz) f — Frequency (Hz)
Switching Time vs. Bipolar Supply 275 Switching Time vs. Single Supply
200 |
’
tTRANS// 250
175 g \
225
150 LN
g | g I s
) 125 - 175 — [
t,
; LOFF(EN) 150 \T) ]
100 N __[ONEN)
LON(EN) 125 \ig I
75 100 I
+10 +12 +14 16 +£18 +£20 +£22 8 9 10 11 12 13 14 15
Vsupery (V) Vsupery (V)
Schematic Diagram (Typical Channel)
V+ O
GND © VREF x
% ’_|| . 'J O D
A O | N1t %
E T T T, 1
| 'h:_L | ! l ve | 8
| % — I Level I Decode/ : Il-—‘ ? V-
Ax oL Dc L | shift |L]| Drive ' | %
§ | —o S
; v+ : . S |
EN © DC "——"'_—__————{ |
s | | s
V- O

Figure 1.

P-32167—Rev. C (11/15/93) 2-17



DG408/409

Test Circuits

+§>5 v
V+
|__E Ao S; o x10V
- Aq
$2-87
Ay 1
DG408 Szl—o F10V =
EN GND v D Vo Logic 3v
— Input !
509 s 3000 I35"F oV
: -15V
—_- = — - = . Vs1
Switch
+15V Output
T Vo ov
V+
|__E A S }—o z10V
— Ag Vss
S1a — S4ay Da
{TRANS —*]
DG409 Sp|—o0 FlOV = S;ON
EN Dy Vo
GND V-
soe | & 3we 35pF
-15V
Figure 2. Transition Time
+15V
V+
S0 -5V
EN
o we
M pGaos =
A Logic 3V
2 D Vo lnpgfu
GND V- v
o 3 1k 35 pF 0
-15Vv | tON(EN)
= = = — - = ov
+15V
Switch
Output
V+ Vo
Sip O -5V .
EN Vo
S1a — S4a, Dy
Ao Sab — Sap I
DG409 -
A1 Dy Vo
GND V-
soQ 3 1k 35 pF
-15V l

Figure 3. Enable Switching Time

Siliconix

AMember of the TEMIC Group

t; <20 ns
tr <20 ns

[ 50% 1(

90%

90%

ITRANS

SgON |

tr <20 ns
tr <20 ns

tOFF(EN)

10%

P-32167—Rev. C (11/15/93)



Siliconix DG408/409
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Test Circuits (Cont’d)

+15V
V+ ty <20 ns
+24VO——EN Logic 3V tr <20 ns
Input 50%
AllSandD, |0 +5V ov
40 DG408
Aq DG409
| A: Dy, D
2 bs Vo Vs
GND V- 80%
Switch

s0Q _é’s v 300Q 35 pF Output
Vo oV tOPEN

Figure 4. Break-Before-Make Interval

+15V

V+ Logic 3V

Rg
W Sx OFF ON OFF
EN Input ov

o—] Ao D | Vo
Channel | o—, A; \
AVp
Select { o—| 4, G swich -
GND V- | n Output
& — AV is the measured voltage due to charge transfer error Q,
when the channel turns off.
-15V
— Q=CLxAVo
Figure 5.  Charge Injection
+15V
+15V 7
7 Vax v+
S1
V+ S
Vs r
d|s
D o Vo Ag D Vo
Ry =50Q Ay
Rp, — = Ay Ry
GND EN V- 1kQ = GND EN V- 1kQ
' -15v ' -15v <
i \V/ L Vi
= = OffIsolation =20log |—2% I = = Crostalk=20log |—2%
Figure 6.  Off Isolation Figure 7. Crosstalk

P-32167—Rev. C (11/15/93) 219
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Test Circuits (Cont’d)

+15V
Vs 1 V+
Rg=50Q
Ag D Vo
-_— Ax
Ay Rp
GND EN V- 1kQ
6 =
-15Vv v,
= ——= Insertion Loss = 20 log ouT
Figure 8. Insertion Loss
Application Hints

Overvoltage Protection

A very convenient form of overvoltage protection consists
of adding two small signal diodes (1N4148, 1N914 type) in
series with the supply pins (see Figure 10). This
arrangement effectively blocks the flow of reverse currents.
It also floats the supply pin above or below the normal V+

V+

Siliconix

AMember of the TEMIC Group

+15V
v+ s o
1
o4 |/ H]l:{;l;;A
Céx:]gg[el o— A Sg 'é'—O— Impedance
\ Analyzer
O0— Ao \ : or Equivalent
plo
GND EN V- £=1MHz
| -15V

Figure 9. Source Drain Capacitance

or V— value. In this case the overvoltage signal actually
becomes the power supply of the IC. From the point of view
of the chip, nothing has changed, as long as the difference
Vs — (V-) doesn’t exceed +44 V. The addition of these
diodes will reduce the analog signal range to 1 V below V+
and 1 V above V—, but it preserves the low channel
resistance and low leakage characteristics.

; 1N4148

Sx

o A

OD

DG408

—_— i 1N4148

V-

Figure 10. Overvoltage Protection Using Blocking Diodes

2-20
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Applications

DG408/409

8-Channel Sequential Multiplexer/Demultiplexer Differential 4-Channel Sequential Multiplexer/Demultiplexer
+15V -15V +15V -15V
[ =] [
V+ GND V- V+ GND V-
o—is; ro :13
o—s, c 2
o— S —o0
Oo—1S3 Analog Differential Sia Da Differential
O— ifferentia
?::ll:t)sg O——]S+ DG408 DI—O Output ?:allft’sg < * DG409 Analog
o—ss (Input) p Outputs
(Outputs) (Outputs) o— Sp, (Inputs)
oO— S
s O— S» Dp}—0
s O—— Sa»
O— S8
O— Sa
15V Ay A1 Ay EN +15V& Ay A; EN
| I
Clock DM7493 Qg
In By Qc
o N = R F
ne— A oL ne Clock 1, MMT74CT3 s MM74CT3
01 T2 GND In CLK CLK
J;. 1K Q}—NC L—K Qf—NC
15V CLEAR GND CLEAR
= [ T E
Enable InO Reset Enable o =
(MUX On-Off Control)
Figure 11.

P-32167—Rev. C (11/15/93)
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DG428/429

Siliconix

AMember of the TEMIC Group

Single 8-Channel/Differential 4-Channel Latchable

Analog Multiplexers

Features Benefits

o Low IDS(on): 55Q
® Low Charge Injection: 1pC

@ On-Board TTL Compatible
Address Latches

® High Speed—tTrANs: 160 ns
Break-Before-Make
Low Power Consumption: 0.3 mW

® Easily Interfaced

Description

The DG428/DG429 analog multiplexers have on-chip
address and control latches to simplify design in
microprocessor based applications. Break-before-make
switching action protects against momentary crosstalk of
adjacent input signals.

The DG428 selects one of eight single-ended inputs to a
common output, while the DG429 selects one of four
differential inputs to a common differential output.

An on channel conducts current equally well in both
directions. In the off state each channel blocks voltages up
to the power supply rails. An enable (EN) function allows
the user to reset the multiplexer/demultiplexer to all

® Improved System Accuracy L]
® Microprocessor Bus Compatible

® Reduced Crosstalk
® High Throughput
® Improved Reliability

Applications

Data Acquisition Systems
Automatic Test Equipment
Avionics and Military Systems
Communication Systems

Microprocessor Controlled Analog
Systems

Medical Instrumentation

switches off for stacking several devices. All control inputs,
address (Ay) and enable (EN) are TTL compatible over the
full specified operating temperature range.

The silicon-gate CMOS process enables operation over a
wide range of supply voltages. The absolute maximum
voltage rating is extended to 44 V. Additionally, single
supply operation is also allowed and an epitaxial layer
prevents latchup.

On-board TTL-compatible address latches simplify the
digital interface design and reduce board space in
bus-controlled systems such as data acquisition systems,
process controls, avionics, and ATE.

Functional Block Diagrams and Pin Configurations

DGA428
Dual-In-Line
o/
wE [1 18] ®s
o [2] 7]
EN E E Ay
V- E Ll—il GND
S1 E E V+
S |6 | E Ss
ss |7 —c/]’n———ﬁ\o—l__zl Ss
T N
S4 E ‘__‘\F"_\E S7
D 9 {O—E SS
Top View
2-22

DG428
EN [4] 18] A,
v- [5] 17] GND
ss [8] 14] s
DR
S09as
Top View
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Functional Block Diagrams and Pin Configurations (Cont’d)

DG429 Dual-In-Line DG429
o U/ _
w1 mis
~ ] ] »
EN |3 16| GND
[ 6] EN [4] 18] GND
v- E 1__5| v+ V- E E Vbp
St E 14] Sp S1a [9] S1
7 15| S
S2a I_T_ 13| S S2a E :I G
S3a [E EI S3b
s 7] 2] s
s [8] ] s LIRS
b, [9] 10] b, 48244
Top View
Top View
Truth Table — DG428 Truth Table — DG429
8-Channel Single-Ended Multiplexer Differential 4-Channel Multiplexer
Ay | A [ A [EN [WR | RS | On Switch A | A [EN |[WR | RS | On Switch
Latching Latching
Maintains previous Maintains previous
X[ x| x x| §F]1 switch condition X x[x | #11 switch condition
Reset Reset
x [ x | x [ x| x [ o [ None(atchescieared) X | x | x [ x| o | None(atchescleared)
Transparent Operatian Transparent Operation
X X X 0 0 1 None X X 0 0 1 None
0 0 0 1 0 1 1 0 0 1 0 1 1
0 0 1 1 0 1 2 0 1 1 0 1 2
0 1 0 1 0 1 3 1 0 1 0 1 3
0 1 1 1 0 1 4 1 1 1 0 1 4
1 0 0 1 0 1 5
1T |0 1 1 0 1 6 toxfc“;)” = :,'AL = g-i \\’,
ogic“l1” = Vayg = 2.
1 1 0 1 0 1 7 X = Don’t Care
1 1 1 1 0 1 8
Ordering Information — DG428 Ordering Information — DG429
Temp Range Package Part Number Temp Range Package Part Number
18-Pin Plastic DIP DG428DJ 18-Pin Plastic DIP DG429DJ
—401t085°C _ —401t085°C .
20-Pin PLCC DG428DN 20-Pin PLCC DG429DN
55t0125°C 18-Pin CerDIP DG28AK 55t0125°C 18-Pin CerDIP DGA29AK
-— o = I —_ t o _Pi eeeeeeee————
° n e DG428AK/883 ° e DG429AK/883
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DG428/429

Absolute Maximum Ratings

Siliconix

AMember of the TEMIC Group

Voltage Referenced to V—~ Power Dissipation (Package)®
S 4“v 18-Pin Plastic DIP
GND e 25V ;g'E“ g?éPd -------
Digilal Inputsa, VS, VD ............. (V—) —2Vto (V+) +2Vor e 1 1 1 o 5 Y
30 mA, whichever occurs first Notes:
Current (Any Terminal) ..., 30mA a.  Signals on S, Dx or INx exceeding V+ or V- will be clamped by
Peak Current, S or D internal diodes. Limit forward diode current to maximum current
(Pulsed at 1 ms, 10% Duty Cycle Max) ................. 100 mA ratings.
b. Allleads soldered or welded to PC board.
Storage Temperature (AK Suffix) ............ —65 t0 150°C ¢. Derate 6.3 mW/°C above 75°C.
(DJ, DN Suffix) ......... —6510125°C d. Derate 12 mW/°C above 75°C.
e. Derate 10 mW/°C above 75°C.
Specifications?
Test Conditions A Suffix D Suffix
Unless Otherwise Specified —55t0125°C | —40t085°C
V=15V V- =-15V
WR =0,R§ =24V
Parameter Symbol ViIn =24 V,08 VI Temp? | Typ® | Mind | Maxd | Mind | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full -15 15 -15 15
. . Vp = 10V, Va1, =08V R 55 100 100
Drain-Source On-Resistance IDS(on) ISD= —1mA, V:HL —24V }?le;n 125 125
Greatest Change in rps(on -10V<Vg<10V
Between Channelsé stom Arps(on) Is=-1mA Room 5 %
Vs=£10V,Vp = F10V Room | £0.03 | =05 | 05 | —05 | 05
Source Off Leakage Current Isoff Ven =0V Full 50 50 50 50
Room | +0.07 -1 1 -1 1
; Vp=£10V DG428 | gy -100 | 100 | -100 | 100
Drain Off _
Leakage Current Ipetn ‘{f N f},"\)’ Room | £0.05 | -1 1 -1 1
EN DG429 | “gyyy -s0 | so | -s0 | s0 | A
Room | £0.07 -1 1 -1 1
. Vs=Vp=+10v  |DG428 | “gyy -100 | 100 | -100 | 100
Drain On =
Leakage Current e | B v 24V Room | %005 | -1 | T | -1 | 1
ALT RSB TART &2 Y | DGA29 | Ty -s0 | s0 | -s0 | s0
Digital Control
Logic Input Current . Va=24V Full 0.01 1 1
Input Voltage High AH Va=15V Full | 001 1 1 WA
Logic Input Current VEN=0V,24V,Vp =0V _ _ _
Input Voltage Low IaL RS=0V,WR=0V Full | -001 | -1 1
Logic Input Capacitance Cin f=1MHz Room 8 pF
Dynamic Characteristics
Transition Time tTRANS See Figure 5 nglﬂfl 150 ggg %gg
Break-Before-Make Interval tOPEN See Figure 4 Full 30 10 10
Enable and Write Room 90 150 150 ns
Turn-On Time LON(EN, WR) See Figures 6 and 7 Full 225 225
Enable and Reset Room 55 150 150
Turn-Off Time LOFF(EN, RS) See Figures 6 and 8 Full 300 300
Lo Veen =0V,RGgen =0Q
Charge Injection Q CL = 1 nE, See Figure 9 Room 1 pC
. VeN =0V, RL, =300, Cy, = 15 pF _
Off Isolation OIRR Vs =7 Vims, £ = 100 kHz Room 75 dB
2-24 P-32167—Rev. C (11/15/93)



Siliconix DG428/429
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Specifications? (Cont’d)

Test Conditions A Suffix D Suffix
Unless Otherwise Specified ~5510125°C | —40t085°C

V=15V, V= =-15V
WR=0,RS=24V

Parameter Symbol VIN =24 V,08 Vf TempP | Typ¢ | Mind | Maxd | Mind | Maxd | Unit
Dynamic Characteristics (Cont’d)
Source Off Capacitance Cs(offy Vs=0V,VEn=0V,f=1MHz Room 11
DG428 | Room 40
. . Cpy(off)
Drain Off Capacitance Vp=0V,Vgy=0V [DG429 | Room 20 pF
f=1MHz DG428 | Room | 54
. . Cp(on)
Drain On Capacitance DG429 | Room 34

Minimum Input Timing Requirements

Write Pulse Width tw Full 100 100
Ay, EN Data Set Up time ts See Figure 2 Full 100 100
Ay, EN Data Hold Time tH Full 10 10 ns
Reset Pulse Width tRs Vg =5V, See Figure 3 Full 100 100
Power Supplies
Positive Supply Current I+ Room 20 100 100
Negative Supply Current I- VEN=0V.VA=0,RS =5V Room —01'00 -5 -5 na
Specifications? for Single Supply
' Test Conditions A Suffix D Suffix
Unless Otherwise Specified —551t0125°C | —401085°C
Vi =12UV-=0V
WR =0,RS=24V
Parameter Symbol VN =24V,08V Temp® | Typ¢ | Mind | Maxd | Mind | Maxd | Unit
Analog Switch
Analog Signal Range® VANALOG Full 0 12 0 12
Drain-Source Vp =+10V, V4 =08V
On-Resistance TDS(on) Is= =500 pA, Vay =24V Room 80 150 150
-10V<Vg<10V
DS(on) Match® Arps(on) Is = —ls mA Room 5 %
Source Off Leakage Current Is(off) Vs=0 V,‘lll';)%‘f ;/ ]3 \7 1ovov le')l?l?l £003 :%(5)’ %g :%g (;05
Room | +£0.07 | -1 1 -1 1
; Vp=0V,10V DG428 | gy -100 | 100 | -100 | 100
Drain Off Ingetty Vs=10V,0V
Leakage Current o _a R $005 | -1 1 1 1
Ven =0V oom X
N DG429 | "Ry -s0 | 50 | -s0  so | A
Room | +£0.07 | -1 1 -1 1
; Vs=Vp=0v10v |DG428 | "y -100 | 100 | -100 | 100
Drain On Tnon) VEN =24V
Leakage Current on, _ - R 005 | -1 1 -1 1
VAL =08V, Vag =24V oom | £0.
AL A DG429 | "Ry 50 | 50 | -s0 | s0
Digital Control
Logic Input Current I Va=24V Full 1 1
Input Voitage High AH Va=12V Full 1 [
Logic Input Current VEN=0V,24V,Vp =0V
Input Voltage Low Ia RS=0V,WR=0V Full -1 -1
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Specifications? for Single Supply
Test Conditions A Suffix D Suffix
Unless Otherwise Specified —55t0125°C | —40t085°C
Vi =12V, V- =0V
WR=0,RS=24V
Parameter Symbol VN =2.4V,08 Vf Temp® | Typ¢ | Mind | Maxd | Mind | Maxd | Unit

Dynamic Characteristics
Transition Time ITRANS See Figure 5 Rl?l?llln 160 %28 ggg
Break-Before-Make Interval tOPEN See Figure 4 nglﬁ?l 40 %g %(5)
Enable and Write oo Fivares 6 and 7 Room | 110 300 30 |
Turn-On Time LON(EN, WR) ce Figures 6 an Full 400 400
Enable and Reset ' Sec Fi 6and8 Room 70 300 300
Turn-Off Time OFF(EN, RS) © Figures 6 an Full 400 400
Charge Injection Q ngij g}}”sl:‘?gz; ;) 99 Room 4 pC
Off Tsolation omr | VENG OV RL =300 Bt T | Room | -75 dB
Minimum Input Timing Requirements
‘Write Pulse Width tw Full 100 100
Ax, EN Data Set Up Time ts See Figure 2 Full 100 100
Ay, EN Data Hold Time tH Full 10 10 1
Reset Pulse Width trRs Vg = 5V, See Figure 3 Full 100 100
Power Supplies .
Positive Supply Current I+ | Ven=0VVA=0RS=5V [ Room | 20 | [100 [ ] 100 | pa

Notes:

Room = 25°C, Full = as determined by the operating temperature suffix.

Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.

Guaranteed by design, not subject to production test.

Vv = input voltage to perform proper function.

& Arpgeny =

2-26

TDS(on)

MAX — fpg o MIN

Tps(ony AVE

x 100%

Refer to PROCESS OPTION FLOWCHART (Section 5 of the 1994 Data Book or FaxBack number 7103).

a
b,
c.
d. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
e
f.
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Typical Characteristics

140 rDpS(on) VS Vp and Supply Voltage

120

A
RS YAW!

\ I
:l':lZV | ' / +8V
60 | £15V I
\v
N _—
40 +20V

20

IDs(on) — Drain-Source On-Resistance ( Q)

0
-20-16 -12 -8 -4 0 4 8
Vp — Drain Voltage (V)

12 16 20

Single Supply rps(on) vs. Vp and Supply

200
G V-=0V -
g 160 \V+ =75V
2
L 120
?‘: 10V
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Typical Characteristics (Cont’d)
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Switching Times vs. Single Supply

I
V-=0V
N
N tl:RANs
\\ i
N \&
1
\\ tOFF
5 10 15 20
V+ - Positive Supply (V)
Off-Isolation vs. Frequency
N
™"
N
N
N
N
N
™
N
1k 10k 100k 1M 10M
f — Frequency (Hz)
Switching Times vs. Temperature
I | 1
T [ ]
m V—-=-15V
'TRANS
e —
| L1
toN "
—
t s
OFF _| et

45 65 85 105 125
Temperature (C°)

Q - Charge (pC)

Supply Current (ma)

Via (V)

Siliconix

AMember of the TEMIC Group

Charge Injection vs. Analog Voltage
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DG428/429

Schematic Diagram (Typical Channel)
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Figure 1.
Detailed Description
The internal structure of the DG428/DG429 includes a 5V input, subject to the “Minimum Input Timing

logic interface with input protection circuitry followed by a
latch, level shifter, decoder and finally the switch
constructed with parallel n- and p-channel MOSFETS (see
Figure 1).

The input protection on the logic lines Ag, A, A2, ENand
control lines WR, RS shown in Figure 1 minimizes
susceptibility to ESD that may be encountered during
handling and operational transients.

The logic interface is a CMOS logic input with its supply
voltage from an internal +5 V reference voltage. The
output of the input inverter feeds the data input ofa D type
latch. The level sensitive D latch continuously places the
Dx inputsignal on the Qx output when the WR input is low,
resulting in transparent latch operation. As soon as WR
returns high the latch holds the data last present on the Dy,

P-32167—Rev. C (11/15/93)

Requirements” table.

Following the latches the Q, signals are level shifted and
decoded to provide proper drive levels for the CMOS
switches. This level shifting ensures full on/off switch
operation for any analog signal level between the V+ and
V— supply rails.

The EN pin is used to enable the address latches during the
WR pulse. It can be hard wired to the logic supply or to V+
if one of the channels will always be used (except during a
reset) or it can be tied to address decoding circuitry for
memory mapped operation. The RS pin is used as a master
reset. All latches are cleared regardless of the state of any
other latch or control line. The WR pin is used to transfer
the state of the address control lines to their latches, except
during a reset or when EN is low (see Truth Tables).
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Timing Diagrams
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Test Circuits (Cont’d)
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Test Circuits (Cont’d)
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Figure 9. Charge Injection

Applications

Bus Interfacing

The DG428/DG429 minimize the amount of interface
hardware between a microprocessor system bus and the
analog system being controlled or measured. The internal
TTL compatible latches give these multiplexers write-only
memory, that is, they can be programmed to stay in a
particular switch state (e.g., switch 1 on) until the
microprocessor determines it is necessary to turn different
switches on or turn all switches off (see Figure 10).

2-32

The input latches become transparent when WR is held
low; therefore, these multiplexers operate by direct
command of the coded switch state on Aj, Ay, Ag. In this
mode the DG428 is identical to the popular DG408. The
same is true of the DG429 versus the popular DG409.

During system power-up, RS would be low, maintaining all
eight switches in the off state. After RS returned high the
DG428 maintains all switches in the off state.

P-32167—Rev. C (11/15/93)
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Applications (Cont’d)

When the system program performs a write operation to
the address assigned to the DG428, the address decoder
provides a CS active low signal which is gated with the
WRITE (WR) control signal. At this time the data on the
DATA BUS (that will determine which switch to close) is
stabilizing. When the WR signal returns to the high state,
(positive edge) the input latches of the DG428 save the data
from the DATA BUS. The coded information in the Ag, Aj,

DG428/429

Ay and EN latches is decoded and the appropriate switch
is turned on.

The EN latch allows all switches to be turned off under
program control. This becomes useful when two or more
DG428s are cascaded to build 16-line and larger
multiplexers.

+15V

*15V
? Analog
3 Inputs
1

( V+ r—*\O— _@__I__

P
Data Bus Ag, Ay, Ay, EN : : -
N
Il
DG428 1]
P e {  RESET O RS [ :
Bus +5V | I
Sg
-—A\O—
WRITE WR @ |
Address — v DI o Analog
Bus ] - Output
Address $
\ Decoder
-15V

Figure 10. Bus Interface
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Fault Protected Single 8-Channel/Differential 4-Channel

Analog Multiplexers

Benefits

Features Applications

® Fault and Overvoltage Protection @ Improved Ruggedness ® Data Acquisition Systems

o All Channels Off When Power Off @ Power Loss Protection @ Industrial Process Control Systems
® Latchup-Proof ® Prevents Adjacent Channel Crosstalk @ Avionics Test Equipment

® Fast Switching—T,: 200 ns o Standard Logic Interface ® High-Rel Control Systems

® Break-Before-Make Switching ® Superior Accuracy ® Telemetry

@ Low On-Resistance: 180 Q ® Fast Settling Time

® Low Power Consumption: 3 mW

® TTL and CMOS Compatible Inputs

Description

The DG458 and DG459 are 8-channel single-ended and
4-channel differential analog multiplexers, respectively,
incorporating fault protection. A series n-p-n MOSFET
structure provides device and signal-source protection in
the event of power loss or overvoltages. Under fault
conditions the multiplexer input (or output) appears as an
open circuit and only a few nanoamperes of leakage current
will flow. This protects not only the multiplexer and the
circuitry following it, but also protects the sensors or signal
sources which drive the multiplexer.

The DG458 and DG459 can withstand continuous
overvoltage inputs up to £35 V. All digitalinputs have TTL
compatible logic thresholds. Break-before-make operation
prevents channel-to-channel interference.

The DG458 and DG459 are improved pin-compatible
replacements for HI-508A/509A and MAX358/359
multiplexers.

Functional Block Diagrams and Pin Configurations

DG458 Dual-In-Line
N
EN 3] 5] %
V- E | | E GND
S E-—c’:'a_ : E V+
Sy E_"/:L""T"_E Ss
S3 6 ._cfrn__‘\:xo_g S6
S 7 _o)'a__.‘ro_E Sz
D E J\LO—E S

Top View
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DG459 Dual-In-Line
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DG458/459

Truth Tables and Ordering Information

Truth Table — DG458 Truth Table — DG459
Ay A Ay EN On Switch Aq Ay EN On Switch
X X X 0 None X 0 None
0 0 0 1 1 0 0 1 1
0 0 1 1 2 0 1 1 2
0 1 0 1 3 1 0 1 3
0 1 1 1 4 1 1 1 4
1 0 0 1 5
1 0 1 1 6 Logic“0” = VL <08V
Logic“l” = Vang =24V
1 1 0 1 7 X = Don’t Care
1 1 1 1 8
Ordering Information
Temp Range Package Part Number
DG458DJ
—40t0 85°C 16-Pin Plastic DIP
DG459DJ
DG458AK/883
16-Pin CerDIP —
DG459AK/883
—5510125°C
DG458A7Z/883
LCC-20 _
DG459AZ/883
*Block Diagram and Pin Configuration not shown.
Absolute Maximum Ratings
V4o Vo Storage Temperature (AK Suffix) ............ —6510150°C
V+ to GND (DISuffix) ............. ~65t0125°C
V-to GND Power Dissipation (Package)?
VN, Va Digital Input . .. 16-Pin Plastic DIP® ............ooiiiiiiiiiiiia, 600 mW
Vs, Analog Input Overvoltage iG(;(P;u; ;iean” ................................... iggg mx
withPowerOn ................oue (V=) =20 V1to (V+) +20V At m
Vs, Analog Input Overvoltage
with Power Off.........coooviiiiiiinniennn. -35Vto +35V NOWXI” s soldered ded to PC board.
. a. eads soldered or welded to oard.
Continuous Current,SorD ...........cooiiiiiiiiat, 20 mA b. Derate 6.3 mW/°C above 25°C.
Peak Current, S or D c. Derate 12 mW/°Cabove 75°C.
(Pulsed at 1 ms, 10% Duty CycleMax) .................. 40 mA d. Derate 10 mW/°C above 75°C.

P-32167—Rev. C (11/15/93)
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Specifications?
Test Condit