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Description Features
® | ow ON-State Resistance (10 Q)
The MAX4594 is a single-pole single-throw (SPST) ® ON-State Resistance Flatness (1.5 )
analog switch that is designed to operate from 2 V to ® Control Inputs Are 5.5-V Tolerant
5.5 V. This device can handle both digital and analog ® [ow Charge Injection (5 pC Max)
signals, and signals up to V; can be transmitted in either ® 300-MHz -3-dB Bandwidth at 25 °C
direction. L .
rection ® | ow Total Harmonic Distortion (THD) (0.05%)
® 2-V to 5.5-V Single-Supply Operation
Applicati ® Specified at 5-V and 3.3-V Nodes
pplications ® -80-dB OFF Isolation at 1 MHz
o ® | atch-Up Performance Exceeds 100 mA Per
® Sample-and-Hold Circuits JESD 78. Class Il
® Battery-Powered Equipment ® 0.5-nA Max OFF Leakage
(Cellular Phones, PDAs) ® ESD Performance Tested Per JESD 22

— 2000-V Human-Body Model
(A114-B, Class II)
® Communication Circuits — 1000-V Charged-Device Model (C101)

® TTL/CMOS-Logic Compatible

® Audio and Video Signal Routing

® PCMCIA Cards

Summary of Characteristics
V, =5V, Ta=25°C

SOT-23 OR SC-70 PACKAGE

Single Pole
(TOP VIEW) Configuration Single Throw
N (SPST)
CoM E_C\I 3 Ve Number of channels 1
NO IZ_’ ! ON-state resistance (rgn) 10Q
GND E A Q—B IN ON-state resistance flatness (ron(flat)) 15Q
Turn-on/turn-of time (toN/tOFE) 35 ns/40 ns
Charge injection (Qc) 5pC
Bandwidth (BW) 300 MHz
FUNCTION TABLE OFF isolation (O1s0) -80 dB at 1 MHz
IN NO TO COM, Total harmonic distortion (THD) 0.05%
COMTONO LeakagecurerticoM(OFF)/INO(OFF)) +0.05nA
L OFF Power-supply current (14) 1uA
H ON Package option 5-pin SOT-23 or SC-70

ORDERING INFORMATION

TA PACKAGE (1) ORDERABLE PART NUMBER TOP-SIDE MARKING (2)
SOT (SOT-23) - DBV Tape andreel | MAX4594DBVR 6SA_
-40°C to 85°C
SOT (SC-70) - DCK Tape and reel | MAX4594DCKR SA_

(1) Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are available at www.ti.com/sc/package.
(2) DBV/DCK: The actual top-side marking has one additional character that designates the assembly/test site.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas Instruments
semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. Copyright © 2005, Texas Instruments Incorporated
Products conform to specifications per the terms of Texas Instruments

dard warranty. Production p ing does not ily include
testing of all parameters.
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Pin Configurations

Available in Other Pin Configurations

com[1 5 v,
NC :3
com 1‘—0\_ 5| v, GND [ 3 <4
NO|2F—» .
GNDE 1_4_4 IN

N

MAX4595
MAX4594
MAX4596 MAX4597
Absolute Minimum and Maximum Ratings ~ (1)(2)
over operating free-air temperature range (unless otherwise noted)
MIN MAX [ UNIT

Vi Supply voltage range(3) -0.3 6 \Y
VNO

Analog voltage range(3)(4) -03 V4+03 Y
VeoMm g g g +
Ik Analog port diode current VNO, Vcom <0 -50 mA
:EI:SM On-state switch current VNO, Vcom=0to V4 -20 20 mA
INO On-state switch current _ _
lcom (pulsed at 1 ms, 10% duty cycle) VNO: Vcom =010V 40 40 mA
\ Digital input voltage range(3)(4) -0.3 6 \Y
Ik Digital input clamp current V<0 -50 mA
I+ Continuous current through V4 100 mA
IcGND  Continuous current through GND -100 mA

DBV package 206
0IA Package thermal impedance(5) °C/W
DCK package 252

Tstg Storage temperature range -65 150 °C

(1) stresses above these ratings may cause permanent damage. Exposure to absolute maximum conditions for extended periods may degrade
device reliability. These are stress ratings only, and functional operation of the device at these or any other conditions beyond those specified
is not implied.

(2) The algebraic convention, whereby the most negative value is a minimum and the most positive value is a maximum

3 All voltages are with respect to ground, unless otherwise specified.

(4) The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed.

(5) The package thermal impedance is calculated in accordance with JESD 51-7.
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Electrical Characteristics for 5-V Supply
V4=45Vt055V,V|H=24V, V| =0.8YV, Tp = -40°C to 85°C (unless otherwise noted)

(1)

PARAMETER | SYMBOL | TEST CONDITIONS | TA | Vi MIN TYP  MAX | UNIT
Analog Switch
Analog signal Vcom:
range VNO 0 V|V
ON-state VNO =35V, Switch ON, 25°C A5V 6.5 10 o
resistance fon Icom = 10 mA, See Figure 13 Full : 12
?e';';?;ie ) VNO =15V,25V,35V, Switch ON, 25°C Iy 05 15 a
on(flat) - : .
flatness Icom = 10 mA, See Figure 13 Eull 2
NO VNO=1V,VcomM=45V, Switch OFF, 25°C -05 001 05
OFF leakage INO(OFF) or See Figure 14 55V nA
current VNO=45V,Vcom=1V, Full -5 5
CoMm VcoM=1V,VNO =45V, Switch OFF, 25°C -05 001 05
OFF leakage lcom©oFR) or See Figure 14 55V nA
current Vcom=45V,VNOo =1V, Full -5 5
V =1V,V =1V,
NO NO oM 25°C -1 001 1
Switch ON,
ON leakage INO(ON) |VNO=45V,Vcom=4.5V, See Figure 15 55V nA
current or Full -10 10
VNO =1V, 4.5V, Vcom = Open,
COM Veom=1 (\)/r VNO =1V, _ 25°C -1 o001 1
Switch ON,
ON leakage IcoMmoN) | Vcom=4.5V,VNO =45V, See Figure 15 55V nA
current or Full -10 10
Vcom=1V, 4.5V, VNo = Open,
Digital Control Input (IN)
Input logic high VIH Full 2.4 5.5 \%
Input logic low VL Full 0 0.8 \%
Input leakage _ 25°C -1 003 1
current H L | VI=Veor0 Full >V -1 1 nA

(1) The algebraic convention, whereby the most negative value is a minimum and the most positive value is a maximum
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Electrical Characteristics for 5-V Supply (1) (continued)
V4 =45V 1t05.5YV, Tp = —40°C to 85°C (unless otherwise noted)
PARAMETER | SYMBOL | TEST CONDITIONS | TA | Vi MIN TYP  MAX | UNIT
Dynamic
= = 25°C 5V 20 35
Turn-on time tON VNO =3V, L 35 PR, ns
RL =300 €, See Figure 17 Full |45Vto55V 45
= = 25°C 5V 25 40
Turn-off time tOFF Vcom=3V, L 35 PR, ns
RL =300 See Figure 17 Full | 45Vto55V 50
T VGEN =0, CL=1nF
Charge injection °
gein Qc RGEN =0, See Figure 20 25°C SV 2 5| pC
NO VNO =0V, Switch OFF, .
OFF capacitance CNO(OFF) f=1 MHz, See Figure 16 25°C SV 8 pF
COoM Vcom=0V, Switch OFF, .
OFF capacitance Ccomorr) f=1 MHz, See Figure 16 25°C SV 8 pF
NO VNO =0V, Switch ON, o
ON capacitance | SNO(ON)) =1 mHz, See Figure 16 25°C sV 20 PF
COM Vcom =0V, Switch ON, N
ON capacitance | “COMON) | £=1 MHz, See Figure 16 25 5V 20 PF
Digital input C Vi= 0V, See Figure 16 25°C 5V 3 pF
capacitance
. RL=50Q Switch ON
Bandwidth ' ’ °
BW Signal = 0 dBm, See Figure 18 25°C SV 300 MHz
: . RL=50Q, VNO=1VRMS, Switch OFF,
OFF isolation ° -
OISO | =1 MHz C| =5pF, See Figure 19 25°C SV 80 s
Total harmonic R =600 Q, C|_=50 pF, f=20 Hz to 20 kHz,

; : o 9
distortion TP | VSoURCE = 5 Vpop, See Figure 21 25 5V 0.05 %
Supply
CPSrS;g'r‘]’f supply s V| = V4 or GND, Switch ON or OFF | Full 55V 1| A

(1) The algebraic convention, whereby the most negative value is a minimum and the most positive value is a maximum
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Electrical Characteristics for 3-V Supply

(1)

V4 =2.7V103.6V, Tp =—-40°C to 85°C (unless otherwise noted)

PARAMETER | SYMBOL | TEST CONDITIONS | TA | Vi MIN TYP  MAX | UNIT
Analog Switch
Analog signal Vcom:
range VNO 0 V|V
ON-state VNO =15V, Switch ON, 25°C 07y 10 20 o
resistance fon Icom = 10 mA, See Figure 13 Full . 25
Digital Control Input (IN)
Input logic high VIH Full 5.5 \%
Input logic low VL Full 0 0.8 \%
Input leakage _ 25°C -1 003 1
current v, L Vi=V4or0 Ful 3.6V ) 1 UA
Dynamic
= = 25°C 3V 25 45
Turn-on time tON VN(_) 2V, L 35 PR, ns
R =300 Q, See Figure 17 Full |27Vto3.6V 55
= = 25°C 3V 30 50
Turn-off time tOFF VC(_)M 2V L 35 PR, ns
RL =300 See Figure 17 Full |2.7Vto3.6V 60
Charge injection Qc \ég IIEEE zg CSI|e_e=F1igr:jI;,e . 25°C 3v 2 4| pcC
Supply
Positive supply s V| = V4 or GND, Switch ON or OFF | Full 36V 1| wA
current

(1) The algebraic convention, whereby the most negative value is a minimum and the most positive value is a maximum
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TYPICAL PERFORMANCE

10 : 8
Tp =25°C
8
6
e /\‘“‘“‘“"f\\\ sy 25°C_ 85°C
6 < \
3 b7 34 ‘mwﬁ%%
V4=5V - —40°C /
2
2
0 0
0 1 2 3 4 5 o 1 2 3 4 5
Veom (V) Vcom (V)
Figure 1.1 on Vs Vcom Figure 2.1 gn Vs Vcom (V4 =5V)
10 L0 T ]
| —40°C 08 IcCOMONYINOON)
<
a 6 /7,:% M& E 0.6
~ e \\‘: = /
5 g INO(OFFYIcOM OFF)\
T 4 25°C 3 04
85°C >
2 % 02
3
0 0.0
0 1 2 3 -40°C 25°C 85°C
Vcom (V) _ Ta (°C)
Figure 3.1 on VS Vcom (V+ =3 V) Figure 4. Leakage Cu_rrent vs Temperature
(V4= 5V)
05 20 ‘
/ \ toN
0.0 18
~ V4=3V / tOFF
o
5§ -10 : ~| _/ 7 14 \\
[8] ~
£ 15 \ Vi=5V — % 12
(0] =
o -20 Zz 10
s \ O ™~
5 -25 \///\/ = g ~Z
-3.0 6

0 1 2 3 4 5 0 1 2 3 4 5 6
Bias Voltage (V) Vi (V)

Figure 5. Charge-Injection (Q ¢) vs Vcowm Figure 6. t on and toFr vs Supply Voltage
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TYPICAL PERFORMANCE
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Figure 7. t on and topg vs Temperature (V + =5V)
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Figure 9. Bandwidth (Gain vs Frequency)
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Figure 11. Power-Supply Current vs
Temperature
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Figure 12. Total Harmonic Distortion vs

Frequency




MAX4594

SINGLE-CHANNEL 10-2 SPST ANALOG SWITCH W Texas

INSTRUMENTS

www.ti.com

SLLS639 - JANUARY 2005

PIN DESCRIPTION

NUIT\/IINBER NAME DESCRIPTION
1 COoM Common
2 NO Normally open
3 GND Digital ground
4 IN Digital control pin to connect COM to NO
5 Vi Power supply

PARAMETER DESCRIPTION

SYMBOL DESCRIPTION
Vcom Voltage at COM
VNO Voltage at NO
fon Resistance between COM and NO ports when the channel is ON
Ton(flat) Difference between the maximum and minimum value of rgp in a channel over the specified range of conditions
INO(OFF) Leakage current measured at the NO port, with the corresponding channel (NO to COM) in the OFF state
| Leakage current measured at the NO port, with the corresponding channel (NO to COM) in the ON state and the output (COM)
NO(ON) open
IcCOM(OFF) | Leakage current measured at the COM port, with the corresponding channel (COM to NO) in the OFF state
Leakage current measured at the COM port, with the corresponding channel (COM to NO) in the ON state and the output (NO)
ICOM(ON) | gpen
VIH Minimum input voltage for logic high for the control input (IN)
VL Maximum input voltage for logic low for the control input (IN)
V| Voltage at the control input (IN)
I, L Leakage current measured at the control input (IN)
N Turn-on time for the switch. This parameter is measured under the specified range of conditions and by the propagation delay
ON between the digital control (IN) signal and analog output (COM or NO) signal when the switch is turning ON.
N Turn-off time for the switch. This parameter is measured under the specified range of conditions and by the propagation delay
OFF between the digital control (IN) signal and analog output (COM or NO) signal when the switch is turning OFF.
Charge injection is a measurement of unwanted signal coupling from the control (IN) input to the analog (NO or COM) output.
Qc This is measured in coulomb (C) and measured by the total charge induced due to switching of the control input.
Charge injection, Qc = CL x AVcowm, CL is the load capacitance, and AVc o is the change in analog output voltage.
CNO(OFF) Capacitance at the NO port when the corresponding channel (NO to COM) is OFF
CNO(ON) Capacitance at the NO port when the corresponding channel (NO to COM) is ON
CCOM(OFF) Capacitance at the COM port when the corresponding channel (COM to NO) is OFF
CCOM(ON) Capacitance at the COM port when the corresponding channel (COM to NO) is ON
Ci Capacitance of control input (IN)
o OFF isolation of the switch is a measurement of OFF-state switch impedance. This is measured in dB in a specific frequency,
ISO with the corresponding channel (NO to COM) in the OFF state.
BW Bandwidth of the switch. This is the frequency in which the gain of an ON channel is -3 dB below the DC gain.
THD Total harmonic distortion describes the signal distortion caused by the analog switch. This is defined as the ratio of root mean
square (RMS) value of the second, third, and higher harmonic to the absolute magnitude of the fundamental harmonic.
(I Static power-supply current with the control (IN) pin at V4 or GND
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PARAMETER MEASUREMENT INFORMATION

Channel ON

oYNO
IO/V com Voom
+ T~o

V -V
com NO ¢

I
: fon = I
COM
V| IN | GD lcom
l__+ —I >—— Vi=VigorVL

Figure 13. ON-State Resistance (r gp)
Vi
VNO | NO
v OFF-State Leakage Current
COM Voow
+ /I/O— —_I_’“ Channel OFF
— | — Vi=ViHorViL
- | T
B =

VNO | NO
LL_O/V CoOM Veou ON-State Leakage Current
—— | Channel ON
T | Vi=ViHor VL
= I
_

Figure 15. ON-State Leakage Current (I com(oN). INO(ON))




MAX4594 *
SINGLE-CHANNEL 10-2 SPST ANALOG SWITCH TEXAS

INSTRUMENTS

www.ti.com

SLLS639 - JANUARY 2005

Vi

i

VNO JNO
O
Capacitance —O/v !
Meter Vgias =0V
| Vi=VigorVL
! Vcom| com | .
VBIAS O | Capacitance is measured at NO,
v IN | COM, and IN inputs during ON
oL —> — and OFF conditions.

GND

-

Figure 16. Capacitance (C |, Ccom(orFF): Ccom(N). CNO(OFF): CNO(ON))

Vi
"|' TEST RL CL

NO VNO toN 3000 35 pF

VCOM(S) Cco l
cL® i]j RL toFF 300 Q 35 pF

d

IN
\Y —D~ Logic Vi
Loai Input XSO% XSO%
ogic vV 0
Input (1) GND vV | | | |
1 toN —1&—» [ torF
- - Switch - rtvai
Output 90% 90%
(Vcom)

1) Al input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zg =50 Q, ty <5 ns, tf < 5 ns.
(2) ¢ includes probe and jig capacitance.
(3) see Electrical Characteristics for Vcom.

Figure 17. Turn-On (t on) and Turn-Off Time (t ofFF)

Vi
Network Analyzer —|—
50 Q
VNO | NO Channel ON: NO to COM
{'\C COM Vcom V| =V4 or GND
Source
Signal

Network Analyzer Setup

IN Source Power =0 dBm
(632-mV P-P at 50-Q load)
GND

L

DC Bias = 350 mV

|||_/\/\/\,_? *
4k4hhws

Figure 18. Bandwidth (BW)

10
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Vi
Network Analyzer —|—
500 Channel OFF: NO to COM
VNOJ NO -
> v V| =V4+ or GND
/I/C COM Vcom
Source
Signal <+ | Network Analyzer Setup
= vi Iin Jl Source Voltage =1V RMS
| .
DC Bias = 350 mV
50 Q
e i
Figure 19. OFF Isolation (O |50)
T s —_—_\/_\/:VIH
T Input
OFF ON OFF
RGEN ) = Ve
NO *
COM V
J: {V\C com Vooum J_\_ ANcom
VGEN — | l x
:|: | c @
| I
— V =0toV
= V| IN | == GEN +
- RGEN =0
Logic CL=1nF
Input (2 GND Qc =CLxAVcom
1 Vi=VigorV_

(1) ¢ includes probe and jig capacitance.
@) Al input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty <5 ns, tf < 5 ns.

Figure 20. Charge Injection (Q ¢)

Channel ON: COM to NO Vi =V4/20r-V4/2 R =600 Q
VSOURCE = V+ P-P fSOURCE =20 Hz to 20 kHz  C| =50 pF

V4/2

Audio Analyzer

Source
Signal WA CoN 0/\/‘ l &)
600 Q | I CL
IN

>

GND

1

-V4/2

NO

600 Q

(1) ¢ includes probe and jig capacitance.

Figure 21. Total Harmonic Distortion (THD)

11



MECHANICAL DATA

DBV (R—PDSO-G5) PLASTIC SMALL—-OUTLINE PACKAGE

0,50

0,95 »‘ ’4—5x03O 0,20 @]
5
H T
f

022
170 3,00 o
1,50 2,60 l
T 1
1 3 l Gage Plane |/ §
3,00
P
— 1,45 MAX

A\
Seating Plane & \ ) ‘

v v
us | o
0,00

4073253-4/H 10/2003

A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Body dimensions do not include mold flash or protrusion.
D. Falls within JEDEC MO-178 Variation AA.

NOTES:
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MECHANICAL DATA

MPDS025C — FEBRUARY 1997 — REVISED FEBRUARY 2002

DCK (R-PDSO-G5) PLASTIC SMALL-OUTLINE PACKAGE

1,40 2,40 0,13 NOM

e H

Gage Plane i

[ 0,15

0°-8°

l¢

[ \
L‘ ' _{ Seating Plane ‘
10

| 110 0,

o0 | (2[00 ]

0,80 0,00

4093553-2/D 01/02

NOTES: A. Alllinear dimensions are in millimeters.

This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion.
Falls within JEDEC MO-203
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

TI assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using TI components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which TI products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless

Mailing Address: Texas Instruments
Post Office Box 655303 Dallas, Texas 75265

Copyright © 2005, Texas Instruments Incorporated
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