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General Description

Maxim’'s MAX312L/MAX313L/MAX314L analog switch-
es feature low on-resistance (10Q max) and 1.5Q on-
resistance matching between channels. These switches
are +3V logic compatible when powered from =15V or
+12V supplies. The switches conduct equally well in
either direction, and offer low leakage over temperature
(2.5nA at +85°C).

The MAX312L/MAX313L/MAX314L are quad, single-
pole/single-throw (SPST) analog switches. The MAX312L
is normally closed (NC), and the MAX313L is normally
open (NO). The MAX314L has two NC switches and two
NO switches. All three devices operate from a single
+4.5V to +36V supply or from dual +4.5V to 20V, and
are available in 16-pin TSSOP, SO, and DIP packages.

Applications

Test Equipment
Communication Systems
PBX, PABX Systems
Audio Signal Routing
Avionics
Sample-and-Hold Circuits
Data-Acquisition Systems
xDSL Modems

Rail-to-Rail is a registered trademark of Nippon Motorola, Ltd.
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+3V Logic-Compatible
Analog Switches

Features

+3V Logic-Compatible Digital Inputs

VIH = 2.0V

ViL = 0.8V
Pin Compatible with MAX312/MAX313/MAX314
and DG411/DG412/DG413

4 Low On-Resistance (10Q max)

¢ Guaranteed RoN Match Between Channels

(1.5Q max)

Guaranteed RoN Flatness over Specified Signal
Range (2Q2 max)

Crosstalk > 96dB at 20kHz

Single-Supply Operation: +4.5V to +36V
Dual-Supply Operation: +4.5V to +20V

4 Rail-to-Rail® Signal Handling
Ordering Information
PART TEMP. RANGE  PIN-PACKAGE
MAX312LCUE 0°C to +70°C 16 TSSOP
MAX312LCSE 0°C to +70°C 16 Narrow SO
MAX312LCPE 0°C to +70°C 16 Plastic DIP
MAX312LEUE -40°C to +85°C 16 TSSOP
MAX312LESE -40°C to +85°C 16 Narrow SO
MAX312LEPE -40°C to +85°C 16 Plastic DIP

Ordering Information continued at end of data sheet.

Pin Configurations
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MAX312L/MAX313L/MAX314L

100, Quad, SPST, +3V Logic-Compatible

Analog Switches

ABSOLUTE MAXIMUM RATINGS
(Voltages Referenced to GND)

Ve -0.3V to +44V
Vo e +0.3V to -44V
V+to V-........ -0.3V to +44V
VIN_tO V- -0.3V to +44V
All Other Pins (Note 1) ...cccocvviiniinn, (V--0.3V) to (V+ + 0.3V)
Continuous Current (COM_, NO_, NC_) .....c....ccevvvnnenn. +100mA
Peak Current (COM_, NO_, NC_)

(pulsed at Tms, 10% duty cycle max).........c...ccveeeee. +300mA

Continuous Power Dissipation (Ta = +70°C)
TSSOP (derate 6.7mW/°C above +70°C) ..........c........ 457mwW
Narrow SO (derate 8.70mW/°C above +70°C) ........... 696mwW
Plastic DIP (derate 10.53mW/°C above +70°C) ......... 842mwW
Operating Temperature Ranges
MAX31_LC_E....
MAX31_LE_E .o
Storage Temperature Range ..............
Junction Temperature ..o

Lead Temperature (soldering, 10s)

Note 1: Signals on COM_, NO_, or NC_ exceeding V+ or V- are clamped by internal diodes. Limit forward-diode current to maxi-

mum current rating.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—Dual Supplies

(V+ = +15V, V- = -15V, GND = 0, VIH = 2.0V, V|L = 0.8V, Ta = TMIN to Tmax, unless otherwise noted. Typical values are at Ta =

+25°C.) (Notes 2, 3)

PARAMETER | SYMBOL ‘ CONDITIONS TA MIN TYP MAX UNITS
ANALOG SWITCH
Veom.,
Analog Signal Range VNO_, V- V+ \Y
VNC_
= +25°C 6.5 10
On-Resistance RoN Icom_ = 10mA, Q
VNO_or VNC_ = £10V TMIN to TMAX 15
On-Resistance Match Between lcom_ = 10mA, +25°C 0.3 15
ARON - Q
Channels (Note 4) VNO_or VNC_ = £10V TMIN to TMAX 3
On-Resistance Flatness | = 10mA, +25°C 0.2 2
RrLaTON) | (M- Q
(Note 5) VNo_or VNC_ =-5V, 0, 5V TMIN to TMAX 4
Off-Leakage Current INO Vcom_ = +10V, +25°C -0.5 -0.02 0.5 A
(NO_ or NC_) (Note 6) INC VNO_or VNC_ = £10V TMINto TMAX | -2.5 25
COM Off-Leakage Current Vcom._ = £10V, +25°C -0.5 -0.02 0.5
ICOM(OFF) - - nA
(Note 6) VNO_or VNC_ = +10V TMINto TMAX | -2.5 25
COM On-Leakage Current VNO_ or VNC_ = =10V, +25°C -1 -0.04 1
9 ICOMON) | /0= r_ NC_ == nA
(Note 6) Vcom_ = =10V TMIN to TMAX -5 5
DYNAMIC
= = +25°C 115 225
Turn-On Time toN Veom_ 11QV, Ri = 3000, ns
CL = 35pF, Figure 1 TMIN to TMAX 275
= = 25°C 100 185
Turn-Off Time tOFF Veom_ *TQV’ Ri = 3000, i ns
CL = 35p|:, Flgure 1 TM|N to TMAX 235
Break-Before-Make Time Delay RL = 300Q, C| = 35pF, .
(MAX314L only, Note 7) ' Figure 2 +25°C ! 10 ns
I VGEN = 0, RGeN = 0,
h [ Note 7 050 . 2
Charge Injection (Note 7) Q CL = 1.0nF, Figure 3 +25°C 30 0 30 pC
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10, Quad, SPST, +3V Logic-Compatible
Analog Switches

ELECTRICAL CHARACTERISTICS—Dual Supplies (continued)

(V+ = +15V, V- = -15V, GND = 0, V|H = 2.0V, V|L = 0.8V, Ta = TMIN to Tmax, unless otherwise noted. Typical values are at Ta =

+25°C.) (Notes 2, 3)

PARAMETER SYMBOL CONDITIONS iy MIN TYP MAX | UNITS
] f=1MHz, RL = 50Q, o R

Off-Isolation (Note 8) Viso CL = 5pF. Figure 4 +25°C 75 dB
f = 1MHz, RL = 509, o )

Crosstalk (Note 9) Vo1 CL = 5pF. Figure 5 +25°C 85 dB

NC_ or NO_ Off-Capacitance CoFF f = 1MHz, Figure 6 +25°C 15 pF

COM_ Off-Capacitance C(ggg'— f = 1MHz, Figure 6 +25°C 15 pF

On-Capacitance CoN f = 1MHz, Figure 6 +25°C 47 pF

LOGIC INPUT

Input Logic High VIH 2.0 \

Input Logic Low ViL 0.8 \

In.put Current with Input Logic INH IN_ = 2.0V 05 0.005 05 UA

High

Input Current with Input Logic INL IN_ = 0.8V 05 0.005 05 UA

Low

POWER SUPPLY

Power-Supply Range V+, V- +4.5 +20.0 V
V+ = +16.5V, V- = -16.5V, +25°C 0.01 1
ViIN=0orV+ TMINtO T 5

Positive Supply Current I+ M”\i MAX PA
V+ = +16.5V, V- = -16.5V, +25°C 130 200
VIN =5V TMIN to TMAX 300

. V+ = +16.5V, V- = -16.5V +25°C 1
Negative Supply Current - i ’ A
9 PPy Vin = 0 or 5 ThIN 10 TWAX 5 g

V+ = +16.5V, V- = -16.5V, +25°C 0.01 1
ViIN=0orV+ TMINtO T 5

Ground Current IGND M”\i MAX PA
V+ = +16.5V, V- = -16.5V, +25°C 130 200
VIN =5V TMIN to TMAX 300

ELECTRICAL CHARACTERISTICS—Single Supply

(V+ = +12V, V- = 0, GND = 0, V|4 = 2.0V, V|L = 0.8V, TA = TmIN to Tmax, unless otherwise noted. Typical values are at Ta = +25°C.)

(Notes 2, 3)
PARAMETER ‘ SYMBOL ‘ CONDITIONS | TA MIN TYP MAX | UNITS
ANALOG SWITCH
Vcom_,
Analog Signal Range VNO_, 0 V+ \Y
VNC_
= 25°C 12.5 25
On-Resistance RoN Icom_ = 10mA, i Q
VNC_or VNO_ = +10V TMIN to TMAX 35
MK/ 3
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MAX312L/MAX313L/MAX314L

100, Quad, SPST, +3V Logic-Compatible
Analog Switches

ELECTRICAL CHARACTERISTICS—Single Supply (continued)

(V+ = +12V, V- =0, GND = 0, ViH = 2.0V, V|L = 0.8V, Ta = TmIN to Tmax, unless otherwise noted. Typical values are at Ta = +25°C.)
(Notes 2, 3)

PARAMETER SYMBOL CONDITIONS TA MIN TYP MAX | UNITS
On-Resistance Match Between AR Icom_ = 10mA, +25°C 0.3 2 o
Channels (Note 4) ON | Vno_or Vne_ = +10V TN to TMAX 25
On-Resistance Flatness Icom_ = 10mA, +25°C 1.7 3.5
(Note 5) RFLAT(ON) | VNO_Or VNC_ = +2V, Q

+6V, +10V TMIN to Tmax 45
DYNAMIC
= = 25°C 165 325
Turn-On Time toN Voom_=8v, ,RL 300, i ns
CL = 35pF, Figure 1 TMIN to TMAX 425
= = +25°C 117 175
Turn-Off Time toFF Veow = 8v, .RL 300, ns
CL = 35pF, Figure 1 TMIN to TmAX 225
Break-Before-Make Time Delay RL = 300Q, C| = 35pF, o
(MAX314L only, Note 7) ' Figure 2 +25°C 1 5 ns
- Figure 3, CL = 1.0nF,
Charge Injection Q +25°C -10 C
gen VGEN = 0, RGeN = 0, P
LOGIC INPUT
Input Logic High VIH 2.0 \
Input Logic Low ViL 0.8 \
In.put Current with Input Logic INH IN_ = 2.0V 05 0.005 05 UA
High
Input Current with Input Logic L IN_ = 0.8V 05 0,005 05 UA
Low
POWER SUPPLY
Power-Supply Range V+ +4.5 +36 \
+25°C 0.01 1
V+ =+13.2V,ViN=0or V+
Positive Supply Current |+ TMIN 10 Thax > A
PRy +25°C 25 125 H
V+ = +13.2V, V|N = 5V
TMIN to Tmax 175

Note 2: The algebraic convention, where the most negative value is a minimum and the most positive value a maximum, is used in
this data sheet.

Note 3: -40°C specifications are guaranteed by design.

Note 4: ARoN = ARoN max - ARoN min.

Note 5: Flatness is defined as the difference between the maximum and minimum value of on-resistance as measured over the
specified analog signal range.

Note 6: Leakage parameters are 100% tested at maximum-rated hot temperature and guaranteed by correlation at +25°C.

Note 7: Guaranteed by design.

Note 8: Off-isolation = 20log1o [Vcom/(VNC or VNO)], Vcom = output, VNC or VNO = input to off switch.

Note 9: Between any two switches.
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(Ta = +25°C, unless otherwise noted.)
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MAX312L/MAX313L/MAX314L

TURN-ON/TURN-QOFF TIME (ns)

100, Quad, SPST, +3V Logic-Compatible
Analog Switches

(Ta = +25°C, unless otherwise noted.)
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10, Quad, SPST, +3V Logic-Compatible

Analog Switches

Pin Description

PIN
NAME FUNCTION
MAX312L MAX313L MAX314L
IN1, IN4, .
1,8,9,16 1,8,9,16 1,8,9,16 IN3, IN2 Logic Inputs
COM1, COM4, ) .
2,7,10, 15 2,7,10, 15 2,7,10, 15 COM3, COM2 Analog Signal Common Terminals
NC1, NC4, . .
3,6,11, 14 — — NC3. NC2 Analog Signal Normally Closed Terminals
NO1, NO4, : .
— 3,6,11, 14 — NO3, NO2 Analog Signal Normally Open Terminals
— — 3,6 NO1, NO4 Analog Signal Normally Open Terminals
— — 11,14 NC3, NC2 Analog Signal Normally Closed Terminals
4 4 4 V- Negative Analog Supply Input (connect to GND for single-
supply operation)
5 5 5 GND Ground
12 12 12 N.C. No Connection. Not internally connected.
13 13 13 V+ Positive Analog Supply Input

Applications Information

Low-Distortion Audio
The MAX312L/MAX313L/MAX314L, having very low RoN
and very low RoN variation with signal amplitude, are
well suited for low-distortion audio applications. The
Typical Operating Characteristics show Total Harmonic
Distortion (THD) vs. Frequency graphs for several signal
amplitudes and impedances. Higher source and load
impedances improve THD, but reduce off-isolation.

Off-Isolation at High Frequencies
In 50Q systems, the high-frequency on-response of
these parts extends from DC to above 100MHz with a
typical loss of -2dB. When the switch is turned off, how-
ever, it behaves like a capacitor, and off-isolation
decreases with increasing frequency. (Above 300MHz,
the switch actually passes more signal turned off than
turned on.) This effect is more pronounced with higher
source-and-load impedances.

Above 5MHz, circuit board layout becomes critical, and
it becomes difficult to characterize the response of the
switch independent of the circuit. The graphs shown in
the Typical Operating Characteristics were taken using a
50Q source and load connected with BNC connectors.

MAXIMN

Power-Supply Sequencing-Free
Operation
Most CMOS switches require specific power-supply
sequencing in order to prevent the devices from latching
up. The older MAX312/MAX313/MAX314 devices require
a proper power-supply sequence of V+, V|, V-, and so
forth. Otherwise, it becomes necessary to add signal
diodes to the circuit in order to protect it from potential
latchups. The new MAX312L/MAX313L/ MAX314L
devices eliminate the need for a VL pin and permit the
user to utilize any power-up sequence that is required. It
is, however, important not to exceed the absolute maxi-
mum ratings because stresses beyond the listed ratings
may cause permanent damage to the devices.

Chip Information

TRANSISTOR COUNT: 92
PROCESS: CMOS
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MAX312L/MAX313L/MAX314L

100, Quad, SPST, +3V Logic-Compatible
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Test Circuits/Timing Diagrams

LOGIC
INPUT

SWITCH
OUTPUT

VIN_

tr <20ns
tf < 20ns

MAXIMN
MAX312L
MAX313L
MAX314L
V+
SWITCH |
INPUT A SWITCH
COM N TPUT
Veom_ o aNO| o OUTPY 0
! ORNC_
E RL CL
L|> 3000 I35pF
LOGIC GND V- = =
INPUT | |
0 V-

REPEAT TEST FOR EACH SWITCH. FOR LOAD
CONDITIONS, SEE ELECTRICAL CHARACTERISTICS.

Cr INCLUDES FIXTURES AND STRAY CAPACITANCE.

LOGIC INPUT WAVEFORMS INVERTED FOR NORMALLY Vo =Vcom xRt
CLOSED SWITCHES. RL +Ron
Figure 1. Switching-Time Test Circuit
v MAXIM
N MAX314L
ViN_ |
V4
LOGIC
50%
INPUT COM_ NO_
0 ﬂ s —
Veomt = +10V
Vot Veome = +10V : RL1 Cut
SWITCH - AN COM_ L~ NC_ v I
OUTPUT 1 / 0.9Vg \ — : e —
Vi ! — —
(Vo1) 0 Rio Cr2
IN_
Vo2
09 e GND v = =
SWITCH -
OUTPUT2 I— INPUT | |
(Vo2) 0 V-
to =

Ci INCLUDES FIXTURES AND STRAY CAPACITANCE.

Figure 2. Break-Before-Make Test Circuit (MAX314L only)
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Test Circuits/Timing Diagrams (continued)

MNAXIM
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Figure 3. Charge Injection Test Circuit
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Figure 4. Off-Isolation Test Circuit

MAXIMN

Figure 5. Crosstalk Test Circuit
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MAX312L/MAX313L/MAX314L

100, Quad, SPST, +3V Logic-Compatible

Analog Switches

Test Circuits/Timing Diagrams (continued)
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Figure 6. Channel Off-Capacitance Test Circuit

__Ordering Information (continued)

PART TEMP. RANGE PIN-PACKAGE
MAX313LCUE 0°C to +70°C 16 TSSOP
MAX313LCSE 0°C to +70°C 16 Narrow SO
MAX313LCPE 0°C to +70°C 16 Plastic DIP
MAX313LEUE -40°C to +85°C 16 TSSOP
MAX313LESE -40°C to +85°C 16 Narrow SO
MAX313LEPE -40°C to +85°C 16 Plastic DIP
MAX314LCUE 0°C to +70°C 16 TSSOP
MAX314LCSE 0°C to +70°C 16 Narrow SO
MAX314LCPE 0°C to +70°C 16 Plastic DIP
MAX314LEUE -40°C to +85°C 16 TSSOP
MAX314LESE -40°C to +85°C 16 Narrow SO
MAX314LEPE -40°C to +85°C 16 Plastic DIP

10

Figure 7. Channel On-Capacitance Test Circuit
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Package Information

%)
i
1.00 g
I—— #1.00 @
32 1| =
o
z
o
9
Tho % COMMON_DIMENSIONS 3
/ % MILTIMETERS INCHES
H i MIN MAX MIN. AX
Al — 1.10 043
A 0.05 015 | .002 006
Ae| 085 095 | .033 037
b| 019 30 | .007 012
bl 0.9 025 | .007 010
c| 0.090 20 | .0035 | .008
N ci 0.090 | 0435 | .0035 | .0053
D|SEE VARIATIONS [SEE VARIATIONS
I0P VIEW BOTTOM VIEW T 430 750 <5 77
SEE DETAIL A e 0.65 BSC .026 BSC
&+ A _\ € H 625 [ 650 | 246 | .256
, fe N\ c 0.50 | 070 | .020 | 028
) — ' I : N[SEE_VARIATIONS |SEE_VARIATIONS
@jﬁiﬁ as yp Ol NSEL VARIATINS ISPE VARTATID
\_ no.1ofc 425 -~ | I
' SEATING E——= JEDEC VARIATIONS
SIDE_VIEW END VIEW MO-153 | N MILLIMETERS INCHES
MIN. MAX. MIN. MAX.
AB-1 |14 |D | 490 5.10 193 201
0.25 b—y AB 16 4,90 5.10 193 201
BSC bl AC 20 D 6.40 660 | 252 | 260
N AD 24 7.70 790 | 303 | 311
WITH PLATING\ AE 28 560 1 980 | 378 | 386
1 |
/-— cl c
DETAIL A BASE METAL —T - |
NOTES! LEAD TIP DETAIL
1, DIMENSIONS D AND E DO NOT INCLUDE FLASH
2. MOLD FLASH OR PROTRUSIONS NOT TO EXCEED 0.15mm PER SIDE -,
3, CONTROLLING DIMENSION: MILLIMETER /VI /J K I /VI
4, MEETS JEDEC OUTLINE MO-153. SEE JEDEC VARIATIONS TABLE.
. “N* REFERS TO NUMBER OF LEADS PROPRIETARY DFRMATIN
THE LEAD TIPS MUST LIE WITHIN A SPECIFIED ZONE. THIS TOLERANCE !
ZONE IS DEFINED BY TWO PARALLEL PLANES. ONE PLANE IS THE SEATING PLANE, PACKAGE OUTLINE, TSSOP, 4.40 MM BODY
DATUM [-C-J; THE OTHER PLANE IS AT THE SPECIFIED DISTANCE FROM [-C-1 IN THE APPROVAL DOCUMENT CONTROL NG = ]
DIRECTION INDICATED. 21-0066 E /1

MAXIMN 1
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MAX312L/MAX313L/MAX314L

100, Quad, SPST, +3V Logic-Compatible
Analog Switches

Package Information (continued)

- \$
HHH HHH |
N T
EH
0 ]
FEE B 1
DH + 00780
L LJ%L%
INCHES  |MILLIMETERS INCHES ~ MILLIMETERS
MIN | MAX |MIN | MAX MIN |MAX |MIN |MAX | N |MS0I2
A10053|0.069| 135|175 D]0189]0197 480|500 |8 | A
A110.004 10.010 | 0.10 |0.25 D]0337|0.344|855/8./5|14| B
B 10014 [0.019 | 035]0.49 D]10386]0.394]| 9.80]1000[16] C
C10.007 (0010 | 019 ]0.25
e 0.050 1.27 NOTES,
Fl10.150 |0.157 | 3.8014.00 1. D&E DO NOT INCLUDE MOLD FLASH
1]0226]0244[ 580[6.20| Yo exceed smm conen
h10.010 [0.020] 0.25910.90 3. LEADS TO BE COPLANAR WITHIN
102mm (004"
L 10016 ]0.050]040]1.2/ 4. CONTROLLING DIMENSION: MILLIMETER

S. MEETS JEDEC MS012-XX AS SHOWN
IN ABOVE TABLE
6. N = NUMBER OF PINS

>/VI/JXI/VI][PACKAGE FAMILY DUTLING: SOIC 150 | 1{ | 21-0041 5)

120 SAN GABRIEL DR SUNNYVALE CA 94086 FAX (408) 737 7194
N\ PROPRIETARY INFORMATION TITLE DOCUMENT CONTROL NUNBER  REV ),

12 MAXI N




10, Quad, SPST, +3V Logic-Compatible
Analog Switches

Package Information (continued)

‘

3

=
PDIPN.EPS

£l
A ]

Suiih A
1 ’JL A3 o
Al ~ |- 015

ehA
eB

w)

_,|e |‘_

INCHES  |MILLIMETERS INCHES  |MILLIMETERS

MIN | MAX | MIN | MAX MIN | MAX | MIN | MAX | N [HS001
Al ——-— 0180 -——= 4578 D |0.348|0390 | 884 | 991 |8 |AB
A110.020 0.508 D |0.735]0.765(18.67 |19.43 |14 |AC
A2|0.125 0175 3.18 445 D 10.745]0.765(18.92 [19.43 |16 |AA
A3|0.0595 0,080 {140 [2.03 D 10.885]0.915 [22.48|23.24|18 |AD
B 10.015 [0.021 |0.381 |0.533]| |D [1.015 |1.045 |25.78|26.54|20 |AE
B1|0.045 (0,060 |1.14 [1524 | |D|1.14 |1265 2896|3213 |24 |AF
C |0.009 |0.014 [0.229]0.355]| [D |1.360 [1.380 [34.54]|35.05|28|*5

D1[0.005 {0.080 |0.13 |2.03
E |0.300 [0.325]7.62 [8.255 NOTES:

1. D&E DO NOT INCLUDE MOLD FLASH

E1]10.275]0.295(6985|7.493 2. MOLD FLASH OR PROTRUSIONS NOT
— —__ TO EXCEED 15mm <006

e 0100 c.04 3. CONTROLLING DIMENSION: MILLIMETER
eA[0300 | -——— |7.62 | ——- 4. MEETS JEDEC MSOOL-XX AS SHOWN
oBl ——— 0400 | ——— 1016 IN ABOVE TABLE

S. SIMILIAR TO JEDEC MS-095-AH
L |0.115 |0.150 |2.921 13.81 6. N = NUMBER OF PINS

A A [PACKAGE FAMILY OUTLINE: PDIP 300 881—0043 B

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are
implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.
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