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Ultra-Low Leakage

Monolithic CMOS Analog Multiplexers

General Description

The MAX328/MAX329 are monolithic CMOS analog mul-
tiplexers. The MAX328 is a single-ended, 1-0f-8 device,
and the MAX329 is a differential, 2-of-8 device.

Designed to provide the lowest possible "on" and "off"
leakages, these multiplexers switch signals from high
source impedance, providing the mux operates into a
high input impedance op amp or A/D converter. The
MAX328/MAX329 are pin-for-pin replacements for the
popular DG508/DG509 in these applications.

Adding an external 40kQ resistor to each input makes
the MAX328/MAX329 an excellent fault-tolerant multi-
plexer. Low leakage (less than 1pA at 25°C) and 2.5kQ
on resistance allow the circuit to sustain 110V AC faults
indefinitely while maintaining an error of less than 40nV
for normal signals (i.e., 1pA times 40kQ)

The MAX328/MAX329 work equally well with a single
supply of 10V to 30V or dual supplies of +5V to +18V.
They also perform well with unbalanced combinations of
supply voltage, such as +12V and -5V or +5V and -15V.
Low-power dissipation (1.9mW with £15V supplies) al-
lows use of the multiplexers in portable applications.

Applications

Control Systems

Data Logging Systems
Aircraft Heads-Up Displays
Data Acquisition Systems
Signal Routing

[

Features
4 Ultra-Low "Off" and "On" Leakage: 1pA Typ
4 Bi-Directional Operation (Use as Mux or Demux)
4 TTL and CMOS Logic Compatibility

4 Analog-Signal Range Includes Power-Supply
Rails

4 Switching Speeds Less Than 1.5us

4 Pin Compatible With DG508/DG509 and
MAX358/MAX359

4 Latch-Up Proof Construction

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX328CPE 0°C to +70°C 16 Plastic DIP
MAX328CWE 0°C to +70°C 16 Wide SO
MAX328CJE 0°C to +70°C 16 CERDIP
MAX328C/D 0°C to +70°C Dice*
MAX328EPE -40°C to +85°C 16 Plastic DiP
MAX328EWE -40°C to +85°C 16 Wide SO
MAX328EJE -40°C to +85°C 16 CERDIP**
MAX328MJE -65°C to +125°C 16 CERDIP™

Ordering information continued at end of data sheet.

* Contact factory for dice specifications

“* Contact factory for availability. Substrate may be alfowed to
float or be tied to V+.
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MAX328/MAX329

Ultra-Low Leakage

Monolithic CMOS Analog Multiplexers

ABSOLUTE MAXIMUM RATINGS

Voltage Referenced to V-

Operating Temperature Range

Voo o +44V MAX328/329 C 0Ctl+70C
GND o +25V MAX328/329E _ 40 Cto +85C
Digital Inputs (Note 1). Vs, Vo 2V to (V+ + 2V) MAX328/329 M 55 Clo+125C
Current (Any Terminal, Except S or D) 30mA Power Dissipation (Package) (Note 1)
Continuous Current. Sor D 10mA 16-Pin CERDIP (Note 2) 900mw
Peak Current, Sor D 16-Pin Plastic DIP (Note 3) 470mwW
(Pulsed at Tms, 10% Duty Cycle Max) .. 40mA 16-Pin Wide SO (Note 4) 750mwW
Storage Temperature 65 Ctlo+150C
Stresses listed under "Absolute Maximum Ratings” may be applied (one at a time) to devices without resulting mn permanent damage  Those ate s alngs
only, and functional operation of the device at these or any other conditions beyond those indicated i the operational secthons of the spoecifi s ot

implied. Fxposure to absolute maximum rating conditions for extended peroids may affect device reliabity

ELECTRICAL CHARACTERISTICS

(V+ = +15V, V- = -15V, GND = OV, Ta = +25°C, unless otherwise noted.)

LIMITS
MAX328M MAX328C/E
PARAMETER SYMBOL TEST CONDITIONS MAX329M MAX3200/E | UNITS
MIN TYP MAX | MIN TYP MAX
SWITCH
Analog Signal Range VANALOG +15 +15 vV
Vo = 10V, Seq. Each .
15 25 15 35
Drain-Source . Is = 100pA Switch On .
On Resistance psen) g =70V, VaL = 0.8V 10 25 10 35
Is = 100pA VaH = 2.4V )
Greatest Change in 1DS(on) =
Drain-Source On- .
Max - r Min 2 %
Resistance Between AMDS(on) | 1DS(on) - DS{on) ) 2
Channels BS(on) Ave
, Vg = 10V, Vp = -10V 01 %10 01 =10
Source-Off Isoff S D VEN = OV PA
Leakage Current (Note 5) Vs =-10V, Vp = 10V 03 %10 03 %10
Drain-Off MAX328 Vp = 10V, Vg = -10V 0.3 10 03 <10
Leakage | Vp =-10V, Vg = 10V Ven = OV 10 10 1.0 +10 oA
Current . Dl My =76V, Vs = 10V EN = 0.3 =10 03 =10
(Note 5) VD = -10V, Vg = 10V 05 =10 05 10
Drain-On Axaos Vs (all) = Vp = 10V Seq. Each 30 =10 30 =10
Leakage | Vg (all) = Vp =-10V Switch On 2.0 =10 20 +10 oA
Current M Axaze Dlem Vg Tal) = vp = 10V VAL = 0.8V 15 =10 15 =10
(Note 5) A Vg (all) = Vp = - 10V VaH = 2.4V 1.0 =10 10 110
2 /I /1 X1/




Ultra-Low Leakage
Monolithic CMOS Analog Multiplexers

ELECTRICAL CHARACTERISTICS (continued) =
(V+ = +15V. V- = -158V, GND = OV, Ta = +25 C. unless otherwise noted.) b
i o - - o B ) LIMITS .
MAX328M MAX328C/E
PARAMETER SYMBOL TEST CONDITIONS MAX329M MAX329G/E UNITS g
| MIN  TYP MAX | MIN TYP MAX m
INPUT - B E
Address Input Current A Va =24V \ oo U WA
Input Voltage High | va =15V o1 00: 41 D
| ven=2av 001 1 oot 41 b
Address Input Current, ™ - Al ~ . . l S
Input Voltage Low Ven = OV va =0V 001 41 001 +1 | W
EN=UV . R | I i M
DYNAMIC |
Switching Time Of . o o ' m
Break-Before-Make ‘ 7 o \ . v -
Interval topen See Figure 2 | 072 L 072 } us
Enable Turn-On Time ton(EN) | See Figure 3 ) . - 1.0 ‘ 1.5 us
Enable Time-Off Time toff(eN) | See Figure 3 07 10 | us
L 2 R S S _ - .
VEN = 0V. RL = 1kQ, CL = 15pF - |
OFF Isolation OIRR VS 7VRMS f = BOOKH. 84 84 PodB |
Source-Off L VeN = OV
Capacitance Cs(offy | Vs =0V f=IMH, e \ 18 _ pF i
Drain-Off MAX328 | _ VEN = OV, 8.0 . 8.0 |
Capacitance MAX329 Coiolh VD =0V {=1MHz 4.0 4.0 pE
4 VA = +10V 7 R J
Charge Injection Qi) VA = OV ) 5 2 5 ‘\ ne
{Note 7) —_ e S =
_ | vA=-1ov _ 4 A
SUPPLY
I - S O - .
Positive Supply Current I+ VEN = 2.4V | Va =0V/5V 45 200 45 200 A
L A S N , i
Negative Supply Current - VEN = 2.4V ‘ Va = QV/5Y . 1 —WOOT 1 -100 '
Power-Supply Range \
For Continuous Vop +5 +18 15 +18 \
Operation {Note 6) . 7J

Note 1: All leads soldered or welded to PC board.

Note 2: Derate 12mW/°C above +75°C.

Note 3: Derate 6.3mW/°C above +75°C.

Note 4: Derate 10mW/°C above +75°C.

Note 5: All leakage parameters are 100% tested at maximum rated operating temperature, i.e., +70°C, +85°C, +125°C, and guaran-
teed by correlation at +25°C.

Note 6: Electrical characteristics, such as On Resistance, will change when power supplies other than =15V are used. Pawer-sup-
ply range is a design characteristic, not production tested.

Note 7: Guaranteed by design.

Typical values are for DESIGN AID ONLY, not guaranteed or subject to production testing.
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MAX328/MAX329

Ultra-Low Leakage
Monolithic CMOS Analog Multiplexers

ELECTRICAL CHARACTERISTICS (Over Temperature)
(V+ = +15V, V- = 15V, GND = 0V, Ta = TmIN to TMAX. unless otherwise noted )

; - . T - . T _
‘ ’ LIMITS
PARAMETER SYMBOL TEST CONDITIONS \ m;gggm | m%ggggg | UNITS \
‘ ‘ | MIN TYP  MAX ‘ MIN TYP MAX
SWITCH
_ _ _ T . - — — - |
Analog-Signal Range VANALOG ‘ +15 +15 } 4 ‘
‘VDjﬂO%VlA Seq. Each 20 4 19
Drain-Source ; s = 100uA - ~ Swilch On ,, Lo
On Resistance DS(on) v .y ‘ Val = 0.8V, T
D=-10V, VaH = 2.4V
<L IS =100uA A 15 4 125 } |
L — — . 1 - . .
Source-Off Vs = 10V. Vp = -woﬂ L 5 | +5
Leakage Current IS(off) _— — VEN = OV — : nA
(Note 8) Vg =-10V. Vp = 10V +5 +5 ‘
‘ VD = 10V, Vs = -10V ’ +20 +20 ‘
Drain-Off MAX328 ‘ T N ’ |
Leakage Vo =-10V, Vs = 10V _ +20 120
Current — IDer Vf y —  — VEN=OV . — : nA
N D= 10V Vs =-10V +10 +10
(Note 8) MAX329 ‘ 2 I [ |
‘ VD =-10V, Vs = 10V +10 +10 \
| , - .
Vsally = Vp = 10V ‘ ‘ 20 | +20
Drain-On MAX328 T T~ Seq.Each — —_— = - 1
Leakage | Vs(all)y = VD = -10V Switch On +20 +20 | A
Current - Dron - - 7‘ Val = 0.8V - ' n |
(Note 8) MAX320 ‘ VSl = Vp = 10V | Vap =24V | £10 | 110
- B L o J VS(a\:VD :EV I - B 7 +10 +10 ‘
INPUT
_ . - — . - _ _ . : : |
Address Input Current " V=24V | | 01 il 1 ot i ‘ "A ‘
| ! Volt High 1 - - B
nput Yoltage Hig ‘ Va = 15V | 01+ 01 41
|
| . - . .
Address Input Current LVEN =24y - l All l o '91 +1 ‘ o1 + ‘ i

Input Voltage Low laL Va =0V HA
VEN = OV 01 +1 01 +1

Note 8: Leakage parameters are 100% tested at maximum rated operating temperature, i.e., +70°C, etc.
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TRUTH TABLE - MAX328

Ultra-Low Leakage
Monolithic CMOS Analog Multiplexers

TRUTH TABLE - MAX329

ON | ON
Az A Ao EN SWITCH A1 Ao EN SWITCH
X X X 0 NONE X X 0 NONE
0 0 0 1 1 0 1 1
0 0 1 1 2 0 1 f o
0 1 0 1 3 1 0 1 3
0 ! 1 1 4 1 1 1 4
1 0 0 1 5
1 o 1 1 6
1 1 0 1 7
1 1 1 1 8 3 Note: Logic '0" = VAl < 0.8V Logic'1' = Valy - 2.4V
Vau 30v  AODRESS
2 DRIV (v, s
R maxim sl € 10
2
50°, o q MAX328 s,-$;
| Va Ay l~
| oo .
oV
OUTPUT A son O™ SND
| X( 90° L L l
[ 10V - - .
—] fa—o -

Figure 1. Access Time vs. Logic Level (High)
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MAX328/MAX329

Ultra-Low Leakage
Monolithic CMOS Analog Multiplexers
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Application Notes

Figure 4 is a typical circuit for converting the
MAX328/MAX329 into a fault-tolerant mux. In this
application, the internal diodes limit the voltage at the
MAX328 input to +15.7V {+15V supplies). No external
diodes need to be added with the MAX328/MAX329,
unlike conventional multiplexers requiring external
diodes.

The resistors, R, need to be 39kQ or higher to limit the
power dissipation in the resistor when a 120¥ AC fault
occurs (i.e., power dissipation is (120-16)7/39kQ or
0.28W. This is why a 1/2/W resistor is needed). The
circuit withstands an indefinite fault to a 120V AC line
with no damage to any component.

In addition to allowing fault-protection, the guaranteed
low leakage of the MAX328/MAX329 also reduces sig-
nal errors. The circuit in Figure 4 produces an error
voltage of 10pA (max leakage) x 39kQ or 0.39pV at
room temperature and 39uV at +125°C. Therefore, for
10V signals, the MAX328/MAX329 allows 17-bit resolu-
tion (38uV = 1L.SB) over the full temperature range.
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Figure 4. Fault-tolerant MUX (indefinitely withstands 120V AC
fault voltages)
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Chip Topographies
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MAX328/MAX329

Ultra-Low Leakage
Monolithic CMOS Analog Multiplexers

_Ordering Information (continued)

PART TEMP. RANGE PIN-PACKAGE
MAX329CPE 0°C to +70°C 16 Plastic DIP
MAX329CWE 0°C to +70°C 16 Wide SO
MAX329CJE 0°C to +70°C 16 CERDIP
MAX329C/D 0°C to +70°C Dice”
MAX329EPE -40°C to +85°C 16 Plastic DIP
MAX329EWE -40°C to +85°C 16 Wide SO
MAX329EJE -40°C to +85°C 16 CERDIP*
MAX329MJE -40°C to +85°C 16 CERDIP**

* Contact factory for dice specifications.
** Contact factory for availability. Substrate may be allowed
to float or be tied to V+.

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