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Fault-Protected Analog Multiplexer
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General Description Fealures

Maxim's HI-508A and MAX358 are 8 channel single-
ended (1 of 8) muitiplexers with fault protection.
Maxim's HI-500A and MAX359 are 4 channel differ-
ential (2 of 8) multiplexers with fault protection.
Using a series N-channel, P-channel, N-channel
structure, these multiplexers provide significantly
improved fault protection. If the power supplies to
the Maxim fault-protected multiplexer are inadver-
tel;1tl¥1 turned off while Inplut voltages are st(i::l a;)fpliedci
all channels in the muitiplexer are turned off, an
only a few nanoamperes of leakage current will flow Operates from +4.5 to +18V Supplies
into the inputs. This protects not only the multiplexer All Digital Inputs are TTL and CMOS
and the circuitry driven by the muitiplexer, but also Compatible

protects the sensors or signal sources which drive

the multiplexer.

The Maxim series N-channel, P-channel, N-channel

Improved 2nd Source (See “Maxim
Advantage” on 3rd and 5th page)

All Switches Off with Power Supplies Off
On Channel Turns OFF If Overvoltage Occurs

Only Nanoamperes of Input Current under All
Fault Conditlons

Latchup-proof Construction

oo SO o
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protection structure has two significant advantages ' Ordering Information
over the simple current limiting protection scheme :
gf the firhsﬂt generation fault protected multiplexers. PART TEMP. RANGE PACKAGE
irst, the Maxim protection scheme limits fault currents S "
to nanoamp leakage values rather than many milli- MAX358CPE 0°C to +75°C__ 16 Lead P"flshc DIP
amperes. This prevents damage to sensors or other MAX358CWE _0°Cto +75°C 16 Lead Wide SO
sensltivedsignia\l ?ources. Second, the Maxim fault- MAX358CJE 0°C to +75°C 16 Lead CERDIP
protected multiplexers can withstand a continuous s o :
135V overvoltage, unlike the first generation which MAXSSAEPE '4°°C to +85°C 16 Lead Pl?s"c oP
has a continuous overvoltage limitation of about MAX3SBEWE __ -40°C to +85°C 16 Lead Wide SO
+10V imposed by power dissipation considerations. MAX358EJE _40°C to +85°C 16 Lead CERDIP
All digital inputs have logic thresholds of 0.8V and MAX358MJE -65°C to +125°C 16 Lead CERDIP
2.4V, ensuring both TTL and CMOS compatibility MAX358C/D** 0°C to +75°C  Dice

i

without requiring pullup resistors. Break-before-

] o b "
make operation is guaranteed. Power supply currents MAX3S9CPE oac L ”500 16 Lead Plastic DIP
have been reduced and typical power dissipation is MAX359CWE 0°C to +76°C__ 16 Lead Wide SO
less than 2 milliwatts. MAX359CJE 0°C to +75°C 16 Lead CERDIP
App"cations MAX359EPE -40°C to +85°C 16 Lead Plastic DIP
Data Acquisition Systems MAX359EWE -40°C to +85°C 16 Lead Wide SO
0 ]
Industrial and Process Control Systems MAX3SSEJE -40°C to +85°C_ 16 Lead GERDIP
Avionics Test Equi t MAX359MJE -65°C to +125°C 16 Lead CERDIP
vionics Test Equipmert MAX359C/D" ___ 0°Cto +76°C _Dice
Signal Routing between Systems (Ordering Information Is continued on last page.) 1
*The substrate may be allowed to float or be tied to V* q
(J! CMOS). :

Pin Configuration

U TOP VIEW . U
AMNO 6] A Ay OO [16] A, E
ENABLE [Z] o1 pscim B Ao ENABLE [Z] o, 1o 0 S BND
Vary 2] “paxzes P EHD ST vy 1R T
N, ] HI-508A 1| +Vsuppy INjy L4 HI-509A [13] INja
N, G2 [17] 1N Ny, 5 my
Ny [E] [1T] [N, Ny [E] T7] N
N, O] [10] IN; Ny T 10] INg o
out [1] 9] INg ouT, (2] 9] 0UTy
Tha "Maxim Advantage™" signilies an upgraded quality level. At no additional cast we offar a second-source device that s subject to the following: guaranteed
parlormance over temperature along with lighlerloslspacillcationsonmanykey,.,.. and davice enh ts, when ded, thatresultinimproved
porf without changing the lity
ZNAXIV ' Maxim Integrated Products 1-25 3

maxim is a registered trademark of Maxim Integrated Products.
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Fault-Protected Analog Multiplexer .

< ABSOLUTE MAXIMUM RATINGS : :
Voltage between Supply Pins Continuous Current, SorD ....... tevessversianesaran «« 20mA
T T, Peak Current, S or D
A T T T T {Pulsed at 1ms, 10% duty cycle max) ........ ceresseans 40mA
Digital Input Overvoltage: Power Dissipation {Note 1) (CERDIP) ........ ., 1.28W
Ve, V { Vsuppty(?) coeerieiiiiiiiiiiiiiiiieeen .o HV Operating Temperature Range:
EN: YA R o s -4V MAX368/358M; HI-508A/509A-2, -8 ...... -55°C to +125°C
Analog Input Overvoltage with Multiplexer Power On: MAX368/359C; HI-508A/509A-5 .,. «« 0°C to +75°C
v {Vs,,pp,y(ﬂ ...................................... +20V MAX358/359E ........0n0ennns v -« -40°C to +85°C
s Vsuppiyl-) St ea e e aaaeas -20v Storage Temperature Range ....... veseresres =B85°C to +150°C
Analog :/r;putly?:)ervonage with Multiplexer Power Off: a5V Note 1: Derate 12.8mW/°C above Ta=+75°C
uppty(t) e ceerainan
- v { Vaupp(=) <+ neerreeirereiineees e ree. <35V »
t Stresses above those listad under “Absolute Maximum Ratings” may cause permanent damage to the device. These are slress ratings only and functional
operation of the device al these or an/ other conditions above those Indicaled in the operalional sections of the specitications is not Implied. Exp e lo
d‘ absolute maximum raling conditions lor extendad periods may allect device reliability. -
0 ELECTRICAL CHARACTERISTICS: HI-508A/509A (See facing page for MAX358/359.)
m Supplies = +15V, -15V; V,, (Logic Level High) = +4.0V, V. (Logle Level Low) = +0.8V (unless otherwise noted). )
\ -55°C to +125°C 0°C to +75°C
PARAMETER SYMBOL CONDITIONS TEMP UNITS
0] MIN TYP MAX [MIN TYP MAX
‘lg STATIC
. Vp =10V, 1g=100pA - +25°C 12 15 15 18 |
ON Resistance TOSION) | Vg, = 0.8V, Vi = 4V Full 15 18 18 20 | K
OFF Input Leakage I Vg = £10V, Vp = F10V +25°C 0.03 0.03 nA :
: Current S(OFF) | V= 0.8V (Note 2) Full 80 50 {
Vp = £10V, Vg = F10V +25°C 01 01 N
OFF Output Leakage loorey | Ven =08V HI-508A | Full 200 200 | nA
{Note 2) HI-5098A | Full 100 100
VsiaLy = Vp = £10V (Note 2) +25°C [15] 01 .
ON Channel Leakage 1 Voo Ve 5 4V HI508A | Ful 200 200 | na :
Current D(oN) AH "~ VEN i
VaL =08V HI-509A | Fuli 100 100 i
I
Analog Signal Range Van Full -15 +15 =15 +15 \' H
Differential, OFF . :
Output Leakage Current lpirr (HI-509A only) Fuil 50 50 7 nA
FAULT ) B
Output Leakage Current | Vp=0V ) +25°C 40 4.0 nA H
(with Overvoltage) BIOFF) | Analog Ovarvoitage = +33V Full_ 20 . A ;
INPUT i
Input Low Threshold VaL {Note 3) Full 0.8 08 \
Input High Threshold Van Full 4.0 4.0 v %
Input Leakage Vp=4Vorov 3
Current (High or Low) Ia (Note 4) Full 10 10 KA
DYNAMIC
Access Time ta +25°C 05 10 05  10.[ s
. Ven = 46V, Vi = 10V H
Break-Before-Make Delay | ton-tors Ag Ay, A, Sirobed +26°C | 25 80 25 80 ns _
+25°C 300 500 300 :
Enable Delay (ON) tON(EN) Full 1000 1000 ns :
+25°C 300 500 300
Enable Delay (OFF) torren) Full 1000 1000 ns
<
Settling Time (0.1%) 1.2 12
{0.01%) tserr +25°C 35 35 us

Note 2: Ten nanoamps is the practical lower llinit for high speed measurement in the production test environment.
Note 3: To drive from DTL/TTL Circuits, 1kQ puli-up resistors to +5.0V supply are recommended.
Note 4:  Digital input leakage Is primarily due to the clamp diodes. Typical leakage is less than 1nA at +25°C.

1-26 MAXivi
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ADVANTAGE™

Fauit-Protected Analog Multiplexer

4 Only Nanoamps of Leakage Under Fault Conditions 4 TTL Compatible, No Pullups Required
¢ All Switches OFF With Power Supplies Oft 4 Significantly Reduced Power Consumption
¢ Channel Tums OFF When Overvoltage Occurs 4 4.5V to +18V Operation

ABSOLUTE MAXIMUM RATINGS: This device conforms to the Absolute Maximurn Ratings on adjacent page.
ELECTRICAL CHARACTERISTICS: MAX358/359 (See facing page for HI-508A/509A.)

Specifications below satisfy or exceed all "tested" parameters on adjacent page.
Supplies = +15V, -15V; Vay (Logic Level High) = +2.4V, V5 (Logic Level Low) = +0.8V (unless otherwise noted).

0°C to +76°C
-55°C to +125°C and .
] 0
PARAMETER SYMBOL: CONDITIONS TEMP -40°C 10 +85°C | yNiTs
MIN TYP MAX| MIN TYP MAX
STATIC
. Vp = 10V, Ig = 100pA +25°C 1.2 15 15 1.8
ON Resistance TOSION) | Vg, = 0.8V, Vi = 2.4V Full 15 18 18 20 | K
OFF Input Leakage | Vg = £10V, Vp = FI10V +25°C 003 05 0. 1.0 nA
Current S(0FF) | Vgy = 0.8V Full 50 50
Vp = £10V, Vg = F10V +25°C 0.1 1.0 0.1 20
QFF Output Leakage logorm | Ven = 08V MAX358 | Full 200 200 | nA
urren MAX359 | Full 100 100
Vagaity = Vp = £10V (Note 2) | +25°C 01 20 01 50
o Channel Leakage loony | Va# Ve 2 24v  MAX35B| Ful 200 200 | nA
urren Vp = 0.8V MAX359 | Full 100 100
Analog Signal Range Van (Note 1) Full -15 +15 -15 +16 \
Differential, OFF .
Output Leakage Current Ioire MAX359 only Full &0 50 nA
FAULT
Output Leakage Current | Vp = OV (Note 2) +25°C 4.0 nA
(with Overvoltage) D(OFF) | Analog Overvoltage = £33V Full HA
input Leakage Current Vio = £25V, Vo = 210V, a8, e
{with Overvollage) | Ystorny (Note 2) - S | +25°C BA
Input Leakage Current = Ty = 225V, Vg = Vo = OV : e
(w. Power Supplles Oft) ‘5(05‘[ Ag= A= Az = 0V or 5V . #25°C | B AL
INPUT
Input Low Threshold VaL Full 08 08 v
tnput High Threshold Ve T | hat |24 0 24 e L v
Input Leakage Vi = 4V or OV
Current (High or Low) a {Note 4) Full 10 10 KA
DYNAMIC
Access Time ta (Figure 1) +25°C 05 1.0 05 1.0 us
Break-Before-Make Delay Vegy = +6V, Vi = £10V
{Figure 2) tontorF | A, A, A, Strobed +25°C 25. 80 25 . 80 ns
5° 300 600 300
Enable Delay (ON) tonEeN) (Figure 3) +!2=ullc 1000 1000 ns
i +25° 300 500 300 —
Enable Dalay (OFF) torren | 9N a'c oy BV
Settling Time (0.1%) 1.2 12
(0.01%) tserr +25°C 35 35 #s

Note  When the analog signal exceeds +13.5V or -12V the blocking action of Maxim's gate structure goss into operation. Only leakage
. currents flow and the channel on resistance rises to infinity.

Note 22 The value shown is the steady state value. The transient leakage Is typically 10uA. See detalled description.

Note 3: Electrical characteristics, such as ON Resistance, will change when power supplies other than £15V are used.

Note 4 Digital input teakage is primarily due to the clamp dicdes. Typical leakage is less than 1nA at +25°C.
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< ELECTRICAL CHARACTERISTICS: HI-508A/509A (continued)
8 Supplies = +15V, -15V; Van (Logic Level High) = +4.0V, Vag (Logic Level Low) = +0.8V (unless otherwise noted).
-56°C to +125°C 0°C to +75°C
PARAMETER SYMBOL CONDITIONS TEMP UNITS
n MIN TYP MAX | MIN TYP MAX
DYNAMIC (continued)
Ven =08V, Ry = 1kQ,
“OFF Isolation” (Note 5) OFF 150y | CL=15pF, V= 7Vpye +25°C | s0 68 50 68 dB
= 100kHz
Channel input
] Capacitance Csiorn) +25°C 5 5 PE
] Channel Output HI-508A 25 25
& | Capacitance Colorr) HI-5094 | *25°C 12 12 PF
dg Digital Input Capacitance Ca +26°C 5 5 pF
Input to Output
m Capacitance Cosiorn +25°C 01 01 pF
Q SUPPLY
B Positive Supply Current * Vene Va =0V or 4V Full 0.5 20 05 20 mA
m Negative Supply Current I~ Ven Va=0Voor 4V Full 0.02 1.0 0.02 1.0 mA
" Note 5:  Worst case isolation occurs on channel 4 due to proximity to the output pins.
HAXISE: Van =30V ese
HISOA: Vap = 4.0V TRINE () A Ny oy
o MAXILA “lNz
o " A mAxass "o
i — _E_‘: HI-508A  Wgp—o0 v T
R o—-] wr p—o s — %
L OUTFUT A W aND ur i s lno | :
$ E
| N - = L R AR
| -1V ! :
— v = L d
Figure 1. Access Time vs. Logic Level (High)
MAX3SS: Vay = 30V
HIS00A: Vay = 4.0V A
aa— | -0 +5¥
maxim
AODRESS w Ay MAX358 K27 '—0—_1_
w (B AT sy =
son 1]
uTPUT ap 0T ¥our
\ { 24 3 R I2%F
0% 50% -L k<
i ] - -
(] = -l-
— =
taren “$IMILAR CONNECTION FOR MAX359 AND Hi-509A
Figure 2. Break Before Make Delay {topen) -
1-28 MAXI/VE




ELECTRICAL CHARACTERISTICS: MAX358/359 (continued)
Supplles = +15V, =15V; Vyy, (Logic Level High) = +2.4V, Va, {Logic Leve! Low) = +0.8V (unless otherwise noted).

T-51-15

AKX/

ADVANTAGE™
Fault-Protected Analog Multiplexer

0°C to +75°C
-55°C to +125°C and
o 5
PARAMETER SYMBOL CONDITIONS TEMP ~40°C to +85°C | yniTs
MIN_ TYP MAX| MIN TYP MAX
DYNAMIC (continued)
Ven = 0.8V, Ry = 1K,
“OFF Isofation” OFFys0y | Cu = 160F, V = TVaus. +25°C | 50 68 50 68 d8
= 100kHz
Channel Input
Capacitance Csiorr) +25°C 5 5 pF
Channel Qutput MAX358 o 25 25 i
Capacitance Coworr | MAX3S9 +25°G 12 12 pF
Digital Input Capacitance Ca +25°C 5 5 pF
Input to Output o
gg:acltantl;lspu Cos(oFf) +25°C 0.1 01 pF
SUPPLY
; Ve = 0.8V, 0r 24V - +25°C .08 02710 e

Posttive Supply Current o lAvaEovorsy CFull | Sor | s w0 | ™A
i . Ve = 0.8V or 28V ool as0e. ] 4 04 oot 0 |
Negative Supply Current ; - I . | aljly, ~gv or5V . <= | Ful 002 | 02 002 o0i-| ™
Four S e or | vo, |ws 0 [we|ss ok lws 6| v

Note 5:

Electrical characteristics, such as ON Resistance,

will change when power supplies other than +15V are used.

V60S/V80S-IH 'GSSIBSCXVW

MAX358: Van = 20V
HISO3A: Vay = 4.0V

MAXIMN

K20 10V

N2

MAX358  THRU pm—mO———
*HI-508A M8 =

aur

i

= *$IMILAR COXNECTION FOR MAX35G AND H1-500A

S = 1250F
1k :: T

Figure 3. Enable Delay (tonen), torreny

o5

«15¥

v

Mmaxim

-MAX358
HI-508A our

¥ %0

+5¥

)

.7}
1]
LT

<|l—02

MAXIM
MAX358
HI-508A outT

{0

Figure 5. Input Leakage Current {Ovarvoltage)

MNAKIVE

Figura 6. Input Leakage Current (with Power Supplies OFF)
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MAX358/359, HI-508A/509A

Fault-Protected Analog Mdltiplexer

T-S1- 2
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Typical Operating Characteristics

INPUT LEAKAGE VS. * OFF CHANNEL LEAKAGE QUTPUT LEAKAGE VS.
INPUT VOLTAGE WITH CURRENT VS. INPUT OFF CHANNEL
Ve V-2 0V VOLTAGE WITH OVERVOLTAGE WiTH
R +15V SUPPLIES +15V SUPPLIES
mA 100:4 - "y
100:4 10 - A—,%ﬁ q
10:A 5 1A \ JEA A ¢ I
- g 1000A
g™ DPERNTIN g oA \ FERfTING | | e
S om RAfGE E AaNeE 7 '
5 E ]
g m i r~— _—’/
& g o \ , 1058 T
A
L é ™\ by
T | 1 S 110 L1l
10pA TpA TgA l
0 0 Wl 0 R ® X 0N N W0 w0 0 80
¥in ¥iu
Rpson V.
INPUT VOLTAGE
T
5
7
an 21
PO
SUPRLIES
0
g Eﬁm
§ PPUES]
€ mn ]
J |
Ika —
SISV G0 S @ e IV ISV
Visn
AaLe
iNFUT
TRUTH TABLE—MAX358 AND HI-508A TRUTH TABLE—~MAX359 AND HI-509A
ON ON
A, A, A EN SWITCH A 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 1 2
0 1 0 1 3 1 () 1 3 -
[} 1 1 1 4 1 1 1 4
1 0 1} 1 ]
1 0 1 1 6
1 1 0 1 7
1 1 1 1 8 \ g o S g
NOTE: Logic "0’ =Va S 0.8Y, Logic “1" = V=24V
1-30 MAXI/VI
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"5y
*Vauee +15¥
THERMGCOUPLE ™
out N
STRAIN GAUGE N2 MAX420 -
4-20mh LO0P - S
TRANSMITTER Ny A "i' 3 Mo
-1V
M maxass Vaure ]
—f s Ny $ ko
— 173 b4
‘ - e wr] maxam $ %o
+| IN.
GAIN REFERENCE N7 DGosgeA y l $ o
<
TERD REFERENCE Ny MaAxsss ™
-Veurp €MD Mg
) Vegpr  GND &
L :; 1114
TR . L
- = =

Figure 7. Typical Data Acquistion Front End

Typical Applications

Figure 7 shows a typical data acquisition system
using the MAX358 multiplexer. Since the multiplexer
is driving a high impedance input, its error is a func-
tion of ifs own resistance (Rpg(on)) times the multi-
plexer leakage current (Ip(on;) and the amplifier bias
current (Igjas):

Verr = Rosion) * (Ipon) + 'aias (MAX420))
= 1.5k x (2nA + 30pA)
= 3,054V maximum error

In most cases, this error is low enough that pre-
amplification of Inrut signals is not needed, even
with very low level signals, such as 40uV/°C from
type J thermocouples.

In systems with fewer than 8 inputs, an unused
channel can be connected to the system ground
reference point for software zero correction. A
second channsl connected to the system voltage
reference allows gain correction of the entire data
acquisition system as well. -

A MAX 420 precision op-amp is connected as a pro-
grammable gain amplifier, with gains ranging from 1
to 10,000. The guaranteed 5uV unadjusted offset of
the MAX420 maintains high signal accuracy, while
programmable gain allows the output signal level to
be scaled to the optimum range for the remainder of

MNMAXILVI

the data acquisition system, normally a Sample/Hold
and A/D. Since the gain-changing multiplexer is not
connected to the external sensors, it can be either a
DG508A multiplexer or the fault protected MAX358.

Input switching, however, must be done with a fauit

V60S/V80S-IH ‘65€/8SEXVIN

protected MAX358 multiplexer If it is to provide the

level of protection and isotation required with most
data acqulsition inputs. Since external signal sources
may continue to supply voitage when the muitiplexer
and system power are turned off, non-fault protected
multiplexers, or even first-generation fault protected
devices, will allow many milliamps of fault current to
flow from outside sources into the multiplexer. The
result could be damage to either the sensors or the
multiptexer. A non-fault protected multiplexer will
also allow input overvoltages to appear at its output,
perhaps damaging Sample/Holds or A/Ds. Such
input overdrives may also cause input-to-input shorts,
allowing the high current output of one sensor to
possibly damage another.

The MAX358 eliminates all of the above problems
since it not only limits its output voitage to safe
levels, with or without power applied (+Vsyp and
~Vsyp), but also turns all channels off when power is
removed, drawing only sub-microamp fault currents
from the inputs, and maintaining isolation between
inputs for continuous overvoltages up to £35V.

1-31
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MAX358/359, HI-508A/509A

1

Fault-Protected Analog Multiplexer -

Detailed Description
Fault Protection Circuitry

Maxim's HI-508A/509A and MAX358/359 are fully
fault-protected for continuous input voltages up to
35V, whether or not the +Vgyp and -Vsup power
supplies are present. These devices use a “series
FET" protection scheme which not only protects the
multiplexer output from overvoltage, but also limits
the input current to sub-microamp levels, This fault
current is several orders of magnitude lower than the
original manufacturer's HI-508A (several milliamps),
which uses 1 to 2kQ protection resistors in series
with parasitic diodes connected to +Vsup and ~Vgyp.

Figures 8 and 9 show how the series FET circuit
protects against overvoltage conditions. When power
Is off, the gates of all three FETs are at ground, With
a -25V input, N-channel FET Q1 is turned on by the
+25V gate-to-source voltage. The P-channel device
(Q2), however, has +25V Vgg and is turned off, there-
by preventing the input signal from reaching the
output. If the input voltage is +25V, Q1 has a negative
Vas, which turns it off. Similarly, only sub-microamp
leakage currents can flow from the output back to

the input, since any voltage will turn off either Q1
or Q2.

Figure 10 shows the condition of an OFF channel
with +Vgyp and -Vgup present. As with Figures 8 and
9, either an N-channel or a P-channel device will be
off for any input voltage from -35V to +35V. The
leakage current with negative overvoltages will imme-
diately drop to a few nanoamps at 25°C. For positive
overvoltages that fault current will Initially be 10 or
20uA, decaying over a few seconds to the nanoamp
level. The time constant of this decay is caused by
the discharge of stored charge from Internal nodes

and does not compromise the fault protection
scheme.

Figure 11 shows the condition of the ON channel
with +Vgyp and -Vgup present. With input voltages
less than +10V, alt three FETs are on and the input
signal appears at the output. If the input voltage
exceeds +Vgyp minus the N-channel threshold volt-
age (Vyy), then the N-channe! FET will turn off. For
voltages more negative than -Vg,p minus the P-
channel threshold (Vp), the P-channel device will
turn oft. Since Vyy is typically 1.5V and Vip is
typically 3V, the multiplexer's output swing is limited
to about -12V to +13.5V with £15V supplies.

-26¥
OVERVOLTAGE

N-CHANNEL MOSFET I I I
18 TURNED ON 8 8 8
BECAUSE Vgg = +25¢ = = =

PHANNEL
MOSFET IS OFF

-15¥ 15V 15V
+25 FORGED
ON COMMON
iy \d [} UTPUT
OVERVOLTABE o]
USE Ves = 10 _y5y prom 15V FROM
DAIVERS LU M MOSFET IS OFF
PLHANNEL
MOSFET 13 OFF

Figure 8. -25V Overvoltage with Multiplexer Power OFF

Figure 10. -25V Overvollagé on an OFF Channel with
Multiplexer Power Supply ON

+26¥
OVERVOLTAGE

R-CHANNEL MOSFET I
IS TURNED OFF :E 8 L
BECAUSE vgg = -25V = = =

0 1&g, 02 135V

ouTPUT

15 NCHANNEL
P"—P MOSFET IS 0K

+I5V FROM -ISV FROM
DRIVERS  DRIVERS

+25V
) OVERVOLTAEE
N-CHAMNEL MOSFET
18 TURNED OFF
BECAUSE Vgg = -10V

Figure 9. +25Y Overvoitage with Multiplexer Power OFF
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Figure 11, +25V Overvoltage Input to the ON Channsl
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Fault-Protected Analpg Multiplexer

The Typical Characteristics graphs show typical

leakage vs. input voltage curves. Although the max-
imum rated overvoltage of these devices is £35V, the
MAX358/359 typically has excellent performance up
to £40V, providing additional margin for the unknown
transients that exist in the real world. In summary,
the MAX358/359 provides superior protection from
all fault conditions, while using a standard, readily
produced junction isolated CMOS process.

Switching Characteristics
and Charge Injection

Table 1 shows typical charge injection levels vs. power
supply voitages and analog input voltage. Note that
since the channels are well matched, the differential
charge injection for the MAX359/HI-509A is typically
less than 5 picocoulombs. The charge injection that
occurs during switching creates a voltage transient
whose magnitude is inversely proportional’ to the
capacitance on the multiplexer output.

The channel-to-channel switching time is typically
600ns, with about 200ns of break before make delay.
This 200ns break-before-make delay prevents the
input-to-input short that would occur if two input
channels were simuitaneously connected to the out-
put. In a typical data acquisition system such as Fig-
ure 7, the dominant delay is not the switching time of
the MAX358 muitiplexer, but is the settling time of the
following amplifiers and S/H. Another limiting factor
is the RC time constant of the multiplexer Rps(on)
plus the signal source impedance multiplied by the
load capacitance on the output of the muitiplexer.
Even with low signal source impedances, 100pF of
capacitance on the muitiplexer output wili approxi-
mately double the settling time to 0.01% accuracy.

Operation with Suﬁply Voltages
Other than +15V

The main effect of supply voltages other than 15V is
the reduction in output signal range. The MAX358
limits the output voitage to about 1.5V below +Vgyp
and about 3V above ~Vgyp. In other words, the output
swing Is limited to +3.5V to -2V when operating from
+5V. The typical characteristics graphs show typical
Rps(on), for +15V, +10V, and %5V power supplies.
Maxim tests and guarantees the MAX358/359 for
operation from 4.5V to +18V supplies. The switching
delays are increased by about a factor of 2 at +5V,
but break-before-make agction is preserved.

The MAX358/9 can be operated with a single +9V to
+22V supply, as well as asymmetrical power supplies
such at +15V and -5V. The digital threshold will
remain approximately 1.6V above the Ground pin,
and the analog characteristics such as Rps(on) are
determined by the total voltage difference between
+Vgyp and -Vgyp. Connect -Vgyp to OV when operat-
ing with a +9V to +22V single supply.

The MAX358 digital threshold is relatively independ-
ent of the power supply voltages, going from a

MNAKXI/V

Table 1A. MAX358 AND HI-508A
CHARGE INJECTION

Supply Voltage Analog Input Leve! Injected Charge
+.7V +100pC
+5V oV +70pC
7V +45pC
+5V +200pC
+10V ov +130pC
-5V +60pC
+10V +300pC
+15V ov +180pC
-0V +50pC

Test Conditions: G = 1000pF on muitiplexer output; the tabulated -

analog input level is applied to channel 1; channels 2 through 8
inputs are open circuited. EN = +5V, Ay = A; = 0V, Ag ls toggled at
2kHz rate between 0V and 3V. +100 picocoulombs of charge creates
a +100mV step when injected into a 1000pF load capacitance.

Table 1B. MAX359 AND HI-509A
CHARGE INJECTION

Injected Chargé
Supply Analog -

Voltage | InputLevel | outA OutB DmAeregtlal

+.7V +105pC +107pC -2pC

5V oV +73pC +74pC -1pC

-1.7v +48pC +50pC -2pC

- +5V +215pC +220pC -5pC

+10V ov +135pC +139pC -4pC

-5V +62pC +63pC -1pC

+10v +325pC +330pC -5pC

+15V ov +180pC | +185pC -5pC

~10V +55pGC +55pC _ 0pC

Test Conditions: G = 1000pF on Out A and Out B; the tabulated
analog inputlevel isapplied to inputs 1A and 1B; ¢channels 2 through
4 are open circuited. EN = +5V, A, =0V, Ayis toggled from OV to 3Vat
a 2kHz rate.

typical 1.6V when +Vgyp is 15V to 1.6V typical with a
5V +Vgyp. This means that Maxim HI-508/509A and
MAX358/359 will operate with standard TTL logic
levels, even with £5V power supplies. In all cases, the
threshold of the ENable pin is the same as the other
logic inputs.

Digital Interface Levels

The typlcal digital threshold of both the address lines and
the enable pin is 1.6V, with a temperature coefficient of
about-3mV/°C. This ensures compatibility with 0.8V to
2.4V TTL logic swings over the entire temperature range.
The digital threshold Is relatively independent of the
supply voltages, moving from 1.6V typical to 1.5V typical
as the power supplies are reduced from 215V to 15V. In
all cases, the digital threshold is referenced to the
Ground pin.

The digital inputs can also be driven with CMOS logic
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levels swinging from either +Vgyp to -Vgup or from
+Vgyp to Ground. The digital input currentis just a few
nanoamps of leakage at all input voltage levels, with a
guaranteed maximum of 1pA. The digital inputs are
protected from ESD by a 30V zener diode between the
tnput and +Vgyp, and can be driven £6V beyond the
supplies without drawing excessive current.

Operation as a Demultiplexer

The MAX358/9 wili function as a demultiplexer, where
the inputis applied to the Output pin, and the Input pins
are used as outputs. The MAX358/9 provides both
break-before-make action and full fault protection when
operated as a demultiplexer, unlike earlier generations
of fault protected muitiplexers.

Channel-to-Channel Crosstalk,
OIf Isolation and Digital Feedthrough

At DC and low frequencies the channel-to-channel
crosstalk is caused by variations in output leakage
currents as the off channel input voltages are varied. The
MAX358 output leakage varies only a few picoamps as
all 7 offinputs are toggled from -10V to +10V. The output
voltage change depends on the impedance leve! at the
MAX358 output, which is Rpg(on) plus the input signal
source resistance in most cases since the load driven by
the MAX358 Is usually a high impedance. For a signal
source impedance of 10k} or lower, the DC crosstalk
exceeds 120d8B.

Table 2 shows typical AC crosstalk and off isolation
performance. Digital feedthrough is masked by the
analog charge injection when the output is enabled.
When the output is disabled, the digital feedthrough is
virtually unmeasureable, since the digital pins are
physically isolated from the analog section by the
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Ground and -Vgyp pins. The groundplane formed by
these lines is continued onto the MAX358/9 die to
provide over 100dB isolation between the digital and
analog sections.

Table 2A. TYPICAL OFF ISOLATION
REJECTION RATIO

Frequency 100kHz 500kHz 1MHz
One Channel Driven 74dB 72dB 66dB
All Channels Driven 84dB 48dB. 44dB

Test Conditions: Vi = 20V pi at the tabulated frequency, Ry = 1.5k
between OUT and ground, EN = 0V,

20V,
OIRR =20 Log -\ﬁ’%

Table 2B. TYPICAL CROSSTALK
REJECTION RATIO

Frequency 100kHz 500kHz 1MHz
R = 1.5k 70dB 68dB 64d8
Ry, = 10k 62dB 46dB 42dB

Test Conditions: Specified R, connected from OUT toground, EN=
+5V, Ag = Ay = Ay = +5V (Channel 1 selected). 20Vpy.pk at the
tabulated frequency is applied to Channel 2. All other channels are
open circuited. Simllar crosstalk rejection can be observed between
any two channels..
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__ Ordering Information (continued) Chip Topographies
PART TEMP. RANGE PACKAGE
HI1-0508A-2 -55°C to +125°C 16 Lead CERDIP -
HI1-0508A-5* 0°C to +75°C 16 Lead CERDIP MAX358 L
- HI-508A (3.531mm)
HI3-0508A-5" 0°C to #75°C 16 Lead Plastic DIP
H11-0509A-2 -55°C to +125°C 16 Lead CERDIP L) our
H11-0509A-6" 0°C to +75°C 16 Lead CERDIP ", —
HI3-0509A-5" 0°C to +76°C 16 Lead Plastic DIP ‘
* Maxim burns in all devices at 150°C. Maxim’s -5 device is ™ _
therefore equivalent to the original manufacturer's -7 praduct. 4 ]
" M e
N, N, {4.0imm)
Wenr =0 s O Vi

6k0 A2 Al A0 EMASLE

Note:  Connect substrate to +Vgyppy Or Leave It Fioating

MAX359 013"
Hi-509A (3531mm)
T, Uy,
L™ LM
Ny = EAF 2
4,3 NeS dman—n,, o
I h n Iy (4.01mm)

L

&ND Al AQ EMABLE

Note:  Connect substrate to +Vgyppy OF Leave It Floating

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