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Isolation
The MPC508A is an 8-channel single-ended analog
multiplexer and the MPC509A is a 4-channel differential mg;‘fgr(olt)egi%i;a' )
multiplexer. - R —
The MPC508A and MPC509A multiplexers have input MPCS08A Ao AL A EN
p p
overvoltage protection. Analog input voltages may exceed
either power supply voltage without damaging the device or
disturbing the signal path of other channels. The protection
circuitry assures that signal fidelity is maintained even under 1kQ
» ) In 1A O ——o0"0 o
fault conditions that would destroy other multiplexers. Analog o| Lo . : Out A
inputs can withstand 70Vpp signal levels and standard ESD In 4A 5__\/\/\/\ - "%
tests. Signal sources are protected from short circuits should 1kQ L : :
multiplexer power loss occur; each input presents a 1kQ In 18 oA\ M—e— : o/'c O
resistance under this condition. Digital inputs can also sustain o| e Lo R Outd
. . In 4B O AA/ e ! o"o0—| Decpder/
continuous faults up to 4V greater than either supply voltage. L A Driver
These features make the MPC508A and MPC509A ideal for Overvoltage ZAS
use in systems where the analog signals originate from Clamp and 5v ) Level
external equipment or separately powered sources. | i‘gf;‘n Ref Shift
The MPC508A and MPCS509A are fabricated with Burr- —
Brown’s dielectrically isolated CMOS technology. The :(;LEP:S{LEI'%';?'
multiplexers are available in plastic DIP and plastic SOIC T )
packages. Temperature range is —40°C to +85°C. MPCS09A Ay A EN
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ELECTRICAL CHARACTERISTICS

Supplies = +15V, —15V; V,, (Logic Level High) = +4.0V, V,_ (Logic Level Low) = +0.8V, unless otherwise specified.

MPC508A/509A
PARAMETER TEMP MIN TYP MAX UNITS
ANALOG CHANNEL CHARACTERISTICS
Vg, Analog Signal Range Full -15 +15 \%
Ron, On Resistance® +25°C 1.3 1.5 kQ
Full 1.5 1.8 kQ
Is (OFF), Off Input Leakage Current +25°C 0.5 nA
Full 10 nA
Ip (OFF), Off Output Leakage Current +25°C 0.2 nA
MPC508A Full 5 nA
MPC509A Full 5 nA
Ip (OFF) with Input Overvoltage Applied®? +25°C 2.0 UA
Ip (ON), On Channel Leakage Current +25°C 2 nA
MPC508A Full 10 nA
MPC509A Full 10 nA
Ipier Differential Off Output Leakage Current
(MPC509A Only) Full 10 nA
DIGITAL INPUT CHARACTERISTICS
VL, Input Low Threshold Drive Full 0.8 \%
Vau, Input High Threshold®) Full 4.0 \Y
Ia, Input Leakage Current (High or Low)® Full 1.0 HA
SWITCHING CHARACTERISTICS
ta, Access Time +25°C 0.5 us
Full 0.6 us
topen, Break-Before-Make Delay +25°C 25 80 ns
ton (EN), Enable Delay (ON) +25°C 200 ns
Full 500 ns
torr (EN), Enable Delay (OFF) +25°C 250 ns
Full 500 ns
Settling Time (0.1%) +25°C 12 us
(0.01%) +25°C 35 us
"OFF Isolation"®) +25°C 50 68 dB
Cs (OFF), Channel Input Capacitance +25°C 5 pF
Cp (OFF), Channel Output Capacitance: MPC508A +25°C 25 pF
MPC509A +25°C 12 pF
C,, Digital Input Capacitance 25°C 5 pF
Cps (OFF), Input to Output Capacitance +25°C 0.1 pF
POWER REQUIREMENTS
Pp, Power Dissipation Full 75 mw
I+, Current Pin 16) Full 0.7 1.5 mA
I-, Current Pin 27©) Full 5 20 HA

NOTES: (1) Vout = #10V, lgyr = —100pA. (2) Analog overvoltage = +33V. (3) To drive from DTL/TTL circuits. 1kQ pull-up resistors to +5.0V supply are recommended.
(4) Digital input leakage is primarily due to the clamp diodes. Typical leakage is less than 1nA at 25°C. (5) Vgy = 0.8V, R = 1kQ, C, = 15pF, Vg = 7Vrms, f = 100kHz.
Worst-case isolation occurs on channel 4 due to proximity of the output pins. (6) Vgy, Va = 0V or 4.0V.
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PIN CONFIGURATIONS

Top View Top View

/ -/

Al 1 16 | A, Ayl 1 16| A,

En| 2 15| A, En| 2 15| Ground
—Vsuppry | 3 14| Ground —Vsuppy | 3 14 | +VgyppLy

In1| 4 1__3| +VguppLy In1A| 4 13| In1B

In2|5 12| In5 In2A| 5 12| In2B

In3| 6 11|{In6 IN3A| 6 11| In3B

In4| 7 10(In7 In4A | 7 10| In4B

Oout IE 9 |In8 OutA | 8 9 [ OutB
MPC508A (Plastic) MPC509 A (Plastic)

TRUTH TABLES

MPC508A MPC509A
"ON" "ON"
A, A, A, EN CHANNEL CHANNEL
X X X L None A, A, EN PAIR
L L L H 1
L L H H 2 X X L None
L H L H 3 L L H 1
L H H H 4 L H H 2
H L L H 5 H L H 3
H L H H 6 H H H 4
H H L H 7
H H H H 8
ABSOLUTE MAXIMUM RATINGS® PACKAGE/ORDERING INFORMATION
Voltage between SUPPLY PINS ......ceiririieiriieeeseree e 44v For the most current package and ordering information, see
VA 10 GROUNG oottt 22v the Package Option Addendum located at the end of this
V— 10 GROUNG ittt 25V data sheet.
Digital input overvoltage Vgy, Va:
Vsuppry (*) -
VsuppLy () -
or 20mA, whichever occurs first.
Analog input overvoltage Vg:
VUPPLY (F) ceerermrreieinieieieeieeesei e
VsuppLy () -
ContinUOUS CUITENE, SO D ..o
Peak current, S or D
(pulsed at 1ms, 10% duty CYCle MaX) .....ccvverireenieaieenieenieeseeeee 40mA
Power dissipation(®
Operating tEMPErature range ..........ccoeoeeeeeeeereereseeerenens —40°C to +85°C
Storage temperature range ..........c.ceveeeereiiieeeninneieesineens —65°C to +150°C
NOTE: (1) Absolute maximum ratings are limiting values, applied individu-
ally, beyond which the serviceability of the circuit may be impaired. Func-
tional operation under any of these conditions is not necessarily implied.
(2) Derate 1.28mW/°C above T, = +70°C.
MPC508A, MPC509A ® Texas
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TYPICAL PERFORMANCE CURVES

Typical at +25°C unless otherwise noted.
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DISCUSSION OF
PERFORMANCE

DC CHARACTERISTICS

The static or dc transfer accuracy of transmitting the multi-
plexer input voltage to the output depends on the channel ON
resistance (R,,), the load impedance, the source impedance,
the load bias current and the multiplexer leakage current.

Single-Ended Multiplexer Static Accuracy

The major contributorsto static transfer accuracy for single-
ended multiplexers are:

Source resistance loading error;

Multiplexer ON resistance error;

and, dc offset error caused by both load bias current and
multiplexer leakage current.

Resistive Loading Errors

The source and load impedances will determine the input
resistive loading errors. To minimize these errors:

» Keep loading impedance as high as possible. This mini-
mizes the resistive loading effects of the source resis-
tanceand multiplexer ON resistance. Asaguideline, load
impedances of 108Q, or greater, will keep resistive |oad-
ing errors to 0.002% or less for 1000Q source imped-
ances. A 10°Q load impedance will increase source
loading error to 0.2% or more.

» Use sources with impedances as low as possible. 1000Q
source resistance will present less than 0.001% loading
error and 10kQ source resistance will increase source
loading error to 0.01% with a 10° load impedance.

Input resistive loading errors are determined by the follow-
ing relationship (see Figure 1).

Source and Multiplexer Resistive Loading Error

_Rs+Ron
Rs +Ron +RL

ORst RonF x 100%

where Rg = source resistance
R, = load resistance
Ry = multiplexer ON resistance

Input Offset Voltage

Bias current generates an input OFFSET voltage as a result
of the IR drop across the multiplexer ON resistance and
source resistance. A load bias current of 10nA will generate
an offset voltage of 20uV if a1kQ sourceisused. In general,
for the MPC508A, the OFFSET voltage at the output is
determined by:

Vorrser = (Ie +11) (Ron + R9)
where |, = Bias current of device multiplexer is driving
I, = Multiplexer leakage current

Ry = Multiplexer ON resistance
R = source resistance

MPCS508A, MPC509A
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Differential Multiplexer Static Accuracy

Static accuracy errors in a differential multiplexer are diffi-
cult to control, especially when it is used for multiplexing
low-level signalswith full-scale ranges of 10mV to 100mV.

The matching properties of the multiplexer, source and
output load play a very important part in determining the
transfer accuracy of the multiplexer. The source impedance
unbalance, common-modeimpedance, load bias current mis-
match, load differential impedance mismatch, and common-
mode impedance of the load all contribute errors to the
multiplexer. The multiplexer ON resistance mismatch, leak-
age current mismatch and ON resistance also contribute to
differential errors.

Theeffects of these errors can be minimized by following the
general guidelines described in this section, especialy for
low-level multiplexing applications. Refer to Figure 2.

Load (Output Device) Characteristics

» Use devices with very low bias current. Generally, FET
input amplifiers should be used for low-level signalsless
than 50mV FSR. Low bias current bipolar input amplifi-
ers are acceptable for signal ranges higher than 50mv
FSR. Bias current matching will determine the input
offset.

» Thesystem dc common-moderejection (CMR) can never
be better than the combined CMR of the multiplexer and
driven load. System CMR will be less than the device
which has the lower CMR figure.

» Loadimpedances, differential and common-mode, should
be 10°Q or higher.

|
Rs1 Ron BIAS

WM —p—0
% B
! Rorr

FIGURE 1. MPC508A DC Accuracy Equivalent Circuit.

Vi

"' Measured
Voltage

-

Ronia  lmiasa, - o o oo ___.
-

Rs1 .

~| |

I :

. 0

Rewt Rsis lias B, '

. ~ . Ccdr TCCM:
o

! , Rd/2 '

RSAA ROFFAA !

RS48 ROFFAB

RM4

P Texas
INSTRUMENTS 5
www.ti.com

FIGURE F MPC509A DC Accuracy Equivalent Circuit.



Source Characteristics

» The source impedance unbalance will produce offset,
common-mode and channel-to-channel gain-scatter er-
rors. Use sources which do not have large impedance
unbalances if at all possible.

» Keep source impedances as low as possible to minimize
resistive loading errors.

e Minimize ground loops. If signal lines are shielded,
ground all shields to a common point at the system
analog common.

If the MPC509A is used for multiplexing high-level signals
of +1V to £10V full-scale ranges, the foregoing precautions
should still be taken, but the parameters are not as critical as
for low-level signal applications.

DYNAMIC CHARACTERISTICS
Settling Time

The gate-to-source and gate-to-drain capacitance of the CMOS
FET switches, the RC time constants of the source and the
load determine the settling time of the multiplexer.

Governed by the charge transfer relation i = C (dV/dt), the
charge currents transferred to both load and source by the
analog switches are determined by the amplitude and rise
time of the signal driving the CMOS FET switches and the
gate-to-drain and gate-to-source junction capacitances as
shownin Figures 3 and 4. Using thisrelationship, one can see
that the amplitude of the switching transients, seen at the
source and load, decrease proportionally as the capacitance
of the load and source increase. The trade-off for reduced
switching transient amplitude is increased settling time. In
effect, the amplitude of the transients seen at the source and
load are:

dv, = (i/C) dt

where i = C (dV/dt) of the CMOS FET switches
C = load or source capacitance

The source must then redistribute this charge, and the effect
of source resistance on settling time is shown in the Typical
Performance Curves. This graph shows the settling time for
a 20V step change on theinput. The settling time for smaller
step changes on the input will be less than that shown in the
curve.

MPC508A Channel
Source -—— _‘>\\< >//< Node A—> Load
_O_
Rs 1 4 T X o "
T X I%

%

v

FIGURE 3. Settling Time Effects—MPC508A
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FIGURE 4. Settling and Common-Mode-Effects—
MPC509A

Switching Time

Thisisthetimerequired for the CMOSFET to turn ON after
anew digital code has been applied to the Channel Address
inputs. It ismeasured from the 50 percent point of the address
input signal to the 90 percent point of the analog signal seen
at the output for a 10V signal change between channels.

Crosstalk

Crosstalk isthe amount of signal feedthrough from the three
(MPC509A) or seven (MPC508A) OFF channels appearing
at the multiplexer output. Crosstalk is caused by the voltage
divider effect of the OFF channel, OFF resistance and junc-
tion capacitances in series with the R, and Ry impedances
of the ON channel. Crosstalk is measured with a 20V p-p
1kHz sine wave applied to all OFF channels. The crosstalk
for these multiplexers is shown in the Typical Performance
Curves.

Common-Mode Rejection (MPC509A Only)

The matching properties of the load, multiplexer and source
affect the common-mode rejection (CMR) capability of a
differentially multiplexed system. CMR is the ability of the
multiplexer and input amplifier to reject signals that are
common to both inputs, and to pass on only the signa
difference to the output. For the MPC509A, protection is
provided for common-mode signals of 20V above the
power supply voltageswith no damageto the analog switches.

The CMR of the MPC509A and Burr-Brown's INA110
instrumentation amplifier is 110dB at DC to 10Hz (G = 100)
with a6dB/octaveroll off to 70dB at 1000Hz. This measure-
ment of CMR is shown in the Typical Performance Curves
and is made with a Burr-Brown model INA110 instrumenta-
tion amplifier connected for gains of 10, 100, and 500.

MPCS508A, MPC509A
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Factorswhich will degrade multiplexer and system DC CMR
are:

» Amplifier bias current and differential impedance mis-
match

Load impedance mismatch
Multiplexer impedance and leakage current mismatch

AC CMR rall off is determined by the amount of common-
mode capacitances (absolute and mismatch) from each signal
lineto ground. Larger capacitanceswill limit CMR at higher
frequencies; thus, if good CMR is desired at higher frequen-
cies, the common-mode capacitances and unbalance of sig-
nal linesand multiplexer-to-amplifier wiring must be mini-
mized. Use twisted-shielded-pair signal lines wherever pos-

» Load and source common-mode impedance sible.
SWITCHING WAVEFORMS
Typical at +25°C, unless otherwise noted.
BREAK-BEFORE-MAKE DELAY (topey)
MPC508A®M 5v Va Input h
+ 8
Vg 4.0V ni ) 2V/Div
. A2
Address Drive vV, A In2Thru In 7 2
1
oV (Va) Ay g — 10n
Output 50Q n Vour \ 4 Output \
. 1L En out 0.5V/Div
50%-\ £ 50% Sy GND \/ /
_ Ve | k0 12.5pF V V
tOF’EN B
NOTE: (1) Similar connection for MPC509A. 100ns/Div
ENABLE DELAY (toy (EN), toge (EN))
Enable Drive
MPC508AM / Enable Drive
Vau_ 40V o +10v 2V/Div

, , A In1 \

------- - 50% 2

! ' ov AL In2Thruing —o—_I

I I — AO

: X Output —

1 90%) X E out \

1 1 n GND u

| ! | 0% VA . 12.5pF / \

I I
I e i 50Q J—_ Output N
Vo ENIT— L EeNy— j 2V ~
NOTE: (1) Similar connection for MPC509A. 100ns/Div

MPCS508A, MPC509A
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS

www.ti.com
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Unless otherwise specified: T, = +25, V= 15V, V, = +4V,V, = 0.8V.
ON RESISTANCE vs ANALOG INPUT SIGNAL,
SUPPLY VOLTAGE 100pA
O
Ron = V,/100pA v,
In
Out
- ——o0
VIN
ON RESISTANCE vs = NORMALIZED ON RESISTANCE
ANALOG INPUT VOLTAGE vs SUPPLY VOLTAGE
1.6
T ! +125°C > T, >-55°C
= ° 1.5 21a2 |
13 TA =+125°C 8 N VIN =45V
1.2 | | | = E 1.4
g o
€11 ‘ ; ‘ — 3513
8 To=+25°C T2
(5]
£ 1.0 e 1 — §%12 AN
3 I I I T Q2
@ T, =-55°C =
& 0.9 A % E 1.1 —
c E o I —
G 08 g 10
z
0.7 0.9
0.6 0.8
-10 8 6 -4 -2 0 2 4 8 10 5 6 +7 8 9 $10 +11 +12 *13 +14 +15
Analog Input (V) Supply Voltage (V)
SUPPLY CURRENT vs TOGGLE FREQUENCY
+15V/+10V 3
+lsuppLy I
< 6
MPC508A® E
A, En |—O +10V/+5V =
T [
\Y =
A A In2ThrulIn7 : 8 4 Vo= #15V
50Q A 2 s
0 In8 [——0 £10V/+5V =
- (=}
- >
— —v Out )
- = +R/_ ENGND -V TTovaay 1 L~ Vg =210V
é 14pF
- _ISUPPLY 0
100 1k 10k 100k iM 10M
-15V/-10V
NOTE: (1) Similar connection for MPC509A. Toggle Frequency (Hz)
i
2 Texas MPC508A, MPC509A
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (CONT)

LEAKAGE CURRENT

vs TEMPERATURE

O En 0+0.8V oo\o out
g o—out O 5
. e L (A) 1hiom
Ip (Off) A, A
s oV — J) 4) — 10V
10V — — Fl0V
T T L Al
100nA
Off Output
= Current
c
o g 10nA — = 1, (off)
O o Out 8 [ On Leakage
I5 (Off) —0 o Current I (On) /
: O ] 1nA =
+10V 3
- = 0 En +0:.8V - < Off Input —
oV 1000A Leakage Current
= = P Is (Off) =
10pA
NOTE: (1) Two measurements per channel: +10V/-10V and —10V/+10V. 25 50 s 100 125
(Two measurements per device for I, (Off): +10V/~10V and —10V/+10V). Temperature (°C)
ANALOG INPUT OVERVOLTAGE CHARACTERISTICS
21 T T T 7
Positive Input Overvoltage
_18 6 %
E e 2
I, (Off) =15 > g
hw p o % 3
A o) A 5 12 Analog Input 4 4 o
@] =)
= Current (I,) P / g
2 <
— v [ © g9 7 ] 3 0
e IN 1 — = - 3—:‘
1 o / R o
g 6 v Output Off 23
< %/ Leakage Current =
= 3 L b 113
0 / ‘ 0
+12 +15 +18 +21 +24 +27 +30 +33 +36
Analog Input Overvoltage (V)
21 T T T
Negative Input Overvoltage
18 43
I 1 =
o (O £ £
Iy o (Off) g I/ s
A o) A 8 12 Analog Input v o
Z Current (I,) P / —(‘f:
— _y —T—O 2 9 e |_ 2 9
[— IN 1 — = I—— =
T E ~ 5
g 6 7 Output Off =
< %/ Leakage Current a
= 3 // Lo 1 &
0 ‘ 0
-12 -15 -18 -21 24 =27 -30 -33 -36
Analog Input Overvoltage (V)
{i’
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, INSTRUMENTS

SBFS019A

www.ti.com




PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (CONT)

ACCESS TIME vs LOGIC LEVEL (High)
1000
? ?+15V 900
V +V
, In f—0 -10v 7 800
In2 Thru =
Va A, n7[© 2 700
50Q A MPC S
0 508AW In8F—O+10v— I
Probe g 600
r——=-=-=-=-=-=-=-=-=-= 1
- = O—-[EnGgND  —v Out . 2
+4V 1 140F 1 500
é b1 | z1omMe ——14pF
- 1 1 400 N
I I
I I
L 1 300
3 4 5 6 7 8 9 10 11 12 13 14 15
NOTE: (1) Similar connection for MPC509A. Logic Level High (V)
ACCESS TIME WAVEFORM
Vau 4.0V Address
Drive (V,) V, Input
2V/Div
0,
50% | A\ ov
I
10v !
| Output A
I
| 90% \
! ! 10V Output A
| ! \ 5V/Div
—»: ty, l-—— /
200ns/Div
ON-CHANNEL CURRENT vs VOLTAGE +14
+12 —55°C / +25°C
= / +125°C
+ y.
£ +10 /
€
g 8 e
- A S
hd 3 6 /
Viy —r—0 f;) /7
X s
| - (% +4 7
+2
0
0 +2 +4 +6 +8  +10 12 +14  +16
V\\ —Voltage Across Switch (V)
:i TEXAS MPC508A, MPC509A
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INSTALLATION AND
OPERATING INSTRUCTIONS

The ENABLE input, pin 2, isincluded for expansion of the
number of channels on a single node asillustrated in Figure
5. WithENABLE line at alogic 1, the channel is selected by
the 2-bit (MPC509A) or 3-bit (MPC508A) Channel Select
Address (shown inthe Truth Tables). If ENABLE isat logic
0, all channels are turned OFF, even if the Channel Address
Linesareactive. If theENABLE lineisnot to be used, simply
tieit to +Vgyppv-

If the +15V and/or —15V supply voltage is absent or shorted
to ground, the MPC509A and MPC508A multiplexers will
not be damaged; however, some signal feedthrough to the
output will occur. Total package power dissipation must not
be exceeded.

For best settling speed, theinput wiring and interconnections
between multiplexer output and driven devices should be
kept as short as possible. When driving the digita inputs
from TTL, open collector output with pull-up resistors are
recommended

To preserve common-mode rejection of the MPC509A, use

twisted-shielded pair wire for signal lines and inter-tier
connections and/or multiplexer output lines. This will help
common-mode capacitance balance and reduce stray signal
pickup. If shieldsare used, all shields should be connected as
close as possible to system analog common or to the com-
mon-mode guard driver.

CHANNEL EXPANSION
Single-Ended Multiplexer (MPC508A)

Up to 32 channels (four multiplexers) can be connected to a
single node, or up to 64 channels using nine MPC508A
multiplexers on atwo-tiered structure as shown in Figures 5
and 6.

" O—In1
L ofon
£ 77" ° 508A
%” 1 Group 1
s <'>_ InSChl-S ) Group 1 Multiplexer
© Output
A, Al A O
2’ t’o To ! T Direct
.- I N
e 20 | Binary |Group! - I
1ot ! Counter | 2 | | N . !
1 92 (] S
SN vt > -0
: <3 e L7
123 11% 8 X | _ -~ Buffered
R - OPAB02
124 fa) I
LT ! 1/4 OPA404
wO—lnlAzAle TO:
S Oin2 Group 4 Group!
£ 0In3 2 bi 3
> | MPC Enable ,
3 | 508A | Out !
3 )
< O-In8 -
© Group 4 Settling Time to 0.01% for Rg < 100Q
Ch25-42 —Two MPC508A units in parallels: 10us
—Four MPC509 A units in parallels: 12us

FIGURE 5. 32-Channel, Single-Tier Expansion.

MPCS508A, MPC509A
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©
£ oqin1
=)
:LE) O—In2 Out
> OIn3 8
- I
3 ! MPC508A
£ En
_8’ Cing 29 Multiplexer
[S] +V
£ Ao AL A Output
© In1 out Direct
I ’ o
S
'l MPC508A AR |
\ En' '_! >~ - I
—_ 1 O : : ~_ !
3 Jins Voo . 40
£ oqint Ay AL A, T
B o-In2 Out ~~  Buffered
5 oqins 8 OPA602
2 ' | mpcsosa 1/4 OPA404
3 En
c 2 O
2 & In8 +V
= Ay A, A,
<
[ee]
|
Settling Time to 4LSBs  4MSBs
+0.01% is 20ps 6-Bit Channel
with Rg = 100Q Address Generator

FIGURE 6.Channel Expansion Up to 64 Channels Using
8 x 8 Two-Tiered Expansion.

Differential Multiplexer (MPC509A)

Single or multitiered configurations can be used to expand
multiplexer channel capacity up to 32 channels using a
32 x 1 or 16 channels using a 4 x 4 configuration.

Single-Node Expansion

The 32 x 1 configuration is simply eight (MPC509A) units
tied to a single node. Programming is accomplished with a
5-bit counter, using the 2LSBs of the counter to control
Channel Address inputs Ay and A, and the 3MSBs of the
counter to drive a 1-of-8 decoder. The 1-0f-8 decoder then is
used to drive the ENABLE inputs (pin 2) of the MPC509A
multiplexers.

Two-Tier Expansion

Using a4 x 4 two-tier structurefor expansion to 16 channels,
the programming is ssimplified. A 4-bit counter output does
not require a 1-of-8 decoder. The 2L SBs of the counter drive
the Agand A, inputsof thefour first-tier multiplexersand the
2M SBs of the counter are applied to the Ay and A, inputs of
the second-tier multiplexer.

Single vs M ultitiered Channel Expansion

In addition to reducing programming complexity, two-tier
configuration offers the added advantages over single-node
expansion of reduced OFF channel current leakage (reduced
OFFSET), better CMR, and a more reliable configuration if
a channel should fail in the ON condition (short). Should a
channel fail ON inthe single-node configuration, data cannot
be taken from any channel, whereas only one channel group
isfaled (4 or 8) in the multitiered configuration.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ ® ® @/5)
MPC508AP ACTIVE PDIP N 16 25 Green (RoHS  CU NIPDAU | Call Tl N/ A for Pkg Type MPC508AP Samples
& no Sh/Br) =
MPC508APG4 ACTIVE PDIP N 16 25 Green (RoHS Call Tl N/ A for Pkg Type MPC508AP Samples
& no Sh/Br) =
MPC508AU ACTIVE SoIC DW 16 40 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 MPC508AU Samples
& no Sh/Br) =
MPC508AU/1K ACTIVE SOIC DW 16 1000  Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 MPC508AU
& no Sh/Br) L
MPC508AU/1KG4 ACTIVE SOIC DW 16 1000  Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 MPC508AU Samnles
& no Sb/Br) L
MPC508AUG4 ACTIVE SOIC DW 16 40 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 MPC508AU Samnles
& no Sb/Br) L
MPC509AP ACTIVE PDIP N 16 25 Green (RoHS  CU NIPDAU | Call Tl N/ A for Pkg Type MPC509AP B e
& no Sb/Br) B2
MPC509APG4 ACTIVE PDIP N 16 25 Green (RoHS Call Tl N/ A for Pkg Type MPC509AP
Samples
& no Sh/Br)
MPC509AU ACTIVE SoIC DW 16 40 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR MPC509AU B i e
& no Sh/Br) B2
MPC509AU/1K ACTIVE SOIC DW 16 1000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 MPC509AU Samples
& no Sh/Br)
MPC509AU/1KG4 ACTIVE SOIC DW 16 1000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 MPC509AU Samples
& no Sh/Br) =
MPC509AUG4 ACTIVE SoIC DW 16 40 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 MPC509AU Samples
& no Sh/Br) =

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Addendum-Page 1
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Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® |ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant

(mm) |W1(mm)

MPC508AU/1K SOIC DW

16

1000 330.0 16.4 10.75| 10.7 2.7 12.0 | 16.0

Q1

MPC509AU/1K SOIC DW

16

1000 330.0 16.4 10.75| 10.7 2.7 12.0 | 16.0

Q1
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
MPC508AU/1K SoIC DW 16 1000 367.0 367.0 38.0
MPC509AU/1K SoIC DW 16 1000 367.0 367.0 38.0
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GENERIC PACKAGE VIEW
DW 16 SOIC - 2.65 mm max heig_ht

SMALL OUTLINE INTEGRATED CIRCUIT

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4040000-2/H
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PACKAGE OUTLINE
DWOO16A SOIC - 2.65 mm max height

SOIC

PIN 1 ID
AREA
— 1ex[127]
1
]
]
10.5 —] oX
10.1
NOTE3 — ——
]
]
8 []
) ’ ° 16x 051 — L
0.31
7.6
74 T [ J0.250 [c|A[B] —={ 2.65 MAX

\

N

0.33

\[ 010 P
7

EN
=

TN\ /

,/<’

v/ |
\

i
\ SEE DETAIL A

GAGE PLANE

o“-s“g'ﬁ ‘L(&i

0.40 DETAIL A
(1.4) = TYPICAL

4220721/A 07/2016

NOTES:

1. All linear dimensions are in millimeters. Dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm, per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm, per side.

. Reference JEDEC registration MS-013.

w N

[0 8
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EXAMPLE BOARD LAYOUT
DWOO0O16A SOIC - 2.65 mm max height

SOIC

SEE
DETAILS

s

7 |
14X (1.27) ; 7 E

jﬁ
RO.05 TYP ‘

L— ©3—

©

LAND PATTERN EXAMPLE
SCALE:7X

SOLDER MASK SOLDER MASK
METAL OPENING OPENING‘\ /METAL
L N S L \
| | ‘ |
(
J« 0.07 MAX Je 0.07 MIN

ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4220721/A 07/2016

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DWOO0O16A SOIC - 2.65 mm max height

SOIC

16

N

14X (1.27) -

==
R0.05 TYP ‘
I

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:7X

4220721/A 07/2016

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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MECHANICAL DATA

N (R—PDIP—T**) PLASTIC DUAL—IN—LINE PACKAGE
16 PINS SHOWN
< A oM PINS ™1 44 16 18 20
16 9
- AW | (e | (1969) | (2557 | (26.92)
0.745 | 0.745 | 0.850 | 0.940
D) %&2?&) ACMING 1 (18.92) | (18,92) | (21,59) | (23,88)
PR ey ey ey e ey gy g Yo\ VXS\;\?\O&N A BB AC AD
w J L 8
0.070 (1,78)
0085 (114
0.045 (1,14) .
—» rom(om Yo 0.020 (0,51) MIN % —

\ 5 0.015 (0,38)
—T 0.200 (5,08) MAX

4+ v L Seating Plane
? 0.125 (3,18) MIN (0,25) NOM

—J 0.430 (10,92) MAX L

r_——-\

? Gauge Plane

0.021 (0,53)
0.015 (0,38)

[4]0.010 (0,25) W]

)

U 14/18 Pin Only "

= 20 Pin vendor option

4040049/€ 12/2002

NOTES:  A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

@ Falls within JEDEC MS—001, except 18 and 20 pin minimum body length (Dim A).
@ The 20 pin end lead shoulder width is a vendor option, either half or full width.
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl 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.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated
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