FEATURES
Low Rgy: 45Q

Low Charge Injection
Serial Digital Interface
Low Leakage: £5nA Max

APPLICATIONS

» Data Acquisition Systems
= Communication Systems

™

INITIAL RELEASE

Final Electrical Specifications
LTC1391

ECHNOLOGY

Single 2.7V to 5V Supply Operation
Analog Inputs May Extend to Supply Rails

Guaranteed Break-Before-Make
TTL/CMOS Compatible for All Digital Inputs
Cascadable to Allow Additional Channels
Can Be Used as a Demultiplexer

= Signal Multiplexing/Demultiplexing

8-Channel

Analog Multiplexer
with Serial Intferface
July 1995

DESCRIPTION

The LTC ®1391 isahigh performance CMOS 8-to-1 analog
multiplexer. It features a serial digital interface which
allows several LTC1391s to be wired in series or parallel,
increasing the number of MUX channels available using
only a single digital port.

The LTC1391 features a typical Ry of 45Q, a typical
switch leakage of 50pA and guaranteed break-before-
make operation. Charge injection is +10pC maximum. All
digital inputs are TTL and CMOS compatible when oper-
ated from single or dual supplies. The inputs can with-
stand 100mA fault current.

The LTC1391 is available in 16-pin DIP and narrow SOIC
packages.

ALY, LTC and LT are registered trademarks of Linear Technology Corporation.
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tation that the interconnection of its circuits as described herein will notinfringe on existing patent rights.



LTC1391

ABSOLUTE MAXIMUM RATINGS

(Note 1)
Total Supply Voltage (VY0 V™) v 15V
Input Voltage
Analog Inputs ........c.co...... (V==0.3V) to (V* +0.3V)
Digital INPULS ..., -0.3Vto 15V
Digital Outputs......ccccvevevereeneee. -0.3Vto (V*+0.3V)
Power Dissipation..........ccoceveveeeeeeeeecceeee 500mw
Operating Temperature Range ..................... 0°Cto 70°C
Storage Temperature Range ................. -65°C to 150°C
Lead Temperature (Soldering, 10 SeC)........c......... 300°C

PACKAGE/ORDER INFORMATION

TOP VIEW ORDER PART
o] — [@w NUMBER
1 2 ] 0
52 3] 4] v LTC1391CN
s 1] 5 oo LTC1391CS
s4[5] 12] Diy
S5 [6]] 11] ¢S
86 [7 10] cLk
s7 [8] [9] anD
N PACKAGE S PACKAGE
16-LEAD PLASTIC DIP 16-LEAD PLASTIC SOIC
Tymax = 125°C, 6a = 70°C/W (N)
Tomax = 125°C, 634 = 100°C/W (S)

Consult factory for Industrial and Military grade parts.

ELECTRICAL CHARACTERISTICS

V+=5V, V- =-5V, GND = 0V, Ty = operating temperature range, unless otherwise specified.

SYMBOL| PARAMETER | CONDITIONS MIN TYP MAX UNITS
Switch
VanaLog | Analog Signal Range (Note 2) o -5 5 v
Ron On Resistance Vg=%3.5V Tmin 75 Q
Ip=1mA 25°C 45 75 Q
Tmax 120 Q
ARy vs Vg 20 %
ARqy vs Temperature 0.5 %/°C
Isorr) | Off Input Leakage Vg=4V,Vp=-4V,Vg=—-4V,Vp =4V +0.05 +5 nA
Channel Off o +20 nA
Iporr) | Off Output Leakage Vg =4V, Vp=-4V,Vg=-4V,Vp=4V +0.05 +5 nA
Channel Off o +20 nA
In(on) On Channel Leakage Vg =Vp =4V +0.05 15 nA
Channel On . +20 nA
Input
ViNH High Level Input Voltage Vt+=525V . 2.0 v
Vine Low Level Input Voltage V=475V . 0.8 V
Iinw lie | Low or High Level Current Vin=>5Y, 0V o +1 pA
Vou High Level Output Voltage V+ =475V, lg=-10pA 4.74 V
lg = —360pA . 2.4 4.45 v
VoL Low Level Output Voltage V* =475V, 1g=1.6mA o 0.52 0.8 V
Dynamic
foLk Clock Frequency (Note 2) 5 MHz
ton Enable Turn On Time Vg =2.5V, R = 1k, G, = 35pF 260 400 ns
torr Enable Turn Off Time Vg =2.5V, R = 1k, G, = 35pF 100 200 ns
toPEN Break-Before-Make Interval 35 155 ns
0IRR Off Isolation Vg =2Vp_p, R| = 1k, f = 100kHz 70 dB
Qg Charge Injection Rs =0, G = 1000pF, Vg = 1V (Note 2) 2 +10 pC
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ELECTRICAL CHARACTERISTICS

V+ =5V, V™ =-5V, GND = 0V, T, = operating temperature range, unless otherwise specified.

SYMBOL| PARAMETER | CONDITIONS MIN TYP MAX UNITS
Dynamic
Cs(orp) | Source Off Capacitance 5 pF
Cp(orr) | Drain Off Capacitance 10 pF
Supply
It Positive Supply Current All Logic Inputs Tied Together, Vi = 0V or 5V o 15 40 PA
I~ Negative Supply Current All Logic Inputs Tied Together, Vi = 0V or 5V o -15 -40 PA
V+=2.7V, V- =GND = 0V, T = operating temperature range, unless otherwise specified.
SYMBOL| PARAMETER | CONDITIONS MIN TYP MAX | UNITS
Switch
VanaLog | Analog Signal Range (Note 2) . 0 2.7 V
Ron On Resistance Vg=1.2V Tyvin 300 Q
lg=1mA 25°C 250 300 Q
Thax 350 Q
ARgy Vs Vg 20 %
ARgy vs Temperature 0.5 %/°C
Isiorr) | Off Input Leakage Vg =25V, Vp=0.5V;Vg=0.5V, Vp = 2.5V (Note 3) +0.05 15 nA
Channel Off . +20 nA
loorp) | Off Output Leakage Vg=2.5V, Vp=0.5V; Vg = 0.5V, Vp = 2.5V (Note 3) +0.05 * nA
Channel Off . +20 nA
logony | On Channel Leakage Vg=Vp=0.5V, 2.5V (Note 3) +0.05 +5 nA
Channel On . +20 nA
Input
ViNH High Level Input Voltage V*+=3.0V o 2.0 v
VinL Low Level Input Voltage V=24V o 0.8 v
Iinw, Iinw | Low or High Level Current Vin=2.7V, 0V . +1 PA
Von High Level Output Voltage Vt=27V, lg=-20pA 2.68 V
lg = —400pA . 2.0 2.31 v
VoL Low Level Qutput Voltage V=27V, lgp=20pA 0.01 vV
Ig = 400pA . 0.20 0.8 \
Dynamic
foLk Clock Frequency (Note 2) 5 MHz
ton Enable Turn On Time Vg =1.5V, R =1k, C| = 35pF (Note 4) 490 800 ns
tore Enable Turn Off Time Vg =1.5V, R =1k, C| = 35pF (Note 4) 190 400 ns
toPEN Break-Before-Make Interval | (Note 4) 125 290 ns
QIRR Off Isolation Vg =2Vp_p, R| = 1k, f = 100kHz 70 dB
Qiny Charge Injection Rs =0, Ci = 1000pF, Vs = 1V (Note 2) +1 +5 pC
Cs(orr) | Source Off Capacitance 5 pF
Cporry | Drain Off Capacitance 10 pF
Supply
It | Positive Supply Current All Logic Inputs Tied Together, Vi = 0V or 2.7V | o | 0.2 2 | PA

Note 2: Guaranteed by Design.

Note 3: Leakage current with a single 2.7V supply is guaranteed by
correlation with the leakage current of the £5V supply.

Note 4: Timing specifications with a single 2.7V supply are guaranteed by
correlation with the 5V timing specifications.

LY N 3

The o denotes specifications which apply over the full operating
temperature range.

Note 1: Absolute Maximum Ratings are those values beyond which the life
of a device may be impaired.




LTC1391

PIN FUNCTIONS

S0, 81, 82, §3, $4, S5, 86, 87 (Pins1,2,3,4,5,6,7,
8): Analog Multiplexer Inputs.

GND (Pin 9): Digital Ground. Connect to system ground.

CLK (Pin10): System Clock (TTL/CMQS Compatible). The
clock synchronizes the channel selection bits and the
serial data transfer from Dy to Doyr.

CS (Pin 11): Channel Select Input (TTL/CMOS Compat-
ible). A logic high on this input enables LTC1391 to read-
in the channel selection bits or allows digital data transfer

from Dy to Doyr. A logic low enables the desired channel
for analog signal transmission.

Dy (Pin 12): Digital Input (TTL/CMOS Compatible). Input
for the channel selection bits.

Doyt (Pin 13): Digital Output (TTL/CMOS Compatible).
Output from the internal shift register.

V'~ (Pin 14): Negative Supply.
D (Pin 15): Analog Multiplexer Output.
V* (Pin 16): Positive Supply.

APPLICATIONS INFORMATION

Multiplexer Operation

Figure 1 shows the block diagram of the components
within the LTC1391 required for MUX operation. The
LTC1391 uses Dy to selectits 8 channels and a chip select
input CS to switch on the selected channel as shown in
Figure 2.
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CONTROL
LOGIC |,

4-BIT SHIFT
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Dy —™

S —>

ANALOG INPUTS MUX
(S0TO S7) BLOCK

Figure 1. Simplified Block Diagram of the MUX Operation
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When CS is high, the input data on the Dyy pin is latched
into the 4-bit shift register on the rising clock edge. The
input data consists of an “EN” bit and a string of three bits
for channel selection. If “EN” bit is logic high as illustrated
in the first input data sequence, it enables the selected
channel. To ensure correct operation, after the clocking in
of the last channel selection bit, i.e. B0, the CS must be
pulled low before the next rising clock edge. Once the CS
is pulled low, all channels are simultaneously switched off
to ensure a break-before-make interval. After a delay of
ton, the selected channel is switched on allowing signal
transmission. The selected channel remains on until the
next falling edge of CS and after a delay of tgg, it termi-
nates the analog signal transmission and subsequently
allows the selection of next channel. If “EN” bitis logic low,

cS

ANY ANALOG
INPUTS

D o

torF L* 1391 « F02

Figure 2. Multiplexer Operation
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APPLICATIONS INFORMATION

as illustrated in the second data sequence, it disables all
channels and there will be no analog signal transmission.
Table 1 shows the various bit combinations for channel
selection.

Table 1. Logic Table for Channel Selection

CHANNEL STATUS EN B2 B1 BO
All Off 0 X X X

S0 1 0 0 0

St 1 0 0 1

S2 1 0 1 0

S3 1 0 1 1

S4 1 1 0 0

S5 1 1 0 1

S6 1 1 1 0

S7 1 1 1 1

Digital Data Transfer Operation

The block diagram of Figure 3 shows the components
contained within the LTG1391 required for digital data
transfer. Digital data transfer operation can be performed
from Dyy to Doyt with the CS held high. The digital input
data is fed into the 4-bit shift register and then shifted to
the MUX switches for channel selection or to Dqyt for data
transfer. Data appears at Doy after the fourth rising edge
of the clock as shown in Figure 4.

CLK —
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CS —>

Figure 3. Simplified Block Diagram of the
Digital Data Transfer Operation
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Figure 4. Digital Data Transfer Operation

Multiplexer Expansion

Several LTC1391s can be daisy-chained to expand the
number of multiplexer inputs. No additional interface ports
are required for the expansion. Figure 5 shows two
LTC1391s connected at their analog outputs to form a
16-to-1 multiplexer attheinputtoan LTC1286 A/D converter.
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Figure 5. Daisy-Chaining Two LTC1391s for Expansion

To ensure that only one channel is switched on at any one
time, two sets of channel selection bits are needed for
DATAas shownin Figure 6. The first data sequence is used
to switch off one MUX and the second data sequence is
used to select one channel from the other MUX or

CLK 1 2 3 4 5 6 7 8 | |

cs

o K XK Xm KooK e X X e ) QY

1391 « FOB

Figure 6. Data Sequence for MUX Expansion
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APPLICATIONS INFORMATION

vice versa. In other words, if bit “ENA” is high and bit
“ENB” is low, one channel of MUX A is switched on and all
channels of MUX B are switched off. If bit “ENA” is low and

bit “ENB” is high, all channels at MUX A are switched off
and one channel of MUX B is switched on.

TYPICAL APPLICATIONS

Interfacing LTC1391 with LTC1451 for Demultiplex Operation
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TYPICAL APPLICATIONS
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Daisy-Chaining Five LTC1391s

L

0.1uF BYPASS CAPACITORS v v v
FROM V* TO GND ¢« £ fC
AND V™ TO GND FOR EAGH LTC1391 |_ |
0.1yF
Hso v+ H8 ! VRer Vee 8 I :
Zsy p 2 2 Y oLk E =
3 14 5| Lctess T [,
—s2 -IN Dour
4 LTC1391 13 . T
—1S3 A Dout|— GND csS
Hsa o 2 = —|
Sss cs 1
Uss oLk 2
3 S7 GND Qﬂ_
Hso v =
Zsy p 2
3 _la
=32
4 LTC1391 13
—S3 B Dour
2 S4 Din 12
S5 cs -
s oLk 2
3 S7 GND Qﬂ_
so v =
25 o H2
3 _la
=32
4 LTC1391 13
—S3 C Dour
254 Dy 12
S5 cs -
s oLk 2
3 S7 GND Qﬂ_
so v He
Zsy o 2
3 _la
=32
4 LTC1391 13
—S3 D Dout
254 Dy 12
S5 cs -
s oLk 2
i S7 GND Qﬂ_
s v e
2151 p 2
s -4
4 LTC1391 13
? S3 g Dour 1 L— DATA OUT
2
=34 Din DATA IN*
S5 cs HH 0 *REQUIRES FIVE
7 10 4-BIT CHANNEL
—6 CLK CLK SECTION DATA BYTES
e anp |2

1391« TAO3

LY N



LTC1391

PACKAGE DESCRIPTION

Dimensions in inches (millimeters) unless otherwise noted.

N Package
16-Lead Plastic DIP
0.770*
< 0300-0325 0.130 £ 0.005 0.045-0065 _, |_ (19.558)
(7.620 - 8.255) (3.302%0.127) (1.143-1.651) ‘ ‘ i MAX
" fd_[is] [is] [l [ie] [ii] [io] [o
0.015 e
(0381) ¥
00090015 MINT T 0065 02550015 )
(m) —> T (1f§(5p1) (6.477 +£0.381)
0.325 +0.025 0.005
o1 0125 —> oAz »H 0018+ 0,003 0T 12] (2] 14] 5] 18] L7] 18]
8.255 7050 (3.175) i (0.457 £0.076)
' MIN 0.100 £ 0.010
(2.540 = 0.254) -~ s 0605
*THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.010 INCH (0.254mm)
S Package
16-Lead Plastic SOIC
0.386 — 0.394*
{9.804 - 10.008)
HAAAAAAA
00100020 , 5o, |~ ,053-0.069 0.004-0.010
0.008 -(gifg - ‘ (1:3461.75) (0.101-025¢) 0.150-0.157"
(0.203 - 0.254) 0°-8°TYP 998 - 0. (3.810-3.988)
T - CAEET i
- ! '
e R |\ TOUHHHHH =
AT TYP 1 2 3 4 5 6 7 8
*DIMENSION DOES NOT INCLUDE MOLD FLASH. MOLD FLASH
SHALL NOT EXCEED 0.006" (0.152mm) PER SIDE
**DIMENSION DOES NOT INCLUDE INTERLEAD FLASH. INTERLEAD
FLASH SHALL NOT EXCEED 0.010" (0.254mm) PER SIDE
PART NUMBER | DESCRIPTION COMMENTS
LTC1285 3V 12-Bit ADC Micropower, Auto Shutdown, SO-8 Package, SPI, QSPI + MICROWIRE™ Compatible
LTC1286 5V 12-Bit ADC Micropower, Auto Shutdown, SO-8 Package, SPI, QSPI + MICROWIRE™ Compatible
LTC1390 Serial Controlled 8 to 1 Analog Multiplexer| Low Rqy, Low Charge Injection, Low Power, 16-Pin SO
LTC1451 5V 12-Bit DAC Complete Vgyt DAC, SO-8 Package, Daisy-Chainable, Low Power
LTC1452 5V and 3V 12-Bit DAC Multiplying Voyt DAC, SO-8 Package, Rail-to-Rail Output, Low Power
LTC1453 3V 12-Bit DAC Complete Voyt DAC, SO-8 Package, Daisy-Chainable, Low Power

MICROWIRE is a trademark of National Semiconductor.

Linear Technology Corporation
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