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General Description

The ADC0831 series are 8-bit successive approximation A/D
converters with a serial /0 and configurable input multiplex-
ers with up to 8 channels. The serial /O is configured to
comply with the NSC MICROWIRE™ serial data exchange
standard for easy interface to the COPS™ family of proces-
sors, and can interface with standard shift registers or pPs.
The 2-, 4- or 8channel multiplexers are software configured
for single-ended or difterential inputs as well as channel as-
signment.

The difterential analog voltage input allows increasing the
common-mode rejection and offsetting the analog zero input
voltage value. In addition, the voltage reference input can be
adjusted to allow encoding any smaller analog voltage span
to the full 8 bits of resolution.

Features

® NSC MICROWIRE compatible — direct interface to
COPS family processors

® Easy interface 1o all microprocessors, or operates
*stand-alone”

National Semiconductor

ADCO0831/ADC0832/ADC0834/ADC0838
8-Bit Serial IO A/D Converters with Multiplexer Options

April 1998

® Operates ratiometrically or with 5 V- voltage
reference

® No zero or full-scale adjust required

2-, 4- or 8-channel multiplexer options with address logic

Shunt regulator allows operation with high voltage

supplies

0V to 5V input range with single 5V power supply

Remote operation with serial digital data link

TTL/MOS input/output compatible

0.3" standard width, 8-, 14- or 20-pin DIP package

20 Pin Molded Chip Carrier Package (ADC0838 only)

Surface-Mount Package

Key Specifications
® Resolution: 8 Bits

m Total Unadjusted Error:

m Single Supply: 5 Vpe

w Low Power: 15 mW

® Conversion Time: 32 ps

+12 LSB and +1 LSB
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Absolute Maximum Ratings (Notes 1, 2) Molded Chip Carrier Package

It Military/Aerospace specified devices are required, Vapor Phase (60 sec.) 215=C
please contact the National Semiconductor Sales Office/ Infrared (15 sec.) 220°C
Distributors for availability and specifications. ESD Susceptibility (Note 5) 2000V
Current into V" (Note 3) 1smA  Operating Ratings (otes 1, 2)
Supply Voltage, V- (Note 3) B.5V
Voltage Supply Voltage, Vo 45 Vo 10 8.3 Ve
Logic Inputs —-0.3V to Vo + 0.3V Temperature Range Tuin<Ta<Tax
Analog Inputs —0.3V fo V. + 0.3V ADC0831/8BCJ,
Input Current per Pin (Note 4) +5 mA ADC0831/4/8CCJ,
Package +20 mA ADC0832BIWM,
Storage Temperature —65°C to +150°C ADC0831/2/4/8CIWM —40°C 1o +85°C
Package Dissipation ADCO0831/2//4/8BCN,
at T,=25C (Board Mount) 0.8W ADC0838BCVY,
Lead Temperature (Soldering 10 sec.) ADC0831/2/4/8CCN,
Dual-In-Line Package (Plastic) 260°C ADC0838CCV,
Dual-In-Line Package {Ceramic) 300°C ADC0831/2/4/8CCWM 0°Cto +70°C

Converter and Multiplexer Electrical Characteristics The tollowing specifications apply for
Voo = Vi = Ve = BV, Vgee Voo 0.1V, T, = T) = 25°C, and i « = 250 kHz unless otherwise specified. Boldtace limits
apply from Ty 10 Tax:

Conditions BCJ, BIWM, BCV, CCV, CCWM, BCN
CIWM and CCJ Devices and CCN Davices
Paramater Typ Testad Design Typ Tested Design Units
{Note 12) Limit Limit {Note 12) Limit Limit
{Note 13) | {Note 14} {Note 13} {Note 14)
CONVERTER AND MULTIPLEXER CHARACTERISTICS
Total Unadjusted Error VRer=5.00 V
ADC0838BCV {Note 6) 1z E 3%
ADC0831/2/4/8BCN i 1% LsB
ADC0831/8BCJ 12
ADC0832BIWM 1%
ADC0838CCY +1 11
ADC0831/2/4/8CCN +1 11
ADC0831/2/4/8CCWM 1 11
ADC0831/4/8CCJ 11
ADC0831/2/4/8CIWM 11
Minimum Reference 35 13 35 1.3 1.3 kQ
Input Resistance {Note 7}
Maximum Relerence 3.5 5.9 35 5.4 59 ka
Input Resistance (Note 7}
Maximum Common-Mode Vee +0.05 Vo +0.05 Vec+0.05 v
Input Range {Note 8}
Minimum Common-Mode GND -0.05 GND -0.05 | GND-0.05 3
Input Range {Note 8)
DC Common-Mode Error /16 3% /16 iy 14 LsB
Change in zero 15 mA into V+
error from Vpe=5Y Vee=N.C.
1o internal zener VRer=5V
operation {Note 3} 1 1 1 LsB
Vz, intemal MIN | 15 mA into ¥+ 6.3 6.3 6.3
diode breakdown MAX 8.5 85 8.5 v
fat ¥,) {Note 3}
Power Supply Sensitivity Vep=5VE5% /16 1y, 1 +1/16 £ 114 LsSB
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Converter and Multiplexer Electrical Characteristics The following spedifications apply for
Ve = V+ = Ve = BV, Vgee S Vo +0.1V, T, = T, = 25°C, and 1« = 250 kHz unless otherwise specified. Boldtace limits

apply from Ty 10 Tyax {Continued)
Conditions BCJ, BIWM, BCV, CCV, CCWM, BCN
CIWM and CCJ Devices and CCN Devices
Parameter Typ Tested Design Typ Tested Dasign Units
{Note 12} Limit Limit {Note 12) Limit Limit
{Note 13} {Note 14} {Note 13) (Note 14)
CONVERTER AND MULTIPLEXER CHARACTERISTICS
lorr, Off Channel Leakage On Channel=5Y, -0.2 -0.2 -1 pA
Current {Note 9} Otf Channel=0v -1
On Channel=0V, +0.2 +0.2 +1 pA
Off Channel=5V +1
oy, ©On Channel Leakage On Channel=0V, -02 -0.2 -1 pA
Current {Note 9} Qff Channel=5¥ -1
On Channel=5¥, +0.2 +0.2 +1 pA
Qif Channel=0V +1
DIGITAL AND DC CHARACTERISTICS
Vinpy, Logical 17 Input Vee=5.25Y 20 20 20 v
Yoltage (Min)
Vingpy, Logical "0 Input Veo=4.75V 0.8 08 0.8 v
Yoltage (Max)
Iingry Logical 17 Input Vy=5.0¥ 0.005 1 0.005 1 1
Current {Max)
Iy Logical “0™ Input V=0V -0.005 -1 -0.005 -1 -1
Current {Max)
Vautn, Logical *17 Output Veo=4.75Y
Voltage (Min} loyT=-360 LA 24 24 24 v
loyr=—10 A 45 45 45 v
Vautro, Logical *0” Output Veo=4.75Y 0.4 04 0.4 v
Voltage {Max) loyr=1.86 MA
Iy, TRI-STATE Output Veur=0V 0.1 -0 -3 -3 LA
Current {Max) Vour=5V 01 01 +3 +3 pA
lgaurce Output Source Vour=0V -14 -6.5 -14 -7.5 -6.5 mA
Current {Min)
Ignk, Output Sink Current (Min) Vour=Vco 16 3.0 16 9.0 8.0 mA
lec, Supply Current (Max)
ADCO0831, ADC0834, 0.9 25 09 25 25 mA
ADCO0838
ADCO0B32 Includes Ladder 23 6.5 23 6.5 6.5 mA
Current
AC Characteristics
The following specifications apply for Vo = 5V, t. = {, = 20 ns and 25°C unless otherwise specified.
Typ Tested Design Limit
Parameter Conditions {Note 12) Limit Limit Units
{Note 13) (MNote 14}
fow, Clock Frequency Min 10 kHz
Max 400 kHz
1, Conversion Time Not including MUX Addressing Time 8 1ok
Clock Duty Cycle Min 40 Y
{Note 10) Max 60 Ya
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AC Characteristics (continueq)

The following specifications apply for Vo = 5V, 1, =t = 20 ns and 25°C unless otherwise specified.

Typ Tested Design Limit
Parameter Conditions {Note 12) Limit Limit Units
{Note 13) {Note 14)

iser.ups ©S Falling Edge or 250 ns
Data Input Valid to CLK
Rising Edge
tuoL o, Data Input Valid 90 ns
after CLK Rising Edge
1ot toao— CLK Falling C_ =100 pF
Edge to Cutput Data Valid Data MSB First 650 1500 ns
{Note 11) Data LSE First 250 600 ns
44, ton,— Rising Edge of C, =10 pF, R =10k 125 250 ns
CS to Data Quiput and (see TRI-STATE® Test Circuits)
SARS Hi-Z C.=100 pf, R =2k 500 ns
Cn, Capacitance of Logic 5 pF
Input
Cour, Capacitance of Logic 5 pF
Ouiputs

Note 1: Absolute Maximum Ratings indicate imits beyond which damage to the device may occur. DG and AG electrical specifications de not apply when operating
the device beyond its specified operating conditions

Note z: All voltages are measured with respect to the ground plugs

Note 3: Internal zener diodes (6.3 to 8 5V) are connected from W+ to GND and Vg to GND. The zener at V+ can operate as a shunt regulator and is connected
te Vg via a conventicnal diode. Since the zener veltage equals the A/D's breakdown veltage. the diode insures that Vo will be below breakdown when the device
is powered from V+. Functionality is therefore guaranteed for V+ operation even though the resultant voltage at Voo may exceed the specified Absclute Max of 6.5V
It is recommended that a resistor be used to limit the max current inte V+. {See Figure 3in Functional Description Section 6.0)

Note 4: When the input voltage (Vy) at any pin exceeds the power supply rails (Vg < V™ or Vy > ¥*) the absolute value of current at that pin should be limited
to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply boundaries with a 5 mA current limit to four

Note 5: Human body moedel, 100 pF discharged through a 1.5 ke resistor

Note B: Tetal unadjusted error includes ofiset. full-scale, linearity, and multiplexer errors

Note 7: Cannct be tested for ADC0832.

Note 8: For Viy{—2Vy{+) the digital cutput code will be DDDD D00D. Twe en-chip dicdes are tied to each analoginput (see Bleck Diagram) which will forward conduct
fer analog input voltages one dicde drop below ground or one diede drop greater than the Vg supply. Be careful. during testing at low Vo levels (4 5V), as high
level analog inputs (6V) can cause this input diede to conduct —especially at elevated temperatures, and cause errors for analog inputs near full-scale. The spec
allows 50 mV forward bias of either diode. This means that as long as the analog Viy or Vrer does not exceed the supply voltage by more than 50 mV, the output
code will be correct. To achieve an absolute 0 Vpe to 5 Vg input voltage range will therefore require a minimum supply voltage of 4.850 Vo over temperature varia-
tions, initial tolerance and loading.

Note 9: [ eakage current is measured with the clock not switching

Note 10: A 40% to 60% clock duty cycle range insures proper operation at all clock freguencies. In the case that an available clock has a duty cycle outsice of these
limits, the minimum, time the clock is high or the minimum time the clock is low must be at least 1 ps. The maximum time the clock can be high is 60 us. The clock
can be stopped when low so long as the analeg input voltage remains stable.

Note 11: Since data, MSB first, is the output of the comparator used in the successive approximation loop, an additional delay is builtin (see Block Diagram) to allow
for comparator response time

Note 12: Typicals are at 25°C and represent most likely parametric norm.
Note 13: Tested limits are guaranteed to National's AOQL (Average Outgoing Quality Level)
Note 14: Guaranteed but not 100% production tested. These [imits are not used to calculate outgoing quality levels.
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Typical Performance Characteristics

Unadjusted Oftset Error
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Leakage Current Test Circuit

ADCOBIX

CHANNEL ¢
VOLTABE
SELECT 8
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DUTPUT
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C2005583-49
vee
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CH A {ON CHANNEL}

TRI-STATE Test Circuits and Waveforms
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Timing Diagrams

Data Input Timing Data Output Timing

CLK
CLK

.

— seTup Tpd0s tpd1

_ DATA
[ 0UT DD}
(e
—1SET-UP
DATA
N (D1} L
DS005583-24 DS005683-25

ADC0831 Start Conversion Timing

GLK
—1SET.LP
[
START CONVERSION
Do ——
BIT? BITG
(M5B}
DED0S5EER- 26
ADCO0831 Timing
1 H 3 4 5 & 7 L] 9 10 N
CLOCK {CLK)

ﬂ| |4flss'r-ur

CHIP SELECT (T3) -| |

DATA DUT (DO} "
TRI- TRI-STATE
STATE 7 3 5 4 3 2 1 a
{MSR) (LS8}

[S005553-27

*LSB first output not available on ADCO831
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Timing Diagrams (continued)

ADCO0832 Timing
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ADCO0838 Functional Block Diagram
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Connection Diagrams

ADCO0838 8-Channel Mux
Small Outline/Dual-In-Line Package

{J, M and N)
cHo—1 ~/ 20f=Veo
cH1=—2 19p=v*
cHz—]3 18}—Cs
tH3=—4 17f=nI
CH4—5 16f—CLK
tHs—16 15f—sars
tHe=—17 14f=r0
cH7—|8 13}t
coM—3 12f=Vore
poNn—]10 11— AGND
CE008583-8
Top View

ADC0832 2-Channel MUX
Small Outline Package (M)

— ./

cs=—{1 14—V (Vpep)

NC—] 2 13f=Ne

CHO=— 3 12p=CLK

NC—] 4 11N

CH1—]5 10f—Do

NC—] & NG

GND—4 7 ] gl
CScosse2-41

Top View

ADC0838 8-Channel MUX
Molded Chip Carrier {(PCC)

Package (V)
w1
w &
8 =2 & 8
18 17 16 15 14 _
13—3E
12f=Yoer
11f—AGND
10f—=DGHD
af—com
5 6 7 8
L e B = B e
g iy T x ju g
[ e s |
DS005583-33

ADC0834 4-Channel MUX
Small Outline/Dual-In-Line Package

J, M, and N)
e ~ (B
cs=—{z 13}=0I

CHO—13 12—=CLK
CH1=—14 11f=SARS
CHZ=—13 10—D0
CH3—6 I Vrer
DGND=— 7 &= AGND
DS00s582-20
COM internally connected to A GND
Top View
Top View

ADC0831 Single
Differential Input
Dual-In-Line Package {J and N)

_ s
cs—1 8—vee
Vi ()2 7—=CLK
vy (1= §=D0
[LES P Sb=Veer
DS005583-32
Top View

ADC0832 2-Channel MUX
Dual-In-Line Package (J and N)

_ N/

£s—1 81—Vee (Vagr)

CHo=—12 T=CLK

CHI=—3 600

GND—] 2 s=ol
DSo05583-21

COM internally connected to GND.
VRer internally connected to Vo
Tep View

Top View

ADC0831 Single Differential Input
Small Qutline Package (M)

— —/
ts— 1 14—V
NC— 2 13f=He
Mk 12—CLK
NC =] 4 11 f=HNC
Vg (-1—5 10f—00
NC—] 6 9f-nc
sND—] 7 8 = Veer
DSo05582-42
Top View
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Functional Description

1.0 MULTIPLEXER ADDRESSING

The design of these converters utilizes a sample-data com-
parator structure which provides for a differential analog in-
put to be converted by a successive approximation routine.

The actual voltage converted is always the difference be-
tween an assigned “+” input terminal and a "~ input terminal.
The polarity of each input terminal of the pair being con-
verted indicates which line the converier expects to be the
most positive. If the assigned “+” input is less than the “~" in-
put the converter responds with an all zeros output code.

A unique input multiplexing scheme has been utilized 1o pro-
vide muliiple analog channels with software-configurable
single-ended, differential, or a new pseudo-differential option
which will convert the difference between the voltage at any
analog input and a common terminal. The analog signal con-
ditioning required in transducer-based data acquisition sys-
tems is significantly simplified with this type of input flexibility.
One converter package can now handle ground referenced
inputs and true differential inputs as well as signals with
some arbitrary reference voliage.

A particular input configurafion is assigned during the MUX
addressing sequence, prior to the start of a conversion. The
MUX address selects which of the analog inputs are 1o be
enabled and whether this input is single-ended or difterential.

In the differential case, it also assigns the polarity of the
channels. Ditferential inputs are restricted to adjacent chan-
nel pairs. For example channel 0 and channel 1 may be se-
lected as a different pair but channel 0 or 1 cannot act differ-
enfially with any other channel. In addition to selecting
differential mode the sign may also be selected. Channel 0
may be selected as the positive input and channel 1 as the
negative input or vice versa. This programmability is best il-
lustrated by the MUX addressing codes shown in the follow-
ing tables tfor the various product opfions.

The MUX address is shitted into the converter via the Dl line.
Because the ADC0831 contains only one differential input
channel with a fixed polarity assignment, it does not require
addressing.

The common input line on the ADC0838 can be used as a
pseudo-difterential input. In this mode, the voltage on this pin
is treated as the “=" input for any of the other input channels.
This voltage does not have to be analog ground; it can be
any reference potential which is common to all of the inputs.
This feature is most useful in single-supply application where
the analog circuitry may be biased up to a potential other
than ground and the output signals are all referred to this
poiential.

TABLE 1. Multiplexer/Package Options

Part Number of Analog Channels Number of
Number Single-Ended Differential Package Pins
ADCO0831 1 1 8
ADC0832 2 1 8
ADC0834 4 2 14
ADCO0838 8 4 20
www.national.com 12




Functional Description (continued)

TABLE 2. MUX Addressing: ADC0338

Single-Ended MUX Mode

MUX Address

Analog Single-Ended Channel #

SGL/ oDD/ SELECT 0 1 2 3 4 5 6 7 COM
DIF SIGN |1 (4]
1 0 0 0 + -
1 0 0 1 + -
1 0 1 0 + -
1 0 1 1 + -
1 1 4] 0 + -
1 1 0 1 + -
1 1 1 0 + -
1 1 1 1 + -
TABLE 3. MUX Addressing: ADC0338
Differential MUX Mode
MUX Address Analog Ditferential Channel-Pair #
SGL/ oDD/ SELECT 0 1 2 3
DIF SIGN 1 0 0 1 2 3 4 5 6 7
0 0 0 0 + -
0 0 0 1 + -
0 0 1 0 + -
0 0 1 1 + -
0 1 0 0 - +
0 1 0 1 - +
0 1 1 4] - +
0 1 1 1 - +

TABLE 4. MUX Addressing: ADC0834
Single-Ended MUX Mode

MUX Address Channel #
SGL/ oDD/ SELECT
DIF SIGN 1 a 1 2 3
1 0 0 +
1 0 1 +
1 1 0 +
1 1 1 +

COM is internally tied to A GND

TABLE 5. MUX Addressing: ADC0834

Differential MUX Mode
MUX Address Channel #

SGL/ oDD/ SELECT

DIF SIGN 1 a 1 2 3
0 0 0 -
0 0 1 + -
0 1 0 - +
0 1 1 - +

www.nafional.com



Functional Description (continued)

TABLE 6. MUX Addressing: ADC0832
Single-Ended MUX Mode

MUX Address

SGL/ | oDD¢
DIF SIGN
1 0
1 1

Channel #
[i] 1
+

+

COM is internally tied to A GND

TABLE 7. MUX Addressing: ADC0832
Differential MUX Mode

MUX Address
SGL/ | ODD/
DIF SIGN
0 0
0 1

Channel #
[i] 1
+ P
- +

Since the input configuration is under software control, it can
be modified, as required, at each conversion. A channel can
be freated as a single-ended, ground referenced input for
one conversion; then it can be reconfigured as part of a dii-
ferential channel for another conversion. Figure 1 illustrates
the input flexibility which can be achieved.

The analog input voltages for each channel can range from
50 mV below ground to 50 mV above V- (typically 5V) with-
out degrading conversion accuracy.

2.0 THE DIGITAL INTERFACE

A most imporiant characteristic of these converters is their
serial data link with the controlling processor. Using a serial
communication format offers two very significant system im-
provements; it allows more function to be included in the

converter package with no increase in package size and it
can eliminate the transmission of low level analog signals by
locating the converter right at the analog sensor; transmitting
highly noise immune digital data back to the host processor.
To understand the operation of these converters it is best to
refer fo the Timing Diagrams and Functional Block Diagram
and fo follow a complete conversion sequence. For clarity a
separate diagram is shown of each device.

1. Aconversion is initiated by first pulling the [ {chip select)
line low. This line must be held low for the entire conversion.
The converter is now waiting for a start bit and its MUX as-
signment word.

2. Aclock is then generated by the processor (if not provided
continuously) and output to the A/D clock input.
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Functional Description (continued)

8 Single-Ended

I——'CUM[—)

CS005583-53
4 Differential
— 1+t
o4
— i)
— =)
21
—_— )
—_+1-)
4.5
— 1)
—_ i)
6.7
—]-(+)
D2005B583-55

8 Pseudo-Differential

=

+ o+ o+

[}

“w o e om
o
=
=
D

Vuins

|||—||

DS005583-54
Mixed Mode
—
0,1
2.3
—
4 —
5 —
b —
7 —t
i o Rl
Vaag ——
DS005583-56

FIGURE 1. Analog Input Multiplexer Options for the ADC08338

3. On each rising edge of the clock the status of the data in
(DI} line is clocked into the MUX address shift register. The
start bitis the first logic “1” that appears on this line (all lead-
ing zeros are ignored). Following the start bit the converter
expects the next 2 1o 4 bits to be the MUX assignment word.

4. When the start bit has been shifted into the start location
of the MUX register, the input channel has been assigned
and a conversion is about to begin. An interval of ¥z clock pe-
riod {where nothing happens) is automatically inserted to al-
low the selected MUX channel to settle. The SAR status line
goes high at this time to signal that a conversion is now in
progress and the DI line is disabled (it no longer accepts
data).

5. The data out (DO) line now comes out of TRI-STATE and
provides a leading zero for this one clock period of MUX set-
tling time.

6. When the conversion begins, the output of the SAR com-
parator, which indicates whether the analog input is greater
than {high) or less than (low) each successive voltage from
the intemal resistor ladder, appears at the DO line on each
falling edge of the clock. This data is the result of the conver-
sion being shified out {with the MSB coming first) and can be
read by the processor immediately.

7. After 8 clock periods the conversion is completed. The
SAR status line returns low to indicate this %2 clock cycle
later.

8. If the programmer prefers, the data can be provided in an
LSB first format [this makes use of the shift enable (SE) con-
trol line]. All 8 bits of the result are stored in an output shitft
register. On devices which do not include the SE control line,
the data, LSB first, is automatically shifted out the DO line,
after the MSB first data stream. The DO line then goes low
and stays low until CS is retumed high. On the ADC0838 the
SE line is brought out and if held high, the value of the LSB
remains valid on the DO line. When SE is forced low, the
datais then clocked out LSB first. The ADC0831 is an excep-
tion in that its data is only output in MSB first format.

9. All internal regisiers are cleared when the CS line is high.
It another conversion is desired, CS must make a high to low
transition followed by address information.

The DI and DO lines can be tied together and controlled
through a bidirectional processor I/0 bit with one wire. This is
possible because the Dl input is only “locked-at” during the
MUX addressing interval while the DO line is still in a high
impedance state.
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Functional Description (continued)

3.0 REFERENCE CONSIDERATIONS

The voltage applied to the reference input to these convert-
ers defines the voltage span of the analog input {the differ-
ence between Viywmaxy and Vi over which the 256
possible output codes apply. The devices can be used in ei-
ther ratiometric applications or in systems requiring absolute
accuracy. The reference pin must be connected to a voliage
source capable of driving the reference input resistance of
typically 3.5 k. This pin is the top of a resistor divider string
used for the successive approximation conversion.

In a ratiometric system, the analog input voltage is propor-
tional to the voltage used for the A/D reference. This voltage
is typically the system power supply, so the V.- pincan be
tied to V¢ (done intemally on the ADC0832). This technique
relaxes the stability requirements of the system reference as
the analog input and A/D reference move together maintain-
ing the same output code tfor a given input condition.

f 5V
Yoo
<.
< -+ ADGO83A  VRer
‘F
GND
DS005583-57

a) Ratiometric

For absolute accuracy, where the analog input varies be-
tween very specific voltage limits, the reference pin can be
hiased with a time and temperature stable voltage source.
The LM385 and LM336 reference diodes are good low cur-
rent devices to use with these converters.

The maximum value of the reference is limited to the Vo
supply voltage. The minimum value, however, can be quite
small (see Typical Performance Characteristics) to allow di-
rect conversions of transducer outputs providing less than a
5V output span. Particular care must be taken with regard to
noise pickup, circuit layout and system error voltage sources
when operating with a reduced span due to the increased
sensitivity of the converter {1 LSB equals V5:-/256).

t 5v
[
>
2k
L -
‘P
TRANSOUCER
0v-1.75¢
+  ADCOS32  Vagr 1.25¢

- -
’i LM385

@
=z
=

"l

D2005683-58

b) Absolute with a reduced Span

FIGURE 2. Reference Examples

4.0 THE ANALOG INPUTS

The most important feature of these converters is that they
can be located right at the analog signal source and through
just a few wires can communicate with a controlling proces-
sor with a highly noise immune serial bit stream. This in itself
greatly minimizes circuitry to maintain analog signal accu-
racy which otherwise is most susceptible fo noise pickup.
However, a few words are in order with regard to the analog
inputs should the input be noisy to begin with or possibly
riding on a large common-mode voltage.

The differential input of these converers actually reduces
the effects of common-mode input noise, a signal common
to both selected "+ and inputs for a conversion {60 Hz is
most typical). The time interval between sampling the "+” in-
put and then the "—" input is ¥ of a clock period. The change
in the common-mode voltage during this short time interval
can cause conversion errors. For a sinusoidal

common-mode signal this error is:

0.5
Verrar(max}= Vpeak(2miow) ( f_)
CLK

where ., is the frequency of the common-mode signal,

Vpeax is its peak voltage value
and f; «, is the A/D clock frequency.

For a 60 Hz common-mode signal to generate a ¥4 LSB error
{=5 mV) with the converter running at 250 kHz, its peak value
would have to be 6.63V which would be larger than allowed
as it exceeds the maximum analog input limits.

Due to the sampling nature of the analog inputs short spikes
of current enter the “+" input and exit the “-" input at the
clock edges during the actual conversion. These currents
decay rapidly and do not cause errors as the internal com-
parator is strobed at the end of a clock period. Bypass ca-
pacitors at the inputs will average these currents and cause
an effective DC current to flow through the output resistance
of the analog signal source. Bypass capacitors should not be
used if the source resistance is greater than 1 k.

This source resistance limitation is important with regard to
the DC leakage currents of input multiplexer as well. The
worst-case leakage current of 1 pA over temperature will
create a 1 mV input error with a 1 k2 source resistance. An
op amp RC active low pass filter can provide both imped-
ance buffering and noise filtering should a high impedance
signal source be required.
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Functional Description (continued)
5.0 OPTIONAL ADJUSTMENTS

5.1 Zero Error

The zero of the A/D does not require adjustment. If the mini-
mum analog input voltage value, Vi, is not ground a
zero offset can be done. The converter can be made to out-
put 0000 0000 digital code for this minimum input voltage by
biasing any Vy (=) input at this Vi value. This utilizes
the differential mode operation of the A/D.

The zero error of the A/D converter relates to the location of
the first riser of the fransfer function and can be measured by
grounding the V\(-) input and applying a small magnitude
positive voltage to the Vy{+) input. Zero error is the differ-
ence between the actual DG input voltage which is neces-
sary 1o just cause an output digital code transition from 0000
0000 to 0000 0001 and the ideal ¥z LSB value (2 LSE=9.8
mV for V3z=5.000 Vo).

5.2 Full-Scale

The full-scale adjustment can be made by applying a differ-
ential input voltage which is 1 %% LSB down from the desired
analog full-scale voltage range and then adjusting the mag-
nitude of the V¢ input {or V- for the ADC0832) for a digi-
tal output code which is just changing from 1111 1110 to 1111
1111,

5.3 Adjusting for an Arbitrary Analog Input Vollage
Range

If the analog zero voltage of the A/D is shifted away from
ground (for example, to accommodate an analog input signal
which does not go to ground), this new zero reference
should be properly adjusted first. A Vy (+) voltage which
equals this desired zero reference plus %= LSB (where the
LSB is calculated for the desired analog span, using 1 LSB=
analog span/256) is applied to selected "+” input and the
zero reference voltage at the corresponding “~" input should
then be adjusted to just obtain the 00,,c to 01,2, code tran-
sifion.

The full-scale adjustment should be made [with the proper
Vn(-) voltage applied] by forcing a voltage to the V y(+) in-
put which is given by:

Vin (+H)} s ad] = Vyax—1.5

[ (Vmax —Vimingd
256

where:
Vimax = the high end of the analog input range
and

the low end (the offset zero) of the analog
range.

Vv =

{Both are ground referenced.)

The Vzer {or Vo) voltage is then adjusied 1o provide a code
change from FE_cx to FF gy. This completes the adjust-
ment procedure.

6.0 POWER SUPPLY

A unique feature of the ADCO0838 and ADC0834 is the inclu-
sion of a zener diode connected from the V* terminal fo
ground which also connects to the V. terminal {(which is the
actual converter supply) through a silicon diode, as shown in
Figure 3. (Note 3)

R + ice
Vs —AAA v 'I | AcTuaL
M CONVERTER
SUPPLY
-
A
GND
D2005553-11

FIGURE 3. An On-Chip Shunt Regulator Diode

This zener is intended for use as a shunt voltage regulator to
eliminate the need for any additional regulating components.
This is most desirable if the converter is to be remotely lo-
cated from the system power source. Figure 4 and Figure 5il-
lustrate two useful applications of this on-board zener when
an external transistor can be afforded.

An imporiant use of the interconnecting diode between V*
and V. is shown in Figure 6 and Figure 7. Here, this diode
is used as a rectifier fo allow the V- supply for the converter
to be derived from the clock. The low current requirements of
the A/D and the relatively high clock frequencies used (typi-
cally in the range of 10k—400 kHz) allows using the small
value filter capacitor shown to keep the ripple on the V. line
to well under ¥ of an LSB. The shunt zener regulator can
also be used in this mode. This requires a clock voltage
swing which is in excess of V. A current limit for the zener is
needed, either built into the clock generator or a resistor can
be used from the CLK pin to the V* pin.
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Applications

3 mise
l’ —l ADCD&34
v T I’
SYSTEM —AAA—e onzzER y I .
SUPPLY

7.8v

0Ty
T‘ sF " REFERENCE

C2005583-12

FIGURE 4. Operating with a Temperature
Compensated Reference

12v
p— SYSTEM
SUPPLY
1.6k
L]
(X .4
:Lu.1
ADC0833 I
Cmos
R ANALOG
NMOS GIRCUITS
CIRCUITS
GND

DS005553-34

FIGURE 5. Using the A/D as
the System Supply Regulator

v
» P + Voo
T
ADCOB38
100 WHz
. olock
5.3v — 1k
| | | AAA oLk aNd
Yy La
: [ L
3.9k =
- DS005583-35

45V € Voo S 63V
FIGURE 6. Generating V. from the Converter Clock

Digital Link and Sample Controlling Software for the
Serially Oriented COP420 and the Bit Programmable 110 INS8048

>—{ w0 5 je—] @

CLK |t SK
ADGOB38 COP4z0

o 00 —¢{s1

[
cC .
e 10 pf da
CLOCK [e=AAA=C LK =
TRANSDUCER 1k
3.9k
. (] P——
[~ ADCOB3 4 -
o]
— - oo DI/ DO
GND GND
= CS00B5E3-36
45V £ Vop 2 63V
FIGURE 7. Remote Sensing—
Clock and Power on 1 Wire
S>—cro T5 l—i P15
L]
L)
CLK j—] P12
L)
ADCO838 INSBO4S
[
. 0l j+—] Py
L]
>—our 00 [—| P10
D2005563-13
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Applications (continued) 8048 CODING EXAMPLE

COP CODING EXAMPLE Mnemonic Instruciitﬂ
START: ANL  P1, :SELECT A/D (CS =0)
Mnemonic Instruction #OF7H
LEI ENABLES SIO’s INPUT AND OUTPUT MOV B, #5 BIT COUNTER<5
8C c=1_ MOV A, :A<MUX ADDRESS
QG| G0=0 {CS =0) #ADDR
CLR A CLEARS ACCUMULATOR LOOP1: RRC A ;CY<ADDRESS BIT
AISC 1 LOADS ACCUMULATOR WITH 1 Jc ONE TESTBIT
XAS EXCHANGES SIO WITH BIT=0
ACCUMULATOR ZERO: ANL  Pi, DI<0
AND STARTS SK CLOCK #OFEH
LDD LOADS MUX ADDRESS FROM RAM JMP CONT :CONTINUE
INTO ACCUMULATOR BIT=1
NOP — ONE: ORL  P1, #1 :Dl<1
XAS LOADS MUX ADDRESS FROM CONT: CALL PULSE :PULSE SK 010
ACCUMULATCR TO SIO REGISTER DJNZ B, LOOP :CONTINUE UNTIL
T 1 DONE
8 INSTRUCTIONS CALL PULSE :EXTRA CLOCK FOR
L SYNC
XAS READS HIGH ORDER NIBBLE (4 BITS) MOV B, #8 BIT COUNTER«8
INTO ACCUMULATOR LOOP 2: CALL PULSE ;PULSE 8K 0—1—0
XIS PUTS HIGH QRDER NIBBLE INTQ RAM IN A, P1 CY<DO
CLR A CLEARS ACCUMULATOR RRC A
RC Cc=0 RRC A
XAS READS LOW ORDER NIBELE INTOQ MOV A C A—RESULT
ACCUMULATOR AND STOPS SK RLC A A(Q)—BIT AND SHIFT
XIS PUTS LOW CRDER NIBBLE INTOQ RAM MOV C,A ;C—RESULT
oGl Go=1 (T8 =1) DJNZ B,LOOP  ;CONTINUE UNTIL
LEI DISABLES SIO's INPUT AND QUTRUT - 2 DONE

:PULSE SUBROUTINE
PULSE: ©ORL Pi,#04 SKe 1

NOP ;DELAY

ANL P1, SKe0
#0FBH

RET
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Applications (continued)

[

A “Stand-Alone” Hook-Up for ADC0838 Evaluation

MUK AODRESS
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LK H CLK 74C165
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115 74004
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o »] o5 ANALOG INPUTS o
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*Pinouts shown for ADCD838
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Applications (continued)

Digitizing a Current Flow

Vg Al —— ILOAD 124 FULL SCALE}
b vpgl & VWA—S I
100 Voo
T {(5¥pp)
iyl vee R,
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240k I 10,:F % _L
= ADCOS3 = a1k
172 LM358
100 b LM332
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ADI s
A
>
3 — —
» 120k = =
X b
4.\.
CS005583-15
Operating with Ratiometric Transducers
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Applications (continued)

Span Adjust: 0V<V <3V

vic
Bvpel
(]
¥ Vint Voo
YN 1+
0 gF L
— I :' 2k
- - <
ADCOBI
Vin - VREF
| +
-
- TluF SET FOR 3V }LMHB
D=005582-61
Zero-Shift and Span Adjust: 2V<V <5V
Voo
{8 Vpg!
" Vinl Yoo
VIN +
= 1.2k
- <
ADCUEIT
—|— — —I=
Vint ViEF | { sETs voLTagestaN | |
SETS ZERD r !
CODE VOLTABE 30 | [
k4 .""v
,k L[4
27k - -

Vpe
ZERO ADJ

DS005553-62
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Applications (continued)

Obtaining Higher Resolution

v 1
3 Vin
+ + - $
b3 s*
20V | =25V 1/2 LM358A
L + VREF \;I
ADGO832
s
]
s
CSo0s582-52
a) 9-Bit A/D
Vic * T
R — +}
.]; - 3R
> o+
< f } 1/2 | M3588
»  Vin - -
:: e ADCOB3E  Vaer
E <R o+ } X
20 e+ } R
«
: 1
020055634

Controller performs a routine to determine which input polarity {8-bit example) or which channel pair {10-bit example) provides a non-zere output code. This

information provides the extra bits

b) 10-Bit A/D

23
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Applications (continued)

15 Vg

Protecting the Input

vee
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DES005583-18
Dicdes are 1N914
High Accuracy Comparators
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POINTS * o CONTROLLER
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- ¥rH 3 —] COM VREF
GND
- DS005583- 38
DO = all 18 i +Vjy > —Viy
DO = all 0s 1 +Vjy < —Viy
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Applications (continued)

Digital Load Cell

+Uses one more wire than load cell itself
+Two mini-DIPs could be mounted inside load cell for digital cutput transcucer
+Electronic offset and gain trims relax mechanical specs for gauge factor and offset

+Low level cell output is converted

10 4F

330
o AAA, >
6.8k 51
o Voo
1K - =
GAIN B YREF CLK =
27 LF412
DUAL
10k m _
Vil AAA Apcusa1  G8 —
STRAIN GAUGE - _IN
LOAD GELL * L1
300£2/30 mV F.5. DUAL
T +IN 0o f—»
= -3
> 1 20k _L
CS800B5E3-18
immediately for high noise immunity
4 mA-20 mA Current Loop Converter
4 ma-20 mA imuu& 100k ~ 50 kiz
1/6 MM74C14
+ 'n O—4
>
T b 1000 gF
— INP Voo
24k :’ﬁ.zn::zunk C04024
P4 < Vee
ha Vo5
e +IN CLK
T
50 pF
100k
+ —IN Al
L1385 25V + N aDCOEZ  OF
6N139 =
OPTO COUPLER
L 3 PRI
Gk % Vrer 0o 5 —"WA— Vrr
W BND
<
L

+All power supplied by loop
+1500V isolation at output

| 1ok
-4
Lm3gs-2.5v J

&
38k 1: 300k

D2005553-20
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Applications (continued)

Isolated Data Converier

TRANSFORMER
TRW-TC-850-32

1N4148

Vee OUT
CLK 2N2227 1N4148
Yoo =
ADGO338
8 ANALOG
CHAKNELS
= BN130 HIGH GAIN
OPTOCOUPLER
[S00B583-29

*No power required remotely
+1500V isclation
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Applications (continued)

Two Wire Interface for 8 Channels
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Applications (continued)

Two Wire 1-Channels Inlerface

0.1 4F

—HH

18k a7k
Y —AAA AAA
VAA- WA/

2N2222

2N2222

>
IIJIJK:" —
b3

&
TN4148 2 16k
<&

CLK

oy
=S
=

Ve ADCDE31

h—AAA
I—v¥v

100k

+ [i

M393

— 560 pF =
# = DUAL COMPARATOR

+ Simpler version of 8-channel i i
» CS derived from long CLK pulse L Uy

DR00s583-22
Ordering Information
Part Number Analog Input Total Package Temperature
Channels Unadjusted Error Range

ADCO0831BCJ 1 +14 Hermetic (J) —40°C to +85°C
ADCO0831BCN Molded (N} 0°Cto +70°C
ADC0831CCJ +1 Hermetic (J) —40°C to +85°C
ADCO0831CCN Molded (N} 0°C to +70°C
ADC0831CIWM SO(M) —40°C to +85°C
ADC0831CCWM SO(M) 0°C to +70°C
ADC0832BIWM 2 +14 SO(M) —40°C to +85°C
ADCO0832BCN Molded (N} 0°Cto +70°C
ADC0832CIWM +1 SO(M) —40°C to +85°C
ADC0832CCN Molded (N} 0°C to +70°C
ADC0832CCWM SO(M) 0°C to +70°C
ADCO0834BCN 4 +15 Molded (N} 0°C to +70°C
ADC0834CCJ + Hermetic (J) —40°C 1o +85°C
ADCO0834CCN Molded (N) 0°C to +70°C
ADC0834CCWM SO(M) 0°C to +70°C
ADC0834CIWM SO(M) —40°C to +85°C
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Ordering Information (continued)

Part Number Analog Input Total Package Temperature
Channels Unadjusted Error Range

ADCO0838BCJ 8 s Hermetic (J) —40°C to +85°C
ADCO0838BCV PCC (V) 0°C fo +70°C
ADC0838BCN Molded {N) 0°C 1o +70°C
ADC0838CCJ +1 Hermetic (J) —40°C to +85°C
ADC0838CCY PCC (V) 0°C 1o +70°C
ADCO0838CCN Molded {N) 0°C fo +70°C
ADCO0838CIWM SO(M) —40°C to +85°C
ADC0838CCWM SO(M) 0°C fo +70°C

See NS Package Number JOBA, J14A, J20A, M14B, M20B, NOSE, N14A, N20A or V20A
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Physical Dimensions inches {millimeters) unless otherwise noted
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0.180 I ] T —
—_MAXAH : — (0.508—1.524)
{4,572} ” .
t 95° 57 86°94° Tvp—\ ;
10° MAX 0.008-0.012
0.310-0.410 (0.203-0.305)
0.098 D018 20 M —H. 0.125-0200
(7.874-10.41) . {0457 20.076)
{2.489) {3.175-5.080)
MAX BOTH ENDS 0.100 =0.010 0.150
{2.540 =0.254) m
MIN J142 (REV G)

Ceramic Dual-In-Line Package (J)
NS Package Number J14A

JoB4 {REV K}
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0.180
(4.572)
MAX

-

1290 — 0320
(7.366—8 128)

,‘

95" +5°

3310 —-0.440

“aE_i0.)

0.025
{0.535)
RAD

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.985
— {75019
MAX

pd [i] [18] [17] [1e] [1s] [1e] [1s] [ro] fid

0.220 0.310
(5.588 7.874)

0.005 —0.020

{0.127 —0.508}
RAD TYP

GLASS SEALANT -

— 1

a6° 94°S‘

D00E—D.012
0.203 —D.305)

0.060
{1.524)
MAX

BOTH ENDS

0.037 +0.005
] 0.097+0.005
1* [D8a0£0.127)

0.005

AN IHTE

0.055 +0.005
1397 £0.127}

f

|
0.020 - 0,060
0.508—1 524)

i

0.016 +0.003
{0.457 £0.076] H“

0.100£0.010
{2 540 £0.254}

Ceramic Dual-In-Line Package (J)
NS Package Number J20A

A
0.200 |

{5.080)
MAX

0,125 0.200
{3.175—5.080)

ZOA (REV M

www.national.com
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Physical Dimensions inches {millimeters) unless otherwise noted (Continued)

0.291 -0.258
T
0.017
| ol 456
0.009—0.013 ‘ 043
0.229 0.330 .
TYP JlLi LEADS m\t\;nll'fs?
noos ‘ ‘  0.030-0.058
0.102) =~ ez
ALL LFAD TYP ALL LEADS
TIPS

0.348 —0.362
(8.788 —1.126)

1413 12 11 10 8

dAfAAAH

&

0.394-0.419
{10.01-10.64)

LEAD ND. 1
IDENT ’|O

0.027 |
{0.685)

0.093—-0.104
(2.262 —2.642)

0.004 -0.012

{0.102 —0.305)

_E ¢ SEATING

T FLANE

0.037 - 0.044 T -
0.940—1118}
£.050

{121
P

Hermetic Dual-In-Line Package {M)
NS Package Number M14B

00140018 .

0N4-0 018 Ly
0,356 — 0.483)

MR (e D

www.nafional.com



Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.495 0.512
112.588 -13.005) |

304 -D.418
110.008—10.843)

LERD ND. 1 _J-—"7
IDENT

¥
0010 1y
0.259)
0291028
{7.38)—7.595)
000-002 0.093-0,104
iasa—gr "~ * tz.az;z.s-&z:
1 ces-ooe
{ l 0 MAX TYP oeM-002
7 ALL LEADS { | wiz-ns0m
i_—:_u:U [ ru_u _ l ‘\_‘1‘ —H‘—‘l SEATING
I g “r 1‘ f PLANE
aves non LA 0014
— (0 102) 0.076 —0.050 - 0.050 0.014 —0.020 1yp
10.229—0.330) ALL LEAD TIPS Bl {8 4051 271 10.356) itz T ™ s 0w
THP ALL LEADS Y
— 0.0 ryp
0.203) NZE ey 7

TYP ALL LEADS

Hermetic Dual-In-Line Package (M)
NS Package Number M20B

0.373—0.400
{9.474—10.15)
0.000
| e 080
2.286)
0.09% | 8 T 0.032 0,005
{2.337) . - ) (©.81320.127)
T 0.250 = 0.005 RA
PIN NO. 1 IDENT 3510177 PIN NO. 1 1DENT
gprion1 |
[ L2l 18] [a]
0.280 - 0.04p
{7.112) MIN 0030 0 {1.01) TYP—I‘-| |-1— " OPTION 2
0.300-0.320 {0.762) - *"[—‘3'991, 0.145-0.200
T |-— 207 = 1] - {3.683—5.080)
{7.62-8.328) ‘ [
— | =
# * " 0.130 +0.005 A
o TT L {3.302£0127)
I [ETSETI
B 0.065 {3.175— 3.556)
pazs | v - 0.020
pos-oms [ marg Y 80° +a° 0.508]
(0.229-0.381) DIA TYP MIN
+0.040 NOM 0.014+0.003
0325 7 e {8.457£0.076)
—_— —
(.255 + 1016 ] || M P-100£0.010
(“‘25570.331) r (2.54010.259)
0.045+0.015
{1.143 £0.381) *
0.060
0,050 ’ {1.529)
- — |
NDBE (REW FI

{1.z70)

Molded Dual-In-Line Package (N)
NS Package Number NOBE
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Phy5|cal Dimensions inches {millimeters) unless otherwise noted (Continued)
| 0.740-0.770 |
(18.8D— 18.56) |
0.090
- (7-78R)
[11] [15] [xz] [w] [io] [s] 8] ~ ok
I, -
B 0.250 £0.010
) (6.350 £0.254)
PINND, T T PINNO.T -
IDENT O = J |%|£| 1 IENT
0092 ;. 0030 max
2.430) {D.762) DEPTH
OPTIDN 1 OPTION 02
0.135=0.005 0.300-0.320
13.429+0.127)
{7.620—8.128} 1065
0.145 —0.200 D.080 - - _Nas
e85~ ) ™ win " i f.es1)
1 i
i TR ! f 1
PR | —
L —0
[} ) o5 Jge _ 0010016 [0
D.020 - 90¢ +4° TYP e - -\ T 07203 —0.405)
]
wiN 91260150 ! 0.075 =0.015
(3175-3.910) - “7 0.280
0010023 1yp || [ (T2
03%-1a8a T - LALLES Juil I MIN
{2540 =D 254) — - >
QAB0L0.010 1o 0040
> T1 2106 754) 035 Zpnes
e +1.01B1
(“"5570.“1) [A——
Molded Dual-In-Line Package (N)
NS Package Number N14A
. 1M3-1040
0,082 X 0.030 (25.73-26.42)
{2,337 X 0.762) 0.032 L0.005
0] |19 18] 17 16 15 14 3 F3 P —
MAX DF [@] [1w] 7] 7] [76] (i8] [*] [i3] [3z] [4] i 0a13-0127)
™ o260 RAD
PINND. 1 IDENT @ 260+0.005
N 16.604 +0.377) PIN ND. 1 IDENT——__
0.280 e I,
Ramr— OPTION 1
[TM‘ILZ’ ] L] LT aT Tl [6T [T Tal Ta] o]
0.080
g OPTION 2
s ~|
{7 . ogsp NOM 0040 o OPTIONZ 0130 0.005
Goes 152 i | ‘ e Bz ann
71880 TYP TYP \ r . L
i J 1.145-0.200
=T
95%5° ‘\ 0003-1.015 uu15 gu‘xnum" { [
:u zzn 0.381} noz2n
’ u1[m¢uu1u 0.125-0.140 {0508
030 20005 <z m:uzw ""1“0""3 (3.175 3566;  MIN
+0.040 15240125y | {0.457 = 0.076)
0325
-0.015
+1 msj
(B 255 _pam
NZIA ey Oy
Molded-Dual-In-Line Package {N)
NS Package Number N20A
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ADC0831/ADC0832/ADC0834/ADC0838 8-Bit Serial /0 A/D Converters with Multiplexer Options

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

+0.008
. 0.350 plgop |
[8.89 '3 0.01740.004 [
PIN #1 IDENT ops  LE-430.10)
5oy B
3 1 g [1.85] \
4 18 i
O 0 oc.02920.003 T -
O 0 [0.7420.08) 0.310£0.020 |
0 i |7.8740.51]
5[ 14
A _
S
e | SEATING FLANE
:
‘ | o080 la 0:020 iy ryp | 0.390£0.005 ¢
*—U_NJWP [0.51] [9.81£0.13]
0.200 L 0.105£0.015
[5.08] """ [2.67+0.38] 1"
0.165-0.180 qyp
[4.19-4.57]
] 0.004 [0.10] v20a (RIY L)

Molded Chip Carrier Package (V)
Order Number ADCO838BCYV or ADCO838CCV
NS Package Number V20A

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DE-
VICES COR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMI-
CONDUCTCR CORPORATION. As used heresin:

1. Lite support devices or systems are devices or sys- 2. A critical compenent is any component of a life support
tems which, (a) are intended for surgical implant into device or system whose failure to perform can be rea-
the body, or (b} support or sustain life, and whose fail- sonably expected to cause the failure of the life support
ure to perform when properly used in accordance device or system, or to affect its safety or effectiveness.

with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury

1o the user.
National Semiconductar National Semiconductar National Semiconductor National Semiconductar
Carperation Europe Asia Pacific Customer Japan Lid.
Americas Fax: +49 (0) 1 80-530 85 86 Response Group Tel: 81-3-5639-7560
Tel: 1-800-272-9959 Email: europe.support@nsc.com Tel: 65-2544466 Fax: &1-3-5639-7507
Fax: 1-800-737-7018 Deutsch Tel: +48 {0) 1 80-530 85 85 Fax: 65-2504466
Email: support@nsc.com English  Tel: +48{0) 1 80-532 78 32 Email: sea support@nsc. com
Frangais Tel: +48 {0) 1 80-532 83 58
www national.com ltaliano  Tel: +49{0) 1 80-534 16 80

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and Nationa reserves the right at any time without notice to change said circuitry and specifications.



