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with 4-Channel Multiplexer

General Description

The ADCO0833 series is an 8-bit successive approximation
A/D converter with a serial I/0 and configurable input multi-
plexer with 4 channels. The serial 1/0 is configured to com-
ply with the NSC MICROWIRETM serial data exchange stan-
dard for easy interface to the COPS™ family of processors,
as well as with standard shift registers or uPs.

The 4-channel multiplexer is software configured for single-
ended or differential inputs when channel assigned by a 4-
bit serial word.

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

Key Specifications

B Resolution 8 Bits
B Total Unadjusted Error + 1, LSB and = 1 LSB
| Single Supply 5 Vpc
m Low Power 23 mwW
m Conversion Time 32 us

&National Semiconductor

ADCO0833 8-Bit Serial 1/0 A/D Converter

December 1994

Features

B NSC MICROWIRE compatible—-direct interface to COPS
family processors

B Easy interface to all

“stand alone”

Works with 2.5V (LM336) voltage reference

No full-scale or zero adjust required

Differential analog voltage inputs

4-channel analog multiplexer

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 14-pin DIP package

microprocessors, or operates

Connection and Functional Diagrams

COPS™ and MICROWIRET™ are trademarks of National Semiconductor Corporation.
TRI-STATE® is a registered trademark of National Semiconductor Corporation.
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Absolute Maximum Ratings (Notes 1 & 2)
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Currentinto V+ (Note 3) 15 mA
Supply Voltage, Vcc (Note 3) 6.5V
Voltage

Logic Inputs —0.3Vto Vgg + 0.3V

Analog Inputs —0.3Vto Vg + 0.3V
Input Current per Pin (Note 4) +5mA
Package Input Current (Note 4) +20 mA
Storage Temperature —65°Cto + 150°C

Package Dissipation at

Ta = 25°C (Board Mount) 0.8W
Lead Temperature (Soldering, 10 sec.)

Dual-In-Line Package (Plastic) 260°C

Dual-In-Line Package (Ceramic) 300°C
ESD Susceptibility (Note 5) 2000V

Operating Conditions (notes 1 & 2)

Supply Voltage, Ve 4.5 Vpg t0 6.3 Vpo
Temperature Range TMINSTA<TmAX
ADC0833CCJ —40°C<Tp<85°C
ADC0833BCN, ADC0833CCN 0°C<TA<70°C

Electrical Characteristics The following specifications apply for Vo = V+ = 5V, fo k = 250 kHz and
VRer/2 < (Vgc + 0.1V) unless otherwise specified. Boldface limits apply from TN to Tyax; all other limits

Ta = Ti = 25°C.
T Tested Design
Parameter Conditions (No‘t,z 6) Limit Limit Units
(Note 7) (Note 8)
CONVERTER AND MULTIPLEXER CHARACTERISTICS
Total Unadjusted Error VReg,2 Forced to 2.500 Vpg
ADC0833BCN 1, + LSB
ADC0833CCN +1 +1 LSB
ADC0833CCJ +1 LSB
Minimum Total Ladder
Resistance (Note 9)
ADC0833CCJ 7.0 2.6 kQ
ADC0833BCN/CCN 7.0 2.6 2.6 kQ
Maximum Total Ladder
Resistance (Note 9)
ADC0833CCJ 7.0 11.8 kQ
ADC0833BCN/CCN 7.0 10.8 11.8 kQ
Minimum Common-Mode All MUX Inputs and COM Input
Input Range (Note 10)
ADC0833CCJ GND-0.05 \"
ADC0833BCN/CCN GND—-0.05 GND-0.05 \"
Maximum Common-Mode All MUX Inputs and COM Input
Input Range (Note 10)
ADC0833CCJ Vce +0.05 \"
ADC0833BCN/CCN Voo +0.05 Vce +0.05 \Y
DC Common-Mode Error
ADC0833CCJ + 4 £ A LSB
ADC0833BCN/CCN Ve Y % LsB
Change In Zero 15mA Into V+
Error From Voo =5V Voc=N.C.
To Internal Zener VRer/2 = 2.500V
Operation (Note 3)
ADC0833CCJ 1 LSB
ADC0833BCN/CCN 1 1 LSB




Electrical Characteristics The following specifications apply for Vog = V+ = 5V, fg x = 250 kHz and

VRer/2 < (Vcc + 0.1V) unless otherwise specified. Boldface limits apply from tyy to tyax; all other limits Ty = T; = 25°C.

(Continued)
T Tested Design
Parameter Conditions (No‘t,: 6) Limit Limit Units
(Note 7) (Note 8)
CONVERTER AND MULTIPLEXER CHARACTERISTICS (Continued)
Vz, Minimum Internal 15mA Into V+
Diode Breakdown
(AtV+) (Note 3)
ADC0833CCJ 6.3 \"
ADC0833BCN/CCN 6.3 6.3 \"
Vz, Maximum Internal 15mA Into V +
Diode Breakdown
(At V+) (Note 3)
ADC0833CCJ 8.5 \Y
ADC0833BCN/CCN 8.5 8.5 \Y
Power Supply Sensitivity Voc=5V£5%
ADC0833CCJ Ve t% LsB
ADC0833BCN/CCN + e Y, EA LSB
lorg, Off Channel Leakage On Channel =5V, Off Channel=0V
Current (Note 11)
ADC0833CCJ -1 wA
—200 nA
ADC0833BCN/CCN -1 HA
—200 nA
On Channel =0V, Off Channel=5V
ADC0833CCJ 1 RA
200 nA
ADC0833BCN/CCN 1 RA
200 nA
lon, On Channel Leakage On Channel =5V, Off Channel =0V
Current (Note 11)
ADC083CCJ 1 [y
200 nA
ADC0833BCN/CCN 1 RA
200 nA
On Channel =0V, Off Channel=5V
ADC083CCJ -1 RA
—200 nA
ADC0833BCN/CCN -1 rA
—200 nA
DIGITAL AND DC CHARACTERISTICS
Vin), Logical “1” Input Veoc=5.25V
Voltage
ADC0833CCJ 2.0 Vv
ADC0833BCN/CCN 2.0 2.0 \"
ViN(), Logical “0” Input Vec=4.75V
Voltage
ADC0833CCJ 0.8 \"
ADC0833BCN/CCN 0.8 0.8 \Y
ling1), Logical “1”” Input ViN=Vcc
Current
ADC0833CCJ 0.005 1 BA
ADC0833BCN/CCN 0.005 1 1 RA




Electrical Characteristics The following specifications apply for Vg = V+ = 5V, fo = 250 kHz and

VRer/2 < (Vcc + 0.1V) unless otherwise specified. Boldface limits apply from tyn to tmax; all other limits Ty = Tj = 25°C.

(Continued)
T Tested Design
Parameter Conditions (No‘t,:,)G) Limit Limit Units
(Note 7) (Note 8)
DIGITAL AND DC CHARACTERISTICS (Continued)
IlN(O)v Logical “0” Input ViN=0V
Current
ADC0833CCJ —0.005 -1 RA
ADC0833BCN/CCN —0.005 -1 -1 wA
Vour(1), Logical “1” Output Vec=4.75V
Voltage
ADC0833CCJ louT= —360pA 2.4 v
ADCO0833BCN/CCN 24 2.4 "
ADCO0833CCJ louT= —10pA 4.5 Vv
ADCO0833BCN/CCN 4.5 4.5 Vv
VourT(o), Logical “0” Output lout=1.6mA, Vcc=4.75V
Voltage
ADC0833CCJ 0.4 Vv
ADCO0833BCN/CCN 0.4 0.4 \'
louT, TRI-STATE Output
Current (DO, SARS)
ADC0833CCJ Vout=0.4V —0.1 -3 BA
ADCO0833BCN/CCN -0.1 -3 -3 RA
ADC0833CCJ Vout=5V 0.1 3 BA
ADCO0833BCN/CCN 0.1 3 3 RA
ISOURCE VouT Short to GND
ADC0833CCJ —14 —-6.5 mA
ADCO0833BCN/CCN —14 —-75 —6.5 mA
ISINK Vourt Short to Vg
ADC0833CCJ 16 8.0 mA
ADCO0833BCN/CCN 16 9.0 8.0 mA
Icc, Supply Current (Note 3) VReg/2 Open Circuit
ADCO0833CCJ 0.9 4.5 mA
ADC0833BCN/CCN 0.9 4.5 4.5 mA




AC Electrical Characteristics The following specifications apply for Vog = V+ = 5Vandt, = t; = 20 ns
unless otherwise specified. These limits apply for Ty = T; = 25°C.

T Tested Design
Parameter Conditions (Noi,:s) Limit Limit Units
(Note 7) (Note 8)
foLk, Clock Frequency Min 10 kHz
Max 400 kHz
Tc, Conversion Time Not including MUX Addressing Time 8 1/foLk
Clock Duty Cycle (Note 12) Min 40 %
Max 60 %
tsgT.Up, CS Falling Edge or 250 ns
Data Input Valid to CLK
Rising Edge
tHoLD, Data Input Valid 90 ns
after CLK Rising Edge
tpd1, tpdo—CLK Falling CL = 100 pF
Edge to Output Data Valid Data MSB First 650 1500 ns
(Note 13) Data LSB First 250 600 ns
t1H, toy—Rising Edge of CS C_ = 10pF,R_ = 10k 125 250 ns
to Data Output and SARS CL = 100 pF, R = 2k 500 ns
Hi-Z (see TRI-STATE Test Circuits)
CiN, Capacitance of Logic 5 pF
Input
Court, Capacitance of Logic 5 pF
Outputs

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.

Note 2: All voltages are measured with respect to the ground pins.

Note 3: Internal zener diodes (approx. 7V) are connected from V+ to GND and Vg to GND. The zener at V+ can operate as a shunt regulator and is connected to
Vg via a conventional diode. Since the zener voltage equals the A/D’s breakdown voltage, the diode insures that Vg will be below breakdown when the device is
powered from V+. Functionality is therefore guaranteed for V+ operation even though the resultant voltage at Vcc may exceed the specified Absolute Max. of
6.5V. It is recommended that a resistor be used to limit the max. current into V+.

Note 4: When the input voltage (V|y) at any pin exceeds the power supply rails (Viy < V= or VjN > V1) 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 model, 100 pF discharged through a 1.5 kQ resistor.

Note 6: Typicals are at 25°C and represent most likely parametric norm.

Note 7: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level).

Note 8: Design limits are guaranteed but not 100% tested. These limits are not used to calculate outgoing quality levels.

Note 9: See Applications, section 3.0.

Note 10: For V|y(—)=V|n(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward
conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vg supply. Be careful, during testing at low Vg levels (4.5V),
as high level analog inputs (5V) can cause this input diode 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 V| or VRer does not exceed the supply voltage by more than 50 mV, the
output code will be correct. To achieve an absolute 0 Vpg to 5 Vpg input voltage range will therefore require a minimum supply voltage of 4.950 Vpc over
temperature variations, initial tolerance and loading.

Note 11: Leakage current is measured with the clock not switching.

Note 12: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty cycle outside of
these limits, the minimum time the clock is high or the minimum time the clock is low must be at least 1us. The maximum time the clock can be high is 60 ps. The
clocked can be stopped when low so long as the analog input voltage remains stable.

Note 13: Since data, MSB first, is the output of the comparator used in the successive approximation loop, an additional delay is built in (see Block Diagram) to
allow for comparator response time.
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Data Input Timing

— SET-UP

%] — ISET-UP

DATA
IN (D1)

TRI-STATE Test Circuits and Waveforms

tin
Vee
&5 DATA
ouTPUT
o I_ 10k
ton
Vee Vee
10k
s DATA
oUTPUT
G

Data Output Timing

CLK

DATA
0UT (D0)

tin, CL=10 pF

GND

Vou

D0 AND

SARS OUTPUTS
GND

tr=20ns

tow, CL=10 pF

Ve
DO AND
SARS OUTPUTS

c /-
— o | )

VoL
tr=20ns

ADC0833

CH A (ON CHANNEL)

OFF

CHANNEL
VOLTAGE
SELECT

CHC S
CHD

TL/H/5607-2




Typical Performance Characteristics
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ADCO0833 Functional Block Diagram
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Timing Diagram
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Functional Description

1.0 MULTIPLEXER ADDRESSING

The design of the ADC0833 utilizes a sample-data compar-
ator structure which provides for a differential analog input
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 ter-
minal. The polarity of each input terminal of the pair being
converted indicates which line the converter expects to be
the most positive. If the assigned *“+ " input is less than the
“—” input the converter responds with an all zeros output
code.

A unique input multiplexing scheme has been utilized to pro-
vide multiple analog channels with software-configurable
single-ended (ground referred) or differential inputs. The an-
alog signal conditioning required in transducer-based data

TL/H/5607-5

acquisition systems is significantly simplified with this type
of input flexibility. One converter package can now handle
ground referenced inputs and true differential inputs.

A particular input configuration is assigned during the MUX
addressing sequence, prior to the start of a conversion. The
MUX address selects which of the analog inputs are to be
enabled and whether this input is single-ended or differen-
tial. In the differential case, it also assigns the polarity of the
channels. Differential inputs are restricted to adjacent chan-
nel pairs. For example channel 0 and channel 1 may be
selected as a differential pair. Channel 0 or 1 cannot act
differentially 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
illustrated by the MUX addressing codes shown in the fol-
lowing table. The MUX address is shifted into the converter
through the DI line.

TABLE I. MUX Addressing

Single-Ended MUX Mode

Address Channel #
SE/ OD_D/ SELECT 0 1 2 3
DIF SIGN 1
1 0 0 +
1 0 1 +
1 1 0 +
1 1 1 +
COM is internally ties to a GND
Differential MUX Mode
Address Channel #
SE/ OD_D/ SELECT 0 1 2 3
DIF SIGN 1
0 0 0 + —
0 0 1 + -
0 1 0 - +
0 1 1 — +




Functional Description (continued)

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

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

2.0 THE DIGITAL INTERFACE

A most important 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; transmit-

4 Single-Ended

_EL_ A GND

ting highly noise immune digital data back to the host proc-
essor.

To understand the operation of these converters it is best to
refer to the Timing Diagram and Functional Block Diagram
and to follow a complete conversion sequence.

1. A conversion is initiated by first pulling the CS (chip se-
lect) line low. This line must be held low for the entire con-
version. The converter is now waiting for a start bit and its
MUX assignment word.

2. A clock is then generated by the processor (if not provid-
ed continuously) and output to the A/D clock input.

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 bit is the first logic “1” that appears on this line (all
leading zeros are ignored). Following the start bit the con-
verter expects the next 4 bits to be the MUX assignment
word.

2 Differential

—]+(-)
0,1

-(+)
—+)
2,3

Mixed Mode

0,1

-TL—— A GND

TL/H/5607-6

FIGURE 1. Analog Input Multiplexer Options for the ADC0833




Functional Description (continued)

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 1/, clock
period (where nothing happens) is automatically inserted to
allow 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
settling 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 internal resistor ladder, appears at the DO line on each
falling edge of the clock. This data is the result of the con-
version being shifted 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 14, clock cycle
later.

8. If the programmer prefers, the data can be read in an LSB
first format. All 8 bits of the result are stored in an output
shift register. The conversion result, LSB first, is automati-
cally shifted out the DO line, after the MSB first data stream.
The DO line then goes low and stays low until CS is re-
turned high.

9. All internal registers are cleared when the CS line is high.
If 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 1/0 bit with one wire. This
is possible because the DI input is only “looked-at” during
the MUX addressing interval while the DO line is still in a
high impedance state.

3.0 REFERENCE CONSIDERATIONS

The ADCO0833 is intended primarily for use in circuits requir-
ing absolute accuracy. In this type of system, the analog

vee
5V
cHo—] S
a5k
cH1—] W Vees /2 .
ADC0833
CHz—] Iz
<
— >
CH3 < 3.5k Vi
LM385-1.2V l

VFULL-SCALE =2.4V

V
Note: No external biasing resistor needed if V7 < % and Iz min <

inputs vary between very specific voltage limits and the ref-
erence voltage for the A/D converter must remain stable
with time and temperature. For ratiometric applications, an
ADCO0834 is a pin-for-pin compatible alternative since it has
a VRef input (note the ADC0834 needs one less bit of mux
addressing information).

The voltage applied to the VRgp/2 pin defines the voltage
span of the analog input [the difference between Vin(+)
and Vin(—)] over which the 256 possible output codes ap-
ply. A full-scale conversion (an all 1s output code) will result
when the voltage difference between a selected “+” input
and “—" input is approximately twice the voltage at the
VRer/2 pin. This internal gain of 2 from the applied refer-
ence to the full-scale input voltage allows biasing a low volt-
age reference diode from the 5Vpc converter supply. To
accommodate a 5V input span, only a 2.5V reference is
required. The LM385 and LM336 reference diodes are good
low current devices to use with these converters. The out-
put code changes in accordance with the following equa-
tion:

ViN(+H) = VIN(—
Output Code =256 <M)

2(VRer/2)

where the output code is the decimal equivalent of the 8-bit
binary output (ranging from 0 to 255) and the term Vger/2 is
the voltage from pin 9 to ground.

The VRgp/2 pin is the center point of a two resistor divider
(each resistor is 3.5 k) connected from Vg to ground.
Total ladder input resistance is the sum of these two equal
resistors. As /shown in Figure 2, a reference diode with a
voltage less than Vgg/2 can be connected without requiring
an external biasing resistor if its current requirements meet
the indicated level.

The minimum value of Vggg/2 can be quite small (see Typi-
cal Performance Characteristics) to allow direct 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 oper-
ating with a reduced span due to the increased sensitivity of
the converter (1 LSB equals VRgr/256).

Voo

‘P
CHoO— 3.5k
e

CH1 =

ADC0833 VREF/2

CH2 —

3 ~—t <
cH3 S 3.5
<

LM336-2.5V

_;LGN D

TL/H/5607-7

VFULL-SCALE =5.0V
Vee/2 — Vz
1.75kQ

FIGURE 2. Reference Biasing Examples




Functional Description (continued)

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 accura-
cy which otherwise is most susceptible to noise pickup.
However, a few words are in order with regard to the analog
inputs should the inputs be noisy to begin with or possibly
riding on a large common-mode voltage.

The differential input of these converters 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
“+” input 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
Verror(max) = Vpeak(27fcm) (_f )
CLK

where fcpy is the frequency of the common-mode signal,
VpEAK is its peak voltage value
and foLk is the A/D clock frequency.

For a 60 Hz common-mode signal to generate a '/, 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 resist-
ance of the analog signal source. Bypass capacitors should
not be used if the source resistance is greater than 1 k2.

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 uA over temperature will
create a 1 mV inut error with a 1 kQ2 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.

5.0 OPTIONAL ADJUSTMENTS

5.1 Zero Error

The zero of the A/D does not require adjustment. If the
minimum analog input voltage value, VinviN), is not ground
a zero offset can be done. The converter can be made to
output 0000 0000 digital code for this minimum input voltage
by biasing any Viy (—) input at this Vinomin) 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 transfer function and can be mea-
sured by grounding the V|y(—) input and applying a small
magnitude positive voltage to the V|y(+) input. Zero error is
the difference between the actual DC input voltage which

is necessary to just cause an output digital code transition
from 0000 0000 to 0000 0001 and the ideal 1, LSB value
(12 LSB=9.8 mV for VRgr/2=2.500 Vpg).

5.2 Full-Scale

The full-scale adjustment can be made by applying a differ-
ential input voltage which is 1 7, LSB down from the desired
analog full-scale voltage range and then adjusting the mag-
nitude of the VRgf input or Vgc for a digital output code
which is just changing from 1111 1110 to 1111 1111.

5.3 Adjusting for an Arbitrary Analog Input Voltage
Range

If the analog zero voltage of the A/D is shifted away from
ground (for example, to accommodate an analog input sig-
nal which does not go to ground), this new zero reference
should be properly adjusted first. A V|y(+) voltage which
equals this desired zero reference plus 1, 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 00ex to
01HEex code transition.

The full-scale adjustment should be made [with the proper
Vin(—) voltage applied] by forcing a voltage to the Vin(+)
input which is given by:

(VMAX = VMIN) ]
256

ViN(+) fsadj = Vyax — 1.5 [

where:

Vmax = the high end of the analog input range
and

Vmin= the low end (the offset zero) of the analog
range:

(Both are ground referenced.)

The VRgr/2 voltage is then adjusted to provide a code
change from FE4gx to FF4ex. This completes the adjust-
ment procedure.

6.0 POWER SUPPLY

A unique feature of the ADC0833 is the inclusion of a 7V
zener diode connected from the V+ terminal to ground
which also connects to the Vg terminal (which is the actual
converter supply) through a silicon diode, as shown in Fig-
ure 3.

A X%?I’I.IAL
v L
s —M— CONVERTER
SUPPLY

GND

TL/H/5607-8

FIGURE 3. An On-Chip Shunt Regulator Diode
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Functional Description (continued)

This zener is intended for use as a shunt voltage regulator
to eliminate the need for any additional regulating compo-
nents. This is most desirable if the converter is to be re-
motely located from the system power source. Figures 4
and 5 illustrate two useful applications of this on-board ze-
ner when an external transistor can be afforded.

An important use of the interconnecting diode between V+
and Vgg is shown in Figures 6 and 7. Here, this diode is
used as a rectifier to allow the Vgg supply for the converter

Applications

—3mv/e
l_ Sm c_l ADC0833
o 1k 2N2222 v+
SYSTEM —AAA— * P vic
SUPPLY s 100
4
A 7.9v
—e 0Tc
T4F " REFERENCE A
3mv/oC
=

TL/H/5607-15
FIGURE 4. Operating with a Temperature
Compensated Reference

V+
> >I Y
»> T = cc
B
ADC0833
100 MHz
CLOCK
5.3v' — 1k
M CLK GND
J U > —
3.9k =

TL/H/5607-17
“Note 4.5V < Vg < 6.3V

FIGURE 6. Generally V¢ from the Converter Clock

to be derived from the clock. The low current requirements
of the A/D (~3 mA) and the relatively high clock frequen-
cies used (typically in the range of 10k-400 kHz) allows us-
ing the small value filter capacitor shown to keep the ripple
on the Vg 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 Vz. 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.

12v
SYSTEM
SUPPLY
:: 1.6k
v
v+ L
i X 6.4
:L 0.1
ADC0833 |
CMoS
OR ANALOG
NMOS CIRCUITS
CIRCUITS
GND

TL/H/5607-16
FIGURE 5. Using the A/D as the

System Supply Regulator
v,
cc .
v he 10 uF =
CLOCK J—AAA CT—
TRANSDUCER 1k 3.9k
+ s fj&——=< s %
1 ADCOB33 O
DI
— - DO DI/ DO
GND GND

TL/H/5607-9
FIGURE 7. Remote Sensing—Clock
and Power on 1 Wire
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Applications (continued)

Digital Link and Sample Controlling Software for the
Serially Oriented COP420 and the Bit Programmable 1/0 INS8048

D 75 le— 60
L]
CLK |—] sk
. ADC0833 COP420
DI =i 50
*
>—cus 00 }—»|si
COP CODING EXAMPLE
Mnemonic Instruction
LEI ENABLES SIO’s INPUT AND OUTPUT
SC CcC=1
OGl G0=0 (CS=0)
CLRA CLEARS ACCUMULATOR
AISC 1 LOADS ACCUMULATOR WITH 1
XAS EXCHANGES SIO WITH ACCUMULATOR
AND STARTS SK CLOCK
LDD LOADS MUX ADDRESS FROM RAM
INTO ACCUMULATOR
NOP —
XAS LOADS MUX ADDRESS FROM
ACCUMULATOR TO SIO REGISTER
T
8 INSTRUCTIONS
l
XAS READS HIGH ORDER NIBBLE (4 BITS)
INTO ACCUMULATOR
XIS PUTS HIGH ORDER NIBBLE INTO RAM
CLR A CLEARS ACCUMULATOR
RC C=0
XAS READS LOW ORDER NIBBLE INTO
ACCUMULATOR AND STOPS SK
XIS PUTS LOW ORDER NIBBLE INTO RAM
oGl G0=1 (CS=1)
LEI DISABLES SIO’s INPUT AND OUTPUT

>—]cno

ADC0833

CLK

|

Do

P13

INS8048

8048 CODING EXAMPLE

START:

LOOP 1:

ZERO:

ONE:
CONT:

LOOP 2:

RETR

PULSE:

ANL

MOV
MOV
RRC
JC

ANL
JMP

ORL
CALL
DJINZ
CALL
MOV
CALL
IN
RRC
RRC
MOV
RLC
MOV
DJNZ

ORL
NOP
ANL
RET

Mnemonic

P1, #0F7H
B, #5

A, #ADDR
A

ONE

P1, #0OFEH
CONT

P1, #1
PULSE
B, LOOP 1
PULSE

B, #8
PULSE

A, P1

A

A

AC

A

C,A

B, LOOP 2

P1, #04

P1, #0FBH

TL/H/5607-10

Instruction
;SELECT A/D (CS=0)
;BIT COUNTER «— 5
;A <— MUX ADDRESS
:CY < ADDRESS BIT
;TESTBIT
;BIT=0
DIl <—0
;CONTINUE
BIT=1
Dl «— 1
:PULSESKO —>1—0
;CONTINUE UNTIL DONE
;EXTRA CLOCK FOR SYNC
:BIT COUNTER «— 8
;PULSESK0 —>1—0
:CY «<— DO

;A «<— RESULT

;A(0) «— BIT AND SHIFT
;C «— RESULT
;CONTINUE UNTIL DONE

;PULSE SUBROUTINE
;SK «— 1

;DELAY

SK <0
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Applications (continueq)

A “Stand-Alone” Hook-Up for ADC0833 Evaluation

MUX ADDRESS

< < <
> > >
gmm g <

AAA
\4

5Vpc

| =——START BIT

P—" »—-I 1»——| »—l‘—— SGL/DIF

o L L

” 13 14 3 s |5 |s |s
15 PARALLEL INPUTS o |7
j r CLKINT . 0 ne
Py 2 INPUT SHIFT REGISTER

—P| CLK

+ J—
ety | SHIF T}
| I S /L0AD SN Vg

C

NC 5V,
5Vpg (OR Vi)

START 6 " &m

oc

1/6 74C04
N
I I START
| 55
Vg > ANALOG INPUTS
0 CLK 12

START

01 |«

DO

oLk ADE0833
NC
O— sARs
VReF/2 AGND D GND vt Vee
Ie _Ln |7 g 4
K NG

PUSHTO _—_l
START THE b : 1 e
A/D CONVERSION LR Vee
0.001 uF -r7 GND -0 Vpe
¢ = ISTI
;; ;nznmnun OUTPUT SHIFT REGISTER
; 8
CLK
~ | cLi 2
SI8 {4
ay Qa
€04093 CLR T
- 13 12 " i) ) 5 [] 3
[} 0
CLK
| 1.3 (8) NSL5027 (8)
£ vanen S 4 s 4 e Gy 4 4
~O 5Vpg
mse DATA DISPLAY Lse

Low Cost Remote Temperature Sensor

Vee
(6Vpg)
[e]
Ta :: 3
CHO
V(o 7 *
LM33s w te +
T 10uF
= - <
215k
ADCO833 2
5Vpe
> 5ic
10k CHI <
TaMIN Qe———1V|y() VREeF/2 » S Ta MAX
ADJ jLADJ

TL/H/5607-11
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Applications (continued)

Digitizing a Current Flow
A | K
Vee 0 ——» 1L0AD (2A FULL-SCALE)
(6 Vpg) O—— WV |
L -
S 100 Vee
T (5 Vpg)
CHO Voo RL
> _L'
<
Q240K T 10 4F x|
= ADC0833 = 9.1k
1/2 LM358 |
100 > - LM336
ZERO ,: CH1 VREF/2 ¢ - 1%
ADJ < —tre \—; FS
30 T TuF ADJ
>
:b 120k 4 - - -
‘l,.
Operating with Automotive Ratiometric Transducers
Vee
(5 Vpg)
<
>
:’ 20k
Vxo
XDR R Vint+) Vee
3
", . 10uF
ZERO < Vinte)
ADJ 1 -
qL <
K ADC0833 & 16k
L "
= = 1/2 LM358A
VREF/2 > 1k
0.35 Ve N FS
+ ADJ
S~ 1 KF
T 8.2k
*VIN(=)=0.15 Ve
15% of Voo <Vxpr<85% of Voo — —

TL/H/5607-12
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Applications (continueq)

Protecting the Input

L

Span Adjust: OV<V|y<3V

Vee
(5 Vpg)

vint)

ADC0833

Vint)

VREF/2

LM336

TL/H/5607-18

Zero-Shift and Span Adjust: 2V<V|y<5V

Voo
Q(a Voe)

+ VNG Vee
Vi
ADC0833
Vint) VRer/2
SETS ZERO
CODE VOLTAGE 330
v
1k
27k _2Vnc
ZERO ADJ

Vee
(5 Vpo)

ADC0833

Vin(=)

Diodes are 1N914

TL/H/5607-20

TL/H/5607-19

High Accuracy Comparators

|sv
Veo
1 Jrme] +
0,1
SYSTEM Vin1=1- 0
o ApCos33 °"T CONTROLLER
e B
23 o
Vin 2=—1+
VRer/2
GND |

DO = all 1sif + Viy > —Viy
DO = all Os if + Viy < —Viy

For additional application ideas, refer to the data sheet for the ADC0831 family of serial data converters.

TL/H/5607-13
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Ordering Information

Temperature Total

Part Number P Unadjusted
Range
Error
ADCO0833BCN 0°Cto +70°C +1/2LSB
ADC0833CCJ —40°Cto +85°C
+1LSB

ADC0833CCN 0°Cto +70°C
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Physical Dimensions inches (millimeters)

0.785
(19.939)
MAX
0.025 [a] i3] [iz] 1] [io] [e] [e]
("'gf\"g 0.220-0.310
(5.588-7.874)
L] [2f G faf Is1 Is] L2
0.290-0.320 0.005 _ 0.200
(7.366—8.128) (U.&ZIKI) ’—E LASS 0.060 +0.005 (5.080)
| SEAtLA'“T (1524 :0.127) MAX 0,020-0.060
0180 ] ] 1 —— (0.508—1.524)
@512 Y
} 95° +5° 86°04° Tv—\ T
10° MAX 0.008-0.012 U
0.310-0410 (0.203-0.305) 0.018 0,003 ’”4 et
(7.87-10.41) 0.098 P
(0.457 +0.076)
(2.439) (3.175-5.080)
MAX BOTH ENDS 0.100 £0.010 0.150
{2.540 +0.254) 381
MIN J14A (REV G)

Ceramic Dual-In-Line Package (J)
Order Number ADC0833CCJ
NS Package Number J14A
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ADCO0833 8-Bit Serial I/0 A/D Converter with 4-Channel Multiplexer

Physical Dimensions inches (millimeters) (Gontinued)

0.740 0.770
{18.80—19.56)

-
[v] (8 () (77 o] [5] [F] |

0.090
(2.286)

r
a 0.25040.010
O (6.350 +0.254)
PINNO.1_ T /
IDENT DT T2l [T TaT Ts] 6T T2
0.092 s 0.030 MAX _/
2.337) (0.762) DEPTH
OPTION 1
0.1350.005
{3.429£0.127)
0.145 —0.200 0.060
0.20 — | e MOy | et Tve
{3.663—5.080) (1.520) M\ ™ gerionas

0.020
(0.508) T

A

7
/
90°+4° TYP

WN 0.125-0.150 LT, omsxoms
@175-3.810) "‘ i on
0.014-0.023
TYP —| |- 0.100+0.010
10.356 —0.584) — X
) [ 0.05040.010 ooz "
(1.270-0.254)

INDEX
AREA

PINNO. 1

10ENT

0PTION D2

0.300-0.320
{7620-8.128) 0.065
- > .651)

 — —
7 U

o 150 0.008-0.016
95°£5 - TP
e —» <0203 -0.405)

0.280
| (7.112)—|
MIN

- »|
5 +0-040
—0.015
1 ﬂ‘ﬁ)
0.381

-—-
0.32

<x.255 ¥
- NA R

Molded Dual-In-Line Package (N)
Order Number ADC0833BCN or ADC0833CCN
NS Package Number N14A

LIFE SUPPORT POLICY

NATIONAL’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

National Semiconductor National Semiconductor

o)

National Semiconductor
Hong Kong Ltd.

18th Floor, Straight Block,
Ocean Centre, 5 Canton Rd.

National Semiconductor
Japan Ltd.

Tel: 81-043-299-2309
Fax: 81-043-299-2408

Corporation Europe
1111 West Bardin Road Fax: (+49) 0-180-530 85 86
Arlington, TX 76017 Email: cnjwge @tevm2.nsc.com

Tel: 1(800) 272-9959
Fax: 1(800) 737-7018

Deutsch Tel: (+49) 0-180-530 85 85
English Tel: (+49) 0-180-532 78 32
Francais Tel: (-+49) 0-180-532 93 58
Italiano  Tel: (+49) 0-180-534 16 80

Tsimshatsui, Kowloon
Hong Kong

Tel: (852) 2737-1600
Fax: (852) 2736-9960

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




IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered 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 TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.
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