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ML2281, ML2282,
ML2284, ML2288

" Serial 1/0 8-Bit A/D Converters with

Multiplexer Options

GENERAL DESCRIPTION

The ML2281 family are 8-bit successive approximation
A/D converters with serial YO and configurable input
multiplexers with up to 8 input channels.

All errors of the sample-and-hold, incorporated on the
ML2281 family are accounted for in the analog-to-digital
converters accuracy specification.

The voltage reference can be externally set to any value
between GND and V¢, thus allowing a full conversion
over a relatively small voltage span if desired.

The ML2281 family is an enhanced double polysilicon
CMQOS pin compatible second source for the ADC0831,
ADC0832, ADC0834, and ADC0838 A/D converters. The
ML2281 series enhancements are faster conversion time,
true sample-and-hold function, superior power supply
rejection, improved AC common mode rejection, faster
digital timing, and lower power dissipation. All parameters
are guaranteed over temperature with a power supply
voltage of 5V +10%.

FEATURES

m Conversion time: bus

m Total unadjusted error: :t172L§B or+1LSB
m Sample-and-hold: 375ns acquisition

u 2, 4 or 8-input multiplexer options

[

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

Operates ratiometrically or with up to 5V
voltage reference

No zero or full-scale adjust required
ML2281 capable of digitizing a 5V, 40kHz sine wave
Low power: 12.5mW MAX

Superior pin compatible replacement for ADC0831,
ADCO0832, ADC0834, and ADC0838

w Analog input protection: 25mA (min) per input
m Now in 8-Pin SOIC Package (ML2281, ML2282)
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PIN CONFIGURATION
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PIN DESCRIPTION

NAME FUNCTION NAME FUNCTION
Vee Positive supply. 5V £ 10% DO Data out. Digital output which contains resuit

- o f A/D conversion, The serial data is clocked
DGND  Digital ground. 0 volts. All digital inputs and 0 :
outputs are referenced to this point. out on falling edges of CLK.

SARS Successive approximation register status.

AGND  Analog ground. The negative reference voltage Digital output which indicates that a

for A/D converter. conversion is in progress. When SARS goes
CHO-7,  Analog inputs. Digitally selected to be single to 1, the sampling window is closed and
Vint, Vine- ended (Vi) or; Vin+ or V- of a differential conversion begins. When SARS goesto 0,
input. Analog range = GND €V < Ve, conversion is completed. When CS = 1, SARS
COM Common reference point for analog inputs. fs in high impedance state.
A/D conversion is performed on voltage CLK Clock. Digital input which clocks data in on
difference between analog input and this Dt on rising edges and out on DO on falling
common reference paint if single-end edges. Also used to generate clocks for AID
conversion is specified. conversion. )
VREF Reference. The positive reference voltage for Dt ~ Data input. Digital input which contains serial
A/D converter. data to program the MUX and channel
SE Shift enable. Input controls whether LSB first assignments.
bit stream is shifted out on serial output DO. a3 Chip select. Selects the chip for multiplexer

1 SE = 1, MSB first is shifted out only. If SE = 0,
an MSB first bit stream is shifted out, then a
second bit stream with LSB first is shifted out
after end of conversion.

and channel assignment and A/D conversion.
When CS = 1, all digital outputs are in high
impedance state. When CS = 0, normal A/D
conversion takes place.

V+ Input to the Shunt Regulator.
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ABSOLUTE MAXIMUM RATINGS

Absolute maximum ratings are those values beyond which

the device could be permaneritly damaged. Absoluté -
maximum ratings are stress ratings only and functional

device operation is not implied.

Current into V+
Supply Voltage, Vec

Voltage

Logic lnputs

Analog Inputs .

Input'Current per Pin (Note 1)...
Storage Temperature

Package Dissipation

710 Ve +7V
.—0.3V to V¢ +0.3V
.................. +25mA

Lead Temperature (Soldering 10 sec.)

Dual-in-Line Package (Molded)............cccccoenu.... 260°C
Dual-In-Line Package (Ceramic)..........ceoueuccrcneee.. 300°C
Molded Chip Carrier Package
Vapor Phase (60 $€C.) ......cccoreiivenennivcnnreeennns 215°C
Infrared (15 $SEC.) vivrenrilivmeeeenereniedeeeenieaens 220°C
OPERATING CONDITIONS
Supply Voltage, Ve ovenvnnecnniineienc 4.5Vpc t0 6.3Vp¢
Temperature Range (Note 2) .. S TMINS TA S Trmax
ML2287/2/4/8 BIX............ Cerenrtie s -40°C to 85°C
ML2281/2/4/8 CIX

at Ty = 25°C (Board Mount) .oocccccvccresisnnene ML2281/2/4/8 BCX w..ooovvveeseereresssvreoeoronns 0°C to 70°C
ML2281/2/4/8 CCX
ELECTRICAL CHARACTERISTICS
Unless otherwise specified, Ta = Tpun 10 TMax, Vee = Vrer = 5V 210%, and foq = 1.333MHz.
ML228XB ML228XC
TYP. IYP
SYMBOI. PARAMETER CONDI'_"QNS MIN [ NOTE3 | MAX MIN NOTE 3 MAX UNITS
CONVERTER AND MULTIPLEXER CHARACTERISTICS ‘
| Total Unadjusted | Vier = Ve (Notes 4, 6) £1/2 +1 LSB
Error
Reference Input (Notes 4, 7) 10 15 20 10 15 20 kQ
Resistance
Common-Mode (Notes 4, 8) GND Vee GND Vce \Y
input Range -0.05 +0.05 ~-0.05 +0.05
DC Common-Mode] Common mode voltage 11/16 +1/4 +1/16 +1/4 LSB
Error voltage GND to Vceys
{Note 5)
AC Common-Mode| Common maode voltage +1/4 +1/4 LSB
Error GND to Vg2,
0 to 50kHz (Note 5)
DC Power Supply | Ve = SV £10% +132 | ti/a 132 | x4 LS8
Sensitivity VRErF € Ve +0.1V
(Note 5)
AC Power Supply | 100mVp.p, 25kHz sine +1/4 +1/4 LSB
Sensitivity on V¢e (Note 5)
Change in Zero 15mA into V+ +1/2 +1/2 LSB
Error from V=5V | Ve = N.C. Vggr = 5V
to Internal Zener | (Note 5)
Operation
Vz internal Diode 15mA into V+ 6.9 6.9 \
Regulated Break-
down (at V+)
V+ Input Resistance (Note 4) 20 35 20 35 kQ
7-116 . Micro Linear



ELECTRICAL CHARACTERISTICS (Continued)

ML2281, ML2282, ML2284, ML2288

ML228XB ML228XC
TYP TYP .
SYMBOL PARAMETER CONDITIONS MIN | NOTE3 | MAX MIN | NOTE3 | MAX UNITS
CONVERTER AND MULTIPLEXER CHARACTERISTICS (CONTINUED)
lorr Off Channel On channel = Ve -1 -1 UA
Leakage Current | Off channel = OV
(Notes 4, 9)
On channel = 0OV +1 +1 BA
Off channel = V¢e
{Notes 4, 9}
lon On Channel On channel = OV -1 -1 dA
Leakage Current | Off channel = V¢
(Notes 4, 9)
On channel = V¢ +1 +1 HA
Off channel = 0V
(Notes 4, 9)
DIGITAL AND DC CHARACTERISTICS
Ving) Logical “1” (Note 4) 2.0 2.0 \Y%
Input Voltage
Vine Logical “0” (Note 4) 0.8 0.8 \Y
Input Voltage
ey Logical “1” Input | V| = Ve (Note 4) 1 1 HA
Current
lingDy Logical “0” Input | Viny = OV (Note 4) -1 -1 WA
Current
Vourwy | Logical “1” louT = -2mA (Note 4) 4.0 40° Vv
Output Voltage
VOUT(O) Logical “0” lout = 2ZmA (Note 4) 0.4 .04 A\
Output Voltage
lour HI-Z Output Vout = OV {Note 4) -1 -1 pA
Current Vout = Veo 1 1 BA
Isource | Output Source Vaut = OV (Note 4) -6.5 -6.5 mA
Current
Isink Output Sink Current| Vout = Ve (Note 4) 8.0 8.0 mA
lcc Supply Current ML2281, ML2284 1.3 25 1.3 25 mA
ML2288 (Note 4)
ML2282 includes ladder 1.8 35 1.8 3.5 mA
Current (Note 4)
ﬁm Linear 7-117
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ELECTRICAL CHARACTERISTICS (Continued)

TYP LIMIT
SYMBOL PARAMETER CONDITIONS MIN NOTE 3 MAX UNITS
AC ELECTRICAL CHARACTERISTICS
fak Clock Frequency (Note 4) 10 1.333 kHz
tacq Sample-and-Hold Acquisition 1/2 ek
tc Conversion Time Not including MUX adddressing time 8 ek
SNR Signal to Noise Ratio Vi = 40kHz, 5V sine. fryy = 1.333MHz 47 dB
ML2281 (fsampring = 120kHz). Noise is sum of all
nonfundamental components up to 1/2
of fsampring (Note 11)
THD Total Harmonic Distortion Vin = 40kHz, 5V sine. fcr g = 1.333MHz ~60 dB
ML2281 fsampLING = 120kHz). THD is sum of 2,
3, 4, 5 harmonics relative to fundamental
{Note 11)
IMD Intermodulation Distortion Vin = fa + fg. fo = 40kHz, 2.5V sine. —60 dB
ML2281 fg = 39.8kHz, 2.5V Sine, fcik = 1.333MHz
(FsAMPLING = 120kH2). IMD is {fa + fg),
(fA - fB), (Zf/\ + fB), (ZfA - fg), (fA + ZfB),
(fa — 2fp) relative to fundamental (Note 11)
Clock Duty Cycle (Notes 4, 10) 40 60 %
tser.up | C5 Fatling Edge or Data Input | (Note 4) 130 ns
Valid to CLK Rising Edge
tHOLD Data Input Valid after (Note 4) 80 ns
CLK Rising Edge
teot, CLK Falling Edge to Output | C_ = 100pF (Note 4 & 12}
trDo Data Valid Data MSB first 90 200 ns
Data LSB first 50 110 ns
tiH, Rising Edge of CS to Data C; = 10pF, R = 10k (see high impedance 40 90 ns
toH Output and SARS Hi-Z test circuits) (Note 5)
C = 100pF, Ry = 2k (Note 4) 80 160 ns
Cin Capacitance of Logic Input - 5 pF
Cour Capacitance of Logic Outputs 5 pF

Note 1:  When the input voltage (V) at any pin exceeds the power supply rails (Vjy < GND o Vi > Viee) the absolute vatue of current at that pin should be limited to
25mA o less.

Note 2: 0°C to 70°C and ~40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by
correlation with warst-case test conditions.

Note 3: Typicals are parametric norm at 25°C.
Note 4: Parameter guaranteed and 100% production tested.
Note 5: P, guaranteed. P: s not 100% tested are not in outgoing quality level calculation.

Note 6:  Total unadjusted error includes offset, full-scale, linearity, multiplexer and sample-and-hald errors.

Note 7:  Cannot be tested for ML2282.

Note 8:  Far Vi- 2 Vig+ 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 V¢ supply. Be careful, during testing at low Vcc 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 aliows
50mV forward bias of either diode. This means that as long as the analog Vi or Vggr does not exceed the supply voltage by more than 50mV, the output code will
be carrect. To achieve an absolute OV to 5V input valtage range will therefore require a minimum supply voltage of 4.950Vp¢ over temperature variations, initial
tolerance and loading.

Note 9: Leakage current is measured with the clock nat switching.

Note 10: A 40% to 60% clock duty cycle range insures praper ion at all clock freg ies. 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 300ns. The maximum time the clock can be high or low is 60us.

Note 11: Because of multiplexer addressing, test conditions for the ML2282 would be Vi = 34kHz, 5V sine (fsampLing = 102kHz); ML2284 Vi = 32kHz, 5V sine
{fsamPLING = 95kHZ); ML2288 Vi = 30kHz, 5V sine (fsampune = 89kHz).

Note 12: Since data, MSB first, is the output of the comparator used in the successive approximation loap, an additional delay is built in (see Block Diagram) to allow for
comparator response time.

7-118 1y, Micro tinear



ML2281, ML2282, ML2284, ML2288

tiH ti4
DATA
ouTPUT
Ry
<
ton ton
Vcc
Ry [«
DATA
OUTPUT
iCL ]_.: ) 00 AND
= SARS OUTPUTS Vo o
Figure 1. High Impedance Test Circuits and Waveforms
. Data Input Timing Data OQutput Timing

QK

DATA
IN (D)

ML2281 Start Conversion Timing

[«3
START CONVERSION
DO J\_—
BITY BIT6
(MSB)
Figure 2. Timing Diagrams

g Micro Lincar 7119



ML2281, ML2282, ML2284, ML2288

ML2281 Timing
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ML2288 Timing
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Figure 2. Timing Diagrams (Continued)
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FUNCTIONAL DESCRIPTION SINGLE-ENDED MUX MODE
MUX ADDRESS ANALOG SINGLE-ENDED CHANNEL#
MULTIPLEXER ADDRESSING
~ s/ |oppy |PEECT
The design of these converters utilizes a sample data DIF lsicn | 1] 0 il213lals]el7|com
comparator structure which provides for a differential
analog input to be converted by a successive ! 0 0:0 -
approximation routine. 1 0 0.1 + -
1 0 t{o + -
The actual voltage converted is always the difference 1 0 1
between an assigned “+” input tefminal and a “—” input i —
terminal. The polarity of each input terminal of the pair 1 t-j0]0 + ~
being converted indicates which line the converter expects 1 1 01 + ~
to be the most positive. If the assigned “+” input is less than 1 1 110 + -
the “~” input, the converter responds with an all zeros y
output code. ! ! L all
A unique.input multiplexing scheme has been utilized DIFFERENTIAL MUX MODE
to provide multiple analog channels with software
configurable single ended, differential, or pseudo MUX ADDRESS ANACLI-(I?\(I;\ngEI:.FIE’iIE::IAL
differential options. The pseudo differential option will a
convert the difference between the voltage at any analog s/ | oppy | SELECT|  © 1 2 3
input and a common terminal. One converter package DrF |sicN |1]o] o|1]|2]|3]a]s]6]>7
can now.accommodate ground referenced inputs and
true differential inputs as well as signals with some 0 0 010 -
arbitrary reference.voltage. 0 0 01 + |-
: 0 0 110 | -
A particular input configuration is assigned during the MUX o 0 11 . -
addressing sequence, prior to the start of a conversion. The
MUX address selects which of the analog inputs are to be 0 1 ofOf - {+
enabled and whether this input is single ended or 0 1 ol ~ |+
differential. In the differential case, it also assigns the 0 1 110 |+
polarity of the analog channels. Differential inputs are o ] 111
restricted to adjacent channel pairs. For example, channel 0 L
and channel 1 may be selected as a different pair but Table 1. ML2288 MUX Addressing 8 Single-Ended
channel 0 or channel 1 cannot act differentially with any or 4 Differential Channels
other channel. In addition to selecting the differential mode, :
the sign may also be selected. Channel 0 may be selected as SINGLE-ENDED MUX MODE
the positive input and channel 1 as the negative input or
vice versa. This programmability is illustrated by the MUX MuX ADDRESS CHANNEL#
addressing codes shown in Tables 1, 2, and 3. sct/ | ooor SELECT
The MUX address is shifted into the converter via the DI DIF_| SIGN L 0 ! 2 3
input. Since the ML2281 contains only one differential 1 0 0
input ch?nnel with a fixed polarity assignment, it does 1 o 1 +
not require addressing. 1 1 o "
The common input line on the ML2288 can be used as a 1 1 1 +
pseudo differential input. In this mode, the voltage on the COM is intemally tied to AGND
COM pin is treated as the “~” input for any of the other
input channels. This voltage does not have to be analog DIFFERENTIAL MUX MODE
round; it can be any reference potential which is common
tgo all of the inputs. This feature is most useful in single MUX ADDRESS CHAN’N‘EL#
supply applications where the analog circuitry may be sGU | oppy SELECT
biased at a potential other than ground and the output DIF | iGN 1 0 1 2 3
signals are all referred to this potential. o o o
Since the input configuration is under software control, it 0 0 1 + -
can be modified, as required, at each conversion. A channel o 1 0 - +
can be treated as a single-ended, ground referenced input 0 p 1 ~ N
for one conversion; then it can be reconfigured as part of a
differential channel for another conversion. Figure 7 Table 2. ML2284 MUX Addressing 4 Single-Ended
illustrates these different input modes. or 2 Differential Channel
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SINGLE-ENDED MUX MODE
MUX ADDRESS .CHANNEL# )
SGUDOIF | ODD/SIGN 0 1
1 0 + '
1 1 +
DIFFERENTIAL MUX MODE
MUX ADDRESS CHANNEL#
SGL/DIF ODD/SIGN 0 ‘ 1
o 0 + -
0 1 - +

Table 3. ML2282 MUX Addressing 2 Single-Ended
or 1 Differential Channel

8 Single-Ended " 8 Pseudo-Differential
[} + B e B
1-—+ 11—+
2 —‘ + 22—+
33— ‘ 33—«
44—+ 44—+
5 —+ 55—+
6 -—]+ 6 —+
7 —1+ 7 —1+
i COM (=) : [ COM (-}
~ Voias ——
I
4 Differential Mixed Mode

{-—— +{)
0,1
-

[—— + (=)
2,3
—1-t

4 —J&
—1+
4,5 5 —+
—]-(
6 ——+
—q+ ()
6,7 7 —]+
—-& [
—ECOM(-)
+
Veias, — .

Figure 7. Analog Input Multiplexer Functional
Optlons for Mt2288

DIGITAL INTERFACE

The block diagram and timing diagrams in Figures 2-5
illustrate how a conversion sequence is performed,

A conversion is initiated when €35 is pulsed low. This line
must me held low for the entire conversion. The converter.is
now waiting for a start bit and its MUX assignment word. . .

A clock is applied to the CLK input. On each rising edge
of the clock, the data on DI is clocked into the MUX
address shift register. The start bit is the first logic “1” that
appears on the DI input (all leading edge zeros are
ignored). After the start bit, the device clocks in the next 2
to 4 bits for the MUX assignment word.

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 1/2.
clock period is used for sample & hold settling through the
selected MUX channels. The SAR status output goes high
at this time to signal that a conversion is now in progress
and the DI input is ignored.

The DO output comes out of High impedance and
provides a leading zero for this one clock period.

When the conversion begins, the output of the
comparator, which indicates whether the analog input is
greater than or less than each successive volitage from the
internal DAC, appears at the DO output on each falling
edge of the clock. This data is the result of the conversion
being shifted out {with MSB coming first) and can be read
by external logic or 4P immediately.

After 8 clock periods, the conversion is completed. The SAR
status line returns low to indicate this 1/2 clock cycle later.

The serial data is always shifted out MSB first during the
conversion. After the conversion has been completed, the
data can be shifted out a second time with LSB first,
depending on level of SE input. For the case of ML2288, if
SE = 1, the data is shifted out MSB first during the
conversion only. If SE is brought low before the end of .
conversion (which is signalled by the high to low transition
of SARS), the data is shifted out again immediately after the
end of conversion; this time LSB first. If SE is brought law
after end of conversion, the LSB first data is shifted out on
falling edges of clock after SE goes low. For ML2282 and
2284, SE is internally tied low, so data is shifted out MSB
first, then shifted out a second time LSB first at end of
conversion. For ML2281, SE is |nternally tied high, so data is
shifted out only once MSB first.

All internal registers are cleared when the TS input is
high. If another conversion is desired, CS must make a
high to low transition followed by address information.

The DI input and DO output can be tied together and
controlled through a bidirectional uP /O bit with one
connection. This is possible because the DI input is only
latched in during the MUX addressing interval while the
DO output is still in the high impedance state.
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REFERENCE

The volitage applied to the reference input to these
converters defifies the voltage spair of the analog input
(the difference between Vi max and Viy min) over which
the 256 possible output codes apply. The devices can be
used in either ratiometric applications or in systems
requiring absolute accuracy. The reference pin must be
connected

to a voltage source capable of driving the reference input
resistance, typically 10k. 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
proportional to the voltage used for the A/D reference.
This voltage is:typically the system power supply, so the
Ve pin can be tied to Vic. This technique relaxes the
stability requirefnents of the system reference as the analog
input and A/D reference move together maintaining the
same output code for a given input condition.

For absolute accuracy, where the analog input varies
between specific voltage limits, the reference pin can be
biased with a time and temperature stable voltage source.

The maximum value of the reference is limited to the Ve
supply voltage. The minimum value, however, can be quire
small to allow direct conversion of inputs with less than 5V
of voltage 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,

ANALOG INPUTS AND SAMPLE/HOLD

An important feature of the ML2281 family of devices is that
they can be located at the squrce of the analog signal and
then communicate with a cantrolling pP with just a few
wires. This avoids bussing the analog inputs long distances
and thus reduces noise pickip on these analog lines.
However, in some cases, the analog inputs have a large
common mode voltage or even some noise present along
with the valid analog signal.

The differential input of these converters reduces the effects
of common mode input noise. Thus, if a common mode
voltage is present on both “+” and “~” inputs, such as 60Hz,
the converter will reject this common mode voltage since it
only converts the difference between “+” and “~ inputs,

The ML2281 family have a true sample and hold circuit
which samples both “+” and “~* inputs simultaneously. This
simultaneous sampling with a true S/H will give common
mode rejection and AC linearity performance that is superior
to devices where the two input terminals are not sampled at
the same instant and where true sample and hold capability
does not exist. Thus, the ML2281 family of devices can
reject AC common mode signals from DC-50kHz as well as
maintain linearity for signals fromy DC-50kHz.

The signal at the analog input'is sampled durihg the interval
when the sampling switch is closed prior to conversion
start. The sampling window (S/H acquisition time) is 1/2
CLK period wide and occurs 1/2 CLK period before DO
goes from high impedance to active low state. When the
sampling switch closes at the start of the S/H acquisition
time, 8pF of capacitance is thrown onto the analog input.
1/2 CLK period later, the sampling switch is opened and the
signal present at the analog input is stored. Any error on the
analog input at the end of the S/H acquisition time will
cause additional conversion error. Care should be taken to
allow adequate charging or settling time from the source.

If more charging or settling time is needed to reduce these
analog input errors, a longer CLK period can be used.

The ML2281X family has improved latchup immunity.
Each analog input has dual diodes to the supply rails, and
a minimum of £25mA (1100mA typically) can be injected
into each analog input without causing latchup.

DYNAMIC PERFORMANCE

Signal-to-Noise-Ratio

Signal-to-noise ration (SNR) is the measured signal-to-noise
at the output of the converter. The signal is the RMS
magnitude of the fundamental. Noise is the RMS sum of all
the nonfundamental signals up to half the sampling
frequency. SNR is dependent on the number of quantization
leévels used in the digitization process; the more levels, the
smaller the quantization noise. The theoretical SNR for a
sine wave is given by

SNR = (6.02N + 1.76)dB

where N is the number of bits. Thus for ideal 8-bit converter,
SNR = 49.92dB.

Harmonic Distortion

Harmonic distortion is the ratio of the RMS sum of
harmonics to the fundamental. Total harmonic distortion
(THD) of the ML2281 Series is defined as

(sz + V32 + V42 + V52)

THD=20log v
1

where V is the RMS amplitude of the fundamental and V,,
V3, V4, Vs are the RMS amplitudes of the individual
harmonics.

Intermodulation Distortion

With inputs consisting of sine waves at two frequencies, fa
and fg, any active device with nonlinearities will create
distortion products, of order (m + n), at sum and difference
frequencies of mfa + nfg, where m,n=0,1,2,3....
Intermodulation terms are those for which m or n is not
equal to zero. The.(IMD):intermodulation distortion
specification includes the second order terms (f5 + fg) and
(fa - fg) and the third order terms (2f + fp), (24 —fg),

(fa + 2fg) and (f5 — 2fg) only.
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ZERO ERROR ADJUSTMENT

The zero of the A/D does not require adjustment. If the
minimum analog input voltage value, Vi miN is not ground,
a zero offset can be done. The converter can be made to
output 00000000 digital code for this minimum input
voltage by biasing any Vin— input at this Vin min 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
measured by grounding the V|n— input and applying a
small magnitude positive voltage to the Vin+ input. Zero
error is the difference between the actual DC input
voltage which is necessary to just cause an output digital
code transition from 00000000 to 00000001 and the ideal
1/2 LSB value (1/2 LSB = 9.8mV for Vggg = 5.000Vpc).

FULL-SCALE ADJUSTMENT

The full-scale adjustment can be made by applying a
differential input voltage which is 1-1/2 LSB down from
the desired analog full-scale voltage range and then
adjusting the magnitude of the Vgge input or Ve for a
digital output code which is just changing from 11111110
to 11111111, '

ADJUSTMENT 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
signal which does not go to ground), this new zero
reference should be properly adjusted first. A V |+ voltage
which equals this desired zero reference plus 1/2 LSB

(where the LSB is calculated for the desired analog span,

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 00000000
to 00000001 code transition.

The full-scale adjustment should be made by forcing a
voltage to the Viy+ input which is given be:

Vin +fs adjust = Vyax = 1.5% I:(V ;;6VMIN)j|

where  Vyax = high end of the analog input range

Vmin = low end (offset zero) of the analog range
The Vgge or Ve voltage is then adjusted to provide a
code change from 11111110 to 11111111,

SHUNT REGULATOR

A unique feature of ML2288 and ML2284 is the inclusion
of a shunt regulator connected from V+ terminal to
ground which also connects to the V¢ terminal (which is
the actual converter supply} through a silicon diode as
shown in Figure 8. When the regulator is turned on, the
V+ voltage is clamped at 11Vgg set by the internal resistor
ratio. The typical I-V of the shunt regulator is shown in
Figure 9. It should be noted that before V+ voltage is high
enough to turn on the shunt regulator (which occurs at
about 5.5V), 35kQ resistance is observed between V+ and
GND. When the shunt regulator is not used, V+ pin
should be either left floating or tied to GND. The
temperature coefficient of the regulator is ~22mV/°C.

12v V4 i 1Vee
)

I+—>

CURRENT LIMITING
RESISTOR, 1+ <15mA

< 3.2k
GND
O

AA
VWA
w
I
=

Figure 8. Shunt Regulator

T5mMA -

1
SLOPE= 1 f
L

5.5V 6.9V

<
+

Y

Figure 9. I-V Characteristic of the Shunt Regulator
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APPLICATIONS
>—{cHo cs P,
L
bt CIK Py
* ML2288 8051
*
. DI [« P1,
L
>—{cnr [210] Py
8051 Interface and Controlling Software
MNEMONIC INSTRUCTION
| oo START ANL P1, #0F7H SELECT A/D (CS = 0)
: MOV B, #5 ;BIT COUNTER « 5
MOV A, #ADDR A e~ MUXBIT .
LOOP1: RRC A ;CY « ADDRESS BIT
C ONE S;TEST BIT
BIT=0
ZERO: ANL P1, #0FEH Dle0
SIMP CONT ;CONTINUE
BIT=1
ONE: ORL P1, #1 D11
CONT: ACALL PULSE PULSESKO -1 50
DINZ B, LOOP i ;CONTINUE UNTIL DONE
ACALL PULSE JEXTRA CLOCK FOR SYNC
MOV B, #8 ;BIT COUNTER « 8
LOOP 2:  ACALL PULSE ;PULSESKO0—1 >0
MOV A, P1 ;CY « DO
RRC A '
RRC A
MOV AC A« RESULT
RLC A JAWQ) BIT « AND SHIFT
MOV C A ;C « RESULT
DINZ B, LOOP 2 SCONTINUE UNTIL DONE
RETH
' ;PULSE SUBROUTINE
PULSE: ORL P1, #04 SK e 1
NOP ;DELAY
ANL P1, #0FBH SK«0
RET
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APPLICATIONS (Continued)

MUX ADDRESS
-~ N

O5vpc

< ;’
:: 51kQ (4) ::

AAA

3 EE <€—START BIT
M, T e

ey +

>3
{3 als le |7
15 ’ PARALLEL INPUTS GND |7
N Bo]onc
2 INPUT SHIFY REGISTER
K 74HC165
1| sHiFT/ ke
TOAD SIN Veo
& I
NC Voc
5Vpe (OR Vi)
9 1hQ2 (8) 1/8 Vee
8 7 6 5 4 3 2 1 9
18] 7_ 6 5 4 3 2 1 0, COMfty ~
18 = ANALOG INPUTS SVoc
3
cLK ME2268 3E .
& 2sin
0.01pF NC SARS ., b
Veer  AGND _ DGND Vi Vee Do
12 _Ln ’_Ho <L‘9 20
- 5
CLOSE TO
START THE ] |
A/D CONVERSION I 0.001pF '——l ) )
CLR Ve ;
7
CLOCK _l__— oND “n -
GENERATOR
= OUTPUT SHIFT REGISTER ™
§ 74HC164 m
CLK 8
: I - ! CLK 2
| Q SiB |-
‘ X
i 13 12 11 10 6 s P 3
Q D
CLK > ® & e + he s
Y AP ::; ::f ::% 1:% ::f ;
y # iif % % ¥ ¥ oz
1/2 74HC74 L osvoe
MSB DATA DISPLAY LB

ML2288 “Stand-Alone” or Evaluation Circuit
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66
a*

"
Tx :: 3kQ
masai$><><:f,1
10
Ty MIN
AD).

Low-Cost Remote Temperature Sensor

Vin (4}

ML2281

Vin )

Ve

IIO’AF

> 10kQ

<
T, MAX

Viee

Y AD).
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APPLICATIONS (Continued)

cC AAA .
(Ve tov WA
, S50 sav
VWA~
"‘25: = Voo
+ VNG Vec STRAIN GAUGE Veer ak—
Vin : LOAD CELL A
< 3000/30mV FS 8 !
e 30 -
ML2281 mML2281 g5l
i b
! : -~
' I DUAL
) 1 -t :
Vin & v : : 1 ; +IN DO
1 - <
1 b ) 2 1m0 20k
SETS ZERO VR ’4{ ! WA 10y L
CODE VOLTAGE,Y | 3300 ] 1 < 10k N
VWA~ WA— 4 i ‘2 OTESET
*Q --:--.-_-—---_::_-J k4
2.7k 2Vpe = = m
ZERO ADJ. i b
< * USES ONE MORE WIRE THAN LOAD CELL ITSELF
* TWO MINI-DIPs COULD BE MQUNTED INSIDE LOAD CELL
FOR DIGITAL DUTPUT TRANSDUCER
« ELECTRONIC OFFSET AND GAIN TRIMS RELAX MECHANICAL
SPECS FOR GAUGE FACTOR AND OFFSET
« LOW LEVEL CELL OUTPUT IS CONVERTED IMMEDIATELY FOR
HIGH NOISE IMMUNITY
Zero-Shift and Span Adjust: 2V SV, <5V Digital Load Cell
t
Y > \
+ + +
T N CHo [~ Ve
L A_J A /
. [e—-seriAL /O
L]
*
L
L]
*
, TYPE e
Ts
- [, W | AN
= AAAd

USES THE PSEUDO-DIFFERENTIAL MODE TO KEEP THE -
DIFFERENTIAL INPUTS CONSTANT WITH CHANGES IN REFERENCE TEMPERATURE (Tgep)

Convert 8 Thermocouples with only One Cold-Junction Compensator
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APPLICATIONS (Continued)

Vee
(5Vpo)
Vee 15Vpc
i op
® soon
p Vi) || b VNG Ve +
< SR prr
| |p2sv]s2sv =
B “15Vpe
- + ML2281
' Viey
MiL2281
S
E:R I TVin
—— DIODE CLAMPING IS NOT NEEDED
S IF CURRENT IS LIMITED TO 25mA
CONTROLLER PERFORMS A ROUTINE TO DETERMINE WHICH
INPUT POLARITY PROVIDES A NON-ZERO OUTPUT CODE.
THIS INFORMATION PROVIDES THE EXTRA BITS.
Obtaining 9-Bit Resolution Protecting the Input
Ve o gl — oD (24 FULLSCAL)
5Vpe) MR O 1
21000] Vee
b3 Q 5Vpo)
AV O Vee LOAD
>
20603 > 20 e
< 0
-:.L ML2281
1000 | K Lmaze
ZERO 2 Vi Vre
AD). <
< L
2120k
Digitizing a Current Flow
(s‘((cc ,
DC’
Yec
(SVpo)
22060
b9
Vxo#]
XDR Vin () Vee . Vin (+) Vee
QS kg Vin
ZEROZ [ Vin I‘WF
ADjf. L e -
T Muzer - 10k ML2281
v B > 1k ViNG Ve
REF10.7 V¢ + :: s 5 ‘ A +
4 AD}. - -
- b WF SET FOR 3V
e S22 I
Vi (=) = 0.15V¢c < -
15% OF V¢ SVypg <B5% OF Ve = v =
Operating with Ratiometric Transducers Span Adjust: 0V <V <3V
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APPLICATIONS (Continued)
0
4mA-20mA 13[ IN4148 1/6 74HC14, 10k = SokHz
i
< 1000
ll)uﬂ:- T
24kQl6. 2k
S 2000
3 3 Vee
- 1 +IN
47uF
L ML2281 100k
LM385-2.5V 10kalg N o] e
OPTOCOUPLER =
10k
b 3leg 12,404
Vv Do M— V,
LM385-2.5V skﬂ‘, REF 5 “ Wy (dd
3.9k0] SND
< 1‘ < 6|8 Ve
e 3 3ok v
l s GND
« ALL POWER SUPPLIED BY LOOP
+ 1500V ISOLATION AT QUTPUT
4mA-20mA Current Loop Converter
TRANSFORMER 104748
TRW-TC-S§D-32 o Vee OUT
L «
S 100uF
3 Senal
10kQ 7 = 1N4148
CLK: 2N2222 3 1€
) +
= 6v Vee
| s anaLOG
[ | cHANNELS
ok§d
DI 2N2222 2 -..L
6] x5
5| ¥ 3
L + NO POWER REQUIRED REMOTELY
= 6N139 HIGH GAIN * 1500V {SOLATION
OPTOCOUPLER

Isolated Data Converter
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APPLICATIONS (Continued)

© START
15193 5 Q|
:D— LOAD BO
: COUNT R
 LA.B_C D DOWN TMS320
A SERIES
T L5
O5v AQ
}
[ Qb
DsP
AQT
—
4
. A Q
MLZ281 ) D— FSR
CLK D< - K
Vit
—vin ©s o<

cix
Sampling Rate 111kHz, Data Rate 1.33MHz

DO——L'Z-—I K‘mXDe)LDsXmeX DszX Do HiZ

Interfacing ML2281 to TMS320 Series
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ORDERING INFORMATION

ALTERNATE TOTAL TEMPERATURE
PART NUMBER PART NUMBER UNADJUSTED ERROR RANGE PACKAGE
SINGLE ANALOG INPUT, 8-PIN PACKAGE
ML2281BIP ADC0831CCN +1/2 1B -40°C to 85°C Plastic DIP (P08)
ML2281BCP ADC08318CN 0°C to 70°C Molded DIP (P08)
ML2281BCS - 0°C to 70°C Plastic SOIC (S08)
ML2281CIP ADC0831BCN +11SB ~40°C to 85°C Plastic DIP (PO8)
ML2281CCP ADC0831CCN 0°C to 70°C Molded DIP {P08)
ML2281CCS — 0°C to 70°C Plastic SOIC (508)
TWO ANALOG INPUTS, 8-PIN PACKAGE
ML2282BIP ADC0832CCN +1/2LSB —40°Ct0 85°C | Plastic DIP (P08)
ML2282BCP ADCD832BCN 0°C to 70°C Molded DIP (P08)
ML2282BCS — 0°C t0 70°C Plastic SOIC (508)
ML2282CIP ADC0832BCN +1 158 ~40°C to 85°C Plastic DIP (PO8)
ML2282CCP ADCO832CCN 0°C to 70°C Molded DIP (P08)
ML2282CCS — 0°C to 70°C Plastic SOIC (S08)
FOUR ANALOG INPUTS, 14-PIN PACKAGE
ML2284BIP ADCO834CCN +1/2 LSB —40°Ct085°C | Plastic DIP (P14)
ML2284BCP ADC0834BCN 0°C to 70°C Molded DIP (P14)
ML2284BCS - 0°C to 70°C Plastic SOIC (S14)
ML2284CIP ADC0834BCN +1 LSB ~40°C to 85°C Plastic DIP (P14)
ML2284CCP ADCO834CCN 0°C to 70°C Molded DIP (P14)
ML2284CCS — 0°C to 70°C Plastic SOIC (S14)
EIGHT ANALOG INPUTS, 20-PIN PACKAGE
ML2288BIP ADCO838CCN +1/2158 ~40°Cto 85°C | Plastic DIP (P20)
ML2288BCP ADC0838BCN 0°C to 70°C Molded DIP (P20)
ML2288BCQ ADC0838BCV 0°C to 70°C Molded PCC (Q20)
ML2288CIP ADC0B38CCN +11SB ~40°C to 85°C Plastic DIP (P20)
ML2288CCP ADC0838CCN 0°C to 70°C Molded DIP (P20)
ML2288CCQ ADC0838CCV 0°C to 70°C Molded PCC (Q20)
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