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General Description Features
The MAX171 is a complete 5.8us, 12-bit analog-to- ¢ Optical Isolation to Over 1,500Vams
digital converter (ADC) that provides over 1,500Vams . .
electrical isolation between its analog input and the ¢ UL Recognized in File E118032 to UL1577
digital interface pins. It combines a serial output 12- " esoluti
bit ADC, three opto-couplers, and a low-drift buried- ¢ 12-Bit R ution and Linearity a
zener voltage reference in a standard 16-lead plastic € 5.8us Conversion Time -y
DIP package (0.3"). . € No Missing Codes Over Temperature
Required external components are limited to supply )
and reference decoupling capacitors and three resistors. 4 Serial Output
The 2.5MHz clock input can be driven from an ex- plete wi y
ternal clock source such as a divided microprocessor ¢ Com with On-Chip Reference
clock. The MAX171 works with +5V and -12V to -15V ¢ Standard 16-Lead Plastic DIP Package
supply voltages and typically dissipates 265mW.
The MAX171 is useful in applications where an analog
signal must be electrically isolated from control elec-
tronics to avoid hazardous e(ljectrical co:tfifitions, pro-
vide noise immunity, or bridge large differences in .
ground potential. These situations have traditionaily Ordering Information
required an instrumentation or isolation amplifier with
suitably high common mode rejection. If the analog PART TEMP.RANGE PACKAGE ERROR
signal must be digitized at some point in the signal o " - T
chain, the MAX171 can replace these isolating ampli- MAX171ACPE 0°Ct0+70°C  PlasticDIP +%LSB
fiers while providing high performance and lower cost. MAX171BCPE 0°Cto+70°C PlasticDIP +1LSB
MAX171AEPE -40°Cto +85°C Plastic DIP 1% LSB
Applications MAX171BEPE -40°C10+85°C  PlasticDIP 41 LSB
Ground-Loop Interruption
Process Controt
Isolated Industrial Data Acquisition
Electro-Mechanical Systems "
Pin Configuration
Robotics g
Automatic Test Equipment TOP VIEW

Functional Diagram
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MAX171

Opto-iIsolated Serial Output 5.8us
12-Bit A/D Converter
ABSOLUTE MAXIMUM RATINGS

Visoy+to ISOGND..........oociiiiinan... -0.3V to +7V Isolation Voltage

Visov-t0ISOGND ....................... +0.3V to -17V 1868CONA ..vviiiiiiiieeii e 1,500 Vams
AINTO ISOGND ... . i +15V Tminute .................. 1,200 Vams
VectoGND ... i -0.3V to +7V Continuous 130 Vems

DATA Output Current ...........ccooiiiiinninan... 60mA Operating Temperature Ranges
DATA Qutput Voltage ..................cooiiiiint, 5.5v MAX171XC ... ... 0°C to +70°C
Digital Inputs: S* to S~ and CK* to CK™: MAXIZIXE ... ... -40°C to +85°C
LED Current ... ..o iiiiiiiiiiiiiiniaanann 15mA Storage Temperature Range ............ -65°C to +160°C
LED Reverse Voltage ......................co0o0e. 5v Power Dissipation to +76°C .................... 1000mW
Derates Above +75°C by .............. . 10mW/°C
Lead Temperature (Soldering 10 sec) . ... +300°C

Stresses above those listad under “Absolute Maximum Ramzjgs may cause permanent damage to the device. These are stross ranngs only, and
functional operation of the device at these or any other conditions above those indicated in the operational ti of the sp ns is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(Vce = +6V 5%, Viso v+ = 5V 5%, Viso v- = -11.4V to -15.75V; fak = 2.5MHz; Ta = T to Tmax unless otherwise noted.)

PARAMETER [ symoL | CONDITIONS MIN TYP MAX |UNITS
ISOLATION (Ta = +25°C, Note 1)
1 second withstand 1500 VRMS
Test Voltage VISO |4 minute withstand (Note 2) 1200 VRMS
Leakage Current liso Viso = 130VRmMs, 60Hz 2 50 MARMS
Resistance Riso Viso = 500vDC 1010 0
Capacitance Ciso 5 pF
ACCURACY
Resolution 12 Bits
MAX171AC +1/2
Integral Non-Linearity INL MAX171AE +3/4 LSB
MAX171B +1
. . . . Guaranteed Mconotonic Over Specified
Differential Non-Linearity DNL Temperature Range +1 LSB
Offset Error (Note 3) m:;:;:g ig LSB
Full Scale Error (Note 4) Ta = 25°C +10 LSB
Full Scale Tempco
(Notes 5, 6) +45  |ppm/°C
Conversion Time tconv | 14 Clock Cycles + Opto-Coupler Delay 5.8 us
ANALOG INPUT
Input Voltage Range [} +5 v
Input Current AIN = OV to +5V 35 mA
INTERNAL REFERENCE
Vrer Output Voltage Ta =25°C -5.2 -5.25 -53 v
Vrer Output Tempco ) o
(Note 7) +40 |ppm/°C
Qutput Current
Sink Capability (Note 8) 5 mA
POWER SUPPLY REJECTION
- — FS Change, =
Positive Supply Rejection Vop Vs = ~15V or ~12V] Vop = 4.75V to 5.25Vv *1/2 LsB
. - FS Change, Vss = -14,25V to -15.75V +1/8
Negative Supply Rejection Vss Vop = +5V Vag = ~11.4V to ~12.6V 11/8 LsB
7-68 ML X1V
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Opto-iIsolated Serial Output 5.8us
12-Bit A/D Converter

ELECTRICAL CHARACTERISTICS (continued)
(Veg = +5V 15%, Viso v+ = +5V 15%, Viso v- = -11.4V 1o -15.75V; foik = 2.5MHz; Ta = Tmin 10 Tmax unless otherwise noted.)
PARAMETER [symsoL | CONDITIONS [ N TYP  max [uniTs
LOGIC INPUTS (S* to S~ and CK* to CK") -
LED Operating Current N 8 10 15 mA N
LED Forward Operating _ wli
Voltage VIN iy = 10mA 155 1.75 v
LED Capacitance (Note 9) CiN 60 pF
LOGIC OUTPUT (DATA)
V, { = 1.6mA 04

Output Low Voitage Vgt Ii::ﬁ - 136: A 0.25 06 v
Output High Current ton VpATA = 55 V 0.02 250 LA
POWER REQUIREMENTS

Analog Positive Supply Visov+ |+5% for Specified Performance 475 5.25 v
Voltage

Analog Negative Supply - B _

Voltage (Note 10) Viso v- | £5% for Specified Performance 15.75 1.4 v
Analog Positive Supply - -

Current hsov+ |START = Vpp, AIN = OV 25 44 mA
Anatog Negative Supply : _ _

Current lisov- | START = Vpp, AIN = 0V -6 12 mA
Digital Positive Supply

Voltage Vee 4.75 525 v
Digital Positive Supply

Current Icc 10 18 mA
Power Dissipation Viso v+ = +5V, Vigg v- = -15V, Vg = +5V 265 495 mw
TIMING CHARACTERISTICS (Note 11)

CLOCK Pulse Width o K ot ns
START Pulse Width b AR P ns

tsco Leading CLOCK 100

START to CLOCK Skew tson Leading CLOCK + 1 250 ns
CLOCK to DATA Delay trp Ta = 25°C 175 250 ns

Note 1: Isolation voltage is measured between pins 1 to 8 connected together and pins 9 to 16 connected together.

Note 2: Guaranteed by the “2 second withstand test voltage.” which is 100% production tested.

Note 3: Typical change over temp is +1 LSB.

Note 4: Viso v+ = +5V, Visov- = 15V, FS = +5.000V or +2.500V. Ideal last code transition = FS - 3/2LSB

Note 5: Full Scale Tempco = AFS/AT, where AFS is full scale change from Ta = 25°C to Tmin Of Tmax.

Note 6: includes internai reference drift.

Note 7: Vrer Tempco = AVeer/AT, where AVger is reference voltage change from Ta = 25°C to Tmin OF Tmax.

Note 8: Output current should not change during conversion.

Note 9: Guaranteed by design, not subject to test.

Note 10: Specified performance with -12V supply is guaranteed by testing offset and full scale errors.

Note 11: Timing specifications are sample tested to LTPD = 10 at 25°C to ensure compliance. All input control signals are
specified with t, = t; = 5ns (10% to 90% of +5V) and timed from a voltage level of +1.6V.

VAKXV 7-69
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This Materia

Opto-isolated Serial Output 5.8us

12-Bit A/D Converter
Pin Description

PIN

DIP NAME FUNCTION
1 ISO DGND | Isolated Digital Ground
2 ISO vV~ Analog Negative Supply,
-12V or -15V
3 ISO v+ Analog Positive Supply,
+5V
4 AIN Analog Input, OV to +5V
Unipolar
5 REF Reference Voltage Output,
-5.25V
6 ISO Isolated Analog Ground.
" AGND Normally tied to
ISO DGND
7 TP Test Pin. Leave
unconnected
8 ISO DGND | Isolated Digital Ground

ELECTRICAL ISOLATION BARRIER

9 Vee Digital Positive Supply.
+5V

10 GND Digital Ground

11 DATA Serial Data Output

12 CK~ Clock™ Input

13 CK* Clock* Input

14 St Conversion Start* Input

15 S Conversion Start” Input

16 N.C. No Connect

Converter Operation
A/D Converter

The MAX171 combines a successive approximation
A/D converter and three opto-couplers to convert an
unknown analog input to an electrically isolated 12-bit
serial output code. The opto-coupled digital interface
works with three interface signals: Conversion Start
Input (S*, S7), Clock Iinput (CK*, CK"), and the Serial
Data Output (DATA). Most applications require only a
few external passive components to perform the
analog-to-digital function. Figure 1 shows the MAX171
in its simplest operational configuration.

Figure 2 shows the MAX171 analog equivalent circuit.
The internal digital-to-analog converter (DAC) is con-
trolled by a successive approximation register (SAR)
and has an output impedance of 2.5k(). The analog
input is connected to the DAC output with a 2.5kQ)
resistor. The comparator is essentially a zero-crossin
detector with its output feeding back to the SA
input.

7-70

Opto-Couplers

The Start (S*, S7) and Clock (CK*, CK") inputs to the
MAX171 are unbuffered LEDs and require a series
resistor of typically 470Q to a TTL or 5V-CMOS gate
to set the drive current. The preferred connection is
to tie the resistor from +5V to the LED anode and
then connect logic LED cathode as shown in Figure 1.
Alternatively, logic drive current may be sourced to
a grounded LED, but this requires opposite logic
polarity from Figure 1 for both the Start and Clock
signals.

The serial data output is an open-collector NPN bi-
polar transistor, and normally requires a 4700 pull-up
resistor to a +5V supply. The external stray capacit-
ance at the DATA output pin should be kept beiow
10pF for operation at the maximum clock rate. A low
signal at the DATA output represents a logical “1” in
the output word.

Power Supplies

The MAX171 requires three power supplies: +5V and
-12V to -15V is required on the isolated analog side of
the package (ISO V*, ISO V). A separate +5V voltage
source (Vgc) is required on the digital side of the
isolation barrier for the DATA output transmitter.

Digital Interface
Clock — Data Skew

While the opto-isolators used in the MAX171 are fast
enough for the specified conversion speed of 5.8us,
they do add a time delay that impacts high speed
operation. The A/D cannot begin processing a clock
edge before it crosses the isolation barrier. Therefore,
the digital I/O signais at the A/D lag/lead the digital
signals at the input/output pins. For example, as each
successive approximation decision is sent out, it
appears at the DATA pin following a delay induced by
the opto-coupler. At low conversion rates (below 1MHz
clock) these delays are negligible and Clock and
Start signals may be applied simultaneously to the
MAX171 and to the output register. At clock speeds
above 1MHz, these delays become a significant portion
of the clock cycle and must be compensated for best
performance. Figure 3 illustrates using delay lines in
the start and clock signals applied to the output
register.

Timing and Control

A conversion cycle is initiated on the rising edge of
the conversion start signal that is coincident with a
falling edge of the Clock signal. Figure 4 shows a
single conversion cycle with a continuous Clock.
Once started, a conversion cannot be stopped and
transitions at the Start input have no effect until the
CURRENT conversion is completed {(minimum of 14
clock cycles from the last rising edge of the conversion
start signal).

ViAXI/vi
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Opto-Isolated Serial Output 5.8us
12-Bit A/D Converter
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Figure 1. MAX171 Operating Circuit

The Conversion Start transition causes the SAR to set
B11 (MSB), driving the DAC output to half-scale. The
analog input is compared to this value from the time
alam 25k0 MAXIM of the conversion start transition until the second
—WWv MAX171 falling Clock edge which latches the MSB result and
™ sets the SAR to compare the next bit. The MSB result
0AC z?‘f’ COMPARATOR appears at the DATA output after a delay, tpp from

| YT % ¥ the falling edge of Clock. Each subsequent bit conver-

sion proceeds similarly until all 12 bits of the DAC
] - have been tried. The conversion is completed at the
Ll 1 failing edge of the 13th Clock cycle. The DATA output
SAR —'lum returns high at the falling edge of the 14th Clock
cycle and remains so until the next conversion sends
out its MS8 result.

The next conversion can be started on the 14th Clock
cycle of a previous conversion as shown in Figure 4.
This allows the maximum throughput rate, one con-
Figure 2. MAX171 Analog Equivalent Circuit version per 14 Clock cycles.
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Figure 3. MAX171 Opto-isolated Conversion with Parallel Data Output
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Figure 4. MAX171 Conversion Cycle Timing
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Figure 5. MAX171 Timing Diagram

Conversion Start Timing

Conversion start transitions must arrive within the
setup limits tsgo and tsct relative to the falling edge of
the Clock. This guarantees that the serial DATA output
stream starts at the second Clock cycle, as shown in
Figure 5. Limits on tsco and tsci apply whether a
conversion is started directly after a previous cycle on
the 14th Clock, or if idle Clock pulses occur between
conversions. Note that bringing the Start input high
on the falling edge of the 14th Clock cycle allows the
maximum time for the internal DAC to settle.

Output Coding

The data output from MAX171 is in Straight Binary
Code. Other common binary codes, such as 2's com-
plement, offset binary or complementary codes, can
be obtained by inverting either the serial data, or the
appropriate bit(s) of the paraliel data in software or
hardware.

Applications

Unipolar Input Operation

Figure 6 shows the nominal input/output transfer
function of the MAX171. Code transitions occur half-
way between successive integer LSB values. The
output coding is binary with 1LSB = 1.22mV (5V/4096).

Offset and Full Scale Adjustment

In applications where the offset and full scale range
have to be adjusted for the ADC, use the circuit shown
in Figure 7. Note that the amplifier shown could also
have been a sampie-and-hold. The offset should be
adjusted first. Apply 1/2 LSB (0.61mV) at the analog
input and adjust the offset of the amplifier until the
digital output code changes between 0000 0000 0000
and 0000 0000 0001.

To adjust the full scale range, apply FS - 3/2LSB
(4.9817V) at the analog input and adjust R1 until the
output code changes between 1111 1111 1110 and
111 1111 1111,

v X1 zvi

ouTPUT FULL SCALE
CODE TRANSITION
n...m
1...10
..o
II /
Vs
: V4 FS = 5V
i V4 1L88 = _FS
w...oN 4096
w...00
%...00
o0...000 4t ———————
o1 2 3 8
LSBLSB'SLSB'S L

AIN, INPUT VOLTAGE (IN TERMS OF LS8'S)

Figure 6. MAX171 Transfer Function

AMPLIFIER -

0-5V DR S/H
ANALOG 160
INPUT  Vin VWA

“ADDITIONAL PINS OMITTED FOR CLARITY

Figure 7. Full-Scale Adjustment
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ANALDS
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AMPLIFIER
Vin) R 08 S/H
g

R4

Al
34.8k0g
0%

“ADQITIONAL PINS OMITTED FOR CLARITY
**OMIT IF ERROR ADJUST IS NOT REQUIRED

Figure 8. MAX171 Non-inverting Bipolar Operation

Table 1. Resistor and Potentiometer Values Required
for Offset and Gain Adjustment of Figure 8

Vin Range |R3* |R4* | Rz | Rg | 1/2LSB [FS/2-3/2LSBs
(Volts) (k) [(x)| () [Q) | (mV) (Volts)
+25 |3.83[8.25(500|500 | 0.61 2.49817
+50 |33.2[16.9|500 [1000| 1.22 499634
+10.0 [475(9.53|500 {500 | 2.44 9.99268

*R3 and R4 have a 0.1% tolerance. All resistors are standard
EIA/MIL. decade values.

ANALOG Rz M
INPUT
Vin)

AN

180
| AGND

MAXIMN
MAX171
REF

Table 2. Resistor and Potentiometer Values Required
for Offset and Gain Adjustment of Figure 9

Vin FS/2
Range |R1*|R2* |R3* | Rz | Rg | 1/2LSB -3/2 LSBs
(Volts) |(kQ) |(kQ) (k) [ (Q) | (Q) | (mV) {Volts)
125 20 |20.5|42.2 2000|1000 0.61 2.49817
+5.0 20 |10.2{ 21 (1000|1000 1.22 4.99634
+10.0 20 |5.11]10.5 | 500 [1000 2.44 9.99268

*R1, R2 and R3 have a 0.1% tolerance. All resistors are
standard EIA/MIL decade values.

Bipolar Input Operation

Bipolar operation can be achieved in two modes:
non-inverting and inverting. For both cases, the ampli-
fier shown in the circuits can be replaced by the
ADS585 or HA5320 sample-and-hold amplifiers. Several
different input ranges are possible by selecting the
va|(x’1e25 for the scaling resistors as shown in Tables 1
an

Figure B shows the bipolar operation in the non-
inverting mode, where the output coding is offset
binary. Figure 10 shows the ideal transfer function for
this mode.

Figure 9 shows the bipolar operation in the inverting
mode where the output coding is complementary
offset binary. Figure 10 shows the ideal transfer func-
tion for the circuit in Figure 9.

The resistors used in bipolar apptlications shouid be
of the same type and from the same manufacturer to
obtain low temperature drift. 0.1% resistors are rec-
ommended for applications where offset and full scale
adjustments must be made in bipolar circuits. If high
tolerances are used, larger value potentiometers must
be used and this results in poor sensitivity and higher
temperature drifts.

Offset and Full Scale Adjustment

Offset should always be adjusted before full scale. For
both circuits apply +1/2LSB to the analog input (see
Tables 1 and 2) and adjust Rz untii the output code
flickers bewteen the following codes:

For Non-Inverting (Figure 8) 1000 0000 0000
1000 0000 0001

0111 1111 1111
0111 1111 1110

Apply FS - 3/2LSB (See Tables 1 and 2) to the input
and adjust Rg until the ADC output code flickers

For Inverting (Figure 9)

-5.25¢ between the following codes:
For Non-inverting (Figure 8) 1111 1111 1110
1111 1111 1111
For Inverting (Figure 9) 0000 0000 0001
0000 0000 0000
Figure 9. MAX171 Inverting Bipolar Operation
7171 X1 7l
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Figure 10. ldeal Input/Output Transfer Characteristics for
the Bipolar Circuits in Figures 8 and 9

MAX171 to Sample-and-Hold Interface

The analog input to the MAX171 must be stable to
within +1/2LSB during the entire conversion for speci-
fied 12-bit accuracy. This limits the input signal band-
width to a few Hertz for sinusoidat inputs. For higher
bandwidth signals a sample-and-hold should be used.

The signal that starts a conversion can be used to
provide the TRACK/HOLD signal to the sample-and-
hold amplifier. Note that this signal is not available on
the isolated side of the barrier and must be separately
coupled. The MAX171's DAC is switched at approxi-
mately the same time as the sample-and-hotd ampli-
fier starts holding the signal. The sample-and-hold
amplifier should switch to the HOLD mode before
there are any disturbances on the input signal, other-
wise code dependent errors will be observed. These
can be avoided by starting the MAX171 slightly after
the TRACK/HOLD signal by using a gate delay. For
synchronous conversion start and CK*, CK™ as de-
scribed above, the maximum allowable hold settling
time for the sample-and-hold is 600ns.

Circuit Layout
For best system performance printed circuit boards

should be used for the MAX171. Wire wrap boards are

not recommended. The layout of the board should
ensure that digital and analog signal lines are separat-
ed from each other as much as possible. Care should
be taken not to run analog and digital lines parallel to
each other or digital lines underneath the MAX171
package.

The pin configuration of the MAX171 is designed to
provide optimum electrical isolation in printed circuit
layouts. To maintain this capability, connections from

VA XV

12-Bit A/D Converter

the analog side (Pins 1-8) of the A/D should be
separated from the digital side (Pins 9-16) and should
not reach or run underneath the package. In some
cases it may be best to “notch” or cut out the circuit
board material to form an air gap between the pin rows.

Grounding

No special precautions are necessary for the ground
connection on the digital side of the MAX171. Connect
GND (Pin 10) near the ground of the device that will
receive the data. The isolated analog ground (ISO
AGND, Pin 6) must be connected to the isolated
digital ground pins (ISO DGND, Pins 1 and 8), and
together they should be tied to the ground of the
analog signal. No connection is needed between GND
(Pin 10) and the isolated grounds.

Power-Supply Bypassing

The comparator in the MAX171 is sensitive to high
frequency noise in the analog power supplies (1SO
v+, ISO V°). These supplies should be bypassed close
to the device with 0.1uF and 10uf capacitors with
minimum lead length. If ISO V* is very noisy, a small
resistor (10Q to 20Q) or inductor can be connected in
series to form a low-pass filter with the by-pass ca-
pacitors. The digital +5V supply (Vcc) should be
bypassed to GND with 0.1uF for best performance.

Internal Reference

The MAX171’s on-chip reference is laser-trimmed to
-5.25V +1%. The reference output is available at REF
(Pin 5) as a reference source for other components
and also drives the internal DAC.

For minimum noise, REF must be bypassed with a
47uF tantalum capacitor in parallel with a 0.1uF ceramic
capacitor to maintain a low impedance at high fre-
quencies (Figure 1). This capacitance also stabilizes
the internal reference buffer amplifier preventing oscil-
lations. No series resistance should be used between
REF and the bypass capacitors.

Driving the Analog Input

The input signal leads to AIN and GND should be as
short as possible to minimize noise pick-up. If the
leads must be long use shielded cables to minimize
noise pick-up.

The input impedance at the AIN pin is typically 2.5kQ.
The amplifier driving AIN must have low enough DC
output impedance for low gain error. Furthermore,
low AC output impedance is also required since the
analog input current is modulated at the clock rate
during a conversion. The output impedance of the
driving amplifier is reduced by the loop gain at the
frequency of interest. With a maximum clock rate of
2.5MHz, amplifiers like the OP-42, AD711, or OP-27
are recommended. At a 1MHz clock rate, a MAX400
or OP-07 can be used.

LH17 Module Product Reliability

For reliability data on Maxim's Module Product Line,
consult factory for Reliability Report RR-4A.
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