Serial Output 5.6.s 12-Bit A/D Converter

General Description

The MAX170 is a complete CMOS 12-bit A/D converter
that combines high speed and accurate performance
with a cost and space saving serial interface in an
8-lead DIP or 16-lead surface mount SO package. It
uses a high speed DAC and an accurate comparator in
a successive approximation loop to achieve a 5.6us
conversion time. An on-chip buried-zener reference
provides low-drift performance over the full temperature
range.

External components are limited only to supply and ref-
erence decoupling capacitors. The CLOCK input can
be driven from an external clock source such as a
divided-down microprocessor clock. The MAX170
works with +5V and -12V to -15V supply voltages, typi-
cally dissipating 135mW.

The MAX170 is designed to work with general purpose
serial-to-parallel converters, such as the 74HC595. It
can also be used with digital-signal-processors such as
the TMS32020, TMS320C25, NEC uPD7720 or the
DSP56000. The MAX170 has a three-wire interface that
serially outputs a leading one, followed by 12 data bits
(MSB first)

When the MAX170 is used with an external sample-
and-hold amplifier, a maximum sampling rate of
125kHz is possible.

Applications

Telecommunication

INAXIV

Features
4+ 12-Bit Resolution and Linearity
4 5.6us Fast Conversion Time
4 Serial Output
4 Self-Start Mode
¢ Complete with On-Chip Reference
4 Low Power (135mW)
4 Easy to Opto- or Transformer-Isolate
¢ Small Footprint 8-Lead DIP, 16-l.ead SO
Ordering Information
PART TEMP. RANGE PACKAGE ERROR
MAX170CCPA 0°Cto +70°C Plastic DIP  +1/2 LSB
MAX170DCPA 0°C to +70°C Plastic DIP  +1 LSB
MAX170CCWE 0°Cto +70°C Wide SO +1/2 LSB
MAX170DCWE 0°C to +70°C Wide SO +1 LSB
MAX170DC/D 0°C to +70°C Dice +1 LSB
MAX170CEPA -40°C to +85°C Plastic DIP  +1/2 LSB
MAX170DEPA -40°C to +85°C Plastic DIP  +1 L(SB
MAX170CEWE -40°C to +85°C Wide SO +1/2 LSB
MAX170DEWE -40°C to +85°C Wide SO +1 LSB
MAX170CMJA -55°C to +125°C  CERDIP +1/2 LSB
MAX170DMJA -55°C to +125°C CERDIP +1 LSB

All DIP packages are 8 leads; all SO packages are 16 leads.

Contact factory for 'A” and "B" grades.
Pin Configurations

Digital Signal Processing (DSP) TOP VIEW T\
Sonar/Radar Signal Processing Voo [1] MAXIM 8] vss -
. - AIN [2 7] CONVST/EOCT
Isolated Industrial Data Acquisition v % MAX170 %
REF cLoCK
Functional Diagram ano [4] 5] ata
DIP
VR AIN Voo [1] * 6] vss
: 4 1y ne 2] amaxim i3 ne.
I ERs ne Bl maxizo felne
¥ 12-8IT 4 aND AN [4] [13] CONVST/EDT
-5.25V| DAC
REFERENCE Vaer [5] 2] cLock
CONVST/ “Asno 6] [11] n.c.
E0ET1™ controL SAR “Aowo [7] 0] n.c.
cLock S+ LOGIC = DATA *Danp 9] DATA
SO
“ Leads 6, 7 and 8 must be
connected together as close 1o the package as possible
MAXIWV Maxim Integrated Products

Call toll free 1-800-998-8800 for free samples or literature.
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Serial Output 5.6us 12-Bit A/D Converter

ABSOLUTE MAXIMUM RATINGS

Voo to GND ... ... -0.3 to +7V

Vssto GND ... +0.3V to -17V

AINtO AGND ...... ..., +15V

Digital Input Voltage to GND ........... -0.3V, Vpp +0.3V
(Pins 6, 7, DIP)

Digital Output Voltage to GND ......... -0.3V, Vpp +0.3V
(Pin 5, DIP)

Operating Temperature Ranges

MAX170XC ... . 0°C to +70°C
MAXI170XE ..ol -40°C to +85°C
MAXT70XM ... -55°C to +120°C

Storage Temperature Range ............ -65°C to +160°C

Power Dissipation (any package) to +70°C ...... 500mwW
Derates Above +75°C by .................. 6.25mW/°C
Lead Temperature (Soldering 10 seconds) ....... +300°C

Stresses beyond those listed under "Absolute Maximum Ratings” may cause permanent damage 1o the device. These are stress ratings only, and lunetion:
operation of the device at these or any other conditions above those indicated in the operational sections of the speciications is not umphed. { xposure 0
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(VDD = +5V #5%, Vss = -11.4V t0 -15.75V: fcLK = 2 5MHz: Ta = Tmin to Tmax. unless otherwise noted )

PARAMETER | SYMBOL CONDITIONS ~MIN TYP MAX UNITS !
ACCURACY
Resolution o 12 Bits
. Ta=25C MAX170C | £1/2
Integral Nonlinearity INL MAX170CC/CE +1/2 LSRB
MAX170CM +3/4
MAX17OD77 B +1
Differential Nonlinearity DNL Guaranteed Monatonic Over Temperature ) KR L SB
MAX170C +4
Offset Error (Note 1) ) MAX170D 45 LSB
Full Scale Error (Note 2) Ta=25C o +10 LSB
Full Scale Tempco . MAX170C 125 mC
(Notes 3.4) - MAX170D +45 PP
Conversion Time tcony 14 Clock Cycles - 56 Us
ANALOG INPUT
Input Voltage Range i i 0] +5 vV
\mpulﬁ(ﬁ)urrem 7A\N =0Vio +5V - 35 mA
INTERNAL REFERENCE B
Vier Output Voltage ] Ta=25 (737 -5.2 -5.25 -5.3 v
Vit Output Tempeo MAX170C +20
(Note 5) MAX1700 140 ppm/ C
Output Current ! .
Sink Capability (Note 6)7 B 2 mA
POWER SUPPLY REJECTION ) N .
Positive Supply Rejection VDD \F/gé:za;ggv\gsf):?;\/‘%v or-12v. +1/2 | SB
, ’ . Vsg=-14. 1575V +
Negative Supply Rejection Vss ng:a&g\? ygg _ h‘ 1213\401?1256\/5\/ i%g LSB
* LOGIC INPUTS -
Input Low Voltage Vi - 08 Y
| Input High Voltage ViH ; 2.4 v
Input Capacuamce {Note 7) CIN . 10 pF
AIN =0toVpp| CLOCK +10
Input Current N CONVST/EOC +200 +500 uA
. MAXIV




Serial Output 5.6us 12-Bit A/D Converter

ELECTRICAL CHARACTERISTICS (continued)
(Vop = +5V 5%, Vss = -11.4V to -15.75V; folk = 2.5MHz; Ta = Tain to Tmax unless otherwise noted )

PARAMETER [ SYMBOL [ CONDITIONS ' MIN TYP MAX I UNITS
LOGIC OUTPUT

Output Low Voltage Vol DATA lsiw = 1.6mA 04 Vv
DATA Igink = 6.0mA 0.3 1.5

Output High Voltage Von | DATA Isounce = 200uA 4 v
POWER REQUIREMENTS ]
Positive Supply Voltage Vobp +5% for Specified Performance 5 \ ]
:\:\?gtzﬁg? Supply Voltage Vss +5% for Specified Performance -15 to -12 )
Positive Supply Current Ipp CONVST/EOC = Vpp, AIN = OV 5 8 mA
Negative Suply Current lss | CONVST/EOC = Voo, AIN = 0OV 6 -1 mA |
Power Dissipation Vpp = +5V, Vgg = -15V 115 205 mw

TIMING CHARACTERISTICS (Note 9)
(Vop = +5V, Vgg = =12V or -15V; Ta = Tmin 10 Tmax)

) ten CLOCK HIGH 40
CLOCK Pulse Width o CLOCK LOW 60 ns
CONVST/EOC sy CONVST/EOC HIGH 40 s
Pulse Width tsL CONVST/EOC LOW 60
CONVST/ECC to tsco Leading CLOCK 50 ns
CLOCK Skew tsca Leading CLOCK + 1 275
CLOCK to DATA Delay tpp 25 155 ns

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

Note 2: FS = +5.000V. Ideal last code transition = FS - 3/2 LSB. Adjusted for offset error.

Note 3: Full Scale Tempco = AFS/AT, where AFS is full scale change from T = 25°C to Tmin Or Tmax.

Note 4: Includes internal reference drift.

Note 5: Vger Tempco = AVRer/AT, where AVger is reference voltage change from Ta = 25°C to Tmin or Tuax.

Note 6: Output current should not change during conversion.

Note 7: Guaranteed by design, not subject to test.

Note 8: Specified performance with -12V supply is guaranteed by testing offset and full scale errors.

Note 9: Timing specifications are sample tested at 25° C to ensure compliance. Allinput control signals are specified with t. = t; = 5ns
(10% to 90% of +5V) and timed from a voltage level of +1.6V.

Converter Operation signal to initiate the conversions. Self-Start Mode uses

. : : internally generated conversion start signal and
The MAX170 uses a successive approximation tech- an in .
nigue to convert an unknown analog input to a 12-bit causes the MAX170 to convert continuously.
digital output code. The digital interface requires only

three digital lines. Most applications require only a
few external passive components to perform the
analog-to-digital function. Figure 1 shows the MAX170
in its simplest operational configuration. MAXIMN
Figure 2 shows the MAX170 analog equivalent circuit. 1 MAX170 8
The internal voltage output digital-to-analog converter v Voo Vss [ -15V
(DAC) is controlled by a successive approximation 0 TO +5V 2| oy CONVST|7 convERsION
register (SAR) and has an output impedance of 2.5kQ. ANALOG INPUT EOC[  INPUT/OUTPUT
The analog input is connected to the DAC output with VREF 3vrer  cLock [E—cLock INPUT
a 2.5k resistor. The comparator is essentially a zero- OUJZPéJvT 0.1uF 7 %"T%FT a 5 SERIAL
crossing detector with its output feeding back to the 32V & GND __ DATA I—outpuT
SAR input. =

Timing and Control
The MAX170 can be used in two different modes:
Forced-Start Mode requires an external conversion start Figure 1. MAX170 Operational Diagram

VI K/ 3
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MAX170

Serial Output 5.6us 12-Bit A/D Converter

Pin Description

PIN
DIF SO NAME FUNCTION
1 1 Voo Positive Supply, +5V
2 4 AIN Analog Input, OV to +5V
Unipolar
3 5 Vier Reference Voltage
Output, -5.25V
6,7 AGND Analog Ground. Must be
tied to the GND pin.
8 GND Ground
9 DATA Serial Data Qutput
12 CLOCK Clock Input, TTL/+5V
CMOS compatible.
7 13 CONVST/EOC | Conversion Start Input
for three-wire mode;
End-of-Conversion out-
put for two-wire mode.
8 16 Vss Negative Supply, -12V or
-15V
1A 2.5k0 AKX/
] MAX170
COMPARATOR
SAR [— DATA

Figure 2. MAX170 Analog Equivalent Circuit

Forced-Start Mode

A conversion cycle is initiated on the rising edge of the
conversion start signal (CONVST/EQC) that is coinci-
dent with a falling edge of the CLOCK signal. Figure 3
shows a single conversion cycle with a continuous
CLOCK. Once started, a conversion cannot be
stopped and transitions at the CONVST/EOC input
have no effect until the current conversion is com-
pleted (minimum of 14 clock cycles from the last
rising edge of the conversion start signal).

The conversion start transition causes the SAR to set
B11 (MSB) which drives the DAC output to half-scale.
The analog input is compared to this value from the
time of the conversion start transition untit the second
falliing edge of CLOCK which latches the MSB result
and sets the SAR to compare the next bit. The MSB
result appears at the DATA output after a delay Tpp
from the falling edge of CLOCK. Each subsequent bit
conversion proceeds similarly until ail 12 bits of the
DAC have been tried. Conversion is completed at the
falling edge of the 13th CLOCK cycle. The DATA out-
put returns high at the falling edge of the 14th CLOCK
cycle and remains so until the next conversion sends
out its MSB result.

The next conversions can be started on the 14th
CLOCK cycle of a previous conversion as shown in
Figure 4. This results in the maximum throughput rate
of one conversion per 14 CLOCK cycles.

Conversion start transitions must arrive within the
setup limits tgcg and tgey relative to the falling
edges of the &CLOCK signal to guarantee that the
serial DATA output stream will start at the second
CLOCK cycle, as shown in Figure 4. Limits tgcg and
tscq apply whether conversion is started directly after
a previous cycle on the 14th CLOCK, or if idle CLOCK
pulses exist between conversions. Note that bringing
CONVST/EOC input high on the falling edge of
CLOCK 14 allows the maximum time for the internal
DAC to settle.

It is possible to operate the MAX170 at a higher or
lower clock rate than specified. At higher than 2.5MHz
clock rates, the INL will degrade as shown in Figure 5.
But at lower speeds, there will be no degradation of
the INL.

CONVST/EOC }

cLock
|
BIT TRIAL |B1i(mse) | B1o |89 | B8 | B7 | B6 | B5 | B4 | B3 | B2 | BY | BO |
| teonv -
DATA Br1XB10X 8o X B8 X B7 X 85 X 85 X B4 X 83 X B2 X 81X 80

Figure 3. Forced-Start Mode Timing (14 Clocks Per Conversion Cycle)
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Serial Output 5.6us 12-Bit A/D Converter

CONVST/EOC

£

tsco —»I
14

CLOCK

PREVIOUS
CONVERSION CYCLE

NEXT CONVERSION
CYCLE

[ tcL |

w

’4— trp

DATA

o X w

/

q B11 (MSB) XBW

Figure 4. MAX170 Timing Diagram
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CLOCK PERIOD (ns)

5 —

CLOCK CLOCK (FALLING

EDGE ACTIVE)
RINT HIGH FROM RESET
CONVST/ UNTIL CLOCK 4
EOCW e
NOM.

HIGH FROM CLOCK
13 UNTIL RESET

D
J
Q »| RESET
c
ONE-SHOT SAR CONTROL
SONS NOM.

Figure 5. Typical INL vs Clock Rate for MAX170

Self-Start Mode

The CONVST/EOC pin is internally driven by a
conversion complete signal through a 13kQ (typical
value) resistor, Ry (Figure 6). By leaving this
pin open-circuited, the MAX170 will generate its
own conversion start input and run at a rate of one
conversion for every 13 CLOCK cycles. The signal
at the CONVST/EOC pin can be buffered and used
as a framing signal to synchronize the serial data
(Figure 7).

Figure 6. MAX170 Logic Equivalent for Start and Clock
Inputs

The CLOCK rate in the self-start mode will be limited
by capacitive loading of the CONVST/EOC pin. There-
fore, no more than one HCMOS logic input and a
minimum of PC board capacitance should be con-
nected to this pin when high speed conversions are
desired. The maximum CLOCK rate for this mode will
be limited by the requirement that the conversion start
signal must cross the logic high threshold (V,, = 2.4V)
of this input at least 200ns before the falling edge of
the first clock cycle (tgcq).

consmeoc /T \_

/S

12 13 1 2 3 4 5 6 7 8 9 10 " 12 13 1 2 3

TRl | B1 | 8o || jadh, B0 |8 | Be ]| 87| e | Bs|Be |B3|B2|B1|eo| | et |Br0]f

oara X 82X 81 X80/ \BriXBroXmo X(8s X (87 X s X85 X8 X 82 X2 X1 X80/ \EMW)

Figure 7. Self-Start Mode Timing (13 Clocks Per Conversion Cycle)
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Serial Output 5.6us 12-Bit A/D Converter

For instance, a minimal buffer circuit of one HCMOS
gate input (10pF) connected to the CONVST/EOC
pin and 15pF of PC board capacitance result in a total
load of 25pF. Since the CONVST/EQOC pin is internally
driven high through the Ry during the 13th clock
period, an R-C charging delay results. (The value of
Ryt depends on process variations, and can have a
maximum value of 17kQ.) The R-C delay plus the
200ns required setup time cannot exceed the half-
period of the CLOCK signal. Assuming a 50% duty
cycle, the maximum CLOCK frequency that can be
used in the self-start mode would be:

feLock (MAX) =1/ (2 (0.7 Ryt Croap + 200ns)) = 1MHz
with Ryt = 17kQ, and C gpp = 25pF.
Output Coding

The data output from MAX170 is in the 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
proper bit(s) of the parallel data in software or hardware.

Applications
Unipolar Input Operation

Figure 8 shows the nominal input/output transfer
function of the MAX170. 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 9. Note that the amplifier shown could also
have been a sample-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
1111 1111 111,

DUTPUT FULL SCALE
CODE TRANSITION
n...m
... no
TIURLY
! ’
s
I yd FS = 5V
I 7 LS8 = _FS$
/ _Le
0 ... on 4006
00... 010
00... 001
w.. .00 4+ ———————
01 2 3 s
LSB LSB'S LSB'S
FS - IL58
AIN. (NPUT VOLTAGE (N TERMS OF LS8'S)

AMPLIFIER
0-5v OR S/H R3
ANALOG
INPUT Vi

! AIN
MNMAXIVI

MAX170
AGND

“ADDITIONAL PINS OMITTED FOR CLARITY

Figure 8. MAX170 Transfer Function

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
AD585 or HA5320 sample-and-hold amplifiers. Several
different input ranges are possible by selecting the
valéjezs for the scaling resistors as shown in Tables 1
and 2.

Figure 10 shows the bipolar operation in the non-
inverting mode, where the output coding is offset
binary. Figure 11 shows the ideal transfer function for
this mode.

ANALOG
INPUT

(U]

AMPLIFIER

VRer
MAXIN

MAX170
AGND

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

Figure 9. Full-Scale Adjustment
6

Figure 10. MAX170 Non-Inverting Bipolar Operation
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Serial Output 5.6us 12-Bit A/D Converter

Table 1. Resistor and Potentiometer Values Required
for Offset and Gain Adjustment of Figure 10

Vin Range | R3* |R4* | Rz | Rg | 1/2LSB |FS/2-3/2LSBs
(Volts) [(kQ) [(kQD)| (Q) | (QY) {mV) (Volts)
+25 3.8318.25 [ 500 | 500 0.61 2.49817
+50 33.2/16.9 | 500 {1000 1.22 4.99634
110.0 475 19.53 | 500 | 500 2.44 9.99268
"R3 and R4 have a 0.1% tolerance. All resistors are standard
EIA/MIL decade values.
—5 5 =32
INVERTING NON-INVERTING
FIGURE 12 FIGURE 10
N ey ! k
/
nonog Lowe~ |
ow h Wh
100...010 1+ L_l
100001 Ei L4
2
100...000 -—— ————yT— ——— — —
+FS _
AR N 2 158
o1 ... 10+ L.|
oL 1004 L4 |
\.: J
] T
000 ...001 + L B
000 ... 000 f s
232 =32
ov
ViN INPUT VOLTAGE

Figure 11. ldeal Input/Output Transfer Characteristics for the
Bipolar Circuits Shown in Figures 10 and 12

Figure 12 shows the bipolar operation in the inverting
mode where the output coding is complementary
offset binary. Figure 11 shows the ideal transfer func-
tion for the circuit in Figure 12.

The resistors used in bipolar applications should 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 until the output code
flickers bewteen the following codes:

For Non-Inverting (Figure 10) 1000 0000 0000
1000 0000 0001
0111 1111 1111
0111 1111 1110

For inverting (Figure 12)

VI 21 K1 /v

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

For Non-inverting (Figure 10) 1111 1111 1110
1111 1111 1111

0000 0000 0001
0000 0000 0000

For inverting (Figure 12)

ANALOG Rg , RI

INPUT
Vin) AIN
R3
GND
Rz _rT MAXIVI
01uF 47ufF 3 MAX170
——LI— VRer

-5.25V

*ADDITIONAL PINS OMITTED FOR CLARITY

Figure 12. MAX170 Inverting Bipolar Operation

Table 2. Resistor and Potentiometer Values Required
for Offset and Gain Adjustment of Figure 12

Vin FS/2-3/2
Range |R1*|R2*|R3*| Rz | Rg | 1/2LSB LSBs
(Volis) |(kQ) |(kQ) |(k) | Q) [(Q) | (mV) (Volts)
+25 | 20 [205(42.2/2000[1000{ 0.61 2.49817
+50 | 20 [102] 21 |1000(1000| 1.22 4.99634
+10.0 | 20 |51 |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.

MAX170 to Sample-and-Hold Interface

The analog input to the MAX170 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 Hz for sinusoidal inputs. For higher
bandwidth signals, a sample-and-hold should be used.

The signal that starts the MAX170 conversions can be
used to provide the TRACK/HOLD signal to the sample-
and-hold amplifier. The MAX170’s DAC is switched at
approximately the same time as the sample-and-hold
amplifier 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 MAX170 slightly after
the TRACK/HOLD signal by using a gate delay. For
synchronous conversion start and CLOCK as described
above, the maximum allowable hold settling time for
the sample-and-hoid is 600ns.

OLIXVIN



MAX170

Serial Output 5.6us 12-Bit A/D Converter

Figure 13 shows the MAX170 to AD585 sample-and-
hold interface circuit. In this example the analog input
range is 2.5V but other voltage ranges can also
be configured.

The maximum sampling rate is 125kHz with a 2.5MHz
clock and 64.5kHz with a 1IMHz clock allowing for a
3us sample-and-hold acquisition time. At the 2.56MHz
clock rate a faster sample-and-hold amplifier, such as
the HA-5320, is recommended (Figure 14).

MAX170 in Remote Applications

Figure 15 shows a MAX170 operating in the self-start
mode with a three-wire digital interface to a 12-bit
parallel output port. The analog input is referenced to
signal ground at the GND pin_of the MAX170. CMOS
inverters isolate the CONVST/EOC pin from the capac-
itive load of the wire interface and the multiple register
inputs. The parallel data outputs are updated at the
rising edge of the DATA VALID signal.

MAX170 with Opto-Isolators

Serial interface simplifies opto-coupled or transformer-
coupled A/D converter applications. For example, trans-
ducer outputs often require electrical isolation to separ-
ate the control electronics from hazardous electrical
conditions, provide noise immunity or bridge large dif-
ferences in ground potential. Isolation amplifiers that are
typically used for accomplishing this cost up to $100 per
channel. The MAX170 provides a low cost alternative to
isolation amplifiers, and it performs the A/D conversion
as well (Figure 16A). The A/D converter results are trans-
mitted across a 1500V isolation barrier provided by three
6N136 optical isolators. 74HC595 3-statable shift registers
then reconstruct a 12-bit parallel data output. Figure 168
shows the timing diagram for this application. The
conversion speed is limited by the speed of the opto-
isolators, and with a 140kHz clock conversion time is
100us. For those who prefer even greater space savings,
Maxim's MAX171 that combines the MAX170, three
opto-isolators and load resistors in a 16-lead DIP
package, is recommended.

el Tar |
01uF 10uF n
ITT =+
L HOLD
LREF
13
HOLD
-15¢ »—r—I‘A—‘ Vg VYour
10F

0.1.F
+
— -ViN

AD585*
R3
30k0
VN
ANALOG 4
INPUT
~25V TO +2.5V
R4 GND
82k

IR B CHU S

10uF 01uF
Voo
5

DATA —0) =
6 DIGITAL
CLOCK -0 3 INPUTS/
OUTPUTS
AIN CONVST/ETE |- 4—o
VRef
/AKX

MAX170

-15V »———y

10uF ~ 014F
+

rl

Y
© | e
@
@

*ADDTIONAL PINS OMITTED FOR CLARITY

Figure 13. MAX170-AD585 Sample-and-Hold Interface
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Serial Output 5.6us 12-Bit A/D Converter

+15V >
L € e
01,F 104F ] "
“ 9 vh 2 104F -Lum
+Vg DD
= iy =
s |2 i NBUTS,
CLacK —° ( outPUTS
5 7 2 7
-15V > T Vs Vour AIN CONVST/EOC °
014F =L 104F 0
T—f HA5320°  |ska$
3
— -Vin 1 VRer
R3
30k ) ATF i AKXV
O— +VIN + 0.1.F MAX170
ANALOG
INPUT 6 =
25V T0 +25V o0 b
R4 2‘ GND Vss =
82k 1 3 .
-15V »—j—lj
10uF = 01 uF
+

*ADDITIONAL PINS OMITTED FOR GLARITY

Figure 14. MAX170-HA5320 Sample-and-Hold Interface

Vil X1Vl

OLZIXVIN



MAX170

Serial Output 5.6us 12-Bit A/D Converter

— 1MHz CLOCK

3-WIRE
DIGITAL
INTERFACE
| o] 74HC595
I 1 QH' qH l
| SER Qg %
MAKIVI | " N
I SCK  QEl—
+sv  MAX170  -1sv NOTE: 15pF MAX 3
W | R STRAY CAPACITANCE 2 Qp[——DBN (MSB)
—i Voo Vs l_ AT THIS NODE = RCk QCp—DB10
ANALOG 2 CONvsT/|7 s as} oee
INPUT AN Do—Po ) 10
EOClg SCLR qal™> Des
VRer CLOCK p }
a7 GND  DATA } 13_°L
uF | =
01 e = 10uF -
-1—,,; S = | 1 74HC595
—17
SIGN % _L 14 *a 6 oe7
s | 4 SER  QG[—DBS
[ aF|-—pBs
1
| "lsck  aef——pes
| 2 L
| RCK acl— oB2
| +5E?, aBf— DB1
15
i T
| =
| DATA VALID —/_\——/

Figure 15. Self-Start Mode

Application Hints

Physical Layout

For best system performance printed circuit boards
should be used for the MAX170. Wire wrap boards are
not recommended. The layout of the board should
ensure that digital and analog signal lines are kept
separated 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
MAX170 package.

10 _

Grounding

Figure 17 shows the recommended system ground
connections. A single pointanalog STAR ground should
be established at pin 4 (GND) of the MAX170. All
grounds shouid be connected to this STAR ground.
The ground return to the power supply from this STAR
ground should be low impedance for noise-free opera-
tion of the MAX170.
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Figure 16A. 12-Bit Isolated A/D Converter. Conversion Time in 100us
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Figure 17. Power Supply Grounding

Power Supply Bypassing

The high speed comparator in the MAX170 is sensitive
to high frequency noise in the Vpn and Vgg power
supplies. These supplies should be by-passed to the
analog STAR ground with 01uF and 10uF by-pass
capacitors with minimum lead length for supply noise
rejection. If the +5V power supply is very noisy, a small
resistor (10-20Q2) can be connected as shown in Figure
17 to filter external noise.

Internal Reference

The MAX170 has an on-chip reference that is built with a
buffered and temperature compensated buried zener
diode, laser-trimmed to -5.25V +1%. Its output is con-
nected to the Vgep pin and also drives the internal DAC.
This output canF\)e used as a reference voltage source for
other components.

For minimal transition noise, the Vggr pin must be
decoupled with a 47uF tantalum capacitor in parallel with
a 0.1uF capacitor to filter out the wideband noise of the
zener diode and to provide low impedance at high
frequencies (Figure 1). This capacitor also creates the
dominant pole of the reference buffer amplifier for stabil-
ity. If this capacitor is not used, the reference will oscillate.
Since the MAX170 buffer amplifier is designed to be
stable with this capacitor, no series resistance should be
used between the Vgee pin and the capacitor. This capa-
citor must not be less than 4.7uF.

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 ampli-
fier is reduced by the loop gain at the frequency of
interest. With a maximum clock rate of 2.5MHz, it is
possible to drive the MAX170 with amplifiers like the
OP-42, AD711, or OP-27. At 1MHz clock rate a MAX400
or OP-07 can also be used.

Chip Topography

GND* DATA* DATA*
0.115"
(2.921mm)

* pads with the same name must be bonded together.
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