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Industry Standard Complete
12-Bit A/D Converters

General Description Features

The MAX174 and the MX574A/MX674A are complete 4 Complete ADC with Reference and Clock
12-bit analog-to-digital converters (ADCs) thatﬁombine 4 12-Bit Resolution and Linearity

high speed, low-power consumption, and on-chip clock o
angd voltage reference. The maximum conversion times ¢ No Missing Codes Over Temperature
are 8us (MAX174), 15us (MX674A) and 25us (MX574A). 4 150mW Power Dissipation

Maxim's BICMOS construction reduces power dissipa- 4 8us (MAX174), 15us (MX674A) and 25us
tion 3 times (150mW) over comparable devices. The (MX574A) Max Conversion Times
mterna} buried zener reference provides low-drift a}nd # Precision Low TC Reference: 10ppm/'C
low-noise performance. External component require- L. )
ments are limited to only decoupling capacitors and fixed 4 Monolithic BICMOS Construction
resistors. The versatile analog input structure allows for 4 150ns Maximum Data Access Time
OV to +10V or OV to +20V unipolar or £5V or +10V bipolar

input ranges with pin strapping.

The MAX174/MX574A/MX674A use standard micropro-

cessor interface architectures and can be interfaced to
8-, 12- and 16-bit wide buses. Three-state data outputs PART PIN-PACKAGE LINEARITY TEMPCO

Ordering Information

are controlied by CS, CE and R/C logic inputs. I _  _ (LSBs)  (ppm/'C)
| 8us Maximum Conversion Time
Applications | teyp.RANGE: 0Cio+70C

DIP/SO 16 19 20:‘:23 24 27 23;% r

Do D3 D4 07 D8 D11 STS CE RIC
Pin Configurations continued on page 15. (

Digital Signal Processing MAX174ACPI 28 Plastic DIP 1/2 10
High-Accuracy Process Control MAX174BCPI 28 Plastic DIP 1/2 27
H\gh—Speed Data Acquisition _MﬁX174CCP| 28 Plastic DIP 1 50
Electro-Mechanical Systems | MAX174ACWI  26WideSO 12 10
MAX174BCWI 28 Wide SO 1/2 27
- MAX174BC/D Dice* 1/2
TOPVIEW 7 *Consult factory for dice specifications.
\ N ‘ Ordering information continued
L] — e —— e
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MAXLAN Maxim Integrated Products
Call toll free 1-800-998-8800 for free samples or literature.
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Industry Standard Complete
12-Bit A/D Converters

ABSOLUTE MAXIMUM RATINGS

VCCctoDGND ... OV to +16.5V 20VINtO AGND .. ... .. . o 124V
VEEtoDGND .. .. .. ... ... 0V to-16.5V REFOUT . ... ... .. .. Indefinite short to Vcc or AGND
VLIoDGND ... OV to +7V Power Dissipation (any package)to +75°C .. ... .. . 1000mwW
DGNDtoAGND ... ... o 1V Derates Above +75"C by . ... ... ... ... ... 10mwW/C
Control Inputs to DGND ... ............. -0.3Vto Ve +0.3V Operating Temperature Ranges:

(CE, CS, AQ, 12/8, R/C) MAX174_C, MX_74AJ/K/L . .. ... ... ... 0 Cto+70C
Digital Output Voltage to DGND .. ... .. ... .. -0.3V, VL +0.3V MAX174_E, MX_74AJE/KE/LE ... ... .. .. -40°Cto +85°C

(DB11-DBO, STS) MAX174_M, MX_74AS/T/U ... ... .. .. -55°Cto +125'C
Analog Inputsto AGND . ............ ... .. . +16.5V Storage Temperature Range .. .. ... .. ... -85'Cto+160°C

(REFIN, BIPOFF, 10VIN) Lead Temperature (Soldering, 10sec.) ....... ... +300C

Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only. and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is nol implied. Exposure (o
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS - MAX174

(VL= +5V, Voo = +15V or +12V, Ve = -15V or -12V; Ta = +25°C, unless otherwise noted.)

PARAMETER ‘ SYMBOL’ CONDITIONS MIN TYP MAX UNITS
ACCURACY ]
Resolution "~ RES 12 Bits
_ MAX174A/B +1/2
Ta=+25C | yaxi7aC +1
Integral Nonlinearity INL MAX174AC/BC +1/2 LSB
A= TMIN . MAX 174AE/BE/AM/BM +3/4
0 TMAxX MAX174C +1
Differential Nonlinearity DNL 12 bits, no missing codes over temp +1 LSB
Unipolar Offset Error MAX174A/B +1 LSB
(Note 1) MAX174C +2 )
Bipolar Offset Error MAX174A +2 LSB
(Notes 2, 3) | MAX174B/C B _ +4 |
Full-Scale Calibration Error 5,
V(Note 3) , +0.25 %o
TEMPERATURE COEFFICIENTS (Using Internal Reference, Notes 2, 3, 4)
Unipolar Offset Change Mﬁé] ;ié/B f; LSB
MAX174AC/BC +1
MAX174CC +2
Bipolar Offset Change MAX174AE/AM ) +1 ] LSB
MAX174BE/BM +2
MAX174CE/CM 4 ]

Note 1: Adjustable to zero.

Note 2: With 50€2 fixed resistor from REFOUT to BIPOFF. Adjustable to zero.

Note 3: With 50Q fixed resistor from REFOUT to REFIN. Adjustable to zero.

Note 4: Maximum change in specification from Ta = +25°C to TMIN or TA = +25°C to TMAX

Note 5: External load current should not change during a conversion. For +12V supply operation, REFOUT need not be buffered except
when external load in addition to REFIN and BIPOFF inputs have to be driven.
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Industry Standard Complete
12-Bit A/D Converters

ELECTRICAL CHARACTERISTICS — MAX174 (continued)

(VL = +5V, Voo = +15V or +12V, VEe = -15V or -12V; Ta = +25°C, unless atherwise noted.)

l PARAMETER SYMBOL CONDITIONS | MmN TP max | uniTs |

+2
o oo L
+5
MAX174BC 27)
+9
MAX174CC (50)
5
P/IA)O 74AE s
) A +10 LSB
Full-Scale Calibration Change MAX174BE (38) (oom/ C)
+20
MAX174CE 75 |
5
| MAX174AM (12)
+10
MAX174BM (25
+20
MAX174CM (50)
INTERNAL REFERENCE )
MAX174A 998 10.00 10.02
Output Voltage Noload | wmaxi7ag/c | 997 1000 1003 v
LOutput Current (Note 5) ’éé?:‘:abali;oé%éegg?gfdads‘ in addition to 2 mA
ELECTRICAL CHARACTERISTICS — MX574A, MX674A
(VL= +5V, Vee = +15V or +12V, Vee = -15V or -12V; Ta = +25°C, unless otherwise noted.)

PARAMETER | symBoL | CONDITIONS T mN TP max [ units
ACCURACY |
Resolution ) RES 4‘» 12 Bits

Ta o MX574AK/LTIY,
Beic MXB74AK/L/T/U *1/2
| MX574AJ/S, MX674AJ/S +1
Integral Nonlinearity INL MX574AK/L/KE/LE ‘ £1/2 LSB
Ta = TMIN | MXB74AK/L/KE/LE +1/2
to TMAX MX574AT/U, MXE74AT/U +3/4
MX574AJ/S, MX674AJ/S +1
Differential Nonlinearity 12 bits, no missing codes over temp ! 1 ‘J LSB

VA XL 2V 3
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12-Bit A/D Converters

ELECTRICAL CHARACTERISTICS - MX574A, MX674A (continued)

(VL = 45V, Voo = +15V or +12V, Vg = -15V or -12V; Ta = +25°C, unless otherwise noted.)

PARAMETER SYVMBOL CONDITIONS MIN TYP WI\VIIAX 7!JNITS
Unipolar Offset Error MXE74AK/L/T/U, MX674AK/L/T/U +1 LSB
(Note 1) MX574AJ/S, MX674AJ/S ) +2
Bipolar Offset Error MX574AL/U, MX674AL/U +2 LSB
{Notes 2, 3} MX574AJ/K/S/T, MX674AJ/K/S/T ) +4 |
Full-Scale Calibration Error MX574AL/U +0.125 9
(Note 3) o MX574AJ/K/S/T, MX674A 10.25777 _ °
TEMPERATURE COEFFICIENTS (Using Internal Reference, Notes 2, 3, 4)

MX574AK/L/T/U, MX674AK/L/T/U +1
Unipolar Offset Change MX574AJ1S, MX674AJ/S 2 LsB
MX574AK/L, MXB74AK/L +1
MX574Ad, MX674AdJ 12
Bipolar Offset Change MX574AU/LE, MX674AU/LE +1 LsB
MX574AT/KE, MX674AT/KE +2
B MX574AS/JE, MX674AS/JE _ +4
MX574AL, MX674AL 2
(10)
+5
MX574AK, MX674AK @7
19
MX?MAJ, MX674AJ (50)
MX574ALE, MX674ALE ﬁg)
) . +10 LSB
Full-Scale Calibration Change MX574AKE, MXG?@KE (38) (o C)
120
MX574AJE, MX674AJE 75)
MX574AU, MXB74AU ﬁg)
+10
MX574AT, MX674AT 25)
+20
7 MX574AS, MX674AS (50) i i
INTERNAL REFERENCE
MX574AL/U 9.99 10.00 10.01
Output Voltage No Load | MX574AJ/K/S/T, MX674AL/U 9.98 10.00 10.02 \Y
o MX674AJ/K/S/T 9.97 10.00 10.03
Output Current (Note 5) é\éaFil\aball%éoléle;éeFrE?é;odads. in addition to 2 mA

Note 1: Adjustable to zero.

Note 2: With 5042 fixed resistor from REFOUT to BIPOFF. Adjustable to zero.
Note 3: With 500 fixed resistor from REFOUT to REFIN. Adjustable to zero.

Note 4: Maximum change in specification from Ta = +25°C to TMIN of TA = +25°C to Tmax.

Note 5: External load current should not change during a conversion. For £12V supply operation, REFOUT need not be buffered except

when external load in addition to REFIN and BIPOFF inputs have to be driven.
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12-Bit A/D Converters

ELECTRICAL CHARACTERISTICS — MAX174/MX574A/MX674A

(VL= +5V, Voo = +18V or +12V, Ver = -15V or -12V; Ta = +25°C, unless otherwise noted.)

MIN  TYP  MAX | UNITS

T

\NALOG INPUT

PARAMETER SYMBOL CONDITIONS
N _
+5
v

Bipolar Input Range

;J
|
|
7
{
4o

Using 20V Input O +20

'iJmpolar Input Range
o 10V Input - IS T E
Input Impedance -
20V Input 6

POWER-SUPPLY REJECTION (Max change in Full-Scale Calibration)

B
L
VULZIOXWN/VYLSXN/VLEXVIN

T - R
+15V £1.5V | MAX174A/B. MX_74AK/L/TU +1/8 +1
Voo Only or - = _ .
12V +0.6V | MAX174C MX_74AJ/S +1/8 12 LSB
(VEEOn/y ) -15V 1.5V or-12V +0.6V +1/8 +1/2
2

[»LOGIC INPUTS

Input Low Voltage CS. CE. R/C, AQ, 12/8 Oé \
Input High Voltage >S, CE, RIC, AD, 12/8 20 v

[
|
|
|
|
|
|
|
|
|
|

Input Current iy CS, CE, R/C, AQ, 12/8, Vin = O to VL 45 pA
Input Capacitance CiN | CS,CE,R/C, AO, 12/8 [ pF
LOGIC OUTPUTS

DB11-DBO,
STS

DB11-DBG,
STS

DB11-DBG,
STS

Output Low Voltage Isink = 1.6mA

Output High Voltage Isource = 500uA

Floating State Leakage
Current

Vour = 0to Vi

Floating State Output
Capacitance

CONVERSION TIME

DB11-DBO 8

s 1

T - MX574/~\ 15 \20 725\F /(

’wz-Bncyde r tCoNY MXB74A 9 12 15 “ us
8

maxiza | 6 7 ! |

’»  wmxs7eA | 10 14 18 J

8-Bit Cycle ‘ CONY  MX674A 6 8 11 us ’

R Nl et 123 S w0

FEWER REQUIREMENTS - 7
Ve

C Operating Range
VL Operating Range

VEE Operating Range
VCC Supply Current (Note 5)
Eupply Current (Note 5)
VEE Supply Current (Note &)

. A =

/ Power Dissipation (Note 5) Po Vcc = +15V and VEE =-15V 150 265 mwW )

/i1 X1 2vi 5




MAX174/MX574A/MX674A

Industry Standard Complete
12-Bit A/D Converters

TIMING CHARACTERISTICS — MAX174/MX574A/MX674A (Note 6)

(VL = +5V, \/cc = +15V or 412V, Vgg = -15V or -12V)

o ]\ - -
Ta=-40°C to +85°C | : .
Ta=+25C A Ta=-55'Cto+125'C
PARAMETER SYMBOL CONDITIONS A= Ta=0Cto+70°C | '# * UNITS

N
[ MIN_ TYP  MAX | MIN MAX MIN  MAX {

CONVERT START TIMING — FULL CONTROL MODE
STS Delay from CE
CEPulseWidih
IE)SLCE Setup
CS Low During (ﬁgh
R/C to CE Setup
R/E Low During CE High ] - -
AOto CE CE Setup L ' ns
AO Valid During CE High B [
READ TIMING - FULL CONTROL MODE

| too CL= 100pF 120 150 200 ns

Access Time (from CE)

Data Valid after CE Low tHD 25 ns

. Low S Sl -
OutputFloatDelay |t 75 1oﬁ— i | ons
CSto CE Setup 1SSk 50 ns

R/C to CE Setup
AD to CE Setup
CS Vald After CE Low
RIC High After CE Low |

AQ Valid After CE Low | |
’?TANTALONE MODE - ]
@R/E\Pu\se Width weL | | s0 15 T j 50 | ons
STS Delay fromRIC T 320 | ons {
Data Valid After R/C Low s E‘J

MX574A 0 600 300 300 1000 |
s 3;?  Delay After Data tHs | MX674A 320 600 30 600 | 30 600 ns ‘
J:Axw 74 30 140 300 30 400 ]

High R/C Pulse Width

ns
\Pata Accesﬁszwme 200 ns |
Note 6: Timing specifications guaranteed by design. All input contro! signals specified with tr = tf = 5ns (10% to 90% of +5V) and

timed from a voltage level of +1.6V. See loading circuits in Figures 1 and 2.
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12-Bit A/D Converters

DN —

3k

3k

HIGH-Z TOLOGIC 1

100pF 100pF

I

l ON
T

HIGH-Z TOLOGIC 0

-5V
3k

<
DN I—‘ DN \%4»

% 100F — 10pF
i L

LOGIC 1 TO HIGH-Z LOGIC O TOHIGH-Z

Figure 1. Load Circuit for Access Time Test

Pin Description

PIN # NAME FUNCTION

1 Vi Logic Supply, +5V

2 12/8 Data Mode Select Input o

3 cs Chip-Select Input. Must be fow to se-
lect device.

4 A0 Byte Address/Short Cycle Input. When
starting a conversion, controls number
of bits converted (low = 12 bits, high =
8 bits). When reading data, if 12/8 =
low, enables low byte (AQ = high) or
high byte (AQ = low).

5 RIC Read/Convert Input. When high, the
device will be in the data-read mode.
When low, the device will be in the
conversion start mode.

6 CE Chip-Enable Input. Must be high to
select device

7 vVee +12V or +15V Supply ‘{

8 REFOUT | +10V Reference Output

9 AGND | Analog Ground |

10 REFIN Reference Input

11 VEE -12V or -15V Supply

12 BIPOFF | Bipolar Offset Input. Connect to
REFQUT for bipolar input range.

13 10VIN 10V Span Input

14 20VIN | 20V Span Input

15 DGND | Digital Ground

16-27 | DO-D11 | Three-State Data Outputs
28 378 Status Qutput
/VIA X2V

Figure 2. Load Circuit for Qutput Float Delay Test

Converter Operation

The MAX174/MX574A/MX674A use a successive
approximation technique to convert an unknown
analog input to a 12-bit digital output code. The
control logic provides easy interface to most mi-
croprocessors. Most applications require only a
few external passive components to perform the
analog-to-digital (A/D) function.

The internal voltage output DAC is controlled by a Suc-
cessive Approximation Register (SAR) and has an output
impedance of 2.5k, The analog input is connected to
the DAC output with a 5kQ resistor for the 10V input and
10kQ resistor for the 20V input. The comparator is es-
sentially a zero crossing detector, and its output is fed
back to the SAR input.

The SARis settohalf scale as soon as a conversion starts.
The analog input is compared to 1/2 of the full-scale
voltage. The bitis kept if the analog input is greater than
half scale or dropped if smaller. The next bit, bit 10, is
then set with the DAC output either at 1/4 scale, if the
Most Significant Bit (MSB) is dropped, or 3/4 scale if the
MSB is kept. The conversion continues in this manner
until the Least Significant Bit (LSB) is tried. At the end of
the conversion, the SAR output is latched into the output
buffers.

Digital Interface

CE, CS, and R/C control the operation of the
MAX174/MX574A/MX674A. While both CE and CS are
asserted, the state of R/C selects whether a conversion
(R/IC =0)or adataread (R/C = 1)isin progress. The
register control inputs, 12/8 and AQ, select the data
format and conversion length. A0 is usually tied to the
L. SB of the address bus. To perform a full 12-bit conver-
sion, set AQ low during a convert start. For a shorter 8-bit
conversion, A0 must be high during a convert start.

VPLOXN/VVLSXN/VLLEXVIN
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REFIN BIPOFF 20VIN 10VIN

2R* -50€2 5k€2

R DAC |
1 9.950k2 %
5k

1.6k

R B

,
— SAR r ~
{*) R - 5k€2 FOR MAX174. 10k<2 FOR MX574A/MX674A

T

J

|

Figure 3. Analog Equivalent Circuit

Table 1. Truth Table priate number of No OPeration (NOP) instructions be-

tween the conversion-start and data-read commands.

, _ _ § S —
CE CSs R/C 12/8 AD OPERATION L
1? j‘ET%¥ After the conversion is completed, data can be obtained

o X X X | X |MNore | by the microprocessor. The ADCs have the required
X X X None logic for 8-, 12- and 16-bit bus interfacing, which is

Initiate 12-bit determined by the 12/8 input. If 12/8 is high, the ADCs

X 0 conversion are configured for a 16-bit bus. Data lines D0-D11 may

Initiate 8-bit be connected to the bus as either the 12MSBs or the

! J conversion 12L.SBs. The other 4 bits must be masked out in software.

X ‘ Enable 12-bit For 8-bit bus operation, 12/8 is set low. The format is left

parallel cutput justified, and the even address, AQ low, contains the

1 1 0 0 Enable 8MSBs 8MSBs. The odd address, AO high, contains the 4L.SBs,
e | Enable 4LSBs which is followed by 4 trailing Os. There is no need to use

0 ! 0 V| % 4 vailing 0s a software mask when th

8-bit bus.

e ADCs are connected to an

Output Data Format | ;1 output cannot be forced to a right-justified

During a data read, A0 also selects whether the three- format by rearranging the data lines on the 8-bit bus

state buffers contain the 8MSBs (A0 = 0) or the 4LSBs interface.
(AD = 1) of the digital result. The 4LSBs are followed by
4 trailing Os.

Output data is formatted according to the 12/8 pin. If this
input is low, the output will be a word broken into two
8-bit bytes. This allows direct interface to 8-bit buses
without the need for external three-state buffers. If 12/8
is high, the output will be one 12-bit word. A0 can
change state while a data-read operation is in etfect.

To begin a conversion, the microprocessor must write to
the ADC address. Then, since a conversion usually takes
longer than a single clock cycle, the microprocessor must
wait for the ADC to complete the conversion. Valid data
will be made available only at the end of the conversion,
which is indicated by STS. STS can be either polled or
used to generate an interrupt upon completion. Or, the
microprocessor can be kept idle by inserting the appro-

8
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Table 2. MAX174/MX574A/MX674A Data Format for

Industry Standard Complete

8-Bit Bus
! D7 D6 D5 D4 D3 D2 DI
High Byte
(AQLg)° MsB DO Do D8 D7 D6 Db
Low Byte
(Ro=YY D38 D2 DI DO O 0 0O
27 (MSB) 07
26{D10) D6
MAXIM  )5(D9) . D5
MAX174 24(D8) T D4
MXo744 23(07) i
MX674A 22(D6) 02
21 (D5} D1
20(D4) Do
19(03)
18(D2)
17(D1)
16 (LSB)

HARDWIRING FOR 8-BIT DATA BUSES

12-Bit A/D Converters

Timing and Control

Convert Start Timing - Full Control Mode

R/C must be low before asserting both CE and CS. If it
is high, a brief read operation occurs possibly resulting
in system bus contention. To initiate a conversion, use
either CE or CS. CE is recommended since it is shorter
by one propagation delay than CS and is the faster input
ofthe two. CE is used to begin the conversion in Figure 4.

The STS output is high during the conversion indicating the
ADC is busy. During this period additional convert start
commands will be ignored, so that the conversion cannot
be prematurely terminated or re-started. However, if the
state of AQis changed after the beginning of the conversion,
any additional start conversion transitions will fatch the new
state of AO, possibly resulting in an incorrect conversion
length (8 bits vs 12 bits) for that conversion.

Read Timing - Full Control Mode

Figure 5 illustrates the read-cycle timing. While reading
data, access time is measured from when CE and R/C
are both high. Accesstime is extended 10nsif CSis used
to initiate a read.

CE

—ei  185C %

1SAC te—

AO -

- tHEC
4

le—— THSC —a

S

tHRC

ISRC  je—
RIC 1\;

pe— tHAC

»

HIGH IMPEDANCE

le— 1DSC —Fﬂﬁ;
STS )

po-ont ——————

« A N
1SR |- —e IHSR
- (SRR [I

RiC i%
w  {SAR = IHAR

STS

. R
|
T
!

D0-D1

e— 1DN — tHD. tHL
- HIGHIMPEDANCE -

Figure 4. Convert Start Timing

7vizZI X1l vl

Figure 5. Read Timing

[{~]
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fe--- - HRL —-
RC

e— D5 —»f tc
)
STS JZ XN

—=| HS re—

DO-11 HIGH IMPEDANCE

Figure 6. Low Pulse for R/C in Stand-Alone Mode

l— tHRH —»

RIC /

tHOR w—

STS

—~ IDDR {*— -

HIGHIMPEDANCE
Do-11

Figure 7. High Puise for R/C in Stand-Alone Mode
Stand-Alone Operation

For systems which do not use or require full bus interfac-
ing, the MAX174/MX574A/MX674A can be operated in a
stand-alone mode directly linked through dedicated
input ports.

When configured in the stand-alone mode, conversion is
controlled by R/C. In addition, CS and A0 are wired low;
CE and 12/8 are wired high. To enable the three-state
buffers, set R/C low. A conversion starts when R/C is set
high. This allows either a high- or a low-pulse control
signal. Shown in Figure 6 is the operation with a low
pulse. In this mode, the outputs, in response to the
falling edge of R/C, are forced into the high impedance
state and return to valid logic levels after the conversion
is complete. The STS output goes high following R/C
falling edge and returns low when the conversion is
complete.

A high-pulse conversion initiation isillustrated in Figure 7.
When R/C is high, the data lines are enabled. The next
conversion starts with the falling edge of R/C. The data
lines return and remain "high impedance state" until
another R/C high pulse.

10

ANALOG SUPPLY

DIGITALSUPPLY —‘
+5Y  GND

-15Y GND 415V

)
v be [l e o
-1
VEE  AGND  Vee VU DGND +HV  DGND
MAXIMN
SHAND MAX174 DIGITAL
ANALOG CIRCUITRY
CIRCUITRY MX574A
MX674A

Figure 8. Power-Supply Grounding Practice

Analog Considerations
Application Hints
Physical Layout

For best system performance, printed circuit boards
should be used for the MAX174/MX574A/MX674A. 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
MAX174/MX574A/MXB74A.

Grounding

The recommended power-supply grounding practice is
shown in Figure 8. The ground reference point for the
on-chip reference is AGND. [t should be connected
directly to the analog reference point of the system. The
analog and digital grounds should be connected to-
gether at the package in order to gain all of the accuracy
possible from the MAX174/MX574A/MX674A in high dig-
ital noise environments. In situations permitting, they can
be connected to the most accesssible ground reference
point. The preference is analog power return.

Power-Supply Bypassing

The MAX174/MX574A/MX674A power supplies must be
filtered, well regulated, and free from high-frequency
noise, or unstable output codes will result. Unless great
care is taken in filtering any switching spikes present in
the output, switching power supplies is not suggested for
applications requiring 12-bit resolution. Take note that a
few millivolts of noise converts to several error counts in
a 12-bit ADC.

Vi X1 vl
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v , W]
DIGITAL i T—L DGND
GROUND mmam
RECOMMENDED MAX174
H2V/15Y —|ve MX574A
ol 1o MX674A
ANALOG | T
GROUND i l o
Ce |, C3
12115V J—L Vet J

C1. C2. C3— 0.1uF CERAMIC
Ca.C5. Co-4.7uf

Figure 9. Power-Supply Bypassing

All power-supply pins should use supply decoupling
capacitors connected with short lead length to the pins,
as shown in Figure 9. The Vcc and VEE pins should be
decoupled directly to AGND. A 4.7uF tantalum type in
parallel with a 0.1uF disc ceramic type is a suitable
decoupling.

Internal Reference

The MAX174/MX574A/MX674A have an internal buried
zener reference that provides a 10V, low-noise and low-
temperature drift output. An external reference voltage
can also be used for the ADC. When using 15V sup-
plies, the internal reference can source up to 2mA in

12-Bit A/D Converters

addition to the BIPOFF and REFIN inputs over the entire
operating temperature range. With £12V supplies, the
reference can drive the BIPOFF and REFIN inputs over
temperature, but it CANNOT drive an additional load.

Driving the Analog Input

The input leads to AGND and 10VIN or 20VIN should be
as short as possible to minimize noise pick up. If long
leads are needed, use shielded cables.

When using the 20VIN as the analog input, load capaci-
tance on the 10VIN pin must be minimized. Especially on
the faster MAX174, leave the 10VIN pin open to minimize
capacitance and to prevent linearity errors caused by
inadequate settiing time.

The amplifier driving the analog input must have low
enough DC output impedance for low full-scale error.
Furthermore, low AC output impedance is also required
since the analog input current is modulated at the clock
rate during the conversion. The output impedance of an
amplifier is the open-loop output impedance divided by
the loop gain at the frequency of interest.

MX574A and MX674A - The approximate internal clock
rate is 600kHz and 1MHz respectively, and amplifiers like
the MAX400 can be used to drive the input.

MAX174 - The internal clock rate is 2MHz and faster
amplifiers like the OP-27, AD711 or OP-42 are required.

Track-and-Hold Interface

The analog input to the ADC must be stable to within
1/2L.SB during the entire conversion for specified 12-bit
accuracy. This limits the input signal bandwidth to a
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Figure 11. MAX174 to HA5320 Sample-and-Hold Interface

couple of hertz for sinusoidal inputs even with the faster
MAX174. For higher bandwidth signals, a track-and-hold
amplifier should be used.

The STS output may be used to provide the Hold signal
to the track-and-hold amplifier. However, since the A/D's
DAC is switched at approximately the same time as the
conversion is initiated, the switching transients at the
output of the T/H caused by the DAC switching may result
in code dependent errors. [t is recommended that the
Hold signal to the T/H amplifier precede a conversion or
be coincident with the conversion start.

The first bit decision by the A/D is made approximately
1.5 clock cycles after the start of the conversion. This is
2.5us, 1.5us and 0.8us for the MX574A, MX674A, and
MAX174 respectively. The T/H hold settling time must be
less than this time. For the MX574A and MX674A, the
ADS585 sample-and-hold is recommended (Figure 10).
For the MAX174, a faster T/H amplifier, like the HA5320
or HA5330, should be used (Figure 11).

Input Configurations

The MAX174/MX574A/MX674A input range can be set
using pin strapping. Table 3 shows the possible input
ranges and ideal transition voltages. End-point errors
can be adjusted in all ranges.

12

Table 3. Input Ranges and Ideal Digital Output Codes

ANALOG INPUT VOLTAGE (Volts) DiGITaL
loto+10v]oto+20v| 5v [ +1ov | MsB LSB
[ +10.0000 | +20.0000 | +5.0000 | +10.0000 [ 1111 1111 1111

19.9963 | +19.9927 | +4.9963 | +9.9927 1111 1111 1110°
+5.0012 | +10.0024 | +0.0012 | +0.0024 | 1000 0000 000"
+4.9988 | +9.9976 | -0.0012 | -0.0024 |0111 1111 11117
149963 | +9.9927 | -0.0037 | -0.0073 |0111 1111 1110°
10,0012 | +0.0024 | -4.9988 | -9.9976 |0000 0000 0000"
0.0000 | 00000 | -6.0000 | -10.0000 | 0000 0000 0000

Note 1: For unipolar inputranges, outputcoding is straight binary
Note 2: For bipolar input ranges, output coding is offset binary.
Note 3: For OV to + 10V or 5V ranges, 1LSB = 2.44mv

Note 4: For 0V to +20V or £10V ranges, 1LSB = 4.88mV.

* The digital outputs will be fiickering between the indicated code
and the indicated code plus one.

Unipolar Input Operation

The unipolar transfer function and input connections are
shown in Figures 12 and 13.

Because all internal resistors of the MAX174/MX574A/
MX674A are trimmed for absolute calibration, additional
trimming is not necessary for most applications. The
absolute accuracy for each grade is given in the specifi-
cation tables.

Ifthe offset trim is not needed, BIPOFF can betied directly
to AGND. The two resistors and trimmer for BIPOFF can
then be discarded. A 50Q +1% metal film resistor should
be attached between REFOUT and REFIN.

ViAXIsvi
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For a OV to +10V input range, the analog input is con-
nected between AGND and 10VIN. For a OV to +20V
input range, the analog input is connected between
AGND and 20VIN. These ADCs can easily handle an
input signal beyond the supplies. If full-scale trim is not
needed, the gain trimmer, R2, should be swapped with
a50Qresistor. Should a 10.24V input range be selected,
a 200€Q trimmer should be inserted in series with 10VIN.
For afull-scale inputrange of 20.48V, use a 500Q trimmer
in series with 20VIN. The nominal input impedance into
10VIN is 5kQ and 10kQ for 20VIN.

12-Bit A/D Converters

Offset and Full-Scale Adjustment

In applications where the offset and full-scale range have
to be adjusted, use the circuit shown in Figure 12. The
offset should be adjusted first. Apply 1/2LSB at the
analog input and adjust R1 until the digital output code
flickers between 0000 0000 0000 and 0000 0000 0001.

To adjust the full-scale range, apply FS - 3/2LSB at the
analog input and adjust R2 until the output code changes
petween 1111 1111 1110and 1111 1111 1111,

“ADDITIONAL PINS OMITTED FOR CLARITY

AGND

“ADDITIONAL PINS OMITTED FOR CLARITY
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Figure 15. Bipolar input Connections
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Bipolar Input Operation

The Bipolar transfer function is shown in Figure 14, and
input connections are shown in Figure 15. One or both
of the trimmers can be exchanged with a 50Q +1% fixed
resistor if the offset and gain specifications suffice.

Offset and Full-Scale Adjustment

Tobeginbipolar calibration, a signal 1/2LSB above nega-
tive full-scale is applied. R1 is trimmed until the digital
output flickers between 0000 0000 0000 and
0000 0000 0001. Next, a signal 3/2LSB below positive
full scale is applied. Then, R2is trimmed until the output
flickers between 1111 1111 1110 and 1111 1111 1111,

Ordering Information (continued)

PART PIN-PACKAGE L"(‘fé“BF;')T Y (Tfm%? PART PIN-PACKAGE L'?ESABRS')T Y {fg"ﬁ"’ﬁg |
8us Maximum Conversion Time 15us Maximum Conversion Time
TEMP. RANGE: -40°C to +85°C TEMP. RANGE: -55C to +125°C
MAX174AEPI 28 Plastic DIP 12 19 MX674ASD 28 Ceramic SB - 50
MAX174BEPI 28 Plastic DIP 12 38 MX674ATD 28 Ceramic SB 34 o5
MAX174CEPl 28 Plastic DIP ] 75 MX674AUD 28 Ceramic SB 3/4 12
MAX174AEWI 28 Wide SO 1/2 19 25us Maximum Conversion Time ]
MAX174BEWI 28 Wide SO 12 38 TEMP. RANGE: 0°Cto +70°C
MAX174CEW 28 Wide SO 1 75 MX574AJN 28 Plastic DIP 1 50
TEMP. RANGE: -55Cto +125°C MX574AKN 28 Plastic DIP 12 07
MAX174AMJI 28 CERDIP a4 12 MX574ALN 28 Plastic DIP 172 10
MAX174BMJI 28 CERDIP 3/4 25 MX574AJCWI  28WideSO 1 50
MAX174CMJI 28 CERDIP 1 50 MX574AKCW) 28 Wide SO 12 27
15us Maximum Co;mversion Time MX574ALCWI 28 Wide SO 1/2 ' 10

TEMP. RANGE: 0°C to +70°C MX574AJP 28 PLCC ] 50
MXE74AIN 28 Plastic DIP ] 50 MX574AKP 28PLCC 172 o7
MX674AKN 28 Plastic DIP 12 27 MX574ALP 28PLCC 12 10
MX674ALN 28 Plastic DIP 112 10 MX574AK/D Dice™ 7y -
MX674AJCWI 28 Wide SO 1 50 TEMP. RANGE: -40°C to +85°C
MX674AKCWI 28 Wide SO 12 o7 MX574AJEPI 28 Plastic DIP 1 5
MX674ALCWI 28 Wide SO 172 10| MXS74AKEPI 28 Plastic DIP 12 38
MX674AK/D Dice™ 12 - MX574ALEPI 28 Plastic DIP 12 19
TEMP. RANGE: -40°C to +85'C MX574AJEWI 28 Wide SO 1 7%
MX674AJEP| 28 Plastic DIP 1 75 MX574AKEWI 28 Wide SO 12 38
MX674AKEPI 28 Plastic DIP 12 38 MXE74ALEWI 28 Wide SO 172 19
MX674ALEPI 28 Plastic DIP 12 19 | TEMP. RANGE: -55'C 10 +125°C ‘
MX674AJEWI 28 Wide SO 1 75 MX574ASQ 28 CERDIP* 1 50
MX674AKEWI 28 Wide SO 12 38 MX574ATQ 28 CERDIP* 3/4 25
MX674ALEWI 28 Wide SO 12 19 MX574AUQ 28 CERDIP* 3/4 12
TEMP. RANGE: -55°C to +125°'C MX574ASD 28 Cerammic SB 1 50
MX674ASQ 28 CERDIP* 1 50 MX574ATD 28 Ceramic SB 34 25
MX674ATQ 28 CERDIP* 3/4 25 MX574AUD 28 Ceramic SB 314 12
MX674AUQ 28 CERDIP* 3/4 12 * Maxim reserves the right to ship Ceramic SB in lieu of CERDIP
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packages.

** Consult factory for dice specifications.
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