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Visual Index — Quick Reference

For the convenience of the user, a copy of the Visual Index has been provided with direct links to
connector and jumper configuration data.
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GENERAL INFORMATION

1.1 FEATURES

Low cost, 12-bit A/D

Up to 8 A/D input channels

Each A/D channel configurable for Unipolar (0 to +5V) or Bipolar (-2.5 to +2.5V)
Single-ended or Differential Input Modes

Built-in Sample-and-Hold

100KHz sampling rate

I/O mapped on the PC/104 Bus

Processor independent

Very low power, all CMOS components

Two channel 12 Bit CMOS D/A converter

Selectable UNIPOLAR or BIPOLAR voltage output for each channel
Two output voltage ranges: 0 to 5V or -5V to +5V

1.2 GENERAL DESCRIPTION

1.2.1 PC/104 Bus Interface

The PCM-AIO is I/0O port mapped with the unique port address determined by an on
board EP AL decoder. The PCM-AIO uses a total of 8§ I/O ports and is designed to work with
standard NMOS/TTL or CMOS base boards.

1.2.2 Analog to Digital Converter

The PCM-AIO contains the Maxim MAX180, 12-bit data acquisition system. It com-
bines an 8 channel input multiplexer, high bandwidth Track-and-Hold (T/H), low-drift
zener reference, and flexible microprocessor interface with a high conversion speed, suc-
cessive approximation analog to digital converter. The device samples and digitizes at a
100KHz throughput rate. The MAX180 can be software configured for unipolar or bipolar
conversions and single-ended or differential inputs on a per channel basis. Output coding
is natural binary for unipolar operation with 1 LSB = 1.22mV (5V/4096). Coding is twos
complement for bipolar. Potentiometers are on the card to permit both gain and offset ad-
justment.
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1.2.3 Starting an AD conversion

The conversion is begun by writing a word to the control register to select the channel
and specify if it is single-ended/differential and unipolar/bipolar. Output data is latched
and the PCM-AIO signals the base board that conversion is complete and data is available.
This board sets a Busy flag for use in a polled mode and can generate an interrupt after each
completed conversion.

1.2.4 AD Input Configuration

Allinput channel are wired toJ 1, a 26-pin right angle male connector. It has the same
pin-out as WinSystems' MCM/LPM-A/D12. J1 is configured sothat mass termination type
flat ribbon cable or discreet wires can be connected toit. WinSystems offers the CBL-120-3
which is a 3 foot, # 28 AWG, ribbon cable designed to provide access to signals from the 26-
pin, 0.100 “ grid connector on the PCM-AIO board. One end of the cable has a polarized, 26-
pin female socket connector with strain reliefthat plugsintothe board and the other end is
open to allow users tomake their own custom termination. The CBL-130-4 is a 4 foot, rib-
bon cable that will connect the PCM-AIO to the Analog-ADP. This board is a non-isolated
signal conditioner and termination panel.

1.2.5 Digital to Analog Converter

The PCM-AIO has two 12 bit digital to analog convertor channels. Each channel can be
configured for either a unipolar or bipolar output with one of two output ranges: 0 to5V or
+/-5V. The D/A section on the PCM-AIO takes 4 I/O ports.

1.2.6 D /A Operation

Each D/Achannel on the PCM-AIO is reset to logic zero after a system reset. To output
a digital word to a channel, the low byte is written to the low byte address (ALWAYS
EVEN), the upper 4 bits of the 12 bit word is written to the next address (ALWAYS ODD).
After writing the upper 4 bits, the channel is automatically updated. It isimportant tonote
that a channel is only updated when the upper 4 bits are written to the odd address.

EXAMPLE: 0 to 5V unipolar output selected
D/A Ports are located at 100-10B

To Output 800 HEX to channel 0 (should equal 2.5V output)

1. OutpuT 00 HEX TO I/O PORT 108 HEX
2. Output 08 HEX TO I/O PORT 109 HEX

When the 08 hex is written to I/O Port 101, the 12 bit word will be converted toa 2.5V
output.
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1.2.7 PC/104 Module

PC/104 multimodule boards are small (3.550"x 3.775"), /O or memory mapped boards
which pluginto a base board. The PC/104 boards connect tothe PC/104 bus connector and
convert the PC/104 bus signals to a defined memory or I/O interface. The PC/104 is a
unique design approach to Embedded Systems users offering a broad range of expansion
boards joined together on the PC/104 interface. The PCM-AIO is designed to fit on all Win-
Systems' processors that have PC/104 connectors, our LPM/MCM-SX386/486, and other
CPU base boards.

1.3 SPECIFICATIONS

1.3.1 Electrical

A/D
Number of Channels: Upto 8
A/D Resolution: 12-bits
Input range: 0 to +5 volts; single-ended -2.5 to +2.5 volts; differetial
Coding: Natural binary (unipolar)
Two's complement (bipolar)
Nonlinearity: 1LSB
Gain error: Adjustable to zero
Conversion speed: 10 microseconds
D/A
Number of Channels: 2
D/A Resolution: 12-bits
Voltage Output: 0to5VDC or-5to +5VDC
Output Drive: 2.5 mA
Power Requirements:
VCC +5 VDC 5% at 35 mA (typ. outputs unloaded)
VCCA1 -12VDC 10% at 15 mA (typ. outputs unloaded)
VCC2 +12VDC 10% at 15 mA (typ. outputs unloaded)

980723 OPERATIONS MANUAL PCM-AIO Page 1-3



WinSystems - "The Embedded Systems Authority"

1.3.2 Mechanical
Dimensions:

Connectors :

1.3.3 Environmental

Operational Temperature:

1.3.4 Ordering Information

PCM-AIO
CBL-120-3
CBL-130-4

3.550" x 3.775"

A/D Input:  26-pin dual pin on 0.100"
D/A Output: 26-pin dual pin on 0.100"
PC/104: 62-pin dual pin on 0.100"

0°Cto+65°C

12-bit A/D converter

3 ft., 26 conductor ribbon cable unterminated

4 ft., 26 conductor, ribbon cable to the Analog-ADP card

Analog-ADP Analog termination panel
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PCM-AIO Technical Reference

2.1 Introduction

This section of the manual is intended to provide sufficent information regarding the
configuration, and programming of the PCM-AIO module. A complete reprint of the MAX
180 datasheet is provided in Appendix C for specificinformation on the chip. Questions not
adequately addressed in this section should be addressed to the WinSystems Technical
Support department at (817) 274-7553 between 8AM and 5PM Central time Monday
through Friday.
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2.2 I/0 Address Select

The PCM-AIO decodes 16 I/0 ports to access the board. The I/O port addresses are de-
termined by an EPAL and is controlled by jumper block J8. The figures below show the
Base I/0O address as determined by the jumpering of J 8.

J8 J8 J8 J8
2’ t4 20 '4 29 o4 20 o4
1 3 10 @3 1 03 10 o3

100H 110H 180H 190H
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2.3 A/D Registers
OFFSET 0 - Write

Bits 7-5 Unused

Bit 4 1 = Differential Input, 0 = Single Ended input
Bit 3 1 = Bipolar Input, 0 = Unipolar Input

Bits 2-0 Channel Select 0 to 7

OFFSET 0 - Read

Bits 7-0 LSB of converted data
OFFSET 1 - Read

Bits 7-4 Unused

Bits 3-0 Upper 4 Bits of converted data

OFFSET 4 - Read

Bit 7 1 = A/D Busy, 0 = Conversion complete
Bits 6-0 Unused

2.4 D/A Registers
OFFSET 8 - Write

Bits 7-0

OFFSET 9 - Write

Bits 7-4
Bits 3-0

OFFSET 10 - Write

Bits 7-0

OFFSET 11 - Write

Bits 7-4
Bits 3-0

Page 2-2

Channel A LSB data

Unused
Channel A - Upper 4 bits of 12-Bit ouput value.

Channel B LSB data

Unused
Channel B - Upper 4 bits of 12-Bit ouput value.

OPERATIONS MANUAL PCM-AIO
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2.5 Interrupt Routing Select

The PCM-AIO is capable of generating an interrupt on conversion complete from the
MAXI180. This interrupt may be routed to any of several PC/104 bus interrupts using the
jumper block at J7 or J10. The jumpering detail for J7 and J10 is shown here :

[
N

J10
1o 02 | |RQ2 10 02 | IRQ14
30 04 IRQ7 30 o4 IRQ15
50 06 | IRQ6 50 06 | |RQI2
Sg 8?0 :%%54 70 08 | IRQ11
1
110 012 | |RQ3 90 010 ] IRQ10

2.6 A/D Input Connector

The figure below shows the pinout for the PCM-AIO analog input connector J1 in both
single-ended and differential modes.

[
—_
[
—_

Channel0 | 10 o014 | Channel 1 Channel0 (+) | 1o o014 | Channel 0 (-)
Channel2 | 20 015 | Channel 3 Channel2 (+) | 20 015 | Channel 2 (-)

Ground | 30 o016 | Ground Ground | 30 016 | Ground
Channel4 | 40 o017 | Channel 5 Channel 4 (+) | 40 o017 | Channel 4 (-)

Ground | 50 018 | Ground Ground | 50 018 | Ground
Channel6 | 60 019 | Channel 7 Channel 6 (+) | 60 019 | Channel 6 (-)

Ground | 70 020 | Ground Ground| 70 020 | Ground
Channel1 | 80 o 21 N/C Channel0(-)| 80 021 | N/C

Ground | 90 022 | Ground Ground | 90 022 | Ground
Channel3 {100 023 | N/C Channel2(-) |[100 023 | N/C

Ground [110 024 | Ground Ground |11 0 024 | Ground
Channel5 {120 025 | N/C Channel 4 (-) [120 025 | N/C
Channel7 {130 026 | N/C Channel6(-) |[130 026 | N/C

J1 Input Pin Definitions - Single Ended Mode J1 Input Pin Definitions - Differential Mode

2.7 Single Ended Operation

The PCM-AIO allows eight single ended inputs with a voltage input range of 0 to 5 VDC
for unipolar operation or -2.5 to + 2.5 VDC for bipolar operation. An input channel is se-
lected as a single ended input by setting the SI bit to a '0' when writing the channel se-
lect/command word.

2.8 Differential Operation

The PCM-AIO allows up to4 channels of differential operation. Each differential chan-
nelrequires twoinputs,i.e.a (+ )inputanda (-) input. The PCM-AIO can have a mixture of
single ended and differential input signals by programming the appropriate channel se-
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lect/convert to each channel. A channelis programmed for differential operation by writ-
ing a 'l"to the DI bit in the channel/convert word. For proper operation a channel that is
used as a differential with differential inputs should have a bias return for each input, i.e.
(+) and (-). Aone megohm resistor from each differential input to ground will provide a
sufficient bias return path for each input.

Note: It is possible to reverse the + and - differential inputs in software for a given
channel. See Table 1 of the MAX180 datasheet on page 7-94 in Appendix C.

2.9 Unipolar/Bipolar Operation

Each channel on the PCM-AIO can be operated in either unipolar or bipolar mode. A
unipolar input provides a 0 to 5 VDC input while a bipolar input provides a -2.5 VDC to
+2.5VDC input. A channel is programmed for unipolar if the BP bit in the channel se-
lect/convert bit is set to'0'and by programming the BP bit toa 'l', the channelis set for bipo-
lar operation.

2.10 A/D Software Interface

An A/D conversion is started by writinga byte tothe channel select/convert byte located
at I/O port location BASE + 0. The actual location of the PCM-AIO depends on the I/0 ad-
dress that is selected by jumper block J8. The byte written to the channel select/convert
port will set the PCM-AIO for the selected channel, unipolar/bipolar, and single ended/dif-
ferential operation and then begin a conversion. It is important tonote that in this mode of
operation, the MAX180 allows only 1.875 uS to acquire the signal. If the input source im-
pedanceis greater than 8 kOhms, then the Asynchronous Hold mode willneed tobe used in
order to allow enough time to acquire the signal. The PCM-AIO will convert the analog
voltage to digital data in approximately 10 uS. If desired, an end of conversion interrupt
can be generated on the PC/104 and routed through J7 as shown earlier. The interrupt con-
troller will need to be initialized to take advantage of this feature. Another way to deter-
mine if the conversion is completed is to poll the ST status bit in the STATUS READ 1/0
port located at BASE + 4. The ST status bit is the most significant bit (MSB). The ST bit
will be high 'l' when the A/D convertor is BUSY and low '0' when it is finished. See the
MAX180 datasheet, page 7-95, Figure 7b in the Appendix C for timing.

If the input source impedance is greater than 8 kOhms, the Track and Hold circuit will
not have enough time to acquire the signal and the conversion will not be correct. Under
these conditions, the MAX180 A/D convertor will need to operated in the “Asynchronous
Hold Mode”. See the MAX180 datasheet, page 7-98, Figure 10b in the Appendix C. The
jumper J2 will need to be removed to place the MAX180 in the asynchronous mode. In the
asynchronous mode it will be necessary to perform two write cycles to begin a conversion.
The first write cycle is the same as before, except the channel data is written to an odd 1/0
port of BASE+ 1. This will select the proper channel and select the mode of operation, how-
ever a conversion will not begin until the second write cycle is generated by writing the
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same data tothe I/O port BASE+ 0. This mode is made available sothat a variable time can
beinserted between write cycles toallow the Track/Hold circuit toacquire the input signal.

2.11 A/D CALIBRATION PROCEDURE

The PCM-AIO is calibrated at the factory for the 0-5Vrange of operation. When switch-
ingtoanother input range, a slight adjustment may be necessary. The following procedure
is given to calibrate the PCM-AIO for any input range.

2.11.1 CALIBRATION PROCEDURE

1. Select the desired mode and input voltagerange. Use a software routine that will loop
continuously on one channel.

2. OFFSET/ZERO ADJUSTMENT. (TRIMPOT R3)

Apply a voltage source between the selected analogchanneland ground. A 1uF ceramic
capacitor should be used across the inputs to suppress noise. Adjust the output of the volt-
age source to+ 1/2 LSB. Adjust the offset/zero trimming potentiometer R3 so that the out-
put code flickers equally between 000 HEX and 001 HEX for unipolar operation and 800
HEX and 801 HEX for the bipolar mode.

3. FULL SCALE ADJUSTMENT. (TRIMPOT R2)
Change the output of the voltage source for + FS-1 1/2 LSB. Adjust the gain trimming

potentiometer R2 so that the output code flickers equally between FFE HEX and FFF
HEX.
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2.12 Output Coding

INPUT VOLTAGE RANGE CODING
UNIPOLAR STRAIGHT BINARY
0 TO +5V MSB LSB
+FS 5.0000 1111 1111 1111
+FS-1LSB 4.9988 11111111 1110
+1LSB 0.0012 0000 0000 0001
ZERO 0.0000 0000 0000 0000
BIPOLAR OFFSET BINARY
+/- 2.5V MSB LSB
+FS +2.5000 0111 1111 1111
+FS-1 +2.4988 0111 1111 1110
+1LSB +0.0012 0000 0000 0001
ZERO 0.0000 0000 0000 0000
-1LSB -0.0012 11111111 1111
-FS-1LSB -2.4988 1000 0000 0001
-FS -2.5000 1000 0000 0000

213 A/D SOFTWARE EXAMPLES

The following gives an example of an 8088/8086 assembly language routine that will in-
terface tothe PCM-AIO in synchronous polled mode for a0 to5 VDC, unipolar input range.

wait:

mov dx,BASE PORT ;Set PC/104 Base I/O Address

mov al,0 ;Chan 0, Single Ended, Unipolar
out dx,al ;Start Conversion

add dx,4 ;Point to Status Register

in al,dx ;Read Status Bit

test al,80H ;See if Conversion Finished
jne wait ;If Not, Try Again

mov dx,BASE_PORT ;Point to Low data Byte

in al,dx ;Read Low Data Byte

mov bl,al ;Save Low Byte

inc dx ;Point to High Byte

in al,dx ;Read High Byte

mov bh,al ;Combine with Low Byte

and BX,0FFFH :BX=Conversion Data

The following program gives an example of a C program for performing A/D conversions

with the PCM-AIO.

Page 2-6
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/*
PCM-AIO
This program was written Primarily as a test/setup procedure
for the PCM-AIO board. (400-0172-000)
It also demonstrates how to access the MAX180 part,
and shows various methods of accessing the part.
Use getconv() for real-time readings in the foreground.
Use the Interrupt driven method to provide an array image
of all eight channels, constantly updated in the background.

Date: 05-22-1992.

Author: John Keller

Copyright 1992 by WinSystems. All Rights Reserved.
*/

#include <stdio.h>
#include <dos.h>
#include <stdlib.h>
#include <graph.h>

void (_interrupt _far *OldTmr)(void); /* Pointer to old ISR */

void (_interrupt _far *TmrPtr)(void); /* Temporary ISR Pointer */
void interrupt Int1c(void); /* Declaration on ISR */
void (_interrupt _far *OldRg5)(void); /* Pointer to old ISR */

void (_interrupt _far *Rg5Ptr)(void); /* Temporary ISR Pointer */
void interrupt IntOd(void); /* Declaration on ISR */

unsigned int ticks[5],convi;
unsigned int tar[8] = {0x000,0x924,0x249,0xb6d,0x492,0xdb6,0x6db,0xfff};
main()
{
int a,b,c;
for(a=0; a2;a++)
printf(* \n”);
_settextposition(1,1);
printf(“Test for PCM-AIO boards\n”);
printf(*  To set up the board, connect the Voltage Source to the points\n”);
printf(“ indicated on the test fixture and set for 4.998 Volts.\n");
printf(* Adjust R3 on A/D until channel 0 %'Read%' is switching between 0 & 1.\n”);
printf(“ Next, Adjust R2 on A/D until channel 7 %'Read%' is FFE.\n");
(*
(x

printf(“ Increase to 5.000 Volts. Ch 7 %'Read%' should now be FFF. Ch 0 %'Read%' should\n”);
printf(“ still be between 0 and 1.\n”);
printf(“ All channels should display PASS. You should NOT see the messages\n”);

printf(*“ %'Interrupt Failed%', or %'Busy is Stuck%' below the channels.\n”);

OIdRg5 = _dos_getvect(0x0d);
OldTmr = _dos_getvect(0x1c);
TmrPtr = Intic;

Rg5Ptr = Int0d;
_dos_setvect(0x1c,TmrPtr);
_dos_setvect(0x0d,Rq5Ptr);
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_displaycursor(_ GCURSOROFF);

a = inp(0x21);
a &= Oxdf;
outp(0x21,a);

/*unmask irg5 */

_settextposition(11,10);
printf(“Ch Trgt Read Difference”);

while(1)
{

}

a = inp(0x21);
a |= 0x20;
outp(0x21,a);

for(a=0; a; a++)

/* Scan all channels */

/*1% resistors used for testing */

/*used for offset/gain calibration*/

{
c=getconv(a,0); /* Channel a, single ended, Unipolar */
_settextposition(a+12,10);
printf(“%2d %3X %3X %3X”,a,tar[a],c,abs(c-tar[a]));
if(c tar[a])
putch('-");
if(c tar[a])
putch('+";
if(c == tar[a])
putch('");
printf(* %3d%% ”,abs(c-tar[a]) / 41);
if(a0&&a)
{
If(abs(c-tar[a])()
printf(“Pass”);
else
printf(“Fail”);
}
ifa==0|a==7)
{
If(abs(c-tar[a]))
printf(“Pass”);
else
printf(“Fail”);
}
}
if(kbhit())
break;

/*mask irg5 */

_displaycursor(_ GCURSORON);
_dos_setvect(0x0d,OIdRg5);
_dos_setvect(0x1c,0ldTmr);

}

/* Get conversion. */

/* MODE:
0 Single ended, Unipolar.
1 Single ended, Bipolar.
2 Differential, Unipolar.
3 Differential, Bipolar.

Page 2-8
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NOTE:

In Differential mode, valid channels are still 0-7, however,

the channels are paired, evens with odds. (I.E. 0 with 1, 2 with 3,

etc.) The channel read becomes the “+” leg for the reading.

Example:

Channel 0 is 1.500 Volts lower than channel 1.
Mode is 2.
Channel read is 1.
Result: 1228(d) = 4CC(h).
If channel 0 had been read, the result would be zero.

*/
int getconv(int ch,int mode)
{
unsigned int a,b,c;
convi=0;
mode &= 3;
outp(0x100,ch|(mode<< 3));
ticks[0] = 2;
while(ticks[0] && (inp(0x104) & 0x80));
if(ticks[0] == 0)
{
_settextposition(22,1);
printf(“Busy is stuck.\n”);
}
if(convi == 0)
{
_settextposition(23,1);
printf(“Interrupt Failed\n”);
}
a = inp(0x100) & 255;
b =inp(0x101) & 15;
c = (b<8) | a;
return(c);
}

/* Timer Tick Interrupt */
void interrupt Int1c(void)

{
int a;
for(a=0; a; a++)
{
if(ticks[a] 0)
ticks[a]—;
}
}

/* A2D Interrupt from PC/104 */
void interrupt Int0Od(void)

{

CONVi++; /* Used by test. */
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SAMPLE APPLICATION */
Read All Eight Channels as Single/Uni & store in integer
Array variable results[8]. */

/* read & store the result.*/
/* result[channel] = inp(0x100) | ((inp(0x101)&15)<8);*/

/* Start next conversion */
/* ++channel &= 7;*/
/* outp(0x100,channel);*/

outp(0x20,0x20);

}

2.14 D/A Output Connector

The figure below defines the pins on the D/A output connector J3.

GND
N/C
N/C

GND
N/C
N/C

GND
N/C
N/C

GND
N/C
N/C

GND

/* Non-Specific EOI */

[
w

000O0O
oA

—_
o

o012
130 o014
150 016
170 018
190 020
210 o022
230 024
250 026

Channel 0
GND

N/C
Channel 1
GND

N/C

N/C

GND

N/C

N/C

GND

N/C

GND

2.15 D/A Voltage Reference and Output Selection

Each of the D/A channels on the PCM-AIO can be jumpered for either a + 5VDC or -
SVDC reference and for either unipolar or bipolar operation. The following chart shows

the appropriate jumper positions for these options.

RANGE

0 to +5VDC

-5V to +5V

Page 2-10

UNIPOLAR/BIPOLAR JUMPER SELECTION

CHANNEL 0

J6 3-4
J52-3

J6 1-2
J51-2

CHANNEL 1

J6 7-8
J4 2-3

J6 5-6
J4 1-2

OPERATIONS MANUAL PCM-AIO
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2.16 D/A Software Flowchart/Assembly Routine
8088/8086 ASSEMBLY LANGUAGE ROUTINE

OUTPUT ROUTINE (ONE CHANNEL)

I
‘ LOAD ACC = LOW BYTE VALUE‘

I
‘OUTPUT ACC TO I/O BASE + 08 ‘

‘ LOAD ACC = HIGH BYTE VALUE ‘

OUTPUT ACC TO I/0 BASE+09, DAC CHAN 0 UPDATED

‘NEXT CHIANNEL ‘

8088/8086 ASSEMBLY LANGUAGE ROUTINE

MOV DX,PORT_ADDRESS
MOV AL,LOW_BYTE

OUT DX,AL

INC DX

MOV AL,HIGH_NIBBLE
OUT DX,AL

NOTE: The LOW_BYTE and HIGH_NIBBLE form the 12 bit data that is written to the D/A. The
PORT_ADDRESS is the I/O address that is decoded on the selected PCM-AIO.

980723 OPERATIONS MANUAL PCM-AIO Page 2-11
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217 D/A CALIBRATION PROCEDURE

The D/A section of the PCM-AIO can be easily calibrated by the use of a digital voltme-
ter. To calibrate the D/A channels use the following procedure:

1. Install the board in the system and turn on the system to stabilize for at least 5 minutes.
2. Check the voltage reference output on J6 pin 1 for 5.000V. Adjust trimpot R13 if necessary.
3. Select the voltage reference output for each channel by the use of J6. See section 2.15.

4. For a unipolar output, output an OFFF HEX to the channel or channels that are being calibrated
and adjust the gain adjustment potentiometers for FS-1LSB as shown in the tables below.

5 .For a bipolar output, output an 0800 HEX to the channel or channels that are being calibrated and
adjust the gain adjustment potentiometers for 0000 as shown in the tables below.

VOLTAGE OUTPUT FOR UNIPOLAR AND BIPOLAR RANGES

SCALE 0 to +5V -5V to +5V
+FS-1 LSB 4.9988 4.9976
+1/2 FS 2.5000 0.0000

GAIN ADJUSTMENT POTENTIOMETERS VERSUS CHANNELS

CHANNEL POT
0 R1
1 R18

Page 2-12 OPERATIONS MANUAL PCM-AIO 980723
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V11X /VI

Complete, 8-Channel, 12-Bit
Data-Acquisition Systems

General Description

The MAX1B0/MAX 181 are complete 12-bit Data Acquisition
System (DAS) which combine 8/6-channel input multi-
plexer, high bandwidth Track-and-Hold (TH), low-drift
zener reference, and figxible microprocessor (LP) interface
with high conversion speed and low power consumption.
The MAX180MAX181 can be configured by a uP for
unipolar or bipolar conversions and single-ended or differ-
ential inputs. Both devices sample and digitize at 100kHz
throughout rate and feature a fast 8- or 16-bit P interface.

The MaX180 has 8 analog input channels, while the MAX181
has 8. The multiplexer output of the MAX180 is fed directly
into the Analog-te-Digital Converter (ADC) input.  The
MAX181 brings cut both the multiplexer cutput and ADCinput
to separata pins, allowing a programmable gain amplifier to
be inseried between the MUX and the ADC.

The systems allow the user to choose between aninternal
or an external reference. Futhermore, the internal refer-
ence value and the offset can be adjusted, allowing the
overail systern gain and offset errors to be nulled. The
multiplexer has high impedance inputs, simplifying ana-

log drive requirements. PART  TEMP.RANGE PIN-PACKAGE SHeioH
Applications MAX18CACPL  0'C1o+70°'C 40Plastic DIP #1/2
H|gh_8peed Semnvn I_OO_GS MAX1BCECPL O'Cto +70°C 40 Plastic DIP +1
Degita-Signal Processing MAX1BOCCPL  Q'C o +70°C A0PEstic DIP #1
o . 0 4P + i
High-Accuracy Process Control MAX180ACQH 0Cto +70°C 44 PLCC iz
MAX1808CQH 0'Cto+70°C 44 PLCC +1 |

Automatic Testing Systems

Block Diagram

Features

4 12-Bit Resolution, £1/2LSB Linearity

4 8-Channel Multiplexed inputs (MAX180)

4 Single-Ended 1-of-6 Multiplexer (MAX131)
4 Bullt-in Track-and-Hold

4+ 100kHz Sampling Rate

¢ DC and Dynamically Tested
4 Internal 25ppm/'C Voltage Reference

4 Each Channe! Configurable for Unipolar (OV to
+5V) or Bipolar (-2.5V to +2.5V} Input Range

4 Each Channel Configurable for Single-Ended or
Differential Inputs

# Fast 8-116-Bit uP Interface
# +5V and -12V to .15V Supply Operation
4 110mW Power Consumption

Ordering lnformation

Ordering Information continued on last page.

Pin Configurations

W2 L /vl

MUXOUT™" ADCIN® OFFADY TOP VIEW

Lt ! AN ) g " [m] VOO

; | AN wl A

’Riﬁ? - LT L2 AALAXIAA % p

] N AIN3 AD

£N2 — —" 1M — Voo AlNd I% MAX180 B o

AN — MUX L — AGND MAX18T EX

AlNd — [ . AINS [ | [2s | DIFF
s i COMP [ Doko (MUXOUTY" AING" [ 2] BUSY

yriti - ] ; — Vs (ADGINY"~ AINT" T2 ] 5] B8

. = REFIN [ ] =] W

EFOUT —11 quRieD AGND (o | n] RO
REFADJ — ZENER REFOUT [y ] n | HEEN
REFIN DA REFADJ 2 i] SOLKJN

OFFADY | a
MODE [1a 2] O
SaR
e oF
— NT‘HD MTCH-“NU MARED 23
CONTROL _| O THREE-STATE oo 7} [24] D4
1 QUTPUT Do Dg% 23 gg
Y D8 [rs 2
ol D7
1 - MAXI8) ONLY © parsogryy D00 HE -
ELSY AACEY ONLY = MAET ONLY DIP

ZkE/1 K0 VL is aregistered rracemark of Maxim Integrated Products.

Maxim integrated Products
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MAX180/MAX181

Complete, 8-Channel, 12-Bit
Data-Acquisition Systems

ABSOLUTE MAXIMUM
VoD to DGND o

Vesto DGNL ... .
AGND 1o DGND ... ..
AN _, MUXOUT, ADCIN, REFAD,
OFFADJ to REFIN

REFINtoDGND ... . ...... .

CS. WR, BD, CLK. 42-40.

BIP. DIFF. HBEN to D3ENG .. .

BUSY, DO-D11 1o DG

.............. 0.3V, +7V
,,,,,,,,,,,,, D3V, TV
........ 0.3V, Vop + 0.3V

......... -0.3V, Vop + 0.3V
........ +0.3V, Vg5 - 0.3V
03V Vpp + 0.3V
- 03V, VDo + 0.3V

Continuous Power Dissipation (any package)
e +70°C ... e 1000mwW

deratesabove +70'Cby ... .. ... ........ 10mW/C
Operating Temperature Ranges:

MAXI8 C_ ... 0'Clo+70°C

MAXAB B _ _ . ~A'C 10 +85°C

MAXIE MJL . . -55°C o +1258°C
Storage Temperature Range . ... . -65'Cto+180°C
Lead Tempsarature {soldering, 10sec) . ............. +300'C

Stresses Deyond thoss iisted under "Absohite Maximum Ralings” may cause permanen! damage to the device. These are siress ratings only, ang lunctional
operalion of the device ai inese or any oiher Conditions beyond those indicated in the operananal sections of the specritcalions is nol implied. Exposure o
absolule maximum raling conditions for exiended periods may affect davice reliability.

ELECTRICAL CHARACTERISTICS

{VoD = +5V £5%, Vgg = -12V £5% or -15V £5%, REFIN = -5V, Internal Reference Mode, Bipotar Mode, Slow-Memory Made (see text),
foLk = 1.6MHz exterral, MAX1B0/MAX 181 all grades, Ta = Tin 10 Thiax. uniess atherwise noted.) (Note 1)

PARAMETER | symeoL | CONDITIONS | M  TYP  mMaAX [ UuNiTS
ACCURACY {Note 2)
Fesolution N 12 Bits
Integral Nonlinearity Efror IML MAX18_A zl/2 LSE
MaX18_B/C +1

Diffarential Nonirzz-y Erar OMNL Guaranieed monstonic over temperature +1 SR
Unipolar Offsat Error (Nois 3) 1 4 L83
Bipolar Otfset Error thoe 3) +3 +6 LSB
Unipalar Gair Er-ar 2 +10 LSB
Bipolar Gain Errror +2 +15 LSB
Gain-Error Tempco (Note 4) +5 ppmy"C
Channel-to-Channel Matching £1/4 LSB
DYNAMIC PERFORMANCE (Note 2)
Sgyaiciions - S| e s, oot oo s | g o
boreremcosmer | o | jotten sy 100tk semoing e © | o
Spurious-Free Dynamic Range SFOR g?pkggri%%g :‘f TL 1%%“22 sampling rate. 80 e}
Full-Power Sampling Bancwidth In track mode, under-sampled waveform 8 MHz
E&?}:ﬂ?&%ﬁd Acquisition e 1.875 us
Comergion T Asynchronous hold mode | Noie 5 7.500 8.125

onversion Time tcony . ; s

?_-:0,2"'5 sllg;kaglfg?:sry. and I/ Port Modes; 9.475 woool

ANALOG INPUT
Voltage Range AIN_, MUXOUT, and ADCIN REFIN Vop

Unipalar, Single-Ended Range AlN_ to AGND 0 50

Unipolar, Differential Range AIN_+ to AIN_- 0 50 v

Bipolar, Single-Endac Range AMN_ 10 AGND -25 25

Bipolar, Differentiai Range AIN_+ 1o AIN_- -25 25

7-88

VA KIsbl




Complete, 8-Channel, 12-Bit
Data-Acquisition Systems

ELECTRICAL CHARACTERISTICS {continued)

$Von = +5V £5%, Vs = -12V 5% or - 156V £5%, REFIN = -5V, internal Refgrence Mode, Bipolar Mode, Slow-Memory Mode (see text),
CLK = 1.6MHz external, MAX180/MAX181 all grades, Ta = TMIN 1o TMAX, untess otherwise noted.) (Note 1)

PARAMETER | symBoL | CONDITIONS [ MmN TYP  Max!UNITS

ANALOG INPUT (continued)

Input Current AIN_. MAX180 £1.0 pA
ADCIN, MAX181 .1

Mux-On Resistance Ron AIN_ = 2.5V InmuxouT = 1.25mA, MAX 181 2 1 ki

Mux-On Leakage Current lon AIN_ = MUXOUT = 45V, MAX181 £100 nA

Mux-Off Laakage Current I (OFF) AIN_ = 25V, VouT = 25V, MAX151 £100 , nA

louT [OFF) | AIN_ = 5V, Vout = 25V, MAX181 100

Input Capacitance [Note 5) Cinv AIN_, ADC'.N 25 35 pF
MUXOUT 35 45

REFERENCE INPUT

Input Range {Note 5) 492 -500 -508 v

Input Current -2 mA

Input Resistance 2.5 k(2

REFERENCE OUTPUT

VREF Cutput Violtage Ta=+25C -498 500 -5.02 v

VREF Cutpui Tempco {Note 6) MAX1S_AB 25 pom{’C
MAX18_C 45 |

VREF Load Regulation (Note 7} | kout = OmA to 5mA, Ta = +25°C | 0.2 1.0 | mvimA

REFADJ, OFFADJ

Input Current | VREFADJ. VoF=a0J = Voo to REFIN £t | pA

Disable Threshold 4.5 Vv

REFAD.J Adjustment Range REFIN < REFADJ <AGND +60 80 my

OFFAD.) Adjustrment Range REFIN « QFFADJ <AGND +15 125 LS8

LOGIC INPUTS

Input Low Voltage YL @EE — 0.5 v
CS. RD, WR, CLK, A2-AQ, DIFF, BiP, HBEN 0.8

Input High Voltage v pODE 45 v
C5, RD. WR. CLK, A2-AQ, DIFF, BIP. HBEN 24

Input Mid-Level Voliage ViAID MODE 15 35 ¥

Input Floating Voltage VAT MODE 25 v
MODE Ta = +25°C 50 +100

Input Current N __ Ta = Trm 10 Timax 50 31001 A
CS, RD, WR. CLK. A2-A0, | Ta =+25'C £#1{ -
DIFF, 8P, HBEN Ta = Trin 10 Tmax +10

Input Capacitance {Note 5) Cin 151 pF

LOGIC QUTPUTS

Quiput Low Voltage VoL D11-00. BUSY. ADY, Ik = 1.6mA 0.4 v

Qutput High Voltage Vor D11-50, BUSY. RDY, ISOuRCE = 360uA 4.0 v

Fioating State Leakage Current kG D11-00, Vout = GV to Vpo £10 pA

ot et Sl Cout 5] o

VA XL vt 7-89
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MAX180/MAX181

Complete, 8-Channel, 12-Bit
Data-Acquisition Systems
ELECTRICAL CHARACTERISTICS {continued)

(VDD = +5V +5%, Vs = -12V 45% or -15V +5%, REFIN = -5V, Internal Reference Mode, Bipolar Mode, Slow-Memory Mode (see text),
feLk = 1.6MHz external, MAX180/MAX 181 all grades, Ta = Ty to Thiax, unless otherwise noted.) (Note 1)

PARAMETER | symsoL | CONDITIONS | MIN _ TYP  MaX |UNITS
POWER REQUIREMENTS
Supply Voltage (Note 1) VoD 475 500 525 y
Vgs -11.40 -15.75
Supply Current Ivia] Vop =5V 45 7.0 mA
[ Vg = 12V 7.0 10.0

Power Dissipation PD Vpp = 5Y, V85 = 15V 110 155 mwW

Input near FS, Vg = -12V.

VoD = 475V i S2ev 2 1
Power-Supply Hajection, I FS. Viip = 5V
with Interna! Eeference PS8 \?spéuin.e-jir_gss\} ;.:P.Dq 575V £1/8 12 | LSB

Input near FS, Vpp = 5V,

Veg = 1.4V 1o oot BN s 2

TIMING CHARACTERISTICS
(VDO = +5V, Vsg = -12V. icik = 1.6MHz, lnterne Reference Mode, Ta = Tram 1o Tiiax, uniess otherwise noted.) (Note 8)
| i i = “
PARAMETER 'SYMBOL!  CONDITIONS | TA=+25C | MAXIBCE | MAXIBM | .o
: 'MIN TYP MAX:MIN TYP MAX!MIN TYP MAX
CS to AD Setup time t4 | Note 5 0 0 0 ns
CStoRD Hold time ta 0 Q 0 ns
CS1o WR-Setup time t3 0 0 4] ng
CS 1o WR Hold time 1 | Note 5 0 K 0 ns
WR Low Pulse Width ig 120 120 120 ns
WR High Pulse Width ¢ |MODE=0 | Note 5 200 200 200 rs
3

DATA IN o WR Selup Time tz 80 100 120 ns
DATA IN i¢ WR Hoid Time 18 0 Q 0 ns
WR Rising to BUSY Deiay 1g Ci_= 50pF, MODE = 1 160 180 20| ns
WR Falling to BUSY Delay ho CL = 50pF, MODE = open 220 260 280 ns
RD Low Puise Width 111 100 130 159 ns
RD Kigh Pulse Width t12 | Note 5 200 200 200 ns
DATA IN io RD Setup Tims tia 80 100 120 s
DATA IN to RD Hoid Time t14 0 0 0 nsg
RO 10 BUSY Fall Delay 115 | Cy = 50pF 150 170 200| ns
RD to Data out Vaiig tie [ CL = 100pF| Note @ 50 100 130 150 | ns
RO to Data out Three-State 7 Notes 9, 10 30 50 65 75 ] ns
HBEN to RD or WR Setup Time | 135 80 100 120 ns
HBEN to RD or WR Hoid Time o i ; 0 0 8 ns
CS to READY Fail Delay 120 | CL=50pF I 110 130 150 | ns

7-90 7 71240 i)




Complete, 8-Channel, 12-Bit
Data-Acquisition Systems

TIMING CHARACTERISTICS (continued)

{VDD = +5V, Vsg = -12V, fC1x = 1.6MHz, Internal Reterence Mode, Ta = Tivin to Thaax, unless otherwise noted ) (Note 8)

PARAMETER SYMBOL CONDITIONS TA=425C | MAX18_CE | MAXIBM | . o
MIN TYP MAX| MIN TYP MAX|MIN TYP MAX

BUSY to Data Out Valid tas Ct = 1000F | Note 9 125 150 170 | ns
CE RD, or WR to CLK

Setup time for 15 ¢lock t22 Note 5 220 220 220 ns
Convarsion

TS RD, or WR 10 CLK

Setup tirme for 18 clock 123 Note 5 0 0 0] ns
CONVET5ION

Note 1: Performance at power-supply tolerance limits %uaranteed by power-supply rajection test.
Note 2: VDD = +5V, V88 = -15V, FS = +5V, REFIN = .5V,

Note 3: Typical change over temperature is =1L.58,

Note 4; Fg Tempco = AFS/AT, where AFS is full-scale change from TA = +25°C 1o TN or 10 Tvax.

Note 5: Guarantesd bEdesign.

Note 8: REFIN TC = AREFIN/AT, where AREFIN is reference vo{ta$e change from Ta = +25°C to TMin or to TMAX

Note 7:  Load current should remain constant during conversion, This currant is in addition to the DAC input currant.

Note 8:  All inputs are OV to +5V swing with tr = t = 5ns {10% 1o 90% of 5V) and timed from a voltage level of +1.8Y.

Note 8: 15 and t21 are measured with the load circuits of Figure 1 and defined as the time required for an output to cross 0.8Y or 2.4V,
Nole 10: 117 is defined as the time required for the data lines to change 0.5V when the circuit Ioad is as shown in Figure 2.

Pin Description

MAX 180 MAX181
NAME DIP PLCC DIP PLCC FUNCTION _
iog Iny he mux: OV 1o +5V umipolar, -2.5V t i
AING-AINS | 1.6 27 16 2.7 feiog Inpuls 1o the mux: OV 10 +5V uipola 2avie t
log Inpu he mus: OV to +5V unipolar, -2.5V to
AING-AINT | 7.8 8.9 fg%@gbmg}gf 10 1he muwx: OV 1o +3V unipotar, -2
MUXOUT 7 8 Muliplaxer Cutput
ADCIN B 9 Analeg Input to track-and-hold
REFIN 9 10 g 10 Reference Input
AGND 10 11 10 1 Analteg Ground
REFOUT 11 13 11 13 -5V Refarence Qutout
REFADY 12 14 12 14 -5V Reference Adiust. Connect to Vo if not required.
OFFADJ 13 15 13 15 Ofiset Adjust. Connect to Vpp if not required.
MODE 14 16 14 16 Interface Mode Select pin.
Vag 15 17 15 17 Negative Supply: -15V or -12V
011-D8 16-15 168-21 16-19 18-21 Three-State Data Outputs, MS8 = D11
DGND 20 22 20 22 Cigital Ground
D7-00 21-28 24-31 21-28 24-33% Three-State Cata Outputs, LS8 = DO o
CLKIN 29 32 29 32 Clock input. TTLICMOS compatible
HBEN 30 33 30 33 _High-Byte Enable Input
RD. a1 35 31 35 READ Input
WR 32 38 32 36 WRITE Input {MOOE = 1 or Open) READY Output (MODE = 0)
cs 33 ar 33 37 CHIP-SELECT Input
BUSY 34 38 34 8 BUSY Output
DIFF 35 39 a5 39 Single-Ended Mode: DIFF = 0, Diffarential Mode: DiFF = 1
BIP 36 40 36 40 Unipolar Mode: BIP = 0, Bipolar Mode: BIP = 1
AQ-A2 37-39 41-43 37-39 41-43 Multiplexer Channel Address Inpul: A2 = MSB. A0 = LSE
Yoo 40 44 40 44 Pasitive Supply: +5V Input {substrata conhected to Vpg)
NC, 1,12, 112, No Connect. No internal connection. Leave pin cpenor
23.34 23,34 connect 1o AGND,

2V 212K 21) 791
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MAX180/MAX181

Complete, 8-Channel, 12-Bit
Data-Acquisition Systems

5y +5Y
3K %
N DN ON Y
e ———
{ : !
3“% — o 3 é 1GpF T i0of
= ponp = l DGND - ponp = —:L DGND
& High-7 fo Vo (Iov) and VoL 10 VOR {180v) b, High-Z 10 VoL (1Dv) and Vow o Yo {Bov) 2. Vor 1o High-Z b Vou lo High-2
Figure 1. Load Circuits for Access Time Figure 2. Load Cirouits for Bus-Relinquish Time
A/D Converter Operation
The MAX180/MAX 181 use successive approximation and <5V
input track-and-hold (7/H) circuitry to convert an analog B -
) , A INEDM
signalto a series of 12-bit digital output codes. The contral | M emmein: |12 1a w L L
logic interfaces easily to uPs, requiring only a few passive SHOWN REFAD)  OFFADJ Voo Mm
components for most applications. The T/H does not o, i
require an external capacitor. Figure 3 shows the MAX 180 a ! resauT 0~
typical operating circuit, S5t A0 )
, . Cl
3 | z RE *
Starting a Conversion ce o . REFIN ALY
Regardless of the mode or interface selected. the follow- - -
iNg sequence occurs once conversion is started: 5 M L_T_—T
. . .o DIFF. CH2+ »——— AIN2 —
1. The data inputs that configure the data-acquisition
system {DAS}) latch, and the interface signals the pP ‘
that 2 conversion has started. DIFF. CH2- w—— AN3 T P
2. The mux directs the selectad input signal to the T/H 5 HBEN "%‘“‘"-‘
N, DIFF. CHB» »—] AIN4 MODE .
3. Afixedtime delay allows the T/H 1o acquire the signal. § ‘*37“_
In all modes except asynchronous hold, this defay is DIFF. CH3- m—2d AINS R fe————
3 clock cycles. In asynchronous hold, the pP controls . N .
this deiay. ; T
. DIFF. CHa+ AING
4, The TH switches 1o hold mode. The T/H output "] o [ 2
delivers a stable, single-ended sample of the input 8 BP T2
signal to the A/D input. DIFF. CHA- =— AIN7 kel 7
. . ‘ oot [ >Nk
5. The successive approximation cycle begins, The 37
ADC tests and sets each of the 12 bits in turn, ol N
from most to least significant. Bit decisions occur A "—39
on the CLKIN falling edges, for a total of 12 clock M oonn v BT
cycles = ?0 5
6. Output data is fatched by the output registers, and 01uF | a7pF R

the interface signals the P that conversion is com-
plete and data is available.

7-92
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Complete, 8-Channel, 12-Bit
Data-Acquisition Systems

Analog Input - Track-and-Hoid

Figure 4 shows the equivalentinput circuit, Hlustrating the
sampling architecture of the ADC's analog comparator.
The input capacitance acts as the hold capacitor and is
charged by the input signal with every A/D conversion.
The capacitance is charged through an internal 1kQ
resistor in series with the input. Note: Figure 4's switches
represents both the mux and hold switches.

TRACK-AND-HOLD AND COMPARATOR

Asglﬂ ﬂﬁlﬁ?ﬂ Am RaCK Chowp COMPARATOR
+
A~ 5
N
—AA—o
AN [DIFF = 1) HOLD -Lcs“"m“ % e

AGNG [DIEF =0 A IMF
L TRk s oo
[4]

Figure 4 Equivalent Input Circuit

When in single-ended input mods and betwsen conver-
sions (BUSY = High), the selected analog input is con-
nected to the hold capacilor (track mode). When a
conversion starts, CHOLD disconnects from the + T/H
input, thus sampiing the input (see "Digital Interface’
section for percise T/H timing). When the switch closes
at conversion end, CHOLD reconnects 1o the input and
charges to the input signal. The loading effect of the
analog inputs on the signal is such that a high-speed input
buffer is usually NOT needed because the ADC disconrects
from the input during the actual conversion,

The previous explanation applies for the differential input
mode if "input’ is replaced by AIN+ and "analog ground®
is replaced by AIN-. In the differential input mode, AQ-A2
select the input channel pairs (Table 1). Only the signal
side of the input channel is held by the T/H; the return
side must remain stable within 0.5LSB (+0.1L58B for best
results) during the conversion. For exarmple, a common-
mode signal of 0.33Vp-p at 80Hz results in a maximum
error of 0.5LSB.

The T/H starts tracking when the ADC is deselected
{BUSY = High). Hold mode begins 3 clock cycles after a
conversion is initiated in all but the Asynchronous Hold
Mode. Variation in hold-rmode delay from one conversion
to the next (aperture jitler)is less than 100ps. Figures 7-11
detail the T/H and interface timing for the various interfacs
modes.

W11 K1 7yl

The time required for the T/H to acquire an input sigral is
a function of how quickly the input capacitance is
charged. if the input source impedance is high, the
acquisition time lengthens and more time must be al-
lowed between conversions. Acquisition time is calcu-
lated by:

tacQ = 10(Rs + RiN)20pF {but never less than 1.875us)

where RiN = 1k, and Rs = source impedance of the input
signal.

Input Bandwidth

The A/D's input tracking circuitry is exceflent for tracking
large signals and wide bandwidths and does not exhibit
the slew-rate limitations of many other ADC T/Hs. The
MAX180/MAX181 T/H's full-power bandwidth is typically
EMHz; this allows the measurement of periodic signals
with bandwidths exceeding the ADC's sample rate
(100kHz) using under-sampling techniques. Important
note:  If under-sampling is used 10 measure high-fre-
quency signals, take special care to avoid aliasing errors.
Without adequate input filtering, high-frequency noise
could be aliased into the measurement band.

Reference

The MAX180/MAX181 operate with aither the internal
reference or an external -8Y refergnce. In both cases,
REFIN must be bypassed to AGND with a 47uF elactro-
ytic capacitor in parallel with a 0.1uF ¢ceramic capaciior
o minimize noige and maintain a low irmpedance at high
frequencies. BEFIN is connected directly ta the internai
DAC, and the current load varies between OmA and 1mA
during conversion, :

Internal Reference

The internal reference is buffered through an amplifier
whose output ¢onnects to REFOUT. To operate the
MAX180/MAX181 with the internal reference, connect
REFIN to REFOUT. Do not connect a resistor between tha
bypass capacitors and REFIN. The reference buffer am-
plifier can sink BmA for external loads. Adjust the refer-
ence output at REFADJ (Figure 14).

External Reference

With a -5V external reference, bypass REFIN to AGND
with a 47uF electrolytic capacitor in parallel with a 0. 1uF
ceramic capacitor. The reference source impedance
must be less than 0.2Q and must be able to sink the
interna! DAC load of 1mA. Connect REFOUT to Vss and
REFADJ to VoD to prevent noise. [ REFIN is driven above
AGND during powsr sequencing, latchup can occur.
Connect a Schottky clamp diode (INS817) to prevent
REFIN from substantially exceeding AGND.
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Table 1. Address vs. Channel Selection (see Figure 4)

A2 A1l A0 [SE/DIFFE AIND | ANt | ANz | AIN3 | amnNg | AINs | aING | AIN7 | cOM
MAX180/MAX181 0 0 0 Q + -
MAX180/MAX 181 0 0 1 0 + -
MAX180/MAX 181 0 1 0 0 + -
MAX180/MAXIB1] 0 | 1 1 0 ; + -
MAX1BO/MAX181] 1 | 0 0 0 E + -
MAX18O/MAX181] 1 0 7 0 + -
MAX180 1 1 o] 0 + -
MAX181 1 1 0 0 MUXOUT CONNECTED TO AGND +, -
MAX 180 1 3 1 0 I I | | | + -
MAX181 i 1 1 0 CH 0-5. AND MUXOUT ARE OPEN -
MAX180/MAX 181 ¢ Q 0 1 + -
MAX180MAX181| @ Q 1 1 - +
MAX180MAX181| 0O 1 0 1 + -
MAX180/MAX181 0 1 1 1 - +
MAX180MAX181] 1 3] 0 1 + -
MAX1BOMAX1B1] 1 | 0 1 1 - +
WMAX180 1 1 o] 1 + -
MAX 180 1 1 1 1 - -
WMAX 181 1 i { 1 MUXOUT CONNECTED TO AGND +, =
MAX181 1 1 1 1 CH 0-5, AND MUXOUT ARE OPEN -
MAXI180 WARE X X X X £ X X DIFF BIF A2 A1 AD
aNo | READ DV DWC DY DB C? D6 DS D4 D3 D2 D100
I
o M BU5Y |———  sTATuS ouPUT
R T ™ o
— WR ——— { conram
' DIFF =1 HBE s
[ o UIFF=
AINT ] - :2
AGND Q‘ CiFF =10 Vi
' BIF }—s
MAX181 DIFF f—
MUXOUT  ADCIN D0%6 N
D
D20
AND —; + DIm
I —_ o4
e B ™ 54 I b T0uP DATABUS
I — -
| — 07
AN —— L0 DIFF =1 gg —————
. : - 1]/
AGND DIFF = B
Figure 5. Muitiplexer charmel configuration Figure 6. Input/Output Port Mode (12-8it-Wide Data Bus Shown)
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01100
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Figure 7a. Input’Output Fort-Mode timing. caraliel read (IMODE = 1, HBEN = 0},
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Figure 7b. Inpul/Output Port-Mode timing, two-byte read (MODE = 1),
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Figure 8a. Slow Memory Mode timing, paraile! rezd (MODE = 0, HBEN = 0).
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Figure 8b. Show Memory Mode timing, two-byte read (MODE = 0).
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Figure 9b, ROM Mode timing, two-byte read (MODE = 0},
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Figure 10a. Asynchronous Hoid Mode timing, parallef read (MODE = open circuit)
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Figure 10b. Asynchronous Hold Mooe timing, two-byie read (MODE = open circuit)
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full ‘W
{580 or WR- _-1 \':_ @

1

t222 2200y Conversion takes 15 clocks
fe3z20ns:  Comersion takes 16 clocks

* AW rising sogz stans a conversion in Inpu/Output Port Mode (Figure 72, 7b)

Figure 11. CS, RD, or WR to CLK Setup and Hoid Time for
Synchronous Cperation

Digital Interface
Input/Output Port Mode {(MODE = 1}

In this mode, data inputs and outputs are usually con-
nected together {Figure 6), and the pP writes the config-
uration dala to the DAS internal register with a writs
instruction (Figure 7). This starts a ¢onversion, as indi-
cated by the high-to-low transition of BUSY. The mux
connecis the selected input channel to the T/H, which
acquires the signal during the first 3 clock cycies. On the
falling edge of the 3rd clock, the TfH switches to hoid
mode, and the A/D_conversion starts. 15 clock cycles
after WR goes high, BUSY goes high, and the conversion
result latches into three-state output butlers. The puP can
then access the conversion result with a read instruction.
For 18-bit bus operation, HBEN = 0, and the 12-bit result
is read directly. For 8-bit bus operation, HBEN = 0 during
the conversion, and the read instruction returns the 8
LSBs. A second read with HEEN = 1 returns the 4 MSBs
in the low nibble. Note: In any mode, HBEN = 1 disables
conversion start.

The DAS internal register is 5 bits wide: 3 bits for the analog-
channel address, 1 bit for single-ended/differential mux
operation, and 1 bit for unipolar/bipolar A/D operation.

Slow Memory Mode (MODE = 0)

The DAS appears to the pP as memory or as a slow
peripheral in memory made. The § configuration bils
can be preset by an external data fatch, a cecoded
device address, or any external selection logic. A

Kl Kkl

read instruction initiates a conversion as shown in Figure
8. In this mode, the WR input functions as the RDY
output and goes low when TS goes low. BUSY goes
low after RD goes low, indicating the beginning of a
signal acquisition cycle, and can be used to place
the uP into a wait state. When the conversion is
complete, BUSY releases the uP from its wait state.
The uP can then access the conversion result with a
read instruction. For 16-bit bus operation, HBEN = 0,
and the 12-bit result is read directly. For 8-bit bus
operation, HBEN = 0 during the conversion, and the
read instruction returns the 8 LSBs. A second read
with HBEN = 1 returns the 4 MSBs in the low nibble.
Note: In any mode, HBEN = 1 disables conversion
start.

ROM Mode, Parallel Read (MODE = 0)

ROM mode avoids using P wait states. A conversion
starts with a read instruction, and the 12 data bits from
the previous conversion appear at D11-D0. The data
from the first read in a sequence is often disregarded
whan ROM mode is used. A second read accesses the
resulis of the first conversion and starts a new conver-
sion. The time belween successive reads must be
longer than the conversion time of the MAX180/MAX181
(Figure 9a, 16-bit bus}.

ROM Mode, 2-Byte Read {MODE = 0)

As in memory mode, only D7-00 are used for & 2-byte
read. A conversion starts with a read instruction when
HBEN is low. At this point, the data outputs contain the 8
LSBs from the previous conversion. Two more read op-
erations ara needed to access the conversion rasult, The
first, with HBEN high, accesses the 4 MSBs with 4 leading
zeros. The second read, with HBEN low. outputs the 8
LSBs and starts a new conversion. Figure 95 (8-bit bus)
details this mode.

Asynchronous Hold Mode (MODE = Open)

Asynchronous hold moce is helpful when a precise or
repeatable sample timing is required. Asynchronous
hold is very similar to the /O port mode, except two
write instructions are required. The first write, with
HBEN = 1, configures the MAX180/MAX181 and con-
nects the selected channel to the T/H input; the second
write, with HBEN = 0, places the T/H intc hold and starts
the conversion. In other words, the three-clock cycle
delay for T/H acquisition can be changed by controlling
when the second write instruction occurs. The falling
edge of the second WR puise places the T/H into hold
(Figure 10}.
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External Clock Application Hints

The range for the external clock duty cycle is between Initialization After Power-Up
20% and 80%. A precise square wave is not required.

L. In some applications, power is removed from the ADC
Clock and Control Synchronization  during periods of inactivity to conserve power. This is

For best analog performance, the MAX180/MAX181 increasingly common in battery-powered systems. To
clock should be synchronized to the RD, WR, and TS initialize the MAXI1 80/MAX 181 at power-up, exacute a
inputs (Figure 11) with at least 100ns separating read operation with HBEN low, ignoring the data out-
convert start from the nearest clock edge. This syn- puts.

chronization ensures that transitions at CLKIN are not Minimizing System-induced Noise

coupled to the analog input and sampled by the T/H. , . ‘
Thepmagnilude of t?*ais F;eedthroughpis onyly a few The MAX180/MAX181 are insensitive to most noise

millivolts. 1 CLKIN and convertstart (CS, WRand RD) ~ Sources, especiaily when the iayout, bypass, and
are asynchronous, frequency components caused greunding recommendations are followed . The following

by mixing of the clock and convert signals can in-  Practices should also be considered:

crease ihe apparent input noise, 1. Minimize digital activity during conversion, especially
When the clock and convert signals are synchronized, activity that is asynchronous with the MAX180MAX181
small end-point errors (offset and full-scale) ara the most clock.

that can be generated by ciock feedthrough, but even 2. Avoid data-bus activity within +20ns of the CLKIN
these errors are eliminated by ensuring that the start of a falling edge.

conversion (RD or WR and C3 faling adge) doss not . . .
occur within 100ns of a clock transition (Figure 11). If the data bus connected 1o the ADC s active during a

: conversion, coupling from the data ping to the ADC
Output Data Format comparator can cause errors. Using slow-memory mode
The 12 data ors can be output either in full parallel or as avoids this problem by placing the P in a wait state

To obtain paraliel output for 16-bit pPs, HBEN is tied low. 'solated from the ADC using three-state drivers if the data
Note: The output data, D11-D0, is right-justified (.e. DO, ~ Dusis active during the conversion.
the LSB, is the right-most bit in the 16-bit word). In ROM mode, the ADC generates considerable digital

selection is controlled by HBEN, which multiplexes the ~ &re disabled after conversion start. This noise can affect
data outputs. When HBEN is low, the lower B bits appear the ADC comparator and cause large errors if it coincides
at the data outputs. When HBEN is high, the upper 4 with the SAR latching a comparator decision. To prevent
bits appear at DO-D3 with the leading 4 bits low in  tiS, RD and CS should be active ior less than one clock
locations 04-D7. Note: The 4 MSBs always appear at cycle. if this is not possible, RD or CS should go high on
D11-D8 when the outputs are enabled, regardless of a rising edge of CLKIN because the comparatar output
ihe state of HREN. is tatched on the falling edge of CLKIN.

Table 2, Data-Bus Output, CS &RD=LOW

DIP Pin # Pin16 | Pin17 | Pin18 | Pin19 | PIn21 | Pin22 | Pin23 | Pin24 | Pin25 | Pin26 | Pin27 | Pin 28
Pin Label* D1l Do | Dg D8 pr_1 De D5 D4 D3 g2 D1 Do
MBEN=LOW™" | D11 | D10 | D3 | Ds D7 | _Ds DS D4 03 D2 D1 Do

HBEN = HIGH™ | O11 | D0 | D9 0B | Low | Low | tow | Low | D11 | Do | os D8

Note: * D11-Dg are the ADC data oulput pin names.
" D11-00 are the 12-bit conversion results. D11 is the MSB.
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Layout, Grounding, Bypassing

Use printed circuit boards for beast system performance;
wirg-wrap boards are not recommended. The board lay-
out should ensure that digitail- and analog-signal lines are
separated as much as possible. Do not run analog and
digital {especially clock) lines parallel to one another or
digital lines underneath the ADC package

Figure 12a shows the recommended system-ground con-
nections. A single-point analog STAR ground should be
established at AGND, separate from the logic ground. Al
other analog grounds and DGND sheuld be connected
to this STAR ground, and no cther digital system grounds
should be connected here. For noise-free operation, the
ground return to the pewer supply from this STAR ground
should be low impedance and as short as possible.

The ADC's high-speed comparator is sensitive to high-
frequency noisc in the VDD and Vss power supplies.
These supplies should be bypassed to the analog STAR
groundwith 0. 1uF and 47uF bypass capacitors. Minimize
capacitor lead length for best supply noise rejection. If
the 5V power supply is very noisy, connect a small {10)
resistor 1o filter the noise {Figure 12b).

Gain and Offset Adjustment

Figure 13 plots the nominat unipolar IO transfer function
ofthe MAX180/MAX181. Code transitions occur halfway
between successive integsr LS8 values. Output coding
for unipolar operation is natural binary with 1LSB =
1.22mV (5V/4006). Figure 14 shows the bipolar-input
transfer function, where output coding is twos-comple-
ment.

ane| (7] -"W_m
AN E gl | A2 mpi
an2l (3] 3a] | A1 = =
AN {4 | 37)1 A0
A4 E 360 | BIP
ANs {5 | 35 | OIFF
ANS[[ 71 34] | BUSY
ANT E 43| C8
a )‘fj_ﬂ-@- anpanm |32 W
MAX18)
IGJ AGND @ 31| O
= = ReFOUT|[11] 30| § HBEN
ReFADS | 2] 29| CLKIN
0FFADY | 13 28| DO
MaDE | [14] Z7|
B (i ) o
T T o [16] 03
= = owfy] 04
09| 38} 3| 05
08|15} 06
OGND  [20] 21 o7
DIP

Vs SUPPLY
-12{-18¥  GND GND -5V

VoD SUPPLY

V55  AGND DGND Yoo GND +5V
ALALAA DIGITAL
MAX180/1 CIRCUITRY

© “Shar” grognd

“* R = 1002 optional for lillesing a noisy VDD supply.

Figure 12a. Recommended Grounding and Ground Plane

Vi ALVl

Figure 12b. Power-Supply Grounding
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If offset and gain adjustments are not desired, connect
OFFADJ and REFADJto VDD. Figure 15s circuit provides
£1.2% (350 LSBs) of adjustment range for gain and
+0.44% (£18LS5Bs} of adjustment range for offset. Thisis
ideal for applications that require gain (full-scale range)
or offset adiustment. If the adjustment inputs are used,
bypass to AGND with a 0. 1pF capacitor. Offset should be
adjusted before gain. For the OV to 5V Input range, apply
L.SB {0.61mV) to the analog input, and adijust R1 s0 the
digital output ¢code changes tetween 0000 0000 0000
and 0000 0000 0001. To adjust full scale, apply FS- 1LSB
(4.99817V), and adjust R2 until the output code changes
between 1111 1111 1110 and 1111 1111 1111, There
may be a slight interaction between the adjustments.

To adjust bipolar (22.5V) offset, apply LSB (0.61mV) to
the analog input, and adjust R1 untit the output code
switches between 0000 0000 0000 and 0000 C000 0001,
For full scale, apply FS- 1LSB (2.49817V) to the input,
and adjust R2 so the output code switches between 0111
1111 1110 and 0111 1111 1111 (Figure 15). There may
be some interaction between these adjustments. i an
external reference is used, adjust gain by varying the
value of the reference instead of R2.

Dynamic Performance

Wide-bandwidih analog input and 100kHz throughput
make the MAX180/MAX181 ideal for wideband-signal
processing. To support these and other related applica-
tions, fast Fourier transform {FFT)} test techniques guar-
antee the ADC's dynamic frequency response, distortion,
and noise at the rated throughput. Specifically, this in-
volves applying a low-distortion sine wave 1o the ADC
input and recording the digital conversion results for a
specified time. The data is then analyzed using an FFT
algorithm that determines its spectral content. Conver-
sion errors are seen as speciral elements outside of the
fundamental input frequency.

ADCs have traditionally been evaluated by specifications
such as zerc and full-scale error and integral (INL} and
differential (DNL) nonlinearity. Such parameters are
widely accepted for specifying performance with DC ang
slowly varying signals, but less useful in signal-process-
ing applications where the ADC's impact on the system
transfer function is the main concern. The significance of
the various DC parameters does not franslate well to the
dynamic case, so different tests are required.

OUTPUT CODE
FULL-SCALE
1.1 TRANSITION
.10 |
1. :
i |
I
f / |
| /£ [
| 4 : Pk
F
| , / } 188 = 2o
|
... |
[E Nl :
D0 .. 00 }
00 ... D00 o
0 v 2 k] T I Fls *
AIN INPUT YOLTAGE {LS8Bs) F5- 32158

& &,

ks A

1 (5> (S\)
F§ oy

AN INPUT VOLTAGE {L58s)

+F8-1LEB

Figure 13. MAX180/MAX 181 Unipolar Transfer Function
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Signal-to-Noise Ratio and
Effective Number of Bits

Signal-to-noise ratio (SNRY) is the ratio between the BMS
amplitude of the fundamental frequency to the RMS am-
plitudie of all other ADC spectral components, excluding
harmenics. The output band is limited to frequencies
above DC and below one-half the ADC sample {convar-
sion} rate. This band includes both distortion and noise
components. For this reason, the signal-to-noise and
distortion ratio (SINAD) is a better measure of the ADC's
performance.

The theoreticai minimum ADC noise is caused by guan-
tization error and is a direct result of the ADC's resolution:

SNR = (6.02N + 1.76)dB

where Nis the number of bits of resolution. A perfect 12-bit
ADC cantherefore do o better than 74dB. Figure 16 shows
the result of sampling a pure 10kHz sinusoid at a
100kHz rate with the MAX180/MAX18B1, An output FFT
plot shows the relative output amplitude at discrete
spectral frequencies (Figure 16).

By transposing the equation that converts resolution to
SNR, we can determine the effactive resolution (effective
number of bits) the ADC provides from the measured
SNR: N =(SNR- 1.76)/6.02, Figure 17 shows the effective
aurnber of bits as & function of the input frequency for the
MAX180/MAX181,

Total Harmonic Distortion

Total harmonic distortion (THOD) is the ratio of the RMS
sum of all the harmonics (in the frequency band above
DC and below one-half the sample rate) o0 the RMS

amplitude of the fundamental frequency. Thig is ex-
pressed as:

T1-|D=20L09E(V22+V32+.‘. + VN 2)j|
Vi

where V1 is the fundarnental RMS amplitude, and V2 to
Vi are the amplitudes of the 2nd through Nth harmonics.

Spurious-Free Dynamlc Range

Spurious-free dynamic range is the ratio of the tundamen-
tal RMS amplitude to the amplitude of the next largest
spectral component (in the frequency band above DC
and below one-half the sampile rate). Usually this psak
occurs at some harmonic of the input frequency. But if

AMPL!TUDE (dB)
2
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-120 O
0.0 1250 2500 3750  50.00
";2 100kHz

£ = Toktz FREQUENCY (kHz)

OFFADY
N
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REFOUT

REFADY

AGND

CONFIGURATIONIS 40-PINDIP

Figure 16. FFT Flot for the MAX 180/MAX18?
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Figure 15. Offset and Gain Adjustment
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Figura 17. MAXT80/MAX181 Effective Bits vs. Input Frequency
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Typical Applications

*
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Figure 18a. MAX 181 operating as a 6-channe! programmable gain ADC. Gains are 1. 2. 4, 8, 16, 32 64. and 128.
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* Figure 18b. MAX181 operating as a single-channal programmabile gain ADC. Gains are 1, 2, 4, 16, and 32

Pin Configurations (continued)
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_ Ordering Information {continued)

Chip Topography

PART TEMP.RANGE  PIN-PACKAGE ERBOR AINE AINZ AINO A2 AD
{LSBs) ‘:ﬂvhﬂ
MAX180CCQH O'Cto+70'C  44PLCC +1 AINS, - : y
MAX180CC/D  0'Cio+70°C  Dice" +1 ‘“‘2}3;’.““ A
MAX180AEPL -40°Cto +85°C  40Plastic DIP  +1/2 (ADCINY™ ol
MAX1BOBEPL -40°Cto+85'C  40PlasticDIP 1
MAX180CEPL -40'Cto +85'C  40PlasticDIP 1
MAX180AEQH -40'C1o+B5C 44 PLCC +1/2 REFOUT
MAX180BEQH -40'Cto+85'C 44 PLCC +1
MAX180CEQH -40'Cto +85'C 44 PLCC +1
MAX180AMIL  -55°C1p +125°C 40 CERDIP™ 1142
MAX1BOBMJL -55'Cto +125'C  40CERDIP*™  +1
MAX180CMJL -55'Cto +125°C  40CERDIP™  +1 PN DRDGNDOS D4
MAX181ACPL  O'Cto+70°C  40PiasticDIP  +1/2
MAX1BIBCPL 0Clo+70'C  40PlaslicDIP  +1 %__._
MAX181CCPL  0'Cto+70°C  40Plastic DIP  +1
MAX181ACQH  O'Clo+70'C 43 PLCC £1/2 - Maxies
MAX1B1BCOH O'Clo+70'C  44PLCC £1
MAX181ICCOH  0'Clo+70'C 44 PLCC +1
MAX181CC/ID 0'Cto+70°C  Dice® +1i
MAX1BIAEPL -40'C1lo+85°C 40Plastic DIP  $1/2
MAX18WBEPL -40°Cto +85°C  40PlasticDiIP £1
MAX18ICEPL -30°Clo +85'C  40Plastic DIP  +1
MAX181AEQH -40'Ctlo +85'C 44 PLCC /2
MAX181BEQH -40'Cto +85°C 44 PLCC +1
MAX181CECH -40'Cto+85'C 44 PLCC 1
MAX181AMJL  -55'Clo +125'C 4D CERDIP™ +1/2
MAX181BMJL -55°Cto +125°C  4DCERDIP™  +1
MAX1§1CMIL -55'Cio +125'C  40CERDIF™ 41

"

Conlact factory lor dice specifications.

** Contact factory for avaitabifity and processing lo MiL-STD-883.

Maxim cannot assume responsibility for use of any circuitry other than circuitry entrely embodied in a Maxim product. No eircuil patent licenses are implied.
Maxim reserves the right ic change the circuitry and specificalions wihout nolice al any ime.

7-106 Maxim integraled Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 {408} 737-7600
@ 1991 Maxim Integrated Producis Printed USA




APPENDIX B

Cable Drawings

CBL-120-3 3ft, 26 conductor ribbon cable with one unterminated end
CBL-130-4 3ft, 26 conductor ribbon cable to the Analog-ADP card
Software

Example test and calibration routines for PCM-AIO PCMAIQ.ZIP
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Telephone: 817-274-7553 . . Fax: 817-548-1358
http://www.winsystems.com . . E-mail: info@ winsystems.com

WARRANTY

WinSystems warrants that for a period of two (2) years from the date of shipment any Products and Software
purchased or licensed hereunder which have been developed or manufactured by WinSystems shall be free of any
material defects and shall perform substantially in accordance with WinSystems' specifications therefore. With
respect to any Products or Software purchased or licensed hereunder which have been developed or manufactured
by others, WinSystems shall transfer and assign to Customer any warranty of such manufacturer or developer held
by WinSystems, provided that the warranty, if any, may be assigned. The sole obligation of WinSystems for any
breach of warranty contained herein shall be, at its option, either (i) to repair or replace at its expense any materially
defective Products or Software, or (ii) to take back such Products and Software and refund the Customer the
purchase price and any license fees paid for the same. Customer shall pay all freight, duty, broker's fees, insurance
changes and other fees and charges for the return of any Products or Software to WinSystems under this warranty.
WinSystems shall pay freight and insurance charges for any repaired or replaced Products or Software thereafter
delivered to Customer within the United States. All fees and costs for shipment outside of the United States shall be
paid by Customer. The foregoing warranty shall not apply to any Products or Software which have been subject to
abuse, misuse, vandalism, accidents, alteration, neglect, unauthorized repair or improper installations.

THERE ARE NO WARRANTIES BY WINSYSTEMS EXCEPT AS STATED HEREIN. THERE ARE NO
OTHER WARRANTIES EXPRESS OR IMPLIED INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE, IN NO
EVENT SHALL WINSYSTEMS BE LIABLE FOR CONSEQUENTIAL, INCIDENTAL, OR SPECIAL
DAMAGES INCLUDING, BUT NOT LIMITED TO, DAMAGES FOR LOSS OF DATA, PROFITS OR
GOODWILL. WINSYSTEMS' MAXIMUM LIABILITY FOR ANY BREACH OF THIS AGREEMENT OR
OTHER CLAIM RELATED TO ANY PRODUCTS, SOFTWARE, OR THE SUBJECT MATTER
HEREOF, SHALL NOT EXCEED THE PURCHASE PRICE OR LICENSE FEE PAID BY CUSTOMER
TO WINSYSTEMS FOR THE PRODUCTS OR SOFTWARE OR PORTION THEREOF TO WHICH
SUCH BREACH OR CLAIM PERTAINS.

WARRANTY SERVICE

All products returned to WinSystems must be assigned a Return Material Authorization (RMA) number. To obtain
this number, please call or FAX WinSystems' factory in Arlington, Texas and provide the following information:

1. Description and quantity of the product(s) to be returned including its serial number.

2. Reason for the return.

3. Invoice number and date of purchase (if available), and original purchase order number.

4. Name, address, telephone and FAX number of the person making the request.

5. Do not debit WinSystems for the repair. WinSystems does not authorize debits.
After the RMA number is issued, please return the products promptly. Make sure the RMA number is visible on the
outside of the shipping package.

The customer must send the product freight prepaid and insured. The product must be enclosed in an anti-static bag
to protect it from damage caused by static electricity. Each bag must be completely sealed. Packing material must
separate each unit returned and placed as a cushion between the unit(s) and the sides and top of the shipping
container. WinSystems is not responsible for any damage to the product due to inadequate packaging or static
electricity.
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