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FEATURES
16 analog inputs, 16-bit resolution
100KHz max sampling rate
Programmable gain and range
FIFO support and interrupt-based A/D data transfer with Full flag and
Underflow flag for better monitoring
4 12-bit analog outputs
16 digital I/O lines with choice of 8 in + 8 out, 16 out, or 16 in
5V/3.3V logic level operation
Rugged -40°C to +85°C operation
Drop-in upgrade for Diamond MM-16-AT

DIAMOND-MM-16RP-AT Analog I/O Module

PC/104 16-Bit Analog I/O Module with Autocalibration

Overview

The DMM-16RP-AT features top performance and flexibility for a mid-range price. It has 16 single-ended / 8
differential analog voltage inputs with both unipolar and bipolar input ranges, programmable gain, and a
maximum sampling rate of 100KHz. The 4 D/A channels and 16 digital I/O lines provide additional real-world
control and monitoring capability. The full -40 to +85oC industrial temperature operation ensures reliable and
accurate performance in any embedded system application. A fully-featured software library with example
programs and a graphical user interface completes the solution to make the DMM-16RP-AT a solid choice for
PC/104-Plus embedded systems requiring analog I/O.

Block Diagram



Analog Inputs

The 16 16-bit analog input channels feature programmable gains of 1, 2, 4, and 8, as well as programmable
unipolar/bipolar range, for a total of 7 different input ranges. Maximum sampling rate is 100KHz (total for all
channels). Both single-channel and multi-channel scan sampling modes are supported. A 512-sample FIFO
combined with interrupt data transfers enables the board to operate reliably at full speed in any operating
system and reduce the overall load on the processor, by reducing the overall interrupt rate and eliminating the
need to handle individual read operations for each sample. The A/D can be triggered with a software
command, the on-board programmable timer, or an external signal. These features give you maximum
flexibility to configure the board to your application.

Analog Outputs

The board also has 4 12-bit analog voltage outputs with multiple unipolar and bipolar output ranges. The DACs
support individual and simultaneous update capability. A programmable output range feature lets you set the
output range via software anywhere between 0V and 10V with 1mV precision in both unipolar and bipolar
modes. For higher volume applications, the D/A chip can be removed for cost reduction.

Autocalibration for Highest Accuracy

Both analog inputs and outputs benefit from our unique multi-range autocalibration process. Multiple on-board
precision references with high temperature stability are used to calibrate each analog input range individually,
thereby ensuring the highest degree of accuracy over the life of the product. The analog outputs are also fed
back to the autocalibration circuit for precise output range calibration.

Digital I/ O Features

DMM-16RP-AT digital features include a 32-bit counter/timer to provide A/D sampling control and a 16-bit
counter/timer for general purpose counting and rate generator functions. The board also provides 16
programmable digital I/O lines grouped into two 8-bit ports, each of which can be programmed for either input
or output. The digital I/O lines feature jumper-selectable 3.3V / 5V logic levels and 10K pull-up / pull-down
resistors.

Dual Bus Interface

DMM-16RP-AT is implemented as a PC/104-Plus board, however it features a novel dual bus interface. Both
ISA and PCI connectors are installed and connected to the FPGA. The board will autoselect the PCI bus when
present, however a jumper can be used to disable the PCI bus and force the board into ISA bus mode if
desired. This allows the board to be used in both PCI and ISA bus PC/104 systems (assuming the PCI-104
connector does not pose a mechanical interference problem with other boards in the system). The board uses
3.3V signaling on the PCI bus and must be used only with 3.3V PCI bus SBCs. The ISA bus uses the standard
5V logic levels.

Software Support

DMM-16RP-AT is supported by our Universal Driver software for Windows and Linux. Universal Driver features
a library of functions for C-language software development that simplifies all I/O operations, including
administrative functions such as calibration. Example programs are provided in both source code and
executable format for demonstration and immediate usability. Our unique Control Panel program provides a
graphical user interface for both Windows and Linux that can control all the board’s features in real time. It can
be used for proof of concept, prototyping, and diagnostics. Universal Driver may be ported to other operations
systems by customer request.



Specifications

Analog Inputs

Number of inputs 8 differential or 16 single-ended (user selectable)

A/ D resolution 16 bits (1/65,536 of full scale)

Bipolar ranges ±10V, ±5V, ±2.5V, ±1.25V, ±0.625V

Unipolar ranges 0-10V, 0-5V, 0-2.5V, 0-1.25V

Input bias current 3nA max

Overvoltage
protection

±35V on any analog input without damage

Input Impedance 10^13 ohms

Nonlinearity ±3LSB, no missing codes

Conversion rate 100,000 samples/sec. max with interrupts

Conversion trigger Software trigger, internal pacer clock, or external TTL signal

Input FIFO 512 samples, 256-sample interrupt threshold

A/ D interrupt End of A/D conversion
End of A/D scan
FIFO half-full

Calibration A/D and D/A circuits calibrated under software control using on-board precision references and EEPROM
storage

Analog Outputs

Number of outputs 4

D/ A resolution 12 bits (1/4096 of full scale)

Output ranges Fixed: ±5, 0-5V
Programmable: Anywhere between 0V and 10V in 1mV increments
Reset: All channels reset to mid-scale (0V for bipolar ranges)

Output current ±5mA max per channel

Settling time 6µS max to 0.01%

Relative accuracy ±1 LSB

Nonlinearity ±1 LSB, monotonic
Digital I/O

Number of lines 16, organized as 2 8-bit ports

Logic Levels 3.3V / 5V jumper selectable

Termination 10K ohm pull-up / pull-down resistors, jumper selectable

Input voltage Vlogic = 5V

Logic 0 1.65V max

Logic 1 3.35V min

Output voltage Vlogic = 5V

Logic 0 0.44V max, Iout = 24mA

Logic 1 3.76V min, Iout = -24mA

Input voltage Vlogic = 3.3V

Logic 0 0.80V max

Logic 1 2.00V min

Output voltage Vlogic = 3.3V

Logic 0 0.44V max, Iout = 24mA

Logic 1 2.25V min, Iout = -24mA

Counter/Timers

A/ D Timer clock 32-bit down counter

General purpose 16-bit down counter

Clock source 10MHz on-board clock or external signal
General

Bus Interface Dual PCI (3.3V) and ISA (5V) buses supported; Autoselects for PCI bus; manual override option

Power supply +5V ±5% @ 375mA typical

±15V output current ±10mA max with DACs unloaded

Operating
temperature

-40°C to +85°C tested and guaranteed

Weight 80g / 2.84oz

RoHS Compliant

www.diamondsystems.com | Sunnyvale, California USA | +1-650-810-2500 |
sales@diamondsystems.com



16-channel, 16-bit Analog I/O with Autocalibration

• 16 16-bit A/D with 100KHz sample rate, programmable 
   input ranges and a 512 sample FIFO

• Autocalibration of A/D and D/A for high accuracy

• 4 12-bit D/A

• 8 digital inputs and 8 digital outputs

• Counter / timers for A/D control and general use

www.diamondsystems.com

DESCRIPTION

The Diamond-MM-16-AT features top performance and 
�exibility for a mid-range price. It has 16 single-ended / 8 
di�erential analog inputs with both unipolar and bipolar 
input ranges and programmable gain. It has a maximum 
sampling rate of 100KHz, supported by a 512-sample FIFO 
with a 256-sample threshold for gap-free A/D sampling. 
Both single-channel and multi-channel scan sampling 
modes are supported. The A/D can be triggered with a 
software command, the on-board programmable timer, 
or an external signal. These feature give you maximum 
�exibility to con�gure the board to your application.

SPECIFICATIONS

DIAMOND-MM-16-AT

The 16 16-bit analog input channels on Diamond- 
MM-16-AT feature programmable gains of 1, 2, 4, and 8, as 
well as programmable unipolar/bipolar range, for a total 
of 7 different input ranges. Maximum sampling rate is 
100KHz (total for all channels), and a new 512-sample 
FIFO enables the board to operate at full speed in 
Windows operating systems using interrupts. DMA is no 
longer required to attain full speed.

ANALOG INPUTS

Analog Inputs
Number of Inputs 16 16-bit resolution
Input Modes Single-ended, Di�erential
Input Ranges ±10V, ±5V, ±2.5V, ±1.25V, ±0-.625V, 

0-10V, 0-5V, 0-2.5V, 0-1.25V
Max Sample Rate 100KHz
Nonlinearity ±3LSB with no missing codes
On-board FIFO 512 samples with programmable 

threshold
Calibration Software initiated autocalibration
Analog Outputs
Number of Outputs 4 12-bit resolution
Output Ranges ±5V, 0-5V
Output Current ±5mA max per channel
Settling Time 6μS max to 0.01%
Relative Accuracy ±1 LSB
Digital I/O
Number of I/O Lines 8 In, 8 Out
DIO Input Voltage Logic 0: 0.0V min, 0.8V max

Logic 1: 2.0V min, 5.0V max
DIO Output Voltage Logic 0: 0.0V min, 0.33V max

Logic 1: 3.8V min, 5.0V max
General  
Counter / Timers 1 - 32-bit & 1 - 16-bit
Clock Source 10MHz clock or external signal
Power Supply +5VDC±10% at 350mA
Operating Temp -40°C to +85°C
Weight 3.3oz / 93g



ORDERING INFORMATION

FOR MORE INFORMATION

Diamond Systems Corporation
555 Ellis Street

Mountain View, CA 94043
Tel:  650-810-2500

Fax:  650-810-2525
techinfo@diamondsystems.com

www.diamondsystems.com

ANALOG OUTPUTS

The board also has 4 12-bit D/A channels with 
multiple unipolar and bipolar output ranges. 
The DACs feature simultaneous update capabili-
ty. A new programmable output range feature 
lets you set the output range via software any-
where between 0V and 10V with 1mV precision 
in both unipolar and bipolar modes.

COUNTERS AND DIGITAL I/O

Diamond-MM-16-AT has an on-board counter/-
timer to control A/D sampling or rate generator 
functions, 8 digital inputs, and 8 digital outputs. 
New features enable you to generate hardware 
interrupts from the counter/timer as well as an 
external digital signal. And in keeping with our 
real-world-friendly design, Diamond-MM-16-AT 
requires only +5V power supply and operates 
over the full industrial temperature range of 
-40°C to +85°C.

Part No. Description 
DMM-16-AT Diamond-MM Autocalibrating 16-ch 16-bit 

A/D + 4-ch 12-bit D/A Extended 
Temperature 

DMM-16-NA-AT Diamond-MM Autocalibrating 16-ch 16-bit 
A/D only Extended Temperature 
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DMM-32DX-AT 
Analog I/O PC/104 Module  
With Advanced Automatic-Autocalibration 
 
 

 
 

Highly Advanced Analog I/O Board 
The Diamond-MM-32DX-AT includes a comprehensive 

suite of analog and digital features to fit a wide variety of 

embedded application needs. 

Unparalleled Analog Accuracy 
Using patented automatic-autocalibration technology, 

DMM-32DX-AT provides accurate analog measurements 

across its entire rated operating temperature range, 

ensuring reliable performance for critical applications. 

Rugged Design 
Extended temperature operation of -40°C to +85°C is 

tested and guaranteed.  The DMM-32DX-AT uses ceramic 

capacitors for durability in high altitudes or other harsh 

environments. 

Shortened Development Time 
Diamond’s advanced Universal Driver software is included 

free and provides a programming library that simplifies 

control of the board’s features and enables you to 

develop your application software quickly. 

 

 32 analog inputs, 16-bit resolution 

 

 Patented auto-autocalibration for high accuracy 

 

 250KHz maximum sampling rate 

 

 Interrupt based A/D data transfer with FIFO support 

 

 4 analog outputs, 16-bit resolution 

 

 24 programmable direction digital I/O lines 

 

 Counter / timers for A/D control and general use 

 

 Low noise design 

 

 Extremely rugged -40°C to +85°C (-40°F to +185°F) 

operating temperature 

 

 Free Universal Driver software 
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DMM-32DX-AT:  Analog I/O PC/104 Module 

Specifications 
ANALOG INPUTS 

Number of inputs 
32 single-ended or 16 differential,  
user selectable 

A/D resolution 16 bits 

Input ranges 
±10V, ±5V, ±2.5V, ±1.25V, ±0.625V, 0-10V, 0-
5V, 0-2.5V, 0-1.25V, 0-0.625V programmable 

Max sample rate 250KHz 

Protection ±35V on any analog input without damage 

Nonlinearity ±3LSB, no missing codes 

On-board FIFO 1024 samples, programmable threshold 

A/D and D/A 
calibration 

Autocalibration with software support 

ANALOG OUTPUTS 

Number of 
outputs 

4, 12-bit resolution 

Output ranges ±2.5V, ±5V, ±10V, 0-5V, 0-10V 

Output current ±5mA max per channel 

Settling time 6µS max to 0.01% 

Relative accuracy ±1 LSB 

Nonlinearity ±1 LSB, monotonic 

DIGITAL I/O 

Number of I/O 24 lines 

Input voltage 
Logic 0: 0.0V min, 0.8V max 
Logic 1: 2.0V min, 5.0V max 

Input current ±1µA max 

Output voltage 
Logic 0: 0.0V min, 0.33V max 
Logic 1: 2.4V min, 5.0V max 

Output current 
Logic 0: 15mA max per line 
Logic 1: -84mA max per line 

COUNTER / TIMERS 

A/D Pacer clock 32-bit down counter 

Clock source 10MHz on-board clock or external signal 

General purpose 16-bit down counter 

MISCELLANEOUS 

Power supply +5VDC ±10% at 410mA 

Operating temp -40°C to +85°C (-40°F to +185°F) 

Weight 3.4oz (96g) 

MTBF 972,275 hours at +20°C 

RoHS Compliant 

 
 

Software Support 
Diamond’s Universal Driver software provides a high-level 

programming library for all of Diamond’s data acquisition 

products.  All data acquisition features are supported with 

easy-to-use function calls, resulting in a reduced learning 

curve and shortened application development time.  

Universal Driver works with Windows XP, CE, Linux, QNX 

and DOS.  Application examples are included for each 

function and OS to provide a quick starting point for 

development. 

 

 

 

 

 

Key Features 
The DMM-32DX-AT features 32 A/D input channels with 

high-accuracy 16-bit resolution, 250KHz maximum 

sampling rate, programmable input ranges, and user-

selectable single-ended / differential configuration. 

The four D/A 16-bit output channels feature user-

selectable output ranges as well as a programmable 

waveform generator feature. 

DMM-32DX-AT’s 24 digital I/O lines feature direction 

programmability in 8-birt ports as well as a buffers for 

enhanced output current of -15mA (Logic 1) / 64mA 

(Logic 0).  All DIO lines feature jumper-selectable pull-up 

/ pull-down resistors as well as ESD protection devices to 

help prevent field failures. 

On-board programmable counter/timer circuitry includes 

a 32-bit counter/timer for A/D and D/A sample timing, as 

well as a 16-bit counter/timer for general counting, 

timing, and programmable interrupt functions. 

Automatic-Autocalibration for Best Accuracy 
Diamond’s top-performing automatic-autocalibration 

circuitry enables you to calibrate the analog circuits under 

software control at any time, maintaining best accuracy 

under all conditions.  An on-board micro-controller 

manages the autocalibration operation automatically for 

extreme accuracy and ease of operation.  Temperature- 

and time-dependent measurement drift is eliminated, as 

the board can be calibrated as often as desired in just a 

few seconds to ensure accurate reading in all 

environments. 

 

Ordering Information 

DMM-32DX-AT 
Analog I/O PC/104 Module with  
auto-autocalibration 

http://www.diamondsystems.com/products/dmm32dx


Analog I/O PC/104 Module with Advanced Automatic Autocalibration

• 32 16-bit A/D with 250KHz sample rate, programmable 
  input ranges and 1024 sample FIFO

• Autocalibration of A/D and D/A for high accuracy

• 4 12-bit D/A

• 8 digital inputs and 8 digital outputs

• Counter / timers for A/D control and general use

www.diamondsystems.com

DESCRIPTION

DMM-32X-AT is Diamond Systems’ most advanced 
embedded A/D board. It includes a comprehensive suite 
of analog and digital features to fit a wide variety of 
embedded application needs:

* The 32 A/D input channels feature high-accuracy 16-bit 
resolution, 250KHz maximum sampling rate, program-
mable input ranges, and user-selectable single-ended / 
differential configuration.
   
* The 4 D/A output channels feature user-selectable 
output ranges as well as a programmable waveform 
generator feature.
    
* The 24 digital I/O feature bit by bit direction program-
mability as well as buffers for enhanced output current of 
-15mA (logic 1) / 64mA (logic 0).
   
* The on-board programmable counter/timer circuitry 
includes a 32-bit counter/timer for A/D and D/A sample 
timing, as well as a 16-bit counter/timer for general count-
ing, timing, and programmable interrupt functions.
    
* Extended temperature operation of -40 to +85oC is 
tested and guaranteed. Using our patented auto-
autocalibration technology, DMM-32X-AT will provide 
accurate analog measurements across its entire rated 
operating temperature range, ensuring reliable perfor-
mance for critical applications.

SPECIFICATIONS

DIAMOND-MM-32x-AT

Analog Inputs  
Number of inputs 32 16-bit 
Input Modes Single-ended, Differential 
Input Ranges ±10V, ±5V, ±2.5V, ±1.25V, 

±0.625V, 0-10V, 0-5V, 1.25V, 
0-.625V 

Max Sample Rate 250KHz 
Nonlinearity ±3LSB, no missing codes 
On-board FIFO 1024, prog. threshold 
Calibration Automatic autocalibration 
Analog Outputs 4, 12-bit resolution 
Output Ranges ±5V, ±10V, 0-5V, 0-10V 
Output Current ±5mA max per channel 
Settling Time 6μS max to 0.01% 

Analog Outputs  
Relative Accuracy ±1 LSB 
Digital I/O Lines 24 programmable direction 
DIO Input Voltage Logic 0: 0.0V min, 0.8V max 

Logic 1: 2.0V min, 5.0V max 
DIO Output Voltage Logic 0: 0.0V min, 0.33V max 

Logic 1: 2.4V min, 5.0V max 
Counter / Timers 1 - 32-bit; 1 - 16-bit 
Clock Source 10MHz clock or external 

signal 
Power Supply +5VDC±10%@410mA 
Operating Temp -40°C to +85°C 
Weight 3.4oz / 96g 
 



ORDERING INFORMATION

FOR MORE INFORMATION

Diamond Systems Corporation
1255 Terra Bella Avenue

Mountain View, CA 94043
Tel:  650-810-2500
Fax:  650-810-2525

techinfo@diamondsystems.com
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DMM-32X-AT features 24 digital I/O lines and 2 
82C54-type counter/timers just like its predecessor 
DMM-32X-AT. The I/O lines can be programmed for 
input or output in groups of 8 bits. In output mode 
the lines are buffered for enhanced output current 
capability. All DIO lines feature jumper-selectable 
pull-up / pull-down resistors as well as ESD protection 
devices to help prevent field failures.

The counter/timers emulate an 8254. Counter 0 is 
standalone and can be used for general purpose 
counting, timing, or timer-based interrupts. Counters 1 
and 2 are joined together to provide a 32-bit timer for 
A/D sample rate control or D/A waveform output 
control. 

* Our advanced Universal Driver software is included 
free with DMM-32X-AT and all our CPU and I/O boards. 
Universal Driver provides a programming library that 
simplifies control of all the board’s features and enables 
you to develop your application software quickly.

Digital and Counter/Timer I/O Features

Part No. Description 
DMM-32X-AT Analog I/O PC/104 Module with Auto-

Autocalibration 
WK-D32X-01 Web Development Kit 
 



16 Channel, 12-bit Analog I/O with Autocalibration

• 16 12-bit A/D with 100KHz sample rate, programmable 
   input ranges and 512 sample FIFO

• Autocalibration for high accuracy

• 2 12-bit D/A

• 8 digital inputs and 8 digital outputs

• Counter / timers for A/D control and general use

• -40 to +85°C operation

www.diamondsystems.com

DESCRIPTION

For cost-sensitive applications where you still want state 
of the art performance, choose our Diamond-MM-AT 
12-bit board This board has almost all the same features 
of the Diamond-MM-16-AT board at a 12-bit price. Identi-
cal connector pinout and software interface let you 
upgrade to 16-bit performance later. 

Diamond-MM-AT has 16 single-ended / 8 differential 
analog inputs with 12-bit A/D resolution. A 512-sample 
FIFO with a 256-sample interrupt threshold enables 
reliable A/D sampling up to 100KHz in both single-
channel and multi-channelscan modes. Nine unipolar and 
bipolar input ranges let you work with a wide range of 
input signals. 

The board also has 2 analog outputs with 12-bit D/A reso-
lution. They can be set to 0-5V, ±5V, or programmable 
range in 1mV steps. 

The advanced autocalibration circuitry on Diamond-MM-
AT calibrates both the analog inputs and outputs under 
software control. Calibration takes just seconds and can 
be performed as often as desired using our Universal 
Driver software shipped with the board. 

Diamond-MM-AT also has 8 digital inputs and 8 digital 
outputs on board. An 82C54 chip on board is provided for 

SPECIFICATIONS

DIAMOND-MM-AT

Analog Inputs  
Number of inputs 16 16-bit 
Input Modes Single-ended, Differential 
Input Ranges ±10V, ±5V, ±2.5V, ±1.25V, 

±0-.625V, 0-10V, 0-5V, 0-
2.5V, 0-1.25V, programmable 

Max Sample Rate 100KHz 
Nonlinearity ±1LSB, no missing codes 
On-board FIFO 512, 256 threshold 
Calibration Autocalibration 
Analog Outputs 2, 12-bit resolution 
Output Ranges ±5V, 0-5V 
Output Current ±5mA max per channel 
Settling Time 4μS max to ±1/2 LSB 

Analog Outputs  
Relative Accuracy ±1 LSB 
Digital I/O Lines 8 In, 8 Out 
DIO Input Voltage Logic 0: 0.0V min, 0.8V max 

Logic 1: 2.0V min, 5.0V max 
DIO Output Voltage Logic 0: 0.0V min, 0.33V max 

Logic 1: 3.8V min, 5.0V max 
Counter / Timers 1 - 32-bit; 1 - 16-bit 
Clock Source 10MHz clock or external 

signal 
Power Supply +5VDC±10%@320mA 
Operating Temp -40°C to +85°C 
Weight 2.6oz / 74g 
 



ORDERING INFORMATION

FOR MORE INFORMATION

Diamond Systems Corporation
1255 Terra Bella Avenue

Mountain View, CA 94043
Tel:  650-810-2500
Fax:  650-810-2525

techinfo@diamondsystems.com
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Part No. Description 
DMM-AT Diamond-MM Autocalibrating 16-ch 12-bit 

A/D + 2-ch 12-bit D/A Extended 
Temperature 

WK-DAT-01 DMM-AT Development Kit (Web orders 
only); includes DMM-AT board and C-50-
18 cable 

 

counting and timing operations. It provides one 
32-bit programmable timer to control the A/D 
sample rate and one 16-bit counter/timer for general 
purpose use, including event counting and square 
wave generation.

This board requires only +5V power supply and oper-
ates over the extended temperature range of -40 to 
+85°C. All these features make Diamond-MM-AT the 
leader in mid-range PC/104 analog I/O boards.



12-bit Analog I/O PC/104 Module

• 16 12-bit A/D with 100KHz sample rate, programmable 
   input ranges and 512 sample FIFO

• 2 12-bit D/A

• 8 digital inputs and 8 digital outputs

• Counter / timers for A/D control and general use

• -40 to +85°C operation

www.diamondsystems.com

DESCRIPTION

Diamond-MM has all the primary features you expect in a 
high-performance analog I/O board, at a reduced price. 
The analog input circuit uses a 12- bit A/D converter and 
can be configured for single-ended or differential mode 
and unipolar or bipolar mode. It also offers 10 different 
input ranges, so it can work with a wide variety of input 
signals. The maximum A/D conversion rate is up to 20,000 
per second using interrupts or up to 100,000 per second 
using DMA.

Two optional analog outputs provide 12-bit resolution 
over a 0-5V or user-adjustable range with 8mA drive 
current and 4µs settling time. The D/A can also be used as 
a digital attenuator for an analog signal fed into one of the 
reference inputs.

The board contains 8 digital inputs and 8 digital outputs. 
It also has an on-board 82C54 counter/ timer chip to 
control the A/D sampling rate and provide general 
purpose counting functions.

Diamond-MM is available in four versions: With or without 
analog outputs, and in commercial (0-70°C) or industrial 
(-40 to +85°C) operating temperature range.

SPECIFICATIONS

DIAMOND-MM

Analog Inputs  
Number of inputs 16 16-bit 
Input Modes Single-ended, Differential 
Input Ranges ±10V, ±5V, ±2.5V, ±1.0V, 

±0.5V, 0-10V, 0-5V, 0-2.5V, 
0-1.0V, 0-0.5V, jumper 
selected 

Max Sample Rate 100KHz 
Nonlinearity ±1LSB, no missing codes 
On-board FIFO None 
Calibration Manual calibration 
Analog Outputs 2, 12-bit resolution 
Output Ranges 0-5V 
Output Current ±8mA max per channel 
Settling Time 4mS max to ±1/2 LSB 

Analog Outputs  
Relative Accuracy ±1 LSB 
Digital I/O Lines 8 In, 8 Out 
DIO Input Voltage Logic 0: 0.0V min, 0.85V max 

Logic 1: 2.0V min, 5.0V max 
DIO Output Voltage Logic 0: 0.0V min, 0.33V max 

Logic 1: 3.8V min, 5.0V max 
Counter / Timers 1 - 32-bit; 1 - 16-bit 
Clock Source 10MHz clock or external 

signal 
Power Supply +5VDC±10%@165mA 
Operating Temp 0 to 70°C (standard) 

-40°C to +85°C (XT models) 
Weight 3.2oz / 91g 
 



ORDERING INFORMATION

FOR MORE INFORMATION

Diamond Systems Corporation
1255 Terra Bella Avenue

Mountain View, CA 94043
Tel:  650-810-2500
Fax:  650-810-2525

techinfo@diamondsystems.com
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Part No. Description 
DMM 16 12-bit A/D, 100KHz, 2 12-bit D/A, 8 

digital inputs, 8 digital outputs, 
0-70°C 

DMM-XT 16 12-bit A/D, 100KHz, 2 12-bit D/A, 8 
digital inputs, 8 digital outputs, 
-40°C to 85°C 

 



DIGITAL I/O AND COUNTER / TIMER

• Multiple configurations and pin definitions 

• Up to 96 digital I/O pins with programmable direction

• Up to 10 16-bit counter / timers with a 40MHz clock with  
   8 fixed digital inputs and 8 fixed outputs

• EEPROM storage of address / interrupt configuration for 
   automatic power-on configuration

• 3 pin headers for a total of 100 I/O pins

www.diamondsystems.com

DESCRIPTION

GPIO-MM FAMILY

The GPIO-MM Family consists of a set of digital I/O and 
counter / timer modules with various port and pin configu-
rations.  Each board uses identical hardware with a 200K 
gate Xilinx Spartan II RAM-based FPGA.  The varying 
configurations are based on different FPGA code.
Base hardware supports up to 96 digital I/O pins with 
programmable direction based on 8255 cores and up to 10 
16-bit counter / timers based on 9513 cores.  Up to 100 I/O 
pins are provided by the module including four fixed digital 
outputs.  48 of the 100 I/O pins are buffered.  
The three configurations currently offered include one 
configuration with 96 programmable digital I/Os and no 
counter / timers.  The other two configurations provide 48 
buffered digital I/O pins and 10 16-bit counter / timers.  
These two configurations differ in pin out definition to 
provide compatibility with two predecessor Diamond 
Systems products.

The board requires only a +5V input and operates from 
-40°C to +85°C.

ORDER INFORMATION

SPECIFICATIONS

No. of I/O pins 100 (48 buffered) 
Programmable Digital 
I/O 

Up to 96 digital I/O with programmable 
direction based on 8255 cores  

Counter / Timers      Up to 10 16-bit counter / timers based on 
9513 cores 

Base FPGA Xilinx Spartan II, 200K gates, 40K RAM bits 
Input Clock 40MHz 
Output current, 
buffered I/O 

Logic 0:  64mA max per line 
Logic 1:  -15mA max per line 

Output current, 
unbuffered I/O 

±24mA max per line 

Dimensions 3.55” x 3.775” 
Power Supply +5VDC ±10% 
Operating Temp -40°C to +85°C 
Weight 2.2oz /  62.4 g 
RoHS Compliant 
GPIO-MM Specifications 
Programmable Digital 
I/O 

48 buffered (GMM pinout) 

Fixed Digital I/O 8 Fixed Inputs and 8 Fixed Outputs 
Counter / Timers 10 16-bit 
Counter / Timer Modes Counter, rate / square-wave generator, 

programmable one-shot,
hardware / software triggered strobe 

GPIO-21-MM Specifications 
Programmable Digital 
I/O 

96, programmable, 48 buffered, 48 
unbuffered (OMM pinout) 

Counter / Timers None 
GPIO-12-MM Specifications 
Programmable Digital 
I/O 

48 buffered (OMM pinout) 

Fixed Digital I/O 8 Fixed Inputs and 8 Fixed Outputs 
Counter / Timers 10 16-bit 
Counter / Timer Modes Counter, rate / square-wave generator, 

programmable one-shot,
hardware / software triggered strobe 

 

Part No. Description 

GPIO- MM-XT 48 DIO, 10 Counter / Timers (GMM pinout) 

GPIO-MM-12-XT 48 DIO, 10 Counter / Timers (OMM pinout) 

GPIO-MM-21-XT 96 DIO 

 



Part No. Description 
IR104-PBF 20 relays + 20 Optoisolated 

Inputs 
 

High Density Optoisolated Input + Relay Output PC/104 Module

• 20 optoisolated digital inputs

• 20 SPST Relay outputs

• Inputs accept 3-24V AC or DC

• Outputs switch up to 5A @ 250VAC

• Detachable connectors for relay contacts

www.diamondsystems.com

DESCRIPTION

IR-104-PBF is a high-density PC/104 format digital I/O 
module designed for industrial applications requiring 
isolation between the computer and the external signals 
it is monitoring and controlling. This module features 20 
optoisolated digital inputs and 20 relay outputs. Each 
input can accept both AC and DC voltages as low as 3V 
and as high as 24V.

The optocoupler inputs are located on a pin header at the 
top of the board, while the relays feature quick-disconnect 
terminal blocks (10 relays per block) that accept wire 
ranging from 14-28AWG. The board will operate in ambi-
ent temperatures ranging from -25 to +70C.

Note: The maximum component height on this board is 
.492", slightly higher than the PC/104 standard of .435". 
This extra height will usually not be a problem unless the 
board stacked directly above the IR-104-PBF has compo-
nents mounted on the bottom of the board or through-
hole pins that exceed .043" in height. In this case you can 
mount the IR-104-PBF on the top of the stack. 

SPECIFICATIONS

FOR MORE INFORMATION

Diamond Systems Corporation
1255 Terra Bella Avenue

Mountain View, CA 94043
Tel:  650-810-2500
Fax:  650-810-2525

techinfo@diamondsystems.com

IR-104

Feature IR-104 
# Relays 20 
Relay type SPST (form A) 
Max DC Power 30VDC / 5A 
Max AC Power 125VAC / 5A 
Max Load 150W / 1250VA 
Max Op Voltage 150VDC, 250VAC 
Contact Resistance 30mΩ initially 
Relay lifetime 20,000,000 operations 
Actuation Time 6ms operate, 3ms 

release 
Opto inputs 20 
Input Voltage 3V-24V DC or AC 
Input impedance 2.8KΩ 
Dimensions 3.55” x 3.775” (90mm x 

96mm) 
Input Power 5VDC 
Operating temp -20°C to +70°C 
Weight 3.2oz / 90g 
 

ORDERING INFORMATION



Low-Cost 48-Line Digital I/O PC/104 Module

• 48 digital I/O lines

• Programmable port directions

• All lines power up in input mode

• Dual 50-pin I/O headers

• Low cost

• Software and technical manual included

www.diamondsystems.com

DESCRIPTION

If you're looking for a basic 48-line digital I/O PC/104 
module, then Onyx-MM-DIO is what you need. This 
module is the same as our Onyx-MM digital & 
counter/timer module but without the counter/timer and 
interrupt circuitry. This board still has the quality and 
attention to detail of our other modules, such as: 10K Ohm 
pull-up resistors on all I/O lines; all ports reset to 0 on 
power-up or system reset; connector pinouts compatible 
with our other digital I/O boards; and free software.

The 48 digital I/O lines on Onyx-MM-DIO are based on 2 
82C55 ICs. They can be programmed for input or output in 
groups of 8 lines. Direct as well as strobed (latched) I/O 
modes are supported, and all I/O lines are connected to 
10K Ohm pull-up resistors. 

SPECIFICATIONS

ONYX-MM-DIO

Digital I/O lines 48 programmable direction 
DIO Input voltage Logic 0: -0.5V min, 0.8V max 

Logic 1: 2.0V min, 5.5V max 
DIO Output voltage Logic 0: 0.0V min, 0.4V max 

Logic 1: 3.0V min, Vcc-0.4V max 
Programmable I/O 
Output Current  (Max 
per line) 

±2.5mA per line 

Fixed I/O and Counter 
/ Timers Output 
Current 

N/A 

Counter / Timers 3, 16-bit based on 82C54  (Onyx-
MM only) 

Clock 10Mhz 
Bus Interface PC/104 (8-bit ISA) 
Dimensions 3.55” x 3.775”  

(90mm x 96mm) 
Input Power +5VDC±10% 
Power Draw (typical) 100mA (Onyx-MM-DIO) 

120mA (Onyx-MM) 
Operating temp -40°C to +85°C 

Weight 2.3oz / 65g (Onyx-MM-DIO) 
2.8oz / 79g (Onyx-MM) 

Digital I/O lines 48 programmable direction 
DIO Input voltage Logic 0: -0.5V min, 0.8V max 

Logic 1: 2.0V min, 5.5V max 
DIO Output voltage Logic 0: 0.0V min, 0.4V max 

Logic 1: 3.0V min, Vcc-0.4V max 
 

FOR MORE INFORMATION

Diamond Systems Corporation
1255 Terra Bella Avenue

Mountain View, CA 94043
Tel:  650-810-2500
Fax:  650-810-2525

techinfo@diamondsystems.com

ORDERING INFORMATION

Part No. Description 
OMM-DIO-XT Onyx-MM 48 Digital I/O only Extended Temperature 

 



Opal-MM-1616-XT™

Rugged Optoisolated PC/104™ I/O Module
With 16 Unidirectional Inputs and 16 Relay Outputs

Key Features
 ♦16 unidirectional optoisolated inputs 
with current limiting resistors 
 - 30VDC input capacity 
 - Programmable edge detection  
   with interrupts

 ♦16 Form C SPDT relay outputs 
 - 2A current capacity 
 - 30VDC/30W switching capacity

 ♦+5VDC input

 ♦ PC/104 form factor module

 ♦ Low-noise design

 ♦Extremely rugged -40°C to +85°C 
operating temperature

 ♦Universal Driver software included

Highly Advanced Optoisolated Inputs
Opal-MM-1616-XT offers 16 unidirectional optoisolated inputs that can accept DC voltages up to 30VDC. Inputs feature 
channel-to-channel and input-to-output isolation of 500V DC or AC. A programmable edge detection circuit can generate 
interrupts on any change of an input.

Reliable Relay Outputs
OPMM-1616-XT features 16 Form C SPDT relay outputs with 30VDC at 2A capacity (30W maximum). Each relay is highly 
reliable with a long lifetime of 10M operations.

Rugged Design
Extended temperature operation of -40°C to +85°C is tested and guaranteed. The OPMM-1616-XT also uses ceramic 
capacitors for durability in high altitudes or other harsh environments. Optional 0-ohm resistors may be requested instead of 
the address jumpers for additional ruggedness, and optional latching connectors may be used for both inputs and outputs 
to further improve reliability. 

 

Shortened Development Time
Diamond’s advanced Universal Driver software is included at no charge. It provides a programming library to simplify control 
of the board’s features and enable you to develop your application software quickly.
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OPMM-1616-XT: Opto Input and Relay Output PC/104 Module

SPECIFICATIONS
INPUTS

Number of inputs 16 unidirectional optoisolated inputs

Input capacity 30VDC with current limiting resistors

Logic levels Logic 0: 0 - 1.5VDC 
Logic 1: 3 - 30VDC

Programmability Programmable edge detection with interrupts

OUTPUTS

Number of outputs 16 relay outputs

Relay contacts SPDT (Form C) contacts

Current capacity 2A

Switching capacity 30VDC at 2A (30W maximum) 
125VAC at 0.1A reistive (50VA maximum)

Contact resistance 50mohm maximum

Actuation time Operate: 5ms maximum 
Release: 5ms maximum

Relay lifetime 10M operations

MISCELLANEOUS

Input voltage +5VDC ±10%

Current consumption 70mA typical, additional 28mA per activated 
relay

Isolation (all I/O) 500VDC or AC channel-to-channel

Bus interface PC/104 (ISA) bus

Form factor PC/104 (3.55” x 3.775”)

Operating temperature -40oC to +85oC (-40oF to +185oF)

Weight 3.4oz (96g)

RoHS Compliant

ORDERING INFORMATION

OPMM-1616-XT Optoisolated Input and  
Relay Outpout PC

C-26-18 Dual 26-pin connector ribbon cable

C-34-18 34-pin connector ribbon cable

All trademarks and logos are the property of their respective owners.

www.diamondsystems.com | Diamond Systems Corporation | Mountain View, California USA | +1-650-810-2500

Product Overview
The OPMM-1616-XT features 16 optoisolated digital inputs. 
The inputs are unidirectional and accept DC voltages up to 
30VDC. An input voltage in the range of 0-1.5V will result 
in a logic low indication, and an input voltage in the range 
of 3-30V will result in a logic high indication. Inputs feature 
channel to channel and input to output isolation of 500V 
DC or AC. The components, layout, and trace spacing are  
designed to support this isolation rating. The inputs also feature a  
programmable edge detection circuit (change of state detection 
circuit) that can generate interrupts on any change on any input. 

The module also features 16 DPDT (form C) relays with 30VDC 
at 2A (30W maximum resistive) capacity. Each relay has a  
lifetime of 10,000,000 operations. When the board is  
powered off or the relay is de-energized, the C contact is  
connected to the NC contact, and when the relay is energized, 
the C contact is connected to the NO contact.

Provision is made for two external sources for a system clock 
for the CPLD, either the ISA bus 8MHz clock (Connector 
J1 pin B20) or an on-board 10MHz oscillator. The clock is 
only needed for the edge detection circuit on the inputs; the  
remaining logic may operate asynchronously without a clock. In 
normal configuration, the ISA bus clock is routed to the CPLD via 
a resistor and the 10MHz oscillator is not installed.

The OPMM-1616-XT interfaces to the PC/104 ISA bus  
using an 8-bit I/O interface controlled by a CPLD. The module  
occupies 8 bytes in I/O space. Its base address is selected 
with 6 jumpers that select 1 or 0 for address bits SA9-4.  The 
design also includes an interrupt circuit for generating ISA bus 
IRQs. 
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RUBY-MM-1616  
Analog Output & Digital I/O PC/104 Module 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

High Performance Analog I/O Functionality 
The Ruby-MM-1616 PC/104 module provides 4, 8 or 16 

channels of 16-bit resolution analog voltage or current 

output.  The output range can be individually selected for 

0-5V, 0-10V, ±5V, ±10V, 0-20mA, 4-20mA, or 0-24mA.  

All outputs are updated simultaneously, either with a 

software command or in response to an external signal.   

The module also includes 48 lines of digital I/O, 40 lines 

of byte-wide and 8 lines of bit-wide.  Other features 

include +5V only operation, individual DC/DC converters 

with filtered outputs for each DAC to supply ±15V for 

operation, and a six layer circuit board to bury and shield 

the analog signals.   

 

 

Rugged Design 
The Ruby-MM-1616 family was designed with harsh 

applications in mind.  Extended temperature capability of 

-40°C to +85°C enables the board to operate in 

environments with extreme temperature swings, such as 

vehicles or outdoor installations. In addition, the board 

may be custom-configured with 0-ohm resistors in place 

of jumpers for increased ruggedness in high-vibration 

environments. 

 

 

 4, 8 or 16 16-bit analog outputs 

 16-bit D/A resolution 

 Unipolar and bipolar operation 

 Simultaneous updating of all outputs 

 5V, 0-10V, and ±5V, and ±10V voltage output ranges 

 0-20mA, 4-20mA and 0-24mA current output ranges 

 Independent output range for each channel 

 D/A digital calibration 

 Waveform generator up to 16 channels 

 48 digital I/O lines, bit and byte-wide 

 External trigger capability 

 2 32-bit programmable counter/timers 

 4 24-bit pulse width modulators 

 Fully calibrated for highest accuracy 

 Extremely rugged -40°C to +85°C  operating temperature 

 PC/104 form factor:  3.55" x 3.775" (90mm x 96mm) 
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Ruby-MM-1616:  Analog Output & DIO Module 

Specifications 
Number of 

analog outputs 
4, 8 or 16 

Resolution 16-bits 

Output ranges 
5V, 0-10V, and ±5V, and ±10V 
0-20mA, 4-20mA, 0-24mA 

Settling time ±2LSB maximum 

Linearity error ±2LSB maximum 

Differential 
nonlinearity 

±2LSB maximum 

Monotonicity 15bits minimum 

Maximum output 
current 

±5mA / 2KΩ minimum load 

Reset All DACs reset to 0V 

Calibration 
Digital with internal scale and offset 
registers per channel 

Waveform generator Up to 16 channels 

Number of digital 
I/O lines 

40 byte-wide, 8 bit-wide, 
programmable direction 
TTL/CMOS compatible 

Input voltage 
Logic 0:  -0.5V min, 0.8V max 

Logic 1:  2.0V min, 5.5V max 

Output voltage 
Logic 0:  0.0V min, 0.4V max 

Logic 1:  3.0V min, 4.6V max 

Output current ±2.5mA maximum per line 

Counter/timers 2 32-bit; 40MHz clock 

PWMs 4 24-bit 

Input power +5VDC +/-5% 

Host interface 
PC/104 ISA bus or  
PC/104-Plus (ISA + PCI) bus 

Operating temperature -40°C to +85°C (-40°F to +185°F) 

Operating humidity 5% to 95% non-condensing 

Shock MIL-STD-202G compatible 

Vibration MIL-STD-202G compatible 

MTBF 100,00 hours 

Form factor 
PC/104 compliant 
3.55” x 3.775” (90mm x 96mm) 

Weight 3.0oz (85g) 

RoHS Compliant 

  

 

 

Software Support 
All Ruby-MM-1616 models ship with Diamond’s free 

Universal Driver software for C language programming 

under Windows 7, Windows Embedded 7, Windows XP, 

Linux and DOS.  All major functions of the board are 

supported by the driver and example programs are also 

included. 

 

 

 

 

 

 

Key Features 
The Ruby-MM-1616 PC/104 module provides 4, 8 or 16 

channels of 16-bit resolution analog voltage or current 

output.  The output range can be individually selected for 

0-5V, 0-10V, ±5V, ±10V, 0-20mA, 4-20mA, or 0-24mA.  

All outputs are updated simultaneously, either with a 

software command or in response to an external signal.   

The module also includes 48 lines of digital I/O, 40 lines 

of byte-wide and 8 lines of bit-wide.  Other features 

include +5V only operation, individual DC/DC converters 

with filtered outputs for each DAC to supply ±15V for 

operation, and a six layer circuit board to bury and shield 

the analog signals.   

For any output range, the resolution is equal to the 

maximum possible range of output voltages divided by 

the maximum number of possible steps.  A 16-bit 

converter has very high resolution because the maximum 

number of steps is 216 = 65536 (the actual output codes 

range from 0 to 65535, which is the full range of possible 

16-bit binary numbers).  Thus the resolution is equal to 

1/65536 times the full-scale range.  This is the smallest 

possible change in the output.  It corresponds to a 

change of 1 in the output code, and there it is often 

referred to as the value of 1 least significant bit, or 1 

LSB. 

Ruby-MM-1616 models are available with either PC/104 

or PC/104-Plus I/O expansion buses. Appropriate mating 

cables are also available for your convenience. Cable 

number C-50-18 is a 50-conductor 18” ribbon cable.  

One is used for each of the data acquisition and digital 

I/O connectors. 

Ordering Information 
RMM-1616AP-XT 16 Channel 16-bit Analog Output PC/104-

Plus Module with 48 Digital I/O, extended 
temp 

RMM-816AP-XT 8 Channel 16-bit Analog Output PC/104-Plus 
Module with 48 Digital I/O, extended temp 

RMM-416AP-XT 4 Channel 16-bit Analog Output PC/104-Plus 
Module with 48 Digital I/O, extended temp 
{Minimum Order Quantity applies} 

RMM-1616A-XT 16 Channel 16-bit Analog Output PC/104 
Module with 48 Digital I/O, extended temp 

RMM-816A-XT 8 Channel 16-bit Analog Output PC/104 
Module with 48 Digital I/O, extended temp 

RMM-416A-XT 4 Channel 16-bit Analog Output PC/104 
Module with 48 Digital I/O, extended temp 
{Minimum Order Quantity applies} 

C-50-18 50-conductor 18” ribbon cable 

A.03 


