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1. Introduction

Thank you for buying the Advantech M1C-3716 CompactPCI (cPCI)
card. The Advantech MIC-3716 is a powerful data acquisition (DAYS)
card which complies with PICMG 2.0 R2.1 CompactPCl
specifications. It features a unique circuit design and complete
functions for data acquisition and control, including A/D conversion,
D/A conversion, digital input, digital output, and counter/timer.

MIC-3716 provides specific functions for different user requirements

The following sections of this chapter will provide further information
about features of the multifunction cards, aquick starting guide for
installation, as well as some brief information on software and

accessories for the MIC-3716 card.



1.1 Product Description
The Advantech MIC-3716 provides users with the most requested
measurement and control functions as below:
¢ CompactPCl bus specification 2.1 compliant
¢ PCl-bus mastering for data transfer
¢ 16-channel Single-Ended or 8 differential analog input
+ 16-bit A/D conversion with up to 250 KS/s sampling rate
+ Programmable gain for each input channel
¢ 1K onboard samples FIFO buffer
¢ 2-channel analog output
¢ 16-channel digital input
¢ 16-channel digital output
+ Programmable counter/timer
¢ Automatic channel/gain scanning
+ 1/O address automatically assigned by PCI plug-and-play
¢+ BoadID

The Advantech MIC-3716 offers the following main features:

Plug-and-Play Function
The Advantech MIC-3716 is a Plug-and-Play device that fully
complies with the PCI Specification Rev 2.2. During card installation,
all bus-related configurations such as base I/O address and interrupts
are conveniently taken care of by the Plug-and-Play function. You

have virtually no need to set any jumpers or DIP switches.



Flexible Input Type and Range Settings
The MIC-3716 features an automatic channel/gain scanning circuit.
This circuit design controls multiplexer switching during sampling.
Users can set different gain values for each channel according to their
needs for the corresponding range of input voltage. The gain value
settings thus selected is stored in the SRAM. Thisflexible design
enables multi-channel and high-speed sampling for high-performance

data acquisition.

On-board FIFO (First-In-First-Out) Memory
The MIC-3716 provides an onboard FIFO memory buffer that can
store 1K samples. Users can either enable or disable the interrupt
request feature of the FIFO buffer. While the interrupt request for
FIFO is enabled, users are alowed to specify whether an interrupt
request will be sent with each sampling action or only when the FIFO
buffer is half saturated. This useful feature enables a continuous
high-speed data transfer with a more predictable performance on
operating systems.

16 Digital Inputs and 16 Digital Outputs
The MIC-3716 provides 16 digita input channels and 16 digital
output channels. This leaves you with great flexibility to design and

customize your applications according to your specific needs.

On-board Programmable Counter
The MIC-3716 is equipped with a programmable counter, which can



serve as a pacer trigger for A/D conversions. The counter chip isan
82C54 or its equivalent, which incorporates three 16-bit counters on a
10 MHz clock. One of the three countersis used as an event counter
for input channels or pulse generation. The other two are cascaded

into a 32-bit timer for pacer triggering.

Short Circuit Protection
The MIC-3716 is equipped with short circuit protection device
(polyswitch) on the +12Vpo/ +5Vpc power supply pins. If any of the
power supply pins are shorted to ground (i.e. short circuit occurs), the
protection device will shut off the current output automatically. After
the short circuit has been released for about two minutes, the power

supply pinswill return to output current.

Board ID
The MIC-3716 has a built-in DIP switch that helps define each card’s
ID when multiple cards have been installed on the same CompactPCI
system. The board ID function is very useful when users build their
system with multiple MIC-3716 cards. With the correct Board 1D
settings, you can easily identify and access each card during hardware

configuration and software programming.

Note:
1. Pace trigger determines how fast A/D conversion will be done in pacer
trigger mode.
2. For detailed specifications of the MIC-3716, please refer to Appendix A,
Soecifications.




1.2 What You Need to Get Started

Before you install your MIC-3716 card, please make sure you have

the following necessary components:

¢+ MIC-3716 Multifunction card

¢+ MIC-3716 User’'sManual

¢ Driver software  Advantech DLL drivers (included in the
companion CD-ROM)

+ Wiring cable PCL-10168

+ Wiringboard PCLD-8710, ADAM-3968

+ Computer Personal computer or workstation with a
CompactPCl-bus dot (running Windows
95/98/NT/2000/XP)

Some other optional components are a so available for enhanced

operation:

+ Application softwar e ActiveDAQ, GeniDAQ or other third-party
software packages

After you get the necessary components and maybe some of the
accessories for enhanced operation of your Multifunction card, you
can begin the Installation procedure. Fig. 1-1 on the next page
provides a concise flow chart to give you a broad picture of the

software and hardware installation procedures:



Install Oriver CO-ROM, then power-off PC

Plug-in Hardware and power-on PC

Use configuration utility to configure hardware

Use testing utility to test hardware

Read examples & driver manual

Start to write your application

Fig. 1-1: Installation Flow Chart



1.3 Software Programming Choices
Advantech offersarich set of DLL drivers, third-party driver support
and application software to hdp fully exploit the functions of your
MIC-3716 card:
¢ DLL driver (on the companion CD-ROM)
¢ LabVIEW driver
¢ Advantech ActiveDAQ
¢ Advantech GeniDAQ

For more information on software, please refer to Chapter 4, Software

Programming Overview.

Users who intend to program directly at the registers of the
multifunction card can have register-level programming as an option.
Since register-level programming is often difficult and laborious, it is
usually recommended only for experienced programmers. For more
information, please refer to Appendix C, Register Sructure and

Format.



1.4 Optional Accessories

Advantech offers a complete set of accessory products to support the

MIC-3716 cards. These accessories include:

Wiring Cable
H PCL-10168

Wiring Boards
B ADAM-3968

H PCLD-8710

The PCL-10168 shielded cable is specialy
designed for MIC-3716 cardsto provide high
resistance to noise. To achieve a better signa
quality, the signa wires are twisted in such away
asto form a“ twisted-pair cable”, reducing
cross-talk and noise from other signal sources.
Furthermore, its analog and digital lines are
separately sheathed and shielded to neutralize
EMI/EMC problems.

The ADAM-3968 is a 68-pin SCSI wiring
terminal module for DIN-rail mounting. This
terminal module can be readily connected to
Advantech PC-LabCard products and allow easy
yet reliable access to individua pin connections
for the MIC-3716 card.

The PCLD-8710 is a DIN-rail mounting
screw-terminal board to be used with any of the
PC-LabCard products which have 68-pin SCS|
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connectors. The PCLD-8710 features the

following functions:

*

Two additional 20-pin flat-cable connectors
for digital input and output

Reserved space on the board to meet future
needs for signal-conditioning circuits (e.g.
low-pass filter, voltage attenuator and current
shunt)

Industrial-grade screw-clamp terminal blocks

for heavy-duty and reliable connections.






2. Installation

This chapter gives users a package item checklist, proper instructions
about unpacking and step-by-step procedures for both driver and card
installation.

2.1 Unpacking

12

After receiving your MI1C-3716 package, please inspect its contents
first. The package should contain the following items:

M MIC-3716 card

M Companion CD-ROM (DLL driver included)

M User's Manual

The MIC-3716 card harbors certain electronic components vulnerable
to electrostatic discharge (ESD). ESD could easily damage the
integrated circuits and certain components if preventive measures are
not carefully paid attention to. Befor e removing the card from the
antistatic plastic bag, you should take following precautionsto
war d off possible ESD damage:

+ Touch the metal part of your computer chassis with your hand to
discharge static eectricity accumulated on your body. Or one can
also use a grounding strap.

¢+ Make contact between the antistatic bag and a metal part of the
computer chassis before opening the bag.

¢ Hold the card by the metal bracket only when removing it from its

bag.



After taking out the card, you should first:

+ Inspect the card for any possible signs of external damage (loose
or damaged components, etc.). If the card is visibly damaged,
please notify our service department or our local sales
representative immediately. Avoid installing a damaged card in
your system.

Also pay extra caution to the following aspectsto ensure proper

installation:

+ Avoid physical contact with materials that could hold static
electricity such as plastic, vinyl and styrofoam™.

+  Whenever you handle the card, hold it only by its edges. DO NOT
TOUCH the exposed meta pins of the connector or the electronic

components.

Note:
Keep the antistatic bag for future use. Y ou might need the original bag to
store the card if you have to remove the card from PC or transport it
elsawhere.

13



2.2 Software Installation

14

Werecommend you install the driver before you plug the
MI1C-3716 card into your system, sincethiswill guarantee a smooth

installation process.

The 32-bit DLL driver Setup program for the MIC-3716 card is

included on the companion CD-ROM that is shipped with your DAS

card package. Please follow the steps below to install the driver

software:

Step 1: Insert the companion CD-ROM into your CD-ROM drive.

Step 2: The Setup program will be launched automatically if you have
the Autorun function enabled on your system. When the Setup

program is launched, you' |l see the following setup screen.

Four ePlaiform Pa?.si_n;r “i 8
&

ADVANTECH

N2G Dayiea Diivar 6V 2. e

[ RTE
Fig. 2-1: The Setup Screen of Advantech Automation
Software




Note:
If the autoplay function is not enabled on your computer, use Windows

Explorer or Windows Run command to execute SETUP.EXE on the
companion CD-ROM.

Step 3: Select the Installation option, then the Individual Drivers
option.

Step 4: Select the specific device then just follow the installation
instructions step by step to complete your device driver setup.

| ADVANTECH

[™linux brivers
| LabVIEW Drivers
[ Windows CE Drivers

| Dos Drivers & Examples GeniDAQ Installation

v

Back | Exit [z

Fig. 2-2: Different options for Driver Setup
For further information on driver-related issues, an online version of

the DLL Drivers Manual is available by accessing the following path:
Start/ Programs/ Advantech Automation/ Device Manager/ Device
Driver's Manual

2.3 Hardware Installation

15



Note:
Make sure you have installed the driver before you install the card (please
refer to 2.2 Software Installation)

After the DLL driver installation is completed, you can install the
MIC-3716 card in a CompactPCl slot on your computer.

It is recommended that you refer to your computer’s user manual or
related documentations if you have any problems. Please follow the

steps below to install the card in your system:

To install a card

Step 1: Remove the cover of an unused cPCI slot on your computer.

Step 2: Hold the card vertically. Be sure that the card is pointing in the
correct direction. The components of the card should be
pointing to the right-hand side and the black handle of the card
should be pointing to lower edge of the chassis.

Step 3: Holding the lower handle, pull the handle down to unlock it.

Step 4: Insert the MIC-3716 card into the cPCI chassis carefully by
diding the lower edge of the card into the card guide.

Step 5: Push the card into the slot gently by dliding the card along the
card guide until J1 meets the long needle on the backplane.

16



Note:
If your card is correctly positioned and has been did all the way into the
chassis, the handle should match the rectangular holes. If not, remove the
card from the card guide and repeat the steps from step 2. Do not try to
install your card by forcing it into the chassis.

Step 6: Push the card into the right place, and secureit by pushing the

handle to lock it into place.

Note
If the system power is on, the Blue LED on the front pand details the
installation status of the card whilethe system is active. In Step 5, when
J1 meets the long needle on the backplane, the Blue LED will be lit. After
Step 6, the system can configure the card automatically, and the Blue
L ED turns off when the system finishes the device configuration.

To remove a card
Step 1: Push the handle down to unlock the card. The cPCI system will
automatically start to uninstall the card configuration.
Step 2: Once the system has finished uninstalling the device
configuration, the Blue LED on the front pand will turn on.

Y ou can now dlide the card out.

Note:
1. Advantech MIC-3761's"Hot-Swap” function complies with the cPCI
Hot Swap Specification PICMG 2.1 R2.0.
2. Because of the “Hot-Swap”, the above steps detail the card removal
process while the system ison. If the system power is off, please follow
Stepl and Step2 and disregard the status of the Blue LED.

17



Note:
If you ingtalled the card without installing the DLL driver first, Windows
95/98 will not recognize your card and label it as an “ unknown device” .
After rebooting, you will be prompted to provide the necessary driver.
Y ou should ignore the prompting messages (just click the Cancel button)
and set up the driver according to the steps described in 2.2 Software
Installation.

After the MIC-3716 card isinstalled, you can verify whether it is
properly installed on your system with the Device Manager:
1. Accessthe Device Manager through:
Start/ Control Panel/ System/ Device Manager
2. Thedevice name of the MIC-3716 should be listed on the Device

Manager.

18
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Ht Q Computer

3 Disk drives

Display adapters
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Floppy disk controllers
=) Floppy disk drives

=4 IDE ATAJATAPI controllers
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7 Mice and other pointing devices
Maonitars

Y Mebwork adapkers

= Ports (COM &LPT)

Sound, video and game controllers
A2 Storage volumes

&M System devices
o] Universal Serial Bus controllers

Fig. 2-3: The device name listed on the Device Manager

Note:
If your card is properly installed, you should see the device name of your
card listed on the Device Manager tab. If you do see your device name
listed on it but marked with an exclamation sign “!”, it means your
card has not been correctly installed. In this case, remove the card
device from the Device Manager by selecting its device name and press
the Remove button. Then go through the driver installation process again.

After your card is properly installed on your system, you can now
configure your device using the Device Manager program that has
itself already been installed on your system during driver setup. A
complete device installation procedure should include device setup,
configuration and testing. The following sectionswill guide you

through the setup, configuration and testing of your device.

19



2.4 Device Setup & Configuration
The Device Manager program is a utility that allows you to set up,
configure and test your device, and later stores your settings on the
system registry. These settings will be used when you call the APIs of

Advantech Device Drivers.

Setting Up the Device
Step 1: Toingtall the I/O device for your card, you must first run the
Advantech Device Manager program by accessing:
Start/ Programs/ Advantech Automation/ Device Manager/

Advantech Device Manager.

Step 2: The Advantech Device Manager will search for the device(s)
already installed on your system (if any) automatically.

20



Step 3: The Installed Devices box will list the device(s) found on your

system, such asthe onein Fig. 2-4.

b

Advantech Device Manager = -

Zi

Your ePlatform Pariner

ADVNTECH [RZEdjicelViEzric g

 Installed Devices:

R

I

[= \!l Iy mputer “Setup:

BoardlD=15 |/0=fd00H >

Test

Eemaye

Cloze

ikl

~ Sipparted Deﬁceg:

-3 Advantech DEMO Board -
e Advantech PCIITT0/L/HG/HGL

i« Advantech PCI-1711

e Advantech PCIFTILIPCI731)

i« Advantech PCI-1712

@ Advantech PCI1713

i@ Advantech PCI-1714

=@ Advantech PCIIT1E

=@ Advantech PCI-1720

' =l

B TPt s o = B B |

Add

Aot

i

Fig. 2-4: The Device Manager dialog box
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Configuring the Device

Step 4: In the Device Setting dialog box (Fig. 2-5), you can configure
the voltage source either as External or Internal, and specify the
voltage output range for the two D/A channels.

fuc-3716 Devicesetting %
Base Addiess: FDOD - Hex Intemapt Charrel B Hex
— /D Channels Configuiation—  — /4 Yoltage Ref - Charnel 1 ——

{ Edtemnal = Intemnal

Chanr‘r‘el:l[l .vl |-5'V"“5'V' Li

& Single-Ended

- D48 Waltage Fisf - Channel 2
" Diftarential " Esternal % Inbamal

|5~ 8¢ =
0k | Carcel | Options | About |

Fig. 2-5: The Device Setting dialog box

Note:

+ You can configure the source of D/A reference voltage either as
Internal or External, and select the output voltage range. When
selecting voltage source as I nternal, you have two options for the
output voltagerange: 0~5V and0~ 10 V.

+ When selected as External, the output voltage range is determined by
the external reference voltage in the following way :

+ By inputting an external reference voltage: -xV , where |x| <= 10,
you will get a output voltage range: 0to xV.
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Step 5: After you have finished configuring the device, click OK and
the device name will appear in the Installed Devices box as
shown in Fig. 2-6.

X

[

Advantech Device Manager = =

Your ePlatform Pariner

ADMNTECH RZeVicelliaarie g

~ Installed Devices:

i)
)

= \!I by Cornputer

S— — “Setup
e 000+« MIC-371E BoardiD=15 | /0=fd00H >

Test

Fiemove

kL

Cloze

— Supported Devices:

= Advantech DEMO Board -
@ Advantech PCI-TT0/L/HG/HGL

@ Advantech PCI7T1

@ Advantech PCI-ITTILIFCIT31)

e Advantech PCI1712

i« Advantech PCI-1713

=@ Advantech PCI1714

i« Advantech PCI-1T1E

@ Advantech POI720
i e A A miebasly D179 LI

Add

Ahaut

:

Fig. 2-6: The Device Name appears
in the list of devices dialog box

Note:
As you can see from the above figure, the device nameis: *000:
<MIC-3716 BoardI D=15 |/O=fd0OH >". Each device name begins with
a device number (“000"), which is specifically assigned to each card. The
device number is passed to the driver to specify which device you wish to
control.
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2.5 Device Testing
Following through the Setup and Configuration procedures to the last
step described in the previous section, you can now proceed to test the
device by clicking the Test Button on the Device Manager dialog box.
An Advantech Device Test dialog box will appear accordingly (Fig.

2.7).

:5 Adyandech Device Test - MIC-3716 Brad IDST IOS-A00E ~ (==
Analoginput | Analogoutput | Dicitalinpot | Distaloutput | Courter
Charnel Mo, Input range; Analog input reading:

i oo = oo | 16 single ended channels
IZ— 0104 bt W Sampling period: i-|'ggg i
N —
[ oy ] T
B oo -] T
il A |
oy E v |

Change device: | Exit |

Fig. 2-7: The Advantech Device Test dialog box
In the Advantech Device Test dialog box, you can test various

functions of MIC-3716 from the Analog input, Digital input, Digital
output, Analog output or Counter tabs.
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Note:

M Y ou can access the Advantech Device Test dialog box either by the
previous procedure for the Advantech Device Manager or smply by
accessing Start/Programs/ Advantech Automation/ Device Manager/
Advantech Device Manager.

B All the functions are performed by the software polling method. For
high speed data acquirement or output, they have to use corresponding
VC exampleslike ADINT, ADDMA or ADBMDMA.

Testing the Analog Input Functions
Click the Analog Input tab to bring it up to the front of the screen.
Select the input range for each channel in the Input range drop-down
boxes. Configure the sampling rate by adjusting the sampling period
with the scroll bar. Switch between the channels by using the up/down

arrow.

E =I5

Analog input i Analog ol T Digital Input T Digital output T Counter
Channel Mo, Input range: Analog input reading:

Iu— RETTY; e =Channel mode

i.l_ ey = 16 singleended channelz

- 010 R Sampling peiod: (000 e

ol Cr— i —

B o e

| G B -

- [ow - A |

= Joroy - v |

Change desvice | Exit |

Fig. 2-8: Analog I nput tab in the Device Test dialog box
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Testing the Analog Output Function

Click the Analog Output tab to bring it up to the foreground. The
Analog Output tab allows you to output quasi-sine, triangle, or square
waveforms generated by the software automatically, or output single

values manualy. Y ou can aso configure the waveform frequency and

output voltage range.

st MIC-3716 BoasdID=T 0400 = -2 x|
[ Analog input i Analog output T Diigital input T Digital outut T Counter
E m\]:zmal 0 5 avefoim out iz
aveformoutput —————————— Mah_ual Dutput Eer i
i ot ith 100
QMIW,—' 5 g
o lm]|e | o |
- Channel 1
- Wavefomoutput———————————| Manual Output
:I‘J = Output ¥oltage
f_\MIﬁl—j P2y
¥ 0 V O |
o lm]|p | ou | v |
Byerall waveform period {1 sec 4] 3

Q’.rar'rge device: |

Exit

Fig. 2-9: Analog Output tab on the Device Test dialog box




Testing the Digital Input Functions

Click the Digital Input tab to show the Digital Input test panel as seen

below in figure 2-10. Through the color of the lamps, you can discern

whether the status of each digita input channel is either high or low.

(Red = high, Green = low)

2 bdwantech Device Test - MIC-3716 Board D=7 [I0=s4 00K

 Analoginput | Analogoutput | Digitalinput | Digitalodtput | Courter

Fartha. Bit 7 4 3 ] Hex
[o- |_@ Q00 |@ QO °High
M o000 0000 F @

_a |
v |

Change device: | Exit

Fig. 2-10: Digital Input tab on the Device Test dialog box
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Testing the Digital Output Functions
Click the Digital Output tab to bring up the Digital Output test panel
such as the one seen on the next page. By pressing the buttons on each

tab, you can set each digital output channel as high or low for the

corresponding port.

A bilvantech Device Test- MIC-3716 BoaaID= UO=s400H =]

| Analoginput | Anslogoutput | Digitalinput | Digitaloutput | Counter
PortNo. Bil 7 4 Hex

[0 ] [0 B o
7 o e -

_a |
v |

Change device: | Exit |

Fig. 2-11: Digital Output tab on the Device Test dialog box



Testing the Counter Function
Click the Counter Tab to bring its test panel forth. The counter
channel (Channel 0) offers two options: Event counting and Pulse out.
If you select Event counting, you need to first connect your clock
source to pin CNTO_CLK. The counter will start counting after the pin
CNTO_GATE istriggered. If you select Pulse Out, the clock source
will be output to pin CNTO_OUT. Y ou can configure the Pulse
Frequency with the scroll bar.

co Test - MIC-2716 Boasd D=7 LD=c400H 2=

[ Analog input T Analoggut’putT Digltallnput T Digital autput T Counter

- Channel 0
Samplin_g rate: 500ms

Countinig values: | g Event counting

i Pulse out
Pulse frequenci: L ¥Hz ——

1 [

A& |
v |

Change device | Exit |

Fig. 2-12: Counter tab on the Device Test dialog box

Only after your card deviceis properly set up, configured and tested,
can the device installation procedure be counted as complete. After the
deviceinstallation procedure is completed, you can safely proceed to

the next chapter, Sgnal Connections.
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3. Signal Connections

3.1 Overview
Maintaining signal connections is one of the most important factorsin
ensuring that your application system is sending and receiving data
correctly. A good signal connection can avoid unnecessary and costly
damage to your PC and other hardware devices. This chapter provides
useful information about how to connect input and output signalsto
the MIC-3716 viathe I/O connector.

3.21/0 Connector
The I/O connector on the MIC-3716 is a 68-pin connector that enables
you to connect to accessories with the PCL-10168 shielded cable.

Note:
The PCL-10168 shielded cable is especially designed for the MIC-3716 to
reduce noise in the analog signal lines. Please refer to 1.4 Accessories.

Pin Assignment
Fig. 3-1 shows the pin assignments for the 68-pin I/O connector on the
MIC-3716.

Note:

32



The three ground references AIGND, AOGND, and DGND should each
be used discreetly according to their designated purpose. Anindividual
GND pinisavailable for Al, AO and DIO to provide optimum signal
quality.

Since al the signals on the DAS card need to refer to the same GND, the
manufacturer has tested and chosen the best point to connect AIGND,

AOGND and DGND together. Thisis based on the "single-point" ground
principle.
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AlD

Al
AlG

Ald

A0

Al12

Al14
AIGND
‘DAD_REF
*DAD_DUT
“AOGND

CHTO_CLK
CMTO_OUT
CHTO_GATE
+H12V

&7 33
i3] 32
i KA
64 30
62 29
62 28
61 27
&0 26
59 25
58 24
57 23
56 22
55 21
54 20
53 19
52 18
51 17
50 16
49 15
48 14
47 13
46 12
45 "
44 10
42 g
42 8
H 7
40 i
39 1
EL] 4
£l 3
EL 2

Do

0o3

pDos

Dov

Dog

Do
Do13
Do1s
ODGND
PACER_OUT
TRG_GATE
EXT_TRG
+5V

Fig. 3-1: 1/O connector pin assignments for the MIC-3716



I/O Connector Signal Description
Table 3-1: 1/0O Connector Signal Description

Signal Name | Reference | Direction Description
Analog Input Channels 0 through 15. Each channel pair,
Al<0.. 15> AIGND Input  |Al<i, i+1> (1 = 0, 2, 4...14), can be configured as either two
single-ended inputs or one differential input.
AIGND Analog Input Ground. The three ground references
(AIGND, AOGND, and DGND) are connected together.
AOO0_REF Analog Output Channel 0/1 External Reference.
AOLREF AOGND | Input g Outp
AO0_OUT Analog Output Channels 0/1.
AOLOUT AOGND | Output g Outp
Analog Output Ground. The analog output voltages are
AOGND referenced to these nodes. The three ground references
(AIGND, AOGND, and DGND) are connected together.
DI<0..15> DGND Input | Digital Input channels.
D0<0..15> DGND Output _[Digital Output channels.
Digital Ground. This pin supplies the reference for the
DGND digital channels at the 1/0 connector as well as the +5VDC
supply. The three ground references (AIGND, AOGND, and
DGND) are connected together.
Counter 0 Clock Input. The clock input of counter 0 can be
CNTO_CLK DGND Input  |either external (up to 10 MHz) or internal (1 MHz), as set by
the software.
CNTO_OUT DGND Output _ [Counter 0 Output.
CNTO_GATE DGND Input  |Counter 0 Gate Control.
Pacer Clock Output. This pin pulses once for each pacer
clock when turned on. If A/D conversion is in the pacer
PACER_OUT DGND Output  |trigger mode, you can use this signal as a synchronous
signal for other applications. A low- to- high edge triggers
the A/D conversion to start.
AID External Trigger Gate. When TRG _GATE is
connected to +5 V, it will enable the external trigger signal
TRG_GATE DGND Input to input. When TRG _GATE is connected to Dglng, itgwill
disable the external trigger signal to input.
AID External Trigger. This pin is an external trigger signal
EXT_TRG DGND Input  |input for the A/D conversion. A low-to-high edge triggers A/D
conversion to start.
+12V DGND Output  [+12 VDC Source.
+5V DGND | Output |*5VDC Source.
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3.3 Analog Input Connections

36

The MIC-3716 supports both 16-channel single-ended or 8 differential
analog inputs. Each individual input channel is software-selectable.

Single-ended Channel Connections
The single-ended input configuration has only one signal wire for each
channel, and the measured voltage (Vm) is the voltage of the wire as

referenced against the common ground.

A signal source without alocal ground is aso called a“floating
source”. It isfairly simple to connect a single-ended channel to a
floating signal source. In this mode, the MIC-3716 provides a
reference ground for external floating signal sources. Fig. 3-2 shows a
single-ended channel connection between afloating signal source and
an input channel on the MIC-3716.



Internal External

PGlA
Measurad

AIGND |}

1o Co;mcbor

Fig. 3-2: Single-ended input channel connection

Differential Channel Connections
The differential input channels operate with two signal wires for each
channel, and the voltage difference between both signal wiresis
measured. On the MIC-3716, when all channels are configured to

differential input, up to 8 analog channels are available.

If one side of the signal source is connected to alocal ground, the
signal source is ground-referenced. Therefore, the ground of the signa
source and the ground of the card will not be exactly of the same
voltage. The difference between the ground voltages forms a

common-mode voltage (V cm).
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To avoid the ground loop noise effect caused by common-mode
voltages, you can connect the signal ground to the Low input. Fig. 3-3
shows adifferential channel connection between a ground-reference
signal source and an input channel on the MIC-3716. With this
connection, the PGIA rejects a common-mode voltage Vem between the

signal source and the MIC-3716 ground, shown as Vemin Fig. 3-3.

Internal External
Al0
Al2
| Mulipieer * Groud:
! ( yg Retersncad
- All4 Bignal
= Source
PGIA
Measgured Ll
Al
Voltage Vm : "
- ] Muttplesar O vem
Al -
AlIGND =
/0 Connsctor
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Fig. 3-3: Differential input channel connection - ground

reference signal source

If afloating signal source is connected to the differential input channd,
the signal source might exceed the common-mode signal range of the
PGIA, and the PGIA will be saturated with erroneous voltage-readings.
Y ou must therefore reference the signal source against the AIGND.

Fig. 3-4 shows a differential channel connection between afloating



signal source and an input channel on the MIC-3716. In thisfigure,
each side of the floating signal source is connected through a resistor
to the AIGND. This connection can reject the common-mode voltage

between the signal source and the MIC-3716 ground.

Intermnal External

F 5

AIGND

[l1e] Ooinnednr

Fig. 3-4: Differential input channel connection - floating
signal source

This connection has the disadvantage of loading the source down with
the series combination (sum) of the two resistors. For ryand ry, for
example, if the input impedancer.is 1 kW, and each of the two
resistors are 100 kW, then the resistors load down the signal source
with 200 KW (100 kw + 100 kW), resulting in a—0.5% gain error. The
following gives a simplified representation of the circuit and

calculating process.
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3.4 Analog Output Connections

The MIC-3716 provides two D/A output channels, AOO_OUT and

AO1 OUT. You may use the MIC-3716 internally-provided precision

-5V (-10V) reference to generate a0 to +5 V (+10 V) D/A output

range. You may aso create a D/A output range through external

references, AOO_REF and AO1_REF. The external reference input

range is +/-10 V. For example, connecting with an external reference
of -7V will generatea 0 ~+7 V D/A outpuit.

Fig. 3-5 shows how to make an analog output and external reference

input connections on the M1C-3716.

+5V
+10v A INT_REF

Internal External

ADO0_REF

DATA BUS

e

et

ACH

A1

ADD OUT External Reference

For DA Signal 0

External Reference
For DA Signal 1

» INT_REF

L
/0 Connector

Fig. 3-5: Analog output connections
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3.5 Trigger Source Connections

Internal Pacer Trigger Connection

The MIC-3716 includes one 82C54 compatible programmable
Timer/Counter chip which provides three 16-bit counters connected to
a10 MHz clock, each designated specifically as Counter 0, Counter 1
and Counter 2. Counter O is a counter which counts events from an
input channel or output pulse. Counter 1 and Counter 2 are cascaded
to create a 32-bit timer for pacer triggering. A low-to-high edge from
the Counter 2 output (PACER_OUT) will trigger an A/D conversion
on the MIC-3716. At the same time, you can aso use thissignal asa

synchronous signal for other applications.

External Trigger Source Connection

In addition to pacer triggering, the MIC-3716 aso allows external
triggering for A/D conversions. When a+5 V source is connected to
TRG_GATE, the external trigger function is enabled. A low-to-high
edge coming from EXT_TRG will trigger an A/D conversion on the
MIC-3716. When DGND is connected to TRG_GATE, the external
trigger function is thereby disabled.

3.6 Field Wiring Considerations

42

When you use the MIC-3716 to acquire data from outside, noisesin
the environment might significantly affect the accuracy of your
measurements if cautions are not taken. The following measures will

help reduce possible interference running signal wires between signal



sources and the MIC-3716.

+ Thesignal cables must be kept away from strong el ectromagnetic
sources such as power lines, large electric motors, circuit breakers
or welding machines, since they may cause strong electromagnetic
interference. Keep the analog signal cables away from any video
monitor, since it can significantly affect a data acquisition system.

+ If the cable travels through an area with significant
electromagnetic interference, you should adopt individually
shielded, twisted-pair wires as the analog input cable. Thistype of
cable has its signal wires twisted together and shielded with a
metal mesh. The metal mesh should only be connected to one
point at the signal source ground.

+ Avoid running the signal cables through any conduit that might
have power linesinit.

+ If you have to place your signal cable parallel to a power line that
has a high voltage or high current running through it, try to keep a
safe distance between them. Or, you should place the signal cable
at aright angle to the power line to minimize undesirable effects.

+ The signals transmitted on the cable will be directly affected by
the quality of the cable. In order to ensure better signal quality, we
recommend that you use the PCL-10168 shielded cable available
from Advantech.
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4. Software Programming Overview

This chapter gives you an overview of the software programming
choices available and a quick reference to source code examples that
can help you during programming. After following the instructions
given in Chapter 2, it is hoped that you feel comfortable enough to
proceed further.

Programming choices for DAS cards:

Y ou may use Advantech application software such as the Advantech
DLL driver to program your DAS cards. Advanced users may also
wish to choose register-level programming, athough thisis not

recommended due to its laborious and time-consuming nature.

4.1 Programming Choices

46

DLL Driver

The Advantech DLL Drivers software isincluded on the companion
CD-ROM. It also comes with all Advantech DAS cards. Advantech’'s
DLL driver features a complete 1/O function library to help boost your
application performance. The Advantech DLL driver for Windows
95/98/NT/2000/XP works seamlessly with development tools such as
Visua C++, Visua Basic, Borland C++ Builder and Borland Delphi.

Register-level Programming



Register-level programming is reserved for experienced programmers
who find it necessary to write codes directly at the level of device
registers. Since register-level programming requires much effort and
time, we recommend that you use the Advantech DLL driversinstead.
However, if register-level programming is indispensable, you should
refer to the relevant information in Appendix C, Register Sructure and
Format, and/or to the example codes included on the companion
CD-ROM.

4.2 DLL Driver Programming Roadmap
This section will provide a roadmap to demonstrate how to build an
application from scratch using the Advantech DLL driver with your
favorite development tools such as Visual C++, Visual Basic, Delphi
and C++ Builder. The step-by-step instructions on how to build your
own applications using each development tool will be givenin the
DLL Drivers Manual. Moreover, arich set of example source codes

are aso given for your reference.

Programming Tools
Programmers can develop application programs with their favorite
development tools:
¢ Visual C++
+ Visual Basic
+ Delphi
¢ C++ Builder

For instructions on how to begin programming in each devel opment
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tool, Advantech offers a Tutorial Chapter in the DLL Drivers Manual
for your reference. Please refer to the corresponding sectionsin this
chapter on the DLL Drivers Manual to begin your programming
efforts. You can also take alook at the example source codes provided

for each programming tool, since they can prove very helpful.

The DLL Drivers Manual can be found on the companion CD-ROM.
Or if you have already installed the DLL Drivers on your system, The
DLL Drivers Manual can be readily accessed through the Start button:
Start/Programs/Advantech Automation/Device Manager/Device

Driver's Manual

The example source codes should be found under the corresponding
installation folder such as the default installation path:
\Program FilesADVANTECH\ADSAPI\Examples

For information about using other function groups or other
development tools, please refer to the Creating WindowsO5/98/NT/
2000/XP Application with DLL Driver chapter and the Function
Overview chapter on the DLL Drivers Manual.

Programming with the DLL Driver Function Library
The Advantech DLL driver offersarich function library to be utilized

in various application programs. This function library consists of



numerous APIs that support many development tools, such as Visual
C++, Visud Basic, Delphi and C++ Builder.

According to their specific functions or services, the APIs can be
categorized into severa function groups:

+ Analog Input Function Group

+ Analog Output Function Group

+ Digital Input/Output Function Group

¢ Counter Function Group

+ Temperature Measurement Function Group

¢ Alarm Function Group

*

Port Function Group

¢ Communication Function Group

¢ Event Function Group

For the usage and parameters of each function, please refer to the

Function Overview chapter inthe DLL Drivers Manual.

Troubleshooting DLL Driver Error
Driver functions will return a status code when they are called to
perform a certain task for the application. When a function returns a
code that is not zero, it means the function hasfailed to perform its
designated function. To troubleshoot the DLL driver error, you can
pass the error code to the DRV _GetError M essage function to return
the error message. Or you can refer to the DLL Driver Error Codes
Appendix in the DLL Drivers Manual for a detailed listing of the Error
Code, Error 1D and the Error Message.
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5. Calibration

5.1 Overview

This chapter provides a brief overview on MI1C-3716 calibration.
Regular calibration checks are important to maintain accuracy in data
acquisition and control applications. We provide calibration programs
and utilities on the companion CD-ROM to assist you in A/D and D/A
calibration.

Note:
If you installed the program to another directory, you can find these
programsin the corresponding subfoldersin your destination directory.

52

The MIC-3716 has been calibrated at the factory for initial use.
However, a calibration of the analog input and the anal og output

functions every six monthsis recommended.

These calibration programs make calibration an easy job. With a
variety of prompts and graphic displays, these programs will lead you
through the calibration and setup procedures, showing you all the

correct settings and adjustments.

To perform a satisfactory calibration, you will need a 4¥2-digit digital
multi-meter, and a voltage calibrator or a stable, noise-free DC voltage

source.



Note:
Before you calibrate the A/D or D/A function, power must have been
turned on for at least 15 minutesto make sure the DAS card is stable.

A cdlibration utility, AutoCali.EXE, isincluded on the companion
CD-ROM :

AutoCali.EXE MIC-3716 calibration utility

This calibration utility is designed for the Microsoft Windows
environment. Y ou can access this program from the default location:
\Program FilesADVANTECH\ADSAPI\UtilitiesM1 C3716

5.2 VR Assignment
Thereis onevariable resistor (VR1) on the MIC-3716 to adjust the
accurate reference voltage on the MI1C-3716. We have provided a test
point (See TP4 in Fig. 5-1) for you to check the reference voltage on
board. Before you start to calibrate A/D and D/A channels, please
adjust VR1 until the reference voltage on TP4 has reached +5.0000 V.
Fig. 5-1 shows the locations of VR1 and TPA4.
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Fig. 5-1: MIC-3716 VR assignment

5.3 Auto-Calibration

The calibration utility, AutoCali.EXE, provides four functions - auto
A/D calibration, auto D/A calibration, manual A/D cdlibration and
manual D/A calibration. The program helps the user to easily finish
the calibration procedures automatically; however, the user can
calibrate the MI1C-3716 manually. Appendix E illustrates the standard
calibration procedure for your reference. If you want to calibrate the
hardware in your own way, these two sections will guide you. The
following steps will guide you through the MIC-3716 software
calibration.

Step 1: Accessthe calibration utility program AutoCali.exe from the

default location:
C: \Program FilesADVANTECH\ADSAPI\Utilities\
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MIC3716

Note:
If you installed the program to another directory, you can find this
program in the corresponding subfolders in your destination directory.

Step 2: Select MIC-3716 in the ADSDAQ dialog box.

ADSDAD Devices x|

= ADSDAG

716 BoardlD=7 |[O=e400H}

Cancel |

Fig. 5-2: Selecting the device you want to calibrate
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Step 3: After you start to calibrate the MIC-3716, please don't forget to
adjust VR1.

MIE-3716

should -adjust WRT untl the referehce:

For proper calibration of D.-'-‘-.E;E'I:ard, oL
‘@ woltage an TP4 has reached +5.0000 .

Fig. 5-3: Warning message before start calibration




A/D channel Auto-Calibration
Step 4: Click the Auto A/D Calibration tab to show the A/D channel
auto-calibration panel (Fig. 5-4). Pressthe start button to
calibrate A/D channels automatically.

Calibration Program M= BT
72 o 044 Celiiafon | anusi 8D Caliration | Manuial /4 Cabration | At |

1. Bfore o st the caliiation prosedute. plesse adjus h relerence vokage or board st

~A/D Calibration
2. Przss [Start] button to calbrate the A/0 channeks:

Calibiation Procedure

1. PG4 offsel sabration,
|=| 2 Binolar oifset calibration
|—| 2 Unipolar cifsst cafbration

4. Gain calibration,

Tope Adjust Humber | Adjust Code
Al Stent
Al Sten2
Al Sten3
Al Stepd

S| x|
Fig. 5-4: Auto A/D Calibration Dialog Box

Step 5: Thefirst A/D calibration procedure is enabled (Fig. 5-5).

+ Advantech Auto-Calibration Program 1 =] 3
Auta A/D Calibration: | Auto /8 Baftwation | Maruel &0 Caltalion | Meraial DA Galtiation | bt |

~A/D Calibration
1. Belore you sta the calfuatin procedute. plesse djst e refererce vokage or boar st
2:Press {Start] button to calibrate the /0 channels:

Calibiation Procedure

1. PGA offset calibration.
2. Bipolar offset calibration,
3. Unipolar offset calibration

4. Gain calibration,

Tope Aidjust Humber | Adjust Code
A1 5teal 2 0.0228
Al Sten2
Al Sten3
Al Stepd

Fig. 5-5: A/D Calibration Procedure 1
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Step 6: The second A/D calibration procedure is enabled (Fig. 5-6)

+ Advantech Auto-Calibration Program =] B3
ik /0 Callration: | Ao D/ Caibiation | Marual A/D Calibeation | Mandal D7 Caitration | About |

~A/D Calibration
1, Biefore you star the calibalion piaeeduie. please ajust the refetence voliage on hoard fis,
2. Press [Start] button to calibrate the A/D chanrels:

Calibration Procedure:
1. PGA offset calbration
2| 2 Bipolar offset caliwation
|| 2 Uripolar oitset calbeation
=] 4. Gain calibration

Typs: | liust Murber | Adust Code D

Al Stenl 154 0.0000 PASS
Al Step2 32814 b 0.0072

Al Sten3

Al Stepd

ADVANTECH

Fig. 5-6: A/D Calibration Procedure 2

Step 7: Thethird A/D cdlibration procedure is enabled (Fig. 5-7)

+ Advantech Auto-Calibration Program =] B3
ik /0 Callration: | Ao D/ Caibiation | Marual A/D Calibeation | Mandal D7 Caitration | About |

~A/D Calibration
1, Biefore you star the calibalion piaeeduie. please ajust the refetence voliage on hoard fis,
2. Press [Start] button to calibrate the A/D chanrels:

Calibration Procedure:
1. PGA offset calbration
2. Bipolar offset calibration
| 2 Uripolar oitset calbeation
| =] 4 Gain calibration

| Adiust Mumber [ Adust Code. 4D Valt Statuz

154 0.0000 PASS

Step? 32167 125 -0.0000 PaSS
32769 % 5.0002

ADVANTECH

Fig. 5-7: A/D Calibration Procedure 3




Step 8: Auto-calibration is finished. (Fig. 5-8)

I [=1 7

i Advantech Auto-Calibration Program
Auka AD Calibration | Aula D/A Eollbation | Manual &40 Cabration | Ml D& Calbration | abact |

~A/D Calibration
1, Befote you start the oalibration piocedute, please adiust the feference voltage on board first,
2. Press [Start] button to calibrate the 440 channels:

Calibration Procedure
] 1. PGt alfsst calbation

2. Bipolar wation
3. Uripolar offset calibration
| 4 Gain calibration

Type. st Mumber. [ Adust Cade
&l Stepl 154

4] Step? 22767 125

&l Step3 32767 100

4 Stepd 65534 9

RS X e

Fig. 5-8: A/D Calibration isfinished

D/A channel Auto-Calibration
Step 9: Click the Auto D/A Calibration tab to show the D/A channel

auto calibration panel. Please finish the A/D calibration
procedure first before you start the D/A calibration procedure.
There are two D/A channelsin MIC-3716; select the output
range for each channel and then press the start button to

calibrate the D/A channels (Fig. 5-9).
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Advantech Auto-Calibration Program
Ao 470 Cellbraton Atk DA Cabralion | Wariuel A/ Calbestion | Manusl 074 Calbestion | About |

(- D/ Calibration Instfuchions
1. Betore you statt the ealibration procedure; please finish thie 2/D calibration procedure first.

2 Presz[Star] bulton o calibrate the D34 channiek:

Channel 0 ~Channel 1

libration Procedure: Calibration Procedure

[—] 1. D4 Gain 10V calbration [=] 1. Dt Giain 10V calibration
= 2. D4 Gain 5Y calibration = 2. Dé4 Gain B calibration

= 3. DA bipolar offzet calibration = 3 D/ bipolar offget calibiation
= 4. DV unipolar offset calibration = 4. D#é unipolar offset calibration

AdjustCode

Tupe Adjust Code | &10Wall [ Statis

ADVANTECH

X Closs |

Fig. 5-9: Range Selection in D/A Calibration

Step 10: D/A channel O calibration is enabled (Fig. 5-10)

i Advantech Auto-Calibration Program
Ao 470 Cellbraton Atk DA Cabralion | Wariuel A/ Calbestion | Manusl 074 Calbestion | About |

(- D/ Calibration Instfuchions
1. Betore you statt the ealibration procedure; please finish thie 2/D calibration procedure first.

2 Presz[Star] bulton o calibrate the D34 channiek:

Channel 0 ~Channel 1
- r = | - l
Calibration Procedure- Calibration Procedure
(] 1 D4 Gain 10V calbration [=] 1. Dt Giain 10V calibration
2. D4 Gain 5Y calibration = 2. Dé4 Gain B calibration
s 3. DA bipolar offzet calibration = 3 D/ bipolar offget calibiation
= 4. DV unipolar offset calibration = 4. D#é unipolar offset calibration

Tupe Adjust Code | &10Wall [ Statis

st Code
i 655349620 PASS
GE5319970  PASS
358410

ADVANTECH

Fig. 5-10: Calibrating D/A Channel 0



Step 11: D/A channdl 1 calibration is enabled (Fig. 5-11)

Advantech Auto-Cal

n Program l=1 E3
Auto A0 Calbration Aute B Calbration | Manual &40 Calbration | Manusl D8 Calbration | abact |

(- /4 Callbration Instuctions
1. Before you start the calibration procedurs, pleass fnish the A/D calibration procedure first.
2 Press [Start] button 1o calbrate the 04 charinsls

| Channel 0 - Channel 1
Here = Fatig=
Calibration Procedure. Calibration Procedure:

1. DA Gain 10¥ calibration 1. D48 Gan 10V calibration
2. D Gain T calibration 2. D74 Gain 5 calibration

3 D4 bipolar offset calibiation 3. D74 bipolar affset calibration

4. D/ unipolar offset calibration 4. D74 unipolar offset calibration

Tape [PdjustEade [AiDvol  |Staus |
656305870 PASE
65632390 PASE
04330 Pass
sererEIa | PASE

DMNTECH

[zt Code [mvan [States |
66639890 PASS
£5635.0000

Fig. 5-11: Calibrating D/A Channel 1
Step 12: Auto-cdlibration isfinished (Fig. 5-12)

Advantech Auto-Cal

n Program l=1 E3
Auto A0 Calbration Aute B Calbration | Manual &40 Calbration | Manusl D8 Calbration | abact |

1+ D4 Calbration Instiuctions
1. Before you start the calibration procedurs, pleass fnish the A/D calibration procedure first.

Calibration Procedure. Calibration Procedure:
1. D/4 Gain 10 calibration [/] 1. Dé4 Gan 104 calibiation
2 DA Gain 5 calibration 2. D4 Gain BV calbration

3. 074 bipolar affset calibration

Tape [PdjustEade [AiDvol  |Staus |
656305870 PASE
65632390 PASE
04330 Pass
sererEIa | PASE

DMNTECH

665249980 | PASS
55249880 | PASS
05770 FAgE
WTETHI. | PASS

Fig. 5-12: D/A Calibration isfinished
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5.4 Manual Calibration
A/D channel Manual-Calibration
Step 1: Click the Manual A/D Calibration tab to show the A/D channel
manual calibration panel. Before calibrating, acquire the
reference voltage from a precision standard voltage reference.
Go to the Range form, select a channel and the target voltage
range according to the input voltage value from a precision

standard voltage reference (Fig. 5-13).

Note:

= Theinput voltage value you selected from a precision standard voltage
reference needs to correspond with the one that the M1C-3716 can read.

= Theinput voltage will be analog so the computer will convert the
voltage to a digital voltage; therefore, the input voltage value you
selected from a precise standard voltage reference needs to correspond
with the one that the MI1C-3716 can read. For example, if the input
rangeis 0 ~ 5V, the input voltage should be 2.9992V not 3V.
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1 Advantech Auto-Calibration Program - [Of]

Auto /D Calbration | Aulo B8 Cafibretion. Marual A/ Caiibration | Maniial D8 Callbation | About |
—Range —— - A/D Calibiati o
CharnelD [+-5 v =] 1 Plaase i “Aulo AD Calibiation™ for the iritial adustment of PGA offsel.
Channell [«5 v = 2 Select the range of the /0 channels.
Crannel2 [+75 v = 3 st the gain and bipalar/unipolar offset register to calbrate the A/D channels.
Channel 3 [+/-5 v || ~Adjust
Charreld [+/5 v = Gain D Al |
S Bipolar Offset [ | EE i
ChannelB |1/ 755 v :
Shannel 7 |+~ 0525 Unipolar Offset Al |
T ~ Input Vllage
Charnel9 (055 W Code € WYake
Channel 10 [
Channel 11 [+/-5 v =
Charpel 12 [+/-5 v =
Chanrel 13 [+/5 v =
Charinel 14 [+-5 v 7]
Chanrel 15 [+-5 v =]

Fig. 5-13: Selecting I nput Rage in the
Manual A/D Calibration panel

Step 2: Depending on the difference between reference voltage and the
received datain MIC-3716, adjust the gain, bipolar offset and
unipolar offset registers (Fig. 5-14)

1 Advantech Auto-Calibration Program - [Of]
Auio A0 Callraton | Aula D/A Eollbiation | Manual A/D Caibratin | Manal D& Callbration | Abact |
“Range | [ A/D Calibrali ions
CharnelD [+-5 v =] 1 Plaase i “Aulo AD Calibiation™ for the iritial adustment of PGA offsel.
Channell [«-5 v = 2 Select the range of the 4/0 channels.
Cranrelz [+45 v = 3 fidust the gain and bipalar/unipolar offsst register to calibrate the A/D channsls.
Charmel3 [++5 v =|| -Adjust
Charreld |+-5 v = Gain [0 KIS »
Channel [+5 v = Bipla Offset © 4| | ﬂ
Chanel € [+5 v =] -
a7 |45 vV % Umpolat ket Al *
Channel8 [+~5 v =| | - Input Voltage
Charreld [ 5 v = Code O Vale
Channel 10 [+/-5 v 7]
Chanrel 1[5 v =
Charpel 12 [+/-5 v =
Chanrel 13 [+/5 v =
Chianel 14 [«5 v 7]
Charel 16 [+ 5 v =]

Fig. 5-14: Adjusting registers
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Step 3: Adjust the registers until they fall between the input voltage
from the standard voltage reference and the receiving voltage

reflected in the Manual A/D Calibration tab.

D/A channel Manual-Calibration

Step 1: Click the Manual D/A Calibration tab to show the D/A channel
manual calibration panel. The two D/A channels are
individually calibrated. Before calibrating, create your desired
output voltage from the D/A channels and measure it through an

external precision multi-meter.
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Step 2: For example, choose channel 0; select the Range and select the
wished output voltage code or value from the radio buttons (Fig.

5-15 and Fig. 5-16).

3 Advantech Auto-Calibration Program —iofx]|
Autla /D Callalion | Auto 0148 Caifiation | Mariual A0 Caliration; Manual D74 Calibration | abaut |
DA Calibration

1. Select the ranue of the DA channeks ahd et up ite output vallage.

2 Connect the /A shanriels ta a piecision mulimeter.

3 Ad|lm the gain aﬂdhlpu?alihﬂmnlhr tﬁfteltenrétd o callbrate the D44 channels.

~Channel 0 ~ Channel 1
‘Range——— |~ Dutput Voltage — “Range: i~ Dutput Voltage —

Range |0 5Y ¥ A Code [0 Fange {0 5V ¥ 4| Code [0
ESCET—
¥ talue [0.000000 e ) [ ||| ¥ Value 0000000
“Adjust .2 0y -Adjust -

Gain(l+/-1 Y . > Gain(10v) | 104 |4 »
Gain{5V) (154 &l i Gamngsv) [ 151 [+ | iC|
Bipolar Offset | 131 «| m Bl Bipolar Offset | 143 [4] |
Unipolar Offset | 138 4| I\ Unipotar Dffset | 151 [ T

i Advantech Auto-Calibration Program o [] £
\ Calbrati X Closs

Autla /D Callalion | Auto 0148 Caifiation | Mariual A0 Caliration; Manual D74 Calibration | abaut |

Exrermalal D =10

D/A Calibration i
1. Select the ranue af thanA r:hannéls and g2t up ite output voltage:
& Ennnﬁcl‘lhel) o & pf wiltirster
3 Ad|lm the gain an dhlpu?alihﬂmnlhr tﬁfteltenrétd o callbrate the D44 channels.
—Channel 0 i~ Channel 1
‘Range——— |~ Dutput Voltage — “Range: i~ Dutput Voltage —

Rangs |0 5Y ¥ A Code [E Fange (0 5V =] & Cods [0
ekl [T | X e [r000457 et T || ¥ Vase [ot00000
Adjust Adjust -
Gainiov) | 101 ] 0 Gain[10V) | 104 (4 |
Gain(5V) [ 10§ 4] il Gain(5) | 157 |4/ Bl |
Bigolar Offset 131 | | | BipolarOftset | 143 (4] | b
UnioolacOffeet | 155 1| | nipatac et |9 (3] | 3]

Fig. 5-15 & Fig. 5-16: Selecting D/A Range and
Choosing Output Voltage

= = =




Step 3: According to the difference between the output voltage from
D/A channel and the value in the multi-meter, adjust the gain,

bipolar offset and unipolar offset registers (Fig. 5-17)

i Advantech Auto-Calibration Program
Al /0 Celibraton | Auko /4 Bafbraion | Marael /D Caieaion Marual DA Callraton | about |

1. Select the range
2: Carinect the-0éA shannels 1o a precision multi-meter
3 Adjuet the gain and biplardunipolar offset reaister o cafbrate the D/A dhannels.

D/A Calibration Instiuctions
{ - of the DA phmnel‘s,-am:l setp itz output voliage. ‘

—Channel 0 - ~ Channel 1
Range - Dutput Voltage — | | "Range———| [-Dulput Voltage—— |
Rangs IU-> 5V ¥ A | Code |E Hange |[0-> BV ¥ & | Code |0
Exremmal Vel |1_ ¥ e 0000457 Bt ¥\ ol |n 0ooo0n

- Adjust “Adjust
Ganfiovy | 101 (4] | B Bainioy) [ 104 (4] 1 |
Gain®V) [ 8 ¢ @ ] Ganisv) [F83 «] | I

Bipolar Offset B2 _41 _J ﬂ Bipolar Dffset |ﬁ‘37 wl _’l

Unipolar Dffset | 41 4| ol UnipolarDffsat | 153 8] | B

ADMNTECH X oo |

Fig. 5-17: Adjusting registers

Step 4: Adjust registers until they fall between the output voltage from

the D/A channel and the value in the multi-meter.
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Appendix A. Specifications

Analog Input
Channels 16 Single-Ended or 8rdiggerential or combination
Resolution 16-bit
FIFO Size 1K samples
Max. Sampling 250 KSfs max.
Rate
Conversion Time 2.5 s
Innut d Gain 0.5 1 2 4 8
nput range an = — — — —
Gain List Un.lpolar N/A 0~10 0~5 0~25 0~1.25
Bipolar | +10V +5V +25V | £1.25V | £0.625V
Small Signal Gain 0.5 1 2 4 8
Bandwidth for K 0.65M
Bandwidth| 40 M Hz [ 40MHz | 20 M Hz [ 1.5 M Hz
PGA Hz
Common mode .
Voltage + 11V max. (operational)
Max. Input
Voltage 20V
Input Protect 30 Vp-p

Input Impedance

100MO /10 pF(Off) ; 100 MO /10 OpF(On)

Software, On-board Programmable Pacer or external

Trigger Mode
INLE: +1LSB
DNLE: *+1LSB
Zero (Offset) error: Adjustable to + 1 LSB
DC Gain | 05 1 2 4 8
Accuracy Gain
error 0.03 0.02 0.02 0.03 0.04
(%FSR)
AC SNR: 82 dB.
ENOB: 13.5 hits
T&l(g)g:r Software, on-board programmable pacer or external
AID
Clocking and piacekr 250 k Hz (max.) ; 58 ps Hz (min.)
Trigger Inputs cloc
External
AID Min. pulse width: 2us (high); 2us ( low)
trigger Max. frequency: 250kHz
Clock
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Analog Output

Channels 2
Resolution 16-bit
Operation mode Single output
Throughput 200 KS/s max. per channel ( FSR)
Output Range Using Internal 0~+5V,0~+10V, -5V ~+5V, - 10V ~
(Internal & Reference +10V
External Using External 0~+V@+xV(-10 x 10)
Reference) Reference X~ V@+xV(-10 x 10)
DNLE: + 1 LSB (monotonic)
INLE: + 1LSB
Accuracy DC Zero (Offset) error: Adjustable to + 1 LSB
Gain (Full-scale) error: Adjustable to + 1
LSB
Dynamic Setting Time 5us(to4LSBof FSR)
Performance Slew Rate 20V/ps
Drift 10 ppm/°C
Driving
Capability +20mA
Output 010 max.
Impedance
Digital Input/Output
Input Channels 16
Input Voltage L_OW 04v max.
High 2.4V min.
Low 0.4V max. @ - 0.2mA
Input Load n n
nput Loa High 2.7V min. @ 201 A
Output Channels 16
Output Voltage Low [ 04V max @+80mA_(sink
High | 2.4V min. @ -04mA  (source)

Counter/Timer

3 channels, 2 channels are permanently
Channels configured as programmable pacers;1 channel
is free for user application
Resolution 16-bit
Compatibility TTL level
Channel 2:Takes input from output of channel 1
Channel 1:1MHz
Base Clock Channel 0: Internal 1MHz or external clock ( 10
MHz ) max Selected by software
Max. Input 1M Hz
Frequency
Clock Input LPW 08V mgx.
High 2.0 V. min.
Low 0.8 V max.
Gate Input - -
P High 2.0 V min.
Counter Output pr 05V mgx. @ +24mA
High 2.4V min. @ -15mA
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General

1/0 Connector Type

68-pin SCSI-Il female

Dimensions 175 mm x 100 mm (6.9" x 3.9")
- +5V @ 850mA
Power Typical + 12V @ 600mA
c .
onsumption Max. +5V@1A
+ 12V @ 700mA
) 0~+60°C (32~158 )
Operation
Temperature (referto IEC65—-2-1,2)
Storage -20 ~+85°C (-4 ~158 )
. 5 ~ 85% RH non-condensing
. _ |Operation (refer to IEC 68 -1,-2,-3)
Relative Humidity =950 RH Sensi
Storage o non-condensing

(refer to IEC 68 -1,-2,-3)

Certification

CE certified




Appendix B. Block Diagrams
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Appendix C. Register Structure and
Format

C.1 Overview
The MIC-3716 is delivered with an easy-to-use 32-bit DLL driver for
user programming under the Windows 95/98/NT/2000/XP operating
system. We advise users to program the MI1C-3716 using the 32-bit
DLL driver provided by Advantech to avoid the complexity of
low-level programming by registers.

The most important consideration in programming the MIC-3716 at
theregister level is to understand the function of the card's registers.
Theinformation in the following sectionsis provided only for users

who would like to do their own low-level programming.

C.2 1/0 Port Address Map
The MIC-3716 requires 32 consecutive addresses in the PC's 1/0
space. The address of each register is specified as an offset from the
card's base address. For example, BASE+O is the card's base address

and BASE+7 is the base address plus seven bytes.

Table C-1 shows the function of each register of the MIC-3716 or

driver and its address relative to the card's base address.
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Table C-1: MIC-3716 register format (Part 1)

Adiness Read
+decimal | 7 [ 6 | 5 [ 4 | 3 | 2 | 1 ] o
A/D Data
1 AD15 AD14 AD13 AD12 AD11 AD10 AD9 AD8
0 AD7 AD6 AD5 AD4 AD3 AD2 AD1 ADO
N/A
3
2
N/A
5
4
AID Status Register
7 CAL IRQ FIF F/H FIE
6 AD16/12 | CNTO | ONE/FH | IRQEN | GATE EXT PACER SW
N/A
9
8
D/A channel 0 data
11
10
D/A channel 1 data
13
12
N/A
15
14
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Table C-1: MIC-3716 register format (Part 2)

crecs Read
+decimal | 7 ] 6 | 5 [ 4 | 3 ] 2 ] 1 ]o
Digital Input
17 DI15 D14 DI13 DI12 DI11 DI10 DI9 DI8
16 DI7 DI6 DI5 Dl4 DI3 DI2 DIl DIO
N/A
19
18
Board ID
21
20 ‘ ‘ ‘ BD3 ‘ BD2 ‘ BD1 ‘ BDO
N/A
23
22
Counter 0
25
24 D7‘D6‘D5‘D4‘D3‘D2‘D1‘DO
Counter 1
27
26 D7‘D6‘D5‘D4‘D3‘D2‘D1‘DO
Counter 2
29
28 D7‘D6‘D5‘D4‘D3‘D2‘D1‘DO
N/A
31
30
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Table C-1: MIC-3716 register format (Part 3)

cress it
+decimal 7 e | 5 ] 4 ] 3] 2 1 [ o

Software A/D Trigger

1

0
AID Channel Range Setting

3

2 | | so | su | | & | & | e
Multiplexer Control

5 Stop channel

4 Start channel
AID Control Register

7 CAL

6 AD16/12 | CNTO | ONE/FH | IRQEN GATE EXTO PACER SW
Clear Interrupt and FIFO

9 Clear FIFO

8 Clear interrupt
D/A Output Channel 0

11 DA15 DA14 DA13 DA12 DA11 DA10 DA9 DA8

10 DA7 DA6 DA5 DA4 DA3 DA2 DAl DAO
D/A Output Channel 1

13 DA15 DA14 DA13 DA12 DA11 DA10 DA9 DA8

12 DA7 DA6 DA5 DA4 DA3 DA2 DAl DAO
D/A Control Register

15 DALLDEN | DALIVE | DAOBIU | DAL 5110

14 DAO_LDEN | DAONE | DAO_BIU | DAQ_5/10
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Table C-1: MIC-3716 register format (Part 4)

cress it

+decimal | 7 [ 6 [ 5 [ 4 | 3 ] 2 1 0
Digital Output

17 DO15 | DO14 DO13 | DO12 | DO11 DO10 | DOI9 | DO8

16 DO7 DO6 DO5 DO4 DO3 D02 DO1 | DOO

Calibration Command and Data
19 CM3 CM2 CM1 | CMO
18 D7 D6 D5 D4 D3 D2 D1 DO
N/A
21
20
N/A

23

22
Counter 0

25

24 D7 D6 ‘ D5 ‘ D4 ‘ D3 ‘ D2 D1 DO
Counter 1

27

26 D7 D6 ‘ D5 ‘ D4 ‘ D3 ‘ D2 D1 DO
Counter 2

29

28 D7 D6 ‘ D5 ‘ D4 ‘ D3 ‘ D2 D1 DO
Counter Control

31

30 D7 D6 ‘ D5 ‘ D4 ‘ D3 ‘ D2 D1 DO
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C.3 Channel Number and A/D Data — BASE+0 and
BASE+1

BASE+0 and BASE+1 hold the result of A/D conversion data. The 16

bits of data from the A/D conversion are stored in BASE+1 bit 7 to bit
0 and BASE+0 hit 7 to bit O.

Table C-2: MIC-3716 Register for A/D data

Read AID Data
Bit # 7 6 5 4 3 2 1 0
BASE+1 | AD15 | AD14 | AD13 | AD12 | ADIl | AD10 | AD9 | ADS
BASE+0 | AD7 | AD6 | AD5 | AD4 | AD3 | AD2 | ADL1 | ADO
AD15~ADO Result of A/D Conversion

ADO the least significant bit (LSB) of A/D
data

AD15 themost significant bit (MSB)



C.4 Software A/D Trigger — BASE+0
Y ou can trigger an A/D conversion by software, the card's on-board

pacer or an external pulse.

BASE+6, Bit 2 to hit 0, select the trigger source.
(see Section C.7, Control Register -- BASE+6)

If you select software triggering, a write to the register BASE+0 with

any value will trigger an A/D conversion.
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C.5 A/D Channel Range Setting — BASE+2
Each A/D channd hasits own input range, controlled by a gain code
stored in the on-board RAM.

To change the range code for a channel:

+ Write the same channel in BASE+4 (the start channel) and
BASE+5 (the stop channel) (refer to Section C.6).

+ Writethe gain code to BASE+2 bit 0 to bit 2.

Table C-3: Register for A/D channel range setting

Write A/D Channel Range Setting
Bit # 7 6 5 4 3 2 1 0
BASE +2 SD | BU G2 Gl GO
SD Single-ended or Differential
0 single-ended
1 differential.
B/U Bipolar or Unipolar
0 bipolar
1 unipolar.

G2to GO Gain Code (listed as Table C-5)
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Table C-4: Gain codesfor MIC-3716

Gain Code

Gain Input Range(V) B/U
G2 Gl GO
1 51t0+5 0 0 0 0
2 -25t0+2.5 0 0 0 1
4 -1.25t0 +1.25 0 0 1 0
8 -0.625 to +0.625 0 0 1 1
0.5 -10to +10 0 1 0 0
N/A 0 1 0 1
N/A 0 1 1 0
N/A 0 1 1 1
1 0to 10 1 0 0 0
2 0to5 1 0 0 1
4 0to25 1 0 1 0
8 0to1.25 1 0 1 1
N/A 1 1 0 0
N/A 1 1 0 1
N/A 1 1 1 0
N/A 1 1 1 1

Example: To set channel 3 as gain=1

1. Write channel 3 to BASE+4 as 00000011.

2. Write channel 3 to BASE+5 as 00000011.

3. Refer to the gain code list, write gain=1 to BASE+2 as 00000000.
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C.6 MUX Control — BASE+4 and BASE+5

Table C-5: Register for multiplexer control

Write Multiplexer Control

Bit # 7 6 5 4 3 2 1 0
BASE +5 STO3 | STO2 | STO1 STOO
BASE + 4 STA3 STA2 STAL STAO

STA3~STAO Start Scan Channel Number

STO3~STO0 Stop Scan Channel Number

B When you set the gain code of analog input channel n, you
should set the Multiplexer start & stop channel number to
channel n to prevent any unexpected errors. In fact BASE+4 bit
3tobit 0, STA3 ~ STAO, act as apointer to channel n's address

in the SRAM when you program the A/D channel setting (refer
to Section C.5).

Caution!
We recommend you to set the same start and stop channel when writing to
the register BASE+2. Otherwise, if the A/D trigger sourceis on, the
multiplexer will continuously scan between channels and the range setting

may be set to an unexpected channel. Make sure the A/D trigger source is
turned off to avoid this kind of error.

The write-only registers of BASE +4 and BASE+5 control how the

multiplexers (Multiplexer) scan.
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+ BASE+4 hit 3to bit 0, STA3 ~ STAO, hold the start scan channel
number.
¢+ BASE+5 bit 3to bit 0, STO3 ~ STOO, hold the stop scan channel

number.

Writing to these two registers automatically initializes the scan range
of the Multiplexer. Each A/D conversion trigger also setsthe
Multiplexer to the next channel. With continuous triggering, the
Multiplexer will scan from the start channel to the stop channel and
then repeat. The following examples show the scan sequences of the

Multiplexer.

Example 1
If the start scan input channel is Al3 and the stop scan input channel is
Al7, then the scan sequenceis Al 3, Al4, Al5, Al6, Al7, Al3, Al4, Al5,
AlG, Al7,Al3 Al4...

Example 2
If the start scan channel is Al13 and the stop scan channel is Al2, then
the scan sequence is Al13, Al14, Al15, AlQ, All, Al2, Al13, All4,
Al15, AIO, All, Al2, Al13, AllA4...

The scan logic of the MIC-3716 card is powerful and easily
understood. Y ou can set the gain code, B/U and S/D, for each channel.
For the Analog Input function, we set two Al channel Al<i, i+1> (i=
0, 2,4, ...,14) towork as a pair. For example, the Al0 and Allisapair.
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When in single-ended mode, we can get data from Al0 and Al1
separately. But if we set them as differential mode, the results polling
AIlO and Al1 will bethe same. That isif we set the Al0and Allasa
differential input channel, we can get the correct result no matter if we

poll channel O or channel 1.

But if we want to use the multiple channels input function, things will
be alittle bit different. If we set two Al channels as differential
channels, it will be considered as one channel in the data array. Since
theresulted data array of the multi-channel scan function is ranked
with the order of channel, let us give an example to make it more clear.
Now we set channel 0 and 1 as differential and 2, 3 as single ended
and then 4,5 as differential mode. And we set the start channel as

channel 0 and number of channels as 4. The result will be:

#H#HH#  -> channdl 0,1
#i A -> channel 2
H#t ##H#H -> channdl 3
H##HH  -> channel 4,5
##HH#  -> channdl 0,1
#i A -> channel 2
#Ht ##H#H -> channdl 3
H##HH  -> channel 4,5
##HH#  -> channdl 0,1



Warning!
Only even channels can be set as differential. An odd channel will become
unavailableif its preceding channel is set as differential.
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C.7 Control Register — BASE+6 and BASE+7
The write-only register BASE+6 and BASE+7 allows usersto set an

A/D trigger source and an interrupt source.

Table C-6: Control Register

Write A/D Status Register

Bit # 7 6 5 4 3 2 1 0

BASE +7 CAL

BASE+6 | AD16/12 | CNTO | ONE/FH | IRQEN | GATE | EXT | PACER SW

SW Software trigger enable bit
1 enable
0 disable

PACER Pacer trigger enable bit
1 enable
0 disable

EXT Externa trigger enable bit
1 enable
0 disable

Note:
Y ou cannot enable SW, PACER and EXT concurrently.

GATE External trigger gate function enable bit.
0 Disable
1 Enable

IRQEN Interrupt enable bit.
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ONE/FH

CNTO

AD16/12

0 Disable

1 Enable

Interrupt source bit

0  Interrupt when an A/D conversion occurs

1  Interrupt when the FIFO is half full.

Counter O clock source select bit

0 Theclock source of Counter O comes from the
internal clock, 1 MHz

1  Theclock source of Counter O comes from the
external clock, maximum up to 10 MH

Analog Input resolution.

0 16hit

1 12 bit. And those two registers BASE+0 &
BASE+1 (Table C-7)

Table C-7: MIC-3716 Register for channel number and

A/D data
Read Channel Number and A/D Data
Bit # 7 6 5 4 3 2 1 0
BASE+1 | CH3 | CH2 | CH1 | CHO | ADI1 | AD10 | AD9 | ADS
BASE+0 | AD7 | AD6 | AD5 | AD4 | AD3 | AD2 | AD1 | ADO
AD11~ADO Result of A/D Conversion

ADO the least significant bit (LSB) of A/D
data
AD11  the most significant bit (M SB)

87



88

CH3~CHO

A/D Channel Number

CH3~CHO  hold the number of the A/D
channel from which the datais
received

CH3 MSB

CHO LSB

CAL Analog 1/O calibration bit

0

Normal mode

All analog input and outputs channels are
connected to the 68 pin SCSI-11 connector
respectively.

A/D and D/A calibration mode

The wiring becomes that Al0 is connected to 0 V
(AGND), Al2isconnectedto +5V, Al4is
connected to AOOQ, and Al6 is connected to AO1
automatically.



C.8 Status Register — BASE+6 and BASE+7
The registers of BASE+6 and BASE+7 provide information for A/D

configuration and operation.

Table C-8: Status Register

Write A/D Control Register
Bit # 7 6 5 4 3 2 1 0
BASE +7 CAL IRQ FIF F/H FIE
BASE + 6 AD16/12 | CNTO | ONE/FH | IRQEN GATE EXT PACER SW

The content of the status register of BASE+6 is the same as that of the
control register.
F/E FIFO Empty flag
This bit indicates whether the FIFO is empty.
1 means that the FIFO is empty.
F/H FIFO Half-full flag
This bit indicates whether the FIFO is half-full.
1 means that the FIFO is half-full.
FIF FIFO Full flag
This bit indicates whether the FIFO isfull.
1 means that the FIFO isfull.
IRQ Interrupt flag
This bit indicates the interrupt status.

1 meansthat an interrupt has occurred.
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C.9 Clear Interrupt and FIFO — BASE+8 and BASE+9

Writing data to either of these two bytes clears the interrupt or the
FIFO.

Table C-9: Register to clear interrupt and FIFO

Write Clear Interrupt and FIFO
Bit # 7 6 5 4 3 2 1 0
BASE +9 Clear FIFO
BASE +8 Clear Interrupt

C.10 D/A Output Channel 0 — BASE+10 and BASE+11
The MIC-3716 provides an innovative design as gate control for the
Analog Output function. It works as a general Analog Output function
when you disable the flag (bit 3 (DAO_LDEN) of BASE+14). That
means data will be output immediately. However, when you enable the
flag, you need to read these two registers BASE+10 and BASE+11 to
output the data to the Analog Output channel.

Table C-10: Register for load D/A channel O data

Read Load D/A Channel 0 data

Bit # 7 6 5 4 3 2 1 0
BASE + 11
BASE + 10

90



C.11 D/A Output Channel 0 — BASE+10 and BASE+11

The write-only registers of BASE+10 and BASE+11 accept data for
the D/A Channel 0 output.

Table C-11: Register for D/A channdl 0 data

Write

D/A Output Channel 0

Bit # 7

6 5 4 3 2

BASE +11 | DA15

DA14 | DA13 DA12 DAl1 DA10 DA9 DA8

BASE +10 | DA7

DA6 DA5 DA4 DA3 DA2 DAl DAO

DA11~DAO

Digital to analog data
DAO LSB of the D/A data
DA15 MSB of the D/A data
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C.12 D/A Output Channel 1 — BASE+12 and BASE+13

92

The MIC-3716 provides an innovative design as gate control for the
Analog Output function. It works as a general Analog Output function
when you disable the flag (bit 11 (DA1_LDEN) of BASE+14). That
means the data will be output immediately. However, when you enable
the flag, you need to read these two registers BASE+12 and BASE+13
to output the data to the Analog Output channel.

Table C-12: Register for load D/A channel 1 data

Read Load D/A Channel 1 data

Bit # 7 6 5 4 3 2 1 0
BASE + 13
BASE + 12




C.13 D/A Output Channel 1 — BASE+12 and BASE+13

The write-only registers of BASE+12 and BASE+13 accept data for
the D/A channel 1 outpuit.

Table C-13: Register for D/A channel 1 data

D/A Output Channel 1

Write

Bit # 7 6 5 4 3 2

BASE +13 | DAI15 DA14 DA13

DA12 DAl1 DA10 DA9 DA8

BASE + 12 DA7 DAG

DA5 DA4 DA3 DA2 DAl DAO

DA11 ~DAO Digital to analog data

DAO LSB of the D/A data
DA15 MSB of the D/A data
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C.14 D/A Reference Control —BASE+14
The write-only register of BASE+14 allows users to set the D/A

reference source.

Table C-14: Register for D/A reference control
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Write D/A Output Channel 1
Bit # 7 6 5 4 3 2 1 0
BASE +15 DAL_LDEN | DA1_I/E | DAO_B/U | DA1_5/10
BASE + 14 DAO_LDEN | DAO/I/E | DAO_B/U | DAO_5/10
DANn_5/10 Theinterna reference voltage for the D/A output
channel n
0 -5V
1 -10V
DAn_B/U  for D/A output channel n
0 Bipolar
1 Unipolar
DAnNn_I/E Internal or externa reference voltage for D/A output
channel n
0 Internal source
1 Externa source
DAn_LDEN for Gate Control of D/A output channel n (Please refer

to C.10 and C.12)
0 Disable
1 Enable



C.15 Digital I1/0 Registers — BASE+16 and BASE+17
The MIC-3716 offers 16 digita input channels and 16 digital output
channels. These 1/0 channels use the input and output ports at
addresses BASE+16 and BASE+17.

Table C-15: Register for digital input

Read Digital Input

Bit # 7 6 5 4 3 2 1 0

BASE + 17 DI15 DI14 DI13 DI12 Di11 DI10 DI9 DI8

BASE + 16 DI7 DI6 DI5 D4 DI3 DI2 DI1 DIO

Table C-16: Register for digital output

Write Digital Output

Bit # 7 6 5 4 3 2 1 0

BASE+17 | DO15 | DO14 | DO13 | DO12 | DO11 | DO10 DO9 DO8

BASE + 16 DO7 DO6 DO5 DO4 DO3 D02 DO1 DOO0

Notel
| mhe default configuration of the digital output channelsisalogic O.

This avoids damaging external devices during system start-up or reset

since the power on statusis set to the default value.
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C.16 Calibration Registers — BASE+18 and BASE+19
The MIC-3716 offers Calibration registers BASE+16 and BASE+17
for calibrating A/D and D/A.

Table C-17: Calibration Command and Data Register

Write Calibration Command and Data
Bit # 7 6 5 4 3 2 1 0
BASE + 19 CM3 CM2 CM1 CMO

BASE + 18 D7 D6 D5 D4 D3 D2 D1 DO

D7 to DO Calibration data
DO LSB of the calibration data
D7 MSB of the calibration data

CM3to CMO Cdlibration Command and Table C-18 lists the
command code for MIC-3716.
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Table C-18: Calibration Command and Data Register

Command Code

Meaning

CM3 CM2 | CM1 | CMO
A/D bipolar offset adjust 0 0 0 0
A/D unipolar offset adjust 0 0 0 1
PGA offset adjust 0 0 1 0
A/D gain adjust 0 0 1 1
D/A 0 gain 1 adjust (10 V) 0 1 0 0
D/A 0 gain 2 adjust (5 V) 0 1 0 1
D/A 0 bipolar offset adjust 0 1 1 0
D/A 0 unipolar offset adjust 0 1 1 1
D/A 1 gain 1 adjust (10 V) 1 0 0 0
D/A 1 gain 2 adjust (5 V) 1 0 0 1
D/A 1 bipolar offset adjust 1 0 1 0
D/A 1 unipolar offset adjust 1 0 1 1
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C.17 Board ID Registers — BASE+20
The MIC-3716 offers Board ID register BASE+20. With correct
Board ID settings, you can easily identify and access each card during

hardware configuration and software programming.

Table C-19: Register for Board ID

Read Board ID
Bit # 7 6 5 4 3 2 1 0
BASE + 20 BD3 BD2 BD1 BDO

C.18 Programmable Timer/Counter Registers
BASE+24, BASE+26, BASE+28 and BASE+30
The four registers of BASE+24, BASE+26, BASE+28 and BASE+30
are used for the 82C54 programmable timer/counter. Please refer to
Appendix D. 82C54 Counter Chip Functions for detailed application

information.

Note:
You have to use a 16-bit (word) command to read/write each register.
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Appendix D. 82C54 Counter Chip

Function

D.1 The Intel 82C54
The MIC-3716 uses one Intel 82C54 compatible programmable
interval timer/counter chip. The popular 82C54 offers three
independent 16-bit counters, counter O, counter 1 and counter 2. Each
counter has a clock input, control gate and an output. Y ou can

program each counter for maximum count values from 2 to 65535.

The 82C54 has a maximum input clock frequency of 10 MHz. The
MIC-3716 provides 10 MHz input frequencies to the counter chip

from an on-board crystal oscillator.

Counter O
On the MIC-3716, counter O can be a 16-bit timer or an event counter,
selectable by users. When the clock source is set as an internal source,
counter O is a 16-bit timer; when set as an external source, then
counter O is an event counter and the clock source comes from
CNTO_CLK. The counter is controlled by CNTO_GATE. When
CNTO_GATE input is high, counter O will begin to count.

Counter 1 & 2

Counter 1 and counter 2 of the counter chip are cascaded to create a
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32-bit timer for the pacer trigger. A low-to-high edge of counter 2
output (PACER_OUT) will trigger an A/D conversion. At the same
time, you can use this signal as a synchronous signal for other

applications.
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D.2 Counter Read/Write and Control Registers
The 82C54 programmable interval timer uses four registers at
addresses BASE + 24(Dec), BASE + 26(Dec), BASE + 28(Dec) and
BASE + 30(Dec) for read, write and control of counter functions.

Register functions appear below:

Register Function

BASE + 24(Dec) Counter 0 read/write
BASE + 26(Dex) Counter 1 read/write
BASE + 28(Dex) Counter 2 read/write
BASE + 30(De) Counter control word

Since the 82C54 counter uses a 16-bit structure, each section of
read/write data is split into aleast significant byte (L SB) and most
significant byte (MSB). To avoid errors, it isimportant that you make
read/write operations in pairs and keep track of the byte order.

The data format for the control register is as below:

BASE+30(Dec) 82C54 control, standard mode

Bit D7 D6 D5 D4 D3 D2 D1 DO

Value SC1 SCO RW1RWOM2 M1 MO BCD
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Description
SC1 & SCO Sdlect counter

Counter SC1 SCO
0 0 0
1 0 1
2 1 0
Read-back command 1 1

RW1 & RWO Select read / write operation

Operation RW1 RWO
Counter latch 0 0
Read/write LSB 0 1
Read/write MSB 1 0
Read/write LSB first, 1 1
then MSB

M2, M1 & MO Select operating mode

M2 M1 MO Mode  Description

0 0O 0 O Stop on terminal count

0 O 1 1 Programmable one shot

X 1 0 2 Rate generator

X 1 1 3 Square wave rate generator
1 0O 0 4 Software triggered strobe
1 0O 1 5 Hardware triggered strobe
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BCD Sdlect binary or BCD counting

BCD Type
0 Binary counting 16-bits
1 Binary coded decimal (BCD) counting

If you set the module for binary counting, the count can be any
number from O up to 65535. If you set it for BCD (Binary Coded

Decimal) counting, the count can be any number from O to 9999.

If you set both SC1 and SCO bits to 1, the counter control register isin
read-back command mode. The control register data format then

becomes:

BASE + 30(Dec) 82C54 control, read-back mode

Bit D7 D6 D5 D4 D3 D2 D1 DO

Value 1 1 CNT STA C2 C1 Co X

CNT =0 Latch count of selected counter(s)
STA=0 Latch status of selected counter(s)
C2,C1& CO Select counter for aread-back operation

C2 = 1 select Counter 2

C1 = 1 select Counter 1

CO0 = 1 select Counter 0

If you set both SC1 and SCO to 1 and STA to O, the register selected
by C2 to CO contains a byte which shows the status of the counter.
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The dataformat of the counter read/write register then becomes:

BASE+24/26/28(Dec) Status read-back mode

Bit D7 D6 D5 D4 D3 D2 D1 DO

Value OUT NC Rwi RWO M2 M1 MO BCD

OUT  Current state of counter output
NC Null count is 1 when the last count written to the counter

register has been loaded into the counting element



D.3 Counter Operating Modes
MODE 0 — Stop on Terminal Count

The output will initially be low after you set this mode of operation.
After you load the count into the selected count register, the output
will remain low and the counter will count. When the counter reaches
the terminal count, its output will go high and remain high until you
reload it with the mode or a new count value. The counter continues to
decrement after it reaches the terminal count. Rewriting a counter
register during counting has the following results:
1. Writing to the first byte stops the current counting.

2. Writing to the second byte starts the new count.

MODE 1 — Programmable One-shot Pulse
The output isinitially high. The output will go low on the count
following the rising edge of the gate input. It will then go high on the
terminal count. If you load a new count value while the output is low,
the new value will not affect the duration of the one-shot pulse until
the succeeding trigger. Y ou can read the current count at any time
without affecting the one-shot pulse. The one-shot is re-triggerable,
thus the output will remain low for the full count after any rising edge

at the gate input.

MODE 2 — Rate Generator
The output will be low for one period of the input clock. The period
from one output pulse to the next equals the number of input countsin

the counter register. If you reload the counter register between output
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pulses, the present period will not be affected, but the subsequent
period will reflect the value.

The gate input, when low, will force the output high. When the gate
input goes high, the counter will start from the initial count. Y ou can

thus use the gate input to synchronize the counter.

With this mode the output will remain high until you load the count

register. You can aso synchronize the output by software.

MODE 3 — Square Wave Generator
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Thismode is similar to Mode 2, except that the output will remain
high until one half of the count has been completed (for even
numbers), and will go low for the other half of the count. Thisis
accomplished by decreasing the counter by two on the falling edge of
each clock pulse. When the counter reaches the terminal count, the
state of the output is changed, the counter is rel oaded with the full

count and the whole process is repeated.

If the count is odd and the output is high, the first clock pulse (after
the count isloaded) decrements the count by 1. Subsequent clock
pulses decrement the count by 2. After time-out, the output goes low
and the full count isreloaded. Thefirst clock pulse (following the
reload) decrements the counter by 3. Subsequent clock pulses
decrement the count by two until time-out, then the whole processis

repeated. In thisway, if the count is odd, the output will be high for



(N+1)/2 counts and low for (N-1)/2 counts.

MODE 4 —Software-Triggered Strobe
After the mode is set, the output will be high. When the count is
loaded, the counter will begin counting. On terminal count, the output
will go low for one input clock period then go high again. If you
reload the count register during counting, the new count will be loaded
on the next CLK pulse. The count will be inhibited while the GATE
input is low.

MODE 5 — Hardware-Triggered Strobe
The counter will start counting after the rising edge of the trigger input
and will go low for one clock period when the terminal count is

reached. The counter is re-triggerable.
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D.4 Counter Operations
Read/Write Operation
Before you write the initial count to each counter, you must first
specify the read/write operation type, operating mode and counter type
in the control byte and write the control byte to the control register
[BASE + 30(Dec)].

Since the control byte register and al three counter read/write
registers have separate addresses and each control byte specifies the
counter it applies to (by SC1 and SCO0), no instructions on the
operating sequence are required. Any programming segquence

following the 82C54 convention is acceptable.

There are three types of counter operations. Read/load L SB, read /load
MSB and read /load L SB followed by MSB. It isimportant that you
make your read/write operationsin pairs and keep track of the byte

order.

Counter Read-back Command
The 82C54 counter read-back command lets you check the count
value, programmed mode and current states of the OUT pin and Null
Count flag of the selected counter(s). Y ou write this command to the
control word register. The format is as shown at the beginning of this
section. The read-back command can latch multiple counter output
latches. Simply set the CNT bit to 0 and select the desired counter(s).

Thissingle command is functionally equivalent to multiple counter
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latch commands, one for each counter latched.

The read-back command can also latch status information for selected
counter(s) by setting STA bit = 0. The status must be latched to be
read; the status of a counter is accessed by aread from that counter.
The counter status format appears at the beginning of the chapter.

Counter Latch Operation
Users often want to read the value of a counter without disturbing the
count in progress. Y ou do this by latching the count value for the

specific counter, and then read the value.

The 82C54 supports the counter latch operation in two ways. The first
way isto set bits RW1 and RWO to 0. This latches the count of the
selected counter in a 16-bit hold register. The second way isto
perform alatch operation under the read-back command. Set bits SC1
and SCOto 1 and CNT = 0. The second method has the advantage of
operating severa counters at the same time. A subsequent read

operation on the selected counter will retrieve the latched value.
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Appendix E. Manual Calibration

E.1 A/D Calibration

Regular and proper calibration procedures ensure the maximum

possible accuracy. It is easy to complete the A/D calibration procedure

automatically (i.e. through software calibration) by executing the A/D

calibration program AutoCali.EXE. Therefore, it is not necessary to

adjust the hardware settings of the MI1C-3716. However, the following
calibration steps are a so provided for your reference in case manual
calibration is needed:

1. Adjust the on board reference voltage. First, adjust VR until the
reference voltage on TP4 has reached +5.0000 V. Next, to write
0x0080, 0x0180, 0x0280 and 0x0380 sequentially to the
Calibration Command and Data register (BASE+18) set
MIC-3716 to Al software trigger and calibration mode.

2. Adjust the PGA offset voltage. First, write any value to BASE+9
to clear FIFO. Then set A/D channel to channel 0.

3. Writethe value from 0x0200 to Ox02FF sequentialy to the
Calibration Command and Data register (BASE+18), and get
each bipolar range’s data by the software trigger A/D method.
Repeat this procedure 1000 times then average those data for each
value. After that, compare the average data of the range between
5V and +0.625 V, to see whether the discrepancy islessthen 2
LSB. If so, go to the next step. Otherwise, you must change the
value and repeat the whole procedure in this step again until the
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discrepancy islessthen 2 LSB.

Adjust the BIPOL AR offset voltage. First, write any value to
BASE+9 to clear FIFO. Then set the A/D channel to channel 0,
and to set therangeas-5V to +5 V.

Write the value from 0x0000 to OxO0FF sequentialy to the
Calibration Command and Data register (BASE+18), and get
each bipolar range’s data by the software trigger A/D method.
Repeat this procedure 1000 times, then average those data for
each value. Check if the average datais close to 32767.5. If so, go
to the next step. Otherwise, you must change the value and repeat
the whole procedure in this step again until the average data is
close to 32767.5.

Adjust UNIPOL AR offset voltage. First, write any value to
BASE+9 to clear FIFO. Then set A/D channel to channel 0, and
set therangeasOV to 10 V.

Write the value from 0x0100 to Ox01FF sequentialy to the
Calibration Command and Data register (BASE+18), and get
each bipolar range’s data by the software trigger A/D method.
Repeat this procedure 1000 times, then average those data for
each value. See whether the average data is close to 32767.5. If so,
go to the next step. Otherwise, you must change the value and
repeat all the procedurein this step again until the average datais
close to 32767.5.

Adjust GAIN offset voltage. First, write any valueto BASE+9 to
clear FIFO. Then set A/D channel to channel 2, and set the range
as-5Vto+5V.



9. Writethe value from 0x0300 to OX03FF sequentialy to the
Calibration Command and Data register (BASE+18), and get
each bipolar range’s data by the software trigger A/D method.
Repeat this procedure 1000 times then average those data for each
value. See whether the average datais close to 65534.6. If so, go
to the next step. Otherwise, you must change the value and repeat
the whole procedure in this step again until the average data is
close to 65534.6.

10. Repeat steps 2 to 9 severa times.

Table E-1: A/D binary code table

A/D code Mapping Voltage
Hex. Dec. Bipolar Unipolar
0000h 0 -FS 0
TFFFh 32767 -1LSB 0l5LFSSB_1
8000h 32768 0 05FS
FFFFh 65535 +FS-1LSB FS-1LSB

Note
B 11 SB=FS/65535for Unipolar
(For example: 1LSB = 10/ 65535, while therangeis0 V to10 V)
W11 SB=+FS/ 32768 for Bipolar
(For example: 1LSB =5/ 32768, while therangeis -5V to +5V)
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E.2 D/A Calibration

Y ou can select an onboard +5V or +10V internal reference voltage or
an external voltage as your analog output reference voltage. If you use
an external reference, connect the reference voltage within the £10V
range to the reference input of the D/A output channel you want to
calibrate. Then adjust the gain value, unipolar offset voltage, bipolar
offset voltage, respectively, of D/A channels 0 and 1 with the
Calibration Command and Data register (BASE+18).

Note:

Using a precision voltmeter to calibrate the D/A outputs is recommended.
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The auto-calibration program AutoCali.EXE helpsyou finish the D/A
calibration procedure automatically. In order to get the maximum
possible accuracy of the D/A channels, you need to calibrate the A/D
channelsfirst. Although the procedure is not necessary, the following
calibration steps are provided below for your reference in case you
want to implement the calibration yourself:

1. Write 0x0400, 0x0500, 0x0600, 0x0700, 0x0800, 0x0900, 0xOA 00
and 0x0BO0O0 sequentialy to the Calibration Command and Data
register (BASE+18). Next, set the MIC-3716 to Al software
trigger and calibration mode. After that, set the A/D channel to the
corresponding D/A channel. That means, connect A/D channel 4
to D/A channel 0, and connect A/D channel 6 to D/A channel 1.

2. Adjust GAIN 10V calibration. First, write any valueto BASE+9
to clear FIFO. Then set the A/D rangeas 0V to 10 V, and set the



D/A rangeasOV to 10 V. Next, write OXFFFF to the
corresponding D/A registers (BASE+10 and BASE+12).

Write the value from 0x0400 to OxO4FF sequentialy to the
Calibration Command and Data register (BASE+18), and get
each bipolar range’s data by the software trigger A/D method.
Repeat this procedure 1000 times to average those data for each
value. After that, see whether the average data is close to 65534.6.
If so, go to the next step. Otherwise, you must change the value
and repeat the whole procedure in this step again until the average
datais close to 65534.6.

Adjust GAIN 5V calibration. First, write any value to BASE+9 to
clear FIFO. Then set the A/D rangeas-5V to +5 V, and set the
D/A rangeas0V to 5 V. Next, write OxFFFF to the corresponding
D/A registers (BASE+10 and BASE+12).

Write the value from 0x0500 to OxO5FF sequentially to the
Calibration Command and Data register (BASE+18), and get
each bipolar range’s data by the software trigger A/D method.
Repeat this procedure 1000 times to average those data for each
value. After that, see whether the average datais close to 65534.6.
If so, go to the next step. Otherwise, you must change the value
and repeat the whole procedure in this step again until the average
datais close to 65534.6.

Adjust BIPOLAR offset cdibration. First, write any value to
BASE+9to clear FIFO. Then set the A/D rangeas-5V to+5V,
and set the D/A range as-5V to +5 V. Next, write 0x0000 to the
corresponding D/A registers (BASE+10 and BASE+12).
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7. Writing the value from 0x0600 to OxO6FF sequentially to the

Calibration Command and Data register (BASE+18), and get
each bipolar range’s data by the software trigger A/D method.
Repeat this procedure 1000 times to average those data for each
value. After that, see whether the discrepancy is less then 0.4 LSB.
If so, go to the next step. Otherwise, you must change the value
and repeat the whole procedure in this step again until the
discrepancy islessthen 0.4 LSB.

Adjust UNIPOLAR offset cdibration. First, write any value to
BASE+9to clear FIFO. Then set the A/D rangeas-5V to+5V,
and set the D/A range as 0 V to 5 V. Next, write 0x8000 to the
corresponding D/A registers (BASE+10 and BASE+12).

Write the value from 0x0600 to Ox06FF sequentially to the
Calibration Command and Data register (BASE+18), and get
each bipolar range’s data by the software trigger A/D method.
Repeat this procedure 1000 times then average those data for each
value. After that, see whether the average datais close to 32767.5.
If so, go to the next step. Otherwise, you must change the value
and repeat the whole procedure in this step again until the average
data close isto 32767.5.

10. Repeat steps 2 to 9 several times.



Table E-2: D/A binary code table
A/D code Mapping Voltage
Hex. Dec. Bipolar Unipolar
0000h 0 -FS 0
TFFFh 32767 -1LSB 0.5FS-1LSB
8000h 32768 0 05FS
FFFFh 65535 +FS-1LSB FS-1LSB

Note

B 11 SB=FS/65535for Unipolar

(For example: 1L SB = 10/ 65535, while therangeis0 V to10 V)

W11 SB=+FS/ 32768 for Bipolar

(For example: 1LSB =5/ 32768, while therangeis -5V to +5V)
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