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Analogic Corporation Introduction 

I CHAPTER ONE: Introduction 

This manual is to be used with the follo"ing products: 

HSDAS-12 
MSDAS-12 
LSDAS-12 
HSDAS-16 
LSDAS-16 

400kHz 12-bit Data Acquisition Board 
200kHz 12-bit Data Acquisition Board 
100kHz 12-bit Data Acquisition Board 
200kHz 16-bit Data Acquisition Board 
50kHz 16-bit Data Acquisition Board 

IMPORTANT 
With the exception of the ADC subsystem. the above products are 
similar in all aspects of operation. Therefore, all information in this 
manual can be applied to any of the above products unless otherwise 
indicated. Whenever it becomes necessary to explain operating 
parameters by using examples, the HSDAS-12 wi 11 be used. As the 
user, it is important to remember that your system might hm·e a 
different sampling rate. and the information contained in this manu;~! 
may be adjusted accordingly. 

1.0 Overview 
The xSDAS-xx (DAS) products from Analogic Corporation are high 
speed, multifunction, plug-in data acquisition boards for the IBM 
PC/AT and compatibles. These boards contain a multimode 12- or 16-
bit analog-to-digital converter (ADC) with sixteen input channels. two 
12-bit digital-to-analog (DAC) output channels with optional 32K 
sample DAC input buffer memory, a multi-configuration 16-bit 
parallel digital I/0 (DIO) port, and a flexible mu1ticham1el timer for 
triggering and pacing. Data from the ADCs is collected in a 128-
sample FIFO memory area for data buffering. All data transfers to and 
from the DAS may be program-driven or Yia Direct Memory Access 
(DMA). All functions are contained in a single, full-length. PC/AT 
bus-compatible board and are fully software programmable. The 
board's base address, interrupt service level, and DMA addresses are 
fully jumper-selectable. 

1-1 
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1.1 Analog Inputs 
The technical specifications for the analog inputs are as follows: 

1-2 

Number of Input Channels 

ln))Ut Voltage Range 

Unipolar 
Bipolar 

16 single-ended, 
8 differential 

2 5V, 5.0V, lO.OV 
+2.5V, +5.0V, + l O.OV 

Maximum Input Voltage for Proper Openttion 

Signal and Common Mode 

Input Current per Channel 

Input Fault Current 

Input Impedance 
(in parallel with) 

Maximum Input Voltage 
without damage) 

+llV 

l nA typical 
lOOnA maximum 

20mA for input signals 
less than +15Vand 
greater than -15V 

lOOMO minimum 
50pF maximum 

35V (pO\\·er on) 
20V (power off) 
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1.2 Analog-to-Digital Conversion 
The DAS takes data from the si~teen analog input channels and 
buffers it into an analog-to-digital conversion (ADC) subsystem. 
Trigger signals for the ADC(s) are available from three sources: a 
programmable on-board timer: a software-generated signal from the 
host PC; or from a user-supplied e:-.:ternal signal. which can be 
programmed as a positive or negative leYel, or edge-sensitiYe. The 
ADC(s) may be autocalibrated under software control to eliminate gain 
and offset errors. Data from the ADC subsystem is fed into a 128-
sample FIFO buffer that allows asynchronous data transfer from the 
ADC(s) to the host computer. Data is transferred to the host through 
Direct Memory Access (DMA) or programmed 1/0. 

1-3 
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1-4 

The following specifications apply to the ADC subsystem of the DAS-
12 boards: 

Resolution 

Differential Non-Linearity 

Integral Non-Linearity 

Relative Accuracy 

Absolute Accuracy 

Inherent Quantization Error 

Monotonicity 

Noise 

Channel Crosstalk 

Channel Feedthrough at 1kHz 

12 bits 

±112 LSB maximum. 
±114 LSB typical 

+ 112 LSB maximum: 
±Il-l LSB typical 

+0.03% maximum. 
+0.015% typical 

+0.1% typical, 
±0.2% maximum 

± l/2LSB 

Guaranteed 0°C to 70° \\"ith no 
missing codes 

0.5 LSB RMS typical. 
1.0 LSB RMS maximum 

-80dB maximum at 1kHz 

-lOOdB typical, 
-90dB minimum 
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The following specifications apply to the ADC subsystem of the DAS-
16 boards: 

Resolution 16 bits 

Integral Non-linearity ±2LSB 

Relative Accuracy ±0.003% of FS maximum 

Absolute Accuracy (Note 1) ±.().015% ofFS maximum uncalibrated 

Monotonicity Guaranteed 

Noise (Note 2) 1 LSB RSM maximum 

Channel Crosstalk (Note 3) -86dB at 1kHz maximum 

Channel Feedthrough -90dB at 1kHz maximum 

Notes: 
l. 

2. 

.., 

.). 

Gain and offset errors can be autocalibrated to within 
LSB of the appropriate reference. 

Two (2) LSBs maximum for the 0-2.5V range. 

The proportion of a 1kHz signal applied to a non­
selected channel input appearing on the selected 
channel output: 

20 Log Vout 
Yin 

1-5 
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1.3 AID Stability 
The following ADC subs~1em stability characteristics apply to the 
DAS-12 boards: 

1-6 

Gain Tempenltut·e Coefficient 

Offset Temperature Coefficient: 

Range 
IO.OV 
+lO.OV 
S.OV 
+ S.OV 
2.5V 
+ 2.5V 

Diffe rential Non-Linearity 
Temperatu t·e Coefficient 

Tvuical 
2.5 ppm/°C 
5.0 ppm/°C 
3.0 ppm/°C 
6.0 ppnli°C 

5.0 ppnli°C 
10.0 m/°C 

Integral Non-Linearity Temperature 
Coeffi cient 

Power Supply Sensith·ity 
(+5V Logic) 

5 ppm/°C typical. 
lO ppm/°C maximum 

Maximum 
10 ppm/°C 

20 ppnli°C 
6 ppm/°C 
30 ppm/°C 
25 ppm/°C 
50 m/°C 

+0.3 ppnli°C typical. 
+0.6 ppnli°C maximum 

+ 5 ppm/% typica l. 
+ LO ppmJ<Yo maximum 
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The following ADC subsystem stabilit)' characteristics apply to the 
DAS-16 boards: 

Gain Tempco 

Offset Tempco 
0.2 LSB/°C 
1.5 LSB/°C 

Voltage Reference 
Tempco 

15ppm/°CFuiJ scale voltage may be 
autocalibrated to onboard reference 
voltage. 

On the + lOV range 
On the 0-2.5V range; may be 
autocalibrated. 

Recalibration is recommended once per month for continuous 
operation at 25°C, for every l0°C change in ambient temperature, or 
at every Power On. 

1-7 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Introduction Analogic Corporation 

1.4 AID Signal Dynamics 
The following are the dynamic characteristics of the ADC subsystem 
for the DAS-12 boards: 

Maximum Throughput Rate 

Maximum Throughput each ADC 

Aperture Delay 

Aperture Unce1iainty 

Common Mode Rejection Ratio 
(Differential Channels)at 60Hz to 1kHz 

Full Power Bandwidth 

Small Signal Bandwidth 

Total Harmonic Disto11ion 

Sional-to-Noise Ratio 

1-8 

400kHz (HSDAS-12) 
200kHz (MSDAS-12) 
100kHz (LSDAS-12) 

100kHz 

25ns 

lOOps plus uncertainty of Control Logic 

80dB typical. 
70dB minimum 

32kHz 

2MHz 

-72dB typical 

70dB 
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The following are the dynamic characteristics of the ADC subsystem 
of the DAS-16 boards: 

Maximum Throughput Rate 

Aperture DeJa~' 

Common Mode Rejection 

Total Harmonic Distortion 

Signal-to-Noise Ratio 

200kHz (HSDAS-16) 
50kHz (LSDAS-1 6) 

30ns (HSDAS-16) 
25ns (LSDAS-16) 

· 80dB at 60Hz 

-90dB maximum; settling error +0.005% FSR 
maximum 

88dB 

1.5 Digital-to-Analog Conversion 
The DAS digital-to-analog subsystem contains two 12-bit Yoltage­
output digital-to-analog converters (DACs). Data is delivered to the 
DACs for conversion through a DAC holding register which can be 
loaded one of three ways: by way of programmed I/0 from the host 
PC; under DMA; or from the optional on-board buffer RAM. 
Triggering and pacing of the DACs may be program-driYen. 
internally-generated by an on-board timer, or externally-supplied by 
the user. 

1.6 Analog Outputs 
Each digital-to-analog converter (DAC) drives an integral deglitcher 
to prevent digital input data transients from appearing at the mwlog 
outputs. Analog output ,·oltage ranges are jumper-selectable. and each 
DAC feeds a high-speed output buffer amplifier. The following 
specifications apply to the D/A subsystems in all members of the DAS 
family of boards: 

1-9 
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Number of Output Channels 

Resolution 

OuqJUt Voltage Ranges (Jumper­
Selectable) 

Output Accuracy 

Differential Non-Linearity 

Monotonicity 

Voltage Settling Time 

Voltage Slew Rate 

Gain Error 

Offset Drift 

Gain Drift 

1.7 Digital Input/Output 

Analogic Corpormion 

2 

12 bits 

5V, lOY (unipolar) 
+5V. + l OY (bipolar) 

+0.025% 

+I LSB 

Guaranteed ooc to 70°C 

5~ts to 0.0 l% of f11ll scale 

13Vhts 

+2LSB 

+10 ppm/°C 

+10 m/°C 

A programmable 16-bit parallel digital I/0 port is available to the user 
through an external connector. The port can be configured as "16 bits 
in" or "16 bits out." or it can be configured as "8 bits in" and "8 bits 
out." The latter configuration allows the user to input 8 bits and 
output 8 bits simultaneously. The following specifications apply to all 
DAS boards: 

1-10 
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Number of bits 16 

Input Loading 1 LSTTL Load 

Intmt Pull-Uti Resistor IOkn 

Outtmt Source Current 2.6mA maximum 

Output Sinl< Current 24mA maximum 

1.8 Counter-Timer 
There are six 16-bit timers on the DAS board. One of these timers is 

· available to the user through an external connector. 

Number of bits 

Inputs 

Output 

M aximum Count Rate 

Functions 

Interrutlt Sources 

16 

Gate, clock 

Pulse, squarewave 

5MHz 

Event counting, frequency measurement, pulse 
output, time proportional output 

Output positive transition 

1-1 I 
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1.9 HSDAS-12 Block Diagram 

Digital I/O 

0 /AOutput 

External 
Reference 
Clock Out 
Ext Gain 
Ext Clock 

J-12 

._ __ -< 

Analogic Corporation 

-
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1.10 DAS Connector Assignments 

End VIew 
Pin 

J1 , 
2 
3 

2618 9 . 
0 

• 7 

• • 10 , ,. ,. ,. 
19101 18 ,. 

17 ,. ,. 
20 •• 
"" .. 

1 10 19 •• •• 26 

J3 , 
2 

• . 
9 18 26 5 

0 
7 

• • ,. , 
12 
13 ,. 
16 •• 17 

" 18 
20 
~ 
22 
23 •• •• 28 

Function 

c~e_HnN 

C HtO_HIIN 
CH11_HUN 
Ct·H2_HCIN 
CH1a _I-·411N 
CH14_HIIN 
AONO 
&XTAe~o 

OACOOUT 
CHt_ J<tiiN 
Ctot2_HtiN 
CH3_ H IIN 
CH4_HilN 
CHO_HitN 
CHe_~IN 

AONO 
ex'TA~~ 1 
DAC1 OU.: 
CW?_HI:tN 
CH18_HIINICH7_L0 
CMI_HIIN 
CH 1 O_MIINI'Ctot8_LO 
..-eMOTe OlllOVNO 
AONO 
EAI..MINT 
I!XTTRIG 

xoo 
XD1 
XD2 
XM 
XD4 
~ 
XDo 
XD7 

""" XD8 
XD10 
X011 
XD12 
XOt3 
X014 
XD18 
DONO 
+611 
I!! PACE 
TMAGI\TE 
T\AAOI..K 
T\ARoUT 
A./Of.4XCK: 
~ 
l5ADW 
!5AiW 

Introduction 

Description 

A.DC~f'W'Ieol8 / ~eftttal~ , t,..o..r. 
ADC CMN'Ie1 1 o 1 o .... erua~ cn..nn.~ a &.ow' 
ADO CM nnel 11 I CNIIereniS&J Cl'lel'\n4ll 3 LD* 
AOCCNI~12/0~M~•Low 
ADC CPul,..,_l 13/ O--.n11aJ Chanrwt~ 0 ~ 
AOC Channol 14 I OlftoronUQJ Chorlnof tf l..ow 
"""loo o.c..nd 
etwn'wl R,.,._,ttH"'C• tor 0/A oonvtH"Wt 0 
OVtDU't Of 0/A ConvNtet Zero 
ADO Chenf\&1 1 HiQh 
ADO Cha i'W'\81 2 Klgh 
ADC Chat'W'te l ~ Hlgh 
AOC ChcMOI 4 High 
AOCChe,....l SHIQI'\ 
AOC Cha nnel 6 I'-IC:Ih 
AnaiOO~ 
~I R...,~ for 0/A C,O..,v.,-1_. 1 
~ 01 OIA c:onv.n- On<e • 
A.OC CNt"'* 7 HrQn 
A0CC"-I'W"WWtt1S/~I~?lnw 
ADC OMnne~ a HJgh 
1\0C Ct\Gnnot 1 CS I DmofCW"!ttC.I ChOnnof ti Low 

AnMktg Qn)uncJ 
eo ... ne, Na"" lr-terU~ 
Ott NO Trlooer 

DioO"-' Otouno 
Ewtwrn•l A10 Tr~ 

OloO"AIOrouncl 

lbMmel AID PadnQ 
Q.QIIO eaono.a tor ~ "'VOilaoto COuMor T W"nCt 
Ctodc Stsnat to edliOrna»y A.WJaa.ble Countw.,.,.. 

m:on:.~~~~-~ 
AIOMU)(Uono 
DIA Chan'* 0 UVX Wttte 
DIA CI'IWu'* 1 MUX Wtft• 

l-13 
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1.11 DAS Connector Assignments (10157 Mother Board) 

End View 
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J1 
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J3 
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18 
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18 
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20 
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24 
26 
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"" "" 30 
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32 
3.3 
34 
3S 
38 
37 
3& 
3~ 
40 
4 1 
42 

Function 

CHt_ HIIN 
CH2._ HIIN 
CH3_HIIN 
CH4_HIIN 
CH5_ HIIN 
CH&_HIIN 
CH7_HIIN 
CH8_HUN 

Description 

FIE MOTE 
CH9_HI/CH1_LO 
CH 1 O_HIICM2_ LO 
C H 11_HI/CHS_LO 
CH t 2_HifCH4_lO 
CH13_HI/CHS_LO 
CH14_HI/CH8_LO 
CH1S_HI/CH7_L0 
CH18_HI/CH8_ LO 
AGNO 

A.0C Ohlan1'1ol1 
AOC Chonncl2 
AOC Chenn•l :3 
ADO C honnol 4 
AOCCM.nn •IS 
AOCCN.nn•l6 
ADC Chclnnol 7 
ADC Channel 8 
Remot• Qrou.nd 
ADO Chenn•l a I Oif'fe,.l"''!ioo Ch•nn•l 1 Low 
ADC Chann•l 10 I Oif'l~on11etJ Cttannel 2 Low 
ADC Channel 1 1 I Offref'el"'tlal Channel 3 LOoN 
ADC Clvlnntd 12/0tftf~M'ftntlal CNt.nnAI4 Low 
A.0C Ctw.nn.oll 1.) I OlffftMntiAJ ~nn1111t ~ t..oo.N 
AOC ~n•l14/ Oi-~tlltl ChAnnflll 0 t.o­
AOC Channel HJ 1 Oiffer.ntlaJ Channel7 Low 
A.DC Chennel1e 1 Dltr~tSN ~nt.t18 Low 
AnRJoo around 

AG.NO 

XD1 
XD2 

XD1$ 
XDO 
OGNO .,v 
•5V 
.ov 
GINO 
GNO 
ETRIO 
EPACE 
TMRGAT!! 
TMAC\..K 
iMROLn" 
EALMINT 
AGNO 
A GNO 
OACOOUT 
AONO 
OAOtoc .• rr 
AGNO 
EXTREFO 
AGND 
EXTREF1 
AGNO 
AGNO 

AIWIIO() Oround 

Olghal GI'OY ftd 
Oig.fteJ Ground 
E,ct'en'\01 AiD T rigger 
Extetnel A/0 Paci.nQ 
Gate S$Q.nalf0r l!.xtemally Available Counter Timer 
Qoek Stgnel10 Exlernelly Available Coumer 11mer 
Output from &:tetneJiy Ave.i&oble Counter Titner 
Extemel Alarm 10\el'\lf't 

Analog Ground 
D/A ConvortOr 0 Out 
Ana!OQ Ql't)und 
D/A0o~10ut 

Analog Ground 
£)(ternel RG'IfWenoG 10r O/ A con"attet o 
AncllOQ Ground 
Externel Rlrierence ior 0 /A Con~~ertet 1 
A.n.log Ground 
Analog Ground 
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I CHAPTER TWO: Getting Started with the DAS Board 

2.0 Getting Started 
You need to take several steps before using a DAS board. the first is to 
examine its probable uses in your application. This chapter discusses 
the installation of the DAS board and its software and pro,·ides a brief 
commentary on how to choose the right software. 

2.1 Compatibility 
The DAS System includes the DAS board, several floppy diskettes. 
and this manual. The software runs under MS-DOS Version 3.3 and 
higher, and the board requires an IBM PC/ AT or compatible. The 
DAS Systems have been confirmed to operate with the following IBM 
PC/ AT -compatible computers: 

ALR 
AST Premium 386 
COMPAQ 
CompuAdd 
Fountain 
Gateway 
mM 
NEC 
Uniq 286 
Zenith 
Zeos 

NOTE 
The DAS boards have never failed to function on a new compatible 
machine. The above list of computers is not exhaustive. Further. if 
you should find a PC/ AT -compatible computer you believe does not 
operate the DAS board, please call our "Hot Line" number listed in 
the front of this manual. WE WANT TO KNOW! 

2- l 
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2.2 Backing up the DAS Diskettes 
The DAS diskettes are not copy-protected and should be copied onto 
backup diskettes immediately. This can be done by using the DOS 
DISKCOPY command: 

~ Place the DAS_MENU diskette in DriYe A. 

~ At the DOS prompt, type DISK COPY A: A: (The 
DISKCOPY Program will prompt you for the rest of 
the steps). 

Repeat above for all of your DAS board diskettes. 

or--

:> Plfice the DAS_MENU diskette in Drive A. 

:> Place a blank formatted diskette in Dri,·e B. 

~ At the DOS prompt, type COPY A:\*.* 8 :\*.* 

Repeat these steps for all DAS diskettes. 

Place the original diskettes in a safe environment, and work with the 
backup diskettes. 

2.3 Installing the DAS Board 

2-2 

The DAS board uses si:-,:teen consecutive address locations in the 
PC/AT bus I/0 space. The base address is user-adjustable. This 
flexibilit resolves conflicts with other peripheral devices. 

-
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2.3.1 The PC/AT 110 Channel 
The I/0 Bus in an IBM PC/ AT -class machine has addresses 
ranging from 0000-FFFF Hex. Of these addresses, the range 
from 100-3FF Hex are available to the user. The DAS board 
can reside at any 16-bit boundary in the range 200 Hex-3FO 
Hex. The rest are reserved for general operation of the 
computer itself. In the user-available range, there are 
commonly used areas. Table 2.1 , taken from IBM's Tec!tnical 
Reference, describes some of the most commonly used 
addresses and their applications. 

TABLE 2.1 - PC/AT 1/0 ADDRESS MAP 

Hex Range 
200-207 
20C-20D 
21F 
278-27F 
2B0-2DF 
2El 
2E2 & 2E3 
2F8-2FF 
300-3 IF 
360-363 
364-367 
368-36B 
36C-36F 
378-37F 
380-38F 
390-393 
3A0-3AF 
3C0-3CF 
3D0-3DF 
3F0-3F7 
3F8-3FF 

Device 
Game I/0 
Reserved 
Reserved 
Parallel Printer Port 2 
Alternate EGA 
GPTB (Adapter 0) 
Data Acquisi tion (Adapter 0) 
Serial Port 2 
Prototype Card 
PC Network (Low Address) 
Reserved 
PC Network (High Address) 
Reserved 
Parallel Printer Port 1 
SDLC; Bisynchronous 2 
Cluster 
Monochrome Display and Printer Adapter 
Enhanced Graphics Adapter 
Color/Graphics Monitor Adapter 
Diskette Controller 
Serial Port 1 
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2.3.1.1 DAS Address Jumpers 

A9 is always l 

Jumpers W32-W36 (Figure 2.1) control the base address of 
the DAS board. Factory settings place the DAS board at 
1/0 address 300 Hex. Usually, this is a good choice. 
However, if there is a conflict. by moving the jumpers. the 
address can be adjusted within the range 200 Hex to 3FO 
Hex in increments of lO Hex. To determine the address 
reflected by the jumper setting. begin with the number 0 
and use the following chart. 

Add 200 Hex. 

A8 is jumper-selectable Add 100 Hex when jumper W36 is not 
present. 

A 7 is jumper-selectable 

A6 is jumper-selectable 

AS is jumper-selectable 

A4 is jumper-selectable 

A3 ... AO are not selectable 

2-4 

Add 80 Hex when jumper W3 5 is not 
present. 

Add 40 Hex when jumper W32 is not 
present. 

Add 20 Hex when jumper W33 is 
not present. 

Add 10 Hex when jumper W34 is not 
present. 

Assume they arc 0 for base address 
calculation. 
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LSDAS-16 
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W34 

W32 18181818181 W36 

W33 W35 

Figure 2.1: Base Address Jumpers 
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2.3.2 DMA Control Jumpers 

0 

0 

As with the base address, the DMA control leYels can be 
adjusted to allow for multiple DAS boards and to resol\·e 
conflicts with other products. The factory sets the AID to 
DMA Channel 5 and the D/ A to DMA Channel 6. Note thm 
DMA is a true "handshaking" process that requires both a 
request and an acknowledge signal. For this reason, the DAS 
has two jumpers for each DMA channel used. Figure 2.2 
shows the location of the DMA jumpers and explains their 
settings. For more information on DAS DMA control. see 
Chapter Seven under The Control Register . 

DO :~ 

·~o 
$0~ NO 

8~ " ., 
HSDAS-16 

- o D 
db 

• 02 a ... 

DMA Jumper Configuration 

W14 W20 W26 ! 
' 

DUA AID D/A 
Chan I 

5 W19&W20 V/18 & W21 

6 W17&WZ2 W16&W23 

7 W15&W2A W14&W25 

W19 W25 W31 

Figure 2.2: DMA Control J umpers 
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2.3.3 Interrupt Control Jumpers 

0 

0 

The factory ships each DAS board with W30 installed 
(Interrupt Level 11). To avoid conflicts. users should either 
install the jumper for a desired interrupt Je,·el or remove it. 
In addition, the software available from Analogic for the DAS 
board does not contain interrupt handlers. A user who wishes 
to write custom interrupt handlers can e:-;pect the DAS to 
generate an interrupt request signal on one of Interrupt Lines 
3, 5, 7, 10, 11, or 15. The interrupt signal transitions from 
low to high to generate an interrupt. The interrupt line used 
to signal the PC's CPU depends on the placement of the 
interrupt level jumper. Figure 2.3 helps users make this 
choice. It illustrates the placement of the jumper relative to 
the desired interrupt level. For more illfonnation on DAS­
generated interrupts, see Chapter Seven under lntcnupt 
Control Register. 

HSDAS-16 

D 

-m- J~ ri.,.._ 

~~--~nL----------~ 

I 
I 

I 

W14~W~ I 
. I 

Interrupt Level 
Jumper Configuration 

lnterupt 
Level II 

3 
5 
7 
10 
11 
15 

Jumper 

W26 
W27 
W28 
W29 
W30 
W31 W19 W25 W31 f' 

Figure 2.3: Interrupt Level Jumpers 

2-7 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Getting Started with the DAS Board Analogic Corporation 

2-8 

2.3.4 Digital-to-Analog Range Control Jumpers 
The DAS has two digital-to-analog com·erters (DACs). The 
output range and polarity for each DAC is jumper-selectable 
and should be set before the DAS board is insLalled in the 
host PC. 

DACs: The reference voltage for each DAC is jumper­
selectable. Internal reference signals of 5 volts and 10 ,·oJts 
are aYailable, or users can choose their own external reference 
signal. Any of these ranges can be selected as bipolar or 
unipolar. Figure 2.4 indicates the location of the jumpers and 
describes their placement 
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DAC Amplitude Jumpers 
Reference DACO DAC1 

10Vohs 
5 Volta 
Ext Ref. 

ws 
W6 
W7 

DAC Polari 

ws 
W9 
W10 

ers 
Polarity DACO -W4 DAC1 -W11 

Bipolar Pin 2- Pin 3 Pin 1 - Pin 2 
Unipolar Pin 1 - Pin 2 Pin 2 - Pin 3 

-~. 
~ 

-~- .m 

HSDAS-16 

Figure 2.4: DAC Range Jumpers 
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2.3.5 Additional Function Jumpers 

0 

Jumpers Wl2 and W13 are used to configure a 32-bit internal 
pacing clock source for the ND converter sub-system. This is 
accomplished by strapping the 16-bit ND counter/ timer to 
the 16-bit user available counter/timer. To implement a 32-
bit pacing clock, install Wl2 and position Wl3 at pins 2 to 3. 
W39 is used in conjunction with Wl2 and W13. W39 sets a 
bit in the boards status register. This bit is used to tell the 
software how to program the ND pacing clock (16 or 32-bit). 
W41 can be repositioned to provide status, or intermpt. on 
FIFO half-full as opposed to "Data AYailable" (single sample 
in FIFO). This jumper option is not available on the HSDAS-
16. See Figure 2.5 for jumper positions and definitions. 

Wl2 

Wl3 

W39 

W41 

DO : £3 

-""' 

C\1 

~~ 
;: 

:0 <j:l$ 

a 

D 

W4 1 r 
loool 

Removed (default). Installed. connects internal 
board clock to TlVIRCLK-13 pin 21. 
Installed pin I to pin 2 for 16-bit AID pacing clock 
(default). Installed pin 2 to pin 3 for 32-bit ND 
pacing clock. 
Insta lled for 16-bit ND pacing clock (default). 
Remove for 32-bit ND pacing clock. 
Installed pin l to pin 2 for Interrupt when "Data 
Available" goes true (default). Installed pin 2 to pin 
3 for Interrupt on "FIFO Half-Full" . 

Figure 2.5: Additional Functions Jumpers 
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2.3.6 Miscellaneous Jumpers 

w1lool 

Function 

Scope Ground 

The jumpers displayed in Figure 2.6 are not user-adjustable. 
The jumpers' settings are displayed so that, if tJ1ey are 
inadvertently moved or removed. they can be replaced for 
proper operation. See Figure 2.6 for details on jumper 
Locations and installation states. 

D 

w2loo1 
walool 

Jump# 

W1 

-~­
~ 

W37W38 

Factory Config 

Removed 
Analog - Digital Gnd W2 Installed 
Analog - Digital Gnd W3 Removed 
Osc Disconnect W37 Installed 
Status Register W38 Installed for DAS-12 

Removed for DAS-16 
Scope Ground W40 Removed 

Figure 2.6: Miscellaneous Jumpers 
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2.3.7 Installing the DAS Boa1·d 
To install a DAS board, TURN OFF THE POWER to your 
computer and remove the cover. See the Guide to Operations 
or User's Reference Manual that came with your computer if 
you are unfamiliar with this process. Select an empty, full­
length, extended-connector slot in the option-board connector 
area of the computer. Remove the cover plate from the back 
of the slot by undoing the retaining screw and sliding the 
cover upwards. Carefully install the DAS board into the free 
slot by inserting the front end of the board into the guide at 
the front of the computer's chassis. Slide the board down to 
the bottom of the slot. and firmly press the board's connector 
into the slot in the backplane until it stops. Replace the 
retaining screw and the computer's cover. 

WARNING! 

NEVER OPEN THE COVER OR ATTEMPT TO 
EXCHANGE ANY PARTS OF YOUR COMPUTER 
WITHOUT FIRST TURNING OFF THE POWER; TO 
DO SO COULD CAUSE IRREP AIRABLE DAMAGE 
TO BOTH THE COMPUTER AND THE 
COMPONENT INVOLVED. 
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2.4 Installing the DAS MENU Setup Program 
Each DAS board is shipped from the factory with sof1\\'are that 
includes the DAS_MENU setup program for your DAS board as \\'ell 
as several simple example programs. 

Insert the diskette in your floppy disk drive and type: 

A: <ret> 
then 

INSTALL <ret> 

The Installation Program will prompt you for information about your 
computer. Then it will Yerify the conditions and install the so.ft\\'are 
you request. 

2.5 Installing the DAS-LIB Library 
If you have purchased the DAS-LIB library, you need only insert the 
DAS-LIB Libraries/Installation diskette in your floppy disk drive and 
type: 

A: <ret> 
then 

INSTALL <ret> 

The installation program is interactive and "·ill prompt you for all 
required information about your computer. The program then verifies 
the integrity of the software on your diskette and installs it 

When the Installation Program has completed, you may wish to run 
the simple example programs that are also provided. 
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2.6 Choosing the Right Software 

2-14 

As discussed in Chapter One, the DAS System is a compte:-:. self­
contained data acquisition system -- PLUS A LOT MORE! Choosing 
the appropriate method of driving the DAS board is as important a 
descision as the one you made in purchasing the board itself. 

The DAS boards have software support from several major data 
acquisition software houses. Laboratory Technologies Corporation's 
Labtec/r Notebook, HEM Data Corporation's Snaps/rot, and DSP 
Development Corporation's DADiSP are just a few of the well­
established third-party products that support the DAS boards. All of 
these products provide different types of easy-to-leanlfoperate user 
interfaces. The authors recommend the use of a mature. cs~ablished 
user interface product. 

In cases where third-party software does not meet the needs of an 
application, we again suggest that the application de,·eloper take 
control of the DAS at a software level. Analogic Corporation has 
developed the DAS-LIB library for the DAS boards. In addition, 
included with the DAS board is the DAS_MENU setup program, 
which can be run stand-alone or may be spawned from another 
program. Using DAS-LIB in conjunction with DAS_MENU pro,·ides 
the application developer with an easily-navigated interface that 
allows the user to state the desired configuration of the DAS hardware 
without knowing any details of the hardware. The DAS_MENU 
program also performs error and conflict checking to protect the user 
against the subtleties and comple:-:ities involYed with programming the 
DAS board. 
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J CHAPTER THREE: DAS MENU Setup P•·ograms 

3.0 Overview 
The software setup program DAS_ NlENU provides the capabilit)· to 
create configuration files. These configuration files allow com·enicnt 
setup of DAS boards using DAS-LIB functions. The operation of the 
DAS_NlENU program is described in detail in the DAS_MENU User's 
Manual. 

3-l 
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I CHAPTER FOUR: DAS Software Library Compatibility 

4.0 Overview 
The software library DAS-LIB provides complete support for DAS 
series boards at a ,·arieL)' of levels. This librMy is a replacement of the 
earlier High Level Language (HLL) library. The DAS-LIB library is 
not compatible with HLL or its co1tfiguration fi les. due to the greMly 
expanded capabilities of DAS-LIB. DAS-LIB supports both Microsoft 
and Borland C compilers. The DAS-LIB library is described in detail 
in the DAS-LIB Programmer's Reference. 

~-I 
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I CHAPTER FIVE: D/ A Conversion 

5.0 Overview 
The DAS boards have dual, 12-bit digital-to-analog converters (DACs) 
which are controlled through the D/ A Mode Register (see Chapter 
Seven). This chapter discusses the Update Timing, Data Sources. and 
Operational Modes for the DACs. which are determined by several bits 
in the D/ A Mode Register. 

5.1 Introduction to DAC Operation 
There are seven modes of operation for the two DACs (set by Bits 3. 2, 
and 1 in the D/ A Mode Register). These modes are diYided into two 
sections: Modes 0, 1, and 2 are non-RAM modes: Modes -l. 5. 6, and 
7 are RAM modes. 

~ach D/A converter can receive digital input data from one of two 
sources: 

1. Its holding register 

2. On-board RAM 

DACO has a 12-bit holding register, and DACl has a 12-bit holding 
register. Each of these holding registers can be updated from the host 
computer in one of two ways: 

1. PIO (programmed I/0), namely an OUT Instmction in 
ASSEMBLY Language 

2. DMA, using a DMA channel to transfer data from a computer 
memory buffer to the holding register 
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The holding registers and RAM can be updated according to a 
pacingscheme, which depends on the mode (Bits 3, 2, and 1), CS bit 
(Bit 0), and Pacing Bits (Bits 15-8 and Bits 5 and 4) in the D/ A mode 
register. On-board timers can be programmed to control the update 
timing for each DAC (refer to Chapters Seven and Eight), or they can 
be asynchronously updated via the application's software. 

To summarize, we have two DACs, each is updated from either its 
holding register or on-board RAM at a periodic updating rate, which is 
programmable or asynchronous at a rate determined by the 
application's software. The DAC holding registers and RAM can be 
loaded via programmed 1/0 or DMA. For all the DAC operat.ing 
modes, the DACs are loaded from one of two sources, either the 
holding registers or the onboard RAM. 

5.2 DAC Modes of Operation 

5-2 

The DAC Mode Bits (Bits 3, 2, and I) and the CS Bit (Bit 0) in the 
D/ A Mode Register determine the source of the digital input data for 
each DAC. The follo"·ing subsections discuss each DAC Mode of 
Operation and show a step-by-step example of each mode's setup and 
execution. 

NOTE 
Unless otherwise specified, all bits referred to in the discussions in this 
chapter are in the D/ A Mode Register. See Chapter Se,·en for a 
detailed explanation of the D/ A Mode Register. 

5.2.1 Mode 0: PIO PIO 
This mode updates the holding registers via a programmed 
1/0 operation (an OUT lnstmction in ASSEMBLY 
Language). Updating of the DACs can be selected to be ,·ia 
software or a timer. Typical programming operation for 
software updating is as follows: 
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1. :> Set Mode (Bits 3. 2, and 1): 

:> cs (Bit 0); 

:> DAC Trigger Select (Bits 12 and 8) for 
each D/ A converter: 

:> DAC Update Source Select (Bits 1-l and 
13 and Bits 10 and 9) for each D/A 
converter. 

2. Set D/A Mode Reset Bit to l to enable the D/A 
Converters (Bit 5 in the Control Register). 

3. Set the Enable Update Request Bits (Bits 15 and 11) for 
each D/ A converter. 

NOTE 
This must be done after setting Bit 5 in the Control 
Register to 1. 

4. The D/A conYerters are now ready to receiYe digital data 
via PIO (an ASSEMBLY Language OUT Instruction). 

5. The DACs will be updated automatically after the data is 
sent to the holding register via the ASSEMBLY 
Language OUT Instruction. 

6. Poll the DAC Ready Bits (Bits -l and 3 in the Status 
Register) for ready condition before sending the ne:-;t 
piece of data via the OUT Instruction. It takes no longer 
than 5us for the DACs to settle to within 0.0 I% of the 
programmed output value. 
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5.2.2 Mode 0: DAC PlO via Timer Update 
1. ~ Set Mode (Bits 3, 2, and l); 

~ CS (BitO); 

~ Update Type (Bits 12 and 8): 

~ Update Source Select (Bits 14 and 13. and Bits 
10 and 9). 

2. Set up timer(s). one timer for each D/A com·erter (refer 
to Chapters Seven and Eight). 

3. Set D/A Mode Reset to l (Bit 5 in the Control Register). 

-l. Send the first words of data for both DACs to their 
holding registers Yia PIO (ASSEMBLY Language OUT 
Instruction). 

NOTE 
The data is now in the holding registers waiting to be 
transferred to the D/A Converters. Updating the DAC is 
done when its timer times out (counts to 0) and generates 
an update pulse. The DACs can only be updated if the 
Enable Update Request Bits ( II and 15) are set to I 
(which has not been done yet). 

5. Set the DAC Timer Interrupts to I (Bits 1, 0 in the 
Interrupt Control Register) and wait for the DAC Timer 
Interrupt Status Bits (Bits l and 0 in the Status Register) 
to go to l. Check the DAC Timer Interrupt Status Bits 
by polling the Status Register. These bits indicate when 
each timer has generated an update pulse. Now the DAC 
Timers are synchronized with our application's software. 

6. Clear the DAC Timer Interrupt Status Bits by reselling 
Bits I and 0 in the Interrupt Control Register to 0 then 
back to I again. 

7. Set the Enable Update Request Bits (Bits 15 and II in 
D/A Mode Register) to l. 
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NOTE 
On the next timer pulse. the DACs will be updated \\'ith 
the data in the holding registers. 

8. Poll the Status Register for DAC Timer Interrupt Status 
Bits. When these bits go to l. clear them by resetting 
Bits 1 and 0 in the Interntpt Control Register to 0 and 
back to 1 again. 

9. Poll the Status Register for DAC Re.1dy Bits (Bits~ and 
3). When these bits go to 1, the DI,A Converters ha\'e 
"settled" and are ready for ne\\' input data. 

10. Send next data via PIO (ASSEMBLY Language OUT 
Instruction). 

11. Continue to poll the Timer Intern1pt Status Bits, cle~1r 
them, and send new data. 
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TABLE 5.1 - D/A UPDATE PACING SELECTION: MODE 0 

(Many = Timer!, Timer2, or A!D P acer Signal) 

CS=O 

DACO (Bit 8) DACI (Bit 12) Pacing Mod Pacing Mode 

Upd Typ Sel Upd Typ Sel DACO DACI 

0 X Software Sollware 
I 0 Many Sollw<sre 
I Many Many 

CS=l 

DACO (Bit 8) DACI (Bit 12) Pacing Mode Pacing Mode 

Upd Typ Sel Upd Typ Sel DACO DACI 

X 0 Software Software 
0 Software Many 
I Many Many 

X= Don't Care 

5.2.3 Mode 1: PTO DMA 

5-6 

In this mode, the D/ A Com·erter designated by the CS Bit 
(Bit 0) is updated via DMA, while the other DAC is updated 
via PIO. The DAC channel selected by the CS Bit must be 
programmed to be paced via a timer, while the other DAC 
channel can be programmed to be paced via software or a 
timer. The data is transferred to the holding registers; then 
the DACs are updated according to the pacing selected. 

-
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The following steps should be taken to set up DAC Mode I 
operation: 

1. Set Mode (Bits 3, 2. and I): 

:l CS (Bit 0); 

:l Update Type (Bits 12 and 8); 

~ Update Source Select (Bits 14 and 13. 
and Bits 10 and 9). 

2. Set up the timer(s), one timer for each D/A 
Com·erter (refer to Chapters Seven and Eight). 

3. Set D/A Mode Reset to 1 (Bit 5 in the Control 
Register). 

4. Send the PIO DAC's data to its holding register. 

5. Set up the DMA channel; set the DAC DMA Enable 
Bit (Bit 12 in the Control Register) to L 

6. Start the DAC DMA process by setting Bit l3 in the 
Control Register to 1. Thjs transfers the first word 
into the appropriate DAC holding register. 

7. Set the DAC Terminal Count Interrupt and DAC 
Timer Interrupt Status Bits (Bit 3. and either Bit I or 
Bit 0 in the Interrupt Control Register. depending on 
CS Bit chosen above) to I. 

8. Poll the Status Register and wait for the DAC Timer 
Interrupt Status Bit (either Bit l or Bit 0 in the 
Interrupt Control Register. depending on CS Bit 
chosen above) to go to I. The transition to I tells the 
application's software that the timer has counted 
down to 0 and gives the application a kno'm state 
for the D/ A Pacing SignaL 

5-7 
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9. 

10. 

11. 

12. 

Analogic Corporation 

When the Timer Intermpt Status Bit goes to I. clear 
it by resetting its corresponding Interrupt Enable Bit 
(either Bit I or Bit 0 in the lntern1pt Control 
Register. depending on CS Bit chosen abo,·e) to o 
and back to I again. 

Set the Enable Update Request Bits (Bits 15 and II 
in the D/A Mode Register). The ne:'\t timer pulse 
will cause the data in the holding registers to be 
ransferred to the DACs. 

Poll the Status Register for the DAC Timer 
Interrupt Status Bit (either Bit 1 or Bit 0, depending 
on the CS Bit chosen above). 

When this bit goes to I. clear it by resetting its 
corresponding Enable Intermpt Bit to 0 and back to 
1 again. 

13. Poll the Status Register for DAC Ready Bits (Bits~ 
or 3, depending on the CS bit chosen abO\·e). When 
this bit goes to 1, the D/ A Converter has "settled" 
and it is ready for new input data. Send new data via 
an ASSEI\.1BL Y Language OUT Instmction. 

NOTE 
The DMA DAC's holding register will be updated 
automatically. 

14. Poll the Status Register for the DAC Terminal Count 
Interrupt Status' transition to 1 (Bit 2 in the Status 
Register). 

15. Continue to poll the Timer lntermpt Status Bits. 
clear them, poll the DAC Ready Bits and send new 
data. 
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TABLE 5.2- D/A UPDATE PACING SELECTION: MODE 1 

(Many= Timerl, Timcr2, or AiD Pacer Signal) 

CS=O 

DACO (Bit 8) DACI (Bit12) Pacing Mod Pacing Mode 

Upd Typ Sel Upd TypSel OACO DACI 

X 0 Many Software 
X 1 Many Many 

CS=l 

DACO (Bit 8) OACJ (Bit 12) Pacing Mode Pacing Mode 

Upd TypSel Upd Typ Sel DACO DACI 

0 X Software Many 
I X Many Many 

X= Don't Care 

5.2.4 Mode 2 DMA DMA 
This mode updates the DAC holding registers via the OMA 
process. If the DACs are programmed for Mode 2 operation. 
the updating of the holding registers and DACs can only be 
done via a timer. If CS (Bit 0 in the 0 /A Mode Register) is 
set to 0, DAC 0 is updated at a constant inten·at. If CS is set 
to 1, then OAC 1 is updated at a constant interval. 

The DACs are updated via the same DMA channel. This 
implies two things: 

l. The OACs should be paced by the same timer. 

5-9 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Dl A Con\'ersion 

2. 
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Analogic Corporation 

The data in the buffer must be interleaved so the 
appropriate data goes to the appropriate DAC. 

A. ~ Set Mode (Bits 3. 2. & 1); 

~ cs (Bit 0): 

~ Update Type (Bits 12 and 8): 

~ Update Source Select (Bits 14 and 13. 
and Bits 10 and 9). 

B. Enable the D/A Subsystem by setting Bit 5 
in the Control Register to 1. 

C. Set up the Timer. 

D. Set up the DMA channel; enable DAC 
DMA operation by setti ng Bit 12 in the 
Control Register to 1. 

E. Start the DAC DMA process by setting Bit 
13 in the Control Register to 1. This 
transfers the first two words to the DAC 
holding registers. 

F. Enable the DAC Terminal Count Intermpt 
and DAC Timer Status bits. 

G. Poll the Status Register until either of the 
DAC Timer Intermpt Stmus Bits are set to 
1. Clear it when it goes to I by reselling its 
corresponding Enable Bit in the Interrupt 
Control Register to 0 and back to l again. 
This synchronizes the DMA process to the 
D/A Pacing Timer. 

H. Enable the DAC pacing by setting the 
Enable Update Request Bits (Bits I 5 and I I 
in the D/A Mode Register) to J. 
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I. 

DIA Com·ersion 

Wait for the DMA operation to finish by 
polling the DAC Terminal Count Interrupt 
Status Bit (Bit 2 in the Status Register). 

TABLE 5.3- D/A UPDATE PACING SELECTION: MODE 2 

(Many= Timerl, Timcr2, or AID Pacer Signal) 

CS=O and 1 

DACO (Bit 8) 

Upd Typ Sel 

X 

DACl (Bit 12) 

Upd Typ Sel 

X 

Pacing Mod 

DACO 

Many 

DIA Update Pacing cmmot be via software D/A Mode 2 

X= Don't Care 

Pacing Mode 

DAC I 

Many 

5-Ll 
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5.2.5 Mode 4: RdRAM PIO 
This mode updates the D/ A converter selected by the CS Bit 
with digital input data from the onboard RAM memory. The 
other D/ A converter receiYes input data by PIO (programmed 
I/0). The DAC selected by the CS bit must be paced Yia a 
Timer. The other DAC can be programmed for p<lcing by 
either software or a timer. The DAC programmed to be 
updated from RAM can cycle continuously to gi,·e a periodic 
waveform. The addressing for the RAM is done ,·ia a down 
counter that can reload the starting address '"hen it reaches 0. 
Assuming the RAM has already been loaded " ·i th the data. 
the following sequence will update both DACs (for 
discussion on loading the RAM. see Mode7: WrRAM 
RdRAM). 

1. Set Mode (Bits 3, 2, and 1): 

:> CS (Bit 0); 

:> Update Type (Bits 12 and 8): 

:> Update Source Select (Bits 14 and 
13. and Bits lO and 9). 

2. Set D/ A Mode Reset to 1 (Bit 5 in the Control 
Register). 

3. Initialize the starting address for the DAC RAM in 
the proper timer channel. DACO uses Timer 2. 
Channel 0 for RAM addressing. \\'hile DAC I uses 
Timer 2. Channel I. 
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4. 

5. 

6. 

7. 

8. 

9. 

10. 

DIA Com·ersion 

Disable CPU control of the address counter 
by setting Bit 4 of the D/ A Mode Register to 1. This 
allows the RAM Address Counter to be decremented 
automatically each time the DAC is updated. 
Essentially, this gives the D/ A subsystem control of 
the RAM addressing scheme. 

Enable the RAM mode by setting the RAM Mode 
Reset Bit (Bit 6 in Control Register) to I. 

Set up a Timer Channel for DAC pacing. 

Enable DAC pacing by reselling the DAC Enable Bit 
(Bit 5 in the DA Mode Register) to 0. 

Enable the DAC Update Request for both DACs by 
setting Bits 15 and II in the D/A Mode Register to 
I. 

Send data to the DAC holding register for the PIO 
DAC using the ASSEMBLY Language OUT 
J nstn1ction. 

Poll the DAC Ready Bit in the Status Register. 
When this bit goes to one, send more data. 

NOTE 
The DAC that is being updated from RAM nms 
automatically via the timer. 
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TABLE 5.4- DIA UPDATE PACING SELECTION: MODE 4 

(Many= Timcrl, Timcr2, or AID Pacer Signal) 

CS=O 

DACO (Bit 8) 

Upd TwSel 

CS=l 

X 
X 

DACO (Bit 8) 

Upd Typ Sel 

0 

X= Don't Care 

DAC I (Bit 12) 

Upd TypSel 

X 

DACI (Bit 12) 

Upd TypSd 

X 
X 

Pacing Mod Pacing Mode 

DACO DACI 

Many Soft\\'1tr..: 
Many Man\' 

Pacing Mode Pacing Mode 

DACO DACI 

Soil ware Man,· 
Many Man\' 

5.2.6 Mode 5: RdRAM DMA 

5-l-l 

This mode allows the D/A com·crter chosen by the CS Bit 
(Bit 0 in the D/A Mode Register) to be updated from the 
onboard RAM memory and the other DAC channel to be 
updated from a buffer in the host computer's memory via 
DMA. In this mode, the DACs must be programmed to be 
updated via a timer. 

1. Set Mode (Bits 3. 2, and l ): 

~ cs (Bit 0); 

~ Update Type (Bits J 2 and 8): 

:> Update Source Select (Bits I 4 and 
13, and Bits 10 and 9). 
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2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Dl A Com·ersion 

EnableD/A operation by setting the D/A Mode Reset 
Bit (Bit 5 in the Control Register) to I. 

Initialize the starting address for the DAC RAM in 
the proper timer channel. DACO uses Timer 2, 
Channel 0 for RAM addressing, while DACl uses 
Timer 2. Channel 1. 

Disable CPU control of the address counter by 
setting Bit -+ of the D/ A Mode Register to I. This 
allows the RAM address counter to be decremented 
automatically each time the DAC is updated. 
Essentially, this gives the D/ A subsystem control of 
the RAM addressing scheme. 

Enable the RAM mode by setting the RAM Mode 
Reset Bit (Bit 6 in Control Register) to l. 

Set up timer(s) for updating both DACs. 

Enable the DACs by resetting the DAC Enable Bit 
(Bit5 ofD/A Mode Register) to 0. 

Enable the DAC that is selected to be updated with 
data from RAM by setting the Enable Update 
Request Bit (either Bit 15 or Bit 11 in the D/ A Mode 
Register) to I. 

Set up the DMA channel: enable DAC DMA 
operation by setting Bit 12 in the Control Register to 
I. 

Start the 0 /A DMA process by setting the DAC 
DMA Start Bit (Bit 13 in the Control Register) to l. 
This transfers the first word to the DMA DAC's 
holding register. 

11. Enable the DAC DMA Terminal Count and the 
DAC Timer Interrupt Status Bits by setting Bits 2 
and either Bit l or 0 in the Interrupt Control 
Register. IfDACO is the DMA Channel, use Bit 0. 
IfDACI is the DMA Channel, use Bit 1. 

5-15 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



D/ A Conversion 

5-16 

12. 

13. 

An~logic Corporation 

Poll the Status Register and wait for the DAC Timer 
Intermpt Status Bit corresponding to the bit 
described in Step 11 to go to 1. The tr(lnsition to I 
tells the application's software that the timer has 
counted down to 0 and gives the application a known 
swte for the D/A Pacing Signal. 

When the Timer Intermpt Status Bit goes to 1. clea r 
it andre-enable it by resetting the bit chosen in Step 
11 to 0 to clear it, then back to I again to re-enablc 
it. 

14. Enable the DAC to be updated ,·ia DMA by selling 
either Bit 15 or 11 in the D/A Mode Register to I 
(depending on "·hether the DMA DAC is DAC I or 
DACO). 

15. Poll the Status Register for the DAC Terminal Count 
Intern1pt Status Bit: \\'ait for it to go to l. 

16. When the Terminal Count Intermpt Status Bit goes 
to one. clear it and the Timer Intermpt Status Bit by 
resetting their corresponding Bits in the Interrupt 
Comrol Register to 0 and back to 1 again. 
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TABLE 5.5 - D/A UPDATE PACING SELECTION: MODE 5 

(Many= Timcrl, Timer2, or AID Pacer Signal) 

Mode 5 CS=O and 1 

DACO (Bit 8) 

Upd TypSel 

X 

DACJ (Bit 12) 

Upd TypSel 

X 

Pacing Mod Pacing Mode 

DACO DAC! 

Many Many 

DIA Update Pacing cannot be via software D/A Mode 5 

X = Don't Care 

5.2.7 Mode 6: RdRAM RdRAM 
In this mode both DACs are updated from RAM (different 
areas or the same area of RAM) at the same time. Whiche,·er 
DAC is chosen by the CS bit determines the timer that is used 
for updating. 

1. Set Mode (Bits 3. 2. and ! ); 

:> CS (Bit 0): 

:> Update Type (Bits 12 and 8); 

:> Update Source Select (Bits 1_. and 13, and 
bits 10 and 9). 

2. Set D/A Mode Reset to 1 (Bit5 in the Control 
Register). 

3. Initialize the starting address for the DAC RAM in 
the proper Timer Channels. DACO uses Timer 2. 
Channel 0 for RAM addressing, while DACI uses 
Timer 2, Channel I. 

5-17 
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Disable CPU control of the address counter by 
setting Bit 4 of the D/A Mode Register to I. This 
allows the RAM address counter to be decremented 
automatically each time the DAC is updated. 
Essentially, this gives the D/ A subsystem control of 
the RAM addressing scheme. 

5. Enable the RAM mode by setting the RAM Mode 
Reset Bit (Bit 6 in the Control Register) to 1. 

6. Set up a Timer Channel for DAC pacing. 

7. Enable DAC pacing by rescuing the DAC Enable 
Bit (Bit 5 in the DA Mode Register) to 0. 

8. Enable the DAC Update Request bit by seLLing either 
Bit 15 or 11 in the D/A Mode Register (chosen by 
the CS Bit) to l. Both DACs will be automatically 
updated at the pace selected. The circuitry \\'ill 
continuously loop and output the wm·eform stored in 
RAM. 
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TABLE 5.6- D/A UPDATE PACING SELECTION: MODE 6 

(Many= Timcrl, Timcr2, or AID Pacer Signal) 

CS=O and l 

DACO (Bit 8) 

Upd TypSel 

X 

DACI (Bit 12) 

Upd TypSel 

X 

Pacing Mod Pncing Mode 

DACO DACI 

Mnny 

D/A Update Pacing cam1ot be via sottwarc D/A Mode 6 

X= Don' t Ca re 

5.2.8 Mode 7: WrRAM RdRAM or RdRAMWrRAM 
This mode is typically used to load RAM "·ith the wa,·efonn 
data that is used in Modes 4, 5, or 6. The CS Bit (Bit 0 in the 
DIA Mode Register) selects which DAC channel's RAM is to 
be written to (CS=O: data is mitten to DACO RAM; CS= 1: 
data is written to DACl RAM). The same data goes to the 
RAM and to the DAC unless the DACs are d isabled . 

The DACs can be updated asynchronously Yia software. or 
automatically via DMA. However. both DACs are updated at 
the same time. and the DAC channel chosen by CS is the 
pacing used to update. 

1. Set Mode (Bits 3, 2. and I); 

~ CS (Bit 0); 

~ Update Type (Bits 12 and 8): 

~ Update Source Select (Bits 14 and 13. 
and Bits 10 and 9). 

2. Set D/A Mode Reset to I (Bit 5 in the Control 
Register). 
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3. 

4. 

5. 

6. 

Analogic Corporation 

Initialize the starting address for the DAC RAM in 
the proper Timer Channels. DACO uses Timer 2. 
Channel 0 for RAM addressing, while DAC 1 uses 
Timer 2, Channel l. The DAC chosen by the CS 
will have data written in to RAM memory. The 
other DAC reads out of RAM memory. 

Enable the RAM mode by setting the RAM Mode 
Reset Bit (Bit 6 in the Control Register) to I. 

Enable the Update Request Bits (Bits 15 and I I in 
the D/A Mode Register). 

If the DAC data is coming to the RAM via PlO, then 
send the first \vord (using an ASSEMBLY Language 
OUT Instruction); then wait for the Timer Interrupt 
Status Bit to go to 1. Remember to enable it by 
setting Bit 0 or 1 (depending on the CS Bit) in the 
Intem1pt Control Register. If DMA is used. then set 
up the DMA channel. enable it. and start it. 

After data has been stored in RAM. s"·itch to one of the other 
modes to read it out of RAM. 

If both DAC channels are to be read from RAM. then the two 
areas of RAM must be loaded separately. 
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TABLE 5.7- D/A UPDATE PACING SELECTION: MODE 7 

(Many= Timerl, Timcr2, or AfD Pacer Signal) 

CS=O 

DACO (Bit 8) 

Upd TypSel 

0 

CS=l 

DACO (Bit 8) 

Upd Typ Sel 

X 
X 

X= Don't Care 

DACl (Bit 12) 

Upd TypSel 

X 
X 

DACl (Bit 12) 

Upd T)l' Sel 

0 

Pacing Mod 

DACO 

Soil ware 
Many 

Pacing Mode 

DACO 

Sotlware 
Many 

Pacing Mode 

DACI 

Software 
Many 

Pacing Mode 

DACI 

Sotlware 
Mnny 
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I CHAPTER SIX: AID Conversion 

6.0 Overview 
The DAS boards have a 16-input channel analog-to-digital sub-system 
that is controlled through the ND Mode Register and the A/D Control 
Extended Register (see Chapter Seven) . Chapter Six discusses 
Channel Control, Mode, Pacing. and Triggering Control. 

6.1 AID Mode Control 
The HSDAS-12 has four high-accuracy, fully soft\\·are-programmable. 
lOOkHz/12-bit analog-to-digital converters (ADCs). In combination. 
these converters give the HSDAS-12 a -WOkHz maximum aggregate 
sampling rate. 

The MSDAS-12 has two 100kHz. 12-bit ADCs. In combination, these 
converters give the MSDAS-12 a 200kHz maximum. The LSDAS-12 
has one 100kHz. 12-bit ADC for a maximum aggregate sampling rMe 
{)f 100kHz. 

The LSDAS-16 has one 50kHz, 16-bit ADC for a maximum aggregate 
sampling rate of 50kHz. The architecture of the HSDAS-16 ADC 
subsystem is entirely different from that of the other DAS products. 
However, input multiplexing is similar, thus making the same modes 
available to the user. This is a 16-bit ADC \\'ith an aggregate 
sampling rate of 200kHz. 

The ADCs can be programmed for use in any of five different modes 
by setting Bits 0, 1, and 2 in the AID Mode Register (see Section 7.2): 

Mode =0: Any one of the sixteen single-ended or eight 
differential channels can be sampled at the DAS board's 
maximum rate. 
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Mode= 1: Any two of the sixteen single-ended or eight 
differential channels on a two-channel boundary (i.e.: 
Channels l and 2, 3 and 4, etc. , through Channels 15 and 16) 
can be sampled at a maximum of one-half the board's top 
speed per channel. 

Mode= 2: Any four of the sixteen single-ended or eight 
differential channels on a four-channel boundary (i.e.: 
Channels 1-4.5-8.9-12, or Channels 13-16) can be sampled 
at a maximum of one-fourth of the board's top speed per 
channel. 

Mode= 3: Either of the two groups of eight of the sixteen 
single-ended or all of the eight differential channels on the 
eight-channel boundary (i.e., either Channels 1-8 or Channels 
9-16) can be sampled at a maximum one-eighth of the board's 
top speed per channel. 

Mode= .t : All sixteen channels can be sampled at a 
maximum of one-sixteenth of the board's top speed per 
channel. 

NOTE 
Differential operation requires two input lines per channel: 
therefore. only eight differential channels can be sampled. 
This means that differential operation in Mode 4 is illegal. 
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6.2 Single-Ended or DifTe•·ential AfD Inputs 
The sixteen analog input lines can be used as sixteen single-ended or 
eight differential input channels maximum. For single-ended 
operation, the input channels are grouped as described in Section 6. 1. 
Differential input operation requires !\YO input lines per channel. 
They are matched as follows: 

INPUT CHANNELS 
Single-Ended 
Channel 1 
Channel 2 
Channel ... 

.) 

Channel 4 
Channel 5 
Channel 6 
Channel 7 
Channel 8 
Channel 9 
ChannellO 
Channel 11 
Channel 12 
Channel 13 
Channel 14 
Channell5 
Channel 16 

INPUT SIGNALS 
Differential 
Channel 1 High 
Channel 2 High 
Channel 3 High 
Channel ~ High 
Channel 5 High 
Channel 6 High 
Channel 7 High 
Channel 8 High 
Channel 1 Low 
Channel 2 Lo"· 
Channel 3 Low 
Channel4 Low 
Channel 5 Low 
Channel 6 Low 
Channel 7 Low 
Channel 8 Lo"· 

Bit 8 in the AID Control Register determines the single­
ended/differential status of the analog input channels (see ClKipter 
Seven). 

6-3 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



AID Conversion Analogic Corporation 

6.3 AID Input Channel Selection 

6-4 

AID Mode selection determines how many channels can be sampled 
(see Section 6.1). Once the number of channels has been determined. 
the channels themseh·es must be identified to the DAS. The four least 
significant bits in the AID Extended Control Register (Channel Select 
Bits) determine which channel or group of chmmels will be sampled. 
The Channel Select Bits represent the sixteen input channels in binary 
format. This means that Channel 1 is sampled in Mode 0 by setting 
the Channel Select Bits to 0. 0, 0. 0. Similarly. Channel 5. in Mode 0 
can be sampled by setting the Channel Select Bits to 0. I, 0. 0. 

If Mode 2 is selected, four channels will be sampled. The Channel 
Select Bits should be set to the lowest channel number in the group. 
For example, if Channels 5, 6, 7. and 8 are chosen for sampling, the 
Channel Select Bit should be 5. 

A/D MODE 1 

Bits 3, 2, 1, 0 
0,0,0,0 
0,0,1,0 

1 1.1.0 

Channel 
1, 2 
3, -l 

15. 16 
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AID MODE 2 

Bits 3. 2. 1. 0 

0,0,0,0 
0,1,0,0 
1,0,0,0 
1.1.0.0 

A/D MODE3 

Bits 3. 2. L 0 

. 0,0,0,0 
1.0.0.0 

A/D MODE4 

Bits 3, 2, 1, 0 

0,0,0,0 
1.0.0.0 

AID Com·ersion 

Channel 

I , 2, 3: 4 

5, 6. 7, 8 
9, 10, 11. 12 

13. 14. 15. 16 

Channel 

l. 2, 3. 4, 5. 6. 7. 8 
9. 10. 11. 12. 13. 14. 15. 16 

Channel 

1. 2, 3, 4. 5. 6. 7, 8. 
9. 10. 11. 12. 13. 14. 15. 16 

Output data from the ADCs is transferred to the host computer's 
memory through a 128-sample FIFO buffer. Transfers to the host can 
be programmed as Direct Memory Access (DMA) or Programmed 1/0 
(PIO). 
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6.4 Unipolar/Bipolar Analog Inputs 

6-6 

Each of the four analog-to-digital conYertcrs can be independently 
programmed to convert a unipolar or bipolar signal. Bits 7. 6, 5. and 
4 in the AID Control Extended Register control the bipolar/unipolar 
programming of ADC 3. 2. l. & 0 respecti,·ely (see Chapter Seven). 
Depending on the AID Mode (see Section 6.1) used, differrent 
channels are sampled by different ADCs as follows: 

A/D MODEO: 
ADC 0, 1, 2 and 3 

AID MODE 1: 
ADCO and 2 

ADC 1 and 3 

A/D MODE2: 
ADCO 

ADC 1 

ADC2 

ADC3 

Any one of all si:-;teen single-ended 
channels: OR any one of all eight 
differential channels. 

Any one of single-ended Channels I. 3. 5. 
7. 9. 11. 13. or 15: OR any one of 
differential Channels I. 3. 5. or 7. 

Any one of single-ended Channels 2. 4. 6. 
8, 10, 12, 1~ , or 16; OR any one of 
difTerential Channels 2. 4, G. or 8. 

Any one of single-ended Channels 1. 5. 9. 
or 13: OR any one of differential Channels 
I or 5. 

Any one of single-ended Channels 2. 6, I 0. 
or 14: OR any one of differenlial Channels 
2 or 6. 

Any one of single-ended Channels 3. 7. I L 
or 15: OR any one of differential Channels 
3 or 7. 

Any one of single-ended Channels -L 8. 12. 
or 16; OR any one of differential channels~ 
or 8. 
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AID MODE3: 
ADCO 

ADC 1 

ADC2 

ADC3 

A!DMODE4: 
ADC O 

ADC 1 

ADC 2 

ADC 3 

ND Conversion 

Single-ended Channels 1. then 5 OR 9. then 
13; OR differential Channels l , then 5. 

Single-ended Channels 2. then 6 OR 10. 
then 14: OR differential Channels 2, then 6. 

Single-ended Channels 3. then 7, OR II. 
then 15; OR differential Channels 3. then 7. 

Single-ended Channels 4, then 8. OR I 2. 
then 16; OR differential Channels 4. then S. 

Single-ended Channels I. then 5. then 9. 
then 13. 

Single-ended Channels 2. then 6. then l 0. 
then 14. 

Single-ended Chnnnels 3, then 7, then II. 
then 15. 

Single-ended Chnnnels 4, then 8. then 12. 
then 16. 

6-7 
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All unipolar signals must be positive at the input to the ADC. When 
in unipolar mode. any negative portion of a ,,·ayefonn " ·ill be 
"clipped" and will generate a coded equh·alent ofO. 

6.5 AID Converter Pacing and Burst Mode 

6-8 

The DAS boards can be programmed to sample an input wm·eform at 
different rates. The term "pacing" refers to the clock signal which 
tells the AID converters to sample data. "Pacing" differs from 
"Triggering," which refers to the signal that tells the NO subsystem to 
"remember" the converted data by buffering it through the onboard 
FIFO. 

NOTE 
The pacing examples that follow describe the HSDAS- 12. If your 
DAS board is not an HSDAS-12. then the hard\\"are and sampling 
rates in the following e.'\amples might not apply. Ho\\·c,·er. the same 
theory can be applied to all DAS products. 

The AID pacing signal initiates a conYersion of data in the ADCs 
differently, depending on the ND Mode. In Modes 0. l and 2. all four 
ADCs are used once each during a sampling cycle. \\"hile in Modes 3 
and 4, each ADC samples more than one channel during a cycle. 
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MODE 0 Pacing Example: 
If the end-user is programming the HSDAS-12 to sample 
Channel 4 at 300kHz, Mode 0 must be chosen. This means 
that all four ADCs will be sampling Channel 4 in sequence as 
shown in Figure 6.1. In Mode 0, each of the four ADCs must 
have its own pacing pulse. So for the 300kHz per channel 
example, the pacing signal must be programmed for 300kHz. 

1/300 3/300 
0 21300 
I I I I 

Pacing Signal, 
In msec 

AOC 0 ~-lr.~~~~~1 Channel4 I ···· 

Figure 6.1: AID Mode 0 Pacing 

AID Mode 1 Pacing Example 
The HSDAS-12 can be programmed to sample two channels 
at a maximum rate of 200kHz. ln Mode 1, two ADCs are 
triggered together, each sampling one of the channels: Lhen 
the other two ADCs are triggered as shown in Figure 6.2. In 
this case, Channels 3 and 4 are sampled at 150kHz per 
channel, and the pacing signal must be programmed at 
150kHz. 

6-9 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



AID Conversion 

6-10 

ADCO 
ADC1 

ADC2-- -: 
ADC3----., 

Analogic Corporation 

Pacing Signal, 
In msec 

Figure 6.2: AID Mode 1 Pacing 

AID Mode 2 P acing Exam!Jie 
Sampling four input channels simultaneously with the 
HSDAS-12 requires programming the board in Mode 2. In 
this mode, all four ADCs are triggered together and can 
sample data at a maximum of 100kHz per channel. Figure 
6.3 shows Channels 5, 6, 7, and 8 being sampled at a rate of 
80kHz per channel. 

ADCO 
ADC1 

ADC2 
ADC3 

0 
I 

1/80 
I 

Pa<:lng Signal, 
In msec 

Figure 6.3: AID Mode 2 Pacing 

-
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ADCO 
ADC1 
ADC2 
ADC3 

AID Mode 3 Pacing Example: 
Since there are only four ADCs, and in Mode 3, eight 
channels are sampled together, each ADC must sample two 
channels during a sampling cycle. In Modes 3 and 4, the 
AID subsystem samples in "burst mode." This means that 
one pacing pulse triggers the entire sampling cycle. Each 
ADC can sample at a maximum rate of 100kHz; therefore. 
when running in Mode 3 (a burst mode), the maximum 
pacing frequency for proper operation is 50kHz. Figure 6.4 
shows a complete sampling cycle for Mode 3 operation, 
sampling Channels 1 through 8 at 40kHz per channel. Note 
that the ADCs take a "burst" of data, then wait for another 
pacing pulse. 

0 
Pacing Slgnal,ln msec 1/40 

Figure 6.4: AID l\1ode 3 Pacing 

Channel1 
Channel2 
Channel3 
Channel4 
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ADCO 
ADC1 
ADC2 
ADC3 
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Analogic Corporation 

Mode 4 Pacing Example: 
AID Mode 4 operation samples all sixteen channels. This 
means each ADC must sample four different channels during 
a sampling cycle. As with Mode 3, Mode 4 AID sampling is 
in "burst mode," which means that only one pacing pulse is 
needed to trigger multiple samples for each ADC. Since each 
ADC can take samples at a maximum of 100kHz, the 
maximum pacing rate for Mode 4 AID operation is 25kHz. 
Figure 6.5 illustrates the sampling configuration for AiD 
Mode 4 at 20kHz. Again, note that, because the pacing speed 
is lower than the maximum, the ADCs convert a "burst" of 
data, then wait for another pacing pulse. 

Pacing Slgnal,ln msec 1/20 

Channel1 

Channel2 

Channel 3 

Channe14 

Figure 6.5: AID Mode 4 Pacing 
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6.5.1 Programming On-board AID Pacing 
The on-board AID pacing signal is programmed by setting 
Counter-Timer 1, Channel 0 to the appropriate value (see 
Chapter Eight). The fommla for this value is derived by 
taking the on-board clock speed and dividing it by the 
required pacing speed: 

All DAS-12s: 6.8Wlz/Pacing Speed= Counter-Timer 
Value 

All DAS-16s: 511Hz/Pacing Speed= Counter-Timer 
Value 

For example, for a pacing speed of 25kHz, a counter-timer 
value of 272 is required. This number translates to 
0000000100010000 Binary or OllO Hex. 

NOTES: 

AID Mode 0: The smallest number that can be programmed 
into the pacing counter-timer for proper operation is 17 
(decimal), which produces 400kHz. 

AID Mode 1: The smallest number tl1at can be programmed 
into the pacing counter-timer for proper operation is 34 
(decimal), which produces a 200kHz pacing signal. 

AID Mode 2: The smallest legal number for the pacing timer­
counter is 68 (decimal), which produces 100kHz. 

AID Mode 3: The smallest legal nun1ber for the pacing timer­
counter is 136 (decimal), which produces 50kHz. 
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AID Mode 4: The smallest legal number for the pacing timer­
counter is 272 (decimal), which produces 25kHz. 

6.5.2 Programming External AID Pacing 
Pin 19 on the 26-pin connector, 13 (see Section t.JO). is the 
input point for the external pacing signal. The DAS boards 
require an edge-producing TTL signal for external pacing. 
This must be selected using Bits 3 and 4 in the ND Mode 
Register. The direction of the edge must be programmed 
either positive or negative going, by setting Bit 5 (see Chapter 
Seven). The external signal provided by the end-user must 
observe the same frequency constraints as the internal pacing 
signals described earlier in this section. 

6.6 AID Triggering 

6-14 

Triggering refers to the signal which allows the flow of data from the 
ADCs into the on-board FIFO. In effect, the triggering sign<l l tells the 
DAS to "remember" the converted v<1lues. There are two types of 
triggering signals: (l) Software and (2) External. The trigger type is 
selected by setting Bit 9 in the AID Mode register (see Ch<lpter Se,·en). 

6.6.1 Software Tr iggering 
Software triggering is achieved by setting the Soft\\·<lrc 
Trigger Enable Bit (Bit 13) in the AID Mode Register (see 
Chapter Seven). When this bit is I. sampled data will be 
strobed into the on-board FIFO. Data will continue to flow 
into the FIFO until the Software Trigger Enable Bit is reset to 
0. 
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6.6.2 External Triggering 
ND conversions can be triggered externally. Bits 10 and II 
in the ND Mode Register program positiYe or negative. le,·cl 
or edge sensitivity (see Chapter SeYen) to connector J I Pin 26 
(see Section 1.10). If the trigger is programmed for le,·el 
sensitivity, data will flow into the FIFO as long as the trigger 
signal is at a TTL-compatible high for positive level. or at 
TIL low for negative level triggering. The flow of data will 
stop when the satisfying external level is removed. If the 
external triggering is programmed for edge sensitivity. then 
the flow of data to the FiFO will begin when the appropriate 
transition occurs in the external trigger signal and will stop 
only when the Enable ND External Trigger Bit (Bit 12 in the 
ND Mode Register) is set to 0. 

6.7 AID Pre-/Post-Event Mark 
The ND Event Mark is a mark in the FIFO indicating an e\·ent at the 
time a particular sample was taken. Since the FIFO is 9-bits wide and 
the sampled data is stored in an 8-bit format, the most significant bit is 
left free. This bit is used to report an event. There are two types of 
reportable events selected by Bit 8 in the ND mode register. The first 
is the intersection of the "analog" input to ADCO and a Yalue 
previously programmed into a specified D/A com·erter. The second 
reportable event is the occurrence of a "digital" signal in the e;.;ternal 
AID trigger. 

6-15 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



AID Conversion Analogic Corporation 

6-16 

6. 7.1 Analog Event Mark Trigger 
The Analog Event Mark Trigger compares a value 
programmed into the DAC specified by Bit 7 in the D/A · 
mode register (see Chapter Seven) to the sampled analog 
input to ADCO. Section 6.3 describes which input channels 
are handled by which AID converters as a function of AID 
Mode. Bit 14 in the AID Mode Register controls the 
direction of this intersection (see Chapter Seven). 

If the Event Mark trigger polarity is programmed as positive 
edge and DACO is selected and programmed to 3.6 volts. then 
the first time an analog channel being sampled by ADCO 
passes through 3.6 volts going up, the report bit will be set to 
1. The Enable Analog Event Mark Trigger (Bit 15) and the 
Enable Event Mark Trigger (Bit 7) must be reset to 0 (clear) 
and set back to 1 before another report can occur. 

6.7.2 External (Digital) Event Mark Trigger 
Bit 8 in the AID mode register set to 0 specifies the E:xternal 
AID Trigger line (see Section 6.6.2) as the source for the 
Event Mark Trigger. Using the same bits to program this line 
as described in Section 6.6.2, an E\'ent Mark can be 
generated for a positive or negative, level or edge in the 
External AID Trigger line. As with Analog E\'ent Mark 
Trigger, the Enable Event Mark Trigger Bit must be reset to 0 
and back to 1 again before another report can be generated. 
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I CHAPTER SEVEN: Registers 

7.0 Overview 

7.1 

DAS boards use sixteen consecutive addresses in the JJO space of the 
PC/AT bus. The base address is user-adjustable by selecting Address 
Jumpers as described in Chapter Two. The DAS uses the sixteen 
address locations as follows: 

Address Read/Write Register 
Base +0 Rd AID Data 

Wr: DACO Data 

Base+ 2 Wr DACl Data 
Base+ 4 Wr: Dl A Mode Reg. 
Base+ 6 Wr: AID Mode Reg. 
Base+ 8 Wr: Extended Reg. 
Base+ A Hex Wr: Control Reg. 

Base + C Hex Wr: Interrupt Control 
Reg. 

Rd: Status Reg. 

Base+ E Hex Rd/Wr: Digital I/O 

D/A Mode Register 

Base Address+ 4 
The D/A Mode Register is a 16-bit register accessed by writing to the 
address defined by Base + 4 (see Chapter Five for a discussion of D/ A 
Conversion). Bit 5 in the Control Register is the D/A Mode 
Reset/Enable. This bit must be set to 1 for the D/ A subsystem to 
operate. 

7- 1 
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En 
URoq 
I),O,C1 

15 

7-2 

8 7 

Bit 15: E nable Update Request DACl 
0 DACl Disable/Clear 

DACI Enable 

Bit 15 is reset to 0 at power-up. 

cs 

0 

Bit 15 is the software update signal for DACI. Bit 15 is used only 
when Bit 12 is reset to 0. Bit 15. when set to L will cause DAC1 to 
convert the digital value currently programmed. For another update 
signal to be issued to DACl , Bit 15 must be reset back to 0 and set 
again to l. If Bit 12 is set to 1 (internal timer), the updating signal for 
DACl will be specified by Bits 14 and 13, and Bit 15 is not used. 
Resetting Bit 5 in the Control Register will set this bit to 0. Bit 5 in 
the Control Register must be set to l to enable this bit. 

Bits 14, 13: DACl UJ)date Select 
0,0 Timer 1, Channel 1 
0, 1 AID Pace Source 
1 ,X Timer 2, Channel 2 

Bit 14 is set to 1 at power-up; Bit 13 is reset to 0 at power-up. 
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Bits 14 and 13, in combination, specify which internal updating signal 
for DACI is to be used. These two bits are used only when Bit 12 is 
set to 1. If the combination of Bits 14 and 13 is set to 0 J. the update 
signal is the same as the pacing signal for the ND subsystem. This 
can be used to synchronize DACl and the AID subsystem. If DACO 
and DACl are programmed to be updated from the same timer source 
(i.e., Timer 1, Channel 1), then updating of the two DACs is 
synchronized. Clearly, the DACs can be programmed with separate 
timer sources, which can be used to provide two completely 
independent waveforms. 

Bit 12: DACl Update Tvpc Select 
0 Asynchronous Update (Software) 
1 Internal Timer (selected by Bits 13 and 14) 

Bit 12 is reset to 0 at power-up. 

Bit 12, ""hen reset to 0, causes DAC 1 to convert its programmed 
digital value to analog each time Bit 15 is set to 1. If Bit 12 is set to 1. 
the signal that tells DACl to convert data comes from an internal 
timer, which is specified by Bits 14 and 13. 

Bit 11: Enable Update Request DACO 
0 DACO Disable/Clear 

DACO Enable 

Bit 11 is reset to 0 at power-up. 

Bit 11 is the software update signal for DACO. Bit 11 is used only 
when Bit 8 is reset to 0. Bit 11, when set to 1, will cause the output 
level of DACO to convert the digital value currently programmed. If 
Bit 8 is set to 1 (internal timer), the updating signal for DACO will be 
specified by Bits 10 and 9. and Bit 11 is not used. Resetting Bit 5 in 
the Control Register will set this bit to 0. Bit 5 in the Control Register 
must be set to 1 to enable this bit. 
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Bits 10, 9: DACO Update Select 
0,0 Timer 1, Channel 1 
0,1 ND Pace Source 
l,X Timer 2, Channel 2 

Bit 10 is set to 1 at power-up; Bit 9 is reset to 0 at power-up. 

Bits 10 and 9, in combination, specify which internal updating signal 
for DACO is to be used. These two bits are used only when Bit 8 is set 
to l. If the combination of Bits 10 and 9 is set to 0 L the update signal 
is the same as the pacing signal for the AID subsystem. This can be 
used to synchronize DACO and the AID subsystem. If DACO and 
DACl are programmed to be updated from the same timer source (i.e .. 
Timer 1, Channel 1), then updating of the two DACs is synchronized. 
Clearly, the DACs can be programmed with separate timer sources. 
which can be used to provide two completely independent waveforms. 

Bit 8: DACO Update Tvpe Select 
0 Asynchronous Update (Software) 
1 Internal Timer (selected by Bits 9 and 1 0) 

Bit 8 is reset to 0 at power-up. 

Bit 8, when reset to 0 causes DACO to convert its programmed digi tal 
value to analog each time Bit 11 is set to l . If Bit 8 is set to 1, the 
signal that tells DACO to convert data comes from an internal timer. 
which is specified by Bits 10 and 9. 

Bit 7: Analog Event Ma rk Trigger Select 
0 Event Mark Trigger Level set by DACO 
1 Event Mark Trigger Level set by DAC 1 

Bit 7 is reset to 0 at power-up. 
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The DAS board can be progranu11ed to compare an analog input signal 
to a value programmed into a DAC. When the analog input signal 
crosses this programmed value, a mark can be placed in the data buffer 
so that the input stream of data can be analyzed both before and after 
the mark (see Chapter Six for a description of Pre- and Post-E,·ent 
Marking). Bit 7 designates which DAC will be comp(lred with the 
analog input signal. 

B it 6: Unused 

Bit 5: DAC Enable 
0 Enable Updating DACs 0 and 1 
1 Disable Updating DACs 0 and 1 

Bit 5 is reset to 0 at power-up. 

Bit 5 enables the D/A converters. Bit 5 must be reset to 0 fo r D/A 
conversion to occut·. 

Bit 4: Enable CPU 
0 CPU has controi of Timer 2 

Channels 0 and 1, Gate and Clk 

1 RAM Sequencer has control of Timer 2, 
Channels 0 and 1, Gate and Clk 

Bit 4 is reset to 0 at power-up. 

When Bit 4 is set to I, the DAS produces an analog output waveform, 
or waveforms, independent of the host computer. For this function, 
optional DAC RAM must be installed and programmed. If Bit .l is 
reset to 0, the D/A conversion process is synchronized with the CPU of 
the host computer. For programming information on internal timers, 
see Chapter Eight. 
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Bits 3, 2, 1: DAC Mode (see Chapter Five) 
0,0,0 Mode 0 
0,0,1 Mode 1 
0,1,0 Mode 2 
1,0,0 Mode-+ 
1,0,1 Mode 5 
1,1,0 Mode 6 
1,1,1 Mode 7 

Bits 3, 2 and 1 are reset to 0 at power-up. 

D/A Mode specifies the data source for D/A Cml\'ersion and is 
discussed in Chapter Five. 

Bit 0: Channel Select (see Chapter Five) 
0 Mode 0, 2, 3, 6 {DACO lo\\'est priority): 

Mode 4. 5 (DACO Read RAM); 
Mode 1 (DACO DMA). 

Mode 0, 2, 3, 6 (DACllowest priority); 
Mode 4, 5 (DAC l Read RAM); 
Mode 1 (DAC1 DMA). 

Bit 0 is reset to 0 at power-up. 

Bit 0 specifies the D/A converter with a constant interval between 
conversions. If Bit 0 is reset to 0, DACO will convert its programmed 
data at a rate exactly equal to its timing rate. This means the time 
between conversions will remain constant. DAC1, in this case, will 
convert its data before or after DACO. On average, DAC I will also 
convert its data at a rate equa·l to its pacing signal; however, there may 
not be an equal time between each conversion. 

If Bit 0 is set to 1, DAC1 will convert with an equal time between each 
conversion, and, depending on the status ofDACl , DACO may hm·e a 
longer or shorter period of time between each conversion. 
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7.2 AID Mode Register 

15 

(Base Address+ 6) 
The AID Mode Register is a 16-bit register accessed by writing to the 
address defined by Base+ 6. Bit 7 in the Control Register (see Section 
7.3) is the AID Mode Reset/Enable. This bit must be set to I for the 
AID subsystem to operate. 

8 7 0 

Bit 15: Enable Analog Event Marl~ Trigger 
0 AID Analog Event Mark Disable/Cir 
1 AID Analog Event Mark Enable 

Bit 15 is reset to 0 at power-up. 
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The Event Mark is a function that allows the user to mark the AID 
data stream so it can be analyzed based on where this mark occurred. 
An Event Mark is a "1" in the ninth bit of the FIFO at the data sample 
where the mark qccurred. When the data sample with the mark is 
loaded into the FIFO, Bit 12 in the Status Register is set to 1. When 
the eight bits indicating the data for that sample are transferred to the 
host computer, Bit 11 in the Status Register is set to 1. and the DMA 
process is halted, so the application's software knows the event 
occurred and can make note of the location of the mark. 

An event can be either "analog." which is the intersection of the value 
of an analog input channel and a preprogrammed value in a D/A 
converter, or it can be the occurrence of an external TTL signal. If the 
Event Mark chosen (see Bit 8) is "analog," Bit 15 enables the 
comparison of the analog input signal to the preprogrammed value in 
aD/A converter (refer to Section 7.1 for which DAC is chosen by Bit 7 
in the D/A Mode Register; Chapter Six describes the Event Mark 
Function in detail). 

Bit 14: Analog Event Marl.: Trigger Polari tY 
0 Positive-going 

Negative-going 

Bit 14 is reset to 0 at power-up. 

The Event Mark in a data stream can be programmed to occur as an 
analog input passes through a preprogrammed value in a D/ A 
converter (the DAC used for this is specified by Bit 7 in the D/A Mode 
Register; refer to Section 7.1 ). The Event Mark will only occur once 
and only as the analog input is moving in a specified direction. If Bit 
14 is reset to 0. the analog input must have a positive slope as it passes 
through the preprogrammed value for a mark to be inserted in the data 
stream. If Bit 14 is set to I. the analog input must have a nega tiYe 
slope as it passes through the preprogrammed value for a mark to be 
inserted in the data stream (Chapter Six describes the Event Mark 
Function in detail). 
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Bit 13: Software Trigger Enable 
0 Disable 
1 Enable 

Bit 13 is reset to 0 at power-up. 

AID Trigger enables the flow of com·erted data to the host computer. 
If Bit 13 is reset to 0, converted data will not flow to the host 
computer. If Bit 13 is set to L converted data will flow to the host 
computer. For this function to work, Trigger Select (Bit 9) must be 
reset toO. 

Bit 12: Enable AiD External Trigget· 
0 Disable/Clear 
1 Enable 

Bit 12 is reset to 0 at power-up. 

As described for Bit 13, AID Trigger enables the flow of converted 
data to the host computer. Bit 12 enables the external AID Trigger 
signal. If Bit 12 is reset to 0, the external AID Trigger signal will have 
no effect on the flow of data and data will not flow to the host 
computer. If Bit 12 is set to I, the external (TTL-compatible) AID 
Trigger signal controls the flow of data to the host computer as 
specified by Bits l I and 10. For this f·unction to \\'Ork. Trigger Select 
(Bit 9) must be set to l. 

NOTE 
Chapter Six should be thoroughly reviewed prior to programming AID 
conversion. 
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Bits 11, 10: External Trigger Polaritv, Tvpc (TTL-Compatible) 

0,0 Positive Edge 
0,1 Positive Level 
1,0 NegatiYe Edge 
1,1 Negative Level 

Bits 11 and 10 are reset to 0 at power-up. 

As described for Bits 13 and 12, AID Trigger enables the flow of data 
to the host computer. If the E:-.1ernal AID Trigger is to be used, a type 
and a polarity must be programmed to activate the flow of conYertcd 
data to the host computer. 

If "level" type of AID Trigger is selected. data will flow to the host 
computer during the presence of the selected level and will stop 
flowing when the leYel is removed. For example, if Bits 11 and 10 are 
programmed 0 and 1. which indicates positive le,·el triggering, data 
will flow from the AID subsystem to the host computer when the 
External AID Trigger line is driven to TTL high. Data flow will stop 
when the External AID Trigger line is driven to TTL low. 

In the case of "edge-sensitive" external ND triggering, the trigger 
enable bit (Bit 12) must be reset to 0 for the data flow to stop. For 
example, if Bits 11 and 10 are set to 1 and 0. which indicates negati\·e 
edge triggering, data will begin flowing " ·hen the External AID 
Trigger line moves from TTL high to TTL lo,r. Data will continue to 
flow w1til Bit 12 is reset to 0 regardless of what TTL conditions occur 
on the External AID Trigger line. 

Bit 9: Trigge•· Select 
0 Software 
1 External 

Bit 9 is reset to 0 at power-up. 
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AID triggering enables the flow of conYerted data to the host 
computer. AID triggering can be through software or through an 
externally-provided TTL signal. If Bit 9 is reset to 0, AID triggering 
will be through software specified by Bit 13. If Bit 9 is set to l. AID 
triggering will be through an external TTL signal as specified by Bits 
12, 11, and 10. 

Bit 8: Event Mark Trigger Select 
0 Digital (External) 
1 Analog 

Bit 8 is reset to 0 at power-up. 

Event marking allows the user to mark the AID data stream so it can 
be analyzed based on where the event occurred. A mark in the data 
stream can be generated by comparing an analog input signal and a 
value programmed into a D/ A converter (see Bits 15. 1-L and 7): this 
is called "Analog Event Mark Triggering" and is specified by setting 
Bit 8 to 1. The analog channel that is to be used as a trigger must be 
enabled for storage. The trigger channel is always the first channel to 
be converted by AID Converter 0. See Chapter Five for a description 
of which channels go to which ADCs. 

NOTE 
Use of the tv!ENUS Program (see Chapter Three) simplifies the 
selection of the trigger channel and performs all necessary error 
checking. 

Another triggering method for an event mark is called "Digital EYcnt 
Mark Triggering," which is the occurrence of a TTL event on the 
E:\1ernal AID Trigger line. This is the same line used for External 
AID Triggering (see Bits 12, 11, and 10). If Bit 8 is reset to 0. an 
event mark will be inserted in the data sample taken immediately after 
the event occurs. The external line can be programmed positiYe le,·el. 
negative level, or edge-sensitive (see Bits 12, 11, and 10). 
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NOTE 
If E:\1ernal AID Triggering is used for AID conversion, and Digital 
Event Mark Triggering is used at the same time, the mark will always 
appear in the first piece of converted data. 

If a level type of AID Trigger is selected (see Bits 11 a nd 10), an e\·ent 
mark will occur when the selected le,·el appears. For example. if Bits 
11 and 10 are programmed to 0 and 1, which indicates positi\·e le,·el 
triggering, the mark will be inserted when the External ND Trigger 
line is driven to TTL high. 

In the case of edge-sensiti\'e external ND triggering. the e,·ent mark 
will be inserted into the data stream when the edge occurs. For 
example, if Bits 11 and 10 are set to 1 and 0. which indicates negati\'e 
edge triggering, the mark will occur when the External AID Trigger 
line moves from TTL high to TTL lmv. 

NOTE 
For Event Mark Triggering to work. Bit 7 and Bit 11 in the Inte rrupt 
Control Register must be set to 1. 

For mult iJ)Ie e,·ent ma ri{S in a data st•·eam : 

Digital Event Mark Triggering: If additional e,·ent marks are to be 
inserted into the data stream by way of Digital Event Mark Triggering, 
Bit 7 and Bit 12 (as well as Bit 11 in the Intermpt Control Register) 
must be reset to 0 and then set back to 1 again before another mark 
can occur. 

Analog Event Mark Triggering: If additional event marks are to be 
inserted into the data stream by way of Analog Event Mark 
Triggering, Bit 7 and Bit 15 (as well as Bit II in the Interrupt Control 
Register) must be reset to 0 and then back to 1 again before another 
mark can occur. 
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Bit 7: Enable Event Mark Trigger 
0 Disable/Clear 
1 Enable 

Bit 7 is reset to 0 at power-up. 

Bit 7 must be reset to 0, then set back to 1 again before an event mark 
can be triggered into the data stream. 

Bit 6: Software Pace 
0 Clear 
1 Set 

Bit 6 is reset to 0 at power-up. 

AID Pacing tells the AID converter to convert its analog input. There 
is only one pacing signal for all four of the AID converters (HSDAS-
12). This signal is cycled through the AID converters differently. 
depending on the AID Mode of operation. (For a detailed description 
of these modes of operation, see Chapter Six.) There arc three types of 
AID Pacing signal: Software, Timer. and External. 

Selecting Software Pacing (see Bits 4 and 3) allows the user to switch 
Bit 6 between 0 and l to create their own pacing wayeform. 

NOTE 
The circuitry associated with the software pacing pulse (the time at 
which Bit 6 is set to 1) behaves the same as a "one-shot." This means 
that the application need not be concerned how long Bit 6 is held at 1. 

7-1 3 
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Bit 5: External Pace Pola.-itv 
0 Positive Edge 
1 Negative Edge 

Bit 5 is reset to 0 at po\\'er-up. 

Bits 4, 3: AID Pace Select 
0,0 Power up/Reset 
0,1 Software 
1,0 Timer 
1, 1 External 

Bits 4 and 3 are reset to 0 at power-up. 

AID Pacing tells the AID convener to convert its analog input. There 
is only one pacing signal for all four of the AID conYerters (HSDAS-
12). This signal is cycled through the AID converters differently. 
depending on the AID Mode of operation. (See Chapter Six for a 
detailed description of these modes of operation.) Bits ~ and 3 
determine the origin of the AID pacing signal. If Bits 4 and 3 are 
programmed 0, I then AID pacing is by software (see Bit 6). If Bits 4 
and 3 are programmed 1, 0, then the AID pacing signal originates at 
Timer 1, Channel 0 (see Chapter Six). If Bits 4 and 3 are 
programmed 1, 1, then the pacing signal is generated externally and is 
expected at Pin 19 on the J3 connector (see Section 1.10). 

Bits 2, 1, 0: Mode Select 
0,0,0 Mode 0 
0,0,1 Mode I 
0,1,0 Mode 2 
0, 1,1 Mode 3 
1,0,0 Mode 4 

Bits 2, 1, and 0 are reset to 0 at power-up. 

AID Mode selection is subject to numerous criteria. Re,·ie\\' Chapter 
Six thoroughly before making this selection. 
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7.3 Control Register 

15 

(Base Address+ A Hex) 
The Control Register is a 16-bit register accessed by writing to the 
address defined by Base + A Hex. 

Bit 15: AID DMA Start 
OStop 
!Start 

8 7 

Bif 15 is reset to 0 at power-up. 

BitO 

0 

Bit 15 starts the DMA process for the AID subsystem. If Bit 15 is set 
to 1, the AID subsystem will initiate a DMA transfer of data from the 
onboard FIFO to the host computer's memory. If Bit 15 is reset to 0. 
the DMA process for the AID subsystem is halted. (See Chapter Six 
for a detailed description of this process.) 

Bit 14: AID DMA Request Enable 
0 Disable 
1 Enable 

Bit 14 is reset to 0 at power-up. 
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Bit 14 controls the DAS board's ability to request service from the host 
computer's DMA Controller for the AID subsystem. Setting up the 
DMA Controller is a function of the computer's DMA Controller chip 
and the configuration of the specific host PC. If Bit 14 is set to 1, the 
DAS can request DMA service from the host computer. (The DMA 
channel used for this function depends on the DMA Control Jumper 
setting, which is described in Chapter Two.) 

Bit 13: D/A DMA Sta rt 
0 Stop 
1 Start 

Bit 13 is reset to 0 at power-up. 

Bit 13 starts the DMA process for the D/ A subsystem. If Bit 13 is set 
to 1, the D/A subsystem ''"ill initiate a DMA transfer of data to the 
DAC holding registers. If Bit 13 is reset to 0, the DMA process for 
the D/ A subsystem is halted. (See Chapter Five for a detailed 
description of this process.) 

Bit 12: D/A DMA Request Enable 
0 Disable 

Enable 

Bit 12 is reset to 0 at power-up. 

Bit 12 controls the DAS board's ability to request service from the host 
computer's DMA Controller for the D/A subsystem. Setting up the 
DMA Controller is a function of the computer's DMA Controller chip 
and the configuration of the specific host PC. If Bit 12 is set to 1, the 
DAS can request DMA service from the host computer. (The DMA 
channel used for this function depends on the DMA Control Jumper 
setting, which is described in Chapter Two.) 
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Bit 11: External Register Direction Control- Most Significant 
Bvte 
0 In 
1 Out 

Bit 11 is reset to 0 at power-up. 

Bit 11 controls the direction of the most significant byte of the 16-bit 
Digital I/0 port. If Bit 11 is set to 1. then a write to Base + OE Hex 
will go to the MSB of the Digital I/0. 

NOTE 
The most significant by1e of Digital I/0 is found on Pins 9. 10. 11. 12. 
13, 14, 15 and 16 on the J3 connector. These pins correspond to 
Digital I/0 Bits 8, 9, 10, 11. 12, 13, 14, and 15 respectively. 

Bit 10: External Register Direction Control- Lca!'t Significant 
BYte 
0 In 
1 Out 

Bit 10 is reset to 0 at power-up. 

Bit 10 controls the direction of the least significant by1e of the 16-bit 
Digital I/0 port. If Bit 10 is set to 1. then a write to Base + OE Hex 
will go to the LSB of the Digital I/0. 

NOTE 
The least significant by1e of Digital I/0 is found on Pins I. 2, 3, 4. 5. 
6, 7 and 8 on the J3 connector. These pins correspond to Digital 110 
Bits 0, 1, 2, 3, 4, 5, 6 , and 7 respectively. 

Bit 9: Unused 
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Bit 8: Board Master Reset 
0 Reset 
1 Enable/Power-up 

Bit 8 is set to 1 at power-up. 

Bit 8 is tl1e DAS Board Master Reset Bit. This bit must be set to I for 
any portion of tlle DAS to operate. 

NOTE 
This bit does not need to be reset to 0 and set back to 1 for any reason. 
However, if this bit is reset to 0 and then set back to 1 again. all bits in 
all registers on the DAS will assume their power-up state. This may 
be useful if the programmer is seeking a normalized state for the 
whole board. 

Bit 7: AID Mode Reset 
0 Reset 

Enable 

Bit 7 is reset to 0 at power-up. 

Bit 7 is the Mode Reset Bit for the NO subsystem. This bit must be 
set to 1 for proper operation of the AID Subsystem. 

NOTE 
If any AID parameters are to be changed. this bit should be reset to 0 
and t11en set back to 1 after these parameters are changed. These 
parameters include, but are not limited to, AID Pacing Type (Bits 4 
and 3 in the AID Mode Register), AID Trigger Type (Bit 9 in the AID 
Mode Register), or Event Mark Trigger Type (Bit 8 in the AID Mode 
Register). 

-
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Bit 6: RAM Mode Reset 
0 Reset 
1 Enable 

Bit 6 is reset to 0 at power-up. 

Bit 6 is the RAM Mode Reset Bit. This bit must be set to 1 for proper 
operation of the D/A subsystem when the onboard RAM is to be used. 

NOTE 
If any parameters are to be changed that involve the use of the onboard 
RAM, this bit should be reset to 0 and set back to 1 agaii1 to normalize 
the RAM system. For example, if the DAC Mode is set to one that 
involves the RAM. Bit 6 should be reset to 0. then set back to I again. 
In addition, whenever the DAC Mode is changed or reset inYOIYing 
the DAC RAM, the RAM address timers must be reprogrammed. 

Bit 5: D/A Mode Reset 
0 Reset 
1 Enable 

Bit 5 is reset to 0 at power-up. 

Bit 5 is the Mode Reset Bit for the D/ A subsystem. This bit must be 
set to l for proper operation of the D/ A Subsystem. 

NOTE 
If any D/A parameters are to be changed, this bit should be reset to 0, 
then set back to 1 after these parameters are changed. These 
parameters include, but are not limited to, DAC Update Type (Bits 14 
and 13, and Bits 10 and 9 in the D/A Mode Register), Analog Event 
Mark Trigger Select (Bit 7 in the D/A Mode Register), or DAC Mode 
(Bits 3, 2, and 1 in the D/A Mode Register). In addition, if either of 
the D/A converters are being nm from DAC RAM, the RAM timers 
must be reprogrammed after a D/ A Mode Reset. 
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Bits 4, 3. 2, 1, and 0: Extended Rcgistct· Ad dt·css 
0-3 Hex AID Range Control Registers 
4-7 Hex AID Storage Control Registers 
8 Hex ND Control Register 
C Hex RAM Control Register 

More information on Counter-Timers is found in Chapter Eight. 

10 Hex 
11 Hex 
12 Hex 
13 Hex 
18 Hex 
19 Hex 
lAHex 
IBHex 

Timer 1, Channel 0 
Timer l, Channell 
Timer 1. Channel 2 
Timer 1, Control Register 
Timer 2, Channel 0 
Timer 2. Channel 1 
Timer 2. Channel 2 
Timer 2. Control Register 

Bits 4. 3, 2, l , and 0 are all reset to 0 at po,Yer-up. 

The DAS board has an internally extended addressing scheme that 
affords the board additional registers without consuming additional 
space in the host computer's I/0 plane. By setting Bits 4, 3, 2, I. and 
0, different extended registers are mapped into the board's Base 
Address + 8. Since these five bits can represent Hex Extended 
Addresses 0 through IF Hex, there can be 32 registers located at Base 
+ 8 in the host computer's I/0 plane. These 32 address registers are 
used as described above. 

If Bits 4, 3, 2, 1, and 0 are programmed to 0, 0. 0, 0, 0 (which equals 0 
Hex), or any values from 0 through 3 Hex, the AID Range ·Control 
Registers can be written to at the Base Address + 8. (A description of 
the AID Range Control Registers can be fou nd later in this chapter.) 

-
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If Bits 4, 3, 2, 1, and 0 are programmed to 0, 0, L 0, 0 (which equals 4 
Hex), or any values from 4 through 7 Hex, the ND Storage Control 
Enable Registers can be ;vritten to at the Base Address + 8. (ND Store 
Enable Registers are described in detail later in this chapter.) 

If Bits 4, 3, 2, 1, and 0 are programmed to 0. 1, 0, 0, 0 (which equals 8 
Hex), then the ND Control Register can be written to at the Base 
Address+ 8. (The AID Control Register is described in detail later in 
this chapter.) 

If Bits 4, 3, 2, 1, and 0 are programmed to 0. L 1, 0, 0 (which equals 
OC Hex), the RAM Control Register can be written to at the Base 
Address + 8. (RAM Control Register is described in detail later in this 
chapter.) 

If Bits 4, 3, 2, 1, and 0 are programmed to 1, 0, 0, 0, 0 (which equals 
10 Hex) or any values from 10 Hex through 13 Hex, the registers 
associated with Counter-Timer 1 can be written to or read from at the 
Base Address + 8. The registers associated with Counter-Timer 2 are 
accessed by programming Bits 4, 3, 2, 1, and 0 to values from 18 Hex 
through 1B Hex. (Counter-Timer Registers are described in detail 
later in this chapter; the Counter-Timer's operation is discussed in 
Chapter Eight.) 

7.4 Interrupt Control 

8oOJ<I 
lnt 
Mask 

15 

(Base Address + C Hex) 
The Interrupt Control Register is a 16-bit register accessed by writing 
to the address defined by Base + C Hex. 

8 7 0 
L-------------------------~ 

7-21 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Registers Analogic Corporation 

7-22 

An interrupt is a "one shot" type of signal. If a state in the DAS can 
generate an interrupt and the related interrupt is clear, the interrupt 
line will generate a signal to the host computer's CPU. In addition, 
the related interrupt status bit in the Status Register of the DAS will be 
set. At this point, the interrupt cannot occur again until it has been 
cleared as specified below. 

The interrupt signal for any given line can be suppressed (masked) 
This means that the interrupt line will not signal the CPU. HoweYer. 
the corresponding bit in the Status Register \viii still be set and, as an 
interrupt status bit, must be cleared before it can be reissued. 

The operation of any interrupt is subject to the proper installation of 
the Interrupt Level Jumper described in Chapter Two. The placement 
of this jumper determines which interrupt level the DAS signals the 
host CPU on. Once the interrupt has occurred, the application 
software's interrupt driver must poll the Status Register to determine 
which DAS signal caused the interrupt. 

Bit 15: Board Inten-unt Mask 
0 Mask 
1 Enable 

Bit 15 is reset to 0 at power-up. 

Bit 15 is logically "ANDed" with all other interrupt signals on the 
DAS. This bit must be set to 1 to allow the host computer's CPU to be 
interrupted by the DAS. If this bit is reset to 0 and Bit 14 is set to 1, 
then all interrupt lines are held at their current level. This is useful 
when a disabling of the interrupt flow is needed. (For example, to 
service an interrupt, it may be necessary to stop the DAS from 
interrupting again.) 
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Bit 14: Enable Board Interrupt Request 
0 Disable 

Enable 

Bit 14 is reset to 0 at power-up. 

Bit 14 must be set to 1 for any intermpts to be requested by the DAS. 
Bit 14 disconnects the intermpt plane on the DAS from the intermpt 
plane on the host computer. This means that when Bit 14 is reset to 0, 
the values of the intermpt lines on the host computer are 
undetermined. To disable the intermpt lines from the DAS while 
maintaining the values on the lines, leave Bit 14 set at L and reset Bit 
15 to 0. 

Bit 13: Enable FIFO Overflow Interrupt 
0 Disable/Clear 
1 Enable 

Bit 13 is reset to 0 at power-up. 

Bit 13 enables or clears the FIFO Intermpt Line. To enable the FIFO 
Intermpt Line, reset Bit 13 to 0 to clear the FIFO Interrupt Line and 
Status Bit, then set Bit 13 to 1 to enable the FIFO Overflow Interrupt. 
For this intermpt to be transmitted to the host computer, Bits 15 and 
14 must also be set to 1. The FIFO overflow cannot be masked 
individually. To mask this signal, the application must mask the 
whole DAS by using Bit 15. This will inhibit the intermpt 
transmission while still allowing Bit 13 in the Status Register to be set. 

Bit 12: AID Trigger Intermpt Mask 
0 Mask 
1 Enable 

Bit 12 is reset to 0 at power-up. 
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Bit 12 disables the flow of AID Trigger Interrupt data to the host 
computer's CPU while still allowing Bit 12 in the Status Register to be 
set. For this interrupt to be transmitted to the host computer, Bits 15 
and 14 must also be set to 1. 

Bit 11: Enable AID Trigger Interrupt 
0 Disable/Clear 

Enable 

Bit 11 is reset to 0 at power-up. 

Bit 11 clears the AID Trigger Interrupt. If an AID Trigger or an AID 
Event Mark has occurred, this bit must be reset to 0 and back to 1 to 
clear the Interrupt Line and Bits 11 and 12 in the Status Register. For 
this interrupt to be transmitted to the host computer, Bits 15 and 14 
must also be set to 1, and Bit 10 must be set to 1 to enable this specific 
bit. 

Bit 10: AID Terminal Count Interrupt Mask 
0 Mask 

Enable 

Bit 10 is reset to 0 at power-up. 

If Bit 10 is reset to 0. the only way for an application to be notified of 
an AID DMA transfer completion is for the application to poll the 
Status Register. If Bit 10 is reset to 0, the DMA Terminal Count for 
AID data transfer will not generate an interrupt but will still set Bit 9 
in the Status Register. For this interrupt to be transmitted to the host 
computer, Bits 15 and 14 must also be set to l. 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Analogic Corporation Registers 

Bit 9: Enable AID Terminal Count Intcn·upt 
0 Disable/Clear 

Enable 

Bit 9 is reset to 0 at power-up. 

Bit 9 clears the AID Terminal Interrupt line and Bit 9 . in the Status 
Register. When this bit is reset to 0, the value of the interrupt is 
pulled low to 0, and Bit 9 in the Status Register is reset to 0. Bits 9 
and 10 must be set to 1 for this interrupt line to activate an interntpt 
service routine in the host computer. For this interrupt to be 
transmitted to the host computer, Bits 15 and 14 must also be set to l. 

Bit 8: AID Data Intcrmnt Mask 
0 Mask 
1 Enable 

Bit 8 is reset to 0 at power-up. 

Bit 8 enables the AID Data Available Interrupt. If there is data in the 
AID subsystem's FIFO and this bit is set to L the DAS will generate 
an interrupt. For this interrupt to be transmitted to the host computer, 
Bits 15 and 14 must also be set to 1. There is no need to clear this 
interrupt -- it is cleared automatically when the FIFO data is read. 

Bit 7: External Alarm Jntcrnmt Polaritv 
0 Positive Edge 
1 Negative Edge 

Bit 7 is reset to 0 at power-up. 

Pin 25 on the Jl connector is the External Alarm Intermpt signal ; it is 
an edge-sensitive, TTL-compatible signal. The DAS can be 
programmed to generate an intermpt on either a rising or a falling 
edge. Bit 7 selects which edge is used. If Bit 7 is set to 1, an interrupt 
will be generated on a transition from TTL high to TTL low. If Bit 7 
is reset to 0, an intermpt ;vill be generated on a transition from TTL 
low to TTL high. 
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Bits 6, 14, and 15 must all be set to l for an intermpt to be generated. 
After an intermpt has been generated, it must be cleared by resetting 
Bit 6 to 0 and then setting it back to 1 again to re-enable it. There is 
no mask facility for the External Alarm Intcrmpl. If an application 
requires an External Alarm Intermpt to generate only a status bit 
setting, the whole DAS-12 must be masked by resetting Bit 15 to 0. 

Bit 6: Enable External Alarm Inter111Jlt 
0 Disable/Clear 
1 Enable 

Bit 6 is reset to 0 at power-up. 

Bit 6 clears the intermpt line and Bit 6 in the Status Register. Each 
time an intermpt occurs, this bit must be reset to 0 and back to 1 again 
before another External Alarm Intermpt can occur. For this interrupt 
to be transmitted to the host computer, Bits 15 and 14 must also be set 
to 1. 

Bit 5: Enable External Countet· Interrupt 
0 Disable/Clear 
1 Enable 

Bit 5 is reset to 0 at power-up. 

Bit 5 clears the External Counter Intermpt line and Bit 5 in the Status 
Register. Each time the externally available counter reaches 0 and this 
Bit is set to 1, an intermpt is generated. If another intermpt is 
required, Bit 6 must be reset to 0 and back to 1 again before another 
External Counter Intermpt can occur. For this intermpt to be 
transmitted to the host computer, Bits 15 and 14 must also be set to l. 
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Bit 4: Calibration Select 
0 AID Converter 
1 D/ A Converter 

Bit 4 is reset to 0 at power-up. 

Bit 4 selects which subsystem is to be calibrated (AID calibration is 
discussed in the AID Control Register Description in Section 7.8) . 
Briefly, AID offset calibration is accomplished by tying <111 internal 
ground signal to the inputs of the AID converters, conYerting the 
signal to digital data and using these values to calibrate future data. 
AID gain calibration is accomplished by tying internal reference 
voltages (2.5V, 5V, and lOV) to the inputs of the AID converters. 
These known voltages are converted, and the differences between the 
results and the reference voltages are used to calibrate future data. 

Once the AID converters have been calibrated, Bit 4 should be 
switched from 0 to 1 to allow for calibration of the D/ A converters. 

When Bit 4 is set to 1, the output from the D/A converter selected by 
Bit 7 in the D/A Mode Register is tied to AID Channel 0. 
Programming a value into the D/A converter. and then sampling AID 
Channel 0 and applying the calibration constants that were found 
during the AID calibration will provide the real output value of the 
D/A converter. This real value must be compared to the programmed 
value to calculate a calibration constant for the D/ A converter. 

Bit 3: D/A Conve1ier Te1·minal Count Jnten·uJlt Mask 
0 Mask 

Enable 

Bit 3 is reset to 0 at power-up. 

If Bit 3 is reset to 0, the only way for an application to be notified of a 
Dl A DMA transfer completion is for the application to poll the Status 
Register. If Bit 3 is reset to 0, the DMA Terminal Count for D/ A data 
transfer will not generate an interrupt, but will still set Bit 2 in the 
Status Register. For this interrupt to be transmitted to the host 
computer, Bits 15 and 14 must also be set to 1. 

7-27 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Registers Analogic Corporation 

7-28 

Bit 2: D/A Converter Terminal Count Interrupt 
0 Disable/Clear 

Enable 

Bit 2 is reset to 0 at power-up. 

Bit 2 clears the D/A Terminal Count Interrupt line and Bit 2 in the 
Status Register. When this bit is reset to 0. the 'alue of the interrupt is 
pulled low to 0, and Bit 2 in the Status Register is reset to 0. Bits 2 
and 3 must be set to l for this interrupt line to activate an interrupt 
service routine in the host computer. For this interrupt to be 
transmitted to the host computer, Bits 15 and 14 must also be set to 1. 

Bit 1: EnableD/A Convetier 1 Timer Interrupt 
0 Disable/Clear 

Enable 

Bit l is reset to 0 at power-up. 

When D/A Converter 1 is programmed to be updated by a signal from 
a Counter-Timer (see Chapter Four), the selected timer will count 
dovvn to 0 and generate an update pulse. If Bit 1 is set to L when this 
update pulse comes, the host computer's CPU will be interrupted, and 
Bit 1 in the Status Register is set to 1. This is useful for synchronizing 
different aspects in the application. For this interrupt to be transmitted 
to the host computer, Bits 15 and 14 must also be set to 1. This 
interrupt cannot be individually masked. If the application needs to 
use this function by polling Bit 1 in the Status Register, the whole 
DAS board interrupt structure must be masked by resetting Bit I 5 to 0. 
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Bit 0: EnableD/A Convertet· 0 Timer lntermJ)t 
0 Disable/Clear 
1 Enable 

Bit 0 is reset to 0 at power-up. 

When D/ A Converter 0 is programmed to be updated by a signal from 
a Counter-Timer (see Chapter Four), the selected timer \Yill count 
down to 0 and generate an update pulse. If Bit 0 is set to L when this 
update pulse comes, the host computer's CPU will be intcrmpted and 
Bit 0 in the Status Register is set to I. This is useful for synchronizing 
different aspects in the application. For this intermpt to be transmitted 
to the host computer, Bits 15 and 14 must also be set to 1. This 
intermpt cannot be individually masked. If the application needs to 
use this function by polling Bit 0 in the Status Register, the whole 
DAS board intermpt stmcture must be masked by resetting Bit 15 to 0. 

7.5 Status Register 

AID "TYPe 

8111 

15 

(Base Address+ C Hex) 
The Status Register is a read-only, 16-bit register accessed by reading 
the address defined by Base+ C Hex. 

I AFO r1) I ~ t oe I AID :I ~ A/[• ;I Ex1 I Ex1 I DAC1 I OACO I DAC I DAC1 l OAOO 0 Row Evant Mai1<EW j Bits TC 1rN DAY P~c l ng Alann I Cntr Ready I Reedy TC lrrv Timer Timer 
Bl o lnt M<rtcr lnt Sl:lt Status lnt Slot s : a t u:: lnt lnl Status tnt ln1 

8 7 0 
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Bits 15, 14: AID T\'J)C 

0,0 LSDAS 
0,1 MSDAS 
1,X HSDAS 

Bits 15 and 14 indicate the type of board present. These bits are set at 
power-up. 

Bit 13: FIFO Status 
0 No Overflow 

Overflow 

Bit 13 is reset to 0 at power-up. 

Bit 13 indicates whether an overflow occurred since the last read of 
data by the application program. If this bit is read as a L data has . 
been lost. 

Bit 12: AID Event Mad~et· 
0 No 

Yes 

Bit 12 is reset to 0 at power-up. 

Bit 12 is set to 1 when an event mark has been strobed from an AID · 
converter into the high byte of the AID holding register. This bit must 
be cleared before another event can be marked. This is done by 
resetting Bit 11 in the Intermpt Control Register to 0. The event mark 
process must be re-enabled by setting Bit 11 in the Intermpt Control 
Register back to 1 (see Section 7.4) . 
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Bit 11: A/D Event Marker lntet·mpt Status 
0 NotRead 
1 Read 

Bit 11 is reset to 0 at power-up. 

Bit 11 is set to 1 when an event mark has been read from the DAS. 
The same mechanism must be used to reset this bit as Bit 12 above. 

Bit 10: DAS-12/DAS-16 Identifier 
0 12 Bit Converters 
1 16 Bit Converters 

Bit 10 indicates the type of AID converters used. When this bit is reset 
to 0, there are 12-bit AID converters on board. When this bit is used 
in conjunction with Bits 15 and 14 above, the ma:-;imum speed of the 
board can be determined. In the case of the HSDAS-12, this bit will 
be reset to 0 at power-up, and Bits 15 and 14 will be set to 1 and 0 
respectively; this indicates a maximum aggregate AID sampling rate 
of 400kHz at twelve bits. 

Bit 9: AID Terminal Count lntermpt Status 
0 No 
1 AID Terminal Count occurred 

Bit 9 is reset to 0 at power-up. 

Bit 9 is an Indication the DMA processor has finished with ND data 
transfer. When Bit 9 is set to 1, AID transfer of data has completed. 
For another AID terminal count signal to be issued, Bit 9 in the 
Interrupt Control Register must be reset to 0 to clear the Terminal 
Count Status. Bit 9 in the Interrupt Control Register must be set back 
to 1 again to enable the AID Terminal Count Status. When this is 
done, the DMA controller must be reprogrammed and started again. 
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Bit 8: Data Available Intermpt Status 
0 No 

Yes 

Bit 8 is reset to 0 at power-up. 

Bit 8 indicates that there is data in the AID subsystem's FIFO that is 
available for delivery to the host computer. When the application 
software has read the data, this bit is automatically reset back to 0. As 
soon as new data is available for delivery, the process begins again. 

Bit 7: 16-hit/32-bit Pacing Clock 
0 16-bit pacing clock 
l 32-bit pacing clock 

Bit 7 will monitor the status of Jumper W39. W39 should be installed 
for the 16-bit pacing clock (factory default), removed for 32-bit pacing 
clock. 

Bit 6: External Alarm Inten"Upt 
0 No 
1 Yes 

Bit 6 is reset to 0 at power-up. 

Bit 6 indicates the occurrence of an external alarm signal. When Bi L 6 
is set to 1, a signal has been received on the External Alarm Interrupt 
line (Pin 25 on Connector Jl). The external intermpt line is edge­
sensitive; whether this is edge-positive or edge-negative is 
programmed by setting Bit 7 in the Intermpt Control Register. This 
interrupt status must be reset before another external alarm can be 
received. This is done by resetting Bit 6 in the Interrupt Control 
Register to 0 to clear the status. Bit 6 in the Interrupt Control Register 
must be set back to 1 to enable the process. 
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Bit 5: External Countct· Interrupt 
0 No 
1 Yes 

Bit 5 is reset to 0 at power-up. 

Bit 5 indicates the occurrence of a zero count in the externally 
available counter. When Timer 1/ Channel 2 goes to 0, Bit 5 is set to 
1. For another External Counter Intermpt to occur, Bit 5 in the 
Interrupt Control Register must be reset to 0 to clear the bit; then it 
must be reset to 1 again to enable the External Counter Interrupt Bit 
again. 

Bit 4: D/A Convct1cr 1 Readv 
0 Not Ready 
1 Ready 

Bit 4 is set to 1 at power-up. 

Dl A converters need some finite amount of time to set their output 
level to the value programmed at their input. This time is called 
"settling time." The settling time for the D/ A converters on the D AS 
is specified as follows: 

It takes no longer than 5 microseconds for the D/ A Converters to settle 
to within 0.01% of the programmed output value. 

Bit 4 indicates the settling status for DACl. If Bit 4 is zero, the output 
of DAC1 has not settled to its new value. When Bit 4 goes to L the 
data at the output of DAC1 is ready to be read. This bit moves 
between 0 and 1 automatically, based on the DAC1 update signal (see 
Chapter Five). 

Bit 3: D/A Conve11er 0 Readv 
0 NotReady 
1 Ready 

Bit 3 is set to 1 at power-up. 
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Dl A converters need some finite amount of time to set their output 
level to the value programmed at their input. This time is called 
"settling time." The settling time for the D/ A converters on the DAS-
12 is specified as follows: 

It takes no longer than 5 microseconds for the D/ A converters to sellle 
to within 0.01% of the programmed output value. 

Bit 3 indicates the settling status for DACO. If Bit 3 is 0, the output of 
DACO has not settled to its new value. When Bit 3 goes to 1, the data 
at the output of DACO is ready to be read. This bit moves between 0 
and 1 automatically, based on the DACO update signal (see Chapter 
Five). 

Bit 2: D/A Converter Terminal Count Interrupt Status 
0 No 

D/ A Terminal Count occurred 

Bit 2 is reset to 0 at power-up. 

Bit 2 is an indication that the DMA processor has finished with D/A 
data transfer. When Bit 2 is set to 1, D/ A transfer of data is complete. 
For another D/A terminal count signal to be issued, Bit 2 in the 
Interrupt Control Register must be reset to 0 to clear the Terminal 
Count Status. Bit 2 in the Interrupt Control Register must be set back 
to 1 again to enable the D/A Terminal Count Status. 

Bit 1: D/A Convc•·ter 1 Timer Interrupt 
0 No 

Yes 

Bit 1 is reset to 0 at power-up. 

When D/ A Converter 1 is programmed with a timer as an update 
source (Timer 1, Channel 1; or Timer 2, Channel 2), the selected 
timer counts dmvn to 0 and generates an update pulse. When this 
pulse occurs, it is recorded in Bit 1. For another update pulse to be 
issued to DAC1 , Bit 1 in the Interrupt Control Register must be reset 
to 0 and set back to 1 again to clear and re-enable the DACl Timer 
Interrupt Bit. 
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Bit 0: D/A Convertet· 0 Timer lntermpt 
0 No 
1 Yes 

Bit 0 is reset to 0 at power-up. 

When D/ A Converter 0 is programmed with a timer as an update 
source (Timer 1, Channel 1; or Timer 2, Channel 2), the selected 
timer counts down to 0 and generates an update pulse. When this 
pulse occurs, it is recorded in Bit 0. For another update pulse to be 
issued to DACO, Bit 0 in the Interrupt Control Register must be reset 
to 0 and set back to 1 again to clear and re-enable the DACO Timer 
Interrupt Bit. 

7.6 Range Control Registers 

(Base+ 8 and Extended Register= 00 Hex) 

AID Range Control Registet· 1: 

I~IXIX IX IX IX IX I ~I ens I ens I cn 2 1 Ch2 1 Ch1 I cn 1 I ChO I ChO 
~· ~0 ~ · ~0 ~· ~ 0 en 1 en o 

7 0 
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(Base+ 8 and Extended Register= 01 Hex) 

AID Range Control Register 2: 

IX IXIXIX IX I XIX I XI ~: I ~; I";,', I ~: I::~ I ~: I ~: I ~: 
15 . 8 7 0 

(Base+ 8 and Extended Register= 02 Hex) 

AID Range Control Register 3: 

IXIXIXIXIXIXIXIXI ~:·I~;· I :::·1 ~;·T :::q ~q~q ~: 
15 8 7 0 

(Base+ 8 and Extended Register= 03 Hex) 

AID Range Control Register 4: 

IX IXIXIXIXIXIXI XI ~:·t ~;'I ~:'1 :::;'1 ::::· t ~;· t ~:·t ~;· 
15 8 7 0 
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The power-up states for these registers are undefined. This means that 
the Range Control Register Bits for all AID input channels to be used 
must be programmed.after each power-up. 

As indicated in the diagrams above, each AID input channel has two 
corresponding bits in a Range Control Register. Each pair of bits 
corresponds to one channel's range selection. For example, for AID 
Input Channel 6, Bits 5 and 4 in AID Range Control Register 2 control 
the input range as follows: 

Example 
Bits 5, 4: AID Channel 6 Input Range Control 

0, 0 0 ~ 2.5 Volts Unipolar 
-2.5 ~ 2.5 Volts Bipolar 

0, 1 0 ~ 5.0 Volts Unipolar 
-5.0 ~ 5.0 Volts Bipolar 

1,X 0 ~10.0 Volts Unipolar 
-10.0 ~10. 0 Volts Bipolar 

7.7 Storage Control Registers 

(Base+ 8 and Extended Register= 04 Hex) 

AID Storage Control Register l : 

IXIXIXIXIXIXIXIXI XIXIXIXI ~ I ~ 1 ~ 1 ~~ 
15 8 7 0 
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(Base +8 and Extended Register= 05 Hex) 

ND Storage Control Register 2: 

IXIXIXIXIXIXIXIXI XIXIXIXI~ I E! I E! I :: 
15 8 7 0 

(Base + 8 and Extended Register= 06 Hex) 

ND Storage Control Register 3: 

IXIXIXIXIXIXIXIXI XIXIX IXI~ I ~ I E!I:: 
15 8 7 0 
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(Base+ 8 and Extended Register= 07 Hex) 

ND Storage Control Register 4: 

lxlxlxlxlxlxlxlxl XIXIXIXIFIFI?Ir.:: 
15 8 7 0 

The power-up states for these registers are undefined. This means the 
Storage Control Register Bits for all ND input channels to be used 
must be programmed after each power-up. 

As indicated in the diagrams above, each ND input channel has one 
corresponding bit in a Storage Control Register. The bit 
corresponding to each channel to be used must be set to 1 to enable 
storage of the converted data for that channel. If the bit corresponding 
to a given channel is reset to 0, then the converted data will not be 
passed on to the FIFO and will not get stored in the host computer's 
memory. 

NOTE 
If Analog Triggering is to be used by the application, the channel used 
for triggering must be enabled for storage .. (See Chapter Six for more 
on triggering.) 
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7.8 AID Control Register 

15 

7-40 

(Base+ 8 Hex and Extended Register= 8) 
The ND Control Register is a 12-bit register accessed by writing to 
the address defined by Base + 8 Hex. This extended register is 
selected when the five least significant bits of the Control Register 
(Section 3.3) are set to 01000 Binary (8 Hex). (See Section 7.3 for 
more on Extended Registers.) 

Bit 7 in the Control Register is the ND Mode Reset/Enable. This bit 
must be set to 1 for the ND subsystem to operate. (See Chapter Six 
for a detailed discussion of ND Conversion.) 

ChO 

8 7 0 
~--------------------------~ 

Bit 11: AID Calibrate/Run 
0 Enable Calibrate 
1 Enable Run 

Bit 11 is reset to 0 at power-up. 

Bit 11 switches the ND subsystem between Calibrate and Run Modes. 
Through software it is possible to generate two calibration constants, 
which can be used to correct any errors in data that may occur. The 
DAS is designed with a built-in constant offset and gain error. This 
way, if the ND converters drift over time, the calibration constants 
will always be negative. 
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Offset calibration is done by resetting Bit 11 to 0 and resetting Bit 10 
to 0. This causes ground to be forced into the input of each ND 
converter. When this ground signal is converted, it will not result in a 
12-bit value of 0; the negatives of the resulting values (one value for 
each converter) are the calibration constants. These values are used by 
whatever application software may be controlling the DAS. 

Gain calibration is done by resetting Bit 11 to 0 and setting Bit 10 to 
1. This causes a reference voltage equal to the range selected to be 
forced to the input of each AID converter. For example, if the AID 
converter is programmed for a 5Y range, a 5V reference will be forced 
to the input of each AID converter. This input is converted. and the 
value at the output represents the reference voltage multiplied by the 
gain. There is one value for each ND converter. These values are 
used by the applications software to calibrate future data . 

NOTES 
1. Calibration constants must be generated for each 
range value used. If an application is going to use a 5Y and a 
lOY range (unipolar and bipolar have the same calibration 
constants), calibration constants must be generated in both 
5Y and lOY modes. 

2. AID calibration also requires that Bit 4 in the 
Intermpt Control Register be reset to 0. 

3. The HSDAS-16 AID subsystem is different from the 
other DAS boards. In order to calibrate the HSDAS-16 
correctly, the board must be set up for AID Input Type; 
single-ended (see Bit 8) and Channel 8 must also be selected 
(see Bits 3, 2, 1, and 0) . 
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Bit 10: A/D Calibration Tvne 
0 Calibrate AID Offset 

Calibrate AID Gain 

Bit 10 is reset to 0 at power-up. 

Bit 10 selects the calibration constant that is to be generated. If Bit 10 
is reset to 0, the AID offset constants are to be generated. If Bit 10 is 
set to 1, the AID gain constants are to be generated. 

Bit 9: AID CONRST 
0 Reset AID Converters 

Enable AID Converters 

Bit 9 is set to 0 at power-up. 

Bit 9, when reset to 0, resets the AID converters. When Bit 9 is set to 
1, the AID converters are enabled for conversion. This bit must be set 
to 1 for AID conversion of any type to occur. 

1. AID converters should only be reset immediately 
before a calibration is performed. The act of resetting the 
converters can itself effect calibration. and therefore can 
change the calibration constants. 

2. A 0.5 second delay is required for ND converter 
reset. 

Bit 8: AID Tvpe 
0 Single-Ended 

Differential 

Bit 8 is set to 0 at power-up. 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Analogic Corporation Registers 

Bit 8 selects the analog input type that will be used. All AID 
converters must run with the same type. If Bit 8 is reset to 0, the AID 
subsystem will accept sixteen single-ended inputs. If Bit 8 is set to 1, 
the AID subsystem will accept eight differential inputs . Pinouts for 
these different input modes are described in the diagram in Section 
1.10. 

Bit 7: Uni!lolar/Bi!lolar Convctier 3 
0 Unipolar 
1 Bipolar 

Bit 7 is reset to 0 at power-up. 

If Bit 7 is reset to 0, then AID Converter 3 is run in unipolar mode. 
This means all values below OV that appear at the input of AID 
Converter 3 will be clipped and converted to a value of 0. If Bit 7 is 
set to 1, AID Converter 3 will accept bipolar waveforms at the input. 
(See Chapter Six for a detailed description of which input channels go 
to which AID converters.) 

1. If the input waveform is out of range, the converted 
data will be clipped. 

2. HSDAS-12 only (4 ADCs). 

Bit 6: Unipolar/Bipolar Converter 2 
0 Unipolar 
1 Bipolar 

Bit 6 is reset to 0 at power-up. 

If Bit 6 is reset to 0, AID Converter 2 is nm in unipolar mode. This 
means all values below OV that appear at the input of AID Converter 2 
will be clipped and converted to a value of 0. If Bit 6 is set to L AID 
Converter 2 will accept bipolar waveforms at the input. (See Chapter 
Six for a detailed description of which input channels go to which AID 
converters.) 
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NOTE 
1. If the input waveform is out ofrange, the converted data will 

be clipped. 

2. HSDAS only (4 ADCs) . 

Bit 5: Unipolar/Bipolar Conve1icr 1 
0 Unipolar 

Bipolar 

Bit 5 is reset to 0 at power-up. 

If Bit 5 is reset to 0, ND Converter 1 is run in unipolar mode. This 
means all values below OV that appear at the input of ND Converter I 
will be clipped and converted to a value of 0. If Bit 5 is set to 1, ND 
Converter 1 will accept bipolar waveforms at the input. (See Chapter 
Six for a detailed description of which input channels go to which ND 
converters.) 

1. If the input waveform is out of range, the converted 
data will be clipped. 

2. HSDAS-12 (4 ADCs) and MSDAS-12 (2 ADCs). 

Bit 4: Unipolar/Bipolar Convc1ier 0 
0 Unipolar 
1 Bipolar 

Bit 4 is reset to 0 at power-up. 

If Bit 4 is reset to 0, ND Converter 0 is run in unipolar mode. This 
means all values below OV that appear at the input of ND Converter 0 
will be clipped and converted to a value of 0. If Bit 4 is set to l. ND 
Converter 0 will accept bipolar waveforms at the input. (See Chapter 
Six for a detailed description of which input channels go to \Yhich AID 
converters.) 
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NOTE 
If the input waveform is out of range, the converted data will be 
clipped. 

Bits 3, 2, 1, 0: Channel Select 
In binary code, these bits select the input channel (or first channel in 
the input group). For example, if only Channel 14 is being sampled, 
Bits 3, 2, 1, and 0 should be set at 1, 1, 0, and 1 (D Hex), respectively. 
If a group of channels is being sampled (i .e., Channels 5, 6. 7, and 8), 
Bits 3, 2, 1, and 0 should be set at 0, 1, 0, and 0. 

NOTE 
Channels 1-16 are represented by Hex Codes 0-F. Strict attention 
must be paid to the conversion. 

Channels Selected in Single-ended Mode 

Bits Mode 0 Mode 1 Mode 2 Mode 3 
3, 2, 1, 0 Channels 

0000 1- 2 1- 4 1- 8 
0001 2 1- 2 1- 4 1- 8 
0010 3 3- 4 1- 4 1- 8 
0011 4 3- 4 1- 4 1- 8 
0100 5 5- 6 5- 8 1- 8 
0101 6 5- 6 5- 8 1- 8 
0110 7 7- 8 5- 8 1- 8 
0111 8 7- 8 5- 8 1- 8 
1000 9 9-10 9-12 9-16 
1001 10 9-10 9-12 9-16 
1010 11 11-12 9-12 9-16 
1011 12 11-12 9-12 9-16 
1100 13 13-14 13-16 9-16 
1101 14 13-14 13-16 9-16 
1110 15 15-16 13-16 9-16 
1111 16 15-16 13-16 9-16 
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Mode.f 

1-16 
1-16 
1-16 
1-16 
1-16 
1-16 
1-16 
1-16 
1-16 
1-16 
1-16 
1-16 
1-16 
1-16 
1-16 
1- 16 
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Channels Selected in Differential Mode 

Bits ModeO Mode 1 Mode 2 Mode 3 
3,2, 1, 0 Channels Channels Channels Channels 

0000 1-2 1-4 l-8 
0001 2 1-2 1-4 1-8 
0010 3 3-4 1-4 1-8 
0011 4 3-4 l-4 1-8 
0100 5 5-6 5-8 1-8 
0101 6 5-6 5-8 1-8 
0110 7 7-8 5-8 1-8 
01ll 8 7-8 5-8 1-8 
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7.9 RAM Control Register 

(Base+ 8 Hex and Extended Register= OC Hex) 

The RAM Control Register is a 6-bit register accessed by miting to 
the address defined by Base + 8 Hex. This extended register is 
selected when the five least significant bits of the Control Register 
(Section 7.3) are set to 01100 Binary (OC Hex). For more on extended 
registers, see Section 7.3. 

Bit 6 in the Control Register is the RAM Mode Reset/Enable. This 
must be set to 1 for the D/ A subsystem to operate from RAM. (See 
Chapter Five for a detailed discussion ofD/A Operation.) 

!XIXIXIXIXIXIXIX! XI Xi"' 1-+-·1"· H~" 
15 8 7 0 

NOTE 
All of the bits described in this section are valid for use only when Bit 
4 (EN CPU) is reset to 0. 
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Bit 5: Delav DAC 1 Update 
0 Disable/Clear DACl Update Delay 
1 Enable DACl Update Delay 

Bit 5 is reset to 0 at power-up. 

Counter-Timer 2/Channel l can be programmed to count down a value 
to 0 before DACl will accept an update signal. This is useful for 
inserting a delay between the waveforms from the two DACs. If Bit 5 
is set to 1, Counter-Timer 2/Channel 1 \Yill count down the Yalue 
programmed in it before enabling the update signal to D/ A Converter 
1. If Bit 5 is reset to 0, the delay count is disabled, and DACl is 
updated immediately when an update signal is programmed. 

Bit 4: Gate 1 (Timer 2, Channel 1) 
0 Disable 
1 Enable 

Bit 4 is reset to 0 at power-up. 

Bit 4 controls the Gate signal for Counter-Timer 2/ Channel 1. If Bit 
4 is reset to 0, then the clock signal for Counter-Timer 2/Channel 1 is 
disabled and it will not count. This means no delay can be 
programmed for DACl (see Bit 5), and DACL running from on-board 
RAM, will have a constant output as the RAM address will not 
increment (see Chapter Five). 

Bit 3: Clock 1 
0 Off 
1 On 

Bit 3 is reset to 0 at pow·er-up 
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Bit 3 is the clock signal for Counter-Timer 2/ Channel 1. This clock 
signal controls the updating of the count value in this channel. (See 
Chapter Eight for a detailed description of Counter-Timer Operation.) 
When writing a count to each of the counter channels in the 82C54 
Counter-Timers, .the application actually writes to a holding register, 
not the counting element. For DACl, when writing an address to the 
RAM counter (Timer 2, Channel 1), Bit .:1 (Gate 1) must be reset to 0 
to disable the counter, and Bit 0 must be reset to 0 to initialize the 
clock signal. A count value must be written to the counter (actually 
the holding register) , and Gate 1 is now set to 1 to allow the clocking 
ofthe counter. One clock pulse should be generated by setting Bit 3 to 
1 and then resetting it to 0 again to strobe the value from the holding 
register to the counting element. The counter is now ready for RAM 
operation of the DAC. 

Bit 2: DelaY DAC 0 UtHiate 
0 Disable/Clear DACO Update Dela·y 
1 Enable DACO Update Delay 

Bit 2 is reset to 0 at power-up. 

Counter-Timer 2/Channel 0 can be programmed to count down a value 
to 0 before DACO will accept an update signal. This is usef11l for 
inserting a delay between the waveforms from the two DACs. If Bit 2 
is set to 1, Counter-Timer 2/Channel 0 will count down the value 
programmed in it before enabling the update signal to DACO. If Bit 2 
is reset to 0, the delay count is disabled and D/ A converter 0 is updated 
immediately when an update signal is programmed. 

Bit 1: Gate 0 (Timer 2, Channel 0) 
0 Disable 
1 Enable 

Bit 1 is reset to 0 at power-up. 
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Bit 1 controls the Gate signal for Counter-Timer 2/ Channel 0. If Bit 
1 is reset to 0, then the clock signal for Counter-Timer 2/Channel 0 is 
disabled and it will not count. This means no delay can be 
programmed for DACO (see Bit 2), and it means that DACO. running 
from onboard RAM, will have a constant output as the RAM address 
will not increment (see Chapter Five). 

Bit 0: Clock 0 
0 Off 

On 

Bit 0 is reset to 0 at power-up. 

Bit 0 is the clock signal for Counter-Timer 2/ Channel 0. This clock 
signal controls the updating of the count value in this channel. (See 
Chapter Eight for a detailed description of the Counter-Timer 
Operation.) 

When writing a count to each of the counter channels in the 82C54 
Counter-Timers, the application actually writes to a holding register, 
not the counting element. For DACO, when writing an address to the 
RAM counter (Timer 2, Channel 0), Bit 1 (Gate 0) must be reset to 0 
to disable the counter, and Bit 0 must be reset to 0 to initialize the 
clock signal. A count value must be written to the counter (actually 
the holding register), and Gate l is now set to 1 to allow clocking of 
the counter. One clock pulse should be generated by setting Bit 0 to 1 
and then resetting it to 0 again to strobe the value from the holding 
register to the counting element. The counter is now ready for RAM 
operation of the DAC. 
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7.10 Counter-Timer Registers 

7.10.1 Counter-Timer Control Word 

(Base + 8 and Extended Register = 13 Hex, Timer 1 or 
lB Hex, Timer 2) 

Each of the two groups of counter-timers has its own control 
word. This word uses only the least significant byte. The state 
of each bit in these registers is undetermined at power-up. 
This means the counter-timers must be programmed at each 
use. In addition, each time any mode that uses the counter­
timers is changed, the counter-timers involved must be 
reprogrammed. (Review Chapter Eight before programming 
the counter-timers.) 

I~IXIXIX IX IX IXI~I ;I-1-1-1· 1 · I· I ~ 

Bits 7, 6: Select Countet· 
0, 0 Select Counter 0 
0, 1 Select Counter 1 
1, 0 Select Counter 2 
1, 1 Read-Back Command (see Chapter Eight) 
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There are three independent counters in each timer. Bits 7 and 
6 designate which counter is to be operated on (see Chapter 
Eight). 

Bits 5, 4: Read/Write 
0, 0 Counter Latch Command (see Chapter Eight) 
0, 1 Read/Write (least significant byte only) 
1, 0 Read/Write (most significant byte only) 
1, 1 Read/Write (least significant byte, then most 

significant byte) 

Bits 5 and 4 can be used to latch the current count in the into 
the Output Latch (see Chapter Eight), or these two bits can be 
used to request a special format in the read/write order of data . 

Bits 3, 2, 1: Counter Mode 
0, 0, 0 Mode 0 
0, 0, 1 Mode 1 
X, 1, 0 Mode 2 
X, 1, 1 Mode 3 
1, 0, 0 Mode 4 
L 0, 1 Mode 5 

Counter-Timer Modes are fully described in Chapter Eight. 

NOTE 
Mode 2 should always be used for ND pacing and DAC 
updating. 

Bit 0: BDC Flag 
0 Binary Counter (16 bits) 

Binary Coded Decimal 
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Each of the three counters in each of the two timers on the 
DAS can be set as a BCD counter or a normal binary counter. 
Resetting Bit 0 to 0 configures the counter indicated by Bits 7 
and 6 to be a binary counter. Setting Bit 0 to 1 configures the 
counter to a BCD counter. 

7.10.2 Counter-Timer Count Registers 

I ~,-;-1s _______ ~ __ ~_·mM __ ·_~_m _________ a_t:~l ~l:-t-7 ________ ~ __ ~_~_-__ o~ _________ s•-:~i 

(Base+ 8 and Extended Register= 10-1F Hex) 

The power-up state for each of these registers is undetermined. 
This means that each counter used in any subsystem of the 
DAS12 must be programmed before it can be used. 

There are two groups of three 16-bit Counter-Timer Registers . 
They are: Timer 1, Channels 0 through 2; and Timer 2. 
Channels 0 through 2. Each of the count registers contains the 
count number for the corresponding counter-timer and can be 
accessed by writing to the board's Base Address + 8 when the 
Extended Register Address is set as described in Section 7.3 
(Bits 0-4). The mode for each counter must be preprogrammed 
(see Section 7.10.1). Based on the selection of the Read/Write 
Mode, the count must be written to the individual counter in a 
certain sequence of bytes (see Chapter Eight for more details). 
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I CHAPTER EIGHT: The 82C54 Counter-Timers 

8.0 Overview 
The DAS board has two Intel 82C54 timers, each with three channels, 
used as follows: 

0 Timer 1/Channel 0: ND pacing 
0 Timer 1/Channel 1: D/A update signal 
0 Timer 1/Channel 2: Externally available 
0 Timer 2/Channel 0: RAM Address DACO 
0 Timer 2/Channel 1: RAM Address DAC1 
0 Timer 2/Channel2: D/ A update signal 

These timers are programmed through registers accessed by reading or 
writing to the board's Base Address + 8, with the Extended Register 
Address set as shown in Chapter Seven. Since the two timers as \Yell 
as the three channels w'ithin each timer are identical , only one channel 
in one timer will be functionally described. 

The following is paraphrased from the Microprocessor and Peripheral 
Handbook (Volume II: Peripheral), copyright INTEL 
CORPORATION 1988. 

8.1 82C54 Counter-Timer Functional Description 

8.1.1 General 
The 82C54 is a programmable interval counter-timer. It 
solves one of the most common problems in any 
microcomputer system -- that is, the generation of accurate 
time delays under software control. The following are some 
other counter-timer functions, common to microcomputers, 
that can be implemented with the 82C54: 
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o Real-time clock 
o Event counter 
o Digital "oneshot" 
o Programmable rate generator 
o Squarewave generator 
o Binary rate multiplier 
o Complex waveform generator 
o Complex motor controller 

8.1.2 Counter-Timer Control Register 
The Control_Register for the 82C54 is accessed by writing to 
the DAS board Base_Register_ + _8 when the 
Extended_Register_Address is set at 13 Hex (for Timer 1), or 
when the Extended Register Address is set to lB Hex (for 
Timer 2). The data written to this address is stored in the 
Control_ Word_Register in the 82C54 and is interpreted as 
the Control_ Word used to define the operation of the 
counters. 

The Control Word Register can only be written to. 

8.1.3 Counters 0, 1, and 2 
The counters are fully independent: each may operate in a 
different mode. 

The Control Word Register is not part of the counter itself, 
but its contents determine how the counter operates. 

The Status Register (Figure 8.1), when latched, records the 
contents of the Control Word Register and the status of the 
Out1mt and Null Count Flag. 

Inside the 82C54, the actual counting element is a 16-bit 
presettable synchronous down-counter. 
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Output latches are 8-bit latches, which normally follow the 
counting element. However, if a suitable counter latch 
command is sent to the 82C54, the output latches "remember" 
the present count until read by the CPU and then return to 
following the counting element. One latch is enabled at a 
time by the control logic to drive the internal bus. This is 
how the 16-bit counter communicates over the 8-bit internal 
bus. Note that the counting element itself cannot be read: 
whenever reading the count, it is the output latches that arc 
read. 

Similarly, there are two 8-bit registers called Count 
Registet·s. When a new count is written to the counter, it is 
stored in the Count Register and later transferred to the 
Counting Element. The Control Logic allows one register at 
a time to be loaded from the internal bus. Both bytes are 
transferred to the Counting Element simultaneously. Both 
count registers are cleared when the counter is programmed. 
so if the counter is programmed with only a 1-byte count, the 
other byte will be 0. Note that the Counting Element cannot 
be directly written to: whenever a count is written, it is 
written to the Count Register. 
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Figure 8.1: 82C54 Timer Block Diagram 
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8.2 82C54 Operational Description 

8.2.1 General 
After power-up, the state of the 82C54 Timer is undefined . 
The mode, count value, and output of all counters are 
undefined. The operation of each counter is determined when 
it is programmed. Each counter must be programmed before 
it can be used. Unused counters need not be programmed. 

8.2.2 Programming the 82C54 
Counters are programmed by writing a Control Word and an 
Initial Count (Control Word Format is described in Chapter 
Seven). Control ·words determine which counter is being 
programmed. Once the Control Word has been programmed, 
initial counts are programmed for each counter by writing to 
the counter register's address (described in Chapter Seven). 
The format of the initial count is determined by the control 
word used. 

8.2.3 82C54 Write Operations 
The programming for the 82C54 is very flexible. Only t\\'O 
conventions need to be remembered: 

1. For each counter, the Control Word must be written 
before the initial count is written. 

2. The Initial Count must follow the Count Fonmit 
specified in the Control Word (least significant b:ne 
only, most significant byte only; or least significant 
byte, then most significant byte) . 
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Since the Control Word register and the counters have separate 
addresses and each control word specifies the counter it applies 
to (SCO, SCI), no special instruction sequence is required. 
Any programming sequence that follows the conventions 
above is acceptable. 

A new initial count may be written to a counter at any time 
without affecting the counter's programmed mode in any way. 
Counting will be affected as described in the Timer Mode 
Definitions. The new count must follow the programmed 
count format. 

If a counter is programmed to read/write 2-byte counts. the 
following precaution applies: a program must not transfer 
control between writing the first and second byte to another 
routine that also writes into the same counter. Otherwise. the 
counter will be loaded with an incorrect count. 

8.2.4 82C54 Read Operations 
It is often desirable to read the value of a counter without 
disturbing the count in progress. There are three possible 
methods for reading the counters: a simple Read Operation; 
the Counter Latch Command; and the Readback Command. 
Each is explained below. 

Read Operation 
The first method is to perform a simple Read Operation . To 
read the counter accessed by the address specified in the 
Extended Register Address (see Chapter Seven), the CLK 
input of the selected counter must be inhibited by using either 
the GATE input or external logic. Otherwise, the count may 
be in the process of changing when it is read, giving an 
undefined result. 
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Counter Latch Command 
The second method for reading the counter uses the "Counter 
Latch Command." Like a Control Word. this command is 
written to the Control Word Register, which is selected by 
setting the Extended Control Register Address to either 13 
Hex or 1B Hex and writing to the DAS board's Base Address 
+ 8. Also, like a Control Word, the Bits SCO and SCI select 
one of the counters, but Bits 4 and 5 in the Counter-Timer 
Control Word distinguish the Counter Latch Command from 
the Control Word. 

The selected counter's output latch "remembers" the count at 
the time the Counter Latch Command is received. The count 
is held in the latch until it is read (or until the counter is 
reprogrammed). The count is then unlatched automatically. 
and the output latch returns to "following" the counting 
element. This command allows the reading of the counters 
on-the-fly without affecting counting in progress. Multiple 
counter latch commands may be used to latch more than one 
counter. Each counter's output latch holds its value until it is 
read. Counter latch commands do not affect the programmed 
mode of the counter in any way. 

If a counter is latched and, some time later, latched again 
before the count is read, the second counter latch command is 
ignored. The count read will be the count latched at the time 
the first counter latch command was issued. With either 
method, the count must be read according to the programmed 
format; specifically, if the counter is programmed for 2-byte 
counts, two bytes must be read. The two bytes do not have to 
be read one right after the other; read, write, or programming 
operations of other counters may be inserted between the 
reading of each byte of the output latch. 
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Another feature of the 82C54 is that "reads" and "writes" of 
the same counter may be interleaved. For example, if the 
counter is programmed for 2-byte counts, the following 
sequence is valid: 

1. Read least significant byte. 
2. Write new least significant byte. 
3. Read most significant byte. 
4. Write new most significant byte. 

If a counter is programmed to read/write 2-b)te counts, the 
following precaution applies: A program must not tnwsfer 
control between reading the first byte and •·eading the 
second b)'te to another routine, which also reads from that 
same counter; othenvise, an inco1Tect count will be read . 

Readback Command 
The third method of reading data from the counters uses the 
Readback Command. This command allows the user to check 
the Count Value, the Programmed Mode, and Current State 
of the "OUT" Line and Null Count Flag of the selected 
counter(s) . 

The command is written to the counter-timer's Control Word 
Register and has the format shown in Figure 8.2 . The 
command applies to the counters selected by setting their 
corresponding bits (D3, D2, and Dl) to 1. 
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1 1 - -Count Status Cnt2 Cnt 1 CntO 

D7 

05: 0 = Latch count of selected counter(s) 
05: 0 =Latch status of selected counter(s) 
05: 1 = Select Counter 2 
05: 1 = Select Counter 1 
05: 1 = Select Counter 0 

1 

DO 

05: 1 = Reserved for future expansion must be zero 

Figure 8.2: Readback Command Format 

The Readback Command may be used to_Iatch multiple 
counter output latches by setting COUNT Bit (D5) to 0 and 
selecting the desired counter(s). The single command is 
functionally equivalent to several counter latch commands, 
one for each counter latched. Each counter's latched count is 
held until it is read (or until the counter is reprogrammed). 
That counter is automatically unlatched when read, but the 
others remain latched until they are read. If multiple count 
readback commands are issued to the same counter without 
reading the count, all but the first readback command are 
ignored -- i.e., the count that will be read is the count at the 
time the first readback command was issued. 
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The Readback Command may also be used to latch status 
information of selected counter(s) by setting STATUS Bit 
(D4) to 0. Status must be latched to be read: Status is 
accessed by a read from that counter. 

The Counter Status Format is shown in Figure 8.3. Bits D5 
through DO contain the counter's programmed mode exactly 
as written in the last Mode Control Word. Output Bit 07 
contains the current state of the "out" line (see Figure 8.1). 
This allows the user to monitor the counter's output via 
software, possibly eliminating some hardware from a system. 

Output 

07 

07: 1 =Out Line is 1 
0 = Out Line is 0 

06: 1 = Null Count 
0 = Count available for reading 

05-DO : 1 = Counter Programmecf Mode 
(see Section 3.6.1) 

Figure 8.3: Status Byte Format 
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Null Count Bit D6 indicates when the last count written to the 
counter register has been loaded into the counting element. 
The exact time this happens depends on the mode of the 
counter and is described in Section 8.2.5 "Mode Definitions" ; 
but until the count is loaded into the counting element, it 
cannot be read from the counter. If the count is latched or 
read before this time, the count value will not reflect the new 
count just written. The operation of Null Count is shown in 
Figure 8.4 

THIS ACTION: CAUSES: 

A. Write to the control Null Count = 1 
word register (1) 

B. Write to the count Null Count = 1 
register (CR); <2> 

C. New count is loaded Null Count= 1 
Into CE (Cr CE); 

(1) Only the Counter specified by the control word will 
have its null count set to 1. Null count bits of other 
counters are unaffected. 
(2) If the Counter is programmed for two-byte counts 
(least significant byte then most significant byte) null 
count goes to 1 when the second byte is written. 

Figm·e 8.4: Null Count Operation 
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1 

1 

1 

1 

1 

1 

If multiple status latch operations of the counter(s) are 
performed without reading the status, all but the first are 
ignored -- i.e., the status that will be read is the status of the 
counter at the time the first status readback was issued. Both 
the count and the status of the selected counter(s) may~ 
latched simultaneously by setting both COUNT and STATUS 
Bits (D5 & D4) to 0. This is functionally the same as issuing 
two separate readback commands at once, and the above 
discussions apply here also. Specifically, if multiple count 
and/or status readback commands are issued to the same 
counter(s) without any intervening reads, all but the first are 
ignored. This sequence is illustrated in Figure 8.5. 

Command Description Results 

1 0 0 0 0 1 0 Read-Back count and status 
of Counter 0 or Counter 1 

1 1 0 0 1 0 0 

1 1 0 1 1 0 0 Read-Back status of Counter 
2 & 1 but not for Counter 0 

1 0 1 1 0 0 0 

1 0 0 0 1 0 0 

1 1 0 0 0 1 0 Command ignored status 
already latched for Counter 1 

Figure 8.5: Readback Command Sequence Example 
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If both a count and status of a counter are latched. the first 
read operation of that counter will return the latched value of 
the status, regardless of which was latched first. The next 
one or two reads (depending on whether the counter is 
programmed for 1- or 2-byte counts) return the latched count. 
Subsequent reads return unlatched counts. 

8.2.5 82C54 Mode Definitions 
The following are defined for use in describing the operation 
of the Intel 82C54: 

CLK PULSE -- a rising edge, then a falling edge (in that 
order) of a Counter CLK input. 

TRIGGER -- a rising edge of a counter's GATE input. 

COUNTER LOADING --the transfer of a count from the 
Count Register to the Counting Element (refer to the 
Functional Description). 

Mode 0: Interrupt on Terminal Count 
Mode 0 is typically used for event counting. After the 
Mode Control Word is written, the "OUT" line is initially 
low, and will remain low until the count reaches 0. The 
"OUT" line goes high and remains high until a new 
count or a new Mode 0 Control Word is written into the 
counter. 

GATE = 1 enables counting: GATE 
counting. GATE has no effect on OUT. 

0 disables 
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After the control word and initial count are written to a 
counter, the initial count will be loaded on the next CLK 
pulse. The CLK pulse does not decrement the count so 
for an initial count of N, "OUT" does not go high until N 
+ 1 CLK pulses after the initial count is written. 

If a new count is written to the counter. it will be loaded 
on the next CLK pulse, and counting " ·ill continue from 
the new count. If a 2-byte count is written, the following 
occurs: 

1. Writing the first byte disables counting. 
OUT is set low immediately (no CLK pulse 
required) . 

2. Writing the second byte allows the new 
count to be loaded on the next CLK pulse. 

This allows the counting sequence to be synchronized by 
software. Again, OUT does not go high until N + 1 CLK 
pulses after the new count of N is written. 

If an initial count is written while GATE = 0, it "·ill still 
be loaded on the next CLK pulse. When GATE goes 
high, OUT will go high N CLK pulses later; no CLK 
pulse is needed to load the counter, as this has already 
been done. 
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Mode 1: Hardware Retriggerahle Oneshot 
OUT will be initially high. OUT will go low on the CLK 
pulse following a trigger to begin the oneshot pulse, and 
will remain low until the counter reaches 0. OUT will 
then go high and remain high until the CLK pulse after 
the next trigger. 

After writing the Control Word and Initial Count the 
counter is armed. A trigger results in loading the 
Counting Element and setting the "OUT" line low on the 
next CLK pulse, thus starting the oneshot pulse. An 
initial count of N will result in a oneshot pulse, N CLK 
cycles in duration. The oneshot is retriggerable; hence, 
OUT will remain low for N CLK pulses after any trigger. 
The oneshot pulse can be repeated without 
reprogramming the counter with the same initial count. 
GATE has no effect on OUT. 

If a new count is written to the counter during a oneshot 
pulse, the current oneshot is not affected unless the 
counter is retriggered. In that case, the Counting 
Element is loaded with the new count, and the oneshot 
continues until the new count expires. 

Mode 2: Rate Generat01· 
This mode functions like a Divide-by-N Counter. It is 
typically used to generate a realtime clock intermpt. 
OUT will initially be high. When the Initial Count has 
decremented to 1, OUT goes low for one CLK pulse. 
OUT then goes high again, the Counting Element reloads 
the Initial Count, and the process is repeated. Mode 2 is 
periodic; the same sequence is repeated indefinitely. For 
an Initial Count of N, the sequence repeats every N CLK 
cycles. 
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GATE = 1 enables counting; GATE = 0 disables 
counting. If GATE goes low during an output pulse, 
OUT is set high immediately. A trigger reloads the 
Counting Element with the Initial Count on the next 
CLK pulse; OUT goes low N CLK pulses after the 
trigger. Thus, the GATE input can be used to 
synchronize the counter. 

After writing a Control Word and Initial Count the 
Counting Element will be loaded on the next CLK pulse. 
OUT goes low N CLK pulses after the initial count is 
written. This allows the counter to be synchronized by 
software also. 

Writing a new count while counting does not affect the 
current counting sequence. If a trigger is received after 
writing a new· count but before the end of the current 
period, the Counting Element will be loaded with the 
new count on the next CLK pulse and counting ''ill 
continue from the ne\\' count: othenvise, the new count 
will be loaded after the current counting cycle. In Mode 
2, a count of 1 is illegal. 

Mode 3: Sguarewave Mode 
Mode 3 is typically used for baud-rate generation. Mode 
3 is similar to Mode 2 except for the duty cycle of OUT. 
OUT will initially be high. When half the Initial Count 
has expired, OUT goes low for the remainder of the 
count. Mode 3 is periodic; the sequence above is 
repeated indefinitely. An initial count of N results in a 
squarewave ;vith a period ofN CLK cycles. 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Analogic Corporation The 82C54 Counter-Timers 

GATE = 1 enables counting: GATE = 0 disables 
counting. If GATE goes low while OUT is low, OUT is 
set high immediately; no CLK pulse is required. A 
trigger reloads the Counting Element with the Initial 
Count on the next CLK pulse. Thus the GATE input can 
be used to synchronize the counter. 

After writing a Control Word and an Initial Count. the 
Counting Element is loaded on the next CLK pulse. This 
allows the counter to be synchronized by software also. 

Writing a new count while counting does not affect the 
current counting sequence. If a trigger is received after 
writing a new count but before the end of the current 
half-cycle of the square wave, the Counting Element will 
be loaded with the new count on the next CLK pulse and 
counting will continue from the new count otherwise. 
the new count will be loaded at the end of the current 
half-cycle. 

Mode 3 is implemented as follo"-s: 

Even Counts: OUT is initially high. The initial count is 
loaded on one CLK pulse and then is decremented by two 
on succeeding CLK pulses. When the count expires, 
OUT changes value and the Counting Element is 
reloaded with the Initial Count. The above process is 
repeated indefinitely. 

Odd Counts: OUT is initially high. The Initial Count 
minus one (an even count) is loaded on one CLK pulse 
and is then decremented by two on succeeding CLK 
pulses. One CLK pulse after the count expires, OUT 
goes low, and the Counting Element is reloaded with the 
Initial Count minus one. Succeeding CLK pulses 
decrement the count by two. When the count expires. 
OUT goes high again and the counting element is loaded 
with the Initial Count minus one. The above process is 
repeated indefinitely; so, for odd counts, OUT will be 
high for (N + 1)/2 counts and low for (N- 1)/2 counts. 
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Mode 4: Software-Triggered Strobe 
OUT will be initially high. When the Initial Count 
expires, OUT will go low for one CLK pulse and then go 
high again. The counting sequence is "triggered" by 
writing the Initial Count. 

GATE = 1 enables counting; GATE 
counting. GATE has no effect on OUT. 

0 disables 

After writing a Control Word and Initial Count. the 
Counting Element will be loaded on the next CLK pulse. 
This CLK pulse does not decrement the count; so, for an 
initial count of N, OUT does not strobe low until N + 1 
CLK pulses after the Initial Count is written. 

If a new count is written during counting, it will be 
loaded on the next CLK pulse, and counting will 
continue from the new count. If a 2-byte count is written. 
the following happens: 

1. Writing the first byte has no effect on counting. 

2. Writing the second byte allows the new count to be 
loaded into the Counting Element on the next 
CLK pulse. 

This allows the sequence to be "retriggered" by software. 
OUT strobes low N + 1 CLK pulses after the new count 
of N is written. 
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Mode 5: Hardware-Triggered Strobe (Retriggenlhlc) 
OUT will initially be high. Counting is triggered by a 
rising edge of GATE. When the Initial Count has 
expired, OUT will go low for one CLK pulse and then go 
high again. 

After writing the Control Word and an Initial Count the 
Counting Element will not be loaded until the CLK pulse 
after a trigger. This CLK pulse does not decrement the 
count; so, for an initial count of N, OUT does not strobe 
low until N + 1 CLK pulses after a trigger. 

A trigger results in the Counting Element being loaded 
with the Initial Count on the next CLK pulse. The 
counting sequence is retriggerable. OUT will not strobe 
low for N + 1 CLK pulses after any trigger. GATE has 
no effect on count. 

If a new count is written during counting, the current 
counting sequence will not be affected. If a trigger 
occurs after the new count is written but before the 
current count expires, the Counting Element will be 
loaded with the new count on the next CLK pulse. and 
counting will continue from there. 

8.2.6 Operation Common to All Modes 
When a control word is written to a counter, all control logic 
is immediately reset and OUT goes to a known initial state; 
no CLK pulses are required for this. 

GATE 
The GATE input is always sampled on the rising edge of 
CLK. In Modes 0, 2, 3, and 4, the GATE input is level­
sensitive, and the logic level is sampled on the rising edge of 
CLK. In Modes 1, 2, 3, and 5, the GATE input is rising­
edge-sensitive. In these modes, a rising edge of GATE 

8-19 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



The 82C54 Counter-Timers Analogic Corporation 

8-20 

(trigger) sets an edge-sensitive flip-flop in the counter. This 
flip-flop is then sampled on the next rising edge of CLK: the 
flip-flop is reset immediately after it is sampled. In this way, 
a high logic level does not have to be maintained until the 
next rising edge of CLK. Note that in Modes 2 and 3. the 
GATE input is both edge- and level-sensitive. In Modes 2 
and 3, if a CLK source other than the system clock is used, 
GATE should be pulsed immediately following the write of a 
new count value. 

Counter 
New counts are loaded, and counting elements are 
decremented on the falling edge of CLK. 

The largest possible initial count is 0; this is the equivalent of 
216 for binary counting and 104 for BCD counting. 

The Counting Element does not stop when it reaches 0. In 
Modes 0, 1, 4, and 5, the counter "wraps around" to the 
highest count (either FFFF Hex for binary counting, or 9999 
for BCD counting) and continues counting. Modes 2 and 3 
are periodic; the Counting Element reloads itself \\·ith the 
Initial Count and continues counting from there. 
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I CHAPTER NINE: The LSDAS-16-AC 

9.0 Overview 

The LSDAS-16-AC from Analogic Corporation is a high speed, 
multi-function, plug-in data acquisition board for the IBM PC/ AT and 
compatibles. This board contains a 16-bit analog-to-digital converter 
with sixteen input channels, a multi-configuration 16-bit parallel 
digital I/0 (DIO) port and a multichannel timer for triggering and 
pacing. This board differs from the standard LSDAS-16 in its lack of 
digital-to-analog capability. In each section of this chapter, the 
differences between the LSDAS-16 and LSDAS-16-AC will be shown. 
Sections 1 - 8 of this chapter correspond to chapters 1-8 of this 
manual. For more detail on specifications for this board, this section 
will refer you back to the appropriate chapter. 

9.1 Getting Started 

The LSDAS-16-AC has the same compatibility as all the other DAS 
products. Setting up the base address for the PC/ AT also requires the 
same procedure. There is a difference when setting the jumper 
configuration for the board. A summary of the jumpers is as follows: 

DAS Address Jumpers- Same 
DlvL4 Control Jumpers - Same 
Interrupt Control Jumpers - Same 
DIA Range Control Jumpers- not available 
Additional Function Jumpers - Same 
lvfiscellaneous Jumpers - Same 

The installation of the DAS board is the same. This also holds true for 
the software, including the LS16LIB Library and DAS_MENU Setup 
Program. Refer to chapter 2 for details concerning hard,Yare and 
software installation. 
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9.2 DAS lVIENU Setup Programs 

The software setup program DAS_MENU provides the capability to 
create configuration files. The LSDAS-16-AC should be configmed as 
if it were a LSDAS-16 standard board. This will allow convenient 
setup of the DAS boards using LS16LIB functions. See the 
DAS_MENU User's manual for the operation of the program in detail. 

9.3 DAS Software Library Compatibility 

The software library LS 16LIB provides complete support for the 
LSDAS-16-AC at a variety of levels. This library is a replacement of 
the DAS-LIB library. The supporting library is also available in the 
Microsoft version called LS 16LIBM. Since there are hardware 
differences between the LSDAS-16-AC and other DAS boards, there 
are certain library functions not compatible with this board. These 
library functions are described in the DAS-LIB manual shipped with 
this product. These functions may not be used with the LSDAS-16-
AC board. Since the required circutry for these functions has been 
removed, these functions would fail. A brief description of the 
functions not available are as follO\YS . 

(1) All functions operating the Digital to Analog converters. 
(2) All functions using the external analog trigger. 

9.4 D/A Conversion 

This board has no digital-to-analog conversion capability. 

9.5 AID Conversion 

9-2 

The LSDAS-16-AC has one 50khz, 16-bit ADC for a sampling rate of 
50khz. Since the analog-to-digital sub-system architecture is that of 
the LSDAS-16, the entire operation except for AID Pre-/Post-Event 
Mark is the same. The differences in triggering are listed here. For 
complete detail specifications refer to chapter six. 
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Analog Event lvfark Trigger- Not Available 
Since the Analog Event Alark Trigger compares a value programmed 
into the DAC, the Analog Trigger junction is not availah/e. 

9.6 Registers 

DAS boards use sixteen consecutive addresses in the I/0 space of the 
PC/AT bus. The base address selection is described in Chapter Two. 
The LSDAS-16-AC register definitions are the same as an LSDAS-16. 
except the removal of the registers pertaining to the Digital-to-Analog 
converters. There are bits in some registers that are used in the D/A 
conversion which are not used. The following bits should be used as 
"don't cares" when they are programmed and should be masked off 
when read back. 

DIA Mode Register ( Base Address + 4 ) - not available 
AID Mode Register ( Base Address + 6 ) - Bits 15 and 1-/ 
Control Register ( Base Address + A Hex ) - Bits 13. 12, 6 and 5 
Interrupt Control (Base A ddress + C Hex) - Bits 3, 2, 1 and 0 
Status Register (Base Address + C Hex) - Bits 4, 3, 2, 1 and 0 
RAlvf Control Register ( Base + 8 Hex and Extended Register = OC 
Hex)- not available 

For a complete listing of the register addresses and definitions please 
refer to Chapter Seven. 
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9.7 The 82C54 Counter-Timers 

9-4 

The LSDAS-16-AC has one Intel 82C54 counter/timer. This 
counter/timer is the one that is referred to as Timer 1 in previous 
chapters of this manual. Only two of the three 82C54 channels are 
used on the LSDAS-16-AC. Channel 0 is dedicated to providing a 16-
bit pacing clock source for the AID subsystem. Channel 2 is available 
to the. user through the J3 connector and can be used to perform those 
functions described in Chapter 8. Channels 0 and 2 can be strapped 
together for implementation of a 32-bit AID pacing clock source (refer 
to Chapter 2). Channel 1 cannot be used. 
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I APPENDIX A: DAC Operation Examples 

A.O Overview 
Appendix A contains a group of examples written in Assembly 
Language. These examples show simple D/ A operation methods for 
the DAS boards. There is one example for each mode of operation for 
the D/A subsystem. (See Chapter Five for a discussion on D/A 
Conversion.) 

A.l D/A Mode 0 
This program illustrates programed 1/0 for both DACs. This is D/A 
Mode 0, and the DACs are updated with data by the Assembly 
Language instruction "OUT". Each time data is transferred to the 
board, it is stored in a holding register and then transferred to the 
DAC. Macros are used to implement certain functions and make the 
program easier to read . 

START: 

. XLIST 

.LIST 

.SALL 

.CODE 

STARTl: 

;Set to mode 0 

;Set CS to 0 

MOV 
MOV 
MOV 
MOV 
BOARD_RESET 

MOV 
SEND _DA_MODE 

MOV 
SEND _DA_ CHSEL 

AX,@DATA 
DS,AX 
SS,AX 
SP,OFFSET STACK 

AX,DA _MODE _PIO _ PIO 

AX,DA_CHO_LO_PRI 

10-l 
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10-2 

;Clear the mode reset bit 

CLR DA11R 

;Enable DAC updating 

AGAIN: 
3 
BACK: 

WATE: 

EN_UREQ_DA_O 
EN_UREQ_DA_l 

MOV 
MOV 
MOV 
OUT 
MOV 
OUT 
SHL 
PUSH 
MOV 
LOOP 
POP 
LOOP 

CX, OO IOH 
AX, 00011-I 
DX, DA_O_DATA 
DX,AX 
DX, DA_l_DATA 
DX,AX 
AX, 1 
ex 
CX, OOlOH 
WATE 
ex 
BACK 

;Output 0 -puts DACs at neg full scale 

MOV 
MOV 
OUT 
MOV 
OUT 

;Output pos full scale 

MOV 
MOV 
OUT 
MOV 
OUT 
MP 
END 

AX, O 
DX,DA_O_DATA 
DX,AX 
DX,DA_ l_DATA 
DX,AX 

AX, OFFFH 
DX,DA_O_DATA 
DX,AX 
DX,DA_1_DATA 
DX,AX 
AGAIN 
START 

;Loop counter 
;Data for output 
;Output to DAC 0 

;Output to DAC 1 

;Get next data 
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A.2 D/A Mode 1 
This program illustrates DACl being updated by programmed I/0 and 
DACO being updated via DMA, Channel6 ; this is D/A Model . 

. LIST 

.SALL 

.DATA 
EVEN 

DA_TEST_BUF 

DA_TEST_END DW 

START: 

;Mode 1, PIO_DMA 

DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 

.CODE 

MOV 
MOV 
MOV 
MOV 

0001H 
0002H 
0004H 
0008H 
0010H 
00201-l 
00401-l 
00801-I 
OlOOH 
02001-l 
04001-l 
08001-I 
10001-l 
2000H 
40001-l 
8000H 
? 

AX,@DATA 
DS,AX 
SS,AX 
SP,OFFSET STACK 

10-3 
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STAR TO: BOARD _RESET 
MOV AX,DA_MODE_DMA_PIO 
SEND DA MODE 
MOV AX,DA_CHO_DMA 
SEND _DA_ CHSEL 

;Select the same timer for both chmmels; this update rate is set for 200kHz. 

DA_O_TIMER_PACE 
DA_I_TIMER_PACE 
MOV 
SEND DA 0 TMR - --
MOV 
SEND_DA_l_TMR 
CLR_DAMR 

AX,DA_CI-IO_CTJ_CHI 

AX,DA_CHI_Cfl_CHI 

MOV AX,CT_CTL_COMM + 
CT_SEL_CHI + CT_MODE2 

SEND_CTl_MODE 
MOV AX,6800/200 
SEND_CTI_CHI 

;Send DACl data before DACl can be updated so the holding register has 
;data before the DAC is updated. 

MOV 
MOV 
OUT 

AX, 5555H 
DX,DA_l_DATA 
DX,AX 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Analogic Corporation Appendix A: DAC Operation Examples 

;Set up DMA chmmel 6 for DACO 

DMA: MOV 

MOV 
MOV 

AX,OFFSET 
DA TEST BUF 
BX,DS 
CX,(DA_TEST_END-

DA_TEST_BUF)/2 
SETUP_CH6 
MOV 
OUT 
JMP 
EN_DA_DMA_REQ 
MOV 
OUT 
JMP 

AL,CH6_MODE_DA 
DMA2_MODE,AL 
$+2 

AL,CH6_ENABLE 
DMA2_MASK_SR,AL 
$+2 

;Set the start da dma bit, enable tc, and enable the timer interrupt status bit 

START_DA_DMA 
EN_DA_TC_INT 
EN_DA_O_INT 

;Wait for DACO timer to occur so can synchronize and start up properly. 
;Data will not be transferred yet because the update enable bits are not set yet. 

MOV DX,STATUS 

TRY_AGN_O: lN 
TEST 
JZ 
CLR DA 0 INT - --

;Now enable the dacs so they can be updated 

EN_UREQ_DA_O 
EN_UREQ_DA_l 

AX,DX 
AX,DA_O_INT_TEST 
TRY_AGN_O 
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;Wait for timer to set status bit so can synchronize DACl PIO out 

BACK: MOV DX,STATUS 

TRY AGN 1: IN AX,DX 
AX,DA_O_INT_TEST 
TRY_AGN_l 

;Send DAC 1 data 

TEST 
JZ 
CLR_DA_O_INT 

MOV 
MOV 
OUT 
MOV 
MOV 

AX,OAAAAH 
DX,DA_l_DATA 
DX,AX 
DX,STATUS 
BX, 0001 

;Wait for timer int again so know when to output DAC I data . Loop back to here until 
;the DMA tenninal count comes tme indicating that all of th<! data has been transferr<::<.l 
;toDACO. 

TRY_AGN_2: IN AX,DX 
TEST AX,DA_O_INT_TEST 
JZ TRY_AGN_2 
CLR_DA_O_INT 

MOV DX,STATUS 

;Check TC int 

IN AX,DX 
TEST AX,DA_TC_INT_TEST 
JZ CONTINUE 
CLR_DA_TC_INT 
STOP _DA_DMA 
JMP DMA 

CONTINUE: SHL BX,l 
MOV DX,DA_l_DATA 
OUT DX,AX 
JMP TRY AGN 2 

END START 
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A.3 D/ A Mode 2 
This program sets up the DACs to run in Mode 2 (DMA on both 
channels). The DAC data must be interleaved in the DMA buffer. It 
does not make sense to update the DACs at different rates. as the 
programmer could not determine which D/ A converter is getting 
which data. Therefore, this mode should only be used when both 
DACs are updated by the samepacing source (timer) . 

. LIST 

.SALL 

.DATA 

DA_TEST_BUF DW OOOIH 
DW 8000H 
DW 0002H 
DW 4000H 
DW 0004H 
DW 2000H 
DW 0008H 
DW !OOOH 
DW OOIOH 
DW 0800H 
DW 0020H 
DW 0400H 
DW 0040H ;This is a butTer contnining. 
DW 0200H ;a periodic wnvefonn 
DW 0080H ;used for sending datn to the 
DW OlOOH ;DACs via DMA. For the snke 
DW OJOOH ;of conserving spnce in the 
DW 0080H ;manual , we have chosen 
DW 0200H ;to include only one period of 
DW 0040H ;our wnvefonn. There can 
DW 0400H ;of course, be more <.lnta. 
DW 0020H 
DW 0800H 
DW OOJOH 
DW JOOOH 
DW 0008H 
DW 2000H 
DW 0004H 
DW 4000H 
DW 0002H 
DW 8000H 
DW OOOJH 

l0-7 
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DA TEST END DW ? - -

TCM DB "TC OK$'' 
TMRM DB "Tllv1ER INT DID NOT OCCUR$" 
TCNOTOKM DB "TC DID NOT OCCUR$" 

.CODE 

START: MOV AX,@DATA 
MOV DS,AX 
MOV SS,AX 
MOV CX, OOFFH 
MOV SP,OFFSET STACK 

STAR TO: BOARD_RESET 

;Send the mode - mode 2 

MOV AX,DA_MODE_DMA_DMA 
SEND _DA_MODE 

;Set CS to 0 

MOV AX,DA_CI-IO_LO_PRI 
SEND _DA_ CHSEL 

;Set both dacs for timer operation 

DA_O_TI:tv1ER_FACE 
DA I TI:tv1ER PACE - - -

;Select the same timer for both dac update rates 

MOV AX,DA_CHO_CTl_CHl 
SEND_DA_O_TMR 
MOV AX,DA_CHl_CTl _CHI 
SEND_DA_I_TMR 

;Set up Timer I Chmmel I 

MOV 

SEND_ CTl_MODE 
MOV 
SEND_ CTl_ CHl 

AX,CT_CTL_COMM + CT_SEL_CHI + 
CT MODEl 

AX,6800/ I 00 ; I OOkHz update rate 
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;Set up DMA chmmel 6 

DMA: MOV 
MOV 
MOV 

AX,OFFSET DA_TEST_BUF 
BX,DS 
CX,(DA_TEST_END-

DA_TEST_BUF)/2 
SETUP_CH6 
MOV 
OUT 
JMP 
EN_DA_DMA_REQ 
MOV 
OUT 
JMP 

;Allow DACs to start 

CLR_DAMR 
START_DA_DMA 
EN_DA_TC_INT 
EN DA 0 INT - --

AL,CH6_MODE_DA 
DMA2_MODE,AL 
$+2 

AL,CH6_ENABLE 
DMA2 _MASK_ SR,AL 
$+2 

;Set D/A DMA start bit 
;EnableD/A TC status bit 
;Enable DACO timer status bit 

;Wait for timer to set status bit so can synchronize the setting or the update 
;request bits 

TRY_AGN_O: 

MOV 
MOV 

IN 
TEST 
JNZ 
LOOP 
JMP 

DX,STATUS 
CX,OFFFH ;Timeout ifwait too 

;long 
AX,DX 
AX,DA_O_INT_TEST 
CONI 
TRY_AGN_O 
HTl 

;Set update requests 

CONT: CLR_DA_O_INT 
EN_UREQ_DA_O 
EN_UREQ_DA_l 

;Wait forD/A TC to occur- time out if not reasonable time 

TRY AGN !: 
MOV 
MOV 
IN 
TEST 

CX, OFFFH 
DX,STATUS 
AX,DX 
AX,DA_TC_INT_TEST 

10-9 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Appendix A: DAC Operation Examples Analogic Corporation 

10-10 

JNZ CONTI 
LOOP TRY AGN 
SET_DA.MR 
CLR_DA_O_INT 
STOP DA DMA 
JMP HT2 

;Do some housekeeping 

CONTI: CLR_DA_O_INT 
STOP _DA_DMA 
SET_DAMR 
CLR DA 0 INT - - -
STOP DA DMA 

;Output TC ok message 

MOV DX, OFFSET TCM 
MOV AH, 09H 
INT 21H 
MOV DL,OAH 
MOV AH,02H 
INT 21H 
MOV DL, ODH 
MOV AH, 02H 
INT 21H 
.Th1P DMA 

;Output timer not ok message 

HTl: MOV 
MOV 
INT 
MOV 
MOV 
INT 
MOV 
MOV 
INT 
JMP 

DX, OFFSET TMRM 
AH, 09H 
21H 
DL, OAH 
AH, 02H 
21H 
DL, ODH 
AH, 02H 
21H 
DMA 

;Output TC did not occur 

HT2: MOV 
MOV 
INT 

DX, OFFSET TCNOTOKM 
AH, 09H 
21H 
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MOV 
MOV 
INT 
MOV 
MOV 
INT 
JW 
SET_DA.MR 
CLR_DA_O_INT 
STOP _DA_DMA 
MOV 

TRY_AGN_2: IN 
TEST 
JZ 
DEC 
JNZ 
JMP 

START: 

A.4 D/A Mode 4 

JMP 
END 

Appendix A: DAC Operation Examples 

DL, OAH 
AH,02H 
21H 
DL, ODH 
AH,02H 
21H 
DMA 

DX,STATUS 

AX,DX 
AX,DA_O_INT_TEST 
TRY AGN 2 
ex 
STARTE 
STAR TO 

STAR TO 
START 

This program sets DACO to be updated from the on-board RAM and 
DACl to be updated via programmed 110. The data in the RAM has 
to have been written there already via D/A Mode 7 . 

START: 

STAR TO: 

;Set the mode to 4 

START!: 

. LIST 

.SALL 

.CODE 

MOV 
MOV 
MOV 
MOV 

BOARD_ RESET 
MOV 

MOV 
SEND _DA_MODE 

AX,@DATA 
DS,AX 

SS,AX 
SP,OFFSET STACK 

ex, 20H 

AX,DA_MODE_RDR_PIO 
;mode 4 

I 0-ll 
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;Set the CS bit to 0 to indicate that DACO is updat<::d from RAM 

MOV 
SEND_DA_CHSEL 

;Set both DACs up for timer pacing 

DA_O_TIMER_PACE 
DA_l_ASYN_PACE 

AX,DA_CHO_RD_RAM ;chO rd ram 

;set timer 
;pio chi 

;Select counter timer I chmmel 1 for DACO 

MOV 
SEND_DA_O_TMR 
CLR DAMR 

AX,DA_CHO_CTl_CI-Il ;St!l tmr for DACO 

;Set D/A Mode Reset high 

;Set up RAM address counter in counter timt:r 2 chmmel 0 

MOV AX,CT_CTL_COMM + CT_SEL_CHO + CT_MODE I 
SEND_CT2_MODE ;D/A RAM address countt:r 

;Sends 1 to the counter holding register 

MOV AX,OOOIH 
SEND_CT2_CHO 

;Transfers the count in the holding register to the counting element 
;it also sets the counter output to its proper state 

TRANS_ CT2 _ CHO 

;Decrement to zero so data being transfen·ed to DACO will start at 
;location zero 

DEC_CT2_CHO 

;Set the upper address of the RAM data area - in this case for 
;illustration purposes it is set to the highest location 7FFF Hex 

MOV AX,7FFFH 
SEND_CT2_CHO 

;Disable the CPU control of the address counter and let the RAM 
;control circuit have control 

DIS_ CPU_ CNTL _ CT2 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Analogic Corporation Appendix A: DAC Operation Examples 

;Clear the RAM control reset bit so updating from RAM can occur 

CLR_RAMl'v1R 

;Set up the pacing timer from timer 1 chmmel 1 

MOV AX,CT_CTL_COMM + CT_SEL_C:l-11 + CT_MODE2 
SEND_ CTl_MODE 
MOV AX,6800/200 ;200kHz update rnte 
SEND_CTl_CHI 

;Enable DAC writes 

ENABLE_DAC_ WR 

;Enable the update request bits 

EN_UREQ_DA_O 
EN_UREQ_DA_l 
MOV CX, OOOFH 

;Send PIO data to DAC ]-this is not I 00%, correct because one should check 
;the DAC ready bit before transferring data to the holding registers 

BACK: MOV BX,OAAAAH 
MOV AX,BX 
MOV DX,DA_l_DATA 
OUT DX,AX 
MOV BX,OH 
MOV AX,BX 
MOV DX,DA_ l_DATA 
OUT DX,AX 
JMP $+2 
LOOP START 
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A.S D/A Mode 5 

10-14 

This program uses DAC Mode 5 to supply data to the DACs. DACO 
gets its data from the on-board RAM memory and DAC 1 gets its data 
via DMA from a data buffer in the computer's memory . 

. LIST 

.SALL 

.DATA 
DA_TEST_BUF _1 DW OFFFH 

DW OFFHI 
DW 07FFH 
DW 07FFH 
DW 03FFH 
DW 03FFH 
DW OlFFH 
DW OlFFH 
DW OOFFH 
DW 007FH 
DW 003FH 
DW OOIFH 
DW OOOFH 
DW 0007H 
DW 0003H 
DW OOOJH 
DW OOOIH 
DW 0003H 
DW 0007H 
DW OOOFH 
DW OOIFH 
DW 003FH 
DW 007FH 
DW OOFFH 
DW OIFFH 
DW OlFFH 
DW 03FFH 
DW 03FFH 
DW 07FFH 
DW 07FFH 
DW OFFFH 
DW OFFFH 

DA TEST_END_lDW •) 

.CODE 
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START: 

STAR TO: 

;Set the mode 

MOV 
MOV 
MOV 
MOV 
BOARD_RESET 

AX,@DATA 
DS,AX 
SS,AX 
SP,OFFSET STACK 

MOV AX,DA_MODE_RDR_DMA 
SEND_DA_MODE 

;Set CS bit to 0 to indicate that DACO is getting its data from 
;the onboard RAM 

MOV AX,DA_CHO_RD_RAM 
SEND _DA_ CHSEL 

;Select timer pacing for each DAC 

DA_O_TIMER_PACE 
DA_1_TIMER_PACE 

;Set each DAC up for timer l chmmel 1 

MOV 
SEND_DA_O_TMR 
MOV 
SEND DA 1 TMR - --
CLR_DAMR 

AX,DA_CHO_CTl_CHl 

AX,DA_CI-IO_CT1_CH1 

;Set up the on board RAM address counter 

MOV AX,CT_CTL_COMM + CT_SEL_CHO + 
CT_MODE1 

SEND CT2 MODE 

;Set 0001h into the address counter holding register 

MOV 
SEND_CT2_CHO 

AX,OOOIH 

; Transfer the address to the counting element 

TRANS_CT2_CHO 

;Decrement to zerO 

10-15 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Appendix A: DAC Operation Examples Analogic Corporation 

10-16 

DEC_CT2_CHO 

;Set the on board RAM data starting addr~ss in the address counter 
;holding register 

MOV AX,OIFFH 
SEND_CT2_CHO 

;Disable CPU control of the address counter and let the RAM 
;control circuit decrement the address 

DIS_ CPU_ CNTL _ CT2 
CLR RAMMR 

;Set up timer 1 channel 1 for DAC pacing 

MOV AX,CT_CTL_CO:tvfJ\.1 + CT_SEL_CJ-Il + CT_MODE2 
SEND CTI MODE 
MOV AX,6800/100 ; I OOkHz update rate 
SEND_CT1_CHI 

;Enable writing into the DACs 

ENABLE DAC WR 

;Enable DACO update request 

EN_UREQ_DA_O 

;Set up DMA channel 6 

MOV 
MOV 

AX,OFFSET DA_TEST_BUI_l 
BX,DS 

MOV 
SETUP_CH6 

MOV 
OUT 
.TMP 

CX,(DA_TEST_END_l- DA_TEST_Bur _ I ) 12 

AL,CH6_MODE_DA 
DMA2_MODE,AL 
$+2 

;Enable the DAC DMA request circuitry 

EN_DA_DMA_REQ 

;Finish setting up the DMA chmmel 
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MOV 
OUT 
JMP 

AL,CH6 _ENABLE 
DMA2_MASK_SR,AL 
$+2 

;Start the DMA process so can load the holding register before 

START_DA_DMA 

;Enable the D/A tenninal count status bit 

EN_DA_TC_INT 

;Enable the timer status bit 

EN_DA_l_INT 

;Wait for the timer to set this bit before enabling the update request lor DAC I 

TRY_AGN_O 

BACK: 

MOV 
IN 
TEST 
JZ 
EN_UREQ_DA_l 
MOV 

DX,STATUS 
AX,DX 
AX,DA_l _INT_TEST 
TRY_AGN_O 

DX,STATUS 

;Wait for tenninal count to indicate done with the dma transfers 

TRY_AGN_l: IN 
TEST 
JZ 

AX,DX 
AX DA TC INT TEST ' - - -
TRY AGN I 

;Do some housekeeping when TC occurs 

STOP _DA_DMA 
CLR_DA_TC_INT 
CLR_DA_l_INT 

;Set up DMA buffer again 

MOV 
MOV 

AX,OFFSET DA_TEST_BUf _I 
BX,DS 

MOV 
SETUP_CH6 
MOV 

CX,(DA_TEST_END_l- DA_TEST_BUF _I )/2 

AL,CH6 _MODE _DA 
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OUT 
JMP 
MOV 
OUT 
JMP 

; Wait for timer 

TRY AGN 2: 

;Start DMA again 

MOV 
IN 
TEST 
JZ 

DMA2_MODE,AL 
$+2 
AL,CH6_ENABLE 
DMA2_MASK_SR,AL 
$+2 

DX,STATUS 
AX,DX 
AX,DA_I_JNT_TEST 
TRY AGN 2 

START_DA_DMA 
JMP BACK 

START END 

A.6 D/A Mode 6 

10-18 

This program allows both DACs to read data from the on-board RAM. 
A timer is used to pace the updating. Note that the data must already 
be in the memory by using mode 7 to write d<Jta into the RAM 
memory. There can only be one pacing source for updating both 
DACs. 

START: 

STAR TO: 

.LIST 

.SALL 

.CODE 

MOV 
MOV 
MOV 
MOV 
BOARD RESET 

AX,@DATA 
DS,AX 
SS,AX 

SP,OFFSET STACK 
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;Set up for Mode 6 

MOV 
SEND_DA_MODE 

;Set CS to 1 for DAC1 

MOV 
SEND _DA_ CHSEL 

AX,DA_MODE_RDR_RDR 

AX,DA_CHI_LO_PRI 

;The CS bit chooses which DAC pacing info is used to update both DACs 

DA_l_TIMER_PACE 

;Set up timer 1 chmmel I for pacing 

MOV 
SEND_DA_l_TMR 

;Enable the DAC circuitry 

CLR_DAMR 

AX,DA_CHl_CTI _CHl 

;Set up the RAM address counters for both DACs-
;timer 2 chmmel 0 for DACO and timer 2 chmmel 1 for DAC 1 
;Set the mode into timer 2 channels 0 and 1 

MOV AX,CT_CTL_COMM + CT_SEL_Cl-10 + CT_MODEl 
SEND_CT2_MODE 
MOV AX,CT_CTL_COMM + CT_SEL_CHI + CT_MODEl 
SEND_CT2_MODE 

;Set a 1 into each of the address counter holding registers 

MOV 
SEND_CT2_CHO 
MOV 
SEND_ CT2 _CHI 

AX,OOOlH 

AX,0001H 

;Transfer the address into the counting element 

TRANS_CT2_CI-IO 
TRANS_CT2_CHI 
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;Decrement both address counters to zero. This sets the output of the address 
;counters to their correct states. 

DEC_CT2_CHO 
DEC_CT2_CH1 

;Set the starting address of the on board RAM Into the address counter holding 
;registers 

MOV 
SEND_CT2_CHO 
MOV 
SEND_CT2_CHI 

;Enable RAM control of the timer 

DIS_ CPU_ CNTL _ CT2 
CLR_RAMJvJR 

;Set up the pacing timer 

AX,OlffH 

AX,Olftl-I 

MOV AX,CT_CTL_COMM + CT_SEL_GII + CT_MODE2 
SEND_CTl_MODE 
MOV AX,6800/l50 ;PACE AT 150KHZ 
SEND_CTI_CHI 

;enable DACs 

ENABLE _DAC _ WR 

;Enable DACl update requests 

EN_UREQ_DA_l 

;Time out to allow DACs to be updated 

MOV CX,l 
TIMEOUT 
JMP STAR TO 
I.NT 32 
END START 
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A.7 D/A Mode 7 
This mode writes the data into the on-board RAM memory. Data can 
only be written into the RAM for one of the DACs at a time. DACs 
are updated from only one of the pacing setups. The CS Bit selects 
which DAC pacing information is to be used. 

Note that the CS Bit also chooses which DAC channel is reading from 
the RAM memory. The other DAC is having its RAM memory loaded 
with data. 

DA_TEST_BUF _0 

DA_TEST_END_O 
DA_TEST_BUF _I 

.LIST 

.SALL 

.DATA 

DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 

OOOIH 
0002H 
0004H 
0008H 
OOIOH 
0020H 
0040H 
0080H 
OIOOH 
0200I-I 
0400H 
0800H 
0800H 
0400H 
0200H 
OIOOH 
0080!-I 
0040H 
0020!-I 
OOlOH 
0008H 
00041-I 
0002H 
OOOlH 
? 
0800H 
0400H 
0200H 
OlOOH 
0080H 
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