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PREFACE

BAUDIENCE

. This manual is for the Data Translation DT2821
series board. The manual  describes  the
configuration o©of the, Dboard, shows system
interconnections, discusses the board’s
architecture and provides you  with  enough

information fo pregram and operate the DT2821 seriés
board. The manual assumes that ycu have a_ general
knowledge of electronic circuitry, are familiar with
the IBM Personal Computer AT, understand data
conversion, and possess enough, proficiency in
software tc write your own application programs,

ORGANIZATION

. This manual ig divided into seven chapters and
six appendices as follows:

CHAPTER 1 | INTRODUCTION _ , .
This_ chapter includes an overview discussion
of the DT2821 series board’s capabilities.

CHAPTER 2 SPECIFICATIONS ,
This chapter lists the electrical and
mechanical specifications for the board.

CHAPTER 3 GETTING STARTED ) '
This chapter discussées the configuration of
the DT2821 series board.

CHAPTER 4 INSTALLATION AND USER CONNECTIONS

This chapter discusses the 1installation
procedure and user connections.
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CHRPTER 5 | INTERFACE REGISTERS .
Tnis chapter contains information on the
eight registers on the DT2821 series board,

CHAPTER 6 PRINCIPLES QF OPFERATION.
This chapter provides an overview of how the
DT2821 board operates. Included 1is a
discussion of the A/D  converter,  RAM
channel-gain 1list, D/A& converter, Digital
I/0, and pacer clock.

CHAPTER 7 PROGRAMMING '
This chapter details the programmln?
sequences for all operating medes and al
subsystems of the DT2821 seriés boards.

APPENDIX A IBM AT Pl AND P2 SIGNALS
This agpendlx lists the signals on the Pl
and P connectors for he IBM Perscnal
Computer AT.

APPENDIX B CALIBRATION , .
This appendix presents a detailed discussion
of how to calibrate the A/D and D/A
Subsystems.

APPENDIX C TROURLESHOCTING AND FACTORY SERVICE
This appendix describes what to do  if
gomeéhlng goes wrong with the DT2821 series

oard,

APPENDIX D CODING TABLES ‘ .
This appendix lists 12- and 16-bit binar
coding = tables for the A/D and D/
converters,

APPENDIX E DT707 AND DT752 SCREW TERMINAL PANELS
This  appendix  contains  technical  and
aggllcatlons information of the DT7C7 and
DT752 accessory screw terminal panels, and
their use with DT2821 series boards.

APPENDIX F ENGINEERING DRAWINGS

This appendix contains the assemblB drawings
for the DT2821 series, DT707, and DT752.
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CONVENTIONS

_ Throughout this_ manual, the, term  "DT282Z1
series" is used feor all comments which agglg egually
to the DT2821 DT2§21-F-16SE DT2821-F-8DI,
DT2821-G-16SE, DT2821-G-8DI, DT2323, DT2824, DT2825,
DT2827, and DT2628. Ccmments which aEply only to, a
particular board or beards, but not to_the entire
series, reference the specific board model number or
numbers, For example:

"r1l DT2821 series boards have two 12-bit D/A
converters.®

"The DT2827 and DT2823 have 16-bit A/D converters
with 100kHz throughput.”

"The DT2823 has two 16-bit D/A converters with
100kHz throughput.™

In the discussion on register  bits, the
following conventions are used:

'R/W' indicates read and write access,

‘Read only’ indicates read access only,
writes are ignored.

'Read only with enabled clear’ indicates
read access, writing the bit to a one
clears it,

"Write  only’ ‘indicates reads are
indeterminate, write access.

'Read as 0/W" indicates reads as a zero,
write access.

‘Read as 1/W’ indicates reads as a one,
write access.

‘Read as 1/Write ignored’ indicates reads
ggt ? cne, writes are 1ignored (reserved
its).

xii
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CHAPTER 1
INTRODUCTION

DESCRIPTION
ACCESSORIES
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INTRODUCTION

OESCRIPTION

1.1 DESCRIPTICH

The DTZ2821 series boards are high-speed analog
and digital I/O beoards designed to be used with thé
IBM Personal Computer AT or compatible computer
systems., The series ccnsists cof eleven models.  Any
board in the series can be plugged into one of the
S1x fullg bussed system expansion slots in the IEM
Personal Computer AT backplane. The beoard can be
programmed Dy the IBM Personal Computer AT to
perform  analog-to-digital (&/D) conversions;
di 1tal-to—analo% (D/BR) conversicns (except the
DTZ824-PGH and DTZ2824-PGL); and digital input and
output (DIO) transfers. The DT2821 series board can
pe configured to perform the analcg I/0 functions in
programméd I/0 (PIO) mode or Difect Memory Access
(DMﬁ) both with or withcut interrupt capability,
Table 1-1 provides a ccmparative summary of the maln
features of the DT2821 series.

TEBLE 1-1: DT2821 SERIES FEATURES COMPARISCN

RESOLUTICN | THRCUGKPUT |MAX |NUMBER OF
}BITS) (KEZ) A/D 4/D
MODEL B/D D/A | A/D D/A [|GAIN|CHANNELS
DTZ2821 12 12 50 130 & [16SE/8DI!
DT2821-F-16SE{ 12 12 150 130 8 |16SE
DT2821-F-8DI | 12 12 150 130 8 | 8DI
DT2821-G-16SE| 12 12 250 130 § |1ESE
DT2B21-G-8DI | 12 12 250 130 g | 8DI
DTZ2E23 16 16 100 100 1 | 4DI
DTZ2824~FGH 12 50 8 |16SE/8DI!
DTZ2824-BGL 12 50 500 |16SE/3DI:
DT2825 12 12 452 130 !500 |[16SE/8DI!
DT2827 16 12 100 130 1 | 4DI
DTZ2R828* 12 12 100 130 1 | 4SE
NOTES

1. Jumper selectable,
2. 2,5kHz at gains of 100 and_ 500.
3. Simultaneois sample and heold.

A/D selection on the DT2821 series 1is  accomplished
using & unique RAM channel-gain list. he RAM
chanfiel-gain Iist 1s a 16-location memory space
which allows any of the channels at any gain to be
sampled in any seQuence at the full throughput rate.
It also permits the same channel to be sampled at
different gains.

1-2
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INTRODUCTION
DESCRIPTION

The DT2824-PGH and DT2824-PGL models do not
include D/A subsections, The D/A subsections on all
other models except the DT2823 include two 12-bit
deglitched D/A converters, The DT2823 model only
features two 16-bit deglitched D/A  converters,
These D/A converters can preovide either single
outputs (the analog ocutputs change at different
times) or simultanéous outputs {thé& outputs of both
D/A converters change at the same time). When used
in DUMA transfer mode, digital data can be converted
to analog at up to 130kHz per channel from system
memory {I00kHz for DT2823).

In additicn, the DT2821 series boards feature
two 8-line digital 1I/0 perts. Either port can be
set for input or output.

The DT2821 series bDboards also contain  an
on-board programmable pacer cleck, which can be used
to provide clock pulses to confrol the rate of
cenversicons  for the board’s A/D and D/A subsystems.
The pacer clock operates under Ero ram controi, and
provides a usable range of 1.25 kHz mi¢resecends
(800kHz) to 2 seconds (0.5Hz). Alternatively, an
external clock_ can be selected to_ start conversions,
and an external trigger may be selected to gate A/D
and D/& conversion evéents, _The A/D “and D/A
converters can be operated simultanecusly at the
same clock speed; alternatively the D/A" subsystem
can be operated in single conversion mode while™ the
L/D subsystem cperatés from the pacer clock or
external Clock.

The DMA interface 1is compatible with 16-bit
data transfers and can be jumper-selected to use DMA
channel 5, 6, or 7. DMA "buffers may be located
anywhere in the leMbyte memcry spacge ¢f the IBM
Fersonal Computer AT and may be up to 65,536 words
(128Kbytes) lon?. A unique configuration utilizin
two DMA channels 1is also 1incliuded to  suppor
Continuous Performance DMA. Continuous Performance
15 a data sampling method which provides gap-free
transfers of large veolumes of cdata from mémory or
disk (D/A conversidns) or to memory or disk T(A/D
conversions) without any loss of samples.

.The DT2821 series boards support interrupts.
The interrupt level i jumper-selectable to level 3,
5; ?; 10; or b,

1-3
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INTRODUCTION
ACCESSORIES

1.2 ACCESSORIES

. Two screw terminals are recommended for use
with the DT2821 series: the DT707 and the DT752.

o DT707
The DT707 screw terminal panel accommodates
all wuser connections to the DT2821 series
pboard _on convenient — screw terminal
connections. Screw connections are labeled
in silkscreen for analog input connections,
analog  output conneltions, DIO lines,
external clock input, and external trigger
input. In addition, blank circuit pads are
Erovxded for user-supplied current shunts
o accommodate 0 to 20mA current inputs
égurrent inputs should only be wused with
ifferential 1input wversidons of the DT282]1
series}, The DT/07 contains an integral
one-meter (3,3 feet) flat ribhon cable
which plugs directly intc the DT2821 series
beard’s “Jl  connector. .The DPT707 1is
designed for table teop mounting and comes
equipped with rubber feet.

o DT752 ‘ o
The DT752 is similar to the DT707, except
analocg lnput lines are directed to a
separate 20-pin connector. This connector
permits the DT2821 series board to be used
with any of a wide range of Data
Translation | signal conditicnin
accessories, including the non-isolate
DT709-Y, DT756-Y, ~and _the 1isolated
DT760/DTS00 series of signal conditioning
modules, When used wifh the DT709-Y of
DT756-Y, a DT2821 series bcard should be
configured for single-ended 1inputs. The
DT709-Y and DT756-Y cConvert 16 differential
input signals into 16 single-ended signals
for the DT2821 series board. The DT756-Y
also provides a jumper-selectable gain to
accommodate low level signals, as well as
offset and cold-junctidn compensation for
thermocouple = inputs. . The  DT760/DT500
series isolated signal conditioning
preoducts offer a variéty of  features;
including differential inputs, gain, cold-
unction | compensation, cr D
lnearizaticn.
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INTRODUCTION
RCCESSORIES

ATLAB is a real-time software package fcr Data
Translaticn’s 1IBM Personal Computer AT compatible
DT2821 series of analog and digital I/0 boards. The
gacka e contains libraries of routines designed tc

¢ CALLed from Microsoft’s FORTRAN, C, and Pascal;
and operated under MS or PC DOS. The ATLAB package
allows you to control all the analeg and digital I70
capabilities of the  interface ™ beoards™ through
ogeratlon—speglflc routines which greatly simpli g
the prcgramming of the hardware Interfaces. Wit
ATLAB, direct acCcess to the cecntrol registers 1s not
required, An error processing system checks for
argument errcrs and generates an error report 1f any
aré detected. Attempts to operate the interface in
1llegal mcdes of  operation are reported and not
execited. Routines are included for analog input,
analcg cutput, digital input, digital outgut

continuous sampling (memcry and disk), pacer ¢ ock
control, and configuration setup.
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CHAPTER 2
SPECIFICATICNS

DT2821 A/D SUBSYSTEM

DT2821-F-16SE AND DT2821-F-8DI A/D SUBSYSTEMS
DT2821-G~16SE AND DT2821-G-8DI A/D SUBSYSTEMS
DT2823 A/D SUBSYSTEM

DT2824~PGH A/D SUBSYSTEM

DT2824~PGL A/D SUBSYSTEM

DT2825 A/D SUBSYSTEM

DT2827 A/D SUBSYSTEM

DT2828 A/D SUBSYSTEM

D/A SUBSYSTEM

DIGITAL I/0 SUBSYSTEM

EXTERNAL TRIGGER

CLOCK

INTERFACE CHARBCTERISTICS

POWER REQUIREMENTS

PHYSICAL/ENVIRONMENTAL

CONNECTORS AND CABLES
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SPECIFICATIQONS
DT2821 A/D SURSYSTEM

A1l specifications are

ypical at

+25°C and

rated voltage unless otherwise specified.

2.1 DT2821 A/D SUBSYSTEM
A/D MODULE

ANALOG INPUTS

Number of Analeg Inputs

Input Ranges

Qutput Data Ccdes

Gain Range

Input Impedance

Bias Current

Common Mode Input Voltage,
Maximum

Common Mode Rejection Ratio
{CMRR), Gain'=1

Maximum Input Voltage without
Damage, Power On

Maximum Ingut Voltage without
Damage, Power Off

hmplifier Input Ncise
NCTE:

DT5712-BGH

16SE, 8DI
{user-selectable)

0 to +10V {(unipolar)
+10V ({bipolar)
Straight binary
{unipclar),

offset binary, or
two’s complement
{bipolar)

1, 2, 4, 8

Qff Channel:

100 megohms, 10pF
On Channel:

100 megohms, 100pF

+20nA
+11V

80dB at 60Hz,
1 kilohm unbalanced

35V

20V
0.1 LSB rms

Where gain is greater than 1,

input noise is multiplied by

gain.

Channel-tc-channel Input
Voltage Error

2-2
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SPECIFICATIONS
DT2821 A/D SUBSYSTEM

ACCURACY

Resolution 12 bits

Nonlinearity Less than #% LSB
Differential Nonlinearity Less than *% LSB
Inherent Quantizing Error  #% 1SB

System Accuracy To within *0,03% FSR
Channel Crosstalk -80dB at 1lkHz

Gain Error Adjustable to 0

Zero Error Adjustable to 0

DYNAMIC PERFORMANCE

Channel Acquisition Time

to within % LSB 1Bps
A/D Conversion Time 10us
A/D Converter Throughput 50kHz
A/D Throughput to System Memory 50,000 samples
per second
Sample & Hecld Aperture
Uncertainty 10ns
Sample & Hold Aperture
Delay 50ns
Sample & Hold Droop Rate 0.1mV/ms
Sample & Hold Feedthrough
Attenuation 80dB at 1lkHz
2-3
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SPECIFICATIOQNS
DT2821 A/D SUBSYSTEM

THERMAL CHARACTERISTICS

A/D Zero Drift +10 ppm of FSR/°C
Amplifier Zero Drift +20pv/°C
Gain Drift +30 ppm of FSR/°C
Differential Linearity Drift +3 ppm of FSR/°C
Monotonicity 0 to +70°C

2-4
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SPECIFICATICNS

DT2821-F-16SE AND DT2821-F-8DI A/D SUBSYSTEMS

2.2 DT2821-F-16SE AND DT2821-F-8DI A/D SUBSYSTEMS

A/D MCDULE
ANALOG INPUTS
Number of Analog Inputs

Input Ranges

Cutput Data Codes

Gain Range

Input Impedance

Bias Current

Commen Mode Input Voltage,
Maximum

Common Mode Rejection Ratio
{CMRR), Gain'=1

Maximum Input Voltage without
Damage, Power On

Maximum Input Voltage without
Damage, Power Off

Emplifier Input Noise

Channel-to-channel Input
Voltage Error

2-5

DTS725

168E, 8DI _
(factory configured)

C to +10V (unipolar)
*10V (bipoclar)
Straight binary
(unipdlar),
offset binary, or
twe’s complement
{bipolar)

1, 2, 4, 8

Off Channel:

100 megohms, 10pF
Cn Channel:

100 megohms, 50pF

+10nA
£10.5V

804R at 60Hz,
1 kxilohm unbalanced

+27V

+12V
0.2 LSB rms

+.1mV
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SPECIFICATICNS

DT2821-F-1€SE AND DT2821-F-8DI A/D SUBSYSTEMS

ACCURACY

Resolution

Henlinearity

Differential Nonlinearity
Inherent Quantizing Error

System Ac%uracy

Gain =

Gain = 2
Gain = 4
Gain = 8

Channel Crosstalk
Gain Error

Zero Error

DYNAMIC PERFORMANCE

Channel Acquisition Time
to within % LSB

A/D Conversion Time

A/D Converter Throughput

A/D Throughput tc System Memory

Sample & Hold Aperture
Uncertainty

Sample & Hold Aperture
Delay

Sample & Hold Droop Rate

Sample & Heold Feedthrough
Attenuation

2-6

12 bhits
less than #% LSB
Less than t% LSB
+% LSB

To within +0.03% FSR
To within +0.04% FSR
To within z0.05% FSR
To within +G.07% FSR

-100dB at 1lkHz
Adjustable to O
Adjustable to 0

7.65ps

qus

150kHz

150,000 samples
per secend

.ons

10Cns
50mV/ms

80dB at lkHz
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SPECIFICATIONS
DT2821-F-16SE AND DT2821-F-8DI A/D SUBSYSTEMS

THERMAL CHARACTERISTICS

A/D Zero Drift 10 ppm of FSR/°C
Amplifier Zero Drift +25pv/°C
Gain Drift 30 ppm of FSR/°C
Differential Linearity Drift 43 ppm of FSR/°C
Monotonicity 0 to +70°C

z2=1
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SPECIFICATIONS

DT2821~G-16SFE AND DT2821-G-8DI A/D SUBSYSTEMS

7.3 DT?B21-G-16SE AND DT2821-G-8DI A/D SUBSYSTEMS

A/D MCODULE
ENALOG INPUTS

Number of Analog Inputs

Input Ranges

Qutput Data Codes

Gain Range

Input Impedance

Bias Current

Common Mode Input Voltage,
Maximum

Common Mode Rejection Ratio
(CMRR), Gain =1

Maximum Input Voltage without
Damage, Power On

Maximum Input Voltage without
Damage, Power Cff

Emplifier Input Noise

Channel-to-channel Input
Voltage Error

2-8

DT5727

165E, 8DI
(specified when
ordered)

0 to +10V_(unipolar)
+5V (kipclar)

£10V {bipolar)
Straight binary
(unipdlar),

of fset binary, or
two's complement
(bipolar)

1, 2, 4, 8

Qff Channel:

100 megohms, S50pF
On Channel:

100 megohms, 100pF

+20nh
10,5V

80dB at 60Hz,
1 kilohm unbalanced

t16V

+1V
0.2 LSB rms

+,1lmv
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SPECIFICATIONS

DT2821-G-16SE AND DT2821-G-8DI A/D SUBSYSTEMS

ACCURRCY

Resclution

Nonlinearity

Differential Nonlinearity
Inherent Quantizing Error

System Accuracy

Gain = 1
Gain = 2
Gain = 4
Gain = 8

Channel Crosstalk
Gain Error

Zero Error

DYNAMIC PERFORMANCE

Channel Acquisiticn Time
to within % LSB

L/D Ccnversion Time

A/D Ceonverter Throughput

A/D Throughput to System Memory

Sample & Hold Aperture
Uncertainty

Sample & Hold Aperture
Delay

Sample & Hold Droop Rate

Sample & Hold Feedthrough
Attenuation

2-5

12 bits
Less than +¥% LSB
Less than #% LSBE
+% LSB

To within +0.03% FSR
To within +0.04% FSR
To within +0.05% FSR
To within +0.07% FSR

-100dB at lkHz
Adjustable to 0
Adjustable to 0

2.5us

2.5nus

250kHz

250,000 samples
per second

L2NS

50ns
50mV/ms

80dB at 1lkHz
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SPEC

IFICATIONS
DT2821-G-

16SE AND DT2821-G-8DI A/D SUBSYSTEMS

THERMAL CHARACTERISTICS

A/D Zero Drift 10 ppm of FSR/°C
zmplifier Zero Drift +25pv/ecC
Gain Drift +30 ppm of FSR/°C
Differential Linearity Drift +3 ppm of FSR/°C
Monoctonicity 0 to +70°C

2-10
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2.4 DT2823 A/D SUBSYSTEM

/D MODULE

ANALOG INPUTS

Number of Analog Inputs
Input Range

Output Data Codes

Input Impedance

Bias Current

Common Mode Input Voltage,
Maximum

Commen Mode Rejection Ratio
{CMRR}

Maximum Input Voltage without
Damage, 2ower On

Maximum Input Voltage without
Damage, Power Qff

Amplifier Input Noise

Channel-to-channel Input
Voltage Error

2-11

SPECIFICATIONS
DT2823 A/D SUBSYSTEM

DT572¢

4D1

10V

Two’ s complement
Qff Channel:

100 megohms, 10pF
On Channel:

100 megohms, 20pF

+250nA

+10.5V

80dB_at 60Hz,

1 kilohm unbalanced
27V

+12V
0.5 LSB rms

+5pv
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SPECIFICATIONS

DTZ2823 A/D SUBSYSTEM

ACCURACY

Resclution 16 bits
Nonlinearity Less than 1 LSB
Differential Nonlinearity Less than 1 LSB
Inherent CQuantizing Error +% L3SB

System Accuracy To within £0,003% FSR
Channel Crosstalk -100dB at 1lkHz
Gain Errcr Adjustable to 0
Zero Error Adjustable to 0

DYNAMIC FERFORMANCE

Channel Acquisition Time

to within % LSB 8.5ps
A/D Conversicn Time 6us
A/D Converter Throughput 100kHz
A/D Throughput to System Memory 100,000 samples

per second

Sample & Hcld Aperture

Uncertainty .2ns
Saggigy& Hold Aperture 100ns
Sample & Hold Feedthrough

Attenuation 94dB at 100kHz
Sample & Hold Droop Rate 7.5mV/ms
THERMAL CHARACTERISTICS
A/D Zero Drift +10 ppm of FSR/°C
Amplifier Zero Drift £25pv/°C
Gain Drift +30 ppm of FSR/°C
Differential Linearity Drift 1.5 ppm of FSR/°C
Monotonicity 0 to +70°C

2=-12
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SPECIFICATIONS

DT2824-PGH A/D SUBSYSTEM

all specifications are

typical at

+25°C and

rated voltage unless otherwise specified.

2.5 DT2824-PGH A/D SUBSYSTEM
A/D MODULE
ANALOG INPUTS

Number of Analog Inputs
Input Ranges

Output Data Codes

Gain Range

Input Impedance

Bias Current

Common Mode Input Voltage,
Maximum

Ccmmeon Mode Rejection Ratio
(CMRR), Gain =1

Maximum Input Voltage withcut
Damage, Power On

Maximum Input Voltage withcut
Damage, Power Off

amplifier Input Noise
NCTE:

DT5712-PGH

163k, 8DI
(user-selectable)

0 to +10V (unipolar)
+10V (bipclar)
Straight binary
(unipolar),

offset binary, or
two’s complement
{bipolar)

1, 2, 4, 8

Qff Channel:

100 megchms, 10pF
On Channel:

100 megohms, 100pF

+20nA
11V

80dB_at 60Hz,
1 kilohm unbalanced

135V

20V
0.1 LSB rms

Where gain is greater than 1,

input fnoise is multiplied by

gain,

Channel-to-channel Input
Voltage Error

2-13
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SPECIFICATIONS

OTZE24-FGH A/D SUBSYSTEM

ACCURACY

Resolution 12 bits
Nonlingarity Lees than % LSB
Differential Nonlinearity Less than #% LSB
Inherent Quantizing Error +% LSBE

System Accuracy To within =0.03% FSR
Channel Crosstalk -80dB at 1ikHz
Gain Error Adjustable tc G
Zero Error Bdjustable to 0

DYNAMIC PERFORMANCE

Channel Acguisition Time

to within % LSB 18ps
A/D Conversion Time 1Cps
A/D Converter Throughput 50kHz

A/D Throughput to System Memory 50,000 samples
per second

Sample & tlold Aperture
Uncertainty 10ns

Sample & Hold Aperture

Delay 50ns
Sample & Hold Droop Rate C.1lmV/ms
Sample & Hold Feedthrough
Attenuation 80dB at 1lkH=z
2-14
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SPECIFICATIONS
DT2824-PGH A/D SUBSYSTEM

THERMAL CHARACTERISTICS

A/D Zero Drift +10 ppm of FSR/°C
Amplifier Zero Drift +20pv/°C
Gain Drift +30 ppm of FSR/°C
Differential Linearity Drift %3 ppm of FSR/°C
Monotonicity 0 to +70°C

2-15
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IFICATIONS
24-PGL A/D SUBSYSTEM

21l specifications are

typical at

+25°C and

rated voltage unless otherwise specified.

2.8 DTZBZ4-PGL A/D SUBSYSTEM
A/D MODULE
ANARLOG INPUTS

Humber of Analocg Inputs
Input Ranges

Output Data Codes

Gain Range

Input Impedance

Bias Current

Common Mcde Input Veltage,
Maximum

Common Mode Rejection Ratio
{CMRR), Gain =1

Maximum Ingut Voltage without
Damage, Power On

Maximum Ingut Voltage without
Damage, Power Off

Amplifier Input Noise
NOTE:

DT571Z2-PGL

16S8E, 8DI
{user-selectable)

0 to +10V (unipolar)
*10V (bipclar)
Straight binary
{unipélar),

offset binary, or
two’s complefment
(blpclar)

1, 10, 100, 500

Off Channel:
100 megohms, l0pF
On Channel:

100 megohms, 100pF

+20nA
+11V

80dB at o©(QH=z,
1 kilohm unbalanced

+35V

+20V
0.1 LSB rms

Where gain is greater than 1,
. gal g :

input ncise is multiplied by

gain.

Channel-to—-channel Input
Voltage Error

2-16
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SPECIFICATIONS
DT2824-PGL A/D SUBSYSTEM

ACCURACY

Resoluticn 12 bits

Nenlinearity Less than #% LSB
Differential Nonlinearity Less than +% LSB
Inherent Quantizing Error +% LSB

System Accuracy To within #0.03% FSR
Channel Crosstalk -80dB at lkH:z

Gain Error Adjustable to 0

Zero Error Adjustable to 0

DYNAMIC PERFORMANCE

Channel Acquisiticn Time

to within % LSB 18ns
A/D Conversion Time 10ps
A/D Converter Throughput 50kHz

A/D Throughput to System Memory 50,000 samples
per second

Sample & Held Aperture

Uncertainty 10ns
Sample & Hold Aperture

Delay 50ns
Sample & Hold Droop Rate 0.1mv/ms

Samgle & Hold Feedthrough
Attenuation 80dB at 1lkHz

2-17
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SPECIFICATIONS
DT2824-PGL A/D SUBSYSTEM

THERMAL CHARACTERISTICS

A/D Zero Drift +10 ppm of FSR/°C
Bmplifier Zero Drift £20pv/eC
Gain Drift +30 ppm of FSR/°C
Differential Linearity Drift +3 ppm of FSR/°C
Monotonicity 0 tc +70°C

2-18

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



2.7 DT2825 A/D SUBSYSTEM
Ah/D MODULE

BNALOG INPUTS

Humkber of Analcg Inputs

Input Ranges

Qutput Data Codes

Gain Range

Input Impedance

Bias Current

Commecn Mode Input Voltage,
Maximum

Common Mode Rejection Ratic
{CMRR), Gain =1

Maximum InEut Voltage without
Damage, Power On

Maximum Input Veltage without

Damage, Power QOff
Amplifier Input Noise
NOTE:

SPECIFICATIONS
DT2825 A/D SUBSYSTEM

DT3713-PGL

16SE, 8DI

. {user-selectable)

0 to +10V {unipolar)
+10V (bipclar)

Straight binary
{unipolar),

offset binary, or
two’s complement
{bipolar)

1, 10, 100, 500
Off Channel:

100 megchms, 10pF
On Channel:

100 megohms, 100pF

+20nA
+11V

80dB at 60Hz,
1 kilohm unbalanced

+35V

+20V
0.1 LSB rms

Where gain is greater than 1,

input noise is multiplied by

gain,

Channel-to-channel Input
Voltage Error

2-19
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FICATIONS

5 A/D SUBSYSTEM
ACCURACY

Resclution

Nonlinearity

Differential Nonlinearity
Inherent Quantizing Error
System Accuracy

Channel Crosstalk

Gain Error

Zero Error

DYNAMIC PERFORMANCE

Channel Acquisition Time
tc Within ¥ LSB
Gain = 1, 10
Gain = 160, 500

A/D Conversion Time
4/D Converter Throughput

Galn 1
Gain = 100, 500

A4/D Throughput tc System Memory

Sample & Hold Aperture
Uncertainty

Sample & Held Aperture
Delay

Sample & Hold Droop Rate

Sample & Hold Feedthrough
Attenuation

2-20
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12 bits

Less than #% LSB
Less than %% LSB

+¥% LSB

To within +0.03% FSR
-80dB at lkHz
Adjustable to 0
Adjustable to O

22
40835

10us

45kHz
2.5kHz

45,000 samples
per second

10ns

50ns
0.1lmV/ms

80dB at 1lkHz



SPECIFICATIONS
DT2825 A/D SUBSYSTEM

TEERMAL CHARACTERISTICS

A/D Zero Drift +10 ppm of FSR/°C
Amplifier Zero Drift £20pv/°C
Gain Drift +30 ppm of FSR/°C
Differential Linearity Drift +3 ppm of FSR/°C
Monotonicity 0 to +70°C

2-21
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SPECIFICATIONS
DT2827 A/D SUBSYSTEM

2.8 DTZ827 A/D SUBSYSTEM

A/D MODULE DT5726
ANALOG INPUTS
Number of Analog'Inputs 4DT
Input Ranges +10V (bipolar)
Output Data Codes Two’ s complement
Input Impedance Off Channel:
100 megohms, 10pF
On Channel:
100 megohms, 20pF
Bias Current +250nA
Common Mode Input Voltage,
Maximum $+10.5V
Common Mode Rejection Ratio 80dB_at 60Hz,
(CMRR) 1 kilohm unbalanced
Maximum Input Voltage without
Damage, Power On 27V
Maximum Input Voltage without
Damage, Power Qff 12V
Amplifier Input Noise 0.5 LSB rms
Channel-to-channel Input
Veltage Error +5uv
2=-22
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SPECIFICATIQONS
DT2827 A/D SUBSYSTEM

ACCURACY

Resolution 16 bits

Nonlinearity Less than 1 LSB
Differential Nonlirearity Less than 1 LSB
Inherent Quantizing Error % LSB

System Accuracy To within +0.003% FSR
Channel Crosstalk -100dB at 1kHz

Gain Error Adjustable to 0

Zero Error Adjustable to 0

DYNAMIC PERFORMANCE

Channel Acquisition Time
to within % LSB 8.5ps

A/D Conversicn Time 6ps

A/D Throughput to System Memory 100,000 samples
per second

Sample & Hold Aperture

Uncertainty .2ns
Sample & Hold Aperture

Delay 100ns
Sample & Hold Droop Rate 7.5mV/ms
PRI P oo
THERMAL CHARACTERISTICS
B/D Zero Drift +10 ppm of FSR/°C
Amplifier Zero Drift +25pv/°C
Gain Drift +30 ppm of FSR/°C
Differential Linearity Drift 1.5 ppm of FSR/°C
Monotonicity 0 to +70°C

2-23
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SPECIFICATIONS
DT2828 A/D SUBSYSTEM

2.9 DT2828 A/D SUBSYSTEM

A/D MODULE
ANALOG INPUTS
Kumber ¢f Analog Inputs

Input Ranges

Output Data Codes

Input Impedance

Bias Current

Maximum Input Veoltage withcut

Damage, Power On

Maximum Input Voltage without

Damage, Pcower Off
Channel-to-channel Input
Voltage Error
ACCURACY
Resolution
Nonlinearity
Differential Nonlinearity
Inherent Quantizing Error
System Accuracy
Channel Crosstalk
Gain Error

Zero Error

2-24
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DT5704

45E

0 to +10V (unipclar)
*10V (bipolar)
Straight binary
(unipolar),

offset binary, or
two’s complement
{bipolar)

Off Channel:

10 megohms, 10pF
On Channel:

100 megohms, 100pF

+200na
+31V
16V

10mv

12 bits

less than #% LSB
less than +% LSB

+¥% LSB

to within #0.03% FSR
-80dB at lkHz
Adijustable to Q
Adjustable to 0



DYNAMIC PERFORMANCE

Channel A¢quisition Time
to within % LSB

A/D Cenversion Time

a4/D Throughput to System Memory

Sample & Hold Aperture
Uncertainty

Sample & Hcld Aperture
Delay

Sample & Hold Drocp Rate

Sample & Hold Feedthrough
Attenuation

THERMAL CHARACTERISTICS

A/D Zero Drift

Amplifier Zero Drift

Gain Drift

Pifferential Linearity Drift

Menotonicity

2=25

SPECIFICATIONS
DT2828 A/D SUBSYSTEM

10ps

4ps

100,000 samples
per secend

+5ns

100ns
0.5mV/ms

80dB at 1 kHz

+20 ppm of FSR/°C
+25pv/°C

+30 ppm of FSR/°C
3 ppm of FSR/°C

0 to +70°C
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SEECIFICATIONS
D/B SUBSYSTEM

2.10 D/A SUBSYSTEM

NCTE

This section does not

apply to  the

DT2824-PGH and DTZ2824-PGL mecdels.

ANALOG QUTPUTS
Number of Channels
Output Ranges

(Jumper-5electable)
All Except DT2823

DT2823
Output Data Codin
(g gle)

umper-selecta
Bll Except DTZ282Z3

DT2823

Throughput
A1l Except DTZ2823

DT2823

Current Gutput

Output Impedance

Capacitive Drive Capability
Protection Against

Glitch Ener

All ExcepgyDT2823
DT2823

2-26

2, deglitched

0 to SV (unipelar)
0 to 10V (unlgolar)
+2.5V, x5V, =10V
(bleoiar)
+10V

Straight binary —
(unipdlar) or

offset binary

(blPOlaI)

Two’ s complement

QkHz max, single channel
OkHz max, aggregate

QkHz max, single channel
OkHz max, aggregate
+5mA max

0.1 ohms max

0.004nF

Short circuit to

analeg common

15mvV-us —_
10mV-us
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SPECIFICATIONS
D/A SUBSYSTEM

ACCURACY
Resolution )

Al]l Except DT2823 12 bits

DT2823 16 bits
Nonlinearity oo

All Except DT2823 . To within #% LSB

DT2823 To within 1.5 LSB
Differential Nonlinearity o

All Except DT2823 To within #% LSB

DT2823 To within 1 LSB
Gain Error Adjustable to 0
Zero Error Adjustable to 0
DYNAMIC PERFORMANCE
Settling Time to 0.01% of FSR

All Except DT2823 S5us, 20V steg

IBS, 10dmV step
DT2823 10ps, 20V step
3us, 100mv step

Slew Rate

All Except DT2823 10v/us

DT2823 4v/us
THERMAL CHARRCTERISTICS
D/A Zero Drift +10 ppm of FSR/°C
Gain Drift +30 ppm of FSR/°C
Monotonicity 6 to 70°C

2=-217
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SPECIFICATIONS
DIGITAL I/0 SUBSYSTEM

2.11

DIGITAL I/O SUBSYSTEM

Number of Lines
Humber of Ports

DIGITAL INPUTS

Input
Logic
Logic
Logic
Logic
Logic
Legic

Logic

Type

Family

Sense

Lead

High Input Vecltage
Low Input Voltage
High Input Current

Low Input Current

Termination

DIGITAL OUTPUTS

Fanout

Logic
Logic
Logic
Logic

Legic

Family

High Output Voltage
Low Output Veoltage

High Output Current
Low Output Current

Throughput

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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16
2, 8=bit each

Level sensitive
LSTTL

Positive true

1 LSTTL load
2.0V minimum
0.8V maximum
20nA maximum
-0.4mA maximum

None; unused inputs
float

30 LSTTL loads
LSTTL

2.5V minimum
0.4V maximum
~-15mA maximum
24mA maximum
As fast as
programmed I/0

alldws (200kHz
benchmark)



2.12 EXTERNRL TRIGGER
Input Type
Logic Family
Logic Load
Logic High Input Voltage
Logic Low Input Voltage
Logic High Input Current
Logic Low Input Current
Minimum Pulse Width

hoa
Maxzimum Pulse Width

Low
Termination
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SPECIFICATIONS
EXTERNAL TRIGGER

Schmitt tri%%er,
enables on L
logic low

LSTTL

1 LSTTL load
2.0V minimum
C.8V maximum
-0.25mA maximum

25pA maximum

22k pullup to +5V



SPECIFICATIONS
CLOCK

2.13 CLOCK

CH-BOARD CLCCK

Base Frequency 4.00MEz 20,01%
Frescaler Range Powers of 2 from O
to 15 (1 to 32,768)
Divisor Range Integer values 1
to 256
Usable Freguency Range 4.0us (250kHz) to
4 Y J 28 %O.éHz)

EXTERNAL CLCCK

Input Type Schmitt trigger,
edge sensitive,
Cldocks on falling

edge

Logic Family LSTTL
Legic Load 1 LSTTL locad
Logic High Input Veltage 2.0V minimum
Logic Low Input Voltage 0,8V maximum
Logic High Input Current -0.25mA maximum
Logic Low Input Current 25pA maximum
Minimum Pulse Width

red 300ns
Terminaticn 22k pullup to +5V

2-30
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SPECIFICATIONS
INTERFACE CHARACTERISTICS

2,14 INTERFACE CHARACTERISTICS

Compatible Bus IBM Perscnal
Computer AT

Interface Type I/0 mapped with
YP lO—bitpgddressing

Number c¢f Locations Cccupied 8 words reserved

Factory-assigned Base Address 240 (hex}, Qumper-
selectable from 200
(hex) to 3E0 ({(hex
in increments of 20
(hex}

Interrupts 1 interrupt,
umper-ccnfiqurable
co any of 5.
lnterrupt lines

Interrupt Lines 3, 5, 7, 10, and 15
Factory-assigned Interrupt

Leve 15
Interrupt Sources A/D Errcr, D/A Error,

A/D Done, D/A Ready,
Trlgger Error, and
DMA Done

Data Path 16 bits

2-31
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SPECIFICATIONS
POWER REQUIREMENTS

2.15 POWER REQUIREMENTS

+5 Volts
DT2821 +5%, @ 2,0A max
(1.8a typ)
DT26821-F-168E +5%, & 2.4A max
(2.2A typ)
DT2821-F-8DI +5%, @ 2,437 max
(2.28 typ)
DT2821-G-16SE +5%, @ 2,83 max
(2.2A typ)
DT2821-G-8D1I +5%, @ 2,82 max
(2.2 typ)
DT2823 +5%, @ 2.7A max
(2.5 typ)
DT2824=-PGH +5%, @ 1.5 max
(1,24 typ)
DT2824-PGL 5%, @ 1.5A max
{1.ZA typ)
DT2825 +5%, @ 2.0A max
(1.8A typ)
DT2827 +5%, @ 2.7A max
{2.52 typ)
DT2828 +5%, @ 2.2A max
{2.0& typ)
2.16 PHYSICAL/ENVIRONMENTAL
Dimensions 4,5"H X 13.25"W X 0.75"D
(11.4 X 33.7 X 1.9 cm)
Weight 20 ounces (567g)

Storage Temperature Range  -13 tc +183°F
(-25 to +85°C)

Relative Humidity To 95%, non-condensing

2-32
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SPECIFICATICNS
CONNECTORS AND CABLES

2.17 CONNECTORS AND CABLES

Comgatible Connectors ) .
J 50-pin 3M, user-supplied
(Ensley 609-5030 or
equivalent; Ansley
609-5031, or equivalent
strain relief
recormended)

Comgatible Cable Assemblies ‘
J EP035; plugs into J1;
not reqguiréd if DT707
or DT752 used

Compatible Screw Terminal ]
Panels DT707 and DT752; contain
integral cable assembly
and ceonnector; plug
into Jl
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TING STARTED
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w1

3.1 INTRODUCTICH

Before installing the DT2821 series board into
the 1IBM Personal Computer AT Lackplane, vou should
configure a number ~of vparameters which  are
jumper-selectable on the "DTZ821 series Dboards,
‘hese parameters are selectsd Dby the addition or
remova of jumpers.  The arameters include
single-ended or differential inputs (for the DT2821
only); analeog output voltage ranges; unipolar or
bipolar input3; unipelar or "bipolar outputs; DMA
channel selection; interrupt level selection; and
board base address selection.

3.2 JUMPERS

. All jumpers are installed by adding a wire, or
inserting a_  jumper _plug, between wiré wrap posts.
Jumpers in this manual aré designated by an upper
case "Ww", followed by. & number. In all cases,
installing a jumper conSists of connecting a palir of
osts; and  removin a jumper ceonsists of removing
he wire cr jumper E ug which connects the posts
together, single gumper number refers t¢ a pair
cf pests. Installing Wl4, for exzample, consists of
connecting tcgether the pair of posts designated by
the singlée number,

3.2.1 SHARED POST JUMPERS

Some of the jumpers on the DTZ821 series boards
share the same ~jumper posts. Only one connection
should be made to any jumper post at any_  one time.
Two jumper$S which “share any particular post are
never installed at the same time. The shared post
design_ makes it impessible to install two jumpers
illegally when using jumper plugs. The connéctiens
gf_ hese shared post™ jumpers are detailed in Figure

-1.

3-2
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GETTING STARTED
JUMPERS

rOHi O w2 0—1 [OH3 OwWg O W5 O J

Oni1gO w200 w21 O w220 O w230 w240 w250 w20

O w320 w330 LO w350 w340

O w390 ws O

FIGURE 3-1: SHARED POST JUMPERS

. Jumper locations are given in the configuration
diagram (Figure 3-2). hey are also indicated in
silkscreen on the component™ side of the DTZ821
series boards.
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GETTING STARTED
JUMPERS

CsZn0)
CoEa0N
oy

o XL e
OaTmOy

CE MO
;1M

Q1

QMO
O8mMCr
JL.Ts)

F M

FIGURE 3-2: JUMPER LOCATIONS
3-4
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GETTING STARTED
BASE ADDRESS

3.3 BASE ADDRESS

The pase address 1s the lowest I/0 address
location wused by the ©DT2821 series board. Four
jumpers (W15, Wle, W17, and W18) allow gou to set
he” base address anywﬁere between 200 (hex) and 3EQ
(hex) in increments K of 20 (hex). Figure  3-3
indicates how these Jjumpers can be used td select a
base address. The figure shows the factory-shipped
address of 240 (hex).

IMPORTANT

Each address locaticn used by a DT2821
serles board must be unused K anXNother
device 1n the ggstem, INCLUDING OTHER
DT2821 SERIES BOARD. Multiple DT2821 series
boards must be set to different base
addresses, and must not K occupy address
locations used by other devices in the IBM
Personal Computer AT system.

2 4 0
1 040 1 o040 0|0 0
MSB S | 8 T 6|5 4+ 312 |1 0 | LSB
0

N

W15 Wi6 W17 W18
JUMPERS Decoded by
board
Always 1 Blways 0
Always O

NOTES
o Bits 10 through 19 are not used.
0 Installing a Jumper selects the value
of 0 for the bit it controls; removin
Ehe jumper sets the bit to a value o

¢ hddress bits 1, 2, and 3 are decoded on
the DT2821 series board to select one
of eight on-board registers. .

0 AddreSs bit 0 is always 0 to provide
word addresses.

FIGURE 3-3: JUMPER SETTING FOR BASE ADDRESS

3-5
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GETTING STARTED
BASE ADDRESS

, Recommended base addresses (in hex) are shown
in Table 3-1.

TABLE 3-1: RECOMMENDED BASE ACDDRESSES

BASE JUMPERS
ADDRESS W15 wWlé W17 W18
200 In In In In
220 In In In Cut
240 (FC)| In In Out In
260 In In Out Out
280 In Out In In
240 In Out In Cut
2C0 In Out Out In
2E0 In Cut Out Out
300 Out In In In
320 Out In In Cut
340 Out In Qut In
380 Cut Out In In
3A0 Out Qut In Out
3E0 Out Out Out Out

FC 1s Factory Configuration

3.4 DMA CHANNEL

The DT2821 series board allows you to select
the IBM Perscnal Computer AT DMA channel or channels
the board uses when performing DMA transfers, The
DT2821 series board can bé jumpered for two DMA
channels, if two channels are available, The second
DMA channel 1is only used when Dual-DMA mode 18
selected., The DT2821 series board can be jumpered
to operate on DMA channel 5 (highest priority}, 6,
or_ 7 {lowest priority). Channel™ 5 or & can be
selected as the flrst DMA channel using a jumper
plug, but channel 7 must be selected wit a wlre

wrap. Channel 6 or 7 can be selected as the second
DMA channel using a jumper plug, but channel 5 must
be  selected with™ a wire wrap. The factor

configuration selects channel 5 as the first D
channél and channel 6 as the second DMA channel.

3-6
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GETTING STARTED
DMA CHANNEL

IMPORTANT

Fach DMA channel used by any board 1in the
system must be unused by any other board in
the IBM Personal Computer AT, INCLUDING
ANQTHER DTZ2821 SERIES BOARD. Multiple
DT2821 series boards must, be set to
different DMA channels, limiting the use of
Dual-DMA to onlg one DTZ2821 series board.
The other DT2821 series boards can only use
single channel DMA as long as there 1s a
channel . avallable. The maximum
configuration would be three beoards doing
singlé-channel DMA.

Jumpers ¥19, W20, W21, and W22 select the first
and second DMA request channels, Jumpers W23, W24,
W25, and W26 select the DMA acknowledge channels.
Table 3-2 shows the jumper schemes for Connecting to
the first and secend DMA channel.

TABLE 3-2: DMA CHANNEL SELECTION

FIRST DMA SECOND DMA
CHANNEL CHANNEL
CHANNEL |W19 (W20 |WZ3 W24 W21 (W22 | W25 [W2¢€

51 In |OutjIn |Cut|Out|Qut |Qut |Out
6 Qut [In {Out|In |In |OQut|In |Qut

E Qut {Out 1Out |Out [Cut |In :Qut|In
noene |Out [Out |Out [Cut |Out |Out |Out |Out
NOTES
1. To select channel 5 as the second
DMA channel, you must use a wire
wrap., _See Figure 3-4 for details.
Channel 5 7is selected at the
factory for the first DMA channel
and Channel 6 1is selected at the
factory for the second DMA channel.
2. To select channel 7 as the first
DMA channel, you_ must use a wire
wrap. See Figure 3-4 for details.

The DMA request channel must be _equal to the

DMA acknowledge channel. Figure 3- shows_ the
arrangement for the reques and acknowledae
configuration _Jjumpers. If W19 1is installed, Wz3

must De installed also to select channel 5 as the
first DMA channel. TIf W20 is installed, W24 must be
installed also to select channel 6 as the first DMA
channel. If W2l is installed, W25 must be installed

3-7
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GETTING STARTED
DMA CHANNEL

alsc to select channel 6 as the second DMA channel.
If W22 1s installed, W26 must be installed also to
select channel 7 as tﬁe second DMA channel.

. To select channel 5 as the second DMA channel

umper the left post for W19 to the left post of W22
%whlch 1s also the right post for w21). Make sure
you also Jjumper thé left gost cf W23 to the left
post of W26 (wnich is the right post of W25).

. To select channel 7 as the first DMA channel,
Jumper the right post of W22 to the right post cf
%19 {(which is also the left post of W20).  Make sure
you also jumper the right post of W26 tc the right
post of W237 {which is also the left pest of W24,

DMA REQUEST DMA ACKNOWLEDGE
SELECTION SELECTION
lst DMA 1st DMA
channel channel
2nd DMA 2nd DMA
channel channel

R R A

o o o] c
\SN SN SN NN TN TN
W19 W20 W2l W22 W23 W24 W25 W26

FIGURE 3-4: DMA CHANNEL SELECTION JUMPERS

O—-

3.5 INTERRUPT LEVEL

The ©DT2821 series Dpoard can interrupt the
processor c¢n any one of five different levels, The
order of pricrity for these five levels is interrupt
level 10 highest), 15, 3, 5, and 7 (lowest}. The
factory configuration is interrupt level 15, The
DT2821° series§ becard generates one 1nterrupt, no
matter what the cause. "It’s up to the 1nterruﬁt
service routine to determine the cause c¢f the
interrugt by polllng the ADCSR, DACSR, and SUPCSR.
Once the <cause of the interrupt 1is found, the
interrupt service routlne can take proper action.

3-8
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GETTING STARTED
INTERRUPT LEVEL

IMPORTANT

Each interrupt level used by a board in the
IBM Personal Computer AT must be unused b

an{ other device, INCLUDING ANOTHER DT282

SERIES BOARC. Multiple DT2821 series boards
must be set to different 1nterrugt levels,
if ang are availlable.  Any DT2821 series
board_ that does not wuse interrupts should
disable 1nterruEts by removing W27, W28,
W29, W30, and W31,

. Table 3-3 shows the jumper settings for the
interrupt levels.

TABLE 3-3: INTERRUPT LEVEL SELECTION

INTERRUPT JUMPERS
LEVEL w27l W28 W29 w30 W3l
10 In Qut out Out Out
15 (FC) Out in Out Qut Qut
3 Out Out In Out Out
5 Out Qut Out In Out
7 Out Qut Out Out In
none Out Out Out Out Out

FC is factory configuration

3.6 A/D FUNCTIONS

The analog-tec-digital section can be jumper-
selected for unipelar or bipolar operation; binary,
cffset binary, or two’s complement coding; and
single-ended ° or differential input. The next
sections describe the configuraticn ¢f the A/D on
different models of the DT2821 series boards.

3.6.1 INPUT RANGE

. Some DT2821 series boards permit selection of
unipolar or bipolar input ranges. If the board is
confiqured for unipolar lnputs, it should be used
with “positive voltages only. If configured for
bipolar inputs, the bdard accepts both posifive and
negative voltages.

Table 3-4 indicates which DT2821 series boeards
have user-selectable input ranges, and which do not.
The _ factory-shipped  — configuration is  bipolar
{(+/-10V) for all models,

3-9
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GETTING STARTED
L/D FUNCTIONS

TABLE 3-4: DT2821 SERIES INPUT RANGES

USER=~
MODEL HUMBER SELECTARLE
DT2821 Yes
DT2821-F-16SE Yes
DT2821-F=8DI Yes
DT2821-G-16SE Yes
DTZ821-G-8DI Yes
DT2823 No
DT2824-PGH Yes
DT2824-PGL Yes
DT2825 Yes
DT2827 No
DT2828 Yes

. Table 3-5 indicates the jumper selection of the
unipolar/bipolar input range.

TABLE 3-5; SELECTION OF INPUT RANGE

JUMPERS

INPUT RANGE Wl W2 W40
Bipolar
DT2821=-G-16SE, =10V (FC) Qut In Out
DT2821-G-8DI, 10V (FC} Out In Qut
DT2821-G-165E, %5V out In In
DT2821-G-8DI, %5V Qut In In
All other models {FC} Out In In
Unipolar
DT2821~G-16SE Qut Cut In
DT2821-G-8DI Out Cut In
All other models In Qut 1In

FC is factory configuration
NOTE

When chan ing the input range, you must
recalibrafe the A/D converter. bece Appendix
B for the calibratiocn procedure.

_The input range and the output coding (see next
sectlon£ selected” for the A/D convertefr should be
compatible, Bipolar lnputs require either offset
blnar¥ or two’s complement  output coding. For
unipolar inputs, straight binary output coding
should be used.

3-10
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GETTING STARTED
A/D FUNCTICHNS

3.6.2 CODING

At the end cf an_ A/D conversion, the incoming
analog_ input signal has  been cﬁanged into an
equivalent digital output which permits analcg input
information €0 be understcod and manipulated bg he
IBM Personal Computer AT processor. The outpu of
the DT2821 series board is a binary data word, the
coding ¢f which depends on the converter module and
board” jumper configuration.

Unipolar input ranges should be wused with
straight blnarg output fode. Bipolar input ranges
can bé represented using either offset binary "or
two’s complement blnarg coding, Table 3-6 indicates
which ccdes are available on each model. All models
except the DT2823 and DT2827 are sh;gped in offset
blnarg coding. The output coding on the DT2823 and
DT282 is not selectable. | These two boards are
shipped in two’s complement binary coding.

3-11
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GETTING STARTED
A/D FUNCTIONS

TABLE 3~6: DT2821 SERIES CODING
MODEL NUMBER CODING AVAILABLE

DT2821 Straight_Binary
(FC) Offsef Binary
Two's Complement

DT2821-F-16SE Straight_Binary
(FC) Offsef Binary
Two's Complement

DT2821-F-8DI | Straight Binary
(FC) Offseft Binary
Two’s Complement

DT2821-G-16SE! Straight Binary
{FC) Offsef Binary
Two’s Complement

DT2821-G-8DI Straight_Binary
{FC) OCffseft Binary
Two's Complement

DT2823 (FC) Twe's Complement

DTZ2824-PGH Straight Binary
{FC) Offsef Binary
Two's Complement

DT2824-PGL Straight Binary
(FC) Qffsef Binary
Twe’s Complemment

DT2825 Straight.Binary
{FC) Qffsef Binary
Two's Complement

DT2827 (FC) Two'’s Complement

DT2828 Straight.Binary
FC) Offsef Binary
Two’s Complement

FC is factery configuraticn

_Table 3-7 indicates  the jumper configuration
required to select straight blnarg offset blnarg
or twe’s complement coding. The DT,é23 and DT2827
are jumpered for two’'s complement binary, and cannot
be reconfigured.

3-12
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GETTING STARTED
A/D FUNCTIONS
TABLE 3-7: CODING SELECTION

JUMPERS
OUTPUT CODE W32!W33|W34|W35|W36|W37 W38 |W39

Straight Binary In |Out|Qut|In |In {In |In |Qut
Qffset Binary(FC) |[In [Out|Qut|In |[In |In (In |Qut

Two's Complement Qut|In |In {Cut|{In |In {In {Out
Selectable Mcdels

Tgoégzgomplement In |Qut|In !Qut|Qut|Out|Cut{In
T

Two’ s Complement In |Qut]In |Qut|Out|Cut|Qut|In
DT2827

FC is factory configuration

3.6.3 SE/DI

i The DT2821 series boards can accept inputs in
either single-ended 1input or differential input
mode, In_ single-ended mode, DT2821, DT2821-F-16S3E
DT2821-G-16SE~ DT2824-PGH, ~DT2824-PGL, and DT2825
make 16 channels available for 16 different signals
with a commen return path. In differential input
mode, each signal has a separate return path, thus
reducing the” number of input SLBnals 0 8 on the
DT2821,  DT2821-F-8DI 07T2§21-G-801, DT2824-PGH
DT2824-PGL and DT2825, The DT2823 and DT2827 each
have 4 differential channels and the DT2828 has 4
single-ended chanpels, Table 3-8 specifies the
inpit mode for each DTZ821 series board.

3-13
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GETTING STARTED
A/D FUNCTIONS

The input mode configuraticn for
15 selected at the factory and shculd not be

(VN
1

TABLE 3-8; DT2821 SERIES INPUT MODES
MODEL NUMBER AVAILABLE MCDES

DT2821 (FC) | Single-ended

Differential

DT2821-F-16SE Single-ended

DT2821-F-8DI Differential

CT2821-G-16SE Single-ended

DT2821-G-8DI Differential

DT2823 Differential

CT2824-PGH (FC)| Single-ended

Differential

DT2824-PGL Single-ended

(FC) | Differential

DT2825 Single-ended

(FC) | Diflerential

DT2827 Differential

DT2828 Single-ended

FC is factory configuraticen

_Table 3-5 indicates the jumper configuraticn
required to select SE or DI input mode for the
DTZ2821 series boards, Oan the DT2821, DT2824-PGH
DT2824-PGL, and DT2825 ave user-selectakble inpu

14
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GETTING STARTED
4/D FUNCTIONS

TABLE 3-9: INPUT MODE SELECTION

JUMPERS

MODEL NUMBER w3 wd WS We
DT2821

Single-ended (FC)! In | Qut| In | Qut
Differential Qut| In Out| In
DT2821-F-16SE In Qut| In Cut
DT2821-F-8DI Qut| In Qut| In
DT2821-G-16SE In Qut| In | Cut
DTZ2821-G-8DI Cut| In Qut| In
DTZ823 Out| In Cut | Out
DT2824-PGH

Single-ended (FC)| In | Qut| In | Qut
Differential Out| In Cut| In
DT2824-PGL

Single-ended In | Cut| In | Qut
Differential (FC)| Out| In Cut| In
DT2825

Single-ended In { Qut| In | Qut
Differential (FC)| Cuti In Qut{ In
DT2827 Qut{ In Qut | Out
DT2828 Cuty Cut| In | Cut

FC is factory configuration

3.7 D/A FUNCTIONS

NOTE

This section does 1ot apgly tc the
DT2824-PGH and DT2824-PGL models,

The DT2821 series boards permit the selection
of unipolar or bipclar output ranges separately for
each of the two on-board DACs. If a DAU is
cornfigured @ for unipolar operation, it outputs
positlive voltages only. If configured for  bipolar
cperaticn, _a DAC can output éither positive or
negatlve voltages within its selected range (x10V,
59V, or +2.5V).

Tables 3-10 and 3-11 indicate gumper selections
for the output range for each DAC and the factory
configuration. When jumpered for unipolar
operafion, the DT2821 séries board eﬁﬁects digital
data_ in straight blnarg coding. en 3set” for
bipoclar mede,” the DT2821 serles board euxpects
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digital data in offset binary ceding only.
TABLE 3-10: DAC 0 OUTPUT RANGE SELECTION

DAC O JUMPERS
OUTPUT RANGE w7 W8 wa K10

+10 Volts(FC) Qut} Out| In In
+5 Volts Out, In In Out
+2.5 Volts In In In Out
0 to 10 Volts Out| In Out | Out
0 to 5 Volts In In Cut| Qut

FC is factory configuration

TABLE 3~11: DAC 1 OUTBUT RANGE SELECTION

DAC 1 JUMPERS
CUTPUT RANGE | W1l W12 | W13 W14

210 Volts({FC)| Cut Qut In In
+5 Volts Out In In Out
+2.5 Volts In In In Qut
0 to 10 Volts]| OQut In Out Out
0 to 5 Veolts In In Qut Out

FC is factory configuration

When changing the output range, vyou must
recalibrate thé D/A converter, See Appendix B for
calibration procedures. Note that the DT2823 DACs
operate at ~the 1input range of *10V only and they
accept data in two’s’ complemént binary coding.

3.8 JUMPER SUMMARY

Table 3-12 provides a summary of the jumpers
used, on the DTZ2821 series boards. The tablé lists
the jumpers in numerical order, states whether the
gum ér "is user-configurable ("X"), and lists the

actory-configuration {In or Out).

3~16
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TABLE 3-12: JUMPER SUMMARY
DT2821- DT2821-
DT2821/|DT2824~| F-16SE/ F-8DI/
DT2824~|PGL/ DT2821~- DT2821- DT2823
JUMPER {1 PGH DT2825 G-16SE G-8DI DT2827 |DT2828
Wl X{Out) |X{Out) stut) X {0ut) Out (X (Out}
W2 X In} X(In) X{In) X{In) In X(In)
W X(In X {Out) In out Out Out
ﬂ4 § ?u?) § én)) %ut ént ént gut
W n ut n u u n
Wé X Out} X(In) Qut In Out Qut
Wi X{Qut X {out) X (Cut X Out; X(Out} X (Cur)
W8 XéOut) X {Out) X%Out X (Out X (Cut XtOut)
wa X{In X{In) X{In} XitIn X{In) |X In;
w10 XiIn X(In) X{In) X(In X(In) X§In
W1l |X{Cut) [X(Qut) X {0ut X (Out) X Out; X (Out)
g%% §§?ut) § ?ut} § ?ut §??ut) X {Out §E?u§)
n n n n X(In n
Wl4 |X{In X(In X{In X%In X({In X{(In
W15 [X(In X({In X(In X{In X(In X(In
W16 |X(In) X({In X(In) X{In X(In X(In
ﬁ%g X %ut) X{out) § gut) § ?ut) § ?ut) i ?ut]
g X(In X{In n n n n
W19 | X In} X In; X}Ini X In; X Ing X In]
W20 | X(Out) |X{Out) X {Out) X {Out) X (Out) XEOut)
W21l |X(In) X{In} X(In) X(In) X{In) |[X{(In)
W22 X{Out) X (0ut) X {Out) X (Out) X {Out) XEOut)
W23 {X(In) X{In) X(In) X(In) X{In} |X(In)
R R A e R I LS L I S L P TR b
n n n n n n
W26 [X(Out X Out} X Out; X Out; X Outg X Out;
W27 | X(Out X{0ut X (Out X (Cut X{Out) | X (Cut
W28 1X(In) X In% X(In) X(In) X({In) (X InL
W29 [X{(Cut X (Ou X (Out X {Out X{Out) [X (Ou
W30 [X{Out X {Qut X (Out X (Out X({Out) | X (Out
W3l [X{Out X (Out X (Out X ({Out X{Cut} [X (Out
W32 [X(In) X(In) X(In) X{In) In X(In)
W33 [X{Out X {Out X (Out X Out; Qut [X(Out
a e el L xies e | & e
] n n n n u n
W36 [X({In X(In X{In X(In Qut |X(In
W37 |X(In X(In X(In Xi{In Out |X(In
W38 |X(In X({In X%In X(In Out |X(In
W39 [X{Out) |[Xidut) X {Out) X {Cut) in X (Out)
W40 In In In/X{Out){ In/X(Out) In In
NOTE

Jumpers W7 through W14 are not installed on
the DT2824-PGH and DTZ2824-PGL models,
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CHAPTER 4
INSTALLATION AND USER CCNNECTIONS

INSTALLING THE DT2821 SERIES BCARD
USER CONNECTIONS
SINGLE~-ENDED AND DIFFERENTIAL INPUTS

4-1
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INSTALLATION AND USER COWNECTIONS
INSTALLING THE DT2821 SERIES BOARD

4.1 IKSTALLING THE DT2821 SERIES BOARD

The DT2821 series bcard is installed intc the

IBM Personal Computer AT backplane the same way as

any other board-level opticn, such as the " IBM

Monochrome Display or Parallel Printer Adapter. The

literature supplied with the IBM Personal Computer

QT d?scrlbes the board installation procedure in
etail,

. The = following  discussion _ summarizes  the
installation procedire for the DT2821 series board.

PRELIMINARY STEPS
1. Turn off the IBM Personal Computer AT.

2. Turn off all accessories (printer, modem,
monitor, and so on) connected to the IBM
Personal Computer AT,

3. Make sure the Key Lock 1s wunlocked (turn
Ehe) key counterclcckwise and remove the
key).

4, Unplug the entire system, including all
options, from wall outlets.

5. Unglug all cables from the rear of the
compufer.

BOARD INSTALLATICN

1. Remove the back panel (if attached) from
the rear of the 18M Personal Computer AT.
This 1is attached with wvelcro = fastener
strips.

2. Unscrew the five cover mounting screws
lccated on the four corners and the top
middle of the computer’s rear panel.

3. Gently remove the computer’s cover, sliding
it frem the rear to the front of theé
computer until it goes no further; then
tilt the front of the cover up diagonally
and remove the cover from the system’s
base. Situated at the inside left Tear on
the IBM Personal Computer AT are six full
bussed expansion slots and two B-bit busse
expansicn slots. The DT2821 series _board
must be installed in a fully bussed slot.

4-2
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4. Remove the blank  expansion slot_  cover,
saving the screw which held it in place.

5. With the DT2821 series bDboard’s retaining
bracket facing the expansion slot plate on
the IBM Personal Computer AT'S rear panel,
and the board’s Pl connector positioned by
the computer’s rear panel, firmly press thé
board into the chosen expansion slot.

Align the DT2821 series board’s retaining
bracket with the _expansion slot plate of
the IBM's rear Tanel.and replace the screw,
tightening 1t clockwise.

N

7. Replace the IBM Personal Computer AT's
cover. Tilt the cover up and slide 1t onto
the system’s base, making sure the cover 1is
under” the rail on the frame. TInstall the
five cover mounting scCrews, Reattach the
back panel to the IBM Personal Computer AT
by pressing the panel in place.

4.2 USER CONNECTIQONS

The DT2821 series board has three connectors,
labeled P1, P2, and J1. Pl and P2 connect the board
to the IBM Personal Computer AT bus. All Pl and P2
connections are made automatlcallg when the DT2821
series board is installed into_the backplane of the
IB¥ Personal Computer AT, All user connections to
the DT2821 series beoard (including analo? inputs,
analog outputs, digital inputs "and cufputs, an
external trigger, and an external <clock) are made
using connéctor Jl on the board, The piln
assignments for Pl and PZ are given in Agﬁendlx A,
The "JI1 gln assignments are given in Table 4-1 for
the DT2821, DT2821-F-16SE DT2821-F-8DI,
DT2821-G-165E, DT2821-G-8DT, DT28§4-PGH, DT2824-PGL,
and DT2825 boards. Table 4-2 sheows the Jl pin
assigmments for the DT2823 and DT2827, and Table 4-3
shows the J1 pin assignments for the DT2828.

4-3
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TAEBLE 4-1: J1 PIN ASSIGNMENTS FOR THE DTZ2871,
DT2821-F~165E, DT2821-F-8D1, DT2821-G-16SE
DT2871-G-8DI, DT2824-PGH, DT2824-PGL, and DT2825

SIGNAL NAME PIN & SIGHAL NAME
Channel 0 1 2 Channel 8 {0 Ret;
Channel 1 3 4 Channel 9 {1 Ret
Channel 2 5 o Channel 10 {2 Ret;
Channel 3 7 8 Channel 11 (3 Ret
Channel 4 g 10 Channel 12 (4 Ret
Channel 5 11 12 Channel 13 (5 Ret
Channel & 13 14 Channel 14 (6 Ret
Channel 7 15 16 Channel 15 (7 Ret
AGND 17 18 Amp Low
+15V Out 19 20 -15V Qut
FGND 21 22 DAC 0 Out
DAC 0 GND 23 24 DAC 1 Out
DAC 1 GND 25 | 26 | DGND .
DGND ' 27 | 28 1 DIO Port 0, Bit 0
DIi0 Port 0, Bit 1 29 30 DIC Port 0, Bit 2
DIO Port O, Bit 3 31 32 DGND
DIO Port 0, Bit 4 23 39 DIQ Port Q, Bit 5
DIO Port 0, Bit 6 35 | 36 | DIC Port 0, Bit 7
DGEND . 37 | 38 | LIO Peort 1, Bit 0
LIO Port 1, Bit 1 38 40 DIO Port 1, Bit 2
DIO Port 1, Bit 3 | 41 | 42 | DGND _
DIO Port 1, Bit 4 43 44 DIO Port 1, Bit 5
DIO Port 1, Bit 6 45 46 | DIO Port 1, Bit 7
DGRD , 47 | 48 | DGND
External Trigger In; 49 | 50 | External Clock In
NOTE ' o

o The x15V on pins 19 and 20 is_ intended only

to power active circuitry on Data Translation
screw terminal panels. Very limited current
is available, he +15V should not be used to
power external, user-supplied circuits.
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TABLE 4-Z:; J1 PIN ASSIGNMENTS FOR DTZ2823

AND DT2827

SIGNAL NAME PIN 2 SIGNAL HAME
Channel 0 1 2z Channel 0 Return
N/C 3 4 1 N/C
Channel 1 5 ¢ | Channel 1 Return
N/ 7 g8 | N/C
Channel 2 o 10 Channel 2 Return
N/C 11 | 12 | N/C
Channel 3 13 | 14 | Channel 3 Return
H/C 15 | 16 | N/C
AGND 17 | 18 | N/C
+15V Qut 19 1 20 | -15V Qut
PGND 21 | 22 | DAC 0 Qut
DAC 0 GHD 23 | 24 | DAC 1 Qut
DAC 1 GND 25 | 26 | DGND ,
DGND _ 27 | 28 | DIQ Port Q, Bit 0
DIOC Port 0, Bit 1 29 | 30 | DIO Port 0, Bit 2
OICO Port Q, Bit 3 31 32 DGND .
0IQ Port 0, Bit 4 33 | 34 | DIO Port 0, Bit 5
DIO Port 0, Bit 6 35 36 DIO Port 0, Bit 7
DGND , 37 | 38 | DIO Port 1, Bit O
OIO Port 1, Bit 1 39 40 DIO Port 1, Bit 2
DIO Port 1, Bit 3 41 | 42 | DGHND ‘
DIQ Port 1, Bit 4 43 44 DIC Port 1, Bit 5
DIC Port 1, Bit 6 45 46 DIO Port 1, Bit 7
DGND _ 47 | 48 | DGHD
External Trigger In| 49 | =0 External Clock In
NOTE

© The #15V on pins 19 and 20 is_ intended_  only
Lo power active c1rcu1tr§ on Data Translation
screw terminal panels, ery limited current
is available, The 15V should not be used to
ower external, user-supplied circuits,

o H/C means no connection.
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TABLE 4-3: J1 PIN BSSIGNMENTS FPOR THE DTZ2828

SIGNAL NAME PIN # SIGNAL NAME
Channel 0 1 2 AGND

H/C 3 4 N/C

Channel 1 5 6 AGND
N/C 7 8 n/C
Channel 2 g 10 AGND

w/C 11 12 N/C
Channel 3 13 14 AGND
N/C 15 16 N/C
AGND 17 | 18 . H/C

+15V Qut! 19 20 =15V Qut!

PGND 21 22 DAC Q Qut
DAC ( GND 23 24 DAC 1 Out
DAC 1 GND 25 | 26 | DGND
DGND . 27 | 28 | DIO Port 0, Bit O
DIO Port ¢, Bit 1 25 | 30 | DIO Port 0, Bit Z
DIO Bort 0, Bit 3 31 | 32 | DGND
DIC Port 9, Bit 4 33 | 34 | DIO Port 0, Bit O
DIC Port C, Bit 6 35 36 DIO Port C, Bit 7
DGND ‘ 37 38 DIQ Port 1, Bit 0
DIC Port 1, Bit 1 39 40 DIC Port 1, Bit 2
DIO Port 1, Bit 3 41 | 42 ! DGND ,
DIC Port 1, Bit 4 43 | 44 | DIO Port 1, Bit >
DIO Port 1, Bit © 45 46 DIC Port 1, Bit 7
DGND ] 47 48 DGND
External Trigger In| 49 50 External Clock In
NOTES

¢ The %15V on pins 19 and 20 is intended only
to power actlve circuitry on Data Translation
screw terminal panels. Very limited current
1s available. he +15V should not be used to
Fower external, user-supplied circuits,

o N/C means no connection,

4,3 SINGLE-ENDED AND DIFFERENTIAL INPUTS

~ _With single-ended A/D inputs, the return _sides
of all the analog charnels are ccnnected together to
the low point cf the board’s analog input circultry
{amp low) . The high side of each analog_ input i%s
connected to 1ts own input in the multiplexer
circuit built into the beoard’s A/D converter.

4-6

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



INSTALLATION AND USER CONNECTIONS
SINGLE-ENDED AND DIFFERENTIAL INEUTS

In single-ended input mode, the wvoltage the
board’s /D input amplifier sees eguals:

INPUT VOLTAGE = V(CHAW HIGH) - V(AMP LOW)
For the DTZ828, V(AMP LOW) is replaced with V(AGHED}.

Single-ended inguts have the advantage of
Broviding maximum channel density. Because the
T2821 séries boards (except the "DT2827 and the
DT2828) have 16 multiplexer  switches in
single-ended cperation the board can_accommodaﬁe 16
A/D channels, The DT2828 has 4 multiplexer switches
and can accomcdate 4 A/D channels. The disadvantage
to single-ended 1inputs, however, 1s that they are
sensitive to noise plcﬁed up tﬁrough the 1Input
cables. Single-ended  connections. should be
restricted to applications with high level voltage
inputs (fuvll scale input range >1V) and short input
lead lengths (<1% feet]).

‘ When a DT2821 series board with differential
inputs 1s wused, both the return side and the high
side of each analog chanrnel regquire a separafe
multiplexer switch.  The board’s input amplifier is
operated in differential mode, where the voltage the
amplifier sees on its input equals:

INPUT VOLTAGE = V(CHAN HIGH) - V(CHAN RET)

In differential oeeration the amplifier sees
only the Tdifference™ 1in voitage between the high
end of the input channel (CHAN HI H; and the return
side of the input channel (CHAN RET).

Differential connections have the advantage of
reducing common mede nolse (noise in the form of
voltageS common to both sides of the analog input).
The amplifier built into the board’s A/D converter
has a Common Mode Rejecticn Ratio (CMRR) of 80dB!
at a gain of cne. his means that, in differential
input mode, the beard’s analo? inputs are 10,000
times less sensitive to woltages common to both
sides of the ainput than they are to voltage

e A T e

! A differential amplifier’s Common Mode ReJection
Ratic (CMRR) can be calculated by the f&llowing
equatiocn:

DG
CMRR = 20 log{l0) ---
. . , CMG .
where DG is the differential gain and CMG 1s the
amplifier’s common mode gain.
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NSTALLATION AMD USER C
D DIFFERENTIAL INPUTS

I
SINGLE-ENDED &N

differences hetween the two sides of the input,

Differential inputs have ¢the disadvantage of
relatively low channel gensity. BEecause each analo
channsl uses two multiplexer switches, a DTZ32
series board with ~differential  1inputs can
accommodate only 8 analog inpuf channels (except the
DTZ727 which ¢Tan accemmodate only 4 differential
analog input channels).

Figure 4-1  through 4-3 illustrate  some
connecticn schemes used &n the DTZ2821 series boards.
Figure 4-1 shows the connection cf  sixteen
single-ended channels; Figure 4~2 shows how a
4-channel single-ended connection 1s made; Figure
4-3 illustrates an 8-channel  differenfial
cennection.

Pin 1:*“"’(29 :::>

o
V15
1
AMP LOW
15 C
vcm >ACm
i AGND

17{)6

FIGURE 4-1: 16-CHANNEL SINGLE-ENDED CONNECTION
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o ®
C‘) Pin 1] 7 >
v

Y bal
A AGND |

v <
FIGURE 4-2: 4-CHANNEL SINGLE~-ENDED CONNECTION
Pin 1
veQ o @.l—:D
RemO :{Z)cho
'}

15

g—&
Rem? E) vem?
. AGND
70 =g

FIGURE 4-3: 8-CHANNEL DIFFERENTIAL CONNECTION
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CHAPTER 5
INTERFACE REGISTERS

INTRODUCTION

A/D CONTROL/STATUS REGISTER

CHANNEL-GRIN LIST CONTROL/STATUS REGISTER
A/D DATA REGISTER

D/A CONTRQL/STATUS REGISTER

D/A DATA REGISTER

DIO DATA REGISTER

SUPERVISORY CONTROL/STATUS REGISTER

PACER CLOCK REGISTER
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INTERFACE REGISTERS
INTRODUCTION

5.1 INTRODUCTION

Eight interface registers are provided on the
DTZ821 “series board feor centrel, data transfer, and
status functions, These registers are acceSSLDie in
the I/0 addressing area. he base register (ADCSR)
address 1s jumper-selectable from 200 (hex) to 3EO
(hex) 1n increments of 20 (hex). All registers are

le-bits wide, and are word-accessible only.

All registers are fully described in  this
chapter, and are listed 1in Tabhle 5-1. Register
addresses are described as cffsets from a
user-selected base address.

TABLE 5-1: REGISTER ADDRESS ALLOCATIONS

ADDRESS
BASE +
{HEX) REGISTER NAME ACCESS

0 4/D Control/Status R/W
2 Channel-Gain List Control/Status| R/W
4 A/D Data Read
6 D/A Control/Status R/W
g8 D/A Data Write
A DIO Data R/W
C Superv1sor¥ Control/Status R/W
E Pacer Clcc R/W

The  following sections  cocntain  explicit
descriptions, of eadch interface register and its
program apgllcatlgn. Conditions which set or clear
each structure (bit or field) are shown.

5-2
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ADCSR

5.2 A/D CONTROL/STATUS REGISTER

. The ADCSR 1is a read/write  register that
interfaces to and controls the A/D séction of the
board. This register:

Enables the A/D Done Interrupt

Reports an error conditien

Reports a done condition

Reperts a multiplexer busy condition

o o o g O

Enables, the pacer clock to start A/D
conversions

o Is used to lcad the RAM channel-gain list,

Figure 5-1 gives the bit assignments of the
BDCSR.

NAME: A/D Control/Status
MNEMONIC: ADCSR

ADDRESS: Base address + 0
ACCESS: R/W

A/D RAM
Lcne Channel-Gain
List
A/D f
Clock -
EnaTle Gain Channel ‘

15114|13|12|11|10| 9| 8| 7| 6f 5| 4| 3| 2| 1 O
| |

Interrupt
Read as 1s on A/D
Done
A/D ,
Error Multiplexer

Busy
FIGURE 5-1: ADCSR BIT ASSIGNMENTS
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Bit 15 - A/D Error (A/DERR), Read only
This bit indicates an errcr has ~cccurred from
one of the following causes:

0 Attempting any A/D conversion while the
module 15 .busg. The module is busy for a
specified time that 1is deEendent on each
medule  used, Since he multiplexer
settling time 1s overlagged with the z/D
conversicgn, whenever e signal MITXBUSY
(bit 8) is 1, an A/D clock {eifher internal
or external) sets the error bit. This is a
clock error.

o Attempting any A/D conversicn while the DMA
pipeline “is full. The pipeline being full
implies that both the module buffer and the
on-board data buffer are currently occupied
by valid data. This 1is a data overrun
error,

o Attempting to trigger the DT2821 series
board while SCDN™{bpit 8 of the SUPCSR) 1is
clear (the DTZBZ1 series board 15 currently

in a triggered scan). Another trigger
before the 3can is finished causes an "A/D
error. Check to make sure SCDN 1s set

pefore triggering the scan,

o Attempting to trigger the DT2821 series
bcard while doing” non-scan DMA (A/D or
D/A). ©One trigger enables the pacer clock
for the entire DMA transfer. In A&/D
clocked DMA or D/A cleccked DMA mode, do not
trigger the board when DMA Dene (SUPCSR bit
15) "1s clear. This is a trigger overrun
error.

This, bit 1s cleared on_bus reset, = board
initializaticn, or by setting ADCINIT (bit 6 1in
the SUPCSR) .

Bits 14-10 - RESERVED, Read as 1/Write ignored
These pits are unassigned and readd back as
cnes. All writes to these bits are ignored,

S5=4
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Bit 9 - A/D Clock Enable (ADCLK), R/W
When set, this bit enables the overflow of the
pacer clodk to start the A/D conversion. When
clear, this bit disables the pacer clock from
causing conversions in the A/D section. This
bit mudt be set in order to do A/D conversions.

This bit can be set and cleared under pregram
control and 1s cleared at bus reset or bdard
initialization,

Bit 8 - Multlgle ier Busy (MUXBUSY), Read only

When this bit 1nd1cates that the
multlpleher is still settling., A clock (either
internal or external) ulse when MUXBUSY is set
causes A/DERR (bit to set. When clear,
this bit 1nd1cates that the multiplexer in the
module has settled and is ready to convert the
analog value.

Bit 7 -~ 4/D Done (A/DDONE), Read only
When set, this bit 1nd1cates that the A/D has
completed a conversion and the data is now
valid in the ADDAT Register. Reading the ADDAT
Register automatically clears this bit. If
andther conversion completes before the A/D
Data Register lS read two consecutive reads
will be necessarg cléar A/DDONE. In DMA
mode when this bit sets, a DMA transfer begins
d the bit automatically clears once the ata
has been transferred.

This bit 1is cleared at bus reset, board
initialization, settlng ADCINIT {bit 6 in
the SUPCSR), or by reading €he ADDAT Register.

Bit 6 - Intetrugt on A/D Done (IA/DDONE), R/W
When this bit is set, the setting "0f A/DDONE
(bit 7) generates an interrugt td the CPU u on
completlon of each conversion. When in the
mode this bit allows DMAD (bit 15 of the
SUPCSR) to cause an interrupt.

This bit can be set and cleared under program
control and 1is <cleared at bus reset or becard
initialization,
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3its 5-4 - Gain Select (GS), R/® _
These bits provide the programmable gain code
for the RAM channel-gain list entry. "Since the
DT2827 and DT2828 do not have programmable
gain, these bits are ignored on thesé boards.
L1E {(bit 15 of the CHANCSR) must be set in
order to write t¢ these bits. They can be read
at anytime. When read, these bits reflect the
galn of the channel settllng not the gain of
he channel belng converted. ¢e Chapter 6 for
a discussicn cf the overlap mode,

The gain selected is determined as follows:

GAIN G551 GS0
SELECTED (BIT S|BIT 4
1 0 ¢
2 or 10 0 1
4 or 100 1 0
8 or 500 1 1

These bits can be set or cleared under program
control when LLE=1l, and are cleared at bus
reset ¢r beard initializaticon.

Bits 3-0 - Channel Select (CHAN), R/W

These bits spec;fg the next channel address to
be written to the RAM channel-gain list., LLE
(pit 15 of the CHANCSR} must be 5et in order to
write t¢ these bits, They can be read at any
time. When read, these hits reflect the
channel settling, not the channel keln
converted. See Chapter 6 for a discussion o
the overlap mode.
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The channel selected is determined as follows:

CHANNEL CHANNEL SELECT BIT
SELECTED 3 2 1 0

0 0 0 0 0

1 0 0 0 1

2 Q 0 1 0

3 0 0 1 1

41 0 1 0 0

5 0 1 0 1

& 0 1 1 0

7 0 1 1 1

8 1 0 0 0

3 1 0 0 1

10 1 Q 1 0

11 1 0 1 1

12 1 1 Q 0

13 1 1 0 1

14 1 1 1 0

15 1 1 1 1

NCTE

1. The DT2823, DT2827, and DTZ2828
have oniy four channels

(numbered 0 1, 2 and 3).
Channel Select” bifs 2 and 3
are ignored for the DT2827 and
DT2828, Addressing channels
above channel 3 (channels 4
through 15) results in
repetition. Channel 0 1s
addressed  for channel 4,
channel 1 1is addressed for
channel 5, and so on.

These bits can be_ set and cleared under program
control when LLE=1, and are random at power up,
and are unchanged at bus reset or board
initialization.
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5.3 CHANNEL-GAIN LIST CONTROL/STATUS REGISTER

The CHANCSR 1is a read/write register that
controls ~and monitors most of the activity

assoclated with the RAM channel-gain_  list, Excess
writes to the RAM channel-gain list result in
overwriting of the RAM channel-gain list. Fer

example, 1f the CHANCSR specifies 4 entries and ycu
do 6 writes to the RAM channel-gain list, the £irst
and the second entries are ovefwritten By the fifth
and sixth entries, respectively.

Pigure 5-2 gives the bit assignments of the
EHAEC%&E Sectién 6,1.4 details he channel-gain
is .

NAME: Channel List Control/Status
MNEMONIC: CHANCSR

ADDRESS: Base address + 2

ACCESS: R/W

Number of RAM

Load Present Channel-Gain
List Address Entries
EnTble
|
15/14(13|12|11|10] 9| 8| 7| &| 5| 4| 3| 2| 1| 0O
Read as 1s Readslas ls

FIGURE 5-2: CHANCSR BIT ASSIGNMENTS

Bit 15 - Load List Enable (LLE), R/W
This bit must be set in crder tc lcad the RAM
channel~-gain list. When this bit is clear,
writes t0 GS (bits 4 and 5 of the ADCSR) and
CHAN (bits 0 to 3 of the ADCSR) are ignored.

This bit is cleared on bus reset or board
initialization_and can be set and cleared under
program control.

Bits 14-12 - RESERVED, Read as 1/Write ignored
These bits are unassigned and readd back as
ones, All writes to these bits are ignored.
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Bits 11-8 - Present List Address (PRESLA), Read onlx
These blts_spec;fg the pointer into the RAM
channel-gain  list, not the contents of the
list. When loadlng, these bits specify the
address of the next entry.

These bits are cleared at bus reset or Dboard
initializaticon and when writing to the CHANCSR,

Bits 7-4 - RESERVED, Read as 1/Write ignored
These bits are unassigned and read back as
ones, All writes to these bits are ignored.

Bits 3~0 - Number of RAM Entries (NUMB), R/W
These blts.spec;fg how many entries in the RAM
channel-gain list are used for the scan. The
RAM channel—galn list holds 16 entries, but you
can specify Irom 1 to 16 channels for a scan.

The number of RAM channel-gain list entries is
determined as follows:

NUMBER |LAST RAM! NUMBER OF RAM ENTRIES
SELECTED| ADDRESS|BIT 3 BIT 2 BIT 1 BIT O

NN LB OO OO~ R UM B L B
HHEPE R OO0 O0O000
HHOOHHROOHKEOOH OO
HOHOROROOROEOHCO

H=SHRPOOOOFHFRFROOOO

N Lad DO b= SO 00 AN Ui W = O

bt e 2
N L
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5.4 A/D DATA REGISTER

The ADDAT Register is a read-onlx register that
contains the digital data from the R/D Conversicn.
The kit assignment ¢f the ADDAT Register 1is shown in
Figure 5-3.° The DT2823 and DT2827 use the full
le=bits in the register, while all other nmodels
(CT2821, DT2821-F-16SE, HT2821~F-8DI, DT2821-G-16SE,
DT2821-G-8DI, DT2824-PGH, DT2824-PGL, DT2825 and
DT2828) only use 12 bits in the reglsfer (bit 11 1is
the MSB). In binary gunlpolarL and offset binary
(pipolar) coding, “bits 12 through 15 read back as
zercs. In two’s.comglement coding, bits 12, through
15 are tied to bit 11 to supply slgn extension.

KAME: A/D Data

MWEMONIC: ADDAT

ADDRESS: Base address + 4
ACCESS: Read only

sign extensicn
fcr'l2-bit models

(two’T complement)

|15 14|13]12/11]10| 9| 8| 7| 6| s| 4| 3} 2 1{ 0

N

16-bit MSB 12-bit MSB

FIGURE 5-3: ADDAT REGISTER

Refer to the coding tables in_ Appendix D for
examples of Dbinary,  offset binary, and two's
complement data codes.
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DACSR
5.5 D/A CONTROL/STATUS REGISTER
NOTE
This section does not El to the
DT2824-PGH and DT2824-PGL mode

The DACSR is a read/write register that
interfaces to and contrels the D/A and DIO secticns
of the DT2821 series bhoard. The bit assignments are
shown in Figure 5-4.

NAME: D/A Control/Status
MNEMONIC: DACSR

ADDRESS: Base address + ¢
ACCESS: R/W

Interrupt
on D/A
Ready DIO High
Byte QOutput
Single Enable
Chafinel
Select Reads
Reads as ls as 1ls

J 1
15(14|13)|12|11{10| 9| 8f 7| 6| 5| 4| 3| 2y 1| 0

D}A Y Channel D/A[Clock DIO Liw
Error Select Enable Byte Qutput
Enable

D/A Ready

FIGURE 5-4: DACSR BIT ASSIGNMENTS
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Bit 15 - D/A Error (D/AERR), Read only
This bit indicates an error has “occurred from
cne cf the following causes:

o} Attemptlng any conversion while DACEDY (bit
7)) 1s  sét This 1s a clock error in
programmed I/0 mode.

O Attempting any conversion before fthe DMA
transfer “is complete. This is a data late
error in DMA mode.

This bit is cleared on bus reset or board
initialization or by setting DACINIT (bit 5 in
the SUPCSR).

Bits 14-10 - RESERVED, Read as 1/Write ignored
These bits are unassigned and read bpack as
cnes. All writes to t ese bits are ignored.

Bit 9 - Y Channel Select ({YSEL), R/W _
When SSEL (bit 8) 1is set, this bit <chooses
between the X channel (DAC D), and the ¥
¢hannel (DAC 1). When SSEL is clear YSEL 1is

nored, Bg setting YSEL, the Y channel (DAC
IZ receives the data.” By ciearlng YSEL, the X
channel (DAC Q) receives the data.

This bit can be set and cleared under program
control and 1is cleared at bus reset or board
lnitialization,

Bit 8 = Single Channel Select (SSEL), R/W
This bit determines whether the data alternates
between both DACs or goes to one DAC. When
cleared, this bit indicatés dual-channel (X-Y)
mode and YSEL (bit 9} is ignored. When set
SSEL indicates single-c annel” mode, and XSEL
determines the DAC.

This bit can be set and cleared under progran
control and 1s cleared at bus reset or poard
initializaticn.
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Bit 7 - DAC Read{.(DACRDi),_Read only

When set, this bit indicates that the D/A has
completed a conversicn and new data can be
entered into the DADAT Register. When clear,
this bit indicates that the D/A can be clocked.
The bit automatically clears when the DADAT
Register is written to (once or twice degendln

upcn the state of SSEL, bit 8), and the bi

séts again following the D/A conversion caused
by a clock (either internal or external), This
bit operates similarly 1in DMA mode, 1n that
when set, 1t causes a DMA request and 1is
cleared as the DMA transfer of the word (or
words) 1s completed.

This bit 1is set at  bus reset, board
initialization, or by setting DACINIT (bit 5 in
the SUPSCR).

Bit € - Interrupt on D/A Readg_(ID/ARDYl, R/W

In non-DMA mode, when this bit 1s set, the
setting of bacrDY (it 7) generates an
interrupt to the CPU. When in D/A clocked LMA
mode, thls bit enables the setting of DMAD (bit
15 of the SUPCSR} to generate an interrupt to
the CPU. When in A/D clocked or A/D trlggered
scan DMA mode, DACRDY cannot interru the
prccessor, and you must poll DACRDY (bit 7) to
determine the state of the DAC.

This bit can be set and cleared under program
control and 1s cleared at bus reset or bdard
initialization.

Bit 5 - D/A Clock Enable (DACLK), R/W
When set, this bit enables Ehe pacer clock to
start a D/A conversicn.

This bit can be set and cleared under program
control and 1s cleared at bus reset or bdard
initialization.

Bits 4-2 - RESERVED, Read as 1/Write ignored
These bits are unassigned and read back as
ones. All writes to these bits are ignored.

Bit 1 - DIO High Byte Output Enable (HBOE%, R/W
When set, "this bit enables the high byte of the
DIC port for digital cutput. When clear, the
DIO, high byte port lines are enabled for
digital input--the external,CLrCULtr¥ assumes
control of them. The setting of this bit
allows  whatever 1s present in the DIODAT
Register to be present on port 1
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This bit can be set or cleared under program
control and 1s cleared at bus reset or board
initialization.

Bit 0 - DIO Low Byte Qutput Enable (LBOEA, R/W
When set, thls bit enables the low byte of the
DIO port for digital output. When clear, the
DIO low byte port lines are enabled for digital
input--the external _c1rcu1tr¥ assumes control
of them. = The setting of this bit allows
whatever 1s present in the DIODAT Register to
be present on port 0

This bit can be set or cleared under program
control and is cleared at bus reset or board
initialization,
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5.6 D/A DATA REGISTER

NCTE

This section does not apﬁly to the
DT2824-PGH and DT2824-PGL medels|

The DADAT Register is a 12-bit, write-only
register that reCeives the digital data that is tc
be“converted by the D/A convertér (or DAC). The bit
assignments are shown in Figure 5-5.

NAME: D/A Data

MNEMONIC: DADAT

ADDRESS: Base address + 8
ACCESE: Write only

|15 14(13]12]11]10] 9| 8] 7] 6] 5| 4| 3] 2] 1] o

16-bit MSB
12-bit MSB

FIGURE 5-5: DADAT REGISTER

In dual-channel mode, the first data word goes

to the X channel (DAC 6) and the second data word

oes_to the Y channel (DAC 1). Both are latched.

imultanecus conversicns on DAC 0 and 1 occur on the

first clock (either internal or external) after the
second data weord is written to the DADAT.

Refer to the coding tables in, Appendix D for
examples of binary or offset binary coding. The
DACs on the DT2821 series do not retCognize” two's
complement coding.
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2.7 DIOQ DATA REGISTER

The DIODAT Register is a read/write register
that receives the digital data to be transferred to
or from the DT2821° series  board. The  bit
assignments are shown in Figure 5-6.

The state of LBOE and HBOE (DACSR bits 0 and 1)
determines the direction of data flow in the DIO
ort. If the byte is set for digital inputs, writes
0 the corresponding bgte in the DICDAT are 1igncred,
Reads of the corresponding byte show the state of
the port’s input lines,” Changes in the input line
are reflected in the register immediately. If the
byte 1is set for digital output, writes to the
corresponding byte resalt in immediate changes to
the digital™ outputs, Reads of the correspondin
Eyte request the current state of the digital outpu
1nes.

When a port is enabled for output, the current
contents of DIODAT 1s output to the correspondin
ort. It is recommended that you lecad the desire
it pattern into the DIODAT Register before enabling
the port for cutput,

The contents of the DICDAT Regilster are random
at power up and are unchanged at bus reset or board
initialization.

NAME: DIQO Data

MNEMONIC: DIODAT

ADDRESS: Base address + A
ACCESS: R/W

%i?_ LST TSB L3B
{}5 14|13(12/11|1019% |8 71 6| 5| 4| 3| 2| 1] 0
| | | I

High Byte Low Byte
FIGURE 5-6: DIODAT REGISTER
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5.8 SUPERVISORY CONTROL/STATUS REGISTER

The SUPCSR 1is a read/write register that
interfaces to and controls the supervi8ory sections
of the board, These sections comprise the DMA Mode
select initializaticn  bits, "and clock source
controi. The bit assignments for the SUPCSR are
shown in Figure 5-7.

WAME: Supervisory Control/Status
MWEMONIC: SUPCSR

BEDDRESS: Base address + C
ACCESS: R/W

DAC_
Initjalize
) External
Dual DAC Single Clock
DMA Conversion Enable
Interrupt Buffer Software
on Trror T Trnger
15114113112|11{10( 9} 8| 7| €| 5| 4| 3| 2| 1] 0
| b {
DMA Scan Prelcad
Done Done Multiplexer
Clear DMA A/D | External
CMA  Mode Initialize  Tri ger
Cone Select Enable
. Board
Initialize

FIGURE 5=-7: SUPCSR BIT ASSIGNMENTS

Bit 15 - DMA Done {(DMAD), Read only
When set, this bit indicates “that the DT2821
series hoard has completed the requested DMA
transfer.

This bit can be cleared under program control
{by settlng CLRDMADNE--bit 13), and is cleared
at” bus resef or board initializatiomn.
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Bit 14 - Tnterrupt on Error (ERRINTEN), R/W
When set, his bit enables the setting of
either A/DERR (bit 15 of ADCSR) or D/AERR™ (bit
15 of DACSR] to generate an interrupt accordin
tc the following table. (See bits 10 and 1
for an explanaticn of the DMA modes.) When
clear, no interrupt 1s generated on error.

DMA ERROR BIT ENABLED
MODE FOR INTERRUPT
0 2/DERR or D/AERR
1 A/DERR
2 D/AERR
3 A/DERR

This bit can be set and cleared under program
control and 1s cleared at bus reset or board
initialization.

Bit 13 - Clear DMA Done (CLRDMADNE), Read as 0/W
Writing a 1 to this bit clears DMAD (bit 15}.
Writing a 0 is ignored.

This bit can be set under program control and
always reads as a 0

Bit 12 - Dual DMA (DDME), R/W .

When set, this bit selects = Continuous
Performance DMA operaticn. In this mcde, twe
DMA channels are used to  transfer data
continuously te (or from) memorg. Setting this
bit changes two distinct aspects cf thée DMA
contrcl "used with the DT2821 series board.
First, the DMA transfer dces not terminate when
DMA Terminal Count {T/C) 1s detected on Dbus
finger B27. Second, the DMA alternates between
two se%arate channels (swltching occurs ¢n
T/C). The first DMA channel (jumper-selecteq)
is always the one selected "first K in _this
alternating scheme. When this bit is clear,
the first DMA channel (jumper-selected) is the
default channel. This bit should only be set
1f you have jumper-selected two DMA channels.

This bit can be set and cleared under program
control and 1s cleared at initialization.
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Bits 11-10 - DMA Select (DS), R/W o
These bits define the DMA activity for the
DT2821  series board as specified in the
following chart., The different DMA modes are
described in Chapter 6.

BIT 11(|BIT 10
DS1 Dso DMA MODE
Q 0 No DMA (PIO)
0 1 A/D clocked DMA
1 ¢ C/A clocked DMA
1 1 A/D triggered scan DMA

These bits can ke set and cleared under program
control and are cleared at initialization,

Bit 9 I Buffer B (BUFFB), Read only with enabled
clear .
In Dual-DMA mode (bit 12 is set), this bit
indicates which DMA buffer is being used. When
set, this bit indicates that the "present DMA
buffer is buffer 2 (buffer B). When clear,
this bit indicates that the present DMA buffer
is buffer 1 (buffer A), Writing this bit to a
1 initializes DMA and clears thi§ bit, Writing
a 0 to this bit is ignored. If this bit 1is
set, and you write a zerd, this bit staXS set.
You must write BUFFB to a 1 (to clear it}
before doing any DMA transfers, Single-buffer
DMA must Use "buffer 1 (buffer A),  Dual-DMA
must start with buffer 1 (buffer 2a).

This bit is random at power up and, 1is only
cleare¢d by 1ts enabled clear (writing a 1 to
this bit).

Bit 8 - Scan Done (SCDN), Read onlg

When set, this bit indicates that an A/D scan
has completed and, if the DMA DONE bit is not
set, that another scan can nocw, be, t;lggered.
When clear after a trigger, this bit indicates
that the A/D has not finished the scan. Before
the first trigger, this bit can be ignored.
Clock pulses are” automatically disable when
this bit sets in DMA modes 0 and 3. In modes 1
and Z this bit is not used. In DMA mode 3,
ancther trigger starts another scan. A trigger
when this "bit is clear (after the first
tr%gger) causes B/DERR (bit 15 of the ADCSR) to
set’
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This bit 1is random on power wup, and is
unaffected = by bus reset or board
initialization.

Bit 7 - DAC Single Conversicon (DACON), Read as (/W
writing a I to this bit causes a single D/A
conversion.  This bit can _be used to cause D/A
conversions in programmed I/0 mode while the
A/D is being used iIn DMA mode. This bit should
only be set when DACRDY (bit 7 of DACSR) is
clear. Writing a 0 tec this bit is ignored.

This bit is cleared at initialization. This
bit always reads as a 0

Bit 6 - A/D Initialize (ADCINIT), Read as 0/W
Writing a 1 to this bit clears A/DERR (bit 15
of the ADCSR) and 1initializes the A/D data
buffer circuitry, Writing a 0 to this bit 1is
ignored, This™ bit shotuld be set before A/D
conversions are started.

This bit can be set under program control and
always reads as a 0,

Bit 5 - D/A Initialize (DACINIT), Read as O0/W
Writing a 1 to this bit clears D/BRERR (bit 15
of thé DACSR) and 1initializes the DAC data
buffers, Writing a 0 to this bit is ignored.
This bit should be set before DAC convérsions
are started. Settlng this bit deces not change
the output of the DACs.

This bit can be set under program control and
always reads as a 0

Bit 4 - Preload Multiplexer (PRLD), Read as 0/W
Writing a 1 to this bit preloads the first A/D
channel (from the RAM channel-gain list) into
the multiplexer, ert;n? a 0 tc” this bit 1is
ignore@. If the multiplexer 1s not preloaded,
the first conversion 1s done on _ whatever
channel 1s "left over™ in the multiplexer., If
you do net preload the multiplexer, the first
conversion should be disregarded.

This bit 1is set under program control and
always reads as a 0
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Eit 3 - Software Trlgger (STRIG), Read as 0/W
wWriting a 1 to fhis bit starts the pacer clock
circuif. Writing a 0 to this bit is ignored.
STRIG 1s a program contrclled trigger and can
be used to énable the internal or external
clock (depending c¢n XCLK--bit 1).

DO NOT SET STRIG (BIT 3) AND XTRIG
(BIT 2) AT THE SAME TIME.

This bit can be set under program control and
always reads as a 0

Bit 2 - External Trigger Enable (XTRIG), R/®W .
When set, this bit allcws the external trigger
signal on pin 49 of J1 to set up and enable the
input to the pacer clock circults. The
exgernal trl?ger‘ does not start an A/D or D/A
conversion. signals the DT2821 series board
that an ewvent has happened and the board can
begin conversicns by either an external or
infernal clock {depending on XCLK).

DO NOT SET XTRIG (BIT 2) ABND STRIG
{8IT 3) AT THE SAME TIME,

This bit can be set and cleared under program
control and 1is cleared at bus reset or bdard
initialization,

Bit 1 - External Clock Enable (XCLK), R/W
When set, this bit enables the external clock
signal on pin 50 of Jl as clock source for
starting conversions, The  external clock
signal "determines_ the _clocking rate. When
clear, the internal oscillator and pacer clock
section determine the clocking rate.

This bit can be set or cleared under program
control and 1s cleared at bus reset or bdard
initialization,

Bit 0 - Board Initialization (BDINIT) Read as 0/W
Writing a 1 to this bit clears all the error
flags, the control and status registers (ADCSR,
DACSR, and SUPCSR), and the “data buffers.
Writing a 0 _to this bit 1s i1gnored. BDINIT
returns the DT2821 series Dboard to the
powered-up state, This bit does not effect the
contents of DICDAT or DADAT.

This bit can be set under program control and
always reads as a 0
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5.9 PACER CLCCK REGISTER

The TMRCTR is a read/write register that
contains the count that 1is lcaded intoc the pacer
clock circuit as well as the prescale count, When
read, this register contains the current count and
prescale of the divider. At overflow, the divider
and prescale are reloaded with the original values.
the bit assignments are shown in Figure 5-8.

, . Bits 11 through 8 form a 4-pit prescale that
divides the 4MHz clock bg a power of 2, from 0 to 15
(1 to 32,768), Bits 7 through 0 form the 8-bit
count for the frequency sét up by the prescaler
bits. The freguenc rate of ° A/D A or
simultanecus A/ and D/ 1is a result of both the
prescaler and counter bits. Chapter € has a
detailed discussicn of the pacer clock frequencies,

NAME: Pacer Clock
MNEMONIC: TMRCTR

ADDRESS: Base address + E
ACCESS: R/W

Reads as ls

&)
=9
[
o
=
o

1511411311211 (10( 9| 8| 77 ¢©
| |

Prescaler Counter Bits
Select Bits

FIGURE 5-8: TMRCTR BIT ASSIGNMENTS

Rits 15-12 - RESERVED, Read as l/Write igncred
These bits are not used and read back as ones.

Bits 11-8 - PRESCALER SELECT BITS (PRS3, PRS2, PRS1,
PRS0), R/W
These bits select the value of the prescaler
divider as shown 1in Table 5-2. The divided
output of the prescaler clocks the pacer clock
circuits,

These bits can be set and cleared under program
contrcl and are cleared at initialization,
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TABELE 5-2: TIMER COUNTER PRESCALE
PRESCALE BITS PRESCALE RESULTING
11| 10 9 g DIVISICN |FREQUENCY (Hz)
0 0 0 0 1 4000000,

0 0 0 1 1 4000000G.

0 0 1 0 4 1000000.

0 0 1 1 8 500000,

0 1 010 16 250000.

0 1 0 1 32 123000,

0 1 1 0 64 €2500.

0 1 1 1 128 31250.

1 0 0 0 25¢6 15625,

1 0 0 1 512 7812.5

1 0 1 0 1624 390€.25

1 0 1 1 2048 1953.125
1 1 0 0 4006 976.5623
1 1 0 1 8192 488.2813
1 1 1 0 16384 244.140¢
1 1 1 1 32768 122.0703

The first two wvalues of the prescale bits
ge%§ct the same frequency, as shown in the
able.

The resulting freguency can be further divided by
the counter bits {Bits 0 through 7).
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Bits 7-0 - COUNTER BITS, R/W
These bits are the divide by count lcaded into
the pacer clock. This Vvalue 4is_ the one’s
complement of the desired data wvalue. When
read, these bits provide the current count of
the pacer clock,

These bits can be set and cleared urder program
control, are random at power, uE, and  are
unchanged at bus reset or poard initialization.

TABLE 5-3: TMRCTR COUNTER BITS

COUNTER BITS

DIVIDER | (ONE’S COMPLEMENT)
(DECIMAL) | HEX DECIMAL
255 0 0

254 1 1

128 IF 127

127 80 128

126 81 129

1 FE 254

0 FF 255
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PRINCIPLES OF CPERATICHN
A/D CONVERSION

6.1 A/D CONVERSION

An analog-to-digital (A/D) converter changes an
analog voltagé (like the ogtgut of a thermocouple, a
pressure sensor, or an oscillator) into a digital
code of 0’s and 1’'s which 1is intelligible’to a
computer,

6,1.1 OVERLAP MODE A/D OPERATION

In  the DT2821 series exceBt the
DT2828--Simultaneous Sample and Hold) A/D system,
A/D conversion haEEens as follows (refer to the
block diagram of the A/D converter in Figure €-1 and
the timing diagram in Figure 6-2):

b4 R B v
GAIN AWRLIFIER I I
L LIV ¥ ,
REC TS 10w g A/D
GalN HOLD COMVEATEA
1 B-CHANNEL RESTSTOR
WA TIPLEXER WE TR
8 DIFFERENT[aL}

THS TR MTAT [ON
AP LFIER

FIGURE 6-1: BLOCK DIAGRAM--A/D CONVERTER

i, The analo% multiplexer chocses one input
channel from those connected teo the board,
These channel addresses are preloaded 1nto
the RAM channel-gain list and the first
channel is, applied to the multiplexer’s
address lines’ when PRLD (bit 4 of the
SUPCSR} is set., ~ MUXBUSY (bit 8§ of the
RDCSR)  autcmatically sets to signal that
the multiplexer is settling.

2. The Programmable Gain Amplifier buffers the
analog "input, and may ilncrease its voltage
level "based on the associated galn bits.
Since the analcg 1input signa from the
transducer may be onl¥ +1.25Y maximum_on
the DT2821, "DT2821-F-16SE, DTZ821-F-8DI,
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DTZ821-G~163E, or DT2821-G-8DI, an
amplifier 1s wused to boost the signal’s
voltage (by specifying a_gain of 8) td the
0 tol +10° wolt Tunipolar) or *10 volt
(bipelar) level required by the board’s A/D
converter. For the DT28%27, the amplifier
serves as a unity gain buffer. The voltage
15 not 1ncreased.

3. A sample and _hold circuit samples the
selected analo signal from the
multiplexer, MUXBUSY (bit 8 of the ADCSR)
clears to signal that the multiplexer has
settled, A trigger (either internal or
external) now marks the beginning of the
scan.

4. On the first clock pulse (either 1internal
or external} after the trigger, the sample
and hold circuit switches to hold and, the
A/D converter translates the analog signal
held by the sample and hecld into a "digital
code, The next channel from, the” RAM
channel-gain 1list is locaded into the
multiplexer and MUXBUSY sets.

6-3

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



PRINCIPLES CF OPERATION
A/D CONVERSION

TAIGGER
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FIGURE 6-2: OVERLAF MODE TIMING DIAGRAM
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6.1.2 SIMULTANEQUS SAMPLE AND HOLD OPERATION

Simultaneous sample, and hold c¢onverters are
used in applications which require the analog input
signals on multiple channels to be measured at he
same  time. he DT2828 acccomplishes this by
dedicating a separate sample and hold c¢ircuit tD
each input channel., These sample and hold circuits
are simultaneously switched into hold mede by the
first clock pulse  after the trigger (either internal
or external), The values capturéd by each channel’s
sample and hold circuit remain constant while the
A/D channels are converted {one conversion per clock
pulse) . The DT2828 uses a single A/D converter to
process the analog signals  Sequentially. The
resulting digital codes represent the wvoltage
present on the channels at the same instant.

Simultaneous sample and hold A/D conversion
happens as described below. (Refer teo the block
diagram of the SS&H A/D converter in Figure 6-3 and
the timing diagram in Figure 6-4.)

O S/H ——

S/H o 3 BIT g
AMPLIFIER : BiT 8

| 12-8IT A/D L0
S/H CONVEATER —

S/H MULTIPLEXER AT A7,

FIGURE 6-3: BLOCK DIAGRAM--SS&H A/D CONVERTER

1. PRLD {bit 4 of the SUPCSR) selects channel
0 on the multiplexer and puts all the
sample and hold  c¢ircuits in sample.
Muxbusy (bit 8 of the ADCSR) automatically
sets td signal that the multiplexer i3
setting on Channel 0.

2. The sample and hold circuits are _now
tracking the input analog_ signals. A clock
pulse (either  internal “or external)
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triggers the _circuitrg intgo "hold"™ mode
and Channel 0 is coenverted while channel i
is settling through the multiplexer.

3. The other three sample and hold circuits
have acquired the analcg signals, and are
storing it cn capacitors awaiting

subsaquent clock pulses which convert thé
held values.

4. The Amplifier buffers the analog input. No
gain 1s available on the DTZ2828°

5. Subsequent clock pulses cause remaining
channels in the scan to be converted. When
the final channel 1is converted and the
input multiplexer returns tc channel 0, all
sample and hold c¢ircults once again go into
sgmpl% mode . This sequence repeafs from
step 2.
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FIGURE 6-4: SS&H TIMING DIAGRAM
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6.1.3 RESOLUTION
The A/D system of the DT2B821 series boards has

12 or l¢ bits of resclution. Models DT2821,
DT2821~F-165E, DT2821-F=-8DI DT2821-5-16SE,
DT2821-G-8DI, DT2824-PGH, DT2524-PGL, DT2825 and
DT2828 use a 12-bit A/D converter; models DT2823 and
DT2827 use a l6-bit converter.

In all DT2821 series bLoards, the incoming
analog signal 1s converted 1nto a binary number.
With “the ~ DT28721 DT2821-F-16SE, DT2821-F-8DI,
DT2821-G-16SE, DT2821-G~8DI, DT2824~PGH, DT2824-PGL,
DT2825, or DT2828, the binary number  is 12 bits
long, and can assume 4036 different states (4096
equais 2 to the 12Zth). & 12-bit converter can
therefore resolve differences on an.analo? input as
small as 0.024% (0.024% equals 1C0 times 174096) of
the selected analo input range. The 16-bit
converters on_ the DTZ2823 and [TZ827 meodels can
assume 65,536 different states (65,536 1s 2 to the
léth}, and can resclve differences as small as
0.0015%  (or 15.26 ppom} of the selected analog input
range.

6.1.4 RAM CHANNEL-GAIN LIST

The DT2821 series boards have a l6-enftry RAM
channel-gain list that holds channel numbers and
their asSoclated gain 1n any_ order vyou want to
sample them. Bifs 0 through™5 of the ADCSR contain
the channel (bits 0 to 3) _and gain (bits 4 and 5)
for the RAM channel-gain list éntry. LLE (pbit 15 of
ihe CHANCSR) must be set before you can load the

ist.

Load NUMB (bits 0 to 3 of the CHANCSR) with the
nurber of entries you want to load into the RaM
channel-gain list (see Section 5.3). Then write to
the ADCSR GS (bits 4 and 5) and CHAN (bits 0 to 3
for each entry. These writes are loadlng the 1lis
seguentlally——the first write ¢to the ADCSR (after
LLE is set) loads the first channel and gain to be
done, the second write to the ADCSR loads the second
channel and galn. Section 7.2.3 (except for DT2828)
or 7.2.7 ({DT2828) has a step-by-step discussion of
programming for an A/D triggered scan. The RAM
channel—galn list overwritéS any excess writes to
the ADCSE. For example, 1f NUMB equals four and you
write the ADCSR (when LLE=1l) six times {with values
0, 1, 2, 3, 4, and 5) the RAM channel-gain list
overwrites the first and second entries with the
fifth and sizth writes (so the RAM channel-gain list
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ends up with 4, 5, 2, and 3 as the entries).

Once all the entries are lcaded, clear LLE (bit
15 of the CHANCSR). Set PRLD (bit 4 of the SUPCER).
Wait for MUXBUSY to clear. While waiting, write to
the ADCSR to enable interrupt on done or enable A/D
clock (or hoth} if necessary. After MUXBUSY clears,
send a trigger (either intérnal or external). SCDN
bit 8 of thé SUPCSR) automatically clears on the
irst clock to indicate _a scan 15 in progress.
Conversions occur on each clock after the trlgger.
Do not retrigger until SCDN (bit 8 of the SUPCSR)
sets again.

6.1.5 UNIPOLAR AND BIPOLAR RANGES

Unipolar 1input ranges recognize  positive
voltages only, Cn thé DT2821, DT2821-F-16SE,
DT2821-F-8DI, DT2821-G-163E DT2821-G-8DI,
DT2824-PGH, DT2824~PGL, and DT2825, a unipolar range
should be used only with input signals ranging frdm
0 to +1,25V to” 0 to +10v, degendlng on  the
programmable gain selected. Cn the DTZ2828 a
unipolar rangé should be used only with input
signals ranging from 0 to +10V (no” programmable
gain). The "DT2823 and DT2827 models “are not
configurable for a unipelar range.

Bipelar input ranges accept voltages which can
be ositive or negative. On the DTZ2821,
DT2821-F-163E, and DT2821-F-8DI they should be used
with input signals from *1,25V to +10V full scale,
depending on the grogrammable gain selected. On the
DT2827 and_ DT28:28 "thev should bDe used only with
input signals ranging from 10V full scale (no
programmakle gainj.

Cn DT2821 series boards with 12-bit converters
{all boards  except the DT2827£, Kou _can select
unipolar or bipg¢lar input ranges by changing Jjumpers
on the board. Tre DTZ2827° has” a non-séléctable
bipolar 1nﬁut range. The jumper configurations are
given in Chapter 3.

IMPORTANT
After changing the gumper configuration to
select a "differenf analog inpuf range, the
A/D conversion subsystém shoula be

recalibrated. See ppendix B for the
calibration procedure.
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t.1.0 OUTPUT DATA CODING

Cn unip¢lar input ranges, all DT2821 series
boards provide straight 1nar¥ output coding. On
bivolar ranges, the DTZ2821, DT2821~F-16SE,
DT2821-F-8DI, DTZ821-G-165E, DTZ2821-G-8D1,
DT2824-PGH, DT2824-PGL, DT2825, and DTZ828 can
provide either co¢ffset binary or two’'s complement
coding. The DTZ2823 and DTZ827 provide onlg twc’s
complement coding for a bipolar input, efer to
Appendix D for 12-bit gnlgolar codlng ables as well
as 12-bit and l6-bit bipclar ccding fables.

6.1.7 PRCGRAMMABLE GAIN AMPLIFIER

. Software selectable gains permit the analoeg
inputs con the DT2821 series board to accommodate a
wide range of voltage levels.

Table 6-1 details the full scale input ranges
which result when the DT2821 DT2821-F-165E,
DT2821~F-8DI,  DT2821-G-16SE,  DT2821-G-8DI, or
DTZ2824-PGH's amg;lfler gain is set for 1, 2, 4
in unipolar or bipolar modes. The DT2827 and
do not have programmable gains.

, or B8
DT2828
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TRBLE 6-1: INPUT RANGES WITH PROGRAMMABLE GAIN

] | ACTUAL + FULL
GAIN | INPUT RANGE SCALE INPUT:
Unipeolar
1 0 te +10 v +8,9976 V
2 0 to +5 ¥V +4.5988 V
4 0 te +2.5 V +2.4994 v
8 0 to +1.25 vV} +1,2487 V¥
Bipolar
1 10 v +8.9951 V¥
2 x5V +4,9976 V
4 2,5V +2.4988 V
8 1,25V +1.2494
NOTE
1. The Actual + Full Scale Input is

the lowest wvoltage required fo
produce an output Code from the
A/D converter of all 1’s (or a
zero followed bg all 1's for
twe’s  complement) . Increasing
the input voltage beyond the
Actual "+ Fuyll Scale Input does
nct result 1n a change to the
digital ccde output™ from the
board’s A/D _ converter, The
Actual +Full Scale Input
corresponds to the +Full Scale
Voltage minus 1 LSB (Least
Significant Bit).

6.2 D/A CONVERSICN

NOTE

This section does not apply to DTZ824-PGH
and DT2824-PGL models. PPy

. . A digital-to-analog éD/A) converter changes a
digital Code of 0’'s and 1’s (as might come from a
nost computer) into a continuously-¥arying analog
signal (as might be required to drive an audio
amplifier, a chart recorder, or process actuators).

The DT2821 series board’s D/A system contains
6-11
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two 12-bit D/A cocnverters {DAC 0 and DAC 1) which
may be operated in any of three modes, as detérmined
by' SSEL (bit 8 of the DACSR) and YSEL (bit 9 of the

DACSR) . SSEL specifies single- or dual-channel
mode, and YSEL specifies the channel (when in
slngie—channel mode) . When SSEL 1s high, and  YSEL

15 hlghl the Y Channel (DAC 1) recelves the data,
If 3SEL 1s high, and YSEL 1s clear, the X channel
{DAC 0) receives the data, If SSEL is clear, YSEL
1s 1gnored and the data alternates batween the two
DACs, with DAC 0 receiving the first data point, but
conversion does not occur until the first clock
pulgg after the second data word (for DAC 1) is
written.

The DACs on the DT282]1 series boards provide
constant ocutput after the first data cint is
written to them, Subsequent writes to the DACs
simply change the output voltage.

PCR EX&MFLE

Data is written to DAC 0 which results in a

+1V  output, This +1V signal remains on the

output of DAC 0 until new data is written to
ghange it, or until the system is powered
OWn.

The outgut cf both DACs are random at power up
and are unaffected by BINIT (bit 0 of the SUPCSR).,

€.2,1 D/A RANGE SELECTICH

The various output ranges for DAC G and DAC 1
are jumper-selected con_the DT2821 series board.
Since the cutput range Ior each DAC 1s selected
separately, different cutput ranges can be selected
at the safe time on DAC 0 and DAC™1.

Unipolar output ranges provide positive
voltages, only. They should bpe selected wnere the
cutpuf signal” range 15 0 to +5V or 0 to +10V,

Bipolar output ranges provide voltages which
can  be ROSltlve or “negative, They should bLe
selected where the cutput “signal rangé 1s *2.5V,
15V, or 210V,

When unipolar ocutputs are selected, ¢the data
written to the DT2EZ1 series board should be in

straight binary code, When Dbipolar outputs are
selecfed, the data should be in offset binary code.
5-12
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Appendix D contains unipolar and bipolar coding D/A
tables, The 1¢-bit DACs on the DT2823 accept
digital code in two’s complement only and provide
bipolar outputs.

HOTE

Whenever the output range for either DAC 1is
changed, that DAC should he recalibrated.
Appendixz B contains the D/A calibration
procedure,

6.3 DIGITAL I/O

The Digital Input/Cutput (also called Digital
I/0 or DIC) subsystem of the DT2821 series board
permits the IBM Personal Computer AT to be used with
peripherals which accept or supply parallel digital
data. Parallel data regquires a separate electrical
connection for each bit,

.. On the DT2821 series board, a total of 16
Digital I/O 1lines are provided., The 16 lines are
divided into two ports of 8 lines each., Either port
éor both ports together) can ke used for writin

ata out of the DT28Z1 series board (digital output
or . reading data into the DTZ2821 series board
(digital input). All connections for the 16 Digital
I/07 lines are made on connector J1 or on the
cptional DT707 or DT752 Screw Terminal Panel.

.. . Both ports are enabled for input after
lnitialization o©r o¢on power up. In order to output
to one or both ?orts, you must set the enable bits
(bits 0 and 1) of "the DACSR,  When set, the
correspending b{te of the DIODAT Register is written
to the Digital I/0 lines. You should write the
required bif pattern into the DIODAT Register before
ena.llng the port for output. Whatevefr kit pattern
is in the DIODAT Register when the port 1is enabled
fcr output 1s sent €o the DIO port.

FOR EXAMFLE
If LBOE (bit C of the DACSR) is high, and
HBOE (bit 1 of the DACSR) is low, the data
in the low byte of the DIODAT is _output on

the DIO lines f{port 0). The high byte is
Tasked out, and no data is written  to port
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. A/D and D/A conversicns are started by a
triggar. There are two types of triggers: an
external, user-supplied <trigger; o¢r an 1lnternal,

software trigger (bit 3 of thé SUPCSR).

_ Actual conversion of the analog data does not
pbegin until the £first clock after the trigger.

&.4.1 EXTEENAL TRIGGER

You may wish to synchronize the triggered scan

with some outside event. You therefore must be able
to specify the exact time at which to set up for
converslcons, To s ec1f§ an external trigger, set
ETRIG (bit 2 of the SUPCSR!}.

§.4.2 INTERNAL TRIGGER

~With the scftware trigger the exact time at
which an sequence begins {for example, the moment a
triggered scan_ begins) 1s difficult to c¢ontrel.
SinZ& the trigger 1s c¢reated in software, anything
which affects the IBM Perscnal Computer AT’S bus
activity affects the exact moment at which the
software trigger is issued.

6.5 CLCCKS

Cn a DT2821 series board, ,a clock 1s an
glectronic frequency  source which 1s used to

initiate repetitive “data conversions. You must
enable the " clock input to the A/D and D/A sections
of the board separately. Either of two clock

sources can be used con the DTZ821 series board. Set
ACLK {bit 1 of the SUPCSR) to -enable the external
clock signal (from pin 50 <¢f Jl). When XCLK is
clear, theé internal oscillator, TMRCTR, and pacer
clock section determine the clecking rate. You need
tc enable the cleck for the A/D (sef ADCLK--bit 9 of
the ADCSR) or the ©D/A ({set DACLK--bit 5 of the
BACSR) separately.

6-14

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



PRINCIPLES OF CPERATICN
CLOCKS

6.5.1 EXTERNAL CLOCK

You may wish to synchronize the conversions
with some outside event.” You therefcre must be able
tc specify the exact time at which to perform the
conversions., 7To specify an external clock, set XCIK
(it 1 of the SUPCSR).

£.5.2 INTERNAL CLGC

By writing to the TMRCTR, you can load the
divider circult as well as a prescale count for the
pacer clock.

The total frequency range is from 4MHz to

0.476837Hz. This 'works out to a range of periods
from 0.00000025 seconds (250 nanoseconds) to 2,097
seconds. The usable freguency range 15 from
12%.032kHz to 0.476837Hz (7.75 micreseconds to 2.097
seconds) . Table = 6-2 shows some freguenciles
available from the internal oscillator, TMRCTR, and
pacer clock circuitry. These are not all the

available frequencies, nor does the table show all
the possible combinations to get a wanted frequency.
For example, to get the pager” clock to output at
55.556kHz (last™ two entries on the next page), you
can have a prescale of 0 and a counter c¢f B (hex)
or a prescale ¢f 2 and a counter of A (hex).

. Use the followigg formula to deduce the counter
variable and use 1fs neighboring prescaler. See
Table 6-2 for the prescaler values.

The Equation for the DT2821 Pacer Clock
¥ = 255 - ({4,000,000 / 2"N) / F)

X = Counter Value (Bits 7-0 of Pacer Clock
Register}) = | .

N = Préscale Divisor (Bits 11-8 of Pacer Clock
Register) ‘ .

F = Desired Sampling Frequency in Hertz

Example 1

If the "Desired Sampling Frequency" in Hertz is
50,000 or 50 kHz then:

Assumptions: Let N=(0 for first iteration

X = 255 - ((4,000,000 / 2~0) / 50,000)
X = 255 - ((4,000,000 / 1)y / 50,000)
6-15
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Solving inner parens
X = 255 - (4,000,000 / 50,000)

¥ = 2535 - 80
X =175
X = AF in hex

The value written tc the Pacer Clock Register
for a 50 kHz sampling rate 1is:

O00AF hex
Example 2

If the "Desired Sampling Frequency" in Hertz
is 1,500 or 1.5 kHz then:

Assumptionsg: Let N=0 for first iteration

¥ = 255 - ((4,000,000 / 2~0) / 1,500)

X = 255 - ((4,000,000 / 1y / 1,500)

Solving inner parens

X = 255 - (4,000,000 / 1,500)

X = 255 - 2666,7 Since 2666.7 is greater than
255 the prescale value must be increased. The
next wvalue that would change the prescaled |
frequency 1s to let N=2, his would also yield
a value too great tc be lcaded into the counter
part of the Pacer Clock Register. Let N=4.

X = 255 - ((4,000,000 / 24y / 1,500)

X = 255 - ((4,000,000 / 16) / 1,500)

6-16

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



PRINCIPLES OF OPERATION
CLOCKS
Selving inner parens
X = 255 - (250,000 / 1,500)
X = 255 - 166,7 Since 166.7 is not an integer
it must be rounded to the nearest for the closest
frequency available so I will round up to 167
255 - 1867
X = 88
X = 58 in hex

»
Il

The value written to the Pacer Clock Register
for a 1.5 kHz sampling rate is:

0458 hex
The sampling rate is:
F = ({4,000,000 / 2°N) / 255 - X)
F = ((4,000,000 / 2~4) / 255 - 88)
F = ((4,000,000 / 16) / 167)
F = (250,000 / 167)
F = 1,497,006 Hertz or 1.497 kHz
Hints
gETe£b§? the Prescaler is 2°0 = 1 and
gfgeﬁggisggi.Pacer Clock Register is a 19§

Remembér not ALL frequencies can be exactly
obtained thus the round to nearest.
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TABLE 5-2: EXAMPLE PACER CLOCK FREQUENCIES

FREQUENCY TMRCTR

(Hz) PRESCALE [ COUNTER
800.000k 0 FA
250.000k Q0 EE
153.84¢6k 0 ES
133.333k 0 E3
100.000k 0 D7
50.000k 2 AF
44,444k 0 Ad
10.000k 4 E6
1.000k 4 03
L7181k 8 EB
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2.6 DMA MODES

There are four DMA modes;  Dual-DMA a/D
triggered scan, A/D clocked, and D/A ciocked.
Dual-CMA mode wuses two DMA channels to provide
Continucus Performance to (or from) memery. A/D
triggered scan provides a means ¢f starting a scan
cf “Channels on a software cr extermal trigger. A&/D
clecked and D/& clocked DMA provide one conversicn
for each clock pulse received, The DMA mode 1s
specified by DS (bits 10 and 11 of the SUPCSR}.

TABLE ¢-3: DMA MQDES

D31 DSO
BIT 11{BIT 10 DMA MODE
0 0 | No DMA
0 1 A/D clocked DMA
1 0 D/A clocked DMA!
1 1 /D triggered scan DMA
NOTE

1. This infeormaticn does not agglg to
the DT2824=-PGH and DT2B24-PGL
models.

6.6.1 DUAL-DMA MODE

By setting DDMA (bit 12 of the SUPCSR), you are
selecting Dual-DMA mode for Continupus Performance
tc (or from) memory. The first DMA channel operates
normally. The signal TERMINAL COUNT on bus finger
B27 doce§ not stop D transfers, but tries to start
the cther channel, In order to continue DMA
tranﬂfers,lgou must have set up the other DMA
channel with the required number of transfers, the
DMA memory page, and the DMA base address., To stop
DMA transfer§, you should reset DDMA (bit 12 in the
SUECSR) . The next TERMINAL COUNT stops DMA in the
same manner as normal (single channel) DMA,

Both DMA controllers can be set up before
starting the DMA transfers. The interrupt handling
routine should reinitialize the DMA controller:
Check BUFFB (bit 9 of the SUPCSR) to determine which
puffer is currently being used. Refer to Chapter 7
for details on programfing sequences, Dual-DMA is
discussed where applicable,
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6.6.2 A/D TRIGGERED SCAN DMA

By setting bits 10 and 11 of the SUPCSR, ou
are selecting the A/D trlggered scan DMA mode, ¥he
DT2821 series performs one A/D conversion on each
clock pulse until the last element in_ the RAM
channel-gain list is reached, The  clock is
automatlcallg disabled, and the multiplexer is
preloaded with the channel gpecified by the first
entry 1in the RAM channel-gain 1list. The DT2821
series board does one conversion for each clock
Eulse, but does not restart the scan (as defined b

he RAM channel-gain list) until either STRIG (bit g
of the SUPCSR)™ sets or an external trigger occurs
(if ETRIG--bit of the SUPCSR 1s set}. TERMINAL
COUNT (T/C) on the IBM Personal Computer AT bus
stops DM& transfers if not in Dual-DMAE mode. Refer
to Section 7.2.3 {except for the DT2828) or Section
7.2.7 (for the DT2828) for a detailed programming
sequence for A/D triggered scan.

£.6.3 A/D CLOCKED DMA

By clearing bit 11 and setting bit 10 of the
SUPCSR Kou aré selecting the A/D clocked DMA mode.
Each ciOC', either internal or external, produces
one conversion. TERMINAL COUNT (T/C) on the IBM
Perscnal Computer AT bus stops DMA transfers 1f not
in Dual-DMA mode. Refer to Section 7.2.4 (excegt
for the DT2828) or Section 7.2.8 (for the DT2823)
for a detailed programming sequence for A/D clocked
DMA.

6.6.4 D/A CLOCKED DMA

NOTE

This section does not apgly to  the
DT2824-PGH and DT2824~PGL medels’,

y setting bit 131 and clearing bit 10 of the
SUPCSR ou are selecting_the D/A"clocked DMA mode.
Each ciocz, elither internal or, external, produces
one conversion (two conversions in ﬁ-Y mode) .
TERMINAL COUNT (T/C)} cn the IBM Perscnal Computer AT
bus stops DMA transfers if not in Dual-DMA mode.
Refer to Section 7,3.2 for a detailed pregramming
sequence for D/A clocked DMA.
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6.7 PROGRAMMING THE DMAR CCNTROLLER

In order to Erogram the IBM Personal Computer
AT’s [DMA contreller, you must sup lB the following
irnformation. If you are using Dual-DMA mode, vyou
must supply this information twice. To continue in
Dual-DMA mode, the DMA channel not being used must
be reprogrammed while the cther channel 1s in use.

1. DMA Memory Page

The IBM Personal Computer AT's DMA
controller handles a maximum of 16 address
lines. These lines can be used to access
URAMtO 64K words of random access memory
(f %AM A DMA page ;% a block 85A64K words
o) . B specifyin a Iy age, you
determine wh¥ch E4K wgrdgblock of pRgM Ehe
CMA controller can access. Page 0 is the
first 64K word block of RaM. Page 124 13
the last 64K word block of a lé6Mbyte RAM,

2. DMA Base Address

The DMA Base Address is the _lowest memory
address, on_ the de81?nated 64K word memors
%age which 1s read from on a DMA Rea

ransfer or written to on a DMA Write
Transfer,

Note that after a transfer to or from the
base address 1s accomplished, subsequent
transfers in a DMA operation access higher

addresses, That " 1s, the DMA memory
addresses always increments rather than
decrements,

3. DMA Word Count

The DMA Word Count reEresents the total
numpber of DMA word transfers to or from
memory which take place in ang particular
DMA oOperation. DMA Word Count of zero
specifies a single word. Therefore, the
DMA Word Count 1s always one fewer than the
number of word transfers required.

4, DMA Mocde

The DMA Mode specifies several DMA transfer
characteristics:
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0 DMA Channel

DMA Channel selects whether DMA channel
5, DMA channel %, or DMA channel 7 1is
used. The DMA channel specified in DMA
Mode must be the same’ as selected in
aumpers for the DT2821 series board.

efore spec1fylng a DMA channel, make
sure the DMA channel 1s avaliable.
Check the technical informaticn on the
gerlpherals in the IBM  Personal
omputer AT to make sure that none of
the peripherals are wusing the  DMA
S%gggﬁl {or channels) being used by the

o Read Transfer/wWrite Transfer

DMA Mcde alsc determines whether the
DMA transfer is from memory and inte
the DT2821 series  beard fa  Read
Transfer), or from the DT2821 series
board intc memory (a Write Transfer).

o Autoinitialize

DMA Mode can also | set  the  DMA
controller to operate in Autoinitialize
mode. In RAutoinitialize mode, when the
number of words specified by the DMA
Word Count is reached, TERMINAL COUNT
is net asserted as usual, and the DMA
controller resets 1itself to the DMA
Base Address, and the DMA operation
repeats, This is not Dual-D mode
but rather allows the same DMA channel
to be used continuously. Your program
must  make sure new data does "not
cverwrite old data.

5. DMA Mask
Before a DMA channel can accept a system
DMA request, it must be enabled by the
appropriate setting of the DMA mask, This

permits the DMA "channel to perform the
requested data transfer.
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6.7.1 DA REGISTERS

Information is written to the DMA controller by
Erogrammlng the DMA registers. Table 6-4 ccntains a
isft of thé DMA registérs which are used 1n_ runnin
the DT2821 serie§ board in DMA mode. All the DM

registers are eight bits wide.

TABLE 6-4: DMA REGISTERS

ADDRESS

(HEX) DESCRIPTION
gr DMA Page Select, channel 5
89 DMA Page Select, channel 6
3A DMA Page Select, channel 7

0C4 Base Address, channel 5
Qce word Count, channel 5

0Cs Base Address, channel 6

OCA Word Count, channel 6

0CC Base Address, channel 7

OCE Word Count, channel 7

0D4 Mask Register

0D6 Mode Register

QD8 Byte Pointer Flip/Flop

6.7.1.1 DHA Page Select, Channel 5 (8B, WRITE)

. The DMA Page Select Register for DMA channel 5
is a write-on register” located at address 8B
(hex). It selects which 64K word memory page 1is
ugsed for DMA transfers, A value of 0 selecfs the
first page, and 124 selects the last page of a
léMbyte system,

6.7.1.2 DMA Page Select, Channel 6 {89, WRITE)

) The DMA Page Select Register for DMA channel 6
1s a write-only register” located at address 89
(hex). It selects which 64K word memory _page is
used for DMA transfers. A value of 0 Selecfs the
first page, and 124 selects the last page c¢f a
léMbyte System,
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6.7.1,3 DMA Page Select, Channel 7 (8A, WRITE)

) The DMA Page Select Register for DMA channel 7
is a write-on register  located at address 8A
(hex) . It selects which 64K word memory page 15
used for DMA transfers. A value of 0 selecfs the
first page, and 124 selects the last page of a
leMbyte System.

6.7.1.4 Base Address, Channel § (0C4, R/W)

The Base Address Register for DMA channel 5 1is
located at address 0C4 Thex). It should be written
with a l6-pit Base Address value. The Base Address
Register for channel 5 1is a read/write register,
Whén read, it indicates the current memory address
where the DMA controller is reading or writing data.

6.7.1.5 Word Count, Channel 5 (0C6, R/W)

The Word Count Register for DMA_  channel 5 1is
located at address 0C6_ (hex). The Werd Count
Register for DMA channel 5 is a read/write register.
When read, it indicates the present word transfer
taking place in the DMA controller,

6.7.1.6 Base Address, Channel 6 (0C8, R/W)

The Base Address Register for DMA channel 6 1is
located at address 0C8 t{hex)., It should be written
with a 16-bit Base Address value. The Base Address
Register for channel 6 1s a read/write register,
Whén read, it indicates the current memory &ddress
where the DMA controller is reading or writing data.

6.7.1.7 Word Count, Channel 6 {0CA, R/W)

The Werd Count Register for DMA channel 6 is
located at address O0CA_ (hex). The Word  Count
Register for DMA channel 6 is a read/write register.
wWhérn read, it indicates the present word transfer
taking place in the DMA controller.
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6.7.1.8 Base Address, Channel 7 (0CC, R/W)

The Base Address Register for DMA channel 7 1is
located at address 0QCC Thex). It should be written
with a 16-bit Base Ahddress value. The Base Address
Register for channel 7 1is a read/write register.
Whén read, it indicates the current memory,K address
where the DMA controller 1s reading or writing data.

©.7.1.9 Word Count, Channel 7 (0CE, R/W)

The Word Count Register for DMA channel 7 1is
located at address OCE_ (hex). The K Word Count
Register for DMA channel 7 is a read/write register.
Wwhén read, 1t 1indicates the present word transfer
taking place in the DMA ccntroller,

6.7.1.10 Mask (0D4, WRITE)

The Mask Register is located at address 0D4
(hex) . It 1s "used to enable the channel which is
used for DMA transfers. A byte wvalue o¢f 1 (hex)
enables channel 5. & byte value of 2 (hex) enables
%hannel 6. A byte value of 3 (hex) enables channel

6.7.1.11 Mode (0D6, WRITE)

The Mode Register is located at location (D6
(hex), and is uséd to select the DMA channel number,
to determine whether the DMA coperation 1s a write to
memory or a read from memory, and whether to
auteinitialize or not.

. Any of twelve values can be written to the Mocde
Register. These values are listed in Table 6-5.
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TABLE €-5: MODE REGISTER VALUES

VALUE MEMORY DMA AUTCIN-
(HEX) FUNCTION CHANNEL ITIRLIZE?
45 Write 5 No
49 Read 5 Heo
5% Write 5 Yes
59 Read 5 Yes
46 Write © Ho
4K Read 6 No
56 Write 6 Yes
LY Read ) Yes
47 Write 7 No
4B Read 7 No
57 Write 7 Yes
5B Read 7 Yes

6.7.1.12 Byte Pcinter Flip/Flop (0D8, WRITE)

. Writing any data value to the Byte Pointer
Flip/Flop Register (address 0D8, hex) causes
the  DMA confroller’s bgte fllp/leE to be
reset, and indicates the next write to an
l16-bit register is the first {lew) byte o
data. This_ register should be written before
any programming Of the DMA reglster commences,
This" régister should be writfen to even if all
the data”™ to program the DMA controller 1is
16-bit transfers.
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7.1 INTRODUCTION

This chapter discusses the steps that should be
fellowed in programmlng the DT2821 series boards.
All operating modés of the A/D subsystems, as well
as the operations of the D/A and digital 1I/O
supsystems are covered.

. Throughout the discussiocns on_Erogramming, only
register bPits directly involved with the parficular
operating mode are listed. The remaining bits are
either read-only, wuser-selectable, réserved, or
irrelevant. Also, it 1s assumed that the DMA
controller 1s properly programmed (see Secticn 6.7)
before initiating any cperafion whenever DMA 1s used
for data transfers.
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7.2 BA/D SUBSYSTEM
Programming the A/D subsystem of the DT2821

series board consists of executing sequentially five
major segments of instructions:

1. 1Initialization

Selectiocn of the operating parameters

2

3. Selection of the input channels

4. Conversion of the analcg input sigmals
5

Processing of converted digital data

~_A/D  conversion operaticns  are executed
differently for meodels using conventicnal ceonverters
all models except DT2828), and_ the DT2828, which
eatures, a simultanecus sample and hold circuit,
Programming sequences for the DT2828 are discussed
separately. The following teopics are covered:

Single-channel non-DMA (Except DTZ2828)
Single-channel DMA (Except DT2828

A/D Triggered Scan DMA ( xcegt DT2828)
A(D Clocked DMAR (Except DTZ2828)
Single-channel non-DMA (DT2828, Ch 0)
Single-channel Clocked DMA (DT2828, Ch 0)
A/D " Triggered Scan DMA (DT2828)

A/D Clotked DMA (DT2828)

OO0O000000

Cual-DMA mode 1s discussed as a sideline under the
CMR sequences.

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



PRCGRAMMING
SINGLE-CHANNEL NON-DMA (EXCEPT DTZ2828)

7.2.1 SINGLE-CHANNEL NON-DMA (EXCEPT DT2828)

The single-channel non-DMA conversion operation
rerforms oné conversion oOn a selected channel and
stops. Data transfers are done by programmed I/O,
from the A/D Data Register to the system memory.

. To  convert an  input  signal in the
single-channel non-DMA mode, proceed as follows:

1. Set the pacer clock to a rate nc faster
than the maximum speed of A/D subsystem.
This is done by loadlng the TMRCTR with
selected values for Ehe Prescaler (bits
11-8) and Counter (bits 7-0). These Dbits
determine the frequency of the pacer clock
cutputs (conversion triggers) based on an

initial frequency 6f the internal
oscillator.

2, Load the SUPCSR with the following bit
pattern:

o Bit 13 = 1 - Clear DMA Done
o Bit 9 =1 - Buffer B
0 Bit 6 =1 - A/D Initialize

You have now:

A. Cleared the DMA Done.

B. Selected Buffer 1 (&) for DMA
transfers.

C. Initialized the A/D data buffer
clrcultry.

3. Load the CHANCSR with the following bit

pattern:
o Bit 15 = 1 - Load List Enable
0 Bits 3-0 = 0000 - Number of RAM
Entries

You have now:

A. Enabled writes to the RAM
channel-gain list. .

B. Specifie a single-channel
conversion.

The channel number and the gain are written
tc the ADCSR but are placed into the RAM
channel-gain list.
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4. Load the ADCSR with the following bit

pattern:
o Bit 9 =1 - A/D Clock Enable
o Bit & = 1 -~ Interrupt on &/D Done
{optional) )
o Bits 5-4 = Q0 to 11 - Gain Select
o Bits 3-0 = 0000 tc 1111 - <Channel
Select (the channel number)

You have now:

A. Enabled the pacer clock to 1ssue
trigger pulses to the &/D subsystem,
Selected the input channel and, the
gain to be applied tec the input
signal.

C. Sef the board to 1ssue an interrupt
to  the processcr at the end of the
A/D conversion {(opticnal).

5. Write 0 to bit 15 (LLE) of the CHANCSR to
preclude  further writes to the RAM
channel-gain list and to enable succeeding

events.
&, Load the SUPCSR with the following bit
pattern:
o Bit 14 = 1 - Interrupt on Errer
(optional)
o Bits 11-10 = 00 - DMA Select (PIQC)
o Bit 9 = 0 - Buffer B
o Bit 6 =0 - A/D Initialize
o Bit 4 =1 - Prelecad Multiplexer
o Bit 3 = 0 - Software Trigger
o Bit 2 = 0 - External Trigger Enable
o Bit 1 = 0 - External CloCk Enable
0 Bit 0 = 0 - Beard Initialization

You have now:

A. Selected the internal clock source
for pacer <clock outputs (bit 1
should be set feor an external clock
source) .

Selected programmed I/Q {non~DMA)
transfers. . )

C. Set the board to issue an interrupt
to the processor 1f an error occurs
during the conversion.

D, Preloaded the selected_channel into
the multiplexer channel latch.
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As socn as the SUPCSR is lcaded, the A/D
mcdule  sets  MUXBUSY = (ADCSR. bit 8),
indicating that the multiplexer is settling
on the input from the selected channel.

7. Monitor MUXBUSY until clear, indicating
that the multiplexer has settled on the
selected channel, then locad the SUPCSR with
the following bit pattern:

¢ Bit 14 = 1 - Interrupt on Error
(optional)

o Bits 11-10 = 00 DMA Select (PIOQ)

o Bit 9 = 0 - Buffer B

o Bit 6 = 0 - A/D Initialize

¢ Bit 4 = 0 - Preload Multiplexer

¢ Bit 3 =1 - Scftware Trigger

o Bit 2 = 0 - External Trigger Enable

¢ Bit 1 = 0 - External CloCk Enable

¢ Bit 0 = 0 ~ Board Initialization

You have now:

A. Software-actuated the pacer clock
circuit on the board (if you select
bit 3 to be clear and bit "2 to be
set, trlgger the pacer clock circuit
externally) .

B. Selected the internal clock source
to contrel the pacer clock pulse
rates (bit 1 should be set for
external clock source).

The first clock Eulse after the SUPCSR 1is
loaded triggers the A/D conversion.

8. At the end of the A/D conversion, the
module places the data in the A/b Data
Register and sets A/DDCNE (ADCSR bit 7).
If Inte;rugt on A/D Done (ADCSR bit 6) 1s
set, as in the current opticn, the board
issues  an interrupt to the processor,
Ctherwise the program must continually poll
A/DDONE to set, to ascertain, that ~the
module has ccmpleted the conversiocn, When
A/DDCNE sets, it disables the pacer clock
pulses. The Board must be set up again for
a new A/D conversion,

9, The processor, under prcgram control, reads
the ~ converted data from the A/D Data
Register. This clears the A/D Done bit in
thé  ADCER, The single-cnannel non-DMA
conversion 1is complete.
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10. To start another, single-channel ncn-DMA
conversicn on a differént channel, proceed
from step 2 above. To do  repetitive
overlap tconversions on the same channel,
proceed from step 6, after a ctrigger 1is
issued on the ¢urrent signal {(when step 7
has been executed).
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7.2,2 STNGLE-CHANNEL DMA (EXCEPT DT2828)

The single-channel DMA performs up to 64K
conversions oOn a selected channel with one trigger
1f a single DMA Dbuffer 1s used. If you select
Dual-DMA, vyou can define as many buffers’ as needed,
each buffer containing up to 64K words, Conversions
can be performed continucusly until all user-defined
buffers are full. Data ° transfers are done
automatlcallg b% the DMA circuit from the A/D Data
Register to the DMA buffer,

To convert input signals in the single-channel
DMA mode, proceed as follows:

1. Leoad the TMRCTR with selected wvalues for
the Prescaler (bits 11-8) and Counter ({(bits
7-0). These bits determine the frequency
of  the pacer clock .outEut (conversion

ulses) based on an irnitial freguency of
he internal cscillator.

2. Load the SUPCSR with the folleowing bit

pattern:
¢ Bit 13 =1 - Clear DMA Done
¢ Bit 9 =1 - Buffer B,
o Bit 6 =1 - A/D Initialize

You have now:

A. Cleared DMA Done,

B. Selected DMA Buffer 1 (A) for DMA
data transfers.
Initialized the A/D data and DMA
buffer circuit.

3. Load the CHANCSR with the following bit

pattern:
o Bit 15 =1 - Load List Enable
¢ Bits 3-0 = 0000 - HNumber of RAM
entries

You have now:
A, Enabled writes to the RAM
channel-gain list, .
B. Specifie a list size of one
channel.

The channel number and the gain are written
tc the ADCSR but are placed into the RAM
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channel-gain list.

4. Load the ADCSR with the following bit

pattern:
o Bit 9 =1 - A/D Clecck Enable
0 Bit 6 = 1 - Interrupt on A/D Done
O Bits 5-4 60 to 11 = Gain Select
o Bits 3-0 = 0000 to 1111 =~ <Channel

Select (the channel number)
You have now:

A, Enabled the pacer clock to issue
trigger pulses to the A/D subsystem,

B. SelécCted the input channel and the
gain _to be applied to the input
S1gnal. . _

C. Sef the board to 1issue an 1interrupt
to the processor at the end of the
DMA buffer.

5. Write a 0 to bit 15 (LLE) of the CHANCSR to
preclude  further writes to the RAM
channel-gain 1list and enable succeeding

events.
6. Load the SUPCSR with the follewing bit
pattern:
0 Bit 14 = 1 - Interrupt on Error
o Bit 13 = 0 - Clear DMA Done
¢ Bit 12 = 0 - Dual-DMA
¢ Bits 11-10 = 01 - DMA Select
o Bit 9 = 0 - Buffer B
o Bit 6 =0 - A/D Initialize
¢ Bit 4 =1 - Preload Multiplexer
o Bit 3 = 0 - Software Trigger
o Bit 2 = 0 - External Trigger Enable
¢ Bit 1 = 0 - External CloCk Enable
o Bit 0 = 0 - Board Initialization

You have now:

A, Selected the internal clock source
for pacer «clock outputs (bit 1
snould be set for external clock
source) . . .

B. Set the board to 1ssue an interrupt
to  the processor 1f an error occurs
during the conversion, .

C. Prelcaded the selected channel into
the multiplexer channel latch.
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As soon as the SUPCSR is locaded, the A/D
module | sets  MUXBUSY = (ADCSR, bit 8),
indicating that the multiplexer is settling
on the input from the selected channel.

7. Monitor MUXBUSY (ADCSR bit 8) until clear,
indicating that the multiplexer has settled
on the sélected channel, then locad the
SUPCSR with the following bit pattern:

o Bit 14 =1 - Interrupt on Error

o Bit 13 = 0 - Clear DMA Done

o Bit 12 = 0 - Dual-DMA

¢ Bits 11-10 = 01 - DMA Select

o Bit 3 =0 - Buffer B,

¢ Bit 6 =0 - A/D Initialize

o Bit 4 = 0 - Prelocad Multiplexer

¢ Bit 3 =1 - Software Trigger

0 Bit 2 = 0 - External Triggder Enable
© Bit 1 = 0 - External CloCk Enable
© Bit 0 = 0 - Board Initialization

You have now:

A. Software-actuated the pacer clock
circuit on the board (1f you select
bit 3 to be c¢lear and bit "2 to be
set, trigger the pacer clock circuit
external g%. .

B, Selected The internal clock source
for _ pacer «clock outputs (bit 1
should be set for external clock
source) .

The first pacer clock pulse after the
SUPCSR 1s loaded starts A/D conversions.

8. At the end of the A/D conversion, the
module places the data in the A/D Data
Register and sets A/DDONE ({(ADCSR bit 7).,
Thé DMA circuit transfers the converted
data from the A/D Data Register to the DMA
buffer. This clears”™ A/DDONE. A/D
conversicn of the signal on the selected
channel is complete,
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9. For repetitive overlap ccnversions on  the
same channel, resume the procedure from
step 6, after a trigger is 1ssued on the
curren signal (when step 7 has been
executed}. ¢ perform a single-channel DMA
conversion on another channel, proceed from
step_ 2. The single-channel DMA conversions
complete when f£he user-defined DMA buffer
is filled, At that point:

A. DMA Dcne (SUPCSR bit 15) sets.

B, DMA Done 1ssues an interrupt to the
rocessor. .

C. riggers are disabled.

When the board 1is operated in the Dual-DMA
mede, two DMA channels are used. In this moede,
conversicns do not halt at DMA Dcne, but data
transfers switch from one DMA channel to the other.
The memory segments used by each channel for DMA
buffers are "assigned by the DMA controller. To
avold pbuffer overwrites and consequent data loss,
each time there is a switch of channels, a different
segment of memorg defined by the contenfs of the DMA
%age and offsel registers for that channel is used

or data transfers, "However, if data is transferred
from memory to disk concurrent with data
acquisition, no loss of data ceccurs. The Dual-DMA
sciieme allows a continuous stream of operations
until the grogrammed number of conversions are
performed. he DMA circuit issues interrupts to the
rocessor at each DMA Done. When the last buffer is
filled, the DMA circuilt sets DMA Done, 1ssues an
interrupt to the processor, and disables further
triggers.

CAUTION
The speed of operations, in the continuous
performance mode 1s limited by the memory to
disk transfer rate of the Converted data

because seek times on the disk are much
longer than the A/D conversion times.
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The interrupt service routine should perform the
following tasks 1in the Dual-DMA mode:

A, Clear DMA Done by $etting Clear DMA Done
éSUPCSR bit 13). “This is done bg writing the
ollowing bit pattern to the SUPCSR:

¢ Bit 14 =1 - Interrupt on Error

o Bit 13 =1 - Clear DMA Done

o Bit 12 = 1 - Dual-DMA

o Bits 11-10 = 01 - DMA Select

o Bit 9 =0 ~ Buffer B

o Bit 6 = 0 - A/D Initlalize

¢ Bit 4 = 0 - Preload Multiplexer

¢ Bit 3 = 0 - Software Trigger

o Bit 2 = 0 - External Trigger Enable
0 Bit 1 = 0 - External CloCk Enable
o Bit 0 = 0 - Board Initializaticn

CARUTIOCN

Inadvertently writing 1 to bit 9
immediately ~switches™ the operating
DMA channel to Buffer A.

If the next buffer is the last one 1in the
Dual-DMR transfers, the interrupt routine
must perform a second write to the SUPCSR to
clear the Dual-DMA bit as follows:

o Bit 14 =1 - Interrupt on Error

o Bit 13 = 0 - Clear DMA Dcne

o Bit 12 = 0 - Dual-DMA

o Bits 11-10 = 01 - DMA Select

o Bit 9 =0 - Buffer B,

o Bit 6 = 0 - A/D Initialize

© Bit 4 = 0 - Preload Multiplexer

o Bit 3 = 0 - Software Trigger

0 Bit 2 = 0 - External Trigger Enable
o Bit 1 = 0 - External Clock Enable
o Bit 0 = 0 - Board Initialization

The next setting of DMA Done stops further
conversions. o

Check the A/D Error bit 1in the ADCSR,
Reprogram the DMA controller.

Exit €he interrupt subroutine.

oow
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7.2.3 A/D TRIGGERED SCAN DMA (EXCEPT DT2828)

Channel scan conversicns can be performed when
the board is wused in <the A/D triggered scan DMA
mode. As discussed earlier in Chapter’5, the board
performs conversions on a list of channels (uB to
16) loaded in the RAM channel~gain list. Data
transfers are done automatically by the DMA circuit,
from the A/D Data Register to "the DMA buffer.
External triggers are normally used with this mode
of cperation,

Tc convert input signals in this mode, proceed
as follows:

1. Load the TMRCTR with selected wvalues for
the Prescaler (bits l11-8) and Counter (bits
7-0). These bits determine the frequency
of the pacer clock _ogtEut {conversion

ulses) based on an 1nitia frequency of
he internal oscillator.

2. Lcad the SUPCSR with the following bit

pattern:
© Bit 13 = 1 - Clear DMA Dcne
o Bit 9 =1 - Buffer B,
c Bit 6 =1 - A/D Initialize

You have now:

A. Cleared the DMA Done bit,

B, Selected DMA Buffer 1 (A) for DMA
data transfers.
Initizlized the A/D data and DMA
buffer circuit.

3. Load the CHANCSR with the following bit

pattern:
o Bit 15 =1 - Load List Enable
o Bits 3-0 = 0000 to 1111 - No. of

RAM entries

You have now:
A. Enabled writes to the RAM
channel-gain list.
B, Delimited the number of channels 1in

the scan (1 channel for the value of
0, 16 channels for the value of 15).
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The channel numbers and gains_ are  written
to the ADCSR but they are placed into the
RAM channel-gain list.” Channel numbers and
gains ¢an = be loaded in any order,
¢consecutive or random, and multiple entries
can be done on any channel. The  A/D module
accesses the channels 1in the order you
enter them in the RAM channel-gain list.

4. Load channels and associated gain bits into
the RAM channel-gain list "by writing to
bits 3 to 0 (channél number) and bits 5 and
4 (gain) of the ADCSR, Write as many
chanfiels as the _number of RAM entries
specified in step 3.

5. Write 0 to LLE {CHANCSR bit 15) to preclude
further writes to the RAM channel-gain list
and enable succeeding events.

6. Lecad the ADCSR with the following bit

pattern:
¢ Bit 9 = 1 - A/D Clock Enable
0 Bit 6 =1 - Interrupt on A/D Done

You have now:

A, Enabled the pacer clock circuit to
lssue conversien triggers. |

B. Set the board to issué an interrupt
to the processor when the DMA buffer

1s filled.
7. Load the SUPCSR with the following bit
pattern:
o Bit 14 = 1 - Interrupt on Error
© Bit 13 = Q - Clear DMA Done
¢ Bit 12 = 0 - Dual-DMA (oEtlonal)
0 Bits 11-10 = 11 - DMA Select
o Bit 9 =0 - Buffer B
o Bit &€ =0 - A/D Initialize
0 Bit 4 =1 - Preload Multiplexer
o Bit 3 = 0 - Software Trigger
0 Bit 2 = 0 - External Trigger
o Bit 1 = 0 - Internal Clolk Source
0 Bit 0 = 0 - Board Initializaticn
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You have now:

A, Selected the internal clock source
for pacer clock outputs (bit 1
should be set for external cleck
source) . . .

B. Set the board to issue an interrupt
if an error occurs during the scan
COonversions. . .

C. Preloaded the first channel 1in the
fcanh into the multiplexer channel

atch.

8. The mcdule sets MUXBUSY {ADCSR bit B8) as
soon as the multiplexer is preloaded with
the number of the first c¢hannel 1in the
scan, _ indicating that it has started
acquisition of thé sigral cn the selected
channel.

9. Monitor MUXBUSY to clear, indicating that
the multiplexer has settied on the selected
channel, then locad the SUPCSR with the
following bit pattern:

o Bit 14 = 1 - Interrupt on Error

o Bits 11-10 = 11 - DMA Select

o Bit 9 =0 - Buffer B

o Bit 6 =0 - A/D Initialize

¢ Bit 4 = (0 - Prelcad Multiplexer

o Bit 3 = 0 - Software Trigger

o Bit 2 = 1 - External Trlgger Enable
o Bit 1 = 0 - External CloCk Enable

o Bit 0 = 0 ~ Becard Initialization

You have now:

A. Enabled the external trigger to
actuate the pacer clock clrcuit on
the board. _

B. Selected the internal frequency
source to determine the cutput rate
of the pacer clock (bit 1 should be
set for an external clock source).

The first pacer <c¢lock pulse after the
SUPCSR is loaded starts A/D conversions.
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10. &t the end of the &A/D conversion, the
module places the data in the A/D Data
Register and sets &/DDONE (ADCSR bit 7)
The DMA circuit transfers the converted
data from the A/D Data Register to the DMA
buffer. This clears A/DDCNE.

11. The multiplexzer autcmatically selects the
next channel 1in the RAM channel-gain list
and starts data acquilsition concurrent with
the  conversion of the signal on_ the
previocus channel. This proceSs continues
until the last <c¢hannel in the scan is
converted. &t that point:

L. Scan Done (SUPCSR bit 8) sets,
indicating the end of the current
scan. )

B. Triggers are disabled.

12. Successive  scans continue with _ each
external trigger until the number of data
transfers  programmed  1into the DMA
controller is ccmplete. At that point:

A, DMA Done (SUPCSR bit 15) sets.
B, The DMA circuit 1ssues an 1interrupt
to the processor.

C. Triggers are disabled.

A/D triggered scan DMA conversicns terminate,

When the board is_operated in the Dual-DMA
mode, two DMA channels are wused., In this mode,
conversions do not halt at DMA Done, Dbut data
transfers switch from one DMA channel to the other.
The memory segments used by each channel for DMA
buffers are "assigned by the DMA controller, To
aveld buffer overwrites and consequent data loss
each time there is a switch of channels, a different
segment of memorg defined by the contents of the DMA
%age and offset registers for that channel is used

or data transfers. "However, 1if data is transferred
from memory to disk concurrent with data
acquisition, no loss of data occurs. The Dual-DMA
scheme allows a continuous stream of operations
until the @rogrammed numper of conversions are
performed. he DMA circuit issues interrupts to the
rocessor at each DMA Done. When the last buffer is
illed, the DMA circuit sets DMA Done, issues an
interrupt to the proccesscr, and disakbles further
triggers.

7-16

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



PRCGRAMMING
A/D TRIGGERED SCAN DMA (EXCEPT DT2828)

CAUTION

The speed of operations in the continuous
performance mode is limited by the memorg to
disk transfer rate of the <converted data
because seek times on the disk are much
longer than the A/D conversicn times,

The interrupt service routine should perform
the fcollowing tasks in the Dual-DMA mede:

A. Clear DMA Done by setting Clear DMA Done
SUPCSR kit 13). "This 1s done bg writing the
ollowing bit pattern to the SUPLSR:

0 Bit 14 =1 - Interrupt on Error

0 Bit 13 = 1 - Clear DMA Done

o Bit 12 = 1 - Dual-DMA

¢ Bits 11-10 = 11 - DMA Select

o Bit § =0 ~ Buffer B, |

o Bit 6 =0 - A/D Initialize

¢ Bit 4 = 0 - Prelcad Multiplexer

o Bit 3 = 0 - Software Trigger

0 Bit 2 = 0 - External Trigger Enable
o Bit 1 = 0 - External CloCk Enable
o Bit 0 = 0 - Board Initializatiocn

CAUTION

Inadvertently writing 1 to bit 9
immediately ~switches™ the operating
DMA channel to Buffer A,

If the next buffer is the last one in the
Dual-DMA transfers, the interrupt routine
must perform a second write to the SUBCSR to
clear the Dual-DMA bit as follows:

o Bit 14 =1 - Interrupt on Error

¢ Bit 13 = 0 - Clear DMA Done

0 Bit 12 = 0 - Dual-DMAa

0 Bits 11-10 = 01 - DMA Select

o Bit 9 =0 - Buffer B

o Bit 6 = 0 - A/D Initialize

© Bit 4 = 0 - Preload Multiplexer

o Bit 3 = 0 - Software Trigger

0 Bit 2 = 0 - External Trigger Enable
0 Bit 1 = 0 - External CloCk Enable
o Bit 0 = 0 - Board Initialization

The next setting of DMA Done stops further
conversions.,
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B. Check the A/D Error bit in the ADCSR.
C. Reprogram the DMA contrcoller,
D. Exzit the interrupt subrcutine.
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7.2.4 B/D CLOCKED DMA (EXCEPT DTZ828)

This mode ¢f A/D conversions is similar to scan
conversions  discussed 1in the previous sectien.
However, in this mode, continugous conversions c¢an
occur on up to 64K iInputs if a single DMA buffer is
used, If Dual-DMA is selected, cecnversions centinue
until all buffers programmed in the DMA controller
are filled. Data transfers are done automatically
bgAthe DMA circuit from the A/D Data Register to the
DMA buffer.

To cenvert input signals in this mode, proceed
as follows:

1. Load the TMRCTR with selected values for
the Prescaler (bits 11-8) and Counter (bits
7-0). These bits determine the frequency
of the pacer clock .ogtYut (conversion
Eulses) based on an 1nitial frequency of

he internal oscillator.

2. Load the SUPCSR with the following bit

pattern:
0 Bit 13 =1 - Clear DMA Done
o Bit 9 1 - Buffer B

o Bit 6 = 1 - A/D Initialize
You have now:

A. Cleared the DMA Done bit,

B. Selected DMA Buffer 1 (A) for DMA
data transfers.
Initialized the A/D data and DMA
buffer circuit.

3. Load the CHANCSR with the following bit
pattern:

A. Bit 15 = 1 - Load List Enable
B. Bits 3-0 = 0000 to 1111 - Number of
RAM entries

You have now:
A. Enabled writes to the RAM
channel-gain list,
B. Delimited the number of channels 1in
the scan (1 channel for the value of
0, 16 channels for the value of 15).
The channel numbers and gains are written
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to the ADCSR but they are placed into the
RAM channel-gain list.” Channel numbers and
gains can = Dbe loaded 1in  any order,
consecutive or random, and multiplé entries
can be done on any channel. The &4/D module
accesses the channels in the order they are
loaded 1into the channel-gain list.

4, Lead the numbers of chanrels and the
associated, ain  Dbits 1nto the  RAM
channel~gain list by writing to bits 3 to 0
(channel "number) and bits 57and 4 (gain) of
the ADCSR.

5. Write 0 to LLE (CHANCSR bit 15) to preclude
further writes to the RAM channel-gain list
and enable succeeding events.,

€. Load the ADCSR with the following bit

pattern:
© Bit 9 =1 - A/D Clock Enable
0 Bit & =1 - Interrupt on A/D Done

You have now:

A, Enabled the pacer clock circuit to
i1ssue conversion triggers, |

B. Set the board to issue an 1interrupt
to the processor at DMA Done.

7. Load the SUBCSR with the following bit

pattern:
© Bit 14 = 1 - Interrupt on Error
¢ Bit 13 = 0 - Clear DMA Done
o Bit 12 = 0 - Dual-DMa (oYtlonal)
¢ Bits 11-10 = 01 - DMA Select
o Bit 9 =0 - Buffer B
o Bit & = 0 - A/D Initialize
o Bit 4 =1 - Preload Multiplexer
0 Bit 3 = 0 - Software Trigger
o Bit Z = 0 - External Trigger
o Bit 1 =0 - Internal CloCk Source
¢ Bit 0 =0 - Board Initialization

You have now:

A. Selected the internal clock source
for = pacer clock outputs (bit 1
should be set for external clock
source} . . .

B. Set the board to issue an interrupt
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if an error occurs during the
rocess of A/D conversions. )
C. reloaded the first RAM entry 1into
the multiplexer channel latch.

8., The module sets MUXBUSY (ADCSR kit §)  as
soon as the multiplexer is preloaded with
the number of the first channel in the
scan, indicating  that it has started
acquisition of thé signal on the selected
channel.

9., Monitor MUXBUSY until clear, indicating
that the multiplexer has settled on thé
selected channel, then lcad the SUPCSR with
the following bit pattern:

0 Bit 14 =1 - Interrupt on Error

o Bits 11-10 = 01 - DMA Select

o Bit 6 =0 - A/D Initialize

o Bit 4 = 0 - Preload Multiplexer

o Bit 3 =1 - Software Trigger

¢ Bit 2 = 0 - External Trigger Enable
0 Bit 1 = 0 - External Clock Enable

0o Bit ¢ = 0 - Board Initialization

You have now:

B. Software-actuated the pacer clock
circuit on the board (if you select
bit 3 to be clear and bit "2 to be
set, trlgger the pacer clock circuit
externally). .

B, Selected "the 1internal frequency
source to determine the output rate
of the pacer clock (bit 1 should be
set for external clock source).

The first pacer clock pulse after the
SUPCSR , is ° loaded triggers the A/D
conversion,

10. At the end of the A/D conversion, the
module places the data in the A/D Data
Register and sets the A/DDONE (ADCSR bit
7). The board DMA circuit transfers the
data from the A/D Data Register to the
first location in the DMA buffer. This
clears A/DDONE,

11. The multiplexer automatically selects the
next channel 1in the RAM channel-gain list
and starts data acquisition concurrent with
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the = conversien of the signal on, the
previous channel. This process continues
until the last channel 1in the scan 1is
convertaed. At that point the multiplexer
wraps arcund to the first channel in the
scan and cenversions resume until DMA Done

sets, Successive scans continue with the
initial trigger until the number of data
transfers programmed intec the DMA

contrcller is ccmplete. At that point:

A. DMA Done {SUPCSR bit 15) sets,
B. Triggers are disabled,

L/D clocked DMA cconversions terminate.

When the board 1s_ operated in the Dual-DMA
mode, two DMA channels are used., 1In this mecde,
conversicns d¢ net halt at DMA Done, but data
transfers switch from ¢ne DMA channel to_the other,
The memcry segments used by each channel for DMA
buffers are "assigned by the DMA controller, To
avoid buffer overwrites and consequent data loss,
each time there 1s a switch of channels, a different
segment of memory defined by the contents of the DMA
gage and offset registers for that channel is used

or data transfers. "However, if data 1s transferred
from, memory tc disk concurrent  with data
acqulsiticn, nc less of data occurs. The Dual-DMA
scheme allows a coentinucus stream of operations
until the grogrammed number c¢f  conversicns are
performed. he DMA circuit issues interrupts to the
roccessor at each DMA Done. When the last buffer is
filled, the DMA circult sets DMA Dong, 1S3ues an
interrupt to the processor, and disables further
triggers.

CAUTICN
The speed of operaticns, in the continucus
performance mode is limited by the memor% te
disk transfer rate of the TcConverted data

because seek times on the disk are much
longer than the A/D conversion times,
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The interrupt service routine should perform the
following tasks in the Dual-DMA meode:

A. Clear DMA Done by setting Clear DMA Done
éSUPCSR bit 13). "This is done bg writing the
ollowing bit pattern to the SUPTSR:

0 Bit 14 = 1 - Interrupt con Errer

o Bit 13 =1 - Clear DMA Done

¢ Bit 12 = 1 - Dual-DMA

o Bits 11-10 = 01 - DMA Select

o Bit § =0 - Buffer B,

0 Bit 6 = 0 - A/D Initialize

© Bit 4 = 0 - Preload Multiplexer

o Bit 3 = 0 - Software Trigger

0 Bit 2 = 0 - External Trigger Enable
o Bit 1 = Q - External CloCk Enable
© Bit Q0 = 0 - Board Initialization

CAUTION

Inadvertently writing 1 to bit 8§
immediately " switches™ the operating
DMA channel to Buffer A,

If the next buffer is the last one in the
Dual-DMA transfers, the interrupt routine
must perform a second write to the SUPCSR to
clear the Dual-IMA bit as follows:

¢ Bit 14 =1 - Interrupt on Error

0 Bit 13 = Q - Clear DMA Done

o Bit 12 =0 - Dual-DMA

o Bits 11-10 = 01 - DMA Select

o Bit 9 =0 - Buffer B,

0 Bit 6 = Q - A/D_Initialize

© Bit 4 = 0 - Preload Multiplexer

o Bit 3 = Q - Software Trigger

o Bit 2 = 0 - External Trigger Enable
o Bit 1 = Q - External Clock Enable
o Bit 0 = 0 - Board Initialization

The next setting of DMA Done stops further
conversions, L

Check the BA/D Error bit in the ADCSR.
Reprogram the DMA controller.

Exit the interrupt subroutine.

[wig]re)
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7.2.5 SINGLE-CHANNEL NON-DMA (DT2828, CH 0)

The single-channel non-DMA conversion on the
DT2828 1is  performed mcst effectively on Channel (.
For conversions ¢on channels other than zero, single
ncn-zerc  channel or scan, use either the A/D
triggered scan DMA cor A/D clocked DMA. As with the
conventional modules, data acquisition starts as
socn as the channel number 1is prelcaded into the

multiplexer. A/D conversion starts with a pulse
from the pacer cleck controlled either by software
cr external trigger. Data transfers are done by

programmed I/C, from the A/D Data Register to the
sysfem memory.

To convert an input signal from Channel (0 1in
the single-channel non-DMA mede, proceed as follows:

1. Set the rate of the pacer clock pulses,
This 1s done by loading the TMRCTR with
selected values tor the “Prescaler (bits
11-8) and Counter (bits 7-0}. These bits
determine the frequency of the pacer clock
outputs (conversion pulses) ased on an
initial frequency of either the 1internal
oscillator c¢r an external source.

2. Load the SUPCSR with the following bit
pattern:

0 Bit 13 =1 - Clear DMA Done
o Bit 9 =1 - Buffer B |
o Bit 6 =1 - A/D Initialize

You have now:

B. Cleared the DMA Done bit,

B. Selected DMA Buffer 1 (A} for ODMA
data transfers.
Initialized the A/D data and DMA
buffer circuit.

3. Load the CHANCSR with the following bit

pattern:
¢ Bit 15 =1 - Load List Enable
o Bits 3-0 = (0000 - S8Single channel

{Number of RAM entries)
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A. Enabled

PROGRAMMING

SINGLE-CHANNEL NCON-DMA (DT2828, CH 0)
writes to the RAM
ain list.

channel-
B. Specifie

The
wrltten

channel
to the

numbers

a single-channel access.

and the gains are
ADCSR but they are placed

into the RAM channel-gain list.

4, Load the
pattern:

o Bit 9 =1
o) Blt 5 =

o}

You have now:

ADCSR

1 - Interrupt
Etlonal)

with the following bit

- A/D Clock Enable
on A/D Done

0000 - Channel Select

A. Enabled the pacer clock to issue
trigger pulses.

B. Selected Channel § for con=ver=sion.

C. Set the board to issue an interrupt
to the Brocessor at the completion
of the A/D conversion.

The DT2828 operates at a

one only.

NOTE

gain of
gain bit§ in the

ADCSR are 1gnored

5. Write 0 to bit 15 (LLE) of the CHANCSR to
preclude  further writes to the RaM
thannel-gain list and to enable succeeding
events,

6. Load the SUPCSR with the following bit
pattern:

o Bit 14 =1 - Interrupt on Error

o Bits 11-10 = - DMA Select

0 Bit 9 = 0 ~ Buffer B

© Bit 6 = 0 - A/D_Initialize

o Bit 4 =1 - Preload Multlplexer

0 Bit 3 = 0 - Software Trigger

o Bit 2 = 0 - External Trlgger Enable

0 Bit 1 = 0 - External CloCk Enable

o Bit 0 = 0 - Board Initializaticn
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You have now:

Initialized the A/D data Dbuffer
circuit. .

B. Selected the internal clecck source
for pacer <clock outputs ({(bit
should be set for external clock
source) .

Selected programmed I/0 for the
conversion operation (ncn-DMA).

D. Prelcaded hannel = 0 into  the
multiplexer channel latch. |
Set the board to issue an 1interrupt
to the Erocessor if an error occurs
during the A/D conversion.

As soon as the SUPCSR 1is 1loaded,  MUXBUSY
(bit 8 of the ADCSR) sets, indicating that
the multiplexers on the DT2828 have entered
the sample mode.

7. Monitor MUXBUSY wuntil clear, indicating
that the multiplexers ¢on all channels havé
completed data acquisition. An A/D
Sonver51on can now be triggered con Channel

8. Load the SUPCSR with the following bit

pattern:
0 Bit 14 = 1 - Interrupt on Error
o Bits 11-10 = 00 - DMA Select
o Bit 6 = 0 - A/D Initialize
© Bit 4 = 0 - Prelcad Multiplexer
o Bit 3 = 1 - Software Trigger
0 Bit 2 = (0 - External Trigger Enable
o Bit 1 = 0 - External ClocCk Enable
© Bit 0 = 0 - Board Initializaticn

You have now:

A. Software-actuated the pacer clock
circuit on the board (if you select
bit 3 to be clear and bit "2 to be
set, trlgger the pacer clock circuit
external g%.

B. Selected the internal clock source
te contrel the pacer clock pulse
rates (bit 1 should be set for
external clock source).

The first clock pulse after the SUPCSR is
loaded triggers an A/D conversion on
Channel ©
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9, At the end of the A/D conversion, the
module places the data in the A{ﬁ Data
Register and sets A/DDONE (ADCSR bit 7).
If” the Interrugt on A/D Done (ADCSR bit 6)
is set, as in the current option, the hoard
issues an interrupt to the processor.
QOtherwise the program must continually poll
A/DDCNE to «cleaf, to ascertain that the
module has completed the conversion.

10. The processor, under program control, reads
the ~ converted data frem the a/b "pata
Register. This clears the A/D Done bit in
thé ADCSR. The single-channel non-DMA
conversicn on Channel 0 has completed.

11. To start another single-channel non-DMA
gonver31on on Channel 0, proceed from step

As stated above, it is recommended that Channel C be
used for  all single-channel conversions. However,
it is possible to perform single-channel conversions
on a different channel using the following
procedure:

1. Do steps 2 to 10 on the selected channel
and disregard the data.

2., Do stegs 2 to 7 on Channel 0 (to put the
converter back in the sample mode) .

3. Do steps 2 to 10 on the selected channel.
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7.2.6 SINGLE-CHANNEL DMA (DT2828, CE ()

The single-channel DMAR performs up ¢to, 64K
conversions On a selected channel with one trigger
if a single CMA buffer 1is used. If you seléct
Dual-DMA, vou can define as many buffers as needed,
each buifer containing up to 64K words. Conversions
can be performed Ccontinucusly on the selected
channel until all wuser-defined "buffers are full.
Data transfers are done automatlcallg by the DMA
circuit from the A/D Data Register to “the DMA
buffer, = As with the conventional modules, data
acquisition starts when the channel 1is reigaded
into the multiplexer. A/D conversicn starts with a
pulse from the pacer clock controlled either Ly
software or external trigger.

The single-channel DMA conversions are most
effectively "perfcrmed on Channel 0 because only one
cenversion separates two successive sample phases.
If _any other channel is selected, twec ccnversions
will have to be perfcrmed, one on <Channel 0 and
another on the selected cﬁannel, before entering the
next sample phase.  Fcr conversicns on_ channels
cther than =zerg, single non-zerc channel or scan,
use either the A/D triggered scan DMAR or A/D clocked
DMA mcde cf operation,

To convert an input signal from Channel 0 in
the A/D clocked DMA mode, proceed as follows:

1. Set the rate of the pacer clock pulses.
This 1s done b¥ loading the TMRCTR with
selected values Tor the “Prescaler (bits
11-8)  and Counter (bits 7-0). These bits
determine the frequency c¢f the pacer clock
outputs (conversion ©pulses) ased on an

initial freguency of the internal
oscillator.

2, Load the S8UPCSR with the following bit
pattern:

o Bit 13 = 1 - Clear DMA Done
o Bit 9 =1 ~ Buffer B,
¢ Bit 6 =1 - A/D Initialize
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You have now:

A. Cleared the DMA Done bit.

B. Selected DMA Buffer 1 (A) for DMA

data transfers.

C. Initialized the A/D data and DMA

buffer circuit.

3. Leoad the CHANCSR with the following bit
pattern: '

o Bit 15 =1 - Load List Enable
© Bits 3- -0 = 0000 - Number of RAM
entries
You have now:

A. Enabled  writes to the RAM

channel-qgain list.

B. Specified a single-channel access.
The channel number is written to the ADCSR
?utt it is placed into the RAM channel-gain

ist.

4. Load the BADCSR with the following bit
pattern:

o Bit 9 =1 - A/D Clock Enable

© Bit 6_= 1 - Interrugt on A/D Done

o0 Bits 3-0 = 0000 - Channel Select
You have now:

A. Enabled the pacer clock to issue

trigger pulses.

B. Selécted Channel 0 for conversions.

C. Set the board to issue an interrupt

to the processor when the DMA buffer
ig filled.

5. Write 0 to bit 15 (LLE) of the CHANCSR to
preclude further writes to the RAM
changel gain list and to enable succeeding
events

Artisan Technology Group - Quality Instrumentation ...
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6. Load the SUPCSR with the following bit
pattern:

¢ Bit 14 =1 - Interrupt on Error

o Bits 11-10 = 01 - DMA Select

o Bit 9 = 0 - Buffer B

© Bit 6 = 0 - A/D Initialize

¢ Bit 4 = 1 - Preload Multiplexer

o Bit 3 = 0 - Software Trigger

0 Bit 2 = 0 - External Trigger Enable
0 Bit 1 = 0 - External ClecCk Enable

0 Bit 0 = 0 - Board Initialization

You have now:

A. Selected the internal clock source
for _ pacer cleck outputs (bit 1
should be set for external clock
source) .

B. Selected DMA for transfers of

converted data. | ,

Set the board to issue an_ interrupt

1f an error occurs during the the

grocess of A/D conversiocns.
tarted data acquisition on all four
channels.

As soon as the SUPCSR is loaded, MUXBUSY
(bit 8 of the ADCSR} sets.

7. Monitor MUXBUSY until clear, indicating
that the multiplexers on all channels have
completed data acquisition and that all
channels are placed in the hold mode. An
% D co?v8r31on can now be triggered on

anne .

8. Load the SUPCSR with the following bit

pattern:
© Bit 14 =1 - Interrupt on Error
¢ Bits 11-10 = 0l - DMA Select
o Bit 6 = 0 - A/D Initialize
0 Bit 4 = 0 - Prelcad Multiplexer
o Bit 3 =1 - Software Trigger
¢ Bit 2 = 0 - External Trigder Enable
o Bit 1 = 0 - External Clock Enable
© Bit 0 = 0 - Board Initialization

You have now:
A, Software-actuated the pacer c¢lock
circuit on the beoard (if you select
bit 3 to be clear and bit "2 to be
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set,  you trigger the pacer clock
circuit externally)

B. Selected the internal clock source
to control the pacer clock pulse
rates (bit 1 should be set for
external clock scurce).

The first clock pulse after the SUPCSR 1is
%oaded triggers A/D conversion on Channel

9. At the end of the A/D conversion, the
module places the data in_ the A/D Data
Register and sets A/DDONE (ADCSR bit 7).
The DMA <circuit transfers the converted
data from the A/D Data Register to the DMA
buffer, This clears™ A/DDCNE. The
single-channel DMAR conversion  completes
when the user-defined DMA buffer is filled.
At that point:

A. DMA Done (SUPCSR bit 15) sets
B. DMA Done 1ssues an interrupt to the
rocessor

C. riggers are disabled.

The single~channel DMaA conversion has
completed.

To perform a single-channel DMA c¢onversion  on
another channel, proceed from step 2 above.

When the board 1is_ operated in the Dual-DMA
mode, two DMA channels are used. In this mode,
conversions d¢ not halt at DMA Done, bLut data
transfers switch from one DMA channel to_the other.
The memory segments used by each channel for DMA
buffers are "assigned by the DMA controller, To
avoid buffer overwrites and consequent data loss
each time there is a switch of channels, a different
segment of memory defined by the contents of the DMA
gage and offset registers for that channel is used

or data transfers., "However, if data is transferred
from memory to disk  concurrent with data
acquisition, no loss of data occurs. The Dual-DMA
scheme allows a continuous stream of operations
until the grogrammed number of  conversions are
performed. he DMA circuit issues interrupts to the
rocessor at each DMA Done. When the last buffer is
filled, the DMA circuit sets DMA Done, 1issues an
interrupt to the processor, and disables further
triggers.
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CAUTION

The speed of operations 1in the continuous
performance mode is limited by the memorg £o
disk transfer rate c¢f the Cconverted data
because seek times on the disk are much
longer than the A/D conversion times.

The interrupt service routine should perform the
following tasks in the Dual-DMA mode:

A. Clear DMA Done by setting CLRDMADNE  (SUPCSR
bit 13).  This 1s done bg writing the
following bit pattern to the SUPCSR:

© Bit 14 =1 - Interrupt on Error

o Bit 13 = 1 - Clear DMA Dcne

o Bit 12 =1 - Dual-DMA

o Bits 11-10 = 01 - DMA Select

o Bit 9 = 0 - Buffer B |

o Bit 6 = 0 - A/D Initialize

¢ Bit 4 = 0 - Prelcad Multiplexer

o Bit 3 = 0 - Software Trigger

o Bit 2 = Q0 - External Trigger Enable

o Bit 1 = 0 - External CloCk Enable

o Bit 0 = 0 - Board Initialization

CAUTION

Inadvertently writing 1 to bit 8
1mmed1atel¥ switches™ the operating
DMA channel to Buffer A,

If the next buffer is the last one in the
Dual-DMAR transfers, the 1interrupt routine
must perform a second write to the SUPCSR to
clear the Dual-DMA bit as follows:

o Bit 14 =1 - Interrupt on Error

o Bit 13 = 0 - Clear DMA Done

o Bit 12 =0 - Dual-DMA

o Bits 11-10 = 01 - DMA Select

o Bit § =0 - Buffer B,

o Bit 6 = 0 - A/D Initialize

o Bit 4 = 0 - Preload Multiplexer

o Bit 3 = 0 - Software Trigger

o Bit 2 = 0 - External Trigger Enable
o Bit 1 = 0 - External CloCk Enable

¢ Bit 0 = 0 - Board Initializaticn
The next setting of DMA Done stops further
conversions,
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Check the A/D Errcor bit in the ADCSR.
Reprogram the DMA controller.
Exit the interrupt subrcutine.

Dow
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7.2.7 A/D TRIGGERED SCAN Diia (DT2828)

Channel scan conversions can be performed when
the board is_ used in the A/D triggered scan DMA
mcde., The simultaneous sample and hold module

erforms conversions on a list of channels (uB to

6) lcaded in the R&M channel-gain list. ata
transfers are done autcmatically b the DMA circuit,
from the 4/D Data Register to the DMA buffer.  This
operating mode 1s "recommended to be wused with
external” triggers. The multiplexer  scans the
channels in thé RAM channel-gain list once with each
trigger,

NOTE

The module enters the hold modz on all
channels when the first conversion clock is
received and exits the hold mode (enters the
sample mode) each time Channel 0 is loaded
into _the multiplexer from  the RAM
channel~gain 1ist. Due to the sample and
hcld circuit droop rate and reguirements of
conversion accuracy to within 1 LS8, the
hold mode of the DT2828 is limited by
hardware to a mawimum of S$0ms. At the end
of that period, the module autcmatically
reverts to  the sample  mode, It 1s
necessary, therefore, that vour software
process all channels  wlthin the scan ang
access the next Channel 0 (1f applicable)
before the permitted hold period expires.

Tc convert input signals in this mode, proceed as
follows:

1. Load the TMRCTR with selected walues for
the Prescaler (bits 11-8) and Counter (bits
7-0). These bits determine the frequency
of the pacer clock ‘ogtgut_ (conversion
pulses) based on an initial _frequency of
eilther the internal oscillator or an
external source.

2. Load the SUPCSR with the fcllowing bit
pattern:

o Bit 13 = 1 - Clear DMA Done
o Bit 9 =1 - Buffer B
o Bit 6 1 - A/D Initialize
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You have now:

A. Cleared the DMA Done bit.

B, Selected DMA Buffer 1 (A} for DMA
data transfers.

C. Initialized the A/D data and DMA
buffer circuit.

3., Load the CHANCSR with the following bit
pattern: .
0 Bit 15 = 1 - Load List Enable
o Bits 3-0 = 0000 to 1111 - Number of
RAM entries

You have now:

A, Enabled writes to the RAM
channel-gain list. ,
Delimited the number of channels 1in
the scan (0 for one channel; 15 for
16 channels).

The channel numbers are written to the
ADCSR but they are placed into the RAM
channel-gain list.

4. Load the channel numbers into the RaM
channel-gain list by wrltlng to bits 3 tc 0
{channel number) of the ADCSR in the order
to be accessed. The channel numbers can be
loaded 1in anX order, consecutive or random.
The A/D mecdule accesses the channels in the
order loaded into the RAM channel-gain
list, and eacnh time the multiplexer seléects
Channel 0, the module reverts to the sample
mode. ~If a channel is accessed more than
cnce within the same hold period, it yields
the same dlgltal value as the "first
conversion_ on €he channel, provided the
maximum held period (50ms) has not expired.
At the expiration of the maximum hold
gerlod, the module automatically reverts to

he sample mode. You can “~perform a
complete scan (Channels 0 to 3) up to four
times, or ceonvert inputs from a channel
cther than Channel O up to eight times with
a2 single trigger.

5. Write 0 to LLE (bit 15 of the CHANCSR) to
preclude further writes to the RAM

channel-gain list and enable succeeding
events.
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€. Load the ADCSR with the following bit

pattern:
¢ Bit 9 =1 - A/D Clecck Enable
¢ Bit 6 =1 - Interrupt on A/D Dcne

You have now:

A, Enabled the pacer cleck circuit to
153ue ccnversion triggers.

B. Set the bcard to issué an interrupt
to the processor when the DMA buffer

is filled.
7. Load the SUPCSR with the following bit
pattern:
© Bit 14 =1 - Interrupt on Errcr
o Bit 13 = 0 - Clear DMA Done
o Bit 12 = 0 - Dual-DMA (optional)
o Bits 11-10 = 11 - DMA Select
o Bit 9 =0 - Buffer B
© Bit € =0 - A/D Initialize
o Bit 4 = 1 - Preload Multiplexer
¢ Bit 3 = 0 - Scftware Trigger
o Bit 2 = (0 - External Trigder
¢ Bit 1 =) - Internal CloCk Scurce
o Bit 0 = 0 - Board Initial:ization

You have now:

A. Initialized the A/D data and DMA
buffer circuit.

B. Selected the internal clock source
to contrcl the pacer clock pulse
rates (bit 1 should bhe set for
external clock source). i

C. Preloaded the multiplexer with the
address of the first channel in the
scan (Channel 0). . )

D. Set the board tc 1ssue an interrupt
if an error cccurs during the scan.

As soon as the SUBCSR 1is lcaded, MUXBUSY
(it 8 cf the ADCSR)} sets, indicating that
the A/D module has started data acquidition
on signals present at the input channels.
The A/D module is now in the sample mode.

8. Monitor MUXBUSY wuntil clear, indicating
that the channel is ready to be converted,

An A/D conversicn can now be triggered on
Channel
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9. Load the SUPCSR with the following bit

pattern:
o Bit 14 = 1 - Interrupt on Error
o Bits 11-10 = 11 - DMA Select
© Bit 3 = 0 - Buffer B
o Bit 6 = 0 - A/D Initialize
o Bit 4 = 0 - Preload Multiplexer
o Bit 3 =1 - Software Trigger
o Bit 2 = 0 - External Trigger Enable
o Bit 1 = 0 - External Clock Enakle
o Bit 0 = 0 - Board Initialization

You have now:

A, Software-actuated the pacer clock
circuit on the board (if ycu select
bit 3 to be clear and bit "2 to Dbe
set, _you trlgger the pacer clock
circuift externally).

B. Selected the internal clock source
to control the pacer <clock pulse
rates (bit 1 should ke set for
external clock scurce).

The first clock pulse after the SUPCSR 1is
loaded puts all the channels in the hold
8ode and triggers A/D conversion on Channel

10. At the end of the A/D conversion, the
module places the data in the A/D Data
Register and sets A/DDONE, The DMA circuit
transfers the converted data from the A/D
Data Register to the TIMA buffer, This
clears A/DDONE.

11, The module starts to convert the next
channel 1in the scan. Cenversicns continue
until the multiplexer selects Channel 0
again. At tha ¢int all channels are
placed back, in the sample mode. _ This
Rﬁgcess continues until all channels in the

i channel-gain list are converted. At
that point:

A. Scan Dc¢ne (SUPCSR bit 8) sets

indicating the end of the currenf

scarn, .
B. Triggers are disabled,

12, For ancther scan on the same channel list,
prcceed from step 7 abeove. If a scan is to
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be performed on a different list  of
channels, proceed from step

13. Successive scan operations can be performed
on. the same channels with each external
trigger until the number of data transfers
programmed  into the DMA controller is
complete. At that point:

A. DMA Done (SUPCSR bit 15) sets

B. The DMA circuit issues an interrupt
to the processor

C. Triggers are disabled.

K/D  triggered scan DM conversions
terminate.

When the beoard is operated in the Dual-IDMA mode, two
DMA channels are used. In this mode, cenversicns do
not halt at DMA Dcne, but data transfers switch from
cne DMA channel to the other. The memory segments
used by each channel for DMA buffers are assigned by
the DMA controller. To aveid buffer overwrites and
consequent data loss, each time there 135 a switch of
channeéls, a different segment of memory defined by
the contents of the DMA page and offse reglsters
for that channel 1is u5ed for data transfers.
However, 1f data is transferred from memory to disk
concurrent with data acquisiticn, no leoss of data
cccurs. The Dual-DMA scheme allows a continuous
stream of operations until the Brogrammed.number of
conversions are performed. The DMA~ circuit 1ssues
interrupts to¢ the processor at each DMA Dc¢ne. When
the last buffer is filled, the DMA circuit sets DMA
Done issues an interrupt Lo the processcr, and
disables further triggers.

CAUTICON
The speed cf operations 1in the continuous
perfermance mode is limited by the memorg to
disk transfer rate o¢f the <converted data

because seek times on the disk are much
longer than the A/D conversion times.
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The interrupt service routine should perform the
following tasks 1n the Dual-DMA mode:

A. Clear DMA Done by setting Clear DMA Done
SUPCSR bit 13). "This is done by writing the
ollowing bit pattern to the SUPUSR:

o Bit 14 =1 - Interrupt on Error

o Bit 13 =1 - Clear CMA Done

o Bit 12 =1 - Dual-DMA

0 Bits 11-10 = 11 - DMA Select

o Bit 9 = Q0 - Buffer B |

o Bit 6 = 0 - A/D Initialize

o Bit 4 = 0 - Preload Multiplexer

o Bit 3 = 0 - Software Trigger

o Bit 2 = 0 - External Trlgger Enable
o Bit 1 = 0 - External ClocCk Enable
0 Bit 0 = 0 - Board Initializatiocn

CAUTION

Inadvertently writing 1 to bit 9
immediately "~ switches™ the operating
DMA channel to Buffer A.

If the next buffer is the last one in the
Dual-DMA transfers, the interrupt routine
must perform a second write tg the SUPCSR to
clear the Dual-DMA bit as follows:

© Bit 14 = 1 - Interrupt on Error

o Bit 13 = 0 - Clear DMA Docne

o Bit 12 = 0 - Dual-DMA

o Bits 11-10 = 01 - DMA Select

o Bit 9 =0 - Buffer B

o Bit 6 = 0 -~ A/D Initialize

o Bit 4 = 0 - Preload Multiplexer

o Bit 3 =0 - Software Trigger

o Bit 2 = 0 - External Trigger Enable
o Bit 1 = 0 - External Clolk Enable
o Bit 0 = 0 - Board Initialization

The next setting cf DMA Dcne stops further
conversicns, L

Check the A/D Errcr bit in the ADCSR.
Reprogram the DMA controller.

Exit Ehe interrupt subrcutine.

[wi@]ss]
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7.2.8 A/D CLCCKED DMA {DTZ828)

This mode of A/D conversicons 1s similar to scan
CONVersions discussed 1in the previous section,
Howsver, 1n this mode, continuous conversicns can
cocour with  ong  trigger on up Lo 64K inputs if a
single DMA buffer is used, If Dual-DHMA is selected,
conversicns continue until all buffers programmed in
the DMA controller are filled. Data transSfers are
dene automatically by the DMA circuit from the A/D
Data Register to the DMA buffer. This operating
mode should be selected for a single conversion on &
channel as well as for conversions on a scan of

channels. Also, this operatin mcde allows
continuous conversions on  Channel with maximum
throughput.

NOTE

The module enters the hold mede on all
channels  when, the conversion clock 1s
received and exits the held mede (enters the
sample mode) each time Channel 0 is loaded
into _the multiplexer from the RAM
channel-gain list. Due to the sample and
hold circCuit droep rate and reqguirements of
cenversion  accuracy te  within 1 LSB, the
hold mode of the DTZ828 1s limited b

hardware to a mazimum of 50ms. At the en

of that periecd, the module automatically
reverts to the sample mode. it 1is
necessary, therefore, hat your software
prccess ~all channels  within® the scan and
access the next Channel 0 (if applicable)
before the permitted hold pericd expires.

To convert input signals in this mode, proceed as
fcllows:

1. Leoad the TMRCTR with selected wvalues for
the Prescaler (bits 11-8) and Counter (bits
7-0). These bits determine the frequency
of the pacer clock .ogtﬁut (conversion
pulses) based on an 1initia frequency cf
either the internal oscillatér or an
external scurce.
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2. Load the S8UPCSR with the following bit
pattern:

o Bit 13 =1 - Clear DMA Done
© Bit 9 = 1 - Buffer B .
o Bit © 1 - A/D Initialize

[t

You have now:

A, Cleared the DMA Done bit,

B, Selected DMA Buffer 1 (A) for DMA
data transfers.

C. Initialized the A/D data and DMA
buffer circuit,

3. Load the CHANCSR with the following bit
pattern:

A, Bit 15 = 1 - Lead List Enable
B. Bits 3-0 = 0000 to 1111 - Humber of
RAM entries

You have now:

A, Enabled writes to the RAM
channel-gain list, .

B. Delimited the number of channels in
the scan (0 for one channel; 15 for
16 channels).

The channel numbers are written to the
ADCSR but they are placed into the RAM
channel-gain 1ist.

4, Lead the channel numbers into the RAM
channel-gain list by writing to bits 3 to 0
(channel number) of the ADCSR in the order
to be accessed. The channel numbers can be
lcaded in any order, consecutive or random,
The A/D module accesses the channels in the
crder loaded into the RAM channel-gain
list, ang each time the multiplexer seleécts
Channel 0, the module reverts tc the sam le
mede, If a channel is accessed mere t
once within the same hold period, it W1ll
yield the same digital value as the first
cenversion on  the “channel provided the
maximum hold period (50ms) has not expired.
At the expiration of the maximum hold
Eerlod the module automatically reverts tc

he sample mode. If you select™ ccntinuous
conver51ons on Channel 0, just load number
0 in the first location” of the RAM
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channel-gain list {specify one entry in the
CHANCSR) . For contlnucus conversions on  a
single_ channel other than Channel 0, load
Channel O in the first location of the RAM
channel-gain list, and the number of the
selected " channel 1n the second location
(specify two entries in the CHANCSR).

5. Write 0 to LLE (bit 15 of the CHANCSR} to
preclude  further writes _tc the RAM
channel-gain 1list and enable succeeding

events.
6, Load the ADCSR with the fcllowing bit
pattern:
o Bit 9 =1 - A/D Clock Enable

o Bit 6 = 1 - Interrupt cn A/D Dcne
You have now:

Enabled the pacer cleck circuit to
1ssue conversion triggers. |

B. Set the board to 1ssué an 1interrupt
to Ehflprocessor when the DMA buffer
1s full.

7. Load the SUPCSR with the following bit

pattern:

1. Bit 14 = 1 - Interrupt on Error
Z. Bat 13 =1 - Clear DMA Done

3, Bit 12 = 0 - Dual-DMA (opticnal)
4. Bits 11-10 = 01 - DMA Select

5. Bit 9 =0 - Buffer B

6. Bit 6 = 0 - A/D Initialize

7. Bit 4 =1 - Preload Multiplexer
8, Bit 3 = 0 - Software Trigger

9. Bit 2 = 0 - External Tridger

10. Bit 1 = 0 - Internal Clelk Source
11. Bit 0 = 0 - Board Initialization
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You have now:

A. Selected the internal clock source
to control the pacer clock pulse
rates (bit 1 should be set for
external clock source). )

B. Set the board to 1ssue an_ interrupt

if an error occurs during the

Brocess of A/D cenversicns.

tarted data acquisition on all four
channels.

Bs scon as the SUPCSR 1is loaded, MUXBUSY
(bit 8 of the ADCSR) sets, indicating that
the A/D module has started data acquiSition
on signals present at the input channels.
The 3/D module is now in the sample mode.

8. Monitor MUXBUSY until clear, indicating
that the multiplexers on all channels havé
settled and the 1inputs are ready to be
converted. An A/D conversion can now be
triggered on Channel 0.

9. Load the S8UPCSR with the following bit

pattern:
© Bit 14 = 1 - Interrupt on Error
¢ Bits 11-10 = 01 - DMA Select
© Bit 9 =0 - Buffer B,
o Bit 6 =0 - A/D_Initialize
0 Bit 4 = 0 - Preload Multiplexer
o0 Bit 3 =1 - Software Trigger
¢ Bit 2 = 0 - External Trlgger Enable
© Bit 1 = 0 - External CloCk Enable
© Bit 0 = 0 - Board Initializaticn

You have now:

A, Software-actuated the pacer clock
circuit on the board (if ygu select
bit 3 to be clear and bit "2 to be
set, trlgger the pacer clock circuit
external gﬁ. '

B. Selected the internal clock source
to control the pacer clock pulse
rates (bit 1 should be set for
external clock source}.

The first clock pulse after the SUPCSR 1is
%oaded triggers A/D conversion on Channel

10, At the end of the A/D conversion, the
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mcicie places the data  in  the A/D Data
Register and sets the A/DDONE (ADCSR bit
7Y The bcard DMA circuit transfers the
data from the A/D Data Register to the
first location in the DMA buffer. This
clears A/LDONE. The first conversion
{Channel 0) 1s complete.

There are three possible conversion
sequences after completion of the first
conversion on Channel 0, depending on the
entries in the RAM channel-gain list:

A, A single entry of Channel 0. The
A/D module Treverts tc the sample
mode and resumes data acquisition.

B, Two entries, Channel (0 and any other
channel, The A/D module ~starts
conversion on the other channel as
scon  as_converted data from Channel
0 1s placed in the A/D Data
Register, then reverts tc the sample
mode.

C. Mocre than twe entries {up to 16).
The A/D module completes” conversion
on all succeeding channels {(maximum
0f 3 channels), £hen selects Channel
0 and reverts to the sample mode,

11. A/D conversions  continue  uninterrupted
until the DMA buffer({s) is full. At that
point:

A. DMA Done (SUPCSR bit 13) sets.

B. The DMA circuilt issues an interrupt
to the preocesscr.

C. Triggers are disabled.

A/D clecked DMA conversions terminate.

When the board is operated in the Dual-DMA mode, two
MA channels are used. 1In this mode, conversieons do
not halt at DMA Done, but data fransfers switch from
cne DMA channel to the other. The memory segments
used by each channel for DMA buffers are ass;gned b

the DMA controller. To avoid buffer ¢verwrifes an

ccnsequent data loss, each time there is a switch of
channels, a different segment of memorz defined by
the contents cf the DMA page and offsel registers
for that channel 1s "used for data transfers,
However, if data is transferred from memecry tc disk
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concurrent with data acquisition, no loss of data
cccurs., The Dual-DMA schéme allows a continuous
stream of operations until the Brogrammed,number of
conversions are performed. The DMA™ circuit 1ssues
interrupts to the processor at each DMA Done, When
the last buffer 1s filled, the DMA circuit sets DMA
Done issues an interrupt to the processor, and
disables further triggers.

CAUTICN

The speed of operations in the continuous
performance mode 1s limited by the memory to
disk transfer rate of the <GCcnverted data
because seek times on the disk are much
longer than the A/D conversion times.

The interrupt service routine should perform the
fellowing tasks in the Dual-DMA mode:

A. Clear DMA Dore by setting Clear DMA Done
SUPCSR bit 13). "This is done bg writing the
ollowing bit pattern to the SUPUSR:

o Bit 14 = 1 - Interrupt on Error

o Bit 13 =1 - Clear DMA Done

¢ Bit 12 =1 - Dual-DMA

o Bits 11-10 = 01 - DMA Select

o Bit 9 =0 - Buffer B

o Bit 6§ = 0 - A/D Initialize

¢ Bit 4 = 0 - Preload Multiplexer

0o Bit 3 = 0 - Software Trigger

© Bit 2 =0 - External Trlgger Enable
o Bit 1 = 0 - External Clolk Enable
o Bit 0 = 0 - Board Initialization

CAUTION

Inadvertently writing 1 to bit 9
immediately switches™ the operating
DMA channel to Buffer A,

If the next buffer is the last one in the
Dual-DMA transfers, the interrupt routine
must perform a second write to the SUPCSR to
clear the Dual-DMA bit as follows:

o Bit 14 =1 - Interrupt on Error
o Bit 13 = 0 - Clear DMA Done
© Bit 12 = 0 - Dual-DMA
¢ Bits 11-10 = 01 - DMA Select
o Bit 9 =0 - Buffer B,
0 Bit 6 = 0 - A/D Initialize
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o Bit 4 = 0 - Preload Multiplexer

o Bit 3 = 0 - Software Trigger

0 Bit 2 = Q - External Trigger Enable

o Bit 1 = 0 - External Clock Enable

o Bit 0 = 0 - Beard Initialization

The next setting of DMA Done stops further
conversicns.

Check the A/D Error bit in the ADCSR.
Reprogram the DMA controller.
Exit the interrupt subroutine,

oomw
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7.3 D/BR SUBSYSTEM

NOTE

This section does not apgly to the
DT2824-PGH and DT2824-PCL models’

‘ The D/A conversion on the DT282]1 series Dboard
is performed in three stages:

1. Selection of the conversion parameters. This
1s done by writing to the SUPCSR and DACSR.

2. Loading the digital code into the DADAT.

3. Converting the digital input code into an
analog oufput voltage level.

The D/R subsystem permits two methods of digital
code transfer to the DAC(s): Single conversicn in

rogrammed I/0, or multiple converslons using DMA,

n single conversion programmed I/0, the program
loads successive digital codes to be converted into
the D/A Data Registér. 1In multiple conversions with
DMA, the program loads the DMA buffer with the list
of digital “codes to be converted. The DMA circuit
then féeds the digital codes from the DMA buffer to
the  DAC(s) in  consecutive order, considerably
reducing the software cverhead.

NOTE

The DMA circuit can be used by onlg one
subsystem when more than one subsystem is
operating on the board, When the A/D
subsystem 18 using the DMA, for example, the
?5% subsystem must operaée in pregrammed
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7.3.1 SINGLE D/A CONVERSION

To obtain a veltage output from the DAC(s},
procead as follows:

1, ¥Write 1 to bit 5 of the SUPCSR. This
clears the D/A Error (DACSR bit 15) and
initializes the DAC data buffers.

2. Load the D/A Control/Status Register with
the following bit pattern:

c Bit 9

Y Channel Select
{(DAC 0, bit 8 = 1)
- Y Channel Select
{DAC 1, bit 8 = ll
~ Sirgle Channel Select
(DACs 0 and 1

0

1
o Bit 8 = 0
1 - Single Channel Select
Q

{DAC 0 or 1) )
- Int., on D/A Ready {opticnal)
- D/A Clock Enable

o Bit 6
o Bit 5

You have ncw:

A. Allowed single D/A conversicns.

B. Selected DAC 0, DAC 1, or both DACs
depending on the states of bits 5
and 8 (see Secticn 5.5).

C. Set the BDAC({s) toc 1interrupt the
processor when the D/A conversion is
complete {optional).

3. Load the D/A Data Register with the digital
code to be converted.

4, Load the SUPCSR with the fellowing bit

pattern:
o Bit 14 = 1 - Interrupt on Error
0 Bits 11-10 = 00 - DMA Select
o Bit 7 =1 - DAC Single Conversion
© Bit 5 =0 - D/A Inifialize
o Bit 0 = 0 - Board Initialization

You have now:

A. Selected the programmed I/0 mode of
operaticon.
Caused the D/A subsystem tc execute
a single conversion, .

C. Set the D/A subsystem to interrupt
the processor on errcr.
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5. At _the next Rulse of the pacer clock, the
selected DAC starts conversion of the
di%ital code into the corresponding output
voltage level,

6. When the D/A conversion completes, DACRDY
{DACSR bit 7) sets, indicating that the DAC
has completed the current conversion. If
the D/A subsystem 1is operating in
Erogrammed I/0 mode (as ir this seqlence)
he setting of bit 7 generates an interrupt
to the procCessor.

NOTE

When the board is operating in the
A/D tri ggred scan mode cor the A/D
clocked mode, settlng. bit 6
does neot enable DACRDY (bit 7) to
interrupt. When operating the A/D
subsystem 1n either one ¢of these
two modes, you must monitcr bit

tc ascertain the state of the DAC,

7. Load the D/A Data Register with the next
digital code to be, converted, The D/A
conversion triggers with the next pulse of
the pacer clock. Leoading the "D/A Data
Register  and subsequen conversions
continue at  each c¢lock pulse 1in the
selected mode until the program ceases to
load the D/A_Data Regisfer or the pacer
ElogE is disabled by cledring the D/A Clock

rable.
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7.3.2 D/A CLOCKED DMA

To convert  digital  input codes inte
correspondlng volta?e levels in the D/A clocked DMA
mode, preoceed as follows:

1. Write 1 to bit 5 of the SUPCSR. This
clears_ the D/A Error (DACSR bit 15) and
initializes the DAC data buffers.

2. Load the D/A Control/Status Register with
the following bit pattern:

¢ Bit 9 - Y Channel Select
(DAC 0, bit 8 = 1)

- Y Channel Select
(DAC_ 1, bit 8 = ll

- Single Channel Select
{(DACs 0 arnd li

-~ Single Channel Select
(DAC 0 or 1)

- 1nt. on D/BA Ready

- D/A Clock Enable

o Bit 8 =

o Bit 6
o Bit 5

I
R = =T = =

You have now:

L. Enabled the pacer clock to trigger
D/A conversions.

B. Selected DAC 0, DAC 1, or both DACs
depending on the states of bits b
and 8 (sée Secticn 5.5).

C. Set the DAC(s) to Iinterrupt the
processor when the D/A conversion is
complete.

3. Load the SUPCSR with the following pattern:

Bit 14
Bit 13
Bit 12

1 1
Bit 9 =
Bit 5 =
Bit 0 =

1 - Interrupt on Error
1l - Clear D Done
0 = Dual-DMA

10 = 10 - DMA Select

1 - Buffer B, |

1 - D/A Initialize

0 - Board Initialization

wna

000000
[ve]
fs
-+
w
—
1
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You have now:

Set the D/A subsystem for D/A
clocked DMA conversions.

Cleared the DMA Done bit,

Cleared A/DERR and initialized the
DAC data buffers, .
Selected DMA buffer 1 (A) for 1input
codes,

Set the D/A subsystem to interrupt
the processor on error,

| I e B 0T v v B =

4. Load the DMA buffer with digital codes to
be converted. You can use the full buffer
{64K words for single buffer) or only the
buffer  segment “defined by the  DMA
controller.

5. Load the D/A Data Register with any digital
code to initiate D/A conversions.

6. At the next Kulse of the pacer clock, the
selected, DAC starts conversion of the
dlgltal input data into the corresponding
oufput voltage level.

7. When the first D/A_conversion completes
DACRDY (DACSR bit 7) sets, indicating thaf
the DAC has  completed the current
conversion., If bit 14 of the SUPCSR 1is set
{as in this discussion), the D/A subsystem
8enerates an 1interrupt to the processor.

therwise, the program must poll bit 7 to

ascertain the  completion ¢f a D/A
conversion., The interrupt service routine
should perform the following tasks:

A. Check DMA Done.

B. If DMA Done 1s not set, check D/A
Error 1in the DACSR. If the error
bit 1is set, handle error. If the
error bit 1s not set, reprogram the
DMA contreller, then exit the
subroutine. |

C. If DMA Done is set, check D/A Error
in the DACSR. 1If the error bit is
set, handle error. If the error bit
is not set, exit the subroutine,

8. The DMA circuit transfers the first digital
code from the DMA buffer into the D/A Data
Reglster. Cenversion starts on the new
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digital data at the first clock pulse after
the D/2 Data Register is loaded.

9., At the end of the conversion, the DAC
outputs the analo%_ voltage to be used as
required by the application.

10, The DMA circuit transfers the next digital
code from the DMA buffer to the A/D Data
Register and the conversion,  opéeration
resumes as described above, Digital ccdes
are transferred to the D/A Data Register in
the order they are loaded 1intd the DMA
buffer. D/BR cohversions are trlggered at
each pulse of the pacer clock _(two
conversions per clock pulse if bit 8 of
DACSR is clear) after the DMA circuit loads
the digital code into the D/A Data
Register.

11. When all the digital codes in the DMA
buffer are converted, the DMA circuit sets
DMAD  (SUPCSR bit 15), indicating the
completion of DMA transfers.

When the D/A subsystem is operated in the Dual-DMA
mode, two DMA channels are used. In this mode,
conversions do net halt at DMA Done, but data
transfers switch from one DMA channel to the other,
The memory segments used by each channel for DMA
buffers are "assigned by the DMA controller, DMA
channels alternate, and each time there is a  switch
of channels, a different segment of memory is used
for data transfers. This schéme allows a continuous
stream Of conversions until the programmed number of
conversions are performed.
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The interrupt service routine should perform the
following tasks in the Dual-DMA mode:

A, Clear DMA Done by setting Clear DMA Done
SUPCSR bit 13). "This is done bE writing the
ollowing bit pattern to the SUPCSR:

o Bit 14 =1 - Interrupt on EBrror

o Bit 13 =1 - Clear DMA Done

o Bit 12 = 1 - Dual-DMA

¢ Bits 11-10 = 10 - DMA Select

© Bit 9 =0 - Buffer B

0 Bit 6 = 0 - A/D Initialize

© Bit 4 = 0 - Preload Multiplexer

¢ Bit 3 = 0 - Software Trigger

¢ Bit 2 = 0 - External Trigger Enable
o Bit 1 = Q0 - External Clock Enable
o Bit 0 = 0 - Board Initialization

If the next buffer is the last one in the
Dual-DMA transfers, the interrupt routine
must perform a second write to the SUPCSR to
clear the Dual-DMA bit as follows:

o Bit 14 =1 - Interrupt on Error

o Bit 13 = 0 - Clear DMA Done

o Bit 12 =0 - Dual-DMA

© Bits 11-10 = 01 ~ DMA Select

o Bit 9 =0 - Buffer B

o Bit 6 = 0 - A/D Initialize

0 Bit 4 = 0 - Prelcad Multiplexzer

o Bit 3 = 0 - Software Trigger

¢ Bit 2 = Q - External Trigger Enable
© Bit 1 = 0 - External Clo¢k Enable
¢ Bit 0 = 0 - Board Initialization

The next setting of DMA Docne stops further
conversions, )

Check D/A Errcr in the DACSR,

Reprogram the DMA controller,

Exit fhe interrupt subroutine.

oo w
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7.4 DIGITAL I/0O SUBSYSTEM

The DIO Data Register serves to transfer data
under program control between the comguter system
(IBM Personal Computer AT) and an I/O  gdevice
attached to the connector of the DTZ821 series,
The direction of data_transfer through the CIO Data
Register 1is controlled bg_blts 1 and 0 of the D/A
Control/Status Register as discussed in Section 5,.5.

To operate the digital I/0 subsystem, proceed
as fcllows;

1. For an output operation, load the DIO Data
Register with the word or byte teo be
transferred to the I/0O device,

2, Load the D/A Control/Status Register with
the bit pattern appropriate "to_the data
transfer as shown 1n Table 7-1, This
outputs the data stored 1in the DIQ Data
Register to the user interface,

TABLE 7-1; DIO DATA TRANSFERS

DATA TRANSFER D/A CONTROL/STATUS REGISTER
DIRECTION BIT 1 BIT 0

Qutput Low Byte 0 1
Output High Byte 1 0
Output Word 1 1

When a port is set for input (corresponding
transfer control bit clear), the DT2821 series boarad
can read the data sent to the port by an I/C device.
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APPENDIX A

IBM AT P1

AND P2 SIGNRLS

TABLE A~-1: P1 PIN ASSIGNMENTS

PIN MNEMONIC SIGNAL DESCRIPTICN
aA01 -I1/0 CH CK No Connection
AQ2 SD7 Data bit 7

A03 | 5D6 Data bit 6

a04 | 8D5 Data bit 5

AQS | SD4 Data bit 4

A06 | SD3 Data bit 3

B07 | SD2 Data bit 2

AQB SD1 Data bit 1
AQS SDQO Data bit (L5B)
A10 -I/0 CH RDY No Connectlon
All AEN Address enable
Al2 SAlS o Connection
Al3 SAal8 No Connection
Al4d SAl7 No Connection
Al5 | SAle No Connection
Ale SAlS No Connection
Al7 SAl4 No Connection
Alg Sal3 No Connection
AlS SAl2 No Connection
A20 SAll No Connection
A2l SAlQ o Connection
A22 SAS Address bit 9
A23 | SA8 Address bit 8
A24 | SA7 Address bit 7
A25 | SA6 Bddress bit 6
A26 | SAS Address bit 5
A27 | SA4 Address bit 4
A28 | SA3 Address bit 3
A29 | SA2 Address bit 2
A30 SAl Address bit 1
A3l SAQ Address bit 0 (LSB)
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TABLE A-1: P1 PIN ASSIGNMENTS (continued)

PIN MNEMONIC SIGNAL DESCRIPTION
BO1l | DGND Digital ground
BQ2 | RESET DRV | Reset drive
B03 | 45VDC +5 volt power
B04 | IRQZ No Cennection
BOS | -5VDC No Connection
BO® DR22 No Connecticn
BO7 | -12vDC No Connection
BO& | OWe No Connection
B09 ! +12vDC N¢ Connection
B10 | DGND Digital ground
B11 | -SMEMW Nc Conneltion
Bl2 | -SHEMR No Connection
B13 ! -ICW I/0 write ccmmand
B14 | -IOR I/0 read command
B15 ~DACK3 No Connection
Bl6 | DRO3 o Connection
B1l7 -DACK1 No Connection
B18 DRQ1 No Connecticn
B19 | -REFRESH No Connecticn
B20 | CLOCK No Cennection
B21 IRQ7 Interrupt request 7
B22 IRQ6 No Connecticn
B23 | IRQS Interrupt request 5
BZ24 IRQ4 Nc Connection
B25 IRQ3 Interrupt request 3
B26 | -DACK2 No Connecticn
B27 | T/C Terminal ccunt
B28 BALE No Cecnnection
B29 | +5VDC +5 volt power
B30 | OSC No Connectiocn
B31 | DGND Digital ground
A-2
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TABLE A-2: P2 PIN ASSIGNMENTS
PIN MNEMONIC SIGNAL DESCRIPTION
Cc0o1 -SBHE System bus high enable
CQ2 | LAZ3 NO connecticn
C03 | LAZ22 No connection
C04 | LAzl No connection
CCS | LAZ0 No connection
c06 | LAlY No connection
Cc07 | LAlS No connection
C08 | LAl7 No connection
C09 | -MEMR No connection
C10 | -MEMW No connection
Cll | 3SDO8 Data bit 8
Cl2 | sD0% Data bit 9
Cl3 | Sp10 Data bit 10
Cl4 | Spll Data bit 11
cl5 | SCl2 Data bit 12
Cle | SD13 Data bit 13
Cl7 | SD14 Lata bit 14
Cl8 ! SD15 Data bit 15
DOl | -MEMCS1é6 No connection,
DQ2 | -I/0 C816 | I/0 16-bit chip select
D03 | IRQLO Interrupt request 10
D04 | IRQ11 No connection
D05 IRQ12 No connection
D06 | IRQ1S Interrupt request 15
D07 | IRQ14 No connection
D08 | -DACKO No connecticn
LC9 | DRQO No connection
D10 | -DACKS DMA acknowledge 5
L1l DRQ5 DMA request 5
D12 | -DACK®6 DMA acknowledge 6
D13 | DRQ6 DMA request 6
D14 -DACK7 DMA acknowledge 7
D15 DRQ7 DMA request 7
D16 +5VDC +5 volt power
D17 | -MASTER No conne¢tion
D18 | DGND Digital ground

A-3
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APPENDIX B
CALIBRATION

B.1 INTRODUCTION

This appendix contains calibration procedures
gor dthe A/D and D/A sections of the DT2821 series
oard.

B.2 A/D CALIBRATIQON

Before performing an A/D calibration on the
DT2821 series board, the computer’s top cover must
be removed.

B.2.1 ASSUMPTIONS
1. Calibration is done on channel 0 with all

other channels returned to analeg ground.

2. The input cable is less than 3 meters (10
feet}) long.

3, Software is available to provide continuous

readings of Channel 0 and display them on
the IBM Personal Computer AT’'s monitor,

B.2.2 EQUIPMENT REQUIRED

1. Precision wvoltage  source, Electronic
Development  Corporation model 501J, or
equivalent

2, Miscellaneous cables and connectors

3. Flat bladed screwdriver

B-1
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EQUIPMENT REQUIRED

IMPORTANT
Blways switch the comguter power off before
remeving  or instal DTZ2821 series

ing_ a
board. "Damage to the D%2821 series board
can result if the power 1s not turned off.

B.2.3 SINGLE-ENDED CONNECTIONS (SE)

For single-ended ogeration, calibration is done
on Channel "0 with all other channels connected to

analcg ground. Figures B-1 and B-2 show the
calibration setup. In S5SE. ogeratlon, all analog
inputs are referenced to a single ground potential.
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Ri  ANALOG INPUT
VOLTAGE O~ 2\ -

CALIBRATOR (O~

NUSED INPUTS

R3 ETURNED TO AGNO
A;AK - AGNCP

1.5K AW LN

FIGURE B-1: SE CONNECTIONS (EXCEPT DT2828)

o Rl is used for additional input protection.

© R2 is used to balance the amplifier input
and represents 1 kilohm for the multiplexzer
plus 510 ohms for the input protecticn
resistor R1.

o R3 isclates the calibrator lo signal (CH 0
RET) from analog ground.

B-3
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R1  ANALOG INPUT
.o

VOLTAGE
CALIBRATOR

FIGURE B-2: DT2828 SE CONNECTIONS
o Rl is used for additional input protection.

¢ R2 is used to balance the amplifier input
and represents 1 kilohm for the multiplexer
plus 510 c¢hms for the input protection
resistor R1.

B.2,4 DIFFERENTIAL INPUT CONNECTIQNS (DI)

In differential input operation, each input has
a high (CH 0) and a low (CH O RETURN) connection.
The méasurement taken 1is the difference between
these twe Eotentlals, thereby rejecting any noise
common to both signals

With non-isclated systems, analcg ground of the
board must be connected to the low (refurn) side of
the input device. If the system is isclated, then a
return path for bias current must be orov;ded to
analog ground of the DT2821 series board (J1 pin

B-4
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17). Isclation of the'?rounds is acccomplished b

using a 1 kilohm to 100 kilchm resistor t¢ connec

the return path to analog ground. Direct connection
1s discouraged due to thé "possibility of creating
large ground currents that could harm the system,
Stray capacitance and non-isolated grounds can” cause
large ground currents to flow mak;ng_the accuracy of
the” bdard and the system reliability not meet
sp§c1f1catlons. Figure B-3 shows the calibraticn
setup.

A1 ANALOG INPUT BOARD

voLTacE O =15 CHANREC 0>
CALIBRATOR - R2
510

D INPUTS
a3 TURNED TO AGND
e
oK ACND ™

FIGURE B-3: DI CONNECTIONS

1. Rl and RZ are used for additional input
protection

2. R3 is wused to reference the 1inputs to
analog common.

B-5

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



CALIBRATION
CALTBRATION

B.2.5 CALIBRATION

1. Allow one hour for the entire system to
warm up and stabilize before calibration.

2. The calibration must be done at a gain of
cne first.

3. When adjusting the potenticmeters (EOtS r
center "the code on the proper value
noting where the adjacent codes are. Tha
1s, méchanically center the pot between the
EOSltlon that ylelds the desired value plus

LSB and the desired value minus 1 LSB,

4. A_ second calibration must be done to
eliminate interaction between the Zero and
Full Scale (Offset) adjustments.

5. On a £10 volt input, the range is 20 volts
(Ran?e equals the uEper inpuf voltage minus
the Iower input voltage. or *10V, that 1is

+10V - (-10V) = 20V range).

6. Refer to the following sections for the

calibration procedure” for your specific
beard.

B.,2.5.1 DT2821, DT2824-PGH, DT2824-PGL, AND DT2B25

The DT2821, DT2824-PGH, DT2824-PGL, and DT2825
can Dpe confiqured for single-ended or differential

input, as well as unipolar™ or bipolar. Use the
appropriate input connections., Figures B-1 and B-3
show the connections for SE and DI signals.  The

072821 1is calibrated by inputting -full scale + 1
LSB, then +full scale - 2" LSBs, and then zero (at a
gain of 8 for DT2821 and 500 for DT2825).

TABLE B-1: CALIBRATION TABLE--DT2821, DT2824-DGH,
DT2824-PGL, and DT2825

-FULL SCALE +FULL SCALE
INPUT RANGE + 1 LSB - 2 LSB
=10V -9,58951V +9.9902V
0 to 10V -0.00244V +59.9951V

B-6
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o/ CALIBRATIQN-~DT2821, DT2824, AND DTZ2E25

TLBELE B-2: CODING TABLE--DTZ821

DT2824-PGH

DT2824-PGL, AND DT2825

-FULL SCALE +FULL SCALE
CODING + 1 LSB - 2 LSBE
Binary 0000 0000 0000 0001 0000 1111 1111 1110
~ {hex) 0 0 0 1 0 F F E
Offset
Binary 0000 0CQ0 00QO0 000140000 1111 1111 1110
(hex) 0 0 0 1 0 F F E
Two’ s
Complement {0000 1000 0000 0001{0000 0111 1111 1110
gy (hex) 0 8 0 1 0 7 F E
I'wo's*®
Complement ;1111 1000 0000 0001|1111 0111 1111 1110
{hex) F 8 0 1 F 7 r E
1. S8ign extension. Bits 12, 13, 14, and 15 of
the ADDAT Register track the MSB (bit 11).
See Table 3-7 Eor the sign extension jumper
configuration,
B.2.5.1.1 -Full Scale + 1 LSB
rpply the a€propriate voltage input (see Table
B-1l) tc "channel 0 and read "the ~ADDAT Register
repetitively, Adjust the ZERC pot {on the tog of
the module) until the proper code (see Table B-2) is
read from the ADDAT Register,
3.2.5.1.2 +Full Scale - 2 LSBs
Apply the apprcpriate voltage input {see Table
B-1) .E. channegp 0" and read the pADDAT Register
repetitively

of the modu r
15 read from the ADDAT Register.

il the proper

. Adgust the FULL SCALE pot (on the to
ie) un

code {see Table B-2

B.2.5.1.3 Zero

A881¥ zero_veolts tc channel 0, with a gain of 8
for DT2821 and 500 for DT282%5 (bits 12 and 13 of the
ADCSR  both set)  and read the  ADDAT  Register
repetitively. Adjust the PG ZERQ pot (on the fop of

the medule) until the proper

re=ad from the ADDAT Register.

ADDAT Re
but

ister does 1uo
confinnes

B-7

code

In unipclar meode, the
{ reflect a negative
to display all zeros:

(all zeros) 1is

reading,
To be certain
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that the A/D converter 1is calibrated properly in
unipolar mode, apply +0,00244V, which at a gain of 8
should produce a Treading of 0000 0000 1000 008
hex) . epeat the last three steps if +0.00244V dces
not produce Q08 (hex).

B.2.5.2 DT2821-F-16SE, DT2821-F-8DI, DT2821-G-16SE,
AND DTZBZI=G-801

The DT2821-F-163E, DT2821~-F-8DI, DT2821-F-165E,
and DT2821-F-8DI can_ be configured as either
unlﬁolar cr _bipolar, Use the appreopriate input
hock-up. Figure B-1 shows the connection for SE
signals and Figure B~3 shows the connection for DI
signals. The3e boards are calibrated by inputtin
-full scale + 1 LSB, then +full scale - 2 LSBs, an
then zero (at a gain cf 8§)

TABLE B-3: CALIBRATION TABLE--
DT2821-F~16SE, DT2821-F-8DI,
DT2821-G-16SE, DT2821-G-8DI

~FULL SCALE +FULL SCALE
INPUT RANGE + 1 LSB - 2 LSB
10V =-9.9951V +9.5902v
0 tec 10V -0.00244V +9.9951V

TABLE B-4: CODING TABLE--
DT2821-F-16SE, DT2821-F-8DI,
DT2821-G-16SE, AND DT2821-G-8DT

-FULL SCALE +FULL SCALE
CCDING + 1 L3B - 2 LSB

Binar J0Q0 0000 0000 0001)0000 2111 11211 1110
%hex) 0 0 ) 1 0 F F E

Offset

Binary 0000 0000 0000 00Q1|0000 1211 11121 11190
{hex) 0 0 0 1 0 F F E

Two’s

Complement | 0000 1000 C0Q0 0001|0000 0111 1111 1110
(hex) 0 8 0 1 0 7 F E

Two' gt

Complement |1111 1000 0000 0001111121 02111 1111 1110
{hex) F 8 0 1 F 7 F E

1. Sign extension, Bits 12, 13, 14, and 15 of
thé ADDAT Register track the MSB (bit 11}.

B-8

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



CRLIBRATION
L/D CALIBRATION--DT2821-F-16SE, DT2821-F-8DI

B.2.5.2.1 ~-=Full Scale + 1 LSB

Agply the appropriate voltage input (see Table
B-3) to "channel 0 and read "the ADDAT Register
repetitively. Adjust the ZERO pot {(on the top of
the module) until the proper code (see Table B-4) 1is
read from the ADDAT Reglster.

B.2,5.2.2 +4Full Scale - 2 LSBs

Agply the aYpropriate voltage input (see Table
B-3) to "channel’ 0 and read "the ADDAT Reglster
repetitively. Adgust the FULL SCALE pot {(on the to
of the module) unfil the proper code {(see Table B-4
1s read from the ADDAT Register.

B.2.5.2.3 Zero {At A Gain Of 8)

i Apgly zero volts to channel 0, with a gain of 8
(bits ~12° and 13 c¢f the ADCSR both set) and read the
ADDAT Register repetitively. Adzust the PG ZERC pct
ﬁon the” top of the module) until the proper ccde

all zeros) 1is read frcm the ADDAT Register, In
unipolar mode, the ADDAT Register does not reflect a
negative reading, but continues to dlsplag all
zeros. To be “certain that the A/D ccnverter is
calibrated properly when 1n unipolar mode, apply
+0.00244V, "which "at a gain of 8 should produce a
readlng of 0000 0000 1000 "(008 hex). Repeat the
%gst) hree steps if +0.00244V does not produce 008

ex).

B.2.5.3 DT2823 AND DT2827

) The DT2823 and DT2827 can only be ccnfigured as
bipclar {two's complement coding) differential
input. Use the appropriate input hook-up as_  shown
in Figure B-3. The DT2823 and DT2827 are calibrated
gyLégputtlng -full scale + 1 LSB, then +full scale -

s.

TABLE B-5: CALIBRATION TABLE--DT2823 AND DT2827
-FULL SCALE +FULL SCALE
+ 1 LSB - 2 LSB

INPUT RANGE
+10V -9.99969v +9.99939%Vv
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CALIBRATION
A/D CALIBRATION--DT2823 AND DT2827

TABLE B-6: CCDING TABLE--DTZ2823 AND DT2827

=-PULL SCALE +FULL SCALE
CODING + 1 LSB - 2 LSB
Two's
Complement | 1000 0000 0000 0001|0111 1111 1111 1110
(hex) 8 0 0 1 7 F F E

B.2.5.3.1 =-Full Scale + 1 LSB

AEply the agpropriate voltage input (see Table
B-5) to "channel 0 and read the " ADDAT Register
repetitively. Adjust the ZERC pot (on the tog of
the mcdule) until the proper code (see Table B-&) 1s
read from the ADDAT Register.

8,2.5.3.2 +Full Scale - 2 LSBs

AEply the aEpropriate voltage input (see Table
B-5) to “"channel 0 and read "the ADDAT Register
repet1t1vel¥. Adeust the FULL SCALE pot (on the to

of the module) unfil the proper code (see Table B-6

is read from the ADDAT Register.

B.2.5.4 DT2828

. The DT2828 can be configured as bipolar or
unipclar, Use the appropriate input cennection for
SE_signals as shown in Pigure B-2." The DTZ2828 is
calibrated by lnguttlng -full scale + 1 LSB, then
+full scale -~ 2 LSBs.

TAELE B-7: CALIBRATICN TABLE--DT2828

-FULL SCALE | +FULL SCALE
INPUT RANGE + 1 LSB - 2 LSB
+10V -9,9951v +9,9902V
0 to 10V =-0.00244V +9.9951Vv
B-10
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CALIBRATION
A/D CALIBRATION--DT2828

TABLE B-8; CODING TABLE--DT2§28

-FULL SCALE +FULL SCALE
CODING + 1 LSB - 2 LSB

Binary 0000 0000 0000 0001|0000 1111 1111 1110
{he:) 0 0 0 1 0 F F E

Offset

Binar 0000 0000 0000 0001|0000 1121 1121 1110
%hex) 0 0 0 1 0 F F E

Two’ s
Complement (0000 1000 0000 0001|0000 0121 2111 1110
{hex) 0 8 0 1 0 7 F E
Two! st
Complement (1111 1000 0000 0001(1111 0111 1111 1110
(hex) F 8 0 1 F 7 F E

1. Sign extension. Bits 12, 13, 14, and 15 of
the ADDAT_Register track the MSB (bit 11).
See Table 3-7 for the sign extension Jjumper
configuration.

B.2.5.4.1 -Full Scale + 1 LSB

AEply the aEpropriate voltage input (see Table
B-7) . to "channel 0 and read "the ADDAT Register
repetitively, Adjust the ZERO pot (on the tog of
the module) until the preoper ccde (see Table B-3) is
read from the ADDAT Register.

B.2.5.4.2 +Full Scale - 2 LSBs

AEply the aﬁpropriate voltage input (see Table
B-7) to "channel 0 and read the ADDAT Register
repetitively. Adgust the FULL SCALE pot (on the to
0f the module) unfil the proper code (see Table B—B?
is read from the ADDAT Register.

B.3 D/A CALIBRATION

NOTE

This section dces not apply to the
DT2824-PGE and DT2824-PGL modefs.
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CALIBRATION
D/A CALIBRATION

Before performing a D/A calibration on the
DT2821 series Dboard, the computer’s top cover must
be removed, if it’s not already off.

B.3.1 ASSUMPTIONS
1. The outgyt cable is less than 3 meters long

{10 fee

2. The output load impedance is not less than
5 kilohms.

3. Software is available which can program the

D/A converter with the appropriaté output
codes (analog data values).

B.3.2 EQUIPMENT REQUIRED
1. Precision voltage meter, accurate to 4%
digits

2. Oscilloscope (for the optional pedestal
calibration)

3., Miscellaneous cables and connectors

4. Flat-bladed screwdriver

IMPORTANT
Always switch the computer power off before
removing or installing a DT2821 series

board. “Damage to the DT2821 series board
can result 1f the power 1s not turned off.

B.3.3 CALIBRATION
1. Allow one hour for the entire  system to
warm up and stabilize before calibration.
2. Select the 10V scale on the voltmeter and
do not change it during the calibration
procedure,
3. Connect the selected DAC output (both DACs

B-12
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CALIBRATION
CALIBRATICHN

must be calibrated, one at a time) to the
g051t1ve input of the veoltmeter and connect

he DAC GND output to the negative input of
the voltmeter (see Figure B-4),

NN
OIGITAL

— v 2 Q
HMON
o TIME/DIV

0o O O
o O vog;%xv
DAC GND

pin 23 = DAC 0O}
{pin 25 - DaC 1)
DaC QUT ]
fpin 22 - DAC 0)

(pin 24 - 0aAC 1)

FIGURE B-4: DAC CONNECTION

B.3.3.1 12-bit DACs

This calibration applies to all models except
the DT2823.
B.3.3.1.1 Offset Adjustment

Write the proper OFFSET code (see Table B-9) to

the D/A and adaust R7 (DAC 0) or R3 {(DAC 1) until
the voltmeter produces the correct value,
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CALIBRATION
CALIBRATION

TABLE B-9: 12-BIT DAC OFFSET CODES

RANGE ANALOG DATA VALUE VOLTAGE

10V 0000 0000 0000 0000 -10.000V
{hex) 0 0 0 0

5V 0000 0000 0000 0000 |~-5.0000V
(hex) 0 0

*2.5V 0000 0000 Q000 0000 |-2.5000V
(hex) 0 0 0 0

0 tec +10V 0000 0000 0000 0000 0.0000V
(hex) 0 0 0 0

0 to +5V 0000 0000 0000 0000 0.0000V
{hex) 0 0 0 0

B.3.3.1.2 Full Scale Adjustment

Write the Broper FULL SCALE code (see Table
B-10) to the D/A and adjust R10 (DAC 0) or RZ2 (DAC
1) until the voltmeter produces the correct value.

TARBLE B-10: 12-BIT DAC FULL SCALE CODES

RANGE ANALCG DATA VALUE VOLTAGE

=10V 0000 1111 1111 1111 9.9951v
(hex) 0 F F F

+5V 0000 1111 1111 1111 4.9976V
{hex) 0 F F F

12,5V 000C 1111 1111 1111 2.4988V
{hex) 0 F F F

0 to +10V 0000 1211 1111 1111 9.,9976v
(hex) 0 F F F

0 to +5V 0000 1111 1111 1111 4.,5988V
{hex) 0 F F F

B.3.3.2 16-bit DACs

This calibration applies to model DT2823 only.
B.3.3.2.1 Offset Adjustment

Write the proper CFFSET code (see Table B-11)

to the D/A and adjust R6 (DAC 0) or R2 (DAC 1) so
that the cutput voltage is 0.0000 +0.0003 volts.
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CALIBRATION
CALIBRATICN
TABLE B-11: 16-BIT DAC OFFSET CODE
BANALOG DATA VALUE VOLTAGE
1000 0000 0000 0COO |-10.000V

B.3.3.2.2 Full Scale Adjustment
Write the FULL SCALE code (FFFF) to the D/A and
adjust R7 (DAC Q) or R2 (DAC 1) so that the output
voltage is +9.0007 x0,0003 volts.,
TABLE B-12: 1€-BIT DAC FULL SCALE CODE
ANALOG DATA VALUE VOLTAGE

0111 1111 1111 1111 9.999%69%V

B.3.3.3 Pedestal Adjustment

Both DAC cutputs are updated simultaneously by
a clock (external, internal, or SLngle convert)’
The output of the DACs are deglitched ¢through _a
sample and hold output stage thaf switches into hold
mode for 700 nanosecond5, allowing the glitch
created by the DAC current sources td die out while
the output™ is holding the last value output, While
the sample and hold is in hold mode, it can exhibit
a dc offset introduced to the output of the sample
and hold (pedestal). This offset is caused by
charge imbalances in the output stage and must be
trirmed out by adjusting the variable capacitors on
the DT2821 serles board.

Refer to Figure B-5 for a__diagram of the
pedestal offset a3 seen on an oscilloscdpe.
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CALIBRATICH

A TED
PEDESTA HOLD SAMPLE HOLOD SAMPLE

PEDESTAL

DAC OUTPUT (n¥)

CALIBRATED
PEQESTAL

¥ A 4 ¥ v

FIGURE B-5: PEDESTAL ADJUSTMENT
HOTE

The pedestal adgustment is done at the
factory and should not need to be
readjusted. The following instructions are
for "reference only, or in case the variable
capacitors changed” setting in transit.

1. Se& the DACs in programmed I/0 dual channel
mogae .

2. Set the oscilloscope on bandwidth limited,
10mV per divisicn.

3. Repeatedly write data value 0000 (hex) for
unipolar ranges, or 0800 (hex) for bipolar
ranges (8000 Eor 16-bit DACs). You must
confinuously write and_convert to get the
DACs to swifch from sample to hold modes,

4. Look at the DAC output on_ an oscilloscoge
and trim Cé {for the X DAC) and C3 (for the

Y DAC) for a maximum flat output. The DACs
are trimmed independently of each other,
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APPENDIX C
TROUBLESHOOTING AND FACTORY SERVICE

C.1 TINTRODUCTION

If there is difficulty with the DT2821 series
board or the screw terminal panel, consult the
following checklist before calling Data Translation.

CHECK THESE FIRST:

1. Check that the DT282]1 series board 1is
firmly seated in the IBM Personal Computer
AT connectors. The DT2821 series board is
pewered from the IBM Personal Comguter_AT,
and transfers all data and instructions
over the IBEM Personal Computer AT bus.,

2. Check that all ICs are firmly seated 1in
their sockets.

3. Check the +5V power supply. It should be
between +4.75Vpand +5.ggV¥

4, Check the voltage in and ocut of the dc/de
converter on_ the DT2821. There should be
+5V in and #15V out.

5. Check that the screw terminal cable
assembly, or whatever user-supplied cable
assembly 1s used, 1s connected securely to

6. Check the DT2821 series board . jumper
configuration, The jumper functicns are
described in Chapter 3,

7. Check to make sure no components are making
contact to an adjacent board.
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TROUBLESHOOTING AND FACTORY SERVICE
SYMPTCMS AND SOLUTIONS

C.Z2 SYMPTOMS ANL SCLUTIONS

The fellowing sections list specific problems
and solutions. If, after trying these solutions,
the DT2821 series board 1is still] not functionin
properly, <call the Customer Service department an
get a Return Material Authorization {RMA) number.

Check all the items listed under the
Introduction first,

C.2.1 NO BCARD RESPONSE

o Check the board’s base address jumpers.

o Clean the board connector fingers with a
soft pencil eraser.

C.2.2 DIGITAL OUTPUT CODE ALL ONES (CR RLL ZEROQS)
o Check for floating inputs (see the section
on Flcating Inputs).

o Make sure that the input is not greater
than the range that the A/D is on.

o Make sure that none of the other ineuts is
above the power supply voltage (+15V).

¢ In_unipolar mode, check for a negative
voltage input.

C.2.3 FIRST READING ON A CHANNEL IS INCORRECT

_ Input settling time is budgeted from one linear
reglon tc another. If the "sample and hold is
safurated due to overvoltage on_an open channel, the
first reading on a valid channel could be in error.

¢ Check for floating inputs (see the section
on Fleating Input$).

o Check to make sure the input cable is not
over 3 meters {10 feet) 1in length.

o Check to make sure the source impedance 1is
not over 1 kilohm,
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TROUBLESHOOTING AND FACTORY SERVICE
ZERO WILL NOT CALIBRATE

C.2.4 ZERO WILL NOT CALIBRATE

The tctal adjustment range of the ZERO pot on
the module 1s.apgrox1matel 30 counts (see the Data
Coding Tables 1in Appendix Dy. If there are offsets
in the system, such as .brldge imbalances, they
usga%ly cannot bpe removed with the ZERO pot on the
module’,

C.2.5 FULL SCALE WILL NOT CALIERATE

The total adjustment range of the FULL SCALE
ot on the module is approximately 30 counts {see
he Data Coding Tables in Appendix D). If there are

other gain errdrs 1in the system, the{ usually cannot
beda%]usted cut with the "FULL SCALE pot "on the
module.

C.2.6 THE READINGS ARE NOISY

o All cables must be routed away , from
switching  power supplies and “digital
signals.

o In a_high noise environment, the inputs
should ~ be differential & with shielded
twisted pair cable. The shield should only
be connected at one end.

0 RC filters can be added at the inputs to
remove high frequency noise pickup.

o Digital averaging of the data can be done
51mplg by adding 16 12-bit A/D conversions
and then shifting right 4 times (divide by
16). This is espec¢ially useful to minimize
the rms noise in high gain applications,

C.2,7 FLOATING INPUTS

Floating inputs are those signals that do not
have a reféerence to analeg ground of the DT2821
series board.

With single-ended _inputs, it 1is recommended
that the inpOts be isolated from earth ground. A&ll
the signal * commons then would be connected
separatelg to analog common cf the board (for
example, SGND on the DT707).

C-3
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TROUBLESHCOTING AND FACTCRY SERVICE
FLOATING INPUTS

With differential inputs, it 1s necessary tc
reference the signal’s return path te analog ground
of the system. IE the signal is not referenced bhack
to analdog commen, leakage currents on the input
drives thé signal out of <E€he common mode velitage
range (*11V herebg saturating the amplifier. This
reference should not be a direct connecticn, but
should be some impedance from 1 kilohm to 100
kilohms., Refer to the <calibration procedure, and
specifically the secticn  on the differential
connecticns for more information.

IMPORTANT

Unused differential inputs must be returned
to analog common,

C.3 RMA NUMBER

If you determine that factory service 1is
necessary, _call the Custcmer Service department at
Data Translation [(508) 481-3700) for a_ Return
Material Authorization_ (RMA) number, All return
shipments to Data Translation must be marked with
EMA numbers.

. Wrap the DT2821 series board in the original
shipping® materials, if available and 1in ~good
conditidn, Be careful to wrap the board 1in” an
electrically conductive plastic, and to handle it
with ground protection. A static electric discharge
can destroy components on the DT2821 series board.
Ship the board to the following address:

Customer Service
Data Translaticn, Inc,
100 Locke Drive
Marlboro, MA, USA 01752-1192

The Data Translation Customer Service can be
reached by:

Telephone: 5508)481—3700
Telex; 951646 Esm-vrATmms MARO)
Easylink 62825999
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APPENDIX D
CODING TABLES

D.1 INTRCDUCTION

The DT2821 series board’s analog-to-digital
(A/D) converter can cocnvert the analog voltage at
any one of its input channels into a binary ccde at

its  output. he digital-to-analog  converters
(DACs), conversely, convert binary codes into analog
voltages.

In this manual, the binary code representation
of an analog voltage is called an Analcg Data Value
{ADV) , Analog Data"Values are encoded In straight
binary if t eg . represent_ vocltages in a unlgo ar
range (0 to +10V is a unipelar range). On 12-bit
boards, they are encoded in either two’s complement
cr coffset binary if they represent voltages in a
bipolar range (*10V is’ a bipolar range). "On 1l6-bit
boards, Analdg Data Values are encéded in two's
complement c¢o&ding and they represent vcltages 1in a
bipolar range.

To convert an Analeg Data Value into a voltage
value gou need tc kndw the number of codes (NOC)
used b he A/D or D/BA converter, as well as the
high TPF§) and the lcw (MFS) voltage values of the
analog range. NOC 1s determined by raising the
number ¢ "to the power n, where n is the number of
bits of resolution in the analog converter. Thus,
for a 12-bit converter NOC équals 4096 and for a
16-bit converter, 65536. PFS is’ plus full scale,
which is the highest voltage of a given range (for
example, +10V cn & *10V rangé); MFS "is minu§ full
scale, which 1is _the lowest voltage of a given
bipolar (for example, -10V on_the #10V range). "Zero
is the lewest value for unipolar ranges.
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CODING TRELES
INTRODUCTION

NCTE

The highest possible value is actually one
L5B léss that PFS.  However, PFS 1s the
%oi$ect number to use in the equations that
ollow.

To calculate the input voltage detected by an
E/D converter which uses binary or offset bilnary
codlng, use the eguation 1in TFigure D-1, TO
calculate the input wvoltage tc "an A/D converter
which uses two’s complement &oding use the eguaticn
in Figure D-2,

To determine the Analog Data  Value  that
prcduces a, desired  output “vecltage frem a D/A
converter which uses binary or offsef binary coding
{all the DACs on the DT2821 series boards), use theé
equation in Figure D-3. Two’s complement coding is
not available On the DACs.

(PFS - MFS)
Analog Voltage = ADV X ———-—66———— + (MFS)
N

FIGURE D-1; CALCULATING THE INPUT VOLTAGE TO AN
A/D CONVERTER USING BINARY OR OFFSET BINARY CODING

(PFS = MFS)

Analog Voltage = ADV X
NOC

FIGURE D-2: CALCULATING THE INPUT VOLTAGE TO
AN A/D CONVERTER USING TWO’S COMPLEMENT CODING

NOC
x -
(PFS - MFS)

FIGURE D-3: CALCULATING THE ANALOG DATA VALUE TO A
D/A CONVERTER USING BINARY OR OFFSET BINARY CODING

ADV = (Analog Voltage - MFS)
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COCDING TABLES
INTRODUCTION

The balance of this  appendix consists of a
series of tables indlcatlng Analog Data Values for
key points in the ranges of the A/D"and D/A sections
of” DT2821 series bodards. The tables list analog
voltages in cne column and the.corresEond;ng binary
code “in another. For convenience the binary codes
are represented as hexadecimal numbers.

) Takles D-1, D-2, D-3, and D-4 are unipolar and
bipolar coding tables for the A/D ranges found on
the DT2821 series boards. Tables D-1 and D72 cover
the 12-bit bipolar codln? schemes (offset binary and
two’ s complement).  Table D-3 c¢overs the 12-bit
unipolar c¢oding table, and Table ©D-4 covers the
16-bit bipolar Coding table.

_ Tables _D-5 and D-6 are the unipolar and bipolar
coding tables for the D/A ranges on the DT2821

serie§ boards. Table D-5 cover§s 12-bit bipolar
coding and Table D-¢ covers 12-bit unipolar coding,
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12-BIT A/D BIPCOLAR CODING--TWC!S COMPLEMENT
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12-BIT A/D UNIPOLAR CODING--BINARY

CODING TABLES
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CODING TABLES
16-BIT A/D BIPOLAR CODING--TWC'S COMPLEMENT

TABLE D-4: 16-BIT A/D BIPOLAR CODING
--TWO'S COMPLEMENT

ANALOG VOLTAGES
¥ OF FULL DIGITAL GAIN OF
SCALE CODING 1

+FS - 1 LSB 7FFF +9.999695v
+FS - 2 LSBS TFFE +9.999390Vv
+4 FS 4000 +5.000000vV
+1 LSB 0001 +305,1758uv

0 0000 0.000000v
-1 LSB FFFF -305.1758uV
-4 FS €000 ~-5.000000v
-FS + 1 LSB 8001 -9.999695v
-Fs 8000 ~-10.00000v
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12-BIT D/A UNIPOLAR CODING--BINARY
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16-BIT D/A BIPOLAR CODING--OFFSET BINARY

CODING TABLES

AD00OOS T A000000°S— AQQO000D DT~ 0000 Sd-
AbPZG66D "2+ ABPB6EG” b+ AG69666° 6+ 1000 51 1T + Sd-
ADOOOST " T- ADOOOOS 2~ ADQ0000°5— 00or sd z/1-
ANGPEEGT " 9L~ |ANGELES TS T~ |ANBLSLT G0E- dddL gs1 1-
A0000QO0"0 A0000Q0° 0 AQ00000° 0 oooe 0
ANGREEGT 9L+ |ANEBLES TSI+ [ANBLSLT " SOE+ 1008 gsT T+
ADOQODST T+ AQQOODS™ T+ AQ00000° 5+ 0002 Sd /14
AQPEB66Y T+ ASE9666° b+ AQGEGE6 64 3433 |5.957 ¢ - S4d+
APTE66P " T+ ABPE66E6" T+ AS69666° 67 EEEES 957 T - Sd+
AT ASY AQT+ INIJOD 31¥IS
FONYd ¥/d TYLIDIA 7mnd 40 %
AYYNIE LASJ40--ONIJOD ¥¥I0JI8 ¥ /d LI16-9T1 (-0 ITEYL
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CODING TARLES

16=-BIT D/A BIPOLAR CODING--TWC’S COMPLEMENT

A00000S° 2~ A000000°S- A00O00O0° 0T~ 0008 S4-
AbPZOEEY T+ ABPE66EE b AS69666°6% 1aos8 987 1T + Sd-
A00OOST T~ AQO0D00S° T~ A000000°S9- 0002 sd4 T/l
ADSPEL6T " 9L - (ANGRLES " TTT— |ANGLSLT S0E- 4444 57 1-
A000O00G 0 400000070 AQ00000°0 0000 0
ADSPEEGT " 9L+ |ANGRLES " TST+HIANGLSLT GOL+ 1000 957 I+
AQOOOST T+ AQ0D0O0OS " T+ A000QO0 "S5+ ooob Sd /1+
ABPBGEY T+ AS696667F+ AQEEEEE7 6+ 343L |S.957 T - Sd+
AVTLEER T+ ABPRE6E " bt AS69666° 6+ 444¢L 957 T — Sd+
AS T+ AS¥ AQT* ONIAOD aATVIS
FONYH ¥/Q TVLIDIA TT04 40 1
INAWATdHOD §,0ML--ON1AQOD ¥V10d1I® ¥/d LIgG-9T fg§g-d IF1gvl

D-11

Guaranteed | (888) 88-SOURCE | www.artisantg.com

Artisan Technology Group - Quality Instrumentation ...



CODING TABLES
12-BIT D/A UNIPOLAR CODING--BINARY

TABLE D-9: 16-BIT D/A UNIPOLAR CODING--BINARY

% OF FULL DIGITAL D/A RANGE

SCALE CODING 0 TO +1l0Vv 0 TO +5v
“FS - L LSB | FFFF | +9.999847V | +4.,999924V
+FS - 2 LSB'S| FFFE | +9.996894v | +4.998447v
+3/4 FS €000 | +7.500000v | «3.750000v
+1/2 FS 8000 | +5.000000v | +2.50000QV
+1/4 FS 4000 | +2.500000v | +1.250000v
0+ 1 LSB 0001 |+152.58789uv|+76.293945uv
0 1 0000 0.000000v | ©0.000000V
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APPENDIX E
DT707 AND DT752 SCREW TERMINAL PANELS

E.1 INTRODUCTICN

The DT707 screw terminal panel is an _accessory
roduct which permits all user connections (A/D
/A, digital I/0, external .trlgger, and  external

clock) "to the DT2821 series "board to be made on
screw terminals. The DT752 is identical to the
DT707 except that the analog_input connections are
not made on the screw terminal panel, The DT752
accommodates D/A, digital I/O, external trigger, and
external clock connections, but directs the” DT2821
series board’s analog input connections to a
separate 20-€1n connector. This 20-pin connector is
intended 0 accommodate  signal conditioning
Broducts, such_as the Data Translation DT708-S or

T709-Y signal conditioning beoard, or the Data
Translation DT6700 series of signal conditioning
components.

_Both the DT707 and the DT752 provide screw
terminals for most of the DT2821 series board’s
input and output = signals. Screw terminal
connections are easier to make and to change than
are solder connections. The DT707 or DT752  plugs
intc connector J1 on the DT2821 series board through
an integral one meter ribbon cable, Each scréw
termina panel has rubber feet for horizontal
table-top mounting.

. The DT707, can  accommodate the  shunting
resistors required to  operate the DT2821 series
board with current locp inputs (0 to 20mAa).
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DT707 AND DT752 SCREW TERMINAL PANELS
SPECIFICATIORS

E.2 SPECIFICATIONS

These specifications are typical at +25°C and
standard voltages, unless otherwise noted,

GENERAL SPECIFICATIONS, DT707 AND DT752
Outline Dimensions:

5,20"H X 8,75™w X 0,875™"D
(13,21 X 22,23 X 2.22 cm)

Welghnt:
12.5 ounces
{355 grams)

Screw Terminal; . .
The screw terminal panel consists of 80 barrier
strip connections in four sections of 2
connections each

Barrier Strip Screw Size:
6-32 Screws

Barrier Strip Screw Material:
Magnum

Barrier Strip Material:
Polyester, UL grade, 94V-0 polypropylene

Acceptable Wire Size:
18 to 11 BWG

CURRENT LOOP QPERATION, DT707 ONLY
Resistor: Supplied by user

Resistor Value:
250 ohms (0 to 20 mA range)

Resistor Tolerance:
+0.02% or better

Resistor Power Dissipation:
Hwatt

Resistor Temperature Coefficient:
+15 ppm/°C or better
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DT707 AND DT752 SCREW TERMINAL PANELS
USING THE C©T707

E.3 USING THE DT707

The functicn of each screw terminal on the
DT707 is  indicated directly on the board’s
silkscreen. The silkscreen for the ~ DT707 1s
reproduced in the board’s assembly drawing, located
in Appendix F.

Connections for the D/A, Digital I/0, and
External Clock  subsystems, and "those for the
External Trigger, are s;mpiv the DT2821 series
board’s J1 pins brought out to screw terminal
connectors, he various signals on these connectors
are described in Chapter 4.

The DT707 provides facilities for accommodatin
several types of A/D inputs.  Jumpers and blan
circuit pads are provided to facilitatée the wuse of
the DT2821 series board’s A/D subsystem with:

o Differential inputs
o Single-ended inputs

o 0 to 20mA current-lcop inputs

The following sections describe the use of the
DT707 with these types of inputs.

E.3.1 DT707 WITH DIFFERENTIAL INPUTS

Whenever differential inputs are used, some
external return path must be made between channel X
RET (the low or Treturn side of any differential
analcg input channel) and Analog Ground, This 1s
accemplished easily on the DT707 by 1installing
10 kilohm, 0.25 walt resistors at resistor location
R2, R3, Ro, R7, R10, RI1l1l, R14, and RI1S. These
resistors are user-supplied.

E.3.2 DT707 WITH SINGLE-ENDED INPUTS

Single-ended signals have a common return path
at Analog' Ground voltage potential, The ©DT707
connects Signal Ground to Analog Ground. Connecting
single-ended input, signals consists of hooking thé
channel up, and making €he return path connectiodn.

E-3
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DT707 AND DT752 SCREW TERMINAL PANELS
DT707 WITH CURRENT LCOP INPUTS

E.3.3 DT707 WITH CURRENT LCOP INPUTS

. To use the DT707 with a 0 to ZOmA current locp
input, first make sure the DT282]1 series board is
jumpered for unipolar differential inputs and that a
gain of two 1s used.

Next, install 250 ohm* current shunt resistors
at DT707 resistor locations Rl, R4, RS, RB, RS, R1Z,
R13, and R16. The current snhunts cause the A/D
converter to see a (V signal for a OmA input, and a
+3V signal for a 20mA inpoht.

Many devices set up for current loog operation
provide 4 to 20mA ranges. When the DTZ821 series is
used with such deviCes, the lower part of the
converter’s input range (0 tc +1V) 1s not used.
This results 1in some loss of resolutien, and ma

require that ¢the software compensate for the fac

that the low end of the input range (4mA) does not
produce an ocutput code of 0000 0000 0000 0000
(binary) from the A/D converter,

F.3.4 DT707 WITH THE DT2823, DT2827, AND DT2828

The DT2823, DT2827, and DT2828 do not wuse all
the analog input connection pcints on the DT707
screw terminal panel, Table E-1 shows the screws to
use on the DT707 to assure that these three bcards
are ccnnected properly.,

! To ensure the accuracy of which the DTZ821 or
DT2821-DI~F's A/D, cenverter 1s capable, the
current shunt resistors should be  precision
5t0.02% or better tolerance) high stabilit

temgco of 12 ppm/°C, or betterf resistors of a
least %watt power dissipation.
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DT707 AND DT752 SCREW TERMINAL PANELS
DT707 WITH THE DT2823, DT2827, AND DT2828

TABLE =-1: DT707 WITH DT2823, DT2827, AND DT2828

DT707 CORNNECTIONS

SCREW DT2823 DT2827 DT2828
CHO CHO CHO CHO
CHO RET CHO RET | CHO RET AGND
CH2 CH1 CHI CH1
CH2 RET CH1 RET | CHl RET AGND
CH4 CH2 CH2 CH2
CH4 RET | CHZ2 RET CHZ RET LGND
CH6 CH3 CH3 CH3
CH6é RET | CH3 RET CH3 RET AGND

E.3.5 REFERENCE JUMPERS ON THE DT707

On the DT707, jumpers W3 and W4 are installed
at the factorg and should be left installed for all
applications discussed in this manual.

When installed, W3 connects all the screw
terminal marked SGND’ {S8ignal Ground% on the DT707 to
AGND (Analog Ground) on  the DT2821 series board
through a " zero-ohm resistor. When a DT2821 series
board” is jumpered for single- ended inputs, W4
connects amp low (the low side of the DT2B2] series

board’s A&/D instrumentation amplifier) to AGND  on
the DT2821 series bhoard. hen the DT2821 series
b%%rd is jumpered for differential inputs W4 has no
e

If AGND is connected dlrectl¥ to an external
ground, ?round loops, may be Tormed resulting in
electrlca noise and inaccurate data conversions.
Should this be a problem, replace R17 on the DT707
with a 1 kilohm resistor. For the DT2828, R17 must
be a zero ohm resisior or a jumper.

E.4 USING THE DT752

The DT752 screw terminal panel accommodates
user connections for the DT2821 series hoard’s:

o D/A subsystem

¢ Digital I/0 subsystem
o External clock
o

External trigger
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DT707 AND DT75Z SCREW TERMINAL PANELS
USING THE DT752

The DT752 directs analog input ccnnections to a
separate 20-pin connector.’ Like the DT707, the
function of each screw terminal on the DT752 is
indicated directly on the board’s silkscreen. The
silkscreen for the DT752 is the same as that for the
DT707, and is reproduced in Appendix F,

Cennections for the D/A subsystem, Digital 1I/0
subsistem, external ¢lock, and external trigger are
simply the DT2821 series board’s Jl pins brought out
to screw terminal cecnnectors. The various Signals
cn these ceonnectors are described in Chapter 4

E.4.1 DT752 ANALOG INPUT CONNECTIONS

Even though the DT752's screw terminal panel
has screws marked for analcg 1input, there 15 no
connection between these screw™ terminals and the
DT2821 series board. When a DT752 is used, ALL
ANALOG INPUT CONNECTICNS MUST BE MADE USING THE
Z0~PIN 3M CONNECTOR ATTACHED TO THE DT752.
Typically, connectilons can be made using a Data
Translation signal c¢eonditioning koard, like the
DT709-8, DI709-Y, or the DT6¢700 “series of Dboards.
gonngctlons are then made to the signal cenditicning

oard.

Table E-2 contains the pin assignments for the
DT752"s ZO—Eln aralog input conneCtor, Note that
DT752 cannot be wused with differential inputs.
Also, the DT2828 should not be used with the DT752
because the signal condltlonlng circuitry interferes
with the simulfaneousness of the signals and results
in non-simultanecus 31?nals at the sample and hold
c1xcu1trg. Figure E-1 shows the typical connection
of a DT752 tc a DT2821 series bhoard.

TABLE E-2: DT752 20-PIN CONNECTOR PIN ASSIGNMENTS

SIGNAL BEIN SIGNAL
Channel 0 1 2 Channel 8
Channel 1 3 4 Channel 9
Channel 2 5 6 Channel 10
Channel 3 7 8 Channel 11
Channel 4§ 9 10 Channel 12
Channel 5 11 12 Channel 13
Channel ¢ 13 14 Channel 14
Channel 7 15 16 Channel 15
AGND 17 18 amp low
+15V ocut 19 20 =15V cut

E-¢
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DT707 BRND DT752 SCREW TERMINAL PANELS
DT752 ANALCG INPUT CONNECTIONS

Analog input
Signal Conditloning DT752
Anslog  Opitonx:

input 20-Pin Connector tor Anaiog Inputs

Signals ¥ : H
DTTO0 - I H pT2821
DTe700 i-—

Personal Computer
DT75e ?"‘

Screw Tarminal Panel lor:
Analog Outputs

20-PIn Connector Digital VO

Clock Signale

Trigger Inputs

{S|mflar to DTTOT)

L

FIGURE E-1: DT752 INTERCONNECTIONS

E-7

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



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



INDEX

A4/D clock enable Bit Q7, 5-5
ADCSR, 5-5 . Bit 08, 5-5
A4/D centrel and status register, Bit 09, 5-5
5-3 Bit 15, 5-4
Bit assignments, 5-3 Bit assignments, 5-3
R/D conversion CHANQ, 5-6
Data codlng, 6-10 CHAN1, 5-¢
Overlap mode, 6-2 CHANZ, 5-¢
Simultaneous sample and hold, CHAN3, 5-6
6-5 Channel select, 5-6
A/D ccnverter, 6-3, 6-%6 Gain select, 5-6
Block diagram, 6-2 580, 5-6
A/D data register, 5-10 GS1, 5-6
2/D done 1A/bDONE, 5-5
ADCSR, 5-5 Interrupt on A/D done, 5-5
A/D error Multiplexer busy, 5-5
ADCSR, 5-4 MUXBUSY, 5-5
A/D functions ADDAT, 5-2, 5-1C
Cenfiguration, 3-9 Amgllfler
A/D inifialize uffer, 6-6
SUPCSR, 5-20 Autoinitialize, 6=22
A/D resolution, 6-8
A/D subsystem Base address.
Programming, 7-3 configuration, 3-5
Spelifications .Recommendaticons, 3-6
DT2821, 2-2 B;Eolar, -
DT2821-F-168E, 2-5 Bit 00
DT2821-r-8DI, 2-5 ADCSR, 5-6
DT2621-G-163E, 2-8 CHANCSR, 5-9
DT2821-G-8DI, 2-8 DACSR, 5-14
DT2823, 2-11 SUPCSR, 5-21
DT2824-PGH, 2-13 _TMRCTR, 5-24
DT2824-PGL, 2-16 Bit 01
DT2825, 2-19 ADCSR, 5-6
DT2827, 2=22 CHANCSR, 5-9
DT2828, 2-24 DACSR, 5-13
Accesscries, 1-4 SUPCSﬁ, 5-21
ADCSR, 5-2 to 5-3 _TMRCTR, 5-24
A/D clock enable, 5-5 Bit 02
4/D done, 5-5 ADCSR, 5-6
A/D error, 5-4 CHANCSR, 5-9
BL/DDONE, 5-5 SUPCSR, 5-21
A/DERR, 5-4 TMRCTR, 5-24
ADCLK, ' 5-5 Bit 03
Bit 00, 5- ADCSR, 5-6
Bit 01, 5-6 CHANCSR, 5~9
Bit 02, 5-6 SUPCSR, 5-21
Bit 03, 5-6 TMRCTR, 5-24
Bit 04, 5-% Bit 04
Bit 05, 5-6 ADCSR, 5-6
Bit 06, 5-5 SUPCSR, 5-20
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'TMRCTR, 5-24
Bit 05
ADCSR, 5-
DACSR, 5-
SUBCSR, 5
TMRCTR, 5
Bit 06
ADCSR, &5~
DACSR, 5-
SUBCSR, 5
'TMRCTR, 5
Bit 07
ADCSR, 5-
DACSR, b5-
SUPCSR, S
TMRCTR, 5
Bit 08§

Bit 13
B.SUPCSR, 5-18

it 14
_SUBCSR, 5-18
Bit 15

SUPCSR, 5-17

Board initialization

SUPCSR, 5-21

Buffer amplifier, 6-6

Buffer B
SUPCSR, 5-19

Calibration
12-bit DACs,

l6-bit DACs, B-14

CHANCSR, 5-2, 5-8
Bit 0
Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit
LLE,
Load 1
NUMB, . _
Numbgrgof channel-gain entries,

[}
o
-~
wn
11

HHPEPOOOOD
U= SO aiob
1
OO DD O OO (oD~

I == = = = =

enable, 5-8

wrr cnonononononenen
11

P
I n o

Present list address, 5-9
PRESLA, 5-9
Channel Select
ADCSR, 5-6
Channel-gain list control/status
register, 5-8
Clear DMA done
SUPCSR, 5-18
Clock . .
Sge01f1catlons, 2=30
CMRR, 4-7
Codlng. .
Configuration, 3-11
Jumpers, 3-13 . .
Cemmen mode rejection ratio, 4-7
Configuration
A/D functions, 3-9
Base address, 3-5
D/A functions, 3-15
DMA channel, 3-8
Input range, 3-
Interrupt "level, 3-8
OutBut coding, 5-11
SE/DI, 3-13 7
Configquration diagram, 3-4
Conneltors and cables
Sgec1f1catlons, 2-33
Continuous performance, 5-18
Counter bit
TMRCTR, 5-24
Customer service, C-4

D/A clock enable
DACSR, 5-13 ‘
D/A control/status register, 5-11
D/A conversion, 6-11
D/A data register, 5-15
D/A error
DACSR, 5-12
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D/A Ini

D/a functions

Conflguratlon, 3-15
lalize
SUPCSR, 5-20

D/A range selection, 6-12
D/A subsystem

Programming, 7-47
Spec1f1catlons, 2-26

DAC 0, o-1Z2
DAC 1, 6-12
DAC read

DACSR, 5 13
DAC s;ngle conversion
SUPCS

DACSR, 5.2 5 11

b
ST TRTIRTIR TRV

Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit 15,
Bit a531gnments, 5=-11

D/A clock enable, 5-13

D/A error, 5-12

D/AERR, 5- 12

DAC ready -13

DACLK, 744

DACRDX, 5 13

DIO gl?g byte output enable,

oronononenonu

!
!
r
!
7
!
r

OOOOOOC)
WD~ O

U'\
,._
[\%)

DIO %ow byte ocutput enable,

HEBOE
ID/AﬁDY, -
Interrupt on D/A ready, 5-13

SDElelcathDS, 2-28
DIODAT, 2, 5=19%
DMA
Base address, ©-
Channel 5, 6-2
Channel 6, 6-2
5 Channel 7, ng"/fl iy
vte pointer 1 Cp,
Channgl 6-22 P P
Channel’ selectlon, 3=-7
Mask, 6-22, 6-25
Memory page, ©- 21
Mode reglsters, 26
Modes, 21 6~-25

21
q
4

a4/D clocked 6-19 to 6-20
A/D %réggered scan, 6-19 to

=19 to 6-20

D/A clocked
Dual-DMA, ©
Page select
Channel 5,
Channel 6,
Channel 7,
Registers, 6-
Wword count, ©
Channel 5,
Channel o,
Channel 7,
DMA channel
Configuraticn,
DMA doné
SUPCSR, 5-17
DMA select
SUPCSR, 5-19
DT2821 A/D subsystem
gec1f1catlons, 2=2
DT2821-E-16SE A/D subsystem

P~

LBOE Bec;flcatlons, 2-5

Slngie channel select, 5-12 DT28B21-F-8DI A/D subsystem

SSE Bec;flcatlons, 2-5

Y channel select, 5-12 DT2821-G-165E A/D subsystem

YSEL, 5-12 gec;flcatlons 2-8
DADAT, 5-2, 5-15 DT2B21-G-8DI A/D subsystem
Differential, 4-6 geCLflcatlons, 2-8

Connectlons, 4=9 DT2823 A/D subsystem
Digital I/0, b6-13 gec;flcatlons, 2-11
Dlgltal I/O subsystem DT2824~PGH A/D subsystem

ecifications, 2-13

rogrammlng, 7=54

DIO

Data reglster, 5-1¢
ngh bK e output enable

DT2§24 -PGL A/D subsystem
Bec;flcatlons, 2-1¢
DT2825 A/D subsystem

gec1flcatlons, 2=19
Low byte out ut enable DT2827 A/D subsystem
DACSR, 5=1 gec;flcatlons, 2=22
Subsystem DT2828 A/D subsystem
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Specificaticns, 2-24
Dual-DHA

SUPCSR, 5-18
Dual-DMA mode, 3-6

Erabled clear |
Definitign, =11
:ternal clock enable
SUPCER, 5-21
External trigger
Znable
SUPCSR, 5-21
Specifications, 2-Z9

o

I

Features compariscn, 1-2

Fuil Scale Adjustment
12-pit DACs, B-14
le-bit DACs, B-15

Gain select
ADCSR, 5-6

Input range |
Configuration, 3-9
Installaticn, 4-2 |
Interface characteristics
Specifications, 2-31
Interrupt level
Cenfiguration, 3-8
Interrupt on A/D done
ADCSR, 5-5
Interrupt on D/A ready
DACSR, 5-13
Interrupt on errcr
SUPCSR, 5-18

J1 pin assignments, 4-4 to 4-6
Jumper summary, 3-
Jumpers .

A/D gu?gtlons, 3-2, 3-12 to

Coding available, 3-12
Coding selecticn, 3-13
Base address, 3-2
D/A functions, 3-2
Qutput range, 3-16
CMA channel, 3-2, 3-7
Interrupt level, 3-2
Selection, 3-§
Location, 3-4

Load list enable
CHENCSR, 5-8

Multiplexer, 6-2, €-6

Multivlexer busy
ADCSR, 5-

NUMB
CHANCSR, 5-9 ) _
Number of channel-galn entries
CHANCSR, 5-9

Cffset Adjustment
12-pit DACs, B-13
l6-bit DACs, B-14
Qutput coding
Configuration, 3-11
Output data coding, 6-10
Overlap mode
Timing diagram, ¢-4 )
Overlap mode A/D conversion, 6-2

Pacer clock, 6-14
Register, 5-22
Pacer clock equation, 6-15
Phgsxcal[env;ronmental
pecificaticns, 2-32
Power requirements
Specifications, 2-32
Prelcad mux
SUPCSR, 5-20
Prescaler select bit
TMRCTR, 5-
Present iist address
CHANCSR, 5-9
Programmaﬁle gain
Input ranges, 6-11 =
ProggaTgable gain amplifier, 6-2,

Pro ramming
B/D clocked DMA §DT2828) 7-40
A/D clocked DMA (except DT2828),

A/D subsystem, 7-3
A/D %réggered scan DMA (DT2B828),

A/D triggered scan DMA (except
pT2828), 7-13

D/A clocked DMA, 7-50

D/A subsystem, 7-47

Digital 1/0 subsystem, 7-54

Single D/A conversion, 7-48

Single-channel DMA énfzsza,

. Channel Ol, 7=

Single-channel DMA (except
DT2828), 7-8

Single-channel non-DMA (DT2828,
Channel 0), 7-24
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RAM channel-gain list,
Read transfer,
Recommended base addresses, 3-6
Register addresses, 5-2
Registers

L/D contrcl and status, 5-3

Single-ended,

e}

1

3

ingle nnel non-CMA
DT ), -4

a
&

[ e |

[eale]

2
6-8
6-22

Big a551gnments, 5-3
.:s.:‘D_data, ._,"10

Hit assignments, 5-10
Channel-galn list

control/status, 5-8

D/& ccontrol and status

Bit a551?nments, 5-11
D/A control/status, 5-11
D/A data, 5-15

Bit a551gnments, 5-15
DIC data, 5-16

Bit a531gnments, =16
Pacer clock, 5-2

{except

DT2821-F-8D1 A/D subsystem, 2-5
DT28%16G-165E A/D subSystem,
DT2821-G-8DI A/D Ssubsystem, 2-8
DT2823 A/D subsystem, 2-11
DT2824-PGH A/D 3subsystem, 2-13
DT2824-PGL A/D subsystem, 2-16
DT2825 A/D subsysteh, 2-19
DT2827 A/D subsvstem, 2-22
DT2828 A/D subsystem, 2-24
External trigger, 2729.
Interface characteristics, 2-31

Physical/environmenta1522—3

Power reguirements, 2
7,

SUBCSR, 5- 5-17

Supe;vi%ory control and status,
D—

‘Bit assignments, 5-17
Timer counter
Bit assignments, 5-22
Retuénqmaterlal autﬁorlzatlon,
RMA number, C-4
3ample and hold, 6-3, 6-5
Scan done
SUPCSR, 5-19
SE/DI

Configuraticn, 3-13

Shared jumper posts, 3-2
Simultaneous sample and hold

A/D conversion, 6-5
Block diagram, 6-5
_Timing didgram, 6-7
Slngle Channel select
DACSR, 5-12 46

Connections, 4-8 to 4-9

Software tri

SUPCSR, 5297°r

Specificaticons

Clock, 2-30

Connectors and cables, 2-33

D/A subsystem, 2-26
LIO subsystem, 2-28
DT2821 A7D subsystem

2-2
DTZB%lgF—IGSE A7D subsystem,

Index-5

A/D Initialize, 5-20
ADCINIT, 5-20
BDINIT, 5-21

Bit =
Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bat v
Bit assignments, 5-17
Board 1initialization, 5
BUFFB, 5-19
Buffer B, 5-19
Clear DMA dcne, 5-18
CLRDMADNE, 5-18

D/A Initialize, 5-20
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DAC single conversiocon, 5-20

DACINIT, 5-20
DACON, §-20
DDMA,  5-18

DMA deone, 5-17

DMA select, 5-19

DMAD, 5-17

DS, 5-19

Dual DMA, 5-18
ERRINTEN, 5-18
External clock enable

=21

5-21

External trigger enable, 5-21

Interrupt on“érror, 5-1
Prelcad mux, 5-20
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PRLD, 5-20 Bit 10, 5-22

Scan dene, 5-19 Bit 11, 5-22
§CDN, 5-16 ° Bit assignments, 5-22
Scftware trigger, 5-21 Counter bit, 5-24
STRIG, 5-21 Prescaler select bit, 5-22
XCLK, 5-21 PRS0, 5-22
XTRIG, 5-21 PRS1, 5-22
Supervisory control and status PRS2, 5-22
register, 5-17 PR53, 5-22
Symptems and sclutions, C-2 Troubleshooting, C-1
_ Symgtoms, Cc- .
Timer counter Troubleshooting checklist, C-1
Prescale, 5-23 .
TMRCTR, 5-2, 5-22 Unipolar, 6-9
Bit 60, 5-24 User connecticns, 4-3
Bit 01, 5-24 J1 pin assignments, 4-4 to 4-6
Bit 02, 5-24 .
Bit Q3, 5-24 Write transfer, 6-22
Bit 04, 5-24
Bit 05, 5-24 X channel, 6-12
Bit 06, 5-24
Bit 07, 5-24 Y channel, 6-12
Bit 08, 5-22 Select
Bit 09, 5-22 DACSR, 5-12
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WARRANTY AND SERVICE POLICY

warranty

Data Translation, for the effective pericd cf the
warranty set out below, warrants that its standard
hardware procducts will be free from defects in
materials’ and workmanship under normal use and
service. Data Translation’s obligation under this
warranty shall neot arise until Buyer returns the
defective  product,  freight prepaid to  Data
Translation's facility “eor  another  specified
location, The only responsibility o Data
Translation under thils warranty is, at its option,
tc replace or re%alr, free of charge, any defective
component part of such products.

Effective Period of Warranty

Boards, modules, and systems, 90 days from date of
invoice, Repalred cr replacement products, 30 days
from date of return (as to repaired or replaced
compcnent parts only).

Return Outside the U.S.A. and Canada

Contact the local sales  representative, or factory
for authorization and shipplng instructions.

Limitations on Warranty

THE WARRANTY SET FORTH ABOVE DOES NOT EXTEND TO AND
SHALL NOT APPLY TO:

1, Prcducts which have been repaired or
altered by other than Data Translation’s
personnel,” unless Buyer has  properly
altered or  repaired the preducts 1in
accordance  with grocedures reviously
approved 1in writing by Data Translatiocn.

Z. Products which have been subject to misuse,
neglect, | accident, or improper
installation.

THE WARRANTY AND REMEDIES SET FORTH ABOVE ARE IN
LIEUJ OF ALL OTHER WARRANTIES EXPRESSED OR IMPLIED,
ORAL OR WRITTEN, EITHER IN FACT OR BY OPERATION OF
LAW, STATUTORY OR OTHERWISE, INCLUDING WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPCSE, WHICH DATA TRANSLATION SPECIFICALLY
DISCLAIMS. DATA TRANSLATION, INC. NEITHER ASSUMES
NOR AUTHORIZES ANY OTHER LIABILITY IN CONNECTION
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WITH THE SALES, INSTALLATION, OR USE OF ITS
PRODUCTS. DATA TRANSLATION, INC. SHALL HAVE NO
LIABILITY FOR INCIDENTAL OR CONSEQUENTIAL DAMAGES QF
ANY XIND ARISING OUT OF THE SALE, INSTALLATION, OR
USE OF ITS PRCDUCTS.

Service Policy

a. Data Tramslation, Inc. will repair or
reElace any fauity item within ten days
after receipt of sald part regardless of
its warranty status.

b. A 7Z-hour service plan 1is available.
Contact factory for details,

c. If a product should fail during the
warranty peried, it will be repaired free
of charge. For out of warranty repairs,
the cudtomer will be invoiced fcr repair
charges.

Return Frocedures

a. Upon determining that repair services are
required the cuStomer must:

1. Obtain, a "Return Material
Authorization™ number from the Custcmer
Service deEartment, 508-481-3700, by
providing the serial number of the

roduct, .

2. arefullgl package the  product in
anti-static package and shlgmﬁrepald to
Data Translation. The & number
should shcw on the outside of the
package. Include a description of the
malfunction along with the return
address _and telephone number of a
technical contact.

b. Upcn completion of the services required,
an _invoice is issued stating charges, when
aEpllcable, and work completéd., A~ packing
slip is enclosed 1in the return shipment,
Data  Translation  will prepay return
shipment wvia UPS& for all continental USA
returns. For returns requested via air
frelghtﬁ material will® be sent "Air
Collect™.
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Reader’s Comment Form

This form is an attempt to improve our ability to_communicate
with vou and to give you clear, concise tech=nical
information. Pléase Jjoiln in a dialogue with us. Take a few
minutes and £i11 out £his form.

Thank you

Manual number or title

what is your general reaction to this manual?

Excellent  Very Good Goed Fair  Poor
Accuracy
Completeness

Easy to understand

What parts of the manual do you use the most?
1. 2.
3. 4,

What errors have you found?

Additional Comments or Suggestions:

1f we hage questions about your comments, may we call you?
Tes NO

Name Title

Organization

hddress

Phone

Flease mail this form to:

Technical Publications Department
Data Translation, Inc.
100 Locke Drive
Marlboro, MA 01752-1192
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Artisan Technology Group is an independent supplier of quality pre-owned equipment

Gold-standard solutions We buy equipment Learn more!

Extend the life of your critical industrial, Planning to,upgrade your/current Visit us at artisantg.com for more info
commercial, and military systems with our equipment? Have/surplus equipment taking on price quotes, drivers, technical

superior service and support. up’shelf'space? Well give'it a new home. specifications, manuals, and documentation.

Artisan Scientific Corporation dba Artisan Technology Group is not an affiliate, represéntative, or authorized distributor for any manufacturer listed herein.

(217) 352-9330 | sales@artisantg.com | artisantg.com TECHNOLOGY GROUP

We’re here to make your life easier. How can we help you today? Vl ARTISAN




