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T n .€cl rJna.tion a bout. i in p 1 em en t a  t. j. on a nd exa m pl es 

c:an be f o u n d  i.n appendl .~  13 
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AUC-ETC (External ly  Tsj.yyered Conversbn)  

Fi1nct.j.m : perform a.n Ext.erna.3 ly Tri .  yyered sj.ng1.e Conversj.on : 

Load the EirEjt: channel-yain list: entry of t:iie UT282 i boarcl w i t h  

the specified clmmel t i  g a i n  p a i r  and perform an A/D convers ion  
on t i i k  channe I. at: tiie I3.rsi: c:f.ock piilse af2:er t : k  occiirrence of 
the external t x iyge r .  

Warnings : -this procedure dli3nyes the eontxnts o f  t:fie channel-gain list; . 
-%lie execiiti on of  this routj.ne w i  I1 be skj-pped wi.t.hout. further 

not:%.ce i.f I.1; i.s c:alled whj.le a DMA operat:j.on i.s j.n prCIyreSS 

on t:.he se1 ec%.ed board. 

Call. fsoni Tii~:bo Pascal : adc-et:c(resulZ:, ciiannel yaj-n, baae) ; 
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AlIC-ETS (Exkexnal1.y Tr igyercd Scan 1 

Ftinction : perforin an Externally Triggered Scan. T h i s  i s  a serj.es of 

A/JJ cc.,nvers.bns heyhni.ny from the f3.a-st entry i n  t;iw 
channel-gain 1 i st. Lo the fina.1 e n t r y .  Ea.ch conversion i.s st.art.ed 
at: the occiirrence o f  a cl.ock pulse. The fj,xs.E: conversion starts 
at. the  occtir’rence of %he f irst. c3 ock pulse (either from t.he 
on-board pacer cJ.ock (.)i an ext:ernal clock, see rout:tnes 
CLK-EEC a.nd CiZ-L)kX) af ter  P.11e externa.1. t:rigger . 
TZ: i s  a:isiiined tXiaZ: the Channel G a i n  L is t :  Xias prev.i.»u:ily Reen 
loaded by a. ca.l.l %.o rout.i.ne AnC-LCG 

The execut:l.c.)n of k1ii.s rroixkine w i l l  he skipped w i  t:faout fiirtiier 

nc)t.ice i f  it. i s  called w l i i l  e. a DMZ! operation is in progress 

on any DT2821 board. 

~ ~ ~ r ~ ~ . n g  : 

Cal 1 from T W ~ O  Pa sea I : adc-ets ( resuliili sf: error, base) ; 
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Inputs : -.int.eger array chanl i s t  con1.a.ins f.he channel  numbers (max. 16 
nünîber:j r ang ing  Erom O ko 15) in kfne order in which tfie chanriel:j 
have t o  be riamyled. 

-i n-t.eger array gainJ.ist  cont:ains %he g a i n  niimbers (max. 16 numbers 
rang.i.ny from 0 {:o 3 )  in t:he oxdel: in wiiicli t:he channels have t:o 

be aanipled (ar; spec i f i ed  in ctianl.isi:). The g a i n  numbers have t.he 
fo l lowing  meaning : r) : gain = 1 

1 : g a i n  = 2 (nT2825 : g a i n  = 10) 
'2 : yaj.n = 4 álIT2825 : gain  2 100) 

3 : g a i n  = 8 (UT21121 : gai.n = 500) 
-I.nt:eyer: n conta.i.n:i the nimber of channel -ga in  l.is t: entries ranging  
from I ko 16 . 

-int .eger base contains the base address of t.he 3. /O huffer of a 

1372 N 2 1 boa.rd . 
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ADC-SAD (Ser3.e~ of A/B conv. w3.2:h DMA transfers 1 

Fiinct ion : perform a. eieries cif A/T) conversions using LIMA data  txanfer from 

the !jel.e(A;ect 113112821 board t o  ,the RAW-buffers def3.ned .in a 
Buffer Transfer L.i.st. (DTL) .  The tra.nsfer requires one or t .wo DNA 
channe1.s t o  do the t:I:an:i fer,  depend3.ny on the number of A/]D 

ccmversions .to be done and on the ina.yni.t.iide of t.he biiffess. If 
t:rans.fer requj.res t w o  DMA channels a n  3.n.t:errupt Ls bsi ied by tAie 

selected DT2821 boa,rd each %ime a buffer ha.s heen fj.llecï and t.hen 
t:he board j.mmeci3.at:ely sw3.tclies t:o the otliex DNA clianne3. j.n order 

t a  fill t l J e  n e x t  DMA bi i f fer .  

The 3.nt:errii.pt: c:aiises t:he execix!:i.c.m OP a n  i.nt:erriapt: service roiikine 
embedded w i t h i n  t1i.i s routine. I f  necessary it. sets up the 
parameters tor: kiie DMA cliannel. t:liat: i.s current:l.y not; .in 13se so 

that t h e  board can switch t.o .i %: afker  the DNA operatkm on t.he 
channel t:hat: Ls cur+entty 3.n use has ~:er~ii~-nat:ect. Tiie board{ s 1 
are jiiinper seiect.ed t o  use DNA cha.nnels 5 and 6 and j.ni:errupt: 
I.eveI.:i 10 01: 15. 
The series of conversions s t a r t s  a.t. *:he f irst  clock pulse a f te r  
an ext:ernaJ. .t:r.i.yger or a sof h a r e  tx3.ggei: . The f i w t  conversion 
corresponds wi%h %:he fj rst. entry i.n the channel gain 1j.st:. When 
the final. entry i n  4:iie cfiannel g a h  J.i.st: is reaclierl selecit:i.on 
loops a.roiin6 t o  the f i r s t  entry again. 
T h i s  rout:.i.ne un1.y i.nit:3.alixes t:k transfer:. S o  upon exit: the 

transfer i s  not. complet.ed I biii.. is t a k j  ng pl.a.ce throughout:. t.he 
t?XeC:ll4:3.(~1 cz f t;he +est of the iiser program. [?:je t:lie XOiif:.i.ReS 

~ ) ~ ~ - ~ ~ ~  (INQui re) I DMA-HLT (Ha.I,T) or DMAWFC (Wia.i.1: For 
Compl.et.i.on 1 i.n or(3er t:o mnoni.t:or or I.nfluence tiie DMA operat:-i.on 
i.n proyre.;:; - 

Wa.rniny : .&:lie execiitj.on of -t:l.ii s routine w i l l  he skipped w3.thout. further 
not:j.ce 3.f 3.t: 3.s c a l l e d  wIi3.le a 11MA r)peraki.on i.s 3.n progreSS on 
any WC2821 boa.:rd. 
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mode = 1 : 

inode L 2 : 



- A.-? - 
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- n.10 - 

T11i.s routine shoi l ld  always be called before calling any other: 

rou-l.i.ne i .nvolving 'clze ~,eLec%ed 11T2.82 1 board.  
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cr,#-Dt.:c (n i.snb1.e External  clock) 

Cal I ~ T O J ~ I  Turbo Pa.n;ca.l : elk-dec (base) ; 
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CJ,K-E&C (Enable External. Clock )  

Cal 1 from T ~ b o  Pascal : cl k-eec (base) ; 
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Cadl fro111 Turbo l?a.scaI : clk-esc; 



- A .  15 - 

P u n c t i o n  : oii.tpi1.L a 4 b y t e  integer  (calletd p from now on) t.hat. cnntai.ns 
tiie period o f  ti.me between t w o  pt i lz j e s  o f  the ciisreni: 

UT2821 hoard pacer clock i.n i i n i t s  of 250 ns. 

Input  :-.integer base contains Lhe address of .t.he I/O buffer cif a DTS821 

board 

oii%puZ:s : -inkeger pf ï i~ jh  contai.ns nwst. significanf:  word of p 
-int;eger pl.ow contains leas li: significant: word of p 



- A . 1 6  - 

Function : Find klie pxescaler and counter valtie o f  t h e  pacer cl.ock register 
so t:itnt: kiie per1.od o f  thie  between t:wo c3.ock puises niatches t:iie 

desi.:red period ( i n p i i t )  as closely as poss ih l  e and l.lien sencl 
t:lìe:je values .!:U the pacer c ~ . o c : ~  Xeyi.ster:. 
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: -j.nt:eger: presca ler cont:aj.n:$ the prescaler value i xangj.ng Erom 

0 t o  15. 

-inkeger counter con ta ins  the cotinter value ranging  from 0 t.ct 

255. The pacer: cl.:)ck per.i.od can be calculated as follows : 

clcrclr period = 250 * ( 2  * *  prescaler) * (256 - coitnl..er) nanosec. 
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Fiincticin 

Warning : 

Cal 1 Frcm Turbo Pascal : dac-edc (va.1.tiex I valtiey I base 1 ; 
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Call fYC)ill Turbo Pa .~ca l  : dac-esc (valiie, xosy base 1 ; 
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Fiinc.ti.on : 

Warning : 

perform a software .i.riyyered diia1 D/A c o n v e r s i o n  on t.he 

I:wo UAC channels. Becaiise tfiere ace two conver:jj.ons t o  be done 

the D/A subsystmn i s  pimt i n  dual -channel  mode. The software 
t:riyyer that: i n i  t.i.at;es t:iie [)/A c:onversion is generated w.i. t:lii.n 

.t.tiis rw%i.ne 
the executi on of this r o u t i n e  w.23 1 he skipped w j  t.houi: f u r t h e r  

no.t:i.ce j.f i.4: i s  c a l l e d  whj.le 'tiie Zj<lIect;ed boarcl is operat:i.ng i.n 

D/A clocked JIMA inode. 
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%npui.s : - i .nteger  nbiif cc.)nt.ains i . 1 ~  number of buffers (specif j .ed i.n t.he 
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(Enab1.e & Read Byte)  
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lo:ïO-EWW (Enable Fr. Wri.t:e Word) 
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Ca11 froin Turbo Pascal : cd.i.o-iny(diodi:r I ba.se) 
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Inputs  : .i.nt;eger i. cont:a.i.n.i.ng a value ranq.i.ng froat Q t:o 3 : 

i = O : nìa.ke D ï O  l o w  byte an  inpi i t  port. 

i. = 1 : make UI0 ].ow byte an output: port 

i = 2 : make D l 0  high byte a n  .input p o r t  

.i. = 3 : make D I 0  h i g h  byt;e an out:put: p o r t  

integer Inn.:;e pol.n.t.i.ng %o the base address of t h e  X/O buffer of a 

13112821 hoard 
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Call from Turbo Pa.sca.1 : d.i.«-sdw(.i, ha.se) ; 
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Funct ion  : wri:t.e cz byLe %:o the specified part:  ( h i g h  or luw byte) of t.he 

D'tO rt'gi.:jt:er. 

It. i s  a.s:;uiiied .that t.he s p e c i f i e d  byP.e is enabled for out:put.. 
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Princ.t.ion : write a word t.o the TìIO register .  It: i s  assumed t:hal. b o t h  t.he 

fiicj-tt and t:fie low byte  of t;he D ï O  reg.i.st;er are enabled for output: 
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U M A A D T  (h/D Tr!i.gger) 
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Cal I froni Turbo Pra:icii.l : drna.-da.t: (base) ; 
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Function : i n y u i  r e  about. "clïe DMA operation t.liat is current.ly i n  progress . 
Tiìi.:? roui:j.ne i$cyiii.Ct?S j.nf0~:nii3:L:i.0n about: witi.ch DNA mode j.5 

select.ed , we.ther of not. t.he se lec ted  hoard is o p e r a t i n y  i.n dual 
IIMA rnotle, whi-cìi DNA channel i.s current.ly I.n use, wiij.ch buf fer  

i:; c u r r e n t l y  i n  lice and what i s the DIVIA cont..rol.ler' s current .  word 
count: and the base address of tiie lIT2821 hoarxl. 

Cal I froiiì Turbo Pa:;ca 1 : dina-inq (er.p^(x, dilaldina, diiiaiiiode I biif ferh I nbuf I hfcount.  I 

curwcount:, bii:ie) ; 
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Function : halt any ])PIA operat:j.un that .  is  c i i r r e n t l y  i n  progress on channels  
5 and 6 .  .Cf t:he A/D tjyskeln i.5 OK lias been us ing  the DMA mode, tlie 

A l l )  siibsytitein ic; reset.. 7 1  t.he D/A siihsystem i s  or has been us ing  
tiie DMA mode, the 13/A siibsystem j.s reset; 

C ~ 3 1  from Turbo Pc7.sca.l : diìia-iilt. (base) ; 
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MEM-U AB 

C a l  l from Turbo Pa.sca.1 : mem-mbd(bt1.i st,  biif l  d, progarray,  nwords offset.) ; 

Xnpu%s : -int.eger bufid c(.inf.ains t.Re niimber of t h e  buffer whose parameters 
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tiie bu f Ee c . 
-int.eger di:rec:t.ion selects  %.he da.t.a. ,transfer direction : 

dj.r:ect:.i.on = O : from buffer: t:o u s w  program array 

di  rection < )  O : foriir wier proy:ra.n a r r a y  t o  biif fes:. 
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c lock  yer:j.od = [ clkiiigìi * 65536 i- c:J.kl.ow ] * 250 nanoseconds 



- n.4 - 
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Walt. any nMA o p e r a t i o n  i n  progress an6 reset: t.he board bel'ore l eav ing  t.he 

p Kogralti. 
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T h i s  p.rog.rairi gi.ves a.n example o f  "clie iisa.ye of D/A Clocked DMA mode i.n order 

t(.) 
perform a seri.es of 13/A ccinversions.  
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,h i i fS [k ]  , 
',buf3fk]) 



- B.11 - 





ries are high speed analog and digital I/O 
boards for the IBM Personal Computer AT featuring 
up to 130ktIz throughput and 12-bit or 16-bit resolul 
tion to fit any laboratory, industrial, and control 
applications. 
The series consists of four models which differ only in 
their A/D converters. The DT2821-F has a throughput 
of 130,000 samples per second, and is factory config- 
ured for 16 single-ended or 8 differential inputs. The 
DT2821 has a throughput of 50,000 samples per 
second, and is jumper selectable for single-ended or 
differential inputs. The DT2827 has a throughput of 
100,000 samples per second at 16-bit resolution with 4 
differential input channels. The DT2828 has a 
throughput of 100.000 samples per second and simul- 
taneously samples 4 singled-ended Channels at the 
same time. AU models except the DT2827 have 12 bits 
of A/D resolution; the DT2821 models have a program- 
mable gain amplifier for software-selectable gains of 1, 
2, 4, and 8; and selectable input ranges of O to +1OV 
and 2 1OV fuli scale. 
A/D channel selection on the DT282 1 Series is accom- 

lished using a unique RAM channel-gain list. The 
channel-gain list is a 16-location memory which 

allows any of the channels at any gain to be sampled in 
any sequence at the full throughput rate. It also 

,2ermits the same channel to be sampled at  different 

The DT2821 Series’ digital to analog (D/A) subsystem 
consists of two 12-bit deglitched D/A converters. These 
can provide either single outputs or dual simultaneous 
outputs. When used in DMA transfer mode, analog 
data can be output at up to 13OktIz per channel from 
system memory. 
In addition, the DT2821 Series boards contain two 8- 
line digital 1/0 ports which can be programmed for 
either input or output transfers. 
The DT282 1 Series boards also contain a programma- 
ble pacer clock which is used to initiate A/D and D/A 
conversions. The pacer clock operates under program 
control, and provides a usable range of 7.75~s 
(129kI-l~) to 2 seconds. Alternatively an external clock 
can be selected to start conversions, and an external 
trigger may be selected to gate A/D and D/A conversion 
events. The A/D and DIA converters can be operated 
simultaneously at the same clock speed; alternatively 
the D/A subsystem can be operated in single conver- 
sion mode at any desired rate while the A/D subsystem 
hperates from the pacer or external clock. 
A n  on-board dc-to-dc power converter generates all 
required analog supply voltages kom the +5 volts 
pmv3ded on the ijorví X / A î  backpkme and provides 
high noise isolation from the computer system’s power 
supplies. 
The DMA intedace is compatible with 16-bit data 
transfers and can be jumper-selected to use DMA 
channel 5,  6, or 7. DhlA buffers may be located 
anywhere in the 16Mbyte memory space of the PUAT 
and may be up to 65,536 words long. 
A unique configuration utilizing two DMA channels is 
also included to support Continuous Performance 
DMA. Continuous Performance is a data sampling 
method which provides gap-free transfers of large 
volumes of data from memory or disk (D/A conversion) 
or to memory or disk (A/D conversions) without any 
loss of samples. 

The DT2821 Series boards also support interrupts. 
The intempt level is jumper-selectable to level 3, 5, 7,  
10, or 15. 

The DT2821 Series boards were designed for high 
speed applications using the IBM Personal Computer 
AT. The analog input section uses a pipelined architec- 
ture which overlaps the multiplexer’s and instrumen- 
tation amplifier’s settling time on the next sample with 
the AID converter’s conversion period on the present 
sample. This pipelined architecture permits the A/D 
section of the DT2821 Series to achieve throughput 
rates in excess of 1OOkHz. 

ous Perfor- 
mance DMA operation, a mode which allows the board 
to perform gap-free DMA transfers of large amounts of 
data  In Continuous Performance operation, data 
transfers occur by chaining through a pair of buffers, 
each associated with a separate DMA channel. Data 
transfers require both buffers: when the end of the 
first buffer is reached, the DT2821 Series board chains 
automatically to the second buffer without pausing or 
missing any samples. During this chaining, the host 
CPU is interrupted to enable the controlling program 
to set up the next DMA channel parameters. 
Subsequent transfers may occur to different buffer 
pairs up to the limit of available system memory. 
Alternatively, the same two buffers may be used again, 
provided there is a completion routine which writes 
data from each buffer to disk (on A/D transfers), or 
reads data into each buffer from disk (on D/A 
transfers), while the other buffer is performing data 
transfers. 
De 
The DT2821 Series’s D/A circuits contain a propri- 
etary deglitching circuit for reducing noise on DAC 
outputs. 
Conventional D/A converters contain glitches: pulses 
of short duration (a few microseconds) but high enera 
(10 to 100 =BSI caused by charge imbalances in the 
converter’s data switches. Glitches can significantly 
reduce the effective accuracy of the converter. 
The DT2821 Series’ degiitching circuit consists of a 
sample and hold connected to the output of each of the 
boards D/A converter chips. Since glitches occur when 
new data is written to the D/A converter, the DT2821 
Series boards D/A converter output is disconnected 
whenever a new inpilt v d ~ e  is xrri,tten. Aster th,e glit& 
has passed, the D/A converter’s output is reconnected 
to the DT2821 Series board’s output connections. 

ata ~ ~ a ~ ~ ~ ~ ~ ~ Q ~ ,  Inc. 100 Locke Drive, Marlboro, MA U.S.A. 01752/(617) 481-3700/TLX 951646 
ata ~ r ~ n ~ ~ a ~ j ~ n  Ltd., The Business Centre, Wokingham, Berks RG11 2QZ, U.K., Tel. Reading (0734) 793838 
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List 
boards feature a RAM channel- 

gain list. This sampling mechanism is a 16-location 
RAM memoq which is used to speci& the sequence of 
channels and the gain at which each channel will be 
sampled. Successive locations in RAM memory are 
loaded with channel-gain pairs. When an A/D scan 
begins, the DT2û21 Series board sequences through 
the RAM, sampiing each channel entry at the specified 
gain (there is no programmable gain option on the 
DT2827 or the DT2828, gain= 1). This sampling mech- 
anism is very flexible and allows the user to predefine 
virtually any sampling sequence desired: sequential 
sampling (O to n, or n to m channels, for example); 
random channel sampling (channels O, 3, 2, 5, for 
example); or successive samples on a single channel 
at the same or different gain. The user can also speci& 
that not all elements in the channel-gain list be used, 
thus accommodating sequences of fewer than 16 
samples. 

s boards support interrupts to the 
PC/ATs processor upon the completion of significant 
events. The boards interrupt source is selected under 
program control, and includes the following: A/D Done 
(programmed I/O transfers); A/D DMA Done (DMA 
transfers); A/D Scan Done; A/D Error; D/A Ready 
(programmed I/O transfers); D/A DMA Done (DMA); or 
D/A Error. 
The DT2821 Series boards can interrupt the processor 
on any of five levels: 10 (highest), 15,3,5, or 7 [lowest). 
The interrupt level is jumper-selectable by the user. 

The on-board pacer clock may be used to initiate A/D, 
D/A, or simultaneous A/D and D/A conversions. The 
pacer clock is made up of three elements: a 4MHz on- 
board pulse generator; a clock presder, which serves 
as a programmable divider, and which can be set for 
powers of 2 from 0 to 15; and a counter divisor. The 
counter divisor is an $-bit programmable counter that 
divides the prescaier output by any number from 1 
to 256. 

eer 

trolled by programmed I/O (PI01 reads and writes. Data 
transfers can occur at any time asynchronously, ie. you 
can output to or input from the DI0 sect i~n zt m y  

ut having to check any status bits. 

The DIA section can be controlled by programmed :/O 
or DB/IA transfers. In the PI0 mode, data values are 
output to the DAGS either s m t e r n a t i n g  in dual 
channel. The actual DIA conversion does not take place 
until a DAG single conversion command is given or the 
clock (internal 1 has been enabled and 
started with a so command. The next value 
can be written to s when the program detects 
D/A Ready or can use a system interrupt if Interrupt 
on D/A Ready is enabled. In the DMA mode, the user 

controller, enables the chck (inter- 
nal or external), and initiates the operation with either 
a software start or external trigger. The operation 
terminates when the DMA controlier finishes. If dual 
DMA is selected, when the first DMA controller is 
finished, the DEB21  Series board automatically 

switches to the second DMA channel, and when fin- 
ished switches back to the first. This continues until 
the program disables the dual DMA mode. 

AID Section 
The A/D section is also controlled by either pro- 
grammed 1/0 or DMA transfers. In PI0 mode, if the 
pacer clock is disabled, each time the program issues a 
software start the DT2821 Series board does a conver- 
sion on the channeVgain of the next channel-gain list 
RAM entry; when the final address in the the channel- 
gain list is reached, selection loops around to the first 
value. If the pacer clock is enabled (either internal or 
external), when the program issues a software start (or 
an external trigger if enabled), the DT2821 Series 
board starts at channel-gain list entry O and, at each 
pacer clock tick, cycles through to the RAM channel- 
gain entry designated as the final address and then 
loops back to location O. The program can detect when 
to read the converted data by checking the status of A/ 
D Done or by a system intempt if enabled. In thefirst 
DMA mode, the user programs the DMA controller, 
enablestkieclock, and issues a software start (or issues 
an external trigger). The conversions and transfers wiii 
continue until the DMA controller is finished. If dual 
DMA mode is selected, when the first DMA controller is 
finished, the DT2821 Series board switches to the 
second DMA channel; it switches back to the 
when the second is complete. In the second DMA 
(triggered scan), the user starts as he would in the 
first DMA mode. The board then scans through all the 
channel-gain entries to the final address each time it 
receives a software start or an external trigger. The 
DMA operation continues until the DMA controller is 
finished. 

Au functions on the DT2821 Series boards are con- 
trolled and monitored by writing commands, com- 
mand parameters, and data to, or by reading the board 
status and data from, registers on the board. The board 
contains eight 1/0 mapped %&bit registers, and occu- 
pies eight contiguous word locations. The starting 
location of the following registers can be anywhere 
between 200 (hex) and 3EQ (hex) in increments of 20 
(hex) in the host CPUs I/O address space. 

Base 
Base + 2 
B e + 4  
Base + 6 

B e + 8  
Base+A 
BaSe+C 

Base+E 

Readmite 
Read iwrite 
Read oniy 
Read /write 

Write oniy 
ReadAQrite 
Readwrite I Read /Write 

5 t r d I  i 
The ADCSR is a readfwrite register which controis and 
monitors aü activity associated with theA/D section of 
the DT2821 Series board and is located at the base 
address. A write operation accesses the control func- 
tions and a read accesses the status information of the 
A/D section. 

ata ~ ~ ~ ~ ~ ~ a ~ ~ o ~ ,  Inc. 100 Locke Drive, Marlboro, MA U.S.A. 01752/(617) 481-3700ITLX 951646 
Date ~ ~ ~ ~ ~ ~ a ~ ú ~ ~  Ltd., The Business Centre, Wokingham, Berks RG11 2QZ, U.K., Tel. Reading (0734) 793838 

45 



15 14 13 12 

A/D Done A/D Mwc Channel 
Select Select 

Inter. on 
A/D Done 

11 10 9 8 

This bit indicates that one of the following A/D errors 
has occurred attempting an AID conversion while the 
module is busy (trigger error); attempting an A/D 
conversion while the DMA pipeline is full (data overrun 
error). 

15 14 13 12 11 10 

Enables the output of the pacer clock or external clock 
to initiate A/D conversions. 

input m w  has settled and the 

indicates that the A/D has completed a 
Conversion. In PK3 operations, this bit is polled to 
control a software read operation. 

e 
es or disables interrupts from the A/D 
e completion of data conversions. 

These bits specify the gain which will be associated in 
with the channel specified 0 +a 3 

channel number which wiil 
be loaded into the RAM channel-gain list. 

and monitors most of the activity associated with the 
, Channel-gain list RAEM section of the DT2821 Series 

board and is located at the base address + 2. 

Bad List Rese sent List 
Enable Address 

I I 

9 8 

/- 
7 6  

Load List Enable 
When set enables the channel-gain information from 
the ADCSR register to be loaded in successive loca- 
tions of the channel-gain list RAM. When reset, inhib- 
its any channel-gain list changes. 
??resent List AdBress 
Read only input that indicates the present address of 
the channel-gain list. 

Used for setting or getting the final address to be used 
List 

data resulting from 
an A/D conversion. Data obtained using unipolar 
input ranges is coded in binary; bipolar input ranges 
may be coded in offset binary, two’s complement 
binary, or two’s complement binary with sign 

The DADIOCSR is a register which controls and 
monitors the DIA and Digital I/O (DI01 activity of the 
DT282 1 Series board. 

Address 
\ f \ 

5 4 3 2  1 O 

DIA Error 
NS 

Reserved Single Channel 

D/A Ready Enable DI0 High Byte 
DIA Clock Output 

Resewed DI0 Low 
DIA Ready 

IA Emor 
This indicates that one of the following errors has 
occurred: attempting any conversion while the D/A 
ready bit is set (trigger error); attempting any conver- 
sion while the DMA pipeline is empty (data late error). 

1 Select 
DT2821 Series board is in single-channel D/A 

mode, this bit selects between the X D/A channel 
(DAC O) and the Y D/A channel (DAC 1). 

el 
bit selects whether the DT2821 Series board is 

operating in single-channel or alternating dual- 
channel mode. 

has completed a conver- 
begin. 

This bit enables or disables intempts from the D/A 
section upon DIA Ready or DNIA Done. 

able DIA Clock 
This bit enables the output of the pacer clock to initiate 
the D/A conversions. 
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iation from 
?ssive loca- 
eset, inhib- 

3 2 1 O 7 6 5 4  

address of 

to be used 

lting from 
5 unipolar 
jut ranges 
mplement 
vith sign 

trols and 
vity of the 

Channel 

A 
IQ Low 
e Output 

-ors has 
the D/A 
. conver- 
e error). 

Ioard is 
dual- 

conver- 

he D/A 

nitdate ' 

138 

D m  Output 
This bit determines the direction of data flow on the 
DI0 high byte. 

This bit determines the direction of data flow on the 
DIQ low byte. 

D m  h w  Byte output 

This register receives a digitd value to be converted to 
analog by one of the D/A converters. 

ISTE 
This register is used for data transfer to and from the 
digitai I/O lines. 

sion mode, board initialization, multiplexer preload, 
and clock source selection for the DT2821 Series 
board. 

DWLA scan 
Done DMADone Select 

Single DAC Soft Enable 
Ext Clock 

Enable 

This bit indicates when the requested DMA operation 
has completed and the board is ready for a new DMA 
operation. 

r 
This bit enables an interrrupt to the system when an 
AID error or when a D/A error occurs. 

This bit clears the DMA Done and the DMA Error bits. 

ables or disables Continuous Performance 
DMA operation. In this mode, two DMA channels are 
used to transfer daîa continuously to or from memory. 
When the terminal count is reached, control is given to 
the second DMA channel. When the terminal count is 
reached on the second DMA channel, the DT2821 
Series board switches back to the firs€ DMA channel. 

ntinues until this bit is cleared. 
lect 

These bits seiect among the following DNIA modes: A/D 
clocked DMA, D/A clocked DMA, A/D triggered scan 

d no DMA. 

In dual-DMA mode (which is used for Continuous 
Performance), this bit indicates which DMA buffer is 
being used. 

the presder value. The prescaler 
value equals two raised to the power specified in these 
bits. 

These bits specify the value by which the prescaled 
clock frequency is divided before being output as the 
pacer clock signal. 

aB 
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(Typical at +25OC and rated power, unless othenvise specified) 

Number of Inputs 

Resolution 
Programmable Gain Range 
A/D Throughput 
A/D Conversion Time 
Channel Acquisition Time f.5 LSB 
Sample and Hold Aperture Uncertainty 
Sample and Hold Aperture Delay 
System Accuracy percent of FSR 

Input Ranges (jumper) 
Unipolar 
Bipolar 

(Jumper) 
Output Coding 

Common Mode Input Voltage, Maximum 
CommoIz Mode Rejection mtio, 

Gain= 1,@6OHz 
aximum Input Voltage Without Damage 
Power on 
Power off 

Input Impedance 
Off Channel 
On Channel 

Bias Current 
Nonlinearity 
Differential Nonlinearity 
Inherent Quantizing Error 
AID Zero Drift 
Gain Drift (of FSR/OC) 
Differential Linearity Drift (of FSR/OC) 
Monotonicity 

ES) 

Resolution 
Settling Time to 0.01% of FSR 

20V step 
1OOmV step 

Throughput 

Flew Rate 
$litch Energy 

' Output m g e s  (jumper) 
7 3  
\ !qXt uata ceding (jUqer? 

Unipolar 
Bipolar 

Output Current 
Output Impedance 
Capacitive Drive Capability 
Protection Against 
Nonlinearity 
Differential Nonlinearity 
Inherent Quantizing Error 
Gain Error 
Zero Error 
Gain Drift 
Zero Drift (Bipolar) 
Monotonicity 

16SE/8DI 
(jumper) 
12 bits 
1,2,4,8 
50kHz 
lops 
15p  
i Ons 
50ns 
I.03% 

16SE or 8DI 
(factory) 
12 bits 
1,2,4,8 
130- 
4PS 
4P.9 
5ns 
1 OOns 
f.03% (G=l) 
f.04% (G=2) 
+.05% (G=4) 
+.07% (G=8) 

~~~2~ 
4DI 

16 bits 
None 
l o o m  
6PS 
6Ps 
511s 
100ns 
+.03% 

o to +1ov o to +1ov None 
i 1ov I 1ov IlOV 
Binay Binary Binary 
Offset Bin. Offset Bin. Offset Bin. 
"wo'sComp. Two's Comp. Two's Comp. 
+11v i lQ.5V i 10.5V 

80dB. lkf2 80dB, I k 0  80dB, I k 0  

i 35v I27V f27V 
I 20v I12V it 12v 

100Mfl,lOpF 
100MR,100pF 
f20nA 
f0.5 LSB 
I0.5 LSB 
I 1 / 2  LSB 
i 10ppm/OC 
f30ppm 
it 3ppm 
O to +7OoC 

100Mfl,lOpF 
lOQMR.50pF 
i 1onA 
20.5 LSB 
I0.5 LSB 
I 1 / 2  LSB 
15Qyvl°C 
f30ppm 
I3ppm 
O to +7OoC 

100M0,20pF 
100M0, 100pF 
f 5 O n A  
f0.5 LSB 
I0.5 LSB 
i 1 / 2  LSB 
*5QpV/OC 
i 30ppm 
f 3ppm 
O to 70°C 

2 
12 bits 

5PS 
1 PS 
130kHz max. (single channel) 
260kHz max. (aggregate) 
lOV/ps 
15mV/ps 
o to +5v, o to + 1ov 
I2.5V, 15V, IlOV 

Straight binary 
Offset binary 
f5mA 
0.10 
0.004pF 
Short circuit to analog common 
1/2 LSB 
1/2 LSB 
1/2 LSB 
Adjustable to zero 
Adjustable to zero 
+30ppm of FSR/OC 
f l0ppm of FSR/OC 
O to +7OoC 

28 
4SE 

12 bits 
None 
1 oom2 
4PS 
6PS 
5ns 
loons 
f.03% 

o to +lOV 
f 1ov 
Binary 
Offset Bin. 
Two's Comp. 
i 10.5V 

80dB. lkfl 

k31V 
f 2ov 
10MR,20pF 
100M0,lOOpF 
f 200nA 
f0.5 LSB 
I0.5 LSB 
f 1/2 LSB 
i20ppm/°C 
i 30ppm 
i 3ppm 
o to 7ooc 

DIGIT& 
Number c 
Number c 
Logic Fan 
Logic Ser. 
Input m 
Input Ter 
input Log 
Logic Hig 
Logic Lov 
Logic Hig 
Logic Lov 
Fanout 
Logic Hig 
Logic Lob 
Logic Hig 
Logic Lov 

Logic Far 
Logic Loa 
Input Te1 
Logic Hig 
Logic Lov 
Logic Hig 
Logic Lov 
Minimun 

Clock F 
Clock L 

Base Frec 
Prescaler 

Divisor R 
Usable R: 

Input TyI 
Logic Far 
Logic L o 2  
Input Tel 
Logic Hig 
Logic L o x  
Logic Hig 
Logic Lol 
Minimur 

Clock € 
Clock I 

ale T 
Data Y 
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L OV 
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Bin. 
Comp. 
V 

1kR 

.20pF 
X100pF 
lA 
SB 
S B  
L§B 
Im/OC 
im 
n 
IOC 

793838 

DIGITAL I/O SUBSYSTEM (ALL MODES) 
Number of DI0 lines 
Number of Ports 
Logic Family 
Logic Sense 
Input Type 
Input Termination 
Input Logic Load 
Logic High Input Voltage 
Logic Low Input Voltage 
Logic High Input Current 
Logic Low Input Current 
Fanout 
Logic High Output Voltage 
Logic Low Output Voltage 
Logic High Output Current 
Logic Low Output Current 

Logic Family 
Logic Load 
Input Termination 
Logic High Input Voltage 
Logic Low Input Voltage 
Logic High Input Current 
Logic Low Input Current 
Minimum Pulse Width 

Clock High 
Clock Low 

Base Frequency 
Prescaler Range 

Divisor Range 
Usable Range 

input Type 
Logic Family 
Logic Load 
Input Termination 
Logic High Input Voltage 
Logic Low Input Voltage 
Logic High Input Current 
Logic Low Input Current 
Minimum Pulse Width 

Clock High 
Clock Low 

16 
TWO 8-bit ports 
LSTTL 
Positive true 
Level sensitive 
None; unused inputs float 
1 LSTTLload 
2.0V minimum 
0.8V maximum 
2 0 4  maximum 
-0.4mA maximum 
8 LSTTL loads 
2.4V minimum 
0.4V maximum 
-15mAmaximum 
24mA maximum 

Schmitt trigger, edge sensitive, clocks on falling edge 
LSTTL 
1 LSTTLload 
22kR pulup to +5V 
2.0V minimum 
0.8V maximum 
-0.25mA maximum 
2 5 d  maximum 

200ns 
50ns 

4.00MHz f0.01% 
Powers of two from O to 15 
(values from 1 to 32,768) 
Integer values from 1 to 256 
7.75~s ( 129kHzl to 2 seconds 

Schmitt trigger, edge sensitive, clocks on falling edge 
LSTTL 
1 LSTTLload 
22kR puiíup to +5V 
2.0V minimum 
0.8V maximum 
-0.25mA maximum 
25p.A maximum 

200ns 
110ns 
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INTEWACE C 
Compatible Bus IBM PC/AT 
Interface Type 
Number of Locations Occupied 

1/0 mapped with 10-bit addressing 
8 words 

Data Path 
Base Address Range (jumper) 
Factoxy-Assigned Base Address 
Interrupts 
Interrupt Levels 
Interrupt Sources 

Mating Connector 

Power Requirements +5V 
DT282 1 
DT2827 
DT2828 

DT2821-F 

Physical/Environmental Dimensions 
Weight 
Operating Temperature Range 
Storage Temperature Range 
Relative Humidity 

16 bits 
200 (hex) to 3E0 (hex) in increments of 20 (hex) 
240 (hex) 
1 interrupt, jumper-configurable to any of five interrupt lines 
3 , 5 ,7 ,  10, and 15 
ND, D/A Error; A/D Done: D/A Ready; A/D Scan Done: DMA 
Done 
50-pin 3M type, user-supplied Ansley 609-5030 or equivalent 
Ansley 609-503 1 or equivalent strain relief recommended 

+5%, d 1.8A maximum ( 1.5A typical) 
f 5 % ,  o 2.2A maximum (1.8A typical) 
f 5 % ,  @ 2.5A maximum (2.0A typicail 
+5%, 2.0A maximum (1.7A typical) 
4.5”H x 13.25’W x .75”D (1 1.4 X 33.7 X 1.9 cm) 
20 ounces (5678) 
O to +7OoC (32 to 1 5 8 O F )  

To 95% non-condensing 
-25 to +85OC (-13 to + 1 8 5 O F )  

screw Ter 
TWO screw 
with the i 
DT752. 
The DT7C 
user coni 
convenien 
tions are 1 
tions, ana 
clock inpi 
blank cir 
current si 
inputs (C 
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board). Ti 
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with rubb 
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input line: 
This conn 
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screw Terminal Pand Accessories 
Two screw terminal panels are recommended for use 
with the DT2821 Series boards: the DT707 and the 
DT752. 
The DT707 screw terminal panel accommodates all 
user connections to the DT2821 Series board on 
convenient screw terminal connections. Screw connec- 
tions are labeled in siikscreen for analog input connec- 
tions, analog output connections, DI0 lines, external 
clock input, and external trigger input. In addition, 
blank circuit pads are provided for user-supplied 
current shunts to accommodate O to 2OmA current 
inputs (current inputs should be used only with 
differential input versions of the DT2821 Series 
board). The DT707 contains an integral one-meter 
(3.3-foot) flat ribbon cable which plugs directly into the 
DT2821 Series boards J1 connector. The DT707 is 
designed for table-top mounting, and comes equipped 
with rubber feet. 
The DT752 is similar to the DT707, except analog 
input 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 conditioning accessories, including the non- 
isolated DT709-Y or DTî56-Y and the isolated DT750/ 
DT6700 series of signal conditioning modules. When 
used with the DT709-Y or DT756-Y, a DT2821 Series 
board provides 16 differential inputs. The DT756-Y 
also provides selectable gain to accommodate low level 
signals, and offset and cold-junction compensation for 
thermocouple inputs. The DT750/DT6700 series iso- 
lated signal conditioning products offer a variety of 
features, including differential inputs, gain, cold- 
junction compensation, RTD linearization, or bridge- 
completion circuitry. 

Analog 
Input 
Signals - - 
___Q - - 

Analog Input 
Signal Conditionin! 
Options: 

20-Pin Connect0 

ATLAB - SUBROUTINE LIBRARY 
Features: 

Easy to use, real-time software package to support 
the DT282 1 series boards 
CALIable from FORTRAN, C, and Pascal 
Library routines for control of ail on-board analog 
and digital 1/0 functions 
Supports Continuous Performance to memory or 
disk 
Shipped complete on a single diskette together with 
a comprehensive user manual 

ATLAB is a real-time software package for Data Trans- 
lation’s IBM PC/AT compatible DT2821 series of ana- 
log and digital I/O system interfaces. The package 
consists of libraries of routines designed to be CALLed 
from Microsoft’s FORTRAN (rev 3.3 or higher), C (rev 
3.0 or higher) and Pascal (rev 3.3 or higher) and 
operated under PC DOS (rev 3.0 or higher). The ATLAB 
package ailows the user to control all the analog and 
digital i/O capabiuties of the interface boards through 
operation-specific routines which greatiy simpli@ the 
programming of the hardware interfaces. With ATLAB, 
direct access to the control registers is not required. An 
error processing system checks for argument errors 
and will generate an error report if any are detected. 
Attempts to operate the interfaces in iliegai modes 
operation are reported and not executed. Routine 
included for analog input, analog output, digital in 
digital output, continuous sampling (memory and 
disk), pacer clock control, and configuration setup. 

DT752 

~ 2 ~ - P ~ ~  Connector for 

I ,  

Terminal ~~~@~ for: 

Trigger Inputs 
(Similar to DT707) 

......................................... 

Personal ~ ~ ~ p ~ ~ ~ r  

......................................... 

OT2821 a d  
nd non-fsoleted 
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Model 

DT282 1 -F 
DT282 1 
DT282V 
DT2828 

Ail DT2821 Series boards are shipped with a compre- 
hensive user manual that includes programming in- 
structions. 

821 -1F-16SE 
PC/AT-compatible analog and digital I/O board 

with A/D, D/A, digital I/O, and on-board pacer clock. 
The A/D subsystem features 16SE analog inputs, 12- 
bit resolution, programmable gain (gains of 1, 2, 4, or 
81, and 130kHz throughput. The D/A subsystem fea- 
tures two 12-bit deglitched D/A converters with 
130MIz throughput. The digital I/O subsystem fea- 
tures 16 linies configurable for input or output in two 

As the DT2821-F-l6SE, but SDI input channels only, 
130ktIz A/D throughput. 
821 

As the DT2821-F, but 16SE/8DI input channels (user 
selectable), and S O W  A/D throughput. 

27 
e DT2821-F, but 4DI channels of 16-bit A/D 

resolution input and throughput rate of 1OOkHz. 

As the DT2821-F, but 45E channels ofA/D inut with a 
throughput rate of 1001rHZ where the 4 input channels 
are simultaneously sampled within a f5ns aperture. 

Ta328 

i 

A/D Channets A/D Throughp~t Resolution DIA (12-bit) DI0 

16SE or SDI 130- 12-bit 2 channels 16 line 
16SE/8DI 50- 12-bit 2 channels 16 line 
4DI 100- 16-bit 2 channels 16 line 
4SE' 1ookHz 12-bit 2 channels 16 line 

Software subroutine package that provides the user 
high level language c d b  to subroutines that support all 
of the analog I/O, digital I/O, and clock functions of the 
DT2821 Series of boards. Languages supported are 

[.-$Microsoft C, Pascal, and FORTRAN. 

f igure 5. The Dl707 supports dl tite a d -  I/Q. d 
I/Q, and clockfunctions of 
convenient conne&n of user input signais. 

ACCESS0 
DT707 Screw T e d  Panel 
The DT707 is a screw terminal panel for all A/D, D/A, 
DIO, external trigger, and external clock connections. It 
include 
DT752 Con&tionllig/Screw Terminal Panel 
Complete with cable and screw terminal panel for D/A, 
digitai I/O, and trigger functions, the DT752 allows 
several signal conditioning products such as the 
DT709-Y, DT756-Y, and DT6700 to be used with the 
A/D sections of the DT2821 Series boards. See individ- 
ual signal conditioning product data sheets for com- 
plete details. 

eter (3.3-foot) flat ribbon cable. 
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