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CHAPTER 1
INTRODUCTION

The PCI bus 14 bit data acquisition card is a 32 BCI bus adapter
with Plug and Play (PnP) features, it is a prografve I/O
interface for Pentium or compatible computers. Phe features let
hardware configuration for IRQ and I/O address etedted by
BIOS automatically, you don’t need set switch andper.

The PCI bus 14 bit data acquisition card is a Ipgcision data
conversion/acquisition system. It contains 16 amato digital
channels with unipolar or bipolar input, 2 digitalanalog channels
with unipolar or bipolar output and 1 digital I/@annel with 16 bit
line. The on board 8254(71054) chip provides prognable
interval timer/counter functions to trig A/D cons@n. The PCI bus
14 bit data acquisition card also provides interrdpiven for
convention A/D input.

The features of the PCI bus 14 bit data acquisition adapter
are

32 bits PCI bus with Plug and Play (PnP) features.

Programmable 1/O control functions.

Provides 16 A/D channels and the resolution isiist b

Provides 2 D/A channels and the resolution is 1l bi

D/A voltage range from 0 to 10V or —10V to 10V stéble.

Different on board A/D chips selectable. The inpattage

range from O to 2.5V or 0 to 5V for unipolar, andrh —

2.5V to 2.5V or -5V to 5V or —10V to 10V for bipola

e Provides 1 digital input/digital output channelsdathe
resolution is 16 bits.

e Provides three 16 bits counter to trig A/D convensi
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e Provides software, external hardware signal or riate
counter to trig A/D conversion.

e By using sampling and hold to get A/D signals.

e Interrupt or polling driven selectable.

e Gain control factor selectable from 1 to 8.
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CHAPTER 2
UNPACKING INFORMATION

Check that your PCI bus 14 bit data acquisition package
includesthefollowing items:

PCI bus 14 bit data acquisition adapter.
User manual.

Software utilities.

Warranty form.
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CHAPTER 3
SYSTEM REQUIREMENTS

Before ingtalling your PCI bus 14 bit data acquistion
adapter, make surethat:

e The host computer is an Pentium compatibles.
e The seven jumpers' blocks are correctly configuted
coincide with the operating system you are using.
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CHAPTER 4
HARDWARE INSTALLATION

Your PCI bus 14 bit data acquisition adapter isigihexl to be
inserted in any available slot in your Pentium ompatibles. In
order to gain access to the expansion slots, fotleavsteps listed
below:

1. Turn off all power to your computer and all periple
devices before installing your 14 bit data acquisiadapter.

2. Remove the cover of the computer.

3. Insert the pre-configured 14 bit data acquisitidagter into
any available slot. Make sure the adapter is firsdgted in
the chosen slot.

4. Replace the cover of the computer.

Note:

1. You must adjust the A/D full scalar reference wgéaby
screwing the VR resistor. (see VR Full Scalar Athjent).

2. You must setup everything including the connectanthe
signal input/output into the DB25 and J2 connectbefore
turning on the PC power, otherwise it may damagectrd.
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HARDWARE CONFIGURATION

5.1 Introduction

The seven jumper blocks on the PCI bus 14 bit datguisition
adapter must be configured correctly in accordamcth the
operating system you are using.

UP1 (Jumper 1)
Determines AD526 (gain control factor) is used.

P2 (Jumper 2)|
Adjust A/D converter input offset.

JP3 (Jumper 3)
Determine A/D voltage range.

UP4 (Jumper 4)
Determines D/A voltage range for channel 1.

JP5 (Jumper 5)|
Determines D/A voltage range for channel 2.

JP6 (Jumper 6)
Determines unipolar or bipolar for D/A channel 1.

JP7 (Jumper 7)
Determines unipolar or bipolar for D/A channel 2.

ISW1 (Switch 1)
Identifies card number.
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5.2 Configuration for Jumper

It is important to refer to the user manual to datee the correct
configuration. Please contact your supplier if ybave any
difficulties with configuration.

= Please refer to the following settings for eachgemblock.
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1. 1/O Port Address

The plug and play features set I/O port addressnaatically, please
refer thedevice manager of control panel to get base port address
of this adapter.

2. Voltage Range of D/A Channel

JP4 is used to select a range of output voltageddfér channel 1,
and JP5 is used to select a range of output voftade/A channel 2.

JP6 is used to select unipolar or bipolar of D/Amiel 1, and JP7 is
used to select unipolar or bipolar of D/A channel 2

JP4,JP5 JP6, JP7
1 1
e 12

* 3 * 3

JP4,5 | JP6,7

Voltage Range
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JP3
[l 2
*+ 3

(1) For AD7899AR-1 chip
Voltage range : -5V to +5V or —10V to +10V +/-2LSB
Temperature : -40 to 85C

JP3 | Voltage Range

Short 1,2 | -10V to 10V

Short 2,3] -5V to 5V

(2) For AD7899AR-2 chip
Voltage range : OV to +2.5V or OV to +5V +/-2LSB
Temperature : -40 to 85C

JP3 | Voltage Range

Short 2,3

Short 2,3

-10V to 10V

Short 1,2

Short 1,2

0V to 10V

Short 1,2

0V to 5V

Short 2,3

0V to 2.5V

3. Voltage Range of A/D Channel

JP3 is used to select input voltage range for AiBnoel. There are
several kinds of A/D chip can be plug in adapteéor different A/D
chip, the voltage range and unipolar/bipolar sgtére difference.
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(3) For AD7899AR-3 chip
Voltage range : -2.5V to +2.5V +/-2LSB
Temperature : -40 to 85C

JP3 Voltage Range

Short 1,2 | -2.5Vto 2.5V
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4. Input Modefor AD7899
JP2
IZI 1
2
* 3
The JP2 is used to adjust input offset of AD78%xtifg the jumper
to pin 2 and pin 3 will ground the input value (08D the data that

will be converted should also be O.

Shorting jumper to pin 1 and pin 2 will make usetloé channel
inputs to be read and converted. It is the normalit mode.

Jumper Input Mode
short 2,3 | Ground
short 1, 2 | Normal Input

5. Programmable Gain Control Factor (AD526)

The JP1 is used to select programmable gain cofactdbr, when
not short the jumper, it enable AD526, otherwisershhe pin
means no AD526 work (can not control gain contactdr).

JP1
L ]
]
Jumper AD526
short no AD526
open AD526
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6. Card Identifier

The switch is used to identify card number, defaetting is card 15,
and there are two methods to set the card number:

a. PnP mode
Just plug in PCCOM PCI bus 14 bit data acquisiadapter into
PCI slot, the PCI BIOS will allocate 1/0 addressetach adapter
automatically and assign card number start from €aich adapter.
You may set any card number at PnP mode, and yed use
software tools to distinguish port id. Almost afl the operating
systems run at PnP mode.

b.manual mode
Set card number by card identifier switch, the FBBDDS will
assign pre-allocated 1/0 address to each adapleasd set
different card number to each adapter (do not dafdi card
number setting).

1 2 3 4 Card Number
OFF OFF OFF OFF 15
ON OFF OFF OFF 14
OFF ON OFF OFF 13
ON ON OFF OFF 12
OFF OFF ON OFF 11
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ON OFF ON OFF 10

OFF ON ON OFF 9

ON ON ON OFF 8

OFF OFF OFF ON 7

ON OFF OFF ON 6

OFF ON OFF ON S

ON ON OFF ON 4

OFF OFF ON ON 3

ON OFF ON ON 2

OFF ON ON ON 1

ON ON ON ON 0

&~ The card number starts from 0 to 15..

5.3 1/0O Address Specification

The 1/0O address specification are shown in theailhg:

For READ input

port + O: input 14 bit A/D data.

port + 2: clear the interrupt signal that generated frometthapter.
port + 6: 16 bitdigital signal input.

port + 8: counter O I/O buffer (8254 IC).

port + 9: counter 1 I/O buffer (8254 IC).

port + A: counter 2 I/O buffer (8254 IC).

port + B: counter control register (8254 IC).

For WRITE output
port + 0: select A/D channel number, enable/disable the tezlec
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channel, select IRQ and select control method.
port + 2. 14 bit D/A channel 1.

port + 4. 14 bit D/A channel 2.

port + 6: 16 bit digital output.

port + 8: counter O I/O buffer (8254 IC).

port + 9: counter 1 I/O buffer (8254 IC).

port + A: counter 2 1/O buffer (8254 IC).

port + B: counter control register (8254 IC).

5.4 VR Full Scalar Adjustment

VR Number Function
VR1 Offset voltage for D/A channel 1
VR2 Offset voltage for D/A channel 2
VR3 D/A channel 1
VR4 D/A channel 2

Before adjust your D/A voltage offset, please run
PCI14ADVO00.EXE program under MS/DOS, then seletibition
function as follows.

VRL1 is used to adjust the D/A channel 1 offsetagdt, and VR2 is
used to adjust the D/A channel 2 offset voltage.the following,
we describe offset adjust.

To adjust D/A channel 1 offset voltage, pleaseofslithe step
shown in the below:

Step 1: for min voltage, short pin 2 and pin 3B#Jand pin 2 and
pin 3 of JP6, then adjust VR3 to let J1-15 outpmitage to —10V. If
the error rate more than 1.2mV, please enter stepdjust VR1 for
offset voltage.
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Step 2: for middle voltage, short pin 2 and pinf3®B4, and pin 2
and pin 3 of JP6, then adjust VR1 to let J1-15 outmwltage to
1.2mV.

Step 3: for max voltage, short pin 2 and pin 3P4, Jand pin 2 and
pin 3 of JP6, then adjust VR3 to let J1-15 outmltage to 10V. If
the error rate more than 1.2mV, please enter stepdjust VR1 for
offset voltage.

To adjust D/A channel 2 offset voltage, pleaseofslithe step
shown in the below:

Step 1: for min voltage, short pin 2 and pin 3B%Jand pin 2 and
pin 3 of JP7, then adjust VR4 to let J1-3 outputage to —10V. If

the error rate more than 1.2mV, please enter stepdjust VR2 for
offset voltage.

Step 2: for middle voltage, short pin 2 and pinf3©B5, and pin 2
and pin 3 of JP7, then adjust VR2 to let J1-3 dutmlitage to

1.2mV.

Step 3: for max voltage, short pin 2 and pin 3R%,Jand pin 2 and
pin 3 of JP7, then adjust VR4 to let J1-15 outmltage to 10V. If

the error rate more than 1.2mV, please enter stepdjust VR2 for
offset voltage.

5.5 Diagnostic Test

The PCI14ADVO0O.EXE also provides some diagnostist te
functions:

1. A/D and D/A loopback test
2. D/A output test

3. A/D input test

4. DIO loopback test

5. DIO output test

DECI SI ON Conput er | nternati onal 15

Oper ati ons Manual PCl 14 bit data acquisition card
B O O O O O, O, O O O, O, O O O, O, O, O O, O, O, O, O O, O, N, NN

6. DIO input test
7. D/A calibration
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2.2
1.J1
_ _ _ Pin | Function Pin Function
Pin Function Pin Function 1 14 | GND
1 + 12V 14 12V
2 JEXTRG 15| D/A channel 1 2 | +l2v 15 | GND
3 | D/Achannel 2| 16 CH15 3 | DS 16 | D9
4 CH14 17 CH13
5 CH12 18 CHI11 4 | D10 17 bll
6 CH10 19 CH9 5 | D12 18 | D13
7 CH8 20 CH7
5 T o1 e 6 |D14 19 | D15
9 CH4 22 CH3 7 | DO 20 | D1
10 CH2 23 CH1 s D2 51 1D3
11 CHO 24 GND
15 GND 5 9 | D4 22 | D5
13 +5V 10 | D6 23 | D7
11 24
< 7 12 | +5Vv 25 | GND
\\ = 13 | -12v 26 | GND
RNl
R RIESS:
N
NIE: HEADER 13X2-01
\L;y/ ]l_f_ 13
J2

DECI SI ON Conput er | nternati onal 17 18 DECI SI ON Conput er | nt ernati onal



Oper ati ons Manual PCl 14 bit data acquisition card
T O N O O O O O O O O, O, O O O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, N, N,

CHAPTER 6
1/O PORT CONTROL
6.1 Input Port
1. port+0
MSB LSB

|0[o0]13[12]11/10]9|8[7|6[5]4[3]2[1]0

Input A/D data, only DO to D13 are useable, thenhbg two bits are
0.

2. port + 2

When read this port means clear the interrupt $ithet generated
from the adapter.

3.port+6

MSB LSB
|15[14|13[12]11/10[ 9[8[ 7|6 [5]4[3]2[1]0]

Digital input channel. Before read this port, youstwrite FF value
to this port.

4. port + 8

Counter 0 1/O buffer (8254 IC).
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5. port+9
Counter 1 1/O buffer (8254 IC).
6. port + A
Counter 2 1/O buffer (8254 IC).
7.port+B

Counter control register (8254 IC).
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6.2 Output Port+0

The output port address+0 is used to control A/Bveosion. The
low 8 bit control format is :

MSB LSB
| x |R2|R1|RO|C3[C2[cC1]|CO]

1. Select A/D channél number

The CO to C3 are used to select input channel numbe

C3 | C2| C1 | CO | Input Channel
0 0 0 0 CHO
0 0 0 1 CH1
0 0 1 0 CH2
0 0 1 1 CH3
0 1 0 0 CH4
0 1 0 1 CH5
0 1 1 0 CH6
0 1 1 1 CH7
1 0 0 0 CH8
1 0 0 1 CH9
1 0 1 0 CH10
1 0 1 1 CH11
1 1 0 0 CH12
1 1 0 1 CH13
1 1 1 0 CH14
1 1 1 1 CH15
2. Select gain control factor
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The RO to R2 are used to select gain control fadtdiPl is short,
the RO to R2 are disable.

R R R Gain Control Factor
*1
*2
*3
*4
*5
*6
*7
*8

R Rk RO|O|o|olN
R R|OOo|kFR|Io|loF
=l =R =)

The gain control factor is used to scale your inpaltage. For
example, if you select unipolar and its voltagegeafrom 0 to 20V,
and the gain control factor is *8, then your inpoitage range is
from O to 2.5V, because whole the input voltage seade 8 times.

3. Sampling and hold

The “x” bit is used to control sampling and holdhem write O to
this bit, it latch the input voltage to let A/D ogerter get the input
voltage, otherwise when write 1 to this bit, it ansampling mode.
Normally, this bit is 1.

X bit value Action
0 Hold
1 Sampling

The high 8 bit control format of port address+0 is:

MSB LSB
| X | X | X [TRI[INT |[ENX| SE1]|SEQ]
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4. Select trig method

The SEO and SE1 are used to select trig method/fdrconverter,
user can select software trig, external hardwageotrtrig by 8254.

SE1| SEO Selection

Software trigger by TRI bit

Software trigger by TRI bit
External trig from J1-2

Trig by 8254

R OoOIOoOIm
ROk O|Mm

5. Enable/disable external hardwaretrig

ENX is used to enable/disable external hardwagg tvhen this bit
Is set to O, it means disable external trig, otligewhis bit is set to 1
means enable external trig. When user select extthardware trig,
he must connect external signal to J1 pin 2. Wh2548trig is

selected, this bit must be set to 1.

ENX Enable/Disable
0 Disable external trig
1 Enable external trig

6. Enable/disable interrupt

INT is used to enable/disable interrupt. If useal®a interrupt, then
after A/D conversion is finish, the hardware wirgerate interrupt.
To set this bit to 0 means disable interrupt, otlies set this bit to 1
to enable interrupt.

INT Enable/Disable
0 Disable interrupt
1 Enable interrupt
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7. Start software trig

TRI is used to start software trig. Normally, this is 1, when user
start software trig, he must set this bit to OletoA/D converter start
to convert. This software trig is enable while gihgnal from 1 to O.

TRI Enable/Disable
1 Normal
0 Start software trig

8. Start 8254 trig

When user select trig by 8254 (SE1=1 and SEO = )nhist enable
the gate by set ENX bit. The clock rate of 82541M, it is
connected to counter O, then the output of couhtierconnected to
counter 1, so that user need divide the clock bynter O then
divide it by counter 1. The divided clock rate ounter 1 is used to
trig A/D conversion.

9. Get resultsfrom A/D channd

Please note that, for different chip and voltagegeaset, the digital
representation of A/D results are different, itidedl as follows. Be
careful that the digital representations are aldterdnt for D/A
channel. We will describe it at next section.
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(1) For AD7899AR-1 chip

JP3 | Voltage Range

Short 1,2 | -10V to 10V

Short 2,3] -5V to 5V

(a) =10V to 10V

-10V
MSB LSB
[0JoJ1[oJofofofoJofofofo]O0f0]OfO]
oV

MSB LSB
(0JojofoJofofofoJofofofo]O0f0]OfO]
10V

MSB LSB
(0JoJofafafafafafafafafafafa]1]1]
(2) =5V to 5V

-5V

MSB LSB

[0Jof1foJofofofoJofofofo[0f0[0[O]

ov
MSB LSB
[0]/ofoJofofofo[ofofo[ofof0[0[O]O]

5V
MSB LSB
(ofofoJafafafafafafafafafaf1[a[a]
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(2) For AD7899AR-2 chip

JP3 | Voltage Range

Short 1,2 | OV to 5V

Short 2,3| OV to 2.5V

(a) OV to 5V

ov

MSB LSB
(0[of[ofofofofo]o[0[0[O0[O0]O[O[O[O]

5V
MSB LSB
(ofoj1jafafafafafajafa]a]2[1][1]1]

(2) OV to 2.5V

oV

MSB LSB
[0[ofoJoJofo[oJofofoJofo]0[O[O]O]

2.5V
MSB LSB
(ofofafafafafafafafafafafafafafa]
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(3) For AD7899AR-3 chip

JP3 Voltage Range

Short 1,2 | -2.5Vto 2.5V

2.5V

MSB LSB
[o]oJ1[oJofofofofofofof0f0[0]O[O]
oV

MSB LSB
[0]oJofoJofofofofofofofofofO0fO[O]
2.5V

MSB LSB

(ofojojafafafafafafafafa]a]a]1]1]

6.3 Data Output Port
1. port + 2

MSB LSB
|0[o0]13[12]11]10]9|8[7|6[5]4[3]2[1]0

The 14 bit D/A output channel 1.
2. port+4

MSB LSB
|0[o0]13[12]11]10[9|8[7|6[5]4[3]2]1]0

The 14 bit D/A output channel 2.
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For different voltage range, the digital represtBoies of D/A output
channel 1 and channel 2 are shown in the following.

JP4)5 | JP6,7 Voltage Range

Short 2,3| Short 2,3 | -10V to 10V

Short 1,2 | Short 1,2 | OV to 10V

(1) =10V to 10V

-10V
MSB LSB
([0[ofoJofofofoJofo[o[0f[0]O0[O[O]O]
10V
MSB LSB

(ojofafafafafafafafafafafaja]1[1]

(2) OV to 10V

ov

MSB LSB
(0[of[ofofofo[o]o[0[0[0[O0[O[O[O[O]

10V

MSB LSB
(ofofafafafafafafafafa]a]1[1[1][1]

3. port +6

MSB LSB

|15[14]13[12]11/10[9|8[7]|6[5]4[3]2]1]0]

Digital output channel.
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4. port + 8
counter 0 I/O buffer (8254 IC).

5.port+9
counter 1 /O buffer (8254 IC).

6. port + A
counter 2 /O buffer (8254 IC).

7.port+B
counter control register (8254 IC).
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CHAPTER 7
PROGRAMMING EXAMPLES

To use A/D converter, user must following the steps
Step 1: Select A/D channel number.
Step 2: Hold the input signal.

Step 3: Start A/D conversion.
Step 4: Get results.

In the following we will describe each step:

7.1 Select A/D Channel Number

Set C3 to CO of port address+0 (low 8 bits) tocefdD channel
number.

MSB LSB
L [ [ [ [csfcafci[co]

C3 | C2| C1 | CO | Input Channel

0 0 0 0 CHO

0 0 0 1 CH1

0 0 1 0 CH2

0 0 1 1 CH3

0 1 0 0 CH4

0 1 0 1 CH5

0 1 1 0 CH6

0 1 1 1 CH7

1 0 0 0 CH8

1 0 0 1 CH9
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1 0 1 0 CH10
1 0 1 1 CH11
1 1 0 0 CH12
1 1 0 1 CH13
1 1 1 0 CH14
1 1 1 1 CH15

7.2 Hold the I nput Signal
Set x bit of port address+0 (low 8 bits) to O tiwhainput signal.

MSB LSB

Ix [ [ [ [ 1 [ 1 ]
7.3 Start A/D Conversion

Set SEO and SE1 of port address+0 (high 8 bitsyetect trig
method for A/D converter.

MSB LSB
| X | X [ X |[TRI[INT |[ENX| SE1]|SEQ]
SE1| SEO Selection
0 0 Software trigger by TRI bit
0 1 Software trigger by TRI bit
1 0 External trig from J1-2
1 1 Trig by 8254

1. By using software trigger

1.1 Set or reset INT bit to enable/disable intetrup
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INT Enable/Disable
0 Disable interrupt
1 Enable interrupt

1.2 Write 1 to TRI bit to start conversion.

2. By using 8254 trigger

2.1Set or reset INT bit to enable/disable interrupt.

2.2Set the ENX bit to 1.

2.3 Start 8254 counter.
The clock rate of 8254 is 1M, it is connected toarder O, then the
output of counter O is connected to counter 1,lsd tiser need
divide the clock by counter O then divide it by oter 1. The
divided clock rate of counter 1 is used to trig AZ@nversion
3. By using external trigger

3.1 Set or reset INT bit to enable/disablerioigt.

3.2 Set the ENX bit to 1.
3.3 Send “1” to “0” pulse from J1-02 pin.

7.4 Get Results
There are two methods to get the results of A/Dveasion.
1. By using polling

After start conversion, wait at least 2.2us @eent on CPU
speed) to get the conversion result.
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2. By using interrupt

2.1 Write an interrupt service routine.

2.2 After conversion, the adapter will genelatanterrupt to start
the interrupt service routine.

2.3 The interrupt service routine read 14 bits lteBom port
address + 0.

MSB LSB
o] o0]13[12]11]10]/9[8]7]6]5]4][3]2]1]0

2.4The interrupt service routine read port address to Zlear
interrupt signal.

7.5 How to Use D/A Converter
1. Write 14 bits D/A to port address + 2 (D/A chaht).

MSB LSB
|0[o0]13[12]11]10]9|8[7|6[5]4[3]2][1]0

2. Write 14 bits D/A to port address + 4 (D/A chahB).

MSB LSB
|0[o0]13[12]11]10[9|8[7|6[5]4[3]2][1]0

3. After 20ns (dependent on CPU speed), the D/A cdererill
finish output procedure.

DECI SI ON Conput er | nternati onal 33

Oper ati ons Manual PCl 14 bit data acquisition card
B O O O O O, O, O O O, O, O O O, O, O, O O, O, O, O, O O, O, N, NN

7.6 How to Use Digital Output Channel
Write data to port address + 6.

MSB LSB
|15[14|13[12]11/10[ 9|87 |6[5]4[3]2]1]0]

7.7 How to Use Digital I nput Channel

1. Write FF to port address + 6.
2. Read digital input from port address + 6.
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CHAPTER 8
SOFTWARE DIAGNOSTIC

8.1 Programming Techniques Under MSDOS
PCIADV.C

/*
Test program for PCI-12/14bit A/D,D/A,D/1,DO
*/

#include <dos.h>

#include <stdio.h>
#include <conio.h>
#include <stdlib.h>

#include "pci.h"

#define ADC_CHANNEL 0Ox000F
#define ADC_SCALE 0x0070

#define ADC_SAMPLE 0x0080

#define ADC_TRIG_INT  0x0000
#define ADC_TRIG_EXT 0x0200
#define ADC_TRIG_8254 0x0300
#define ADC_EXT_GATE 0x0400
#define ADC_INTR 0x0800

#define ADC_TRIG 0x1000

#define ADC_HOLD (~ADC_SAMPLE)

[* set default value for ioport, CNTR */
unsigned int ioport = 0;

unsigned int picbase = 0x20;
unsigned int picmask = 0;

unsigned long intcount = OL;

DECI SI ON Conput er | nternati onal 35

Oper ati ons Manual PCl 14 bit data acquisition card
B O O O O O, O, O O O, O, O O O, O, O, O O, O, O, O, O O, O, N, NN

unsigned int intdupcount = 0;
unsigned int irq = 0;
unsigned int adbit = 12;
unsigned int ssid = 0;

int old_adr = 0;

#define NUM_UNSIGNED 1
#define NUM_1_COMPLEMENT 2
#define NUM_2_COMPLEMENT 3
#define NUM_EXCEED 4

float num_volt = 10.0;
int num_system = NUM_2_COMPLEMENT;

static void interrupt (*oldisr) (void) = NULL,;
static void interrupt isr (void)

{

/I disable ();
intcount++;
inport (ioport + 16);

if (++intdupcount >= 50)
outportb (picbase + 1, inportb (picbase +di¢fnask);
(*oldisr) ();
/I enable ();
outportb (picbase, 0x20);

}
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void Set_IRQ (void)
{

int vect;

if (0 ==1irq)
return;
picbase = (irq < 8)? 0x20 : 0xAO0;
picmask = 1 << (irg & 7);
vect = (irg < 8)? 8 + irq : Ox68 + irq;
oldisr = getvect (vect);
setvect (vect, isr);
outportb (picbase + 1, inportb (picbase + 1) &chpask);

}

void Reset_IRQ (void)
{

int vect;

if (0 ==1rq)
return;
outportb (picbase + 1, inportb (picbase + 1ginaisk);
vect = (irg < 8)? 8 + irq : Ox68 + irq;
setvect (vect, oldisr);

}
void Set_DA (int ch, int val)
{

int OFS = 2;

if (old_adr) OFS <<= 3;
if (ch!=1&&ch!=2)
return;
outport (ioport + OFS * ch, val);

}
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void Set_DO (unsigned x)

{
int OFS = 6;

if (old_adr) OFS <<= 3;
outport (ioport + OFS, X);

}
unsigned int Get_DI (void)
{

int OFS = 6;

if (old_adr) OFS <<= 3:
outport (ioport + OFS, 0xffff);
return inport (ioport + OFS);

}

void Set_2VoltageRule (float range, int numsys)

{
num_volt = range;
num_system = numsys;

}

float Get_Voltage (int x)

float voltage;
int admax = (1 << adbit) - 1;

voltage = ((float) num_volt / (admax + 1)) * x;

return voltage;

}
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void Test_AD_Loopback (void)

{
unsigned int adc, nGain = 0, nChannel,
int i, X, da, count, err, c;
long int bias[16], mean[16], max[16];
int admax = (1 << adbit) - 1,
int OFS = 2;

if (old_adr) OFS <<= 3;
clrscr ();
gotoxy (30, 2);
cprintf ("<AD/DA loop-back test>");
gotoxy (8, 4);
cprintf ("Channel Input Error MeanErr aBi  MaxErr");
for (1=0;1<16;i++) {
bias[i] = mean([i] = max{i] = O;

}

outport (ioport + OFS, 0);

adc = ADC_TRIG_INT | ADC_INTR | ADC_SAMPLE;
outport (ioport, adc);

delay (1);

adc &= ADC_HOLD;

outport (ioport, adc);

adc |= ADC_TRIG;

outport (ioport, adc);

adc &= ~ADC_TRIG;

outport (ioport, adc);

delay (100);
count = -2;
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for (da = admax; da >=0; da -=5) {

count++;
outport (ioport + OFS, da);
gotoxy (3, 22);
cprintf ("D/A output: %6d", da);
delay (10);
for (nChannel = 0; nChannel < 16; nChannel++) {
adc = nChannel | (nGain << 4) | ADC_TRIG_INADC_INTR

| ADC_SAMPLE;

outport (ioport, adc);

delay (1);

adc &= ADC_HOLD;
outport (ioport, adc);

adc |= ADC_TRIG;
outport (ioport, adc);

adc &= ~ADC_TRIG;
outport (ioport, adc);
X = inport (ioport);
X &= admax;

if (count <= 0)

continue;

bias[nChannel] += x - da;
err = abs (x - da);

if (max[nChannel] < err)
max[nChannel] = err;
mean[nChannel] += err;
gotoxy (10, 5 + nChannel);
cprintf ("%2d :%7d %5d  %7.4f %7.4f B7 nChannel + 1,

X, erIr,

(float)mean[nChannel] / count,
(float)bias[nChannel] / count,
max[nChannel]);

}
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if (kbhit () {
c = getch ();
if (c == 27)
break;
elseif(c==""
getch ();
}
}
getch ();

}

int Get_AD (int nChannel, int nGain)
{
int admax = (1 << adbit) - 1;
int signbit = 1 << (adbit - 1);
unsigned int adc = 0;
unsigned int x = 0;
int OFS = 0;

if (old_adr) OFS <<= 3;
if (nChannel < 0 || nChannel > 15)
return O;
if (nGain <0 || nGain > 7)
return O;
adc = nChannel | (nGain << 4) | ADC_TRIG_INT |@DNTR |
ADC_SAMPLE;
/I adc = nChannel | (nGain << 4) | ADC_TRIG_INT |
ADC_SAMPLE;
outport (ioport + OFS, adc);
/I delay (5);
delay (1);
adc &= ADC_HOLD;
outport (ioport + OFS, adc);
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adc |= ADC_TRIG;
outport (ioport + OFS, adc);
adc &= ~ADC_TRIG;
outport (ioport + OFS, adc);
x = inport (ioport + OFS);
X &= admax;
switch (num_system) {
case NUM_UNSIGNED:
break;
case NUM_2 COMPLEMENT:
if (X & signbit)
X =X - (1 << adbit);
break;
case NUM_1 COMPLEMENT:
if (X & signbit)
X = signbit - x;
break;
case NUM_EXCEED:
X = X - signbit;
break;

}

return Xx;

}

void Show_AD_Value (int nChannels, int nGain)
{
int X, n;
float voltage;
/I int admax = (1 << adbit) - 1,
/I intc=0;
/I int quit=0;

/I adc = ADC_TRIG_INT | ADC_INTR;
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/I outport (ioport, adc);

for (n=0;;) {
x = Get_AD (n, nGain);
gotoxy (3, 2 + n);
voltage = Get_Voltage (x);
gotoxy (3, 2 + n);
cprintf ("Channel#%2d :%7d  %8.4f V", n,waltage);
if (n < nChannels - 1)
n++;
else
n=0;
if (kbhit ())
break;
}

}

void AD_Calibration (void)
{
int admax = (1 << adbit) - 1,
int vrange = 10;
int numsys = NUM_2_ COMPLEMENT,;

if (adbit == 14) {
if (ssid == PCI_SID_AD7899AR1) {
numsys = NUM_2 COMPLEMENT;
vrange = 20;
} else if (ssid == PCI_SID_AD7899AR2) {
numsys = NUM_UNSIGNED;

vrange = 10;
}
Set_2VoltageRule (vrange, numsys);
}
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clrscr ();
I if (adbit == 12) {
gotoxy (3, 19);
cprintf ("JP2 JP3 JP4 JP5 (Open JP1 if ADB2ised)");
gotoxy (3, 20);
cprintf ("23 23 12 12 Adjust VR3 and ¥ %d\n", admax
12);
Show_AD Value (16, 0);
while (kbhit()) getch ();
gotoxy (3, 21);
cprintf ("23 23 12 23 Adjust VR2 tan0)
Show_AD Value (16, 0);
while (kbhit()) getch ();
gotoxy (3, 22);
cprintf ("23 12 12 12 Adjust VR1 to %t admax / 2);
Show_AD Value (16, 0);
while (kbhit()) getch ();
gotoxy (3, 23);
cprintf ("12 12 12 23 Adjust VR1 to %t admax / 2);
Show_AD Value (16, 0);
while (kbhit()) getch ();
I}
}

/*
void testadinput (int adbit)
{
unsigned int adc, x, nGain = 0, nChannel;
long loop;
int ¢, i, err, duration = 8, step =0;
int admax = (1 << adbit) - 1,
int da = admax / 2;
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int OFS = 64 + 12;
if (old_adr) OFS <<= 3;

clrscr ();
gotoxy (3, 24);
cprintf ("1 : scale 2, 3: Trigger Source");

outport (ioport + 64 + 12, 0x36); //Counter O: d403, LSB + MSB
outport (ioport + 64, 100);
outport (ioport + 64, 0);

outportb (ioport + 64 + 12, 0x76); //Counter lodié 3, LSB +
MSB

outportb (ioport + 64 + 4, 100);

outportb (ioport + 64 + 4, 0);

inport (ioport + 16);// clear irq
setirq ();

for (loop = 0;;loop++) {
outport (ioport + 16, da);
adc = nChannel | (hGain << 4) | ADC_TRIG_82BHD{_INTR;
/ladc = nChannel | (nGain << 4) | ADC_TRIG_INADC INTR
| ADC_SAMPLE;
outport (ioport, adc);
for (nChannel = 0; nChannel < 16; nChannel{++)
intdupcount = 0;
adc = nChannel | (hGain << 4) | ADC_TRIG_8pBHDC INTR;
/ladc = nChannel | (nGain << 4) | ADC_TRIGTIN
ADC_INTR;
outport (ioport, adc);
/[delay (duration);
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/ladc &= ADC_HOLD;
/loutport (ioport, adc);
/[delay (1);
/ladc |= ADC_TRIG;
/loutport (ioport, adc);
/ladc &= ~ADC_TRIG;
/loutport (ioport, adc);
for (iI=0;i<5;i++) {
if (intdupcount > 0)
break;
delay (1);
}
X = inport (ioport);
err = abs (x - da);
gotoxy (3, 5 + nChannel);
cprintf ("Channel#%2d :%7d %5d %5d", nChalngr, err,
intdupcount);
}
gotoxy (3, 22);
cprintf ("Loop :%7ld IRQ :%7Ild Scale = %28/A : %4d",
loop, intcount, nGain + 1, da);
while (kbhit () || step) {
c = getch ();
if (c == 27)
break;
elseif(c==""
step = Istep;
else if (c =="+") {
if (duration < 256)
duration <<=1;
}
else if (c =="-") {
if (duration > 1)
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duration >>= 1;
}
else if (c =="1") {
nGain++;
if (nGain >= 8)
nGain = 0;

}
else if (c =="3") {
da += 100;
if (da > admax)
da = admax;
}
else if (c =='2") {
da -=100;
if (da < 0)
da =0;
}
else if (Istep)
c = getch ();
}
if (c == 27)
break;
} /1 for (loop)
if (kbhit ()
getch ();
resetirg ();

}
*/

void Test_AD (void)

{
/llong loop;

int c, x;
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int numsys = NUM_2_ COMPLEMENT;
int vrange = 10;

if (adbit == 14) {
switch (ssid) {
case PCI_SID_AD7899AR1:
numsys = NUM_2_ COMPLEMENT;
vrange = 20;
break;

case PCI_SID_AD7899AR2:
numsys = NUM_UNSIGNED;
vrange = 10;

break;

}

Set_2VoltageRule (vrange, numsys);

}

/lloop = 0;
X =0;
clrscr ();
for (3;) {
gotoxy (3, 23);
cprintf ("Scale: %3d", 1 << x);
Show_AD_Value (16, x);
while (kbhit () {
c = getch ();
switch (c) {
case '1l"
if (x> 0)
X-;
break;
case '2"
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if (x < 4)
X++;
break;
}
if (c == 27)
break;
}
if (c == 27)
break;
}

}

void Calibrate DA (int nChannel)
{

int x=0;

unsigned char ¢ = 0;

int admax = (1 << adbit) - 1,

gotoxy (3, 24);
cprintf ("1: Min  2: Middle 3: Max ESC: @tnue");

for (3;) {

Set_DA (nChannel, x);
gotoxy (3, 18);
cprintf ("D/A Channel#%d :%7d", nChannel, x);
if (kbhit ()) {

c = getch ();

if (c == 27)

break;

else if (c =="1") {

X =0;

}

else if (c =="2") {
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X =admax/2 + 1;
}

else if (c =="3") {

X = admax;

}

}
} /I for

if (kbhit ())
getch ();
}

void DA_Calibration (void)
clrscr ();

if (adbit == 12) {
gotoxy (3, 10);
cprintf ("1: JP5->12, Adjust VR5, -10 to 10 V")
Calibrate_DA (1);
gotoxy (3, 11);
cprintf ("2: JP5->34, Adjust VR5, 0to 10 V"),
Calibrate_DA (1);
gotoxy (3, 12);
cprintf ("3: JP6->12, Adjust VR6, -10 to 10 V")
Calibrate_DA (2);
gotoxy (3, 13);
cprintf ("4: JP6->34, Adjust VR6, 0to 10 V"),
Calibrate_DA (2);

}

else {
gotoxy (3, 10);
cprintf ("Channel 1: JP4->12 for Unipolar o4JP3 for Bipolar");
gotoxy (3, 11);
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cprintf ("Adjust VR1 for offset and VR3 for rga");
gotoxy (3, 12);
cprintf ("Output: 0 - 10V for Unipolar, -10V tb0V for Bipolar");
Calibrate_DA (1);
gotoxy (3, 14);
cprintf ("Channel 2: JP5->12 for Unipolar oi5J23 for Bipolar");
gotoxy (3, 15);
cprintf ("Adjust VR2 for offset and VR4 for rga");
gotoxy (3, 16);
cprintf ("Output: O - 10V for Unipolar, -10V tbOV for Bipolar");
Calibrate_DA (2);
}
}

void Test_DA (void)
{
int chwave[2] = {3, 3};
char *desc[8] = {"min",
"max",
"square”,
"triangle",
"rising triangle",
"falling triangle”,
"bit increasing"”,
"DC'};

int x[2] = {0, 0};

int y[2] = {0, O};

int dflag[2] = {0, 0};
unsigned long loop = 0L;
int i, flag, quit;

int step = 0;

unsigned char ¢ = 0;
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unsigned duration = 27,

int admax = (1 << adbit) - 1;
int actch = 0;

int dc[2] = {0, 0};

clrscr ();
gotoxy (30, 2);
cprintf ("< DA test >");
gotoxy (3, 20);
cprintf ("Press 1 or 2 to change wave type.");
gotoxy (3, 21);
cprintf ("Press + - to change frequency.");
gotoxy (3, 22);
cprintf ("Press Up Down PgUp PgDn Home End tongeaDC
value.");
for (loop = 0, quit = 0;!quit;loop++) {
Set_DA (1, x[0]);
Set_DA (2, x[1]);
gotoxy (10, 10);
cprintf ("Active Channel: %d
DC Voltage", actch + 1);
gotoxy (10, 11);
cprintf ("Channel Wave form
polar(-)");
gotoxy (10, 8);
cprintf ("Loop:%9ld  D/A#1 :%7d D/A #2%7d", loop, X[0],
X[1]);
for (i=0;i<2; i++){
gotoxy (10, 12 +i);
cprintf (" %d  %-20s %8.3f\V  %8.3\%68.3fV",
i + 1, desc[chwave]i]], (10.0 * dcJi]) / (admax3),
(20.0 * dcfi]) / (admax + 1) - 10.0,
10.0 - (20.0 * dcJi]) / (admax + 1));

Dltage DC Voltage

siaglolar bi-polar(+) bi-
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switch (chwaveli]) {
case 0O:
X[i] = 0;
break;
case 1:
X[i] = admax;
break;
case 2:
y[i] += duration;
if (y[i] > 1000) {
yli] = 0;

x[i] = (x[i)? 0 : admax;

}

break;
case 3:
if (dflag[i]) {
X[i] += duration;
if (X[i] > admax) {

x[i] = admax;
dflag[i] = O;
}else {
X[i] -= duration;
if (x[i] <0) {
X[i] = 0;
dflag[i] = 1;
}
}
break;
case 4:

X[i] += duration;
if (X[i] > admax)
X[i] = 0;
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break;
case 5:
X[i] -= duration;
if (x[i] <0)
X[i] = admax;
break;
case 6:
X[i] <<= 1;
if (X[i] > admax)
X[i] = 1;
break;
case 7:
X[i] = dc[i];
break;
} //switch
} /lfor

if (kbhit () || step) {
c = getch ();
if (c == 0 && kbhit()) {
c = getch ();
switch (c) {
case 73:
dc[actch] += 1,
if (dc[actch] > admax)
dc[actch] = admax;
break;
case 72:
dc[actch] += 32;
if (dc[actch] > admax)
dc[actch] = admax;
break;
case 71:
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dc[actch] += 1024;

if (dc[actch] > admax)

dc[actch] = admax;
break;
case 81:
dc[actch] -= 1,
if (dc[actch] < 0)
dc[actch] = 0;
break;
case 80:
dc[actch] -= 32;
if (dc[actch] < 0)
dc[actch] = 0;
break;
case 79:
dc[actch] -= 1024,
if (dc[actch] < 0)
dc[actch] = 0;
break;
case 75:
actch = 0;
break;
case 77:
actch =1;
break;
} //switch
}
else {
switch (c) {
case 27:
quit = 1;
break;
case '"
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step = Istep;
break;
case '+"
if (duration < 200)
duration *= 3;
break;
case -"
if (duration >= 3)
duration /= 3;
break;
case 1"
if (actch = 0) {
actch = 0;
}else {
chwave[0]++;
if (chwave[0] > 7)
chwave[0] = 0;
}
break;
case 2"
if (actch 1= 1) {
actch = 1;
}else {
chwave[l]++;
if (chwave[l] > 7)
chwave[l] = 0;
}
break;
default:
if (Istep)
getch ();
} 1/ switch
} llelse
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} /1if kbhit
} /1 for (loop)
}

void Test_DIO_Loopback (void)
{

int loop, i, C;

unsigned X, v;

int OFS = 6;

if (old_adr) OFS <<= 3;
for (loop = 0; loop < 10; loop ++) {
for (i=0;i<16; i++) {
X=1<<j
outport (ioport + OFS, x);
delay (10);
y = inport (ioport + OFS);
gotoxy (3, 21);
cprintf("Loop: %3d Testing Pin:%2d Outp404X
Input:%04X",
loop + 1,1, X, y);
if (x1=y) {
cputs (" Error ");
c = getch ();
if (c == 27)
break;
}
else {
cputs (" OK ");
/lc = getch ();
}
if (kbhit()) {
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c = getch ();
c = getch ();
}
if (c == 27)
break;

}

if (c == 27)
break;

}

gotoxy (3, 17);
cputs("Press any key when ready");
if (kbhit ()
getch();
}

void dumpbits (unsigned long x, int n)
{

int i;

unsigned long b = 1L << (n - 1);

for I=0;1<n;i++) {
putch ((b >>1) & x)? '1": '0";
}
}

void Test_DO (void)

{
unsigned x;
unsigned long loop = 0L,
int step = 0;
unsigned char ¢ = 0;
unsigned duration = 64;
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for (loop =0, x = 1;;loop++) { {
if (x == 0x8000) unsigned x;
x=1; unsigned long loop = 0L,
else unsigned duration = 64;
X <<=1; int step = 0;
Set_DO (x); unsigned char c;
gotoxy (3, 21);
cprintf("Loop: %8Id : ", loop); for (loop = 0;;loop++) {
dumpbits (x, 16); x = Get_DI ();
delay (duration); gotoxy (3, 21);
if (kbhit () || step) { cprintf("Loop: %8Id : ", loop);
c = getch (); dumpbits (X, 16);
if (c == 27) delay (duration);
break; if (kbhit () || step) {
elseif(c=="") c = getch ();
step = Istep; if (c == 27)
else if (c =="+") { break;
if (duration > 1) elseif(c=="")
duration >>= 1; step = Istep;
else if (c =="+") {
else if (c =="") { if (duration > 1)
if (duration < 512) duration >>=1;
duration <<= 1; }
} else if (c =="") {
else if (Istep) if (duration < 512)
getch (); duration <<= 1;
} }
} /I for (i) else if (Istep)
if (kbhit ()) getch ();
getch (); }
} } /I for (loop)
if (kbhit ())
void Test_DI (void) getch ();
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}

char *ssid2str (int ssid)
{
switch (ssid) {

case PCI_SID_AD7899ARL1: return "AD7899AR-1";
case PCl_SID_AD7899BR1: return "AD7899BR-1";
case PCl_SID_AD7899SR1: return "AD7899SR-1";
case PCl_SID_AD7899AR2: return "AD7899AR-2";
case PCl_SID_AD7899ARS3: return "AD7899AR-3";
case PCl_SID_AD7899BR3: return "AD7899BR-3";
case PCl_SID_AD7899ARS1: return "AD7899ARS-1";
case PCl_SID_AD7899ARS2: return "AD7899ARS-2";
case PCl_SID_AD7899ARS3: return "AD7899ARS-3";
default: return "unknown";

}
}

void main()
t
intr;
int flag = 1,
char ch;

while (flag) {
clrscr();
adbit = 12;
r = GetPClICardinfo (PCI_DEVICE_ID_12ADDA, &iopt,
&irq);
if (r)
ioport = 0;
if (loport == 0) {
adbit = 14,
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r = GetPClICardInfo (PCI_DEVICE_ID_14ADDA, &port,
&irq);
if (r)
ioport = 0;
else
GetPCISubsystemID (PCI_DEVICE_ID_14ADDA, &ssid);
}
if (iloport == 0) {
cputs ("PCI-12/14 bit AD/DA Test Program: @auot
found\n\r");

break;

}

cputs ("\n\n\n\r");

cputs (" PCI-12/14 bit AD/DA CARTest Program
V1.1\n\r");

cputs ("
::::::::::::::::::::::::::::::::::::::::::\n\r")’

cprintf (" PCI %d bit ADA card found.\n\r",
adbit);

cprintf (" I/O Address: %X IRQ: %d\n\r", ioport,
irq);

if (adbit == 14)

cprintf (" A/D: %s\n\rssid2str(ssid));

cputs ("\n\r");

cputs (" (1): ADA Loophatest\n\r");

cputs (" (2): D/A Outpgest\n\r");

cputs (" (3): A/D Inpst\n\r");

cputs (" (4): DIO Loophaest\n\r");

cputs (" (5): DIO Outgast\n\r");

cputs (" (6): DIO Inpast\n\r");

cputs (" (7): D/A Calitbikan\n\r");

cputs (" (8): A/D Calithikan\n\r");

cputs (" ESC: EXIT\n\r");
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cputs (" Choose:");
do{
ch = getch();
}while (ch!="1"&& ch !="2' && ch 1="'3'
&& ch!='4'&& ch !'="'5' && ch 1= '6’
&& ch I="'7" && ch '="8' && ch = 27);

switch (ch) {

case 27:

flag = 0;

break;

case '1"

Test_AD_Loopback ();

break;

case 2"

Test_DA ();

break;

case ‘3"

Test_AD ();

break;

case '4"

Test_DIO_Loopback ();

break;

case '5"

Test_DO ();

break;

case '6"

Test_DI ();

break;

case '7"

DA_Calibration ();
break;

case '8"
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AD_Calibration ();
break;
}

}

} /* end of main */

#ifndef _PCI_H
#define _PCI_H

#define PCI_DEVICE_ID_2_PORT 0x0004
#define PCI_DEVICE_ID_4 PORT 0x0001
#define PCI_DEVICE_ID_8 PORT 0x0002
#define PCI_DEVICE_ID_16_PORT 0x0003

#define PCI_DEVICE_ID_2_8255 0x0101
#define PCI_DEVICE_ID_INDUSTRIAL 0x1011
#define PCI_DEVICE_ID_8_RELAY 8 PHOTO  0x1021
#define PCI_DEVICE_ID_4_RELAY 4 _PHOTO  0x1022
#define PCI_DEVICE_ID_16_PHOTO  0x1023
#define PCI_DEVICE_ID_16_RELAY  0x1024

#define PCI_DEVICE_ID_12ADDA 0x0200
#define PCI_DEVICE_ID_14ADDA 0x0201

#define PCI_DEVICE_ID_INDUSTRIAL_OLD 0x0003

#define PCI_SID_AD7899AR1 0x0100
#define PCI_SID_AD7899AR2 0x0101
#define PCI_SID_AD7899AR3 0x0102
#define PCI_SID_AD7899BR1 0x0103
#define PCI_SID_AD7899BR3 0x0104
#define PCI_SID_AD7899SR1 0x0105
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#define PCI_SID_AD7899ARS1 0x0106
#define PCI_SID_AD7899ARS2 0x0107
#define PCI_SID_AD7899ARS3 0x0108

#define PCI_VENDER_ID 0x6666

int ISPCIPresent(void);

unsigned int FindPCIDevice(unsigned int);

unsigned int FindPCIClassCode(unsigned int);

unsigned char ReadPCIConfigByte (unsigned int; int)
unsigned int ReadPCIConfigWord (unsigned int, int);
unsigned long ReadPCIConfigDWord (unsigned in), int

int GetPClCardInfo (unsigned int devicelD, unsigmedaddr,
unsigned int *irq);

int GetPClSubsystemID (unsigned int devicelD, unsdyint *pid);

#endif *_TYPEDEF_H*/

PCI.C

#include <stdlib.h>
#include <stdio.h>
#include <dos.h>

#include "pci.h"
int IsPCIPresent(void)
{

union REGS ;

r.x.ax = 0xb101;
int86 (Ox1a, &r, &r);
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return (r.h.ah == 0);

}

unsigned int FindPCIDevice(unsigned int devicelD)

{
union REGS r;

r.x.ax = 0xb102;
r.x.cx = devicelD;
r.x.dx = PCI_VENDER_ID;
r.x.si=0;
int86 (Ox1a, &r, &r);
if (r.h.ah == 0)
return r.x.bx;
else
return O;

}

unsigned int FindPCIClassCode(unsigned int classfod

{
union REGS r;

r.x.ax = 0xb103;
r.x.cx = classCode;
r.x.dx = PCl|_VENDER_ID;

r.x.si=0;
int86 (Oxla, &r, &r);
if (r.h.ah == 0)
return r.x.bx;
else
return O;
}
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unsigned char ReadPCIConfigByte (unsigned int piriaidt index)

{
union REGS r;

r.x.ax = 0xb108;
r.x.bx = pciaddr;
r.x.di = index;
int86 (Ox1a, &r, &r);
if (r.h.ah == 0)
return r.h.cl;
else
return O;

}

unsigned int ReadPCIConfigWord (unsigned int paiadd index)

{
union REGS r;

r.x.ax = 0xb109;
r.x.bx = pciaddr;
r.x.di = index;
int86 (Oxl1a, &r, &r);
if (r.h.ah == 0)
return r.x.cx;
else
return O;

}

unsigned long ReadPCIConfigDWord (unsigned int giabiaint
index)

{
union REGS r;
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r.x.ax = 0xb10a;
r.x.bx = pciaddr;
r.x.di = index;
int86 (Ox1a, &r, &r);
if (r.h.ah == 0)
return r.x.cx;
else
return O;

}

int GetPClCardInfo (unsigned int devicelD, unsigmedaddr,
unsigned int *irq)

{

unsigned int pciaddr, index;

if (laddr)
return 1;

if ('IsPCIPresent ())
return 2;

pciaddr = FindPClIDevice (devicelD);

if (pciaddr == 0)
return 3;

for (index = 0x18; index <= 0x24; index += 4) {
*addr = ReadPCIConfigDWord (pciaddr, index) &ffte;

if (*addr != 0)
break;
}
*irqg = ReadPCIConfigByte (pciaddr, 0x3c);
return O;
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}

int GetPCISubsystemID (unsigned int devicelD, unedyint *pid)
{

unsigned int pciaddr, index;

if ('IsPCIPresent ())
return 2;

pciaddr = FindPClDevice (devicelD);

if (pciaddr == 0)
return 3;

*pid = ReadPCIConfigWord (pciaddr, Ox2e);
return O;

}
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APPENDI X A
WARRANTY INFORMATION

A.1 Copyright

Copyright DECISION COMPUTER INTERNATIONAL CO., LTD.
All rights reserved. No part of PCI BUS 14 BIT DATA
ACQUISITION CARD software and manual may be repiatl
transmitted, transcribed, or translated into anglege or computer
language, in any form or by any means, electromechanical,
magnetic, optical, chemical, manual, or otherwsghout the prior
written permission of DECISION COMPUTER INTERNATIGL
CO., LTD.

Each piece of PClI BUS 14 BIT DATA ACQUISITION CARD
package permits user to use PClI BUS 14 BIT DATA
ACQUISITION CARD only on a single computer, a reégied user
may use the program on a different computer, but nw use the
program on more than one computer at the same time.

Corporate licensing agreements allow duplicatiosh @istribution of
specific number of copies within the licensed tosion.
Duplication of multiple copies is not allowed exteghrough
execution of a licensing agreement. Welcome calti&gails.

A.2 Warranty I nformation

DECISION warrants that for a period of one yeamnfrthe date of
purchase (unless otherwise specified in the wayrreatd) that the
goods supplied will perform according to the speations defined
in the user manual. Furthermore that the PClI BUSBI4 DATA

ACQUISITION CARD product will be supplied free frodefects in

70 DECI SI ON Conput er | nternati onal



Oper ati ons Manual PCl 14 bit data acquisition card Oper ati ons Manual PCl 14 bit data acquisition card

O O O O O O O O O O O O O O O O O O O O O O O O O O N

materials and workmanship and be fully functionatier normal Return Authorization: It is necessary that any returned goods are

usage. clearly marked with an RA number that has been edsby
DECISION. Goods returned without this authorizatieii not be

In the event of the failure of a PCI BUS 14 BIT DAT attended to.

ACQUISITION CARD product within the specified wantg period,
DECISION will, at its option, replace or repair tlitem at no
additional charge. This limited warranty does nover damage
resulting from incorrect use, electrical interfesen accident, or
modification of the product.

All goods returned for warranty repair must have serial number
intact. Goods without serial numbers attached moll be covered
by the warranty.

Transportation costs for goods returned must bel gai the
purchaser. Repaired goods will be dispatchedeaexpense of PCI
BUS 14 BIT DATA ACQUISITION CARD.

To ensure that your PCI BUS 14 BIT DATA ACQUISITION
CARD product is covered by the warranty provisiahs necessary
that you return the Warranty card.

Under this Limited Warranty, DECISION's obligationsill be
limited to repair or replacement only, of goodsrduo be defective
as specified above during the warranty period. HON is not
liable to the purchaser for any damages or losdeanyg kind,
through the use of, or inability to use, the PCISBWX4 BIT DATA
ACQUISITION CARD product.

DECISION reserves the right to determine what dtnss
warranty repair or replacement.
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APPENDI X B ANALOG 5V Single Supply
DATA SHEET] DEVICES 14-Bit 400 kSPS ADC
| AD7899 |

FEATURES FUNCTIONAL BLOCK DIAGRAM

Fast (2.2 us) 14-Bit ADC

400 kSPS Throughput Rate

0.3 ps Track/Hold Acquisition Time

Single Supply Operation

Selection of Input Ranges: 10V, x5 V and £25V
0Vto25Vand0Vto5V

High-Speed Parallel Interface which Also Allows
Interfacing to 3 V Processors

Low Power, 80 mW Typ

Power-Saving Mode, 20 pW Typ

Overvoltage Protection on Analog Inputs

Power-Down Mode via STBY Pin

AVDD. Vaer Voave
O O

O0O—0
TONVET CLKIN GND OPGND
GENERAL DESCRIPTION PRODUCT HIGHLIGHTS
The AD7899 is a fast, low-power, 14-bit A/D converter that 1. The AD7899 features a fast (2.2 ps) ADC allowing through-
operates from a single 5 V supply. The part contains a 2.2 s put rates of up to 400 kSPS.

successive-approximation ADC, a track/hold amplifier, 2.5 V 2
reference, on-chip clock oscillator, signal conditioning circuitry,

and a high-speed parallel interface. The part accepis analog input

ranges of £10 V, 25V, 22,5V, 0 V10 25 V,and 0 Vo 5 V. . . =
Overvoltage protection on the analog input for the part allows The part offers a high-speed parallel xnt_:rfncc. The interface
the input voltage to be exceeded without damaging the parts. can operate in 3 V and 5 V mode allowing for easy connec-
tion to 3 V or 5 V microprocessors, microcontrollers, and
digital signal processors

. The AD7899 operates from a single 5 V supply and con-
sumes only 80 mW typ making it ideal for low power and
portable applications.

w

Speed of conversion can be controlled either by an internally
trimmed clock oscillator or by an external clock,

=

The part is offered in three versions with different analog
input ranges. The AD7890-1 offers the standard industrial
ranges of +10 V and +5 V; the AD7899-2 offers a unipolar
range of 0 V to 2.5 or 0 V10 5 V, and the AD7899-3 has an
Data is read from the part via a 14-bit paralle] data bus using the input range of £2.5 V.

standard CS and RD signals. Maximum throughput for the

AD7899 is 400 kSPS.

The AD7899 is available in a 28-lead SOIC and SSOP packages

A conversion start signal (CONVST) places the track/hold into
hold mode and initiates conversion. The BUSY/EOC signal
indicates the end of the conversion.

REV. A

Information furnished by Analog Devices is believed to be accurate and
reliable. However, na respansibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties that One Technology Way, P.O. Box 9106, Norwaod, MA 02062-3106, U.S.A.
may result from its use. No license is granted by implication or otherwise Tel: 781/329-4700 www.analog.com
under any patent or patent rights of Analog Devices. Fax: 781/326-8703 © Analog Devices, Ing., 2001

T rrrrrrrerees e
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oo ]
(Vg = 5V = 5%, AGND = DGND = 0V, Vgge = Internal. Clock = Internal, all specifications
AD 7 899—SPEC I FI CATI U NS Tow to Tyax and valid for Vpgye =3 V = 5% and 5 V = 5% unless otherwise noted.)
A B S
Parameter Version® Version® Version® Unit Test Conditions/Comments.
SAMPLE AND HOLD
0.1 dB Full Power Bandwidth 500 500 500 KHz typ
-3 dB Full Power Bandwidth 4.5 4.5 45 MHz typ
Aperture Delay 20 20 20 R AD7899
Aperture Jitter 25 25 25 Ps typ 5 = 5
DYNAMIC PERFORMANCE? fiy = 100 kHz, fg = 400 kSPS Parameter Version' Version' Version' Unit Test Conditions/Comments
AD7899-1
Signal to (Noise + Distortion) LOGIC INFUTS
Ratio® @ 25°C 78 78 78 dB min Input High Voltage, Vinu Vorve'2 + 0.4 | Vorve/2 +0.4 | Vpgye/2 +0.4 | V min Vo =5V 5%
Tt Focae P 78 77 AE i Input Low Voltage, Vi, Vorwe2 - 0.4 | Vorve2- 0.4 | Vorysi2 - 0.4 | Vmax | Vpp=5V+5%
Total Harmonic Distortion? 84 -84 _82 dB max Iopue Currenty Iy £10 +10 £10 A max
Peak Hanmonic or Spurious Noiee? | 86 86 -85 dB max Input Capacitance, Cpy 10 10 10 pF max
AD7899-2 LOGIC OUTPUTS
Signal to (Noise + Distortion) Output High Voltage, Vou Vouwe =04 | Vorve—0.4 | Vpgye=0.4 | Vmin Tsoince =
Ratio® @ 25°C 78 dB min Output Low Voltage, Vo 0.4 0.4 0.4 V max
Thame 10 Tiax 77 dB min DB13-DB0
Total Harmonic Distortion’ -82 dB max High Impedance
Peak Harmonic or Spurious Noise’ | 82 dB max Leakage Current +10 +10 410 e
AD7899-3 Capacitance’ 10 10 10 SE ik
Signal to (Noise + Distortion) Output Coding
Ratio® @ 25°C 78 78 dB min AD7899-1, AD7899-3 Two’s Complement
T 10 Tvax B 77 v dB min AD7899-2 Straight (Natural) Binary
Total Harmonic Distortion -84 -84 dB max
Peak Harmonic or Spurious Noise? | ~86 -86 dB max SBEIEARS BN EA TR
Intermodulation Distortion’ fa = 49 KHz, fb = 50 kHz Sxuesion Tt - 22 22 2.2 Hs max
2tirt pelee Tsnig e . s e Track/Hold Acquisition Time* 0.3 0.3 0.3 Js max
3rd Order Terms -89 -89 -89 dB typ Throughput Time 400 400 400 kSPS max
DC ACCURAGY POWER REQUIREMENTS
Resolution 14 14 14 Bits ]V“" 5 5 5 V nom
Relative Accuracy (INL)’ +2 L5 +2 LSB max B
Differential Nonlinearity (DNL)? *1 +1 +1 LSBmax | No Missing Codes Guaranteed Normal Mode 23 25 25 mA max | Typically 16 mA
ADs60.1 Standby Mode 20 20 20 pA max | (5 pA typ) Logic Inputs = 0 V or
Input Voltage Range 15,410 15,110 Volts TS Von
Input Current 0.8,0.8 0.8,0.8 mA max Viy =5V and -10 V Respectively ower Dissipation
B Ty i ki £i3 FOr e Normal Mode 125 125 125 mW max | Typically 80 mW, Vpp =5V
Negative Gain Error® +10 +8 +12 LSB max Stantiby Mode 100 100 125 W max
Bipolar Zero Error 112 +8 +12 LSB max NOTES
AD7809.2 :'{'cmpera[urc Ranges are as follows : A, B Versions: ~40°C 10 +85°C, § Version: -55°C to +125°C.
Input Voltage Range 01025 Volts ];:?}.‘;‘;’jgf}l‘z‘;’“"" Sromgn full channel (SHA.abd ADC)
0to5 ISample tested @ 25°C to ensure compliance,
Input Current 0.4, 800 pA max V=25V, ¥n=5V Specifications subject to change without notice
Positive Gain Error* 14 LSB max
Offset Error’ +10 LSB max
AD7899-3
Input Voltage Range 2.5 $2.5 Volts
Input Current 0.8 0.8 mA max Vin=-25V
Positive Gain Error* t14 +12 LSB max
Negative Gain Error’® 114 +12 LSB max
Bipolar Zero Error +14 12 LSB max
REFERENCE INPUT/OUTPUT
Vier IN Input Voltage Range 2.375/2.625 | 2.375/2.625 | 2.375/2.625 | Vaun/Vamax 25V+5%
Vigr IN Input Capacitance® 10 10 10 pF max
Veer OUT Output Voltage 25 2.5 25 V nom
Vier OUT Error @ 25°C £10 £10 £10 mV max
Vger OUT Error Tyuy 10 Tyax +20 $20 425 mV max
Vier OUT Temperature Coefficient | 25 25 25 ppm/°C typ
Vger OUT Output Impedance 6 6 6 kQ typ See Reference Section
=2- REV. A
[ REV. A 2
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AD7899 AD7899

ABSOLUTE MAXIMUM RATINGS* SOIC Package, Power Dissipation . ... .. B 450 mW PIN FUNCTION DESCRIPTIONS
(T = 25°C unless otherwise noted) 8j4 Thermal Impedance ...... 95°C/W Pin
Voo AGRDY .y s oz mams ssvwspnevas 0.3Viwo+7V Lead Temperature, Soldering N M ; Dot
i 0. nemonic escription
Vpp to DGND i 03Vi0+7V Vapor Phase (60 sec) .......... v .. 215°C
Vprive to DGND ... .. o Vo + 03V Infrared (15 sec) 220°C 1 Vier Reference Input/Output. This pin is provides access to the internal reference {2.5 V+ 20 mV) and
Analog Input Voltage to AGND SSOP Package, Power Dissipatiol .. 450 mW also allows the internal reference to be overdriven by an external reference source (2.5 V £ 5%).
ADT7899-1 (10 V Range) o - cuvwsviwis vh.. TIBV 8)4 Thermal Impedance . . . y 95°CIW A 0.1 pF decoupling capacitor should be connected between this pin and GND.
AD7899-1 (5 V Range) .. 9Vt +18V Lead Temperature, Soldering . 2,6 GND Ground Pin. This pin should be connected to the system’s analog ground plane.,
AD7899-2 ........ e =1 V0 #18Y VDRI COERY o cosmassmims e s B 3,4 | Vi Via | Analog Inputs. See Analog Input Section.
AD7899-3 ........ G YRS SR 4Vio+18V Infrared (1558¢) . .oovnviiniiiinianianin, 220°C 5 v Positive Supply Voltage, 5.0 V + 5%
Reference Input Voliage 10 AGND ... ~0.3V to Vo # 0.3V “Stresses above those lised under Absolute Maximum Ratings may cause perma- iii | e (| et e A i b T T e B it s
Digital Input Voltage to DGND ..... -03VtoVpp+ 0.3V nent damage to the device. This is a stress rating only; functional operation of the 3 Y ; he - puts. o
Digital Output Voltage to DGND .... 03 Vto Vpp+ 03V device:at theve or-any: other: conditions: above those: ligted in:the operational 14 OPGND Output Driver Ground. This is the ground pin of the output drivers for D13 to D0 and BUSY/EOC. It should
Opersting Temperaue Range e e ottty be comected o hesysems waogground plve. .
Commercial (A, B Version) ........... -40°Cto +85°C 15 Vbrive This pin provides the positive supply voltage for the digital inputs and outputs. It is normally tied to Vpp
Military (S Version) ....... -55°C to +125°C but may also be powered by a 3 V£ 10% supply which allows the inputs and outputs to be interfaced
Storage Temperature Range . . =65°C 1o +150°C to 3 V processors and DSPs. Vpgyz should be decoupled with a 0.1 pF capacitor to GND.
Junction Temperature 150°C 16-22 DB6-DB0 Data Bit 6 to Data Bit 0. Three-state Qutputs.
23 BUSY/EOC | BUSY/EOC Output, Digital output pin used to signify that a conversion is in progress or that a conversion
CAUTION has finished. Th? fun.c[mn of the BUSY#E.(JC is determined by the state of CONVST at the end of con-
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily version. See the Timing and Control Section. o
sccummlate on thie s budy and test equibmenrand vin discliarge Witliout detection, AlthSugh WARNING! @ 24 Read Input. Active low logic input which is used in conjunction with CS low to enable the data outputs.
the AD7899 features proprietary ESD protection circuitry, permanent damage may occur on “ 25 Chip Select Input, Active low logic input. The device is selected when this input is active.
devices subjected to high-energy electrostatic discharges. Therefore, proper ESD precautions are S IR DL 26 CONVST Convert Start Input. Logic Input. A low to high transition on this input puts the track/hold into hold mode
t ded to avoid per degradation or loss of functionality, and starty conversion:
27 CLKIN Conversion Clock Input. CLKIN is an externally applied clock which allows the user to control the
conversion rate of the AD7899. If the CLKIN input is high on the rising edge of CONVST an externally
. applied clock will be used as the conversion clock. If the CLKIN is low on the rising edge of CONVST
OBDERING QLI the internal laser-trimmed oscillator is used as the conversion clock. Each conversion needs sixteen clock
Relative Temperature Package Package cycles in order for the conversion to be completed. The externally applied clock should have a duty eycle
Model Yapiit Raiges ALY Rasige Discitpiin Option no greater than 60/40. The CLKIN pin can be tied to GND if an external clock is not required
ADTB99ARL 5. 210V 52 LSB 40°C (0 +85°C Small Outline P 28 STBY Standby Mt}de 1“?“‘1 Logic input which is used to put the device into the power save or standby mode.
AD7899BR-1 ;5 V’ ;10 v ;] 5158 7402(1 e +85°é Small Outline R28 The STBY input is high for normal operation and low for standby operation.
AD7899SR-1 5V, 210V +2 LSB -35°C to +125°C Small Outline R-28
AD7899AR-2 O0Vto5V,0Vto25V +2 LSB —40°C to +85°C Small Outline R-28
AD7899AR-3 25V +2 LSB ~40°C to +85°C Small Outline R-28 PIN CONFIGURATION
AD7899BR-3 2.5V +1.5LSB -40°C to +85°C Small Outline R-28 soicissor
AD7899ARS-1 5V, 210V 12 LSB 40°C to +85°C Shrink Small Outline RS-28
AD7899ARS-2 0Vio5V,0Vio25V +2 LSB ~40°C to +85°C Shrink Small Outline RS-28
AD7899ARS-3 +2.5V +2 LSB ~40°C to +85°C Shrink Small Outline RS-28 Veer [T} e B]3TEY
ano[z] 27] CLKIN
vine[2] [zs]convsT
voule] B
Voo 5] 2] D
ano[E %3] BUSY/EGT
ool 272
DB12 3 |(Not to Scaie) 7] 01
08115 0] DB2
DB10 10| [19] oB3
DBE 18] DBA
B8 [i2] [7]o8s
087 [3] [7%] pBe
opano[] [ Vomve:
Doy A e Wil nrve oA
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AD7899

TERMINOLOGY

Signal to (Noise + Distortion) Ratio

This is the measured ratio of signal to (noise + distortion) at the
output of the A/D converter. The signal is the rms amplitude of
the fundamental. Noise is the rms sum of all nonfundamental
signals up to half the sampling frequency (fs/2), excluding dc.
The ratio is dependent upon the number of quantization levels
in the digitization process; the more levels, the smaller the quan-
tization noise. The theoretical signal to (noise + distortion) ratio
for an ideal N-bit converter with a sine wave input is given by:

Signal 10 (Noise + Distortion) = (6.02N + 1.76) dB
Thus for a 14-bit converter, this is 86.04 dB.

Total Harmonic Distortion
‘Total harmonic distortion (THD) is the ratio of the rms sum of
harmonics to the fundamental. For the AD7899 it is defined

e T}
+ 15+ VS + Vs + Vg
i

as: THD (dB) = 20 log

where V) is the rms amplitude of the fundamental and Vs, Vi,
V,, and V5 are the rms amplitudes of the second through the
fifth harmonics.

Peak Harmonic or Spurious Noise

Peak harmonic or spurious noise is defined as the ratio of the
rms value of the next largest component in the ADC output
spectrum (up to fg/2 and excluding dc) to the rms value of the
fundamental. Normally, the value of this specification is deter-
mined by the largest harmonic in the spectrum, but for parts
where the harmonics are buried in the noise floor, it will be a
noise peak.

Intermodulation Distortion

With inputs consisting of sine waves at two frequencies, fa and
b, any active device with nonlinearities will create distortion
products at sum and difference frequencies of mfa + nfb where
m, n =0, 1, 2, 3, etc. Intermodulation terms are those for which
neither m nor n are equal to zero. For example, the second order
terms include (fa + fb) and (fa - fb), while the third order terms
include (2fa + fb), (2fa - fb), (fa + 2fb) and (fa - 21b)

The AD7899 is tested using two input frequencies. In this case, the
second and third order terms are of different significance. The
second order terms are usually distanced in frequency from the
original sine waves while the third order terms are usually at a
frequency close to the input frequencies. As a result, the second

REV A

and third order terms are specified separately. The calculation
of the intermodulation distortion is as per the THD speci-
fication where it is the ratio of the rms sum of the individual
distortion products to the rms amplitude of the fundamental
expressed in-dBs.

Differential Nonlinearity
This is the difference between the measured and the ideal
1 LSB change between any two adjacent codes in the ADC.

Positive Gain Error (AD7899-1, AD7899-3)

This is the deviation of the last code transition (01...110 to
01...111) from the ideal 4 X Vigp - 3/2 LSB (AD7899 at
110 V), 2 x Vggr — 3/2 LSB (AD7899 at £5 V range) or Vrgr
- 3/2 LSB (AD7899 at £2.5 V range) after the Bipolar Offset
Error has been adjusted out.

Positive Gain Error (AD7899-2)

This is the deviation of the last code transition (11...110 to
11...111) from the ideal 2 x Vggg — 3/2 LSB (AD7899 at
+10 V), 2 x Vpgp — 3/2 LSB (AD7899 at 0 V to 5 V range) or
Vrer — 3/2 LSB (AD7899 at 0 V 1o 2.5 V range) after the Uni-
polar Offset Error has been adjusted out.

Unipolar Offset Error (AD7899-2)
This is the deviation of the first code transition (00 . .. 00 to
.. 01) from the ideal AGND +1/2 LSB

Bipolar Zero Exror (AD7899-1, AD7899-2)

This is the deviation of the midscale transition (all 0s 1o all 1s)
from the ideal AGND - 1/2 LSB.

Negative Gain Error (AD7899-1, AD7899-3)

This is the deviation of the first code transition (10, .. 000 to
10...001) from the ideal —4 X Vg + 1/2 LSB (AD7899 at
+10 V), -2 x Vegr + 1/2 LSB (AD7899 at £5 V range) or ~Vagr
+ 1/2 LSB (AD7899 at +2.5 V range) after Bipolar Zero Error
has been adjusted out,

Track/Hold Acquisition Time

Track/Hold acquisition time is the time required for the output
of the track/hold amplifier to reach its final value, within +1/2 LSB,
after the end of conversion (the point at which the track/hold
returns to track mode). It also applies to situations where there
is a step input change on the input voltage applied to the selected
Vinavmug input of the AD7899. It means that the user must wait
for the duration of the track/hold acquisition time after the end
of conversion or after a step input change to Viya/Ving before
starting another conversion, to ensure that the part operates to
specification.
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CONVERTER DETAILS

The AD7899 is a high-speed, low-power, 14-bit A/D converter
that operates from a single 5 V supply. The part contains a
2.2 ps successive-approximation ADC, track/hold amplifier, an
internal 2.5 V reference and a high-speed parallel interface. The
part accepts an analog input range of £10 V or £5 V (AD7899-1),
0Vw25Vor0Viwo5V (AD7899-2) and+2.5 V (AD7899-3).
Overvoltage protection on the analog inputs for the part allows
the input voltage to go to £18 V (AD7899-1 with £10 V input
range), -9 V to +18 V (AD7899-1 with +5 V input range), -1 V
to +18 V (AD7899-2) and —4 V 1o +18 V (AD7899-3) without
causing damage.

A conversion is initiated on the AD7899 by pulsing the CONVST
input. On the rising edge of CONVST, the on-chip track/hold is
placed into hald and the conversion is started. The BUSY/EOC
output signal is triggered high on the rising edge of CONVST
and will remain high for the duration of the conversion sequence.
The conversion clock for the part is generated internally using a
laser-trimmed clock oscillator circuit. There is also the option of
using an external clock. An external noncontinuous clock is applied
to the CLKIN pin. If; on the rising edge of CONVST, this input
is high, the external clock will be used. The external clock should
not start until 100 ns after the rising edge of CONVST. The
optimum throughput is obtained by using the internally gener-
ated clock—see Using an External Clock. The BUSY/EOC signal
indicates the end of the conversion, and at this time the Track and
Hold returns to tracking mode. The conversion results can be
read at the end of the conversion (indicated by BUSY/EOC
going low) via a 14-bit parallel data bus with standard CS and RD
signals—see Timing and Control.

Conversion time for the AD7899 is 2.2 yis and the track/hold
acquisition time is 0.3 y1s. To obtain optimum performance from
the part, the read operation should not occur during a conversion
or during the 150 ns prior to the next CONVST rising edge.
This allows the part to operate at throughput rates up to 400 kHz
and achieve data sheet specifications.

CIRCUIT DESCRIPTION

Track/Hold Section

The track/hold amplifier on the AD7899 allows the ADCs to
accurately convert an input sine wave of full-scale amplitude to
14-bit accuracy. The input bandwidth of the track/hold is greater
than the Nyquist rate of the ADC even when the ADC is oper-
ated at its maximum throughput rate of 400 kSPS (i.e., the
track/hold can handle input frequencies in excess of 200 kHz).
The track/hold amplifier’s acquire input signals to 14-bit
accuracy in less than 300 ns The operation of the track/hold is
essentially transparent to the user. The track/hold amplifier
samples the input channel on the rising edge of CONVST. The
aperture time for the track/hold (i.e., the delay time between the

external CONVST signal and the track/hold actually going into
hold) is typically 15 ns and, more importantly, is well matched
from device to device. It allows multiple AD7899s to sample
more than one channel simultaneously. At the end of a conversion,
the part returns to its tracking mode. The acquisition time of
the track/hold amplifier begins at this point,

Reference Section .

The AD7899 contains a single reference pin, labelled V
which cither provides access to the part’s own 2.5 V reference or
allows an external 2.5 V reference to be connected to provide
the reference source for the part. The part is specified with a

2.5 V reference voltage.

To use the internal reference as the reference source for the
AD7899, simply connect a 0.1 pF capacitor from the Vggy pin
10 AGND. The voltage that appears at this pin is internally
buffered before being applied to the ADC. If this reference is
required for use external to the AD7899, it should be buffered,
as the part has a FET switch in series with the reference output
resulting in a source impedance for this output of 6 k{2 nominal.
The tolerance on the internal reference is +10 mV at 25°C with
a typical temperature coefficient of 25 ppm/°C and a maximum
error over temperature of +20 mV,

If the application requires a reference with a tighter tolerance or
the AD7899 needs to be used with a system reference, the user
has the option of connecting an external reference to this Vigg
pin. The external reference will effectively overdrive the internal
reference and thus provide the reference source for the ADC.
The reference input is buffered before being applied to the ADC
with the maximum input current of + 100 pA. Suitable reference
sources for the AD7899 include the AD680, AD780, REF192,
and REF43 precision 2.5 V references

Analog Input Section

The AD7899 is offered as three part types, the AD7890-1 where
the input can be configured for £10 V or a +5 V input voltage
range, the AD7899-2 where the input can be configured for 0 V
5 Vora0Vto2.5Vinput voltage range and the AD7899-3
which handles input voltage range +2.5 V. The amount of current
flowing into the analog input will depend on the analog input
range and the analog input voltage. The maximum current flows
when negative full-scale is applied.

AD7899-1

Figure 2 shows the analog input section of the AD7899-1. The
input can be configured for £5 V or £10 V operation on the
AD7899-1, For 5 V operation, the Vina and Viyg inputs are
tied together and the input voltage is applied to both. For+10 V
operation, the Vpyp input is tied to AGND and the input voltage
is applied to the Vina input. The Vina and Ving inputs are sym-
metrical and fully interchangeable.
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AD7899

AD7899-1

AD7899-2

Figure 3 shows the analog input section of the AD7899-2. Each
input can be configured for 0 V to 5V operation or ¢ V10 2.5 V
operation. For 0 V to 5 V operation, the Viyg input is tied to

GND and the input voltage is applied to the Vpyys input. For

AD7899

AD7899-3

Figure 4 shows the analog input section of the AD7899-3. The

analog input range is £2.5 V on the Viy, input. The Vg input

can be left unconnected burt if it is connected to a potential then
that potential must be GND.

TIMING AND CONTROL

Starting a Conversion

The conversion is initiated by applying a rising edge to the
CONVST signal. This places the track/hold inte hold mode and
starts the conversion. The status of the conversion is indicated

0V to 2.5V operation, the Vpuy and Vg inputs are tied together by the dual function signal BUSY/EOC. The AD7899 can operate
L S and the input voltage is applied to both. The Vi, and Viyg in two c()nv:r§inn modes, EOC (End Of (T«!qvemnn) mode and
Vaer () GIRCUITRY inputs are symmetrical and fully intercharigeable. AD7899-3 BUSY mode. The operating mode is deétermined by the state of
For the AD7899-2, R1 = 4 kQ and R2 = 4 k. Once again, the CONVST at the end of the conversion.
Vina O _.{>_. TO INTERNAL designed code transitions occur on successive integer LSB values. Selecting a Conversion Clock
e ARATOR Output coding is straight (natural) binary with 1 LSB = FSR/ The AD7899 has an internal laser rimmed oscillator which can
16384 = 2.5 V/16384 = 0.153 mV, and 5 V/16384 = 0.305 mV, A be used to contrel the conversion process. Alternatively an external
Va O for the 0 to 2.5 V and the 0 to 5 V options respectively. Table Veer O i SIERFCEURIIE',;‘Y:E clock source can be used to control the conversion process, The
" I shows the ideal input and output transfer function for the highest external clock frequency allowed is 6.5 MHz. This means
AD7899-2. a conversion time of 2.46 s compared to 2.2 ps using the inter-
> _D__, 10 mrEnAL nal clock. However in some instances it may be useful to use an
aND e TRRAIRR external clock when high throughput rates are not required, For
Figure 2. AD7899-1 Analog Input Structure AD7899-2 example two or more AD7899s may be syngl:ron]zed by using
oo - - - Vit the same external clack for all devices. In this way there is no
For the AD7899-1, R1 = 4 ki, R2 = 16 kQ, R3 = 16 k2 and latency between output logic signals due to differences in the
Ra= H kQ. The resistor input stage is followed by the high frequency of the internal clock oscillators.
input impedance stage of the track/hold amplifier. . — } .
. . . — On the rising edge of CONVST the AD7899 will examine the
Thg designed cm%c transitions lakf plaFe mldwaé/ be(:’een 550 s REFERENCE Figure 4. AD7899-3 Analog Input Structure status of the CLKIN pin. If this pin is low it will use the internal
cessive integer LSB values (i.c., 1/2 LSB, 3/2 LSBs, 5/2 LSBs s CIRGUITRY For the AD7899-3, R1 = 4 kQ and R2 = 4 k@, The resistor laser trimmed oscillator as the conversion clock. If the CLKIN pin
etc.) LSB size is given by the formula, 1 LSB = FSR/16384. For ; ;i ih i i is high the AD7899 will wait for an external clock to be supplied
he +5 V' 1 LSB = 10 V/16384 = 610.4 |{V. For the +10 V input stage is followed by the high input impedance stage of the 5 ugh th > . X PP
the range, = - HV. For the £1 Via O _[>~> TO INTERNAL track/hold amplifier. to this pin which will then be used as the conversion clock. The
range, 1 LSB = 20 V/16384 = 1.22 mV. Output coding is e ARKTOR . ) ) first falling edge of the external clock should not happen for at
two's complement binary with | LSB = FSR/16384. The ideal The designed code transitions take place midway between SUe-  1oa5 100 s after the rising edge of CONVST to ensure correct
quuL/ou[pul transfer function for the AD7899-1 is shown in S cessive m(egcr.l,,SB values (i.e., 1/2 LSB, 3/2 I:SB::., 5/2 LSBs operation. Figure 5 shows how the BUSY/EOC output is synchro-
Fablel v sey TR ireigven Ly thefortiils, (LLSR o ReR L 40 nized 1o the CLKIN signal. Each conversion requires 16 clocks
) . O“[p“[_md\',r/‘gr'itw"_b Ctimplegnem binary with l LSB = FSR/ The result of the conversion is transferred to the output data
Table I. Ideal Input/Output Code Table for the AD7899-1 16384 = 5 V/16384 = 610.4 PV, The ideal input/output transfer register on the falling edge of the 15th clock cycle. When the

function for the AD7899-3 is shown in Table IIL.

internal clock is selected the status of the CLKIN pin is free to

Digital Output Figure 3. AD7899-2 Analog Input Structure 3 : 4 g

Analog Tnput' Cole Transition Table I1L. Ideal Input/Outont Code Table for the AD7age.s  CiEe during conversion but the CLKIN serup and hold times

= Table 11, Ideal Input/Output Code Table for the AD7899-2 edssan g i b U Dbt e bl = must be observed in order ta ensure that the correct conversion
H‘,SR 2-3/2 LSB’ 011...110e0011...111 Digital Output clock is used, The CLKIN pin can also be tied low permanently if
+FSR/2 - 5/2 LSB 011...101 0 011 ... 110 Digital Output Analog Input Code Transition the internal conversion clock is to be used.
+FSR/2 - 7/2 LSB 011...100t0 011 . .. 101 Analog Input' Code Transition

- — +FSR/2 - 3/2 LSB? 011...110t0011 ... 111 Y

GND + 3/2 LSB 000 . ..001to000...010 +FSR - 3/2 LSB 111... 110 111...111 +FSR/2 - 5/2 LSB 011...101t0011...110 |12 345678 810111213141516
GND + 1/2 1LSB 000 ... 000 t0 000 . .. 001 +FSR - 5/2 LSB Hl...100lte 111, .. 110 +FSR2 - 7/2 LSB 011...100t0 011 ... 101 cLKiN m
GND - 1/2LSB 111...111t0 000 . .. 000 +FSR-7/21SB 11...100te 111...101
GND - 3/2 LSB 111...110t0 111 ... 111 GND + 5/2 LSB 000 ... 010 to 000 . .. 011 GND +3/2 LSB 000 . .. 00110000, ., 010 tn
_FSR/2 + 5/2 LSB 100...010t0 100 . .. 011 GND +3/21LSB 000 . .. 001 to 000 . . . 010 GHD 4 1/2 LS8 000 . . . 000 to 000 ... . 001 comvst |
_FSR/2 + 3/2 LSB 100, .. 00110100 .. 010 GND + 1/2 LSB 000 ... 000 t0 000 . . . 001 gﬁg’ljzgg L1 60,000, ...000
-FSR/2 + 1/2 LSB 100...000t0 100 . .. 001 NoTES D52 Sl SN oL BUSY/ESE
NOTES 'FSR is Full-Scale Range and is 0 10 2.5 V and 010 5 V for ADT899-2 with Vyer ~FSR/2 + 5/2 LSB 100... 01010 100 ... 011
TESR is full-scale vange and is 20 V for the 10 V range and 10 V for the £5 V S ) ) o -ESR/2 +3/2 LSB 100...001 1o 100 ... 010
ik, with Vi = S5V 11SB = FSRI16384 and i 0.153 mV (010 2.5 V) and 0.305 mV (0 t0 5 V) for _FSR/2 + 1/2 LSB 100 ... 000 to 100 . .. 001 - \J“
*1 LSB = FSR/16384 = 1.22 mV (£10 V - AD7899-1) and 610.4 WV (3 V - ARTRINASE M= 2N, o
AT Ve 225N, 'SR is full-scale range is 5 V, with Vige = 2,5 V s \j

AEV A

21 LSB = FSR/16384 = 610,4 IV (2,5 V - AD7899-3) with Vg = 2.5 V.

Figure 5. Using an External Cloek
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AD7899

t, 1 z 3 4 5 & 7 8 ] 10 11 12 1 14 15 1%
e
et af CLKIN
cuan m [ W /1] § 3
e § ¢ ©
bl t
m—— oo e \ I L——%m&w , /
CONVERSION
e Shed el
BUSY/ESE
1, LJ Figure 8. Continuous Conversian Mode
- oty
t t,
o cal| ol et Standby Mode Operation Signal-to-Noise Ratio (SNR)
The AD7899 has a Standby Mode whereby the device can be SNR is the measured signal-to-noise ratio at the output of the
DATA THREE-STATE S THREE-STATE placed in a low current consumption mode (5 A typ). The ADC. The signal is the rms magnitude of the fundamental.
T | e T AD7899 is placed in Standby by bringing the logic input STBY ~ Noise is the rms sum of all the nonfundamental signals up to

Figure 6. Conversion Sequence Timing Diagram (EOC Mode)

-
T

low. The AD7899 can be powered again up for normal opera-
tion by bringing STBY logic high. The output data buffers are
still operational while the AD7899 is in Standby. This means
the user can still continue to access the conversion results while
the AD7899 is in standby. This feature can be used to reduce
the average power consumption in a system using low throughput
rates, To reduce the average power consumption, the AD7899
can be placed in standby at the end of each conversion sequence
and taken out of standby again prior to the start of the next
conversion sequence. The time it takes the AD7899 to come out

half the sampling frequency (f/2) excluding dc. SNR is dependent
upon the number of quantization levels used in the digitization

process; the more levels, the smaller the quantization noise. The
theoretical signal to noise ratio for a sine wave input is given by

SNR = (6.02N + 1.76) dB (1)
where N is the number of bits.
Thus for an ideal 14-bit converter, SNR = 86.04 dB.

Figure 9 shows a histogram plot for 8192 conversions of a dc

=ty [ QUIET o 5 o ¥ G 7 input using the AD7899 with 5 V supply. The analog input was
— ‘_""EF ‘?f standoy is _callsd the “wake up" time. Th“ wake-up time will set at the center of a code transition. [t can be seen that most of
g limit the maximum throughput rate at which the AD7899 can th - i , .
w [ b onerated whrniopmedar down Bemeen converdans: Whes e codes appear in one output bin, indicating very good noise
o the AD7899 is used with the internal reference, the reference Bectotmance fal ARG,
= i 2 capacitor will begin to discharge during standby. The voltage —
remaining on the capacitor at wake-up time will depend upon
DATA THAREEINIE THREESTATE the standby time and hence affect the wake-up time. The mini- Gt
[ S mum wake-up time is typically 2 jis. The maximum wake-up
. . N B time will be when the AD7899 has been in standby long enough 5000
Fi 7. Ci S Ti D BUSY M ‘ i 5 : z
GHIE, R S1n SR B RCR I DI e B US! i) for the reference capacitor to fully discharge. The wake-up time
in this case will typically be 15 ms. The AD7899 will wake up in 4000
approximately 1 ps when using an external reference, regardless
EOC Mode Continuous Conversion Mode of sleep time. 000
The CONVST signal is normally high. Pulsing the CONVST low When the AD7899 is used with an external clock, connecting T —
will initiate a conversion on its rising edge. The state of the the CLKIN and CONVST signals together will cause the AD7899 i i 0 o 2000
oo 7 ¢ 2 5 versions, the power savings can be significant. For example,
CONVST signal is checked at the end of conversion. Since the to continuously perform conversions. As each conversion com- o P 5
CONUST 5 . with a throughput rate of 10 kSPS and an external reference, the 1000
CONVST will be high when this happens the AD789% BUSY/ pletes the BUSY/EOC pin will pulse low for one clock period i :
EOC pin will take on its EOC function and bring the BUSY/EOC ~ (BOC function) indicating that th ul labl ADFRIR b he poweiaiip for &2 ousict Bicig 100 (hpS
2 A % Hnehen) ndicaruihat tae eonvemion eallt i evailabin for wake-up time and 2.2 s for conversion time). Therefore, the

line low for one clock period before returning high again. In this
mode the EOC can be tied to the RD and CS signals to allow
automatic reading of the conversion result if required. The tming
diagram for operation in EOC mode is shown in Figure 6

BUSY Mode

The CONVST signal is normally low. Pulsing the CONVST
high will initiate a conversion on its rising edge. The state of the
CONVST signal is checked at the end of conversion. Since the
CONVST will be low when this happens the AD78%9 BUSY/
EOC pin will take on its BUSY function will bring BUSY/EOC
low, indicating that the conversion is complete, BUSY/EOC will
remain low until the next rising edge of CONVST where BUSY/
EOC returns high. The timing diagram for operation in BUSY
mode is shown in Figure 7.

REV A

Figure 8§ shows the timing and control sequence of the AD7899
in Continuous Conversion Mode.

Reading Data from the AD789%

Data is read from the part via a 14-bit parallel data bus with
standard CS and RD signals. The CS and RD inputs are inter-
nally gated to enable the conversion result onto the data bus.
‘The data lines DB0 to DB13 leave their high impedance state
when both TS and RD are logic low. Therefore CS may be
permanently tied logic low and the RD signal used to access the
conversion result if required. Figures 6 and 7 show a timing
specification called “Quiet Time.” This is the amount of time
which should be left after a read operation and before the next
conversion is initiated. The quiet time depends heavily on data
bus capacitance but a figure of 50 ns to 100 ns is typical, with a
worst case figure of 150 ns,
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average power consumption drops to 80 mW x 4.2% or approxi-
mately 3.36 mW.

AD7899 DYNAMIC SPECIFICATIONS

‘The AD7899 is specified and 100% tested for dynamic perfor-
mance specifications as well as traditional dc specifications such
as Integral and Differential Nonlinearity. These ac specifications
are required for the signal processing applications such as phased
array sonar, adaptive filters, and spectrum analysis. These appli-
cations require information on the ADC’s effect on the spectral
content of the input signal. Hence, the parameters for which the
AD7899 is specified include SNR, harmenic distortion, inter-
modulation distortion, and peak harmonics. These terms are
discussed in more detail in the following sections.

an

Figure 9. Histogram of 8192 Conversions of a DC Input

The output spectrum from the ADC is evaluated by applying a
sine wave signal of very low distortion to the analog input. A
Fast Fourier Transform (FFT) plot is generated from which the
SNR data can be obtained. Figure 10 shows a typical 4096 point
FFT plot of the AD7899 with an input signal of 100 kHz and a
sampling frequency of 400 kHz. The SNR obtained from this
graph is 80.5 dB. It should be noted that the harmonics are
taken into account when calculating the SNR.

e e e e e
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AD7899

second and third order terms are specified separately. The cal-

AD7899

MICROPROCESSOR INTERFACING

AD7899-TMS320C5x Interface

culation of the intermodulation distortion is as per the THD The high-speed parallel interface of the AD7899 allows easy Figure 15 shows an interface between the AD7899 and the
-20 t pecification where it is the ratio of the rms sum of the indi- interfacing to most DSPs and microprocessors. The AD7899 TMS320C5x. As with the previous interfaces, conversion can be
A00kHz vidual distortion products 1o the rms amplitude of the fundamenml interface of the AD7899 consists of the data lines (DBO 1o DB13), initiated from the TMS8320C5x or from an external source and
—40 iy = 100kHz —| expressed in dBs. In this case, the input consists of two, equal CS, RD, and BUSY/EOC. the processor is interrupted when the conversion sequence is
SNR = 80.5dB B . BT o . Q
amplitude, low distortion sine waves. Figure 12 shows a typical AD7899-ADSP-21xx Interface completed. The CS signal to the AD7899 derived from the DS
. -0 IMD plot for the AD7899, Figure 14 shows an interface between the AD7899 and the :ﬂgnal and a decode of the a'd.dre@uss This maps d}e AP78.U'.J
= ADSP-21xx. The CONVST signal can be generated by the into external data memory. The RD signal from the TMS320 is
-80 % o o1 ¢ Tl L <
0 ADSP-2130x or from seme other external source, Figure 14 shows 5ed 10 enable the ADC data onto the data bus. The AD7899 has
100 the CS being generated by a combination of the DMS signal and ;1‘13‘;‘3?“‘1&‘21[:;;':; li}:c&;‘g:ns :;“him_[: ‘; vequlrcmrcmi l—l;ht
the address bus of the ADSP-21xx. In this way the AD7899 is < g s . VEAC LIS CR O YRTRION  FESLS B,
-120 ¥ mapped into the data memory space of the ADSP-21xx. the ADTEE:
The AD7899 BUSY/EOC line provides an interrupt to the BRADG
-1y 50000 amnnog " 150000 200000 o ADSP-21xx when the conversion is complete. The conversion where D is Data Memory address and ADGC is the AD7899
FREQUENGY-=M2 L, result can then be read from the AD7809 using a read operation. address;
Figure 10. FFT Plot The AD7899 is read using the following instruction
Effective Number of Bits < t MR0 = DM(ADC) TMS320C5%
The formula given in Equation 1 relates the SNR to the number - where MRO is the ADSP-21xx MRO register and ADC is the
of bits. Rewriting the formula, as in Equation 2, it is possible to AD7899 address. AB-ATS
obtain a measure of performance expressed in effective number os
of bits (N). g 50000 100000 150000 200000 %
FREQUENCY - Hz ADSP-21xx piea i
o o—V
SNR -1.76 = "
N o= e 2) Figure 12. IMD Plot ADDRESS AC-A13
6.02 . . DECODE [ —
The effective number of bits for a device can be calculated directly ~ AC Linearity Plots o | T
from its measured SNR. Figure 11 shows a typical plot of effec- The plots in Figure 13 show typical DNL and INL for the & AD7899
oo R et AD7899. AD RD
tive number of bits versus frequency for an AD7899, O—Viy BUSY/EDT il
1.00
14 DB0-DB13 D8-D21 oo PAD
e~ AD7899 .
= ] Figure 15. AD7839-TMS320C5x Interface
" +25°C 050
NN ‘ BUSYETE THan
X v./ & i coRvET DTiIFO
2, X o Figure 14. AD7898-ADSP-21xx Interface
g \'d 8 e
4 -0.50
1 -1.00
o 2000 4000 €000 8000 10000 12000 14000 16000
0 10000 ADC - Code

1000
INPUT FREQUENGY - kHz
Figure 11, Effective Numbers of Bits vs. Frequency

Intermodulation Distortion

With inputs consisting of sine waves at two frequencies, fa and
fb, any active device with nonlinearities will create distortion
products at sum and difference frequencies of mfa + nfb where
m,n=0,1,2,3 ..., etc. Intermodulation terms are those for
which neither m nor n are equal to zero. For example, the sec-
ond order terms include (fa + fb) and (fa - fb) while the third
order terms include (2fa + fb), (2fa — fb), (fa + 2fb) and (fa— 2fb).
The AD7899 is tested using two input frequencies. In this case
the second and third order terms are of different significance.
The second order terms are usually distanced in frequency from
the original sine waves while the third order terms are usually at
a frequency close to the input frequencies. As a result, the

STSVARY
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-1.00

0 2000 4000 6000 8000 10000 12000 14000 16000
ADC - Code

Figure 13, Typical DNL and INL Plots
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AD7899

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm}.

28~Lead Small Outline
(R-28)

07125 (18.10)

08969 (17.70) |

0.2992 (7.60)
02814 (7.40)

0.4193 10.

flﬂUHUHUUUUH
PINT

0.1043 (2.65)

e o

.65)

38 53837 {10,

.60)

0.0291 074) o0
00098 (0.25)
A}

KA | o ||| oo ks

e 3
00118(030) 0.0500 00152 (0.49) SEATING g 0451 192 O
b R PLANE 00125 (0.32)
oo 010) (12D 00138 (035) 0.0081 (0.23)

28-Lead Shrink Small Outline
(RS-28)

0.407 (10.34)

g a8
5 gls
3 13
1 4
0.078 (1.98) PIN 1 0.07 (1.79)
0,068 (1.73) 5088 (187)

| |-
0.0500 (1.27)
00757 (0.40)

X,

T T T, "ﬂ
i i
5

- .- g
0.008(0.200) 00238 0015038) geainG g g0g (0.220)

— . (0.65]
Tz (0050) ge¢ OOWOI TPLANE grEr

AD7899-Revision History

Location

Data Sheet changed from REV. 0 to REV. A.
Edit to Timing page heading
Edit to Converter Details section
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REV. A =15=

0.03 (0.762)
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ANALOG
DEVICES

LCAMOS
prP-Compatible 14-Bit DAC

AD7538

FEATURES

All Grades 14-Bit Monotonic Over the Full Temperature
Range

Low Cost 14-Bit Upgrade for 12-Bit Systems

14-Bit Parallel Load with Double Buffered Inputs

Small 24-Pin, 0.3" DIP and SOIC

Low Output Leakage (<20 nA) Over the Full
Temperature Range

APPLICATIONS

Microprocessor Based Control Systems

Digital Audio

Precision Servo Control

Control and Measurement in High Temperature
Environments

GENERAL DESCRIPTION

The AD7538 is a 14-bit monolithic CMOS D/A converter
which uses laser trimmed thin-film resistors to achieve excellent
linearity.

The DAC is loaded by a single 14-bit wide word using standard
Chip Select and Memory Write Logic. Double buffering, which
is optional using LDAC, allows simultaneous update in a sys-
tem containing multiple AD7538s.

A novel low leakage configuration (U.S. Patent No. 4,590,456)
enables the AD7538 to exhibit excellent output leakage current
characteristics over the specified temperature range

The AD7538 is manufactured using the Linear Compatible
CMOS (L.C?*MOS) process. It is speed compatible with most
microprocessors and accepts TTL or CMOS logic level inputs.

REV. A

Information furnished by Analog Devices is believed to be accurate and
reliable, However, no responsibility is assumed by Analog Devices for its
use, nor for any Infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.

FUNCTIONAL BLOCK DIAGRAM

Voo
3,

AD7538

DAC FIEGIST TDAC

PRODUCT HIGHLIGHTS
1. Guaranteed Monotonicity
The AD7538 is guaranteed monotonic to 14-bits over the
full temperature range for all grades.
2. Low Cost
The AD7538, with its 14-bit dynamic range, affords a low
cost solution for 12-bit system upgrades.
. Small Package Size
The AD7538 is packaged in a small 24-pin, 0.3" DIP and a
24-pin SQIC.
. Low Output Leakage
By tying Vg (Pin 24) to a negative voltage, it is possible to
achieve a low output leakage current at high temperatures.

w

'S

2

. Wide Power Supply Tolerance
The device operates on a +12 V to +15 V Vpp, with a £5%
tolerance on this nominal figure. All specifications are
guaranteed over this range.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 617/329-4700 Fax: 617/326-8703
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ADT538-SPECIFICATIONS o iim it o b b o AD7538

1K AB
Parameter Versions | Versions | S Version | T Version | Units Test Conditions/Comments 1 Voo = +114V t0 +15.75V, Vaer = +10V, Vpus = Vouna = 0V, Vs = OV 0r -300 mV.
TI M | NG CHARACTERISTICS All specifications Ty to Ty unless otherwise noted. See Figure 1 for Timing Diagram.)
ACCURACY
Resolution 14 14 1 14 Bits Limit at
Relative Accuracy 12 +1 +2 1 LSB max All Grades Guaranteed Monotonic Limit at T, = 0°C to +70°C Limit at
Bimerenal Nonltasarlty = #1 1 2 LB at Tamiperani Parameter | Ty = +25°C Ty =-25°C to +85°C | Tp=-55°Ct0o+125°C | Units | Test Conditions/Comments
Full-Scale Error Measured Using Internal Rep DAC
+25°C +4 +4 4 44 LSB max Registers Loaded with Al Is. t 0 0 0 nsmin | C8 to WR Setup Time
Ty to Taiax 18 45 +10 16 LSB max t 0 0 0 ns min TS to WR Hold Time
Gain Temperature Coefficient’; ty 170 200 240 nsmin | LDAC Pulse Width
AGain/ATemperature 3 12 2 12 ppm/*C typ te 170 200 240 s min Write Pulse Width
Output Leakage Current Ioyr (Pin 3) 14 160 180 Data Setup Ti
+25°C +5 5 5 15 nA max All Digical Inpus 0 V & 200 a6 an e
T to Thaax +10 +10 £20 420 nA max Vi = -300 mV t ns min e
Tuen 10 Thoax 25 +25 +150 150 nA max Vss =0V NOTES
"Temperature range as follows: |, K Versions: 0°C to +70°C
HEFERENCE BRI B Versions: -25°C to +85°C
Input Resistance, Pin | 3.5 35 33 3.5 k& min Typical Input Resistance = 6 kQ S.T Versions: ~55°C to +125°C
10 10 10 10 k€2 max Specifications subject to change without notice,
DIGITAL INPUTS .
Vi (Input High Voltage) 24 2.4 2.4 2.4 V min ABSOLUTE MAXTMUM RATINGS® Operating Temperature Range
Vi (Input Low Voltage) 08 08 08 0.8 Y max {he Bt e udero g Commercial (J, K Versions) .. . 0°C to +70°C
Tng (Ghput Curvent) Voo (Pin 28) 6 DOND .. ..o 03V, 1TV Industrial (A, B Versions) . -25°C to +85°C
+25°C +1 £1 +1 41 BA max Vi = 0V or Vop Vss (Pin 24) to AGND ¢ Lo..=15V, 403V Extended (S, T Versions) -55°C to +125°C
T to Trax +10 +10 +10 +10 HA max Vier (Pin 1) to AGND W E2EN Storage Temperature .......... -65°C to +150°C
Ciy (Input Capacitance)® 7 ¥ 7 a pF max NV (PIEZLBARGINDY ., 0 < i minson g s +25V Lead Temperature (Soldering, 10 ssc) ...... +300°C
Digital Input Voltage (P"“G 22) *Stresses above those Histed under “Absolute Maximum Ratings” may cause
POWER SUPPLY 0.3V, V, 03V i 5 c
Vpp Range 1141575 | 11.4/15.75 | 11.415.75 | 11.4/15.75 | V min/V max Specification Guaranteed Over [ R el JeEnAnROL ARTURE Il il 48 Eess fading, ohiy Bod fnctingal
Vss Range -2001-500 | -2001-500 | -200/-500 | -200-500 | mV min/V max | This Range Vemgto DGND ... 3V, N os D e e
i 7 % 4 1 A s A Bt Tt Vi AN TN - o s s 0.3V, Vpp +0.3V the operational sections of this specification is not implied. Exposure ta absolute
DD gl s nor Vi e maximum rating conditions for extended periods may affect device reliability.
500 500 500 500 BA max All Digital Inputs 0V or Vop Power Dissipation (Any Package)
B o o B S e P, 1000 mW
Derates Above +75°C: oo vavrasnmonsnnne 10 mW/°C
These characteristics are included for Design Guidance only and are not sub- CAUTION
AC PERFORMANCE CHARACTERISTICS 126 (2 08k ton = #11A V10 H1ST0 ¥ Y= +10¥, Yowm = Vi 0¥, Vs = ESD (clectrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily i
0V or -300 mV, Output Amplifier is AD711 except where noted.) accumulate on the human body and test equipment and can discharge without detection. WARNING! ‘
Picarioter Ty = +25°C Ty, = Tomys Toiax Dsites Fest O bndans/Carnenta Although the AD7538 features proprietary ESD protection circuitry, permanent damage may S
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD
OQutput Current Settling Time 1.5 ps max To 0.003% of Full-Scale Range. precautions are recommended to avoid performance degradation or loss of functionality, EBD SENSHIG- DEVICE,
Iyt Load= 100 Q, Cgxr = 13 pF.
DAC Register Alternately Loaded
with All 1s and All 0s. Typical Value y = PIN C%T;I]l:lGUlRCAHON
of Settling Time Is 0.8 pis. e , SO
Digital to Analog Glitch Impulse | 20 nV-see typ Measured with Vggs = 0 V. Igyr Load = _.‘-i_:‘r——-—-—-—-u sV
=100 Q, Cgyr = 13 pF. DAC Register : . o
Alternately Loaded with All 1s and All Os. 1 i r—-" —‘1 Veer [1] ® 24| Vas
Multiplying Feedthrough Error 3 5 mV p-p typ Vrer = £10 'V, 10 kHz Sine Wave DAC bAC _f_':_—\_[—"— :: i i
Register Loaded with All Os. 1 ' i
Power Supply Rejection _': ks 15 = tour [ 3] (2] W=
AGain/aVpp £0.01 +0.02 % per % max | AVpp = £5% it BESERNEE e acno [4 ] 7] es
Output Capacitance ] e bt 70 [DAC
Cour (Pin 3) 260 260 pF max DAC Register Loaded with All 1s 1= 5 Ed ]
Cour (Pin 3) 130 130 pF max DAC Register Loaded with All Os mum = ov tmse) 0813 [ ¢ | ""‘3373':3‘ E] ana e
Output Noise Voltage Density e a1z [7] (NottoScale) [18]oms
(10 Hz-100 kHz) 15 nVVHz typ Measured Between Reg and Ioyt NOTES
1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURES FROM 10% TO DB11 n 17 | DB2
NOTES 90% OF +5V. t=ty=20ns. s o
Temperature range as follows; J, K Versions: 0°C to +70°C Ve b Vo
A, B Versions: -25°C to +85°C 2. TIMING MEASUREMENT REFERENCE LEVEL IS g oes] E DB
S. T Versions: -55°C to +125°C 3. f LDAT IS ACTIVATED PRIOR TO THE RISING EDG! m
Specifications are guaranteed for a Vpp of +11.4 Vto +15.75 V, At Vpp = 5V, the device is fully functional with degraded specifications, THEN IT MUST STAY LOW FOR t; or LONGER AFTER WR GOES HIGH. as[11] 14 | DBS
‘Sample tested to ensure compliance. = e . 3] oes
Specifications subject to change without notice. Figure 1. Timing Diagram osr [12]
-2- REV. A T=VA RS

e e e e e e e e e e e e e e e e
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AD7538

TERMINOLOGY

RELATIVE ACCURACY

Relative accuracy or endpoint nonlinearity is a measure of the
maximum deviation from a straight line passing through the
endpoints of the DAC transfer function. It is measured after ad-
justing for zero error and full-scale error and is normally ex-
pressed in Least Significant Bits or as a percentage of full-scale
reading.

DIFFERENTIAL NONLINEARITY

Differential nonlinearity is the difference between the measured
change and the ideal 1 LSB change between any two adjacent
codes. A specified differential nonlinearity of +1 LSB max over
the operating temperature range ensures monotonicity.

GAIN ERROR

Gain error is a measure of the output error between an ideal
DAC and the actual device output. It is measured with all 1s in
the DAC after offset error has been adjusted out and is expressed

in Least Significant Bits. Gain error is adjustable to zero with an
external potentiometer.

DIGITAL-TO-ANALOG GLITCH IMPULSE

The amount of charge injected from the digital inputs to the
analog output when the inputs change state is called Digital-
to-Analog Glitch Impulse. This is normally specified as the area
of the glitch in either pA-secs or nV-secs depending upon
whether the glitch is measured as a current or voltage. It is mea-
sured with Vggr = AGND

OUTPUT CAPACITANCE
This is the capacitance from Igyr to AGND.

OUTPUT LEAKAGE CURRENT
Output Leakage Current is current which appears at Ior with
the DAC register loaded to all Os.

MULTIPLYING FEEDTHROUGH ERROR
This is the ac error due to capacitive feedthrough from Vggr
terminal to Ioyr with DAC register loaded to all zeros.

ORDERING GUIDE

Temperature Relative Full-Scale | Package
Model Range Accuracy Error Option*
AD7538]N 0°C to +70°C +2 LSB +8 LSB N-24
AD7538KN 0°C to +70°C +1LSB +4 LSB N-24
AD7538]R 0°C to +70°C +2 LSB +8 LSB R-24
AD7538KR 0°C to +70°C +]1 LSB +4 LSB R-24
AD7538AQ -25°C to +85°C +2LSB +8 LSB Q-24
AD7538BQ -25°C to +85°C +] LSB +4 LSB Q-24
AD75385Q -55°C to +125°C +2 LSB +8 LSB Q-24
AD7538TQ =55°C to +125°C +1LSB +4 LSB Q-24

*N = Plastic DIP; Q = Cerdip; R = SOIC.

PIN FUNCTION DESCRIPTION

Pin Mnemonic Description
1 Vrer Voltage Reference.
2 Rig Feedback Resistor. Used to close the loop around an external op amp.
3 Tout Current Output Terminal.
4 AGND Analog Ground
5 DGND Digital Ground
6-19 DB13-DB0 Data Inputs. Bit 13 (MSB) to Bit 0 (LSB).
20 LDAC Chip Select Input. Active LOW.
21 CS. Asynchronous Load DAC Input. Active LOW.
22 WR Write Input. Active LOW,
for3 LDAC WR OPERATION
0 1 0 Load Input Register.
1 0 X Load DAC Register from Input Register.
0 0 0 Input and DAC Registers are Transparent
1 1 X No Operation.
X 1 1 No Operation.
NOTE: X Don't Care.
23 Voo +12 V to +15 V supply input.
24 Vss Bias pin for High Temperature Low Leakage configuration. To implement low leakage
system, the pin should be at a negative voltage. See Figures 4 and 5 for recommended circuitry.
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AD7538

D/A SECTION

Figure 2 shows a simplified circuit diagram for the AD7538
D/A section. The three MSBs of the 14-bit Data Word are de-
coded to drive the seven switches A-G, The 11 LSBs of the
Data Word consist of an R-2R ladder operated in a current
steering configuration.

CIRCUIT INFORMATION

The R-2R ladder current is 1/8 of the total reference input cur-
rent. 7/8 I flows in the parallel ladder structure. Switches A-G
steer equally weighted currents between lgyr and AGND.
Since the input resistance at Vygr is constant, it may be driven
by a voltage sotrce or a current source of positive or negative
polarity.

Vier

R L R
2R $2R S2R S2R 2R <2R $2R 2R 2R 2R Q2R
R4
G F E D [3 13 A 810 89’ 80 Res
DY i) o g
AGND

Figure 2. Simpilified Circuit Diagram for the AD7538 D/A Section

EQUIVALENT CIRCUIT ANALYSIS
Figure 3 shows an equivalent circuit for the analog section of
the AD7538 D/A converter. The current source I paxacr is

composed of surface and junction leakages. The resistor Ry
denotes the equivalent output resistance of the DAC which
varies with input cade. Coyr is the capacitance due to the cur-
rent steering switches and varies from about 90 pF to 180 pF
(typical values) depending upon the digital input. g(Vggr, N) is
the Thevenin equivalent voltage generator due to the reference
input voltage, Vrgr, and the transfer function of the DAC
ladder, N

9(VaesN)

R
ATkt

-V

Figure 4. Unipolar Binary Operation

Table I. Unipolar Binary Code Table for AD7538

Figure 3. AD7538 Equivalent Analog Output Circuit Binary Number In
DAC Register Analog Output, Vou

DIGITAL SECTION MSB “ LSB sl
The digital inputs are designed to be both TTL and 5 V CMOS
compatible. All logic inputs are static protected MOS gates with i 16383
typical input currents of less than 1 nA. To minimize power 11111 111 2 16384
supply currents, it is recommended that the digital input volt-
ages be driven as close as possible to 0 V and 5 V logic levels. 150600 000 6006 = V[N( 186135;34 ]: 12V
UNIPOLAR BINARY OPERATION (2-QUADRANT
MULTIPLICATION) 2 1
Figure 4 shows the circuit diagram for unipolar binary opera- 00 0000 0000 0001 [‘V[16384
tion. With an ac input, the circuit performs 2 quadrant multipli-
cation. The code table for Figure 4 is given in Table 1. 00 0000 0000 0000 ov

Capacitor C1 provides phase compensation and helps prevent
overshoot and ringing when high-speed op amps are used.

TS VAR

e e e e e
92 DECI SI ON Conput er | nternationa




Oper ati ons Manual PCl 14 bit data acquisition card

Oper ati ons Manual PCl 14 bit data acquisition card
B O O O O O, O, O O O, O, O O O, O, O, O O, O, O, O, O O, O, N, NN

AD7538

For zero offset adjustment, the DAC register is loaded with all
0s and amplifier offset (Vgs) adjusted so that Vouy is 0 V. Ad-
justing Vour to 0 V is not necessary in many applications, but it
is recommended that Vs be no greater than (25 x 10°%) (Vggr)
to maintain specified DAC accuracy (see Applications Hints).

Full-scale trimming is accomplished by loading the DAC register
with all Is and adjusting R1 so that Voura = -Viy (16383/16384).
For high temperature operation, resistors and potentiometers
should have a low Temperature Coefficient. In many applica-
tions, because of the excellent Gain T.C. and Gain Error speci-
fications of the AD7538, Gain Error trimming is not necessary.
In fixed reference applications, full scale can also be adjusted
by omitting R1 and R2 and trimming the reference voltage
magnitude.

BIPOLAR OPERATION

(4-QUADRANT MULTIPLICATION)

The recommended circuit diagram for bipolar operation is
shown in Figure 5. Offset binary coding is used. The code table
for Figure 5 is given in Table II.

With the DAC loaded to 10 0000 0000 0000, adjust R1 for

Vo = 0 V. Alternatively, one can omit R1 and R2 and adjust the
ratio of R5 and R6 for V= 0 V. Full-scale trimming can be
accomplished by adjusting the amplitude of Vyy or by varying
the value of R7.

The values given for R1, R2 are the minimum necessary to cali-
brate the system for resistors, RS, R6, R7 ratio matched to 0.1%.
System linearity error is independent of resistor ratio matching
and 15 affected by DAC linearity error only.

When operating over a wide temperature range, it is important
that the resistors be of the same type so that their temperature
coefficients match.

For further information sec “CMOS DAC Application Guide”,
3rd Edition, Publication Number G872b-8-1/89 available from
Analog Devices

Yo

Figure 5. Bipolar Operation

LOW LEAKAGE CONFIGURATION

For CMOS Multiplying D/A converters, as the device is oper-
ated at higher temperatures, the output leakage current in-
creases. For a 14-bit resolution system, this can be a significant
source of error. The AD7538 features a leakage reduction con-
figuration (U.S. Patent No. 4,590,456) to keep the leakage cur-
rent low over an extended temperature range. One may operate
the device with or without this configuration. If Vgg (Pin 24) is
tied to AGND then the DAC will exhibit normal output leakage
current at high temperatures, To use the low leakage facility,

Table II. Bipolar Code Table for Offset Binary Circuit of
Figure §.

Binary Number In
DAC Register Analog Output Voyr
MSB LSB
(8191
111111 1111 1111 +Vin| 5753
1
10 0000 0000 0001 +Viv| 5793 ]
10 0000 0000 0000 ov
1
011111 1111 1111 foN(Blng
8191
00 0000 0000 0000 -Vin) 3192

Vss should be tied to a voltage of approximately -0.3 V as in
Figures 4 and 5. A simple resistor divider (R3, R4) produces ap-
proximately ~300 mV from -15 V. The capacitor C2 in parallel
with R3 is an integral part of the low leakage configuration and
must be 4,7 pF or greater, Figure 6 is a plot of leakage current
versus temperature for both conditions. It clearly shows the im-
provement gained by using the low leakage configuration.

L Voo= +18V
1 Vo= +10V

0 40 50 6 70 80 % 100 110 120
TEMPERATURE - °C
Figure 6. Graph of Typical Leakage Current vs.
Temperature for AD7538

PROGRAMMABLE GAIN AMPLIFIER

The circuit shown in Figure 7 provides a programmable gain
amplifier (PGA). In it the DAC behaves as a programmable
resistance and thus allows the circuit gain to be digitally
controlled.

DIGITAL
INPUT

Voo

*" Ap7538
anp Vo

o Vaur

"RESISTOR Rey IS ACTUALLY
INCLUDED ON THE DICE

Vas
Figure 7. Programmable Gain Amplifier (PGA)
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The transfer function of Figure 7 is:

Your __Reo

Gain=
Vv Rep M

Rgq is the equivalent transfer impedance of the DAC from the
Vrer pin to the Igyr pin and can be expressed as

2R
Reg =" @

Where: n is the resolution of the DAC
N is the DAC input code in decimal

MICROPROCESSOR INTERFACING

The AD7538 is designed for easy interfacing to 16-bit micro-
processors and can be treated as a memory mapped peripheral
This reduces the amount of external logic needed for interfacing
to a minimal, .~

AD7538-8086 INTERFACE

Figure 8 shows the 8086 processor intefface to a single device.
In this setup the double buffering feature (using LDAC) of the
DAC is not used. The 14-bit word is written to the DAC in one
MOV instruction and the analog output responds immediately.

Ry is the constant input

of the DAC (Riy = Ryap)
Substituting this expression into Equation 1 and assuming zero
gain error for the DAC (Riy = Rgg) the transfer function simpli-
fies to

Vour _ 27
Ve 3)

The ratio N/2" is commonly represented by the term D and, as
such, is the fractional representation of the digital input word.

Viopr = =28 <1

e @

Equation 4 indicates that the gain of the circuit can be varied
from 16,384 down to unity (actually 16,384/16,383) in 16,383
steps. The all Os code is never applied, This avoids an open-
loop condition thereby saturating the amplifier. With the all Os
code excluded there remains 2" - 1 possible input codes allow-
ing a choice of 2 - 1 output levels. In dB terms the dynamic
range is

201ogo %

Vour _z0 logyo (27 -1)=84 dB.

W
APPLICATION HINTS
Qutput Offset: CMOS D/A converters in circuits such as Fig-
ures 4 and 5 exhibit a code dependent output resistance which
in turn can cause a code dependent error voltage at the output
of the amplifier. The maximum amplitude of this error, which
adds to the D/A converter nonlinearity, depends on Vs, where
Vos is the amplifier input offset voltage. To maintain specified
accuracy with Viggg at 10V, it is recommended that Vg be no
greater than 0.25 mV, or (25 x 10} (Vger), over the tempera-
ture range of operation. The AD711 is a suitable op amp. The
op amp has a wide bandwidth and high slew rate and is recom-
mended for ac and other applications requiring fast settling.

General Ground Management: Since the AD7538 is speci-
fied for high accuracy, it is important to use a proper grounding
technique. AC or transient voltages between AGND and
DGND can cause noise injection into the analog output. The
simplest method of ensuring that voltages at AGND and
DGND are equal is to tie AGND and DGND together at the
ADT7538. In more complex systems where the AGND and
DGND intertle is on the backplane, it is recommended that two
diodes be conriected in inverse parallel between the AD7538
AGND and DGND pins (1N914 or equivalent).
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Figure 8. AD7538-8086 Interface Circuit
In a multiple DAC system the double buffering of the AD7538
allows the user to simultaneously update all DACs. In Figure 9,
a 14-bit word is loaded to the Input Registers of each of the
DAC:s in sequence. Then, with one instruction to the appropri-
ate address, CS4 (i.e., LDAC) is brought low, updating all the
DACs simultaneously.
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Figure 9. AD7538-8086 Interface: Multiple DAC System
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AD7538-MC68000 INTERFACE

Figure 10 shows the MCB68000 processor interface to a single
device. In this setup the double buffering feature of the DAC is
not used and the appropriate data is written into the DAC in
one MOVE instruction.

Aoz
os0-0813

Do-018 0ATA BUB

“uNEan CrouiTRY
‘OMITTED FOR CLARITY

Figure 10. AD7538-MC68000 Interface

DIGITAL FEEDTHROUGH
The digital inputs to the AD7538 are directly connected to the

micreprocessor bus in the preceding interface configurations.
These inputs will be constantly changing even when the device
is not selected. The high frequency logic activity on the bus can
feed through the DAC package capacitance to show up as noise
on the analog output. To minimize this Digital Feedthrough
isolate the DAC from the noise source. Figure 11 shows an in-
terface circuit which uses this technique. All data inputs are
latched from the bus by the CS signal. One may also use other
means, such as peripheral interface devices, to reduce the Digi-
tal Feedthrough.
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Figure 11. AD7538 Interface Circuit Using Latches to
Minimize Digital Feedthrough
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