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GENERAL INFORMATION

1.1 Features

Low Power/Low Cost PC/104 A/D Converter Module

16 Single ended or 8 Differential input channels

Available in 12-Bit or 16-Bit models

30uS Auto Conversion Time

Interrupt available on end of conversion

Input ranges of 0-5V and +/-10V

Output format in straight Binary or Signed two's complement Binary
Extended industrial operating temperature range

Optional DC/DC converter for +5V only operation

1.2 General Description

The PCM-A/D-16 and PCM-A/D-12 are low cost, general purpose, successive approxi-
mation analog-to-digital converters. The PCM-A/D-16 uses the Burr-Brown ADS7807 16-
bit converter while the PCM-A/D-12 uses the Burr-Brown ADS7806 12-bit converter. Ap-
pendix C contains the datasheet reprints on these components.

The PCM-A/D supports 16 channels in a unipolar 5V range, or a bipolar +/-10 volt
range. Alternately 8 channels of differential input is supported in a 5 volt or 10 volt range.

Repetitive channel conversion time is 25uS and random channel access time is 30uS. The
end of conversion can be determined via software polling or by an interrupt to the CPU.

970513 PCM-A/D-12/16 OPERATIONS MANUAL Page 1-1
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1.3 Specifications
1.3.1 Electrical

Bus Interface : PCM-A/D-XX-8 PC/104 8-Bit stackthrough
PCM-A/D-XX-16 PC/104 16-Bit stackthrough

Power requirements :

+5V +/- 5% at 200mA typ. with DC-DC converter installed
15mA typ. w/o DC-DC converter installed

+12V +/-5% at 5mA typ. w/o DC-DC converter installed

-12V +/-5% at 5SmA typ. w/o DC-DC converter installed

1.3.2 Mechanical

Dimensions : 3.6" X 3.8"X0.6"

PC Board : FR4 Epoxy glass with 2 signal layers and 2 power planes with screened
component legend and plated through holes.

Jumpers : 0.025" square posts on 0.10" centers.

Connectors :
Analog input : 16-pin 0.10" grid RN type IDH-26-LP

1.3.3 Environmental

Operating Temperature : -40° C to +85° C

Non-condensing relative humidity : 5% to 95%

Page 1-2 PCM-A/D-12/16 OPERATIONS MANUAL 970513
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PCM-A/D Technical Reference

2.1

Introduction

This section of the manual is intended to provide sufficient information regarding con-
figuration and usage of the PCM-A/D-16 and PCM-A/D-12 modules. WinSystems main-
tains a Technical Support Group to help answer questions regarding configuration and
programming of the board. For answers to questions not adequately addressed in this man-
ual contact Technical Support at (817) 274-7553 between 8AM and 5PM Central Time.
Technical Support may also be requested by FAX at (817) 548-1358.

The PCM-A/D has 16 single-ended inputs or 8 differential inputs and converts in 25-
30uS. The end of conversion can be determined in any of three ways. A software timed de-
lay of 30-35uS can be used, the status register can be polled, or an end of conversion inter-
rupt can be used.

2.2 I/O Address Selection
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The PCM-A/D uses four consecutive 1/0 addresses with the base address determined by
the setting of the jumpers on J8. Each position on the J8 jumper corresponds to an address
bit. A jumper installed matches a'0' in the address and a jumper left open matchesa'l'in
the address. The illustration below shows the relationship between jumper positions and

address bits and also shows the correct jumpering for a base 1/0 address of 110H.

A9
A8
A7
A6
A5
A4
A3
A2

BASE I/O ADDRESS 110H

2.3 Interrupt Routing

OO N

10
12
14
16

The end of conversion interrupt may be routed to any unused PC/104 interrupt line us-
ing the jumper block at J9. The illustration below shows the relationship between the
jumper position and the interrupt selected. A sample jumpering for IRQ5 is also shown.

IRQ15
IRQ14
IRQ12
IRQ11
IRQ10
IRQ7
IRQ6
IRQ5
IRQ4
IRQ3
IRQ2

INTERRUPT ROUTING - IRQ5
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2.4 DC-DC Converter Selection

To allow for slightly better linearity across the full +/-10V input range supported, an
optional DC-DC converter is populated at VR1. When installed, it provides +15V and -15V
to the analog circuitry. This allows the board to function with a +5 volt only supply.
Jumper blocks at J2 and J6 are jumpered to route the +12 and -12 volts from the PC/104
bus to the analog circuitry when the DC-DC converter is not installed.

WARNING : The J2 and J6 jumpers should NEVER be installed when the DC-DC con-
verter is installed or damage to the PCM-A/D board, other PC/104 modules, the CPU board,
or the power supply may result. Boards provided with DC-DC converters from the factory
will not have the jumper posts installed at J2 and J6.

2.5 Input Mode Selection
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The PCM-A/D is jumper selectable for one of 4 input modes. The supported modes are.

1. 16 single-ended unipolar channels of 0-5V
2. 16 single-ended bipolar channels of +/-10V
3. 8 differential channels of 0-5V

4. 8 differential channels of +/-10V

970513 PCM-A/D-12/16 OPERATIONS MANUAL Page 2-3
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251 Mode 1 - 0-5V Single-Ended Unipolar

This input mode provides for 16 channels of 0-5 volt input range. In no case should the
input be driven negative in this mode. The correct jumpering for this mode is shown below :

Each channel's input is delivered at J3. Refer to section 2.6 for input pin definitions.
J1 J4 J5 J7
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0-5 Volt - Single-Ended Mode

When used in mode 1, binary values from 0 to FFFOH (FFFFH) are read from the con-
verter according to the following table.

Full Scale Range: 0.0 - 5.0 Volts
Least Significant Bit (LSB) : 76uV (16-Bit)

or 1.22mV (12-Bit)
+Full Scale (FS-1LSB) : 4.999924V (16-Bit)

or 4.99878V (12- Bit) FFFFH
Midscale : 2.50v 8000H
One LSB Below Midscale : 2.4999924V(16-Bit)

or 2.49878(12-Bit) 7FFFH
-Full Scale : 0.0v 0000H

NOTE : On the PCM-A/D-12 the lower nibble of the hex value will always be 0.
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2.5.2 Mode 2 - +/-10V Single-Ended Bipolar

This input mode provides for 16 channels of +-10V input range. The correct jumpering
for this mode is shown below :

WN -
@=p O
N -
[ __»o]

- omp N
woo»
U omp O

+/-10 Volt - Single Ended Bipolar Mode

Each channel's input is connected to J3. Refer to section 2.6 for input pin definitions.

When used in mode 2, two's complement binary values from 8000H to 7FFFH are read
from the converter according to the following table.

Full Scale Range : +/-10.0V
Least Significant bit : 305uV (16-Bit)

or 4.88mV (12-Bit)
+Full Scale (FS-1LSB) : 9.999695V (16-Bit)

or 9.99512 (12-Bit) 7FFFH
Midscale : 0.0v 0000H
One LSB below Midscale : -305uV (16Bit)

or -4.88mV (12-Bit) FFFFH
-Full Scale : -10.0Vv 8000H

NOTE: On the PCM-A/D-12 the lower nibble of all hex values will be 0.
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253 Mode 3 - 0-5V Differential

This input mode provides for 8 channels of 0-5volt differential input. The correct jump-
ering for this mode is shown below :

WN -
O omo
N -
(o]

RPOON
wemD >
oo o

0-5 Volt - Differential Mode

Each channel's input is connected to J3. Refer to section 2.6 for the input pin defini-
tions.

When used in mode 3, binary values range from 0 to FFFFH as shown in the following
table.

Full Scale Range : 0.0 - 5.0 Volts
Least Significant Bit (LSB) : 76uV (16-Bit)

or 1.22mV (12-Bit)
+Full Scale (FS-1LSB) 4.999924V(16-Bit)

or 4.99878V (12- Bit) FFFFH
Midscale : 2.50vV 8000H
One LSB Below Midscale : 2.4999924V(16-Bit)

or 2.49878(12-Bit) 7FFFH
-Full Scale 0.0v 0000H

NOTE : On the PCM-A/D-12 the lower nibble of the hex value will always be 0.
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254 Mode 4 - +/-10 Volt differential/Bipolar
This mode provides 8 channels of differential input with 2 important limitations.

1. The maximum differential voltage between the two legs is 10V.

2. Neither input leg can be, as referenced to ground, greater than +10V nor less than -10V.

The jumpering for this mode is as shown below :

J1 J4 J5 J7
2 4 6 1 Qe 2 1& 1
oio 30 04 2 23
o 0 5 omm® 6 30
1 35 70 08

9 e 10
110 o012
13 cemd 14
150 016

+/-10 Volt - Differential/Bipolar Mode

Each channel's input voltage is applied to J3 as referenced in section 2.6. Be sure to use
the differential pin definitions when using this mode.

Two's complement binary values are read from the converter per the following table.

Full Scale Range : +/-10.0V
Least Significant bit : 305uV (16-Bit)

or 4.88mV (12-Bit)
+Full Scale (FS-1LSB) : 9.999695V (16-Bit)

or 9.99512 (12-Bit) 7FFFH
Midscale : 0.0v 0000H
One LSB below Midscale : -305uV (16Bit)

or -4.88mV (12-Bit) FFFFH
-Full Scale : -10.0Vv 8000H

NOTE: On the PCM-A/D-12 the lower nibble of all hex values will be 0.
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2.6 Input Connector Pin definitions

Input to the PCM-A/D board is made via J3. When used in the single-ended mode, 16-
channels are available and when used in a differential mode, 8 channels are available. The
illustration below shows the pin definitions for each case.

J3 J3
CHO| 1 0 o 2 |CHS8 CHO+| 1 o o 2 | CHO-
CH1| 3 0 04 |CH9 CH1+| 3 0 o0 4 | CH1-
GND| 50 o 6 |GND GND| 50 o6 |GND
CH2| 7 o o 8 |CH10 CH2+| 7 o o 8 | CH2-
GND| 9 o 010 |GND GND| 9 o0 010 | GND
CH3| 110 o012 |CH11 CH3+| 110 012 | CH3-
GND| 130 014 |GND GND| 130 014 | GND
CH4| 150 o016 |CH12 CH4+| 150 016 | CH4-
GND| 170 018 | GND GND| 170 018 | GND
CH5| 190 020 |CH13 CH5+| 190 020 | CH5-
GND| 210 022 |GND GND| 210 022 | GND
CH6| 230 024 |CH14 CH6+| 230 024 | CH6-
CH7| 250 026 |CH15 CH7+| 250 026 | CH7-
Single-Ended Input Channels Differential Input Channels

2.7 PC/104 Bus Pin Definitions

The PC/104 connectors at J10 and J11 are shown here with the signal designations.

GND | B1 0 o A1l ||OCHK GND| CO o o DO | GND
RESET | B2 o o A2 |BD7 SBHE | Cl1 o o D1 | MEMCS16
+5V | B3 o o A3 |BD6 LA23| C2 o o D2 |IOCS16
IRQ9 | B4 0o o A4 |BD5 LA22 | C3 o o D3 |IRQ10
5V | B5 0o o A5 |BD4 LA21| C4 o o D4 |IRQ1l1
DRQ2 | B6 o o A6 |BD3 LA20| C5 o o D5 |IRQ12
-12v | B7 o o A7 |BD2 LA19| C6 o o D6 |IRQ15
OWS | B8 0 o A8 |BD1 LA18| C7 o o D7 |IRQ14
+12v | B9 o o A9 BDO LA17 | C8 o o D8 | DACKO
GND | B10o o Al0 | |IOCHRDY MEMR | C9 o o D9 | DRQO
MEMW | B11o o All | AEN MEMW | C10 0 o D10| DACK5
MEMR | B120o o Al12 | SA19 SD8 | C11o0 o D11 DRQ5
IOW | B130o o Al3 |SA18 SD9 | C120 o D12| DACK6
IOR | Bl40o o Al4 |SA17 SD10 | C130 o D13| DRQ6
DACK3 Bl50 o Al5 |sSAl6 SD11 | Cl4o0 o D14 | DACK7
DRQ3 | Bl16 o o Al6 |SA15 SD12 | C150 o D15| DRQ7
DACK1 | B170 o Al7 |SA1l4 SD13 | C160 o D16/ +5V
DRQ1 | B180o o Al8 | sSA13 SD14 | C170 o D17 | MASTER
REFRESH | B190 o A19 |sA12 SD15| C18 0 o D18| GND
SYSCLK | B200 o A20 |SA11 KEY | C190 o D19| GND
|RQ7 B21o o A2l SA10
IRQ6 | B220 0o A22 |SA9
IRQ5 | B230 0 A23 |SA8
|RQ4 B24 0 o A24 |SA7
IRQ3 | B250 0 A25 | SA6
DACK2 B260 o A26 |SA5
TC | B270 0 A27 |Sa4
BALE | B280 0 A28 |SA3
+5V | B29 0 0 A29 |sA2
OSC | B30o o A30 |SA1
GND | B310 o A3l |SA0
GND | B320 o0 A32 |GND
Page 2-8 PCM-A/D-12/16 OPERATIONS MANUAL 970513
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2.8 Connector/Jumper Summary
Connector/ Description Page
Jumper Reference
J1 Mode Select, differential or single-ended 2-3
J2 DC-DC Converter Enable 2-3
J3 Analog input connector 2-8
Ja Input range select jumper 2-3
J5 Mode select, differential vs. single-ended 2-3
J6 DC-DC Converter Enable 2-3
J7 Mode Select, binary vs. two's complement 2-3
J8 I/O Address Select 2-2
J9 Interrupt Routing Select 2-2
J10 PC/104-8 Connector 2-8
J11 PC/104-16 Connector 2-8
970513 PCM-A/D-12/16 OPERATIONS MANUAL
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PCM-A/D Programming Reference

3.1 I/0 Register Definitions

The PCM-A/D uses 4 consecutive 1/0 addresses beginning with a base address selected
via jJumper block J8. See Section 2.1 for I/O address selection details. The four allocated 1/0

addresses are used as shown here :

ADDRESS Write Register Read Register
BASE Channel Select Status Register
BASE+1 Channel Select/Conversion Start LSB Data
BASE+2 Conversion Start Only MSB Data
BASE+3 Reserved Reserved

Each Register will be examined in more detail.

3.1.1 Base Address
Write Register - Channel Select

D7 - N/A
D6 - N/A
D5 - N/A
D4 - N/A
D3 - Bit 3 of select nibble
D2 - Bit 2 of select nibble
D1 - Bit 1 of select nibble
DO - Bit O of select nibble

Writing a value to the BASE 1/0 port will cause the onboard multiplexers to select a new
input channel. The channel number selected is the binary value of the lower 4 bits. No con-
version is started and a delay of approximately 6uS for multiplexer settling is required bef-

ore beginning a conversion.

970513 PCM-A/D-12/16 OPERATIONS MANUAL Page 3-1
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Read Register - Conversion Status

D7 - N/A

D6 - N/A

D5 - N/A

D4 - N/A

D3 - N/A

D2 - N/A

D1 - Busy 0 = Converter busy, 1 = Conversion complete

DO - Interrupt 0 = Conversion in progress, 1 = Conversion complete

This status register indicates when a conversion is complete. It is recommended that
software routines wait until both the Conversion complete and the Interrupt bits are both
set before reading the conversion data.

3.1.2 Base + 1 Address
Write Register - Select Channel/Start Conversion

D7 - N/A
D6 - N/A
D5 - N/A
D4 - N/A
D3 - Bit 3 of select nibble
D2 - Bit 2 of Select nibble
D1 - Bit 1 of select nibble
DO - Bit O of select nibble

Writing a value to the BASE + 1 1/0O address not only selects the channel number as en-
coded in bits 3-0 but after a hardware settling delay of approximately 6uS starts a conver-
sion. This is the normal method to begin a conversion as the channel selection and
conversion start are automated into a single write.

Read Register - LSB Data

D7 - D7 of conversion data
D6 -D6"“ " “
D5 -D5* " “
D4 -D4* " “
D3 -D3"* " “
D2 -D2"* " “
D1 -D1* " “
DO -DO* " “

Reading of 1/0 base address + 1 will present the lower 8-bits of the 16-bit conversion

data. Note that on the 12-Bit converter module, the lower 4 bits of this register will always
read as 0. This allows software to transparently use either the 12-bit or the 16-bit module.

Page 3-2 PCM-A/D-12/16 OPERATIONS MANUAL 970513
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Note that the data is only valid if both the BUSY and INTERRUPT bits are both setto1in
the status register.

3.1.3 Base + 2 Address
Write Register - Start Conversion

D7 = N/A
D6 = N/A
D5 = N/A
D4 = N/A
D3 = N/A
D2 = N/A
D1 =N/A
DO = N/A

Awrite to this register with any value will start the A/D converter on whatever channel
was previously selected by the Channel Select Register or the Channel Select/Start Conver-
sion register. This method of starting the converter allows for maximum throughput when
repetitively converting on the same channel as no multiplexer settling time is required.

Read Register - MSB Data

D7 = D15 of conversion data
D6=D14" " “
D5=D13" " “
D4=D12" " “
D3=D11*"" “
D2=D10" " “
D1=D9 “” “
DO=D8 “” “

Reading from this register gives the upper 8-bits of the 16-bit conversion data. This data
is only valid if both the BUSY and INTERRUPT bits are set to 1 in the status register.
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3.2 Conversion Techniques

The PCM-A/D can be programmed in any language supporting port 1/O instructions.
The code snippet below is in the 'C' language and demonstrates a simple function that takes
as an argument the channel number and returns a 16-bit unsigned value corresponding to
the current conversion value. The next section describes a sample/test/calibration program
included with the PCM-A/D board both in executable and source form.

#define BASE_ADDRESS 0x110

unsigned convert(int channel_number)

Emsigned return_value;

/* Start the conversion by writing to the Select/Start conversion Register */
outportb(BASE_ADDRESS + 1, channel_number);

/* Now wait for the conversion to complete */

while((inportb(BASE_ADDRESS) & 0x03) != 3)

/* Now read out the 2 bytes that make up the value */

return_value = inportb(BASE_ADDRESS + 2);

/* Shift the MSB value up 8 bits in preparation for the LSB */
return_value = return_value < 8;

/* Read the LSB value and 'OR' it into the prepared MSB value */
return_value = return_value | inportb(BASE_ADDRESS + 1);

return return_value;
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3.3 PCM-A/D Demonstration Program

Included on a 3 1/2" diskette with the PCM-A/D board is a sample program in both 'C’
source code and in MS-DOS executable format. The PCMAD12.EXE file was created using
Borland C/C++ Version 3.1. This demo program may be used as a diagnostic/calibration
program or portions of its source code may be used in a user's application program. The pro-
gram's source code demonstrates both interrupt driven and polled-mode converter tech-
niqgues. PCMAD12.EXE is executed from the MS-DOS command line with:

PCMAD12 <Enter>

A screen display like that shown below should be displayed and the interrupt counter in
the lower right corner should be counting conversions.

/Channel RAW HIGH LOW DATA CURRENT MAX

MIN
VOLTAGE VOLTAGE VOLTAGE DEVIATION

VOLTAGE \

5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000

5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000

5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

'M" Interrupt Mode toggle,

'R' Reset Values

Number DATA DATA DATA DEV.
00 FFFF FFFF FFFF 0000
01 FFFF FFFF FFFF 0000
02 FFFF FFFF FFFF 0000
03 FFFF FFFF FFFF 0000
04 FFFF FFFF FFFF 0000
05 FFFF FFFF FFFF 0000
06 FFFF FFFF FFFF 0000
07 FFFF FFFF FFFF 0000
08 FFFF FFFF FFFF 0000
09 FFFF FFFF FFFF 0000
10 FFFF FFFF FFFF 0000
11 FFFF FFFF FFFF 0000
12 FFFF FFFF FFFF 0000
13 FFFF FFFF FFFF 0000
14 FFFF FFFF FFFF 0000
15 FFFF FFFF FFFF 0000

T Toggle Scale, 'B' Converter toggle

Scale : +0 to +5 Volts - Single-Ended 12-Bit

o

Interrupt Mode

34256

/

NOTE: The PCMAD12.EXE program assumes that a base address of 110H has been se-
lected and the IRQ5 is also selected. Refer to Section 2 of this manual for hardware selec-

tion details.
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There are 5 keystrokes recognized by PCMAD12.EXE. They are as follows :

T' - Toggles the input mode through the 4 supported modes :

+0 to +5 Volts - Single Ended
-10 to +10 Volts - Single Ended
+0 to +5 Volts - Differential

-10 to +10 Volts - Differential

NOTE : Pressing 'T' only changes the software's interpretation of the mode being used.
The values displayed will be meaningless in any mode except for the one for which the
board has been jumpered for.

'‘B' - Toggles the converter type between 12-bit and 16-bit.

'M' - Toggle the conversion mode

This key toggles the conversion mode between “Interrupt Mode” and “Polled Mode”.
When in the “Interrupt Mode” a counter in the lower right corner will display the number
of interrupts received since the last 'M', 'T', or 'R' command.

'R' - Reset Values

Pressing the 'R’ key resets the High, Low and Deviation values to 0. This may be desir-
able after changing modes or input voltages to check the stability of the PCM-A/D or the in-
put source.

'ESCAPE' - Exit to DOS

Pressing 'ESCAPE' will unhook the current interrupt vectors and return the system to
the DOS prompt.
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3.4 Calibration Procedures

1. Jumper the board for 0-5 Volt Single-Ended Mode. Base Address 110H and IRQ5.
2. Run the PCMAD12.EXE program.

3. Apply a precision (+/-1.5mV) input source to channel 0. Set the source to 0.00V

4. Turn R3 and R4 pots full clockwise. Clear values by pressing the 'R’ key.

5. Adjust R3 slowly counter-clockwise for a stable zero voltage reading on channel 0. Ignore other chan-
nel values.

6. Set the precision input source to 4.99 volts and again clear current values by pressing the 'R’ key.

7. Adjust R4 counter-clockwise for a reading corresponding to the input source. Some lower bit deviation
may be experienced and is normal.

8. Set the input source to 5.00 volts. Hit 'R’ to clear the current values. Look for a solid 5.00 Volt reading.
If the display is not stable at 5.00V, repeat steps 3 through 8. If the value cannot be stabilized after repeating
the steps, slowly turn R4 clockwise up to one full turn to achieve acceptable results. Turning beyond this
point will destroy board linearity. If the voltages cannot be stabilized the board is not functioning properly and
will need to be repaired.
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07/ 06/ 00
08: 04: 44
ASSM | TEM FROM PCM A/ D12- 16

BOM for Manual s
W nSystens, Inc.

PAGE 1

ASSM | TEM THRU: PCM A/ D12- 16

PARENT LOC FROM <FI RST> DEFAULT COVPONENT LOCATI ON: ARLIN PARENT LOC THRU. <LAST>
ITEM QTY
LVL | TEM KEY | TEM DESCRI PTI ON BOM COMMENT TYPE REQUI RED
PCM A/ D12- 16 PC/ 104, 12-BI T A/ D CONVERTER PC/ 104, 12-BI T A/ D CONVERTER F 1.0
1 999-9999- 001 SPECI AL NOTES 11-30-95 MEB (NEW | 1.0
1 0230-200- 0000 ASSY PCM A/ D12- 16 REV. B1 ASSY PCM A/ D12- 16 REV. B1 F 1.0
2 CONTRACT LABOR QUTSI DE CONTRACT LABOR QUTSI DE CONTRACT LABOR L 3.0
2 999-9999- 001 SPECI AL NOTES 01-08-96 MEB ECBOM U1, U3 P/'N) | 1.0
2 999-9999- 001 SPECI AL NOTES 10- 03-95 MEB ECO 95-89 | 1.0
2 999-9999- 001 SPECI AL NOTES 08-15-95 MEB ECO 95- 75 | 1.0
2 999-9999- 001 SPECI AL NOTES 08-15-95 MEB ECBOM | 1.0
2 603-1047-803 CAP . 1uF 50v 20% CER 0805 Cl, C3, ¢4, C5, C7, C11, C12, C13, Cl14, C15, C17, | 15.0
2 999-9999- 001 SPECI AL NOTES C18, C19, 21, C22 | 1.0
2 603-1065-82D CAP 10uF 25v 20% TAN 6032 C2, C8, C10, C16, Q24 | 5.0
2 603-2255-72B CAP 2.2uF 25v 10% TAN 3528 C6, 9 | 2.0
2  603-1027-703 CAP 1000pF 50v 10% CER 0805 C20, C23, @25 | 3.0
2 124-0006- 000 DI ODE BAT47/ BAT48 D1 | 1.0
2 121-0103- 050 RN SIP 9P 8 RES 10K L091S103 ( BKMN) RP1 | 1.0
2 113-0503- 201 POT 50K 15 TURN  BECKMAN 64ZR50K R3, R4 | 2.0
2  601-0333-503 RES 33K OChm 5% 1/ 10w 0805 R6 | 1.0
2  601-0201- 503 RES 200 Chm 5% 1/ 10w 0805 R7 | 1.0
2  601-0101- 503 RES 100 Chm 5% 1/ 10w 0805 R8, R9 | 2.0
2 601-0105- 503 RES 1M Chm 5% 1/ 10W 0805 R10 | 1.0
2 601-0100- 507 RES 10 Ohm 5% 1w 2512 R11, R12 | 2.0
2 601-0103-503 RES 10K Chm 5% 1/ 10W 0805 R13, R14 | 2.0
2  601-0102- 503 RES 1K Chm 5% 1/ 10W 0805 R16 | 1.0
2 601-0222-503 RES 2. 2K Chm 5% 1/ 10w 0805 R15 | 1.0
2 200-0163- 100 SOCKET 16 PI'N 316- AGL9DC (1040) U1, U3 | 2.0
2 200-0083- 100 SOCKET 8 PI N 308- AGL9DC (2080) u2 | 1.0
2 200-0328-100 SOCKET, 28 P .3 PRCICNTC LT0328TBB (17) W | 1.0
2  611-0175-002 I C, 74HC175D SO- 16 w5 | 1.0
2 200-0243-100 SOCKET 24 P .3 324- AGL9DC (425) U6 | 1.0
2 612-0245-002 I C, 74HCT245DW (SM u7 | 1.0
2 611-0221-002 I C, 74HC221D SO 16 us | 1.0
2  612-0688-002 I C, 74HCT688AF (SM w | 1.0
2 200-0064- 100 SCKT 64 POS STK QPHF2- 64-020-1Z (PLAST) J10 CLIP PIN B10, MJST BE HAND SOLDERED | 1.0
2 200-0040- 100 SCKT 40 POS STK QPHF2- 40-020-1Z (PLSTRN) J11 CLIP PIN Cl19, MJST BE HAND SOLDERED | 1.0
2  201-0072-120 HDR 2X36 UN TSW 136-07-G D J1=2X3 J4, J8=2X8 J9=2X11 | .8
2 201-0036-010 HDR 1X36 UN TSW 136-07-G S (SAM J2,36,J7=2X1 J5=1X3 | .2
2 201-0026-121 HDR 26 P RA 636-2607 (2500) J3 | 1.0
2 400-0230-000B PCB, PCMA/D12 REV.B PCB, PCMA/D12 REV.B | 1.0
2 999-9999- 001 SPECI AL NOTES MASK THE FOLLON NG R1, R2, R5, VRL | 1.0
SUB- ASSEMBLY TOTAL: 0230- 200- 0000 ARLIN - 36 Itens
1 0230-300- 0000 SUB ASSY PCvt A/ D12 REV.B SUB ASSY PCvt A/ D12 REV.B F 1.0
2 999-9999- 001 SPECI AL NOTES 08-15-95 MEB ECO 95- 75 | 1.0
2 999-9999- 001 SPECI AL NOTES 08-15-95 MEB ECBOM | 1.0
2 730-0085- 000 IC, INA111AP BURR- BROMW u2 | 1.0
07/ 06/ 00 BOM f or Manual s PAGE 2
08: 04: 45 W nSystens, Inc.
ASSM | TEM FROM PCM A/ D12- 16 ASSM | TEM THRU: PCMvt A/ D12- 16
PARENT LOC FROM <FI RST> DEFAULT COVPONENT LOCATI ON: ARLI N PARENT LOC THRU. <LAST>
ITEM QTY
LVL | TEM KEY | TEM DESCRI PTI ON BOM COMMENT TYPE REQUI RED
2 730-0005- 000 IC, DAA08DI (Harris) (Siliconix) U1, U3 | 2.0
2 730-0086- 000 I C, ADS7806P (13) BURR- BROMN w | 1.0
2 901-0011- 000 I C, PALC22V10- 35PC (15, Tl) (17, CYP) U6 CS=8DOE \ SPRI NT\ PCVAD12\ \ | 1.0
2 201-0002- 000 PLUG JUWPER 999- 19- 310- 00 J1=1-2 5-6 | 16.0
2 999-9999- 001 SPECI AL NOTES J2=1-2 | 1.0
2 999-9999- 001 SPECI AL NOTES J4=3-4 7-8 11-12 15-16 | 1.0
2 999-9999- 001 SPECI AL NOTES J5=3-4 | 1.0
2 999-9999- 001 SPECI AL NOTES J6=1-2 | 1.0
2 999-9999- 001 SPECI AL NOTES J8=1-2 5-6 7-8 9-10 13-14 15-16 | 1.0
2 999-9999- 001 SPECI AL NOTES J9=15-16 | 1.0
2 Kl T- PCM STANDOFF- 2 PC/ 104 STANDOFF KI T CONSI STING OF 2 ** DO NOT SEND TO ASSY ** F 1.0
3 CONTRACT LABOR QUTSI DE CONTRACT LABOR L .1
3 999- 9999- 001 SPECI AL NOTES 04-28-95 MEB ( NEW BOM | 1.0
3 500- 0200- 091 SPACER M F RAF 4000- 440- N- MODL. 600 SPACER M F RAF 4000- 440- N- MODL. 600 | 2.0
3 500- 0200- 033 SCREW PPH 4-40 X 1/4" SCREW PPH 4-40 X 1/4" | 2.0
3 500- 0200- 092 NUT HEX NYLON 4- 40 NUT HEX NYLON 4- 40 | 2.0
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3 525-0304- 001

SIZE 3 CO N ENVLPE 2.5"

X 4.25"

50260

SIZE 3 CON ENVELCPE 2 1/2 X 4 1/4 1.0

SUB- ASSEMBLY TOTAL: KI T- POV STANDOFF-2 ARLIN - 6 Itens

SUB- ASSEMBLY TOTAL: 0230- 300- 0000 ARLIN - 14 Itens
1 910- 0024- 000 LABEL, STATI C SENSI Tl VE 130- 02 LABEL, STATI C SENSI Tl VE 130- 02 | 1.0
1 950- 0001- 000 BAG STATI C BARRI ER 07-0610 6X10 BAG STATI C BARRI ER 07- 0610 | 1.0
1 KI T- PCM STANDOFF- 2 PC/ 104 STANDOFF KI T CONSI STING OF 2 PC/ 104 STANDOFF KI'T CONSI STING OF 2 F 1.0
2 CONTRACT LABOR QUTSI DE CONTRACT LABOR L .1
2 999-9999- 001 SPECI AL NOTES 04-28-95 MEB ( NEW BOM | 1.0
2 500-0200- 091 SPACER M F RAF 4000- 440- N- MODL. 600 SPACER M F RAF 4000- 440- N- MODL. 600 | 2.0
2 500-0200- 033 SCREW PPH 4-40 X 1/4" SCREW PPH 4-40 X 1/4" | 2.0
2 500-0200- 092 NUT HEX NYLON 4- 40 NUT HEX NYLON 4- 40 | 2.0
2 525-0304-001 SIZE 3 CO N ENVLPE 2.5" X 4.25" 50260 SIZE 3 CON ENVELCPE 2 1/2 X 4 1/ 4 | 1.0

SUB- ASSEMBLY TOTAL: KI T- POV STANDOFF-2 ARLIN - 6 Itens

TOP ASSEMBLY TOTAL: PCM A/ D12-16 ARLIN - 6 Itens

REPORT RECAP

0 WARNI NE S)
07/ 06/ 00 BOM f or Manual s PAGE 3
08: 04: 45 W nSystens, Inc.

ASSM | TEM FROM  PCM
PARENT LOC FROM <FlI

A D12- 16
RST>

DEFAULT COVPONENT LOCATION: ARLI N

ASSM | TEM THRU: PCMt A/ D12- 16
PARENT LOCC THRU. <LAST>

LVL | TEM KEY

| TEM DESCRI PTI ON

BOM COMVENT

ITEM QrYy
TYPE REQU RED

PARAMETER KEY
REPCRT TI TLE

ASSM | TEM RANGE

DEFAULT COWP LCC

BOM STATUS PRI CRI TY :

10 BOMwith Ref. Desc.

BOM for Manual s

PCM A/ D12- 16 THRU PCM A/ D12- 16
<FI RST> THRU <LAST>

<FI RST> THRU <LAST>

<FI RST> THRU <LAST>

ARLI N

A

OCSTI NG METHOD
QUANTI TY TO EXPLCDE
USE SCRAP FACTCR ( Y/ N)
UPDATE | NV STD COST
NO LEVELS TO EXPLODE
COLUMNS OF DESC TEXT
SHORT OR LONG
PRI NT | TEM DESC (Y/N)

N ©

(S'L)

<nbhbozzZr>
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BURR - BROWN® ADS7806

==1 -

Low-Power 12-Bit Sampling CMOS
ANALOG-to-DIGITAL CONVERTER

FEATURES DESCRIPTION

e 35mW max POWER DISSIPATION The ADS7806 is a low-power 12-bit sampling analog-
e 50pW POWER DOWN MODE to-digital using state-of-the-art CMOS structures. It
e 254 max ACQUISITION AND cqntalns a complete 12-bit, capau_tor-based, SAR A/D
with S/H, clock, reference, and microprocessor inter-
CONVERSION . . )
face with parallel and serial output drivers.
e +1/2L.SB max INL AND DNL

The ADS7806 can acquire and convert to full 12-bit

e 72dB min SINAD WITH 1kHz INPUT accuracy in 2fs max while consuming only 35mw

e +10V, 0V TO +5V, AND OV TO +4V INPUT max. Laser-trimmed scaling resistors provide standard
RANGES industrial input ranges af10V and 0V to +5V. In

e SINGLE +5V SUPPLY OPERATION addition, a_OV to +4V range allows development of

e PARALLEL AND SERIAL DATA OUTPUT complete single supply systems. o

e PIN-COMPATIBLE WITH 16-BIT ADS7807 The 28-p|n ADS7806 is ava|lab.le.3 in a plastic Q.3 DIP

and in an SOIC, both fully specified for operation over

e USES INTERNAL OR EXTERNAL the industrial —4€C to +85C temperature range.

REFERENCE

e 28-PIN 0.3" PLASTIC DIP AND SOIC

~—— RIC

Clock . N . ’ ~—— CS
Successive Approximation Register and Control Logic
~—— BYTE

~+— Power

7

40kQ CDAC

Rl

— BUSY

Parallel Serial Data
20kQ 40kQ Q —T and
% Clock
0wke| > =1 | e——e—1T—e—-i
R2)y Q—\/\/\/\J | Comparator Serial
Buffer

-
-
-
I

—

Data — Serial Data

i> Parallel Data
8

CAP O

Out

—1— 6kQ Internal Reference
REF O VW] 125V Ref Eg"v‘\'/‘;r

International Airport Industrial Park +  Mailing Address: PO Box 11400 « Tucson, AZ 85734 + Street Address: 6730 S. Tucson Blvd. + Tucson, AZ 85706
Tel: (520) 746-1111 » Twx: 910-952-1111 + Cable: BBRCORP + Telex: 066-6491 « FAX:(520)889-1510 <+ Immediate Product Info: (800) 548-6132

©1992 Burr-Brown Corporation PDS-1158C Printed in U.S.A. November, 1994
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SPECIFICATIONS

ELECTRICAL
At T, = -40°C to +85°C, fg = 40kHz, Vg = Vana = 15V, using internal reference and fixed resistors shown in Figure 7b, unless otherwise specified.
ADS7806P, U ADS7806PB, UB
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
RESOLUTION 12 * Bits
ANALOG INPUT
Voltage Ranges +10, 0 to +5, 0 to +4 \Y
Impedance (See Table I1)
Capacitance 35 * pF
THROUGHPUT SPEED
Conversion Time 20 * us
Complete Cycle Acquire and Convert 25 * us
Throughput Rate 40 * kHz
DC ACCURACY
Integral Linearity Error +0.15 +0.9 * +0.45 LSB®
Differential Linearity Error +0.15 +0.9 * +0.45 LSB
No Missing Codes Guaranteed * Bits
Transition Noise® 0.1 * LSB
Gain Error 0.2 +0.1 %
Full Scale Error®4) +0.5 +0.25 %
Full Scale Error Drift +7 5 ppm/°C
Full Scale Error34) Ext. 2.5000V Ref +0.5 +0.25 %
Full Scale Error Drift Ext. 2.5000V Ref +0.5 * ppm/°C
Bipolar Zero Error® +10V Range +10 * mv
Bipolar Zero Error Drift +10V Range +0.5 * ppm/°C
Unipolar Zero Error® 0V to 5V, 0V to 4V Ranges +3 * mv
Unipolar Zero Error Drift 0V to 5V, 0V to 4V Ranges +0.5 * ppm/°C
Recovery Time to Rated Accuracy 2.2uF Capacitor to CAP 1 * ms
from Power Down(®)
Power Supply Sensitivity +4.75V < Vg < +5.25V +0.5 * LSB
(Voic = Vana = Vs)
AC ACCURACY
Spurious-Free Dynamic Range fiy = 1kHz, 10V 80 90 * * dB®
Total Harmonic Distortion fin = 1kHz, £10V -90 -80 * * dB
Signal-to-(Noise+Distortion) fin = 1kHz, 10V 70 73 72 * dB
Signal-to-Noise fin = 1kHz, 10V 70 73 72 * dB
Usable Bandwidth() 130 * kHz
Full Power Bandwidth (-3dB) 600 * kHz
SAMPLING DYNAMICS
Aperture Delay 40 * ns
Aperture Jitter 20 * ps
Transient Response FS Step 5 * us
Overvoltage Recovery(®) 750 * ns
REFERENCE
Internal Reference Voltage No Load 2.48 25 2.52 * * * \Y
Internal Reference Source Current 1 * HA
(Must use external buffer.)
Internal Reference Drift 8 * ppm/°C
External Reference Voltage Range 2.3 2.5 2.7 * * * \Y
for Specified Linearity
External Reference Current Drain Ext. 2.5000V Ref 100 * HA
DIGITAL INPUTS
Logic Levels
V. -0.3 +0.8 * * \%
Vig +2.0 Vp +0.3V * * \%
I Vi =0V £10 * HA
[ Vi = 5V £10 * HA
DIGITAL OUTPUTS ] .
Data Format ) Parallel 12-bits in 2-bytes; S_enal )
Data Coding Binary Two's Complement or Straight Binary
VoL Ising = 1.6MA +0.4 * v
Vou Isource = 500pA +4 * \Y
Leakage Current High-Z State, +5 * MA
Vour = 0V to Vpg
Output Capacitance High-Z State 15 * pF

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems.

BURR - BROWN®

ADS7806 2
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SPECIFICATIONS (conT)

ELECTRICAL
At T, = —40°C to +85°C, fg = 40kHz, Vg = Vana = 5V, using internal reference and fixed resistors shown in Figure 7b, unless otherwise specified.
ADS7806P, U ADS7806PB, UB
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
DIGITAL TIMING
Bus Access Time R, = 3.3kQ, C_ = 50pF 83 * ns
Bus Relinquish Time R, = 3.3kQ, C_ = 10pF 83 * ns
POWER SUPPLIES
Specified Performance
Vois Must be < Vana +4.75 +5 +5.25 * * * \
Vana +4.75 +5 +5.25 * * * Y
Ibig 0.6 * mA
IANA 5.0 * mA
Power Dissipation Vana = Vpig = 5V, fg = 40kHz 28 35 * * mw
REFD HIGH 23 * mwW
PWRD and REFD HIGH 50 * uw
TEMPERATURE RANGE
Specified Performance -40 +85 * * °C
Derated Performance -55 +125 * * °C
Storage —65 +150 * * °C
Thermal Resistance (6;,)
Plastic DIP 75 * °C/IW
SoIc 75 * °C/wW

NOTES: (1) LSB means Least Significant Bit. One LSB for the +10V input range is 4.88mV. (2) Typical rms noise at worst case transition. (3) As measured with
fixed resistors shown in Figure 7b. Adjustable to zero with external potentiometer. (4) Full scale error is the worst case of —Full Scale or +Full Scale untrimmed
deviation from ideal first and last code transitions, divided by the transition voltage (not divided by the full-scale range) and includes the effect of offset error. (5)
This is the time delay after the ADS7806 is brought out of Power Down Mode until all internal settling occurs and the analog input is acquired to rated accuracy.
A Convert Command after this delay will yield accurate results. (6) All specifications in dB are referred to a full-scale input. (7) Usable Bandwidth defined as Full-
Scale input frequency at which Signal-to-(Noise + Distortion) degrades to 60dB. (8) Recovers to specified performance after 2 x FS input overvoltage.

ABSOLUTE MAXIMUM RATINGS
Analog Inputs: R1y ...

... ¥25V
... ¥25V
Vana 0.3V to AGND2 -0.3V
Indefinite Short to AGND2,

Momentary Short to Vana
Ground Voltage Differences: DGND, AGND1, and AGND?2 ... ...+x0.3V
VanA oo-
Voic 10 Vana
Vbie
Digital Inputs
Maximum Junction Temperature ...
Internal Power Dissipation
Lead Temperature (soldering, 10s)...

+165°C

ORDERING INFORMATION

ELECTROSTATIC
(0
¢ DISCHARGE SENSITIVITY

Electrostatic discharge can cause damage ranging from
performance degradation to complete device failure. Burr-
Brown Corporation recommends that this integrated circuit
be handled and stored using appropriate ESD protection
methods.

MAXIMUM MINIMUM

INTEGRAL SIGNAL-TO- SPECIFICATION

LINEARITY (NOISE + DISTORTION) | TEMPERATURE
MODEL ERROR (LSB) RATIO (dB) RANGE PACKAGE
ADS7806P +0.9 70 -40°C to +85°C Plastic DIP
ADS7806PB +0.45 72 —40°C to +85°C Plastic DIP
ADS7806U +0.9 70 —40°C to +85°C solc
ADS7806UB +0.45 72 —40°C to +85°C solc

PACKAGE INFORMATION

PACKAGE DRAWING
MODEL PACKAGE NUMBER @
ADS7806P Plastic DIP 246
ADS7806PB Plastic DIP 246
ADS7806U SOIC 217
ADS7806UB SoIC 217

NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix D of Burr-Brown IC Data Book.

BURR - BROWN®
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DIGITAL
PIN # NAME 110 DESCRIPTION

1 Rl Analog Input. See Figure 7.

2 AGND1 Analog Sense Ground.

3 R2\ Analog Input. See Figure 7.

4 CAP Reference Buffer Output. 2.2pF tantalum capacitor to ground.

5 REF Reference Input/Output. 2.2pF tantalum capacitor to ground.

6 AGND2 Analog Ground.

7 SB/BTC | Selects Straight Binary or Binary Two’s Complement for Output Data Format.

8 EXT/INT I External/internal data clock select.

9 D7 (@) Data Bit 3 if BYTE is HIGH. Data bit 11 (MSB) if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW. Leave
unconnected when using serial output.

10 D6 o Data Bit 2 if BYTE is HIGH. Data bit 10 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW.

11 D5 o Data Bit 1 if BYTE is HIGH. Data hit 9 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW.

12 D4 (@] Data Bit 0 (LSB) if BYTE is HIGH. Data bit 8 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW.

13 D3 (@] LOW if BYTE is HIGH. Data hit 7 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW.

14 DGND Digital Ground.

15 D2 O LOW if BYTE is HIGH. Data bit 6 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW.

16 D1 O LOW if BYTE is HIGH. Data bit 5 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW.

17 DO O LOW if BYTE is HIGH. Data bit 4 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW.

18 DATACLK 110 Data Clock Output when EXT/INT is LOW. Data clock input when EXT/INT is HIGH.

19 SDATA (@] Serial Output Synchronized to DATACLK.

20 TAG | Serial Input When Using an External Data Clock.

21 BYTE | Selects 8 most significant bits (LOW) or 4 least significant bits (HIGH) on parallel output pins.

22 R/IC | With CS LOW and BUSY HIGH, a Falling Edge on R/C Initiates a New Conversion. With CS LOW, a rising edge on R/C
enables the parallel output.

23 CsS I Internally OR'd with R/C. If R/C is LOW, a falling edge on CS initiates a new conversion. If EXT/INT is LOW, this same
falling edge will start the transmission of serial data results from the previous conversion.

24 BUSY (0] At the start of a conversion, BUSY goes LOW and stays LOW until the conversion is completed and the digital outputs
have been updated.

25 PWRD | PWRD HIGH shuts down all analog circuitry except the reference. Digital circuitry remains active.

26 REFD | REFD HIGH shuts down the internal reference. External reference will be required for conversions.

27 Vana Analog Supply. Nominally +5V. Decouple with 0.1uF ceramic and 10pF tantalum capacitors.

28 Vbie Digital Supply. Nominally +5V. Connect directly to pin 27. Must be < Vpya.

TABLE I. Pin Assignments.

PIN CONFIGURATION ANALOG CONNECT R1,, | CONNECT R2)
INPUT VIA 200Q VIA 100Q
\_/ RANGE TO TO IMPEDANCE
I: +10V Vin CAP 45.7kQ
Rl |1 s OV to 5V AGND Vin 20.0kQ
AGND1 | 2 27 | Vo OV to 4V Vin Vin 21.4kQ
R2, | 3 26 | REFD TABLE Il. Input Range Connections. See also Figure 7.
CAP | 4 25 | PWRD
REF | 5 24 | BUSY
AGND2 | 6 23| Cs
SB/BTC | 7 22 | RIC
o ADS7806
EXT/INT| 8 21 | BYTE
D7| 9 20 | TAG
D6 |10 19 | SDATA
D511 18 | DATACLK
D4 |12 17 | DO
D3 |13 16 | D1
DGND | 14 15| D2

BURR - BROWN®
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TYPICAL PERFORMANCE CURVES

Ta=+25°C, fg = 40kHz, Vg = Vana = +5V, using internal reference and fixed resistors shown in Figure 7b, unless otherwise specified.
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TYPICAL PERFORMANCE CURVES (CONT)

Ta = +25°C, fg = 40kHz, Vp g = Vana = +5V, using internal reference and fixed resistors shown in Figure 7b, unless otherwise specified.
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BASIC OPERATION output valid data from the previous conversion on SDATA

(pin 19) synchronized to 12 clock pulses output on
PARALLEL OUTPUT DATACLK (pin 18). BUSY (pin 24) will go LOW and stay
Figure 1a) shows a basic circuit to operate the ADS7806LOW until the conversion is completed and the serial data
with a 10V input range and parallel output. Taking R/C has been transmitted. Data will be output in Binary Two’s
(pin 22) LOW for 40ns (12s max) will initiate a conver- ~ Complement format, MSB first, and will be valid on both the
sion. BUSY (pin 24) will go LOW and stay LOW until the rising and falling edges of the data clock. BUSY going
conversion is completed and the output register is updatedHIGH can be used to latch the data. All convert commands
If BYTE (pin 21) is LOW, the 8 most significant bits will be  will be ignored while BUSY is LOW.
valid when BUSY rises; if BYTE is HIGH, the 4 least Tne ADS7806 will begin tracking the input signal at the end
significant bits will be valid when BUSY rises. Data will be ¢ the conversion. Allowing 25 between convert com-
output in Binary Two’s Complement format. BUSY going  mands assures accurate acquisition of a new signal.
HIGH can be used to latch the data. After the first byte haSTh f d gai di di I I |
been read, BYTE can be toggled allowing the remaining |, . € ol set and gain are a justed internally to & ow externa

trimming with a single supply. The external resistors com-

byte to be read. All convert commands will be ignored while ; ; .
BeY pensate for this adjustment and can be left out if the offset
BUSY is LOW. o . !

) ) ) _ _ and gain will be corrected in software (refer to @adibra-
The ADS7806 will begin tracking the input signal at the end tjon section).
of the conversion. Allowing 2% between convert com-
mands assures accurate acquisition of a new signal.

The offset and gain are adjusted internally to allow external STARTING A CONVERSION

trimming with a single supply. The external resistors com- The combination of CS (pin 23) and R/C (pin 22) LOW for
pensate for this adjustment and can be left out if the offseta minimum of 40ns immediately puts the sample/hold of the

and gain will be corrected in software (refer to @adibra- ADS7806 in the hold state and starts conversion ‘n’. BUSY

tion section). (pin 24) will go LOW and stay LOW until conversion ‘n’ is
completed and the internal output register has been updated.

SERIAL OUTPUT All new convert commands during BUSY LOW will be

ignored. CS and/or R/C must go HIGH before BUSY goes
HIGH or a new conversion will be initiated without suffi-
cient time to acquire a new signal.

Figure 1b) shows a basic circuit to operate the ADS7806
with a+10V input range and serial output. Taking R/C (pin
22) LOW for 40ns (1@s max) will initiate a conversion and

Serial Output
2000 /

Parallel Output
200Q U
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8]

3
I
i
S
<
)
@

0.1pF 10pF
27 T - +5V

O
BUSY

20— 25

2 RIC <
ADS7806 =

0.1uF 10pF
80 +5V

BUSY
=

+

a

<
o
o
o
=
o]

Convert Pulse
v w T 220
—_—=<

]
40ns min

Convert Pulse

HEaRRRE

ADS7806

8
||
40ns min

SDATA
— -

DATACLK
18—

clellelele R Relew®N]([~
allo||N(|efjo|ls||RNS||e||R]||al|s||N

cllelel=le o
Rllw|S|=|o

17 |[NCO®

16 |NCO

15 [NC®

Pin21 B11 B10 B9 B8 B7 B6 B5 B4
LOW (MSB)

Pin21 B3 B2 Bl BO LOW LOW LOW LOW
HIGH (LSB) NOTE: (1) These pins should be left

unconnected.They will be active when

NOTE: (1) SDATA (pin 19) is always active. RIC is HIGH.

FIGURE 1a. Basie10V Operation, both Parallel and Serial FIGURE 1b. Basia10V Operation with Serial Output.
Output.
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The ADS7806 will begin tracking the input signal at the end CS and R/C are internally OR’d and level triggered. There
of the conversion. Allowing 3% between convert com-
mands assures accurate acquisition of a new signal. Refer tiitiating a conversion. If, however, it is critical that CS or
Tables Ill and IV for a summary of CS, R/C, and BUSY R/C initiates conversion ‘n’, be sure the less critical input is
states and Figures 2 through 6 for timing diagrams.

Cs | RIC [BUSY | OPERATION
1 X X None. Databus is in Hi-Z state.
! 0 1 Initiates conversion “n”. Databus remains
in Hi-Z state.
0 ! 1 Initiates conversion “n”. Databus enters Hi-Z
state.
0 1 1 Conversion “n” completed. Valid data from
conversion “n” on the databus.
! 1 1 Enables databus with valid data from
conversion “n”.
1 1 0 Enables databus with valid data from
conversion “n-1"@). Conversion n in progress.
0 1 0 Enables databus with valid data from
conversion “n-1"@). Conversion “n” in progress.
0 0 1 New conversion initiated without acquisition
of a new signal. Data will be invalid. CS and/or
R/C must be HIGH when BUSY goes HIGH.
X X 0 New convert commands ignored. Conversion
“n” in progress.

conversion “n-1".

NOTE: (1) See Figures 2 and 3 for constraints on data valid from

Table Ill. Control Functions When Using Parallel Output

(DATACLK tied LOW, EXT/INT tied HIGH).

is not a requirement which input goes LOW first when

LOW at least 10ns prior to the initiating input. If EXT/INT
(pin 8) is LOW when initiating conversion ‘n’, serial data
from conversion ‘n-1’ will be output on SDATA (pin 19)
following the start of conversion ‘n’. Sdaternal Data
Clock in the Reading Datasection.

To reduce the number of control pin_s, CS can be tied LOW
using R/C to control the read and convert modes. This will
have no effect when using the internal data clock in the serial
output mode. However, the parallel output and the serial
output (only when using an external data clock) will be
affected whenever R/C goes HIGH. Refer to Reading
Data section.

READING DATA

The ADS7806 outputs serial or parallel data in Straight
Binary or Binary Two’s Complement data output format. If
SB/BTC (pin 7) is HIGH, the output will be in SB format,
and if LOW, the output will be in BTC format. Refer to
Table V for ideal output codes.

The parallel output can be read without affecting the internal
output registers; however, reading the data through the serial

cs RIC BUSY |EXT/INT | DATACLK | OPERATION
1 0 1 0 Output Initiates conversion “n”. Valid data from conversion “n-1" clocked out on SDATA.
0 ! 1 0 Output Initiates conversion “n”. Valid data from conversion “n-1" clocked out on SDATA.
! 0 1 1 Input Initiates conversion “n”. Internal clock still runs conversion process.
0 i 1 1 Input Initiates conversion “n”. Internal clock still runs conversion process.
1 1 1 1 Input Conversion “n” completed. Valid data from conversion “n” clocked out on SDATA synchronized
to external data clock.
1 1 0 1 Input Valid data from conversion “n-1" output on SDATA synchronized to external data clock.
Conversion “n” in progress.
0 T 0 1 Input Valid data from conversion “n-1" output on SDATA synchronized to external data clock.
Conversion “n” in progress.
0 0 1 X X New conversion initiated without acquisition of a new signal. Data will be invalid. CS and/or RIC
must be HIGH when BUSY goes HIGH.
X X 0 X X New convert commands ignored. Conversion “n” in progress.
NOTE: (1) See Figures 4, 5, and 6 for constraints on data valid from conversion “n-1".

Table IV. Control Functions When Using Serial Output.

DESCRIPTION ANALOG INPUT DIGITAL OUTPUT
Full-Scale Range +10 OV to 5V OV to 4V BINARY TWO'S COMPLEMENT STRAIGHT BINARY
Least Significant Bit (LSB) 4.88mv 1.22mv 976V (SB/BTC LOW) (SB/BTC HIGH)
HEX HEX
BINARY CODE CODE BINARY CODE CODE
+Full Scale (FS — 1LSB) 9.99512v 4.99878V 3.999024V 0111 1111 1111 1111 7FF 1111 1111 1111 1111 FFF
Midscale ov 25V 2v 0000 0000 0000 0000 000 1000 0000 0000 0000 800
One LSB Below Midscale —a.88mv 2.49878V 1.999024V 1111 1111 1111 1111 FFF 0111 1111 1111 1111 7FF
—Full Scale _10v ov ov 1000 0000 0000 0000 800 0000 0000 0000 0000 000
Table V. Output Codes and Ideal Input Voltages.
BURR - BROWN®
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port will shift the internal output registers one bit per data PARALLEL OUTPUT (After a Conversion)

clock pulse. As a result, data can be read on the parallel porhfter conversion ‘n’ is completed and the output registers
prior to reading the same data on the serial port, but datéhaye been updated, BUSY (pin 24) will go HIGH. Valid data
cannot be read through the serial port prior to reading thefrom conversion ‘n’ will be available on D7-D0 (pins 9-13

same data on the parallel port. and 15-17). BUSY going high can be used to latch the data.
Refer to Table VI and Figures 2 and 3 for timing constraints.

PARALLEL OUTPUT

To use the parallel output, tie EXT/INT (pin 8) HIGH and PARALLEL OUTPUT (During a Conversion)

DATACLK (pin 18) LOW. SDATA (pin 19) should be left  after conversion ‘n’ has been initiated, valid data from
unconnected. The parallel output will be active when R/C ¢gnyersion ‘n-1' can be read and will be valid up ts2
(pin 22) is HIGH and CS (pin 23) is LOW. Any other after the start of conversion ‘n’. Do not attempt to read data
combination of CS and R/C will tri-state the parallel output. peyond 1s after the start of conversion ‘n’ until BUSY
Valid conversion data can be read in two 8-bit bytes on D7- (pin 24) goes HIGH; this may result in reading invalid data.

DO (pins 9-13 and 15-17) . When BYTE (pin 21) is LOW, Refer to Table VI and Figures 2 and 3 for timing constraints.
the 8 most significant bits will be valid with the MSB on D7.

When BYTE is HIGH, the 4 least significant bits will be
valid with the LSB on D4. BYTE can be toggled to read both
bytes within one conversion cycle.

Upon initial power up, the parallel output will contain
indeterminate data.

—t, — —t, —
RIC
ty —=| |=— ty — -—
- | [4 r
BUSY =tz
tg —=||=— ty —=| |
t; tg
MODE Acquire Convert Acquire Convert
b —| |=— - |t
by
tyy —= |=~—
Parallel i ) i i i ] i ] ;
aralle ) Previous ) Hi-Z Previous ngh Previous L_ow Not Valid High Byte Low Eyte Hi-z High E_Byte
Data Bus High Byte Valid Byte Valid Byte Valid Valid Valid Valid
t - |~
tg — ‘<_ tyy —=| |=— tyy —=| |~— —| |—t,, — |-t
BYTE

FIGURE 2. Conversion Timing with Parallel Output (CS and DATACLK tied LOW, EXT/INT tied HIGH).

|ty | =ty |ty | ety | [ty ‘<—t21

we 11T [T 1

J— t
BUSY 4

<—t21 | 4—121 - 4—(21 - ‘4—t21

S ARIAARARARARAARARANAR [1]

DQEQ Hi-Z State High ByteX Hi-Z State| X Low Byte Hi-Z State
| |ty e et | -ty | -t

t12 9 tlZ

FIGURE 3. Using CS to Control Conversion and Read Timing with Parallel Outputs.
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SERIAL OUTPUT INTERNAL DATA CLOCK (During A Conversion)

Data can be clocked out with the internal data clock or anTo use the internal data clock, tie EXT/INT (pin 8) LOW.
external data clock. When using serial output, be careful The combination of R/C (pin 22) and CS (pin 23) LOW will
with the parallel outputs, D7-D0O (pins 9-13 and 15-17), as initiate conversion ‘n’ and activate the internal data clock
these pins will come out of Hi-Z state whenever CS (pin 23) (typically 900kHz clock rate). The ADS7806 will output 12
is LOW and R/C (pin 22) is HIGH. The serial output can not bits of valid data, MSB first, from conversion ‘n-1' on
be tri-stated and is always active. SDATA (pin 19), synchronized to 12 clock pulses output on

DATACLK (pin 18). The data will be valid on both the

rising and falling edges of the internal data clock. The rising

SYMBOL DESCRIPTION MIN | TYP |MAX JUNITS edge of BUSY (pin 24) can be used to latch the data. After
L Convert Pulse Width 0.04 121 bs the 12th clock pulse, DATACLK will remain LOW until the
L Data Valid Delay after R/C LOW 14.71 20 | ps next conversion is initiated, while SDATA will go to what-
t BUSY Delay from 85 | ns ever logic level was input on TAG (pin 20) during the first
Start of Conversion clock pulse. Refer to Table VI and Figure 4.
t, BUSY LOW 14.7| 20 us
s BusSY Delay after % s EXTERNAL DATA CLOCK
t Aperture Delay 40 ns To use an external data clock, tie EXT/INT (pin 8) HIGH. The
t, Conversion Time 147] 20 | us external data clock is not a conversion clock; it can only be
| Acquisition Time 5 | us used as a data clock. To enable the output mode of the
N Bus Relinquish Time 10 83 | ns ADS7806, CS (pin 23) must be LOW and R/C (pin 22) must
— _ be HIGH. DATACLK must be HIGH for 20% to 70% of the
to BUSY Delay after Data Valid 20 | 60 ns K
. brevious Data Valid | 147 " total data clqck period; the clock ra_te can be between DC and
. after Start of Conversion 10MHz. Serial data from conversion ‘n’ can be output on
t,  |Bus Access Time and BYTE Delay 83 | ns SDATA_(pln 19) after conversion ‘n’ is completed or during
) conversion ‘n + 1'.
tyg Start of Conversion 1.4 us
to DATACLK Delay An obvious way to simplify control of the converter is to tie
tig DATACLK Period 11 Hs CS LOW and use RIC to initiate conversions. While this is
ts Data Valid to DATACLK 20 | 75 ns perfectly acceptable, there is a possible problem when using
HIGH Delay an external data clock. At an indeterminate point frops12
te Data Valid after DATACLK 400 | 600 ns after the start of conversion 'n' until BUSY rises, the internal
LOW Delay logic will shift the results of conversion 'n' into the output
b External DATACLK Period | 100 ns register. If CS is LOW, R/C is HIGH, and the external clock
b External DATACLK LOW 40 ns is HIGH at this point, data will be lost. So, with CS LOW,
ti External DATACLK HIGH 50 ns either R/IC and/or DATACLK must be LOW during this
to CS and RIC to External 25 ns period to avoid losing valid data.
DATACLK Setup Time
ty R/C to CS Setup Time 10 ns
ty, Valid Data after DATACLK HIGH | 25 ns
t, + tg Throughput Time 25 Hs

TABLE VI. Conversion and Data Timing.,T= —40C to

+85°C.

CSor RICW
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NOTE: (1) If controlling wig(?s, tie R/C LOW. Data bus pins will remain Hi-Z at all times.
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MSB Valid Bit 10 Valid X Bit 9 Valid AN N Bit 1 Valid X LSB Valid >\ AN N MSB Valid Bit 10 Valid
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/ 7 /
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(Results from previous conversion.)

If controlling with R/C, tie CS LOW. Data bus pins will be active when RIC is HIGH, and should be left unconnected.

FIGURE 4. Serial Data Timing Using Internal Data Clock (TAG tied LOW).
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FIGURE 5. Conversion and Read Timing with External Clock (EXT/INT Tied HIGH) Read after Conversion.
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Bit 11 (MSB)
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NN Bit 0 (LSB) Tag 0 Tag 1
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TAG

Tag 0

Tag 1

Tag 12 X Tag 13 X Tag 14
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¢
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\ N
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\
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FIGURE 6. Conversion and Read Timing with External Clock (EXT/INT tied HIGH) Read During a Conversion.

EXTERNAL DATA CLOCK
(After a Conversion)

TAG FEATURE
TAG (Pin 20) inputs serial data synchronized to the external

After conversion ‘n’ is completed and the output registers or internal data clock.
have been updated, BUSY (pin 24) will go HIGH. With CS
LOW and R/C HIGH, valid data from conversion ‘n’ will be
output on SDATA (pin 19) synchronized to the external data
clock input on DATACLK (pin 18). The MSB will be valid
on the first falling edge and the second rising edge of the . ) .
external data clock. The LSB will be valid on the 12th falling ' "€ logic level input on TAG for the first rising edge of the
edge and 13th rising edge of the data clock. TAG (pin 20)|ntern_al data clock will be valid on SDATA after all 12 bits
will input a bit of data for every external clock pulse. The ©f valid data have been output.

first bit input on TAG will be valid on SDATA on the 13th

faling edge and the 14th rising edge of DATACLK; the INPUT RANGES

second input bit will be valid on the 14th falling edge and the

15th rising edge, etc. With a continuous data clock, TAG The ADS7806 offers three input ranges: standd@V and
data will be output on SDATA until the internal output 0-5V, and a 0-4V range for complete, single supply systems.

registers are updated with the results from the next converFigures 7a and 7b show the necessary circuit connections for
sion. Refer to Table VI and Figure 5. implementing each input range and optional offset and gain

adjust circuitry. Offset and full scale er®rspecifications

are tested and guaranteed with the fixed resistors shown in
Figure 7b. Adjustments for offset and gain are described in
the Calibration section of this data sheet.

When using an external data clock, the serial bit stream input
on TAG will follow the LSB output on SDATA until the
internal output register is updated with new conversion
results. See Table VI and Figures 5 and 6.

EXTERNAL DATA CLOCK
(During a Conversion)

After conversion ‘n’ has been initiated, valid data from The offset and qai diusted int v o all ‘ |
conversion ‘n-1' can be read and will be valid up tud2 € ofiset and gain are adjusted intérnally to allow externa

after the start of conversion ‘n’. Do not attempt to clock out trimming with a smgle supply. The external re5|_stors com-
data from 1@s after the start of conversion ‘n’ unfil BUSY Pensate for this adjustment and can be left out if the offset
(pin 24) rises; this will result in data loss. NOTE: For the and gain will be corrected in software (refer to Gaibra-

best possible performance when using an external datd'o" section).

clock, data should not be clocked out during a conversion.The input impedance, summarized in Table II, results from the
The switching noise of the asynchronous data clock cancombination of the internal resistor network shown on the
cause digital feedthrough degrading the converter's perfor-front page of the product data sheet and the external resistors
mance. Refer to Table VI and Figure 6.

NOTE: (1) Full scale error includes offset and gain errors measured at both
+FS and -FS.
BURR - BROWN®
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used for each input range (see Figure 8). The input resistof OFFSET ADJUST GAIN ADJUST
divider network provides inherent overvoltage protection | \npuT RANGE RANGE (mV) RANGE (mV)
guaranteed to at leas25V.

+10V +15 +60
Analog inputs above or below the expected range will yield [ 910 5v +4 +30
either positive full scale or negative full scale digital outputs [ 5, av 3 +30
respectively. There will be no wrapping or folding over for - -
analog inputs outside the nominal range. TABLE VII. Offset and Gain Adjust Ranges for Hardware
Calibration (see Figure 7a).
CALIBRATION fications for offset and gain, the resistors shown in Figure 7b

are necessary. See th® Calibration section for more
HARDWARE CALIBRATION details on the external resistors. Refer to Table VIl for the
To calibrate the offset and gain of the ADS7806 in hard- range of offset and gain errors with and without the external
ware, install the resistors shown in Figure 7a. Table VII lists resistors.
the hardware trim ranges relative to the input for each inputl\IO CALIBRATION

range. See Figure 7b for circuit connections. Note that the actual
SOFTWARE CALIBRATION voltage dropped across the external resistors is at least two
To calibrate the offset and gain in software, no external orders of magnitude lower than the voltage dropped across
resistors are required. However, to get the data sheet specthe internal resistor divider network. This should be consid-

#0V 0-5v 0-4v
33.2kQ
200Q 1 2000 1 R1
Vin O— WA R1,y w
Rl
2 2
AGND1 AGND1
AGND1
R2, R2p
R2)y
33.2kQ CAP
CAP
CAP
REF
REF
AGND2 REF
AGND2
AGND2
FIGURE 7a. Circuit Diagrams (With Hardware Trim).
+10V 0-5v 0-4v
2000
Vi O—M— R1,, 2000 1 33.2kQ
v ‘/\/\/\ ] Rl
2 acnD1 2 1
€ 33.2kQ AGND1 YW Rl
66.5kQ 3 K? 200Q
2
+5V R2)y Vi O— M 3 ro, OV, AGND1
100Q 100Q Y?
4
CAP
2.20F = cAP YW R2

2.2uF
REF

5 5
L
6 2.2uF
AGND2

FIGURE 7b. Circuit Diagrams (Without Hardware Trim).

CAP

3
4
_1*
E 5
i
6
$ AGND2
BURR - BROWN ©
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ered when choosing the accuracy and drift specifications ofTo further analyze the effects of removing any combination
the external resistors. In most applications, 1% metal-film of the external resistors, consider Figure 9. The combination
of the external and the internal resistors form a voltage

resistors will be sufficient.

The external resistors shown in Figure 7b may not be
necessary in some applications. These resistors provid
compensation for an internal adjustment of the offset an

gain which allows calibration with a single supply. Not
using the external resistors will result in offset and gain
errors in addition to those listed in the electrical specifica-

tions section. Offset refers to the equivalent voltage of the

divider which reduces the input signal to a 0.3125V to

£-8125V input range at the CDAC. The internal resistors are

glaser trimmed to high relative accuracy to meet full specifi-

cations. The actual input impedance of the internal resistor
network looking into pin 1 or pin 3 however, is only accurate
to £20% due to process variations. This should be taken into

digital output when converting with the input grounded. A Nal resistors.
positive gain error occurs when the equivalent output volt-

age of the digital output is larger than the analog input. ReferREFERENCE

to Table VIII for nominal ranges of gain and offset errors o
with and without the external resistors. Refer to Figure 8 for The ADS7806 can operate with its internal 2.5V reference or

typical shifts in the transfer functions which occur when the an external reference. By applying an external reference to
external resistors are removed.

account when determining the effects of removing the exter-

INPUT OFFSET ERROR GAIN ERROR

RANGE W/ RESISTORS W/OUT RESISTORS W/ RESISTORS W/OUT RESISTORS

V) RANGE (mV) RANGE (mV) TYP (mV) RANGE (% FS) RANGE (% FS) TYP

+10 -10 < BPZ <10 0<BPZ<35 +15 -04<G<04 -03<G<05 +0.05
0.15 < GM £ 0.15 -0.1<GW <02 +0.05

Oto5 -3<UPO <3 -12 < UPO < -3 -7.5 -04<G<04 -1.0<G<01 -0.2
0.15< GM <0.15 -0.55 < GW < -0.05 -0.2

Oto4 -3<UPO <3 -10.5<UPO<-15 -6 -04<G<04 -1.0<G<01 -0.2
-0.15<GW <0.15 -0.55 < GM < -0.05 -0.2

Note: (1) High Grade.

TABLE VIII. Range of Offset and Gain Errors with and without External Resistors

(a) Bipolar (b) Unipolar
Digital Output Digital Output
+Full Scale — +Full Scale —

4 Analog Input

7/ —Full Scale

4 Analog Input

4 —— —Full Scale

————— Typical Transfer Functions
With External Resistors

Typical Transfer Functions
Without External Resistors

FIGURE 8. Typical Transfer Functions With and Without External Resistors.

BURR - BROWN®
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1
200Q | 39.8KkQ
T O CDAC (High Impedance)
: (0.3125V to 2.8125V)
1
X 20kQ 40kQ
1
1
| +2.5V
1
1
+25V 1
1
2000 | 39.8kQ
+ O CDAC (High Impedance)
1
. (0.3125V to 2.8125V)
1
! 20kQ 40kQ
1
1
+2.5V +2.5V
1
2000 . 39.8kQ
Vi —/\\ O CDAC (High Impedance)
! (0.3125V to 2.8125V)
33.2kQ :
100Q 1 9.9kQ 20kQ 40kQ
1
+2.5V : +2.5V

FIGURE 9. Circuit Diagrams Showing External and Internal Resistors.

pin 5, the internal reference can be bypassed; REFD (pin 26
tied HIGH will power-down the internal reference reducing

the overall power consumption of the ADS7806 by approxi-
mately 5mW. CAP Lo

The internal reference has approximately an 8 pprdtift (Pin 4)
(typical) and accounts for approximately 20% of the full
scale error (FSE 20.5% for low grade+0.25% for high A
grade).

. REF o Internal
The ADS7806 also has an internal buffer for the reference (Pin 5) —— Reference
voltage. See Figure 10 for characteristic impedances at the REF
input and output of the buffer with all combinations of
power down and reference down.

CDAC

REF PWRD 0 PWRD 0 PWRD 1 PWRD 1
REFD 0 REFD 1 REFD 0 REFD 1

REF (pin 5) is an input for an external reference or the outpuf [*7_ ") 1 1 200 200
for the internal 2.5V reference. A R tantalum capacitor 2. (@ ok 100M 6k 100M
should be connected as close as possible to the REF pin from
ground. This capacitor and the output resistance of REH
create a low pass filter to bandlimit noise on the reference. —
Using a smaller value capacitor will introduce more noise to FIGURE 10. Characteristic Impedances of Internal Buffer.
the reference, degrading the SNR and SINAD. The REF pin

should not be used to drive external AC or DC loads. SeeCAP

Figure 10. CAP (pin 4) is the output of the internal reference buffer. A
The range for the external reference is 2.3V to 2.7V and2.2uF tantalum capacitor should be placed as close as
determines the actual LSB size. Increasing the referencepossible to the CAP pin from ground to provide optimum
voltage will increase the full scale range and the LSB size ofswitching currents for the CDAC throughout the conversion

the converter which can improve the SNR. cycle. This capacitor also provides compensation for the
BURR - BROWN®
15 ADS7806
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output of the buffer. Using a capacitor any smaller th&h 1  loading effects on the external reference. See Figure 10 for
can cause the output buffer to oscillate and may not havethe characteristic impedance of the reference buffer’s input
sufficient charge for the CDAC. Capacitor values larger than for both REFD HIGH and LOW. The internal reference

2.2uF will have little affect on improving performance. See
Figures 10 and 11.

The output of the buffer is capable of driving up to 1mA of
current to a DC load. Using an external buffer will allow the

consumes approximately 5mw.

LAYOUT

internal reference to be used for larger DC loads and ACPOWER

loads. Do not attempt to directly drive an AC load with the
output voltage on CAP. This will cause performance degra-
dation of the converter.

7000

6000

5000

4000

3000

/

2000

1000

/

0.1 1 10

“CAP” Pin Value (UF)

100

FIGURE 11. Power-Down to Power-Up Time vs Capacitor
Value on CAP.

REFERENCE
AND POWER DOWN

For optimum performance, tie the analog and digital power
pins to the same +5V power supply and tie the analog and
digital grounds together. As noted in the electrical specifica-
tions, the ADS7806 uses 90% of its power for the analog
circuitry. The ADS7806 should be considered as an analog
component.

The +5V power for the A/D should be separate from the +5V
used for the system’s digital logic. Connectingd/(pin 28)
directly to a digital supply can reduce converter performance
due to switching noise from the digital logic. For best
performance, the +5V supply can be produced from what-
ever analog supply is used for the rest of the analog signal
conditioning. If +12V or +15V supplies are present, a simple
+5V regulator can be used. Although it is not suggested, if
the digital supply must be used to power the converter, be
sure to properly filter the supply. Either using a filtered
digital supply or a regulated analog supply, bothcvand

V ana Should be tied to the same +5V source.

GROUNDING

Three ground pins are present on the ADS78@@0s the
digital supply ground. Axp iS the analog supply ground.
Acnpz IS the ground to which all analog signals internal to
the A/D are referenced.g\p; IS more susceptible to current

The ADS7806 has analog power down and reference poweinduced voltage drops and must have the path of least

down capabilities via PWRD (pin 25) and REFD (pin 26)
respectively. PWRD and REFD HIGH will power down all
analog circuitry maintaining data from the previous conver-

sion in the internal registers, provided that the data has no

already been shifted out through the serial port. Typical
power consumption in this mode is| 8. Power recovery

is typically 1ms, using a 2.F capacitor connected to CAP.
See Figure 11 for power-down to power-up recovery time
relative to the capacitor value on CAP. With +5V applied to
Ve, the digital circuitry of the ADS7806 remains active at
all times, regardless of PWRD and REFD states.

PWRD

PWRD HIGH will power down all of the analog circuitry
except for the reference. Data from the previous conversio
will be maintained in the internal registers and can still be
read. With PWRD HIGH, a convert command yields mean-
ingless data.

REFD

REFD HIGH will power down the internal 2.5V reference.
All other analog circuitry, including the reference buffer,
will be active. REFD should be HIGH when using an

n

resistance back to the power supply.

All the ground pins of the A/D should be tied to an analog

round plane, separated from the system’s digital logic
ground, to achieve optimum performance. Both analog and
digital ground planes should be tied to the “system” ground
as near to the power supplies as possible. This helps to
prevent dynamic digital ground currents from modulating
the analog ground through a common impedance to power
ground.

SIGNAL CONDITIONING

The FET switches used for the sample hold on many CMOS
A/D converters release a significant amount of charge injec-
tion which can cause the driving op amp to oscillate. The
amount of charge injection due to the sampling FET switch
on the ADS7806 is approximately 5-10% of the amount on
similar ADCs with the charge redistribution DAC (CDAC)
architecture. There is also a resistive front end which attenu-
ates any charge which is released. The end result is a
minimal requirement for the drive capability on the signal
conditioning preceding the A/D. Any op amp sufficient for
the signal in an application will be sufficient to drive the
ADS7806.

external reference to minimize power consumption and the

BURR - BROWN®
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The resistive front end of the ADS7806 also provides a bus. This interface and the following discussion assume a
guaranteed25V overvoltage protection. In most cases, this master clock for the QSPI interface of 16.78MHz. Notice
eliminates the need for external over voltage protectionthat the serial data input of the microcontroller is tied to the
circuitry. MSB (D7) of the ADS7806 instead of the serial output
(SDATA). Using D7 instead of the serial port offers tri-state
capability which allows other peripherals to be connected to
the MISO pin. When communication is desired with those

The ADS.7806 do_es have tri-state outputs fo_r the Ioarall(_alperipherals, PCSO0 and PCS1 should be left HIGH; that will
port, but intermediate latches should be used if the bus W'”keep D7 tri-stated and prevent a conversion from taking
be active during conversions. If the bus is not active duringglace

conversion, the tri-state outputs can be used to isolate th
A/D from other peripherals on the same bus.

INTERMEDIATE LATCHES

In this configuration, the QSPI interface is actually set to do

. - - two different serial transfers. The first, an eight bit transfer,
Intermediate latches are beneflglal on any mqnol|th|c A/D causes PCSO (R/C) and PCST (CS) to go LOW starting a
conve.rter. The ADS?SOE.S ha; an !nternal LSB size ofig10 conversion. The second, a twelve bit transfer, causes only
Transients from fast_ svv_ﬂchmg signals on the parallel port, PCS1 (CS) to go LOW. This is when the valid data will be
even when the A/D is tri-stated, can be coupled through thetransferred.

substrate to the analog circuitry causing degradation of
converter performance. The effects of this phenomenon will

be more obvious when using the pin-compatible ADS7807 QSPI ADS7806 .
or any of the other 16-bit converters in the ADS Family. This
is due to the smaller internal LSB size ou$8 PCSO RIC  EXTANT —?
PCS1 cs
APPLICATIONS INFORMATION scK DATACLK
S
QSPI INTERFACING MISO p7(MSe)
Figure 12 shows a simple interface between the ADS7806
and any QSPI equipped microcontroller. This interface as-
sumes that the convert pulse does not originate from thg BYTE
microcontroller and that the ADS7806 is the only serial CPOL =0 477
peripheral. CPHA=0

Before enabling the QSPI interface, the microcontroller FjGURE 13. QSPI Interface to the ADS7806. Processor
must be configured to monitor the slave select line. When a Initiates Conversions.

transition from LOW to HIGH occurs on Slave Select (SS)
from BUSY (indicating the end of the current conversion), . .
the port can be enabled. If this is not done, the microcontrollerFOr both transfers, the DT regls_ter (dela)_/ after transfer) is
and the and the A/D may be “out-of-sync.” used to cause a [1_§ delay. The mterfacg is also set up to

_ _ wrap to the beginning of the queue. In this manner, the QSPI
Figure 13 shows another interface between the ADS7806is 5 state machine which generates the appropriate timing for
and a QSPI equipped microcontroller. The interface allows {hne ADS7806. This timing is thus locked to the crystal based
the microcontroller to give the convert pulses while also timing of the microcontroller and not interrupt driven. So,
allowing multiple peripherals to be connected to the serial ihjs interface is appropriate for both AC and DC measure-

ments.

QSPI

PCS0/SS
MOSI

SCK

Convert Pulse

En

ADS7806

CPOL = 0 (Inactive State is LOW)
CPHA =1 (Data valid on falling edge)
QSPI port is in slave mode.

RIC
BUSY
SDATA
DATACLK
cs
EXT/INT

BYTE

Artisan Technology Group - Quality Instrumentation

FIGURE 12. QSPI Interface to the ADS7806.

For the fastest conversion rate, the baud rate should be set to
two (4.19MHz SCK), DT set to ten, the first serial transfer
set to eight bits, the second set to twelve bits, and DSCK
disabled (in the command control byte). This will allow for

a 23kHz maximum conversion rate. For slower rates, DT
should be increased. Do not slow SCK as this may increase
the chance of affecting the conversion results or accidently
initiating a second conversion during the first eight bit
transfer.

In addition, CPOL and CPHA should be set to zero (SCK
normally LOW and data captured on the rising edge). The
command control byte for the eight bit transfer should be set
to 20H and for the twelve bit transfer to 61H.

BURR - BROWN®
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SPI INTERFACE the pulse width is (0.7)RC. Choosing a pulse width as close

The SPI interface is generally only capable of 8-bit data t0 the minimum value specified in this data sheet will offer
transfers. For some microcontrollers with SPI interfaces, it the best performance. See Siarting A Conversion sec-
might be possible to receive data in a similar manner astion of this data sheet for details on the conversion pulse
shown for the QSPI interface in Figure 12. The width.

microcontroller will need to fetch the 8 most significant bits The maximum conversion rate for a 20.48MHz DSP56000
before the contents are overwritten by the least significantis 35.6kHz. If a slower oscillator can be tolerated on the
bits. DSP56000, a conversion rate of 40kHz can be achieved by

A modified version of the QSPI interface shown in Figure 13 Using a 19.2MHz clock and a prescale modulus of four.
might be possible. For most microcontrollers with SPI inter-
face, the automatic generation of the start-of-conversion
pulse will be impossible and will have to be done with
software. This will limit the interface to ‘DC’ applications
due to the insufficient jitter performance of the convert pulse

Convert Pulse

itself. DSP56000 ADS7806
DSP56000 INTERFACING RIC
The DSP56000 serial interface has an SPI compatibility sc1 BUSY
mode with some enhancements. Figure 14 shows an interf SRD SDATA
face between the ADS7806 and the DSP56000 which is very
similar to the QSPI interface seen in Figure 12. As men- S€o DATACLK
tioned in the QSPI section, the DSP56000 must be pro- cs
grammed to enable the interface when a LOW to HIGH EXTANT
transition on SC1 is observed (BUSY going HIGH at the end

. SYN = 0 (Asychronous) BYTE
of COﬂVEI’SIOI’]). GCK =1 (Gated clock)

The DSP56000 can also provide the convert pulse by includ-
ing a monostable multi-vibrator as seen in Figure 15. The
receive and transmit sections of the interface are decouple
(asynchronous mode) and the transmit section is set tO
generate a word length frame sync every other transmitFIGURE 14. DSP56000 Interface to the ADS7806.
frame (frame rate divider set to two). The prescale modulus

should be set to five.

SCD1 =0 (SC1is an input)
SHFD = 0 (Shift MSB first)
WL1=0 WLO=1 (Word length =12 bits)

The monostable multi-vibrator in this circuit will provide

varying pulse widths for the convert pulse. The pulse width
will be determined by the external R and C values used with
the multi-vibrator. The 74HCT123N data sheet shows that

74HCT123N
DSP56000 5V o 5V
Bl Rexr1 T\/\/\/\_?
C
sc2 CLR1 Cexr1 T ADS7806
g Al Q1 RIC
Sco DATACLK
SRD SDATA
Cs
SYN = 0 (Asychronous) EXT/INT
GCK =1 (Gated clock)
SCD2 =1 (SC2 is an output) BYTE
SHFD = 0 (Shift MSB first)
WL1=0 WLO=1 (Word length = 16 bits)

FIGURE 15. DSP56000 Interface to the ADS7806. Processor Initiates Conversions.
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BURR - BROWN®
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FEATURES

et

Low-Power 16-Bit Sampling CMOS
ANALOG-to-DIGITAL CONVERTER

ADS7807

DESCRIPTION

e 35mW max POWER DISSIPATION The ADS7807 is a low-power, 16-bit, sampling A/D
e 50pW POWER DOWN MODE using state-of-the-art CMOS structures. It contains a
e 254 max ACQUISITION AND complete 16-bit, capacno.r-based, SAR A/D with S/H,
clock, reference, and microprocessor interface with
CONVERSION : .
parallel and serial output drivers.
+
* *L5LSB max INL o The ADS7807 can acquire and convert 16-bits to
¢ DNL: 16 bits “No Missing Codes within +1.5LSB in 2%is max while consuming only
e 86dB min SINAD WITH 1kHz INPUT 35mW max. Laser-trimmed scaling resistors provide
e +10V, OV TO +5V, AND OV TO +4V INPUT standard industrial input ranges &0V and 0V to
RANGES +5V. In addition, a OV to +4V range allows develop-
e SINGLE 45V SUPPLY OPERATION ment of complete single supply systems.
e PARALLEL AND SERIAL DATA OUTPUT The _28-p|n ADS7807 is avallab_lt_e in a plastic Q.S DIP
and in an SOIC, both fully specified for operation over
¢ PIN-COMPATIBLE WITH 12-BIT ADS7806 the industrial —4%C to +85C temperature range.
e USES INTERNAL OR EXTERNAL
REFERENCE
e 28-PIN 0.3" PLASTIC DIP AND SOIC
~—— RIC
Clock ) . ) i ~—— CS
Successive Approximation Register and Control Logic BYTE
~—— Power
iﬁ Down
40kQ COAC
Rl 1 1T T 1
I """""""" —= BUSY
Parallel Serial Data
Lok 20kQ << 40kQ ) T_T_T_T_f_ j §7 and Clock
R2yy —o Comparator Serial
Data — Serial Data
CAP O out
Buffer %> Parallel Data
—1— 6kQ Reference
REF O vV \/— +|2n;i;n:Lf -~--—— Power
: Down

International Airport Industrial Park «  Mailing Address: PO Box 11400
Tel: (520) 746-1111 » Twx: 910-952-1111 + Cable: BBRCORP

+  Tucson, AZ 85734
o Telex: 066-6491

+ Street Address: 6730 S. Tucson Blvd. + Tucson, AZ 85706
FAX: (520) 889-1510 + Immediate Product Info: (800) 548-6132

©1992 Burr-Brown Corporation
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SPECIFICATIONS

ELECTRICAL
At T, = -40°C to +85°C, fg = 40kHz, Vg = Vana = 15V, using internal reference and fixed resistors shown in Figure 7b, unless otherwise specified.
ADS7807P, U ADS7807PB, UB
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
RESOLUTION 16 * Bits
ANALOG INPUT
Voltage Ranges +10, 0 to +5, 0 to +4 \%
Impedance (See Table 1)
Capacitance 35 * pF
THROUGHPUT SPEED
Conversion Time 20 * Hs
Complete Cycle Acquire and Convert 25 * Hs
Throughput Rate 40 * kHz
DC ACCURACY
Integral Linearity Error +3 +1.5 LSB®
Differential Linearity Error +3, -2 +1.5, -1 LSB
No Missing Codes 15 16 Bits
Transition Noise@ 0.8 * LSB
Gain Error 0.2 +0.1 %
Full Scale Error®4) +0.5 +0.25 %
Full Scale Error Drift +7 +5 ppm/°C
Full Scale Error®4) Ext. 2.5000V Ref +0.5 +0.25 %
Full Scale Error Drift Ext. 2.5000V Ref +0.5 * ppm/°C
Bipolar Zero Error®3) +10V Range +10 * mv
Bipolar Zero Error Drift +10V Range +0.5 * ppm/°C
Unipolar Zero Error® 0V to 5V, OV to 4V Ranges +3 * mvV
Unipolar Zero Error Drift 0V to 5V, 0V to 4V Ranges +0.5 * ppm/°C
Recovery Time to Rated Accuracy 2.2uF Capacitor to CAP 1 * ms
from Power Down(®)
Power Supply Sensitivity +4.75V < Vg < +5.25V +8 * LSB
(Voic = Vana = Vs)
AC ACCURACY
Spurious-Free Dynamic Range fin = 1kHz, £10V 90 100 96 * dB®
Total Harmonic Distortion fin = 1kHz, £10V -100 -90 * -96 dB
Signal-to-(Noise+Distortion) fin = 1kHz, £10V 83 88 86 * dB
—60dB Input 30 32 dB
Signal-to-Noise fin = 1kHz, x10V 83 88 86 * dB
Usable Bandwidth(® 130 * kHz
Full Power Bandwidth (-3dB) 600 * kHz
SAMPLING DYNAMICS
Aperture Delay 40 * ns
Aperture Jitter 20 * ps
Transient Response FS Step 5 * Hs
Overvoltage Recovery(®) 750 * ns
REFERENCE
Internal Reference Voltage No Load 2.48 25 2.52 * * * \
Internal Reference Source Current 1 * HA
(Must use external buffer.)
Internal Reference Drift 8 * ppm/°C
External Reference Voltage Range 2.3 25 2.7 * * * \Y
for Specified Linearity
External Reference Current Drain Ext. 2.5000V Ref 100 * HA
DIGITAL INPUTS
Logic Levels
Vi -0.3 +0.8 * * \Y
Viu +2.0 Vp +0.3V * * \
I VL =0V +10 * HA
Iy Vyy = 5V £10 * HA
DIGITAL OUTPUTS ) Parallel 16 bits in 2-bytes; S_erial )
Data Format Binary Two's Complement or Straight Binary
Data Coding
VoL Isink = 1.6MA +0.4 * \%
Vou Isource = SO00HA +4 * \
Leakage Current High-Z State, 5 * HA
Vour = 0V to Vpig
Output Capacitance High-Z State 15 * pF
BURR - BROWN®
ADS7807 2
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SPECIFICATIONS (conT)

ELECTRICAL

At T, = —40°C to +85°C, fg = 40kHz, Vg = Vana = 5V, using internal reference and fixed resistors shown in Figure 7b, unless otherwise specified.

ADS7807P, U ADS7807PB, UB
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
DIGITAL TIMING
Bus Access Time R, = 3.3kQ, C_ = 50pF 83 * ns
Bus Relinquish Time R, = 3.3kQ, C_ = 10pF 83 * ns
POWER SUPPLIES
Specified Performance
Vois Must be < Vana +4.75 +5 +5.25 * * * \
Vana +4.75 +5 +5.25 * * * Y%
Ibig 0.6 * mA
IANA 5.0 * mA
Power Dissipation Vana = Vpig = 5V, fg = 40kHz 28 35 * * mw
REFD HIGH 23 * mwW
PWRD and REFD HIGH 50 * W
TEMPERATURE RANGE
Specified Performance -40 +85 * * °C
Derated Performance -55 +125 * * °C
Storage —65 +150 * * °C
Thermal Resistance (6;,)
Plastic DIP 75 * °C/IW
SOIC 75 * °C/IW

NOTES: (1) LSB means Least Significant Bit. One LSB for the +10V input range is 305uV. (2) Typical rms noise at worst case transition. (3) As measured with
fixed resistors shown in Figure 7b. Adjustable to zero with external potentiometer. (4) Full scale error is the worst case of —Full Scale or +Full Scale untrimmed
deviation from ideal first and last code transitions, divided by the transition voltage (not divided by the full-scale range) and includes the effect of offset error. (5)
This is the time delay after the ADS7807 is brought out of Power Down Mode until all internal settling occurs and the analog input is acquired to rated accuracy.
A Convert Command after this delay will yield accurate results. (6) All specifications in dB are referred to a full-scale input. (7) Usable Bandwidth defined as Full-
Scale input frequency at which Signal-to-(Noise + Distortion) degrades to 60dB. (8) Recovers to specified performance after 2 x FS input overvoltage.

ABSOLUTE MAXIMUM RATINGS

... 225V
... 225V
Vana +0.3V to AGND2 —0.3V
Indefinite Short to AGND2,
Momentary Short to Vya
Ground Voltage Differences: DGND, AGND1, and AGND2 ............. £0.3V
VANA rovermsmsmmsms s
Vbic 10 Vana
Vois
Digital Inputs
Maximum Junction Temperature
Internal Power Dissipation ......
Lead Temperature (soldering, 10s)...

Analog Inputs: R1y ...

~0.3V to Vg +0.3V
.. +165°C
... 825mW
.. +300°C

ORDERING INFORMATION

ELECTROSTATIC
(@A DISCHARGE SENSITIVITY

Electrostatic discharge can cause damage ranging from
performance degradation to complete device failure. Burr-
Brown Corporation recommends that this integrated circuit
be handled and stored using appropriate ESD protection
methods.

MAXIMUM GUARANTEED MINIMUM
INTEGRAL NO MISSING SIGNAL-TO- SPECIFICATION
LINEARITY CODE LEVEL (NOISE + DISTORTION) | TEMPERATURE
MODEL ERROR (LSB) (LSB) RATIO (dB) RANGE PACKAGE
ADS7807P +3 15 83 —40°C to +85°C Plastic DIP
ADS7807PB +1.5 16 86 —40°C to +85°C Plastic DIP
ADS7807U +3 15 83 —40°C to +85°C SoIcC
ADS7807UB +1.5 16 86 —40°C to +85°C SoIc
PACKAGE INFORMATION
PACKAGE DRAWING
MODEL PACKAGE NUMBER @
ADS7807P Plastic DIP 246
ADS7807PB Plastic DIP 246
ADS7807U SoIC 217
ADS7807UB SoIC 217
NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix D of Burr-Brown IC Data Book.
BURR - BROWN®
3 ADS7807
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DIGITAL
PIN # NAME 110 DESCRIPTION

1 Rl Analog Input. See Figure 7.

2 AGND1 Analog Sense Ground.

3 R2\ Analog Input. See Figure 7.

4 CAP Reference Buffer Output. 2.2pF tantalum capacitor to ground.

5 REF Reference Input/Output. 2.2pF tantalum capacitor to ground.

6 AGND2 Analog Ground.

7 SB/BTC | Selects Straight Binary or Binary Two’s Complement for Output Data Format.

8 EXT/INT I External/internal data clock select.

9 D7 (@) Data Bit 7 if BYTE is HIGH. Data bit 15 (MSB) if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW. Leave
unconnected when using serial output.

10 D6 O Data Bit 6 if BYTE is HIGH. Data bit 14 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW.

11 D5 O Data Bit 5 if BYTE is HIGH. Data bit 13 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW.

12 D4 [e] Data Bit 4 if BYTE is HIGH. Data bit 12 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW.

13 D3 O Data Bit 3 if BYTE is HIGH. Data bit 11 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW.

14 DGND Digital Ground.

15 D2 (@) Data Bit 2 if BYTE is HIGH. Data bit 10 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW.

16 D1 O Data Bit 1 if BYTE is HIGH. Data bit 9 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW.

17 DO O Data Bit 0 (LSB) if BYTE is HIGH. Data bit 8 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW.

18 DATACLK 110 Data Clock Output when EXT/INT is LOW. Data clock input when EXT/INT is HIGH.

19 SDATA (@] Serial Output Synchronized to DATACLK.

20 TAG | Serial Input When Using an External Data Clock.

21 BYTE | Selects 8 most significant bits (LOW) or 8 least significant bits (HIGH) on parallel output pins.

22 R/IC | With CS LOW and BUSY HIGH, a Falling Edge on R/C Initiates a New Conversion. With CS LOW, a rising edge on R/C
enables the parallel output.

23 CsS I Internally OR'd with R/C. If R/C is LOW, a falling edge on CS initiates a new conversion. If EXT/INT is LOW, this same
falling edge will start the transmission of serial data results from the previous conversion.

24 BUSY (0] At the start of a conversion, BUSY goes LOW and stays LOW until the conversion is completed and the digital outputs
have been updated.

25 PWRD | PWRD HIGH shuts down all analog circuitry except the reference. Digital circuitry remains active.

26 REFD | REFD HIGH shuts down the internal reference. External reference will be required for conversions.

27 Vana Analog Supply. Nominally +5V. Decouple with 0.1uF ceramic and 10pF tantalum capacitors.

28 Vbie Digital Supply. Nominally +5V. Connect directly to pin 27. Must be < Vpya.

TABLE I. Pin Assignments.

PIN CONFIGURATION ANALOG CONNECT R1 CONNECT R2)y
INPUT VIA 200Q VIA 100Q
\_/ RANGE TO TO IMPEDANCE
Rl | 1 28 | Vo +10V Vin CAP 45.7kQ
0V to 5V AGND Vin 20.0kQ
AGND1| 2 27 | Vana 0V to 4V Vin Vin 21.4kQ
R2,| 3 26 | REFD TABLE II. Input Range Connections. See also Figure 7.
CAP| 4 25 | PWRD
REF| 5 24 | BUSY
AGND2 | 6 23| Cs
SB/BTC| 7 22 | RIC
_ ADS7807
EXT/INT| 8 21 | BYTE
D7| 9 20 | TAG
D6 | 10 19 | SDATA
D5|11 18 | DATACLK
D412 17 | DO
D3| 13 16 | D1
DGND | 14 15 | D2

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems.

BURR - BROWN®
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TYPICAL PERFORMANCE CURVES

At T = +25°C, fg = 40kHz, Vg = Vana = 5V, using internal reference and fixed resistors shown in Figure 7b, unless otherwise specified.

FREQUENCY SPECTRUM FREQUENCY SPECTRUM
(8192 Point FFT; f,\, = 1kHz, 0dB) (8192 Point FFT; f, = 15kHz, 0dB)
0 0
~10 -10
-20 -20
-30 -30
@ -40 o 40
k) k)
=~ 50 o 90
Q ()
s 60 g 60
5 -70 5 -0
£ s Z -80
~90 -90
-100 -100
-110 +— -110
-120 -120
~130 -130
0 5 10 15 20 0 5 10 15 20
Frequency (kHz) Frequency (kHz)
SIGNAL-TO-(NOISE + DISTORTION) SIGNAL-TO-(NOISE + DISTORTION)
vs INPUT FREQUENCY (f,, = 0dB) vs INPUT FREQUENCY AND INPUT AMPLITUDE
100 100
90 =] %0 0dB
80 80
N —20dB
70 70
) )
T 60 \ Z 60
2 \ 2
Z 50 Z 50
[ )
40 40
—60dB
30 30
20 20
10 10
100 1k 10k 100k M 0 2 4 6 8 10 12 14 16 18 20
Input Signal Frequency (Hz) Input Signal Frequency (kHz)
SIGNAL-TO-(NOISE + DISTORTION) vs TEMPERATURE A.C. PARAMETERS vs TEMPERATURE
(fIN = 1kHz, 0dB; fS = 10kHz to 40kHz) (fIN = 1kHz, 0dB)
100 110 -80
. SFDR
95 g 105 N . -85
10KHZ gy 1 x § ] —
. 20kHz &» 100 N -90
2% L E g
= 40kHz 5 =
) —— - 95 -95
S —— ? THD 2
5 85 z N SNR \ =
» 90 P — -100
o ——— <
[a) T—
80 g N
»n 85 -105
SINAD
75 80 -110
-75 50 -25 0 25 50 75 100 125 150 -75 -50 -25 0 25 50 75 100 125 150
Temperature (°C) Temperature (°C)
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TYPICAL PERFORMANCE CURVES (CONT)

At Tp = +25°C, fg = 40kHz, Vi = Vana = 5V, using internal reference and fixed resistors shown in Figure 7b, unless otherwise specified.

3 \
» 2 [~ AllCodes INL
m |
) 1
-
= 0
o -1
—
-2
2 —
0 8192 16384 24576 32768 40960 49152 57344 65535
Decimal Code
3 T
» 2 [~ AllCodes DNL
v} |
n 1
-
o -1
- 2
-3
0 8192 16384 24576 32768 40960 49152 57344 65535
Decimal Code
ENDPOINT ERRORS (20V BIPOLAR RANGE)
K ‘ ®
3 g |— BPZ Error é
g é —— £
(TR fme"] [T
> -1 = >
[S -2 €
e g | +FS Error. b g
o o
2 0 <
g5 g s
% _0.20 *
Ta 0.20 —FS Error =
852 o 53
(&) o
o E E £
& -0.20 I
-75 50 -25 0 25 50 75 100 125 150
Temperature (°C)
INTERNAL REFERENCE VOLTAGE vs TEMPERATURE
2.520
2515
2.510 —
e g
[}
o 2505 Q
c 1S
5 I =
% 2.500 S
24 I2)
€ 2495 g
8 s
£ 2490 ©
2.485
2.480
-75 50 -25 O 25 50 75 100 125 150
Temperature (°C)
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POWER SUPPLY RIPPLE SENSITIVITY
INL/DNL DEGRADATION PER LSB OF P-P RIPPLE

1
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4 101
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g 102 //
2 /
E 104 /
2 N
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CONVERSION TIME vs TEMPERATURE
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BASIC OPERATION output valid data from the previous conversion on SDATA

(pin 19) synchronized to 16 clock pulses output on
PARALLEL OUTPUT DATACLK (pin 18). BUSY (pin 24) will go LOW and stay
Figure 1a) shows a basic circuit to operate the ADS7807LOW until the conversion is completed and the serial data
with a +10V input range and parallel output. Taking R/C has been transmitted. Data will be output in Binary Two's
(pin 22) LOW for a minimum of 40ns (L& max) will Complement format, MSB first, and will be valid on both the
initiate a conversion. BUSY (pin 24) will go LOW and stay rising and falling edges of the data clock. BUSY going
LOW until the conversion is completed and the output HIGH can be used to latch the data. All convert commands
register is updated. If BYTE (pin 21) is LOW, the 8 most Wwill be ignored while BUSY is LOW.

significant bits will be valid when BUSY rises; if BYTE i The ADS7807 will begin tracking the input signal at the end
HIGH, the 8 least significant bits will be valid when BUSY 4t the conversion. Allowing 25 between convert com-

rises. Data will be output in Binary Two's Complement mands assures accurate acquisition of a new signal.
format. BUSY going HIGH can be used to latch the data.

After the first byte has been read, BYTE can be toggled

allowing the remaining byte to be read. All convert com- ; ; .
g g by pensate for this adjustment and can be left out if the offset

mands will be ignored while BUSY is LOW. o . .
) ) ] _ _ and gain will be corrected in software (refer to @adibra-
The ADS7807 will begin tracking the input signal at the end tjon section).

of the conversion. Allowing 2% between convert com-
mands assures accurate acquisition of a new signal.

The offset and gain are adjusted internally to allow external
trimming with a single supply. The external resistors com-

The offset and gain are adjusted internally to allow external STARTING A CONVERSION

trimming with a single supply. The external resistors com- The combination of CS (pin 23) and R/C (pin 22) LOW for
pensate for this adjustment and can be left out if the offseta minimum of 40ns puts the sample/hold of the ADS7807 in

and gain will be corrected in software (refer to @adibra- the hold state and starts conversion ‘n’. BUSY (pin 24) will

tion section). go LOW and stay LOW until conversion ‘n’ is completed
and the internal output register has been updated. All new

SERIAL OUTPUT convert commands during BUSY LOW will be ignored. CS

and/or R/IC must go HIGH before BUSY goes HIGH or a
new conversion will be initiated without sufficient time to
acquire a new signal.

Figure 1b) shows a basic circuit to operate the ADS7807
with a+10V input range and serial output. Taking R/C (pin
22) LOW for 40ns (1@s max) will initiate a conversion and

Parallel Output Serial Output
2000 / 2000 N -
thVO—\/\/\/‘—E 28 oL 10 +10vV o~ \MM— 1 28
— . H ! — — 0.1uF 10uF
12 127 R 2 z j—L—L—Q v
— = 66.5kQ §'77: =
3 26 %} % +5V 3 26 %
4] 7% 1000 ] o
; i BUSY 774 —25
5 U 2.2uF BUSY
L] — + [F |5 2l E—
6 2 Convert Pulse 2.2uF — — c + Pul
L° | :?7 RIE 6 23 onvert Pulse
! 2 < 1 3 RIC
— ADS7807 — BYTE | | 7 ADS7807 22— <
; i S 40ns min 8 21 -]
° > - 40ns min
= =< new [ o 20
10 19| N — 1 SDATA
= = NC® | 10 e ——
11 18 = ==
— ??7 new 11 " DATACLK
f f NCW |12 17 [NC®
o 1 (1) (1)
14 15 NC® |13 16 |NC
g —‘ g 14 15 |NCO
Pin21 B15 Bl14 B13 B12 Bll B10 B9 B8
LOW  (MSB) NOTE: (1) These pins should be left
pin21 B7 BS B5 B4 B3 B2 B1 BO ;?%onn:::GtiiThey will be active when
HIGH (LSB) is .
NOTE: (1) SDATA (pin 19) is always active.

FIGURE 1la. Basi¢10V Operation, both Parallel and Serial FIGURE 1b. Basie&z10V Operation with Serial Output.
Output.
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The ADS7807 will begin tracking the input signal at the end CS and R/C are internally OR’d and level triggered. There
of the conversion. Allowing 3% between convert com-
mands assures accurate acquisition of a new signal. Refer tiitiating a conversion. If, however, it is critical that CS or
Tables Ill and IV for a summary of CS, R/C, and BUSY R/C initiates conversion ‘n’, be sure the less critical input is
states and Figures 2 through 6 for timing diagrams.

Cs | RIC [BUSY | OPERATION
1 X X None. Databus is in Hi-Z state.
! 0 1 Initiates conversion “n”. Databus remains
in Hi-Z state.
0 ! 1 Initiates conversion “n”. Databus enters Hi-Z
state.
0 1 1 Conversion “n” completed. Valid data from
conversion “n” on the databus.
! 1 1 Enables databus with valid data from
conversion “n”.
1 1 0 Enables databus with valid data from
conversion “n-1"@). Conversion n in progress.
0 1 0 Enables databus with valid data from
conversion “n-1"@). Conversion “n” in progress.
0 0 1 New conversion initiated without acquisition
of a new signal. Data will be invalid. CS and/or
R/C must be HIGH when BUSY goes HIGH.
X X 0 New convert commands ignored. Conversion
“n” in progress.

conversion “n-1".

NOTE: (1) See Figures 2 and 3 for constraints on data valid from

Table Ill. Control Functions When Using Parallel Output

(DATACLK tied LOW, EXT/INT tied HIGH).

is not a requirement which input goes LOW first when

LOW at least 10ns prior to the initiating input. If EXT/INT
(pin 8) is LOW when initiating conversion ‘n’, serial data
from conversion ‘n-1’ will be output on SDATA (pin 19)
following the start of conversion ‘n’. Sdaternal Data
Clock in the Reading Datasection.

To reduce the number of control pin_s, CS can be tied LOW
using R/C to control the read and convert modes. This will
have no effect when using the internal data clock in the serial
output mode. However, the parallel output and the serial
output (only when using an external data clock) will be
affected whenever R/C goes HIGH. Refer to Reading
Data section.

READING DATA

The ADS7807 outputs serial or parallel data in Straight
Binary or Binary Two’s Complement data output format. If
SB/BTC (pin 7) is HIGH, the output will be in SB format,
and if LOW, the output will be in BTC format. Refer to
Table V for ideal output codes.

The parallel output can be read without affecting the internal
output registers; however, reading the data through the serial

cs RIC BUSY |EXT/INT | DATACLK | OPERATION
1 0 1 0 Output Initiates conversion “n”. Valid data from conversion “n-1" clocked out on SDATA.
0 ! 1 0 Output Initiates conversion “n”. Valid data from conversion “n-1" clocked out on SDATA.
! 0 1 1 Input Initiates conversion “n”. Internal clock still runs conversion process.
0 i 1 1 Input Initiates conversion “n”. Internal clock still runs conversion process.
1 1 1 1 Input Conversion “n” completed. Valid data from conversion “n” clocked out on SDATA synchronized
to external data clock.
1 1 0 1 Input Valid data from conversion “n-1" output on SDATA synchronized to external data clock.
Conversion “n” in progress.
0 T 0 1 Input Valid data from conversion “n-1" output on SDATA synchronized to external data clock.
Conversion “n” in progress.
0 0 1 X X New conversion initiated without acquisition of a new signal. Data will be invalid. CS and/or RIC
must be HIGH when BUSY goes HIGH.
X X 0 X X New convert commands ignored. Conversion “n” in progress.
NOTE: (1) See Figures 4, 5, and 6 for constraints on data valid from conversion “n-1".

Table IV. Control Functions When Using Serial Output.

DESCRIPTION ANALOG INPUT DIGITAL OUTPUT
Ful-Scale Range 10 sy | oveay | BNARY TWOS COMPLENENT STRAIGHT BINARY
Least Significant Bit (LSB) 305uV 76V 61V
HEX HEX
BINARY CODE CODE BINARY CODE CODE
+Full Scale (FS — 1LSB) 9.999695V 4.999924V 3.999939V 0111 1111 1111 1111 7FFF 1111 1111 1111 1111 FFFF
Midscale ov 2.5V 2v 0000 0000 0000 0000 0000 1000 0000 0000 0000 8000
One LSB Below Midscale —305uV 2.499924V 1.999939V 1111 1111 1111 1111 FFFF 0111 1111 1111 1111 7FFF
—Full Scale —10v ov ov 1000 0000 0000 0000 8000 0000 0000 0000 0000 0000
Table V. Output Codes and Ideal Input Voltages.
BURR - BROWN®
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port will shift the internal output registers one bit per data PARALLEL OUTPUT (After a Conversion)

clock pulse. As a result, data can be read on the parallel porifter conversion ‘n’ is completed and the output registers

prior to reading the same data on the serial port, but dataye been updated, BUSY (pin 24) will go HIGH. Valid data
cannot be read through the serial port prior to reading thefrom conversion ‘n’ will be available on D7-DO (pins 9-13

same data on the parallel port. and 15-17). BUSY going high can be used to latch the data.
Refer to Table VI and Figures 2 and 3 for timing constraints.

PARALLEL OUTPUT

To use the parallel output, tie EXT/INT (pin 8) HIGH and PARALLEL OUTPUT (During a Conversion)

DATACLK (pin 18) LOW. SDATA (pin 19) should be left  after conversion ‘n’ has been initiated, valid data from
unconnected. The parallel output will be active when R/C ¢onyersion 'n-1' can be read and will be valid up tps2
(pin 22) is HIGH and CS (pin 23) is LOW. Any other after the start of conversion ‘n’. Do not attempt to read data
combination of CS and R/C will tri-state the parallel output. beyond 1@s after the start of conversion ‘n’ until BUSY
Valid conversion data can be read in two 8-bit bytes on D7-(pin 24) goes HIGH; this may result in reading invalid data.

DO (pins 9-13 and 15-17) . When BYTE (pin 21) is LOW, Refer to Table VI and Figures 2 and 3 for timing constraints.
the 8 most significant bits will be valid with the MSB on D7.

When BYTE is HIGH, the 8 least significant bits will be
valid with the LSB on DO. BYTE can be toggled to read both
bytes within one conversion cycle.

Upon initial power up, the parallel output will contain
indeterminate data.

—t, — —t, —
RIC
ty —=| |=— ty — -—
- | [4 r
BUSY =tz
tg —=||=— ty —=| |
t; tg
MODE Acquire Convert Acquire Convert
b —| |=— - |t
by
tyo —= |=~—
Parallel i ) i i i ] i ] ;
aralle ) Previous ) Hi-Z Previous ngh Previous L_ow Not Valid High Byte Low Eyte Hi-z High E_Byte
Data Bus High Byte Valid Byte Valid Byte Valid Valid Valid Valid
t - |~
tg — ‘<_ tyy —=| |=— ty, —=| |~— —| |—ty, — |-t
BYTE

FIGURE 2. Conversion Timing with Parallel Output (CS and DATACLK tied LOW, EXT/INT tied HIGH).

|ty | =ty |ty | ety | [ty ‘<—t21

we 11T [T 1

___ t
BUSY 4

<—t21 | 4—121 - 4—(21 - ‘4—t21

S ARIAARARARARAARARANAR [1]

DQEQ Hi-Z State High ByteX Hi-Z State| X Low Byte Hi-Z State
| |ty e et | -ty | -t

t12 9 tlZ

FIGURE 3. Using_CS to Control Conversion and Read Timing with Parallel Outputs.
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SERIAL OUTPUT

Data can be clocked out with the internal data clock or anTo use the internal data clock, tie EXT/INT (pin 8) LOW.
external data clock. When using serial output, be careful The combination of R/C (pin 22) and CS (pin 23) LOW will
with the parallel outputs, D7-DO (pins 9-13 and 15-17), as initiate conversion ‘n’ and activate the internal data clock
these pins will come out of Hi-Z state whenever CS (pin 23) (typically 900kHz clock rate). The ADS7807 will output 16
is LOW and R/C (pin 22) is HIGH. The serial output can not bits of valid data, MSB first, from conversion ‘n-1' on
be tri-stated and is always active. Refer toApplications
Information section for specific serial interfaces.

INTERNAL DATA CLOCK (During a Conversion)

SDATA (pin 19), synchronized to 16 clock pulses output on
DATACLK (pin 18). The data will be valid on both the
rising and falling edges of the internal data clock. The rising

edge of BUSY (pin 24) can be used to latch the data. After
SYMBOL DESCRIPTION MIN | TYP | MAX JUNITS the 16th clock pulse, DATACLK will remain LOW until the
Et Convert Pulse Width 0.04 2] s next conversion is initiated, while SDATA will go to what-
B Data Valid Delay after R/C LOW 1] 20| ps ever logic level was input on TAG (pin 20) during the first
t3 BUSY Delay from 85 | ns clock pulse. Refer to Table VI and Figure 4.
Start of Conversion
t BUSY LOW 19 | 20 | ps
_ EXTERNAL DATA CLOCK
ts BUSY Delay after 90 ns . _ .
End of Conversion To use an external data clock, tie EXT/INT (pin 8) HIGH. The
t Aperture Delay 40 ns external data clock is not a conversion clock; it can only be
t, Conversion Time 19| 20 | ps used as a data clock. To enable the output mode of the
s Acquisition Time 5 | us ADS7807, CS (pin 23) must be LOW and R/C (pin 22) must
% Bus Relinquish Time 10 a3 | ns be HIGH. DATACLK must be HIGH for 20% to 70% of the
e BUSY Delay after Data Valid 20 | eo o total data clqck period; the clock ra_te can be between DC and
. brevious Data Valid | 19 . 10MHz. Serial data from conversion ‘n’ can be output on
" after Start of Conversion . SDATA (pin 19) after conversion ‘n’ is completed or during
t1o Bus Access Time and BYTE Delay 83 ns conversion ‘n + 1'.
ts Start of Conversion 1.4 us An obvious way to simplify control of the converter is to tie
to DATACLK Delay CS LOW and use R/C to initiate conversions.
s DATACLK Period 11 He While this is perfectly acceptable, there is a possible prob-
s Data \}’j‘l'(';dH‘"DZgACLK 2075 ns lem when using an external data clock. At an indeterminate
) point from 12us after the start of conversion ‘n’ until BUSY
tis Data Valid after DATACLK 400 | 600 ns . : S S
LOW Delay rises, the internal logic will shift the results of conversion ‘n
- External DATACLK Period 100 ns into the output_reg|ster. If CS_ is L_OW, R/C HIGH, and the
e External DATACLK LOW 0 ns external clock is HIGH at this point, data will be lost. So,
with CS LOW, either R/C and/or DATACLK must be LOW
tig External DATACLK HIGH 50 ns . . . . . .
— _ during this period to avoid losing valid data.
tho CS and R/C to External 25 ns
DATACLK Setup Time
ty R/C to CS Setup Time 10 ns
too Valid Data after DATACLK HIGH | 25 ns
t; + tg Throughput Time 25 us

TABLE VI. Conversion and Data Timing.,T= —4C0C to
+85°C.

S Lt

CS or RIC® —\ r

-ty — 1

-—t,—

DATACLK

—

1l

,

\
N
)

/
N
— N

ts

/( MSB Valid X Bit 14 Valid X

-~
MSB Valid Bit 14 Valid X Bit 13 Valid
SDATA

/
/
/
N \
N AN \
\ \\ \ \\
AN \ Bit 1 Valid LSB Valid AN \
> >
/ v /)
/ /
/ /
/

(Results from previous conversion.) /
/ /

{ {
BUSY N N
\ \ N
T

N

\ \
N \

NOTE: (1) If controlling wig(?s, tie R/C LOW. Data bus pins will remain Hi-Z at all times.
If controlling with R/C, tie CS LOW. Data bus pins will be active when R/C is HIGH, and should be left unconnected.

FIGURE 4. Serial Data Timing Using Internal Data Clock (TAG tied LOW).
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FIGURE 5. Conversion and Read Timing with External Clock (EXT/INT Tied HIGH) Read after Conversion.
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FIGURE 6. Conversion and Read Timing with External Clock (EXT/INT tied HIGH) Read During a Conversion.

EXTERNAL DATA CLOCK TAG FEATURE

(After a Conversion) TAG (Pin 20) inputs serial data synchronized to the external
After conversion ‘n’ is completed and the output registers or internal data clock.

have been updated, BUSY (pin 24) will go HIGH. With CS\yey ysing an external data clock, the serial bit stream input
LOW and R/C HIGH_, valid data fron_1 conversion ‘n’willbe . TAG will follow the LSB output on SDATA until the
output on SDATA (pin 19) synchronized to the external data
clock input on DATACLK (pin 18). The MSB will be valid
on the first falling edge and the second rising edge of the . ) .
external data clock. The LSB will be valid on the 16th falling ' "€ logic level input on TAG for the first rising edge of the
edge and 17th rising edge of the data clock. TAG (pin 20)|ntern_al data clock will be valid on SDATA after all 16 bits
will input a bit of data for every external clock pulse. The ©f valid data have been output.

first bit input on TAG will be valid on SDATA on the 17th

faling edge and the 18th rising edge of DATACLK; the INPUT RANGES

second input bit will be valid on the 18th falling edge and the

19th rising edge, etc. With a continuous data clock, TAG The ADS7807 offers three input ranges: standd@V and
data will be output on SDATA until the internal output 0-5V, and a 0-4V range for complete, single supply systems.

registers are updated with the results from the next converFigures 7a and 7b show the necessary circuit connections for
sion. Refer to Table VI and Figure 5. implementing each input range and optional offset and gain

adjust circuitry. Offset and full scale er®rspecifications

are tested and guaranteed with the fixed resistors shown in
Figure 7b. Adjustments for offset and gain are described in
the Calibration section of this data sheet.

internal output register is updated with new conversion
results. See Table VI and Figures 5 and 6.

EXTERNAL DATA CLOCK
(During a Conversion)

After conversion ‘n’ has been initiated, valid data from The offset and qai diusted int v o all ‘ |
conversion ‘n-1' can be read and will be valid up tud2 € ofiset and gain are adjusted intérnally to allow externa

after the start of conversion ‘n’. Do not attempt to clock out trimming with a smgle supply. The external re5|_stors com-
data from 1@s after the start of conversion ‘n’ unfil BUSY Pensate for this adjustment and can be left out if the offset
(pin 24) rises; this will result in data loss. NOTE: For the and gain will be corrected in software (refer to Gaibra-

best possible performance when using an external datd'o" section).

clock, data should not be clocked out during a conversion.The input impedance, summarized in Table II, results from the
The switching noise of the asynchronous data clock cancombination of the internal resistor network shown on the
cause digital feedthrough degrading the converter's perfor-front page of the product data sheet and the external resistors
mance. Refer to Table VI and Figure 6.

NOTE: (1) Full scale error includes offset and gain errors measured at both
+FS and -FS.
BURR - BROWN®
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used for each input range (see Figure 8). The input resisto
divider network provides inherent overvoltage protection

guaranteed to at leas25V.

Analog inputs above or below the expected range will yield
either positive full scale or negative full scale digital outputs

OFFSET ADJUST GAIN ADJUST
INPUT RANGE RANGE (mV) RANGE (mV)
+10V +15 +60
0 to 5V +4 +30
0 to 4V +3 +30

respectively. Wrapping or folding over for analog inputs

outside the nominal range will not occur. TABLE VII. Offset and Gain Adjust Ranges for Hardware

Calibration (see Figure 7a).

details on the external resistors. Refer to Table VIII for the
range of offset and gain errors with and without the external

CALIBRATION

HARDWARE CALIBRATION

resistors.
To calibrate the offset and gain of the ADS7807 in hard-
ware, install the resistors shown in Figure 7a. Table VI lists NO CALIBRATION

the hardware trim ranges relative to the input for each inputSee Figure 7b for circuit connections. Note that the actual
range. voltage dropped across the external resistors is at least two

orders of magnitude lower than the voltage dropped across
SOFTWARE CALIBRATION the internal resistor divider network. This should be consid-
To calibrate the offset and gain in software, no external ered when choosing the accuracy and drift specifications of
resistors are required. However, to get the data sheet specthe external resistors. In most applications, 1% metal-film
fications for offset and gain, the resistors shown in Figure 7bresistors will be sufficient.
are necessary. See thN® Calibration section for more

+10V 0-5V
200Q 1 2000 1 R1
Vwo_\/\/\/\; Rl IN
Rl
2 AGND1 2 AGND1
AGND1
R2)y R2|N
RzIN
33.2kQ CAP
CAP
CAP
REF
REF
AGND2 REF
AGND2
AGND2
FIGURE 7a. Circuit Diagrams (With Hardware Trim).
+10V 0-5V 0-4V
2000 2000
Viy o—/ MW —Rr1 1 33.2kQ
2{ AGND1 2 1
:9 33.2kQ AGND1 VWWA——{R1,
66.5kQ 3 Y? 2000
+5V R2 Vi — MW 3 ro, OV, 21 AGNDL
100Q 100Q :?
4
CAP 4 3
2.2uF = —¢+ | CAP YW R2yy
{5 2.24F 6 100Q
_,__5 REF > | ReF Heap
+ +
2.2yF _F 2.2uF =
6 2.2uF i?
AGND2 ° AcND2 21 Rer
] +
2o 2 |
6
& AGND2
FIGURE 7b. Circuit Diagrams (Without Hardware Trim).
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The external resistors shown in Figure 7b may not bedivider which reduces the input signal to a 0.3125V to
necessary in some applications. These resistors provid€.8125V input range at the CDAC. The internal resistors are
compensation for an internal adjustment of the offset andlaser trimmed to high relative accuracy to meet full scale
gain which allows calibration with a single supply. Not specifications. The actual input impedance of the internal
using the external resistors will result in offset and gain resistor network looking into pin 1 or pin 3 however, is only
errors in addition to those listed in the electrical specifica- accurate ta20% due to process variations. This should be
tions section. Offset refers to the equivalent voltage of thetaken into account when determining the effects of removing
digital output when converting with the input grounded. A the external resistors.

positive gain error occurs when the equivalent output volt-

age of the digital output is larger than the analog input. Refer

to Table VIII for nominal ranges of gain and offset errors REFERENCE

with and without the external resistors. Refer to Figure 8 for The ADS7807 can operate with its internal 2.5V reference or
typical shifts in the transfer functions which occur when the gn external reference. By applying an external reference to
external resistors are removed. pin 5, the internal reference can be bypassed; REFD (pin 26)

To further analyze the effects of removing any combination tied HIGH will power-down the internal reference reducing
of the external resistors, consider Figure 9. The combination
of the external and the internal resistors form a voltage

INPUT OFFSET ERROR GAIN ERROR
RANGE W/ RESISTORS W/OUT RESISTORS W/ RESISTORS W/OUT RESISTORS
) RANGE (mV) RANGE (mV) TYP (mV) RANGE (% FS) RANGE (% FS) TYP
+10 -10 < BPZ < 10 0<BPZ<35 15 -04<G<04 -03<G<05 +0.05
0.15 < G@® < 0.15 -0.1<GW<0.2 +0.05
Oto5 -3<UPO <3 -12<UPO <£-3 -7.5 -04<G<04 -1.0<G <01 -0.2
0.15 < G®W <0.15 -0.55 < GW < -0.05 -0.2
Oto4 -3<UPO <3 -105<UPO <-15 -6 -04<G<04 -1.0<G <01 -0.2
-0.15 < GW <0.15 -0.55 < GW < -0.05 -0.2
Note: (1) High Grade.

TABLE VIIl. Range of Offset and Gain Errors with and without External Resistors.

(a) Bipolar (b) Unipolar
Digital Output Digital Output
+Full Scale — +Full Scale —

4 Analog Input

7 —Full Scale

4 Analog Input

4 — —Full Scale

Typical Transfer Functions
With External Resistors

Typical Transfer Functions
Without External Resistors

FIGURE 8. Typical Transfer Functions With and Without External Resistors.
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1
2000 | 39.8KkQ
Vi . O CDAC
: (0.3125V to 2.8125V)
1
. 20kQ 40kQ
+5V
1
1
| +2.5V
1
1
42,5V 1
1
1
200Q 1 39.8kQ
+ O CDAC
1
. (0.3125V to 2.8125V)
1
1 20kQ 40kQ
1
1
425V +2.5V
1
1
200Q | 39.8kQ
Vi 1 O CDAC
1
0.3125V t0 2.8125
33.2kQ : ¢ V)
100Q 1 9.9kQ 20kQ 40kQ
Lo
+2.5V : +2.5V

FIGURE 9. Circuit Diagrams Showing External and Internal Resistors.

the overall power consumption of the ADS7807 by approxi-
mately 5mW.

The internal reference has approximately an 8 pprdfift Zeap
(typical) and accounts for approximately 20% of the full (F?i/:i) o CDAC
scale error (FSE %20.5% for low grade+0.25% for high

grade). &
The ADS7807 also has an internal buffer for the reference)

voltage. See Figure 10 for characteristic impedances at the¢ REF Internal
input and output of the buffer with all combinations of (Pin’5) 7 Reference
power down and reference down.

REF

REF (pin 5) is an input for an external reference or the outpuf PWRDO | PWrRDO | PWRD1 PWRD 1
for the internal 2.5V reference. A R tantalum capacitor REFD 0 REFD 1 REFD 0 REFD 1
should be connected as close as possible to the REF pin from| z.. (@) 1 1 200 200
ground. This capacitor and the output resistance of REH | z... @ 6k 100M 6k 100M
create a low pass filter to bandlimit noise on the reference,
Using a smaller value capacitor will introduce more noise to
the reference, degrading the SNR and SINAD. The REF pin
should not be used to drive external AC or DC loads. See
Figure 10.

FIGURE 10. Characteristic Impedances of Internal Buffer.

The range for the external reference is 2.3V to 2.7V andCAP ) ] )
determines the actual LSB size. Increasing the referencé=AP (Pin 4) is the output of the internal reference buffer. A

voltage will increase the full scale range and the LSB size of2-24F tantalum capacitor should be placed as close as
the converter which can improve the SNR. possible to the CAP pin from ground to provide optimum
switching currents for the CDAC throughout the conversion

BURR - BROWN®
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cycle. This capacitor also provides compensation for the
output of the buffer. Using a capacitor any smaller than 1

loading effects on the external reference. See Figure 10 for
the characteristic impedance of the reference buffer’'s input

can cause the output buffer to oscillate and may not havefor both REFD HIGH and LOW. The internal reference

sufficient charge for the CDAC. Capacitor values larger than
2.2uF will have little affect on improving performance. See
Figures 10 and 11.

The output of the buffer is capable of driving up to 1ImA of
current to a DC load. Using an external buffer will allow the
internal reference to be used for larger DC loads and AC
loads. Do not attempt to directly drive an AC load with the
output voltage on CAP. This will cause performance degra-
dation of the converter.

7000

6000

5000

4000

3000

/

2000

1000
/

0.1 1 10

“CAP" Pin Value (uF)

100

FIGURE 11. Power-Down to Power-Up Time vs Capacitor
Value on CAP.

REFERENCE
AND POWER DOWN

The ADS7807 has analog power down and reference powe
down capabilities via PWRD (pin 25) and REFD (pin 26)
respectively. PWRD and REFD HIGH will power down all
analog circuitry maintaining data from the previous conver-
sion in the internal registers, provided that the data has no
already been shifted out through the serial port. Typical
power consumption in this mode is| 8. Power recovery

is typically 1ms, using a 2.F capacitor connected to CAP.
See Figure 11 for power-down to power-up recovery time
relative to the capacitor value on CAP. With +5V applied to
Vpie, the digital circuitry of the ADS7807 remains active at
all times, regardless of PWRD and REFD states.

PWRD
PWRD HIGH will power down all of the analog circuitry

except for the reference. Data from the previous conversion

will be maintained in the internal registers and can still be
read. With PWRD HIGH, a convert command yields mean-
ingless data.

REFD

REFD HIGH will power down the internal 2.5V reference.
All other analog circuitry, including the reference buffer,
will be active. REFD should be HIGH when using an

consumes approximately 5mw.

LAYOUT

POWER

For optimum performance, tie the analog and digital power
pins to the same +5V power supply and tie the analog and
digital grounds together. As noted in the electrical specifica-
tions, the ADS7807 uses 90% of its power for the analog
circuitry. The ADS7807 should be considered as an analog
component.

The +5V power for the A/D should be separate from the +5V
used for the system’s digital logic. Connectingd/(pin 28)
directly to a digital supply can reduce converter performance
due to switching noise from the digital logic. For best
performance, the +5V supply can be produced from what-
ever analog supply is used for the rest of the analog signal
conditioning. If +12V or +15V supplies are present, a simple
+5V regulator can be used. Although it is not suggested, if
the digital supply must be used to power the converter, be
sure to properly filter the supply. Either using a filtered
digital supply or a regulated analog supply, bothcvand

V ana Should be tied to the same +5V source.

GROUNDING

Three ground pins are present on the ADS78@{p0s the
digital supply ground. Axp iS the analog supply ground.
Acnpz IS the ground to which all analog signals internal to
the A/D are referenced.g\p; IS more susceptible to current
induced voltage drops and must have the path of least
fesistance back to the power supply.

All the ground pins of the A/D should be tied to an analog
ground plane, separated from the system’s digital logic
ground, to achieve optimum performance. Both analog and
digital ground planes should be tied to the “system” ground
as near to the power supplies as possible. This helps to
prevent dynamic digital ground currents from modulating
the analog ground through a common impedance to power
ground.

SIGNAL CONDITIONING

The FET switches used for the sample hold on many CMOS
A/D converters release a significant amount of charge injec-
tion which can cause the driving op amp to oscillate. The
amount of charge injection due to the sampling FET switch
on the ADS7807 is approximately 5-10% of the amount on
similar ADCs with the charge redistribution DAC (CDAC)
architecture. There is also a resistive front end which attenu-
ates any charge which is released. The end result is a
minimal requirement for the drive capability on the signal
conditioning preceding the A/D. Any op amp sufficient for
the signal in an application will be sufficient to drive the

external reference to minimize power consumption and theADS7807.

BURR - BROWN®
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The resistive front end of the ADS7807 also provides a
guaranteed25V overvoltage protection. In most cases, this
eliminates the need for external over voltage protection 581
circuitry.

INTERMEDIATE LATCHES

The ADS7807 does have tri-state outputs for the parallel
port, but intermediate latches should be used if the bus will
be active during conversions. If the bus is not active during
conversion, the tri-state outputs can be used to isolate th¢
A/D from other peripherals on the same bus.

Intermediate latches are beneficial on any monolithic A/D
converter. The ADS7807 has an internal LSB size p38 13
Transients from fast switching signals on the parallel port,
even when the A/D is tri-stated, can be coupled through the
substrate to the analog circuitry causing degradation of 52
converter performance. 0

FFFDH FFFEH FFFFH 0000H 0001H 0002H 0003H

176

18 0

APPLICATIONS INFORMATION

TRANSITION NOISE o FIGURE 12. Histogram of 1000 Conversions with Input
Apply a DC input to the ADS7807 and initiate 1000 conver- Grounded.

sions. The digital output of the converter will vary in output
codes due to the internal noise of the ADS7807. This is true
for all 16-bit SAR converters. The transition noise specifica-
tion found in the electrical specifications section is a statis-
tical figure which represents the one sigma limit or rms 5671
value of these output codes.

Using a histogram to plot the output codes, the distribution
should appear bell-shaped with the peak of the bell curve
representing the nominal output code for the input voltage
value. Thetlo, +20, and+3c distributions will represent
68.3%, 95.5%, and 99.7% of all codes. Multiplying TN by
6 will yield the +3o0 distribution or 99.7% of all codes.
Statistically, up to 3 codes could fall outside the 5 code
distribution when executing 1000 conversions. The ADS7807
has a TN of 0.8 LSBs which yields 5 output codes 8@
distribution. See Figures 12 and 13 for 1000 and 10,000
conversion histogram results.

AVERAGING

The noise of the converter can be compensated by averaging
the digital codes. By averaging conversion results, transition
noise will be reduced by a factor ofVt/ where n is the

number of averages. For example, averaging four conver-

FFFDH FFFEH FFFFH 0000H 0001H 0002H 0003H

FIGURE 13. Histogram of 10,000 Conversions with Input

sion results will reduce the TN by 1/2 to 0.4 LSBs. Averag- Grounded.

ing should only be used for input signals with frequencies

near DC. sumes that the convert pulse does not originate from the
microcontroller and that the ADS7807 is the only serial

For AC signals, a digital filter can be used to lowpass filter
and decimate the output codes. This works in a similar
manner to averaging: for every decimation by two, the Before enabling the QSPI interface, the microcontroller

peripheral.

signal-to-noise ratio will improve 3dB. must be configured to monitor the slave select line. When a
transition from LOW to HIGH occurs on Slave Select (SS)
QSPI INTERFACING from BUSY (indicating the engl of the current c_onverS|on),
_ i ) the port can be enabled. If this is not done, the microcontroller
Figure 14 shows a simple !nterface between t_he ADS7807 3d the A/D may be “out-of-sync”.
and any QSPI equipped microcontroller. This interface as-
BURR - BROWN®
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Figure 15 shows another interface between the ADS780
and a QSPI equipped microcontroller which allows the
microcontroller to give the convert pulses while also allow-
ing multiple peripherals to be connected to the serial bus,

This interface and the following discussion assume a mastef

clock for the QSPI interface of 16.78MHz. Notice that the

serial data input of the microcontroller is tied to the MSB

(D7) of the ADS7807 instead of the serial output (SDATA).

Using D7 instead of the serial port offers tri-state capability
which allows other peripherals to be connected to the MISO
pin. When communication is desired with those peripherals,
PCSO0 and PCS1 should be left HIGH; that will keep D7 tri-

stated.

Convert Pulse

QSPI ADS7807

RIC

PCS0/SS BUSY

MosI SDATA
SCK DATACLK

Cs
EXT/INT
BYTE

CPOL = 0 (Inactive State is LOW)
CPHA =1 (Data valid on falling edge)
QSPI port is in slave mode.

FIGURE 14. QSPI Interface to the ADS7807.

QsPI ADS7807
+5V
PCS0 R/C EXT/INT —?
PCS1 cs
SCK DATACLK
MISO D7 (MSB)
BYTE

CPOL=0
CPHA=0

FIGURE 15. QSPI Interface to the ADS7807. Processor
Initiates Conversions.

initiating a second conversion during the first eight bit
transfer.

In addition, CPOL and CPHA should be set to zero (SCK
normally LOW and data captured on the rising edge). The
command control byte for the eight bit transfer should be set
to 20H and for the sixteen bit transfer to 61H.

SPI INTERFACE

The SPI interface is generally only capable of 8-bit data
transfers. For some microcontrollers with SPI interfaces, it
might be possible to receive data in a similar manner as
shown for the QSPI interface in Figure 14. The
microcontroller will need to fetch the 8 most significant bits
before the contents are overwritten by the least significant
bits.

A modified version of the QSPI interface shown in Figure 15
might be possible. For most microcontrollers with SPI inter-
face, the automatic generation of the start-of-conversion

In this configuration, the QSPI interface is actually set to do pyise will be impossible and will have to be done with
two different serial transfers. The first, an eight bit transfer, sofrware. This will limit the interface to ‘DC’ applications
causes PCSO (R/C) and PCS1 (CS) to go LOW starting &jye to the insufficient jitter performance of the convert pulse
conversion. The second, a sixteen bit transfer, causes onlygelf,

PCS1 (CS) to go LOW. This is when the valid data will be

transferred.
) - DSP56000 INTERFACING
For both transfers, the DT register (delay after transfer) is

used to cause a (19 delay. The interface is also set up to

wrap to the beginning of the queue. In this manner, the QSPIb
is a state machine which generates the appropriate timing for .

the ADS7807. This timing is thus locked to the crystal based
timing of the microcontroller and not interrupt driven. So,
this interface is appropriate for both AC and DC measure-

ments.

The DSP56000 serial interface has SPI compatibility mode
with some enhancements. Figure 16 shows an interface
etween the ADS7807 and the DSP56000 which is very
similar to the QSPI interface seen in Figure 14. As men-
tioned in the QSPI section, the DSP56000 must be pro-
grammed to enable the interface when a LOW to HIGH

transition on SC1 is observed (BUSY going HIGH at the end

of conversion).

For the fastest conversion rate, the baud rate should be set . .
two (4.19MHz SCK), DT set to ten, the first serial transfer t.Phe DSP56000 can also provide the convert pulse by includ-

set to eight bits, the second set to 16 bits, and psck'"d @ monostable multl-v!brator as seen n Figure 17. The
. 4 o receive and transmit sections of the interface are decoupled
disabled (in the command control byte). This will allow for

a 23kHz maximum conversion rate. For slower rates, DT (asynchronous mode) and the transmit section is set t_o
should be increased. Do not slow SCK as this may inc’reas$enerate a word length frame sync every other transmit

. . . rame (frame rate divider set to two). The prescale modulus
the chance of affecting the conversion results or accidently
should be set to three.

BURR - BROWN®
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The monostable multi-vibrator in this circuit will provide width as close to the minimum value specified in this data
varying pulse widths for the convert pulse. The pulse sheet will offer the best performance. See Sit@rting A
width will be determined by the external R and C values Conversion section of this data sheet for details on the
used with the multi-vibrator. The 74HCT123N data sheet conversion pulse width.

shows that the pulse width is (0.7) RC. Choosing a pulsethe maximum conversion rate for a 20.48MHz DSP56000

Convert Pulse

DSP56000 ADS7807

RIC

sc1 BUSY

SRD SDATA

SCo DATACLK
Cs
EXT/INT
BYTE

SYN = 0 (Asychronous)

GCK =1 (Gated clock)

SCD1 =0 (SC1is an input)

SHFD = 0 (Shift MSB first)

WL1=1 WL0O=0 (Word length = 16 bits)

FIGURE 16. DSP56000 Interface to the ADS7807.

is exactly 40kHz. Note that this will not be the case for
the ADS7806. See the ADS7806 data sheet for more
information.

DSP56000 +5V 74HCT123N A 45V
?_ Bl Rexr1 T\/\/\/\_?
c
sc2 CLR1 Cexa T ADS7807
g Al Q1 R/IC
sco DATACLK
SRD SDATA
Cs
EXT/INT
BYTE

SYN =0 (Asychronous)

GCK = 1 (Gated clock)

SCD2 =1 (SC2 is an output)

SHFD = 0 (Shift MSB first)

WL1=1 WLO0=0 (Word length = 16 bits)

FIGURE 17. DSP56000 Interface to the ADS7807. Processor Initiates Conversions.
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APPENDIX D

PCM-A/D Demo Software Source Listing
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/* pcmad. c Copyright 1996 WnSystens. Al Rights Reserved */

/***************************************************************************
*

: Pr oj ect : PCM AD12

: Pur pose : Test, Exanple code, calibration code

: Revi si on : 1.02

: Dat e : January 15, 1996

* Aut hor . Steve Mttin

*

: Changes :

: Revi si on Dat e Desci ption

. 1.00  10/22/95 Griginal

* 1.01 01/ 15/ 96 Renoved swap code for REV A board deficiency.
* 1.02 02/ 07/ 96 O ean-up and comments for rel ease.

*

hkhkhkkhkhkhhhkhhhhhhkhhhhhhhhhhhhhhdhhhdhhhdhdhhdhdhhdhddhhhdhhhdhhhdhhhdhhhdhhhdhhhdddhdddhdddrxdx*x*x

*/

/* Perm ssion is hereby granted to users of the Wnsystens PCM A/ D-12 and
PCM A/ D- 16 boards to freely use this source code as-is or in any user
nodi fied formfor personal or commercial use. WnSystens provides this
sanpl e source code on an as-is basis and nmakes no warranty as to fitness
of purpose. In no event shall WnSystens be liable for consequenti al
i nci dental or special damages of any kind through the use of this
sof tware source code or works derived thereof.

*/

#i ncl ude <stdi o. h>
#i ncl ude <dos. h>
#i ncl ude <coni o. h>

/* The BASE address of the board is assuned to be at 110H Change this define
to change the base address.
*/

#defi ne AD BASE 0x110

/* The interrupt used is assuned to be IR®. The vector for IR is 8 + 5 = 13.
The mask for TR is (1 << 5) = 0x20. Change these two appropriately for a
different interrupt.

*/

#define | RQ VECTOR 0x0d

#define | RQ_ MASK 0x20

/* Function prototypes for functions used in this nodule */

void wait_conpl ete(void);

void interrupt (*old_isr)();
void interrupt ad_isr();
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/* These four arrays, store the Iow, high, and current values for each
of the 16 channels. There are nore el egant ways to code this but this
is the ultimate in sinplicity.

*/

unsi gned current _val [ 16];

unsi gned hi gh_val [ 16];

unsi gned | ow val [ 16] ;

char flag[ 16];

/* Various global variables used to keep track of the current channe
and the floating point values used in cal cul ating voltages.

*/

unsi gned channel _nunber;

float full _scale = 5.00;

float offset _val = 0.00;

unsi gned full _count = 65520;

i nt max_channel = 16;

int interrupt_node =1

| ong interrupt_count = O;

int node = O;

/* Programentry point */
voi d main()

unsi gned char | sb, nsb;
char c;

unsi gned | ow, hi gh, current;

i nt channel

channel nunber = 0;

/* To start we, will install our interrupt handl er, saving the old handler
for when we exit.
*/
di sabl e();

ol d_isr = getvect (I RQ VECTOR);
setvect (I RQ_VECTOR, ad_i sr);
enabl e() ;

/* This is the restart point whenever we change nodes. | usually go to
extreme efforts to avoid using "goto"” in C, but in this case it is
only used for a special occasion and it's not to hard to foll ow

*/

restart:

/* Clear the screen and di splay the the headers */

clrscr(); /* Clear the screen */
wi ndow( 1, 1, 80, 25 );
printf("Channel RAW HGHd LOW DATA  CURRENT MAX M N

VOLTAGE \n");

printf (" Nunber DATA DATA DATA DEV. VOLTAGE VOLTAGE VOLTAGE
DEVI ATION\ n") ;

printf
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\n");

/* Display all of the channel nunbers and clear the flags */

for(channel = 0; channel < max_channel; channel ++)
fl ag[ channel] = 0O;
got oxy( 1, channel + 4);
printf(" 992d", channel);

/* Display the screen footer */

got oxy(1, 21);
printf

printf(""T Toggle Scale, 'B Converter toggle 'M
val ues\ n");
printf

Interrupt toggle,

/* Display node dependent screen information */

got oxy(1, 25);

swi t ch( nmode)

case O:
printf("Scale : +0 to +5 Volts - Singl e-Ended");
br eak;

case 1:
printf("Scale : -10 to +10 Volts - Singl e-Ended");
br eak;

case 2:
printf("Scale : +0 to +5 Volts - Differential");
br eak;

case 3:
printf("Scale : -10 to +10 Volts - Differential");
br eak;

}
i f(full_count == 65535)
printf(" 16-Bit");
el se
printf(" 12-Bit");

got oxy(48, 25);
i f(interrupt_node)
printf("Interrupt Mde");
el se
printf("Polled Mde ");

/* Enabl e and unmask interrupts as specified by the "interrupt_node"
vari abl e.
*/

i nterrupt_count = 0;
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*/

i f(!interrupt_node)
out port b(0x21,inportb(0x21) | | RQ MASK);

el se
{

out port b(0x21, i nportb(0x21) & ~I RQ MASK);

out port b( AD_BASE+1, channel _nunber); /* Junp start the background task
}

/* This loop runs until we exit or until we change nodes */
whi | e(1)

i f(kbhit())

{

/* |If a kestroke detected, see what is is and handle it
accordi ngly.

The keys recogni zed are
r - reset deviation val ues.

t - toggle voltage node
m - toggle betweent interrupt and polled node.

*/
c = getch();
if(c =="r")
for(channel = 0; channel < max_channel; channel ++)
fl ag[ channel] = O;
else if(c =="t")
{
node++;
node = node & 3;
i f(nmode == 0) /* 0-5V Single-Ended */
max_channel = 16;
of fset _val = 0.0;
full _scale = 5.0;
goto restart;
}
i f(nmode == 1) /* +-10V Single Ended */
max_channel = 16;
of fset val 10. O;
full _scale 20. 0;

goto restart;

}
if(mode == 2) /* 0-5V Differential */

8;
0;
0

max_channel =
of fset val
full _scale
goto restart;

0.
5.

}
if(mode == 3) /* +- 10V differential */
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max_channel =
of fset val
full _scale
goto restart;

}
else if(c =="'m)
{
i nterrupt_node++;
interrupt_node = interrupt_node & 1
goto restart;
else if(c =="'h")
full _count = full _count ~ 0x000f;
goto restart;
}
el se
br eak;
}
/* Go through channel by channel displaying the current val ue */
for(channel = 0; channel < max_channel; channel ++)
{

/[* If we're not in interrupt node. We nmust poll the channe
before displaying it's val ue.

*/
i f(!interrupt_node)
{
out port b( AD_BASE+1, channel ) ; /[* Start the
conversion */
wait _conpl ete(); /* wait for the channel to
conpl ete */
| sb = i nportb(AD_BASE+1); /* assenble the word result
*/
msb = i nportb( AD_BASE+2); /* fromthe two byte val ues
read */
current _val [channel] = (msb << 8) | |sb;
i f(!flag[channel]) /* If this is the first tine for

this channel */

hi gh_val [ channel ] = current _val [ channel ];

| ow_val [ channel ] = current_val [ channel ];

flag[ channel ] ++; /* Set the flag, we've don this
channel */

}

i f(nmode & 1) /* 1f a signed node, do the conpare
correctly */

i f((current_val [channel] ~ 0x8000) < (low_val

[ channel ] ~ 0x8000))
| ow_val [ channel ] = current_val [ channel ];
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i f((current_val[channel] ~ 0x8000) > (high_val
[ channel ] ~ 0x8000))
hi gh_val [ channel ] = current _val [ channel ];

el se

i f(current_val [channel] < | ow_ val[channel])

| ow _val [ channel ] = current_val [ channel ];
i f(current_val [channel] > high_val[channel])

hi gh_val [ channel ] = current _val [ channel ];

}

got oxy( 10, channel + 4);
printf("%®4X 994X 994X ", current_val [ channel ], hi gh_val
[ channel ], | ow_val [ channel ]);
printf("%®4X ", high_val[channel] - |ow_val[channel]);
if(nmode & 1) /* If signed node, adjust val ues when printing */

printf("98.4f ",(((float)(current_val[channel] ~ 0x8000)
/ (float)full_count) * full_scale) - offset_val);

printf("98.4f ", (((float)(high_val[channel] ~ 0x8000) /
(float)full _count) * full_scale) - offset_val);

printf("98.4f ", (((float)(low val[channel] ~ 0x8000) /
(float)full _count) * full_scale) - offset_val);

printf("98.4f ", ((float)((high_val[channel] ~ 0x8000) -
(1 ow_val [ channel]) ~ 0x8000) / (float)full_count) * full_scale);

el se

{

printf("98.4f ",(((float)current_val[channel] / (float)
full _count) * full_scale) - offset_val);

printf("98.4f ", (((float)high_val[channel] / (float)
full _count) * full_scale) - offset_val);

printf("98.4f ",(((float)low val[channel] / (float)
full _count) * full_scale) - offset_val);

printf("98.4f ", ((float)(high_val[channel] - |ow val
[channel]) / (float)full _count) * full_scale);

i f(channel < (max_channel -1))
printf(" ");

/* In interrupt node, display a counter of the nunber of
interrupts that have occured.

*/

i f(interrupt_node)

got oxy( 65, 25);
printf("%d",interrupt_count);

}

/* Be sure to restore the original interrupt state before exit */

di sabl e();

out port b(0x21,inportb(0x21) | | RQ MASK);
setvect (I RQ VECTOR, ol d_isr);

enabl e() ;
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clrscr();

}

/* This function polls the AD chip awaiting the conpletion of the conversion
i n progress.

*/

void wait_conpl ete()

int stat;
whi | e(1)
stat = inportb(AD BASE); /* Read status */
if((stat & 0x03) == 3)
br eak;
if(kbhit()) /* W allow a keystroke to al so get us out */
br eak;
}

}

/* This is the interrupt service routine. It reads the current channel
conpares it agai nst maxi mum devi ati on val ues and stores the results
in the arrays for display by the foreground routine.

*/

void interrupt ad_isr()
{

int tenp;

unsi gned char | sb, nsb;
unsi gned current;

++i nterrupt _count;
tenp = channel _nunber;

| sb
nsb

i nport b( AD_BASE+1) ;
i nport b( AD_BASE+2) ;

++channel _nunber ;
i f (channel _nunber > (max_channel -1))
channel nunber = 0;

out port b( AD_BASE+1, channel _nunber); /* start next channel converting
*/

current = (msb << 8) | |sb;

current _val[tenp] = current; /* Store the current reading */

if(!'flag[tenp])
hi gh_val [tenp] = current;
| ow val [tenp] = current;
flag[tenp] ++;

i f(nmode & 1) /* 1If a signed node, do the conparisons correctly */

if((current ~ 0x8000) < (low val[tenp] "~ 0x8000))
| ow val [tenp] = current;
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if((current ~ 0x8000) > (high_val[tenp] ~ 0x8000))
hi gh_val [tenp] = current;

}
el se
if(current < low_ val[tenp])
| ow val [tenp] = current;
if(current > high_val[tenp])
hi gh_val [tenp] = current;
}

/* Send the EO to the interrupt controller to re-armfor next interrupt */
out port b(0x20, 0x20) ;
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EN ~APPENDIX E

PCM-A/D Schematic Diagrams
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.« STD By,

- e
sk WinSystems

Telephone: 817-274-7553 . . Fax: 817-548-1358
http://www.winsystems.com . . E-mail: info@winsystems.com

WARRANTY

WinSystems warrants that for a period of two (2) years from the date of shipment any Products and Software
purchased or licensed hereunder which have been developed or manufactured by WinSystems shall be free of any
material defects and shall perform substantially in accordance with WinSystems' specifications therefore. With
respect to any Products or Software purchased or licensed hereunder which have been developed or manufactured
by others, WinSystems shall transfer and assign to Customer any warranty of such manufacturer or developer held
by WinSystems, provided that the warranty, if any, may be assigned. The sole obligation of WinSystems for any
breach of warranty contained herein shall be, at its option, either (i) to repair or replace at its expense any materially
defective Products or Software, or (ii) to take back such Products and Software and refund the Customer the
purchase price and any license fees paid for the same. Customer shall pay al freight, duty, broker's fees, insurance
changes and other fees and charges for the return of any Products or Software to WinSystems under this warranty.
WinSystems shall pay freight and insurance charges for any repaired or replaced Products or Software thereafter
delivered to Customer within the United States. All fees and costs for shipment outside of the United States shall be
paid by Customer. The foregoing warranty shall not apply to any Products or Software which have been subject to
abuse, misuse, vandalism, accidents, alteration, neglect, unauthorized repair or improper installations.

THERE ARE NO WARRANTIES BY WINSYSTEMS EXCEPT AS STATED HEREIN. THERE ARE NO
OTHER WARRANTIES EXPRESSOR IMPLIED INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE, IN NO
EVENT SHALL WINSYSTEMS BE LIABLE FOR CONSEQUENTIAL, INCIDENTAL, OR SPECIAL
DAMAGES INCLUDING, BUT NOT LIMITED TO, DAMAGES FOR LOSS OF DATA, PROFITS OR
GOODWILL. WINSYSTEMS MAXIMUM LIABILITY FOR ANY BREACH OF THISAGREEMENT OR
OTHER CLAIM RELATED TO ANY PRODUCTS, SOFTWARE, OR THE SUBJECT MATTER
HEREOF, SHALL NOT EXCEED THE PURCHASE PRICE OR LICENSE FEE PAID BY CUSTOMER
TO WINSYSTEMS FOR THE PRODUCTS OR SOFTWARE OR PORTION THEREOF TO WHICH
SUCH BREACH OR CLAIM PERTAINS.

WARRANTY SERVICE

All products returned to WinSystems must be assigned a Return Material Authorization (RMA) number. To obtain
this number, please call or FAX WinSystems factory in Arlington, Texas and provide the following information:

1. Description and quantity of the product(s) to be returned including its serial humber.

2. Reason for the return.

3. Invoice number and date of purchase (if available), and original purchase order number.

4. Name, address, telephone and FAX number of the person making the request.

5. Do not debit WinSystems for the repair. WinSystems does not authorize debits.
After the RMA number isissued, please return the products promptly. Make sure the RMA number isvisible on the
outside of the shipping package.

The customer must send the product freight prepaid and insured. The product must be enclosed in an anti-static bag
to protect it from damage caused by static electricity. Each bag must be completely sealed. Packing material must
separate each unit returned and placed as a cushion between the unit(s) and the sides and top of the shipping
container. WinSystems is not responsible for any damage to the product due to inadequate packaging or static
electricity.
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