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Chapter 5
Parallel Logic

THEORY OF OPERATION
Figure 5-1 summarizes the parallel logic in block diagram form.

The parallel 170 logic is implemented with an Intel 8255\ communications
chip. There are three 8-bit data ports (port A, port B, and port C) that may be
configured for either input or output. Three modes of operation are available.
The first (mode 0) provides basic input and output communications with each
data port operating independently. The second mode (mode 1) allows hand-
shaking lines from the third port to be associated with the other two ports; this
allows strobed input or output through two independent %-bit data ports. The
third mode (mode 2) allows bidirectional data flow through port A, with hand-
shaking lines from port C.

The data section of the chip communicates with the bus interface over the
DBUS 0 through DBUS 7 lines and transfers data to the three ports internally.
The port select section of the chip utilizes the ADD' and ADD2 signals to
activate the desired port. The chip is enabled to receive data from remote
devices and to transfer it to the host Professional computer by a combination
of the SDEN and WRT signals. The combination of the DATA STB and WRT
signals enables the chip to receive data from the host Professional computer
and transfer it to the remote devices. The chip is reset by the INIT signal and
selected by the SEL1 signal.
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Parallel Logic Block Diagram

The mode latch uses the DBUS 5, DBUS 6, DBUS 1, and DBUS 4 signals to
generate the MODE 1, Enable Direct (ENA DIR), Enable Port B (ENPB), and
Enable Port A (ENPA) signals, respeciively. The mode latch is cleared by the
INIT signal and clocked by a combination of DBUS 7, DATA STB, and 10
WRT, which generate the 10 CON signal.

The port A buffer is enabled either by the ENPA or by a combination of the

“NA DIR and PC6 signals. The port B buffer is enabled by the ENPB signal.
The port C buffer requires a combination of the PCO through PC7 and ENCO
through ENC7 signals in order to transfer data because the individual bits of
port C may be used either for data or for handshaking signals, depending on
which operating mode has been selected.
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The port C enable ROM is selected by the 10 WRT signal, which is produced hy
a combination of SEL] and WRT; and ADD and ADD2, which generates 6
SEL. The ROM produces output signals labelled OUT 0 through OUT 7, and
transfers them to the port C enable latch, which is cleared by the INIT signal
and clocked hy 10 CON.

INPUT/OUTPUT MODES

The parallel 10 logie has three modes of operation, mode 0, mode 1, and mode
2. These are described in the following paragraphs.

Mode 0 is for basic input and output without handshaking control through two
8-bit data perts and two 1-bit data ports. The two 8-hit ports are labeled port A
and port B. Port C is divided into two 4-bit ports which are addressable
independently and are labeled port C upper and port € lower. Port € apper
consists of bits 4 through 7 and port € lower consists of bits 0 through 3 Each
port may be configured for either input or output and operate independentiy of
each other. When configured for output, the data ports are latched When
configured for input, the data ports are not latched. Since there are four
sepacate ports and each port can be either input or output, there are sixteen
separate combinations of input’output configurations.

Mode 1 Characteristics

Mode 1 allows strobed input or output of data. In mode 1, there are two groups
of data bits available for input or output. Each group consists of one ®-bit data
port and one 4-bit port used for handshaking lines. Group A consists of the
eight data bits in port A and the four bits in the upper part of port € (hits 1
through 7). Group B consists of the eight data bits in port B and the four bits in
the lower part of port C (bits 0 through 3). In each group, the 5-bit data port is
used for either input or output or data. The data lines are latched on both input
and output The associated four control lines are specifically defined as hand-
shaking signals for controlling the flow of data either in or out of the data

port.
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Mode 2 Characteristics

Mode 2 allows bidirectional data flow through the eight bits of port A. Hand-
shaking lines to control the data flow are implemented in port C. Only the
group A ports can be configured for mode 2 operation. That is, port A and the
upper ‘our bits of port C can be u-ed for mode 2, but group B bits are not
available for this mode. This is because one bit from the lower portion of port C
is used to generate interrupts internally. Port B and bits PCO through PC2 are
available for mode 1 or mode 0 operation, however, when port A is configured
for mode 2 operation.

In mode 2, as in mode 1, all data lines are latched for input and output. In

addition, the same bits in port C are used for handshaking lines in mode 2 as in
mode 1.

Ports A, B, and C are accessed by reading from or writing to the three port
registers. A control register is also provided for configuring the parallel ports
and controlling individual bits in port C. These registers are described below.

Port Registers

Figures 5-2 through 5-1 illustrate the three registers used for the three data
ports. In either mode, ports A and B are addressable by writing or reading to
the listed address. Port C can always be read by using the listed address.
Individual bits in port C can be set or cleared without affecting the other bits
in the port. See Port C Bit Set/Reset Commands.

FUNCTION ars ADDRESS
15 ] w 2 " 0 09 o8 0 08 05 04 0y 02 01 o
T v v Al T L] Ll Ll 4 K v T .
READWRITE | X x x x x x X x PORY A DATA 12775210
A A A A A A 1 1 A A ry i Al 1
wa 300
Port A Register
FUNCTION 8BS ADDRESS
15 14 13 12 1" 10 09 08 07 06 05 04 03 02 01 00
Ll T Al . i L 4 v LAl A Al v Ll w T Al
READ'WRITE x x x x x x x x PORT B DATA 17278212
A A i ' '} A A il I} - A il A A
ey
Port B Register
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FUNCTION aTs ADDRESS
AL} \L} " 12 n 10 09 [ o0 06 05 04 01 02 0! 00
v v A T T T T T p————
READWRITE x x x x x x x x PORT C DATA 177715214
A L L A L A A . A A L L L A
L LR LS
Figure 5-4
Port C Register

Control over the parallel logic is performed by writing commands to the con-
trol register, which cannot be read. The conirol register (Figure 5-5) funct ions
in two modes, controlled by whether bit 7 is set or cleared.

FUNCTION aTs ADDRESS
1% “ k] 2 " 10 09 o8 o 06 05 04 03 02 o 00
Ll v v v Ll Al Ll Ll L) L w L] . i A 4
WRITE ONLY x x x x x x x x CONTROL WORD 177756
A A A A A A A A . A A - . A L
wh e
Figure §5-5
Control Register

When a command is written to the eontrol register with bit 7 set, the command
is interpreted as a mode control command. The mode control command sets up
the desired mode (0, 1, or 2) for each port and defines the direction of data flow
for each port. Ports A and B can be set up in different modes, if desired.

At power-up INIT all ports are set to input, mode 0.

The meaning of each bit in a mode control command is shown in Table 5-1.
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Table §-1
Control Register Data—Mode Control Commands

8t
Number Vaive Significance
7 1 Enable Mode Control (The bits are interpreted as shown below )
Group A Control
6-5 65 Port A Mode Selection
00 Mode 0
o Mode 1
10 Mode 2
n Not used
4 Port A Drection (ignored o mode 2 1s selected)
1 Input
0 Output
3 Port C (Bits 7-4) Direction
1 Input
0 Output
Group B Centrot
2 Port B Moae Selection
0 Mode 0
1 Mode 1
1 Port B Drecthion
1 Input
0 Output
0 Port C (Bits 3-0) Direction
1 Input
0 Output

Note that the modes for port A and port B can be separately defined, but no
mode can be specified for port C. When mode 1 is specified for port A or port B,
the associated upper or lower part of port C is automatically configured for
handshaking lines If port A or port B is configured for mode 0, the associated
upper or lower part of port C is automatically configured for mode 0

The control register should be written only once for each data acquisition
environment. If you want to use more than one port at a time, set up all ports
the first time vou write to the control register. The control register cannot be

read
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Port C Bit Set/Reset Commands

When a command is written to the control register with bit 7 clear, the
command is interpreted as a port C set/reset command. An individual bit in
port C can be set or reset by this command; the other bits in port € are
unaffected. Only one bit in port C can be changed at a time. The meaning of
each bit in a port C set/reset command is shown in Table 5-2.

Table §-2
Control Register Port C Bit Set/Reset Commands
8it
Number Value  Significance
7 0 Signifies command 1s a port C bit set/reset command
6 0 Not used but must be 0
5-4 54 Mode definition Identiies the current configuration being used
00 Mode 0
01 Mode 1 Port A Input
10 Mode 1 Port A Output
1" ! ‘ode 2
3-1 321 B1 Selected
000 0
001 1
010 2
on 3
100 4
101 S
110 6
m 7
0 Bit Commanad
1 Set
0 Reset
Port C 1/O in Mode 1 or Mode 2

When port A and port B are programmed in mode 1, two bits in port € are
unused for handshaking lines By using the bit set reset command, these bits
can bw used for data input or output, or for additional customized hand shak-
ing. When port A is configured for mode 1 input, bits 6 and 7 in port € (PC6
and PCT) can be used for input or output. When port A is configured for mode 1
output, bits 1 and 5 in port C (PC1 and PC5) can be used for input or output If
only one of either port A or port B is being used for mode 1, the port € hits
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unused for handshaking may be used for 1°0. For example, if port \ is heing
used for mode 1 input, and port B is in mode 0 or not used, all of the lower
portion of port C is available for 'O If port A is programmed for mode 2 and
port B is not being used, bits PCO throngh PC2 are available for 1 O

Port € can always be read regardless of the current mode configuration of the
parallel ports. Reading port € in mode 1 or mode 2 can provide with vou the
status of all the associated handshaking lines. This allows you to check the
status of external devices' handshaking lines and alter program flow in the
event of a hangup or other unwanted situation.

Maode 0 operation provides hasie input or output through ports A, B, upper-C,
or lower-C. No handshaking signals are used. Interrupt driven data transfer s
not available Each port may be separately configured for input or output

There are sixteen different combinations of input and output ports in mode 0
These combinations are selected by the combinations of bits 0, 1, 3, and 11n
commands written to the control register. Bits 2, 5, and 6 select mode 0 for
ports A and B when clear Bit 0 i< associated with port € (lower) Bit 1 s
associated with port B. Bit 3 is associated with port € uppery. Bit 1is associ
ated with port A. A 1in the specified nt selects input and a 0 in the specified
bit selects output. For example, to set port A and port C cupper) to input, and
port B and port C (lower) te output, write a command byte to the control
register which has bits 3and 4 set to 1, and bits 0 and 1 set to 0 (Bits 2,5, and &
are all elear for mode 0)

MODE 1 OPERATION

Mode 1 operation provides stobed input or output of data Hand<haking lines
are used in port C as described below Interrupt driven data transfers are
possible; the interrupt can be enabled or disabled

Mode 1 Input Handshaking Signals

In mode 1, there are two handshaking sigrals for controlling input from an
external device to the RTL These are the strobe (STB) and input buffer full
(IBF) signals. Both signals are implemented in port C and are associated with
the data lines of either port A or port B as deseribed below
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Strobe is sent from the external device to the RTI to indicate that the exiernai
deviee has just placed valid data on the data lines. When this signal goes Jow
for at least 30 nanoseconds, then goes high, the data present on the eight data
lines is latched. For port A in mode 1input, bit $in port € (PCH s used for the
strobe signal. For port B in made 1 input, bit 2 in port € (PC 211s used for the
strobe signal.

The input buffer ful! gnal serves as an acknow ledgment signal from the RTI
to the external deviee. The IBF signal uses the high state as a true condition
IBF goes high when the RTI deteets a strobed input pulse. IBF goes low again
when the data has been read from the port register. For port A in mode 1
input, bit 5 in port C (PCH) is used for the IBF signal For port B in mode 1
input, bit 1in port C(PCH is used for the IBF signal

A timing diagram showing the relationship between data flow and the strobe
and input buffer full signals is shown in Figure 5-6.

DATA (FROM EXT DEV ) x X

STB (FROM EXT DEV ) /

k@~ 500 ns MINIMUM
18F (FROM PC3XX) / \
'. “ MR 10%
Handshaking Timing Diagram Input
Mode 1 Input Interrupts

In mode 1, the parallel port car generate interrupts to the CPUusing the TRQ)
B interrupt line. The interrupt can be enabled or disabled by writing a port €
bit set reset command

The input interrupt signal, when enabled, sets an interrupt flig in the inter
rupt B register when the strobe signal is currently false (highi and the input
buffer full signal is currently true chigh). This combination indicates that the
external device has data available to be read by the RTL The interrupt signal i~
reset when the associated port register is read.

The interrupt signal can be enabled or disabled for port A and port B individu
ally. To enable the input interrupt for port A, write a port € hit set reset
command to the control register which sets bit PC1 See Table 5-2
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To enable the input interrupt for port B, write a port € hit set. reset command
to the control register which sets bit PC2. See Table 5-2.

The input interrupt uses bit PC3 (for port A) and bit PCO (for port B) inter-
nally. Therefore these bits are not available for input/output purposes when
interrupts are enabled in mode 1. If interrupts are enabled in mode 1, they
must he disabled before entering mode 0 operation.

NOTE: Repeated reading of the port register by the Professional
computer’s CPU without interveming STE pulses causes the (BF signal to
togele high The INTR signal is not affected

Mode 1 Output Handshaking Signals

In made 1, there are two handshaking signals for controlling output from the
RTI to the external device. These are the octput buffer full (OBFi signal and
the acknowledge (ACK) signal. Both signals are implemented in port C and are
associated with the data lines of either port A or port B as deseribed below

Output buffer full signal is sent from the RTI to the external device and is used
to indicate that the RTI is ready to send data. It can be thought of as a strobe
signal to the external device. When data is written to the output port register,
the OBF signal is asserted low. The OBF signal is reset high when the external
device sends an acknowledge signal (see next paragraph). For port A in mode |
output, bit 7 in port C (PC7) is used for the OBF signal. For port B in mode 1
output, bit 1 in port C (PC1) is used for the OBF signal.

The acknowledgment signal, used to indicate that the device has received the
data from the RTI, is sent to the RTI by the external device. To function
properly, the external device must assert this signal low for a minimum of 300
nanoseconds. For port A in mode 1 output, bit 6 in port C (PC6) is used for the
ACK signal. For port B in mode 1 input, bit 2 in port C (PC2) is used for the
ACK signal.

A timing diagram showing the relationship between data flow and the output
buffer full and acknowledge signals is shown in Figure 5-7.

NOTE: Reading an output port (b the Professional computer’s CPU ViR
mode 1 will reset the OBF signal of it i< low Output data is not affected
however
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DATA (FROW PCIXX) x K
OBF (FROM PCIXX) \ V4

ACK (FROM EXT DEV )
300 ns MINIMUM

Figure §-7 N
Handshaking Timing Diagram Output

Mode 1 Output Interrupts

In maode 1, the parallel port can geacrate interrupts to the CPU, using the IRQ
B interrupt line. The interrupt can be enabled or disabled by writing a port €
bit set reset command.

The output interrupt signal, when enabled, sets an interrupt flag in the inter-
rupt B register when hoth the acknowledge (ACK) signal and the output buffer
full signal are currently false thigh). This combination indicates that the
evternal deviee has received the last data sent and is ready for the next data
hyte. The interrupt signal is reset when data is written to the associated port
register.

The interrupt signal can be enabled or disabled for port A and port B individu-
ally. To enable the output interrupt for port A, write a port C bit set. reset
command to the control register which sets bit PCG. See Table 5-2

To enable the output interrupt for port R, write a port C bit set ‘reset command
to the control register which sets bit PC2 See Table 5-2.

The output interrupt uses bit PC3 (for port A) and bit PCO (for port B
internally. Therefore these bits are not available for input/output purposes

when interrupts are enabled in mode 1.

The final interrupt must be handled after the last valid data is written to an
output port or read from an input port.

If interrupts are enabled in Mode 1, they must be disabled before entering
Mode 0 operation.
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Made 2 operation provides the capability of bidirectional strobed input output
This allows the RTI both to transmit data to and te receive data from remote
devices over an 8-bit bus.

Made 2 operation is available only for the group A port. The bits used in mode 2
operation are the eight bits of port A, used for bidirectional data transfer; the
four bits of upper port C, used for handshaking signals; and bit PCI, used
internally for interrupt generation.

Mode 2 Input/Output Handshaking Signals

Mode 2 uses the same handshaking signals for input and output as port A in
mode 1 does. There are two handshaking signals for controlling input from an
external device to the RTL These are the strobe (STB) and input buffer full
(IBF) signals. Both signals are implemented in port C.

Strobe is sent from the external device to the RTI to indicate that it has just
placed valid data on the data lines. When this signal goes low for at least 500
nanoseconds, then goes high, the data present on the eight data lines s
latched. For maode 2 input, bit 1 in port C (PCY4) is used for the strobe signal.

The input buffer full sign u serves as an acknowledgment signal from the RTI
to the external device. The IBF signal uses the high state as a true condition.
IBF goes high when the RTI detects a strobed input pulse. IBF goes low again
when the data has been read from the port register. For mode 2 input, bit 5 in
port C (PC5) is used for the IBF signal.

A timing diagram showing the relationship between data flow and the strohe
and input buffer full signals is shown in Figure 5-6.

In mode 2, there are two handshaking signals for controlling output from the
RTI to the external device. These are the output buffer full (OBF) signal and
the acknowledge (ACK) signal. Both signals are implemented in port €

Output buffer full is sent from the RTI to the external device and is used to
indicate that the RTI is ready to send data. It can be thought of as a strobe
signal to the external device. When data is written to the output port register,
the OBF signal is asserted low. The OBF signal is reset high when the external
device sends an acknowledge signal (see next paragraph). For mode 2 output,
bit 7 in port C (PC7) is used for the OBF signal.
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The acknowledgment signal, used to indicate that the device has received the
data from the RTI, is sent to the RTI by the external device. To function
properly, the external device must assert this signal low for a minimum of 300
nanoseconds. For mode 2 output, bit 6 in port C (PC6) is used for the ACK
signal.

A timing diagram showing the relationship between <ata flow and the output
buffer full and acknowledge signals is shown in Figure 5-7.

Mode 2 Interrupts

Mode 2 interrupts operate in a manner similar to mode 1 interrupts for pory A,
The interrupts can be enabled or disabled by writing a port € hit set/reset
command.

The input interrupt signal, when enabled, sets an interrupt flag in the inter-
rupt B register when the strobe signal is curreatly false (high) and the input
bhuffer full signal is currently true (high). This combination indicates that the
external device has data available to be read by the RTIL. The interrupt signal is
reset when the associated port register is read.

The interrupt signal can be enabled or disabled. To enable the input interrupt
for mode 2, write a port C bit set/reset command to the control register which
sets hit PCA. To disable the input interrupt, use the bit set/reset command to
clear PC4. See Table 5-2.

An output interrupt is also provided. The interrupt can be enabled or disabled
by writing a port C bit/set reset command.

The output interrupt signal, when enabled, sets an interrupt flag in the inter-
rupt B register when both the acknowledge (ACK) signal and the output buffer
are currently false (high). This combination indicates that the external device
has received the last data sent and is ready for the next data byte. The
interrupt signal is reset when data is written to the associated port register.

The interrupt signal can be enabled or disabled. To enable the output interrupt
for mode 2, write a port C bit set/reset command to the control register which
sets bit PC6. To clear the output interrupt, write a bit set/reset command
which clears PC6. See Table 5-2.
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The final interrupt must be handled by your program after the last valid data
is written to an output port or read from an input port.

The mode 2 interrupts use bit PC3 internally. Therefore this it, although it is
part of group B, is not available for input/output purposes when interrupts are
enabled in mode 2.

If interrupts are enabled in mode 2, they must be disabled hefore entering
mode 0 operation.

The four ports (A, B, upper C, lower C) can used simultaneouslhy in different
modes. That is, port A can be used for mode 1 input while port B is used for
mode 0 output. Port B can be used for mode 1 input or output regardless of the
configuration of port A_If ports A and B are used in mode 0, port € can be used
in maode 0.

External devices generating handshaking signals may or may not use the same
terminology as that described above. For example, the acknow ledge signal may
be called Ready for Data, or some other term. However, if the signal serves the
purpose described above and conforms to TTL standard levels, it can be used
for the handshaking signal.

To connect the external device's handshaking signal, connect a wire from the
signal’s terminal to the appropriate bit in port C. See Table 5-3 for the bits
used. Also connect the terminal’s ground to a port C ground pin. (See Figure
1-2)

Table §-3
Location of Mandshaking Signals in Port C—Modes 1 and 2
Direction ol
Transter Signal Port A Port B
Input STB PCa PC2
IBF PC5 PC1
Output OBF PC?7 PC1
ACK PC6 PC2
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Chapter 6
Self-Test RC®i Logic and Diagnostics

Figure 6-1, Self-Test ROM Logic Block Diagram. summarizes the operation of
the self-test ROM logic and diagnostics.

The self-test ROM logic consists of a 12-bit counter, a 1K < % Erasable
Programmable ROM (EPROM), and enabling logic. The counter is reset to zero
by the power-up INIT signal. The combination of the ADD1, WRT, SEL0, and
ADD2 signals generates the LD ROM ADD signal, which loads the counter
with address 0. The combination of the ADD1 and WRT signals, or the SELO
and ADD2 signals, generates the READ ROM signal. READ ROM. together
with Slave Drive Enable (SDEN) generates the ENABLE ROM signal. which
enables the ROM and clocks the counter. Each time the ENABLE ROM signal
occurs, the ROM transfers a byte of data to the Professional computer's CPU,
and the counter increments to point to the next byte in the ROM. The program
contained in the ROM is thus loaded into the Professional computer’s CPU and
run to check out the three logic interface types on the Real-Time Interface
Module. The PC3XX-AA Real Time Interfece Onener’s Manual continues an
explanation of the possible error codes in the event the self-test ROM deteets a
problem.
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COUNTER
2
ADDRESS
L

DBUS<? 0> >

_LD ROM ADD

I ’ LD ROM ADD
SDEN
tNA ROM
:D_ﬂlmm.

Figure 6-1
Self-Test ROM Logic Block Diagram

NOTE: After the power-up self-tests have run, the outputs of the interfaces
are in the conditions listed hel.w. The voltages are approximate and are
valid only if no external device is connected.

O Serial Interface—Unasserted, High level: 45 volts minimum
Low level. -5 volts maximum

O 1EEE Interface—Unasserted, Output High: 2.5 volts minimum
Output Low: 0.5 voits maximum

O Parallel Interface—Unasserted, three-state condition (high impedance)
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The ROM logic contains a data register and an address register. Both registers
are cleared at power-up and at bus INIT. See Figures 6-2 and 6-3 for the
information contained in each register.

FUNCTION 8IS ADDRESS
15 1 3 12 "M 10 09 08 07 06 05 04 03 02 O 00
g Yy T v Al L) Ll Ll L L v T . T
READONLY | x x x x x x X x ROM DATA 17775200
A L and el A L A - A . A A L
Figure 6-2
ROM Data Register
FUNCTION aTs ADDRESS
5 L] 13 2 " 0 09 (] o’ 06 05 04 03 02 o 00
T v L o v L v v L 4 . L v T Ll
WRITEONLY | x x x x x *x x X x x x x x x x x | 17775202
N L s . L A i A A A v - A A s
-e o)
Figure 6-3
ROM Address Register

The low byte of the ROM data register is a data window into the ROM. Each
time the ROM data register is accessed, the next location of the ROM data is
made available.

ROM Address Register

The ROM address register is used to select address 0 of the onboard ROM. This
register is cleared when any number is written into it. The CPU Bus INIT also
clears this register.

LOOPBACK CONNECTOR

A loopback ¢cnnector (part number 12-21246-01) is available as an option. It
operates in the service mode as described in the PC300 Series Pocket Serviee
Guide (Order 1'umber EK-PC350-PS-001). The PC3XX-AA Real-Time Inter-
Jace Module Owner's Manual contains information on ordering the loopback
connector and Pocket Service Guide. The loopback connector is designed to be
used with the diagnostic diskette and provides more extensive testing of the
Real-Time Interface Module by looping SLU 1 of the serial logic back to SLU 2,
and Port A of the parallel logic back to Port B. The loopback connector does not
provide loopback testing for the IEEE-488 port.
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DIAGNOST!C DISKETTE

In order to perform diagnostic testing on the Real-Time Interface Module, the
P/0S Installation and Maintenance diskette must first he updated to include
the RTI diagnostics. The updating procedure is as follows.

Diskettes Required

1.
2.
3.
1

P/0S System Diskette V1.7 or later
Installation and Maintenance Diskette
Maintenance Test Diskette

Real-Time Interface Module Diagnostic Diskette

NOTE: Instead of a separate Maintenance Test Diskette, you may have a
Professional Installation and Maintenance Diskette Number 1 and Dishette
Number 2. In this case, the updating procedure is exactly the same. Simply
substitute Number 2 wherever the Test diskette is called for in the following
procedure.

Updating Procedure

Put the P/0S system diskette into drive 1 and turn the power on.
The system runs the power-up self-test, and if successful, will
display the Digital logo in reverse video and load the operating
system into memory.

A prompt appears to load an application program. Remove the
system diskette, replace it with the installation and maintenance
diskette, and press RESUME. The maintenance services program is
loaded and you are prompted to place the test diskette in drive 2.

The maintenance services menu is displayed. Select update services
and press DO. Press DO again to continue.

Remove the test diskette from drive 2 and replace it with the
diskette containing the new program. Place the RTI diagnostic
diskette in drive 2 and press RESUME. The RTI diagnostic is copied
onto the installation and maintenance diskette. “UPDATE
MAINTENANCE SERVICES"is displayed on the screen.
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5 Remove the R11 diagnostic diskette from drive 2 and file it in a safe
place. Place the test diskette back in drive 2 and press RESUME. The
RTI diagnostic is copied from the installation and maintenance
diskette onto the test diskette. When this is successfully completed,
the following screen display appears:

"“SUCCESS"
“The installation of the diagnostics is now complete.”

Th: procedure for running the Real-Time Interface Module diagnosties is
found in the PC3XX-AA Real-Time Intexface Owner’s Mununal (EK-PC3AA-
OM).
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Chapter 7
The Analog Data Module

The Analog Data Module (ADM), shown in Figure 7-1. allows real-time collee-
tion of analog data. The data is sampled and converted to representative
digital values which can then be stored and processed easily.

Figwe 7-1
The Anaiog Data Module

The ADM is designed to be run in conjunction with a Professional 300 series
computer and a PC3XX-AA Real-Time Interface Module. The Real-Time Inter-
face Module is installed in the card cage of the Professional computer and
connects to the ADM through a 62-pin cable supplied with the ADM.
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Many laboratory devices produce data in analog form. A continuously varying
voltage represents the data to be collected. In general, these laboratory devices
also make use of a triggering signal or status signal to convey additional
information about the data or the data transfer.

The following paragraphs highlight the features of the ADM.

HIGH RESOLUTION ANALOG INPUTS

The ADM features eight channels of true differential analog input. The ADM
converts analog signals into 16-bit di.iial values, offering a resolution of one
part in 65,536 (96 dB). Input values an range between - 5 volts and +5 volts.
Protection circuitry prevents damage to the unit for input signals up to 21
volts.

The ADM hardware is capable of a peak analog sampling rate of 53000 samples
per second. A continuous sampling rate will be less than this, and depends
upon the specifics of your application and the amount of software processing
vou do.

TRUE DIFFERENTIAL INPUT AND AUTO-ZEROING CIRCUIT

The ADM features true differential input which provides a high common-mode
rejection ratie and reduces the problem of noise-induced error.

Most data producing devices have two terminals: one positive terminal which
produces the data representative voltage, and one minus or return terminal for
completing this circuit. Some A/D converters take as input only the positive
terminal signal and measure its potential difference to ground as data. The
ADM’s differential preamplifier takes both sides of the data device's signal as
input and measures the difference between their respective voltages as data.

The ADM also features an auto-zeroing circuit which subtracts all input offset
voltages attributable to the preamplifier.
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The ADM also features a programmable gain preamplifier which evtends
dynami~ range to 132 dB, and allows low-level analog signals to be com erted
with greater resolution. The preamplifier may be software loaded with a
desired gain, or it may he programmed to determine the appropriate gain
automatically on a real-time hasis. Gains of 1. 1, 16 and 64 are provided

A programmable real-time clock allows the collection of data samples to oceur
at a software-selected frequency. The clock may be set to operate at any
frequeney between 0 and 5 kHz for analog data and between 0 and 12 kHz for
digital data. The slovest selectable clock period is 16.1 seconds Onee set, a data
point is sampied and converted at every tick of the clock.

The ADM employs a track-and-hold circuit for analog conversions The circuit
continually tracks or follows the output of the ADM preamplifier When a
command to convert a sample is received, the voltage level is held constant
while the A/D converter circuit generates the digital value

The track-and-hold circuitry helps increase the speed of the ADM. The hold
circuitry helps prevent the converter from misinterpreting a rapidly changing
signal. A signal which varies more than 153 microvolts during the eonversion
time would be misinterpreted if there were no hold circuit. The measurement
of the least significant bits would vary from what the actual value was at the
time the signal was acquired. (The least significant bits of the digital value are
determined last.)

Several types of analog data collections are available. The ADM allows collee-
tion of one data sample, multiple data samples on one channel, or multiple data
samples on multiple channels (called sweeps). In addition, you can select how
data collections begin; either a software trigger, where collection begins as
soon as a command byte executes; or a hardware trigger, where collection
hegins when the ADM detects a negative voltage transition on the digital input
strip. (See Digital Input and Output, below.) Collection of multiple samples can
be controlled by the ADM’s real-time programmable clock or by subsequent
hardware triggers.
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DIGITAL INPUT AND OUTPUT

The ADM contains one 8-bit digital input bharrier strip and one S-hit digital
output strip. These general purpose ports can be used for a variety of tasks
including hardware triggering of data acquisition, collecting status informa-
tion from devices, collecting 8-bit digital data, and writing commands to exter-
nal devices.

The digital input barrier strip features Schmitt triggers for more versatile
applications. Schmitt triggers respond to voltage levels rather than transi-
tions, and can therefore detect as a transition a signal which changes slowly. A
logical 0 is set on a digital bit when a signal drops below 0.8 volts. A logical 1 is
set when a voltage rises above 1.6 volts. This allows the digital input strip to
respond to Transistor-Transistor Logic (TTL) level signals and nonstandard
signals.

Fach digital input bit is associated with an analog channel for hardware
trigering. (See Triggering Modes, above.) When a transition from logical level
1 to logical level 0 (voltage drops below 0.X volts) is detected on a digital input
hit, data collection begins on the associated analog channel. This is true onl
for hardware triggered data acquisitions.

The digital output barrier strip uses Transistor-Transistor Logic (TTL) for
output. This standard defines a logical 0 (TTL Low) as a voltage of less than 0.5
volts and a logical 1 (TTL High) as a voltage ol greater than 2.4 volts. Devices
which have input ports that conform to TTL can be connected directly to the
ADM’s digital output barrier strip.

The digital output barrier strip also features three-state output so that -
customized bus can be designed. Three-state output is a high impedance state
which is neither TTL Low nor TTL High.

Connectors on the ADM's panel allow the IEEE-48% bus and serial line unit
ports of the Real-Time Interface Module to be accessed. The ADM passes these
connections directly to the Real-Time Interface Module and performs no
processing on them. This allows simultaneous use of the ADM with IEEE bus
and serial data transmission. For information on the use of these ports and the
types of cables available for device connections, refer to the ’C2XX-AA Roal-
Time Intertace Module Owner’s Mannal (EK-PC3AA-OM-002),
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The ADM panel is used for making all connections to the ADM. Figure 7-2
shows the ADM panel and identifies each feature.

°oG~
sz?u °-D  oigiraLoureur
o ANALOG DIGITAL BARRIER STRIP
RESEY ANALOG INPYY INFUIY
CHANNEL  CONNECTOR BARRIER STRIP

R
-

W Y Ty .

@DOG®

[piistis s thert
R IO OOR DY U T XX Y

s

Stmay EEE 48R AUS
UNE CONNECTOR
Nt 2
S vy Stmay CONNECTOR (R ON OFF
JACK UNE © mNaTION
UNit CARE
CONNECTOR CONNECTOR
Lo )
Figure 7-2

This LED, when lit, indicates that a reset condition exists. Data collection is
halted while this light is on.

Sweep LED

This LED, when lit, indicates that the ADM is currently collecting data in
sweep mode. (See Chapter 3 for definitions of data acquisition modes.)

Analog Channel LEDs

These LEDs, when lit, indicate that the ADM is currently sampling data on the
indicated channel.

Analog Input Connectors

The analog input connectors are used for colleciing analog data. Cables and
connectors are provided for making connection : o these connectors. (See Chap-
ter 4 for details on constructing the cables.)
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Digital Input Barner Strip

The digital input barrier strip allows easy connection to the digital input port
The strip consists of ten pushtab connectors: one pushtab for each bit in the
digital input port and twe pushtabs for ground references. Connections are
made by pushing in the pushtab and inserting the conductor Releasing the
pushtab holds the conductor in place. Be sure 1o strip back any insulation on
yvour conductor before inserting it into the pushtab.

Digital Output Barrier Strip

T - digital output barrier strip allows easy connection to the digital output

«  The strip consists of ten pushtab connectors: one pushtab for vach hit in
che digital output port and twoe pushtabs for ground references. Connections
are made by pushing in the pushtab and inserting the conductor Releasing the
pushtab holds the conductor in place. Be sure to strip back any insulation on
vour conductor before inserting it into the pushtab.

The ADM's fuse is a 230 volt 2 ampere slow-hlow fuse for 120 volt environ-
ments and a T20 ampere fuse for 200 volt environments (The ADMPC-A2 i
designed for a 120 volt environment; the ADMPC-AZ s designed for o 210 volt
environment ) If the fuse needs to be replaced, do not replace it with a fuse
different from the original.

AC In
The A€ In receptacle is used to provide power to the ADM

On/ON
On the On Off switch, 1 indicates ON, 0 indicates OFF

This connector provides access to the IEEE-458 bus on the Real-Time Interface
Module. The ADM does not process the IEEE signals on this port but passes
them directly to the Real-Time Interface Module. This connector does not allow
the ADM to be specified as a device on an IEEE bus.
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62-Pin Combination Cable Connector

One end of the combination cable (part number: 17-00036-02) attaches 1o this
connector, the other end attaches to the internal cable of the Real-Time Inter-
face Mudule

Senal Line Units 1 and 2 Connectors

The serial line unit connectors, like the IEEE bus connector, are passed
direetly to the serial line unit ports on the Real-Time in rface Module. The
ADM does not process these signals in any way.

+$ Volt Jack

This jack provides +5 volts of power at 025 amperes and is for Digital Field
Service use only - The jack is fuse protected, but the fuse is not user replaceable
Users making connection to this jack do so at their own rish.

The reset switeh is a momentary contact toggele switch. When depressed, i
provides the same function as a power-off, power-on exele for the ADM

When the reset switeh is depressed, all input and output processing ceases, the
clock stops, and any data in the hardware data buffer i< cleared. The dyninal
output strip is set to tri-state mode. After a reset, the ADM should be re-
initialized using the AINIT subroutine of the PRTIL software

WARNING: Use of the RESET switeh during an apphication i~
unpredictable I an application becomes hung and RESET < used 1o clear
the ADM, the apphication should be restarted to ensure data collection
provewds properiy
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ANALOG DATA MODULE OWNER'S MANUAL

The Avaloy Data Module Owner'’s Manual supplicd with the ADM provides
additional information about the ADM. However, Chapter 3 of the Analog
Data Module describes triggering modes and data acquisition features which
require the use of the Professional Real-Time Interface Library or PRO Tool
Kit Real-Time Interface Library (hoth abbreviated as PRTIL). Information
provided in Chapter 3 of the Analoy Data Module Owner’s Manual may or may
not he true when programming the ADM in assembly language Some of the
trigeering modes described in the Avalog Data Module Owner’s Masinal are
provided by the PRTIL software, not the hardware. You should, therefore, rely
on this manual for information pertaining to triggering modes when program-
ming the ADM in assembly lunguage.

The information in the other chapters of the Awalog Data Module Owener's
Manual, including the information on the AUM's front panel, constructing
analog cables, and using the digital input/outpit barrier strip, is all valid
when programming the ADM in assembly language.

The ADM is connected to the RTEs internal cable using the 62-pin cable
supplied with the ADM. This cable carries all of the RTI's input output sig-
nals. On the ADM, however, the IEEE-188 bus connector and the two SLU
connectors are pass-through connectors only The ADM does not process sig-
nals on these interfaces in any way. The ADM is controlled through the RTI's
parallel YO port. When vou use the ADM with the RTL the parallel port i< not
available for independent programming.

The Analog Data Module Owener’s Manual provides full instructions for con-

structing analog signa! cables and making connection to the analog channels
and digital input/output barrier strips
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Chapter 8
Theory of Operation

The ADM is primarily designed to collect analog data- however, digital data
can be collected as well. This is discussed in Chapter 10. The following discus-
sion describes how the ADM converts a single analog sample. Figure 8-1 pro-
vides a block diagram overview of the ADM.

When an external voltage is connected to one of the ADM's analog input
channels on the front panel, the voltage can be converted to a 16-bit digital
value representing that voltage. The conversion can be initiated either by the
ADM’s internal clock, an external triggering wire connected to the digital
input barrier strip, or immediately upon the reception of a command from the
Professional computer to convert a voltage.

The ADM’s analog channel connectors are differential input connectors. A
differential input connector takes both sides of a data signal (plus and minus)
as input and subtracts the minus from the plus signal. The resultant signal is
used as the data voltage. This method provides some noise reduction since it
eliminates common-mode voltages present on hoth signals.
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ADM Block Diagram
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All the internal sequencing of the ADM is controlled by a state machine that
receives commands through port B of the RTL The state machine set< up the
A M to collect analog data, according to the commands received. When data
acquisition and comersion starts, the state machine controls all the sequenc-
ing of events from the multiplexer channel s vitching to the loading of the
first-in first-out (FIFO) data buffer.

When the command to acquire data is received (in some maodes, the set-up
procedure deseribed below does not oceur until the trigger event happeas; in
other modes, the set-up oceurs as soon as the AD? | receives the configuration
command), the ADM’s input multiplexer feeds the voltage from the channel to
he sampled into the conversion circuitry. Only one channel can he sampled at
time After the multiplexer has routed the sample voltage to the conversion
circuitry, the state machine turns on the autoranging cireuitry.

The autoranging cireuitry quickly samples the analog voltage with a low reso-
lution flash A D converter. This allows the circuitry to detcrmine the relative
mgenitude of the signal and select a gain for the preamplifier which will make
optimal use of the ADM's resolution. This gain is then fed into the pream-
plifier, and the voltage is amplitied according to this gain.

The autoranging circuitry can be disabled by your application. In this instance,
vour program loads the preamplifier with one of the four possible gains. Gains
of 1 tunity), 4, 16, or 64 are possible.

The ADM's track-and-hold circuitry acquires and holds the amplified output of
the preamplifier. This eircuit continually “follows™any fluctuations in the
preamplifier’s output, regardless of whether the ADM is currently converting
a signal or not.

After the track-and-hold eircuit has acquired the signal, the front-end nodes of
the analog multiplexer channel are switched internally to a ground reference;
this ground reference is then fed through the preamplifier using the same gain
as for the data voltage. To eliminate any offset in the data signal attributable
to the preamplifier, this reference is subtracted from the voltage in the hold
circuit. This process is called auto-zeroing. After a short time dolay during
whieh the preamplifier is allowed to settle, the resultant signal is converted.

The state machine now feeds the held voltage into the A/D (analog-to-digital)
conversion circuitry. The hold circuit freezes the voltage so that the A'D
converter (where the signal is fed after the preamplifier) will see a constant
voltage throughout the conversion process.
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The amplified signal is held constant while the A/D converter determines a
digitized data value. The A/D converter used in the ADM is a 16-bit successive
approximation converter, providing very high resolution. At high gain i,
this converter can detect a voltage increment of as little as 2.4 microvolts. The
Aunaloy Data Module Owner’s Manual contains a detailed discussion of
resolution.

The ADM uses the successive approximation technique for converting a voltage
input to a digital value. This method of conversion uses a series of appronima-
tions, each with twice the resolution of the previous approximation. Starting
with the most significant bit, each approximation sets or clears vne bit in the
digital value. The approximation occurs 16 times, once for each bit in the
successive approximation register (SAR). The following algorithm illustrates
the successive approximation method.

1. Set the most significant remaining bit of the SAR to 1; with this
output, generate a comparison level in a precision digital-to-analoyg
converter (DAC:.

"~

Compare this level with the held equivalent of the sampled signal.

3. If the comparison level is less than the held sample, leave this bit
set.

1. If the comparison voltage is greater than the held sample, set the
present bit to 0.

Prepare toe operate on the next significant bit.
6. Go to step 1. When all 16 bits have heen compared, the resultant
value represents the analog voltage.
This algorithm is illustrated in Figure 8-2.

When a digitized value is complete, the state machine loads the 16-bit value
into the 8-bit FIFO buffer, with the high data byte being entered first. The
state machine also reads the status register (which constantly records the
channel used, gain used, and error conditions) and loads the contents of the
status register into the FIFO buffer after the two data bytes.

Handshaking signals from port A of the RTI are automatically handled by the
FIFO/output buffer circuitry, and data values are thus transferred to the host
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Figure 8-2
Successive Approximation Block Diagram

The above deseription describes the sequence of one conversion. When multiple
samples are being taken on a single channel, the state machine waits for either
the next “tick"of the ADM's programmable real-time clock, or the recognition
of an external triggering line on the digital input barrier strip (depending on
how the A™™M has been configured). When the proper type of triggering event
has oceurred, the state machine begins the conversion process all over again
The number of sumples to be acquired is not specified, so the ADM continues to
acquire samples in the programmed mode until it is reprogrammed, or the
RESET switch is depressed, or the inhibit hit is written as part of command
hyte 2. The inhibit bit stops all current operation of the ADM, but does not
reprogram it or clear data in the FIFO buffer. (Refer to Chapter 11 for infor-
mation on the inhibit bit and command bytes.)
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The ADM can also be progrummed to acquire multiple samples from multiple
channels; these are called sweeps. In this event, the state machine always
starts the first conversion on channel 0 when the specified triggering event
occurs (either clock or external trigger). When that conversion is done, the
state machine immediately switches the multiplexer circuitry to the next chan-
nel (channel 1) and immediately begins the conversion process for that voltage.
In this way, the ADM proceeds from one channel to the next in the fastest
possible manner. In most applications involving sweeps, it is actually desirable
io measure all connected voltages simultaneously. Since this is not pussible,
the channels are sampled as quickly as possible, one after the other. The last
sampled channel in a sweep will be the farthest away (in time) from the
sample on channel 0, but this time discrepancy is minimized by the ADM
Although sweeps always begin on channel 0, you can select the number of
channels in the sweep.

14
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Chapter 9
Collecting Analog Data

Analog data is collected by connecting the external devices to the analog input
channels on the front panel of the ADM. Cables for making these connections
are provided with the ADM and instructions for using the cables are provided
in the Analoy Data Module Owner's Manual (EK-ADMPC-OM). The analog
channels accept any voltage within the range -5 volts to +5 volts. Voltages
exceeding these limits may damage the ADM.

The ADM is programmed to collect data by writing four command bytes to the
command byte registers within the ADM. The four command by tes select the
features described in this chapter. For complete information on the command
bytes, refer to Chapter 11.

Before writing your application to collect analog data, it is necessary to con-
sider the following aspects of your application:

O How data acquisition is triggered (started)

Sampling speed
Signal level

8 8 8

Number of samples to be collected
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The specifies of vour application will determine which of the ADM’s selectable
features vou should use. The ADM provides flexibility in the method of analog
comversions that you can use. These selectable features include:

[ The ability to take one or multiple samples on a single channel

The ability to sample all channels sequentially as quickly as possible
in order to sweep several inputs

[ Six triggering modes for analog data
{1 An internal clock for timing sampling
2 A preamplifier for low-level signals - four gain settings are available

(1 Gain may be set by yvour program or determined automatically by
the ADM

0 A first-in first-out data buffer for more efficient data collection

The ADM can he configured for a variety of data acoisition modes. The
simplest of these is the acquisition of a single sample on a single channel The
ADM can also be configured to collect one sumple per channel from all eight
channels (or less) in sequential order. In other words, the ADM can be con-
figgured to collect data by taking one sample on channel 0, then channel 1, then
channel 2, etc., up to a maximum channel number you specify; this is called a
sweep. A single sweep is defined as the acquisition of one sample from each
channel. A sweep can have hetween two channels and eight channels

There are therefore three types of channel and sample selection

[0  Single sample on a single ckannel
0 Multiple samples on a singie channel

P

0 Multipie szmples from multiple channels — sweep (one sample per
channel in each sweep).
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Triggering is the method by which a sample is initiated. It refers to the
acquisition of the first sample as well as subsequent samples. The ADM pro-
vides three 1)y pes of triggers:

Command Write Acauistion starts as soon as the software command by re

Triggering is received. This could also be called immediate
exevution.

External Acyuisition starts when a negative transition is

Triggering detected on the digital input barrier strip. Each channel

is associated with the corresponding digital input bit
tchannel 0 with digital input bit O This allows you to
wire an external handshaking line or manual «witeh to
the ADM for use in starting data acquisition

Clock Aequisition of subsequent samples can be triggered by

Triggering the “tick” of the ADM's internal clock The frequency of
the cloek is selectable between 066 Hz (a period of 16232
seconds) and 5 kHz.

The three ty pes of triggering are combined with the thive t pes of channel and
sample selection to provide for a variety of acquisition chaoices, called trigger-
ing modes. The ADM provides six triggering modes for collecting analog sam-
ples (There are two additional triggering modes for collecting digital data; see
Chapter 10 The variety of triggering modes allows vou to choose the method
by which sampling begins and the method by which subsequent samples are
taken.

The ADM's six analog triggering modes are:

Mode 0 A single sample is taken on a single channel as soon as the
configuraiion command is received.

Mode 1 Multipie samples are taken on a single channel Each sample is
taken when an external trigger occurs. A negative transition
detected on the digital input bit causes acquisition of each
individual sample.

Mode 2 Multiple samples are taken on a single channel. The first sample
is taken as soon as the configuration command is received The
subsequent samples are taken at a user-specified clock frequency
Each time the clock ticks, the next sample is acquired.
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Mnle 3

Modde 1

Maode 5

Multiple samples are taken on a single channel. The first sample
is taken when an external trigger occurs. The subsequent samples
are taken at a user-specified clock frequency.

Samples are taken on multiple channels, a sweep. A single sweep
is defined as the acquisition of one sample from each channel A
single sweep samples each specified channel once per sweep A
sweep can have hetween two channels and eight channels. In mode
1. the first sample on channel 0 is taken as soon as the
configuration command is received. The second sample on channel
1 is tuken as soon as possible after the channel 0 sample is taken

ach sample on the next channel in the sweep is taken as quickly
as possible until the highest numbered channel in the sweep is
sampled. Both the highest numbered channel and the clock
frequency are user specified. In mode 4, the next sweep of the
specified channels occurs at the next clock tick

Samples are taken on multiple channels, a sweep. A single sweep
is defined as the acquisition of one sample from each channel A
single sweep samples each specified channel once per sweep Thus
a single sweep can have between two channels and eight channels
In mode 5, the first sample on channel 0 is taken when an
external trigger occurs. The second sample on channel 1 s taken
as soon as possible after the channel 0 sample s taken Fach
sample on the next channel in the sweep is taken as quickly as
possible until the highest numbered channel in the sweep s
sumpled. The highest numbered channel is user specified In mode
5. the next sweep of the specified channeis oceurs when an
external trigger is detected on channel 0

NOTE: There are also two triggering modes cmondes 6 and 71 for the
collection of duyntal data See Chapter 10

NOTE: Sweeps are always defined as starting on channel 0 You can select
the highest channel used in 4 sweep

External Tnggers

The external trigger is useful when vour analog data deviee has a TTL hand
shaking line indicating valid daia or vou wish to construet a manual or auto
matic switch to initiate data acquisition The external trigger makes use of the
digital input barrier strip on the ADM's front panel. Each digital input bt
consists of a Schmitt trigger which can detect both voltage transitions and
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voltiage levels. When an external voltage is present on the digital input hit,
changes in the voltage will cause the digital input bit to be set or cleared. When
an external voltage is higher than 1.6 volts, the digital input hit is set to 1.
When an external voltage drops helow 0.8 volts, the digital input bit is set to 0

When the ADM is configured for a mode involving external triggering, the
digital input bit is monitored by the ADM's hardware. When the digital inpuat
it changes from 1 to 0, the ADM recognizes this as an e ternal trigger and
starts data acquisition. For a second external trigger to oceur, the digital input
bit must be reset to 1. This means that the voltage present on the connected
hine must rise to at least 1.6 volts to set the bit to 1. If a digital bit is currently
0 and the voltage rises (for example, to 1.2 volts), then drops again to 0.5 volts,
this will not he recognized as an external trigger

The digital bits have Schmitt trigger inputs which fire at the voltages listed
helow

Maximum voltage level to set a logie | 16 volts
Miminum voltage level to set a logic O 0.8 volts

Since the Schmitt triggers respond to voltage levels rather than to transitions,
the digital input bit will respond to a very slowly changing voltage as well as 1o
a rapid transition in voltage levels. Because of the levels chosen for the
Schmitt trigger firings, the digital input bits will respond to TTL lines without
any alteration. If yvour deviee has a handshaking line which uses TTL 1o
indicate that valid data is now being transmitted, this line can be connected
directly to the digital input barrier strip Also, see Chapter 10

Fach digital input bit is associated with the analog channel numbered corre-
spondingly - For example, digital ir .0 bit 0 is associated with channel 0, and
digital input bit 1 is associated with channel 1. When using a single channel
triggering mode. the external rriggering line is connected to the digital input
bit associated with the analog channel you are sampling If vou are sampling
on analog channel 5, the external triggering line should be connected to dignital
input it 5

Sweeps always start on channel 0 For external triggering of sweeps, the
trigggering line should be conneeted to digital input bit 0 Triggering lines
should not be connected to the other digital input bits since the ADM moves
from one analog channel to the nest as quickly as possible when configured for
@ sweep
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Triggering lines connected to the digital input barrier strip must be part of a
complete circuit. The ground connections on the digital input bharrier strip
should be used to complete the cirevit and should be connected to the ground
tassociated with the handshaking line you are using) on your device Chapter §
of the Awnaloy Data Module Owner’s Maonual (EK-ADMPC-OM) contains more
details on making connections to the digital input barrier strip bits.

Clock Triggering

The ADM's internal clock can be used to trigger the acquisition of subsequent
data samples. The clock allows you to choose a frequeney between 0.6 Hz and
50 kHz. When you choose a triggering mode that uses the clock to collect
subsequent samples, the ADM can be programmed to take the first sample
immediately, or when an external trigger is detected The clock begins ticking
at the selected frequeney as soon as first sample is acquired. After the first
data sample is converted, the next sample is acquired on the next clock tick In
this way, you can take sumples at a known frequencey.

The clock frequeney is selected by choosing a source frequeney and a divider
Both of these numbers are written to the ADM's command registers, and the
combination of the two is used to produce the clock frequeney There are eyght
source frequeney ranges. Your divider 1< used to indicate how far above the
minimum fregueney in a souree frequency range that the cloek is to run Tuble
91 and the algorithm can be used to arrive at the source frequencey range and
divider 1o be specified once you have decided on the frequeney range of the
clock you would like to use.

Table 91

ADM Clock Source Frequencies

Source Frequency  Bmary Maximum Mirvmom
Number Equivalent Frequency Frequency
7 m 256 kHz 1 kHz

6 110 64 kH2 250 H2

5 101 16 kHz 62 5 H2

4 100 4 kHz 15 625 Hz

3 on 1 kHZ 390265 Hz
2 010 250 Hz 0976563 Hz
1 001 62 5 Hz 0244141 H;
0

000 15625 Hz 0061035 Hz

-
N
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Choose the frequency appropriate for vour application

Using the minimum frequency column of Table 91, find the 1tao
source frequencies between which the desired frequency hies

The source frequency will be the lower of these two source frequency
ranges The souree frequency number chetween 0 and 7y will be
specified to the APM s part of command hutes 0 and )

Pivide the nuvimum frequeney in the source frequency range I the
desired frequency.

Round off the quotient of this division to the nearest whole number
Subtract 1 from the quotient

Convert the number in step 6 1o hinary format This s the time base
divider to be supplied in command byvies 0 and 1

NOTE: For any desired ek froqaeney greater than 1AMz s sournce
frequency 7

The algorithm thus gives you two binary nambers used to seleet the clock
frequency . Beeause the quotient is rounded, sometimes there is o deviation
from the desired clock frequency The masimum possible deviation < alwan -
less than or equal to + - O8N of the desired frequency range

The following example illustrates the use of the clock frequency algorithm

3

6

Assume the desired frequency is 30 Hz

|..~in|( the minimum fl‘m.m'm'_\ column of the source frm.lu'm v table,
vou can see that 30 Hz hes between the mimimmum frequencies of
source frequencies 1 and 5.

The lower of the two sovrces is 1 This number (hinary 1000 1<
written as part of command byte 1 The maximum frequency range
of source range 1is | kHz

Divide § kHz by 30 Hz The quotient is 13333333
Round off the quotient to 133
Subtract 1 from 133 to give 132

132 in binary 1= 10000100 This is the divider to be supplied in
command bytes 0 and 1
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Thus for a clock frequency of 30 Hz, the N-bit divider to be specified s
100100, and the 3-bit source frequencey is 1000 These two numbers are speci-
fied in command bytes 0 and 1. In this particular example, the actual clock
frequency used by the ADM is 30075 Hz, which is a positive error of 0257 See
Chapter 11 for the command byte format.

Choosing a Clock Frequency

The frequeney you choose for the collection of analog data should be deter-
mined by your application. The Nyquist theorem states that the sampling
frequency used should be at least twice as high as the frequeney of the highest
component in your signal. This is to aveid aliasing, which is the misinterpreta-
tion of a signal's frequeney due to inadequate samples. Determining the fre-
quency of the highest component of your signal is sometimes difficult.

If you can identify the fastest transient that you can expeet and if yvou can also
determine what sampling rate will adequately identify that transient, vou can
use that sampling speed for the entire signal. For example, if you expect that
the fastest transients in vour signal will be about 0.1 seconds in duration and
that ten samples would adequately identify those transients, a rate of 100
samples per second (100 Hz) couid be used for the entire signal. By ensuring
that the fastest transients in the signal are nod lost, vou also ensure that the
entire signal is represented.

When choosing a clock frequeney, do not choose a frequeney that causes erro-
neous triggering. An erroneous triggeer is defined as a clock tick which oceurs
before the ADM has finished converting a sample already held Some errone-
ous ticks cannot be detected. (See next paragraph ) In the case of sweeps, an
erroneous clock tiek is defined as one which oceurs before the highest channel
in the sweep has completed its conversion.

If an erroneous clock tick occurs while the ADM is digitizing a held voltage, the
digitization stops, and the new voltage is held. The erroneous clock tick is not
detected. In fact, the ADM will become hure because the clock wiil probably
tick again while the newly held voltage is being converted. This problem ¢an be
avoided by choosing a clock rate within the limits listed below

Maximum Recommended Cloct Rates

When using a programmed wain of 1 or 4 50 kHz
When using a programmed gain of 16 or 64 25 kHz
When using autoranging 2.5 kHz
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Sweeps

In a sweep, each channel is sampled onee as quickly as possible. After all
channels in the sweep have been sampled once, the ADM waits until the net
trigggering event (cloch or external) before it begins the next sweep. A sweep of
channels is designed to oceur as quickly as possible in order to make the
suceessive data points in a single sweep as close to each other in time as
possible. You select the number of channels in a sweep by specifyving the
highest numbered channel in the sweep as part of command byte 3 (see chapter
111 Generally, sweeps are useful when more than one device is connected to
the ADM, and it is desired to “read”all the devices at specified time intervals,

Sweeps are always initiated on channel 0, and it is recommended that the
swept channels be sequential. The ADM always samples every channel between
0 and the upper limit you specify in command byte 3. This design minimizes
the time needed to switch from one channel to the next channel. To take
advantage of this, you should make all channels in a sweep sequential in order
to place the data samples closely together in time. In addition, you should
always start sweeps on channel 0 (kave a device connected to channel 0).

You should not have any channels with open inputs in a sweep. A completely
open channel, one with nothing connected to it, will saturate the ADM's
preamplifier. The ADM's preamplifier will rise to its highest output on an open
channel. When the sweep moves to the next channel, which has valid data, the
preamplifier may not adjust to a level appropriate for that data in time for the
conversion. Therefore, the digital data for that sample will most Likely be too
high.

You can avoid this problem if there are no open channels in a sweep. If you
have devices which are used in your application occasionally, connect these
devices to the highes numbered analog channels. For example, if 1ou have
three devices, but one device is used only sometimes. connect that device to
channel 2. Connect the other two devices to channels 0 and 1. Then, when yvou
run a sweep without the third device, vou need to change only the channel
specification in command byte 3. You will not have to make changes on the
ADM’s front panel.

If this solution is inappropriate for vour applicaticn, and you want to have a
channel unused in your sweep, you can build a NULL connector for the analog
channel. For example, if you have five devices and you sometimes want a sweep
of channels 0 through 1 and sometimes of channels 0, 1, 2, 3, and 5, yvou can
build a NULL connector fer channel 4 when it is not heing used.
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A NULL connector is a standard analog connector (analog connectors and
cables are supplied with the ADM) having the plus pin shorted to the return
pin. No other connections need to be made When vou wish to run a sweep
without channel 4, simply disconnect the device from channel 1 and connect
the NULL connector in its place. The Analoy Data Module Owner’s Manual
(EK-ADMPC-OM) contains additional details on how to construet analog
cables, connectors, and NULL connectors.

ENDING DATA ACQUISITION

Once the ADM begins sampling data, the ADM continues to sample and load
the FIFO buffer until one of the following occurs:

(7 The inhibit bit is written for a minimum of 100 microseconds. (See
Command Byte 3, Chapter 11)

(1 The FIFO buffer fills and a triggering event(s) oceurs. The ADM
misses a data sample(s) in this case, but resumes conversion when
the FIFO buffer clears.

The RESET switch is depressed.

(1 Command byte 3 is written with a new triggering mode specified
(See Chapter 11.)

Some signal levels are so low that only a portion of the ADM's full scale range
is being used. The ADM is capable of converting a signal in the range of 510
+5 volts. The 16-bit A D converter that the ADM uses, vrovides a resolution of
one part in 65,536 or 153 microvolts over the full scale range. Each LSB in the
converted value represents a unit of 153 microvolts.

However, if the signal magnitude is very low and varies, for example, between
0 and +0.1 volts, a resolution of 153 microvolts is possibly a significant percent-
age of the signal. In this case, the ADM's preamplifier can be used to increase
the resolution of converted values.

The ADM's preamplifier amplifies the analog signal before it is converted. A
low-level signal can therefore be amplified to “look like”a higher level signal
The value of each LSB in the converted value thus decreases. At high gain (61),
the ADM can detect a change of as little as 2.4 microvolts
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The preamplifier has four possible gain settings. The available gains are 1 or
unity gain), 4, 16, or 64 times the magnitude of the incoming signal.

The preamplifier can be loaded either with a gain you seleet or with a gain
selected by the autoranging circuitry of the ADM. The autoranging circuitry
samples the input voltage prior to conversion and determines a gain that
makes use of the largest portion of the ADM's range. The autoranging cir-
cuitry does this for every sample taken and can therefore adjust to a changing
signal. A voltage of 0.05 volts might be given a gain of 61, The A/D comverter
then sees a signal of about 3.2 volts, and the least significant bits of the
converted value will provide much greater resolution than if the signal had not
been amplified. If the voltage then rises, for example, to 0.15 volts, the
autoranging circuitry would seleet a gain of 16 and the converter would see a
signal of 2.1 volts.

Autoranging is enabled by writing the autoranging enable bit in command
byte 2. (See Chapter 11.)

Autoranging can be disabled, and the preamplifier can be loaded with a gain
vou seleet. In this case, the preamplifier applies the selected gain to all input
voltages, regardless of level, until reprogrammed. If the input voltage times
the gain rises above 5.0 volts, an erroneous conversion will result. For example,
if you expect a signal magnitude to vary between 0 and 1.0 volts, you might
load the preamplifier with a gain of 1. Should the signal rise to greater than
1.25 volts, the converter will be fed a voltage greater than 5.0 volts and he
unable to convert the value accurately. In some applications, of course, the
signal magnitude can be predicted accurately, and this situation will not apply.

The convenience of autoranging is offset by the additional time the autorang-
ing circuit adds to the conversion time. The total conversion time when using
autoranging is generally 400 microseconds. This compares to a conversion time
of 200 microseconds for conversions using a programmed gain (autoranging
disabled) of 1 or 4. Conversion time when using a programmed gain of 16 or 61
tautoranging disabled) is 400 microseconds, equivalent to the autoranging
delay. Thus if you know, as in the example above, that your signal will vary
only between 0 and 1.0 volts, autoranging (as opposed to loading the pream-
olifier with a gain of 1) is not advised, since it doubles the conversion time.

To seleet a constant programmed gain for the preamplifier, disable the
autoranging circuitry by clearing the autoranging bit in command hyte 2 and
specify the desired gain using the two gain bits in command byte 2 (See
Chapter 11 for the command byte format.)
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EFFECTIVE APERTURE DELAY—SOME CAUTIONS

Whatover gain you decide 1s appropriate for your application, including unity
wain, you should consider the possible effect of the effective aperture delay on
the accuraey of your data. In an ideal world, the conversion of the analog
voltagre would occur at precisely the same time as the occurrence of the trigger
that initiates data acquisition, whether the trigger is the clock, an external
trigger, or imnmiediate execution. However, this simultaneous conversion is not
possible, and a slight delay always occurs between the time of a trigger and the
conversion of a voltage. The delay is due to multipiexer settling times, pream-
plifier settling times, and aperture delay times in the track-and-hold circuit.
The sum total of all these times is called the effective aperture delay. Gener-
ally the delay is negligible, but in some cases it may be significant.

If your application requires (hat the collected data be as closely synchronized
with the triggering event as possible, the effective aperture delay may be a
problem. Your digital data will actually be somewhat later in time than the
triggering event. To alleviate this problem, the ADM (when collecting multiple
samples on a single channel) settles out the preamplifier output before the
triggrering event occurs. When the triggering event occurs, the hold circuit
immediately freezes the preamplifier output and conversion hegins. The effec-
tive aperture delay is diminished. This mode of operation, called presettling, is
used when the ADM is programmed for multiple samples on a single channel.

When using autoranging in conjunction with mode 1 or mode 3 (multiple
samples on a single channel using external triggering), vou should consider the
fact that, with presettling, the autoranging circuit loads the preamplifier
hefore the trigger occurs. The autoranging circuit samples the voltage present
on the nalog channel as soon as the configuration command (command hyte 3)
is received. This voltage may or may not be anything like the voltage that will
be present when the external trigger occurs. If the channel voltage is signifi-
caniiy different by the time the external trigger occurs, the loaded gain may be
completely inappropriate and the digitized vaiue be vvei- or underranged In
fact, if the voltage is greatly different, the first few samples may be inappro-
priately amplified since it takes a while for the amplifier to settle if it is
saturated. In cases like this, you may want to choose a software selected gain
and disable autoranging. Or, if appropriate to yvour application, you may want
to discard the first few samples taken.
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In modes where the samples are taken by the cloek (mode 2), the antoranging
sumples the voltage present at the analog channel and loads the appropriate
wain into the preamplifier. The first eloch tick then oceurs immediately. Pro-
vided an appropriate cloek frequency has been chosen, the above problen s
avoided.

In mode 5 (sweeps initiated by external triggers), the autoranging circuitry
does not sample the voltage present on channel 0 for the first sample until the
external trigger is received. Presettling cannot be used in sweeps sinee the
autorange gain selected would apply to the previous channel and not to the
sample actually collected. Therefore, the problem deseribed above is avouded
To alleviate effective aperture delay problems in sweeps, vou can seleet a low
wain without autoranging This shortens the delay considerably

Appendin: B shows how the sequence of each event, channel acquisition,
autoranging, auto-zeroing, and comersion oceur in each of the different nades

After an analog voltage is comverted, the digital value is placed in the first-in
first-cut (FIFO) data buffer along with a status by te which records the specif-
ics of the conversion. The FIFO huffer allows data values to accumulate in the
ADM if the host is unable to retrieve them immediately

The FIFO huffer contains 125 bytes of memory. In addition, there is an »-bit
output data buffer which is used to interface with the RTIs parallel port lines
tport A» When the RTI asserts Input Buffer Full (IBF) true, it signals that it
received the previous data byte and is ready to receive the nest data byvte
When the ADM detects IBF true, it loads the data byte at the top of the FIFO
buffer into the output data buffer. This means that at any one time, 129 by tes
are available for stored converted values (125 in the FIFO buffer plus 1 in the
data output buffer). Since each converted analog value uses three bytes (two
for the digitized value and one for the status byte), the ADM is capable of
buffering 13 analog values for transmission to the host (1293 - 13)

In order for data to flow to the host without being lost, it is necessary for the
host to continually empty the FIFO buffer as the ADM is filling it If the host
cannot retrieve data quickly enough, the ADM fills the FIFO buffer and will
not digitize any new values until the FIFO buffer can accept the next byte If a
trigering event occurs before at least one data byte is emptied, the data
sample is not acquired and is lost. A status byte sent with the data bytes
indicates that the FIFO buffer is full or that a triggering error has occurred
(See Status Byte, Error Conditions, in Chapter 11.)
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While this approach requires some thoughtful analysis when collecting data at
high rates, it does allow you to take “bursts”of data at the ADM's maximum
A D rate, and colleet up to 13 valid samples at your program’s convenience
For example, the ADM can convert samples at a rate of up to 5 kHz If your
application needs to sample short events at the recognition of a trigger, for
example, and 13 samples will represent the event, you can fill the ADM'< FIFO
buffer as quickly as possible when the trigger occurs. This data will remain in
the FIFO huffer until retrieved; your application, therefore, does not need to
retrieve it immediately. The last status byte will indicate a triggering error,
but if 13 samples are enough for your application, you can ignore the last data

sample.

The maximum rate at which your application can retrieve data from the ADM
will be specifie to your application. The ADM can convert analog data values at
a peak maximum rate of 5 kHz. A continuous sampling and transmission rate
will be less than this, but it depends upon the specifies of yvour application and
the amount of software processing you do

The FIFO buffer is cleared only under two conditions: when a new triggering
mode and channel specification command hyte is written (command by te 3), or
the RESET bhutton is depressed on the ADM's front panel. Writing the inhibit
bit in command byte 21 does not clear the FIFO buffer. (See Chapter 11
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Chapter 10
Using the Digital Input/Output Barrier Strips

The ADM’s front panel contains an &-bit parallel digital input barrier strip
and a 8-bit parallel digital output barrier strip. The digital input barrier strip
is primarily intended to be used as a means for external triggering. However,
two triggering modes are provided in the ADM for the reception of digital
data. The digital output barrier strip allows you to send X-bit digital data out
to remote devices and is primarily intended to allow application-specific com-
mands to be sent to remote data devices.

Each bit in the barrier strip is a pushtab connector. To connect a wire from an
external device, use a small serewdriver, ball-point pen, or vour fingers to
press in the red siot on the barrier strip. Insert the uninsulated end of the wire.
Release the red tab to hold the wire in place. Two ground pushtab connections
are also provided for each digital strip.

THE DIGITAL INPUT SARRIER STRIP

The digital input barrier strip may be used for external triggering, for status
bit purposes, or for receiving digital data.
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Digital input Barner Stnp Logic

A voltage of 0.5 volts or less sets a logical 0 in the digital input bit's logic. A
minimum voltage of 1.6 volts sets a logical 1. The digital input bits are Schmitt
triggers which respond to voltage levels rather than to transitions A slowly
changing triggering signa! will cause the Schmitt trigger to fire when the
voltage crosses the threshold of 08 volts even if that negative transition is
made very slowly. When the Schmitt trigger fires, the digital input bit's inter-
nal logic is set to 0.

The digital input bit must he reset to 1 hefore the Schmitt triggers can fire
again. This means that any external line connected to the bit must rise to a
voltage of at least 1.6 volts or higher to set the digital input bit to logical 1
hefore a negative transition can again set a logical 0.

Any device that uses Transistor-Transistor Logic (TTL) will correctly fire the
digital input bit Schmitt triggers. A TTL High signal is defined (for output) as
a signal between 2.4 volts and 5.0 volts. A TTL Low signal is defined as a signal
bhetween 0 and 0.5 volts. Thus TTL high will cause a 1 to he set in the digital
input bit and TTL low will cause a 0 to he set.

Using the Digital Input Barner Strip for External Triggering

ach digital input connector is associated with the analog channel numbered

correspondingly for external triggering. When you have programmed the ADM
for single channel acquisition started by an external trigger (either single or
multiple samples — mode 1 or mode 3), the digital input bit associated with that
channel is monitored for detection of a trigger signal. A trigger signal is a
voltage carried on a wire connected to the digital input bit. When that voltage
drops from a level ahove 1.6 volts to a level below 0.5 volts, the digital input bit
is set to a logical value of 0; this is defined as an external trigger signal. The
ADM in this case begins data acquistion.

The external trigger is wired to the digital input bit associated with the
selected analog channel. If you are collecting samples on channel 4, connect the
external trigger wire to digital input bit 4.

When you program the ADM for a sweep. the external triggering line is
connected to digital input bit 0. Sweeps always start on channel 0, and an
external trigger detection on digital input bit 0 starts the entire sweep. A
triggering connection to the digital input bits associated with the other chan-
nels used in the sweep is not necessary.
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The external triggering capability allows data producing devices themselves to
trigger data collection. Some devices make use of a handshaking line called
“Data Valid"or “Data Ready,”or some other name which indicates that valid
data is now being produced. If your device has such a line and the line con-
forms to TTL levels, that line can be used directly for an external trigger. The
circuit should be completed by connecting a wire from the digital input barrier
strip ground bits to the ground on your device.

Using Switch Closures for External Triggering

The digital input bits can be wired so that external triggering is performed by
switch closures. Each digital input bit is set to logical 1 when there is no
voltage present. The digital input bits are internally wired to input voltage to
themselves when no other connections are made to them. Therefore, if a nor-
mally open switch is wired between a digtial input bit and ground, the digital
bit will “sense”logical 1 v-hile the switch is open. Closing the switch shorts the
digital input bit to ground; the voltage drops to 0, setting a logical 0 on the
digital input bit. This serves as an external trigger.

If the switch closure method is used, a capacitor should be used to bypass the
switch to ground. This will debounce the switch aid prevent false second
triering. | igure 10-1 shows how this capacitor should be wired. There are
two ground inputs on the digital input barrier strip. The size of the capacitor
should be between .1 microfarads and 10 microfarads.

—®  GND
TJ—GN_D_
C IND
—/f T Nt
DIGITAL
N2 INPUT
N e STRIP
-I— IN3
g l ~e
INS
014F < C« 10uF i~
IN?
Figure 10-1
Example of Switch Debouncing
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The Awvalog Data Module Owner’s Mawual (EK-ADMPC-OM) provides further
information on using the digital input barrier strip for external triggrering
Also, refer to Chapter 9 for further information on modes that use external
trigeering.

Using the Digita! Input Barrier Strip for Status

Since the status byte returns the status of the digital input bit associated with
the sampled analog channel regardless of whether the ADM is programmed for
external triggering, the validity bit can be used as a status bit. If you wish to
use a deviee's “Data Valid"line for status purposes instead of external trigger-
ing, this can be done easily. The handshaking line is connected to the digital
input barrier strip in the same manner as described above for external trigger-
ing lines. In this case, however, the ADM is programmed for data acquisition
based upon a clock, or repeated executions of single sample commands The
validity bit can then be examined for every data byte that is returned Data
bytes with validity bits indicating imvalid data can be discarded.

Since the status byte returns the digital input bit for all data acquisition
maodes, the validity bit can be used in conjuction with external triggering for
sweeps. For example, if you want to sweep channels 0, 1, and 2 using external
triggering to start the sweep, vou can still conneet a status line to digital input
hits 1 and 2. These bits can then be used as validity bits since they play no role
in the external triggering of the sweep.

Collecting D:gital Dats

The ADM provides two triggering modes for collecting ~-bit digital data
through the digital input barrier strip. Since the ADM can be configured for
only one triggering mode at a time, using the ADM for digtal data colleetion
precludes simultaneous collection of analog data However, at times this might
be desirable Digital data can be collected at rates up to 122 kHz. A< with
analog data at 5 KHz, this 1s a burst made of operation. A continuous sampling
and transmission rate would be less than this and would depend on the speerf
ies of your application
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Pagntal data is read from the FIFO buffer in the same manner as analog data,
exeept that each digital data sample occupies only one byte. The FIFO buffer,
therefore, can hold up to 129 digital data samples. The digital data logic
matches that of the incoming data lines A 1in the digital by te indicates that
that data line was in the high state when the sample was taken Digital datain
port A corresponds direetly to the digital input hits. The MSB in port A (PAT)
reflects the data present on digital inpat bit 7, and the LSB (PAO) reflects the
dita present on digital input bit 0.

NOTE: No stutus te s provided for duygital data There s therefore no
error indication of the FIFO huffer hecomes iall

Triggering made 6 provides for collection of a single by te of digita! data from
the digital input harrier strip. The data i< read immediately when the com-
mand byte is written to the ADM.

Triggering made 7 provides for collection of multiple by tes of digtial data from
the digital input harrier strip. The first by te is collected immediately when the
command byte is written to the ADM Subsequent command by tes are read at
vach “tiek”of the ADM's clock.

No kandshaking lines are po cided for triggrering modes 6 and 7 Sonchroniza-
tion of the ADM's reception of data with the remote deviee’s transmission 1<
appheation dependemt

Selecting triggering mode 6 or made 715 done in command bayvte 30 the same
manner that analog triggering modes are selected (Sec Chapter 11 for the
command byte formats

USING THE DIGITAL OUTPUT BARRIER STRIP

The ADM can be configured for digital output by setting PC6 1o 1and PCT 100
This disables the normal command byte decoding logic, and the ADM passes
any data received from the RTI port B lines directly 1o the dynital outpuat
barrier strip In this way, digital data can be sent from the ADM
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The digital output harrier strip is provided to allow control over external
devices. Many data deviees have digital input ports for command information,
such as controlling calibration, initiating or stopping analog drat transmis-
sions, or other functions. Refer to the documentation provided with vour device
for information on how to control it.

The digital output strip uses Transistor-Transistor Logic for data transmis-
sion. A digital bit of 1 praduces a high output (voltage greater than 2.1 volts)
and a digital bit of 0 produces a low output (voltage less than 05 velts) Data
written to the digital output harrier strip remains latched until the nest data
byte is received.
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Chapter 11
Programming the ADM

The ADM is connected to the RTI's internal cable by the 62-pin cable supplied
with the ADM. This cable carries all the RTI's input/output signals. On the
ADM, however, the IEEE-48R8 bus connector and the two SLU connectors are
pass-through connectors only. The ADM does not process signals on these
interfaces in any way. The ADM is controlled through the RTI's parallel 1.0
port. When you use the ADM with the RTI, the parallel port is not available for
independent programming.

To control the ADM, you must first configure the RTI's parallel port. The
proper configuration for ADM control is port A, mode 1, input. port B, mode 1,
output, and both port C upper and port C lower configured for output. This
configuration is accomplished by writing a control word of 264 (%), (10110100),
to the parallel port command register. See Chapter 5.

Port A is used to receive data from the ADM. The ADM’s FIFO output buffer
is connected to the port A lines. The handshaking lines in port (" are controlled
automatically by the ADM. When there is a data byte in the FIFO output
buffer, the ADM asserts the STB signal true. The RTI asserts the IBF signal
true (high) indicating that it has received the data byte. When your application
reads the RTI port \ register, IBF goes low, signaling the ADM to transmit the
next data byte from the FIFO buffer. These control lines are handled automat-
ically by the ADM.
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Port B is used to transmit data to the ADM. The information received on these
lines by the ADM is interpreted either as a configuration command (for analog
or " .tal data collection), as digital output data, or as calibration commands
for either offset calibration or gain calibration. How the data on the port B
lines is interpreted depends upon the current combined states of the PC6 and
PCT lines. See Table 11-1. Handshaking control lines between the RTI and the
ADM are handled automatically for port B transmissions.

The handshaking timing diagrams for the RTi/ADM data transfers are shown
in Figure 11-1.

TRANSFER TO ADM

P8 (DATA) ~ X vauo

'1-—*
PCY (OBF)

-

PC2 (ACK) \ ’

w n

TRANSFER FROM ADM

PA (DATA) x VALID x
]
PCa ISTE) \ /
(U]
k—vs—q
Pcs (18F) |\ J | S—
"W uS<r <28 'a 28
2 < 350NS 's 300 NS
3 148

(L) DATA LATCHED INTERNALLY AT THIS POINT
() RTIM INTERRUPT GENERATED IF ENABLED

Figure 11-1
RTI/ADM Handshaking Timing Diagram

U RTLETY

Most of the bits in port C are used for handshaking lines for port A and port B
data transmissions. However, some bits are left over and are used to control
how the ADM interprets the port B data sent to it. Bits PC6 and PC7 are used
to control the operational mode of the ADM. Table 11-1 shows how the com-
bined states of PC6 and PC7 indicate the operational mode of the ADM.
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Table 11-1
PC7 and PC6 Meanings

nrnqo._-n

0 0 Analog and digital command mode Port B data s nterpreted as command
byles

G 1 Dignal output mode Port B data s sent dwec tty 10 the Jagital 0utp at tare s
stnp

1 Q TMset cahbraton mode Port B data « loaded into the oMt vertuer DAL
Sce Chapter 12

1 1 Gan cabration mode Port B data s loaded irdo the jan vermer DAC See
Chapter 12

Bits PC6 and PCT are controlled by port € bit set reset commands written to
the RTI's parallel port command register Chapter 5 contains complete infor-
mation on the parallel port command register. Table 11-2 summarizes the
commands that need to be written to this command register to set or clear PCy
and PCT

Table 11-2
Commands to Set or Reset PC6 and PC7
e—— ==
Octal Binary Commeand
Desired Resut  Commend (first evght tuts ol zeroes)
To se! PCE 035 8 00011101
Toset PC? 037 8y (U AARARI
To clear PC6 034 (B) 00011100
To clear PC7 036 8 00011110

PU6 and PCT remain latched when a port € hit set reset command is written
Therefore, the ADM remains in the chosen configuration until PC6 and PC7T
are specifically rewritten

The following paragraphs describe each operational mode.
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When PCG and PET are both set to 0, the ADM is configured for analog and
duntal data acquisition. In this mode, al! bytes written to the ADM are consid-
ered to be command bytes. The ADM decodes these command bytes and con-
figures itself for either analog or digital data acquisition. Only four command
hytes are necessary to configure the ADM for data acquisition. In some
instances, some of the command bytes do not need to be written.

The four command bytes are described in Table 11-3.

Table 11-3
Command Byte. Overview
Commend
Byte Brs Specifes R e e
0 54 Time base dwder tits 7 and 6
3 Dignal barnmer stnp wraparoond  dagnoshic only
20 Clock source frequency bits
! 5-0 Time bace dvader bits 5-0
2 & Inhitat bt
4 Calibration bt
3 Digital output enable bit
2-1 Preampiiher gan bit
0 Autoranging enable it
3 5-3 Channel select bits

20 Tnggenng mode select bits

Tables 11-1 through 11-7 deseribe the setting of each bit in the e« nmand by tes
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Table 11-4
Command Byte 0

8n

6 00 Sgmibies that thes v command by te 0
- 5 Time base dwader bt 7
4 Y Time hase diader bt 6
() 1 For diagnoshic purpos:s only enables digital barter steg
wraparound
0 Normal digital barmer stup operanon
20 s These three bits, select the real ime clock source freguent, as
shown
210 Soutce Frequenc, laumum bFrequend
m 7 256 kHz
10 6 b4 kH2
101 5 10 kM2
100 4 4 kM2
on 3 1R
010 2 250 W2
001 1 6 5 M2
000 0 15025 H2
Table 11-§
Command Byte 1
Bt
Number Value  Significance
7-6 (3} ] Sigmifies that this s command byte 1
5 = Time base dwider bit 5
4 2 Time base hwvider bit 4
3 ® Time pase dwvider bit 3
2 g Time base dwider bit 2
1 ° Time base dvider bit 1

0 . Time base divider bit 0
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Command bytes 0 and 1 are used to select a eloekh frequency. By providing a
time hase divider and a source frequency, the real-time clock can be program-
med See Chapter @ for information on how to determine the time base divider
and source frequency

Table 11-6
Command Byte 2
e
L0
Number Valwe Significence
7-6 10 Signifies that this s command byte 2
5 1 nhibits tnggenng Setting this it (for at least 100 mucroseconds)
causes all data acqusihon 1o stop The FIFO butter .« not Clearen
0 Normal tnggenng operation
4 1 [isables al analog nput from the mulhpleser andg feed Calitrgtion
npats to channels 0 through 3
0 Normal analog nmput from the analog channels
3 1 Disabies 3 gital output barmer stnp The tits are piace 3 in the high
mpedance three state mode
0 !WK norMmal 1,091"‘ \)u'()u' "\"K)\]" the l’hj 18 o v""t! Darrer k"l‘
21 - Specihies the gam 10 be used by the preampitier as shown  These
DS 2v€ Overnaden f the autoraning enabile it s et 1o 1
21 Gan
on T oty
0 4
10 AL
1" o4
0 ! f nables autoranging The aut wangng oo gty getermines the
optmal gan for each signal (vernaes an, gar spec ted b, ity
angd !
0 [nsabies autoranging Bits 2 and 1 specit, the gan 1o be uoea b,

the preamphfier
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The inhilat triggering bt chit 50 is used to stop any data acquis o e ent
occurring when the command byvte is written. When the intobat a0 woitten
set for at least 100 microseconds, the ADM stops whatever it <« domy and
enters i hold maode. Thas hold mode can be released only by wreito ¢ commemd
byte 2 aggain with the inhibit it cleas . Pata acquisition can then Ve restasned
owriting command bayte 3 again with either equinalent or new trigger g
information Because the inhibit it must renin set for at least 10 sucrose -
onds, you will prabably not be able to write the new command by te int o ematic o
immediately

When the inhibit bt is set, the data i the FIFO buffer is not clearea {f the
inhibit bit s set while & conversion s oceurrmg, that comversion s allo ved o
finish, but the status e records a false triggeering error

The ADM can be restarted only by writing command byvte 3 However, wr g
command b te 3 automatically clears the FIFO buffer Therefore of couv oo
to obtain the data in the FIFO bhuffer hefore restarting the ADM, vou o
repeatedly read port A of the RTE Each read of port A will toggele the han !
shaking lines between the ADM and the RTE and transfer the nest data
from the FIFO buffer
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The calibration hit (hit 41 is used during calibration. When bit § s set, the
normal inputs to the multiplexer channels are disabled and the following
inputs are fed to channels 0 through

* Channel 0 Analog ground reference
Channel 1 Newative full-scale reference
Channel 2 Positive full-scale reference
Channel 3 Bipolar triangular ramp

Only the inputs on channels 0 and 1 are used for calibration The channel 2 and
A4 inputs are used during diagnostic testing.

Refer to Chapter 12 for information on calibrating the ADM

When eleared, the digital output enable bit (it 3 places the bits on the dignal
output barrier strip in the high-impedance three-state mode which is neither o
1 nor a 0. The bits remain in this state until command bute 2 i< rewritten with
hit 3 clear, the ADM enters digital outpat mode, and the first data baote s
written to the output strip. See Digital OGutput Mode helow

The programmable gain bits (hits 2 and 1 seleet again 1o be used if autorang
ing is to be disabled.

The autoranging bit (hit 0 enables or disables autoranging

Choosing autoranging or a gain for the preamplifier i« discossed more fullo e
Chapter 9.
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Table 11-7
Command Byte 3
B R
8
Number  Value  Signincance 7
76 n Signiies that this i1s command byte 3
6 3 we Analog channel selection The theo e bits specit, the channet 1o te
used tor single channel samphng or he highe st channe! in a Saeeg
542 Channel Selected
m Channel 7
10 Channel 6
101 Channel §
100 Channel 4
on Channel 3
mo Channel 2
001 Channel 1
000 Channel 0
2-0 oy Tnggenng Mode Selecton Thuese three bits specdy the troggenr g

mode 10 as shown below

210 Tngger Descrption

Mode

m 7 Multiple digital values input through the digital mpat
barner stup fest sample intiated immicdialely
subsequent samples inihiated by clock

10 [ A single digital vatue npat through the o ptat inpo!
barner stup

101 5 Analog chdnnel sweeps each swecp mitated by ar
external tngger

100 4 Analog channel sweeps first saeep starts
immediately subsequent saceps inthated by clock

on 3 Single analog channel multiple <amples fir<t sample
mhated by external tngger subsequent sampie
mhated by lock

010 2 Single analog channe! multiple samples hrst sample
starts immediately  subsequent samples iniha®ed b,
clock

001 1 Single analog channel multiple samples €ach sample
thrst and subsequent) initiated by esternal tngger

000 0 Single analug channe! single sample ntated

immediatel, when command s wntten
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Writing command bite 3 clears any data in the FIFO baffer

The meaming of the channel specification bits depends apon the trgo oy
mode selected I vou select @ singde channel acquisition mode, the chann!
specfication basidentify the channel 1o be used I Cou seleet a sweep g
e ode, the channed specification bitsadentify the highest numbered choonnel
in the sweep Sweeps alwans start on channel 0 and saeep throagh evers
channel until the specified highest number channel is reached

There <hould be no unused analog channels in a sweep See Chapter 9 11 v
select wtrggeering mode for digital data acquisition, the channel speafication
hits are ignored

The triggoring mode bits speaify the triggeering mode 1o be used for data
acquisition I vou select an analog trggrering mode which starts immedantels
todes 0, 20 and 0, the ADM hegins converting the voltage on the specified
channel immediately I yvou selvet o triggering mode which starts on an exter

nal triggger cmodes 1, 3, and S0 the ADM s fullv configrured when conaand
bate 3 s recenned and will wait indefinitely until an external frpgeer s
received Data acquisition of the first simple then begins

Tl teggeeringg miodses involving the clock, the clock starts when the first data
samiple is acquired This ensures that the elock period between all samples -
equal For triggering modes that start with an external triggrer, the elock da -
not start until the external trgeer is received and the first sample s avquired

Chapter @ contains niore detailed information on the trggrering modes

Wniting the Command Bytes and Collecting Data

To write the command by tes to the ADM, first write to the RTI paraliel port
control register the port C bit set reset commands which clear both PCG and
PCT. these are 031 080 and 036 (81 This places the ADM in analog operational
mode Then write the four command by tes, starting with command hite 0 to
the RTI port B register. The ADM automatically controls the handshaking
lines for these transfers When yvou have written command byvte 3, either data
acquisition starts immediately, or the ADM waits for an external trigger

Taen it is necessary only to read the data from the RTEs port A register 1f vou

have enabled interrupts for the RTIES parallel port, the data transfers can b
entirely interrupt driven
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Command byte 3 is the only command byte that actually starts data aequisi-
tions. The other command bytes configure the ADM but do not initiate any
action by the ADM. You can therefore write command by tes 0 through 2 at anmy
time. The specifications they select remain in place until the command by te s
rewritten.

Therefore, if you find it necessary to restart data acquisition using the same
parameters (clock speed, gain, eteo, it is not necessary to rewrite comnand
bytes O through 2; rewriting command by te 3 is sufficient.

Once data acquisition starts, the ADM continues running until specifically
turned off by the inhibit bit. This allows the ADM to continue converting
analog data while also outputting digital data through the digital output bar-
rier strip.

ANALOG DATA FORMAT

Analog data is stored as three bytes. When a conversion is complete, the
converter holds a 16-bit digital value representing the analog voltage. This
value is written into the FIFO buffer along with a siatus byte that records
information such as the error status, analog channel sampled, validity bit, and
the gain applied. These are explained below.

The high byte of the 16-bit data value is written into the FIFO buffer first. The
low hyte is written next, followed by the status byte. This is illustrated below
in Figure 11-2.

PA7 | PA6 | PAS | PA4 | PA3 | PA2 | PA1 | PAD | RTI PORT A

MSB| D4 | D13 | D12 | D11 | D10 | D9 D8 | HIGH DATA BYTE

D7 D6 DS D4 D3 D2 D1
s7 S6 S5 S4 S3 s2 S1

LOW DATA BYTE
STATUS BYTE

E

Figure 11-2
Data Flow from the ADM to the RTI

The ADM data output buffer is connected to port A of the RTIL. The high-order
bit of the data output buffer is connected to bit PAT, and the low -order bit of
the output buffer is connected to bit PAO.
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Coding Format

Table 11-8 illustrates the coding format for converted analog values.

The coding format is 2's complement.

Table 11-8

Coding Format

Differential Input Voltage Word Output
Positive Full Scale (or ovurrange) 077777(8)
Positive Full Scale - 1 LSB 077776(8)
Zero volts + 1 LSB 000001(8)
Zero volts 000000(8)
Zero volts - 1 LSB 177777(8)
Negative Full Scale + 1 LSB 100001(8)
Negative Full Scale (or underrange) 100000(8)

Table 11-9 summarizes the bits in the status byte.
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Status Byte
Table 11-9 summuarizes the bits in the status hyvte
Table 11-9
ADM Status Byte
e e
B8
Number Value Significance
7 1 An error was detected (t,pe s indicated by it 6,
0 No errors wore detected It bit 715 0 bit 6 has ne meaning
6 1 A tnggenng event was detected dunng the conversion of thic alue
(or previous valuc -see below)
0 Tne ADM FIFO butfer was fillied when this value was whitten (or
previous value - see below)
5-3 These three bits specit, the analog channel used
543 Channel Used
000 0
001 1
010 ¥ 4
on 3
100 4
101 S
110 6
m 7
2 1 The vahdit, bit :nadhcates the state of the assocated diptal input b
when the value was convertfed A Y indicates the digital b was set
o 1 (a high voltage was present)
0 The digital input bit associated aith this analog channe was set 1o ()
(a8 low voltage was present)
1-0 These two bits indicate the gan used by the preampliter tor this

conversion The gan bits do not indicate whether e Jain was
Choscr L autoranqing o by program control

10 Gan
00 1
(4} 4
10 o
1" o4

NOTE: The valihits it 1s collected regardless of whether the dygital input
buarrier strip s being used for external triggering or not
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Error Bits and Error Conditions

Once set, the error bits ain the status bvte remain set until @ new trggeering
mode is specified using command byote 3 osee Chapter 110 When bt 7 s et b
6 has & meaning as described below

Bit 6, when clear, indicates that your application is not emptying the FIFO
buffer at a fast enough rate When the FIFO huffer becomes full, and a
dusitized value cannot be entered into the FIFO buffer, status it 5 heconies set
and bit 6 is clear However, sinee the FIFO buffer is full, the status bute cannm
be entered into the FIFO buffer until your apphication has emptied at least
three byvtes tone sample). The converted data value 15 then entered adong with
the status by te indicating the error condition. Your apphcation, however, will
not receive this byte until the 12 data <amples previoush entered are retrieved
This error condition is an indication that your apphication needs 1o be opt
mized 10 retrieve data faster from the FIFO buffer

When set, it 6 indicates that an erroneons triggering erent aas detected This
could be due to the faet that the clock frequeney vou have chosen s too fast,
and a clock tick occurred while a voltage was being converted However, it man
also be due the fact that your application is not retrieving data fast enough
from the FIFO buffer, as when bit 6 1< clear. When the FIFO buffer first fills
up and a data sample cannot be entered immediately into the FIFO baffer, bit
7 becomes set and it 6 is clear If the data sample cannot be entered into the
FIFO huffer quickly enough and another triggering event occurs (elock or
external), bit 6 s set and will be written into the FIFO buffer as set, when
there is room in the FIFO buffer The data sample that should have been
dynitized by the triggering event s lost In this instance, although hit 6 s set,
the real problem s that yvour application is not retrieving data fast enough
from the FIFO buffer

Ninee the status hit indicating the FIFO buffer s full cannot be loaded into the
FIFO buffer until you have emptied at least three bytes, vour apphication will
not find out immediately that some data has been lost You will not be able to
determine how much data has been lost, nor its value In this case, vou should
probably consider all the data after the error condition as corrupt, though this
Judgment is apphication speciiic You must determine that the data transmis-
sion between the host wnd ADM s fast enough to prevent lost data
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DIGITAL OUTPUT MODE

Writing the RTEs PC6 set to 1 and PCT clear places the ADM in the digital
output mode In this mode, any data sent from the RTE through port B o the
ADM s treated as digital output data and s latched directhy into the dyntal
autput buffer. The bits in the digital output harrier strip are latched wirh this
dita and do not change until the next data bate is received from the RTL If the
A s tahen out of the digital output mode, the digital output barrier <sirip
remains latched according to the last data byte sent to it You can return the
digital output harrier strip to the three <tate high-impedance output b using
bit 3 of command hyte 2.

For more information on *he digital output mode, refer 1o Chapter 1o

When POG is set to 0 and PCT s set 10 1, port B data coming from the RT)
i~ interpreted as calibration data for the offset vernier DAC. When PO and
1PCT are both set to 1, port B data coming from the RTI is interpreted as
cahibration data for the gain vernier DAC Calibration is deseribed in Chap-
ter 12
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Chapter 12
Calibration

The ADM provides two vernier DACSs (digital-to-analoz converters) to allow
fine calibration of the offset and gain measurement.

The ADM should be allowed to warm up for approximately twenty minutes
hefore calibrating it. Should the temperature of your application environment
change by a gradient of more than 2°C during fifteen minutes, the ADM ma:
need recalibration.

Oftset Calibration
The following steps should be used to calibrate the ADM for offset.

1. Place the ADM in analog operational mode by writing PC6 and PC7
clear.

~

Configure the ADM for calibration by writing the following
command bytes:

Command byte 0: 00000000 000 (8)
Command byte 1: 00100001 101 (R8)
Command byte 2: 10010000 220 (R)
Command byte 3: 11001000 310 (8)
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3.

This configures the ADM for calibration (bit 4 in command byte 2
set) by feeding the negative full-scale reference voltage into channel
1 and the positive full-scale reference voltage into channel 2 The
negative full-seale reference is used to caiibrate for offset. The
positive full scale reference will be used to calibrate for gain.

The ADM hegins converting the voltage present on channel 1 and
transmitting the data to the RTL

Set PCG to 0 and PC7 to 1 to place the RTI in the offset calibration
mode.

Your calibration routine should provide a means of averaging the

returned values as they are received. The averaged value should be
compared to & value of 100000 (5). Steps 6 and 7 will provide a way
to adjust the reiorned converted values until they equal 100000 (x).

In the offset calibration mode, data bytes written to port B of the
RTI are written to the ADM's offset vernier DAC. The vernier DAC
powers on containing the value 200 octal (10000000) The contents of
this DAC can be changed by writing a 2ew data value to port B. A
change of one LSB in the vernier DAC will change the ADM's
returned converted values by one-half of an LS8 When you are
using this technique, your calibration routine should write a loop
which continues to decrease (or increase) the value in the offset
vernier DAC until the returned values average 100000 (%),

Subtract one LSB from the vernier DAC register. This places the
offset as close to zero as possible.

The ADM is now calibrated for offset.
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Gan Cahbranion
The following steps should be used to calibrate the ADM for gain.

(19

Plece the ADM in analog operational mode by writing PPC6 and PCT
clear

Configure the ADM for gain calibration by writing the following
command hytes

Command byte 3 11070000 320 (x)

Thi~ ADM remains configured for calibration from the previous
writing of command bytes 0, 1, and 2 Only command hyte 3 aeeds to
be rewritten to speeify that saraples are now to he taken from
channel 1 The positive full-seale reference will be used to calibrate
for gain

The ADM begine converting the voltage present on channel and
tran=mitting the data to the RTL Meally, this should be 0777777 (%)
I 1t is not, the gain vernier DAC needs to be adjusted.

Set PC6 to 1 and PCT 10 1 10 place the RTI in the gain calibration
maode

Your calibration routine <hould prosvide a means of aseraging the
returned Values as they are received The aversged \ aiue should he

to adjust the returned converted values until they equal 077776 (%)

In the gain cahibration mode, data bytes written to port B of the RTI
are written to the ADM's gain vernier DAC The vernier DAC
powers on containing the value 200 octal The contents of this DAC
can be changed by writing a new data value to port B A change of
two LSBs in the vernier DAC will change the ADM's returned
converted values by one LSB However, unlike the offset vernier
DAC, increasing the value in the gain vernier DAC decreases the
returred digitized value Decreasing the gain vernier DAC value
increases the returned digitized value Your calibration routine
should write a loop which continues to decrease tor increase) the
value in the gain vernier DAC until the returned alues average
0TTIT6 (%)

The ADM is now calibrated for gain
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Appendix A
Performance and Electrical Specifications

ELECTRICAL SPECIFICATIONS (25°C uniess noted otherwise)
ANALOG PERFORMANCE

The following analog specifications assume a stable operating temperature
environment. A stable operating temperature is defined as no more than a 2°C
change in exhaust air over a 15 minute period.

A/D CONVERTER SYSTEM (including track and hold)

uil Scale Range (FSR): 10 Vde
Bipolar Input + 5 Vde
Resolution: 16 Bits

(Binary weighted, 1 part in 65536 of FSR. 1 LSB - 155 ppm of FSR )

Absolute Zero Error: 00106 FSR
Absolute Scaling Error: 001257 FSR
Monoticity (no missing codes 14 Bits
guaranteed r

No more than 3 missing codes at: ', ':, %« FSR
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Differential Nonlinearity:
Relative Accuraey Error:
Temperature Coefficients:

Differential linearity:

Bipolar offset:

Gain:
Noise
(based on Gaussian distribution):
Total Conversion Time (maximum):

Programmed gains 01, 04:
Programmed gains 16, 64:
Autoranging enabled (any gain):

External Start Aperture Delay:

INPUT MULTIPLEXER (each input line)

On Channel Leakage Current:
Off Input Leakage Current:

Input Capacitance (each line to ground):

OFF channel:
ON channel:

Continuous Overvoltage Protection:
Power ON:
Power OFF:

Selectable Gains:
Gain Accuracy:
G=1

G= 4

G =16

G =64

65525 states - 1 LSB

+ 8 LLSB

+ 007 LSB/°C
+ 063 LSB/°C
+ 082 LSB/°C

RMS: 1 LSB
PEAK: 3 LSB

200 us
100 us
100 us

175 ns typ
J00 ns max

+ 16 nA
+2nA

25 pF
70 pF

+ 29V
+ 10V

1, 4, 16, 64

0.020%
0.035%
0.050%
0.0807%
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Common-maode Rejection Ratio tmin) T1dR

Inpot Impedance 10 megohms

Full Scale Interchannel Setthing Error «omn . FSR
Autoranging Scale Switch Points shoan in Table A1
Table A-1

Autoranging Scale Switch Ponts

s———

F s Al :‘4 Fuline ale 1

247 Fullscan SRR Olisc ake 4

5 8% Fullscale - 17 Fulse ake AL

17 Fulisc an 0 6d

Vﬂ‘l’t Thew Fanges are ool caoues Theo could decrate up te =0 of
fuli seale

CODING FORMAT

The cading format i~ 2'< complement

DIFFERENTIAL INPUT VOLTAGE WORD OUTPUT
Positive Full Scale (or overrange) 07777
Positive Full Scale - 1 LSB 0TTTTHN
Zero volts < 1 LSB CTTTUIEY
Zero volts CTCLLTEY
Zerovolts 1 LSB 17777708
Negative Full Scale < 1 LSB TN (N
*eegzative Full Seale or underrange) HLCLEUEY)
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DIGITAL PERFORMANCE

FRONT PANEL INPUTS
Minimum voltage level to set a logie
Manimum voltage level to reset logic 0
Maovimum voltage range
Minimum h,steresis (Noise Marging
Minmmum input impedance:
Minimum teigger Pulse Width

Trogeer polanity

Minimum vutput voltage for o logice 1
sourece current
Manimum output voltagee for a logie 0

~inh current

HOST PORTY

~-Bit Input to ADM from RTI on
with 2-wire handshaking on

2-Bit Input to ADM from RTI on
without handshaking

~-Bit Output from ADM to RTI on
with Z-wire handshaking on

Minimum voltage level to set a logie 1

Mavimum voltage level to reset logic (¢

16 Vde
o e
+ 15 NVaohs
W m\V
12K ohms
200 ns

Negative transition

240 Ve
@ 1SmA\
0.0 Ve

@ 2t m\

PRO PRT
L P2

Pes, 6T
PAO - PAT
Pey, Pes
20 Vde

0x Vde
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Eight Selectable Frequency sources:

Division Counter Size:
Minimum Time Interval:
Mivimum Time Interval:

Manimum error in programmed value with
interval selected between 250 gxs and 16,0
seconds

POWER SUPPLY
AC Input Ranges

W o K0 Vae (@ 3 A
IS0 to 260 Vae 1@ 15\

AC Input Frequeney

17 10 63 Hz

256 kHz
o4 k2
16 kM2

4 kHz

1 kHz
250 Hz
625 Ha
D625 Hz

N hits
N us
16.32 seconds

+ N
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X

XXX
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XXXXXXX
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1333338383328 33383833333883333883 333883833228 208831

1888335833333 33333838333338338¢883335883332 2222208888
1 £ 8333333333333 33833333833333833333338200022 0888}

XXX




Appendix B



Appendix B
ADM Sequence of Events

The time line on the next page illustrates the sequence of events taken by the
ADM in different trigger modes. Note that in all cases, the sequence of events
15 actually: channel acquisition, autoranging, auto-zeroing, and conversion
However, the triggering events occur at different places in this sequence as
shown below. Additional information on how the different sequences of events
may affect yvour data is found in the section Effective Aperture Delay —Some
Cautions in Chapter 9
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Command write sin, e sample:

CCA2CAR><AZ>»<CV>

Externally triggered single samples:
<CA><AR> CAZY<CVICCA>CAR> CAZ><CVO<CA><AR>
ETwe| ET~|
Command write clock triggering:
CCAPCAR>CAZICCVICCA><AR> KAZ>CCVICCA>CAR> CAZ>CCV><CA><AR>
CSem| CT-=| CT—-=|
Externally started clock triggering:
CCA><AR> CALICCVICCAICAR> <AZX<CVXCCA>CAR> <CAZ><CV><CA><AR>
ET-=|e=CS CT==| CT-=|
Command write clocked sweeps:
CCA><CAR>CAZ>CCVO><CA><AR>CAZ>CCV]>,, . C<CV> CSCA><AR><AZ>CCVO>., ..
-(S CT-=|
Externally started sweeps:

CCA> CAR>CAZ>CCVO >, . LCCA><ARICAZICCVT>  <CA>CAR>CAZ>CCVO>. ..
ET | ET~|

T=0 (Command Write)

Key
CA = Channel acquisition period
AR = Autoranging and amplifier settling period
AZ = Auto-zeroing period and signal capture (hold)
CV = Conversion to digital period
S = Clock start synchronization point

CT = Clock trigger point

T = External trigger point
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