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1. A "»" or ":;" character causes the program to ignore text to
the end of the line and may be used freely throughout the
file for comments or remarks. If the comment character is
the first non-white space on the line, the entire line will
be ignored.

2. Any number of spaces or tabs (white space) may be used
around configuration items.

3. A "$" directly preceeding a numeric value causes the program
to treat it as an hexidecimal value. (e.g. $100 translates
into 100 hex or 256 decimal).

The following example may be used as a guide for creating a
configuration file or modifying an existing one.

*

*

HALOIBMG.DEV+" * (01) graphics device driver path name

17 * (02) graphics device mode (1=CGA 640x200 BW)
HALOEPSN.PRNY  * (03) printer device driver path name

-1 * (04) printer orient.: (O=horz, l=vert,
-l=default)

1 * (05) printer x scale multiplier

1+ _ * (06) printer y scale multiplier

$3F8 .7 * (07) serial port (COM1=0x3F8, COM2=0x2F8§)

4 * (08) irg (COM1=4, COM2=3)

19200 v * (09) default baud rate (9600, 19200)

7 * (10) default auto enable (1=XMIT, 2=STATUS,
4=ZERO)

$1000 * (12) driver receive queue size ($400- SFFFF)

250 * (13) start up idle timeout delay

3000 * (14) reset overrun timeout delay

4000 * (15) bench command timeout delay

2000 * (16) idle timeout monitor delay

1500 * (17) return status monitor delay

2000 * (18) xmit continuous monitor delay

5000 * (19) self auto-zero monitor delay

3 * (20) reset retries before driver halts

0 * (21) maximum command retries

4 * (22) default xmit sample rate (1=full speed)

10 * (23) packets processed/schedule call

$FF * (24) autozero purge time (0-37.5, $00-S$FF)

$10 * (25) device id ($10 fixed)

0 * (26) N/A

300 * (27) default N20 tag value (0-1000)

0 * (28) N/A

380 * (29) default COZ2 tag value (0-1026)

320 * (30) default 02 tag value (0-1000)

*

* END OF CONFIGURATION FILE

*

Modifications to this file should only be attempted by
experienced users of the program. Erroneous information can cause
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program failure. The configuration described above should operate
properly on any IBM XT/PC/AT with a CGA, EGA or VGA graphics
adapter, Epson printer and COMl serial port.

5.0 Program Startup

The HOST4620 program requires the following files to begin
operation:

HOST4620.EXE The main executable program.

HOST4620.CFG System Configuration file. -

HALOIBMG.DEV CGA graphics device driver.

HALOEPSN.DEV (or equivilent) printer driver (optional).

Assuming that HOST4620.CFG has been properly set up (refer to the
sectionh entitled "Configuration File™), the operator should type
the following command from the MSDOS shell to begin the program: ¢

C:\HOST4620>H0ST4620 [HOST4620.CFG)

The optional [HOST4620.CFG) parameter will cause HOST4620 to look
for the configuration file in an alternate directory.

HOST4620 will load HOST4620.CFG before entering graphics mode. If
any errors occur, a message will be displayed and the program
will be terminated. -

If enabled in the configuration file, the program will
automatically initiate continuous transmission, status updates
and autozero requests with the bench. The screen should
illuminate all status indicators and a real time graph display of
all four gas channels should begin immediately.

If this does not occur, the following guidelines should be used
for troubleshooting:

1. Check all physical connections to the bench and make sure
that the program is configured for the proper serial port.
An RS232 line analyzer between the host computer and the
bench communications card should indicate pulses every
second or so from the host, if the port and interrupt type
is correct and automatic operation is enabled.

2. Verify that the baud rate is consistant with the jumpering
on the bench communications board . Check the analyzer
documentation for more details.

3. Some older versions of the bench communicatlons card require
handshake lines (DTR/RTS) to enable communications. If you
are using one of these devices, verify that the RS232 cable
supports these lines.
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4. If automatic operation has not been enabled in the
configuration file, the program may be in an idle state
waiting for input from the operator. Refer to the section
entitled "Auto Enable and Channel Select” to manually enable
these functions.

5. If the DEVICE ID code stored in the bench is not consistant
with the value in the configuration file, the bench will
ignore all requests from the program. Repowering the bench
should reset it to the default address ($00).

5.1 Main Screen Display

The display is divided into fixed and variable regions. The
variable regions include the top most function label line and the
large center region which by default is occupied by the gas I
channel graph display. These two regions are discussed in detail -
later in this manual. The fixed regions are visible and

operational at all times and are discussed in the fowllowing
sections.

5.1.1 System Status Region

The left side of the screen displays the current system status
from the bench if automatic status is enabled or a single RETURN
STATUS response is received. If status is not being updated,
these indicators may display erroneous values. The status
indicators are defined in the following sections.

5§.1.1.1 MODE

This indicator reflects the operational mode of the bench. The
possible values are “normal", “waittag", “"waitspan", "autozero®
and "“autospan". Refer to the analyzer documentation for more
details.

5.1.1.2 STAT/XMIT/ZERO

These indicators reflect the auto enable state of the host
program and are not part of the bench’s standard status header.
Refer to the "Configuration File" and "Auto Enable and Channel
Select” sections of this manual for more details.

5.1.1.3 DRIVERS

The state of the solenoid drivers as returned in the status
header is displayed as sample/purge (DRIVER 1) and room/scrub
(DRIVER 3) respectively.
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5.1.1.4 CONT

This indicator should be "on" if continuous transmission is
enabled.

5.1.1.5 PpPUMP

This indicator reflects the state of the pump motor solenoid.

5.1.1.6 coMp

This indicator should be "on" if compensated gas values are being
returned in the xmit packet. Uncompensated mode is used for
diagnostic purposes only to monitor the raw A/D values of the gas ,

channels. . {

5.1.1.7 REF

This indicator should be "on®™ 1f the normal o2 channel is
selected. An "off" condition indicates that the diagnostics
reference channel is selected.

5.1.1.8 AUTOZERO

There are three indicators in this field which reflect the
current auto zero state of the bench, as returned in the status
header.

The first field indicates the current auto zero interval which
may be "awaiting", "30 secs", "5 mins", or "30 mins".

The second field indicatés auto zero "elapsed" state and will be
normally blank if auto zero is currently valid.

The third field indicates and temperature shift (temp), reference
drift (ref) or both (temp/ref). This field is normally blank if
these exceptions are not pending.

5.1.2 Gas Value Update Region

The five gas value boxes just below the graph region are updated
alternately from left to right every half second during
continuous transmission. The left most box will update with the
current agent selected as long as status is enabled (either
automatically or manually.

A single asterisk "*" will appear after the gas channel name if
the data check flag was set in the current xmit packet.
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If continuous transmission is not in effect and a single XMIT 1
DATA SET response is received from the bench, all of the gas
value fields and data check flags will be updated.

This region is always visible on the display.

$.1.3 Driver Response Region L

All driver responses as described in the 4620 Analyzer manual are
updated as they occur in the lower, center region of the display,
just below the Gas Value Update Region. This region displays all
ACK, NAK and TMO responses from the bench. Any errors encountered
while parsing receive packets (e.g. checksum errors, packet
length errors etc.) will be displayed in reverse video. Specific
NAK error descriptions will be displayed if possible.

This region is always visible on the display.

5.1.4 Drivar State Region

The communications state of the bench is updated continuously in
lower left hand corner of the screen. There are four possible
driver states as described below:

1. off line Communications with the bench is INACTIVE and
no requests from the host are pending.

2. on line Communications with the bench is ACTIVE and
packets are being received and parsed
successfully.

3. pending Communications requests to the bench are
PENDING, however no responses have been
received.

4, reseting ' Communications with the bench is pending
driver reset. This state will remain in
effect until communications has been
successfully terminated and the program has
detected an idle state.

5.1.5 Driver Baud Rate Region

The current baud rate is always visible in the bottom left region
of the screen. Only 9600 and 19200 baud may be selected. The
configuration file determines the default baud rate for the
program which may be changed with the BAUD function discussed
later in this document.
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5.1.6 Console Input Region

Except for function key commands, all keyboard input to the
program is prompted for in the lower, center region of the
display. The basic function key commands are displayed by default
in this region.

When input is required, the console input region overlaps the
adjacent Driver Baud Rate and Receive Buffer Status regions and
prompts the user for input. Input may be aborted with the
<escape> key and accepted by pressing the <enter> key. The
<backspace> key may be used to erase characters to the left of
the prompt, which is indicated by a single underscore character
"_". The arrow keys have no effect on input.

In addition, error.messages associated with user input will be
displayed in this area and usually accompanied by a warning bell. 1
In most cases, pressing any key acknowledges the error and resets }
the region to it’s default display.

5.1.7 Receive Buffer Status Region

The serial receive buffer status is updated every two seconds in
the lower right area of the screen and is expressed as a
percentage of the total receive buffer size (see the
Configuration File section of this manual for more details).

If the program is running on an 8 mhz machine or less, a maximum
transmission rate of 72 frames per second (19200 baud) will
eventually overflow the receive buffer. If this value continues
to increase, the operator should decrease the frame rate and/or
baud rate until it stabilizes. Overflow will be more likely to
occur if the graph display is enabled, multiple gas channels are
being displayed, file capture is enabled or rapid screen changes
are made.

This region is aiways visible on the display.

5.1.8 Real Time Clock Region
The real time clock is updated every two seconds in the lower
right hand corner of the screen. This function is provided as
long as the program is operating.

This region is always visible on the display.
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6.0 General Function Key Commands

The following functions are globally accessable and provide
control of the the display in all modes. These functions are
show in the same format as they appear in the help menu.

ESC Select graph display
. Abort help menu. (restore last screen)

Abort keyboard input
? Display help menu (all modes)
Right Arrow Move label- select right one item
Left Arrow Move label select left one item
<Num 5> Rotate label selections
.<Enter> Select label function

v

Home Move to top of current menu ’
End Move to bottom of current menu
PgUp Scroll up to top of current menu
PgDn Scroll down to bottom of current menu
Up Arrow Move menu select up one item
Down Arrow Move menu select down one item
<Enter> Select menu function

6.1 Graph Control Function Keys

Fl Pecrease -Inerease frames/second (set capture speed)
Increase playback speed

F2 Decrease vertical SCALE multiplier

F3 Increase vertical SCALE multiplier

F4 Tucrease Deerease frames/second (set capture speed)
Peerease playback speed

F5 Center vertical OFFSET
F6 Decrease vertical OFFSET
F7 Increase vertical QFFSET
F8 Default SCALE and OFFSET
<Space> Pause graph display (non-destructive)

7.0 Function Labels

Most program functions are implemented through the function
labels on the uppermost line of the display and are accessible

in all modes. The left and right arrow keys move the label
selection across the screen horizontally. The 5 key in the center
of the Num Pad, rotates the label display through seven rows of
functions. The <enter> key selects a function. If the BENCH or
FILE screens are visible, the Down Arrow key reactivates it.
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When the labels are illuminated in reverse video (white
background, black text), the functions can be controlled as
described above. In center of the function label line, a single
numeric value indicates the active function label set. When the
BENCH. or FILE screens are selected, the labels change to normal

video (black background, white foreground) and the row number is

hidden. In this state, the function labels are disabled and all
functions keys operate on the current screen. Pressing the
<escape> key will cause the function labels to be reactivated.

The following sections describe the functions of each label set
as displayed in the system help menu.

7.1 Primary System Functions (1)

The Primary System Functions are the default when the program is
first invoked. All of the screen select functions are included in ;

this set.

AUTO
BENCH
FILE
STATUS
CAPTURE
PLAY
PRINT
EXIT

7.2 Auto Enable and Channel Select (2)

Toggle
Display

Display

Display
Toggle
Toggle
Print

- XMIT/STAT/ZERO automatic requests

bench commands and parameters
CAPTURE/PLAYBACK status and directory
channel descriptors and full status
CAPTURE file

PLAYBACK file
current display

EXIT TO DOS

(bench channel/fps)
(file channel/fps)
(abort operations)
(abort operations)

The functions in this set toggle program enables that have no

affect on the actual bench operation. The label will be displayed

with a dot on either side if the function is active.

The first three functions enable and disable automatic requests
to the bench. The program will maintain continuous operation of

each function if enabled. The AUTO function in the Primary System

Functions set serves as a "master" to these three functions.

The other five functions toggle the graph display channels (if
visible), and capture/playback channels. Refer to the "FILE
Operation™ section of this manual for more details.

STAT
XMIT
ZERO
AGE
N20
co2
02
PRES
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Toggle
Toggle
Toggle
Toggle
Toggle
Toggle
Toggle
Toggle
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automatic RETURN STATUS monitor
automatic XMIT CONTINUOUS monitor
automatic AUTO ZERO monitor

AGENT channel

N20
co2
02
PRES

channel
channel
channel
channel

(graph/capture)
(graph/capture)
(graph/capture)
(graph/capture)
(graph/capture)
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7.3 Bench Controls (3)

Commonly used bench coommands are accessible through this

function set, to allow bench control while viewing screens other
than the BENCH screen. All of these functions are toggles and are
- reflected in the STATUS indicators after acknowledgment has been

received.

DRV1
DRV3
DRV13
PUMP
coMp
REF

Toggle
Toggle
Toggle
Toggle
Toggle
Toggle

PURGE/SAMPLE
ROMM/SCRUB

both drivers

PUMP motor on/off
COMPENSATION

02 REFERENCE

7.4 Secondary System Functions (4)

(driver 1)
{driver 3)

(sample)
(diagnostics)
(diagnostics)

The first two functions in this set cause a complete.driver reset
and prompt the user for verification before proceeding. The other
functions are duplicates of the commands found in the BENCH

screen command menu.

RESET
‘BAUD
TEST
PURGE
A2ERO
XMIT1
STATUS

Reset

Toggle

Request
Enter

Request
Request
Request

4620 communications
19200/9600 baud rate
SELFTEST

PURGE time

AUTO ZERO

XMIT 1 DATA SET
RETURN STATUS

7.5 Auto Span Functions (5)

(auto zero)
(manual)
(manual)
(manual)

The Auto Span Functions provide a complete set of controls for
auto span when the BENCH screen is not visible. The first four
functions only toggle auto span channel enables and are
independent of the normal channel select functions described
in previous sections.

The other functions duplicate the bench commands found in-the
BENCH screen menu. .

sN20
SAGE
sC02
s02
SPAN
TAG
SRESET
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Toggle
Toggle
Toggle
Toggle
Request
Request
Request

N20 span enable
AGENT span enable
N20 span enable
N20 span enable
FIRST SPAN :
RECEIVE TAG VALUES
RESET SPAN

(auto span only)
(auto span only)
(auto span only)
(auto span only)
(cocktail or seq)
(must span first)
(factory defaults)
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8.0 GRAPH Operations

The real time graph display is the default screen when the
program is first invoked. The center of the graph is divided into
1, 2, 3, or 4 independent graphs depending on the channels
enabled (refer to the "Auto Enable and Channel Select" section of
this manual for more details). This screen can be activated from
any other screen by pressing the <escape> key several times.

8.1 Channel Display

The channel names are displayed on the left side of the graph,
with corresponding scale and offset displays on the right. The
Graph Control Function Keys operate on the currently selected
channels.

8.2 S8Speed Display

The horizontal graph scale is displayed in the lower regionn of
the graph and is represented in seconds. Adjusting the speed
control function keys will cause these values to change in scale.

8.3 Graph Input Indicators

Under normal operating conditions, the left most text display in
the lower region of the graph shows the current transmit rate
from the bench. This value is derived as a function of baud rate
and frames processed as follows:

fps = 72 fps / (19200 / baud rate) / packet processing rate

If data capture is active, this indicator reflects the frame
rate at the time capture was enabled. The speed controls will be
disabled while data capture is active.

The playback speed is displayed on the right side of this region
if enabled. Since playback and capture may be enabled at the
same, the currently selected graph source is always highlighted
in reverse video (white background, black background).

The <space> bar acts as a pause toggle in graph mode and is
displayed in the center of this region when activated.
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9.0 BENCH Operations

The BENCH screen is displayed when the BENCH function label is
selected. All of the bench commands are available in this menu as
well as a display of all varible bench parameters. The Up Arrow,
'Pgup, Pgbhn and Down Arrow keys move the selection bar and scroll
the menu. Pressing the <enter> key will activate the selected
menu item. Most commands are executed. when selected and require
no further operator interaction. The following sections describe
all commands with variable parameters.

9.1 Auto Zero Command

The auto zero command requires purge time to be set prior to the
request. The currently displayed purge time value will be used .
for all subsequent auto zero requests. The default purge time may .
be set in configuration file and adjusted by selecting the PURGE ’
function. The user will be prompted for input which can be a
hexidecimal value between $00 and SFF or a decimal value between
0.0 and 37.5. The current auto zero status is visible at all

times in the status region on the left side of the display.

9.2 Auto Span Command

Prior to invoking the auto span sequence, the operator must
select the channels to be spanned from the Auto Span Function
set. These functions provide all of the controls required to
maintain auto span from any screen. Once the channels have been
selected, they will remain in effect until the bench mode returns

to "normal".
9.2.1 Cocktail/Sequential Span

The first auto span request will cause the following prompt to be
displayed:

span N20 HAL CO2 02 cocktail (¥Y/N)? _
Answering "Y" to the above prompt will cause the program to send
the first auto span request to the bench with the selected
channels and the cocktail bit SET.
Any other key will cause the fbllowing prompt to be displayed:
span N20 HAL CO2 02 sequential (Y/N)? _
Answering "Y" to the above prompt will cause the program to send
the first autospan request to the bench with the selected

channels and the cocktail bit RESET. Any other key will abort the
auto span sequence.
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9.2.2 Receive Gas Values

When the bench mode changes to "waittag", the program will
automatically display the following prompt:

send current N20 HAL CO2 02 tag values (Y/N)? _

Answering "Y" to this prompt will cause the program to send the
current tag values for the selected channels as displayed in the
lower left region of the BENCH screen.

Any other key will cause the program to prompt for new tag values
for all of the selected channels selected. The current value for
each channel is displayed and will be accepted if <enter> is
pressed. New values are format and range checked and the
appropriate error message issued if an error is found.

enter N20 tag value (20.0-100.0): 30.0

At the end of this sequence, the program will ask to send the
current values again. Pressing the <escape> key will abort the
sequence. Since the bench is already awaiting tag values,
reselecting the auto span command after aborting this sequence
will cause the program to prompt for tag values again until the
values are sent or the bench times out.

9.2.3 Span Cocktail

If cocktail span was selected as the first auto span request, the
program will issue the following prompt to start spanning the
cocktail mixture:

span N20 HAL C0O2 02 cocktail (Y/N)? _

Answering "Y" will cause the program to send the final auto span
request,

Any other key will put the autospan sequence in an idle state.
Since the bench is already awaiting the last span request,
reselecting the auto span command after aborting this sequence
will cause the program to prompt again until the span request is
satisfied or the bench times out.
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9.2.4 Span Sequential

If sequential span was selected as the first auto span request,
the program will issue the following prompt to start spanning the
first gas selected:

span N20 (¥Y/N)? _

Answering "Y" will cause the program to send an auto span request
for the selected gas. '

Any other key will put the autospan sequence in an idle state.
Since the bench is awaiting a span request, reselecting the auto
span command after aborting this sequence will cause the program
to prompt again until the span request is satisfied or the bench
times out. ‘

This sequence will continue until all of the channels selected
are spanned.

9.2.5 Auto Span Errors

Since the auto span sequence is a timed process in the bench and
the sequence of events is critical, the program checks for
consistancy at all times based on the state of the bench mode.

The following messages will be generated automatically in the
input region if an error occurs or the sequence completes:

1, "no span channels selected": this error message will be
issued if no channels have been enabled before an auto span
related request is attempted.

2. "channels already selected": this error message will be
issued if an attempt is made to change the active span
channels after auto span has been initiated.

3. "auto span sequence error": this error message is caused by
' an erroneous mode change at any time during program
operation. Further auto span requests will be inhibited
- until the bench is times out or is reset.

4. "auto span timed out": if the bench changes to "normal"™ mode
before completing the auto span sequence at any point, this
message will be issued. The operator must reactivate the
auto span sequence from scratch after this error.

5. "auto span complete": a bench mode transition from

"autospan" to "normal" indicates completion of the auto span
sequence.
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9.3 Reset Span Command

The Reset Span Command uses the currently selected span channels
for the bench request mask. Invoking this command will produce
the following prompt:

reset span N20 HAL C02 02 (Y/N).? _

Answering "Y" to this prompt will cause the program to issue
a RESET SPAN request to the bench for the displayed channels.
Pressing any other key will abort the command.

9.4 Receive Gas Values Command

The gas tag values-may be modified and sent regardless of the ,
bench mode and program auto span state at the time. If the bench
is not awaiting tag values, it will respond with the appropriate ¢
error message. Since the auto span sequence of events is

critical, this command will be normally invoked by the program
automatically.

9.5 Receive Device Id Command

The device id of the bench can be any value between 0 and 255 or
$00 and $FF (hexidecimal). The program will prompt for a new
device id as illustrated below:

enter new device id (0-255): _

A leading "$" causes the program to treat the input as a
hexidecimal value. A new device id is made active, only after the
request is acknowledged by the bench.

10.0 FILE Operations

Continuous data may be captured to a disk file and played back at
any time during program operation. Because of the inherent
multitasking structure of the program, both operations may occur
simultaneously (on different files). Data files of type ".BIN"
are maintained in the MSDOS path structure and include a sixteen
byte definition header at the beginning, followed by gas values
of the selected channels., The files are maintained in a binary
format to optimize disk usage. The header describes the active
transmission rate and channels selected. The header is
checksummed to protect the system from loading erroneous data.

Page 16 4620 ANALYZER HOST INTERFACE OPERATIONS GUIDE



10.1 Working Directory

Selecting the FILE function causes the program to prompt for the
current working directory on the bottom line of the display. The
default directory is used if a single <enter> is pressed as
illustrated in the example below.

Path: C:\HOST4620\*.BIN

Any legal MSDOS path name may be entered with or without a

file type. 1f no file type is included, the program defaults to
"% BIN". Otherwise, the FILE screen will be displayed with a
‘directory listing of the current path and the capture/playback
status of the program. File headers may be examinated by :
selecting an item in the list using the menu control function
keys. . -

If playback mode is inactive, the header of the currently
selected file will be displayed in the PLAYBACK region of the
screen. This file will also become the default play back file
name for subsequent play back requests,

10.2 Capture Mode

Selecting the CAPTURE function causes the program to prompt for a
capture file name. The default capture file will be loaded if the
operator responds with a single <enter>. If no path is included,
the current working directory is used. If no file type is
included, the current file type or the default ".BIN" is used.

A capture file may opened at any time during program operation.
The active frame rate and selected graph channels will be latched
at this time and will remain in effect until the file is closed.
The capture file name will be displayed in the lower right region
of the screen in reverse video while file capture is active.

Selecting the CAPTURE function a second time closes the capture
file.

10.3 Playback Mode

Selecting the PLAY function causes the program to prompt for a
playback file name. The default playback file will be loaded if
the operator responds with a single <enter>. If no path is
included, the current working directory path is used. If no file
type is included, the current type or default type ".BIN" is
used.
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A playback file may opened at any time during program operation.
The active frame rate and selected graph channels are loaded from
the file header and the graph is reset accordingly (if enabled).
The playback file name will be displayed in the lower left region
of the screen in reverse video while the file is open.

Selecting the PLAY function a second time closes the playback
file. .

11.0 STATUS Operations

Selecting the STATUS function produces a full screen display of
all status indicators as returned in the bench status header.
Automatic status requests must be enabled to get a continuous
update on the display. Since most of the bench commands are
accessible to the operator through the function labels, the
status screen can be used to monitor status transitions while
performing auto span, auto zero, etc..

12.0 HELP Operations

The system help menus may be requested at any time during program
operation, by pressing the "?" key. The PgUp and PgDn keys rotate
the help menus sequentially. Individual screens may be scrolled
with the Up and Down Arrow keys.

The first two menus describe general function keys commands. The

other five correspond to the function label set number at the top
of the screen. Rotating the function label sets with the Num Pad

5 key will cause the help screens to rotate in synchronization.

The screen active before help was invoked, will be restored when
the <escape> key is pressed.

13.0 Software Maintenance

The HOST4620 program was developed using Borland International’s
TURBOC C Compiler version 1.05 and IMSI’s TURBOHALO graphics
library version 2.26a. The TURBOC Compilier is distributed with
an editor, compiler, linker and makefile facility, which are all
that is required to maintain the source code.
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The source and resulting object files are organized in a
predefined hierarchical directory structure and may reside at any
level of the MSDOS path structure. All file references are
relative to the HOST4620 root directory, which contains the batch
generation command files and the resulting executable object code

(HOST4620.EXE) .

trrm———— 4=

HOST4620.
|

rFe

| |
4620 UTILITY

13.1 Release Diskegttes

The HOST4620 program is released on one quad density, 1.2

+

| |
SYSTEM CNSL CNSLUTL

g

megabyte diskette. All source and executable files have been

included as follows:
\HOST4620

HOST4620.EXE
HOST4620.CFG
HOST4620.DEF
MAKE4620.BAT
HOST4620.MAK
HOST4620.LNK

\HOST4620\SYSTEM

CONFIG.C
CONFIG.H
HOST4620.C
STDDEFS.H
SYSDEFS.H

\HOST4620\CNSL

AUTOSPAN.C
AUTOSPAN.H
BENCH.C
BENCH.H
BENCHLIB.C
BENCHLIB.H
CNSL.C
CNSL.H
CNSLFUNC.C
CNSLFUNC.H
CNSLRESP.C
CNSLRESP.H

BATCH GENERATION AND RUNTIME FILES

HOST4620 executable program file
HOST4620 program configuration file
HOST4620 system include file definitions
HOST4620 batch generation command file
HOST4620 makefile command definitions
HOST4620 link list

MAIN SYSTEM SOURCE AND DEFINITIONS

System configuration handler

Main program entry point

Standard ‘C’ definitions

System definitions

CONSOLE DISPLAY SOURCE AND DEFINITIONS
Autospan state machine

Bench screen handler

Bench screen support functions

Main console task

Console function key routines

4620 driver response routines
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file:///HOST4620
file:///HOST4620/SySTEM
file:///HOST4620/CNSL

FILE.C _ File screen handler

FILE.H :

FILELIB.C File screen support functions
FILELIB.H :

GRAPH.C Graph screen handler
GRAPH.H

GRAPHLIB.C -Graph control library routines
GRAPHLIB.H T

HELP.C Help screen handler

HELP.H '

STATUS.C Status screen handler
STATUS.H

UPDATE.C Gas update display handler
UPDATE.H '

\HOST4620\CNSLUTL DISPLAY UTILITY SOURCE AND DEFINITIONS

DRAWLIST.C Graphics draw list control routines
DRAWLIST.H

INPUTMSG.C Keyboard input control routines
INPUTMSG.H

LABELMSG.C Function label control routines
LABELMSG.H

MSGLIST.C Menu list control functions
MSGLIST.H

TEXTMSG.C Text object control functions
TEXTMSG.H

\HOST4620\UTILITY INTERRUPT/UTILITY SOURCE AND DEFINITIONS

COMDRVR.C Communication interrupt driver

COMDRVR.H

HALO.H TURBOHALO definitions

HALOIF.C TURBOHALO interface library

HALOIF.H

KYBD.C Keyboard interrupt driver

KYBD.H

TIMER.C Real time interrupt driver

TIMER.H

UTILITY.C Utility functions

UTILITY.H

\HOST4620\4620 4620 DRIVER SOURCE AND DEFINITIONS
- 4620.C Main 4620 driver task

4620.H

4620CMD.C 4620 command request handler

4620CMD.H

4620STAT.C 4620 status handler

4620STAT.H

4620XMIT.C 4620 xmit response handler

4620XMIT.H
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file:///HOST4620/CNSLUTL
file:///HOST4620/UTILITY
file:///HOST4620/4620

13.2 Software Installation i

The following sections describe the installation of the HOST4620
development software on an IBM XT/PC/AT.

To create a development environment for the HOST4620 program,
make a backup of the original distribution diskette and install
the TURBOC and TURBOHALO software as outlined in documentation
for these products.

The location of the C compiler and HALO graphics libraries, are
critical to the build process and should be tested before
attempting to regenerate the software.

After proper installation of the development tools, follow these

steps: ..

1. Copy the distribution diskette using the MSDOS XCOPY command
available with MSDOS 3.00 or later:

C:\>XCOPY A:\BOST4620 C:\HOST4620 /S

XCOPY will create and/or overwrite the directories and copy
the files respectively. If XCOPY is not available, the
directories will have be created manually with MKDIR and
copied one subdirectory at a time with COPY.

2. The file HOST4620.LNK included on the distribution diskette,
contains several references to the location of the TURBOC
and the TURBOHALO libraries. Both directories should be
setup as logical MSDOS drives using the SUBST command for
location independence. Make sure these are consistant with
the directives in HOST4620.LNK, or the compiler will be
unable to find them. The TURBOC directory has been assigned
the logical drive T: and the TURBOHALO directory has been
assigned H: on the distribution diskette. These assignments
may be placed in the AUTOEXEC.BAT file or invoked at the
command line as in the following example:

C:\HOST4620>SUBST T: C:\TURBO\TC
C:\HOST4620>SUBST H: C:\TURBO\HALO

To enable drive designators up to Z:, you must place the
following .command in your CONFIG.SYS file and reboot the
system: ‘

LASTDRIVE=2Z
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file://C:/HOST4620
file://C:/TURBO/TC
file://C:/TURBO/HALO

13.4 TURBOC Batch Generation

The program is distributed in source and executable files and
will only require regeneration if a source file is modified. To
change a source file, edit the file using TURBOC’s TC editor or
similar, and invoke the TURBOC MAKE program using the following
command: )

C:\HOST4620>MAKE4620

MAKE4620.BAT invokes the TURBOC MAKEFILE facility and redirects
all console messages to file HOST4620.RES. MAKE.EXE executes
commands in HOST4620.MAK and performs complete generation of the
program as required. MAKE checks the time and dates of all
pertinent files taq determine which files to recompile and link.

1f MAKE returns immediately without executing the compiler or
linker, the files can be assumed to be up to date. To override

this logic, simply erase the .0BJ files you wish to regenerate or

HOST4620.EXE to relink. The final output of the batch generation
process is HOST4620.EXE.

Page 22 4620 ANALYZER HOST INTERFACE OPERATIONS GUIDE



AL - O



datheson

' GAS EQUIPMENT TECHNOLOGY GROUP

UNITS : SCCM WATER DATE : ©7-19-1991

TUBE NUMBER : 6@1(E200) TYPICAL STD CONDITIONS : 1 ATMOS. &7Q DEG F
FLOAT NUMBER : Q@2 : GAS TEMPERATURE : 70 DEG F

FLOAT MATERIAL: GLASS DELIVERY PRESSURE : @ PSIG

SCALE FLOW I SCALE - FLOW t SCALE FLOW 1 SCALE FLOW
READING RATE. { READING RATE | READING RATE 1 READING RATE
+ ' + *

. 110.@ ©.6569

1 109.0  0.6455
108.0 ©.6342
107.0 ©.6230
106.0 ©.6118
105.0 = ©.6006
104.0° 0.5895
103.0 ©.5784
102.0 ©.5674
101.0 ©@.5564
100.0 ©.5456
99.0 ©.5348
98.0 0.5240
97.0 ©.5134
96.0 ©.5028
95.0 ©0.4924
94.0 ©.4820
93.0 ©.4717
92.0 ©.4615
91.0 = .0.4514

150.0 1.0714
. 149.0 1.0638
148.0 1.0559
147.0 1.0478
146.0 1.0395
145.0 1.0309
144.0 1.0222
143.0 1.0132
142.0 1.0041
141.0 ©.9948
'140.Q0 © 0.9853
139.0 0.9756
. '138.0  ©.9658 .
137.@ @.9559
136.0°° ©.9438
135.0 ©.9355
134.0 0.9252
133.@6 0.9147

t t
l !
1 !
| 1
{ i
{ t
| l
| |
l {
{ {
{ 1
1 |
1 |
l {
| {
{ 1
1 I
l l
132.0 0.9041 l 52.0 @.1529 1 12.0 0.0218
131.0 - 0.8934 - ! S1.0 . ©.1478 | 11.0 @.0193
130.0 2. 8826 90.0 0.4414 | S50.0 0.1429 |1 10.0 @. 02169
l |
| 1
1 1
l |
i {
1 l
| I
! l
{ i
| |
| i
i |
{ |
l 1
l {
{ i
i |
1 !
l |

i 30.0 @.0674
l
l
{
1
t
|
1
(
l
1
1
{
|
|
i
|
{
1
{
'129.0 0.8718 | 89.0 @. 4315

1
1
1
I
l
{
i
{
{
|
i
t
I
1
1
{
l
{

'29.0  0.0645
28.0 ©.0617
27.0  0.0590
26.0  0.0S63
25.0 0.0537
24.0 0.0511
23.0  0.0485
22.0  0.0460
21.0  ©.0435
20.0 ©.0411
19.0 0.0386
18.0 0.0362
17.0 ©.0338
16.0 0.0314
0.0290
14.0 0.0266
13.2 0.0242

70.0  ©.2659
' 69.@  @.2585
68.0 ©.2512
67.0 ©.2440
66.2 ©.2370
65.0 ©0.2301 .
64.0 ©.2234
63.0 ©.2168
62.0 ©.2103
61.0 ©.2040
60.0 ©.1978
59.0 ©.1917
58.0 ©.1857
57.0 ©.1799
S6.0 ©.1743
55.0 ©.1687
54.0 ©.1633
S3.0 ©.1580

[
o
(]

49.0 @.1381 9.0 @.@143
128.0 .0.8608 ; - 88.0 ©.4217 48. 0 0.1335 . 8.2 0.0118
127.0 0.8498 87.0 2.4120 47.0 @.1289 . 7.0 9.0092
126.0 @.8387 86.0 0.4024 46. 0 0.1245 . 6.0 @.0066
125.0 Q.8275 85.0 Q. 3930 45.0 9.1202 5.0 0.0039

©124.0 ©0.8163

. 123.0 0.8051
122.0 . ©.7937

121.0  ©.7824

. 120.0 ©.7710 |
119.@ . 0.7596 -
118.0 ° 0.7482
117.0 ©.7368
116.0 - 0.7254
115.0 ©.7139
114.0 0.7025
113.0 - @.6911 -
112.0  ©.6796 .
111.0  ©.6683

84.0 0.3836
83.0 ©.3744
82.0 0.3653
81.0 0.3563 .
80.0 0.3474
79.0 . 0.3387
78.@ ©.3301
77.@ ©.3216
76.0 . ©.3133 .
75.@¢ © ©.3050
74.0 0.2969

.. 73.0 . ©.2890

.. 72.0 ©.2812
71.0 ©.273S

44.0 ©.1159
43.0 ©.1118
42.0 0.1079.

' 41.0  0.1040"°
40.0 ©.1002°
39.0 = 0.096S
38.0 0.0929
37.0 ©.0894°
36.0 0.0860
35.0 ©.0827
34.0 0.0795
33.0 0.0764
32.0 < ©.0733 .
31.0 ©.0703"
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GAS EQUIPMENT TECHNOLOGY GROUP

UNITS

TUBE NUMBER :
FLOAT NUMBER :
FLOAT MATERIAL:

SCALE
READING

FLOW
RATE

271.520
267.962
264.433
260.932
257. 460
254.016
250.599
247.211
243.851
240.518
237.214
233.936
230. 687
227. 465
224,270
221.102
217.962
214. 848
211.762
208. 702

- 285.669

202.663
159.683
196.730
193. 803
190.903
188. 028
185. 180
182. 3538
179.562
176.792
174. 047
171.329
168.636
165. 968
163. 326
160. 709
158.117
155. 550
153. 009

SCCM AIR

601(E200) TYPICAL
002 ’

316 ST. STL.

i SCALE FLOW
1 READING RATE
e e e e e
l 110.0 150.492
{ 109.@ 148.001
| 108.0@ 145.534
\ 107.© 143.092
| 106.0 140.67S
I 195.0 138.282
| 104.02 135.914
I 103.0 133.570
] 102.@ 131,250
l 101.0 128,955
| 100.0 126.684
I 99.0 124.437
| 98.0 122.214
| 97.0 120.014
| 96.86 117.839
| 95.8 115,687
l 94.0 113.559
1 93.08 111,455
| 92.0 109.374
i 91.0 107.317
| 90.0 105.283
| 89.0 103.272
] 88.8 101,284
l 87.0 99, 320
! 86.0 97.378
i 85.0 9S. 460
! 84.0 93.564
| 83.0 91,692
I 82.0 89, 842
| 81.0 88,014
| 80.0 86, 209
| 79.0 84, 427
t 78.0 82,667
| 77.0 80.930
| 76.0 79. 215
| 75.0 77.522
| 74.0 75,851
| 73.0 74,202
1 72.0 72.576
| 71.0 70.971

—— awh omh s e et em Gem WeR GmA S et gmm m G MEn e P MR MR G M M SR S Man Gme S G MER e e SR G e aee T e me

DATE
STD CONDITIONS
GAS TEMPERATURE
DELIVERY PRESSURE

SCALE
READING

FLOW
RATE

69. 388
67.827
66. 288
64.770
63.274
61.799
60. 346
58.914
57.5@3
S56.114
54.746
53.399
52. 073
50. 768
49. 484
48. 221
46.978
45.756
44,555
43. 375
42.214
41.075
39.956
38.857
37.778
36.720
35.681
34.663
33.665
32.686
31.728
30.789
29.871
28.971
28.092
27.232
26.392
25.571
24.770
23.987

27-18-1991
1 ATMOS. &70 DEG F
7@ DEG F )

@ PSIG

| SCALE FLOW
! READING RATE
T A e
| 30.0 23. 2235
| 29.0 22. 481
| 28.0 21.757
! 27.0 21.052
( 26.0 20. 365
| 25.0 19.698
| 24.0 19. 050
| 23.0 18.421
i 22.0 17.811
i 21.0 17.219
l 20.0 16.646
| 15.0 16.092
| l8.0 15.557
1 17.0 15. 040
1 16.0 14,542
| i5.0 14.062
! 14.0 13.600
i 13.0 13.157
{ 12,00 12.733
| 11.0 12,326
I 10.0 11.938
| S.0 11.568
i 8.0 11.217
| 7.0 10.883
1 6.0 10. 567
! 5.0 10. 270
l

|

|

l

|

{

|

1

!

|

1

l

1

l
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GAS EQUIPMENT TECHNOLOGY GROUP

SCCM WATER DATE : ©07-19-19S91

UNITS :

TUBE NUMBER : 601(E200) TYPICAL STD CONDITIONS : 1 ATHMOS. &7@ DEG F

FLOAT NUMBER : 002 GAS TEMPERATURE s 70 DEG F

FLOAT MATERIAL: 316 ST. STL. DELIVERY PRESSURE : @ PSIG

SCALE FLOW ! SCALE " FLOW | SCALE FLOW !  SCALE FLOW
- READING RATE | READING RATE | READING RATE | READING. RATE

————————————————— T, L e et A

30.0 0. 3602
29.0 0. 3480
28.0  ©.3360
27.0 0. 3241
26.0 0.3124
25.0 @ 0.3008
24.0 . '0.2893
23.0 ©.2779
22.0 0. 2666
21.0 0. 2554
20.0 0.2442
19.0 0.2330
18.0 @.2219
170 + 0.2107
16.0 0. 1996
i5.0 0. 1884
14.0 0.1772
13.0 0.1659
12.0 - 0.1545
11.0 . ©.1430

70.0 1.1127
69.0 1.0855
68.0 1.0587
67.0 1.0325
66.0 1. 0068
65.0 0.9816
- 64.0 0.9568
63.0 @.9325
62.0 ©.9088
61.0 9.88354
60.0 0. 8626
59.0 0. 8402
58.0 ©.8183
57.0 2.7968
S56.0 ©.7758
S5.0 ©.7552
S54.0 ©.7351
53.0 2.7154
52.0 0. 6961
51.0 ©.6772

112.0 2.6109
109.0 2. 5645
' 108.0 2.5184
107.0 2.4728
106.0 2.4275
105.0 2.3827
104.0 2.3382
103.0 2.2942
102.0 2. 2507
101.0 2. 2076
100.0 2.1649
99.0 2.1227
98.0 2.08190
97.0 2. 0397
96.0 1.9988
55.0 1.9585
94.0 1.9186
93.0 1.8793
92.0 1.8404
91.0 1.8020

150.0  4.6637
149.0 ° 4.6114
148.0  4.5589
147.0 4.5062
146.0  4.453S
145.2  4.4006
144.0 "  4.3477
143.0  4.2947
142.0  4.2416
141.@  4.188S
140.0  4.1354
139.0  4.0823
138.2 . 4.0293
137.@  3.9762
136.2  3.9233
135.2 3.8704
134.8 3.8175
133.0 3.7648
132.0 3.7122
131.0 3.6598

130.0° 3.€074 90.0 1.7641 @.6587 . @0.1314

45.0 < 0.6406 9.0 2.1196
128.0 3. 5033 88.0 1.6898 48.0 2.6229 8.0 Q.1077
127.©2 3.4514 87.0 1.6534 47.0 2. 6056 7.0 Q. 0956
126.0 3.3998 86.0 1.617S 46.0 Q.5887 5.0 .0.0833
125.9 3.3484 85.0 1.5821 45.0 9.5721 S.0 0.0708

124.0 3.2973
123.0  3.2463
122.0 3.19s6
121.2  3.1452
120.0 3.0951
119.0  3.0452
118.0 2.9956
117.2  2.9464
116.0 2.8974
115.2 2.8488
114.0. 2.8005
113.0 - 2.7526
112.0 . 2.70S0 72.0 1.1686 32.0 ©.3852
111.0  2.6578 71.0 1.1404 31.0 0.3726
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84.0 1.5472
83.0 1.5128
82.0 1.4790
8.0 1.4456
80.0 1.4128
79.0 1.3805
78.0 1.3487
77.0 1.3174
76.0 1l.2866
75.0 1.2563
74.0 1.2266
73.0 1.1973

44.@ ©.5559
43.0 0.5400
42,0 0.5245
41.0 ©0.5092
40.0 ©.4943
39.0 ©0.4798
38.0 @.4655
37.0 ©.4514
36.0 ©.4377
35.0  0.4242
34.0 ©0.4110
33.80 0.3979

4]
[
()
-
e
o

1
l
1
!
|
|
1
!
1
i
(
1
1
l
|
l
l
|
|
1
: 1
" 129.0 3.5553 | 859.0 1.7267
|
1
1
l
1
1
!
|
!
|
!
!
!
{
{
|
1
1
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TUBE SCALE READING- MILLIMETERS

pMatheson

FLOWMETER CALIBRATION- Scale Reading vs. Flow Rate WATER'
Calibration With Both Floats Simultaneously
TUBE NO._600

~~ FLOW RATE CC - /MIN. AT 760 mm. Hg. & 21°C. _GLASS FLOAT SER.. NO._TYP
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GAS EQUIPMENT TECHNOLOGY GROUP

UNITS

TUBE NUMBER
FLOAT NUMBER
FLOAT MATERIAL

SCALE
READING

P e e e

144.0
- 143.0
142.0
141.0
'140.0
139.0.
. 138.0
137.0
136.0
135.0
134.0
133.0
132.0
131.0
" 130.0
129.0
128.0
S 127.@
126.0
125.@.
124.0
- '123.0
122.0
121.0°
120.0
119.0 .
.118.0
"117.0
116.0
115.0
114.0
113.0
112.0
111.0

FLOW
RATE

94. 0685

92,9057
'91.7501
'90.6016
- 89.4603
- 88.3263 .
..87.1995
86.@801

84.9680
83. 8633

82.7661
81.6763

80. 5939

. 79.5191

78. 4519
77.3922
76.3401
7S. 2957
74.2589

-.73.2298
72.2085
©71.1948

70.1890
69. 1909

- 68. 2006
' 67.2181

66.2435
65. 2767

. 64.3178

63. 3667
62. 4236
61. 4884
60.5612

59.6418

58.7304
S7.8270
S6.9316

56,0441
'55. 1646

S54.2931

SCCM AIR
601 (E200) TYPICAL

READING

o o - -——— —————

" FLOW
 RATE

S53. 4297
52.35742
S1. 7267

'50. 8872

S50. 0557
49,2322
48.4168
47.60@93
46. 8099
46.0184
45, 2349
44, 4595
43. 6920
42.9324
42. 1809
41.4372
40.7016
39.9738
39.2540

- 38.5421

37.8381
37.1419
36. 4536
35.7732
35. 1006
34. 4358
33.7787
33.1294
32. 4879

31.8541

31.2279

30. 6095
- 29.9986
29,3954

28,7998
28.2117
27.6312
27.0581
26. 4925

25.9344

$ - —

'STD CONDITIONS
GAS TEMPERATURE
DELIVERY PRESSURE

FLOW

SCALE

READING  RATE
70.0 25.3836
69.0 24.8402
68.0 ' 24.3041
67.0 23.7753
66.0 23.2537
65.0 22.7393
64.0 22.2322
€63.0 21.7321
62.0 21.2391
61.0 20.7532
60.0 20.2743
59.0 19.8023
58.0 19.3372
'57.0 ~18.8790 -
56.0 18.4277-
55.0 17.9830
S4.0 17.5451
S3.0  17.1139
52.0 . 16.6892 .|
S1.0 - 16.2712°
5.0 15.8596
49.0@ 15.4545
48.0 15.0558
47.0 14.6634"
46.0 . 14.2773
45.0 13.8974
44.0 13.S5237
43.0 13.1561:
42.0. 12,7945
41,0 12,4390
40.0 12.0893
39.0 .11.7455
'38.0. 11.4074
37.2 11.0751
36.0. 10.7485
35.0 10.4274
34.0 10.1119x=:l..
33.0.~9.8017 1%
32.0° 9.4970 1
31.0 9.1976

07-18-1991 |
1 ATMOS. &7@ DEG F
70 DEG F |

READING

- - - - G - e s =
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SECTION 1
GENERAL INFORMATION

1.1 SCOPE OF THIS MANUAL

This manual describes the Andros Model 4620 digital gas analyzer. The 4620 is used
primarily in gas analyzer systems for medical applications that can benefit from the unit's
high level of performance. The gases analyzed by the 4620 are C0, and N20.

This manual is written for a number of audiences, including the following:

» Host hardware designer - provides analyzer specifications and data on
pneumaticand electrical interface with the host system.

* System programmer- describes the 4620 command set, communications protocol,
and typical applications.

» Process Engineering - describes suggested incoming inspection and initial
calibration procedures.

» Service personnel - includes extensive description of periodic maintenance,
adjustment and troubleshooting.

The first three sections of this manual are primarily a product overview, including theory of
operation. The next three sections are technical in nature, describing Interface, Operation
and Communications Protocol. The last section describes inspection and troubleshooting
procedures.

Section 8 (Optional Hardware) contains information on the 4862 subsystem, which
contains a gas analyzer, a pneumatics assembly and a power supply. This subsystem is
offered to customers who wish to simplify integration of the gas analyzer components into
their system.

Finally, the Appendixes describe the 4620 command set and other programming
information.
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1.2 INITIAL INSPECTION

When you receive the product, inspect it visually. Check for damage that may have
occurred in transit, particularly for bent, loose or broken components.

Packaging: Do not destroy shipping containers. Andros containers are reusable and an
adequate supply should be kept for future use.

Insurance Claims: Insurance is the customer's responsibility. If any damage occurs
during shipping, contact the carrier immediately as well as the Andros Customer Service

Manager.
Long-term Storage: Before putting the Model 4620 into long-term storage, perform an

incoming inspection of the unit to verify performance (see Section S). The analyzer should
be stored in its original reusable container.

1.3 MAINTENANCE PHILOSOPHY

The 4620 requires little maintenance. Gas calibration is required periodically, and the
sample cell needs to be replaced if it becomes contaminated. The 4620 should run trouble

free if these operations are performed. If servicing is required, Andros defines four OEM

maintenance levels:

Levels of Maintenance and Repair: OEM users of the 4620 analyzer fall into one of
the following levels depending on the technical level of their maintenance personnel and
facilities. Andros' training seminars provide the necessary information for an OEM user to
achieve the desired maintenance level as defined in the contract.

Level 1: This level allows the customer to perform incoming inspection, in-
process evaluation, or field service diagnostics to determine whether an analyzer or
subsystem is operational. The customer can replace the analyzer or subsystem but
performs no further troubleshooting of the units.

Minimum training is required, usually 8 hours or less. Most of Andros' customers
start at this level. Many continue at this level for the duration of their contracts and
beyond.

Level 2: The second level allows the customer to diagnose a fault to the major
assembly level. Parts and major assemblies that can be replaced at this level
include: For analyzers, the chopper motor, source, sample cell, pump, solenoid
valve, and some printed circuit boards. For subsystems, the power supply, the
pneumatics assembly, and the analyzer.
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Level 2, continued: With the IR source being the single exception, all Level 2
components are removeable and replaceable using common hand tools. Use of a
soldering iron is not required.

Approximately 16 to 20 hours of classroom training and "hands on" experience are
required. Some of Andros' customers have chosen to repair to Level 2 for certain
components and not others, such as the chopper motor in the 200 Series analyzers.

Level 3: This level allows diagnosing and replacing most components on any
analyzer or subsystem. All parts can be replaced except those that would require
the unit to be re-characterized (factory calibrated). This includes approximately
98% of the faults found in these units. Performing a factory calibration very
expensive and is not practical for the majority of Andros customers. Therefore, this
is the most extensive level of repair presently available to the customer.

All parts listed in the Andros Service and Spare Parts manual can be replaced at this
level. The parts that cannot be replaced at this level include: Parts that are directly
involved with A/D conversion or servo gain control, optical filters and detector
circuitry for certain types of IR detectors. In addition, certain memory devices that
contain analyzer-specific information, such as EEROM and NVRAM devices,
cannot be replaced at this level. These devices may exist as stand-alone devices or
may be contained in microprocessor packages.

This is the level to which most of our European customers become trained.

Level 4: At Level 4, any part can be replaced and the unit can be re-characterized.
This level is presently perfomed only at Andros facilities. Factory calibration of
Andros' digital products requires specialized equipment. Although this process
could theoretically be performed by the customer, it is not practical to do so. In
order to maintain uniform performance from unit to unit, the process would have to
be identical to the Andros procedure in every respect.

Characterizing an analyzer requires binary and "cocktail" gas blends, and involves
writing specific analyzer constants to non-volatile memory. Andros uses automated
equipment to perform this calibration, although a manually-operated station could
be used. The cost of an automated test stand would be approximately $20K to
$30K, which is not justified for field populations under 2000 units. A manual
calibration would require about 2.5 hours per unit, in addition to the time required
to diagnose and repair the unit. For most customers, labor costs make this option
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1.4 FACTORY REPAIRS

The Andros factory provides repair service both as a warranty obligation and as a
maintenance service to customers. All Andros repair work carries a minimum 90-day
warranty.

Warranty Repairs: Unit is repaired or replaced free of charge.
Out-Of-Warranty Repairs: May be handled in the following ways:

» Exchange at Fixed Fee: Whole units or major sub-assemblies are exchanged at a
fixed rate.

* Factory Rebuild: Andros rebuilds the entire unit, updates it to the latest revision
level, and calibrates it to Andros specifications. A one-year warranty is issued.
There is a fixed rate for a factory rebuild.

* Special Repair: Repairs are made on a time and materials basis. A minimum charge
is required.

Returning Material: To return a Model 4620 for repair or replacement, first call the
service depot for a Return Material Authorization (RMA) number. Then, pack the model
4620 in an Andros reusable container and send it to the depot. Include a note stating the
RMA number and the reason for the return. If a new purchase order is required for the
work, please include the new purchase order number.

Andros has two service depot locations:

Andros Service Depot (U.S.)
Andros Incorporated

2332 Fourth Street
Berkeley, CA 94710
Telephone  415-849-5700
FAX 415-849-5849

Andros Service Depot (Europe)
Mess- & Pruetechnik
Aemmenmattstrasse 3A

CH - 3123 Belp, Switzerland
Telephone  41-31-813091
FAX 41-31-813191

1.5 TRAINING

Andros offers its customers two separate training programs in classroom situations:

1) Regularly scheduled classes at Andros, and 2) Custom classes, held at Andros or at the
customer site. Class scheduling, cost, and student enrollment procedures are described in
the following sections.

Additional information on class scheduling and enrollment can be obtained by contacting
Andros' Customer Training Department in Berkeley, Califomia, during regular business
hours. The telephone number for training information is (415) 849-5700.
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1.5.1 Classes in the U.S.

Training classes are available for any of the Andros products. The courses cover field
service level maintenance, and include a complete, detailed presentation of the product with
emphasis on theory of operation, troubleshooting and repair. For most products the
presentation is to both the component and small-part level.

Regularly Scheduled Classes: Regularly scheduled classes are presented at the
Customer Training Center at the Andros facility in Berkeley, Califomia. Class duration is
two days, and the cost is $175 per student. Transportation, lodging, meals and all general
expenses incurred by the student are not included in the course cost and are the
responsibility of the student or the student's employer.

Custom Classes: Custom classes may be held either at Andros in Berkeley, California,
or at any customer site within the United States. These classes are designed to meet a

customer's specific training requirements. A classroom situation can be a highly desirable
and cost effective means of meeting these needs.

The exact content and length of a course is determined by a conference between the
customer and the Andros Customer Training Department, and is based upon the specific
needs of the customer. Andros requires the following for custom classes:

* Custom or customer site classes depend on Andros instructor availability.
Therefore, Andros' Customer Training Department requires 30 to 60 days lead
time to schedule and develop the content of custom classes.

e Class size is limited to twelve (12) students.

* For custom classes held at Andros facilities, all tools and test equipment required
to present the classes are provided by Andros. For classes held at the customer's
site, these items, including Andros products used during the instruction, must be
provided by the customer.

» Consult Andros for a cost estimate of custom or customer site classes. The cost
includes an instructor fee of $280.00 per day (including travel days, if applicable)
plus all transportation, lodging, meals and other reasonable expenses incurred by
the instructor. A purchase order must be received or other financial arrangements
made prior to course dates.

Andros provides all necessary technical manuals and other required training aids.

1.5.2 Classes in Europe

For classes in Europe, please contact the Andros European Sales Office listed in Section
1.8.
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1.6 CUSTOMER SUPPORT

Information updates: Andros products are constantly being improved. Change
information will be issued as Technical Bulletins or as changes to this manual. - If any
information given in this manual differs from that in an earlier source, the Andros
Customer Service department is available to help resolve the difficulty.

Technical Support: Technical design assistance is available from Andros' Customer
Support Engineering staff.

» Identification and location of hardware

* Identification of source material for design assistance
* Start-up assistance or evaluation

* Planning of spare parts program

An Andros Technical Support Engineer is available at our Berkeley corporate office to
answer customer's telephone inquiries on technical questions. A response will usually be
made within 24 hours. Before calling, it is recommended that the customer:

+ Follow the Troubleshooting Procedure (Section 7.3)
 Have the following information available:

Phone-in Assistance Checklist
1. Company

2. Date

3. Call Number

4. Model Serial No.

5. Date purchased

6. End-user application
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1.7 REGULATORY APPROVAL

Angdros is registered with the Federal Drug Administration as a manufacturer of medical
instruments. Also, the Model 4620 conforms to FDA standards of Good Manufacturing
Practices (GMP). Any modification to the Model 4620 must be made in accordance with
FDA guidelines.

1.8 [INQUIRIES AND ORDERS

All inquiries and orders are dealt with as promptly as possible. For price and delivery
information, please contact the Andros Sales Department at one of these locations:

ANDROS INCORPORATED
2332 Fourth Street
Berkeley, CA 94710

Phone: (415) 849-5700
FAX: (415) 849-5849
Telex: 171751

ANDROS EUROPE
Helnz A Studiger
Ramistrasse 50

8001 Zurich/ Switzerland

Phone: 0041 1 2528140
Telex: 58125



SECTION 2
PRODUCT OVERVIEW

2.1 DESIGN GOALS

The 4620 provides near mass spectrometer performance in a unit that is small enough to be
held in one hand, and at approximately one-tenth the cost of a mass spectrometer. In
addition, fast response time allows end-tidal patient breath analysis.

2.2 FEATURES AND OPTIONS

High accuracy: The 4620 uses digital techniques to provide high accuracy and ease of
use to the system designer. Gas concentration outputs are fully linearized and do not
require look-up tables as did analog designs.

Patented zero technique: Andros was the first to recognize that zero drift is most often
caused by changes in the overall gain of the analyzer, including the optical path. Therefore
Andros analyzers use a patented zero technique that corrects zero errors by correcting the
gain of the analyzer electronics. The benefit to the user is that performing a zero routine,
with zero gas in the sample cell, automatically corrects gas channel calibration. Therefore
the Andros analyzer remains accurate over a period of months, as compared with
competitive units, which may require gas calibration several times per day.

Compensation: Compensation has been provided to make gas concentration data
independent of environmental changes such as temperature and pressure. In addition,
cross interference effects of N2O and CO» are automatically corrected for.

Simplified status reporting: The 4620 provides full status and error reporting to the
user. The analyzer reports to the user when a zero is required, and allows the user to
monitor all aspects of the analyzer operation. A new communication protocol simplifies
status reporting.
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Ease of communication: The user communicates with the 4620 over a single serial
communication link. The interface is RS232 compatable. A command set consisting of 20
commands allows the user to obtain gas concentration data from the 4620 and to initiate
various operations such as calibration and zero.

Subsystems avallable: Andros also offers the Model 4862 subsystem, providing all
necessary components to perform gas concentration measurement. This subsystem
consists of the 4620 Analyzer and the 1401 Pneumatics Assembly. Together these
components simplify the process of integrating the analyzer into the host system.
Information on the subsystem is located in Section 8 of this manual (Optional Hardware).

Please contact the Andros Customer Service Department for ordering information regarding
the 4862 subsystem.

Summary of 4620 features:

» Capnometry and N20 measurement capability
* Small size

* Low cost

* Reports concentration directly

» High accuracy

« Infrequent gas calibration

 Immune to environmental changes

« Full status and error reporting

* Serial communications standard

* Complete subsystem available
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2.3 TYPICAL APPLICATION

The following diagram shows how the 4620 is integrated into a typical gas analyzer system
for medical applications:

Host System
From y
Patient
- == 4620
Solenoids Optical j=ed 4620 RS232 ggsl} L
' Power
&2 Pump Supply
A Y
Room Exhaust

Air

Pneumatics

Figure 2-1. Block Diagram, Typical Application
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2.4 MAIN SPECIFICATIONS

Measurement Ranges:

COa2: . Oto76 Torr (0to 10 %)
N20: 010100 %
Accuracy:
Channel Range Accuracy Besolution
CO,, (Torr) Oto20 Torr 11.0Tormr 0.1 Torr per bit
20 to 40 Torr 11.5Tomr "
40 to 60 Tomr 12.0Tomr *
6010 76 Torr 12.5Tomr *
CO2 (%) 010263% 10.13% .01 % per bit
2.63 10 5.26 % 10.20 % *
526 t0 7.89 % 10.26 % *
7.89 to 10.00 % 10.33% *
N20 0to50% 13.0% 0.1% per bit
50t0 70 % 15.0% "
70 to 100 % 17.0% "
Noise:
Channel Noise
CO2 (Torr) 0.5 Torr
CO2 (%) 0.66 %
N20 3.0%
Notes:

1. Noise is measured with 100% dry N2 flowing through the sample cell and purge port at 1 mi per
minute.

2. When shown as a percent, Accuracy and Noise specifications are absolute; that is, they
represent percent gas concentration.

3. Accuracy and Noise are measured under the following test conditions:
% Test environment is held constant and within the limits specified below. Cooling is
%p?n\glc:'ezg} is powered up from cold start and allowed to warm up for 15 minutes.
% Analyzer transmits continuous channel data.

4. Accuracy is determined by calculating the statistical mean of any 10 second block of data.

5. Noise is defined as six standard deviations for any 10 second block of data.
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Measurement Interference:

The eftect of the presence of interfering gases shall be:

H20 (95 % R.H.): 0.1 % relative, maximum
3 % Halothane: 0.1 % relative, maximum
7% Entlurane: 0.1 %relative, maximum
7% Isoflurane: 0.1 %relative, maximum
Environment:
Qperating Storage
Temperature: +59to +113°F -40to +158°F
(+15t0 +45 C) (40 to +70 C)
Humidity: 0 to 85 % RH 010 95 % RH
(non-condensing) (non-condensing)
AlRtitude: -1,000 to 7,000 ft. -1,000 to 10,000 ft.
(-305 t0 2133 M) (-305 to 3048 M)

Pressure: Output is fully corrected over range of 10 - 16 PSIG (at sample cell).

Power Disslipation:
Warm up (during the the first 15 minutes of operation): 25 Watts maximum
Quiescent (after the the first 15 minutes of operation): 16 Watts maximum

Conditions: From a cold start at a uniform ambient temperature of 86° F (30° C), with
power dissipation averaged over any one-second interval.

Power Supply Requirements:

Single supply voltage: 7.50 Volts minimum
16.5 Volts maximum
Peak to peak ripple: 15 % maximum
(Not to exceed min and max voltage limits above)
Average current: See power specification
Transient current characteﬁsfics: 6.0 Amps maximum

(Transient currents are typically less than
1 millisecond and are repetitive in nature)
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Response time:

Response to a step change of gas concentration at the sample cell inlet port. Analyzer response
time is for a 10 to 90 % change in output at the flow rate indicated:

Elow Rate Besponse time
COz: 100 ml/ min 110 milliseconds maximum
50 m!/ min 180 milliseconds maximum
N20: 100 ml/ min 220 milliseconds maximum.
warmup:
State Maximum time
/0 active in Warm-up mode 1 minute
Warm-up mode status clears 5 minutes
30 Minute Zero Mode 15 minutes

Conditions: Test environment is held constant and within the limits specified herein. The
analyzer reaches the above functional state within the specified maximum time after
application of power from a cold start.

~ Sample cell volume: 20 microliters, nominal

Cooling requirements:

Ventilation of other means of cooling must be provided such that the limits below are not
exceeded: _

Detector heatsink temperature: 113°F (45 C) maximum
Motor case temperature: 149°F (65 C) maximum
2-6



SECTION 3
THEORY OF OPERATION

3.1 GAS ANALYSIS

Carbon dioxide and Nitrous oxide both absorb energy in the infrared (IR) region of the
spectrum, although each gas has a different absorption characteristic. The amount of
energy absorbed by each gas increases with concentration. Andros gas analyzers use this
phenomenon to measure gas concentration.

Optical path: A sample of the gas to be identified flows through a small volume called a
sample cell, as shown in Figure 3-1. A beam of infrared light is passed through the cell,
and is detected by an infrared sensor.

Andros uses a Non-Dispersive Infrared approach, meaning that optical interference filters
are used to transmit a different region of the IR spectrum for each gas. The filters are
mounted in a rotating filter wheel so that each filter passes through the path of the beam.
This technique allows a number of gases to be analyzed simultaneously.

The filter wheel is divided into five sections, and contains the following elements:

+ A filter for CO2

+ A filter for NoO

* A reference filter

o A "blank" timing filter

A "dark level" portion of the wheel that completely blocks IR transmission

Signat processing: The infrared detector schses the fluctuating IR level, and generates a
series of electrical pulses, where each pulse corresponds to a particular gas. These pulses
are then amplified and processed electronically.

When a particular gas absorbs energy, its pulse height is reduced. This effect can be
clearly observed on a oscilloscope connected to the detector output. The amount of pulse

absorption is measured by the analyzer and the corresponding gas conoentratlon for each
channel is computed by digital circuitry.
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Electronics: The electronic circuitry has a number of additional functions: First, it must
control a number of parameters in the optical head such as temperature and motor speed. In
additon it must maintain the proper timing relationship between the pulse data and the
rotation of the filter wheel.

When performing digital calculations, it must compensate for a number of conditions that
may affect the accuracy of the reported data. These conditions include environmental
changes, such as pressure and temperature, and interference effects from other gases in the
sample.

In an optical system, minor changes may occur in the optical transmission and the resulting
pulse levels. These changes also affect accuracy, and Andros uses proprietary techniques
to compensate for them. For example, the 4620 includes a reference filter in the filter
wheel whose function is to provide information on the condition of the optical path.

During calibration, the 4620 uses the reference data to correct the gain of the analyzer
circuitry. This calibration technique is performed with "zero" gas in the sample cell and is
referred to as the Zero routine. This procedure is simpler and less expensive than using
precision calibration gases, as required by other gas analyzers. The result of all these
techniques is to provide accurate and stable concentration data for extended periods of time.

The following sections describe the 4620 in greater detail.

Fitter wheel Sample cell IR Detector

}

Electronics

wn b i

Gas out

IR Source

*’***%:;;;;;; i

Data to host

Figure 3-1. Simplified Gas Analyzer
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3.2 OPTICAL ASSEMBLY

The optical assembly generates electrical pulses representing infrared absorption in a
sample gas. It then amplifies these signals for use by the Processor board.

Figure 3-1 shows the main components of the Optical Assembly.

Motor: The motor rotates the filter wheel at approximately 95 + 2 Hz (rotations per
second). Therefore, the infrared absortion for each channel is measured at this rate. This
rate is chosen to avoid power line and detector noise interference.

The rate of rotation is determined by a servo circuit under microprocessor control, using as
feedback the optical pulses from the detector. The motor is driven with DC from a power
circuit located on the SMR Board.

Infrared Source: The IR source consists of a tungsten element, encapsulated in ceramic
to isolate it from the air. The Source is heated by DC from the SMR Board and emits a
beam of broad-band infrared light.

The source operates at a temperature of approximately 700 to 800 C (1300 to 1500°F). For
reliability, this temperature is significantly derated from its maximum rated temperature.
The heat generated by the source is conducted to a heatsink, which helps to protects the
motor from high temperatures.

The source voltage is tightly controlled by the main regulator on the SMR board. 'Although
some Andros analyzers servo the source by measuring the resistance of the device, this
technique is not required on the 4620.

Optical
Assembly

Processor Board

SMR Board

Figure 3-2. Main Components, Model 4620
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Filter Wheel: The filter wheel is driven by the motor and contains a total of five
elements. All of the optical filters are made from silicon.

Two of these filters are used to isolate CO2 and N2O. These filters permit only certain

regions of the infrared spectrum to pass through the sample cell. The optical characteristics

of the filters are closely matched to the wavelengths where there is infrared absorption by
the gases.

The third filter passes a wavelength of light absorbed by neither of the test gases. It is
referred to as the reference filter and provides an optical pulse that is proportional to full
transmission through the sample cell.

The fourth filter is referred to as a "blank” since the actual passband of this filter is not

critical. Its sole purpose is to generate a timing pulse that is used for motor speed control.

No measurement is made in this filter position.

The last position on the filter wheel contains no filters at all. It is opaque to infrared light
and is referred to as the "dark level" position. The dark level is used by the signal
processing circuitry in performing gas channel calculations. The resulting waveform is
also used for motor speed control. The complete waveform is shown in Figure 3-3.

The filter wheel housing is constructed of a special nylon-based plastic with high thermal
insulating characteristics. It is maintained at 65 C (149°F) by a strip heater, a thermistor,
and a servo circuit.

128us lms/div 18.12ms

Figure 3-3. Waveform, Typical Preamplifier Output

3-4




THEORY OF OPERATION

Sample Cell: The sample cell has an inlet port and an outlet port, and contains the sample
gases to be analyzed. It is constructed with sapphire windows on both ends that are
ultrasonically welded to the plastic body. Cell volume for the 4620 is approximately 20
microliters.

Detector: The detector measures the energy of the infrared beam after it passes through

the sample cell and generates a series of electrical pulses as shown in figure 3-3. Itisa

hermetically sealed lead selenide (PbSe) photoresistor, mounted on a thermo-electric

cs:oolcr. The cooler maintains the detector at 5 C (41°F) by means of a servo circuit on the
MR board.

The detector is physically mounted on the preamplifier board described below.

Preamplifier Board: The preamplifier board assembly is located at one end of the optical

head. It contains circuitry to amplify the detector signal, which is then sent to the
Processor Board.

The gain of the preamplifier is controller by a potentiometer and is set at the factory to produce
an optimum peak-to-peak voltage between the reference pulse and the dark level pulse (see
Figure 3-3).

The board protrudes from housing and contains a connector for the ribbon cable that
connects to the Processor Board. The board also provides attachment points for the motor
leads, the filter wheel housing thermistor and heater, and the IR source.
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3.4 SMR BOARD

Note: the following description refers to areas of the
SMR and Processor schematics. These drawings are
located in the back of this manual.

SMR stands for Switch Mode Regulator. The SMR board uses switching techniques to
perform DC to DC conversion, generating the regulated DC voltages used internally by the
4620. In addition, the board supplies power to the following circuits:

Motor Speed
Source voltage
Filter wheel heater
Detector cooler
Processor board

The SMR schematic diagram is shown in the following figure. The schematic has been
divided into a number of areas, which are described as follows:

Main switching regulator: Area 1 contains the main regulator and the power switching
circuitry for the 4620. This regulator generates a number of output voltages by means of
transformer T1. In addition, the regulator generates an unregulated DC voltage that drives
the servo circuits on the SMR board.

Integrated circuit Ul is a switching regulator that senses the voltage appearing at the
"Source" output of the power supply (nominally 7.8 Volts). The voltage that drives the
infrared source must be controlled most accurately of all the output voltages; therefore this
voltage serves as the feedback point for the Main regulator.

The regulator IC controls the output voltage by generating a pulse width modulated signal
at pin 2. This signal is conditioned by transistors Q7, Q8, and Q9, and fed to a pair of
power MOSFETs operating in parallel, Q3 and Q4. These transistors in turn drive the
primary winding of transformer T1.

Transformer outputs: Of the six output voltages generated by T1, two require additional
regulation and four do not. The source voltage, the +5 rail, the pump voltage and the
motor voltage are rectified and filtered without additional regulation. However the positive
and negative 15 volt rails are controlled by linear regulator IC's VR2 and VR3. (Jumper
W2 is not used by the 4620.)

The unregulated bus: This voltage is also called "Vboost" and is used to supply power
to the filter wheel heater and the thermoelectric cooler circuits. It is generated by rectifying
and filtering the primary voltage applied to transformer T1. Diode CR7 performs the
rectification and C12 performs the filtering. The voltage is approximately 20 to 30 Volts
and is supplied to pin 6 of integrated circuits U3 and U4.
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Fliter wheel regulator: Area 2 contains a switching regulator U3 that drives a strip
heater in the filter wheel housing. Controlling the temperature of the infrared filters ensures
that their optical characteristics remain stable over the entire 4620 environmental operating
range. The heater is driven directly by pin 2 of the IC.

The nominal temperature of the filter wheel housing is 65 C. The circuit uses a servo
technique to control temperature. A thermistor in the filter wheel housing supplies
feedback to regulator U3. If the temperature decreases, U3 supplies additional power to
the heater by increasing the duty cycle of the pulses to the heater.

TE cooler regulator: Area 3 contains the servo circuit that controls the thermoelectric
cooler. The output to the cooler is pulse-width regulated by regulator U4, and then filtered
to give a DC signal, to reduce the noise at the detector.

One half of integrated circuit U5 is a differential amplifier that senses the current to the

cooler. This signal is combined with the thermistor signal from the IR detector by the other

op amp in US. The combined signal drives the regulator IC and serves as feedback for the
 oulit

Motor speed circult: Motor speed is regulated by the motor drive circuit in Area 4. It
receives a pulsed signal generated by the Processor board (referred to as "Tach") that is
proportional to motor speed. The circuit in Area 4 filters this signal and the resulting DC is
sent to the SMR board.

Motor speed is adjusted by potentiometer R38 and jumper W1 is used during test.

Start up circult: The left hand side of Area 1 provides soft-start capability for the SMR
board. When power is applied to the board, capacitor C1 causes MOSFET Q1 to turn on
slowly. This in turn causes the duty cycle of regulators U1, U3 and U4 to ramp up to full
operation over a period of 3 to 6 seconds.
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3.4 PROCESSOR BOARD

The Processor board schematic shown in the following figure has been divided into a
number of areas. These areas are described as follows: -

Preamp signal processing: Area 1 contains the analog clrcunry required to process the
incoming signal from the preamplifier. This signal is a series of pulses approximately 300
mV in amplitude, as shown in figure X. In order to determine the infrared absorption for
each channel, Area 1 performs two primary functions: 1) normalize the incoming pulses to
a particular reference level, and 2) adjust the gain or "span” of the subsequent circuitry
prior to A to D conversion.

Integrated circuit U9 is a dual D to A converter that is used to set the gain of the
normalization and span circuitry. The outputs from U9 appear as resistors to the analog
circuitry, and their values are set digitally by the microcontroller. Figure XX shows a
simplification of the analog processing circuitry.

Tach signal processing: Area 2 contains edge detection circuitry used to determine
motor speed and pulse position. This circuitry generates a digital signal that is sent to the
microcontroller. The signal interrupts the controller when a pulse edge is detected, and the
controller records the timing information. The digital signal at Test Point 3 is shown in
Figure X.

Sample and hold circult: Area 3 contains a pair of analog switches and a voltage
follower circuit used to sample the amplitude of each pulse and hold its value long enough
for an A to D conversion to be performed. The microcontroller controls the closing of the
analog switches, allowing the peak value of each pulse to be sampled in turn.

Preamp signal A to D Converslon: Area 4 is a 10 bit A to D converter. The circuit
converts the amplitude of each pulse into a 10 bit binary number. The A to D device used

in this circuit is designed to interface easily with the microcontroller, and is unusual in that
it uses a serial data output line.

Micro controller: Area 5 is a 68HC11 microcontroller that is the heart of the 4620
processor circuitry. This device controls timing, gain settings of the analog circuitry, and
various peripheral functions associated with the pneumatics components.

The controller receives pulse absorption information from the A to D converter in serial
format as described. It then processes this data and generates gas concentration
information, which is transmitted to the user through a serial port.

In addition, the 68HC11 contains an on-board 8 bit A to D converter that is used to

measure analog voltages from the pressure and O2 sensors. This information is used to
correct the gas concentration data.

Serial output circult: Area 6 contains a serial port driver, U18, that interfaces the
microprocessor with the 4620 serial port. This IC contains an on board DC-DC voltage
converter that converts 5 volt TTL signal levels to the nominal +12 Volt signal levels used
by the RS232 standard.
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Memory: In order to provide sufficient memory for the 68HC11, the 4620 uses a discrete
256K memory chip, U13, for the read-only memory (ROM) function. Additional memory
functions are internal to the processor. They are random-access memory (RAM) and non-

volatile memory (NOVRAM or EEROM) functions.

The discrete ROM and its associated circuitry is located in Area 7 of the schematic. Ul2 is
a Programmmable Array Logic (PAL) chip that controls the addressing to the RAM, ROM,
NOVRAM and the ports. U1S5 is the address latch.

Micro controller data latches: Area 8 contains two IC's used to store digital data from
the microcontroller. U16 holds the TTL logic signals to the pneumatics assembly and some
additional signals used by the Processor board. U14 holds the digital data to the D to A
converter used for normalization and span.

Pressure circult: Area 9 contains an analog conditioning circuit for the pressure
transducer. The transducer is mounted to the Processor board and is wired in a bridge
configuration. A differential amplifier US measures the sensor voltage and generates a
single-ended signal in the range of 0-5 volts for pressures in the operating range of the
analyzer.

Integrated circuit U3 has two functions. One op amp energizes the pressure sensor by
forcing a constant current to flow through the bridge elements. The other op amp provides
a reference voltage to amplifier US.

The circuit contains two potentiometers. R14 is used to set the output under zero pressure
(vacuum) conditions. R13 adjusts the reference voltage from U3, and is used to calibrate
the sensor at ambient pressure.

The resulting output voltage from US is supplied to the controller, which multiplexes it and
drives an A to D converter internal to the 68HC11.

02 circult: Area 10 contains an analog conditioning circuit for the oxygen sensor. This
circuit has a single adjustment, R40, to set zero offset. The output from U17 also
multiplexed and digitized by the 68HC11.

Motor drive circult: Area 11 receives a pulse width modulated signal from the controller.
The duty cycle of this signal represents motor drive voltage. This signal is passed through
an analog switch to a low pass filter, U2. The resulting analog voltage is passed to the
SMR board, where a motor drive circuit controls power to the motor in the optical head.



SECTION 4
INTERFACE

This section describes the electrical and mechanical requirements to interface the Model
4620 with the host system.

4.1 SUMMARY OF HOST INTERFACE REQUIREMENTS

Electrical and pneumatic requirements for integrating the Model 4620 into the host system
may be summarized as follows:

* DC power to P2 on the SMR board. The voltage range is +7.5 to 15 VDC.
Power dissipation is 25 Watts during warm up, 16 Watts normal operation

* Serial communication lines from the host to J2 on the Processor board.

* Pneumatic lines to the sample cell, for gas delivery and return.

¢ (Optional) Reset line from the host to the Processor board.

 (Optional) Oxygen sensor to J3 on the Processor Board.

¢ (Optional) Pneumatics assembly, to control flow rate and allow introduction of
zero and calibration gas into the sample cell. See Section 8 for information on the

Andros Model 1401 Pneumatics Assembly. The pneumatic assembly can be

controlled by 4620; connections are from J2 on the Processor board to the
pneumatics assembly.

Mechanical requirements include mounting and cooling, as described in Section 4.5 below.
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4.2 POWER SUPPLY

The Model 4620 requires a DC input voltage within the range of 7.5 to 16.5 Volts DC, and

a maximum peak to peak ripple of 15%. All ripple components must be within these
minimum and maximum voltage limits.

Figure 4-3. Connections, Power Supply

4.3 RESET
The reset function is accessable to the host via two locations:

* A pair of terminals located near the top of the Processor Board.

¢ Pin 12 of connector J2 on the the Processor Board. This connector normally
transmits data to and from the host.

These sets of terminals are wired in parallel and are used to reset the 4620 microprocessor.
Operation of the SMR board and the servo circuits is unaffected by the reset function. Use
of these terminals is optional and is described in Section 5.2.1 of this manual.

A power-on reset occurs automatically when power is applied to the 4620. Reset can also
be performed at any time by shorting or applying a logical "0" pulse to the terminals.
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4.4 COMMUNICATIONS AND TIMING

4.4.1 Serial Communications

Data communications between the host and the 4620 take place through connector J2 on the
Processor board. Figure 4.4 shows a typical connection.

Data communications with the 4620 consists of individual bytes of data transmitted over an
RS-232 serial port. The 4620 transmits data only in response to a command issued by the
host processor. Data transfer is asynchronous; that is, there is no fixed timing requirement
between command and response transmissions. Handshaking between the 4620 and the
host computer is not required.

Note that Section 6, Communications Protocol, describes the general structure of the data
packets, and Appendix A (Command List) describes each command and response in detail.

Data rate is 19.2 kbaud.

: 4620
Processor
Board

* Host shown as DTE if standard
RS-232 pinouts are used.

Figure 4-4. Connections, RS-232 Interface to Host
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4.4.2 Timing Considerations

This section describes the rate at which data is transferred to and from the 4620, and is

included primarily to assist the user in defining timing requirements for software
development.

Basic operating cycle: The 4620 timing is dependent on rotation of the filter wheel.
Each rotation takes 10.5 milliseconds, during which time data is acquired for all gas
channels, calculations are performed, and data is communicated to the host. Thus, the
basic operating cycle of the 4620 is 10.5 ms.

Command timing: A single command consists of from 4 to 13 consecutive bytes,
depending on which of the 20 available commands is issued by the host.

From a timing standpoint, the 4620 monitors the serial bus continuously for incoming data.
Note that there is a one second restriction on the maximum time to transmit a command. At
19.2 Kbaud a single byte requires approximately 0.5 millisecond to transmit. Therefore the

time required to transmit the longest command, 13 bytes, is significantly less than one
second.

Response timing: A single response from the 4620 consists of from 5 to 17 consecutive
bytes referred to as a data record. The amount of delay between the receipt of a command

and the beginning of the response varies somewhat from command to command.  Specific

timing information for each command will be included in Appendix A of this manual.

In the case of continuous data transmission (command $43), data records are transmitted

continuously every 10.5 ms. For all other commands, the 4620 responds with a single
data record.

For all 4620 responses, the time required to transmit the complete response is always less
than 10.5 milliseconds. Note that Section 6, Communications Protocol, describes the
general structure of the data packets. The figure below is an example of Continuous mode
transmission, in response to the $43 command (Transmit Channel Data, Continuous). As
shown, a new data record is transmitted every 10.5 milliseconds.

~
2P L2P2R2o00220 200
i 555555555555 55555
I oo oo DO DODODDD "
11 iR 0eeRiineininni I
' H l
I [
! 10.5 ms

0 ms

- t

!

t = approx 8.8 msec
520 usec per byte at 19.2 kBaud

Figure 4-5 Timing Example, Continuous Mode
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4.5 MOUNTING AND COOLING
4.5.1 PC Boards

The Model 4620 electronics assembly consists of two printed circuit boards, the Processor
board and the SMR board. Although these boards are fastened together when shipped,
they may be separated if this simplifies fitting them into the host system.

4.5.2 Optical head

The optical head is equipped with a number of 6-32 tapped mounting holes and may be
mounted in any position. Ventilation may be provided in any manner as long as the cooling
requirements in Section 2 of this manual are satisfied.

The head is connected to the electronics via a 34 conductor flat ribbon cable that attaches to
connector P4 on the SMR board. If the 18 inch cable supplied is not sufficient, a cable
length of up to 30 inches may be used. Note that if custom cables are made, it is necessary
to match up pin 1 on the optical head with pin 1 at the electronics.

The location of the head should allow access to the removable sample cell without major
disassembly.

i
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4.6 PNEUMATIC REQUIREMENTS
4.6.1 Overview

The 4620 Block Diagram (see foldout drawing) shows the necessary pneumatic connections
and the gas flow path through the system. Note that the pneumatic components shown are
available from Andros as an integrated assembly, Model 1401, described in Section 8 of this
manual.

Basic requirements for any pneumatic configuration are as follows:

Pump: The sampling pump should provide a smooth and constant gas flow. Standard
flow rates are 65 and 200 milliliters per minute. Two hundred m}/min is recommended to
ensure the specified response time.

Fiter: The gas in the patient airway adapter should be filtered to remove water droplets
and other contaminants.

Solenold valve: A solenoid valve is required to allow either sample gas from the patient
or room air to be selected. It is desirable that the air sample supplied to the 4620 during a
Zero routine be obtained from an area as close to the optical head as possible. Note that air

samples that are close in proximity to the exhaled breath from operators or other personnel
may vary in CO2 content.

The 4620 provides a means of switching the solenoid valve during the Zero routine. As

described in Section 4.6.2, a logic level signal from the Processor board performs this
function.

Connections to sample cell: See section 4.6.3.
Oxygen sensor: See Section 4.7.

Exhaust: The exhaust gas from the system should either be scavenged or returned to the
patient circuit.
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4.6.2 Control Lines

Header P2 on the 4620 Processor Board supplies TTL-level control signals to the solenoid
valves and the pump. These lines are normally connected to driver circuits in the
pneumatics assembly that control these devices.

Pump lines: There are three pump control lines. These lines are switched by issuing a
$60 (Pump Control) command and including the correct instruction in the PS byte. See
Command $60 in Appendix A for the command format. The condition of these lines is also
reported in the Status word (Status codes 30 and 31).

Solenold lines: There are two solenoid control lines. These lines are switched by
issuing a $E1 (Solenoid Control) command and including the correct instruction in the AS
byte.

Note that only one solenoid (Solenoid 1) is required for operation by the 4620. This
solenoid switches from sample gas to zero gas during the zero procedure. The other logic
line (Solenoid 2) is uncommitted, and may be controlled by the host using the $E1
co:in%a)nd. The condition of these lines is also reported in the Status word (Status codes 44
an .

Occluded: This line may be connected to a customer-supplied pressure sensor in the
sample line. When an occlusion is indicated, the condition is reported in the Status word
(Status code 06) and causes the Check Status bits to be set. These bits are cleared when the
Occlusion line is restored to a "0".

The control lines from the 4620 to the pneumatics assembly are:

€
[

Model

4620
Processor

board

O N O WD =

Figure 4-6. Connections to Pneumatics Assembly
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4.6.3 Disposable Sample Cell

The sample cell is designed to be used from patient to patient unless it becomes
contaminated. Contamination frequently includes liquids, mucous or bacterial matter. The
inside of the cell is not designed to be cleaned or sterilized as any residues left inside the
cell can invalidate the gas measurements. Once a sample cell Is contaminated, even

with a single droplet of water, it must be replaced. Fallure to do so may result In
inaccurate or misleading readings.

As described in Section §, contamination usually causes Status Code 31 (Reference Level
Shift) to be set in the Status word. This condition also causes the Check Status flags to be

set.

pY

Sample Cell Removal

Grasp the sample cell by the handle and pull gently.

The plastic tubing attached to the sample cell is not easily removed
from the cell. Normally, both lengths of tubing are removed with
the cell.

Sample Cell Installation

Connect new sections of tubing to the inlet and outlet ports of the
replacement cell. The inlet and outlet ports are interchangable.
Insert the sample cell into the recess in the optical head with the
handle toward the outside edge of the head. The sample cell has a
bevel along one edge to prevent mis-insertion.

Push the sample cell in until the detent is felt.

Recess |
©) with bevel

Sample cell Figure 4-7.

Sample Cell installation

Optical
head

I
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4.7 OXYGEN SENSOR

The 4620 has provision for connecting an analog type Oxygen sensor to the analyzer.
Whether or not to use an analog sensor depends on the configuration of the host system.

Oxygen concentration information is required by the 4620 to correct span error in the CO2
channel when both gases are present in the sample cell. There are two ways to provide
Oxygen concentration to the 4620:

 An analog type sensor may be placed in the sample line and connected to the 4620
sensor input terminals. The 4620 performs an analog to digital conversion and
computes concentration. This is the default mode for the 4620. If an analog
sensor is used, its output characteristics must conform to the requirements
described below.

* Alternatively, Oxygen concentration in the sample line may be measured by the
user and supplied digitally to the 4620, using the $11 command. If O
concentration is sent to the 4620 with this command, the analyzer ignores the
analog input. See the $11 command description in Appendix A for further
information on this approach.

In either case, the 4620 uses the Oxygen data to compensate the CO2 channel. If Oxygen
data is not supplied, there will be signficant errors in the accuracy of the CO, measurement.

In addition, the O2 concentration data is transmitted to the user during normal gas channel
transmission.

Sensor characteristics: The 4620 signal conditioning circuit is designed to accomodate
an Oxygen sensor with a full scale (100%) output in the range of 20 to 120 mV. Sensor
output must be a linear function of oxygen concentration. It is also assumed that a 0%
concentration will result in zero volts output from the sensor.

Callbration: Note that fuel-cell type sensors require frequent calibration. In addition, the
O sensor must be placed at atmospheric pressure for greatest accuracy. Section 5.4.6
describes Oxygen sensor calibration.

Connections: Connections for the Oxygen sensor are as shown:

Processor
Board

02
sensor |

Figure 4-8.
Connections, Oxygen Sensor




SECTION 5
OPERATION

5.1 OVERVIEW

This section describes the major routines required to operate the Model 4620, from
powering up the unit to acquiring data. Flow charts and step by step procedures are given

to assist the host programmer in software development. These procedures give an
overview of the operation of the analyzer.

This section is divided into five main areas:

Normal operation
Zero routine
Calibration
Status

Error handling

This section assumes that the interface requirements described in Section 4 are satisfied.
Note that the procedures given in this section are for reference only, and that the host
system requirements will determine how the 4620 is programmed in a given application.
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5.2 NORMAL OPERATION

Once the 4620 is installed, the unit is completely controlled through the data
communications port on the CPU. The system is designed to operate via a "host" computer
or microprocessor system supplied by the user. The host is responsibls for issuing
commands, receiving measured data, requesting status from the 4620 and initiating the
Zero and Calibration routines. Note that the 4620 analyzer will perform no operations and
transmit no data without commands from the host.

There are no requirements for initialization of the 4620 prior to use. Assuming that the

4620 is properly integrated with the host systcm, the unit is designed to perform gas
analysis "out of the box".
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5.2.1 Initial Power On

This section describes the recommended start up sequence. This procedure also appears in
a flow chart (see Figure 5-1).

It is not necessary for the host to perform a reset when power is applied to the 4620 since a
power on reset is performed automatically. (Note that the 4620 has provision for both
hardware and software resets. Additional information on the reset function may be found
in Section 4.3.)

Within a few seconds after power up, communication may be established. A Status request
($01) may be issued periodically and the status response examined. During the warm up
sequence, the system status bits will clear in the following sequence:

» The System Fault - Self Test bit (Status code 00) goes low after a few seconds,
indicating that the analyzer has passed the Self-test sequence. Communication
with the 4620 can be established after this bit goes low.

¢ The Timing Servo bit (Status code 01) goes low after approximately 20 seconds,
indicating that the motor speed is correct.

* After one minute the Warm up Timer Counting bit (Status code 04) goes low.
This bit reports that one minute has elapsed since power up. In addition the Zero

Requngd bit (Status code 05) is set, as well as the Initial Zero Required bit (Status
code 33)

At this point a Zero routine must be performed to obtain usable data from the analyzer.

Recommended Zero interval: In order to meet accuracy specifications while the

analyzer stabilizes, the following schedule is recommended. The user is advised that this
schedule is preliminary.

Time after power up Action

1 minute Perform initial Zero

2 minutes Perform Zero

5 minutes ' Perform Zero

15 minutes Perform Zero

after 15 minutes Zero every 30 minutes

This schedule assumes that no significant temperature transients occur. If the host initiates
the required Zero routines, data may be considered valid during warm up period.

Note that the above start up procedure should also be followed any time a Full Reset is
performed on the analyzer. This is because the servos are reset and require time to re-
stabilize (see Section 4.3).
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Power on

[

Possible
Wait several seconds. hardware failure.
Issue Status request. =" | Examine Status word.
Is System fault / Self test=1? | Y Reset analyzer.
"}
Possible
Wait approx 20 seconds. hardware tailure.
Issue Status request. =™ | Examine Status word.
Is Timing / Servo bit = 1? Y Reset analyzer.

N‘
Request continuous
channel data

?

Issue Zero command,
1 |ssue Status command and wakt
until Normal mode is achieved

'

Acquire data ,
Examine Check Status bits, |~—
Is Zero required?
Y N

Figure 5-1. Operation flow chart
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5.2.2 Recelving Channel Data

The 4620 will not transmit any data without a specific command from the host. Data is
transmitted according to the format described in Section 4.4 (Communication and Timing)
and Section 6 (Communication Protocol).

Channel data can be requested either one record at a time ($40) or conunuously ($43)
When continuous transmission is selected, the data packets are delivered in real time at 10.5
millisecond intervals. To avoid loss of data the host computer must be configured to accept
and process the 4620 output at this rate.

In addition, either compensated or uncompensated data may be selected ($D2 or $D3). In
normal operation, compensated data is selected, which returns data in units of gas
concentration for each channel. Uncompensated mode is used primarily for diagnostic
purposes, and returns IR pulse absorption data.

Check Status condltion: To ensure the integrity of gas concentration data, it is the
responsibility of the host to monitor the status of the analyzer. If a problem exists that
could affect data accuracy, the analyzer will report a Check Status condition.

The Check Status bits are found in two locations:

¢ Within the Channel Monitor byte. This byte is transmitted along with
every set of channel data in response to a $40 or a $43 command.
It contains a Check Status bit for each channel transmitted.

» Within the Dynamic Status byte. This byte is contained in every
response issued by the analyzer and is completely described in Section 6.4.4.

Dynamic Status byte: The Dynamic Status byte should be inspected if the Check Status
bit is set. The contents of the Dynamic Status byte are normally sufficient to determine the
cause of the problem. If additional information on analyzer status is needed, the Status
Word should be requested (command $01).

The most frequent reason for a Check Status condition is the need to perform a Zero
routine. However other problems, such as data processing errors and improper operating
modes, can also set the Check Status bits.

Note also that each data record is terminated with a Checksum byte. It is strongly
recommended that this byte be examined after the receipt of each record.

Please refer to the following sections of this manual for further information:

Channel Monitor byte  Appendix A (Command list), $40 command
Dynamic Status byte  Section 6 4.4
Status word  Section 5.5
Appendix B (Status Response Format)
Ermror Handling  Section 5.6
Checksum  Section 6.4
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5.3 THE ZERO ROUTINE
5.3.1 Description

The Zero routine is initiated by the host and resets the baseline value for the CO2 and N2O
gas channels to zero. During this process, the 4620 sends logic signals to the pneumatic
components to introduce room air into the sample cell. The N2O and CO2 channels are set
to zero, and the pneumatics assembly is then reset to normal mode, in which sample breath
from the patient is analyzed. The concentration of CO2 and N20O in room air is sufficiently
low to be used for Zero gas for these channels.

Zero Interval: The Zero interval is the maximum time allowed between Zero routines to
meet 4620 accuracy specifications. For a warmed up 4620 operating in a stable
environment, the Zero interval is 30 minutes. This interval is not timed or reported by the
4620.

Parameters monitored: The 4620 monitors four general conditions to determine if a
Zero is required. They are:

 Temperature drift

 Changes in IR transmission in the optical head
* Unsuccessful Zero routine

* Warmup timeout (initial Zero only)

If any of the above conditions occur, it is reported in three locations:

 The Channel Monitor byte (transmitted with every set of channel data)
* The Dynamic Status byte (transmitted with every 4620 response)
» The Zero Status bits (located in the Status Word)

As described previously, the host should continuously. monitor the Channel Monitor and
Dynamic Status bytes to determine if a Check Status condition is in effect. If so, the
Dynamic Status byte should be inspected to determine if a Zero is needed.

The Zero routine: The Zero routine takes about XX seconds, in addition to the requested
purge time. During this time the 4620 electronics are adjusted by the microprocessor to
give zero output for the three gas channels.

Following a successful Zero routine, the following bits are reset:
* In the Dynamic Status byte:
The Check Status bit (Status code 07)
The Zero Required bit (Status code 05)

* In gas channel data transmission:
The Check Data bit
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5.3.2 Purge Time

As outlined in section 4.6.3 (Zero Considerations), enough purge time must be allowed to
enable the concentration of CO; in the sample cell to drop to within approximately 100
PPM after room air is switched into the sample stream. This time is specified by the purge
time byte in the Zero command (see Appendix A, Command List). When commanded to
perform a Zero, the 4620 will flow room air for the requested purge time before adjusting
the 4620 output levels.

Purge time test procedure: The designer must verify that an adequate purge time is
specified. The required purge time depends on the specific design of the pneumatic
system. The following test procedure is provided to assist the user in evaluating the purge
time of the pneumatics circuit.

1. Allow the 4620 to warm up for a minimum of 15 minutes.

2. Set up the pneumatics system to switch between the following test gases:
5% COn/balance Na

Room air

3. Set the 4620 to display continuous uncompensated data (commands $D3 and $43).
Uncompensated data gives higher resolution at low concentrations of CO2. A

demonstration program is available from Andros for capturing data and generating printed
results,

4. Issue a $E1 command to switch Solenoid 1 to the Room Air position. While flowing
room air allow readings to stabilize. Average and record the uncompensated CO» output in
counts. This value is considered "zero" for the test.

5. Issue a $E1 command and switch the flow to CO» test gas for 10 seconds.

6. Return the flow to scrubbed room air and note the time it takes for the CO5 channel to
return to within several counts of the "zero" value noted in Step 4. This time interval is the
approximate minimum purge time for the system.

7. Continue to flow room air for at least two minutes, and ensure that system drift
(comparing the output with the step 4 value) is several counts or less. The test should be

repeated several times to allow for drift and noise. Always allow the system to flush with
scrubbed air for a minimum of two minutes between tests.
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5.4 CALIBRATION
This section concems three areas:

% Customer span routine
% Pressure circuit calibration
% Oxygen sensor calibration

5.4.1 Customer Span Routine

When a Model 4620 leaves the factory it is calibrated to gas standards having an accuracy
of 11% relative concentration. The Span routine allows Andros' customers to change these
settings using their own calibration gases. Although this procedure is seldom required, it
allows the user to restore the analyzer to its specified accuracy at any time during the
lifetime of the unit.

To understand how the Span routine works, it is helpful to look at what happens during
factory calibration. At this time a "characterization” of the 4620 is performed, during
which look-up tables and other constants are selected. These constants allow the 4620 to
determine gas concentration from IR absorption for the N2O and CO; channels. The look-
up tables and other analyzer characteristics are stored in non-volatile memory (NVRAM)
and are retained indefinitely by the 4620.

Span scalar: During gas analysis, the 4620 multiplies the gas concentration for each
channel by a number called a "span scalar" before reporting the concentration to the user.
All span scalars have a value of 1.0 when the 4620 leaves the factory, meaning that
concentration measurements are reported directly to the host without scaling.

Look up
tables Span scalar
R
absorption Calculated rgggrc:eegt:sﬁ:or;t
data . concentration X -
& | Calculation 0.9,
4600 data processing
Eactory default value Customer Span
Any value. However
Span scalar values: 1.0 scalars < 0.75 or >1.25
considered Span Fail

Figure 5-2. Data Processing and Span Scalar
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When the customer performs a gas calibration, the 4620 characterization information in
NVRAM remains unchanged. Instead, the span scalar associated with each channel is
adjusted. The span scalar assumes whatever value is necessary to allow the reported
concentration to match the calibration gas value entered by the customer. Note, however,

that if any span scalar is outside of the range 0.75 to 1.25, the 4620 will issue an error
message.

- The span scalars are also stored in NVRAM, allowing customer calibration settings to be

retained in case of loss of power. The benefit of using span scalars is that the look-up
tables and other analyzer characteristics remain intact, whether or not a Span routine is
performed. The 4620 can easily be restored to factory calibration by resetting the span
scalars to 1.0 using the Reset Span command.

The user may confirm calibration settings at any time by comparing the 4620 output with
known cal gas concentrations. One or more gas channels may be adjusted.

The Span routine is the most complicated procedure the user will perform with the 4620.
A flow chart showing the suggested span procedure is given in this section.

5.4.2 Callbration requirements

Selection of calibration gases: For greatest accuracy, the calibration gases should be
approximately equal in concentration to the gases being analyzed. The following table

shows the allowable range of cal gas concentrations and suggests a recommended
"cocktail" blend. Most users will find this mixture gives good results.

Calibration gas concentrations

Allowable Becommended
COs: 20-85 Torr 38 Torr
3.3-11.2 % 5 %
N20: 20-100 % 60 %

Oa: 15-100 % 35 %

If the 4620 receives a concentration value outside of the allowable range it will respond
with an error message:
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5.4.3 Span Procedure

1. Inspect the sample cell. Remove the sample cell and inspect it visually for
contamination from fluids or other matter.

2. Warm up the analyzer. For maximum accuracy the 4620 must be warmed up
for at least 30 minutes. Stability can be determined by issuing a $01 Status
command and examining the Zero interval bits. The 4620 should be in 5 minute
mode (this occurs approximately 30 minutes after power up).

3. Select cal gases. Any number of channels from 1 to 3 may be calibrated during
a Span routine. The calibration gas may be a "cocktail” blend or a series of binary
gas mixtures.

The gas mixture in the tank must be uniform. Generally, calibration gas mixtures
should be stored at room temperature (23C or higher) and subjected to some
handling before use. For more information on this subject, consult the calibration
gas manufacturer.

4. Purge the pneumatics circut. Turn on the pump and flow a Zero gas such
as room air or Nitrogen through the system. For greatest accuracy of the CO2
channel, Nitrogen is preferred. At 200 milliliters per minute, a 5 minute purge
time is sufficient.

5. Zero the analyzer. Issue a $20 command. After completion of the Zero
routine, examine the status word to be sure all error flags are clear. Issue the $43
command (Transmit Channel Data, Continuous) and inspect the channel data to
ensure that all channels were properly zeroed. Continuous data transmission may
remain in effect for the rest of the Span routine. However, the host computer
should be prohibited from sending any additional Zero commands during the
remainder of the Span procedure, which may exceed 5 minutes.

5-10
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1

6. Verify pressure and O2 channels. If these channels are not calibrated, the

accuracy of the other gas channels will be affected. Refer to the following sections
for calibration of the O2 and pressure channels.

The O2 channel significantly affects CO2 channel accuracy. When fuel-cell type
O2 sensors are used, it is common practice calibrate the O2 channel daily using

' room air as a calibration gas. If the O2 channel is known to be accurate, the user

may proceed to the next step.

If Oxygen calibration is required, the O2 channel should be calibrated firstin a
separate routine. The calibration gas may be room air, a binary gas mixture, or a
"cocktail” blend containing balance Oxygen in a known concentration. The Span
procedure should be followed first for Oxygen and then repeated for the remaining
gases.

. Check existing 4620 calibration. Flow calibration gas until readings are

stable (about 30 seconds to 1 minute). Examine the reported concentration by
issuing the $43 command (Transmit Channel Data, Continuous). Note that a low
flow rate, such as 50 to 100 milliliters per minute, can be used to conserve
calibration gas. If the gas concentrations are within 4620 accuracy specifications,
the calibration process is complete. No additional steps are required.

When examining channel data, note that a large discrepancy between the 4620
output and the calibration gas concentration may indicate that the cal gas is
incorrect or it is not being delivered properly.

. lIssue Reset Span. Before proceeding with the customer calibration, the $22
command should be issued to restore the 4620 to its factory settings. This has two

purposes: First, it may restore the analyzer to specified accuracy. Second, it can
be useful for locating certain errors that may affect analyzer calibration. After
resetting span, check the reported concentration. If the channel data is within
specifications, the calibration process is complete. If it is not within specifications,
proceed with the following system checks.

. Check for dilution. If there is dilution of the calibration gas and the 4620 is in

the reset span condition, all channel data will read low by the same proportion.
The customer should verify that there are no leaks in the pneumatics assembly
(sample cell, fittings or plumbing) that may cause dilution.
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10. Verify correct CO2 Zero. Proper operation of the pneumatics circuit should
be verified. As described in Section 5.3, room air must be delivered to the sample
cell during the Zero routine.

If cal gas dilution and Zero problems are not corrected, a Span Fail condition may
be reported later in the procedure (see step 13).

11. Flow cal gas. Introduce the cal gas mixture into the the sample cell. Examine
the gas data and wait for the reported concentration to stabilize. At 200 milliliters
per minute, a period of 30 seconds to 1 minute is normally sufficient.

12. Issue Span command. Assuming the system is operating properly, the Span
command $10 should be issued. For each channel to be calibrated, the host must
send: 1) a tag value mask (TVM) byte and 2) the cal gas values.

13. Issue status command. After sending the Span command, a Status command
should be issued. Verify that the Span in Progress bit is set and that Span Fail has
not occurred. If "Span Fail" appears, the span scalars exceed the acceptable limits
((;.175 to 1.25). However the 4620 will complete the span operation with the new
values.

14. Verify Span When the status word reports "Normal" mode, check the reported
gas concentration against the cal gas tag values. If the accuracy is within
specification, the calibration sequence is complete.

If it is not, refer to section 5.4.4 (Span Failure) and repeat the Span procedure. If
the unit cannot be spanned after two attempts, service may be required.
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Inspect sample cell
Stabilize 4620
Purge pneumatics

'

Check error code. Possible

Receive NAK system fault or command not
Perform Zero ($20) allowed because analyzer is in
r Zero mode.
‘ Receive ACK
Select cal gases
Verify pressure & 02
Check readings Data accurate
Procedure
Issue Transmit Data ($43) - complete

‘ Data out of spec

Issue Reset Span ($22) Data accurate

. Procedure
Check readings = complete

1 Data out of spec
Repeat span

sequence

P em—

Check for leaks
Verify Zero conditions

'

Send Span ($10) Receive NAK Check error code. Possible
including tag values *= system fault, or tag values not

within limits.
‘ Receive ACK

Issue Status Request ($01)
"Span in Progress® bit set

l'Normal' mode is set

Verify span:
introduce cal gas

Data out of spec Check readings

i

Data accurate

Procedure
complete

Figure 5-3. Calibration Flow Chart
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5.4.4 Span Fallure

A Span failure occurs if the 4620 does not meet accuracy specifications after performing the
Span procedure. A number of problems can cause such a failure. Some of these
problems, but not all, will cause the 4620 to report a Span Fail condition in the Status
word. The only way to confirm a successful Span procedure is to examine the 4620 output
using test gases of known accuracy.

The span characteristics of the 4620 are very stable. The span scalars resulting from a
customer span are expected to vary no more than 5 to 10% from factory settings over the
lifetime of the analyzer. '

Span Fall bit: If any span scalar changes more than 25% from factory settings, the
4620 reports a Span Fail condition. The Check Data flag for that channel is also set,
allowing the user to identify the failed channels. These flags may be reset with subsequent
Spans if the new span values are within the required range. The flags may also be reset by
resetting the span gains to factory defanlt values using the Reset Span ($22) command.

Reasons for span fallure: The most likely reasons for a faulty span routine are:

« Analyzer not properly Zeroed.

« Calibration gas concentrations not entered correctly during span procedure.

» Pneumatic system leaks causing dilution of calibration gas.

« Improper delivery of calibration gas, caused by insufficient flow rate to the
sample cell, pump off, etc.

« Gas not allowed to stabilize prior to issning Span command.

« Gas mixture settled or not properly blended in tank.

« Introduction of the wrong calibration gas

Hardware failure or excessive span drift due to deterioration of the optical assembly will
also cause span failure. However if these faults are sufficiently large to cause Span Fail to
be set, then additional error flags will be set in the Status word. These types of failures
must be corrected at the factory or at a service depot.
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5.4.5 Pressure Calibration

The pressure transducer is located on the processor board and, when properly connected, is
used to measure sample cell pressure. The pressure information is used to correct the CO2
and N20 coucentration data on a continuous basis. Note that the 4620 does not perform
pressure correction of the Oz channel.

The transducer generates an analog signal that is processed by circuitry on the Processor

PC board. This circuitry contains two potentiomenters: one for setting zero and one for
span.

Faulty calibration of the pressure circuit can affect the accuracy of the CO2 and N2O
channels, and may be indicated by a System Fault - Self Test error in the Status word. The
calibration procedure requires a pump and an accurate pressure indicator. It may be
performed at an Andros service depot or by the user. Customers who wish to perform this

procedure should consult the Andros Applications Engineering department for further
information.
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5.4.6 Oxygen Channel

If the mformauon is supplied to the 4620 in digital form, no calibration is required. If an
Oxygen sensor is used, regular calibration must be performed, as described bclow

Oxygen sensor calibration: The accuracy of the CO; channel data depends on thc
calibration of the Oxygen sensor. For fuel-cell type sensors it is common practice to
perform the calibration daily. The procedure has two steps, consisting of a span
adjustment and a linearity check. The procedure is as follows:

+ The Span procedure is performed for Oxygen using the $10 command, as
described in section 5.4.3. Room air concentration (21%) is typically used as a
calibration point. Note that the cal gas tag value must be in the range of 1.5 to
100%.

* In order to check linearity, Oxygen is then introduced into the sampling system at
a second concentration, such as 100%. With the 4620 transmitting continuous
data, the Oy concentration is read. If this reading is not within a few percent of
the actual value, the transducer should be considered non-linear or non-operative.

This two-point calibration is particularly important when using fuel cell type oxygen
se;zlsors, since non-linear response at full scale concentration is a preliminary indication of
cell exhaustion.

Note that the Oxygen sensor circuit contains an additional potentiometer, R23, for setting
the zero point. This adjustment is rarely required.

Pressure correction: The 4620 peforms no pressure correction of the Oz channel.
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5.5 STATUS
5.5.1 The Dynamic Status Byte

The Dynamic Status byte (DSB) provides the user with general status information without
having to issue a Status request. This feature is useful when receiving continuous channel
data. The following are some specific conditions for which the host program would
inspect the DSB.

* After power-on, to ensure that the analyzer successfully completed the
Self-Test routine.

¢ During warm-up, to check motor speed and servo stability.

< While receiving continuous channel data, to confirm data validity.

« Following the execution of a Zero or a Span command. The user may
"chase" these commands with a Status request to determine when the
command has completed executing, and to confirm the condition of the
4620.

A Dynamic Status byte is contained in every 4620 response. The cbntents and location of
this byte are described in Section 6.

5.5.2 The Status Word

The Status word is generated in response to a $01 command and provides greater detail on
the condition of the analyzer. It reports error conditions and the state of the various logical
switches. Appendix B of this manual describes the contents of the Status word.

The Status record may be requested at any time. It is frequently requested if a Check Status
flag is detected during data transmission, to identify an error condition.

5.5.3 Status Codes

Each bit in the Status word has a number associated with it that uniquely identifies the
position of the bit in the Status word. These numbers are referred to as Status Codes.
Each of the Status Codes is described in detail in Appendix B.

Note that Status Codes 00 through 07 refer to the contents of the Dynamic Status byte.

5.5.4. Information Flags

The contents of the Status Field have been grouped into four categories to assist the host
system programmer. These categories are:

« Information flags

« Error flags - Correctable
« Error flags - Fatal
 Diagnostic flags
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Note that some status and error bits fall into more than one catagory. In the following lists,
the Status Code number appears next to each message.

The Information flags indicate whether the 4620 is in one logical state or another; for
example whether the pump is on or off. These bits are descriptive only, and do not directly
reflect the accuracy of the gas concentration data. They do not set any Check Status flags
in the status word.

Statuscode  Message

02 Mode (normal, zero, span in progress)
34  Output filtering

40 Continuous readings on/off

42 02 /reference output

43  CO2 in percent / Torr

44  Solenoid 1 on

45 Solenoid 2 on

46  Pump state

5.5.5. Error flags - Correctable

These flags indicate that the accuracy of the data transmitted by the 4620 cannot be
guaranteed. They are normally reset by completing the corrective action listed in Appendix
B.

Statuscode  Message

01  Timing - servo Fault

02  Mode (filter wheel timing fault)
04 Warmup timer counting

05  Zerorequired

06  Occluded

20 Compensation on/ off
24  Span fail

25 Zerofail

26 AtDfail

27  Pressure range (if occlusion indicated)
30 Temperature drift
31 Reference level shift

32  Zero failed
33  Initial Zero required
51 AGCerror

55  Comp pressure invalid
56 Comp CO2 invalid

61 Comp N20 invalid

62  Underrange

63  Overrange
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5.5.6. Error flags - Fatal

These bits indicate hardware or other malfunction. They cannot be corrected by issuing
any command sequence. If the problem cannot be corrected by resetting the 4620,
adjustment or repair of the analyzer or the related subsystem is indicated.

|
00  System Fault - Self Test
27  Pressure range (if electronic failure indicated)

11  Power fail

12 NOVRAM fail
13 RAMfail

14 ROM fail

52 Channel data processing error

5.5.7. Diagnostic flags

These bits are not commonly used by the customer because they are not implemented or

they are for diagnostics only. They are designated Not Used in the Status Field description
appearing in Section 6. Consult Andros for further information. :
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5.6. ERROR HANDLING

5.6.1. Types of Errors

Error flags are set when the 4620 software tests a condition and the result is not
satisfactory. The following table illustrates the types of 4620 error responses:

4620 errors

Operational errors

Figure 5-3. Error Tree

Communications Dynamic Status Status response: Channel monitor
erors: byte: byte:
* No response Reported in every Reported by Reported in $40
* NAK response 4620 response $01 command and $43 response
Status Codes Status Codes
00-07 00-127

Communications errors are reported by either a no response condition or a NAK response,
as described in Section 6.4 (Response Structure). Operational errors are reported in either

the Status word or in the Dynamic Status byte.
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5.6.2 How Errors are Reported

The following table summarizes all of the operational errors reported by the 4620 and
indicates which of these errors also set the Check Status bits. The table includes both fatal
and correctable errors.

The Status Code numbers alongside the error messages uniquely identify the position of the
error in the Status word. The errors and Status Codes are more completely described in
Appendix B.

Certain errors appear more than once in the Status word and therefore have more than one
Status code. These errors are indicated by a "+" symbol in the table.

. Some errors are also reported in the Channel Invalid bits located in the Channel descriptors

(see Appendix B). The Channel Invalid bits are assigned Status Codes 64, 84, 104, 124
and 144, depending on the channel in which they appear.
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(Dynamic Status)

00 |System Fault .

01 _|Timing Servo Fault_

02 [Filter wheel timing fauit

04 |Warmup timer counting .
05 |Zero Required .
06 _|Occluded .

08 |Check status

(Self Test)

10__|Signal Check

11 __|Power Fail

12 |NVRAM Fail

13__|RAM Fail

14 |ROM Fail

|15 |Processor Fault

(Real Time Check)

20 _|Compensation

24 |Span Fail
25 |Zero Fail

26__|A/D Limit Exceeded

27 | Pressure Range Exceeded

(Zero Request)

30 [Zero Req. - Temperature

31 [Zero Req. - Reference

32 |Zero Req. - Zero Failed

33 [Zero Req. - W.U. Timeout

34 |Output Filtering On/Off

{Channel Descriptors)

51+ |Channel AGC Emor

52+ |Channel DP Error

53+ Channel A/D Error

55+ [Channel Pressure Invalid

56 +__|Channel Comp. O2 Invalid

6 1 +_|Channel Comp. N20 Invalid

62+ |Channel Underrange

63 +__|Channel Overrange

Table 5-1. How Errors are Reported

§-22
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5.6.2. Error handling routine

This section describes how to process errors received while receiving channel data from the

4620.

As described in section 5.2.3, the Check Status bits contained in the 4620 data records
should be continuously monitored during data transmission to ensure data integrity and

. Refer to command

response $40 and $43 in Appendix A (Command Listing) for

location of the Check Status bits. If Check Status is asserted on any channel, the Status
word must be examined to determine the source of the problem.

The following flow chart shows a general error handling routine:

Power up routine

T

Receive channel

p———( - -
 — data from 4600
Perform
Zero
Examine Dynamic Status l
byte and
No Zero
error Channel Monitor byte requirad
Other
error
No | Send Status request R E—
error
Fatal Correctable
error error
Watt,
f—| send commands,
or examine cell
Reset analyzer contents
or identify hardware
problem

Figure 5-4. Error handiing flowchart
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5.6.3. Corrective action
The actions taken by the host to clear a correctable error generally fall into three catagories:

* Wait
* Issue appropriate commands
» Examine the contents or pressure of the sample cell

These actions are described in detail in Appendix B for each correctable error.

Error messages requiring a Zero may be corrected by performing the Zero routine. This
also results in the Check Status flags being reset. If Span errors are reported, it is
recommended that the Calibration gas be checked for content and concentration. Incorrect
span gas can cause the 15% span change limit to be exceeded.

Note that certain errors report out-of-range conditions in the measurement electronics.
These errors include A/D Limit, Underrange and Overrange. Corrective action in this case
is to examine the contents of the sample cell for incorrect gas type or concentration. An
occlusion in the pneumatics circuit can also account for out-of-range error messages.

Note that Compensation errors such as Compensation O3 Invalid will be flagged when a
failure in one channel affects the accuracy of another channel. In this case the original
failure occurred in the O channel, but the CO; channel is also flagged invalid. The
corrective action is to clear the failure in the O2 channel. The Compensation O, flag
appearing in the CO7 channel will also be reset.
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SECTION 6
COMMUNICATIONS PROTOCOL

6.1 COMMUNICATIONS OVERVIEW

The host computer transmits commands to the 4620 as a series of bytes, and receives a
series of bytes in response. In order for the 4620 communications program to decode these
commands, the structure of the command packet must be correct.

After a communication is received, it is examined by the 4620 and one of three actions may
be taken: ACK, NAK or no response. These responses are described in this Section.

6.2 NOTATION

The following mnemonics are used to identify individual bytes in the 4620 command and
response descriptions.

ACK  Acknowledged
ADR  Addressin NOVRAM

AS Activate solenoid
D Channel descriptor
CH Channel data

CHM Channel mask byte
cMD Command number byte

CS Checksum

DF Data Field (general)
EC Error code

LB Length byte

NAK Not acknowledged
02 Digital O2 value

P Pressure

PS Pump select

REV Revision level code
SF Status field

SN Serial number
SCM Span channel mask
vV Tag value

TVM Tag value mask
vC Vendor code
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Additional symbols used in the following sections include:
$XX When the contents of a byte can be explicitly stated, it is
written in standard hex notation. For example, the symbol
$A1 represents the binary expression 10100001.
[ ] Enclosed items may appear zero, one, or more times.
- Separator symbol between bytes.
The following is an example of a command issued to the 4620:
$10 - $01 - $40 - CS
In this case the host transmits the Device Identification number (hex value $10), followed

by the hex values $01 and $40, followed by the Checksum byte. As is described in
Appendix A, this is the command to transmit one set of channel data.

6.3 COMMAND STRUCTURE

A command to the Model 4620 consists of from four to thirteen bytes. The general format
for a command is as follows: '

DID LB CMD [DF] Cs

Where,

DID represents the device identification number
(for the Model 4620 this number is fixed at $10)

LB is a length byte containing the number of bytes to follow,
excluding the checksum byte ($00 is valid)

cMD is the command byte

[DF] is an optional data field that varies in length from command
to command

CS is the checksum

The checksum is computed as follows:
CS=not(DID+LB+CMD +[DF]) +1

This is equivalent to a modulo 256, 2's compliment of the sum of the bytes in the
command.
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6.4 RESPONSE STRUCTURE

A 4620 response consists of from five to seventeen bytes. The general format for a
response is:

ACK/NAK | CMD DS LB [DF] CS

Where,

ACK/NAK s a byte indicating whether the command was received
without error (Acknowledged/Not Acknowledged)

CcMD indicates the command being responded to

DS is a dynamic status byte indicating current system status
and operating mode

LB is a length byte contining the number of bytes to follow,
excluding the checksum byte ($00 is valid)

[DF] is an optional data field that varies from command to
command

CS is the checksum

The checksum is computed as follows:
CS =not (ACK/NAK+CMD+DS +1B +[DF])+1

As was described in Section 6.3, this is equivalent to a modulo 256, 2's compliment of the
sum of the bytes in the command. Note that the the checksum is a fixed value for most

responses. This value is shown in the command list found in Appendix A. The command
list describes the ACK response and the NAK response for each command.

6.4.1 No Response

There are a number of conditions which result in a checksum error, for which the 4620 will
issue no response:

» Incorrect device ID

» Incorrect length byte or length byte greater than 16
* Incorrect checksum

Any of the above conditions will result in transmission errors, causing the checksum byte
to be incorrect. If no response is received from the 4620 within a five second period after
sending a command, it may be assumed that transmission errors have occurred. The host
should automatically retry the transmission. In this case the 4620 will continue to examine
incoming data for a legitimate device ID byte, and will then examine subsequent bytes for a
valid command number.
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642 ACK

When the 4620 receives a command correctly, an ACK response is generated. An ACK
response always contains hex value $06 in the first byte and follows the general response
structure. The transmission requirements described above must be met to generate an
ACK, in addition to the following:

» The command byte must be recognized, that is, it must be listed in
¢ The command must be allowed at the time, for example, a Zero command
may not be sent during the Span routine.

Receipt of the ACK response does not necessarily indicate that the command has completed

execution, as shown for certain commands in Appendix A. The exact format of the ACK
response for each command is described in the command list.

6.4.3 NAK

If the transmission requirements described in Section 6.4.1 are met, but the command is
not recognized or allowed, a NAK response will be generated.

The NAK response format contains six bytes and always contains hex value $15 in the first
byte. It is a special case of the standard response format and appears as follows:

$15 aMD DS $01 EC CS

The NAK error codes found in byte EC are as follows:

Hex Decimal Cause of error

00 00 System Fault

10 16 Incorrect command length

20 32 Span in progress

22 34 in progress

40 64 Bad channel selection (Span mode)

42 66 Tag value out of limits (Span mode)

46 70 Can't span digital O2 (Span mode)

48 72 Channel data out of range (Span mode)

4E 78 Contimous transmission in effect (Transmit 1 data set)
50 80 Write NOVRAM failure (Write NOVRAM)
52 82 Address out of bounds (Write NOVRAM)

54 84 Configuration specified and not in SMODE (Write NOVRAM)
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6.4.4 Dynamic Status Byte

This byte is returned for all 4620 responses. It is intended to supply the host computer
with basic 4620 status information without the necessity of issuing a Status Request
command ($01).

Note that the Mode bits (3-5) are useful to determine which command set is currently
allowed by the 4620.

This byte is also described in the Status word foldout in Appendix B.

Dynamic status byte (DS)

This byte contains the following bits:
Status
Bit code Rescription
MSB: 7 00 System fault self test (1 = fault)
6 01 Mode (3 bits)
5 . 000 = Normal
4 . 001 = Zero
011 = Span in progress
100 = Filter wheel timing fault
3 04 Warmup timer counting
2 05 Zero required
1 06 Occluded
LSB: 0 07 Check Status




SECTION 7
TEST AND INSPECTION

7.1 INTRODUCTION

This section contains two suggested test procedures: one for incoming inspection of the
Model 4620, and one for troubleshooting an inoperable unit.

7.2 INCOMING INSPECTION
7.2.1 Scope
This procedure applies to the Model 4620 CO3 / N2O analyzer. Testing is at the analyzer

level; it does not include other subsystem components such as pneumatic assemblies and
power supplies.

7.2.2 Purpose

This procedure is intended to provide a limited functional test of the Model 4620 for
purposes of incoming inspection prior to integration into the host system. It exercises the
main functions of the analyzer in approximately 2 to 5 minutes with a minimum of test
equipment. No gases are required. The short duration of the test is intended to allow
100% testing of incoming units.
7.2.3 Test Equipment

» Power supply, current limited

» IBM or compatible computer with RS232 Communication Port

» Computer program, as described below



MODEL 4620

7.2.4 Test Program

This program is written by the customer and sends only three commands to th
When directed by the test operator it issues the following commands:

» Status request ($01)
+ Transmit Channel Data, Continuous ($43)
* Zero ($20). Note that minimum purge time is required (e.g. 001)
The program should display the following information:
« In response to Status, the contents of the Status Field (see Appendix B)
¢ In response to Transmit Data, the contents of the returning data packets

7.2.5 Visual Check

Carefully inspect the entire analyzer for loose or missing screws, missing or mis-inserted
jumpers, damaged cable, improperly inserted sample cell, or incorrect serial number tag.

7.26 Set up
Set up the test equipment as shown in Figure 7-1.
(Begin test cycle)

With power off, plug the Model 1101 power supply into P3 on the 4620 SMR board. (See
figure 4-1 in this manual.) Connect the serial interface to P2 on the Processor board.

Apply power. In approximately 10 seconds the Head assembly motor should be heard as it
begins to turn. The motor speed will increase and stabilize as it is controlled by the motor
servo circuit. If the motor "runs away" discontinue the test. '

Initiate the test program.

7.2.7 Status response

Instruct the test program to issue a Status request ($01). If a Status word is not returned,
or if any of the following error conditions are observed in the Status Field, reject the unit
under test:
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7.2.8 Response to Transmit Data

Instruct the test program to issue a Transmit Channel Data, Continuous command ($43). If
channel data is not received, reject the unit. At this point the analyzer has not been Zeroed;
therefore the concentration values received are not significant.

In order to establish that the channel data is reasonably accurate, perform the following
sequence: Allow the analyzer to warm up for approximately two minutes. Instruct the test

program to issue a Zero command. Inspect the data after the routine is completed. If it is
not within the following values, reject the unit:

N20channel: 0x5.0%
CO2channel: 020 Torr
Pressure channel:  Ambient pressure + 20 Torr

Since the analyzer is warming up, it is necessary to inspect the data immediately after the
Zero routine is completed. The test technician can determine when the Zero routine is
completed by examining the Dynamic Status byte returned with the channel data. The
Mode bits will indicate when the analyzer has returned to Normal mode.

4620
Under Test :
Processor _ RS-232
| Board P2 |- test
' CPU

4620
Optical -] SMR Board
Head ] P3

Power

Supply

Flgure 7-1. Test and Inspection Set up
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7.3 TROUBLESHOOTING

7.3.1 Purpose

This section describes how to troubleshoot the Model 4620 to determine if the analyzer is
faulty. There are very few parts on the 4620 that are user replaceable. The primary
purpose of this procedure is to 1) determine if a malfunction exists and 2) identify any
problems that can be solved by the user before sending the analyzer to an Andros service
depot. See also Maintenance Philosophy, Section 1.2.

Note that if the analyzer is faulty, the complete unit must be returned to the service depot.
This test does not identify the fault to the component level (head, electronics, etc), as these
components are not replaceable or interchangeable in the field.

If the analyzer is returned to the service depot, please complete the form at the end of this
Section, indicating where the failure occurred in the troubleshooting procedure.

7.3.2 Test Equlpme;nt and test program

The equlpment and the computer program used in the Incoming Inspection, Section 7.2,
are also used in this procedure.

7.3.3 Visual Check

Carefully inspect the entire analyzer for loose or missing screws, missing or mis-inserted
jumpers, damaged cable, misinserted sample cell, or incorrect serial number tag.

Y All of the above faults are customer correctable. If any of the above parts are not
functional, replace or repair them.
7.3.4 Set up

The set up is identical to the Incoming Inspection. If the analyzer passes visual inspection,
connect it to the test set up shown in Figure 7-1.
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7.3.5 Power up

With no analyzer connected, ensure that the power supply voltage is within specifications.
Conect the analyzer and apply power. In approximately 6 seconds the Head assembly
motor should be heard as it begins to tum. The motor speed will increase and will stabilize
as it is controlled by the motor servo circuit. If the motor "runs away" discontinue the test.

 If the motor fails to turn, check the following:
Cable from head to electronics
Motor leads and connector

v If no faults are found and motor continues to malfunction, return the analyzer to
an Andros repair station.

7.3.6 Communication test
If the motor runs and stabilizes, initiate the test program.

V If no response is received, check the serial connection between the analyzer and
the computer

V If no faults are found and there is no response or improper response, return the
analyzer to an Andros service depot.
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7.3.7 Fatal errors

If the analyzer communicates properly, examine the Status word to determine whether a
fatal error is reported. The Sytem Fault - Self Test bit (Status code 00) should be
examined. If this bit is high a fatal error occurred during the Self Test routine during turn
on. The following bits should be examined:

V Pressure range fail (Status code 27). If the sample cell is at atmospheric pressure
and this bit is set, then there is probably a fault in the pressure signal processing
circuit. Recalibration of the pressure circuit may clear the error. See Section
5.4.5.

v NOVRAM Fail (Status code 12). Retumn analyzer to an Andros service depot.

vV RAM Fail (Status code 13). Return analyzer to an Andros service depot.

v ROM Fail (Status code 14). Return analyzer to an Andros service depot.

v Processor Fanlt (Status code 15). Attempt to reset the analyzer. If the fault does
not clear, return analyzer to an Andros service depot.

7.3.8 Troubleshooting report

In the event that it is necessary to return a Model 4620 to the service depot, please duplicate
this form and indicate at which point in the procedure the failure occurred. In addition, if
known, please describe the conditions during which the failure was first observed.
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Troubleshooting report

1. Company

2 Date

3. Model/Serial No.

4. Date purchased

5. End-user application

Failure observed during:

Power up.
Communication test.

Fatal error

Other

Motor failure
Motor runs away _______

Noresponse _____
Improper response

Pressure range
Power failure
NOVRAM failure
RAM failure
ROM failure
Processor failure

Observations:




SECTION 8
OPTIONAL HARDWARE

This section contains information on the Model 1401 Pneumatics Assembly. This unit is
available from Andros to simplify integration of the 4620 into the host system.

Note: The following Model 1401 data Is Preliminary.
Consult Andros Analyzers for most recent Information.

8.1 Model 1401 - General

The Model 1401 Pneumatics Assembly is designed to operate with the Andros line of
Anesthetic Agent/Capnometer analyzers and performs the following fuctions:

« In patient mode, delivers constant gas flow to the analyzer.

* In zero mode, delivers zero gas to the analyzer and provides high flow rate to
shorten sample cell purge time.

» Provides pump on/off control.

The pneumatics assembly consists of a flow rate sensor, a servo-controlled pump, a
solenoid valve, and the necessary interface electronics. Four selectable flow rates are
available to the user.

Subsystem avallable: The unit is available individually or as a part of the 4862
Subsystem. The complete subsystem consists of three components designed to simplify
integration into the host system: the Model 4620 Analyzer, a power supply, and the 1401
Pneumatics Assembly.
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The pneumatic flow diagram given below illustrates the gas flow path through the
pneumatics assembly and the 4620. As shown, the sample gas from the patient passes
through the solenoid, then through the sample cell and the flow sensor assembly, and
finally through the pump to the exhaust. During the autozero process the solenoid is
switched to a source of zero-gas.

Solenoid

Patient

(Shown not energized)

Room air

Flow
Sensor
Mogel 1401
Pneumatics Pump
Assembly

Exhaust

Figure 8-1. Pneumatic Flow Diagram

Analyzer
Sample cell
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Figure. Model 4862 Subsystem
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8.2 Interfacing the 1401

Pneumatics: Pneumatic lines to the 1401 are connected as shown in Figure 8-2 and
include the following:

« Patient sample gas line in
¢ Room air line in

* Two sample cell lines

¢ An exhaust line

Logic: Electrical connections are made to connector J1 on the 1401 PC board, as shown
in Figure 8-3. All control inputs are TTL compatable. The Model 4620 Gas Analyzer
normally drives pins 11 through 14. The 1401 issues a single logic output, the Occluded
line. This line is described in Section 8.5.

Power: Power connections are also made to connector J1. Although separate power

supplies may be used, the Pneumatics Assembly is designed to take its power directly from

the 4620 analyzer. Since the 4620 generates multiple output voltages used by the
pneumatics assembly, only one supply voltage is required from the host. Note, however,
that when driving a pneumatics assembly, the power required by the 4620 increases from
16 Watts to approximately 19 Watts. Under worst case conditions the total power
dissipation for the 4620 is approximately 25 Watts.

Exhaust Exhaust Port High
Flow

Low
Purge
Pump
sensor

N
/ “
Patient
Sample cell Intake Port

S

Figure 8-2. Front View, Simplified

—%g“

u?

8-4
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8.3 Solenoid Control

The solenoid valve is controlled by a TTL logic level signal that is supplied to to J1 on the
1401. This line is shown in figure 8-3, and is labelled "Patient/zero".

The sense of the solenoid control line is as follows during normal operation and Zero:

Condition Status of TTL line
Sample Patient 0
Sample Room Air 1

8.4 Pump Control

The servo-controlled pump has four selectable flow rates. A differential pressure sensor
monitors the pressure drop across an orifice and maintains flow within 10% over varying
conditions of flow restriction and ambient temperature. Flow restriction in the sample
circuit depends on length and diameter of the tubing, and the type of filters used. It also
varies as occlusions occur.

The 1401 maintains the desired flow rate until pressure at the intake port drops 6 inches of
Mercury below that of the exhaust port. This assumes that the exhaust port is at or near
ambient pressure. The location of these ports is identified in Figure 8-2. If the pressure
difference exceeds 6 inches of Mercury the 1401 asserts the Occluded signal.

The flow rate is selected through J1 pins 8 and 10, as shown in Figure 8-3. The two TTL
inputs have the following sense:

Purge flow rate 350 ml/min 0 0

High flow rate 200 ml/min 0 1

Low flow rate 65 ml/min 1 0

Pump off 0 ml/min 1 1
8-5
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Pump speed
selected by
jumpers or

4620
circuitry

Figure 8-3. Interconnect Diagram
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8.5 Occluded signal

The Occluded signal appears on pin 15 of J1 and is an open collector output. The signal is
processed by the 4620 and its status is reported in the 4620 Status word.

8.6 Power Requirements

The Model 1401 requires three power supply rails. These voltages are available from the
4620 analyzer; however, if the user prefers to provide independent power supplies, the
following specifications apply.

Worst case: These supply currents are worst case and occur during phrge mode, with
high restriction, and with the solenoid energized.

Voltage =~ RMS Current

+15VDC 625 mA
-15VDC S0mA
+5VDC 100 mA

The +15 Volt supply must be capable of driving inductive loads. High current pulses occur
at a nominal 130 Hz rate. For worst case conditions they are approximately equal to the
following values:

peak positive (out of supply) 850 mA
peak negative (into supply) 350 mA

Typical: Typical operating current for the +15 Volt supply with the solenoid not energized
is as follows:

50 ml flow rate: 50 mA

200 ml flow rate: 130 mA
400 ml flow rate: 250 mA

The pin out for power connections is shown in Figure 8-3 (Interconnect Diagram).
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8.7 Calibration

Like most flow measuring devices, the 1401 flow controller controls the mass flow of the
gas being pumped. As the gas mixture changes, the actual volumetric flow will change in
proportion to the change in molecular weight of the mixture.

In most applications, the purpose of flow control is to ensure a minimum flow rate that will
yield the specified response time of the measuring instrument. Calibrating the flow for the
heavier gas mixtures results in increased flow rate for lighter gas mixtures and ensures
adequate response time.

As shipped, the 1401 is calibrated for 350, 200, and 65 ml/min flow rate using air at sea
level. These flow rates may be adjusted by the user by adjusting the potentiometers shown
in Figure 8-2. Note that the upper flow rate may be increased substantially if desired;
however, power dissipation in this mode also increases due to the additional pump load.

The 1401 should be calibrated at the altitude of use, using a lab grade rotometer accurate to
+ 2% full scale. The rotometer should have calibration tables for atmospheric pressure,

temperature and gas type.

Note that the purge rate adjustment (nominally 350 ml/min) affects the remaining two
settings. Therefore the purge rate must be set first. The 200 and 65 ml/min flow rates may
then be set in either order.

If the 1401 is calibrated with a gas heavier than air, the resulting flow rate when operating
with air would increase. Suppose for example the 1401 were calibrated with a gas mixture
composed of 5% CO2, 0% N20 and 35% O2. This mixture would be among the heaviest
encountered in typical use. If the mixture were changed to room air, the volumetric flow
rate would increase to approximately 300ml/min.

The user may adjust the flow rate to nominal (200 ml/min or 65 ml/min) for any
physiologic gas mixture desired. RS and R6 adjust the flow rates for the 1401.
8.8 Routine Maintenance

Pneumatic system maintenance is a concern when line filters are used in the application.
Consult Andros Analyzers for information on maintenance.




APPENDIX A
COMMAND LISTING

Code  Command

$00 Self test

$01 Status

$02 Retum Vendor (D & Software Revision
$04 Return Device Serial Number

$10 Receive Gas Values

$1 Receive Oz Data

$12 Output Filter Control

$13 CO» Format Control

$20 Zero

$22 Reset Span

$40 Transmit Channel Data, 1 Set

$43 Transmit Channel Data, Continuous
$44 Stop Continuous Data Transmission
$48 Retum Temperature Data

$62 Pump Control

$D2 Compensated Readings

$D3 Uncompensated Readings

$D4 Toggle Oa/ref

$E1 Solenoid Control

$FO Reset




Command:
Command Format:
4620 ACK format:
4620 NAK format:

$00

Self Test

$00 - Self Test

$10 — $01 — $00 — $EF

$06 — $00 — DS — $00—CS

$15 — $00 — DS — $01 — $00—CS

Description: The analyzer is instructed to do a Self Test sequence.

The test consists of the following items: NOVRAM, RAM and ROM. If any test fails,
the appropriate bits are set in the Status Field (see Appendix B). In addition, the
System Fault and the Check Status bits are set.

When the sequence is oomplete the analyzer places itself in the mode in effect at the

time of the command.

Execution time:

Issue Receive
mand C Execution time:
"
,,,,,,,,,,,,,,,,,,,,,,,,,, For serial communications
'IIIIIIIIIIIIIIIIIIIIIIIIIIII
VP PP lPPLP LI T ILEPL PP LLIIIIID ta IS TBD seconds
AR LR R AR R L RN LA -
VAP RSP LPT IR P LIPS SIS IZ,
t ta

Error codes: A NAK response is never retumed because the Status command is

always allowed.



$01

Status

Command: $01 - Retumn analyzer status
Command format: $10 — $01 — $01 — $EE
4620 ACK format: $06 — $01 — DS — $0C — SF1 — SF2 —
SF3—SF4—CD1—CD2~—CD1—CD2—
CD1—CD2—CD1—CD2—CS
4620 NAK format: Not applicable (The NAK production is never
returned because Status is always avallable.)

Description: The analyzer is instructed to retum general status information.

Execution time:

.
Issue Receive
Command L
m ACK Execution time:
.
,,,,,,,,,,,,,,,,,,,,,,,,, For serial communications
A A A P S A A :
sy ta is TBD seconds.
VPP OLPEL P PRI SRS PO PP PLL LIPS
to ta

DS, SF and CD bytes:

The Dynamic Status, Status Field and Channel Descriptor bytes are
described in Appendix B of this manual.

Error codes: A NAK response is never retumed because the Status command is
always allowed.



$02

Return Vendor ID & Software Rev.

. Command $02 - Retum Vendor ID & Revision Level
Command Format: $10 — $01 — $02 — $ED
4620 ACK format: $06 — $02 — DS — $07 — VC1 —VC2 —
VC3— VC4 —VC5—VC6 — REV1 —CS
4620 NAK format: $15—$02— DS — $01 —$00—CS

Description: The analyzer is instructed to retumn the Vendor ID code and the
software Revision Level.

Execution time:

Issue Receive
Command ACK Execution time:
:
,,,,,,,,,,,,,,,,,,,,,,,,,,,, For serial communications
AR AR R AR AL AL LR AL
ey yrryy ta Is TBD smds
VISP LSS LS EELL LRI TS SIS ETS .
PALPLPLL LIPSO LRSI ISP
to ta

Vendor Code bytes (VC1 - VC6)

The vendor code is retumed as six ASCI characters:

Yendor Code Description
"ANDROS"  Andros Analyzers, Inc.

Revision Level bytes (REV1 — REV2)

The revision level code is retumed as two ASCH characters:
REV1 is the most significant byte; REV2 Is least significant.

Revision Code Description |
"$##" "I represents the code for the software
revision level. If numeric, the software is

protoype. If alphabetic, the software is a
released version.

Error codes: The only condition that will retum a NAK response is a system fault
(EC byte = $00).




$04

Return Device Serlal Number

Still needed? $10

Command: $04 - Retum Device Serial Number
Command Format: $10— $01 — $04 — $EB

4620 ACK Format: $06 — $04 — DS — $06 — SN1 — SN2 —
SN3 —SN4 — SN5 — SN6 — CS
4620 NAK Format: $15—$04 — DS — $01 —$00—CS

Description: The analyzer is instructed to retum the analyzer serial number.

Execution time:

.
lssue Receive
Command ACK Execution time:
,,,,,,,,,,,,,,,,,,,,,,,,,,, For serial communications
R AR R LR R R LR LR L AR LA .
R R L s ta is TBD Seconds
AR R AR LA RXRR R IR LR .
VPP 2SS PP LIPS PPLER ISP S

Serlal Number byte (SN1 — SN6)

The serial number code is retumed as six ASCII characters.
SN1 is the most significant byte; SN6 is least significant.

Serial number code  Description

“#HHHT  Analyzer serial number

Error codes: The only condition that will retum a NAK response is a system fault
(EC byte = $00).



$10

Span

Command: $10- Span
Command Format: $10—LB—$10—TVM—TV1 —TV2—
[TVM—TV1 —TV2]—CS
4620 ACK Format: $06 — $10— DS — $00—CS
4620 NAK Format: $15—$10—DS—$01—EC—CS

Description: Informs the analyzer that calibration gas is present in the sample cell
and instructs the analyzer to begin calibration of one or more gas channels. No
additional commands are required to complete the Span procedure for the channels
specified.

The host must include from one to three tag values with this command, and the tag
values may be positioned in any order in the command. If a "cocktail® mixture is
specified, the command needs to be issued only once. If individual binary gases are
used, the $10 command must be issued for each channel to be calibrated.

if the command is properly formed, the 4620 responds with the ACK production. The
values obtained during the span procedure must be within the following factory
settings:

N20, CO2: + 25%

o2: +0,-68%

If they are not, the Span Fail bit is set in the appropriate channel status. Also note that
if NOVRAM failure causes the Span information to be written improperly, the failure
will not be indicated by a NAK response, but will be flagged in the Status response.

A NAK response will be returned if a system fault is in effect, if Span is already in
progress, if a Zero is in progress, if an invalid mask is sent, or if an invalid tag value is
sent. The error is described in the Error Code byte EC.

Execution time:

Issue Receive
Command ACK Execution time:
A For serial communications
[ £002055005505255545525050555% tg is TBD seconds.
VI PSS ELPLLL LS I LI LIIS PP P77
to ta
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Tag Value Mask (TVM)

The TVM byte indentifies which gas channel is to receive the next
two bytes of tag value data (TV1 and TV2).

MSB: N/A
N/A
N/A
N/A
O2*
CO2*
N/A
N20*

C=NwWwbLboo~N

LSB:

*Only one of these bits may be set high at a time

Tag Value bytes (TV1 and TV2)

Together these bytes make up a 16-bit number whose
value is within the following range for each channel. TV1 is the
most significant byte; TV2 is least significant.

Channel  Bange (decimal)  Concentration

N20 200-1000 20 - 100.0 %
co2 200-850 20 -85 Torr
02 150-1000 15-100.0 %

Error Codes (EC)

Code (decimal) Meaning:

00 System Fault

32 Span already in progress
34 Zero in progress

64 Bad channel selection
66 Tag value out of limits
70 Can't span digital 02




$11

Recelve 02

Command:  $11 - Receive Digital O2 Values
Command format: $10— $05— $11— 021 — 022 —

P1—P2 —CS

4620 ACK format: 3$06—$11—DS—$00—CS
4620 NAK format: $15—$11—DS—$01 —EC—CS

Description: This command instructs the analyzer to ignore the O2 value derived
from the oxygen sensor analog input and to use instead the value supplied in the
command. The O2 value is used by the 4620 to perform interference corrections in

the gas channels.

i the analyzer is capable of performing the procedure, the ACK is retumed. If not the
error code EC is returned in the NAK response.

The Oxygen values are supplied in bytes 021 and O22. Note that there are two
additional bytes shown as P1 and P2 above. These bytes are not used by the 4620

and may contain any hex value.
021 _and 022
Together these bytes make up a 16-bit number whose
value is within the range 0 to 100%.
BRange (hex) Range (decimal) Concentration
$0000 - $03E8 0-1000 0-100.0%

Note that a hex value of $FF in both bytes instructs the analyzer
to retum to its detfault condition; that is, to use the O2 value derived
from the oxygen sensor.

P1 and P2

Not used by the Model 4620.

Error Codes (EC)

Code (decimal) Meaning
00 System Fault
16 Incorrect cormmand length
32 Span in progress
34 Zero in progress
76 Digital O2 out of range
A-8
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$12

Output Filtering Control

Command:  $12 - Output Filtering Control
Command Format: $10—$02—$12—FC—CS
4620 ACK format: $06 —$12—DS —$00—CS
4620 NAK format: $15—3$12— DS —$01 —$EC—CS

Description: The analyzer is instructed to modify the output filter characteristics for

CO2 and N2O channel data.

The default value for data filtering is presently an X-point running average. This

comand allows all data points to be transmitted without averaging.

Execution time:

Issue Receive
Command ACK Execution time:
Ay For serial communications
G tais TBD seconds.
Filter Control byte (FC)
Code (decimal) Meaning
$00 Defautt filtering
$01 No output filtering
Error Codes (EC)
Code (decimal) Meaning
00 System Fault
16 Incorrect command length




$22

Reset Span

Command: $22 - Reset Span values to nominal
Command Format: $10— $02— $22 —SCM —CS
4620 ACK Format: $06 — $22 —DS —$00—CS
4620 NAK Format: $15—$22— DS —$01 —EC—CS

Description: The analyzer is instructed to retum the span values of the selected
channels to the factory calibration settings. '

An ACK is returned if the routine can be performed. If the routine cannot be
performed, the NAK response is retumed containing error code byte EC. Note that if
NOVRAM failure causes the Span information to be written improperly, the failure will
not be indicated by a NAK response, but will be flagged in the Status response.

Execution Time

Issue Receive Execution
Command ACK Completed

CALLR TALA CLA
AR ERRRAR R R AR R R AR AR R L R AR R AR LR LR R R,
0 CA CALA A 0L LA (A 7

AR AR AR R R R AR R A AR AR R AR AR R AR R AR AR AR L L
FITIIFIFI VT IIIVITIIITIIIIIIXNIFI I I I I I IIN I I I IFET I I I I INII YD

a t(:

For serial communications:
Time ta is approximately 0.2 seconds.
Time tc is approximately 1 second.

Span Channel Mask (SCM)

Byte SCM specifies the channels to be reset.
MSB: N/A
N/A
N/A
N/A
02*
Cco2*
N/A
N2O*

O=NWhLbONON

LSB:

*One of or more of these bits may be set high simultaneously.
Bits identified by N/A will be ignored by the 4620.

, .



Error Codes (EC)

Code (decimal) Meaning
00 System Fault
16 Incorrect command length
32 Span in progress
34 Zero in progress
A-13




$40

Transmit Channel Data, 1 Set

Command: $40 - Transmit one set of data for all channels
Command Format: $10— $01 — $40 — $AF
4620 ACK Format: $06— $40 — DS —$09 — CHK —
CH1 — CH2 —CH1 —CH2—
CH1 — CH2 —CH1—CH2—CS
4620 NAK Format: $15—$40—DS—$01 —EC—CS

Description: The analyzer Is instructed to retum one set of data for all channels.
The analyzer responds with four channels of data issued in a single ACK response.

Gas concentration data is normally retumed, unless uncompensated mode was
previously selected (see commands $D2 and $D3). The ACK response shown
above retums data for each channel preceded by the bit mask for that channel.

A NAK response is retumned if continuous transmission ($43) was previously
requested, or if a system fault is in effect.

Execution time:

Issue Receive
T T T T I T T I T I I TITII TS For serial communications
200 055000000500550050050050%
AR R R AR ta & TBD smds-
V2L ELLIEEPPILEP I EL LIS PSS,
to ta

Check Data byte (CHK)

Byte CHK indicates which channels have a Check Data condition
in effect. Any combination of bits 0 through 3 may be set high
simultaneously.
MSB: 7 N/A

6 N/A

5 N/A

4 N/A

3 N20O

2 CO2

1 O2
LSB: 0 Pressure

A-14



Channel Data (CH1 and CH2)

Together these bytes make up a single 16 bit number that

. represents channel data. CH1 is the most significant byte;
CH2 is least significant. The channels are transmitted in the
order shown in the following table.

Eor compensated data (assumes compensated mode was previously
set as a default condition, or with command $D2): The value returned
represents gas concentration and will be within the following range
for each channel. Note that negative concentrations are allowed so

that negative drift may be reported.

Channel Range (decimal) Concentration

N20 -226 to 1000 -22.6 to 100.0%

CO»2 "~ -18to0 798 -1.8 to 79.8 toir
-25 to 1050 -0.25 to 10.5%

07} 0 to 1024 0to 102.4%

Pressure 0 to 1000 0 to 1000 torr

Eor uncompensated data (assumes uncompensated mode was
previously set with command $D3): This mode is used primarily for
diagnostics. The value returned is the A/D converter count, with
no corrections applied.

Channel @ BHange(decimal) @ Meaning

N20, CO2 14096 Reports A/D converter output.
Pressure 0-255

Error Codes (EC)

Code (decimal)  Meaning

00 System Fault
16 Incorrect command length
78 Continuous transmission in effect




$43

Transmit Channel Data, Continuous

Command: $43 - Transmit continuous data for all channels
Command Format: $10— $01 — $43 — $AC
4620 ACK Format: $06 — $43 — DS — $09 — CHK —
CH1 —CH2—CH1 —CH2—
CH1 —CH2—CH1—CH2—CS
4620 NAK Format: $15—$43—DS—$01—EC—CS

Description: The analyzer is instructed to retum continuous data for all channels.

Gas concentration data is normally retured, unless uncompensated mode is
selected (see commands $D2 and $D3). The ACK response shown above retums
data for each channel preceded by the bit mask for that channel. The response
appears at 10.5 millisecond intervals until command $44 is issued to cease
continuous data transmission.

Execution time:

Issue ACK containing channel data
Command issued every 10.5 ms

For serial communications, tg is TBD seconds.

Yrrrryyrs;

CHM and CH bytes:

The CHM and CH bytes are described under command $40.

Error codes: The only condition that will return a NAK response is a system fault
(EC byte = $00).

. e s
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$44

Stop Continuous Data Transmission

Command:
Command Format:
4620 ACK Format:
4620 NAK Format:

$44 - Stop Continuous Data Transmission
$10 — $01 — $44 — $AB

$06 — $44 — $DS — $00—CS

$15 — $44 — $DS — $01 — $00—CS

Description: The analyzer is instructed to stop continuous transmission of channel

data (see command $43).

Execution time:

Issue Recsive
Command ACK Execution time:
,,,,,,,,,,,,,,,,,,,,,,,,,,,, For serial communications
AR AR L AR R L R LR R AR L L LA -
Ry Yy vy yyryi ta is TBD Seconds
R AL R R LRI A .
VAL PPOTIPPLPI PSPPI PSS IS ES
to ta

Error codes: The only condition that will return a NAK response is a system fault

(EC byte = $00).



$48

Return Temperature Data

Command $48 - Return Temperature Data
Command Format: $10 — $01 — $48 — A7 .
4620 ACK format: $06 — $48 — DS — $02— TD1 —TD2—CS
4620 NAK format: $15— $48 — DS — $01 — $00—CS

Description: The analyzer is instructed to return ambient temperature as
measured by a thermistor on the Processor board.

If the analyzer is in Compensated mode, the temperature will be retumed in degrees

Celcius. If it is in Uncompensated mode, the number of counts generated by the
A to D converter is retumed.

Execution time:

.
Issue Receive
Command ACK :
Execution time:
FYYITYITITITITIITIIIIIY YIS For serial communications
ks s 0 P02 2770707722072 272727 .
¥LPLE0 08002208280 087700 000280277 ta is TBD seconds
K 2222222222228 7 7028280082 0F82727 .
V2222227292722 728222227477277
to ta

Temperature Data bytes (TD1 — TD2)

Together these bytes make up a 16-bit number.
TD1 is the most significant byte; TD2 is least significant.

Compensated mode:
Bange (hex) Bange (decimal) Temperature
$0000 - $03E8 0-1000 0-100.0C
Uncompensated mode:
Bange (hex) - Range (decimal) Ato D Counts
$0000 - $00FF 0-255 0-255

Error codes: The only condition that will retum a NAK response is a system fault
(EC byte = $00).
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$62

Pump Control

Command: $62 - Set Condition of Pump
Command Format: $10—$02—$62 —PS—CS
4620 ACK Format: $06 —$62—DS —$00—CS
4620 NAK Format: $15—%$62—DS—$01—EC—CS

Description: The analyzer is instructed to set the condition of the logic lines
controlling the sample pump.

The analyzer returns the ACK response. The logic commands to the pneumatics
assembly are set concurrently with the ACK response. in addition the appropriate
status bits are also set (see Appendix B).

Execution time:

Issue Receive
Command ACK Execution time:
A For serial communications
G ta is TBD seconds.
to ta
Pump Select byte (PS)
Byte PS 4620 output Status output
. Pump Pump Pump
Meaning (Decimal) 1 0 on | Bit30 Bit31
Flow rate purge 3 0 0 0 0 0
Flow rate high 2 0 1 0 0 1
Flow rate low 1 1 0 0 1 0
Pump off 0 1 1 1 1 1

Error Codes (EC)
Code (decimal) Meaning

0 System Fault
16 Incorrect command length
32 Span in progress
34 Zero in progress




$D2

Compensated Readings

Command: $D2 - Return compensated channel data
Command Format: $10—$01 —$D2— $1D
4620 ACK Format: $06 — $D2— DS —$00—CS
4620 NAK Format: $15— $D2— DS —$01 —$00—CS

Description: The analyzer is instructed to return channel data in compensated
form. The analyzer retums an ACK response. The appropriate status bit is also set in
the status field (see command $01). This command sets the operating mode of the
analyzer. it does not initiate data transmission.

Subsequent gas channel data, initiated by commands $40 and $43, will be in units of
concentration, with all corrections applied.

$D2 is nomally required only if the analyzer was previously set to Uncompensated
mode with command $D3. The analyzer default condition on power up is
compensated mode.

Execution time:

Issue Receive
Command ACK Execution time:
:
A A A For serial communications
0 00005070050004070745504457 tais TBD seconds.
RIS PSPPI LSLLIIPEFLLL PP PII7
to ta

Error codes: The only condition that will retum a NAK response is a system fault
(EC byte = $00).




$D3

UnCompensated Readings

Command:
Command Format:
4620 ACK Format:
4620 NAK Format:

$D3 - Retum all readings uncompensated
$10 — $01 — $D3 — $1C

$06 — $D03 — DS — $00 —CS

$15— $D3 — DS — $01 — $00—CS

Description: The analyzer is instructed to retum channel data in uncompensated
form. The analyzer responds with an ACK production. The appropriate status bit is
also set (see appendix B). This command toggles the operating mode of the
analyzer. It does not initiate data transmission.

Subsequent gas channel data, initiated by command $40 or $43, will report zero-
normalized A/D converter output for all channels.

Execution time:

Issue Recsive
Command ACK Execution time:
,,,,,,,,,,,,,,,,,,,,,,,,,,,, For serial communications

RAR R R AR R R R AR R LR AR LR LA

Yy ryyy ta is TBD Seconds

AR LR LR AR LR LA -

V2L PP PP PLLPPILPLSET PSS S

to ta

Error codes: The only condition that will return a NAK response is a system fault

(EC byte = $00).



Command:
Command Format:
4620 ACK Format:
4620 NAK Format:

$D4

Toggle O2/ref

$D4 - Toggle O2/ref Channel
$10 — $01 — $D4 — $1B

$06 — $D4 — DS — $00 — CS

$15 — $D4 — DS — $01 — $00 — CS

Description: The analyzer is instructed to toggle the oxygen channel output
between oxygen and reference. The reference output is used primarily for diagnostic
purposes related to uncompensated data.

The analyzer responds with the ACK production. The appropriate bit in the Status
field is set to indicate O2 or reference (see Appendix B). In addition the Check Data
bit for the O2 channel is set if reference is selected.

Execution time:

Issue Receive
Command ACK Execution time:
,,,,,,,,,,,,,,,,,,,,,,,,,, For serial communications
2o e sty
’IIIIIIIIIIIIIIIIIIIIIIIIIIII ta ls TBD SOOOﬂdS.
LIPSO OSSP OSSR LPP PP ILP 7,
o ta

Error codes: The only condition that will retum a NAK response Is a system fault

(EC byte = $00).



$E1

Solenoid Control

Command: $E1 - Set Condition of Solenoids
Command Format: $10—$02 —$E1 — AS—CS
4620 ACK Format: $06—$E1—DS—$00—CS
4620 NAK Format: $15—$E1—DS—$01—EC—CS

' am o

Description: The analyzer is instructed to set the condition of the logic lines
controlling the solenoids.

The analyzer retums the ACK response. The logic commands to the solenoids are |
set concurrently with the ACK response. In addition the appropriate status bits are
also set (see Appendix B).

Note that the 4620 requires only one solenoid (Solenoid 1). An additional logic
output (Solenoid 2) is provided for applications requiring the use of CO2 scrubbed
ar.

Execution time:

Issue Receive
Command ACK Execution time:
,,,,,,,, TIITIYIIYIITITITITTYY For serial communications
:5‘;;;55‘;5;;lIIIIIIIIIIIIIII .
YT, ta is TBD seconds.
VAL LPLLETIPES PSPPI LIPS LS P P
to ta

I
I
}
I
I

Activate Solenold byte (AS)

Byte AS 4620 output Status output
Meaning (Decimal) Sol2 Sol1 Bit45 Bit44
Normal 0 0 0 0 0
Room air 1 0 1 0 1
Not used* 2 1 0 1 0
Scrubbed air* 3 1 1 1 1

*Note that the 4620 does not use these states.

Error Codes (EC)
Code (decimal) Meaning
00 System Fault
16 Incorrect command length

32 Span in progress
34 Zero in progress




$FO

Reset

Command: $FO0 - Reset
Command Format: $10— $01 — $F0 — $FF
4620 ACK Format: $06— $F0— DS —$00—CS

Description:The analyzer is instructed to do a complete reset sequence,
equivalent to a power-up reset.

This command is always allowed. An ACK will be retumed if the reset is successfully
initiated. During the time that the analyzer performs a self test and initialization
procedure (several seconds), the serial link will be disabled and the analyzer will not
respond to commands. Therefore, the host should expect no communication
immediately following a reset.

Execution time: to be supplied

Error codes: A NAK response is never retumed because the Reset command is
always allowed.

R N Gh



APPENDIX B
STATUS CODES

This appendix identifies all status and error bits in the Status word. Shown is the number, name
and description for each Status Code. For Status Codes that report correctable errors, a
suggested corrective action is also given.

Dynamic Status byte (DS)

Note: Status codes 00 - 07 are located in the Dynamic Status byte.
00 System Fault - Self Test Fatal error

Sense: 1 = System Fauit. This bit is set when the 4620 electronics fail any of the Self Test items
during power up or as a resutt of a Self-Test command ($00). The reason for a Self Test failure is
reported in Status bits 10 - 14. The Self-Test items are NOVRAM fail, RAM fail and ROM fail. This
is a fatal error. Sets the Check Status bit. The 4620 will return a NAK for any subsequent
command except the following:

Self Test ($00)
Status ($01)
Reset ($F0)
01 Mode

3 bits. Describes current mode of 4620 and defines the allowable command set at any given time.

000 = Normal informative
001 = Zero in progress Informative
011 = Span in progress Iinformative
100 = Filter wheel timing fault Correctable error

The Filter wheel timing fault condition normally occurs during warm up but may also indicate a brief
fault condition during normal operation. This mode is set if the filter wheel is not rotating at proper
speed. Also sets the Check Status bit. Corrective action during warmup period is wait to stabilize.
During normal operation fautt is normally self clearing, butdata collected during this period is

considered invalid.
04 Warm up Timer Counting Informative

Sense: 1 = Timer Counting. This timer is initiated at power up. When time out occurs, an initial
Zero is required. This bit sets the Check Status bit and all Channel Monitor bits.

105 Zero Required Correctable error

Sense: 1 = Zero required. When this bit is set, the accuracy of the 4620 channel data cannot be
guaranteed. The reason for Zero required is reported in Status bits 30 - 33. This bit sets the
Check Status bit and all Channel Monitor bits. Corrective action is to initiate the Zero routine
($20).




APPENDIX B

Dynamic Status byte (cont'd)

06 Occluded Correctable error

Sense: 1= Occluded. This bit reports the state of the Occluded logic input line to the 4620. This
bit sets the Check Status bit and all Channel Monitor bits. Corrective action is to clear pneumatic
line.

07 Check Status
Sense: 1 = Check status. This bit reports the existence of a condition that 'might affect the

accuracy of the channel data. The Status word should be examined to determine the error
condition.

12 NOVRAM Fall Fatal error

Sense: 1 = Fail. This is one of the Self-Test items reported in Status bit 00. The NOVRAM
checksum is tested to ensure that the intemal data is not corrupted and the hardware is operating
properly. Failure sets the System Fault - Self Test bit (Status code 00) and the Check Status flag.
Note that channe! data tranmission cannot take place during a System Fault condition. This bit
indicates hardware failure.

13 RAM Fall Fatal error

Sense: 1= Fall. This is one of the Self-Test items reported in Status bit 00. A ‘walking ones and
zeros' dynamic RAM test is performed to validate component operation. Fallure sets the System
Fault - Self Test bit (Status code 00) and the Check Status flag. Indicates hardware failure.

14 ROM Fall Fatal error

Sense: 1= Falil. This is one of the Self-Test items reported in Status bit 00. The ROM checksum
is tested as in the NOVRAM test above. Failure sets the System Fault - Self Test bit (Status code
10) and the Check Status flag. Indicates hardware failure.

15 Processor Fault Fatal error

Sense: 1 =Fail. This is one of the Self-Test items reported in Status bit 00. This bit is set if there
is a stack fault, COP, or unexpected interrupt to the processor. This is normally a fatal error;
however a reset may clear the fautt. Failure sets the System Fault - Self Test bit (Status code 10)
and the Check Status flag. Can result from electro-static discharge or software error.
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STATUS CODES

20 Compensation on/off Correctable error

Sense: 1 = Uncompensated. (1 is the error condition). Indicates whether the channel data
transmitted is compensated or uncompensated. Compensated data is gas concentration;
uncompensated data gives pulse absorption and is used for troubleshooting only.
Uncompensated mode sets the Check Status flag and all Channel Monitor bits. Corrective action
is to set analyzer to Compensated with command $D2.

24 Span Fall Correctable error

Sense: 1 = Fail. This bit is set if the 4620 attempts to change the span settings by more than
15% from the factory settings during a span routine. It is also set if a sytem or a timing tault occurs
during a Span routine. This bit sets the Check Status flag and the Channe! Monitor bits for the
applicable channels. The channels that failed are also reported by Span Fail bits in the Channel
Descriptors, Status Codes 54, 74, and 94. Corrective action is to issue Reset Span command
($22) or examine contents of sample cell and repeat the Span routine. This bit is not reset until all
of the offending channels have been corrected.

25 Zero Fall Fatal error

Sense: 1 = Falil. Indicates that the 4620 is out of range in attempting to adjust the electronics to
obtain a Zero setting. Also sets Status Code 32, the Check Status bit, and the Channel Monitor
bits for the applicable channeis. The channels that failed are also reported by Zero Fail bits in the
Channel Descriptors, Status Codes 57, 77, and 97. Bitis cleared upon successful completion of
the Zero routine.

26 A to D Limit Correctable error / Fatal error

Sense: 1 = Fail. The output of the A to D converter is continuously monitored during all
operational modes. This bit is set if the data is equal to the minimum (0) or maximum (1024)
number of counts. Failure sets the Check Status flag and the Channel Monitor bits for the
applicable channels. Corrective action is to check for 1) wrong gas or concentration in sampie cell,
2) occlusion or 3) hardware failure. Self-clearing if subsegent A/D conversions are within the
above limits.

27 Pressure range fall Correctable error / Fatal error

Sense: 1 =Fail. Bitis set if the pressure transducer output is above or below an indicated
pressure of 500 to 850 Torr. Fallure sets the Check Status flag and the Channel Monitor bits for
CO», N2O and Pressure. Corrective action is to check for occlusion. May also indicate hardware
tailure. Self-clearing if subseqent pressure readings are within the above limits.
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Zero Required:

if a Zero is required, Status Codes 30 - 33 indicate the reason. If any of the following bits are set it
is considered a Cofrectable error and Check Status flags are set for all channels. Corrective action
is to issue the Zero command. The error condition will be reset upon successful completion of the
Zero routine.

30 Temperature drift Correctable error

Sense: 1 = Temperature drift. If Temperature Drift is indicated, the ambient temperature has
changed more than 15 degrees C from the value recorded at the completion of the last Zero
sequence. This bit sets the Check Status flag, the Zero Required bit (Status Code 05), and all
Channel Monitor bits. Reset by a successful Zero routine.

31 Reference level shift Correctable error

Sense: 1 = Reference Level Shift. If this condition is indicated, the Reference channel IR level
has changed more than +1% from the value recorded at the completion of the last Zero routine.
This indicates a change in transmission in the optical path; for example, due to contamination in
the sample cell. This bit sets the Check Status flag, the Zero Required bit (Status Code 05), and
all Channel Monitor bits. Reset by a successful Zero routine.

32 Zero Falled Correctable error

Sense: 1 = Zero failed. f this condition exists, one or more channels were not Zeroed during the
previous Zero routine. This bit sets the Check Status flag, the Zero Required bit (Status Code
05), and all Channe! Monitor bits. The offending channels are identified in the Channel Descriptor
(bits 57, 77, 97, and 107). Reset by a successful Zero routine.

33 initial Zero Required Correctable error
Sense: 1 = Timeout. This bit reports that a Zero routine is required because the Warmup timer

has timed out. This bit sets the Check Status flag, the Zero Required bit (Status Code 05), and all
Channel Monitor bits. Reset by a successtul Zero routine.
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STATUS CODES

34 Output Flitering On/Off Informative

Sense: 1 = Filtering off. Indicates that the default filtering characteristics are not in effect. The
4620 nomally averages the previous x readings before transmitting a data point. The filtering
characteristics can be modified with th $12 command.

40 Continuous readings on/off Informative

Sense: 1 = Continuous. Indicates whether single set or continuous output mode of transmitting
channel data is selected.

41 O2 Digital / Analog Informative

Sense: 1 = Digital. The detfault condition is to obtain O2 information from an analog O2 sensor.
This bit indicates that O2 data was transmitted to the 4620 digitally with the $11 command and that
the 4620 is using this data for interference corrections.

42 O2 /Reference output Correctable error

Sense: 1 = Reference. Indicates status of Oo/reference channel. Command $D4 toggles the
channel and switches the output Reference data for troubleshooting. Reference is assumed to
be a cormrectable error condition and sets the Check Status flag in the O2 channel. Corrective
action is to reset channel to O2 with $D4 command.

43 CO2 In Percent / Torr Informative

Sense: 1 =Torr. Indicates that CO2 concentration is being reported in units of Torr. Default is
units of percent.

44 Solenold 1 informative

Sense: 1 = on. indicates state of pneumatics Solenoid 1 TTL output line. Solenoid 1 is used to
select Patient / Room air gas to sample cell.

45 Solenold 2 Informative

Sense: 1 = on. Indicates state of pneumatics Solenoid 2 TTL output line. Solenoid 2 is not
presently used by the 4620.

46 Pump State Informative

2 bits. Indicates state of the Pump TTL output lines. The sense is the same as the output lines:

flow rate purge 00
flow rate purge o1
flow rate purge 10
pump off 11
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Channel Descriptor bytes.
Note: Status codes 51 - 127 are located in the Channel Descriptor bytes.
51 AGC Error : Fatal error

Indicates an intemal problem with the reference channel. Sets the Check Status flag and the
Channel Monitor bits for the CO2 and N2O channels.

52 Channel Data Processing Error Fatal error

Indicates a problem with math overflow or a bad NOVRAM table. Sets the Check Status flag and
the Channel Monitor bits for the applicable channels.

53 A to D Error Fatal error

Indicates a reading out of range. Sets the Check Status flag and the Channel Monitor bits for the
CO2 and N2O channels.

54, 74, 94, 114 Span Fall Correctable error

Sense: 1= Fail. These are channel descriptor bits. Bit is set in the appropriate channel if the
4620 is unable to complete the Span process due to + 15% requirement. See Status Code 24
(Span Fail). Sets the Check Status flag and the Channel Monitor bits for

55, 75, 95, 115 Compensation pressure Invalld Correctable error

Sense: 1 = Fail. These are channel descriptor bits. Set in the appropriate channel if 4620 cannot
properly compensate for pressure during channel data processing. See Status Code 27
(Pressure Range Fail). Sets the Check Status flag and the Channel Monitor bits for Corrective
action is to check for occlusion.

76 Compensation O2 Invalid Correctable error

Sense: 1=Fail. Setif 4620 cannot properly compensate the CO2 channel for Oxygen
interference. This error can appear only in the CO2 channel. Bit may be setduetoanAtoD
failure or span failure in the O2 channnel. Sets the Check Status flag and the Channel Monitor bit
for COp. Corrective action is to examine contents of the sample cell, or check for a Span failure in
the O2 channel

57, 77, 97 Zero Fall Fatal emror

Sense: 1 = Fall. These are channel descriptor bits. Bit is set in the appropriate channel if the
4620 is unable to complete the Zero process. See Status Code 25 (Zero Fail).

81 Compensation N20 Invalid Correctable error

Sense: 1 =Fail. Setif 4620 cannot properly compensate the CO2 channel for N20 interference.
This error can appear only in the CO2 channel. Sets the Check Status flag and the Channel
Monitor bit for CO2. Corrective action is to examine contents of the sample cell, or check for Span
failure in the N20O channel.



STATUS CODES

62, 82, 102, 122 Underrange Correctable error

Sense: 1 =Fail. These are channel descriptor bits. Bits are set in the affected channels if data is
under limits in the data processing software. Sets the Check Status flag and the Channel Monitor
bit for the applicable channels. Corrective action is to examine contents of the sample cell.

63, 83, 103, 123 Overrange Correctable error

Sense: 1 =Fail. These are channel descriptor bits. Bits are set in the affected channels if data is
over limits in the data processing software. Sets the Check Status flag and the Channe!l Monitor
bit for the applicable channels. Corrective action is to examine contents of the sample cell.

64, 84, 104, 124 Channel Invalid Correctable error

Sense: 1 = Fall. These are channel descriptor bits. This bit reports that an error has occurred in
this channel. Corrective action is to examine channel descriptor and determine which error bits
are set. This bit is set for any of the following conditions:

51 AGC emor

52 Data Processing error

53 A to D error

54 Span Fall

55 Compensation Pressure Invalid

56 Compensation O2 Invalid

57 Zero Fail

61 Compensation N20O Invalid

62 Underrange

63 Overrange

Emor may be due to Span failure, Compensation errors, Overrange, or Underrange.

65 N20 Channel Iidentification Informative

3 bits. The bit pattem 000 indicates that the channel descriptor applies to Nitrous Oxide.
85 CO2 Channel ldentification Informative

3 bits. The bit pattern 010 indicates that the channel descriptor applies to Carbon Dioxide.
105 O2 Channel Identification Informative

3 bits. The bit pattern 001 indicates that the channel descriptor applies to Oxygen.

125 Pressure Channel Identification Informative

3 bits. The bit pattern 011 indicates that the channel descriptor applies to Pressure.



The following drawings are included for reference only
and may not reflect the most current version available.
They are not intended for design or procurement purposes.
Please contact Andros for current documentation.




ror

DS

00
01

04
05
06
07

System Fault Self Test (MSB

Mode. (3 bits):
000 = Normal
001 = Zero

011 = Span in progress
100 = Filter wheel timing fat

Warmup timer éountinq

Zero required
Occluded
Check Status

Pressure

Channel
Descriptor
01 co1 cs Status
$ $10 CDh2 word

00010-117 ~ 120:-127

== Status codes






- N el

-l N e e

PROPRIETARY DATA

BILCTMATION CONTA

3 . UiZD OR DISCLOSED =5 i
THOUT THE WHITTL “MSSION OF 5 : -
#NTROS ANALYZERS I::CORPORATED : |
j
CR26 "
157 A
1N5245 | P4
_ e+ b v
— —1> 1 TE+
P2 _’9 5
- p— > 9
—l> 1n > -
F —B 13
T RS TE THERM } > 23
R2 R3 ; — 7
—AW—P— 1 N
| CR1 2K 20K ! TE THERM RET }— > 7
| R1 CRSF SOURCE 2
| ] ™ : .
cs | L o1 - + SOURCE RET }— > 34
J1uF i
vmoxu@ CR& Lr) 32
| ﬁ +FLTR WHL HTR }— > 27
| + CR3 ~FLTR WHL HTR RET }— > 33
<1 To CR6 +FLTR THERM |} > 30
GND 3 &+ 1uF 1N5245 = 2
Ly l 15V ~FLTR THERM RET }— vl
GND 4 € MOTOR + }— P 15
™3 é _— MOTOR — l) 29
N.C. |— > 17
+ FUR TR ] i .. (GAS CELL HTR)
e ars N.C — > 19
P4 64K, 1RS  SUXK NC. - A (+PWR)
1 78 1 NG | £ 25
417 C7 5 Sl e |<
[ 5 N2V A W A 6 (+VA)
+ FLTR WL HR—# v {MCIO83P1 | i
4 -VAI— 8 ( VA)
co |+
v i oy l—j 26,28,10 (SIG GND)
- FUIR Wa HIR RETF }—47 13 12 (PA SIG)
P2
+5V 1
SIG. GND F % | {2
3 +15V PUMP r———'—<3
> S
B - —
7 o SIG. GND } <5
V
- RLIR THERM RETH P
A e PA SIGNAL ———1— 6
T ULl SG, GND - - 57
6 +VA p——— 1
S —VA .____l_< 8-
SIG. GND b— < 42
NOTES: UNLESS OTHERWISE SPECIFIED TACH < 3
1. ALL RESISTOR ARE 1/4W, SX, CARBON, | - +< 9
Fat ™~
2 AL DIODES ARE IN4148. ROC“SSM \v4 +5v...____r<l 10
l e————— o {f CURRENT PATH NWOWRIV
CVENT G2 #2Z20CTION
DESIGNATORS REVISION AS 460135-000
® ANAI_YZ INCORPORATED
3 BERKELEY, CA
s B
5 SCHEMATIC, POWER PCB,
RERTERZARMG RS RS2 RN -
FORMAT | DRAWING §

770135—000 }tm

TSHEET 1 OF V|

I® COPYRIGHT 1988







AY |
H
E

S MUY

1800~1597
(SPECIAL)

R7
4.75K

AA

> R8

S W, 5%

i3

-

. DIWOOES ARE INA148, EXCTPT WHEN
NOTED.

S REIISTORS ARE 1/8W, 1X, EXCEPT WHEN
NOTED,

8. U215 34074

FRESSURE

s S S e,

Y+ 2
v-f c46
SAMPLE SG 5% U18 L or -
F w0 " AL MAX 232 & “’9‘2 2
18] U8 PT (Y m ool 510
& —Unm R Do 4 1S,
o — 1 Lot 12 ourtz—o RESET 12
i 5 ;22 Iguf R2 =0
T 3] ¢ 5
e
D GND 4ya c43 c45
O AIF ATF
gl =
! R40  4vA 02
RSS R44 3 20K
e | . % ¥ Tﬂl
-VA | R43 — ¢ ™17
23l A 3&7 . ’l“‘f$?a‘.':(s- B
J - ) Bl A 102
vy 40, .1uF
v u 0POS —%
-VA
MB. TEMP e
100K
+VA "
nN
/RN €42, 1000pF J2
100K [ — N
PASID! m i Jg ‘:
- ROOMAR '; —2 :
F e 8.0 241
SCRUB I— =7
y
L AS 480151~-000.
s ANDRES” ANALYZERS ™
=4
SCHEMATIC, PCB,
. MDL 4620
% FORMAT | DRAMNG § REVISION
.ID /70151-000 D
COPYRIGHT 1988 SHEET 1 OF 1
i




