Jenuep] 931A49$

JAO3IUO EISaYIsoeuy
EISV x33eq






DATEX AS/3™
ANAESTHESIA MONITOR

SERVICE MANUAL

All specifications subject to change without notice
Manual No. 880850

April 27th, 1992

DATEX/Division of Instrumentarium Corp.

P.O. Box 446 SF-00101 HELSINKI FINLAND

Tel. +358 0 39411 Telex 126252 datex sf
Fax +358 0 1463310






MANUAL INTRODUCTION

This service manual (Doc. No. 880850) and the Hitachi service
manual for CM1483ME (available from Datex, order code 572772)
provide information required to maintain and repair the Datex
AS/3T™ Anaesthesia Monitor. This manual is applicable for the
current production revision of the units.

The revision of a unit/module is changed when technical changes
are made to it resulting in new spare parts that are incompatible
with earlier units/modules. The last two digits of the unit type
designation denote the revision of the unit (e.g. F-CU8-23-00 is a
revision -00 unit).

Functional units in the AS/3TM Anaesthesia Monitor (PC boards)
will have ID code stickers indicating the modification level of the
production documentation. The code is shown as xxxxxx-y, where
the "xx..." represents the part number and "y" the revision level,
which is referred to when hardware changes are indicated in this
manual.

Please review the Operator’s Manual to obtain a clear
understanding of the unit.

The manufacturer reserves the right to make changes in product
specifications at any time and without prior notice. The
information in this document is believed to be accurate and
reliable; however the manufacturer assumes no responsibility for its
use.
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DATEX AS/3™ ANAESTHESIA MONITOR SERVICE MANUAL

1 SECTION INTRODUCTION

This service manual section provides information required to maintain
and repair the Datex AS/3TM Anaesthesia Monitor Central Unit. This
section contains the following products:

8-Module Frame, F-CU8

including UPI Board and Power Supply Unit

CPU Board, B-CPU!

High Resolution Display Controller, B-DHIGH

Gas Intgrface Board, B-GAS

Software Cartridge, S-STD

This manual is applicable for the current production revision of the
units. Differences between unit revisions are summarized in Chapter 9.

F-CU8-xx-01 is the initial production revision of the 8-Module Frame.
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2 WARNINGS AND CAUTIONS

A WARNING indicates a potentially harmful situation to
yourself or others.

*

Before connecting power cord to mains outlet, check local
voltage and frequency stated on the device plate on the rear
panel of Central Unit.

ELECTRIC SHOCK PREVENTION:

*

Connect the Central Unit to a three-wire, grounded,
hospital grade receptacle.

The power cord and plug must be intact and undamaged.
Replace the cord if it becomes cracked, frayed, broken or
otherwise damaged.

Do not apply tension to the power cord.

Do not remove the grounding prong from the power plug.
Do not use extension cords or adapters of any type.

The Video Display Unit line cord is to be connected only to
power outlet of the Central Unit. Connecting it to the
mains power will sacrifice patient isolation.

Do not connect any other external equipment to AS/3T™™
Anaesthesia Monitor than those specified by Datex.

Make sure that external equipment is hospital grade
grounded before connecting to Datex equipment.

Switch the monitor off before making any connections with
external equipment.

High Voltage is present within the CRT display unit.
In case of mechanical damage, inspect the integrity of the

patient isolation circuits, CRT unit, the power supply
transformer and power entry module.

FUSE REPLACEMENT:

*

Replace the fuse with a fuse of the same type and with the
same rating.
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EXPLOSION HAZARD:

he Do not use this monitor in the presence of flammable
anesthetics.

PATIENT SAFETY:

hd Do not use an SpO, probe that is suspected of being
immersed in liquid. It may cause burns during
electrosurgery.

* Do not perform any testing or maintenance on medical

instruments while they are being used to monitor a patient.

* Constant attention by a qualified individual is needed
whenever a patient is under anesthesia or connected to a
ventilator. Some equipment malfunctions may pass
unnoticed in spite of equipment or monitor alarm.

* Always make sure that alarm limits are set and alarms are
on when monitoring a patient.

. PACEMAKER PATIENTS: Rate meters may continue to
count the pacemaker rate during occurrences of cardiac
arrest or some arrhythmias. Do not rely entirely upon rate
meter alarms. Keep pacemaker patients under close
surveillance.

* Ensure proper contact of the return electrode of the
electrosurgery unit to your patient to avoid possible burns
at ECG electrode or other probe sites.

* Use only patient cables and accessories approved by Datex.
Do not modify them. Other cables and accessories may
damage AS/3™ Anaesthesia Monitor or interfere with

measurement.

* Use only specified AS/3T™ Anaesthesia Monitor interface
cables.

hd Use only defibrillation protected invasive pressure sensors

on Datex Monitors.
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CLEANING AND SERVICE:

* Switch the power off and unplug the power cord off the
Central Unit before cleaning or service. Let it dry
completely before reconnecting it to the mains outlet.

. Do not touch any exposed wiring or conductive surface
while the cover is off and the monitor is energized. The
voltages present when the electric power is connected to the
monitor can cause injury or death.

hd Perform a final electrical safety check and current leakage
test after doing any repair or calibration procedure to the
monitor.

There are special. components used in this device which are vital to
assure reliability and safety. Datex assumes no responsibility for
damage if replacement components not approved by Datex are
used.

The manufacturer accepts no responsibility for any modifications
made to the monitor outside the factory.

A CAUTION indicates a condition that may lead to equipment
damage or malfunction.

he The tests and repairs described in this manual should only
be done by trained personnel with proper tools and test
equipment. Unauthorized service may void the monitor
warranty.

. Do not use ammonia-, phenol-, or acetone-based cleaners.
These cleaners may damage the monitor surface.

* Electrostatic discharge through the PC boards may damage
the components. Before replacing and repairing PC boards,
wear a static control wrist strap. Handle all PC boards by
their non-conductive edges and use anti-static containers
when transporting them.

. Do not break or bypass the patient isolation barrier when
testing ECG or STP boards.

* Leave space behind the monitor to allow for proper
ventilation.
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. Before use, allow two minutes for warm-up and note any
error messages or deviations from expected operation. See
the Operator’s Manual.

. Do not gas sterilize the module.
* Do not autoclave any part of AS/3T™ Anaesthesia Monitor.
Do not immerse in any liquid or allow liquid to enter the

cabinet interior or into modules.

* Do not store the monitor outside the specified temperature
range (-10 to +60°C /14 to 140°F).

* Clean rear panel fan dust filter once a month or whenever
needed.
* Connect sample gas outlet on the module’s rear panel to

scavenging system to prevent room air pollution.

* The diameter of the scavenging system tubing must be 2 to
3 times larger than that of sample out tubing to avoid
changing the operating pressure within the module.
Inaccurate readings or internal damage may result.

. The diameter of the calibration gas delivery tube must be 2
to 3 times larger than that of the sampling line to avoid
overpressurization of the sensors. Inaccurate calibration or
internal damage of the module may result.

* Check the oxygen sensor after servicing the module.
Breathe into the sampling line and confirm that the O,
waveform changes after each breath.

* When removing or inserting any part into the module, be
careful not to kink or damage the gas sample tubes.
Leakages in the gas sampling system will affect accuracy of
measurement and are difficult to detect.

* When servicing the sampling system, make sure not to leave
any tubes touching the sampling pump. Abrasion may
damage the tubes.
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EQUIPMENT SAFETY SYMBOLS

c Attention, consult accompanying documents. When this symbol is
displayed beside the O, valve FiO, low alarm limit is set below
21 %.

’X‘ Type BF (IEC-601-1) protection against electrical shock.
i : | Type BF (IEC-601-1) defibrillator-proof protection against
'R electrical shock.

Type CF (IEC-601-1) protection against electrical shock.

i ' Type CF (IEC-601-1) defibrillator-proof protection against
' electrical shock.
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3 PRINCIPLE OF OPERATION

There are single and double width modules containing one or more
parameters. The modules are installed into the Central Unit. They
can be removed or inserted during operation.

In addition, there is a gas module which is side-mounted to the
Central Unit.

NOTE: Identical modules cannot be used in the same Central
Unit. If two or more identical modules are inserted in an error
message will follow.

NOTE: Connect only one patient to one AS/3T™ Anaesthesia
Monitor at the same time.

For the detailed information on each modules and their parameters,
please refer to the Operator’s Manual.
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4 DETAILED DESCRIPTION OF CENTRAL UNIT

The center of the Central Unit is the 8-Module Frame, F-CU8, that
includes UPI Board and Power Supply Unit. To operate the AS/3T™
Anaesthesia Monitor, the following products should be installed into the
frame.

CPU board, B-CPU1

High Resolution Display Controller, B-DHIGH
Gas Interface Board, B-GAS

Software Cartridge, S-STD

The Frame can be divided into two sections. The front part is vacant for
housing the modules. The rear part is for installation of the products
listed above. On the wall between the front and rear parts, there are
Module Mother board and CPU Mother board that connect together the
individual PC boards and the Unit.

The typical installation configuration is shown in the figure below.

See the general block diagram on the following page.

Software cartridge

UP! board
Gas interface board
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4.1 CPU Board, B-CPU1

In general
The CPU board contains 80C186 processor.
The main features of CPU board are:

- 16 MHz and 20 MHz clock speeds
- paged 1 Mbyte EPROM memory with selectable 0/1 wait state
- Software cartridge interface
- 0.5 Mbyte DRAM memory 0-wait state
- 2/8 kbyte static RAM with real time clock
- 32 kbyte EEROM memory
- 4 channel UART:
2 channels with modem signals in AC-logic level
2 channels without modem signals in RS232-level
- programmable alarm sound generator
- 3 external and | NMI interrupts

Control logic
10-map

10-decoding takes place in D10 GAL IC and also in the processor
80C186 itself. D10 and 80C186 together work as a wait state generator.
The reason why 2/8 kbyte static RAM and EEROM are stationed in IO
is that code memory (EPROM) and working RAM (DRAM) are
designed to be linear without any decoding gaps.
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External bus

Wait state generators

80C186 has its own wait state generator for its predecoded chip select
pins and it is used for those pins which are decoded by 80C186. D10

wait state generator is used for those chip selects decoded by D10 and
also for those boards (10-boards) connected to CPU mother board.

Value for I0-board’s default wait state is 2. If IO-board needs more
wait states it has to set bus -IORDY signal low by the beginning of T3-
state of 80C186 or bus cycle will be ended normally. -IORDY signal
goes through synchronizing flip-flop D12B to D10 GAL. From D10
ready signal ARDY goes high it ends 80C186 bus cycle. IO-cycle to 10-
boards should not last more than 1.5 us because of too much delayed
DRAM refreshment.

Halt detection

When 80C186 detects NMI-interrupt it is a sign from power supply that
all the supply voltages except the CPU board’s +5 V are going to be
switched off after a certain time. With NMI-interrupt service program
all necessary parameters are saved in static RAM. The final command in
that program is HALT.

HALT-detection takes place in D9 GAL with signals S2, S1, SO, and
ALE. When hardware detects HALT command all signals generated in
the CPU board and go to the CPU mother board will be left float in 3-
state. Only DRAM refreshment occurs. The only way to get out of that
state is RESET pulse from power supply.

Bus swap

D7 performs bus swapping. The idea is that addresses of odd numbers
of the 8-bit memory can be used with the 16-bit processor.

External bus signal are AC-logic level signals. IO-boards are not allowed
to load any logic signal with more than 2 AC-logic inputs. Signals
generated by the CPU board have 33R series resistor to limit signal
ringing when they change their states. The CPU mother board has some
snubbers in some signals.

Software cartridge interface

See the following Chapter.

1-12 April 27th, 1992
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Main peripherals

QUART

Four series channel Quart is used.

SAA1099

IC SAA1099 is used as alarm sound generator.

MK48T02/MK48TO08

Lithium battery back-up 2/8 kbyte static RAM.

CAUTION: The IC contains a lithium battery. Danger of explosion if
the IC is incorrectly replaced. Replace only with same or equivalent
type recommended by Datex. Discard broken ICs according to
manufacturer’s instruction.

NOTE: The life span of the lithium battery is shortened considerably
if the AS/3TM Anaesthesia Monitor is used only part of the time. If
the monitor is not used full time, we recommend that you replace the
static RAM IC (MK48T02/MK48TO08) every three years.

Refresh watchdog

80C186 has to refresh periodically watchdog timer which is in power
supply unit in order to prevent reset pulse. Refresh watchdog signal goes
through D24 mux.

1-13 April 27th, 1992
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4.2 Software Cartridge, S-STD

CAUTION: Software Cartridge, S-STD, cannot be disassembled. There is no
serviceable parts inside.

1-14 April 27th, 1992
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Software cartridge pin configuration

A B
1 GND +5V
2 Vpp PGM
3 -SMEMW -SMEMR
4 -SBHE SA00
5 -PAGEX -EPROMO
6 -OwWS SA23
7 SA21 SA22
8 SAI9 SA20
9 SA17 SA18
10 | SAIlS SAl6
11 | SAI3 SAl4
12 | SAll SA12
13 | SA09 SA10
14 | SAO07 SA08
15 | SAO0S SA06
16 | SAO3 SA04
17 | SAOI SA02
18 | DIS D14
19 | D13 Dl12
20 | D11 D10
21 | D09 D08
22 | D07 D06
23 | D05 D04
24 | DO3 D02
25 | DOl D00

1-15
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4.3 UPI (Universal Peripheral Interface) Board

In general

UPI board functions as a general I0-board in AS/3TM Anaesthesia
Monitor. The task of the board is to perform IO duties which the main
processor in CPU board assigns. This takes the load of IO functions off
the main processor. The main processor and the processor in the UPI
board communicates through dual-port memory. The dual-port memory
is located in the main processor’s IO space and is seen as a 2 kbyte
memory window for the processor.
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Functional blocks
The UPI board contains the external bus interface, a processor,

a control logic, program- and dual-port memories, 10, and an
isolated serial bus interface.

External bus interface

The UPI board is connected to the CPU mother board with
E96-connector.

The following signals pass between the UPI and CPU mother

board.

- SDO to SD15 Data bus

- SAQ to SA1S Address bus

- IRQI0 to IRQI12, IRQIS Interrupt selection jumpers
- BALE Address latch enable

- -RES Reset

- -BIOW, -BIOR Write and read signals

- -IORDY Bus cycle stretching
Processor

The processor in the UPI board is an IC 80C196KC-16, which
functions at 16 MHz frequency.

Control logic and dual-port memory

The control logic consists of the following components.

- Decoding logic D7, D3C, D14, D24C, and D24D
- Address buffers D4 and D5

- Address latch D9 and D10

- Address register D6

- Timing logic D8

- Wait state generator DI3B

- Interrupt control DI13A, D2A, and D2B

1-18 April 27th, 1992



DATEX AS/3™ ANAESTHESIA MONITOR SERVICE MANUAL

I0
10-block consists of the following units.

- 4 channel 10 bits AD-converter (Dl)

- 8 channel 12 bits DA-converter (D15, D16, Al to A3)

- 5 bits digital-input D18

- 4 bits digital-output D17

- +5 V reference voltage (A3A, V1) for AD-converter in DI
- -10 V reference voltage (A3B, V1) for DA-converter D15

Decoding of the IO-block takes place in D7, D14, D24C and
D24D.

Isolated and non-isolated serial bus interface

Isolated power supply consists of D21, T1, A4, and peripheral
components. It gives about 100 mA @ 5 V.

Isolated serial bus interface consists of D22, V12 to V14, D25,
and D26. Non-isolated serial bus interface consists of D27 and
is connected to module bus through the CPU mother board.
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4.4 High Resolution Display Controller, B-DHIGH

In general

The display board is connected to host-processor through AS/3TM
Anaesthesia Monitor bus, through which the host-processor transmits
program to the board. Then the host-processor starts the program and
sends data, from which the board draws pictures on the display screen.

The display board is designed to control a color CRT display or color
LCD display.

Additionally, there is a 26-pin subminiature female D-connector on the
board for Command Board connection.

Graphics System Processor (GSP)

There are four 16-bit registers (HSTADRL, HSTADRH, HSTDATA,
and HSTCLT) in the GSP, from which the host-processor reads and to
which it writes data. These registers are chosen by HFSO, HFSI, and
HCS lines. Data can be read and written in two different bytes. Activity
of the low level byte is indicated by -HLDS signal and high level byte
by -HUDS signal.

The least significant bit (SA0) in bus address controls the low level byte
and -SBHE signal (System Bus High Enable) controls the high level
byte.

There are two jumpers (J1, J5) on the board with which four different
IO addresses are chosen. For this reason, a maximum of four display
boards can be installed into the Central Unit and each one of the boards
shows different pictures on display. The decoding is performed in GAL
circuit D1 (22V10-15).
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10
IO-block consists of the following units.

- 4 channel 10 bits AD-converter (D1)

- 8 channel 12 bits DA-converter (D15, D16, Al to A3)

- 5 bits digital-input D18

- 4 bits digital-output D17

- +5 V reference voltage (A3A, V1) for AD-converter in DI
- -10 V reference voltage (A3B, V1) for DA-converter D15

Decoding of the I0-block takes place in D7, D14, D24C and
D24D.

Isolated and non-isolated serial bus interface

Isolated power supply consists of D21, T1, A4, and peripheral
components. It gives about 100 mA @ 5 V.

Isolated serial bus interface consists of D22, V12 to V14, D25,
and D26. Non-isolated serial bus interface consists of D27 and
is connected to module bus through the CPU mother board.
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4.4 High Resolution Display Controller, B-DHIGH

In general

The display board is connected to host-processor through AS/3T™
Anaesthesia Monitor bus, through which the host-processor transmits
program to the board. Then the host-processor starts the program and
sends data, from which the board draws pictures on the display screen.

The display board is designed to control a color CRT display or color
LCD display.

Additionally, there is a 26-pin subminiature female D-connector on the
board for Command Board connection.

Graphics System Processor (GSP)

There are four 16-bit registers (HSTADRL, HSTADRH, HSTDATA,
and HSTCLT) in the GSP, from which the host-processor reads and to
which it writes data. These registers are chosen by HFS0, HFSI1, and
HCS lines. Data can be read and written in two different bytes. Activity
of the low level byte is indicated by -HLDS signal and high level byte
by -HUDS signal.

The least significant bit (SAO) in bus address controls the low level byte
and -SBHE signal (System Bus High Enable) controls the high level
byte.

There are two jumpers (J1, J5) on the board with which four different
IO addresses are chosen. For this reason, a maximum of four display
boards can be installed into the Central Unit and each one of the boards
shows different pictures on display. The decoding is performed in GAL
circuit D1 (22V10-15).
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Display Memory

For display memory, four memory circuits (256k x 4 bit)
TMS44C251-10SD or TMS44C250-10SD are used.

Program Memory

For program memory, four memory circuits (256k x 4 bit)
TC514256AZ-80 are used.

Memory Bank Addressing

Memory bank addressing occurs in such a way that the chosen
bank receives RAS-signal. RASO is the display memory signal
and RAS] program memory signal. Local Address Bits LA25
and LA26 in the address bus are checked and when they are
both low, the display memory is addressed (RAS0). When they
are both high, the program memory is addressed (RASI).
Address logic of the memories are done in GAL circuit D10
(22V10-15).

Analog Video Signal

Serial outputs (SQ0 - SQ15) of frame buffer memory (D15 -
D18) is transferred to two Latch circuits (D19, D29) so that
two consecutive pixels (8 bits) are fed to D19. The next two
consecutive pixels (8 bits) are fed to D20. Those four pixels (16
bits) are multiplexed into two consecutive pixels data bytes of 8
bits each in D21 and D22. Then data is fed to video palette
circuit (D23) and multiplexed into one pixel of 4 bits wide and
every pixel is transformed into analog RGB-signal. The RGB-
signal is sent to two buffer stages consisting of emitter-follower
transistor circuit. Levels of each RED-, GREEN-, and BLUE-
signals are increased by two diodes to compensate the voltage
loss in base-emitter transition in the transistor. If a digital
RGB-signal is desired, the second buffer stage is left unused.
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Video Timing

There are many timing clocks for the GSP, video memories,
multiplexers, and video palette circuits. Those clocks are generated from:

1. CLKOUT-signal, which is generated in video palette circuit (D23)
and is half the frequency of DOTCLK.

2. Flip-flops in D27 and D29, and OR-gate in D25.

3. Using three-bit counters in GAL circuit (D10) to step down
CLKOUT to DDIV4, DDIVS8, and DDIV16.

4. -BLANK signal

The signals generated are described as follows:

SCLOW...Clock signal for video memory circuits, D15 and D16, used to
get the pixels 0 and 1. A clock signal for Latch circuit D19. A clock
signal for multiplexers D21 and D22, used for choosing pixel data.

SCHIGH...A clock signal for video memory circuits D17 and D18, to
get the pixels 2 and 3. A clock signal for Latch circuit D20.

DATEN...A clock signal for video palette circuit D23, which indicates
when the right pixel data arrives. DATEN is the delayed -BLANK
signal.

VCLK...A clock signal for GSP, in which VSYNC and HSYNC pulses
are generated. VCLK can be chosen by jumper J4, depending on
DOTCLK frequency: The DOTCLK frequency can be divided by four
(DDIV4), by eight (DDIV8), or by 16 (DDIV16). The VCLK is 7.5
MHz.
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Digital Picture Signal

There is a 26-pin miniature D-connector on the board for digital
picture signal output which can be used for the LCD screen.

This digital picture signal (DIGR, DIGG, DIGB) is processed from
analog video signal in D23 by comparators N1, N2, and N3.

The outputs of D23 change between 0.65 V and 2.3 V. Reference
voltage is set by R22 (1.82 k) and R23 (750R) to 1.46 V.

(750 / (1820 + 750)) x SV =146 V.
Capacitor C40 stabilizes the reference voltage.

In the software program, the colors in the video palette circuit (D23) is
divided into eight basic colors. Then the states of the comparators (D30
to D32) are unambiguous. The resulting signals are buffered in D26 and
transferred to connector X3 through matching resistor network R2. The
matching resistor is designed for 50 ohm coaxial cable. R2 can be
replaced with zero value resistor network if the matching at the other
end is preferred.

Display Board Resolution

The resolution of the Display board depends on initialization of the
GSP’s registers and frequency of video oscillator. The video oscillator’s
frequency and timing value of synchronization pulse of the monitor are
needed to calculate the values of the GSP’s registers and refreshment
frequency of the screen. Depending on the monitor selected,
synchronization times can often be shortened and the monitor is still in
synchronization. The refreshment frequency can be increased and
flashing decreased.

If the resolution change is desired, the oscillator which sets the video
frequency should also be changed.
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Reset Signal
Reset signal comes from Power supply unit through AS/3™ buys.

The memory circuits need eight -RAS-only refreshment pulses which
the GSP transmits automatically after the -RESET signal.

The GSP checks whether -HCS signal is high or low immediately after
the -RESET signal goes high. If the -HCS signal is high, the GSP is set
to Host-Present mode. Then the GSP stays in halt status and waits for
comments from the host processor. This is normal and correct situation
in AS/3™ Anaesthesia Monitor.
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4.5 Power Supply Unit

1. Power supply unit functional blocks

The Power supply unit can be divided into the following six functional
blocks.

1. Rectifiers, ON/STBY control, batchrg, etc

This block contains rectifiers which rectify 20 VAC from the mains
transformer and filter it with capacitors.

ON/STBY control includes a logic with which power supply is switched
on or off by turning ON/STBY switch. The fan is also controlled by
this.

Batchrg charges the 6 V battery which maintains the supply voltage of
CPU for 15 minutes after the power is cut off. The battery is charged
during the power supply is on.

This block also generates supply voltage for pulse width modulators of
chopper power supplies. The supply voltage is generated by 12 V
regulator at power-up and +15 V is short-circuited. Otherwise the
supply voltage comes from +15 V.

The block transmits signals to CPU interface in case the mains voltage
fails or the power is cut off.

The block checks +5 V and +15 V and if either one of them increases
more than is allowed, thyristor pulls the rectified

+24 V down and the mains fuses are blown. In addition, if +24 V
increases over +34 V, the thyristor pulls it down as above. This is the
case when 110 V device is connected to 220 V mains outlet.

2. Audio amp.

This block amplifies and filters audio signal from the CPU to suit the
loudspeaker. Amplification gain is about 2.3.

3. CPU interface

This block contains all the necessary communications between the power
supply unit and the CPU. Reset-, powerfail-, and watchdog-functions
are realized in one IC. Additionally, the block contains a circuit that
supervises the maintaining of the CPU’s supply voltage from the battery
for 15 minutes after AS/3T™ Anaesthesia Monitor is turned off.
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4. -15 V converter

The block contains Flyback-type chopper power supply that generates
-15 V analog voltage from +24 V. The load capacity is 1.2 A (18 W).

5. +15 V converter

The block contains Buck-type chopper power supply that generates
+15 V from 424 V.

The output of the power supply is divided into two; +15 Va for analog
voltage and +15 Vd for less sensitive components.

6. +5 V converter

The block contains Buck-type chopper power supply that generates +5 V
from +24 V. The load capacity is 8 A (40 W).

2. External components of the unit

1. Mains transformer
The power of the mains transformer is 250 VA. The secondary voltage
is 2 x 20 VAC and for the display unit it is either 100 VAC, 115 VAC,
225 VAC, or 235 VAC.

Depending on the area in use, there are three different transformers for
AS/3T™ Anaesthesia Monitor.

2. Fan
The fan is switched on automatically when +24 Vd is generated.
3. Loudspeaker

The loudspeaker is controlled by the audio-amp amplifier on the Power
supply board.

4. Battery

6 V, 1.2 Ah sealed lead-acid battery is used to supply power to the CPU
after the power is turned off.
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3. Power supply board interface to
AS/3T™ Anaesthesia Monitor bus board

<

.4+24 Vd

=15V

LA (-15V)

.st(-15 V)

.+15 vVd

. +15 Va

. (415 V)

Rectified and filtered +24 Vdirty voltage. This voltage is switched on by
pulses of +15 V chopper power supply which turns the switching
transistor on with the help of charging pump. The switching transistor is
a short-circuit protected MOSFET. The ripple voltage when fully loaded
is about 3 Vpp at the frequency of two times mains frequency.

Accuracy of -15 V is +#2 %. The load capacity is 1.2 A and the ripple
voltage about 30 mVpp at the chopper frequency
(200 kHz +10 %).

The chopper frequency measured at the rear panel connector whose
pulse ratio corresponds to the pulse width modulator’s pulse ratio. For
test use only.

The chopper can be turned off by connecting this line at the rear panel
connector to ground. For test use only.

Accuracy of +15 V is +2 %. The load capacity is 6.5 A if
+15 Va is not loaded. The ripple voltage about 50 mVpp at the chopper
frequency (200 kHz +10 %).

+15 V for analog voltage. The load capacity is 1.2 A and is passive
filtered from +15 Vd. The ripple voltage about 10 mVpp at the chopper
frequency (200 kHz +10 %).

The total load capacity of +15 Va and +15 Vd is about 6.5 A (97.5 W).

The chopper frequency measured at the rear panel connector whose
pulse ratio corresponds to the pulse width modulator’s pulse ratio. For
test use only.

1-30 April 27th, 1992



DATEX AS/3™ ANAESTHESIA MONITOR SERVICE MANUAL

8.st(+#15 V)

The chopper can be turned off by connecting this line at the rear panel
connector to ground. For test use only.

9. 45V
Nominal voltage is 5.1 V and its accuracy is +2 %. The load capacity is
8 A. The ripple voltage about 50 mVpp at the chopper frequency (200
kHz +10 %).

10. f (45 V)
The chopper frequency measured at the rear panel connector whose
pulse ratio corresponds to the pulse width modulator’s pulse ratio. For
test use only.

11. st (+5 V)
The chopper can be turned off by connecting this line at the rear panel
connector to ground. For test use only.

12. +5 Vcpu
Supply voltage for the CPU. Nominal voltage is 5.1 V. The accuracy is
+2 % and the load capacity 1 A. The ripple voltage is 50 mVpp. The +5
Vcpu is connected to linearly regulated battery voltage when the
choppers are switched off.

13. -RESET
Signal for the digital boards.

14. -RESET CPU
Signal for the CPU.

15. -POWERFAIL
The signal informs supply voltage failure.

16. WD

Watchdog input signal. The CPU must toggle WD every 1.6 seconds.
Otherwise the power supply will generate -RESET and

-RESET CPU signals. There is a jumper X8 which, when removed,
cancel the Power supply’s need for this signal.
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17. AUDIOin

18. GND

Audio signal which is amplified in Audio-amp. block.

All the signals and lines within the power supply unit share the common
ground which is connected to AS/3TM Anaesthesia Monitor chassis.

4. +5 V and +15 V converters

1. Chokes

The basic Buck-type converter consists of a switch, flywheel diode,
choke, and filtering capacitor. Generally bipolar or MOSFET transistor
is used as the switch. The switch also needs a driver (PWM) to operate.
The choke is usually ferrite-cored and the capacitors are special types
for the chopper power supply use.

Here the operation of +15 V converter is described in detail. +5 V
converter functions in the same way except that there are only two
chokes and some components values differ.

There are three chokes in the +15 V converter. L3 is used for filtering
choke for input voltage, L4 is used for the chopper choke, and L5
passive filters +15 Vd to get +15 Va.

2. Switching transistor

As the switching transistor (V38), IRCZ24 Current Sense MOSFET (N-
channel) transistor is used. In addition, there is a pair of transistors (V44
and V45) that forms current mirror and measures current flow through
V38 from the signal between CS and KS signals.

V38 is driven by pulse width modulator A8 (UC3843) and transistors
V40 and V41. In the beginning V38 is in rest position. When the pulse
modulator changes its state to high, V41 starts to conduct and then V38
conducts. Next when the modulator changes its state to low, V41 stops
conducting and pulls V38 down with the help of V40. Resistors R34 and
R75 are for current limiting.

3. Flywheel diode

The flywheel diode (V46) is a Schottky type MBR1045 diode. There is a
resistor (R44) and capacitor (C38) in parallel connection with the diode
forming a snubber that prevents the diode from ringing.
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4. PWM controller

PWM controller, UC3843 Current mode, is used as the pulse modulator
(A8). The following components and lines are in the pulse modulator
circuit.

- switching transistor driving
(V40, V41, C44, R75, R34, V39, V42, R35)

chopper frequency adjusting (R36, C46)

PWM'’s reference voltage filtering (C49)

internal supply voltage filtering (C50)

frequency f (+15 V) from pin 22 at the rear panel connector (X3B)

standby st (+15 V) from pin 20 at the rear panel connector (X3B)

current feedback circuit (see below)

voltage feedback circuit (see Chapter Output voltage control)

5. Current measurement

Current is measured by R40, feedback circuit components (R37, C45),
and PWM controller. R37 and C45 are used to stabilize the current
feedback loop. Components C43, C51, and R41 are for filtering the
current measurement. When the certain current limit is crossed, the
power supply works as a constant current source and the components are
protected.

6. Output voltage control

Output voltage is controlled by the feedback circuit components and
Error Amp. in the PWM controller. Feedback looped output voltage is
divided by R39 and R43 to 2.5 V and is fed to negative input of the
Error Amp. Positive input of the Error Amp. is connected to internal
2.5 V which is obtained from the PWM's internal voltage reference. The
PWM controller controls the output voltage with the difference of those
two input voltages. To stabilize the voltage feedback loop, C47, C48,
and R38 are connected between the output and negative input of the
Error Amp.

7. Other components
Capacitors C35, C36, and C37 filter the incoming voltage +24 V.

Capacitors C39 and C40 filter the output voltage +15 Vd. Additionally,
capacitor C42 filters +15 Va.
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5. -15 V converter

The basic Flyback-type converter consists of a switch, Flyback
transformer, rectifier diode, and filtering capacitor. Generally, bipolar
or MOSFET transistor is used as the switch. The switch also needs a
driver (PWM) to operate. The Flyback transformer is an air-gap type
where transformer and choke are integrated into one component. The
capacitors are special types for the chopper power supply use.

1. Flyback transformer
The Flyback transformer T1 inverts the chopper voltage.

2. Switching transistor
As the switching transistor (V47), IRF640 is used. The switching
transistor is driven with the help of pulse width modulator A9 (UC3845)

and is protected from ringing by snubber R59 and C54 connected in
parallel. Resistor R45 limits the current in the gate drive circuit.

3. Rectifier diode

Type BYV27 is used as the rectifier diode (V48). It is protected from
ringing by snubber R60 and C55.

4. PWM controller
PWM controller, UC3845 Current mode, is used as the pulse modulator

(A9). The following components and lines are in the pulse modulator
circuit.

switching transistor driving (Y47, R45)

- chopper frequency adjusting (R46, C62)

internal +5 Vint filtering (C64)

internal supply voltage filtering (C66)

frequency f (-15 V) from pin 22 at the rear panel connector (X3C)

standby st (-15 V) from pin 20 at the rear panel connector (X3C)

current feedback circuit (see below)

voltage feedback circuit (see Chapter Output voltage control)
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5. Current measurement

Current is measured with the help of R52 and PWM controller.
Components C65, R48, and R56 are for filtering the current
measurement. When the certain current limit is crossed, the power
supply works as a constant current source and the components are
protected.

6. Output voltage control

7. Chokes

Output voltage is controlled by the feedback circuit components and
shunt regulator of 2.5 V reference voltage. Feedback looped output
voltage is divided by R57 and R58 to 2.5 V and is compared with the
2.5 V which is obtained by the shunt regulator A12 (TL431). The PWM
controller controls the output voltage with the difference of those two
input voltages. C58, C59, and R50 are included to stabilize the feedback
loop. Amplification of the feedback loop can be changed with the values
of R49 and R51.

There are three chokes in the -15 V converter. L6 is used for filtering
choke for input voltage. There is an internal choke inside the Flyback
transformer. L7 is used for filtering choke of the output voltage.

8. Other components

With the help of FET transistor V16 (BS110) and resistor R55, operation
of the PWM controller can be cancelled by pulling START signal down
to ground with, for instance, standby signal.

Zener diode V12 prevents the output of the PWM controller from going
negative.

Diode V81 (MPTE) is for overvoltage protection. If the output voltage
crosses the allowed limit, V81 clumps the voltage. If overvoltage
continues, V81 breaks down and -15 V chopper is short-circuited.

Capacitors C52 and C53 filter the incoming voltage +24 V. Capacitors
C56, C57, and C60 are filters for the output voltage.
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6. Reset and Reset CPU

1. Reset function

A6 (MAX690) is installed as a reset circuit. A6 supervises +5 V and if it
decreases below 4.65 V, -RESET will go low.

When AS/3™ Anaesthesia Monitor is turned on and +5 V increases,
-RESET will stay low until +5 V voltage has been 50 ms more than
4.65 V. -RESET__CPU will stay low 30 ms after start. If the monitor is
switched off or input power is missing, -RESET will go low but
-RESET_CPU stays high as long as CPU’s voltage is fed from the
battery (15 min. max). When the monitor is switched on while CPU’s
voltage is fed from the battery the -RESET__CPU will be 10 us long
and the -RESET, as normally, 50 ms. This is called warm start. Length
of the -RESET__CPU sxgnal is determined by the monostabile
multivibrator.

In normal operation for the -RESET signal to stay high, it needs
watchdog signal to toggle at least once in every 1.6 s. If watchdog
refresh signal is missing the power supply will generate 50 ms long
Reset pulse and 10 us long Reset CPU pulse. The need for watchdog
pulse can be cancelled by removing jumper X8.

In addition, the reset circuit supervises the supply voltage and controls
the timer function in case of POWERFAIL situation. When the power is
turned off or somehow the power disappears, PFI signal generates PFO
signal which starts operating the timer's operation.

2. Components in reset

In addition to the reset circuit A6, there are pull-up resistors R20 and
45 V filter capacitor C80 in the reset circuit. The output of the A6 is
connected to the timer (AS5) and the driving transistor (V26, BSS100) of
the monostable multivibrator.

The monostable multivibrator consists of transistors V26 and V27
(2N3906), resistors R77 and R78, and capacitors C70 and C71. At warm
start, the components V26, V27, C71, and R77 are in use. At cold start,
the components C70 and R78 are also in use.

The outputs of the circuit, -RESET, -POWERFAIL, and -RESET_CPU
signals have buffers (D1).
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7. CPU’'s supply voltage maintenance

1. Function

The circuit consists of the timer, linear regulator, and a switch.

In normal operation the CPU gets its supply voltage from +5 V
converter. However, in case of power off, the battery supplies the
supply voltage to the CPU for 15 minutes.

When the reset circuit learns that the supply voltages are missing
(POWERFAIL), it generates a driving signal to the timer circuit. Then
+5 Vcpu is connected to linearly regulated battery voltage and the
supply voltage is supplied by the battery.

2. Components

A5 (ICM7242; Fixed and Programmable Timer/Counter) is the timer.
The length of the timer is adjusted by R18 and C17. After 15 minutes,
AS’s output (pin 3) goes high and it resets the counter through resistor
R19.

The timer is bypassed by pressing the Service reset switch on the rear
panel. After pressing the switch for two seconds, the Power supply unit,
Software cassette, and other PC boards are elecronically free to be
disconnected.

The linear regulator consists of transistors V21 (IRF9532), V80
(BSS100), and V82 (2N3906), and resistors R19, R70, R71, and R72.
Reference voltage is obtained by 2.5 V shunt regulator A13 (TL431).
Cl4 is for filtering battery voltage and C15 for filtering the output
voltage.

The actual switching transistors which chooses +5 Vcpu either from the
+5 V converter or the battery are MOSFET transistor V20 (IRFU024)
and V21.

V25 (BSS100) is a transistor which conducts at POWERFAIL and pulls
gate voltage of V20 to ground and switches off V20, preventing +5 V of
the battery from going to the other 5 V loads than CPU.
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8. +24 V function

+24 V from the mains transformer is passed through fuses F1 and F2 to
the rectifiers. After which two voltages, +24 V and +24 Vd are
separated. C4 and C5 function as filtering capacitors for +24 V and C68
for +24 Vd.

Additionally, overvoltage protection, +24 Vd overheat protection, and
generation of the supply voltage for the PWM at power start-up are
included in +24 V line.

Fan uses +24 Vd to operate.
1. Overvoltage protection for 45 V, +15 V, and +24 V

The overvoltage protection is made by thyristor V5 (TYP512) and
peripheral components.

V5 is triggered when voltage at shunt regulator Al increases over 2.5 V
causing transistor V6 (2N4403) to conduct. Then the fuses are blown.
This is the case when an overvoltage situation occurs in one of the
supply voltages’ lines.

C3 is for filtering input voltage.

2. Overheat protection for +24 Vd

Thermal protected FET transistor V90 (BTS114) is used for the overheat
protection. When overheated due to overcurrent, V90's internal
protection circuit cuts off +24 Vd line. Charging pump is used for

driving V90 in normal operation which generates over 12 V across
capacitor Cl13.

3. Supply voltage for PWM

At power start-up, the PWM gets its supply voltage from +24 V through
linear regulator A10 (7812). When the choppers start to operate and +15

V is generated, the PWM gets the supply voltage from +15 V through
diode V17.

[ (Q, C7 is filtering capacitor for A10.

A10 generates the supply voltage for the PWM also when +15 V is
short-circuited.
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9. Battery charging

For the battery charging, the circuit consisting of the adjustable linear
regulator A3 (LM317), 2.5 V shunt regulator A4 (TL431), and other
associated components are used.

R7 and R66 controls the battery voltage, and RS and R6 controis the
battery current.

C10 is a filtering capacitor.

The desired battery voltage (about 6.8 V) is charged through fuse F3 at
80 mA constant current. The voltage used for charging is +15 V so that
the charging is active only when the monitor is on.

10. Audio amplification

Amplification of audio is performed in operational amplifier All
(L165).

The incoming AUDIOin signal is biased with +5 Vint and led to All
positive input. DC amplification is done by R47 and R93. AC
amplification is done by R17 and C90.

The output of A1l changes around 7.5 V.

Capacitor C94 passes only AC signal on to the loudspeaker.

11. Start-up

At start-up, ON/STBY switch is connected to ground. When it’s open,
the switch turns off the power supply. Then +24 V should be more than
24.3 V and more than 4.3 V at the base of transistor V55 (2N3906). If
the voltage at the base of V55 is less than 4.3 V, then start-up cannot
be succeeded. Resistor R79 forms a hysteresis for +24 V, that is, the
voltage should be over 24.3 V at start-up and less than 18.3 V when the
device turns itself off. In the latter case the hysteresis is about 6 V.
Advantages of this are that +24 V can be lower and the device is not so
sensitive to overloading.

Comparator A2 (LM393) transmits both START and STOP signals. If the
negative input of A2 decreases below 2.5 V, its output goes high
(START). The STOP signal is connected to the POWER FAIL input of
A6 (pin 4) and will cause POWER FAIL to go low before power
supplies are turned off by START signal.

- There is an NTC resistor R73 that turns the power supply off in case
the temperature inside rises over 65°C (149°F).
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12. Triac board

The tasks of the Triac board are to supply supply voltage to video unit

when AS/3TM Anaesthesia Monitor is turned on and cut off the voltage
when it is turned off. This is done by triac (V1) and a switch consisting
of an optically isolated triac controller (V2) and peripheral components.

There is a snubber of resistor and capacitor connected in parallel to the
triac to prevent it from ringing.

A fuse of T 2.5 A is installed for incoming AC voltage.
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4.6 Gas Interface Board, B-GAS

Gas interface board is used for connecting an Airway Module to the

Central Unit.

There are AS/3T™ module bus signals in the interface board D-
connector (in the rear panel).

On the initial Gas interface board the following fuses are installed in

power supply lines

Fl:
F2:
F3:
F4:
F5:
Fé6:

TI1A,
TIA,
T4A,
T4A,
TS5A,
T5A,

+15V
-15V

+15 VD

+24 VD

+5 V_lamp
+5 V_out

. On the current board only F4 is installed.

There is also an optional circuit for keyboard prosessor (not used).
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4.7 CPU Mother Board

On CPU mother board there are six identical E96-connectors X1 to
X6 which form CPU bus and to which CPU board, UPI board,
Display board, and Gas interface board are connected. Two
connectors are left unused.

Power module is connected to X7 which is a power E48-connector.
Another power E32-connector X8 joins the CPU mother board and
Module mother board together.

Capacitors C1 to C27 and resistors R1 to R4 form RC snubbers for
address signals, IRQ-signals, and reset. Those snubbers filter high
spikes in the edges of pulses.

Capacitors C30 to C35 and C37 to C52 are located between
connectors X6 and X7. They are for filtering high frequency
interference components from signals passing from the CPU
mother board to the Module mother board.
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4.8 Module Mother Board

There are eight 25-pin male D-connectors for the modules in the
Module mother board. They are X1 to X8. Module bus is identical in
every D-connector. There are five filtering capacitors Cl to C5 for
every supply voltages: +24 VD, +15 VD, +15 V, -15 V, and +5 V.

The Module mother board is connected to the CPU mother board with
power E32-connector X9.
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4.9 Connector Configurations
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