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1

1.1

1.2

1.3

1.4

1.5

Warnings and Cautions

The following safety precautions must be observed during all phases of operation,
service and repair of this equipment. Failure to comply with these precautions or with
specific warnings elsewhere in this manual, violates safety standards of design,
manufacture and intended use of the equipment.

Authorization

Operating personnel must not remove the system covers. Servicing should be per-
formed by authorized personnel only. Only personnel who have participated in a
System FiVe Training Seminar are authorized to service the equipment.

Electric Shock Hazard

To minimize shock hazard, the equipment chassis must be connected to an electri-
cal ground. The system is equipped with a three-conductor AC power cable. This
must be plugged into an approved electrical outlet with safety ground. If an extension
cord is used with the system, make sure that the total current rating of the system
does not exceed the extension cord rating.

The power outlet used for this equipment should not be shared with other types of
equipment.

Both the system power cable and the power connector meet international electrical
standards.

Dangerous Procedure Warnings

Warnings, such as the example below, precede potentially dangerous procedures
throughout this manual. Instructions contained in the warnings must be followed.

WARNING

Dangerous voltages, capable of causing death, are present in this equipment. Use
extreme caution when handling, testing and adjusting.

Explosion Warning
Do not operate the equipment in an explosive atmosphere. Operation of any electri-
cal equipment in such an environment constitutes a definite safety hazard.

Electrostatic Discharge Warning

Do not touch any boards with integrated circuits prior to taking the necessary ESD
precautions:

1.  Always connect yourself, via an arm-wrist strap, to the advised ESD connec-
tion point located on the card rack.

2.  Follow general guidelines for handling of electrostatic sensitive equipment.
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1.6 Do not substitute parts or modify equipment

Because of the danger of introducing additional hazards, do not install substitute
parts or perform any unauthorized modification of the equipment.

Regulatory Information

The GE Vingmed Ultrasound product families are tested to meet all applicable requirements in relevant EU Di-
rectives and European/International standards. (See “Standards used” below.) Any changes to accessories,
peripheral units or any other part of the system must be approved by the manufacturer; GE Vingmed Ultra-
sound. Ignoring this advice may compromise the regulatory approvals obtained for the product.

Please consult your local GE Vingmed Ultrasound representative for further details.

Standards used

Our ultrasound scanners are class | devices, according to Clause 14 of |[EC 60601-1 (1988).

To fulfill the requirements of relevant EC directives and/or European Harmonized/International standards, the
following documents/standards have been used:

STANDARD/DIRECTIVE SCoPE

93/42/EEC Medical Devices Directive (MDD)

IEC 801-2/ 4.1991 Electrostatic Discharge

IEC 801-3/ 1984 Radiated Electromagnetic Field

|[EC 801-4/ 1988 Electrical Fast Transient/Burst

|EC 801-5/ 1.1993(draft) Surge

EN 55011/CISPR 11/ 3.1991 Emitted noise according to Class B requirements + Electromagnetic Suscep-
tibility

IEC 60601-1 (1988) Medical Electrical Equipment, Part 1; General Requirements for Safety

EN 60601-1/ 1990

UL2601-1/ 8.1994 “CLASSIFIED BY UNDERWRITERSLABORATARIESINCWITH RE-
SPECT TO ELECTRICAL SHOCK, FIRE AND MECHANICAL HAZ-
ARDS ONLY IN ACCORDANCE WITH UL2601-1 AND CAN/CSA
C22.2N0.601.1"

IEC 1157/ EN 61157/ 1994 Requirements for the declaration of the acoustic output of medical diagnos-
tic ultrasonic equipment.

IEC EN 60601-1-2 /1993 Medical Electrical Equipment - part 2. Collateral standard: Electromagnetic
compatibility - Requirements and tests.

NOTE:
1) Any rest energy within our scanners or their components will be below 60V DC or 2 mJ.

CEm
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2
2.1

2.2

About This Manual
Abstract

The purpose of this manual is to provide information which will enable the technician
to diagnose and repair most problems encountered in the use of System FiVe. It is
not a guide to operation. Information pertaining to this is found in the System FiVe
User Manual.

The manual is not intended to be used for troubleshooting on board level. This will
be done on the factory. Some of the modules in the System FiVe are older designs,
thus occasionally signal names on the module might not be the same on another
module, even though the signal is the same. This is done to ease troubleshooting on
board level at the factory.

Overview
The service manual is divided into several main chapters:

*  The Theory of Operation chapter consists of two major sections; a Principles of
Operation section which gives a lesson in the basics of ultrasound, and a Sys-
tem (and subsystem) Description section detailing how the system works, down
to board level.

*  The Block Schematics chapter contains all block schematics for the system, the
boards and other assemblies. They are all referenced in the Descriptions sec-
tion of the Theory of Operation chapter.

*  The Cables chapter contains drawings and signal lists of cables within the sys-
tem.

*  The Mechanical Subassemblies chapter gives exploded view drawings.

* The Probes chapter includes a listing of all System FiVe probes; types, frequen-
cies, color codes etc.

* The I/O Signals lists signal names and technical data for the 1/0O signals.

*  The Troubleshooting Guide chapter is an aid in the process of diagnosing prob-
lems, and gives guidance for most types of errors.

»  The Configurations chapter lists the different software and hardware revisions
on the subassemblies, and links them to a system level revision and/or software
version.

*  The Maintenance Procedures and Replacement Procedures chapter also gives
you installations procedures for e.g. software upgrades.

*  The Peripherals chapter contains all necessary information required to install
any peripheral listed in the beginning of the section; location, power connection,
signal interface, user setup, switch settings etc.

e  The Part Number List chapter lists all part numbers on all assemblies and sub-
assemblies likely to be replaced.

System FiVe - Service Manual - FA091050 | Intro-7
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2.3

2.4

2.5

Intro-8

How to Use the Manual Effectively

In order to use the manual effectively, it is essential that you have read or at least
browsed through the whole book. When using the manual for troubleshooting, the
following sequence should be followed.

1. Characterize the fault symptoms as specifically as possible.

2.  Use the troubleshooting guide as a reference, and try and isolate the problem
down to board level if possible. The guide will have references to other parts
of the manual. In most cases fault isolation would imply running a test software
routine.

Note: One part of the diagnostic software will be accessible for the user.

3. Replace the indicated part(s).

Technical Skills Required

The manual is intended for use by qualified technical personnel with knowledge and
experience in servicing advanced medical instrumentation. The reader should have
basic electronic knowledge, and should have an understanding of techniques gen-
erally used in troubleshooting and repair. As mentioned before, a System FiVe
Training Seminar is a requirement for servicing the equipment.

Repair

No printed circuit boards nor power supplies must be repaired in the field. All such
parts must be returned to the manufacturer, GE Vingmed Ultrasound, Norway for re-
pair.

System FiVe - Service Manual - FA091050 |
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3 Test Equipment and Tools Required

3.1 General Tools

This is a list of the minimum required tools for service on GE Vingmed Ultrasound’s
products

PC Laptop with MS Windows 95 or MS NT 4
- Minimum 200 MB free disk space

- Ethernet adapter

- CD-ROM

RS-232 Cable (crossed)

Twisted Pair Ethernet Cable (crossed)
Twisted Pair Transceiver (MAU)

Service Floppy Disks

Service MO-Disk, 1.3 GB

Phillips Screw Drivers

Flat screw drivers

Box spanners

Allen keys

Oscilloscope

Multimeter

Service Manuals

Anti static mat / wrist band

IC removers

Antistatic brush for PCBs

APA Probe cable

APA Probe (optional)

PA Probe (optional)

Macintosh Keyboard

Macintosh Mouse

USB to ADB converter

Multi-voltage SCSI CD ROM drive from Apple
SCSI cable for CD-ROM Drive/Mac

Power Cable for Multi-voltage SCSI CD ROM drive
Simple External Video Grabber Board (optional)

3.2 Tools, Mobility Kit (Changing Wheels)

(In addition to the tools above):

Sax jack, GEVU Part Number: 098C0001

System FiVe - Service Manual - FA091050 |

Introduction - rev. 11

Intro-9



Introduction - rev. 11 GE Vingmed Ultrasound

e  Tri-pod stand (2x), GEVU Part Number: 098C0010
Umbrako wrench, 5 mm (front wheels)
*  Umbrako wrench, 6 mm (rear wheels)
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Your Notes:
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4.1

4.2

,_serv_files:03_features_a_11.fm.

iceMan:S5_

Printed: December 5, 2000.

:User:James:@i-arb:Service:S5_Servi

Macintosh HD:

Intro-12

GE Vingmed Ultrasound

New Functions/ Features

Abstract

The purpose of this document is to give a listing of the system features/functions that
are supported by the different software versions:

Document History

Rev. Date By Description
01 1 Aug 1996 GRL First version of document per V1.1 release
02 30 Apr 1997 GRL Updated per V1.2 release.
03 17 Nov 1997 GRL Updated per V1.3 release.
04 10 Jun 1998 GRL Updated per V1.4 release
05 11 Nov 1998 GRL Updated per V1.5 release
06 28 Feb 1999 LHS Updated per V1.5.3 & V1.6 release
07 6 Aug 1999 LHS Updated per V1.7 release
08 10 Sep 1999 LHS Updated per V1.8 release
09 19. Nov. 1999 LHS Included info for sw v.1.7.1. Support for new
TX128-2 Board.
10 2. Dec. 1999 LHS Included info for sw. v.1.9.
11 1. Oct. 2000 LHS Included info for sw. v.1.9.x

- 43 Supported Features

Please see the table starting on page “Intro-13".
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Macintosh HD:User:James:@i-arb:Service:S5_ServiceMan:S5_serv_files:04_features_b_11.fm.

Printed: December 5, 2000.

Feature Comments V1.0 V1.1 V1.2 V1.3 V14 V15 | V153 | V1.6 V1.7/ V1.8 V1.9 V
1.7.1 1.9.x
2D
Zoom X X X X X X X X X X X
Compound LA probes on Premium X X X X X X X X X X X X
only
RF imaging Opt. Opt. Opt. Opt. Opt. Opt. Opt. Opt. Opt. Opt.
Contrast imaging With contrast agents Opt. Opt. Opt. Opt. Opt. Opt. Opt. Opt. Opt. Opt.
Octave Imaging Certain probes only Opt. X X X X X X X X X
Color Flow
Zoom X X X X X X X X X X X
TVI Tissue Velocity Imaging X X X X X X X X X X X
Opt. Opt. Opt. Opt. Opt.
on on on on on
“Adva | “Adva | “Adva | “Adva | “Adva
ntage” | ntage” | ntage” | ntage” | ntage”
Angio X X X X X X X X X X X
Velocity Profiles X X X X X X X X X X
Anatomic Color M-Mode X X X X X X X X X X
Mosaic (“HP”) color map X X X X X X X
M-Mode
Anatomic M-Mode X X X X X X X X X X
Doppler
Tracking Doppler Only on Premium systems X X X X X X X X X X X X
Autotrace X X X X X X X X X X

punosenjn pawbuip 39 @
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Feature Comments V1.0 V1.1 V1.2 V1.3 V14 V1.5 V1.5.3 V1.6 V1.7/ V1.8 V1.9 \%
1.7.1 1.9.x
Different Doppler color Red, blue, yellow, gray, X X X X X X X X
maps black on white
M&A
Cardiac X X X X X X X X X X X X
PV X X X X X X X X X X X
Abdominal X X X X X X X X X X
Ob/gyn.
EchoPAC
EchoPAC support X X Opt. Opt. Opt. Opt. Opt. Opt. Opt. Opt. Opt. Opt.
24 bit frame grabbing Opt. Opt. Opt. Opt. Opt. Opt. Opt. Opt. Opt. Opt.
Integrated EP support Opt. Opt. Opt. Opt. Opt. Opt. Opt. Opt. Opt. Opt.
EchoPAC 3D support Opt. Opt. Opt. Opt. Opt. Opt. Opt. Opt. Opt. Opt.
Continuous Capture Including Frame Grabber Opt. Opt. Opt. Opt. Opt. Opt. Opt.
support [l and RGB/S-VHS switch
box

Other:
Patient archive X X X X X X X X X X
Clipboard support X X X X X X X X X X
User defined defaults X X X X X X X X X X
Annotation recall/ X X X X X X X X X
restore
Update function X X X X X X X X X
3D acquisition FLA, CLA Opt. Opt. Opt. Opt. Opt. Opt. Opt. Opt. Opt. Opt.
VCR remote control X X X X X X X X X X

TT "A8J - UoNINPOAU|
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Feature Comments V1.0 V11 V1.2 V1.3 V14 V1.5 V1.5.3 V1.6 V1.7/ V1.8 V1.9 \%

1.7.1 1.9.x
M&A on playback X X X X X X X X X
Foot switch support X X X X X X X X X X
2D Frame counter X X X X X X X X X X
Heart rate indicator X X X X X X X X X X
ECG trigging X X X X X X X X X X
Stress echo (raw data) X X X X X X X X X X
Up/down, left/right X X X X X X X X X X
Bodymarks X X X X X X X X X
Biopsy Support X X X X X X X X X
TEE temp. override X X X X X X X X X

(43°C)

EchoMAT support Opt. Opt. Opt. Opt. Opt. Opt. Opt. Opt. Opt.

X X X X X X X X

Selectable phono filters

punosenjn pawbuip 39 @
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Principles of Operation —rev. 06

1 Introduction
1.1 Abstract

The purpose of this document, “Principles of Operation”, is to give the service technician/
engineer the theoretical background to understand how System FiVe works, both with re-
spect to functionality, data flow and control. This knowledge together with the System De-
scription, block diagrams and the aid from the “Troubleshooting” chapter, should enable the
engineer to diagnose, localize and repair any service problem that might occur.

1.2 Overview

The document starts with definitions and descriptions of various terms and techniques used
in the system. This section describes the operation of phased and linear array imaging in-
cluding digital beamforming, annular array imaging, tissue processing methods, spectrum
analysis and color flow processing techniques and post processing methods.

1.3 Revision History

Rev. Date Sign. Description
01 15 June 1994 GRL | First version.
02 2 Jan. 1995 LHS Updated layout. Corrected some minor errors.
03 30 May 1996 GRL | Added Scan Seg. diagrams for PA and AA
04 28 Feb. 1999 LHS Fixed a few grammatical and spelling errors
05 19 Oct. 1999 LHS Updated to include changes from sw. 1.7.1.
06 20 Jun. 2000 LHS/ | Corrected errors.

JB

1.4 Terminology

A number of different terms are used when describing medical ultrasound; how it is
implemented, how probes are made, basics on the ultrasound beam, image quality
etc. This section is provided to give a short explanation of the terminology used in
the field. Later, some of the terms are outlined in more detail.

Transducer:

A device made of piezoelectric material that will vibrate at its resonance frequency when a voltage is
applied to it, emitting a wave.

Aperture:
Size of the transducer, with respect to number of wavelengths or in millimeters.
Expanding Aperture:

The number of elements in the receiver is reduced for shallow depths and gradually increased with
depth in order to obtain a uniform focus width throughout the image field.

Effective Aperture:
The projected aperture when angling the beam using phased arrays.
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Apodization:

Weighting of the contribution from elements at the edges in an array transducer. Can be used both
on transmit and receive.

Propagation velocity:

The speed of the ultrasound wave through the body. Is different for different types of structure (tissue,
blood, fat etc.).

Far field:

The area of the ultrasound beam where it expands beyond the aperture of the transducer.

Near field:

The area of the ultrasound beam where its width is less than the aperture of the transducer.
Main lobe:

The area of where the ultrasound beam travels where the signal intensity is within a certain limit.
Side lobe:

Small fields outside the main lobe, caused by the nature of the transmitted signal.

Reflector:

A plane and large (compared to the wavelength) interface reflecting portions of the transmitted signal
back towards the transmitter, straight or in an angle.

Scatter:

A small object (compared to the wavelength) spreading the transmitted signal in all directions, reflect-
ing a small portion.

Geometrical focus:

The center of the curvature in a curved transducer.

Depth of focus:

The distance on each side of the focal point where the beam intensity is above a certain number.
Dynamic focus:

Tracking of the focus point during receive, from close to far depths.

Composite Transmit Focus:

A vector is constructed from samples from several transmit pulses with different focal points.
Contrast resolution:

The ability to show a signal from a weak target close to a strong target (also called local dynamic
range).
Axial resolution:

The ability to separate two neighboring reflectors in the beam direction (vertically). Proportional to fre-
quency.

Lateral resolution:

The ability to separate two neighboring reflectors transverse to the beam (horizontally). Inversely pro-
portional to beam width.

Reverberations:

Multiple reflections between materials (e.g. tissue and fat) with different propagation velocity, causing
“ghosts”, artifacts and noise in the image.

TGC:

Time Gain Compensation used in the receiver to compensate for the fact that reflections from larger
depths are attenuated more than reflections from shallower depths.

Speckle:

Texture from a homogeneous material (e.g. tissue). Will be finer grained with higher frequency.
Penetration:

A measure for how deep one can visualize structures.

Compression:

Amplification of low level echoes and attenuation of high level echoes, so that both can be displayed
and visualized at the same time.

Compound scanning:
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2
2.1

2.2

Using linear arrays, an object can be scanned from different directions. By combining the data ac-
quired from these directions, an image with better resolution and finer speckle can be obtained.

Phased-, Linear- and Curved Linear Array Imaging

Introduction

Phased array, linear array and curved linear array probes consist of several trans-
ducer elements (e.g. 64, 128, 192) which all can be excited independently for the
purpose of both steering the ultrasound beam and focusing the beam at desired
depth. For receive focus purposes, the returning echoes from the different elements
can be delayed accordingly in the beamformer, thus receiving echoes from different
depths at the same direction as the transmit beam was fired.

Array Types

Arrays are typically divided into plane and curved. Phased- and linear arrays are
plane, while curved linear- and annular arrays are curved. Phased arrays and linear
arrays have the same basic construction; though linear arrays usually have larger
and more elements due to the nature of the scan types used.
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Plane Arrays

Fig. 2.1 PIaneArraysT

The above array has electronic focusing in one dimension only, x1, not in the eleva-
tion plane, y1. By curving the element in the y-direction a fixed (not electronic) focus
can be obtained in this direction also. This is how the System 5 probes are designed.

yl

Fig. 2.2 Plane Arr%s, curved in y-
direction

Curved Linear Arrays

A curved linear array is shown below. This type of array has a fixed value (negative)
for the geometrical focus but with the use of electronic focusing and stepping of the
elements (see later) each line can be focused.

H1ld3d <«

2.3 Image Formats

Some of the most common scan formats for the different array probes are shown.
Type of scan will depend on application and mode.
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A phased array scan is typically used for cardiac applications, where one has to ac-
cess the area of interest (the heart) through the ribs. The elements must have a
small width (=< 1/2, | is wavelength), e.g. ~3 mm for a 128 element / 2.5 MHz probe.
The ultrasound beam is steered in a sector by delaying transmit time for the various
elements.

A linear array scan is typically used for abdominal, peripheral and ob/gyn. applica-
tions. In these cases the ultrasound beam is steered in the same direction (mode-
wise) and only a subset of elements is used to generate the beam. By switching to
another subset, the beam can be swept horizontally. Beams for 2D Flow and Dop-
pler are usually angled compared to 2D Tissue in order to obtain optimal access for
acquiring the different types of data (blood flow and tissue structure).
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Due to the relatively large elements (1 - 3 |), the beam for each element is quite nar-
row and angling of the vectors is limited. The linear array images are displayed in a
rectangle or parallelogram.

< >
RTRRRRRRRRRNRRRRRRNN RERRARRRRRRRTRRRRRNIN

Flow

s

Tissue

Curved linear array probes can be used for all the previously mentioned applica-
tions. It is operated the same way as a linear array probe, however, due to the geo-
metrical shape of the aperture, the scan format resembles that of a phased array.
The beam is swept in an arc by gradually switching the subsets of the curved array.
It has a major advantage in a wider image field and better skin contact than linear

array.
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2.4
24.1

2.4.2

Electronic Steering of Probe / Transmit Focusing

Transducer element basics

As mentioned in the introduction, the electronically steered transducers are con-
structed of several elements, isolated from each other. The element size and inter-
spacing (pitch) depends on probe type, and is usually <= 0.5 | for phased arrays
where | is the wavelength given by

|=c/f 2.1)

(c is propagation velocity in tissue ~ 1540 m/s and f is transducer frequency).

> < Size

large element,
narrow lobe

wide lobe

Fig. 2.3 Main Lobes

One of the criteria for selecting the pitch- and element size is given by the maximum
angle one wants to steer the beam, and at the same time avoid having reflections
from the so-called grating lobe (which is a mirror of the main lobe at an angle given
by the element pitch and the steering angle). The main lobes for one element with
two different sizes are shown on the figure above. When firing the element, such a
lobe can be defined as the area where the acoustic intensity is above a certain limit
(e.g. > -12dB) compared to the intensity at the center of the lobe. The shape of the
main lobe gives the maximum angle one can steer a beam without loosing too much
sensitivity (e.g < -12dB). From this can be seen that linear and curved linear have
can have larger element size and pitch since it is not necessary to steer the angle
as far out as for phased arrays.

Steering the beam

When firing a pulse into an element, an ultrasound wave will start to travel from the
element into the body. It will spread out inside the main lobe. If all elements in an
array are fired simultaneously, the resulting main wave from all elements will travel
perpendicular to the array surface.
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Fig. 2.4 Simultaneous firing
However, if the elements are fired with certain delays, the beam can be steered in

an angle. In the figure below, the right element is fired first and, then with a small
delay the element next right etc. until the left element is fired last and with the largest

delay.
TN o

Fig. 2.5 Steering Delays

2.4.3 Transmit Focusing

So far we have achieved to steer the beam in the direction we want to. The next step
is to also focus the beam at a desired depth. This is done by introduction of so-called
focus delays. The purpose of these is to form an electronically steered lens, where
the ROC (Radius of Curvature) can be altered according to selected focal point.
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[e]efo]efe]efe]e]e]e]e]ofe]e]e]o]e]
f Seering
Delays

Focusing
Delays

DIRECTION

Fig. 2.6 Focus Delays

The steering delays and focus delays are added together to a total delay component.
For each line (or angle) these delays are calculated when a probe is connected to
the system. They will depend on probe frequency, number of elements, aperture
probe, maximum allowed scan angle etc. and are stored in a memory on the Trans-
mitter board ready to be used when the desired scan patterns are called for.

2.4.4 Effective (Projected) Aperture

A disadvantage with phased array probes is that the effective aperture of the trans-
ducer is reduced at larger angles.

[olefefefe[[efe[efe[efe[e]e[e[e]<] [ole]efe]e]o[o]e[efe]e[e[e]e]e]<]<]

| < Effective Aperture =|

Effective Aperture

N

Fig. 2.7 Effective Aperture

Resulting problems are increased width of the ultrasound beam and decreased sen-
sitivity on receive side, since we are now operating at the outer limits of the main
lobes for each of the elements. In order to compensate for this, the beamformer has
individual gain control for each beam (or line/angle).

2.4.5 Digital Beamforming / Receive Focusing

The purpose of having a digital beamformer is to discretely sum the received echoes
from all transducer elements from each range (or depth), called true dynamic focus-
ing. Parallel processing can be used to generate multiple beams simultaneously, so-
called Multi Line Acquisition, see section 2.4.7 for details on this. One can also have
a higher frame rate than in analog systems due to the ability to quickly step from one
angle to another.
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When receiving echoes from a single reflector with a plane surface, they will be mis-
aligned in time when added together, as shown in Fig. 2.8 due to the uneven dis-
tance the beam has to travel before it hits the surface. This will result in an unfocused
image.

Fig. 2.8 Unfocused

If the reflected signal was received by a curved surface with the same curvature as
the “reflected wave”, the echoes would be aligned in time when summed together.
The effect of having a curved transducer can be obtained by delaying echoes from
some elements, in the example above the echo travelling the distance, d1, would
have to be delayed to be aligned with the one from d2.

In the Vingmed digital beamformer the delays are implemented in custom made in-
tegrated circuit, called FOCUSORSs. One focusor handles the delays for four neigh-
boring elements and also adds them together. Adding of focusor outputs is done by
another custom made integrated circuit, called a BEAMADDER.

Imaginary Element Focusors Beam Adders
Curvature SEE

Delay

Sngle
Reflector

Dday 2 —‘P

olo|ojojo]|o|ojo]o|o|ojo]o|e|ejo]e
o(0/0 000000 00OO OOOGO

Delay
Delay

Delays Summing

Fig. 2.9 Focused

It takes a total of 32 focusors and 8 beamadders to focus and sum the 128 channels
in the beamformer.
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SUM
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BA2

BF2

BA3

BA2
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One Focusor delays and sums signal

from four elements.

One BeamAdder (level 2) sumssignad

from four Focusors.

One Beamadder (level 3) sumssignal from
two BeamAdder2's and the previous BF board.
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2.4.5.1 Steering the beam

The same parameters are used for generating the steering delays for the beam dur-
ing receive as during transmit.

olo|e|leje|o|o]e]|o|o|oj|o]|e|ojo]|o|e
fDeIays

/

Fig. 2.10 Steering Delays

2.4.5.2 Receive Focusing

The same principles are used for generating the receive focus delays as the transmit
focus delays. The purpose is to generate an electronically steered lens with a vari-
able ROC. However, during receive the delays are updated (calculated inside the
Focusors) for each range (or depth step) starting with large delays at the array edges
focusing at a narrow range, gradually decreasing the delays to “open up” the lens
until infinite focusing (straight lens) is obtained.

[e]e]e[e]e[e[e]efe[o]ofe[o]e]e]o]o]

vy

f Seering
Delays

Focusing
Delays

POINT

Fig. 2.11 Focus Delays
DIRECTION

2.4.5.3 Apodization

In order to control the side lobe level of the beam, apodization is introduced. This is
a windowing function applied to all channels, where the receive signal is gradually
“attenuated” when approaching the outer elements of the transducer aperture.
Apodization is used together with expanding aperture, see section 2.4.5.4.

Al-14 System FiVe - Service Manual - FA091050 |



@® GE Vingmed Ultrasound Principles of Operation — rev. 06

“ Gal n-n “ Gal nn

A

L L
[efe]ofe]ofe]e]o]glofo]ofo]ofo] o] o] [efe]efe]efe]ofo]odofo]ofo]ofo] o] o]

side lobes,

Fig. 2.12 Apodization

2.4.5.4 Expanding Aperture

The width of a focused ultrasound beam depends on the focal point and the size of
the probe aperture according to the following formula:

Dr = K*I*F/D (2.2)

where F is distance to focal point, | is wavelength and D is transducer aperture. The
beam width will

Focal Point
<«— Dg

1g. 2.13 Beam Width,
Constant Aperture

with a constant aperture, be as shown on the figure above (the thick line) for that par-
ticular focal point. For a shallower focal point, the beam width will be narrower.
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In order to maintain approximately the same width as far as possible from the trans-
ducer throughout the field of view, it is necessary to reduce the aperture when focus-
ing at shallow depths (to widen the beam on purpose) and gradually increase it when
focusing deeper (to narrow the beam), thus achieving a beam with constant width.
This is called expanding aperture and causes the beam width to be fairly constant.
It is achieved by controlling the number of active elements participating in receive.
The purpose of keeping the beam width the same, is to obtain a uniformly focused
image and to reduce side lobes in the near field.

max »
»
min

P D

<>
[efefe[efe[e]e[e]efefe]e[e]e]e]e]e]

Focal Point
<«— D¢

End of field of view

Fig. 2.14 Beam Width,
Variable Aperture

2.4.6 Switching linear arrays

Al-16

In order to obtain the excellent image quality which is required for most abdominal
and peripheral applications, linear arrays are used. As mentioned in 2.3, these ar-
rays have large elements, focusing well straight down. Due to the large aperture,
there is not enough delay to steer the beam out to e.g. 45 ©, so the way to cover a
sufficient field of view, is to use a few arrays to construct one vector, then switch in
another set of arrays to construct the next vector, and so on. In this way the beam
will sweep horizontally along the whole array surface. The switching of elements is
done both on the transmitter and in the beamformer. In linear arrays with more than
128 channels (e.g. 192) there is a multiplexer (located inside the probe) continuously
rerouting 128 of the 192 channels into the 128 receiver channels.

fefe[e]e[e]e]e]o]e]e[e]e]e]o]e]e]e]e|e|e]e|e]e|efe]e]e]e|efe|e]e[e]e[e[e]e[e]e]o]e]o]e]o]e]e]e]

P Sweep Direction

Fig. 2.15 Linear Array Sweeping
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2.4.7 Multi-Line-Acquisition

The standard System 5 beamformer generates one vector or line when receiving
data from one transmit pulse. Optionally, two additional beamformers can be imple-
mented working in parallel with the first one, generating three simultaneous lines.
Each of the beamformers will in this case have different steering delay parameters.
The lines must be located relatively close together (within the main lobe of the trans-
mitted beam). The advantage of Multi-Line-Acquisition is increased framerate.

MLA is implemented physically by installing more focusors and beamadders after
the A/D converters on the Beamformer boards.

Delays

[T [e[Te[e[-Te[eJeTe [T o[] %
a f

main

lobe
v
R MLAO
32FOC  j—— 8 BA —— |
[ J
MLA1
[ ) 128 A/ID 32FOC  |—— 8 BA ——
[ J
MLA2
32FOC |ee— 8 BA ——

Fig. 2.16 Multi-Line-Acquisition

2.4.8 Scan Sequencing

Initially (before start of scan) FEC loads all parameters into TX and BF cache.

Then the scan program is started on FEC. FEC loads tx-parameters from TX cache into
TPGs for vector # n (listed in program). Then it loads bf-parameters from BF cache into Fo-
cusor ASICs for vector # n. FEC tells RFT to start loading the preceding data for vector # n
from start addr. FEC issues a TXTRIG_L to fire the transmitter, a SYNC to synchronize re-
ception and a EOL_L (End Of Line) indicating that the bottom of FOV is reached.

After a tx pulse is fired, received data is continuously digitized, delayed, filtered and stored
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in 1Q memory. During this time, the FE_BUS is ‘dead’.
After EOL_L is reached, FEC loads data for another vector.

FEC SCAN PROGRAM

Line# | TX cacheaddr.| BF cacheaddr. | RFT 1Q adar.
Start:
1 addr. for line1| addr. for line 1| addr. for line 1
4 addr. for line4 | addr. for line 4| addr. for line4
69
23
| \
| |
| | FE_BUS
| Repest scan, [go fo Sart. \?L_L, SYNC L, TXTRIG_L
# of vectors
FE_BUS 256
TXTRIG_L RFT (max
FE_BUS HH
] SYNC_L -
TX board Dflay, Freg,Width #of samples R (2D)
2 1024 (max) T
3
Z
5
TPG
BF1-4 Delay, Gain, Apod. etc
Cache >
3
i
DISPLAY -
FOC
Cache
14 23 69 TIMING
TXTRIG_L L
SYNC L 1 L
EOL_L
| - > | <> |
FE_BUS“quiet” Addr. for new vector loaded
3 Annular Array Imaging
3.1 Introduction

The Vingmed Annular Array probes consist among other things of a transducer element built
up by 2 -5 concentric rings, made by a piezoelectric material, where the rings are electrically
isolated from each other.

High voltage ultrasound pulses in the range of 2 - 7.5 MHz are repeatedly applied to the dif-
ferent rings with a pulse repetition rate determined by the system setup (like depth and an-
gle). These pulses forming an ultrasound beam, traverse into the body. Most of the energy
is absorbed/attenuated (apprx. 1dB/MHz/cm) in the tissue, but some energy is reflected by
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structures and moving blood cells. These reflections are used to generate Tissue- and Dop-
pler/Flow images.

An advantage with the concentric rings in the annular array probes as opposed to phased
array probes is the ability to focus also transverse to the scanning plane, in addition to the
normal focus in the axial and lateral planes.

.
\@

In order to obtain an image of a plane through the heart, the ultrasound beam must be swept
in an arc. This is done mechanically by a motor driving the element back and forth while
transmitting and receiving.

Motor

I Cord
Axle

Element

Fig. 3.1 Element Movement

System FiVe - Service Manual - FA091050 | Al-19



Principles of Operation — rev. 06 GE Vingmed Ultrasound

3.2 Moving the Transducer Element

As outlined in the introduction, the transducer element is moved mechanically by a
motor. The linear motor is driven by a controller in regulator loop. A reference sweep
is generated on the controller. This sweep is compared to a position feedback signal
(from the probe) reflecting the position of element. The difference between the ref-
erence and the position feedback is used to drive the element in the desired direc-
tion.

CONTROLLER

Motor Ctrl.

>
o PROBE
—>
Z Position Feedback

Fig. 3.2 Motor Controller

Type of sweep will depend on mode of operation and system setup. The frequency
and amplitude of the reference sweep will determine the scan angle and framerate
of the displayed sector. Below is shown a sweep used in Triplex mode, with a tissue
scan going left, a flow scan going right and Doppler when element stands still. A tis-
sue scan is usually significantly shorter than a flow scan due to the required data col-
lection time in the two modes.

Angle
(Flow, Tissue) .
(Right) Stationar
\ (Doppler, M-M (ﬁe)_r
(Tissue) me
(Left)
SCAN SIGNALS

LSCAN L | |
RSCAN_L | |

staTL ] |

TLREQ L ||||||||||||||||||||||||||
FLREQ L ||||||||||||||||”””””l—

Fig. 3.3 Scan Signals

The controller generates several scan signals that will vary depending on the sweep
type. These signals are used by the system to synchronize transmit firing and re-
ceive sampling of echoes.

LSCAN_L (Left Scan) is active when the element moves from right to left.
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RSCAN_L (Right Scan) is active when the element moves from left to right.
STAT_L (Stationary) is active when the element is standing still.

TLREQ_L (Tissue Line Request) is pulsed active each time a tissue scan line should be gener-
ated (maximum 128 times per scan). It initiates the transmit firing sequence.

FLREQ L (Flow Line Request) is pulsed active each time a flow scan line should be generated
(maximum 64 times per scan).

3.3 The Ultrasound Beam

Resolution and Penetration

In order to obtain sharp, well-defined images, the ultrasound beam must be as narrow as
possible in the region of interest. Lateral resolution (the ability to separate two adjacent hor-
izontal reflectors) is directly proportional to the beam width which again is determined by the
element radius and curvature, in addition to distance (depth) from transducer and frequency
of the ultrasound. Axial resolution (the ability to separate two adjacent vertical reflectors) is
inversely proportional to the ultrasound frequency, not affected by the beam width. Axial res-
olution will improve with increasing frequency. However, since tissue absorption of ultra-
sound increases with frequency the penetration will decrease. Penetration is a measure for
how deep one can visualize structures.

Transmit Focusing

From the field of optics it is known that to focus a light beam, one uses curved lenses, (i.e.
in glasses). Curved lenses will produce a focal point at a fixed distance from the lens. For
ultrasound scanners where the area of interest can vary from e.g. 10 to 25 cm with the same
type of probe, a fixed focus is not sufficient. One must be able to change it. This is done by
controlling the transmit delay between the element rings. Each of the rings can be “fired” in-
dependently at different times during transmit. By exciting the outer ring first and then the
inner rings with larger delays as time elapses, the focal point can be programmed to the de-
sired depth as illustrated in the figure below. The time delays can be changed depending on
depth setting, thus achieving a variable focal distance.

Using this method of firing transmit pulses gives the same effect as if the element was curved
like a lens and the curvature could be changed.

Transmit pulses Crament

| —

" R

S
S

N AN

y e — IS
e

Fig. 3.4 Transmit Focusing

Receive Focusing
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Focusing on receive is necessary due to the fact that the reflected signal from a tar-
get will not return to all probe rings at the same time, this due to the uneven distance
it has to travel. In order to compensate for this, the signal returning to the center and
inner rings are delayed with respect to the outer ring, thereby “aligning” the reflected
echoes in time.

Receive echoes
V[?gl ?at))/l Se El E2 Element
A A — A |\ — Reflectors
A A — A A
A A — A A R2......... Rn
—_
A A ——A N\ o [ =P )
| SR |
A A =
T /= A A
| SR |
with focusing without focusing
A A NV SV
El E2 El E2

Fig. 3.5 Receive Focusing

In System 5 the reflected signal from each ring is fed to 16 different Focusors.
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3.4 Image Formats

3.4.1 M-Mode

In M-Mode the probe element is standing still (in Stationary mode) pointing at the
area of interest. M-Mode is displayed in the time domain with the time on the x-axis
and depth along the y-axis. As time elapses one will see the movement of the tar-
geted objects on the display.

Depth
‘ M Heart wall

M\/"\— Valve

-4 Ledlets
1024
Samples

(e R, g
A ey | oot vl

YYY
Lines

Fig. 3.6 M-Mode Display

P Time

3.4.2 2D Tissue

In 2D mode the probe scans through a sector while transmitting ultrasonic pulses and receiv-
ing echoes from structures and tissue. When doing one scan (from left to right or right to left),
a total of maximum 128 transmit pulses are fired and 128 scan lines (or beams) are con-
structed. Each scan line consists of maximum 1024 samples.

Element

Maximum
1024 Samples

Right

Sample

Maximum 128 Lines
Fig. 3.7 2D Tissue Sector Display
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3.4.3 Doppler

The probe element is standing still (in Stationary mode) pointing at the area of inter-
est. The spectrum is, as M-Mode, displayed in the time domain with time along the
x-axis and velocities along the y-axis. The spectrum analyzer can differentiate 256

different velocity components.
The spectrum display is organized as shown in Fig. 3.8.

A

256
velocities

xxx lines
-

Fig. 3.8 Spectrum Display

3.4.4 Color Flow

The color sector is divided into yyy flow scan lines and maximum 256 samples per
scan line as shown in Fig. 3.9. When collecting data for 2D Flow, the probe usually
scans from left to right while transmitting the ultrasound pulses and receiving the

Doppler shifts from moving objects.

Element

Maximum
256 Samples

Right

Fig. 3.9 2D Flow Sector Display
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3.4.5 Color M-Mode

In Color M-Mode the flow information is superimposed on the tissue M-Mode dis-
play. Data is collected while the probe is standing still. Display is in the time domain.
Tissue vectors along the depth-axis is constructed from maximum 1024 tissue sam-

ples, while color vectors are constructed from maximum 256 color samples.

Depth

1024
Samples

Color
Flow
Area

Principles of Operation — rev. 06

Valve
Leaflets

Heart wall

YYY .
Lines P Time

Fig. 3.10 Color M-Mode Display
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Tissue Processing

General description

M-Mode

The pulse repetition rate of the transmit pulses in M-Mode is fairly high compared to
2D mode, and is limited by the acoustic velocity of sound in tissue (~1540 m/s) and
the desired field of view / depth. After a pulse has been transmitted, a relatively long
time is used for receiving the returning echoes from the body. The received echoes
are amplified, A/D converted, focused, TGC controlled, filtered, detected, com-
pressed, peak detected, edge enhanced and clipped before being stored in memory,
scan converted and displayed. Maximum 1024 samples are constructed for each
transmit pulse.

2D Tissue

One pulse is fired in one direction, then the received echoes from this pulse is am-
plified (ATGC), A/D converted, focused (receive focusing), digital TGC controlled, fil-
tered, detected, compressed, offset is added and the signal is clipped, see functional
block diagram, Fig. 4.1. A new pulse is fired, and the same sequence is repeated.

Below is shown a functional block diagram of the 2D Tissue data flow.

Al1-26

AAPRC

PA: TX Board DIGITAL
A/D FOCUSER TGC DETECTION COMPR.
— |2 + Al /‘
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Fig. 4.1 2D Tissue Data Flow
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4.2

4.2.1

Detailed descriptions of data processes

The different data processes after focusing and before the scan conversion will be
described in this section.

Time Gain Compensation

Because of the attenuation of ultrasound in tissue (~ 1dB/cm MHz), the reflections
from tissue at far depths are much weaker than reflections from structures at shallow
depths. In order to compensate for this intensity drop, Time Gain Compensation is
provided. The amplification is increased with increasing depth. In System 5 there are
two types of this: Analog Time Gain Compensation with a 0 - 40 dB range is imple-
mented on the Receiver board. The purpose of this is also to optimize the input volt-
age to the A/D converters. Digital Time Gain Compensation is implemented on the
Tissue Processor board. This is the TGC which is user controlled via slide potenti-
ometers on the front panel.

Reflected Signal T

TGC /’—
» Depth

After TGC T /\«W

Fig. 4.2 Time Gain Compensation

» Depth
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4.2.2 RF Demodulation

GE Vingmed Ultrasound

An ultrasound burst with a certain length (a few us) is transmitted from the transducer ele-
ments into the body at a certain direction towards the area of interest.

As this burst propagates through the tissue it is attenuated and reflected, and when hitting
moving objects (blood cells, leaflets, heart walls etc.), the reflected signal is modulated by

the velocities of the objects.

-

-

f | |
P f o ZfQ

Ve

N

Fig. 4.3 RF Demodulation

RF demodulation or mixing, is a complex modulation with a frequency, fyerm, (Which may vary
with depth) followed by a low pass filter.
- A complex multiplication will move the signal up to 2 times the demodulation frequency and

down to the base band.

- The low pass filter will remove the signal wrapped around 2 times the demodulation fre-

quency.

Al1-28
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4.2.3

RF filtering

As previously mentioned, high resolution images are obtained using high ultrasound fre-
guencies (sacrificing penetration), and good penetration images are obtained using low fre-
guencies (sacrificing resolution). These two facts are combined on the receiver side by using
a so-called swept filter, i.e. after complex multiplication, a low pass filter is swept from a high
cutoff at shallow depths gradually down to a low cutoff at deeper depths. An analogy using
swept band pass filters is shown in the figure below.

4.2.4

4.2.5

Swept Band Pass Filter

Depth

Fig. 4.4 Swept Filter

Detection

Detection (or rectification) is a process where the signal amplitude is derived from
the RF signal, i.e. the sign is neglected. In System 5 this is done digitally on the RF
and Tissue Processor board by a square root operation of the two-phase compo-
nents, | and Q.

/\ /\ P | » i
"wan AW I » Time
piaila2ul \ Time

Fig. 4.5 Detection

Compression (pre-)

Detection of a signal is usually combined with compression where low level signals
are amplified more than strong signals. This is done to reduce the dynamic range,
so that the weak echoes can be visualized together with strong ones. A typical trans-
fer function of a compression curve is shown below.

Output

» Input
Fig. 4.6 Compression
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4.2.6 Composite beam handling / Zone stitching

A1-30

As one can see from the descriptions on focusing, the transmitted beam has one fo-
cal point only, usually placed in the center of the field of view. Better focusing would
be achieved if one could combine the received data originating from different beams
with different transmit focus points. This can be accomplished in System 5 with so-
called Composite Transmit Focusing. Several beams with different focus and differ-
ent transmit frequency are fired in the same direction (though not consecutively),
and the received data is combined in such a way that the focused zones from each
beam are “stitched” together. The technique is most commonly used with linear ar-
rays to obtain excellent image quality (sacrificing frame rate). It is also usually com-
bined with swept receive filters.

RECEIVE FILTER
BW

TRANSMIT FOCUS FOR ZONES TX PULSE
) /N L
— 1
ransmit

foca J'I_'_

e

-

-

Depth L »A

Fig. 4.7 Composite beam
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4.2.7 Peak detection and Edge Enhancement

Peak detection is done in order to reduce “black holes” in the image. It is accom-
plished by comparing two or more consecutive samples along a beam, picking the
larger for further data processing.

Edge enhancement is a filter technique where a rapid change in the amplitude of the
received signal will be emphasized, thus easier visualizing moving targets and struc-
tures (like leaflets). The degree of enhancement will usually be higher in M-Mode.

Precompresses signal I\

After derivation j\‘

Precompressed + derivated
Offset added
~
U
After clipping
I

\ “Shadow enhancing”

Fig. 4.8 Edge Enhancement

Spectrum Doppler Processing

General Description

When an ultrasound wave is transmitted into the body, the velocity of any moving
scatter will be modulated onto the frequency of the transmitted signal. The backscat-
tered signal will have a higher or lower frequency depending on if the target is mov-
ing away from or towards the transducer. The frequency shift of the backscattered
signal can be derived using the following equation:

Fq=2Fgv/c (5.1)

where Fq is the transmitted ultrasound frequency, v is the scatter velocity and c is
the acoustic velocity in tissue (apprx. 1540 m/s). The above equation is valid provid-
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Al1-32

ed the angle between the ultrasonic beam and the direction of the blood flow is small,
I.e. beam is close to parallel to flow. The ultrasound wave (Fg) is typically in the fre-
guency range of 2 - 7.5 MHz, while the velocities of the moving blood cells are in the
range of +/- 0 - 40 kHz. There are two ways of measuring the velocity of the blood
cells utilizing the Doppler technique. One is using Pulsed Wave (PW) Doppler and
the other is using Continuous Wave (CW) Doppler.

Below is a functional block diagram of the Doppler data flow.

AA: PRC RE%'P N
PA: TX Board RF INTEREST
DEMODUL. SAMPLING HIGH PASS
r—é] A/D FOCUSER (PWONLY)
] [E
\ { o — o/o j— f
: RX Board SIN/COS
(- _J
BF — -
RFT
SPECTRUM SPATIAL TEMPORAL SCAN
ANALYZER AVERAGE AVERAGE CONV DISPLAY
A : J
A\ I ° [ XXX XX} + '{"\"\n\'\\/
[ )
i S I PR ]
e SPEAKERS
D/A> DOPPLER AUDIO ‘ ‘
— p FRONT PANEL
PP

Fig. 5.1 Doppler Data Flow
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5.2 Detailed descriptions of data processes
5.2.1 RF demodulation

An ultrasound burst with a certain length (a few us) is transmitted from the transduc-
er elements into the body at a certain direction towards the area of interest. As this
burst propagates through the tissue it is attenuated and reflected, and when hitting
moving objects (blood cells, leaflets, heart walls etc.), the reflected signal is modu-
lated by the velocities of the objects.

In order to extract the Doppler shift from the backscattered signal, the ultrasound
component must be removed. This is done in a process called RF demodulation or
mixing and is a complex modulation followed by a low pass filter.

/N
/T\

Fig. 5.2 RF Demodulation

A complex multiplication will move the signal up to 2 times the demodulation frequency and
down to the base band.

The low pass filter will remove the signal wrapped around 2 times the demodulation frequen-
cy.
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5.2.2 Sampling in Pulsed Wave (Narrow Band)

Al1-34

Since it takes time for the sound wave to travel from the transducer, down to the
target and back up,

t = 2d/c, t=time, d=distance, c=1540m/s (5.2)

there is a limitation on how often one can transmit (pulse repetition rate) to avoid
having echoes from two transmit pulses at the same time, (Nyquist limit).

The receiver can sample the signal a certain selected time after transmit, called the
depth. The size of the sampled blood flow is called the sample volume. Only veloc-
ities from this depth is later displayed.

Conventional PW Doppler is limited to measuring velocities below the half the
Nyquist limit (or below the Nyquist limit if so-called spectral unwrapping is used
(baseline moved up/down)). Velocities above the Nyquist limit will be aliased, i.e. be
wrapped around as opposite velocities.

Burst Length
TransmiU”'”l I||||||
Pulse Sample Volume
Receive P
Gate _>|_|4_
< Depth N
al Vl
P Pulse Repetition Time |

Fig. 5.3 Pulsed Wave
Doppler

In high PRF PW Doppler the pulse repetition rate can be much higher than in con-
ventional PW. However, in this mode there are multiple sample volumes located
along the ultrasonic beam. This off course causes range ambiguity, since it is impos-
sible to interpret from which sample volume the backscattered Doppler shifts origi-
nate.
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5.2.3

5.2.4

The PW Doppler technique in System 5 is two-dimensional, where the sample vol-
ume is divided into maximum 64 discrete ranges. For each transmit pulse (along the
horizontal axis) these 64 ranges can be stored along the vertical axis, thus building
up a matrix. In order to incorporate the effect of the scatter displacement from one
pulse to the other, the backscattered signals for DFT estimation are picked from dif-
ferent delays (ranges) from pulse to pulse. This is described in more detail in the
Spectrum Analyzer paragraph 5.2.5. This method of performing PW Doppler spec-
trum analysis makes it possible to measure velocities up to ~7 times the pulse rep-
etition rate without aliasing.

Fig. 5.4 PW Sample Volume

Continuous Wave

In CW mode, the transducer elements are divided into one section for transmit and
one section for receive. An ultrasound signal is continuously transmitted into the
body and the reflected signal demodulated in the receiver. This mode lacks range or
depth resolution (one do not know the location of the different scatters), but the prob-
lem with a limited pulse repetition rate does not exist, thereby giving the ability to
measure high velocities.

High pass filtering

Before spectrum analysis, the signal is high pass filtered to remove low frequency
components. This is done in a variable digital filter on the RF and Tissue Processor
board and is also called Low Velocity Reject from a user’s point of view.

A

Low velocities
from heart walls rejected Velocities from blood passed

/

Cutoff frequencies available

v

v
<

Vhp

Fig. 5.5 High Pass
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5.2.5 Spectrum Analyzer

A1-36

A modified Discrete Fourier Transform is used to perform the digital spectrum anal-
ysis. As mentioned previously, the whole sample volume in PW is divided into max-
imum 64 discrete samples or ranges, thus there are 64 discrete ranges (making up
one sample volume) per transmit pulse. Samples/ranges from maximum 512 pulses
are stored in a matrix as shown in Fig. 5.6.

[n] (maximum 512 pulses) R
[ x(0,0) [x(0,2) x(0,n) X(O,N-1)
7| PO Ix(1) x(1.n) X(1N-1)
-
% x(r,0)  x(r,1) X(r,n) x (r,N-1)
3
% X(R-2,0)[x(R-2,1) X(R-2,n) X(R-2,N-1)
Ev [XRLOXR1L1) X(R-1,n) x(R-1,N-1)

Fig. 5.6 PW Data Storage

By organizing the data in this fashion, the backscattered signal from a scatter will
move up or down according to its velocity as time elapses for every new pulse, [n].
Thus, by performing DFT on different slopes where the data is picked from different
ranges from pulse to pulse (see example in Fig. 5.7 below), one can estimate the
various frequency/velocity components present within the sample volume.

Assuming in the example below that scatter A is located at depth r;; at time t,, then
at time t; it has moved to ry4 and so on. Since both time (pulse repetition time) and
distance (derived from range delay) of travel is known, the velocity, v,, can be esti-
mated, (r17 -ry4)/(t;-tp). Scatter B moves slower, vg, since it needs the time t, - t; to
travel the same distance as scatter A.

There are a total of maximum 256 frequency components (slopes) or velocities
which are estimated in the complete spectrum analysis.

t, t, tg ty

=

Fig. 5.7 Example

For CW mode the data acquisition is done as a function of time only, i.e. in one range
as time elapses.

System FiVe - Service Manual - FA091050 |



@® GE Vingmed Ultrasound Principles of Operation — rev. 06

Color Flow Processing

General Description

2D Flow

In PW Doppler the velocity, intensity (power) and direction of the blood is interrogat-
ed within one sample volume utilizing DFT, which is rather time consuming. Thus,
this method is unsuited for Color Flow velocity estimation.

Color Flow information is obtained using Multigated Doppler, where the signal from
multiple samples along a line are analyzed. Unlike 2D Tissue imaging where it is only
necessary to fire one pulse for each direction and then perform sampling along this
line, 2D Flow imaging requires firing of several pulses in the same direction, ref.
Fig. 6.2, and repeated demodulation and sampling of the signal from the same scat-
terers. This must be done in order to observe the movement of the scatters over
time, otherwise it is impossible to tell if they have moved or not. The longer they are
observed, the better is the frequency estimation. When sufficient time is spent to
gather data in one direction, one can start collecting data from the next.

A functional block diagram (Fig. 6.1) shows the complete data flow for the color flow
processing, from transmit to display. As for Doppler, the RF signal is amplified, A/D
converted and demodulated, i.e. the ultrasound component (F,) is removed from the
backscattered signal. The samples from the region of interest (inside the color sec-
tor) are used for processing by the 2D Flow unit.

It is necessary to high pass filter the backscattered signal (so-called Fixed Target
Cancelling), due to presence of strong low-frequency components from the slowly
moving heart walls, valves and leaflets.

Color M-Mode

Data for Color M-Mode is acquired in the same way as for 2D Flow, with exception
that the beam is pointing in one direction only, not scanning. Thus, the same func-
tional data flow diagram (Fig. 6.1) and velocity estimation (Fig. 6.2) is valid (when all
sector shapes are replaced with vertical vectors and rectangles).

The advantages of Color M-Mode over 2D Flow are better accuracy of the velocity
estimation and better signal to noise ratio since more pulses can be fired in the de-
sired direction (the probe does not move as in 2D Flow). In addition, this mode pro-
vides superior temporal resolution, but the spatial resolution is poor.
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Fig. 6.1 2D Flow Data Flow

6.2 Detailed descriptions of data processes

6.2.1 RF Demodulation

This is performed in the same way as for Doppler with a complex multiplication fol-
lowed by a low pass filter.

N
-

™
-
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6.2.2 Sampling in region of interest

As mentioned before, repeated data sets from consecutive samples or ranges along
a beam is required in order to later perform high pass filtering, velocity estimation
and color encoding. Selection of which samples to further process, is actually done
by the Front End Controller board enabling the addresses (for the data sets for rang-
es within the selected color sector) to the RF and Tissue Processor data buffer.
Samples originating from outside the boundaries of the color sector, will be neglect-
ed.

6.2.3 Variable high pass filtering (Fixed Target Cancelling)

Samples from the same ranges at different time intervals are stored in a memory, so
that they can be used for estimation of the velocities within each range. Velocities
below a certain user selectable limit (Low Velocity Reject) are rejected in a variable
digital high pass regression filter, which “on the fly” first generates a curve of the low
-frequency components, then subtracts the curve from the signal to separate the
high-frequency components.

|A

Low velocities

from heart walls rejected Velocities from blood passed
Cutoff frequencies available
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6.2.4 Autocorrelation and Range Averaging

6.2.5

A1-40

Given arange, r,, at a certain depth with the transducer element pointing all the way

to one side (at line # 0). The sampled values in this range will vary with time (from t,
to ty) according to the scatters within this area as shown in a). These samples are
stored in a memory as shown in b), as well as samples from any other range at the
same time intervals (prt). By comparing the data from this range with the neighbor
ranges in a so-called autocorrelator, estimates reflecting movement of blood can be
obtained. In order to axially smoothen the color vectors, range averaging of the au-
tocorrelation values is performed.

Frequency Parameter Estimation and Color Encoding

Three different estimators use the autocorrelation values to estimate the velocity,
power and bandwidth of the signal. The results are computed in signal processors.
Two different color coding schemes are used to map the parameter estimates in a
two-dimensional display (c):

Power/frequency map: The color intensity is modulated with signal power and center
frequency determines color hue.

Bandwidth/frequency map: The center frequency is mapped in red-violet-blue for
low bandwidth signals, gradually changing to green for higher bandwidths.

The above mappings are used as the basis for the displayed color in the particular
pixel (picture element) corresponding to the position of that range (after scan con-
version) (e).

Intelligent mapping used together with an advanced algorithm for autocorrelation
features a color coding without aliasing or wrap-around for frequencies above the
Nyquist limit.
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b)

d)

Principles of Operation — rev. 06

As time elapses and the flow line position is changed, the above process is repeated
(d) for each range in each flow scan line until the transducer element points all the
way to the other side (e.g at line # 63 for AA probes) and one complete color frame
has been generated.

Signal samples at tyto ty in ranger,
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Fig. 6.2 2D Flow Velocity Estimation
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7.2
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GE Vingmed Ultrasound

Post Processing

Recursive Filtering

In order to reduce random noise in the image, recursive filtering (or temporal aver-
aging) is performed. This is averaging of data located at the same pixel position from
frame to frame. Signal from structures will be present from one point in time to the
other, while noise usually will appear once, and will be averaged out over time.

New
> WEIGHT

v

Old

MEMORY

Fig. 7.1 Recursive Filtering

Scan Conversion

The main purpose of the scan conversion process is to convert the image data
stored in a rectangular format in memory to a geometrical correct image on the mon-
itor, i.e. the data has to be presented on the screen in the same format as it was ac-
quired (e.g. in sector shape for AA or PA probes). This is done by converting the x
and y addresses from the pixel domain to r and theta addresses in the angular for-
mat. These r and theta addresses are used as inputs to the memory. The pixels are
given a grey scale (for tissue/Doppler) or a color (for flow) value which depends on
the data stored in the memory.

MEMORY

samples

T pixels

vectors
Fig. 7.2 Scan Conversion
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7.3 Interpolation

It is not very likely that a sample in the r/theta format coincides with the accurate po-
sition of the pixel, thus, somehow they have to be aligned. Also, the value of the pixel
will depend on the values of several surrounding samples, not only the closest. This
is accounted for by bi-linear interpolation where 4 neighboring samples (two in r- and
two in theta direction) are simultaneously read out of memory and weighted to cal-
culate the pixel value.

It is quite obvious that there are far to many horizontal samples stored in memory
for shallow depths, compared to the number there are room for in the near field of a
sector shaped image. Thus, a lot of samples are “thrown away” during interpolation.
In the far field there are not enough horizontal samples, and interpolation is used to
generate pixel values based upon information from neighboring samples.

©c @
O 0 O = | |
e o

[l pixes

@ samples

Fig. 7.3 Interpolation

7.4 Compression and Reject

All though there is a compression of the signal prior to scan conversion, there is also
compression and reject after the scan converter. As mentioned before, compression
will enhance low level echoes on behalf of strong signals, while reject will suppress

noise.
Output /“
/ » Input

Fig. 7.4 Compression/reject
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7.5

Al-44

Arbitration

An arbitration algorithm takes care of the priority between grey scale and color code
in 2D Flow imaging, where the two has to be blended in such a way that the color
information is correctly superimposed on to the black and white tissue information.
Since a pixel can only be of one data type, both tissue and flow data are weighted
and the greater is selected as the output pixel.

Flow | Convert
Arb.sel. | to Tissue
Type

Fig. 7.5 Arbitration
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System Description —rev. 07

8 Introduction

8.1 Overview

The purpose of this document is to give a system overview, with special emphasis
on data flow from the probes to the monitor. A block diagram, Front End and Mid.,
rev. 10 on page B1-3, is used as a reference for the description starting with:

9: General Information. The system is divided conceptually into four functional
blocks;

10: Front End,

11: Mid Processors,

12: Display and Control and

13: Keyboard, I/0 and Peripherals.

8.2 Document History

Rev. Date Sign. Description

01 25 Aug 1994 | GRL First version.

02 2 Jan 1995 LHS Updated layout. Corrected some minor errors.

03 21 Aug 1996 | GRL Minor corrections, added descr. of HV supply

04 28 Feb 1999 | LHS Updated and corrected some errors.

05 9 Sep 1999 LHS Some small changes to reflect that the Image
Port 2 Board has been introduced.

06 18 Oct 1999 | LHS Corrected errors. Updated to include changes
from sw. 1.7.1, RX64 has been introduced.

07 1. Oct. 2000 LHS Corrected errors.

9 General Information

System FiVe is a phased and linear array ultrasound imaging scanner with an
option for mechanical annular array probes. The system is universal and can
be used for a number of various applications; all a matter of software.

The system can do 2D black and white imaging, 2D Color Flow, M-Mode black
and white imaging, Color M-Mode and Doppler, in addition to a number of com-
binations of the above. It also has provisions for several analog inputs (e.g.
ECG, phono).

System FiVe is a digital beamforming system which can handle up to 192 ele-
ment linear probes by use of multiplexing.

System configuration is stored on a hard disk and all necessary software is
loaded from the hard disk on power up.

System FiVe - Service Manual - FA091050 | Al-45



System Description — rev. 07 GE Vingmed Ultrasound

10
10.1

10.2

10.3

Al1-46

» User interface via the keyboard initiates the system operation and set-up via
two major bus structures interconnecting the different printed circuit boards re-
siding in the card cage.

» Signal flow from the input connector panel to the monitor and peripherals is
mainly done over a backplane, but the final path from the I/O section and up
from the card cage is done via cables.

Front End

General information
The System FiVe Front End consists of the following boards:

* Relay Board (RLY),

*  Transmitter Board (TX),

* Receiver Board (RX),

*  Probe Controller Board (PRC),

*  Beamformer Boards (BF) 4x

*  Front End Controller Board (FEC).

It presents a digital representation (18 bit) of the backscattered/reflected signal from
blood and tissue to the Mid Processor section.

Front End Bus

Most of the FE boards are controlled by the Front End Controller board via a Front
End Bus (FE_BUS). The FE_BUS is a synchronous and bidirectional bus built up by
16-bit data, 6-bit device address select, 10-bit page address and 8 strobe signals
controlling the data transactions. The Front End Controller board can also read the
revision status of the Front End boards through a serial line to a E2PROM located
on each board.

Phased and Linear Array Front End

 The phased and linear array probes consist of several identical transducer ele-
ments (e.g. 64, 128, 192). Three probes can be connected to the system. The
connectors are physically located on the RLY board, where one of them is se-
lected and connected to the transmitter (TX) and receiver (RX) through a num-
ber of relays.

» Depending on probe type and system setup, a certain scan pattern is selected
on the FEC board. This board loads scan parameters for both the transmitter
and the beamformer (steering- and focusing delays) into local RAM on these
boards. Thus, when the FEC board goes through a scan sequence, it loads the
proper contents of the RAM into the TPG, then issues a transmit trigger pulse
(TXTRIG_L) for the transmitter and a receive synchronization pulse (SYNC_L)
for the beamformer. By firing the transmit pulses from the different elements at
certain repeated time intervals and with different delays, the ultrasound beam
can be steered in desired directions (re. principles of operation) obtaining the
selected scan patterns (e.g. 2D, 2D Flow etc.).
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*  The ultrasound transmit bursts are generated on the TX board, initiated by the
transmit trigger pulse (TXTRIG_L). The transmit trigger starts the Transmit
Pulse Generators (TPG) on the TX board, each generating 16 transmit pulses
with different delays. The transmit pulses are then routed to separate transmit
“amplifiers” fed with voltage HV1 and HV2 witch are controlled by the Acoustic
Power control software.

*  The transmit pulses are routed over an Xducer Bus Board (XDBUS) located on
the front side of the Front End boards, to the Relay board, where they are fed
to the selected (one out of three) phased/linear array probe.

»  The reflected signal from body structures and blood cells are routed from the

probe, via the Relay board over the Xducer Bus to the RX (receiver) board,
where preamplification (20dB) and Analog Time Gain Compensation (ATGC)
(-10 - +30 dB) is performed. Gain is determined by an analog signal (ATGC)
generated by the FEC board.
On the very input of the RX board are transmit/receive (T/R) switches to prevent
the transmitters from destroying the receivers. Prior to preamplification the sig-
nal from the different channels is also fed through relays. This is for having the
possibility to route echoes from annular array probes into the receiver, in addi-
tion to injecting a test signal, TSIG.

*  The output channels from the RX board are fed to four Beamformer boards.
Each Beamformer board performs A/D conversion of 32 channels. Then the
sample outputs from four A/D converters are fed to one Focusor ASIC. The
samples in the four channels are individually delayed (to focus at a certain
depth) and weighted (so-called apodization) before summed to one channel.
The sample outputs from four Focusors are summed to one channel in a so-
called Beamadder ASIC (level 2) (BAL2) while finally the outputs from two
BAL2’'s are added together with the output from the preceding Beamformer
board (if existing) in a Beamadder ASIC (level 3) (BAL3). The output from
Beamformer 1 (sum of 32 channels) is fed to Beamformer 2 where it is added
to the sum of the 32 channels on Beamformer 2. This summation goes on
through all four Beamformer boards until all 128 channels are summed making
up one sample focused at a certain depth. The next sample is then focused a
little deeper and so on, until one vector is made up. Before the next transmit trig-
ger pulse is fired, new delay parameters are loaded from VRAM into the Focu-
sors so that they can focus in a new direction and/or depth.

* In order to process two vectors simultaneously (Multi Line Acquisition), a sec-
ond set of Focusors and Beamadders can optionally be mounted on the Beam-
former boards.

* As mentioned before, the Front End Controller board controls all Front End
boards. The board loads all parameters to the TX and Beamformer RAMs, it
reads the probe identification, selects probe connector on Relay board and con-
trols the high voltage multiplexer in linear probes. In addition the board gener-
ates the transmit trigger pulse for TX, a receive synchronization pulse
(SYNC_L) used by Beamformers and RF & Tissue Processor, a differential
ATGC voltage used by RX and control signals for the High Voltage Power Sup-
ply (HV POWER). The Front End Controller board also generates the global 40
MHz system clocks and reset pulse (SRES).

*  The output of Beamadder level 3 at BF4 is fed to the RF and Tissue Processor
Board (RFT).
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 Front End can be configured with the RX board. RX64 supports 64 receive
channels. Implementation equals the RX128 receiver. The RX64 board has
multiplexers in addition to handle linear arrays containing more than 64 ele-
ments.

Annular Array Front End

The annular array probes consist of maximum 5 elements which can fire transmit
pulses independently, forming an ultrasound beam. Depending on type of mode, the
beam is steered in desired direction with the use of a linear motor controlling a me-
chanically movable transducer.

* A Motor Controller (XDCTRL) and a power amplifier for the APAT probes is lo-

cated on the PRC board. A scan sequence is started by the system CPU telling
the XDCTRL to start a sweep.
Communication between the CPU and the XDCTRL is done over two serial
lines, TXD1 and RXD1. A motor signal is applied to the motor coil in the probe,
and a position signal is fed back to a position sensor, thus forming a regulator
loop. When the element is in the desired position, the XDCTRL issues a tissue
line request signal (TLREQ_L) indicating that now it is time to fire the transmit-
ter. This signal is fed to the FEC board, which immediately (after synchroniza-
tion) fires the transmit trigger (TXTRIG_L).

»  This transmit trigger pulse is fed to the PRC board, and it initiates a transmit se-
guence in a Transmit Pulse Generator pre-loaded with delay-, frequency- and
pulse width parameters. The same parameters are used throughout a scan (i.e.
one frame). The TPG outputs 5 transmit pulses which are routed to 5 transmit-
ters fed with high voltage (HV1 and HV2). For Stand Alone Doppler probes,
channels 7 and 8 are used.

»  The transmit pulses are routed to the Relay board via the Xducer Bus board.
Here they are fed to the selected (one out of two) annular probe, or directly to
the Stand Alone Doppler probe.

 The reflected signal is fed back to the RX board where relays on the input feed
each of the 5 annular channels into 16 receiver channels. Same signal condi-
tioning is done to the signal as for the phased/linear array probes.

« The 80 (or 64 or 32 depending on # of elements in AA probe) active channels
(5*16, 4 *16, 2 *16) are fed to the Beamformer boards for receive focusing.
Multi Line Acquisition is not possible with annular array probes.

*  The output of Beamformer board 4 is fed to the RF and Tissue Processor Board
(RFT).

Isolated inputs (incl. ECG and Phono)

ECG-, Phono-, Pressure- and Respiration sensors can be connected to the Patient
I/O board. Dedicated preamplifiers and filters are designed for each of the sensor
types. The analog signals are multiplexed, gain controlled and A/D converted (serial
output) before fed through opto-couplers (for isolation) to the Internal 1/0O board. A
DSP interface forwards the trace data to the Spectrum Doppler Board, which pre-
sents traces on the pipelink bus to the Image Port or the Image Port 2.
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High Voltage Power Supply

The transmitters on the TX board and PRC boards are fed with high voltage from the
HV supply. This module consists of three linear power supplies; one providing a
symmetrical output voltage ranging from 0 to +/- 80 V (HV1), the other providing a
voltage ranging from 0 to +/- 40 V (HV2) and the third outputting +/- 80 V for the mul-
tiplexers in the linear probes. HV1 and HV2 are programmable through a serial in-
terface from the FEC board.

Mid Processors

The System FiVe Front End and visualization system are interconnected through
digital signal processing modules, called the Mid Processors. These processors per-
forms the adequate signal conditioning for the different data types; Tissue, Doppler
and Flow. The current Mid Processors are the RF & Tissue Processor board (RFT),
the Spectrum Doppler Processor board (SDP) and the 2D Flow Processor board
(CFP or 2DF).

Pipelink bus

* The Mid Processors are interconnected through a data bus system called the
Pipelink. This is a unidirectional bus transporting data from the pipelink dis-
patcher (RF & Tissue Processor) through the accessed processor to the desti-
nation, the Image Port. The Image Port will then map the data into the Image
Memory.

» Dataleaving the RF & Tissue Processor have a tag indicating what type of data
that is transported; e.g. tissue, Doppler, 2D Flow. Each of the remaining mid
processors decode this tag and when it matches their own address, the data is
processed. Data that doesn’'t have a matching tag, is passed on to the next pro-
cessor.

* In 2D, datais typically transferred in vector blocks from the RFT board. In spec-
trum Doppler and Color Flow, data from one range gate is transferred.

RF and Tissue Processor (RFT)

The RF & Tissue Processor board receives its data from the Beamformer 4 board in
the Front End. Both type of data and what data samples (RF_MODE) to use are
communicated to the RFT board from the Front End Controller board (over the Front
End Bus).

RF Processing

Different types of RF processing can be performed depending on later usage of the
data; e.g.:

* RF Demodulation

* Digital Time Gain Compensation

e  Filtering

»  Decimation.

Data Buffer

After RF filtering, the data is written into different sliding ring buffers, dedicated the
different types of data. While data is written into the buffers sample by sample in vec-
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tors, multiple samples from the same range (depth) can be read out. Both input ad-
dressing (start and length) and output addressing (through output events) is
controlled by the Front End Controller board.

Tissue Processing

A number of different tissue processes are performed on this board: First the signal
amplitude is obtained by detection. Then the data is compressed to attenuate the
strong signals and amplify the low level echoes. After compression so-called zone
stitching is performed. This is used to combine the (transmit) focal zones from differ-
ent vectors into one vector by weighting the zone transitions, and does only apply to
phased/linear array probes where multiple vectors can be collected in the same di-
rection. For M-Mode, peak detection and edge enhancement is implemented. Finally
an offset can be added to the signal and clipping is performed. The tissue data is
then tagged, and sent on to the Image Port board.

Color Flow Processing

No Color Flow processing is performed here, except for the RF demodulation previ-
ously mentioned. The data used for Color Flow is tagged with the appropriate head-
ers and tails and routed through an output multiplexer to the 2D Flow Processor
board.

Doppler Processing

In addition to RF demodulation, a variable digital high pass filter is implemented on
the RFT board.The purpose of this filter is to remove strong low frequency signals
returning from wall motion, valves and leaflets. The filtering is performed by the local
DSP. Data is then tagged and sent to the Spectrum Doppler Processor board.

Control

The RFT board has a local Digital Signal Processor (DSP) with an external
EPROM.The DSP performs multiple control tasks:

* It handles communication with the System CPU over the VME bus.
* It updates filter coefficients and other parameters in the data path.

When output events from the Front End Controller is received, it sets up the
pipelink output control for data tagging and transfer.

»  During transfer of time motion data, it sets up a so-called time-slot data transfer
(which replaced the output event based transfer).

Spectrum Doppler Processor

The Spectrum Doppler Processor board (SDP) receives its data from the RFT board.
In Pulsed Wave (PW) Doppler several sets of data from the same range (depth) orig-
inating from different transmit pulses are transferred from RFT data buffer. In Con-
tinuous Wave (CW) Doppler the data samples are transferred consecutively.

Spectrum Analysis

The data sets are written into a sliding ring buffer with different ranges along the ver-
tical axis and different transmit pulses along the horizontal (time) axis, thus achiev-
ing a two-dimensional matrix. By reading the data out of the buffer in a certain way
(re. Principles of Operation) and performing Discrete Fourier Transform on the data,
velocities up to seven times the pulse repetition frequency (in PW) can be displayed.
Parts of the spectral analysis is done by a digital signal processor (DSP1).
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During Duplex modes (e.g. 2D and Doppler) the gaps in the spectrum (when doing
2D) is filled by stretching the “real” spectrum out to fill the missing time.

Audio

The Doppler audio channels (I and Q, or DOPLA and DOPLB) are generated based
upon the digital data stored in the ring buffer. The data is transferred from the buffer
into DSP2 (Digital Signal Processor no. 2) which controls the D/A conversion as well
as the Missing Signal Estimation of audio in Duplex modes.

Trace Interface

A serial link from the Internal I/O board, feeds several A/D converted traces (like
ECG, phono, pressure) into the Spectrum Doppler Processor board.

These traces as well as spectral data, are tagged and transported over the pipelink
to the Image Port under control of DSP1.

Control

The DSP1 controls the data flow and updating of all parameters, including control of
read/write address generation. It communicates with the System CPU over the VME
bus and provides the pipelink output with spectrum and trace data.

2D Flow Processor

The 2D Flow Processor board receives its data from the RFT board. Several com-
plex data sets for the same range originating from different transmit pulses are trans-
ferred over the pipelink bus, then data sets from the next range are transferred and
so on. The purpose of the board is to convert the demodulated Doppler signal to col-
or coded values that can be presented to the Scan Converter board.

The different functions and calculations on the board are performed in a total of 21
Digital Signal Processors. These are grouped in four identical groups each built up
as follows:

 Four DSPs (FTC DSPs) performing fixed target cancelling and autocorrelation.

« One DSP (VEL(ocity) DSP) performing range averaging and frequency param-
eter estimation.

The purpose of having four groups is to have parallel processing giving increased
through-put rate. The 5 DSPs in each group are supervised by a master DSP on sev-
eral serial lines.

The data is received by an Input Dispatcher which checks the tags of the pipelink
data. Data without 2D Flow tags are passed on directly to the output (bypassed),
control information is transferred to the master DSP, and data is distributed to the
four DSP groups which each can handle 128 range gates (totalling 512 range gates
per vector). The Input Dispatcher also keeps track of beam and range numbers.

Fixed Target Cancelling

Data from the input dispatcher is stored in FIFOs before transferred into the FTC
DSPs under DMA control. Here, fixed target cancelling is performed for each range.
Each DSP processes data from 32 ranges. The input parameters and program exe-
cuting the filter algorithm has previously been loaded into the processors from the
master DSP.

Autocorrelation
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After filtering, the autocorrelation functions for each range is estimated in the same
DSPs as fixed target cancelling is performed. The outputs (related to signal power
and velocity) of the 4 FTC processors in a group, are sequentially latched out to the
VEL DSP via external RAM, also under DMA control.

Range Averaging

The autocorrelation numbers received from the FTC DSPs are first averaged in a re-
cursive manner, i.e. data from a certain number of ranges along a vector are aver-
aged by adding and division, then one element is added on top and one element is
subtracted in the bottom and another add/divide is done. This is repeated for all
ranges along each beam.

Frequency Parameter Estimation

The averaged autocorrelation numbers are used as inputs to three estimators com-
puting the velocity, the bandwidth and finally the power (or intensity) of the signal in
each range gate. The first two are found with the help of look-up tables stored in ex-
ternal RAM, the last is calculated. As for the FTC DSPs, the programs for both av-
eraging and estimation has previously been loaded into the VEL DSPs from the
master DSP.

Output Processing

The 3 estimates from each of the 4 VEL DSPs are transferred through FIFOs to the
master DSP. Here they are first packed in 16 bit words (power-4bit + velocity-8bit +
bandwidth-4bit = 16 bit), then the 16 bit words are organized in a beam (or vector)
and fed out on the pipelink through an output FIFO.

Control

As mentioned before, the Master DSP controls both the FTC- and VEL DSPs serial-
ly. It also organizes the data from the VEL DSPs and writes the vector data out on
the pipelink bus after having tagged it with head and tail information. In addition, it
communicates with the System CPU board over the VME bus, and handles error sit-
uations and test facilities.

Display and Control

The Display and Control block takes the data from the pipelink bus, stores it in a
memory, performs scan conversion to pixel domain and drives the system RGB
monitor.

The boards within the Display and Control block are:

* the Image Port board,
« the Image Memory board,
or

* the Image Port 2 board, replacing both the Image Port board and the Image
Memory board

» the Scan Converter board,
* the Graphics board
* the System CPU board.
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Image Port

(Image Port 2 has the functionality of the Image Port board plus the Image Memory
board on one card).

The purpose of the Image Port is to capture signal processed data from the Mid Pro-
cessors or video data from the VCR, and route this data to the appropriate locations
on the Image Memory.

Data from Mid Processors

Data from the Mid Processors are transferred over the pipelink in data packages
called Frames, Packets and Tuplets, all depending on size of the package. At the
Image Port the Packet is collapsed. A Frame contains enough data to construct one
frame (e.g. one 2D frame), while one Tuplet contains enough data to construct one
vector (e.g. one Color vector). The size of the vectors will depend on data type. The
Image Port demultiplexes the different types of data, groups the same types and
maps them into the proper ring buffers in the Image Memory located on the Memory
board or included on the Image Port 2 board.

Data from VCR

Video and S-VHS (both in PAL and NTSC format) from the VCR (or another video
source) is first digitized and then fed through a video multi-standard decoder provid-
ing decoded luminance (black and white) and chroma (color) data. Data is then
transferred to a ring buffer in the image memory where it later can be fetched by
Scan Converter for display on the system monitor.

Memory

The default size of the Image Memory is currently 64 MByte. The Image Port board
is the data source and the Scan Converter and System CPU boards are the data
destinations. The different data sets that can be stored, are the following:

2D Tissue data

* Doppler data

* M-Mode Tissue data
2D Flow data

*  M-Mode Color data
 Trace data

* Video Luminance data
* Video Chroma data

* RFdata

Up to eight of the above data sets can be stored live simultaneously in the Image
Memory in eight different ring buffers.

Scan Converter

The Scan Converter board fetches the different types of data from the Image Mem-
ory using VME DMA transfers. Its main purpose is to convert the data stored in the
image memory to a display format which gives a true view of what was actually
scanned.

Time Domain Processor
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Address and data is multiplexed, pipelined and fed through input FIFOs into a so-
called Time Domain Processor (TDP). The FIFOs can hold up to two vectors each
containing 1024 samples. The TDP performs recursive filtering of the data which is
still on a sample/vector format, and stores the data in one of three memory banks
depending on data type. The three banks are for simultaneous storage of tissue da-
ta, flow-frequency data and flow-bandwidth data.

Space Domain Processors

The different types of data are now stored in separate memory banks, and can be
read out in three parallel paths for further simultaneous processing in the Space Do-
main Processors (SDP). It is when addressing these memories that the actual scan
conversion takes place. Each of the banks have separate addresses since the out-
put formats/shapes are different for e.g. a 2D Tissue sector and a 2D Flow sector.
The addresses to the memories are derived from the CRT x and y counters and the
selected format shapes.

»  Sector for 2D tissue and 2D flow (phased array and annular array probes).

* Rectangle for tissue and parallelogram for color (linear array probes).

* Rectangle for tissue, M-Mode tissue, M-Mode color, spectrum, traces, video.
»  Parallelogram for both 2D tissue and 2D flow.

Samples are read out four by four in three parallel paths. Four samples are first
mapped through compression PROMs before they are used for interpolation of the
value of the closest pixel. There are different interpolation filters for tissue, flow-fre-
guency and flow-bandwidth. The interpolation scheme for the flow-frequency com-
ponent is done in such a way that frequency aliasing is avoided. The output of the
interpolator is fed to a pixel encoder.

Pixel Encoder

The different data types have different encoders or look-up tables to get from data
codes to RGB. After conversion to RGB, all data types are input to a multiplexer,
where only one type can be output at the time (pixel by pixel).

Video information (back from the VCR) which is demodulated by the Image Port
and stored in the Image Memory, can also be fed through the Scan Converter board.
Video is stored as digital luminance and chrominance, and is fed through an encoder
and converted to digital RGB.

Tissue data is fed through RAM based look-up tables for the purpose of compress
and reject functions. The outputs of the RAMs are three 8-bit R, G and B paths fed
to the output multiplexer.

Color Flow data (frequency and bandwidth) is fed to an arbiter where it is compared
to the tissue signal. Depending on the weight of the flow signal, either tissue RGB or
flow data (which also has been fed through a RGB look-up table) is selected as the
output pixel through the multiplexer.

Before pixel data is presented out on the Pixel Bus, it is multiplexed with the pixel
address.

Graphics Buffer

The Graphics board gets its data from the Scan Converter board over the Pixel bus
which is a high speed bus providing 24 bit “true color” (8 bit each for R, G and B) at
a burst bandwidth of 20 Mpixels /second. The bus is both writable and readable.
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The board can drive two independent monitors, one high-resolution main screen and
one video monitor (or VCR); the screen formats can range from 640*480 to
1024*1024 pixels. Data from the pixel port is demultiplexed and fed to four banks of
video RAMs providing a 24 bit underlay for imaging.

From the VME interface, two separate overlays are provided. One overlay is for the
windowing system, and the other is for video.

The Graphics board supports a window system server.
Both PAL, NTSC and S-VHS outputs are provided for VCRs and printers.

The board records tape status from the VCR to ease searching for specific record-
ings.

System Control

The System CPU board supports the VME controller function and provides the soft-
ware resources for computation and real time control. It has provisions for different
interfaces, like SCSI to hard disk, floppy disc and optical disc, RS232 to VCR and
XDCTRL, ethernet, and parallel interface to laser printer.

Keyboard, I/O and Peripherals

Miscellaneous functions are located in the last system block. The Internal 1/0O board
and External 1/0O board are the interfaces between the card cage and the rest of the
system, including the Front Panel and the Peripherals.

Internal I/0 and Peripheral Control

The Internal 1/0 board performs buffering and distribution of video and control data
from various sources inside the card cage to multiple destinations. The board also
contains a VME Interface and can thus generate its own control signals and read the
status of peripherals.

* R, G, B and Sync are fed from the Graphics board, directly up to the system
monitor. Another set of RGB can be fed to a color printer.

»  Composite video, black and white video and S-VHS video are buffered and dis-
tributed to VCR and printers.

 The analog Doppler signals are fed from the Spectrum Doppler board to the
VCR audio inputs and through a switch where audio from VCR playback also
is input, up to the audio amplifier and then to the speakers.

» A parallel port is generated on the Internal 1/0 board, where data to e.g. a laser
printer can be output.

»  Serial RS-232 interface signals from the System CPU and the Graphics board
are fed to the destinations; Front Panel Interface, VCR, XDCTRL (on Probe
Controller board).

» A SCSI-2 bus is fed from the System CPU, buffered and routed to multiple in-
ternal discs.

*  Remote control signals for printers are generated on the 1/0 board.
*  The Footswitch is connected to the I/O board.

 The board controls the Patient I/O board, and provides serial trace data to the
SDP board.
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« An AC Power Interface controls power on/off and fan speed.

External I/0O to Rear Connector Panel

Several signal are fed from the Internal I/O board to an External I/O board located in
the rear of the system, right next to the Rear Panel. This board contains data buffers
and a galvanic isolation section. Different types of signals are fed to connectors ac-
cessible on the Rear Panel.

* R, G, B and Sync are provided for external RGB monitors or printers.

»  Composite video, black and white video and S-VHS video are buffered and fed
to output connectors for external monitors and printers. Video and S-VHS can
also be fed into the system.

*  Two serial RS-232 ports are provided for external communication with e.g. the
System CPU.

* An Ethernet signal from the System CPU is fed to a 15 pin D-connector (AUI),
or on some of the earlier systems, a BNC connector.

 An ECG trigger pulse for use in stress echo machines, is output to a connector.

*  Four analog signals can be input to an A/D converter.

Keyboard

The Front Panel Main board (FP_MAIN) is the core in the System FiVe keyboard. It
is constructed around a uP6809 processor and contains several types of inputs/out-
put registers which are used in encoding/decoding of the different devices connect-
ed to the FP_MAIN board. It has serial communication with the rest of the system
through a RS-232 link to the Graphics board.

* The rotary switches are located both on the Front Panel Main board and on a sep-
arate Rotary Switch and Display board, connected to the main board via a cable.
Decoding of rotary movement is done through a set of parallel registers.

 Each of the 8 TGC slide potentiometers generates analog voltages which all are A/
D-converted and read by the local uP.

* The function and mode push-buttons (switches) are decoded in a matrix and read
through parallel registers.

*» The two displays are programmed directly from the local uP bus.
* Movement of the trackball is read through a versatile interface register.

A standard QWERTY keyboard is used for type writing purposes. The matrix
formed by the switches are decoded and read by the uP.

The two analog Doppler signals are fed from the Internal I/O board and up to a Front
Panel Audio Amplifier board, where volume control and current amplification is per-
formed. A connector for headphones is also provided on this board. From the audio
amplifiers the Doppler signals are routed to loudspeakers via a cable.
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Introduction

Abstract

This is a short description of the power distribution in BEEEFIVE.

Document History

Rev. Date Sign. Description

01 25 Aug. 1994 | GRL First version of document

02 20 Sep 1995 | LHS Updated layout
Included page references

03 1 Oct. 1996 LHS Corrected typo, added nominal load in DC
Power Supply table.

03.1 5 Mar 1998 LHS Added two new crossreferences under 14.3.

04 19 Oct. 1999 | LHS Updated pr. sw. 1.7.1 release.

05 20 Jun. 2000 | LHS Updated pr. BT-00 release.

14.3 References

15

15.1

* Block Diagram of System FiVe Overall Power Distribution — rev. 05 on page B3-7.
» AC Controller - rev.02 (description) on page A8-2.
* DC Power Module - rev.03 (description) on page A8-6.

Description

There are three types of power supplies in BBEFIVE; an AC power supply, a DC
power supply, and a High Voltage power supply.

AC Power Supply

The mains power cable is fed to a combined on/off switch and circuit breaker located
in the back of the system, in the AC power assembly. Rating of the circuit breaker
depends on the nominal mains voltage in each country. Correct voltage setting is
configured using jumpers on a terminal block. Then the mains is fed through an iso-
lation transformer to the AC Controller board. This board contains a.o. a local +5V/
+12V DC power supply which purpose is to provide stand-by power for the power-
switch in the front of the system and for e.g. a VCR’s tape counter.

When pressing the stand-by power-switch, the AC controller generates an interrupt
viathe INT 1/O board to the CPU board, which in turn starts a power-off routine. Upon
completion of this, the CPU returns a grant signal to the AC Controller which shuts
off the relay for the power to the rack, monitor and peripherals (excluding the VCR
on some systems). Each outlet to internal peripherals is filtered.

System FiVe - Service Manual - FA091050 | Al-57



Power Distribution - rev. 05 GE Vingmed Ultrasound

15.2

15.3

A1-58

The AC Controller also contains a voltage regulator for controlling the speed of the
fans. It senses the air temperature above the card rack, and adjusts the speed ac-
cordingly. If a high temperature reading occurs, maximum speed is selected.

DC Power Supply

Filtered 230VAC is fed to the DC power supply, which is a GE Vingmed Ultrasound
specified supply designed and manufactured by Philips. The power supply has a
modular design and provides the following voltages:

Voltage [V] Nominal load

[A]

+5(d) 120.0
+10 3.0
+12 4.0
-12 1.0
+15 4.0
-15 3.0
+5(a) 15.0
-5(a) 25.0

+5V(d) [digital] and ground is fed from the power supply to the main rack mother-
board through thick rails. The other voltages are routed via a DC Extension board
which plugs into the motherboard. The front panel and disks are powered via the
internal 1/0 board. The voltages to these devices are fused with recoverable PTC
fuses.

High Voltage Power Supply

The input to this supply is also filtered 230VAC. A mains cable plugs into the front of
the supply, which again plugs directly into the motherboard.

The HV supply consists of three dual modules, all linear supplies providing symmet-
rical outputs; one generating 0 to +/- 80V (HV1, maximum 10W), another generating
0 to +/- 40V (HV2, maximum 10W) and a third generating +/- 80V (HV_MUX, maxi-
mum 8W).

The high voltages HV1 and HV2 are fed to the transmitter hybrids on the TX board
(for PA/LA) and to the PRC board (for AA). The HV_MUX voltages are fed to the mul-
tiplexers located in the connector housing of the 192 element linear probes.

The two HV1 and HV2 supplies are controlled serially by the Front End Controller
board, which also surveils the voltage and current drawn. This is done for output
power safety purposes.
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Bus Distribution — rev. 05

16 Introduction
16.1 Abstract

This is a description of the buses in BEEIFIVE

*  “Front End Bus” on page Al1-59

« “MLA Buses” on page Al-61

*  “Pipelink Bus” on page Al1-62

« “VME Bus (VME 64)" on page Al1-65

 “from IMMEM to CPU/GRAPH (a.o. for test).” on page Al-66

16.2 Document History

Rev. Date Sign. Description
01 29 Aug. 1994 | GRL First version of document.
02 20 Sep 1995 LHS Updated layout.
02.1 5 Mar 1998 LHS Included 16.3 References,
updated layout.
03 9 Sep 1999 LHS Updated to reflect that the Image
Port 2 board has been introduced.
04 18. Oct. 1999 LHS Updated per 1.7.1/ 1.8 release.
05 1. Oct. 2000 LHS Corrected error/updated per 1.9.x
release.

16.3 References

Display, Control and 1/0O — rev. 09 (block diagram), page B1-4.
Front End — rev. 04 (block diagram), page B1-5.

17 Front End Bus

17.1 Bus Master:
Front End Controller Board (FEC), see A2-47.

17.2 Slaves:

*  Transmitter Board (TX128), see page A2-20.

*  Probe Controller Board (PRC), see page A2-35.
 Beam Former Boards (BF1-4), see page A2-40.

* RF-and Tissue Processor Board (RFT), see page A3-3.
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FE_STROBES

FE_SA0:5]

FE PA[0.9]

FEDlO.1D] |
X RFT

Fig. 17.1 The Front End Bus.

17.3 Description

The Front End Bus is a synchronous and bidirectional bus for control and setup.

Data:

16 bit (FE_D[0:15])

Address:

6 bit device address (FE_SA[0:5]) and

10 bit page address (FE_PA[0:9])

Control:

FE_C20 — FE bus address/control valid strobe (20 MHz ‘clock’).
FE_SAS L - Synchronous address strobe.

FE_SWR_L — Synchronous write select.

FE_PGTR_L — Page transfer select (for TX board and BF caches).
FE_RFSH_L — Refresh strobe (for TX board and BF caches).
FE_SUDS_L — Synchronous upper (FE_D[8:15]) data strobe.
FE_SLDS_L — Synchronous lower (FE_D[0:7]) data strobe.
FE_TACK_L — Transaction acknowledge (driven by the slaves).

The bus is used to read from and write to the various registers residing on the front
end bus. Each transaction usually takes eight 40 MHz cycles, i.e. 200 ns.

A1-60
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18 MLA Buses

Data buses routing data through the Beamformer boards to the RFT board.

. Data:
19 bit, MLn_DJ[0:18], n=0,1,2 (Currently only n=0,1 supported by the BF
boards.)
Data rate: 20 MHz

. Control:

3 status signals (both going out of and in to each BF board):
MLn_RDY: MLA data ready

MLn_VAL: MLA data valid

MLn_ERR: MLA error

32 RX CHANNELS 32 RX CHANNELS 32 RX CHANNELS 32 RX CHANNELS

RFT

SUM OF SUM OF SUM OF SUM OF
32 CHANNELS 64 CHANNELS 96 CHANNELS 128 CHANNELS
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19

Pipelink Bus

*  Bus dispatcher: RFT

 Slaves: MID1-MID5 (SDP, 2DF, IMPORT (or Image Port 2))

*  Unidirectional (from RFT to IMPORT (or Image Port 2), via mid processors).
. Data transfer rate: 20 MHz.

The bus is used for transfer of Tissue-, Doppler- and Flow data in a sequential way
to the Image Port (IMPORT) board (or the Image Port 2 board), which maps the data
into the proper memory buffer in the Image Memory. If the Image Port (IMPORT)
board is used, the Image Memory is located on the Image Memory board (IMMEM)
and if the Image Port 2 board is used, the memory is included on the board.

RFT SDP 2DF IMPOR SPARE SPARE
MID1 MID2 MID3 MID4 MID5
VME VME

VME VME VME

The Image Port board (or Image Port 2 board) must always be located next to the
last of the mid processor boards. E.g. if a system does not have a 2DF board, the
IMPORT (or Image Port 2 board) must be moved to the slot next to SDP, and an BG/
IACK VME JUMPER board, GE Vingmed Part Number FA200075, must be inserted
in the P1 connector in the IMPORT/IP2 slot (see “WME Bus (VME 64)” on page Al-
65).

19.1 Pipelink Bus Format:

Al1-62

e 18 bit wide, PLINKJ0:17] with
- 16 bit information and

- 2 bit (msbs) control indicating type of data in the information word:
Control word 1, control word 2 or data.

| | |
CTL INFORMATION
1/]0]19 |0
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19.2 Pipelink Control (CTL):

. 00: Control word 1:

- The information field identifies signal process and controls synchroniza-
tion and dataflow.

 01: Control word 2:
- The information field identifies logical vector number.

. 10: Data -- 16 bit data:

- The information field contains 16 bit data words, i.e. tissue-, Doppler- or
flow data.

. 11:not used.

19.3 Pipelink Dataflow:
19.3.1 Tissue:

Data processed and transferred from RFT to IMPORT/IP2 in blocks of vectors or
complete frames.

n

OR

19.3.2 Doppler:

Raw data transferred from RFT to SDP in blocks containing data from one or all
range gates of data.

Data from SDP to IMPORT is transferred spectrum line by spectrum line.

RFT TO SDP
t t
r r
n |---==--- n|=:ooo:
samples from OR siiiiit samplesfrom
several pulses I q4py{==---+- severa pulses
in one range in more ranges

SDP TO IMPORT/IP2

spectrum line
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19.3.3 Flow:
Raw data transferred from RFT to 2DF in blocks containing either data to generate
one flow estimate from one range, data to generate one flow vector or data to gen-

erate one complete flow frame.
Data from 2DF to IMPORT/IP2 is transferred flow vector by flow vector.
RFT TO 2DF

t
N SR | [ I
samples from S2IlIIIT samples from
sa/err)al pulses OR M+ severr)al pulses OR
in onerange in more ranges

: %
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20 VME Bus (VME 64)

. Bus master: CPU

 Slaves: FEC, RFT, SDP, 2DF, IP2 (or IMPORT and IMMEM), SCONV,
GRAPH, INT 1/O

 Data: 32 bit D[0:31]

 Address: 32 bit A[0:31]
There are two alternative Image Port /Memory board variants in the field.
The upper illustration is with separate Image Port and Memory boards

The lower illustrations is with combined Image Port and memory, called Image
Port 2 (IP2)

CPU

[l el ]

CPU

FEC | RFT | SDP | 2DF | P2 | MEM SCV GP /0

NOTE: In all unused VME board slots (spare boards) a VME BG/IACK JUMPER board must
be installed on the P1 connector (upper). This board jumpers the Bus Grant and
Interrupt Acknowledge lines pass the unused slot.

The bus is both used for control/setup and data flow.

20.1 Control/Setup

All boards residing on the bus.
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20.2 Data Flow

e  From IMPORT to IMMEM (Image Port 2 (IP-2) holds these functions on one
board),
 from IMMEM (or IP2) to SCONYV,

e from IMMEM to CPU/GRAPH (a.o. for test).

CPU

CPU

IP-2 |MEM

High-speed, synchronous, multiplexed (address and data) bus dedicated for imag-
ing purposes.

¢ Dataflow: SCONV to GRAPH.
. Data:
- 24 bit (PD[0:23])
- 8 bit R, 8 bit G and 8 bit B.
Address:
- 12 bit line address and 12 bit pixel position address (on line).

21 Pixel Bus

Data rate:

- 20 MPixels/sec.

Burst oriented:

- Can transfer one scan line in one burst.
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GRAPH
PIXEL BUS RGB
3 PORT
PIXEL CLOCK VRAM
VME BUS
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Clock Distribution —rev. 04

22 Introduction
22.1 Abstract

This is a description of the clock distribution in EEEIFIVE.

22.2 Document History

Rev. Date Sign. Description
01 24 Aug. 1994 GRL First version of document
02 2 Jan. 1995 LHS Updated layout and corrected some minor errors.
03 19 Oct. 1999 LHS Updated text.
04 20 Jun. 2000 LHS Updated text.

22.3 References
Block Diagram for BEBEFIVE Clock Distribution on page B3-3.

23 Description

In order to provide synchronous data transfers throughout the system, a global 40
MHz clock is distributed to all boards. The clock signals are generated on the Front
End Controller board. A 160 MHz clock from an ECL oscillator is divided down to four
guadrature 40 MHz clocks; a differential (H and L) | clock and a differential (H and
L) Q clock. These clocks are buffered and distributed on ECL level to the other
boards through three different paths, 1, 2 and 3.

All boards in the Front End receives clock 1, while clocks 2 and 3 are distributed in
an interleaved fashion to the boards in the mid- and display section.

The clocks are terminated to -2V through 47 W resistors at the physical end of the
clock traces on the motherboard. The -2V voltage is generated by a regulator on the
FEC board. Typical high and low levels for ECL logic are -0.9V and -1.8V respec-
tively.

Each board receives one pair of the | and Q clocks (except RLY, RX board, CPU and
IMMEM). However, the SCONV board has its own local clock oscillator used to gen-
erate the 20 MHz clock for data transfers to the GRAPH board on the Pixel bus.

A global reset signal is also distributed to all boards in the same way as the clocks.
The reset signal is derived from the SYSRESET _L signal on the VME bus.
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24  Introduction

24.1 Abstract

This is a description of the board formats in EEEIFIVE.

24.2 Document History

Board Formats — rev. 02

Rev. Date Sign Description
01 29 Aug. 1994 GRL First version of document
02 19 Oct. 1999 LHS Updated content.
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A1-70

RLY

GE Vingmed Ultrasound

Board with 185 or 93 pin connectors / 2.5 mm pin spacing. P1’ is located on the IV
& DP Connector board mounted as a piggyback on the upper left corner of the RLY
board. P1’ and P3 are for motherboard connections, and P1 and P2 are for XDBUS
connections. P5-P7 are for PA/LA probes and P8 and P9 are for APAT probes.

Board size (W x H): 280 x 350 mm.

P1

IV & DP

‘ooooo
R
R
-
-
-
-
-
-
-
e
]

]

38A 38E

P3

Connector Side

P1

P5

P6

P7

P2
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26 TX128, RX128, RX64 and PRC

Board Formats — rev. 02

Boards with 185 or 93 pin connectors / 2.5 mm pin spacing. P1, P2 and P3 are for
motherboard connections, and P4 and P5 are for XDBUS connections.

Board size (W x H): 280 x 366.8 mm.

P4

P5

Component Side

P1

P2

[E===7]
]
B
-
-
-
-
-
-
-
e
e

P3

38E 38A
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27 BF1l-4, FEC and RFT

Boards with 185 pin connectors / 2.5 mm pin spacing. P1, P2 and P3 are for moth-
erboard connections.

Board size (W x H): 280 x 366.8 mm.

P1

Component Side

P2

‘0oooo
BE
SR
-
-
-
-
-
-
-
e
=]

38E 38A

P3
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Board Formats — rev. 02

SDP, 2DF, IMPORT, IP2, SCONV and GRAPHIC

Boards with 96 pin Euro-connectors, 2.54 mm spacing. P1, P2 and P3 are all for

motherboard connections.
Board size (W x H): 280 x 366.8 mm.

Component Side

P1

P2

P3
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29 CPU and IMMEM

Standard double Europe size boards with 96 pin Euro-connectors, 2.54 mm spacing.
P1 and P2 are both for motherboard connections.

Board size (W x H): 160 x 233 mm.

P1

Component Side

P2
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30 INTI/O

Board Formats — rev. 02

Board with 96 pin Euro-connectors, 2.54 mm spacing. P1 and P2 are both for moth-

erboard connections.
Board size (W x H): 188 x 366.8 mm.

Connector Side

P1

P2

P3
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31 HV POWER

Board with 96 pin Euro-connector, 2.54 mm spacing. P1 is for motherboard connec-
tions.

Board size (W x H): 232.2 x 110.4 mm.

1C

DS

Component Side P1

32C 32A
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Probe Description - rev. 06

1 Introduction
1.1 Abstract

This document gives a general description of the probes used in System FiVe. Both
flat phased array, flat linear array, curved linear array and annular array probes are
covered. Emphasis is put on the electronically steered probes.

1.2 Document History

Revision Date By |Description
01 16 Sep 1994 GRL |First revision of document
02 26 Apr 1994 GRL | Impr. mux description
03 30 May 1996 GRL |Interface board descr. corrected
04 10 Oct 1996 SB/lhs | General update
05 19 Jan 1997 LHS |Minor update
06 1. Oct 2000 LHS |+ Updated company name.
« Corrected some small errors.

Table 1: Document History

1.3 Abbreviations/Nomenclature/Definitions

FPA Flat Phased array

FLA Flat Linear array

CLA Curved linear array

AA Annular array

Mux Multiplexer

SDA Serial Data

SCL Serial Clock

EEPROM Electrically Erasable Programmable Read-Only-Memory
SPST Single Pole Single Throw (Switch)

1.4 References

 Probes, see chapter E
Spare Parts — 02, see chapter O

2 Electronically Steered Probes

2.1 Overview
The probes are divided into the following modules

. Transducer array
. Cable
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2.2

A2-4

e System connector
*  Mechanics
The system connector comprises the following sub-modules:

*  Tuning boards

*  Multiplexer boards when applicable

 ID board, Interface board

On the figure below, the various modules included in a probe is shown.

Array

Tuning
Modlule

Interface
Module

J System
Connector

Connector Interfaces

In the following section, the various interfaces between modules are described.
Probe Assembly - System

The connector used is ITT-Cannon DL5-260 or equivalent.

System Connector - Tuning/ID/Interface/Multiplexer Boards

The electronic boards plug directly into the pin rows on the Cannon connector. The
board connectors used here are 26 pin, double row, 0.1 inch female grid connectors.

Tuning/ID/Interface/Multiplexer Boards - Cable Assembly
The cable plugs into the electronic boards through 0.05 inch double row connectors.
Interface for active probe indication LED

In the probe, there is a requirement for an indicator in the transducer assembly. The
connectors used on the interface board and cable assembly, is based on Hi-Rose
A4B 2 terminal crimp connectors, with female contacts on the cable assembly.
These connectors are suitable to be used directly on a standard 3 mm LED.
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2.3

2.3.1

2.3.2

2.3.3

2.3.4

2.3.5

Module Descriptions

In this chapter, a general description of the various modules is given.

Transducer Array

The transducer array is built as a separate module, with connectors as described in
section 2.2.

Cable Assembly

The selected coax is a 40 AWG, 50 or 75 ohm. This is a dimension with tolerable
losses. It is a standard cable with high production volume, and is commonly used
and produced by various cable manufacturers.

System Connector

The system connector to be used is an ITT-Cannon DL5-260P or equivalent. The
connector is used together with a matching EMI-shell to ensure good shielding of the
interface between system and probe.

The electronic boards are directly connected to the system connector with connec-
tors as described in chapter 2.2.

Mechanics

The mechanics of the probe include all the remaining hardware which is not part of
the other main modules. The main items are probe nose piece and handle, and sys-
tem connector housing.

System Connector Boards

The boards are contained in the ITT-Cannon 260 pin connector. Connectors are
used between the boards and the multi-coax cable to the probe, so it is possible to
mount the boards without any soldering.

The interconnection between the interface board and the multiplexer boards is by
soldered wires between the boards. The wires are accessible from the outer board
edges, and are easily removable.

The boards are designed to be mounted on the Cannon connector with 0.2" C/C
spacing
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A2-6

Probe Interface Description

The Interface board is used in probes with more than 128 elements and connects
necessary power supply, data, clock and latch enable signals to the multiplexer
boards. The Id board do not contain these functions, only the ones listed below.

There is also an interconnection to the Active Probe indicator LED in the probe head.

The power supply lines contain some filter components to reduce the component
count on the multiplexer boards. All logic lines are terminated in 100k resistors to
bleed static charges.

The boards contain an EEPROM circuit with enough capacity to keep the data for
the probe identification. The control signals are generated on the Front End Control-
ler. The address for the EEPROM circuit is hardwired to 000,

< SERIAL MUX CTRL
MUX
PLUGS
CTRL INTO
LINES PROBE CONF. %NNON
EEPROM N I(:'II'E%/)FROM
VCC
TOLED PRB_ACT
INTERFACE BOARD (LA)
PLUGS
INTO
PROBE CONF. &A) NNON
EEPROM P I(:'II'E(():/)FROM
VCC
TOLED D—T PRB_ACT

ID BOARD (PA)
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Tuning Board Description

The tuning boards contain the tuning components for impedance matching between
the coaxial cables from probe elements to transmitters. Different boards have been
designed for serial and parallel tuning. Serial and parallel resistors are added to
compensate for mux losses, and to attenuate out-of band resonances for the probe.
Component values are selected for each probe type.

Each board contains matching components for 16 channels.

T
PLUGS Lg LR
INTO FROM
CANNON CABLE
CONN.

TUNING BOARD, PARALLEL TUNING
(ONE CHANNEL SHOWN)

AART %
PLUGS R
INTO FROM
CANNON
CONN. CABLE

TUNING BOARD, SERIAL TUNING
(ONE CHANNEL SHOWN)
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Multiplexer Board Description

Each multiplexer board multiplexes 32 elements to 16 channels. Of the circuits avail-
able, the Supertex HV21716WG is selected. It has acceptable loss and cross-talk
characteristics. The circuit contains 8 SPST switches, and is serially programmed.
Several switches may be programmed in series. 128 switches are required to multi-
plex 192 elements to 128 channels, and to achieve sufficient fast programming time,
it is necessary to program the switches with 8 parallel data lines.

The boards also contain the tuning components for the elements, and to reduce the
number of components, only the active elements are tuned. It implies that the un-
used elements are not terminated. Different boards for serial and parallel tuning
have been designed due to space limitations.

CHA o o
PAR. SER.
CHB o o TUNING OR | TUNING
A A
MUX_CLK PLUGS

FROM MUX_SDA INTO
CABLE CANNON
(2x 16 ch. CONN.
per board).

MULTIPLEXER & TUNINGBOARD
TWO TO ONE CHANNELMULTIPLEXING SHOWN

64 65 127128

| | |
|

P
)
I w

]

1 128
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3 Mechanically Steered Probes

3.1 Trans-thorax Probes

The probes are divided into the following parts:

*  Transducer array (4-5 elements formed as concentric rings).
*  Motor coil

*  Position sensing coill
* Lemo connector
* Mechanics (probe chassis, handle, dome, color coding ring).

Wy e
\

5 Wires

| Motor
(
||I Cord

Element

Axle

Fig.3.1 Element Movement

The transducer is mounted on an axle, which connects to the motor via a cord. The
elements are electrically connected to the Lemo connector through flexible wires.

Each probe contains a code resistor which is read by the system.

3.2 Transesophageal probes (TE)

These probes are principally working in the same way as the trans-thorax probes,
but in addition contains the following parts.

 Endoscope
*  Probe cable
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Burndy conn.

Endoscope

with motor and element

The Burndy connector contains coaxial pins for the element signals, and single pins
for the other signals. It plugs directly into the system RLY board. The endoscope is
used to move the probe tip in the desired position inside the esophagus. This is done
by use of the two wheels on the endoscope house.

Vingmed Sound currently have three types of TE probes; single-plane, multi-plane
and an electronic TE probe (Oldelft). In the multi-plane probe, the second scan plane
is controlled electronically between 0 and 180°.

A2-10 System FiVe - Service Manual - FA091050 |



GE Vingmed Ultrasound

Probe Cable

4
4.1

4.2

4.3

4.4

Introduction

Abstract

This document gives a brief description on the Probe Cable used for some probes.

Document History

Rev

Date

Sign

Description

01

8 Apr. 1998

LHS

Initial document release

Table 2: Revision control.

Definitions/Abbreviations/Nomenclature

APAT:

References
Annular Phased Array Transducer (APAT) on page E1-2.

Descriptions

A Probe Cable with connectors in both ends
are used for some probes. One end is plugged
into the System FiVe, the other end is plugged

to the probe.

The cable is marked with Part Number and
Serial Number. Look for these numbers near
the black connector. (See arrow.)

From the factory, the cable is delivered with a
protection sleeve. (See the lower picture.)
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IV & DP Connector Board

6 Introduction

6.1 Abstract

This document is a description of the IV & DP Connector Board used in System FiVe.
The board contains connectors for the stand-alone Doppler probe, in addition to the
remote AC power Standby switch. It also contains a 2 MHz notch filter to remove the
carrier frequency in CW when using the 2 MHz Pedof probe.

6.2 Document History

GE Vingmed Ultrasound

Rev Date Sign Description

01 23 June 1994 | GRL First version of document

02 6 Feb 1997 GRL Added 2 MHz CW filter for 2 MHz Pedof probe.

03 18 Nov 1997 GRL Changed R6 from 100 to 220 ohm to reduce gain to avoid
saturation (gain down 7 dB).

04 1 Oct 2000 LHS/jb | Updated contents. Maintenance Aid moved to Ch.K

6.3 Definitions/Abbreviations/Nomenclature

DP- Doppler
STBY-Stand-by
RLY - Relay board
PRC - Probe Control board

7 Physical Dimensions

The board itself is mounted as a piggyback board on top of the RLY board, fitting a
connector on this board. Size is 135 mm (W) by 130 mm (H).

A2-12
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8 General Description and Block Diagram

8.1 Block Diagrams

COMPLETE BOARD
P1
CONNECTOR
TO RELAY BD
P4
P3
DP 2 MHz
CONN. /&P CW |G
FILTER
PWR CTRL | STBY
4P| SWITCH/
LED
MBD
2 MHz CW FILTER
P3 o A . P4
RX_P
o— % g —O AAXD7P
o i IR
O— 2.0 MHz AAXD7N
PW_RX P
DOPPLER N CONNECTOR
CONN. TO RLY BD.
TX_P (AAXDSP)

TX N (AAXDS8N)

NOTE: A 20 k resistor is permanently installed from pin 5 (XDDPCD) to GND on this
version of the board (with 2 MHz CW filter). This resistor which is in parallel with the
probe code resistor, alters the probe code ID, thus providing a way for the system to
identify the presence of the CW filter.

8.2 Standby Power Switch

Four signals are routed between the AC controller board and the Power Switch over
the backplane to the P1 connector. They are all referenced to “digital ground”.

STBTGL_L is low-pass filtered to avoid glitches from toggling power on and off.
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8.3

A2-14

2 MHz CW Filter

This filter is a narrowband notch filter which purpose is to attenuate the 2 MHz carrier
frequency from the 2 MHz Pedof probe in CW Doppler. This is done to prevent the
receiver from being saturated by this frequency component.

The differential Rx and Tx (also called AAXD7 and AAXD8) signals to/from the re-
ceiver/transmitter are routed from the RLY board stiftlist, P4, onto this board.

In PW Doppler the relays K1 and K2 are energized, thus the Rx signal (AAXD7) is
bypassing the filter circuitry. The TX signal (AAXD8) is routed directly from P4 to P3.

In CW Doppler, the Tx signal (AAXDS) is also routed directly from P4 to P3. The re-
lays are de-energized, thus feeding the Rx signal from the probe via P3, through re-
lay K1 into the filter. A 4:1 transformer is provided for impedance matching. The first
stage in the filter is an amplifier (Q3) with a tuned circuit (L21, C7, CV1) in the col-
lector. The circuit has a Q of apprx. 5 with its maximum adjusted to peak at 2 MHz.
This is done to remove undesired out-of-band noise.

The gain of the amplifier is determined by the ratio of the R7//|Zy,| divided by R6.
The impedance of the Xtal, X1, is low (typically 70 ohm) at resonance (2 MHz) and
high (several kohms) at frequencies outside +/- 500 Hz from 2 MHz.

Thus, for frequencies outside +/- 500 Hz from 2 MHz, the gain is approximately 13
dB (1000/220), while at resonance the gain is -3 dB (~70/100), giving a 16 dB atten-
uation of the 2 MHz carrier frequency provided that this carrier exactly matches the
frequency of the Xtal. There are provisions for installing two Xtals in parallel, to widen
the bandwidth and/or increase the attenuation.

The emitter follower stage consisting of Q1 and Q2 provides current to the receiver
on the RX128 board.

Switching between PW and CW is done by a control signal PW_CW _L generated on
the FEC board.
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Relay Board - RLY

9 Introduction

9.1 Abstract

This document describes the Relay Board (RLY board) used in the BEEFIVE Front
End. The Relay Board contains three phased array probe connectors and provides
a switchable connection between the probes and the 128 channel phased array
Front End. It also supports two annular probes containing up to six transducer ele-
ments, and one stand-alone Doppler probe containing two transducer elements.

9.2 Document History

Revi- Date By Description
sion

01 23 Aug. 1994 GRL First version of document

02 15 Dec. 1994 LHS Updated

03 1 Oct. 2000 LHS/JB Updated Xref

9.3 Definitions/Abbreviations/Nomenclature

PA Phased array

AA Annular array

TE Transesophageal probe

MPTE Multiplane transesophageal probe
SP2 Scan Plane 2 (MPTE)

9.4 References
Relay Board Block Diagram — rev. 04, page B2-3
Board Formats —rev. 02, page A1-69
Relay Module — Component Side, page M-2
Relay Board Assembly Replacement Procedure —rev. 03, page L1-21

10 Physical Dimensions

The RLY board is attached to the left side panel of the BBEEIFIVE rack and connects
to the motherboard at the back and two transducer bus (XDBUS) boards at the front.
The connectors for phased array and annular array probes are attached directly to
the Relay Board, while the Doppler probe signals are routed through a 10 pin SIL
connector to Doppler connector board (IV&DP). The IV&DP board is attached to the
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11

Relay Board as a daughter-board, but has its own connections to the motherboard
for the standby power signals.

Connectors and descriptions

11.1 Connector locations

P10

| @&

P1

11.2 Phased- and Linear Array Connectors

A2-16

The transducer channels are routed between the PA probes and the analogue Front
End through two sets of 64 dual relays (K1 to K128). One set (K1 to K32 and K65 to
K96) is used to switch between probe 1 and 2, while the other set (K33 to K64 and
K97 to K128) is used to switch between probe 3 and probe 1 or 2. Latching relays
are used in order to reduce the current consumption, and they are activated by dis-
charging the energy stored in capacitors C61 to C76 through (non-latching) relays
K153 to K156. Capacitors C61, C62, C65, C66, C69, C70, C73 and C74 are charged
to +5 V, and discharging them sets the latching relays, while Capacitors C63, C64,
C67,C68,C71,C72,C75 and C76 are charged to -5 V, and discharging them resets
the latching relays.

The relay board also routes the probe multiplexer control signals and HV power sup-
plies to the currently active PA probe. The HV power supplies are routed through re-
lays K157 to K159, and are disconnected if the selected probe is not present. Relays
K160 to K165 are used to route the temperature sense signal and MPTE scan plane
2 positioning signals between the currently active PA probe and the probe controller
board (PRC).

The configuration PROMs in the PA probes are read by the Front End controller
board (FEC) through the relay board. The three PA connectors share a common bi-
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directional serial bus, and each PA connector has its unique address through two
hardwired address pins on the relay board (PA connector 1: address 00, PA connec-
tor 2: address 01, PA connector 3: address 10).

< Probe 1Xducers >

Relays |«
< Probe 2 Xducers’ | N

< Probe 3 Xducers >

XD[1:128]

Relays [« >

< Probe 1 Mux
< Probe 2 Mux
< Probe 3 Mux

Probe Mux Control

Mux [«

Probe 1 Mux HV

Probe2 Mux HV | Relays |¢ Probe Mux High Voltage
Probe 3 Mux HV

A A A

Probe 1 Temp
Probe 2 Temp » Reays
Probe 3 Temp >

PA Probe Temp Sense

>

< Probe 1 SP2 Pos’
¢Probe 2 SP2 P0§’ MPTE Scan Plane 2 Positioning >

Relays |«
fProbe 3SP2 P0§’

Probe 1 Conf
< Probe 2 Conf Probe Configuration
< Probe 3 Conf

>
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11.3 Annular Array and Doppler Probe Connections

A2-18

AA Probe A
¢ Xducers N
AA Probe B Relays |«

¢ Xducers N

AAXDI[1:6]

>

AAXDS5

Channel 5
Relay AA Probe
Temp Sense

>

Doppler Probe

¢ Xducer A N < AAXD7

>
Doppler Probe | Trans:

formers
¢ Xducer B ) < L AAX D8>

XD100

Rel
¥ XD45

Probe A
Motor & Pos

4 —>
Probe B Relays |4 Motor Control and Position Sens;e>

¢ Motor & Pos >

Probe A

¢ SP2 Pos N

Probe B Relays |«

.SPZPos >

MPTE Probe Scan Plane 2 Pos:itioning>

< Probe Sense A XDAACDAP>
< Probe Sense B XDAACDBP>
< Probe Sense Doppler XDDPCDP>

The transducer channels for the currently active AA probe are routed to the ana-
logue front end through relays K133 to K138 (probe A) and relays K143 to K148
(probe B). AA probe transducer channel 5 can be routed either to the analogue front
end bus (for standard probes) or to the temperature sense input on the probe con-
troller board (for TE probes) through relay K149.

The doppler probe transducer channels are routed to the analog front end bus
through balancing transformers T1 and T2. For systems without the probe controller
board the transducer channels are also routed to two transmitters on the TX board
through relay K150.

Relays K129 to K132 (probe A) and K139 to K142 (probe B) are used to route the
motor control and position sense signals between the currently active AA probe and
the probe controller board. Probe sense signals for the AA probes and the doppler
probe are routed straight through to the probe controller board.
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11.4 Control Interface

PAL U4 is used to decode the relay board control signals and controls the different
relays through relay drivers U1, U2 and U5. CMOS drivers U6 to U12 provide level
shifting to 15V CMOS levels for the probe multiplexer control signals.
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Transmitter Board - TX128 —rev. 04

12 Overview
12.1 Abstract
This document describes the transmitter board (TX128 board and TX128-2 board)
of GE Vingmed Ultrasound’s System FiVe Phased Array Front End. The transmitter
board contains 128 individually controlled switched mode transmit channels and
provides transmit pulses to the transducer array.
12.2 Document History
Revi- Date By Description
sion
01 24. Oct.1994 ALO Initial release
02 27. Dec.1994 LHS Updated layout
03 6. Feb. 1998 LHS Added References
04 20. Oct. 1999 LHS/ | Corrected error. Updated (TX128-2) Maintenance Aids
JB moved to Ch.K
12.3 Definitions/Abbreviations/Nomenclature
Please refer to the Abbreviations, Definitions, Glossary, Terminology, Nomenclature
list starting on page P-1.
12.4 References
» TX-128 Block Diagram — Rev. 02, page B2-4.
» Board Revision History starting on page H4-1
13 Inputs
The main inputs to the board are the FE bus which controls the board and high volt-
age (HV) for the transmitter voltage.
SIGNAL DESCRIPTION TYPE LEVEL
FE_DO-15 Front End Data bus Digital TTL
FE_PAO-9 Front End Page Address bus Digital TTL
FE_SAO0-5 Front End Device Select Address bus Digital TTL
TX_TRIG_L Transmit trigger Digital TTL
HV1P TX High Voltage supply Analog 0- +80V
HV1N TX High Voltage supply Analog 0- -80V
HV2P TX High Voltage supply Analog 0- +40V
A2-20 System FiVe - Service Manual - FA091050 |
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SIGNAL DESCRIPTION TYPE LEVEL
HV2N TX High Voltage supply Analog 0- -40V
VDRIVER TX Driver Supply Analog + 10V

14 General Description

14.1 Overview

: +HV1/HV?2 \

- I

| T 7

\ : : \

! N - X1,

: : B

\ N : :

\ ' L TX2

! ——> :—:—>

\ \ N \

| ODXM YL

\ : : \

\

: _: ) E : TX3I

\ \
TX Trig N : L

: TPG N || TX4,
C40 (40MHZ clock) Ly \ !

: LIXM_[

\ o \

: .

\ (Bl A

M Control ) : : .

: | |\ TXI5,
\ \

Addressy pppyg | pAdIES |1y ~ '
FE_PA[0-9] \ : .
FE_SA[0-5] ~ \

a2 Ly N : i TX16,
\
Jlat_a’[— : | DTXM Vo
FE_D[0:15] . LRIXML v
\ \
3 -HVI/HV2 !
Data 1of 8
>
——» CACHE
(RAM)

Fig. 14.1 TX 128 board block diagram
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14.2

14.3

14.4

A2-22

Refer to Fig. 14.1 for a block diagram of the TX128 board.

The TX 128 board contains 64 dual transmitter modules (DTXM, U1 to U64), eight
16 channel transmit pulse generator (TPG) ASICs (U65 to U72) used to control the
TX modules, a VRAM cache (U73 to U82), and logic circuitry to interface the TPGs
to the front end bus.

Dual Transmitter Module

The DTXM is a 28 pin SIL hybrid module containing two identical switched mode
transmit channels, each consisting of two separate half bridge output stages and a
common clamp. Two output stages supplied by different high voltages (HV1 and
HV?2) are used for each channel in order to enable very fast switching between dif-
ferent power levels in mixed tissue/doppler modes. The output of each channel is
clamped to ground during reception to avoid transducer cable ringing at the end of
a transmit pulse.

The DTXMs are located at positions U1l to U64.

The outputs of the DTXMs are AC coupled (through capacitors C1 to C128) to pre-
vent high voltage DC from damaging the probe if a transmitter output stage fails.
Back-to-back diodes D1 to D128 are used to isolate the transmitters from the probes
during reception.

Transmit Pulse Generator ASIC

The Transmit Pulse Generator (TPG) ASIC is designed to control 16 transmit chan-
nels by generating pulses of programmable width, delay and frequency. Each chan-
nel has a pair of complementary outputs to drive the upper and lower half of a half
bridge output stage. The TPG contains four 11 bit registers for each channel, ad-
dressed as shown in table 1. The address bus consists of two parts, a 2 bit function
code (FCJ[1.:0]) and a 4 bit channel address (ADR[3:.0]).

The TPG ASICs are located at positions U65 to U72.

RAM Cache (VRAM)

The TPG delay registers need to be updated for each vector in a 2D scan in order
to set up a new transmit beam direction and focus zone. These parameters must be
loaded into the TPGs before firing a new transmit pulse.

The system processor will calculate the transmit delays and load the data into the
TPGs through the Front End Controller (FEC) board. In order to avoid Front End Bus
activity during data acquisition, all parameters for a complete scan are loaded into
dual port VRAMs on the transmitter board. Each vector is stored in one page in the
VRAMSs and this page is transferred to the TPGs before triggering the next transmit
pulse.

The VRAM cache is organized as shown in Fig. 14.1. Four transmit pulse generators
share a 12 bit wide cache consisting of three 256k x 4 VRAMs (U73 to U75 and U78
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to U80). The TPGs and their cache are accessed through bidirectional transceivers
(U76,U77,U81 and U82) in order to reduce the capacitive load seen at their outputs.

[——————m———m—m —— —— —m————— = — = — = 9
| |
| |
| |
| |
| |

2 1
«rpeBUsIFe——F > % W PG |
|
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
4 4 1
- VRAM fs PG |
| |
| |
|
| D[03] |
| |
| |
| |
| |
| |
' 4 4 1 !
- Hl vRam > A TR |
| |
| |
| |
: D[4:7] :
| |
| |
| |
| |
| |
! 4 4 1 '
- vram 5 LA TR |
| |
| |
| |
: D[8:11] 10f2:

Fig. 14.2 VRAM cache data flow

14.5 FE Bus Interface

The FE Bus interface provides address decoding and buffering between the TPG
ASICs and the Front End Bus. Two MACH PLDs (U91 and U92) are used to decode

the address bus to access the eight TPG ASICs and their VRAM cache.
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FE_SA[5:0] > o Q > SA[5:0]
FE_PA[9:0] > o Q > PA[9:0]
FE_SAS_L D Q SAS_L
FE_SWR_L D Q SWR_L
FE_PGTR_L D Q PGTR_L
FE_RFSH_L D Q| RFSH_L
FE_SUDS_L D Q SUDS_L
FE_SLDS_L D Q SLDS_L
FE_C20 ——(JLoAD
c40
(local clock)
FE_TACK Q‘I XTACK_L
»
(generated by local
sequencer)
3
DIR QSWR_L>
eh— oo
FED[S0 5] D] <y opso)

15 Outputs

The outputs from the TX128 board are the 128 transmitters channels XD1-128. They
are fed from the P4 and P5 connectors over the Front Plane to the Relay board and
then to the selected PA connector.
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16
16.1

Introduction

Abstract

Receiver Board - RX 128 - rev.02

This document describes the receiver board (RX128 board). The RX128 board con-
tains 128 identical receive channels and provides transmit/receive (T/R) switching,
preamplification and time controlled gain (TGC) amplification to signals received
from the transducer array. It also supports annular array transducers containing up
to eight elements.

16.2 Document History

Rgvi- Date By Description

sion
01 12Apr.94 | ALO Initial release.
02 27 Dec. 94 | LHS Updated layout, corrected some minor errors.
03 O01Nov.00 | JB Moved maintenance Aid to Ch.K

16.3 Definitions/Abbreviations/Nomenclature

AA Annular Array
BITE Built In Test Equipment
PA Phased Array
T/R Transmit/Receive (Switch)
TGC Time Gain Compensation
17 Inputs
Signal Description Source Level
XD 1-128 Phased/Linear Array Relay Board | Max 200mvrms
Transducer channel
AAXD 1-8 Annular Array Relay Board | Max 200mVrms
Transducer channel
Test SIG. Analog test signal FEC Board 2Vrms
ATGCVP TGC control voltage FEC Board -10 to+10 V (non
inverting)
ATGCVN TGC control voltage FEC Board -10to +10V
(inverting)
AASEL Select AA inputs FEC Board TTL

System FiVe - Service
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18 General Description

18.1 Overview

A2-26

GE Vingmed Ultrasound
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Fig. 18.1 Block diagram
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Refer to Fig. 18.1 for a block diagram of the receiver board.

The RX128 board contains 128 identical receive channels and a common control in-
terface. Each receive channel consists of a T/R switch for transmit signal isolation,
a low noise preamplifier, and a voltage controlled TGC amplifier. A set of relays is

System FiVe - Service Manual - FA091050 |



@ GE Vingmed Ultrasound Receiver Board - RX 128 - rev.02

18.2

18.3

18.4

18.5

18.6

used to switch between phased array (PA) mode, where each transducer element is
connected to one receive

channel, and annular array (AA) mode, where each transducer element is connected
to sixteen receive channels.

T/R Switches

The T/R switches limit the voltage swing at the receiver inputs during transmission.
High voltage diode bridges (D1 to D256) are forward biased as long as the input volt-
age is between the supply voltages. When the input voltage exceeds the supply volt-
ages, the diodes are reverse biased, isolating the receiver inputs from the
transducer.

Voltage regulators U217 to U220 generate the +/- 12 V supply voltages for the T/R
switches from the +/- 15 V supplies on the motherboard.

Preamplifiers

Ultra low noise wide band operational amplifiers (Comlinear CLC425, Ul to U128)
are configured as non-inverting amplifiers with a gain of eleven (21 dB). Series re-
sistors between the preamplifier outputs and the inputs of the TGC amplifiers
(R1024 to R1152) increase the load seen at the operational amplifier outputs, and
provide 6 dB attenuation in combination with the 100 W input impedance of the TGC
amplifiers.

A test signal can be injected at the preamplifier inputs for off-line BITE (Built-in Test
Equipment) tests. This enables measurements of the gain/phase characteristics of
the analogue front end and can also give an indication of transducer faults, since a
change in transducer impedance will influence the test signal gain and phase.

TGC Amplifiers

Dual voltage controlled amplifiers (Analog Devices AD602, U129 to U192) are used
to provide time variable gain to the receive signal. Their gain can be varied between
-10 and +30 dB by applying a differential control voltage between -625 and +625 mV.

Annular Array Channels

A set of 64 dual contact bistable relays (K1 to K64) is used to switch between PA
mode (128 channels, one receive channel connected to each transducer element)
and AA mode (8 channels, sixteen receive channels connected to each transducer
element). RF transformers with an impedance ratio of 16:1 (T1 to T8) on the annular
array inputs ensure that their input impedance is the same as that of the phased ar-
ray inputs. A set of T/R switches (D385 to D400) limit the voltage swing at the receiv-
er input during transmission.

Control and Test Signal Interface

The TGC voltage enters the circuit board as a differential £20 V signal. Inverting op-
erational amplifiers U221 and U222 scale and filter the TGC voltage. It is then buff-
ered in operational amplifiers U209 to U216, before it is scaled and filtered again and
distributed to the gain control inputs of the TGC amplifiers. The filter sections com-
bine to give a third order Bessel low pass filter with a group delay of 2.5 ms.
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A2-28

A common test signal can be injected at the receive channel inputs for test purposes.
The test signal is bandwidth limited to 20 MHz in a buffered second order LC filter
(L813, C814 and U223) before it is distributed to operational amplifier buffers U193
to U208. Each amplifier drives eight preamplifier inputs through attenuators R257 to
R640.

Digital control signal AASEL is used to switch between PA and AA mode (active high
selects AA mode) and controls monostable relay K65 through driver transistor Q1.
This relay controls the bistable input relays (K1 to K64) by connecting their coils to
either a positive voltage (capacitors C815, C816, C819, C820) or a negative voltage
(capacitors C817, C818, C821 and C822). The capacitors are charged to either
AVCC (+5 V) or AVEE (-5V) through resistors R1597 to R1600. When switching be-
tween modes, the capacitors are discharged to ground through the relay coils and
the relay contacts are latched into position according to the selected mode.

Outputs

The outputs from the RX board are the 128 receiver channels RX1-128.

They are fed to the Beamformer board.

Signal Description Destina- Level
tion
RX 1-128 Receive channel n of 128 BF1-4 +-3V
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Receiver Board - RX 64

20 Introduction

20.1 Abstract

This document describes the 64 channel receiver board (RX64 board) used in low-
cost versions of the System Five. This board is based on the RX128 receiver board,
with half the number of receive channels and 2:1 multiplexers used for dynamically
mapping 128 transducer bus (XDBUS) channels into 64 receive channels for linear
array (LA) probes. It also supports annular array transducers containing up to eight

elements.

20.2 Document History

Revi- Date By Description
sion

01 96.06.21 | WL Initial release. CD rev. 01.

02 97.02.12 | WL CD rev. 02. Minor changes. AA transformer
impedance ratio changed to 2:1. New test sig-
nal buffer topology.

03 01.11.00 | B Moved Maintenance Aid to Ch.A

20.3 Definitions/Abbreviations/Nomenclature

AA
BITE
CwW
FPGA
LA

PA

T/R
TGC
XDBUS

Annular Array

Built In Test Equipment

Continuous Wave (Doppler)

Field Programmable Gate Array

Linear Array

Phased Array

Transmit/Receive (Switch)

Time Gain Compensation

Transducer Bus
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21 General Description

21.1 Overview

AAXD(1:8)
XD(1:16) e
ﬂ@)_} T/R > TGC
>l MUX RX(1:16)
>
XD(3348) | T/RJ T
_,l_ TGC
XD(49:64) | oo Sl vUX > RX(17:39)
] ‘[
.| TGC
| Slvux RX(33:48)
XD(65:80) | 1/m o ‘[
—I ——|MUX|— PI} RX(984)
>
xpE7112) | oo
XD(113:128) | /e

Buffer
TEST SIG

>

Buffer and Level Shifter

TGC CTRL LP
Filter

Fig. 21.1 Block diagram

Refer to Fig. 18.1 for a block diagram of the receiver board.

The RX64 board contains 64 identical receive channels and a common control inter-
face. Each receive channel consists of an input multiplexer preceded by a T/R switch
for each multiplexer input and a low-noise voltage controlled TGC amplifier.
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21.2

21.3

T/R Switches

The T/R switches limit the voltage swing at the multiplexer inputs during transmis-
sion. High voltage diode bridges (D1 to D256 for the PA/LA inputs, D385 to D400 for
the AA inputs) are forward biased as long as the input voltage is between the supply
voltages. When the input voltage exceeds the supply voltages, the diodes are re-
verse biased, isolating the receiver inputs from the transducer.

RF transformers with an impedance ratio of 2:1 (T1 to T8) on the annular array inputs
ensure that their input impedance is the approximately the same as that of the
phased array inputs (One AA input is connected to eight receive channels, so that
without a transformer, the AA input impedance would be only 1/8 of the PA/LA input
impedance).

Voltage regulators U105 to U108 generate the +/-12 V supply voltages for the T/R
switches from the +/- 15 V supplies on the motherboard. The +12V regulators are
also used to provide the positive supplies for the input multiplexers.

Input Multiplexers

Quad low on-resistance switches (Siliconix DG641, U1 to U64) are used to connect
the output of the T/R switches to the preamplifier inputs depending on the currently
active probe.

The following modes are supported:

Mode 1. For linear array (LA) probes, 64 consecutive probe elements are con-
nected to the receive channels, with the selected elements sliding along
the array from pulse to pulse. The channel mapping is dynamically updat-
ed.

Mode 2. For phased array (PA) probes, the 64 centre elements of the probe
(transducer channels 33 to 96) are connected to the receive channels.
The channel mapping is fixed.

Mode 3: For annular array (AA) and standalone doppler probes, one probe ele-
ment is connected to eight receive channels. The channel mapping is
fixed.

Mode 4: In test mode, transducer channels 1 to 32 and 97 to 128 are connected
to the receive channels. The channel mapping is fixed.
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Each multiplexer consists of four switches (A, B, C and D) configured as shown in
Fig. 21.2. Switch D connects unused inputs to ground in order to reduce CW
crosstalk for PA probes.

AAXD(L8) ’S\C/;/C/O
SW A

XD(33:96) 0 RX(1:64)>
) ; SWB
XD(1:32, 97:128) »O 0
SW D
Mode |SWA |SWB |SWC|SWD Description

1A On Off Off Off For Linear Array probes
1B Off On Off Off
2 On Off Off On For Phased Array probes
3 Off Off On Off For Annular Array probes
4 Off On Off Off Test mode

Fig. 21.2 Multiplexer switch configuration

TGC Amplifiers

Dual ultra-low noise variable gain amplifiers (Analog Devices AD604, Ul to U32)
provide time variable gain to the multiplexed transducer signals. The amplifiers con-
sist of two cascaded sections: a fixed gain preamplifier with a gain of 14 dB is fol-
lowed by a voltage controlled amplifier with a gain that can be varied between -14
and +34 dB by applying a control voltage between 0.1 and 2.9 V. A control voltage
below about 50 mV shuts down the voltage controlled amplifier.

A test signal can be injected at the input of the preamplifiers for off-line BITE (Built-
in Test Equipment) tests. This enables measurements of the gain/phase character-
istics of the analog front end and can also give an indication of transducer faults,
since a change in transducer impedance will influence the test signal gain and
phase.

TGC Control and Test Signal Interface

The TGC control voltage enters the circuit board as a differential £20 V signal and is
converted to a single-ended £10 V signal in -6 dB differential line receiver U110 (An-
alog Devices SSM-2143), before it is scaled and filtered in one half of dual opera-
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tional amplifier U112. The output of voltage reference U111 is inverted in the other
half of U112 and added to the TGC control voltage at the output of the line receiver
in order to generate a control voltage range of about 0 to 2.9 V. The TGC control
voltage is then buffered by one half of dual operational amplifiers U117 to U120, be-
fore it is filtered again (R777 to R780 and C691 to C694) and distributed to the gain
control inputs of the TGC amplifiers. The filter sections combine to give a third order
Bessel low pass response with a group delay of about 2 ms. The output of reference
U111 is also buffered by the other half of dual operational amplifiers U117 to U120
and distributed to the reference inputs of the voltage controlled amplifiers.

A common test signal can be injected at the preamplifier inputs for test purposes.
Operational amplifiers U122 and U123 buffer the test signal input, with their output
enable pins driven by digital control signal TESTM through hex inverter U113. The
test signal gain can be set to either 0 dB (TESTM =LOW) or -21 dB (TESTM = HIGH,
used for dithering). The test signal is then distributed to operational amplifier buffers
U97 to U104. Each amplifier drives eight preamplifier inputs through attenuators
R449 to R640.

Multiplexer Control Interface

Two identically programmed Altera EPF8282A FPGAs (U115 and U116) are used
to control the input multiplexers. They can be programmed by loading their configu-
ration data either from an on-board Altera EPC1064 configuration EPROM (U121)
or from the FEbus through tri-state buffer U114.

Each FPGA contains four eight bit serial-in-parallel-out shift registers and a 32 bit
wide hold register. In linear array mode, the multiplexer data are loaded into the shift
registers on the falling edge of shift clock RMX_SCL, and the contents of the shift
registers are then clocked into the hold register on the rising edge of strobe signal
RMX_LE. In all the other modes, the contents of the hold register is fixed. Refer to
the table below for details. See also section 21.3. Note that a switch is turned on
when its control input is high.

Mode | AASEL | PASEL |OutA |OutB |OutC | OutD | Descrip-
tion

1 L L SDA NOT L L LA mode
(SDA)

2 L H H L L H PA mode

3 H L L L H L AA mode

4 H H L H L L Test mode

The table below shows the mapping between the shift register data and the 64 re-
ceive channels in linear array mode. Note that data for the highest channel numbers
are loaded first.

DNy | Dn+1 | Dn+2 | Dn+3 | Dn+g | Dnts | D | Dnsv

MUX_SDA1 [RX1 |RX2 |RX3 |RX4 |RX5 [RX6 |RX7 |RX8

MUX_SDAZ |RX9 |RX10 [RX11 |R12 RX13 |RX14 |RX15 |RX16
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DN | Dn+1 | Dn+2 | Dnts | Dn+a | Dnss | Dnss | Dnsr
MUX_SDA3 |RX17 |RX18 |RX19 |RX20 [RX21 |RX22 |RX23 |RX24
MUX_SDA4 |RX25 |RX26 |RX27 |RX28 |RX29 |RX30 |RX31l |RX32
MUX_SDA5 JRX33 |RX34 |RX35 |RX36 |RX37 |RX38 |RX39 |[RX40
MUX_SDA6 |RX41 |RX42 |RX43 |RX44 |RX45 |RX46 |RX47 |RX48
MUX_SDA7 JRX49 |RX50 |RX51 |RX52 |RX53 |RX54 |RX55 |RX56
MUX_SDA8 |RX57 |RX58 |RX59 |RX60 |RX61 |RX62 |RX63 |RX64
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22 Overview
22.1 Abstract

This document is a description of the Probe Controller board (PRC) in System FiVe.
The Probe Controller Board performs multiple tasks; one version of the board is
mainly concerned with reading and controlling probe parameters related to the An-
nular Array probes, Stand Alone Doppler probes and TEE probes. The board resides
on the Front End Bus, and is fully controlled by the Front End Controller Board, with
the exception of the onboard XDCTRL board which is controlled directly by the CPU
board.

22.2 Document History

Rev. Date Sign. Description

01 4 May 1994 GRL | First version (for artw.B and onwards).

02 22 Nov. 1994 | GRL | Added document history and definitions.

03 20 Oct. 1999 LHS Updated content.

04 1. Oct. 2000 LHS/ | Corrected errors. Removed IVUS-descriptions
JB (never included in System FiVe). Moved Mainte-
nance Aid to Ch.K.

22.3 Definitions/Abbreviations/Nomenclature

Please refer to the Abbreviations, Definitions, Glossary, Terminology, Nomenclature
list starting on page P-1.

22.4 References
* Probe Controller Block Diagram — rev. 02, page B2-6
» Board Revision History starting on page H4-1

23 Inputs

The main inputs to the board are 3 probe sense lines for AA and DP probes (XDAAC-
DA, XDAACDB, XDDPCD), 2 temp sense lines for TEE probes (AA_TEMPIN,
PA_TEMPIN) and position signals for AA probes (AAPOSP, AAPOSN).

Table 3: “Main” Inputs

SIGNAL DESCRIPTION SOURCE LEVEL
XDAACDA Probe Code, AA probe A AA probe 0-12Vpc
XDAACDB Probe Code, AA probe B AA probe 0-12Vpc
XDDPCD Probe Code, Doppler Probe DP probe 0-12Vpc
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Table 3: “Main” Inputs

SIGNAL DESCRIPTION SOURCE LEVEL

AATEMPIN | AA Temperature Sense (AD590) | AA TEE 5.15-5.68Vpc
probe

PATEMPIN | PA Temperature Sense (NTC) PA TEE 0.70-1.17Vpc
probe

AAPOSP Position+ for AA probes AA probe +/- 13 Vpp

AAPOSN Position- for AA probes AA probe oV

RF_INP RF data input Motor pod 0-1Vims

Descriptions

Annular Array and Doppler Transmitter

In order to support Annular Array and Stand Alone Doppler probes, 8 transmitters
for a maximum of 6 annular channels and 2 Doppler channels, are implemented.
(Note that the TXboard can also be used as Doppler transmitters). The receivers are
located on the RXboard as for the Phased- and Linear Array probes. When an An-
nular Array probe is running, the XDCTRL board (see section 24.4) outputs Tissue
and Flow Line Request signals which are fed to the FEC board. These signals are
used to generate transmit trigger pulses (TX_TR_L or TTR_L) which are fed to a
Transmit Pulse Generator (TPG) ASIC on the PRC board. This is a device which can
output up to 16 different differential transmit pulses at TTL level. The FEC board pro-
grams the TPG with the proper pulse width, frequency and delay (between chan-
nels). 8 of the TPG output channels are used on the PRC board, and they are fed to
4 so-called dual transmitter modules (DTXM) (U61-U64) supplied with two high volt-

ages, HV1 and HV2, which are selected depending on type of mode (PW or CW). A
+10V VDRIVER voltage feeds the MOSFET drivers on the DTXMs. During reception
the MOSFET outputs are clamped to ground to reduce ringing. All outputs are low
pass filtered to reduce EMI emission.

Annular Array and Stand Alone Doppler Probe Sense

The Annular Array probes and Stand Alone Doppler probes are recognized in the
same way as they are in the CFM-7XX and CFM-8XX products. A 2.5V voltage ref-
erence (VR1) will always be in parallel with one of the resistors selected by the mul-
tiplexer, U6 (by PS_CUR[0:1]). Thus, depending on the size of the resistor, one of
four constant currents can be fed through the probe code resistor. The currents are
ranging from 3.3uA to 1mA in order to cover the range of probe code resistors from
0 to 3.3 Mohm. Three different probe resistors can be selected through the multiplex-
er, U4 (by PS_PRBJ0:1]). In addition, a fourth onboard resistor can be selected for
automatic test purposes.

A voltage will develop across the probe code resistor. This voltage is buffered, low
pass filtered (150Hz) and scaled (A=0.4) in U11, before fed (as AAPRBCD) to a mul-
tiplexing A/D converter (U93). The digitized values (D[0:7]) are read by the FEC
board, which then forwards the probe type information to the CPU board.
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Temperature Sensors

24.3.1 Annular Array TEE Probes

A temperature sensor is implemented for monitoring the temperature in the TEE
probes. A reference voltage, 10.00V, is scaled down and fed to the temperature
transducer (AD590), inside the TEE probe tip. This device outputs a current propor-
tional to the temperature (LuA/Kelvin) or

I(T) = 273.2 +T, [l{uA}, T{C}] (24.1)

A voltage proportional to the current, develops on the inverting input of the instru-
mentation amplifier, AD620 (U12). A reference voltage corresponding to ~15°C, is
connected to the non-inverting input. The voltage difference is then amplified (U12),
low pass filtered (U7) and fed to the A/D converter (U93) for digitizing and transfer
to the FEC board.

The temperature is displayed on the monitor. The system monitors the temperature
and when exceeding a certain limit, (typ. 41.1°C) necessary actions will be taken in
SW to prevent further scanning.

A motor current shutoff mechanism is implemented: The amplified and low pass fil-
tered voltage (AA_TEMP) is fed to two comparators (U10), so that when exceeding
certain thresholds (below15 °C on the low end and above 41.3°C on the high end),
a TEMPOK signal goes low, turning a MOTOFF signal high, in turn disconnecting the
motor and position lines in two relays (K2, K3).

As a self test of the circuitry, 3 test resistors can be selected (K6, K23, K24) by
TMP_SEL[0:2] to simulate three different known temperatures.

24.3.2 Phased Array TEE Probes

24.4

A similar circuit as described above, is also provided for the Phased Array TEE
probes. A PA_TEMPIN voltage is proportional to the temperature at a thermistor lo-
cated inside the

probe tip. This voltage is compared to a “0-volt output level” set at ~15°C. From the
output of U13 the signal path is similar to above. Since the thermistor is nonlinear,
correction for this is done in a look-up table in software.

Annular Array Probe Motor Control

The Motor and Position Control of the Annular Array probes is implemented with the
same circuitry as in the CFM-7XX/-8XX systems. The XDCTRL board is a plug-in
add-on module utilizing exactly the same pcb as the CFMs do. The power amplifier
is integrated into the artwork of the Probe Controller board. The XDCTRL board
communicates serially (U18, U94) with the CPU on two control lines, TXD1 and
RXD1.

A reference sweep (DAC) is generated on the XDCTRL board. This signal is com-
pared to the position (POSP, POSN) coming back from the position coil in the probe.
The error signal is applied to the motor coil after linear control (not shown on the
block diagram) and power amplification, moving the element in the desired direction.
The motor driver (U27/U96) is integrated into a closed loop amplifier (U14). It takes
the control voltage, PA, from the XDCTRL board through a relay (K16) and provides
sufficient current drive for the motor coil in the probe. The output of the current am-
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plifier is fed through three different relays: In K10 a test load can be selected, K9 is
controlled by a watchdog signal gated with a current limit signal (XDCLIM_L) and K2
is controlled by the TEE temperature dependant MOT_OFF signal.

The probe motor current will develop a voltage across a 0.2 ohm current sense re-
sistor. This voltage is amplified, rectified, low pass filtered and compared (U76) to a
threshold (1.6V) setting a current overload limit. In case of an overload condition, an
XDCLIM_L signal will turn off the motor drive (K9). As a safety precaution, during no
mode operation or if the probe element is jammed, a BWDOG_L signal goes inactive
(high), shutting off the motor signals (K9) to the probe after 3 seconds.

The XDCTRL board provides several status signals (latch on block diagram) which
reflect the sweep direction and type. These signals are used by the FEC to synchro-
nize transmit pulse triggering on the PRC board and data reception on the BF and
RFT boards.

Front End Bus Interface

The interface with the Front End Controller board over the Front End Bus conforms
with the System 5 FE-bus standard. The bus consists of a 16 bit bidirectional data
bus, a 10 bit page address bus, PA[0:9], and a 6 bit select address bus, SA[0:5]. In
addition there are control signals like address strobes, reset, data acknowledge etc.

An address decoder, “PRCFINTO” (U20), is provided for generating the onboard de-
vice selects, (12-14 chip select lines, a number of register (U83-U87) output signals
and one read-back register (U88)).

Clock Distribution

The PRC board receives two differential 40MHz clocks on ECL level, C4011H/ C4011L
(U40) and C40Q1H/C40Q1L (U19) from the FEC board. C4011 is fed through an ECL
to TTL clock converter chip (U30), providing several 40 MHz clocks on TTL level.
C4011 and SRES1_L are used to generate a 20MHz clock (C20) in a flip-flop (U59).
This clock is converted to TTL and distributed to the IV sections. C4011 and C40Q1
are exclusive or'ed (U19, U29) to generate 160MHz, then divided by 5 in a counter
(U89) to obtain 32MHz (for the 1V option).

Control

As mentioned in section section 22, the PRC board is controlled by the FEC board
over the FE-bus. The XDCTRL board is controlled by the CPU board on two RS-232
lines.

The module revision of the PRC board is programmed in a serial EEPROM (U48)
which can be read by the FEC board.

Outputs

The main outputs from the board are the Annular Array and Stand Alone Doppler
transmit channels (AA_XD[1:8]), motor drives for AA probes (AAMOTP/N) and probe
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and temperature sense data sent over the FE data bus (FE_D[0:15]) to the FEC

board.
Table4: “Main” Outputs
SIGNAL DESRIPTION DESTINATION LEVEL
AAXD1-6 AA Transmit Channels 1-6 AA probe +/- 130V, max
AAXD7-81 DP Transmit Channels 1-2 DP probe +/- 130V, max
AAMOTP Motor + for AA probes AA probe +/- 0.5V
AAMOTN Motor - for AA probes AA probe +- 13Vpp
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Overview

Abstract

This document describes the Beam Former Board'’s Digital Phased Array Front End.
(20 MHz / 12 bit ADC version).

The Beam Former board converts the analog RF-input signal from 32 transducer el-
ements to digital form and performs receiver focusing and steering by digital delay.

All digital signal processing to filter and delay each channel is performed in two
ASICs (named FOCUSOR and BEAM ADDER).

The output of this board is either connected to a new BF board (to increase the num-
ber of channels) or to the RFT board for digital RF processing.

By feeding the same ADC data to several ASIC sets, Multiple Line Acquisition (MLA)
is accommodated.

The BF board is also used to A/D convert and focus the RF signal from Annular Array
probes. Each AA-element is connected (on the receiver board) to several RF-input
channels of the BF board to increase the total Signal/Noise ratio. Beam steering is
performed by mechanically moving the transducer under control of the Probe Con-
troller board (PRC board).

Document History

Revision Date By Description
01 21.Mar.1994 | A.Lohne Initial release.
02 21.Mar.1995 | LHS Added A/D converter section
03 1.0ct.2000 LHS/JB UEdated. BF Board Testing moved to
Ch.K.

Table 5: Document History.

Nomenclature

ASIC: Application Specific Integrated Circuit

FOC: FOCUSOR ASIC. Custom made Beamforming circuit
BA: BEAMADDER ASIC. Custom made Beamforming circuit
ADC: Analog to Digital Converter

MLA: Multiple Line Acquisition

PA: Phased Array

AA: Annular Array

RX: Receive

TX: Transmit

FEC: Front End Controller

PRC: Probe Controller
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Inputs

The main inputs to the board are the FE-bus which controls the board and the RX
analog signal from the RX board. 32 RX channels are input to each of the BF boards.

Table 6: Inputs
SIGNAL DESCRIPTION SOURCE LEVEL
RX1-32 Receiver signals RX-128 Analog
FE_DO-15 Front End Data bus FEC TTL
FE_PAO-9 Front End Page address bus FEC TTL
FE_SAO0-5 Front End Device Select Address FEC TTL
bus
SYNC_L Receive Synchronization FEC TTL

Beam Former Board Functional Specification

Overview

The Beam Former Board (BF Board) contains the A/D converters and the ASICs
named FOCUSOR (FOC) and BEAM ADDER (BA). The BF Board accepts 32 ana-
log channels as input and converts each to a 12 bit word at a sampling rate of 20
MHz.

A 128 channel System will require 4 BF Boards. All board will be identical - their slot
will determine which channels each board is handling.

The digitized samples at the ADC output are input to the FOCs (4 ADCs pr. FOC)
whose outputs go to a BA (4 FOCs pr. BA). The output of this BA (BA Level 2) is the
sum of 16 channels and it is summed together with the output from the other BA Lev-
el 2 and the output from any previous BF board in the BA Level 3 (see Fig. 29.1).

These ASICs will sum all the 32 channels together with appropriate delay to give op-
timal receive focusing and beam steering as a function of time. All focusing and
steering parameters for a scan are stored in VRAMSs on the BF Board. The output of
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BF Board is a 19 bits word updated at 20 MHz. This output can be added to any suc-
ceeding board if more channels are desirable as shown in.Fig. 29.1

—>
—>
y|FOC
RX —>
——"—»ADC 16
—»|
L 10 —P
— > FOC‘X'
—>»
M,ADC\ / SYNC_L
— FOC FE_PA[0:9]
‘—
RX s ADC/ FE_SA[0:5]
VRAM o
| FOC «FE D[0:15]
RX i3 ADC ﬁus- < FE bus >
C
— FOC
(4 0f 32)

FOC To next
BA 16 » BA 19 board .

Ld L
L2 L3

FOC

S

FOC

WAL S b3 $hi by

[
©o

From prev. board

Fig. 29.1 BF Board Block diagram

Multiple Line Acquisition (MLA) is supported by adding a complete ASIC set for each
additional line. The input data for the additional FOCs will be the same as for the first
line, but the FOCs are set up with different parameters.

29.2 A/D Converter section.

This version is using a 12 bit/20 MHz ADC from AT&T (CSPA1220). It contains an
internal T/H and a voltage reference.

The input signal (coming from the Receiver board) is isolated and converted to a dif-
ferential signal centered around the mid range voltage of the ADC (2.25 Volt) by a
1:0.5:0.5 RF-transformer, and low pass filtered (-3 dB at 10 MHz) by a LC filter.

The digital output from CSPA1220 is buffered and connected to one FOC input port
for each MLA.
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A block diagram of an ADC section is shown in Fig. 29.2

CSPA1220
R
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LYY YN '\ -AIN To FOC
(1:0.5:0.5)
Vout 4
|: REFIN
ECL-TTL ENC
A
C20_H
ENCODE
C20 L

Fig. 29.2 ADC Section Block Diagram

29.3 Beamforming Section.

The digital beamformer uses two ASICs (Application Specific Integrated Circuits) to
filter and delay each individual channel and sum all channels. The ASICs are called
FOCUSOR (FOC) and BEAM ADDER (BA). Their master clock is 40 MHz and they
are synchronized with a SYNC* signal (coming from Front End Controller) which is
synchronized with the transmit trigger.

29.3.1 FOCUSOR ASIC

The FOCUSOR accepts digitized signals (up to 12 bit) from four elements of an elec-
tronically steered transducer. It can be programmed to support a data format of ei-
ther 2's complement or offset binary. The four ports are passed through several
stages of digital processing prior to being combined to a single 16 bit data-flow at 20
MHz on the output. Additionally, the chip delivers three status signals (CHIP_VALID,
DATA READY and DATA_ERROR) that tell the subsequent stage (the BA) when to
accept data.

The signal processing algorithms are controlled by a set of parameters that must be
downloaded into the FOCUSOR from the controlling system: The system processor
loads the data (through the FEC board) for a complete scan into Video RAMs locat-
ed on the Beam Former board before the scan is started. During the scan - in the
time slot between the end of one beam and the firing of next - the parameters for the
next beam are read from the VRAMs into the FOCSs. In order to reduce this download

System FiVe - Service Manual - FA091050 | A2-43



Beam Former Board - BF - rev.03 GE Vingmed Ultrasound

time the serial data from the VRAM is buffered on the BA and transferred in parallel
to the FOCUSOR.

Four FOCUSORSs require one 256k*4bit VRAM for parameter storage. 8 FOCU-
SORs and 2 VRAMs are needed to support 32 RF channels for each MLA.

29.3.2 BEAM ADDER ASIC

29.4

A2-44

The BEAM ADDER can be configured for two slightly different functions: BA Level 2
(BAL2) and BA Level 3 (BAL3).

BAL2 accepts the 16 bit data word from four FOCUSORs, and sums and scales
these inputs to one 22 bit output word: DATA_OUT[0:21]. 16 bit (DATA_OUT[2:17])
are used for input to BAL3. Additionally, the chip delivers three status signals
(CHIP_VALID, DATA_READY and DATA ERROR) that tells the subsequent stage
(the BAL3) when to accept data. BAL2 will also be used for parameter storage during
the FOC parameter loading. We will need 2 BAL2s for each MLA.

BAL3 accepts the data from two BAs Level 2 (each 16 bit) and one 22 bit data word
from any preceding board, and sums and scales these inputs to one 22 bit word. In
a 128 channel Front End a data word length of 19 bit is sufficient, so to reduce the
number of signals between the BF boards only the 19 LSBs are used. This 19 bit
word is the output of the Beam Former board and will be the input for any succeeding
BF board or for the Scan Line Processor in the RFT board. Additionally, the chip de-
livers three status signals (see above) that tell the subsequent stage (next BF board
or the RFT board) when to accept data. 1 BAL3 is needed for each MLA.

The BF board therefore uses 3 BEAM ADDERSs to support 32 RF channels for each
MLA.

Video RAM and Parameter loading.

The Beam Former parameters need to be updated for each beam in a 2D scan (new
steering delay) and one scan may consist of two or more different Scan Modes re-
quiring different setup of the FOCUSOR. These parameters must be loaded into the
FOCUSOR before the firing of a new beam. For a full 128 channel, 2 simultaneous
lines (MLA) front end there will be 2 Mbytes of parameter data for a complete scan.

The System processor calculates all these parameters and (through the Front End
Controller) loads the data into the Beam Former board. To avoid Front End Bus ac-
tivity during the acquisition period, all parameter data for a complete sweep are load-
ed into Dual Port VRAMSs located on the Beam Former board. Each beam has one
Page in the VRAMSs and this page is transferred into the FOCUSOR after the current
beam is acquired:

»  First the page is transferred into the Parameter RAM inside BALZ2 in 4 bit serial
form clocked by a BA generated SCLK. This action is triggered by LD_DATA.

*  Thenthe Parameter RAM is transferred to all four FOCs connected to this BAL2
by reversing the direction of the busses between the BA and the FOCs. This
action is triggered by PGM_FOC.

The VRAM is a high speed, dual port CMOS dynamic random access memory con-
taining 1,048,576 bits. They can be accessed either by a four bit wide DRAM port or
by a 512 x 4 bits serial access memory (SAM) port. Data can be transferred bidirec-
tionally between the DRAM and the SAM. In our application the DRAM port is used

System FiVe - Service Manual - FA091050 |



@ GE Vingmed Ultrasound Beam Former Board - BF - rev.03

29.5

29.6

for Front End Bus access and the SAM port is used for transferring one page of 256
X 4 bits into four FOCUSORSs.

Clock Distribution

It is essential to control the skew of the Encode signal to all ADCs. This skew (mea-
sured on inside one BF board or between two BF boards) will affect the accuracy of
the Beam Forming. The Encode signal for CSPA1220 is a 20 MHz clock (C20) that
is produced by dividing the 40 MHz Master clock by 2 in a D Flip-Flop. To ensure
that C20 is in the same phase on all BF boards the Flip-Flop is reset by the Synchro-
nous Reset signal SRES* after power up.

In addition the clocks must be protected from digital noise to avoid clock jitter. To ac-
commodate this ECL logic is used to distribute the C40 Master clock between the
boards and for C40 and C20 internally on the BF board.

Internally on the BF board the C40 and C20 clocks are distributed to circuits located
far apart: All ADCs, FOCUSORs and BEAM ADDERSs use one of these clocks. We
have made sure the delay and noise aspect (including jitter) are acceptable by:

» using “low-skew” Clock Drivers (High Speed ECL)

* routing the clock signal as an “analog signal” with a characteristic impedance
of 50 ohm for the track

* using “tree-distribution” and keeping the routing distance approximately equal
for each part of the tree

Note that the CSPA1220 requires a 50% Duty Cycle of +5%.

Front End Bus Interface

The interface signals for the parameter cache transaction sequencer are shown in
Fig. 29.3.

The Beam Former board is accessed from the FEC board through a 9 bit Page Ad-
dress bus, a 5 bit Select Address bus, an 8 bit data bus and 6 control bits.

Since all BF boards shall be identical the address decoding for selecting one partic-
ular board is slot dependent. The 16 bit FE Data Bus is utilized by connecting alter-
nating BF board slots to the low byte (FE_D[0:7]) and high byte (FE_D[8:15]),
respectively, in order to improve the data rate (see Table 7:).

The slot signals SLOT[0:1] are pulled high on the board, but will be grounded on the
motherboard according to Table 7:

Slot Data SDS* SLOTO SLOT1
BF1 FE_D[0:7] FE_SLDS* L L
BF2 FE_D[8:15] | FE_SUDS* L H
BF3 FE_D[0:7] FE_SLDS* H L
BF4 FE_D[8:15] | FE_SUDS* H H

Table 7: FE Bus Slot Deter mined Signals
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BAL2.0
MLAO

BAL2 1
MLAO

BAL2 0
MLA1

BAL2 1
MLA1

|2, ) PG_SEL (MLAO)
|2/ y pG_SEL (MLA1)

SEQ (U67) VRAM (U144 - U147)
FE_PA 9 ctrl |—2 ctrl SCle——
Data
FE_SA 5 4
Addr —> Addr SO
CTRL 6
SLoT 2 crl  SCle——
TACK* Data 4
Addr SO
c40
ctrl  sCl¢——
Data 4
Addr  SD——»
Transceiver (U9)
curl  sCl¢e——
2 Data 4
Addr SO
D[0:3]
FE_D 8 >
<
D[4:7]
(FEBus)
Register (U117)
Fig. 29.3 Parameter Cache Interface signals

The main outputs from the BF board are the MLA outputs from the beam adder 3.

Outputs from BF1 are input to BF2,output from BF2 are input to BF3,output from BF3
are input to BF4,output from BF4 are input to the RFT board.

Signal Description Destination Level
MLOo-D[0:18] MLAO Data output BF/RFT TTL
ML10-D[0:18] MLA1 Data output BF/RFT TTL
ML20-D[0:18] MLAZ2 Data output BF/RFT TTL

A2-46
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Front End Controller - FEC

31
31.1

31.2

31.3

31.4

Overview

Abstract

This document is a description of the Front End Controller board (FEC) in System
FiVe. The board controls the other board in the Front End. Most of the control is done
through a synchronous and bidirectional bus called the Front End Bus. Among the
different tasks performed by the FEC board are the following:

»  System master clock generator

*  Transmitter control

» ATGC control

* Receive focusing control

* Analog test signal generator

*  High voltage control

*  Probe sensing (PA/LA probes)

*  Control of RLY board

* AAtransmit and receive synchronization

FEC boards with artwork rev. F and onwards also contain:

*  Probe sensing for AA and DP probes
*  Temperature sensing for TEE probes

Document History

Rev. Date Sign. Description

01 8. Aug. 1994 | GRL First version of document

02 24. Apr. 1997 | GRL Updated acc. with probe and temp. sense
03 21. Oct. 1999 | LHS Updated.

04 1. Oct. 2000 LHS/JB Updated.Test Fatures moved to Ch.K

Definitions/Abbreviations/Nomenclature

Please refer to the Abbreviations, Definitions, Glossary, Terminology, Nomenclature
list starting on page P-1.

References

 Front End Controller Board Block Diagram — rev. 02, page B2-8.

» Board Revision History starting on page H4-1
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33
33.1

33.2

33.3

A2-48

Inputs

Some of the signal inputs are listed below:

1. Probe Present, PRPRES[3:1]: 3 lines from the RLY board (low when probes
installed).

2. AA XDCTRL signals: 5 lines at TTL level (LSACN_L, RSCAN_L, STAT L,
TLREQ_L and FLREQ _L) telling the status of the AA probe sweep status.

3. High Voltage V & | sense: Voltages and currents from the two HV supplies.

Description

System Clock Generator

The FEC module provides the source for the global system 40 MHz (C40) clock. The
clock is available as a 4-quadrature signal, i.e. both 0, 90, 180 and 270 degree phas-
es are generated. The 0 and 180 phases are named C40I[3:1]JH and C40I[3:1]L,
while the 90 and 270 phases are named C40Q[3:1]H and C40Q[3:1]L.

The clock is generated from a 160 MHz ECL signal level oscillator, and the counters
and buffers used are all F100300 series ECL logic based circuits.

Of the three ([3:1]) copies of the clock, the first (1) is intended for the Front End only.
This copy of the clock can be “slowed” to 1.25 MHz (40 Mhz further divided by 32)
to conserve power when possible. Special care is taken so that when the clock
switches, system integrity is preserved (i.e. no Front End reset is necessary after
switching the clock back to “full speed”).

Front End Bus Interface

The front end bus consists of a 16 bit data bus, a 6-bit device address bus, a 10-bit
page address bus and 8 strobe signals controlling the data transactions. The FEC
board is the bus master, and the other boards in the Front End (+ RFT) are the
slaves. The bus is among other things used to load focusing and steering delays into
the transmitter (TX Board) and the Beam Former (BF1-4). During data reception, the
bus is “quiet”, meaning there are no bus transactions during this period. Loading of
new data is done between reception of one beam and the tx pulse for the next.

The FE Bus can be accessed directly through the VME interface, or from the FE se-
guencer and controller (DSP). In the first case, the FEC board functions just as a port
between the CPU and the other FE boards. In the second and most used case, the
FEC board controls the FE bus.

VME Bus Interface

The VME interface consists of bidirectional data buffers, unidirectional address buff-
ers and a controller handing strobes, interrupts etc. Only the 16 least significant bits
of the 32 bit VME data bus are used on the FEC board. The FEC board represents
two VME Address spaces; one for the direct download of data from the CPU to the
other FE boards (e.g. to the TX Board and BF caches), and the other for communi-
cating control information (like loading of scan programs, error handling etc.) be-
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33.4

33.5

33.6

33.7

33.8

33.9

tween the CPU and the FEC. The FEC board can issue interrupts to the CPU, and
it will always respond to CPU accesses, provided it is not scanning (FE bus “quiet”).

ATGC Generator

An Analog Time Gain Compensation (ATGC) Counter (ATGCCT) and Prescaler
[counter] (ATGPCT) is the FEC hardware sequencer responsible for stepping
through a table of ATGC values stored in the ATGC RAM during beam data acqui-
sition. The values in the RAM are fed to a DAC followed by a buffer, a low pass filter
and single-ended to differential “conversion”, giving two signals, ATGCVP and AT-
GVVN with a range of +/- 10V.

Test Signal Generator

An analog test signal, TSIG, is generated by a DAC followed by a low pass filter.

XDCTRL Interface

A Timer Event Controller (TIMCTL) chip is used to poll the scanner control signals
from the XDCTRL board section of the PRC board, and make them available to the
DSP. TIMCTL also controls the signals returned to the XDCTRL board.

PA/LA Probe Select

In order for the system to know if probes are connected, the FEC board reads a
probe present line from each of the 3 PA/LA probe connectors. This line will be
grounded when a probe is installed.

In order to select one of the three probe connectors, 3 lines (PRSEL1-3) are fed to
the relays on the RLY board, thus routing the tx/rx signals between the system FE
and the selected probe.

PA/LA Probe Identification

All PA/LA probes contains a EEPROM where information about the probe is stored.
After a probe has been selected, the contents of the EEPROM is read over one of
the serial lines, PCF-SDA1-3, going to each of 3 connectors. The information is used
to set up the front end correctly, and it can also be used to correct for unlinearities/
inaccuracies in the probe.

LA Probe Multiplexer Select

The Probe Multiplexer (PMX) Special Adapter (SPA) chip is an independent custom-
ized parallel to serial converter used to set the probe multiplexer switches. The PMX
adapter will load 128 bits (PMX_SDA[127:0]) serially to the probe multiplexer using
a shift clock, eight data lines and a load strobe.

The FEC uses a TPC1225 FPGA to implement this function.

33.10 Revision Detect

Each of the board in the FE contains a serial EEPROM, containing information like
part number, serial number and revision. The contents of each EEPROM is read by
the FEC board, and can then be transferred to the CPU so that the FE can be cor-
rectly programmed.
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33.11 AA and DP Probe Sense (from artwork F only)

The Annular Array probes and Stand Alone Doppler probes are recognized in the
same way as they are in the CFM-7XX and CFM-8XX products. A 2.5V voltage ref-
erence will always be in parallel with one of the resistors selected by a multiplexer
(by PS_CURJO0:1]). Thus, depending on the size of the resistor, one of four constant
currents can be fed through the probe code resistor. The currents are ranging from
3.3uAto 1mA in order to cover the range of probe code resistors from 0 to 3.3 Mohm.
Three different probe resistors can be selected through a multiplexer (by
PS_PRBJ[0:1]). In addition, a fourth onboard resistor can be selected for automatic
test purposes.

A voltage will develop across the probe code resistor. This voltage is buffered, low
pass filtered (150Hz) and scaled (A=0.4), before fed (as AAPRBCD) to a multiplexing
A/D converter. The digitized values (D[0:7]) are then fed to the CPU board.

33.12 Temperature Sensors (from artwork F only)
33.12.1Annular Array TEE Probes

A temperature sensor is implemented for monitoring the temperature in the TEE
probes. A reference voltage, 10.00V, is scaled down and fed to the temperature
transducer (AD590), inside the TEE probe tip. This device outputs a current propor-
tional to the temperature (LuA/Kelvin) or

I(T) = 273.2 +T, [H{uA}, T{C}] (33.1)

A voltage proportional to the current, develops on the inverting input of the instru-
mentation amplifier, AD620. A reference voltage corresponding to ~15°C, is con-
nected to the non-inverting input. The voltage difference is then amplified, low pass
filtered and fed to the A/D converter for digitizing.

The temperature will be displayed on the monitor. The system monitors the temper-
ature and when exceeding a certain limit, (typ. 41.1°C) necessary actions will be tak-
en in SW to prevent further scanning.

A motor current shutoff mechanism is implemented: The amplified and low pass fil-
tered voltage (AA_TEMP) is fed to two comparators (U10), so that when exceeding
certain thresholds (below15 °C on the low end and above 41.3°C on the high end),
a TEMPOK signal goes low. This signal is fed to the PRC board and is used to switch
off the motor signals to the mech. MPTE probe

As a self test of the circuitry, 3 test resistors can be selected by TMP_SEL][0:2] to
simulate three different known temperatures.

33.12.2Phased Array TEE Probes

A2-50

A similar circuit as described above, is also provided for the Phased Array TEE
probes. A PA_TEMPIN voltage is proportional to the temperature at a thermistor lo-
cated inside the probe tip. This voltage is compared to a “0-volt output level” set at
~15°C. Since the thermistor is nonlinear, correction for this is done in a formulae in
software.
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33.13 High Voltage Control

33.13.1HV Programming

The High Voltage Supply (HVS) Special Adapter (SPA) chip is an independent cus-
tomized parallel to serial converter used to set the output voltage for the two outputs
of the HV Supply. The HVS adapter will load 16 bits (HVS_SDA[15:0]) over a serial
line to the HV supply using a shift clock, a data line and 4 select bits (HVS_SEN][2:1],
HVS_LDJ[2:1]) addressing either HV Supply 1 or 2 for an update.

The FEC uses a TPC1225 FPGA to implement this function.

33.13.2HV Readback

The FEC employs a Maxim MAX158 (or Analog Devices AD7828) eight-channel
ADC to convert eight separate analog signals from the HV Supply module to an 8-
bit unsigned representation of the input voltage. The eight analog signals represents
the output voltage and current drain for both the positive and negative side of the two
separate high-voltage outputs from the HV Supply module. The output power is cal-
culated, and if exceeding a certain limit, FEC will disable the HV Supply by enabling
a HVDIS_L signal.

34 Control

34.1 VME Interface

The FEC board is controlled by the CPU board over the VME bus. The CPU com-
municates with a DSP on the FEC board.

34.2 DSP

The FEC board contains a TMS320C31-40 digital signal processor which is used for
control purposes. When clocked at 40 MHz, this device executes instructions using
a 5 stage pipeline with a cycle time of 50 ns (corresponding to 20 MIPS).

The TMS320C31 generates two complementary-phase 20 MHz clocks labelled H1
and H3.

The TMS320C31 has an external bus interface with a 24 bit address bus, a 32 bit
data bus and the STRB_L and R/W_L control signals. External read transactions
take minimum one H1 cycle, writes take two cycles. Both reads and writes may be
extended with an integral number of H1 cycles by keeping the RDY_L input to the
TMS320C31 high.

1. Serial/XF Interface Buffers.

Reset Generator (DRSTG).

Primary Address Decoder (DADEC1).

Debug Piggyback Address Decoder (DADECX).
Secondary Address Decoder (DADEC2).

DSP Wait State Generator (DWSTG).

DSP Read/Write Enable Generator (DRWED).

N o o ke
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A2-52

10.

11.
12.

DSP Sbus to Tbus Address register/Buffer.
DSP Sbus to Thus Data register/Buffer.
Local External RAM (XRAM).

Local memory are 8 128Kx8 MT5C1009-20 SRAM devices, divided into two
128Kx32 banks. The access to the local memory is completely controlled by
the address and the STRB_L and R/W_L strobes, and requires no extension
cycles (wait states) on read nor write.

Local Boot EPROM
DSP Interrupt Controller

Outputs

Some of the output signals are listed below:

1.

Transmit trigger, TXTRIG_L: Signal starting the transmitter sequence in the
TPGs on TX128 and PRC.

Receive synchronization, SYNC_L: Signal used to synchronize the beam-
former.

Test signal, TSIG: Analog test signal used by the RX Board and PRC.

Analog Time Gain Compensation voltage, ATGCVP and ATGCVN: Differential
signals used to control the VCAs on the RX Board and PRC.

High Voltage Control: One serial data line and several select lines to the HV
Supply.
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Patient 1/O

36
36.1

36.2

36.3

36.4

37

37.1

Overview

Abstract

This document is a description of the Patient /0O board (PAT 1/0) in BEEIFIVE. This
module records and process the analogue traces in BEEFIVE. The signal condition-
ing circuitry (instrumentation amplifiers and analogue filters) are located on separate
daughter boards that are plugged into a main board containing the A/D converters
and the isolation barrier. The DSP performing the final signal processing is located
on the Internal I/O board, and is therefore not described in this document.

Document History

Rev. Date Sign. Description
01 9 Aug. 94 GRL First version of document
02 01.11.00 JB Maintenance Aids moved to Chapter K

Definitions/Abbreviations/Nomenclature

DSP: Digital Signal Processor

ECG: Electro CardioGram

QRS,

QRS complex: Characteristic part of the ECG signal
SDP: Spectrum Doppler Processor Board
References

Patient I/O Block Diagram — rev. 02, page B2-9

Mechanical Assembly

Refer to Fig. 37.1 for an assembly drawing of the patient I/O modules. The daughter
board is attached to the main board through two dual row 100 mil pitch connectors.
Main Board

The patient 1/O main board is a modified single Europe circuit board with overall di-
mensions of 160.0 x 104.8 mm.
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37.2 Daughter Boards

The patient I/O daughter boards have overall dimensions of 95.0 x 70.0 mm (type I)
or 95.0 x 150.0 (TBD) mm (type I). Type | boards support up to four analogue chan-
nels, while type Il boards support up to eight analogue channels.

For the time being, only one board has been implemented, a type | ECG & Phono
module with four channels (ECG, phono, respiration and pressure).

System
connection

Patient /O Main Board

| —
co
% Typel
Typell \
Typell Connectors Typel
Daughter Daughter
Board Board

System Front

Fig. 37.1 Mechanical Assembly

38 Inputs

1. ECG input: For connection of 3-lead ECG electrode cable.
2. Phono input: For connection of heart microphone.
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3. Respiration input: For connection of respiration transducer.
4.  Pressure input: For connection of pressure transducer.

39 Descriptions

39.1 Overview

Fig. 39.1 illustrates the different operations that are performed in hardware and soft-
ware.

Patient |/0 Daughter Board Patient 1/0 Main Board
S — A/D Decimation
—»Amplificatior— Pre-filtering— ~onversion ™ &nd Filtering
Signal Feature to SDP board
Procgessing > Extraction >

DSP (on Interna 1/0 Board)

Fig. 39.1 Signal Flow Diagram

The daughter board connects to the patient I/O sensors (ECG, phono, pressure, res-
piration etc.) and provides sensor dependent amplification and first order pre-filter-
ing.

The main board performs the analogue-to-digital conversion of the sensor signals in
a high resolution sigma-delta convertor. This A/D converter also contains a decimat-
ing lIR filter that provides most of the bandwidth limiting and provides a low rate se-
rial data stream to the DSP’s serial input port.

The DSP first performs simple signal processing, such as decimation, low-pass/
high-pass filtering and power line filtering. The last block in the figure includes ex-
traction of features such as QRS complexes, respiration direction, heart sounds etc.
In addition it detects whether there are physiological signals present at all (e.g. sen-
sors connected).

Processed signals and detected features are then transmitted serially to the SDP
board on request.
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39.2 Main Board

A2-56

Refer to Fig. 39.2 for a block diagram of the patient I/O main board. For the circuit
diagram, refer to functional diagram 330 FA201193.

Isolation; Barrier

_Channd A ] '
—ChannelB |
Channel C A/D Convertor Oppto Frame Sync
® Coypler
—ChannelD 5, e I
A OPto | serial Data 5,
™ Coypler
O;:)to
Channd G A/D Convertor Coypler

_Channd H| | (Optiona) | o :
‘ Configuration I
Signals 0

PO | o  Reset

Coypler
B |
PAL |=
Opto
¢ Coqpler<_ XTAL
I
Master Clack I
I
DC|DC
Con\fertor

Fig. 39.2 Block Diagram Patient /O Main Board

The sensor signals from the daughter board are input to two Analog Devices
AD7716 A/D converters (U1 and U2) though a set of RC antialiasing filters (R1 to R8
and C1 to C8). The AD7716 is a complete four channel 22 bit sigma-delta data ac-
quisition system with built-in digital decimation filter. The A/D converters use exter-
nal reference U3, and are controlled by a 7.5264 MHz master clock generated in
crystal oscillator X2. This master clock is divided by 14 internally to yield an input
sample rate of 537.6 kHz. The built-in IIR filter reduces this sample rate by a factor
of 256, yielding an output update rate of 2100 Hz per channel. The output data are
transferred to the DSP through a three wire serial interface, consisting of serial data,
serial clock and a frame sync signal. The A/D converters are configured during sys-
tem reset by serial transfer of configuration data from a PAL (PALCE 22V10, U5).
Counter U4 divides the master clock by eight to provide a suitable transfer rate for
the configuration data.

Opto couplers PC1 to PC5 provide galvanic isolation of the digital signals running
between the isolated (patient) and the non-isolated (system) side of the patient 1/0O
main board. The isolated side is powered through isolation DC/DC convertor U8, a
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39.3

PWR1303 from Burr-Brown. Extensive decoupling is used on both sides of the DC/
DC convertor to reduce conducted switching noise to a minimum.

One half of tri-state line-driver U6 buffers the digital control and data signals to and
from the main board, while the other half is used as a four bit board configuration
register, with solder pads SP1 to SP4 determining its contents. For the current ver-
sion of the patient I/O main board, the configuration register is set to 1111.

The contents of 8 bit configuration register U7 is determined by the type of daughter
board that is attached to the main board. The following configurations are supported:

Address Description

$00 - $7F Reserved for type Il daughter boards

$80 - $FD Reserved for type | daughter boards

$FE ECG & Phono Board (type I)

$FF No daughter board present

ECG & Phono Board

Only one daughter board has so far been implemented, the ECG & Phono board.
This is a four channel type | board which interfaces to Electro cardiogram, heart mi-
crophone, respiration and pressure sensors.

Refer to drawing 330 FA201193 for the circuit diagram of the ECG & Phono board.

The ECG signals enter the board through circular AMP connector P3. The signals
from the left and right arm electrodes are buffered by dual JFET opamp U1, before
they are amplified by instrumentation amplifier U2. Dual opamp U3 drives the left leg
electrode and the ECG cable screen with signals derived from the common mode
voltage at the instrumentation amplifier inputs. Input filter R3/C1 and R4/C2 reduces
susceptibility to RF noise, while output filter R8/C3 limits the signal bandwidth to
about 1600 Hz.

The phono signals enter the board through phono connector P4, and are amplified
by instrumentation amplifier U4 with input filter R16/C5 and R17/C6. One half of dual
opamp U5 is used as a shield driver in order to improve the AC common mode re-
jection. The signal bandwidth is limited to about 1600 Hz by output filter R20/C7.

The respiration sensor, an NTC resistor (thermistor), connects to the board through
phono connector P5, and is the variable element in a standard wheatstone bridge,
with fixed elements R22 to R24, and reference U6. Dual opamp U7 is used to linear-
ize and buffer the bridge signals, while filter R27/C10 is used to limit the output band-
width to about 160 Hz.

The pressure signals enter the board through phono connector P6 and are buffered
by dual JFET opamp U8, before they are amplified by instrumentation amplifier U9.
One half of dual opamp U5 is used as a shield driver in order to improve the AC com-
mon mode rejection. Input filter R34/C11 and R35/C12 reduces susceptibility to RF
noise, while output filter R39/C13 limits the signal bandwidth to about 160 Hz.
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40 Control

The Patient 1/0 board is controlled by the DSP on the Internal /0O board through an
8 bit parallel data bus (DSP_DATA[0:7]) on connector P3.

41 Outputs

Serial data from A/D converter (DR, P3-4) to DSP on Internal I/O board.
Serial clock from A/D converter (CLKR, P3-2) to DSP on Internal 1/0 board.

Serial frame sync from A/D converter (FSR, P3-6) to DSP on Internal I/O
board.
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Transducer Bus Board - XDBUS —rev. 04

42 Introduction

42.1 Abstract

This document is a description of the Transducer (Xducer) Bus Board (XDBUS) in
BEEmFIVE. The board routes the 128 tx/rx signals between the RLY board and the

Transmitter and receiver.

42.2 Document History

Rev Date Sign Description

01 10 Nov. 1994 GRL First version of document

02 20 Sep. 1995 LHS | Updated layout, corrected minor errors

03 27 Aug. 1999 LHS | Included references. Moved Definitions/Abbreviations/
Nomenclature to the Glossary (Section P)

04 21 Oct. 1999 LHS | Updated text in illustration.

42.3 Definitions/Abbreviations/Nomenclature

Please refer to the Abbreviations, Definitions, Glossary, Terminology, Nomenclature list starting on
page P-1.

42.4 References
 Front End and Mid., rev. 10 Block Diagram on page B1-3
* Front End —rev. 04 Block Diagram on page B1-5
» Board Revision History starting on page H4-1

43 Description

The XDBUS boards are two identical and interchangeable boards mounted on the
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front of RLY, TX Board, RX Board and PRC.

X RX
RLY Board BoardPRC BF1 BF2 BF3
|
D_:I
AA y -
XD1-64 <
— <
| AAXD3/4,5,8
| | 1 |
PA
1 1 1
|
—
o
|_
XD65-128 O
<
<
| AAXD1,2,6,7
1

e The rx/tx signals for the PA- and LA probes are routed between RLY, RX Board
and TX Board.

*  Eight rx/tx signals for the AA- and DP probes are routed between RLY, RX
Board and PRC.

«  Several AA control signals (for e.g. motor, position, probe sense and tempera-
ture sense control) are routed between RLY and PRC.
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RF- and Tissue Processor board

1.2

Overview

Abstract

This document describes the RF and Tissue Processor board (RFT). Several versions have been
used, containing support for up to three (3) parallel RF-processing units, an 1Q-buffer, a Tissue-pro-
cessing unit (detection, compression, composite beam handling, peak detection and digital filter) and
a Doppler High Pass filter unit (digital filter). The board is located between the Beam Former and the
PipeLink. On earlier versions of the board, two of the RF-processing units (RFP) were made as sep-
arate add-on modules (daughter modules), to allow only the number of units needed (equal to the
number of MLAS), to be installed. On newer boards, called RFT1, one or two MLAs are included on
the board (no daughter module needed).

The RTF1 boards are produced in two versions, RFT and RFT-NOMLA. The NOMLA version is a de-
populated board with only one RF-processing unit, reduced 1Q-buffer memory, and the spectrum dop-
pler filter replaced by a sw filter performed by the DSP.

The RFT1 board receives its input data from the Beam Former board. In case of MLA, Multi Line Ac-
quisition, the input may be from up to two (2) parallel data streams. After the signal processing of the
data has been done, the RFT board sends its output data out on the PipeLink.

Document History

Rev. Date By. Description
01 5 Aug. 94 GRL First version of document
02 27 Mar. 95 LHS Added block diagram, updated.
03 29 Mar. 99 MLH/LHS | Included description for the RFT1 boards (including
the RTF NOMLA board)
04 01Nov.00 JB Moved Test features to Ch.K. Edited Fonts.

1.3 Definitions/Abbreviations/Nomenclature

Please refer to the Abbreviations, Definitions, Glossary, Terminology, Nomen-
clature list starting on page P-1.

1.4 References

Block Diagrams: and the RF & Tissue Proc. Block Diagram —rev. 02 on page
H1-10.

Board history:RFT, FA200373 on page H1-8
Board formats:A1-72

System description:A1-49

Trouble shooting guide:K1-1
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1.5 Mechanical specifications

A3-4

« The RFT board consists of a baseboard with one RF processing module. Op-
tional, can one (or two) RFP daughter module(s) be added to fit the need for
RF-processors. The number of RF-processors is the same as the number of
MLA sections.

 Evenifthe RFT board was originally designed to support up to three MLAs, that
have never been utilized in System FiVe.

« The RFTL1 board holds one or two RF processing modules as an integrated part
of the board. The RFP daughter modules will not be used on this board.

FRONT
RF-processor RF-processor
RFP 1 RFP 2
REAR
[ ] [ ] [ ]
P3 P2 P1

Fig. 1.1 RFT board with two RF-processors

Fig. 1.1 shows a RFT board with the maximum number of RF-processor modules.
In Fig. 1.2, adrawing of the RF-processor stacking is shown, viewed from the side.

RF1 L | L I | —

1 1 [ 1 [ — | I

Fig. 1.2 Side view of the RFT with RF-processors

Inputs

The RFT board/RFT1 board have the following major inputs:
1. Beam Former Interface
Real time data input port.

1, 2 or 3 parallel data streams can occur simultaneously in case of MLA, or two
data streams containing range intermixed data can occur simultaneously in
case of full band mode. The MLA streams are named MLAO, MLA1 and MLA2.

BEmIFIVE System FiVe - Service Manual - FA091050 rev. |
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3

3.1
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From beam former

RF- and Tissue Processor board — rev. 04

The input data to MLA1 or MLAZ2 can be selected to occur at an alternative set
of input pins, in case of a 128 element probe used as two 64 element probes

in parallel with one Beam Former.

FEbus interface

Real time information input port.

Prior to data received from an Xmit, a set of information is transferred from the
FEC to the RFT specifying how to handle the input data stream, and how to
control the output data stream.

Descriptions

Fig.3.1 RFT block diagram

Full band l v | RE-
MLA #0 ———»handler (and_y.l/__’ processing |
Hilbert v unit #0 >
transform)
RF-
MLA#1 processing g
unit #1
©
c
2 1,Q
o
O | RF-
MLA #2 » processing 4
(MLA#1 or MLA#2 can receive itsinput unit #2
data from an alternative input port ML A#3)
Tissue- Tissue Data \
—» processing g
unit
1Q & Colour flow Data
IQ‘ » x @
—> blffer ; 8| PipeLink
o
Spectrum- ectrum Data =
> filter . p O
unit
Control of all units /
FE-Bus PipelLink
> Control | control data
unit
VME-Bus

Below are the different blocks of the block diagram described in some detail.

Full band handler (and Hilbert transform)

The data transfer from the Beam Former is made synchronously. To make this interface robust, a set
of input registers are used. For test purposes, the DSP can start a test pattern generator that gener-
ates a known test input pattern instead of using data from the input registers. The test data will be
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3.2

3.3

3.4

3.5

A3-6

processed by the input processing part of the RFT as if it had been normal data received from the
Beam Former.

One MLA section will produce data with a rate of 20 MHz. If a data rate of 40 MHz is needed (used
for high frequency probes), MLAO and MLA1 will be used to each produce every other data respec-
tively. Conceptually the full band handler will merge the data stream from MLA#0 and MLA#1 to one
data stream with a data rate of 40 MHz.

A data rate of 20 MHz is called half band mode, while a data rate of 40 MHz is called full band mode.

(GEVU have not yet started to utilize the Hilbert transform nor the fullband mode. All RFT boards pro-
duced have this feature de-populated, RFT1 boards have it removed. The Hilbert transform converts
the two-sided spectrum of its real input signal to a positive-sided, complex signal on the output. The
Hilbert transform will decimate the data stream by two nearly without loss of information. Input data
rate to the RF-processing units will therefore be 20 MHz in all modes. The Hilbert transform is only
used in full band mode.)

RF-processing unit (RFP)

An RF-processing unit consist of a complex multiplier and two real FIR filters. The following signal
processing tasks will be made on the data stream while the data flows through the RF-processing
unit:

. TGC
. Complex demodulation
. Filtering

. Decimation

IQ-buffer

The IQ-buffer is used for transforming the input data flow sequence and rate to an output data flow
sequence and rate that is more suited for the signal processing of the data to follow. The IQ-buffer
will also have some timing elastic regarding the input data rate vs. output data rate.

Typical transformations are
. Data from N4 tissue Xmits with different TX focused in the same direction
-> one (composite) tissue beam (N;>1)

. Data from N, flow or spectrum Xmits in the same direction
-> N3 data set each with N, data from the same range.
(N3 is the number of range samples)

. Data from one Xmit
-> two or more data set contains the same data but with different use.

The IQ-buffer can handle a simultaneous input and output data rate of 20 MHz complex data.

Tissue Processing Unit

The Tissue Processing Unit contains signal processing hardware for:
«  Detection .12+ Q2

. Compression

. Composite beam handling - Zone stitching - Line compounding
. Peak detection and Edge Enhancement

. Tissue filtering

Doppler High Pass Filter

The Doppler filter unit contains a digital filter where the cutoff frequency can be changed according
to the Low Velocity setting on the front panel. The filter reduces the dynamic range of the signal down
to 16 bit.
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Color flow data will be sent directly out from the IQ-buffer, since all filtering needed will be done one
the 2DF board.

3.6 Local processor

For the control of the RFT and for some signal processing tasks in SDCW a DSP of type TMS320C31-
40 is used.

The local DSP have its EPROM based start up program, containing the following functions:

1. Local power up self test.
2. Routines for receiving a downloaded application program from disk.
3. A local test monitor used for production board level test and board level failure localization.

As soon as the application program is downloaded and the rest of the instrument is operating, the
DSP will handle the following tasks:

1. Communication with the cpu.

Most changes of the instrument control will result in a message sent from the CPU to the RFT,
specifying how the RFT shall be used. The local DSP program must react according to these
specifications. There is only communication from the CPU to the RFT when the operator
changes a setting on the instrument, except for during certain test modes.

2. Xmit to Xmit control.

The FEC controls most of the data flow until data have been written into the 1Q-buffer. There
might be cases where the DSP needs to update some filter coefficients before data from a new
Xmit occurs. In that case a message is sent from the FEC to the RFT via the FEbus. The RFT
receives message one Xmit before a new coefficient set is needed, and the hardware is de-
signed so the DSP without any synchronization can update the coefficient set as soon as the
message is received.

3. The output event tags generated by the FEC are used for starting pre-calculated downloaded
PipeLink data transfers. As soon as an output event occur the DSP can set up the output con-
trol hardware for transferring a data set out on the PipeLink.

4, Based on the timer interrupt with a rate TS [2.0ms or 4.0ms], the DSP must set up a time slot
data transfer. In some instrument scan modes the timer interrupt is replaced with a output
event message with a fix interval [4.0, 8.0 or 16.0 ms]

5. In SDCW mode the DSP shall perform a matched filter calculation on the data stream. The
filter consists of adding a number of samples together and the result is passed through a filter

The DSP is mainly involved with two processes a) react on output events received from the FEC, and
b) react on the timer interrupts at a rate of TS [2.0ms or 4.0ms] and set up for a time slot transfer.
These two are asynchronous in time.

4 Control unit

The RFT board contains hardware for control of different sections of the board. The following is im-
portant:

. input control (ICTRL), controls the data flow until the data has been written into the 1Q-buffer.
. output control (OCTRL), controls the data flow out from the buffer and out on the PipeLink.

. the local DSP is used for all control tasks not directly implemented in hardware. The hardware
implemented control functions are set up / controlled by the local DSP.

. The VME interface is used for CPU to RFT communication. The VME interface may also be
used for replay of IQ-data. The interface is quite slow.
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5.1

6
6.1

A3-8

Connectors
The RFT board

VME-bus:

Clock distribution
PipeLink:

Front End bus:
MLA section O:
MLA section 1:
MLA section 2:
RF-processor 1:
RF-processor 2:
TMS320C31 emulator
RS232 serial line

P1
P2
P3
P2
P2
P2
P2
Ji
J2
P4
P5

GE Vingmed Ultrasound

P1, P2, P3 are at the rear side of the board.

P4, P5 are at the front of the board.

J1, J2 are at the component side of the board.
Pn is a male connector, Jn is a female connector.

5.2 The RFT1 board

VME-bus:

Clock distribution
PipeLink:

Front End bus:

MLA section O:

MLA section 1:
TMS320C31 emulator
RS232 serial line

P1
P2
P3
P2
P2
P2
P4
PS5

P1, P2, P3 are at the rear side of the board.
P4, P5 are at the front of the board.

Pn is a male connector.

Outputs

PipeLink interface

The PipeLink interface is an output port only. Data and control signals are sent out on the PipeLink

to SDP, 2DF or Image Port.
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Spectrum Doppler Processor —rev. 03

V4 Overview

7.1 Abstract

1. This document describes the Spectrum Doppler Processor board (SDP). The
SDP board performs spectrum analysis, performs missing signal estimation
and generates the analog Doppler signals used for audio. It also generates the
velocity traces as well as taking serial trace data from the Internal I/O board
onto the pipelink bus. The board receives high pass filtered data from the RFT
board and outputs processed data to the Image Port. System control is done
by System Processor via the VME interface.

7.2 Document History

Rev. Date Sign. Description
01 5 Aug 1994 GRL First version of document
02 3 Jan 1995 HN/LHS Updated information and layout.
03 12. Aug 1999 | LHS Corrected some typos.
04 01Nov.00 JB Moved Test Features to Ch.K

7.3 Definitions/Abbreviations/Nomenclature

RFT: RF and Tissue Processor board
DSP: Digital Signal Processor

PW: Pulsed Wave Doppler

CWw: Continuous Wave (Doppler)

I: In phase

Q: Quadrature phase

DFT: Discrete Fourier Transform
MSE: Missing Signal Estimation

7.4 References
Block Diagram: See page B2-11.

8 Inputs

The SDP board have the following major inputs:
1. Pipelink Interface

Data from the RFT board is received on the pipelink bus. The signals are lo-
cated on the P3 connector.
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9.1

9.1.1

9.1.2

9.1.3

A3-10

2. Serial Trace Data

Analog traces (e.g. ECG) are received serially on a line from the Internal 1/0
board.

Descriptions

Below are the different blocks of the block diagram described in some detail.
1. Data Buffer

The Data Buffer is a buffer for the | and Q Doppler data to be analyzed. It also has
the option to store M-Mode data for signal processing by the Master DSP. The read
process of the Data Buffer is controlled by the Master DSP.

In order to perform the modified DFT on the PW mode Doppler signal, the data ac-
quisition must be done as a function of both time and space. In CW mode the data
acquisition is done as a function of time only. That is, only data from one range is
used for the DFT estimation. The appropriate addressing for Doppler data acquisi-
tion is done in Data Read/Write Address Generators.

Spectrum Analyzer

Spectrum analysis is performed in the below mentioned blocks (details not shown
on the block diagram).

Spectrum Window Function and Addressing

Before DFT the Doppler data is weighted by a smoothing window function. This is
done by multiplying selected samples from the Data Buffer with selected coefficients
stored in a Window RAM. The selection of appropriate coefficients is done in a Win-
dow Address Generator block

Complex Exponential Multiplier and Accumulator

Once the Doppler data has been weighted by the window function, the modified DFT
operation is implemented. It performs the complex multiplication between the com-
plex Doppler data and the complex exponential function and accumulates the result.
The resulting complex frequency component is fed to Master DSP for further signal
processing.

Digital Signal Processor 1

The Master DSP block computes the magnitude squared, performs the spatial and
temporal averaging, calculates the magnitude of the averaged spectrum, and esti-
mates the velocity traces.The Master DSP administer the overall data flow to and
from the PipeLink. It is interfaced as a slave module for data transfer via the VME-
bus.

The Master DSP is connected to a Boot Strap Flash-PROM which is used for Master
DSP initialization and test programs. It also contains a bootstrap initialization pro-
gram for MSE DSP. This program is down loaded from Master DSP to MSE DSP via
the serial port.
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9.2 Audio and Missing Signal Estimation
9.2.1 MSE Digital Signal Processor

The main task for the MSE DSP is to perform the data acquisition for the audio an-
alog-to-digital conversion as well as generate the MSE for the audio in Time Shared
Mode (TSM). The data used to generate the analog Doppler signals is transferred
from the Pipelink via the Audio FIFO’s to the MSE DSP.

9.3 Digital-to-Analog Converter

The output of MSE DSP is a digital Doppler signal, or a combination of the real and
a synthesized Doppler signal, which is converted to a complex analog signal by the
Digital-to-Analog Converter (DAC) to analog | and Q components. The analog sig-
nals are low pass filtered in order to obtain a clean and crisp audio.

10 Control
10.1 VME Interface

The VME Interface provides for communication between the system CPU and the
SDP. The Master DSP is a slave of the VME bus and responds to interrupts signal-
ling the transfer of data from the CPU to the Master DSP Memory block. The VME
Interface on the SDP is based on a general architecture used for several modules in
the system.

10.2 Master DSP Control and Administration Tasks

The Master DSP administers the data flow and parameter update on the SDP. The
following tasks are performed by Master DSP:

* Respond to VME Interface interrupt at initialization.
* Respond to VME Interface interrupt for updating of parameters and tables.

. Provide for Data and Window READ/WRITE Address Generation control and
synchronization.

*  Perform interpolation on spectral output data.
*  Supply output FIFO with spectrum and trace data in the appropriate sequence.

11 Outputs

The SDP board has two major data outputs:
1. Pipelink Interface

Spectrum data is transferred from the output FIFO onto the pipelink bus when
one spectrum line is processed, and the board at the same time receives new
data on the pipelink input.

2. Audio Output

The analog Doppler signals AN_DOP_I and AN_DOP_Q are output on two
pins on the P3 connector; A26 and A27. They are fed to the front panel and the
VCR, via the Internal 1/0 board.
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2D Flow Board

12
12.1

12.2

12.3

12.4

13

A3-12

Overview

Abstract

This document describes the 2D Flow Processor board (2DF) performing Fixed Tar-
get Cancelling, Autocorrelation, averaging and Velocity Parameter Estimation.The
board utilizes DSPs to accomplish the functions listed above. Data is received from
the RFT board, processed and fed out on the pipelink bus to the Image Port board.

Document History

Rev. Date Sign. Description
01 5 Aug. 94 GRL First version of document
02 11Nov.00 JB Moved Test Features to Ch.K

Definitions/Abbreviations/Nomenclature

RFT: RF and Tissue Processor board

DSP: Digital Signal Processor

FTC: Fixed Target Cancelling

1Q: In phase / Quadrature phase components of complex signal
LUT: Look-Up-Table

References

2D Flow Board Block Diagram — rev. 01 on page B2-12
Board formats on page A1-73.

2D Flow Board (this document)

System description on page Al-51

Theory of Operation on page Al-24

Inputs

The main data input to the 2DF board is the pipelink, a bus located on the P3 con-
nector. Data is transferred range by range from the IQ buffer on the RFT board.
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14.1

14.2

14.3

14.4

14.5

Descriptions

General Description

As can be seen from the block diagram, the design contains 16 FTC processors han-
dling filtering and autocorrelation, 4 Velocity processors handling averaging and pa-
rameter estimation and 1 Master processor controlling the other 20. This gives a
total of 21 processors. The purpose of having this many DSPs is to get the desired
processing speed. The VME is used for communication between the Master DSP
and the CPU. There is no ultrasound data transfer on the VME bus. A dedicated bus
known as the Pipelink is used for data transfers.

Input Dispatcher

Data that arrives on the PipeLink have to be separated and given to the appropriate
FTC processor. The FTC processors handles data from the different ranges. To do
this a so-called Input Dispatcher implemented in an Actel FPGA .This device is
placed between the PipeLink input and the FIFOs going to the FTCs. The Dispatcher
checks if this mid-processor is the destination of the data. If so, the Input Dispatcher
then gives write signals to the dedicated FIFOs.

FTC DSPs

16 of the DSPs are called FTC DSPs. These DSPs perform both fixed target cancel-
ling and autocorrelation on the different ranges. The number of ranges to be pro-
cessed can vary between 64 and 512. Two different autocorrelation algorithms will
be supported; the conventional one used in the CFM products and an advanced one,
which main advantage is unwrapping of frequency aliasing. When doing the ad-
vanced algorithm, two ranges must overlap into the neighboring FTC processors.
Below is shown one of sixteen FTC processing modules.

> FIFO FTC Latch
16b At DSP _>32bit >

VEL DSPs

Data from four FTC DSPs are fed to one VEL DSP. Here both radial averaging and
velocity parameter estimation is performed. The 3 types of velocity parameters; in-
tensity (or power) [4 bits], velocity [8 bits] and bandwidth [4 bits] are packet into one
16 bit word sent to the Master DSP. Below is shown one of the four VEL processing
modules.

DSP PAL

| FIFO
— 16 -

Master DSP

The Master DSP controls all the processing:
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1. Booting

The 2DF programs and Look-Up tables are stored at the CPU. During system
start-up these are loaded to the Master DSP. The Master DSP has a demulti-
plexer at the output of the serial link. With this demultiplexer the Master DSP
can decide which FTC or VEL module to write to. It is possible to write to a sin-
gle module, or to all modules at the same time. Some special combinations of
modules can also be written to. This way we can have different programs in
the different processors in the different modules.

2. Look-Up Tables

The CPU loads the Master DSP external RAM, this one contains the LUTSs.
The Master DSP then transfers these on to the Velocity DSPs via the serial
links.

3. Configure Input Dispatcher

The Master data bus is also connected to the Input Dispatcher, which enables
writing of control words. This way we can configure the Input Dispatcher to the
specified algorithm and to the specified number of ranges.

4. Data organization

The Master DSP reads the results coming from the different module FIFOs.
These results are then put together to form a complete beam, and the head
and tail control words are attached.

5. Checks the amount of data

The Master DSP ensures that the desired amount of data comes from the Ve-
locity processors.

6. Write data to the PipeLink

The Master DSP writes the output data with control words to the PipeLink
FIFO.

7. Error situations

When an error situation has occurred, the Master analyzes it. Then the slave
DSPs normally must be restarted.

During such an error situation, the processing will be stopped. However, the
Pipelink must not be affected, therefore the Master DSP must write dummy
data with control words to the PipeLink FIFO. In some special situations this
could be difficult, e.g. if the Master DSP looses control of the number of beams
in process etc.

15 Control
15.1 VME interface

The Master DSP has all the communication with the CPU. When there is a new con-
trol word in the VME interface FIFO, the Master gets an interrupt.
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15.2 Serial links for program loading and communication

There is one serial port on each of the DSPs. This port uses three pins for input and
three for output. The purpose of the serial port is the following:

Program loading

LUT downloading

Parameter changes

Error handling

Testing of general functionality

agbhwnE

Below is shown the serial link for one module (4 FTC DSPs and 1 VEL DSP).

Y

FTC
DSP
Ve
DSP
FTC
DSP
| N
FTC
DSP Mager
DSP
v TINT
FTC
DSP

16 Outputs

Pipelink Interface

The main output from the board is the pipelink bus carrying the color flow data from
2DF to the Image Port.
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Your Notes:
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The Display and Control System

Overview

Introduction This part of the emmFIVE Service manual describes the Dis-
play and Control modules in the instrument.

Modules and sub-  The listed modules and subsystems are described in this

systemsdescribed  part of the manual:
in this part of the

manual Module / subsystem Page
Image Port Board - rev. 02 A4-3

Image Port Board - rev. 02 A4-3

Image Memory board - rev. 03 A4-10

Scan Converter Board - rev.01 A4-12

Graphic Processor - rev.01 A4-15

CPU board - rev.02 A4-17

Mother Board - rev. 01 A4-20
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1
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1.2

1.3
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2.2
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Overview

Abstract

The system function of the Image Port (IMPORT) is to capture signal processed data
from the mid section boards, RFT, SDP and 2DF, or a VCR, and route this data to
the appropriate locations in the Image Memory.

The generated data sets are organized as ring-buffers in the Image Memory. The
data sets will either be picked up by the Scan Converter for real time imaging, or by

software for replay or history processing.

Revision History

Rev. Date Sign. Description
01 5 Aug. 1994 GRL First version of document
02 21 Sep 1999 LHS Minor update

Definitions/Abbreviations/Nomenclature

Please refer to “Abbreviations, Definitions, Glossary, Terminology, Nomenclature”

on page P-1.

References

. Image Port on page A4-53

* Image Port Block Diagram —rev. 01 page H4-14

 Board Revision History page H4-1

Inputs

PipeLink input

The PipeLink data entities are called Frame, Packet and Tuple. At the Image Port
the Packet will be collapsed. The data entities at the Image Port will hence be refer-
enced Frame and Vector.

The Vector size will be between 64 Bytes and 8 KBytes depending on the data type:

Video input

Video or S-VHS is received from the VCR via the Internal I/O board.
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Descriptions

Pipelink Data Type Decoder

The data and control parts of the incoming data flow are demultiplexed and dis-
patched to the respective FIFOs.

Video A/D conversion and decoding

The luma data, chroma data and control parts of the incoming data flow are first dig-
itized, then demultiplexed and dispatched to the corresponding FIFOs.

SVHS CHROMA> AD. ; 13.5MHz> v
| Luma z
TDéi370, Chroma 4 13.5 MH > UV
Decoder
VHS/LUMA> AID.
[TDA8708 SAA7191
Clock
Gen.
SAA7197

Fig. 3.1 Video input quantization and decoding

Fig. 3.1 shows the Video input dataflow. There are physically one VHS and one S-
VHS input. which are individually digitized. The digital video multi-standard decoder
generates the decoded luminance and chroma data. The decoder is programmable
to take either PAL or NTSC format in either digitized S-VHS or VHS.

FIFO buffers

The task of the FIFO buffers is to ensure that the Image Port can consume the in-
coming data in absence of VME mastership, and to buffer full VME block size before
requesting the VME slave.

A dedicated control FIFO is connected to the PipeLink input in order to make the tar-
get Vector address calculation in parallel with the VME block transfer of the previous
Vector.

Image Port Controller

The purpose of this block is to control the data flow through the FIFOs. It also gen-
erates the addresses for the Image Memory board, so that the different data types
is placed in the correct ring buffers.
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4 Outputs

4.1 Output to Image Memory

The dataflow destination is the Image Memory board. Data transfer is done over the
VME bus.

4.1.1 Data sets

Each scan mode will produce data to a corresponding data set in the Image Memory.
The data sets are represented in ring-buffers. Each active data set will be allocated
to one of the following types of acquisition data:

2-D tissue data

Doppler data

M-mode data

Colour flow

Trace data

Video Y-component data
Video UV-component data
Colour M-mode data

RF data

The Image Port can support dynamic demultiplexing of the input flow and corresponding
mapping to up to 8 different data set ring-buffers.
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Image Port 2 Board - rev. 01

5.2

5.3

5.4

6.2

A4-6

Overview

Abstract

The system function of the Image Port 2 (IP2) is to capture signal processed data
from the instrument or a VCR, and route this data to the appropriate locations in the
on-board Image Memory.

The generated data sets are organized as ring-buffers in the Image Memory. The
data sets will either be picked up by the Scan Converter for real time imaging, or by
software for replay or history processing.

Revision History

Rev. Date Sign. Description

01 10Sep.1999 | TS/LHS First version of document

Definitions/Abbreviations/Nomenclature

Please refer to “Abbreviations, Definitions, Glossary, Terminology, Nomenclature”
on page P-1.

References

 Image Port on page A4-53
* Board Revision History starting page H4-1

Inputs

PipeLink input

The PipeLink data entities are called Frame, Packet and Tuple. At the Image Port
the Packet will be collapsed. The data entities at the Image Port will hence be refer-
enced Frame and Vector.

The Vector size will be between 64 Bytes and 8 KBytes depending on the data type:
Video input

Video or S-VHS is received from the VCR via the Internal I/O board.

Board Description

Scanner Dataflow

 The scanner data input format is the PipeLink format.

Demultiplexing and mapping of scanner dataflow can be done in up to eight
data set ring-buffers in the onboard Image Memory.
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 The peak data rate is 20x1 MBytes/s or 20x2 MBytes/s in bursts of 32-2048

Bytes.

7.2 Video Dataflow

* Video input is supported in these formats:

- SVHS - PAL,
- SVHS - NTSC,

- PAL,
- NTSC.

*  Physically there is one S-VHS and one composite video input from VCR and

one SVHS input from the Graphic Board.

 The VCR data is mapped separated into one Y (luminance) ring-buffer and one

UV (chroma) ring-buffer in the Image Memory.

* Itis possible to map only the luminance component to the Image Memory.

* lItis possible to lower the input dataflow rate by selecting a Region Of Interest
and/or by lowering the spatial resolution within the selected region and/or by
decimation in time.

7.3 Mixed Scanner/Video Input Dataflow

* Itis possible to run the input dataflow from Scanner and Video simultaneously.

7.4 Data Set Ring Buffers

ThelImage Port 2 supports DMA to up to a total of 8 ring buffers simultaneously.

7.5 Video Input

14.75/12.28 MHz

g > Y

14.75/12.28 MH.
¢ 2y UV

VCR CHROMA >
A/D —>
hic B HROMA
Graphic Board CHRO B ITDAST04 Luma
Chroma
VCR LUMA Decoder
VCR VHS > A/D | p
Graphic Board CHROMA
P TDAS708 SAA7191
Clock
Gen.

Fig. 7.1 Video input quantization and decoding

SAA7197

Fig. 3.1 shows the Video input dataflow. There are physically one VHS and one S-
VHS input for VCR and one S-VHS input from the Graphic Board. The digital video
multi-standard decoder generates the decoded luminance and chroma data. The
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7.6

7.7

7.7.1

A4-8

decoder will detect the Video Standard; either PAL or NTSC format in digitized S-
VHS or VHS. The decoder is programmed to differ between VHS and S-VHS.

FIFO buffers

The task of the FIFO buffers is to ensure that the Image Port 2 can consume the in-
coming data in absence of local bus mastership, and to buffer local bus burst width
for best bus utilization before requesting the local bus.

There are three data FIFOs:

* one for PipeLink,
. one for Video Luma and
. one for Video Chroma.

There are one dedicated control FIFO for both the PipeLink and Video input, storing
control information of the vectors in the data FIFOs. One entry is pushed into the
control FIFO by HW after the complete data vector is pushed into the corresponding
data FIFO. The vector will however be split by HW in pieces of 2048 bytes if the
PipeLink vector exceeds this 2048 byte size; an entry in the PipeLink control FIFO
will correspond to <= 2048 bytes in the data FIFO.

Output to Image Memory

The dataflow destination is the onboard Image Memory. The local SW will get an in-
terrupt when a control FIFO gets non-empty. This will make the local SW start read-
ing the control FIFO, identifying its source and calculating the destination address in
the Image Memory. The data FIFO data corresponding to the control FIFO entry will
be pulled over to the Image Memory destination initiated by the local SW that write
the address to an address register. This address registers can be updated by four
local bus addresses; one for each data FIFO bank identifying the source data FIFO
and one for just updating (testing) the address register without data FIFO pulling.
The HW will decode an address update with FIFO pull, requesting the local bus and
start to empty one data FIFO entry to the Image Memory. The end of the data vector
is defined by two tag bits in the data FIFOs (which are 36 bits wide). When a split
termination is tagged, the termination tagged data FIFO entry is part of the vector
entering the Image Memory. When a no-split vector termination tag is encountered,
the tagged data FIFO entry is not part of the vector entering the Image Memory.

Data Sets

Each scan mode will produce data to a corresponding data set in the Image Memory.
The data sets are represented in ring-buffers. Each active data set will be allocated
to one of the following types of acquisition data:

e 2-Dtissue data
 Doppler data

¢ M-mode data

e Color flow

 Trace data

* Video Y-component data

* Video UV-component data
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8.1
8.1.1

8.1.2

8.2
8.2.1

8.2.2

8.2.3

. Color M-mode data
. RF data

The Image Port 2 will support dynamic demultiplexing of the input flow and corre-
sponding mapping to up to 8 different data set ring-buffers.

Dataflow Control Description

Input Flow Decode / Capture
PipeLink

The data and control parts of the incoming data flow are demultiplexed and dis-
patched to the respective FIFOs.

Video

The luma data, chroma data and status data parts of the incoming data flow are de-
multiplexed and dispatched to the corresponding FIFOs.

Output Flow Control

The Image Port DRAM

Image Port 2 supports up to 4 SIMM banks of either 16MByte/bank or 64MByte/bank
of 72 pins SIMM EDO modules. There are 4 SIMM sockets (1:4) which can contain
one or 2 banks; all 4 sockets can be used when using 1 bank SIMM modules while
SIMM sockets 1 and 3 may be used for 2 bank SIMM modules.

There must always be mounted a SIMM module in SIMM socket 1.

The Image Port FLASH

The boot code and the production configuration information is situated in the so
called boot block of the FLASH. This block has hardware protection which can be
overrided by inserting the un-protection jumper on the board. The minimum size of
the FLASH will be 512 Kilobyte with optional sizes up to 2 Mbyte.

The Image Port will after power-up (i.e. PCI reset) Retry PCI configurations cycles
until the boot code has set our PCI memory size, Vendor Subsystem ID, Subsystem
ID and turned off the control bit that makes the PCI slave interface Retry PCI config-
urations cycles. In this way our boot code is able to program our memory size and
IDs before any Host CPU can read it with a PCI Configuration cycle.

The Image Port Video Decoder

The Image Port Video Decoder is based on the SAA7191 from Philips. It is connect-
ed to the 1°C bus mastered by the I960RP. The CSR registers in the Video Decoder
is accessed over the 1°C bus by 1960RP code using the 1°C interface registers.

The Video Decoder supports both PAL and NTSC video formats and will be pro-
grammed prior to Video capture.

Image Memory board - rev. 03
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9.2

9.3

9.4

10
10.1

10.2
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Introduction

Abstract

This document is a description of the Image Memory board (IMMEM) in BEEIFIVE.
The board is commercially available from Micro Memory Inc., USA, and the descrip-
tion is based upon information found in the Users Guide for the board.

Starting second half of 1999, a new Image Port board with onboard memory was in-
troduced as an alternative to the Image Port board/ Image Memory board combina-
tion. See “Image Port Board - rev. 02” on page A4-3 for details.

Document History

Rev. Date Sign. Description
01 22 Aug. 1994 GRL First version of document
02 1.Nov. 1999 LHS Included info about IP2 board
03 01 Nov.2000 JB Moved Test and Diagnostics to Ch.K

Definitions/Abbreviations/Nomenclature
RAM — Random Access Memory

PLD — Programmable Logic Device

LED - Light Emitting Diode

References
Image Memory Block Diagram — rev. 01 on page B2-15
Image Port Board - rev. 02 on page A4-3

Descriptions

General

The Image Memory board is fully compatible with the VME bus specifications. It can
handle data widths of 8, 16, 32 or 64 bits and address widths of 24 or 64 bits.The
memory array can be addressed as 8 bit bytes, 16 bits words or 32 bit longwords,
using conventional Read/Write, Read/Modify/Write or high-performance block trans-
fers.

Memory Size

The board can be stuffed with different amount of RAM, ranging from 32 MBytes to
512 MBytes. It is designed to accept 4096K x 9 dynamic RAM modules with 80 ns
typical delay. (Eight of the 9 bits are used for data, one for parity).
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10.3

10.4

10.5

Address Decoding

The board contains its own address register and data buffers for each port, and re-
sponds to various Address Modifier Codes, decoded by an address decoder PLD.
Various combinations are available.

Parity Control

A parity Generator/Checker stores and checks an even parity bit for each byte writ-
ten on write cycles. In case errors are found, a bit can be set in a Control Status Reg-
ister, and a bus error signal activated, lighting up a red LED.

Refresh

The RAM is refreshed once every 15 us. The cycle interval is generated by a free
running oscillator, providing a refresh transparent to memory access cycles. If a
memory access cycle takes more than 15 us, the board counts the number of refresh
requests, and upon completion of the cycle, the refresh circuit runs up to 31 stored
refresh requests. If memory cycles last more than 420 us, thus preventing refresh,
data will possibly be corrupted.
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Scan Converter Board

11 Overview

11.1 Abstract
This document describes the Scan Converter board (SCONV). The SCONV board
fetches the different types of data from the Memory board using VME DMA transfers.
Its main purpose is to convert the data stored in the image memory to a display for-
mat which gives a true view of what was actually scanned.

11.2 Document History
Rev. Date Sign. Description

01 1/13/98 GRL First version of document

11.3 Definitions/Abbreviations/Nomenclature

11.4 References
Scan Converter Block Diagram —rev. 01 on page B2-16

12 Inputs
VME Interface
The main input to the board is the VME bus, where data from the Image Memory
board is fetched. The VME bus is located on both the P1- and the P2 connector.

13 Descriptions

13.0.1 VME Interfaceand Input FIFOs
The VME Interface is located between the VME bus and the Input FIFOs. It is 64 bit
wide (32 bit data and 32 bit address). The even and odd vectors are grouped in a
certain way. Maximum vector length is 1024 bytes (2D). Each FIFO is 512 bytes
deep and they operate at 40 MHz using 32-bit interleaving. The output of the FIFOs
are read at 25 MHz.
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13.1

13.2

13.3

13.3.1

13.3.2

13.3.3

Time Domain Processor

Address and data is fed from the Input FIFOs into a so-called Time Domain Proces-
sor (TDP). The TDP performs recursive filtering of the data which is still on a sample/
vector format, and stores the data in one of three memory banks depending on data
type. The three banks are for simultaneous storage of tissue data, flow-frequency
data and flow-bandwidth data.

Space Domain Processor

The different types of data are now stored in separate memory banks, and can be
read out in three parallel paths for further simultaneous processing in the Space Do-
main Processors (SDP).When addressing these memories, the actual scan conver-
sion takes place. Each of the banks have separate addresses since the output
formats/shapes are different for e.g. a 2D Tissue sector and a 2D Flow sector. The
addresses to the memories are derived from the CRT x and y counters and the se-
lected format shapes.

Sector for 2D tissue and 2D flow (phased array and annular array probes).
Rectangle for tissue and parallelogram for color (linear array probes).
Rectangle for tissue, M-Mode tissue, M-Mode color, spectrum, traces, video.
Parallelogram for both 2D tissue and 2D flow.

Full circle for tissue (intravascular catheters).

Samples are read out four by four in three parallel paths. Four samples are first
mapped through compression PROMs before they are used for interpolation of the
value of the closest pixel. There are different interpolation filters for tissue, flow-fre-
guency and flow-bandwidth. The interpolation scheme for the flow-frequency com-
ponent is done in such a way that frequency aliasing is avoided. The output of the
interpolator is fed to a pixel encoder.

Pixel Encoding

The different data types have different encoders or look-up tables to get from data
codes to 24 bit RGB. After conversion to RGB, all data types are input to a multiplex-
er, where only one type can be output at the time (pixel by pixel).

Video Encoder

Video information (back from the VCR) which is demodulated on the Image Port
board and stored on the Memory board, can also be fed through the Scan Converter
board. Video is stored as digital luminance and chrominance, and is fed through an
encoder and converted to digital RGB in a special matrix multiplier chip.

Tissue Encoder

This is a look-up table which purpose is to provide the compress- and reject func-
tions.

Flow Encoder

The CFM signal is re-encoded from two components (velocity-intensity or velocity-
bandwidth) to the three-component RGB signal in look-up tables.
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13.3.4 Tissue/Flow Arbitration

13.4

14

15
15.1

A4-14

The two CFM components are fed to a look-up table (within the Tissue/Flow Arbiter
block) and is given an “equivalent” 2D Image value. This value is compared to the
2D Tissue pixel value, and the greater is selected in the Pixel Multiplexer. Eight
choices of look-up tables are available, thus, different arbitration levels can be se-
lected depending on use.

Pixel Port Interface

The Pixel Port is a synchronous multiplexed 24 bit bus. It is capable of transferring
up to one scan-line in a single burst. Data is coming from the The 24 bit address uses
12 bit for line address, and 12 bit for pixel position within a line.

By interfacing the bus through a FIFO, the SDP can run asynchronously on the pixel
level with the Pixel Port. The FIFO can hold up to two scan-lines.

Before pixel data is presented out on the Pixel Bus, it is multiplexed with the pixel
address.

Control

The SCONV board is entirely controlled by the CPU board through the VME bus.

Outputs

Pixel Bus

The main output of the board is the above mentioned Pixel Port, taking the digital 24
bit RGB signal to the Graphics board. This bus is located on the P2 connector.
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Graphic Processor

16 Introduction

16.1 Abstract

This document is a description of the Graphics board (GRAPH) in BEmFIVE . The
board converts a 24 bit digital RGB code from the Scan Converter board (via the pix-
el bus) to analog RGB for both a high resolution monitor and a standard PAL/NTSC
monitor or printer. In addition, the board provides support for an X-server and sev-
eral under- and overlays.

16.2 Document History

Rev. Date Sign. Description

01 13 Jan 1998 GRL First version of document

16.3 Definitions/Abbreviations/Nomenclature

16.4 References
Graphic pP Board Block Diagram — rev. 01 on page B2-17.
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17.3

17.4

17.5

17.6

17.7

17.8

A4-16

Descriptions

Pixel port

The Graphics board gets its data from the Scan Converter board over the Pixel bus
which is a high speed bus providing 24 bit “true color” (8 bit each for R, G and B) at
a burst bandwidth of 20 Mpixels /second. The bus is both writable and readable.

Video RAMs

The board can drive two independent monitors, one high-resolution main screen and
one video monitor (or VCR); the screen formats can range from 640*480 to
1024*1024 pixels. Data from the pixel port is demultiplexed and fed to four banks of
dual port video RAMs providing a 24 bit underlay for imaging. The RAMs can be ac-
cessed simultaneously for both the main screen and the standard video output.

VME Interface

From the VME interface, two separate overlays are provided. One overlay is for the
window system, and the other is for video.

X-server

The Graphics board supports a window system x-server.

RAMDAC and RGB outputs

Two RAMDACSs, one for system the monitor RGB and one for PAL/INTSC RGB con-
vert the digital 8 bit R, G and B words to analog RGB, which is buffered before fed
out of the GRAPH board. System RGB is available on three coax connectors on the
motherboard, while PAL/NTSC RGB is routed to the INT I/O board over the mother-
board.

Video and S-VHS outputs

Both PAL and NTSC video and S-VHS outputs are provided for VCRs and printers.
The signals are routed to the INT I/O board for buffering and further distribution to
both internal peripherals and external devices (via the EXT 1/O board).

Serial Interfaces

The GRAPH board provides serial RS-232 communication with the front panel. In
addition there are two more serial ports routed to the INT 1/O board.

MC68040 uP

A standard MC68040 microprocessor is the controller on the board.
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CPU board

18 Introduction

18.1 Overview

This document is a description of the CPU board in BEEFIVE. The board is based

upon the MC68040 microprocessor and contains the following circuitry:

. 4to0 64 MB DRAM

+ 8kB NV RAM (with battery backup)

. 128 kB static RAM

*  Clock (with battery backup)

*  Ethernet transceiver interface

*  Four seria portswith EIA-232-D interface
*  Four tick timers

*  Watchdog timer

*  EPROM sockets

*  SCSI businterface

*  Centronics paralel printer port

*  VME businterface and VME bus controller

18.2 Document History

Rev. Date Sign. Description
01 19 Aug. 94 GRL First version of document
02 22. Sep. 95 LHS Updated layout
03 01 Nov.00 JB Moved Test and Diagnosticsto Ch.K

18.3 Definitions/Abbreviations/Nomenclature

RXD — Receive data

TXD — Transmit data

CTS — Clear to send

RTS — Request To Send

ASIC — Application Specific Integrated Circuit

18.4 References
CPU Block Diagram —rev. 01 on page B2-18.
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Descriptions
MC68040 Microprocessor

The device has on-chip instruction and data caches and a floating point processor.

Internal Data Bus Structure

The bus is a 32-bit synchronous bus that is based upon the MC68040 bus. The var-
ious devices use this bus to communicate. The devices are given different priorities
in a arbiter, and in general, any master device can access any slave. However, there
are restrictions.

EPROM

The 4 EPROMSs are organized as two 32-bit wide banks that support 8-, 16-, and 32-
bit read accesses. They are mapped at address 0, following a local bus reset, thus,
the uP can access the stack pointer and execution address following a reset.

Static RAM

The 128 kB of 32-bit wide static RAM supports 8-, 16-, and 32-bit accesses, provid-
ing possibilities for debugging and limited diagnostics without having to access the
DRAM piggyback.

Dynamic RAM

The DRAM is located on a piggyback board. These boards are available with 4, 8,
16 and 32 MB, and two boards can be used with one CPU board. (One stacked on
top of the CPU as a piggyback, and the other requiring a separate slot in the rack).

NVRAM and Clock

A combined RAM and clock chip (MK48T08) provides the time of day clock, oscilla-
tor, crystal, power fail detection, memory write protection, 8KB of RAM and a battery,
all in one chip.

VME bus Interface

An ASIC (VMEchip?2) provides the interface between the local bus and the VME bus,
and the local-VME bus DMA controller functions.

Serial Port Interfaces

Four serial; ports are provided by a CD2401 serial controller chip. Baud rates ranges
from 110 to 38.4K. Serial port 1 is a minimum function asynchronous port using
RXD, CTS, TXD and RTS. Serial ports 2 and 3 are both full function asynchronous
ports and serial port 4 is a full synchronous or asynchronous port. All four ports have
drivers and receivers routing the input/output lines to the P2 connector.

Parallel Port Interface

An ASIC (PCCchip2) provides an 8-bit bidirectional parallel port. In addition to the 8
bits of I/O data, there are two control signals and 5 status signals, which can interrupt
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the uP. The port can be used as a Centronics-compatible printer port, or as a general
parallel 1/O port.

19.10 Ethernet Interface

A 82596CA is used to implement the Ethernet transceiver interface. The device ac-
cesses local RAM using DMA operations to perform its normal functions. Each
MVME167 board is assigned an Ethernet Station Address (displayed on a label at-
tached to the P2 connector). The address is also stored in the NVRAM.

19.11 SCSI Interface

A NCR 53C710 SCSI I/O controller provides support for mass storage subsystems
to be connected. Such devices are hard-, optical- and floppy disk drives.
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Introduction

Overview

The Motherboard design includes a 16 slot VME 64 bus architecture. It does also in-
clude a 16 bit FE bus and some analog buses, video and analog signals.

Document History
Rev. Date Sign. Description
01 25 Aug. 97 LHS First version of document

Definitions/Abbreviations/Nomenclature
FE bus: Front End data bus.
VME 64 bus: A data bus following the VME standard

References
Motherboard with Major “Buses” — rev. 02 on page B3-6.

Description

Overview

The Mother Board is acting as a back plane for most of the other cards in System
FiVe. Itis routing both power and data to and between the cards and the I/O.

There is only one active component on the Motherboard, an IC used for configura-
tion

purposes.

Main Data Buses

* VME-bus, see “VME Bus (VME 64)” on page Al-65.

* PIXEL BI, see “from IMMEM to CPU/GRAPH (a.o. for test).” on page A1-66.

* Pipelink bus, see “Pipelink Bus” on page A1-62.

* MLA bus, see “MLA Buses” on page A1-61.

* Clocks, see the description starting on page A1-68 and the block diagram
on page B3-3.
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Front Panel

1 Overview

1.1 Abstract

This document is a description of the Front Panel in BEEFIVE . It consists of a Main
board, a Rotary/display board, an Audio Amplifier board and a Qwerty Adapter
board. The Front Panel is constructed around a uP6809 processor and contains sev-
eral types of inputs/output registers which are used in encoding/decoding of the dif-
ferent devices connected to the Main board. It has serial communication with the rest
of the system through an RS-232 link to the Graphics board.

1.2 Document History

Rev. Date Sign. Description
01 10 Aug. 94 GRL First version of document
02 01 Nov.00 JB Moved Test Features to Ch.K

1.3 Definitions/Abbreviations/Nomenclature
TGC: Time Gain Compensation
LED: Light Emitting Diode

1.4 References
Front Panel Block Diagram — rev. 01 on page B2-19.

2 Inputs

Below is a table showing the main inputs.

PIN # SIGNAL DESCRIPTION SOURCE LEVEL
P8-10, 11 FOOTSWO0-2 Footswitch signals Footswitch TTL
and 12 via INT I/O
P8-8 ACSYFP Serial communication from sys- GRAPH via RS-232
tem to front panel INT I/O (+/- 12V)
P8-9 FPRES L Front Panel reset INT I/O TTL
FP_AUDIO_L/ | Doppler audio left and right SDP via INT | 1Vrms (max)
R 1/O
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Descriptions

Local uP

The uP (U2) is a Motorola MC6809 microprocessor running at 2 MHz, derived from
a local 8 MHz crystal oscillator. All I/0O devices described later are memory mapped.
The uP can be interrupted by timers, the trackball, the IR remote control and the two
serial ports. The uP can be reset by the system (FPRES_L), by pressing a local reset
switch (SW1) or during power-up by a power-up-reset circuitry.

RAM and EPROM

The front panel contains 32 kB RAM (U4), where the lower part of the memory space
is used for the 1/0O devices, and the upper part is used for the stack and the 32 kB
program EPROM.

Address Decoder

Two PALs, ADDEC (U1l) and DISPL (U3) provide the chip select signals to the dif-
ferent devices.

Revision Detection

The board part number and revision is written into a PAL, FPREV (U6). This infor-
mation can be read by the uP and transferred to the system.

Serial Interface

There are two asynchronous RS-232 serial ports based upon a MC68681 DUART.
One port is for communication with the system (Graphics board) and another (not
currently used or shown on block diagram) can be used for VCR control.

VIA

The Versatile Interface Adapter (VIA) contains two 8 bit parallel I/0O ports used to
control the below described devices.

Beeper
The beeper can be activated by pulling the BEEP_L signal low.
L ED activators/ backlighting

The keys are lit in two steps: Backlighting is provided by enabling a BLEN_L signal,
giving a quit dim light. This signal is automatically turned low when the ambient light
is low, sensed by a light dependant resistor (RL1).

Whenever a button is depressed, the LED_EN_L signal (specific for each LED) is
enabled, causing the current through the LED to increase, again increasing the light
strength.

Trackball

The trackball interrupts the uP through the VIA when moved. Both it's X, Y and two
guadrature outputs are connected to the VIA.
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3.6.4

3.6.5

Toggle switches
The state of both toggle switches are sensed through the VIA.

Infrared (IR) Remote Control

The remote control interface has provisions for 32 different keys. The receiver and
amplifier located on the Rotary/display board sends serial data to a receiver chip on
the Main board. This device is connected to the VIA with five data signals and a
IRDR_L (data ready) signal.

3.7 TGC slide potentiometers
The center tap of each of the 8 slide pot’s are buffered and fed to a multiplexing 8 bit
A/D converter giving out a digital value every 9 ms. The uP reads the TGC values
independently of the conversion rate from a dual port RAM built into the A/D convert-
er.

3.8 QWERTY keyboard and switch decoding
The overall keyboard matrix is 23 rows by 8 columns giving a maximum of 192 keys.
One part of the matrix is used for the QWERTY keyboard, the rest is used for the
other push-button keys. The matrix is address mapped. All columns are pulled high
with resistors, and pushing a button causes that particular line to go low.

3.9 Rotary /displays board

3.9.1 Rotary decoding
The rotary switches are address mapped and read in pairs. They have 16 positions
per revolution, and each position represents a four bit gray code which can be read
by the uP.

3.9.2 Displays
The two displays (DP1, DP2) are character LCD units, with built-in control LSI. They
operate under control of the uP, and displays alphanumeric characters and symbols.
Two control signals (ENO and EN1) from the address decoder, enables the displays.

4 Control
The front panel uP communicates serially with the system over an RS-232 port. Lo-
cally, the uP controls the front panel.

S Outputs
Below is a table showing the main outputs.

Pin # SIGNAL DESCRIPTION DEST. LEVEL
pP8-7 ACFPSY Serial communication from front GRAPH via RS-232
panel to system. INT I/O (+/- 12V)
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6 FP Cable Harness

Front Panel
FROM INT I/O
FP AUDIO L
(PHONO)
P AUDIO R AUDIO AMPLIFIER BOARD
FP POWER
(9PIN D-SUB)I__
POWER: ROTARY/DISPLAY | 2]
+15V: ORANGE
-15V: VIOLET
GND: BLACK
] ADAPTER BOARD
MAIN BOARD QWERTY
FPCTRL o KEYBOARD
(15PIN D-SUB)
7 Control

The front panel uP communicates serially with the system over an RS-232 port. Lo-
cally, the uP controls the front panel.
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Front Panel Controls —rev. 04

1 Introduction

Front Panel Controls — rev. 04

1.1 Abstract
This document lists the Front Panel Controls and the boards which are affected
when these controls are adjusted.
The controls are implemented via:
*  keyboard knobs,
e  assignable rotaries,
e assignable keys or
e  paddlesticks.
1.2 Document History
Rev. Date Sign. Description
01 2. May 1995 GRL First version of document
02 18 Oct. 1996 GRL Updated per V111 release
03 21.0Oct. 1999 | LHS Updated text
04 01 Nov 00 JB Corected text
2 Description
Table 1: 2D Controls

Control parameter

Implemented on...

2D Gain RFT

TGC RFT

Depth FEC, RFT, SCONV
Zoom FEC, RFT, SCONV
Left/Right SCONV

Compound (FLA only)

FEC, RFT, SCONV

Compress

SCONV

Reject

SCONV

Angle (or Width)

FEC ->TX, BF, RFT, SCONV

Contour RFT
Freq FEC->TX, RFT
Framerate FEC, RFT
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Table 1: 2D Controls (Continued)

@® GE Vingmed Ultrasound

Control parameter Implemented on...
Focus FEC->TX, RFT
Dynamic Range RFT
Tilt FEC->TX, BF
DDP SCONV
B-Color SCONV
Power FEC-> TX POWER-> TX

Table 2: Color Flow Controls

Control parameter

Implemented on...

Gain RFT

TGC RFT

Depth FEC, RFT

Zoom FEC, RFT, SCONV
ROl Width FEC->TX, BF, RFT, SCONV
ROI Span RFT

Color Maps SCONV

Variance SCONV

LV Reject 2DF

PRF FEC, RFT, 2DF
Sample Volume RFT

Sample Volume Pos. (t.b) RFT

Tilt (FLA only)

FEC->TX, BF, RFT,

Baseline SCONV

Tissue Priority SCONV

DDP SCONV

Lateral Averaging 2DF

Radial Averaging 2DF

Framerate FEC, RFT

Power FEC -> HV POWER -> TX
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Table 3: M-Mode (specific) Controls

Front Panel Controls — rev. 04

Control parameter

Implemented on...

Horizontal Sweep

RFT, SCONV

Table 4: Color M-Mode (specific) Controls

Control parameter

Implemented on...

Horizontal Sweep

RFT, SCONV

Table 5: Doppler Controls

Control parameter

Implemented on...

Gain RFT
Velocity range SDP, FEC
Baseline SDP

Horizontal Sweep

Compress SDP live, SCONYV frozen
Tracking SDP
Sample Volume RFT
LV Reject RFT
Temp Res SDP
Radial Averaging SDP

Reject SDP live, SCONYV frozen
Overrange SDP

Framerate FEC, RFT

Power FEC -> TXPOWER -> TX
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Your Notes:
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Internal 1/0O Board - rev. 03

1.2

1.3

1.4

Overview

Abstract

This document describes the Internal 1/0O board (INT I/O) in System FiVe. The board
buffers all signals used for internal peripherals, for disk drives and for the Front Pan-
el, and is also the interface between the External I/O board and the system.

Document History

Rev. Date Sign. Description
01 5 Aug. 94 GRL First version of document
02 20 Apr. 95 GRL Change on Ethernet interface.
03 22. Apr. 99 LHS Updated the Ethernet description pluss some
smaller changes.

Definitions/Abbreviations/Nomenclature

Please refer to the Abbreviations, Definitions, Glossary, Terminology, Nomenclature
list starting on page P-1.

References

. Internal I/O Block Diagram — rev. 01 on page B2-20,

 Boardformats, INT I/O on page Al-75,

*  Board Compatibility List on page H2-1,

. Internal I/O and Peripheral Control on page A1-55

*  Assembly drawing, Internal I/O — Component Side - rev. E on page M-5
*  Assembly drawing, Internal I/O — Solder Side - rev. B on page M-6

. Internal I/O Replacement Proc. - rev. 01, on page L-15

Descriptions
VME Interface

The VME interface consists of acommon VME DSP control interface used on all MID
boards. The VME interface consists of:

*  Input message FIFO
Make it possible for the CPU to send a message to the INT 1/0O board.

e Output message register
Make it possible for the DSP to send a message to the CPU.
Make it possible for the DSP to generate aVME interrupt.

*  VME interface status register
*  VME interface control register
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2.2

2.3

2.4

2.5

A6-4

Video buffers and video switches

Composite video out, S-VHS out and RGBS out are buffered with operational ampli-
fiers before fed to the peripherals.

Composite video in and S-VHS in (from VCR or external devices) are fed through
video multiplexers before routed to the Image Port board.

Audio buffering and audio switching

Audio from the SDP board is first buffered by operational amplifiers, then fed through
an analog switch which selects between the SDP audio and the replay audio from
the VCR. The output from the switch is fed to the Front Panel Audio Amplifier.

Footswitch Interface
The three input lines from the footswitch is read directly by the DSP. Assignment of
the lines can be configured in software.

Patient I/O Interface (incl. DSP)

Fig. 2.1 illustrates the HW necessary for the Patient I/O at the Internal I/O board. The
DSP will perform all overhead required for chip selects, in/out selection, and other
tasks required for controlling all interfaces.

~— puffer XFO
. serial I|neI
control
- D3P serial line,
§ to SPD
& buffering
©ley] ©f local DSP bus
address
& data VME

PAL
address
decode

VME bus

Fig. 21 HW block schematicsfor the DSP at the Internal 1/0 board.

The Patient Interface is built around the TMS320C40 Digital Signal Processor. The
DSP has a data and address bus (multiplexed) for Patient Module gain program-
ming.

A 37 pins DSUB (FEMALE) connector includes all serial and parallel signals, and
power (+ 15V) for the Patient I/O module. All transducer input signals are A/D con-
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2.6

2.7

verted and transferred serially from the Patient /O module to the Internal I/O mod-
ule. The DSP on the Internal I/O board performs all required signal processing, like
decimation, powerline filtering and detection (of ECG, QRS, heart sound, respira-
tion). Hardware for data transfer to the SDP module and the Patient 1/O for configu-
ration setup is also included on the Internal I/O board.

SDP Interface

After processing of the traces, they are fed to the SDP board. When the SPD re-
guests data, all channels are resampled and the data are sent serially to the SPD.
Information about the detected features are embedded with the data samples.

SCSI Interface

This interface is located on the CPU and is dedicated for hard disks or other data
storage devices. Required components are only the connector.

The SCSI Interface follows the SCSI-2 standard for 8 bits bus.

Ethernet

The Ethernet signals from the system CPU are looped through the Internal 1/0 board
before routed to the External I/O. On the first systems (~15), the signals are fed to a
Coaxial Transceiver Interface (CTI), and then to a BNC. This interface is designed
for Thinwire Ethernet only, and can not be used with thickwire or twisted pair.

On the newer systems, the Ethernet signals are fed to a 15 pin D-connector (the At-
tachment Unit Interface - AUI) on the External 1/0O panel. This allows for connection
of all types of Ethernet to the system; one has to use the correct Medium Attachment
Unit (MAU). Thus, there will be a cable from the 15 pin D-connector on the I/O panel
to a similar connector on the MAU. To minimize interference from the Ethernet con-
nection, this cable should be looped through a ferrite a few turns.

The Ethernet connection is made to the other end of the MAU.
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Fig. 22 Ethernet connection alternatives
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MAU
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Alt. 2 =
[a]
M otherboard

CPU

2.8 RS-232lines

A6-6

All RS-232 interface are located on the CPU and the GRAPH-5 module. Required
components are only 9 pin D-SUB connectors.

The internal 1/0O board have as a total of 7 serial lines. These are supported from the
CPU (4) and the GRAPH 5 board (3), respectively.

The following modules will use these signals:
VCR remote control (CPU).

*  Front Panel (GRAPH 5).

 2Internal RS-232 TBD (CPU).

» 3 Externa RS-232 (GRAPH 5/CPU)

The internal lines will be connected to standard configurated 9 pins DSUB connec-
tors. The number of control signals vary from line to line.

 All GRAPH 5and CPU line 1 contains only TD/RD/RTS/CTS.
. CPU line 2 and 3 contains in addition DTR/DCD.
. CPU line 4 contains in addition DTR/DCD/RTXC/TRXC.
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2.9

2.10

2.11

2.12

2.13

2.14

2.14.1

AC Power Remote Control

Remote control lines from IV & DP Connector Board to the AC power are supported.
The AC power remote control interface detects a remote button action and gives an
interrupt to the system CPU. The AC power will not switch off until a grant signal from
the CPU is activated.

Battery backup power

The Internal 1/0O board will include a lithium or a rechargeable NiCad battery for sys-
tem data backup RAM.

Remote Control

These are single lines used to control Hard Copy from Cameras and Printers. Two
lines will be supported from the 1/O board. The active level is defined in the system
configuration menu.

Parallel signals

The 1/0 module will include a bidirectional parallel interface (Centronics) for image/
text printing on B/W printers and data transfer between a post processing unit.

The parallel interface controller is included on the module. Required components are
only a 25 pin D-SUB connector. In order to use as much standard cable assemblies
as possible, a standard PC parallel pin out is choose.

This is a standard Centronics port used to support Printers in the system:

Power Distribution

Voltages available on the Internal I/O module are: +5V, +/- 12V and +/- 15V.
These voltages are required for Disk Drives and Front Panel.

Fuses on the I/O boards for external outputs are provided.

The following units will be supported with DC power from the I/O board:

*  TheFront Panel.
*  Flexi disk (mounted in the Front Panel?)
*  HD mounted in free space near to the CPU and I/O board.

*  Optica Disk. Thismay be served with AC power if it isbased on afree standing cabinet
unit, or with DC power if it isbuilt into the system.

. Patient I/O module.
. External 1/0O module.

External I/O signals

Following signals to External 1/0 module are buffered/routed through the Internal I/
O module.

Composite Video

The signal is prepared for driving composite video to an external monitor or printer.
It consists of the following lines:
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2.14.2

2.14.3

2.14.4

2.14.5

2.14.6

A6-8

e  Video Sync and Ext. Video GND.

¢  Composite Video and Ext. Video GND

A BNC connector for composite video input is included.The external video input is
multiplexed with the internal video input.

HC Video signals

The signal is prepared for driving RGBS video signals to an external monitor or print-
er. It consists of the following lines:

. Red line and Ext. Video GND
Greenlineand Ext. Video GND
. Blue line and Ext. Video GND

*  Video Sync and Ext. Video GND.

S-Video signals

The signals are prepared for driving one external unit.

The S-Video signals consist of the following lines:

SVHSLumaoutput and Ext. Video GND.

SVHS Chromaoutput and Ext. Video GND.

SVHSLumainput and Ext. Video GND.

¢  SVHSChromainput and Ext. Video GND.

Each output signal is buffered and capable of driving one unit. The external SVH-
video inputs are multiplexed with the internal SVHS - video inputs.

SCSI-2 Fast bus

This will be delivered with an internal and external termination from the factory. The
external termination is to be mounted on the outside of the system at the rear side.
By simply removing this and connecting SCSI devices in a chain, they will be served.
The termination must be connected to the last one in the chain.

The output lines will be according the SCSI-2 Fast standard for 8 bits bus.
RS-232 signals

These signals are standard RS-232 running at a maximum 38.400 baud if possible.

e  Onelinefor connection to the CPU host signal. For this function we need a separate
EPROM set for monitoring the system during fault conditions.

e  Onelinefor optiona connection to a modem.
. Oneline TBD. This could either be connected to the GRAPHIC 5 board or to the CPU
board.

Ethernet signals

The signals into the I/0O board is supported by the CPU. On the I/0O board, the signals
are converted to a Thin-Wire Ethernet (BNC/RG58) coaxial cable (old systems) or
to AUI on newer systems. See Fig. 2.2 Ethernet connection alternatives.
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2.14.7 Digital signals

The signals are prepared for the following input output:

e  3input-lines and GND for Foot switch connection. This signal will be decoded on the
1/O board.

*  Output of a5V signal trigger pulse.
2.14.8 Analog Signals

There will be 4 inputs on the External /0 module.

All the analog signals will be A/D converted on the External 1/0O board, and scaled
before they are transferred to the SDP board.
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External I/0O board

3
3.1

3.2

3.3

3.4

Introduction

Abstract

This document is a description of the External 1/0 board (EXT 1/O) in System 5. The
board performs buffering and galvanic isolation (not in the first version) of the signals
present on the External I/0O Connector Panel.

Document History

Rev Date Sign Description
01 11 Aug 1994 GRL First version of document
02 20 Apr 1995 GRL Changes to Etherner interface

Table 1: Revision control.

Definitions/Abbreviations/Nomenclature

In the following the various I/O signals are divided into groups. The following defini-
tions are used:

Internal 1/O: All signal used of peripherals mounted in the system with power
from internal isolation transformer.

External I/0:  All signals made available to the user at the outside of the system.
These signals are galvanically isolated to take care of patient safety.

EMC: Electro Magnetic Compatibility.

I/O: Input/Output signals.

SDP: Spectrum Doppler Processor Board
DSP: Digital Signal Processor

ECG: Echo Cardio Gram

References

External I/O Block Diagram —rev. 02 on page B2-21.

Descriptions

Video out

The composite video signal is buffered and capable of driving several devices like
monitors and printers. It consists of the following lines:

*  Video Sync and Ext Video GND.
*  Composite Video and Ext Video GND
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4.2

4.3

4.4

4.5

4.6

A6-12

Video in

A composite video signal from an external source can be input to the system The
signal is routed directly through to the Internal 1/0O board.

RGB out

The signal is prepared for driving RGBS video signals to an external monitor or print-
er. It consists of the following lines:

* Redlineand Ext Video GND

*  Greenlineand Ext Video GND

*  Bluelineand Ext Video GND

*  Video Sync and Ext Video GND.

The signals are buffered and capable of driving one unit.

S-Video out

The signals are prepared for driving one external unit. The S-Video signals consist
of the following lines:

SVHSLumaoutput and Ext Video GND.
SVHS Chroma output and Ext Video GND.
«  SVHSLumainput and Ext Video GND.
SVHS Chromainput and Ext Video GND.

S-Video in

The signals may come from an external device like a VCR or a color printer. They are
routed directly to a multiplexer on the Internal I1/0O board. The S-Video signals consist
of the following lines:

¢  SVHSLumaoutput and Ext Video GND.

¢ SVHS Chroma output and Ext Video GND.
¢  SVHSLumainput and Ext Video GND.

¢  SVHS Chromainput and Ext Video GND.

SCSI-2 interface

(Not installed on first version of board).

The SCSI Interface will be delivered with an internal and external termination from
the factory. The external termination is to be mounted on the outside of the system
at the rear side. By simply removing this and connecting SCSI devices in a chain,
they will be served. The termination must be connected to the last one in the chain.

The number of SCSI devices is limited to 8.

. Internal devices:
- CPU board.

- Flexi Disk drive.
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4.7

4.8

- Hard Disk drive.
- Optical Disk drive.
- (Optiona High Performance printersi.e. SONY D7000 SCSI printer.)

. External devices:

- Dueto the 4 (5) internal SCSI-2 Fast devices the amount of external deviceswill
be limited to a number of 4 (3) units.

The output lines will be according the SCSI-2 Fast standard for 8 bits bus.

RS-232 interface

These signals are standard RS-232 running at a maximum of 38.400 baud.

e  Oneline for connection to the CPU host signal. For this function we need a separate
EPROM set for monitoring the system during fault conditions.

*  Onelinefor optional connection to a modem.

. Oneline TBD. This could either be connected to the GRAPHIC 5 board or to the CPU
board.

Ethernet interface

The signals into the 1/0 board are provided by the CPU. The Ethernet signals from
the system CPU are looped through the Internal 1/0O board before routed to the Ex-
ternal 1/0 board. On the first systems (~15), the signals are fed to a Coaxial Trans-
ceiver Interface (CTI), and then to a BNC. This interface is designed for thinwire
Ethernet only, and can not be used with thickwire or twisted pair.

On the newer systems, the ethernet signals are fed to a 15 pin D-connector (the At-
tachment Unit Interface - AUI) on the External 1/O panel. This allows for connection
of all types of Ethernet to the system; one has to use the correct Medium Attachment
Unit (MAU). Thus, there will be a cable from the 15 pin D-connector on the I/O panel
to a similar connector on the MAU. To minimize interference from the Ethernet con-
nection, this cable should be looped through a ferrite a few turns.

The Ethernet connection is made to the other end of the MAU.
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Fig. 4.1 Ethernet connection alternatives
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The application, protocols and necessary isolation voltage is not yet determined.

4.9 Trigger output

A software defined trigger signal (TTL level), e.g. an ECG trigger, is output on a BNC
connector. The signal is generated by the DSP on the Internal I/O board.

4.10 Analog inputs

4 analog signal can be input on the External I/O board. They are buffered and fed to
a multiplexing A/D converter with a serial interface with the DSP on the Internal I/O
board. After processing in the DSP, the SDP board can fetch the data so that they
can be displayed as traces on the monitor.
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The Peripheral Modules

Overview
Introduction This part of the mmmrIVE Service Manual lists the

Peripherals that may be connected to the scanner.

The contentin this ~ The content in this part of the manual:
part of the manual
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Peripherals —rev. 03

1.2

1.3

1.4

AT7-2

Introduction

Abstract

System FiVe is a platform for a variety of applications. The different applications
needs different peripherals or combination of these.

This document describes the legal peripherals for System FiVe and their configura-
tions.

Document History
Rev Date Sign Description
01 28 Aug 1997 LHS First Edition
02 6 Apr 1998 JE/Ihs Updated Configuration Matrix
03 21 Oct. 1999 LHS Updated pr. sw. 1.7.1/1.8 release. Removed the
Configuration matrix (it's a manufacturing docu-
ment). Added new chapter; Monitor.

Table 1: Revision control.

Definitions/Abbreviations/Nomenclature

PAL - Color television standard used in most of Europe and in some other coun-
tries.

NTSC - Color television standard used in USA, Japan and in some other countries.

References
Spare Parts — 02, see Chapter O
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Monitors —rev. 01

1
1.1

1.2

1.3
1.4

2.2

2.3

Introduction

Abstract

Monitors — rev. 01

This document describes the Video Monitor types that have been used on System

Five.

Document History

Rev Date Sign

Description

01 26. Oct. 1999 LHS

Initial version

Definitions/Abbreviations/Nomenclature

References

*  Monitor Setup Procedure on page K04-1

*  Monitor Setup Procedure, (from sw. 1.5 and up) on page K04-2

*  Monitor Replacement Procedure - rev. 01 on page L1-17

*  Peripheral and MAC Devices on page O1-6

Descriptions

EIZO TX-C7 - 17°

* Video System: VGA (1024 x 768)
* Mains Voltage: 110 VAC

EIZO T57S - 17"

* Video system: VGA
*  Mains Voltage: 220 VAC

El1ZO 562 - 177

e Video system: VGA
 Mains Voltage: 220 VAC
 (Used on old systems)
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Introduction

Abstract

This document describes the VCRs that may be installed in System FiVe.

Document History

Rev Date Sign Description
01 6 Apr 1998 LHS Initial description
02 21. Oct. 1999 LHS Updated per sw.1.7.1/1.8 release.

Table 1: Revision control.

Definitions/Abbreviations/Nomenclature

NTSC - Color television standard used in USA, Japan and in some other coun-
tries.

PAL - Color television standard used in Europe and in some other countries.

References

 VCR Related Problems on page K03-11
* Installation Procedure, Sony SVO-9500MDP2 PAL, GEVU PN: FB194012
* Installation Procedure, Sony SVO-9500MD2 NTSC, GEVU PN: FB194013

Descriptions

Sony SVO-9500MD2/SV0O-9500MDP2

These VCRs are available in both PAL and NTSC versions.

« SVO-9500MDP2: PAL
« SVO-9500MD2: NTSC

Panasonic MD830
The MDS830 VCRs are also available in both PAL and NTSC versions.

These VCRs are used on some System FiVe systems, and they are usually mounted
on the system’s left side.

BEmIFIVE System FiVe - Service Manual - FA091050 rev. |
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2.3 Panasonic AG7350 p/AG7350 n

AG 7350 p is the PAL version and AG7350 n is the
NTSC version.

The AG7350 VCRs are used on earlier System FiVe
systems, — the tall models (“Tall Boys”).

An AG7350 VCR mounted in a System FiVe is shown
in this picture (see the arrow).
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Introduction
Abstract

This document gives a brief overview of the System FiVe - EchoPAC Transfer Kit.

Document History

Rev Date Sign Description
01 21.Apr.1998 LHS Initial version
02 29.0ct. 1999 LHS Updated.

Table 1: Revision control.
Definitions/Abbreviations/Nomenclature

References
Wiring Diagram S5-EchoPAC Transfer Kit — rev. A on page C1-6.

Wiring Diagram Internal Cable Harness — rev. E on page C1-2 (internal EchoPAC)

IDescriptions

A Transfer Kit is used for downloading data from the System FiVe scanner to a Stand
Alone Macintosh or compatible, running the EchoPAC™ application.

The installation of EchoPAC is described in the EchoPAC Installation Manual (see
the references above).

A wiring diagram for the S5-EchoPAC Transfer Kit — rev. A, is included on page C1-
6 in this Service Manual.
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Footswitch
1 Introduction
1.1 Abstract

This description is a brief description of the footswitch on System FiVe.
1.2 Document History

Rev Date Sign Description

01 31.03.1998 LHS Initial version
Table 1: Revision control.

1.3 Definitions/Abbreviations/Nomenclature
1.4 References

Footswitch Interface on page A6-4.

Display, Control and 1/0O — rev. 09 on page B1-4.
2 Descriptions

The Footswitch is connected to the Inter-
nal 1/0 where the Footswitch signals are
routed to the Footswitch Interface/Patient
I/O interface.

There are three switches on the Foot-
switch.

The Footswitch functionality is selected in
software.

BEIIFIVE System FiVe - Service Manual - FA091050 rev. |
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Introduction

Abstract

This description is a brief description of the black and white (BW) printers used in
System FiVe.

Document History

Rev Date Sign Description
01 6 Apr 1998 LHS Initial document release.
02 2. Nov. 1999 LHS Updated
03 8. Dec. 1999 LHS Updated (new printer)

Table 1: Revision control.

Definitions/Abbreviations/Nomenclature
BW — Black and white

References

Keyboard, I/0 and Peripherals on page Al1-55

I/O - rev. 02, on page B1-8

Internal /0 Subassembly - rev. A on page D-6

I/O Signals - 05 starting on page F-3

Spare Parts —rev. 13 on page O1-3.

Installation Procedure, Video Printer, b/w, Sony UP890MDG, GEVU PN: FB194016

Descriptions

The SONY UP890 printers are used both on NTSC and PAL System FiVe systems.
Note:
Before May 1999:

There are different GE Vingmed Part Numbers for the NTSC and the PAL version of
the printer, so please check for the correct GE Vingmed Part Number before order-
ing, see the Spare Parts —rev. 13 on page O1-3.

After May 1999:

The Sony video printer UP-890 MDG Supports both NTSC and PAL, and both 120
VAC and 220-240 VAC 50/60 Hz.

BEmIFIVE System FiVe - Service Manual - FA091050 rev. |
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The SONY UP890 printer is connected to Video Out and Rem Cntrl on the Internal
I/0. See Internal 1/0 without PosDet and PAMPTE support on page F-12 for more
info.
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Introduction

Abstract

This is a brief description of the color printers used in System FiVe.

Document History

Rev Date Sign Description
01 7. Apr. 1998 LHS Initial document release.
02 2. Nov. 1999 LHS Updated contents

Table 1: Revision control.
Definitions/Abbreviations/Nomenclature

References

Keyboard, I/0 and Peripherals on page A1-55
I/O - rev. 02, on page B1-8

Internal /0O Subassembly - rev. A, on page D-6
I/O Signals - 05, starting on page F-3

Descriptions

«  SONY UP2950MD printers are used for both PAL and NTSC.
«  SONY UP2800P printers is used only on PAL System FiVe systems.

«  SONY UP1800 printers have been used on both NTSC and PAL System FiVe
systems.

«  SONY UP1950 printers have been used only on NTSC System FiVe systems.

 Epson Stylus Color 740 Stand Alone printers may be used both for PAL and
NTSC systems.

Note: There are different GE Vingmed Part Numbers for the NTSC and the PAL ver-
sions of the printers, so please check for the correct GE Vingmed Part Number be-
fore ordering, see “Spare Parts — rev. 13" on page O1-3.

The color printers are connected to the RGBS OUT outlet on the Internal I/O, see
the drawing on page F-12.
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The Power Modules

Overview
Introduction

Modules and sub-
systemsdescribed
in this part of the
manual

Power modules in the instrument.

This part of the mmmriVE Service manual describes the

The listed modules and subsystems in this part of the

manual:

Chapter Module / subsystem Page
1-4 AC Controller - rev.02 A8-2
5-8 Temperature Sense Board - rev.01 A8-4
9-12 DC Power Module - rev.03 A8-6

13-16 DC Power Extention Board - rev.01 A8-9
17 -20 High Voltage Power Supply - rev.02 A8-11
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AC Controller

1.2

Overview

Abstract

This document describes the AC Controller.The AC Controller take care of Power
distribution, Power control and system fan regulation.

Document History

GE Vingmed Ultrasound

Table 1. Document History

Revision Date By Description
01 09.08.94 L. H. Semb Initial release
02 14.07.95 L. H. Semb Added references

1.3 Definitions/Abbreviations/Nomenclature

AC: Alternating Current
) RPM: Rotations Pr. Minute.
1.4 References
: AC Power Block Diagram — rev. 02 on page B2-22.
2 Inputs
The input voltages to the module are: 12VAC, 115VAC and 230VAC.
Signal Description Source Level
TEMPIN Temp sensor input Temp Sense board Analog
HITEMPIN High temperature warning Temp Sense board Digital
ONOFSW _L ON/OFF (Standby) control Remote switch Digital - TTL
3 General Description
3.1 ACCONTROLLER
3.1.1 Power Control and Distribution
The AC CONTROLLER module is used for power control and distribution of 115 and
230V mains voltages. The internal logic controls the relays according to the input
signal from the remote switch and the VME master.
A8-2 BEmIFIVE System FiVe - Service Manual - FA091050 rev. |
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The 115 and 230 V are used as system power to the DC power (Card Rack), the
monitor and peripherals.

3.1.2 Airflow Control
The AC CONTROLLER module also includes a thermal fan speed regulation for op-
timal air flow through the card rack.
The 12V input is used for the fans.
The fan regulation is based on linear regulation, continuously regulating the fan RPM
from 40% at + 15°C to 100% at 60°C air temperature, measured on top of the card
rack.
3.1.3 High Temperature Warnings, and System Shut Down
An alarm output signal will go active under certain conditions:
- Temperature above 60°C.
- Temp. sensor malfunctions, (short circuit).
The AC CONTROLLER module does also include a high temperature warning and
system shut down in case of harmful high temperature >70°C.
3.1.4 Remote Control
Relays are switched on and off by pressing the remote power switch.
The green LED lit when the relays are in ON position and the yellow LED lit in OFF
(stand-by) position.
4 Outputs
The output signals from the AC Controller is shown in the table below.
Table 2: Outputsfrom the AC Controller.
Signal Description Destination Level
LEDPWR LED power, current limited IV/DP/STBY +5V
ONLED_L ON LED drive IV/DP/STBY TTL
STBLED_L Stand By LED drive IV/DP/STBY TTL
POFREQ L Power off re. output and grant input INT I/O TTL
HITEMP_L High temperature warning INT I/O TTL
RLYCOIL Relay coll
RLYDRIVE Relay drive
REGOUT Fan regulator output Fans 0-12vDC
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GE Vingmed Ultrasound

Temperature Sense Board

5 Overview

5.1 Abstract

This document describes the Temperature Sense Board. The Temperature Sense
Board contains an NTC resistor and two temperature fuses.

5.2 Document History

Revi- DATE: BY: Description
sion
01 05.08.94 L. H. Semb Initial release

5.3 Definitions/Abbreviations/Nomenclature

Negative Temperature Coefficient

This card is only used for temperature sensing, and has no electrical inputs.

PKG_TYPE=sSW2-1TF1

—— J70_C

PKQ_TYPE=SW2-1
—_

R1

J 22K__NTC

TEF2

PKG_TYPE=SW2-1 —
| S—

|60_C

The Temp Sense board contains an NTC resistor, R1, and two temperature fuses,

NTC:
Temp: Temperature
6 Inputs
7 General Description
7.1 Overview
Pl
HITEMPIN |
2
3
TEMPIN
4a
HITEMPIN | L
1
MTAG6
Fig. 7.1 Temp Sense board function diagram
TF1 and TF2.
A8-4
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R1 is sensing the air flow temperature in the card rack. The sense signal is used for
controlling the fan speed.

TF1 and TF2 are temperature fuses.

TF1 will break if the temperature is higher than app. 70 °C.

TF2 will break if the temperature is higher than app. 60 °C.

8 Outputs

The outputs from the Temp Sense board are the TEMPIN and the two HITEMPIN
signals. They are fed from the P1 connector to the AC Power Controller.

Signal Description Destination Level
TEMPIN Temperature sensing signal AC Power Controller Analog
HITEMPIN Temperature sensing signal AC Power Controller Digital
HITEMPIN Temperature sensing signal AC Power Controller Digital

BEmFIVE System FiVe - Service Manual - FA091050 rev. |
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DC Power Module

GE Vingmed Ultrasound

9 Overview
9.1 Abstract
This document describes the DC Power module. The DC Power module generates
all DC voltages required in BEBIIFIVE , except the high voltages for the transmitter,
the fan power regulator and the AC Controller.
9.2 Document History
Table 3: Document History
Revi- Date By Description
sion
01 11.08.94 | L.H. Semb Initial release
02 14.07.95 | L. H. Semb Added references
03 06.11.95 | L.H. Semb Added output description, updated table 4.

:9.3 Definitions/Abbreviations/Nomenclature

AC: Alternating Current

DC: Direct Current
9.4 References

DC Power Supply Block Diagram — rev. 02 on page B2-23.

DC Power Replacement Procedure - rev. 01 on page L-5.
10 Inputs

Table 4: Input signalsto the DC power
Signal Description Source Level
230V AC AC input voltage AC Power Supply 230V AC
(184 — 264 VAC | 47 — 63 Hz)

11 General Description

11.1 Overview
The DC Power module is shown in the figure below (Fig. 11.1).

A8-6
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'LCL

P1P2

=

P3

—:O =

P4

[

Fig. 11.1 The DC Power module
The DC Power module generates all DC voltages required in BBEEFIVE, except the
high voltages for the transmitter, the fan power regulator and the AC Controller.

230 VAC is fed from the AC Power to the DC Power module’s input. Inside the DC
Power module, the 230 VAC is filtered, rectified and converted to the respective out-
put voltages through three switched power converters.

The output voltages are galvanic separated from the input voltage.

- ACFall
> +15V
15V
— +12V
230VAC — g gu%;?/""er —» +112\\//
Y.
5V
I
> OV

Fig. 11.2 DC Power supply Block Diagram
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12
12.1

12.2

A8-8

Outputs
AC Falil

This signal will be active low when the input is below 184 VAC. During normal oper-
ation (System Five turned on) this signal will be high (+ 5V). The AC Fall signal is
connected via the DC Power Extention board to the VME bus on the Mother board.

Power Supply Connectors:

P1 and P2: Copper bars with screw fixing. These two terminals are fixed to the
Current Rails by allen screws.

P3 and P4: H15 male.

Connector layout:

P1: +5V(d)
P2: GND(d)

Table 5: Connector layout P3 and P4

Pin P3 P4
4 15/4A+ 5/15A+
6 15/4A- B5/15A+
8 15/3A+ 5/15A-
10 15/3A- 5/15A-
12 12/4A+ 10/3A+
14 12/4A- 10/3A-
16 12/1A+ 5/25A+
18 12/1A- B/25A+
20 0V (ACFAIL) 5/25A+
22 nc 5/25A+
24 ACFAIL 5/25A-
26 nc 5/25A-
28 nc 5/25A-
30 nc 5/25A-
32 nc nc

BEmIFIVE System FiVe - Service Manual - FA091050 rev. |
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DC Power Extention Board

13 Overview
13.1 Abstract
This document describes the DC Power Extention board. On this board, all the DC
voltages from the P3 and P4 on the DC Power module are filtered. Diodes ensures
that the voltages are “coming up” correctly.
The AC Falil signal is routed from the DC Power module to the VME bus.
13.2 Document History
Table 6: Document History
Revi- Date By Description
sion
01 07.11.95 | L.H. Semb Initial release
13.3 Definitions/Abbreviations/Nomenclature
DC: Direct Current
13.4 References
14  Inputs
» The DC voltages from P3 and P4 on the DC Power module
» The AC Fail signal from P3 on the DC Power module
15 General Description
15.1 Overview

All the DC voltages are filtered by use of five line filters and 14 discrete capasitors.
Seven diodes are used to ensure that the voltages are “coming up” correctly when
the power is turned on.

The AC Fail signal from the DC Power module is routed to the VME bus.
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16 Outputs

* Filtered DC voltages to the Mother board
» The AC Fail signal to the VME bus
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High Voltage Power Supply

17 Overview

17.1 Abstract

This document is a description of the High Voltage Power Supply (HVPWR) in Sys-
tem 5. This module provide digitally controlled supply voltages to the transmitters in
the front end.

It also provides +/- 80V power supply for the linear array probe multiplexers.

17.2 Document History

Rev. Date Sign. Description
01 9 Aug. 94 GRL First version of document
02 22 Sept. 95 GRL Added info on output power protection

17.3 Definitions/Abbreviations/Nomenclature

FEC:

CW:

Front End Controller board

Continuous Wave (Doppler)

17.4 References

High Voltage Power Supply Block Diagram — rev. 02 on page B2-24

18 Inputs

1.

High Voltage Control: One serial data line (HVS_SDA, P2-A3) and several
strobe and clock lines from the FEC board.

High Voltage Disable: HVDIS L, which isan open collector signal which can be ac-
tivated both by the HVPWR and by the FEC.

Mains Voltage: 230 VAC.

19 Description

19.1 General Description

The module consists of three linear power supplies: one supply is designed to gen-
erate symmetrical output voltages from 0 V up to + 80 V (High voltage supply 1), one
supply is designed to generate symmetrical voltages from 0 V up to + 40 V (High volt-
age supply 2) and one supply provides +/- 80V (PMX_80V) for the multiplexers in
the probe connectors.for the linear probes.

The mains input circuit consists of a step down transformer and full wave rectifiers
for generation of the 55 VDC voltage and the 110 VDC voltage to the output regula-
tors; HV1 and HV2.

BEmFIVE System FiVe - Service Manual - FA091050 rev. |
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In order to minimize excessive regulator heat dissipation in CW mode, the transform-
er include two 10V windings. When HV2 output voltage decrease below 6V, a com-
parator controls a relay for selection of 7V transformer outputs.

The output voltages are controlled by two serial 11 bit interfaces from the FEC board,
one for each output, in order to program each output individually.

The output currents are sensed through shunt resistors and converted to 0 to + 3.75
V voltages that can be read externally.

The output voltages are converted to 0 to + 4 V voltages that can be read externally.

The output voltages and currents can be monitored by the FEC board for transmit
power calculation.

19.2 Output Power Protection

A power surveillance circuit senses the output voltage and current and calculates the
power fed to the Front End transmitter boards.

If a preset limit is exceeded, this circuit will switch off all outputs and set HVDIS L
low. This signal (TTL, OC) is sensed by the Front End Controller module, and if ac-
tive, the FEC module will switch off HV1 and HV2 outputs. The HV output may be
disabled by storing $000 in the DAC register, or by set setting the HVDIS_L line low.

The HVDIS_L signal is bidirectional and, if set low from an other external source e.g.
the PRC module (over-temperature sensing in a TEE probe), the HV1 and 2 outputs
are switched off.

The FEC module should send an alarm to console for warning and allow for probe
or cable replacement if no hardware errors are detected.

A watch-dog circuit is implemented in the sense that the FEC board continuously
has to pulse the SDA line in order for the HVDIS_L line to be high.

20 Outputs

1. High Voltage outputs (HV1P, HV1N, HV2P, HV2N): These are DC voltages fed
to the transmitters in the front end.

2. Probe Mux power outputs (PM X80P, PMX80N): +/- 80V DC voltages fed to the mul-
tiplexersin the probe connectors for the 192 element linear probes.

3. HighVoltage senselines (HV | and HV V) for both HV1 and HV2. These signals are
low level voltages fed to the FEC board for surveillance of the output power to the
probes.
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Overview

Introduction This part of the Service Manual holds the block diagrams

for emmFIVE .

Table of Contents This table gives you an overview for this part of the Service Manual:

Contents Page

Front End and Mid., rev. 10 B1-3
Display, Control and I/O — rev. 09 B1l-4
Display, Control and I/O — rev. 09 B1-4.1
Front End —rev. 04 B1-5

MID Processor - rev.02 B1-6
Display — rev. 02 B1-7

I/O - rev. 02 B1-8
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Front End and Mid., rev. 10

System FiVe Block Schematic, Complete, Page 1 of 3
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FOOTSW. ACCTRL ‘ Rgggg—gpu scsl EXT ETHERNET INT
RS232-GR R-WAVE OUT RS232CR
2 k|5 = a| 5 ETHERNET LOOP CABLE
. . . |12 8| 3|3z E@lE o Z a (ALSO TO INTERNAL DEVICES)
SIEs 222 2328 8 Q
! 1 [l o !
FOOTSWITCH gl |9 4 3l 3z mep gl < S
L EXTERNAL I/O
(AN
I VR MONITOR : AID ] 'A’\"\l'%?g
FRONT PANEL f 1-4
MAIN BOARD O] C——1 TRIGOUT
SERIAL CHIP SELECTS 0B en B RS232.CPU
.l
st | ocare | | aw PreR D
INTF. , P RS232,GR
|
COLOR
Yy ADDRESS PRINTER ETHERNET ETHERNET
DECODER <€) INTERFACE L
ER
oo
FLOPPYDISC
> =,  VIDEOIN
VvV v < <
B/W O — \ ;j[: VIDEO OUT .
. PRINTER |~ >
Y oooo [ | < SVHSIN
D Bao6 oo SVHSOUT
— /< B/WVIDEOOUT
HARDDISC v FGESOUT
@ MONITOR
LED ACTIVATERS TGC DECODER VIA
- RGBSOUT
. TRACKBALL SWITCH | ‘
DECODER MATRIX
ROTARY = TOGGLE DECODER T
LED_EN L DECODER LASER
DECODER PRINTER
- BEEPER T_
BRIGHT CONTROL ‘
AUDIO A AUDIOB o ==
I I IM MUX & A/D LIGHT UDIO UDIO
BLEN.L b CONTROL ! ! —
ROTARY —/
KNOBS o . AUDIO
| . SWITCHES AMPL.
V [ ]
© @ GND . OO0 Y
. = OO0
onp  SLIDE . AC POWER AC
POTS o coL|| Jrow e CONTROLLER OUTLETS
oN/OFE || PWR || TEMmP ‘ “ ‘
— - . } CTRL || CTRL @ @ @ @
v w >Z
oc |6 ) 4 FAN
ROTARY/ } POWER | > E m A \C;;I')IEEI__
DISPLAY | RomARY e Y v © Fz l '
BOARD DECODER DISPLAY 1 e N
T — o o o
O [ 1 ‘
SPEAKERS DESIGNER|DATE | SiIGN MODULE
TRACKBALLI | [/, power  LENER GRL 22/11-04 SYST /E'V' 5 SYSTEM 5
] KEYBOARD, I/O, PERIPHERALS
_[ GA?JSPL'?:E(JSCT E :CQ\\ LAMP CHECKED |DATE | SIGN ( )
[CAN___REECT]
COTARY KNOBS \ GJ DRAWING NUMBER REV
Y asYanYan! TOGGLES APPROVED [DATE | SiGN 330 FA299271 02
) BEEPER KB
1 FILE TYPE OF DOCUMENT SHEET
~/s5_io_block BLOCK DIAGRAM 1 o 1
BEmFIVE System FiVe - Service Manual - FA091050 rev. | B1-8



ServiceMan:S5_serv_files:82_01_Innh.02.

Macintosh HD:User:James:@i-arb:Service:S5.

Printed: December 5, 2000.

BEIIFTVE Block Diagrams — Boards

Overview
Introduction

Table of Contents

This part of the Service Manual holds the block diagrams
for the emmFIVE boards.

This table gives you an overview for this part of the Service Manual:

Contents Page
Relay Board Block Diagram —rev.04 . ...................... B2-3
TX-128 Block Diagram —Rev.02. ......... .. ... ...t B2-4
RX128 (RX64) Block Diagram —Rev.03 . .................... B2-5
Probe Controller Block Diagram —rev.02 ................... B2-6
Beam Former Boards Block Diagram —rev.02 ............... B2-7
Front End Controller Board Block Diagram —rev.02 .......... B2-8
Patient I/0O Block Diagram —rev.02. .. ..., B2-9
RF & Tissue Proc. Block Diagram —rev.02 . ................. B2-10
Spectrum Doppler Processor —rev.02. ..................... B2-11
2D Flow Board Block Diagram —rev.01..................... B2-12
Image Port Block Diagram —rev. 01 .............. ... ...... B2-14
Image Memory Block Diagram —rev.01..................... B2-15
Scan Converter Block Diagram —rev.01 . ................... B2-16
Graphic pP Board Block Diagram —rev.01 . ................. B2-17
CPU Block Diagram —rev.01. . . ...t B2-18
Front Panel Block Diagram —rev.01........................ B2-19
Internal 1/0O Block Diagram —rev.01 .. ....... ... .. ... ...... B2-20
External I/O Block Diagram —rev.02 ......... ... .. ......... B2-21
AC Power Block Diagram —rev.02 . .............. .. .. B2-22
DC Power Supply Block Diagram —rev.02. . ................. B2-23

High Voltage Power Supply Block Diagram —rev.02 .......... B2-24




Block Diagrams — Boards GE Vingmed Ultrasound

Empty page.

B2-2 BEDFIVE System FiVe - Service Manual - FA091050 rev. |



| 'A31 0S0T60V4 - [enue|\ 82IAIBS - BAIH WaISAS JALIEES

€-¢d

Macintosh HD:User:James:@i-arb:Service:S5_ServiceMan:S5_serv_files:B2_02_boards.06.
Printed: December 5, 2000.

PHASED/
LINEAR
ARRAY
PROBES

ANNULAR
ARRAY
PROBES

DOPPLER
PROBE

Relay Board Block Diagram —rev. 04

/_\
p XDA1-128 ELAYS
\— \ TO RX128 (or RX64)/TX 128
- XDB1-128 \ PL/P2 | XD1-128 » VIAXDBUSBOARD
E
‘ SERIAL PROBEID [*™\
] PROBEMUX CTRL f=3
< | \
XDC1-128 \
\
\
A RELAYS \
(=, P8 \ AAXD1-6, XDAACD, AATEMPIN, MOT,
POS, MPTE
AAXD1-6, XDAACD, AATEMPIN, MOT, N \ PUP2 > —p» TOPRCBOARD
POS, MPTE —0 \
B \
(I \
\
\
DP/STB \ XDDPCD , TOPRC BOARD
* B @ [] 4\04 E o XD45, XD100
% \% ) 5 \ ’ FROM TX128 BOARD
\ )
: ADTS, » TO RX128 (or RX64) BOARD
\
\
\
\
:””’A
ON/OFF / EL PROBE ID
EL PROBE SELECT
CONTROL P3 | EL PROBE MUX CTRL
‘ \ INTERFACE < » TOFECBOARD
P1
R o | . , TOFECBOARD

» TOINT I/O BOARD
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(TO RLY VIA XDBUS)

TX-128 Block Diagram — Rev. 02

HV1&2 (TX POWER)
Ei[)l%'\XER (DC POWER)
HV1P: P3-E16
HV2P: P3-E18 TXTRIG_L e
HV2N: P3-E22
HVIN: P3-E24 | | p3-E35 -
CACHE
8
XD1-128 i TRANSMIT /
P4/P5 T’;‘ PULSE  [reeeeeoeoooeess
GEN. /
128 (128 CH.) !
TRANSMITTERS FRONT END P2 FE BUS
INTERFACE |~--efrrrrrrrsmrssorees
REV.
P2
REV
» (FEC)
Rev. 02
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G-cd

(FROM RLY VIA XDBUS)

RX128 (RX64) Block Diagram — Rev. 03

TG
(FEC)
P2-D35
TR 128 (64)
ITCH 128 (64
SWITC RELAYS PREAM P oo '& M)P
XD1-128 P4/P5 (A=11)
> -—l P1/P3  RX1-128 (-64)
! ——— D - m > (BFl)
AAXD1-8 P4/P5 r O
> -r
P2-B37 ATGCVP
P2-D37 ATGovn (FEC)
REV.
e ATGCVP ATGCVN GAIN, VC-AMP
+10V -10v +30dB
o -10V +10V -30dB
REV

» (FEC)
Rev. 03
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Probe Controller Block Diagram — rev. 02

AAXD1-8 HV1&2 (TX POWER)
P5-B35
P5-B31 HV1P: P3-E16 IREL  (Fec)
P4-B17 HV2P: P3-E18
P4-B13 HV2N: P3-E22
P4-B9 HV1N: P3-E24
P2-A25
P5-B27
) ‘ TRANSMIT
Ry < U GEKIUEITQ%\EI'OR ) P2 CLOCKS
/ CLOCK FEC
XDAACDBA P4-D21 6 TRANSMITTERS / pIsTR. |¢ (FEO
XDAACD P4-D23 /
RLY XDDPCD P4-D25 J —— /
AA & DP /
PATEMPIN P4-B21 /
BLY AATEMPIN P4-B19 J TEMPERATURE / FRONT P2
(TEE PROBES) / < 7 (FEC)
/ INTF,
MOT P4-B27 /
(RLY) <« R / XDCTRL P3-A33 RXD1 (CPU serial communication)
MPTE P4 POSITION |@ ' P INTE >
CONTROL / e P3 SCAN SIGNALS (FEC)
/ (CSCAN, RSCANP:LC.)
/
/
/
TG P2-D34 ’
(FEC) CILTER / P1/P2 IV_DATA
. L A/D
(IV/DP/STBY) RE_IN P186 | o DETECTOR| % » (BF)
/
/
BURSTN P1-D12 N :
/
4
(VIDPISTBY) o moron POSTION, CATH COPE, .| MOTORPOSITION
HV, ON/OFF CONTROL Vv
REV.
P2-A25 P2-D25
REV
» (FEC)
TXTRIG L
(FEC)
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(RX128)
RX49-64

RX113-128

(RX128)
RX17-32

RX81-96

Beam Former Boards Block Diagram —rev. 02

P1/P3

P1/P

P (RFT)

32 CHANNELS PER BF BOARD ) " 32 CHANNELS PER BF BOARD ) "
32 8 BEAM BEAM 2 8 BEAM BEAM
A/D CONV. FOCUSORSMLA  ADDERSMLA  ADDER/MLA A/D CONV. FOCUSORSMLA  ADDERSMLA  ADDER/MLA
° ° ° °
A [ J [ J 4 A [ J [ 4 16
1 ‘ ‘
— AD |——— F ;, z, MLAO — AD |—s— F ;, ; MLAO
4 A W, | ToBAL3 4 [0 w . | TosAL3
1 r— N 16 A _ | ONNEXT |[32 — N 16 a1 | ONNEXT
L1 A/D s x L f—— < WU L1 A/D s x L f— << W
2 — = ] S0 RX128 3 — = ] S0
? < < BF BOARD ( ) a < =—> < BF BOARD
1 Q o — 0 RX33-48  p1/p3 Q o 32 @
L1 A/D p— LL RX97-112 L1 A/D e — L
e 8.
® ol
1 o !} e
— A/D p— ® : MLA1 — A/D s ® ' MLA1
“11. y 16 TOBAL3 al |4 / TOBAL3
v ° ®o | Y ON NEXT v ° ®o | / ON NEXT
® ® ] ® ® )
® P / L4 ®
[
BF BOARD BF BOARD
FRONT END FRONT END
INTERFACE | | CACHE INTERFACE | | CACHE
BF 1 BF 2
REV. REV.
A
P2 P1/P2
REV
(FEC) < IV_DATA
(PRC)
32 CHANNELS PER BF BOARD X 1 32 CHANNELS PER BF BOARD X 1
32 8 BEAM BEAM 32 8 BEAM BEAM
A/D CONV. FOCUSORSMLA  ADDERSMLA}  ADDER/MLA A/D CONV. FOCUSORSMLA  ADDERSMLA  ADDER/MLA
o ° ° o 4 iy
A ® ® 4 A ° ®
‘ AL AL (RX128) < <
— A/D e F 0_4, 0_4, MLAO RX1-16 P]_/P3’_ A/D e — F 0_4' ‘ 0_4' MLAO
4 | B« —p WUew | TOBAL3 RX65-80 4 | Bw 2o | TOBAL3
— N 16 | 8 | ONNEXT p— N 16 A _ | ONNEXT
L 1 A/D ] @ <£ — <£ L1 A/D ] x <L§ —— <L§
8 — = =0 8 — = =m
2 <o <o | BFBOARD a < < | BFBOARD
- 8 0 0 8 oM | 0
L1 A/D ——— [l L1 A/D p— LL
ol ol
ol / ® :
al la /16 TOBAL3 N : TOBAL3
vV e ®o | / ON NEXT vV e o | ¢ ON NEXT
[ ] o 4 [ J o ]
[ ] o / ® ® /
, BF BOARD BF BOARD
FRONT END FRONT END
INTERFACE | | CACHE INTERFACE | [ CACHE
BF 3 BF 4
REV. REV.

» (rFT)
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(ALL FE BOARD +
RFT [- RX128]))

(TX-128,PRC)
BOTTOM COAX

(RX-128,PRC)
UPPER COAX

(RX-128,PRC)

(PRC)

(RLY)

(ALL FE BOARDS)

Front End Controller Board Block Diagram —rev. 02

TXTRIG L
> (RFT)
SYNC_L > (BF, RFT)
GLOBAL 40 MHz CLOCKSAND RESET
A
P2-B24 <« P2
SYSTEM CLOCK
FE BUS P2 GENERATOR
< FRONT END VME BUSINTERFACE P1 VME BUS
< : PORT
/
ATGCVP P2-B37 ATGC /
P2-D37 GENERATOR /
/ *
/ / CPU
. T9G P2-B35 TEST SIGNAL J /
/
/
AA SCAN CTRL (LSCAN_L etc.) P3 / MEMORY
XDCTRL INTF -"""n:
/
/
/
EL PROBE ID /
EL PROBE CTRL P3 / P3 SERIAL HV CTRL
< EL PROBE MUX CTRL :' " ( o )
/
/
/
REV P3-D25 P3 HV SENSE
< P3-D26 REVISION DETECT r’,i,,,, HIGH VOLTAGE READBACK | < (TX POWER)

FEC

Rev. 02
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Patient 1/O Block Diagram — rev. 02

>

PATIENT

ISOLATED

SENSORS

PREAMP A/D AND
ECG Q\ MODULE ISOLATION PATIENT
O—7 | AMP/FILTER MODULE ISOLATION P3
CABLE TOINT I/O
PHONO [~ | AMPFILTER P1
o 0 0 ]
RESPIRATION AMPIFILTER N
—1—] AD R SERIAL DATA R SERIAL DATA
PRESSURE O AMP/FILTER ——inc.MUX gh £33 > > >
OPTIONAL N 5 45w PAR DATA CTRL

PRESSURE O AMP/FILTER — I —inc.MUX ) CTRL ‘ « CTRL <
PRESSURE O AMP/FILTER
PRESSURE O AMP/FILTER | %VOEED (DZSI\IDVC.: ONISOLATED
PRESSURE O AMP/FILTER +/- 5V +5V

{INT 1/O)

{INT 1/O)

Rev. 02
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0T-cd

RF & Tissue Proc. Block Diagram —rev. 02

ZONE OFFSET
DETECTOR STITCHING ARJN%ST
MPRE:
RF PROCESSOR 0 co S amovs | AND
— p—() p— PEAK DET.| =+
(BF) | FULL BAND FIR | |—p ‘ I~ —@-@—DL PEAK DET. (ISP
HANDLER,
— HILBERT ' e
TRANSFORM i
2 TISSUE
PROCESSOR
OPTIONAL: RFP Pb. RF PROCESSOR 1
. - — i Y R PIPELINK
I
=S > ® I} > OUTPUT (SDP)
— ¢ " DOPPLER - s
HIGH PASSFILTER - (20F)
A IQ BUFFER e
(RING BUFFERS) >
RF PROCESSOR 2 >
OPTIONAL: RFP Pb. .
v — 8 IZ r > FOR TEST
PIPELINK
> TAG >
———— T GENERATOR
FE_BUS
(FEC) RF_MODE DEMODUL.
- FRONT END ——— AND
(FeC) =72 L TGC GEN. A
(FEC) IXTRIG L PZAZR| \NrereacE NP ADDR — v
(FEC) EOL_L P2-G25 g AINPUT
GENERATOR
OUTP ADDR OUTPUT
ADDRESS
GENERATOR
DSP/
CONTROL
PROCESSOR
(FEC) CLOCKS P2 CLOCK
DISTRIBUTION
VME INTERFACE
MESSAGES,
STATUSAND CONTROL
lpl
VME BUS
Rev. 02
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Spectrum Doppler Processor —rev. 02

BYPASS OF TISSUE DATA
>
PIPELINK
p3  OUTPUT
PIPELINK PIPELINK SPECTRUM M > (7
INPUT P3 INPUT D N OUTPUT
(RFT) » » ANALYZER > FIEO ﬁ
DATA TYPE — “DET” A N
DECODER \ ( ad TN R 101 ke
] *
INPUTA DATA BUFFER OUTPUT
CTRL SPECTRUM D SPECTRUM CTRE
RING BUFFER ) T|MIESHARE [™===tP>
ADDR
(RET) CLOCKS P2 CLOCK | [
DISTR D SPECTRUM
GENERATOR
1/0 CONTROL
CTRL
) [ ADDRESS
CONTROL
INT /Gy _SERVAL TRACE DATA N
( ) P3-B27 il
SERIAL 5o
INTF
AUDIO FRONT PANEL
AUDIO AMPL.
t — P3-A26 AN_DOP_|
D DATA RATE |m—] ¢
VME INTERFACE »| RECONTR. g | DAC > P3-A27 AN _DOP_Q
PARAMETER TRANSFER ; r’ y — =<
ECG TRIG INTERRUPT
MISSING
RESET PRE SIGNAL
ESTIM.
DSP2
T FOR AUDIO
P1/P2
VME BUS
Rev. 02
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[ANTAS|

(RFT)

(FEC)

PIPELINK
INPUT

P3

2D Flow Board Block Diagram —rev. 01

P2

INPUT

> DISPATCHER

\

-

A

CLOCK

»| DISTR.

SERIAL DSP CONTROL

ORGANIZATION
MASTER DSP

OUTPUT
FIFO
>~
CONTROL
DATA

|— REGISTERS
— l—_E
P D'_—rC o
L |L\||FF>L£ e | A | FIFO
P> AUTO- TTT *Inpe
d LI ] lin CORR. | RANGE
DSPs AVG.
&
— e e
. —psp
I
—> > AUTO- T e
> - CORR. LI RAVICE
r AVG.
DSPs &
PARAM.
_———— REGISTERY "ggy
. | — PSP FIFO
INPUT | LU | DETC | LT I
» FIFOS |---# AUTO- A— }IIIIIIII}
N | H RANGE
>IN - CORR. L AVG.
DSPs PARAM
_——— REGISTERY "Eqr"
Nees = "% | | HInme
=P =P AUTO- 1T CANGE
*HIHNP - CORR. [ AVG.
DSPs &
PARAM.
EST.
DSP

:

VME INTERFACE

MUX

2DF

P3

PIPELINK
OUTPUT

>

P1/P2

v

VME BUS

(IP)

Rev. 01
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Image Port 2 Board Block Diagram -rev.01

(RFT, SDP, CFP)

PIPELINK

(INT 1/0) SVHSCHROMA
(INT 1/0) VHSLUMA (VIDEO)
1
A 4
PipeLink
Dispatcher Video AD Converter & Decoder

FIFOs

PipeLink Data

FIFOs

Video Y Data

Video UV Data
FIFOs

1960 Local Bus

IMMEMDR
IMD31:0

;

;

P

| SIMMA

| | SIMMB

| | SIMMC | | SIMMD |

1960RP

PCI primary

PCI2Vme
Bridge

VME BUS
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(RFT, SDP, 2DF)

PIPELINK

Image Port Block Diagram —rev. 01

(FEC)
CLOCKS
(INT 1/0) SVHSCHROMA
(INT 1/0) VHSLUMA
P3 P3-A29 P3-A30 P2
* v v v
PIPELINK A/D A/D
e N
DISTR.
LUMA I ICHROMA CLOCK
I LUMA/CHROMA GEN.
DATA DECODER «—
DISPATCHER (PAL/NSTC)
MULTIPLEXERS
\ / \ / \ / \ / \ / \ /
I I I I Data in/out IMAGE PORT
FIFOs
] ] | | | ] | ] < N
| | 1 ‘ ‘
\ AN
MULTIPLEXERS VME MEMORY
\ / \ / \ / \ / \ / \ / INTf ADDRESS
GENERATOR
Vector Address Vector Data g\ : :
§ //I//I//I/:/I//I//I// :
V \Vector Sart Address «
\
§ \\\\\\\\\\\\\\\\\\\\\\\\\\
VME TRANSCEIVERS

P1/P2

VME BUS

(TO IMMEM)

Rev. 01

punosesjn pawbuip 39 @

TO ‘A3l — welbeiq 3o0|g 104 abew



| 'A31 0S0T60V4 - [enue|\ 82IAIBS - BAIH WaISAS JALIEES

GT-¢9

Image Memory Block Diagram —rev. 01

COLUMN
ADDRESS
PARITY MEMORY ARRAY GFEENFEEST%R
CHECKER ¢
ROW
ADDRESS
ADDRESS ADDRESS
DECODER DECODER
AN LATCH/ LATCH/ AN
COUNTER COUNTER
P1/P2 P1/P2 P2
ADDRESS
DATA FROM IMPORT DATA TO SCONV
VME DATA BUS VME ADDRESSBUS VShus ADDRESS & DATA

(not used)

Rev. 01
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Scan Converter Block Diagram —rev. 01

TIME
P1/P2 DOMAIN
> \ PROC.
VME [ _I_| p— SEveN
(DATA FROM IMMEM) VME BU%l/PZ INTE, | 8INPUT | [r— = FRAMERATE
> | FFOS chM Rl [MUX RESAMPLER S I
 — »““““» ENCODE [r— (RECURSIVE FILTER)
/ DEM ULTIPLEXER\
SPACE
DOMAIN
PROC.
DP, INTERPOL .
s Q, R, TH
FILTERS
XY ->R, TH
o VIDEO PIXEL ENCODING INTERPOL
(FOR FRAMEGRABBED O R TH| ADDRESS
VIDEO FRAMES ONLY)
FILTERS GENERATOR
INTERPOL.
P
FILTERS : :
N
\ \ FILTER COEFF. A NI
S S SCSSCCCSC S S S S S S S S SCSSSSSSESSESSSESSESSESSsSSY
S S S S S VSN O NN O NN NN N NN NN NN NN NN NN NN NN
FILTER COEFF. B&C
Tissue
Tissue TISSUE RGB
ENCODER  |e—
COMPR/REJ.
CFMf CFM
FLOW RGB | PIXEL OUTPUT PIXEL DATA
ENCODER MUX PIXEL BUS
>~
OUTPUT| P2 24 BIT RGB
MUX P (GP)
PIXEL ADDR.
ADDRESS
Tissue
CFMf | TISSUE/FLOW| CFM_SEL
CFM bw ARBITER MUX_SEL
Rev. 01
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PIXEL BUS

VME BUS

P1/P2

Graphic uP Board Block Diagram —rev. 01

PIXEL

YANTAS

PORT

BRIDGE

v

VME INTERFACE

68040

c
T

:
<

A g

Sl
il

<
g_—l
<

(INT I/O ->VCR, PRINTERS

AND EXT 1/0))

(FRONT PANEL)
(VIA INT 1/O)

VRAM VRAM VRAM VRAM VRAM |i| VRAM |i| VRAM |
3 Pl N E N E N g N
p l 2 y \ = \ = \ 5\
3 S S N S S I
= = = = \ \ \ \
= = = = \ \ S
= = = = < X v X
- - .| - : K : X : ? \ X
RAMDAC
|B
RS-232
INTF. R |G |B
G|B
P3 v P3 v pP3
VID RGB

(COAX CONNECTORS
AND CABLE TO SYSTEM

MONITOR)

Rev. 01
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8T-¢9

CPU Block Diagram —rev. 01

NV-RAM
&
CLOCK
P2 R
198kB RS232 >
STATIC SERIAL I/O >
RAM >
P2
ETHERNET INTF >
EPROM
P2
SCSl
INTF < >
DRAM
P2
PARALLEL < >
(PIGGYBACK) INTE
68040
uP
VME CONTROLLER

P2 P2

VME BUS

(INT 1/0)

(INT 1/O)

(INT 1/O)

(INT 1/0)

Rev. 01
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Front Panel Block Diagram —rev. 01

TO FROM SYSTEM

It

I

FRONT PANEL

MAIN BOARD
SERIAL CHIP SELECTS
SYSTEM PRGR
RAM
LOCAL uP BROM |7
INTF.
ADDRESS REVISION
DECODER DETECT
4 T T
LED ACTIVATERS TGC DECODER VIA
v TRACKBALL SWITCH
DECODER MATRIX
g DECODER
ROTARY LED_EN_L DECODER
DECODER
: 5
BRIGHT
I I M MUX & A/D LIGHT
[ 1 sent b CONTROL
KNOBS q :
| y - SWITCHES
@ @ GND - =B
. s=l=l=
*
SLIDE o
GND
POTS © coL| frow
| — {} { F
1

ROTARY/
DISPLAY ROTARY
BOARD DECODER

AIN

REJECT

]:[ DISPLAY 1
GAIN REJECT

GAIN

L1

GAIN

ROTARY KNOBS

s Yais Y s Y s

REJECT

DISPLAY 2

REJECT

TRACKBALL
=2 E]

TOGGLES

QWERTY KEYBOARD

] D BEEPER

FROM SDP
VIAINT 1/0

v

AUDIOA‘ ‘AUDIOB

- 4 4

AUDIO
AMPL.

Vi

A A 4

SPEAKERS

Rev. 01
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0¢-cd

Internal 1/0O Block Diagram —rev. 01

(PATIENT 1/O) (SDP) (CPU/GRAPH) (SDP) (GRAPH)  (IP)  (GRAPH) (GRAPH) (CPU) (CPU/GRAPH) (CPU) (CPU) (FEC)
SERIAL TRACE DATA ~ SERIAL TRACE DATA RS232INTF  AUDIOA AUDIOB SSVSouUT VIDEOOUT  RGBSOUT SCS BUS RS-232 INTF ETHERNET VME BUS C40 SRES L
AND PAT /0 CONTROL P3-Al8 P1/P2 P3-A15 P3-A16 P3 P3 P3 P3 P2 P1/P2 P2 P1/P2 P3-B18 P3-B16
—PATIENT /0 \——] —
A
z
[0}
I
S
g DSP EXTTRIG
a) D3P AN. INPUTS 1-4 VME INTERFACE
= <
PATIENT I/O
INTERFACE
INCL. DSP BUF BUF BUF
x N CLOCK DISTR.
N
LIVE|  PLAY )
RGBSOUT o
o PARALLEL
AUDI
SWITCH ot VIDEO/SVHS INTERFACE
AC POWER OTE 2 e VIDEO & - (DSP)
INTERFACE . CONTROL |2 2| 3| z| swiTcHo 3
'y g (DSP) ol 2 2 Q @
2 [vd g S S a o
\A 4 o & & > 8 vViv v v v
~\ ‘ - L ! ~\ /s — — / —\
D (11 y—- - D (—"y—| EXT /0 >
ACCTRL FOOTSW, RS232 s EXT t ETHERNET 1 INT
VCR
AC POWER
|
CONTROLLER .
... 0O 0O 0O O pooooo
P [ Tewp y
FOOTSWITCH B/W
PRINTER
D oooo
FRONT PANEL e HARDDISC
—— @
oooooooon
T —
| e | ee— — |
v
COLOR
PRINTER
=8
oo
Rev. 01
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T¢-¢9

External I/O Block Diagram —rev. 02

INT I/O
P2 & P3

VIDEO BUFFERS
P3-B7, B9, B11, B13 >
P3-C6, C8 >
P3-A8 > >
P3-B6 > >
P3-C10, C12
P3-A10 <
P2/P3 P RS-232-3
P2 P RS-232-4 :F
D "
P ) EC ETLER ) ETHERNET < (
INTERFACE
: ]j
WITH
RUN
: ]j
P2-B5| |« SDA » REVISION
I

ROUT
GOuUT
B OUT
SYNC OUT

RGBSOUT

SVHSOUT

VIDEO OUT

B/WVIDEO OUT

SVHSIN
VIDEO IN

RS-232

RS-232

ETHERNET

AN INPUT 1

AN INPUT 2

AN INPUT 3

AN INPUT 4

Rev. 02
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¢¢-¢4d

AC Power Block Diagram —rev. 02

ON/OFF

- FER-
— O/O RITE["1 CUR.LIM

SWITCH

AIR TEMP SENSOR P200

TEMPIN 7

NTC
60 °C FUSE

72°C FUSE

REGULATOR

REGOUT

y

DCVOLTAGE

TO FANS
(0-12v)

AC POWER
STAND BY POWER

TRAFO (FORACCTRL)

1107220 FILTER -
RELAY
O O -
FILTER »
+

ON/OFF .
CONTROL DISTR. _

AC CONTROLLER

P100 _S
7

POREQ L

POGNT
STBTGL_L

y

POWER
CONTROL

VCR

PERIPHERALS

DC POWER & HV SUPPLY

Rev. 02
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Drawing by GJ.

FILTER

DC Power Supply Block Diagram —rev. 02

N +15V: P3-4
> At g — -157: P3-10
> +5\ DIG: CURRENT RAIL
PWM
D TRAFO P
PWM
Dl +5V AN: P4-4 & 6
4 [ -BVAN: P4-24, 26,28 & 30
+10V: P4-12
>| TRAFO N
> +12V: P3-12
PWM K -1261 P3-18

(P3 isthe upper connector)

Rev. 02
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v¢-cd

CABLE FROM AC POWER

High Voltage Power Supply Block Diagram — rev. 02

2soVAC| [ 0 0

FROM FEC

p2.A3 - Ag _SERIAL DATA

Drawing by G.J.

s RECTIFIERS REGULATORS TO TX128, PRC
FUSE
i N SENSE » P2-C20, C21
200mA l—l RESISTOR
0TO +40V
F4 HV2P )
_F4 N SENSE » P2-C22, C23
F1 1.6A l—l RESISTOR
—— TRAFO
200mA 0 TO -40V
F5 ¢ SENSE HV2N » P2-C25, C26
K RESISTOR
1.6A
F3 0TO -80V
= SENSE HVIN » P2-C27,C28
200mA K RESISTOR
REF1
SERIAL Y Y
> Ladl TO FEC
DI/A | HVDIS L » P2-C6
O s I POWER CALCULATION >
CONV. — REF
O ovixsop +BOV TO RLY
| . »! PROBE > P2-A26
| MUX -80V
| > bOWER PMX8O0N > P2-A28
|
WATCH |
—> ____________ J
DOG
Rev. 02
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S5_serv_files:B3_01_Innh.03.

sh HD:User:James: @i-arb:Service:S5_ServiceMan:

Macintos

Printed: December 5, 2000.

BEIIFTVE Block Diagrams

Overview
Introduction

Table of Contents

This part of the Service Manual holds the block diagrams

for emmFIVE .

This table gives you an overview for this part of the Service Manual:

Contents Page

Clock Distribution — rev. 01 B3-3

Control and Data Flow — rev. 01 B3-4

System FiVe Data Flow Schematic — rev. 05 B3-5
Motherboard with Major “Buses” — rev. 02 B3-6
System FiVe Overall Power Distribution — rev. 05 B3-7




Block Diagrams GE Vingmed Ultrasound

Empty page.
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_serv_files:B3_02_clk_distr.

n:S5.

ecember 5, 2000.

ice:S5_ServiceMar

er:James: @i-arb:Servil

Printed: D

@ GE Vingmed Ultrasound

1 Clock Distribution — rev. 01

Only I-phase shown

SPR1 GP MI1D4 MID2 RFT BF4 BF3 BF2 BF1 PRC TX128
-2V -2V (2DF)
A27 |A28 A27 |A28 A27 |A28 A27 |A28 A34 B34 A34 (B34 A34 (B34 A34 (B34 A34 (B34 A34 B34 A34 B34
47 47
C4012H D30 A32 C4011H
C401 2L E30 CLOCK B32 C401 1L
GENERATOR
C4013H D34
C4013L E34 47[] []47
47[] 47 O O
-2V VOLTAGE "2V -2V
O B18 (B19 A27 |A28 A27 |A28 A27 |A28 A27 |A28 REGULATOR
-2V -2V
INT SCvV MIDS MID3 MID1
1/0 (IP) (SDP)
O
-2V TERMINATION
: 40 MHzI & Q Clocks
Comments: VOLTAGE Q
All clocks are distributed on the P2 connector, ) I_\_I_\_I_\_,_\_,_\_,_\_
except to INT 1/O which uses P3. CAOI1H, C40I2H, CA0I3H:
In addition to the clocks, async. reset signal, SRESnH C40I'1L, C40I2L, CAOI3L: I—,_\—,_\—I_\—,_\—,_\—,_
and SRESnL (n=1,2,3) isaso distributed in the same C40Q1H, C40Q2H, C40Q3H:

way.

All clocks and reset signals are at ECL level:
Typically between -0.9V (high) and -1.8V (low).

C40Q1L, C40Q2L, C40Q3L:

BEmFIVE System FiVe - Service Manual - FA091050 rev. |
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S5_serv_files:B3_03_ctrl_seq.

S5_ServiceMan

Macintosh HD:User:James:@i-arb:Service:

Printed: December 5, 2000.

@ GE Vingmed Ultrasound

Control and Data Flow —rev. 01

CONFIGURE FRONT END
(TX AND BF CACHES LOADED)

START FEC
SCAN PROGRAM

PROGRAM
JRANSMITTER

PROGRAM
BEAMFORMER

FIRE
TRANSMITTER

CONFIGURE RF

TRANSFERTO
IQ BUFFER

START MODE
FROM KEYBOARD

GRAPHIC

CONFIGURE MID PROCESSORS

CONFIGURE

RFT, SDP, 2DF

IQ BUFFER

FLOW PROC.

@ DOPPLER PROC.

CONFIGURE DISPLAY SYSTEM

CONFIGURE IMPORT
IMMEM, SCONYV,
GRAPHIC

ORGANIZE

&

BEmFIVE System FiVe - Service Manual - FA091050 rev. |
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Printed: December 5, 2000.

Macintosh HD:User:James:@i-arb:Service:S5_ServiceMan:S5_serv_files:B3_04_data_flow.05.

@ GE Vingmed Ultrasound

System FiVe Data Flow Schematic — rev. 05

FRONT END
TX
POWER
[ _4&
RELAY
AA
(C—>—{BoARD

DP

AA

PROBE
CTRL

ECG AND OTHER AN. INPUTS

H—o@

PATIENT

System FiVe Data Flow Schematic —rev. 05

MID PROCESSORS

PROCESSOR

RF AND TISSUE

DISPLAY & CONTROL

ANALOG DOPPLER (FOR AUDIO)

KEYBOARD, I/O & PERIPHERAL

SPECTRUM
DOPPLER
PROCESSOR

2D FLOW
PROCESSOR

VIDEO/S-VHS (FROM VCR)

SERIAL CONTROL

»

»

MEMORY

PAL/NTSC RGB
GRAPHICS
VIDEO/S-VHS

/'O

)ATA [0
FRONT END VME BUS (DATA FLOW) (DATA FLOW)
CONTROLLER [l 7
SERIAL TRACE DATA
SERIAL TRACE DATA »
SCSI
>
SYSTEM
CPU ETHERNET

>

LOOP CABLE (STD) INT

(REMOVE IF EP)

INTEGRATED
ECHOPAC (OPT)

TO INT

SERIAL CONTROL FRONT PANEE
< AUDIO BGERERAAE
goooooooon
« = MONITOR LE==82
HIGHRES RCE 1y, INTERNAL DEVICES
~VCR 7~
47 PERIPHERAL SIGNALS Tl
PAL/NTSG RGB, S-VHS, VIDEO == = o EEE

CONTROL

RGB

HARDDISK

VIDEO

TO EXT

MAC

MAC
RGB
MAC VIDEO
S-VHS
SERIAL
SERIAL

EXTERNAL DEVICES

ETHERNET

4 o »

N »

NETWORK TO E.G. ECHOPAC

LCD

EchoPAC

—

.’ LASER

OO /— PRINTER

MAC
KEYBOARD

goooooooo

goooooooo
gooooooooo
o—no

BEIIFIVE System FiVe - Service Manual - FA091050 rev. |
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ervice:S5_ServiceMan:S5_serv_files:B3_06_mbd_buses.02.

sh HD:User:James: @i-arb:Se

Macinto:

Printed: December 5, 2000.

GE Vingmed Ultrasound

Motherboard with Major “Buses” — rev. 02

Motherboard with Major “Buses” — rev. 02
(IP) (2DF) (SDP)
/O CPU IM SPR2 SPR1 SCV GP MID5 MID4 MID3 MID2MID1 RFT FEC BF4 BF3 BF2 BF1 PRC RX: TX128 RLY
SEECEE
RX1-128
VME BUS
PIXEL BUS FE BUS
CLOCKS
NN N I
RX1-128

P1

BEmFIVE System FiVe - Service Manual - FA091050 rev. |
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,_serv_files:B3_07_power_distr.05.

Man:S5.

Printed: December 5, 2000.

sh HD:User:James: @i-arb:Service:S5_Servicel

Macinto:

@ GE Vingmed Ultrasound

5 System FiVe Overall Power Distribution —rev. 05

PERIPHERALS

INTEGRATED
MAC
(OPTIONAL)

130°C
i veR
10/15A CIRCUIT BREAKER F50 AC POWER |“PERI PHERALS'
ON/OFF l_’_IEI_I 12Vac B2 | STAND BY POWER | STBPWR
- O/ FER- — § % — (FOR AC CTRL) O L
- O |RITE | O/"O H 115/220F'L£1|~“2 I_% 115/230V¢ I Y —
SWITCH CURRENT TRAFO LMISAI FILTER b o oo o I:I
LIMITER A5
| I RELAYS 5
o\o T 115/230V5c
AIR TEMP SENSOR ~ “ ACCTRL” T LR FILEER LD o X 115/230Vac
N - - — <> ON/OFF | T 115230V,
@ REGULATOR | — | CONTROL LED PWR DISTR. 6 %o
60°C FUSE @ TF2 |— — {/— — - » (o 230V MONITOR
. F AC CONTROLLER
72°C FUSE @ TF1 - “HV PWR' ~— L DC PUR’
TEMP SENSE BOARD “ FANS” 3-6 “ CTRL” | 1,5,9 230V, (ALWAYS)
I
I [l]6.25A
- DC
6-16Vpc I +5V +5V OTHER POWER
| MOD. MOD. VOLT. SUPPLY
| 'l
| ﬁ
I 5C HUB
: EXTENSION @
ON/OFF CONTROL CURRENT BOARD (OPTIONAL)
RAIL
230V,c DC VOLTAGES:
(ALWAYS) MBD +5DIG, +/-5AN, +10, +/-12, +/-15
CARD RACK
FEC PRC
HV CONTROL ] STBY
id ON/OFF
] SWITCH
" POVER' | REGULATOR |
N
1 +5V HV1/HV2/HV_MUX v
2: +12V | :
AL D REMOTE ON/OFF, LEDPWR __BESE J
5:-15V
gf ggg | FRONT PANEL |\
gggg ooOooooooo
DC VOLTAGES ooooooooo
2V +5V, +- 15V é‘:'l':' ooooo F‘é
F5V,+12V,-12V | 45y 5V, +12V
HARDDISK DC FANS
FOR AC
BIRD RGB POWER
S-VHS (“OLD” SYSTEMS)
CONTROL SWITCHBOX DC FANS
BOX o
(OPTIONAL) d o 6-16Vpe
(]
o)
d o

BEIIFIVE System FiVe - Service Manual - FA091050 rev. |
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,_serv_files:C1_01_Cables.0:

ice:S5_Sen

Macintosh HD:User:James:@i-arb:Servi

Printed: December 5, 2000.

BEIIFTVE Cables

Overview
Introduction

Table of Contents

This part of the Service Manual describes the cables in

BEFIVE .

This table gives you an overview for this part of the Service Manual:

Contents Page

Internal Cable Harness —rev. E C1-2

Cable Harness - MAC —rev. B C1-3

Cable Harness - MAC Elite, FA204727 rev. C C1-4
Cable Harness - MAC Elite, FA204864 rev. A C1-5
S5-EchoPAC Transfer Kit — rev. A C1-6




serv_files:C1_02_Cabl_Harn.02.

Man:S5_

ervice:S5_Servicel
Printed: December 5, 2000.

Macintosh HD:User:James: @i-arb: S

@ GE Vingmed Ultrasound

Monitor

VCR

1 Internal Cable Harness —rev. E

Internal Cable Harness —

Front Panel

15 [SVHS IN SVHS OUT : _ :
FRAME CHASSIS ©T7———" 17| 0 MON. CHASSIS ® @ I=—— Main Board Rot./Disp. Audio Amp~\
PWR AUD IN AUD OUT . P;A%ﬂjﬁ
R G B CS 1© 02 10 ©2 =
i |
24, o5
22. ] o5 Front Panel Support
L ' 2. 24 (frame)
25. a .
; J
AC Power
PERIPHERALS I
G -
o B =R L I ) Patient 1/0
POWER ~ RS232-CR*  AC CTRL ']4_ )
VCR POWER  RS232—CPU1 ETHERNET (INT) - 7
¢ POWER ~ RS232-CPU2 R-WAVE OUT E F\)OCk \ :
000+ © © 0 @
5v1(2)v15; SCSI W y R G B CS
= ] SiHs OgT) sv@sw gGBS:OU:T)
_1\/5 DCPWR * VIDEO OUT  VIDEQ IN VIDEQ EO{JV_" \ WO A)
13 CTRL FANS OO O O S
° SYNC OUT R OJT G OQUT B OUT .
O%ORE%RLLO Fgg,_ Int. |/O l ’
) LC’QP&PR @A U(D‘%R LV(CE }é&;ﬁ |
(A Bl : 25 |
" I el
| 9. » 1
— — _ Harddisc Mag./Opt.disc  Flexidisc
High Volt. Suboly DC Power Fans A.) The drawing shows the maximum SCSI configuration.
'9 ' PEY 7 FA200386; DC—POWER, SCSI-HD and FA200387; SCSI-HD is used
as standard configuration.(Single SCSI—device.)
1. FA200078; FP Ctrl, Internal. 12. FA2CC313; Power, DC—Power.
2. -A200079: FP Power, Internal. 13. FA2C0318; Power, HV—Supply. MODULE NAMZ
5. -A200081; FP Ctrl, External. 14. FAZC0370; Ethernet Jumper ~
L o047, TemaSence & Fon 15 FA200207 Monior ND VINGMED “soune | CABLE HARNESS, INT.
5. “AZ00155; VCR Cortrol. BY DATC SIGN TYPE OF DOC. CLASSIF CATION
7. -A200634; Patient |/O Ctrl. 21. C70C5140; Mains, Shielded, 1.40m. g1 [21.Mai.97 On File WIR. DIAGR.
8. ~A200282; FP Power, External. 22. 070C5205; Mains, Shiclded, 2.05m. CHchFQD ODA—EF'I SIGNO il MODULE NC. REV.
9. FA200297; DC—Power, SCSl—discs. A.) 23 070M0O005: Sianal. RGB n_rile n_rie
; k . ; gnal, APPROVED| DATF SIGN
10. FA200298; SCSI — discs. A 24. C70M0006; Signal, Shielded, Video. KB |On File On File F/\QO/‘ W 6O E
1. FAZOD312; AC—Ctrl. 25. C70M0007; Shielded w/Phono Conn. TOLERANCE SCALE FIL
FA160_E.DWG SHEET 1 o©OF

BEmFIVE System FiVe - Service Manual - FA091050 rev. |

rev. E
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.01,

lan:S5.
ecember 5, 2000.

S5_ServiceM

er:James:@i-arb:Service:

_serv_files:C1_03_Cabl_H_MAC.

Printed: D

@ GE Vingmed Ultrasound

Cable Harness - MAC —rev. B

2

l

DeelB

%‘

0/0C5080

Cable Harness - MAC —rev. B

1

0/0Ca080

220VA/C

—

07002900

MAC AUl

(100

)

Jo

LCD

0/0D2900

\_FA200582

PARALLEL

PATIENT 1/O

AC CTRL

RS232-INT1

o C

)

POWER

RS232-GR1

RS232—-INT2

1 C

D C

POWER

RS232-GR2 ETHERNE™ (EXT)

C_>C

D C

POWER

RS232-CPU1 =ZTHERNET (INT)

——

FA200057

=

POWER

RS252—CPU2 R-WAVE OUT

"000-¢

5V 12V 15V

SCSI

> FA200576

Aul trans.stp unit

070M0006

LCD

] /—
[ ]
a

220VA/C 220VA/C

VIDEO OUT

SVHS ouT sv;s IN SVHS IN  SIEP=CIRL

\SYNC OUT R QUT G QUT B QUT J

VIDCO IN VIBLO OUT

B/W

SVHS

/S
1

[E

3 4 5

OO0

REM.CTRL

O

FOOTSW,|

LO OR LO OR L‘Q OR

FP AUDIO VCR AUDIO

REPLAY

@ @[>

MAC

0/0D2962

printer

0/0D2915

0
con.on mnZ200087

FA200577

keyb

D
con.on mnZ00087

)

VINGMED  souno

MODULE NANME

CABLE HARNESS, MAC

BY

DATE

S.Nov.9/

SIGN
On File

TYPE OF DOC.

WIR, DIAGR.

CLASSIFICATION

Mac.

computer changed to modell 7300.

S.Nov.9/

SY

Sg
TRAS

First rev sd supervision

On File

Al

DATE
On File

SIGN
Cn File

APPROVED

DATE
On File

SIGN
On File

MODULE NO.

“A204009

REV.

B

REV.

REVISION DESCRIPTION

AP"D
BY

DATE

DRAFT
BY

TOLERANCE

SCALE

FAB09__B.DWG

SHEET

|

OF

|

BEmFIVE System FiVe - Service Manual - FA091050 rev. |
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,_serv_files:C1_04_Cabl_H_MAC_EIit.0L.

Man:S5.

Printed: December 5, 2000.

sh HD:User:James: @i-arb:Service:S5_Servicel

Macinto:

@ GE Vingmed Ultrasound Cable Harness - MAC Elite, FA204727 rev. C

Cable Harness - MAC Elite, FA204727 rev. C

HUB MONITOR
220VA/C

1 0/0C5080 — T | MAC AU

BB l = 2l [Ewww

07002900 J 07002900

: \__FA200592 h

D s

\

PARALLEL AC CTRL
>
\—{ 070C5080 MAC PATIENT 1/0 RS232-INT1

~ C_>C_>C D

POWER RS232-GR1  RS232-INT2

K O

POWER RS232-GR2 ETHERNE™ (EXT)

C >C >C AW +

\ POWER RS232—CPU1 =THERNET (INT) FAQOO 53 7
SOWER | RSUS2-TPUZ R_WAVE oUT Aui trans.stp unit
KEYB OOOO+< :)
] 5<V)1(2)\/95\_/ SCsli

L

j S\/I—QUT sv;s IN S\QN SItP-CIRL
r~
MONITOR SRINTER | |7 & O O Q O B/W
= VIDCO OUT  VIDCO IN VIDCO OUT FRONT PAN.

220VA/C 220VA/C

Se
S0
S0

°

\SYNC QUT R QUT G QUT B QUT J

.

070MC006

1\J 2 3 4 5
Q0 OO0
Moc Video Boord |1 REV.CTR FOOTSW.
Twin Turbo or eqv COMP~ SVHS = LO OR LO OR EQ OR
Video Board 1 i]:II::D:'_/ REPLAY FP AUDIO VCR AUDIO
rjw rA200694

I

\/ _ [ 07002962 7
N ) printer con.on mnZ2000871

\_ 0/0D2915 :U:]Dj

NOTLES:

If a Mac Viceo Board is used instead of keyb con.on mnZ00087

an external video board (Twin Turbo or L FA200577 )

eqv.), cable A. and B. has to be connected

to COMP— and SVHS-0UT on the Mac board. MODULE NAME
VINGMED sowwo | CABLE HARNESS, MAC ELITE
BY DATE SIGN TYPE OF DOC. CLASSIFICATION

C Mac. computer changed to modell G3. 6.Feb.98] S¢ SZ 13.Nov.97 On File WIR. DIAGR.

B | Mac. computer changed to modell 7300. S.Nov.9/ S¢ CHﬁ%ﬁEE} %A;E File S%NH File MODULE NO. REV.

A First rev sd supervision On File|l 2T APP&O%ED %T File S‘gﬂ File FA204727 C

REV. REVISION DESCRIPTION AP pare  [gATTromeReE SeALE " EA797 C.DWG sieer 1 o 1
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IAC_Elite.01.

@ GE Vingmed Ultrasound Cable Harness - MAC Elite, FA204864 rev. A

Cable Harness - MAC Elite, FA204864 rev. A

S5_serv_files:C1_045_Cabl_H_M

ecember 5, 2000.

_ServiceMan

Printed: D

ames:@i-arb:Service

AC—FPOWER HUB
230V
FEE@EE|E G
p Q7002900 o 0/0D2300 N
MAC \_ FAZ00592
MOTHEREBOARD i
( l PARALLEL A CTRL
PATIEMT /O R5232—INT1
( J 0/0CH080 S S I A
™, POWER  RSZ3Z-GR1 RSZ32—INTZ
BE® i o S S ooy
g e N e R ag— '
/—CID]:[H @ FOWER  RS$Z32—CPU1 ETHERMET {INT)
o Gossl o ) o f T o e i oor | ) Aui trans.stp unit
DOOO+< >
@ @ OO0
MONITOR FRINTER By 12V 15Y S5
FA200774 h gé 3 -
MONITOR *) ***) RGB MUY BOX FAZO;é*_/,)ﬁ S 22 220VA/C  220VAJC SYHE OUT SYHS IN SvHS N STEF-CTRL O AN
MaC/Roa | =1J:u:y CE]:J\/F\ 4 ¥iDEQ oUT  WIDEQ N VIDEO E’J/L?nTJ )
g i § [ :‘j—/ /_QI:]D] ATl KCLAIM er eqv.
=1 § = [z . e Boare \STNC QUT R GUT G OUT R auT
@éom P@ © 5
E o 1 2 3 4 s
z é COne extra YWideo I?Dard far NTSC O HE%RL(b O Q
***) S o systems i PAL 3°LCD mon. is used. O O OO O OFGDTSW. 2
FAZOO775 g;%%egmbber |~ i| Vo |i L REPLAT R LFP AumDR |{.fcrq AumoR
o) | FA200694
SYHS MUX BOX (Option) FAZ00796
FAZ00/793 N 0/70D2962
O T ***) :ﬂ:ﬂ:[]
2 =|3% P, printer conn.on mnZ00081
= 2|l N . / FA200762 *) )
) o 07002915
] & . Z’T \\‘\‘ J Q]::U:D
& 2 é keyb conn.on mn200087
VHS IN =12 °% FAZOO/97
f— k) k) B6) Part of KIT, RGBS/SVHS SWITCH.

VCR/COLOR PRINTER wxik) Part of KIT, FRAMEGRABBER F/MAC.

MODULE NAME
1 FAZOOT774 will replaoce the RGE cable between MBD. and MON. in S5 Cable Harness. \/‘NGM ED SOUND
) FA200797 will replace the SVHS cable between |/Cout and YCRin in S5 Cable Harness. CABLE HARNESS? MAC ELITE
BY DATE SIGN TYPE OF DOC. CLASSIFICATION
SE |18sep98 On File WIR., DIAGE,
CHE&&E@ DOATE - S%N o MODULE NO. REV.
n File| On File
A | New P/N for cable harn. RGB/SVYHS Mux and Framegrabber impl. 18sepd8| S¢ APPE(O%ED %;E File S%Nn File FA204864 A
REV. REVISION DESCRIPTION APD| pate  |QRAFTTOLERANCE T " FABB4_A.DWG sheer 1 or |
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S5_ServiceMan:S5_serv_files:C1_05_S5_EP_Tmsferk.01
ecember 5, 2000.

Printed: D

HD:User:James:@i-arb:Service:

@ GE Vingmed Ultrasound S5-EchoPAC Transfer Kit —rev. A

S5-EchoPAC Transfer Kit —rev. A

Cable; Ethernet, Echopac—I|/0
P/N: FA200537
Connector with slide lock. /
EXTERNAL 1/0, S5
B%ill Iboé:gxssm ! ‘
. G O
Module Frame Grabber 3 S5 Rear Caver g} MQH
P/N: MN20D524 (Outer side)
B > O
MAC Cable, Echopac/S5 Transfer mem o e
] P
P/N: FA200569 Ethernet Adapter ~—] D[:El ':;>® O
P/N: 066E0705 ANALDE N 4
\ Trig out O O
SVHS OuT IG OUT
ED]]QL_E:@ Q

3t O
L) Ethernet vid Ot VIDED OUT  VIDED INB/W VIDED OUT
Ethernet O Q Q

C:DO

G RGBS OUT SYNC OUT )
/‘ & Conn. BNC T—Adapter, 50 ohm
P/N: 06449222 (2 places)
i)

= |
N
/N: (2 places) FOOTSWITCH

Ethernet Adapter, Mac
P/N: 0BBEQ715

MODULE NAME
VINGMED sounn | FCHOPAC /S5 TRANSFER KIT
BY DATE SIGN TYPE OF DOC. CLASSIFICATION
KAM |26Mai97 | On file WIR. DIAGR.
CHECKED | DATE SIGN MODULE NO. REV.
KAB [0On file On file
APPROVED] DA, [SCA FA20462 1 A
On file On file
TOLERANCE SCALE
FA621_A.dwg sheer 1 oF 1
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S5_serv_files:C2_00_Power.

e:S5_ServiceMan

Macintosh HD:User:James:@i-arb:Servics

Printed: December 5, 2000.

BEIIFTVE Power

Overview

Introduction

Table of Contents

This part of the Service Manual describes the cables in

BEFIVE .

This table gives you an overview for this part of the Service Manual:

Contents Page

AC Power, 115VAC —rev. 01 C2-2

AC Power, 230VAC —rev. 03 C2-3

Current Limiter & Temperature Switch —rev. B C2-4




Printed: December 5, 2000.

Macintosh HD:User:James:@i-arb:Service:S5_ServiceMan:S5_serv_files:C2_01_AC_Pwr_115.02.

@ GE Vingmed Ultrasound

AC Power, 115VAC —rev. 01

TE1
11svac |BK O L O
(? Y /S OENDO
=Nl =
WH~ w0

PLUG AC MAT.E

115Wv:

100V

BU /Y TVTVTY

FERRITE

BN VYTV
SN VTV

SwWl

MATMN SWITCH

Strap pin 3 to 9 and pin 8 to 12

Strap pin 3 to 11 and pin 4 to 12

LF1
Fm- =T — - I
1 AC Power, 115VAC —rev. 01 | - S
1 ST 1 ] o EBL
| ]
I )
| ]
| 1
I 1 )
I T 1
| ]
| 1
current lim. | T
T )
o0 BN 1 BN | .
I )
| ]
WH BN =+
|:|2 l r. : .
1 iaanp L ] O B2
_ S T I \
| 3 | LINE FILTER 1
Lo a
— l N a BU ! B TLFZ
B i T
1 BU
| I BLY ' 115V 1 1 B TOo B
I )
! RD I:' 100V | S ! I
I )
1 : I L 1
| 1 ! !
| GN = ' I 1
- ' : :
15wV
[ Y E : Bu | = .
I )
| | ! I 1
BK 1 115V | ,
| | 2 ! | = )
I I 1 B I 1
1 L
10 RO 15v ! | \ o
| | | | 1 L ST L l T F4
| ]
;- 4 = RD X | LINE FILTER 1
I | L == YE /GH
] 12 BN 100V ! xm LF3 $— ™ T Fs
P mmm s —— -~ 9
1
1 L I BT
1
BU [:;;] BU ! 12v : e : s o oo
1
YE 14 YE 130c 1 e : :
1 —_
! l T
Y E YE 1 X .
15 T | )
(I )
YE/GN|_ | 4. N LT .
== I )
| 1
[ I YE/GN | 1 \
— I !
| [ 1
TBZ2 ! ! B
1 ‘sann L ~ T FS1
| ]
| LINE FILTER 1
Lo I a
BIT
B TO Pl
B
-
LF4
Fo--=-=-==-==--=- A
1 L ! BN
L ST 1 u
1 |
1 I
1 |
1 = I
1 |
1 |
1 |
1 1 L | CE S G
= 1 e—T— B
___{£:> FEMALE 1 I
= 1 I
1 L I
I
OUTLET UNISOL. ' X
L
1 | BU
: YT : -
' LINE FILTER I
Lo oo 4
ACPOWER SYSTEM 5
VINGMED sound 11
v

DESIGHER

DaTE

7 TAM. w7

EITIS

TYFE oF Do

wn R

CLASSIFICATION

SounD Ao

Tham dvmwing, repsce,

FPROPRIETARY IHFORMATIOM

pEopr Lol ary Lnformaliet rlanging Lo WIHSHED
and theretcuvm cmanct be wholly oo
e tially cepecduced sor diwelowssdd wielioue

PE AT W b ben permimedAn From UTHEMET SOUNT ASR

2r decument cootains

CHECRED

BRT.

DaTE

oM orTTm

EITIS

AFFROVED

e

DaTE

oM FLLE

EITIS

FART HUMBER

Faz201lz31

ScaLE

rIce

SACLLE_0a.1

SHEET
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Printed: December 5, 2000.

Macintosh HD:User:James:@i-arb:Service:S5_ServiceMan:S5_serv_files:C2_02_AC_Pwr_230.02.

@ GE Vingmed Ultrasound

AC Power, 230VAC —rev. 03

230VaC

TE1l

FERRITE

[ b

O T O

. C:-} YE/GN

EL

2

OSNDO
O N O

[

FLUG AC MATE

SwWl

MATMN SWITCH

o_

LF1
| |
_ 1 I 1 EN
AC Power, 230VAC —rev. 03 | x ! . .
1 1
| 1
1 1
1 1
I L 1
1 1
1 1
1 1
current lim. | T
| -T 1
O/O BN 1 BN | |
| 1
1 1
WH > BN | . = |
1 1 BU
| GN T : AR :  To B2
1
2 | | LTINE FILTER I
L e e — — — — — U
4 BU ! By LEZ
| Fmmmmmmmmmmm - A
| I 1
l:’ BU : 115V | e | e o pa
| 1
! 3= | 1
RD 1o0w ! | \
: ! 4 1
| 1 1
G =7 | | |
1 1
4| Ii 1
1
YE 1sv ! B 1 B :
| | '
_| |_ 1 1
BE | 115V | 1
=] ! | - 1
: B | 1
10 RrRD 15w ! | L . -
| L STFT L il T F4
_| |_ 1 1
1
T RD \ | LINE FILTER |
| L - —— = - VE SEN
12 BIM 100V ! YE LF3 b———a To PS
| Fm——--mmmmmm - A
.{ |_ 1 I 1 BU
BU BU I 12v . e . B o zso
13 | | |
1
130C XE ! 1
YE 14 YE ! | |
| 1 T 1
| 1
YE YE ! | |
15 | | |
| =, 1
YE/GN | 16 I T | T T
— ! !
1 1
_l_ 17 YE/GH| | 1 1
— | = .
1 1
TEB? ! L ! BN
| P 1 a TO P51
1 1
| LTINE FILTER I
L e - U
BN
# To P10
BU
il T FBS
LF4
| A
1 L ! BN
1 aaa gt 1 Ml FrROM EG
1 1
1 ]
1 1
1 = ]
1 1
1 ]
1 1
1 1 1 1 YE/GN
= i T 71— 8 FroM F3
FEMALE 1 1
= 1 I
1 L 1
1 ]
OUTLET UNISOL. | \
1 L 1 BO
. AALL L @ FrRCOM F7
1 1
| LINE FILTER )
L e e e e e e = )
ABACPOWER SYSTEM 5
VINGMED sSournd 210
v

DESIGHER

R

DaTE

7 TAM. w7

EITIS

TYFE oF Do

wn

CLASSIFICATION

FPROPRIETARY IHFORMATIOM

Thia drmwing,rmpecrt, =r document Sootains

B ¥y Lnformanlien belonging Lo Y IHGMED
SOUND ACS and thecsEscm Sannot be wholly oo
partially reprcduced gur discloswd withows

PE AT W b ben permimedAn From UTHEMET SOUNT ASR

CHECRED

BRT.

DaTE

oM orTTm

EITIS

AFFROVED

e

DaTE

oM FLLE

EITIS

FART HUMBER

Fa201040

o]

]

ScaLE

rIce

S FALEIG_GE.

SHEET

1laor 1
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Macintosh HD:User:James:@i-arb:Service:S5_ServiceMan:S5_serv_files:C2_03_Cur_Lim.02

Printed: December 5, 2000.

@ GE Vingmed Ultrasound

Current Limiter & Temperature Switch — rev.

Pl Lin

3 Current Limiter & Temperature Switch —rev. B

1257z

11

Lout ez

Ll
BN © =10 . . =g & WH
- OOq=—* =0 .
E]—@T \:\O{E
»
| |
1 e = 1
F1O07TF1 il:ﬁ AZTZ2S—-1A-110n
i -1 ® = 2Ux
rRD C L3 ¢ P o= 5
»1 A7HE >+
o e THO LO<H I];) o1 IADAOE
—"E2 [ e tiinl ' . i
1EVac 1ooM
9
1LKEAREAOOFE
+<= -1 e
P4 BEirs [:ﬁm T1oE
(=) L
L L &
¥E O0—m—
T=mp FLss
Free
YE 0
FMODIaE FEOJECT
(CTTERENT SY=TEM S
VINGMED sSouindcl
ILTHITER & TEMP. SWITCH

CORPELIM_E .1

DESIGHEFR. |DATE ZIGM TYFE OF Do CLASZ 1T ICATION
[=8 =< -WIHE 199E& [n= [}
CHECKED nATE SIGH PAFRT HLMIEEER EES
GERL oH FILFE
AFPEOVED DATE SIGH FA.Z ﬂ 1 5 5 8 B
E¥ OH FILY
SCALE FILE SEHELIT
1o 1
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Man:S5_serv_files:D_01_Mechanics.

ntosh HD:User:James: @i-arb:Service:S5_Service

Maci

Printed: December 5, 2000.

@ GE Vingmed Ultrasound Mechanics
BEIFIVE Mechanics

Overview

Introduction This part of the Service Manual describes the Mechanics

in EEmFIVE .

Table of Contents This table gives you an overview for this part of the Service Manual:

Contents Page

Front Panel D-3

Front Panel w/LCD display D-4
Keyboard Subassembly - rev. A D-5
Internal /0O Subassembly - rev. A D-6
Extern 1/0O Subassembly - rev. A D-7
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@ GE Vingmed Ultrasound Front Panel

FRONT INSTALL. GUIDE, LEFT

KNOB NUT COVER D=15mm,GR P/N: FA307241 1 Front Panel

P/N: 05000151 (FRONT INSTALL. GUIDE, RIGHT P/N: FA307242 installed on opposite side.)
; COMPRESSION SPRING

ENSB oDszégl’oﬂoﬂ;ﬁR P/N: 080X4398 (2 pl.

d W?SHER FLAT 4.3mm

P/N- 080C2045 (2 pl.)

NUT M4 W/LOCK

P/N: 080B9040 (2 pl.)

/ HER FLAT 10
CBAH\

KNOB CAP D=15mm,GR
P/N: 050C0151

KNOB CAP D=8mm
P/N: 050C1615

KNOB D=9mm
P/N: 050B1115

CONN. BTB HEAD%R

P/N: 064C6632 (2 pl.)
SPACER W/TAP  M3x10
P/N: 080F3010 (2 pl.)

BRACKET CONSOLE SUPP. FP STD.
P/N: FB307017

WASHER LOCK 3.2mm
P/N: 080C1032 (5 pl.)

W m
P/N: 080C2100 T-t pl.)

’} FP AUDIO AMP. BD
P/N: FA200076

/R
/ 9
SPACER 3.2x2
P/N: 08003202 /
2 pl) //

A\
FP GRAPHIC PLATE AN
CABLE, QW. ILLUM. P/N: FA200192
P/N: FA200217

(Part of FA200098)

Fixed by:
WASHER LOCK 3.2mm
P/N: 080C1032 (2 pl.)

OPTO LCD—DISPLAY
P/N: 058Y4020 (2 pl.)

SPACER 3.2x10
P/N: 080D3010 (12 pl.)

NUT M3
P/N: 080B0030 (8 pl.)

NUT M3
P/N: 080B0030 (2 pl.)

Connect MTA conn.
to P4 on Fp Main
Board before KNOB SLIDE POT
installing the board. P/N: MN307427 (8 pl.)

KNOB CAP D=21mm

BRACKET F/ROT.,UPPER
P/N: FA307206

FP ROTARY/DISPLAY BD.
P/N: FA200057

P/N: 050C4015 (5 pl.)

KNOB D=21mm
P/N: 05086430 (5 pl.)

SCREW M2x4

SPEAKER

GRILLE

P/N: MB307176 (2 pl.)

Printed: December 5, 2000.

Macintosh HD:User:James:@i-arb:Service:S5_ServiceMan:S5_serv_files:D_02_Front_Panel.03.

P/N: 080A204C (4 pl.)

SLIDEPOT FILTERING MODULE : 22 ~ SPEAKER
P/N: FA200501 HE=P = \“"\ P/N: 160A0005 (2 pl.)
\|

\\u"///

BRACKET F/SPEAKER

FP MAIN BD. 2 P/N: FB307075 (2 pl.)

P/N: FA200191

ADHESIVE F/TRACKBALL ACT. PLATE
P/N: FB307736

WASHER LOCK 4.3mm
TRACKBALL ACT. PLATE2

KNOB CAP D=14mm

P/N: FA307488 P/N: 050C3115 (3 pl.) % P/N: 080C1044 (4 pl.)
L NUT M4
BIN: 0BOE3010 KNOB D=14mm SPACER 4.2x3 P/N: 08080040 (4 pl)
Mounted on stud P/N: 050B3115 (3 pl.) P/N: 08004503 (8 pl.)
marked 1.)
BRACKET ROTARY/PADDLE SUPP.
Part of FA200191
T Bracket for the two other rotaries on main board (not visible)
PR/AI?K(Bngéléssm BRACKET F/ROTARIES, LOWER

P/N: FA307207 Marking:

WASHER ISOL 3.2MM . —
P/N: 080C4005 (24 pl.) ;%%NLE'?‘NEL’ P/N: FA200045-X

SPACER 3.2x19
P/N: 080D3219 (20 pl.) (Sec.source 080D3212+080D3207) (For X' insert correct |qngque index.

Connected to P1
on FP Main Board

g%ﬂc?aosooso (24 pl) For Y, insert correct MCD rev.)
WASHER LOCK 3.2mm T —
NUT W3 P/N: 080C1032 (3 pl.) SPACER 3.2x6 MODULE NAME
P/N: 080B0030 (3 pl.) P/N: 080D3206 (3 pl.) ®
GE Vingmed Ultrasound
O | Adhesive for trackball plate added. Updating of drawing. 3.July00 SO FRONT PANEL
BY DATE SIGN TYPE OF DOC. CLASSIFICATION
N | Mounting instruction for speaker brackets changed due to new bracket version. 5.June00 | S@ sg | 3.Julyoo AP /A3
DATE SIGN . .
M | Change of trackball (new p/n: 066C8340). 27.a0r.00 so [“CBT | Fulyoo MODULE NO REV.
APPROVED| DATE SIGN FA209045 O
L | Moved spacer (mounted on stud marked 1). 6.Dec.99| CM KB | 3.JulyOO
REV. REVISION DESCRIPTION DATE  [BRAFT]TOLERANCE SCALE FLE 0045 _o.dwg sEET 1 OF 1
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@ GE Vingmed Ultrasound Front Panel

GND wire cableshoe fixed WASHER LOCK 3.2mm
fo stud for '|°W°®'eft P/N: 080c1032 (5 pl) 2 Front Panel w/LCD
C! IXing hole .
NUT M3 .
P/N: 080B0030 (2 pl.) dlSplay
SUBASSY LCD 4" BATRON
P/N: FB200760

BRACKET, CONSOLE SUPP. FP 4°LCD
P/N: FB307019

,
FRONT INSTALL. GUIDE, LEFT COMPRESSION SPRING
P/N: FA307241 (FRONT INSTALL. GUIDE, RIGHT P/N: FA307242 installed on opposite_side.) Pé N: H‘E?)"__ﬁ?sf; pl.)
o m
KNOB NUT COVER D=15mm,GR BN: 0862045 (3" pl.)

P/N: 050D0151 NUT M4 W/LOCK
KNOB D=15mm,GR N

P/N: 05080007

/
WASHER FLAT 10mm
P/N: 080C2100 (4 pt)  // &)

FP _AUDIO AMP. BD
P/N: FA200076 /

KNOB CAP D=15mm,GR
P/N: 050C0151

SCREW M3x12
P/N: 080A312B (3 pl.)

KNOB CAP D=9mm
P/N: 050C1615

KNOB D=9mm
P/N: 050B1115

SPACER 3.2x5

P/N: 080D3005(3 pl.)
A SPACER. M3x10
B 080L3030(3 pl)

FP GRAPHIC PLATE 3
CABLE, QW. ILLUM. P/N: FA200886

P/N: FA200217
(Part of FA200098)

Fixed by:
WASHER LOCK 3.2mm
P/N: 080C1032 (2 pl.)
NUT M3
P/N: 080B0030 (2 pl.)

SPACER 3.2x2  /
P/N: 08003202 /
(2 pl) /

OPTO LCD—DISPLAY
P/N: 058Y4020 (2 pl.)

SPACER_3.2x10
P/N: 08003010 (9 pl.)

NUT M3
P/N: 080B0030 (5 pl.)

BRACKET F/ROT.,UPPER
Connect MTA conn. KNOB SLIDE POT P/N: FA307206
(¢] on ain .
Board before P/N: MN307427 (8 pl.) FP ROTARY/DISPLAY BD. 4
installing the board. KNOB CAP D=21mm P/N: FB200177
P/N: 050C4015 (5 pl.)
KNOB D=21mm SPEAKER GRILLE
P/N: 05086430 (5 pl.) P/N: MB307176 (2 pl.)
SCREW M2x4

P/N: 080A204C (4 pl.)

SLIDEPOT FILTERING MODULE
P/N: FA200501

SPEAKER
P/N: 160A0005 (2 pl.)

X
AN

N :,‘"2

Vi

7

QN

BRACKET F/SPEAKER
P/N: FB307075 (2 pl.)

Mounted with widest frame
on outer side.

FP MAIN BD. 2 i * =
P/N: FA200191

ADHESIVE F/TRACKBALL ACT. PLATE
P/N: FB307736

TRACKBALL ACT. PLATE 2 WASHER LOCK 4.3mm

KNOB CAP D=14mm P/N: 080C1044 (4 pl.
P/N: FA307488 P/N: 050C3115 (3 pl.) Om £ — (4 pl)
SPACER 3x10 Q\ .
P/N: 0BOE3010 KNOB D=14mm SPACER 4.253 P/N: 08080040 (4 pl.)
Mounted on stud P/N: 05083115 (3 pl.) ; .
marked 1.) P/N: 080D4503 (8 pl.)
BRACKET ROTARY/PADDLE SUPP.
Part_of FA200191
Bracket for the two other rotaries on main board (not visible):
BRACKET F/ROTARIES, LOWER
TRACKBALL : ' Marking:
P/N: 066C8340 P/N: FA307207 9
WASHER ISOL 3.2MM FRONT PANEL W/LCD 4", P/N: FB200176—X
Connected to P1 P/N: 080C4005 (24 pl.) MCD rev.: Y
on FP Main Board

SPACER 3.2x19

(For X, insert correct index.
P/N: 080D3219 (20 pl.) (Sec.source 080D3212+080D3207)

For Y, insert correct MCD rev.)

I - Wiy Comme | GE VINGMED et \
P/N: 080B0030 (3 pl.) P/N: 080D3206 (3 pl.) ULTRASOUND FRONT PANEL W / |LCD 4
D |Change LCD 4” to new type (Batron). 23aug00 | S@ BY S@ Izjgg:ugoo SIGN TYPichElK/?gLY PROC. CLASSIFICATION
C |Adhesive for trackball plate introduced. Drawing updated. 3July00 S@ CHES%D gﬁfuqoo SIGN MODULE NO. REV.
B |Change of trackball (new p/n: 066C8340). 28Apr00 | S@ APPT%/ED EfaEuqoo SIeN FB20917/6 D
REV, REVISION DESCRIPTION AP'D| pate  |DRAFT[TOLERANCE SCALE P 176 ddwg wEr 1 o 1
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Macintosh HD:User:James:@i-arb:Service:S5_ServiceMan:S5_serv_files:D_03_Keyboard.01.
Printed: December 5, 2000.

@ GE Vingmed Ultrasound Keyboard Subassembly - rev. A

ﬁ 3 Keyboard Subassembly - rev. A

SCREW M2,5x8 C

P/N: 080A208C (7 pl.)
QWERTY KEYBOARD W/CABLE
P/N: FA200368

3\

[
==
N

QWERTY MTG. PLATE
P/N: FA307183 j

G

0

—
MODULE NAME
VINGMED souno | QWERTY KEYBD. SUBASSY.
BY DATE SIGN TYPE OF DOC. CLASSIFICATION
Sy 26APR.95 ON FILE ASSY PROC.

B New keyboard from CHERRY implemented. sg |SHEGEED | BN FiLe [PNoN e | MOPULE MO REV.
A First revision. s@ APPE%VED DOA&E e S‘GNON . 350 FAZ09560 B
REV. REVISION DESCRIPTION AD'D| pare  |ORAFT| TOMERANCE SCALE e 560 B.OWG e o
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@ GE Vingmed Ultrasound Internal I/O Subassembly - rev. A

Screw M3x4 4 Internal 1/0 Subassembly - rev. A

P/N: 080A308B (4 ea.)

Internal 1/0 Box
P/N: FA307304

Internal 1/0 Overlay N
P/N: FA314300 - =

Internal 1/0 Overlay
P/N: FA314300

>
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Spacer 3.2mm x B6mm
P/N: 08003212 (3 eaq.)
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Internal 1/0 Panel
P/N: FA307305
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Internal |/0O Board
P/N: FA200103

Conn.BNC Isol.Bushing
P/N: 064J7523 (9 eaq.)

Washer Isol. 3.2mm
P/N: 080C1032 (3 e@.)

Nut M3
P/N: 080B0030 (3 ea.)
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Extern 1/0 Subassembly - rev. A

Screw M3x8 S
P/N: 08CA308E (2 p\.)

Screw M3x8 P
P/N: 0B0A308B (6 pl.)

VA Y

§ ¢

Conn. BNC Isol. Bushin
P/N: 06447523 (12 p\%

5

External 1/0 Box
P/N: FA307306

External 1/O Overlay
P/N: FA314301

L/

Conn. —D Screw Lock
P/N: 064G1765 (8 pl.)

External 1/0 Panel
P/N: FA307307

External 1/0O Board
P/N: FA200104

Screw M3x8 P
P/N: 080A308B (6 pl.)

Extern 1/0O Subassembly -tev. A

VINGMED  sounp

MODULE NAME
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BEIFTVE Probes

Overview
Introduction

Table of Contents

This part of the Service Manual describes probes for use

on BEEFIVE.

This table gives you an overview for this part of the Service Manual:

Contents Page

» Mechanical Steered Probes E1l-2
e Annular Phased Array Transducer (APAT) E1l-2
 Electronically Steered Probes E1-3
» Doppler Probes E1-5
* Probes E2-1
» Probe Support List —rev. 13 E2-1
* Flat Phased Array (FPA) Probes: E2-3

e Flat Linear Array (FLA) Probes: E2-3

e Curved Linear Array (CLA) Probes: E2-3

e TV Probes: E2-3
« FPA MPTE Probes: E2-4

* APA Probes: E2-4
» Doppler Probes: E2-4




Probes GE Vingmed Ultrasound

Your Notes:

E-2 BEDFIVE System FiVe - Service Manual - FA091050 rev. |



5_serv_files:E1_02_Probes.05.

Man:S!

e:S5_Servicel

Macintosh HD:User:James: @i-arb:Servic

Printed: December 5, 2000.

@ GE Vingmed Ultrasound

Probes - rev. 05

1 Overview

1.1 Abstract

Probes - rev. 05

This document describes the probes that can be used on the BEBEEFIVE.

2 Document History

Table 1: Document History.

Revision Date By Description

01 21 Mar 1994 ALO Initial release.

02 10 Oct 1996 HH/Ihs Updated layout, corrected spelling/
typing errors, removed unsupported
probes, added new probes.

03 11 Oct 1996 LHS Updated

04 9. Sep 1999 EAT/HH/ Updated contents per v.1.8 release

Ihs (Added several probes)

05 14. Dec. 1999 | LHS Added one probe, KW100004 per
v.1.9 release.

06 02.Nov.00 JB Changed Probe frequency from 5 to 8

BEmFIVE System FiVe - Service Manual - FA091050 rev. |
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3 Mechanical Steered Probes

3.1 Annular Phased Array Transducer (APAT)

Part Number, Frequency and Color Code on the APAT probes used on BEEIFIVE are

listed below.
Table 2: APAT probes
P/N Name ID Resistor | Color Code
TG100102 2.5 MHz 2k2 Red
TK100104 3.25MHz 6k8 Blue
TN100119 5 MHz 10k Black
TT100101 7.5MHz 15k Orange

Fig. 3.1 APAT probe.

3.2 PV Probe
Table 3: PV probe

P/N Name ID Resistor
TT100109 | 7.5 MHz PV 33k

3.3 Transvaginal Probe

Table 4: Transvaginal probe

P/N Name ID Resistor
TN100124 |5 MHz TV 1k5
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3.4 Transesophageal Probes (TEE)
Table 5: TEE probes

P/N Name Tip Endoscop ID Resistor
TN100047 5MHz Adult/ 15.5 mm ACMI PUR 100k
Monoplane
TN100053 5MHz Adult/ 15.5 mm ACMI PUR 220k
Multiplane
TN100065 PMPTE 10.5 mm ACMI PUR 560k

Fig. 3.2 TEE probe

4 Electronically Steered Probes
4.1 Phased Array

Table 6: Phased Array Probes

P/N Frequency # Footprint
Elements
KG100001 2.5 MHz 64 21*17
KK100001 3.5 MHz 96 21*17
KK100005 3.5 MHz 96 21*17
KN100001 5.0 MHz 128 21*17
KN100002 5.0 MHz 96 21*15
KW100002 10 MHz 96 14*10

——

Fig. 4.1 Phased Array probe
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4.2 Linear Array
Table 7: Linear Array Probes
P/N Frequency # Footprint
Elements
KN100003 5.0 MHz 192 60*17
KT100001 7.5 MHz 192 50*17
KW100001 10.0 MHz 192 50*17
KW100004 10.0 MHz 192 50*17

T

Fig. 4.2 Linear Array probe

4.3 Curved Linear Array

Table 8: Curved Linear Array Probes

P/N Frequency | Radius of Field of # Ele-
curvature view ments

KK100004 3.5 MHz 40 85° 192

KN100008 5.0 MHz 40 68° 192

Fig. 4.3 Curved Linear Array Probe.
4.4 Transvaginal Probe
Table 9: Transvaginal Probe

P/N Frequency | Radius of Field of # Ele-
curvature view ments

KQ100002 6.5 MHz 9 124° 128

El-4
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4.5 Phased Array TE Probes

Table 10: Phased Array TE Probes

P/N Frequency # Elements Tip Endoscop
KN100006 5.0 MHz 64 14 mm Storz
KN100007 5.0 MHz 64 14 mm ACMI PUR
KN100010 8.0 MHz 48 10.7 mm ACMI

4.6 Doppler Probes

Table 11: Doppler Probes

P/N Name Shape ID Resis-
tor
KE100001 2 MHz Straight 5k6
TE100024 2 MHz Angled Pen 3k9
TQ100002 6 MHz Straight 150 k

o

Fig. 4.4 Doppler Probe, Angled Pen.
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Your Notes:
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@ GE Vingmed Ultrasound

Probe Support List — rev. 13

Probe Support List —rev. 13

1 Abstract

The purpose with this document is to give a listing of the probes which are supported

by the different software versions:

2 Document History

Rev. Date By Description

01 1 Aug 96 GRL First version of document per V1.1 release

02 10 Oct 96 HH/LHS Removed unsupported probes, added new probes, cor-
rected errors

03 5 May 97 GRL Updated per V1.2 release

04 23 Jun 97 GRL Updated per V1.2.2 release.

05 17 Nov 97 GRL Updated per V1.3 release.,

06 22 Dec 97 GRL Updated per V1.3.1 release. New probes:
KE100001: 2 MHz Tc probe
KQ100002: 6.25 MHz TV probe
KK100005: 3.5 MHz FPA (Diasonics)

07 30 Apr 98 GRL Updated per V1.4 release. Redone the table to show
probe support, history sorted by software level.

08 14 Oct 98 GRL Updated per V1.5 and V1.5.1 release. Support for
KN100006 PAMPTE probe.

09 21 Dec.98 GRL Updated per V1.5.2 release. PAMPTE support on Mem-
bership

10 11 Jan 99 JK Updated per V1.6 release. V1.6 has the same probe
support as V1.5 and V1.5.1.

11 19.Aug.1999 JK Updated per V1.7 release. Support for KW100002, Pedi-
atric FPA probe

12 6. Sep. 1999 EAT/HH/ | Updated per v.1.8 release

lhs
13 3. Dec. 1999 LHS Updated per v.1.9 release
14 02Nov.00 JB Changed probe frequency from 5 to 8MHz
3 Probes

The table starting on Page E2-3 lists the available probes for System FiVe.
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Your Notes:
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Probe Support List — rev. 13

Probe
Probe Type 1.7/2.7.1 1.8 1.9
Part Rev | ID aﬁp q VLIAIL 1 Vi Vi
number Description | APr. 1999 Sep. 1999 Dec. 1999
Flat Phased Array (FPA) Probes:
KG100001 A 2 2.5MHz, 64 el. P P P
KG100001 B 22 2.5 MHz, 64 el. PM,A PM,A PM,A
(improved shield-
ing,
new mapping)
KG100001 C 49 2.5 MHz, 64 el. PM,A PM,A PM,A
(new tuning)
KK100001 A 3 3.5 MHz, 96 el. P P P
Echo
KK100001 B 35 3.5 MHz, 96 el. PM,A PM,A PM,A
C (new Xtal, new
mapping), Echo
KK100005 A 34 3.5 MHz, 96 el., PM,A PM,A PM,A
Diasonics
KN100001 A 5 5.0 MHz, 128 el. P P P
KN100002 4 5.0 MHz, 96 el. P P P
(small) (not US) (not US) (not US)
KN100002 B 28 5.0 MHz, 96 el. PM PM PM
(small, new map-
ping)
KW100002 A 10 MHz, 96 el. PM,Pe,A P,M,Pe,A P,M,Pe,A
Flat Linear Array (FLA) Probes:
KN100003 9 5.0 MHz, 192 el Pe,P,M,A Pe,PM,A Pe,PM,A
KT100001 10 7.5 MHz, 192 el. Pe,P,M,A Pe,PM,A Pe,PM,A
(not US) (not US) (not US)
KW100001 A 23 10 MHz, 192 el. Pe,P,M,A Pe,PM,A Pe,PM,A
KW100004 A 59 10 MHz, 192 el. NO NO Pe,PM,A
Curved Linear Array (CLA) Probes:
KK100004 A 17 3.5 MHz, 192 el. Pe,PM, Pe,PM, Pe,PM,
A:Option A:Option A:Option
KN100008 A 18 5.0 MHz, 192 el. Pe,PM, Pe,PM, Pe,RP M,
A:Option A:Option A:Option
TV Probes:
KQ100002 A 30 6.25 MHz, 128 el. Pe,P M, Pe,P M, Pe,PM,
A:Option A:Option A:Option

BEmFIVE System FiVe - Service Manual - FA091050 rev. |
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GE Vingmed Ultrasound

Probe
Probe Type 1.7/1.7.1 1.8 1.9
Part | Rev| ID a’;]pd v1.7iL.7. vi. vi.
number Description Apr. 1999 Sep. 1999 Dec. 1999
FPA MPTE Probes:
KN100006 13 5.0 MHz PAMPTE, | P,M,A:Option P,M,A:Option P,M,A:Option
Vingmed, 64 el.
KN100007 A 14 5.0 MHz, Oldelft Pe,P Pe,P Pe,P
MTEE, 64 el. (not US) (not US) (not US)
KN100007 B 25 5.0 MHz, Oldelft Pe,PM,A Pe,PM,A Pe,PM,A
MPTE, 64 el. (new
orientation,
new mapping)
KN100010 A 53 8.0 MHz, Oldelft NO Pe,PM,A Pe,PM,A
Ped PAMPTE, 48
el.
APA Probes:
TG100102 - 6 2.25 MHz, APAT, Pe,PM,A Pe,PM,A Pe,PM,A
5el.
TK100104 - 12 3.25MHz, APAT, 4 | Pe,RM,A Pe,PM,A Pe,PM,A
el.
TN100119 - 14 5.0 MHz, APAT, 4 Pe,PM,A Pe,PM,A Pe,PM,A
el.
TT100101 - 16 7.5 MHz, APAT, 4 Pe,PM,A Pe,PM,A Pe,PM,A
el.
APATE Probes:
TN100047 - 26 5 MHz adult TEE Pe,PM,A Pe,PM,A Pe,PM,A
(not US) (not US) (not US)
TN100053 - 30 5 MHz, adult Pe,P,M,A Pe,PM,A Pe,PM,A
MTEE
TN100065 - 22 7.5 MHz, ped. Pe,PM,A Pe,PM,A Pe,PM,A
MPTE
Doppler Probes:
TE100024 - 8/9 2 MHz “Pedof” Pe,PM,A Pe,PM,A Pe,PM,A
probe
KE100001 - 10/11 2 MHz Trans Cra- Pe,PM Pe,PM Pe,PM
nial probe (PW) (not US) (not US) (not US)
TQ100001 - 17/28 6 MHz Pencil Pe,PM,A Pe,PM,A Pe,PM,A
probe
Explanation of probe support table
P o : means that the probe is supported on the Premium (256 channel) systems.
Pe i : means that the probe is supported on the Performance (256 channel) systems.
M e : means that the probe is supported on the Membership (128 channel) systems.
A : means that the probe is supported on the Advantage (128 channel) systems.
APA... : probes and APA TE probes are optional and support will depend on software type (aa
or not).
US e : United States support (i.e. FDA approval)
NO ..o : means no support.

E2-4
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BEIFIVE 1/0 signals

Overview
Introduction

Table of Contents

This part of the Service Manual describes the peripherals

and I/O signals in esm@rIVE.

This table gives you an overview for this part of the Service Manual:

Contents Page

Introduction F1-3

Patient 1/0 F1-4

Probe Connector Panel F1-7

Internal 1/0 without PosDet and PAMPTE support F1-12
ETHERNET connectors (INT and EXT): F1-17
Card Rack F1-21

External 1/10 F1-22
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/O Signal

S

1 Introduction

1.1 Abstract

I/O Signals - 05

This is a description of the input - and output connectors in System 5.

1.2 Document History

Rev. Date Sign Description
01 29 Aug 94 GRL First version of document
02 28 Apr 95 GRL Added voltages on conn. and drwg. of
INT I/O & EXT I/O
03 9 Apr 96 GRL Corrected INT 1/O power
connector voltages.
04 9 Aug 96 GRL Made cross reference to Internal Cable Harness
wiring diagram
05 30 Mar 99 LHS Added updated illustration for the Int. I/O
06 June 00 LHS/ Updated-Corrected Error.
Nove.00 JB Removed IV Data

1.3 References

Wiring Diagram of Internal Cable Harness — rev. E on page C1-2.
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I/O Signals - 05

2 Patient 1/O

2.1 ECG connector

GE Vingmed Ultrasound

Type of connector: 6 pin circular AMP.
Use: A 3-lead ECG cable can be connected to this input.
ECG Connector
Pin Signal
A ELECTRODE_RA (right arm)
B ELECTRODE_LA (left arm)
C ELECTRODE_LL (left leg)
D
E
F SHIELD
Parameter Min. Typ. Max. Units
Gain 40.0 40.5 41.0 dB
Input Range -25 25 mV
Bandwidth 1600 Hz
Input Impedance 2*33 MQ
Input Noise Voltage (100 Hz) 30 nVv/./Hz
Input Noise Current (100 Hz) 16 fA/ JHz
Common Mode Rejection (100 Hz) 100 dB

2.2  Phono connector:
Type of connector: 6.3 mm phono.

Use: A heart microphone can be connected to this input.

See Patient I/O assembly drawing for physical location of pins.

Phono Connector
Pin Signal
SLV Sleeve: PHONO_GND
T Tip: PHONO_HOT (non-inverting input)
TIS PHONO_COLD (inverting input)
R
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2.3  Respiration connector:

Parameter Min. Typ. Max. Units
Gain 40.0 40.5 41.0 dB
Input Range -25 25 mV
Bandwidth 1600 Hz
Input Impedance 2*3.3 MQ
Input Noise Voltage (100 Hz) 12 nV/.JHz
Input Noise Current (100 Hz) 110 fA/ /Hz
Common Mode Rejection (100 Hz) 120 dB

Type of connector: 6.3 mm phono.
Use: A respiration transducer can be connected to this input.
See Patient I/O assembly drawing for physical location of pins.

Respiration Connector
Pin Signal
SLV Sleeve: Thermistor (high pot.)
T Tip: Thermistor (low pot.)
TIS
R
Parameter Min. Typ. Max. Units
Nominal Bridge Resistance 10 kQ
Bridge Sensitivity 250 uv/Q
Bandwidth 160 Hz
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2.4 Pressure connector:
Type of connector: 6.3 mm phono.

Use: A pressure transducer can be connected to this input.
See Patient I/O assembly drawing for physical location of pins.

F1-6

Pressure Connector
Pin Signal
SLV Sleeve: Shield
T Tip: Pressure sensor input, non-inverting
TIS Pressure sensor input, inverting
R
Parameter Min. Typ. Max. Units
Gain 15.0 155 16.0 dB
Input Range -420 +420 mV
Bandwidth 160 Hz
Input Impedance 2*100 MQ
Input Noise Voltage (100 Hz) 30 nV/J/Hz
Input Noise Current (100 Hz) 9 fAlJHz
Common Mode Rejection (100 Hz) 100 dB
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3 Probe Connector Panel

3.1 Doppler connector:

Type of connector: 10 pin LEMO.

I/O Signals - 05

Use: A Vingmed Stand-alone Doppler probe is connected to this input.

See IV & DP Board assembly drawing for physical location of pins.

Table 1. Doppler Connector Signal Description

Pin # Signal Description
1 GND Ground from RLY board
2 AAXD7P | RX/TX signal (RX in CW)
3 AAXD7N Ground reference for RX/TX signal above
4 GND Ground from RLY board
5 XDDPCD Resistor code signal
6 AAXDS8P RX/TX signal (TX in CW)
7 AAXDSN Ground reference for RX/TX signal above
8 GND Ground reference for resistor code signal
9 GND Ground from RLY board
10 GND Ground from RLY board

BEmFIVE System FiVe - Service Manual - FA091050 rev. |
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3.2 PA/LA probe connectors (3):
Type of connectors: 260 pin Cannon DL.

Use: For use of phased array-, linear array- and curved linear array probes.
See Relay Board assembly drawing for physical location of pins.
(Connector 1 shown)

Signal
1 2 3 4 5 6 7 8 9 10
A XD1 1 | XD2 1 | XD17_ | XD18_ | XD33_ | XD34_ | XD49 | XD50_
1 1 1 1 1 1
B AGND XD3 1 | AGND XD19 | AGND XD35_ | AGND XD51
1 1 1 1 1 1 1
C XD4 1 | XD5 1 | XD20_ | XD21_ | XD36_ | XD37_ | XD52_ | XD53_
1 1 1 1 1 1
D XD6_1 | AGND XD22_ | AGND XD38_ | AGND XD54 | AGND
1 1 1 1 1 1 1
E XD7 1 | XD8 1 | XD23_ | XD24_ | XD39_ | XD40_ | XD55_ | XD56_
1 1 1 1 1 1
E XD9 1 | XD10_ | XD25_ | XD26_ | XD41_ | XD42_ | XD57_ | XD58_
1 1 1 1 1 1 1
G AGND AGND AGND AGND AGND AGND AGND AGND AGND
1 1 1 1 1 1 1 1 1
H XD11_ | XD12_ | XD27_ | XD28_ | XD43_ | XD44_ | XD59_ | XD60_ VRO-
1 1 1 1 1 1 1 1 TA
J XD13_ | XD14_ | XD29_ | XD30_ | XD45_ | XD46_ | XD61_ | XD62_ AGND
1 1 1 1 1 1 1 1 1
K XD15 | AGND XD31_ | AGND XD47_ | AGND XD63_ | AGND LROT
1 1 1 1 1 1 1 1
L XD16_ XD32_ XD48_ XD64_ | TEMP AGND
1 1 1 1 1 1
M RROT
N
[=] XD65_ | XD66_ | XD81_ | XD82_ | XD97_ | XD98 | XD113 | XD114 | MUX_ | MUX_
1 1 1 1 1 1 1 1 SDA1 SDA?2
R AGND XD67_ | AGND XD83_ | AGND XD99_ | AGND XD115 MUX_ MUX_
2 1 2 1 2 1 2 1 SDA3 SDA4
S XD68_ | XD69_ | XD84 | XD85_ | XD100 | XD101 | XD116 | XD117 | MUX_ | MUX_
1 1 1 1 1 1 1 1 SDA5 | SDAG6
T XD70_ | AGND XD86_ | AGND XD102 AGND XD118 AGND MUX_ MUX_
1 2 1 2 1 2 1 2 SDA7 SDAS8
U XD71_ | XD72_ | XD87_ | XD88_ | XD103 | XD104 | XD119 | XD120 | MUX_
1 1 1 1 1 1 1 1 SCL
V XD73_ | XD74_ | XD89_ | XD90_ | XD105 XD106 XD121 XD122 MUX_ AVDD
1 1 1 1 1 1 1 1 LE L
W AGND AGND AGND AGND AGND AGND AGND AGND AGND AGND
2 2 2 2 2 2 2 2 2 2
X XD75_ | XD76_ | XD91_ | XD92_ | XD107 | XD108 | XD123 | XD124 A0 MUX_
1 1 1 1 1 1 1 1 VPP
Y XD77_ | XD78_ | XD93_ | XD94 | XD109 | XD110 | XD125 | XD126 | PR A GND
1 1 1 1 1 1 1 1 CT1
Z XD79_ | AGND XD95_ | AGND XD111 AGND XD127 AGND Al MUX_
1 2 1 2 1 2 1 2 VNN
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Signal
1 2 3 4 5 6 7 8 9 10
a XD80_ XD96_ XD112 XD128 GND PR_
1 1 1 1 PRES
b PCF_ | PCF_
SCL SDA
c vDD | GND
PA Transducer Signals
Signal Name Type Description
XDn_1 10 Transducer n of 128, PA probe 1
XDn_2 [e) Transducer n of 128, PA probe 2
XDn_3 10 Transducer n of 128, PA probe 3
PA Control and Sense Sgnals
Signal Name Type Description
PR_PRES(n) 10 PA Probe n present (TTL)
PR_ACTn O Probe n active (TTL)
MUX_SCL I Probe multiplexer clock (TTL)
MUX_SDAnN I Probe multiplexer serial data n of 8 (TTL)
MUX_LE I Probe multiplexer latch enable (TTL)
MUX_SCL(n) @) Probe multiplexer clock, probe n (TTL)
MUX_SDAnN @] Probe multiplexer serial data n of 8 (TTL)
MUX_LE(n)_L 0] Probe multiplexer latch enable, probe n (TTL)
TEMP 10 Phased array TEE temperature sense signal
PCF_SCL O Probe configuration PROM clock (TTL)
PCF_SDA [e) Probe configuration PROM data (TTL)
AO I/O Address for EEPROM (conn. dependant) (0 or 5V)
Al I/O Address for EEPROM (conn. dependant) (0 or 5V)
VROTA 10 Scan plane 2 position for MPTE probe
LROT 10 Rotate left control for MPTE probe (TTL)
RROT 10 Rotate right control for MPTE probe (TTL)
MUX_VPP o +80 V for multiplexers
MUX_VNN @] -80 V for multiplexers
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3.3

F1-10

AA Connectors (2):
Type of connectors: 30 pin circular Burndy.

Use: For use of mechanical APAT and TEE probes.

See Relay Board assembly drawing for physical location of pins.

(Connector B shown).

GE Vingmed Ultrasound

Signal
1 AGND1
2 AAVSS
3 LROTB
4 AGND1
5 AAVDD
6 AGND1
7 AGND1
8 AGND1
9 AGND1
10 POSBN
11 AGND1
12 AGND1
13 AGND1
14 AGND1
15 AGND1
16 AGND1
17 to P23
18 RROTB
19 MOTBP
20 MOTBN
21 TEMOTBN
22 to P24
23 POSBP
24
25 VROTAB
26 XDAACDB
27 to P19
28 to P20
29 to P21
30 to P22

AA Element Sgnals
Signal Name Type Description
P19-P24 10 6 AA transducer channels, coax to RLY bd.
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AA Control and Sense Sgnals

I/O Signals - 05

Signal Name Type Description
MOTBP O AA positive motor drive
MOTBN O AA negative motor drive (max +/- 12V)
TEMOTBN @) TE probe negative motor drive (max +/- 12V)
POSBP I AA positive position sense (500 kHz signal)
POSBN I AA negative position sense (ground)
VROTAB I Scan plane 2 pos. for MPTE probe B (0-10Vpc)
LROTB @) Rotate left control for MPTE probe (TTL)
RROTB @] Rotate right control for MPTE probe (TTL)
AAVSS @] +15V (for TE endoscope house)
XDAACDB I/O Probe Code signal (0 - 12Vpc)
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GE Vingmed Ultrasound

4 Internal 1/O without PosDet and PAMPTE support
The drawing below shows the different connectors and pin numbers.
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5 Internal I/O with PosDet and PAMPTE support

The drawing below shows the different connectors and pin numbers.
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5.1 Parallel connector:
Type of connector: 25 pin DSUB, female.

Use: Image and text printing on parallel printers. Data transfer to post prosessing
unit (e.g. MAC).

Pin num- Signal In/out Level
ber

1 Strobe output TTL

2 DO infout TTL

3 D1 in/out TTL

4 D2 in/out TTL

5 D3 infout TTL

6 D4 in/out TTL

7 D5 infout TTL

8 D6 infout TTL

9 D7 in/out TTL

10 ACK input TTL
11 BUSY input TTL
12 PE input TTL
13 SLCT output TTL
14 AUTOFEED output TTL
15 ERROR input TTL
16 INIT output TTL
17 SELECTIN output TTL

18-25 GND

Table 2: Paralldl interface, Centronics

5.2 Patient I/O connector (cable no.7):
Type of connector: 37 pin DSUB, female.

Use: Cable connected to Patient I/O module. Serial and parallel interface signals in
addition to power and ground.

Pin Name Type Description
1,3,5,7, 16,17, DGND oV Ground
19, 21, 23, 25,
27,29, 31

Table 3: Patient 1/0O Connector
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Pin Name Type Description
2 CLKR TTL Transfer clock from PAT 1/O
4 DR TTL Serial data from PAT 1/O
6 FSR TTL Frame Sync
8-15 DSP_DO-7 TTL Configuration data from PAT 1/O
22 SEL1 L TTL Chip select to configuration reg. 1
24 SEL2 L TTL Chip select to configuration reg. 2
28 PRST_L TTL Reset PAT 1/O board.
32,33 +5V +5V +5V

Table 3: Patient 1/0O Connector

5.3 Power connectors (cables no. 8 and no. 9):

Type of connector: 9 pin DSUB, female.

Use: Power distribution to front panel and harddisk.
Power: (note that each output is protected with a recovery fuse).

Pin Voltage Color Current
Code (max)

1 +5V Red 2A
2 +12V Yellow 1A
3 -12V 1A
4 +15V Orange 1A
5 -15V Violet 1A
6 GND Black
7 GND “
8 GND
9 nc

Table4: Power Connectors 1- 4
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5.4 RS232 connectors (a.o. cable no.3: FP serial ctrl):

Type of connector: 9 pin DSUB, male.

Use:

RS232-GR 1: Serial communication between Graphics board and the Front Panel.
RS232-GR 2: spare

RS232-CPU 1: Serial communication between CPU board and VCR.

RS232-CPU 2 : spare

RS232-INT 1: Bird (only available on boards with support for PAMPTE support)
RS232-INT 2: Bird (only available on boards with support for PAMPTE support)
Signals of interest:

Signal Pin In/out Baud rate
DCD 1
RD 2 input 300-38.400
D 3 output 300-38.400
DTR 4 input
GND 5
DSR 6
RTS 7 output
CTS 8 input
9
Table 5: RS-232

5.5 ACCTRL connector (cable no. 11):

Type of connector: 9 pin DSUB, male.

Use: A power remote control line (STBTGL_L) from the IV, DP and STBY Board to
the AC power is implemented. The AC power remote control interface detects tthis
signal and gives an interupt (PODREQ) to the CPU which prepares power-down.
The AC power will not switch off until a grant signal (POFGNT) from the CPU is ac-
tivated.

The LEDs on the power STBY board are activated by the thre signals, LEDPWR
(+5V), STBLED_L and ONLED_L.

HITEMP_L is a signal generated by the ACCTRL board when a hifg temperature
condition is detected.
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Signals of interest:

Pin Name Description
1 LEDPWR +5V
2 STBLED L | Leddrive
3 ONLED_L | Leddrive
4 POFREQ Power off request
5 STBTGL_L | From remote switch
6 GND
7 POFGNT Power off grant
8 GND
9 HITEMP_L | High temp (>60°)
warning

Table 6: AC Power Remote Control

6 ETHERNET connectors (INT and EXT):

Type of connector: 15 pin DSUB, female.

I/O Signals - 05

Use: The Ethernet signals from the system CPU are looped through the Internal 1/0O
board before routed to the External 1/0 board.

Pin Name Description

2 EC+ Callision Input, diff. pos.

3 ET+ Transmit Output, diff. pos.

5 ER+ Receive Input, diff. pos.

6 GND Ground

9 EC- Coallision Input, diff. neg.
10 ET- Transmit Output, diff. neg.
12 ER- Receive Input, diff. neg.
13 +12V +12V for AUI unit.

Table 7: Ethernet connector

6.1 R-WAVE OUT connector:

Type of connector: BNC, female.

Use: This R-WAVE OUT signal is used for ECG triggering, e.g. when transferring

cinellops to a MAC.

Level: TTL
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6.2 SCSI cable (no 10):

Type of connector: 50 pins CHAMP, male.

Use: For communication with floppy disk, hard disk, optical disc and e.g. a SONY
D7000 printer.

Pin num- Signal In/out Description
ber
1-12 GND
13 nc
14-25 GND
26 DBO in/out Data
27 DB1 in/out "
28 DB2 in/out "
29 DB3 infout "
30 DB4 in/out "
31 DB5 in/out "
32 DB6 in/out "
33 DB7 in/out "
34 DBP infout Parity
35 GND
36 GND
37 GND
38 TERMPWR output Terminator Power
39 GND
40 GND
41 ATN in/out Attention
42 GND
43 BSY infout Busy
44 ACK infout Acknowledge
45 RST infout Reset
46 MSG infout Message
47 SEL in/out Select
48 C/D infout Control/Data
49 REQ infout Request
50 I/O infout Input/output

Table 8: SCSI-2 Fast Connector
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6.3

6.4

6.5

6.6

6.7

SVHS OUT connectors:

Type of connector: 4 pin MINI DIN, female.

I/O Signals - 05

Use: Super VHS outputs (luma and chroma) to VCR and printers.

Signals of interest:

Signal Pin Voltage Imped- Band-
ance width

GND-Y 1

GND-C 2

SVHS Y 3 714 mvV 75 ohm 5 OMHz

SVHS C 4 300 mv 75 ohm 5 OMHz

Table 9: SVHS Outputs

SVHS IN connector:

Type of connector: 4 pin MINI DIN, female.

Use: Super VHS outputs (luma and chroma) from VCR.

Signals of interest: Same as above.

RGBS OUT connector:

(Only available on boards without support for PosDet and PAMPTE)

Type of connectors: 9 pin DSUB, female, and BNCs, female.

Use: R, G, B and SYNC (NTSC or PAL) to color printers and cameras.

Signals of interest:

Signal Voltage Imped- Band-
ance width
R,G,B 714 mv 75 ohm 50 MHz
SYNC 300 mv 75 ohm 1 MHz

Table 10: RGB and SYNC outputs

STEP-CTRL connector:

(Only available on boards with support for PosDet and PAMPTE)

VIDEO OUT connectors:

Type of connectors: BNC, female.

Use: Composite video (NTSC or PAL) to VCR and printers.
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6.8

6.9

6.10

6.11

6.12

6.13

F1-20

Signals of interest:

Signal Voltage Imped- Band-
ance width
Comp Video 1V 75 ohm 15 MHz
Comp sync 300 mV 75 ohm 1 MHz

Table 11: Composite video

VIDEO IN connector:

Type of connector: BNC, female.
Use: Composite video (NTSC or PAL) from VCR.
Signals of interest: same levels as above.

B/W VIDEO OUT connector:

Type of connector: BNC, female.
Use: Black and White video (NTSC or PAL) to B/W printer.
Signals of interest: same levels as above.

REM.CTRL connectors:

Type of connectors: BNC, female.

Use: Remote control ‘print’ signal to printers and cameras. Device and polarity must

be selected in system configuration.
Signals of interest: All are TTL levels.

FOOTSW. connector

Type of connectors: 5 pin DIN, female.

Use: User selectable footswitch control (e.g. FREEZE, PAUSE etc.).
Signals of interest: TTL level signals.

SW1:pinl

SW 2: pin 3

SW 3: pin 4

GND: pin 2

REPLAY (L & R) connectors (cable no.23)

Type of connectors: Phono, female.

Use: Audio from VCR during playback.
Signals of interest: REPLAY_ | and REPLAY_Q: both 1V .

FP AUDIO (L & R) connectors (cable no.23)

Type of connectors: Phono, female.
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GE Vingmed Ultrasound



@ GE Vingmed Ultrasound

I/O Signals - 05

Use: Doppler Audio to front panel audio amplifier and loudspeakers .
Signals of interest: ANDOP_ | and ANDOP_Q: both 1V, .

6.14 VCR AUDIO (L & R) connectors (cable no.23)

Type of connectors: Phono, female.

Use: Doppler audio to VCR for recording.
Signals of interest: ANDOP_ | and ANDOP_Q: both 1V, .

7 Card Rack

7.1 RGBS OUT connector (cable no.6):

Type of connectors: BNCs, female.

Use: R, G, B and SYNC (NTSC or PAL) to system monitor.

Signals of interest:

Signal Voltage Impedance Bandwidth
R,G,B 714 mv 75 ohm 50 MHz
SYNC 300 mv 75 ohm 1 MHz

Table 12: RGB and SYNC outputs
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8 External 1/O

The drawing below shows the different connectors and pin numbers.
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8.1 RS232 connectors:

Type of connector: 9 pin DSUB, male.

Use:

RS232-CPU: serial port to CPU board.
RS232-GR: serial port to GRAPHICs board.
Signals of interest:

Signal Pin In/out Baud rate
DCD 1
RD 2 input 300-38.400
TD 3 output 300-38.400
DTR 4 input
GND 5
DSR 6
RTS 7 output
CTS 8 input
9

Table 13: RS-232

8.2 ANALOG IN 1-4 connectors

Type of connectors: Phono, female.

Use: Maximum 4 analog external signals can be input to the system.

Signals of interest: ANIN1-4: Level: max 12Vpp.

8.3 TRIG OUT connector:

Type of connectors: BNC, female.

Use: User selectable TRIG signal (usually ECG trigger).
Signals of interest: TRIG OUT: TTL level.
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8.4 SVHS OUT connectors:
Type of connector: 4 pin MINI DIN, female.
Use: Super VHS outputs (luma and chroma) to VCR and printers.

Signals of interest:

Signal Pin Voltage Imped- Band-
ance width

GND-Y 1

GND-C 2

SVHS Y 3 714 mV 75 ohm 5 OMHz

SVHS C 4 300 mV 75 ohm 5 OMHz

Table 14: SVHS Outputs

8.5 SVHS IN connector:
Type of connector: 4 pin MINI DIN, female.
Use: Super VHS outputs (luma and chroma) from VCR.

Signals of interest: Same as above.

8.6 VIDEO OUT connector:

Type of connector: BNC, female.
Use: Composite video (NTSC or PAL) to VCR and printers.

Signals of interest:

Signal Voltage Imped- Band-
ance width
Comp Video 1V 75 ohm 15 MHz
Comp sync 300 mV 75 ohm 1 MHz

Table 15: Composite video

8.7 VIDEO IN connector:

Type of connector: BNC, female.
Use: Composite video (NTSC or PAL) from VCR.

Signals of interest: same levels as above.

8.8 B/W VIDEO OUT connector

Type of connector: BNC, female.
Use: Black and White video (NTSC or PAL) to B/W printer.

Signals of interest: same levels as above.
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8.9 RGBS OUT connector:

Type of connectors: 9 pin DSUB, female, and BNC, female.
Use: R, G, B and SYNC (NTSC or PAL) to color printers and cameras.

Signals of interest:

Signal In/out \Voltage Imped- Band-
ance width
RGB output 714 mV 75 ohm 50 MHz
SYNC output 300 mV 75 ohm 1 MHz
Table 16: RGB and SYNC outputs
8.10 ETHERNET connector:

Type of connector: 15 pin DSUB, female.

Use: The Ethernet signals from the system CPU are looped through the Internal 1/0O
board before routed to the External 1/0 board.

Pin Name Description

2 EC+ Coallision Input, diff. pos.

3 ET+ Transmit Output, diff. pos.

5 ER+ Receive Input, diff. pos.

6 GND Ground

9 EC- Collision Input, diff. neg.
10 ET- Transmit Output, diff. neg.
12 ER- Receive Input, diff. neg.
13 +12V +12V for AUI unit.

Table 17: Ethernet connector
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Your Notes:
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1 Introduction
1.1 Abstract

This procedure describes how to perform preventive maintenance, which should be done on
a regular basis, e.g. twice a year.

1.2 Document History

Rev. Date Sign. Description

01 28 Apr. 1995 GRL | First version of document

02 5 May 1997 GRL | Added DC offset calibration and cleaning of probe connec-
tors

03 5 Aug 1999 LHS Updated Tool Requirements, updated some x-refs.

04 12 Jan 2000 LHS/ | Corrected some x-refs.Added Installation and maintenance

JB with cleaning instructions

2 Tool Requirements

*  Service tool kit as described on page Intro-3
*  Cleaning cloth.

*  Cleaning detergent.

Vacuumer.

e Spray can with high pressure air.

3 Description
3.1 Air Filter Cleaning

1. Loosen the 3 screws holding the main air filter cover. This cover is located on
the right lower side below the lower side panel.

Remove the cover.
Pull out the main air filter.

Pull out the rear air filter, which is located underneath the AC- and DC power
supplies.

5. The filters can be cleaned in sprinkling water, or they can be dusted with a vac-
uum cleaner.

6. Install the clean filters.
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3.2

3.3

3.4

3.5

Gl-4

Probe Connector Cleaning

1.

Use high-pressure air and thoroughly spray the system probe connectors to re-
move dust inside the connector sockets.

Mains Cable Inspection

Disconnect the mains plug from the wall.
Unscrew the plug cover/bend relief.

Verify that the LINE, NEUTRAL and GROUND wires are properly attached to
the terminals, and that no strands may cause short-circuiting.

Inspect the strain relief and verify that the cable is properly secured.
Mount the plug cover/bend relief.

Inspect the mains power cable, and verify that it is free from scratches/damag-
es that may expose any of the wires inside the collar.

Inspect the system strain/bend relief and verify that it secures the cable prop-
erly.

General Cleaning

1. Using warm water with a fluid detergent on a soft clothe, carefully wipe the en-
tire system. Be careful when wiping the QWERTY keyboard (if a plastic cover
is not installed).

Tests

1. Perform the DC Power Test Procedure (re. chapter K, section 4.6 on page
K04-4) to verify that all DC voltages are present and within acceptable limits.

2. Perform the HV Test Procedure (re. chapter K, section 4.5 on page K04-3) to
verify that all HV voltages are present and within acceptable limits.

3. Perform an Element Test (re. chapter K, section 4.7 on page K04-5) on each
probe to verify that all probe elements (and system channels) are functional.

4. Perform the Automatic System Test (re. chapter K, section 9.6 on page K09-
2) to verify that all boards function according to specifications.

5. Perform the Front Panel Test Procedure (re. chapter K, section 4.1 on page
K04-1) to verify that all keyboard controls are functionable.

6. Perform the Front End (DC Offset) Calibration Procedure (re. chapter K, sec-
tion 23 on page K16-1) to compensate for possible BF A/D converter offset
drift.

7.  Check the monitor, VCR and the other peripherals. If required and applicable,

clean printer head(s).
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3.6 Installation & Maintenance

3.7 System FiVe Shipments:

» System FiVe should be unpacked, installed and cleared for operation by an au-
thorized service representative. Packing /Unpacking instructions are found on
the outside of the transport package. System FiVe must be mains-connected to
a HOSPITAL GRADE power source. DO NOT attempt to assemble the system
or connect it to a power source until qualified approval for operation has been
given.

3.8 Preventive User Maintenance
Cleaning the System

* DO NOT pour water on System FiVe or immerse any part of it, in any liquid.
Avoid spilling liquids into ventilation grates.

Weekly: < The exterior surface of the System FiVe should be cleaned with a dry cloth.
When more extensive cleaning is required, the unit should first be powered down
and then wiped with a soft cloth that has been dampened with either water or a
very mild detergent. NEVER use abrasive cleaners or steel wool.

After use: «Wipe away gel stains from the control panel and keyboard as soon as possible,
because some ultrasound gels are mildly aggressive towards plastics.

3.9 Recommended Liquid Chemical Germicides

In order to provide users with options in choosing a germicide for processing their ultrasound
transducer between uses, GE Medical Systems routinely reviews new medical germicides
for compatibility with the materials used in the transducer enclosure, cable and lens. Al-
though a necessary step in protecting your patients and employees from disease transmis-
sion, liquid chemical germicides must also be selected to minimize potential damage to the
transducer.

For cleaning and low-level disinfection, we recommend washing the probe and cable in a
warm soap and water solution (<80wF / 270C), removing all visible residue by scrubbing
with a soft bristle brush or gauze and using a mild, nonabrasive soap. Rinse with clean water
and wipe dry with a soft towel. Check the instructions provided with each probe so as not to
exceed the depth to which the probe can be safely immersed in liquid. Do not immerse the
electrical connector. Use additional precautions (e.g., gloves and gown) when decontaminat-
ing an infected probe.

Low-level disinfection is intended to destroy vegetative bacteria and lipid or medium sized
viruses and is somewhat effective on fungi. This is usually sufficient when scanning on intact
surface skin.

For high-level disinfection, it is necessary to soak the thoroughly cleaned probe in a suitable
liquid chemical germicide for an extended period. Check the instructions provided with each
probe so as not to exceed the depth to which the probe can be safely immersed in liquid. Do
not immerse the electrical connector. Use additional precautions (e.g., gloves and gown)
when decontaminating an infected probe. The following germicides have been evaluated as
being compatible only with the probe type listed:
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Probe P/N DISINFECTANT

Cidex | Cidex | Cidex | Spor

™ PA™ | OPA™ | ox™
FPA 2.5 -64 KG100001 YES | YES | YES YES
FPA 3.5 -96 KK100005 YES | YES | YES YES
FPA 5.0 -96 KN100002 YES | YES | YES YES
FLA 5.0-192 KN100003 YES | YES | YES YES
FPA 10.0 KW100002 YES | YES | YES YES
FPA 5.0 - 128 KN100001 YES | No YES No
CLA3.5-192 KK100004 YES | No YES No
CLA5.0-192 KK100008 YES No YES No
ECLA 6.5-128 KQ100002 YES | No No No
FLA 10.0 KW100001 YES | No No No
2MHz Doppler TE100024 YES | No No No
6MHz Doppler TQ100002 YES | No No No
Transesophageal YES | YES | YES No
probes

Be sure to follow the germicide manufacturer's instructions for storage, handling, prepara-
tion, time of exposure and disposal. Use only disinfectants that are approved according to
local / national regulations.

High-level Disinfection destroys vegetative bacteria; lipid & non-lipid viruses, fungi and, de-
pending highly on time of contact, is effective on bacterial spores. This is required for cavity
(TV,TR,TE) scanning when in contact with mucosal membrane.

CAUTION - Improper handling can lead to early probe failure and electric shock hazards:
- DO NOT disinfect or sterilize probes by autoclaving or ethylene oxide gas process.

- DO NOT soak or wipe the probe face with methanol, ethanol, isopropanol or any other al-
cohol based cleaner. Doing so could result in irreversible damage to the probe’s lens.

- DO follow the specific cleaning, disinfection procedures provided with the documentation
of your product, as well as the germicide manufacturer's instructions.

Failure to do so will void probe warranty.
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Compatibility Overview —rev. 15

1
1.1

1.2

Introduction

Purpose

The intention with this document is to give an overview of the compatibility between
the different boards, software and hardware in System FiVe.

Document History

Reuv. Date Sign. Description
01 1 Mar 1996 GRL First version of document.
02 31 May 1996 GRL Updated with latest revisions on TX128, RX128,
PRC, XDCTRL, BF, SDP.

03 1 Aug 1996 GRL V1.1 release.

04 5 May 1997 GRL V1.2 release.

05 20 Jun 1997 GRL V1.2.1/V1.2.2 releases.
Added configuration for the Membership system

(128-ch.system).

06 4 Nov19 97 GRL V1.3 release.

07 22 Dec 1997 GRL V1.3.1 release

08 12 May 1998 GRL Updated per V1.4 release

09 16 Sept 1998 GRL Updated per V1.5 release

10 18 Dec. 1998 GRL Updated per V1.5.2 release

11 16 Jan 1999 JK Updated per V1.6 release

12 27 Apr 1999 JK Updated some of the contents

13 10 Aug 1999 JK/LHS Reorganized the contents.Updated per V1.7

release.

14 6. Sep 1999 LHS Updated per V1.8 release. Combined the docu-

ments for Elite, Performance and Premium sys-
tems.

15 25. Oct.1999 LHS Updated pr. v 1.7.1 release.

16 22. Dec 1999 JK/LHS Updated per v.1.9 release.

17 02 Nov.2000 JB Updated pr. 1.9.x release
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1.3

H1-2

System Definitions

Elite Systems,
Performance systems,
Premium Systems: (High End):

256 channels (128 tx and analog rx channels, 256 digital BF channels).
Membership Systems (Mid Range):

128 channels (128 tx channels, 64 analog rx channels, 64 digital BF channels).
Advantage Systems:

Same as Premium, except that CLA probes and PAMPTEE probes are optional. 128
channels (128 tx channels, 64 analog rx channels, 64 digital BF channels).

Advantage W/HFR Systems:
Same as Advantage, but with High Frame Rate.

Software Revision History

History

In order to display the system software revision, press the Setup button and select
Configuration &Test and then SW. Both the system software revision and the revi-
sion of the local DSP software will be shown. See the System FiVe User manual,
FA092423, for more details.

System SW _—
ysten Date Description
version
V1.0 Dec. 1995 First release of System-5 software.
V1.1b33 Apr. 1996 Improved functionality: M&A improved, APAT support
(only 3.25 and adult MPTE), CW Doppler sensitivity,
response time decreased.
V1.1b51 May 9. 1996 Improved reliability (less lock-ups)
V1.1 Jul 5. 1996 General improvements. See release notes for details.
V1.1.1 Oct. 1996 Added TVI and Coronary applications, B-color.
Support for APA5.0 and mech. ped. MPTE. Extensive
bug fixing, see release notes.
V1.1.2 Nov. 1996 Corrected "green” artifact in CFM. Improved image qual-
ity. Several new applications added. Several bugs fixed,
see release notes.
V1.2 23 May 1997 | Added functionality. General improvements. See release
notes for details.
v1i.2.1 30 May 1997 Corrected three bugs in V1.2. (one of them regarding
BF4 setup on boards without conf. prom - id).

BEmIFIVE System FiVe - Service Manual - FA091050 rev. |
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System SW
version

Date

Description

V1.2.2

20 June 1997

5 different V1.2.2 configurations are made available for
the mid range (128-ch.) systems and the high end (256-
ch.) systems.

Reduced power for Oldelft probe.

Default image storage to EchoPAC.

V1.2.3

Sept. 1997

5 different V1.2.3 configurations available. V1.2.3
together with EchoPAC V5.4 improves reliability of sys-
tems with EchoPAC connections. For details, see
Release Notes.

V1.3

18 Oct 1997

V1.3 release with 8 different configurations. Body Marks,
Biopsy lines, Update function, M&A on playback, VCR
remote control, Octave imaging, Contrast and RF
Options, support for 6 MHz pencil probe and 5 MHz TEE
probe. See Release Notes for more detalils.

V131

Dec. 1997

V1.3.1 release with the same 8 different configurations as
mentioned above. Support for ECLA 6.25 Endo probe
and 2 MHz TC probe, Octave on CLA 3.5, expanded gain
range for ECG and Phono. See Release Notes for more
details.

V1.3.2

Feb. 1997

V1.3.2 release with the same 8 different configurations as
mentioned above. Production release for support of new
RLY board, FA200464, new FEC board, FA200764 and
new RFT board, FA200574 (only for Membership).
Increased TEE temp. limit, minor bug fixing. See Release
Notes for more details.

V14

May 1998

V1.4 release. Support of Vingmed PAMPTE probe,
improved System-5 to EchoPAC reliability, improved Dop-
pler display, improved Octave quality. See Release Notes

for more details.

V1.5

V151

Sept 1998

V1.5 release.V1.5 is only for Premium systems. Support
of Vingmed PAMPTE probe (note: VV1.4.1 did not support
PAMPTE after all). Support for continuous capture
together with EchoPAC V6.1. Improved Doppler audio
and display, improved Octave quality.

V1.5.2

18 Dec.1998

V1.5.2 release for both Premium and Membership. First
version with PAMPTE support for Membership. Corrected
an intermittent lock-up problem from V1.5.1 (GRAPH-
board problem).

V1.6

Jan 1999

Introduction of new System FiVe products with the pro-
duction release v1.6 for Advantage and Performance
only.

V1.7

Jul 1999

V1.7 release for all System FiVe models V1.5.2 /V1.6
bug-fixes. Support for new RX64, FA200777 and new
RX128, FA200907. First version of 10 MHz Pediatric FPA
probe. See release notes for more details.

V1.8

Sep 1999

V1.8 release for all System FiVe systems.
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H1-4

GE Vingmed Ultrasound

System SW _
ysten Date Description
version
V.1.7.1 Nov. 1999 Introduced new TX128-2 board.
SW 1.7 updated to support this new board.
(Sw 1.8 already supports the board).
V.1.9 Dec. 1999 Sw. 1.9 supports one new probe. HFR available as an

option for System FiVe Advantage.

V1.9. x Nov 2000 Support for REM Products
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Board Compatibility List

1

Introduction

This is a list showing what different boards, part numbers and revisions that can be
used together in System FiVe with different software versions. Most of the boards
have E°PROMS where part numbers and revisions are programmed. These can be
read in the SysTest menu, after having pressed the Setup button. The first re-
vision is the module revision. The second is the MCD revision. Usually the module
revision is changed only if the change is significant or if other boards are also affect-
ed by it. The MCD revision is updated each time there is a change (minor or major)
on the board.

It should be noted that on the first systems shipped out the fall of 1995, a lot of the
boards have revisions lower than the ones listed below, and only a few of them had
revisions written into the EZPROMS. This does not necessarily imply that the boards
are incompatible, but rather that they are prototypes that may functionally be equal
to the ones in the list. If in doubt, contact GEVU technical support.

The List starts on page H2-2.
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Macintosh HD:User:James:@i-arb:Service:S5_ServiceMan:S5_serv._files:H2_03_compat_b1.17

Compatibility Overview — rev. 15

@® GE Vingmed Ultrasound

2 Elite, Performance and Premium Systems

Printed: December 5, 2000.

Elite, Performance and Premium Systems
(256 channels)

swv.1g/ [Notes
SWv.1.7, | SWv.1.7.1, SW v.1.8, (See
Board P/N 1.9.x, Dec.
Apr. 99 Nov. 99 Sep. 99 99/Nov.00 | Page
: H2-18.)
RLY FA200020 A-A A-A A-A A-A
B-B B-B B-B B-B
B-C B-C B-C B-C
B-D B-D B-D B-D
B-E B-E B-E B-E
RLY FA200434 A-A A-A A-A A-A 5,8
A-B A-B A-B A-B
A-C A-C A-C A-C
A-D A-D A-D A-D
RLY-2 FA200890 A-A A-A A-A A-A
A-B A-B A-B A-B
RLY-PAL-PB2 | FA200799 A-A A-A A-A A-A
TX128 FA200021 B-D B-D B-D B-D 1
B-E B-E B-E B-E 1
B-F B-F B-F B-F 1
B-G B-G B-G B-G 1
C-H C-H C-H C-H 1
C-l C-l c C 1
c-J c-J c-J cJ 1
RX128 FA200022 B-B B-B B-B B-B 3
Cc-C C-C Cc-C Cc-C
RX128 FA200638 A-A A-A A-A A-A 3
A-B A-B A-B A-B
A-C A-C A-C A-C
A-D A-D A-D A-D
A-E A-E A-E A-E
RX128 FA200776 A-A A-A A-A A-A 10
B-B B-B B-B B-B
RX128-2 FA200907 A-A A-A A-A A-A
PRC FA200264 B-C B-C B-C B-C
B-D B-D B-D B-D
B-E B-E B-E B-E
B-F B-F B-F B-F
C-G C-G C-G C-G 5,8
D-H D-H D-H D-H
D-I D-I D-I D-I
XDCTRL ML200078 V3.2-T6 V3.2-T6 V3.2-T6 V3.2-T6 2
V3.3 V3.3 V3.3 V3.3
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Elite, Performance and Premium Systems
(256 channels)
Notes
SWv.1.7, | SWv.1.7.1, | SWv.1.8, SWv.1.9/ (See
Board P/N 1.9.x, Dec.
Apr. 99 Nov. 99 Sep. 99 99/Nov.00 | Page
: H2-18.)
BF32 FA200001 A-D A-D A-D A-D 3
(2 MLA) A-E A-E A-E A-E 3
A-F A-F A-F A-F 3
A-G A-G A-G A-G 3
BF32 FA200382 A-B A-B A-B A-B 3
(2 MLA)
BF32 FA200765 A-A A-A A-A A-A
(2 MLA) A-B A-B A-B A-B
A-C A-C A-C A-C
A-D A-D A-D A-D
A-E A-E A-E A-E
B-B
B-C
B-D
B-E
B-F
B-G
FEC FA200009 B-B B-B - - 17
c-C c-C
D-D D-D
E-E E-E
FEC FA200669 A-A A-A A-A A-A
FEC FA200764 A-A A-A A-A A-A 5,8
A-B A-B A-B A-B
A-C A-C A-C A-C
A-D A-D A-D A-D
A-E A-E A-E A-E
A-F A-F A-F A-F
A-G
RFT FA200373 B-B B-B B-B B-B
c-C c-C c-C c-C
D-D D-D D-D D-D
E-E E-E E-E E-E
E-F E-F E-F E-F
F-G F-G F-G F-G
RFT1 FA200540 A-A A-A A-A A-A 6
E-B E-B E-B E-B
E-C E-C E-C E-C
E-D E-D E-D E-D
E-E E-E E-E E-E
E-F E-F E-F E-F
E-G E-G E-G E-G
E-H
E-I
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Elite, Performance and Premium Systems
(256 channels)
Notes
SWv.1.7, | SWv.1.7.1, | SWv.1.8, SWv.1.9/ (See
Board P/N 1.9.x, Dec.
Apr. 99 Nov. 99 Sep. 99 99/Nov.00 | Page
. H2-18.)
RFP FA200039 A-A A-A A-A A-A 6
A-B A-B A-B A-B
A-C A-C A-C A-C
RFP FA200555 A-A A-A A-A A-A 6
A-B A-B A-B A-B
SDP FA200026 A-E A-E A-E A-E
A-F A-F A-F A-F
A-G A-G A-G A-G
A-H
A-l
A-J
CFP FA200027 A-C A-C A-C A-C
(4 MOD.) A-D
IMPORT FA200028 A-A A-A A-A A-A
A-B A-B A-B A-B
A-D A-D A-D A-D
A-E A-E A-E A-E
A-F A-F A-F A-F
Image Port 2 | FA200572 - - A-A A-A 15
- - A-B A-B
A-C
SCONV FA200029 B-D B-D B-D B-D
B-E B-E B-E B-E
B-F B-F B-F B-F
C-G C-G C-G C-G
C-H C-H C-H C-H
D-l D-l D-l D-l 11
D-J
D-K
GRAPH5 FA200030 A-C A-C A-C A-C
A-D A-D A-D A-D
A-E A-E A-E A-E
A-F A-F A-F A-F
A-G A-G A-G A-G
A-H A-H A-H A-H 12
A-l A-l A-l A-l
A-J
A-K
A-L
A-M
MEMORY FA200110 A-A A-A A-A A-A
B-B B-B B-B B-B 4
CPU FA200109 A-A A-A A-A A-A
A-B A-B A-B A-B 18
H2-4 BEBEFIVE System FiVe - Service Manual - FA091050 rev. |
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Elite, Performance and Premium Systems
(256 channels)
Notes
SWv.1.7, | SWv.1.7.1, | SWV.1.8, SWv.1.9/ (See
Board P/N 1.9.x, Dec.
Apr. 99 Nov. 99 Sep. 99 99/Nov.00 | Page
: H2-18.)
INT I/O bd. FA200103 C-D C-D C-D C-D
(assy) (FA200115) C-E C-E C-E C-E
C-F C-F C-F C-F
E-I E-I E-I E-l
E-J E-J E-J E-J 8
E-K E-K E-K E-K
E-L E-L E-L E-L
EXT I/O bd. | FA200104 B-B B-B B-B B-B
(assy) (FA200116) c-C c-C c-C c-C
PAT I/O main | FA200193 A-B A-B A-B A-B
board (FA200105) B-C B-C B-C B-C
(box) C-D C-D C-D C-D
C-E C-E C-E C-E
C-F C-F C-F C-F
C-G
PAT 1/0 FA200194 c-C c-C c-C c-C
amplifier D-D D-D D-D D-D
board D-E D-E D-E D-E
D-F D-F D-F D-F
D-G D-G D-G D-G
D-H
HVPWR bd FA200063 A-C A-C A-C A-C
(box) (FA200114) A-D A-D A-D A-D
A-E A-E A-E A-E
A-F A-F A-F A-F
AC CTRL FA200107 A-A A-A A-A A-A
B-B B-B B-B B-B
B-C B-C B-C B-C
B-D B-D B-D B-D
FP MAIN FA200191 E-E E-E E-E E-E
F-F F-F F-F F-F
G-G G-G G-G G-G
I-I I-I I-1 I-1
I-J I-J I-J I-J
I-K I-K I-K J-K
I-L I-L I-L J-L
I-M I-M I-M J-M
K-N
K-O
L-P
M-Q
M-R
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Elite, Performance and Premium Systems
(256 channels)
Notes
SWv.1.7, | SWv.1.7.1, | SWv.1.8, SWv.1.9/ (See
Board P/N 1.9.x, Dec.
Apr. 99 Nov. 99 Sep. 99 99/Nov.00 | Page
. H2-18.)
FP AUDIO FA200076
B-B B-B B-B B-B 12
B-C B-C B-C B-C
B-D B-D B-D B-D
C-E C-E C-E C-E
MBD FA200046 B-B B-B B-B B-B 1
c-C c-C c-C c-C 4,8
I\V/DP FA200248 A-A A-A A-A A-A
Connector A-B A-B A-B A-B
Board A-C A-C A-C A-C
B-D B-D B-D B-D 9
B-E B-E B-E B-E
B-F B-F B-F B-F
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3 REM Systems

REM Systems

SW Notes
Board P/N v.1.9.x, (See page
Nov.2000 H2-18.)

RLY FA200434 A-A 5,8,Factory
A-B option.

A-C
A-D

RLY-2 FA200890 A-A
A-B

TX128 FA200021 B-D
B-E
B-F
B-G
C-H 1
C-l
C-J

TX128-2 FA200999 A-A

RX128-2 FA200907 A-A

BF32 FA200765 A-E 16
(2 MLA) B-B
B-C
B-D
B-E
B-F
B-G

FEC FA200764 A-A 5,8
A-B
A-C
A-D
A-E
A-F
A-G

RFT FA200574 E-A 6
No MLA E-B
E-C
E-D
E-E
E-F
E-G
E-H

RFT1 FA200540 E-H 16
E-l
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H2-8

REM Systems

Board

P/N

SW
v.1.9.x,
Nov.2000

Notes
(See page
H2-18.)

SDP

FA200026

A-E
A-F
A-G
A-H
A-l
A-J

CFP
(4 MOD.)

FA200027

A-C
A-D

16

Image Port 2

FA200572

A-A
A-B
A-C

15

SCONV

FA200029

B-D
B-E
B-F
C-G
C-H
D-1
D-J
D-K

GRAPHS

FA200030

A-C
A-D
A-E
A-F
A-G
A-H
A-l
A-J
A-K
A-L
A-M

CPU

FA200109

A-A
A-B

18

INT 1/O bd.
Complete

FA200925)

A-A

EXT I/O bd.
Complete

FA200926

A-A

PAT I/O main
board
(box)

FA200193
(FA200105)

A-B
B-C
C-D
C-E
C-F
C-G

HVPWR bd
(box)

FA200063
(FA200114)

A-C
A-D
AE
A-F

@® GE Vingmed Ultrasound
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REM Systems

Board

P/N

SwW
v.1.9.x,
Nov.2000

Notes
(See page
H2-18.)

AC CTRL

FA200107

A-A
B-B
B-C
B-D

FP MAIN

FA200191

E-E
F-F
G-G
-1
-
J-K
J-L
J-M
K-N
K-O
L-P
M-Q
M-R

FP AUDIO

FA200076

B-B
B-C
B-D
C-E

XD BUS BD

FA20064

A-D

TempSense

FA200255

A-A

VME Jumper

FA200075

A-A

15,16
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4 Membership Systems
Membership systems
(128 channels)
SwW SWv.1.9/ Notes
SWv.1.7, SWv.1.8,
Board P/N Apr. 99 v.1.7.1, Sep. 99 1.9.x,Dec. || (See page
pr. Nov. 99 P 99/Nov.00 | H2-18))
RLY FA200020 B-C B-C B-C B-C
B-D B-D B-D B-D
B-E B-E B-E B-E
RLY FA200434 A-A A-A A-A A-A 5,8
A-B A-B A-B A-B
A-C A-C A-C A-C
RLY-2 FA200890 A-A A-A A-A A-A
A-B A-B A-B A-B
RLY-PAL-PB2 | FA200799 A-A A-A A-A A-A
TX128 FA200021 B-D B-D B-D B-D 1
B-E B-E B-E B-E 1
B-F B-F B-F B-F 1
B-G B-G B-G B-G 1
C-H C-H C-H C-H
C-l C-l C-l C-l
c-J C-J C-J C-J
TX128-2 FA200999 - A-A A-A A-A
RX64 FA200522 A-D A-D A-D A-D
A-E A-E A-E A-E 7
A-F
A-G
PRC FA200264 B-C B-C B-C B-C
B-D B-D B-D B-D
B-E B-E B-E B-E
B-F B-F B-F B-F
C-G C-G C-G C-G 5,8
D-H D-H D-H D-H
D-l D-l D-l D-I
XDCTRL ML200078 NOT NOT NOT NOT 2
STD. STD. STD. STD.
BF32 FA200550 B-B B-B B-B B-B
(1 MLA)
FEC FA200669 A-A A-A A-A A-A
FEC FA200764 A-A A-A A-A A-A 5,8
A-B A-B A-B A-B
A-C A-C A-C A-C
A-D A-D A-D A-D
A-E A-E A-E A-E
A-F A-F A-F A-F
A-G
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Membership systems
(128 channels)
swviz, | SW | swyaisg, | SWVv.L9) Notes
Board P/N Apr. 99 v.1.7.1, Sep. 99 1.9.x,Dec. || (See page
pr- Nov. 99 P 99/Nov.00 || H2-18)
RFT FA200373 E-E E-E E-E E-E
E-F E-F E-F E-F
F-G F-G F-G F-G
RFT1 FA200574 A-A A-A A-A E-A
NO MLA A-B A-B A-B E-B
A-C A-C A-C c-C
E-D
E-E
E-F
E-G
E-H
SDP FA200026 A-E A-E A-E A-E
A-F A-F A-F A-F
A-G A-G A-G A-G
A-H
A-l
A-J
CFP FA200409 A-A A-A A-A A-A
(2 MOD.) A-B
IMPORT FA200028 A-A A-A A-A A-A
A-B A-B A-B A-B
A-D A-D A-D A-D
A-E A-E A-E A-E
A-F A-F A-F A-F
Image Port 2 FA200572 - - A-A A-A 15
- - A-B A-B
A-C
SCONV FA200029 B-D B-D B-D B-D
B-E B-E B-E B-E
B-F B-F B-F B-F
C-G C-G C-G C-G
C-H C-H C-H C-H
(D-) (D-1) (D-1) D-l 11
D-J
D-K
GRAPH5 FA200030 A-C A-C A-C A-C
A-D A-D A-D A-D
A-E A-E A-E A-E
A-F A-F A-F A-F
A-G A-G A-G A-G
A-H A-H A-H A-H 12
A-l A-l A-l A-l
A-J
A-K
A-L
A-M
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Compatibility Overview — rev. 15

@® GE Vingmed Ultrasound

Membership systems
(128 channels)
SWV.1.7, SW SWV.1.8, SWv.1.9/ Notes
Board P/N Apr. 99 v.1.7.1, Sep. 99 1.9.x,Dec. || (See page
pr. Nov. 99 P 99/Nov.00 || H2-18)
MEMORY FA200110 B-B B-B B-B B-B 4
CPU FA200109 A-A A-A A-A A-A
A-B A-B A-B A-B 18
INT 1/O bd. FA200103 C-D C-D C-D C-D
(assy) (FA200115) C-E C-E C-E C-E
C-F C-F C-F C-F
E-l E-l E-l E-l
E-J E-J E-J E-J 8
E-K E-K E-K E-K
E-L E-L E-L E-L
EXT 1/0 bd. FA200104 B-B B-B B-B B-B
(assy) (FA200116) c-C c-C c-C Cc-C
PAT 1/0 main | FA200193 A-B A-B A-B A-B
board (FA200105) B-C B-C B-C B-C
(box) C-D C-D C-D C-D
C-E C-E C-E C-E
C-F C-F C-F C-F
C-G
PAT 1/0 FA200194 c-C c-C c-C c-C
amplifier D-D D-D D-D D-D
board D-E D-E D-E D-E
D-F D-F D-F D-F
D-G D-G D-G D-G
D-H
HVPWR bd FA200063 A-C A-C A-C A-C
(box) (FA200114) A-D A-D A-D A-D
A-E A-E A-E A-E
A-F A-F A-F A-F
AC CTRL FA200107 A-A A-A A-A A-A
B-B B-B B-B B-B
B-C B-C B-C B-C
B-D B-D B-D B-D
FP MAIN FA200191 E-E E-E E-E E-E
F-F F-F F-F F-F
G-G G-G G-G G-G
Il I-I I-I I-I
1-J 1-J 1-J 1-J
I-K I-K I-K J-K
I-L I-L I-L J-L
I-M [-M I-M J-M
K-N
K-O
L-P
M-Q
M-R
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Membership systems
(128 channels)
SWV.1.7, SW SWV.1.8, SW v.1.9/ Notes
Board P/N Apr. 99 v.1.7.1, Sep. 99 1.9.x,Dec. || (See page
pr- Nov. 99 P 99/Nov.00 || H2-18)
FP AUDIO FA200076
B-B B-B B-B B-B 12
B-C B-C B-C B-C
B-D B-D B-D B-D
C-E C-E C-E C-E
MBD FA200046 c-C c-C c-C c-C 1,4,8
IV/DP FA200248 A-A A-A A-A A-A
Connector A-B A-B A-B A-B
Board A-C A-C A-C A-C
B-D B-D B-D B-D 9
B-E B-E B-E B-E
B-F B-F B-F B-F
VME Jumper | FA200075 A-A A-A A-A A-A 15,16
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5 Advantage Systems

@® GE Vingmed Ultrasound

Advantage Systems (128 channels)

Printed: December 5, 2000.

SWv.1.9/
SWv.1.7 |SWv.1.7.1| SWv.1.8 Notes
Board P/N Apr. 99 Nov. 99 Aud. 99 1.9.x, Dec. || (See page
pr. ' g- 99/Nov.00 ||  H2-18)
RLY FA200434 A-A A-A A-A A-A 5,8,Factory
A-B A-B A-B A-B option.
A-C A-C A-C A-C
A-D A-D A-D A-D
RLY-2 FA200890 A-A A-A A-A A-A
A-B A-B A-B A-B
RLY-PAL-PB2 FA200799 A-A A-A A-A A-A
TX128 FA200021 B-D B-D B-D B-D
B-E B-E B-E B-E
B-F B-F B-F B-F
B-G B-G B-G B-G
C-H C-H C-H C-H 1
C-l
C-J
TX128-2 FA200999 - A-A A-A A-A
RX64 FA200522 A-A A-A A-A A-A
A-B A-B A-B A-B
A-C A-C A-C A-C
A-D A-D A-D A-D
A-E
A-F
A-G
RX64 FA200777 A-A A-A A-A A-A
A-B
PRC FA200264 B-C B-C B-C B-C
B-D B-D B-D B-D
B-E B-E B-E B-E 5,8,Factory
B-F B-F B-F B-F option
C-G C-G C-G C-G
D-H D-H D-H D-H
D-I D-I D-I D-I
XDCTRL ML200078 V3.2-T6 V3.2-T6 V3.2-T6 V3.2-T6 2,Factory
V3.3 V3.3 V3.3 V3.3 option
BF32 FA200538 A-A A-A A-A A-A
(1 MLA) A-B A-B A-B A-B
BF32 FA200811 A-A A-A A-A A-A
(1 MLA) A-B
A-C
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Advantage Systems (128 channels)

SWv.17 |Swv.1.7.1| swv.ig | SWV.1.9/| Notes
Board P/N Apr. 99 Nov. 99 AUG. 99 1.9.x, Dec. || (See page
P ' g 99/Nov.00 H2-18.)
BF32 FA200765 - - - A-E 16
(2 MLA) B-B
B-C
B-D
B-E
B-F
B-G
FEC FA200764 A-A A-A A-A A-A 5,8
A-B A-B A-B A-B
A-C A-C A-C A-C
A-D
A-E
A-F
A-G
RFT FA200574 A-A A-A A-A E-A 6
No MLA A-B A-B A-B E-B
A-C A-C A-C E-C
A-D A-D A-D E-D
A-E A-E A-E E-E
E-F
E-G
E-H
RFT1 FA200540 - - - E-H 16
E-I
SDP FA200026 A-E A-E A-E A-E
A-F A-F A-F A-F
A-G A-G A-G A-G
A-H
A-l
A-J
CFP FA200027 A-C A-C A-C A-C 16
(4 MOD.) A-D
CFP FA200409 A-A A-A A-A A-A
(4 MOD.) A-B
IMPORT FA200028 A-A A-A A-A A-A
A-B A-B A-B A-B
A-D A-D A-D A-D
A-E A-E A-E A-E
A-F A-F A-F A-F
Image Port 2 FA200572 - - A-A A-A 15
- - A-B A-B
A-C
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@® GE Vingmed Ultrasound

Advantage Systems (128 channels)

SWv.1.7 |SWv.1.7.1| swv.ig | SWV.1.9 Notes
Board P/N Apr. 99 Nov. 99 Aud. 99 1.9.x, Dec. || (See page
pr- ' g- 99/Nov.00 ||  H2-18)
SCONV FA200029 B-D B-D B-D B-D -
B-E B-E B-E B-E -
B-F B-F B-F B-F -
C-G C-G C-G C-G -
C-H C-H C-H C-H -
D-I D-I D-I D-I 11
D-J
D-K
GRAPH5 FA200030 A-C A-C A-C A-C -
A-D A-D A-D A-D -
A-E A-E A-E A-E -
A-F A-F A-F A-F -
A-G A-G A-G A-G -
A-H A-H A-H A-H 12
A-l A-l A-l A-l
A-J
A-K
A-L
A-M
MEMORY FA200110 A-A A-A A-A A-A
B-B B-B B-B B-B 4
CPU FA200109 A-A A-A A-A A-A
A-B A-B A-B A-B 18
INT I/O bd. FA200103 C-D C-D C-D C-D
(assy) (FA200115) C-E C-E C-E C-E
C-F C-F C-F C-F
E-I E-l E-I E-I
E-J E-J E-J E-J 8
E-K E-K E-K E-K
E-L E-L E-L E-L
EXT 1/0O bd. FA200104
(assy) (FA200116) B-B B-B B-B B-B
Cc-C
PAT 1/0O main FA200193 A-B A-B A-B A-B
board (FA200105) B-C B-C B-C B-C
(box) C-D C-D C-D C-D
C-E C-E C-E C-E
C-F C-F C-F C-F
C-G
PAT 1/O FA200194 C-C C-C Cc-C C-C
amplifier D-D D-D D-D D-D
board D-E D-E D-E D-E
D-F D-F D-F D-F
D-G D-G D-G D-G
D-H
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Advantage Systems (128 channels)

SWv.17 |Swv.1.7.1| swv.ig | SWV.1.9/| Notes
Board P/N Apr. 99 Nov. 99 AUG. 99 1.9.x, Dec. || (See page
P ' g 99/Nov.00 H2-18.)
HVPWR bd FA200063 A-C A-C A-C A-C
(box) (FA200114) A-D A-D A-D A-D
A-E
A-F
AC CTRL FA200107 A-A A-A A-A A-A
B-B B-B B-B B-B
B-C B-C B-C B-C
B-D B-D B-D B-D
FP MAIN FA200191 E-E E-E E-E E-E
F-F F-F F-F F-F
G-G G-G G-G G-G
-1 I-I I-1 -1
1-J I-J I-J I-J
I-K I-K I-K J-K
JL
J-M
K-N
K-O
L-P
M-Q
M-R
FP AUDIO FA200076 B-B B-B B-B B-B
B-C
B-D
C-E
MBD FA200046 B-B B-B B-B B-B 1
C-C C-C Cc-C C-C 4.8
IV/IDP FA200248 A-A A-A A-A A-A -
Connector A-B A-B A-B A-B -
Board A-C A-C A-C A-C -
B-D B-D B-D B-D 9
B-E B-E B-E B-E
B-F
VME Jumper FA200075 A-A A-A A-A A-A 15,16
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6

Compatibility Notes

6.1 Special notes from the compatibility list

1)

2))

3)
4)
5.)
6.)
7))

8.)

©
~

10.)

2000.

11.)

ted: December 5,

£12)

13)

14.)

15.)

16.)

17.)
18.)

TX128 and MBD: In order for TX128 rev.B-D and onwards to work (board run on analog +5V instead of
digital +5V), the motherboard must have rev. B-B (+5V analog strapped from RX128 to TX128) or later.
Part of V1.1 upgrade.

In order to support the mechanical MPTE probe, the XDCTRL board XD2 software must be V3.2-T6 or
newer.
The XDCTRL board is optional on 64 ch. systems.

RX board FA200022 (with AD602) is used with BF p/n FA200001 (20 MHz A/D).
RX board FA200638 (with AD604) is used with BF p/n FA200382 (40 MHz A/D).

If MBD is rev.C-C and later, IMMEM must be B-B (or later).

RLY board FA200464 must be used only in systems with MBD rev.C-C or later and together with FEC
board FA200764. The new FEC board requires SW V1.3.2 and onwards. If APA is supported, PRC must
be rev. C-G and onwards.

When the RFT1 board, FA200540 is used, the RFP piggyback is not used. The piggyback functionality is
integrated onto FA200540.

On Membership only: RX board FA200522 rev.A-D is required in order to support the 2.5 FPA rev.C probe
in SW V14,

RLY FA200434, FEC FA200764, PRC rev.C-G and onwards, MBD rev.C-C and onwards INTI/O rev.E-J
and onwards is required for PAMPTE support from SW V1.4 and onwards.

IV/DP rev.B-D and onw. is required for optimal 2MHz Pedof CW performance. The same revision + FEC
FA200764 and MBD rev.C-C and onwards supports switchable PW and CW for the 6 MHz pencil probe
from SW V1.4 and onwards.

RX128 FA200776 and BF FA200765 can only be used from SW V1.5 and onwards, and only in Premium
systems. The new RX board can be used together with BF FA200382, but BF FA200765 can only be used
with the new RX FA200776. RX FA200776 requires FEC FA200669 or FA200764.

SCONV rev. D-l requires SW V1.5 or later in order for the self test to pass. It will function well with older
SW versions during normal operation, but the test will fail.

V1.5 upgrade: GRAPH rev.A-H gives higher RGB output to better match live system RGB with playback
S-VHS levels. NOTE: Monitor needs realignment. This rev. of GRAPH can be used in systems with older
SW.

FP Audio amplifier rev.B-B with higher audio gain is required in V1.5.

NOTE that this rev. can be used with older SW versions, but the volume control knob must be turned
down.

RX64, FA200777, can only be used from SW V1.7 and onwards, and only in Membership systems. The
new RX board can be used together with BF FA200538, but BF FA200811 can only be used with then
new RX FA200777. RX FA200777 requires FEC FA200669 or FA200764.

RX128, FA200907 can only be used from SW V1.7 and onwards, and only in Performance and Premium
systems. The new RX board can be used together with BF FA200382 and FA200765, but BF FA200765
can only be used with the new RX FA200776 and FA200907. RX FA200907 requires FEC FA200669 or
FA200764.

Image Port 2, FA200572, plus the VME Jumper, FA200075, replaces the Image Port (IMPORT),
FA200028, and the Image Memory (IMMEM / MEMORY) FA200110.The Scan Converter Board,
FA200029, must be function rev. D or above.

Image Port 2 can only be used from system sw. v.1.8 and onwards.

Part of the System FiVe Advantage High Framerate Kit, GEVU P/N FB200188. System sw.v.1.9 is
included in the Kkit.

FA200009 does not work with software v.1.8 and higher, due to memory allocation problems.
Require a 64 Mbyte additional RAM, if Image Port 2 board is not present.
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6.2

RX/BF/FEC/MBD combinations
The table below shows the allowed RX/BF/FEC/MBD combinations:

Compatibility Overview — rev. 15

SW Version RX BF FEC MBD
board boards
Premium Systems

From V1.0 FA200022 | FA200001 FA200009/ | All revisions
to V1.7.1 and FA200669/
onwards FA200764
FromV1.2.2 FA200638 | FA200382 FA200009/ | All revisions
and onwards FA200669/

FA200764
From V1.5 FA200776 | FA200382/ | FA200669/ | Rev.C-C and
and onwards FA200765 | FA200764 | onwards
From V1.7 FA200907 | FA200765 FA200669/ | Rev.C-C and
and onwards FA200764 | onwards

Performance Systems
From V1.6 FA200776 | FA200765 FA200669/ | Rev.C-C and
and onwards FA200764 | onwards
Fromvl.7 and | FA200907 | FA200765 FA200669/ | Rev.C-C and
onwards FA200764 | onwards
Membership Systems
FromV1.2.2 FA200522 | FA200538 FA200669/ | Rev.C-C and
and onwards FA200764 | onwards
From V1.7 FA200777 | FA200538/ | FA200669/ | Rev C-C and
and onwards FA200811 | FA200764 | onwards
Advantage Systems

From V1.6 FA200522 | FA200538 | FA200669/ | Rev C-C and
and onwards FA200764 | onwards
From V1.7 FA200777 | FA200538/ | FA200669/ | Rev C-C and
and onwards FA200811 | FA200764 | onwards
From V1.9 FA200777 | FA200538/ | FA200669/ | Rev C-C and
and onwards FA200811 | FA200764 | onwards

Advantage “/HFR (Advantage Systems “/High Frame Rate)

From V1.9 FA200777 | FA200765 | FA200669/ | Rev C-C and

and onwards FA200764 | onwards
SYSTEM FIVE REM

From V1.9.x FA200907 | FA200765 | FA200764 | Rev C-C and

and onwards onwards
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H2-19



Compatibility Overview — rev. 15 GE Vingmed Ultrasound

Your Notes:
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@ GE Vingmed Ultrasound
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128 vs. 256 channel systems

1 Hardware differences

Only valid for Premium and Membership.
Advantage is not upgradeable to Performance

Board 128-channel 256-channel Notes
system system
MBD Rev. C - C or later All revisions RX64 support
required for 128-ch.
system
RX RX64, FA200522 RX128, FA200776 requires
64 channels with mux. FA200022 (AD602) or V1.5 and onwards.
FA200777 (with muxes) FA200638 (AD604) or FA200777 requires
64 channels with CW FA200776 (with muxes) V1.7 and onwards.
doppler improvements 128 channels FA200907 requires
FA200907 (with muxes, V1.7 and onwards.
new coils) 128 channels
BF BF32 (1MLA), BF32 (2MLA), FA200765 requires
FA200538 (AD9042) or FA200001(AT&T) or V1.5 and onwards.
FA200811 (Burr Brown) FA200382 (AD9042) or
FA200765 (Burr Brown)
FEC FA200669 with RX64 mux | FA200009 or FA200764 requires
support or FA200669 or V1.3.2 SW and
FA200764 FA200764 onwards.
FA200009 does not
work with sw. v1.8 and
higher.
RFT FA200373 without RFP FA200373 with RFP p.b.
p.b. or FA200574 or FA200540
RFP p.b. Not installed. FA200039 (old) or
FA200555
CFP FA200409 (2 modules) FA200027 (4 modules)
XDCTRL Not standard, but can be Standard APA support requires
(APA supp.) installed special software.
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H3-2

GE Vingmed Ultrasound

Probe Support Differences

Probe

128 channel systems

2.5 FPA, KG100001

Rev.A not supported

3.5 FPA, KK100001

Rev.A not supported

5.0 FPA (96 el.-small), KN100002

Rev.A not supported

5.0 FPA (128 el. -large), KN100001

Not supported

5.0 MPTE (Oldelft), KN100007

Rev.A not supported

All other probes are supported (depending on SW version). See Probe Support List
in the Probe chapter (page E2-1) in this Service Manual for detalils.
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Board Revision History

1 RLY, P/N: FA200020

MCD .

P/N: Rev.: Rev - C/N: Change Description:
FA200020 A A - Initial production release. Identical to rev. 06.
FA200020 6024 EMC modifications on print revision D.

FA200020 B C 6157 New print revision (rev. E). Changes for improved EMC
performance. Installed from system s/n 144.
FA200020 B D 6396 Corrected doc. error on ASSY drawing.
FA200020 B 6995 PAL startup delay changed (R17)
2 RLY, FA200434
MCD -
P/N: Rev.: i CIN: Change Description:
Rev.:
FA200434 A A 7577 Initial production release. PAMPTE support.
Must be used with FEC FA200764.
Not compatible with FA200020.
FA200434 8354 New PAL piggyback
FA200434 C 8701 New version of test procedure
FA200434 9104 New BM. New piggyback, with protection diodes on
PRB_PRES lines. Piggyback has got its own BM.
3 RLY, FA200870
MCD -
P/N: Rev.: . C/N: Change Description:
Rev.:
FA200870 A A 8456 Release of new board without APAT support.

4 RLY-2, FA200890

MCD .
P/N: Rev.: i C/N: Change Description:
Rev.:
FA200890 A 8476 Release of new board without APAT support.
FA200890 9103 PAL piggyback is released as a “standalone”. Change in
BM.
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5 RLY-PAL-PB2, FA200799

MCD .
P/N: Rev.: . C/N: Change Description:
Rev.:
FA200799 A A 9105 Doc. release. New piggyback used for ESD protection.
Plugs into FA200890.

6 TX128, FA200021

MCD e
P/N: Rev.: Rev.: C/N: Change Description:

FA200021 A A - Initial production release. Identical to MCD rev. 04.

FA200021 A B 5785 Minor timing problem corrected (TXFBTSEQ PLD). No
affect on the system performance.

FA200021 A C 5985 New print revision (rev. C). Improved decoupling of high
voltage supplies to reduce voltage drop on transmitted
pulse in PW Doppler. No major impact on Doppler perfor-
mance.

FA200021 B D 6332 Modification: Analog +5V is used to power the digital cir-
cuitry on the board. Reduction of transmit noise in CW
Doppler. Part of V1.1 upgrade.

FA200021 B E 6397 The modifications above are implemented into the new
print rev.D. Test points on HV supplies added.

FA200021 B F 6738 Voltage rating of HV decoupling capacitors increased.

FA200021 B G Minor change in BM.

FA200021 C H 7924 Changed p/n on hybrids.

FA200021 C I 8183 New PCB. Obsolete 93 p female PCB conn.

FA200021 C J 8622 New test procedure.

7 TX128-v2, FA200999

P/N: Rev.: gg/D C/N: Change Description:
FA200999 A A - Initial release. New ASIC. (Replaces FA200021.)
Requires SW.1.7.1 or higher.

8 RX128, FA200022

P/N: Rev.: '\élgv[)_ C/N: Change Description:
FA200022 A A - Initial production release. Identical to rev. 05
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MCD .
P/N: Rev.: . C/N: Change Description:
Rev.:
FA200022 B B 6383 Changes to test signal implementation. Necessary for CW
improvement. Part of V1.1 upgrade.
NOTE: R1595 changed from 22 to 10 ohm in V1.2 upgrade
(no rev. change).
FA200022 C C 5818 New component AD604 replaces AD602+CLC425

9 RX128, FA200638

MCD .
P/N: Rev.: Rev.: CIN: Change Description:

FA200638 A A 7552 ADG604 board. Adjusted test signal gain. Must be used
with BF p/n FA200382.

FA200638 A B 7640 Changed some capacitor to reduce 2D near field artifact
with FLA probes.

FA200638 C 8186 New PCB. Obsolete 93 p female PCB conn.

FA200638 8448 Mod., remove noise from HPRF and CW. Change in BM.

FA200638 E 8628 New test procedure from Kitron (Vendor).

10 RX128-2, FA200776

MCD .
P/N: Rev.: . C/N: Change Description:
Rev.:
FA200776 A A 8397 New board require v.1.5 and onwards. New muxes
mounted.
FA200776 B B 8525 New PCB. LC power supply filters on analog 5V removes
noise in CW and HPRF

11 RX128-2, FA200907
P/N: Rev.: MCD_ C/N: Change Description:
Rev.:
FA200907 A A 8616 Initial production release of RX128-2 with improved power

supply filtering. New SMD coils mounted.
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12 RX64, FA200522

GE Vingmed Ultrasound

MCD .
P/N: Rev.: Rev.: C/N: Change Description:
FA200522 A A 7273 For 64 channel system. Release of 64 channel board with
multiplexers and AD604 TGC amplifier.
FA200522 A B 7552 Changed values for R751 and R759 to reduce straight
down noise in Color Flow.
FA200522 A C 7641 Changed values for C449-C512 to reduce 2D near field
artifacts.
FA200522 A D 8081 Changed prom RXMUX to V1.1 to support 2.5 FPA rev.C
probe.
FA200522 E 8190 Connector obsolete. Change PCB.
FA200522 F 8447 Added LC filter at analog 5V to remove noise from HPRF
and CW.
FA200522 A G 9533 New Test Procedure, Production test
13 RX64v.2, FA200777
MCD .
P/N: Rev.: - | CIN: Change Description:
Rev.:
FA200777 A A 8595 New board for 64 channel system with LC filter mounted
on board.
FA200777 A B 9534 New test procedure.

14 PRC, FA200264

MCD ..
P/N: Rev.: Rev.- C/N: Change Description:

FA200264 A 5874 Production release.

FA200264 A 5974 New artwork rev.C. Compatible with old rev.

FA200264 B C 6444 Power distribution modification (+5V analog strap) to
reduce transmit noise in CW Doppler. Removed ferrites on
AA tx-channels to avoid oscillations in 2D (APAT only).
Part of V1.1 upgrade.

FA200264 B D 6504 The above modifications are implemented into artwork
rev.D.

FA200264 B E 7196 Revised board test procedure.

FA200264 B F 7779 Changed value of fuses F1 and F2 to 5A and resistors
R346, R347, R360 and R373 to 10k.

FA200264 C G 7838 4 straps for support of new RLY, FA200434 and new FEC,
FA200764.

H4-4
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MCD o
P/N: Rev.: .| CIN: Change Description:
Rev.:
FA200264 D H 7925 New p/n on hybrids.
FA200264 D I 8163 Change artw PCB. P3 change from 93 to 185 pin.

15 Xducer Bus Board, FA200064

P/N: R_ev' MCD_ C/N: Change Description:
Rev.:
FA200064 | A A RD5722 | Release.
FA200064 | A B ED7538 | Added ground strap in BM and new mod. instruction.
FA200064 | A C ED7913 | Ground strap removed.
FA200064 | A D ED8717 | Ground strap reintroduced.

16 XDCTRL, ML200078

P/N:

Rev.:

MCD
Rev.:

C/N:

Change Description:

ML200078

SW version V3.2-T6 or later to support mech. MPTE probe

on System 5.

17 BF32 (2 MLA, 20 MHz A/D), FA200001

P/N: Rev.: '\r/lec\:/P C/N: Change description:
FA200001 A A Initial production release. Based on FA208001, rev. 07.
FA200001 A B Removed unmounted comp. from ASSY.
FA200001 A C 5836 Changed termination of test enable for ASICs.
FA200001 A D 10 ground straps to avoid crackling noise in PW Doppler.
Part of V1.1 upgrade.
FA200001 A E 6808 New print to eliminate modification above
FA200001 F 6867 Corrected doc. error
FA200001 G 7034 New mod.instr. for BF heatsink.
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18 BF32 (2MLA, 40 MHz A/D), FA200382

MCD ..
P/N: Rev.: rev.; C/N: Change description:
FA200382 A A 7440 Release of new board with AD9042 A/D converters. Must
be used with RX128 p/n FA200638.
FA200382 A B 7585 Two straps for using different A/D clock.

19 BF32 (1MLA, 40 MHz A/D), FA200538

MCD .
P/N: Rev.: ey ; C/N: Change description:
FA200538 A A 7441 For 64 channel system. Release of new board with only 1
MLA and AD9042 A/D converters.
FA200538 A B 7586 Two straps for using different A/D clock.

20 BF32 (2MLA), FA200765

MCD —
P/N: Rev.: rev.: CIN: Change description:

FA200765 A A First revision

FA200765 B B New ADC: AD5807

FA200765 B C 8399 New ADC: AD5807E with 3 V input range.

FA200765 B D 8723 Heatsink introduced.

FA200765 B E 8806 Mod updated. Spacers changed to nylon. 6 GND straps
removed.

FA200765 B F 9253 New MOD. Heatsink on Beam-adder removed. A new heat-
sink on the Focusor ASIC introduced. (Noise removal in
Color Flow with the CLA probes.)

FA200765 B G 9545 MTP updated. DC Offset calibration and ADC bit test
included.

21 BF32 (1MLA), FA200811
MCD .
P/N: Rev.: rev.; C/N: Change description:

FA200811 A A 8475 First revision. Based on FA200765, rev. C, with 1 MLA. To
be used together with FA200777, RX64 v.2.

FA200811 A B 9417 New MOD. Heatsink introduced
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MCD

P/N: Rev.: i
rev.:

C/N:

Change description:

FA200811 A C

9817

Improved decouplingin order toremove noise in Doppler
and FPA probes.

22 FEC, FA200009

MCD .
P/N: Rev.: rev.; C/N: Change description:

FA200009 A A Initial production release.

FA200009 B B Test signal modification in order to get correct signal level
for the test signal to the RX128 board. Necessary for CW
improvement. Part of V1.1 upgrade.

FA200009 C C Changed “VMEIF2" from v1.0 to v1.1

FA200009 Mod. for reduction of near field color noise with FLA probes.

FA200009 7680 Updated MCD. Noise reduction in 2D for some CLA and
FLA probes. (Corrected polarity on the signal PMX_LE_L
from FPGA U918 to Probe Mux.) SPAs changed from V01
to V02.

23 FEC, FA200669

P/N: Rev.: I\r/IeC\ZI[? C/N: Change description:
FA200669 A A For 64 channel system. Release of new board with support
for RX64 board with multiplexers.

24 FEC, FA200764

P/N: Rev.: '\r/lec\:/[') C/N: Change description:

FA200764 A A 7917 For all systems. Release of new board. Built-in temp.sense
and probe sense support. Requires SW V1.3.2 or onwards.

FA200764 A B 8018 New SCD

FA200764 A C 8192 Mod for JTAG.

FA200764 A D 8543 Check of components legs.

FA200764 A E 8676 ECL mod. U114.

FA200764 A F 8832 Doppler noise MOD. Temp Sense Fix.

FA200764 G 9120 New PCB
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25

RFT, FA200373

GE Vingmed Ultrasound

P/N:

Func
Rev.:

MCD
rev.:

PCB
P/N:

PCB
Rev.:

C/N: Change description:

FA200373

FA302024

Release of doc.

FA200373

FA302024

INCTL pld V1.0 -> V1.1, this
change fixes a design error in
CW Doppler.

FA200373

FA302024

CTLPLD3 V1.0 -> V1.1, fix read
failure from FE fifo on some
boards with TMS320C31 date
code ED-55A900W

RFTB V1.1 -> RFTBV1.2)

FA200373

FA302024

More gain in spectrum Doppler.
More gain selections in the
SATSP pld. New version

FA200373

FA302024

C801 (47pF) -> 130 ohm
R813 New 120 ohm
Strap pin 33 to pin 61 on
U601.

Stability problem due to
change of external RAM
vendor fixed.

FA200373

FA302024

ED
7407

Doc. change only.

FA200373

FA302024

ED
7460

Change in software PAL. Pltest
fromv.1.0 ->v.1.1.

26 RFT1-2MLA, FA200540

P/N:

Func
Rev:

MCD
rev..

PCB
P/N:

PCB

Rev.:

C/N:

Change description

FA200540

A

A

FA302540

B

7855

Release of new board with 2 MLASs on-
board (piggyback implemented on main
board). Requires SW 1.3 or higher.
(Introduced Nov.1997)

FA200540

FA302540

7922

Local sw on the RFT1 board use the
functional version to adjust it's control of
the board. It did not handle func. rev. A
correctly. The default func. rev. in the sw
was E, and that version handles the
board correctly also. (Note that RFT
FA200373 func. rev. F was the basis for
the RFT1 board, so selecting func.rev. E
is questionable, but was done to make
the change as simple as possible).

FA200540

FA302540

7999

A small fix. so RFT1-NOMLA can be
detected. New version of DCD (07-08)

H4-8
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P/N:

Func
Rev:

MCD
rev..

PCB
P/N:

PCB
Rev.:

C/N:

Change description:

FA200540

E

FA302540

8074

Changed PCB to accept 300mill wide
SRAM'’s (400mill becomes obsolete)

FA200540

FA302540

8379

Changed FCT574 to ABT574 to normal-
ize vs. FA574 (same board but not fully
populated)

FA200540

FA302540

8509

Change all MACHxx0 to MACHxx1 due
to cost reduction. Make Logic Devices
components as an second source for
Harris.

FA200540

FA302540

8869

Noise in CW and M mode on some
boards. Caused by use of Lattice instead
of Vantis PAL. Fixed by new termination
on ig-buffer.

Hang of system on some boards, caused
by limitations in the synchronous fifo
design, fixed by change of:

ctlpld3 v2.1 ->Vv2.2

ctlpld4 V2.1 -> V2.2

FA200540

FA302540

9005

New PCB. BM changes.

FA200540

FA302540

9201

MOD introduced in order to avoid prob-
lems caused by fpga'’s switching to test-
state. Termination of boundary scan test
signals on U470, U475, U480, U485,
u772.

FA200540

FA302540

9508

New PCB. MOD removed/included in
PCB. New version of DCD (10-11).

FA20054

FA302540

9509

New PCB rev E. MOD removed/included
in PCB.

27 RFT1-NO MLA, FA200574
. . MCD PCB PCB . oo
P/N: Rev.: rev - P/N: Rev.- CIN: Change description:
FA200574 E A FA302540 B 7999 Release of new board with 1
MLAs only. For 128 ch. systems
only.
Requires SW V1.3 or higher.
Func rev E selected for compati-
bility with all RFT boards.
FA200574 E B FA302540 C 8075 PCB Release. Rev. C due to new
SRAMs. No functional change.
FA200574 E C FA302540 C 8331 BM change. FCT to ABT, No
functional Change.
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MCD PCB PCB .
P/N: Rev.: N: han ription:
/ € rev.: P/N: Rev.: c/ Change descriptio

FA200574 E D FA302540 C 8510 0Change all MACHxxO0 to
MACHxx1 due to cost reduction.
Make Logic Devices compo-
nents as an second source for
Harris.

FA200574 E E FA302540 C 8728 New MOD: Termination of
DCLK.

FA200574 E F FA302540 C 8870 Noise in CW and M mode on
some boards. Caused by use of
Lattice instead of Vantis PAL.
Fixed by new termination on ig-
buffer.

Hang of system on some
boards, caused by limitations in
the synchronous fifo design,
fixed by change of:

ctlpld3 v2.1 ->V2.2

ctlpld4 v2.1 -> V2.2

Remove all GND straps and test
points.

FA200574 E G FA302540 D 9006 New PCB. SW800 removed. BM
changed.

FA200574 E H FA302540 D 9202 MOD introduced in order to
avoid problems caused by fpga’'s
switching to test-state. Termina-
tion of boundary scan test sig-
nals on U470, U475.

28 RFP, FA200039
Func | MCD PCB PCB -
P/N: C/N: Change description:
Rev.: rev.: P/N: Rev.: 9 P
FA200039 A FA302039 B Release of doc.
FA200039 B FA302039 B ED Change Assy P1/P2.
7001
FA200039 A C FA302039 B ED Doc. change only.
7408
29 RFP, FA200555
Func | MCD PCB PCB _
P/N: C/N: Change description:
Rev.: rev.: P/N: Rev.: 9 P
FA200555 A A FA302555 A ED Release of doc.
7352
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Func | MCD PCB PCB .

P/N: C/N: Change description:
Rev.: | rev. P/N: Rev.: g P

FA200555 A B FA302555 A ED SCD Rev. A -> B. (Typing errors).
7485
30 SDP, FA200026

Func | MCD PCB PCB .

P/N: CIN: Change description:
Rev.: | rev.: P/N: Rev.: g P

FA200026 A A FA302026 C 5897 Production release, same as rev.
02.

FA200026 A B FA302026 C 5991 PLD change, corrected data buffer
timing.

FA200026 A C FA200026 C 5991 PLD change. Corrected pipelink
register timing.

FA200026 A D FA302026 C 6257 Changed resistors R4-R6, R17,
R37-R40 to correct intermittent
problems with the ECL clocks caus-
ing intermittent Doppler lock-up
problems. Part of V1.1 upgrade.

FA200026 A E FA302026 C 6603 Corrects a lock-up problem in
Duplex/Triplex Doppler. Part of V1.1
upgrade.

FA200026 A F FA302026 C 7373 PLD change.

FA200026 A G FA302026 D 8197 New PCB.

FA200026 A H FA302026 D 9325 New SCD.

FA200026 A I FA302026 D 9448 U122 and U123 changed to
TAABT574.

FA200026 A J FA302026 D 9477 New Actel, XL cost reduction.

31 CFP (4 modules), FA200027
Func | MCD PCB PCB e
P/N: CIN: Change description:
Rev.: rev.: P/N: Rev.: 9 P

FA200027 A A FA302027 | C 5931 Release of documentation
Functional revision 08 -> A.

FA200027 A B FA302027 | C 5994 Added termination networks on
VELFIFO read.

Fixed timing error on the
M_INT1_L signal (masc)

FA200027 A C FA302027 C 6275 | Added termination networks on
VSTRB_L. Corrects an intermit-
tent color lock-up problem. Part of
V1.1 upgrade.
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Func | MCD PCB PCB .
P/N: N: han ription:
/ Rev.: rev.: P/N: Rev.: c/ Change descriptio
FA200027 A D FA302027 C 9478 | New actels, Cost reduction
32 CFP (2 modules), FA200409
. Func | MCD PCB PCB . oo
P/N: Rev: | rev.: P/N: Rev.- C/N: Change description:
FA200409 A A FA302027 C 7531 | Release of board with only two pro-
cessing modules (instead of four).
FA200409 A B FA302027 C 9479 New Actels,cost reduction
33 IMPORT, FA200028
Func | MCD PCB PCB .
P/N: N: han ription:
/ Rev.. | rev. P/N: Rev.: ¢/ Change descriptio
FA200028 A FA302028 Release of module.
FA200028 FA302028 Mod:
FA200028 C FA302028 6213 | New artwork, piggyback removed.
Not used.
FA200028 D FA302028 E 6699 | New artwork without p.b.
FA200028 E FA302028 E 7042 | Corr. for production.
FA200028 F FA302028 E 7725 | New BM and PCB.
34 Image Port 2, FA200572
Func | MCD PCB PCB .
P/N: N: han ription:
/ Rev.. | rev. P/N: Rev.: ¢/ Change descriptio
FA200572 A A FA302572 | F 8699 | First release version. Replaces
Fa200028 and FA200110.
FA200572 FA302572 F 8960 | New software (pfwxctl.jed)
FA200572 C FA302572 F 9368 | New SCD, (IPflashboot).
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35 SCONV, FA200029

Compatibility Overview — rev. 15

MCD .
P/N: Rev.: rev.- C/N: Change description:

FA200029 A A 5933 | Release version.

FA200029 A B 6092 | Simple fix of noise on PBGNT1_B signal due to ground
bounce during D64 VME accesses.

FA200029 B C 6330 | Fix of pixel port error, extra functionality in ENCCTL for
speed gain.

FA200029 B D 6380 | Removed MOD (resistor-capacitor filter) since the noise due
to D64 VME block accesses was found to be at the IMEM
board. Part of V1.1 upgrade.

FA200029 B E 6758 | New SCD due to error in D64 block transfers. New MTP.

FA200029 B F 6817 New SCD due to error in TDP FENC test.

FA200029 C G 7084 | New print with full video format and new DDP filter.

FA200029 C H 7962 | New FPGA type.

FA200029 D I 8352 New components to reduce cost.

FA200029 D J 9562 New SCD due to Power up error in DTBCTL

FA200029 D K 9781 | New Print and added JTAG programming

36 GRAPH, FA200030

Func | MCD PCB PCB .
P/N: C/N: Change description:
/ Rev.. | rev. P/N: Rev.: 9 P

FA200030 A A FA302030 C 5981 Released version.

FA200030 A B FA302030 C 6124 Changed VME_MS and VME_RI
fromV1.0to V1.1

FA200030 FA302030 6124 Part of V1.1 upgrade.

FA200030 FA302030 6739 Oscillator for NTSC video changed
to 12272725 Hz

FA200030 A E FA302030 6986 VxWorks label added.

FA200030 FA302030 7083 PLD change (Pentium only)

FA200030 A G FA302030 7866 ASSY, CD, DRILL, PCB, BM, SCD,
DCD updated

FA200030 A H FA302030 8339 Video improvement. Change BM

FA200030 A | FA302030 9094 Change BM, R72 Introduced

FA200030 A J FA302030 D 9137 Change BM. Latchup fix. Removed
un-used RAM.

FA200030 A K FA302030 E 9181 New PCB. Change BM.
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Func | MCD PCB PCB .
P/N: N: han ription:
/ Rev.: rev.: P/N: Rev.: cf Change descriptio
FA200030 L FA302030 | E 9681 | New SCD.
FA200030 M FA302030 | E 9821 | New SCD(VMS RI/FBPP TX

37 IMMEM (MEMORY), FA200110
MCD .
P/N: Rev.: Rev.: CIN: Change Description:

FA200110 01 N/A N/A Added to enable the possibility of further changes. This ver-
sion is not necessary for the production of the board.

FA200110 A A 6378 Update of firmware on previously delivered boards. This revi-
sion corrects a VME bus problem known to cause a 2D lock-
up. Part of V1.1 upgrade.

FA200110 B B 7353 Cut all pins on P2, row a and c. Must be used when MBD is
rev. C-C and onwards.

38 CPU, FA200109

P/N: Rev.: MCD_ C/N: Change Description:
Rev.:
FA200109 A Release of document.
FA200109 B 6987 Vxworks label added.
39 INT I/O, FA200103
P/N: Rev.: MCD_ C/N: Change Description:
Rev.:
FA200103 A A 5905 Release of doc.
FA200103 A B 6067 Correction of BM error.
FA200103 B C 6122 New artwork rev. C.
FA200103 C D 6328 Modification on SWPWOF _L signal.
FA200103 C E 6813 Fix RDYINTF, updated test procedure.
FA200103 C F 6847 New PROM for test of new Pat I/O.
FA200103 C G 7068 Updated test procedure.
FA200103 E I 7368 New PCB with 3D Pos Det and VMS PAMTPE support.
FA200103 E J 7665 Improved PAMPTE support.
FA200103 E 8039 Fix of power on problems.
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MCD -
P/N: Rev.: .| CIN: Change Description:
Rev.:
FA200103 E L 8315 The correct MTP is rev E and new ASSY (explain dips for
MAC).
40 EXT I/O, FA200104
MCD .
P/N: Rev.: . C/N: Change Description:
Rev.:
FA200104 A A RD 5956 | Release of doc.
FA200104 B B CN 6123 | New artwork rev.C.
FA200104 C C ED 8465 | New artwork rev.D. New components to accommodate UL
specifications.

41 Patient I/O Main Board, FA200193

P/N: Rev.: MCP C/N: Change Description:
Rev.:

FA200193 A A 5908 | Release of doc.
FA200193 A B 6141 | Removed transient suppressor.
FA200193 B C 6333 | New print rev.E with new DC-DC converter. For EMC purposes.
FA200193 C D 6993 | Removed the unused A/D converter.
FA200193 Cc E 7084 | Corrected pull up in BM and MOD
FA200193 C F 8312 | Doc. change.
FA200193 C G 9347 Included CD, new DCD.

42 ECG/Phono module,
(Patient I/O Amplifier Board), FA200194

P/N: Rev.: '\r/lec\:/P C/N: Change description:
FA200194 A A 5909 Release.
FA200194 B B 6387 | C3 and C7 changed to 33nF
FA200194 C C 6846 | R7 changed to 4k7 (reduced ECG gain).
FA200194 D D 6497 New PCB - rev. C.
FA200194 D E 7959 | Changed R1 and R2 back to 38 Mohm
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MCD .
P/N: Rev.: rev.; C/N: Change description:
FA200194 D F 8148 | New Artwork. Increased ECG contact pin diameter
FA200194 D G 8311 | Separated MTP from FA103. PCB rev. D was not listed in MOD
instruction.
FA200194 D H 9350 | New BM and DCD,included CD. MTP moved up one level. Con-
nectors changed.

43 HV Power Supply Board, FA200063

MCD _
P/N: Rev.: .| CIN: Change Description:
Rev.:
FA200063 | A A 6200 | Release of doc. Both HV1 and HV2 have extended shutdown
limits compared to older versions.
FA200063 A B 6262 | Included fuse labels onto the board/box.
FA200063 | A C 6861 | Corrected doc. error. NOTE: R74 -> 22k and
R66 -> 33k per V1.2.2 upgrade procedure.
FA200063 | A D 7166 | Added protection zener diodes. Increased maximum power
limit.
FA200063 | A E 8685 | Introduced FA200982 as repl. for 012E2208.
FA200063 | A F 8772 | Increased power for HV1/HV2 to 12W.

44  AC Controller Board, ACCTRL, FA200107

P/N: Rev.: MCP C/N: Change Description:
Rev.:
FA200107 A A 5907 Release of doc.
FA200107 B B 7019 Changed R203 to increase default fan speed.
FA200107 B C 7091 New print. Added heat sink to diodes.
FA200107 B D 7584 Changed R203. Decreased fan voltage (fan speed).

45 FP Main Board-2, FA200191

MCD .
P/N: Rev.: . C/N: Change Description:
Rev.:
FA200191 A A 5704 Release of doc.
FA200191 B B 5782 New artw. FA302191A with better power filtering and
grounding.
FA200191 C C 6120 New SW V3.1 (for old artw. FA302055C).
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MCD .
P/N: Rev.: . C/N: Change Description:
Rev.:

FA200191 D D 6121 New SW V3.1 (for current artw. FA302191A), 1 new
jumper.

FA200191 E E 6319 4 new capacitors for trackball filt. (on FA302055C). Part
of V1.1 upgrade.

FA200191 F F 6320 4 new capacitors for trackball filt. (on FA302191A). Part
of V1.1 upgrade.

FA200191 G G ED7454 Changed SW to V3.2. (It is not necessary to upgrade
old systems with this PROM.)

FA200191 H H ED7728 | Changed SW to V3.3.

FA200191 I I ED7733 New trackball bracket. New artwork. Removed mod’s.

FA200191 I J ED7916 New paddles & trackb. switches.
Support bracket for paddles impl.

FA200191 J K ED8409 New FP-sw; V3.4.

FA200191 J L ED8514 MTP added in Ref. Other Doc.

FA200191 J M ED8532 Change in Mounting Instructions.

FA200191 K N ED8653 | New FP-sw;V4.0.

FA200191 K @] ED9062 | Change of FA307780.

FA200191 L P ED9156 New FP-sw; V4.2. Self test modified. Part of “On/off con-
trol for LCD screen”.

FA200191 M Q 9549 New FP-sw; V4.3.

FA200191 9805 Paddle switches changed and new support bracket
(FB762).

46 FP Rotary & Display Board, FA200057

P/N: Rev.: MC[? C/N: Change Description:
Rev.:
FA200057 A A RD5702 | Release.
FA200057 A B CN6377 | New artwork. Holes grounded.
FA200057 A C ED8511 | Updated "Ref. other doc."

47 FP Rotary & Display Board, FA200682

MCD .
P/N: Rev.: Rev - C/N: Change Description:
FA200682 A A 7681 | Release of board for int. MAC support (3" LCD power con-
nector).
FA200682 A B 8512 | Updated “Ref other doc” in this MCD.
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48 FP Rotary & Display Board 3, FA200989

MCD .
P/N: Rev.: .| CIN: Change Description:
Rev.:
FA200989 A A 8698 | Initial release. Replaces FA200682. Output voltage, VR1 is

12 VDC. To be used for 4” LCD screen on Front Panel.

49 FP Rotary & Display Board 4, FB200177

P/N:

Rev.:

MCD
Rev.:

C/N:

Change Description:

FB200177

A

9158

Initial release. Replaces FA200989. To be used for 4" LCD
screen on Front Panel. Includes power control (on/off) for the
LCD screen.

50 FP Audio Amplifier board, FA200076

MCD .
P/N: Rev.: .| CIN: Change Description:
Rev.:
FA200076 A A 5703 | Doc. release.
FA200076 B B 8386 | R1 and R3 changed to 4K7.
FA200076 B C 8446 MTP added in Ref. Other Doc.
FA200076 B D 8640 | Modification of Heatzink TO-220.
FA200076 C E 8705 | New artwork, D. Input relay added.
(Artwork C is not for use.)

51 Motherboard, MBD, FA200046

MCD

P/N: Rev.: Rev.: C/N: Change Description:
FA200046 A A 5726 | Release.
FA200046 B 6313 | Added +5V analog straps to TX128 slot for CW noise reduction
purposes. Part of V1.1 upgrade.
FA200046 C C 7341 | New artw. E which supports RX64 and the Vingmed PAMPTE

probe.
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52 IV & DP Connector Board, FA200248

P/N: Rev.: gg/D C/N: Change Description:

FA200248 A A 5902 Documentation release.

FA200248 A B 6093 New artwork rev.C

FA200248 A C 6503 | New artwork rev. D with studs for improved mounting.

FA200248 B D 7228 | New artwork rev.E with 2 MHz Pedof filter. Requires V1.2 SW
or newer. Optional V1.2 upgrade.

FA200248 B E 7900 | Changed R6 to 100 ohm to reduce saturation with 2 MHz
Pedof probe.

FA200248 B F 8184 PCB. 064E5010 "Conn. PCB female 93p." is obsolete.

53 VME BG/IACK Jumper (VME Jumper), FA200075

P/N: Rev.: MC[? C/N: Change Description:
Rev.:
FA200075 | A A RD5723 | Release.
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Your Notes:
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Power Supply Revision History - rev. 01

1 DC Power, FA200034

P/N: Rev.: MCD C/N: Change Description:
Rev.:
FA200034 A A RD5919 Doc Release
FA200034 A B ED7906 Mechanical fastening change
FA200034 A C ED7921 Decreased 5Vd current from 150 to 120A
FA200034 A D ED7996 New 5Vd module incl. PFC./100A
FA200034 A E ED9155 Improved +12V regulation.

2 AC Power Supply, FA200231

P/N: Rev.: | MCD | C/N: Change Description:
Rev.:
FA20023 A 7636 Doc release
FA20023 8191 Index-1 = 115V, Index-2 = 100V. A. OV.
Added Fan Kit; P/N: FA200706
FA20023 C 9139 Changed AC mains cable.
FA20023 9196 Changed VCR lable to FB314164.

3 AC Power Supply, Complete with Box, 220 VAC,

BEmFIVE System FiVe - Service Manual - FA091050 rev. |
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FA200040
P/N: Rev. MCD | CI/N: Change Description:
Rev.
FA200040 A A 5910 Doc release
FA200040 A B 6260 Labels included
FA200040 A C 7219 Moved label FA314390 and fuse to FA200107
FA200040 B D 7734 New current limiter, FA200558
FA200040 B E 7847 Mod. of FA307040. Incl. mech dwg
FA200040 B F 7905 Changed mech.dwg. FA307120 and FA307412
FA200040 B G 8257 Corrected measurements
FA200040 B H 8623 Changed mech. drwg. FA307040
FA200040 B I 8730 Introduced 4 slots for power cable lock
FA200040 B J 9197 Changed VCR lable to FB314166.

4 HV Power Supply Board, - FA200063

P/N: Rev.: | MCD | C/N: Change Description:
Rev.:

FA200063 A A 6200 Doc release
FA200063 A B 6262 Labels included.
FA200063 A C 6861 Doc error. Incorrect CD revision.
FA200063 A D 7166 Increased power Added two zener diodes.
FA200063 B E 8685 Introduced FA200982 as repl. for 012E2208.
FA200063 C F 8772 Increased power for HV1/HV2 to 12W

5 HV Power Supply Subassembly (Box), FA200114

P/N: Rev.: | MCD | C/N: Change Description:
Rev.:
FA200114 A A 5915 Doc Release
FA200114 B B 7670 New mounting frame (FA307509)
FA200114 C C 7746 Use of old VERO box (FA200118).
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Introduction This part of the mmmriVE Service manual describes how to
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1 Introduction K01-1
2 Minimum Boot Configuration K02-1
3 Faults Diagnosis K03-1
4 Test- and Setup Procedures K04-1
5 LEDs KO05-1
6 Test Connectors K06-1
7 Booting Sequence K07-1
8 Introduction to Test Software Guide K08-1
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20 System FiVe Noise Guide K13-1
21 Fuses and Circuit Breakers K14-1
22 Voltage Distribution Overview K15-1
23 FE "Calibration" Procedure K16-1
24 Debug Commands K17-1
25 Monitor Setup Procedures K18-1
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Troubleshooting Guide —rev. 15

1 Introduction
1.1 Abstract

The purpose of this guide is to give the field service engineer help with troubleshoot-
ing different problems that might occur with the system.

1.2 Document History

Rev. Date Sign. Description
11 10 Nov 1998 | GRL Updated according to V1.5 release.
12 30 Sep 1999 | LHS Added some missing Part Numbers. Minor

lay-out changes. Divided section in several
separate files. Updated Part Numbers.
Updated the LED section. Added Boot
Sequence for sw. v.1.8. Replaced the System
Test. Updated the FE Calibration Procedure.

f 13 10 Nov 1999 | LHS Updated per sw.v.1.7.1 (and 1.8) release.
f 14 20 Dec 1999 | LHS Updated per sw.v.1.9 release.
§ Removed boot-sequences forv.1.2, v.1.3 and
v.1.5.x.
;; 15 June 2000 LHS/ Updated per 1.9.x release
JB

1.3 Abbreviations

Please refer to the Abbreviations, Definitions, Glossary, Terminology, Nomenclature
list starting on page P-1.

Macintosh HD:User:James:@i-arb:Service:

BEmFIVE System FiVe - Service Manual - FA091050 rev. | KO1-1
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2
2.1

Minimum Boot Configuration

Minimum Board Configuration for System to Boot

In order to get the system to boot to the so-called "no-mode" screen, the below listed
boards/parts are required. (NOTE: No probes must be connected).

« CPU board

*  GRAPH board

» SCONV board

 FEC board (generates clocks for GRAPH).

 INT I/O (link between disks/ethernet and CPU, and required for on/off switch-
ing).

» Patient I/O box

*  Front Panel

*  RFT (must be in since we have no VME jumpers to install in this position).

* Hard disk with system software or connection to ethernet with server/MAC/PC
with system software.

If you wish to run the system in 2D mode, the below boards must be added to the list.

* BF4 (can be left out if there are no probes connected during power-up).
* IMMEM (can be left out if there are no probes connected during power-up).

If you want to use the system for any test purposes, the following parts are also re-
quired:

EXTI/O (is required only when booting from ethernet or if you want to connect
a terminal to the RS-232CPU connector).

 Terminal or PC (is required if you want to connect to the RS-232CPU connector
on the External I/O board.)

The following boards can be left out without having to do any special modifications:
. RLY,

o TX128,

« RX,

« PRC,

« BF1, BF2, BF3 and BF4,
*  HV-Supply.

If the following boards are pulled out, VME jumpers FA200075 must be installed in
the P1 (upper) connectors:

- SDP,

« CFP,

* IMPORT, IP2
« IMMEM

BEmFIVE System FiVe - Service Manual - FA091050 rev. | K02-1
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2.2

K02-2

Minimum Cable Configuration for System to Boot

The following cables must be connected between the INT 1/O board and the rest of
the system:

SCSl-cable to harddisk.
Patient I/O cable to Patient 1/O box.
I/0 RS-232 GR1 serial cable to front panel.

ACCTRL cable between INT 1/0O and ACCTRL (power-on signal).
DC Power cable to harddisk
DC Power cable to front panel.

All other cables including MAC cables, can be removed and the system will still boot.

BEmIFIVE System FiVe - Service Manual - FA091050 rev. |
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3 Faults Diagnosis

3.1 Instructions on How to Use This Chapter

1. Find the observed problem in Fault Classification Overview which follows be-
low.

2. Then, in the detailed fault diagrams, find the symptom description which
matches the failure. Follow the suggested sequence of troubleshooting. Re-
test after each replacement of parts.

3. If the problem still exists after all recommended parts have been tested/re-
placed, contact technical support.

3.2 Fault Classification Overview

e Start-up Problems . . . ... ... K03-2
e System Doesn’'t Boot . . ... ... . K03-2
 Start-up Problems, AC Power Related. . . ..................... K03-3
« Start-up Problems, DC Power Related (AC Power ok)............ K03-4

« Start-up Problems, System Doesn’t Boot, Possible Harddisk Problem.K03-5
« Start-up Problems, System Doesn’t Boot, Possible Board Problem.. K03-6

e Display Problems . .. ... .. . K03-7
* No Display on Monitor, System Appears to Have Booted.. .. ... ... K03-7
* No Display inthe Image Field . .................. ... ... ..... K03-8
e DatainImage Field Frozen .. ......... .. ... .. .. K03-9
*Only Noiseinimage Field . ........... . ... ... ... ... . . . . ... K03-10
e Peripheral Problems . . . ... ... . . . . K03-11
*VCR Related Problems .. .......... ... ... ... K03-11
e Printer Problems. . . . ... .. K03-13
e Front Panel Problems . . ... ... ... . . . K03-14
* No Response to Front PanelControls . . . ..................... K03-14
* Probe Problems. . . ... ... .. K03-15
* Probe Recognition and Switching Problems . .................. K03-15
* AAProbes DONOtRUN . ... . . . . . K03-16
e Specific 2D Problems . . .. ... K03-17
* “Frozen” images, Images with Artifacts . . ..................... K03-17
*"Pulsing” or Fadinglmage . . ........ ... ... K03-17
* Noisy Images (also see Noise Guide Chapter) ................. K03-17
e Poorimage Quality. . . . ...t K03-18
» Specific M-Mode Problems . . ... ... ... K03-19
* Specific Color Flow problems .. . .......... .. ... ... ... .. K03-19
* No Color Flow (2D ok) or Frozen Color Flow. . ................. K03-19
* Noise Problems (Also see Noise Guide Chapter) ............... K03-19
e Poor Flow Quality. . . ... K03-19
» Specific Color M-Mode Problems . .. ................ ... . ... ..., K03-19
» Specific Doppler Problems . . ... ... K03-20
*NoDoppler (2D OK) .. ..o K03-20
» Specific Doppler Problems . . ... .. K03-20
» Analog Traces (ECG, Phono, Pressure, Respiration). . ............. K03-20
e Misc. Problems . . . ... K03-21
e Fan Related Problems . . . .......... .. .. ... K03-21
* AC Power Heating Problems (System Shut-down) .............. K03-21
* Power Switch Problems . . . ... ... . K03-22

BEmFIVE System FiVe - Service Manual - FA091050 rev. | K03-1
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3.3 Start-up Problems

3.3.1 System Doesn’t Boot
This is an overall diagram showing a recommended sequence for troubleshooting a
no-boot situation.

(System doesn’t boot! )

<Check AC Power voltages >

* Ref. Power Distribution diagram

<Check DC Power voltages >

* Ref. DC Power test procedure

Connect PC/terminal
and check messages,
observe where boot
process is halted.

/4 AN

Check boards using Gheck/replace harddisa
the test software

via PC/terminal

Y

Check LEDs on the boards

*Ref. LED overview

Replace the faulty board

K03-2 BEmIFIVE System FiVe - Service Manual - FA091050 rev. |
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3.3.2 Start-up Problems, AC Power Related

Ref. System 5 Overall Power Distribution
Ref. Wiring diagram, Internal cable harness

and system is not turned on when switch

iS pressed. is pressed.

ut system does not

o yellow light in stand-by power switch, bellow light is on,
turn on when switch

Check that circuit breaker
switch is turned on.

}

Check that power cable
and power connector is
plugged into the wall
and are ok.

!

Check that cable between
ACPWR and INT I/O is seated
(conn. labelled ACCTRL).

}

Gheck that the 10 A fuse F50> Ref. assy drawing,

on the ACCTRL board is ok. AC Controller

v

Check that the 15A fuses F1 and F2

on the ACCTRL board are ok. Ref. Replacement procedure,
If ok, replace AC Controller board. | AC PWR and AC Controller

!

<If still problems, replac§ Ref. Replacement procedure,

Internal 1/0 board. Internal 1/0 board

BEmFIVE System FiVe - Service Manual - FA091050 rev. |
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3.3.3 Start-up Problems, DC Power Related (AC Power ok).

Ref. System 5 Overall Power Distribution
Ref. Wiring diagram, Internal cable harness

When the stand-by power switch is turned on,
the green LED is lit, the green power indicator
LED on the monitor is lit, fans are running

but the system does not boot up.

}

Check that the AC power cable from
ACPWR to the DC power supply is

seated.
Check if any LEDs are lit
in the card rack.
No light Light
Pull out board by board. See start-up problems,
Check that DC power comes AC & DC power ok.

up. Replace board(s) causing
power supply not to come up.

Check seating of
DC extension board.

Replace DC Power Supply ) Ref. Replacement Procedure
DC Power Supply

K03-4 BEmIFIVE System FiVe - Service Manual - FA091050 rev. |
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3.3.4 Start-up Problems, System Doesn’t Boot, Possible Harddisk
Problem.

System power is ok, i.e. light in board LEDs,
monitor power LED, fans are running,

but the system does not come up,

no response from keyboard.

;

Connect a PC to the RS232-
CPU conn. on EXT I/O
Observe messages on power-up.

/ Ref. Booting Sequence

The printout stops The printout stops
when displaying "Attaching to ..." at other stages than "Attaching..”
or "Loading..." or "Loadlng..."\

|

Check the harddisk >
c.

LEDs and power cabl

ok

Correct

cable problem. Check that the disc spins >

—,

not ok

Replace See start-up problems,
harddisk possible board failures
Ref.harddisk
Replacement
Procedure

BEmFIVE System FiVe - Service Manual - FA091050 rev. |
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3.3.5 Start-up Problems, System Doesn’t Boot, Possible Board Problem.

System power is ok, i.e. light in board LEDs,
monitor power LED, fans are running,

but the system does not come up,

no response from keyboard.

}

Test the boards on the VME

bus using a PC/terminal Ref. System 5 Test
P> connected to the RS232-CPU | Software Guide

connector on EXT I/O.

contact with the CPU, do not respond when called

Ifitis ImpOSSIb|e to get eplace the board(s) which
replace the board. by in the test software.

K03-6 BEmIFIVE System FiVe - Service Manual - FA091050 rev. |
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3.4 Display Problems

3.4.1 No Display on Monitor, System Appears to Have Booted.
(Monitor display is black)

No light in mon. power LED indicato ight in power indicator, but

after system is turned on. System creen completely black, even wit
otherwise seems to work (fans rightness turned up.

running, light in keyboard etc.).

} |

Check AC voltage Check signals on RGB
in connector to monitor. and S connectors on

rear of monitor with os-
cilloscope.

Ref. Test Procedure
ok RGBS signals

Check that AC power cable ok
from AC PWR to monitor.
is seated properly.

not ok

not ok

Ref. Wiring diagram, Check seating of

Internal cable harness _ RGBS cable from
Replace monitor card rack to mon.
< > Replace cable if
Ref. Replacement necessary.
Procedure,
Monitor

Check if system and
keyboard appears to
work properly.

y wt ok

See start-up
(Replace GRAPH board) problems, "no

display on
monitor"!

BEmFIVE System FiVe - Service Manual - FA091050 rev. |
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3.4.2 No Display in the Image Field

There is no data at all in
the image field.

Check LEDs supposed to be on in the mode

Check specifically the "scan" LEDs on Ref. LED section
FEC, BF and TX128, and the data transfer |in this guide.
LED on the RFT, SDP and 2DF.

Check that no red LEDs are lit.

LEDs noy N)s ok

<|Il?eple}ce board(s) W Test the boards

LED" problems. using a PC/terminal
connected to the RS232-CPU
connector on EXT /0.

Ref. System 5 Tes
Software Guide

K03-8 BEmIFIVE System FiVe - Service Manual - FA091050 rev. |
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3.4.3 Datain Image Field Frozen

The image field appears
to be frozen.

Check LEDs supposed to be on in 2D.

Check specifically the "scan" LEDs on i
FEC, BF and TX128, and the data transfer IFr{]et{.“Is_lz[Jiggctlon
LED on the RFT, SDP and 2DF. '
Check that no red LEDs are lit.

AED)S/ W
not o

Replace board(s) wit
<"LEpD" problemg ) Test the boards

using a PC/terminal
connected to the RS232-CPU
connector on EXT |/O.

Ref. System 5 Test
Software Guide

BEmFIVE System FiVe - Service Manual - FA091050 rev. | K03-9
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3.4.4 Only Noise in image Field

Noise in 2D, no signal,
(probably also in M-mode),
LEDs ok.

v

Is probe selected?
Move probe to different
connector.

not ok ok

If problems with probe select,
replace FEC board, then RL
board if still problems

If probe correctly selecte
check transmit bursts.

Ref. Test Procedure
Transmit burst.
not ok
Ref. Test Procedure

ATGC voltage ( Check ATGC voltage. <Check TXTRIG_L S|gnal

Ref. Test
Proce_dure,
ok not ok TX Trigger

ok
Replace Replace Check
RX board FEC board high voltages
Ref. Test Procedure
High Voltage

not ok

Replace
FEC board

not ok ok

Replace Replace Replace
FEC board HV power TX128
Replace
FEC board

K03-10 BEmIFIVE System FiVe - Service Manual - FA091050 rev. |
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3.5 Peripheral Problems
3.5.1 VCR Related Problems

Ref. Wiring Diagram, Video Distribution

No video playback. No video record.

Check jumper settings
on VCR front panel.

!

Check that video is recorded
onto the tape, by playing

the tape on a different VCR,
and by measuring the input sig-
nal to the VCR with oscillo-
scope.

Record not ok,

Record ok signals not present

Record not o
signals present

Check cable from S-V Check cable from S-VHS
out on VCR to S-VHS |n Replace the VCR.) | out on INT I/O to S-VHS

on INT |/o in on VCR.

Ref. Replacement Proc,

VCR
Check 5|gnals on S-VHS in Check S|gnals on S-VHS out
at INT 1/0O with oscilloscope at INT 1/0 with oscilloscope.
Ref. Test Procedure,
l video cabling l

Geplace Image Port boar@ <Replace Graphics boar(D

< Replace INT I/O board.>

Ref. Replacement Procedure,
Internal 1/0O board

BEmFIVE System FiVe - Service Manual - FA091050 rev. |
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VCR related problems, continued

Ref. Block Diagram, Keyboard, I/O and Peripherals
Ref. Wiring diagram, Internal Cable Harness

No audio in playback.
Audio in speakers during
record is ok.

Check audio record
level on VCR front panel.

!

Check that audio is recorded
onto the tape, by playing

the tape on a different VCR,
and by measuring the input signal
to the VCR with oscilloscope
or voltmeter (in mV AC).

Record not ok,

Record ok signals not present

Record not o
signals present

Check cable from Audio Check cable from VCR audio
out on VCR to Replay Replace the VCR. on INT I/O to Audio in

on INT |/o on VCR.

Ref. Replacement Proc.

VCR
Check S|gnals on Replay Check signals on VCR audi
at INT I/O with oscilloscope out at INT 1/0O with
or voltmeter (in mV AC). oscilloscope or voltmeter.
Signal is 1V, maximum. Signal is 1V g maximum.

< Replace INT 1/0O board)

Ref. Replacement Procedure,
Internal 1/0 board
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3.5.2 Printer Problems
Attached HP printer to print reports from EchoPAC (ref. SN 70226)

Intermittent crashes when No native code support for
printing in the background the Power Macintosh
Installers cannot suc- Certain configura-
cessfully shutdown tions would crash
HP background upon start up

Update the Macintosh QuickDraw driver to the current version
9.4 (Nov. 97) and HP Background Utility for the HP Deskjet 800

Series printers.
(Pls. ref to SN 70226 for details)

BEmFIVE System FiVe - Service Manual - FA091050 rev. |
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3.6 Front Panel Problems

Certain keys

don’t work.
No “Vingmed” in display
after power-up.

Trackball doesn't
work.

QWERTY keyboard
doesn’t work.

Backlighting doesn’t
work.

4
Perform the FP test) Ref. Test Procedure,
procedure. Front Panel
If some tests fail \If all tests fail
Check seating of cable
RS232-GP to front panel Replace the Main board
from INT 1/O.
l Ref. Replacement Procedure,

Check seating of internal cables Front Panel

within the front panel cabinet.

!

Replace the part(s) indicated
in the failed test.

Ref. Wiring Diagram,
Internal cable harness.
Replacement Procedure,
Front Panel

3.6.1 No Response to Front Panel Controls
1. Testthe Front Panel.

2. Ifthe Front Panel is ok, and only certain functions doesn’t work, test the boards
where the actual functions are performed. See Front Panel Controls in the
Front Panel section for the coupling between function and board.
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3.7 Probe Problems

3.7.1 Probe Recognition and Switching Problems

CPA/LA not recognizea (AA DP, IV not recognizea

Replace probe or try Replace probe or try
another probe. Move probe another probe. Move AA

toa dlfferent position. probe to a different pos.

boards are seated prope

b !

Replace RLY board Test the PRC board
assembly
lok

Ref. Replacement Procedure, Replace RLY board
Relay board assembly assembly

Test the FEC boa@ Check that the XDBUS >
rly

BEmFIVE System FiVe - Service Manual - FA091050 rev. |
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3.7.2 AA Probes Do Not Run

Probe does not calibrate
but is recognized.
eplace probe or try
another probe. Move prob
to a different position.

!

( Replace probe cable)

}

Test the PRC board.
Check the fuses on PRC/. Ref. Assemb|y Drawing’
l . Probe Control board
0]

Probe calibrates, but
does not run.
(Is recognized).

Replace XDCTRL boar
on PRC board.

Replace PRC board.

L

&/

1

Replace RLY board
assembly.

Ref. Replacement
Procedure, Relay
board assembly.

< Replace the FEC boar

N>
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3.8
3.8.1

3.8.2

3.8.3

Specific 2D Problems

“Frozen” images, Images with Artifacts

a sk wnN e

Test RFT board

Test IMPORT (and IMMEM implicit) boards
Test SCONV board

Test GRAPH board.

Test FEC board (and TX/BF cache)

"Pulsing" or Fading Image

1.

The HV supply is marginally designed, and can for some probes and applica-
tions fade out at some special settings. See service memo no. 43 for details.
Modifications have been done to the power supply in order to improve the sit-
uation, see service bulletin no. 101.

Noisy Images (also see Noise Guide Chapter)

The most typical noise problem is coherent noise patterns straight down in the image
field. Usually the noise is only picked up when coupling the probe to your body.

1.

Disconnect all external cables to the EXT I/O board (if mounted) to establish
whether the noise is due to interference from external devices. There are pos-
sible ferrite solutions to most of the cable connections, including the ethernet
connection.

- On video cables:
Wind the cable twice through a split ferrite, GE Vingmed P/N: 038X1012
/ 038X1112.

- On RS232 cables:
Wind the cable 5-6 times trough a ferrite ring, GE Vingmed P/N:
038X0028.

- On ethernet: Use the GEVU ethernet noise filter cable, GE Vingmed P/N:
FA200460, between the system connector and the AUI box.

Try another probe (and cable if APAT).

Disconnect all probes that are not in use (keep only the active probe connect-
ed).

Is the FE Alignment performed?

Make sure that the shield for the Patient I/O cable is connected to ground. Oth-
erwise you may have flashes of noise straight down.

Check that all noise modifications in the V1.1 and V1.2 upgrades have been
done.

Other possible internal noise sources:
- HV Power Supply,

- DC Power Supply,

- Peripherals.
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3.8.4

3.8.5

3.8.6

K03-18

Poor Image Quality
1. Check setup of monitor according to setup procedure.
2. Perform the element test.

3.  There have been problems with the quality of the 3.5 FPA probe (loose lenses)
causing poor image, CFM and Doppler quality. Probes with rev. C are im-
proved.

Try another probe (and cable if APAT).

Disconnect all probes that are not in use (keep only the active probe connect-
ed).

Test FEC board (and BF cache and TX128 cache and TPGSs).
Check ATGC voltage (Ref. Test Procedure, ATGC Voltage).
Test HV Supply (Ref. Test Procedure, HV Supply).

Test BF boards (digital FE tests).

Only Center Part of FLA/CLA Probes Image Shown

If in 2D with a linear probe only one third of the image is shown and the rest is black,,
this could be the problems:

© © N o

* All multiplexers in the probe connector could be bad (not very likely).

* +/- 80 V from the TX Supply feeding the multiplexers could be missing.
*+15 V from the RLY board to the multiplexers could be missing.

To check the last to points:

*Pull out the probe in connector 1, insert a strap between pin AA10 and AA9 in order
to enable the probe present signal. (See 1/O section in service manual for location of
pins).

* +80V should be present on pin X10.

* -80V should be present on pin Z10.

* +15V should be present on pin V10.

On at least two systems, the problem has been that +15V has been missing. The
+15V

out to the probe connector goes through a recovery-fuse. We have seen problems
with

a component, SN75352, on the RLY board breaking and loading down the +15V on
the connector side of the fuse. The fix is to replace the bad chip (localized because of
its heat) or replace the whole RLY board.

"Phantom" Images with CLA Probes

If 'phantom” images are shown e.g. inside the descending aorta on abdominal imag-
es with CLA probes, the problem is most likely due to a down rev. version of the FEC
board, see. service Memo no. 47. The FEC board shoulds be replaced with a newer
version.
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3.9 Specific M-Mode Problems
TBD

3.10 Specific Color Flow problems

3.10.1 No Color Flow (2D ok) or Frozen Color Flow
1. Test CFP board.
2. Test RFT board (IQ buffer may fail).
3. Test IMPORT board.
4. Test SCONV board.

3.10.2 Noise Problems (Also see Noise Guide Chapter)

The most typical noise problem is coherent noise patterns straight down in the image
field. Usually the noise is only picked up when coupling the probe to your body.

1. Disconnect all external cables to the EXT 1/O board (if mounted) to establish
whether the noise is due to interference from external devices. There are pos-
sible ferrite solutions to most of the cable connections, including the ethernet
connection.

On video cables: Wind the cable twice through a split ferrite, 038X1012/
038X1112.

On RS232 cables: Wind the cable 5-6 times trough a ferrite ring, 038X0028.

On ethernet: Use the GE Vingmed ethernet noise filter cable, p/n FA200460
between the system connector and the AUI box.

Try another probe (and cable if APAT).

Disconnect all probes that are not in use (keep only the active probe connect-
ed).

4.  Make sure that the shield for the Patient I/O cable is connected to ground. Oth-
erwise you may have flashes of noise straight down.

Check that all noise modifications in the V1.1 upgrade have been done.

Other possible internal noise sources: HV Power Supply, DC Power Supply,
peripherals.

3.10.3 Poor Flow Quality
1. Try another probe (and cable if APAT)
2. Test FEC board (and BF cache and TX128 cache and TPGSs).
3. Check ATGC voltage (Ref. Test Procedure, ATGC Voltage).
4 Test HV Supply.

3.11 Specific Color M-Mode Problems
TBD
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3.12 Specific Doppler Problems
3.12.1 No Doppler (2D ok)

1.

2
3.
4

Test SPD board.
Test RFT board (LV reject function performed on RFT).
Test FEC board.

If no CW only (PW ok), check HV Supply (HV2). (Ref. Test Procedure, High
Voltage).

3.12.2 Noisy Doppler (Also see Noise Guide Chapter)

The most typical noise problem is horizontal lines. Usually the noise is only picked
up when coupling the probe to your body.

1.

Disconnect all external cables to the EXT I/O board (if mounted) to establish
whether the noise is due to interference from external devices. There are pos-
sible ferrite solutions to most of the cable connections, including the ethernet
connection.

On video cables: Wind the cable twice through a split ferrite, 038X1012/
038X1112.

On RS232 cables: Wind the cable 5-6 times trough a ferrite ring, 038X0028.

On ethernet: Use the GE Vingmed ethernet noise filter cable, p/n FA200460
between the system connector and the AUI box.

Try another probe (and cable if APAT).

Disconnect all probes that are not in use (keep only the active probe connect-
ed).

Make sure that the shield for the Patient I/O cable is connected to ground. Oth-
erwise you may excessive noise lines when the cursor is placed straight down.
Check that all noise modifications in the V1.1 upgrade have been done.

In order to determine if the noise is coming from the HV Supply, turn power a
few dB down. If noise the disappears, the source is the HV Supply. The HV
supply is marginally designed, and can for some probes and applications fade
out at some special settings. See service memo no. 43 for details. Modifica-
tions have been done to the power supply in order to improve the situation, see
service bulletin no. 101.

Other possible internal noise sources: DC Power Supply, peripherals.
Make sure that the TX128 board is rev. B-D or later (+5V analog noise mod.).

3.13 Analog Traces (ECG, Phono, Pressure, Respiration)

Unstable ECG

The quality and stability of the ECG is directly related to the cable being used (im-
pedance is important). For optimum performance the cables with the following VMS
part numbers should be used (also see service memo no. 45):

K03-20

164L0036 ECG Cable (gray) for clip-on electrodes.or
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e 164L0037 ECG Cable (gray) for clamp electrodes.

NOTE: The blue cable does not have the right impedance for use on System FiVe
and will cause unstable ECG.

Flat ECG Trace

There have been report on intermittant flat ECG. This problem has not yet been re-
produced at VMS, so there are no solutions for this. Reboot is the only way out.

For Other Problems:
1. Testthe IOP boards (INT I/O, EXT /O, Patient 1/O).
2.  Check seating of the Patient I/O cable.

3. Evenif the Patient I/O passes the test, it is quite possible that the problem
could be on the analog part of the module.

3.14 Misc. Problems
3.14.1 Fan Related Problems

Ref. System 5 Overall Power Distribution
Ref. Wiring diagram, Internal cable harness

When the stand-by power switch is turned on,

the green LED is lit, the green power indicator fThe fans are always running
LED on the monitor is lit, fans are not running Rat full speed.

but the system boots up. /
Check that cable between

ACPWR, fans and Temp. sen-
sor is seated.
Check fuses on Temp Sense

4
Replace AC Controller board )

—

T

Ref. Replacement Procedure,
AC PWR and AC Controller

7N

Replace Temp. sense boarD

Ref. Replacement Procedure,
Temp. Sense board

3.14.2 AC Power Heating Problems (System Shut-down)

Some systems have shut themselves off due to overhetaing of the mains transform-
ers inside the ACCTRL box. In order to improve the situation, the thermal fuses in-
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side the transformers should be connected in parallel, see service memo no 44.
Also, fans can be installed below the box, see service bulletin no. 102. From No-
vember 97, a new current limiter, FA200558, replaces the old one, 046M0140.
With this solut.ion, the mains current does not go through the thermal fuses inside
the transformer. Thus, the temperature on the fuses will not be as high as before.
The fuses are used to control a relay inside the new current limiter. The extra fan kit
below the AC box is not required with this solution. Neither is parallelling of the ther-
mal fuses.

3.14.3 Power Switch Problems

K03-22

On the early systems, there were problems with turning the system on. You had to
push the power switch several times. The fix is to cut the wire to pin 8 on the AC
CTRL cable that goes from the INT 1/O board to the AC Power module.

On the first systems we also had problems with the STBY power signal from the
power switch to the AC CTRL board being shorted to ground by a screw on the small
IV & DP board (the piggyback board on the RLY board). The fix is to just unscrew
the top center screw that attaches the IV/DP board to the RLY board.
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4.1.2

4.1.3

4.1.4
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Test- and Setup Procedures

Front Panel test

Start of Test

e Turn on the system.
*  Wait a while until the Front Panel is reset by the system (until VINGMED or
SYSTEM FIVE is turned off in the display).

Push down ALT, SHIFT and 1 after “VINGMED” is displayed. (Release 1 first,
then the other two buttons). You should now have the following text in the two
displays.:

SW VER. DATE OK CONN

EXIT TEST CLEAR BOOT

- SW VER is the current local front panel software version.

- DATE is the date of software release.

- OK is the status of a serial comm. test. Otherwise ERROR will be displayed.
- CONN

- EXIT test mode.

- TEST enters test mode.

- CLEAR

- BOOT is used during in-house module test of serial communication.

»  Enter test mode. You will now have the following text in the lower display:

DONE DOTS LEDS KEYS
Display Test
* Press DOTS: All dots in the display should light up.

LED Test

* Press LEDS: The backlighting LEDs for all keys (except ADD MODE/CURSOR
and ACTIVE MODE) should be lit.

Key Test

* Press KEYS (the LED will blink):

*  Pressing each of the keys will result in a beep and the hex code for that partic-
ular key will be displayed in the upper keyboard.
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4.1.5

4.1.6

4.1.7

4.1.8

4.2

4.3

K04-2

Rotary Knob Test

e  Turn the rotary knobs. A 4-digit code in the upper display shows up. The first
two digits is a code for the 8 rotaries. 00-03 are the knobs between the display.
04 is the ACTIVE MODE knob, 05 is the 2D GAIN knob, 06 is the ZOOM knob
and 07 is the DEPTH knob. The last two digits indicates the speed of rotation:
low numbers clockwise and high numbers counterclockwise.

Paddle Stick Test

*  Move the paddle sticks. Another 4-digit code in the upper display shows up.
The two left digits indicate the paddle stick number: 00 is the upper and 01 is
the lower. The two right digits indicate the position of the paddle sticks: 00 is up
(or left), 01 is center and 02 is down (or right).

TGC Slide pot. Test

 Move the TGC slide pot.’s. A 16 digit code (divided in eight 2-digit sections) in
the upper display shows up. The position of the upper slide pot. is displayed in
the upper left section of the display code field, and the lower slide pot. is dis-
played in the lower right code field. Values range from 00 (slide pot. left) to 33
(slide pot. right).

Trackball Test

*  Move the trackball up and down, left and right and verify the corresponding po-
sition of the arrow on the upper display.

Transmit Pulse Test

The purpose of this test is to verify that high-voltage transmit pulses are generated
on the TX128 board.

While the system is running in 2D mode, connect oscilloscope ch.A to e.g. pin
D28 (channel 65) on the lower XDBUS board (on RLY or TX128 location).

LS
- = 5 U
]
= £ % F
D28 ra 7
\\I‘II [
e
e
L4 L J L dJLr4d

* The signal should be a high-voltage burst. Pulse width, amplitude and frequen-
cy will vary with probe type and mode. Amplitude can be controlled with Power.

Transmit Trigger (TXTRIG) Test

The purpose of this test is to verify that the FEC board generates TTL level transmit
trigger pulses.
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4.4

4.5
45.1

e Connect scope to coax connector P4 on FEC. (P4 is the lower connector).

 Enter 2D and verify a low TTL pulse of 50 ns width. Prf will vary with system
setup.

ATGC Test

The purpose of this test is to verify that the FEC board generates the correct analog
TGC control signals, ATGCVP and ATGCVN.

* Connect a scope to P5 (ATGCV) on FEC. (P5 is the upper connector).

*  Enter 2D and verify a voltage ramp signal on the scope, typically ranging from
0V (+10dB) to +8V (+30dB). (The full range is from -10V to +10V).

High Voltage Test
HV1 and HV2 Tests

On systems with TX128 boards with artwork rev.D and newer, there are test points
for the high voltages located between the two XDBUS boards. The voltages on the
test points are scaled down with a factor of 10.

Voltage range TX128 test points
HV1+ (0 to +80V) 4th from top
HV1- (-80 to OV) 5th from top
HV2+ (0 - to 40V) 3rd from top
HV2- (-40 to OV) 2nd from top

There are two ways to verify that the voltages are correct:
Alternative 1:

1. Connect your PC to the RS232 port on External 1/0O as described in 9 "Board
Tests via External Terminal/PC" on page K09-1.

2.  Write modSetupDebug=0x2 at the > prompt on the terminal (note the capital
letters).

3. Change Power, and the estimated HV1 and HV2 voltages will be printed on the
terminal.

4.  Verify the voltages on the test points with a voltmeter (remember that the mea-
sured values are 1/10'th of the actual values).

Alternative 2:

1. Connect your PC to the RS232 port on External I/O as described in chapter 9
"Board Tests via External Terminal/PC" on page K09-1.

2. Start the test software as described.
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4.5.2

4.6
4.6.1

4.6.2

K04-4

3. Enter Transmitter, HV Supply and PRC test, then HV1 test.
-1
HvTxPrcTest::setHVtestVoltage called with [1,10]

This means that HV1 is programmed to 10V. Verify thi