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2-1 Forward
This manual provides service information relating tc the RT3600.
The RT3600 is a stand-alone, real time ultrasound imaging machine containing

a linear and sector real time scanner.

2-2 Abstract

2-2-1 Description

The RT3600 1is an wultrasound scanner used by a physician to aid in

"

medical diagnosis. It allows the physician to "see into
using ultrasound wave energy. When the physician places the transducsr on
the patient's skin, a scan is automatically obtained by electricaily
steering the beams entrance into the body. Echoes from internal objects are
processed, amplified, and arranged to form an image on a TV monitcr. The

'

image corresponds to a cross-sectional picture of the patient's body under
the transducer.

The RT3600 is a stand-alone unit. All necessary \functions are
performed in the <console and in the attached transducers. The console
mainframe includes a CRT viewing monitor and a CRT monitor dedicated to 2
Polaroid camera.

The <conscle front panel contains a special keyboard that alliows the
physician to enter data onto the image. 1In addition., a computer inside the

console automatically places certain machine parameters onto the image. The

operator can modify particular imaging parameters through the keyboard.



Selected keys are highlighted upon actuation. Unacceptable keyboard entries
enable a beeper alarm.

The ©bpuilt-in Polaroid camera is coupled to an independent CRT monitor,
a%lowing photos to be made for diagnosis and record keeping.

The conscle 1is <compact and highly mobile. This allows a variety of
applications within a <c¢linic or hospital. Various 1linear and sector
transducers’extend the RT3600's versatility.

Video connections are provided tc allow videc recording and playback on

the CRT meonitors which have a dedicated aspect ratio by design.

2-2 Electrical Specifications

The RT3600 operates at either 115 or 230 volts A.C., single phase, 48
to €3 Hz. Current drain is 4.4 amps at 115volts, and 2.2 amps at 230 voits.
Voltage set-up is performed in the factory because different rear panels are
used for each voltage.

Total ground 1leakage current 1is 1less than 100 microamps. Patient
leakage current is less than 10 microamps.

The instrument is classified as Class II, The B equipment in accordance

with IEC-601.

2-2-3 Physical Specifications

The RT3600 (excluding accessories) weighs 280 1lbs. (125 kg). For

dimensions details see Figure 2-1.

2-2-4 OQperating Conditions

The RT3600 has been designed to operate within a temperature range of

60 F°to 105 F°(15.6C°t0 40.5C%, and a relative humidity range of 5% to 85%.



For the best performance, the RT3600 should be operated 1in an
environment where electromagnetic noise is at a minimum. Sources for this
type of ncise include microwave ovens, certain electronic surgical
equipment, high fregquency or high power equipment. and high data rate
digital equipment such as desk top computers or terminals. These noise
sources should be kept at least 5 meters away from the RT3600 and preferably
operated 1in separate rooms. Wood or plastic walls, doors, floor, and
ceilings provide a minimum of shielding to electromagnetic noise. _Also,
the power supply for these noise sources should not be in parallel with the

source for the RT3600.



F‘g:271

683 75k

) =

938
1240 763
_f .
‘_‘f
L, AT
560 - 560
Unit :mm




if a site 1is close to a radio communication or breoadcasting station,
certain precautions to minimize interference may be necessary. In general,
the maximum interference signal level should be no more than 100dB above 1
microvolt/meter (in a frequency range of 10 KHz tc 100 MHz).
. For information on optimum performance 1in the electromagnetic

environment, refer to Chapter 8, Diagnostics

2-2-5 Shipping and Stcrage Reguirements
The RT3600 and optional accessories are shipped in a single ccntainer.
Maximum Veight is 330 pounds (150kg.). The size of the ccntainer is
59 in. x 32 in. x 28 in. (1.5m x 80cm x 70cm). The container can pass

through a standard door having a 30 x 60 in_.opening.

Requirements for shipping, storage, installation, and operation are

listed in the following table:

Storage Shipping Installation Operation
Temperature C° -4.4-60 -4.4 to 60  15.6 to 60 15.6 to 40.5
F° -40 to 140 -40 to 140 60 to 140 60 to 105
Max. Altitude (m) 2,700 2,700 2,000
(ft) 8,000 8.000 6,000
Humidity (%) 5 to 80 5 to 85 to 85 5 to 85



For - patient comfeort, it is reccmmended that additional limits be observed.

They are as fcilows:

Temperature ............ 70 to 75 F° (21 to 24 O

HUMidity «ovveennnnnnnns 50% to 70%

2-——2-6 Floor Loading

The floor shall be capable of supporting the RT3600 which places a load
of 40¢C kg/m2 onto it. Additional 1loading occcurs with the accessory
equipment such as a video recorder and multiformat camera. The floor 1oad

is calculated from the floor space taken up by the RT3600, which is 0.314m?>.

EXy

Rear Panel
Connections

N—

Transducer
Connections

Figure 2-3

Figure 2-2



2-3 INSTRUMENT DIMENSIONS

2-4 ELECTRICAL CONNECTIONS

2-4-1 TRANSDUCER CONNECTIONS

Up to tvo transducers can be
coupled to the RT3600. The desired
transducer is selected by a key on
console. A tvist 1lever lock
provides an easy and reliable
transducer connection.

2-4-2 RREAR PANEL CONNRCTIONS (Refer
to Pigure 2-4).

—®

%_@

Manufactured in Japan
For General Electric Co.

@\ Rancho Cordova, CA
Wodel 46-1000000X

Serial X00000000X
Manufactured OCT. 1986

@1 /— 115 (Domestic)

—

\
Video

Output annfsnx ng OOt Switch

Input

. _—
LSE Echo )¢ rormat Canera /

/@ {)

e\ ___J/©

-
Warning: See Operator's Manual for Conhection ]’ F1

R
106-128mc a3 0 A (Slow Blow)

Max
Warning
Caution

Grounding ocontimuity should be
checksd periodioally.

@—

3\ AN
E ::: : RT 3600 Rear Panel - Domestic (115)

Accessory Power Cord

Figure 2-4
Rear Panel Connections

Pover Cord

A nondetachable, 15 ft.,
lov leakage power cord with

a hospital grade plug
delivers power for the
instrument.

Multiformat Camera
Provides video and shutter

signals to operate an
accessory multiformat
camera. The coaxial video

output drives a 75 ohm load
vith an RS170A video
signal. The shutter
control permits the camera
to be operated from the
console front panel.

Figure 2-4
Rear Panel Connections

3  Foot Swvitch

Connects to a remote
footswvitch which controls
the image FREEZE signal.

4 LSRR Output

Provides a video signal to
an external line scan
recorder.

5 LSR Video Unblanking.
Operator Manual.

See

6 Video
Two connectors provide the
CRT monitor signal to
external video devices such
as a video recorder. The
BNC or pin jacks should be

terminated wvith 75 ohm
devices.

Tvo input connectors, also
BNC and pin jack, are
provided to allow the CRT
monitor - to act as a
playback device for an
external recorder.

7 Rating Nameplate
Lists instruments model,
serial number, options, and
electrical requirements.




2-5 Ceneral Information

Prior to installation, the following power 1line reguirements should

Vcitage Range 103 to 127 VAC in U.S.
206 to 254 VAC in Europe

90 to 110 VAC in Far East

Freguency 48 to 63 Hz (regardless of voltage)

Transients Less than 25% of nominal peak voltage for less than
1 millisecond for any type of transient including
line frequency synchronous, asynchronous, or

aperiodic.

If some transient disturbance is expected, the use of transient sup-

pressor is recommended.

If lower system leakage current is required, an isolation transformer
will be necessary to isolate the main power input or the nonisolated aux
power outlet.

If the applied voitage range ever changes, or if different power plugs
and aux outlets are required, the rear panel assembly and internal wiring

must be changed.



Separate Power Receptacle
A separate outlet with a 10 amp breaker for 100 or 150 volt systems, or
5 amp breaker for 220 to 240 volt systems, is recommendeé. The receptacle

should be a three-wire grounded type, Hubbell 830C or equivalent (for the

U.s.). The power receptacle will depend on each country's power line
standards. However, all should have the approval of applicable safety
agencies- Underwriter's Lab (UL) in the U.S., or the International

electrotechnical Commission. (IEC).

Power for accessories

Two outlets provide identical voltage and frequency as that supplied to
the console.

One isolated output provides up to 100VA for isclated egquipment such
as the multiformat camera.

A nonisolated output provides up to 300 VA for -egquipment using
nonisolated power sources: the video tape recorder, for example.

Each outlet has its own current limiting fuse in the rear panel.

2-5-2 Shipping Configuration

As discussed earlier, the RT3600 1is shipped in a signal container.

Figure 2-5 shows the shipping configuration of the RT3600.
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2-5-3 Mean Time to Install

Installation of the RT3600 reguires 4 man hours. This includes the

time required for unpacking, assembly, connections, and functional checks

of the counsole only.

2-5-4 Pre-installation

Site preparation should be accomplished before the RT3600C is installed.
This work includes installation of conduit, junction boxes, ducts, outlets,
breakers, and switches. Air conditioning or other temperature control may
be required to maintain a room temperature of 64 to 82 F (18 to 28 C°)
Relative humidity should be maintained bLetween 50% and 70% for patient
comfort.

It should also be verified that electromagnetic noise is a minimum.

Refer to Section 2-2-4 of this chapter.

2-6 Recommended Ultrasound Room

2-6-1 Standard Requirements for an Uitrasound Room

Size : 130£t2 (12 m® ) of floor area.
Power Supply: 100, 115, or 230 volts AC. single phase,
50 or 60 Hz.
Radiation Shielding: None required for ultrasound energy.
Electromagnetic Shielding: See Chapter 8, Troubleshooting.
Temperature : 70 to 75 F°(21 to 24 C°) for patient comfort.
Humidity : 50% to 70% for patient comfort.
Cooling : The RT3600 requires 1200 BTU/HR. Each person in the

room requires 30C BTU/HR.

2-6-2 Desirable Ultrasound Room Facilities




2-17

Lab sink with hot and cold water

Emergency oxygen supply

Dimmer control for overhead lights

Film viewer

Film and linen storage

Medical eguipment storage

Dedicated, hospital Grade, power outlet

Power outlets for auxiliary eguipment

Document storage area for operating manuals
Convenient waiting room, dressing room, lavatory

Trash bin

Recommended Floor Plan

Figure 2-6 is an example of the recommended floor plan.

Figure 2-7 is an alternative floor plan.

2-12



—RT3600—
Standard Ultrasound Room Ficar Plan

File
Cabinets

N Film
1 Processing
/ Room

Secretary’s or
Doctor’s Desk
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Scale: Each Square Equals One Square Foot.

Fig.2-6



—RT3600—

Alternative Ultrasound Comér Floor Plan

Fig.2-7
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2-8 RT3600 with Doppler Option

This section presents information of RT3600 with Doppler option.
The procedures are similar tc RT3600 with some procedures added.
Mainly the Doppler Option is described, please refer to section

2-1 to 2-7 of this Chapter.

_2—8-1 Electrical Specification

The RT3600 with Doppler Option operates at either 115 or 230V AC.
Single Phase, 48 to 63 Hz. Current drain is as follows:
5.0 amps at 115V

2.5 amps at 230V

2-8-2 Physical Specification

The RT3600 with Doppler Option (excluding accessories) weighs 318 1bs

(142 kg). For dimension details, see Figure 2-8,.

2-8-3 Shipping and Storage Requirements

The RT3600 with Doppler Option and accessories are shipped in a single
container. Maximum weight is 380 pounds (170 kg). The size of container is
63 in. x 32 in. x 28 in. (l1.6m x 0.8m x 0.7m).

Refer to Figure 2-7.

Requirements for shipping, storage, installation and operation are the

same as RT3600.

2-8-4 Additional Connections

CW probe and Microphone can be connected to RT3600 with Doppler Option.
Refer to Figure 209, 2-10, and 2-11. The other connections are same as

RT3600.
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3-1 Abstract

This

service

and

chapter contains the information regquired to allow qualified

personnel to unpack, setup, and checkout the RT3600.

Technical Publications,

3-1-1 Mean Time to Install

The RT36CC has been designed to be installed by one person.

Approximately four hours are

3-2 WARNINGS

Shipping

transportation instructions are included, as 1is a Report on

required for installation and checkout.

To ensure safe operation of this egquipment, the following precautions

should be made:

1.

This manual should be read and understood before
operating the RT3600. It should also be kept nearby

for guick reference.

. Although the wultrasound energy transmitted from the

RT3600 transducer is within AIUM/NEMA standards,
unnecessary exposure should be avoided. Only trained

personnel should operate the machine.

. To prevent electrical shock, the machine should be

connected to a properly grounded receptacle. Do not

use a three prong to two prong adapter.

3-1



4. The RT3600 has no cémponents that are to be serviced
by an operator. Tc prevent shock, 4o not remove any
covers or panels. Should problems or malfunctions
occur, unplug the power cord. Only qualified service
personnel should attempt to resolve the problem.
Refer to a General Electric Service Representative

for information.

5. The RT3600 1is a compact and mobile machine . It is
recommended, however, that two people be used to

relocate the RT3600.

3-3 Shipping Inspection

The RT3600 is shipped in a single container. The main console
requires no assembly. The transducer is also included in the
container.

The RT3600 and the container weigh approximately 330 pounds (150

kilograms) (with doppler, 380 pounds, 170 kg.)

3-3-1 Delivery to Customer

When shipped by air flight, the RT3600 is sent to the customer's
receiving dock.

When shipped by a ground carrier, it is sent to the customer's

designated address.

3-3-2 Shipping Damage

3-2



Upon delivery, the RT3600 should be inspected for damage. If any
is found, a notation should be made on the bill of lading. If the
damage is concealed and found at a later time, notify transportation

"as soon as possible for an inspection report.

3-3-3 Van Delivery Damage

Damage during shipment by a van service should be reported to
Traffic Office at G. E. Medical System Headquarters, Milwaukee,
Wisconsin (DialComm 8-328-4240, or 414-786-0310 ext. 4240). Do not
contact a 1local agent. Be prepared to provide the following

information:machine part number, serial number, and extent of damage.

3-4 Unpacking Instructions

3-4-1 Special Instructions

Check the shipping container for special instructions.
Verify that the container is intact.
In some cases, a secondary container may be used. Ask the

carrier for instructions for unpacking.

3-4-2 Removing The Container

‘Wood bocrds’

enclosure
~1.5m

(ﬂfﬂ’-\' ‘DepHev S N \-w)

Basement
e

Figure 3-1
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The RT3600 is shipped in a wooden container. Approximate size
and weight during shipping are shown in Figure 3-1.

First, ~carefully remove the sides of the container. Leave the

“bottom of the container intact as this supports the weight of the

RT3600. This step will reveal a reinforced cardbcard box.

Cut the band straps (see Figure 3-2). The box can now be pulled
up and removed (see Figure 3-3).

Remove the protective packing material. (NOTE: if further
shipment is required, the packing material should be saved).

Carefully 1lift the machine from the wooden platform.

Cap éf Carton
Carion
Carton
Basement Plastic Band \ ’4 Content
Strap A (RT3600)
3 Packing materials
' T3
) ol
W_{\Bosement
Figure 3-2 figure 3-3
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3-5 Assembly Instructions

The RT3600 is shipped in a "ready to use" configuration. Cable
connections, gel caddy attachment, and transducer support arm attach-
ment are all that is required. These accessories are stored in the

bottom drawer cof the console.

3
o
[¢]

~
o]
w
o
(@
[es]

1as two transducer receptaclies. To connect a trans-

ducer transducer, perform the following:

1: Push the transducer plug toward the receptacle, keeping
the twist lock lever at 2 o'clock position.

2: Keeping contact between the connectcrs, twist the locking
lever clockwise into 6 o'clock position.
(Refer to Figure 3-10 . )

It is not necessary to power down tc connect/disconnect a

transducer.

Figure 3-

3-7 Cable Connections

Connect the foot switch cablie ccnnecter to the rear panel

connector labeled "Footswitch".

3-5



Figure 3-9 Figure 3-10

Figure 3-11 Figure 3-12
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3-7-2 Line Scan Recorder (Optional)

A Line Scan Recorder (LSR), such as the Honeywell LS-8, may
be connected to the RT3600. "Video" signal from the LSR is
connected to the connector marked "LSR Echo Output" on the console
rear panel. "Unblank" from the LSR goes to the connector labeled

"Unblanking". Both connectors are BNC type.

3-7-3 Power Cord

Verify that the console power switch is off before connecting
a power source. Use a properly grounded receptacle marked

"Hospital Grade". Do not use a three prong to two prong adapter.

3-7-4 Auxiliary Protective Grounding

An independent ground terminal 1is provided at the console
rear panel. This is to be used to ground external equipment used

with the RT3600.

3-8 Power Line Reguirements

The power source should be monitored for one week prior to
installation. The recommended device for monitor is the Dranet:z
model 605-3 with option 101. Power line requirements are listed

below:

(8]
i
~



103 to 127 vac (U.S.)

Voltage Range 206 to 254 vac (Europe)
90 to 110 vac (Far East)

Frequency Variation 48 to 63 HZ

Transients

Decaying oscillation less than 15% of peak voltage for
less than 1 msec.
Voltage less than 25% of peak voltage for

less than 1 msec.

If the power 1line voltage is other than 115 wvolts,
adjustments can be made within the console (see next section). If
lower system 1leakage current 1is necessary, use an isolation

transformer.

3-8-1 Internal Isolation Transformer

The power transformer is located in the 1lower right corner
the console (as seen from the rear). Rewiring the transformer
will allow various line voltages to be used. Refer to Figure 3-4
for transformer connections. When the transformer is rewired,
fuses and the rating label must also change. Only qualified

service personnel are to rewire the transformer.
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NOTE: T™he transformer terminal block is shown upside down. Tap
number 12 (top of tne terminal block in the figure) is actually
at the bottom of the terminal blocks as mounted on the
transformer. Numbers over connections to the terminal bock refer

to wire color. Use the resistor color

Q

ode {(for example; 98 is a

gray/white wire, LB is light blue).
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3-9 Electrical Safety Test

To ensure patient and operator safety, system leakage current
and ground continuity should be tested at the time of installation.

Leakage current is the current which could flow through a
patient or operator in the event of a system fault. Transducers
and exposed console surfaces are to be tested.

Ground continuity shall be checked between the AC power
supply and different points on the console. A continuous ground
ensures electrical safety in the event of wiring faults.

All measurements are to be made with the Microguard Model MG-

5 Microammeter, built by Bio-Design, Inc.

3-9-1 Testl: Qutlet Wiring

1. Check the batteries in the Microguard tester by moving the
selector switch to Batt-" and the "Batt+". The meter
needle should move over the box labeled "Batt" for both
switch positions if the batteries are good. Refer to the

jllustration on the tester panel.

2. Set the power switch to the "Off" position and move the

selector switch to "Outlet Test".

3-10



3. Connect the Microguard power cord into the three-wire, 120
VAC outlets in the installation area. The meter will
indicate wiring conditions in the five colored arcs at the
bottom of the scale. If any reading other than "OK" is
found, there is a flaw in the outlet wiring. Any flaws are

to be corrected before the installation can proceed.

3-9-2 Test2: Transducer Source Leakage Current

Turn off the tester and the RT3600. Plug the RT3600 into the
tester and connect the tester into an AC outlet. Set the tester
selector switch to "200". This position will provide a meter reading
of 200 microamps at full scale. Set the Patient Lead Selector switch
to the "All Other Tests" position. Set the Input switch to "Red Probe
Only".

Wrap the transducer in aluminum foil. The foil should be firmly
wrapped so that it makes good contact with the transducer surface (the
acoustic aperture).

Suspend the transducer by the cable or place it on an insulating
surface.

Place the red probe of the tester against the aluminum foil and
record the ammeter reading.

NOTE: When the console is powered up, it automatically selects

B-mode and begins scanning after a few seconds of initialization.

Record the ammeter after scanning has begun.

w
|
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Record the ammeter readings for the following test conditions:

Console Tester Power Tester Ground Reading
Power Switch Switch

On Norm Open -
On Norm Closed e
On Rev Open -
On Rev Closed o
Off Norm Open .
Off Norm Closed .
Off Rev Open -
Off Rev Closed

The test passes when all readings are less than 10 microamps.
This test shall be repeated for all transduce;s that will be used.

These readings must be kept as part of the installation record.

CAUTION: Do not touch the console when tester ground switch is open.

3-9-3 Test3: Chassis Source Leakage Current

Leave the tester and console in the same setup as Test 2. Locate

the tree test points listed below:
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A. Inside the console. One of the screws attaching the
transducer connector guide.

B. Caster wheel support.

C. CRT monitor housing rear screw.

Using these test points make the following readings using the red

probe. Test conditions are identical to Test 2.

Console Tester Power Tester Ground Test Point
Power Switch Switch A B C
On Norm Open
On Norm Closed
On Rev Open
On Rev Closed
Off Norm Open
Off Norm Closed
Off Rev Open
Off Rev Closed

CAUTION: Do not touch the console when the tester ground switch is in
the open position.
This test passes when all readings are less than 100 microamps.

These readings must be kept as part of the installation record.



3-9-4 Test4: Ground Continuity

Disconnect the tester from the AC outlet. Disconnect the RT3600
from the tester. Place the tester selector switch to the "Ohms"
position. Set the input switch to "Red and Black Probes" and set
Patient Lead Switch to "All Other Tests".

Plug the black probe into the jacket next to the red probe lead.
Short the red and black probes together to calibrate zero ohms (use
zero ohms adjustment underneath the selector switch).

Measure the resistance from the ground pin of the power plug to
the three test points wused in the previous test and two additional
test points- the Polaroid camera mounting screw, and the rear panel
ground terminal.

The test passes when all measurements are below 100 milliohms.

3-10 Checklist

3-10-1 Final Steps

Complete the Functional Checks listed in Chapter 4. Complete the
Installation Checklist below. If problems are found during a
Functional check, refer to Chapter & Adjustments and Chapter 8

Troubleshooting.
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3-10-2 Installation Checklist

Observe safety precautions
Equipment Inspection
Cable Connections
Transducer Connections
____._ Power Line Requirements

Leakage Current Test

Ground Continuity Test

Power-on Tests

Basic Operating Checks

Phantom Imaging

Noise Pedestal Tests

Zone Continuity Check/Adjustments

Polaroid Photo

Auxiliary Equipment Operation

3-11 Moving the RT3600

3-11-1 Moving the RT3600 to Another Room

In general, a single adult can move the RT3600 along an even
surface. It is recommended that at 1least two people move the
instrument when large humps or grooves will be encountered.

At a slope of 5 degrees, 10 Kg. of force are.required to move the
RT3600.

It is better to "pull from the rear" rather than "push from the

front"”. The mover should inspect the route before moving the RT3600.
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Verify that the console power switch is off. Remove the power

cord form the power supply outlet. Remove the transducer caddy and set
it inside the bottom drawer.

Transducers anéd their «cables should be placed in the middle

draver. Care should be exercised so that the acoustic aperture is not

damaged. Wrap the transduers in soft cloth or foam.

3-11-2 Transporting the RT3600

To transport the RT3600, follow the above instructions with some
additional precautions.
(NOTE: The original packaging should not be used when transporting the
RT3600. General Electric shall repackage the console prior to

shipment.)

Carefully load the RT3600 on board the van. Use four strapes to fix
the instrument in position and prevent 1lateral movement. Set the
instrument over the van's center of gravity. Tape the drawers shut.

When transporting the RT3600, the most important precaution is to
prevent shock. Be careful at road crossings and avoid unpaved roads. A
maximum speed of 40mph (60Km/hr) is recommended for paved roads.

It is not recommended that the RT3600 be "laid down fer shipment”.
If this cannot be avoided, the neck must be removed and protective pads
are to be used to support the console and monitor.

At the destination, repeat the installation steps. Do not operate

the machine until the installation checklist is completed.
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3-12 Report on Technical Publications

To Correct errors, omissions, and unclear statements, users of
this document are requested to forward the form entitled "Report on

Technical Publications".

3-13 RT3600 with Doppler Option

The installation of RT3600 with Doppler option is almost same as
RT3600's. The RT3600 has been designed to be installed by one person.
Aproximately four and a half hours are required for installation and
checkout. Warnings, Delivery to Customer, Shipping Damage, Van Delivery
Damage, Unpacking Instrucitons, Assembly Instructions are same as
RT3600.

Refer to Figure 3 of this chapter.

3-13-1 Trasducer Copections
Connect the CW Doppler Probe and Microphone to console. The other
connections are same as RT3600.

Refer to Figure 3-5, 6, and 7.

3-13-2 Others

Cable Connections, Power Line Requirements, Electrical Safety
Test, Checklist, Moving, Transporting, Report are same as RT3600.

Refer to 3-7, 8, 9, 10, 11, 12 of this chapter.
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4-2 Abstract
This chapter provides the procedures for making quick checks of
the major functions of the RT3600. hese functional checks are one of

the three major service chapters.

NOTE: After installation, all the functional checks called out in this
chapter should be performed. When service is required, the functional
checks under the heading of a particular problem are to be performed

first.

4-3 Image Evaluation

4-3-1 Phantom Image Evaluation

a. Connect a Type B transducer.

Hold the transducer in air and power up the RT3600.

c. Wait 10 to 15 seconds and lock for an image on the
display. Do not touch the keyboard. The image must
appear automatically.

d. Verify a high pitched sound coming from the transducer.

e. Verify the displayed image is dark at the top and bottom
with uniform noise "grains" flashing.

f. Verify that the image is free from cyclic or burst noise.
If the image is drastically different from Figure 4-1,
refer to Chapter 8. ‘

g. Scan th Ecobloc phantom so that an image similar to
Figures 4-2 and -3 is obtained. Ad3ust system gain as
necessary to obtain the proper image. The gain
parameters should be within +/- 4 dB of the gain values
given in the photos shown. If the dain has to be ad-
justed outside the +/- 4 dB tolerance, a machine fault is
likely. Make sure, though, that the Acoustic Power
Output Switch is set to the 100% position.
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While continuing to scan, shift the transducer back and
forth along the Ecobloc and observe image on the display.
Carefully examine the image for any shading. The shading
may indicate a machine fault.

Lift the transducer slightly off the Ecobloc surface but
still within the coupling media. Observe the image and
find the "skin line" of the phantom (refer to Figure 4-
4). The skin line should be clearly visible (NOTE: The
black section at the top of the image is the coupling
layer between the transducer and the Ecobloc surface).
Verify that no artifacts exist in the black region over
the skin line and that the skin line retains its detail
throughout the image.

Slightly tilt the transducer and verify a rotation of the
skin line in the display.



Figure 4-1 Figure 4-2
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-3-2

Rod Scan

The rod scan test checks the ability of every individual element

in an array to transmit and receive ultrasound pulses. This test will

detect weak, dead, or shorted transducer elements. It can aliso detect

open channels on the T/R boards or faults in scan switching.

The test requires the use of a Philips screwdriver which will be

used as a scanning rod.

a.

b.

Select SCALE FACTOR X1 and scan. Other settings should be
“initialized as power-up.

Hold the transducer with its face up and place a drop or
two of coupling gel over the aperture surface.

Place the rod directly across one end of the aperture
surface. Hold the rod firmly and made sure there is direct

contact between the rod and the transducer.

NOTE: It is not necessary to apply much pressure. (If the
acoustic opening of the transducer bends, then you are

applying too much pressure).

While watching the monitor, slowly move the rod from one
end of the array towards the other end. Always keep the
rod perpendicular to the long axis of the array surface.
The rod should be seen in the image as a bright vertical
band. The top section will appear narrow, and the middle
and lower sections will appear fat. The reduction in the
top section's width represents the aperture width change as
a result of near field echoes.

The middle and bottom sections of the rod image should be
exactly 32 acoustic scan lines wide. This means that the
element directly under the rod is useé 32 times in a scan-
ning sequence to produce the displayed image. The smaller
width at the top of the image shows the same element to be

used much less in the presence of near field echoes.
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As the rod is moved across the transducer, verify that the
displayed image moves continuously across the CRT. Verify
that the rod's image does not darken. If there are weak or
dead spots in the image, the fault is most likely in the
transducer. However, a faulty T/R circuit or XPSW could
produce the same result. If possible, rerun the rod scan
test with another transducer. This will help determine i
the fault is in the transducer or in the console.

Ensure that the middle and bottom parts of the rod image
remain constant (32 scan lines) and that the rod moves
uniformly and at a constant rate.

Variation in width, shape, or movement rate are most likely
due to shorts between neighboring elements in the
transducer. An irregular appearance of a bright line, spot
or zone may indicate a scan switching problem in the
crosspoint switch.

If the test fails or an odd image appears, perform trouble-

shooting.

4-3-3 Penetration

a.
b.

e}

Connect a B-type transducer to the console.
Turn power on.

Set up the following scan parameters:

Focus 3

Scale X1

Gain 50dB

Dynamic Range 54dB

TGC volume Mid Position

Suspend the transducer in air.

Press "FREEZE". Then select "CONTROL E ENTER".

Using the trackball, position the cursor in the bottom
right corner of the image.

Press "MEAS." A number corresponding to the noise level
will appear next to the cursor. Verify the number is less
than 2.
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h. Scan a phantom. Using the above procedure, measure the
echo level at 5 points in an area between 3 to l4cm. into
the phantom. Verify that all levels are below 34. (NOTE:
Because there is a great disparity in echo levels, the
above measurements may fall out of torelance. If this is
the case, rerun the test but make all five points lie at
the same level. If one measurement is within tolerance,

the test has passed).

4-3-4 Sector Scanning

a. Connect a sector transducer to the console.

b. Scan a phantom.

¢. Verify the sector pattern appears and that the image
quality is good.

NOTE: Most of the functional checks are performed in the
linear mode. It may be assumed that if all the checks
are successful in the linear mode, then they will also

function for sector.

4-3-5 Saturation

Connect a B-type probe and turn the system on.
Press the "AUTO" key.

Set Analog TGC to mid-position.

Set the Acoustic Power Output Switch to 100%.

Scan a phantom. Verify the dark zone (saturation zone) at

o a O T W

the top of the image is less than lcm deep.
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4-3-6 Side Lobe Artifact

Connect a B-type probe and turn the power on.

a.
b. Press "AUTO" and set Analog TGC to mid position.

Q
w
a
jo1]
3

: an Ecobloc phantom.

6. At "SCALE X¥1", take a Polaroid picture of the image.

e. Select "SCALE X2". and take another picture.

Remaining at "SCALE X2", use "LINEAR SCROLL" to reach the

iowest limit of the image. Take another picture.

rn

Compare the photos to the Figure 4-5. §Side lobe artifact

Y}

should be no greater than that seen in the figure.

Figure 4-5

4-3-7 Polaroid Camera

In the previous section, the check for the "RECORD" key should
have verified the cperation of the Polaroid shutter.

It should also be verified that just before the Polarocid shutter
opens the TV monitor picture changes slightly and returns to normal
after the shutter closes. The monitor picture changes because a
processed video picture matched to the Polaroid £ilm is different than

ter setup for direct viewing.
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Scan a phantom. Select FREEZE so that the image contains a wide
variety of gray levels and details. Set the CONTRAST on the camera to
position 5. Use Polaroid film type 667 and record the image.

Inspect the photo carefully. Check for the following:

1. In the gray scale bar, verify each step of the scale is clear
and distinct from the adjacent step. Exceptions can be made
for the extreme ends of the gray scale bar. However, at least
14 levels should be recognized.

2. In the image field, verify that the texture details and gray
levels are the same as seen on the viewing monitor. No
saturation or compression should be seen at either extreme of

the gray bar scale.

A poor photo print may be due to either a malfuction or misadjust-
ment in the camera shutter control, camera aperture, or the
Polaroid CRT monitor. Refer to Chapter 6 for appropriate

adjustments.

4-3-8 Multiformat Camera

This procedure is the same as that used for the Polaroid camera.
Select the MFC for RECORD by the following keyboard entry:
CONTROL M ENTER

This will disable the Polaroid camera shutter and enable the
external MFC to be accessed by the RT3600. Verify the correct connec-
tions between the MFC and the RT3600.

Select a display that will present a wide variety of gray scale
and texture details. Press the RECORD button. Develop the film.

Inspect the fiim for the same qualities as specified for the
Polaroid print; however, the MFC film is capable of recording a wider
range of gray scale.

The RT3600 is responsible for providing the shutter control signal
and the video signal. Verify that the MFC shutter can be controlled
through the RECORD key on the RT3600. Verify that the video appears on

the monitor.
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4-3-9 CRT Monitors

The viewing monitoring at the top of the conscle is obviously
functional if suitable images are obtained. The Polaroid monitor is
functional if the proper photos have been obtained. However, it is
‘recommended that some additional checks be performed. These checks
place software generated test patterns on the CRTs.

Enter service software by the fcliowing keyboard entry:
CONTROL S ! ENTER

Select B-mode, scale factor X1, and FREEZE. To call the test
pattern press CONTROL S A ENTER. A test pattern similar to the one

seen in Figure 4-56 should appear on the CRT monitor.
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The entire gray scale should be distinguishable. The multiburst
vertical stripes should also be distinguishable.

Examine the grid pattern appearing in the test pattern display. It
should be uniform for any part of the picture. Stretched or compressed
areas of the grid are an indication cf linearity errors in the monitor
- deflection system.

To check the Polaroid CRT monitor, take a picture of the displayed
test pattern. It should also be uniform throughout. Keep the photo
for installation and maintenance records.

Verify that the CRT cutoff level is correct. To check this,
examine the darkest areas of the displayed image field. It should be
very dark, but not as completely black as the unscanned part of the CRT
screen. The difference will probably only be noticed by close inspec-
tion of a corner of the screen. Dimming the room lights may make the
difference easier to see.

Verify that the square edge of the raster is distinguishable from
the unscanned parts of the CRT. It will also be very faint.

To make these checks easier, set the contrast control to zero.
Adjust the brightness control for a faint illumination of the screen.
Adjust contrast for suitable intensity of the imége. Turning the
contrast up too much will make characters on the screen "bloom"; that

is, they will appear enlarged and blurred.
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4-4 Front Panel Functions

Leave the RT3600 in the set-up used for the phantom scan. Try to
access and perform all the functions, features, and controls accessible
from the front panel and keyboard. A menu of these items is given in
the Operator's Manual. A summary of the major items is provided in the

- following list:

GAIN
Analog TGC
FOCUS
SCALE
IMAGE DIRECTION
DYNAMIC RANGE
MODE
AUTO
LINEAR SCROLL
. ERASE
. MULTI IMAGE
. FREEZE
. BODY PATTERN
. POSITION
. IMAGE MEMORY
. ID NUMBER
. NAME
. COMMENT
. MEASUREMENT
. FUNCTION
. NEW PATIENT
. RECORD

0 N o0 U s W N =

[ S N T S T S e R N T el T o T e T o T o BN e )
N = O W 90w Ny - O .
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4-4-1 Preparation

TEST PROCEDURE
Preparation a. Turn the system on. Make the following keyboard
entries when installing a new system.
CONTROL S! ENTER" (service software enter)
CONTROL SV ENTER" (Note: this will clear all preset
parameters)

CONTROL SZ ENTER" (system reset)

4-4-2 Initialization

PROCEDURE

a. Verify that two beeps are heard when the system is
turned on.

b. Verify that all keyboaré LEDs flash on. The lights
for the keys marked "AUTO", Mode "B", Focus "3", and
Scale "X1" shall remain on.

c. Check for regular hum from the transducer.

d. An image shall appear on the monitor after approxi-

mately 30 seconds.
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4-4-3 Gain
TEST

"Gain"

4-4-4 BAnalog TGC
TEST
"ANALOG TGC"

PROCEDURE

a. Press "GAIN A" and "GAIN V".

b. Verify that the brightness of the overall image area

changes in 1 dB steps.

. Constant pressure on the key causes a continuous

change in the brightness of the image.

. The image brightness changes in a uniform manner.

. Gain can be adjusted from 0 to 99 dB. Verify this

in the annotation in the display.

. Press "AUTO".
. Gain returns to a 50 dB level.

PROCEDURE

. Set Analog TGC controls to mid position.
b. Move each analog TGC controls to left and right.

. Verify the changing brightness becomes darker and

brighter.

. Check all Analog TGC controls.
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4-4-5 Focus
TEST PROCEDURE
"FOCUS" Verify that the following key actions the proper image

annotation responses:

- * Linear "FOCUS 1": The annotation in the display says
"TF 20".
"FOCUS 2": The annotation changes to "TF 40".
"FOCUS 3": The annotation changes to "TF 60".
"FOCUS 4": The annotation changes to "TF 100".
"COMB" : The annotation changes to "TF DYN".

x Sector "FOCUS 1": "TF 30".
"FOCUS 2": "TF 60".
"FOCUS 3": "TF 90".
"FOCUS 4": "TF 140",

"COMB" : "TF DYN".
4-4-6 Scale
TEST PROCEDURE
"SCALE" Verify that the following key actions produce the

listed changes in the image and annotations.

Verify that the image scale changes. Alsc, check that
the scale marker and range marker change with image

size changes.

The annotation should read the same as the select key.
"SCALE X0.7"

"SCALE X1i"

"SCALE X!1.5"
"SCALE X2"
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4-4-7 Image Direction

TEST
"IMAGE DIRECTION"

4-4-8 Dynamic Range
TEST
"DYNAMIC RANGE"

PROCEDURE

Verify the following:

a. Press "RVS". The display image shall be reversed.

b.

An LED backlight should light. An arrow in the top
of the image is reversed.

Press "RVS". The displayed image returns to its
original form. The LED backlight goes off.

PROCEDURE

Check the follwing:

a.
b.

Press the "DYNAMIC RANGE" up and down keys.
Verify the dynamic range can be adjusted from 36 to
72 dB in 6 dB steps.

. Verify the image changes from high contrast at 36 dB

to low contrast at 72 4B.
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"MODE "

4-4-10 AUTO
TEST
" AUTO L

[ ))

PROCEDURE

. Press the key marked "B/M". Compare the image to

Figure 4-7.

. Press "M", Verify a M-mode sweep time of 2 seconds.

See Figure 4-8.

. Press "M FAST". Verify the sweep time decreases to

1 second.
Press "CONTROL R 1 ENTER". Verify a sweep time of 8

seconds.

. Press "M FAST". Verify the sweep time decreases to

4 seconds.

. Press "B/M". Activate GAIN, and DYNAMIC RANGE keys.

Verify that these keys affect the M-mode image only.

g. Press "AUTO".
PROCEDURE

a. Press the GAIN, and DYNAMIC RANGE keys. Check that
the annotations in the display are constantly
updated. Verify the "AUTO" backlight goés out.

b. Press "AUTO". The backlight shall come on. The
annotations in the display should return to their
initial settings. The display should indicate the
following:

G50

DR54 TF 60
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4-4-11 Linear Scroll
TEST PROCEDURE
"LINEAR SCROLL" a. Select the "SCALE X1".

b. Press the "LINEAR SCROLL"up key. Verify that the
depth scrolled in displayed in the top left of the
image.

c. Press "SCALE X1.5". Verify the "LINEAR SCROLL"
still functions. Repeat this step for "SCALE X2"
and "COMB".

The relationship between the scale factor and the scrolled depth is listed

below (all distances are in millimeters):

Scale factor X0.7 X1 X1.5 X2

Scrolled Distance per step 1.5 1 .75
Displayed scrolled distance 1 to 2 1 0 to 1l

Maximum scrolled distance 50 100 kX

xx 125 for single focus. 116 for combination focus.

Note: Less than 1 mm not desplayed, greater than 0.5 mm

rounded off.

4-19



4-4-12 Erage
TEST
"ERASE"

4-4-13 Freeze
TEST
"FREEZE"

4-4-14 Multi Image
TEST

"ERASE"

PROCEDURE

. Press the "ERASE" key. Verify that all images are

erased and a real time image appears on the left

side of the display.

PROCEDURE

. Press the "FREEZE" key. Verify that the real time

image is frozen.

. Press "FREEZE" again. The image shall return to a

real time display.

PROCEDURE

. Press the "MULTI IMAGE" (<) key. Verify the beep

sounds.

. Press the "MULTI IMAGE" ([D>) key. Verify the left

image is frozen and a real time image appears on the
right side of the display. Only the real time image

will update the annotations.

. Press the "MULTI IMAGE" left (<l) key. The right

image shall freeze and the left image will be real

time.
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4-4-15 Body Pattern
TEST
"BODY PATTERN"

4-4-16 Position
TEST
"POSITION"

PROCEDURE

. Press the "BODY PATTERN L" key. Verify the back-

light comes on and that a body pattern appears.

. Press "BODY PATTERN SEL". A new body pattern will

appear. It should be a right oblique pattern.

. Repeat step b. Verify that a right, supine, and

head body pattern appears.

. Press the "MULTI IMAGE RIGHT" key and the "BODY

PATTERN R" key. Verify that the backlight under "L"
goes out and the one under "R" comes on. Check that

the same body patterns appear on the right‘image.

. Press "BODY PATTERN SEL". Verify that all the body

patterns can be selected under the right image.

. Make the following keyboard entry:

Control J Enter

. Verify that body pattern package is changed to

package B from package A.

. Press "BODY PATTERN SEL". Verify that all the body

patterns can be selected.

PROCEDURE

. Verify the operation of the five position keys:

left, right, up, down, and rotation.

. Verify that the representation of the transducer in

the "BODY PATTERN" moves in the appropriate

direction.
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4-4-17 Image Memory
TEST
"IMAGE MEMORY"

4-4-18 ID Number
TEST

"ID NO."

PROCEDURE

a. Select "FREEZE". Verify the image is frozen.
b. Press "IMAGE MEMORY". Check that the backlight

comes on and the image is erased.

. Select "SCALE X2", "LINEAR SCROLL (A)", and

"FREEZE".

. Again press "IMAGE MEMORY". Verify that the image

frozen in step a. reappears on the display.

Check that all annotations are correct.

. Press "IMAGE MEMORY". Verify that the image frozen

in step ¢, reappears and that all annotations are

correct.

PROCEDURE

. Press the key labeled "ID NO." Check that the back-

light comes on. Examine the display "ID" and a

line cursor will appear.

. From the keyboard, enter 16 characters onto the

display. They should appear on two lines (8 charac-

ters on each line).

. Select "ENTER". Verify that the "ID NO." backlight

goes out and the characters remain on the screen.
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4-4-19 Name
TEST
‘lNAME 1]

4-4-20 Comment

TEST
"COMMENT"

Hh

PROCEDURE

. Press the key labeled "NAME". Check that the back-

light comes on. Examine the display "“NAME" and a
line cursor should appear.

From the keyboard, enter 32 characters onto the
display. They shall appear on 4 lines (8 characters

on each line).

. Select "ENTER". Verify that the "NAME" backlight

goes out and the characters remain on the screen.

PROCEDURE

. Select "FREEZE".
. Press the key labeled "COMMENT". Check that the

backlight comes on. Verify that a line cursor

appears on the display.

. Press the "POSITION" keys. Verify that the cursor

moves in the direction chosen by the "POSITION" key.

. Enter all available characters from the keyboard.

Verify that the characters area shown correctly on

the display.

. Select Backspace "BS". Verify the cursor appears

under the last character input.

. Press "ENTER". Verify the "COMMENT" backlight goes

out as does the line cursor.



- c. Press the "DIST" key. Verify that the bachklight
comes on. Also varify that a "D" appears on the

display with four curscrs.

comes on. Check to make sure a "C" appears in the
display alcong with twc curscrs.

c. Press the "AREA" key. Verify the backlight comes
on. Also, verify that an "A" appears in the disrlay

along with one curscr.

4-4-22 Function
TEST PROCEDURE
"FUNCTION" a. Press Measurement "QFF".

b. Press "DIST".

c. Using the trackball, measure the four different
distances indicated in Figure 4-S. Verify that each
distance is SOmnm.

d. Select "TBL 1" frem the Function keys.
e. Select among the five menus by using the left or
right arrow Functicn keys. The measurement values

shall be as listed following the enter key as below.

Menu Measurement
BPD 21W0D + 3
CRL 11WseD

FL 26W2D * 2W
AC NO MSR

HC NO MSR

+
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f. Select "CAL 1". Select among the menus as in step

e. The measurement values shall be as listed below:

nenu Measurement
CIRC 157
VoL €5.45
HR ILG
VELO ILG
D.A/B 1.000

g. Select M-mode.

h. Using the tracikball and "DIST" key. measure a
obligue line between the limit points at the bottom
left corner and the top right corner. D¢ this

for all four measurements.

i. Verify the measured distance is "150" on the

j. Select "CAL 1". With th
e., choose the menus 1

a
play should indicate the follo

Menu Measurement
4R . 24.81
VELO 31.01
k. Select B-mcde and "COMB" focus. Set Gain toc 50 -dB

and Dynamic Range to 54 &=.

1. Press "FREEZE".



m. Select the key labeled "MAP". Select all five menus
in turn. Verify the display reflects an image as

shown in the indicated figures:

NCRMAL 4-10
1 4-11
2 4-12
3 4-13
4 4-14
n. Select "Wdo". Select all four menus in turn. Verify

the display reflects an image as shown in the indi-

cated figures:

Menu Figure
A 4-17
B 4-18
C 4-19
D 4-20
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Figure 4-17
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4-4-24 Record

PROCEDURE
ey label "NEW PATIENT"

Verify that NAME, MEASUREMENT and COMMENT

Press the
T
ii/ .

characters are erasec. A

appear con the left. Any

to be shown on the left-hand image.
PROCEDURE
Press "CONTROL ¥ ENTER".
Press "CONTROL I 2 ENTER".
Select "RECCRC". Verify the white-on-blacik imags

momentarily inverted to a black-on-white image.

Press "CONTROL P ENTER" and "RECORD". Verify the
same momentary change in the display and that the
Pciarcid shutter opens

Press "CONTRCL I 1 ENTER".
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ollowing test reguires a headphone set or VCR to complete.
e

customer does not have either headphone or VCR do not

ith unit.
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ress Taik". An LED "Mic On" should light.

d. Input some voice to the microphone and verify that the voice
is heard from headphones or recorded on the VCR.

e. Stop pressing "Press Talk". After two seconds, the LED "Mic
On" should turn off.

f. Press "Voice Act".

g. Verify that the LED "Mic On" should lights and the voice is

heard from the headphone at the time.

¢
!

Y th

eaker audio should mute if no headphones are attached.)

h. Re-press "Voice Act", verify a green LED turns off.

Speaker audio velume should return te normal if headphones are
disconnected. The voice will no longer be heard from the

headphones.
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Connect a Sector transducer.
Press "PD" on the Doppler keyboard, verify a green LED lights,

nd the display appears as Figure 4-21.

Figure 4-21



a.

b

Connect a CWD transducer.

Press "CWD", verify a green LED lights. and the CWD display
g

ure 4-22.

appears as Fi

Figure 4-22

DCALC

Press "DCALC", verify a green LED 1lights, and
the display appears as Figure 4-23.
Re-press "DCALC", verify the green LED turns off.

BT3600 DOPPLER MERS/CRLC MERY
MEQSUREMENTS CRLCULRARTIONS
DISTANCE 1. RATIQ 1
DEPTR

2. RRTID 2
3. PULSARTILITY INDEX

T ONmOOmn

. D nooE E
. FLOW VELOCITY INTEGRAL

SELECT IO
EXECUTION

Figure 4-23



4-5-5 PRF TRACK
a. Press "PD".
b. Press "PRF TRACK", verify a green LED lights.
Press pcsition key " @ [EJ' verify the PRF changes auto-
matically.
€. Re-press "PRF TRACK", verify the green LED turns off.
NOTE: 8¥Hz PRF is nct available for type W, Y and Z transducers.
4-5-¢ _AGC
a. Connect a CWD probe and set as follows:
Mode CWo
Scale X0.7
Audic Vol Mid Position
Sweep Ri (CONTROL R1 ENTER)
b. Hold the CWD prche in the air without gel.
¢c. Press "AGC". verify a green LED lights.
Ané the FFT spectrum display becomes brighter by the
operation of AGC. At this time, the should ¢f noise is
heard from a internal speaker.
d. Press "M-Fast"
e. Rub the aperture of CWD probe with your finger.
£. At this time. the sound and spectrum image should diminish
rapidly by the operation of AGC.
g. After this, the spectrum image should stabilize to some
nominal value.
h. Re-press "¥-Fast" End make key input "Control RO Enter”.
4-5-7 B-FREEZE
a. Press "PD"

wm

(V)



b. Press "B-FREEZE", verify a green LED lights and the B-mode
image freezes.

t this time, verify the increase of PRF and frequency of
doppler display scale. And also note an increase in the
frequency components of the Doppler audio.

c. Re-press "B-FREEZIE".

4-5-8 g and ANGLE
a. Press "o".
. Verify a green LED lights and the line of the & correction

cursor appears on the monitor.

¢. Turn "ANGLE" Knob right, verify the line turns right and there
is a change of display velocity.

4. Turn "ANGLE" knob left verify the line turns left and there is
a change of display velocit
Refer to Figure 4-24.

e. When angle becomes greater than 80°, the velocity scale
disappears and the g display flashes.

4-5-9 HIST

a. Press "CWD". And display the live Doppler spectrum image.

b. Set Sampling Frequency to 6KHz, press "Freeze" on console.

c. Press "HIST", verify a green LED lights, and a Histogram
appears with the timing curser.
Refer to Figure 4-24.

d. Move timing cursol with the trackball and verify the histocgram
is updated.

e. Turn off the histogram by pressing Measurement off Xey.
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"“CWD", and display the line Doppler spectrum image.

s
Set Sampling Freguency to 6 KHz. press "Freeze" on console.
M r

. 3ng c2igpiay the live Doppier spectrum image.
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b. Press "FREEIE", and press “"SPECTRAL WIDTH".
c. Select "1" (-3dB) and press "ENTER".
d. Verify the Spectral Width display appears as Figure 4-24.

e. Turn off the Spectral Width by pressing Measurement off key.

BS]

il+ayr
1iter

bt

T4-5-12  Wal
a

Connect a sector probe, and set as follows.

Doppler PD
Mode D/B (Press "B" on console)
b. Hold the transducer in air.
¢. Adjust the Receive-Gain and Display-Gain, so a slightly bright
spectrum is displayed.
é. Press "Wall Filter (y] " .
e. Verify the changing of cut off frequency and a dark band above
and below spectrum baseline.
Refer to Figure 4-26.

Press "Wall Filter [:] " and verify opposite change from "e".

th

4-5-13 Display Gain

()]

Connect a sector probe. Press "PD".
h. Set Receive Gain to 04B.
c. Turn Display Gain knob right, verify the LED level meter

displays a higher level. And Spectrum image appears brighter.

4-5-14 Receive Gain

a. Set Display Gain to max.
Set Sample Volume cursor to highest position.
c. Turn Receive Gain knob right, verify the LED meter displays a

higher level.

4-5-15 OFF
Press “"OFF", verify the green LED (PD or CWD) turns off from on.
This shuts all Doppler Functions off. And the display returns

to B mode.



Figure 4-26
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5-1 Principles of the Ultrasound Image

In order to observe an object's internal structure, the object
must be transparent. Biological bodies such as human tissues are

obviously not transparent to visible wavelengths of light; however they

"' appear transparent to the wavelengths used in X-ray and ultrasound.

The ultrasound image is derived from sound wave propagation. The
similarity in the use of a sound wave and an electromagnetic wave can
be seen in the comparison of a RADAR and SONAR system.

The basic principle of RADAR and SONAR is echo detection. RADAR
relies on electromagnetic waves, and SONAR uses sound waves- but the
end result is the same. Beam forming technology is almost always used
in both applications to identify echo source direction; while echo
return time is counted to determine echo source range.

In general, the technique used is called "echo sounding.” When
the echo source is mapped with the beam direction, the technique is
called echography or sonography (if sound waves are used).

The RT3600 is an echographic instrument dedicated to medical

diagnostic applications.

The optimal wavelength of sound used in a medical echographic
instrument is in the millimeter or submillimeter region. This results
in the best echo source intensity (reflectivity) and body transparency
(penetration). Ultrasound frequencies of 0.5 to 15 MHz are in this
range. At these frequencies, the human body and water show similar

acoustic characteristics.

5-1-1 Beam forming and 1-D Echo Sounding

For submillimeter wavelengths, a tiny piezoelectric ceramic
planar disc can generate and receive a beam of Ultrasound energy.
Ultrasound energy is converted to and from electrical energy which is
transmitted and received by terminals imbedded in the ceramic. The
diameter of a sound beam from such a planar transducer will be the same
(or larger) as the transducer itself (see figure 5-1). The selec-
tivity, or directivity, of such a beam is not ideal. However, this
simple configuration permits a one-dimensional echo source map and is
graphically represented in an A-trace image which displays echo inten-

sity per distance along the beam axis.
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5-1-2 2-D Echo Source Mapping

A "scan" is generated when a transducer is rotated or shifted
during a continuous echo sounding operation. The position or angle of
a sensor coupled to the transducer enables a simulated beam line to be
‘swept across the CRT display. Echo source intensity is seen as spot
instensity in each sweep. This scheme is called B-scan and provides a
two-dimensional echo source location and intensity map of an object

body. (See Figures 5-2 and 5-3).

5-1-3 Switched Array vs. Phased Array

It is difficult to obtain precise position and angle information
from a mechanically rotated transducer. However, by using a group or
array of transducers it is possible to electronically "shift" the
ultrasound beam and obtain a similar scan.

A switched linear array of transducers simulates the parallel
shift of acoustic scan lines produced by physically moving a single
transducer perpendicular to the beam axis. This method requires a
large array of transducers.

A more efficient method would be to group a set of narrow width
elements of an array together. In consecutive order, each group is
switched on and off until the entire array has been stepped through.
(Refer to Figure 5-4.)

The switched array requires a large number of elements to produce
a scan. The switching principle is similar to that of a telephone
exchange station.

On the other hand, a phased array technique generates and
receives a steered ultrasound wave. Consider a single source first.

A single transducer of a small size compared to a quarter
wavelength can be considered as a point source. A point source
radiates energy equally in all directions so a circular wavefront is
generated (see Figure 5-5). It can be considered as an omnidirectional
transducer. A set of omnidirectional transducers distributed along an
array will superimpose their circular wavefronts into the acoustic
media when they are simultaneously excited at their ports. If these
transducers are equally spaced, with adequate separation, their com-
bined wavefronts will simulate that of a planar transducer and form a

planar wavefront.
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However, when the transducers are not simultaneously excited or
have unequal delay times, multiple circular wavefronts having unequal
radii will coexist in the media and form a wavefront with no sig-
nificant directivity (see Figure 5-6).

If a uniform delay is imposed across the array, the elemental

‘wavefronts will be larger at one end and taper to smaller wavefronts at

the other end and form a “"steered" Wavefront (see Figure 5-7). The
angle of the wavefront is determined by the pitch of the elements and
the time delay distribution.

In receiving such a wavefront, the order is reversed. An angled
wavefront is summed at delay line outputs. The delay is chosen to give
maximum sensitivity to a given angle. Wavefronts other than the chosen
one arrive at the output of the delay line out of phase and chancel
out.

The technique of a phased array then is to steer an ultrasound
beam by imposing a time delay distribution across the array. A scan is
performed by dynamically changing the time delay (this process is
called a delay map). The phased array method requires variable time

delay lines in each transducer element line.

5-1-4 Focusing

As discussed earlier, a planar transducer can provide a sound
beam with the same or larger diameter as the transducer itself.
However, smaller sound beams would improve lateral resolution in an
echo field. Smaller sound beams are formed from converging wavefronts
produced from concave disc transducers or from planar transducers with
an acoustic lens attached (refer to Figure 5-8b, c¢). This focusing
technique is simulated in an array by using a quadratic delay distribu-
tion (see Figure 5-84).

In transmission, the wavefront is determined in the transducer by
an electrical signal distributed across the array. As the wavefront
passes through the echo field it cannot be controlled. This means that
transmission focusing can only be accomplished for a certain depth, or
zone, for each transmitted wave. This doesn't mean areas out of the

focal zone can't be imaged, they will only have reduced intensity.
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Echo wavefronts from echo sources also have "circular" patterns.
Echo returns to the transducer are distributed according to their
distance from the transducer. A received echo wavefront is formed from
individual sources and its angle is determined from echo return times.
In receiving such a wavefront, a dynamically changing focal length is
‘used to track echo source distance. In practice, this is done by chang-
ing the quadratic delay distribution across the array (see Figures 5-9
and 5-10). This technique is called "dynamic focusing".

However, in the zone closest to array, where the echo wavefront
is at its steepest, a modified focusing method is used. In this near
field a smaller beam is produced by using only a limited number of
transducer elements from the center of the array. This method reduces
side-scatter from near field echo sources and improves resolution,
while eliminating the need for a complex delay map. This process of
changing the aperture size is called dynamic aperture control (see
Figure 5-11).

In practice, the delay map is switched during reception, and not
the electrical length of individual delay lines (which is somewhat
difficult to accomplish). The delay distribution requirements for
focusing and beam steering are included in a single delay map which is
unique to every scan line. The delay map is applied through a long,
multiple-tap delay line which is combined with a crosspoint switch
matrix. The crosspoint switch is described in detail later.

The focusing method described so far has been a two-dimensional
representation of an echo field, where elemental transducers have been
depicted as point sources and detectors. In actual operation, however,
image geometry in a three-dimensional object is affected by transducer
directivity, also (see Figure 5-12). Resolution and focusing in the Y-
axis (thickness direction) must also be considered. An acoustic lens
is coupled to the array surface to provide Y-axis focusing. The lens
is a cylindrically degenerated one which does not affect X-axis beam

steering.
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5-1-5 Echo Signal Processing

The receiving echo signal has a large variation in level and
frequency spectrum as well as return time. This is due not only to
echo source intensity, but also to the attenuation of ultrasound energy
in the human body. Typically, a range of more than 100 dB exists
‘between the strongest echoes and the detectability limit. To deal with
such a wide dynamic range of received signal, a logarithmic compression
of the high freguency signal is performed prior to detection. This
permits a uniform display of the echo source regardless of the depth.
After detection, a compensating signal called TGC (Time Gain Control)
is applied.

In the past, TGC has been applied to a receiver's linear
amplifier and served as the actual gain control. Performance suffered
as a result of inherent uncertainty in how to control the signal.
However, post-detection TGC applied in a logarithmic amplifier is not
multiplicative but additive because the echo signal is log-scaled into
a proportional voltage signal. This method is more accurate and reli-
able in it's amplitude transfer characteristics (see Figure 5-13).

TGC is dependent on probe type, center frequency and individual
patient acoustic characteristics.

In addition to logarithmic compression, fregquency response must
be considered. In order to obtain high resolution, the receiver must
have a wide bandwidth. 1In general, the component that has been most
bandwidth limited has been the transducer. So if the bandwidth of the
transducer is made sufficiently wide, the receiver must be made to
accept or adjust itself within a given transducer passband.

The problem with such a wide passband is excessive noise, espe-
cially in the far field where the system noise floor determines the
detectability limit.

Also, in the far field, where the overall path length of the
ultrasound beam is so long, a significant shift of the frequency
spectrum occurs due to attenuation in the body.

On the other hand, in shallow fields, echoes are the strongest
and the frequency spectrum is unchanged. So, a wide bandwidth is ideal

for near field echoes, but detrimental for far field echoes.

5-17



| -G aunbLy

Q9L 2AIPPY
0opi ! f.
I
R
< 291 : * «
- diys bo7
~ «
™ A A A |

4d1 130

-

bt

é



Attenuation

Transmission

Transmission

Oem

Transmission usg

3em freq, of media
L~
&
bcm
12&cm §

depth zero means
original passband
of acoustic
transduction system

Dynamic filter
adaptation

5-19



In the RT3600, the receiver dynamically changes center frequency
and bandwidth to tune itself to the echo frequency spectrum shift.
This technique is called "dynamic filtering" (refer to Figure 5-14). A
similar signal is TFC (Time Freguency Control) anéd is explained
later. Refer to Section 5-4-5.

In a phased array system. proper frequency response prevents an

~affect called "grating sidelobe artifact". Grating sidelobe is caused
by an aliasing combination of the elemental wavefront along the array.

The array geometry is designed at center freguency to avoid any
grating sidelobe to appear; however, if the system passband extends
beyond certain limits of center fregquency, grating sidelobe will con-
taminate an image at high steering angles and the high freguency part
of the echo signal.

This leads to a concept to suppress the high frequency component
of an echo signal at high steering angles, while preserving the full
bandwidth at shallow angles. This slightly reduces resolution at the
edges of the echo field, but produces a contamination-free image and
better over-all image guality.

A quadratic function ¢f steering angle is digitally created and
converted to an analog control signal. This signal is called SFC (Side
Frequency Control) and is also dependent on probe type. In linear
scanning, SFC is defeated. ’

In principle, TGC and TFC are dependent not only on probe type
(nominal center frequency), but also to an object's acoustic
characteristics- such as age. sex, and obesity. 1In operation, only TGC
is available for operator control. Values of system gain are selected
automatically upon power-up depending on probe type information sensed
at the transducer connector.

Gain controls are all digitally generated and applied to analog
circuits through D to A converters.

After these control signais have been applied, the ultrasound
video signal is input to an A to D converter to permit digital data
handling of the picture information. The dynamic range definition is
carried out before A to D conversion.

For an M-mode display, signal processing such as near-zero sup-
pression and non-linear processing (for contrast enhancement) is also

carried out prior to A to D ceonversion.



The ultrasound picture information can now be handled digitally.
The signal still must be input to sections that will apply pre-
processing, scan-format conversion, post-processing, readout, and TV

style display

5-2 Scanning Scheme of RT3600

The RT3600 performs linear scanning using an electronically
switched array method. There are several styles of display format

available for linear scanning. They are as foliows:

(1) B-mode Imaging
(2) M-mode Imaging

(3) Simultaneous B/M-mode Imaging

These image styles are available to all transducers,
regardless of beam forming and steering methods. In any case, a scan
line number (SLN) is assigned to each acoustic beam used to scan an
object £ield.

5-2-1 Linear Scanning

In linear scan, SLN=0 is the first scan line from element number
0 in an unshifted, full aperture. The shifted scan line from the same
aperture is defined as SLN=1.

The unshifted scan line appears at channel A in the Log Assy, and
the shifted line appears at channel B.

A dynamically controlled aperture method is used to reduce aper-
ture size at the edges of the linear transducer array. This shifts the-
center of the aperture (That is, the start point for a scan line) in
step with a full aperture scan field. Although image quality of aper-
ture edges is somewhat reduced, this method allows a fuil expansion of
the scan field to the entire aperture of the acoustic array. For these
smaller aperture scan lines, SLN's are continuously defined to under-
flow or overflow the binary numbering system. An SLN consists of a 9
bit word. An underflow of the binary word forces a virtual negative

LN. This creates two scan lines from an individual element. Although
the total number of elements is dependent upon probe type, the total

allowable SLN's is 512 for 256 transducer elements.
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5-2-2 M-mode and B/M-mode

M-mode is defined as a time-sampling observation of a particular

scan line that is kept stationary in an object field. Steering of the
beam may or may not be required depending on what part of the object
field is being monitored.

Simultaneous B and M-mode imaging with a single transducer has
-proven to be very helpful in medical diagnosis. Such imaging is called
B/M-mode. A periodic interruption of the B-mode image is made to
obtain a time-sampled video signal of a certain scan line. Typically
this B-mode interruption occurs every 4 or 8 milliseccnds which
provides an M-mode image every 1 to 2 seconds.

The specific scan line monitored in an M-mode image is cperator
selected from the B-mode image by manually placing a marker over the
desired area. M-mode requires different signal conditioning in order

to obtain images useful in a clinic.



5-3 RT3600 Block Diagram
Refer to Figure 5-15 for a block diagram of the RT3600 system.

The system can be broken down into three functional areas: the digital
section, the analog section, and the system controller microprocessor
section. Power supplies and CRT monitors are part of the system, but
it is the intent of this chapter to explain the operation of the three

‘functional areas unique to the RT3600.

5-3-1 Echo Signal Flow

The image information signal is used in three forms, as shown in

Figure 5-15. The white arrow shows this signal in analog form; the
gray arrow is used tc show the signal in digital fcrm. The black arrow

represents the signal in its standard TV composite video form.

5-3-2 Control Signal Flow

Contreol signals are shown in the block diagram by thin black

lines. Most of these lines in the figure are internal I/0 lines of the

control microprocessor.

5-3-3 Circuit Board Nomenclature

The following table lists the circuit boards incliuded in the
RT3600 system. The switching power supply, CRT monitors, and cameras

are not included in the list.

5-4 The R/T Module

The R-T module is not a physical unit, but instead is a func-

tional area of circuit cards that process the analog echo signal. The

circuit boards that comprise the R-T are listed blcow:

A0 RT Controller

Al and A2 T/R Boards No. 1 and 2

A3 to A6 Crosspoint Switches No. 0 teo 3
A7 Log Amplifier

Al4 Connector Board

Figure 5-16 is a block diagram of the R-T module. The R-T module
contains 64 transceivers for up to 64 transducer eiements in an array.
These elemental signals are phase delayed to form the desired scanning

scheme.
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RT3600 System Configuration:

Probe Selector

Keyboard

Probe 1 — |
— .
l Probe 2 %—’ — MO
Al - A2 A3 — A6 AT
Ap Ric ‘I T/R =1 xesw —) Log Assy
!
f 1 4 *
esaraii <H7
| ) '
A9 SCC MO [ Al VIO
A 4
A8 MST

i

Power
Supply

[TTT

HHV (from A15)

+12V
+5V .
-5V

Figure 5-1§G
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The outputs of the R-T module are two echo signais (A-out and B-
out) which are simultaneously available from each scan line. &4 delay
maps are included here for proper time delay requirements for each
element's signal. Information coming to the module include probe
identification and focal zone switching signals.

A complete random access capability for acoustic scan lines is
guaranteed in order to permit simultaneous B/M-mode imaging. Also,
special signal processing is applied for M-mode to optimize its image

on the display.

5-4-1 RT Controller ,
Figure 5-17 is a block diagram of the RT Conircller. It contains

a generator for all necessary timing and control signals in the R-T
module and in the transducer. The circuit has its own high frequency
clock (Ul6A), input latches (U8E to UISE), scan control data PROMs
(U2K, U3K), and other logic circuits for control.

The major function of this circuit is to transfer control data
information from the PROMs to the Crosspoint Swi<ch Board, to the
transducer, and to the transmission delay counters (TX-delay) on the
T/R board. This transfer must take place before pulser firing along
each scan line.

Control input to this board comes from the Master Controliler (A8}
to the input latches (U8E to U1BE). Information for probe type is
determined by contacts in the probe connector ané sent to the Master
Controller.

The RT Controller is essentially a high speed data exchange
station, because all data must be transferred tetween pulser firings.

The high frequency clock signal generated on this board by Ulé6A
is tapped at different points by delay line Ul0F and supplied to every
TX-delay counter in the T/R board. This determines pulser firing along
a given delay map.

5-4-2 TX delay and T/R Circuits

Figure 5-18 is a block diagram of the T/R circuit.

Two uninterchangeable T/R boards are used. Each board contains
16 integrated dual T/R circuits (U4/B9713SL) ancé 8 integrated quad TX
counters (U00/B9713SK). Thirty-two T/R circuits exist on each board.
Two boards are used to contain 64 T/R circuits- one for every element

in a 64 element transducer array.
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TY delay counters are reset prior to every transmissicn. The
clock signal is counted to set the transmission delay required fcr beam
steering and focusing. Phase-split clocks are used for a more precise
delay map. Quadrature phase resolution of 20 nanoseconds is obtained
using a four-phase 12.5 MHz (80 nanoseconds) clock.

Using the TRIG pulse as a common reference, the outputs of the
counters are used to fire the pulsers. Resst cdata R
Contrcller is sent to 16 counters at a time in a digit-parallel, worcd-
serial form. TX counters for every four channels are integrated into a
custom designed monolithic IC chip. This chip. plus two T/R circuits,
a pulser, pulser driver, and amplifier are integrated into a custom
designed hybrid IC.

The high voltage supply for the pulsers is available through z
four-position switch. This switch is locateé next to the main power
switch on the front panel. A maximum of 80 vclis for linear or 160
volts for sector is available. The switch allows pulser power t

completely turned off, so scanning can be continued without ultr
radiatio Pulser power control is performed in the L15 HVPS.

Firing of the pulsers creates a high voitage step pulse at the
transducer's terminals and an ultrasound wave is generated. After
transmission, a controlled attenuation is aprlied o the receiver to
prevent strong near field echoes from saturating the receiver. This
attenuation signal is called PGC {(Pre-gain Ccmpensation}. PGC is
generated from the Master Controller signal DTRIG.

At this point, every two acdjacent echo signal

(after reguired delays). This creates 22 signals from the 64 si

w
v
[
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Q
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i
)
]
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the transducer eiements. This reducticn of charnels accounts for®

rh
s
O
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the configuraticn of the Crosspoint Switches.

The RT3600 T/R becards also use, CDA (Continucus Dynamic Aperture)

for sector scanning. This controls the aperture size continucusly.

The aperture size is at minimum near the transducer face and expands *o

s

rture size by mid field. The RTC CDA control circuit has a
128X E-PROM, 8TTLs, D/A and other associated circuitry.

CDA aliows tne transducer to maintain a more cptimized receive
oughout the entire depth o0f field while providing an improved

transmit focus in the far field This use of Zdynamic aperture conircl

resulits in better far field resolution without sacrificing near to mid
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and, that data is converteé to an analog control signal by DAC 08 (in

Ui5B). This signal is then used for Al and A2 CDA control. Refer to

Figure 5-19.

Count-

er

Cba
POM

OFF

—» Clock

+5

D/A

CDA cont.

To TR1, TR2



5-4-3 Crosspoint Switch and Delay Map

Figures 5-20 and -2! are bicck diagrams of the crosspoint switch
matrix and delay map. Four identical boards (A3 - A6) make up the
complete swith matrix. The boards are interachangeable within the card
cage. Analog input and output signals, as well as digital control

signals are connected through the motherboarsd.

The complete switch matrix is made up of eight submatrices having
32 rows X 24 columns of crosspoints. 7Two of these submatrices are

ed on each board for a total matrix ¢of 32 x 192 crosspoint

The 32 bielemental signals from the T/R boards (SUM 0-31) are fed
throuigh all 32 row inputs of the crosspoint matrix. The column out-
puts are bufferfed and merged with the signal traveling across the
elay lines (DLO,1,2 can be found on A3-A6 schematic page 1 of 2; DL3,
4, & on page 2 of 2).

The delay line chip has an electric length of 320 nanoseconds.
Seven equally spaced taps create eight subsections - each having a

delay of 40 nanoseconds. NOTE: The first subsection is comprised of

o

he input signal and is not delayed. Seven taps make up the remaining

seven subsections. The last section of the delay iine provides a delay

(=]

for the input to the next delay line. Three delay lines are cascaded

for each submatrix. This provides 24 entry points with 40 nanoseconds
spacing. The entry points accept column cutputs through isclators QC

In switched array linear scanning. several independent delay maps

-
r

™

can be applied to obtain different delay synthesized outputs. In this
way, different focal depths and beam axis are formed.

In the RT3600, two sets of shifted beam axis are applied for
iinear scanning.

Intermediate amplifiers between delay lines serve as gain and

T

freguency response egqualizers. These compensate for the frequency

(8 9]

ependent attenuation in the delay line. In addition, the amplifiers
make the overall delay line unidirectional and prevent refletions.

Control signals for the crosspoint switch boards come from the RT
Controller (AQO). Each crosspoint has its own static control memory.
The crosspoints are accessed in a row serial, column parallel mode.
Zach new entry of data purges the 0id data in memory. Thirty-two

cclumn data entries {one for each row) are made prior tc every pulser



The delay synthesized outputs are input to the A7 Log Amplifier.
Figure 5-24 shows how the delay maps are organized for each scanning
scheme. Higher data rates are acheived when multiple delay maps are

established for multiple scan lines and focal lengths.
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5-4-4 Log Amp Assembly
Eight buffer amplifiers, Q0a, b through Q3a, b (refer to A7

schematic page 1 of 3) serve four selectable focal zones in the log
video chain. Signal switching J FETs Q4a, b through Qlla, b (A7
" schematic page 1 of 3) commutate the dynamic filter inputs for a mini-
mum of spikes caused by focal zone switching. Refer to Fig.5-22.
| Time based (in effect, depth based) focal zone switching is
performed automatically. Four monostable fimers (U110, Ulll each
having two sections- see A7 schematic page 3 of 3) determine the timing
for focal zone switching. RV106 through RV1i1 (A7 schematic page 3 of
3) are used to trim the timing signals of the monostable timers. Focal
zone switching sometimes causes spikes. so RV3a. b through RVé6a, b (see
A7 schematic page 1 of 3) are used to provide a spike reduction
adjustment. RVOa, b through RV2a,b are adjusted for signal level
egqualization throughout the focal zones.

Switching patterns and an apply/defect contrcl are provided from
the system CPU located on the master controller board (A8). When the
Sector defeat control on A8 is enabled, ECHAC and ECHEO are selected
and the monostable timers are inhibited to prevent spikes. The focal

zone switching scheme is shown in Figure 5-23.
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LSR-M

Line Scan Recording of M-mode utilizes an LSR-M

(Line Scan Recorder-Marker) board on A7 LOG assembly.

LSR-M

generates scale markers and timing markers which are added to M-

mode video recording.
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5-4-5 Dynamic Filtering

The dynamic filters are very important in obtaining the best
image quality over various depths. A passive low cut-off filter is
cascaded with an LC ladder high cut-off filter and located between the
focal zone switches and the iog amplifier (see Figure 5-25).

Da through Dd (Figure 3-25) are varactor diodes whose capacitance
is controlled by the applied vecltage. These diodes were selected for
their relatively high capacitance and for their well regulated charac-
teristic curves.

The lower cut-off frequency of the receiver is controlled by TFC
which is time dependent. The high cut-off frequency is controlled by
SFC which is dependent upon the steering angle and is applied only in
sector.

TGC control voltage for varactor diodes is provided by opera-
tional voltage translators. U103, 104, and Ul05. Analog inputs for the
TGC and TFC contrel voltage come from the master controller where they

are digitally generated and D/A converted.
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5-4-6 Log Amplifier

The log amplifier used here is referred to as a successive
saturation bipolar type. This type of log amplifier processes input
signals within a predetermined level and frequency range, and converts
the instantaneous input voltage into a log-compressed output. The
bipolar design guarantees a good level translation without d.c. offset
or drift. The log amplifier has a nominal 120 dB compression range
from a few hundred KHz up to 10 KHz.

Actual compression is performed by Ul2A (see A7 schematic page 2
of 3). Two cascaded 30 dB amplifiers provide three inputs to Ul2A,
each 30 dB apart. This technique provides a more ideal log-compression
curve over a wider dynamic range.

Two 30 d8 amplifiers, UlOA and UllA, provide a 90 dB conversion
range input to U12A. R75A causes an additional 30 4B attenuation at
another input- so the total conversion range of Ul2a is 120 dB.

The 30 dB amplifiers have a slight but characteristic delay in
signal propagation. Delay lines U7A and U8A are used to make the level
shifted inputs to Ul2A always in phase. D13A through D20A are
limiters to prevent the amplifiers from saturating.

The log-compressed output of Ul2A is amplified by Q19A through
022A and then rectified by video detectors Dl1A and D12A. DI0A serves
as a temperature compensating, zero output reference. RV7A and RV8A
provide gain and offset adjustments for the log-video detecticn
circuit. Video amplification is performed by U9A. The specified echo

level vs. U9A output is 0.5V/20 dB (see Figure 3-26).

5-4-7 Video Signal Preconditioning

For a B-mode display, the U9A output goes to UlOA (A7 schematic
pages 2 of 3) where TGC and SGC are applied. Dynamic range definition

is a scale factor selection applied to the video signal.
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For an M-mode display, a signal path through UlA, U2A, and U3A is
selected. Near-Zero rejection and non-linear processing is applied at
UlA. U2A is an inverter with an offset, and U3A is a summing amplifier
where TGC is added. RV112 and RV113 (A7 schematic page 3 of 3) provide
bias set-up for the special M-mode signal conditioner.

The output of this section, through U6A, is defined and scaled as
shown in Figure 5-36. RV114 (A7 schematic page 3 of 3) sets up the
pedestal for this signal.

while this explanation has only referred to the A-channel, an
identical operation occurs for the B-channel. The B-channel signal is
available at U6B.

The final outputs of the board are present at U108 and U109 (A7
schematic page 3 of 3) which act as buffers for the U6A and U6B
outputs. switches UlCl and U102 allow Aout and Bout to be selected and
provides for a service software routine which measures TGC, TFC, +5V,
-5V, +12V. +80V, and variable high voltage by using A/D converters in
the next board normally used for video data acquisition. The items to

be checked are listed in the following table:

U101 : uic2
Control Subject Typ. Value Subject Typ. Value
Word
0 A-video 0 - 1.5V B-video 0 - 1.5V
1 GND ov GND ov
2 +5V 1.5V -5V 1.8V
3 vCCo 1.5V VCC1 1.5V
4 +80V 1.5V +HV 1.5V
5 +12V 1.5V GND ov
6 TFCV 0 - 1.5V TGCV 0 - 1.5V
7 B-video 0 - 1.5V A-video 0 - 1.5V
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5-4-8 Connector Board

To relay the necessary signals, an interconnecting board (Al14) is
placed between the motherboard and the transducer connector. A logic
circuit detects a connection at the transducer receptacle.

When a transducer is connected or disconnected, the logic circuit
enables an interrupt to the system controller which acknowledges the
change in connections but only on the Front Panel solected connecter

Probe identification is performed by a wiring scheme in the probe
and receptacle connectors. Buffer gates are used to sense the wired
code information.

A transducer receptacle is used for quick “ransducer connections

Two 156-pin, zero insertion force connectors are used.

5-5 Frame Memory and Digital Scan Converter

For a proper CRT display, the ultrasound video signal form the A7
Log Amplifier must be scan converted. This task is performed by three
digital boards: A9 SCC (scan converter controller), Al0 FM {Frame
Memory), and All Video board. A block diagram for these boards is
shown in Figure 5-28.

The function of scan conversion is to define a pixel address when
the data for that pixel is acquired. the digital scan converter main-
tains a Frame Memory address that directly corresponds to the displayed
raster scan picture. The Frame Memory row and column are eguivalent to
the display screen pixel row and column. An "interweaved" read/writ

is continuously performed on the Frame Memory.
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Calculating the write address for video data is fairly simple when
in linear scan. The original ultrasound scan geometry lends itself to a
relatively basic row to column conversion (see Figures 5-29 and -30).

However, in a sector scan acoustic scan lines are no longer paral-
lel and row to column conversion is more difficult, A predetermined
look-up table finds the write address string for the video from each
pulse.

It is also the task of the scan converter to produce a display the
represents the transmitted acoustic scan field, regardless of the scan
style. Again, this is more difficult for sector scanning because of its
geometry. An interpolation between scan lines is required to fill in
information missing as the scan lines diverge. This is called "pixel
filling" and it is used any time the scan scheme does not lend itself to
direct row to column conversion for the data display. (Refer to Figures
5-31 an 5-32).

Besides difining pixel addresses, the digital scan converter can
"hold" an image and maintain it for constant display. This is what
happens when the FREEZE switch is selected on the front panel. The scan
converter is also able to display the scan field in a desired direction
of view, to display a magnified image, and to display various depths of a
a scan field (through the LINEAR SCROLL switches on the front panel).

The scan converter can also place a combination of images on the
display. Simultaneous B/M-mode displays are a necessary function c¢f the
scan converter. An "overlay" can also be displayed over the image. The
overlay function is provided in the Frame Memory to display desired
characters and patterns. A gray scale appears in the display as a

reference for pixel levels.

5-5-1 Video Data Acquisition

Figure 5-28 is a block diagram of the digital scan converter
system. Ultrasound video signals form the A7 Log Amplifier are input to
the A10 Frame Memory where they are low-pass filtered before being A/D
converted. The low-pass filters are for anti-aliiasing. Four cutoff
filters are available; the choice depends upon the image scale facter
vhich also determines the A/D conversion rate. AICU3H and ALOU3E are the
filter selectors. Al1OUSF and Al1QU6F are the A/D converters.
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The digitized video is now under control c¢f the scan converter
controller. The video is stored in a line buffer and then sent to Frame
Memory. Two sets of line buffers are used to interwea
operation. While one set is accepting the new viceo data. the other set
is fowarding its data to Frame Memory.

2 counter is used as a line buffer write address generator. The

ous B/M-mode data acguisition. In this way, the E-mode infcrmat

scrclii" is performed in the same manner as for a 2-mode oniy
a e e B/M mode display, can scroll.

B-Mcde and M-mode simultaneously.

In the combination focusing mode, the Zisplayed image is a combina-
tion of the 3 focal zones obtained over 3 images. The image is edited
through the line buffer by selectively updating the data for each zone as
cetermined by the focusing delay maps. Until each update is completed,
zhe scan line number is fixed. The Scan line number increments with each

ate and the video data for each scan line is passed to the Frame

ystem microprocessor to write Zata intc the Frame Memcry.
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Accustic scan line interpolation is alsoc carried cut at this stage.
A digital interpolator (a weighted adder) synthesizes two "virtual" scan
lies between actual scan lines. This feature is selected automatically

n in sactor scan. it is also used in linear scan when scals fachtors

5-5-2 Fixe: Ajddress Gezneration and Pixel Handling

step is to find adequate pixel addresses in the Frame Memcry to store the
videc data Figures 5-33 and -34 show the read/write aléress g ators
cennected to the Frame Memory Digital integrators are used to restore X-
Y pixel addiresses in order to track the acoustic scan line in an object



A ROM table provides X and Y incremental displacement data to the inte-

grator.

The table also provides scan format and scale factor assignments.
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The incremental displacement table ROM requires 100KB for sector
scan and 2KB for linear scan. The ROM for each scanning scheme is inde-
pendently installed.

The Frame Memory is made up of two identical planes, A and B. Each
plane is 256 x 1024 x 6 bits. Each plane is divided into two pages (Al
and A2, Bl and B2) of 256 x 512 bits that represent two independent TV
fields (not the same as a TV frame). The contents of Al and Bl make an
entire TV frame, as do the contents a of A2 and B2. The planes of memory
have independent read/write circuits so that while one field is being
written to the other field can be read. This allows essentially
continuous read/write access for video data input and TV data output.

The readout frequency of the Frame Memory is set up by scale factor
requirements. The readout address generator counts a selectable fre-
quency determined by scale factor. Vertical scale factor (Z-axis in
object field, Y-axis on display) is determined by video sampling rate;
horizontal scale factor (X-axis in object field and display) is deter-
mined by Frame Memory readout clock frequency. Timing for both scale
factors is derived form a quarts crystal oscillator and a programmable
frequency divider.

Readout data from the Frame Memory planes is multiplexed to form a
digital video data stream. This data stream then undergoes parallel to
serial conversion, D/A conversion. and post-processing (contrast
conditioning).

The data and address bus of the system microprocessor are in-
directly coupled to the internal read/write bus and address bus of the
Frame Memory. When either plane or both planes are in a "freeze" status,
the system microprocessor can set up its own read/write requirements to

the selected Frame Memory plane.

5-5-3 OQutput Digital Processing

The digital video signal from the fame memory has a TV style format
in digital form. This signal now undergoes pcst-processing and gamma
correction before the video D/A conversion. Figure 5-35 represents this

part of the digital scan converter system.
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Post-processing is also known as contrast conditioning. It is
carried out in a direct conversion from values stored in a high speed
RAM. Gamma correction is performed through a software selected menu
stored in a ROM table. Gamma correction depends on the selected
display style, white on black, or black on white. The software deter-
- bmines the display style and selects the applicable gamma correction
curve.

The gray scale reference bar is generated by a special logic
array AlOU23A. This signal is merged with the digital video data after
post-processing, but before gamma correction.

The gamma correction menu includes curves for the monitor display
and for the Polaroid camera. The Polaroid gamma correction includes
compensation for photosensitive paper and for the monochrome CRT used
for the Polaroid monitor. The menu is automatically switched as
software tells the system when a Polaroid photograph is taken.

5-5-4 Overiay System

Figure 5-36 is a block diagram of the overlay system. The over-
lay system is made up of three planes of 1024 x 1024 x 1 bits. Each
plane is divided into two pages of 1024 x 512 bits. An area of 656 X
480 bits from each page is the actual area to be displayed. Pages
from the same plane are selectively displayed, they cannot be simul-
taneously displayed. Up to three pages (one from each plane) can te
superimposed and displayed simultaneously.

A graphic display controller (GDC) chip Al1lU4H
does all the access to the memory. The write cycle is per-
formed during the TV vertical retrace interval; readout is done
continuously during the actual vertical field duration. The GDC alsc

controls the read and write addresses.
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Write and erase instructions and the write data is sent to the
GDC from the system microprocessor through the data bus and chip select
signal. The readout data from the overlay memory planes is parallel to
serial converted and merged with the video signal. When the overlay
bit is high, the video output is set at the maximum white level.

Synchronization of the overlay system output and the video output
is maintained by the GDC's internal countdown circuitry. This circuit
divides a clock identical to that used to define sync signals. The
vertical sync signal is the trigger for the GDC readout sequence. The

GDC's countdown ratio is software controlled.

5-5-5 Video Output Circuit
The digital video data is converted to an analog signal by U26El

(see A1l schematic page 13 of 14). Before entering the D/A converter,
the signal has passed through a variable transverse filter. The filter
is made up of delay lines U29F1, U29Hl1 and tap selectors U28F1 and
U28H1. The purpose of the filter is to average the signal respective
to the readout clock rate of the Frame Memory. Remember, the readout
clock rate depends on the display scale factor.

Transistors Q26H6, Q26H7, and Q27H8 form a differential
amplifier. Q27H3 through Q26H1 are constant current sources. The
values of these sources are predetermined, but they do share a common
base bias scaling circuit. The scaling circuit includes Q27H4 for
temperature compensation and R27F1 for an overall scale facter
adjustment.

Tap coefficients of the transverse filter are determined by R25F5 °
through R26F7. A differential current is applied to Q26H5 through
Q25H4 (All schematic page 14 of 14). This differential current is
directly proportional to video intensity. R24H1 and R24H2 provide a
overlay character above the display's maximum brightness. This ensures
the legibility of the overlay image throughout the hrightness range of
the display.

Current switches Q26H5 through Q25H4 transfer the differential
signal to Q26J4 and Q26J2 in parallel when no overlay is present.
However, when white overlay is selected, Q25H4 is turned on, Q25H5 is
turned off and the signal only goes to Q26J4. The pecsitive maximum

voltage is present at R25J7, the video intermediate output.
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U27J1 (All schematic page 14 of 14) selects the positive or
negative style of CRT display. It also selects an external video
signal to be displayed. When select bit B is high (regardless of bit A
status), the final stage amplifier is switched to an external video
input.

Q28K2 thrcugh U26K! makes up current gain video operational
amplifier capable of driving four 68 ohm loads.

028J1, 02838, and D28J6 are used to determine the video pedestal
and to insert the composite sync signal. Q28J1 clamps the video line
to zero when the composite sync signal is blank. ©28J8 pulls down
D28J6 to a negative value at the same time. Gates in U23H1 (U24A1 on
89713710 assemblies) defeat these function when an external video signal
is applied. 1In either case, the output is video compatible when ter-
minated into a 75 ohm load.

The four outputs are for the visual CRT monitor, the Polaroid CRT
monitor, a multiformat camera, and a video recorder. All outputs have

an independent source resistor to match 75 ohm coax cables.

5-5-6 Control of the Digital Scan Converter

The most important control signals for the scan converter are
scan line number (SLN) ané transmission trigger (TRIG).

SLN is updated prior to TRIG. SLN is supplied to the scan
converter through an output port of the system microprocessor. The A0
RT Controller, A3 - A6 Crosspoint Switches, and the digital scan con-
verter require continuous SLN information.

TRIG is also generated on A8. A programmable divider counts down
the horizontal sync signal. In this way, TRIG and horizontal sync are

always synchronous.
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5-5-7 EIA vs. CCIR Scan Formats
There are two major scan formats: the EIA Standard RS-170 (used

in the U.S. and Japan), and the CCIR standard (used in Europe).

In both formats, the TV scanning method uses horizontal linear
. scanning in an interlaced pattern. The horizontal scan liﬁes are
interlaced to provide two views of the image for each picture frame. A
frame consists of two fields.

In the EIA standard format, the field rate is 60 Hz and the frame
frequency is 30 Hz. There are 525 horizontal scan lines or sweeps
(approximately 63.5 microseconds long) per frame. The horizontal sweep
frequency is 15,750 Hz. Each horizontal sweep corresponds to a line in
the picture and represents the time for the electron beam to sweep from
left-to right on the CRT face and then return.

In the CCIR standard format, the field rate is 50 Hz, and the
frame frequency is 25 Hz. There are 625 horizontal lines
(approximately 64 microseconds long) per frame. The horizontal sweep
frequency is 15,625 Hz.

TV sync generation is performed by a crystal oscillator on the
Al1 VDO assembly. The clock is generated in Ul11U21F (Al1U1l8F on
B97137Q) from a master clock (4.09091 MHz for EIA, 4.40625 for CCIR).
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5-6 Master Controller
The A8 Master controller is the core of the RT3600. It controls

nearly every part of the console. It maintains interfaces that respond
to inputs from the keyboard, the panel, and the footswitch. It
provides the commands and controls to obtain the ultrasound image.

The Master Controller (MST) generates and distributes the most
important control signals scan line number (SLN) and transmission
trigger (TRIG). Controls are also provided for the Polaroid camera, the
line scén recorder, and a multi image camera. The MST provides analog
control signals for TGC and TFC, and generates a definition for dynamic
range (that is, video amp gain).

A Self-check capability is available as well as software
diagnostics.

Figure 5-37 shows the role of the MST in overall machine

operation. Figure 5-38 is a block diagram of the MST.

5-6-1 The Microprocessor systems

The MST has two microprocessors located on the board. One
(U02H1) is the actual system controller, the other (Ul18Fl) is dedicated
to the ultrasound scan controller. Both microprocessors are coupled
together through I/0 port chip U17J1. A flip-flop, Ul7El, is used as
a data available/busy/done flag for the microprocessor interface.

The system controller maintains 112KB of address space for
program ROM, and 8KB for data and work area RAM. There is battery
backup for the RAM. This is to preserve user defined conversion tables
and for preset system parameters.

An interrupt controller chip, Ul15Cl1l, manages and priorities all
the interrupts to the system controller. Interrupt sources and

priorities are given in the following table:

IREQQO (highest) 4 Hz interval Timer

IREQ1 Footswitch
IREQ2 Keyboard

IREQ3 Probe open
IREQ4 Probe close
IREQS unused

IREQ6 Trackball
IREQ7 (lowest) Freeze request
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Figure 5-39 shows interrupt control, ROM, RAM, and address decod-

ing for the system controller. Figures 5-40 and 5-41 introduce memory

and 1/0 mapping.

5-6-2 Internal I/0 Interfaces and Controls
' The interrupt controller chip (U15Cl) manages all the interrupts
to the system controller. A peripheral interface adapter (PIA), Ul7K1,

provides an interface between the keyboard subsystem and the system

controller.
The trackball sensing circuit at the keyboard provides four signais
(direction information) to ancther PIA (U21Bl) through U20ClL. The ap-

pearance of any directional signal causes an interruption at U15C1L.
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Another PIA, U15B1, senses the digit switch (U14Bl) to establish
system configuration. U15Bl1 drives the on-board LED's (D5A2 through
D18A3). One of these LED's is a watchdog to indicate software
operation; the others are used to indicate system status.

TGC and TFC are digitally generated and converted to analog
4 signals before being sent to the A7 LOG amplifier. Because these
waveforms are required at a high data rate (every ultrasound pulse), a
special RAM buffer is used (TGFC-RAM).

Figure 5-42 is a block diagram for this portion of the MST.
Figure 5-43 shows the timing sequence for the data transfer.

A 2K x 8 bit RAM (Ul0H1) contains both TGC and TFC data. This
data is read out for every transmitted pulse. Each waveform requires
128 data points in an entire echo reception sequence. The data is
multiplexed as it leaves the RAM. It is demultiplexed before reaching
the D/A converters. UllJl converts the TGC signal; Ul13J1 converts the
TFC signal.

Ul12E1l, U13El, and Ul4El are range counters used for synchronous
read out of the data in the TGFC-RAM. UO09Fl, UlQF1l, Ul1lFl, and AU12F1
are address demultiplexers for read/write switching. Write access is
available only when in "FREEZE" state. M-mode uses an independent set
of TGC and TFC data.

The system controller establishes the reguired TGC and TFC con-
trol curves by a calculation involving system gain, far gain, near
gain, and probe type. The calculation is carried out upon every inter-
ruption to alter one of these parameters.

The output levels are defined so that a system gain cf ¢ to 100
dB is covered throughout a TGC range of -1 to +1 V. The dynamic fil-
ter's center frequency range of 2 to 10 MHz is covered in a TFC range
of -1 to +1 V.

Read access to the TGFC-RAM can be done during a freeze state to
the monitor or the RAM. Typical TGC and TFC waveforms are shown in
Figure 5-44.

The shutter control signal for the multiformat camera is provided
from a contact on relay K15J1. The relay is driven by PIA U21B1
through a power driver (Ul14J1).
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Switching for the camera monitor video is derived from the verti-
cal sync pulse to expose a set number of TV frames. This is controlled
by the system controller; however, the address decoder is on the Video
board. Counter A11U12J is set (by the system controller) for a certain
number of TV frames. This information comes from the system
' microprocessor data bus through latch A11004J. Polaroid shutter con-
trol is performed in a similar manner. A power driver
(A11U009J1)enables the shutter solenoid driver circuit located in the
camera assembly.

Probe type information, along with probe connection sensing, is
performed by PIA U21Bl through buffer U20Cl which receives the digital
ID code wired into the probe connector. Every connection or disconnec-
tion causes an interrupt request that updates the information in the
system controller.

The interface to the graphics display controller is of a higher
level than other I/0 interfaces. This reduces the tasks the system
controller performs in order to place characters on the screen. GDC
controlled images are shown in Figure 5-54. As explained previously,
the GDC controls three planes (or six pages) of overlay Frame Memory.
The GDC and Frame Memory chips are located on the All Video board.

5-6-3 Real Time Clock

The real time clock allows the monitor to continuously display

and update year, month, day, hours, minutes, and seconds. This
facility includes battery backup and preset capabilities. The real
time clock chip (U13Bl) uses a special quartz crystal oscillator at a
frequency of 32.768 KHz. The oscillator maintains an accuracy of 50ppm
(2 minutes/month). A bus interface (U12B1, Ul12Cl, U13Cl) with the
system controller is used for readout and preset.

A 4 Hz (250 milliseconds) interval timer is obtained from the
real time clock and a frequency divider (U14El). The interval timer is
required to determine shutter opening times for the cameras.

Figure 5-46 is a block diagram of the real time clock. The

battery backup is the same as that used for the system controller RAM.
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5-6-4 Scan Control Microprocessor System

The other microprocessor located on the MST is U18Fl1. It is
dedicated to provide controls for the RT module. Figure 5-47 is a
block diagram of the scan control microprocessor system. This
microprocessor, upon command from the system controller, provides
control signals for every transmission trigger (TRIG). The following

is a list of signals defined by the scan control microprocessor:

a. Duration of TRIG

Derived from the Horizontal Drive (HD) signal. A programmable

divider is used to calculate n x HD, where n can equal 2 to 7.

However, n = 2, 3, 4, and 5 are all that are used. (See Figure

5-48). Retrace duration can also be controlled.

b. Freeze/Real Time Control
Provides immediate FREEZE command, or FREEZE at end of frame.

c. Scanning Scheme
Provides controls that determines whether scanning scheme is
interlaced, even/odd, B/M-mode, reverse direction, and random

scan.

d. Control for B/M-mode
This signal is also synchronous to TRIG. Provides scan line
number (SNL) and M-mode enable (MENB) signal. Line rate for M-

mode is either 4 or 8 milliseconds.
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Figure 5-49 shows typical timing sequences for the control signals.

Qutput signals are listed in the following table:

1. TRIG Transmission trigger.

2. DTRIG Delayed trigger.

3. SLN Scan Line Number (9 bits)

4. DRANGE Dynamic Range (3 bits)

5. FMT \ Scan Format.

6. MENB M-mode Enable.

7. FRZ Freeze.

8. FIONE Focal Zone (2 bits)

9. PATTERN Focusing Pattern (5 bits)
10. LSRENB Line Scan Recorder Enable
11. PSEL Probe Select

12. PWRDWN High Voltage Control for Probe
13. ATT Gain Control for T/R Circuit

As mentioned earlier, TRIG is derived form Horizontal Drive.
U24D1 counts down Horizontal Drive; U28Bl and U29El determine retrace
duration. U28C1 and U29C1 derive other signals synchronous to TRIG.

The scan control microprocessor contains 8KB of program ROM and
256B of work area RAM. It is connected to four I/0 poris. One, as
explained previously, is for communication with the system controller;
two ports are for control bits (CB) for the R-T module: and one is to
manage TRIG duration.

Control bits for the R-T controller are multiplexed at data
selector bank U23Kl through U27Kl. This is to satisfy the data rate
requirement.

On-board LED's indicate status of post ocutputs.
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5-6-5 Checking the MST

To facilitate checking the MST, signature analysis can be used.
On board switch SWOS5A1 is normally in the "NORM" position; when it is
placed in the "SATEST" position, both microprocessors are continuously
supplied with NOP instructions. This causes a continuous count-up of
the addressed.

U02J1 and U19El provide the NOP instruction for this test.

System status information is also available through LED's coupled
to PIA U15Bl1. For details on interpreting the LED's, refer to 8-7

Master controller in Chapter 8 "Diagonostics".

5-7 Xeyboard

The keyboard subsystem performs two major tasks: to scan and
monitor key switches and to generate an interrupt to the system con-
troller when a key is pressed; and to provide LED or alarm information
on command from the system controller.

The perform these tasks, the keyboard subsystem uses its own
microprocessor. Through software, the keyboard also performs other

tasks:

An anti-chattering function.
A repeat control.

Double-keying of position keys.
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