Ultrasound Imaging System
Practical Components
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Figure 3. Linear vs. phased-array imaging.



Beamformer Designh Approaches
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Figure 5. Simplified block diagram of DBF system.



Element
Selection

Supertex inc.

HV220/HV20220/HV20320

Low Charge Injection
8-Channel High Voltage Analog Switches

Features

4 HVCMOSP technology for high performance

1 Very low quiescent power dissipation — 10pA

Q  Output on-resistance typically 22 ohms

0 Low parasitic capacitances

(J  DC to 10MHz analog signal frequency

[ -60dB typical output off isolation at 5SMHz

4 CMOS logic circuitry for low power

(d  Excellent noise immunity

[ On-chip shift register, latch and clear logic circuitry
(4 Flexible high voltage supplies

4 Medical ultrasound imaging
4 Piezoelectrictransducer drivers
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General Description

These devices are low charge injection 8-channel high-voltage
analog switch integrated circuits (ICs) intended for use in
applications requiring high voltage switching controlled by low
voltage control signals, such as ultrasound imaging and print-
ers. Input data is shifted into an 8-bit shift register which can
then be retained in an 8-bit latch. To reduce any possible clock
feed-through noise, Latch Enable Bar (LE) should be left high
until all bits are clocked in. Using HYCMOS technology, these
switches combine high voltage bilateral DMOS switches and
low power CMOS logic to provide efficient control of high voltage
analog signals.

These ICs are suitable for various combinations of high voltage
supplies, e.g., V./V, - +50V/-150V, or +100V/-100V.B
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Logarithmic Amplifier

ANALOG
DEVICES

Low Cost DC-300 MHz, 92 dB
Logarithmic Amplifier

AD8307

FEATURES

Complete multistage logarithmic amplifier
92 dB dynamicrange: -75 dBmto +17 dBm

to -90 dBm using matching network
Single supply of 2.7V minimum at 7.5 mA typ
DC to 500 MHz operation, £1 dB linearity
Slope of 25 mV/dB, intercept of -84 dBm
Highly stable scaling over temperature
Fully differential dc-coupled signal path
100 ns power-up time, 150 pA sleep current

APPLICATIONS

Conversion of signal level to decibel form
Transmitter antenna power measurement
Receiver signal strength indication (RS51)
Low cost radar and sonar signal processing
Metwork and spectrum analyzers (to 120 dB)
Signal level determination down to 20 Hz
True decibel ac mode for multimeters
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ANALOG
DEVICES

Ultralow Noise VGAs with

Preamplifier and Programmable Ry

AD8331/AD8332/AD8334

FEATURES

Ultralow noise preamplifier
Voltage noise = 0.74 nV/VHz
Current noise = 2.5 pA/v/Hz
3 dB bandwidth
AD8331: 120 MHz
AD8332, AD8334: 100 MHz
Low power
AD8331:125 mW/channel
AD8332, AD8334: 145 mW/channel
Wide gain range with programmable postamp
-4.5dBto +43.5 dB
+7.5dB to +55.5 dB
Low output-referred noise: 48 nV/y/Hz typical
Active input impedance matching
Optimized for 10-bit/12-bit ADCs
Selectable output clamping level
Single 5V supply operation
AD8332 and AD8334 available inlead frame chip scale package

APPLICATIONS

Ultrasound and sonar time-gain controls
High performance AGC systems

1/Q signal processing

High speed, dual ADC drivers
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ADC -

ANALOG
DEVICES

ABF

8-Bit 20 MSPS, 60 m\W
Sampling A/D Converter

AD775

FEATURES
CMOS 8-Bit 20 MSPS Sampling A/D Converter
Low Power Dissipation: 60 mW
+5 V Single Supply Operation
Differential Nonlinearity: 0.3 LSB
Differential Gain: 1%
Differential Phase: 0.5 Degrees
Three-State Outputs
On-Chip Reference Bias Resistors
Adjustable Reference Input
Video Industry Standard Pinout
Small Packages:
24-Pin 300 Mil SOIC Surface Mount
24-Pin 400 Mil Plastic DIP
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ADC - DBF

ANALOG
DEVICES

Quad, 12-hit, 40/65 MSPS
Serial LVDS 1.8 VA/D Converter

AD9228

FEATURES

Four ADCs integrated into 1 package
119 mW ADC power per channel at 65 MSPS
SNR =70 dB {to Nyquist)
Excellent linearity
DNL = +£0.3 LSE (typical)
INL=+0.4 LSBE (typical)
Serial LVDS (ANSI-644, default)
Low power reduced signal option, IEEE 1596.3 similar
Data and frame clock outputs
315 MHz full power analog bandwidth
2V p-pinput voltagerange
1.8V supply operation
Serial port control
Full-chip and individual-channel power-down modes
Flexible bit orientation
Bullt-in and custom digital test pattern generation
Programmable clock and data alignment
Programmable output resclution
Standby mode
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Hemodialysis System
Practical Components



Components

-Heater control
Proportioning pump

-low pumps

Temperature measurement
Conductivity measurement
Ultrafiltration measurement
Blood pump

Safety sensors (AB, BL)
Venous Clamp
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Performance
Nominal Gear Width
Repeatability (at fixed inlet/outlet pressure)
Minimum Inlet Pressure
Maximum Qulet Pressure
Maximum Differential Pressure
Speed Range
Internal relief valve (bypass)
Relative Humidity Range (operating)
Fluid Temperature Range*
Ambient Operating Temperature Range
Maximum "dry running” time**
MNoise specification

Electrical
Motor Type
Nominal Power
Input Power
Speed Control
Tachometer
Maximum current input
Electrical Connector
Cable

Physical
Inlet/Cutlet port size
Power Transmission
Dimensions
Storage Temperature Range
Relative Humidity Range
Weight (dry)

Wetted Materials of Contstruction
Stainless Steel
Static O-rings
Gears/Bearings

9mm
+3% above 1000 rpm
B70mmHG
5 bar
5.8 bar
300 to 3000 rpm
Yes (adjustable by customer)
10 - 80%
+5°C to +100°C
+5°C to +50°C
2 minutes
MNone

24 volt brushless-dc
35 watts
24VDC+/-0.5VDC
0 to 5 vdc input
2 pulses/revolution
2 amps
none
4 X #22AWG, sheilded & grounded internally

18"-27T N.P.T.
Magnetically coupled
See dimensional layout drawing
5°C to +120°C
5-100%
1.5 ka

DIN 1.4436 (AISI 316L)
Silicone
PEEK'



Valves
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4.

Technology for infusion,

hemodialysis and anesthesia

MizpFhidics in madicineg

4.1.

Kidney dialysis
machines

In the generc sense, dialysis is a pro-
oss for sepanating lkw-mokoular-
weaigh substances from a fluid by o
fusion of theas subsiancss though a
semipsrmeakle membrane, Lee of
dialyziz in medicing iz more than fami-
liar as 1he principle of the "arifizial
kidnay"for hemodiakis. Similardy,
heovwswver, diakys b s abo wsed in bio-
1echnoko gy as a "membrans bioreac
tor” for conducting fermentaton pro-
ceages under spacilic boundary

condilions.

Diakysiz in medicing largely replaces
the function of the kidney by filleding
aul water, metabalic and poducts
{&.g. urea) and other kxing from the
bleod Blood purfication is paformed
in the diakser by means of a semipar
meable membrane which separaies
the circuil of the blood to be purified
from that of tha purficaton fluid (dia-
lyzate). The toxic substancss and war
1er fom the bleod pass through the
membrans indo the diaks ale and ars
thus removad The diakysats (deionissd
weater) iz erriched with nutrieniz and
itz ridrieni contaml, temperaiure and
ather p 1l
torad.

ane conslantly mani-
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Tl Pup pHviLs
Hgirisni
Cista sl circuston | Bisd Sreustsn
Dinkyele process
MicroFluidies, nchiding an automatic 4.2,
coniral and moritaning system, Drms Adsorbers

tha technical basis of a kidnay diaksis
maching, whos e functions ars frars-
porl, doging, mixing, distibuton and

Mg urament.

Specific MicroFluldc tesks and
requirsrms nks
Circulating 1he blood
Trans porling the purification flid
Daging the rudrient sokdion

In tha case of the adsorber proceas,
pathogenic subsiances, &g. cholke-
teral, are removed fom 1he blood out-
sids of the body. The bbod flows o
of 1he patient's vein into the adeorber
in which suitable materials salectively
remove Thes ubstancss from the
bhood. A @ pecial maching enaurss that
tha blood circulates though the ad-

sorber.

4.3,
Call saparators

The: cel separator is a devics orok-
laining bleod components. Fiskds of
application include removal of dissss od
cells or blood plasma from a palient's
bood or collecling csls from o pa-
lignt's awn blood for subsaquaend
back-trarsfusion.



Ultrafiltration Measurement

* Flowmeter-Based (Dialysate side)
« Hematocrit-Based (Blood side)
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7.2 Standard Specifications

Instrument Range
Hematocrit (Het): 5 Het - 60 Het

i - i Oxygen Saturation: 55% - 100%
Crit-Line TQAIII 7

Operating and Storage
Temperature

S0 F° 1o 104 F°

(10C° o 40 C)

Avoid extreme temperatures during
transportation (<32 F°, >110 F?)

Hematocrit Accuracy (+1 SD)
Verification Filter 10 Het - 60 Het:+ 1 Het

Display scrae n_

Oxygen Saturation Accuracy
55% - 100%: +2 Sat % (Het = 18)
10% - 45%: Unspecified

Access Blood Flow
Estimates [low rates
50 ml/min - 2500 ml/min £15%

Recirculation Capability

‘

Estimates recirculation values >4%

TOA Sensor Pad
Percent Blood Volume Change

Accuracy
Approximately £3BV% (based on Hct)

Fig 1 The CLM I TQA moniror

Battery Capacity

2 Hours continuous on [ull charge

Full Charge Time

36 Hours

Physical Dimensions
5257 H. 825 W, 11.63" L 5 Ibs.

HD Blood Flow Rate Capability

50 ml/min - 1300 ml/min

Internal Data Storage
Sufficient to store 26 hours of data
Input

12VDC/1 Ampere/12W

1.2A max

Power Supply Unit
Universal regulated supply
100 VAC - 240 VAC

12 VDC/1.25 Ampere output

Communications Ports

8 Position Keyed Modular Jack (R1-45)
Serial Port

DB-25 female Parallel Port

NOTE: Equipment connected to this
meonitor should comply with IEC 950 and be
kept out of patient reach.

Electrical Shock Protection
Class II

Internally Powered

Type BF

Water Protection
Splashproof

Anesthetic Suitability
Not Suitable

Mode of Operation
Continuous

Battery

Type: Rechargeable Sealed Lead Battery
(12V, 2A-h) Battery is replaceable
Polarity: +/- (labeled on batlery)

Mode of Insertion: Via 2 pin molex
connector (replaceable)




Venous Clamp




Motors
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Line Voltage Control

Rin R
Voo O, 1O 6 o HOT

M — -
MOC3162 % R
CONTROL SIGNAL® jT c
T LOAD MEUTRAL

DESIGN RULE: Vpeak/lpeak = 180 /1 amp = 180 ohms
(Assume the line voltage is 115 volts RMS)




Ultrasound Assignment

Design an 8-channel ultrasound system based on
analog beamforming technology. Estimate the cost of
such system and the advantages/disadvantages of this
design.

Design an 8-channel ultrasound system based on
digital beamforming technology. Estimate the cost of
such system and the advantages/disadvantages of this
design.

Provide a survey of the product lines of 5 commercial
ultrasound imaging system manufacturers. Sort their
products into categories (low-end, mid-range and high-
end systems).



Hemodialysis Assighment

Design a basic hemodialysis system that
utilizes an ultrafiltration estimation method
based on hematocrit value measurement.

Provide a short survey of practical ultrafiltration
rate estimation methods currently in use by
hemodialysis companies.

Provide a survey of the product lines of 5
commercial hemodialysis system
manufacturers. Sort their products into
categories (low-end, mid-range and high-end
systems).



