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OPERATION AND MAINTENANCE MANUAL,
ULTRASONIC FISH DETERRENT SYSTEM

Introduction

The Ultrasonic Fish Deterrent (UFD) system, developed at Waterways Experiment Station,
Vicksburg, Mississippi, consists of eight underwater transducers powered by eight 2 KVA
switching amplifiers. The input signals to these amplifiers are controlled by a microprocessor and
signal conditioner, also developed at WES. The timing durations and frequencies are variable, set
by an external computer and can be changed to fit the parameters deemed optimum for the

conditions found.

Since simultaneous transmissions result in field cancellation within the transmitted array,
the transducers are sequentially triggered, producing a traveling acoustic field (Figure 1). Each
transducer has its own impedance matching circuit, so that equal peak pulses will produce equal
power out (Figure 2). It has been found during experimentation that frequent pulse signals are as
effective as continuous sine waves. Therefore, the main power signals consist of bursts of high
frequency energy lasting from 1-5 msec (0.001 sec to 0.005 sec) occurring at up to 20 pulses per
second (Figure 3).

The system is designed so that operation can be totally automatic (with preselected pulse
rates, frequencies, time intervals) or manually controlled with a computer at the location of the
console (Figure 4). The UFD will ultimately be turned on and off by the main computer in the

power plant control room, in the automatic mode.

The underwater transmitters are quartz crystal transducers, made by International Trans-
ducer Corp. of Santa Barbara, CA (Figure 5). The model No. ITC3003G is cut to resonate at
between 112 KHz and 116KHz, although it will respond somewhat past these frequencies. It is
driven by 1 KVA pulses from a 2 KVA power amplifier built by Instruments, Inc., of San Diego,
CA. Eight of these amplifiers are sequentially enabled to drive eight separate transducers
(Figure 6). These signals consist of approximately 118 KHz, 125 KHz, 132 KHz. The time each

amplifier is on, and the frequency transmitted during this interval, are adjustable and are
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controlled by a preset condition from the microprocessor. An external computer is used to change

any of the preset conditions of oper:uion.

A hydrophone (receiver transducer) is placed in the immediate vicinity of the underwater
transmitter to monitor its signals (Figure 7) If a malfunction should occur, an alarm is activated
at the console, and the red light corresponding to that channel is turned on, advising the operator

as to which one is not functioning properly.

The following is a description of the various circuits, wiring diagrams, and function charts
of the control chassis and microprocessor located in the console as well as instructions for

changing the parameters with a computer.




Transmitter Section

The transmitter section of the system consists of the International Transducer Corporation
(ITC) Model 3003G underwater transducer, driven by an Instruments, Inc., amplifier, Model S11-
16A, controlled by the WES logic control system.

The following is an explanation of the control system, including the main oscillator,

sequence controller, gate control, and incremental gain control.

Oscillator Board 1 (Figure 8)

The main oscillator, Board 1 (Figure 8), consists of three separate oscillators adjustable for
three separate frequencies (F1, F2, F3). These frequencies are selected by commands from the
micro, energizing one of three relays on the oscillator card. F1 will be adjusted to some
frequency around 118 KHz, F2 to about 124 KHz, and F3 to about 132 KHz. These frequencies
can be monitored at test points on the front panel and on the printed circuit card.

Since the only way to change the amplitude of the power output signal is by changing the
phase angle between the positive and negative inputs at the power amplifier, some modification of
the oscillator signal is necessary. The method used to do this is readily seen in the
RBRBLK2.DWG (Figure 9). By using three pairs of complimentary one-shot multivibrators on
the RBRPHASE board (Figure 10) the separate oscillator signals are changed to narrow pulses, so
the gain can be changed by varying the pulse width, while maintaining the frequency. The pulse
width will be 1 usec, 2 usec, 3 usec for 15 sec each, respectively, for Gain 1, Gain 2, Gain 3.
This will allow a "slow start" each time the system is activated, so no damage to the nearby fish
will be done due to instantly being subjected to full power. The slow start will ensure the system
operates at 10%, 25%, 66% of full power for 15 seconds each before full power is applied. The
gain select commands originate in the microprocessor. The full power output level of the

transmitter must be set at the power amplifier.




Phase Board (Board 2)

The phase board (Figure 10) changes the oscillator signal to narrow pulses for a step-up
incremental gain sequence. The control to each pair of one-shots is supplied by a TTL pulse,
activated by a gain select signal from the microprocessor. A Gain 1 select signal applies 5v to U2
and U3 (pin 5). The RC networks are set for 1 usec. The positive going edge of the oscillator
will trigger U2, resulting in a | usec pulse at pin 4. The negative going edge of the oscillator
signal will trigger U3, resulting in a | usec pulse at pin 2. These pulses are routed to the BNC
output connectors, ultimately to the + and - inputs at the power amplifier. Each pair of one-shots _
are selected by Gain 1, 2, or 3 and result in 1, 2, or 3 usec pulses, resulting in 10%, 25%, 66% of
full power out. Overall wiring diagram is found in Figure 22.

Logic Control Board (Board 3, Board 4, Fi 11

The RBRLOGIC Board (Board 3, 4) (Figure 11) takes the oscillator signal, properly
phased, and allows the signal to be sequentially applied to the power amplifier inputs. When the
master timer signal from the microprocessor (T1 or T2) is on, the And gate U7A allows the
phased oscillator signal to be applied simultaneously to And gates U3 and U4. The microproces-
sor supplies sequentially occurring gates to the And circuit so that the amplifiers work sequential-
ly. Board 3 is for the positive amplifier inputs, Board 4 is for the negative amplifier inputs. All
power amps are gated on simuitaneously by T1 or T2 (see RBRBLK2.DWG) (Figure 9).

Amplifier Gate

The power amplifiers are enabled when a TTL level voltage is applied to the gate

connector J-27 with T1 or T2 on.

Amplifier

Although the total amplifier is explained in the Operation and Maintenance manual, the
following paragraph gives a simplified overall explanation of the Instruments, Inc. switching
amplifier, Model S11-16A.




The amplifier system is actually eight separate amplifiers, each with a common maximum
power output, adjusted by R12, the lower trimpot on the power control board (extreme right side
of the upper bay). + 250 volts between TP2 on this card and chassis will produce a maximum
output of 2.5 KW. This potentiometer should be adjusted to < 220 VDC max. at TP2 to keep
from overranging the transducers. Final adjustment should be made to provide 0.5 vrms max at
the front panel BNC (2 mv/v). With the proper matching transformer at the transducer, this
should produce a power output of | KW RMS. Each amplifier channel is separate and can be
operated singly by enabling only the one monitored at the front panel. The output adjustment
must be made with the enable switch on and the load connected. The amplifier will not work

unless the gate input to the amplifier is high (+5v TTL level).

Do not operate the amp very long with the air filters removed. This will result in

overheating.

Matching Network

Each transducer cable is connected to a step-up transformer and choke coils. This will
allow the amplifier to match the 50 ohm cable (RG-8 coax) with a lower voltage on the long
cable. Since each channel has a high capacitive reactance due to the long cable (33 pf/ft) and a
quartz transducer (4500 pf nom.), a 50 ohm transformer will allow matching, regardless of the
cable length. Another transformer with a 50 ohm primary and 1:7.2 step-up ratio is placed in a
box above the transducer (Figure 12). This allows full power to be restored at the top of each
transducer with little loss due to cable capacitance. Together with choke coils equal to approxi-

mately 240 uH and parailel capacitors, the reactance of the transducer is virtually cancelled

(Figure 13).

Each channel is individually tuned with the matching inductor and capitors in parallel with
the transducers. The best compromise frequency, resulting in minimum reflected power, is 122
KHz. This setting allows the system to be operated at 119 KHz - 126 KHz with less than 10%
power loss. With output transformers having selectable tumns ratios, the individual channels could

be tuned to reduce or eliminate refelcted power altogether.
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Transducer

The system uses the ITC 3003G underwater transducer, a quartz crystal, resonant at
112 KHz. These transducers are located 4 ft above each draft tube and 15 ft deep haifway
between each tube (Figure 14). A total of eight transducers are installed to produce an acoustic
field in front of the pump-back tubes. The lower transducers (Figure 15) are mounted at a +11
degrees angle to beam up along a 1:5 slope on the bottom of the tailrace (Figure 16). The

complete description and specs are contained in the additional manufacturers manual.
Receiver

A hydrophone, ITC Model 1127, is mounted in the vicinity of each transmitter, picking up
a portion of the transmitted signal (Figure 7). This signal is routed through the RBRAMP card
(Figure 17) to the missing pulse detector (MPD) board. Each MPD has 4 channels and monitors
the presence of a signal during the time T1 or T2 is active (Figure 18). Proper operation is
indicated by a green light on the front panel. If a malfunction occurs, that particular green light
will go off and its associated red light will come on. Each channel has its own MPD circuit and
lights. The red light will remain on as long as that channel is not receiving a signal from that
hydrophone during T1 or T2 time (Figure 19).




Microprocessor

The microprocessor requires + 12 volts for operation and contains a converter for +/-12v,
+5v operating voltage at approximately 150 ma. It provides internally pre-programmed, specifi-
cally timed signals for the various functions required. The schematic and timing chart (Figures 20
and 21) show how this is accomplished and the following is an explanation of its operation. A

second micro is supplied as a spare.

Purpose

The purpose of this device is to provide TTL pulses to the UFD. The Rapid Fire Pulse
Generator (RFPG) provides this function with 33 outputs and 2 inputs. The outputs consist of
two timing signals T1 and T2, 8 signal enables, 8 amplifier enables, 3 oscillator select lines, 3
gain level lines, and 8 missing pulse detector lines. The two inputs consist of an automatic/

manual select line and a computer start pulse line.

Setup

To configure the RFPG in the automatic mode or to operate it in the manual mode a terminal
of some type is needed. In most cases an IBM compatible computer with a communications

software package will be most convenient; however, any terminal will work.

To begin operation, connect the 36-Pin Centronics cable between the RFPG and the UFD.
Next connect power via a Bendix connector to the RFPG. Common is on PIN A and +12 Volts
in on PIN D. Next connect the communications cable (TC-4) between the RFPG and the
terminal. An ONSET TC-4 cable must be used due to level shifting requirements. The modular
end plugs into the RFPG and the DB-25 end connects to the terminal. Power up terminal or put
computer in terminal mode. The RFPG communicates at 9600 baud, eight data bits, one stop bit,
and no parity. Make sure CAPS LOCK is engaged. Place the power switch on the RFPG in the
ON position. When the RFPG is powered up it checks to see whether it is in the manual or
automatic mode. Therefore, to switch modes first power switch to OFF, change modes, and then

power switch to ON.




Manual Mode Operation

In the manual mode, the user has the option to choose two functions. Selecting Function 1
places the RFPG in the T1 mode. First the user selects an oscillator and then starts and stops
rapid fire by pressing S and Q respectively. Pressing X will take the user back to the manual
mode menu. Selecting function 2 places the RFPG in a mode where all eight channels are
continuously enabled. First the user selects an oscillator and then starts and stops continuous
enable by pressing S and Q respectively. Pressing X will take the user back to the manual mode

menu.

Automatic Mode Operation

In the automatic mode, the user enters predetermined values for:
Tl
T2
TIME BETWEEN T1 and T2
TIME BETWEEN T2 AND NEXT T2

TIME ON FOR EACH OSCILLATOR

Oscillators select lines, one through three, will be fired sequentially and will be free
running regardless of the state of T1 and T2. Once the values have been entered, the RFPG goes
into a holding pattern where it waits for a computer start pulse or an S key from the terminal.
Once the computer start pulse line goes high or the S key is pressed the RFPG follows through its
timing sequence. The RFPG continues operation until the Q key is pressed or the computer start
pulse line goes low depending on how the procedure was started. Upon completion, the RFPG
displays the previous inputs and falls back into its holding pattern. To change the predetermined

inputs, the user must power switch to OFF and then reapply power.
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In the event of a power failure, the +12 volts to the micro is routed through a Time Delay
Relay (TDR) to allow the computer time to boot up before power is applied to the microprocessor

(approximately 1.5 minutes).
Power

The power required for the system is 240 volt, single phase at 30 A. A § KVA isolation
480 volt, ransformer is used to step down the 480 volts available to 240 volts ~ith a 110v outlet

to supply AC for the electronics. The microprocessor power is supplied by a 12 volt battery,

permanently connected to a battery charger through a TDR.

11
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INTERFACE BOARD
ORCAD FILENAME: RFPGINTR
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IRAPID-FIRE PULSE GENERATOR : INTERFACE BOARD
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Datc. September 20, 1930]oheet 1 of 1
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T2
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GATEL J

GATE2 ______J

GATE3 |

GATES _____ |

GARTES ____J

GATES6 J
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GATES _____J
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MPD1
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MPD2 Il
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MPD3
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MPD4

MPOS

M
M In
I

MPDé6

n
11
I
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MPD?

1 n

M
IL
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Lor[

MPD8

TIME BETWEEN T1 AND T2

0SC. 1 - 05C. 4

AMP GATEL — AMP GATES

RS & MPD1 — AS & MPDS8

USER DEFINED TIME. LIMITS ARE FROM 10 MINUTES TO 60 MINUYES.
USER DEFINED TIME. LIMITS ARE FROM 1 MINUTE TO 30 MINUTES.
USER DEFINED TIME. LIMITS ARE FROM 10 MINUTES TO 60 MINUTES.
USER DEFINED TIME. LIMITS ARE FROM S MINUTES 70 15 MINUTLS.
FIRING ORDER IS ALSO USER DEFINED : NOT NECESSARILY 05C (, 0SC 2, C.
CONTINUOUSLY ENABLED WHENEVER T1 OR 72 IS HIGH.
AS & MPD REFER TO AMP SIGNAL AND MISSING PULSE DECTECTOR RESPECTIVE.
PULSES ARE FIRED CONTINUOUSLY WHENEVER T1 OR T2 IS HIGH.
FIRING STARTS APPROXIMATELY 10 MS AFTER AMP GATES ARE ENRBLED.
PULSES ARE 200 MS APART : THAT IS, EACH CHANNEL PRODUCES 5 PULSES /
PULSE WIDTH PROGRESSES AS FOLLOMS:

7 MS FOR 15 SECONDS

10 MS FOR 15 SECONDS
15 MS FOR THE REMAINDER OF THE RCTIVE MODE (T1 OR T2).

FIG. 21
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® NOTE, AFTER PREDETERMINED VALUES HAVE BEEN ENTERED IN THE AUTOMATIC MODE,
THE _RFPG WILL BEGIN EXECUTION ARFTER THE COMPUTER START LINE GOES HIGH

OR IF AN <S> KEY IS PRESSED.

THE RFPG WILL STOP EXECUTION AFTER THE COMPUTER START LINE GOES LOW

OR IF A <@> KEY IS PRESSED.
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Table 1
RAPID FIRE PULSE GENERATOR (RFPG) SYSTEM INPUT/QUTPUT

36-Pin Centronics Connector 40-Pin Interface Board Connector Fucntion
1 1 AMP. SIGNAL 8
19 2 AMP, SIGNAL 1
2 3 AMP. SIGNAL 7
20 4 AMP. SIGNAL 2
3 ) AMP, SIGNAL &
21 6 AMP. SIGNAL 3
4 7 AMP. SIGNAL S
22 8 AMP, SIGNAL 4
5 9 MPD 1
23 10 MPD 8
5 1 MPD 2
24 12 MPD 7
7 13 MPD 3
25 14 MPD 6
8 18 MPD 4
26 16 MPD §
3 17 AMP. GATE 1
27 18 AMP. GATE 8
10 19 AMP. GATE 2
28 20 AMP. GATE 7
11 21 AMP. GATE 3
29 22 AMP. GATE 6
12 23 AMP. GATE 4
30 24 AMP. GATE 5
13 25 AUTO/MAN MODE {INPUT)
KR 26 MICRO START/STOP (INPUT)
14 27 OSCILLATCR 3
32 28 OSCILLATOR 4 Do not use)
15 29 T2
33 30 Ti
16 3N OSCILLATOR 2
34 32 OSCILLATOR 1
17 33 GAIN LEVEL 3
35 34 GND
18 35 GAIN LEVEL 2
36 . 36 GAIN LEVEL 1

* All signals are outputs unless stated otherwise in function description.



Table 2
MICROPROCESSOR BOARD

This listing was compiled as an alternative to drawing a schematic of the specified board. This was done
since the only components on the board are the two Tattle V's, three sips of pulldown resistors, and two
UART connectors.

Corresponding SMARTWORK FILE for PRINTED CIRCUIT BOARD — TATSFIR

ORIGIN DESTINATION
MICRO | Pin 14 -STBY MICRO | Pin 15 REG S5V
MICRO ! Pin 15 REG SV MICROQ | Pin 14 -STBY
MICRO | Pin 16 1/O D16 EDGE CON. Pin25 CLR AMP GATE & MPD
MICRO | Pin 17 1/0 D15 MICRO 1I Pin26 1/0 D9
MICRO | Pin 18 1/0 D14 EDGE CON. Pin 23  GAIN LEVEL CLOCK
MICRO | Pin 19 1/0 D13 EDGE CON. Pin 10 OSC. SEL. 0O
MICRO 1 Pin20 DIG.GND EDGE CON. Pin 53,55 Mather Board Gnd
MICRO ! Pin 21 1/0 D12 MICRO i Pin22 1/Q D11
MICRO | Pin22 10O D11 EDGE CON. Pin12 OSC. SEL. 3
MICRO Pin23 UDI MICRO | UARTCON.  Pin 2 uDI
MICRO | Pin24 UDO MICRO | UARTCON.  Pin 6 ubo
MICRO | Pin 25 1/0 D10 MICRO I Pin 19 1/0 D13
MICRQ | Pin 26 170 D9 EDGE CON. Pin 14 QOSC. SEL. 1
MICRO | Pin27 1/0D8 EDGE CON. Pin 13 0OSC. SEL. 2
MICRO | Pin 28 /0 07 EDGE CON. Pin 36 ADDR (SEL. A) AMP GATE
MICRO | Pin29 1/OD6 EDGE CON. Pin 38 ADDR (SEL B) AMP GATE
MICRO 1| Pin 30 /0 DS EDGE CON. Pin18 Tt
MICRO | Pin 31 /0 D4 EDGE CON. Pin 39 ADDR (SEL. C) AMP GATE
MICRO ! Pin 32 1i/0 D3 EDGE CON. Pin20 T2
MICRO | Pin33 1/002 EDGE CON. Pin 19  Input Auto/Manual Select
MICRO | Pin 34 1/0 Ot EDGE CON. Pin 22 Input Computer Start Level
MICRO | Pin3s 1/0D0 EDGE CON. Pin 20 Latch AMP GATE & MPD
MICRO | Pin 37 BAT + EDGE CON. Pin 41,43 Mother Board +12V
MICRO i Pin 14 .STBY MICRO 1l Pin 15 REG 5V
MICRO 1 Pin 15 REG 5V MICRO I Pin 14 -STBY
MICRO 1t Pin 19 1/0 D13 MICRO | Pin2s |/O D10
MICRO i Pin 20 DIG.GND EDGE CON. Pin 53,55 Mother Board Gnd
MICRO !l Pin 21 170 D12 EDGE CON. Pin 9 Latch AMP SIGNAL
MICRO I Pin 22 1/O D11 MICRO | Pin 21 1/0 D12
MICRO 1 Pin23 UD! MICRO Il UART CON.  Pin 2 ubt
MICRO I Pin24 UDO MICRO | UART CON. Pin 6 ubo
MICRO I Pin 25 1/0 D10 EDGE CON. Pin 11 CLR AMP SIGNAL
MICRO i Pin26 1/0D9 MICRO | Pin 17  1/O D15
MICRO i Pin 28 1/Q D7 EDGE CON. Pin 16 ADDR (SEL. A) AMP SIGNAL & MPD
MICRO i Pin29 1/O D8 EDGE CON. Pin 15  ADDR (SEL B) AMP SIGNAL & MPD
MICRO 1l Pin 31 1/0 D4 EDGE CON. Pin 17  ADDR (SEL. C) AMP SIGNAL & MPD
MICRO I Pin 37 BAT + EDGE CON. Pin 41,43 Mother Board + 12V
MICRO | UART Pin 1 GND EDGE CON. Pin 53,55 Mother Board Gnd
MICRO | UART Pin 2 uol MICRO 1 Pin23 UDI
MICRO | UART Pin 4 + 5V EDGE CON. Pin 46,48 Mother Board +5V
MICRO | UART Pin 8 upo MICRO | Pin24 UDO
MICRO It UART  Pin t GND EDGE CON. Pin 53,55 Mother Board Gnd
MICRO It UART Pin 2 (§]s]} MICRO 1 Pin 23 uoi
MICRO Il UART  Pin 4 + 5V EDGE CON. Pin 46.48 Mother Board +5V
MICRO If UART Pin 6 uoo MICRO 1 Pin 24 ubo

All Digital Output lines of each Micro are tied to a pulldown resistor with the exception of D4. D4, on both
MICROs must stay pulled high as it is shipped from the factory.




Table 3

RAPID FIRE PULSE GENERATOR (RFPG)
MOTHER BOARD CONNECTOR PINOUT

PIN NO. DATA PIN NO. DATA

1 COMMON 2 COMMON

3 COMMON 4 COMMON

5 +5VDC [} +5VvDC

7 +5VDC 8 +5VDC

9 D12 MICRO Il (LATCH AMP SIG & MPD) 10 D13 MICRO 1 (OSC 0)

11 D10 MICRO It (CLEAR AMP SIG & MPD) 12 011 MICRO 1 (OSC 3)

13 D8 MICRO 1 (OSC 2) 14 D9 MICRO 1 (OSC 1)

15 D6 MICRO It (S1 ADDR SEL) 16 D7 MICRO i (SO ADDR SEL)
17 D4 MICRO I (S2 ADDR SEL) 18 D5 MICRO 1 (T1)

19 D2 MICRO | (AUTO/MAN SEL) 20 D3 MICRO | (T2)

21 DO MICRO | (LATCH AMP GATE) 22 Dt MICRO | (COMPUTER START/STOP)
23 D14 MICRO | (GAIN LEVEL CLK) 24 015 MICRO | (HOUSEKEEPING)
25 D16 MICRO | (CLEAR AMP GATE) 26 GAIN LEVEL 1

27 NO CONNECTION 28 GAIN LEVEL 2

29 NO CONNECTION 30 GAIN LEVEL 3

31 NO CONNECTION 32 NO CONNECTION

33 NO CONNECTION 34 NO CONNECTION

35 NO CONNECTION 36 D7 MICRO | (SO ADDR SEL)
37 NO CONNECTION 38 D6 MICRO 1 (St ADDR SEL)
39 NO CONNECTION 40 NO CONNECTION

41 +12 VDC UNREGULATED 42 +12 VDC UNREGULATED
43 +12 VDC UNREGULATED 44 +12 VDC UNREGUILATED
45 +5Vv0DC 46 +5VDC

47 +5VDC 48 +5VDC

49 -12vDC 50 -12VDC

51 -12VDC 52 -12VDC

53 COMMON 54 COMMON

55 COMMON 56 COMMON

57 +12Vv0C S8 +12VvDC

59 +12VDC 60 +12 VDC




Circuit Boards




=

J
i

= ulum[nuumu




a____________________________;

o D
30 IS LIN3INOAWOD
g 35S0 dd4d (o ]
o o o o o o o o
o o
©o o mo o © o 5, o o
o o
a o o o o o o o
o o
o o o
o o o o o o o o
o
oppmoonn ompmoomnm © ag OOOOODD
. o g g
mooooon O moooooD © mooooon
o o o o o o
o o o
o L — o o
o o (o ]
o o o o o o
o o o o o o







RBR SLOW GAIN BOARD

. C

WINTEK FILE NAME RBRPHASE.

B .I > @ 0000000
° S
- BN OO 0000000
+ - -8 O
o—a o "'—‘l  E—
~81 \Q e
° . o
oll ¢jojc|acnm 0000000 e |
o N s
o) o D N
cloclooon o nooooon p—
.
ol T g g  oa pummmnt
o /@ ) Ny | e G
olls o— Lo o o —a| Lo
cloooegloo 00000048 pu—
© g |0 2
>
- S @ pm—
glooogjon T Y Y XXX ] 2 o
m Y
[ S n—nx o B— —
O o & o W  eoane
. _"""'] nzZ
A X-X-110-X-X) o000B000 IZ o=
T o o [ Rgg—
o] gooooa|n gooooon XE e
o RO cxmme
m {0 o - ] -] (Y& Jpe——
Xe o W o (-] o
aan
RO © © on b pumm—
cjoopjooo ocoomajoo_ o
g o S - ] 5 O
gloocloon gooogjon
- ob o o .




mu______.___________ __\* “__:_—

mmmmmmmmmm
mmmmmmmmmm




09

A

30dIS IN3INOJWOD
I3dv0od Jd3InIidd a3an

wJ 0377383, 3IWUN 3ITI4 A3LINIM




HYDROPHONE AMPLIFIER

WINTEK FILE NAME RBRAMP.C

o
O‘ ’0 PN 0° °° PY aan—
(. ] -] o - ) O
a ° ° a o ° L CE—
00 , ° ee ., ©° =
oonjonoo - | ooponoo lg'; __
T Dpsmp ™ .
S > =
gononoo gomponoo O pr—

o — Zz
o0 909 4 00 o0 ol ~uw =
a|l o a al|o 8-z ==
TO Gl
ol o o ol o o eumm—
(- | (- ] o CEID

-] o o 0 (-] o Q] 0K E
no {
o ° o ox o anm

o o - o

° o o © o P N —
Q - ) o -] O
a ° ° a ° ° s
c0 [ ] 00 o —] e
o— a 1 camme
oonoOnoo a o0nenoo ] p—
oJ — ca
S S o
gononoo gonojnoo pum—
00 - B - ) - X - o 0 L

o o o
B o a B o g oo
\o_

o o - ) o







uuuuuuuuuu
mmmmmmmmmmmmmm

..........................




SSI Gates




54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS

SSI GATES.

.. LOGIC AND PIN ASSIGNMENTS (TOP VIEWS)

QUADRUPLE 2-INPUT
POSITIVE-NAND GATES

AN 48 4 oD 38 A r_l;
feifoliey [wl el L0
T T T ]

positive logic: -l
Y = AB pligDanatiaalink} DellafiaDeDNalnl
™ M v o W I W WY R T T

SNS400/SN7400(J, N) SN5400/SN7400(W)
SNS4HOO/SN74HO0(J, N} SNS4HOO/SN74H0O0(W)
SN54L00/SN74L00(J, N) SNS4L00/SN74L00(T)

See page 86 SNS4LS00/SN74LS00(J, N, W)
SN54S00/SN74S00(J, N, W)

o‘ A8 LA GND 1A v

QUADRUPLE 2-INPUT
POSITIVE-NAND GATES
WITH OPEN-COLLECTOR QUTPUTS

positive logic:
Y = AB

See pege 88

3 1A 8 IY A 28 GND

SN5401/SN7401(J, N)
SN54LS01/SNT4LSO1{J, N, W)

A B Y vee Y 1A 28

SN5401/SN7401(W)
SNS4HO01/SN74HOT(W)
SNS4L01/SN74LOVT)

02

QUADRUPLE 2-INPUT
POSITIVE-NOR GATES

positive logic:
Y = A+8

Ses pege 92

SNS402/SN7402(4, N)
SNBS4L02/SN74L02(J, N}
SNSALS02/SN74LS02(J. N, W)
SNB4S02/SN74502(J, N, W)

SNS402/SN7402(W)
SNB4L02/SN74L02(T)




54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS

SSI GATES ... LOGIC AND PIN ASSIGNMENTS (TOP VIEWS)

03

QUADRUPLE 2 INPUT
POSITIVE-NANDO GATES
WITH OPEN-COLLECTOR OQUTPUTS

positive tagic:

Y = AB A 8 v T Gho
SNS5403/SN7403(J, N)
SNS4LO3/SN74L03(J, N)

See page 88 SNS4(LS03/SN74LS03(J, N, W)
SNS4S03/SN74S03(J. N, W)

g Sa e sa sy e av
04 SISO SIS

HEX INVERTERS

positive togic:
Y=A

— -

‘{>v"{>w>~>“;¢

%
%

SNS404/SN7404(J, N)
SN54HO4/SNT4H04(J, N)
SNS4LO04/SN74L041J, N)
SNS4LSO4/SN7ALSO4I), N, W)
SN54S04/SN74S04(J, N, W)

SN5404/SN7404(W)
SNS4HO4/SNT74HO4 (W)
SNS4LO4/SN74LO4(T}

HEX INVERTERS
WiTH OPEN-COLLECTOR OUTPUTS

positive logic:
YA

See page 88

Dy D D> |

A v Y n ¥ GND

SNS405/SN7405(4, N}
SNSAHOS/SNT74HOB(J, N}
SNS4LSOE/SN74LSOS(J, N, W)
SNS4SO5/SN74508(J, N, W)

SN5405/SN7405(W)
SNS4HOS5/SN74HOS(W)

HEX INVERTER BUFFERS/DRIVERS

WITH OPEN-COLLECTOR
HIGH-VOLTAGE OUTPUTS

positive togie:
YA

See pege 108

i
' 3 3 L] J 4 ’
14 1w EL I 3 ¥ GwO

SNS408/SNT408(J, N, Wi




54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS

SSI GATES ... LOGIC AND PIN ASSIGNMENTS (TOP VIEWS)

0?7

HEX BUFFERS/ORIVERS
WITH OPEN-COLLECTOR
HIGH-VOLTAGE QUTPUTS

positive togic:
Y= A

See page 106

,V_c_c"_a_Aﬂ EY A ¥ sA  av
i, g w0 [

QUADRUPLE 2-INPUT
POSITIVE-AND GATES

WITH OPEN-COLLECTOR OUTPUTS

Yog A8 A av 8 om0
08 —_ N Wy b
If
QUADRUPLE 2-INPUT 1 — -~
i -
POSITIVE-AND GATES | - -
|- -
positive logic: l = _ ||
1 n )
Y = AB ailanNafabaDalalla
T i) 03 ET) n Y GND
SNS408/SN7408(J, N, W)
SNS4LS08/SN74LS08(J. N. W)
See page 94
Vi 40 &A 4 n 1A v
m~ — —
9| ;0!

1
- |
I [ " | ! t‘.

TRIPLE 3-INPUT
POSITIVE-NAND GATES

positive logic:
¥ = ABC

See page 96

SNB410/SN7410(J, N}
SNS4H10/SN74H10(J, N)
SN54L10/SN74L10(J, N)
SNS4LS10/SNT4LS10(), N, W)
SNS4S10/SN74S10(J, N, W)

A 18 Y wvgg ¥
SN5410/SN7410(W)

SNS4AH 10/SN74H 10(W)
SNS4L 10/SN74L10(T)

positive logic: LLL‘H_:_JH Nt DnlD =
Y = AB Sl S Tl T il -]
SNS409/SN7409(J, N, W)
SNS4LSO9/SN74LS09(J, N, W)
See page 96
c v x GND 38 A ’ﬁ‘
10 uHu;_fﬂ_JTL_{TL” [}




54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS

SS! GATES ...

LOGIC AND PIN ASSIGNMENTS (TOP VIEWS)

1"

TRIPLE 3-INPUT
POSITIVE-AND GATES

positive logic:
Y = ABC

See page 94

[ AR

DN 0S0F TN
8 0 IAd IND

a8 4
SNS4AH11/SN74H11(J, N)

SNS4LS11/SN74LS11(J. N, W)
SN54S11/SN74S11(J, N, W)

3 IYOOX O GND 1B 1 o
I s T el i o
U R 2 SO D] [
[ g —r .,_Ad._l_:}
—
A
1 b I
. —
1 LIS BELE R } ] !
e e et e e e
A 18 Y vge Y <A B

12

TRIPLE 3-INPUT
POSITIVE-NAND GATES

WITH OPEN-COLLECTOR QUTPUTS

positive logic:
Y = ABC

See page 88

SN5412/SN7412(J. N, W)

13

DUAL 4-INPUT
POSI{TIVE-NAND
SCHMITT TRIGGERS

posstive logic:
Y = ABCOD

See page 98

[
’ _—aT p——
| T =
|
N |
1‘ _ -
1
Oiarisfisatialigt)
e w o W v ee

SN5413/SN7413{J, N, W)

NC-No internat connection

14

HEX SCHMITT-TRIGGER
INVERTERS

positive logic:
YA

See page 98

a Y A

SNS414/SN7414(J, N, W)




54/14 FAMILIES OF COMPATIBLE TTL CIRCUITS

SSI GATES ... LOGIC AND PIN ASSIGNMENTS (TOP VIEWS)

15

TRIPLE 3-INPUT
POSITIVE-AND GATES
WITH OPEN-COLLECTOR QUTPUTS

ninininioiniol

b PSR

L
—

I

L

l
B
WY =

positive logic:
Y = ABC gtistialaDallaily
A o] 77 8 TC‘ T :-TO‘
SNS4H15/SN74H1S(J, N, W)
See page 96 SN54LS15/SN74LS15(J, N, W)
SNS4S15/SN74S15(), N, W)
LT LA LR
16 [—L‘.-;‘!H'l’y-q"r—i"—q'—-'—
HEX INVERTER BUFFERS/DRIVERS : > o=

WITH OPEN-COLLECTOR
HIGH-VOLTAGE QUTPUTS

> > D>

positive logic: -
E NSOt tatalin
-A w W TAa ™ I W e
SNS416/SN7416(J, N, W)
See page 106
Vec ea 6y SA Sy am v
" LS SIS LS r_l-._i [

HEX BUFFERS/ORIVERS
ITH OPEN-COLLECTOR
HIGH-VOLTAGE OUTPUTS

positive logic:
Y=A

See page 108

> > D> |

R0t 0Ty s Oalin

A 3 A ¥ A ¥ GND

SNS417/SN7417{J, N, W)

20

DUAL 4.INPUT
POSITIVE-NAND GATES

pasitive logic:
Y = ABCOD

See page 86

A . NC W 0 Y GND

SN5420/SN7420( J,'N )
SNS4M20/SN74H20(J, N)
SNS4L20/SN74L20(J, N)
SN54LS20/SN74L520(J, N, W}
SNS4S20/SN74520(J, N, W}

1
" J

TTETEY

v NC Ve N

A

SN5420/SN7420(W)
SNS4AH20/SN74H20(W)
SNS4L20/SN74L20(T)

NC ~Ng interna! connection




54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS

SSI GATES ... LOGIC AND PIN ASSIGNMENTS (TOP VIEWS)

21

DUAL 4-INPUT
POSITIVE-AND GATES

¥ 0 2 NC 18 2A v
& o

—_Mpinpan THTL—.’h'r—

t =
L

1"

! M =
N —f:._T%:,A . U/
. i R —_—
positive logic: ! o |
Y = ABCD allatiaEial} s'_“Luvd' Bl lallaDallalDs T
TTMC‘!_C“_D‘HR—:S A \VTTC'C‘—»_C'-';T‘
SNS4AH21/SN74K21(J, N} SN54H21/SN74H21 (W)
See page 94 SNS4LS21/SN74LS21(J, N, W)
NC—No internal connection
g 20X M 18 A v 0 € '8 GNg v 2D I

22

DUAL 4-INPUT
POSITIVE-NAND GATES
WITH OPEN-COLLECTOR OUTPUTS

positive logic:
Y = ABCD

See page 88

s
B L IO LTS Ll Lo

| |
1A . L W w GND
SNS5A422/SN7422(J. N, W)
SNS4H22/SN74H22(J, N)
SNS4LS22/SN74LS22(J, N, W)
SNSAS22/SN74822(J. N, W)

2

LN §
ECISISCIS LIS ST
f

|
1 !

;
!
1
L ;
=Dallabs0s0 i
| S RN S Vel B E B b i S0
TA v M vge NC a2

SNS4H22/SNT74H22(W)

NC—No internsi connection

23

EXPANDABLE DUAL 4-INPUT
POSITIVE-NOR GATES
WITH STROBE

positive logic: '
1Y = 1G(1A+1B+1C+10)+X
2Y = 2G{2A+28+2C+2D)
X = output of SN5460/SN 7480

See page 113

i ® 0 x F: BT S 4
9

SN5423/SN7423 (J, N. W)

25

DUAL 4.INPUT
POSITIVE-NOR GATES
WITH STROBE

positive logie:
Y = GIA+8+C+D)

See poge 92

STROBE
wg 20 e s v
~ A=
"H"h“”:l:i'l" (9
: ‘:

e —— '

SNB42S/SN7425 (J, N, W)
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SSt GATES . ..

LOGIC AND PIN ASSIGNMENTS (TOP VIEWS)

26

QUADRUPLE 2-INPUT
HIGH-VOLTAGE INTERFACE
POSITIVE-NAND GATES

positive logic:
Y = AB
See page 106
wg *°& >~ ox o8 iy -
27 L e ST ey e e

TRIPLE 3-INPUT
POSITIVE-NOR GATES

positive logic:
Y = A+8+C

See page 92

‘L LT

l ] x iy 8D

SN5427/SN7427(J, N. W)
SNS4LS27/SN24LS27(J, N, W)

28

QUADRUPLE 2 INPUT
POSITIVE-NOR BUFFERS

positive logic:
Y - A+8

See page 102

¥ 4y & 4 v 3 1A

r_iu ‘_‘T‘H“, .
FG? ~ !

., v _ 0.

(a0l 0300 DY

1A a v 2. m uND

SNS428/SN7428{J, N, W)
SNSALS28/SN74LS28(J, N. W)

30

8-INPUT
POSITIVE-NAND GATES

positive logic:
Y = ABCDEFGH

See page 96

G N

"L—;'LH n

NCNC v
_~ L
g Jeg el

= I

SNS430/SN7430(J, N)
SNS4MIO/SN74H301), N)
SNS41.30/SN74L30(J. N}
SNS4LS30/SN74LS30(J, N, W)
SNS4S30/8N74530(4, N, W)

b q ’¢ V GNO . 3

S
4 1

71'—"1-1"““1-"

— .

SNS430/SN7430(W)
SN54H30/SN74H30(W)
SNS4L30/SN74L30(T)

NC -No interngl connection




54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS

SSI GATES. ..

LOGIC AND PIN ASSIGNMENTS (TOP VIEWS)

32

QUADRUPLE 2-INPUT
POSITIVE QR GATES

positive logic:
Y = A+8

See page 108

£ f -
VT 6B 4A 4v 8 I v
< ' . ,_:\:_‘ ] W‘——i’_"_‘:ﬁ' JUg ) L—-n’-'-lj
:-\ kN .
[ D [ (S
= TR T, ..:ﬁt‘.

SNS5432/SN7432(0. N, W)
SNSALS32/SN74LS32(J. N. W)

33

QUADRUPLE 2 INPUT
POSITIVE-NOR BUFFERS
WITH OPEN-COLLECTOR QUTPUTS

pasitive logic:
Y = A+B

See page 106

AT T T s

P
i A '8 2v

SN5433/SN7433(J. N, W)
SNS4LS33/SN74LS33(4, N, W)

.
24 28 NG

37

QUADRUPLE 2-INPUT
POSITIVE-NAND BUFFERS

posttive logic:
Y = AB

See page 102

<
-
]-
-
-
-
%
4
O
<

g
u

L e SIS e ey
— —

i

+ P—

mwaﬁ

)
RRESREY BN D
A 8 v A B Y 3N

SNS437/SN7437{J, N, W)
SNSALSI7/SN74LS3I7{J. N, W)

38

QUADRUPLE 2-INPUT
POSITIVE-NAND BUFFERS
WITH OPEN-COLLECTOR OUTPUTS

potstive logec:
Y = AB

See page 108

Vs; o8 A av 8 18 v

T el el -

. b n 12 n L A 1
i — [R—"

|

' :

é .

|

ol

pnanananatali

l

$
A 8 1Y A 28 2Y  GND

SN5438/SN7438(J, N, W)
SN54LSIB/SNT4LSIBLI. N, W)




54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS

FLIP-FLOPS ..

. LOGIC AND PIN ASSIGNMENTS (TOP VIEWS)

12

FUNCTION TABLE

INPUTS OUTPUTS)

PRESET CLEAR CLOCK J K | Q@ G
L H X X X | M L

H L X X X : L "

L L X X X e ]

H H AN L L Q3 Qo '

H H il HooL i L

H H n LoH L -

H H . 5w TOGGLE

positive logic: J = J1-42-.3. K1+K2:K3

Ses pages 120, 124 and 128

PR crk X3

AND-GATED J-K MASTER-SLAVE FLIP-FLOPS WITH PRESET AND CLEAR

) %2
]

“- TaLufHWH

o s
I Srnininin:

SNS472/SN7472(J. N}
SNSAHT2/SNT4H72(J. N)
SNS4AL72/SN74L72(J, N)

SN5472/SN7472(W)
SNS54H72/SN74H72(W}
SNSAL72/SN74L72(T)

NC-No internai connection

B

OUAL J-K FLIP.-FLOPS WITH CLEAR

‘73, 'H73.°L7] ‘LS73
FUNCTION TABLE FUNCTION TABLE
INPUTS QUTPUTS INPUTS QUTPUTS
CLEAR CLOCK J X Q a CLEAR CLOCK J X Q a
L X X X L H L x X X L H
" noL - G H s L L]ag G
H nLoH LM L H ' N L
H JU oL o+ L H H . L H L H
H L H  H | TOGGLE H . H  H| TOGGLE
H H X X | Qg Qg

See pages 120, 124, 128, and 130

SNS473/SN7473(J, N, W)
SNS54H73/SN74H73(J, N, WI
SNS4L73/SN74L73(L. N, T)
SN54LS73/SN74LS73(J, N, W)

14

FUNCTION TABLE

INPUTS OUTPUTS

PRESET CLEAR CLOCX D | Q @
L o] X X Al L

M L X X L H

L L X X (22 H*

H W WL

H = . L L M

H H L X { Qg Qo

Ses peges 120, 124, 128, 130, and 132

DUAL D-TYPE PQSITIVE-EOGE - TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR

cin 10 2cx e 10 128 20 10 oNp 8 20 zem
ASABEAA SEEELLE
t—._o & Qv—l |
:l ' —bcn - 1 ‘ HJ e 3 ‘ ] ;) !
a o i
CLA . m L cLa rap—

! wl O et !I P ‘P“j
! o ,, o—— I ‘% R S S oI 1
! ——— i L R J

EellsElalDalDelat qvj_‘_z‘hf ol HLL [t

T 5 ick im 1@ 8 cwo Yo W6 e I 1 Tem
an . R cun
SNS474/SN74741J, N} SN5474/SN7474(W}
SNS4H74/SN74H74(J, N; SNB4AHT74/SN74HT74(W)
SNS4L74/SN74L74(J, N) SN54L74/SN74L74(T)

SNSALS74/SN74LST4(J, N, W)
SNB4S74/5N74574(). N. W)

H = nigh level Lsteady state) L = iow level isteady state) X = irreigvant
L =nigh-ievei guise. dsta (nputs should be hetd constant while clock is high, data i3 transterred 10 output on the 1alling edge ot the puise.
t = transition from iow to Nigh level, i = trangition from nigh to 1ow level
Qg = the levet of Q before the :ndicated inDut conditions were established.

TOGGLE Easch output changes to the comp

t of its previous ievel on esch active transition (puise) of the clock

*This configuratian s NONstable: that 18, it will NOt DErsIST When Dreset and clesr Inputs retUrN 10 their INacTIve Lhigh) 1evei.
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