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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 operation.

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.
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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 SI 1-

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 (Fl, 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 I 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.
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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 TrL 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 I usec. The positive going edge of the oscillator

will trigger U2, resulting in a 1 usec pulse at pin 4. The negative going edge of the oscillator

signal will trigger U3, resulting in a 1 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, Figure 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 simultaneously by TI 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 TI 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 Sl1-16A.
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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 1 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 parallel 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 turns 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 halfway

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 TI or 72 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 TI or T2 time (Figure 19).
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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.
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Manual Mode Operation

In the manual mode, the user has the option to choose two functions. Selecting Function I

places the RFPG in the TI 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:

T1

T2

TIME BETWEEN TI 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 TI 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 5 KVA isolation

480 volt, transformer is used to step down the 480 volts available to 240 volts vith 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.
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Table 1

RAPID FIRE PULSE GENERATOR (RFPG) SYSTEM INPUT/OUTPUT

36-Pin Centronics Connector 40-Pin Interface Board Connector Fucntion

1I AMP. SIGNAL 8
19 2 AMP. SIGNAL 1
2 3 AMP. SIGNAL 7
20 4 AMP. SIGNAL 2
3 5 AMP. SIGNAL 6
21 6 AMP. SIGNAL 3
4 7 AMP. SIGNAL 5
22 8 AMP. SIGNAL 4

5 9 MPD 1
23 10 MPD 8
6 11 MPD 2
24 12 MPO 7
7 13 MPD 3
25 14 MPD 6
8 15 MPD 4
26 16 MPD 5

9 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)
31 26 MICRO START/STOP (INPUT)

14 27 OSCILLATOR 3
32 28 OSCILLATOR 4 (o not use)

15 29 T2
33 30 T1

16 31 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 I Pin 14 -STBY MICRO I Pin 15 REG 5V
MICRO I Pin 15 REG 5V MICRO I Pin 14 -STBY
MICRO I Pin 16 I/O D16 EDGE CON. Pin 25 CLR AMP GATE & MPD
MICRO I Pin 17 I/O D15 MICRO II Pin 26 I/O D9
MICRO I Pin 18 I/O 014 EDGE CON. Pin 23 GAIN LEVEL CLOCK
MICRO Pin 19 1/ 0013 EDGE CON. Pin 10 OSC. SEL 0
MICRO I Pin 20 DIG.GND EDGE CON. Pin 53,55 Mother Board Gnd
MICRO I Pin 21 I/ 0112 MICRO II Pin 22 I/O D1
MICRO I Pin 22 I/O D11 EDGE CON. Pin 12 OSC. SEL 3
MICRO I Pin 23 UDI MICRO I uART CON. Pin 2 UDI
MICRO I Pin 24 WOO MICRO I UARTCON. Pin 6 UDO
MICRO I Pin 25 /O 010 MICRO II Pin 19 I/O D13
MICRO I Pin 26 I/O 09 EDGE CON. Pin 14 OSC. SEL 1
MICRO I Pin 27 I/O D8 EDGE CON. Pin 13 OSC. SEL 2
MICRO I Pin 28 I/O 07 EDGE CON. Pin 36 ADDR (SEL A) AMP GATE
MICRO I Pin 29 I/O 06 EDGE CON. Pin 38 ADOR (SEL B) AMP GATE
MICRO I Pin 30 I/O D5 EDGE CON. Pin 18 T1
MICRO I Pin 31 I/O 04 EDGE CON. Pin 39 ADOR (SEL C) AMP GATE
MICRO I Pin 32 I/O 03 EDGE CON. Pin 20 T2
MICRO I Pin 33 I/ 002 EDGE CON. Pin 19 Input Auto/Manual Select
MICRO I Pin 34 I/ 001 EDGE CON. Pin 22 Input Computer Start Level
MICRO I Pin 35 I/O DO EDGE CON. Pin 20 Latch AMP GATE & MPD
MICRO I Pin 37 BAT + EDGE CON. Pin 41,43 Mother Board + 12V

MICRO I1 Pin 14 -STBY MICRO II Pin 15 REG 5V
MICRO II Pin 15 REG 5V MICRO II Pin 14 -STBY
MICRO II Pin 19 I/ 0013 MICRO I Pin 25 I/O D10
MICRO II Pin 20 DIG.GND EDGE CON. Pin 53,55 Mother Board Gnd
MICRO II Pin 21 I/O 012 EDGE CON. Pin 9 Latch AMP SIGNAL
MICRO II Pin 22 I/O 011 MICRO I Pin 21 I/ 0012
MICRO II Pin 23 UDI MICRO U UART CON. Pin 2 UDI
MICRO II Pin 24 UDO MICRO 1I uARTCON. Pin 6 UDO
MICRO II Pin 25 /O 010 EDGE CON. Pin 11 CLR AMP SIGNAL
MICRO II Pin 26 I/O D9 MICRO I Pin 17 I/O 015
MICRO II Pin 28 I/O 07 EDGE CON. Pin 16 ADOR (SEL A) AMP SIGNAL & MPD
MICRO II Pin 29 I/O D6 EDGE CON. Pin 15 ADOR (SEL B) AMP SIGNAL & MPD
MICRO II Pin 31 I/O 04 EDGE CON. Pin 17 ADDR (SEL C) AMP SIGNAL & MPD
MICRO II Pin 37 BAT + EDGE CON. Pin 41,43 Mother Board + 12V

MICRO I UART Pin I GNO EDGE CON. Pin 53,55 Mother Board Gnd
MICRO I UART Pin 2 UDI MICRO I Pin 23 UDI
MICRO I UART Pin 4 * 5V EDGE CON. Pin 46,48 Mother Board +5V
MICRO I UART Pin 6 UDO MICRO I Pin 24 UDO

MICRO II UART Pin 1 GND EDGE CON. Pin 53,55 Mother Board Gnd
MICRO II UART Pin 2 UDI MICRO II Pin 23 UDI
MICRO II UART Pin 4 + 5V EDGE CON. Pin 46.48 Mother Board + 5V
MICRO It UART Pin 6 UDO MICRO II Pin 24 UO

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 +5 VDC 6 +5 VoC
7 +5 Voc 8 +5 VoC
9 012 MICRO II (LATCH AMP SIG & MPD) 10 013 MICRO I (OSC 0)
11 010 MICRO II (CLEAR AMP SIG & MPD) 12 D1 MICRO I (OSC 3)
13 D8 MICRO I (OSC 2) 14 D9 MICRO I (OSC 1)
15 06 MICRO II (S1 ADOR SEL) 16 07 MICRO 11 (SO ADOR SEL)
17 D4 MICRO II (S2 ADOR SEL) 18 D5 MICRO I (TI)
19 D2 MICRO I (AUTO/MAN SEL) 20 D3 MICRO I (T2)
21 DO MICRO I (LATCH AMP GATE) 22 D1 MICRO I (COMPUTER START/STOP)
23 D14 MICRO I (GAIN LEVEL CLK) 24 015 MICRO I (HOUSEKEEPING)
25 D16 MICRO I (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 07 MICRO I (SO ADOR SEL
37 NO CONNECTION 38 06 MICRO I (SI ADOR SEL)
39 NO CONNECTION 40 NO CONNECTION
41 + 12 VDC UNREGULATED 42 + 12 VDC UNREGULATED
43 + 12 VDC UNREGULATED 44 + 12 VDC UNREGULATED
45 + 5 VOC 46 +5 VOC
47 +5 VDC 48 +5 VDC
49 -12 VOC 50 -12 VOC
51 -12 VOC 52 -12 VDC
53 COMMON 54 COMMON
55 COMMON 56 COMMON
57 + 12 VOC se 5812 VOC
59 + 12 VDC 60 + 12 VDC



Circuit Boards
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SSI Gates



54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS

SSI GATES ... LOGIC AND PIN ASSIGNMENTS (TOP VIEWS)
48 4* 'V m 3V .1 4 3* 00 Is m* 2

00 ~2
QUADRUPLE 2-INPUT
POSITIVE-NANO GATES L'- .F X-LJ

postive logic:i--

A 25 I 2A 3 2 W 80 28 G.0 *-cc 2A :

SNS4001SN74001J. N) SN5400/SN7400(W)
SN54HOO/SN74HOO(J. N) SN54HOO/SN74H00(W)
SN54LOO/SN74LOO(J. N) SN54LOO/SN74LOO(T)

See, POS6 SN54LSOO/SN74LSOO(J, N, W)
SNS4SOO/SN74SOOIJ, N, W)

= v * " w 3 11 U .1 .8 1A G.20 38 U 3,

01 a8 11 13 r 1 g 1 I S

QUADRUPLE 2-INPUT I I -
POSITIVE-NANO GATES J L1>3
WITH OPEN-COLLECTOR OUTPUTS '-4 I

positive logic: -

vi .2 2 4 s 1.2 8.8-
1. 's 2 2y 2A 28 Go 2 'A 2W Vcc 2W 2A ZI

SN5401l/SN74O1 U, N) SNS401/5N7401(W)
SN54LSOIISN74LSO1(JJ N, W) SN54HOI/SN74HOI(WI

SN54LOISN74LO11T)

48 3 3 3 A 8

A 1 3 It n 8f 11

'A 28 23 2A 28 2W G0

SN54HO1/5N74H01(J. N)
See pW go

X 1% 48 4.W 8 3 4 2 4A Gk0 3A A 3W

02 18 1 1 8 Us 8z in a8 1 1 8 3

QUADRUPLE 2-INPUT .
POSITIVE-NOR GATES I~-di L -

positive logic:

1W 'A 's 2W 24 2808 Gh 28 's 1 vcc 2W 2A 211

SNS402,SN74a2(J, NI SN54021SN74O2(W)
S54L02/11N74L.021. N) SN54L02/SN74LO21T)

See pops 92 SNS4LS021SN74LS021J. N, W)

SN64502/SN74502fj. N. WI



54n74 FAMILIES OF COMPATIBLE TTL CIRCUITS

SS1 GATES ... LOGIC AND PIN ASSIGNMENTS (TOP VIEWS)

03
QUADRUPLE 2-INPUT
POSITIVE NANO GATES
WITH OPEN-COLLECTOR OUTPUTS '

Positive logic:

SN5403/SN74031j, N)
SN54L031SN74L03(J. N)

See page as SNS4LSO3/SN474LSO3(J. N. WI
SN54503/SN74S031J, N. WI

A5 55 534 IV3 4 105 4

04 433 5r~ T 7r13~ J j
HEX INVERTERS

poitiv5e logic:

1. ~~2 11 2A ZV U 0 c

SN5404/SN74041J. NI SN5A4/SN7404(W)
SN54H04/SN74H041J. NI SN54H04/SN74HO4IWI
SN54L041SN74L041j. N) SN54L04iSN74L04(T)

See pope 96 SNS4LS04/SN74LS04(J, N. WI
SNSOS4/SN74841J N. WI

V* 45 ix 55 G** * 4 40 15 %A* 4Y5

05
HEX INVERTERS I -~
WITH OPEN-COLLECTOR OUTPUTS I

positive logic: < f)'
I. 15 Z* 25 U* V5 G.0 'A Z, 3* VCC 3U w5

SN64OS/SN74OUIJ. NI SNS405/SN7405IWI
SNSAHOSISN74HOWfJ, NI SN54H06/SN74HOS(W)

See page 88 SN54LSOS/SN74LS051J. N. WI
SN54MSO/N748061J. N. WI

06 a a 5

HEX INVERTER SUUFERS/DRIVERS
WITH OPEN-COLLECTOR
HIGH-VOLTAGE OUTPUT$

Positive fligo: >



54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS

SSI GATES ... LOGIC AND PIN ASSIGNMENTS (TOP VIEWS)
5

CC 8 SA 7 55 IV

07
HEX "UFFERS/DRIVERS > -1> j-
WITH OPEN-COLLECTOR
HIGH-VOLTAGE OUTPUTS

V -A a-

S.. Page 106 SN5A.7 'SN.!407fJ, N, W)

cC 2. 4 , A 5 8A 1.

ais 1r - 12 ' 4"~08
QUADRUPLE 2-INPUT
POSITIVE-AND GATES

positive logic:

V - AS 13 7

'A S 5 2A 28 25 020

SN5408/SN740SJ, N, W)

SN54LS0S/SN74LS0(J. N. WI

See paop 94

Is 1) 12 a8 iA

09 78 3 72 , , 8*
QUADRUPLE 2-INPUT
POSITIVE-AND GATES
WITH OPEN-COLLECTOR OUTPUTS

positive logic: I 2 3 4 I 8 .

Y = AS 'A , 1 2* 28 25 072
SN5409/SN7409(J. N, W)

SN54LS09/SN74LS09(J. N. W)

See page 96

c ly XV c X8 IAD 39 UC 3 708 ZC

10 ' '

TRIPLE 3-INPUT
POSITIVE-NANO GATESTR4'IU ---=

' -" l l I ! - I! i, : ,
postive logic:

'A 's 0* i- s ?c 2 7 'a 1 ' - 2- 2A 28

SNS410SN7410(iJ. NI SN5410/SN74101W)

SNS4H10/SN74H10J. NI SN54H1O/SN74H10(WI

SNS4L10/SN74L10(J, NI SN54L10/SN74L10(T)
See p 86 SN54LS1O/SN74LSIO(J. N. W)

SN54S10/SN74S10(J. N, W)



54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS

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

TRIPLE 3-INPUT
POSITIVE-AND GATES -

positive logic:
Y -ABC ,

, 8 8 8 :i C : .. INC 8 8e Iv j. v .8 :

SNS4H11/SN74H11IJ. NI SN54HI1 /SN74H11(W)
See page 94 SN54LS11/SN74LSIl(J. N. W)

SN54S11/SN74S1 lJ. N. W)

12
TRIPLE 3-INPUT
POSITIVE-NANO GATES f
WITH OPEN-COLLECTOR OUTPUTS

Positive logic:

SN5412/SN7412(J. N. W)

See pae as

v c Z x 2A Z

13'A1
DUAL 4-INPUT
POSITIVE-NAND I
SCHMITT TRIGGERS

pos.tive logic:

SN5413/SN7413(J. N. WI

See page 98

NIC-No internal connection

14 .- 12 3I

HEX SCHMITT-TRIGGER
INVERTERS

Positive logic: _

1 3 4 6 1S
IA. ' 2* 1 1 8

SN5414iN7414(J, N. W)

Se age 9g



54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS

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

C1 'c .1 x t

15 4 1T3 t

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

positiv, logic:

Y - ABC J __ _
'A 1 2. 20 : I -

SN54H1SSN74H15IJ, N, W)

See page 96 SN54LSI5/SN74LS1SIJ. N. W)
SN54S5/S1N74S15IJ. N, W)

16 w-4 f2 2

HEX INVERTER BUFFERS/DRIVERS
WITH OPEN-COLLECTOR

H4IGH-VOLTAGE OUTPUTS

positive logic:

1A v 2. 21 mA IN

SN54IO/SN7416(J N, W)

See page 106

200 61 %V A $1 CA

17 14 13 n a I a

HEX SUFFERS/ORIVERS
,'41TH OPEN-COLLECTOR
HIGH-VOLTAGE OUTPUTS

positive logic:

YA IV A0 22 IA 11 GND

SN5417/SN74171J. N. W)

Seepage 106

W X0 206C i 2A 22 '0 C 'I Goo 2V 20 2n

20 - f h TL T
DUAL 4-INPUT
POSITIVE-NANO GATES~-2~ 2-

posiive logic:

Y-ABCO 'A 's wC 20 20 V1 009 'A 11 m c c w A

S5420/SN74201J, NI SN5420/SN7420(W)
SN54H20f5N74H20(J. NI SN54H20/SN74H2OiW)
SNfl4L201SN74L201J NI SN54L201SN74L.201T)

See pep 86 SNS4LS20/SN74LS2O(J, N, WI
SN54S30/SN74S201J. N. WI NC-NO 2,nral connection



54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS

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

29 2C *c 2c 2' 2* 0o 'C 8s MPo 2' 20 2

21-
DUAL 4-INPUT
POSITIVE-AND GATES 1 -- -

positive logic:

Y =ABCD - S I 1 -' i-1
-8 GC C -'' 00 ; ;F ,C VCC -C 2A 8

SNSAH21/SN74H211J. NI SN54H21/SN74H21 fW)
e pSN54LS21/SN74LS21(J. N, W)

NC-No nternal connectton

isi 29 _1C 28 is ?A Z0 IC 8_ G-102 X 20 29-

22- -7 .. , , -
DUAL 4-INPUT i _ A
POSITIVE-NANO GATES - I

WITH OPEN-COLLECTOR OUTPUTS _ Q
positive logic:
Y - ASCD I A I € B c w o 'C '0 O 1 Vv G.0 vCC 28

SN5422/SN7422(J. N, W) SN54H22/SN74H22(W)
SNS4H22/SN74H22fJ, NI
SNSALS22/SN74LS22(J. N, WI

See page 88 SNS4S22/SN74S22WJ. N, W)
NC-No internlI connection

8T8OU

23 is 20 2 29 1*2*

EXPANDABLE DUAL 4-INPUT
POSITIVE-NOR GATES I

WITH STROBE

positi Ve logic:

1Y - 1G(IA 1BIC ID)+X
2Y -2G(2A+28.2C.2DI0 -

X - ou tu of SNS OOISN7460 - . . .

See page 113 SNS423/SN7423 IJ. N. WI

252022922*2

DUAL 4.INPUT I
POSITIVE-NOR GATES
WITH STROBE

Positiv OI .

SN5425/SN7425 (J. N. W)

Sit pop 92



54f74 FAMILIES OF COMPATIBLE TTL CIRCUITS

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

26444U1*3

QUADRUPLE 2 INPUT -

HIGH-VOLTAGE INTERFACE
POSITIVE-NAND GATES

Positive logic; -

Sea Pae 106SNS42E/SN742614. NI

27-2

TRIPLE 3-INPUT
POSITIVE-NOR GATES _

positive logic:

'a JA IS X5 7

SN5427/SN74274J N, WI

Se. page, 92 SN54LS27/SN74LS27(J. N. WI

!S v is -~

28 a 2i

alUAORUPLE 2-INPUT
POSITIVE-NOR SUFFERS

'A8 'a L 2' 2. I

See page, 102 SN64LS28ISN74LS28IJ N. WI

30 *''Ik1 -i ., ,
8-INPUTI
POSITIVE-NANO GATES

Y-ABCDEFGH

A c 0 3

SN5430/SN74301J. N) SN543OISN7430(WI
SN54H3O/SN74H30IJ. N) SN54H30/SN74H3IW
SN54L30/5N74L301J. N) SNU4LSOISN74L3OtT)

See page 96 SN54LS30/1N74LS304J. N, W1
SN5S/S/N74S301I. N, WI NC-No internal c03nifttion



54/74 FAMILIES OF COMPATIBLE TrL CIRCUITS

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

'a4 1A 3 3 19

32
QUAORUPLE 2 INPUT
POSITIVE OR GATES

positive logic

Y =A.B 3 4"- s'*

SN5432/SN7432(J. N, W)

See Page 108 SN54LS32/SN74LS32(J. N. W1

33 -, -,' a a a

QUADRUPLE 2-INPUT
POSITIVE-NOR BUFFERS -KiL__ -
WITH OPEN-COLLECTOR OUTPUTS "- -

PcwtijYC logic: -

y = A"B 9 4A '8 ,29 34 34 2,

SN5433/SN7433(J. N. W)

SN54LS33/SN74LS33{J, N. W)
See pag 106

Zie 4 
4  

98 3* 39

37 a ,3 3 9,..., ' 9

QUADRUPLE 2-INPUT
POSITIVE-NAND BUFFERS

politive logic:

S.. ge 102 SN5437/SN74371J. N, W)SN54LS371SN74LS37(J. N, W)

388 4, * 49,, ,48 34 ,3
4 A2 '3. 33

38
QUADRUPLE 2-INPUT
POSITIVENANO BUFFERS j
WITH OPEN-COLLECTOR OUTPUTS

V-AR 93 3 9C9

SN5438/SN743$AJ. N. WI

SNS4LS38/SN74LS38IJ, N. WI

Som, pop 106



54174 FAMILIES OF COMPATIBLE TTL CIRCUITS

FLIP-FLOPS ... LOGIC AND PIN ASSIGNMENTS (TOP VIEWS)
AND-GATED J-K MASTER -SLAVE FLIP- FLOPS WITH PRESET ANO CLEAR

72 FUNCTION TABLE RCit.3K 1 . . Gct. A 4

INPUTS IOUTPUS

PRESET CLEAR CLOCK J K Jo a

L H I x IC XH L

H L x x X L

L L IC IC xC0

H H 11 L LK 00 o

" H fL~ H L :H L- ziKr.L~L7. 1 4
H H J-L L H L - ' .~ 4 . A .3 , 6, --N c X %C

H4 H 7. OGGL= SN5472/SN74721J. NI SN5472/SN7472(W)
positive logic: . j I -j-J K IC -K SN54H72/SN74H721J. NI SN54H72SN74H721WI

SN54L72/SN74L72(J. NI SN54L72/SN74L72IT)

See pages 120. 124, and 128 NC-14o Intora conolo

DUAL .1-K FLIP-FLOPS WITH CLEAR
13 'd .6 '0 o 2: 2 :0

'73, 'H73. 'L73 'LS73 I a
FUNCTION TABLE FUNCTION TABLE '6
I NPUTS OUTPUTS I NPUTS :aUTPU,:92~W '~~

CLEAR CLOCK j K 0 a CLEAR CLOCK J1 K a a ~
L IC IC I L H IL' X IC L H- -

H TfL. L - 00 do H 4 L L DO 00Ii s c 2CK 2 2

H .rL H L H L H I H L H L CLA CO

H _FL. L H L H H . L H L H SN5473/SN7473(J,N, W)

H 7. H H. TOGGLE H , H H TOGGLE SN54H73/SN74H73(J. N, WI

H H IC IC GO (2N54L73/SN74L73(J, N. TI
SN54LS7315N74LS73(J, N. W)

See pages 120, 124. 128. and 130

74 DUAL D.TYPE POSITIVE-EDGE-TRIGGERED FLIP- FLOPS WITH PRESET AND CLEAR

c'e 20 z0 t o 20 ir 'o Is) Gi10 20 :a0 Zr11

FUNCTION TABLE ___~a 7 7
INPUTS OUTPUTS o aI_____

PRESET CLEAR CLOCK 0 0a cis__ I

L H, IC I H L Ca%-4 _-

H L IC I L H TCh o c'. DO E

-ro t. --
IC ICx H. HI

H-~~ ~ L3 I~
CuP -- -u -C

H H L xIC Q0 o SN5474/1,N7,74(J. NI SN5474/SN74741W)

SN54H74/SN74H74(J. N; SN54H74/SN74H74(W)
SM54L74/SN74L?4(J. NI SN54L74/SN74L74(T)
SN54LS74/SN74LS74(J N, WI

See pagw 120, 124, M26 130. and t32 SM6474,IN74S7411J. N. W)

H-l nigh level (Steady statel, L - IOW level (steady statel. X -ileant

XL. - high-lee ouise. data inous should be hold comstant while clock ia high. date,$ transtferd to output on the lailog edge at the ouise
t transitiotn fronm ow to high leviel. , transition fromntirgh to low levsel

Q, the levelf of 0 baeor the indicated inout conditions warie.stablished.
TOGGOLE Each output changes to the compolen-ent of Is Devious levl On ach active transition (outsa: of the clock

'his configuration is hionstable- that is. it Wil not ofirsist when orasat aind clear snouth return to their ini,tisve imighi esvei
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