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Electronics Contest Breadboarding Project

BREADBOARDING PROJECT

Overview

Total Time - 120 min Total Points - 200 . Overall Weight - 20%

Instructions
You will be scored on your ability to:

Read and follow instructions.

Interpret a circuit design drawing.
Identify and correct design flaws.
Construct a bar graph voltmeter.
Construct a dual voltage power supply.

SNELN

Judges are NOT permitted to answer questions during the competition. Should you
encounter a technical problem, assistance may be requested by pressing the “H” key on
the console. All technical problems will be corrected by the Judge and no demerits will
be assessed.

Judges WILL assess a 2 point demerit for each violation of the following. Demerit
points will be used as a discriminating factor in breaking ties.

1. Unwarranted requests for assistance (2 points )
2. Identifying good equipment as faulty (2 points )
3. Failure to follow instructions (2 points )
4. Safety violations (2 points )

v" Wearing jewelry
v" Not wearing safety glasses
v" Improper use of soldering iron

Materials Required

Breadboarding Project Contestant Handout
Reference Manual (Data Sheets)

Part 1 Breadboarding Pre-packaged Design Kit
PC130X (single) Design Board

VICAO03-1 Power Supply Circuit Board
Oscilloscope

Multimeter

Nida Screwdriver

Nida Model 130E Test Console

Miscellaneous Tools as Required
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Electronics Contest Breadboarding Proiect

Procedure

1. Log-in. Observe the display on the Nida Model 130E Test Console and
ensure that it looks like the example shown in Figure 1. Verify that your
contestant number replaces the [--- xx ---] shown in the example.

BREADBOARDING
cmm XX ==-

Part 1
Judge’s Code : ____

Figure 1

2. You will be required to breadboard two circuits, the first consisting of a Bar
Graph Voltmeter. You will be scored on your ability to follow instructions,
interpret schematic drawings, and produce a breadboard circuitry layout that
meets the criteria of neatness, design, and operation. If any circuit fails your
checks and you determine that a component displays symptoms of a factory
defect, press the “H” key on the console and a Judge will respond. The
Judge will assess the situation and determine the appropriate action.

3. You will start with Part 1 and breadboard the Bar Graph Voltmeter circuit.
When you are ready to begin, turn the page to “Worksheet 1” and carefully
follow all instructions. Use the information provided in the Reference
Manual (Data Sheets) as needed.

Begin when ready!
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Electronics Contest

Breadboarding Project

Part 1

WORK SHEET #1

1. Verification. Using the Parts List provided below, verify the Bar Graph Voltmeter parts
kit (green dot) is complete and all components are visibly serviceable. If you identify
any discrepancy, press the “H” key on the console and a Judge will respond.

PARTS LIST
DESIGN COMPONENTS

PART NO. DESCRIPTION QUANTITY
05930024 | IC, LM3914 1
51020004 | LED, RED RECTANGULAR 10
1206412005 | RES, 1.2k 1/4w 1
1206439005 | RES, 3.9k 1/4w 1
1427420005 | RES, 2k VAR 1
1427450005 | RES, 5k VAR 1
41010008 | Toggle SW 1
81150137 | Wwire 4 ft

2. Design. Using the PC130-X (single) Design Board, pre-packaged design kit, the
Reference Manual (Data Sheets), and the circuit shown in Figure 3, construct the Bar
Graph Voltmeter circuit.

3. System Setup. Perform the System Setup.

4. Operational Check. Perform the Operational Check to verify functionality.
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Electronics Contest Breadboarding Project

SYSTEM SETUP

1. Bar Graph Voltmeter (PC130X)

a. Install the PCI30X circuit card containing your Bar Graph Voltmeter in the PC2
position of the Nida Model 130E Test Console.

b. Setresistors R1 and R2 on the Bar Graph Voltmeter to the mid (halfway) position.

c. Settoggle switch S1 on the Bar Graph Voltmeter to the 5 Volt position.

2. Power Supply Circuit (VICA03-1)

a. Install the VICA03-1 Power Supply circuit card in the PC1 position of the Nida
Model 130E Test Console.

b. Set S1 on the VICA03-1 Power Supply circuit card to the Off (down) position.

c. SetR4 and R7 on the VICA03-1 Power Supply circuit card to the mid (halfway)
position.

3. Nida Model 130E Test Console

a. Set the test console Positive Power Supply to +5 VDC.

b. Press the DC Power switch @ on the PC2 position of the test console and

verify that the LED illuminates.

c. Press the AC Power switch on the PC1 position of the test console and
s

verify that the LED illuminates.
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Electronics Contest Breadboarding Project

OPERATIONAL CHECK

1. Power Supply Circuit (VICA03-1)

a. Using a multimeter, adjust R4 on the VICA03-1 Power Supply circuit card for
+12 VDC at TP2.

b. Using a multimeter, adjust R7 on the VICA03-1 Power Supply circuit card for
+5 VDC at TP3.

¢. Move S1 on the VICA03-1 Power Supply circuit card to the On (up) position.

2. Bar Graph Voltmeter (PC130X)
a. Adjust R2 on the Bar Graph Voltmeter so that LED’s 1 through 5 are illuminated.
b. Move S1 on the on the Bar Graph Voltmeter to the 12 Volt position.

c. Adjust R1 on the Bar Graph Voltmeter so that LED’s 1 through 5 are illuminated.
DO NOT change the calibration of R1 and R2 after the initial adjustments.

d. End of Operational Check.

Press the "H" key and then the “ENTER” key on the console
to request your first verification check.

dkhkk
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130X BREADBOARD DIAGRAM
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BAR GRAPH VOLTMETER
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Electronics Contest Breadboarding Pro'!ect

WORK SHEET #2

Part 2

1. Verification. Using the Parts List provided below, verify the Dual Voltage Power
Supply parts kit (red dot) is complete and all components are visibly serviceable. If you
identify any discrepancy, press the “H” key on the console and a Judge will respond.

PARTS LIST
DESIGN COMPONENTS

PART NO. DESCRIPTION QUANTITY
21084400 CAP, 1000uf 50V 1
21041250 CAP, 0.1uf 25V (104) 4
21053350 CAP, 1luf 35V (105) 2
00520013 DIODE, 1N4003 2
05930029 IC, LM350T 2
1603210001 RES, 10 3w 1
1206312005 RES, 120 1/4w 2
1206322005 RES, 220 1/4w 1
1206333005 RES, 330 1/4w 1
1427410009 RES, 1k VAR 2
4101008 Toggle SW 2
81150137 Wire 3 ft

2. Design. Using the PC130-XX (double) Design Board, pre-packaged design kit, the
circuit shown in Figure 3, and the Reference Manual (Data Sheets), construct the Dual
Voltage Power Supply. NOTE: The dual voltage power supply has two DC voltage
outputs and is an exact duplicate of the VICA 03-1 power supply circuit card. IC1 and
IC2 are almost-identical DC voltage regulator circuits powered by the full-wave rectifier
and filter circuit made of D1, D2, R1, and C1. During construction, configure R4 and R7
to produce the lowest output voltage with R4/R7 at the fully counterclockwise (CCW)
position, and the most output voltage when R4/R7 is fully clockwise (CW).

3. System Setup. Perform the System Setup.

4. Operational Check. Perform the Operational Check to verify functionality.

Copyright © 2015 by Nida Corporation 1




Electronics Contest Breadboarding Project

SYSTEM SETUP

1. Duel Voltage Power Supply (PC130XX)

a. Install the PCI30XX circuit card containing your Duel Voltage Power Supply in the
PC1 position of the Nida Model 130E Test Console.

b. Set resistors R4 and R7 on the Dual Voltage Power Supply to the minimum position.

¢. Settoggle switches S1 and S2 on the Dual Voltage Power Supply to the OFF
position.

2. Bar Graph Voltmeter Circuit (PC130X)

a. Install the PC130X circuit card containing your Bar Graph Voltmeter in the PC2
position of the Nida Model 130E Test Console.

b. Set resistors R1 and R2 on the Bar Graph Voltmeter to the mid (halfway) position.

c. Settoggle switch S1 on the Bar Graph Voltmeter to the 5 Volt position.

3. Nida Model 130E Test Console
a. Set the test console Positive Power Supply to +5 VDC.

b. Press the DC Power switch on the PC2 position of the test console and

verify that the LED illuminates.

c. Press the AC Power switch on the PC1 position of the test console and
o ]

verify that the LED illuminates.
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Electronics Contest Breadboarding Project

OPERATIONAL CHECK

1. Dual Voltage Power Supply Circuit (PC130XX)
a. Move S1 and S2 on the PC130XX Power Supply circuit card to the On position.

b. Using a multimeter, adjust R4 on the PC130XX Power Supply circuit card for
+12 VDC at pin “S”.

¢. Using a multimeter, adjust R7 on the PC130XX Power Supply circuit card for
+5 VDC at pin “T”.

2. Bar Graph Voltmeter (PC130X)
a. Adjust R2 on the Bar Graph Voltmeter so that LEDs 1 through 5 are illuminated.
b. Move S1 on the on the Bar Graph Voltmeter to the 12 Volt position.

¢. Adjust R1 on the Bar Graph Voltmeter so that LEDs 1 through 5 are illuminated.
DO NOT change the calibration of R1 and R2 after the initial adjustments.

d. End of Operational Check.

Press the "H" key and then the “ENTER?” key on the console
to request your first verification check.

EE R
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130XX BREADBOARD DIAGRAM
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DUAL VOLTAGE POWER SUPPLY
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Electronics Contest Judge's Scoring Guide

BREADBOARDING PROJECT

Overview

The Breadboarding Project has four parts. The Contestant will construct two circuits:

a bar graph voltmeter and a dual voltage power supply. The Judges will score the contestants
on their ability to read and follow instructions, interpret circuit designs, identify and correct
design flaws, and construct the two circuits.

General Guidelines

a.

Judges may NOT provide technical assistance or give advice during an event.
Judges will ensure all materials have been issued prior to the start of an event.
Judges may assist with technical problems that interfere with an event.

Judges must respond immediately to a HELP request.

Demerit Codes

e Unwarranted requests for assistance.................. J33
e Identifying good equipment as faulty ................ J43
e Failure to follow instructions...........ccevevrevennnes J53
e Safety violations ...c..cccececnvinineciicriereeee, J63

v' Wearing jewelry
v Not wearing safety glasses

v" Improper use of soldering iron

Copyright © 2015 by Nida Corporation ‘ 1




Electronics Contest Judge's ScoringGuide

Event Scoring

There are 2 parts to the breadboarding project. Part 1 is contained in the Contestant Handout and
requires the contestant to build a Bar Graph Voltmeter using a PC130-X (single) breadboard
circuit card. Power for the Bar Graph Voltmeter is provided by the pre-built, VICA03-1 Power
Supply board. Part 2 is contained in Worksheet 2. The Contestant is required to breadboard an
equivalent power supply, equal to the pre-built VICA03-1 Power Supply used in Part 1. Final
judging for Part 2 will be accomplished using the breadboarded Power Supply from Part 2 and
the Bar Graph Voltmeter from Part 1.

There will be 2 separate breadboarding component kits provided. Each component kit should be
verified with the parts list provided prior to starting the project. There should be no missing or
extra parts in the breadboarding kits.

Enter ©“ BB1 ” for Part 1 and *“ BB2 * for
Part 2 on contestant trainer before
performing the Judging event.

Copyright © 2015 by Nida Corporation 2




Electronics Contest Judge's Scoring Guide

PART 1

2. First Verification: Enter Judge's Code - JDG

a. Setup — Add all that apply creeeetesenateessnsesasosanaaresaase 0,5,10,0r 15
1. VICAO03-1 is positioned at PC1; PC130X is positioned at PC2 .......... 5 points
2. AC power is applied to the PC1 location..........cccoeeevveeivenivieceenenne. 5 points
3. +5VDC is applied to the PC2 location............ccceevveverivieieeeeeeeeeeenne 5 points

b. Neatness — Add all that APPIY ceecevereersresrersrasseressrsessesessessesessssssesessssssessosssesssssssos 0,5,0r10
1. PC2 wires are straight, left & right or up & down.........cocueveuveee.... 5 points
2. Components are flush with the breadboard .........c.cccovvvieveieverinnne. 5 points

c. Design — Add all that apply ceceeeeeeerrereereenuerecsesesseessessseseessosseseossoses 0,4,8,12,16, or 20
1. Economy Of WIl€ USAZE......ceeviviiriiiriiriiriineieieeeeeeeeeeeeeveeeeeeee e aeeneaes 4 points
2. Layout is Symmetrical.........cccieeeieeeieeieiiieicicricreeeecceeeeee e 8 points
3. Display devices are balanced and easy to VieW .......c.ccocevvvevivieceennne. 8 points

d. Operation — Add all that APPlY..ceceecsereecsrerseresrenensersessesessessessssssesssses 0, 10, 20, 30, or 40
1. When +5 volts is displayed as 5 LEDS .....cc.oovevveeeieeeecieeseeeeree. 10 points
2. When +12 volts is displayed as 5 LEDS .......oovevvviieieicnieeie e 10 points
3. If turning up the +5 volt adjustment lights all LEDS .........coocevunne... 10 points
4. If LEDs move left-to-right as voltage increases............ccoovvveveuenee. 10 points

mEE)  ++ COLLECT WORKSHEET #1 **
and
mEE)  «+ HAND OUT WORKSHEET #2,

the PC130XX circuit board,
and the Worksheet 2 parts kit **

Copyright © 2015 by Nida Corporation 3




Electronics Contest Judge's Scoring Guide

PART 2

4. Second Verification: Enter Judge's Code - JDG

a. Setup — Add all that apply. ..cceccvisnneccicnninsissenssassscsssnssnnsssssorssssnssssssssssseseans 0,5,0r10
1. PCI130XX is positioned at location PCl........ccocveervrvenenene. 5 points
2. AC power is applied to the PC1 location, and +5VDC is
applied to the PC2 location.........cceeeeiecveviiireereceeieseeseenen, 5 points
b. Neatness — Add all that apply. ceeeeeerneecrsescenseeceecnecseessecssesssessasssessans 0,4,8,12,16, or 20
1. Wires are straight, left & right or up & down....................... 4 points
2. Component leads are trimmed evenly.........ccccocvevieiveienrennannne 8 points
3. Components are flush with the breadboard .......................... 8 points
c. Design— Add all that apply. ..ccocovicinieeicce e 0,4,8,12, 16, or 20
1. Economy of Wir€ USage.......ccvevvieerreciieieereecrieeee et 4 points
2. Layout is symmetrical.........cccccocreeereeviinierieeeeenieeee e 8 points
3. Display devices are balanced and easy to view .........cccuu.... 8 points
.d. Operation — Choose 0Ne ONY. civcriererrerrererresaecresaesessessessasssessasacsenes 0,15,20,35,40, or 55

1. Varying R4 increases and decreases LEDs......................20 points
2. Varying R7 increases and decreases LEDs.........ccccveuvnnenn. 20 points

3. The power supply circuits and the bar graph circuits
operate together as intended .........ccooevvveereiiieiincieeeen, 15 points

#* END OF EVENT **

Copyright © 2015 by Nida Corporation 4
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Figure 1 — Neat Layout
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Figure 2 — Sloppy Layout
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Customer Service Examination

CUSTOMER SERVICE EXAMINATION

Overview

Total Time — 30 min Total Points — 150 pts Overall Weight — 15%

Instructions

1. Read and follow all instructions.
2. Answer all questions.

Judges are NOT permitted to answer questions during the competition. Should you
encounter a technical problem, you may request assistance by pressing the “H” key and
then the “ENTER?” key on the test console. All technical problems will be corrected by
the Judge and no demerits will be assessed.

Judges WILL assess a 2-point demerit for each violation of the following. Demerit
points will be used as a discriminating factor in breaking ties.

1. Unwarranted requests for assistance (2 points )
2. Identifying good equipment as faulty (2 points )
3. Failure to follow instructions (2 points )
4. Safety violations (2 points )

Materials Required

Customer Service Examination - Contestant Handout
Paper Test Question Booklet

Answer Sheet (last page of this manual)

Nida Model 130E Test Console

Pencil

QOuick Reference Listing

[S] Enter “S” to skip question
[R]  Enter “R” & question number to go to a specific question (example — R26).
[Y] Enter “Y” to answer a yes question.
[N] Enter “N” to answer a no question.
[EXIT]  Enter “EXIT” to end the test.

[A,B,C,D] Enter these letters to identify correct answer.

Copyright - 2015 by Nida Corporation 1




Customer Service Examination

Procedure

1. Observe the display on the Nida Model 130E Test Console and ensure that it looks
like the example shown in Figure 1. Verify that your contestant number replaces the
[-- xx --] shown in the example.

[~xx~]
CUSTOMER SERVICE

Question1[ ]:___

Figure 1

2. Read the question carefully and select the best answer from the choices. A correct
answer is awarded 2 points. Questions skipped (never answered) are awarded zero
points.

3. Ifyou wish to answer the question, enter the “A, B, C, or D” key on the Nida Model
130E Test Console keypad and press ENTER. Your response will be recorded, and the
display will sequence to the next question number.

4. If'you choose to skip a question, enter the letter “S” on the Nida Model 130E Test
Console keypad and press ENTER. No response is recorded (never answered), and the
display will sequence to the next question number.

5. When all 50 questions have been displayed in sequence, you will be asked if you are
finished. Enter “Y” to end the test. Enter “N” to begin the review mode. You will
Jump to the beginning of the test. If you wish to go to a specific question number,
enter “R” followed by the question number. For example, R26 will take you to
question number 26.

6. Entering the word “EXIT” at any time during the test will end the test.

7. Questions MUST be answered using the Nida Model 130E Test Console keypad in order
to receive credit. However, the scratchpad answer sheet has been provided as a
reference. The scratchpad answer sheet will be destroyed at the conclusion of the test
and will have no bearing on final test results. Begin when ready.

Copyright - 2015 by Nida Corporation 2




Customer Service Examination

CONTESTANT SCRATCHPAD ANSWER SHEET
Total Points - 150

CONTESTANT #:
1. A B CD 26 A B C D 5. A B CD 76. A B C D
2. A B CD 27. A B C D 522. A B CD |[77.A B C D
3. A B CD |28 A B CD 3. A B CD 7. A B C D
4. A B C D |29. A B C D 54. A B C D 79. A B C D
S, A BCD (3. A B CD 55. A B C D (8. A B C D
6. A B C D |31.A B CD 56. A B C D 8. A B C D
7. A B C D |32. A B C D 5. A B CD (8. A B C D
8. A B CD (33. A B CD 5. A B CD [8. A B CD
99 A B C D |34 A B C D 59. A B CD |84. A B C D
10. A B C D |35. A B C D 60. A B C D 8. A B C D
11. A B C D |36 A B C D 6. A B C D 8. A B C D
12. A B C D 37.. A B C D 62. A B C D 8. A B C D
13. A B C D 3. A B C D 6. A B C D (8. A B C D
4. A B C D 39. A B C D 64. A B C D [8. A B C D
15. A B C D 40. A B C D 65. A B C D 9. A B C D
16. A B C D 4. A B C D 6. A B C D |91. A B C D
17. A B C D 42. A B C D 67. A B C D (922 A B C D
18. A B C D 43. A B C D 68. A B C D 93. A B C D
19. A B C D 4. A B C D 69. A B C D [(949. A B C D
20 A B CD 45. A B C D 70. A B C D [95. A B C D
2. A B C D 46. A B C D 71. A B C D (9. A B C D
22. A B C D 47. A B C D 72. AB C D [(97.A B C D
23. A B CD 48. A B C D 73. A B CD |98 A B C D
2. A B C D 49. A B C D 74. A B C D |9 A B C D
25. A B C D 50. A B C D 75. A B C D 100. A B C D
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Electronics Technology Contest

REFERENCE MANUAL

DATA SHEETS
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SEMICONDUCTOR

1N4001 - 1N4007

Features

* Low forward voltage drop.

* High surge current capability.

DO-41

COLOR BAND DENOTES CATHODE

1.0 Ampere General Purpose Rectifiers

Absolute Maximum Rati ngs* T, = 25°C unless otherwise noted

Symbol Parameter Value Units
IFav) Average Rectified Current 1.0 A
.375 " lead length @ Ta = 75°C
lesm Non-repetitive Peak Forward Surge Current
8.3 ms single half-sine-wave 30 A
Superimposed on rated load (JEDEC method)
Pp Total Device Dissipation 2.5 W
Derate above 25°C 20 mW/°C
Resa Thermal Resistance, Junction to Ambient 50 °C/IW
Tstg Storage Temperature Range -55to0 +175 °C
Ty Operating Junction Temperature -55 to +150 °C
*These ratings are limiting values above which the serviceability of any semiconductor device may be impaired.
Electrical Characteristics 1, -25°cunessotherwisonoted
Symbol Parameter Device Units
4001 | 4002 | 4003 | 400 | 400 | 4006 | 4007
VRrRM Peak Repetitive Reverse Voltage 50 | 100 | 200 | 400 | 600 | 800 | 1000 \Y
Vrus Maximum RMS Voltage 35 | 70 | 140 | 280 | 420 | 560 | 700 \%
Vr DC Reverse Voltage  (Rated Vg) 50 | 100 | 200 | 400 | 600 | 800 | 1000 \%
Irm Maximum Instantaneous Reverse Current
@ rated VR Ta=25°C 5.0 uA
Ta=100°C 500 A
Vem Maximum Instantaneous Forward Voltage @ 1.0 A 1.1 \%
le Maximum Full Load Reverse Current, Full Cycle 30 LA
Ta=75°C
C Typical Junction Capacitance 15 pF
VR=4.0V, f=1.0MHz

©2001 Fairchild Semiconductor Corporation
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Philips Semiconductors

Product specification

High-speed diodes

1N4148; 1N4448

FEATURES

¢ Hermetically sealed leaded glass SOD27 (DO-35)
package

High switching speed: max. 4 ns

General application

Continuous reverse voltage: max. 100 V
Repetitive peak reverse voltage: max. 100 V

e

®

—4—

MAM246

» Repetitive peak forward current: max. 450 mA. The diodes are typs branded.
APPLICATIONS Fig.1 Simplified outline (SOD27; DO-35) and
symbol.
» High-speed switching.
DESCRIPTION
The 1N4148 and 1N4448 are high-speed switching diodes ~ MARKING
fabricated In planar technology, and encapsulated in B
hermetically sealed leaded glass SOD27 (DO-35) TYPE NUMBER MARKING CODE
packages. 1N4148 1N4148PH or 4148PH
1N4448 1N4448
ORDERING INFORMATION
PACKAGE
TYPE NUMBER
‘ NAME DESCRIPTION VERSION
1N4148 - hermetically sealed glass package; axial leaded; 2 leads SOD27
1N4448

2004 Aug 10







1N914

SMALL SIGNAL DIODE

_~Cathode
Mark

max. £.020 (0.52)
] e

Dimensions in inches and (millimeters)

max. .150 (3.8)

{_min. 1.083 (27.5)

FEATURES

¢ Silicon Epitaxial Planar Diode

¢ For general purpose and switching.

MECHANICAL DATA

Case: DO-35 Glass Case
Weight: approx. 0.13 g

MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS

Ratings at 25°C ambient temperature unless otherwise specified.

SymBoL VALUE UNIT

Peak Reverse Voltage VRM 100 Vv
Maximum Average Rectified Current lo 75 mA
Maximum Power Dissipation at Tamp = 25 °C Ptot 500 mwW
Maximum Junction Temperature Tj 200 °C
Maximum Forward Voltage Drop at IF = 10 mA VF 1.0 \YJ
Maximum Reverse Current at VR = 20 V IR 25 nA

VR=75V 5.0 uA
Max. Reverse Recovery Time at IF = IR = 10 mA, VR=6V, tr 40 ns
RL=100Q, to Irr =1 mA
Maximum Capacitance at VR=0, f=1.0 MHz Ctot 4.0 pF

{) GENERAL

11/09/98 %)SEMICONDUCTOR®
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Zeners
DO-41 Glass case
COLOR BAND DENOTES CATHODE
Absolute Maximum Ratings * 1, = 25°c uniess otherwise notea
Symbol Parameter Value Units
Pp Power Dissipation 1.0 w
@ TL £50°C, Lead Length = 3/8”
Derate above 50°C 6.67 mwW/°C
Ty, Tste | Operating and Storage Temperature Range -65 to +200 °C
* These ratings are limiting values above which the serviceability of the diode may be impaired.
Electrical Characteristics T, 25:c unless othenwise noted
Vz (V) @ Iz (vote 1) Max. Zener Impedance | Leakage Current
Device Test Current Y 7 I I v
Min. Typ. | Max. Iz (mA) z2@lz| Zzxx @ | lzx R R
, Q) | 1z« (Q) | (mA) | (uA) v)
1N4728A 3.315 3.3 3.465 76 10 400 1 100 1
1N4729A 3.42 3.6 3.78 69 10 400 1 100 1
1N4730A 3.705 3.9 4.095 64 9 400 1 50 1
1N4731A 4.085 4.3 4.515 58 9 400 1 10 1
1N4732A 4.465 4.7 4.935 53 8 500 1 10 1
1N4733A 4.845 5.1 5.355 49 7 550 1 10 1
1N4734A 5.32 56 5.88 45 5 600 1 10 2
1N4735A 5.89 6.2 6.51 41 2 700 1 10 3
1N4736A 6.46 6.8 7.14 37 3.5 700 1 10 4
1N4737A 7.125 7.5 7.875 34 4 700 0.5 10 5
1N4738A 7.79 82 8.61 31 45 700 0.5 10 6
1N4739A 8.645 9.1 9.555 28 5 700 0.5 10 7
1N4740A 9.5 10 10.5 25 7 700 0.2 10 7.6
1N4741A 10.45 1 11.55 23 8 700 0.25 5 8.4
1N4742A 11.4 12 12.6 21 9 700 0.25 5 9.1
1N4743A 12.35 13 13.65 19 10 700 0.25 5 9.9
1N4744A 14.25 16 156.756 17 14 700 0.25 5 11.4
1N4745A 15.2 16 16.8 15.5 16 700 0.25 5 12.2
1N4746A 17.1 18 18.9 14 20 750 0.25 5 13.7
1N4747A 19 20 21 125 22 750 0.25 5 15.2

©2005 Fairchild Semiconductor Corporation www fairchildsemi.com

1N4728A - TN4764A Rev. G2
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Zeners

1N957B - 1N991B

Absolute Maximum Ratings * 1, = 25:c uniess othenvise noted

Tolerance = 5%

\

Symbol Parameter Value Units /
Pp Power Dissipation 500 mw
@ TL £ 75°C, Lead Length = 3/8”
Derate above 75°C 4.0 mW/°C
Ty, Tste | Operating and Storage Temperature Range -65 to +200 °C
* These ratings are limiting values above which the serviceability of the diode may be impaired.
DO-35 Glass case
COLOR BAND DENOTES CATHODE
Electrical Characteristics 1,=25:C unless othenise notea
V7 (Volts) (Note 1) Z7 (Q) (Note 2) Ir @ Vg g (A}
Devi zZ I zm (M
| Min. | Typ. | Max. (?n;\z) zel, X e K pA | voits (Note 3)

1N957B 6.46 6.8 714 18.5 4.5 700 1.0 150 5.2 47
1N958B 7.125 7.5 7.875 16.5 55 700 0.5 75 57 42
1N959B 7.79 8.2 8.61 15 6.5 700 0.5 50 6.2 38
1N960B 8.645 9.1 9.555 14 7.5 700 0.5 25 6.9 35
1N961B 9.5 10 10.5 125 8.5 700 0.25 10 7.6 32
1N962B 10.45 11 11.55 11.5 9.5 700 0.25 5 8.4 28
1N963B 11.4 12 12.6 10.5 11.5 700 0.25 5 9.1 26
1N964B 12.35 13 13.65 9.5 13 700 0.25 5 9.9 24
1N965B 14.25 15 15.75 8.5 16 700 0.25 5 11.4 21
1N966B 15.2 16 16.8 7.8 17 700 0.25 5 12.2 19
1N967B 171 18 18.9 7.0 21 750 0.25 5 13.7 17
1N968B 19 20 21 6.2 25 750 0.25 5 15.2 15
1N969B 20.9 22 23.1 5.6 29 750 0.25 5 16.7 14
1N970B 22.8 24 25.2 5.2 33 750 0.25 5 18.2 13
1N971B 25.652 27 28.35 4.6 41 750 0.25 5 20.6 11
1N972B 8.5 30 31.5 4.2 49 1000 0.25 5 22.8 10
1N973B 31.35 33 34.65 3.8 58 1000 | 0.25 5 251 9.2
1N974B 34.2 36 37.8 3.4 70 1000 0.25 5 27.4 8.5
1N975B 37.05 39 40.95 3.2 80 1000 0.25 5 29.7 7.8
1N976B 40.85 43 45.15 3.0 93 1500 0.25 5 32.7 7.0
1N977B 44.65 47 49.35 2.7 105 1500 | 0.25 5 35.8 6.4
1N978B 48.45 51 53.55 25 125 1500 | 0.25 5 38.8 5.9
1N979B 53.2 56 58.8 2.2 150 2000 0.25 5 426 5.4
1N980B 58.9 62 65.1 2.0 185 2000 0.25 5 471 49
1N981B 64.6 68 71.4 1.8 230 2000 0.25 5 51.7 4.5

©2004 Fairchild Semiconductor Corporation

1N957B - 1N991B, Rev. E2
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CD4017BC - CD4022BC

General Description

The CD4017BC is a 5-stage divide-by-10 Johnson counter
with 10 decoded outputs and a carry out bit.

The CD4022BC is a 4-stage divide-by-8 Johnson counter
with 8 decoded outputs and a carry-out bit.

These counters are cleared to their zero count by a logical
“1” on their reset line. These counters are advanced on the
positive edge of the clock signal when the clock enable sig-
nal is in the logical “0” state.

The configuration of the CD4017BC and CD4022BC per-
mits medium speed operation and assures a hazard free
counting sequence. The 10/8 decoded outputs are nor-
mally in the logical “0” state and go to the logical “1” state
only at their respective time slot. Each decoded output
remains high for 1 full clock cycle. The carry-out signal
completes a full cycle for every 10/8 clock input cycles and
is used as a ripple carry signal to any succeeding stages.

October 1987
Revised January 2004

Decade Counter/Divider with 10 Decoded Outputs -
Divide-by-8 Counter/Divider with 8 Decoded Outputs

Features

B Wide supply voltage range: 3.0V to 15V

B High noise immunity:  0.45 Vpp (typ.)

B Low power Fan outof 2 driving 74L
TTL compatibility: or 1 driving 74LS

B Medium speed operation: 5.0 MHz (typ.)
with 10V Vpp

B Low power: 10 pW (typ.)

B Fully static operation

Applications
+ Automotive

* Instrumentation

+ Medical electronics
* Alarm systems
Industrial electronics
* Remote metering

Ordering Code:

Order Number |Package Number Package Description
CD4017BCM M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
CD4017BCN N16E 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
CD4022BCM M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
CD4022BCN N16E 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Connection Diagrams

CD4017B

U

&

DECODED OUTPUT “§” Vpp

DECGOED OYTPUT 1" RESET
DECODED QUTPUT “0” £LDCK

BECODED OUTPUT “2” CLOCK ENABLE

| O

DECODED OUTPUT *6” CARRY-0UT

DECODED OUTPUT 7™ DECODED QUTPUT “9”

DECOGDED QUTPUT "3 DECODED DUTPUT 4"

N T T O O O

Vss DECODED QUTPUT "8

Top View

Devices alsa available in Tape and Reel. Specify by appending the suffix letter “X” to the ordering code.

CD4022B
U e
DECGDED BUTPUT “1” =] b— Vpp
1
DECODED OUTPUT “g™ -—2- --5- RESET
DECODED DUTPUT “2” - l cLoex
4 1
DECODED GUTPUT 5 ~—— 2 cLock EnasLe
DECODEDR OUTPUT "6 __2_ -ﬁ CARRY-QUT
6 11
NG = |— DECODED OUTPUT "4~
DECODED OUTPUT “3~ —7- -'—u DECODED OUTPUT *7
8
Vs — K
Top View

DS005950

© 2004 Fairchild Semiconductor Corporation

www fairchildsemi.com
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CD4017BC » CD4022BC

Logic Diagrams

tLock ul
cLockK .11
ENABLE

[
R
RESET o‘—s—bo—q>

Terminal No. 8 = GND
Terminal No. 16 = Vpp

Terminal No. 16 = Vpp
Terminal No. 8 = GND

CD4017B
g - g - -
?1 2 6 ] "
—1° I LI l I t ;{>..’.’o Cour
(3 J 1 (] t 1
[ [] L] []
o il .
R B A
d
Vss
3 5 4 9 10
- A pA & -
CD4022B
g g P -
2 [] 3 1]
1
cLocK
cLock o3
ENABLE
o a o —0 [ o
fo + 1 £ 1 | [
3 ] v 0
[ o a @ s H
A ] R R
15
RESET o—-Do—cD ; L )| |
11 i\ 5 ? 12
ot st w5 el cour

www.fairchildsemi.com




Absolute Maximum Ratingsnote 1)
(Note 2)

DC Supply Voltage (Vpp)
Input Voltage (V}y)

—-0.5 VDC to+18 VDC
~0.5 Ve to Vpp +0.5 Vpg

Storage Temperature (Tg) —65°C to +150°C
Power Dissipation (Pp)

Dual-In-Line 700 mW

Small Outline 500 mw
Lead Temperature (T))

(Soldering, 10 seconds) 260°C

DC Electrical Characteristics (Note2)

Recommended Operating
Conditions qote2)

DC Supply Voltage (Vpp)

Input Voltage (Vi)

Operating Temperature Range (Ta)

+3 VDC to+15 VDC
0'to Vpp Vpe
-55°C to +125°C

Note 1: "Absolute Maximum Ratings” are those values beyond which the
safety of the device cannot be guaranteed, they are not meant to imply that
the devices should be operated at these limits. The table of “Recom-
mended Operating Conditions™ and “Electrical Characteristics” provides
conditions for actual device operation.

Note 2: Vgg = OV unless otherwise specified.

-56°C +25° +125°C
Symbol Parameter Conditions ~ - - Units
Min | Max [ Min | Typ | Max | Min | Max
oo Quiescent Device Vpp =5V 5 0.3 5 150
Current Vpp =10V 10 0.5 10 300 HA
Vpp =15V 20 1.0 20 600
VoL LOW Level llol < 1.0 pA
Output Voltage Vpp =8V 0.05 ¢] 0.05 0.05
Vpp =10V 0.05 o | o005 005 | V
Vpp = 15V 0.05 0 | 005 0.05
Vor HIGH Level liol<1.0 A
Output Voltage Vpp =5V 4.95 4.95 5 4.95
Vpp =10V 9.95 9.95 10 9.95 \
Vpp =15V 14.95 14.95| 15 14.95
Vi LOW Level llof < 1.0 pA
Input Voltage Vpp =5V, Vo =0.5V or 4.5V 1.6 15 15
Vpp = 10V, Vg = 1.0V or 9.0V 3.0 3.0 3.0 \
Vpp =15V, Vo = 1.5V or 13.5V 40 4.0 4.0
Viy HIGH Level flol < 1.0pA
Input Voltage Vpp =5V, Vo =0.5V or 4.5V 35 3.5 35
Vpp = 10V, Vg = 1.0V or 9.0V 7.0 7.0 7.0 \%
Vpp =15V, Vo= 1.5V or 13.5V 1.0 1.0 11.0
Tou LOW Level Output Vpp =5V, Vo = 0.4V 0.64 051 | 0.88 0.36
Current (Note 3) Vpp = 10V, Vo= 0.5V 16 13 | 225 0.9 mA
Vpp = 15V, Vo = 1.5V 42 34 | 88 2.4
lon HIGH Level Output Vpp =8V, Vo =4.6V -0.25 ~0.2 | -0.36 -0.14
Current (Note 3) Vpp = 10V, Vo = 9.5V -0.62 -05 | -09 -0.35 mA
Vpp =15V, Vo= 13.5V -1.8 -156 | -35 -1.1
I Input Current Vpp = 15V, Vi = OV ~0.1 -0 | 0.1 -1.0
Vpp = 15V, Vi = 15V 0.1 105 01 1.0 nA

Note 3: g, and lo are tested one output at a time.

www.fairchildsemi.com
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Timing Diagrams

CD4017B

AV aVaVaVaVaVaVaVaVaValaWals

RESET

B

cLocK
ENABLE

e _—_l;\

g

g I
& /A r
g /’“:\7
g /"_";\47
g [*‘:\
e ™\
v )
g v
CAﬁm¢ ‘\ /
CD4022B
N AV AVAVAVAY AU AN AWAYAVAVAY AN AYAYAYATAVAYAN
RESET  \
EnABLE [~
v TR\ /\ A
v A I\ L
2 A A
L A [
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5 I\ [\
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g I"7\7 j__;\47
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MC14049B, MC14050B

Hex Buffer

The MC14049B Hex Inverter/Buffer and MC14050B Noninverting
Hex Buffer are constructed with MOS P—Channel and N—Channel
enhancement mode devices in a single monolithic structure. These
complementary MOS devices find primary use where low power
dissipation and/or high noise immunity is desired. These devices
provide logic level conversion using only one supply voltage, Vpp.

The input—signal high level (Viy) can exceed the Vpp supply
voltage for logic level conversions. Two TTL/DTL loads can be driven
when the devices are used as a CMOS—to—TTL/DTL converter
(Vbp=5.0V, VoL < 0.4V, 1o, >3.2mA).

Note that pins 13 and 16 are not connected internally on these
devices; consequently connections to these terminals will not affect
circuit operation.

Features

® IHigh Source and Sink Currents

® High—to—Low Level Converter

® Supply Voltage Range=3.0 Vto 18 V
® Vi can exceed Vpp

® Meets JEDEC B Specifications

@ Improved ESD Protection On All Inputs
® Pb—Free Packages are Available*

MAXIMUM RATINGS (Voltages Referenced to Vgg)

http://lonsemi.com

MARKING
DIAGRAMS

1M MM MMM

PDIP-16
P SUFFIX
CASE 648

MC140xxBCP
o AWLYYWW

A4

T I

16
inininininininlinl
& N [
o AWLYWW
N CASE 751B COEOTD
16 ARARAAE
TSSOP-16 14
Q_ DT SUFFIX 0xxB
\@ CASE 948F o ALYW
SLEEEELL
16
ImIninininininin
 SOEIAEIE 1 Mc140ns
. F SUFFIX AVLYWAY
S CASE966 |o
|RjNEENIRN)
1
XX = Specific Device Code
A = Assembly Location
WL, L = Wafer Lot
YY, Y = Year

WW, W = Work Week

Symbol Parameter Value Unit
Vop DC Supply Voltage Range -0.510 +18.0 \
Vin Input Voltage Range (DC or Transient) -0.510 +18.0 \%
Vout Output Voltage Range (DC or Transient) | -0.5 o Vpp + \%
0.5
lin Input Current (DC or Transient) per Pin +10 mA
lout Output Current (DC or Transient) per Pin +45 mA
Pp Power Dissipation, per Package (Note 1) mw
(Plastic) 825
(soIC) 740
Ta Ambient Temperature Range -55t0 +125 °C
Tstg Storage Temperature Range ~-65to +150 °C
T Lead Temperature (8-Second Soldering) 260 °C

1. Temperature Derating: See Figure 3.

This device contains protection circuitry to protect the inputs against damage
due to high static voltages or electric fields referenced to the Vgg pin only. Extra
precautions must be taken to avoid applications of any voltage higher than the
maximum rated voltages to this high-impedance circuit. For proper operation, the
ranges Vgg < Vip £ 18 V and Vgg < Vot < Vpp are recommended.

Unused inputs must always be tied to an appropriate logic voltage level
(e.g., either Vgg or Vpp). Unused outputs must be left open.

*For additional information on our Pb~Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Techniques
Reference Manual, SOLDERRM/D.

ORDERING INFORMATION
See detailed ordering and shipping information in the package
dimensions section on page 2 of this data sheet.

© Semiconductor Components Industries, LLC, 2005
February, 2005 - Rev. 5

Publication Order Number:
MC14049B/D




MC14049B, MC14050B

MC14049B LOGIC DIAGRAM MC14050B
3 —>o—:2 3 —>—:2
PIN ASSIGNMENT
Vpp [l 1e 16 {J] NC 5—D°'—4 5——D—4
OUTA [ 2 15 [] OUTE
o —>
INA[ 3 14 ]INF 6 7 :
OUTs [} 4 13 {INC 9 D 10 9 D 10
INg[] 5 12 [] OUTg
ouTc [ 6 111 INg 11— >o— 12 > 12
INo[ 7 10 [J OUTp
NC=PIN 13, 16 NC=PIN 13,16
Vgs=PIN8 Vss=PIN8
Vpp=PIN1 Vpp=PIN1
ORDERING INFORMATION
Device Package Shippingt
MC14049BCP PDIP-16 500 Units / Rail
MC14049BCPG . PDIP-16 500 Units / Rail
(Pb~Free)
MC14049BD SOIC-16 48 Units / Rail
MC14049BDG SOIC-16 48 Units / Rail
(Pb—-Free)
MC14049BDR2 SOIC-16 2500 Units / Tape & Reel
MC14049BDR2G SOIC~16 2500 Units / Tape & Reel
(Pb-Free)
MC14049BFEL SOEIAJ-16 2000 Units / Tape & Reel
MC14050BCP PDIP-16 500 Units / Rail
MC14050BCPG PDIP-16 500 Units / Rail
(Pb-Free)
MC14050BD SoIc-16 48 Units / Rail
MC14050BDR2 SOIC-16 2500 Units / Tape & Reel
MC14050BDR2G SOIC-16 2500 Units / Tape & Reel
(Pb-Free)
MC14050BDT TSSOP-16* 96 Units / Rail
MC14050BDTR2 TSSOP-16* 2500 Units / Tape & Reel
MC14050BFEL SOEIAJ-16 2000 Units / Tape & Reel
MC14050BFELG SOEIAJ-16 2000 Units / Tape & Reel
(Pb-Free)

tFor information on tape and reel specifications, includin

Specifications Brochure, BRD8011/D.
*This package is inherently Pb-Free.

g part orientation and tape sizes, please refer to our Tape and Reel Packaging
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General Description

The CD4020BC, CD4060BC are 14-stage ripple carry
binary counters, and the CD4040BC is a 12-stage ripple
carry binary counter. The counters are advanced one count
on the negative transition of each clock pulse. The
counters are reset to the zero state by a logical “1” at the
reset input independent of clock.

CD4020BC - CD4040BC - CD4060BC
14-Stage Ripple Carry Binary Counters °
12-Stage Ripple Carry Binary Counters °
14-Stage Ripple Carry Binary Counters

October 1987

Revised January 1999
Features
B Wide supply voltage range: 1.0V to 15V

B High noise immunity:  0.45 Vpp (typ.)

B Low power TTL compatibility: Fan out of 2 driving 74L

or 1 driving 74LS
B Medium speed operation: 8 MHz typ. at Vpp = 10V

B Schmitt trigger clock input

Ordering Code:
Order Number | Package Number Package Description

CD4020BCM M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150” Narrow
CD4020BCN N16E 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300” Wide
CD4040BCM M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
CD4040BCSJ M16D 16-Lead Small Outline Package (SOP), EIAJ TYPE I, 5.3mm Wide

CD4040BCN N16E 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
CD4060BCM M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
CD4060BCN N16E 16-Lead Plastic Dual-In-Line Package (PDiP), JEDEC MS-001, 0.300” Wide

Connection Diagrams

Pin Assignments for DIP and SOIC

Devices also available in Tape and Reel. Specify by appending the suffix letter “X” to the ordering code.

Pin Assignments for DIP, SOIC and SOP

CD4020BC CD4040BC
Vop Bp O 0 Og RESET ¢ QO vpp O1n Gg O3 Qg RESET ¢ @
Js s fe fin Ju fn Ju ]s s Jis Ju Ju Je In fue e
Voo l Voo
vss Vgs
Ii 2 3 4 |s s 7 ] || 2 3 4 15 5 7 []
02 03 Q4 05 05 0 83 Vs 012 O 5 iy 0 i3 D2  Vss
Top View Top View
© 1999 Fairchild Semiconductor Corporation DS005953.prf www.fairchildsemi.com
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CD4020BC * CD4040BC » CD4060BC

Connection Diagrams (continued)

Pin Assignments for DIP and SOIC

CD4060BC
Voo O 0 Qs RESET 91 Pi 40
5 Jis bie f3 2 |u o |s
Voo
Vss
1 2 3 G 3 8
G2 Q3 Qs @ G 07 0y v
Top View
CD4020BC
aa 4 et e 4 pennd
2 3 4 7
T¢ g P s ™ & T
z 4 4 3 g
I 1 1 1
[ H o H ;
14 13 iH il
3 3| 3 3
\/
[+ ]
CD4040BC
¢ ¢ 4 ¢
1 2 3 4 5 6
R T‘3 R T¢ R T‘5 R T R Ta
! : )\ :
RESET V V
o
I T 1 ) 1
=Vss b P L) . ¢ ) ¢
12 " 10 9 7
3 1] ¥ [ 9
\/
15 14 13
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RESET

CD4060BC
6 bl s ¢ b 1 —o
B 1 2z 3 4 & 6
a g N e T o Y T"a R ° n
1 1 T I z 1
[ T T ) 1 ? T
- J A% IR T It U B I d P 7,
14 13 12 " 10 9 8 7
3 3 - s 3 s H 3

i

CD4060B Typical Oscillator Connections

RC Oscillator

RestTo2

1 10 g
R2
 —

_TO COUNTER
STAGES
Rt

[

Crystal Oscillator

ReseTol -DO—_DO_

|_TO COUNTER
STAGES

15 M0,

32.788kHz

10 90

R
330k

39pF

www.fairchildsemi.com
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ﬁNational Semiconductor

LM193/LM293/LM393/LM2903

August 2002

Low Power Low Offset Voltage Dual Comparators

General Description

The LM193 series consists of two independent precision
voltage comparators with an offset voltage specification as
low as 2.0 mV max for two comparators which were de-
signed specifically to operate from a single power supply
over a wide range of voltages. Operation from split power
supplies is also possible and the low power supply current
drain is independent of the magnitude of the power supply
voltage. These comparators also have a unique characteris-
tic in that the input common-mode voltage range includes
ground, even though operated from a single power supply
voltage.

Application areas include limit comparators, simple analog to
digital converters; pulse, squarewave and time delay gen-
erators; wide range VCO; MOS clock timers; multivibrators
and high voltage digital logic gates. The LM193 series was
designed to directly interface with TTL and CMOS. When
operated from both plus and minus power supplies, the
LM193 series will directly interface with MOS logic where
their low power drain is a distinct advantage over standard
comparators.

The LM393 and LM2903 parts are available in National's
innovative thin micro SMD package with 8 (12 mil) large
bumps.

Advantages

® High precision comparators

B Reduced Vg drift over temperature
Eliminates need for dual supplies

& Allows sensing near ground

® Compatible with all forms of logic

B Power drain suitable for battery operation

Features

® Wide supply

— Voltage range: 2.0V to 36V
— Single or dual supplies: +1.0V to =18V
Very low supply current drain (0.4 mA) — independent
of supply voltage

Low input biasing current: 25 nA
Low input offset current: +5 nA
Maximum offset voltage: +3 mV

Input common-mode voltage range includes ground

Differential input voltage range equal to the power

supply voltage

Low output saturation voltage,: 250 mV at 4 mA

& Output voltage compatible with TTL, DTL, ECL, MOS
and CMOS logic systems

& Available in the 8-Bump (12 mil) micro SMD package

See AN-1112 for micro SMD considerations

Squarewave Oscillator

00570938

© 2002 National Semiconductor Corporation DS005

Non-Inverting Comparator with Hysteresis

v*
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LM193/LM293/LM393/LM2903

Schematic and Connection Diagrams

I&A G' 108.4 INA GD"M
02 a3
A ot [}
+IReuT ouTPUT
o - = [ as
~1NPUT l/
1~5,.
[ [ = =
00570902
Metal Can Package Dual-In-Line/SOIC Package
vt oUTPUT A v
2
OUTPUT A ' oUTPUT B RVERTING INPUT A ==l LEp—
\ro/ NONANVERTING _ 3
INVERTING IRVERTING INVERYING INPUT
INPUT A INPUT B IRPUT A ERTING IRPUT 8
NON-INVERTING NOM-INVERTING .. 5 . HOWIRVERTING
INPUT A o INPUT B meuT B
GKD TOP VIEW
TOP VIEW 00570901
00570903
micro SMD micro SMD Marking
A2 XT = Date Code
v
STy Ty T A
ourruTA{d , v , t ,1outruTs
N Y N
|~ “\ RO
INVERTING INPUTA | '\ 7 « _/ | INVERTING INPUT B O 6
1 O AR B
NON-INVERTING | '/ ’ £, 1 NON-INVERTING
INPUT A - it ~— ] INPUTB
GND _/
c2 Pin A1 Corner
Pin A1 is identified by lower left
00570945 corner with respect to the text.
Top View 00570846

Top View
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National
Semiconductor

LM3914
Dot/Bar Display Driver

General Description

The LM3914 is a monolithic integrated circuit that senses
analog voltage levels and drives 10 LEDs, providing a linear
analog display. A single pin changes the display from a
moving dot to a bar graph. Current drive to the LEDs is
regulated and programmable, eliminating the need for resis-
tors. This feature is one that allows operation of the whole
system from less than 3V.

The circuit contains its own adjustable reference and accu-
rate 10-step voltage divider. The low-bias-current input
buffer accepts signals down to ground, or V-, yet needs no
protection against inputs of 35V above or below ground. The
buffer drives 10 individual comparators referenced to the
precision divider. Indication non-linearity can thus be held
typically to 2%, even over a wide temperature range.

Versatility was designed into the LM3914 so that controller,
visual alarm, and expanded scale functions are easily added
on to the display system. The circuit can drive LEDs of many
colors, or low-current incandescent lamps. Many LM3914s
can be “chained” to form displays of 20 to over 100 seg-
ments. Both ends of the voltage divider are externally avail-
able so that 2 drivers can be made into a zero-center meter.

The LM3914 is very easy to apply as an analog meter circuit.
A 1.2V full-scale meter requires only 1 resistor and a single
3V to 15V supply in addition to the 10 display LEDs. If the 1
resistor is a pot, it becomes the LED brightness control. The
simplified block diagram illustrates this extremely simple
external circuitry.

When in the dot mode, there is a small amount of overlap or
“fade” (about 1 mV) between segments. This assures that at
no time will all LEDs be “OFF”, and thus any ambiguous
display is avoided. Various novel displays are possible.

February 2003

Much of the display flexibility derives from the fact that all
outputs are individual, DC regulated currents. Various effects
can be achieved by modulating these currents. The indi-
vidual outputs can drive a transistor as well as a LED at the
same time, so controller functions including “staging” control
can be performed. The LM3914 can also act as a program-
mer, or sequencer.

The LM3914 is rated for operation from 0°C to +70°C. The
LM3914N-1 is available in an 18-lead molded (N) package.
The following typical application illustrates adjusting of the
reference to a desired value, and proper grounding for ac-
curate operation, and avoiding oscillations.

Features

Drives LEDs, LCDs or vacuum fluorescents

Bar or dot display mode externally selectable by user

Expandable to displays of 100 steps

Internal voltage reference from 1.2V to 12V

Operates with single supply of less than 3V

Inputs operate down to ground

Output current programmable from 2 mA to 30 mA

No multiplex switching or interaction between outputs

Input withstands £35V without damage or false outputs

LED driver outputs are current regulated,

open-collectors

Outputs can interface with TTL or CMOS logic

B The internal 10-step divider is floating and can be
referenced to a wide range of voltages

© 2004 National Semiconductor Corporation DS007!
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LM3914

Typical Applications

0V to 5V Bar Graph Meter

Ref Qut v = 1.25 (1 +

12.5
R1

[~

ILep

longer.

'._...’ Vien
|
| VA Vi VA VT Viv4 4 VA VA Vi /A
| _¥
| Leo LED
§ N NO. 10
i 18 17 16 15 14 13 12 1 10
i
224F ,'\'J" LM3914
| REF  REF
I v- v\ Rig  si6 Rw ouT  ADJ  MODE
: f1 2 3 4 5 Is Iv 8 Is
vt g.8v-18v
| I, R1
1.2k
R2
383k
ov-5v
SIGNAL
SOURCE

00797001

Note: Grounding method is typical of all uses. The 2.2uF tantalum or 10 uF aluminum electrolytic capacitor is needed if leads to the LED supply are 6" or
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Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Power Dissipation (Note 6)

Molded DIP (N) 1365 mW
Supply Voltage 25V
Voltage on Output Drivers 25V
Input Signal Overvoltage (Note 4) +35V
Divider Voltage -100 mV to V*
Reference Load Current 10 mA

Electrical Characteristics (Notes 2, 4)

Storage Temperature Range -55°C to +150°C
Soldering Information

Dual-In-Line Package

Soldering (10 seconds) 260°C
Plastic Chip Carrier Package

Vapor Phase (60 seconds) 215°C

Infrared (15 seconds) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering
surface mount devices.

Parameter Conditions (Note 2) I Min l Typ Max Units

COMPARATOR
Offset Voltage, Buffer and First OV < Vg o = Vg £ 12V,
Comparator llep =1 mA 3 10 mv
Offset Voltage, Buffer and Any Other OV £ Vo = Ve < 12V, 3 15 iy
Comparator ILep =1 mA
Gain (Al gp/AVyN) lrery =2 MA, I gp = 10 MA 3 8 mA/mV
Input Bias Current (at Pin 5) oOV<VsVr-15V 25 100 nA
Input Signal Overvoltage No Change in Display -35 35 A
VOLTAGE-DIVIDER
Divider Resistance Total, Pin 6 to 4 8 12 17 kQ
Accuracy (Note 3) 0.5 2 %
VOLTAGE REFERENCE
Output Voltage 0.1 MA < | (ger) < 4 MA,

V= Vi N 5v) 1.2 1.28 1.34 v
Line Regulation 3V<Vr<18v 0.01 0.03 %N
Load Regulation 0.1 MA <l gep < 4 MA,

V' = Voo =< 5v) 0.4 2 %
Output Voltage Change with 0°C < TA<+70°C, I per = 1 MA, 1 %
Temperature V+ =5V
Adjust Pin Current 75 120 HA
OUTPUT DRIVERS
LED Current V¥ =Vigp =5V, I ger = 1 MA 7 10 13 mA
LED Current Difference (Between Viep =5V lLep = 2 mA 0.12 04
Largest and Smallest LED Currents) lLep =20 mA 1.2 3 mA
LED Current Regulation 2V SV gp 17V lLlep=2mMA 0.1 0.25

lLep = 20 mA 1 3 mA

Dropout Voltage L epony =20 MA, Vi gp = 5V,

Allgp =2 mA 15 v
Saturation Voltage lep = 2.0 MA, I (per) = 0.4 MA 0.15 0.4 \
Output Leakage, Each Collector (Bar Mode) (Note 5) 0.1 10 A
Output Leakage (Dot Mode) (Note 5) | Pins 10-18 0.1 10 HA

Pin 1 60 150 450 pA

SUPPLY CURRENT
Standby Supply Current V*+ =5V,
(All Outputs Off) lLmer) = 0.2 MA 24 4.2 mA

V* =20V,

lmer = 1.0 mA 6.1 9.2 mA

www.national.com
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Kingbright

2mmx5mm RECTANGULAR SOLID LAMP

Features
o LOW POWER CONSUMPTION.
e RELIABLE AND RUGGED.

e SUITABLE FOR LEVEL INDICATOR.

o LONG LIFE - SOLID STATE RELIABILITY.
e RoHS COMPLIANT.

Package Dimensions

e EXCELLENT UNIFORMITY OF LIGHT OUTPUT.

WP103HDT BRIGHT RED

Description
The Bright Red source color devices are made with Gallium
Phosphide Red Light Emitting Diode.

1.0 MAX. !

Notes:
1. All dimensions are in millimeters (inches).
2. Tolerance is £0.25(0.01") unless otherwise noted.

4, Specifications are subject to change without notice.

0.7 MAX.

3. Lead spacing is measured where the leads emerge from the package.

~L
A and ) N——
S < =
R
~
S
w
7(.276) 27(1.063)MIN.
0.6(.024)| 1.5(.06)TYP.
CATHODE —
s — 7 — S Lol
2 ] L lE
rs} £ 1 N 1 0
1

00.5(0.02)
£0.05
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National
Semiconductor

LM741
Operational Amplifier
General Description

The LM741 series are general purpose operational amplifi-
ers which feature improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications.

The amplifiers offer many features which make their appli-
cation nearly foolproof: overload protection on the input and

August 2000

output, no latch-up when the common mode range is ex-
ceeded, as well as freedom from oscillations.

The LM741C is identical to the LM741/LM741A except that |

the LM741C has their performance guaranteed over a0°C to
+70°C temperature range, instead of -55°C to +125°C.

Features

Connection Diagrams

Metal Can Package

&)

OFFSET NULL N
INVERTING INPUT 0‘ } OUTPUT
NON=INVERTING INPUT FFSET NULL
®

v~

00934102

Note 1: LM741H is available per JM38510/10101
Order Number LM741H, LM741H/883 (Note 1),
LM741AH/883 or LM741CH
See NS Package Number HO8C

Ceramic Flatpak

) NC :12 ® H;:l NC
+OFFSET NULL |:3 T‘_—l NC
SWPUTE—] LM7#IW v
+INPUT |:; 5:! OUTPUT
V-] 1 -OFFSET NULL

00834106
Order Number LM741W/883
See NS Package Number W10A

Typical Application

Dual-In-Line or S.0. Package

S
OFFSET NULL—31 8 p=NC
INVERTING INPUT —1 2 7
NON-INVERTING —§ 3 6 f—OUTPUT
INPUT
V=44 5 = OFFSET NULL

00934103

Order Number LM741J, LM741J/883, LM741CN
See NS Package Number JOSA, MOSA or NOSE

Joylidwy Jeuonesado LHZINT

Offset Nulling Circuit

!

00934107
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LM741

NON=INVERTING
INPUT

OFFSET NULL

Electrical Characteristics (Note 5) (Continued)

Note 3: For operation at elevated temperatures, these devices must be derated based on thermal resistance,
Ratings”). Tj= Ta + (6ja Pp).

Schematic Diagram

Thermal Resistance | Cerdip (J) | DIP (N) | HO8 (H) | SO-8 (M)
8, (Junction to Ambient) | 100°C/W | 100°C/W | 170°CW | 195°C/W |
|8ic (Junction to Case) NA | NA [a2scw ] NA |

Note 4: For supply voltages less than 15V, the absolute maximum input voltage is equal to the supply voltage.
Note 5: Unless otherwise specified, these specifications apply for Vg = %15V, -55'C < Ta £ +125°C (LM741LM741A). For the LM741C/LM741E, these
specifications are limited to 0°C < Ty < +70°C.
Note 6: Calculated value from: BW (MHz) = 0.35/Rise Time(ys).
Note 7: For miilitary specifications see RETS741X for LM741 and RETS741AX for LM741A.
Note 8: Human body model, 1.5 k2 in series with 100 pF.

and T; max. (iisted under “Absolute Maximum

Q9

Q12

Q13

w o

AAA
AA A4
(-]

= C1

30pF

R7 Q15

Q10

08
a2 -2 INVERTING
at INPUT
N
A o
L Q7
Q6
Tl i
5 OFFSET
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R <R3 <R2
1K 50K 1K
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0
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Philips Semiconductors Product specification

NPN high-voltage transistors BF458; BF459
FEATURES
¢ Low current (max. 100 mA)
e High voltage (max. 300 V).
APPLICATIONS Q 2
e Intended for video output stages in black-and-white and
in colour television receivers. 3
1
DESCRIPTION
NPN transistors in a TO-126; SOT32 plastic packége.
1 U ZU SU Top view MAM254
PINNING
PIN DESCRIPTION
1 emitter _ o )
2 collector, connected to mounting base Fig.1  Simplified outline (TO-126; SOT32)
and symbol.
3 base
LIMITING VALUES ’
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veeo collector-base voltage open emitter
BF458 - 250 Y
BF459 - 300 \Y
Veeo collector-emitter voltage open base
BF458 - 250 \Y
BF459 - 300 \
Vego emitter-base voltage open collector - 5 \
le collector current (DC) - 100 mA
lom peak collector current - 300 mA
lem peak base current - 100 mA
Ptot total power dissipation Tmb< 90 °C - 6 w
Tstg storage temperature -65 +150 °C
T junction temperature - 150 °C
Tamb operating ambient temperature -65 +150 °C







Is77 SGS-THOMSON

MICROELECTRONICS

2N2219A
2N2222A

HIGH SPEED SWITCHES

DESCRIPTION
The 2N2219A and 2N2222A are silicon planar
epitaxial NPN transistors in Jedec TO-39 (for
2N2219A) and in Jedec TO-18 (for 2N2222A)
metal case. They are designed for high speed
switching application at collector current. up to
500mA, and feature useful current gain over a s 3
wide range of collector current, low leakage 1
currents and low saturation voltage. 2 2
£=2N2219A approved to CECC 50002-100,
2N2222A approved to CECC 50002-101 TO-18 TO-39
available on request.
INTERNAL SCHEMATIC DIAGRAM
Co(2)
Q
B
E0(3)
SC06860
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Veceo |Collector-Base Voltage (Ie = 0) 75 \Y
Vceo |Collector-Emitter Voltage (I = 0) 40 \'
VEBoO Emitter-Base Voltage (lc = 0) 6 \'
Ic Collector Current 0.8 A
Pt | Total Dissipation at Tamb < 25 °C
for 2N2219A 0.8 w
for 2N2222A 0.5 w
at Tcase < 25 °C
for 2N2219A 3 w
for 2N2222A 1.8 w
Tstg Storage Temperature -65 to 200 °c
Ti Max. Operating Junction Temperature 175 °c
1/8
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SEME 2N3053
MECHANICAL DATA MEDIUM POWER SILICON
Dimensions in mm (inches) NPN PLANAR TRANSISTOR
9440(0137)
PR L
¥ FEATURES
(12,70 (g&)w‘ “ H
mm‘ Zjﬁfﬁ?ﬁ% ':| H U ® VCE O = 40v
IS.UE (0.200) ¢ lC = 0'7A
*Piot =5W
NS
/
Sos a0 N/ <
TO39 PACKAGE
Underside View
Pin 1 =Emitter =~ Pin2=Base Pin 3 = Collector
ABSOLUTE MAXIMUM RATINGS (T_,sc = 25°C unless otherwise stated)
Veeo Collector - Base Voltage 60V
Vceo Collector - Emitter Voltage 40V
VcER Collector - Emitter Sustaining Voltage 50V
Veex Collector - Emiiter Voltage 60V
VEBO Emitter-Base Voltage 5V
Ic Collector Current 0.7A
ProT Power Dissipation T,n, = 25°C 1w
Tease =25°C SW
Tj Junction Temperature 200°C
Tstg Storage Temperature —65 to 200°C
Rih(jic) Thermal Resistance Junction to Case 35°C/W
Rin(ja) Thermal Resistance Junction to Ambient 175°C /W







Data Sheet

2N4248
2N4249

™ ‘
2N4250
Central
Semiconductor Corp.

145 Adams Avenue, Hauppauge, NY 11788 USA SILICON PNP TRANSISTOR
Tel: (631) 435-1110 - Fax: (631) 435-1824

Manufacturers of World Class Discrete Semiconductors JEDEC TO-106 CASE

DESCRIPTION

The CENTRAL SEMICONDUCTOR 2N42L48 Series Types are Silicon PNP Transistors designed for
low level - low noise amplifier applications.

MAXIMUM RATINGS (Tp=25°C)

2N4248 2N4249
SYMBOL 2N4250 2N4250A UNIT
Collector-Base Voltage VeBO Lo 60 v
Collector-Emitter Voltage VCES Lo 60 v
Collector-Emitter Voltage VCEOQ Lo 60 Vv
Emitter~Base Voltage VEBO 5.0 5.0 v
Power Dissipation Pp 200 20 m
Operating and Storage o
Junction Temperature Td, Tstg =55 TO +150 c
ELECTRICAL CHARACTERISTICS (TA=2506)
2Nk248 2N4249 2N4250 2NL4250A

SYMBOL MIN  MAX  MIN MAX MIN MAX MIN MAX UNIT
lcgo  Vep=4OV (2NA250A Vep=50v) - 10 10 10 _ 10 nA
IEB0  VER=3.0V 20 20 20 20 nA
BVCBO [Cc=10pA Lo 60 4o 60 v
BVcgs [c=10uA Lo 60 Lo 60 V.
BVcgo !¢=5.0mA Lo 60 Lo 60 v
BVego Ig=10pA 5.0 5.0 5.0 5.0 v
VCE(s) !c=10mA, 1g=0.5mA 0.25 0.25 0.25 0.25 v
VBE(s) !C=10mA, 1g=0.5mA 0.9 0.9 0.9 0.9 v
hFE Vee=5.0V, l¢=100uA 50 100 300 250 700 250 700
hre  VCE=5.0V, Ic=1.0mA 50 100 250 -—
hrg Vee=5.0V, Ic=10mA 50 100 250 -
fr Veg=5.0V, I¢=0.5mA,

f=20MHz 4o 4o 50 - MHz
Cob  VCB=5.0V, f=1.0MHz 6.0 6.0 6.0 6.0 pF
CiB VEB=0.5V, f=1.0MHz 16 16 16 -—- pF

NF Wide Band, Vgg=5.0V,

tCc=20uA, Rs=100KR2

PBW=15.7kHz, f=10Hz

TO 10kHz - 3.0 2.0 2.0 dB
NF Narrow Band, V¢g=5.0V,

1¢=20uA, Rs=10KQ

PBW=150Hz, f=1.0kHz 2.0 , 2.0 dB
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n-channel JFETs
designed for . . .

® Analog Switches
B Commutators
® Choppers

* ABSOLUTE MAXIMUM RATINGS (25°C)

Drain-Source Breakdown Voltage 30V
Drain-Gate Breakdown Voltage ........ _ 30V
Source-Gate Breakdown Voltage.. ... .c.v.vveven.. 30V

------------ “ e

=0 k¢« s 8 3 owoa

Forward GateCurrent . .« .o vovvnvunn e .. 10mA
Total Device Dissipation at TLEAD = 25°C.... .. 625 mwW
Derate above 25°C .......... veeee.v.. 5.68mMW/C

Operating Junction Temperature Range. . ... -65 to +135°C
Storage Temperature Range.............. -65 to +150°C
Lead Temperature

(1/16" from case for 10 seconds) . ..... o..l....300°C

Performance Curves NC.
See Section 5

BENEFITS
@ Low Cost
@
@
[ ]
trise <5 ns
Low Insertion

Rps(on) <30 2 (2N5638)
Short Sample and Hold Aperture Time
Crss <4 pF

T0-92
See Section 7

D

N

‘*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)

Industry Standard Package
Automatic Insertion Package
Fast Switching

;1

Siliconix

(2N5638)
Loss

G
S
o

Bottor View

Charactaristic 2NS638 | 2Ns639 2N6640 Unit Test Conditions
Min | Max Min | Max |Min |Max
Gate~Source Breakdown .
1 BVgss Voltags ~30 -30 ~30 V 1g=-10UA,Vpg=0
2 -1.0 -1.0 -1.0 | nA '
—s| lgss Gate Reverse Current Vgs=-15V,Vps=0 -
3l -1.0 -1.0 o oA | S DS Ta=+100°C
"4 1 X . - -
2A IDloff)  Drain Cutoff Current 0 1.0 10[nA |Vps =15V, Vgs =-12V (2N5638) : : .
sl T 1.0 1.0 . ] 1.0 {uA | Vs = -8 V (2N6639), Vgs = -6 V (2N56401.] T = +100 C
6 é loss __ Saturation Drain Current | 50 25 50|  |ma|Vps=20V,Vgs =0 (Note 1)
7 Vps(on) Drain-Source ON Voltags 05 0.5 05| v |Voes=0.Ip=12mA (2N5638),
1p = 6 mA (2N5638), Ip = 3 mA (2NB640}
8| | rpston) ptic Drain-Source ON 30 60 100] {lo=1mA Vgs=0
9| | rdsion) 321';?(5:3'“ oN 30 60 100 V@s=0,ip=0 f=1KkHz
o Common-Source Input
10§y | Ciss b 10 10 10 .
—Y Capacitance pE |Vgs=-12V, Vpg=0 f= 1 MHz
1 Nic Common-Source Raverse 40 4.0 40
Tss Transfer Capacitance - * i . -
12} |td{on)  Turn-On Delay Time 4.0} 6.0 8.0 {vpop=10Vv ID(on)=12 mA (2N5638) R = 800 £ (2N5638)
138 | & Rise Time 5.0 8.0 10 nsec Vasion)® O D{on)™ 6.mA (2N5638) R = 1.6k 2 (2N5639)
14{W | td(otf)  Turn-OFF Delay Time 5.0 ao | i5 Vas(off)= =10 V Ip(on)=3 mA (2N5640) R =3.2k 2 (2N6640)
15 t Fall Time 10 20 30
NC
. . L — v
JEDEC registered data . t05ton} +50) .?3 VDG O.1uF .
NOTE: . ‘ T =™ Vasten! I 02,’;2;:; onl fH 7O 50 OHM SCOPE B
1 Pulse test PW << 300 Usec, duty cycle < 3.0% e B vosioft) =, 0001 F]
tlon) 4 okn 3 500 I
tatoty) 1
ouTrUT v : TO 50 OHM SCOPE A
tscore 8) 1o% 500 %
SCOPE
TEKTRONIX B87A
OR EQUIVALENT

'® 1979 Siliconix Incorporated

‘OV9SNT 6E9SNT 8E9SNT
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nA78L00 SERIES
POSITIVE-VOLTAGE REGULATORS

SLVS010P — JANUARY 1976 — REVISED JUNE 2002

LA78LO5AI is characterized for operation over the
virtual junction temperature range of —40°C to
125°C.

@ 3-Terminal Regulators D PACKAGE
® Output Current up to 100 mA (TOP VIEW)
® No External Components outpuT []1 U ] INPUT
® Internal Thermal-Overload Protection COMMON []2 7[] COMMON
® Internal Short-Circuit Current Limiting COMMON [|3 6 [] COMMON
® Direct Replacements for Fairchild 1A78L00 NC[j4 s[INC
Series
NC ~ No internal connection
description
This series of fixed-voltage integrated-circuit ng’:%féﬁf
voltage regulators is designed for a wide range of
applications. These applications include on-card INPUT
regulation for elimination of noise and distribution
problems associated with single-point regulation. COMMON
In addition, they can be used with power-pass OUTPUT
elements to make high-current voltage regulators.
One of these regulators can deliver up to 100 mA TO-226AA
of output current. The internal limiting and
thermal-shutdown features of these regulators
essentially make them immune to overload. When PK PACKAGE
used as a replacement for a zener diode-resistor (TOP VIEW)
combination, an effective improvement in output
impedance can be obtained, together with lower 1 INPUT
bias current.
The pA78LO0C and pA78LOOAC series are O —] COMMON
characterized for operation over the virtual
junction temperature range of 0°C to 125°C. The 1 ouTPUT

The center lead is In electrical contact
with the tab.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

Copyright © 2002, Texas Instruments Incorporated

ls 75265 1

PRODUCTION DATA Information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
dard Producti ing does not ily include

s TEXAS

testing of all parameters.




1A78L00 SERIES
POSITIVE-VOLTAGE REGULATORS

SLVS010P — JANUARY 1976 — REVISED JUNE 2002

AVAILABLE OPTIONS
PACKAGE
SMALL OUTLINE PLASTIC CYLINDRICAL SOT-89
T VO%DM) D) (LP) (PK)
OUTPUT VOLTAGE TOLERANC
5% 10% 5% 10% 5% 10%
26 PATBLO2ACD - HATBLO2ACLP - - -
5 HATBLOSACD | pA78LO5CD | pA78LOSACLP | pA78LOSCLP | pA78LOSACPK | pA78LOSCPK
0C 6.2 - - UAT8LOBACLP - 1LA78LOBACPK -
t 8 RA7BLOBACD | pA78LOBCD | yA78LOBACLP - PAT8LOBACPK | pA78L0BCPK
126°C 9 BATBLOSACD - MATBLOYACLP | pA78LOSCLP | pA78LOSACPK -
10 HA78L10ACD - BA78L10ACLP - HAT8L10ACPK -
12 HA78L12ACD - RATBL12ACLP - HATBL12ACPK -
15 BAT78L1GACD - HATBL15ACLP - PA78L15ACPK -
—40°C
to 5 - - HA7BLOSAILP - - -
125°C

D and LP packages are available taped and reeled. Add the suffix R to the device type (e.g., pA78LOSACDR). The PK package Is
only available taped and reeled (do not add the suffix R to the device type).

schematic
® @ & ¢— INPUT
§ 20 kQ
L
[
&— OUTPUT
1kQto 14kQ
A 1
1.4kQ
® ® & & COMMON

NOTE A: Resistor values shown are nominal,

POSTQ




1LA78L00 SERIES
POSITIVE-VOLTAGE REGULATORS

SLVS010P — JANUARY 1976 — REVISED JUNE 2002

absolute maximum ratings over virtual junction temperature range (unless otherwise noted)t

Input voltage, V): pA78LO2AC, pA78LO5SC—ATBLOOC, HATBLI0AC ittt 30V
HA78L12C, pA78L12AC, HATBLASC, PATBLISAC .. it eeaenns 3BV

Package thermal impedance, 6 (see Notes 1and 2): Dpackage ..........ocovvinevnrennnns. 97°C/W
LP package ......... R, 156°C/W

PKpackage ......... et 52°C/W

Virtual junction temperature, Ty .................... e e e e e, 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............ R e 260°C
Storage temperature range, Totg oo vemr e .... —65°Cto 150°C

1 Stresses beyand those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device refiability.

NOTES: 1. Maximum power dissipation is a function of T {max), 6ja, and Ta. The maximum allowable power dissipation at any allowable
ambient temperature is Pp = (T y(max) - TA)/8a. Operating at the absolute maximum T of 150°C can affect reliability. Due to
variations in individual device electrical characteristics and thermal resistance, the bullt-In thermal-overioad protection may be
activated at power levels slightly above or below the rated dissipation.

2. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions

MIN MAX | UNIT
HA78LO2AC 4,75 20
HA78LO5C, nA78LO5AC 7 20
HAT78LOBC, tA78LOBAC 8.5 20
HAT78LOBC, nA78LOBAC 10.5 23
Vi Input voltage \%
HA78LOIC, pAT8LOSAC 1.5 24
HA78L10AC 12.5 25
RA78L12C, HAT8L12AC 14.5 27
HA78L15C, nA78L15AC 17.5 30
lo Output current 100f mA
) L HAT78LxXC and pA78LXXAC series 0 125
Ty Operating virtual junction temperature range ATELOSA] T pres °C







LM350

3.0 A, Adjustable Output,
Positive Voltage Regulator

The LM350 is an adjustable three—terminal positive voltage
regulator capable of supplying in excess of 3.0 A over an output
voltage range of 1.2 V to 33 V. This voltage regulator is
exceptionally easy to use and requires only two external resistors to
set the output voltage. Further, it employs internal current limiting,
thermal shutdown and safe area compensation, making it essentially
blow—out proof.

The LM350 serves a wide variety of applications including local,
on card regulation. This device also makes an especially simple
adjustable switching regulator, a programmable output regulator, or
by connecting a fixed resistor between the adjustment and output, the
LM350 can be used as a precision current regulator.

Features

Guaranteed 3.0 A Output Current

Output Adjustable between 1.2 V and 33 V

Load Regulation Typically 0.1%

Line Regulation Typically 0.005%/V

Internal Thermal Overload Protection

Internal Short Circuit Current Limiting Constant with Temperature
Output Transistor Safe Area Compensation
Floating Operation for High Voltage Applications
Standard 3—lead Transistor Package

Eliminates Stocking Many Fixed Voltages
Pb—Free Packages are Available*

® © © o ¢ ¢ o © © o o

Vin

\

+ CO
mF

— Cm*
™ 0.1pF

\l

* = G is required if regulator is located an appreciable distance from power supply filter.
* = Cp is not needed for stability, however, it does improve transient response.

Vout = 1.25 V(1 <ﬁ-) = lAdj Ro

iince |ag is controlled to less than 100 A, the emor associated with this term is negligible in most applications

Figure 1. Simplified Application

*For additional information on our Pb-Free strategy and soldering details, please
downloadthe ON Semiconductor Soldering and Mounting Techniques Reference
Manual, SOLDERRM/D.

© Semiconductor Components Industries, LLC, 2004
December, 2004 — Rev. 3

ON Semiconductor®

http://onsemi.com

THREE-TERMINAL
ADJUSTABLE POSITIVE
VOLTAGE REGULATOR

TO-220
T SUFFIX
PLASTIC PACKAGE
CASE 221A

G
7

Heatsink surface is connected to Pin 2.

Pin 1. Adjust
2 Vout

MARKING DIAGRAM

O

LM
350T
AWLYWW

(W

= Assembly Location
WL = Wafer Lot
Y = Year
WW  =Work Week

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 3 of this data sheet.

Publication Order Number:
LM350/D



LM350

MAXIMUM RATINGS
Rating Symbol Value Unit
Input-OutputVoltage Differential Vi-Vo 35 Vdc
Power Dissipation Pp internally Limited w
Operating Junction Temperature Range Ty -40to +125 °C
Storage Temperature Range Tstg -65to +150 °C
Soldering Lead Temperature (10 seconds) Tsolder 300 °C

Maximum ratings are those values beyond which device damage can occur. Maximum ratings applied to the device are individual stress limit values
(not normal operating conditions) and are not valid simultaneously. If these limits are exceeded, device functional operation is not implied, damage
may occur and reliability may be affected.

ELECTRICAL CHARACTERISTICS (V|-Vo=5.0V; L =1.5A; Ty = Tow to Thigh: Pmax [Note 1], unless otherwise noted.)

Characteristics Figure Symbol Min Typ Max Unit
Line Regulation (Note 2) T =25°C, 3.0V <V|-Vp <35V 1 Regjine - 0.0005 | 0.03 %NV
Load Regulation (Note 2) 2 Regioad
Ta=25°C,10mA<|<3.0A

Vo <50V - 5.0 25 mvV

Vo250V - 0.1 0.5 % Vo
Thermal Regulation, Pulse = 20 ms, (Tp = +25°C) Regtherm - 0.002 - % Vo/W
Adjustment Pin Current 3 lagj - 50 100 pA
Adjustment Pin Current Change 1,2 Alpg; - 0.2 5.0 uA

30V<V-Vp<35V
10mA<i <3.0A, Pp<Ppax

Reference Voltage ‘ 3 Vief 120 | 125 | 1.30 \
30V<Vi-Vo <35V
10mA <1l <3.0A, Pp < Prax

Line Regulation (Note 2) 3.0 V<V|-Vg <35V 1 Regiine - 002 | 0.07 %V
Load Regulation (Note 2) 2 Regioad
10mA<i <3.0A ,
Vo <50V - 20 70 mV
Vo250V - 0.3 15 % Vo
Temperature Stability (Tiow < Ty < Thign) 3 Ts - 1.0 - % Vo
Minimum Load Current to 3 1L min - 3.5 10 mA
Maintain Regulation (V|-Vg =35 V)
Maximum Output Current 3 Imax A
Vi-Vo <10V, Pp < Ppax 3.0 4.5 -
Vi~Vo = 30V, Pp < Pmax, Ta = 25°C 025 | 10 -
RMS Noise, % of Vg N - 0.003 - % Vo
Ta=25°C, 10 Hz <f <10 kHz
Ripple Rejection, Vo = 10V, f = 120 Hz (Note 3) 4 RR dB
Without CAdj - 65 -
Cagj = 10 uF 66 80 -
Long Term Stability, Ty = Thigh (Note 4) 3 S - 0.3 1.0 %I1.0 k
Ta= 25°C for Endpoint Measurements Hrs.
Thermal Resistance, Junction-to-Case Royc °C/W
Peak (Note 5) - 23 -

Average (Note 6) - - 1.5

Tiow 10 Thigh = 0° to +125°C; Ppyay = 25 W for LM350T; T, to Thigh = =40° to +125°C; Pp,a = 25 W for LM350BT

Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

Cagj» Wwhen used, is connected between the adjustment pin and ground.

Since Long—Term Stability cannot be measured on each device before shipment, this specification is an engineering estimate of average
stability from lot to lot.

Thermal Resistance evaluated measuring the hottest temperature on the die using an infrared scanner. This method of evaluation yields very
accurate thermal resistance values which are conservative when compared to the other measurement techniques,

The average die temperature is used to derive the value of thermal resistance junction to case (average).

o Pw M=

@




BNT

‘Division aF Cm:mr buamxpuan 'ledmology, hxc,

SPECIFICATIONS ;
Electrical Ratings 3A @ 120VAC, 28VDC; 1A @ 250VAC
See Contact Options

Electrical Life 30,000 cycles typical
Contact Resistance < 20 mQ max initial @ 2-4VDC, 100mA
Dielectric Strength 1500Vrms min
Insulation Resistance > 100MQ min
Operating Temperature -40°C to 85°C
Storage Temperature -40°C to ‘85°C
MATERIALS <RoHS COMPLIANT
Actuator Brass, Chrome Plated -
Housing DAP - Diallyl Phthalate ~ ~ by - E222871
Cover Stainless Steel

ing . | Brass, Nickel Plated
Contacts , | Copper Alloy, Silver or Gold Plated
Terminals ‘ Brass, Silver or Gold Plated ’
ORDERING INFORMATION

Number of Poles:
1=8SPDT

Actuator:

T =5.33mm, Std, available on E/E‘l/F/F1 Bushmgs
U = 7.37mm, Std, available on E/E1/F/F1 Bushings
8=9. 40mm Std, avaiiable on E/E1/F/F1 Bushings
X = 5.59mm, Sid, available on G/G1/J/J1 Bushings
Vv 1;.41-mm,8td, available on G/G1/J/J1 Busk

NN m'«
Terminals: .
B =_SolderLug - :
C=PCPin )

H = Horizontal Mount Right Angle PC Pin; HS = Snap-in

V = Vertical Mount, Right Angle PC Pin; VS = = Snap-in

A5 = PC Pin with Support Bracket; ‘A5S = Snap-in Support Bracket

2
On

Epoxy Seal: , ;
E = Epoxy Seal ’

www.citswitch.com
page 132 ~ phone —~763.535.2330 fax - 763.535.2194




RELAY& SWI TCHf” /

Division of Circuit literniption Technolng)% Inc.

swrrcr-l F_ cnou

A
Terminals | 23 | - | 241

Function

1
2
3.

DPDT Tarminals
6

W 04/ w0 | Terminals

8.40

"On’ky available with E, E1, F, & F1 Bushings

BUSHING OPTIONS

Panel Mounting — 10-48 _

Panel Mounting - %-40

page 133

www.citswitch.com
phone - 763.535.2339 fax — 763.535.2194
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Electronics Contest

Sample Project

SAMPLE PROJECT

Overview

Total Time - 60 min Total Points - 100

Introduction
You will be scored on your ability to:
1. Read and follow instructions.

2. Answer questions correctly.
3. Perform an Operational Check.

Overall Weight - 0%

Judges are NOT permitted to answer questions during the competition. Should you
encounter a technical problem, you may request assistance by pressing the “H” key and
then the “ENTER” key on the test console. All technical problems will be corrected by

the Judge and no demerits will be assessed.

Judges WILL assess a 2-point demerit for each violation of the following. Demerit

points will be used as a discriminating factor in breaking ties.

Unwarranted requests for assistance
Identifying good equipment as faulty
Failure to follow instructions

Safety violations

v" Wearing jewelry

v" Not wearing safety glasses

v" Improper use of soldering iron

b

Materials Required

Sample Project Contestant Handout Part 2

Skills07-1 PWM Switching Power Supply I Circuit Card
Skills07-2 PWM Switching Power Supply II Circuit Card
Skills07-3 Load Circuit Card

5 Pin Jumper Cable

Oscilloscope

Multimeter

Nida Screwdriver

Nida 130E Test Console

Miscellaneous Tools as Required

Copyright © 2015 by Nida Corporation

( 2 points )
(2 points )
(2 points )
(2 points )




Electronics Contest Sample Project

Procedure

Welcome to SkillsUSA. You have just begun a sample project that should help you
understand both procedures and interactions required during the real competition. Read all
instructions carefully and do not skip any steps. Let's begin Sample Project Part 2!

1. READ!!! Observe the display on the Nida 130E Test Console and ensure that it looks
like the example shown in Figure 1. Verify that your contestant number replaces the
[--- xx ---] shown in the example. The troubleshooting section is slightly different from
the written test in that you are not allowed to recall or change a previously entered
answer. You will, however, still be allowed to skip questions. Notice the word
“Proceed” on the display. During the troubleshooting event, no malfunction (problem) is
set until you answer “Y” to this question.

At this point, perform the Operational Check on pages 13-14 in the Technical Manual
and verify the operation of the PWM Switching Power Supply. When you have
completed the Operational Check continue to step 2 in this handout and finish the
remaining parts of this Sample Troubleshooting Project.

TROUBLESHOOTING
o XY -
Part 1
Proceed: ___
Figure 1

Copyright © 2015 by Nida Corporation 2




Electronics Contest Sample Project

Procedure, continued

2. If you are satisfied that the PWM Switching Power Supply and Loads are functioning
correctly, Enter “Y” at the Proceed: prompt. Observe the display on the Nida 130E Test
Console and ensure that it looks like the example shown in Figure 2.

Notice that the display is requesting your input regarding the current status of the PWM
Power Supply circuitry. The question you must answer is, “Does the circuit Pass or Fail
an Operational Check”?

Observe that the Varying Load LEDs are NOT flashing and the voltage measured at
TP15 is zero. Based on this basic information, you can answer the Pass / Fail:
question by entering an “F” for fail, at the prompt.

TROUBLESHOOTING
e XK e
Part 1
Pass / Fail: ____
Figure 2

3. Now that you have identified that the circuit has Failed the Ops Check, you need to
identify in which Block the fault has occurred. Use the schematics provided in the
Technical Manual for this purpose. Monitor the voltage at TP5 and TP15. The same
voltage should be present at both test points. Your readings indicate that no RAMP
voltage exists between TP5 and TP15. The Block most likely to be the source of the
failure is Block 3. Based on this basic information, you can answer the Block #:
question by entering “3” at the prompt.

TROUBLESHOOTING
— T " G-
Part 1
Block #:
Figure 3

Copyright © 2015 by Nida Corporation 3




Electronics Contest Sample Project

Procedure, continued

4. Now that you have identified that the circuit failed and Block 3 is the most likely source
of the problem, you need to enter a Reference # from the Malfunction Description table.
Using the table provided and the basic information we have observed/measured, look at
reference number 7. This malfunction says that R5 is open on Skills07-1. RS5 is the only
component between TP5 and TP15 and is located in Block 3. This is the most likely

cause of the malfunction. You can answer the Reference #: question by entering
“7” at the prompt.

TROUBLESHOOTING
XX -

Part 1
Reference #:

Figure 4

** END OF SAMPLE PROJECT **

Copyright © 2015 by Nida Corporation 4




Electronics Contest

Sample Project

MALFUNCTION DESCRIPTION

Locate the CIRCUIT CARD # and associated MALFUNCTION that best describes the
operation of your circuit. Enter the corresponding REFERENCE # on the Nida Test Console
keypad. Malfunction descriptions may be used once, more than once, or not at all.

CIRCUIT CARD # MALFUNCTION REFERENCE #
Skills07-1 U2 1
Skills07-1 D3 open 2
Skills07-1 R10 open 3
Skills07-1 R8 shorted 4
Skills07-1 R9 open 5
Skills07-1 R8 open 6
Skills07-1 RS Open 7
Skills07-2 C9 shorted 8
Skills07-2 U3A 9
Skills07-2 D9 shorted 10
Skills07-2 Q1 C-E short 11
Skills07-2 D9 open 12
Skills07-2 L1 open 13
Skills07-2 Q4 C-E short 14
Skills07-2 Q1 or Q2 B-E open 15
Skills07-3 R48 open 16
Skills07-3 u7 17
Skills07-3 C15 shorted 18
Skills07-3 K2 open 19
Skills07-3 IC1 20
Skills07-3 UbA 21
Skills07-3 D12 open 22

Copyright © 2015 by Nida Corporation
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Electronics Contest Soldering Project

Overview

SOLDERING PROJECT

Total Time - 90 min Total Points - 200 Overall Weight - 20%

Instructions

You will be scored on your ability to:

1.

Read and follow instructions.

2. Interpret a component layout diagram.
3.
4

Prepare components for soldering.

Solder and de-solder components to a printed circuit board.

Judges are NOT permitted to answer questions during the competition. Should you
encounter a technical problem, you may request assistance by pressing the “H” key and
then the “ENTER” key on the Nida Model 130E Test Console. All technical problems
will be corrected by the Judge and no demerits will be assessed.

Judges WILL assess a 2 point demerit for each violation of the following. Demerit
points will be used as a discriminating factor in breaking ties.

1
2
3.
4

. Unwarranted requests for assistance ( 2 points )
. Identifying good equipment as faulty (2 points )
Failure to follow instructions (2 points )
Safety violations (2 points )

v" Wearing jewelry
v" Not wearing safety glasses

v" Improper use of soldering iron

Materials Required

Soldering Project Contestant Handout
Reference Manual (Data Sheets)

Blank Roll the Dice Circuit Board
Soldering Project Pre-Packaged Parts Kit

Nida Screwdriver

Multimeter

Oscilloscope

Solder Equipment

Miscellaneous Tools as Required

Copyright © 2015 by Nida Corporation 1




Electronics Contest Soldering Project

Procedure

1. Log On. Observe the display on the Nida Model 130E Test Console. Ensure that it
looks like the example shown in Figure 1. Verify that your contestant number replaces
the [--- xx ---] shown in the example.

SOLDERING PROJECT
o XK e

Part 1
Judge's Code:

Figure 1

2. Verification. Locate the pre-packaged parts kit (blue dot) provided for this project.
Verify that it is complete and visibly serviceable using the “Soldering Parts List”
provided on page 8 of this handout. If you determine that a component is missing or you
have a surplus of components, press the “H” key and then the “ENTER” key, and a
Judge will respond.

3. This project tests your ability to solder. The circuitry on the Nida Solder Project circuit
board is a game that simulates the rolling of two dice. Upon completing the soldering
portion of this project, you must demonstrate proper operation to one of the judges.
Read the Project Overview portion of the Reference Section before performing the
final test.

4. The separate Reference Manual and the Reference Section on the following pages are
your only guides while you are constructing the soldering project. You will be scored on
your ability to read and follow instructions, interpret a schematic and component layout
diagram, prepare components for soldering, solder components to a printed circuit board,
and de-solder components.

>>> Proceed to the “Reference Section” and Continue <<<

Copyright © 2015 by Nida Corporation 2




Electronics Contest Soldering Project

REFERENCE SECTION

PROJECT OVERVIEW

The soldering project is a pair of identical one-of-six random number generator circuits
disguised as a Roll the Dice game. Your task is to construct the circuit from commonly used
electronic components while following the Soldering Procedure and schematic diagrams
provided. The operation of the circuit will be judged functional when all components have been
properly soldered and the circuit functions in accordance with the Operational Check. The
schematic is on page 9 of this manual. :

As mentioned, the two circuits are identical and share no common parts except for portions of
integrated circuit U1, a hex buffer IC. Each circuit uses three of the six inverting buffers
contained in Ul. Two of the inverting buffers and a Junction Field Effect Transistor (JFET)
make up the oscillator circuit for each random generator circuit, and the third inverting buffer is
used in the decade counter circuit of U2 or U3.

Other than power and ground, U2 and U3 require just two inputs to operate: a clock input at

pin 14, and an active low enabling input at pin 13. When enabled, the counter in U2/U3
advances at the leading edge of each clock input pulse, causing the IC to advance the count by
one from QO to Q5, illuminating the single corresponding LED for each output. Since just six of
the ten counting positions are used, the counter resets to zero whenever the counter enables
position seven (Q6), with the high output state at pin 5 coupled to pin 15, the IC Reset input.

Each random generator circuit operates at a fast speed whenever the Roll button S1 or S2 is
depressed. The circuit can be powered using the +12 volt power supply internal to the Nida
130E trainer, or externally by a 9-volt battery.

>>> Begin Part 1 when ready <<<

Copyright © 2015 by Nida Corporation 3




Electronics Contest

Soldering Pro'lect

SOLDERING PROCEDURE

Part 1

a. Locate the Roll the Dice circuit board.

b. Solder the six flanges and two turrets at the back of the circuit board as shown in Figure 2.

;'

Copyright © 2015 by Nida Corporation

Figure 2

_Turret |




Electronics Contest Solderinjci; Project

SOLDERING PROCEDURE
Part 1, continued
c. Install and solder the %2" precut jumper, the nine resistors, and the three diodes as shown in

Figure 3. Observe polarity on the diodes and install the resistors so the color codes can be
read from top to bottom when installed on the circuit board.

Figure 3

d. When you are satisfied with the solder connections and are ready for inspection, press the
“H” key and then the “ENTER” key on the keypad to request your first verification check.

Copyright © 2015 by Nida Corporation 5




Electronics Contest Soldering Proiect

SOLDERING PROCEDURE

Part 2

a. Locate the necessary components from the parts kit, and solder the ten capacitors and the
twelve LEDs to the printed circuit board. Capacitors should be installed with the label in a
position so the value can be seen from the top of the circuit board if mounted horizontally or
the left side of the circuit board if mounted vertically. Make sure to observe polarity as
needed and trim the component leads to the proper length. Use Figure 4 for reference.

Figure 4

b. Locate and solder Q1 and Q2 to the printed circuit board. Q1 and Q2 should be
approximately 4 inch above the circuit board when completed. Make sure to observe
polarity as needed and trim the component leads to the proper length.

c. When you are satisfied that your soldering thus far is ready for inspection, press the “H” key
and then the “ENTER?” key on the keypad to request your second verification check.

Copyright © 2015 by Nida Corporation 6




Electronics Contest

Soldering Project

SOLDERING PROCEDURE

Part 3

a.

Solder the IC sockets for U1, U2, and U3 to the circuit board. When completed, install the
ICs. Observe proper pin alignment when soldering and installing.

Solder switches S1 and S2 to the circuit board. Make sure each switch is in alignment and
flush with the circuit board after soldering.

Solder the 9-volt battery holder to the circuit board. Cut the excess leads from the back of
the printed circuit board after installation.

Test your soldering project according to the OPERATIONAL CHECK below.
Perform any necessary troubleshooting and repairs to make the circuit operational.

When you are satisfied that your work is ready for inspection, press the “H” key and then the
“ENTER” key on the keypad to request your third verification check.

OPERATIONAL CHECK

1. Carefully install the Roll the Dice board on the test console in the PC2 location.
2. Set the 130E test console DC power supply to +12 VDC.

3. Press the DC Power switch @ on the PC2 position. Verify the DC LED at the

PC2 position is illuminated.

4. Test the circuit by depressing S1 and S2 and observing the LED outputs. Each press of a
roll input button will cause the corresponding LED display to "spin" and then stop at a
single LED.

Part 4

A Judges will provide special instructions for Part 4 when you reach this point.

Copyright © 2015 by Nida Corporation




Electronics Contest Soldering Pro'!ect

SOLDERING PARTS LIST

PART ID DESCRIPTION QUANTITY
VICA98-1 NIDA ROLL THE DICE CIRCUIT BOARD 1
51010005 HOLDER, 9 VOLT BATTERY 1
21053350 CAPACITOR, TANTALUM, 1 MFD 35V (105K) 5
21063160 CAPACITOR, 10 MFD 16V (106) 2
21042500 CAPACITOR, 0.1 MFD 50V (104) ; 3
51020006 LED, GREEN SHORT, ROUND 6
51020007 LED, YELLOW SHORT, ROUND 6
00510073 SILICONE DIODE, 1N914 2
00550029 ZENER DIODE, 1N960B 9.1V 1
81150031 JUMPER, 0.500 X 0.250 1
04100004 J-FET, 2N5640 2
1206710005 RESISTOR, CARBON FILM, 1M 1/4W 2
1206447005 RESISTOR, CARBON FILM, 4.7K 1/4W 2
1206610005 RESISTOR, CARBON FILM, 100K 1/4W 2
1206347005 RESISTOR, CARBON FILM, 470Q 1/4W 2
1206251005 RESISTOR, CARBON FILM, 51Q 1/4W 1
41020030 PUSH BUTTON SWITCH, SPST MOMENTARY 2
05040047 4049 INVERTING HEX IC 1
05040143 4017 DECADE COUNTER IC 2
61000013 IC SOCKET, 16-PIN 3

Copyright © 2015 by Nida Corporation 8




Soldering Project

Electronics Contest

Roll the Dice Schematic
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Electronics Contest Soldering Project

ENGINEERING CHANGE NOTICE

Instructions
After releasing the “Roll the Dice Game”, the engineering department discovered tolerance
discrepancies between manufacturers IC’s. As a result, an Engineering Change Notice has been

issued for the “Roll the Dice Game™. Perform the procedures identified in this hand-out and
verify your changes with the Operational Check located on page 7 of the Contestant Handout.

Procedure

1. Locate a scrap component lead to use as a jumper. Cut a small length, just long enough
to reach between pins 1 and 2 of Q1 as shown in Figure 1. This will connect the Source
(pin 1) and the Drain (pin 2) together.

2. Solder the jumper into place while ensuring there are no unwanted shorts.

3. Now, cut another small length of wire, just long enough to reach between pins 1 and 2 of
Q2 as shown in Figure 1. This will connect the Source (pin 1) and the Drain (pin 2)
together.

4. Solder the jumper into place while ensuring there are no unwanted shorts.

5. Perform the Operational Check on page 7 of the Contestant Handout.

6. Perform any necessary troubleshooting and repairs to make the circuit board operational.

7. When you are satisfied that your work is ready for inspection, press the “H” key and then
the “ENTER?” key on the keypad to request your final verification check.
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SOLDERING PROJECT

Overview

Total Time - 90 min Overall Weight - 20%

The Soldering Project has four parts. The Contestant will solder components onto a
soldering project board using components supplied in a pre-packaged design kit. Judges will
score Contestants on their ability to read and follow instructions, interpret a component
layout diagram, prepare components for soldering, and solder components to a printed circuit
board.

General Guidelines

a.  Judges may NOT provide technical assistance or give advice during the event.
b.  Judges will ensure all materials have been issued prior to the start of the event.
c.  Judges may assist with technical problems that interfere with the event.

d.  Judges must respond immediately to a HELP request.

e. Demerit Codes

e Unwarranted requests for assiStance........cooeuvveveerveeivnerennnnnn. J33
e Identifying good equipment as faulty ...........ccccovevrerverinennne. J43
e TFailure to follow InStructions........c.oeovevvereereiriveierieiceeen. J53
e Safety vIolations .......ccccevrerineieninieceeeeceeeee e J63

v' Wearing jewelry
v Not wearing safety glasses

v Improper use of soldering iron

Copyright - 2015 by Nida Corporation 1
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Event Scoring

The contestant should verify the soldering kit components with the parts list in the Soldering
Project Manual before moving on to Part 1. There should be no missing or extra parts in the
soldering kit.

Enter ¢ SS2 ” on contestant trainer before
performing the first Judging event.

Note: Throughout the competition, pay close attention to the
solder condition. Should the solder connection(s) be cold,
missing, or have too much solder, the score for the given
sub-section should be zero (0).

Copyright - 2015 by Nida Corporation 2
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0. Free Points (10 PES) cveeiiieiiieiieiestesee ettt ettt et et et e e e ee SS2

PART 2
See Figure 2.

1. First Verification: Enter Judges Code - JDG

a.  Flanges are Soldered — .........ooooioiiieieeeieecc et Oors
e All 6 flanges on the board are soldered ..........c.coocvvvveereerrvinenee. 5 points
e One or more flanges are missed or poorly soldered .................... 0 points

b.  Turrets and the jumper are soldered — ...c..c.cooouiiiiivieiieiciiiccce e OorS5
e Both turrets and the wire jumper on the board are soldered........ 5 points
e Turrets or the jumper are missed or poorly soldered................ 0 points

C.  Resistors are Soldered — .....oc.iooiiiiieiiiiiiciceeeee e eas 0,5, 0or10
e All 9 resistors on the board are soldered ..........cccocevvevveeneveeennnee 5 points
e Resistors are mounted with the color code starting at the top ..... 5 points

d. Diodes are SOIAEred — .......c.oouiiiiiiiiiiieeeee et et e e e ear e 0,5,0r10
e All 3 diodes on the board are soldered with correct polarity....... 5 points
e The zener diode (slightly larger) is at D3 location....................... 5 points

Turret

R1 & R5|R2 & R3}

Figure 1. Flanges, Turrets, Jumpers, Resistors, Diodes
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PART 2
See Figure 2.

2. Second Verification: Enter Judges Code - JDG

a.  Capacitors are soldered properly — Add all that apply ................ e reenans 0,5,0r10
e Correct component values are installed........c.ccoevevrvinveninnnnnne. 5 points
e Capacitors are installed with proper polarity............ccceceevveuenneee. 5 points

(C1, C2, C4, C5, & C7 should have beveled end pointed upward,
C3 & C6 should have small "+" sign, C8, C9, & C10 are not polarized)

b.  DSI through DS12 — Add all that apply ........... ettt ettt aan vereererinenieene. 010 12
e All 12 LED cathodes (flat side) are toward center of array......... 1 point each
c. QlandQ2........... rertreeererearraerarararaas e reeeeeieerreeeerrteeetaanrbaeerbaaaeserarrereens ..0,4,0r8
e QI and Q2 are installed correctly as per outline on card............. 4 points
e QI and Q2 are installed approximately ¥4" above card................ 4 points

Figure 2. C1-C10, DS1-DS12, & Q1, Q2
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PART 3
See Figure 3.

3. Third Verification: Enter Judges Code - JDG

a.

U1, U2, and U3 sockets are installed correctly — Add all that apply ...... 0,5,10,0r 15
e All 3 sockets are flat to card and have correct pin 1 orientation. 5 points
e No unsoldered, bridged or shorted connections on any socket ... 10 points

ICs Ul, U2, and U3 are installed correctly — Add all that apply............... 0,5,10,or 15
e Verify Ul type, pin orientation, and IC is secure in socket......... 5 points
e Verify U2 type, pin orientation, and IC is secure in socket......... 5 points
e Verify U3 type, pin orientation, and IC is secure in socket......... 5 points
S1 and S2 are installed correctly — Add all that apply.......cccevevevveeenierennnnnn. 0,5, 0r10
e Sl is installed flush to card and secure...........coovveneee... 5 points
e S2 is installed flush to card and secure..........ccocevenvnee. 5 points
9-Volt battery holder is correctly soldered .........cccovireimieneieeenecieieeceeicre 0or10
Circuit works as designed........cceoueceeiiiiicieiiciccecee et 0 or 25

Figure 3. U1-U3, S1-S2, & Battery Holder

. HAND THE CONTESTANT THE PART 4 Lo
ENGINEERING CHANGE NOTICE.PART 4
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See Figure 4.

4. Fourth Verification: Enter Judges Code - JDG

a.  LAN has been cut and jumpers added — Add all that apply ........ccceverenan. 0, 10, or 20
e Q1 Jumper installed and soldered............c..ccovevennennee. 10 points
e Q2 Jumper installed and soldered.......c.cccocrrreiirerennnnn. 10 points
Contestant demonstrates full circuit Operation ...........ceccevveerivenesveneeiereenenas 35 points

Figure 4. Final Assembly

** END OF EVENT **
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THEORY OF OPERATION

General Description — Switched-mode power supplies have the advantage over linear power
supplies of requiring less power input for the amount of power output. Linear power
supplies require an "overhead" voltage, meaning the power supply itself requires 1 to 3 volts
of input more than the required regulated output just to maintain regulation. Should a high
demand be placed on a linear supply and the demand pull the output voltage below the
required voltage plus the overhead voltage, regulation is lost.

Switched-mode power supplies can be found in almost every electronic device with circuit
demands greater than 2 amperes. Switched-mode supplies are more complicated, and
therefore, more expensive to manufacture; but they have proven to be more reliable than their
linear counterparts in high-current applications. Switched-mode power supplies operate at
much higher frequencies than 60 Hz, which reduces the size of required filtering capacitors.

The switched-mode power supply used in the competition uses Pulse Width Modulation
(PWM) to provide output voltage regulation. The PWM switching power supply resides on
the Skills07-1 and Skills07-2 circuit cards. The power supply output is adjustable between
1.5 and 10 VDC.

The Skills07-3 circuit card is used to provide a load with varying current demands but
operates only within a narrow span of DC voltage. The load placed on the power supply is
constantly changing, and varies between 50 mA and 150 mA.

The following circuit descriptions are presented in both a simplified block diagram, or
systems version, and a detailed schematic signal flow version down to the component level.
It is recommended that you read and understand both presentations.

Block Diagram Circuit Descriptions — Each circuit card (PWM Switching Power Supply 1,
PWM Switching power Supply 11, and Load) will be described as it relates to the circuits.

PWM Switching Power Supply I. The PWM Switching Power Supply I circuit card
(Skills07-1) consists of the B1, B2, B3, and B4 blocks. See Figure 1 on the next page.

The PWM Switching Power Supply I circuit card provides several functions to the
switching power supply. Each is totally separate from the others but all are required for
the proper operation of the circuit. Following is an explanation of each of the sections:

Block B1 is the rectifier block. The AC input is converted to unregulated filtered DC
voltage. The single output, a DC voltage between 15 and 19 volts, can be verified at test
point TP1. This voltage is also present at the circuit card output plug, J1, on pin 1.

Block B2 contains an oscillator and buffer circuit. The block is powered by regulated
10 VDC from block B3, the amplitude control circuitry. The output of the circuit, a
10 volt square wave with an 80% duty cycle, is measured at TP8. When the circuit is
properly set up, this waveform has a frequency of 100 kHz.

Copyright © 2015 by Nida Corporation 1
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PWM Switching Power Supply I, continued

Rectifier Unregulated DC
AC In
e & 1 Unregulated
Filter 2 | Regulated In
X sz lated DC
eguiate:
? P8 B3 »
10VDC Regulated
Amplitude Ref
D eference Out 3 Reference
Control
T_® T”5 4 | Ramp
5 | Ground
P8
100KHz
3
B2 P8 B4
Oscillator 100KHz Ramp Generator Rams O
t
& > & -
Buffer Filter

Figure 1. PWM Switching Power Supply I Block Diagram

Block B3, labeled Amplitude Control, contains an operational amplifier circuit
configured as a differential amplifier. A sample of the regulated output voltage from the
power supply enters the circuit card at J1 pin 2. This voltage is compared to a known
internally-regulated DC voltage. The output of the differential amplifier, the correction
signal for the switching power supply, labeled "Reference", is present at J1 pin 3. This
output, a varying DC voltage of about 10 VDC, can be verified at TP5. A fixed 10 VDC
output at TP3 powers block B2.

Block B4 contains a ramp generator circuit. The input to the circuit is the 100 kHz
waveform output from block B2. This square wave input is converted to a ramp signal
matching the duty cycle of the incoming waveform. This ramp signal can be viewed at
TP9. A DC offset voltage of about 10 volts is added to the ramp signal, and the resulting
composite signal, "Ramp", exits the circuit card at J1 pin 4.

PWM Switching Power Supply II. The PWM Switching Power Supply II circuit card

(Skills07-2) consists of five blocks, B5 through B9. See Figure 2 on the next page.

The PWM switching power supply II circuit completes the switching power supply and
has several functions. The five blocks making up the PWM switching power supply I
circuit are BS (PWM modulator & switch), B6 (current limiter), B7 (output filter),

B8 (onboard load), and B9 (over-voltage protection). Following is an explanation of
each block:
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PWM Switching Power Supply 11, continued

TPi8

J2
Unregulated — @
Regulated 2 — —
Ref BS Bé B9 P17
eference )Y PWM 3
8 Py : Current Over Voltage
Modulation ) A
@ & Switch Limiter Protection
Ramp 4 ©
Ground 5 1
- >—®TP12
B7 B8
Output
Filter > Load

Figure 2. PWM Switching Power Supply II Block Diagram

Block BS provides the pulse width modulation and switching. Regulation is provided by
comparing the Reference and Ramp signals from the PWM switching power supply I
circuit card.

TP14 allows the view of the composite Ramp signal and TP15 is used to verify the
Reference signal. TP11 is the block 5 output, a 100 kHz square wave with slight
rounding of the waveform at the top. The pulse width (duty cycle) will vary with the
load. The pulse width will increase under higher current demand conditions.

Block B6, the current limiter, has a passive role in normal operation. Should the output
loads fail in a way as to increase the current demand, the circuit activates and shuts down
the power supply by disabling the switching signal in block BS. When the high current
demand is removed, the current limiter again assumes the passive role as the power
supply resumes normal operation.

TP12 is used to monitor the current lifniter output. In normal use, the waveform at TP12
should be identical to the waveform at TP11, the block B5 output.

Block B7 is the output filter circuit. The input to the circuit is the switching square wave
from block B6 common to TP12. The output of block B7 is the output for the switching
power supply and can be measured at TP13. This output is applied to the over-voltage
protection circuit and the loads; it also provides feedback for comparison in block B3 on
the PWM Switching Power Supply I circuit card via J1 pin 4.

Block B8 has a voltage output indicator LED and a switched load.

Block B9 is an over-voltage protection circuit for the external load. Should the output of
the switching power supply exceed a preset limit, the circuit trips, and the voltage to the
external load is removed from the output terminal T. The output voltage can be
measured at TP17.
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Load. The Load circuit card (Skills07-3) consists of four blocks: B10, B11, B12, and B13.

See Figure 3.

The purpose of the Load circuit card is to provide an external varying load for the PWM
switching power supply.

G\f

?szs B10 P26 B13
dD ;
tnregulated bC + System Power +2VDG Varying

Load

?—® TP33

e B P29 B12
Regulated DC Power Relay

\

®

Input Limits
P & Driver

Figure 3. Load Block Diagram

Block B10 contains the system power supply. The protection and relay circuitry require
a fixed operating voltage higher than the regulated output of the PWM switching power
supply. Block B10 has a small low-current, single IC, linear power supply with a fixed
+12 VDC output to power blocks B11 and B12.

The voltage source for block B10 is the unregulated DC voltage output from block B1,
measured at TP25. The output for block B10 can be checked at TP26.

Block B11, Input Limits, monitors the regulated 8.5 VDC input voltage from block B9
on the PWM Switching Power Supply II circuit card. The input voltage can be verified
at TP24. Should the regulated input voltage be above or below set limits, the circuitry
will pull a normally-HIGH output at TP29 LOW, disabling the power relay and driver
circuit in block B12.

Block B12 has the power relay and driver circuitry. A HIGH input at TP29 allows the
circuitry to switch the PWM power supply regulated input to block B13, the Varying
Load block. A LOW input at TP29 causes the circuitry to shut down, removing the
power to block B13.
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Load, continued

Block B13 contains the varying load for the PWM switching power supply. Eighteen
LEDs, arranged in 3 groups of 6 LEDs each, are turned on and off at different speeds.
This causes the load to vary constantly. When regulated voltage is present at TP33, the
circuit should be operating with the LEDs flashing at different rates.

Schematic Diagram Circuit Descriptions — Schematic diagrams provide the greatest detail for
circuit analysis and troubleshooting; they also give component values and identification
numbers. The parts location pictorial and test point list for each circuit card are located after
the Operational Check. The schematic diagrams are at the end of this document.

PWM Switching Power Supply I (Skills07-1)

The PWM Switching Power Supply I circuit card makes up one-half the overall pulse
width modulated (PWM) switching power supply. There are four different blocks on the
circuit card. Each block on the circuit operates independently but all are required for the
proper operation of the power supply.

Two separate 60 Hz AC voltages 180° out of phase enter the circuit card in block B1 at
pins B, C, G, and H. Pins C and G are grounded and provide ground return for the B and
H inputs. Diodes D1 and D2 make up a full-wave bridge, converting the AC inputs to
DC voltage. When S1 is in the ON position, the DC voltage is applied to C1, a 1,000 uF
electrolytic capacitor, which filters out most of the AC ripple from the DC voltage.

The DC voltage at this point is unregulated, and can be verified at test point TP1. The
voltage will measure between 15 and 19 VDC. The AC ripple at the top of the DC
voltage can be as high as 1 Vpp, or about 1/3rd volt RMS. DS1 is a power indicator.

The unregulated DC is applied to blocks B3 and B4 on the PWM Switching Power
Supply I circuit card; it also powers other blocks on the PWM Switching Power Supply II
and Load circuit cards via plug J1 terminal 1.

An oscillator in block B2 made up of UIE and U1F develops a square wave digital signal
with a tapered trailing edge. The waveform can be viewed at TP7, will be 10 Vpp, and
will vary in frequency between 80 kHz and approximately 150 kHz with the adjustment
of R11, the Frequency control. The oscilloscope probe may load the circuit in the x1
setting; it is best to use the x10 setting on the oscilloscope probe.

During normal operation, R11 is set to produce a 100 kHz waveform. 100 kHz translates
to a waveform of 10 ps duration, and it can be verified by setting the oscilloscope
Time/Div control to the 1 us position. The waveform should extend completely across
the oscilloscope display when the frequency is set properly.
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PWM Switching Power Supply I (Skills07-1), continued

The output of the UIE / UTF oscillator is buffered in two stages: first by U1A, and then
by U1B, UIC, and UID in parallel. The resultant waveform is an almost perfect square
wave with an 80% duty cycle. The waveform can be viewed at TP8. See Figure 4 for a
sample. The sample in Figure 4 can be duplicated by setting the oscﬂloscope Time/Div
control to 2 ps.

Because the supply voltage can affect the output of an RC oscillator circuit, block B2
receives a regulated 10 VDC supply voltage from block B3. Components C5,R10,R11,
and D5 make up the RC timing circuit.

Block B3 contains U2, an operational amplifier set up in the differential mode that is
used to compare the regulated output of the PWM switching power supply to a known
voltage source. A difference output signal, termed "Reference", is developed at the
output of U2 at pin 6. This signal is used as a correction signal for the power supply.
The Reference signal, which can be viewed at TP5, departs the circuit card at J1
terminal 3.

The PWM Switching Power Supply sample output voltage enters the circuit card at

JI terminal 2 and can be measured at TP2. The voltage enters U2 at pin 2, the negative
input to the op-amp, through R3. The configuration of R3 and R6, the feedback resistor,
sets the gain of the op-amp at 10.

The fixed input to U2 is derived from the unregulated DC voltage at TP1. A voltage
divider and regulator circuit consisting of R2, R4, and D3, a zener diode, drops and
maintains the voltage at TP3 to 10 VDC. R4, a 5 kQ variable resistor, sets the fixed
voltage level to pin 3, the positive input to U2. The fixed 10 VDC at TP3 is applied to
block B2 as the oscillator and buffer power source.

U2 compares the voltages at pins 2 and 3, the negative and positive inputs, and develops
the difference signal as the Reference output signal. In normal working conditions when
properly set, the Reference signal at TP5 is 10.5 to 11.5 VDC with a minor ripple at the
top. The ripple is caused by the unregulated DC ripple and voltage correction changes
made by U2.

The inputs to U2 can be verified at TP4, common to the positive input, and TP6, which is
common to the negative input. When operating correctly, these voltages should be equal
and just slightly higher than the regulated output of 8.5 VDC at 8.6 to 9 VDC.

Variations in the measured voltages at TP4 and TP6 are due to component tolerances, but
they should measure with the multimeter to be equal in voltage. The voltage at TP4 is
fixed, and the sample voltage at TP6 is adjusted at a 100 kHz rate by the power supply
circuitry to be equal to the reference voltage at TP4.

Block B4 contains a simple ramp circuit consisting of an RC timing circuit, R8 and C3.
R8, a 1 kQ resistor, and C3, a 0.01 uF capacitor, make up a 10 ps (100 kHz) timing
circuit. As the 80% duty-cycle square wave input from block B2 goes HIGH, C3 begins
charging through R8.
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PWM Switching Power Supply I (Skills07-1), continued

The charging of C3 through R8 causes the output signal at TP9 to form a voltage ramp
during the HIGH portion of the square wave input. Since the input waveform does not
have a 100% duty cycle, the ramp never reaches the full potential of the square wave; it
cuts off when the square wave goes LOW at the 80% charged mark.

C3 has charged to 7 to 8 volts the instant the incoming square wave goes LOW. This
forward biases D4, causing a quick discharge of C3 through D4, and a sharp drop LOW
in the ramp waveform. C3 discharges down to the point where D4 is no longer forward
biased, about 0.7 VDC. When the incoming square wave goes HIGH, the process starts
over again and continues at the rate of 100 kHz. Figure 4 compares the original square
wave at TP8 to the ramp signal at TP9.

20 ps »|
10 ps Pl 10ps —>

AKX

TP9
\ coy sy

Figure 4

The unregulated DC voltage is used through R7 to provide a DC offset voltage to the
ramp waveform signal. R9 and C4 comprise a low pass filter to remove high frequency
noise. The resulting composite signal is the Ramp signal. The Ramp signal exits the
circuit card at J1 terminal 4. See Figure 5 for a view of the Ramp signal.

J1 has three outgoing voltages or signals: the unregulated DC voltage at terminal 1, the
Reference signal at terminal 3, and the Ramp signal at terminal 4. There is one incoming
voltage on J1 terminal 2: the feedback DC voltage from the output filter circuit in

block B7 on the PWM Switching Power Supply II circuit card. Terminal 5 of plug J1 is
ground.
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PWM Switching Power Supply IT (Skills07-2)

The Reference signal from J2 terminal 3 and the 100 kHz Ramp signal from J2 terminal 2
are applied to U3A in block B5. The Reference signal, a changing DC voltage, can be
viewed at TP15. The Ramp signal is available at TP14. U3A is one-half an LM393, a
voltage comparator, and is powered from the unregulated DC voltage at J2 terminal 5.

e 20 ps >

%
= 10 ps 3| 10ps 3|
3 H

P16

Figure 5

See Figure 5, the timing chart for U3A. U3A compares the voltage levels of the
Reference signal at the positive input, pin 3, and the Ramp signal at the negative input,
pin 2. As long as the Ramp signal is equal to or greater than the Reference signal, the
output of U3A at TP16 remains LOW. However, when the Ramp signal is less than the
Reference signal, the output of U3A goes HIGH. ,

The Ramp signal is very static and does not change. The Reference signal, a DC voltage,
is developed from U2, the op-amp in block B3. The reference signal changes with the
overall power supply output voltage in a reciprocal fashion.

If the power supply output voltage decreases, the reference voltage increases. If the
power supply output voltage increases, the reference voltage decreases. The Ramp and
Reference signal levels are constantly compared by U3A.

If the output current should rise, causing the output voltage to reduce, the Reference
signal is increased, causing more of the Ramp signal to be below the Reference line.
This increases the duty cycle of the output waveform, causing the output signal to be
HIGH for more time during the 10 ps cycle.
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PWM Switching Power Supply IT (Skills07-2), continued

Likewise, should the output current demand drop, causing the voltage to increase, the
Reference signal reduces, and less of the Ramp signal is below the Reference level. This
reduces the duty cycle of the output at TP16. R17 provides negative feedback to prevent
the comparator from going into oscillations caused by stray capacitance.

The correction of the output voltage occurs at the ramp frequency of 100 kHz, or once
every 10 us. Small correctional changes in the Reference level and the output waveform
duty cycle can be noted as the load conditions change.

The output at TP16 is applied to the base of Q2. Q1 and Q2 are arranged in a Darlington
Pair. A Darlington Pair consists of two transistors in tandem arranged so the current
amplified by the first transistor (Q2) is further amplified by the second transistor (Q1).
The Darlington Pair configuration offers higher current switching than a single device.

The output of the Q1/Q2 pair is the emitter of Q1, where a series of positive pulses at
100 kHz can be found. The waveform, viewed at TP11, follows the timing of the
waveform at TP16.

The pulse width (duty cycle) of the waveform at TP11 will vary based on the current
demand, longer during high current demands, and shorter when less output current is
required. The waveform will have a tapered trailing edge under low current demand
conditions. The peak voltage will be at the unregulated DC voltage level.

The output of Q1 flows through R12, a 1.5Q), 3W resistor. TP11 is common to one side
of R12; TP12 is common to the other. All the output current from the power supply
flows through R12.

The power supply output current can be calculated by measuring the voltage drop across
R12, and then dividing the voltage drop by 1.5, the R12 value. The calculated answer
will be the output current, usually 50 to 150 mA in normal operation.

Across R12 is Q3, the current limiting transistor. The base of Q3, at the TP11 side of
R12, will be more positive than TP12, common to the emitter due to the voltage drop of
R12. The voltage drop, and the voltages at Q3's base and emitter junction, will increase
or decrease with the current demanded by the load.

Should the voltage drop across R12 increase to 0.6 VDC, the load is pulling too much
current. At this point Q3 becomes forward biased and conducts. When Q3 conducts, the
collector is pulled down to the emitter voltage, which forward biases D7. This also pulls
the output of U3A LOW, disabling the switching power supply until the high load is
removed, reducing the R12 voltage drop and preventing Q3 from conducting.
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PWM Switching Power Supply IT (Skills07-2), continued

The large circular device dominating the PWM Switching Power Supply II circuit card is
inductor L1. L1 and C7 make up a low-pass filter arrangement, which filters the 100 kHz
output from QI into steady DC voltage. The frequency of the switching power supply,
100 kHz, allows the relative small size for C7. The DC voltage at TP13, the power
supply output, is 8.5 VDC for this application but is adjustable between 1.5 and 10 VDC
using R4 in block B3.

Block B8 contains a visual indicator for power supply output, DS2. R14 provides current
limiting for DS2, holding the current flow through DS2 down to about 15 mA. R15,
switched on by S2, adds a load to the power supply if no external load is applied; or it
can be used to provide additional load with an external load. DS3 illuminates when S2

is closed and R15 is added as a load.

An over-voltage protection circuit is in block B9. Should the output voltage exceed set
limits, the circuit activates, removing the switching power supply output from the
external load. The power supply output voltage leaves the circuit card at terminal T and
can be measured at TP17.

The over-voltage protection circuit is powered by the unregulated DC voltage source at
TP18. Operating like U3A in block B5, another voltage comparator, U4B in block B9
compares a known voltage to a sample voltage to determine if the sample voltage is
above the set limit. :

The known voltage is also derived from the unregulated DV voltage, through R19, but
fixed to 5.1 VDC by D9, a zener diode. R23 taps the fixed 5.1 VDC, allowing a user-
variable voltage input at pin 6, the negative input. The negative input to U4B, the
reference voltage for the voltage comparator, can be measured at TP20 and adjusted by
R23. The voltage will be 1 to 2 VDC with an 8.5 VDC output.

The regulated power supply output from TP13 in block B7 is the source for the positive
input to U4B. The regulated voltage is reduced by the R20/R26 voltage divider to
provide the sample voltage input. This input can be verified at TP19. The voltage at
TP19 must be less than the voltage at TP20 for the circuit to operate normally.

The output of U4B, at pin 7, remains at less than 0.25 VDC. Should the sample voltage
at the positive input exceed the reference voltage at the negative input, U4B activates and
the output at pin 7 will increase to over 1 VDC. This voltage can be viewed at TP21.

When the U4B output voltage at TP21 increases, it forward biases the base-emitter
Junction of Q4. This pulls the collector LOW, energizing relay K1. When the relay is
energized, the regulated output voltage at the normally-closed relay contact removes the
voltage to the external load and TP17. LED DS4 provides a visual indication of the over-
voltage condition. Diode D8 is placed across K1 to eliminate inductive kickback when
the relay power is removed.

Copyright © 2015 by Nida Corporation 10
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Load (Skills07-3)

The Load circuit card provides a constantly-changing load for the PWM Switching
Power Supply.

Block B10 is an onboard linear power supply using a 78112 single IC regulator, IC1.
R27 provides isolation and minor circuit protection from the power source, the
unregulated DC output from block B1. C11 and C12 eliminate noise at the input and
output of IC1. The output, +12 VDC, can be verified at TP26. The regulator supplies
power to blocks B11 and B12.

Block B11 contains two voltage comparators, USA and U5B. Both comparators monitor
the input regulated voltage from the PWM Switching Power Supply. U5A monitors the
incoming voltage for a too low condition. U5B monitors the incoming voltage for a too
high condition. Should the incoming voltage be too high or too low, one of the
comparators will activate, disconnecting the voltage to the load circuitry in block B13.

A single output measured at TP29 in block B12 can be used to determine the condition of
the incoming DC voltage. TP29 will be HIGH, at +12 VDC, and LOW at about 1.5 VDC
_when either USA or U5B have determined the incoming DC voltage is out of tolerance
and switches ON to protect the Load circuitry.

Both U5A and US5B are in the single IC labeled U5. Each voltage comparator operates
independently but has almost identical circuitry. You will note the only difference
between USA and USB is the reversal of the input voltage sample and the reference
voltage inputs at the negative and positive inputs.

USA has the input voltage sample at the positive input, pin 3, and the reference voltage
derived from the +12 VDC power supply in block B10 at the negative input, pin 2. R40
sets the lower limit reference voltage. When properly set up, pin 1, the output of U5A,
will be normally HIGH, about +12 VDC but will go LOW, to less than 1 VDC, when the
comparator activates because the sample voltage at the positive input drops lower than
the reference voltage at the negative input.

USB has just the opposite inputs: the input voltage sample at the negative input, pin 6,
and the reference voltage at the positive input, pin 5. R40 sets the upper limit reference
voltage. When properly set up, the output at pin 7 will be HIGH normally, but go LOW
when the comparator activates because the sample voltage at the negative input rises
above the reference voltage at the positive input.

The outputs of the USA and USB comparators have output indicators, DS5 and DS6, to

indicate an input voltage that is out of tolerance. A LOW at either comparator output
will illuminate the associated diode.

Copyright © 2015 by Nida Corporation 11
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Load (Skills07-3), continued

The comparator outputs are connected to the cathodes of switching diodes D11 and D12.
Diodes D11 and D12 are not conducting in normal conditions with both the cathodes and
the anodes HIGH at +12 VDC. When either comparator output goes LOW, the cathode
voltage of the associated diode drops to 0.5 VDC and the diode becomes forward biased,
causing the output at TP29 to drop LOW to about 0.5 VDC.

TP29 is the input to block BI2 containing the power relay and driver. TP29 is common
to the negative input of another voltage comparator, U6A, at pin 2. The positive input,
pin 3, is fixed at about 6 VDC, half the +12 VDC supply voltage from block B10. In this
configuration, U6A has a LOW (1 - 1.5 VDC) output at pin 1 under normal conditions.
The output condition of U6A can be confirmed at TP31.

The U6A output rises HIGH should either of the U5 comparators activate, pulling pin 2
of UGA LOW. A HIGH output at U6A pin 1 reverse biases DS7, extinguishing the
Relay On LED, but also reverse biases the base-emitter junction of Q5.

Q5 is a PNP transistor, the driver for relay K2. In normal operation, Q5 has proper bias
and keeps K2 energized. When the U6A output goes HIGH, Q5 is reverse biased and
current stops flowing in the relay K2 coil. The load in block B13 is then removed from
the circuit through the action of K2. The collector of Q5 can be measured at TP32. A
HIGH condition (+12 VDC) at TP32 indicates Q5 is reverse biased.

The load for the PWM Switching Power Supply is a group of 18 LEDs, DS$ through
DS26. The LEDs are configured in three different sized concentric circles of 6 LEDs.
Each circle is also made up of different colored LEDs.

The smallest circle, configured of red LEDs, switches on and off at the fastest rate. The
next circle, made up of yellow LEDs, is larger and switches at a slower rate. The largest
circle, of green LEDs, flashes at the slowest rate. All the LEDs are configured so that
only half of each circle (3 LEDs) is illuminated at one time.

The flash rate and LED selection is done by U7, a 14-stage ripple counter IC with an
onboard clock. The clock speed is controlled by an RC circuit consisting of R35, R42,
R45, and C15. R35 is a variable resistor, allowing frequency adjustments. The clock
frequency is 100 Hz.

Two test points are provided in the clock timing circuit, TP37 and TP38. TP38 provides
a clean square wave of 100 Hz at 8.5 VDC with a 55% duty cycle.

Copyright © 2015 by Nida Corporation 12
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Load (Skills07-3), continued

The waveform at TP37 will also be 100 Hz, but the waveform will reflect the charge and
discharge action the square wave has on C15. Placing the oscilloscope on TP37 without
setting the oscilloscope probe to x10 mode will excessively load the circuit and shut
down the oscillator. With the oscilloscope probe at x10, the probe might still load the
circuit enough to change the frequency slightly.

A ripple counter is a series of flip-flops strung together with the input of each stage
connected to the output of the preceding stage. Each stage toggles on the negative
transition, and the output frequency of each stage is one-half the input frequency.

So, the initial clock frequency of 100 Hz is divided to 50 Hz by stage 1, 25 Hz by stage 2,
12.5 Hz by stage 3, etc. The outputs used to illuminate the LEDs are the 5th, 6th, and 7th
stages with frequencies of about 3 Hz (100Hz/2°), 1.5 Hz (100Hz/2°), and 0.75 Hz
(100Hz/27). This translates to waveform times of 320 ms (red), 640 ms (yellow), and
1.28 s (green) for one full cycle, or 160 ms (red), 320 ms (yellow), and 640 ms (green)
for the ON time for the LEDs.

The switching waveforms for the LED outputs can be viewed at TP34, TP35, and TP36.
The LEDs are configured so 3 LEDS are illuminated when each output is HIGH and then
the other 3 are illuminated when the output is LOW.

OPERATIONAL CHECK

1.  System Setup

Refer to the circuit card illustrations following these instructions for the locations of test
points, LEDs, and variable resistors.

a.

Verify that the circuit cards Skills07-1 (PWM Switching Power Supply I), Skills07-2
(PWM Switching Power Supply IT), and Skills07-3 (Load) are installed on the Nida
130E Test Console in positions PC1, PC2, and PC3, respectively.

Verity the short 5-pin jumper cable between J1 and J2. Do not twist the cable; the
wires should not cross over each other.

Set all variable resistors on Skills07-1, 2, and 3 to mid-range position.

Set S1 and S2 to the ON (UP) position.

Press the AC Power switch on the PC1 position. Verify that the PC1 AC
LED is illuminated.

Verify the DS1 LED in Block 1 (B1) and the Output LED in Block 8 (B8) are
illuminated. Ignore ALL other LEDs at this time.

Copyright © 2015 by Nida Corporation 13
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OPERATIONAL CHECK, continued

2.

Circuit Set-up

a.

b.

Using the multimeter, adjust R40, the Lower Limit control, for 8.25 VDC at TP27.
Using the multimeter, adjust R30, the Upper Limit control, for 8.75 VDC at TP28.

Using the oscilloscope, adjust R11, the Frequency control, for a 100 kHz (10 ps)
waveform at TPS.

Using the multimeter, adjust R4, the Output control, for 9.25 VDC at TP13.

Set R23, the Level control, fully counterclockwise. Then, slowly adjust R23 in a
clockwise direction just until DS4, the Over (voltage) LED in Block 9, illuminates.

Readjust R4, the Output control, for 8.5 VDC at TP13. The Varying Load LEDs
should be flashing.

Using the oscilloscope, adjust R35, the Clock control, for 100 Hz (10 ms) square wave
at TP38. The PWM Switching Power Supply and Loads circuitry should be
functioning normally. Complete the Operational Check by Performmg the Limit
Verification check.

Limit Verification Check (Low, High, and Over)

a.

b.

Using the multimeter, monitor the voltage at TP13.

Slowly adjust R4 counterclockwise until the Low LED illuminates. Voltage at TP13
should be approximately 8.25 VDC and the Varying Load LEDs should not be flashing.

Slowly adjust R4 clockwise until the High LED illuminates. Voltage at TP13 should
be greater than 8.75 VDC and the Varying Load LEDs should again, not be flashing.

Slowly continue to adjust R4 clockwise until the Over LED illuminates. Voltage at
TP13 should be greater than 9.00 VDC and voltage to the Load circuit is removed and
the Low LED illuminates.

Readjust R4, the Output control, for 8.5 VDC at TP13. The Varying Load LEDs
should be flashing.

End of Operational Check.
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CIRCUIT CARD PICTORIALS & TEST POINT LIST
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PWM Switching Power Supply I
Test Point Description Normal Condition
TP1 DC Unregulated 15-19VDC
TP2 DC Regulated 8.5VDC
TP3 Fixed +10 VDC 10 VDC
TP4 Reference Input (+) 8.6-9VDC
TP5 Reference 10.5-11.5VDC
TP6 Sample Input (-) Equal to TP4
TP7 Oscillator 100 kHz
TP8 Buffer Output 100 kHz Square Wave
TP9 Ramp Output 100 kHz Ramp Wave
TP10 Ground Ground

PWM Switching Power Supply I Test Point List
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CIRCUIT CARD PICTORIALS & TEST POINT LIST, continued
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PWM Switching Power Supply II Logic Circuit Card

Test Point Description Normal Condition
TP11 Switch Output 100 kHz Switch Output
TP12 Limiter Output 100 kHz Switch QOutput
TP13 Filter Output 8.5VDC
TP14 Ramp Input (-) 100 kHz Ramp Signal
TP15 Reference Input (+) 10.56-11.5VDC
TP16 Comparator Output 100 kHz Switch Signal
TP17 Over-Voltage Output 8.5VvDC
TP18 Unregulated DC 15-19VDC
TP19 Regulated Input (+) 1.5-2 VDC
TP20 Reference Input (-) Higher than TP19
TP21 Comparator Output Less than 0.25VDC
TP22 Relay Drive 14-19VDC
TP23 Ground Ground

PWM Switching Power Supply II Test Point List
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CIRCUIT CARD PICTORIALS & TEST POINT LIST, continued
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Load Circuit Card
Test e Normal Test s o
Point Description Condition Point Description Normal Condition
TP24 DC Input 8.5VDC TP32 Emitter of Q5 0.6 VDC Over TP31
TP25 Unregulated DC 15-19VDC TP33 Load Input 8.5VDC
TP26 | System Power Output 12VDC TP34 U7 Q5 Output 3 Hz Square Wave
TP27 Lower Limit Input (-) 8.25VDC TP35 U7 Q6 Output 1.5 Hz Square Wave
TP28 Upper Limit Input (+) 8.75VDC TP36 U7 Q7 Output 0.75 Hz Square Wave
TP29 Comparator Output 12VDC TP37 | 100 Hz Clock Source | 100 Hz Spiked + Ramp
TP30 Comparator Input (+) 6 VDC TP38 | 100 Hz Clock Output 100 Hz Square Wave
TP31 Base of Q5 1-1.5VDC TP39 Ground Ground
Load Circuit Card Test Point List
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Electronics Contest Troubleshooting Project

TROUBLESHOOTING PROJECT

Overview

Total Time - 110 min Total Points - 300 Overall Weight - 30%

Instructions
You will be scored on your ability to:

1. Read and follow instructions.

2. Perform an operational check.

3. Recognize abnormal circuit operation.

4. Identify an appropriate resolution for circuit conflicts.

Judges are NOT permitted to answer questions during the competition. Should you
encounter a technical problem, you may request assistance by pressing the “H” key and

then the “ENTER” key on the test console. All technical problems will be corrected
by the Judge and no demerits will be assessed.

Judges WILL assess a 2 point demerit for each violation of the following. Demerit
points will be used as a discriminating factor in breaking ties.

1. Unwarranted requests for assistance ( 2 points )
2. Identifying good equipment as faulty (2 points )
3. Failure to follow instructions ( 2 points )
4. Safety violations ( 2 points )

v Wearing jewelry
v" Not wearing safety glasses when required
v" Improper use of equipment

Materials Required

Troubleshooting Project Contestant Handout

Technical Manual

Reference Manual (Data Sheets)

Skills07-1 PWM Switching Power Supply I Circuit Card
Skills07-2 PWM Switching Power Supply 11 Circuit Card
Skills07-3 Load Circuit Card

5 Pin Jumper Cable

Oscilloscope

Multimeter

Nida Screwdriver

Nida 130E Test Console

Miscellaneous Hand Tools as Required

Copyright © 2015 by Nida Corporation 1
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Procedure

Log-in. Observe the display on the Nida 130E Test Console and ensure that it looks like
the example shown in Figure 1. Verify that your contestant number replaces the [--- xx ~--]
shown in the example.

TROUBLESHOOTING
[ xx =]
Part 1
Judge’s Code: ____

Figure 1

Part 1 is worth a maximum of 30 points. You will be required to perform the Operational
Check on the PWM Switching Power Supply and Load circuits.

Parts 2 - 19 are worth 270 points and will test your ability to perform an operational check

and troubleshoot the PWM Switching Power Supply and Loads circuitry. Detailed
instructions will be provided before you begin.

CAUTION! During this Troubleshooting Project, use only test points when measuring
voltage, current, and resistance during the malfunction identification process.

Remember to remove voltage from the circuit during
resistance measurements or a safety violation will be assessed.

DO NOT REMOVE CIRCUIT CARDS OR CABLES FROM THE TEST CONSOLE.

Begin when ready!

Copyright © 2015 by Nida Corporation 2
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Part 1

a. Perform the Operational Check provided in the “Technical Manual”. When you have
ensured that the PWM Switching Power Supply and Load Systems are operating correctly,
proceed to step “b”.

b. When your circuit has passed the Operational Check, configure the oscilloscope and
multimeter to monitor the following test points:

1) Multimeter - TP13
2) Oscilloscope — Channel 1 Probe at TP8

c. Pressthe "H" key and then the “ENTER” key on the keypad to request your first
verification check.

The Judge will review your setup and alignment, perform a test, and then input your score
into the test console.

*#%% Continue with Parts 2 — 19 when Ready ****

Copyright © 2015 by Nida Corporation 3
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Part 2 through 19

a. Observe the display on the Nida 130E Test Console and ensure that is looks like the
example shown in Figure 2 with your contestant number in place of the [~ xx ---].
Verify that Part 2 and the word Proceed are displayed.

TROUBLESHOOTING
[ - %X -]
Part 2
Proceed:
Figure 2

b. The remaining Parts 2-19 will test your ability to identify the operational state of the PWM
Switching Power Supply. Each of these 18 parts is worth 15 points and will be judged on
your answers to the following four questions:

Proceed? “Are you ready to continue?” Answer: “Y”
Pass or Fail? “What is the result of the operational check?” Answer: “P” or “F”
Block #? “Which block is causing the problem?” Answer: “1” through “13”

Reference #? “Which Reference # best describes your problem?”
Answer: “1” to “22”

r DN~

Question 1: When the word Proceed is displayed on the Nida 130 Test Console, the
PWM Switching Power Supply and Load circuits are in a normal operating state. No
malfunction is present and operational readiness may be verified using the Operational
Check in the "Technical Manual". Enter a “Y” when you wish to continue.

Question 2: Each of the 18 parts may or may not have a fault. If the circuit passes your
operational check, enter the letter “P” for pass; you will immediately move to the next part
of the troubleshooting project. If the circuit fails your operational check, enter an “F” for
fail; you will go to the next Question.

Question 3: Isolate the problem to a functional block. Use only test points for
troubleshooting. Enter the number from 1 through 13 (as marked on the schematic and
circuit cards) that correspond to the functional block on the circuit card that is causing the
problem.

Part 2-19 continued on next page
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Part 2 through 19, continued

Question 4 requires you to identify the failed component. Select the reference number
from the Malfunction Descriptions provided on page 6 of this handout. Choose the
description that best describes the defect. Enter that reference number in the console.

CAUTION! During this Troubleshooting Project, use only test points when measuring
voltage, current, and resistance during the malfunction identification process.

Remember to remove voltage from the circuit during resistance measurements
or a safety violation will be assessed.

* Do not perform adjustments while troubleshooting; *
No malfunction can be corrected by making adjustments.

DO NOT REMOVE CIRCUIT CARDS OR CABLES FROM THE TEST CONSOLE.

-
*
D
H 3

**%% Continue When Ready
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MALFUNCTION DESCRIPTION

Locate the CIRCUIT CARD # and associated MALFUNCTION that best describes the
operation of your circuit. Enter the corresponding REFERENCE # on the Nida Test Console
keypad. Malfunction descriptions may be used once, more than once, or not at all.

CIRCUIT CARD # MALFUNCTION REFERENCE #
Skills07-1 U2 1
Skills07-1 D3 open 2
Skills07-1 UIE 3
Skills07-1 R5 open 4
Skills07-1 R3 open 5
Skills07-1 R8 open 6
Skills07-1 C3 shorted 7
Skills07-2 C9 shorted 8
Skills07-2 U3A 9
Skills07-2 D9 shorted 10
Skills07-2 Q1 C-E short 11
Skills07-2 D9 open 12
Skills07-2 L1 open 13
Skills07-2 Q4 C-E short 14
Skills07-2 Q1 or Q2 B-E open 15
Skills07-3 R48 open 16
Skills07-3 u7 17
Skills07-3 C15 shorted 18
Skills07-3 K2 open 19
Skills07-3 IC1 20
Skills07-3 UGA 21
Skills07-3 D12 open 22
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Electronic Technology Contest Judge's Scoring Guide

TROUBLESHOOTING PROJECT

Overview

Total Time - 110 min Total Points - 300 Overall Weight - 30%

The Troubleshooting Project has 19 parts. Contestants will use the preassembled circuit
cards Skills07-1, Skills07-2, and Skills07-3 to demonstrate their ability to recognize and
analyze fault conditions. Judges will observe, score, and enter the results into the Nida 130E
Test Console during Part 1.

General Guidelines

a.

Judges may NOT provide technical assistance or give advice during an event.
Judges will ensure all materials have been issued prior to the start of an event.
Judges may assist with technical problems that interfere with an event.
Judges must respond immediately to a HELP request.

Demerit Codes

o Unwarranted requests for assistance...........oovevvvveeviivirieiceinenns J33
e Identifying good equipment as faulty ..........ccocoeveeveeeeeinnnnnnee J43
e Failure to follow inStructions.........ccevveerieriviiiciceie e J53
e Safety VIOIAtioNS «..coceceverieriireiiceeeeee et J63
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Electronic Téchnology Contest Judge's Scoring Guide

Event Scoring Points
PART 1
Operational ChecK.......ccconmiicicicnnneererenseensseesasnesens .0,5,10,15,20,25, or 30

1. Multimeter at TP13 ...ccociiiiiiniieiieiciceter et 5
2. Reading 8.5 VDC at TPI3.....cciiiiiiieicreeccecce e 5
3. Probe T at TP ..ot 5
4. Reading 100 Hz square wave at TP8...........cocveveveverieceiecieeesen 5
5. Varying load lights flashing .........cccceveeeriiiinieiieeceeeeceee e 10
PART 2-19
TroubleShOOting .....cccvviiiiiiiniiiiiiinsinninniinniiesensaessesssesssssessessessessessessessessesssonsossoseones 0to 270

** END OF EVENT **
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Electronics Contest Written Test

WRITTEN TEST

Overview

Total Time — 60 min Total Points — 150 pts Overall Weight — 15%

Instructions

1. Read and follow instructions.
2. Answer questions correctly.

Judges are NOT permitted to answer questions during the competition. Should you
encounter a technical problem, you may request assistance by pressing the “H” key and
then the “ENTER” key on the test console. All technical problems will be corrected by
the Judge and no demerits will be assessed.

Judges WILL assess a 2-point demerit for each violation of the following. Demerit
points will be used as a discriminating factor in breaking ties.

1. Unwarranted requests for assistance ( 2 points )
2. Identifying good equipment as faulty ( 2 points )
3. Failure to follow instructions (2 points )
4. Safety violations (2 points )

Materials Required

Written Test Project - Contestant Handout

Paper Test Question Booklet

Back-up Paper and Answer Sheet (at the end of this manual)
Nida Model 130E Test Console

Pencil

Quick Reference Listing

[S] Enter “S” to skip question
[R] Enter “R” & question number to go to a specific question (example - R26).
[Y] Enter “Y” to answer a yes question.
[N] Enter “N” to answer a no question.
[EXIT] Enter “EXIT” to end the test.

[1,2,3,4] Enter these numbers to identify correct answer.
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Electronics Contest Written Test

Procedure

1. Observe the display on the Nida Model 130E Test Console and ensure that it looks
like the example shown in Figure 1. Verify that your contestant number replaces the
[ xx --] shown in the example.

[—xx~]
WRITTEN TEST

Question1[ 1:___

Figure 1

2. Read the question carefully and select the best answer from the choices. A correct
answer is awarded 2 points. Questions skipped (never answered) are awarded zero
points.

3. If you wish to answer the question, enter the “1, 2, 3, or 4” number designator on the
Nida Model 130E Test Console keypad and press ENTER. Your response will be
recorded, and the display will sequence to the next question number.

4. 1f you choose to skip a question, enter the letter “S” on the Nida Model 130E Test
Console keypad and press ENTER. No response is recorded (never answered), and the
display will sequence to the next question number.

5. When all 75 questions have been displayed in sequence, you will be asked if you are
finished. Enter “Y” to end the test. Enter “N” to begin the review mode. You will jump
to the beginning of the test. If you wish to go to a specific question number, enter “R”
followed by the question number. For example, R26 will take you to question number
26.

6. Entering the word “EXIT” at any time will end the test.

7. Questions MUST be answered using the Nida Model 130E Test Console keypad in order
to receive credit. However, the scratchpad answer sheet has been provided as a
reference. The scratchpad answer sheet will be destroyed at the conclusion of the test
and will have no bearing on final test results. Begin when ready.
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Written Test

Electronics Contest

CONTESTANT SCRATCHPAD ANSWER SHEET - WRITTEN TEST

Total Points - 150
CONTESTANT #:

26.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.
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