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Figure 2-28. Electrical symbols.



Electronics

ij: a kafu g u J p Reference Sheet v1.1b

REGUL ATOR Resistor  pigit muttiplier Tolerance

CAPACITOR ' - 0.01 +10%
! + g LM78xx)  SIver
Gold - 0.1 +5%
q) .
O o Black 0 1
E O Brown 1 10 +1%
-ES' 8 Red 2 100 +2%
O < @ ® Vin. ‘ Vout Orange | 3 1k
5 Yellow 4 10k
Marked by |8 £ Green 5 100k  +0.5%
co(ljcgtor/v ’ ) Blue . 6 1M +0.25%
%}_ ) VOUT Violet 7 10M  +0.1%
* Gray 8
' NOISE (CAP)
- NOISE( Wh| te 5 9

DIODE —{&- -

NPN transistor (Current sink)
(e.g. PN2222) vee N-channel MOSFET

TO-92  SOT-23 h 4 P
m D
i

-

B C G S
Gate Source
= INPUT r>

=

1st Digit 1st Digit —3
2nd Digit ond D?git
Multiplier Multiplier
Tolerance

Drain

GND .
PNP transistor (Current source) )
(e.g. PN2907) P-channel MOSFET V(:‘.CI\(I:D

TO-92 SOT—23
IN

PUT INPUT & \
\ SOT-23 @
L Gate Source \Q

E B C Draln

G S N
GND
GND

* Please note that some components may have a different pinout than the one showed above, you should always check the
data sheet before using a new component.

(C)2012 Akafugu Corporation. Comments and suggestions are welcome at info@akafugu.jp



Al SES & & S SN S A A S S A A S s 200
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10e0 on cu drawn L 4 F jhzjxﬂ:»—{ ADX2 )_{_‘HR g 3
T— ARDUINO ARDUINO - e : ARDUINO
[ PORT PIN & 1§ aff o] 2
ATMEGA328 PIN FUNC US‘ng Arduino as ICSP Programmer for ATTinydﬁ/Bs ATTW MEGA ATMEGASU2/ATMEGAIGU2 ICSP : ; : (s = E
DIGITAL PIN PSOUY OMGRAS = = = H-m»{ v -G TYPE B =
= - ] - = PINOUT DIAGRAM = eun S aen 1 § ‘
i - = - = §
k - s - _{% £ E e PINOUT DIAGRAM
m - = . “ 3 =
. A fraizts o g vin sou
) , Wi
range - e M e | oas HEEEEE-EE-{ Povn |- )-e o{rm - ronn -EH-NER- - o 0 - W 2
g B o H oo H occs —m-— PONTE | P84 e o P8l | PONT —!—n— AN: - ocos -~ oA H oo N o o tieabie the avtorest —p— S p— '
| oo 3 o{reo}-{ ronro |- ONNRE QNN v | ocon o BCA { e mﬁ?j:mmz:_ o) o © " v
provides o Logle reference voltoge AREF AREF
0 ¥ - 3 commected to the SV bus
Yellow 4 4 4 | 10e4 4.00% B \ B . p
) e : - -—‘ ® roner ' 18 [TRSHEY] PCINT4 | MISO
ko e el s e
G [wee |} - . ¢ | ‘ e 1 S ® 5 : : b4 fC¥re1-{ 9 | OClA_H PCINT1)
reen m" - PCITS {0 [~ z o= A0 ~|_PCNTO ’_-_m- r ‘KOIOE e V g ® o z ] ; 14 [T CLKO ~ PCINT® 1cP1 £58
(s HOeon Hom)- 3 gleaighcully g« 1 Saog) 8 . = PO7HHIZ - AINL HHPCINT23) x5
aw  —{ Reser { ponTi P83 |- % o~z — ronz HEHTHED IBM?RKOB @ vin : : poc QR e —PCINTZZE— T + ,
- OCOA = Cxout n NTO | PONTIO ;| P82 |~o E &~ PA3 ~{_PCWTS “ (“ADC@ H pcINTS '—{IT? B 1 E: 5§ H T :IPCIN?!: — ' i
o M PONTT +{ PAT }—o ot — xwe —{nocan-ITR sx { sa potay (CADC1 }- PcInTs H{15 | AL a ] PD4H 4 | Te |HPCINT20} £3°
| < o —— IR < ‘ ) [TADC2 —PCINTie 16| A2 " u PD3H 3 INT1 +pcInTio-{PWMIN- oC28 21
Cow s wos sk s QB GG v e SLCUSLTNY 3+ - & SECCRSENY =] A fosotuts max g pin 4oet 0 ecoms e . Dy ST POV S—
E: solute max . n Po1H 1 TXD HPCINT17} {1
_—” 9 Forent Zm [ SCL :{{ ADCS }}::g:::;:{{ :: :‘5 o - PDRH @ | RXD |-PCINT16} { RX | o
Vio‘et Using Arduino as ICSP Programmer for ATTiny44 /84 T:” =
SRS PasH_ 13 PCINTS | {scK | Contron
L @ it [RESET | {PCINT14} nvce'—l [?8!’84 12 {PCINTA | {_ MISO !‘;;:‘;;: R
=S v;: :?r o ' 3 [ | Pin Function
(pos1 H Pin Function % [ Digital Pin
Digital Pin W ‘~J"~~" " Nu:g?nﬁtla(ed Pin
_ - }OI e ZE:.‘. ::K.n 158ma .r-'lzsv:EB 2:)];32 013 me)"{ 11 }“ 0C2A H{ PCINT3 m MOST | .[:.]2:"' Total 158mA
i 29 AN 2013
White 9 9 9 | 10e9 - ’ - orint size: 96.4mm X 65.2mm cc2000230 '
8 @ K 985°’s SMD chart vB.1
. . . —— Q al ero S char vY.
e e ] e vy o Smo i . a ~ NI [l
Gold loe-l 5,00% AAA Micro LRO3 24A (akaline) 1200 (akaline) 15 Cylinder +Nub L44.5mm IE L'l o.,. 0 (9]- o (- IIII -I ol Lol i b Juun
‘ (LT . —
Microlight (akaline) 24D (carbon— 540 (carbon—zinc) 1.2 (NWH and cylinder end D 10.5 mm o (73] - (‘ 1 b O = (. IIIII““II _I — ", Tmo
ST Dl . g=clmmms 2 cmmg S5 == o -
N - e - s ~E=smmisE SE £ &2, ==
Skt el i —— g cESEES8EES <E E <E2¢ ES ,.
AA Penci-sized LRS (akaline) 15A (akaline) 2700 (akaline) 15 Cyfinder + Nub L50.5mm \a I_I — E = = E m tllllll'lj m = — — = \
(carbon— 15D (carbon— 1100 (carbon-zinc 1.2 (NMH and cylinderend D135- —— — — — —-— — —
o amam—— - e cm gl SE ) = &E T2 S N
1 itha 15LF (Lithi opposite =
No band 20.00% ww e s - & @ o i 2 L 2 e~
Type 316 (Soviet HRE (NMH)  1.2H2 (NWH)  600-1000 (NiCd) e . .
® 3.Terminal Regulators ® High Power-Dissipation Capability l Union/Russia) 10015 (NCd) G ® 5 5
® Output Currentupto1.5A ® Internal Short-Circuit Current Limiting KRISTISt n g I_I m: LT -=] P — e=p=
©® Internal Thermal-Overload Protection ® Output Transistor Safe-Area Compensation i :‘(:M) 8 m m - EE E (_ I I I I I _l %= = mg g ’,
BE (TO-;?‘),'PEA‘:)KAGE KTTEO:A&KEAW)GE MN1400 LR14 14A (akaline) 8000 (akaline) 15 Cyfinder  +Nub L50mm . I()E g = = — = = E E
. (T . gm i:t:l,o,._ :::)(cm jaoomubo:;;x)) 1.2 (N cyF:ww D26.2mm IE !I E - dE E = 8 = o = = § E TO268
2|0 F——— COMMON 3 —= OUTPUT Type U3 (Soviet  zing) opposite @ @ a= E - - o 3
B e mm o : [ o S - &L 4 SIS @
Kecs (nggov)l:cv‘;KAGE 3 = INPUT s - = ¥ =
In Britai 13A (akaline) 12000 (alkakine) 1. finder  +Nub L61.5mm - — =
— I e e | e == EE . cap A cimmnnz gl =€ |E
PARAMETER TEST CONDITIONS Tt Flashight Battery R0 (carbon—  zinc) 9000-11500 (NMH) -Fat a m'ﬁl u .] — I I I I I I I 7] — - @ |wm= a |l=
SN e == o — I_l (Y] — — —_——- g m=| g |= YO
Output vol 10 =9 B0 Vi=7TVo20V, st . CE inioee ond [ee} - 4V & N—r— —— - n |=
utput voltage Pp<15W 0°Cto 125°C | 4.75 525 T — — p” Q . (=] . < == g == = O = = N =
= 3 00 L —— — = P
Input voltage regutation :: - :z:: fzz 25°C - 150 mv ki sﬁnf:,w IE |-I 5' -I %lil § % g —— —— = 8 = = 8 =
Ripple rejection Vi=8Vto 18V, f=120 Hz 0°C to 125°C 62 78 dB PP3 BLRS1 1604A 565 (akaline) 9 Rectangular bothsmal  H48.5mm 73} o Q | =— _= = = E (73] E
) lo=5mAto1.5A 28°C 15 100 mv Radio battery (akaline) (akaline) 400 (carbon-zinc) 7.2 (NiMH and end L 26.5 mmW - . . — I_I I I I l l I _l - . - —
Output voltage regufation I = 250 mA to 750 mA 5 50 MN1604 6F22 1604D 1200 (Wthium) NiCd) +male clasp 175 mm L J | I | I I_I I I I I I l l l I IJ
Output resistance f=1kHz 0°C to 125°C 0.017 Q " battery ‘SK-;‘ W> ;;LC ) ::;:::: :ioo"': NMH C:':e 3 wn, ﬂ
Temperature coefficient of output voltage | Ig =5 mA 0°C to 125°C -1.1 mV/*C u:a;us..;:: o L) 590 (R piree m
Output noise voltage f=10 Hz to 100 kHz 25°C 40 uv 70H5 (M) rechvg - - -
ot i - v " Schematic Symbols for Common Electronics and Electrical Components
Bias Cisrant Znt L : L Lantern Lantemn ar25Y 908A (akaline) 26000 (alkaline) 3 Square Springs Top H 115 mm
- 1. i + mm
Bias current change :g =;\':::)51VA 0°C'to 125°C 5s] ™ (Spring) ::: - :s-n) zt:«-bon- 10500 (carbon-zinc) ) :: :‘ s::}m e e
ShortGrout output curent 25C 750 mA wocs (mton-i) AXED ~ VARIABLE \\ PHOTO o gl N ? ® PHASING gg
Poak output current 25°C A (1K) 99 or P1996 > rrrey (yﬁ 1 ANGDE HEATER OR
Structure Variables Functions AWG Diameter | Diameter |Area Resistance Resistance | Max Current |Max Frequepcy “VWW— ad"A"A _)|_ _’ |_ _| |_ ey s AL - ﬁ FILAMENT
[inches] |[mm] [mm?] [Ohms / 1000 fi] | [Ohms / km] |[Amperes] for 100% skin depth —— ‘ ——— GRID
setup() Constants Digital 1/0 0000 (4/0) |0.46 11.684  [107 0.049 0.16072 302 125 Hz ADJSTABLE ~ TAPPED  THERMISTOR wame FEED- Y ﬁ frrm TRIODE PENTODE  HEATED CATH. ® GAS FILLED
loop() HIGH | LOW pinMode() ELE"TRCLYTI" VARIA :
Control Structures INPUT | OUTPUT| INPUT_PULLUP | digitalWrite() 000(3/) [0.4096 [10.40384 |85 0.0618 202708 1239 b v * v v T v b it THROUGH FERRITE-BE AD AR—RFC 4 [ caione Ca
if true | false digitalRead() 00 (2/0) 0.3648 0.26592 |67.4 0.0779 0.255512 180 200 Hz ‘ % —O—0— 3 rm ~:> | | |AA CATHODE
i...else RS Conse Asios (%) 0(1/0) 03249 |[825246 (535  |0.0983 0322424 |150 250 Hz : RESISTORS CAPACITORS | INDUCTORS TUBES ‘ e
for floating point constants analogReference() : —< >— DEFLECTION PLATES
: 1 0.2893 7.34822 |424 0.1239 0.406392 119 325 Hz L
switch case Data Types analogRead() TOGGLE NORMALLY, OPEN PIp—— =
while void analogWrite() - PWM 2 0.2576 6.54304 (336 0.1563 0.512664 94 410 Hz - SPDT o ‘ — T
do... while boolean Due only 3 02294 |582676 [267  [0.197 064616 |75 500 Hz -0 S O > o R 58 ° 1B -@— | v s spsT so0T 02T
break char analogReadResolution() 0O S
continue unsigned char analogWriteResolution() 4 0.2043 518922 1212 0.2485 0.81508 60 650 Hz TERMINAL S DED W 00 “L"%.O NEON (AC) 7u—§01q f i
return byte Advanced I/0 5 0.1819 462026 |16.8 0.3133 1.027624 47 810 Hz coNg.}:ﬁg)Rs CORTAL CABLE o wuun' PRn——_. LAMPS o_t t t
goto o ) 6 0.162 41148 [133  [0.3951 1295928 |37 1100 Hz "’ c/o MULT-  SWTCH THERMAL T
F‘(‘s’:'r:;fz) g o g:;:g:t‘(’, 7 01443 [366522 (105  |0.4982 1634096 |30 1300 Hz — W a POINT GRO :D =
r s u:woﬁ (o) | o) —-| |—
{} (curly braces) long shiftin() 8 0.1285 3.2639 8.37 0.6282 2.060496 24 1650 Hz E; Width TRt Diee = we e LUNE—BREAK = 000 HEW, o) 7. 'NT'%GTJAl:I[gD t
£ TS e oY (i R 9 0.1144 [290576 [663  [0.7921 2598088 [19 2050 Hz race wi P g ADORESS O OATA | MULTIALE COMDUCTOR 0=T0 c/H:ssl,‘; = aanalos C (UC |
B e i 10 01019 [258826 [526 |0.9989 3276392 [15 2600 Hz Thickness = 1 oz/ft"2 Trace Length = 1 inch WIRING Bus LE SWITCHES MO ALY L e S EARTH o_pigimaL = OTHER T e :D
efine . RE
meros) T Jowo |zsvome [air |12 ETNND L internal Layer | TG ADLSTASLE AOLSTARLE
Arithmetic Operators string - char array delay() 12 0.0808 [2.05232 [3.31 1.588 5.20864 9.3 4150 Hz - - : 4 VARIABLE R e e
= ((a:;;g;ir::)nt operator) !‘;tr::\yg - object ::;::Mlcroseconds() 13 0072 18288 262 2003 65.56984 74 5300 Hz Current Trace Wldth(mll) Resistance Vvd rop LEIT’(EL_') CAPACITOR AIR CORE WTH LINK Fu_&f PHONE. JACKS —— S
v WV k * * * J L*)
- (subtraction) Conversion min() 14 00641 [162814 [208 [2525 8.282 59 6700 Hz 0.01 0.0536 9.41 0.0941 —»'— Pl TR > ,lN o—v/ V—E o—I
* (multiplication) char() max() 15 0.0571 1.45034 (1.65 3.184 10.44352 47 8250 Hz 0.1 1.28 0.393 0.0393 (SCR) [ i 8 | FY3-rx :f !} i | _':ND R CERAMIL —
i G i 16 00508 [129032 [|131  |4016 1317248 3.7 11 kHz ' ' — —= mooz/n.zcl i Bece i S d
. ; c WITH FERRITE COR
Comparison Operators word() map() 17 00453 [115062 [1.04  [5.064 16.60992 |29 13k Hz 0.25 4.55 : . : 1 j o CONTACTS PHONO JACK WIC JACK
== (equal to) long() pow() 18 0.0403 1.02362 |0.823 6.385 20.9428 2.3 17 kHz 0.5 11.8 0.0427 0.0213 o\,+ A U AnJ(L:,g‘?E\BLe ANTENNA ; > _!9 é!_
I= (not equal to) float() sqrt() 18 21 kHz — - MALE FEMALE
< (less than) Variable Scope & Qualifiers Trigonometry 19 0.0359 091186 0.653 8.051 §g;g;28 1'5 e 0.75 20.7 0.0244 0.0183 _ﬂ ﬂ _*_ Bt G 'T, (Ug) 52 A &% D 2 5 8 £ ) rri %&?ﬁ _|._< <_.1_
> (greater than) variable scope sin() 20 0.032 0.8128 0.518 10.15 : i e TEuER  SHOTTICE TUNNEL DIODES (08) TRANSFORMERS ooy s
<= (less than or equal to) static cos|) 21 00285 |[07239 |0.41 128 41.984 12 33 kHz 1 30.8 0.0164 ] A. mA, uA e B B S
>= (greater than or equal to) volatile tan() : "
Boolean Operators const Random Numbers 22 0.0254 064516 10.326 16.14 52.9392 0.92 42 kHz 1.5 53.8 0.00938 0.0141 NPN *— CHANNEL P—CHANNEL P—CHANNEL P—CHANNEL F—CHANNEL bk
&& (and) Utilities randomSeed() 23 0.0226 057404 (0258 |20.36 66.7808 0.729 53 kHz > 30 0.00631 0.0126 ¢ 2 ASSEMBLY OR xS [ ) ] [ Y ]
11 for) S s 24 0.0201 [051054 |0205 |2567 841976  |0577 68 kHz : - . E B2 0 [ 0 ., j D (omg:%fu -
L) PG W+ 25 00179 |045466 |0.162 |32.37 106.1736  |0.457 85 kHz 5 283 0.00178 0.00891 B s © s o s ¢ s MOTOR —  COAXIAL CONNECTORS —
Pointer Access Operators lowByte() g MISCELLANEQUS
Nt highBytel) 26 00150 [040386 [0129 [40.81 133.8568  |0.361 107 kHz Fiternal Layer _
& reference operator bitRead() 27 0.0142 [0.36068 [0.102 |51.47 168.8216  |0.288 130 kHz PNP N—CHANNEL N—CHANNEL N—CHANNEL N—CHANNEL N—CHANNEL
itwi itWri i i i AND oR XOR FEMALE VALE FEMALE MALE
Z“::;,o"e":;’“ :”:‘;Ve;‘(‘)e" 28 00126 |032004 [0.081 |64.9 212872 |0226 170 kHz Current |Trace Width(mil) |Resistance JVdrop b & - " . 2 o || - :D_ D
SE an .
|((b‘rtwilse or) bitClear() 29 0.0113  (0.28702 |0.0642 |81.83 268.4024 0.182 210 kHz 0.01 0.0206 24.5 0.245 8 G ‘1 g;j 41 [ s ey 220 V MALE 240 V FEMALE
" (bitwise xor) bit() 30 0.01 0.254 0.0509 |103.2 338.496 0.142 270 kHz 0.1 0.494 1.02 0.102 81 s G S & S G S NAND INVERT
~ (bitwise not) External Interrupts 0113 340 kHz . . . . - : . ; 4 olololo
<< (bitshift eft) attachinterrupt) 31 R0080, MO0 (0fe0E 11304 Dot — 025 175 0,289 0.0722 HIPOLAR T JNCTION FET  SINGLE—GATE DUAL-GATE SINGLE-GATE 1) :I >.— D —
>> (bitshift right) detachinterrupt() 32 0.008  [0.2032 |0.032 |1641 538248  |0.001 430 kHz : . : 2 P TR s
Compound Operators Interrupts 33 0.0071 |0.18034 |0.0254 |206.9 678.632  |0.072 540 kHz 0.5 4.55 0.111 0.0555)| TRANSISTORS MOSFET MOSFET - GROUND N
i interrupts() OTHER )
?(:;::::2:::)) P20 71 34 0.0063 0.16002 |0.0201 |260.9 855.752 0.056 690 kHz 0.75 7.95 0.0635 0.0476 DARLINGTONS I : o LOGIC (U#) FEMALE CHA&S}:AEAOUNT
+= (compound addition) Communication 35 0.0056 0.14224 |0.016 329 1079.12 0.044 870 kHz HOT NEUT NEUT HOT HoT o
-= (compound subtraction) Serial 36 0.005 [0127 00127 4148 1360 0.035 1100 kHz 1 11.8 0.0427 0.0427 - BATTERIES N 120 V 120 v 120 T@'
*= (compound multiplication) Stream o i =
[ (compound division) USB (Leonardo and Due only) 37 0.0045 0.1143 0.01 5231 1715 0.0289 1320 kHz 1.5 20.7 0.0244 0.0366 __||_ __| | | '__
&= (compound bitwise and) Keyboard 38 0.004 0.1016 0.00797 |659.6 2163 0.0228 1750 kHz > 30.8 0.0164 0.0328 Os e SINGLE MULTI =
I= (compound bitwise or) Mouse 39 0.0035 [00889 |0.00632 |8318 2728 0.0175 2250 kHz e Prokeation Diods G CELL CELL s CONNECTORS TR
40 0.0031 [0.07874 |0.00501[1049 3440 0.0137 2900 kHz 5 109 0.00464 .
_— _— _—_— - - _— _—
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TS : TEWPERIURE SBTTCH T+ TEE FITRES — TYFE SPECFED "
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ELECTRONIC CIRCUIT SYMBOLS
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7 LOGIC GATES & 4 USEFUL COMBINATIONS
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Use XNOR
Use XOR

Preceding NOT Gate on One Input
for AND, NAND, OR, NOR Gates

Standard Logic Gates

NOT
AND
NAND
NOR
XOR
XNOR

OR



Schematic Symbols for Common Electronics and Electrical Components
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circuit symbols

AC
current: ;’) voltage: <ﬁ>

ALTERNISTOR  Main Terminall
TRIAL

A TRIAC and
33 -43v DIAC

=ate

Main Terminal 2

Ammeter :>_
(amp meter) & {A

~ 2l Antenna
AND Gate 1 > ANDGate 1& L 11
Antenna N Antenna Antenna
Loop, Shielded RN Loop, Unshielded unkalanced
Attenuator, fixed = Attenuator, variable B : =
(zee Resistor) @ g (see Heswmr) r |" attery e
kiee 7 |- o =
Bllateral Switch Bridge Rectifier . EUFFER _D_
(DIAC) (Diode Bridye) ‘v Amplifier Gate) &
EUFFER L Buzzer Capacitor ap
(amplifier Gate) | feedthrough —
Capacitor | | Capacitor polarised o *J_ Capacitor *
non-palarised _|_ *’T‘“ (see electralytic) 1 f"'|'“‘ Variahle
Cavity Resonator  —&=2- Cell - Circuit Breaker — —M-
. o memesee- " Crystal Microphone - e
Coaxial Cable =3 o s " 9 Delay Line )i
Connectors Crystal [~ DIAC (
Piezoelectric (Bilateral Switch)
Plug  Jack i Darlington e Diode M
(male)  (female) ~ SOMMECS Transistor hase }
EHMIEL Diode - Gunn —p
unltaue Niod
Py lode - Light Emitting
[malé-‘) (female) current: Q +$ QT) (LED) N

Diode )
Fhoto Sensitive =

Dlode

Photovoltaic

+ %

Diode Bridge |
(Hridge Rectifier)

K
R

Diode - Fin *

Diode - Varactor _N_

7 Yl N

Diode - Zener

= 004

Earth 1

Sround S—

Electroluminescence

=

=]

(earphone,

crystal earpiece)

Electret Microphone
(Condensermic) @
Electrolytic i’J_-u

(Polarised Capacitor)

I

alternate symbols:
[postive on top)

- llJ-l——
=

Electrolytic - Tanatalum
positive end ~_

black band ar
r:hamferf/ :

10u tantalum

Exclusive-OR Gate
(HOR Gate)

Exclusive-OR Gate E
(KOR Gate)

Fleld Effect

! C Lirain
' Gate
(FET) n-channel Source

Transistor
alsa: N-Channel J FET

Fleld Effect _—-| Drain
Transistor  Gate
(FET) p-channel Source

also: P-Channel J FET

)
Flashing LED

' @
[Indicates chip inside LED) -

(Light Emitting Diode)

Fuse =3




emitet Ar : 1 : |
| ransistor = | Drain Transistor Dirain
—é—iriz;l:,r[ljl ?tF-DPZF. baze h-channel Gate | p-channel Gate-@
F Field Effect S0Urce Field Effect Source
collector
Transistor Metal Oxide @ Transistor metal Oxide @ Transistor v
Shgkrioia Dual Gete Photosensitive g
collector _ . _ .
Transistor Transistor ~ Emiter @ 5581 | Transistor  Emitter —g o Bases
Schottky - NPN haze Unijunction - LJT ® Base2 | Unijunction - UJT Bese 2

Emitter

Unijunction Transistar (UJT) MN-type

Linijunction Transistor (LIJT) P-type

Main Terminall .
anode | Tunnel Diode P | Varactor * *+
TRIAC Gate | varactor diode
R Unijunction Emitter Base 2
_ voltmeter
M T2 Cathode Transistor- UJT Biaced
o T WP W —
Renulator e ,:,L{t | VWattmeter Yires
7805 etc) e
I: FBUS 'h|r|
Wires Wires | XOR Gate :’D’
Connected Mot Connected (exclusive OR)
AR Gate Learn BASIC ELECTRONICS

(exclusive OR)

Zener Diode |_* * ‘*\

Go to:www.edatasl.blogspot.com




Fositlve Voltage

Programmable

_ ..  Potentiometer © T
Connection (variahle resistar) \%\ < Unijunction
| Transistor PUT cathode
Rectifier ’ Fectifler Anoe . M
Semiconductor - Silicon Controlled e Reed Switch —
(SCR) Cathode H
oz e 1 U
Relay - spst }H Relay - spot E Relay - dpst ™
Relay - doct = LIJLL Resistor < Resistor
Ll M Fixed < Mon Inductive
Resistor Resistor § FResonator
3 7
RFC P Rheostat é o e
Radio Frequency Choke 0V ariable Resiston [’ = Saturable Reactor =
o - : : k ke :
%Lhmltéﬂrlgger -&- Schottky Diode * * Shockley Diode A K
(Inverter Gate) (alzo Shottky) d-layer PMPN device
. . | f o walt 03 Femains off until forward current
Shield ng ===== F‘;g E?Hﬂ}ngm T reaches the forward break-over voltage.

alzo called Schottky Barrier Diode

Slgnal Generator

Silicon Controlled
Fectifler (scR)

Anode
Gate ~
_athode
Solar Cell Y= A=

ﬁ)

Spark Gap

Speaker Eﬁéﬂjj{]
owitch - mercury [ ——
tit switch -

Switch - spst o
SWILCH - spdt _{
Switch - dpdt s’
SWITCh - Rotary o L.:

O

Silicon Bilateral Switch (SBS)

Silicon Unilateral Swatch (SUS)

Anode
ate Q—@
SWILCH - process activated

Cathodelk)
normally open:  normally closed:
F oy

e
45 Level g
g :
_:_]: Fressure
—_— —
gTemperature

Switch - dpst A

oWITCh - pushoffl . _ ).
(used in alarms etc)

Thermal Frobe 2

o
HTC: astemp rises, =7

resistance decreases @&

Thermocouple > e
Tilt switch (o ——

mercuny B
Transformer 3”’1_
lron Care L

T4 Terminal
)
Gate f)—é_-@ e BS0ED
i
Ty Terminal T2 Ty
Surface Mount C
C h
e
SOT-23
C
= — b
EJES
. u . R LER
A no connection
Switch-push  _= 1
(Push Euttunj
Test Point —
Thyristors: Main Terminalt
Eﬁ%ﬁl Anode @ Anode
Gate —.
Gate} !
' Cathode T2
Cathode
DIAC SCR TRIAC TRIAC

Transformer
(Tapped PrimarngSec)

=3

Touch Sensaor _(]D

Transtormer } -
Alr Core L
_ collector
Transistor
Bipalar - RPN hase

emitter




Y DT Ground 1
Galvanometer {@W Globe @ @ Ch‘;ggis A7 =
Ground L | Heater _ L& |

Earth

[imimersion hesater)

(cooker etc) | LU=

Integrated Circuit =
Iﬂ_d__,ﬂpnwer

Headphone — _;
i —nnnn., | 3 E
= I_____. ground
Inductor —~~ | Inductor Inductor
Air Core Irl:lr| Et:lru ﬁ e Tapped J'Tﬁ_
fE:rrrtE core | |
Inductor el Iﬂtegrated Inverter _[>O_
Variable i Circuit (MOT Gate)
NVERTER 1 Jack Jack Phone —
(MOT Gate) Co-axial -l:@_ (Fhone Jack) H_
Jack Phone Jack Phone N I ey Telegraph
Cawitched) (3 conductor) M (Morse Key) —
L am LASCR (Light Activated % |
m,:andefzem @ @ Lamp - Neon "E' E' Silicon Cortrolled Rectifier) ) |

4~ B

T /_,F*) a

lazer diode /

photo tiu:n:in-
*ﬁ

~ Light Emitting Diode
(LED - flashing) -

Dependent Resistor)

Mercury Switch [ g

(LED}

. i H'F_- :
Micro-amp meter ‘k@)‘

(micro-ammeter)

[=]

(Indicates chip insicde LED) -~ |

Microphone } Microphone = Wy Milllamp meter
(see Electret Mic) [! D (Crystal - piezoelectric) L (milli-am[:rjneter) @)’ |

Motor NAND Gate :I:)o- NAND Gate :Ea—
Mitinol wire _(><><>_ Megative Voltage 2 i
"Muscle wire" gt}gnnectiun = NOR Gate :;]_):-

) = | NOT Gate _I>D_ NOT Gate I
NOR Gate 47 nvertar Inverter

OUhm meter

Opto Coupler & L(—-c
(Opto-isolator) k_}'i} 3 |

=

Photo-transistor output
OR Gate 0 r
COutlet
(Power Outlet)

Optocoupler
_b.
(Datlington output) (I

Operational Amplifier —
(Op Amp) >_

OR Gate

Flezo Diaphragm

ﬁ_'

Cipto Coupler &

Optocoupler
(Transistor output) ¥
(Opto-isolatar) }

Oscilloscope
gee RO

Fhoto Cell ®

Photo Darlington
Transistor

&

[=]
_ » |
FPhoto Transistor ”@
=

Fhoto Diode

.

Photovoltaic Cell &1+ 4+
(Salar Cell) . = =

> x
[photo senstive resistor)
FPhoto FET & < Dt ain
Gate -@
(Field Effect Transistor) Source

Flezo [weeter '
I[F'iEZIII SI:IE!EIHEI*:I




Basic Operational Amplifier Configurations

| Voltage Comparater || Mer Ievacting Arpier I brveiting Amplber

Wi

R3 R =

L )

HE =03 ard £ = RE Than

R1 Fin

Vout = - RI* [V +...+".|_h]

| Dviler et imlo Arvph bee I integrator Arrpliar | s ]2
A o | |
Vin R vin
o e voar =\ >1.=~'
c g"r
g=. R Vags-{ 1 Viad
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WODE TRAMIDUCER (510

jcommon cosmal [ wavegunde WSagE}

TRAMIDUCER FROM RECTAMEL-
LAR WAVEGLIDE TO COAXIAL
WITH ROOE SUPPRESLION, Di=
RECT-CURREMT GROUNDS CON-

NECTED
ﬁl
I?
MOTIOH, MECHAWICAL {34)

BOTATION APPLIED TO A RE-
SISTOR

e o
Cw ow
{iderficaton repices |*) ashnsk)

HUCLEAR-EAMATION DETECTOR,
GAS FILLED: (O8I ZATION CH A=
BER; PROPORTIONAL COUNTER
TUBE;

GEIGER-MUJLLER COUNMTER

TUBE (50} (3¢ RADIATION-
SEMLITIVITY INDICATORT

g

FATH, TRAHIMISSIOM (5]

CABLE; 2-COMDUCTOR, SRIELD
GROUMDED AMND %COMDUCTOR
SHIELDED

L £
i1 —e
f —tt—
= R
—

PICKUP HEAD (&1}
GEMERAL

— >
wRITIMG; RECDORDING
__.{1:} :;
READIMG, PLATBACK
— =
ERAGING
-~

WRITIMG, READING, AND ERAS-

(1]
=

ATERED

RECTIFIER (45

SEMICONMDUC TOR DIODE, WETAL—
LIC RECTIFICR, ELECTROLY TIC
RECTIFIER, ASYMMETRICAL
wARISTOR

———

WMERCLURY.FOOL TUBE POWER
RECTIFIER

FULLwAYE BRIDGE-TYPE

RESISTOR [48)

GENERAL

—ane— gg =% }—
TABPED

S o
MEATING

Ay P QR

AYMMETRICAL YARISTOR RESIST-
OR, YOLTACGE SEMSITIVE (Slizon
cartede #ic. )

[denbficaton mamks replace ) asbersh)
wiTH ADJJSTABLE CONTALT

Bk

ADJUSTABLE OR CONTIHNJQUALY
ADJUSTABLE [vanahie)

Faal s S8

{ideraticaton replaces |°) sgbensk]

RESOMATOR, TUNED
CAWITY (7Y

{Common coaxel fwEveguice Usape)

RESDOHATOR wiTH MDDE SUP=
PRESSIDN COUPLED BY AN E~-
PLAWE APERTURE TO A GUIDED
TRANSMISHON PATH aND BY &
LOODP TO A COARIAL PATH

=3¢l

-G

TUNGBLE RESOMATOR wWiTH Di-
RECT-CURRBENT GROUMD CONM-
HECTED 7O AM TLECTRON DE-
WICE aWD aDJUSTABLY COUPLED
BY A E-PLAME APERTURE TOD

& RECTAMGULAR wavEGLUIDE

ROTARY I0INT, RF
ITOUPLER) (72)

CEMERAL, wiTH RECTANCULAR
W EGLITDE

HdOF

[ransmesson path recogniion symibol
regaces (°) BbEnsK)

COARiAL TYPE iM RECTANCU-
LAR waNYEGUIDE

1@

CIRCULAR wa¥y EQUIDE TYPE
1M RECTAMGULAR WaYEGUIDE

1Ok

SEMICONDUCTOR DEVICE (T2
{Twi Termminal dode)

SEMICORDUC TOR DIQGDE, RECTI-
FIEW

CAPACITIVE DIODE [aks Vancap,
Varachor, reaclance dode, paramelnc
]

¢

'_'.+_ R
i+

BREAKDOWM. DIODE, UNIDIREC-
TIONAL [aso backwad dode,

avalanche dode, wolage reguiator dode
Zener diode. volage refer-dode)

—&— g
]

BREAKDOwWH NODE, BIDIRECTION-
AL AMD BACK waRD DIODE {also
brpokar weAge kemiter)

—*—
1 ]

TUNMEL DIDDE {ake Eiaki dode)

e
]

TEMPERATURE-DEPEMDEMT
MOoE

ttvDH @

PHOTODIODE (aso solar ced)

Y W
— -

oRr

QR

SEMIC ONDUC T OF DIODE, PHPN
i TOM  [Bise Snockiey gepde. Four-
layer clode and S0H)

& -
g g

(Mt Termnal, fransshor, efc |

PP TRANLIGTOR

HPH TRAHSSTOR

UMUK TION TRAMLIETOR, M-
TYPE BASE




2006 FIRST Robotics - Basic Electronics
The Robot - Quick Reference Sheet 1

ltem Use Notes Photo Symbol

Supplies most of the power to the robot. Only one allowed per robot. 7

12V Battery Dangerous - 200Amps possible during short circuit. Keep it charged.
Connected only to the Anderson Connector. Locate it for easy access.
Only item connected to 12V battery. 6 AWG Wire.

Anderson Y &
Keep as close to 12V battery as possible. Don't use to carry 12V battery.

Connector P L 4 " ¥

Locate it for easy access.

7.2V Battery

Supplies robot controller with power to run micro.
Only other battery allowed to power robot.

Only one allowed per robot.
Keep it charged.
Locate it for easy access.

Main Breaker

Protects all of the robot electronics from the 12V battery.

Only one allowed per robot.
Protect it from other robots.
Locate it for easy access.

Breaker
Panels

Protects each electrical device used on robot.
Ratings 20Amp, 30Amp and 40Amp.
Self resetting.

Protect it from other robots.
Locate it for easy access.

Ground Stud

Used for distribution of battery ground when multiple
breaker panels are used.

Do not ground to any part of robot.

Transports power from batteries to electrical devices.

Keep as short as possible.

Wires Color Coded. Follow color coding. :
Higher correct required - thicker wire needed. Use correct gauge. e
Terminal Used to connect wires to electrical devices. Use fully insulated terminals. =
. Color coded per wire size. Check crimps often. 5
Crimps ’ B ,
Easy connect - disconnect. Use right size per wire gauge.
Robot The computer/brains of the robot. Locate it for easy viewing.
Controll Stores and executes the software program. Protect it from other robots.
ontrolier Gives feedback on robot status. Locate it for easy access.
Transmits data back and forth between the Robot Do not bury in inside robot.
Radio and Driver Board. Protect it from other robots.

Team Color

Distinguishes alliances by flashing alliances color.
Flashes status codes of robot.

Locate it for easy viewing.
Protect it from other robots.

Leds
Controls robot during autonomous and driver mode.
Software Default and user software available. 1100111 C Basic
Victor Sp eed Used to control a high current such as a motor by the RC. Locate it for easy viewing.
Off & On - Forward & Reverse - Variable speed. LED indicates status.
Controller

Used for 30amp and 40amp devices.

Keep airflow to fan unrestricted.

Spike Relay

Used to control a high current such as a motor by the RC.
Forward & Reverse only.
Used for 20amp max devices.

Locate if for easy viewing.
LED indicates status.

Does most of the work on the robot.

Do not overdrive.

Motors Used for drive trains, arms, lifters, shifters, etc. Watch for overheating.
Used to do some of the work on the robot. 120 psi used for storage.
Pneumatics |Used for arms, lifters, shifters, etc. 60 psi max used for work.
Can be faster than motors.
Allows feedback to Robot Controller of robot's status.
Sensors Can be kit supplied or custom made.

Very helpful in autonomous mode.

Worksheet may be downloaded from www.teamfordfirst.com




Jaycar Electronics Reference Data Sheet: 3TERMDEV.PDF

COMMON THREE-TERMINAL SEMICONDUCTORS: BASIC DATA & CONNECTIONS
I. Bipolar Transistors

TYPE POL |CASE, Conn's| Veeo Vebo | lemox | hie@ lcma) | Fr i) @ lema) | Protal | R (200 Application Packages & Pinouts
B3z7 PHP mwmenn | 45 -5 B00mb | 100 min -100mA | 260 typ -10mA | A25mW 833 Amplifies; low power outpul
BC328 PHP 092007 | -5 -30 B00m4 | 100 min -100m& | 260 typ  -10md | A25mW 833 Amplifies; bow powes output T0-92 1 7 T0-92 14
BC337 NPN | TO-92(17) | 45 50 B00mA | 100 min T00mA| 210 typ  10mA | &25mW 833 Amplifier; kow powes outpu!
BC338 NPN | TO-S2(17) | 25 30 B00mA | 100min T00m&| 210 typ  10m& | &25mW 833 Amplifier; kow power output
BC546 NP | T0-9217) 65 B0 100mA [125min 2mA| 300 typ  10mA | A25mW 833 Small signal amplifier
BC547 NPN | TO-92(17) 45 50 100mA |125min 2mA| 300 typ  10mA | 625mW 833 Small signal amplifier
BC548 NPN | TO-92(17) | 30 30 100md |125min 2mA| 300 typ  10mA | 625mW 833 Small signal amplifier
BC549 NPW | TO-92(17) 30 0 100mA |125min ZmA| 300 typ  10mA | S00mW 150 Low noise oudio preamplifier
BCS50 NP | T0-92(17) 45 50 100mA |125min ZmA| 300 typ  10mA | SO0mW 150 Low noise audio preamplifier
BS54 mp | tos207) | 65 80 | -loomd | PSmin  ZmA| 2004p -lomd | S00mw | 150 Small signal amplifier T0-92(72) TO-5
BCS57 PP | T0-92(17) | 45 50 | -100mA | TSmin  -2mA| 200 yp  -10mA | SO0mW 150 Small signal amg|ifier
BC558 PHp | TO92Q17) | 30 30 | -l0OmA | TSmin  2mA| 200 typ  -10mA | SO0mW 150 Small signal amplifier
BC559 PR | TO9ZO7) | a0 -3 Sl100md (125min -Zmh | 200 typ  -10mA | SO00mW 150 Low noise audio preamplifier
BC439 NPH | T0-92 (14) 80 100 14 40min 150mA| 130 typ 10mA W &0 Audio drives; low powes outpul
BC&40 PP | TO-92(14) | B0 -100 -14 0 min -150mA| 50 typ  -10mA W &0 Rudio driver; low powes output
BDI35 NPN T0-225 45 45 154 | 40min 150mA|  (nof specified) 125% 10 Audio diives; low power output
BD136 PHP 10-225 45 45 158 | 40min 150mA|  (not specfied) 125 10 Audio diiver; low powes output
BOI39 NPN T0-225 80 100 154 | H0min 150m& | (nof specfied) 125 10 Audio drives; low powes ouipul
BD140 pp | Toms | 80 100 | 54 | 40min -150mA | (nol specfied) 1254 10 Rudio drives; low poweroutput | 70-225  T0-220
BD649 NPN 10-220 100 100 B4 |750min &4 50mp GA a1 3.13 NPH Darlington; medium power ==
BD&50 PHP 10-220 -00 100 B4 750 min  -tA 50 g -84 oI 313 PNP Datlington; medium powes Q'
BD&81 NEN T0-225 100 100 4 |750min 154 (nat specified) 40w 313 NPN Darlington; medium power ‘
D82 PHP T0-125 100 -100 44 750 min -1.54 (nat specified) W 313 PHP Datlington; medium powes
12955 PHP 10-3 40 -0 -154 Wmin -4 | 25w -4 115W 15 PP Pawer amyp & swilch |
002 HPH T0-3 0 00 104 |300min 34 (nat specified) 175W 10 HY NPH Darlington; switch B E B | E
MIL21193 NPN T0-264 250 400 168 | 25min 88 | 4.0min 14 200W 0.7 PN Power amp & swilch C C
21194 PHp 10-264 | 250 -400 6 | Bmin -84 | 4.0 min -4 200W 07 PHP Power amp & switch
15003 NPN 10-3 140 140 04 | 25min SA | 20min  500mA | 250W 0.7 PN Power amp & switch
1115004 PP 03 |0 g0 | 208 [25min 54 | 20min  S00mA | 250w 07 PP Pawer amp & switch T0-218  T0-264
HIE340 NPN T0-225 300 300 500m4 | 30min  S0mA {nat specified) 20 625 HY NPH medium power —
MIE3S0 PHP 10225 | 300  -300 | -500mA | 30min  -50mh (nat specified) 204 6.25 HY PNP medium povwer
MIE3055 PN 10-120 ] 70 104 Wmin 4 | 20min  500mA oW 1.47 PN Power amp & swiich
HUETF55 PHP 10-220 -60 -70 04 | 20min -4 | 20min -500mA T5W 167 PHP Pawer amp & switch
TIP31 NPN 10-220 40 40 34 25min 1A | 30min  500mA | 40W 3.13 NPH Power omp & swiich
TIP3z PHP T0-220 40 40 34 5min - -4 | 30min  -500mA | 40W 313 PP Pawer amp & switch
TIF35C NPN 10-218 100 100 234 | Z5min 1A | 3.0min 11 125W 1.0 NPH Pawer amp & switch
TIF36C PHP 10-218 Al00 -100 254 | Bmin 1A | 3.0min -14 125W 1.0 PP Power amp & switch
TIP41C NPN 10-220 100 100 a4 0 min  300m4 [ 30min  S00mA | 65W 1% PN Power amp & switch
TIP122 HPN T0-220 100 100 54 1000 min 34 (nal specified) &% 192 PN Darlington; medium powes
TIP3055 NPN T0-218 60 100 15 | 20min 44 | 25min  S00mA | HOW 139 PN Power amp & swilch
TIP2955 PHP 10-218 40 -100 S5 | 20min -4 | 25min -500mA | HOW 1.3% PHP Power amp & switch
222224 NPN | TO-92(17) | 40 75 600mA 1100 min  150mA | 300 min  20mA | &25mW 833 WPH amplifier & switch
2M3053 NPN 10-5 40 &0 700mA | S0min  150m4 | 100min  150mA | 1.0W 35 NPH amplifier & switch
2N3055 PN 10-3 0 100 15 | 20min 44 | 08B min 14 T15W 15 NPH Pawer amp & switch
2N34638 P wenn | - 25 | 500mA | 25min -10mA | 100min  -10md | 300mW 833 PHP amplifier & switch
P00 NPN | TO-92(72) | 45 80 500mé | 0min  150mA | 350 min  S0mA | 600WW 833 6P NPN amplifies & switch
PH200 PHP | TO-92(72) | 45 60 | -500md | SO min -150mA | 250 min  -50mA | A0OmW 833 6P PNP amplifier & switch

2. Voltage Regulators 3. SCRs and Triacs

TYPE POL. Vo lowrmes | Miwmn Vv | CASE TYPE Vexmor | [FmocRMs) | l6ATEmox | dV/dT (s | CASE Connections
7805/LM340T5 | POS -+ 5Y fixed 14 +75 +35 10-220 1038 200 800mA +200uh 0 10-92
7804/LM340T6 | POS + b fived 14 +8.6 +35 10-220 10801 400 44 + 20004 8 10-220"
7808/LM34018 | POS +8Y fixed 14 +10.6 +35 10-220 (122¢ 500 it} +25mA 50 10-220
7809/LM340T9 | POS + 9 fived 14 +11.7 +35 10220 sS4 400 64 =+ 50mé 100 10-220
TRI/LM340T12 | POS | +12V fixed 14 +148 +35 10-220 SC1510 400 154 =+ 50mé 250 10-22¢°
TRIS/LM340T5 | POS | + 15V fiwed 14 +179 +35 10-220 TAG225 400 54 +25mA 250 10-220° A
7824/ LM340124 | POS | -+ 24V fiued 14 +1275 +40 10-220 BT137F 400 il =+ 35mé 100 10-220° (A22)
T8L05 POS + 5¥ fived 100mA +73 +30 T0-92 Wota | C10601 may ol temafively be in T0-1 26/10-202 pacage, with wirtualiy sema monechions *Except BT187F
78112 POS | +12Vfed | 100mA | +145 +35 10-92
317K POS |+12—3W| 156 [Vour+30 Vo +40| 103 4. MOSFETs and ]FETs
wam POS | +12—3M| 154 |Vour+3.0 Your--40 [ T10-220°
1A4338K POS |+30—3W| 4 [vor+30 Vour+35| fo- TYPE Polarity, Descripfion | BVdss | Iossmex |  Pror | RoS{on)mx CASE
LM350K POs | +12—3 34 |Vour+30 Your+35| T0-3° BUK4SE-60 | M-chamnel power MOSFET &0V 524 1508 2BmQ2 10-220
7905/1432015 | NEG 5 fived 14 -15 -15 10-220 BUZTI 1-channel power MOSFET 50¢ 148 404 1 100m02 10-220
7909/LM320T9 | NEG | N fiwed 14 -118 -30 10-220 MIP30556 | M-channel power MOSFET a0V 124 4001 150m02 10-220
TNYIMM 2| NEG | —12V fised 14 ~148 -30 10-220 28182 P-channel power MOSFET | -160V T4 100% 10¢2 T0-3p
7915/L320115) NEG | —15V fired 14 -179 -30 10-220 25K1058 H-charnel power MOSFET 160¢ i 100% 1002 10-3p
L3371 NEG | 123N 154 |Vour—3.0 Vour—40 | T0-220° MPFI0S/2N5459) Nchannel gen. purp. JFET | 25V (g-s)|  Témd | 310mW = 10-92
POSITIVEREGS Gnmon |T0-220 NEGATIVE REGS| | 205484 | Wchmel e T | 25vfg)] na | ot | — [ 1o

oui oty
. b [ 70-92 10-220 T03P
Vin (adjust’) a oy G G ; G /
(Vot?) Com =g W h— E/ S a SI? — ﬁ/ S
Vout {Vin) [c-,ding-'j e D D







Common Schematic Symbols Used In Circuit Diagrams
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s0me basic electronic symbols

i CAPACITOR (NP
- (NF)
-IE_ CAP. polarized

C
|

i:E

AMA RESISTOR o
B

AAAA POTENTIOMETER TRANSISTOR NFPN

E

G 0

5

5 O

S

TRANSISTOR PNP

[

A RHEOQSTAT
ﬂ_u_ﬁ DIODE
A_Dhﬁ LED
-"-_m-_ﬁ ZENER

JFET -N

JFET- P

Rectifier Bridge

Invertin I
input
o SCR Triac UpAmp
G
o A |

$ \faristor :Eﬂ Speaker

—{— Crystal

Irterina

] ];
[-: MICROPHONE

DD— NOR Gate

:D— NAND Gate
_D.V INVERTER

|
"lq Photo Transistor

—@— Signal Gen.
_.Il_. Battery
=

- * Common f Ground

—@— Buzzer

Lamp

3
—
E

Relay - SPST

Relay SPDT

Signal




A — First Significant Figure
B - Second Significant Figure

ignifi i i Std.
1st Significant Figure in pF Color
C — Decimal Multiplier 2nd Significant Figure in pF | Code
Multiplier
—— — Voltage
Temgerature D - Capacitance 1st Significant Figure in pF | Std.
Coefficient Multioli Color
ultiplier 2nd Significant Figure in pF | Code
Multiplier Yellow 6.3 Gray x 0.01
Color Code for Ceramic Capacitors Green 16 White  x 0.01
Tolerance Blue 20 Black x 1
Capacitance Gray 25 Brown x 10
Tolerance Voltage White 3 Red  x 100
Deci- More Less Temp. —l E:zﬁk ;g
Signi- mal than than  Coeff. Brown 100 Black *20%
ficant Multi- 10 pF 10 pF  ppm/ Red 250 White * 10:&
Color  Figure plier (in%) (in pF) deg.C Yellow 400 Green + 5%
Black 0 20 2.0 0 X
i Capacitance (uF
Brown 1 10 £1 - 30 Polyester Capacitors “F)
Red 2 100 + 2 - 80
Orange 3 1000 -150 (B) Stripe Indicates
Yellow 4 —220 Positive Lead
Green 5 +5 05 -330
Blue 6 —470 Rated Voltage (V)
Violet 7 750
Gray 8 0.01 0.25 30
White 9 01 10 1.0 500 .
Tantalum Capacitors
(A) (D)
Temperature Coefficient
Color Code
120 pF / \ 7pF
0.01uF 08

+10%

+20%

Tolerance

1st Digit

2nd Digit

1st Digit
2nd Digit
Multiplier
Tolerance

Multiplier Tolerance
Number  Multiply By Letter <10pF  >10pF
0 NONE B #01pF -
1 10 C  *025pF -
2 100 D +05pF -
3 1000 E - +25%
4 10,000 F +1pF +1%
G - +2%
H o - +2.5%
J - +5%
K - +10%
Mo - +20%
Ceramic Capacitors P- -0+100%
(E) S ~20 +50%
W - -0 +200%
X - —20 +40%
z —20 +80%

EIA or MIL Characteristic (see chart)

STYLE
DM = Dipped Mica
CM = Molded

EIA Prefix - R
MIL - No Letter

Case Size

EIA or MIL Voltage
Rating (see chart)
Capacitance in pF. First two digits significant figures, third digit
indicates zeros. Letter R, when used, indicates the decimal point
when three-significant-figure values are required. (Value shown is
561.0 pF.)

Decimal Point
Temperature
Color Coefficient
Black NPO
Brown NO30/N033
Red NO75/N080
Orange N 150
Yellow N 220
Green N 330
Blue N 470
Violet N 750
Gray
White P 100
Redand P 100
Violet

EIA Lead Style

C = Crimped

S = Straight

MIL Vibration Grade
1=10-55Hz
3=10-2000 Hz

Temperature Range

M =-55°to +70° C

N =-55°to +85° C

0 =-55"t0 +125° C

P =-55°to +150° C
EIA DC working voltage
in hundreds of volts

Capacitance tolerance
(see chart)

EIA or MIL Designation for Mica Capacitors

HBK05_07-003

©)

Significant Decimal Point
Figures of and Multiplier
Capacitance p = x 10-12 (pF)
n =x10-9 (nF)
(pF) Marking (pF) Marking
0.68 p68 15 15p
0.82 p62 18 18p
1.0 1p0 22 22p
1.2 1p2 27 27p
1.5 1p5 33 33p
1.8 1p8 39 39p
2.2 2p2 47 47p
2.7 2p7 56 56p
3.3 3p3 68 68p
3.9 3p9 82 82p
4.7 4p7 100 n10
5.6 5p6 120 n12
6.8 6p8 150 n15
8.2 8p2 180 n18
10 10p 220 n22
12 12p 270 n27
European Markings
)
Letter "Characteristic"  "Characteristic" MIL Voltage Capactitance
Designator Max Capacitance Max Range of  Rating (V) Tolerance
Drift Temp Coeff (Percent)
(ppm / deg. C)
A - - 100 -
B Not Specified Not Specified 250 -
C +(0.5% + 0.1 pF) +200 300
D £(0.3% + 0.1 pF) +100 500
E +(0.1% + 0.1 pF)  -20to +100 600 -
F +(0.05% + 0.1 pF) 0to +70 1000 +1
G - - 1200 +2
H - - 1500 -
J - - 2000 5
K - - 2500 +10
L - - 3000 -
M - - 4000 20

MIL voltage ratings for other letter designators: N=5000 V, P=6000 V, Q=8000
V, R=10,000 V, $-12,000 V, T=15,000 V, U=20,000 V, V=25,000 V, W=30,000

V, X=35,000 V.

Fig 7.3—Capacitors can be identified by color codes and markings. Shown here are identifying markings found on many

common capacitor types.

Component Data and References

7.3
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—AANA— ELECTROLYTIC VARIABLE /oo
v ¥ v v T v t 3 }i W FERRITE-BEAD  1appED
RESISTORS CAPACITORS =] K=
INDUCTORS » MA, K
SPST SPDT NORMALLY OPEN BATTERIES
Ay T4\ +| = + -
S Y o070 o/° 1S o H= HilE
SINGLE MULTI
CONDUCTORS CONDUCTORS ~ SHIELDED WIRE OR COAXIAL CABLE TOGGLE CELL CELL
NOT JOINED JOINED R NORMALLY CLOSED
GROUNDS
—0 olo
5 LV
TERMINAL  ADDRESS OR DATA  MULTIPLE CONDUCTOR Y
BUS CABLE MULTIPOINT MOMENTARY  THERMAL ||CHASSIS A—-ANALOG
WIRING SWITCHES EARTH p_piGITAL
S ADJUSTABLE ~ ADJUSTABLE | o
—p= —*— INDUCTANCE ~ COUPLING,
VOLTAGE @ AIR CORE ANTENNA  FUSE
LED (05 Uu Uk
(os#) VARIABLE THYRISTOR \KO—
CAPACITOR M (W
—p— (SCR) . I] F _A
BRIDGE QUARTZ HAND KEY
DIODE/RECTIFIER . ; RECTIIFIER WITH CORE WITH LINK —l—_l—iﬂ- CRYSTAL
~ U uJ = lt5, z
B e o Tafw| M | B ASSENELY OF
TRIA T 3—PIN CERAMIC MODULE
ZENER  SCHOTTKY  TUNNEL DIODES (0#) TRANSFORMERS RESONATOR ~ MOTOR  (OTHER THAN IC)
‘ MISCELLANEOUS
PNP P—CHANNEL P—CHANNEL P—CHANNEL P—CHANNEL P—CHANNEL
c
E B2 D D 0 D NAND
" ° - D Do
B1 s G s Gt s G S
E OR NOR
NPN N—CHANNEL N—CHANNEL N—CHANNEL CHANNEL N—CHANNEL :D— :D»—
c
E B2 o 0 & INVERT
B G
B1 s G S 6t :)D— —>o—
BIPOLAR T JUNCTION FET SINGLE—-GATE DUAL—GATE SINGLE—GATE SCHMITT OTHER
DEPLETION MODE ENHANCEMENT MODE L
TRANSISTORS MOSFET MOSFET LOGIC (U#)
GENERAL COMMON
SPST SPDT DPDT AMPLIFIER CONNECTIONS PHONE JACK PHONE PLUG
o o—{ o{ OTHER — LaBEL — D E
:D v CONTAC;EMALE COAXIAL CONNECTORS
‘l I‘ MALE
4 OP AMP FEMALE MALE
INTEGRATED
THERMAL RELAYS :D CIRCUITS
(U#) MULTIPLE, 240 V FEMALE
movaele (A Y (Vv
—— TUBE ELEMENTS
MULTIPLE, [ A& ] | Y ]
1 AnoDE HEATER OR | | FIXED
FILAMENT GROUND
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All of these materials, graphics and illustrations
have been collected from Internet sites

Some of these materials are included and some
sources unknown

It is only for the education of the new amateur
radio

Alerts if there are ownership rights to a material,
please e-mail me (7z1cgam@gmail.com) and | am
ready to delete
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