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Abstract

This project is a model of a minicar, which demonstrates the working of 4
wheel steering and the drive system. The calculations of the direction and steering
angle of each wheel used the equation of vector transformation. All the vector
calculations are processed by an MCS-51 microcontroller and the result will drive 8
D.C. motors that used to control steering and motivation of the car. User can control
the motion of the car through a digital joystick interface.

The constructed model presents a method that can brake the limits of motion
so that a driver can freely control his/her vehicle. The concepts of IVMC can be applied
to a wide range of applications such as industry, agriculture, military and transportation

etc.
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= ax A = Y o a =
Tﬂﬂ 1.9 0MIAADUNVBDINDVULNALLTITYANIULUIVIN
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E4
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wennnfidaidefonraredendudhmmevesmsiamiszoy  tvMc  gmsldam
Y v

939 9N IPANY T ANTAIMVBITLUUSAYUATEININAI) 1HY Anti-lock Braking System

o '3 L {
(ABS), Active Stability Control + Traction Control (ASC+T)** 1¥1am Taauysaluuugedy

us: [ = C2Y dy 3 A Y o = Y
Junsnvoamsianume lladszuuisdutes IVMC Afemsa3uuuiiaesiniuauaiy

ulnsaoulnsamss Feaznannesigazidealuunao L
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=
UNN 2

Iulasnoulnsataos MCS-51

11 s a a 2y o o o )
ylnsnou INsa@psUUVTNALINTZNA MCS-51 Udlenunaeasyuny Inseasi
o J a ' o I J 3 I
moluvewin vawesszinioanusuduuuy ROM veieiiuluy EPROM 1190051
4 I s g < = !
RAM nolu 128 Tud 1awesi 256 Tua iudu Fesrwazideazdnu ldonnglioveslulns
o a’z @ 1 [ wvad o w
aouInsamesiueiiug 14 laense uagdnyaizunsnne wzmiounuy auaulandiyues
= dy
MCS-51 A1l
-Aoemsunasnio vl +5v gaiRen
= 1 o =} a d o [ 4
Imuea U1 1U5105Y (Program Memory)H38 ROM 4119 4 Ala lud dwsuiwes
o @ Jd a a 4
8051 dmSuwes 8052 1l 8 Alalua
= ] o o grte 3 d o @
SindwanuiidmTunudeya (Data Memory) ¥50 RAM v11a 128 lud M5
¢ g ' ¢
o3 8052 Uu'ldiine 256 nlalua
)=} 3 a o
-IWBIN /O WA 8 UA 4 WosN
-1 Timer ,Counter Y118 16 Tn 2 ya (§1n5y 8052 1 3 ya) ¥ 'ld 4 Tnwa
o83 do ) By AR ¢ & . ' ¢
SUBUIMBT WA A 5 KA 5 AT dmsuwes 8052 Au Uil 8 unas 6 names
1299500 ATAAABSHAZNITUIRAUUTN
=} @ 1 o
finesniudedoyaoynsu(UART) 2 Wosn Ul Full Duplex lavamisationgl)
nuy'ld 4 Tnua
-Sramisanudrldsunsuniouenld 64 K
Y ' o ¢ Y
-Srumntsanuioyaniouen la 64K
= a 3
-unsevszananafiaziald
£ 1 o a Y o '
-A150919MHIANI WUV DA 18 210 A

d o o o v a a =} o +4
wilsdgdnsdenunanszme 1 1uTlasIui vaeinauaie Clock 12 MHz



4 J av a
M51397 2.1 weaa lulasnou Insaaeinsgna MCS-51 ¥oUITHNOUIND

ROMiess| EPROM | ROM| RAM| 8-84 | 16-Bit | Programmable zws:dn:m S| oma AD  |internupt| Power Dowrf
Device | Vorsion | Version |Bytes | Byes| UO | Timer! | Courter Amay |UART| ot | Channel| Chamnels [Channeld Source and ide
Ports |Countery (PCA) (SEP) (GSC) Veciors Modes
8051 8031 - ax |28 | 4 2 v o5
8051AH | B031AH ,'77:,':" 4K | on2e | 4 2 v 5
BOS2AMN 8032AH 8752BH 8K 258 4 3 v &
30C518H| 80C31BH| 87C51 | 4x | 128 | 4 2 v e v
socs2 | 80C32 - ax | 256 | 4 3 o ) ¥
BICS51FA| BOCSIFA| 87CSIFA| 8K 258 4 3 v v 147 v
83CS1FB| 80C51FB | 87C51FB| 16K | 256 | 4 3 T v 147 v
83C152J4 80C1520A - ax | 258 | 5 2 v v 2 19011 v
80C 1528 - - 56| 7 2 v v 2 1911 v
83C1524C] BOCIS2) - 8k | 258 | 5 2 v v 2 1911 v
- 80C152J01 - - 258 2 2 v v 2 1911 v
83C452 | BCCAaS2 [ 87C452P| 8% | 258 | 6 2 v L] v,

Tassarameluvea MCS-51
Mcs-51 gmaTulaslumskanuuy NMOS itag CMOS Heraelvlsznianasany
wo? 8032 ung 8052 928 ROM BASIC egnuludsazaindmiulusunsumeifiazidou

Tsunsudrenivwan Tassadunoludmswes 8051 uansaslugy 2.2(uaz 2.2(b)

Program ‘

Addr <_1

Pomnter Rewinter

PCON | SCON [IMOD| TCON Cﬁ Butrer C‘/Ji

THo | Tho | Tih .

T 1 \/‘-A ‘ :
> P

SBUF| IE W Am ementer Ny

Interrupt. Seral
Port and Timer. Bhoks 4
- Lx |
E < ;
2 ll /\ R
= l \Z !
|| [roatan | :
i
b l \L
i

N
L

3101 2.2 (@) uans Inssadumoluves MCs-51

11
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Al ————— ———
TCON
,.--: e ,.xu Roger
l E’ﬂ Timer Contral Rogitters
o, ,uu Rvgrier v t—' L i
l" |l. YNI lll
-0 r-l-' ! wgz
K
SCON SW PCON PSW
e Rogister Regster n. o
ool Dsts Rogrters -
Gonersh
Pupore
Ao Stach
% L Regnter
T e |
Asoresy B4 Ader 93103 for Inis RAM Aga onty,
» Moo ™ -
¥ Regstwr .
Bark
" 3 (I W re Rewens
Dats Powder
” Rogister Progyem Counter
peans oPH on,
0 2
o Reghstes
Bark
o ' o Toe ] » 3| 8o |
Pod 0 Pot 1 Pod 2 Poa )
w ol Lath cn wen !
o6 R&
08 RS 1 Owsc Byte Adwrens
Nombe of .
mgur 5 N o4 naic s BA ASI911abI
2] R
02 R2
o1 RY 1
% no m!‘A__
oyte iems temal
Adoresres RAM RCM

= o ] aa a1 1 o
E‘lh/l 2.2 (b) AMUHUIVDITITANDIA N LL'ﬁZ'ﬂu'JUﬂ']'HJﬂ']ﬂ']UL},U

MSIAIAIL) VB3 MCS-51

s a y g T ,
1c lulasaouInsaaes 8051 §lassers1atluuuy DIP Huwianua 40 41 Taguenas)

@

I J a 4 o ] ' °
v I U Ime SNBUNN LN, NTYYIUA TRV, VIALUHUINUILANUN LAZVIVDIT0YA

1931

mo= ~— wfwee
P 2 ae{T)roo
P2 3 . ss[ron
IR Yo ) a7 fro2
PiaCT] s s rod
risc] o o
o] 7 3¢fTIvos
=N »froe
nsT] ® a2[=3ro7

3 omxoC 10 2 nlioea

3ol 3 ) meE

#3 2ANTOCT] 12 '; mt 7y roen

ra i s 2

3o [ fe :

panny s -

3 amvR 7] e

w3 mn )

x1ALz ()08

x1ALy (0

vss. (|70

U7 23 M3TAN91UR 9 805

1 =Y dy

ANUNUIGUDIVIN LAY
4 s y 1A Yy a s Y

L. 903N 0 (Port 0) wain 0 1A 11# 32-39 awnsaldiilu Funn wawn lduonan

dy a 1w 1 o @ Y 3 =
‘llgll‘lﬂ’lﬁﬂﬂﬁaﬂﬂﬁu’)ﬂﬂ'ﬂllﬁnﬂ’]ﬂu@ﬂﬂﬂi‘]ﬂﬂu‘ﬂ’] Address Bus 4101¢ Data Bus 'E]ﬂg‘ll'.lﬂ
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2. Wo N 1 (Port 1) Wosn 1 1duranii 1-8 Juwesn 8 Ta musodndsiiazdald Ao
P1.0,P1.1,...etc

3. M3 2 (Port 2) Wosh 2 1A 21-28 91 lna 2 whdl Aeldhiilunesvn s da
Auldiiluan Address 8 Tn

4. woin 3 (Port 3) Wosm 3 NAurutit 10-17 v lFammoenihitie Wwosn Suwm
uaz 01dnm uag Iiuuarugueeg sz ldnandeld

S.P—SEN (Program Store Enable)

11 PSEN umniidedaygnmonn Aewn 29 iazueaiiviiie MCs-s1 deenise
Code Talsunsuniouen Tasun@dmiasanusi Tusunsunouen 1ilu EPROM 41 PSEN
92/91UU1 Output Enable (OE) Y99 EPROM

6. ALE (Address Latch Enable)

ilosminwesyn o mansaldidunidredunus uazvideya Mcs-51 azfiv ALE 14
Ui 30 Wiz 19 Multiplex dayat Address Bus veawas 0 lumsldamszun Mcs-si
YuszdeadUnsaiudefunesn o Aimii Lach Fyaner Address Bus e MCs-51
Zoemsfadosuntieausmenen MCS-51 12aadayanal Address Bus 09ANINIIWDIN 0

o o

) [ <4 1 ¥
iUz aedya Y ALE 11 Latch 9nsainieuen ¥ A uaAT Address Bus 99 Port 0 131we
< 1

1% Port 0 13J1 Data Bus e 11

7. EA(External Access)

S 1 ~ ::zjd a [ 4 4 ] '
91 EA 1Qusdi 31 s1niiduaedn «17 wldiuwes 8051/8052 wieueninlveiu
[ o 1 I~ a 1 o
TUsunsuarnnulsanus ldsuasuniely ugdniuassn <07 awvennli MCS-51 W
1 [ o - a 'l B T =
TsunsuIaggiunnuulsanuii TsunsunTeuen (191 EA 11l 0 41 PSEN azuoaiiv) &
3 4 I~ ] (= 1 o ]
wndlues 8031/8032 41 EA ety <07 raue misiz 1 luinuleanus1 ldsunsumeluug
A ] o [— I~ 3

Zu0s 8051/8052 FatimtanusiTusunsunioly wazliaT EA 1 “0” %99% Disable
ROM meluazazeiu 1151n3uen EPROM N18UDNLUNY

8. RST (Reset)

Y
1 a3 a [
91 RST 18unv 9 9214 lums Reset MCS-51 Tagagliuniiuasin «17 se1atios 2
. =® Y

Machine Cycles 939&Reset 1a

9. 7993 Clock U939 MCS-51
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m3aelauiy 251uuufAeld Clock nalu azClock MINMeuBN IMTUMIHE LAy
Y
I9Clock Moluazld1995 Oscillator UuFW 1AuAv1 18-19 TagaoCrystal vl lagdnd
@ a v v a 1 1 @
a9 Crystal 19108 12 MHz Audufpilszy daumsaouunls Clocknmiononas lddaymyo

U1%01910 TTL Clock Source ADAU XTALI 110z XTAL2 A9317 2.4 (a) 1o (b)

XTAL2
Quartz

L
1
. MCS-51
orcczr?;?;?rl\ic‘:_j H"C"?)SS
c, orCHMOS
resonator ‘l‘
XTALL

Vss

(a) Using the on-chip Oscillator

MCS-51
orCHMOS Exiaial orCHMOS orCHMOS
XTAL2 Clock: XTAL2 (NCy—xTAL2
External é Signal External
Clock XTAL1 XTAL1 Clock XTALL
Signal Signal
IVSS Vss IVSS
A.HMOS or CMOS B.HMOS Only C.CMOS Only

(b) Using the External Clock

U7 24 @A92995 Clock HuUA a1y MCS-51

10. Power Connections

T MCs-51 a2 1dumaanie 1l +5v @oiniuv Vel 40) @319 Vss (V1 20)02A0a9
Ground

d a 7
1A590r319UBINDINDUNNIBIANN(/O Port structure)
o oo a oA 9 v Y A

-WBIN 0 (V1 32-39) UMIHUA 8 U ﬂ@(PO.O-PO])i‘NWUUlﬂ 2 HUINAD® Address Bus

LA Data Bus Hiogaansaadesuniionusi lUsunsunousn 158 VO Port S1damsIn

° a 1 a @ 3 ciy = < o Y
madusunnwesndeadsandn “1» Tfmesnil aslinaliQ vos D=FF iWlu <07 vl
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[ 1 =1 @ :; 1 a o Y]
FET fanilanug off dayanaildermdunmwesniandlnsdedygyis READ LATCH 'l
A5EAUN Tri-State Buffer §2UULAZANTEIU Port(Pin) 12 19T ya 134 Read(Pin) Tnvuaaalnsg
a$ameluBlugiin 2.5 @)
J a 3 a A = Y Y J ' 9
-WOIN 1 (V1 1-8 )UNIvua 8 us Ao(P1.0-P1.7) Hlasaasnandioneoin o unves leny
FumunioTuyadwiny (internal Pull Up Register) 5 Insea$edsgy 2.5 (v)
4 =) 3 a A =} Y Y o =1
SB35 2 (U1 21-28) UNANUA 8 Tn Av (P2.0-P2.7) HIAseas19na1onosn 0 laed FET
Y] = 1 9 9 Y o 4 dyo
faa1e dafed dauduuuldnnudiuniuyadnuny (Internal Pull Up )Wesniiinaueros
i [~ a I & 4
niine awseldty Address Bus v11a 8 Ta (A15-A8)uaziilu /O Port 15ama'ly e
9 I~ d a 9 1 a a 4 f.ﬂyl A v @ Y 1
wlfiuilunesnduyndosdensin «17 inmesniineu metsAy 1y FET agluaaiiz Off
aaeraalugy 2.5 (o)
'3 a z a a ' o
WOIN 3 (U1 10-17) Uianua 8 1a Aev1 P3.7-P3.0 Hlaseaduadoneoin 1 ¥eu

Y i

& < 4 a ¢ a 4 o &
18 2 nihd Aoty 1o port draz TsunsuliiluBunnwesndesdeasin “1” Wifinesnil

' = Y A £ gda Y1 v @ W Y @ ' =
NBU ngﬂﬂ‘ﬁ'LITVW]uﬂﬂﬂ@i%ﬁﬁﬁﬂjﬂ)ﬂmﬂ?ﬂﬂu@@ﬂﬂfl ua:suamﬂnmmﬂﬂ AYYIUANY

o g

e

ail
] I~ Qg Yo Y
P3.0/RXD (Serial Input Port) 111 14504031ty uaUN IU(UART)
¢ IS Hq Y1 Y
P3.1/TXD(Serial Out Port) 11/ui I aveyayuoynsu(UART)
P3 2/INTO(External Tnterrupt 0) 1950 dyqnains iadanazainneusniues o
P3.3/INT1(External Interrupt 1) WS udyanansiaianizanmeuoniuos |

@

P3.4/T0(Counter 0 External Input) U151 wﬂgtywmﬁacﬁﬁuwm%’ﬂﬂﬁwd 93 Counter 0
P3.5/T1(Counter 1 External Input) m%”uﬁ’a;apmﬂ’acﬁ%uwmeﬁﬂﬂé’ma%s Counter 1
P3.6/WR(External Data Memory Write Strobe) mﬁaumpmmmmm%au%gam
WA oyamouon
P3.7/RD(External Data Memory Read Strobe) 1dayanainiuann1se1udoyann
wiaANuIMoyaniouen

T Tasearauansnagli 2.5 (d)
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ADDRDATA e

READ

et INTERNAL

PULL-UP*

INT.BUS
WRITE

LATCH LATCH

READ.
PIN

(a) Port 0 Bit (b)Port 1 Bit

ALTERNATE
OUTPUT

Vee FUNCTION
ADDR

INTERNAL
PULL-UP*

READ

LATCH INTERNAL

PULL-UP*

TO
LATCH

; INPUT
VI FUNCTION

(c) Port 2 Bit (d)Port 3 Bit

5171 2.5 nanaTasead19U0aNBS NIN9 4 YDI MCS-51

Tn59a519U09HUIA NN

=

' (1 ) o = a ' o =3 @
MienusIE MY MCS-51 23 2 ¥ Avnireanudinldinu T sunsuROM)AD
1 o A I J ' a
misanuiilFinudoyalumslszuiana®RAM) MCS-51 U19U03 190 8051,8052 93]
] ° a o a ] o
oA Isunsunivludn uag MCs-51 nawesansadisdanisonwiinouonld

i Y ' '
wnfiga 64K dmfumitonnui RAM melu asisznoulléae diuildauic, 53

Vv
S A A

o v a aa o Jdou a Y 9 ] °
mm;ma'ﬂ,wuﬂ%ﬂmmum uazmammﬂaﬂwwmy Tﬂﬂmmmaumamﬂwmﬂmmm

_ =} Yy v a 1w ' o —_ =
Tilsunsuan PSEN pzuoniivl uazhidesmsandeiuniitoanus1deyavi RD,WR vz v

=

Lsmm%u"l@mzLmsmawﬂmmmrﬁwm 8051/8052 ‘lg{ﬁ\‘]‘iﬂ'ﬂ 2.6 (a),(b),(c) tiare (d)

U



dnlnuemianmd_mazenuinainIenszn

FFFF . FFFF
60 K
BYTES
EXTERNAL
OR — 64 K
1000 BYTES
EXTERNAL
- ERN
OFFF 7K
BYTES
INTERNAL
0000 e 0000

@ 1 o o v o o @ 4
(a) W\‘l‘ﬂu'wﬂ?’lll"ﬂ']ﬁ"lﬂ5ULﬂUIﬂ'§LLﬂ53JfT’WT§‘]JL'U@§ 8051

FFFF 5 FFFF
56 K
BYTES
EXTERNAL
OR —> 64 K
2000 BYTES
EXTERNAL
18 ERNA
1FFF 8K
BYTES
INTERNAL
0000 Y 0000

@ ' o o v a3 o @ J
(b) NQWH'JUF]’JHJ‘U"Iﬁ”IWﬁULﬂUI‘]JS!LﬂiillﬁW?iﬁ‘Ul‘U’E]ﬁ 8052

FF SFRs B FFFF

DIRECT
ADDRESSING
ONLY

80 64K

7F DIRECT& AND—> BYTES
INDIRECT EXTERNAL
ADDRESSING

00 i 0000

@ 1 o o @ 4
(c) FIVTUIYANIITIMTU Data UDUUDT 8051

42640
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Indirect
Addressing Only
80H to FFH

FF FFFF

SFRs
DIRECT
ADDRESSING
ONLY

80 64K

7F DIRECT& AND—> BYTES
INDIRECT EXTERNAL
ADDRESSING

00 _ 0000

o ] o o [ o
(d) HIHUWANVAIETIN IV Data UDUUDT 8052

31N 2.6 Taezuns uudAIdanLoANI B UVBS 8051/8052

=

Y
@ [T o 1 ' o o @ <]
VNATIDNNVETITYIN gnlﬂ’iLN“U@\‘]Wu'JfJﬂ'NllﬂTﬁ'ﬂ’TﬁﬂLﬂUIﬂﬁllﬂSMLLag%}ﬂMﬁﬂJ

U

o " oA 9 @ I Y 1 1 a " @ 1 o 1 o Y
MU UINTOUNU CPU ﬂ%gllﬂﬂfﬂﬁ'15'J"Iﬂﬂ(5]'ﬂﬂ‘U1’1H'JEJ?I'J']?Jfln}]_]ﬁllﬂﬁwllﬁgﬁuﬁﬂﬂ')']lm'l"ll@
av a 9 ° ) I~ 1 p=|
ya lavusumduma lavenuuutensidsonilu 3 dau Ao
MoV 1¥aanany RAM aely
MovC l¥aasany Program Memory(ROM)

MOVX 19Aaaefil Data Memory NMEUDATW 1A051S 1K 9H1U DPTR 1ag PC

Y '
=3

a J = a : = U a dsj
W03 8052 aUNUNUTIN 80h-FFh Fataziounseeudoya s uSnutiazd
= v o & o ' o w =
Detpya IneMeadouIIY AUHURILEAI AN 1995U7 2.6(d)
v
Y @ '

3 ~ 1 o a IS A '
NUANUIANNIIUTIUEO-FFNA Y 2.6(d) iluiunfdounuegodiany 128
£

4 1 < . Y =
lualagaauusnaziily SFR Address uag Indirect Address Area faiufidouTisunsy dog

a '

' E4 Y i
AnAany SFR 12Ape Tdmduuuihtedoyalnonsaunniy (Direct Address Area) AIUAUT

Y KX 9 Y

1 E4
%ﬂmuﬁﬁa%zmmmaummummaummu (Indirect Address Area) ﬂ?MﬁHLWUQ(OOhJFh)

QU
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A A ' o A YV R Y v . .
wu‘n‘ﬁmwmﬂmmc‘nmwmwaa&a‘lﬂﬂﬂsauaziﬂﬂaau(mrect and Indirect Address Area)

Byte Byte
Address Bit Address Address Bit Address %
* FF
N N
General 1o [r]rsrs[Eafra]r2Fi]Fo] B
Purpose
RAM
E0 [E7 136]55]1;4’53 E2 mlEo ACC
30
26 [IF[TEFDICBIA|T|T8 Do mlm r)slmlmlml - [m PSW

2B [77{76{75|741|73{72{71|70

> [erlseeplsclonkaloofes o £ 1 I » lk"(’l-‘"‘l”’\l“"{“

N P
2c [67]66(65]64]63(62]61(60
Bit-address B |SE[SE[SDISC|SBISA]S9 |58 fo r;v[na[m\xulln.wlnzln1‘30 -
| 2A - [s7156(55|54(53|52]51 |50
Location
29 MFHERDHCHBHA[9[48 < '\"[' I i l‘\(‘[’\BL\’\J’\‘){M IE
28 |97[46 |35 |44 (43 424140
1= PRGN Y AD /\71,\61,\5"-\4],\3lf\zt\| 0| P2
26 [37136135]34]33]32]31 {30
25 prfekpRepBlal2ols & = R . i

M 271262524123 )22)21 |20 o5 [ororfonfucfosoa]v]os | scoN

oy
21 [PEOEDDOCOBDA0910S

20 [o7]os 050 o3 |02 {000 b No DvunrEee T

23 [IFHEADICHBIA[IfIS

22 irhisfisfisfizfizjifro %0

97 i‘)(x I‘)S [‘)J l 93

ig sC Not Bit Address THO
BANK 3 SR Not Bit Address TLI
18 SA Not Bit Address TLO
1 89 Not Bit Address TMOD
LR ss [SF[sE[sDClRBRA[S9[s8 | TcoN
10 R7 Not Bit Address PCON
OF
BANK 1 83 Not Bit Address DPH
08 = 82 Not Bit Address DL
07 Default Register Sl Not Bit Address 5P

Bank tor RO-R7

80 37].&(“.&;]34’&1’33

RIlS()

O
0

RAM Special Funcoon Registers

51 2.7 nans 128TUf Ve Internal RAM 1AZ SFRs

Y H =3 ' @
fiud 128 Tud ansgavzuiaiy 3 g Asgl 2.7
I)§%ﬁ&@@'§£tﬂﬂﬁ (Register bank 0-3)
3 1o 1 I~ 1 aa o 4 1 I~ rd 4
AR LU 00h-1Fh dud uuess dmmes s 0-3 Tasnaduiyenas 8 lua
~ 1 J A o °
591 12118 32 lud TaofudazuueRaziis senos RO,R1,R2,R3,R4,R5,R6,R7 81CPU 1191

v 4 g o = 4 a & o 1 a
'E]Q‘WLLUQ?T 3 Lﬁ'ﬁ)gﬂ Reset NAZNAVUINLULA O LUD Liag SP %zmxsuﬁummuwm 07h Wea

il '
[

a ] o A o = =3 a 9 .
2)'1JiL’JﬂlWH'JEJﬂ'J"|3Jﬂ"I‘V161°]35}ﬂT€T 'E)TLJLEUEJMWTGZ‘U@“],@(BH Addressable Area)
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Y v
A A

@ 1 ° d A g a Y 1w a &
NWUNANULS Address 20h-2Fh 31UIU 16 qﬂ@ﬂi@&LUQLﬂUUﬂﬂ%ﬂﬂMWﬂﬂ 128 UA 9

v

Y
A v oA

funiadniifadl 00,01,02,03,04,05,06,07 9UD 7Fh
| 5 00 ARD DO VBINUIEAWT IR ULST 200
fin 01 fife DI veantEANUSIE MM 9T 20h
a31) 2.6 Usenou wudeans Set fin 00 Aoaidousidadn SETB 00n-
3y usnuea R 19U 11 (Scratch Pad Area)

3 '3 1 d 1 3 o v A v A

Nuidaus 30-7Fh szdoudoyalafas ludmiiy Taunsalddhdunenuiala
Y '
A A

Y 9 Yy a dy @ = Y Y
hedlenauanun PusnaiililsasziTlumssudeyanivaian
Aa J Jou a
4) 50T WINTFUNIAY (Special Function Register;SFR)

aa 3 9 ] o a 1 2 g aa 4
T McS-51 S3emosazldnulennus1t RAM nelugn Teeauntaily 53ames

v
=<

o a A { 1 o 3 1 g @
WINFUNLAY (Special Function Register;SFR) TaszisUNYUIUAIUIIAUA 80h-FFh AINN

o 1 ' < ) Y 0! [ 4 ) 1 o @
Tua 128 AU US umzvﬂu SFR LﬁfN 21 AU UITINTULILUDT 8051 LA 26 AN UITINTU
7 [ a aa J ' . 5 = a8 o dy
103 8052 #9317 2.7 53a1003 lUNQY Special Function Register A1
4.1) Program Status Word

2a i ' ' 1\t 8 ' A o Y R Y
FATRNDINIULIUNYDS) I PSW %E)Q‘Vlmuﬁm DOH 5383a1013 25 U103U4R

QU

v a 9) Aa o’dy [ o ' J
seautinldlaes sames Hzidludeuenaniizaiag vedlulnsaoulnsames ANUML BV

LLﬁﬁ%ﬁﬂLLﬁﬂQ\lﬁﬁﬁﬂﬁ’Nﬁ 2.8

A15199 2.8 uaadieuazninna1eg 1y PSw

% S

ua POURA ALY A0

PSW.7 X D7H Carry Flag

PSW.6 . AC D6H Auxiliary Carry Flag
I

PSW.5 Fo DsH Flag 0

PSW.4 RS1 DsH Dadmsuiden Register Bank 1

PSW.3 RSO DaH fadmiumdon Register Bank 0

00 = Bank 0 ; Address 00H - o7H
01 = Bank 1 ; Address osH - oFH

10 = Bank 2 ; Address 10H - 17H

11 = Bank 3 ; Address 18H - 1FH
PSW.2 oV D2H Overflow Flag
PSW.1 - DiH Reserved

PSW.0 P DoH Even Parity Flag
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@ a yd a { a y o W

4.1.1) urlandna (Carry Flag,CF) dnililuiini 7 voe PSW datilianudiAgymnil

o a o a S 4 a A A o
msnsEimuadiamas Inedaiiaz Set oiamsnavesini 7 nsziiimsuiney wie Set
A a = a A A a dy a Y g
dofamstuvesind 7 Welamsaumy  wenndl Oa CF 111391911 Boolean
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fumis | wndefidannges yudeiia’ld Errors/Aniioauuinasigy
Joystick
x| y| RIFL | FR | RL | RR | FL | FR | RL | RR| FL| FR | RL | RR
41 0l0f o 0 0 0 |-310].0.00 |-3.50 | 090 |-2.52 | 0.00 |-2.11 | 0.78
270 | 240 | 1.10 | 3.70 | 220 | 1.54 | 0.66 | 3.19
0.90 | -2.80 | _2.60 | 0.40 | 0.73 |-1.80 | 1.57 | 0.34
Ao | 0 0 0 | 0 |_017|-013 | _0.07| 1.67| 0.14 | -0.08 | 0.04 | 144
0|3/0| 9 | 9 | 9 | 90 |8580 |89.30 |90.00 |90.90 | -3.41 |-0.45 | 0.00 | 078
92.70 | 90.70 | 94.00 | 90.70 | 2.20 | 0.45 | 2.41 | 060
90.00 | 90.60 | 88.50 | 91.10 | 0.00 | 0.38 |-030 | 095
aunto | 90 | 90 | 90 | 90 |89.50 | 90.20 | 90.83 | 90.90 | -0.41 | 0.13 | 050 | 078
0|0|6| 45 | 135 | 135 | 45 |4410 |133.3 | 1356 | 48.50 | -0.73 |-1.15 | 036 | 3.02
41.00 | 132.7 | 131.8 | 45.90 | -3.25 | -1.47 |-193 | 078
4050 | 134.6 | 135.1 | 46.20 | -2.85 | -0.26 | 0.06 | 103
Aundy | 45 | 135 | 135 | 45 |41.87 | 133.5 | 1342 | 4687 | -2.54 | -0.96 | -048 | 161
5| 7|0 |5446 | 5446 | 54.46 | 54.46 | 55.50 | 55.40 | 51.90 | 57.70 | 0.85 | 0.60 | -1.54 | 279
54.30 | 56.80 | 54.40 | 55.70 | -0.13 | 1.50 |-0.04 | 107
55.00 | 58.10 | 53.70 | 54.60 | 0.44 | 2.33 |-046 | 0.12
FURAY | 54.46 | 54.46 | 54.46 | 5446 | 54.93 | 56.77 | 53.33 | 56.00 | 038 | 148 |-0.68 | 133
6| 4|5 |1534 7747 | 1748 {39.29 | 152.6 | 77.30 | 172.9 | 40.00 | -0.65 | -0.11 |-1.14 | 0.61
1533 | 79.80 | 175.5 | 41.90 | 0.08 | 1.50 | 042 | 225
153.0 | 77.50 | 174.5 | 39.00 | -033 | 0.02 |-0.18 | -0.25
Aunde | 153.4 | 77.47 | 1748 | 3929 | 153.0 | 78.20 | 174.3 | 40.30 | 033 | 0.47 |-031 | 087
3100 0 0 0 | 0 | 1.50]-0.50 |-230 | 270 | 122 | 032 |-1.39 | 233
-0.10 | 230 | -1.80 | 0.20 | -0.08 | -1.47 |-1.08 | 0.17
-3.80 | -4.10 | 240 | 3.10 | -3.09 | -2.63 |-145 | 267
fundy | 0 0 0 0 | -0.80 | -230 | -2.17 | 200 | -0.65 | -1.47 |-131 | 1.72
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fums | yudefidnnnldnngas yudoniala Error/dmifeai uunas 191y
Joystick

x|y|r| FL | FR | RL |RR | FL | FR | RL | RR | FL | FR | RL | RR

0|-710 90 90 90 90 90.60 | 92.80 | 89.90 | 90.00 | 0.49 | 1.80 |-0.06 | 0.00

91.40 | 9030 | 90.70 | 90.00 | 1.14 | 0.19 | 042 | 000

90.50 | 93.20 | 90.50 | 90.90 | 0.41 | 2.05 | 030 | 078

fumde | 90 | 90 | 90 | 90 |90.83 |92.10 | 90.37 | 9030 | 067 | 135 | 022 | 026

0 0|-5| 45 | 135 | 135 | 45 |44.60 | 136.9 | 1354 | 46.70 | -033 | 1.22 | 024 | 147

4320 | 135.0 | 136.6 | 43.30 | -1.46 | 0.00 | 0.96 | -147

4450 [ 137.1 | 138.5 | 45.80 | -0.41 | 1.35 | 2.11 | 069

Aundy | 45 | 135 | 135 | 45 |44.10 | 1363 | 1368 | 4527 | 073 | 0.83 | 1.08 | 023

4| <710 |29.74 | 29.74 | 29.74 | 29.74 | 29.70 | 26.50 | 29.40 | 26.90 | -0.03 | -2.08 |-0.20 | -2.45

26.80 | 28.00 | 27.30 | 27.10 | -239 | -1.12 |-147 | -228

28.00 | 30.10 | 29.50 | 29.00 | -1.41 | 0.23 |-0.14 | -0.64

Aunfe | 2974 | 20.74 | 2974 [ 29.74 | 27.17 | 28.20 | 28.73 | 27.67 | 2.09 | -0.99 |-0.61 | -178

7| -3 | -2 | 11.31 | 45.00 | 634 | 29.05 | 1130 | 44.60 | 6.00 |30.00 | -0.01 |-0.26 |-0.20 | 004

12.20 | 4230 | 7.00 |28.70 | 0.72 | -1.73 | 040 | -030

11.40 | 43.50 | 5.50 [33.90 | 0.07 | -0.96 |-051 | 4.18

AuURdY | 11.31 | 45.00 | 634 |29.05 | 11.63 | 43.47 | 617 | 30.87 | 026 | -0.98 |-0.10 | 157

6|4 | -5]9634 |45.00 | 140.7 | 5.19 | 97.00 | 44.90 | 1403 | 5.20 | 0.54 | -0.06 |-024 | 001

96.70 | 43.20 | 140.8 | 8.50 | 0.30 | -1.15 | 0.06 | 285

98.60 | 44.80 | 143.8 | 7.50 | 1.84 | -0.13 | 1.87 | 1.9

Aunde | 9634 | 45.00 | 140.7 | 519 | 97.43 | 44.30 | 1416 | 7.07 | 0.89 |-0.45 | 054 | 162

3| -7| 6 | 77.00 | 18.43 | 124.7 | 173.7 | 77.00 | 17.80 | 125.0 | 174.0 | 0.00 | -0.40 | 0.18 | 026

7690 | 17.50 | 124.9 | 175.3 | -0.08 | -10.7 | 0.12 | 138

76.50 | 16.20 | 125.8 | 176.6 | -0.41 | -1.43 | 0.66 | 250

Aunfy | 77.00 | 18.43 | 1247 | 173.7 | 76.80 | 17.17 | 1252 | 1753 | -0.16 | -0.81 | 030 | 139
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Standard Specification

maxon service for you:

e With our Standard Specification we
offer you a means to judge maxon
DC motors in the most important re-
spects. To our knowledge it covers
normal applications. The Standard
Specification is part of our

«General Conditions of Sale».

C E The CE sign means

that the product conforms to 1.

EU guidelines and procedures
designed to achieve conformity
were carried out.

If additional requirements
need to be met, we shall
cooperate with you to work
out more detailed specifi-
cations.

o

-

maxon motor

The standard specification defines checks and
tests performed on the complete motor.
To assure the high level of quality which is deter-
mined by ourselves, we verify materials, parts
and subassemblies through the manufacturing
process and the complete motor.
The obtained measurements are recorded and
can be made available to customers if so re-
quired. Sampling plans are according to ISO
2859, MILSTD 105E and DIN/ISO 3951 (Inspec-
tion by attributes, sequential sampling, variables
inspection) as well as manufacturing self check.
The following items are inspected/tested on the
complete motor:
Electrical data according to computer sheet at
22°Cto25° C.
Measurement voltage +/- 0.5 %
Speed +/- 10 %
No load current: Not to exceed the

max. specified value
Sense of rotation:
Standard version cw (clockwise) if voltage ‘+
is applied to ‘+' terminal and as seen from shaft
end. For CCW running the specified tolerance
data may be exceeded.
The terminal resistance is verified sporadically.
It must be noted that the terminal resistance de-
pends on the rotor’s rotational position. The high-
est reading is recorded.
Too low a reading results with precious metal
brush motors if a set of brush blades bridges two
commutator segments, thus short-circuiting one
coil segment.
It should be noted that measuring the terminal
resistance on a graphite brush motor is not
meaningful in most instances on account of its
dependence on current density.
The remaining electrical values are sufficiently
assured with these measurements.
Commutation: The neutral position of the
brushes is verified and checks for open or par-
tially short circuited windings are, for example,
made using storage oscilloscopes.
Commutation displays for precious metal
brushes and graphite brushes on the oscillo-
scope are not directly comparable. Precious
metal brush commutation display, features rather
clean traces up to around the motor's recom-
mended maximum speed. With graphite
brushes, this is only expected up to approx. one
third of that.
In addition, it should be noted that the contact re-
sistance of graphite brushes and the torque con-
stant may change some during the run-in period
due to increased brush seating. As a result, no
load speed and no load current could drift mar-
ginally. The same effect may be observed if mo-
tors are being operated under no load condition
for an extended period of time.
In spite of the fact that each individual motor is
adjusted and evaluated 100% during the manu-
facturing process, the Quality Control Depart-
ment rechecks these values using a sampling
process.

2.2

2.3

2.4

2

4]

2.6

The Standard Specification No. 100

for maxon DC motor and maxon A-max

Mechanical characteristics per outline draw-
ing:

Standard measuring instruments such as test in-
structions for electrical length measuring DIN
32876, micrometer per DIN 863, dial indicator
per DIN 878, caliper per DIN 862, bore caliper
per DIN 2245, thread caliper per DIN 2280 and
others are being used.

Physical data

Rotor imbalance: Rotors are balanced accord-
ing to standard data or customer requirements
during manufacturing. The completely assem-
bled motor permits only a subjective assess-
ment, which is done using the sampling method.

Inductance is determined during the develop-
ment/design phase and verified by way of sam-
pling method on the basis of the winding resis-
tance.

Corrosion resistance: Our products fulfil the
requirements according to test climate 23/83-1
DIN 50015.

Surface treatment and coating procedures used
by Interelectric were selected on the basis of
their merits to resist corrosion. Evaluations of
these treatments are made according to their ap-
plicable standard such as ISO 2082, DIN 50017
KK respectively.

Necessary motions in motor cause noise of vari-
ing degrees, of variing frequency and variing in-
tensity, depending on material and surface quali-
ties.

An objective assessmentis only possible atgreat
expense, and with precise specifications. For this
reason, Interelectric chooses to evaluate routi-
nely, but only on a subjective basis and for extre-
mes within a lot. Therefore, the noise level expe-
rienced with a single sample unit should not be
interpreted to be indicative of the noise level to
be expected with future deliveries.

The life expectancy of a motor essentially de-
pends on the operating and ambient conditions
as well as on rotor inductance. The many possi-
ble variations do not allow us to make a general
life expectancy statement. For this reason, Inter-
electric performs internal tests under uniform cri-
teria to ascertain product consistency with ex-
pectations.

. Motor parameters deviatindg from or supple-
Interelect

menting those on standar ric data
sheets can be implemented on customer re-
quest. These are then treated as customer

“specifications and will be considered as such

during our systematic tests and inspections.
Test/Inspection certificates are issued, subject
to prior mutual agreement.

February 2000 edition / subject to change

Note to the Catalogue 2000:

maxon motor ag accepts no liability for
the accuracy of the information con-

tained in this catalogue, nor for any

28

damages which may result directly or
indirectly from the use of such informa-

tion.

This disclaimer does not apply to wilful in-
tent, gross negligence, and does not affect

legislation governing product liability.



The new number system

In April 1997 we introduced new article
numbers for a large part of the present
maxon product range and for all future
products. The new number system is a
future oriented, modern numbering

maxon gear

technique and is a basis for rational or-
der processing. The new, 6-digit item
number and a descriptive, easy to un-
derstand article text satisfies all re-
quirements.

Some Advantages:

e clear item number for each article
e very short, only 6 digits

e modern and efficient

e customer friendly

Ident.-No. | Description (Details in catalogue etc.)

123456 Type Diameter Continuous Torque I No. of Stages \ Bearings
Example:

110321 maxon gear planetary gear @16 mm 0.1 Nm l 1 stage \ Sleeve bearings

Combinations of motors with gearhead and encoder etc. are so allocated, that all possible crosswise comparisons can be
made. The products are indelibly marked with a unique order number.

Sample of an order confirmation:

Sachnummer / Artikeltext Menge Stiickpreis Betrag / Termin
Type number / Item Quantity Price p. P. Amount / Date
No d’affaire / Oblect Qualité Prix unitaire Montant / Délai
118401 MAXON DC MOTOR RE13 EB 1.2W SL 1WE 1000

137628 KOMBI MOTOR GEAR TACHO BRAKE 5}

=118821 MAXON DC MOTOR RE75 GB 250W KL

+110408 MAXON GEAR GP81 20NM 1ST KL

+136749 MAXON TACHO ENC 1000IMP 3K

+109654 MAXON ACCESSORIES AB 24VDC 1.2NM

123456 KOMBI MOTOR GEAR

=123457 MAXON DC MOTOR RE75 GB 250W KL

+123457 MAXON GEAR GP81 120NM 3ST KL

EB PRECIOUS METAL BRUSHES GB GRAPHITE BRUSHES CLL CAPACITOR LONG LIFE
DC DIRECT CURRENT BL. BRUSHLESS ST STAGES

SL. SINTER SLEEVE BEARINGS KI. BALL BEARINGS K CHANNELS

GS SPUR GEARHEAD GP PLANETARY GEARHEAD IMP IMPULSE

DCT DC-TACHO ENC ENCODER RES RESOLVER AB BRAKE

Structure of combination numbers

(old numbering system)

Example:

Specification; consecutive number

Encoder:

41 Motor-gearhead combination
43 Motor-DC-tacho combination
44 Motor-encoder combination
46 Motor-gearhead-DC-tacho combination
47 Motor-gearhead-encoder-combination
49 Motor-brake
(also with gearhead, DC-tacho or encoder)
40 Motor-DC-tacho/encoder
(with or without gearhead)

00 without encoder

07 digital encoder 3407.., HP HEDS 5010
09 digital encoder 3409.., HP HEDS 5500
16 digital encoder 3416..

17 digital encoder 3417.., HP HEDS 6010
19 digital encoder 3419..

20 digital magnetic encoder 3420...

36.03 DC-tacho/encoder 3603
32.04 DC-tacho/encoder 3604

LMotor diameter in mm

DC-tacho

00 without DC-tacho

LGearhead diameter in mm

22 DC-tacho 2822

April 2000 edition / subject to change

141




maxon DC motor

g

approved

S 2332

@32 mm, Graphite Brushes, 11 Watt

$4 <

M2x3.6 liel /deep

[#fo02]

i =
‘_"_‘Sl‘, —
= ®
8155
2l s
Q 1,1-02
@ Terminal 2.8x0.4 €23
12,8 -06 <4505 | 8.3-08
Motor Data: Order Number
2332. [...]-12.256-200 (Insert winding number)
Winding number 900 904 905 [ 906 909 | 910 | 911 |HCIPM 913
1 Assigned power rating w 11 11 11 11 11 11 11 11 11 11
2 Nominal voltage Volt 4.5 9.0 9.0 12.0 18.0 24.0 300 36.0 48.0 48.0
3 No load speed rpom 7730 8510 7370 7930 7980 8830 8770 8400 8930 7390
4 Stall torque mNm 52.3 66.4 58.7 66.2 67.4 745 747 69.4 745 £9.9
5 Speed/torque gradient rpom/mNm 176 138 135 126 123 122 120 124 Fo a1 288, {26
6 No load current mA 160 83 68 55 37 31 25; 19 16 12
7 Starting current mA 11200 7100 5410 4840 3250 2960 2340 1730 1480 986
8 Terminal resistance Ohm 0.403 1.27 1.66 2.48 554 812 128 20.8 325 487
9 Max. permissible speed rpm 9200 9200 9200 9200 9200 9200 9200 9200 9200 9200
10 Max. continuous current mA 1500 1500 1500 1280 877 729 585 462 371 304
11 Max. continuous torque mNm 7.01 140 163 175 182 184 186 185 187 185
12 Max. power output at nominal voltage mW 8630 13600 10500 13000 13600 16700 16800 15000 17100 11400
13 Max. efficiency % 60 72 72 75 77 78 79 79 80 78
14 Torque constant mNm/A 4.68 9.35 10.8 13.7 20.8 252 319 40.0 504 60.8
15 Speed constant rpm/V. 2040 1020 881 698 460 379 300 239 189 157
16 Mechanical time constant ms 38 27 27 25 24 23 23 23 22 22
17 Rotor inertia gcm? 209 18.7 18.8 19.0 184 18277188 W, W76 #17.0
18 Terminal inductance mH 004 017 0.22 0.36 0.82 121 194 3.06 485 7.05
19 Thermal resistance housing-ambient KW 14 14 14 14 14 14 14 14 14 14
20 Thermal resistance rotor-housina KW 22 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
21 Thermal time constant winding s 9 8 8 8 8 8 8 8 8 8
Operating Range Comments Details on page 36 5 Stock program
Standard program
nfrpm} - = Recommended operating range A prog
100007 — — Special program (on request!)
] 11 Watt Continuous operation
8000 In observation of above listed thermal resistances
1 (lines 19 and 20) the maximum permissible rotor @ Axial play 0.05-0.15 mm
6000 1 temperature will be reached during continuous g Max. ball bearing loads
1 operation at 25°C ambient. axiai (dynamic)
1 = | limit.
400071 TREfTRImE not preloaded 3.2N
i Short term operation preloaded 2N
20007 The motor may be briefly overloaded (recurring). radial (5 mm from flange) 16 N
: . . ; . ; . Press-fit force (static) 64 N
3% 504 gO 808 500 ”‘2['“:““;1 e Radial play ball bearings 0.025 mm
f - : 6 08 10 1.2 1[Al grTpRl Motor with high resistance winding e Ambient temperature range -20/+100°C
k . T T T T T T Motor with low resistance winding e Max. rotor temperat +125°C
05 10 15 20 25 3.0 IIAL a perare
@ Number of commutator segments 13
e Weight of motor 174 g

Planetary Gearhead
@32 mm

0.75-4.5 Nm

Details page 160
Planetary Gearhead
232 mm

0.4-2 Nm

Details page 163
Spur Gearhead
@38 mm

0.1-0.6 Nm

Details page 164

@ Values listed in the table are nominal.
For applicable tolerances (see page 33)
and additional details please request
our computer printout.

@ Options: Our standard program includes ball
bearings in place of sleeve bearings and
pigtails in place of solder terminals.
Planetary Gearhead 2932.70. . .
see page 216

April 2000 edition / subject to change
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maxon gear

Spur Gearhead GS 38
@38 mm, 0.1-0.6 Nm
6,85 -05
44
]2“
- Az
T == [|°
22 -08 <l

26

038
30,5
7

Technical Data FEAS ; =
Spur Gearhead straight teeth

Output shaft
Bearing at output
Radial play, 5 mm from bearing

stainless steel
sleeve bearing
max. 0.1 mm

Axial play 0.03- 0.2 mm
Max. perm. radial load, 5 mm from bearing 50 N
Max. permissible axial load 30N
Max. permissible force for press fits 500 N
Average backlash no load 20
Backlash at nominal load torque 3°
Recommended input speed <5000 rpm
Recommended temperature range -5/+80°C

Gearhead Data: ey
mmmm:mm

Order number

1 Reduction

2 Reduction absolute

3 Number of stages

4 Max. continuous torque at gear output Nm
5 Intermittently permissible torque at gear output  Nm
6 Sense of rotation, drive to output

7 Max. efficiency %
8 Weight q
9 Gearhead length L1 mm

overall length

‘ overall length

Combination:

+ Motor Page + Tacho Page
S2326,6 W 71/72

S2326,6 W 72 DC-Tacho 22 173
S2326,6 W 72 Digital Encoder 22 174
§2326,6 W 72 Diqital Encoder HED_ 55_ 176/178
S2332, 11 W 73/74

S$2332,11W 74 DC-Tacho 22 173
S2332, 11 W 74 Digital Encoder 22 174
S2332,11W 74 Digital Encoder HED_ 55_ 177/179
F2140,4W 88

F2140,6 W 89/90

F2140,6 W 90 Digital Encoder 22 175
A-max 26 109-116

A-max 26 109-115 Digital Magnetic Encoder 13 184
A-max 26 110-116 Digital Encoder 22 175
A-max 26 110-116 Digital Encoder HED_55_ 177/179
A-max 32 117-119

A-max 32 118/120 Digital Encoder HED_ 55_ 177/179

IIEIB‘I
6:]
6
2
0.1
0.3

81
55
20.7

10:1
10

2
0.1
0.3

81
5§
20.7

Overall length [mm]

65.4
86.7
81.3
85.2
65.8
827
82.3
85.5
64.7
68.7
86.3
65.4
725
79.9
83.8
80.7
99.1

65.4
86.7
81.3
85.2
65.8
82.7
82.3
85.5
64.7
68.7
86.3
65.4
72.5
79.9
83.8
80.7
99.1

18:1
18

3
0.2
0.6

#

73
60
23.2

67.9
89.2
83.8
87.7
68.3
85.2
84.8
88.0
67.2
71.2
88.8
67.9
75.0
82.4
86.3
83.2

101.6

30:1
30

3
0.2
0.6

#*
73
60

23.2

67.9
89.2
83.8
87.7
68.3
85.2
84.8
88.0
67.2
71.2
88.8
67.9
75.0
82.4
86.3
83.2
101.6

60:1
60

4
0.6
1.8
66
65

25.7

70.4
91.7
86.3
90.2
70.8
87.7
87.3
90.5
69.7
73.7
91.3
70.4
77.5
84.9
88.8
85.7
104.1

100:1 200:1  500: 900: 1
100 200 500 900
4 5 6 6
0.6 0.6 0.6 0.6
1.8 1.8 1.8 1.8
= = = =
66 59 53 53
65 70 75 75

75,7 28.2 30.7 30.7

I Stock program

Standard program
Special program (on request!)

70.4 72.9 75.4 75.4
91.7 94.2 96.7 96.7
86.3 88.8 91.3 91.3
90.2 92.7 95.2 95.2
70.8 73.3 75.8 75.8
87.7 90.2 92.7 92.7
87.3 89.8 92.3 92.3
90.5 93.0 95.5 95.5
69.7 72.2 74.7 747
73.7 76.2 78.7 78.7
91.3 93.8 96.3 96.3
70.4 72.9 75.4 75.4
77.5 80.0 82.5 82.5
84.9 87.4 89.9 89.9
88.8 91.3 93.8 93.8
85.7 88.2 90.7 90.7
104.1 106.6 109.1 109.1
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SEMICONDUCTOR ™

1N5400 - 1N5408

Features

* 3.0 ampere operation at T, = 75°C
with no thermal runaway.

¢ High current capability.

¢ Low leakage. DO-201AD

COLOR BAND DENOTES CATHODE

3.0 Ampere General Purpose Rectifiers

Absolute Maximum Ratings*

T, =25°Cunless otherwise noted

Symbol Parameter Value Units
IFav) Average Rectified Current - 3.0 A
.375 " lead length @ Ta = 75°C
IEsm Non-repetitive Peak Forward Surge Current
8.3 ms single half-sine-wave 200 A
Superimposed on rated load (JEDEC method)
Po Total Device Dissipation 6.25 w
Derate above 25°C 50 mW/°C
Rosa Thermal Resistance, Junction to Ambient 20 °C/IW
Tstg Storage Temperature Range -55 to +150 °Q
Ty Operating Junction Temperature -55 to +150 P
*These ratings are limiting values above which the serviceability of any semiconductor device may be impaired.
Electrical Characteristics 1, =2scuness otherwise noted
Symbol Parameter Device Units
5400 | 5401 | 5402 | 5403 | 5404 | 5405 | 5406 | 5407 | 5408
VRRM Maximum Repetitive Reverse 50 | 100 [ 200 | 300 | 400 | 500 | 600 | 800 | 1000 Vv
Voltage
VRms Maximum RMS Voltage 35 70 | 140 | 210 | 280 | 350 | 420 | 560 | 700 \%
Vr DC Reverse Voltage (Rated VR) 50 | 100 | 200 | 300 | 400 | 500 | 600 | 800 | 1000 \%
lrm Maximum Instantaneous Reverse
Current 5.0 pA
@ rated VR Ta=25°C 500 HA
Ta=100°C
Vem Maximum Instantaneous Forward 1.2 \%
Voltage @ 3.0A
lee Maximum Full Load Reverse
Current, Full Cycle Ta=105°C 0.5 mA
C Typical Junction Capacitance 30 pF
VrR=4.0V, f=1.0 MHz

©2001 Fairchild Semiconductor Corporation

1N5400-1N5408, Rev. A1
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General Purpose Rectifiers
(continued)

Typical Characteristics

Forward Current Derating Curve
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DISCRETE SEMICONDUCTORS

DATA SRHEET

2N2222; 2N2222A

NPN switching transistors

Product specification
Supersedes data of September 1994
File under Discrete Semiconductors, SC04

Philips
Semiconductors

1997 May 29

PHILIPS



Philips Semiconductors Product specification
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NPN switching transistors 2N2222; 2N2222A

FEATURES PINNING
e High current (max. 800 mA) PIN DESCRIPTION
e Low voltage (max. 40 V). 1 emitter
2 base
APPLICATIONS 3 collector, connected to case

e Linear amplification and switching.

DESCRIPTION 3

1

NPN switching transistor in a TO-18 metal package. Q\ .

PNP complement: 2N2907A. ) é
3 I

MAM264

Fig.1 Simplified outline (TO-18) and symbol.

QUICK REFERENCE DATA

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veso collector-base voltage open emitter
2N2222 - 60 \
2N2222A - s} \Y,
Vceo collector-emitter voltage open base
2N2222 - 30 \Y,
2N2222<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>