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ABSTRACT

This project presents the speed control of a separately excited DC motor
which is controlled by armature voltage. A motor rating is 2.2 kW ,13.5 A, 220V and
1150 rpm. The objective of the project is to improve the speed controller using thyristor
dual converters because it has current rating more than IGBT,MOSFET suitable for a
large motor and is capable of regenerative breaking. Analysis of the control system with

MATLAB program is also included.
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2.1.2.1 RUNILIIGWUTEIN (Induced Voltage Equation)
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Flow and Efficiency in DC Machine)
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T (2.25)
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Pin=V la (2.27)

2.1.2.5) ﬁﬁﬁagtyLﬁﬂ(Power Losses)

dasininalwinszuaassdfiarnnudueiasiiia riavitwiuuainado:
\iarasgadudsznaudy

2.1.2.5.1) Masgadoluneduad (Copper Losses) ﬁwﬁagtyn,'&’u'luﬂauml,ﬁmfu
Tuarflumasuazgnuaaiaauiumalngn awnsamaingums

P, =1IR, (2.28)

[}

= I’R, (2.29)

cuf

-

o as F=) a J
asgydslunswaaisuluraramaonfiueed

g~
=1 o
® o

o G- a o J ] =
ﬂ']ﬂ\?iﬂf]]_‘l,ﬁﬂ‘l%ﬂ ﬂ\‘]LL@\‘]LﬂG]?J%l%’gﬂ?]@ﬂ’lﬂﬁ“’]l]u&uﬂaﬂ

. 5
NITUFDNILULIDY

or Sk
™ =

ﬂ?:LLﬁ‘Q@]"U@ﬂ’)@ gUu

=
()
) 8
©

ANUUMUTAZAN IS8T

=
=~
Y
3

mmﬁmmuqawamaum



15

2.1.2.5.2) fasgayFulunysacnu (Brush Losses) sansamn ldanauns

Py, =V,I, (2.30)

P,fe  Masgyioluudsadu

V, 88 ussauanluulsatu

2.1.2.5.3) MasgauFoluunwnin (Core Losses) dsggfnluunuindn P,

Y Vv
=

Urnauean  swgmiisnnaeeidauazngydniosnnniualvaiu
2.1.2.5.4) MAIGWLRENIING (Mechanical Losses) Masguiduniang Pe,lu
‘ A [ [ s =) ﬁ‘l d g i =
w3eadnIna Wi uidggfeifiosnineaniang dlsznaudisgassiudans

gyiRganusIsauazusiFuanin tiaflasananafiaszuitsdiufiinfandiues

]
= a as

L3NNG nuTMAMBlwAIRIINING
2.1.2.5.5) anugyiiodindanilasadninae (Stray Load Losses) AMUFLRE
Uandagfiiesanlnae PLLLfJummgjmjuLﬁuﬁ"l.&hwag;'lummgrmﬁﬂﬁnmqmuﬁu Un@iae

A ° Qs ~ oo d‘ s
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2.1.2.6) inavdisaan (Power Out Put)
2.1.2.6.1) Maseeaniliernwduwaiasiifiasmunsont ldanaunis

Pout = Tinﬂ)m- Pcur Pcua' PB' PFe'PFw'PLL (231)
2.1.2.6.2) Masdwaanlavinnuiuyaieasanansomlsanngunis

Pout = V|l - Pcyr Pcua- Pa- PrePra-PuL (2.32)
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Pconv=Pm
Tind=Ea la——— Pout=Vt la
Pin=Tin ®m
Pcu
. Pfe

Pfw
PLL
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Tind=Ea la ___> Pout = Tsh ®Om
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Pcu
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Pconv = EBIB (2‘33)
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FJconv = Tind(Dm (234)

2.1.3 afiavasnaiaas lddlinssuaass
vatnastihnszugasutaily 4 wita aoil
1. aJauﬂaﬂwﬂﬂnsxuaﬂsaLmuni:@:mmn (Separately Excited DC Motor)
2. U9 3 IWHINIZUEATILL LU (Shunt DC Motor)
3. vaLaadIWiNIzuAERTIuLUEYN T (Series DC Motor)

4. upLea T W NITURFTINUUHRY (Compound DC Motor)

TulassmtlazlduaimaflWiinszusassununszduuon(Separately Excited DC

Motor) ﬁoﬁm:nmaﬁamm:mamaﬂﬂﬁwns:memmum:ﬁmmmmﬁu

:Llamaﬂﬂﬁﬁni:LLﬂ@]SdLLUUﬂi:@I:uLLUﬂ (Separately Excited DC Motor)

aJamaﬂwﬁwmzLLﬂmaLLuunsxsjuLLUnnﬂiﬂauquLLsaﬁuﬁﬂnﬂ‘iauaﬁmwa{ua:
VIR FUINLIMEN (Field) Budaszdarin vmefinmainamiluuaiaesusaenInifida
(v, ) afidannnnusaedaw Wi uniaai (E,) sriwnaswlniazsgeaninan
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I/’ = Ea + ]GRa
Wa /1, @8 nyzugeaLulead (Armature current), A
E, A8 uwsnenlWihanasauatiiuteas(Armature voltage), V

R, @8 ANMAUFUIUTAIANILUL98T (Resistance of the armature
Circuit), Q

81787
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Pin Name TZI:e B}L;fpf;r Description
Analog input channels.
ANO-ANS | Analog ANO and AN1 are also used for device programming data and
clock inputs, respectively.
AVDD P P Positive supply for analog module.
AVss. P P Ground reference for analog module
External clock source input. Always associated with OSC1 pin
CLKI | sTicMos | function. .
CLKO 0 - Oscillator crystal output. Connects to crystal or resonator in
Crystal
Oscillator mode. Optionally functions as CLKO in RC and EC
modes.
Always associated with OSC2 pin function.
CNO-CN7 i Input change notification inputs. _
CN17-CN18 ST ﬁzztts)e software programmed for internal weak pull-ups on all
C1RX I ST CAN1 bus receive pin.
C1TX 0 — CAN1 bus transmit pin.
ICD Primary Communication Channel data input/output pin.
EMUD /O ST ICD Primary Communication Channel clock input/output pin.
EMUC I{0] ST ICD Secondary Communication Channel data input/output pin.
EMUD1 I{0] ST ICD Secondary Cormmunication Channel clock input/output
EMUC1 11O ST pin.
EMUD2 /O ST ICD Tertiary Communication Channel data input/output pin.
EMUC2 [[0] ST ICD Tertiary Communication Channel clock input/output pin.
EMUD3 1[e] ST ICD Quaternary Communication Channel data input/output pin.
EMUC3 1[0] ST ICD Quaternary Communication Channel clock input/output
pin.
:g; IC2,1C7, | ST Capture inputs 1, 2, 7 and 8.
| Quadrature Encoder Index Pulse input.
INDX | ST Quadrature Encoder Phase A input in QE| mode.
QEA I ST Auxiliary Timer External Clock/Gate input in Timer mode.
QEB ST Quadrature Encoder Phase A input in QEl mode.
Auxiliary Timer External Clock/Gate input in Timer mode.
INTO | ST External interrupt O.
INT1 | ST External interrupt 1.
INT2 | ST External interrupt 2.
FLTA I ST PWM Fault A input.
PWM1L 0 — PWM 1 Low output.
PWM1H 0O — PWM 1 High output.
PWM2L @] — PWM 2 Low output.
PWM2H 0 — PWM 2 High output.
PWM3L o] — PWM 3 Low output.
PWM3H 0O — PWM 3 High output.
MCLR P ST Mas_ter Clear (Reset} input or progra'mming voltage input. This
pin is an active low Reset to the device.
OCFA I ST Compare Fault A input (for Compare channels 1, 2, 3 and 4).
0C1-0C4 0 — Compare outputs 1 through 4.
Oscillator crystal input. ST buffer when configured in RC mode;
CMOS otherwise.
822; | /IO ST/C_MOS Oscillator crystal output. Connects to crystal or resonator in
Crystal Oscillater mode. Optionally functions as CLKO in RC
and EC modes.

Legend: CMOS = CMOS compatible input or output Analog = Analog input
ST = Schmitt Trigger input with CMOS levels O = Output
| = Input P = Power

mwﬁ 2.40 dsPIC30F4011 I/O PIN DESCRIPTIONS
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Pin Name Tzl;?e E_Srl;fgzr Description
PGD 17O ST In-Circuit Serial Programming data input/output pin.
PGC I ST In-Circuit Serial Programming clock input pin.
RBO-RBS /0 ST PORTB is a bidirectional IYQ port.
8RC13-RC15 8110 88T PORTC is a bidirectional /O port.
RDQO-RD3 le} ST PORTD is a bidirectional /0 port.
REO-RES, 1o ST PORTE is a bidirectional I/O port.
RE8
RFO-RF6 110 ST PORTF is a bidirectional /0 port.
SCK1 Ie} ST Synchronous serial clock input/output for SPI™ 1.
SDI1 ] ST SPI 1 Data In.
SDOA 8] — SPl 1 Data Out.
S81 [ ST SPI 1 Slave Synchronization.
SCL e} ST Synchronous serial clock input/output for 12C.
SDA 1o ST Synchronous serial data input/output for I2C.
SOSCO 0] — 32 kHz low power oscillator crystal output.
SOSCI | ST/ICMOS | 32 kHz low power oscillator crystal input. ST buffer when
configured in RC mode; CMOS otherwise.
T1CK I ST Timer1 external clock input.
T2CK I ST Timer2 external clock input.
U1IRX I ST UART1 Receive.
UITX O — UART1 Transmit.
U1ARX I ST UART1 Alternate Receive.
U1TATX O — UART1 Alternate Transmit.
U2RX i ST UART2 Receive.
U2TXx O — UART2 Transmit.
VDD P — Positive supply for logic and I/C pins.
Vss P — Ground reference for logic and I/O pins.
VREF+ | Analog Analog Voltage Reference (High) input.
VREF-. [ Analog Analog Voltage Reference {(Low) input

Legend: CMOS = CMOS compatible input or output Analog = Analog input
ST = Schmitt Trigger input with CMOS levels O = Qutput
| = Input P = Power

NP 2.40 (#8) dsPIC30F4011 /O PIN DESCRIPTIONS
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PNNMWA 242 mw a Lﬂu§mmwmﬁ1ﬁu1%ﬁnnﬂsﬁﬂﬂgﬂ Zero crossing dU
fygme IWHnszussdy 3 mezlddmanm 3 gauudh 21 CN2 CN3 CN4 2897w
Tulnsnaulniame lavlulasneulnsawefossufindefyanadnmayfouulasmain
do @ High u Low 90 Low iflw High miAdnswisuudsssadnlue
lulasnaulniaira¥ ﬁl:'laimmmflﬁﬁ’uﬁdwLﬂum'lwuﬁﬁmsauma%’ﬂ wazlaifins
Sumaiiimdumiduesiilinaain Low wiah sedn High twnzmiduiaaisy
mmadiswwdassedniidneusidion dlumdauluiuesiiyInweifiiinsswean$sy
lunnglnuad  wdlulesmaulvsamaiazanuningldlas ahansduaailidhan
Tsunsuasdnsdnsiade ves Port B duiflusnwmearsls lanfinnsda cN2 CN3
cNa axlurfinaiuPort B 7 fia RBO RB1 RB2 lasifiaiiansdumassuiuanainms
Wasuuwlasaadnudr  ofdnanmeaes  Sendwltludnwocedisls  udafidou
lsunsulilaulasreulnsaiaesidannisviiem

Qr

lasfdlawEnswailn 101 ugasdn CN 2 thamstlaswudasfunnm 990 Low

@

9

vJu High Lﬁaagluan”nxf:ﬁé"o'lﬁ Timer 1 Hunmanufiesls Ltﬁﬁé‘almqm"ﬁmummao
SCR 7t 6 uasifatfnswailn 001 ugas CN4 (Ran s aowulasaadn an High U1
Low Lﬁaagluama:ﬁa:gﬂﬁ Timer 3 ¥n9u Huran LLﬁaﬁaé"a'lﬁﬁ;@'ﬁmuanaa
SCR 2 1 o lladinswmin 011 uses CN3 (RensiUaswulasasdn 970 Low
vJu High Lﬁaagluama:ia:é'ﬂﬁ' Timer 2 ¥inaw Buianly LLé’ﬁa&l’alﬁqm'ﬁmuanaa
SCR a7l 2 v lladnswaiu 010 wana CN2 iamsiGouudasnadn aan High
\J% Low La‘jaay;’l,uann:ﬁma?ﬂﬁ Timer 1 a1 %utaan iy Ltﬁasaﬁalﬁﬁgmmumﬂmaa
SCR ¢1f3 ¥ msﬁﬁmua:mm”anu"lﬂatmﬁ[%au 9 LLa:yuﬁgm"ﬁmmfummm
Usudaunldlanfiimsmusafuniaaasludiaasitnsludalulasnaulnsasas 1R

' A‘VL o r 5 A 1 h
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2.5 13917 Zero crossing

. = g [ P
997 zero  crossing Fanesasieztsznauluain savuanthuef 741 7
MU RILTID U AB USRI ( operation of comparator ) AILERIGINTWA 2.43
g 14 a , & , & a g
WIS nIIRefe 11 7 delvifivs + 15 v uaz1n 4 ealWiRng — 15 v anBunaial

auwa (112, - ) darflugaedaiiniens( circuit commeon ) uazanuauBuLIINIFUNE (

) v o . e a o . Py o &
13, + ) ABINUUAEIRY UMD UNATUARY sine NINIIMHRVBULRINNRUNTAUT U
yaeavusniivat 741 fa

Vo = Aglen-eny) (2.47)

e  V, Ao undwerdwazasealuoud

A, 08 a"m’]msmmmaasamﬂﬂ ( open loop gain )
LT AEITE RHI DL WETGIREER R R IR

eny A8 WisdUNTIBIRBUIETRIBUNA

a o o a o a & . ' ’ 3 . 4 a
§MIVININN 2.43 1BULIBTRITUNAInTUIAGETINIINI( circuit common el
Lnaﬁmﬂuﬂuﬂmﬁﬁaﬁfu a'ler

..|iI

| !
L +

NN 2.43 RlTnuinunldoaduaul

o el ' r_ B d oo P Id
fnTusatusuilen A, %:umqamnmaaﬂuauﬂluqmuaﬂm A, zdA 1y
UG

(infinity ) WuAvanefaeineasluniwd 243 widwa v, sansodulylewes

ey >0

Vo =00 " ey
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Vo=+OO

nnaunsafungldiniolanidune ey GdwnnigudhadiAsadntas
savnsunazddunniduanuaudluanuiiusdousian v, szfaniu vy, (useeu

Hupinannfigafisatuaudamansndiole ) damu

n en0
a7 Vo= +Vsgar
NSHN2
ey <0

Vo =00 * -ey

V, = -00

nnsumMalefidune ey  ddwasnhaudhadAvaindessanumeds

WWwiuanudemay waluanuduaSounsson Voasdewiu - Vearl ussauiiuausiay
figafioatusndanusainld ) dauu

m en0

p) Vo= Vgar

nnfingrainliussdu v, Aldanastuaadiue$ 741 cN Lﬂufgﬂﬂ?iu
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2.6 21995BULNAYDI SCR

+15V
SCR
D2
D1
" 2R2 = C

DZ

R1

L TRA

A 2.46 299390 SCR

Tunsg@mwIu (Triggering) SCR dalwihnszumin nisuadagvasnasaad
P INaSuazIa lum I N nananazarsdna ledugise time) iduuaznIUS
LLaTuﬂLﬁugﬁfun’hm:uauam%a uazfidgdnylumsnin SCR 1892993 3 e Walarnan
nafiaed Fyanmrinfilowdnninasas SCR arrundauasRad tevinsuen
A998 (Ground) U839 Ltamammuquaanmnr‘i’mﬁaﬂaaﬁumﬂmﬁﬁmumao
Nﬁﬁm‘uqu‘mnLﬁ61m*sé’mainﬁwmwsﬁﬁa"oLL(viﬁﬁ‘l’ﬁvG’aﬁmwuaNai’mai’(PTR)ﬁaaﬁNﬁn
Wuduiatlastumsdudivasunuinin gulalaa D1 ussdineslalon DZ asau
mmcﬂﬂgugﬁmn'l.ﬁl.ﬁﬂmal.ﬁuwﬁaéo (free  Wheeling) vaInTzulguniilunme
masuaoW (Tum off) uazlaanunishudiraindoutaslalea D2 uss ¢ Tralumnde

NILULALAZNIDIRYQNIYEINIUNATDI SCR &1 R2 92 limit NTURTUINAGILRAININ
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SafRfaesil

ANALTITUNTINLIDT - 220 V
AnanIzuRaNiuaT 13.5 A
Atamaa Wi - 2.2 kW
ANeANUST 1150 / 2500 rpm
ANnausINauaataias : 150 V

Digital Storage Oscilloscope YOKOGAWA DL1520
1-Q Variac 0-240 V 5 A

Multimeter SANWA YX361-TR

DC Voltmeter

DC Ampmeter

Encoder

Tache-meter
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Circuit 1

Speed Current
Wm controller controller limit
ref 4 + y
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A |: -3 K Control ﬁ
wm la

1Y
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NINN 4.1 VAN LAz UNINTAI AT T LAAIRANTILTIG WAL, nTeuganSLaLaas

Ea ,(0m
Forward Forward
braking Motoring
Conv2=inverter Conv1=rectifier
Te,la
- |
Reverse Reverse
Motoring braking
Conv2=rectifier Conv1=inverter
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4.1 nsnaaasnial R, R, 1agis V-1 Method
4.1.1 IRADUNITNARDINIAT R,
1. $MIE0199IMIINARAITUMNT 4.3 =anusianlitanwzludin
-3 [ 3 :d " d'u o ry .3 Qo Qe I
asuaonTuiaas siussawitlawlinuraWasasiirualwiduis 0
2. ﬂauunﬁu"tﬂﬁm]’w;jnm lasmaRuussauitlawdnaudadnasly
3. imriuineussaw Wi Ailawdn waznizuganiiuess

V, Ea

NNN 4.3 NMIA9TTNARBILNERIAN R,

?M319N 4.1 HANINARDIAN LL?G@T%LL&&H'E:LLHE]’]%LMLﬁ}ﬂ%

Vt (V) 1.8 3.98 6.8 9.7
la (A) 0.53 1.13 2 2.86
12
S 10 - e
g
g 81~
©
> ___
o
2
= o e
E
<
0 ; , i

0 1 2 3 4

Armature Current(A)

AINA 4.4 ANUFURUEIEPINIUTIgULAs N TzuFAN LR f M sd I uI e R, 9N
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AV
R, =— (1.1)
A[{I
ale
_ 6.8-3.95
¢ 2-1.13
R, =327 Q

4.1.2 ZUOAUNITNITNARDINIAT R,
o ) ﬂl‘ A LY s L4 1
1. iMIdaaTmInaaasanuniwh 4.5 Gezilanussauliiamzludruad
a & d [ v & € o et Vs 3
geaefad unauidauldtureaiearfiueefazdmualiisurinuegud

2. ﬂauusaﬁu‘lwﬂuﬁﬂgaws lagmstRuusieunlaudnantsd a1y
3. matwina g wlWiAdawdn usznszualag

NN 4.5 MI621ITNARILNAMIAT Ry

A5 4.2 Nﬂﬂ?ﬂ’lﬂﬂadﬁﬂLLSGﬁuLLﬂ:ﬂizLLﬁﬂﬂG{

VH{V) 20 40 60 80 100 120
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(1.2)

1. N30 1INNINasaIaNN WA 4.7 lanilaunssdulwinnilonly

Agaralanaaffdwne 150 V

2. fnsdsuusian Wi AtlawduNa i laanusisauaufinnue

L ’ o A 2 % ' 3 € -~
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1139191 4.3 Nﬂﬂ’]iﬂ@]ﬂﬂdﬂ’]LLiG@luvLNN’l BRZNITURDTILALIBINAIULIITBUGNI ¢

N.(rpm) 200 400 600 800 1000 1200
Vi(V) 345 68.7 101.4 135.4 165.7 201.3
1,(A) 1.14 1.16 1.18 1.22 1.24 1.28

Speed(rpm)

0 50 100 150 200 250
Armature Voltage(V)

q' [ ¥ as (3 ' ~ Qv Qe t:lw 9
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Stopped 3
CH1=5Y CH2=E5Y Sms /div
DC 111 DC 111 (Smsydiv)
......... SUUTOTURESNNUURRN SOOO . NORM:200kS /s
b4 e e L
ar T T
=Tracel= Rms 3.774¥ avy 2.998v Frieq 50.00Hz
=Trace2= Rms  3.538Y @  6wg 2.676v :  Frieq 50,00Hz
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing ! ON CH1 -0.04%v Main 10K Mode : AUTO
BW . FULL CH2 : -D.04av Zoom 10K Type : EDGE CH1 ¥
Delay : 1.5ns

Hold OFF : MINIMUM

NINN 4.9 Zero Crossing 33WINWR AB

Stopped 4
CH1=5V | CH2=5v : ; . Bmsydiv
DG 111 DC 111 : : : ¢ (Smsydiv)
: : : HNORM200KS /s
ar 7= T
=Tracel= Rms 3.971¥ Avg 3.130v Freq 50;00Hz
=Trace2= Rms 3.374vy Avg  2.457v Freq 50;00Hz
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 : -0.04v Main ! 10K Mode : AUTO
BW | FULL CH2 : ~0.04V Zoom 10K Type @ EDGE CH1 ¥
Delay : 1.5ns

Hold OfFF : MINIMMURM

NN 4.10 Zero Crossing 32#IN4Wa BC

15
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Stopped ¥
CH1=5%V CH2=5Vv Smsydiv
DC 111 DC 111 - (Bms/div)
: : NORM:200kS /s

2rC T
=Tracel= Rms 3.759¥ Avg 2.978v
=Trace2= Rms  3.574v A 2.716v
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing | ON CH1 : =-0.04v Main : 0K Mode ! AUTO
Bw © FULL CH2 : =0.04v Zoom . 10K Type . EDGE CH1 ¥
Deilay 15ns
Hold OFF : MINIMUR
=
NINN 4.11 Zero Crossing JeWIN4LWE CA
L S0us /s div
3 (S0us./div)

™~

In : .
Ap| RS LRRTRIEET - :
=Tracel= Rms _ 7.460v fvg  B.atev Freq 18.52kHz
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON CH1 -0.30v KMain : 10K Mode : AUTO
BW : FULL CHZ : =-0.04V Zoom 10K Type . EDGE CH1 %
Delay : 1.5ns
Hold OFF : MINTMURKM

NN 4.12 Fygos Pulse n3ning SCR



Stopped 4
CH1=500mV CH2=500mY: : Sms /div
: © (Smsydiv)
NORM:200KS /s

Freq 50;00Hz
Freq 3.333kHz

=Tracel= Rms 466.7m¥ @ Avg  308.3mv
=Trace2= Rms 376.1mV Avg 201 .5mv

=Filter= =0ffset= =Recard Length= =Trigger=
Smoothing : ON  CH1 @ -0.040V Main 10K Mode : AUTO
BW @ FULL CH2 : -D040V Zoom @ 10K Type : EDGE CH1 ¥
Delay 1.5ns

Hold OfF ! MINIMUM

NN 4.13 JQQN Pulse Hazvi3ning SCR 611 6,1

Stopped | _
CH1=500mV: CH2=500mV: i : : : 5ms ydiv
: : ¢ (5msydiv)
HNORM:200KkS /s

2L,
=Tracel= Rms  435.4mV | AvH  263.5mv Freq 48;75Hz
=frace2= Rms  452.1m :  Avg  283.5mVv . Freq 57.14Hz
=Filter= =0Ffset= =Record Length= =Trigger=

Smoothing . OM CH1 : -D.040V Main : 10K Mode  AUTO

BW : FULL CHz : -0.040V Zoom . 10K Type I EDGE CH1 ‘&

Delay : 1.5ns
Hold OFF : MINIMUM

nInn 4.14 FQa o Pulse Alasyining SCR @27 1,2



Stopped ]
CHI=500mv.  CHZ=500mv. : ‘ T Sme7div
DC 111 DC 111 T : : ¢ (5msydiv)

=Tracel= Rms

426 .5my Avg 272 . 1m¥ Freq 50.51Hz
=Trace?= Rms 397.0my Avg 225.8mv Freq 50.51Hz
=Filter= =0ffset= =Record Length= =Trigger=

Smoothing : ON CH1 @ -0.040V Main : 10K Maode : AUTO

BW : FULL CH2 : -0.040v Zoom : 10K Type | EDGE CH1 ¢
Delay 15ns
Hold Off : MINIMUM

NNT 4.15 §UDN T Pulse flagviining SCR 671 2,3

Stopped %
CH1=500mV: CHZ=500mY: sms/div
DC 11 DC 11 . (5msydiv)
: : NORM:200kS /s

=Tracel= Rms 454 . Tmv Aavg 277.4mv
=Trace2= Rms 389 .5mv Avyg 219.6mvy Fre 50
=Filter= =0ffgel= =Record Length= =Trigger=
Smaothing : ON CH1 @ -0.040V Main : 10K Mode | AUTO
BW  FULL CH2 : -0.040V Zoom @ 10K Type : EDGE CH1 ¥
Delay : 1.5ns
Hold OfF : MINTMUM

NN 4.16 &y ook Pulse fizyining SCR ¢af1 3,4
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F

Stopped 3
CH1=500mV:  CHZ=500mV: Sms7div
DC 1:1 DC 11 : (Sms/div)

NORM:200kS /s

=Tracel=

Freq
Freq 50:00Hz

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing | ON CH1 ! -0.040V Main ! 10K Mode : AUTO
BW : FULL CH2 : -D.0a0v Zoom @ 10K Type : EDGE CH1 &
Delay : 1.5ns
Hold OfF : MINIMUM
NN 4.17 SEUTUEW Pulse Nazninine® SCR @77 4,5
Stopped q
CH1=500mV: CH2=500mV: : : bms /fdiv
DC 1:1 DCc 11 : ' : : (5msydiv)

SUUUUUUTUE UUROTURPUE RN NORM:200kS /5

=Tracel= Rms 412.1mv AV  242.9mv Friaq 57.14Hz
=Trace2= Rms  469.7mV Avg  301.6mv Frieq 50;00HzZ

=Filter= =0ffsel=
Smoothing : ON CH1 -0.040V
BW : FULL CH2 : -0.040V

=Record Length=

=Trigger=

Main : 10K Mode : AUTO

Zoom @ 10K Type : EDGE CH1 ¢
Delay : 1.5ns
Hold Off : MINTMUM

NN 4.18 §ynnmw Pulse 9zn3ning SCR @il 5,6

79
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) < s v P [
4.4 M IMARDIKIAIANALIIADINALA aiﬂm:ﬂutﬂaﬂuﬂugﬂlﬂﬂntﬁaﬂﬂ"lm"lﬂ 9

L %
FnaannIINaaad

1141997 luu L asﬂmugﬂﬁ]m"immfﬁ 400,800,1200 S99

WIAMUSIAY
2 vy uuama fnenaFda gimslalnsansaa lwwihliun
Generatorfl 0%, 25%, 50%, 75%, 100% Generator ANNAVDI

ARG

3. ansfivhmslalnandiensdns imstiufindraauss,
LIIAUDNTLNLAET LRZNTZUEDSLE DT

4 M INRDANTINANUFUARUTTEWINIANUTITOUS DN IZUR

131910 4.4 HANINAABILUL Close Loop Aisnanainduduil 404 rpm

Load 0% 25% 50% 75% 100%
nRaa W (0 w) (550 w) | (1100 w) | (1650 w) | (2200 w)
N, (rpm) 404 408 410 406 403

V(V) 70 73 78 81 82

.(A) 0.84 2.00 3.20 4.25 5.40

500 1 — - -

-~ 400 _— * * . -

E

g

5 300 1 - - I

o

o

a

@ 200 -

100 | T -
0 ; e —— +
0 1 2 3 4

Armature Current(A)

= ar o g ] = o & =
NN 4.19 ﬂ’ﬂ&}ﬁwwuﬁﬁz'ﬂqﬁdﬂﬁﬁMLTJ'S?J].Iﬂ‘LIﬂ‘i:LLEQ’ﬂ'ﬁL&JL’ﬂﬂﬂ%ﬂﬂiﬂ’]ﬂﬂ”i:ﬂﬂ@ﬂﬂ(ﬂ

A3 w 408 rpm



A15191 4.5 NAMINARAILLL Close Loop Asnanuiiisuaudl 809 rpm

Load
wRaa LW

25%
(550 w)

50%
(1100 w)

75%
(1650 w)

100%
(2200 w)

N(rpm)

818

814

811

807

V(V)

141

145

148

151

2.65

4.60

6.10

7.90

1000 =

900 -

800 4+—— -
700 1
600 |
500 |- -
400 |
300 |
200 |
100 |

Speed(rpm)

R J

v

6

Armature Current{(A)

81

P or os & ] < s 5 =
NIAN 4.20 m’mauwum:mwmmLﬂiaunum:uamﬁmwaﬂum‘smuqm:uugﬂﬂ@

AaNUTUTUEW 814 rpm



@191971 4.6 NANINANILLL Close Loop fienanuIsususi 1204 rpm

82

Load
a9 W 0% 25% 50% 75% 100%
(0 w) (550 w) (1100 w) | (1650 w) | (2200 w)
N,(rpm) 1204 1198 1207 1209 1196
V(V) 197 201 208 210 212
1(A) 1.10 3.10 5.60 7.20 9.9
1400 |
1200 1 I - — - -
1000 32— .
S. 800 | —
%’ I
$ 6007 —
Q. 1
w 4
400 + e
200
0: 1 i

4

Armature Current(A)

AaNauIuINau 1171 rpm

10

] a w 1 < a [ 2
NnN 4.21 ﬂ’J']SJﬁllWWE'E:V\'J"IGﬂ'J’]&ILﬁ?iaUﬂUﬂSSLLﬁﬂ’ﬁlﬂJLﬁ]ﬂﬂ%ﬂﬁiﬂ?ﬂﬂui:ﬂﬂ%ﬂﬂ(ﬂ



A151911 4.7 HAMINARBILUY Open Loop fisiaansaduaufl 411 rpm

Load 0% 25% 50% 75% 100%
waaa W (O w) (550 w) | (1100 w) | (1650 w) | (2200 w)
N,(rpm) 411 269 200 181 115

V(V) 723 51.6 30.6 287 26.2

L(A) 0.84 1.70 2.42 2.92 3.42

Speed(rpm)

2

Armature Current(A)

WeianuIusuan 411 rpm

nNN 4.22 ﬂ’J’]&Jguﬁufitﬂ’j']\‘lﬂ’J’]11L%QﬁﬂUﬁUﬂi:Llﬁﬂ"igmL%ﬂﬂ%ﬂ"liﬂ’lﬂﬂ&]i&ﬂﬂ@ﬂ

83



193791 4.8 NANTINARBILLL Open Loop Afanuiuiuduh 805 rpm

Load
WA LW

0%
(0w)

25%
(550 w)

50% (1100

w)

75%
(1650 w)

100%
(2200 w)

N (rpm)

805

650

609

585

556

V(V)

139.2

118.7

115.4

110.5

109.3

0.94

2.36

3.90

5.16

6.62

900

800 | -

700

600

500 |

400 f—

300 F——

200 |-
100 4—— — -

0 ‘ : .

0 2 4 6 8

Speed(rpm)

Armature Current(A)

NN 4.23 ﬂ']’lllﬁ"ilﬁuﬁ'itwj']\‘lﬂ’]’mL%’]ﬁ]‘l_lﬁllﬂizLLﬁE]’ﬁLﬁJL%aﬂuﬂ’]iﬂ']llﬂlﬁzu‘i_lﬂﬂ

Wafl ausaduaw 805 rpm



A195191 4.9 HANIINARBILLL Open Loop NenanansuSuduil 1245 rpm

Load 0% 25% 50% 75% 100%
naaa (0 w) (550 w) | (1100w) | (1650 w) | (2200 w)
N (rpm) 1245 1203 1167 1137 1102

Vi(V) 215.4 213.8 210.5 209.6 207.5

1(A) 1.04 3.14 5.56 7.40 9.5

1200

1000 N

Speed(rpm)
(o)
o
o

200

85

10

Armature Cuurent(A)

= o e g ’ I3 v -3
NINn 4.24 ﬂ’J']llﬁilWuﬁ'i:‘ﬂ'ﬂﬂﬂ’l']lllj'l‘iallﬂﬂﬂi:LLﬁE]']‘il,llL’ﬂﬂﬂuﬂﬂiﬂﬁﬂﬂhi:ﬂﬂaﬂ

Wah anuFTuan 1245 rpm



NN 4.25 mavnulualeuasudif1lnue Forward Motoring laifllnae

2008/03/13 15:34:01 MORMSO0DKS /s  2ms/div
Stopped 3 (2Zms/div)
Tracel: P-P : 112.0v Max © 244.0v . Min - 132.0v
n © Rms © 198.3V fivg - 195.9v © Freq  520.8Hz
TraceZ: P-P @ 1.858V Max I-2.374V . Min =4.232v
© Rms & 3.213 Avg +-3.171V : Freq: 280.9H

(Rawaianil Maoufi 0<0<90, Rectifier)

2008/03/13 15:34:53

A1

NORMS500kS /s  2ms/div

Stopped

(2ms /div)

Tracel: P-P . 136.0V Max
" Rms @ 198.8v Avg
Trace2: P-P 2.230V Hax
Rms - 1.149vy Avg

.268.0v Min - is2.0v
. Freq: 287.4Hz
-206.5mV © Min =2.436V

_Freq 301.2z

86

NN 4.26 MIvnnulualauasuifi1lnua Forward Motoring 1as 500W

(Pawaitendl ¥Maui 0<0l<90, Rectifier)



2008/03/13 153642

A

NORMS00kS/s  2ms/div

Stopped

(2ms /div}

E I
Tracel: P-P & 112.0V Max > 260.0V Min . 148.8v
™ " Rms @ 207.@V fivg | 206.2v " Freq' 294.1Hz
TraceZ. P=P 2N - Max 2.374v - Min : 103.2mV
- Rms @ 1.713v Avg + 1.630V : Freq: 297.6H

87

NN 4.27 mavhanuluaeauasurifi1nue Forward Motoring 1waa 1100W

ar

v

AT 4.28 M3vhauluanauasuridi1lwue Forward Motoring Twas 1600w

(manaiiaas1 ¥neufl 0<0<90, Rectifier)

2008703713 15:38:01

=

NORMS00KS /s  2ms/div

Stopped

(2ms/div])

Tracel: P-P - 84,00V - Max © 244.0V Min @ 160.0V
. Rms 208.4Y Avg 207 .4Y . Freq: 294.1Hz
TraceZ: P-P 1.734Y - Max 4.356Y C Min D 2.822Y
Rms @ 3.742V Avg + 3.712v . Freq: 294.1Hz

(MaWDILAaT1 YU 0<0L<90, Rectifier)



20008/03/13 153916
Stopped

A3

NORM:S00kS /s 2ms/div

(2ms/div}

agl- - S S S e,

sracel. | P-p . 76 Fint OO N Max
™ : Rms @ 212.7V Avg
TraceZ:. P-P 1.610v © Max
: Rms : 6.053V Avg

244.0v  © Min - 168.0V
212.1y . Freq: 316.5Hz
6.648Y © Min - 5.03%
6.039v . Freq: 308.6Hz

(Pawaiieas1 vinauh 0<0L<90, Rectifier)

2008/03/13 155536

el

NORM:500kS/s  2ms/div

Stopped

(2ms/div)

Tracet: P-p = THY OV Max
™ ° Rms : 39.34V Avg
Trace2: P=-P : 2.698vV - Max

: Rms 5.368Y Avg

-4.0672v © Freq: 304.9Hz
-3.814v . Min =6.512V
-5.325 ' Freq: 308.6Hz

MNN 4.30 Mmyinuluaiauaiuin2luwua Forward braking

( pawnaTaa32 e 90<0L<180,Inverter )

88

MAN 4.29 Mavanulualauaiuriniluue Forward Motoring Laa 2200W



2008703713 15:40:50

V)

NORM:500kS/s  2ms/div

En

Stopped

(2ms /div)

-4

B4y " ¥Min -5.427
-5.683¥ . Freq: 312.5Hz

89

AN 4.31 suluelauaIwiy 3luae Reverse Motoring lidilvian

( ADWLIBILADT2 ITUTI0<0L<90,Rectifier )

2008/03/13 17221154

-

NORMG500kS/s  2ms/div

Stopped

(2ms /div)

A 432 naanuluaauasurifizlnuaReverse Motoringlnaa500W

( PaWID3LADI2 Yuh

0<(0L<90,Rectifier)



90

2008/03/13 17:19:00 NORM500kS /s 2ms /div
(2ms fdiv)

Stopped

¥l

fooesfereefronifenss] ol Reofoesaferse o

AN 4.33 MivhuluaisueTunnalnuaReverse Motoring LMaA1600W

( AawIB3IABT2 M9IuAi0<01<90 Rectifier)

2008/03/13 1721737 NORMS00kS /s 2ms /div
(2ms /div)

Stopped

A

i 4.34 miauluaiauaTurifislnuaReverse Motoring 1was2200W

( nauaiiaof2 nufio<a<9o Rectifier)



2008/03/13 16:20:42 NORM®E00kS/s  2ms/div

Stopped 3 (Zms/div)
T S e e /

Tracel: P=P : 136.0v @ Max --36.00v @ Min =172.0v
™ " Rms @ 119.4V © Avg 1-115.3V . Freq: 5.000kHz
TraceZ: P=P - 2.200V - Max 1=2.550V - Min =-4.750V
© Rms @ 3.570V © Avg :=3.542vV . Freq: 328.9H

nnn 4.35 myranulualauaiurifidlnusReverse braking

( aaw05iaas1 reudl 90<0L<180 Inverter)

20008/03/13 18:02:22 NORM:S00KS /s 2ms /div
Stopped 3 (2ms /div)

TraceZ: P-P © 19.60V " Max I 4.600V © Min -15.00V
,,,,,,,,,,,,, Rms - 10.21V . Avg '-8.847v . Freq. --—-.

MAN 4.36 NITUABUWANSupply
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— v
05 i
2 - N
ig D'_\\o/&\—.j‘_‘#——-‘ ]
05 .
A . . s . L . L L A
0 0002 0004 0006 DOOB 001 0012 0.014 0016 0018 002
Tirme
03
a4
@
503
=
=4
E Q02
<
a1 l
plala da s M
o 10 b k) 40 &0 60 kil B0 an 100
Order of Hatmonic
2000/03/13 1822650 NORM 5ms /v
Stopped q (5ms /div)
N : . : :
R T AR R R NS I R S SR NI I I I I PR
CH2=10d48V TkHz/ v
i; ..............
!
5.600v . Min. =14 80V
~5.522v Freq: -—-—
LIV PETWATI RN SN P P e

AN 4.37 N32UR Input waza$luAndaaua1d 9uas NITUR Inputatnasy

a:gaﬁﬁwcﬁ’u 6n+1,6n-1

2008703713 17:52:49
Stopped

TN NORM:200S/s

5s/div

(5s/div)

; P
—— — Ty
b
I
|

TraceZ: P-P | 2740V
: . 5.5083

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

. Min :-30.00Y
- Freq: 5.000Hz

MAN 4.38 nazuda e ilanuaineauaIwna 1 luanauasust

fl 2 uss 3
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2008/03/13 17.40:44 C———aaammm NORM:200S/s 5s/div
Stopped (55/div}
3
|
ap| e
........................................................... PR SURUUUITS FPRUOTRUIE R
I
T ......... TR S B R e
Trace2: P-P : 2B.§BUV - Max 21.[][]VE - Min =5.800V
...... Rms = 5.349 ¢ Avg +=3.999v; : Freq: 2.000Hz
o TR R bt bt e
i

NN 4.39 n3zuFan e sy e R puannalauesunfslualauasuring
Laz
2008/03/13 18:07:16 NORMS00kS /s 2ms /div
Stopped ’ {2ms /div)

NINN 4. 40 nsmaﬁuv!@ﬁma A LLR:LLSGﬁuam’!ﬂ Van amehiiaui
ABuaTUY 11ua Forward Motoring Twa® 2200W

(PaUIa%A8T1 ¥ uil 0<0L<90, Rectifier)



94

2008/03/13 189:40:48 NORM:200kS /s Sms/div
Stopped (5ms/div)

e

Tracet: P-P :\276.0  ~ Max : 140.08 | in -136.0V
© Rms : Freq:X ——:
Trace2: P-P : Min =-7.350V

. Rms -3.634V Freq: -—-:

NN 4.44 nizugBUNaiiE A LLaszé’uﬁu'qﬂ Van atusrinawh
mMouaswi2lnua Forward braking

(PAWIBTLABT2 ¥a1uh 90<0L<180,Inverter )

2008/03/13 18:08:27 NORM500KS /s 2ms fdiv
Stopped (2ms /div)

A3

........................ Max D 114.0v  C Min -136.0V
. Avg i-22.51V  Freq —=——-_
¢ Max I-4.000v © Min =5.840vV

L Pvg ey - Freq ——

Trace2:

NN 4.42 m:LLa‘éuwcﬂﬁLWa A LLa:LLsoé’uSum Van 2ttinawi

A1aUATUY3 1nua Reverse Motoring ( Aawlasiaas 2

FIufio<0L<90, Rectifier )



2008/03/13 18:25:11 NORM:200kS/s  Bms/div

A3

Stopped (5ms /div)

2r

NN 4.43 NIzUABUNARINE A UAZUTITUBUAR Van Umizyinauf
AIBUATUNA LANA Reverse braking

(AauaTiaad1 anud 90<0<180 Inverter)

95
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a*gﬂuawmaummz

1) ‘lu‘[ﬂiaamﬁlﬂumsﬂfmqu DC Motor WUUNTzuLEN Phase Control oyl
SCR %29338189 Dual Thyrister Converter ﬂﬂwmm‘lﬁlunmmnuuuﬁu
wavwle (Regenerative Breaking )

2) 14 Microcontroller dsPIC 30F4011 Tumsanugumyhauasszuy

3) leavsauilanusn Control Speed vaswaiaad uasynawlevs 4 Quadrant

4) 17 Program MATLAB Simulink lWnsANHRaNMItIU waznanisnig
Control 1933

5) Imaa’]uﬁl’ﬁmi Close Loop Speed Control 31N Encoder LLlaz Close Loop
Current Control 9MM@ATIATUNT=UAIABINY Speed  1vasft Tauldnns
AIURULUY PI Control

DalARDUNE

1) ‘Luiﬂnamﬁﬁﬁuwmﬂ'amﬁ Phase Sequence afiadrasiduulsunsusasiy
N Phase Sequence Wamanzfumsldnuase

2) ﬁmwﬁ’ggaﬂ M3 Regenerative Breaking uaznsdul&ew Quadrant 844
Toyw asesiaw ldeing

3) lumsaeenuiiivssnaiaat DC Motor SilfiTaayugatuinat arsezldid
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.equ __ 30F4011, 1
.nclude "p30f4011.inc"

e L T

;Configuration bits:

3

config _ FOSC, CSW_FSCM_OFF & XT_PLLI16
config _ FWDT, WDT OFF
config_ FBORPOR, PBOR_ON & BORV_27 & PWRT_16 & MCLR_EN
config  FGS, CODE_PROT OFF

s

:Global Declarations:

b

.bss C w02

.bss C W12

.bss C_wz2.2

.bss C W32

bss C W42

.bss C W52

.bss C _We,2

bss Ki,2

.bss Kp,2

.bss Error 1,2

bss Error 2.2

bss U,2

.bss SUM,2

.bss Ki2,2 ;
.bss Kp2,2 ;
.bss Error_12,2 :
.bss Error 222 :
bss Uz2,2 ;
.bss SUM2.2 :
.bss Alpha,2

.bss speed,2

.bss Ref.2

.bss select,?

.bss la_act,2

.bss Q,2

.bss Q12

.bss Q22

.bss Q32

.bss Q42

.global _wreg_init

.global __reset

.global __TllInterrupt

.global __T2Interrupt

.global __T3Interrupt



dext
__reset:

MAIN:

99

.global __T4lnterrupt
.global __T5Interrupt
.global __CNinterrupt

;Start of Code section

MOV #_ SP init, WI5 ;Initalize the Stack Pointer
MOV # SPLIM init, W0 ;Initialize the Stack Pointer Limit Register
MOV W0, SPLIM
NOP :Add NOP to follow SPLIM initialization
CLR W0 sInitialization of W registers to 0x0000
MOV W0,wWl14
REPEAT #12
MOV WO,[++W14]
CLR WIl4
NOP

CALL set_value
MOV #215,W0 ;200,235 ;215 OK;
MOV WO,Ki
MOV #100,W0 ;100 OK;
MOV WO0.Kp
MOV #0,W0
MOV W0,SUM
MOV #0,W0
MOV wWo,uU
MOV #338,W0 ;328:338
MOV W0,Ki2
MOV #111,W0 111
MOV W0,Kp2
MOV #0,W0
MOV W0,SUM2
MOV #0, W0
MOV wo,U2

<k oo ke ok oot e ook s ook ke oot o ok ok ok o ok sk ok o sl ok s ke o s ok ok ok ok ok ok e ok koo o ok 3ok s ok ok ok ok ok ok ok ok ook ok ok ok ok oK oK ok ok ok ok ok ok
k]
JERRERRRRR LR RO SHary Program )k R EERRR KRR RE KRR R KRRk Rk
< ook o ook ok 3 3K sk oo o ok 3k KoK o ok o sk ok koK ok ok ok ok ok o ok ok ok ook ok ok sk ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok ook ok ok ok ok ok ok ok o skok ok ok
kd

START:

MOV
CALL

CLR
CLR
BCLR
BCLR
BCLR
BTSC
GOTO
MOV
CALL

BSET

#200,W12
Delay_WI12ms

LATE
LATF
LATF #RF4 ;:BCLR LATB.,#RB8
LATD,#RD2
LATD#RD3
PORTD,#RDO0
START
#200,W12
Delay W12ms

IECOATLIE ;Anable interrupt



100

BSET IECO0#T2IE
BSET IECO0#T3IE
BSET IECI1#T4IE
BSET [EC1#TSIE

BSET ADCSSL,#CSSL6
BSET ADCSSL#CSSL7
BSET ADCONIi,#ADON
BCLR ADCONI#DONE
ADCdone: BTSS ADCONI1 #DONE

BRA ADCdone
CLR POSCNT KEERERAK
BSET QEICON#QEIM2 AL LL

; MOV  #0x0763,W0

; MOV WO0,QEICON
BSET T4CON#TON
BSET 1ECO#CNIE

CLR WI3
STOP: BTSS PORTD,#RD0
BRA __reset : MAIN
: BSET LATB#RB8 ;tell ON / OFF

BSET LATF#RF4

; (Tell Direction)

BTSS QEICON,#UPDN
GOTO Left
GOTO Right
Right: BSET LATD.#RD2
BCLR LATD#RD3
GOTO End_Tell Direction
Left: BSET LATD#RD3
BCLR LATD#RD2
GOTO End_Tell Direction

End Tell Direction: NOP
MOV ADCBUFO0,W3
ADD #5,W3
MOV #18750,W4 ;20340 ;18750 OK;
MUL.UU W3, W4, W4
MUL.UU W5,#2,W4
MUL.UU W3 #21,W2
ADD W2, W4, W4
ADD #5,W4

MOV W4, Ref



;*************************(0_1023 =0-221 ]8)*(REF)**(W6)**************************

MOV
ADD
MOV
MUL.UU
MUL.UU
MUL.UU
ADD
ADD
MOV

ADCBUF1,W7

#5,W7

#18111 ,W8
W7,W8,W8§
W42 W8

W7,#21,W2
W2,W8, W3

#5.W8

W8.,la act

MOV

I ;20340 ;18750 OX;

#30621,W2 ;21217

MUL.UU W10,W2,W2
MUL.UU W3.42,W2
MUL.UU WI10,#12.W6

ADD
ADD
MOV

W6, W2, W2
#5,W2
W2,speed

;***************************(Se]ectouadrant)*************************************

MOV
AND
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV

WI3,W6
#0x0006,W6
W6,Q
#0x0000,W5
W5,Q |
#0x0002, W3
W5.Q 3
#0x0004,W5
W5,Q 2
#0x0006,W5
WS,Q 4

MOV
MOV

Q 1,W6
QW7

CPSEQ W6, W7
GOTO CP Q3

GOTO RUN_Nomal

CP_Q3:

MOV

Q 3.W6

MOV

QW7

CPSEQ W6,W7
GOTO CP_Q2

GOTO RUN_Nomal

CP_Q2:

MOV

Q 2,W6

MOV

Q. W7

CPSEQ W6, W7
GOTO CP_Q4
GOTO Regen Q2

CP_Q4:

MOV

Q 4.W6

MOV

Q. W7

CPSEQ W6,W7
GOTO START
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GOTO Regen_Q4

;*****************************(0_800:0_22] ]8)*(Encoder)**(w4)**************

5
-*****************************( P] Control )*************
b

SRR RO O Rk Rk Rk k(Compare Between W4( Rref ) and W2(Encoder) ***
RUN_Nomal: NOP

CPSGT W4, W2
GOTO NO
GOTO YES

YES: SUB W4, W2, W3
MOV W3,Error_1
MOV Kp,W5
MUL.UU W3,W5 W6
MUL.UU W7,#2,W6
MOV SUM, W5
ADD W5, W6,W7
MOV W7,U
MOV #22100,W5
CPSGT W7,W5
GOTO SUM_I
GOTO MAX

MAX: MOV Ww5.U
GOTO SUM_LI

SUM_1: NOP
MOV Ki,W3
MOV Error_1,W5

MUL.UU W3, W5,We
MUL.UU W7.4#2,W6

MOV SUM, W5
ADD W6,W5,W6
MOV W6,SUM
; GOTO END_P!
GOTO RUN_Nomal2
NO: SUB W2, W4,W3 W2, WA W3 (W2 WE W3
MOV W3,Error 2
MOV Kp,W5
MUL.UU W3 W5 W6
MUL.UU W7.#2, W6 :W6=Kp*Error_2
MOV SUM, W5
SUB W35, Woe, W7 ;W7=U=SUM-Kp*Error 2;
MOV W7,U
MOV #20,W5
MIN _I: CPSGT W7,W5
GOTO MIN
GOTO SUM 2
MIN: MOV W5,U
GOTO SUM 2
SUM_2: NOP
MOV Ki,W3

MOV Error 2, W5



MUL.UU W3,W5,W6
MUL.UU W7,#2,W6
MOV SUM, W5
SUB W5,W6,W6
MOV W6,SUM

: GOTO END_PI

GOTO RUN_Nomal2

;W6=Ki*Error 2

b

3 o ok ok oK ok ok o ok o ok sk ok oK o oK oK Kk o o ok ok o ok Ak ok o ok ok ok sk ok 3k o ok ok sk ok oKk ok ok oK oK o oK K ok ok K 30k oK ok K K 3K ok K oK K K o K K R K K
3

RUN_Nomal2:

NOP
MOV  #2321,W3 e
CPSLT W3, W3 3
GOTO RUN_Nomai3 3;;
GOTO END_PI2 s

2211
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RUN_Nomal3: MOV U,Wé U, W6
CPSGT W6,W8 sW6, W1l
GOTO NO2
GOTO YES2

YES2: SUB W6,W8, W3 ;W6,W1,W3
MOV W3.Error_12
MOV Kp2,W5
MUL.UU W3, W5, W6
MUL.UU W7#2,W6
MOV SUM2,W35
ADD W5, W6,W7
MOV W7,U2
MOV #22100,W5
CPSGT W7,W5
GOTO SUM 12
GOTO MAX2

MAX2: MOV ws5.U2
GOTO SUM 12

SUM 12: NOP
MOV Ki2,W3
MOV Error 12,W5
MUL.UU W3, W5,Wé
MUL.UU W7#2,W6
MOV SUM2,W5
ADD W6, W3 W6
MOV W6,SUM2
GOTO END_PI

NO2: SUB W8, W6,W3
MOV W3,Error_22
MOV Kp2,W5
MUL.UU W3, W5, W6
MUL.UU W7.42. W6
MOV SUM2,W5
SuUB W5, W6,W7

MOV W7,U2

;W6=Kp*Error_2

;W7=U=SUM-Kp*Error_2
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MOV #20,W5
MIN 12: CPSGTW7,W5
GOTO MIN2
GOTO SUM 22
MIN2: MOV w5.,U2
GOTO SUM_22
SUM_22: NOP
MOV Ki2, W3
MOV Error 22, W5
MUL.UU W3, W5,Wé6
MUL.UU W7#2.W6 ;W6=Ki*Error 2
MOV SUM2,WS5
SUB W5,W6,Weé
MOV W6,SUM2
GOTO END_PI
;*********************************************************************************
END_PIL: MOV #23000,W9 ;22118 ;23000 OK;
MOV U2,w3 ;U2
SUB WO, W3, W5
MOV W5,Alpha
GOTO SANTI

+ 3 3k 3k e o ok o 3k ok ok ok sk s ok ok ok ok sk ok ok e e o ok o ok sk ok ok sk ok ok ok ok ok s sk ok o s ok ok sk ok ok sk ok ok sk A ok ok ok ok Ak e ok ok A ok ke 2k ok 2k e ok e ok ok s ok ook e ook ok ke
hl

;
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END PI2; MOV #23000,W9 e ;22118 ;23000 OK;
MOV U, W3 W
SUB WO, W3, W5 W
MOV W5,Alpha s
GOTO SANTI

s sk ok ok ok ok sk ok ok o ok ok ok ok s ok ok ok ok ok ok s ok sk ok ok ok ok ok ook s ok ok ok ok sk ok R ok Ok ok ok ok o o sk ok o ok ok ok 3 s o K K ks ok o Rk
b
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SRR KR KRR KRR KRR KRHRHK( Push Switch For Break Y % k% st ks kit kakshhak frirtons

SANTI: BTSS PORTB,#RBS8
GOTO Regen

« 3% sk ke sk s e ok s st ok ok sk sk ok sk ok e ok e gk ok ke ok ok sk ok ok sk ok sk ok sk ok o ok ok e ok ok ok sk e sk ok ke ok e ok ok Sk Sk ok Sk ok ok sk ok ok s o e ok sk sk ok ok skl i ok ok ok ok ok ok ok ok sk ke ok ok
k]

Trig 1: MOV  #200,W9
MOV Alpha, Wl 1 ‘W38
CPSLT WI11,W9 ; W8, WO
GOTO Trig
MOV #200,W11 ‘W38

Trig: NOP
CLR PRI
CLR PR2
CLR PR3
MOV WI11,PR1 ;W8
MOV  WI11,PR2 ;W8

MOV  WI1Ii.PR3 ;W8



BCLR W1340

WAIT_CN: BTSS W13.40
BRA WAIT CN
BCLR WI13.40
END_SET: GOTO STOP
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;*********************************(hAahlPrOgra"B)**********************************
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Regen: BSET

BTSS
GOTO
GOTO

Regen Q4: BCLR
BCLR
BCLR
BCLR
BCLR
BCLR

BSET

: MOV
: MOV
: ADD
: MOV
; MOV
: MOV

MOV
MOV

W13,4#2

WI3#1
Regen Q4
Regen_Q2

LATE.#RE0
LATE.#REI
LATE #RE2
LATE#RE3
LATE.#RE4
LATE#RES

WI13.#1

#11111,W5
speed, W6
W5,W6,W6
W6,Alpha
#3500,W7
speed, W6

#5529, W5
speed, W6

CPSEQ W6,W5
GOTO INC_DEC
GOTO REGENS2

REGENS2: MOV #12288, W5
MOV speed, W6
ADD W5, We,Wé
MOV W6, Alpha
MOV #5529, W7
MOV speed, W6
CPSGT W6,W7
GOTO Turn_Left
GOTO Trig 1

INC DEC: MOV #5529,W5
MOV speed, W6
CPSGT W6,W5

GOTO REGENSI
GOTO REGENS3

;10000

;3200

:4915;(45}

;3200

:4915;(45)



REGENSI:

REGENS3:

Turn_Left:

SRRk kR Rk ok dok ok Rk ok ok ok Rk Rk Rk kR ok ok

Regen Q2:

MOV #15114,W5
MOV speed, W6
ADD W5,W6,Wé
MOV W6,Alpha
MOV #5529, W7
MOV speed, W6
CPSGT W6,W7

GOTO Turn_Left
GOTO Trig_1

MOV #5529, W5
MOV speed, W6
ADD W5, W6,W6
MOV W6,Alpha
MOV #5529,W7
MOV speed, W6
CPSGTW6,W7

GOTO Turn_Left
GOTO Trig 1
CPSGTW6,W7

GOTO Turn_Left

GOTO Trig 1

BCLR LATE.#REO
BCLR LATE#RE]
BCLR LATE.#RE2
BCLR LATE,#RE3
BCLR LATE#RE4
BCLR LATE#RES5
CLR SUM
CLR U

CLR SUM2
CLR U2

BSET QEICON.#SWPAB

BCLR
GOTO

BCLR
BCLR
BCLR
BCLR
BCLR
BCLR

BCLR

WI3.#2
STOP

LATF#RF0
LATF #RF1
LATF #RF2
LATF #RF3
LATF #RF6
LATE#RES

WI13.#1

;3200

14915:(45)

:3200
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REGENS_2:

INC_DEC_1:

REGENS 1:

REGENS_3:

Turn_Right:

MOV  #11111,W5 ;10000
MOV speed, W6
ADD  W5W6,W6
MOV  Wé6,Alpha
MOV #3500,w7 ;3200
MOV  speed, W6
MOV #5529,W5 ;4915
MOV speed, W6
CPSEQ W6,W5
GOTO INC_DEC 1
GOTO REGENS 2
MOV #12288, WS
MOV speed, W6
ADD W5, W6,W6
MOV Wé6,Alpha
MOV #5529, W7 ;3200
MOV speed, W6
CPSGT W6, W7
GOTO Turn_Right
GOTO Trig_1
MOV #5529,W5 ;4915
MOV speed, W6
CPSGT W6,W5
GOTO REGENS 1
GOTO REGENS 3
MOV #15114,W5
MOV speed, W6
ADD W5,W6,W6
MOV Wé6,Alpha
MOV #5529, W7 3200
MOV speed, W6
CPSGTWe,W7
GOTO Turn_Right
GOTO Trig 1
MOV #5529, W5 4915
MOV speed, W6
ADD WS5,W6,W6
MOV W6,Alpha
MOV #5529,W7 ;3200
MOV speed,W6
CPSGTW6,W7
GOTO Turn_Right
GOTO Trig 1
CPSGT W6,W7

GOTO Turn_Right

GOTO Trig_1

BCLR LATF#RF0
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BCLR
BCLR
BCLR
BCLR
BCLR

CLR
CLR

CLR
CLR

BCLR QEICON#SWPAB

BCLR

LATF #RF1
LATF #RF2
LATF #RF3
LATF #RF6
LATE.#RE8

SUM
U

SUM2
u2

WI13.#2

GOTO STOP

<k ok o ok o ok o ook ke sk ok ook ook ok sk ok ok ook ke ok ook o s ok ke sk ok ook ke ok ok sk ke sk ok e ok sk ok ok R ok sk ok ok ko ok ok sk ok ok ok ok ok ok kK
b
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_ CNinterrupt:

BCLR

BSET

MOV
AND
MOV

MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV

IFSO,#CNIF
W13.#0

PORTB,W0
#0x0007,W0
W0,C_W0

#0x0005,W0
W0,C_WI
#0x0001, W0
W0,C_W2
#0x0003, W0
W0.C W3
#0x0002, W0
W0,C_W4
#0x0006, W0
W0,C_ W5
#0x0004,W0
W0,C_W6

bN2_l:

CN4 0:

MOV C_W0,W0

MOV

C WI,WI

CPSEQ W0, W1

BRA

CN4_0
BSET TICON#TON

GOTO END CN
MOV C W0,W0



CN3 I:

CN2_0:

CN4_I:

CN3 0:

END CN:

MOV

MOV

MOV

MOV

MOV C W2 Wi

CPSEQ W0,W1
BRA CN3_1
BSET T3CON#TON

GOTO END CN
C_WO0,W0
MOV C W3,Wl

CPSEQ WO,W1
BRA CN2_0
BSET T2CON,#TON

GOTO END CN
C_WO0,W0
MOV C_W4,Wl

CPSEQ WO, W1
BRA CN4_1
BSET TICON,#TON

GOTO END CN
C_WO0,W0
MOV C_W5,WI

CPSEQ WO,W 1
BRA CN3_0
BSET T3CON,#TON

GOTO END_CN
C_WO0,W0
MOV C_W6,WI

CPSEQ WO, W1
BRA END_CN
BSET T2CON#TON

GOTO END_CN
NOP
RETFIE

- % ok e ok ok sk ok sk 3k ok sk 3k 3k ok e ok ok ok ok sk 3k ke ok e ok ke sk ok sk sk e e s ok e sk sk sk ok ok sk s e e e e e ok e ok sk e s ke e ke ke ok ke ke sk ok sk sk sk ke sk Sk ke ke Sk
*
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; Timer Interrupt * Ak

__TllInterrupt:

BCLR IFSO#TI1IF
BCLR TICON#TON
CLR TMRI

BTSS WI13.41
GOTO C1_T1_ON
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C2 T1 ON:

SET RF3:

BTSS

BCLR

GOTO C2_T1_ON

PORTB,#RB0

BRA SET_RF3
BCLR LATE,#REQ
BSET LATF.#RF0
BCLR LATF#RF6
GOTO END T1

LATE #RE3
BSET LATF#RF3
BCLR LATF#RF1

GOTO END TI

C1_T1 ON:

SET RE3:

END TI:

« e o e ok ok ok ok sk ok ok sk ok ok 3k ok ok ok ok ok 3k ok ok ok 3k ok ok ok ok ok ok sk o ok e e ok ok ok ok ok ok ok ok ok sk e e e ok ke ok sk ok Sk o ke e ok ok ok ok ok ok ok ok ok ok ok ok ok ok
s

__T2Interrupt:

C2 T2 ON:

SET_RES:

BTSS

BCLR

BTSS

BCLR

PORTB.#RB0

BRA SET_RE3
BCLR LATF#RF0
BSET LATE#REQ
BCLR LATE#RE4
GOTO END TI

LATF#RF3
BSET LATE#RE3
BCLR LATE#REI

RETFIE

BCLR [FSO#T21F
BCLR T2CON#TON
CLR TMR2

BTSS WI3.4l
GOTO C1 T2 ON
GOTO C2_T2_ON

PORTB #RBI

BRA SET RES
BCLR LATE#RE3
BSET LATF.#RF2
BCLR LATF#RF0
GOTO END_T2

LATE#RES
BSET LATE#RES
BCLR LATF#RF3

GOTO END T2

Cl_T2_ON:

BTSS

PORTB,#RB1

BRA SET RES5
BCLR LATF#RF2
BSET LATE#RE2
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BCLR LATE#RE0
GOTO END_T2

SET_RES5: BCLR LATE,#RE8
BSET LATE#RES5
BCLR LATE.#RE3

END T2: RETFIE

« 03Kk o ok ok ok ok ook ok sk ok ok ok ok 3k sk okok ok ok ok ok o ok s ok ok ok ok ok ok o o ok ok ok ok ok o ok ok oK o o oK ok ok ok ok ok ok ok ok ok ok o ok ok ok ok o o ok sk ok ok
k]

__T3Interrupt:
BCLR 1FS0,#T3IF
BCLR T3CON#TON
CLR TMR3

BTSS WI3#]
GOTO C1 T3 _ON
GOTO €2 T3 ON

C2_T3_ON: BTSS PORTB,#RB2
BRA SET RF1
BCLR LATE#RE4
BSET LATF#RF6
BCLR LATF#RF2
GOTO END_T1

SET_RF1: BCLR LATE#REI
BSET LATF,#RF1
BCLR LATE#RES

GOTO END TI

Cl_T3_ON: BTSS PORTB,#RB2
BRA SET REl
BCLR LATF,#RF6
BSET LATE.#RE4
BCLR LATE#RE2
GOTO END_T3

SET REI: BCLR LATF#RFI
BSET LATE#RE]
BCLR LATE#RES

END_T3: RETFIE

__T4Interrupt:
BCLR IFS1 #T4lF
MOV POSCNT, W10
CLR POSCNT
BCLR T4CON,#TON
CLR TMR4
BSET T4CON#TON



.end

RETFIE
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equ  30F4011, 1

.include "p30f4011.inc"

b

;Subroutine: set value

[}

set_value:

INT PORT:

.global set value

CLR

BCLR ADCSSL,#CSSL6

CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR

CLR
CLR

CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR

w0

Wi
w2
W3
w4
W5
W6
W7
w8
w9
w10
Wil
WI3
TMRI1
TMR2
TMR3
TMR4
TMRS
IFSO
IFS1
IFS2

IECO
IEC1

UIMODE
U2MODE
U1STA
UIRXREG
UITXREG
CNENI
CNEN2
CNPUI
CNPU2

BCLR LATD#RDI

BCLR ADCSSL#CSSL7
BCLR ADCONI1.#ADON

MOV
MOV

#0x0001,W0
WO, TRISD

JFREXINT port input/output
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MOV #0x0000.W0

MOV WO, TRISE

MOV #0x0000,W0 xxxx xxxx x000 0000
MOV WO, TRISF

INT_TMRI: MOV #0x0010,W0  ;0x0030 JRERREXINT  timerl
MOV W0, TICON
CLR TMRI1
CLR PRi
INT_TMR2: MOV #0x0010,W0  ;0x0030 JRRRREXINT  timer2
MOV WO0,T2CON
CLR TMR2
CLR PR2
INT _TMR3: MOV #0x0010,W0  ;0x0030 JRRRERXINT  timer3
MOV WO, T3CON
CLR TMR3
CLR PR3
INT _TMR4: MOV #0x0030,W0  ;0x0030 JRREEXXINT  timerd
MOV W0, T4CON
CLR TMR4
CLR PR4
MOV  #11520,W0
MOV  WO0,PR4
INT_TMRS: MOV  #0x0010,W0  ;0x0030 JREEXEEINT  timer5
MOV W0, T5CON
CLR TMRS5
CLR PR5

INT CN: MOV #0x013F,W0  ;00BF ;*******+*TN CNInterrupt
MOV WO,ADPCFG ;100111111 ;101111111
MOV  #0x01FF,W(Q ;00FF
MOV WO, TRISB ;B=0000 0001 1111 L1110 1001 1111

- 3k s sk ok o sk ok ok ok s o ok o ok ok o o ok ok ke sk ok ok o ok o ok ok ok ook ok o ok ok ok ko o ok o ok Sk ko ok ok ok koK ok ok o ok ok o ko s ke ok sk ok ok ok sk ok o ook ok
>
JRRRR kR Rk roa Phaset kR Rk RR kR KRk ko R Rk KRR KRR R R K

WAIT_0: BTSC PORTB#RBO0
BRA WAIT 0

WAIT _I: BTSS PORTB,#RB0
BRA WAIT |
MOV PORTB,W0
MOV HOXT. W1
AND WO, W1, W2
MOV #0x5,W0
MOV #0x3,W1
CPSEQ W0, W2
GOTO ACB
GOTO tell ABC

ACB: CPSEQ W1,W2

GOTO END_READ
GOTO END_READ

tell ABC: BSET LATD#RDI
GOTO END_READ



END_READ: NOP

.
k)
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not use work register
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BCLR
BCLR
BCLR
BCLR

BSET

BSET

BSET

BSET

BSET

BSET

INT_INTR: CLR
CLR
CLR
CLR
CLR
CLR
MOV
MOV
MOV
MOV
MOV
MOV

MOV
MOV

BCLR
BCLR
BCLR
BCLR
BCLR
BCLR

CNENZ2#CNI7IE
CNEN2#CNIBIE
CNPU2#CNI17PUE
CNPU2,#CNI18PUE

CNENIL#CN2IE
CNENI1#CN3IE
CNEN1,#CN4IE
CNPUIL#CN2PUE
CNPUI1#CN3PUE
CNPU1#CN4PUE

IECO
IFSC
IPCG  ;for timer 1
IPC1 ;for timer 2 and timer 3
IPC5 ;for timer 4 and timer 5
IPC3  ;for CN interrupt
#0x3000,W0
WO0,IPCO sinterrupt Priorty T1=3
#0x3300,W0
WO,IPC1 sinterrupt Priorty T2=3 | T3=3
#0x0550,W0
WO,IPC5 sinterrupt Priorty T4=3 , T5=5
#0x7000,W0
WO,IPC3 sinterrupt CN=4
IFSO#TIIF
IFSO#T2IF
IFSO#T3IF
IFS1 #T4IF
IFS1 #T5IF
IFSO#CNIF

R e R i nnnInInnI I m I m Imm I mm T T ™M
k]

INT_QEI:
MOV
MOV
MOV
MOV
MOV

MOV #0x0362,W0

:0000 0011 0110 0010
WO0,QEICON

#0x0310,W0

WO0,DFLTCON

#2000, W0

WO,MAXCNT

+ 30 ok e ok ok ok ok ok o ok o o o e ok ok ok o ok ok ok s ok ok ok o ok ok ok ok ok ok s sk ok ok ok ok oK Sk Sk S 3 ok ok ok ok oK K K ok oK oK o ok oK ok ok oK ok ok oK o o ok 3 ek ok ke k
>

INT_ADC:
MOV
MOV
MOV
MOV
MOV

MOV  #0x00EE,W0

;0x00EE
WO0,ADCONI
#0x041D, W0
W0,ADCON2
#0x073F,W0

WO,ADCON3

:0x0300

:0x0002



MOV #0x0700,W0
MOV  W0,ADCHS
CLR ADCSSL

;:00D6 ;0x0003

115

RETURN
***************************;’0:******;;1:1:*'*'*;;;1:1:*1*1*;;;;;;*‘*I*;:ﬁ;;;;*l*l*;;;;i:l:*l*l*;;;;i:*[*[
equ _ 30F4011, 1
.include "p30f4011.inc"
;Subroutine: Delay W12ms
.global Delay W12ms
Delay W12ms: DO #10000,END_1ms ; Delay 1ms
DO WI12,END_W12 ; Do W12 times
NOP
NOP
END Wi2: NOP
END Ims: NOP
RETURN
;Subroutine: 12C_DELAY
.global 12C_DELAY
[2C DELAY: MOV #2,W12
DO #10,END_5us ; Delay 5us
DO WI12,END Wx ; Do W12 times
NOP
NOP
END Wx: NOPp
END 5us: NOP
RETURN
;Subroutine:SW_DELAY
.global SW_DELAY
SW _DELAY: MOV #10,W12 ; Delay 10ms
DO #10000,END_tms_SW ; Delay Ims
DO WI2,END W12 SW ;Do WI2 times
NOP
NOP
END WIi2_SW: NOP
END_ Ims SW:NOP
RETURN
:Subroutine: DELAY 200uS
.global DELAY 50Hz
DELAY 50Hz: MOV #94, W12
DO #10,END_SOHz :Delay Sus
DO WI12,END WxI :Do W12 times
NOP

NOP
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END_WxI: NOP
END_50Hz: NOP
RETURN
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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 2 3
wide range of collector current, low leakage . 1
currents and low saturation voltage. : 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)
(1
B
EO(3)
5C0E960
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vego [Collector-Base Voltage (g = 0) 75 Vv
Vceo Coliector-Emitter Voltage (lg = 0) 40 \%
Veso Emitter-Base Valtage {Ic = 0) © vV
Ic Collector Current 0.8 A
Pyt |Total Dissipation at Tamp < 25 °C
for 2N2219A 0.8 W
for 2N2222A 0.5 w
at Tease < 25 °C
for 2N2219A 3 w
for 2N2222A 1.8 W
Tstg Storage Temperature 65 to 200 °C
T; Max. Operating Junction Temperature 175 °C

June 1999
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2N2219A/2N2222A

THERMAL DATA

TO-39 T0O-18
Rinj-.case |Thermal Resistance Junction-Case Max 50 83.3 ‘cw
Ripj-amb |Thermal Resistance Junction-Ambient Max 187.5 300 °C/W
ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified)
Symbol Parameter Test Conditions Min. | Typ. | Max. Unit
lceo Collector Cut-off Vee =60 V 10 nA
Current (le = 0) Veg =60V Tcase = 150 °c 10 LA
lcex Collector Cut-off Vce =60 V 10 nA
Current (Vgg = -3V)
IBEX Base Cut-off Current Ve =60 V 20 nA
(Ve = -3V)
lero Emitter Cut-off Current |Vgg = 3V 10 nA
(lc=0)
V(rjceo* |Collector-Base Ic = 10 pA 75 Y
Breakdown Voltage
(le = 0)
Visrjceo* |Coliector-Emitter ic =10 mA 40 V
Breakdown Voltage
(le = 0)
VierjeBo* |Emitter-Base e = 10 uA 6 v
Breakdown Voltage
{Ic=0)
Vceisay* |Collector-Emitter Ilc =150 mA g = 15 mA 0.3 \%
Saturation Voltage lc =500 mA g =50 mA 1 \
VBEsan* |Base-Emitter lc =150 mA Ilg =15 mA 0.6 1.2 v
Saturation Voltage Ilc =500 mA g =50 mA 2 Vv
hgg#* DC Current Gain lc =0.1 mA Vce =10 V 35
lc =1mA VCE=10V 50
Ic =10 mA Vee = 10V 75
Ilc =150 mA Ve =10V 100 300
’C = 500 mA VCE =10V 40
lC =150 mA VCE =1V 50
Ic = 10 mA Vee =10 V
Tamp = -55 °C 35
hte* Small Signal Current Ilc = 1mA Vce= 10V f=1KHz 50 300
Gain lc=10mA Vge=10V = 1KHz 75 375
fr Transition Frequency lc=20mA Vge=20V 300 MHz
f =100 MHz
Cego Emitter Base Ic=0 Veg = 0.5V f=100KHz 25 pF
Capacitance
Ccso Collector Base lg =0 Veg =10V f=100 KHz 8 pF
Capacitance
Retniey |Real Part of input lc=20mA Ve =20V 60 Q
Impedance f=300MHz

+ Pulsed: Pulse duration = 300 ps, duty cycle <1 %

218
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2N2219AJ2N2222A

ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. | Typ. | Max. unit
NF Noise Figure lc=0.1mA Vece=10V 4 dB
f=1KHz Ry =1KQ
Nie Input Impedance fc=1mA Vcge=10V 2 8 kQ
lc =10 mA Vg =10V 0.25 1.25 kO
hre Reverse Voltage Ratio |lc=1mA  Vee =10V 8 1074
lc=10 mA Vgg =10V 4 107
hoe QOutput Admittance lc=1mA V=10V 5 35 TR
lc =10 mA Vcg =10V 25 200 us
tg** Delay Time Vee =30V g = 150 mA 10 ns
lg1 =15 mA VBB:-OASV
ok ® Rise Time Vec =30V Ic =150 mA 25 ns
|B1 =15 mA VBB=-O.5V
1+ * Storage Time Vee =30V lg = 150 mA 225 ns
Ig1 = -lpz = 15 mA
e+ Fall Time Vee =30V lc = 150 mA 60 ns
lgq =-lgz = 159 mA
oy Coe |Feedback Time lc=20mA Vee =20V 150 ps
Constant f=31.8MHz
+ Pulsed: Pulse duration = 300 us, duty cycle <1 %
= See test circuit
‘1’ 3/8




2N2219A/2N2222A

Normalized DC Current Gain. Collector-emitter Saturation Voltage.
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2N2219A/2N2222A

Test Circuit fot tg, tr.

VBB.:-O.S v

Vcc="3ov

UL
0 v

N
S5-4624
PULSE GENERATOR: TO OSCILLOSCOPE
te< 20ns t<50ns
PW < 200ns Zin < 100 KQ
Zn=500 Cing¢ 12 pF

Test Circuit fot g, tr.

Yout
+30 \-n'J'—L 10
0 YIN
500
50 N1 1N 916
S- 4625 -3V
PULSE GENERATOR TO QSCIWLLOSCOPE -
PW = 10us tr<50ns
Zin=50Q Zin > 100 KQ
Tec<50ns Cin <12 pF

573 518




2N2219A/2N2222A

TO-18 MECHANICAL DATA
mm inch
DIm.
MIN. TYP. MAX, MIN. TYP. MAX.
A 12.7 0.500
B 0.49 0.019
D 53 0.208
E 4.9 0.193
F 5.8 0.228
G 2.54 0.100
H 1.2 0.047
] 1.16 0.045
L 45° 45°
D A :
-~
2C )}
w ee—e—_ — Y 3
2L )
1 .
- m
0016043

6/8
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2N2219A/2N2222A

TO-39 MECHANICAL DATA

mm inch
DIM.
MIN. TYP. MAX, MIN. TYP. MAX,
A 12.7 0.500
B 0.49 0.019
D 6.6 0.260
E 8.5 0.334
F 94 0.370
G 5.08 0.200
H 1.2 0.047
| 09 0.035
L 45° (typ.)
D A
— 1
)
. = =)
)
= 23]
P0O0O8B
[” 7/8




2N2219A/2N2222A

Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility forthe consequences
of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No license is
granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specification mentioned in this publication are
subject to change without notice. This publication supersedes and replaces all information previously supplied. STMicroelectronics products
are not authorized for use as critical components in life support devices or systems without express written approval of STMicroelectronics.

The ST logo is a trademark of STMicroelectronics

© 1999 STMicrcelectronics — Printed in taly — Alt Rights Reserved
STMicroelectronics GROUP OF COMPANIES

Australia - Brazil - Canada - China -France - Germany - Italy - Japan - Korea - Malaysia - Maita - Mexico - Morocco - The Netherlands -
Singapore - Spain - Sweden - Switzerland - Taiwan - Thailand - United Kingdom - U.S.A.
http:/iwww.st.com
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IP120A SERIES
IP120 SERIES
IP7900A SERIES
IP7900 SERIES
LM120 SERIES

/ON

(o)

o/

Pin 1 - Ground
Case - V)

K Package - TO-3

Pin 1 — Ground
Pin2 -V

Pin 3 - VOUT
Case -V

G Package — TO-257

IG Package- TO-257*
* isolated Case on IG package

GND {1

NC (2

NC

il
VOL’I E<‘;

NS

Pin 1 - Ground
Pin2 - VOUT
Case - V|y

R Package — TO-66

Pin 1 — Ground
Pin 2 — VlN
Pin3 - VOUT

SMD Package — SMD1
Ceramic Surface Mount

8] NC
7] NC

[Si V\N

% NC

J Package — 8 Pin Cerdip

1.5 AMP
NEGATIVE
VOLTAGE REGULATOR

FEATURES

» OUTPUT VOLTAGES OF -5, -12, -15V

* 0.01% / V LINE REGULATION

* 0.3% / A LOAD REGULATION

* THERMAL OVERLOAD PROTECTION

* SHORT CIRCUIT PROTECTION

* OUTPUT TRANSISTOR SOA PROTECTION

* 1% VOLTAGE TOLERANCE OPTION
(~A VERSIONS)

DESCRIPTION

The IP120A / LM120 / IP7900A / IP7900 series of 3 terminal
regulators is available with several fixed output voltage
making them useful in a wide range of applications.

The A suffix devices provide 0.01% / V line regulation,
0.3% / A load regulation and +1% output voltage tolerance at
room temperature.

Protection features include Safe Operating Area current
limiting and thermal shutdown.

ABSOLUTE MAXIMUM RATINGS (T_,.. = 25°C untess otherwise stated)

V, DC Input Voltage (for Vg = -5, -12, -15V) 35V

Pp Power Dissipation Internally limited
Tj Operating Junction Temperature Range —55 to 150°C
Tstg Storage Temperature —65 to 150°C

Semelab plc. Telephone +44(0)1455 556565. Fax +44(0)1455 552612,

Prelim. 2/99
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IP120A SERIES
IP120 SERIES
IP7900A SERIES
IP7900 SERIES
LM120 SERIES

iP7905A IP7905 , IP120-05
IP120A-05 LM120-05
Parameter Test Conditions Min. Typ. Max. Min. Typ. Max. |Units
lo = 500mA Viy = -10V 495 5 505 | -49 5 -5.1
V Output Voltage  |lg = 5mAto | Vpn=-T5Vto-20v | i N B,
° P 9 © Max TN 485 515 | 48 52
Pp < Puax T,=-5510 150°C
S lo=5MAtoIyax  Pp<Pmax - - o
Vo  Low Supply © MAX© TDETMAX -4.75 515 | -4.75 525 | v
V|N = -TV to ‘20V
Vi =-7V 10 25V 3 10 | 3 25
lo=051 Vi =-7.5V 1o -20V - -
_ _ © MAX N 3 10 3 50
AVg  Line Regulation T,=-551t0 150°C mv
Vi = -8V to -12V - 1 4 ) 1 25
lo < luax T,=-55t0 150°C T 12 | 2 50
e | lg=5mAto15A | 10 25 M0 75
V'N = -10V — T T S - — T T
. lg = 250mA to 750mA 4 15 4 25
AVg  Load Regulation  |-—— . S e e R e mvV
IO =5mA to IMAX
Vi = -10V 7 25 7 50
T,=-5510 150°C
l0<05lyax ' 1 19 T 19
fq Quiescent Current °© MAX - —- S s SR — ———{ mA
Viy = -10V ﬁ = 55 to 150°C 1 2 1 2
- Hlo=5mAtolyax ' 02 04 02 04
Vi = -10V T,=-5510 150°C 02 05 | 02 05
Alg  Quiescent Current 7 / 0.1 04 0.1 0. mA
Change lo<0.51 Vi = -8V to -25V o -
g ° MAX N 01 05 01 10
T, =-5510 150°C
Vy  Output Noise f=10Hz to 100kHz '
40 400 40 400 | v
Voltage Vg =-10V
] lo<| ) 66 80 ] 54 80
W oo |f= 120K i .
— ipple Rejection :
avg pPerd Vi =-8Vo-18y | O ) MAX 66 80 54 80
) =-5510 150°C
| Dropout Voltage  |lo = Iyax o - N 1.1 23 R 23 | v
Ro  OutputResistance [f=1kHz o 5 ' 5 ma
Tsc ~ Short Circuit o T - 1 -
V) = -35V 0.6 1.2 0.6 1.2
Current A
lok ~ Peak Output )
Vg = -10V 24 3.3 2.4 3.3
Current
[ Average Temperature N I mv,
ge Temp lo = 5mA 0.2 2 0.2 2 e
Coefficient of Vo °C
| Input Voltage required to T o -
p- . 'g a . lo < lmax -7.3 7.3 vV
maintain line regulation

1) All characteristics are measured with a capacitor across the input of 0.22uF and a capacitor across the output of 0.1uF.

All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (t, < 10ms, & < 5%). Output
voltage changes due to changes in internal temperature must be taken into account separately.

2) Test Conditions unless otherwise stated:Pyax = 10W for TO-220SM Py ax = 1W for Cerdip, Pyax = 20W for all other package
Iyax = 1.0A,T,= 25°C

devices

Semelab plc. Telephone +44(0)1455 556565. Fax +44(0)1455 552612.

E-mail: sales@semelab.co.uk

Website: htip://www.semelab.co.uk
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IP120A SERIES

IP120

SERIES
IP7900A SERIES

IP7900 SERIES
LM120 SERIES

P7912A 1P7912 , 1P120-12
IP120A-12 LM120-12
Parameter Test Conditions Min. Typ. Max. Min. Typ. Max. |Units
Io = 500mA Vi = -19V 1188 12 1212 | -11.76 -12  -12.24
vV Output Voltage  [Vjy = -14.8V10-27V P < Pyax | N ) v
0 P 9 N D= "max 1164 1236 | -11.52 1248
lO =5mAto 1MAX TJ =-551t0 150°C
- Jlo=5mAtolyay  Pp<Puax ' R
Vo  Low Supply ° MAX D= TMAX -11.40 12.36 | -11.40 1260 | Vv
V) = -14.5V to -27V
) F/@ =-145Vto-30v| 4 18 4 120
Io=05) VN =-14.8V to 27V ) - - o
, _ ° MAX N 4 18 4 200
AVgy  Line Regulation T,=-5510 150°C mv
lo<ax 1 4 25
Vi = -16V to -22V |'T ) =-5510 150°C 2 9 2 60
L o 1l g=5mAte15A | 12 32 12 80
Vi = -19V S BN o
, (1o = 250mA to 750mA 4 19 4 60
AVg  Load Regulation Vo =dev IS smA e - e mV
=- =5mAto
N ° MAX 8 60 8 120
T)=-5510 150°C
T 15<05| I 02 0.4 02 04 |
lg Quiescent Current | © MAX e e e | mMA
Viy = -19V | T)=-55to 150°C 1 2 1 2
[ - lo = 5MA 10 lyax 0.2 0.4 0.2 0.4
Vi =-19V T,=-55to 150°C 0.2 0.5 0.2 0.5
Alg  Quiescent Current | Vn=-145vi0-30v{ 01 04 0.1 04 | mA
Ch lo<0.51 Vi =-15Vto-30V | - '
ange ° MAX | VIN 0.1 0.5 0.1 1.0
'T,=-55t0 150°C
VN Output Noise f = 10Hz to 100kHz B
75 960 75 960 | nv
Voltage Vin =-19V
AV f = 120Hz o € Ivax 58 72 56 72
—— Ripple Rejection |V =-15V to o051 daB
o peerd N 0 MAX 58 72 56 72
-25V T,=-55t0 150°C
Dropout Voltage  |Ig = Iyax P 11 23 1.1 2.3 Y
Ry  Output Resistance [f= 1 kHz I B 8 8 me
I  Short Circuit | o 7
Vi = -35V 0.6 1.2 06 1.2
Current A
I  PeakOutput - o
V) = -19V 24 3.3 2.4 33
Current
| Average Temperature i i o o |mv
ge Temp lo = 5mA 0.5 4.8 0.5 48 |
Coefficient of Vg °'C
| Input Voltage required to - B ) N -
0 < luax 145 -14.5 v

maintain line regulation

1) All characteristics are measured with a capacitor across the input of 0.22uF and a capacitor across the output of 0. 1uF.

All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques t, = 10ms, 8 < 5%). Output
voltage changes due to changes in internal temperature must be taken into account separately.

2) Test Conditions unless otherwise stated: Pyax = 10W for TO-2208M , Py ax = 1W for Cerdip, Pyax = 20W for all other package
IMAX = 1.0A N TJ = 25°C
Semelab plc. Telephone +44(0)1455 556565. Fax +44(0)1455 552612,

devices

E-mail: sales@semelab.co.uk

Website: http://www.semelab.co.uk
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I IP120A SERIES
=rr= IP120 SERIES

SEME IP7900A SERIES

IP7900 SERIES
LAB LM120 SERIES

IP7915A IP7915, IP120-15
IP120A-15 LM120-15
Parameter Test Conditions Min. Typ. Max. Min. Typ. Max. |Units
lo = 500mA Vin = -23V 1485 15 1515 | -147 -15  -153
V. Output Voltage |V =-17.9V 10 -30V P < Py I R Vv
© P g N D= "Max -14.55 1545 | -14.4 156
|0=5mAto ‘MAX TJ=-55 to 150°C
I s emaol. Pocp S e o L
Vo  Low Supply © MAX  TD=TMAX -14.25 1545 | -14.25 575 | V
V]N = '175\/ to ‘30V
- o V;N_;-‘I'fSV toi-ébVi N 4 22 4 150
=051 Vn=-179Vio-30v| R '
_ , ° Max N 4 22 4 250
AVs  Line Regulation | T,=-55t0 150°C my
o<hax ' 2 10 | 2 715
Viy = -20V to -26V FI’J =-55t0150°C | 5 30 | 5 150
o R g = 5mAto 1.5A | R I - 12 80
VlN = “23V —- - e —4— e —— - - - -
. Ig = 250mA to 750mA 4 21 4 75
AVg  Load Regulation V=23V L SEmAto L . e e my
= =5mAto
N © MAX 9 75 9 150
T,=-551t0 150°C
 lp<05lyax - 1 19 | 1 19
lg Quiescent Current © MAX S - e —_ —— - mA
V) = -23V ﬁ ;= -55t0 150°C 1 2 1 2
o T VIO;_ 5mA to Imax o T T o2 04 02 04
Vi = -23V T,=-551t0 150°C 02 05 02 05
Alg  Quiescent Current o Vin = -17.5V to -30V 04 0.4 01 04 | mA
Change lo<0.51 Vy = -18.5V to -30V ' o o -
9 © MAX N 0.1 0.5 0.1 1.0
T,=-55t0 150°C
Vy  Output Noise f=10Hzto 100kHz | - o -
20 1200 20 1200 uv
Voltage Vin =-23V
AV - f=120Hz ]‘IO SIMAX | 56 70 54 70
—— Ripple Rejection |V, =-18.5V o lp<0.51 dB
g eer N |° MAX 56 70 54 70
-28.5V lTJ = -55 to 150°C
Dropout Voltage  |lg = Iyax - ' o 1.1 23 B 23 | v
Ro  Output Resistance [f=1kHz e ' e | ma
I, Short Circuit ' T o o -
Vi = -35V 0.6 12 0.6 12
Current A
[l Peak Output - o | )
Vi = -23V 24 3.3 2.4 3.3
Current
e . e [ . . U O R _
Average Temperature my
ge Temp lo = 5mA 06 6 06 6 |/
Coefficient of Vg °C
~Input Voltage requiredto | R
N . lo < Imax -17.5 -17.5 A
maintain line regulation

1} All characteristics are measured with a capacitor across the input of 0.22uF and a capacitor across the output of 0.1uF.
All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (t, < 10ms, & < 5%). Output
voltage changes due to changes in internal temperature must be taken into account separately.

2) Test Conditions unless otherwise stated: Ppyax = 10W for TO-220SM , Py,ax = 1W for Cerdip, Pyax = 20W for all other package
devices Imax = 1.0A, T,;= 25°C

Semelab plc. Telephone +44(0)1455 556565. Fax +44(0)1455 552612, Prelim. 2/99
E-mail: sales@semelab.co.uk  Website: http.//www semelab.co.uk




T
=Fr =

SEME

LAB

IP120A SERIES
IP120 SERIES
IP7900A SERIES
IP7900 SERIES
LM120 SERIES

APPLICATIONS INFORMATION

INPUT Vi Your OUTPUT
GND

= 1" —c2
T 2.24F T 1w
TANT TANT

Fixed Outpﬁt Regulator

* Required if the regulator is located far from

the power suppty.

** Required for stability. 25pF electrolytic may

be substituted.

INPUT

L c2
T
TANT

Adjustable Output hegulator

(R1+R2)

Vour = Vree T

Order Information

Vin Vour .
c2
GND | 7= wyF R1
. TANT ouTPUT

T 2.2uF —
TANT o7

Current Regullator

VREG
lout = R1 +lg

Part K-Pack R-Pack | G/IG-Pack| SG-Pack J—-Pack Note:

Number (TO-3) (TO-66) | (TO-257) SMD1 |8 Pin Cerdip To order, add the
IP7900A v v Y v v -55to +150°C | package identifier to the
| IP7900 v A v v Y " part number.

IP120A Y v v v v ! eg. IP7900AK
IP120 v R4 v R4 A L 7 iP120SG
LM120 v v v v ' I

Semelab plc. Telephone +44(0)1455 556565. Fax +44(0)1455 552612.

E-mail: sales@semelab.co,uk

Website: hitp://www semelab.co.uk
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KATBXX/KATEXXA

Absolute Maximum Ratings

Parameter Symbol Value Unit
Input Veltage (for VO = 5V fo 18V} Vi 35 Y
(for Vo = 24V) Vi 40 vV
Thermal Resistance Junction-Cases (TO-220) ReJC 5 ‘chw
Thermal Resistance Junction-Air (TO-220) RoJA 65 "CW
Operating Temperature Range (KA78XX/A/R) TOPR 0~+125 C
Storage Temperature Range TSTG -85 ~ +150 C

Electrical Characteristics (KA7805/KA7805R)
(Refer to test circuit ,0°C < TJ < 125'C, o = 500mA, VI =10V, C)= 0.33uF, Co=0.1pF, unless otherwise specified)

- KA7805 .
Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
Ty =+25°C 48 | 50 | 5.2
Output Voltage Vo 5.0mA = lo < 1.0A, PO < 15W Vv
VI =7V to 20V 475 | 50 | 525
) . . Vo =7V to 25V - 40 | 100
Line Regulaticn (Note1) Regline | T)=+25°C mvV
VI =8V o 12v - 16 50
) Io = 5.0mA to1 5A - 9 100
Load Regulation {Notet) Regload | TJ=+25°C mvV
IO =250mA to 750mA - 4 50
Quiescent Current o] TJ=+25°C - 50 { 80 mA
Quiescent Current Change Al 10 =5mAto 1.0A - 0.03| 05 mA
uiescent Curr an
g Q ViI= 7V to 25V - 0.3 1.3
Output Voltage Drift AVO/AT | lo=5mA - |08 - [mwi°C
Output Noise Voltage VN f = 10Hz to 100KHz, TA=+25 °C - 42 - wNo
. L f=120Hz
Ripple Rejection RR VO = 8V to 18V 62 73 - dB
Dropout Voltage Vbrop |lo=1A,Ty=+25°C - 2 - v
Output Resistance 0 f=1KHz - 15 - ml
Short Circuit Current isc Vi =35V, Ta =+25°C - 230 - mA
Peak Current IPK TJ=+25°C - 22 - A
Note:

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




KATIXX/KATBXXA

Electrical Characteristics (KA7806/KA7806R)
(Refer to test circuit ,0'C < Ty < 125'C, o = 500mA, V) =11V, C|= 0.33F, Co=0.1yF, unless otherwise specified)

. KAT806 .
Parameter Symbol Conditions - Unit
Min. ; Typ. | Max.
Ty=+25°C 575! 6.0 | 6.25
Output Voltage Vo 5.0mA < lg < 1.0A, PO < 15W v
Vi=8.0Vio 21V 57160 | 63
. . ) V| =8V to 25V - 5 120
Line Regulation (Note1) Regline | Ty=+25°C my
Vi=9Vio 13V - 15 | 60
. 0 =5mA to 1.5A - 9 120
Load Regulation (Note1) Regload | Ty=+25°C mv
10 =250mA to750mA | - 3 60
Quiescent Current IQ TJ=+25°C - 50| 80 | mA
. lo=5mAto 1A - - 05
Quiescent Current Change Alg mA
Vi=8Vto 25V - - 1.3
. mv/
Output Voltage Drift AVQIAT | 1o =5mA - -0.8 - oc
Output Noise Voltage VN f=10Hz to 100KHz, Ta =+25°C - 45 - |pViVo
. N f=120Hz
Ripple Rejection RR Vi =9V to 19V 59 | 75 - dB
Dropout Voltage VDrop | lo=1A, TJ=+25°C - 2 - \Y
Output Resistance ro f=1KHz - 19 - 1119
Short Circuit Current Isc Vi= 35V, TaA=+25°C - | 250 - mA
Peak Current IPK TJ=+25°C - 2.2 - A
Note:

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




KATBXX/KATBXXA

Electrical Characteristics (KA7808/KA7808R)
{Refer to test circuit ,0'C < Ty < 125°C, 1o = 500mA, V| =14V, CI= 0.33uF, Co=0.1uF, unless otherwise specified)

i KA7808 ]
Parameter Symbol Conditions Min. | Typ. | Max. Unit
Ty=+25°C 77 | 80 | 83
Output Voltage Vo 50mA < lo < 1.0A, PO < 15W y
V] =10.5V to 23V 76 | 80 8.4
Line Regulation (Note1) Regline | TJ=+25°C Vi= 105V to 25V - 50 | 180 my
Vi=115Vto 17V - [ 207 80
lo=50mAto1.5A | - 10 | 160
Load Regulation (Note1) Regload | Ty=+25°C lo= 250mA to mv
750mA - 5.0 80
Quiescent Current Iq Ty=+25°C - 50 | 8.0 mA
Quiescent Current Change Alg 0= 5mAto 1.04 - | 005 05 mA
Vi1 =10.5A o 25V - 05 1.0
Qutput Voltage Drift AVOIAT | 10 =5mA - |-08] - |mvi°C
Output Noise Voltage VN f=10Hz to 100KHz, Ta =+25°C - 52 - pvivo
Ripple Rejecticn RR f=120Hz, VI= 11.5V to 21.5V 56 73 - dB
Dropout Voltage VDrop lo=1A, TJ=+25°C - 2 - v
Qutput Resistance ro f=1KHz - 17 - mg
Short Circuit Current Isc VI= 35V, Ta =+25°C - 230 - mA
Peak Current IPK Ty =+25°C - 22 - A
Note:

1. 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 is used.




KATSXX/KATBXXA

Electrical Characteristics (KA7809/KA7809R)
(Refer to test circuit ,0°'C < TJ < 125°C, lo = 500mA, V| =15V, CI= 0.33uF, Co=0.1pF, unless otherwise specified)

KAT7809 .
Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
TJ=+25°C 8.65 9 9.35
Output Voltage Vo 5.0mA< [0 €1.0A, PO <15W Vv
Vi= 11.5V to 24V 86 9 9.4
) . _ Vi=11.5Vio 25V - 6 180
Line Regulation {(Note1) Regiine | TJ=+25°C mv
Vi=12Vto 17V - 2 90
. o I =5mAto 1.5A - 12 | 180
Load Regulation (Note1) Regload | Ty=+25°C mv
o = 250mA to 750mA - 4 90
Quiescent Current 0 TJ=+25°C - 50 ( 80 | mA
. lo =5mAto 1.0A - - 0.5
Quiescent Current Change Alg mA
Vi=11.5V to 26V - - 1.3
Output Voitage Drift AVO/AT | lo =5mA - -1 - |mvieC
Output Noise Voltage VN f=10Hz to 100KHz, Ta =+25°C - 58 - 1 uWho
Ripple Rejection f=120Hz
RR | vi=13vio2av o A R
Dropout Voltage Vorop | l0 = 1A, Ty=+25°C - 2 - vV
Output Resistance ro f=1KHz - 17 - mQ
Short Circuit Current Isc Vi= 35V, Ta =+25°C - 250 - mA
Peak Current IPK Ty=+25°C - 22 - A

Note:

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




KATBXX/KATBXXA

Electrical Characteristics (KA7810)
(Refer to test circuit ,0°C < TJ < 125 C, Io = 500mA, Vi =16V, CI= 0.33uF, Co=0.1uF, unless otherwise specified)

KA7810 .
Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
TJ=+25°C 96 10 | 10.4
Output Voltage VO | 5.0mA<i0<1.0A, Po<15W v
VI =125V to 25V 9.5 10 | 105
X . . Vi=125Vio 25V - 10 | 200
Line Regulation (Note1) Regline | Ty=+25°C myv
Vi=13vio 25V - 3 100
. lo=5mAto 1.5A - 12 | 200
Load Regulation (Note1) Regload | TJ=+25°C mv
10 = 250mA to 750mA - 4 400
Quiescent Current IQ TJ=425°C - 51 | 80 mA
. 10 = 5mA to 1.0A - - 0.5
Quiescent Current Change AlQ mA
Vi=12.5V to 26V - - 1.0
Output Voltage Drift AVOIAT | 10 = 5mA - -1 - | mvieC
Output Noise Voitage VN f=10Hz to 100KHz, TA =+25°C - 58 - [TAV/AV/o
: I f=120Hz
Ripple Rejection RR V| = 13V to 23V 56 71 - dB
Dropout Voltage Vprop | 10 =1A, Ty=+25°C - 2 - \
Qutput Resistance ro f=1KHz - 17 - m{2
Short Circuit Current Isc Vi =35V, TaA=+25°C - 250 - mA
Peak Current IPK TJ=+25°C - 2.2 - A
Note:

1. 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 is used.




KAT8XX/KATBXXA

Electrical Characteristics (KA7812/KA7812R)
(Refer to test circuit ,0°C < TJ < 125°C, lo = 500mA, V| =19V, Ci= 0.33uF, Co=0.1yF, unless otherwise specified)

. KA7812/KA7812R .
Parameter Symbol Conditions - Unit
Min.| Typ. | Max.
T)=+25°C 15| 12 | 125
Qutput Voltage VO | 5.0mA<Io<1.0A, Po<15W y
V=145V to 27V 14| 12 | 1286
‘ i V=145V to 30V - 10 | 240
Line Regulation (Note1) Regline | Ty =+25°C mv
V| =16V to 22V - 3.0 | 120
. io =5mAto 1.5A - 11 | 240
Load Regulation (Note1) Regload | Ty =+25°C mv
[0 = 250mA to 760mA - 5.0 | 120
Quiescent Current Ia TJ =425°C - 51| 80 mA
) lo =5mAto 1.0A - 01 | 05
Quiescent Current Change AlQ mA
VI =14.5V to 30V - 05 | 1.0
Output Voltage Drift AVO/AT | Io = 5mA - -1 - |mweC
Output Noise Voltage VN f=10Hz to 100KHz, TA =+25°C - 76 - who
. A f=120Hz
Ripple Rejection RR Vi = 15V to 25V 55 | T - dB
Dropout Voltage VDrep | o =1A, Ty=+25°C - 2 - v
Output Resistance ro f=1KHz - 18 - me
Short Circuit Current ISC Vi =35V, TA=+25°C - | 230 - mA
Peak Current IPK TJ=+25°C - 22 - A
Note:

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




KAT8XX/KATEXXA

Electrical Characteristics (KA7815)
(Refer to test circuit ,0'C < Ty < 125°C, o = 500mA, V| =23V, C|= 0.33puF, Co=0.1uF, unless otherwise specified)

KA7815 .
Parameter Symbol Conditions - Unit
Min. | Typ. ) Max.
Ty =+25°C 144 | 15 | 156
Output Voltage Vo 5.0mA < 10<1.0A, PO<15W v
V) =17.5V to 30V 14.25| 15 |15.75
. . . VI =17.5V to 30V - 11 300
Line Regulation (Note1) Regline | TJj=+25°C my
VI = 20V to 26V - 3 150
. lo = 5mA to 1.5A - 12 | 300
Load Regulation (Note1) Regload | Ty =+25°C 41\
Io =250mAto 750mA| - 4 | 150
Quiescent Current fo) Ty=+25°C - 52 { 80| mA
) lo =5mA to 1.0A - - 0.5
Quiescent Current Change AlQ mA
Vi =17.5V to 30V - - 1.0
Output Voltage Drift AVOIAT | 10 = 5mA - -1 - imvI°C
Output Noise Voltage VN f=10Hz to 100KHz, Ta =+25°C - a0 - uvVivo
. e f=120Hz
Ripple Rejection RR Vi = 18.5V to 28.5V 54 70 - dB
Dropout Voltage VDrop | lo=1A, Ty=+25°C - 2 - \Y
Output Resistance ro f=1KHz - 19 - mQ
Short Circuit Current IS¢ Vi =35V, TA=+25°C - 250 - mA
Peak Current IPK TJ=+25°C - 2.2 - A
Note:

1. 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 is used.




KATBXX/KA7BXXA

Electrical Characteristics (KA7818)
(Refer to test circuit 0°C<TJ<125C, 10 =500mA, VI =27V, C|= 0.33pF, Co=0.1pF, unless otherwise specified)

P t Symbol Conditi KA7818 Unit
arameter mbo onditions ni
y Min. | Typ. | Max.
TJ=+25°C 17.3 | 18 | 18.7
Output Voltage Vo 5.0mA <10 <1.0A, Po <15W v
VI =21V to 33V 171 | 18 | 18.9
. Vi=21V to 33V - 15 | 3680
Line Regutation (Note1) Regline | Ty =+25°C mV
V| = 24V to 30V - 5 180
. o Io =5mAto 1.5A - 15 | 360
Load Regulation (Note1) Regload | Ty =+25°C my
10 = 250mA to 750mA - 50 | 180
Quiescent Current I} T,=+25°C - 52 | 80 | mA
. 1o = 5mA to 1.0A - - 05
Quiescent Current Change Alg mA
ViI=21Vto 33V - - 1
Qutput Voltage Drift AVO/AT | Io =5mA - -1 - |mv/i°C
Output Noise Voltage VN f=10Hz to 100KHz, TA =+25°C - 110 - nViNo
. N f=120Hz
Ripple Rejection RR Vi = 22V to 32V 53 | 69 - dB
Dropout Voltage Vorop | lo = 1A, TJ=+25°C - 2 - Y
Output Resistance ro f=1KHz - 22 - mg
Short Circuit Current Isc V| =35V, Ta=+25°C - 250 - mA
Peak Current IPK Ty=+25°C - 2.2 - A
Note:

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




KATBXX/KATBXXA

Electrical Characteristics (KA7824)
(Refer to test circuit 0°C < Ty < 125°C, lo = 500mA, Vi =33V, Cj= 0.33uF, Co=0.1pF, unless otherwise specified)

- KA7824 ]
Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
Ty =+25°C 23 24 25
Output Voltage VO | 50mA<Io<1.0A, Po<15W v
V=27V to 38V 228 24 (2525
. ) . Vi =27V to 38V - 17 480
Line Regulation (Note1) Regline | Ty =+25°C mv
Vi =30V to 36V - 6 240
. Io =5mAto 1.5A - 15 480
Load Regulation (Note1) |Regload| TJ=+25°C mv
10 = 250mA to 750mA - 5.0 | 240
Quiescent Current IQ TJ=+25°C - 52 | 80 | mA
. lo=5mAtc 1.0A - 0.1 0.5
Quiescent Current Change | Alg mA
VI =27V to 38V - 0.5 1
Output Voitage Drift AVQIAT | lo = 5mA - -1.5 - rg::/l
Output Noise Voltage VN f=10Hz to 100KHz, Ta =+25°C - 60 - |pviVo
. L f=120Hz
Ripple Rejection RR V] = 28V to 38V 50 67 - dB
Dropout Voltage VDrop | 10 = 1A, TJ=+425°C - 2 - Vv
Output Resistance ro f=1KHz - 28 - mg
Short Circuit Current Isc | Vi=35V, TA=+25°C - 230 - mA
Peak Current IPK | Ty =+25°C - 22 - A
Note:

1. 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 is used.
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KATEXX/KATEXXA

Electrical Characteristics (KA7805A)

(Refer to the test circuits. 0°C < Ty < +125°C, lg =1A, V 1= 10V, C 1=0.33uF, C 0=0.1uF, unless otherwise speci-
fied)

Parameter Symbol Conditions Min. | Typ. Max. Unit
T1=+25°C 4.9 5 5.1
Output Voltage Vo lo =5mAto 1A, Po < 15W 48 5 5.2 v
V| =7.5V toc 20V
R K
Line Regulation (Note1) Regline | VI=8Vto 12V _ 3 50 mv
V= 7.3V to 20V - 5 50
TJ=+25°C
Vi= 8V to 12V - 1.5 25
TJ =+25°C
Load Regulation (Note1) Regload 10 = 5mA to 1.5A ° 10 .
10 =5mAto 1A - 9 100
0 = 250mA to 750mA - 4 50
Quiescent Current 1Q Ty=4+25°C - 5.0 6.0 mA
. 10 =5mAto 1A - - 0.5
gr‘:f:;:"t Current Ala | Vi=8Vio25v, 1o = 500mA - - 0.8 mA
V= 7.5V to 20V, Ty =+25°C - - 0.8
Output Voltage Drift AVIAT | lo=5mA - -0.8 - mv/°C
Output Noise Voltage VN fT; l?_;'; 3,%1 00KHz - 10 - uvVivo
Ripple Rejection RR {/I :%%th 1Igv 500mA - 68 ; dB
Dropout Voltage VDrop lo=1A, T)=+25°C - 2 - v
Cutput Resistance 18] f=1KHz - 17 - me2
Short Circuit Current Isc VI= 35V, TA =+25°C - 250 - mA
Peak Current IPK TJ=+25°C - 2.2 - A
Note:

1. Load and line reguiation are specified at constant junction temperature. Change in VO due to heating effects must be taken
intc account separately. Pulse testing with iow duty is used.
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KA78XX/IKATBXXA

Electrical Characteristics (KA7806A)
(Refer to the test circuits. 0°C < T) < +125°C, lo =1A, V| = 11V, C |=0.33uF, C 0=0.1uF, uniess otherwise speci-

fied)
Parameter Symbol Conditions Min. | Typ. | Max. | Unit
Ty =+25°C 558 | 6 6.12
Output Voltage Vo 0 = 5mA to 1A, PO < 15W v
VI=8.6Vio 21V 5761 6 6.24
Vi= 8.6V to 25V
0 = 500mA ) 5 60
Line Regulation (Note1) Regline | VI=9Vto 13V _ ) 60 mv
Vi= 8.3V to 21V - 5 60
Ty =425°C
Vi= 8V to 13V - 1.5 30
TJ=+25°C
_ - 9 100
Load Regulation (Note1) Reaload lo = 5mA to 1.5A v
g 10 = 5mA to 1A - | 4 | 100
10 = 250mA to 750mA - 5.0 50
Quiescent Current IQ Ty=+25°C - 43 | 60 mA
lo =5mAto 1A - - 05
Quiescent Current Change Alg V| =9V to 25V, 10 = 500mA - - 0.8 mA
Vi= 8.5V 1o 21V, Ty =+25°C - - 0.8
Output Voltage Drift AVIAT | lo = 5mA - -0.8 - mv/°C
. f= 10Hz to 100KHz
Output Noise Voltage VN Ta =425 °C - 10 - UVNo
. I f=120Hz, 10 = 500mA
Ripple Rejection RR V| = 9V to 19V - 65 - dB
Dropout Voltage VDrop o = 1A, T =+25°C - 2 - \YJ
Output Resistance ro f=1KHz - 17 - mQ
Short Circuit Current Isc Vi= 35V, TA =+25°C - 250 - mA
Peak Current IPK TJ=+25°C - 2.2 - A

Note:

1. Load and line regulation are specified at constant junction temperature. Change in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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KATBXX/KATBXXA

Electrical Characteristics (KA7808A)

(Refer to the test circuits. 0°C < Ty < +125°C, o =1A, V| = 14V, C |=0.33uF, C 0=0.1pF, unless otherwise speci-
fied)

Parameter Symbol Conditions Min. | Typ. | Max. | Unit
TJ=+25°C 784 | 8 B.16
Output Voltage Vo 10 =5mAto 1A, PO <15W 77 8 83 v
Vi=10.6V to 23V
=1
oo IRE
Line Regulation {Note1) Regline | Vi= 11V 10 17V _ 3 80 mv
T, =4250C Vi= 10.4V to 23V - 6 80
Vi=11Vto 17V - 2 40
TJ =+25°C
Load Regulation (Note1) Regload lo =5mAto 1.5A 12| o .y
0 =5mAto 1A - 12 100
O = 250mA to 750mA - 5 50
Quiescent Current IQ TJ=+25°C - 50 | 6.0 mA
0 =5mAto 1A - - 0.5
Quiescent Current Change AlQ V=11V to 25V, 1o = 500mA - - 0.8 mA
Vi= 10.6V to 23V, T) =+25°C - - 0.8
Output Voltage Drift AVIAT 0 = 5mA - -0.8 - mv/°C
Output Noise Voltage VN fr: 1_?_';; },%1 00KHz - 10 - uvivo
Ripple Rejection RR | | J33f % 102 So0omA - | e2 | - | B
Dropout Voitage VDrop l0=1A, Ty =425°C - 2 - v
Output Resistance ro f=1KHz - 18 - ms2
Short Circuit Current Isc VI= 35V, TA=+25°C - 250 - mA
Peak Current IPK TJ=+25°C - 2.2 - A
Note:

1. Load and fine regulation are specified at constant junction temperature. Change in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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KATBXX/KATBXXA

Electrical Characteristics (KA7809A)
{Refer to the test circuits. 0°C < Ty < +125°C, lo =1A, V| = 15V, C {=0.33uF, C 0=0.1pF, unless otherwise speci-

fied)
Parameter Symbol Conditions Min. | Typ. | Max. [ Unit
T)=+25C 882 90 | 9.18
Output Voitage Vo lo =5mA to 1A, Po<15W vV
Vi=11.2V to 24V 865 90 ) 935
Vi= 1.7V to 25V
10 = 500mA ) 6 90
Line Regulation (Note1) Regline Vi= 12.5V to 19V _ 4 45 mv
o Vi= 11.5V to 24V - 6 90
Ty=+25C
V=125V to 19V - 2 45
Ty=+25C
_ - 12 100
Load Regulation (Note1) Redload l0=5mAto 1.0A v
9 10 = 5mA to 1.0A - [ 12 ] 100
o = 250mA to 750mA - 5 50
Quiescent Current Iq T)=+25°C - 50 | 6.0 mA
Vi=11.7V1to 25V, T)=+25'C - - 08
Quuiescent Current Change Alg Vi =12V to 25V, 1o = 500mA - - 08 mA
10 = 5mAto 1.0A - - 0.5
Output Voltage Drift AVIAT | lo = 5mA - |10 - |mw’C
. f=10Hz to 100KHz
Output Noise Volitage VN Ta =425°C - 10 - wvNo
. N f=120Hz, 1o = 500mA
Ripple Rejection RR V] = 12V to 22V - 62 - dB
Dropout Voltage VDrop | lo=1A Ty=+25'C - |20 - v
Output Resistance ro f=1KHz - 17 - m<)
Short Circuit Current Isc Vi= 38V, TA =+25C - 1250 - mA
Peak Current IPK Ty=+25C - 22 - A

Note:

1. Load and line regulation are specified at constant junction temperature. Change in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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KATBXX/KATBXXA

Electrical Characteristics (KA7810A)

{Refer to the test circuits. 0°C < Ty < +125°C, lo =1A, V t = 16V, C |1=0.33uF, C 0=0.1uF, unless otherwise speci-
fied)

Parameter Symbol Conditions Min. | Typ. | Max. Unit
Ty)=+25C g8 | 10 | 10.2
Output Voltage Vi = i
p g o] 53':152%;\\/1%12?\/P0 <15W 96 10 10.4
Line Regulation (Note1) Regline | Vi= 13V to 20V - 4 50 mv
. Vi= 12.5V to 25V - 8 100
TJ=+25 C
Vi= 13V to 20V - 3 50
Ty=+25 C
Load Regulation (Note1) Regload lo = 5mA to 1.5A ) 12 10 v
o = 5mA to 1.0A - 12 100
0 = 250mA to 750mA - 5 50
Quiescent Current o) TJ=+25"C - 5.0 6.0 mA
Vi =13Vto 26V, Ty=+25'C - - 05
Quiescent Current Change Al V| =12.8V to 25V, |0 = 500mA - - 08 mA
lo = 5mAto 1.0A - - 0.5
Output Voltage Drift AVIAT | 1o =5mA - -1.0 - Imvi'c
Output Noise Voltage VN T: 1:22; 18 100KHz - 10 - HViVo
Ripple Rejection RR Lfgfaczt'o'g oA - | e2 | - dB
Dropout Voltage VDrop I0=1A, Ty =425C - 2.0 - v
Output Resistance ro f=1KHz - 17 - me2
Short Circuit Current Isc Vi= 35V, TA =+25 C - 250 - mA
Peak Current IPK T =+25"C - 2.2 - A

Note:

1. Load and line regulation are specified at constant junction temperature. Change in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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KAT8XX/IKATEXXA

Electrical Characteristics (KA7812A)
{Refer to the test circuits. 0°C < Ty <+125°C, lp =1A, V1 = 19V, C |=0.33pF, C 0=0.1pF, unless otherwise speci-

fied)
Parameter Symbol Conditions Min. | Typ. | Max. | Unit
TJ=+25C 11.75| 12 | 12.25
Output Voltage Vo Io =5mA to 1A, Po <15W v
V| = 14.8V to 27V "5 12 1125
V= 14.8V to 30V
Io = 500mA ) 10 120
Line Regulation (Note1) Regiine | Vi= 16V to 22V N 4 120 mv
. VI= 14.5V to 27V - 10 120
TJ=+25 C
VI= 16V 1o 22V - 3 80
Tyj=425C
- - 12 100
Load Regulation (Note1) Reqload Io = 5mAto 1.5A v
9 10 = 5mA to 1.0A - 12| 100
10 = 250mA to 750mA - 50
Quiescent Current 1Q TJ=+25C - 5.1 6.0 mA
V| = 15V to 30V, TJ=+25"C - 0.8
Quiescent Current Change AlQ VI =14V to 27V, |0 = 500mA - 08 mA
lo = 5mAto 1.0A - 05
Output Voltage Drift AVIAT | 1o =5mA - 1.0 - mv/'C
Output Noise Voltage N fT: l?ggtg 100KHz 0| - [ avve
. L f=120Hz, 10 = 500mA
Ripple Rejection RR Vi = 14V to 24V - 60 - dB
Dropout Voltage VDrop l0=1A,TJ=+25C - 2.0 - v
Output Resistance ro f=1KHz - 18 - mq
Short Circuit Current Isc V|= 35V, Ta =425 C - 250 - mA
Peak Current IPK T)=+25"C - 2.2 - A

Note:

1. Load and line reguiation are specified at constant junction temperature. Change in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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KATBXX/KATBXXA

Electrical Characteristics (KA7815A)
(Refer to the test circuits. 0°C < Ty < +125°C, lp =1A, V| =23V, C |=0.33uF, C 0=0.1uF, uniess otherwise speci-

fied)
Parameter Symbol Conditions Min. | Typ. | Max. Unit
TJ=+25"C 147 | 15 | 153
Output Voltage Vo Io =5mAto 1A, PO <15W v
VI=17.7V to 30V 14.4 15 156
Vi= 17.9V to 30V
lo = 500mA - 10180
Line Reguiation (Note1) Regline | VI= 20V to 26V N 5 150 mv
VI=17.5V to 30V - 11 150
TJ=+25C
V= 20V to 26V - 3 75
Ty=+25'C
C - 12 100
Load Regulation (Note1) Reaload IO =5mA to 1.5A iy
9 10 = 5mA to 1.0A - 12 | 100
o = 250mA to 750mA - 50
Quiescent Current o) Ty=+25C - 5.2 6.0 mA
VI=17.5V to 30V, Ty=+25"C - - 0.8
Quiescent Current Change AlQ VI =17.5V to 30V, 1o = 500mA - - 0.8 mA
1o = 5mA to 1.0A - - 0.5
Output Voltage Drift AVIAT | 1o = 5mA - 1.0 - mv/'C
. f=10Hz to 100KHz
Output Noise Voltage VN TA =425 C - 10 - Lo
) - f=120Hz, |0 = 500mA
Ripple Rejection RR VI = 18.5V 10 28 5V - 58 - dB
Dropout Voltage VDrop lo=1A, Ty=+25 C - 2.0 - v
Output Resistance ro f=1KHz - 19 - ms2
Short Circuit Current I1sCc VI= 35V, Ta=+25 C - 250 - mA
Peak Current IPK TJ=+25C - 22 - A

Note:

1. Load and line regulation are specified at constant junction temperature. Change in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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KA7BXX/KATBXXA

Electrical Characteristics (KA7818A)
(Refer to the test circuits. 0°C < Ty < +125°C, lp =1A, V| = 27V, C 1=0.33uF, C 0=0.1pF, unless otherwise speci-

fied)
Parameter Symbol Conditions Min. | Typ. | Max. | Unit
T)=+25"C 1764 | 18 | 18.36
Output Voltage Vo 0 = 5mA to 1A, PO <15W v
Vi = 21V to 33V 17.3 18 18.7
Vi= 21V to 33V
I0 = 500mA ) 15 180
Line Regulation (Note1) Regline Vi= 21V ta 33V _ 5 180 mv
o V= 20.6V to 33V - 15 180
Ty=+25 C
V= 24V to 30V - 5 90
Ty =+25C
_ - 15 100
Load Regulation (Note) Regload | -0 omAto 154 iy
9 Io =5mA to 1.0A - [ 15 | 100
lo = 250mA to 750mA - 50
Quiescent Current IQ T)=+25"C - 5.2 6.0 mA
Vi =21V to 33V, Ty=+25C - - 0.8
Quiescent Current Change AlQ Vi =21V to 33V, 10 = 500mA - - 0.8 mA
Io =5mA to 1.0A - - 0.5
Output Voltage Drift AVIAT | 10 =5mA - 10 - mvi'c
. f = 10Hz to 100KHz wVNo
Cutput Noise Voltage VN Ta =+25°C - 10 -
. - f = 120Hz, |0 = 500mA
Ripple Rejection RR VI = 22V to 32V - 57 - dB
Dropout Voltage VDrop lo=1A,Ty=+25C - 20 - v
Output Resistance ro f=1KHz - 19 - mQ
Short Circuit Current IsC Vi= 35V, TA =+25'C - 250 - mA
Peak Current IPK TJ=+25"C - 2.2 - A

Note:

1. Load and line regulation are specified at constant junction temperature. Change in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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KATBXX/KATBXXA

Electrical Characteristics (KA7824A)

(Refer to the test circuits. 0°C < Tj < +125°C, Ig =1A, V| = 33V, C |=0.33uF, C 0=0.1pF, unless otherwise speci-
fied)

Parameter Symbol Conditions Min. | Typ. | Max. | Unit
Ty=+25"C 235 | 24 | 245
Output Voltage Vo o =5mAto 1A, Po <15W v
Vo| = 27.3V to 38V © 23 24 25
Vi~ 27 0 38 | 20
Line Regulation (Note1) Regline Vi= 21V to 33V _ 6 240 mv
V= 26.7V to 38V - 18 240
Ty=+25 C
V= 30V to 36V - 6 120
TJ=+25C
Load Regulation (Note1) Regload lo = 5mA to 1.5A b .y
10 =5mA to 1.0A - 15 100
lo = 250mA to 750mA - 7 50
Quiescent Current Te T)=+25"C - 5.2 6.0 mA
VI=27.3V10 38V, Ty=+25C - - 0.8
Quiescent Current Change AlQ VI =27.3V to 38V, |0 = 500mA - - 0.8 mA
10 = 5mA to 1.0A - - 0.5
Output Voltage Drift AVIAT | lo=5mA - 15 - |mvicC
Output Noise Voitage VN fl': logzng 100KHz - 10 - uviVo
Ripple Rejection RR LT:%‘;C%'%’;/SOO'"A - | sa | - dB
Dropout Voltage VDrop | lo=1A Ty=+25C - 2.0 - v
Output Resistance ro f=1KHz - 20 - me
Short Circuit Current Isc V|= 35V, Ta =+25 C - 250 - mA
Peak Current IPK TJ=+25'C - 22 - A

Note:

1. Load and line reguiation are specified at constant junction temperature. Change in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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KATBXX/KA78XXA

Typical Perfomance Characteristics

s V‘:'-lﬁv 3 T,=28*C
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Figure 1. Quiescent Current Figure 2. Peak Qutput Current
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-2 a -1 5 75 100 125 3 10 15 20 %
JUNCTION TEMPERATURE (°C) INPUT VOLTAGE (W)
Figure 3. Output Voltage Figure 4. Quiescent Current
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KATBXX/KATEXXA

Typical Applications

KATBXX —0
Input Output

0.33F

h

Figure 5. DC Parameters

KATBXX ’ 2]
Input Output
2
03%F 6121
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m
Figure 6. Load Regulation
530 1 a
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Figure 7. Ripple Rejection

Input
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C,
_l'n A,f ]—o WF

Figure 8. Fixed Output Regulator
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KA78XX/KATBXXA

Inputo- ! KATBXX ©Qutput

b
Ri j: Vrx

= J.
' Toaswr 01F
la co

! Vxx+|
o - ——
R Q

Figure 9. Constant Current Regulator

Notes:

(1) To specify an output voltage. substitute voltage value for "XX." A common ground is required between the input and the Output
voltage. The input voltage must remain typically 2.0V above the output voltage even during the low point on the input ripple
voltage.

(2) Ciis required if regulator is located an appreciable distance from power Supply filter.

(3) Co improves stability and transient response.

Input ' A Output
o KA78XX : —0
Vax
<
c = ’_ Fe=| ™
. la Co
.
i: R2
V)
e 251Q

V0o = Vxx(1+R2/R1)+IqQR2
Figure 10. Circuit for Increasing Output Voltage

Input Qutput

o 1 xka7sos | o
B i
=4
Co
oL Lo
= —

[030.F

-
10k{}

IRI 25 Ig
Vo = Vxx{(1+Ra/R1)+lQR2
Figure 11. Adjustabie Output Regulator (7 to 30V)
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KATBXX/KATEXXA

Input
o Q1 8D538 _
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Al 1 a Qutput
p KATBXX =
aa IPEC L
Tuas,.r 2 T arF
R, = Veeos _
lreo-lcn Bon

lo =irec + Bor {laecVaecy/RA,)

Figure 12. High Current Voltage Regulator
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Figure 13. High Output Current with Short Circuit Protection
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-
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Figure 14. Tracking Voltage Regulator
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KATBXX/KATBXXA
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’ I x
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Figure 15. Split Power Supply ( $15V-1A)
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Figure 16. Negative Output Voltage Circuit

Input D4SH1Y imH Qutput
y -
3: 470 :E 4700 i
k2 f
¢ KATBXX
. L
10sF
I 10s 030 F 2
.
2000aF
<
$ 050
/‘L Vezd

Figure 17. Switching Regulator
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KAT8XX/KATEXXA

Mechanical Dimensions
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KATBXX/IKATBXXA

Mechancal Dimensions (continved)
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KA78XX/KATBXXA

Ordering Information

Product Number

Output Voltage Tolerance

Package

Operating Temperature

KA7805/ KA7806

KA7808 / KA780S

KA7810

KA7812 | KA7815

KA7818 / KA7824

+4%

KA7805A | KA7806A

KA7808A / KAT809A

KAT810A / KA7812A

KAT7815A / KA7818A

KAT7824A

+2%

TO-220

KA7805R / KA7806R

KA7808R / KA7809R

KA7812R

+4%

D-PAK

0~+125°C
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KATBXX/KATBXXA

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER
DOES IT CONVEY ANY LICENSE UNDER TS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR
CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support
which, (a) are intended for surgical implant into the body, device or system whose failure to perform can be
or (b) support or sustain life, and (c) whose failure to reasonably expected to cause the failure of the life support
perform when properly used in accordance with device or system, or to affect its safety or effectiveness.

instructions for use provided in the fabeling, can be
reasonably expected to result in a significant injury of the
user.

www fairchildsemi.com

6/1/01 0.0m 001
Stack#DS o
€ 2001 Fairchild Semiconductor Corporation



May 2000

National Semiconductor

LM78XX
Series Voltage Regulators

General Description

The LM78XX series of three temminal regulators is available
with several fixed output voltages making them useful in a
wide range of applications. One of these is local on card
regulation, eliminating the distribution problems associated
with single point regulation. The voltages available allow
these regulators to be used in logic systems, instrumenta-
tion, HiFi, and other solid state electronic equipment. Al-
though designed primarily as fixed voltage regulators these
devices can be used with external components to obtain ad-
justable voltages and currents.

The LM78XX series is available in an aluminum TO-3 pack-
age which will allow over 1.0A load current if adeguate heat
sinking is provided. Current limiting is included to limit the
peak output current to a safe value. Safe area protection for
the output transistor is provided to limit internal power dissi-
pation. If internal power dissipation becomes too high for the
heat sinking provided, the thermal shutdown circuit takes
over preventing the IC from overheating.

Considerable effort was expanded to make the LM78XX se-

ries of regulators easy to use and minimize the number of
external components. It is not necessary to bypass the out-

put, although this does improve transient response. Input by-
passing is needed only if the regulator is located far from the
filter capacitor of the power supply.

For output voltage other than 5V, 12V and 15V the LM117
series provides an output voltage range from 1.2V to 57V.

Features

Qutput current in excess of 1A

Internal thermal overload protection

No external components required
Qutput transistor safe area protection
Internal short circuit current limit
Available in the aluminum TO-3 package

Voltage Range

LM7805C Y
LM7812C 12v
LM7815C 15v

Connection Diagrams

Metal Can Package
TO-3 (K)
Aluminum

QUTPUT — —GND

INPUT —
DS007746-2
Bottom View
Order Number LM7805CK,
LM7812CK or LM7815CK
See NS Package Number KC02A

Plastic Package
TO-220 (T)

[ >—— outrur

> INPUT

o~ ()

D3S007746-3
Top View
Order Number LM7805CT,
LM7812CT or LM7815CT
See NS Package Number T03B

© 2000 National Semiconductor Corporation DS8007746
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LM78XX

Schematic
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1k

R15
2k
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auTrPut
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Vags
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DS097746-1
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Absolute Maximum Ratings (Note 3} Maximum Junction Temperature
If Military/Aerospace specified devices are required, (K Package) 150°C
please contact the National Semiconductor Sales Office/ (T Package) 150°C
Distributors for availability and specifications. Storage Temperature Range -65°C to +150°C
Input Voltage Lead Temperature (Soldering, 10 sec.)

(Vo = 5V, 12V and 15V) 35v TO-3 Package K 300°C
Intemal Power Dissipation (Note 1) Intemnally Limited TO-220 Package T 230C
Operating Temperature Range (T,) 0°C to +70°C

Electrical Characteristics LM78XXC (note 2)

0°C < T, < 125°C unless otherwise noted.

Output Voltage 5V 12v 15v
Input Voltage {(unless otherwise noted) 10v 19V 23V Units
Symbol Parameter Conditions Min | Typ | Max | Min [ Typ | Max | Min | Typ [ Max
Vo QOutput Voltage Tj=25'C,5mA<|y<1A 48 5§ 52115 12 125144 15 156 v
Pp < 15W, 5mA < |5 < 1A 475 5251114 12.6 [14.25 15.75 \
Vuin € Vin € Viax (7.5 <V |y £20) (145 <V < (175 <V < v
27) 30)
AVe Line Regulation lo = 500 Tj =25C 3 50 4 120 4 150 mv
mA
AV iy (7sVs25) | 145<V,,<30) {175V, < vV
30)
0'C<Tj<+125C 50 120 150 [ mV
AV (8 <V < 20) (15sV,ys27) (185 <Viy < v
30)
o € 1A Tj=25C 50 120 150 | mV
AV, (7.5<V <20 (146 sV < (177 sV = vV
27) 30)
0'C <Tj<+125C 25 60 75 mv
AV (8 sV <12) (16<V|y<22) | (20<V )y <26) Vv
AVg Load Regulation Tj=25C | 5mA<Iy<15A 10 50 12120 12 150 mv
250 mA <y < 25 60 75 mV
750 mA
SmMA<Io<1A 0CeTj< 50 120 150 mV
+125°C
lg Quiescent Current | |5 < 1A Tj=25C 8 8 8 mA
0°C<Tj<+125C 85 8.5 8.5 mA
Alg Quiescent Current | S5 mA <15 £ 1A 0.5 0.5 05 mA
Change Ti=25C, lg < 1A 1.0 1.0 1.0 mA
Van € Vin € Vimax (T5<Vys20) | (14.8<V < 27) (179 Vi < v
30)
lo €500 mA, 0°C < Tj £ +125°C 1.0 1.0 1.0 mA
Viin £ Vin € Vax (7T <V £25) | (14.5 <V < 30) (175< V< A
30)
Vi Output Noise Ta =25°C, 10 Hz < f < 100 kHz 40 75 90 (Y
Voltage
Ripple Rejection lo<1A Tj=25C| 62 80 55 72 54 70 dB
AVIN or
AvVour f=120Hz | I, <500 mA 62 55 54 dB
0°'C<Tj<+125°C
Viin € Vin € Viuax BV, <18) {15 < V| £ 25) (185 <V < v
28.5)
Ro Dropout Voltage Tj = 25°C, lgyT = 1A 20 2.0 2.0 A
Qutput Resistance | f = 1 kHz 8 18 19 mQ

3 www.national.com
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LM78XX

Electrical Characteristics LM78XXC (Note 2) (Continued)

0°C < T, € 125°C unless otherwise noted.

Output Voltage 5V 12v 15V
Input Voltage (unless otherwise noted) 1wV 19v 23V Units
Symbol Parameter Conditions Min | Typ |Max Min ] Typ [Max Min ] Typ |Max
Short-Circuit Tj = 25°C 21 1.5 1.2 A
Current
Peak Output Tj=25C 24 24 24 A
Current
Average TC of 0°C<Tj<+125°C, I = 5 mA 06 1.5 18 mv/'C
VOUT
Vin Input Voltage
Required to Tj=25C. I, <1A 7.5 14.6 17.7 \
Maintain

Line Regulation

Note 1: Thermal resistance of the TO-3 package {K, KC)is typically 4°C/W junction to case and 35°C/W case to ambient. Thermal resistance of the TO-220 package

(T} is typically 4CAW junction to case and 50°C/W case to ambient.

Note 2: All characteristics are measured with capacifor across the input of 0.22 pF, and a capacitor across the output of 0. 1pF. All characleristics except noise voltage
and ripple rejection ratio are measured using pulse techniques (L, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature must

be taken into account separately.

Note 3: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. For guaranteed specifications and the test conditions, see Elec-
trical Characteristics.
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Typical Performance Characteristics
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LM78XX

Typical Performance Characteristics (continued)

Output impedance
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Physical Dimensions inches (milimeters) unless otherwise noted

0.540—0.980

{23.88 —24.89)
0.800 —0.815 oA 0.250 —0.350
(20.:|2m—A20.10) ——®{|  (6.350 —8.890)

0.107-0.123

(28 -3.124) i % ; 1 +
%:I 0.445--0.522
o ] !

UNCOMTROLLED LEAD 1A 135

(3.429) } L_M T
MAX — 0.965—1.092)
DIA TYP
0.420 —0.440
(10.67-11.18)
0.151-0.161_
(3.835—4.089)

DIA TYP E® !
0.165~0.179 | o sz;l: ;.050
(8.191 —4.547) {24.68—26.67)

. . _ B®
RTYP 0.210-0.220 | l
(5.334 - 5.588) ~ { 2001
— | 06550675
{16.64—17.15)
1.177-1.197
{29.90 - 30.40)

KCO2A (REV C)

Aluminum Metai Can Package (KC}
Order Number LM7805CK, LM7812CK or LM7815CK
NS Package Number KC02A

(11.30—13.26)

www.national.com
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LM78XX Series Voltage Regulators

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

_,|0.240-0.260 | _ 0.330-0.350 __,
[5.10-6.60]} [8.38-8.89]
0.100-0.120 0.149-0.153
[2.54-3.05] /‘ ? [3.78-3.89]
o M = " 0.090-0.170
0.400 53 500 e (2.29-2.79] 0.190-0.210
- B — = - -
fro.16 37%1 R e f | & [A.asf-,ss]
0.048-0.055 J
/ 0.130-0.1860 1yp [1.22-1.40]
PIN ®1 1D [3.50-4.06] TP
1.005-1.035 0.027-0.037
e [—
[25.53-26.29] [0.69-0.94]
TYp
Raa
/ /\ (0:525-0:855 0.015 “gogr [¢.38 700%)
[13.34~14.10] l

0.175-0.185 l
[4.45-4.70] J_

LIFE SUPPORT POLICY

{_ 0.048-0.052

I1.22-1.32)

TAPERED
SIDES t°

o \”" \
SEATING PLANE

L0105 19010 (267 1020 )

1038 {REV L)

TO-220 Package (T)
Order Number LM7805CT, LM7812CT or LM7815CT
NS Package Number T03B

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or

systems which, (a) are

intended for surgical impiant

into the body, or (b) support or sustain life, and
whose failure to perform when preperly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

2. A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its

safety or effectiveness.

National Semiconductor
Corparation

Americas

Tal: 1-800-272-9959

Fax: 1-800-737-7018

Email: suppori@nsc.com

www, national.com

National Semiconductor
Europe

Fax:

Email:

Deutsch Tel:

English  Tel:

Frangais Tel:

+49 (0} 180-530 B5 86
Aurope.suppan@nsc.com
+49 (0) 89 9508 6208
+44 (0) 870 24 0 2171
+33 (0) 1 41 91 8790

National Semiconductor
Asia Pacific Customer
Response Group

Tel: 65-2544466

Fax: 65-2504466

Email: ap.supporl@nsc.com

National Semiconductor
Japan Lid.

Tel: 81-3-5639-7560

Fax: 81-3-5639-7507

National does not assume any responsibility far use of any circuitry described. no circuil patent licenses are implied and Nalional reserves the right at any time without notice to change said circuitry and specifications
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LM744

Schematic Diagram
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Absolute Maximum Ratings (TA = 25°C)
Parameter Symbol Value Unit
Supply Voltage Vce +18 A
Differential Input Voltage VI(DIFF) 30 \
Input Voltage \ +15 \Y
Output Short Circuit Duration - Indefinite -
Power Dissipation PD 500 mw
Operating Temperature Range
LM741C TOPR 0~+70 °C
LM7411 40 ~ +85
Storage Temperature Range TSTG 65 ~+ 150 °C




LM741

Electrical Characteristics
(Vcc = 15V, VEE = - 16V. Ta = 25°C, unless otherwise specified)

” LM741C/LM741( )
Parameter Symboi Conditions - Unit
Min. | Typ. | Max.
Rs<10K(2 - 20 6.0
Input Offset Voltage Vio S I\
Rs<50Q - - -
Input Offset Voltage -
Adjustment Range VioRy | Vee =120¥ B 15 ) mv
tinput Offset Current ho - - 20 200 nA
Input Bias Current IBIAS - 80 500 nA
Input Resistance (Note1) Ri Voo =120V 03 | 2.0 - M
Input Veoltage Range VI(R) - +12 | 13 - \%
RLz2KQ | ec=f20v. ||
. ) Vo(p-p) =£15V
Large Signal Voltage Gain Gy VimV
Vce =+15V, 20 200 )
VO(P-P) =10V
Output Shert Circuit Current Isc - - 25 - mA
Voo =120V | RL210KQ - - -
Output Voltage Swi V. RL22K ; _ - Vv
utput vVolia wWin P-p
P g€ Swing QPP Ve =215V | RI210KQ 12 | w14 | -
RL22KQ 10 [ +13 -
L . Rs<10KQ, VeM = 212V 70 90 -
Common Mode Rejection Ratio CMRR dB
Rs<50Q, VeMm = 212V - - -
Ve =115V to Voo = 15V ) ) }
- . Rs<5010)
Power Supply Rejection Ratio PSRR aB
Vee =215V to Voo = H15v 77 96 )
Rs<10KS2
Transient Rise Time R ) . - 03 - us
Unity Gain
Response Overshoot 0s - 10 - %
Bandwidth BW - - - - MHz
Slew Rate SR Unity Gain - 05 - Vius
Supply Current Icc RL= Q2 - 1.5 28 mA
. vce = 20V - - -
Power Consumption PC mw
vVce = H15V - 50 85

Note:
1. Guaranteed by design.




LM741

Electrical Characteristics

{0°C <TA<70°C Ve = 215V, unless otherwise specified)
The following specification apply over the range of 0°C < TA < +70 °C for the LM741C; and the -40°C < Ta < +85°C

for the LM7411

LMT741C/LM741¢

Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
Rs<500Q - - -
input Offset Voltage VIO S mv
Rs<10KQ - - 7.5
Input Offset Voltage Drift AVIOIAT - - - wv/°Cc
Input Offset Current o - - - 300 nA
Input Offset Current Drift AllO/IAT - - - nA/°C
Input Bias Current IBIAS - - - 0.8 LA
Input Resistance (Note1) R| Ve =120V - - - MQ
Input Voltage Range VI(R) - +12 | $13 - Vv
Rs>10KQ - - -
Ve =20V
Output Voltage Swin V. Re=2KQ _ _ - Vv
utput Voltage Swi -
P g g O(F-F) Rs>10KQ 12 | +14 -
Ve =+15V
Rs22KQ +10 | +13 -
Output Short Circuit Current Isc - 10 - 40 mA
o i Rs<10KQ, VCM = +12V 70 90 -
Common Mode Rejection Ratio CMRR dB
Rs<500, Vom = +12V - - -
- , Vee = +20v | Re<50Q - - -
Power Supply Rejection Ratio PSRR dB
PRIy el to 15V Rs<10KQ 77 | 96 | -
VCC = #20V, ) ) i
VO(P-P) = +15V
, : Ve =+18V, i i
Large Signal Voltage Gain Gv Rs22KQ VOP.P) = +10V 15 Vimv
vee = +15V, i i i
Vo(p-p) = 2V

Note :
1. Guaranteed by design.




LM741

Typical Performance Characteristics
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Capacitance vs Frequency
100 T T
Veo= £ 15V Vee = 3 20V
@ =
® \-.
3 L) \\\\ i 100
L] = INPUT BIAS ]
g » \\N-cu:“' % = \-""\
3 © e M
;- .
® \
0 INPUT OFFSET w
CUIIRENJI
D-m -2 [) » © 60 [ —x% ) ) 100
TEMFERATURE (*C) TEMPYRATURE (*C)
Figure 3. Input Bias Current vs Ambient Temperature Figure 4. Power Consumption vs Ambient Temperature
T 0 T
Vog= 18V Voo = £ 18V
%0 %0
: i
! x
5 Tan
‘E' S 100 —
E e
3 § -
i ® n
P—t
L] AL
_20 E:) a0 100 _20 = 100
TEMPERATURE {°C) TEMPERATURE {°C)
Figure 5. Input Offset Current vs Ambient Temperature Figure 6. Input Resistance vs Ambient Temperature




LM741

Typical Performance Characteristics (continued)
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Figure 7. Normalized DC Parameters vs
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Typical Performance Characteristics (continued)
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Mechanical Dimensions

Package
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Mechanical Dimensions (continued
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LM741

Ordering Information

Product Number Package Operating Temperature
LM741CN 8-DIP
0~ +70°C
LM741CM 8-SOP
LM741IN 8-DIP -40 ~ + 85°C
DISCLAIMER

FAIRCHILD SEMICONDUCTCOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER
DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR

CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, {a) are intended for surgical implant into the body,
or (b) support or sustain life, and (c) whose failure to
perform when properly used in accordance with
instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user.

www. fairchildsemi.com

2. A critical component in any component of a life support
device or system whose failure to perform can be
reasonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

6/1/01 0.0m 001
Stock#D Snoo000x
© 2001 Fairchild Semiconductor Corporation



K’L BTW67 and BTW69 Series

STANDARD

50A SCRs

MAIN FEATURES:

Symbol Value Unit
hrrms) 50 A
VorwWVRrRrMm 600 to 1200 A
It 80 mA
DESCRIPTION

Avaitable in high power packages, the BTW67 /
BTW69 Series is suitable in applications where
power handiing and power dissipation are critical,

such as solid state relays, welding equipment, RD91 TOP3
high power motor control. (BTW67) (BTW69)
Based on a clip assembly technology, they offer a
superior performance in surge current handling
capabilities.
Thanks to their internal ceramic pad, they provide
high voltage insulation (2500V RMS), complying
with UL standards (file ref: EB1734).
ABSOLUTE RATINGS (limiting values)
Symbol Parameter Value Unit
IT(RMs)  |RMS on-state current RD91 Tc=70°C 50
180° conducti i A
(1807 conduction angle) TOP3 Ins. Tc=75°C
ITav) Average on-state current RD91 Tc=70°C 32 A
180° ducti
(180° conduction angle) TOP3 Ins. Tc=175°C
ITsm Non repetitive surge peak on-state current tp=83 ms 610
Tj=25°C A
tp =10 ms 580
It I't Value for fusing Tj = 25°C 1680 AZs
y Critical rate of rise of on-state current I = Fog Ti= 195° 5
di/dt 2xIgT, 1< 100 ns =60 Hz j= 125°C 0 Alus
oM Peak gate current tp =20 ys Tj= 125°C 8 A
Pgav) Average gate power dissipation Tj= 125°C 1
Tsig Storage junction temperature range -40to + 150 oc
Tj Operating junction temperature range -40to + 125
VRGM Maximum peak reverse gate voltage 5 v
April 2001 - Ed: 4 115




BTW67 and BTW69 Series

ELECTRICAL CHARACTERISTICS (Tj = 25°C, unless otherwise specified)

Symbol Test Conditions Value Unit
IgT MIN. 8
Vp=12V R =33Q MAX. 80 mA
Vet MAX. 1.3 Vv
VoD |Vb=Vorm RL=33kQ Tj = 125°C MIN. 0.2 v
IH Iy =500 mA Gate open MAX. 150 mA
I lg=12lg7 MAX. 200 mA
dvidt [Vp= 67 % Vpru Gate open Tj = 125°C MIN. 1000 Vips
Vim  [ltm=10CA tp =380 ps Tj=25°C MAX. 1.9 v
Vip | Threshold voltage Tj = 125°C MAX. 1.0 v
Ry Dynamic resistance Tj=125°C MAX. 85 mQ
IDRM Vorn = Viry Tj=25C MAX. 10 pA
(RRM Tj=125°C 5 mA
THERMAL RESISTANCES
Symbol Parameter Value Unit
Rth(j-c) Junction to case (DC) RD91 {Insulated) 1.0 °C/wW
TOP3 Insulated 0.9
Rengj-ay  |Junction to ambient TOP3 Insulated 50 “CIW
PRODUCT SELECTOR
Part Number Voltage (xxx) Sensitivity Package
600V 800 V 1200V
BTWG67-xxx X X X 80 mA RD91
BTW69-xxx X X X 80 mA TOP3 ins.

ORDERING INFORMATION

BTW 69 -

STANDARD
SCR +—
SERIES

TYPE:

67: 50A in RD91
69: 50A in TOP3

600

— VOLTAGE:
600: 600V
800: 800V
1200: 1200V

OTHER INFORMATION

Part Number Marking Weight Base Quantity Packing mode
BTW67-xxx BTWETxxx 200¢g 25 Bulk
BTW69-xxx BTWE9xxx 45¢g 120 Bulk

Note: xxx = voltage

2/5
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BTW67 and BTW69 Series

Fig. 1: Maximum average power dissipation
versus average on-state current.
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Fig. 3: Relative variation of thermal impedance
versus pulse duration.
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Fig. 5: Surge peak on-state current versus
number of cycles.
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Fig. 2: Average and D.C. on-state current versus
case temperature.
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Fig. 4: Relative variation of gate trigger current,
holding current and latching current versus
junction temperature.
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Fig. 6: Non-repetitive surge peak on-state
current for a sinuscidal pulse with width
tp < 10ms, and corresponding value of I3t
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BTW67 and BTW69 Series

Fig. 7: On-state characteristics (maximum
values).
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PACKAGE MECHANICAL DATA
RD91 (Plastic)
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A
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N2 N1
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E3 y
L
A
.
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DIMENSIONS
REF. Millimeters Inches
Min. Max. Min. Max.

A 40.00 1.575
Al 29.90 30.30 1177 1.193
A2 22.00 0.867

B 27.00 1.063
B1 13.50 16.50 0.531 0.650
B2 24.00 0.945 |

C 14.00 0.551
C1 3.50 0.138
C2 1.95 3.00 6.077 0.118
E3 0.70 0.90 0.027 0.035

F 4.00 4.50 0.157 0177

I 11.20 13.60 0.441 0535
K] 3.10 350 0.122 0.138 |
L2 1.70 1.90 0.067 0.075
N1 33° 43° 33° 43°
N2 28° 38° 28° 38°

J




BTW67 and BTW6E9 Series

PACKAGE MECHANICAL DATA
TOP3 Ins.(Plastic)

H A
L 5 » DIMENSIONS

, —* REF. Miliimeters Inches
1 Min. | Typ. | Max. | Min. | Typ. | Max.
A 4.4 46 |0.173 0.181
G B 1.45 1.55 | 0.057 0.061
F C 1435 15.60 | 0.565 0.614
D 05 0.7 [0.020 0.028
v - E | 27 2.9 |0.106 0.114
F 15.8 16.5 | 0.622 0.650
P :C G 204 21.1 | 0.815 0.831
o i D H 15.1 15.5 | 0.594 0.610
i - r J 5.4 5.65 | 0.213 0.222
e Y . K | 34 365 |0.134 0144
L 4.08 417 | 0.181 0.164
P 1.20 1.40 | 0.047 0.055

R 4.60 0.181

Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for
the consequences of use of such information nor for any infringement of patents or other rights of third parties which may
result from its use. No license is granted by implication or otherwise under any patent or patent rights of
STMicroelectronics. Specifications mentioned in this publication are subject to change without notice. This publication
supersedes and replaces all information previously supplied.STMicroelectronics products are not authorized for use as
critical components in life support devices or systems without express written approval of STMicroelectronics.

© The ST logo is a registered trademark of STMicroelectronics
© 2001 STMicroelectronics - Printed in Italy - All rights reserved

STMicroelectronics GROUP OF COMPANIES
Australia - Brazit - China - Finland - France - Germany - Hong Kong - India - ltaly - Japan - Malaysia-Malta - Morocco
Singapore - Spain - Sweden - Switzerland - United Kingdom - U.S A,

http:/lwww.st.com
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