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ABSTRACT

This purpose describes a structural design of a programmable moving machine for
position maker. The machine consists of two front wheels for moving to the desisted direction,
while the back wheel to free. A sticker peeling machine is implemented on the moving car. The

rotation on machine is related to the movement of the machine.
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amlunundmsusviuaen nienouNgFuiiuenmsaisuduf 0x800000

Y H
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OXFFFFE Iﬂaﬁuﬂmuimﬁmﬂuﬁuﬁﬁﬁm"l:mmﬂiu Anlusiauonmse 0x800000
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£
=

N
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3 a )
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2.1.9 msawallulasneuTnsamed dsPIC30F4011

dsPIC30F4011 mq%"Uﬂizmumﬁmagiwa1agﬂgzuuﬁq§

1. IWII95-80U5199 (Power Reset: POR) iHumsTaannissie ligelng

2. MI3IwATiuT MCLR luvaizhaulnd (EXTR)

3. MsTiadiv MCLR TuTvuaadn (SLEEP %30 IDLE)

4. mﬁmmLﬁmmﬂaawﬁﬁaﬂ"lmmﬂmmzﬂﬂﬁ (WDTR)

5. ‘lJiTJLEJ’IGISLWI (Programmable Brown-out Reset: BOR) Lﬂumii!ﬁb’mumiﬂﬂﬁuﬂﬂ
"Mmﬂaaﬂmmmmmmwm"!21

6. MI3wAileannfids RESET (SWR)

7. mﬁwmﬁmmﬂﬂ13§uma§§’ﬂﬁmaa°§ﬁg (TRAPR)

8 mﬁmmﬁmmﬂ@aﬂTﬁ'@ﬁﬂwmw?amﬂms“l%’am?%ama{ W 1 Adelindeu
v‘imu”lﬂv‘imuafluﬁaé’ztaﬂmm (legal opcode or by using an uninitialized W register as an

address pointer: IOPUWR)

aa do 1 4 J
2.1.10 39qABIMHUAAMMIINS ALY
a da { o 1 4 o
Tu dsPrc3or4011 ﬁ?ﬁmma5wmym%’“lumﬁmwuﬂmmﬂmﬁmm(Hardware) N30
Device Configuration Registers %1410 24 ‘ﬁﬂ’ﬂ@j 4617
1. FOSC ?%amm"'ﬁmuﬂmiﬁmummaaﬁﬁuﬁﬂﬁ"iynunmmﬁm
a oo ° 3 4 .
2. FWDT TAMARIA MUAMTT OIS Eon [N o< (Watch Doc Timer)
a do o s [Z
3.FBORPOR - 5imaesthmuamsmannuesiansusiiedtas (BOR) 11022995
o =
WIBIDRUTIYH (POR)
a ) ) ] o
4.FGS Wawossmuansileatuntiteanys
o 1 a a’q’;’ ] Y ° o
Mimuuamaslusismosie 4 &9 Hannsonsgi @ luvasyiaunsonnms

TUsunsumunsz LS 1CSP #30011A5 09 1151 T UM UBN

2.1.10.1 we§ﬂ3uwmmﬁwmm"luimﬂauinsma?ﬁ dsPIC

maﬂmﬁmmm"liﬂmﬂauTmamaszmeflﬁmma“lﬁmmmawasmuww
WamLmmwmummmmmwmwmuaama "111'lmﬂuwasmuwmmmwmmﬂﬂamwm
Weeed19uder  Tuurazmesaves  dspiC mmmmwuﬂ“lﬂmﬂm"lﬂmgwwasmau‘wm
mmwmmwmmﬁsmﬂfama“luqmTmawmy dsPIC utamsha1ddy 2 g e Tuga

WS (Port Module) uawmaaauwmmww (/0 Cell) Tt Tuganesaazlsmssimuadionia
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9y

@ { o ) 1 @ 1 1 Ia J [
vosdyanauaziuiindoyaiansn Aeusudhntedinen CRITE BRI ITG LRI

U

e o o ) s A o ) S g J qYa a
ﬁﬁuﬂlﬂfﬂuﬁﬂﬂﬂ‘lﬂi"miﬁ‘ﬂi@ 'lJﬁ'i“lL]'lJWL‘V\IE]iLWE]ﬁ]ﬂﬂ']iﬁq‘liy'lﬂw]ﬁl'Ii’)ﬂﬂil1Wi’]‘iﬁ11’i3JLﬂﬂEJ§ﬂ'I‘W

a d
2.1.10.2 %ﬁmﬂe{muqmmuwmmﬂ‘vgﬂ

d a J Ada Iaq Y o
nﬂmwamauwmmwmm dsPIC 1]5%ﬁ’m651’]1‘1}'1uﬂ155ﬂﬁﬂﬂwﬂ151’n\11u

Taens9 3 69 fie

a o a J
1. TRISx gi]ﬁ'mi’);ﬂ'lﬁuﬂﬂﬁﬂN%ﬂHﬁ‘ﬂﬂﬁﬂW@iﬂ
aa 7Y J
2. PORTx iﬂﬁ!ﬁﬂﬁﬂﬂﬂaﬂﬂﬁﬂﬂWi’lﬁﬁ
aa J Iy J
3. LATx 5ﬁ)ﬁmamammammawwwam

X L‘lJ‘LJﬂ"I‘H ;amaﬂy5w1ﬂﬂmu¢11uwuwaw1wasm“lm L‘LlENi]']ﬂ dsPIC ilﬂﬁll

ﬂJ@Q‘IﬂW'E]iGIE]H‘WGI!Lﬁ mmwmmmumﬂ

2.1.11 M3AaAeiY ICD (In-Circuit Debugger) onsnaoumMshauwsoninly
9939084 dsPIC30F4011
dsPIC30F4011 #111503045UMSAT @AM Hiemsar (Debug) @20
3 eeionaesaind (Hardware) mMeu0n 750031 In-Circuit Debugger 1150 ICD 1@
Melu  dsPIC30F4011 %ﬂaﬁsmmmmmmqmmwaﬁwVlﬂ"l%’émf‘i’umﬁﬁﬂ'ﬂma{
(Debugger) é’uﬂizﬂau'lﬂé’ha
1 0 LY a o
- nihennudeyausy 2 Ala'lug

J o [ 1 2 1A o
- VIMNBIATIUTUAAND 2 U] Cﬁﬂﬁ1u1§ﬂtﬁ®ﬂ1ﬁ’ﬂ']uﬂ1’l MPLAB IDE Muua

il
1. EMUD-EMUC (V117 uag 18)
2. EMUDI-EMUC1 (711 LpasrD)
3. EMUD2-EMUC2 (¥1 14 uag 15)
4. EMUD3-EMUC3 @12 uag 3)

VIEMUD (Emulation/Debug Data) Li‘lum%mmmmi AN VIEMUC
(Emulation/Debug Clock) Lﬂmjmmmmmwmmmmmm (Debeg) IﬂfJ"’lﬂW’e)ﬁWVl\iﬁ’E]\i
Wousafy 1CD ma5mmmwauanmumusmu'e)ﬂ 3 91 fp mﬁmmmumﬂmmummu
Tsunsudaldan MCLR, m"lwgaamawminu (Ground) 59ad 5 1

mwm“lcmmmmmumwaammmhmammmwmﬂ 2 9 el lumsgonan
wosadAln (Port Debeg), 3 91 mws‘umauimu (MCLR, +5V, GND) uag 2 11 d113ufiasosy
ICD fio EMUDx 18 EMUCx 535145% 7 47



14

2.1.12 mslfanluga MCPWM rilenauguuemes
2.1.12.1 puentialagagilvesluga MCPWM
1. AnmazBenvesdygne PWM At isiuity i,
2. Tuluga MCPWM 1 9a 11 2 101
3. awnsaldnuordinaveslugn MCPWM  uensusisdassuazs sy
4. dietranluunuindy NIOAONWANUNTS (Complementary) 13136
MUUARIINGA (Dead Time) 1ot limssunemas 3 e dhuldedredivse@nsam
5. mnsaden Inuawidna 14 4 Tnuae
a. InunlSuvesdayanas (Edge Aligned Mode)

b. Tnuadayanaude) (Single Event Mode)

(3 =2

e TnumalSudrygy1ananans (Center Aligned Mode)

v

o é QI 1 .
: Twmﬂsuﬂtynﬁmmﬂmaw%’amﬂsuﬂ;am (Center Aligned Mode

o,

With Double Updates)
6. umadmsviuanudanaalunisihau (FAULT)

7. mwnsoaddganunszdnld Tugaulasdaamesiaen e nua

v Jdao

WM shau g duiuss

16-bit Time Base CVDCON
- =— — o

a F- Il e RmANY u‘\
Duty Cycie 1o Q5 PYIMEH
- =5 | --p| DeacTine un: I :
Genarator 24 TBtE »
\\ o2 — =N 1w
5 Duty Cycla »| DsadTime Unit . Pager
Generator #3 == N 7
L OTE T et Ovaic PyamaL i Four PYWM output
e % pairs with cutput
= Legic oy | POIBTity control
o  DuiyCycie ,|  Deac-Time Unit P2
S DTA] D78 > —. PUWMZL
o = —. T ey
© Duty Cycie 5| Deac.Tima Uni
| Genemtorsts [on e S cgaais -
DIA] D18} BYaIL
7y :
.' Fault & Two fault pins with
i > programmatie
Note: Logic in dashed lines not present on 8-output module, ===~ ----- -~ Faup | fdtstates

3in 2.3 me"1m)xuﬂmiﬂiaaé’wmsﬁmmmTn@a PWM
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wiunnlaszunsuuaasmsinauvesluga MCPWM dwilsznoundnves Tuga
Aedufuiadaya PwM fifogdreiugega 4 g 1&g nunnunnnismnss PTMR
uay PTPER dausiad lia (Duty Cycle) v0sd@an® PWM @150/ MuaInssanes
‘ﬁzwﬂﬁ’uyﬂu5ﬁﬁx“luussiazﬂgmmﬁ’agaunm uaﬂa]mifum:u1saf‘imuﬂmﬁﬁmmawma{@
IAnavesTuga MCPWM Taurni3imans OVDCON

dwduladyga PwM dmsuauguuemes luusazyaluluga  McPwM
awnsaimualdhauenansududassy (Independent ~ Mode)  HIBMINIUINAY
(Complementary Mode) titodmomos 3 ma'ld TagldmsmmuarmusIames PWMCON 1
8¢ PWMCON 2 Lﬁaﬁmuﬂiﬁ'ﬁmuémﬁuﬁms%ﬂﬂwﬁﬁmty1m1ugzda$LWa fiuftens
VAMIAIAIMIHUAIE (Detetime Control) In81955ain0S DTCON 1 1A DTCON 2

ﬁ'ﬂumymﬁeaﬂmﬂima MCPWM Tumesa 2 vineyoelilda fAvv O IANAMY
USIAUTI PWMxH LAy mmmwmmusmum PWMXL (x ADVINUIAUY0IT 10 10Wall 4 fio
1 1-4) nTeiFent giordyn uaﬂmﬂuuammmmmwmmmmmmuTwamﬁmmaas (Post-
scaler) maﬁiwﬁmmwmﬂumuGlmmimauﬂmﬁmmmawmaamﬂuﬂimaa zwa“lﬂma
MCPWM mmmmmuﬂuwuﬁﬂﬂma ADC ladae

v v

uaﬂmﬂuu‘luium MCPWM §siiounnlddmsusudyanansinaeunnuiolng

[

4
GT]?uTﬂuiumuuuwamauwmﬁm%511 Taya)10 2 91 A0 FLTA tiag FLTB

2.1.13 %'ﬁmmgf“;l%‘luiu@a MCPWM

luluga  McPWM - woslulnsnen Tnsaiaed.  dspic Timnesitldnuquuay
fmuad outlszneudie

i PTCON?%mﬁBgﬂﬂﬂﬂu§1u13ﬁ11uﬂ15ﬁ1!ﬁﬂﬁmum1m PWM

9 PTMR?ﬁﬁma';ﬁmuﬂmgmnaﬂumsﬁnﬁﬂﬁnﬁgm PWM

[

3, PTPER?’%mms”ﬁmuﬂﬂmnmmmgmnmﬁm%’umﬁﬁnﬁﬂﬁﬂu@m PWM
4. SEVTCMP 33amos S suifioudn

5. PWMCONI 33masaauau PWM#1

6. PWMCON2 33e1a035A21AN PWM#2

7. DTCON1 9a1A03AuAuA 11130930 Dead Time#1

8. DTCON2 Se1A0sAIUANA1IA13NgANSS Dead Timek2

9. FLTACON ?‘i?mmfmmumsmn%Uﬂ3mﬁﬂﬂ§mmﬂm‘}’wama§w A
10. FLTBCON mﬁmasmmumsmnwmmmﬂmmmswmmmw B

11. PDC1 5i]ﬁm@'iﬂ"lﬁuﬂﬂ1ﬂ3ﬂhl°lﬂﬂﬁsllﬂﬁTilﬂaﬂ'lﬁuﬂﬁﬂlﬂﬂm PWM Gb'ﬂ‘l’] 1
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.

L4
12. PDC2 S¥ananitmuad 1A ImAaves Tugadnua WU PWM 591 2

.

B4
13. PDC3 5$ﬁ1ﬁ6§ﬁ1wuﬂﬂwﬁ’aa"!cmﬂamaﬂu@,amﬂuﬂ YA PWM 4ad 3

.

a d o o 3 a o o
14. PDC4%ammmﬂuﬂmmﬁMmaﬂmﬂu@,aﬂmuﬂ YU PWM %A 4

2.1.14 grunmdyaIu PWM

luzaluaaslaezunsumsminuagiunaives Toyga PWM *vﬂ%“luima MCPWM
muﬂﬂemwmﬂimmmmwmﬂﬁammu (Output Compare: OC) Mg 1uIA19 IAL191NA1S
e lnwes 15 ‘lva’lGlEJi’JiJﬂ‘U‘Wimﬂmﬂ’é]ﬁLLaoTWﬁ’LﬂﬁLaﬂﬂuIﬂJﬂﬁﬂlfN MCPWM lag
doya 15 wuumnaﬂiu 15 ad3Taimes PTMR dauiin MSB Aeiia PTDIR i
o 1uldedafen “lﬂummﬁmwﬁmﬂumiumﬂui"]%wmmmunm PWM 1 813 Lo
“0” uaA931 PTMR Mastiunauunziiy L flomdaiusasg

ﬂ1igﬁuLagﬁaiﬁ'ﬁaumunmﬁmuﬂwsssfmtcfmﬁﬁ PTEN Guiluda 15 maa’%‘%ﬁma%’
PTCON o8 lsAnumlussmaes PIMR lugnindesudndaugiunaives pPwM ufm
Amauia (Disable) A28N151AFHY1I PTEN

g ly PwM Tuluga McPwM annsadmuansmanld 4 Tnue S

p—

: Tmmﬂ?iauuﬂmmﬁmz (Free Running Mode)

2. Tnuahaunsase (Single Event Mode)

3. Twmﬁum?ﬁyuw?amaémimﬁm (Continuous Up/Down Mode)

4. Tﬁmﬁué’jyuaamimsimﬁmw%’auﬂﬁﬁumafﬁ"ﬂﬂ?ﬂﬂqom (Continuous Up/Down
Count Mode With Interrupts For Double-Updates) mstdon Inuavi ld@aunisivuadifice

2 a aa
PTMOD! uiag PTMODO daiiluiin 1 1az 0 1158aimos PTCON

2.1.14.1 MUN@ VeI 1 PWM

IMA5 PTER m“l%ﬁm%’uﬁmuﬂmmﬁﬁummammaﬁ%ﬁma{ PTMR

aJlLl

9y

wwmummazmagawm 15 1 asludin 0 89 14 veSSmmAos PTPER maimammu
WNsEIRsETmAeY PTMR 1whiy PTPER migmnanzSaily <0 wionlasufia
nemsiua ludyaanningdaly 4 Yuegiu Tnuamsiam
munaiivnavesinmesidy 2 wh LﬁasmS’Uﬂwigﬂﬁ'ﬂuuﬂmﬂ'ﬂusmdw
M3y Tessimenmssuniy Aelussmaes PTPER T5vmaesiviesdrsoesusii
mmmﬁnJaEmz,uJaa“lmjswmwmmmmuﬂummn Tﬂaiﬂagﬂasﬁwgwaﬁﬁé'i%’ewu”lﬁ
GRHRLILALENI magaﬁm‘%’uﬁmuﬂﬂ'mmnangm%um‘lu%ﬁma{ PTPER U@NANAY

muTwmmsv‘immmgmnm PWM
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= 1 a o q’;l = Y P 51
Twmzﬂaauuﬂmﬂ1aﬁﬁwuaﬂwmmsmammamm ﬂlﬂyjﬁ‘ﬂgﬂlﬂﬂﬁﬂ Uu

ifl]ﬁm’fli PTPER ﬂ“ﬂﬂiﬁaﬂa\‘ﬂu5%’5’“@@5?11‘1]061 Lllﬂi"l]ﬂl@]@i PTMR ﬂﬂil"lfm‘ﬂu 0

Wﬁﬂ%?ﬂﬂﬂ?‘i}ﬂﬂ‘iﬁ]ﬁtﬁi’]i PTMR #590UA1UDY PTPER ﬂﬂLL’dﬂ\iﬂ?ﬂ

Period value loaded from PTPER Buffer register

New PTPER value = 007

Oid PTPER valus = 004

L%- Nesw valug written to PTPER buffer.

3N 24 laezunsuuansnis Tnansives PTPER
Y

o v o [ i~ v aa o

ToyamnsunMuannavesdyyIa PWM nweulliSsames PTPER
Y

ansamuin ldnnaunsae s

Fey
PTPER
Fpwm*PTMR_Prescaler

-1 2.1)

A\ S~ ANNDVOINITIIIY

-
|

= o
A\ ANUDYDIT YYD

2.1.14.2 Tmmmsmqmmmammmﬂaﬂlmm PWM luluga MCPWM
ldefu 4 uyude

[

L. TnuadSuveudaana (Edge Aligned Mode)

7]

2. Tnuadaygnauden (Single Event Mode)

W 1 é
3. TnupiSudaanufinats Center Aligned Mode)

4. TwmﬂﬁUﬁmmmﬂaﬂmqwmmﬂmﬂiam (Center Aligned Mode With
Double Updates) mﬁuwuﬁﬂuiwmmsmammmmunm PWM

LM?J%WHL’JE‘]'I PWM 1’]1\1'11!114Tﬂuﬂ!ﬂﬁﬂullﬂﬁﬁﬂ'lﬁﬂiu ﬂ'lif’l"lmﬂﬁiUiU']m

a

PWM mmu“luTwmﬂﬁmaUﬁmmm PWM mamiuTwmammmmm WU PWM

119189
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‘vmm“luTﬁmuummuammmamm daufuiladyga PWM shamlumsdfudayaa
Aenang Wogunm PwM vmm“luiwmumwumammmumwsanﬂsuﬂsam au
Auliadyaia PwM ‘wmu“luTwmﬂiuﬁtynpmmﬂaNwsenﬂiuﬂ'gam

w

2.1.14.3 mshauvesaduduinduana PWM TulnuaSuveudayana

v o

New Duty Cycle Latched

“J Duty Cyclem s
<t——%> \
Active at 7 :
beginning Period
of periogd - B

3N 2.5 lavzunsunaaasnsiia Tynna PWM iifoviaiu Ty Tnuad Suvew Toyn e

PTEM bit getby
{ salbware

WENM« d by
g v rartware
A 3
FTPER --.----------.__;-.---._.},-...
ROCT - BE T /1 Sy iy, ¥
¢ et
L g
puaz «««««««««««««« :n‘:“{% .
PTEN ! > o
FYRMEH z ’ ——
FYTH | E .
-
Phar E 2

JUn 2.6 lavzunsunauanimsiia Ty PWM tiierialu Tnuea Yoyaauhen

"lﬂazzmsmaamamn15Lﬁﬂﬁ'mm1m PWM iefimsihenluTnuadSuvey

v Y
yau Gudusmualigiunm pwu v u nuanSouusasesase AtiUAILM
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vosdygys PWM gnsmua lasenii Tnaaldudssmans PTPER dhudailada (Duty-
Cycle) gnfmviua lasarlusTenmas PDCx

1uﬂiﬁﬁﬁ1ﬁqﬁy"lcmﬁahlajzﬂuﬁu5 fmmﬁ)mmwmmmuﬂnummaﬂnm
PWM yjngadi I&sumsidiioida (Enable) cm71NnmamLimummmunawmﬁmmm PWM
vieidlomuiTamed PTMR wugud uazvgaThanuderveiimaed PTMR asesy
ﬂmm‘lmﬂamaamummﬂammm pwM dmlu3Tanes PpCx ifugud 2995101 HAVD
mummﬂﬁmmm PWM Tiishemlaq nunennud Twmummmmmﬂﬁmmm PWM 14

Lll’é] ﬂ'lii]ﬁ'!ﬁl’f)i PTPER ll'lﬂﬂ’J']ﬂ'l‘VlﬂTHuﬂGl‘lJﬁ]ﬂLGIfili PDCx

2.1.14.4 msnfRsulasmd i infadaanu Pwm vasluga MCPWM

Tamessmuam1A A lnfia (Duty Cycle) 113 4§ PDCI &9 PDC4 #1193

anl

4 v @

Seamesiivos (Registor Buffer) flosfudaanasuniu maumﬁﬂsuﬂiqﬂwmﬁmmm

[

PWM lnoinalaida (Duty Cycle) U03dQy10s PWM aﬂﬂiuﬂiammmammmauaﬂ,u
$3amnns PDCx NATumSIamed PDCx N Inanlfaimesitermsnfioudioy ot
ﬂmﬂaﬂuuﬂawagaiuiﬂama‘s PDCx Gonioy deyadslidninmes Butfer) Moy
a1/ il hifindaniaifanuiawaavazaoumsas s (Duty Cycle)

Lﬁ"agmnm PWM ﬁmu“luTwmﬁ'umszumaehm'mﬁm (MU PTMOD1
Uz PTMODO 81y “0x”) dhaaa laida (Duty Cycle) Yodd a1 PWM 9 ﬂﬂﬂﬁuﬂmmm
YBS3AMAB5 PTMR 1911170 PTPER (0351005 PTMR (NANT TR (Reset) (g

o

2.1145 manusduvesausiadya i PWM #iemauumunaey
waum3 (Complementary PWM Output Mode)

miﬁmu“luﬁ'ﬂymzﬁymﬂu@a MCPWM  mungdmsumsii lad
foyanauitody Tnanuuusunedine? (Invertor) fMvE19v04 InaRduUIBsines 14uA voines
BUANYU (Motor Induction) Tehnszua 3 i (ACIM:AC Induction Motor) HaZUBIABS LU
sifiu)s g (BLDC:Brushless DC motor) 1umsmdmgmuﬂamwamumiu N%immwm
Yodluga PWM “luﬂumm“lw“lmm"lnmmmmwuﬂ“lﬁmdm'lﬂwm:mu 1uflo PWMxH
uar  PWMxL  Hlannsiinsediuiy ‘wﬂﬁaJamwmmaﬂummmwauuﬁamuwmu

v

ﬁ!’Juﬂi“’ﬂﬂU‘l’]’ﬁ1ﬂfgL‘Wiﬁlu1ﬂ 2 fT’J‘L!ﬂ?J ﬁ’JUﬂ'ILuWH’NL’JfITJﬂi]ﬁ (Dead Time Generation) L401g

ﬁ?ﬂﬂ?iﬁi?%ﬁ@ﬂﬂ’ﬂﬂﬂﬂﬂﬂﬁ LLﬁzﬂ'm‘lJﬂﬂ"l'i‘VlN'lusU’EN“U'IL?JWW!GIIﬂEJﬁ'N (Override and

Fault Logic)
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2.1.14.6 M3AIVAUNANINGA (Dead Time Control)
a 1 4 o 4 @ @ Y o Yy o
3undludivesginsalmiionir delésunssdunszduliiamuudads
o @ 4 ] @ o 9 ) 9 o 1
“lﬁ’wqﬂmmumqﬂﬂmfﬂz‘lummmﬁqsﬂ"lé’fwuﬁ mnimsaszqualiesyadude 1y
) v A o Y a [ @ o é =t \19} ) A
mauniun i lifemssuiuvewssdy 91 INg RS en0Y991903 A 1Hude
Dead Time %301M130gA muummm"lf-ui"]mw1usnmuﬂ15wmmaﬂﬁaﬂﬂﬁmmﬂmwuﬂ
MegaIIUag vwa“lmuu“lmmmsmwmumamaLmﬂsa ﬂaumﬂswmu“lmﬂﬂﬁma L5
Mo lumadaly
1 d' o Y d'dyd 1 1) a 1 a s &
TIUNMUUINUAD mum!,umnmanﬂqm (Dead Time Generation) I@ﬂ
1 o a 1 a Yo I~ a [ wva d'l o Y
TUMUUATINMINGa I8sUMsSueiia  (Enable)  TaodaTusis wefmmuali Tuga
MCPWM hamluununeumdumi (Complementary) T dsPIC i Tuga MCPWM 111 6
LR wawsamvuannIngald 1 a1 dauuuy 8 1N asasmuald 2 a1
nsdifansatiuald 2 i eusamenliisnissmuan 1dn 2 5% deele
a ] ) o [}
L. ﬁm15nLaaﬂmﬂuﬂﬂmanﬂmﬂumwqwmummmmwﬁﬁ’mmmu
Y] z; a 1 ° v ] o 4 9
RV ERITEREIN IﬂEu'mnﬂtmmusﬂﬂzﬂmuﬂms:waNquwmmmmmwﬁmu
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1 a @ 1 o T 1 o 1 a
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2.L15 nafmmuamsiaunnesaerdyavedluga MCPWM Jngnsg

uennnmisimualivinesavesluga MCPwM st uladyans PwM
udy amnsamstmualdlneasede PwM Output Overeride lawnseirsTaimns
OVDCON  Tasmsfnuamiissainosi Wuntsimualusnyuzdhslaassfivmosa
1©1A1AYD Tuga MCPWM

foya 8 1 1uTTaimes OvDCON Mdfimuemsthauvessmesaesnai
deamsIdnauquundudoana pwM auaEung (andy “1”) N3991nA1891A POUTxx
(nfes Dty <07 mgﬂumagaiu 8 Ua d19ves33aInes OVDCON 41 Tnowviauflugy fie ga
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fmuamshauvesuednluTuga PWMIdw 8 fn drevesSames OVDCON foie
POUTxx Mmuamsimavesviednaluge PwM Tneass Geozfinsiduie POVDxx
Tu 8 Gavwily <o

ama"lsﬂmmmﬂmuﬂ“lwTma MCPWM virarluneundmmuas (Complementary)

mmmu‘wmunuﬂu "lmmmmmwuwmswmwmmwamTﬂﬂma"lﬂ
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31 3.6 YsznouTnssas1es oA Right

d
3.2 awdidnnsoting (Electronic)
3.2.1 Driver motor control
32.1.1 m3senuuuNTUNeINe SNTEHARI LY USAS (Full Bridge)
o A { -
9NUULI3 1% IC L298N Funeimes iilesnin IC A lfithumuyusas (Ful-
. & o ¥ o ekt ¢ Ag <
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11 3.8 uonsdnuugnsdessdifuuemes

a v q 9 Y s & ¢ & @
MINN 3.1 ﬂ'liﬁﬂal‘lﬂ"luﬂﬂ»l IC ﬂl'lﬂ‘UiJﬂMﬂiLlﬁ:ﬁ‘llliﬂ5ﬂi’)ui°ﬂ5ﬁlﬁﬂ5ﬂﬂ1’mﬁﬂiﬂuﬂﬂ3
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Enable A 6 Tinsaeulnsiaos
Outl ; Out2 2:3 Ao ULBINDS
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nsmuguuemes ¥dyya PWM danaluquaiuh MINIVAUHIU
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M3l 3.2 msnIuquuemes Tao ldaea PWM

52

Input
N Control Type 1 Control Type 2
Forward Reward Stop Forward Reward Stop
Input 1 PWM 0 X 1 0 X
Input 2 0 PWM X 0 1 X
Enable 1 1 0 PWM PWM 0

3.2.2 HIN500UNsSEIE (Current Sensor)

msdanszua I i Inasusemes Tasms19gilnsainsa9dunszue (Current

Sensor) 7t Tnaru et lumauguueinesie T munguijveswemes I nszuaasa

b4
masadumszua ifiniy annsoldic JaldTasassuaziodymnasgiuie

iFureTATENAYes ACST5x dugunseinldmimiuidmsuasnialugadmnssuou-

oud Fawiilad szuunsdeas undamdsan msdadoeninnssud i finuldunees

9
sulifesnsnuguuemes Tasswillddavuasinn1$nude Acs7s4

Package CB-PFF

i1 3.9 uoaelasaadumousnyes ACS754

3.2.2.1 anuaIAuYI ACS 754 nazdselawminslfay
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- TAnuAeing 3 kv, senneu 4 fu 5

A8 35 KH,

- gaydeiidamniesnn @ianudmma 100 p Q)

- s MWgeAIYIEeN




= [~4
- Tvuadn
- wlaaihonnszuaadudiunszuanse

- Uanuduiedogs

3.2.2.2 93RS AN zuaniAR 1FIIM

+5V
4"/
( | ps VCCh- i o {
T-WRBIXY (o) [ ) | NS T TC=0AuF
P 1 Vout
ACS 754 AECn e DU
__4 M . L L
\.\'v" . Calat
Current T

sensor

U 3.10 yamadeeshaeldauves ACS754
25317 3.10 edeldulAnnssuauazussdudna Aansedi 3.3

Ml 3.3 uansnnuduiuivesmnIziduazIs AN

Current (A) Vout (V)

+50 5

0 2.5

-50 0
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Oulput
{Valt)
5{:——[- ——————————————— |
v I
ot ]
|
s |
{
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i t 1
| 1
e e
-50 ) +50 {Am)

i 311 wamsemuduiusssnhduyasuerdna

9
1nA15 19z 1dan 1 (Sensitivity) A9l

4 Av
7 \if
100A =5V
nnanuFuwussdusslaninnyla = 5V/100A
=0.05 V/A
AU 0.05A =1V
VINAUNTS AL=Av,.. .. 005
AL =1-1a0 LN
AV o Vout current sensor Voul ov 5 Vout o 2.5V
Ia = (Vout current sensor Vout ) /0'05 (3 2 1)
unumEumsh 1 asluaunisn 2024
V.-V
reg” ¥ out_opam W=V (3.2)

reg ' out_current_sensor



55

(Vo ut_current_sensor vout_()A )

1 SR 3.3
a_motor_sticker sensitivity )
((Vm;vnoz;:nm Vmg)'vom_OA)
o= 34
Ia_motor__sucker sensitivity ( )
Wedmuald e 25V
Voo 25V
9
Aaiumanul = 0.05 V/A

v b d v ]
ileaninuemes 19 ludu 3 A dnfuimsvosdyanaie W 1dvuaauidesns

an'ly

3.2.3 M300NIULINOTVNE
3.2.3.1 msionlf OP-AM
Tnsenuil Anyerlieniluaziveduoudives LM 358 snldan Taod 4
dunanaz 2 wiana moludszretdininsvamornuiigs 2 nesdauenihidaszoonan
greonuuulieseldnulugmssiuliihiinhalszna 03 v & 32 v ualih
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10UT{] 1 Yo I Ve
1IN~} 2 720Ut
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GND-[l4 5] 2IN+
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3232 dnvazvesdyanadunaivenyatasfiIusR Ve
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ipsndygnudunn Aesmsveroinannfinsefunszua uasiusagud
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ans weudueyes Ae 0.05v/A nssuaiiiageqa fe 34 usedulnia

¥

nlasunlasgagalaifiu £0.15v Kagili 3.13

Output
{Volt)
5.00 —
.\v—c.15v~} i
j ]
G 3 i e {
Lo ]
|
|
2.35 — }
pa— 1
i Ul
- - Input
S 0 % (A',Jm

31N 313 yaasdygaedyanadume st ums 19 £3 A

thdeansIanszua 34 - 34 1Ai0dna 0-5v devvhnisueme

ussiunniuses aigila 3.14

Output HIUNMSAEY
{Voltage)

5.00 —

AVp,: =2.50V ~ g

-

So5g]

Gain = AWou F A= 20

B e L L TR ~ S
235 250 2865 (voltage)
— ) ‘ E
AV =0.15V

3 3.14 uaasmnuduiuivesdyauduwasumdaveseetuend

¥
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Av,,
Gain= —= 35
a o 3.5)
250V
Gain= ——
0.15V
Gain= 16.7 1M

3.2.3.3 MIDANUVINDIVENY
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f® 2.5V w1nmsanu1dsasvne 16 i ueinn19aszute: 20 wh

we 26 o = R2/R1.= 200/10
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Vout current, ILM358  [Output
1Ck0
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2540 Sag— i DMM
AV=0V

7.5k0

—\MoV

1315 nansnesiide 1 lumsvnueiyanngumes
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nnaunsNeseeld

VgV, NV

in"Vreg L reg” ¥ out (36)
R, R,
Ry
;- (Vin'Vreg)=Vreg-Vout (3 -7)
1
Ry
;l. (Vin-vreg) -Vmgz.vout (3‘8)
R,
Vreg- ;l. (Vin.vreg)zvom (3'9)
5 R
fmuald ==g
Ry
Vxeg G (Vin'vreg)=vout (3.10)
Vreg-G (Vin'Vreg) =V, 3.1D)
fmuald V. =V

In_ " out current_sensor

outzvout_opam =VAN0 (3- 12)
Vreg -G (Vout_cm'lem_sensor -Vreg)zvout_opam (3.13)
se lRarumsvenons sdugaii
Vmg'voul_opam
o Vreg™Vou current sensor (.14)
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3.2.4 N50ONIVLIITINTUANMOINES
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3.2.5 2495unae
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qunsal $u usaduilg (v) nszIagIgaiy (A)
vomosTumADY 2 24 2
vemasasnannines 1 24 1
95U 1 12 <<
199571180 2 5 <<
fAINTIVNTUE 3 5 <<
uesa I 12 <<
lulasnoulnsames

usRHLAZNIZHAN Y 512,24V 4A

3.2.5.2 M3OBANLLNDIUKAIDE

unasnion ldfenuameivng 24v teessunssauliily 12v uas sv 14

Ingusines (Regulator) 1195 7812 az 7805 Ay dagalii 3.17
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12V 5
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B
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WiF g 10
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25y

310 3.17 29vsumassw

o d o
3.2.6 M31INMUVRUUBIAGS 2 Aamazesuvaanieleenuuuaensesiiun
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3.2.6.1 PONULILATEINOTANINTIAININGIAGS 2 63

k4 v v
TunsndesadisemsginsaiilFunses dagildi 3.18
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I
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317 3.18 2wasmauguuemes 2 g Schematic

iloeonmnines Infuadefoudes  nimfuseniuratmensietunoy
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101U Print PCB Ma197393A70gu08005 2 /) #agiil 3.20

37U 3.20 uaRsmeIees PCB vensnIuguNBIAe 2 @
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o ° o o o o
Tuneugarnigunsaiyndaians asuvesn (Board) 29939u1as 2995

ATUAUNBIARS NTTUARTI AT3UT 3.21
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7111 321 29smIuguusiAes 2 47

3.2.6.2 Bﬂﬂlﬂl‘llﬂ‘lﬂ’lwlﬁiﬁuﬁ’ldiﬁllﬂﬂ'ﬂl‘]ﬂ

k- v ¥
unsnadrenemsqUnsaildluoces degali 3.22
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311 3.25 2995unasne

327 msmswninesierrunl¥hihilnsaowinsaned
32.7.1 mamadandmmussTundiRduseinen nua R ar
wones (K,)
WmMasie V(v,,.,) Tudusimes 'n1mfuminuameﬂﬁnqaﬁaaﬁﬁuﬁ i
V,= 0 szifamnaze I (A) $u insthiingy L nniiunlaoumss v, finsnaaesdiuas
Annamn v,

4' @ @ o (3 Ao v
M919N 3.5 Namimﬂ1ﬂs::xmnmﬁmummnﬂnmnmueﬁmm

V¥ 1(4) VoulV)
12 1.69 2.44
24 3.06 2.40
0 0 56.20
=12 1.37 10.32
-24 3.03 21.59
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o o & o = =
5 wluan 3 2 @nTuE 52113 I(A) HD Vout (V)
@ou)

Vout(V)
60
50
40
30
20
10

0

=== Total

@ ® I(A)

i1 3.26 Aswluemsanudiussendte v, (v) v 1a) Fevan)

MINN 3.6 FamsIampsziasuusIRuEIARATIAIMsdedy

Vv, (V) 1(A) V,.)
12 3.06 2:40
24 1.69 2.44
0 0 46.60
12 1.67 10.32
24 3.03 2.15

o = Yo dy
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s aor 4 2 TONEE. |
nI ""I!!ﬂ'ﬂ W VNANTIUB 20 )'I 1 Vout(V) o I(A)

Vout(V)

50 4

40
30
20
10

@o¥y)

—¢— Total

(V)
1.67 1.69 3.03

w
)
=)

3327 namluamsnuduiuisznin v, (v) fu1a) Gedhe)

3.2.7.2 8A%103UA PDC #id Terminal Voltage (K,,)

MINN 3.7 uaeIn R URUSS21ea1 PDC A1 VV) o9

PDC V(V)
360 22.81
270 17.58
180 11.93
90 6.34

0 0.0003

9

hn@ouns i 1d@ail
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i li""!!ﬂ'ﬁ WIUDNTUB 32114 PDC o1 V(V) (aoud)

Viv)

0

30 328 nsmluansnuduiusznine PDC fiu (V) @ou)

g Total

PDC
90 180 270 360

nans ldmanusumiing 0.0627

MINN 3.8 uaRINNUFUNUTIZN 91 PDC 1 V(V) odhe
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PDC V(v)
360 2223
270 17.14
180 11.64
90 6.17
0 0.0028

o ) Y o dy
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e o & [Y) s ar ’
L{ k] Ii’l!!ﬂﬂ WNINHANTIB S0 )'N PDC oy V(V) ('ﬂﬁ"% 19)

vV
25 -
20 -
15
10

e ToOL 3!

0 PDC
0 90 180 270 360

710 329 asmluamsmFIRUEIZH N PDC fu VV) (Rodho)
ninns anInudumii 0.0611

3.2.7.3 anudniugszninm PDC fum @ (rad/sec)

MINT 3.9 uaRINIIUFURUESEY 1ar PDC #Y (rad/sec) 80921

PDC O (rpm) 0(rad/sec)
360 9085 951.378
270 7013 734.399
180 4768 499.303
90 2520 263.893
0 0 0
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HAA N NUDTUFT 13 PDC A1) O@radisec)

o)

M(radisec)
1000

800
600
400
200

=g Total

. PDC
0 90 180 270 360

311 330 nsmluaasnFiuT 321319 PDC f O(rad/sec) (§0921)
nnns ldmanuduniia 24.944

AN 3.0 UaRANNTUNYSISHTI9AT PDC AY @(rad/sec) A8910

70

PDC @ (rpm) ®(rad/sec)
360 8855 927.293
270 6788 710.837
180 4613 483.072

90 2434 254.887
0 0 0

o = 9 o d”
wndeunsnlddatl




UEA N INEINT U1 11 PDC A Y Orad/sec)
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1000

800 -
600
400
200
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wme Tot 2

PDC
0 90 180 270 360

7331 anliamennuduiussendnm PDC fu (rad/sec) (Rodhe)
105 Iamanusuvind 24.166
3.2.7.4 ANUTUNUFIZHINM I(A) A1) Vout(V)

MINN 311 damn NUFURUTTEM 1981 I(A) H1 Vout(V) d0un

71

1(A) Vout(V)
-3.05 5.01

0 243
3.03 0.31
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3 wluam an NaudInTis 521011 1) HD Vout(V)

@ou)

Vout(V)
6 |
-y
4
3 - Total
2 i
1
0 H(EV)

-3.05 0 3.03

31 332 msmlnarasamuduniussening IA) fu Vout(v) Bevan)
ninnsl Idanauduniii -0.875 VA

M3 3.12 uanUdNRUS TN IA) Al Vout(V) dpdu
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1(A) Vout(V)
-2.99 4.50

0 237
3.08 0.38

¥
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L L J s = -»
s iluaman ) m@nis 52119 Q) /Y Vont(v)

("oT14)

Vout(V)
5 T
%
3
2 === Total
1
0 I(A)

-2.99 0 3.08
71 333 nsmlummenmudniudsen i IA) $r Vout (v) (Rodae)

nnps i idsmanuduifin -0.712 VA
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4 ]
nnuihmsweusedaanaudiiv

avsinmsIamInvesdayanalimuzaunuguanifves

UNA
d Q
ailnsal 5 -
¥® a )
Dﬂﬂiﬁﬁﬁﬁ]{l’ﬂﬂizllﬁuﬂlﬁ@{ Output current Analog
. ANO/RBO
ATUYN sensor right 0-5V
NITAIATNIUNITUANDIADS | Output current Analog
e AN1/RB1
ATULY sensor left 0-5V
A5 NTUNTZUTNOMDTABN . | Output current Analog
2 A AN2/RB2
AANINDS sensor sticker 0-5v
Set point
Ry < ) Analog
AR NGl umsndoun movement AN6/RB6
0-5V
speed
S = K 5 Set point feed Analog
AINANNLIINITADNANNND S AN7/RB7
speed 0-5v
Right channel
Plus QEA/RB4
< Y J 4 A
muTmm@smmmmm
Right channel
Plus QEB/RB5
B
G - i Left channel A Plus
L@uiﬂﬂlﬂ@ﬁuﬂm@i“ﬁﬂ
Left channel B Plus
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d’ @ o [ a B J
M3 3.14 sudasdyanauedanadienldlululasnouInsames

@IANA
ginsal y — -
) LRIGTG n
Input 1 PWM or Logic 38 PWMIL/REOQ
25 TVNOIMBI ABUN Input2 | PWM or Logic 37 PWMIH/RE]
Enable A Logic 30 RFO0/+5V
Input 3 PWM or Logic 36 PWM2L/RE2
293 UNBImRs Rady Input4 | PWM or Logic 35 PWM2H/RE3
Enable B Logic 29 RF1/4+5V
Input 1 PWM or Logic 34 PWM3L/RE4
NesduNemasasnannines Input 2 PWM or Logic 33 PWM3H/RE5
Enable A Logic 26 RF2/+5V

3.3.2 MInUguNBINDT
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U @ o o @ o o U
AWTIAUNBNDT o a1 lagul T saauieuma NN URUEsEnIg
U @ 1 @ [ I'd 4 1 v o o 1 [ @ {
A1 PDC NUASIAUANATONNBINDS (V) BN 1UMANUTURUTIZHII9 PDC fUusIsud
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Inaruvenes (1) 14
v

nmiuhnedeufisuridineiissndne PDC. fuussiuanasen (k) uag
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va Kyi ¥
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: K,
=1
1o
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B
PDC = AR lmAa (Duty Cycle)
kain = 97318911 PDC A® Terminal Voltage (PDC / V)
Koo AL I (v: sec/rpm)
Jd
Ry = anudumuenes (Q)
o o o v
W ee UIIAUDIANANNAINTIVTANTZUE (V)
Vsl UIIRUDIANAIAGINTIVIANTZUE 1 0 A (V)
@ 1 1 a J < d d' ] Jd
Ko — PATITIUAMTIA VD MHATUIDTABNT LA lnar UL (V/A)

A "W 3 a 7 ) 9 ° J
Lﬂﬂﬁ1ﬂ1ﬂﬂ5']Lﬁ'll“lﬁﬂgim@ﬂﬂﬂm@iﬂlmguu‘]'lﬂ ﬁTNTiﬂu’]llﬂﬂ'JUﬂiJiJﬂlﬂﬂi

1Ada'ly
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d
3.3.2.2 MmImuguaNuswenes
¢ & < 7Y g : 2 qy
msauguuamesiieIianuSweswame sy lumuaud e 5914
v ! 3 Jq 9 A Y Y Any
PI Controller 113190 luMsmguanusweuenes inefi ndreduiildnanin

3 1w 3 a Jd Y a Y
UU ﬁ']ﬂJ'liﬂ‘ﬂ'lﬂTf]ﬂi'Hi'JL"]Nl}ilﬂlﬂ\?ll@mﬂiﬂllﬂﬂﬁﬂ‘lﬂ

> Myi= Ki*{ Wendt

(err
Wsp 3 MOTOR Ll ¥V

> MVp = Kp*(er

4 < v
gﬂ‘ﬁ 3.35 uﬁﬂ\?llﬂﬁxLLﬂiﬂJﬂ’JUﬂﬂJﬂ’JﬁJLi’J‘iﬂﬂ\ﬁJmﬂﬂ‘5

9
910 Block Diagram 32 J@aun156atl

W, =W,,-0) (3.16)
MV,=MV,+®__*T (3.17)
MV=K_*®, +K,(MV,) (3.18)
o

1 @ 3 a
ﬂ"lLﬂ1HiJ'lEJ"U?N?JGIﬂL5’JL‘NHlJ

I

. - §a515 AT iinanes

@ - AANURANIIAYBISAT IS AT
IMVE: = LE)WT‘VWI Integral Controller

MV = Lﬂ]ﬁ‘l@ﬁ PI Controller

3 = AAINAIUNET
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=9

K. = AAINUTHUT (Integral)

= AnendaaIu (Proportional)

4 @ ] A
vnaumstiedululnsaen Insamesaunsomugusasivewemedud

E4
v w

= a q A o ]
azdnelined ANUMIAILNIANNMTIARDUYRITIVEI DA IITIAUANSAT S 1ve .

v
vomasnsaeeteld

3.3.3 mImmwmniimesvesnames
3.3.3.1 MWMANNAIUIMIUeIS IS B INBIABS (R)
hmsie v (v, O Wunuemes mmﬁfumiﬂmmafiﬁwqﬂﬁﬂagﬁ’uﬁ i
V= 0 wiAannsgd I (A) T famstuiin I, sniunFeumss N fn1snaasad

UAZAIIUMIAIR,

M3 3.15 HaMsIAmIA 19U oIMBS NI LIRS IR TN L iR B399

VaV) L(A) :%10)
12.00 1.60 7.50
15.00 2.20 ; 6.81
18.00 2.30 7.82
21.00 2.60 8.07
24.00 2.98 8.05

AN Lincar Least Square Fuuaumsilszanaisudunss
ny=AZx2+BZx sl
Y. y=AY x+BN )
dlofmuald X fo 1
YfoV,

wld Dxy =2107

Yx® =12333

Z Yot 00

Yx = llss

n =5
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unusiasluaumsi (1) uas (2)
uwhaums'lda A = 8034
¥
A9TuA1 Ra voauoInas nszuansaNauiify 8.034 O

o 4 Yo dy
han@euns i 1dasil

LI VAN & 4
o5 wluaaawn n@nius 52111 VIV) 5 1) @oun)

(€]
3 15 i ‘

[N
o
1
|
\
|

== Total
15 &« OO L N i
1 & & <, 3 — &
!
05 {; ............... = o =
0 5 o BN | B o~ R AW, _ o U Bl . | \_(‘_)
12 15 18 21 24

U336 nsmuansmuduiussznine vv) fu KA) Gevn)

M3 3.16 HamM33AMA 1 UBILBIARS NIz IARs RAMMTINA DY
V() 1(4) 1:7(0)
12.00 B 6.77
15.00 218 6.88
18.00 243 7.04
21.00 2.70 777
24.00 2.85 8.42

IANGYF Linear Least Square Fufluaumsiszinasnduass
ny=A2x2+BZx (D)
Y y=A) x+BN 0
iodmuald xfer
Yfo Vv,
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8 Dxy

Yx* =2920

Xy =9

Dx  =1193

I

222.78

n =5
unumasluaums (1) uaz (2)

uhaumslaa A = 10.93

Ed
=

9
#91UA1 Ra vouomas nszuaasatiauiiy 10.93 Q 1hundsunsw'laasil

Qriiiae iid Ead oy o v
nj l'l’l!!ﬂ'ﬁ I VAAIFB 2 ]'I 1 V(V) ou I(A) (@a519)

HEV
3

[ 57
1.y f=—Y e S M\ Total
1 } = P —_— e, e I |
05 - e -
0 1 = o . o v = 3 FaTHAL TAR FAY FAS FaY" N g -, s Ho— g ‘.(“)
12 15 18 21 24

3111337 nsmlummsnnudiniusseninav(v) fu 1A) Gedhe)

33.32 msiambaninensil (A1 Back-emf Constant Y833121A03)
J d
MINABBININ K, Y03201A03
Ed
mnistleuussdulduduemes mimindasussiudoundu (v,) vaz@oadu
o ] I a s 1 3 = o & v
mmsdannuirsevvewemeialminlimesyliviodiu mpm (Goudew) dniudes

= 1 mn o 4
nlaeuiiumite (adisec) Mnaums W(pm) x = = W(rad/sec) AWTBAMIUM K, 1anin

V. s 4 ' a
aums K = '(:)A' i].lﬂuuﬂ']ﬂ']ﬁlﬂaﬂuﬂ'] V, UagNana g
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Y V,(V) @(rpm) )(rad/sec) K (V/rad/sec)
12 0 900 94.24 0

15 0.014 1125 117.80 0.000150
18 0.018 1350 141.37 0.000090
21 0.022 1575 164.93 0.000100
24 0.026 1800 188.49 0.000058

I . £ 1
VNN Y Linear Least Square wﬂuﬁmmiﬂizmmmgﬁ’umq

ny=AZx2+BZx = (D)
2 y=A Y, x+BN (2)

dotmuald X e

Y flo V.
WA 1 Yxy - 9.1407
2. £ = 105473.877
3. )y = 0061
4. X x - 706.83
S5.n = 5

unuaasluaumsi Q) vag Q)

udaums 1am A

Y
oy volts

' 4 =S " @ =
Anuazldm K, vewemednssuaaselinuiiy 14.93X 10°

- rad/sec
Yo A

udeuns v 1aaeil
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25 1H16A 0 NUATUE 521 111 VAa(Y) 7D O@ad/sec)

(rad/isec)

200
150
100

50

0
0.022

@ov)

0.026.0.030.034 .0.038

=== TOt 2|

Va(V)

31l 3.38 namlumaensmdiniussendn v, (v) fr @Gad/ssec) @ovan)

A15197 3.18 M5 iamiAqveauRIABs NI AL B 199

Vi V,.(V) @(rpm) 0D(rad/sec) K (V/rad/sec)
12 0.022 900 94.24 0.000210
15 0.026 1125 117.80 0.000080
18 0.030 1350 141.37 0.000140
21 0.034 1575 164.93 0.000120
24 0.038 1800 188.49 0.000015

a 2 '
IANGHS) Linear Least Square Faulurumsdssinanudunss
Z xy———AZ x2+BZx
2 y=A Z x+BN

Wemmuald XfAs @

mm 1
2;
3
4.
5

YfoV,
hxy =
b
Ny
ZX

n

I

-1
el )
9.918
105473.877
0.074
706.83
5
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unusasluaumsi (1) uaz Q)

upaumsldm A

k4
LR

e o S 5 volts
aniuldam K, veswemesnszuaasatiaumiv 16.012X 10 e
S€C

o = 9y o d’
HIWWBUNT 1ﬂ1ﬂﬂ~1u

A5 HWENTUE TV, (V) i) Oadisec)

-
(QOFY)

{(rad/sec)
200
100 #F =

| s and L0171

44 ——— 2 ' el CEN/ARRANNAE " N 4l

0 - St e 0 S B Y iy

0.022 0.026 0.03 - 0.034 0.038
91t 339 s whiamsarudiugsznig v, (v) f1 @(radisec) (od0)

33.33 ﬂﬁ"fﬂﬁm&)‘fﬂmﬁ (Torque Constant;K)

iimstlou v, udadem 1, uazussdsesuames ninaids uaiesnnmFas
o mg Fntsnoumizelkithiiiady

VINAUMS F(g)x9.81 = F(N)

aunsafuuamMesn 14910 T=Fxr ; ({0 r 1320z MaUnifil 0.03 m
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139N 3.19 AIBYWATTNNTIAN NN UDIUDINDINTSLLANTI (@2UNNVI) WD r=0.03 m
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V., F(g) F(N) I, T K,
3 30 294 0.2 8.82 44.10
4 35 343 0.4 10.29 25.72
6 50 490 0.6 14.70 24.50
i 55 539 0.8 16.17 20.21
8 80 784 1.0 23,52 23.52
11 85 833 1.2 24.99 20.82
12 140 1372 1.4 41.16 29.40
13 145 1421 1.6 42.63 26.64

a 2 2 g 1
ANYHY Linear Least Square ¥l uaumsilszumandunss

Dxy=AY £+B Y x
Y y=A) x+BN
defmuald X Ao I
Y Ao T
Wil 1. ) xy =
2. )% -
3. 230
4. ) x -

Ssin =

unumasluaunsi (1) uag Q)

udaumslaa A

v
v @ 1

4 U L as
ANUUM K, VDINOINBINTLUAATINA WAL 25.288 Newton-Meter/Ampere

Y
Weuns v 1daedl

{=£1)
(2

206.976
8.16
182.28
T

5
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T (Vm)Av I (A) @)

T (N*m)

45
40
35

25
20
15
10
5
0

g4 . 06

11 3.40 nsluamsnnuFuRuTIene T (N m)A IA) @ova1)
3

0.8

B

-

1.6

s Tot 2|

I(A)
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MINT 3.20 H0619A15 NTIAMAVBINBINDS NIZUARTI (A0919910) 11D r = 0.03 m

v, F(g) F(N) I T K,
3 30 294 0.2 8.82 44.10
4 35 343 0.4 10.29 25.72
6 45 441 0.6 13.23 22.05
7 60 538 0.8 17.64 22.05
8 80 784 1.0 23.52 23.52
10 80 882 12 26.46 22.05
12 135 1323 14 39.69 28.35
13 150 1470 1.6 44.1 27.56

£ '
INNQYF) Linear Least Square Fuiluaumsilszinannduns

ny=A2 x2+B2x
Zy=AZx+BN

dedmuald Xfol

ma 1. Z Xy

YfeT

2. sz i

209.328
8.16

(1)
:-42)




3. Dy

I

183.75

4. 2 x = 72

S50 = 5

unumasluaumsn (1) uaz )

whaumslam A

9
AU K, veaueimesnszuans alia Ay 25.233 Newton-Meter/Ampere

o a Yo dy
huneuns i 1daail

o o 4 A Qs
o3 wluaaan 1 m@niis 521010 T Nm) Hu I Q)

(@o¥1y)

U 3.41 nsluarasnnuduRUFs I T m)A KA) §odhe)
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U a d
3.3.4 mamamnimeslululasaeuinsaass
3 VA v ¢
3.3.4.1 mamuuamisuaulylulasnoulnsiaes
a a 4 ° ° Vo Yo
mssudulumsdenluTnsnouInsimed dspic MMImruaniae iy

v
"laJTﬂsﬂauTmmaa%mﬁuﬁmm%uIﬂmﬂiuﬂ'mﬂn“l%'amiu@a (Module) #1499 1&

U q' Y J
misuauhilasnoulnsiaes

Fosc (XTAL) = 7.37728 MHz

Fcy = 1.8432 MHz

Tey = 0.5425 us

T = 8.6806 us
du%'uéfuiuga MCPWM

Fpwm = 10 kHz

Prescaler = 1

Posrscaler = 1

Tpwm = 360

PWM Resolution= 9.526 bit
ﬂ'u‘s;m’fuiuga TIMER 1

Prescaler = 1

Ttimerl = 200 ms

Period = 368640

3.3.42 glwwumsdeulilsunsa

E4
@

o v S a ]
GlUﬂ'lif’nu’Juﬁ'lfanG’lﬂli']L“]NialﬁJ N1IAIUANANULIIVDIVDADTUY 10159

aQ

o 1 9 o J a 1 3 o
ey ldsunsunmelulyInsaeuInsmesd Tasmsfnummniimesaeniu i
mafuiuneluluga (Module) wes Interrupt Timer e l¥iRamsfLuA 18 una15

HHUDU
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3.34.3 AINIVANITEUY

o ] e 9 YA S A 1w o Ya
‘Vnﬂ’]iﬂ'lﬂﬂilﬂ'ﬂllﬁ:]ll'ﬂm?JilmE’Ig“UNGlﬁiJﬂTliJLTJWWHﬂu VI'Ii‘Vi'Jﬂﬂ'li
4 { 3 [ 1 o oA < o q =
Lﬂﬁauﬁﬁlmimﬂuumtﬁumq mﬂuumummuwuw'lﬁ'fﬂmmuTﬁ’ﬂmm (Encoder) Lﬁ@ﬂ\i
a9 J o g d
TEYSNADINIG Mﬂl@@i%ZWTﬂﬁﬁﬂﬂﬁﬂﬂlﬂ@iﬂﬂ"h_,

¢
3.3.43.1 Iavisanauguanuimemesudazdha

| |

INPUIT MOTOR INPUT MOTOR
LEFR Vsan Wsp RIGHT Wsen {)sp
CALCULATE CALCULATE
w ACTUAL LEFT w ACTUAL RIGHT
CALCULATE CALCULATE
w ERROR= w ERROR=
) BP-w act 1 SP-w act
Pl controller P controlles
"V=Kp*Err+ KM Errdy My=Kp*Err+Ki“Esrdt
| T | e

{ ¢ 3 J
;J‘ijﬁ 3.42 L!ﬁﬂQI‘I/\IEﬂﬂiﬁﬂ’J‘]Jﬂilﬂ’J'liJLi’JiJ?Jm’E)SLmag‘fllN
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o . d
3.3.4.3.2 aviamseusdumiamsasnannnes

Start
Position

/

INPUT QEI DATA
DISTANT SETPOINT
DISTANT ACTUAL

istance = distance e
point

Driver motor sticker

MAIN

{ o 1 ) 1 g
3N 3.43 wrmallansamssuadumiimsasnaannes
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411 MIAOIUMINGY])
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13191 4.1 ﬂ1W']5'lllLGl’t]51’]sl,"]ﬁ/I'NVli]‘}elj;]

V. 2.5 v

Gain 17 i
V. at_0A 2.8 v
Sensitivity 0.05 V/A

9
Y

daiulddinszuanangugmnunse 4.2

MINN 4.2 ANTZUANING G

Voutopam (V) Vout current sensor (V) T Motor_sticker (A)
0.00 2.65 2.94
1.25 2.57 1.47
2.50 2.50 0
373 2.43 -1.47
5.00 2.35 -2.94

4.1.2 wanlaanmsaeufey
d'l 9 o [ 1 In ¥ o 4' @ ~
enaaeuassiMITuueli I ananuana gy e nus wuYeLUAmeS
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#include<p30f4011.h>
#include<stdio.h>
#include<pwm.h>
#include<adc10.h>
#include<timer.h>
#include<math.h>

#include<qei.h>

_FOSC(CSW_FSCM_OFF & XT);

w/PLL 1x

_FWDT(WDT_OFF);

//disable SW & mon disabled & XT

/Iwatchdog timer off

/1 variable
[f~mmmmmmmmmeet analog module ---=----------------
unsigned int result[3], start, order AN;
unsigned int result ANO, result AN1, result AN2;
[fmmmmmmmme e variable motor -----------------
float Vss = 0
int test=1;
//---- motor left -----
float Wik~ =0;
float TaL =0;
float Ra I. =10.93;
float Kv_ L =0.002584;
float Kpw_L =24.166;
float Kpv L =0.0611;
float Kvi L =-0.712;
float Vsen M L;
float Vsen M 1.0 - =2.555;//v

//---- motor right



float W R =0

float IR =0

float Ra_ R =38.034;

float Kv_R =0.00307;

float Kpw R =24.944;

float Kpv R =0.0627;

float Kvi R =-0.875;

float Vsen M _R;

float Vsen M RO  =2.529;//V
[f=mmmmmmem e variable PI controller =---------------

float W_sp=8900;

PDC1/PDC2=90/ sp=2200

/150% PDC1/PDC2=180 sp=4500

/175% PDC1/PDC2=270/ sp=6700

//100% PDC1/PDC2=360 sp=8900

float

float
float
float
float
float
float

float

float

Tcy =0.000000543;

Kp R =0.075;
Ki R =2;

W err R =0;
MV_R =0;
Integral R=0;
COMP_PDCI1 =0;

Force PDC1=0;

Kp L =0.09;

1125%



float Ki L =2;
float W err L =0;
float MV L =0;
float Integral 1.=0;
float COMP_PDC2 =0;
float Force PDC2=0;
[[=mmmmmmemme- variable QEI ----------------
unsigned int Cp=0;
unsigned int Cpsp=0;
unsigned int X _sp = 1000;
int wait;
[fmmmmmeee hardware note
// Fosc (XTAL) :7.3728 MHz
// PLLx o
// Fey : (Fosc/4)*PLLx = 1.842 MHz
/Il Tey : 1/[(Fosc*PLLx)/4] = 0.543 us = 0.000000543
/' T : (4*prescaler)/(Fosc*PLLx) = 0.543 us
I PWM
// Fosc (XTAL) +7.3728 MHz
I Fey : (Fosc/4)*PLLx = 7.3728 MHz

// prescaler

// postscaler

// Fpwm

// Tpwm(period)

1

// PTPER

// PWM Resolution
// Duty 0-100%

: 10 kHz
: (Fey/[Fpwm*prescaler])-1
: (1843200/[10*16])-1
1183
: [log(Fosc/Fpwm)]/[log2] bit
: 0-183



// timer1 Interup cal motor sticker

// Motor control sticker
void _ISR _TlInterrupt(void)

{

1/ cal Ia

Ia_R=(Vsen M _R - Vsen M RO)/Kvi R;
lIa_ L=(Vsen M _L- Vsen_ M LO)/Kvi L;

W_R = ((PDC1*Kpv_R)-(Ia_R*Ra R))/Kv R; //RPM
W_L = ((PDC2*Kpv_L)-(la_ L*¥Ra_L))/Kv L; //RPM
e | PI controller -----------=--

//-- PI control right
W_err R=W_sp -W_R;
Integral R = (Integral R +(W_err R*Tcy));
MV_R = ((Kp_R*W_err_R) +Ki R*Integral R);

/- PI control left
W err L=W_sp-W_L;
Integral L = (Integral L +(W_err L*Tcy));
MV_L =((Kp_L*W_err L)+ Ki_L*Integral L);

if(MV_R>0 && MV_R<0)

{
COMP_PDC1 =MV R;
)
if(MV_L>0 && MV_L<0)
{

COMP_PDC2 =MV L;



//-- control direction Right --

if(W_sp>0)

{
Force_ PDC1 = PDC1+COMP_PDC1;
/IM_R_foward
OVDCONDbits.POVD1H=1; OVDCONbits.POVD1L=0;
/M. R reward
//OVDCONDbits. POVD1H=0; OVDCONDbits. POVDI1L=1;
PDC1 = Force PDCI;

}

//-- control direction Left --

if(W_sp>0)

{
Force PDC2 = PDC2+COMP_PDC2;
/M_L foward
OVDCONDits.POVD2H=0; OVDCONbDits.POVD2L=1;
//OVDCONbits. POVD2H=1; OVDCONDbits.POVD2L=0;
PDC2 =Force PDC2;

}

_T1IF =0; // Clear Timer! Interrupt flag

/! TIMER 1 =========—= calculate motor sticker

void Timerl1 Init(void)



{

unsigned int config, period;

CloseTimer1();

ConfigIntTimer1(T1_INT ON);

// Close Timerl

// Config Int Timerl

// Timer1 Control Register (TICON) Bit Defines

config=T1 ON &
T1_IDLE STOP &
T1_GATE OFF &
disabled
TIPS 141&
T1_SYNC EXT OFF &
T1_SOURCE INT;

period = 405;

OpenTimerl(config,period);
}

1 MCPWM

void Init MCPWM(void)

{
PTCON = 0;
PTPER = 183;
SEVTCMP = 0;
PWMCONI1 = 0XO0FFF;
PWMCON2 = 0X0002;
OVDCON = 0X0000;
PDC1 =0;
PDC2 =0;

// Timerl ON
// stop operation during sleep

// Timer Gate time accumulation

// Prescaler 1:1

// Do not synch external clk input

// Internal clock source

// Set PR1 Register 23041=200ms

// Open Timerl

/10-360



PDC3 =0;

1 =ADCI10

void Init ADC(void)

{
unsigned int configl, config2, config3;
unsigned int configport, configscan;

unsigned int channel;

CloseADC10(); // Turn off A/D

// Configure ADCONI1 register
configl = ADC_MODULE_OFF & // ADON A/D Converter oFF

ADC_IDLE _CONTINUE & // A/D Operate in Idle mode
ADC_FORMAT FRACT &  // A/D data format integer flote no sing
ADC_CLK AUTO & /I sampling/conversion (Auto convert)
ADC_SAMPLE SIMULTANEOUS&// sequence sampling
ADC_AUTO_SAMPLING_ON & // Auto sampling Select
ADC_SAMP_ ON; // sample / hold amplifiers are sampling

// Configure ADCON2 register

config2 = ADC_VREF_AVDD AVSS & // Vref+ is AVdd and Vref- is AVss
ADC_SCAN ON & // Do Scan Input
ADC_CONVERT _CHO & /I A/D channels utilised
ADC_SAMPLES_PER INT_4 & // interrupt at 4th sample
ADC_ALT BUF _OFF &  //Buffer 16-word buffer
ADC_ALT_INPUT OFF; //use MUXA only

// Configure ADCON3 register
configd = ADC_SAMPLE TIME 3 & // A/D Auto Sample Time 3 Tad



ADC_CONV_CLK_SYSTEM & // Clock Source Clock derived from system clock

ADC_CONV_CLK. 3Tey2;

// port an ADPCFG register

configport = ENABLE_ANO ANA &

// A/D Conversion Clock Select bits

// RBO/ANO anlog port

ENABLE_AN1_ANA; //RBI/ANI anlog port

// Configure ADCSSL register

configscan = SKIP_SCAN AN2 &

// scan for ANO-AN1

SKIP SCAN_AN3 &

SKIP SCAN AN4 &

SKIP_SCAN AN5 &

SKIP_ SCAN_ANG6 &

SKIP SCAN AN7;

OpenADC10(configl, config2, config3, configport, configscan); // configures the ADC

// Configure ADCHS register

channel = ADC_CHO_POS_SAMPLEA ANO &

is ANO

ADC_CHO_POS_SAMPLEA AN1 &

// A/D Chan 0 pos i/p sel for SAMPLE A

// A/D Chan 0 pos i/p sel for SAMPLE A is

// set channel configuration

AN1
ADC_CHO_POS_SAMPLEA AN2 & // A/D Chan 0 pos i/p sel for
SAMPLE A is AN2
ADC_CHO_NEG_SAMPLEA_NVREF; // A/D CHA, CHB, CHC neg input is VREF
SetChanADC10(channel);
}
It ===QE[===—==
//QEI Interrup

void Init_Qei(void)

{



//function on motor sticker

_QEIIF = 0;

void Init QEI(void)
{
/I Enable QEI Interrupt and Priority to "1"
ConfigIntQEI(QEI_INT PRI 1 & // Setting the priority 1
QEI_INT_ENABLE  // Set the Interrupt enable bit
)

OpenQEI(QEI_DIR_SEL._CNTRL &  // Control/Status Bit, QEICON<11>, Defines Timer

Counter (POSCNT) Direction
QEL_INT CILK & // Internal clock (FOSC/4)
QEI_INDEX RESET DISABLE & // Index Pulse does not reset Position Counter
QEI_CLK_PRESCALE 256 & // QEI 1:256 prescale value
QEI_GATED_ACC_DISABLE & // QEI Timer gated time accumulation enabled
QEI_LOGIC_CONTROL IO & // QEI logic controls state of I/O pin
QEL INPUTS NOSWAP &  // QEI Phase A and Phase B inputs not swapped
QEI_MODE_x4 MATCH &  // x4 mode with position counter reset by match

(MAXCNT)
QEI_IDLE CON, //' QEI Discontinue module operation when device enters a idle
mode.
0 // configures the Digital Filters (DFLTCON)
I
//POSCNT = 0; // Set Position Counter Register
MAXCNT = 0xFFFF; // Set Maximum Count Register
¥

// main



int main (void)

{
I

Open module

Init MCPWM(); //call MCPWM Module
PTCONDits.PTEN = 1; //lenable MCPWM
Init ADC(); //call ADC
ADCONI1bits. ADON = 1; //lenable ADC
ConvertADC10(); /[Convert ADC
ADCONI1bits.SAMP = 1; //start sampling
Timerl _Init(); //call timer
Init QEI(); /lcall QEI
while(1)

{

1

read analog

for(order AN=0;order AN<3;order AN-++)

{
result[order. AN] = ReadADC1 O(order AN);
}
result. ANO = result[0]; //current sensor motor right
result AN1 = result[1]; //current sensor motor left

result AN2 = result[2];

[f====== convert to value display 100%=65472----
Vsen_M_R = (result AN0/13094);
Vsen M L = (result AN1/13094);



I/

1

direction motor

//Motor_left

//OVDCONDbits. POVD2H=1; OVDCONbits.POVD2L=0;

//OVDCONbits. POVD2H=0; OVDCONbits.POVD2L=1;
//PDC2=90;

//Motor_right

//OVDCONDits. POVD1H=1; OVDCONbits. POVD1L=0;

//OVDCONbits. POVD1H=0; OVDCONbits.POVD1L=1;
//PDC1=90;

1
1
/"
//

1
1

us

1/

Position counting
C_p_sp=X sp*514/0.38;
WriteQEI(514/0.38); //1 meter=514

if(ReadQEI() < 0)
{ C_p=-ReadQEI(); }
else

{ C_p=ReadQEI(); }

if (C_p=C_p_sp)
{
PDC3=0;
OVDCONbits.POVD3H=1;
OVDCONbits.POVD3L=0;

for(wait=0,wait<3682413,wait++)

PDC3=120;

//M_L_reward
//M_L_foward

//M_R_foward
//IM_R_reward

//Tey=0.543



PDC3=0;

I }

return 0;
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ACS754xCB-050

Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with High Voltage Isolation and a Low-Resistance Current Conductor

Discontinued Product

These parts are no longer in production The device should not be
purchased for new design applications. Samples are no longer available.

Date of status change: May 3, 2010

Recommended Substitutions:

For existing customer transition, and for new customers or new appli-
cations, refer to the ACS758.

NOTE: For detailed information on purchasing options, contact your
local Allegro field applications engineer or sales representative.

Allegro MicroSystems, Inc. reserves the right to make, Jrom time to time, revisions to the anticipated product life cycle plan
Jor a product to accommodate changes in production capabilities, alternative product availabilities, or market demand. The
information included herein is believed to be accurate and reliable. However, Allegro MicroSystems, Inc; assumes no respon-
sibility for its use; nor for any infringements of patents or other rights of third parties which may result fromy its use.




ACS754xCB-050

Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with High Voltage Isolation and a Low-Resistance Current Conductor

Features and Benefits

Description

* Monolithic Hall IC for high reliability The Allegro ACS75x family of current sensor ICs provides

= Single +5 V supply

economical and precise solutions for current sensing in

* 3 KVpygisolation voltage between terminals 4/5 and industrial, aufomotive, commercial, and communications

pins 1/2/3 for up to 1 minute
= 35 kHz bandwidth
= Automotive temperature range

systems. The device package allows for easy implementation by
the customer. Typical applications include motor ¢ontrol, load
detection and management, power supplies, and overcurrent

* End-of-line factory-trimmed for gain and offset fault protection.

* Ultra-low power loss: 100 pQ internal conductor

resistance

* Ratiometric output from supply voltage

= Extremely stable output offset voltage

* Small package size, with easy mounting capability
« Output proportional to AC'and DC currents

The device consists of a precision, low-offset linear Hall
circuit with a copper conduction path located near the die.
Applied current flowing through this copper conduction path
generates a-magnetic field which the Hall IC converts into a
proportional voltage. Deviceaccuracy is optimized through the
close proximity of the magnetic signal to the Hall transducer.
A precise; proportional voltage is provided by the low-offset,
chopper-stabilized BICMOS Hall IC; which is programmed

Package: 5 pin package (leadform PFF) donaciulagy Rt IETHC oy,

The outputofthe device hasa positive slope (>V ¢/ 2)when an
increasing current flows throughthe primary copper conduction
path (from terminal4 to terminal 5), which is the path used for
current sampling. The intemal resistance of this conductive path
is typically 100 p<2, providing low power loss. The thickness
of the copper conductor allows survival of the device at up to

Continued on the next page...

Typical Application

11
4
pe VG G 3
ACST754 0.

.1 pF
LYl el 1 I
CF -
5
IP— ‘ 3 ‘
viout —./W\L_o Vs

Application 1. The ACS754 outputs an analog signal, Yoyt
that varies linearty with the uni- ot bi-directional AC or DC
primary-sampled current, I, within the range specified. Ce
is recommended for noise management, with values that
depend on the application.

ACS75450-DS Rev. 12



Fully Integrated, Hall Effect-Based Linear Current Sensor IC

ACS7564xCB-050 .
with High Voltage Isolation and a Low-Resistance Current Conductor

Description (continued)

5= overeurrent conditions. The terminals of the conductivepathare  The devicé is fully calibrated prior to shipment from the factory.
electrically isolated from the signal leads (pins 1 through 3). This ~ The ACS75x fam ily is lead (Pb) free. All pins are coated with
allows the ACS75x family of sensor ICs to be used inapplications ~ 100% matte tin, and there is no lead inside the package. The
requiring electrical isolation without the use of opto-isalators or  heavy gauge leadframe is made of oxygen-free copper.

other costly isolation techniques.

Selection Guide

P b Top Sl:;::‘npalzi gianaitvity ren e Packing!
art Number Sen. g ackin
°C) Current, » '(nf\}x)p P el signal Pins -
(A)
Mte&osmepm —40to 150 +50 40 Formed Formed Bulk, 170 piecesbag

'Contact Allegro for additional packing options.

AVariant is in production but has been determined to be LAST TIME BUY. This classification indicates that the variant is obsolete and notice has been
given. Sale of the variant is currently restricted to existing customer applications. The variant should not be purchased for new design applications
because of ohsolescence in the near future. Samples are no longer available. Status date change November 2, 2009. Deadline for receipt of LAST
TIME BUY orders is April 30, 2010. Recommended substitute:: ACS758LCB-050B-PFF-T.

Absolute Maximum Ratings

Characteristic Symbol Notes Rating Units
Supply Voltage I Vee 16 \Y
Reverse Supply Voltage Vree -16 \
Output Voltage Viour 16 \4
Reverse Output Voltage Vriout =01 \
Maximuym Basic Isolation Voltage Viso 353 VAC, 500 VDC, or V,, \
Maximum Rated Input Current I 200 A
Qutput Current Source lout(source; 3 mA
Output Current Sink louising 10 mA
; : 2 Range L —40to150 °C
Nominal Operating Ambient Temperature Ta
Range S -20t0 85 °C
Maximum Junction T {max) 165 °C
Storage Temperature Tetg -65t0170 °C

TOV - America
Certificate Number:
U8V 04 11 54214001

Fire and Electric Shock
EN60950-1:2001

Allegro MicroSystems. Inc: 2
115 Notthsast Cuitoff

Worsester, Massachusetts (1515-0038 US A
1.508.853.5000; www allegromicro com




Fully Integrated, Hall Effect-Based Linear Current Sensor IC

ACS754xCB-050 ,
with High Voltage Isolation and a Low-Resistance Current Conductor
Functional Block Diagram
5V
IP+ vee
L T O mmm e —————— —————— e
Voltage
Regulator

L—-> To all subcircuits =~ ™—

|
VIOUT % {5k
@—6 A< 01 1F

Dynamic Offset
Cancellation
Filter

! ) Trim Control

o e i o o e B . e o B i B B o B

1

1

1

1

1

I

{

[

]

1

- | Temperature p 1
l Gain Sosficiont | Offset :
1

1

1

1

1

1

]

Pin-out Diagram

e [3] viout
(2] GND
oo [E] 7] vce
Terminal List Table
Number Name Description
T VCC Device power supply pin
2 GND Signal ground pin
3 VIOUT Analog output:signal pin
4 1P+ Terminal for current being sampled
5 IP- Terminal for current being sampled

Allegro MicroSystems. Inc: 3
115 Northeast Cuitoff

Worcester; Massachusetts 01515-0036.U.S A
1.508-853.5000; wwvy.allégromicro.com




ACS754xCB-050

Fully Integrated, Hall Effect-Based Linear Current Sensor IC

with High Voltage Isolation and a Low-Resistance Current Conductor

ELECTRICAL CHARACTERISTICS, over operating ambient temperature range unless otherwise stated

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Primary Sampled Current Ip -50 - 50 A
Supply Voltage Veo 45 50 55 \Y
Supply Current lee Vee =5.0 V, output open 6.5 8 10 mA
Output Resistance Rout louT=1.2mA - 1 2 Q
Output Capacitance Load CLoAD VOUT to GND pat E= 10 nF
Output Resistive Load Rioap VOUT to GND 47 - ~ kQ
Primary Conductor Resistance Rprimary |lp=#100A; To=25°C - 100 - pQ
Pins 1-3 and 4-5; 60 Hz, 1 minute 3.0 - - kv
PERFORMANCE CHARACTERISTICS, -20°C to +85°C, Ve = 5 V unless otherwise specified
Propagation time tproP [p=+50A, Ty=25°C = 4 = s
Response time trResponse  |lp=#50A, T4=25°C - 12 - ps
Rise time t Ip= 250 A, To= 25°C - 1 - ps
Frequency Bandwidth f -3dB,T,=25°C - 35 - kHz
e Over full range of Ip, Ta = 25°C - 40 - mV/A
Resvey a9 B = T e s 378 ® 20 | mVA
T [t X AEVNERE
Linearity Eun Over full range of Ip - - +1:5 %
Symmetry Esym Over full range of Ip 98 100 102 %
Zero Current Output Voltage Voury |I1=0A Ta=25°C - Vee/2 - v
Electrical Offset Voltage vV =0 A Ta=25°C -10 - 10 mV
(Magnetic error not included) OE I=0A -20 =z 20 mvV
Magnetic Offset Error lerrROM =0 A after excursion of 100 A - A +0.40 A
Total Output Error £ Qver fulf range of I, Ty = 25°C — +1.0 = %
(Including all offsets) TOT [Over full range of Ip = = 5.0 %
PERFORMANCE CHARACTERISTICS, 40°C to +150°C, Vo =5 V unless otherwise specified
Propagation time tproP Ip=+50A, To=25°C - 4 = ps
Response time tresponse  |lp= #50A, Ta= 25°C X 12 = us
Rise time i Ip=+50A, To=25°C - 11 - us
Frequency Bandwidth f =3dB, Tp=25°C - 35 - kHz
Sensitivity e Qver full range of Ip, Ty = 25°C = 40 = mV/A
Over full range of Ip 36.0 - 42.8 mV/A
: Peak-to-peak, Ta = 25°C
Poie Vioise ngit:er:al fit,t;A : i > i 10
Linearity Epn Over full range of lp - - 1.8 %
Symmetry Esym Overfull range of Ip 98 100 102 %
Zero Current Output Voltage Vour@@ |I=0A Tx=25°C = Vee/2 = v
Electrical Offset Voltage V. | =0:A, TA=25°C -10 - 10 mVY
(Magnetic error not included) OE [=0A _35 = 35 mv
Magnetic Offset Error lERROM [ =0 A after excursion of 100 A - +0.1 +0.40 A
Total Output Error E Over full range of Ip, To=25°C - +1.0 - %
(Including all offsets) Lol Over full range of I, - - £9.9 %-

Allegro MicmSystems, Inc:

115 Northeast Cutoff

Worcester,; Massachusetts 01515-0035.U.S A,
1.508.853.5000; wiww allegromicro .com




ACST754xCB-050

Fully Integrated, Hall Effect-Based Linear Current Sensor IC

with High Voltage Isolation and a Low-Resistance Current Conductor

Definitions of Accuracy Characteristics

Sensitivity (Sens). The change in device output inresponse to a
1 A change through the primary conductor. The sensitivity is the
product of the magnetic circuit sensitivity (G/A) and the linear
IC amplifier gain (mV/G). The linear IC amplifier gain is pro-
grammed at the factory to optimize the sensitivity (mV/A) for the
full-scale current of the device.

Noise (Vyorsg)- The product of the linear IC amplifier gain
(mV/G) and the noise floor for the Allegro Hall effect linear IC
(=1 G). The noise floor is derived from the thermal and shot
noise observed in Hall elements. Dividing the noise (m V) by the
sensitivity (m V/A) provides the smallest current that the device is
able to resolve.

Linearity (Epy). The degree to which the voltage output from
the IC varies in'direct proportion to the primary current through
its full-scale amplitude. Nonlinearity in the output can be attrib-
uted to the saturation of the flux concentrator appreaching the
full-scale current. The following equation is used to derive the
linearity:

100 { 1 [A gain X % sat ( Viout_full-scale amperes  FlouT(Q)) } }
2 (Mout_half-scale amperes  V10UT(Q))

where

A gain = the gain variation as a function of temperature
changes from 25°C;

%.sat =the percentage of saturation of the flux concentra-
tor, which becomes significant as the current being sampled
approaches full-scale +Ip, and

VIoUT full-scale amperes = the output voltage (V) when the
sampled current approximates full-scale +Tp .

Symmetry (Egyyg). The degree to which the absolute voltage
output from the IC varies.in proportion to either a positive or
negative full-scale primary current. The following equation is
used toderive symmetry:

/ VIO‘UI‘_+ full-scale amperes .VI'OUT(Q)).

\VIOUT(Q) Viout_ full-scale amperes

Quiescent output voltage (Vigurq))- The output of the device
when the primary current is zero. For a unipolar supply voltage,
it nominally remains at Vo/2. Thus, Voo = 5V translates into
Viout(gy = 2.5 V. Variation in V(g can be attributed to the res-
olution of the Allegro linear IC quiescent voltage trim, magnetic
hysteresis, and thermal drift.

Electrical offset voltage (Vo). The deviation of the device out-
put from its ideal quiescerit value of V/2 due to nonmagnetic
causes.

Magnetic offset error (Igpron)- The magnetic offset is due to
the residual magnetism (remnant field) of the core material. The
magnetic offset error is highest when the magnetic circuit has
been saturated, usually when the device has been subjected toa
full-scale or high-current overload condition. The magnetic offset

is largely dependent on the material used as a flux concentrator.

The larger magnetic offsets are observed at the lower operating
temperatures.

Accuracy (Ergr)- The accuracy represents the maximum devia-
tion-of the actual output from its ideal value. This is also known
as the total output error. The accuracy is illustrated graphically in
the output voltage versus current chart on the following page.

Accuracy 1s divided into four areas:
o 0 Aat25°C. Accuracy at the zero current flow at 25°C, with-
out the effects of temperature.

o 0 Aover Atemperature: Accuracy at the zero current flow
including temperature effects.

o Full-scale current at 25°C. Accuracy at the the full-scale current
at 25°C, without the effects of temperature.

¢ Full-scale current over A temperature. Accuracy at the full-
scale current flow including temperature effects.

Allegre MicraSystems, Inc. 5
115 Northeast Cutoft

Worcester, Massachusetts 015150035 LS A
1.508.853.5090, wivvy gilegromicro com



ACS754xCB-050 Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with High Voltage Isolation and a Low-Resistance Current Conductor

Output Voltage versus Sampled Current
Accuracy-at 0 A and at Full-Scale Current

A
Increasing Vg ,;V)

Accuacy

Over ATemp erature
e
Accuracy- 5.

25°C Only 27
1{min) j

<& e

Accuracy
Over ATemperature

=, (8)

o oA

Accurac

F—T 25°C o;lyy

Acturaty
- OverdTemperature

v Decreasing V4, (V)

Full Scale

Iptmax)

Definitions of Dynamic Response Characteristics

Propagation delay (tpgop). The time required for the device
output to reflect a change in the primary current signal. Propaga-
tion delay is attributed to inductive loading within the linear IC
package, as well as in the inductive loop formed by the primary
conductor geometry. Propagation delay can be considered as a
fixzd time offset and may be compensated.

Response time (trpsponsg)- The time interval between a) when
the primary current signal reaches 90% of its final value, and b)
when the device reaches 90% of its output corresponding to the
applied current.

Rise time (t,). The time interval between a) when the device
reaches 10% of its full scale value, and b) when it reaches 90%
of its full scalé value. The rise time to a step response is used to
derive the bandwidth of the device, in which f(—3 dB) = 035/ 1
Both t; and tgppongg are detrimentally affected by eddy current
losses observed in the conductive IC ground plane.

1 (%) /—-Pﬂmaly Currernt

\—*Transmcer Output

Propagation Time, topge

(%) 4 /—— Primary Current

Transducer Output

el Response Time, tRegPONSE

! 1
|
T
be—=L—Rise Time, &

Allegre MicroSystems, Inc.

115 Northeast Cutoff

Warcester, Massachusetts (1515-0036 U.S A
1.508 .853.5000; wwvv.allegromicro com



Fully Integrated, Hall Effect-Based Linear Current Sensor IC

ACS754xCB-050
: with High Voltage Isolation and a Low-Resistance Current Conductor

Step Response
No external filter, T,=25°C
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ACS754xCB-050 Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with High Voltage Isolation and a Low-Resistance Current Conductor

Package CB, §-pin package
Leadform PFF

140:0.2
150:0:10
30:02 —! 40402
5 4 l forze
3502
208
@15
175462
13.00£0.10 C|> yo
¥ ¥
v A\ poB oo Retererce view
4:40+0.10 EBranded
O e I =1\
LL 29102/3 NINNNNNN
- )5“25" TTT-AAA
2.3 +0.080
0381 003 J
Pty
10.0040.10 4
35+02 LLILLLL
Ovww g
L

7.00:0.10

A andard Branding Reference View

N =Device parl number
T = Temperature code
A =Ampsrage range

L =Lot number
05110.10 —’I I‘- Y = Last two digits of year of manufacture
19402 W = Woek of manufactur

A = Swplieremblem

ForRelererce Only; not for{ooling use (referance DWG-9111, DWG-9110)
Dimensions in millimeters g
Dimensions exclusive of mold Nash, gate burrs, and damber protrusions
Exactcase and lead corfiguration at supplier discretion within limits Shown

Creepage distance, current termirials to signal pins; 7 25'mm A % 3 1
Clearance distance, cument terminals to signal pins: 7-25:mm Dambar removal intrusion
Package mass: 463 gtypical A Perimeter through-holes recommended

A Branding scale and appearance al supplier discretion

Copyright ©2004-2010, Allegro MicroSysterms, Inc.

Allegro MicroSystems; Inc. reserves the right to make, from fime to time, such departures from the detail specifications as may be required to per-
mit improvements in the performance, reliability, or manufacturability of its products. Before placing an order, the user is cautioned to verify that the
information being relied upon is-current.

gI0’s products are not-to be used in life supr jce s, if'a failure of an Allegro product ca
failure of that life support device or system. or to affect the safety or effectiveness of that-device or system.
The information included hereinis believed to be accurate and reliable. However, Allegro MicroSystems, Inc. assumes no responsibility for its use;
nor tor any infringerent of patents or other rights of third parties which may result from its use.

For the latest version of this document, visit our website:
www.allegromicro.com

Allegro MicroSystems, Inc. 8
115 Northeast Cutoff

Worzester, Massachusetts (11515-0036.U.S A

1.508 853.5000; wwiv.allegromicro.com
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L298

DUAL FULL-BRIDGE DRIVER

» OPERATING SUPPLY VOLTAGE UP TO 46 V

« TOTAL DC CURRENT UPTO4 A

« LOW SATURATION VOLTAGE

« OVERTEMPERATURE PROTECTION

« [OGICAL "0" INPUT VOLTAGE UP TO 15 V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L2398 is an integrated monolithic cifcuitin a 15-
lead Multiwatt and PowerS0O20 packages. Itis a
high voltage, high current dual full-bridge driver de-
signedtoaccept standard TTL logic levels and drive
inductive loads such as relays, solenoids, DCand
stepping motors. Two enable inputs-are provided to
enable or disable the device independently of the in-
put signals. The emitters of the lower transistorsof
each bridge are connected together and the corre-
‘sponding external terminal can be used for the con-

BLOCK DIAGRAM

Multiwatt15 PowerS020

ORDERING NUMBERS : L298N (Multivatt Vert)
L298HN (Muitiwatt Horiz.)
L298P (PowerS020)

nectionof anexternal sensing resistor. Anadditional
supply input is provided so that the logic works at a
lower voltage.

1
in? In&
Ty T
1
n2 In3
12 L} )
EnA EnB
o—{° > = -0
. 5
SENSE A = I p——OSENSE B ieats
Rsa Rsg

Jenuary 2000
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L298

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vs Power Supply 50 \'A
Vss Logic Supply Voltage 7 V
ViVen Input and Enable Voltage —03to 7 \
lo Peak Output Current (each Channel)
— Non' Repetitive (t = 100us): 3 A
—Repetitive (80% on —20% off; ;= 10ms) 25 A
-DC Operation 2 A
Vsens Sensing Voltage -11t02.3 v
Ptot Total Power Dissipation (Tease = 75°C) 25 W
Top Junction Operating Temperature -25 to 130 °C
Tetg, Tj Storage and Junction Temperature —40 to 150 96
PIN CONNECTIONS (top view)
/ | ~ 15[ CURRENT SENSING B
1 s D OUTPUT 4
[k EARES OUTPUT 3
ja T NRUT S
4/ ey ENABLEB
10— "3 INPUT3
3 8 A LOGIC SUPPLY VOLTAGE Vgg
Multiwatt15 5 AN
7 a3 INPUT 2
gy Y3 Vi7 3" ENRBEER
SAPTITIOnIA 3 INPUT 1
4 T SUPPLY VOLTAGE Vg
_Q} sf——=  oureur:
T oy elTRn
\ I' AN D CURRENT SENSING A
Z TAB CONMECTED TOPIN 8 DI5IN240A
s
GND [} 1 20 1 GND
Sense A Ca2 19 ] SenseB
Ne . B=13 18 ] N.C.
Out1 [ 4 17 1 Out4
out2 |5 PowerSO20 1 [—7 out3
Vs 1 6 15 1 Input4
Input1 [ Z 14 ] Enable B
EnableA ] 8 13 7 Input3
Input2 4 9 12 1 vss
eND [ 10 11 [ eND
D851N239
THERMAL DATA
Symbol Parameter PowerS020 Multiwatt15 Unit
Rinj:cese | Themal Resistance Junction-case Max. - 3 °C/W
Rinjamb | Thermal Resistance Junction-ambient Max. 13¢(% 35 °C/W

(*) Mounted on aluminum substrate

2113
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PIN FUNCTIONS (refer to. the block diagram)

MW.15 PowerSO Name Function
1,15 2,19 Sense A; Sense B |Between this pin and ground is connected the sense resistor to
control the current of the load.
2,3 4,5 Out'1; Out 2 OQutputs of the Bridge A, the current that fiows through the load
connected between these two pins is monitored at pin 1.
4 6 Vs Supply Voltage for the Power Output Stages.
A non-inductive 100nF capacitor must be connected between this
pin-and ground:
5.7 7,9 Input 1; Input 2 TTL Compatible Inputs:of the Bridge A.
6,11 8,14 Enable A; Enable B |TTL Compatible Enable Input the L state disables the bridge A
(enable A) and/or the bridge B (enable B).
8 1,10,11,20 GND Ground.
9 12 VSs Supply Voltage for the Logic Blocks. A100nF capacitor must be
connected. between this pin and ground.
10; 12 13;15 Input 3; Input 4 TTL Compatible Inputs of the Bridge B.
13; 14 16,17 Out 3; Out 4 Outputs of the Bridge B. The currentthat flows through the load
connected between these two pins is monitored at pin 15.
— 3,18 N.C. Not Connected

ELECTRICAL CHARACTERISTICS (Vs = 42V; Vss = 5V, T = 26°C; unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vs Supply Voltage (pin 4) Operative Condition Vi +2.5 46 \
Vss _JLogic Supply Voltage (pin 9) 4.5 5 7 V
Is Quiescent Supply Current(pin4) |Vea=H; 1.=0 Vi=L 13 22 mA
) Vi=H 50 70 mA
Ven =L Vi=X 4 mA
Iss Quiescent Current from Vss (pin 9) [Vea =H; IL=0 Vi=L 24 36 mA
Vi=H 7 12 mA
Ven =L Vi=X 6 mA
Vi Input Low Voltage ' 03 1.5 Vv
(pins 5, 7, 10, 12)
Vin Input High Voltage 2.3 VSsS Vv
(pins 5, 7, 10, 12)
i Low Voltage Input Current Vi=L —10 pA
(pins §, 7, 10,.12)
IH High Voltage Input Current Vi=H< Vg -0.6V 30 100 HA
(pins 5, 7, 10, 12)
Ven= L |Enable Low Voltage (pins 6, 11) -0.3 15 Vv
Ven=H |Enable High Voltage (pins 6, 11) 2.3 Vss Vv
len="L JLow Voltage Enable Current Ven =L -10 WA
(pins 6, 11)
len=H [High Voltage Enable Cument Ven =H < Vg 0.6V 30 100 PA '
(pins 6, 11)
Vcesat (1) |Source Saturation Voltage IL="1A 0.95 1.35 1.7 v
JlL=2A 2 27 V
Veesat Ly | Sink Saturation Voltage L=1A (5) 0.85 1.2 1.6 v
IL=2A (5) 1.7 2.3 Vv
Veesat | Total Drop L=1A (5) 1.80 3.2 v
L=2A (5 4.9 N
Vsens | Sensing Voltage (pins 1, 15) -1 (1) 2 A
/4 313
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ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
T+ (V) |Scurce Current Turn-off Delay 05Vito 091, (2) (4 15 us
T2(Vi) |Source Current Fall Time 09l to0.11L  (2),(4) 0.2 us
T3 (Vi) |Source Current Turn-on Delay. 0.5Vito0:11L  (2); (4) 2 us
T4 (Vi) |Source Current Rise Time 011 o091 (2 (@) 07 us
Ts5 (Vi) |Sink Current Tum-off Delay 0:5Vito 091 (3);(4) 07 us
Tes (Vi) |Sink Current Fall Time 081 to011.  (3),(4) 0.25 us
T7(V) |Sink Current Tum-on Delay 05Vito0.91.  (3);(4) 1.6 us
Tg (Vi) |Sink Current Rise Time 011  to09 1L (3);(4) 02 us
fc (Vi) |Commutation Frequency IL=2A 25 40 KHz

T4 (Ven) |Source Current Turn-off Delay 0.5 Vento 09 1L (2); (4) 3 us
T2 (Ven) [Source Current Fall Time 091, to 01 1L (2);(4) 1 us
T3 (Ven) |Source Current Turn-on Delay 05Vento 011 (2); (4) 03 us
Ta (Ven) |Source Current Rise Time 011 t0o091l. (2); (@) 0.4 us
Ts (Ven) |Sink Current Tumn-off Delay - 05Vento 091 (3); (4) 2.2 us
Ts (Ven) |Sink Current Fall Time 09l to01 1L (3)(4) 0.35 us
T7 (Ven) |Sink Current Turn-on Delay 05Vento 091  (3);(4) 0.25 us
Ts (Ven) |Sink Current Rise Time 0.1l to091.  (3);.(4) 0.1 us

1) 1)Sensing voltage can be —1 V for t < 50 usec; in steady state Viers min = —0.5 V.

2) Seefig. 2.

3) See fig. 4.

4) The load must be a pure resistor.

Figure 1 : Typical Saturation Voltage vs. Output Figure 2 : Switching Times Test Circuits.
Current.
6= 6418
Vsar
v
Vg =42V
Veg =5V
INPUT
24
20 |-
16 e ENABLE
P
-~
gl ==
os |-
04 s-s8%2n
0 04 08 12 16 20 24 Io(A). Note : For INPUT Switching, set EN =H

413

For ENABLE Switching, set IN = H
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Figure 3 : Source Current Delay Times vs. Input or Enable Switching.

L4

Imax(2A) :
e e e 7

0% T (" ST e 1 .
T2 T T4
Veni (4V’
30%. T =T =SSN t
5-5853/2

Figure 4 : Switching Times Test Circuits.
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Q) 9,

INPUT

ENASBLE
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Note : For INPUT Switching, set EN =H
For ENABLE Switching, set IN=L
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Figure & : Sink Current Delay Times vs. Input 0 V Enable Switching.

A

Imax(2A)

CIRCUIT

D1 TO D4:1A FAST RECOVERY DIODE(fry, €200ns)

$-5833F1

”" - - -—) —————————————— (
10% - ——— g = e §o
.18 |ve 7 |n
(&v)
K 0% +f - e t
Imax(2A)f-— — —— —{p———————— - — - — = — — — -
S0°% - iy, W SR
0% - t
(&V)
30% e et e e e e e e
' g —
S-10667 .
Figure 6 : Bidirectional DC Motor Control.
"5
o
WOnF
-L LY W U3
30 u
: = s ' Inputs Function
Ao i L =l : :
Ven=H C=H;D=L Forward
(ﬁ: 1) " :, C=L;D=H Reverse
3 Owee C=D Fast Motor Stop
i | Ven =L C=X;D=X |Free Running
i Kbl Motor Stop
1/2 L298N = Low H =High X=Don't care
B _O¥en
TO CONTROL = e 1
15 0
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Figure 7 : For higher currents, outputs can be paralleled. Take care to parallel channel 1 with channel 4

and channel 2 with channel 3.
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APPLICATION INFORMATION (Refer to the block diagram)

1.1. POWER QUTPUT STAGE

The L298 integrates two power output stages (A ; B).
The power output stage is a bridge configuration
and its outputs can drive an inductive load in com-
mon or differenzial mode, depending on the state of
the inputs: The current that flows through the load
comes out from the bridge at the sense output :an
extemal resistor (Rsa ; Rsg.) allows to detect'the.in--
tensity of this current.

1.2. INPUT STAGE

Each bridge is driven by means of four gatesthe in-
put of whichare In1; In2 ; EnAand In3 ; In4 .} EnB:
The Ininputs set the bridge state when The Eninput
is high ; a low state of the Eninput inhibits the bridge.
All the inputs are TTL compatible.

2. SUGGESTIONS

A non inductive capacitor, usually of 100 nF, must
be foreseen between both Vs and Vss, to ground,
as near as possible to GND pin. Whenthe large ca-
pacitor of the power supply is too far fromthe IC, a
second smaller one must be. foreseen near the
L298.

The sense resistor, not of a wire wound type, must
be grounded near the negative pole of Vs that must
be near the GND pin of the |.C.

&7

Each input must be connected to the source of the
driving signals by means of a very short patn.

Turn-On and Turn-Off : Before to Tum-ON the Sup-
ply Voltage and before to Turn it OFF, the Enable in-
put must bedriven to the Low state.

3. APPLICATIONS

Fig 6 shows a bidirectional DC motor control Sche-
matic Diagram for which only one bridge is needed.
Theexternal bridge of diodes D1 to D4 is- made by
four fast recovery elements (trr < 200 nsec) that
must be chosen of a VF as low as possible at the
worst case of the load current.

The sense output voltage can be used to control the
current amplitude by chopping the inputs; or to pro-
vide overcurrent protection by switching lowthe en-
able input.

The brake function (Fast motor stop) requires that
the. Absolute Maximum Rating of 2 Amps must
never be overcome.

When the repetitive peak cument needed from the
load is higher than 2 Amps, a paralleled configura-
tion can be chosen (See Fig.7).

An external bridge of diodes are required when in-
ductive:loads are driven and when the inputs of the
ICare chopped , Shattky diodes would be preferred.

mnm3
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This solution can drive-until 3 Amps In DC operation Fig 10 shows a second two phase bipolar stepper
and until 3.5 Amps of a repetitive peak current: motor cortrol circuit where the current is controlled
OnFig8itis shown the driving of a two phase bipolar by the [.C. L6506.

stepper motor ; the needed signals to drive the in-

puts of the L298 are generated, in this example,
fromthe IC L297.

Fig 9 shows an example of P.C.B. deS|gned forthe
application of Fig 8.

Figure 8 : Two Phase Bipolar Stepper Motor Circuit.
This circuit drives bipolar stepper motors with winding curents upto 2 A. The diodes are fast 2 A types.

v
?“ 100n¢F
c‘m’_'l c3

uF

L :
o | 02| 03 D4

N&

" STEPPER
L298N L’ MOTOR
3 WINDINGS

[

A

Ve<i2V@l=2A
tr <200 ns

Rs1=Rs52=05Q

D1to D8 =2 A Fast diodes

8/13
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Figure 9 : Suggested-Printed Circuit Board Layout for the Circuit of fig. 8 (1:1 scale).

b

Y 4)
GND Vs 01 02

Figure 10 : Two Phase Bipolar Stepper Motor Control Circuit by Using the Current Cortroller L6506.

= EL R E 2 1
] — ] “;" }_im:'h'
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e :' EE :‘ 1 : : 3
e e
’-“’I_—ll]""'. o L.

Rr and Rsense depend from the load:current
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bits == e OUTLINE AND
" min. | Tve. [ max. | min | TYR. | MAX
MECHANICAL DATA
A 5 0.197
B 265 0.104
c 16 0.063
D 1 0.039
E | 049 055 | 0019 0.022
F | ose6 0.75 | 0.026 0.030
G | 102 | 127 | 152 | 0040 0050 | 0.060
G1 | 1753 | 17.78 | 18.03 | 0690 | 0.700 [ 0.710
H1 | 196 0772
H2 20.2 0.795
L | 219 | 222 | 225 | 0862|0874 | 0.886
L1 | 217 | 221 | 225 | 0.854 | 0.870 |'0.886
L2 |17 18.1 | 0695 0.713
i3 [1725]| 175 | 17.75 | 0679 | 0689 | 0.699
L4 | 103 | 107 | 10.9 | 0406 | 0421|0429
L7 | 265 29 |0.104 0.114
M | 425 | 455 | 485 | 0167 | 0.179 [ 0191
M1 | 463 | 508 | 553 |0.182] 0200|0218
S 1.9 26 |0075 0.102 :
st | 19 26 |0075 0.102 Multiwattis V
Diai | 3.65 385 | 0144 0.152
Hi
A
S
c =
ol G B i
1 / 3
- Dt 1/
b |
o
. —ee
R |
B
E
M M
10413 KYI




L298

DIM. o nel OUTLINE AND
MIN. | TYP. | MAX. | MIN. | TYP. MAX MECHANICAL DATA
A 5 0.197
B 265 0.104
C 1.6 0.063
E 0.49 0.55 | 0.019 '0.022
F 0.66 0.75 | 0.026 0.030
G 1.14 1.27 14 0.045 | 0.050 | 0.055
G1 1757 | 17.78 | 17.91 ] 0692 | 0.700 | 0.705
H1 19.6 0.772
H2 20.2 0.795
L 20.57 0.810
L1 18.03 0.710
L2 2.54 0.100

L3 | 1725 | 17.5 | 17.75 | 0.679 | 0.689 | 0.699

L4 103 | 10.7 | 10.9 | 0:406.| 0.421 | 0.429

L5 5.28 0.208
L6 2.38 0.094
L7 | 265 2.9 | 0104 0114
S 19 26 |0075 0.102
st | 19 26 |0075 0.102 Multiwatt15 H
Diat | 3.65 3.85 | 0144 0.152
A L i
S
c 5 —-I——< ’s1
& cy |
‘r / /
A
o Dia.1 J
A t‘_.’
o
- | | =g
© Q =
1 1B
N I L 4
s
_ = ] H2
\ -
a |
S L=l
F G
L Gl e
L5
‘7[ 11113
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DIM. mm : inch
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
A 3.6 0.142
al 0.1 0.3 | 0.004 0.012
a2 33 0.130
a3 0 0.1 | 0.000 0.004
b 0.4 0.53 | 0.016 0.021
c 0.23 0.32 | 0.009 0.013
D(1) | 158 16 | 0622 0.630
D1 9.4 9.8 | 0370 0.386
E 13.9 14.5 | 0547 0.570
e 1.27 0.050
e3 11.43 0.450
E1(1)| 10.9 11.1 | 0.429 0.437
E2 2.9 0.114
E3 | 58 6.2 | 0.228 0.244
G 0 0.1 | 0.000 0.004
H 15.5 15.9 | 0610 0.626
h 1.1 0.043
L 0.8 1.1 | 0031 0.043
N 10° (max.)
S 8° (max.)
T | 1o & | | 0394 |

(1)"D.and F" do not include mold flash or protrusions.
- Mold flash or protrusions shall not exceed 0.15mm (0.006").

- Critical dimensions: "E", "G"

and "a3"

OUTLINE AND
MECHANICAL DATA
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Information fumnished is believed to be accurate:and reliable. However;, STMicroelectronics assumes no- responsibility for the conse-
quences of use of such information nor for any infringement of patents. or other rights of third parties which may result from its use. No
licenise is granted by implication or otherwise under any patent or patent rights: of STMicroelectronics. Specification mentioned in this
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National
Semiconductor

LM158/LM258/LM358/LM2904
Low Power Dual Operational Amplifiers

General Description

The LM158 series consists of two independent, high gain,
internally frequency compensated operational amplifiers
which were designed specifically to operate from a single
power supply over a wide range of voltages. Operation from
split power supplies is also possible and the low power
supply current drain is independent of the magnitude of the
power supply voltage.

Application areas include transducer amplifiers, dc gain
blocks and all the conventional op amp circuits which now
can be more easily implemented in single power supply
systems. For example, the LM158 series can be directly
operated off of the standard +5V power supply voltage which
is used in digital systems and will easily provide the required
interface electronics without requiring the additional =15V
power supplies.

The LM358 and LM2904 are available in a chip sized pack-
age (8-Bump micro SMD) using National's micro SMD pack-
age technology.

Unique Characteristics

® In the linear mode the input common-mode voltage
range includes ground and the output voltage can also
swing to ground, even though operated from only a
single power supply voltage.

® The unity gain cross frequency is temperature
compensated.

m The input bias current is also temperature compensated.

October 2005

Advantages

m Two internally compensated op amps

m Eliminates need for dual supplies

m Allows direct sensing near GND and Vgt also goes to
GND

s Compatible with all forms of logic

® Power drain suitable for battery operation

Features

® Available in 8-Bump micro SMD chip sized package,
(See AN-1112)

m |nternally frequency compensated for unity gain

Large dc voltage gain: 100 dB

® Wide bandwidth (unity gain): 1 MHz
(temperature compensated)

a Wide power supply range:
— Single supply: 3V to 32V
— or dual supplies: *1.5V to 16V

m Very low supply current drain (500 pA)— essentially
independent of supply voltage

® Low input offset voltage: 2 mV

= |nput common-mode voltage range includes ground

= Differential input voltage range equal to the power
supply voltage

= |arge output voltage swing

Voltage Controlled Oscillator (VCO)

0.054F

2 NNa: Vg

s Al

Ve 1/21M358
Stk

1/2 LM358 H OUuTPUT 1

+
100K /\/\/

O 0UTPUT 2

vtz Stk

10k

—W

00778723

© 2005 National Semiconductor Corporation DS007787
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LM158/LM258/LM358/L.M2904

Absolute M'axim um Raﬁngs (Note 9) Distributors for availability and specifications.

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

LM158/LM258/LM358 LM2304
LM158A/LM258A/L M358A
Supply Voltage, V* 32V 26V
Differential Input Voltage 32V 26V
Input Voltage -0.3V to +32V -0.3V to +26V
Power Dissipation (Note 1)

Molded DIP 830 mW 830 mW

Metal Can 550 mwW

Small Outline Package (M) 530 mW 530 mW

micro SMD 435mW
Output Short-Circuit to GND

(One Amplitier) {Note 2)

V* <18V and T, = 25°C Continuous Continuous
Input Current (Vy < —0.3V) (Note 3) 50 mA 50 mA
Operating Temperature Range

LM358 0°C to +70°C —40°C to +85°C

LM258 —25°C to +85°C

LM158 -55°C to'+125°C

Storage Temperature Range
Lead Temperature, DIP

-85°C to +150°C -65°C to +150°C

(Soldering, 10 seconds}) 260°C 260°C
Lead Temperature, Metal Can
{Soldering, 10 seconds) 300°C 300°C
Soldering Information
Dual-In-Line Package
Soldering (10 seconds) 260°C 260°C
Small Outline Package
Vapor Phase (80 seconds) 215°C 215°C
Infrared (15 seconds) 220°C 220°C

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

ESD Tolerance (Note 10) 250V 250V
Electrical Characteristics
V* = +5.0V, unless otherwise stated
Parameter Conditions 1L.M158A LM358A LM158/LM258 | Units
Min Typ Max [Min Typ Max |Min Typ Max
Input Offset Voltage {Note 5), T, =25°C 1 2 2 3 2 5 mv
Input'Bias Current linesy OF by Ta =25°C, 2¢ 50 45 100 45 150 nA
Ven = 0V, (Note 6)
Input Offset Current linesy = linggye Ve = OV, T = 25°C 2 10 5 30 3 30 nA
Input Common-Mode | V* =30V, (Note 7) (o] V—15] 0 V*-1.5] © V=15 V
Voltage Range {LM2904, V* = 28V), T, = 25°C
Supply Current Over Full Tempearature Range
R = = on All Op Amps
V*+ =30V (LM2904 V+ = 26V) 1 2 1 2 1 2 mA
V=5V 05 12 05 12 05 1.2 mA

www.national.com




Electrical Characteristics

V* = +5.0V, unless otherwise stated

Parameter Conditions LM358 LM2904 Units
Min Typ | Max | Min Typ | Max
Input Offset Voltage {Note 5) , T, =25°C 2 7 2 7 mv
Input Bias Current lingsy OF Iinggys Ta = 25°C, 45 250 45 250 nA
Vem = 0V, (Note 6)
Input Offset Current lingsy = fineys Vo =0V, T = 25°C 5 50 5 50 nA
‘Input Common-Mode V* = 30V, (Note 7) 0 ve-15] 0 =T
Voltage Range (LM2904, V* = 26V), T, =25°C
Supply Cutrent Over Full Temperature Range
R = = on All Op Amps
V* = 30V (LM2904 V* = 26V) 1 2 1 2 mA
vVt =58V 0.5 1.2 0.5 1.2 mA
Electrical Characteristics
V* = +5.0V, (Note 4), unless otherwise stated
Puiamiotér Conttiane LM158A LM358A LM158/LM258 | Units
Min Typ Max | Min Typ Max | Min Typ Max
Large Signal Voltage Vi 715V, T = 251C;
Gain R =z 2kQ, (ForVg =1V 50 100 25 100 50 100 VimV
to 11V)
SoimonNode {~27° 1 70 85 65 85 70 8s d8
Rejection Ratio Ve = 0V-to V=15V
Power Supply V* =5V to 30V
Reiection Ratio {(LM2904, V+ =5V 65 100 65 100 65 1100 dB
to 26V), To = 25°C
Amphﬁer-to-Amphﬂer f=1kHzt0.20 kHz, T, =25°C 19753 o ~ a8
Coupling (Input Referred), (Note 8)
Qutput Cumrent | Source| V" =1V,
4 &, 20 40 20 40 20 40 mA
V=15V,
Vo =2V, T, =25C
Sink| Vi =1V, Vi = 0V
V* =15, G, =25°C; 10 20 10 20 10 20 mA
Vo=2V
V™ =1V,
Vint =0V
T, = 25°C. Vg = 200 V. 12 50 127" 50 12 50 pA
V=15V
Short Circuit to Ground | T4 = 25°C, (Note 2),
40 60 40 60 40 60 mA
V* =15V
Input Offset Voltage (Note 5) 4 5 7 my
Input Offset Voltage Rg = 0Q ;
Drift 7 15 7 20 7 ivae
Input Ofiset Current Uiy =l 30 75 100 nA
Input Offset Current Rg = 00 .
Drit 10 200 10 300 10 ‘PAI'C
Input Bias Curmrent Lingay O by 40 100 40 200 40 300 nA
Input Common-Mode V* =30V, (Note 7) 3 slon il e 2
Voltage Range {LM2904, V* = 28V)

www.national.com
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LM158/LM258/LM358/LM29C4

Electrical Characteristics (continued)

V* = +5.0V, (Note 4), unless otherwise stated

LM158A LM358A LM158/LM258 Units
Parameter Conditions Min Typ Max |Min Typ Max |Min Typ Max
Large Signal Voltage V* = +18V
Gain (Vo = 1V io 11V) 25 15 25 VimV
R 22 kQ
Output Vou|V* = +30V R =2k | 26 26 26 v
Voltage (LM2904, v+ = 26V) |R_=10kQ | 27 28 27 28 27 28 v
Swing Vo [V¥ =5V, R = 10 kQ 5 20 5 20 5 20 mV
Output Current | Source |Vt = +1V, Vi~ = 0V, 16 5 10 206 10 20 -
V=15V, Mg = 2V
Sink| V™ = +1V, Vi* = 0V, o 15 = a 5 8 A
V* =15V, Vo =2V
Electrical Characteristics
V* = +5.0V, {Note 4), unless otherwise stated
LM358 LM2904 Units
Parameter Conditions Min e Max | Min Ve Max
Large Signal Voltage V=15V, Ty = 25°C,
Gain R 22 kQ, (For Vo =1V 25 100 28 100 VimV
to 11V)
germsn Mo e 65 85 o 70 d8
Rejection Ratio Vem = 0V to VE—1.5V
Power Supply V* = 5Vt0 30V
Rejection Ratio {(LM2g04, V* = 5V 65 100 50 100 dB
10 26V}, T = 25°C
Amplifier-to-Amplifier f=1kHzto 20 kHz, T, =25°C 4458 120 a8
Coupling (Input Referred), (Note 8)
Output Current Source| Vit =1V,
ViglD OV 20 40 20 40 mA
Vi=5Y,
Vo=2V, Tp=25C
Sink{ Vi~ =1V, Vit =0V
Ve 15V, T %005 C) 10 20 10 20 mA
Vo =2V
Ve = 1V,
VivSagh 12 50 12 50 pA
Ta =25°C, Vg = 200 mV,
V* =15V
Short Circuit to:Ground Ta = 25°C, (Note 2}, - - - “ i
V* =15V
Input Offset Voltage {Note 5) 9 10 mv
Input Offset - Voltage Rg = 0Q - . WViC
Drift
Input-Offset Current Dy = Tingsy 150 45 200 nA
ln;?ut Offset Current Rs = 0Q i0 i PAPC
Drift
Input Bias Current lingey OF Iingey 40 500 40 500 nA
Input Common-Mode Ve = :;0 V. {Note 7) g g 0 N v
Voltage Range (LM2904, V* = 25V)

www.national.com




Electrical Characteristics (continueq
V*+ = +5.0V, (Note 4), unless otherwise stated

S LM358 LM2904 Units
Parameter Conditions win Typ wax | min VP T
Large Signal Voltage V* = 418V
‘Gain Vo =1V 10 11V) 15 15 V/mv
RLz2kQ
Output Vou|V* = +30V R, =2kQ 26 22 v
Voltage (LM2904, V* =28V) |R_ =10 kQ 27 28 23 24 Vv
Swing Vo |V =5V, R_ =10 kQ 5 20 5 100 mvV
Output Current Source| V" = +1V, Viy~ = 0V, - 50 i 55 poit
V* =15V, Vg = 2V
Sink|Vin™ = +1V, Vit = 0V, . . = s g
V* =15V, Vo = 2V

Note 1: For operaling al high lemperalures, the LM358/LM358A, LM2904 must be deraled based on a +125°C maximum junction lemperalure and a thermal
resistance of 120°C/W for MDIP, 182°C/W for Metal Can; 189°CAY for Small Qutlina package;-and 230°CAY for micro SMD; which applies for the devica soldered
in a printed circtit board, operating in a still air ambient. The LM258/1.M258Aand LM 1581 M1584 can be derated based on'a +150°C maximum junction temperature.
The dissipation is the tolal of both amplifiers — usé external resistors, where possible, to allow the amplifier to saturate or 1o reduce the power which is dissipated
in the integrated circuit.

Note 2: Shert circuits from the output to V* can cause excessive healing and eventual destruction, When considering short cirucits to ground, the maximum output
current is approximately 40 mA independent of the magnitude of V*_ At values.of supply voltage in excess of +15V, continuous short-circuits can exceed the power
dissipation ratings:and cause eventual destruction. Destruclive dissipation can result from simulianeous shotts on-all amglifiers.

Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP
transistors beceming forward biased and thereby acting-as input diode clamps. In addition to this diade action; there is-also lateral NPN parasitic transistor action
onthe ICchip. This transistor action can cause the output voltages of the op amps'ta gato'the V*voltage level (or to-ground lor a large overdrive) for the time duration
that an input’is driven negative. This is not destructive and normal output statés will re-establish when the:input voltage; which was negative, again returns o a value
greater than 0.3V (at 25°C).

Note 4: These specifications are fimited to -55°C < T4 < +125°C for the LM 1581 M 158A. With the LM258(LM258A,_aIl temperature specifications are limited to
-25'C < T4 s+85°C, the LM358/1M358A temperalure specifications are limited 10 '0°C < T4 <+70°C, and the LM2904 spacifications are limited to -40°C < T s
+85°C.

Note 5: V5 = 1.4V, Rg = 02 with V* from 5V to 30V: and over the full input comnwon-mode range (OV to V¥ —1.5V) at 25°C. For LM2904, V* from 5V to 26Y.
Note 6: Thedirection of the input.current is out of the IC due to the PNP input stage. This current is essentially constant, independent of Ihe state of the output so
no loading change exists on the input lines. :

Note 7: The input cammon-made voltage of either input signal voltage should not be allowed to go negative by more than 0.3V {at 25°C). The upper.end of the
common-mexde voltage range is V* —1.5Y {at 25°C), but.either or both inputs can go to +32V withoul damage {128V for LIM2904), independent of the magnitude of
Vi

Note 8: Due to proximity of external componenis; insure that coupling is not originating via stray capacilance between these external pans. This typically can be
detected as this type of capacitance increases at higher frequencies,

Note 9: Refer to RETS158AX for LM 158A military specitications and to RETS158X for LM158 military: specifications.

Note 10: Human body model, 1.5kQ in series with 100 pF.

5 www.national.com
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LM158/LM258/LM358/LM2904

£V = INPUT VOLTAGE (#Vpc)

AyoL — VOLTAGE GAIN (dB)

Ip = SUPPLY CURRENT DRAIN (mAyc)

Typical Performance Characteristics

Input Voltage Range

NEGATIVE /

POSITIVE
5 /

0 5 10 15
V¥ OR V" POWER SUPPLY VOLTAGE (Vpc)

00778734

Supply Current

T
! +
ol
mA
3

f e

1—T, = 0°C TO +125°C

Ti = -55°CT |
l

0 10 20 30
V¥ - SUPPLY VOLTAGE (Vp)
00778736
Open Loop Frequency Response
140 TGO)

oM |

120 0.1 uF —

Yo
100 ‘\%vm@/z 4
80 N = =

\\ V=30V &
N
60 —N \sit’cg,\snwc
40 \

+ _ \
s lVi=10T0 ISVDCI\ %

N
-550C<T, <+125°C \
O 1 1 Al 1 \
1.0 10 100 1.0k 10k 100k 1.0M 10M

f = FREQUENCY (Hz)

00778738

AyoL = VOLTAGE GAIN (dB) lg = INPUT CURRENT (nApc)

CMRR - COMMON-MODE REJECTION RATIO (dB)

Input Current
90
80
70
60

50 1 T 1
10 VE o= +15 Ve

Ven =0 Vpe

V' = 430 Vpe
ns I

30
20 VE o= 45V
10 i

0
-55-35 -15 5 25 45 65 85 105125

T, - TEMPERATURE (°C)

00778735
Voltage Gain
160 | ‘
R = 20ka
120 —
7 N
Y R =2kQ
80
40
0 10 20 30 40

V"~ SUPPLY VOLTAGE (Vo)

0o778737

Common-Mode Rejection Ratio

120

100

80

1k
60 it B
iy +15V

40 -

+

K -qsy  BUFFER T]

0 B T W1
100 1k 10k 100k M

f = FREQUENCY (Hz)
00778739
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Typical Performance Characteristics (Continued)

Voltage Follower Pulse Response

Vo - OUTPUT
VOLTAGE (V)

Viy - INPUT
VOLTAGE (V)

4 T T
R = 2.0k
3 ¥ —
VF =15V
(TS
1
— A
0
= b d
3
2
1
0 10 20 30 40
t - TIME (us)

00778740

Large Signal Frequency Response

Vo = OUTPUT SWING (Vp_p)

20 T

100k [T I“”

G AT
N\
5 fil \\
z |
1k 10k 100k iM

f = FREQUENCY (Hz)
00778742

Output Characteristics Current Sinking

Vo = OUTPUT VOLTAGE (Vpc)

10
1
i
0.1 lo
7 v
y 4 0
V4
Pil"s4 —— —.Y:
74 T, = +259¢ —
0.01 A : Ll
0.001 0.01 0.1 1 10 100

lp = OUTPUT SINK CURRENT (mAg.)
00778744

Voltage Follower Pulse Response (Small Signal)

500

8, - OUTPUT VOLTAGE (mV)

Qutput Characteristics Current Sourcing

Vy = OUTPUT VOLTAGE
REFERENCED TO V* (Vp)

[5 = OUTPUT CURRENT (mAyc)

450

400

350

300

250

8 TT i
ST
7 iy
6 H
5
4
3 NI
INDEPENDENT OF V* /
2 T, = +25°C
CU L L
1 s e
0.001 0.01 0.1 1 0 f 1

90
80
70
60
50
40
30
20
10

0

-55-35-15 5 25 45 65 85 105125

eD
on ISOpF{\
L | = 4
| INPUT
T
\OUTPUT ,
e T, =+25°C
V=430 Ve
e e T O
t - TIME (us)

00778741

8

Ig = OUTPUT SOURCE CURRENT (mAyc)

00778743

Current Limiting

[ ]

I B

00

T, - TEMPERATURE (°C)

G0778745
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LM158/LM258/LM358/LM2904

Typical Performance Characteristics (Continued)

Input Current (LM2902 only)

100

8

]

s

=

w

g

g 7 F
5 L~
5 |7, = 425°C
| 25

z

0 10 20 30

vt —SUPPLY VOLTAGE (Voc)

00778746

Application Hints

The LM158 series are op amps which operate with only a
single power supply voltage, have true-differential inputs,
and remain in the linear mode with an input common-mode
voltage of 0 Vpe. These amplifiers operate over a wide range
of power supply voltage with little change in performance
characteristics. At 25°C amplifier operation is possible down
to a minimum supply voltage of 2.3 Vpc.

Precautions should be taken to insure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed backwards in a
test socket as an unlimited current surge through the result-
ing forward diode within the IC could cause fusing of the
internal conductors and result in a destroyed unit.

Large differential input voltages can be easily accomodated
and, as input differential voltage protection diodes are not
needed, no large input currents result from large differential
input voltages. The differential input voltage may be larger
than V* without damaging the device. Protection should be
provided to prevent the input voltages from going negative
more than —0.3 V¢ (at 25°C). An input clamp diode with a
resistor to the IC input terminal can be used.

To reduce the power supply current drain, the amplifiers
have a class A output stage for small signal levels which
converts to class B in a large signal mode. This allows the
amplifiers to both source and sink large output currents.
Therefore both NPN and PNP external current boost transis-
tors can be used to extend the power capability of the basic
amplifiers. The output voltage needs to raise approximately
1 diode drop above ground to bias the on-chip vertical PNP
transistor for output current sinking applications.

For ac applications, where the load is capacitively coupled to
the output of the amplifier, a resistor should be used, from
the output of the amplifier to ground to increase the class A
bias current and prevent crossover distortion. Where the
load is directly coupled, as in dc applications, there is no
crossover distortion.

Voltage Gain (L2902 only)

160 | l
3 R, =20k
2 ¢
=
= A Ri=2.0k0 —]
1%}
g w0
=
-
[=]
>
1
- 40
o
>
<
i 10 2 30

v* - SUPPLY VOLTAGE (Vpc)

00778747

Capacitive loads which are applied directly to the output of
the amplifier reduce the loop stability margin. Values of 50
pF can be accomodated using the worst-case non-inverting
unity gain connection. Large closed loop gains or resistive
isolation should be used if larger load capacitance must be
driven by the amplifier.

The bias network of the LM158 establishes a drain current
which is independent of the magnitude of the power supply
voltage over the range of 3 Vo t0 30 Ve

Output short circuits either to ground or to the positive power
supply should be of short time duration. Units can be de-
stroyed, not as a result of the short circuit current causing
metal fusing, but rather due to the large increase in IC chip
dissipation which will cause eventual failure due to exces-
sive function temperatures. Putting direct short-circuits on
more than one amplifier at a time will increase the total IC
power dissipation to destructive levels, if not properly pro-
tected with external dissipation limiting resistors in series
with the output leads of the amplifiers. The larger value of
output source cutrent which is available at 25°C provides a
larger output current capability at elevated temperatures
(see typical performance characteristics) than a standard I1C
op amp.

The circuits presented in the section on typical applications
emphasize operation on only a single power supply voltage.
If complementary power supplies are available, all of the
standard op amp circuits can be used. In general, introduc-
ing a pseudo-ground (a bias voltage reference of V*/2) will
allow operation above and below this value in single power
supply systems. Many application circuits are shown which
take advantage of the wide input common-mode voltage
range which includes ground. In most cases, input biasing is
not required and input voltages which range to ground can
easily be accommodated.
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Connection Diagrams

DIP/SO Package

Metal Can Package

v’-
]
OUTPUT A vt
OUTPUT A OUTPUT B
2 7
INVERTING INPUT A —— — OUTPUT B
INVERTING INVERTING
INPUT A INPUT B
N 2 INVERTING INPUT B
NON-INVERTING NON-INVERTING
INPUT A INPUT B
4 S __ NONINVERTING
a0 INPUT B GND
06778701
S 00778702 Top view
Top View
8-Bump micro SMD
V+
| A2
aH 3
OUTPUT A OUTPUT B
INVERTING B} 83 INVERTING
INPUT A INPUT B

NON-INVERTING C1}
INPUT A

>

| C3 NON-INVERTING

INPUT B
] c2
GND
00778755
Top View

(Bump Side Down)

LM358BP micro SMD Marking Orientation

XT = Date Code

ZP:n At Corner

Pin A1 is identified by lower left
corner with respect to the text.

00778756

Top View

LM358TP micro SMD Marking Orientation

XT = Date Code

XTA
07

Pin A1 Comer
Pin Al is identified by lower lef
‘comer with respect o the taxt

00778758

Top View

LM2904IBP micro SMD Marking Orientation

XT = Date Code

Z Pin A1 Corner

Pin A1 is identified by lower left
corner with respect to the text.

00778757

Top View

LM2904ITP micro SMD Marking Orientation

XT = Data Coda

XTA
09

Pln A1 Comer
Pin A1 s identified by lowe left
‘comer with respect 1o the text

©C778759

Top View

www.national.com
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LM158/LM258/LM358/LM2904

Ordering Information

Temperature Range

Packegs 55°C10 125°C 25010850 | 0C1070C | 40Cwesc | O Prawing
50-8 LM358AM LM2904M
LM358AMX LM2904MX WOBA
LM358M
LM358MX
8-Pin Molded DIP LM3S8AN LM2904N NOSE
LM358N
8-Pin Ceramic DIP LM158AJ/883(Note 11)
LM158J/883(Note 11)
LM158J JO8A
LM1S8AJLOML(Note 12)
LM158AJQMLV (Note 12)
TO-5, 8-Pin Metal LM158AH/883(Note 11) LM258H LM358H
Can LM158H/883(Note 11)
LM1S8AH HosC
LM158H
LM158AHLQML(Note 12)
LM158AHLQMLY(Note 12)
8-Bump micro LM358BP LM29041BP BPAOSBAAB
SMD LM358BPX LM29041BPX 0.85 mm Thick
8-Bump micro LM358TP LM2904ITP TPAGBAAA
SMD LM358TPX LM22041TPX 0.50 mm Thick
Lead Free
14-Pin Ceramic LM158AWG/883 WG10A
SOIC

Note 11: LM158 is available per SMD #5062:8771001
LM158A is available per SMD #5962-8771002
Note 12: See STD.Mil DWG 5962187710 for Radiation Tolerant Devices

www.national.com
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Typical Single-Supply Applications

(V* = 5.0 Vpg)
Non-Inverting DC Gain (0V Output)

+Vin N

00778706
“R not needed due to temperature independent Ijy
DC Summing Amplifier
(Vines 2 0 Vpe and Vg 20 Vpe)

Y | — — — — — —
@
-
-
o
2
2
R2
GAIN= 1+ —
R1
= 101 (AS SHOWN)
0 Vi (mV)

00778707

Power Amplifier

R1
910k

A

+V,
R -
100k 00778709
00778708 Vo = 0 Vpc for Viy = 0 Vpe
Where: Vg = Vy + Vo - Vg - Vg Ay = 10
V=
(V4 + V) 2 (V3 + Vi) to keep Vg > 0 Vpg
1 www.national.com
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LM158/LM258/LM358/LM2904

Typical Single-Supply Applications (v+ = 5.0 V) (Continued)

“BI-QUAD” RC Active Bandpass Filter

Rt
100k

R2
100k

A3 2
100k &

1/2LM158

-0 Vo

fo =1 kHz
Q=50
Ay = 100 (40 dB)

Fixed Current Sources

v+

]

00778711

V+
. l
RS c3

Q0778710

Lamp Driver

00778712

www.national.com 12




Typical Single-Supply Applications (v+ = 5.0 V) (Continued)

LED Driver

00778713

Driving TTL

00778715

Current Monitor

R1* Iy
0.1 e
Vi O
Re
R2
100 -
Vo
R3
1k
CO778714
0
Sy

*(Increase R1 for I, small)
VS V¥ -2V

Voltage Follower

iy O

00778717
Vo =Vin

$062INT1/8SEINT/8SEINT/BS LINTT

Pulse Generator

R1

™ IN914

CQ0778716

13 www.national.com



LM158/LM258/LM358/LM2904

HIGH Zy
LOW Zoyy

Squarewave Oscillator

R1
100k

R2
150k

00778718

Low Drift Peak Detector

R1
30k

Typical Single-Supply Applications v+ = 5.0 Vo) (Continued)

Pulse Generator

IN914

00778718

(POLYCARBONATE OR
POLYETHYLENE)

*hi g AT 100 nA

2% l

Ty
4 TN

AUX AMP

INPUT CURRENT
COMPENSATION

©0778720

www.national.com
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Typical Single-Supply Applications v+ = 5.0 Vi) (Continued)

High Compliance Current Sink

I l.o

VinO

lo = 1 amphvolt Viy
(Increase Rg for Iy small)

+Ve*

é Ri2
50k

A

vtz S5tk

Comparator with Hysteresis
+Vin O

O Vo
R1
10k

+Veer O

00778722

O OUTPUT 1

100k A /\/\/
- \
<O OUTPUT 2
\1 10k
f 3
00778723
*WIDE CONTROL VOLTAGE RANGE: 0 Vp¢ < Vg <2 (V¥ ~1.5V o)
15 www.national.com
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LM158/LM258/LM358/LM2904

Typical Single-Supply Applications (v+ = 5.0 Vo) (Continued)

AC Coupled Inverting Amplifier

R
100k

M

10k

R
Ay = —Fﬁ (As shown, Ay = 10)

Ground Referencing a Differential Input Signal

R1

00778725

00778724

www.national.com 16




Typicai Single-Supply Applications v+ = 5.0 V) (Continued)

AC Coupled Non-Inverting Amplifier
R1 R2

™
ANV

Co 0 _%—3 Vpp
\/

00778726

R2
=1+ —
Ay =1 "

A, = 11 (As Shown)

DC Coupled Low-Pass RC Active Filter

c1
0.01uF

Vin

1/2 LM358 Vo

0 o

00778727
fo=1kHz

A7

www.national.com
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LM158/LM258/LM358/LM2904

Typical Single-Supply Applications (v+ = 5.0 Vuc) (Continued)

Bandpass Active Filter

€1
0.014F

Vin

1/2 LM358
R3

620k S
3
10uF /J_\ 100k 100k

Nf

fo = 1 kHz
Q=25

High Input Z, DC Differential Amplifier

$3e
<

1/2 LM358 Vo

00778729

For RL_ B4 (CMRR depends on this
R2 R3 fesistor ratio match)

R4
Vo =1+ = (Va=V
o] RSNZ 1)

As Shown: Vg = 2 (V2 — V4)

Vo

00778728

www.national.com 18




Typical Single-Supply Applications (v+ = 5.0 vyc) (Continued)

Photo Voltaic-Cell Amplifier Bridge Current Amplifier

Ry
™

A

‘CELL l
O Vo
(CELL HAS OV
ACROSS IT)

00778730

For8 <<1and Ry >> R

8\ R¢
Vo =Veer (3 | &

High Input Z Adjustable-Gain
DC Instrumentation Amplifier

R1
100k
‘N'

+Vy O—d

R2
2k

GAIN ADJUST

A
A5
100k

Vo

00778731
IfR1 = R5 &R3 = R4 = R6 = R7 (CMAR depends on match)
2R1
=1+ — -V
Vo 2 (V2 —Vyq)
AsshownVp = 101 (Vo — Vy)

00778733

19
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LM158/LM258/LM358/LM2904

INPUTS

Typical Single-Supply Applications (v+ = 5.0 Vo) (Continued)

Using Symmetrical Amplifiers to
Reduce Input Current (General Concept)

1/2 LM358 +Vo

0.001uF

*hi AT 50 nA

-
Vi e
2R
s = M
1/2 LM3s8
=\ AUX AMP
R n
1.5M INPUT CURRENT

COMPENSATION

00778732

Schematic Diagram (gach Ampifier)

00778703

www.naticnal.com

20




Physical Dimensions inches (millimeters) unless otherwise noted
0.350-0.370

{8.890-9.398)
DIA

-—

0.315-0.335

(8.001—8.509) ma

MAX
i 0.025
223 UNCONTROLLED
0.165—0.185 | 6%
{4.191-4.699) + E . LEAD DIA
\ [ v
REFERENCE PLANE — t o === gt e
0500 ~70.889) | 4 0.015-0.000
(1270)  MAX : {0.381-1.016)

MIN

<>H< 0.016—-0.019 DIATYP

(0.406 —0.483)

0.195-0.205 DIA
{4.953—5.207) P.C.

0.029—0.045
{0.737-1.143)

0.115-0.145
(2.921-3.683)
DIA

45° EQUALLY
SPACED —>

Metal Can Package (H)
NS Package Number HO8C

0.400 MAX
X DTW\[‘IT_I_ITI m;l

HO8C (REV E)

T

0.310 MAX
GLASS

0.220
0.291

R0.025 TYP l

dpET s L4

147 0.045
= o085 ™

0.290 l«— 0.005 GLASS
0.320 MIN /_suum
o e ey

<)
t

¥ S [ X
J_(

0.020
0.060

0.150
! 0.125 MIN

: 0.200

90° £ 4° TYP

o450
ooRe e _\_/" 0.310 0.055 MAX —]
0.410 5 BOTH ENDS H H
0.008 . ‘l L 0.018 £0.003 TYP
0.012

0.100%0.010 TYP

Cerdip Package (J)
NS Package Number JO8BA

J08A (REV K}

21
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LM158/LM258/LM358/LM2904

Physical Dimensions

inches (millimeters) unless otherwise noted (Continued)

0.189-0.197

(4.800 - 5.004)

: i 1:6°7%

‘i AAAR
0.228-0.244
(5.791-6.138)

mkd.'l T
30
IDENT b
0.150 -0.157
(3.810—3.935)
00100020 , 45 —gul g 0.053-0.069
(0.254-0.508] | T (1381753} 0.004-0.010
ALL LEADS {0.102-0.254)
I, = f R = waik
i o £ L
ooos-ooa G e oo ome | = 0.014-0.020 1yp
o s (s N
061 kL g
TYP ALL LEADS g wosa v
SOIC Package (M)
NS Package Number M08SA
0.373-0.400
(8474=10.16)
0.080
1 A
0092 0.032:+0.005
2330 N 8130127
PIN NO. 1 IDENT Lo Ay
\ AN (6.35.£0.127) PIN NO. 1 IDENT:
oFTION 1 [®
[DREAREIRD)|
0.280
ey D280 0.040
"N 003 1018 o] oFTION 2
MAX 0.039
0.300-0.320 (0.762) — et _0.145-0.200
{1.62-8.128) |~ N s e 3.683-5.080)
et =71 * s | 0.130:£0.005
| 11T (3.302£0.127) i
ey LA E 0.125-0.140 ?
0.065 {3.175-3.556)
0.003-0.015 - 90°+4° ‘SNLSO:)
0030015 fj = @5 :
{0:229-0.381) DA ’I v MIN
+0.040 NOW 90164000
03es 1o T pasTz0.08)
+1.016 010020010
("“S-u.m) " (2540 £0.258)
0.04540.015
1.143£0.381
( ) 0.060
T {1.52¢)
s ] | g o
(1.270) NOSE (REV F)

Molded Dip Package (N)

NS Package

Number NOSE

www.national.com
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

L.270  MAX
.005 um——a‘ te.861
(0. 421 i 5
4 \
.410%,010
[10.41+0.25]
) 141!:8%;2 j
;
_/ [6.12:5:33
SUPPL IER:
OPTION
\. >,

' '
LEAD #1 IDENT- ! ]
|

i v

.010¢.002 il J

£0.25%0.051 .017%.002 TP
.050.002 YYP—L———I 10.43%0.05)

(1.2740.05]
r-070%833
1.78:3: %
Lo.7e8:% (R,015_ TYP)
- i0.381
-2 TYP
1] [ST-o0a tor17] %
om0 S e 'd
3 JR20. .040%.00
Tie SEATING PLANE 11402300011
T

CONTROLLING DIMENSION IS INCH
VALUES IN | | ARE MILLIMETERS

Order Number LM158AWG/883
NS Package Number WG10A

4
,006+.002 TYPJ

[0.1520.05]

WGI0A (Rev C)

23
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LM158/LM258/LM358/LM2904

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)
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BPAOBXXX (Rev D)
NOTES: UNLESS OTHERWISE SPECIFIED
1. EPOXY COATING
2. 63Sr/37Pb EUTECTIC BUMP
3. RECOMMEND NON-SOLDER MASK DEFINED LANDING PAD.

4. PIN A1 IS ESTABLISHED BY LOWER LEFT CORNER WITH RESPECT TO TEXT ORIENTATION REMAINING PINS ARE NUMBERED
COUNTERCLOCKWISE.

5. XXX IN DRAWING NUMBER REPRESENTS PACKAGE SIZE VARIATION WHERE X; IS PACKAGE WIDTH, X5 IS PACKAGE LENGTH AND X3 IS
PACKAGE HEIGHT.

6. REFERENCE JEDEC REGISTRATION MO-211, VARIATION BC.
8-Bump micro SMD
NS Package Number BPAOSAAB
Xy =1.285 X, =1.285 X; =0.850
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)
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TPAOBXXX (Rev B)
NOTES: UNLESS OTHERWISE SPECIFIED
1. EPOXY COATING
2. RECOMMEND NON-SOLDER MASK DEFINED LANDING PAD.

3. PIN A1 IS ESTABLISHED BY LOWER LEFT CORNER WITH RESPECT TO TEXT ORIENTATION REMAINING PINS ARE NUMBERED
COUNTERCLOCKWISE.

4. XXX IN DRAWING NUMBER REPRESENTS PACKAGE SIZE VARIATION WHERE X1 1S PACKAGE WIDTH, X IS PACKAGE LENGTH AND X3 IS
PACKAGE HEIGHT.

5. REFERENCE JEDEC REGISTRATION MO-211, VARIATION BC.
8-Bump micro SMD Lead Free
NS Package Number TPAOSAAA
X;=1.285 X,=1.285 X, =0.500

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

For the most current product information visit us at www.national.com.

LIFE SUPPORT POLICY

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

provided in the labeling, can be reasonably expected to result
in a significant injury to the user.

BANNED SUBSTANCE COMPLIANCE

National Semiconductor manufactures products and uses packing materials that meet the provisions of the Customer Products
Stewardship Specification (CSP-9-11 1C2) and the Banned Substances and Materials of Interest Specification (CSP-9-111S2) and contain
no “Banned Substances” as defined in CSP-9-111S2.

Leadfree products are RoHS compliant.

National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Americas Customer Europe Customer Support Center Asia Pacific Customer Japan Customer Support Center
Support Center Fax: +49 (0) 180-530 85 86 Support Center Fax: 81-3-5639-7507

Email: new.feedback @ nsc.com Email: europe.support@nsc.com Email: ap.support@nsc.com Email: jpn.feedback @nsc.com

Tel: 1-800-272-9959 Deutsch Tel: +49 (Q) 89 9508 6208 Tel: 81-3-5639-7560

English Tel: +44 (0) 870 24 0 2171
www.national.com Frangais Tel: +33 (0) 1 41 91 8790
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