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Abstract

This project is arranged for studying the closed-loop control in state-space and making it
in practice by controlling the position of a ball on a beam. At first the mathematical model of the
system had been defined so the response of the system could be simulated. In discrete time
domain system, state feedback controller of this system was designed by pole assignment method.
The system was distributed using infrared sensors and potentiometer to detect the position of the
ball and the angle of the beam consequently. And the system is controlled by a microcomputer

using C language.
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4 . ,
dio T fie wiaauem! (kinetic energy)

V fio naaufing (potential energy)

mnszuulugy 2-1 185

1 1 1
=§'mv2 +'5Jba”a)2 +5'me92 (2'2)

e m Ao Wravesgnuea (ko)

v fo avusuSuduvesgnuen (ms)

o ﬁaTumuﬁummmu‘mwmgnnaa (kg.m)

Jo 8 Tuudvesnamufiesvenm (kgmd)
fis AT uBRveIQADR (rads)

a)
4 o o -
0 fia yuAUIITEAY (rad)

»
NNANMST (2-2) Aesmsmarduniuisenin x oz @ Aniu deaumud v uas
o Wegluzil x uas 6

@ =— 2-3)
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31 2-3 uarAsmsinE uBuduvesgnuen

v =i + x20? (2-4)

. 1 ] @ (.4 U, L o
ninszuylugy 2.1 Wifimsazauwdaamlugnueauazaiu datu ndwudng
Safifudlugud
UNUABNIS (2-3) uae (2-4) aaluaums 2-2) 14
g 1 % 1 .
L==m(# +x°0%) +=Jyy ot~ J, . 6 2-5)
2 2 } ifahits)

P & 5
UMY MFVBINISIADBUNIVEIgNUE] AiD

d(dL\ oL
—_—] — ——=F 2‘6
dt(dfc) ox @)
dt\de) o6

i o N ar = A o )
detmuald x uaz 6 dudulsdase F uaz 7 Aeusenoueninszyinlufisma
1 4
wouAsBassnaneg
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mg

mg cos6

71 2-4 yaausameueniingviin

gyl 2-4 184

F =mgsin@ (2-8)
uog

T = Ty + MG COSO 2-9

A a
s T inpuat ﬁausmﬁmﬂmuuﬂﬂszuv

unuaums (2-5) uag 2-8) aaluaums 2-6) 14

(m + J”‘z’"’ )x =mgsin @ (2-10)
r

& [} a o a . .
iieanrnduns 2-10) lidhuFudu Ssdevimsuaufudu (inearize) azsrnms
4 4 o .
nIzeIgeYRSUMBIADIUBIINTY sing sl
03 05 07

sinf@=0—-——+———+... (2-11)
35 7

Tasmsdszuaimsnseoislududunite aaiu'ld

sin@ =6 (2-12)
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TluuuﬂﬂfNﬂ'Jnﬂﬂﬂfﬂlﬂ\i'nfﬁﬂﬁuﬂunlﬁ Rao

2

unu luauns (2-12) uag (2-13) aaluaums -10) 18

2
[1 + 3(5) ]x g0 2-14)
5\r

unueaums (2-5) wae (2-9) aaluaunis 2-7 18

mx*6 +2mx6+J,,,,0 =1, +mgcosd _ (2-15)

tiiesnnaums (2-15) luidudadu JederimsutaauSaudu uazninaisnszee
4 Y
eynsumdtaesveailandu cosd 9z'd
6* o' 6°

cosf=1l——+——~—+._.. (-16)
21 4 6

v v A e
Taomsdsznaimsaszaielusuduniia aniv'la
cosf =1 2-17)

unuaums 2-17) asluaums 2-15) 14

mx25+2mé+Jm§=tm +mg (2-18)

a1 ' 1] . A ‘l L
auuAn wavesgnuea (m) linntes uaz lilinadensndeudivesniy 181
memé = T’"pw (2'19)

VINAUNTS (2-14) uaz (2-19) eunsouaasnuduiug lugdvesaumsaan
(state equation)

X=Ax+ Bu (2-20)



UAZEUAISIBNNMN (output equation)

y=Cx+Du (2-21)
1@
x 01 0 Oflx 0
x.=00k10 x+0u 2-22)
0 0 0 0 1]]|6 0
6] 10 0 0 0]|8] |k
do _
g 1
k = way k,=——
: Z(R)z i  beam
1+ —
S\r
uay
x
x
y=[1 0 0 0] o (2-23)
0

A o P o
ieduymvesszuY () Aoussiiah Idfuunumyuvesnu (z,,,)
- fuszuunmann

fvisenaumsaan uazaumsionign luszuunareniies continuous time)
x=Ax+ Bu 2-24)
y=Cx+Du (2-25)
aunsaudaslveglugaunsaeananly (state-space equation) Tuszuumdania
(discrete time) 1"'1 t=kT lﬁﬂ k=0,1,2,...



MnauMs (2-24) annsataalussyunadaaiala
x((k+1)T) = G(TY,T)+ H(T Yu(kT) (2-26)

o o o7 1 A o L U
auud vt u(r) gndndednlaunsesdndledadafloudhg zero-order hold #2u

o o 1 d'
AMUATENAIVIN AN T

war  u(t)=u(kT) ,@WMSU AT <t<kT+T (2-27)
; (k+
o x((k+1)7)= e ®x(0)+ 4+ f ~4 Bu(z)dr (2-28)
kT
woe  x(kT)= e x(0)+e*” '[ e Bu(z)dr (2-29)
0

auns (2-29) qudag e’ udrauduaums (2-28) 18

x((k +1)T) = e x(kT) + e 4**F J) 4 Bu(r)dr

= e x(kT)+ e _fe"“Bu(kT)dt
0

T
= e*Tx(kT)+ Ie“‘Bu(kT)dl (2-30)
(1]
A g
e A=T—¢ 180
G(T)=e*" (2-31)
T
H(T)=[ je“d,lJB (2-32)
V]

uazdmiy 4 Adhuwnsndliinmzin1zes (non-singular matrix) fiv15ai1 1491
HT)=(""-1)4"'B 2-33)

dmSuoumsenin 14
YkT) = Cx(kT)+ DulkT) (2-34)
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v = = .

TR TSR W (PSS ITCGCRI S Wemm -

R FOOLCUREEETr  TTUETEET TR IR DU R e

10

u(k) x(k+1) x(k)

»

31 2-5 uarAssUURIUR loop (TR

Wz 2-5 aeandesiuauns
x(k +1) = Gx{k)+ Hu(k) (2-35)

mruagluuudyenuniugy u(k) Tasaums
u(k) = —Kx(k) (2-36)

A a o
die K dhunmSadinuilounduoan (state feedback gain matrix)



e, WURWEER SRR T WEREE. e T TEeREE TRNTRE TR TV T TR T SR

e T TTREEREE

T IO WESeEN

LnMIfimuanuns (2-36) 1Aszuudagy

u(k) x(k +1) 1 x(k)
— H yA | D

G K=

% R

31/ 2-6 uaAss VIR LRI Loop Tl tile (k)= —Kx(k)

nngy 2-6 Thaunisaan :
x(k +1)= (G- HK )x(k) (2-37)

donm3ng K A 1191294 (eigenvalues) ¥04 (G - HK) iy Twavesszuy
AIUAUNTIA (closed-loop poles) f1,,1t,,..., 1t NABINTS
Taoeu luiduiluuaziivans dmsudmuadunisInalaq amdesnsie

TUBAUMI AN (2-35) szResniuguaan 1d Taomuysal

@ rank [HEGHS---SG"‘IH]=n (2-38)

1 a 4 a 4
# lsziguiiiteu luneifiss fle figniimnszuumiuguaan & Tasanysaluds
4

© sramnsonwand K Ml lddueizesves (G- BK) andesns e p,p,,...p,

aumsgudnyuzvesssuuidla (2-35) fie

|2l -Gl=z"+az"" +a,2"* +...+a,z+a, =0 (2-39)
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fnuamasngns1a (ransformation matrix)

T = MW (2-40)
lﬁﬂ
M =|HiGH:--iG™H],, (2-41)
uag
(a,, a,, a 1]
a,, a,.; ... 1 0
W= : y A\ (2-42)
a 1 0 0
10 0 0
NTSULIAY
x(k +1) = Gx(k)+ Hu(k) - (2-43)
g
(k) = Cx(k)+ Du(k) (2-44)

wlnelvfeglugiuuunugula controllable canonical form) Tassmmuaitouly
findumsuilag

x(k) =T x(k) (2-45)

uMuauMs (2-45) asluaums (2-43) taz (2-44) 14

*(k +1)=T7GT x(k)+ T H u(k) (2-46)

ag

(k)= CT x(k)+ Du(k) 2-47)

12
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——T

nNUMS (2-46) 14N
[0 1
0 0
T'GT=G=| :
0 0
|-a, -a,,
uag
[0
0
T H=H=|:
0
-.1_4
fvuald

K=kT=[5, 6, ... 8]

ANIY
(0] [0
0 0
K=|:[s, 6, 5]=|:
0 0
1] | 5,

4
VINTUNTRUANYUL (characteristic equation) YBINITeTzY 1

|al -G+ HK|=|z1 - G + FIR|

- an—2

_al_{

(2-48)

(2-49)

(2-50)

(2-51).
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(1 0 o] [0 1 0] [0 o 0]
01 0 0 0 0 0 0 0
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ﬂumsqmﬁnumzé&xﬂu‘thmfiﬂwaumszuumuqmﬁ‘lﬁﬁgnﬁ'mun‘lmi fis
| -G+ HK| =z~ 1) (= p1,).. -z~ 1s,)

=2"+a 2" + @,z +.. a2, =0 (2-53)

=t o a a o
NTUNIT (2-52) taz (2-53) l'l.rilU‘Umt]‘ﬂ’dlllh%ﬁﬂﬁ'ﬂﬂiﬂ’]lllli z 'lé'
a, =a, +6,

a, =a, +3,
a,=a,+d,

T —— 2-50) 14
K=KT"
=[5n R 51] T

K=la,~a,a,, -a,, felay—a, ] T (2-54)
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VINAUNIS AN
x(k+1)= Gx(k)+ Hu(k) (2-55)
AT ANNITIOTINN
(k) = Cx(k) (2-56)
r(k) wk) u(k) (k)
— K, > Plant |—

il e

1 2.7 uaasssvunuunMAsAT AT Buynéiess

11l 2.7 dygnaningu u(k) fmualee
u(k)= K,r(k)- Kx(k) @-57)

VNAUNT (2-55) 1oz (2-57) 14
x(k +1)=(G - HK Jx(k)+ HK,r(k) (2-58)

munsfaanYusysssuuRIna1iiy
|21 - G + HK| =0 (2-59)
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QVS :
? !
]
]
]
TO GATE ! PN 1.0R 11
DRVE ¢ :
CRCUIT ! " EXTERNAL
— ’ BOOTSTRAP
1 CAPACITOR
2
: PIN 2 OR 10
S 0
§
{]
GROUND !

31 7-6 (b) uarasms 1¥duflsey Bootstrap NA0UBN

o o o a = a o
AIMNUAMIOUNIINS Charge Pump 1nd unﬁ'umsmni'ﬁfwmmlﬁuﬂssq
3 o g = A
Bootstrap (C,) Ngnfimualagdaves DMOS mwiesainiues H-Bridge 109 1o ¥ 1dnssua
¢ o ' o 3 3 =
ianmnzrus e ldmautulssghlisunniftsene @WnAee1¥uszina 10 oF) Hazezgn

4 4 s a A s 1 -
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& ' o a da i i
100 ns Fauarasliifind1 LMD18200 ennsevimsaingie 1dnnrudgeds 500 kiz

Valtage is Ground ] Yoltage to Ground
sscoant (e t0)NE ][] e o fonel oo ol B Oukout (P 1)
Charge Pump
Only Boctstrap
1 , 0;:.! Clpncﬂon;u‘ll)nf
L LT NI DYV Voltage 5V/Div + -+ Voltage 5V/Div
Current - 100 us/Div Siral5 100::/%!
;-'-__ Current 1A/Div p\ Current 1A/Div
~L | N | N // N~
A2,82 00 | 42,81 08 | 42,82 0N | A2,820M 1 2,81 0N | A2,B2 ON

31 A7 ueasdnuuizveansaindrwesaindiauu

3 a [ -] 5
mmmz'inummnﬂszq Bootstrap 3100 18UDN

e/ o
A-2-6 n1stleadunszumiy
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nszuain Tnah DMOS W95 aIMFAIuUNL 2 A3 srgniaAnatazmsiliouioy
o o 4 o A ¢ /4 a d ' s &
fuszAunsTuanezaa IfAslszina 10 ueuuyls Tungmistinfanssenssui e i
-1 T Ly Y -
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= A ° a do . o : o o
fio 40 8 TulasTunii dievh IdaInd@aiundinn oN Sansh aswlandedidyaald on

1 o . A ] I o wa A a o a o
o ¥ W B-Bridge aunsasinihnu lmi1dednsa Tulaiiefamgmsel Tnoafusvas

o U ° o a a o o
ginselmnefdnnnnduiiudesinistlesfugamgiiguiuly LMDI8200 iida5a
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guungiiednderiiotedlnds DMOS aind uazeshmsiuaindynduiloiagamgligeiu
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(RARUAY threshold vegaHgil daifu deguingiiduaufivuiinlles gilnselezSheudn
a1 TnusaTuiia

aRuBnedunileues LMD18200 Aen1sa ¥l flag ewifiogaingiiGuseidiu e
11111 open collector output fevznBousiiy logic 0 tifoguingHTalR 145 eerurnidoa
flag 7 mnsodefygnalinqussruiiiedtumddeudul unzmnsordgal vl
1 output power cut back 'l flags (AeuIN H-Bridge snnsodolasasedmsu «ord” s

weuToadu'ld
f1-2-9 Undervoltage Lockout

ar LA o o J oy @ ] Qs
LMD18200 Himstlesiudmiunseduan  Faasvseeuaindyaduiiousaduen
[ ' . U4 ° o [ % y“
undsswasalifidiind 10 Tami mgradmiunsiinstlessuiiive linsaauguidiuly

ThA0R mswandernssien @ himiven &'hids 10 Taar
-3 Operation

ussdumionnaseuTnaaues HBridge swgnaiuguetnderioslay pulse width
modulation (PWM) v‘igu'r'wsqﬁumv‘fummzﬂs:uﬂmmsm'w'[nnﬁ‘lé' 2 fitme §
LMD18200 iffygnaidunmadug 3 Su e PWM, fifme unzmisisa Sandugunisnszin
v93 H-Bridge 31 A-8 uﬂmummﬁma}wﬁuunquumd‘nﬁy g UBUYNAIURUI NGO
8 Taonsetuginseifomaiinvesmaniunulas PWM 2 35 fie Locked Antiphase
Control (a2 Sign/Magnitude Control
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PWM Dir Brake Active Output Drivers
H L Al,B2
H L L A2B1
L X L AlB1
H H H AlBI1
H L H A2,B2
L X H NONE

1 -8 ummemsdmiudgygnanugu

A-3-1 Locked Antiphase Control
J : L e o o o A a
laszunsuvesnsdsuuuugnasdnyuzvesdygrad miuduInanfisian
mileni11A81978 Locked Antiphase Control igtaalugyl -9
v } 4
moldmsmugudledyanu PWM dswedifer adndgiiegiostuveses |
- Lo 3 & o 'Iv ' {4 &
Bridge (@insiuuiivimiiunzaingdidniiegonyiniiaves H-Bridge) 9890 ON UATOFF
. vy A @4 {f
mitoufiu Tavee locked 'l FufluFoves Locked Antiphase Control Tisasuiomiym
ot S o s PO Vs ] ' 'y 1Y
mhoihugud Ausfoussduiudazenhmezdiumifenanszniundesionsedy ¥, uae
(4 -: ° oy [V o A 3 a o
3R Wanmzil duty cycle selidusefumdon v, fhannnand 7, faussfuan
] J A H J "’ %
aseuTuanvu snszuoiisililvaaszlvanvnts v, W 7, ml¥Tvasfiduuemss
g J J L4 o [ 3 A \J H
wywhiiemanitedaoaaudaflsiuTasasafudman duty cycle finls llsnait 50% u
Mens iU e duty cycle apnsileondt 50% fussdusznin v, #u ¥, swiiluou i
- ' 4 o £
przumndoszwnn ¥, 1 ¥, uasuemeseenyundudonmn
ddesmsnduiinvesnszuaidugontunisld Inaafiounsoh 8 lasdas: e
vwnninaImniiiaing 2 §2 32 oN ety Tnaauazisanseldsieldn 2 92 JeRn
t 4
1 o A L] [
arRveIMIRIIRUUULTAL ussRuNAnasenTHaamunsentuguld Tasmstmuaaarus

vearImy lag lidesmiladafirmves Tnannszuafideanis 1y Tvaa
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TunmlszgndldamiifimsaiuquniaounlaiesiesiadvedTuan wu msuyy
v a ¢ g <& . P o -
AAUNAUBINOINDTOENIIAGT FTABY “regeneration”  TaoNMdaaRduen Inaades
crunsasonduligdhwng1ddemsideing 2 & oN i ldlidunedimiumssonds
Muboundu’ld
o o
{IoAveamINWANIIY Locked Antiphase Ao l¥fayananunuiisudu@es
3 o o P o o A
annsenauquldninomis uazfiemeveslvaaiiihuuenes TaomsiuSy duty cycle tite
o 8 @ P S 0 a L o
YususdumdouaznszuaiInan - dmsuniuguarmnSuasimmansuyussuduh
duty cycle mnnIM3IDT00AI1 50%
-t [ ¢ L A
{oifounIn1IAILGUIIY Locked Antiphase 111 LMD18200 fio fnssuaeniymil
’ 1y A e S d ' ' a ' Us
Hwooney liroiiiesduans1flugyl a-0 Midimazhnszunsonsmdmasse: ligeunsel
o A = [ 3 o 1 o 3
(W83 DMOS 2 fMuu disfienens Tvavesnszumiluaseiutwiuinassesiufudaves

v o ' ° ] ' <& o o [y (4
ussdunanasen Tnaa s I liannsedwnszuaideunduiionn hfueniyn 14
A-3-2 Sign/Magnitude Control

&ﬂ?ﬂ?ﬁﬁﬁmvmmﬁmuqu PWM #iii1u LMD18200 Ao Sign/Magnitude Control
0ﬁqt’imalawt’f'ﬂ,;aﬁtu'm‘:ltmmﬂﬁth'aﬁ"uwmi'iﬂi'i"lé'lu'm'l'ug\] f-10

u:Qﬁ'wm-lf'umﬁumawmﬁwae H-Bridge sxgniminannie Iiasil vaisfinifieg
assiudusezinls o duty cycle voadganadunnuuy PWM indoamne nedaveus
AunnadenTuangndmuaTasdnves B-Bridge figninuannslini Taonms Tt
n3uFmaes ON of uaznaveusadunion lennsainda duty cycle vosaing 2
# fiegassduiu seauvesdygadumiduddmuafimmessiniaing Al uie B1
oN Fuiludadmuaeninyn 7, wie ¥, Wihidnnnuassuiudadmuafiomeves
nszuerit lua Tuandae duty cycle vosdygnafivt PwM sxgmifullamsussduias

o

' : N Ay Y

nsziadeIn1ss1o1d Inan § duty cycle ntiy Adaiss 1y Tnaafsudivdiuanninld
¢ a 4
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A/ Vob
UL o=t} 5 L :

1

S0X duty cycle 75% duty cycle 25% duty cycle

Switches 'ON': A2,B1 A1,82 A281 A2,81  A1,B2 A2,81 A2,B1 A1,82 A2,B1
sY

Control Signal
(Otrection pin)

o - ——-

.vm _— =

VoA

.vm — - aa

VB

.vm e r

VoA=VoB oy | ... 1.._ ). ARLY/ ', >, i -

-Vw

* - - - - -

W Cumrent 1] -\-./\ ---------------------------------------
from VoA to Vg8

Wotor running at
same speed os
with 75% duty cycle
but in opposite
direction.

31 A-9 uAAGNYUTNIIQANARYDI Locked Antiphase Control
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S T T TR T Tt ey e somcenem S0 o el o

sy
Direction
T STy eyl 25% duty eyche SO% duty cycle 75% duly cycle
Switches ON':A1,82 A1,81 A1,82 A1,82 A1,Bt A1,82 A1,B! A2,81 A1BI  A281  A1Bt A2,B1 A1B1 A2,B81
sv P
OV - - Aemmonormasd - = = o b o el Al - — — - = = RPN JUOU RN W PR .
*Ver a B
YoA
ov ------------------------------ - - -
va
ved
WJ—-—- —-J-----—---— --------------------------------
QVm— = o
VoA=Vo8
N » -—--;I__--_I-‘I----”_-—-l—
-vx r B
* - - —
from VAo ¥gB 0 " T T T m oo e e o e e e e
+ e o - 2 . . - -
Current Sense  ___________ e A I
Lo 0T S
Mofor Action: Motor tums et Mator tums in the Motor turns at Mclor turns In oppoolte
average speed In same direction as average spead bit direction but S0X faster
direction sel by with 50% duty cycle in opposite direction than the speed with 50%
current flowing from but at half the speed. as sol by curren duly cycle.
VoA to VB, flowing from VoB to
Voh.

31 A-10 uorAdnMUZNIIQANARYE Sign/Magnitude Control
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A-3-3 MsIIIn

d = -1 0’1 4 o o e’:'
mstusanemessd gy laonssoatavewemesididioiu ldTasmstlena
U1 PWM #agyWusA (brake) 30 logic 1 uazduifiem 1 (direction) (314 logic 1 MsusAITM
a o & o o < 3 4 J . [
Toms ON ainddauunia 2 72 (A1 fu B1) uazdendaveemes uaduii logic 0 sx¥en
o a do 0 o [ K] [~ a do P
UBMBSAWT INTAIAN (A2 11U B2 ) udedn lsfinnusmasssisadioeindmauy msieh
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4 y e 13
13111 LMD18200 an1danuiudie msizdifianauyseiegludaes Gaiidesdoiv
Afisausmndufualsegivimfiidy  BypassBootstrap  tazdadumudmiuianseue
v 44 .o day 4 de : ) o 5
floundy Fvuegiunuild fuisuiiudedivndaunilsfensadndaygu PWM tiondu
4 o e d'

o Fusrannsald sa3s5254, sevusuilfudnlFoudion, TulasasuInsamed fennse
Tlsunsueninn1d vieudinszisilniuguéiSsplosi LMe29 Tumsilszgndldanmans
[ ¥ a a 4 £ o o o o
srnevABalinInIUUUsiavewemes  dwesilsiulavasetunssuan lnadwemes
anlfdnuaizvesdalanssuaves LMD18200 mithedenis Tauazasarugunseie
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sty 12V 0 24v
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!
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3 " 7D— ? ! 100F
> LM3525A LMD15200
M oV ' —:r 0.254 10 3.294
Vaumon < ¢ . 24V OC MOTOR
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]
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'luﬂwﬂszqnv'ﬁi‘fnuf:mw $G3525A wdndygne PWM FldemmanSeudioy
sewhausaduit ldnnnssuadatloundusin LMD18200 AUTY ISR UAILRNNTUATIN
moven Tagezd$y duty oycle yoadgignainIuny PWM (910 0 falszina 50%) AT
vewmediaisduinszuedeins Tunsaiinmdvesmsainssens 195 40 k2 3
whoslddufuilssy Bootstrap wMmouen uarldiuuvesnsaruguithuiuy  Locked

. < A o o 2 [y o o
Antiphase Fadiaisndumavesdgygnauniuguilidu@essi MMusmesmyundudiald
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AAHUIN

n13adumesia ET-PCDIO

-1 8 i B9n13AB MBIl ET-

'S o 14 914' T o A Py} - a
N3 ET-PCDIO ﬁ‘luaﬂumwm PC ﬂ’]iﬂl'ﬂ‘ﬁﬂu%ﬂﬂ'ﬂlﬂiaﬂﬂ‘]ﬂ INevoyITUUBY

44 4 I o o a
vmuaztmvfuw 'lﬁ"l*l’f'mu‘lﬁ'mﬂmw %4 ms"ﬁ ET-PCDIO mmmﬁwmﬂﬂmmauummz

4
Widganaseniynesninldnalugiveseuasnuazainea iliiinawseudalumsithl

' A4 2 ' '
Wrzgnaléamludrueieg Tnntsiiu ¥ mia EI-peplo figinsalsnmasiigaiaus ves

o @ o A:A
AIUUIOIAIU fiD

ilo% 8255 (programmable pheripheral interface) $147U 1 A2 éammm'?ivz‘l%'
Tﬂmﬂsu"lﬁl’i‘lu_‘lé’ﬁgﬁuummzmwﬁxnmuﬂ11u¢’1'aﬁ1wmt§1§zm'lé’v‘1’:muﬂ 3
wein w3 24 iin V0 WugtvesdyamiAsnemivios

ii'lo% 8253 (programmable interval timer) 314U 1 @2 ¥ m3a ET-PCDIO
rmnmﬁfnz1Jizqnﬁ"h’f'\nunﬁmﬁ'uszungmnmﬁwq nnne 391o% 8253 § &
Tassadrmelulilfonts 3 usuuua uazudazusuuahautennduedn
dasy

11'16% ADC (analog to digital converter) $142u 1 %1 Seunsoneidenldldag 2
we3 A ADC0804 (8 1im) wie ADCI001 (10 Tn) Fuhl¥ mi¥a ET-PCDIO
ansofinslsegndldmlumsnsaeiy wiendadygne wiefudyanady
luplvesdgyanaiounen’ld 1 usuuna Fennavesdyamewineniisud
namnsediezsu1dTaoaseqeita 5 vpC wiennndt Taafinsesvenodnsiah
TWdndndes il mia ET-PCDIO aunsodszgnaldifhundesdietadaygna
e Thinnne Fawavesmsiauuuiig aunsofiesihifiududhdoyande
ueawalugtidug WWandesms Taodldiou Tusunsunauguies

1i'le% DAC (digital to analog converter) 9IUIU 1 A2 c'i"ﬂmms aenldldae 2 wes
Al DAC0832 (8 1in) n3e DAC1232 (12 fin) Fufen1dTaun1519M jumper JP1 10

T mia ET-PCDIO sunsofiszalszgnd 14 luammuguuuusing Taoddogna
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Tugivosdggnueunen  sen'limuguginssinouen  Fwwwavesdoga
oummen ieesvne oveuinavesdygnaeduds Feflfamnsmliuvina
veadayaar 18 0 4 10.66 vDC

—  fiheesneasadumisveanesafios 19 wlfazanlunsdounlag
fumisveanednfies ¥ ldiwlaensidn DIP-swITcH ThldEianwsousa
TunsWaunazamnsafiesh ET-DIO CARD desiufuntesiialdinnnn 1
mia Taetmuanesalfaufiuanddiu

— Tl (working ares) 1AM 5 x 9 MFUAMAT W IFHAR T F
sty St l¥musofisslszgad1fandences vSermuAugUnyaiag

a d
annunouazazainteiiy

Y] J

3-2 NIABATHANB W

dumisvenesauu ET-DIO CARD w1¥lo% TTL 74LS688, 741139, 741832,
SWITCH DIP-8 sioswiuiiuresoeastialaeld SWITCH DIp-8 Sludadmuameinedn
anmandeantsvesdl¥ Taolu ET-DIO CARD sy idumisveamesananun 12 wosa o

XXOH = Port PA Y03 8255

XX1H = Port PB 494 8255

XX2H = Port PC ¥0q 8255

XX3H = Port Control Y83 8255

XX4H = Port Counter0 U89 8253

XX5H = Port Counterl u8d 8253

XX6H = Port Counter2 U493 8253

XXTH = Port Control Y93 8253

XXSH = Port Control ¥84 DAC

XX9H = Port Control Y89 DAC

XXAH

XXBH

Port Control Y93 ADC

Port Control 498 ADC
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sremnsefissdmuameinesaldTasmsdmunssAuaodn AR M (address)
u:uq AIAABINT Fu ET-PCDIO CARD smnsefissfimuaszduvesassnlfiay
dumisla Taol¥ SWITCHI #avn ON SWITCH 21832/ 1a0%n 0 wn OFF SWITCH 92
1852 uaein 1

dedasu Susdesmsimuadumianeim S 300H aunsofiveh 1w ae

1) fmuaszAvasdnliiiu ADDRESS d1eq Ty 300H fle

All | A10 | A9 | A8 | AT | A6 | AS | A4 | A3 | A2 | Al A0

ziti18791 Aidwmianesa 3008 1¥ealfasisn 1 fusmia ADDRESS AS , A9
uncAeslifaein 0 fu ADDRESS Al1, A10, A7, A6, AS az A4 (31 A4-Al1 grasify
DIPp-SWITCH SW1) dau A0-A3 gnoeaswadaeled 741139 Snfinita aaiu sw1 i
wihilflen ADDRESS (fitq 2 ndnniiiu

2) 1§ SWITCH misfnuansdnld@umia ADDRESS anudle 1

alalalal TVl

A4 A5 A6 A7 A8 A9 Al10 A1l

0% 8255 (programmable pheripheral interface) Uszneudionesaldau 3 weosauas
a £ - <t
WBSAAILAY (control port) B0 1 wo¥r s2mihy 4 wedn de'led 8255 aunsofiss Tusunsuly

.’o - L4 & 4 a ° 4 o
dhilansBunnuazieniym1dis 3 weda nie 24 iin Vo Tasmsdmuadinedaniugu d
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[ ) 1 LY A M
s Tilsunsufisauddanisifanaugy (control word code) Tilldmesaniugu edmuams

4 o d
Tauves led 8255 daliswavidoa Al e

Do Wrdmiusmuanisinuvewesa C d1e (PCO-PC3) fin
fuths 1 vanetia Wity Suym
il 0 manedia Tl iy
p1 Wehusudmuamsinuvenesa B (PBO-PB7) Ap
Sty 1 wanoia Wil Suym
s 0 mneda Wity emiynm
D2 WdmsusmuaTuuanmihauyeanesa C suuasnesn B i
duitu 1 manodla Winesa C dranznesn B vhemluTnua o
duihi 0 minuls Wineda c dreuazwesa B thanmluTnua 1
D3 ¥dmFudmuamsianveanesa C uu (Pca-rcy) fis
fudhu 1 maneda Wil Suym
Suit 0 munoila Wil omiyn
D4 Witmiusmuanisihauvemesa A (PA0-PA7) fie
duthu 1 vanoita Wil Suym
§uilu 0 vaneta Widhs omiym
D5,D6 Mg miudmualnuamshauvesnesn C uuiasneia A fle
fuitu 00 manetha MWwesn C yuuazwesa A amluInua o
duitu 01 vaneila 1wesn C vunazweda A vhanluTuus 1
duihu 1x minee MWuwesa C uuuazneda A haluTnua 2
D7 14dmFufimua MODE SET FLAG fie
Suilu 1 mneda ACTIVE Fedeadmual¥iindidiu 1 e
duihi 0 mnotle NON-ACTIVE

‘ 4 o o J o
din'ld msvamiugu udr n1sTsunsulifled s2ss shawaw misvnaIugu fifise

19 ¢ LY o 4 v’ [ 3
ustirsiaRIugy Tudanesanrugu uazms Tusunsuesiufioeniu@saniniy
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3-4m31¥a1n 8253

165 8253 (programmable interval timen) {h'loFdnlszneudaonesaldan 3 nesa
(AZWBSARIUAUMIIINY (control port) Bn 1 wesa sauilu 4 wesn Fa 8253 manedmsy
Al ludmgninmdie %iisuwn 2 Suwn (CLK uax GATE) uazteniym 1 eniyn
©OUT) fe 1 uvuuua delu 8253 H1d190mde 3 uvunun  sazudazuuuuaionms
Munuesdnse 8253 uanzurunuasnsadenmsnamla 6 Tnua msTusunsyld
8253 e luTuualartu /18 Taonsdas control word Y Register Mode Control

4 o
(port control 8253) ¥Wis1wazivoans 1ysunsuaeil fie

in D7 D6 D5 D4 D3 D2 D1 DO

min | sci SCO | RLI | RLO M2 Mi MO | BCD

1M D7, D6 (SC1, SCO) : select counter 1¥H M T @DAUFULLANADINS AD

SCt SCo ianafigniden
0 0 uFULUG 0
0 1 usuiua 1
1 0 UBUIYUD 2
1 1 .
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1in D5, D4 (RLI , RLO) : read/load Mdm3usmualum lumsenudoudoyn fie

RL1 RLO i
° L - 4 04 4
0 0 Mnsuansmhidtnmesaniines
0 1 gou 1erzdeyalu 8 indw
0 1 enuifou immizdeyalu 8 finuu
1 1 g/lou feyan 16 4in Suen 8 in
J 3 n’: ot 1 & -
anfeu 91y s ndioulu 8 inuu

1in D3, D2, D1 (M2, M1, MO) : Mode 1¥dmsuden Tnuanisiteiuves 8253 fie

M2 M1 Mo Tnuamniinu
0 0 0 Tnua 0 : Interrupt On Terminal
0 0 1 Tuua 1 : Programmable One-Shot
X 1 0 Tviua 2 : Rate Generator
X 1 1 Tvun 3: Square Wave Generator
1 0 0 v 4 : Software Trigger Stobe
1 0 1 Tvun 5 : Hardware Trigger Stobe

° 4 a 4 U4 ¢ 0
BCD : W¥muamsaamideyaluismassinnines ndnfe
' a o o
Suilu 1 Aweadeyaluidmansinmlinefesgnonawuun BCp

' 1Y) e 4 o 4 .
duilu 0 Arvesdeyaluiimansianinesszgnannsuuy binary

3-5 ansl¥nwimlasfuanaminaeniudsnsa

-~ d’ Ll Av as =y e
lo@ Apcoso4 ilulednihmimiudyanadummluglvesdgyanaeunen uda
wasuihidyonadlaea medal cPU tszinama Fwernsafivsdsegadlfnuluns

< 1 - d' 4 ar &
i¥oudn (Interface) Augilnseinouenilidyenaniiudygaeuiaen & ET-DIO CARD
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musesudggnaeunsnidlavassds 5 vpe viemnndiilaodlfifoufiundissven
fuda wwiRnatuneiaia Tl °§wu1m:mﬁtufgmaumaﬂﬁs“mﬁmnfu mnsaimua
(auAWAAN (Range) veudygald TaonsaIuguuinaves VI- uazvren?2 1 VI- sziify
Ffmuagaduduniemdgavesdygnafsudunlas un ETDIO cARD §l¥manse
@on'4Tag 1p4 Aed Short TP4 AiRINNA 1-2 (ground) sxh W dygraduduen 0 ufle
maximum Chinasiiiu sTaoh) ua@ 1§19 Short 14 Fidumis 2-3 aduduvesdygnussdy
egfuviavesigal V- 9Inn1oueniinewnin connector CN2 Sefl§Resimunins ds
Tanlndudadedinunnndt o Tomd uddindr Vret2 e daudana Vies2 szdiuda
fmuannageqavesdya ezt (maxinum) fufie
riqygaeuneniisuduniisuiiu 2 viwes Vies2 9218 DATA = FFH
Srdgyanateuneniisuduniiauiiu 1 vhwes Vres2 9214 DATA = 7FH
$iyanaeumenivuduniiswitu vi- 918 DATA = 000
Fudasmsnidounlacues DATA fiflnavesdygnassihifuduanen (inear)
Fnnavesdgea vees2 fldrunsaden 8 Tao 1ps nanfie® 114 short Hdumia 12 e
18 Vre2 = 2.5 Tamvt &1 short ks 2-3 vinavesdygia Viet? setuegfunnafigld
fmMuAmINNNoUeNiiFeINN connect CN2 HvnAves Vrer2 Hif1SToumdnndosdin
131 0 Taai uaehinasiiu 2.5 Taani drovudy
#etruvu §14iden vI- iy 0 Taavl (1P4 short fiduimia 1-2) wazdon Vees2 whn
fi 2.5 Taawl QPS short Tidmmia 1-2) udaez 8 drevnsdiognaisinensuynevdesey

sz 0-5 Tano ity FwmunzdeaveurarsadygnafisuduniinouaziBoads 256
svay iufle
fdggaeunsnduymiiswiiy 0 Taarl 9218 DATA o 00l
Sdygnrasuaenduymilawriiy 2.5 Tamv 2’14 DATA virifu 77l
g asunenduymiiawiii 5.0 Taan 214 DATA iy FFH
FuiuezldnunzBuavasdyene = (sTaav - oTanih2s6
=0.0195 Tami
wieerenan1dh ¥mnsedudygalddus o-s Taal Taefinmuandisves

UADEY (step) 11U 0.0195 Taav
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viednnsdinila de mndldifen vI- oy 0.5 Tamif snmovendedednm
connector CN2 (JP4 short fiduim1ia 2-3) taziden Vref2 nirfu 1.5 Taavt (IP5 short Tid MM
2-3) ufaer W nvesdyanueuasndunmerdetegsening 0.53 Taarl tfuieq

dw3u'ed ADC v ET-DIO CARD mnsadenTmmmsanddimua 2 Tiun

5119 Taonsiden jumper JP2 fio THuan151191M150A (Free Run Mode) tay Tuuady

mosin (Interrupt Mode)

lo% DAC Hifnuazmsheniinssiudwiuled Apc ndnfte fussvimiiin/Gou
dygnanaenliifiudggnaeinen dlonlFmiludmmsaiugueng S ET-DIO
CARD {10 DAC Wldamm 1 /1 Taoemnsofisedon1$14 2 wed Ao DAC0832 (8 §in) ule
DAC1232 (12 i) fladanila Taunsidient jumper Jp1

Fimsnugunavesdygnaeumeneminymiy 118 Taonmsdeh DATA sonli
gamesanaunuvealed DAC (port control DAC) $t8asidauvesvinadygnaeuaonien:
wni i fuszalAouniasesiuthuSudy (inear) fhiflo

1elaf1 DATA 1 FFH s¢ ldvinadaygnaneniyngaga

e DATA i1 7FH o2 lunadyanaueniynadanils

&1der1 DATA 1 00H 92 W3vinadaygnaneniynaiga

éwmmmaﬁ'apgmau1aammﬂumfu finnuazidoaty 256 Ammdmanunin

[ 4
YOITYRY U NIMUA (range) MR 1RV INgAS
AVATIDIAYBIYNTYQ I = (Vmax-Vmin)/256

Medwru  dssnnunagegavesdggraniiy 10 Tl Taslivinadigaves
dygnaniiu 0 Taant seldnuas@oavesdyanauiiv 0.0390625 Toat
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CN1 i1 connector YU 34 pin wAsg ETT iiugaitieuvesdyanaduyw
BN 321 8255 taz gUnseiniouen
A * L4 \d
CN2 1§14 connector wt1@ 20 pin 1fiilugaierdsvesdagaisznin 8253,ADC taz

DAC fugilnseiniouen

-1 M3 wazn151Suung 1 5

ET-DIO CARD IhassmunuussdududsdnlsznsuegludaiSouienuds 311810
Lm336 Ahiginseindnlaviidadmmmnliuald (vRY) dhudnlfuudasusadudieds @
wnnavesadudeBelifimualifivin = 2.5 Taart Tael8iusussiudredvesled DAC
uazled ADC  Fwmsifuudesussiudaseiiidlaoms 14 Tamitnes Saousyn g

nsmAuazgaduiiaussWudeds 2.5 VDC wed

[ o a J [ ‘i P | ] 3 - o1 4 d' [Y) P
e Sewssdudredsii hidownsesiinadesmsiinesdeg ffvatuled DAC uay

1o% ADC e Iitwamstanng TddmRanaaan o
(74 U
2 n15U Sy WIgeuIa

Fygnuewaeniilienled DAC fhaes oP-AMP ehmsveeliivinadyge
q\:fwﬁa'lﬁ'xﬁﬂﬂamazmﬂlums'l%'ﬂué'md'm 135ty Fonnavesdgygnadimnse
fmuauaztfuusalddaud o 89 10.66 Taal Taotszana MylTuussvinavesdeym e
8U108nv83 DAC 1A lay

1) fmusswesdaanagegaidontsly

2) A1 DATA = FFH ¥ Port Control 489 DAC ( XX8 OR XX9)

3) 15u vr2 Wldvuavesdyananidens
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mnamg  msdivvinavesdygnusuasndsniindinnliundws@udebs Vref 2.5
t a9
vDC Soufosudatees lAnanumiveu

JP1 DAC Select 1¥dmsudeniuesvasled DAC (U10) Tezldled DAC via 8 fin

i 4
(DAC0832) #58 12 iin (DAC1232) lasiidnn1sidndail fie

wefvedled msamsag ety
DAC Jumper JP1
DAC0832 OPEN OPEN SHORT SHORT
(8 bits) 1-2 3-4 5-6 7-8
DAC1232 SHORT SHORT OPEN OPEN
(12 bits) D) 3-4 5-6 7-8

JP2 ADC Select Mode l¥dwsuden Inuanisrinuuesled aApc hezliieuluynua

b 4
o o A

- = dor o [
1n# (Free Run) #38 TMNABUMBTINN (Interrupt) TneiiiBn1sidmaaii fie

Mode M39AN 1391199 (HY30Y Jumper JP2

FREERUN | OPEN | OPEN | OPEN | OPEN | SHORT | SHORT | SHORT | SHORT

Mode 1-2 3_4 5-6 7-8 | 9-10 | 11-12 | 13-14 | 15-16

INTERRUPT | SHORT | SHORT | SHORT | SHORT | OPEN | OPEN | OPEN | OPEN

Mode 1-2 3-4 5-6 7-8 | 9-10 | 11-12 | 13-14 | 15-16
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JP3 Interrupt Select idenundaduiladgyanadumessm Taodeniws1ddgygadu-

da o y
MB35 910 ADC n3e 8253 Taslnmsaqil fin

Interrupt Source MITAN1IANY Aty Jumper JP3
Interrupt 911 ADC SHORT OPEN
1-2 2-3
Interrupt 9111 8253 OPEN SHORT
1-2 . 2-3
JP4 VI- Select 141dien VI- 1t ADC Tauifiensznanald vi- ves ADC = 0 Taav (ground) 13e

VI- s1nmsusniiasd i CN2

VI- Select Source msSan13A19q AV Jumper JP4
0V Reference SHORT OPEN
(Ground) ' 1-2 2-3
External "~ OPEN SHORT
Reference 1-2 2-3
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JIP5 Vref/2 Select 1¥dmSuiaenussdud s (Vref2) iU ADC seuausdudnsunas

o - 4 1 !
§7U 2.5 VDC UM ET-DIO CARD 10an3ous 1 udndninaousndededimnm CN2

Vref/2 Select Source mié’ﬂmm'nq sf';mﬁ'u Jumper JPS
2.50 V Reference SHORT OPEN
(Internal) 1-2 2-3
External OPEN SHORT
Reference 1-2 ’ 2-3

) o 4 o a o &et U
JP6 Interrupt Number Select 1¥dmiuifonisivoadyanadumesiminasenmsesaalst

A aaa = L g
ATOING UITYALIDUAAIU AID

(8§ Interrupt JP6 Short (w89 Interrupt JP6 Short
IRQ2 11-12 IRQ5 5-6
IRQ3 1-2 IRQ 6 7-8
IRQ 4 3-4 IRQ7 9-10

1 o & =4 .yl L o
JP7 8253 SET-UP ludauves Jp7 1ifendaygnald 8253 &diianua 2 aqudggnar iomi

¥ o & L. 4
W1 taznguiggaunn (GATE) #alissnvidoadall Aie
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1 @ I's - 1 9 o ' é Py 3 d
nguvesdgaateniymididendite: Wdgyanaueniymuea 8253 Falivianua 3 1o
4 "
Wn (OUTO , OUTI uaz 0UT2) sonl1Fmnruguginsaloug swuenusededaygna 'yl
- o & A aa d o o 4,4
BumesininToaikd maimih 1adsil fie

Channal OUT =IRQ. Signal OUT = EXT. Signal
Qutput Jumper JP7 SET Jumper JP7 SET
Channal 0 SHORT OPEN SHORT OPEN
(OUTO) 1-2 2-3 2-3 1-2
Channal 1 SHORT OPEN SHORT OPEN
(OUT1) 4-5 5-6 5-6 4-5
Channal 2 SHORT OPEN SHORT OPEN
(0UT2) 7-8 8§-9 8-9 7-8

1 o 1 4 A o’:
nquvesdganauan 4idendesIidygannnees 8253 ddivianua 3 uvuuua
(GATEO, GATEl, GATE2) Wimumssanmmmdyenanimmtlowduifisssd o
1 o A o o7 ~ o A H L]
e l9tunsdinTulsunsuld 8253 shamadudyanadumesiwinie Tnuaduq 7'l

dosnsnrsnIuguIINAEUen) wiess Wdygieuam gnarunueindyeamousn s
1 4
mlddatl Ae

Channal GATE = VCC. Signal OUT = EXT. Signal

Output Jumper JP7 SET Jumper JP7 SET

Channal 0 SHORT OPEN SHORT OPEN
(GATEO) 10-11 11-12 11-12 10-11
Channal 1 SHORT OPEN SHORT OPEN
(GATEI) 13-14 14-15 14-15 13-14
Channal 2 SHORT OPEN SHORT OPEN
(GATE2) 16-17 17-18 17-18 16 -17
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REAR OF PC
GND —- B1 Al - VO CH CK
RESET DRV — — D7
+5VDC — |— D6
IRQ2 — L D5
5vDC —] D4
DRQ2 —— — D3
-12VDC — —— D2
RESERVED —— — D1
+12VDC — — DO
GND —] B10  A10 |—— VO CH RDY
MEMW —— —— AEN
MEMR — — A19
oW — — A18
JOR —— —— A17
DACK3 —| | A16
DRQ3 — L A15
DACKT — — A14
DRQ1 — — A13
DACKO — L— A12
CLOCK — B20  A20 |— A11
IRQ7 — L A10
IRQ6 — — A9
IRQ5 —] L A8
IRQ4 —{ B A7
IRQ3 —| S—
DACKZ — e A5
TIC — — A4
ALE — —— A3
+5VDC — — A2
0SC — — A1
GND — B3t A31 }— AD

71 9-1 uaras IBM PC ISA BUS
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LMD18200
3A, 55V H-Bridge

General Description

The LMD18200 is a 3A H-Bridge designed for motion control
applications. The device is built using a multi-tachnology pro-
cess which combines bipolar and CMOS control circuitry
with DMOS power devices on the same monolithic structure.
Ideal for driving DC and stepper motors; the LMD18200 ac-
commodates peak output currents up to 6A. An innovative
circuit which facliitates low-loss sensing of the output cumrent
has been impiemented.

Features

® Delivers up 1o 3A continuous output

8 Operates at supply voltages up o 55V
8 Low Rpg(ON) typically 0.3Q2 per switch
B TTL and CKMOS compatible inputs

&National Semiconductor

April 1998

8 No “shoot-through® current

¥ Thermal waming flag output at 145°C

® Thermal shutdown (outputs off) at 170°C

® Inferal clamp diodes

® Shorted load protection

& intemal charge pump with extemal bootstrap capability

Applications

8 DC and stepper motor drives

= Position and velocity servomechanisnis
® Factory automation robots

B Numerically controlied machinery

= Computer printers and plotiers

Functional Diagram

THERMAL FLAG OUTPUT  BOOTSTRAP 1 OUTPUT1 Vg OUTPUT2  EBOOTSTRAP 2
9 1 2 6 10 11
(P 0O O T o @)
THERMAL I \ STV AT T 4
frd=(
UNDERVOLTAGE
SN SENSNG O 2=
SHUTDOWN ¢
e O Ze S Yo
BRAKE 4 'L‘;;Ulg
w3 O—
O
7
GROUND

FIGURE 1. Functional-Block Diagram of LMD18200

© 1998 Naforal Semiconductor Coporstian  DS010508

www.national.com

abpug-H ASS ‘VE 06028LAWT

86



M T Ve Weome e g

—

87

e TREEE TETRE Siee wih npeewe

Connection Diagram and Ordering Information

/ T ufm— wonmar2

O

ﬂ

> THERMAL FLAS OUTPUT
"> CURRENT SENSE OUTPUT

"> v, POVER SUPPLY
>
—— TV T
>  owecnon weur
> orurs

O N WeAdND e

N P " E
/um'mmmmmrom(mn
DBO10608-2
Top View
Order Number LMD18200T
See NS Package TA11B
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Absolute Maximum Ratings (vow 1) Power Dissipation (T, = 25°C, Free Alf) aw
i MiRkary/Ascospace spacified devices are required, Junction Temperature, T, . 150°C
please conlact the National Semiconductor Safes Office/ ESD Susceptiblity (Note 4) 1500V
Distributors for avakabRity and specifications. Storage Tempaerature, Tara ~40°C to +150°C
Total Supply Votage (Vs, Pin 6) 60V Lead Temperature (Soldaring, 10 sec.) 300°C
W'“' ::::;,2 i};'"d ? " Operating Ratingsnote 1)

(Pins 1 and 11) Vour +16V Junction Temperature, T, —40°C 1o +125°C
Peak Output Current (200 ms) 6A Vg Supply Voitage +12V to +85V
Continuous Output Current (Note 2) 3A
Power Dissipation (Note 3) 26W
Electrical Characterlsﬂcs (Note 5)

il y :po:'lgotogss +125 n?lzvot;):rm e for Ta =T, = 25°C. Hmis apply over the entire operating
Symbol Conditione Typ Limk Uniks
Roa(ON) Switch ON Roelstmco Output Current = 3A (Note 6) 0.33 0408 | Q(max)
Rog(ON) Switch ON Resistance Output Current = 6A (Note 6) 0.33 0.4/0.6 Q (max)
Vo Clamp Diode Forwand Drop Clamp Cumrent = 3A (Note 6) 1.2 1.5 V (max)
Ve Logic Low Input Voltage Pins 3,4,5 -0.1 V (min)

0.3 V (mex)
[y Logic Low Input Cumrent Vin =-0.1V,Ping = 3, 4,6 ~10 pA (max)
Vi Logic High Input Voltage Ping 3, 4,5 2 V (min)
12 V (max)
™ Logic High Input Current Ve = 12V, Pins =3, 4, 5 10 PA (max)
Current Sense Output lour = 1A (Note 8) ar7 325/300 VA (min)
: 425/450 HA (max)
- Cumrent Sense Linearity 1A < loyr S 3A (Noke 7) +6 9 %
Undervoltage Lockout . Outputs tum OFF 9 V {min)
11 V (max)
Tow Waming Flag Temperature . Pin8<08V,i_ =2mA 145 ‘C
Vp(ON) Flag Output Saturation Voltage Ta=Tpal =2mA 0.15 v
{OFF) Flag Output Leakage Ve = 12V 02 10 YA (max)
Tie0 Shutdown Temperature Outputs Tum OFF 170 ‘c
Is Quiescent Supply Cumrent AR Logic inputs Low 13 25 mA (max)
toon Output Tum-On Delay Time Sourcing Outputs, loyr = 3A 300 ns
Sinking Outputs, loyy = 3A 300 ns
ton Output Tum-On Switching Time Bootstrap Capacitor = 10 nF
Sourcing Outputs, Loy = 3A 100 ns
? Sinking Outputs, loyy = 3A 80 ne
toen Output Tum-Off Delay Times Sourcing Outputs, loyy = SA 200 ns
. Sinking Outputs, loyr = 3A 200 ns
ton Output Tum-Off Switching Times Bootekrap Capacitor = 10 nF
Sourcing Outpits, loyr = SA 75 ns
) Sinking Outputs, loyr = 3A 70 ns
tow Minimum Input Puise Width Pins 3, 4and 5 1 s
tepe Charge Pump Rise Time No Bootstrap Capacitor 20 Hs

www.national.com
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Electrical Characteristics Notes
unu:mwmmmwmwhhmmmﬁcmmmmmmmmm
orefing e device beyond its rted opersting condifons,

Note 2: See Applcation Infornation for detalle regarding current imitng.

Note 3: mmmmmuwnmwwnuumuvmo*mn.mmmmu
sipstion at any temperaiure i P -am-mn“anmmumhnmwmmhmmwmmmm
fon 1o case (9,c) Ie 1.0°CW from kancion 10 ambient (8,) ks 30°'C/W. For guaranteed operssion T ymay = 125°C.

Note & Human-body model, 100 pF discherged fhwough & 1.5 ki melskar. Except Bookstrap pins (pins 1 and 11) which are protectsd 10 1000V of ESD.
Hote 5: AR lmits are 100% production tested at 25°C. Tempensh fimits are gue via correlation using accepied SQC (Statistical Quaiity Control)
methode. All imits are Used 1o calctiste AOQL, (Average Oulgoing Cruailty Level).

Note §: Oulput currenis are pulsed (\y < 2 me, Dty Cyde < 5%).

Nots 7: Reguistion ia caiculsied relative 1 the cument ssnse oufput value with & 1A load,

Note 8: Selections for fightor tolerance are avallable. Contact factory.

Typical Performance Characteristics

Vgar v8 Flag Current Rpe(ON) vs Temperature Rpe(ON) vs
™ | ] 1 Supply Voitage
00 A 1 oot BN
gzso 1= 1500 Vd 3 " /7 :':Z T, = 23%¢
7, ]
3 < g P P T LT
i = 7 2 el N A=t]
L - - ,/ E au B\ \
1 a3z
Q6 bty v v 0.51]
15 20 25 38 33 48 43 30 ~53-35-1S 8 35 45 €3 93 103128 P N S N N I I O
FLAG CURRENT (mA) ” JUNCTION TEMPERATURE (°C) ) 10 15 20 25 30 35 40 45 60 35
SUPPLY YOLTAGE
osctosm-10
Supply Cutrent vs Supply Current vs Supply Current vs
8Supply Voitage Frequency (Vg = 42V) Temperature (Vg = 42V)
13 10 :=-
K 1]
g “ 3 3 u. N
1 urnu'mn/ — ‘g’ 1 P [
g . OUTPUTS Low 3° B i g ” S N
> » »
» == £ i
» 13 m b ]
12 [ v
19 20 30 40 2 & 1 10 100 ~53-30 -5 20 43 70 83 120 145
SUPALY VOLTASE (VORTS) \ . SWITCHING FREQUDNCY (idte) AIMCTION TENPERATURE (°C)
DEOIOGN-20 Docesmot
Cument Sente Output Curent Sense
vs Load Current Operating Region
" [/ .
3 Y +25%0 E 38 10% ACCURACY
& 00 S as J
gm A a}:L g 20}~ 7% accumacy \\\
8 40 S 15 .
- g
20 os
a0
ag 83 10 t3 28 25 3¢ -3 S0 3 1w 15 1%
LOAD CURRENT (auPS) JUNCTION TEWPERATURE (*C)
DBotocoN-R2 osot

www.natlonal com 4
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Test Circuit
10nF
11 l—-
PWM —' j——> SINK
45V el 5 10
120 $
DR
NPUT ———p1 3 6 — Vg=d2V
o 1;;%- 1200 uf
e | S LT T
L e L
- Q = GROUND
3 128 3
2
10af
—— SOURCE
=
evre—eb
8
2.7k0 e
O8010608-9
Switching Time Definitions
+5v —\
INPUT { 50% 50% --
— ton) -~ W(orr)
ek » /--m mx---\
0 -f- - 10% 10% - -1\
T Yo -1 [ Yom
0 |- - 10% 0% -4-F
[N \ -. 90% 80% . . /
5A

v
J
0
Pinout Description (see Connection Diagram)
Pin 1, BOOTSTRAP 1 input: Bootstrap capacitor pin for half
H-bridge number 1. The recommanded capacitor (10 nF) is
connectad between pins 1 and 2.
Pln 2, OUTPUT 1: Half H-bridge number 1 output.
Pin 3, DIRECTION Input: See 7adk 7. This input controls
the direction of current flow between OUTPUT 1 and OUT-
PUT 2 (pins 2 and 10) and, theretore, the direction of rotation
of a motor load.

Pin 4, BRAKE Input: See 7abk 1. This input ls used 1o
brake a motor by effectively shorting its terminals. When

0Os106m-8

braking is desired, this input is takan to a logic high level and
it is also necessary %o apply logic high to PWM input, pin 5.
The drivers that short the motor are determined by the logic
level at the DIRECTION input (Pin 3): with Pin 3 logic high,
both current sourcing output transistors are ON; with Pin 3
logic low, both current sinking output transistors are ON. All
output transistors can be tumed OFF by applying a logic high
toPh4lndalogiclowbPWMhMPh5;httﬁscasooMy
a small blas current (approximately ~1.5 mA) exists at each
output pin.

www.national.com
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Pinout Description

(See Connection Diagram) (Continued)
Pin 5, PWM Input: See Tabe 1. How this input (and DIREC-
TION input, Pin 3) ls used is determinad by the format of the
PWM Signal.
Pin 8, Vg Power Supply
Pin 7, GROUND Connection: This pin is the ground retum,
and is Intemally connected to the mounting tab.

Pin 8, CURRENT SENSE Output: This pin provides the

sourcing current sensing output signal, which ls typically
377 yA/A.

Pin 9, THERMAL FLAG Output: This pin provides the ther-
mal waming flag output signal. Pin © becomes active-low at
145°C (junction temperature). However the chip will not shut
Reelf down until 170°C is reached at the junction.

Pln 10, OUTPUT 2: Half H-bridge number 2 output.

Pin 11, BOOTSTRAP 2 input: Bootstrap capacitor pin for
Half H-bridge number 2. The recommended capacior
(10 nF) is connectad between pins 10 and 11.

TABLE 1. Logic Truth Table

Brake Active Output Drivers
Souroe 1, Sink 2

Sink 1, Source 2
Source 1, Source 2
Source 1, Source 2
Sink 1, Sink 2

NONE

PIII":I%
xrIxrzx

TxTTrree

Application Information

TYPES OF PWM SIGNALS

The LMD18200 readily interfaces with different forms of
PWM signals. Use of the part with two of the more poputar
forms of PWM Is described in the following paragraphs.
Simple, locked antl-phase PWM consists of a single, vari-
able duty-cycle sighal in which is encoded both direction and
amplitude information (see Figue 2). A 50% duty-cycle
PWM signal represents zero drive, since the net value of
volitage (inlegrated over one period) delivered 10 the load is
zeco. For the LMD18200, the PWM signal drives the direc-
tion input {pin 3) and the PWM input {pin 5) is tied © logic
high.

50X UTY CYCLE

w
™3 ||
o -

75X DUTY CYTLE 2% avir oL

1|

AVERAGE LOAD  AVERAGE LOAD CURRENT  AVERAGE LOAD CURRENT
CURRENT= 0 FIM'SDMMWI n.ovsmumnmz
ourut

2 TO OUTPUT ¢
00106084

FIGURE 2. Locked Anti-Phase PWM Control

Sign/magnitude PWM consists of separate direction (sign)
and ampiitude (magnitude) signals (see Fiure 3. The (ab-
soiute) magnitude signal is duty-cycie modulated, and the

absence of a pulse signal (a continuous logic low level) rep-
reaents zero drive. Cumrent detivered to the load Is propor-
tional to pulse width. For the LMD18200, the DIRECTION in-
put (pin 3) is driven by the sign signal and the PWM input
(pin 6) is driven by the magnitude signal.

=, |
S U LT UL

WOTOR SPEED: mow  woaM M7 "W ww MR

SR CURDN NLOWS Ay MERNCE CARDE ROWS (o
URUT 1 B ST S ST L T0 BUTPUT 4

FIGURE 3. Sign/Magnitude PWM Control

USING THE CURRENT SENSE OUTPUT

The CURRENT SENSE output (pin 8) has a sensitivity of
377 pA per ampere of output cument. For optimal accuracy
and Ensarity of this signal, the value of voitage generating re-
sisior between pin 8 and ground should be chosen to limit
the maximum voltage developed at pin 8 o 5V, or lees. The
maximum voltage compiiance is 12V.

it shouid be noted that the recirculating currents (free wheel-
ing currents) are ignored by the cument sense circuitry.
Therefore, only the currents in the upper sourcing outputs
are sensed.

USING THE THERMAL WARNING FLAG

The THERMAL FLAG otsiput {pin 8) is &n open coliector tran-
sistor. This permits a wired OR connection of thermal wam-
ing flag outputs from muitiple LMD18200’s, and aliows the
user %0 get the logic high level of the output signal swing to
Mmsymmuqmmerumsoutpmtyphdyddmm
interrupt input of a system controlier. The knenupt service’
routine would then he designed fo taks appropriate eteps,
such as reducing foad currents or initiating an orderly system
shutdown. The maximum vokage compliance on the flag pin
Is 12V.

SUPPLY BYPASSING

During ewilching transitions the levels of fast cument
changes experionced may cause troublesome voltage fran-
slents across sysiom siray inductance,

itis normally necessary 1o bypass the supply rall with a high
quality capacitor(s) connected as close as possible to the Vg
Power Supply (Pin 6) and GROUND (Pin 7). A 1 pF
high-frequency ceramic capacitor is recommended. Care
shouid be taken 1o limit the transients on the supply pin be-
low the Absolute Maximum Rating of the device. When oper-
ating the chip at supply voltages above 40V a voltage sup-
pressor (transorb) such as PEKEG2A is recommended from
supply 10 ground. Typically the ceramic capacitor can be
efiminated in the presence of the voltage suppressor, Note
that when driving high load currents a greater amount of sup-
ply bypass capacitance (in general at lsast 100 pF per Amp
of load current) is required o absorb the recirculating cur-
ronts of the inductive loads.

www .national.com
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Application Information (continueq)

CURRENT LIMITING

Current limiting protection circultry has been incorporated
into the design of the LMD18200. With any power device R is
important to consider the effects of the substantial surge cur-
rents through the device that may occur as a resuft of
shorted loads. The protection circuitry monitors this increase
in cuent (the threshold is set to approximately 10 Amps)
and shuts off the power device as quickly as possible in the
event of an overioad condition. In a typical motor driving ap-
plication the most common overload faults are caused by
shorted motor windings and locked rotors. Under these con-
ditions the inductance of the motor (as well as any series in-
ductance in the V¢ supply line) serves to reduce the mag-
nitude of a current surge 1o a sale level for the LMD18200.
Once the device is shut down, the control circultry will peri-
odically try fo turn the power device back on. This feature al-
fows the immediate retur o normal operation in the event
that the fault condition has been removed. While the fault re-
mains however, the device will cycle in and out of therma!
shutdown. This can create voltage transients on the Vec
supply line and therefore proper supply bypassing tech-
niques are required.

The most sovere condition for any power device Is a direct,
hard-wired (“screwdriver”) long term short from an output to
ground. This condition can generate a surge of cument
through the power device on the order of 15 Amps and re-
quire the die and package to dissipate up to 500 Watis of
power for the short ime required for the protection circuitry
to shut off the power device. This energy can be destructive,
parficularly at higher operating voltages (>30V) so some
precautions are in order. Proper heat sink design is essential
and it is normally necessary %o heat sink the V¢ supply pin
(pin 6) with 1 square inch of copper on the PCB.

INTERNAL CHARGE PUMP AND USE OF BOOTSTRAP
CAPACITORS

To tum on the high-side (sourcing) DMOS power devices,
the gate of each device must be driven approximately 8V
more positive than the supply voitage. To achieve this an in-
temnal charge pump is used to provide the gate drive voltage.
As shown in Figure 4, an internal capacitor is alternately
switched 1o ground and charged to about 14V, then switched
10 V supply thereby providing & gate drive votage greater
than V supply. This switching action is controlled by a con-
sinuously running internal 300 kHz oscillator. The rise time of
this drive voltage is typically 20 ps which is suitable for oper-
ating frequencies up o 1 kHz

QVs

TO GATE
DRIVE
CIRCUIT

CCHARGE PUNP

GROUND
o6Btoseee

FIGURE 4. intermal Charge Pump Circuitry

For higher switching frequencies, the LMD18200 provides
for the uso of extomal bootstrap capacitors. The bootstrap
principle is in essence a second charge pump whereby a
farge value capacitor is used which has enough energy to
quickly charge the parasitic gate input capacitance of the
power davice resutting in much faster rise times. The switch-
ing action is accomplished by the power switches them-
seives Figure 5. Extemal 10 nF capacitors, connected from
the outputs to the bootstrap pins of each high-side swilch
provide typically less than 100 ns rise times allowing switch-

ing frequencies up to 500 kHz.
QVs :
e 2
[
t
t
0 GATE ! PHIOR
DRIVE < .
CIRCUIT Frd ' EXTERNAL
1 BOOTSTRAP
I CAPACITOR
I : PN 2 OR 10
ﬁ_ '
1
t
GROUND 4
D8010608-7
FIGURE 5. Bootstrap Clrcultty
INTERNAL PROTECTION DIODES

A major consideration when ewitching current through induc-
tive loads is protection of the switching power devices from
the large voitage transients that occur. Each of the four
switches in the LMD18200 have a builtin protection diode to
clamp transient voltages exceeding the positive supply or
ground o a safe diode volkage drop across the switch.
The reverse recovery characteristics of these diodes, once
the transient has subsided, is important. These diodes must
come out of conduction quickly and the power switches must
be able to conduct the additional reverse recovery current of
the diodes. The reverse recovery time of the diodes protect-
ing the sourcing power devices is typically only 70 ns with a
recovery « t of 1A when tested with a full 6A of
forward current through the diode. For the sinking devices
the recovery time is typically 100 ns with 4A of reverse cur-
rent under the same conditions.
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Typical Applications

FIXED OFF-TIME CONTROL the motor current to vary slightly about an externally con-
This circult controls the cumment through the motor by apply- trolied average level. The duration of the Ofi-period Is ad-
ing an aveorage voltage equal 10 zero to the motor terminals Justed by the resistor and capacitor combination of the
for a fixed period of time, whenever the current through the LMSSS. In this circuit the SignMagnitude mode of operation
motor exceeds the commandad current. This action causes is implemented (see Types of PWM Signals).

24 VOLTS
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R
Io.zzpr = |o.1,;r
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FIGURE 6. Fixed Off-Time Control
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FIGURE 7. Switching Waveforms
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Typical Applications (continueq)

TORQUE REGULATION

Locked Anti-Phase Control of a brushed DC motor. Current sense output of the LMD 18200 provides load sensing. The LM3525A
is a general purpose PWM controfier. The relationship of peak motor current to adjustment voltage Is shown in Figure 8

1oV DIRECTION CONTROL 12¥ 10 24v
0
1 <
i o Pl
< 2
3000 & 10nF
> LM3525A LM018200
}L +1ov 1 J 0.25A TO 3.25A
Vot € 1 24V DC MOTOR
mj- 1% - " '—1
— s 10k 2 100F
- . 10
®
2
s j__l 8
2’ . $ 47 3
10 > » 1X
TT— o] 3 Tiw = |
- - ) ==
P D8otoses-12
FIGURE 8. Locked Anti-Phase Control Regulates Torque
4
¢ )
x 3 7
g A
0
5 2 Z
z
s [ 7
.
(]
0 1t 2 3 4 5 6 7 8
Veurment apust (YOLTS)
DEO0ENN-12
FIGURE 9. Pesak Molor Current
vs Adjustment Voitage
VELOCITY REGULATION

Utilizes tachometer output from the motor to sense motor speed for a locked anti-phase controt loop. The relationship of motor
spoed o the speed adjustment control voltage is shown in Figure 71.
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Typical Applications

10V
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(Continued)
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FIGURE 10. Regulate Velocity with Tachometer Feedback
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LMD18200 3A, 55V H-Bridge

Physlcal Dimensions inches (mitimeters) uniess otherwise noted
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@ MOTOROLA

Pulse Width
Modulator Control Circuits

The SG3525A, SG3527A pulse width modulator control circuits offer
improved performance and lower extemal parts count when implemented for
controfling all types of switching power supplies. The on-chip +5.1 V
reference is trimmed to 11% and the emor amplifier has an input
common-mode voltage range that includes the reference voltage, thus
eliminating the need for extemal divider resistors. A sync input to the
oscillator enables muitiple units to be slaved or a single unit to be
synchronized to an external system clock. A wide range of deadtime can be
programmed by a single resistor connected between the CT and Discharge
pins. These devices aiso feature built—in soft—start circuitry, requiring only an
extemal timing capacitor. A shutdown pin controls both the soft-start circuitry
and the output stages, providing instantaneous tum off through the PWM
laich with pulsed shutdown, as well as soft-start recycle with longer
shutdown commands. The under voltage lockout inhibits the outputs and the
changing of the soft-start capacitor when V¢ is below nominal. The output
stages are totem-pole design capable of sinking and sourcing in excess of
200 mA. The output stage of the SG3525A features NOR logic resutting in a
low outpurt for an off-state while the SG3527A utilized OR logic which gives a
high output when off.
® 8.0 V1035V Operation

® 5.1 V£1.0% Trimmed Reference

® 100 Hz to 400 kHz Oscillator Range

® Separate Oscillator Sync Pin

® Adjustable Deadtime Control

® input Undervoltage Lockout

¢ Latching PWM to Prevent Multiple Pulses
® Puise-by-Pulse Shutdown

® Dual Source/Sink Outputs: 4400 mA Peak

Representative Block Diagram
vc
Vet O ® bema! I 0
15 ‘Referonce Cicuty Under.
Yeo O3 eguintar Voe [ — Octpu A
| Lockost = n" | I
05C Owpnt O™
—_— o -
8yne O 2] &M
AT ob—| Oxchatr F 2l " JL
oo Ovput &
rmnae O -
9
C © r 8 Lakh
0 il |
NV, lnpul 2 s
Nonie oul O- g Veer

SG3525A
SG3527A

PULSE WIDTH MODULATOR
CONTROL CIRCUITS

SEMICONDUCTOR
TECHNICAL DATA

DW SUFFIX
PLASTIC PACKAGE
d CASE 7518
f (SO-161)

PIN CONNECTIONS

erwa[] 7 []ve

N bt 2 [15]veo
sme[s ] 4] opus
0SC. Ouput [ 4 | [13]ve

or[s] [ 12] Grcet

fr[e] [11] omper
Soft-Start | g |, zICompamﬂon
{Top View)

ORDERING INFORMATION

Operating
Device Temperature Range | Package
SGE3I525AN Plastic DIP
SG3526ADW| T =0°10+70°C SO-16L
SG3527AN Plastic DIP

© Motorola, Inc. 1996 Rev?2
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SG3525A SG3527A
MAXIMUM RATINGS (Note 1)
Rating Symbol Value Unit
Supply Voltage vee +40 vde
Collector Supply Voitage Ve +40 Vde
Logic inputs 0.3t +5.5
Analog Inputs -0.310 Voo v
Output Current, Source or Sink lo 1500 mA
Reference Output Current Iref 50 mA
Oscillator Charging Cument 5.0 mA
Power Dissipation (Plastic & Ceramic Package) Pp mw
T = +25°C (Note 2) 1000
T = +25°C (Note 3) 2000
Thermal Resistance Junction—to-Air RaJa 100 *‘cw
Thermal Resistance Junction—t0-Case Rayc 60 cw
Operating Junclion Temperature Ty +150 C
Storage Temperature Range Teig 5510 +125 C
Lead Temperature (Soldering, 10 seconds) TSolder +300 <
NOTES: 1. Vakues bayond which damage may ocourr.
2. Derate at 10 mW/°C for ambient temperatures above +50°C.
3, Darato at 16 mW/C for case temperatures above +25°C.
RECOMMENDED OPERATING CONDITIONS
Characteristics Symbol Min Max Unit
Supply Voage Vee 8.0 35 Vde
Coflector Supply Voltage Ve 4.5 35 Vde
Output Sink/Source Current o mA
(Steady State) 0 100
(Peak) 0 1400 N
Reference Load Cumrent Iret 20 mA
Oascillator Frequency Range fosc 0.1 400 kHz
Oscillator Timing Resistor Ry 20 150 kQ
Oscillator Timing Capacitor Cr 0.00t 0.2 puF
Deadtime Resistor Range Rp 0 500 Q
QOperating Ambient Temperature Range TA 0 +70 “C
APPLICATION INFORMATION

Shutdown Options (See Block diagram, front page)

Since both the compensation and soft-start terminals
(Pins 9 and 8) have cument source pull-ups, either can
readily accept a puli-down signal which only has to sink a
maximum of 100 pA to tum off the outputs. This is subject to
the added requirement of discharging whatever external
capacitance may be attached to these pins.

An altemate approach is the use of the shutdown circuitry
of Pin 10 which has been improved to enhance the available
shutdown options. Activating this circuit by applying a
positive signal on Pin 10 performs two functions: the PWM

latch Is immediately set providing the fastest tum-oft signal to
the outputs; and a 150 pA current sink begins to discharge
the extemal soft—start capacitor. If the shutdown command Is
short, the PWM signal is terminated without significant
discharge of the soft-start capacitor, thus, allowing, for
example, a convenient implementation of pulse-by-pulse
current limiting. Holding Pin 10 high for a longer duration,
however, will uitimately discharge this external capachtor,
recycling slow turm—on upon release.

Pin 10 should not be left floating as noise pickup coukl
conceivably intercupt normel operation.

MOTOROLA ANALOG IC DEVICE DATA
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ELECTRICAL CHARACTERISTICS (Vo = +20 Vde, Ta = Tigw 1o Thigh [Note 4], unless otherwise noted.)

99

I Characteristics [ Symbol [ Min I Typ I Max J Unit J
REFERENCE SECTION
Reference Output Voltage (T 4 = +25°C) Vre! 5.00 5.10 5.20 Vdc
Line Regulation (+8.0 VSVoc S 435 V) Regiine - 10 20 mv
Load Regulation {0 mA <1;_< 20 mA) Regioad - 20 50 mv
Temperature Stability AViaf AT - 20 - mv
Total Output Variation AVigf 4.95 - 5.25 vde
Includes Line and Load Regulation over Temperjnture
Short Circuit Current Isc - 80 100 mA
(Vref =0V, Ty =+25°C)
Output Noise Voltage (10 Hz < < 10 kHz, T = +25°C) Vn - 40 200 | WWms
Long Term Stability (T j = +125°C) (Note 5) S - 20 50 mV/ihr
OSCILLATOR SECTION (Note 6, uniess otherwise noted.)
Initial Accuracy (T j = +25°C) - 2.0 16.0 %
Frequency Stability with Vottage Algsc = £1.0 2.0 %
(+80VsVccs+35V) DUvce
Frequency Stability with Temperature Aoge - 0.3 - %
oy
Minimum Frequency (R = 150 kQ, C = 0.2 pF) fmin - 50 - Hz
Maximum Frequency (R = 2.0 kQ, C1=1.0nF) fmax 400 - -~ kHz
Current Mirror (IBT =2.0mA) 1.7 20 2.2 mA
Clock Amplitude 3.0 3.5 - v
Clock Width (T = +25°C) 0.3 0.5 1.0 ™
Sync Threshoid 1.2 2.0 28 v
Sync Input Current {Sync Voltage = +3.5 V) - 1.0 25 | mA
ERROR AMPLIFIER SECTION (VoM = +5.1 V)
Input Offeet Voltage Vio - 2.0 10 my
Input Bias Cument g - 1.0 10 tA
input Offset Current o - b 1.0 pA
DC Open Loop Gain (Ry_2 10 MQ) AvoL 60 75 - dB
Low Leve! Output Voitage VoL - 0.2 0.5 v
High Leve! Output Voltage VoH 38 5.6 - v
Common Mode Rejection Ratio (+1.5V s Vo $45.2V) CMARR 60 75 - dB
Power Supply Rejection Ratio (+8.0 V < Veg S+35 V) PSRR 50 60 - dB
PWM COMPARATOR SECTION
Minimum Duty Cycle DCin - - 0 %
Maximum Duty Cycle DCmax 49 - %
Input Threshold, Zero Duty Cycle (Note 6) Vih 0.6 0.9 - v
Input Threshoid, Maximum Duty Cycle (Note 6) Vih - 3.3 3.6 v
Input Bias Current s - 0.05 1.0 pA

NOTES: 4. Ty, = 0° for SG3526A, 3527A  Thygp = +70°C for SG3525A, 3527A
5. Since long term stabllity cannot be m red on each device befara shipment, this spacification is an engineering estimate of average stability

from ot 10 lot.

0. Tested at fog, = 40 kHz (AT = 36 K, C = 0.01 kF, Ap = 0).

MOTOROLA ANALOG IC DEVICE DATA
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SG3525A SG3527A

ELECTRICAL CHARACTERISTICS (Continued)

( Characteristics | symbot | min | wyp | max | unnt |
SOFT-START SECTION
Soft-Start Current (Vghysdown =0 V) 25 50 80 A
Soft-Start Voage (Vehutdown = 20 V) - 0.4 0.6 v
Shutdown Input Current (Vghudown = 2.6 V) - 0.4 1.0 mA
OUTPUT DRIVERS (Each Output, Vog = +20 V)
Output Low Level VoL v
(lpink = 20 MA) - 0.2 04
(lsink = 100 mA) - 1.0 2,0
Output High Level VOH v
(lsource = 20 mA) 18 19 -
(lsource = 100 mA) 17 18 -
Under Voltage Lockout (VB and V8 = High) vui 6.0 7.0 8.0 v
Collector Leakage, VC = +35 V (Note 7) ICQeak) - - 200 HA
Rise Time (Cy = 1.0 nF, Ty = 25°C) % - 100 | 600 ns
Fall Time (Cy_= 1.0nF, Ty=25°C) Y - 50 300 ns
Shutdown Delay (Vpgs = +3.0V, Cg = 0, T = +25°C) tds - 0.2 0.5 ps
Suppty Cumrent (Voo = +35 V) Icc - 14 20 mA

NOTE: 7. Appties 1o SG3525A anly, dus 1o polartty of output puises.

Lab Test Fixture

Reference

Ragulator

g€

[~o~l——-—-n.o

éf
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SG3525A SG3527A

Figure 1. Osclilator Charge Timne versus Ry
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Flgure 5. Osclilator Schematic (SG3525A)
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SG3525A SG3527A

Figure 7. SG3525A Output Circuit
(172 Circuit Shown)

Figure 8. Single—Ended Supply Figure 9. Push-Pull Configuration

Qi |
Naupply To Output Fiter Wapply .
At
R2
3 Ve A
o SGI525A
sw‘s 14
G “j
o 12
o = __'
For single—ended suppiies, the driver outputs are grounded. In conventional push-pull bipolar designs, forward base drive s
The Vi terminal is switched to ground by the totem-pole controfed by R1-R3. Rapid um-off ¥mes for the power
source transistors on aliemate ceciiator cycles.

devices are achieved with speed-up capaciiors C1 and C2.

Figure 11. Driving Transformers in a
Figure 10. Driving Power FETS Half-Bridge Configuration
© o )
Vauppy Vaupply |—I
* Rt * Qt
T ﬁ T C
13 at l T 13 T
Rl L
Ve A ” oy —_
]
smszn $GI5ZA @ *;_J
14
Gnd B Gnd B H = C2
° L[]
L
The low source impedance of the output drivers provides Low power transformers can be driven directly by e SG3525A.
rapid chasging of power FET input capacitance while Automatic reset occurs during deadtime, when both ends of the
minimizing extemal components. primary winding are swiiched to ground.
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SG3525A SQ3527A
OUTLINE DIMENSIONS
N SUFFIX
PLASTIC PACKAGE
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2. CONTROLLING DINENBION: MLLIMETER.
’ 3. DMERIIONS A AND B DONOT INCLUDE
Par
2 o | [[elezenna[eo)] T 1
HHHH £ DMENSION D DOES NOT INCLUDE DAMG.
iT—T" yl gﬁ} PROTRUSION SHALL BE 0.827 {0.008) TOTAL
y INEXCESS OF THE D DIMENSION AT
¢ -4 MAXIMUM MATERIAL CONOITION.
_J L— ™ NALMETERS | WCHES
F
K { '1 R xas°
1 . x
L ===l === 1 S %_r
= m—‘j L f ¥ r: A
Dwrn
$lo5000@[1e O[A® :

How to reach us:
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% System : ball & beam control system
% Run On : matlab version 4.2¢
% Algorithm : 1. evaluate state-space equation in continuous time domain.
% 2. transform to discrete time domain and plot response.
% 3. evaluate new poles in z-plane from new poles in s-plane.
% 4. pole placement for state feedback gain matrix (K)
% and plot response after feedback with K.
% 5. evaluate reference input (Nbar) and plot response after
% add reference input.

9% Initialize environment

clear

format long

% System parameter

R=0.0111125;
r=sqrt(R*2-0.000025);
m=2.65224;

b=0.028;

1=0.596;
J_beam=(1/12)*m*(b"2+1/2);
£=9.80665;

T=0.01;

% radius of ball [m]

% radius of rotation [m]

% mass of beam [kg]

% thickness of beam {m]

% length of beam [m]

% moment of inertia of beam [kg.m"2]
% gravity [m/s"2]

% sampling period [sec]
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% State-space equation in continuous time domain

A=[ 0 1 0
0 0 glIH2*RA2)/(5*1"2))0;
0 0 0
0 0 0
B={ 0; 0; 0;
C={ 1 0 0
0 1 0
0 0 1
0 0 0
D=[ 0; 0; 0;

% State-space equation in discrete time domain

[G,H]}=c2d(A,B,T)

% Plot step response

KK=0:1000;
U=ones(size(KK));

[Y,X]=dlsim(G,H,C,D,U);
Y1=[1000]*Y"
Y2=[0 10 0]*Y";
Y3=[001 0]*Y";
Y4=[000 1)*Y";

subplot(2,2,1);
plot(KK,Y1,'w");
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% Pole placement

K=place(G,H,P)

% Plot step response

[Y, X]}=dlsim(G-H*K,H,C,D,U);
Y1={1000}*Y";
Y2=[01 0 0]*Y";
Y3=[00 1 0]*Y",
Y4=[000 1]*Y?;

figure

subplot(2,2,1);

plot(KK,Y1,'w");

grid;

title('x(k) versus k);

xlabel(k');

ylabel('Displacement of Ball (m)');

subplot(2,2,2);
plot(KK,Y2,'w’);

grid;

title('x_dot(k) versus k);
xlabel('k");

ylabel("Velocity of Ball (m/s)");

subplot(2,2,3);

plot(KK,Y3,'w");

grid;

title('theta(k) versus k');

xlabel('k");

ylabel('Angular Displacement of Beam (rad)');
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subplot(2,2,4);

plot(KK,Y4,'w');

grid;

title(‘theta_dot(k) versus k ');

xlabel('k");

ylabel('Angular Velocity of Beam (rad/s)");

% Calculate reference input

Nbar=rscale(A,B,[1 0 0 01,[0),K)

% Plot step response

Y, X]J=dlsim(G-H*K ,H*Nbar,C,D,U);
Yi=[1000]*Y;
Y2=[01 0 0]*Y";
Y3={0010]*Y";
Y4=[0 00 1]*Y";

figure

subplot(2,2,1);

plot(KK,Y1,'w');

grid;

titte("x(k) versus k');

xlabel(’k');

ylabel('Displacement of Ball (m)');

subplot(2,2,2);
plot(KK,Y2,'w");

grid;

title("x_dot(k) versus k');
xlabel('k’);
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ylabel("Velocity of Ball (m/s)");

subplot(2,2,3);

plot(KK,Y3,'w");

grid;

title("theta(k) versus k');

xlabel('k');

ylabel(Angular Displacement of Beam (rad)");

subplot(2,2,4);

plot(KK,Y4,'w");

grid;

title(‘theta_dot(k) versus k );

xlabel(k');

ylabel('Angular Velocity of Beam (rad/s)");

% End of m-file
o 1 e o A‘ oy
a2 I]!Suﬂﬁl MATILAB 11846 muﬂsz;mmmﬂuﬂ lil'N!ﬁ'L_l_
% System : ball & beam control system
% Run On : matlab version 4.2¢

% Initialize environment

clear

format long

% Assign data from experiment

y=0:17;
x=[0 0.4664 0.9589 1.3166 1.6667 1.9640 2.2224 2.4434];
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% Plot graph

plot(x,y,'w’);
grid;
hold;

% Polynomial degree 1 curve fitting

[p.S)=polyfit(x.y,1)
yy=polyval(p,x);

% Plot new line

plot(x,yy,' w--);

title('Contro! Signal versus Torque');
xlabel('Torque (N.m)");
ylabel('Control Signal (V)');

% End of m-file

function[Nbar]=rscale(A,B,C,D,K)

% Given the single-input linear system:

%

% x=Ax+Bu

% y=Cx+Du

% and the feedback matrix K, ’
%

% the function rscale(A,B,C,D,K) finds the scale factor N which will
% climinate the steady-state error to a step reference

% using the schematic below:
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% S—— \

% R + u [ . |

% —>N->()-> [X=Ax+Bu|-->y=Cx -—>y

% - |
% I I

% e

%

% 8/21/96 Yanjie Sun of the University of Michigan
%  under the supervision of Prof. D. Tilbury

%

s = size(A,1);

Z = [zeros([1,s]) 1];

N =inv([A,B;C,D)*Z;

Nx =N(1:s);
Nu = N(1+s);
Nbar=Nu + K*Nx;
o QU
1 HIUNTNIUAUTY
/I : System : Ball&Beam Control System

// : Compiler  : TURBO C++ Version 3.0
/! : Hardware  : ET-PCDIO Interface Card

/! : Include file

#include <dos.h>

#include <math.h>
#include <conio.h>
#include <stdio.h>

#include <stdlib.h>



// : Interface port address

#define portA 0x300
#define portB 0x301
#define portC 0x302
#define portCTRL 0x303
#defineport0_8253 0x304
#defineportCTRL_8253 0x307
#define portDAC 0x308
#define portADC 0x30A

// : 8253 parameter
#define SETMODE_8253

#define LOWBYTE_8253
#define HIGHBYTE 8253

/1 : 8255 parameter

#define SETMODE_8255

/! : Define direction

#defineCW 0x00
#defineCCW  0x01

// : Maximum allowable theta input in radian unit (15 degree)

0x36
OxE8
0x03

0x93
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const float theta_max = 0.261799;

/1 : repeat times to check ball position in first time

const unsigned char checktimes = 10;

/1 : Constant variable for linear voltage-torque equation

const float k1_torque = 2.8210;

const float k2_torque = -0.3925;

/I : Sampling period : 10 ms

const float T = 0.01;

/I : State feedback gain matrix K

constdouble  K[4] = { 94.30114867930770,53.59695858328158,

98.65538355883770, 5.57468876324590 };

// : Input reference value

const double nbar = 94.30114867930770;

// : Prototype

void interrupt(*oldhandler)();

113



void interrupt handler();

void restore_interrupt(void);

void IRQ7interrupt_initialize(void);

void cursor_off{void);

void cursor_on(void);

void setmode_8255(void);
void start_8253(void);

void stop_8253(void);

void read_theta(double *theta);
void read_x(double *x);

void initialize_system(void);
void send_torque(double u);

void control_loop(void);

// : Global variable declare

int setpoint;
long oldcount;
long count=0;
double x[4];
double oldx[2];

/I : Interrupt service routine

void interrupt handler()
{
disable();
count++;
outportb(0x20,0x20);
cnable();
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// : Restore old interrupt

void restore_IRQ7interrupt(void)

{
outportb(0x21,(inportb(0x21) | 0x80));
setvect(0x0f,oldhandler);

}

// : IRQ7 interrupt initialize

void IRQ7interrupt_initialize(void)

{
oldhandler=getvect(0x0f);
setvect(0x0f handler);
_asmcli
outportb(0x21,(inportb(0x21))&(0x7F));
_asm sti
outportb(0x20,0x20);

}

/! : Off cursor

void cursor_off{void)
{
union REGS regs;

regs.h.ah=1;

regs.h.ch=0x20;

int86(0x10,&regs,&regs);
}
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// : On cursor

void cursor_on(void)

{
union REGS regs;

regs.h.ah=1;
regs.h.ch=0x0C;
regs.h.ci=0x0D;
int86(0x10,&regs,&regs);

/l : Set mode of 8255

void setmode_8255(void)
{

outportb(portCTRL,SETMODE_8255);
}

// : Set mode of 8253 and start

void start_8253(void)

{ .
outportb(portCTRL,_8253,SETMODE_8253);
outportb(port0_8253,LOWBYTE_8253);
outportb(port0_8253, HIGHBYTE_8253);

}
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// : Stop 8253

void stop_8253(void)
{

outportb(portCTRL_8253,0x36);
}

// : Read theta from port ADC (radian unit)

void read_theta(double *theta)

{
(*theta)=(inportb(portADC)*((2*theta_max)/256))-theta_max;
}

// : Read displacement of ball from port A,B (meter unit)

void read_x(double *x)
{
unsigned char pA,pB;

// : Read data from port A and port B
/I until data in range (0..24)

do {
pA=(inportb(portA)&0x i£);
pB=(inportb(portB)&0x1f); }

while ((pA>24)88(pB>24)&&(pA!=31)& &(pB!=31));

/1 : Assign displacement from data input

if (pA==31)
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if (pB==31)
(*x)=0ldx[0];

else
(*x)=-23.5+(pB*2);

else

if (pB==31)
(*x)=-24.5+(pA*2);

else

(*x)=-24.0+pB+pA;

// : Build virtual band (filter)

if ((fabs(oldx[0])!=99)& & (fabs(*x)!=99)) {
if ((o1dx[0]-(*x))>0.5)
(*x)=0ldx[0]-0.5;
if (((*x)-0ldx[0])>0.5)
(*x)=0ldx[0]+0.5;

// : Initialize system

void initialize_system(void)

{
unsigned char pA,pB,newpA,newpB,i,found;
double theta;

clrser();
printf(" Input setpoint : ");

scanf("%d",&setpoint);

// : Initialize old value of x
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found=0;

while (!found) {
do {
pA=(inportb(portA)&0x1£);
pB=(inportb(portB)&0x1£);
} while (pA>24)&8(pB>24)&&(pA!=31)&&(pB!=31))
[((pA==31)&&(pB==31)));
if (pA==31) {
if (pB!=31)
(oldx[0])=-23.5+(pB*2);
}
else {
if (pB==31)
(oldx[0])=-24.5+(pA*2);
else

(oldx[0])=-24.0+pB+pA;

found=1;

for (i=1;i<=checktimes;i++) {
newpA=(inportb(portA)&0x1£);
newpB=(inportb(portB)&0x1f);
if (newpA!=pA)|{(newpB!=pB))
found=0;

// : Initialize old value of theta

read_theta(&oldx[1]);
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/ - Output control signal

void send_torque(double u)
{

double magnitude;

int output;

unsigned char d_a;

magnitude=fabs(u*k1_torque+k2_torque);
if (magnitude>7)

magnitude=7;
if (u>=0)

outportb(portC,CW);
else

outportb(portC,CCW);
output=ceil((magnitude*256)/7.0);
if (output<1)

output=1;
d_a=output-1;

outportb(portDAC,d_a);

/I : Control loop

void control_loop(void)
{
double control_sgn;

unsigned char i,stopflag;

stopflag=0;
send_torque(0.0);
x[0]=0ldx[0];
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x[2]=oldx[11;
while (('kbhit())&&(!stopflag)) {
oldcount=count;
oldx[0]=x[0];
oldx[1]=x[2];
read_x(&x[0]);
read_theta(&x[2]);
x[1]=(x[0]-o0ldx[0])/T;
x[3]=(x[2}-oldx[1])/T;
if (fabs(x[2])>theta_max)
stopflag=1;
control_sgn=0;
for (i=0;i<4;i++)
control_sgn+=K[il*x[i];
control_sgn=(nbar*setpoint)-control_sgn;

send_torque(control_sgn);

if (oldcount!=count) {

printf(" Sampling period is too fast!!\007");

exit(0);
}
else
while (oldcount==count);
}
send_torque(0.0);
}

// . Main program

void main(void)
{

cursor_off();
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initialize_system();
setmode_8255();
IRQ7interrupt_initialize();
start_8253();
control_loop();
stop_8253();
restore_IRQ7interrupt();

cursor_on();

/I : End of program
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