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Adaptive control PWM

Naranee Sajjavatee
Promotch Somchit
Advisor ‘
Singthong pattanasatthanon
1993
ABSTRACT
Motor in the jeneral working will have the serval
problem while the variable so that ,for fhe efficiency working
of motor . The conrol motor is to be used when +the condition
is variable . Feed back control motor is the important system
In this project the control motor 1is developed by using oper-
ational transconsucer amplifier (OTA) +that can make 8 good

result while can impress suitable PWM control (adptive control

PWM) and OTA can bhe control by the feed back system of the motor
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AT1NNTNAGDY A1 speed , wae V WA 1 i

|snuor

Ib - 50.81 MA
load . speed

arnNnwor
noload 1311 3.360
0.1 kg 1252 3.358
0.2 k¢ 1206 3.350
0.3 kg 900 3,365

'lh = 52 MA
noload 1333 3.1056
0.1 kg 1263 3,150
0.2 kg 1210 3.164
0.3 kg 901 d.154
Ib = 52.8uA
noload 1396 2,950
0.1 kg 1348 2,935
0.2 kg 1297 2,948
0.3 kg 935 2,970
Ih = 54,12 pA

noload 1513 ’ 2.792
0.1 kg 1455 ’ 2.810
0.2 kg 1335 2.824

0.3 kg 1145 2.840
3



load

ﬁoload
0.1 kg
0.2 kg

0.3 k¢

noload
0.1 kg
0.2 k¢

0.3 kg

noload
0.1 kg
0.2 kg
0.3 kg

noload
0.1 kg
0.2 kg

0.3 kg

54,72 pA
spead
1549
1475
1355

1120

54,96 uA

1557
1500
1380

1250

55.55 uA

1645
1560
1430
1210

55.91 uA

1610
1530
1410

1150

aenuor

2.708
2.750
2,755
2.785

2.692
2.695
2.694

2,715

24455
2,492
2.515

2.560

2.512
2,544
2.565
2.636
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National
Semiconductor
Corporation

LM13600/L.LM13600A

General Description

The LM13600 senes consists of two current controlied
transconductance amplifiers each with differential Inputs
and a push-pull output. The two amplifiers share common
supplies but otherwine operate independently. Lineartnng *
diodes are peovided et the inputs to reduce distortion and
aliow hugher input levels. The result is 8 10 4B signal-lo-
noise improvement referenced to 0.5 percent THD. Con-
trolled impadance butfers are provided which are especiaity
designed 10 complement the dynamic rangs of the amplifi-
ors.

Features
& 9y adjustable over 8 decades
® Excetlent g, linearity

Dual Operational Transconductance Amplifiers
with Linearizing Diodes and Buffers-

® Excellent matching betwesn amghifiors
8 Uneanzing diodes

® Controlled impedancs butlers

& High output signal-to-noise rato

8 Wide supply range t2V lo £22/

Applications

® Current-controlled amplifiers

u Current-controtied impedances
= Current-controlled filters

® Currentcontrolled oscillators -
n Multiptexors

® Timers K

8 Sampla and hold circuits

Connection Diagram

Duakin-Line and Small Outline Packages

AMp -
s1as DIOBE  INPUT  INPUT RUFFER  BUFFER
INPUT  BIAS ] i=) ouTPuT v INPUT  QuTIUT
1 18 " 1 2 1 J1e '
- .p—}‘ |
*
R T . N % ‘
1 2 ] . 5 g Il in
Ane DIJOE  INPUT  INPUT  OUTPUT V=  QUFFER  SUFFER
1A B1A o) = INPUT  ouTANT
tweut TUH/Te0-1
Top View

Ocder Numbder LM 13600M, LM 1380CN ar LI41360GAN
See NS Package Number M 16A oc H16A




\Yohage (N...c *)
%00

0A

olute Maximum Ratings
‘wy/Aerospace specified devices wre required,
d the Natlonal Semiconductor Sales Office/
wors {or avaliability and specitication

36 Vpg or £ 18V
44 Vpg or +22v

Msivation (Note 2) T = 25°C 570 mwW
el Input Voltage s5v
es Curront (Ip) 2 mA
'w Bias Curent {lagc) . 2mA
p Short Clrcuit Duration Indolinite
Mout Current (Note 3) ' 20 mA

rirlcal Characteristics pots 4

0°Ctlo +70°C
+Vsglo ~Vg
-65Clo + 150°C

Operating Temperature Range
OC Input Voltage
Storage Temparatute Range

Soldering Information
Oual-in-Line Package

Soidenng {10 seconds) 260°C
Small Quttine Package

Vapor Phase (60 seconds) 215°C

Infrared (15 seconds) - 220°C

Se0 AN450 "Surface Mounting Methoda and Their Elfact
on Product Reliability” for ather methods of soidanng sur-
face mount devices.

hrametor Conditions 19600 LM136004 Units
Min Tvp Max Min Typ Max
[t Vollage (Vo) 0.4 4 0.4 1 mv
N " Over Specified Temparature Range 2 mvV
lanc ™ 5 nA 3 0.3 4 0.3 1 mv
~drq Diodes Diods Blas Cumrent (In) = 500 nA 0.5 5 0.5 2 mv
“wi Change 5 pA <€ lage € SO0 A 0.1 3 0.1 1 mv
w1 Currant 0.1 0.6 Q.1 0.4 uA
aCurent 0.4 L] 0.4 5 ] pA
Ovor Spacifiad Temperature Ranqge 1 8 1 7 nA
mxtance (gm) 6700 | 9600 | 13000 { 7700 | 9500 | 12000 umho
Over Spacified Temperaturs Rangs 5400 4000 umho
) 0.3 0.3 d8
ot Current R = 0,lage = S pA s 3 5 7 HA
A, = 0,1agc ™ SO0 uA Js0 500 850 350 %00 650 BA
R = 0. Over Specified Temp Range | 300 300 nA
DA Voltage
~ Ry = 0,5 4A < lage € 500 pA +12 | '+14.2 +12 | +14.2 v
r Ry = 0,5 uA < lage € 500 uA —12 | ~14.4 ~-12 | -4 V.
“urony Iagc = 500 uA, Soth Channels 2.8 2.8 mA
rwivity
- A Vos/AV+ 20 150 20 150 | uviv
ad 4 Vos/AV =~ 20 150 q 20 150 | uv/v
80 110 80 "o a0
»Uorde Renge $12 | £135 £12 | 2135 v
. Raferred 10 Input (Note 5) )
20 He < 1 < 20 kHz s 100 o8
ot Currant | lage = 0, Input = %4V 0.02 100 0.02 10 nA
» Lurent fapc = 0 (Raler 10 Tost Clreuil) c.2 100 0.2 5 nA
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Electrical Characteristics (Note ¢) (Continued) .
Paramater Conditions LM13600 LM16004 :
Min Typ Msx Min Typ | Ml
Input Resistanca 10 26 10 26 |
Open Loop Bandwidth 2 2 |
Slew Rate Umw Gain Ccmpomafod 50 50 T
Butter Input Current (Noto S), Except Iage = O pA 0.2 0.4 02 | o041 o
Paak Buttar Output Voltage (Note 5) 10 10 ‘ b

Note 1: For seecuons \0 & supply vOIBQe aove T 22V, contact lactory.

Nate 2 For operating el INgh Lemp=rsnres, 1he device Mmusl De dersied besed 0n & 150°C MAXXTUM JNCEON MO Atre and § Tarmed rrevierce ¢ =4

wivch A0phes 101 the devics solGered m & (rvited craut boerd, ODeratng i &t ax,
Note 3: Bulter outpt Curtent shouid e WMNCd 50 88 10 NOL xCewd PACREQS AlEsDABON.

Note 4: Thess s0eciNCabons apply 10 Vg = 215V, Ty = 25°C, amplifer buas Curtent {lapc) = 500 wA, pirs 2 and 15 0p8r LN OUrwss IaTE “may

0 the bufters e grounded &nd CULOULS &6 COen.

Note & Thees specificstions spply lor Vg = £ 18V, lapg = 200 nA Royt = 8 At connected hom the butfer Gutad 10 = Vg 4nd Ta roul ¥ e sl
oupt

di1ohe ¥

échematic Diagram
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| Performance Characterlstics
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Typical Performance Characteristics (conunueq) ‘
Distortion ve Differentisd : N
1nput Voltage Yoilage vs Ampiifier Bles Cirrent Ortput Notne vy Frequency "
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hit Description

[rential transistor pair Q4 and Qs form a iranscon.
b stage In that the mtio of their collector curtents is
¥ the ditiorential input vollage according to the
w \nction:

- Tinls
Vin = ein g m
fy iy the differential Input voltage, kT/q ls approxi-
2 mV at 25°C and Ig and |4 ars tha colloctor cur-
1rensistion Qg and Q4 respectively, With the excep-
% and Qq3, all ransistors and diodes are identcal in
Frestors Qy and Q, with Diode Dy form a cumrent
Pwxch forces the sum of currents i and Is 1o equat

s + 15 = lage {2)
‘g I8 the amplifier bias current applied lo the gain

~d differential input voltages the ratio of 1 and I5
ches unity and the Taylor series of the In function
v oroximated as:

KT, s KT ls =

3
q9 lk aqa Lk ®)

.. lasg

lh=ls

lanc q] -
l Vm[ 2T s — ¢ {5}

}vmnts l¢ and Ig are not very useful by them-
Frd 1t s necessary to subtract one current from the

other. The remasning transistors and diodes form hree cur.
rent mirrors that produce an output current equal to s minus

‘g thus;

lanca
Vin [Lg-:?- ~ lour (5)

The torm in breckets Is Ihon the transconductance of the
ampiifier and (s proportional to Iapc.

Linearizing Dlodes

For ditferential voilages greater than a fow miliivoits, Equa-
tion 3 beccmes less valid and the transconductance be-
comes increasingly noninear, Figuwre ! demonsiratos how
the Internal diodes can lineartze the ransier function of the
amplifier, For convenlence assume tho diodes ars biased
with current sources and the input signal is In the lorm of
cunent lg. Since the sum of I and Is Is Iagc 8nd the ditier-
ence Is loyt. currents I and Ig can ba written as follows:

! !
= lasc _ out | = a8C | lour
2 2 2

Since the diodes and the input transistors have identical
geometries and are subject to similar voitages and tempora-
tures, the following is true:

lage | lout
+. 28C . out
kT 2 'S 33 2
a b_, 9 laac _ lou
2 S 2 2
21 |
Sloa = Ig ( ‘Bc) torfigl < 2 16)
. o 2

fout « 15=l4

—
poemeeeQ 1O YT * lls(l_tn_c')

ov‘
1&gt
—-_— -
l_(l-.lg 1gelg
1 T
MCE 4
’
-‘[: - 4
e b
1
-V’
)

TWHITIAG -8

FIGURE 1, Linsarizing Dicdes
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v.egathum sisemae LED oouCaY LCUOILD 10 alicon oraiotran:
0018 emgned 104 SOPIEILONT FeQussing SIECINCAE 80atiON.

¢ n.gh 140laLON VOIAQE — H
vigo = 1400V iMin|

& K.gn Couector Ouiput Curient
tu If » V0 MA =
Ic » 5.0 MA (Typ) — eNIS.AMNTE
1.0 mA (Typt — eN27.4N28

Pacsege

Mgh-cutteniirgnsier 1ahins, $Man pacsaie 32 aNS iow cost such

03 nieracing 4NA COUPINY BVILEML. DN esL 400 1CECTICE CONLIOI,

200ia-310te relays N0 QENBIbl-LUIDOLE SwitChing Cuguits,

¢ Cacenent Frequency Fespunie —
300 v (Tven )

o Fagt Sentchung Tumes I = 10 mA
wun ® 087 s (Typt — aN25AE

H2E

2.1 s (Tyo) = SN27.4N28

ton * 1) -3 (Typl— 4K25.A.61526

3.0 ws (Tyc) — oNG2.aNGE

¢ Economical, Compact, Duahin-line ® 4N75A 18 UL Recognuzen
Fie humper E54915

' 4N25, 4N25A
4N25
4N27
4N28 "

e

o]

L JUPLER/ISOLATOR

TRANSISTOR QUTPUT

2TO

*MAXIMUM RATINGS (T 5 » 259C uniess oireevn w notral.

[ Rating Semoot | Valve | una J
INFAARED-EMITTING.DIODE MAKIMUM RATINGS  « K
Aeverse Voluyr VR 0 Voiu
i orwar 0 Cutrent = Continudut e 80 mA -—T
Forwa' @ Cumenmt = Pess 8 i 3.0 AMD
Puise WigTn ® 300 w3, 2 0% Duty Cvele 3 .
Totet Powver Onmpation @ T« 25°C 23 %0 mav |
NegligpDu Power on Tronssior 2 7
Oerate spove 35°C 2.0 mweC ,l_
PROTOTAANSISIOR MAXIMUM RATINGS L—— A — ¢ L —'I
Cotiscior-E muner Vonage Veso 30 Voits T ) — e
£ e czae-Catiecior Valiays VECO 7.0 vons [] i {
Conecror-Baw Voliage vecao 20 vons 0oL -4 4= T 7
Towi Oevice Dinipotion @ To = 25%¢C Pp 150 mw &
Negugibse Porar i Diooe (3 X) " ine o | J__."___
Devate above 25°C 2.0 mAC ~S
M
TOTAL DEVICE RATINGS STric
Total Dewice Dunpsion @ Ta » 25°C P I 50 l mV e : ::f:l:ﬂl
L avel Pomer Disasparion i Eoch Element | 3 AL
Devate snove 25°C 23 ™~y 2 o EMiTTER .
Juncian Temperature dange T, -85 @ =100 | o¢ 2 :2;:“-"“
s 1 R T 55 to = 152 3¢
107 o Temossaluts Renge 1y S 1o 2 1 AOTES
Sowenny Temoeratuie 1104 | c | OmMUNAIGNS A AND 8 ARE DATIWS
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FIGURE 1 = MAXIMUM POYIER DISSIPATION
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