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Abstract

This project studies the operation of the control of DC Motor speed and enabling rotations
clockwise and counter clockwise. This operating mode relies on the loop of speed control by
comparing the voltage feedback with a reference and controlling the speed using PI method to set

the motor control circuit to steady-state and then using a Pulse Width Modulation circuit to drive the

MOSFET to control the speed.
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ussduBuwniihunTeegsznin +15v e -15v vngeeiuld usas o da 15v
D,92 145 Reverse bias 11 D, ithnszua mumddundemmsaduves 113 10v. dedlouuss
Auduwmegsendtg 0 8¢ 10 ezifiudl D9zgn Reverse bias IR Mithinszua azifusady
MIWNImITUSUWY Ltdxﬁauﬁﬁuﬁuvgﬂmﬂﬂ'iwh“?iﬁya‘li’ﬁevh >10V D,92¢n Forward bais

r + ¥ y
M1 D, farsesieniynil lAezhtuussduide 138e 10 v.dmiulugae o 8 -15vitusziiu
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3 s . 1 . 1 d:? 1o ¥ A 3 o ]
1871 D, 92185 Reverse bias dau D, 92 bais 9819 lsftiuegiue 1, #4913 ndamsfivwien

fudui ldefurenuda

L4 3
TurseseSaiuez1¥ Opampimihiiadufundnns bais diade Tasaniiiubuffer nazudy

T kA v
NN Pot, Fdsrwssdu Bamdeenis dsgali 3.9

TIC

from PI Speed control 0 TLo84
13y + ]
2 -
o
R2
10K
" :
1 ¢ T1A >
bt L0834 1RALaz B

i 84
* ! 1a 3 N
2 IN 2 to Noniverting Amp
: |__—____

V

14148

Y

=

3119 3.9 Speed Limit



33

6. Attenuator

Jesiindiaaussiufnen Speed Limit Iffimdea1wlszana 0-6.25v iefiozilou
ae T 9 wee 10 MC33033 mﬁ?}é’mﬁaansf?i‘fumﬁn‘fmmnh MC33033 #i1 9 Yuansa
immﬂu'lﬁ'mnnqﬂmmuﬂ 625V T Uaees Speed Limit uummm‘lmmmm‘lﬁqam
Uszana 15V muumﬂmnm)sumaﬂmamssaﬂumm‘lnmmm’l‘m‘u MC33033 14 Tudqu

aemiuldees iy Non-inverting Amplifier fifl gaimlszanas ¥ ma‘lﬁ‘lﬁmmwwmuﬁmuﬂ

1
Vout = —Vin
2
15v
R1 %
from Speed Limit 15K % %11:884
X =AY X - 1 —« to MC33033
R2
K :
-15v
:T: V\H
R
10K S

II!—'\/\L
T

gﬂ‘ﬁ 3.10 Non-inverting Amplifier
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7. MC 33033 Controller
MC33033 ri'flu IC ‘mJ funcuon‘l‘uﬂ'l‘i Drive Motor ‘YN DCuazAC ‘N MC 33033 Niﬂiﬁ

a$ramely mnl‘n 3.11

QUTPUT BUFFERS

T;hu«

A

A=)

3111‘?; 3.11 Tnssataamely -

nesiiimhilumsathe pwM riiefiesii’) Drive #2 MOSFET #1 MC33033 1u
amnsanlAountlas Duty Cyele ¥89 PWM e sdsiin/aoumiae i ludauvesmiieu
an 8 axgadeiu R uaz C, $eeziludfmua Oscillator Frequencyluftfiising14 R, = 10k Loy
C, = 0.0054F v¢'ld PWM aawdiildanalszana 25 kitz aamidvesnemedazgnauguTa
Frya10fisn91n Non- inverting Amplifier #vzau€iiun 9 FufuvIn0uea Error Amp 429z
virdeygnui adrusiu pwm el Drive #2 MOSFET 1C #ailil 41 3 vmihiiiuForward/
Reverse fie tliodeans1i Motor mapu Tl mmit 413 sxgnaesl3 untideents 19 Motor wyu
luldands 41 3 flezgnaens ground , 91 12 iU Current Limit UAITI9TABYT 12 9 ground
ez difiums Bidrdanszun Tudauwt 19 Fuffuw Enble szgnassBiffeld e
anealIm uAt AN 13 1% Motor nganyu Hezdev) 19 as ground Medrueniymez1dun 2,20

@911 P-Channel MOSFET @3u%1 15 #1ag 17 91} N-Channel MOSFET
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4 SA AT 2
5 SB
6
sC BT _L_.
Si 20
o O— 3 FWD/REV cr
5 18 SELECT
9] Enable ap 7
; W v  MC33033 |,
= Cl | —
0.1u
15
= ._7 Ref Output i\ |
from Non inverting A 9
c..__.___mg Pl ERA+
Al 1 {t] y
<
5 10K EI ERA Out/PWM In Current Sense 12
i 0osC GND =]
_1.C2 1
=1-0.005u 1
13

311 3.12 MC33033 Controller

to QI

Q2

to Q3

to Q4
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8. Driver

L 4 [
29958191 lun 19D river Motor1As9z 1¥MOSFET %iia P-Channelitaz N-Channel
Ll o/ o Qal’ e/ L < o 4 ° L A o
adnaz 2 @ lumshanniussaduduinulaci Q, sehnuwndondy Q, slunaufeaiu

Q,f11 Q,9¢ off #1811 Q,N1U Q, 3¢ off dIU Q, 1L Q, 9% on UNU

Lty

from 2 of Controller

Q2

from 20 of controll (ﬂ—b)-@
4

Q3

R3
2
from 17 of Controller, |

R4
o]
from 15 of C it AA l |

31/# 3.13 Driver
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10. Gain feedback of speed transducer &
11. Absolute Circuit

?Q‘DiﬁiﬁﬁTﬂﬁ?ﬁﬂlMﬂﬁ@ﬂpmﬁﬂﬂmnﬂ'lﬂ Tacho Generator tazwiaufuvhldafivey
uBadiusuandanue feufieda il pI Speed Controller tiverilndusummusweimeside
)

¥anNN91i1u

ﬁ'ﬂmm‘?}eaﬂm%m Tacho Generator 91471184 Non-inverting Amplifier "7;‘\11 5 vo3
TIB eveedaann Taoil gian~2 udaniuszd1eaens Absolute U1 9 84 TIC Fefh
Fayenat fhuwan D, 95gn Reverse bais vi1l¥ daygnarhicunsodmp, 18 foiudaeaes
i Ruas R, saz widh#t ¥1 13989 TID3ew 1t Summing SudygNAANIIN amplifier
Tasase uaziemynves TID ﬂ~'lﬁ'1ﬁ1ﬁu?7mw1mauu'ﬂmﬂnfm'i Absolute nafdyaueIn
Tacho Generator i1y mﬂmumqows Absolute mn 9 484 TI1C U3 D, 9¢90 Forward bals
nieuiu D mm‘lmmapmmuma D, ,D, uay Ryitefiozid il 01 13ves TID ua.,ﬁwtg'lmu
911 Summing Sudaaytadinen amplifier Tnsase wumudyonadithuun faunsd

lﬂ'l"ll‘i!‘ﬂ'(lﬂi TID I wnmmasmﬂuwgﬂﬂauzﬂnmmaw Absolute umzuwlaﬂswmnu
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[oQuod pasdg 1 0

P 3
IR
"AN—
01
V— AAA—
. ST 70001 s e
A 1a Z00¥NT
1
3 30
* 1001 a
A\
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L, A
AN -~ ?
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i
A51

37 19 3.14 Noninverting Anplifier & Absolute Circuit
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A1508AUUY Display (FIUUTAING)

1¥ndnmistleu pulse 191 counter Manwmy 4553 1&sHaBCD oMU IC
14543 11Jae BCD 1111 Decimal (g1u#1)

TunissenuuuezieITan 3 dau

1. daudildhivld v- o -F Tasld 1cLM331
14 £iin31uilu linear M1 voltage

159/ input = 10V 3% 3100 10Hz-11kHz
Vin Rs 1

4 ' 2
11199910 Vin 5171910 Tacho Gend | Vtacho | <8

t4
nazR Jif1 12k-17k Defigaenrsdhaiunail
Vin 12k

R =12k .. t = = 884357Vi
‘ Jout = >56 * 100k~ 68 x 001z -
11194910 Vin = 0-8V INI1LRLIU fout = 0-6.75kHz
Vin 17k
R =17k .. t = = 119617Vi
' Jout =5 09 X 100k~ 68 x 001 g
1189970 Vin = 0-8V 31201 fout = 0-9.57kHz
1y R3
6.8K
8
C3
l:(:ox / s 001y
Toput RS T. i
& +

LM331

}_
i
LT

|
4
B

31171 3.15 2995 LM 331
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2. mysenuuudlu Jaald 555
4 e o/ 1) 1 é X -
iilssnnasuiisde hinswanmusaseu 7 15V & mpusa melFluasdmsed s

sedmuannus a8 fs 600, 1000, 3000 s8R

swendnmahidaaunuddin 555 1 AND fu fout 488 V- to- Fuazru 9

Clock 494 Counter

JUUUL

from Vto £

fomsss o] p———owput [ULT UL

3 i s
555 R R
1 3
i
e 0.0l
31 3.16 2993 555
. 144 144
16 Jiss = = -6
(R, +2R,)C ~ (1k + 2R,)10
bR
R, +2R,

R
R, >R, . D= 2;3 = 05 = 50%
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pamarenitinld  _ Sewr |
f:SSS
957k

- -f:')55
957k x 05
" motor speed

x 05

&1 Vmax =600 $8U/UW = (9.5k*0.5)/600 = 7.98 Hz
&1 Vmax =1000 581/417 = (9.5k*0.5)/1000 = 4.79 Hz
&1 Vmax =3000 59U/ = (9.5k%0.5)/3000 = 1.60 Hz

Hazn
£ 7T 1M
3 7 (R, +2R)C (b +2R)107
144
-1k
R. = Ssss X 10°°
B 2
1 600 sV
____l'i‘l_ 1%
LV W
R, = | 12812 = 90.75KQ
# 1000 S8V
i“___ 1k
-6
R, = | 479x 1:? - 15080
#3000 8L/
_ 144
6
R, = |0 1‘; = 4495kQ)

Aea R ~IMQ HIuR Yud 1A
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3. m5dalR Counter #1015 Latch Joyandnmstiu yaziiulnai

3.1 M3 latch deyandennmsiudeyarirldlaofloudyanmviady uig i LE

1 4
Y o

2 it
y9dcounter U1 Iavenuu 13dail

D1 RS VR

Vinanan IC 555
ifi® input Vin =5V 18 v.=0
1318 Vin = 0v i1 V_szildsusino il v_=sv

~ 910 Vout=Vin+V,

Vout= in __/_

- 1Adyane: rig viatawAesn1sese
i od . :
disinput)asusin ov {lusv .. Vout=Vin+V,
= 5+5=10
é 1 A = |j 1]
F 10V vzmoadlalensdnnmiaia deeieq voerlivullds 10v mszez Inadulalen

. 2 . 2
fiIaUVin 9204 5V A8 Vin Ywil10.6 viriniu fie Vout=5.6V

1iie 92'1@

Vin = Vout = ] I,J‘

3 " d' Qs
fauufezinsnszmndultdndes ~ 0.6 vuanld i@z lFnunvinveaiu
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N139BALUIVM R,C uaz Diode

Vin = = Vout —‘W——-

e Iaunsashims lachdoya 14 T delinntosndn,,

T<t V83555
151R8eMAIUI T, 31NN511 (1, U89 555)
t,~0.695 R,C
Fat_ v minfl Ry fiefi 60058UAIT =91k
() o= 0.695% 91K*10°
= 63.25 ms
ST =(t,) = 63.25 ms
Tumsldnuie Tt
10180 T="T_/50 = 63.25ms/50=1.27 ms
910 T=RC
@80 R=10k .". C=0.13 uF
1390 C=0.1 pF
.1 R=10k, C = 0.1 pFd2% Diode 81914 Power Diodets1wviaufinawd < 108z hidesnts
AUANIA Switchingiia

L LI 3 5 1 -& H L% 4
3.2 psuind 18 Tastleuvrvu e RSTU99 Counter¥alF99s Noanuuu3ded

+ Ve -
Vin Il Vout

(210 555) '
D1 R

il Vin=0v 1§ v =ov




i1 Vin = 5VA1V, 924A3910 0 5V

Vout=Vin-V,

e
i

e Vin nlasuih ov Vout=-v.=-5v

[

A o Qa ' o t
aralumalfiid v, histuds -sv us —0.6v 184

1ife Vin =

K

14 Vout = ¥

A P4 [] T ° -} o J v u‘:
Faudlild M udansoiiau'ldfs Counter 38913017 UM LB

1398NUBY R,CUas Diode

Vin }\
—> Vout

(81N 555)

e I a5 07N Reset Ansuiiinistiulna1d deudulannteou’ly . 1< t YD 555
e = 0695 (R,+RC
P
181910 R, >>R,

S by P 1= 0.695 Ry *C

1 1 ifiafi 5 )i
c?«w 2% min fi (Ry) . i 600501/ 39 R,= 91K
o (tygy D= 0.695%91Kk*10”

=63.25 ms
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e T= (fys D= 6325105
Tumslfamesete<t,,
don 1= T,./50 = 63.25ms/50=1.27 ms
910 T=RC
109 R=10k .". C=0.13 uF
oA C=0.1 uF _
. 1% R=10k, C = 0.1 uFdu Diode 81814 Power Diodeis 123 uiin21wa < 1002 higeans
AR Switchingfif
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g‘ﬂﬁ 3.17 Display circuit
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i

ok

HEQ] Avm<

MC14543B

U4

uuuuuu

1] ﬁﬁﬁ
8388 & AR |
Jall § [ T-segment

‘E’: 7 ~ il

7-segment

MC14553B

U1

Il

7-segment

.

Sv

T3

10owmdes-/,

T

juemBos-f,

i

juowdos-£

T1

—@>1 01 5_@)1015 )1 015

$220 2220 ‘%220

MC145438

u3

I el

8355 § giA L
Yk 9§ 8 e

RST
LE

a‘ie]: . L 2
1
I
o

.

0.001u

clock

51l 3.18 Display circuit (d®)
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UNN 4
NISNARBILAZHNAN1NARDY

4.1 M3IAMANBUFIANAN 9 #aluas No load uazvals take load (250 )

nwwﬂamf‘;ﬂzi%'ﬂwsﬂ%"ummﬁa‘lﬂﬁwz’wqfﬂmﬂi’f' Tacho Meter a3 e3anaw
Faflundn uazeygnanugaein Display fattudan MevSoudouiu danluvned ke
load (9 load YouT MU = 250 g udafaeTamnannda Taoldvta Tacho Meter uas Display

A o = P o 2 v f * ]
eunnSsuifioududae Fawanisnanes lduaasegluaisish 4.1

A131991 4.1 Han1snaassiafIA1s A9 9 TuvaE No load Uazume Take load

No load Loaded
Speed “ﬁ@iﬂﬂ ' Speed ‘ﬁﬂ'ﬂ‘lﬂ ' Speed ‘ﬁﬁiﬂﬂ Speed ‘ﬁ@mﬂ
Tacko Meter (rpm)’ Display (rpm) * Tacho Meter (tpm) | Display (rpm)
1668 : 1616 840 875
1403 ~ B0 | 840 - 820
1200 : 1165 : 787 760
1000 : 951 783 770
800 \ 776 : 770 710
609. - 591 : 595 586
408 . 400 . 402 400
200 198 . 192, 198
100 100 &3 85

4.2 11538 Duty Cycle 483 PWM 1931305261199%191 484z No load UazvatzTake load
& o o o Y o o A
A1SNARRIHIZAR 18R UNIINAADIN 4. 1uazeeit lndaufunisnanesd 4.1 428 Tash

ar =4 ) ] asr ar d' 4' t:i
swzdfuaamnda liade q udrnzfadygnnues PWM fiv1 17 ¥8939935 MC 33033 tiisiioe

L4 A L * d’
9 Duty Cycle vasiiu samnsouans ldasgias il



Tek EIXIH 10KkS/s

49

::f",:;,iu;;::;::;:::: ::..‘.:::i::::{::::ftf::
ST /. A i
JCir )] 5V M~ 5ms Chil 7 14.2V

23 Mar 1999
15:24:36

311 4.1 e duty cycle ¥89 PWM ynizdiiin21i53 = 1668 tpm 1z No Loa

Tek Run: 10kS/s

Sample
I. T

3

L L P |
......... B B I I i e e R UL ]
. . i g d |
i j
i i &_‘T ........ Tl g
"";""i"";::::§:::: ....i::::;::::;:;::i....
5\‘/ P IR MISmS‘(:h]_r‘]‘c;zv

23 Mar 1999
15:27:03

51041 4.2 11aA9 duty cycle Y89 PWM vaiz#iina11u53 = 1668 rpm Uaz Take Load



Tek EIT3H 10kS/s

50

{ 1
...................................... 1T
L . . . 4 .
L Vol -4\-1 sy . S A A—" . %
L . . + . . . ;
. . i . . . .

. . . + . .

. . . 4 . .

1 P PR U A T PR, WP I 1 PETS, RPN

+ - —riaiomiocl -+ St + - Navbwrrd
.....................................................
iEs \:,L ,,,,, i ,Mx i

23 Mar 1999
15:28:49

7171 4.3 e duty cycle ¥89 PWM veuzfilina1me39 = 1403 rpm 1az No Load

Tek HTIH 10kS/s

5141 4.4 LEAs duty cycle Y83 PWM Vo

L
L

108 Acgs
Y.

R |
1

i J i
T T .1.!...!...1.;.;1..%....%~.x!z T ™
. - . EE - . . :
PR 5\:/! ......... MlSmleh]_fi4_2v

23 Mar 1999

<

AT

15:31:07

$9 = 1403 rpm i1z Take Load



Tek EIGIH 10kS/s 71

51

Acqgs

i L T 1
| § ¥ J H

.......................... EM.‘

‘-\w e . —WT ) — g

I . . i
4 L.‘-. Chehpeioc i L e L Pttt

C . j . \
PRI § S Ld o AWV A .
IChi| 5V

5ms Chi 14.'2'\'/

.
ot

23 Mar 1999
15:33:16

31111 4.5 ueAg duty cycle Y89 PWM YNNG = 1200 rpm ag No Load

Tek BITiH 10kS/s

32 Acgs
s

T T YT Y T T T Ty

T T T T T T r Y Y YT T Yy vy

PRRE Y0 OF YUK SO0 SUU IO SO U0 O TR TN 0 AL SO SOY WX SO 0 SO MO O 1

b bbbt et

TSI IR D A IR T A AT BT Y U A R ST T S i VT S N

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

xxxxx

23 Mar 1999
15:35:23

gﬂ 1 4.6 493 duty cycle ¥83 PWM YaefinnmEa = 1200 rpm 10 Take Load



Tek HXIE 10ks/s

52

74 Acgs

: I T b | !
i L o 1 i
e L - R A
1 .
1 : ]
£ 4
e T B TS d
P bt d PPN Lt Jis i
-ttt i bbbt et
L. .. . b e g i et a Vi i e 0.0 KN T DI &
JChi| SV M Sms Chi J 14.2V

23 Mar 1999

15:37:34

311 4.7 uas duty cycle Y93 PWM YugAIA215T = 1000 rpm 1AL No Load

_15:45:27

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

PEI T SIS TEE S0 WK SUE ST U W% SO T

PR TN S TS S O O 3

LIS S I

23 Mar 1999
15:40:26

311 4.8 uaAe duty cycle Y89 PWM vz fifinananda = 1000 rpm #Ag Take Load



Tek HXH 10kS/s

53

65 ACQs
I.

......... S ABEEaEsassss s
“T ..... M? ......... IEESRERY o
[ : . !

T X « i 1 1 M, A, Depi™ gty R . A
JCh 1 SV M 5ms chi J 14.2V

23 Mar 1999
15:45:27

31141 4.9 U duty cycle Y03 PWM A5 3 = 800 rpm 1A No Load
SR 10kS/s

Tek

PP SPUT TR BT oS A A

1427V

23 Mar 1999
15:47:23

51%1 4.10 uarae duty cycle Y83 PWM Yz NNA2 = 800 rpm Uag Take Load
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Tek EIXiEH 10kS/s 24 Acgs
i T.

T

- - . -
D |omtotdmtetobe i34 AL A s .t a v o SN
i ;
,
L. . . - . -
................... p 400\ i i ]
ICh i 5V M~ Sms Chl 7 14.2V

23 Mar 1999
15:49:24

P [

gﬂ‘ﬁ 4.11 1A duty cycle ¥83 PWM mmzﬁummﬁ 2 =609 rpm U2 No Load

Tek BTEH 10kS/s 56 Acgs

TT T YT T Y vy T

JCh 1 [ " M1 T @ 1Y B A -3 2
23 Mar 1999
15:47:23

=} =3

514 4.12 uaras duty cycle Y99 PWM Uiz iinanis3 = 609 rpm Uaz Take Load
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Tek HTH 10kS/s 192 Acgs
i I I 1 i
H L ¢ 4
1"‘"‘1_:"“‘ ............. REERE p
: I
r ............ m
Las : chpbrinrinnlont kpehvelrplontdnonprotel -l ;-;;.;;
: ' 1 1
- A SN NN
i !..,S‘.V..,,l ........... M-!.S.ms.l-ch.], f 1]4..,2.v
23 Mar 1999
15:53:40

5111 4.13 AAY duty cycle Y99 PWM vz #iiin21153 = 408 rpm 1402 No Load

Tek STH 10kS/s 19 Acgs
i I T 1 §
NS LEE— LW S B —— ot
.......... wﬁ.‘_
SUUUESY DU R PO | SUUUEUUUEY DU SRR E
t T :
‘%H:::ﬁ,;z:::44L‘u.“*":;:::::"- Nt
S I B i S IV I BT AP
ICh 1] 5V M 5ms Chil f 14.2V
23 Mar 1999
15:55:36

3191 4.14 11@@3 duty cycle Y89 PWM Uz HliA2121152 = 408 rpm Hag Take Load



Tek EITE 10kS/s

56

228 4
=

cgs

F ...................... R .

L i ggoa e Lo
jl__{ ; ol : ol i vl 4-—drord

L H

-

L

23 Mar 1999
15:58:13

p 2

317 4.15 AR duty cycle Y8 PWM U1z AINA21352 = 200 rpm Uag No Load

I 1 d
i L L B § 1
Ramae: I & )n FUR 22 ili : J

.......... 4f~ﬁf~—--v
A D W, . e ... ... YR (. 4 A A
AR 1. Sy, S e, < [ i
B - etoiind bbbt bbbt bbb Nl et
JCh1| 5V M~ sms Chil 5 14.2V

23 Mar 1999
16:00:12

5141 4.16 L@ duty cycle Y94 PWM amigfilina1uu53 = 200 rpm 1ag Take Load
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Tek EIXXR 10kS/s 474 Acgs
i

i 1 3
{ L 4 J i
RS B B S B SIS BRI B S B A S T R R
[ 4 .
L 3. . 4
£ . R
.................................................. -~
5 — At ﬁ.&-ﬁ— [r——i—y e
. ;
....................... » R
1 - g
<~ pe o
- E
...................... . e e e e
5 4 . .
3 E .
| .
5 ] . . . . . .
VS IR PP W IS DAY IPEr 1 P PRI | P VS |
IR1 it i+ At i P
i H 4 H H H H
4 .

%
....................................................
4
4

N 4
....................................................
H | ETY

NPT PPN B e i IR, AL AR A — VT ENPIA. | Y
ICh 1 SV M Sms Chl 5~ 14.2V
] 23 Mar 19
16:03:43

51/ 4.17 uaras duty cycle 483 PWM vaiz#ilina 11159 = 100 rpm 48z No Load

Tek IR 10kS/s 133 Acgs
L
L

B R R R LR e EERRCAT R CRE PR PP .
5 £ .
. i

1 - R e e ; I i o W
Iii]ISVL M 5ms CR1 J 14.2V

23 Mar 1999
16:06:01

7114 4.18 @@ duty cycle 489 PWM vaizfifina131F2 = 100 rpm Ua Take Load
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4.3 133 PI Characteristic
1 4 1]
asnaassilzidiunisTaguaniiAvesases Pl Speed Controller AW 3.7 lavezda

LY t:i ' é Illslv v ll dy
YYTUNYAA N €] YOIIITT WA TUTTVUTAY IAAIAD ST

1y 7 4842993 PI Speed Controller iHudaygnaiinaasiemanuuandisvesdy o

4

1 2 o ! o i v i 2 s
#1 5 Fuhudeuniunn Soft start Circuit (314 3.6) Mudyanuin 6 suudygnudin

911 Feedback cirenit (21]‘71 3.14)

Tek S 5kS/s 14 Acqs

I
I
I
i

PRITEN BN -1-0. va PER N iz .z 3 PRI 7 M |10;msx ] ,(:h], l:r, ‘_glolomv
%eh 100mVy 500us 25 Mar 1999
13:38:52

317 4.19 nsmlnaasdyguANv 1 ¥893995 PI Speed Controller

#1911 ¥992995 PI Speed Controller L‘ﬂ‘u output YB3 Proportional Controller (P controller)
& o P c{a I a P ﬂ . el v :g & ar
Fadggruiv 1 Wifasnmsveedyauiiv 7 $uily error signal 1HNAWNNYY Fams§y
L. 4" ar d‘ * é dy -} ar
A18A5 18892l UNA R, B9 R, U995 PI Speed Controller fivziinnmdvigannlums
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MOTOROLA
mm SEMICONDUCTOR st
TECHNICAL DATA

MC33033

Advance Information

BRUSHLESS DC MOTOR CONTROLLER

The MC33033 is a high performance second generation, limited fea-
ture, monalithic brushless DC motor controller which has evolved from
Motorola’s full featured MC33034 and MC33035 controllers. it contains
all of the active functions required for the implementation of open-loop,
three or four phase motor control. The device consists of a rotor position
decoder for proper commutation sequencing. temperature compen-
sated reference capable of suppiving sensor power, frequency pro-
grammable sawtooth oscillator. fuiv accessible error amplifier, pulse
width moaulator comparator. thre2 open collector top drivers, and tnree
rugh current totem pole bottom crivers ideally suited for. driving oower
MOSFETs. Unlike its precessors i3 2oes not feature separate drive Cir-
cuit supply ana ground pins, orake input, or fault output signal.

Included in the MC33033 are protective features consisting of under-
voltage lockout, cycle-by-cvcle current limiting with a selectable time
delayed latched shutdown mode, and internal thermal shutdown.

Typical motor control functions include open-loop speed, forward or
reverse direction, and run enable. The MC33033 is designed to operate
brushless motors with eiectrical sensor phasings of 60° 300° or 120°
240°, and can also efficiently control brush DC motors.

® 10V to 30 V Operation
Undervoltage Lockout
6.25 V Reference Capable of Supplying Sensor Power

Fully Accessible Error Amplifier for Closed-Loop Servo
Applications

High Current Drivers can Control MPM3003 MOSFET 3-Phase Bridge
Cycle-8y-Cycle Current Limiting

Internal Thermal Shutdown

Selectable 60° 300° or 120° 240° Sensor Phasings

Also Efficiently Controls Brush DC Motors with MPM3002 MOSFET
H-Bridge

BRUSHLESS DC
MOTOR CONTROLLER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

P SUFFIX
PLASTIC PACKAGE
CASE 738

DW SUFRIX
PLASTIC PACKAGE
CASE 751D
{SO-20L)

OUTPUT BUFFERS

Current Sunse

PIN CONNECTIONS

Top Drive
Output

E Qutput Enabie
E 60° 120 Setect

7] 46
. Bottam

E Bg » Drive

1——5] ca _Outputs
Reference Output E 1__4] vee -

OQsciliator E E Gnd'

Error Amp Non- 9 12 Current Sense
Inverting input Inverting Input

Error Amp [1g 11] Ercor Amp Qut
Inverting !nput PWM.Input

(Top View}

BT E
AT E
Fwd Rev E
SA E
Sg E
S¢ Es:

Sensor
Inputs

ORDERING INFORMATION

Operating Ambient
Device Temperature Range| Package
MC33033P —40°C to +85°C | Plastic DIP
MC330330W -40°C to +85°C SO-20L

This document contains information on a new product. Specifications and information herein are
subject to change without notice.
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MC33033

MAXIMUM RATINGS
Rating

I Power Supply Voltage
| Digital Inputs (Pins 3.4,5,6, 18, 19) | = 1 Ve v

f Oscillator tnput Current (Source or Sink) mm

Error Amp Input Voltage Range ViR i =3.0t0 Vep v
1Pins 9, 10, Note 1) ! *
,i Error Amp Output Current i lou 10 mA
{Source or Sink, Note 2) ; !
{ Current Sense Input Voltage Range ! Vsense | -0310 50| v
i Top Drive Voltage (Ping 1. 2.20) i VCEftop) : 0 | v

" Top Drive Sink Current 1Pins 1, 2, 20) 50 mA

Bottom Orive Output Current lory
{Source or Sink, Pins 5. 16, 17) .
Power Dissipation and Thermal Characteristics

Maximum Power Dissipation w: TA = 85°C
Thermal Resistance, Junction to Air

' Operanng Junction Temperature
. Operating Ambient Temperature Range
' Storage Temperature Range

| Reference Out
TA = 25¢C
TA = -40°C 10 -85°C

Line Regulation Vec =10Viwoaoy, Iref = 1.0 mA)
Load Regulation {iref = 1.0 mA to 20 mA)
Output Short-Circuit Current (Note 3)

| Reference Under Voltage Lockout Threshold
ERROR AMPLIFIER

| v ] T
Input Offset Voltage (Tp = -40°C 10 +85°C) m_““m
! Input Offset Current (T: = —40°C1o +85¢() “_mmn

Dbt Bia Current (T = ~40°C o + 85°e) m—mmm
' Open-Loop Voltage Gain Vo = 30V, RL =15k i AvoL ““_m

put Voltage thref = 1.0 mA}

Input Common Mode Rejection Ratio CMRR

Power Supply Rejection Ratio (Ve = 10V 10 30 V) | Psme “m_m

Output Voitage Swing
High State (R = 15k 1o Ground) VoH
Low State (R = 15k 10 Vref) Vou
NOTES: |
1. The inf:mt common mode voltage or input signal voltage should nor be allowed to 90 negative by more than 03V,
2. The compliance voltage must not exceed the range of -0.3 10 Vear.
3. Maxi kage power diss; limits must be observed,

MOTOROLA LINEAR.INTERFACE DEVICES :
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ELECTRICAL CHARACTERISTICS (continued) (Vg = 20V, Ry = 4.7k, CT = 10 nF, Tp = 26°C unless otherwise noted)

I

Characteristic l Symbol 'l Min H Typ : Max 1 Unid
OSCILLATOR SECTION
Oscillator Frequency fosc 22 25 , 28 kHz
! Frequency Change with Voltage (Vc¢ = 10V 10 30V) Mosc AV — 001 : 50 %
Sawtooth Peak Voltage Voscip) —_ 4.1 4.5 \
Sawtooth Valley Voltage Vosciv) 1.2 1.5 — v
LOGIC INPUTS
input Threshold Voltage (Pins 3. 4. 5, 6. 18, 19) \
High State ViH 3.0 2.2 —
Low State Vie — 1.7 0.8
Sensor Inputs (Pins 4, 3, 6} KA
High State Input Current V| = 50V 4 -~ 150 -70 - 20 \
Low State Input Current Vi = OV T8 - 600 R 337 -150 :
Forward Reverse, 60' 120 Seiect anc Output Enable (Pins 3 18,19 A !
Hign State Input Currant Vi = 50V) i 75 36 10 !
Low State Input Curtent vy O V! WL 300 175 75 |
CURRENT-LIMIT COMPARATOR
Threshold Voltage Vih 85 i 10 115 mv |
tnput Common Mode Voltage Range VICR — : 3.0 — \
input Bias Current Iig o l -0.9 -5.0 nA
OUTPUTS AND POWER SECTIONS
To Drive Output Sink Saturation ligink = 25 mA) '{ VCE{sat) — 0.5 1.5 \
Top Drive Output Off-State Leaksge (Vcg = 30 V) U IpRVileak) = 0.06 100 uA
Fop Orive Output Switching Time (C = 47 pF, R = 1.0k ; ns
Rise Time tr - 107 ¢ 300
Fall Time tf — 26 300
Bottom Drive Qutput Voltage . ¢ v
. High State {(Vce = 30 V. Isource = 50 mA)} VOH (Vee-2.0) ¢ (Vec-1t0 ;. —
| Low State (Vo = 30 V. Igink = 50 mA} VoL .- 15 § 20
* Bottomn Drive Output Switching Time (CL = 1000 pF) ns
t Rise Time t —4 38 200
. Fall Time 4 — 30 200
Under Voltage Lockout v
Orive Qutput Enabled (V¢ Increasing) Vihion) 8.2 83 10
Hysteresis VH 0.1 0.2 0.3
Power Supply Current Icc — 15 22 mA

MOTOROLA LINEAR/INTERFACE DEVICES
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FIGURE 1 — OSCILLATOR FREQUENCY versys
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FIGURE 7 — REFERENCE OUTPUT VOLTAGE CHANGE FIGURE 8 — REFERENCE OUTPUT VOLTAGE
versus OUTPUT SOURCE CURRENT versus SUPPLY VOLTAGE
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FIGURE 13 — TOP DRIVE QUTPUT WAVEFORM FIGURE 14 — BOTTOM DRIVE OUTPUT WAVEFORM
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PIN FUNCTION DESCRIPTION

T

| PinNo. i Function | Description :
"1.2.20 BT, AT.CT These three open coliector Top Drive Outputs are designed to drive the ‘
i external upper power switch transistors.
i3 FWD REV The Forward:Reverse Input is used to change the direction of motor '
! ! rotation. i
b
! 4,5,6 } SA. S, S¢ These three Sensor Inputs control the commutation sequence. [
v i J
i 7 i Reference Qutput This output provides charging current for the oscillator timing capacitor |
I 5 CT and a reference for the error amplifier. It may also serve to furnish |
sensor power.
8 Oscillator 1 The Oscillator frequency is programmed by the values selected for the
i timing components, Rt and CT.
9 Error Amp " This input is normally-connected to the speed set potentiometer.
{Noninverting Inout) i
10 Error Amp This input is normally connected to the Error Amp Output in open-loop
i ! {lnverting Input! applications.
¥
11 Error Amp Qutput PWM This pin is available for compensation in closed-loop applications.
Input .
12 i Current Sense A 100 mV signal, with respect to Pin 13, at this input terminates output |
| ! (Noninverting Input) switch conduction during a given oscillator cycle. This pin normalily
' { connects to the top side of the current sense resistor.
13 Ground This pin supplies a separate ground return for the control circuit and
should be referenced back to the power source ground.
14 vee This pin is the positive supply of the control IC. The controller is [
functional over a Vo range of 10 V.to 30 V.
15, 16. 17 | Cg, Bp. Ag These three totem pole Bottom Drive Outputs are designed for direct
drive of the external bottom power switch transistors.
18 60° 120° Select The electrical state of this pin configures the control circuit operation
for either 60° {high state) or 120° (low state) sensor electrical phasing
inputs.
19 Output Enable A logic high at this input causes the motor to run, while a low causes it

to coast.

MOTOROLA LINEARANTERFACE DEVICES
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INTRODUCTION

The MC33033 1s one of a series of high performance
monolithic OC brushless motor controllers produced by
Motorola. It contains all of the functions required to
implement a limited-feature, open-loop, three or four
phase motor control system. Constructed with Bipolar
Analog technology, it offers a high degree of perfor-
mance and ruggedness in hostile industrial environ-
ments. The MC33033 contains a rotor position decoder
for proper commutation sequencing, a temperature
compensated reference capable of supplying sensor
power, a frequency programmable sawtooth oscillator,
a fullv accessible error amplifier. a pulse width modu-
lator comparator, three open collector top drive outputs,
and three high current totem pole bottom driver outputs
:deally suited for driving power MOSFETSs.

Included in the MC33033 are protective features cor-
sisung of undervoitage lockout, cycle by cycle current
imiung witn a latched shutdown mode, and internal
thermal shutdown.

Typical motor control functions include open-loop
speed control, forward or reverse rotation, and run ena-
ble. In addition, the MC33033 has a 60° 120° select pin
which configures the rotor position decoder for either
60° or 120° sensor electrical phasing inputs.

FUNCTIONAL DESCRIPTION

A representative internal block diagram is shown in
Figure 18, with various applications shown in Figures
34, 36, 37, 41, 43, and 44. A discussion of the features
and function of each of the internal blocks given below
and referenced to Figures 18 and 36.
Rotor Position Decoder !

An internal rotor position decoder monitors the three
sensor inputs (Pins 4, 5, 6) to provide the proper
sequencing of the top and bottom drive outputs. The
sensor inputs are designed to interface directly with
open collector type Hall Effect switches or opto slotted
couplers. Internal pull-up resistors are included to min-
imize the required number of external components. The
inputs are TTL compatible, with their thresholds typi-
cally at 2.2 volts. The MC33033 series is designed to
control three phase motors and operate with four of the
most common conventions of sensor phasing. A 60°
120° select (Pin 18} is conveniently provided which
affords the MC33033 to configure itself to control
motors having either 60°, 120°, 240° or 300° electrical
sensor phasing. With three sensor inputs there are eight
possible input code combinations, six of which are valid
rotor positions. The remaining two cades are invalid
and are usually caused by an open or shorted sensor
line. With six valid input codes, the decoder can resolve
the motor rotor position to within a window of 60 elec-
trical degrees.

The forward reverse input (Pin 3) is used to change
the direction of motor rotation by reversing the voltage
across the stator winding. When the, input changes
state, from high to low with a given sensor input code
{for example 100), the enabled top and bottom drive
outputs with the same alpha designation are exchanged

(AT to Ag, BT to Bg, CTto Cg). In effect the commutation
sequence is reversed and the motor changes directional
rotation.

Motor onvoff control is accomplished by the output
enable (Pin 19). When left disconnected, an internal puli-
up resistor to a positive source, enables sequencing of
the top and bottom drive outputs. When grounded, the
top drive outputs turn off and the bottom drives are
forced low, causing the motor to coast.

The commutation logic truth table is shown in Fig-
ure 19. In half wave motor drive applications, the top
drive outputs are not required and are typically left
disconnected.

Error Amplifier

A high performance, fuliv compensated error ampli-
fier with access 10 both irouts and output {Pins 8, 10,
11) is provided 10 facititate the implementation of
closed-loop motor speed control. The amplifier features
a typical DC voitage gan of 80 dB, 0.6 MHz gain
bandwidth, and a wide input common mode voltage
range that extends from ground to Vref. In most open-
loop speed control applications, the amplifier is confi-
gured as a unity gain volitage follower with the non-
inverting input connected to the speed set voltage
source. Additional configurations are shown in Figures
29 through 33.

Oscillator

The frequency of the internal ramp oscillator is pro-
grammed by the values selected for timing components
AT and Cr. Capacitor C7 is charged from the reference
output (Pin 7) through resistor RT and discharged by
an internal discharge transistor. The ramp peak and val-
ley voltages are typically 4.1 V and 1.5 V respectively,
To provide a good compromise between audible noise
and output switching efficiency, an oscillator frequency
in the range of 20 kHz to 30 kHz is recommended. Refer
to Figure 1 for component selection.

Pulse Width Modulator

The use of pulse width modulation provides an
energy efficient method of controlling the motor speed
by varying the average voltage applied to each stator
winding during the commutation sequence. As CT dis-
charges, the oscillator sets both latches, allowing con-
duction of the top and bottom drive outputs. The PWM
comparator resets the upper latch, terminating the bot-
tom drive output conduction when the positive-going
ramp of CT becomes greater than the error amplifier
output. The pulse width modulator timing diagram is
shown in Figure 20. Pulse width modulation for speed
control appears only at the bottom drive outputs.

Current Limit

Continuous operation of a motor thatis severely over-
loaded results in overheating and eventual failure, This
destructive condition can best be prevented with the
use of cycle-by-cycle current limiting. That is, each on-
cycle is treated as a separate évent. Cycle-by-cycle cur-
rent limiting is accomplished by monitoring the stator

MOTOROLA LINEAR INTERFACE DEVICES
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FIGURE 18 — REPRESENTATIVE BLOCK DIAGRAM

777 1w
20k o
S 1 b
SA IR Y 1 2
Sensor Inputs 5B °—| 20k Rotor = [ AT
Sc ol Top
© 1 . Position N = Drive
. 3 Decoder m K 8
Forward Reverse o- ’a[ : 'Ofdo k | ] I8 '\_‘_“_I » T Outputs
§0 72T Selec: o~ i ;403" . —|= TG
s g 3 : == T
Output Enabie —o/o+ { Unaervoltage il ! L {
vee Lockout E |
Fzfarene. ; H
{':_."_"I‘LSS‘_;_ - "‘*_f—" !
IR = 'i o ir— I
Reference Cuiout | i ; i 5 r(: 7 oA
- — % F+ —r——ol 8 L.
% Nompy out 3 i:>: : Th;ma \ : = - I16 Bottom
Faster 10yd- o' T HE o5g p Dnve
] huta 8
<! ——F Py LLShutcown | d ] Outputs
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FIGURE 19 — THREE PHASE, SIX STEP COMMUTATION TRUTH TABLE {Note 1)
Inputs {Note 2} Outputs {Note 3)
Sensor Electrical Phasing (Note 4) x Top Drives Bottom Drives
60° 120° | Curreat

SA Sg S¢ SaA Sg S¢ ' FR Enable Sense AT By Ct Ag Bg Cg

o0 o oo 0 |0 1 o 1 0 1 1 IR I (Note )
1 ' 0 1 E 0 ! NS\ 0 1 0 [ 1 FR =1
1 1 1 < 3 9 1 1 o 1 0 1 1 0 0

P 1 1 < 1 * 1 1 0 1 1 0 1 0 0

J [4) 1 z 0 1 1 0 ey 1 0 ] 1 ]

0 0 4] : 0 * 1 1 [] 0 1 1 0 1 0

1 0 0 1) ¢ 0 1 0 1 1 0 1 ] 4] (Note 5)
H 1 ] B i 0 0 1 ] 1 ] [} 0 1 0 FR =0
* 3 L - 1 < 0 1 [} 0 1 1 o] 1 0

9 1 LI 1 N 0 1 0 [} 1 1 0 0 1

0 Q 146 0 i L} 1 0 1 Q 1 1] 0 1

o 0 o, " 0 0 1 Q9 1 Q 1 1 0 )

1 0 1 1 1 1 X X X 4o 1 1 0 0 0 (Note 6)
0 1 ] 9 0 0 . X X X i 1 1 0 ] 0 .
v v \i v v Vo X 0 X [ 1 i 0 [ 0 {Note 7}
v v v v v v X 1 14 1 1 0 0 [ [Note 8)

NOTES:

1. V = Any one of six valid sensor or drive combinations.
X = Don't care.
. The aignal inputs {Pins 3. 4, 5, 6, 18, 19) are all TTL compatible. The current sense input [Pin 12} has a 100 mV threshold with respect to Pin 13,
A logic 0 for this input is defined as < 85 mV, and a logic 1is - 115 mV,
The top drive outputs are open collector design and active in the low (0) state,
With 60 T20° select (Pin 18} in the high (1) state, configuration is for 60° sensor electrical phasing inputs. With Pin 18 in the low (0) state, configuration
is for 120° sensor electrical phasing inputs,
Valid 60 or 120° sensor bl for corresponding valld top and bottom drive outputs.
lavalid sensor inputs; All top and bottom drives are off.
. Valid sensor inputs with enable = 0: All top and bottom drives are off.
. Valid sensor inputs with enable and current sense = 1: All top and bottom drives are off.
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current build-up each time an output switch conducts, itguarantees that the IC and sensors are fully functional,
and upon sensing an over current condition, immed;. and that there is sufficient bottom drive output voltage.
ately turning off the switch and holding it off for the The positive power supply to the IC {Vee) is monitored
remaining duration of the oscillator ramp-up period. to athreshold of 8.9V, This level ensures sufficient gate
The stator current is converted to a voltage by inserting drive necessary to attain low 'DS{on) when interfacing
8 ground-referenced sense resistor Rs (Figure 34) in with standard power MOSFET devices. When directly
series with the three bottom switch transistors (Q4, Q5, powering the Hall sensors from the reference, improper
Q6). The voltage developed across the sense resistor js sensor operation can result if the reference output volt-
monitored by the current sense input (Pin 12), and com- age should fall below 4.5 V. If one or both of the com-
pared to the internal 100 mv reference. If the current parators detects an undervoltage condition, the top
sense threshold is exceeded, the comparator resets the drives are turned off and the bottom drive outputs are
lower latch and terminates output switch conduction. held in a low state, Each of the comparators contain
The value for the sense resistor is: hysteresis to prevent oscillations when crossing their
0.1 respective threshoids.
Rg = ———
Istatorimax)
The dual-latch PWM configuration ensures that only FIGURE 21 — REFERENCE OUTPUT BUFFERS

one single output conduction puise occurs during any
given oscillator cycle, whether terminated by the output

of the error amp or the current limit comparator. UvLo

Vino

Il[_-'

Reference ,
The on-chip 6.25 v regulator (Pin 7) provides charging MPS 7
current for the oscillator timing capacitor, a reference UoIA
for the error amplifier, and can supply 20 mA of current To
suitaple ’for directly powering sensors. in .low \foltage Sensor é:’c':“i’:“l
applications. In higher voltage applications it may Power 6.25y
become necessary to transfer the power dissipzted by =56V
the regx.fl'ator off the IC. This is easily af:complished wifh 36 e uvLo
the addition of an external pass transistor as shown in p Vin o
Figure 21. A6.25 v reference level was chosen to ajlow MPS

implementation of the simpler NPN circuit, where Viof US1A
- VBE exceeds the minimum voltage required by Hall
Effect sensors over temperature. With proper transistor
selection, and adequate heatsinking, up to one amp of

: To Control Circuit
load current can be obtained. neor b

and Sensor Powar
6.25 v

Undervoltage Lockout

A dual Undervol:age Lockout has been incorporated The NPN circuit is recommended for powering Hall or opto sensors,
where the output voltage temperature coefficient is not critical. The
to prevent damage to the IC and the external power PNP circuit is slightly more complex, but also more accurate. Neither

switch transistors. Under low power supply conditions, circuit has current limiting.

FIGURE 20 — pwm TIMING DIAGRAM

N——t= | |
Capacitor Cy \\/\v/‘v/‘\//‘\/ﬁf\
e VY

Current Sense ‘ L_.”.
nput I | | | | I ] | ]
Latch “Set” ” ” ” ” ” ” ” ” ’
Inputs

| | | | ! l I | |
Top Driv
Oi?puts : c [L”

, | ! R N

. Bottom Drive ” , l l l ’ [ ’ l ’ [ ’ [ ,
Outputs .

! ! | | ! -l ] | |
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FIGURE 22 - HIGH VOLTAGE INTERFACE WITH FIGURE 23 — HIGH VOLTAGE INTERFACE WITH
NPN POWER TRANSISTORS ‘N CHANNEL POWER MOSFETs
————————— A ;’_T_T_OVM vee 0 12V Vgoost VM 170V
. e ———— °
| vee »{;02 ! ; !
- 2 o Y ] f 10k i
1 t
b Q1 +f03 - § 15
7] P:sol‘x?c:n ‘—*l x I‘AT} ,_.M,_.__§ : §~_. 7 PRO':W ét 3 0:1
— . osition 21, 4 =
_| pecoer [ Eg_s.}r ' Decoder ot 14 i
] - 20! ! b a7k
S = ) Cr | h
T pA ' 1N4748
BE —| T;—g MOC8204
i % l ” i Ouvtocoupler rl::;g
ot A |
= M
X
| > o
o L =
~ .
=1 !
—— ., ] 15
TR
Transistor C* '3 3 commc~ 2ase stage -sed to level shift from vee te =
the high motot vokage. Yy The cotlec:a- ciode is required vee s
present whue Vas s low
FIGURE 25 — MOSFET DRIVE PRECAUTIONS
FIGURE 24 — CURRENT WAVEFORM SPIKE SUPPRESSION
)
s
[ RS ! . i
D= o] -— I
2 o Larad '\’_ 17 lé ._1'
—
& + f 12
R . ' —T
! .%3:{\‘ 18 = i
H t B '
] + i
| & LM
15 i .
o= - 5
} 132 )
¥ | : i =
i 12 a 'h‘ T100mv | ¥ %
: = —— % _ _ ] D=iNsBlg ¥
i . % 2Rg
=100 my | RN 3
— ] SR\ 6] ; ’ , .
- - Serles gate resistor Rg willdamp any high frequency oscillations caused
by the MOSFET input capacitance and any series wiring induction in
The addition of the RC filter will cuerent-limit i ility caused the gate-source circuit. Diode D is required if the negative current into
by the teading eage spike on tne current wiveform. Resistor Rg should the Betom Drive Outputs exceeds 50 mA.

be a low incuciance type
FIGURE 27 — CURRENT SENSING POWER MOSFETs

FIGURE 26 — BIPOLAR TRANSISTOR DRIVE

D| seNseFeT
: = |
: : ! < ' 3: Al o([=)s
foll= ATy~ : ?3:,{ e
+ aj: {h—t—o—-w - | [. L
| 3 c s 16 i
| L
Di{ :ir—o—m—\l 1 Y
| f
J ] [ to 15 (5 )
e bs 5 ‘ " 1
I ] 12 Power Ground:
| ; . _<)—-L To Input Source Return
12 - Jpieemv RS *lpk * DS {on)
: I ° ' 1 RS 3 Vhing = -2
100 mv ' T - ————m e e ] 3 DMion) S
. S - ¥ Base Charge 134Gnd If: SENSEFET = MPT1ON10M
Removal Es Rg = 2000 14W
Then: Vpin g ~ 0.75 Ipk

The totem pole output can furnish negauve base current for enhanced Virtuaitv current ing can be achieved with the impk
transistor turn-off, with the addition of capacitor C. tation of SENSEFET power switches.
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FIGURE 28 — HIGH VOLTAGE BOOST SUPPLY
Va- 12
VM- 80

i

Vm - 40t

Viioost Voltage (v}

Boost Current {mA)
10p200V
1-

FIGURE 30 — CONTROLLED ACCELERATION/DECELERATION

r Increase
* Sceed

ten times greaier than the speed set potentiometer to minimize time
constant vanations with diffecent speed settings,

FIGURE 32 — CLOSED LOOP SPEED CONTROL

To Sensor !
Input (Pin &)

Increass

t

The rotor position Sensors can be used as 3 tachometer. By ditferen-
tiating the Positive-going edges and then integrating them over time,
a voltage propontional to speed can be generated. The &rror amp com-
pares this valtage to that of the speed set to control the PWM,

20 40 60

FIGURE 29 — DIFFERENTIAL INPUT SPEED CONTROLLER

FIGURE 31 — DIGITAL SPEED CONTROLLER

S.0v

167

LS py,
Vec o]l 68k ’ [ REF ]
dsl19 145k {100k 7 +
Ay o
9 126k :
o—{P3 as J@-——wy_
13 5 923k 9]
P2 I {5
BCD da] f 3 B EA
Inputs Y o py g 84 |= 10
1 : 636 0
g R iy B N
51.3 k >
G2 —Jo—m_.
.4 &
ar |24
1
Gndao'
8

The SN74LS145 is an open collector BCD to One of Ten decoder. When
connected as shown, input codes 0000 through 1001 steps the PWM in
increments of approximately 10% from 0 to 90% on-time. Input codes
1010 through 1111 wilt procuce 100% on-time or full motor speed,

FIGURE 33 — CLOSED 10OP TEMPERATURE CONTROL

R3-A4,R2 (Ra
Voin 11 = Vret (5= Ralma " R_JVB),

vg o Vet
-
R6
RS
R3»R6 RE

Ré

This circuit can control the speed of 3 cooling fan proportionat to the
difference between the sensor and set temperatures. The control loop
is closed as the forced air cools the NTC thermistor, For controlied
heating applications, exchange the positions of R1 and R2,
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Drive Outputs

The three top drive outputs {Pins 1, 2, 20} are open
¢ollector NPN transistors capable of sinking 50 mA with
a minimum breakdown of 30 volits. Interfacing into
nigher voltage applications is easily accomplished with
the circuits shown in Figures 22 and 23.

The three totem pole bottom drive outputs (Pins 15,
16. 17) are particularly suited for direct drive of "N’ chan-
nel MOSFETs or NPN bipolar transistors (Figures 24, 25,
26 and 27). Each output is capabie of sourcing and sink-
ing up to 100 mA.

Thermal Shutdown

Internal thermal shutdown circuitry is provided to
erotect the IC in the event the maximum junction tem-
serature is exceeded. When activated, typicallv at 170 C.
:ne IC acts as though the regulator was disabled, 1n turn
shutting aown the IC.

SYSTEM APPLICATIONS

Three Phase Motor Commutation

The three phase application shown in Figure 34 is an
open-loop motor controller with full wave, six step
drive. The upper power switch transistors are Darling-

ton PNPs while the iower switches are ‘N’ channel
power MOSFETs. Each of these devices contains an
interna! parasitic catch diode that is used to return the
stator inductive energy back to the power supply. The
outputs are capable of driving a delta or wye connected
stator, and a grounded neutral wye if split supplies are
used. At any given rotor position, only one top and one
bottom power switch (of different totem poles} is ena-
bled. This configuration switches both ends of the stator
winding from supply to ground which causes the cur-
rent flow to be bidirectiona! or fuil wave. A leading edge
spike is usually present on the current waveform and
can cause a current-limit error. The spike can be elim-
inated by adding an RC filter in series with the current
sense input. Using a low inductance type resistor for
Rg will also aid in spike reduction. Figure 35 shows the
commutation waveforms over two electrical cycles. The
first cycle {0° to 360°) depicts, motor operation at full
speed while the second cycle (360° to 720°) shows a
reduced speed with about 50 percent pulse width mod-
ulation. The current waveforms reflect a constant torque
load and are shown synchronous to the commutation
frequency for clarity.

FIGURE 34 — THREE PHASE, SIX STEP, FULL WAVE MOTOR CONTROLLER

1 |l
; e |
ol
| - s 2= Il
| 4 33 ! RGO
1 3 2 $ | |
51 + $ 1 VWA Qi1 @
hs L\ |
o Gl $ pRo‘“l)’ M _l‘ 'A |
+ osition =
31 + % Decoder K = ' Q2 l }
-0 p4 »3—J I;
! Fg;algg_v oot 3 3 Y/ R W |8 |
Enabte oY : >"_:.L I lc |
= ”! Undervoltge = I |
vm© I I Lockout x | MOTOR
I Reference % l
Regulator T + & —
| [ 2=y o
I T |
Thermai +— [16 . |n— Qs
Shutdown 3 jl
=] .
|15 ﬁos
-
T l }12 W
= —o——p—W——yt
| TN\ _ §"
_‘l S
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FIGURE 35 THREE PHASE, Six STEP, FULL WAVE COMMUTATION WAVEFORMS

Rotor Electrical Position (Degrees)
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= sure 36 shows a three phase, three step, half wave with a given stator winding. Current flow is unidirec-
me:zr controlier. This configuration is ideally suited for tional or half wave because only one end of each wind-
zu1cmobile and other low voltage applications since ing is switched. The stator flyback voltage is clamped
tnera is only one power switch voitage drop in series by a single zener and three diodes.

FIGURE 36 — THREE PHASE, THREE STEP, HALF WAVE MOTOR CONTROLLER
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Three Phase Closed Loop Controller

The MC33033, by itself, is capable of open loop motor
speed control. For closed loop speed control, the
MC33033 requires an input voltage proportional to the
motor soeed. Traditionally this has been accomplished
by means of a tachometer to generate the motor speed
feedback voltage. Figure 37 shows an application
whereby an MC33039, powered from the 6.25 volt ref-
erence 1Pin 7} of the MC33033, is used to generate the
requireq ieedback voltage without the need of a costly
tachometer. The same Hall sensor signals used by the
MC33033 for rotor position decoding are utilized by the
MC33039. Every positive or negative going transition of
the Hall sensor signals on any of the sensor lines causes
the MC33039 to produce an output pulse of defined
amplitude and time duration, as determined by the
externz; resistor R1 and capacitor C1. The resulting oui-

put train of pulses present at Pin 5 of the MC33039 are
integrated by the error ampiifier of the MC33033 con.-
figured as an integrator, to produce 3 DC voltage tevel
which is proportional to the motor speed. This speed
proportional voltage establishes the PWM reference
level at Pin 11 of e MC33033 motor controlier and
completes or closes the feedback loop. The MC33033
Outputs drive an MPM3003 TMOS power MOSFET 3-
phase bridge circuis whicn is capable of delivering up
10 25 Amperes of surge current. High current can be
expected during concitions of start-up and when chang-
ing direction of the motor.

The svstem snow~ in Sigure 37 is designed for a
motor having 120 220 degrees Hall sensor elsctrical
pnasing. The svstam can aasily be modified tc accom-
modate 50 300 cazrze Hal. 32nsor eleciricat pnhasing oy

removing the jumpss J1 a: Pin 18 of the MC33033.

FIGURE 37 — CLOSED LOOP BRUSHLESS DC MOTOR CONTROL

WITH THE MC33033 USING THE

MC33039 AND MC3003
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Sensor Phasing Comparison

There are four conventions used to establish the rel-
ative phasing of the sensor signals in three phase
motors. With six step drive, an input signal change must
occur every 60 electrical degrees, however, the relative
signal phasing is dependent upon the mechanical sen-
sor placement. A comparison of the conventions in elec-
trical degrees is shown in Figure 38. From the sensor
phasing table {Figure 39), note that the order of input
codes for 60° phasing is the reverse of 300°, This means !
the MC33033, when the 60° 120° select (Pin 18) and the
FWD.REV {Pin 3) both in the high state {(open), is con-
figured to operate a 60° sensor phasing motor in the
forward direction. Under the same conditions a 300
sensor phasing motor would operate equally well but
in the reverse direction. One would simply have to
reverse the FWD.REV switch (FWD REV closed} in order
to cause the 300° motor to also operate in the same
direction. The same difference exists between the 120"
and 240° conventions.

FIGURE 38 — SENSOR PHASING COMPARISON

Rotor Electrical Position {Degrees)
0 60 120 130 240 300 360 220 aC 330 400 &0 7D
| 2 LI | | LI B | fual) B[ 1

[sa L J

faal 1
120'153__1_—1___1_—1

Sensor Electrical Phasing

300° { S8 | [ l

FIGURE 39 — SENSOR PHASING TABLE

Sensor Electrical Phasing (Degrees)
60° 120° 240° S
SA Sg Sc | Sa SB Sc | SA S8 Sc | SA SB Sc
1 o o |1 o 1l o |1 A\
1 iJo ]+ o o[ o of 1 fa]o
1N\ /1 [ 1 1 01 0o 1}1.0 0
o 1 1/0 1 0o/l0 0 1]/ 06 0 o
o [+] 1 1] 1 1 /] 1 1 [+] 0 1
0 0 0/ 0 6 1/0 1 0|0 1 1

sc 1 [ L f ;
R T |
SA l I [ L I
2400 {Se | | l |

In this data sheet, the rotor position has always been
given in electrical degrees since the mechanical position
is a function of the number of rotating magnetic poles.
The relationship between the electrical and mechanical
position is:

#Rotor Poles
2

An increase in the number of magnetic poles causes
more electrical revolutions for a given mechanical rev-
olution. General purpose three phase motors typicatly
contain a four pole rotor which yields two electrical
revolutions for one mechanical.

Electrical Degrees = Mechanical Degrees(

Two and Four Phase Motor Commutation

The MC33033 configured for 60 sensar inputs is capa-
ble of providing a four step outpur that can be used to
drive two or four phase motors. The truth table in Figure
40 shows that by connecting sensor 1nputs Sg and S¢
together, it is possible to truncate the number of drive
output states from six to four. The output power
switches are connected to By, C1, Bg, and Cg. Figure
41 shows a four phase, four step, full wave motor con-
trol application. Power switch transistors Q1 through
Q8 are Darlington type, each with an internal parasitic
catch diode. With four step drive, only two rotor position
sensors spaced at 90 electrical degrees are required.
The commutation waveforms are shown in Figure 42,

Figure 43 shows a four phase, four step, half wave
motor controller. it has the same features as the circuit
in Figure 36, except for the deletion of speed adjust.

FIGURE 40 — TWO AND FOUR PHASE, FOUR STEP,
COMMUTATION TRUTH TABLE

MC33033 {60120° Select Pin Open}
Inputs Qutputs
Sensor Electrical Top Drives | Bottom Drives
Spacing* = 90° .
SaA Sg FIR BT [ 4 Bg Cg
: 1 0 1 1 1 0 1
1 1 1 0 1 0 s 0
0 1 l 1 1 0 0o -0
0 0 ) 1 1 1 1 0
1 o | o 1 0 0 0
1 150 1 1 1 0
0 1] o 1 1 0 1
[+] 0o j o 0 1 [1] 0

*With MC33033 sensor input Sg connected to S¢ !

)
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'

FIGURE 42 — FOUR PHASE, FOUR STEP, FULL WAVE COMMUTATION WAVEFORMS

Rotor Electrical Position (Degrees)

0 % 180 270 360 50 540 §0 720
. + ' 1 ' ll ] )
Sa i 1 ! ' |
Sen_silnpu(s ' ' ' 3 ' ' 1 f ]
60°7120° Sg ! ! ! ' [
Select Pin ' ' f ' '
Open  Code | 10 110 01} o ! 10! 11 [ 01 o0
Y
. : ] t :
B i f
Top Drive . Lo i ! ORI
Outputs 4 ! ! S

Cr | ' ] i { i | i

By P . POl Yo, \\

L
)

Bottom Drive )

Outputs Ch | : J—_—l : I
Conducting - A 4 ' ! ' : ] )
Power Switch I 5WEe [ G - O l 01 4K I 22 Op | 93 - 03 l 9 0 i 0 -0- 3 3 |
Transistors ' ' ' ! [ ' ' 1 i
( + -l 1 ] 1 . ] [} ' 1
v ! | [ f ! [
1 | | H I
T, 1 v 1 1] t [ 1
5 :) oo N3N Ve Ny T

l \ [ ! | \ [ |

Motor o f 1 ' 1 ' ' 1

Drive Current

5
9
5
2

[}
o +

1 i v ’ 1 b
}e——————————Fuil Speed (No PWM)

FWDREV = 1

MOTOROLA LINEAR/INTERFACE DEVICES




MC33033

umapinyg
LT

sinse g %

g
Paadg

DIy —

,_w_lol —oWa

. O aneuy
T oo) o
;: £ 990 Almmy

nponag

Homsy

by atuin i

MOTOROLA LINEAR/INTERFACE DeviCES



MC33033

Brush Motor Control

Though the MC33033 was designed to control brush-
1ess DC motors, it may also be used to control OC brush-
type motors. Figure 44 shows an application of the
MC33033 driving a Motorola MPM3002 H-bridge afford-
ing minimal parts count 10 operate a one-tenth horse-
power brush-type motor. Key to the operation is the
1aput sensor code [100} which produces a top-left {Q1
and a bottom-right (Q4) drive when the controller’s
forward reverse pin is at logic [1]: top-right iQ2),
nottom-teft (Q3) drive is realized when the forward
reverse oinis at logic [0]. This code supports the require-
ments necessary for H-bridge drive accomplishing oth
directicr and speed controt

The controlier functions in a normal manner with a
pulse-width-modulated frequency of approximately
25 kHz. Motor speed is controlled by adjusting the volt-
age presented to the non-inverting input of the error
amplifier establishing the PWM's slice or reference
level. Cycle-by-cycle current limiting of 3.0 amperes
motor current is accomplished by sensing the voltage
(100 mV threshold) across the 47 Ohm resistor to
ground of the H-bridge motor current. The over current
sense circuit makes it possible to reverse the direction
of the motor, on the fly, using the normal forward
reverse switch, and not have to completely stop before
reversing.

FIGURE 44 — H-BRIBGE BRUSH-TYPE CONTROLLER

-
; o2l % 3 I2
H a2y |
! Y7l - ok Sien
o $ Rotor M ]
r + Posttion h =11 *I""‘
H Decoder K - ai-
FWR REV -0~ 0~0— 3' 5 ; | M | B
o ‘Sll t 3 =120 a
Enable $-0” 00— 3 »_:1 e
12V = AR 14! Undervolige =
I o I i Lockaut Y DC BRUSH
:~_L I Reference B} % MOTOR
l Regutator "I %._ o § .:’_ ) ‘__ ol
L4 Py } == o 1 r__
Speed I + _U 22
pee =
vk Set 5| Error Amp 'Z' =
' Thermal T 16
f —'L- 1 Faster 10 Shutdown T
! PWM
! 11 =
I R | oa—
| e == 15
%.: . | s T— WA—
i 5] Oscillator == }
Tt l Iiemit [12 10k .
= T 0—1—"'"
| | T oo 34
= L I - =
S (U N |

= *Single Package MPM3002 MOSFET H-Bridge
M = 1/10th horsepower DC brush-type motor

LAYOUT CONSIDERATIONS

Do not attempt to construct any of the motor control
circuits on wire-wrap or plug-in prototype boards. High
frequency printed circuit layout techniques are imper-
ative 10 prevent pulse jitter. This is usually caused by
excessive noise pick-up imposed on the current sense
or error amp inputs. The printed circuit layout should
contain a ground plane with low current signal and high
drive and output buffer grounds returning on separate

paths back to the power supply input filter capacitor
VM. Ceramic bypass capacitors (0.01 uF) connected
close to the integrated circuit at Vcg. Veef and error
ampliflier non-inverting input may be required depend-
ing upon circuit layout. This provides a low impedance
path for filtering any high frequency noise. All high cur-
rent loops should be kept as short as possible using
heavy copper runs to minimize radiated EMI.

MOTOROLA LINEAR'INTERFACE DEVICES



@ MOTOROLA

B-SUFFIX SERIES CMOS GATES

The B Serles logic gates are constructed with P and N channel enhance-

ment mode devices in a single monolithic structure {Complementary MOS).

Their primary use is where low power dissipation and/or high noise immu-
nity is desired.

e Supply Voltage Range = 3.0 Vdc to 18 Vdc

e Al OQutputs Buttered

o Capable of Dnving Two Low-power TTL Loads or One Low-power
Schottky TTL Load Over the Rated Temperature Range.

e Doubdle Diode Protection on All tnouts Except: Triple Diode Protection

on MC140118 and MC140818

e Pin-for-Pin Replacements for Corresponding CD400Q Series 8 Suffix

Oevices (Exceptions: MC14068B and MC14078B)

..,HHIH "6

MC140018B

Quad 2-Input NOR Gate

MC14002B

Dual 4-Input Nor Gate

MC140118B

Quad 2-input NAND Gate

MC14012B

Dual 4.Input NAND Gate

MC14023B

Triple 3-Input NAND Gate

MC14025B

Triple 3-Input NOR Gate

MC14068B

8-input NAND Gate

MC14071B

Quad 2:Input OR Gate

MC140728B

Dual 4-Input OR Gate

L SUFFIX P SUFFIX D SUFFIX
CERAMIC PLASTIC SOIC b Mc 1 407 3 B
CASE 632 CASE 646 CASE 751A Triple 3-Input AND Gate
ORDERING INFORMATION M c 1 407 5 B
MG 4XXXBCR ) Rlastic Triple 3-Input OR Gate
MC14XXXBCL Ceramic
MC14XXXBD SOIC MC14U7BB
Ta = =55°to 125°C for all packages. 8-lnput NOR Gate
MAXIMUM RATINGS" (Voltages Relerenced to Vgg) MC1 4081 B
Symbot Parameter Value Unit
Quad 2-input AND Gate
¥3p |DC Supoly Vollage -05w0 ~180 v
Vi~ Vgut| input or Output Voitage (DC or Transient) -05:cVvpp -05 v MC“ 40828
b~ oyt | Inout or Outout Current (DC or Transient) per Pin =10 mA Dual 4-lnput AND Gate
S5 Power Dissipation, per Packaget 300 mw
Tsig  |Storage Temperature -850 -150 °C
T Lead Temperature (8-Second Soldenng) 260 *C

“Maxomum Ratings are those values beyond which damage 1o the device may ocowr.
tTemoerature Derating: Plastic "P and D/DW™ Packages: - 7.0 mW/"C From 65°C To 125°C
Ceramic "L Packages: — 12 mW/C From 100°C To 125°C

This device contains protection circuitry to guard against damage due to
high static voltages or electric fields. However, precautions must be
taken to avoid applications of any voltage higher than maximum rated
voltages to this high-impedance circuit. For proper operation, Vi, and
Vout should be constrained to the range Vgsg < (Vin or Vo) = VpD-
Unused inputs must always be tied to an appropriate logic voitage level
{e.qg., either Vgg or Vpp). Unused outputs must be left open.
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MC 140018
Quad 2-input NOR Gate
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MC14025B
Triple 3-input NOR Gate
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MC140028
Dusl 4-Input NOR Gate
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MC140788
8-Input NOR Gats
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CMOS B-SERIES GATES

LOGIC DIAGRAMS

NAND

MC140118
Quad 2-input NAND Gate

MC140238
Teiole 3-Input NAND Gate

@5
7

- - -
BN oA oe
- o
o

-
L% I NI
o
on =
-
3

MC140128
Dual 4-1nput NAND Gate

MC 140688
8-Input NAND Gate

e

LI R VYR

OR

MC140718
Quad 2-Input OR Gate

w

-
o

Py

YO

WNo DN

MC140758
Triple 3-Input OR Gate

v e w
-3

MC140728
Dual 4.input OR Gate

¢ A wN
-

LI N R ¥')
-

11
12

-
o ©

w
o v

-

w

NC = 6.8

Voo * Pin 14
Vgg=Pin 7

ANO

MC140818
Quad 2-Input AND Gate

N O BN
- 12
o

-

sele

w

MC140738
Tripie 3.input AND Gate

ol

MC 140828
Dual 4-Input AND Gate

1t

12
NC = 6,8

tor All Devices



MC14001B

Quad 2-Input NOR Gate

CMOS B-SERIES GATES

PIN ASSIGNMENTS

MC140028B

Dual 4-lnput NOR Gats

\ %
11, Voo =14
2C1n 2, In2p 313
3 outy In1g 312
4CJoutg Outp F=J11
5CTiIn 1g Outec =10
6T in2g n2cF—9
7 Vss In |C=B
MC14023B

-
1 ] OQuty Voo 14
2cin 1, Outg b= 13
3cn2, in4g =312
4T in 3, n3g At
5CTtna, in 29 310
6 C NC [LRry==1"]
7 L vgg NC D8
MC140258

MC14011B

MC14012B

Quad 2-input NAND Gate

Dual 4-Input NAND Gate

A%
VeJint, Vop o 14
2Cin2, n2pF 13
3 C5out, n1gf3a12
4 =°"‘B Qutp — 1
5 CTin1g Oute =310
6 Tin 2g n2eF9
7:\’55 in 1C=8
MC140688B

Triple 3-lnput NAND Gate

Tripie 3-Input NOR Gate

8-input NAND Gate

S
v, Voo o 14
2cfin 2, anc:l:!
3y inig in2¢ 12
‘:'"28 inte 3311
§C T in3g Outc I3 10
6 T3 Outg Outa 9
73 ves inJa 8
MC14072B

Dual 4-Input OR Gate

=Inc

N o ;e WwN

lnlg
NC

— 14
13
12
C1
10
9
o

J
1:In1A Vop s 14
2010 24 In3ck— 13
3cinlg In2¢cEm12
4C]'n2pg lnlcbn
5 C—]In3g Ou!c: 10
6 T Outg OutA:S
7 33 Vss ([} J g ==mg:}
MC140738

Triple 3-Input AND Gate

\J
1 NC Vop £ 14
2c]in 1 Out > 13
Icdn2 In8 g 12
4C 3103 tn? 1%
SCHina Ing 310
6 O NC ins 9
7:\'/55 NC T8
MC140758

Triple 3-Input OR Gate

\J
T in 1y Voo 14
2CT]in 2, in3ck= 13
3CSin g n2c 12
4Ty in 2g tinic 1
SCin3g Outc 3 10
6 C— Outg Outy 319
7 C vgg In3a 28
MC14081B

Quad 2-input AND Gate

S
[N e TR PN Voo o 14
2c]in 2, In3¢cpo 13
Icin g In2¢ =53 12
43 1n2g Inic kb1t
5Cin3g Oute =1 10
6 T Outg Quts M9
703 vgg in3, 8
MC14082B

Dual 4-Input AND Gate

U
101 Voo = 14
2c]In 2, tn 2p 313
3G Outp n1g 312
4aCoutg Outg 3 1
5CHin g Ouxcb 10
6CJin2g  n2cFI9
71 vgs n1cfFI8

-
1 =] Outy Voo = 14
2c]in 14 Outg 13
I 2, In 4g D12
4T ind, In3g 311
5C3indn tn 25 /310
6 T NC n1g/9
7 T vgg NC s

6-7

A\
1 = Quty Voo o 14
2ciIn 1, Outg 13
Acgin 2, tn 4g =~ 12
4CJin 3, In 3g 1
5Cin A4y In2g 310
83 NC In1g 9
TS vss NC 8

MC140718B

Quad 2-input OR Gate

U
13 in 14 Voo =14
2 in 2 in2pF=13
3T Out, In1p 312
4CHoutg Outg /A1
5Cin1p Outg 9310
6 in2g in2cp39 -
183 vgs n g 8

MC140788B
8-input NOR Gate
\
1 NC Vpo 3 14
2cdIn Out 5 13
3cin2 'n8 12
4 1n3 73N
5Cina in6 10

Y e NC ins 39

b =VSS NC e

NC = No Connection




CMOS B-SERIES GATES

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo -55C 25°C 125°C .
Characteristic Symbol | vdc - Unit
Min Max Min Typ # Max Min Max
Output Voltage “0" Level 5.0 — 0.05 — 0 0.05 - 0.05
Vin = Vpp or 0 VoL 10 - 0.05 — 0 005 | — 0.05 | vdc
15 —_ 0.05 _— 0 0.05 —_ 0.05
"1 Level 5.0 495 —_ 4.95 5.0 - 4.95 —
Vin = O or Vpp VOH 10 9.95 —_ 9.95 10 — 9.95 — Vdc
15 14.95 —_ 14.95 15 —_ 14.95 -
Input Voltage “0" Level
| (Vo = 4.50r 0.5 Vdc) 5.0 — 1.5 -— 2.25 1.5 - 1.5 Vv
i (VO = 9.0 or 1.0 Vda) Vi | Yo | o~ | oae | — a0 | 30 | — | 30 | V€
| (Vo = 1350r1.5Vvde 15 - 4.0 - 6.75 40 | — 4.0
: 1 Lavel
(Vo = C.5 or 4.5 Vdo) 5.0 35 —_— 35 275 —_ 35 — -
(VO = 1 0or 9.0 Vdo) Vi w0 | 70 | — 7.0 5.50 - 0| - ce
(Vo = 1.5 0r 13.5 Vda) 15 LA — 11 8.25 — "1 -
Qutout Drive Current |
(VOH = 2.5 Voo Scurce 5.0 -3.0 rp -24 -4.2 - -7 —
(VOH = 4.6 Vag) IoH 50 | -084] — -0.51 | -0.88 — ,-036| — |made
{(VoH = 9.5 Vda) 10 -1.6 — -1.3 ~2.25 N i -0.9 —_—
(VoM = 13.5 vdc) 15 -42 = -3.4 ~-88 - i =24 —_
(VoL = 0.4 Vdc) Sink 5.0 0.64 — 0.51 0.88 — 1036 —
(VoL = 0.5 vde) oL 10 1.6 - 1.3 2.25 - 0.9 — | mAde
(VoL = 1.5 Vde) 15 42 —_ 34 8.8 — 24 -
tnput Current lin 15 — =0.1 — =0.00001] =0. — =1.0 | uAdc
Input Capacitance Cin = S 2 - 5.0 7.5 — - oF
(Vin = 0)
Quiescent Current 0D 5.0 - 0.25 —_ 0.0005 { 0.25 _ 7.5 | wAdc
(Per Package) 10 bl 05 |+ — 0.0010 0.5 —_ 15
15 — 1.0 —_— 0.0015 1.0 — 30
Total Supply Current™*t Ir 5.0 It = (0.3 pA/KkH2) f + Ipp N uAdc
(Dynamic plus Quiescent, 10 IT = (0.6 pAKH2) f + Ipp N
Per Gate, C_ = 50 pF) 15 IT = (0.9 pAKHZ) | + Ipp N
=Data labelled “Typ™ is not to be used for design purposes but is .

intended as an indication of the IC's potential performance.
**The formulas given are for the typical characteristics only at 25°C.
1To calculate total supply current at loads other than 50 pF:
IT(CL) = I7(50 pF) ~ (Cp. — 50} Vik

where: IT is in uA (per package). C|_In pF, V = (Vpp - Vsgg)in volts,
f1n kHz is input frequency. and k = 0.001 x the number of exercised
gates per package.

6-8




CMOS B-SERIES GATES

B-SERIES GATE SWITCHING TIMES

SWITCHING CHARACTERISTICS® IC =50pF, Ta=25"C)

Voo
Characteristic Symbol Vde Min Typ » Max Unit
Output Rise Time, Al B-Series Gates TLH ng
TTLH = (1.35 ns/pF) € + 33 ns 5.0 - 100 200
TTLH = {0.60 ns/oF) C|_ + 20 ns 10 - 50 100
STLH = 10.40 ns/pF} C » 20 nt 15 - 40 80
Output Fall Time, All B-Series Gates TTHL ns
TTHU = (1 35 ns/pF) Cy_ + 33 ns 5.0 — 100 200
TTHL = (0,60 ns/oF} € + 20 ns 10 - k) 100
fTHL = {0.40 ns/pF) C + 20 s 15 - 40 80
Propagation Delay Time TPLH. IPHL ns
MC140018, MC140118 onty
tPLH. tPHL * 10.90 nY/oF) C_ + BOns 5.0 e’ 125 250
PLH. PPHL = (0.36 nu/oF) C_ + 32ns 10 - S0 100
PLH. tPHy = 10.26 nt/oF) C_ + 27 ns 15 - 40 80
AH Other 2, 3. and 4 Input Gates
PLH. PHL * (0.90 ne/oF} Cy + 115 ne 50 _ 160 300
tPLM. PPHL = 10.36 ni/pF) C_ + 47 ns 10 - 65 130
tPLH. PPH( = (0.26 ns/pF) C|_ + 37 ns 15 - 50 100
8-Input Gares (MC 140688, MC 140788
tPLH. tPHL * 10.90 ne/pFl Cy + 155 s 50 - 200 350
PLH. tpHL = {0.36 ns/pF) C + 62 ns 10 ] 80 150
PLH. tPHL = (0.26 nt/pF) C(_ + 47 ns 15 T 60 110

*The formulas given are for the typical characteristics only st 25°C,

#0ata labelled “Typ" is not 10 be used tor design purposes but is
intended ss an indication of the IC's potential performance.

FIGURE 1 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

20 ns 20 ns
Input Voo
Voo ov
tPHL —o tPLH
Von
Pulse Patput Output
Generator Inverting
i VoL
THL TTLH
P —— v
OH
f 70vgg Output
“Ai unused inouts of AND, NAND gates must be Non inverting vo
connected to V. Tim E 'THLL

Al unused inputs of OR, NOR gates must be
connected to Vgg,



CMOS B-SERIES GATES

CIRCUIT SCHEMATIC
NOR, OR Gates

MC140018
MC 140718
One of Four
Gates Shown

149Vpp
1.6,3_!39—1————]
259,12 jl [t B
| : 1
1 L
\ )
[— o - }e:.d.to,n
| i = MC140258
U3 :* (Rt 2 MC140758
One of Thres
I Gates Shown
79Vss v
Vss >+
“{nverter Omitted in MC140018 ’
4 1.3.0 .
2.4.12 -]:1
v
MC140028 o
MC 140728 00
One of Two
Voo Gates Shown a.5.13 :3
3.9]—-——] . :3
v
210 = it

<
o
[=]

&

==

-~

Al

-
-
w

L

7 ®Vgs
*Inverter Omitted in MC140028

.
f

Voo
=)
]

Vss

*Inverter Omitted in MC140258

MCc140788
Eight Input
Gate

o

4

Samae 33
5 above
s Ssme a3
10 00— above

" Same as
12 above



CMOS B-SERIES GATES

CIRCUIT SCHEMATICS
NAND, AND Gates

Vv

S

e b

—

-

MC140118
MC140818
One of Four
Gates Shown

l‘j Voo

re===="""""

.

J
}—E}J.A.‘O.H

|

3

—$996.10

MC140238
MC 140738 25.9.12 3
Voo Ons of Three j -
N Gates Shown J"'L
1.6.8,13 y ° y &
1 ; ﬂ:’ 7ovsg
—-‘ | -— *Inverter Omiteec in MC140118
l —J
,,.,12,___.157 ,
. 1 ’
'|,:x,n»—>——---13"1 l 12 8 Vep

q ]
Vss 79Vss MC140128
“1nverter Omitted in MC1402238 Voo gf::??l,?o
] Gates Shown
% - 149vpp
A
N S
XX 2. o i ey
ight Inpu 4,120 H .
WJ—T]j o 5-” : }—{i }—‘{: Fora3
s Voo L'J_U : ﬁ E ﬁ
2 35 3 7
1
3 JQ |] *1nverter Omittea for MC140128 1
Vss
N
5 !
Vss
o2
90
e | e
1 ame ot
12 ijovl —r L_:]l 4:
U
78V,
n ss
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iy GHAIN CURHENT {mA)

10. DHAIN CURRENT (mA)

10. DRAIN CURRENT {inA)

CMOS B-SERIES GATES

TYPICAL B-SERIES GATE CHARACTERISTICS

N-CHANNEL DRAIN CURRENT
(SINK)

FIGURE 2 - Vgg = 5.0 Vde

50
11 |
} ! i !
40 : T + -
i h i !
! | [ Ta=-55°C
3 - :
i l/ 7 I -a0'C
i | i a5t
T i ) s
1 i
i 1 ¢
Pl :
i BN B 3t 20 50
Vo3 DRAIN TO SOURCE VELTAGE rvac:
FIGURE 4 - Vgg = 10 Ve
R - -
! | 1
18 B
% | Ta=-85C
f : A —40°C
14
SI5°C
12 /// o
+85°C
10 %// 2
o AL 125°C
/4%
oA
A
20
Y04 26, 30 40 50 &8 70 80 97 10
Vps. DRAIN TQ-SOURCE VOLTAGE (vdc)
FIGURE 6 — Vgg = 15 Vde
56 r
15
0
kL] Ta=~55°C
po——_ 4
10 =t a0c
A 1
pe] 25°C
2 L—— f— +85°C
— 1 *
N f//‘// azc
N/ /4
d
50
R T Y Y ¥ T T R S TR )

VD3, ORAIN-TO-SOURCE VOLTAGE {vdc)

P-CHANNEL DRAIN CURRENT
{SOURCE)

FIGURE 3 - Vgg = -5.0 Vde

-10
-90
_ 80 Tas-55°C
< -
E-10
g 50 7/ /»/ -40°C
=
= s
3 -5e . 25C
R Z -85°C
- P : ap—
3 3¢ H A//A I e RS LN
S A= T T
-4
== T
-10 / . : L : '
¢ ! : ! : | i
b 1.0 220 30 =Y 50
Vps. DRAIN TO SOURCE VOLTAGE IVaa
FIGURE § - Vg = -10 Vde
50 T
-5
-10
t-n
E -1 Ta=-55°C
= —
5 - — a4 c
z .0 s 225°C
< u "" >
& .1 P LT ] .__'_‘i_r
2 -10 /ﬁ{,///—"" "Izs'C
57 %‘ =
0 Tio <26 30 40 50 60 -7.0 80 -%0 -0
Vps, DRAIN-TO SOURCE VOLTAGE (Vde)
FIGURE 7 — Vgg = -15 Vde
<100
-90
w0
N
3 60
= Tp = -55°C
3 -50
: By —A0°C
E] f// ——s
= |1 +88°
2 -38 /.7 ;»—"—" 125°C
Tl AL
0 y =~ |
80 20 0 &8 0 w0 -1 - -1 3

Vps. ORAIN.TOSOURCE VOLTAGE (Véd

These typical curves are not cuarantees, but are design aids.
Caution: The maximum rating ‘o output current is 10 mA per pin.
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Vour. DUTPUT VOLTAGE (Vde)

Vut. OUTPUT VOLTAGE {Vée)

CMOS B-SERIES GATES

TYPICAL B-SERIES GATE CHARACTERISTICS {cont'd)

FIGURE 8 ~ Vpp = 5.0 Ve

VOLTAGE TRANSFER CHARACTERISTICS

‘FIGURE 9 — Vpp = 10 Vde

=
Single Input NAND, ANO b Single tnput NAND, AND
Muhiple Inout NOR, OR b Multiole Inout NOR, OR
5.0 T < W
| 5 ]|
i Pt
40 7T Simmie Tnout NOR, OR > A" [ Sowe togwi nOR. R
. T | Multipie 1nout NAND, AND 2., Muttiple Input NAND, AND
X T = 6
/ C
2.0 % T ; >§ 40 = I
I 1
1.0 T 20 - . : .
— ! | b
0 9 1
o 10 20 30 40 50 (] 2.0 X 80 80 10
Vi INPUT VOLTAGE (Vocr Vin, INPUT VOLTAGE {Véa)
FIGURE 10 — Vpp = 15 Vde
1 DC NOISE MARGIN
" .
g The DOC noise margin is defined as the input
17 ﬁx;:::;ﬂ:ﬂ_:‘ln —_— voliage range from an ideal 1" or 0" input level
/r l which does not produce output state change(s).
10 = i 1 The typical and guaranteed fimit values of the in-
.0 - Single Ingut NOR, O put values Vy_and Vi for the output(s) to be at
Myltiple Input NAND, AND
a fixed voltage Vo are given in the Electrical
86 Characteristics table. Vyi and V| are presented
N graphically in Figure 11.
e d mini noise gins for both
20 the “1” and "0" levels =
1.0 Vwitha 5.0V supply
[ ] 0 20 0 0 ] 16 12 " ] 2.0 V with a 10.0 V supply

Via. INPUT VOLTAGE (V)

2.5 V with a 15.0 V supply

FIGURE 11 — DC NOISE IMMUNITY

{s) Inverting Function

{b} Non-Inverting Function .

Vout \'
v Do Vout Voo
vo vo //
Vo Vo <
\\¥ Voo Voo
o Vin Vin'
viL ViH Vie ViH

Vs = 0 volm de
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HEX INVERTER

The MC14069UB hex '~verter is constructed with MOS P-channel

and N-channel enhancems~: mode devices in a single monolithic
structure. These inverters find primar, use where low power
dissipation and/or high ~oise immunity s desired. Each of the six
inverters 1s 3 single stage 10 mimimize propagation delays.

Sugoly Voltage Range = 22 Vdcto 18 Vae
CZaoable of Driving Twe & Sower TTL Lzazs or One Low-Power

Senotiky TTL Loaa Over *~2 Raiec Temce

“roi2 Diage Protection ¢~ & ‘routs (see Pz;
- 23083UB

Meers JZDSC UB Spaciczisrs

Sinetoe-Fn Replacement T

MAXIMUM RATINGS" (Vonages Reterenced i  55)

Symbpol Parameter Vaiue Unit
vpp |OC Supply Voltage -051: -180 v
Vin. Yout | Inout or Output Voliage 1DC or Transientt -0.510 Vpp - 0.5 v
L. la._‘; Input or Qutput Current (DC or Transient), der Pin =10 mA

Pa Power Dissipation. per Packaget 500 mw
T"E Storage Temperature = -850 - 150 ‘C
T Lead Temperature {8-Second Soldering) 260 F *C

*Maumum Ratings are those values beyond which damage 1o the Sevice may occur.

L SUFFIX
CERAMIC
CASE 832

P SUFFIX
PLASTIC
CASE 543

D SUFFIX
- soIC
CASE 751A

ORDERING INFORMATION

MC14XXXUBCP Plastic
MC14XXXUBCL Ceramic
MC14XXXUBD SOIC

tTemperature Derating: Plastic “P and D DW™ Packages: - 7.0 mw °C From 65°C To 125°C TA = -55 10 125°C for all packages.
Ceramic "L" Packages: — 12 mW/°C From 100°C To 125°C
LOGIC DIAGRAM CIRCUIT SCHEMATIC
(176 OF CIRCUIT SHOWN)
s
PIN ASSIGNMENT
Vpo=* ?in 14
3—‘{>°_‘ 4 vgg =P 7 o
1cfiInt VpopoEDo 14
5———l>o——e 2 c=jout 1 In6f— 13
1nout® }-QOutnux 3acgin2 Qur b= 12
9——1>°—8 ac=out2 Insk=3 11
X sc=in3 outst= 10
n——a{>o—10 6 —Out3 th4af 9
7 &vVgs Qutd4{—a 8
13 -—{>C>— 12 *Dowole diode protection on slf
inputs not shown,
FIGURE 1 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
20 ns r-— 20 as
Voo
14 Input Yoo
Pulse Ouwput 50,‘
uls X.
Generator Inout 10% vss
e
79 Vss I L 20% F— Vou
Ourtput 50%
- = 10%
- Vor

ITHL STLH

st oibl tiAnl



MC14063UB

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgs)

ch st Symbol Vpp -55°C 25°C | 125°C Unit i
aracteristic mbol : ni
acter Y vee Min gr Max Min Typ # Max : Min Max i
Output Voltage "0" Level 50 — 0.05 — 0 005V — 0.05
Vin = VDD VoL 10 — 0.05 — 0 003 , — | 005 ; Vde
15 —_ 0.05 — Q 005 ' — 0.05 !
1" Level 5.0 495 - 4.95 5.0 - 495 - ’
Vin = 0 Vou 10 | 9.95 — 9.95 10 — ;995 | — | vae
15 14.95 — 14.95 15 — 11495 —_
} input Voltage' 0" Level :
Vo = 4.5 Ve v 50 | — 10 - 225 W = 10 |y
I (vg = 9.0 veo t 0§ — | 20 — as0 | 20 , — | 20 | V€
(Vo = 13.3 Veo \ ‘5 -— 25 - 8.7 25 1 — 25
Lever | |
Vo = 0.5 veor : 30 | 45§ — 4.0 5 — k0| =
N W 4 Vi
g = 1.0 vec . G 8L P - 80 5.50 - - de
Vo = 1.3 Voo i .3 12.3 — ;123 SNy, — 123 -
Outout Drive-Cur-ant . !
Vop = 25 vaa Source 22 — w22 ~12 o= it —
Vo = 4.6 Voo R 20 L -0.8t -088 § — -0.38 - mAzcs
(VOH = 9.5 Vo 10 - -3 | -225 | — -9 | —
L (VoM = 135 Vao 15 - -3.4 -88 | —  -24| —
VoL = 0.4 Vac: Sink 3.0 — | 051 0.88 Ed 0.36 -
(VoL = 0.5 Vaci oL 10 - 1.3 225 — 08 — | mAce
(VoL = 1.5 veel 15 . — 3.4 8.8 — 24 —
Input Current tin 15 — =01 —  |=000001} =05 | — =1.0 | pAde
Input Capacitance Cin — - - — 5.0 75 | — - pF
(Vi = 0 !
Quiescent Current DD 5.0 — 0.25 e 0.0005 028 — 75 | nAde
(Per Package) 10 —_— 03 P 0.0010 08" — 15
15 — 1.0 — | 00015 | 10+ — o [,
Total Suppty Current™ f T 5.0 IT = (0.3 pAKHZ)f -~ Ipp & pAcc
{Dynamic plus Quiescent. Per Gate} 10 It = (0.6 pAkHZ) ! - Ipp ©
(CL = 50 pF) 13 It = {09 pAKHZ) I - Ipp & H
Output Rise and Fall Times** TLH. ns :
(Cp = 50 pF) tTHL i
TLHATHL = (1.35 nspF) Cp ~ 33 ns 5.0 o . £ 100 200 - — i
LHTHL = (0.60 ns.pF) C + 20 ns 10 — _ — 50 100 — - '
TLHATHL = (0.40 nstpF) C - 20 ns 15 — — - 40 80 — — :
Propagation Delay Times™” PLH. ns
{Cp = 50 pF) tPHL
PLHIPHL = (0.90 ns'pF) C + 20 ns 5.0 - — = 65 125 | — - i
tpLH.tPHL = (0.36 ns.pF) C| ~ 22ns 10 — — - 40 75 - —
PLHAPHL = (0.26 ns’pF) C ~ 17 ns 15 -— - - — 30 55 - -

=Data labelled “Typ™ is not 1o be used for design purposes but is
intended as an indication of the IC's potential performance.

**The formulas given are for the typical characteristics only at 25°C.
+To calculate total supply current at loads other than 50 pF:
ITIC) = IT(50 pF) + (Cy, — 50} Vik

where: IT is in A (per package). C_ in pF, V = (Vpp - V§g) 1n »oits,
f in kHz is input frequency, and k = 0.002,

This device contains protection circuitry to guard against damage to the range Vgg = (Vi of Vgut) s Vpp.

due to high static voltages or electric fields. However. Unused inputs must always be tied to an appropriate logic
precautions must be taken to avcid applications of any voltage voltage level (e.g.. sither Vgg or Vpp). Unused outputs must be
higher than maximum rated voltages to this high-impedance left open.

circult. For proper operation, Vi, and Vgt should be constrained
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@ MOTOROLA MC14543B

|
‘ BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER
i for LIQUID CRYSTALS L SUFFIX
! CERAMIC
’ CASE 620
' The MC145438 BCD-to-seven segment latch/decoder/driver s
| designed for use with liquid crystal readouts, and is constructed with
complementary MOS {CMOS! enhancement mode devices. The cir-
tuit provides tne functions of a 4-p1t storage taten and an 8421 BCD-
to-seven segment uacoder and driver. The device has the capability
<3 invert the logic 1evels of the output cemoination, The pnase (Phl, : P SUFFIX
sianking (Bl anc latch gisable (LD} inolts are used to reverse tne | PLASTIC
rruth table pnase, blank the display, anc siore & BCD coce, resoec- CASE 648
-wvely, For ncuia crystal (LC) reacouts, a square wave 15 apphec to :
e Ph input of the circuit and tne electrically common backplane
i 2t the displa,  The outputs of the circuit are connectea directly o
! ine segments of the LC readout. For otner types of readouts, such
) as light-emitting diode (LED). incandescent, gas discnarge, and - D SUFFIX
fluorescent readouts, connection diagrams are given on this gata . @- SOIC
sheet. ; CASE 7518

Applications include instrument {e.g., counter, DVM etc.) display
driver, compu(er/calculaxo( display driver, cockpit display driver,
and various clock, waich, and timer uses.

ORDERING INFORMATION

MC14XXXBCP Plastic
* g:‘“h.s“’:"ge of Code MC14XXXBCL Ceramic
L anking Input MC14XXXBD SOIC
® Readout Blanking on All lllegal Input Combinations TA = 55 10 125C lor all packages.
® Direct LED {Common ‘Anode or Cathode) Driving Capabitity
® Supply Voltage Range = 3.0 V to 18 V
¢ Capable of Driving Two Low-power TTL Loads, One Low-power
Schottky TTL Load or Two HTL Loads Over the Rated Temper-
ature Range TRUTH TABLE
® Pin-for-Pin Replacement for CD4056A {with Pin 7 Tied to Vgg). . INPUTS OUTPUTS
8 Chip Complexity: 207 FETs or 52 Equivalent Gates LO [ B | Pr* O CB A2 b c e g|Dutay
x_ |1 | o ixxxx[o00 o000 0fswn
T Jo, i 0 (00 00fr vt v 1y 0f 0O
1 ] Q 0201}t 1 00O0CO t
1 [] o G rolt v 0110 2
1 0 [4] 09 v 1|1 411001 k]
1 ] [ 0t e oj0 Y 0@ 11 4
MAXIMUM RATINGS" (Voltages reterenced to Vgg) : g g g ; ? ; : g ' : ? vl os
t LIS | 6
Rating Symbo! Value Unit '\ 1o} 9 Jo it ifr 30000 7 -
1 ot 0 {v 90 o0fr 1 vy y 9| 8
OC Supoly Voitage Voo -0.5t +18 \ vjoef o jroo iy o] s
1 o o 1901 000 00 0 0 OfBann
Input Voltage, All Inputs Vin -05t Vpp + 05| V 1 Jo] o {161 1/00000 0 0feam
: " O] 0 |17 00|60000 0 0]awn
OC Inout Current per Pin lin =10 mA s (0] o |t 10 1]oo0 00 0 oferam
1 0 0 LI} olo [ ann
Operaing Temperature Range TA ~55t0 +125 °C v Jel o | : e g : o0 : g ::.,..
Power Dissipation, per Packaget Pp 500 mw ° 1o 0 [xrrXX =
Storage Temperature Range Tstq ~651t0 +150 °C B ! 'c';:':":": oot :":’,::‘
Maximum Continuous Output Drive Current IOHmax 10 mA . foove
{Source or Sink) per Output : 10Lmax ¥ oo Comnarans
: . N For huuid Srystal readouts, apph uare wav °n
Maximum Comfnuous Output Power POHmax 70 mw ;:. ‘:mmn‘"m;' :‘; ,: ,m;u:‘.“t“: (" Pl 'g
(Sowrce or Sink) per Output POLmax For common ancor LED readouts, setect P 1

" + Devenas uoon the SCD code oreviousty 20phed when LD 1

“POHmas = loH (You - VpD) and Potmax = lot (Vo ~ Vss!

“Maxmun Ratings are those values beyond which damage 1o the device may occur.

tTemperanse Derabng: Plasdc “P and O/DW" Packages: - 7.0 mW/ G From §5°C To 125°C
Ceramu "L” Packages: - 12 mW/"C From 100°C To 125°C
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MC14543B

ELECTRICAL CHARACTERISTICS (Voitages Referenced to Vsg)

Vop -55°C 25C 125°C
Characteristic Symbol | yge - Unit
. Min Max Min Typ # Max Min Max
| Output Voliage -0 Level 50 | — | o005 ] — ) 005 | — | 005
| Vin=Vppore Vou 10 — 0.05 — 0 0.05 — 0.05 Vdc
; 15 —_ 0.05 —_ 0 0.05 — 0.05
1 Level 5.0 4.95 — 495 5.0 — 4.95 —
Vin = Ocr Von VOH 10 9.95 - 9.95 10 - 9.95 - Vdc
15 | 1495 | — 14.95 15 — | 1495 —
Inout Valtage "0” Level
Vo = 5.0 - 15 - 225 1.5 - 15 ]y
W = L o | = a0 | — as0 | 30« — i 3o | Vo€
No = 15 - 40 — 675 40 1 — 4 40
© Lavel ; ; i
Vo 30 3.5 — 35 2.75 — 35 4 '
< : by
e = Vir w0 7o — 79 5.50 - 7o i —
o = 15 1" — 11 8.25 — i - !
Qutzw: Drve C ; IoH mAdc
(VoR = 2.5 ven Source 5.0 -3.0 2L -24 ~4.2 - -17 -
(VOH = 4.6 Vo 50 | -064] — -051 | -088 - 036 —
(Von = 0.5 Veo: 10 — —_ — -10.1 — - —
Vo = 9.3 Veer 10 -1.6 o -13 -225 — 0.9 —_
(Vo = 13.3 Vao) 15 -42 S -34 -88 — ~-24 —
(VoL = 0.4 vdo) Sink oL 50 | 064 - 0.51 0.88 — | 036 [ — |mAdc
! (VoL = 0.5 Vee) 10 1.6 ~ 1.3 225 R 0.9 .
(VoL = 9.5 Vear 10 - — — 10.1 —_ - -
(VoL = 1.5 Vee 15 4.2 — 3.4 8.8 — 24 —
Input Current Iy 15 — =0.1 — {=000001| =04 | — | =10 | nAdc
Input Capacitance Cin - — e - 5.0 7.5 — —_ pF
Quiescent Current [s)s) 5.0 _ 5.0 —_ 0.005 5.0 - 150 | pAde
(Per Package) Vin = 0 or Vpp. 10 v 10 - 0.010 10 — 300 R
lout = O nA 15 — 20 — 0.015 20 - 600
Total Supply Current™"t IT 5.0 It = (1.6 uAKHZ) | + Ipp rAdc
(Oynamic plus Quiescent, 10 I = (3.1 uAKkH2) | + Ipp
Per Package) 15 IT = (4.7 uAKHZ) { + IpD
{CL = 50 pF on all outputs, all
buffers switching)

=Noise immunity specified for worst-case input combination,

Noise Margin for both *1” and “0" level = 1.0 V.min @@ Vpp = 5.0V
2.0 Vmin @ Vpp = 10V
25V min@ Vpp = 15V

+To calcutate total supply current at loads other than 50 pF:
ITCL) = I7(50 pF) + 3.5 x 10~ 3 (C - 50) Vpp!
wnere: IT is 1n uA tper package). Cp in pF, Vpp in V, and f in kMz fs input frequency.

*"The formulas given are for the typical characteristics only at 25°C.



SWITCHING CHARACTERISTICS®

MC14543B

{C = 5C 27, T4 = 25°C)

Charactenistie Symbol Voo T Min T Tw Max I unin
Output Rise Time ITLH i ! i ns
T = 3.0 ns/pFi & =30 s 3.0 - 100 200
tTTLH = (45 neoft € = 15~ 10 - 50 100
tTLp S Y nsipF C = 18 =% 15 - 10 )
Output Fahl Time ThL 1 5
tTHL = (1.5 ns/pF) C = 25 = 5.0 - 100 200
tTHL = [0.75 ns/oFI Cp_ - 1 10 - 50 100
tTHL * 10.55 nsi0F) Cy -~ i5 - 40 80
T Turn O Betay Time T 7T T PLH ns
tprs =41 Tns;pF' C - 520~ 3.8 - 605 1210
tpLw =066 ns. 07 Cy - 10 - 250 500
tpm = 105 nsipF C =1 15 - 185 370
I nOnDeiay Time - oL - ns
oy * 1 7nsof O -4 2.3 - 15650
oy, GBS 50T 12 - 560
opy C3ApE Y = = 485
T Setio T e " T Fau 350 - s
i3 250 -
o _ 15 500 -
=Ho:d Time th 30 40 - s
1C 30 -
5 20 -
Latcn Disaple Puise Wiztn 15t°s W 3.0 250 125 - s
10 100 50 -
15 80 i 40 -

*The formulas given are for the T, :car charactenstss Soly,
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FIGURE 1 - TYPICAL OUTPUT SOURCE
CHARACTERISTICS

et e

-
w

<

=
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FIGURE 4 - DYNAMIC SIGNAL WAVEFORMS
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MC14543B

CONNECTIONS TO VARIOUS DISPLAY READOUTS

LIQUID CRYSTAL (LC) READOUT

MC 145428

Quiput
Pn

Qne ot Seven Segments

- o0— .
/

M;;_-_{

—_

Common
Backn'ane

Sauvare Save

INCANDESCENT READOUT

2poropriale
Voltage

2 J

MC145238]
Cutour L_,.

55 3 .o T
= ‘iz
GAS DISCHARGE READOUT
LIGHT EMITTING DIODE (LED) READOUT
Approoriate
Common Commonr $ Voo l:;:ua,ge
Catnoue LEC Anoue LED 4
—_— s b~ -
MC145438
Output O AAA~—— !z___ ———
Ph
MC 145438
_! —_-— Qutout L~  aas~)
e Y Ph P MC 145438
] Qutput
~ Vss
—3 Py
A Voo
Note Bipotar tranmistors may be added tor gain {lor Vo |10V 27 1oyt 210 mA)

' 4 Vss

PIN ASSIGNMENT

CONNECTIONS TO SEGMENTS
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L}
'Iq Ib
L}
‘LI
a
Voot Pin 16
Vgg = Ping
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-

)

I— izl ic
(N
5 6 7

CSERY st



@ MOTOROLA MC145538

3-DIGIT BCD COUNTER
L SUFFIX
CERAMIC
The MC145538 3-digit BCD counter consists of 3 negative edge CASE 620
triggered BCD counters that are cascaded synchronously. A quad
latch atthe output of each counter permits storage of any given count.
The information is then time division multiplexed, providing one BCD
number or digit at a time. Digit select outputs provide display control.
All outputs are TTL compatible.
An on-chip oscillator provides the low-frequency scanning clock
which drives the multiplexer output selector, P SUFFIX
This device is used in instrumentation counters, clock displays, PLASTIC
CASE 846

¢ digital panel meters. and as 3 building block for general logic
apolications,
[ e TTL Comeatple Quiouts

® On-Chip Oscillator
® Cascadable DW SUFFIX
® Clock Disable Input 16 soIC
® Pyise Shaping Permits Very Slow Rise Times on Input Clock 3 CASE 751G
¢ QOutput Latches
® Master Reset
ORDERING INFORMATION
MAXIMUM RATINGS* (Voitages Reterenced to Vgg) MC14XXXBCP Plastc
5 - MC14XXXBCL Ceramic
Symbol Parameter Value Unit
Y 2 MC14XXXBDW SOIC
Voo OC Supply Voltage -0.5tc -18.0 v
Ta = -55%to 125°C for all packages.
Vin- Voutl Input or Output Voltage (OC or Transient) 4 —0.5t0 Vpp +0.5 v
Yn Input Current (DC or Transient), per Pin =10 mA
lout | Output Current (DC or Transient). per Pin ~20 mA BLOCK DIAGRAM
Pp Power Dissipation, per Packaget 500 mw 4 3
Tslg Storage Temperature -85 to ~ 150 *C T T
TL Lead Temperature (8-Second Soldering) 260 *C CIA  CIB qo}—o0 9
“Maxdmum Ratings are those values beyond which damage 10 the device may occur. 12 O0—— Clock Qib—o 7
1Temperature Derating: Plastic “P and D/OW” Packages: - 7.0 mW/°C From 65°C To 125°C Q2 6
Ceramic "L™ Packages: ~ 12 mW/°C From 100°C To 125°C 10 0 LE
Qo0 5
O.F. p—=0C 14
11 0=t Dis —
B 0St}—o0 2
TRUTH TABLE s2 o1
PUT. 13 0= MR o
INPOTE DS3 b0 15
MASTER
RESET CLOCK | DISABLE LE QUTPUTS Vpp = Pin 16
] - ] [+] No Change Vgs = Ping
[¢] ) N '] ] Advence n
-] x 1 x No Change
0 1 - ° Advance This device contains protection circuitry to
0 1 N [} No Change guard against damage due to high static
volitages or electric fields. However, precau-
X No Cha A
0 o x - ° cnm tions must be taken to avoid applications of
o x x Latched any voltage higher. than maximum rated
<] x X 1 Latched voltages to this high-impedance circuit. For
1 x X o |ao~Qi=qQ2=~ proper operation, Vi and Vgt should be
Q3 =0 constrained to the range Vgg = (Vi or
X = Don’t Care : _Vout) < Vpp. ‘
Unused Inputs must always be tied to an ap-
propriate logic voltage level (e.g., either Vgs
or Vpp). Unused outputs must be left open.
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MC14553B

ELECTRICAL CHARACTERISTICS (Voltages Relerenced to Vgg}

Voo -55°C 25°C 125°C
Characteristic Symbol | ydc - Unit
Min Max Min Typ # Max Min Max
Quteut Voltage 0" Level 5.0 - 0.05 - 0 0.05 - 0.0
Vin = Vpp or 0 VoL 10 - 0.05 - 0 005 | — | 005 | vac
15 —_ 0.05 — 0 0.05 -— 0.05
1" Level 50 | 395 - 495 50 — | 495 —
Vin = 0 or Vpp von | 0 | sss | — 9.95 10 — | s9es | — | vde
15 14.95 - 14.95 15 — 14.95 -
Input Voltage “0" Leve!
(Vo = 4.5 0r 0.5 Vdc) 5.0 — 1.5 — 2.25 1.5 —_ 1.5
(Vo = 9.0 or 1.0 Vdc) iL 10 — 3.0 - 4,50 3.0 — ap | Ve
Vg = 135 or 1.5 Vdc) 15 - 40 —_ 6.75 4.0 —_ 4.0
1" Level
(VO = 0.5 0r 4.5 Vao) Vies 50 | 35 - 35 255 - kK] - | vae
Vo = 10.0r 9.0 Vdct H 10 | 70 - 7.0 530 - T =
Vo = 1.50r 13.5 Vi) 15 1 — 11 825 - ' —
Output Dnve Current 10k . mAdc |
{VOoH = 4.6 Vac) Source — Pin 3 5.0 -0.25 — ~0.2 | =036 -0 —
(VOH = 9.5 Vcc) 10 -0.62 —_ ~0.5 -0.9 — 0.35 —_
(VOH = 13.5 Vdo) 15 U5 ~ -15 -35 - 1w —
(VOH = 4.6 Vdc} Source — Other 5.0 ~0.64 — -0.51 -0.88 - -0.36 — mAdc
(Vou = 9.5 Vde) Outputs 10 -1.6 —_ -13 -2.35 — -0.9 —
(VOH = 13.5 Vdc) 15 -4.2 —_ -34 -88 —_ -24 -—
(VoL = 0.4 Vdc) Sink ~ Pin 3 ioL 5.0 0.5 pd 0.4 0.88 — 0.28 - mAdc
(VoL = 0.5 Vdc) 10 1.1 2. 0.9 2.25 — | os8s —
(VoL = 1.5 Vdc) 15 1.8 — 15 8.8 — | 120 | —
(VoL = 0.4 Vde) Sink — Other 5.0 3.0 =7 25 4.0 — 1.6 —_ mAdc
(VoL = 0.5 Vdc) Outputs 10 6.0 —_ 5.0 8.0 — 3.5 —
(VoL = 1.5 Vde) 15 18 — 15 20 — 10 —
Input Current tin 15 — =0.1 AT =0.00001] =0.1 — =1.0 | pAdc
Input Capacitance Cin — - — — 5.0 7.5 - —_ pF
(Vin = 0)
Quiescent Current ipo 5.0 — 5.0 - 0.010 5.0 —_ 150 | pAde
(Per Package) 10 oy 10 17 0.020 10 o 300
MR = Vpp 15 - 20 — 0.030 20 — 600
Total Supply Current**t i 5.0 IT = {0.35 puAkHZ) { + Ipp nAdc
(Oynamic plus Quiescent, 10 It = {0.85 pAKkH2) | + Ipp
Per Package) 15 IT = (1.50 gAXH2} { + Ipp
{CL = 50 pF on all outputs, all
buffers switching)

#Data labelled “Typ™ is not to be used for design purposes but is
intended as an indication of the IC’s potential performance.

“*The tormulas given are for the typical characteristics only at 25°C.

1To calculate total supply current at loads other than 50 pF:
IT(CL) = IT(50 pF) + (CL - 50) Vik

where: I7 is in wA {per package). C in pF, V = (Vpp ~ Vsg) in volts.
{in kHz is input frequency, and k = 0.004.
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SWITCHING CHARACTERISTICS (C = 5007, Ta = 25°C)

MC14553B

LY

L

Characteristic Figure Symbol Voo Min Typ # Max Unit
Qutput Rise and Fall Time ! 2a TLH. ns
TLH. tTHL = (1.5 nepF) CL - 25ns THL 5.0 — 100 200
TLH. tTHL = (0.75 ns pF)CL - 125ns 10 — 50 100
ITLH. tTHL = (0.55 nspFI CL - 9.5 ns 15 - 40 80
Clock to BCD Out 23 1PLH. 5.0 — 900 1800 ns
tPHL 10 - 500 1000
15 -— 200 400
Ciock to Overflow 2a 1PHL 5.0 _ 600 1200 ns
10 - 400 800
15 _ 200 400
Reset to BCD Out 2 PHL 5.0 - 900 | 1800 s
10 - 500 |} 1000
15 - 300 ! 600
Clocx 1o Latch Enable Setup Time 20 sy 5.0 600 0 - ns
Master Resst 1o Latcn Enable Setup Time 10 400 200 | -
15 200 00 i —
RAemoval Time 20 rem 5.0 -80 -200 - ns
Latch Enable to Clock 10 ~10 -70 —
15 0 -50 -
Clock Pulse Width 2a WH(eh) 5.0 550 275 - ns
10 200 100 —_
15 150 s 1 —
Reset Pulse Width 20 YWH(A) 5.0 1200 600 —_ ns
10 600 300 _—
15 450 225 Ead
Reset Removal Time = trem 5.0 -80 —-180 - ns
10 0 -50 —_
15 20 . -30 _—
Input Clock Frequency 2a ol 5.0 - 1.5 09 MHz
- 10 =1 5.0 25
15 -_ 70 35
Input Clock Rise Time 20 TLH 5.0 No ns
10 Limat
15
Disable, MR, Latch Enable = tTLH. 5.0 —_ - 15 1S
Rise and Fall Times TTHL 10 —_ b 5.0
15 — —_ 4.0
Scan Oscillator Frequency 1 fose 5.0 —_ 1.5/C1 —_ Hz
(C1 measured in uF) 10 — 4.21C1 —_
15 _ 7.0/CY -—
“The formulas given are for the typical characteristics only at 25°C. #Data labelled “Typ™ is not to be used for desgn purposes butis
42 o 2

as an indication of the IC's p
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FIGURE 1 — 3-DIGIT COUNTER TIMING DIAGRAM (Reterance Figure 3)
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MC14553B

OPERATING CHARACTERISTICS

The MC145538B three-digit counter, shown in Figure 3,
consists of three negative edge-triggered BCD counters
which are cascaded in a synchronous fashion. A quad latch
at the output of each of the three BCD counters permits
storage of any given count. The three sets of BCD outputs
{active high), after going through the latches, are ume
division multipiexed, providing one BCD number or digit
at a time. Digit select outputs (active low) are provided
for display control. All outputs are TTL comoatible.

An on-chip oscillator provides the low frequency scan-
ning clock which drives the multiplexer output selector,
The frequency of the oscillator can be controlled ex-
ternally by a capacitor between pins 3 and 4, or it can be
overnidden and driven with an external clock at pin 4.
Muttiple devices can be cascaded using the overflow
outout, which provides one pulse for every 1000 counts.

The Master Reset input, when taken high, initializes the
three BCD counters and the multiplexer scanning circuit,
White Master Reset is high the digit scanner is set to digit
one, but all three digit select outputs are disabled to
prolong display life, and the scan oscillator is inhibited.
The Disable input, when high, prevents the input clock
from reaching the gounters, while still retaining the last
count. A pulse shaping circuit at the clock input permits
the counters to continue operating on input pulses with
very slow nise times, information present in the counters
when the latch input goes high, will be stored in the
iatches and will be retained white the fatch input is high, in
dependent ol otner inputs. Infarmauc~ zan ce recovered from
the 1atches after the counters have been reset f Latch Enable
remains hign cunng the entireg resat oV 2@

FIGURE 3 — EXPANDED BLOCK DIAGRAM
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