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4 QUADRANT DC MOTOR DRIVES BY IGBT
WITH ANALYSIS SYSTEM MODEL IN SIMULINK

Comsak Bhoomiputra

Jarinya Konkam

Jeerasak Klatam

Assoc.Prof.Dr.Viriya Pichetjamroen Advisor
Surin Khomfoi Advisor

2001

ABSTRACT

This project presents the speed control of a four quadrant separately excited DC motor,
which is controlled in four-direction that consist of rotating forward, forward breaking, rotating reverse
and breaking reverse. A rating motor is 1.50 kW ,15A ,130 V and 1800 rpm.1800.The objective of the
project is the improvement of the speed controller by using unipolar PWM controlled signal and the

analyzing of control system with Matlab program .
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wiilavesszuvey lussavhanga tazszuuyaretlounduvzaud s UNemesAe  IYUl
sawouuui lenSoszuuaiuguuuil la(PI Controller)

) [ dy < { & <1
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FEED | J
BACK
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51t 5.1 vienlaezunsumsmuguuomed lihnszuans L 4- Quadrant
I~ a o A d‘ = = o
nnudeon laszunsuesemsmanufe diovomed Ithnszuaasel Inaafidoy

g 1 4 a v v u’.l‘

uasllanuSaseusen aeunlasufemennfuiy nnduenldames(Encoder) tilaa
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anudisoviidifudyanaussduie floundugssuuaruguuuniile gaimthad
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L‘lJTﬂ’d(Laplace Transform) muumuﬁgﬂuWan%umaTau(Transfer Function) fo uama%’"lw%
ol 1 a o o o
A3ZUANT AT ULYABLBTIAN 10 ”lumumama%iwq‘u5mﬂaunmmamaziwuﬁﬂu
[ 3 vl 4 1 1 o
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5.1 HarFugelouvesnamasvihnszuansa
P 7 v
11031 5.2 awmugaﬂuamaﬂwﬂmﬁ:uamauumwﬂﬂmmﬂmmu

v
1&aunsusaen Inihileudadeil

di
e, =e, +Ri, +L 2 (5.1)
dt
e, =K, (5:2)
9 a  w dy
laaunsussdianeid
dw
o b= ey (5.3)
dt
R, e
Moment inertia, J
+
g Ty
A S
e ﬁ) ‘/\ Y9 | LOAD
LT
e Viscous friction, B
sUn 5.2 waaaesauyadueined ifhnszuaassuunuenvanIAnszdu
=K1 (5.4)
P
TR
o 4
e, = usagu lilfh feuduemes(Amature voltage)
e, = L5 aUInleddeuNaL(Back EMF)
R, = aamugunuluuaa1nesees(Amature resistance)

' 4 4
i = anszud lraluunaine15iu9es (Armature current)
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t ~ o I o
La = AANUNUIIUIVADIADTLULID T (Armature inductance)
1 { ] [~
Ko masfauiman If(Electromagnetic flied constant)
I 7 :
0 = ANULTITOUUDINDND T (motor speed)
a J
t = LINUAUDIU BN BT (motor torque)
' 2 4 o
- A TUIUANNUIRDEUDINDIADS (Moment of inertia at motor)
1 a A J 3 S
B = mﬂ’J’IJJLﬁﬂﬂmuﬁuﬂ‘ufz}\mﬂmmlmzI‘Wdﬂ(Vlscous friction of motor )
T, = usatauedIvaa(Load torque)
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E (s)=KQ(s)
A 3 o
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= o ! s o
ANTUNITN (5.5) ﬂﬂ@gﬂuzﬂﬂigtlﬁ‘lﬂﬁiuﬂlﬂﬁﬁﬂ'@'\imLﬂ'f)i
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(5.10)
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KL -KRI
Q= : - (5.13)
RaB(l +r,,,)+K,
i a1 KR, I,(K,E, Swsswnaldm KR, =0 wld
Q= K2 - (5.14)
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Faz1llnad 18w
S kmEa
1T+ 875,
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-t e(t)
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6.1 TuneuyeamslFanullsunsy MATHLAB luaiuves Simulink 3iaatl

1. Walsunsy MATHLAB UAINNAAII Simulink3 9111 Tusunsuezidadiuvos

¥
Simulink un1A931)

i1<). Command Window

To get started, select "MATLAE Help”™ from the Help menu.

1> simulink3

51 6.1 Arduilamsthauves Simulink



40

= Library: simulink3

Iezaciiel Sane A R RS o

Sinks  Continuous Discrete

Functions Nonlinear Signals Subsystems
& Tables & Systems

Math

Simulink Block Librany 4.1
Copyright (¢) 1990-2001 The MathWors, Inc.
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Y

6.3 1UNN1911UUD4 Simulink
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3. 1AM Library 499 Simulink hatnsainz 14 luszuunine B ludiufivhau

g

Constantd Constant2 @ Ini outt b
In2
b 5 b in3 Out2 b
Constant3 Switch Switch1
Constant! LOAD Subsystem
Relational
Operator
.<= ‘;
>
Repeating Gain
Sequence

e
v

; . Y
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Y A 1 d o [V
4. anduiiousegilnsalane meluszuudaesdagy
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ﬂ
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Operator
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Reference

y 4 1 Co
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Operator
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=
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waeiunemesAalvan 2.0 Nm fin1351 1800 soudeMi

Stopped — | 2UUZ/U3/18 2313928
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1 < d (Y a .—Q L]
8.5 manaaedmnmaNuEveemes v dulnaauuuglidlailvaamneg
YUABDUMINAADI :

1 ieeslidunemesuuuguillainuisa 600, 900 , 1200, 1500, 1800
spUABUINAINAIAL

2. vasiinyuvomeiianuiide himsldlnaasun 03,06,09,12
1.5,1.8,2.1,2.4uag 2.7 Nam Mudau

3 wnefvimsld lnaafindien shimstuiinsanusaseu usasues

'4 I'd '

1995 LALNTLUADIT DT

3 fhmsndeanslanuduiusserinanuEseusenseud

8.5.1 A5 600 souUARMIN  V,=180V,V,=40V,I =0.89 A

T (N.m) 0.3 0.6 0.9 it 1.5 1.8 2.1 2.4 2.7

N (rpm) 512 498 477 454 430 414 395 375 354

V.(V) 38.8 3.0 36.6 35.0 34.0 32.8 32.0 B1.2 30.5

I(A) 1.81 2.34 3.00 3.70 4.40 Ok 1S 5.80 6.40 7.35

a 1 g S < 1 A v a
M1519N 8.5 ANAULTITOUUDINDANDINANNLID 600 5@'1Jﬂ’t)1&'1‘1ﬂ‘1ﬂﬂ1114ﬁﬂ@l’NﬂLL‘UUQﬂLﬂﬂ
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8.52 fina31900 seure  V,=180V,V,=61.5V,I =1.03 A

T (N.m) 0.3 0.6 0.9 12 1.5 1.8 2.1 9.4 27

N (rpm) 873 848 822 805 786 768 754 734 716

Y.(V) 61.0 59.8 59.0 58.4 57.8 57.2 56.8 56.2 55.8

IL(A) 1.58 2.30 2.98 3.72 4.38 5.02 5.63 6.39 7:13

a ' < P = ' ad '
M35197 8.6 AIAINISITOVVBINDIADINANNULTI 900 spudetina1 lnaaaequuuglia
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85.3 NANNSEI1200 seuAeMIA  V,=180V,V,=83.0V, I =1.28A

T (N.m) 0.3 0.6 0.9 1.2 1.5 1.8 2:1 24 2.7

N (rpm) 1183 | 1159 | 1128 | 1107 1077 | 1050 .| 1032 .|5°1006 986

V.(V) 82.0 80.9 79.8 79.0 Jolesd 76.2 7555 74.5 73.8

I(A) 1.93 2.52 3.28 3.88 4.67 5.40 6.01 6.73 7.33

A ' ] I ] ' A v a
M1519N 8.7 ANANULTITOUUDINBDNDINAIINLT 1200 56U$\'€]H'\‘V]‘ﬂﬂ11ﬁﬁﬂﬂ1@"’]LL‘U‘U@“IJHJ@
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8.5.4 12111511500 seuAeMI  V,=180V,V,= 1040V, I =1.08 A

T (N.m) 0.3 0.6 0.9 1.2 1.5 1.8 2.1 24 24

N (rpm) 1460 |- 1419 |- 1388 . |- 1386 |- 1326 | 1300 1 1277 1247 | 1224

V.(V) 102.0 | 100.0 | 99.0 980 96.0 95.0 94.0 93.0 92.0

I(A) 18572 245 3.02 39S 4.56 5.10 ST 6.56 7.22

a ' o /a o ' ad \ =
AN 8.8 AAIULTITOUVDINDADINANNLTI 1500 i@ﬂﬁﬂumvmﬂﬂﬁﬂmmLLUUQ‘ﬂLﬂﬂ

Speed ( rpm )
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8.5.5 A2 1800 FUARUIN  V,=180V,V,=1240V,I =137 A

T (N.m) 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7

N (rpm) 1761 | 1721 | 1680 1655 1608 | 1566, | ‘1541 1511 | 1487

V.(V) 122.0 | 119.8 | 119.0 | 1180 stesisloiv@umiend 1 2.0 [ 111.0 | 110.0 | 108.0

I (A) 1.98 2.68 342 3.98 4.75 5.41 6.01 6.62 721

a ' g o g ' U=l ' a
M919N 8.9 ANANLTITOUUDINDINDINAINLIY 1800 5@1“5]@“']‘ﬂﬂﬂ'liﬁaﬂﬂ’]qquﬂuq‘ﬂlﬂﬂ

Speed ( rpm )
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v < d [ q' i
8.6 MInAaesmMAANEIveeInesvaduInaauuugUilanlnanmiA1eg

YUADUNITNAADY
o [ 4 oo <
1. s ltuuewesuuugliananuisi 600,900, 1200, 1500 , 1800
soUABUINAINAIAY
~ o g o '
2. YT AINyULONBINANUGTIAN Mmslalvanuuia 0.3,0.6,09, 1.2
1.5,1.8,2.1,24u88 27 N.m Muia
a o v A o o R 1 <4 9 o
3. gazfiimsld Inaanaiaieg fnmsdunnaInNuEIsey 45Ul
-4 I'd

¢
1999 LAYNITUNDITLNIRDT

o < v o d ' o T
4. VI'lﬂ'ﬁwa@ﬁlﬂ'i'W‘Iﬂ'NNﬂNWH'ﬁﬁ&'W'J"NﬂT]Nﬁ'ﬁ@Uﬁ@ﬂﬁ%ﬂ“ﬂ'

8.6.1 fin132600 seureNAi V=180V, V, =432V I, =0.92A

T (N.m) 0.3 0.6 0.9 1.2 1.5 1.8 241 24 2.7

N (rpm) 592 591 588 589 587 587 589 589 585

V.CN) 43.8 44.0 452 | 453 46.1 46.2 47.9 47.8 48.0

I(A) 183 22 295 3.61 4.32 4.99 5.63 6.38 7ELL
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8.62 NANMEI900 souARINA  V,=180V,V,=61.5V,[ =103 A

T (N.m) 0.3 0.6 0.9 1.2 1:55 1.8 2.1 24 2:

N (rpm) 894 898 896 897 899 898 901 900 900

V.(V) 62.0 63.1 63.3 64.4 64.9 65.2 66.0 66.8 67.1

I,(A) 1.62 221 3.06 3473 4.44 5.08 5472 6.48 7.18

a1 1 < P ] 1 A 1 a
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Speed (rpm )
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8.63 finnw311200 seuAedl  V,=180V,V,=822V,I =107 A

T (N.m) 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7

N (rpm) 1915 |>1217 || 12145 1210 (1212 21288 | 1206 " 1205 =1203

NV 83.0 83.9 84.5 84.0 85.0 85.2 86.0 86.4 87.1

I(A) 1.67 2.38 3.05 3.75 4.42 ST eI 6.52 7.20

a 1 =] Il < 1 At 1 =)
M990 8.12 ANAIULIITOUVDIUBMDINAINLGT 1200 iﬂﬂﬁ@u'lﬂﬂﬂ'ﬂﬂaﬂﬂ']ﬁ"llL‘]J‘U'E:l’llllﬂ

Speed ( rpm )
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8.6.4 NANMN311500 seumeIdl  V,=180V,V,=1040V,I =111 A

T (N.m) 0.3 0.6 0.9 1.2 L5 1.8 2:1 24 2.7

N (rpm) 1495 | 1496 | 1496 | 1497 | 1500 | 1498 | 1500 | 1496 | 1498

V.(V) 105.0 | 106.0 | 106.0 | 105.0 | 106.0 | 108.0 | 109.0 | 109.0 | 110.0

I(A) 1.63 2.42 3.16 3.82 4.51 5.16 5.78 6.49 7:33

a ! g 7 ] ' Al ' o
M15197N 8.13 ANANINLTITDUUDIUBNBDINANNLID 1500 ﬁ@ﬂﬂﬂﬂ]‘ﬂﬂﬂﬂ‘ﬂﬁﬂmﬂﬂLL‘U‘UQﬂﬂﬂ

Speed (rpm )
1510 ; . ; : g

| ; i : . : :
L 1 ) 2 i
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8.6.5 A5 1800 sRUABUIN

)

V,=180V,V,=1220V,], =108 A

T (N.m) 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7

N (rpm) 1802 | 1804 | 1807 | 1801 1798|1798 | 1785 1781 1790
V.(V) 123.0 | 124.0 | 125.0 | 126.0=p=196O==iR60 | 126.0 | 127.0 | 127.0
I (A) 1.73 2.48 327 | 4.06 4.62 533 5.94 6.38 7.02
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8.9 mssraeaszuviagldlilsunsu MATLAB

o .

o o o 4 o Jd
'Vnﬂ']5i]']ﬁ@ﬁi$llllﬂ']i‘ll‘ﬂlﬂﬁﬂuM@m@ia{'}ﬂ‘WQﬂ%u Simulink UuTﬂiLLﬂiﬂJ MATLAB®U

be

2 ~ ' = P o
Sunoui1dna1n 13 luuniic Fenmmsnaasaiaaaliaeil

310 310 l

Constantd : Constant2 J’ -
| .
il Il ow SPEED
_r-—h-lni‘
0 IGBT o 1GBTA £ e
LOAD In3 o
Constant3 Constant1 :]
MOTOR
CURRENT
Relational
Operator HELS
] iy S, =
Ll
REFERENCE o Gain
W e
SAWTOOTH
Relational
Operatort

5171 8.44 szuudravavesszuugila
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4 o d d a 3 -1
8.9.1 ieimsdnswvimInugquuemesuvuglilanmsnlasumlasvesanuis?
d (Y] d' 9 [V 1 L= I~
vomeimudnyarmadeuuiasvelnan Sran1izds Ll inaa vewesiina1137 1800 70U

\ a s Y ! ol s
ADUIN NITLT 0.9 LL?JlIm_Ii Ltiﬁﬂuﬂﬁﬂuﬂlﬂﬁﬂﬂﬂﬁﬂ 180 I’Jﬁﬂ

LOAD 5 10 15 20 25 30 35 40 45

Wr(rpm) | 1780 1764 1752 1710 1668 1644 1590 1548 1500

la (A) 2.7 5.0 6.8 8.8 10.3 112 11.9 125 13.2

P 1 [ A =) P
M1919N 8.15 mﬂ’nmi’mmm:ﬂsxuﬁmaiwaﬂuﬂmﬂaﬂuuﬂaa

Speed ( rpm )
1800

1750

1700

1650

4 6 8 10 12 14 16

Amature current ( la)
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[ 3 g g ¥ d

$.9.2 diemmsimnzdimsmuguuamestuugldamsnfasuulasvesnnuianenes
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musnaemslasuasvesinan aranizda il Ivas vowasiAILG2 1800 5OUADUIN

¢ o ' ¢ P
ATYLLE 0.82 !l,’t)llll‘]_li LLNﬂuﬂﬁﬂN‘Uﬂﬂ’JﬂWﬂﬂ 180 T'Jﬁﬂ

Wr(rpm) | 1797 1794 1788 1785 1779 1776 1773 1770 1764

la (A) 1.4 1.8 2.4 2.7 3.3 3.8 4.3 4.8 53

ni 1 ] A s a
M1919N 8.16 ﬂ'lﬂ'J']?JLijiﬂﬁllaﬁﬁﬂﬁglLﬁlﬂJ@IﬂﬁﬂﬁJﬂT5LﬂﬂﬂuLL‘].Jﬁ\‘i

Speed ( rpm )
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(T S R oo s TEOIEEE. B e S 1
1500 boonneiennsns PR RE SORRERE S REREEE ERRRE b e e .
1450 Lan gEerin e e e e Tt
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Tl e O . e e

Amature current ( la)
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v [v3 d
8.9.3 ﬁmsmmnymwmamuqnmmmﬁmmm%wawamainmzﬂ'mszumawmmm
d A { w
aoed efimsidounilasves Tnaauaizdu Tnaauuuqiida (open—loop System)

d' Y] 1 [ o T <] [
1) vuzhde il Inaa Fayaznsldeunlavesnn UG WAaLMNTLITYDIVARIAD]

wvesziiiudsgy

il g 11 5 a RE VA Jaen .......... RN £ B AN AR A

15 1.6 1.7 18 1.9 2 2z 2.2 213 2.4 2.5

Time offset. 0

Time offset. 0

517 8.49 msnfavuin/asvesmveanssua
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Time offset: 0

Time offset: 0
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2-Pack IGBT

FUlJ1 2"35 M et 600 V
ELErRIE PUN =GN 50 A
IGBT MODULE ( N series ) M Outline Drawing
B Features
» Square RBSOA N
 Low Saturation Voltage ﬂtl:;;ﬁu
o L ess Total Power Dissipation - 1T 1.
* Improved FWD Characteristic ki h:f IR Sy
» Minimized Internal Stray Inductance 1 Gty st ¥ g
* Overcurrent Limiting Function (~3 Times Rated Current) F“r &
god | {haited| | bt
55/ M5/ ledp-el lomii=el bo-iis

B Applications

e High Power Switching

e A.C. Motor Controls

¢ D.C. Motor Controls

» Uninterruptible Power Supply

B Maximum Ratings and Characteristics

* Absolute Maximum Ratings (T.=25°C) c1
items Symbols Ratings Units
Collector-Emitter Voltage Vees 600 \% |k
Gate -Emitter Voltage Vaes +20 v i LS
Continuous Ic 50 x
Collector 1ms . lcpuise 100 A v
Current Continuous -l 50 El o—
ims -lcpuise 100 ¢————0 C2 El
Max. Power Dissipation Pc 250 w e
Operating Temperature T; +150 5C A
Storage Temperature Teq -40 ~+125 26, G2o T
Isolation Voltage | A.C. 1min. Vis 2500 v %
Mounting *1 3.5
Scow Torque Terminals -2 35 st DT
Note: *1:Recommendable Value; 2.5 ~ 3.5 Nm (M5) 6 E2
Overcurrent Limiting Gircoit
» Electrical Characteristics (atT=25°C)
Items Symbols Test Conditions Min. Typ. Max. Units
Zero Gate Voltage Collector Current lces Vee=0V Vce=600V 1.0 mA
Gate-Emitter Leackage Current lges Vee=0V Vee=+ 20V 15 pA
Gate-Emitter Threshold Voitage Ve Vge=20V 1c=50mA 4.5 75 v
Collector-Emitter Saturation Voltage Veesan Vge=15V Ic=50A 2.8 v
Input capacitance | Cies Vee=0V 3300
Output capacitance Coes Vee=10V 730 pF
Reverse Transfer capacitance Cres f=1MHz 330
ton Vec=300V 0.6 1.2
Tum-on Time % 1c=50A 02 06 v
2 torr Vee=t 15V 0.6 1.0
Turn-off Time 7 Re=51Q 02 035
Diode Forward On-Voltage Ve 1-=50A Vge=0V 3.0 vV
Reverse Recovery Time ter I==50A 300 ns
* Thermal Characteristics
Items Symbols Test Conditions Min. Typ. Max. Units
Riio) IGBT 0.50
Thermal Resistance Ring-) Diode 1.33 °CIW
Rine: With Thermal Compound 0.05




2-Pack IGBT
600 V
50 A

EUWJT
EUECIRIE

Collector current vs. Collector-Emitter voltage Collector current vs. Collector-Emitter voltage
T=25°C TJ.=125°C
125 7 < 7 v v 126 T v 7 0 v
P Vge= 30V, 15V, {12V 1 g Vgef 20V, 15y, 12V, 1
100 100
; ’ y/
¢ 75 (17 £ / )ﬂv
= o /
E 3 4 e ] 4
g8 50 A S 50 /
5 =
5 - V/
- o o o -
2 5
S o
O 25 g 25
8 oo 8V
8V
0 A 2 2 0 A 2 2
0 1 2 3 4 5 0 1 4 3 4 5
Cotlector-Emitter voitage : Vg [V] Collector-Emitter voltage : Vg [V]
Collector-Emitter vs. Gate-Emitter voltage Collector-Emitter vs. Gate-Emitter voitage
T{F25°C T=125°C
10 10
L 4 = .
8
Thgt 8
>
> [ k ' g | \
S 6 TBN (]
g <]
3 | 2
> " 1 ) [
o |= £ =
% : : "‘E" ? K -
& i N~ oo ] 5 i 100A
£ S50A 2 50A
S 2 = s &
3 25A 25A
Q 4 < 3
0 A A " 2 A 0 e A 2 2 &
0 5 10 45 20 25 0 5 10 15 20 25
Gate-Emitter voltage : Vg [V] Gate-Emitter voitage : V5 [V]
Switching time vs. Collector current Switching time vs. Collector current
V=300V, Rg=51Q, Vge=215V, T=25°C V=300V, Rg=510, V=15V, T=125°C
1000 1000 l -
7 T -
£ 3 :
T £ r
% Loows ‘r ‘:- sl —— tf
L s e = = S
- | ] t| e
§ 1 A ,/
L i s 100
o 5
£ o
2 £
.§ 8
(7] s
7
10 10
0 20 40 60 80 0 20 40 60 80

Collector current 11 [A] Collsctor current : I [A]
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ELECTRIE

2MBI

2-Pack IGBT

600V
50 A

Switching time : t ., t, toy, t;[nsec]

elAl

forward current ; |

Thermal resistance : R, o ['CIW]

1000

Switching time vs. Rg

Vec=300V, 1g=560A, V=215V, T=25°C

on

100

10

125 r

100

Gate resistance : Rg [Q]

Forward current vs. Forward voltage
Vge=0V

T T v

T=125{C 25°C 9

100

75

50

25

7 |

o

1 2 3 4

Forward voltage : V¢ [V]

Transient thermal resistance

‘{ ; ST

o [

0,001

0,01 0,1 1

Puise width : PW [sec]

™M

CE

iV

Collector-Emitter voltage

(Al

Reverse recovery current : |

Collector current : Ic [A]

 [Nsec]

el

Reverse recovery time

Dynamic input characteristics

T=25°C
500 r = v g v 5 o5
b V=200V
400 120
400V
300 15
200 —+ // 10
100 5
0 A
0 50 100 150 200 250 300
Gate charge : Qg [nC]
Reverse recovery characteristics
to 1o vs. I
¢
oT" 125°C
L]
100
——j g
4]
1
v
/—"’ 14 B2
/——— lee
= 259
10
0 20 40 60 80
Forward current : I [A]
Reversed biased safe operating area
+Vge=15V, -V5e215V, T;125°C, Rg251Q
500 & 7 7 - T
400 \
300 SCSOA
(non-repetitive puise)
200
100
r RBSOA (Repestitive pulT) 1
0 = a a -
0 100 200 300 400 500 600

Collector-Emitter voltage : Vg [V]

Gate Emitter voltage : VGE [V]



2-Pack IGBT

Switching loss vs. Collector current Capacitance vs. Collector-Emitter voltage
: V=300V, Rg=61Q , V=15V T=25°C
Eqq 25° 10 L — —
7 p —_— —
g 4 Z T
s / £
£ 8
= / 2l d
& 3 L ]
w [¢)
‘S / /EOH 25'C é 1 : =
w / o ™
- 2 / // O = —— —
g i / / /E D5°C g 2
onR5° 5]
= [ —)
— WS-
g, 1 / / / § oo
= ° il
’; . %/ Sl Mg
n 4
0 e 2 e E" 5°C 2 it a2 e s
0 20 40 60 80 0 5 10 15 20 25 30 35
Collector Current : [, [A] Collector-Emitter Voltage : Vg [V]
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D-60528 Frankfurt/M
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Fuji Electric (UK) Ltd.
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London W6 8DW, UK
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Philips Semiconductors Product specification
e e B B 3 S 5 oSt

4557B
1-to-64 bit variable length shift register HEF o

DESCRIPTION purposes. Information on Dy or Dg is shifted into the first

: . ; : : register position and all the data in the register is shifted
T?‘e HﬁF45t5h7B = :;statlc Clogked dsenal shift regls;er ¢ one position to the right on the LOW to HIGH transition of
WiQse e0dih May be proprammec o bejany MimbeCol . - &g hileiaP: 15 L OW. or on tHe HIGH {5 LOW [ransitior
bits between 1 and 64. The number of bits selected is

; f CP4 while CPq is HIGH. A HIGH on master reset (MR
equal to the sum of the subscripts of the enabled length (r)esets1 o registoer ahd forcss O to LOW and O 1o HI(GH.)
control inputs (L4, Ly, L4, Lg, L1g and L3p) plus one. Serial

independent of the other inputs.
data may be selected from the Dp or Dg data inputs with bt e
the A/B select input. This feature is useful for recirculation

9 3 12413 114 |15, 4, |2
LA MR |Laz|liefls (L4 |L2 Ly
7 |PA Co
0|10
5 D SHIFT REGISTER

6 |Ps cp 64-BITS om

5 |CP1

4 ICPy

7272875.2
Fig.1 Functional diagram.
PINNING
Da, Dg data inputs HEF4557BP(N):  16-lead DIL; plastic
AB select data input (SOT38-1)
CPy clock input HEF4557BD(F):  16-lead DIL; ceramic (cerdip)
CP, clock enable input (SOT74)
MR asynchronous master reset HEF4557BT(D):  16-lead SO; plastic
Ly to Lay bit-length control inputs (SOT108-1)
0,0 buffered outputs (): Package Designator North America
FAMILY DATA, Ipp LIMITS category LSI
6] [15] [1a] [13] [12] [11] [io] [o = =
Voo by kg Gieitno .0 /B See Family Specifications

552) HEF45578

Ly Ly MR CPp CPy Dp iDa Veo

U] L2] [3] L4] [s] [e] [2] [e]

7272875.1

Fig.2 Pinning diagram.

January 1995 2



Philips Semiconductors Product specification

HEF4557B
LSI

1-to-64 bit variable length shift register

o

0
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l 72746351
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Fig.3 Logic diagram
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Philips Semiconductors Product specification

. ’ ) . HEF4557B

1-to-64 bit variable length shift register LS|
FUNCTION TABLE Notes.
1. The moment D, appears at O depends on the
L Ll = AL bit-length shown in the table below.
MR | AIB | Da Dg | CPo | CPy att 2. H =HIGH state (the more positive voltage)

L L Dy (2Bs L D2 3. L =LOW state (the less positive voltage)
L H Dy (2D L Dy 4. X = state is immaterial
L L D4 D, H N D, 5. _/ = positive-going transition
E H D4 D, H 2% D4 6. "\ = negative-going transition
H X X X X X (8 7. Dy = either HIGH or LOW

BIT-LENGTH SELECT FUNCTION TABLE

Laz | Lis Lg La L L4 REGISTER LENGTH
L L L L 2 L 1-bit
L L L E L H 2-bits
L L L 12 H o 3-bits
L L L 8 H H 4-bits
L L L H L B 5-bits
L L & H L H 6-bits
& L L H H L 7-bits
L I L H H H 8-bits
A \J A ! A e 1
L H H H H H 32-bits
H B I L L L 33-bits
H L E I L H 34-bits
J l 2 l l | i
H H H H L L 61-bits
H H H H L H 62-bits
H H H H H 2 63-bits
H H H H H H 64-bits

AC CHARACTERISTICS
Vss = 0 V; Tamp = 25 °C; input transition times <20 ns

Voo TYPICAL FORMULA FOR.P (uW)

\'4
Dynamic power 5 3500f; + X (fCL) x Vpp2 where
dissipation per 10 15000 fi + X (foCp) x Vpp? fi = input freq. (MHz)
package (P) 15 37000 fi+ X (f,CL) x Vpp? fo = output freq. (MHz)

Cy = load capacitance (pF)
2. (foCL) = sum of outputs

Vpp = supply voltage (V)

January 1995 4



Philips Semiconductors Product specification

1-to-64 bit variable length shift register HEF455L78E;
AC CHARACTERISTICS
Vss =0V; Tamp = 25 °C; C_ = 50 pF; input transition times <20 ns
Y/ TYPICAL EXTRAPOLATION
3" SYMBOL | TYP. MAX. st
Propagation delays
CPy,CP1 > 0,0 5 240 480 ns 213 ns + (0,55 ns/pF) CL
HIGH to LOW 10 tpHL 90 180 ns 79ns + (0,23 ns/pF) C,
15 65 130 ns 57 ns + (0,16 ns/pF) C,
5 240 480 ns 213 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tpLH 90 ~ 180-p) ns 79ns + (0,23 ns/pF) C.
15 65 130 ns 57 ns + (0,16 ns/pF) C,
MR — O 5 170 340 ns 143 ns + (0,55 ns/pF) C_
HIGH to LOW 10 tPHL 80 160 ns 69 ns + (0.23 ns/pF) C
15 60 120 ns 52 ns + (0,16 ns/pF) C.
MR -0 5 140 280 ns 113 ns + (0,55 ns/pF) C,
LOW to HIGH 10 tpLH 70 140 ns 59 ns + (0,23 ns/pF) CL
15 55.nat10> \\ns 47 ns + (0,16 ns/pF) C_
Output transition times 5 60 120 ns 10ns + (1,0ns/pF)CL
HIGH to LOW 10 tTHL 30 60 ns 9ns + (0,42 ns/pF)CL
15 20 40 ns 6ns + (0,28 ns/pF)C,
5 60 "™ 200 ¥ hs 10ns + (1,0ns/pF)C_
LOW to HIGH 10 tTLH 30 60 ns 9ns + (0,42 ns/pF)Cy
15 20 40 ns 6ns + (0,28 ns/pF)C_

Interpolation table (see note next page)

LENGTH CONTROL INPUTS MINIMUM SET-UP, HOLD,
NUMBER OF RECOVERY

L4 L2 Ls Lg L1g L3z | BITS SELECTED TIMES
L L 15 L L L 1 specified
H L L L L [ 2 I
X H L L L B 3 :
X X H L I L 5 six equal steps
X % X H L L 9 I
il X X H L 17 {
X X X X X H 33 specified

Notes

1. H=HIGH state (the more positive voltage)
2. L =LOW state (the less positive voltage)
3. X = state is immaterial

2y S e e




Philips Semiconductors Product specification

1-to-64 bit variable length shift register HEF455L788|
AC CHARACTERISTICS
Vss =0V, Tamp = 25 °C; C = 50 pF; input transition times < 20 ns; see also waveforms Fig.4
V\';D SYMBOL | MIN. TYP.
Minimum clock
pulse width; 5 twepL 180 90 ns
LOW for CPg or 10 or 60 30 ns
HIGH for CP4 15 twepn 40 20 ns
Minimum reset 5 150 75 ns
pulse width; 10 tWMRH 70 35 ns
HIGH 15 50 25 ns
Set-up times
Da, Dg, A/B — CPy, 5 360 180 ns
CP; 10 i 140 70 ns
L1 to L3z = LOW 15 ¢ 90 45 ns
5 40 -20 ns
L3z = HIGH 10 i=m 35 -10 ns
15 30 -5 ns
Hold times
Da, Dg, A/B — CPy, 5 -40  -110 ns
CP4 10 thold -10 45 ns
Ly to Lgp = LOW 15 0 -30 ns N e
5 90 30 ns
L3 = HIGH 10 thoid 60 20 ns
15 50 15 ns
Recovery times for MR 5 500 250 ns
Lito Lz =LOW 10 tRVR 250 125 ns
15 150 75 ns
5 110 50 ns
Lo = HIGH 10 trRvR 70 30 ns
15 60 25 ns
Minimum clock 5 2,5 5 MHz
pulse frequency 10 fiae 7 14 MHz
15 10 20 MHz
Note

1. The set-up, hold and recovery times vary with the minimum number of bits selected. For other values as specified
one may interpolate as shown in the table (see previous page).

January 1995 6




Philips Semiconductors Product specification

. : s C HEF4557B
1-to-64 bit variable length shift register LS|
CPy INPUT f50% i CPy=L
- twepL —~
CPy INPUT | 50% CPy=H
- tsu g | - tWCF‘H —
—= |+ thold
7
Da. Dg INPUT 50% / / /
7 7
-ty —
-l |<—thold : '
A/BINPUT /A 50% / /
MR INPUT
< TWMRH—= 7272874.1
Fig.4 Waveforms showing recovery time for MR and minimum CPq, CP4 and MR pulse widths, set-up and hold
times for D, Dg and A/B to CPg and CP4. Set-up and hold times are shown as positive values but may
be specified as negative values.

January 1995 y/



LM2907/LM2917

General Description

The LM2907, LM2917 series are monolithic frequency to
voltage converters with a high gain op amp/comparator de-
signed to operate a relay, lamp, or other load when the input
frequency reaches or exceeds a selected rate. The tachom-
eter uses a charge pump technique and offers frequency
doubling for low ripple, full input protection in two versions
(LM2907-8, LM2917-8) and its output swings to ground for a
zero frequency input.

The op amp/comparator is fully compatible with the tachom-
eter and has a floating transistor as its output. This feature
allows either a ground or supply referred load of up to 50 mA.
The collector may be taken above V¢ up to a maximum Veg
of 28V.

The two basic configurations offered include an 8-pin device
with a ground referenced tachometer input and an internal
connection between the tachometer output and the op amp
non-inverting input. This version is well suited for single
speed or frequency switching or fully buffered frequency to
voltage conversion applications.

The more versatile configurations provide differential ta-
chometer input and uncommitted op amp inputs. With this
version the tachometer input may be floated and the op amp
becomes suitable for active filter conditioning of the tachom-
eter output.

Both of these configurations are available with an active
shunt regulator connected across the power leads. The
regulator clamps the supply such that stable frequency to
voltage and frequency to current operations are possible
with any supply voltage and a suitable resistor.

Advantages
m Qutput swings to ground for zero frequency input

National Semiconductor

Frequency to Voltage Converter

June 2000

m Easy to use; Vour = fiy X Ve X R1 x C1

® Only one RC network provides frequency doubling

m Zener regulator on chip allows accurate and stable
frequency to voltage or current conversion (LM2917)

Features

m Ground referenced tachometer input interfaces directly
with variable reluctance magnetic pickups

® Op amp/comparator has floating transistor output

m 50 mA sink or source to operate relays, solenoids,
meters, or LEDs

® Frequency doubling for low ripple

m Tachometer has built-in hysteresis with either differential
input or ground referenced input

® Built-in zener on LM2917

B +0.3% linearity typical

® Ground referenced tachometer is fully protected from
damage due to swings above V¢ and below ground

Applications
Over/under speed sensing
Frequency to voltage conversion (tachometer)
Speedometers

Breaker point dwell meters
Hand-held tachometer
Speed governors

Cruise control

Automotive door lock control
Clutch control

Horn control

Touch or sound switches

v

7 6 5

q

CHARGE
PumP

=
>

E

1 2 3 4

DS007942-1

Order Number LM2907M-8 or LM2907N-8
See NS Package Number M0SA or NOSE

Block and Connection Diagrams buatin-Line and Small Outline Packages, Top Views

CHARGE

PuMP

3 4
DS007942-2

Order Number LM2917M-8 or LM2917N-8
See NS Package Number MO8SA or NOSE

© 2000 National Semiconductor Corporation DS007942
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LM2907/LM2917

Block and Connection Diagrams Dual-In-Line and Small Outline Packages, Top Views (Continued)

1 2 3 q 5 13 s
I l l N!C NC
IS0SZY 5 DSOO7N922~4

Order Number LM2907M or LM2907N

Order Number LM2917M or LM2317N
See NS Package Number, M14A"or N14A See NS Package Number M14A or N14A
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage 28V
Supply Current (Zener Options) 25 mA
Collector Voltage 28V
Differential Input Voltage

Tachometer 28V

Op Amp/Comparator 28V
Input Voltage Range

Tachometer

Power Dissipation
LM2907-8, LM2917-8
LM2907-14, LM2917-14
See (Note 1)
Operating Temperature Range
Storage Temperature Range
Soldering Information
Dual-In-Line Package

1200 mW
1580 mW

-40°C to +85°C
-65'C to +150°C

Soldering (10 seconds) 260°C
Small Outline Package

Vapor Phase (60 seconds) 215°C

Infrared (15 seconds) 220°C

LMguTee Iz e N e ot
LM2907, LM2917 0.0V to +28V surface mount devices.
Op Amp/Comparator 0.0V to +28V
Electrical Characteristics
Vee = 12 Vpe, Ta = 25°C, see test circuit
Symbol I Parameter I Conditions Min i Typ Max Units
TACHOMETER
Input Thresholds Vin = 250 mVp-p @ 1 kHz (Note 2) +10 +25 40 mV
Hysteresis Vin = 250 mVp-p @ 1 kHz (Note 2) 30 mV
Offset Voltage Vn = 250 mVp-p @ 1 kHz (Note 2)
LM2307/LM2917 9.5 10 mV
LM2907-8/LM2917-8 5 15 mV
Input Bias Current Vin = 250 mVpe 0.1 i HA
Vou Pin 2 Vin = +125 mVpc (Note 3) 8.3 \
Vo Pin 2 Vin = =125 mVpc (Note 3) 2.3 \)
Iy, I3 Output Current V2 = V3 = 6.0V (Note 4) 140 180 240 HA
I3 Leakage Current 12=0,V3=0 0.1 HA
K Gain Constant (Note 3) 0.9 1.0 1.1
Linearity fin = 1 kHz, 5 kHz, 10 kHz (Note 5) -1.0 0.3 +1.0 %
OP/AMP COMPARATOR
Vos Vin = 6.0V 3 10 mV
laias Vin = 6.0V 50 500 nA
Input Common-Mode 0 Vee—1.5V \
Voltage
Voltage Gain 200 V/mV
Output Sink Current Ve=1.0 40 50 mA
Output Source Current Vg = Ve —20 10 mA
Saturation Voltage lgink = 5 MA 0.1 0:5 \
lsink = 20 mA 1.0 \
Isink = 50 mA 1.0 1.5 \
ZENER REGULATOR
Regulator Voitage Rprop = 470Q 7.56 Vv
Series Resistance 10.5 15 Q
Temperature Stability +1 mV/'C
TOTAL SUPPLY CURRENT 3.8 6 mA

Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance
of 101°C/W junction to ambient for LM2907-8 and LM2917-8, and 79°C/W junction to ambient for LM2907-14 and LM2917-14.

LI6ZNT/L06ZINT

Note 2: Hysteresis is the sum +Vyy - (-Vqn), offset voltage is their difference. See test circuit.

Note 3: Vo is equal to % x Ve = 1 Vag, Vo is equal to % x Vec = 1 Ve therefore Von = VoL = Vec/2. The difference, Vo ~ Vo, and the mirror gain, l2/l3,
are the two factors that cause the tachometer gain constant to vary from 1.0.

Note 4: Be sure when choosing the time constant R1 x C1 that R1 is such that the maximum anticipated output voltage at pin 3 can be reached with I3 x R1. The
maximum value for R1 is limited by the output resistance of pin 3 which is greater than 10 MQ typically.

3 www.national.com



LM2907/LM2917

Electrical Characteristics (continued)

Note 5: Nonlinearity is defined as the deviation of VoyT (@ pin 3) for fiy = 5 kHz from a straight line defined by the Vot @ 1 kHz and Voyt @ 10 kHz. C1 = 1000 pF,
R1 = 68k and C2 = 0.22 mFd.

Test Circuit and Waveform

TACHOMETER
INPUT

9

; Ioias Isink l

1

TACHOMETER 0P AMP
SECTION SECTION
CHARGE
PUMP

S Wl L\ (]
c1 le

TACHOMETER lsmsx 'scuncel

INPUT A1

DS007942-6

Tachometer Input Threshold Measurement
V2

NEGATIVE / POSITIVE
INPUT INPUT
THRESHOLD /THRESHDLD

Viy TACHOMETER

DS007942-7
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Typical Performance Characteristics
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LM2907/LM2917

Typical Performance Characteristics (continued)

Tachometer Input Hysteresis
vs Temperature
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Characteristics
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Characteristics
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Applications Information

The LM2907 series of tachometer circuits is designed for
minimum external part count applications and maximum ver-
satility. In order to fully exploit its features and advantages
let's examine its theory of operation. The first stage of opera-
tion is a differential amplifier driving a positive feedback
flip-flop circuit. The input threshold voltage is the amount of
differential input voltage at which the output of this stage
changes state. Two options (LM2907-8, LM2917-8) have
one input internally grounded so that an input signal must
swing above and below ground and exceed the input thresh-
olds to produce an output. This is offered specifically for
magnetic variable reluctance pickups which typically provide
a single-ended ac output. This single input is also fully pro-
tected against voltage swings to £28V, which are easily at-
tained with these types of pickups.

The differential input options (LM2907, LM2917) give the
user the option of setting his own input switching level and
still have the hysteresis around that level for excellent noise
rejection in any application. Of course in order to allow the in-
puts to attain common-mode voltages above ground, input
protection is removed and neither input should be taken out-
side the limits of the supply voltage being used. Itis very im-
portant that an input not go below ground without some re-
sistance in its lead to limit the current that will then flow in the
epi-substrate diode.

Following the input stage is the charge pump where the input
frequency is converted to a dc voltage. To do this requires
one timing capacitor, one output resistor, and an integrating
or filter capacitor. When the input stage changes state (due
to a suitable zero crossing or differential voltage on the input)
the timing capacitor is either charged or discharged linearly
between two voltages whose difference is Vec/2. Then in
one half cycle of the input frequency or a time equal to 1/2 fi
the change in charge on the timing capacitor is equal to
Vee/2 x C1. The average amount of current pumped into or
out of the capacitor then is:

AQ _. 5 Vee <
T ie(ave) = C1 x 5 x (2f)) = Vg x fiy x C1

The output circuit mirrors this current very accurately into the
load resistor R1, connected to ground, such that if the pulses
of current are integrated with a fiiter capacitor, then Vg = ig X
R1, and the total conversion equation becomes:

Vo = Ve xfiy xC1 x R1 x K
Where K is the gain constant—typically 1.0.

SOURCE CURRENT (mA)

SINK CURRENT (mA)

DS007342-50 DS007942-51

The size of C2 is dependent only on the amount of ripple
voltage allowable and the required response time.

CHOOSING R1 AND C1

There are some limitations on the choice of R1 and C1 which
should be considered for optimum performance. The timing
capacitor also provides internal compensation for the charge
pump and should be kept larger than 500 pF for very accu-
rate operation. Smaller values can cause an error current on
R1, especially at low temperatures. Several considerations
must be met when choosing R1. The output current at pin 3
is internally fixed and therefore Vo/R1 must be less than or
equal to this value. If R1 is too large, it can become a signifi-
cant fraction of the output impedance at pin 3 which de-
grades linearity. Also output ripple voltage must be consid-
ered and the size of C2 is affected by R1. An expression that
describes the ripple content on pin 3 for a single R1C2 com-
bination is:

Vee

v 7 _Vccxf[NxC1
RIPPLE V™7

XC2X1 5 pk-pk

It appears R1 can be chosen independent of ripple, however
response time, or the time it takes Vo1 to stabilize at a new
voltage increases as the size of C2 increases, so a compro-
mise between ripple, response time, and linearity must be
chosen carefully.

As a final consideration, the maximum attainable input fre-
quency is determined by V¢, C1 and I,:

fy
f = —__
MAX = TT x Vg

USING ZENER REGULATED OPTIONS (LM2917)

For those applications where an output voltage or current
must be obtained independent of supply voltage variations,
the LM2917 is offered. The most important consideration in
choosing a dropping resistor from the unregulated supply to
the device is that the tachometer and op amp circuitry alone
require about 3 mA at the voltage level provided by the ze-
ner. At low supply voltages there must be some current flow-
ing in the resistor above the 3 mA circuit current to operate
the regulator. As an example, if the raw supply varies from
9V to 18V, a resistance of 470Q will minimize the zener volt-
age variation to 160 mV. If the resistance goes under 400Q
or over 600X the zener variation quickly rises above 200 mV
for the same input variation.

www.national.com




JFET Input
Operational Amplifiers

These low cost JFET input operational amplifiers combine two
state—of-the—art analog technologies on a single monolithic integrated
circuit. Each internally compensated operational amplifier has well matched
high voltage JFET input devices for low input offset voltage. The JFET
technology provides wide bandwidths and fast slew rates with low input bias
currents, input offset currents, and supply currents.

These devices are available in single, dual and quad operational
amplifiers which are pin—compatible with the industry standard MC1741,
MC1458, and the MC3403/LM324 bipolar devices.

o |nput Offset Voltage of 5.0 mV Max (LF347B)

e [ow Input Bias Current: 50 pA

Low Input Noise Voltage: 16 nV/ /Hz

Wide Gain Bandwidth: 4.0 MHz

High Slew Rate: 13V/us

Low Supply Current: 1.8 mA per Amplifier

High Input Impedance: 1012 Q

High Common Mode and Supply Voltage Rejection Ratios: 100 dB

MAXIMUM RATINGS
Rating Symbol Value Unit
Supply Voltage Vce +18 \
VEE -18
Differential Input Voltage ViD +30 \
Input Voltage Range (Note 1) VIDR +15 \Y
Output Short Circuit Duration (Note 2) tsc Continuous
Power Dissipation at Tp = +25°C Pp 900 mW
Derate above Tp =+25°C 1/6JA 10 mW/°C
Operating Ambient Temperature Range TA 0to+70 °C
Operating Junction Temperature Range Te) 115 °c
Storage Temperature Range Tstg —-65to °C
: +150

NOTES: 1. Unless otherwise specified, the absolute maximum negative input voltage is
limited to the negative power supply.
2. Any amplifier output can be shorted to ground indefinitely. However, if more than
one amplifier output is shorted simuitanecusly, maximum junction temperature
rating may be exceeded. ¢

Order this document by LF347/D

LF347, B
LF351
LF353

FAMILY OF JFET
OPERATIONAL AMPLIFIERS
N SUFFIX
PLASTIC PACKAGE
CASE 626
8
: D SUFFIX
PLASTIC PACKAGE
8 % CASE 751
1 (S0-8)
PIN CONNECTIONS
Offset Null NC
Invt Input Vee LF351
Noninvt Input Output (Top View)
Vee Offset Null

LF353
(Top View)

, N SUFFIX
\ PLASTIC PACKAGE

"l CASE 646

PIN CONNECTIONS

N
out1[T} 114] out4
2 h~ 413
Inputs 1 {DJ>_| |—<I:j} Inputs 4
Bl L4

vee[4] (1] Vee
Ehy 141
Inputsz{ } Inputs 3
e 2] | 8inim)
out2[7 | 3] out3

(Top View)

ORDERING INFORMATION

Operating

Device | Function | Temperature Range Package
LF351D Single SO-8
LF351N Single Plastic DIP
LF353D | Dual L o So-8
LF353N | Dual | TATO®*70°C | pagicpip
LF347BN| Quad Plastic DIP
LF347N Quad Plastic DIP

© Motorola, Inc. 1996

Rev 0




LF347, B LF351 LF353

ELECTRICAL CHARACTERISTICS (Vgg =+15VEE=-15V, Ta = 25°C, unless otherwise noted.)

LF347B LF347, LF351, LF353
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage (Rg < 10 k, VoM = 0) Vio mV
Ta = +25°C - 1.0 5.0 - 5.0 10
0°C < TA <+70°C - - 8.0 - - 13
Avg. Temperature Coefficient of Input Offset Voltage | AV|Q/AT nv/eCc
Rg <10k, 0°C < Tp < +70°C - 10 = = 10 i
Input Offset Current (Vo = 0, Note 3) o
Ta = +25°C - 25 100 - 25 100 pA
0°C < TA <+70°C - - 4.0 - - 4.0 nA
Input Bias Current (Vcm = 0, Note 3) B
Ta = +25°C - 50 200 - 50 200 pA
0°C < TpA S+70°C - - 8.0 - - 8.0 nA
Input Resistance I = 1012 - - 1012 - Q
Common Mode Input Voltage Range VICR +11 +15 - =11 +15 - \
-12 -12
Large—Signal Voltage Gain (Vo =+10V, R = 2.0 k) AvoL VimV
Ta =+25°C 50 100 - 25 100 —
0°C < TpA <+70°C 25 — - 15 - -
Output Voltage Swing (Ry_ = 10 k) Vo +12 +14 - +12 +14 - \
Common Mode Rejection (Rg < 10 k) CMR 80 100 - 70 100 - dB
Supply Voltage Rejection (Rg < 10 k) PSRR 80 100 - 70 100 - dB
Supply Current Ip mA
LF347 - T 11 - 7.2 11
LF351 = - - - 1.8 34
LF353 - - - - 3.6 6.5
Short Circuit Current Isc - 25 - - 25 - mA
Slew Rate (Ay = +1) SR - 13 — - 13 - Vlius
Gain-Bandwidth Product BWp - 4.0 - - 4.0 - MHz
Equivalent Input Noise Voltage en - 24 - - 24 = nV/VHz
(Rg =100 Q, f= 1000 Hz)
Equivalent Input Noise Current (f = 1000 Hz) in - 0.01 - - 0.01 - pA/VHz
Channel Separation (LF347, LF353) - - -120 - - -120 - dB
1.0 Hz < f £ 20 kHz (Input Referred)

For Typical Characteristic Performance Curves, refer to MC34001, 34002, 34004 data sheet.

NOTE: 3. Input bias currents of JFET input op amps approximately double for every 10°C rise in junction temperature. To maintain junction temperatures as
close to ambient as is possible, pulse techniques are utilized during test.




LF347, B LF351 LF353

OF THE B DIMENSION AT MAXIMUM MATERIAL
CONDITION.

OUTLINE DIMENSIONS
N SUFFIX
PLASTIC PACKAGE
CASE 626-05
ISSUE K
8 5
NOTES:
D E:3 1. DIMENSION L TO CENTER OF LEAD WHEN
O . FORMED PARALLEL.
8 2. PACKAGE CONTOUR OPTIONAL (ROUND OR
h-' ‘-u-' lul '-l] SQUARE CORNERS).
3. DIMENSIONING AND TOLERANCING PER ANSI
__,I FL— Y14.5M, 1982.
ey i MILLIMETERS | INCHES
NOTE2 =A] R DM | MIN | WAX | WIN | MAX
A | 940 | 10.16 [ 0370 | 0.400
B | 610 | 660 | 0.240 | 0.260
T A T C | 394 | 445 | 0155 [ 0.475
D | 038 | 051 | 0015 | 0.020
l I c F | 1.02 | 178 | 0.040 | 0.070
G | 254B8C 0.100BSC
LA J H | 076 | 127 | 0030 | 0.050
L J | 020 | 030 | 0008 | 0012
SEATING N K | 292 | 343 | 0415 [ 0.135
L | 762B5C 0.300BSC
——“-—D Lk M M| — T so° —T 10°
¥ = N | o076 [ 1.01 | 0.030 [ 0.040
[@]@0.130005@][1]A @[ ®|
D SUFFIX
PLASTIC PACKAGE
CASE 751-05
(SO-8)
ISSUE R
.1‘“ D —= NO.TEszmeumonme AND TOLERANCING PER ASME
m ] ;:!’T S Y14.5M, 1994,
m m 7 2. DIMENSIONS ARE IN MILLIMETERS.
1 s 5 3. DIMENSION D AND E DO NOT INCLUDE MOLD
PROTRUSION.
4. MAXIMUM MOLD PROTRUSION 0.15 PER SIDE.
E H E 025 ® 5. DIMENSION B DOES NOT INCLUDE MOLD
1 _L_ PROTRUSION. ALLOWABLE DAMBAR
e) 4 l PROTRUSION SHALL BE 0.127 TOTAL IN EXCESS
Hain l h x4s °-]
0 I\ o
Bl el

Tﬂi = :

BEIOEECRS

MILLIMETERS
| DIM[ MIN_ | MAX
A 135 | 175
At | 010 | 025
B | 035 | 049
c | o018 | 025
D | 480 | 500
E | 380 | 400
o 127 BSC
H | 580 | 620
h | 025 | 050
L | 040 | 125
[ 0°] 7°




LF347, B LF351 LF353

OUTLINE DIMENSIONS
N SUFFIX
PLASTIC PACKAGE
CASE 646-06
ISSUE L p
T S OF TRUE
1. LEADS WITHIN 0.13 (0.005) RADIU
PLEELEPLUFL BPL LT LY POSITION AT ssmr‘«s Fu)\NE AT MAXIMUM
14 8 * MATERIAL CONDITION.
2. DIMENSION L TO CENTER OF LEADS WHEN
B FORMED PARALLEL.
(e} 3. DIMENSION B DOES NOT INCLUDE MOLD
1 7 ‘ FLASH.
ST T TR TdR T T4 4. ROUNDED CORNERS OPTIONAL.
el INCHES | MILLIMETERS
A OM| MIN | MAX | MIN | MAX

0.715 | 0770 | 18.16 | 1956
0.240 | 0.260 | 6.0 | 6.0
0145 | 0.185 | 3.69 | 469
0015 | 0021 | 038 [ 053
0040 | 0070 | 1.02 [ 178
0.100 BSC 2548SC
0052 [ 0005 | 1.32 | 241
0.008 | 0015 | 0.20 | 038
0115 1 0435 | 292 | 343
0.300 BSC 7628SC
0°] 10| ©0°] 10°
0015 1 0039 | 039 [ 101

O -
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LM111/LM211/LM311

5.0 Absolute Maximum Ratings for Operating Temperature Range 0" to 70°C
the LM311 (Note 12) Storage Temperature Range -65°C to 150:C
If Military/Aerospace specified devices are required, L9edTempersture (_soldenng, e iy
please contact the National Semiconductor Sales Office/ Voltagt'a gl Siobo bip bl
Distributors for availability and specifications. Soldering Information

Total Supply Voltage (Vas) 36V 'Dusa;::';i:e g?kage d 260°C
Output to Negative Supply Voltage (V4) 40V Small Outlﬁ'le Pas;ekcon #)

Ground to Negative Supply Voltage (V1.) 3oV Vapor Ph Goage d 215°C
Differential Input Voltage 30V | fp d e 0 eonde) 220°C
Input Voltage (Note 13) 15V D e s

Bisicr Diainetion Mot 14) 500 MW See AN-450 “Surface Mounting Methods and Their Effect

on Product Reliability” for other methods of soldering

ESD Rating (Note 19) 300V surface mount devices.

Output Short Circuit Duration 10 sec
Electrical Characteristics (Note 15)
for the LM311
Parameter Conditions Min Typ Max Units
Input Offset Voltage (Note 16) TaA=25"C, Rg<50k 2.0 7.5 mV
Input Offset Current(Note 16) Ta=25C 6.0 50 nA
Input Bias Current Ta=25C 100 250 nA
Voltage Gain TA=25C 40 200 VimV
Response Time (Note 17) Ta=25C 200 ns
Saturation Voltage VinE=10 mV, loyr=50 mA 0.75 15 TV,
TA=25'C
Strobe ON Current (Note 18) TA=25'C 2.0 5.0 mA
Output Leakage Current Vin210 mV, Vo r=35V
Ta=25'C, lstrose=3 MA 0.2 50 nA
V™ = Pin1=-5V
Input Offset Voltage (Note 16) Rg<50K 10 mV
Input Offset Current (Note 16) 70 nA
Input Bias Current 300 nA
Input Voltage Range -14.5 13.8,-14.7 13.0 \
Saturation Voltage V*24.5V, V=0 0.23 0.4 \Y
Vins—=10 mV, loyr<8 mA
Positive Supply Current TA=25C 51 7.5 mA
Negative Supply Current TA=25'C 41 5.0 mA

Note 12: “Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits.”

Note 13: This rating applies for £15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is equal to the
negative supply voltage or 30V below the positive supply, whichever is less.

Note 14: The maximum junction temperature of the LM311 is 110°C. For operating at elevated temperature, devices in the H08 package must be derated based
on a thermal resistance of 165'C/W, junction to ambient, or 20°C/W, junction to case. The thermal resistance of the dual-in-line package is 100°C/W, junction to
ambient.

Note 15: These specifications apply for Vg=115V and Pin 1 at ground, and 0°C < T4 < +70°C, unless otherwise specified. The offset voltage, offset current and
bias current specifications apply for any supply voltage from a single 5V supply up to 15V supplies.

Note 16: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with 1 mA load. Thus, these
parameters define an error band and take into account the worst-case effects of voltage gain and Rg.

Note 17: The response time speoified (see definitions) is for a 100 mV input step with § mV overdrive.

Note 18: This specification gives the range of current which must be drawn from the strobe pin to ensure the output is properly disabled. Do not short the strobe
pin to ground; it should be current driven at 3 to 5 mA.

Note 19: Human body model, 1.5 kQ in series with 100 pF.
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6.0 LM111/LM211 Typical Performance Characteristics (continued)
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LM111/LM211/LM311

7.0 LM311 Typical Performance Characteristics (continued)
Offset Error Input Characteristics
S 100 225
t = T
v, - Ta =25°C o 200 l I J I 1]
] Lo 1 Ve -15Y
< IR : 3 Ta=25°C | |
s _ 115
2 T <
> MAXIMUM | 4 = 150
= =
o w125
e 10 3 100
= TYPICALH 2
2 £ %
= 5 50
w =
= Vos = Vos + Rslos Z %
>
E L0 LU ,
w 10k 100k ™M 10M -6 -12 -8 -4 0 4 8 12 16
INPUT RESISTANCE (£ DIFFERENTIAL INPUT VOLTAGE (V)
DS005704-60 DS005704-61
Common Mode Limits Transfer Function
v+ 60
| 1OF | et X 1 W\
Tl o o okl NORMAL OUTPUT
= -0.5 —REFERRED TO SUPPLY VOLTAGES — 50 _
2 ¢ * Ry = 1k
@ 2 v =agv
s -0 w 40
H ] |
- <
v 5 [
8 -15 N s 0 |
% 3 2 CEMITTER
= = FOLLOWER
. 20 +
g Y £ OUTPUT
H E) R, = 60082
S 0.2 10 ] Vg =30V
1 Ta=257C <
Vi 0 )
0 10 20 30 40 50 60 70 80 -1 -5 0 5 1
TEMPERATURE (°C} DIFFERENTIAL INPUT VOLTAGE (mV)
DS005704-82 DS005704-63
Response Time for Various Response Time for Various
Input Overdrives Input Overdrives
= s
w w " I e
. - : s e
S Vg=+15V | | I 4 5000 —
> 20 mV Ta=25°C > Vin
5 3=y B S B R ke
g 2 Zlmv \.’I I E 2 tsmv :_ ' =
=) o C/ L 1 }2 mv <L
1 11" — -
E 0 Ve 5000 E - =
w100 Vour — epo)
= = -s0 :
= 50 — = Vg =315V
S o] S -100 Ta =25°C
. I B . IR
H 0 0.2 04 06 08 z 0 0.2 04 0.6 0.8
TIME (us) TIME (us)
DS005704-84 DS005704-65

www.national.com




7.0 LM311 Typical Performance Characteristics (continued)
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