Tilnnoayanats wszaemniiananszla

FTUUAIVRNADINS 150D UADTUNOIND S

AINDUCTION MOTOR SPEED CONTROL

Tae
wieiyns Yayyiaumw

i o %
HIETY A1NNAN

lﬂ’u?‘i; ----------------------- sessdansd

g V- "
lﬂmﬂ:iﬁ“u.....B..g.z--enu]:u .b....I...:.k.:;;..!..:{u?.-‘.; -----
Hudondl L1808, 2548 R R -

= of A

o ded b o =N
PaantinusinilvaruniveamsanmmundngasSyaniainssumansiiom
MIAINTINITUVLAIUGN
ambumaluladgwszaoundudigammisaiansz i

YmsAnu 2548



= oy

Uiganinusilmsnu 2548

MAINITINTINTLVUAILAN
= o v = LT s
ANLIAINT TUPITA S ﬁmuumﬂiuTauwnimm.ﬂmmmmmmimmmxm

; o & e o
L?ﬂ\'i FTUUAIUAUATTUITOUDUANTULDRD S

Induction Motor Speed Control

Aaai mleyas  yyyiaunw 46015312

UIITY AilanaT 46015322

) P
.................................................... 219156M1/5nw1

[ o
(KA. A7, U ?alﬂ“ﬁ%)



TEUUAIANANUTITBUBUANTUIBINDT

Induction Motor Speed Control

Tae
wietloyas  YQyTeumw 46015312

UIBATY AT19NA 1 46015322

e L]
a10130n3am

e a3 uundani  qamyy

UNAaLD
= I'd a ;

2 o o 1
ﬂ'j'ﬂlﬂl’]uwu'ﬁﬂﬂﬂuu“'CTUﬂﬂ'liﬁﬂ'H'l ATADNUUVLAENITET I [nverter HWﬂﬁﬂTUﬁ

[ ]

vz ldludn ol fiidns mawlasgiuazaruguingd Wi (ce-Lab) woamnisiinanisy

= l

A o & ) ¥ M A A a
TSUVUAIUFY .IﬂU Inverter ﬂwwu']‘l]uilﬂmﬂ'llu‘ﬂ1ﬂﬂ1ﬂﬂﬂ§1ﬂ1'§ 8 1]335]51]5333!']?” (Dead

q

4 a @ ] ) o s w ¢ a Lo
Time Control) iHotla3iuMsfnvs Iz Ingnsaladasaiuunuglnisiaiadaiinaiaues

A ' a o LY = a \ 1 d = 5 oA w
Inverter NOYUUNUALINY nazirvstosdunszua i Inaruglnsdaindifudida

o o

oo < a o A PN
(Short Circuit Protection) 1an3zARTgyy 1N 15 dImsn1uvoglnsalaInsiunfme

nszua W Tnamuiuide nanisnaassensadadanamsdainisnuinfanssua 1y

A1'lwarwiunne Wenaassiussdu Wi DC Bus Dawa 350 v



INDUCTION MOTOR SPEED CONTROL

Student
Mr. Piyaboot Boonchooratanaphab

Mr. Weera Kumbeungklang

Thesis Advisor

Asst. Prof. Dr. Nontawat Chuladaycha

ABSTRACT
This thesis presents designing implementation and construction of standard inverter, that
use in power conversion control laboratory of control engineering department, The dead time
control circuit and the overload-current protection in this developed inverter are provided short-
circuit protection between upper switching equipment and lower switching equipment in the same
branch of this inverter, it will immediately turn off this equipment, This power circuit operates at

350 DC-voltage.
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TOSHIBA GT60M303

TOSHIBA INSULATED GATE BIPOLAR TRANSISTOR SILICCN N CHANNEL MOS TYPE

GT60M303

HIGH POWER SWITCHING APPLICATIONS Unit in mm
. 20.5MAx, | @3.330.2
®  The 4th Generation 4 i
¢  FRD Included Between Emitter and Collector P4 (%t 3
¢  Enhancement-Mode .?,] i 18 "E EE
o High Speed IGRT : t=0.25us (TYP.) AN S f’
FRD : tyr=0.Tus (TYP) 30 3
®  Low Saturation Voltage : VCE (sar)=2.1V (TYP.) ;:533’;‘5 yryP
2 H
MAXIMUM RATINGS (Ta=25°C) oY w| = &
CHARACTERISTIC SYMBOL | RATING | UNIT Stes;
Collector-Emitter Voltage Veurs 900 \4 1. GATE
Gate-Emitter Voltage VGES 125 \i 2. COLLECTOR (HEAT 5INK)
be Tc 50 3. EMITTER
Collector Carrent s o 150 A JEDEC —
Emitter-Collector ne IECF 15 A ELAJ —
Foward Current 1lms IECFP 120 TOSHIBA 2.91F2C
Collector Power Dissipation " -
(Te=25°C) Pc 170 w Weight ; 9.75¢
Junction Temperature T 150 °C
Storage Temperature Range Tatg —b65~150 “C
Screw Torque — 0.8 N-m
EQUIVALENT CIRCUIT
Collector
Gate 0—1
Emitter
S61001EAA]

@ TOSHIBA is continually working to improve the guality and the reliability of its products. Nevertheless, semiconductor
devices in general tan malfunction or fail due 1o their inherent electrical sensitivity and vutnerability 1o physical siress.
It is the responsibility of the buyer, when utilizing TOSHIBA praducts, to ohserve standards of safctt and to avoid
situations in which & malfunction or failure of a TOSHIBA product cauld cause loss of human life, bedily injury or
damage to property. In developing your designs, please ensure that TOSHIBA products are used within spectfied
aperating ranges as set forth in the most recent products spacifications. Alse, please keep in mind the precautians
and conditions set forth in the TOSHIBA Semiconducior Reliability Handbook. }

@ The information contained herein is gresented only as a guide for the applications of our products. No responsibility
is assumed by TOSHIBA CORPCRATION for any infringements of intellectual property or other rights of the third
parties which may result from its use. No license is granted by implication or otherwise under any intellectuat
praperty or ather rights ef TOSHIBA CORPORATION or others.

@ The information comained herein is subject to change without notice

1997-08-22 1/5



TOSHIBA GT60M303
ELECTRICAL CHARACTERISTICS {Ta=25C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN, [ TYP |MAX,|UNIT
Gate Leakage Current Igrs VGE = 26V, Vpp=0 — — {1600 nA
Collector Cut-off Current IcES Vop =900V, VgE=0 — — 10} mA
Gate-Emitter Cut-off Voltage [ VgE (0FF) | lo=60mA, Vo =5V 3.0 — 60 Vv
Collector-Emitter Saturation _

Voitage IVCE (sat) (1] Ic =104, VGE=16V -_— 1.6 22 Vv
Collector-Emitter Saturation _
Voltage VCE (sat) (2) lg =60A, VGE=15V — 21| 27| v
Input Capacitance Cies VeE=10V, Vgrp =0, f=1MHz — |asoo | — pF

Rige Time tr — 0.35 [ 0.60
Switching  |Turn-on Time | top 16V 2218 2 — [ 048] o8]

. i

Time Fall Time t 16V — 025 040 *

Turn-off Time | tyf 600V — | os0| o070
Emitter-Collector Forward

= Vi = —_ - 2.0 v
Voltage VECOF Igc=164, Vg =0 15
s Ip=16A, VgR=0

Reverse Recovery Time trr di/dt= —20A/ us —_ 0.7 25| us
Thermal Resistance Rthjw [IGBT — — 0,74 [°"C/W
Thermal Resistance Rip ey |Diode — — 4.0 |°C/W

1997-08-22 2/5
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GT60M303
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g 20 -
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a 1
0 1 F] 3 4 5
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E 10
- COMMON EMITTER
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B
e 1
3 80 | +
2
o 60
= L
E . T
2 30— |
2
£ >
§ lo=10A
8 o |

a 4 1z 1% 20
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TOSHIBA
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TLP250

TOSHIBA Photocoupler  GaAlAs Ired & Photo-IC

TLP250

Transistor Inverter

inverter For Air Conditionor
IGBT Gate Drive

Power MOS FET Gate Drive

The TOSHIBA TLP260 consists of a GaAlAs light emitting diode and a
intagrated photodetector.

This unit is 8-lead DIF package,

TLP250 is suitabls for gate driving circuit of IFBT or power MOS FET.

+ Input threshold currant’ [F=6mA(max.)

+  Supply current {Icc) 11mA{max.)

«  Supply valtage (Vo) 10-36V

*  Output current (Io): +1.6A (max.)

+ Switching time {tpLH/tpHL) 1 Bps(max.)

+ Isolation voltage: 2B00Voms(min.)

e UL recognized: UL 15717, file No.E67349

+ Optian (D4) type
VDE approved: DIN VDED884/06,92, certificate No. 76823
Maximum operating insulation voltage 63CVPK
Highest permissible over voltape: 4000VEY

{Mote) When a VDEOES4 approved type Is needed,
please designate the “option (D4)*
+ Creepage distance: 6.4mm(min }
Cloarance: 6.4mm{min}

Unit in mm

AT

TOSHIBA 11-10C4
Wieight: 0.54 g

Schmatic Pin Configuration (top view)
Voo 1 |: * * :l g
IF
® 2[ g
el vo =+
Vi 3 t a{] s
S Yo
4 [ — 41l
, o 1N
A0 WF bypass capator must e 2 Anode
oonnecled between pin 8 and 5 {See Moo 5) 3 Celhode
4"NC
5 GND
6 Vo [Output)
T Vo
8 Vee
Truth Table
Tr T2
input Qn on Qi
LED oif ol an
1 2004-06-25
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Absolute Maximum Ratings (Ta = 25°C}
Characlersishic Symbol Rating Uit
Forweard currerl I bl mA
Forward curent derating (Ta 2 70°C) Al rATa ~0.36 mA/ *C
@ Peek transient forward curent (Note *) (441 1 A
Raverse voltage Vi & v
Junction temp erature ] 125 “C
“H*peak output current {Pyy £ 2 Sps.fS 15kHz) (Note 2] 1OPH -15 rs
“L*poak output curmrent {Pyy & 2 Bus 1< 15kHz } {Nole 2) lopL +1.5
[Ta s 70°C) 35
Qulpu vollage Yo v
x5 {Te = 85°C) 24
o
3 (Tas 70°C) a3
3 Supply voltage Voo v
{Ta = 65°C) 24
Output valtage derating {Ta 2 70°C) avo/aTa -073 vicC
Supply voitage dereling {Ta 2 70°C) AVee 1 aTa -073 v/cC
Junction temperalure T 125 °C
Qperating frequency [Nols 3y i 25 kHz
Operating lemperatura range Towr -20~85 °«C
Storage temperaturs range Tsg ~45-125 *C
Lead sowdering temperature (10 5) (Mote 4) Tsol 260 *C
{solaton voltage [AC, 1 min, R H £ 50%) [Note &} Bvg 2506 vms

Note 1:  Pulse width Py < 1ps, 300pps

Note 2:  Exporenential wavefom

Nota 3:  Exporenential wavefom, lopy s —1.0A( s 2.8us), Iopy < +1.04( < 25ps)

Note 4: It is 2 mm or more from a lead roct.

Note 5.  Device considerd a two terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted

together.

Note 6: A ceramic capacitor(0.1pF) should be connected fram pin 8 to pin 5 to stabilize the operation of the high
gain linear amplifier. Failure to provide the bypassing may impair the switching praparty. The totel lead
length between capacitor and eoupler should not exceed 1cm.

Recommended Operating Conditions

Charactarshic Symbol Min TvE Max Urit
InpLt currant, an {Nota 1) IF{oNy 7 ] 12 ma
fniput valtage, off VELOFF) Q — 08 v
Supply vollage vee 15 — so | 20 v
Paak output current lopr/lopL — —_ 5 )
Qperating ternparature Topr =20 25 o ] 85 °C

Note 7: Inpul signal risa time (fall time) < 0.5 p=.

2004-06-25



Electrical Characteristics (Ta = -20~70°C, unless otherwise specified)
Test
Charadteristic Symool Cir— rast Candtion Min Typ ™ tMax Uit
cut
Input forward vollage VE — Ie=1t0mA, Ta = 25°C 16 1.8 "
Temporatue coefhcant of _ - _ _ N
lorward vokage AYE/ATE — IF =10 mA 20 my /*C
tnpLt revarsa curert Iz - VR =5V, Ta = 25°C - 10 uA
Inpul capautance Cr = |¥=0 .t 1HE  Ta=25C — 45 50 pF
. Jp = 10ma
H” lavel loPH 3 -5 -15 —
- Veg=4Vv
Output curvant . IV%: = 30 &-6 - A
.- r F=0 _
L" level lopL 2 Vg2 5V a4 2
oy Vet = Y15V, VEgy = 15V o
H’ leveai Voo 4 R = 20000, I = Sm/A 1 12.8
Quiput voitaga v
- Voo = H18V VEg) = -15Y - - -
L* taval VoL 5 R0 2 2000 VF = 0BV 7 124
Voo = 30V, I = 10ma _ ; B
"H lgval leck — |Ta=2C
Voo = 30V, F = 10ma — - 11
Suppiy curranl - e F o {1 ma
Ver = 30V, F = 0mA o 15 _
Lo level lect, — |fa-¥c
Ve = 30V, I = OmA - - "
Threshold -nput Output IFLi _|Veey =10 VER = —15¢ _ . 5 ma,
cumem L-H RL = 2000, Vg » 0V
Threshold :nput "Dutput " = _ Vet =115V Ve = 15 uB _ _ v
valtage H—L RL = 20002, Vi <V
Supply valtage Ve — 10 - kKl v
Capacitance Ce . |Ys=0.1=MHz - 10 20 bF
input—outpiby Ta =75 »

i Vg = 500V, Ta = 25°C 12 1a -
Resistance(npal-autput j Ry — & H < B0% 1=10 10 9]
' All typical values are at Ta = 25°C  {*1}: Duration of i time < S0ps

3 2004-08-25
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TOSHIBA TLP250

Switching Characteristics (Ta = -20~70°C , unleas otharwise specified)

Test
Charactenstic Symbol Cr— Test Condihon Min Ty * Max Ut
cuit
Propagation AR - 015 as
dalay bime [y [, Ir = 8mA (Nota 7) —_ 0.15 0.5
- E Voo = H10V Ve =15V s
Qutput rise time i R._=20002 — - -—
Qutput /Il brme 1} - — -
Cemmen mode lransient
h h - Ve = 600V, IF =8maA
immunity at high leve! Cuh 7 - _ aco —5000 — — Vips
cutput Voo =30V, Ta = 25°C
Commeoen mode lransiert
Vi = 800V, I = OmA
immunity al jow tevel CuL 7 _ - 2en 5000 —_ -— Vs
cupLt Ve =30V, Tg = 25°C

* All typical values are at Ta = 25°C
Nate 7: Input signat rize time (fall time} < 0.5 ps.

2 2004-06-25



TOSHIBA TLP250
Test Circut - Test Circutt 2 . IOPL
g e b py—
0 0 0 prew
0o 0o ey
4 |: ] 5 4 [ :I_1 o Va5

Test Circuit 3 1I0PH

1
—]

.
——{

4

Test Circet 5 vy

gl
VE i

RL

M VoL

| Ve

T VERI

Test Circuit 4 ¥OH

]

~—VEET

2004-06-25
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Yost Circuit B tpup. bgHL t b

0 15
J_LlF i cc1
D___E ] ::0 F vo e v
p! I e
r[ ] o !
mUQ,I, [ [H e

Tost Circut 7 Cpan. Cui

| ]

0 zfm-j
sw F Q. 1F
.(——{—" T vee

A I B%[
+

L
l
5

T

-
e i
~ 00V
v 90%
M
0% N "
—> —  —
SW A{lp=8mA)
V CMH
vo o~ - 28V
CHL
SW Blip=0)

TLP250
Vo  BO%
- GND
vg, 80%

Cr[Cpan) is the maximum rate of rise {fall) of the common mode valtage that can be sustained with the output

voltage in the low (high) state.
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SN54AHCT74, SN74AHCT74

DUAL POSITIVE-EDGE-TRIGGERED D-TYPE FLIP-FLOPS

SCLS2

WITH CLEAR AND PRESET

63N - DECEMBER 1955 - REVISED JULY 2003

® Inputs Are TTL-Voltage Compatible
® Latch-Up Performance Exceeds 250 mA Per

JESD 17

SNS4AHCTT4 ... J OR W PACKAGE
SN74AHCT74...D, DB, DGV, N, NS,
OR PW PACKAGE

{TOP VIEW)}
1R [ ~ 14jvcc
D[ 2 13]] 2CLR
1CLK []3 12[] 20
1PRE [J 4 1] 2CLK
1a(ls 10} 2PRE
19(ls o]l 2q
GND [}7 all 24

description/ordering information

® ESD Protection Exceeds JESD 22
- 2000-¥ Human-Body Model (A114-A)

— 200-V Machine Model (A115-A)

- 1000-V Charged-Device Model (C101)
SNT4AHCT?4... RGY PACKAGE SNS4AHCTT4 ... FK PACKAGE
(TOP VIEW) (TOP VIEW)
o
|_. Q ‘n: ,cr
Q - [S ]
Q
- = Q25018
1 14
1D |2 (————| 13| 2CLR ke ? 2 T2 ¥,
1CLK |3 | 1z| 2D ne fis 170 NG
1eRE |4 | | 11]2CLK 1PRE [ 16[] 2cLK
12 (s I | 10| 2FRE ne b7 1 NG
Q8 =—=—== 5|20 1a[]s 14[{ 2PRE
7 8 9 10 1112 13
[ I
z o« 2928

The "AHCT74 dual positive-edge-triggered devices are D-type fip-flops.

NC — Mo internal conneclion

A low lavel at the preit(ﬁ) or clear (CLR) inputs sets or resets the outputs, regardless of the levels of tha
other inputs. When PRE and CLR are inactive (high), data at the data (D) input meeting the setup time
requirements is transferred to the outputs on the positive-going edge of the clock pulse. Clock triggering occurs
at a voltage level and is not directly related to the rise time of the clock pulse. Following the hold-time interval,
data at the D input can be changed without affecting the levels at the outputs.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
Ta PACKAGEY PART NUMBER MARKING
QFN - RGY Tape and reel SN74AHCTT4RGYR HB74
PDIP — N Tube SN74AHCTT74N SN7AAHCT74N
Tube SN74AHCTT740
SGiC-D AHCT74
Tape and reel SN74AHCT74DR
—40°C 1o 85°C S0P — NS Tape and reel SN74AHCT74NSR AHCT74
S550FP -DB Tape and reel SNT4AHCT?74D8R HB74
Tube SNT4AHCT74PW
TSSOP - PW HB74
Tape and rae! SNYAAHCT74PWR
TVSOP - DGV Tape and reel SN7T4AHCT74DGVR HB74
CDIP—-J Tube SNJS4AHCT74) SNJBIAHCTT74)
—55°C to 125°C CFP -w Tube SNUS4AHCT74W SNJSAAHCT74W
LCCC -FK Tuba SMNIS4AHCT74FK SNJISIAHCTT4FK

t Package drawings,

are available at www.li.cormnisc/package.

standard packing guantities, themmal data, symbolization, and PCB design guidelines

Please be aware that an important natice cancerning availabilily, standard warranty, and use in critical applicalians of
Texas [nstruments semiconductor products and disclaimars thereta appears at the end of this data sheet.

PROCUCTION DATA Informaten is current as of punlization date,
Producis confarm to spectiications per the larms of Teina Insruments
smndard warranty. Producilon processing dces not necessarly ncluds
tpeling af all pararmetery,

“9 TeExas
INSTRUMENTS

FPOST OFFICE BOX 65503 ® DALLAS, TEXAS 752R5

Copyright @ 2003, Texas Instruments Incorporated

On products compllant {o MIL-PAF-38515, all peremeers aru lunted
unleas ctharwlse neled. On sl olher products, produciion
processing doox not necessarily [nciuds teyling of all paramaters.

1



SNS4AHCT74, SN74AHCT74
DUAL POSITIVE-EDGE-TRIGGERED D-TYPE FLIP-FLOPS
WITH CLEAR AND PRESET

SCLS263N - DECEMBER 1895 — REVISED JULY 2003

FUNCTION TABLE

{each flip-flop}
INPUTS OUTPUTS
PRE CLR CLK D a [
L H X X H L
H L X X L H
L L X X Ht Ht
H H T H H L
H H T L L H
H H L X Qp 60

1 This configuration is nonstable; that is, it does not
persist when PRE or CLR returns to ils inactive
{high) level.

logic diagram, each flip-flop (positive logic)

PRE
CLK —4DO—1P—{D—D c c
s |
’3 * TG
c c i
4 | c
0] TG 16
i
CLR o

{‘? TeEXAS
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SNS4AHCT74, SNT4AHCT74
DUAL POSITIVE-EDGE-TRIGGERED D-TYPE FLIP-FLOPS
WITH CLEAR AND PRESET

SCLS263N - DECEMBER 1995 - REVISED JULY 2003

absolute maximum ratings over operating free-air temparature range (unless otherwise noted)t

Supply voltage range, Voo ... -05Vto7V
Input voltage range, Vi(sea Note 1) ... ... . ~05Vto7V
Output voltage range, Vg (see Note 1} . ... ... . 0&8VioVec+05Y
Input clamp current, [ (V< 0) Lo -20 mA
Output clamp curent, lo (Vg <00orVo>Veg) oo ... e e 220 MA
Continuaus cutput current, Io (Vo =010 Vog) oo o +285 mA
Continuous current through Voo or GND ..o oo 150 mA
Package thermal impedance, b s (see Note 2): Dpackage ................................... BB°C/W
(see Note 2} DBpackage ...................c.ooiiino.... 86°CW
(see Note 2): DGV package ...................0coivnven.. 127°CIW
(see Note 2): Npackage ................................... 8D°C/wW
(see Note 2): NSpackage ................................. 76°C/W
(see Note 2} PWopackage ................................ 113°C/W
(see Note 3 RGYpackage ................................ 47°C/w
Storage temperature range, Tgpg ..o e —65°C to 150°C

T Stresses beyond thase listed under “absolute maximum ratings" may cause permanen| damagae to the device. These are stress ratings only, and
functional operation of the device al thesa or any other conditions beyond thosa indicaled under “recommended operating corditions” is nat
implied. Exposure o absoluls-maximum-rated conditions for extended pariods may afiact device retiability.

NOFES: 1. Theinpui and output voltage ratings may be exceeded if the input and output current ralings are observed.

2. The packags thermal impadance is caicutated in accordance with JESD 57-7.
3. Tha packaga thermal impadancea is catculated in accordanca with JESD 51-5,

recommended operating conditions (see Note 4)

SNS4AHCTT74 | SH74AHCT74 UNIT
MIN  MAX | MIN  MAX
Ve Supply vollage 4.5 5.5 45 5.5 v
ViH High-lavel input voltage 2 2 v
ViL Low-lave! input voltage 0.8 0.8 \'
Vi Input voltage o] 55 O 5.5 \'
Vo Qutput veltage 0 Ve 4  Veo i
loH High-levei output current -8 -8 mA
loL Low-level output currant a B mA
AUAV Input ransition risa or fall rate 20 201 nsiV
Ta Qperating free-air temperature -55 125 —40 85 °C
NOTE 4: All unused inputs of the device must be held at Voo or GND to ensure proper device operaticn. Refer to the T1 application report,

implications of Slow or Floating CMOS inputs, literatura numbear SCBADQ4.

{? TEXAS
INSTRUMENTS

POST OFFICE BOX £55303 ® DALLAS, TEXAS 75265 3
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SN54AHCT74, SN74AHCT74
DUAL POSITIVE-EDGE-TRIGGERED D-TYPE FLIP-FLOPS
WITH CLEAR AND PRESET

SCLS263M — DECEMBER 1995 — REVISED JULY 2003

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

Ta =25°C SNS4AHCT74 | SN74AHCT74
PARAMETER TEST CONDITIONS Ve A UNIT
MIN TYP MAX MIN  MAX MIN  MAX
ton = —50 44 a5 44 44
Vo QH = —50 1A 45V v
loH = 8 mA 3.4 38 3.8
loL =50 pA a1 0.1 a1
VoL aL. L 45V v
loL =8 mA 0.36 0.44 0.44
1] V| =55V or GND OVios5YV 10.% +1* 1 nA
lcc V| = Vg or GND, lg=0 55V 2 20 20 nA
Cne inputat 3.4 V,
aige? Other inpuls al Vo or GND S5V 135 8 151 mA
Cj V| = Vo of GND 5V 2 1a 10 pF

* On products compliant fo MIL-PRF-38535, this parameter is not production tested al Vo = 0 V.
1 This is the increase in supply currant for each input at ona of the specified TTL voltage levels, rather than ¢ V or Ve,

timing requirements over recommended operating free-air temperature range, Vec =5V 05V
{unless otherwise noted) (see Figure 1)

TA=25C | SNS4AHCTT4 | SNT4AHCTT4
PARAMETER UNIT
MIN MAX| MIN MAX| MIN MAX
. PRE or CLR low 5 5 5
tw Pulse duration ns
CLK 5 5 5
t Setup time before CLKT pata >
— ns
su Selupimeblore PRE of CLR inactive | 35 35 35
th Hold lime, data after CLKT 0 0 ns
switching characteristics over recommended operating free-air temperature range,
Voo =5 V0.5V (unless otherwise noted) (see Figure 1)
Ta = 25°C SNS4AHCT74 | SN7TAAHCT74
FARAMETER FROM T0 LOAD A UNIT
(INPUT) (OUTPUT) |CAPACITANCE ] MIN TYP MAX| MIN MAX| MIN MAX
CL=15pF 100* 160 BO™ 80
fmax MHz
€L =50pF B0 140 65 65
tPLH — — 1 =15 oF 76" 104 10 ¢ 1 12
= ns
tPrL PRE or CLR QorQ L P 76 104" ™ 1z 1 PP
4 _ 58" 7.8 1~ g 1 9
FLH CLK QorQ CL=15pF ns
tPHL 58" 78" 1 g 1 g
tPLH — ) = 50 oF 8.1 1.4 1 13 1 13
= ns
tPHL PRE or CLR Qord L P B1 114 1 13 1 13
[ _ 63 88 1 10 1 10
et CLK QorQ € =50 pF ns
tPHL 63 88 1 10 1 1¢

** On products compliant to MIL-PRF-38535, this parameter is not production lested.

{’) TeExas
INSTRUMENTS

POST CFFICE BOX 655303 ® DALLAS, TEXAS 75285




MARUIN

ko

Y030uea IC 1193 MCI145578



MC14557B
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1-to-64 Bit Variable Length
Shift Register

The MC14557B is a static clocked serial shifl register whose length
may be programmed to be any number of bits between | and 64. The
number of bits selected is equal to the sum of the subscripts of the
enabled Length Control inputs (L1, L2, L4, L8, L16, and L32) plus
ane. Serial data may be selected from the A or B data inputs with the
A/B select input. This feature is useful for recirculation purposes. A
Clock Enable (CE) input is provided to allow gating of the clock or
negative edge clocking capability.

The device can be effectively used for variable digital delay lines or
simply to implement odd length shift registers.

* |64 Bit Programmable Length

® Qand Q Serial Buffered Qutputs

® Asynchronous Master Reset

* All Inputs Buffered

® No Limit On Clock Rise and Fall Times

® Supply Voltage Range = 3.0 Vdc to 18 Vdc

® (Capable of Driving Two Low—power TTL Loads or one Low-power

Schottky TTL Load Over the Rated Temperature Range

MAXIMUM RATINGS (Voitages Referenced to Vgg) (Note 2.}

Symbal Parameter Value Unit
Voo DC Supply Voltage Range ~0.510 +18.0 \
Vini Vaut | Input or Output Voltage Range -0.51aVpp + 0.5 v
{DC or Transient)
lin lout Input ar Qutput Current +10 mA
(DC or Transient) per Pin
Pp Power Dissipation, 500 mw
per Package {Note 3.)
Ta Ambient Temperature Range —55to +125 °C
Taig Storage Temperature Range —-65to +150 “C
T Lead Temperature 260 "o
{8-Second Saldering)

56
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WLorlL
YYory
WW or W = Work Week

PDIP-18
P SUFFIX
CASE 648

SCIC-16
DW SUFFIX
CASE 751G

SOEIAJ-16
F SUFFIX
CASE 966

MARKING

DIAGRAMS
16

MC14557BCP
o AWLYYWW

16
RAAAAAAR

14557B

\ /

O AWLYYWW

EHHHHHHH

16
Inimininlsinte)

MC14557B
o AWLYWW

[BjSmmImIn]S)
1

= Assembly Location

= Wafer Lot
= Year

ORDERING INFORMATION

2. Maximum Ratings are those values beyond which damage to the device
may ocour,

3. Temperature Derating:
Plastic *P and D/DW" Packages: — 7.0 mW/°C Frem 65°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 V,,,; should be constrained
ta the range Vg < (Vi or Vow) < Vpp-

Unused inputs must always be tied to an appropriate logic voitage level (e.g.,
gither Vgg or Vpp). Unused outputs must be lsft open,

@ Semiconductar Componants Industres, LLC, 2000 1

March, 2000 - Rev. 3

Device Package Shipping
MC14557BCP PDIP-16 2000/Box
MC14557BDW SQIC-18 47/Rail
MC14557BDWR2 { SCIC-16 | 1000/Tape & Reel
MC14557BF SOEIAJ-16 See Note 1.
MC14557BFEL SOEIAJ-16 See Note 1.

1. For ordering information on the EIAJ version of
the SCIC packages, please contact your local
ON Semicanductor representative.

Publication Ord e.r. Numher

MC14557B/D



57

MC145578

PIN ASSIGNMENT
L2[]1e 16 [] Voo
gz 15 L4
RESET[] 3 148
CLOCK ] 4 13[ILis
CE[] 5 12 Lz
B & nHd

All 7 16q

Vs [ 8 91 a/B SEL

BLOCK DIAGRAM

3 —=J RESET
4 ——CLOCK
5 ——dCE
§ e B Qp——14
T —A
9 —— AB SELECT
2—11
T — 2
15— 14 o
14 ——18B
13 ——L16
12 ——{132
Von = PIN 16
Vg =PING

TRUTH TABLE

Inputs Output
Rst | AIB | Clock | CE Q
0 0 e 0 B
0 1 e 0 A
4] 0 1 e B
4] 1 1 . A
1 X X X 0

Q is the output of the first seiected shift
register stage.

X = Don’t Care

LENGTH SELECT TRUTH TABLE

L32 | L16 | LB L4 | L2 L1 Register Length
0 0 0 0 0 0 1 Bit
0 0 0 0 4] 1 2 Bits
0 0 0 1} 1 0 3 Bits
0 0 0 0 1 1 4 Bits
0 0 0 1 0 0 5 Bits
0 0 0 1 0 1 6 Bits
i fotoloflao]o 33 Bits
1 0 0 0 0 1 34 Bits
I BT I T I 61 Bits
1 1 1 1 1 1 62 Bits
1 1 1 t 1 0 63 Bits
1 1 1 1 0 1 64 Bits

NOTE: Length equals tha sum of the binary length control
subscripts plus one.
http:/lonsemi.com
2
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MC14557B
ELECTRICAL CHARACGTERISTICS {Voltages Referenced to Vgs)
~-55°C 25°C 125°C
Vop
Characteristic Symbol | Vdc Min Max Min Typ (4 Max Min Max | Unit
Output Voltage "0" Levet Voo 5.0 — 0.05 — o] 0.05 — 0.05 Vde
Y= Vppor 0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
"1" Level Vor 5.0 4.95 — 4.95 5.0 — 4.95 — Vde
Vip = 0 orVpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 - 14.95 15 — 14.95 —
Input Vottage ‘0" Level ViL Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 1.5 — 2.25 1.5 — 1.5
(Vo = 9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.50r 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1" Level ViH Vdc
{Vo = 0.5 or 4.5 Vdc) 5.0 3.5 — 35 2.75 — 3.5 —
{Vo = 1.0 or 9.0 Vdc} 10 7.0 - 7.0 5.50 — 7.0 —
{Vo = 1.5 0r 13.5 Vdg) 15 11 — 1" 8.25 — 1" —
Qutput Drive Current lon mAdc
{Von = 2.5 Vdc) Source 5.0 -30 — -24 -4.2 — -1.7 —
{Von = 4.6 Vdc) 5.0 -0.64 — —-0.51 —0.88 — —0.38 —
{(Vou = 8.5 Vdc) 10 -1.8 — -1.3 —-2.25 — -0.9 —
(Von = 13.5 Vdc) 15 -4.2 — ~-3.4 -88 — -24 —
(VoL = 0.4 Vdc) Sink lov 5.0 0.64 — 0.51 0.88 — 0.36 —
(Vg = 0.5 vdc) 10 16 — 1.3 2.25 — 0.9 —
(VoL = 1.5 vdc) 15 4.2 — 34 B.8 — 2.4 —
Input Current lin 15 — 0.1 — +0.00001 | £0.1 — +1.0 nAdc
input Capacitance Cin — — — — 5.0 75 — — pF
Vin = 0)
Quiescent Current loo 5.0 — 5.0 — G.010 5.0 — 150 uAde
(Par Package) 10 — 10 — 0.020 10 — 300
15 — 20 — 0.030 20 — 600
Total Supply Currant ¢5-) (8 I 5.0 It = (1.75 pA/kHz) T + Ipp uAdc
{Dynamic plus Quiascent, 10 It = (3.50 pA/kH2) T + Ipp
Per Package) 15 It = (5.25 pAfkHz} f + Ipp
{C_ = 50 pF on al outputs, all
buffers switching)

4. Data labelled “Typ" is not to be used for design purposes but is intended as an indication of the IC's potential performance.
8. The formulas given are for the typical characteristics only at 25°C.,
B. To calculate total supply current at loads other than 50 pF:

iT{CL) = I7{50 pF} + (C_- 50) Vfk

where: Iy is in A (per package}, C|_ in pF, V = (Vpp ~ Vgg) in volts, Tin kHz is input frequency, and k = 0.001.

htfp:..!;’onseﬁlmi:;dm I
3
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MC14557B
SWITCHING CHARACTERISTICS 7} (C| =50 pF, T = 25°C)
Characteristic Symbol Vpp Min Typ {8} Max Unit
Rise and Fall Time, Q or Q Qutput trL ns
LH trHL = (1.5 ns/pF) C + 25 ns trHL 5 — 100 200
tries tra = (.75 ns/pF) C + 12.5 ns 10 —_ 50 100
tries bty = (055 nsfpF) C + 9.5 ns 15 — 40 BO
Propagation Delay, Clock or CE to Q or 3 tpLh, ns
tpLm. trHL = (1.7 nsfpF) C_ + 215 ns tpHL 5 —_ 300 600
tpLH. tpyL = (0.66 ns/pFY C + 97 ns 10 R 130 260
tpLH. tpHL = (0.5 ns/pF} CL + 65 ns 15 — 90 180
Propagation Delay, Reset to Q or @ tPLH, ns
teLH. tpL = (1.7 ns/pF} C_ + 215 ns tPHL 5 —_ oo 600
teLh. teHL = (0.66 ns/pF) C| + 97 ns 10 - 130 260
fpLH. tpHL = (0.5 ns/pF) C| + 70 ns 15 — 85 180
Pulse Width, Clock wH(cl) 5 200 85 — ns
10 100 45 —_
15 75 35 —
Pulse Width, Reset bakigrst) 5 300 150 — ns
10 140 70 —_
15 100 50 —
Clock Frequency (50% Duty Cycle) fa) 5 — 3.0 1.7 MHz
10 — 7.5 5.0
15 — 13.0 6.7
Setup Time, A or B to Clock or CE tsu ns
Worst case condition: L1 =L2 = L4 =B = 5 700 350 —
L16 = L32 = Vgg (Register Langth = 1) 10 290 130 —
15 145 85 —_
Best case condition: L32 = Vg, L1 through L16 = 5 400 45 —
Don't Care (Any register length from 33 to 64) 10 165 5 -
15 60 a —_
Hold Time, Ciock or CEto Aor B th ns
Best case condition: L1 =L2=(4={B=L16= 5 200 - 150 —
L32 = Vgg (Register Length = 1) 10 100 - 60 —
15 10 - 50 —_
Worst case condition: L32 = Vg, L1 through L16 = 5 400 50 —
Don't Care (Any register ength from 33 to 64) 10 185 25 —_
15 85 22 —
Rise and Fall Time, Clock tn 5 —
tq 10 No Limit
15
Rise and Fall Time, Reset or CE tr, 5 - — 15 us
1 10 — — 5
18 — — 4
Removal Time, Reset to Clock or CE trem 5 160 80 — ns
10 a0 40 —
15 70 35 -

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

8. Data labelled "Typ" is nat to be used for design purposes but is intended as an indication of the IC's potential performance.

' http:/ionsemi.com

4




60

MC14557B

TIMING DIAGRAM

PR | F—
50%
AINPUT
Ly [
—-] lh

RESET

) ] T

1-bit length:
CE=0

A/B =1 Q

L1=12=14=LB=L16=L32=0 'Pth—™ 1pHL

h.ttp.:Horisemi.com
5
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MC14557B

LOGIC DIAGRAM

B A

8 NId =55
9L NId =00p

103138
2 g

R 4

<
L1,
K
4
il

rﬁHXw_}g R 4

" http:ionsemi.com
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MC14557B

PACKAGE DIMENSIONS

PDIP-16
P SUFFIX
PLASTIC DIP PACKAGE
CASE 64808
ISSUE R

L—»

»

g

(b 0250010@[T[4 @]

SOIC-16
DW SUFFIX
PLASTIC S0IC PACKAGE
CASE 751G-03
ISSUE B

—

r-— h xas®

\l
WJUu 7T
~

T
i IR
e el s ol LA r u
SEATING
14% PLANF
— f— -
< T c. L~
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NOTES:
DIMENSIONING AND TOLERANCING PER ANSI
¥14.5M, 19682,

1.

2.

3

5.

CON

62

TROLLING DIMENSION: JNCH.

CIMENSION L TQ CENTER GF LEADS WHEN
FORMED PARALLEL.
QIMENSION 8 DOES NOT INCLUDE MOLD FLASH.

ROUNDED CORNERS DPTIONAL
INCHES MILUMETERS
| Dim} MmN | WAX | M | mAX
Al oMo 070 a0 | 1955
B [ 0250|0270 | 635 683
€ 1o [ 05| 369 ] 444
Dl o015 {0021 ] p3e| 053
Floos [ o | 102] 337
G 0.100 85C 2.54H5C
H 0050 BSC LITBSC
J.{oooe [po1s | o1 | 038 |
K loyn [o13e] 280 [ 330
L 10205 | 0305 | 150 [ 799
[] %] %] 9°] Wy
s Jomo foow ]| o051 | 1o
NOTES:

1.
2

(%}

LS

DIMENSIONS ARE IN MHLLIMETERS
INTERPRET DIMENSIONS AND TGLERANCES
PER ASME Y14.5M. 1994,

DIMENSIONS D AND E DO NOT INLCURE MOLD
PROTRUSION,

MAXIMUM MOLD PRC TRUSION 0.15 FER SIOE.

. DIMENSION B DDES NOT INCLUOE DAMBAR

PROTRUSION. ALLCWARLE DAMBAR
PROTRUSICN SHALL BE 0.13 TOTAL IN EXCESS
OF THE 8 DIMENSION AT MAXIMUM MATERIAL
CONDITION.

MALLIMETERS
| D[ wIN_ | max
A | 235 | 265
M| 010 | 025
B! 035 049
c o023 | 03
D ! 1015 | 1048
€] 740 | 160
¢ 1.77 85C
H | 1005 ] 1045
h ] 025 | 05
L[| ose] 0%
[ ne] 3°
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National
Semiconductor

LM111/LM211/LM311
Voltage Comparator

1.0 General Description

Tha LM11%, LM211 and LM311 ars voltage comparatars that
have input currents nearly a thousand times lower than
devices iike the LM108 or LM710. They are also designed to
operata over a wider range of supply voltages: fram standard
+15V op amp supplies down to the single 5V supply used for
IC logic. Their output is compatible with RTL, DTL and TTL
as well as MOS circuits. Further, they can drive lamps or
relays, switching voltages up to 50V at currents as high as
50 mA.

Both the inputs and the outputs of the LM111, LM211 or the
LM311 can be isolated from systern ground, and the autput
can drive loads refarred to ground, the positiva supply ar the
negalive supply. OHset balancing and strobe capability are
provided and outputs can be wire OR'ad. Although slower

than the LM106 and LM710 (200 ns response time vs 40 ns)

January 2001

the devices aro slsc much less prone to spurious oscilla-
tions. The LM111 has the same pin configuration as the
LM106 and LM710.

The LM211 is identical to the LM111, except that its peror-
mance i5 spectfiod over a —257C to +B5°C temparature rahge
inslead of -55°C to +125°C. The LM311 has a temperature
range of 0°C to +70°C,

2.0 Features

® Operates from single 5V supply

® Input currept: 150 nA max. over temperature
m Oifset current. 20 nA max. over tamperalure
m Differential input voltage range: +30V

® Power consumplion: 135 mW at =15V

3.0 Typical Applications nore 3

Otfset Balancing

2]
im

OS5 70405

Increasing Input Stage Current (Note 1)

GUSTEI8
Wote 1: Increases fypical cemman mode slew from 7.0W/:s 16 18Vus

Strobing

00STOI37
Nete: Do Nol Ground Strobe Pin. Output is turned off when current is
pullad from Strabe Pin

Detector for Magnetic Transducer

MAGHETIC
FICKUP

OS99

® 2004 Nalicnal Samicondugcior Corperation DS0a5704

www.national.com

iojeiedwo) abeyoA LLEWT/LLZINT/LLLINT
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LM111/LM211/LM311

3.0 Typical Applications ot 3) (Continueq)

Digital Transmission Isolator

[y 11

3y
[T
& El
l d
S Gl SR
k% OOLF T S
ST

Note: Do Not Ground Strobe Pin,

MNote 2: Typical input current is 50 pA with inpuls sirabad off.

Nagte 3: Pin connactlgns shown on schamatic diagram and ypical apptications are for HOA qalal can packaga.

Pagitive Peak Detector

Hkw

*Solid lantahm

www.nalional.com

Strobing olf Both Input and Output Stages (Nole 2}

V' a0y

R
10

m
WITFn

50480

FRAM D/A NETWARK

[LTaTh]

Relay Driver with Strobe

v

—_0

P50

vt

G701

*Absorbs inductive kickback of relay and prolects |C from severe voltage
transients on V' line.
Noda: Do Mol Graund Sircba Pin

Zero Crossing Detector Driving MOS Logic

=8V

TO MOS LOBIC

005FT24

65




4.0 Absolute Maximum Ratings for
the LM111/LM211note 103

If Military/Aerospace specified devices are required,
please conlact tha National Semiconductor Sales Office/
Distributors for availability and specificatlons.

fotal Supply Voltage (V) 36Y

Output to Nagative Supply Vollage

V74) 50¥

Ground to Negative Supply Voitage

(V14) 30V

Dilerential Input Voltage +30V
i Input Voltage (Note 4) +15V
1 Output Shon Circuit Duration 10 sec

Operating Température Range

Electrical Characteristics now & for the LM111 and LM211

LM111
LMz
Lead Temperature (Soldaring, 10 sec)
Voltage at Strabe Pin
Soldering information
Duai-In-Line Package
Soldering (10 seconds)
Small Outline Package
Vapor Phase (60 seconds)
Infrared (15 seconds)

See AN-450 “Surface Mounting Methods and Thair EFect
on Product Reliabitty” for other methods of soldering

surtace mount devices.
ESD Hating (Note 11)

~55'C lo 125'C
-25'C1to85°C |
260°C

V-5V

260°C

215'C
220°C

30ov !

L Paramater j Cbnditlons ] Min - Typ i Max ' ‘ Units
Input Ofiset Voltage (Note 7) 1 Ta=25'C, Rg<B0k { 07 ‘ 2.0 ! mv
Input Offset Currant ) T,=25'C 4.0 | 10 : nA
“Input Bias Current - TA=25C : 60 T 10 nA
‘Voltage Gain (T,=25C T an wimy
“F_Iespnnse Time (.ﬂbte B) Ta=25'C o _ T ns
| Saluralibn Voltage o 'V.'N's—s mV, loyr=50 mA . 075 15 v
Ta=25C
Strobe ON Current (Note 9) T1.e5C 20 " sp T mA
Output Laakage Current V2 mV, Vgur=35V 0.2 10 nA
TA=25'C, Igraope=3 MA
“Input Offsel Voltage (Nate 7) | As<50 k - T a0 ] mv '
Input Offset Cu'r'r'e'nt' {MNote 7} 20 na
_I-nbul Aias Current o | o 150 nA -
‘Inpul Yoitage Aange V=18V, V=16V, Pin 7 . 145 138-147 130 | v
. Pull-Up May Go To 5V
Saturation Voltage Civizasv V=0 023 s | v
LV pS-6 MV, Jour<B mA
Output Leakage Current V25 MV, Vg, r=35V 01 {05 LA
‘Postive Supply Current r=25¢ 51 1 s0 | mA
Negative Supply Gurrent " |Ta=25C Tt k ' 50 ‘ “mA

negalive supply voltage ar 30V below the positive supply, whichever Is less.

Nota 5: The maximum junclion lsmperatuéd of the LM111 is 150°C. whila that of tha LM211 15 110°C. For operating al elevaled lemperatures, dewscas in lhe HO8
packaga must ba derated based on a thermal resistance ol 185°C/W, junction to ambient, ar 20°CAW, junction I case. The thermal resistance of the dual-in-ling

package is 110°C/AN, junction to ambient.

5¥ supply up to t15V suppliss.

I i3round, it shoutd be current drivan al 3 (o0 5 mé

Hote 11: Human body model, 1.5 kil in sprias with 100 pF.

Nots 4 This rating applies for €15 supplies. The positive input valage himit is 30% above the nagative supply. The negative input vollags limit is equal 1o the

Moto 6: These specitications appiy tor Yg=t15Y and Ground pin al ground, and -55'CTa4+125°C, unless othurwise stalad. Wilh the LM211, however, all
tarmperature specticalions are imned to 25 C<Y,5+8% C. Tne offsel voltage, ofisat currerd and was curient spetiications apply o any supply voltage f7om a single

Note 7: The offsal voitages and ofisel currents givan ara tha maximum values ranuired ro oriva The output within a volt of eilher supply with a 1 mA load. Thus, theso
parameters define an emor band and lake into accounl the worsl-case elfects of veltage gain and Rg,

Mole 8: The iesponse ime spacilied (see definitons) is for a 100 mV input step with 5 mV overdrive.
Nole 9: This specification givas the range of current which must be drawn lrem the strubia pin to ensure the culput is properly disabled Do not shaorl the sirobe pin

Haote 10; Raler o RETS111X for the LMUTIH, LM111J and LM 111J-8 military specilications.

www_national.com
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LM111/LM214/LM3 11

5.0 Absolute Maximum Ratings for
the LM311note 12)

It Mliiltary/Aerospace specified devices are required,
please contact the Natlonal Semiconductor Sales Office/
Distributors for availabllity and speciflcations.

Total Supply Voltage (Vy,) a6v
Output to Negativa Supply Voltage

{Vza) 40v
Ground 1o Negative Supply Valtage

(Vya) 3oV
DiMerential Input Voltage +30V
input Voltage {Note 13) +15V
Powear Dissipation [Note 14) 500 mwW
ESD Rating {Nole 18) 300V

Conditions

Output Short Circuit Duration 10 sec
Cperating Temperature Ranga 0 to 70°C
Storags Temperalure Range -65'C to 150°C
Lead Temperature (soldering, 10 sec) 260°C
Voltage at Strobe Pin -5y
Soldering Informaticn
Dual-In-Line Package
Soldering (10 seconds) 260°C
Small Quttine Package
Vapor Phase (60 seconds) 215'C
Infrared (15 seconds} 220'C

See AN-450 “Burface Mounting Methods and Their Effect
on Product Retiability” for othar methods of soidering
surface mount devices.

Electrical Characteristics note 15 for the LM311

i Min 'Typ Max Unlts
| Input Oftset Voltage (Note 16) | Ta=25'C, Rg<50k I T 75 | mv
| Input Oftsat Current(Note 16) | Ty=25C | I R A
i Input Bias Current Ta=25"C 100 250 nA
Voltage Gain To=25°C 40 200 1 v/imy
Response Tin?[ﬁéié 1‘7) ' TA=25'C I 200 ns
‘Saluration Valtage V10 MV, lgur=50 mA " oTs 15 v
T,=25°C |
Strabe ON Current (Note 18) T=25C - ' 2.0 5.0 ma
Qulput Leakage Current VinZ10 mV, Vo 7=35V .
Ta=25°C, lgrmome=d MA 0.2 50 nA
¥~ =Pin 1= -5V
Input Offset Vallage (Note 16)  FAg<50K ' T mv
tnput OffsetCurréﬂl (Note“‘lﬁ). T | | ?O T 'nAr )
input Bias Current o B ano nA
“input Voltage Range ~145 13.8,-14.7 13.0 v
‘Sawration Voltage UV2a BV, VB | 0.23 Toa ] v
S ViS=10 MV, Ioyrss mA
e o vs -
Negatigﬁggpﬁfﬁ_r[g[\lww o ) e R 5.0 mA

lunctional, but do not guaranlee specific performance limits.”

nagative supply voitage or 30V balow the posilive supply, whichever ig less.

ambiant.

Note 12: "Absolula Maximum Ralinge indicate fimits Beyand which damage o the devica may occur. Operaling Ratings indicate condisiens for which the devica is
Nole 13: This rating applies for £15 supplies. The posilive inpul vohage limit is 30V above the regative supply. The negative input vollage kmil is equat to the

Neto 14 Tha maximum junclion temparature of lhe LM311 Is 110°C. For cperating at elavated temperature, devices in the HOB package must bs derated basad
an a thermal resislanca of 165 C/%, junction to ambient, or 20 CAY junclion o case. The lharmal rasistance of the fuakin-line package is 100°C/W, unciian 1o

Note 15: These specifications apply for ¥g=+15V and Pin 1 at ground, and 0°C < Ty < +70°C unlass otherwise specibed. The offset vollage, atfset curent and
bias currenl specifications apply lor any supply voltags rom a single 5V supply up to £15V supplias.

Nota 16: Thae olsat voltagas and oifsal currents given arg the maximum values required (o drive he oulput within a vakt of eithar supply with 1 mA load. Thus, these
parameters dallne an error band and take into account tha worst-cass affects ol voltags gain and Ag.

Nota 17: The response time specifiad (see delinilions) is for a 100 mY input slep with 5 mV uvordrive.

Mote 18: This specificatiun gives the range gl curent which myst ba drawn Irom the siobe pin o enpsure the aulpul Is properly disabled. Do not shen the strobo

pin 0 ground; it shouid be curren! drivon at 3 fo 5 mA
MNotae 18; Human body modal, 1.5 k2 in saries with 100 pF,

www.national.com 4
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6.0 LM111/LM211 Typical Performance Characteristics

INPUT BIAS CURARENT {n&)

EQUIVALENT INFUT DFFSET VOLTAGE (mV) !

COMMON MOOE LIMITS {V)

Input Bias Current

SEEE==m
P fo vs =t|l5‘J-
- ] RAISED -
1SHOAT PINS __|
, 6, AND 81]
200 Frs
100 NORMAL
L
|
]

0
-55-5 -8 5 2% &5 6% 8% 105 125

TEMPERATURE (°C)

0057u441

Input Bias Current

10k 113 L]
INPUT RESISTANCE (12}

I57L45

input Bias Currant

+
fmmms=nm
05 |-REFERRED T0 SUPPLY VOLTAGES ]
_I'n —l-—
_"!..h. -
04
02 et
.

-B5-35 -1§ 5 25 4% 55 45 105 115
TEMPERATLRE I°C)

0057447

INPUT BIAS CURRENT {nA} iNPUT OFFSET CURAENT {nA)

DUTPUT VOLTALGE (V)

Input Bias Current

» -
Vg = $15¥
n
h ;
AAISED |
10 {SHDAT PINS |
5. 6. AND 8
NORMAL
o
-55 -35 <15 & 25 45 &5 S 105 125
TEMPERATURE (°C)
IS0
Input Bias Currant
180
R
16D Vg = 115v T
140 Ta=25°C ] |
10
1o
M
1}
"]
0
L}
-6 -12 % -4 0 4§ 12 16
DIFFERENTIAL INPUT VOL TAGE (v}
GIRIMAE
Input Bias Current
BT T T
NORMAL QUTPUT I
50 R, =K T
| o 5 °*
V't -sov f— T - 25% ™
L]
0 |
=
FEMITTER ’
2 b FOLLOWER
DUTPUT
R, : 60052 ]
1] 4
1
o {
-1 -5 D 5 1

DIFFERENTSAL INPUT VOLTAGE ImV)

GXSICA4E

www national.com

LHLEEWTV/LIZWTVLLENT

68



LM111/LM211/LM3 11

QUTPUT VOLTAGE (V)

INPUT VDL TAGE (mV}

SATURATION VO{TAGE (V!

DUTPUT ¥OLTAGE (V)

tNPUT YOLTAGE (mv)

www. national.com

Input Bias Current

input Qverdrives

X —
4 5’7 P S
\ )mV T, = 25°C
2 LA™ ]
mV
5 w -
o L !sﬁnn —
L™
100 Vour —§
w0 LMY -3
0 O
[ L] T
] 02 04 0.6 1]
TIME (u1)
QUSTOLaY
Input Bias Current
G 0 e
07 T‘=11§°EI I
- 1
0.6 ——-t
05 |1, - -55°C.——
04 ’\'
03 v r 11 ]
1 | Y
£ _
11 S
' |
N [ 11

o i 0 kL) ap §0
BUTPUT CURKENT ima)

[ EL U
Rasponsa Time for Yarious
Input Qverdrives
—r
15 NI
AR —
10 — \ Vin
s |20 mv XN N T
Lk {
] \\* m —
[ LLE
-5 Lat —
o zm AN N v
\ 1
-15 [ | [
100 |y ¥y - t15Y T
0 Ta o280 4
o [
[ ]
a ) 2 3 1

TIME {us)

70453

SHORT CIACUIT CURRENT ima)

INPUT VOLTAGE tmv] OUTPUY VOLTAGE (V)

DUTPUT VOLTAGE (vt

INPUT VOLTAGE (mVi

iLl]

120

100

BD

[1)

6.0 LM111/LM211 Typical Performance Characteristics (continued;

Input Bias Current
Input Overdrives

T 11
g 5 —
spit
s \ Vi N
1 | 0wy ] our |
2 5."‘, = (LA —
§ P2mY
- e
[]
-50 Wy = 415V
10 Ta = 25°C
0 02 04 06 [} ]
TIME {u1)
L L
Response Time for Various
tinput Overdrives
15 |1my 1 11
L e B
10 j5mV v 1
[
5 t P 4
primv /) ¥in ]
L)
5 our
K
-1 IH[[ LM h
-1% L' E
. !
N g = £15V
-1e0 Ta s 25°C T
1 L
0 1 2 b [}
TIME |9}
NOETMEZ
Output Limiting Characteristics
T [ ¥
L Ta * 25°C
I 05
T
l’ ‘\\0 - -
o 3
1 bl e X
ANl 1,. 2
1 ' e 2
il 0y =
v i Ciap E
7 UIT cuRmgnr] 02 2
7 1 E
[B]
L]
] 5 1 15
OUTPUT YINTAGE IV)
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SUPPLY CURRENT (mA)

LEAKAGE CURRENT [A)

INPUT B1AS CUARENT {nA]

n’

1w

w*

"'-H'l

|nV| 1

500

400

g

200

Supply Current

1
Ta = 25°C
}
POSITIVE SUPPLY -
QUTPUT LOW _
T ——
1{ POSITIVE AND
NEGATIVE SUPPLY
/| oureut ok
o

4 S 10 1% 0 ¥ W

SUPPLY VOLTAGE (V)

00570455

Leakage Currents

= v, = 16V
:

T =t

ot

o

°“1Q\\ -

Ky

+*

- T ,‘\l\“lL
A ol

W

15 45 &5 5 105 125

TEMPERATURE {°C)

570457

input Bias Current

T T
l Vg = +15¥
]
RAISED
I {SHORT 2INS T
L5 6 anp 8 {
NORMAL

a4 1 28 30 ag 50 &0
TEMPERATURE "C|

b 1}

O5FOMES

6.0 LM111/LM211 Typical Performance Characteristics (continueq

SUPPLY CURRENT (mA)

7.0 LM311 Typical Performance Characteristics

INPUT OFFSET CURAENT {nA)

Supply Current

1 i e
! !

]

!

POSITIVE SUPPLY —

R L. JuTPUT LOW ;

FOSITIVE AND Y=y -
L~ NEGATIVE SUPPLY - =
2 |_ouTPUT HIGH

0
-55 -3 -15 & 29 A5 65 W5 105125
TEMPERATURE (°C)

m57OesE

Input Offset Current

0
T
P Vg - +15V
RAISED T
|| (SHORT PINS -~
5 6, AND B
10
— NDAMAL
0
D 10 20 3 & S0 60 70 B¢

TEMPERATURE (°C}

CASTYRSS
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LM111/LM211/LM311

7.0 LM311 Typical Performance Characteristics (continuse)

EQUIVALENT INPUT OFFSET VOLTAGE (mY)

COMMON MODE LIMITS (V)

QUTPUT VOLTAGE (¥]

INPLT VOLTAGE {mV}

N A R

e
0

Offseat Error

=+

T, = 235°C
FTa

1T
MAXIMUM

— i TYPICAL

Vos = Vos + Aglas
10k 100k ™ 10
INPUT AESISTANCE (52

UGS 7 d4ttr
Common Mods Lirits

I A A I A
T T 1 Tt 1

|- REFERHED TO SUPPLY VOLTAGES -

TR

0 18 0 30 40 50 B0 7o A0
TEMPERATURE {"C|

COST04R2

Response Time for Various
Input Overdrives
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| f Ve HIEY | ]
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ToV] f 1
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1 o —
. s0001 ]
] ™ “uur —
L
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L] a2 o4 06 '} ]
VIME (us)
ARTO46a
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INPUT B1AS CURRENT inA}
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Qutput Saturation Voltage
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7.0 LM311 Typical Performance Characteristics (contnuen
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1: 7.0 LM311 Typical Performance Characteristics (contnued)

LM11T1/AM211/LM311

Leakage Currents
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% kL] 45 1 ] %
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8.0 Application Hints

8.1 CIRCUIT TECHNIQUES FOR AVOIDING
QSCILLATIONS IN COMPARATOR APPLICATIONS

Whan a high-speed comparator such as tha LM111 is used
with fast input signals and jow source impedances, the out-
put response will normally be fast and stable, assuming that
the power supplies have been bypassed [with 0.1 pF disc
capacitors), and that the output signal is routed well away
from the inputs (pina 2 ang 3) and also away from pins 5 and
B.

However, when the input signal is a voltage ramp or a siow
sine wave, of if the signal source impedance is high (1 kQ 1o
100 ki), the comparator may burst into oscillation near the
crossing-peint. This is dua to the high gain and wide band-
width of comparators like the LM111. To avoid oscillation or
instability in such a usage, several precaulions are recom-
mended, as shown in Figure 1 below.

1. Thewnm pins {pins 5 and §) acl as unwanted auxiiiary
inputs. If these pins are not connected 1o a trim-pot, they
should be shorled together. If they are connected to a
trim-pol, @ 0.01 yF capacitor C1 between pins 5 and &
will minimize the susceptibility to AC coupling. A smaller
capacilor is used if pin 5 is used for positive feedback as
in Figure 1.

2. Cerain scurces will produce a cleaner comparator out-
put waveform if a 100 pF tc 1000 pF capacitor C2 is
connected directly across the input pins.

3. When the signal source is applied thraough a resistive
netwark, Ag, itis usually advantageous to choose an Rg'
of substantially the same value, both for DC and for
dynamic (AC) considerations. Carbon, tin-oxide, and
metal-film resistors have all been used successfully in
comparator input circuitry. Inductive wirewound resistors
ara not suitable.

4. When comparator circuils use input résistors {eg. sum-
ming resistors), their value and placement atwe particu-
iarly imponant. In all cases lhe body of the resistor
should be close o the device or socket. In othar words
there should be very litle lead tength or printed-circuil
foil run between comparalor and resistor lo radate or
pick up signals. The same applies to capacilors, pots.
elc. For example, if Rg=10 k€, as little as 5 inches of

www national.com

fead between the resistors and the input pins can resuft
in oscillations that are very hard to damp. Twisting these
input laads tightly s the only {second best) alternative 10
piacing resistors close to the comparator.

Since feedback to aimost any pin ot 2 comparater can
result in oscillation, the printed-circuit layout should be
enginesred thoughtfully. Preferably there should be a
groundplane under the LM111 clreuitry, for example, one
side of a doubie-layer circuit card. Ground foil (or, posi-
tive supply or nedative supply foil) should extend be-
twaen the output and the inputs, to acl as a guard. The
foil connections for the inputs should be as small and
compact as possiole, and should be essantally sur-
rounded by ground foil on a4 sides, o guard aganst
capacitive coupling from any high-level signals (such as
the oulput). if pins 5 and 6 are not used, they should be
sherled fogether. If they are connected to a trim-pot, the
tnm-pet should be located, at most, a lew inchas Bway
from the LM111, and the 0.01 pF capacitor should be
installed. It this capacitor cannot be used, a shielding
orinted-circuit foil may be advisable betwaen pins 6 and
7. The power supply bypass capaciors should ba la-
cated within a couple inches ot the LM111. {Some other
comparators require the power-supply bypass to be lo-
cated immediately adjacent to the comparator.)

It is a standard procedure to use hysteresis (positive
feedback) around a comparator, to prevent oscillation,
and to avoid excessive noise on the output becausse the
comparalor is a good amplifier for its own naisa, In the
circuit of Figure 2. the feedback from the oulput to the
positive input will cause about 3 mY of hysteresis, How-
ever, it Ag is larger than 100102, such as 50 ki2, it would
not ba reasonable to simply increase the value of the
positive feedback resisior above 510 ki, The circuit of
Figure 3 could be used, but it is rather awkward. See the
notes in paragraph 7 halow.




8.0 Application Hints (coninusq)

7. When both inputs of the LM111 arg connoclad {0 active
signals, or # & high-impedance signal is driving the
positive input of the LM111 sc that positive feedback
would be distuplive, the circuit of Figure 1 is ideal. The
positive feedback is to pin 5 {one of the ofisel adjusl-
ment pins), It is suflicient 1o cause 1 to 2 mV hysterasis
and sharp transilions with input triangle waves from a
few Hz to hundreds of kHz, The positive-feedback signal
across the 9202 resistor swings 240 mV below the posi-

tive supply. This signal is centared around the nominal
voltage et pin 5, so this feadback does not add to the
Vg of the comparator. As much as 8 mV of V¢ can be
timmed out, using the 5 kil pol and 3 k{1 resistor as
shown.

Thesa application notes apply specifically to tha LM111,
LM211, LM311, and LF111 families of comparaiors, and
are applicable to ail high-speed comparators in genaral,
(with the exceplion that not ali comparatoss have trim
pins).

® 2

£l
INPUT O—AAA——1]

.
2 =

fn conneclions shown are lor LM111H in the HO8 hermalic package

FIGURE 1. Improved Positive Feadback

Pin cannections shown are for LM111H in the HO8 hermelic package

FIGURE 2. Conventional Posilive Feadback

t1
0.002 uF

[1]
0.0a2 .f

§10k

O QUTAUT

0052129

>
"tlh
3

p—C puTPUT

00870430

hal
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8.0 Application Hints (continuea:

p—0 15y

LM111/LM211/LM311

Sun
'P

p—-C ouTRUT

[Lpik]]

FIGURE 3. Positive Feedback with High Source Resislanca

9.0 Typical Applications (i numbers

refer to HOB packapge)

Zaro Crossing Detector Driving MOS Switch 100 kHz Free Running Muitivibrator
v yh=sy
Rt RS
20K 1K
VAv‘v ‘v‘v‘v—
R3
10K
4] v
1200 pF )
AWt , SAUARE
00570410 —_ 2 LM111 p—p WAVE .
+ ! QUTPUT
< Ré

R
f R2
19K TSBK

Q0570414
‘TTL or DTL lanout of twa
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9.0 Typical Applications {Pin numbers refer to HOB package) (Continued)
10 Hz to 10 kHz Veitage Gontrolled Oscillator
[
st
cz R
5my —= 5V TRIANGULAR
p—rreme——— WAVE
INPUY
Sm¥ TO 5¢ O] e s ouTPuT
3972 w751
A3
330K b4
- IN751
1N452 SOUARE
WAVE
OUTPUT

“Arusl lor symmatrical square wave lime when V), = 5 mV
FMnimum capacitance 20 pF Maximum freguency 50 kHz

priving Ground-Referred Load

BO5}6416
“inpul polarity is revarsed whan using pin 1 as gutput

Ri

TTL Interface with High Level Logic

-15¥

0057015

Using Clamp Dlodes to Improve Response

FROM
LADDER
7 T
HETWORK QUTPUT

ANALOG INPUT

OST041 T

; INPUT® —AAN~
X 240K

*Values shawn ara for a D to 30V logic swing and a 15V thresholo

oAy be added o comrol speed and reduce suscaptibillty to oaise apikas.

10 TTL LOGIC

casTo4R

S 1

13 www.nalionat.com
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9.0 Typical Applications (Pin numbers refer to HOB package) (Continued)

1

*Selid 1antalum

tAdjust to sei clamp level

R2 <
100K §

Crystal Oscillator
vt=sy
R4

WSTOA IS

R1

www.national.com

Precision Squarer

¥ say

Comparator and Salenaid Driver

D1
1R4001

DUTPUT
1A

PLEYEN]

005720

e QUTPUT

az
IN2222

uaS7Ue2"
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9.0 Typical Applications (rin numbers refer to HoB package) (Continued)

Low Voltage Adjustable Relerence Supply

Ll v'-E0v A&
198 504

WSHH T
*Solid tantalum
Positive Peak Detector Zoro Crossing Detector Driving MOS Logic
115
nz !
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Ve

INPUT
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115V
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*Haulid lanlaium
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9.0 Typlcal Applications (Pin numbers refer to HOB package) (Continued)

Precision Photediode Comparator

]

K]
Tk

L
ouTPUT

00570426

“R2 sats tha comparison ipvel. At comperison, the pholodiode has less than 5 mV across il, decreasing leakagas by an order of magnitude.

Switching Power Ampiifier
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(L1

I — < R
- DtuF ql 41
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2N3I%
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Switching Power Amplitier

9.0 Typlcal Appilications (pin numvers refer 1o Hoa package) (Continued)
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10.0 Schematic Diagram note 20)
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* & 2 »
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Hote 20: Pin connechions shown on schemalic diagram ara for HOB package.
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11.0 Connection Diagrams

Note: Pin 4 connected to case

H Dual-In-Lins Package

U

GROUNG | =— p—
eyt 3 — e, 7 QUTPUT
INFUT 1 vy — £ BALANCES
STRDAE
¥ — — 9 BALANCE
oe5h0ans

Top View
QOrder Number LM111J-8, LM111J-8/883(Nate 21),
LM311M, LM311MX or LM311N
See NS Packags Number JOBA, MOZA or NOBE

Matal Can Package

Top View
Order Number LM111H, LM111H/883(Note 21) , LM211H or LM311H
See NS Package Number HOBC

BALAMCEY
STRONE

PALANCE

WAL

Pual-in-Line Package

NE 1 sn U f— 11
[T 11 &L
(weut % b b—1
NPT 4 hr 11 ¥*
Ne 5 — p= 10 ¥C
¥oe =1 ourmy
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NALANCE | p—1 STRONE i
0520435

Top View
Order Numbar LM111J/B83{Nots 21)
Son NS Package Number J14A or N14A

GND::1 [}
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NC

o]

1

LMITWY

iD:_l Vi

:L:I oUTRUT
:’:I RC

::‘:I BALANECE STRUBE
[ 1 BALANCE

Mota 21: Also available per JM35510/10304

00570433

QOrder Number LM111W/883{Note 21), LM111WG/883
See NS Package Number W10A, WG10A
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12.0 Physical Dimensions nches (milimeters) unless atharwise noted
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12.0 Physical Dimensions inches [millimeters) unless otherwise noted (Continued)
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12.0 Physica! Dimensions inches (milimeters} uniess otherwise noted (Continued)
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