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MNNTAHAATEYI A = 230 em’ , B, = 3300 Gauss AANUTUABUAITOOAUULANAIO
€ 13

Afiumsdwedl
Amuald
f = 10 kilohertz
B...= 3000 Gauss
vV, = 28 Volts
V= .5 kilovolts
I, = 800  Circular mils/ Ampere
¥ Rkl Ampere
e/ e microampere

wismauseun A nlgugil
N, = V, X10"/4.44fB A,
= 28 X 10%4.44X10X10°X3000X2.30

= 9.13957 sOU
wivanIAnen A gugdl
VARIANBWAL = 1 XI,
= 1.5%800
= 1200 Circular mils

nnmIIsaIaneindldnnaalaneuiniues 19 AWG
4
dniumadlgugiiléaransauas wed 19 AWG Wu 10 s8u

ATNABUM B, VM V

in max

B, =V,X10°/4.44fNpA,

= 28 X 10% 4.44X10X10°X10X2.30
= 2741.872 Gauss



N, = NX(V/V)
= 10X(5.5%X10°28)
= 1964.2857 361
HIVUIARIANBINAIAIUY AT
WWNWNOWAY = I X
= 500X10°X800

0.4 Circular mils

mnmﬂwmﬂmmnawm"lﬁwmmﬂnmumma{ 45 AWG
| 4

ahumnduaegiildnianesums 1wes 45 AWG #2000 ou
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27.51

]

27.51
27.508

i

220
242.08

~198.03

[(27.51-27.508)/27.51] x 1 00

[(242.08-198.03)/220]
0.036309  1lofimud

I

(Vg-V)IV,] X 100

Y] 4 (]
ussnuynuae 13l Tnoa

Tran

It

27.541

Trant

27.510

[(27.541-27.510)/27.541] x 100

I

0.112559  1ofiuwus
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grid cathode focus astigmator
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20kV v, v, \ V.

BONUUVINITUUWTIAYU IHNA breeding current = 63.17 pA.
fmuald v = 2085 V.
L

V. = 2085 V.

<
"

6315 V.,

<
i

18951.5 V.

208.5/63.17.x 10° =3300617.382 Q=3.3 MQ

~
]

208.5/63.17 x 10" = 3300617.382 Q = 3.3 MQ
631.5/63.17 x 10° = 9711888.555 Q=9.7 MQ
18951.5/63.17 x 10" = 300007915.1 2 =300 MQ
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'PD-9.308K

IRF730

HEXFET® Power MOSFET

¢ Dynamic dv/dt Rating
o Repetitive Avalanche Rated D _ »
o Fast Switching VDSS = 400V
e Ease of Paralleling
o Simple Drive Requirements N RDS(on) =1.0Q
> Ip = 5.5A
pescription
Third Generation HEXFETs from Interational Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low
on-resistance and cost-effectiveness. -—"é"
The T0-22b package is universally preferred for all commercial-industrial
applications at power dissipation levels to approximately 50 watls. The iow
thermal resistance and fow package cost of the TO-220 contribute to its wide
acceptance throughout the industry.
TO-220A8
Absolute Maximum Ratings
. Parameter Max. Units
Io @ Tc=25°C | Continuous Drain Current, Vgs @ 10V 55
lo @ Tc=100°C_ | Continuous Drain Current, Vas @ 10V 35 A
lom Pulsed Drain Current © 22
Pp @ Tc = 25°C | Power Dissipation 74 W
, Linear Derating Factor 0.59 WrrC
Vas Gate-to-Source Voltage 20 |l .V
Eas | Single Pulse Avalanchie Energy @ 280 md
lan Avalanche Current © 55 A
Ean ___ | Repetitive Avalanche Energy ® 74 mJ
dvidt Peak Diode Recovery dv/dt @ 4.0 Vins
T Operating Junction and -55 10 +150
Tste Storage Temperature Range °C
——. Soldering Temperature, for 10 seconds 300 (1.6mm from case)
Mounting Torque, 6-32 or M3 screw 10 tbfain (1.1 N.m)
Thermal Resistance
—_—— Parameter Min. Typ. Max. Units
Bue Junction-to-Case ' — — 17
Bes Case-to-Sink, Flat, Greased Surface — 0.50 — *CW
Ruan Junction-to-Ambient - —_ 62




IRF730

Electrical Characteristics @ Ty=26°C (unless otherwise specified)

Parameter Min. | Typ. | Max. } Units Test Conditions
Vemoss - | Drain-to-Source Breakdown Voltage 400 | — | - | V |Vas=0V, lo=250uA
AV esmpss/aT,| Breakdown Voltage Temp. Cosfficlent | — 054 | — | VPG |Reference to 25°C, lp= 1mA
Rosion) Static Drain-to-Source On-Resistance | — | — | 10 [ @ Vag=10V, 10=3.3A @
Vasin Gate Threshold Voltage 20 | — | 40 | V |Vos=Vas, lo=250uA
g Forward Transconductance 29 | — — | 'S |Vos=50V, Ib=3.3A @
Inss Drain-to-Source Leakage Current : : 22550 WA 32;322\\: :/;2:;(0): To125°C
loss Gate-to-Source Forward Leakage -- — | 100 nA Vas=20V
Gate-to-Source Reverse Leakage —_ | = |-100 Vas=-20V
Qg Total Gate Charge — | — | 38 6=3.5A
Qg Gate-to-Source Charge — | — | 57 | nC |Vps=320V
Qgg Gate-to-Drain (“Miller*) Charge — — 22 Vas=10V See Fig. 6 and 13 @
Ld(on} Tum-On Delay Time — L, Y Vop=200V ‘
t Rise Time — 15 — ns io=_3.5A /
taeom Tumn-Off Delay Time —_ 38 = Ra=12Q :
ty Fal! Time — 14 — Ro=57Q See Figure 10
Lo Internal Drain Inductance — | 45 | — J g‘:,?,’:?g 2105?:') o
nH | from package 4
Ls Internal Source Inductance — |75 | — i and center of -
| die contact s
Ciss Input Capacitance — | 700 | — i Vas=0V
Coss Output Capacitance — | 170 | — | PF |Vos=25V
Crs Reverse Transfer Capacitance — 64 — f=1.0MHz_See Figure 5
Source-Drain Ratings and Characteristics
B Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current _ 1 _ 1ss | MOSFET symbol
(Body Diode) - ; showing the
Ism Pulsed Source Current L . i integral reverse &
(Body Diode) © | p-n junction diode.
Vso Dlode Forward Voltage — | — | 16 | V |T=25°C, lg=5.5A, Vas=0V @
s Reverse Recovery Time — | 270 | 530 |_ns {Tu=25°C,I=3.7A
Qe Reverse Recovery Charge — | 1.8 | 22 | pC dildt=100Alus @
tan Forward Tum-On Time Intrinsic turn-on fime is neglegible (tum-on ia dominaled by Ls+Lp)
Notes:

'® Repetitive rating; putse width limited by
max. junction temperature (See Figure 11)

® Vpp=50V, stading Ty=25°C, L=16mH
Ra=2502, 1as=5.5A (See Figure 12)

@ I3p<5.5A, di/dts90A/s. VDDSV(BR)DSS,
- Tysts50°C

@ Pulse width < 300 ps; duty cycle <2%.
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LM117A/LM117/LM317A/LM317
3-Terminal Adjustable Regulator

General Description

The LM117 series of adjustabla 3-terminal positive voltage
regulators is capabie of supplying in excess of 1.5A ovec a
1.2V to 37V output range. They are axcsptionally easy 10
- use and require only two extemal resistors 1o set the output
voltage. Further, both line and load regulation are better
than standard fixed regulators. Also, the LM 117 is packaged
in standurd trangistor pmcu which are easily mounted
and handled.

In addition to higher performance than fixed regulators, the
LM117 series offars full overioad protection avallabte onty in
IC's. Included on the chip are current imit, thermal overtoad
protection and safe area protection, All overioad protection
circultry ramains fully functional éver if the adjustment ter-

The LM117 ceiies davices with a “X" suffix are packaged in
standard TO-3 transistoc packages, while those with an “H*
sutfix are in a solid Kovar-base TO-39 transistor package.
The LM117A and LM117 are rated for operation from
—55°C to +150°C, the LM317A from —40°C to + 125°C,
and tha LM317 from 0°C to + 125°C. The LM317AT and the
LM317T are available in & TO-220 plastic package and the
LM317MP in a TO-202 plastic package.

For applications requiing greatar output current, see LM150
saries (3A) and LM138 series (5A) data sheets. For the neg-
ative complement, see LM137 geries data sheet.

LM117 Serles Packages and Power Capabliity

minal Is disconnected. Part Number |- Rated Dasign
Normally, no capacitors are needed urvess the device is* | = suffix Package Power Losd
situatad more than 6 irches from the input fiter capacitors Disaipation | Current
in which case an input bypass is needed. An optional outpit K T0-3 20W 15A .
capacitor can ba added to improve translent response. The H TO-39 2w 0.5A
adjustment tarminal can be bypassed o achlave very high T TO-220 20W 1.6A
ripple rejsction ratios which are difficuit to achleve with stan- -
dard 3-tsmminal regudators. e 10-202 2w 0.5A
Beasidas replacing fixed regulators, the LM117 is usaful in a
wids veriety of other applications. Since the reguistor s Features
“floating” and sees only the input-to-output ditferentlal vol- g Gugranteed 1% output voltage tolerance
o v Sk S|y LA USITA
as il e & Guaranteed max. 0.01%/V line mgulauon
oseded, i.e., avoid short-circulting the output. . " (LM117A, LM317A)
Also, It makes an espacislly simple adjustable switchingreg- g Guaranteed max. 0.3% loed reguiation
w.ammmzwwh:wmm: (LM117A, LM117)
resistor between adjustman output, 8 Guaranteed 1.5A output current
mez;anbemdaaMn“qmm;m‘&m- ® Adjustable output down 1o 1.2V
elactronic shutdown can be achlsved by clamping }
the adjustment terminal to ground which programs the out. ™ CurTent limit constant with temperatuse
put to 1.2V where most loads draw Kitie cumrent. & 100% electrical bum-in
= 80 d8 ripple rejoction
2 Output is short-cireuit protected
Typlcal Applications
1.2V-26V Adjustable Regulator Digitally Selected Outputs
112 LMY
Ve Viu  Vewr our™ v, L/
™ 1. - ‘t—. vt
:bﬂ 1
:u ;3 e R . {
b gnd 27 s W
/ ré T Jme
= TUN/9083-1
Full outpet cLcTent not sveladle at high Inpul-output voltages
*Neaded ¥ cevire is more than @ inches irom filter capachors.
1Opticnat—improves transient m Onm wh the rmgc of | ! 1 l-j_.-
1 4F 10 1000 oF of ak wruTs -
10 provide impe output imped, udmdm TUH/R-2

| ttVouy = usv(1 +—) + 1apARo)

*Sels maximum Vour

LLEWTV/VZLENT/ZLLN/YLLENT
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Absolute Maximum Ratings mote 1)

it Milltary/Asrospacse specified devices are required,
please contsct the National Semicanductar Sales
Office/Distridutors for mllnbmty and speclfications.

(Note 2)
Power Diasipation Internaity IJmlted
Input-Output Vaitage Ditferential + 40V, =0.3V
Storage Temperatura -65"C o +150°C
Lead Temperature
Moetal Package (Soldering, 10 seconds) 300°C
Plastic Package (Soldering, 4 seconds) - 260°C
ESD Tolerance (Note 5) kv

Eiectrica! Characteristics
Spacifications with gtandard type face are for Ty = 25°C, and thase with boldfsce type apply over full Oparating ‘rampcu-

Operating Temperature Range
LMU17A/LIM117 -55'C £ T) £ +150'C

LM317A -40°C < Ty < +126°C
LM317 0'C LTy +126C
Preconditioning

Thermal Uimit Burn-in Alt Devices 100%

ture ngo Unless otherwise speciiied, Viy ~ Voutr = 5V, and Loyt = 10 mA, (Note 3)
Parameter: Cenditions LMU7A AL Units
Min Typ Max | Min | Typ | Max
Referenca Voltage 1.238 | 1.250 | 1.262 \
3V < (Vin — Vour) < 40V,
10mA & louT < Inax P < PrAX 1.228 | 1.250 | 1.270 | 1.20 | 1.28 | 1.30 v
Une Regulation 3V < (Vin = Vout) < 40V (Note 4) 0.006 | 0.01 0.01 | 0.02 | %/Vv
0.01 0.02 0.02 | 0.08 | %/V
Load Regulation 10mA < 1oyt £ lax (Note 4) 0.1 03 0.1 0.4 %
0.3 1 0.3 1 %
Tharmal Regulation 20 ms Pulne 0.03 0.07 0.03 | 0.07 | %/W
Adjuatment Pin Current 80 | 100 80 | 100 | pA
Adjustment Pin Current Change | 10 mA < oyt £ lax
3V £ (Vi = Viour) € 4OV 0.2 ] 02| 8 | pA
Temperature Stabllity T‘L"i_ 2Ty< Tw 1 1 %
Minimum Load Current Vin = Vour) = 40V 3.8 [ ] 38| 8 mA
Current Limit Vin — Vour) < 18V ;
K Package 1.8 2.2 | 24 18 | 22 | 3.4 A
H Package 0.8 0.8 168 (08 | 08 | 1.8 A
(Vin — Vour) = 40V .
K Package 0.3 04 03 | 04 A
H Paclkage 0.15 0.2 015 | 0.2 A
RMS Output Noise, % of Vour | 10Hz < 1 < 10kHz 0.003 0.003 %
Ripple Rejection Ratio Voyr = 10V, { = 120 Hz,
Caty = O uF as es a8
Vour = 10V, { = 120 Hz,
Capy = 10 uF e | 80 68 | 80 a8
Long-Term Stabllity Ty = 125°C, 1000 hrs 0.3 1 0.3 1 %
Thermal Resistance, K Package 23 3 23 3 |Cc/w
Junction-to-Case H Package 12 15 12 15 |*C/w
Thermal Resistance, Junction- | K Package 3s 35 *C/W
to-Ambiant (No Haat Sink) H Package 140 140 CIW
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the LM137K milltary

Min, snd Masx,

M
The guarerdeed Wqﬂyuﬁ for the test condilions fsted.
Note £ Retar 0 AETE117AH drawing 1o the LMY 1 7AM, the RETS 1 { 7H drewicg 1o ive LM 1174, tha RETS147AN drawing for he LM117AK, or the RETS 117K for
speciications.

Note 3: Ashough power dizsipation ia iniemaelly lmited, thess spectiications are power
muummm WbiMWthO-:mdmwNOMMN?M“TOMN%MM(L..&W!\N

icabie for maxk

Note 4&; Reg s sed &1 &

0 Nath

mmummww

d th

Note 8: Human body model, 100 pF disch

gh a 1.5 kil resist

s AOQL (Average Ouigoing Quality Lever),
using putss Waeting with a low duty cycte, Changes in oulpst volage dus 10 1:sating affects are

Aaginat

Electr lcal Characteristics {Continued)
tions with standard type face are for Ty = 25°C, and those with boldface type apply over full Operating Tempera-
wre Range. Uniess otherwise specified, Viy — Vour = 5V, ard loyt = 10 mA, (Note 3)
Parameter Conditions LM3T7A tMI7 Units
Min Typ Max | Min | Typ | Max
Refarence Volitage 1.238 | 1.250 | 1.2682 v
3V < (Vi — Vour) < 40V,
10 MA < oyt < Ivax. P < PMAX 1,228 | 1.250 | 1.270 | 1.20 | 1.28 | 1.30 v
Line Regulation 3V < (Vin = Vour) < 40V (Note 4) 0.008 0.01 001 | 004 | %/V
0.01 0.02 0.02 ( 0.07 | %/V
Load Regulation 10 mA < loyt S IMax (Note 4) 0.1 0.6 0.1 0.5 %
0.3 1 0.3 1.8 %
Thermal Regulation 20 ms Pulss 0.04 0.07 004 | 0.07 | %¥/W
Adjustment Pin Current 80 100 80 | 100 | pA
Adjustment Pin Current Change | 10 mA < gyt < lvax
V£ (Vi = Vour) £ 40V 0.2 8 02| 8 | ua
Temperature Stability TN X Ty £ Traax 1 1 *
Minimum Load Curvent (Vin = Vout) = 40V 3.5 10 38| 10 | ma
Current Limit Vin — Vour) € 18V
K and T Package 1.3 2.2 d.4 1.8 22 | 3.4 A
H Package 0.8 0.8 1.6 (08 (068 | 1.8 | A
P Package 0S8 | 08 | 1.8 A
(Vin = Vout) = 40V
Kand T Package 0.15 0.4 015 [ 04 A
H Package 0.075 0.2 0075 | 0.2 A
P Package 0075 | 0.2 A
RMS Output Nolse, % of Voyr | 10Hz £ f < 10 kHz 0.003 0.003 *
Ripple Rejection Ratio Vout = 10V, 1 = 120 Hz, 68 es @
Capy = O ufF
Vour = 10V, = 120 Hz,
Cay = 10 F oe 80 68 | 80 .d8
Long-Taerm Stability Ty = 125°C, 1000 hrs 0.3 1 0.3 1 %
Tharmal Resiatance, Junction- | K Peckage 23 3 23 3 |C/W
to-Case H Package 12 15 12 15 |*C/w
T Package 4 5 4 ‘C/w
P Package 7 C/W
Thermal Resistance, Junction- | K Package 35 35 *‘Cc/w
to-Ambient (No Heat Sink) H Package 140 140 “‘C/IwW
T Packege 50 50 C/W
P Package 8o oW
Note 1; Absolute Mudmum Ratings & finlts b which damage 10 the device may ocowr. Operating Ralings indicate conditions for which the devios is
intendad t© be functional, b do not @ mita. For g spaciiications snd test conditions, see the Electrical Characienistics,

of 2W lot the TO-39 and TO-202, end

LLEWV/VLLEWT/LLEWY/ VLN
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Connectlon Diagrams (see Physical Dimension section for further information)

(Y0-3)
Metal Can Package

ADIUSTMENT Vin

CASE S OUTPUT

TL/H/9083-30
Bottom View

Steel Packages .
Order Number LM117AK STEEL, LM117K STEEL,
LMI17AK STEEL or LM317K STEEL
See NS Package Numbar KO2A

Aluminum Packages
Order Number LM317AKC or LM317KC
Seo NS Package Number KCO2A

({T10-220)
Plastic Package

O |~

ADS Vin

Vaur
TUH/9063-32
Front View

Order Number LM317AY or LM317T
See NS Package Number T038

(TO-39)
Metat Can Package

Nyt
O=t— ADJUSTMENT

ourruy

-CABE IS OUTPUT TUH/8082-31

Bottom View .

Order Number LM117AH, LIB117H, LM317AH or LM317H
See NS Package Number HO3A

(10-202)
Plastic Package

O

~— Yoyt

p— V,*

G

Front View

Order Number LM 17TMP
See NS Package Number PO3A

Vour
TU/H/8083-3"
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LM111, LM211, LM311, LM311Y

DIFFERENTIAL COMPARATORS WITH ST ROBES

D1312, SEPTEMBER 19T3-REVISED FEBRUARY 1982

¢ Fast Response Times

*  Strobe Capabliity

* Maximum Input Blas Current . .. 300 nA
¢ Maximum Input Offset Current...70 nA
* Can Operate From Siagle 5V Supply

* Deslgnod to Be Interchangeable With

LM111...J PACKAGE
(TOP VIEW)

NC({ 1 14[INC
| NC
IN+{] 3 12[] NC
IN=]] « 11|l Ve
NC(] s 1ol NC

Vee-l] & s|] COL OUT

Natlonal Semiconductor LM111, LM211, and BALANCE[] 7 a|] BAL/STRB
LM311 ‘ .
; LM111...JG PACKAGE
description LM21%, LM311 ... D, D8, P, OR PW PACKAGE -

The LM111, LM211, and LM311 are single {TOP VIEW)
high-speed voltage comparators, These devices v
are designed to operate from a wide range of e out(] | Vec«
power supply voltages, Including 15-V-supplies IN+[ [ COL ouT
for operational amplifiers and 8-V supplles for logic IN-] | BAL/STRB
systems. The output favels are compatible with Vee-U | BALANCE

most TTL and MOS clrcults. These comparators
are capable of driving tamps or relays and
switching voitages up to 50 V at 50 mA. All inputs
and outputs can be Isolated from system ground.

The outputs can drive loads referenced to ground, EMIT OUT

Vgoes of Veo—. Offset batancing end strobe
capabillties are avallable, and the outputs canbe
wira-OR connected. If the strobe Is low, the output
will be In the off s’ate regardiess of the diflerential
input.

The LM111 is characterized for operation over the
full military range of —55°C to 125°C. The LM211
is characterized for operation from —40°C to 85°C,
and the LM311 is characterized for operation from
0°C to 70°C.

functional block diagram

LM111... U PACKAGE

(TOP VIEW)
*17 10 Vee.
IN+[] 2 9 ] COL OUT
IN-(] 3 s[J NC
NG 4 7]] BAUSTRB
Vee-ll s ¢[] BALANCE

LM111 ... FK PACKAGE
(ToP VIEW)

BALANCE
BALSTRB
IN+ COL OUT
N= EMIT OUT
NC-No internal connection
nm;ﬁ:"mwnz % Copyright © 1992, Texas instruments Incorporsted

POST OFFICK BOX 835303 © DALLAS, TEXAS 78285
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LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

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

Supply voltage, Ve (SEENOtE 1) ..iivviiieiiiereieieieiietriiiianiiaiiciorearioneaioiee. 18V
Supply voltage, Voc-—. (888 Note 1) .....vvvrreinneriinirieiereiiiiiinieiaiieiscaiineni.. —18V
SUPPDlY VOIAGE, VOG+ = VGG ++revrrrerrrassaranstsiseersiancrioiinnrrressnassessasicisieess 38V
Differential input voltage (588 NOte 2) .......eevierisrrrereieresrersiesccerenininiiaiiiaie 230V
Input voltage (either input, see Notes 1and 3) ......evverrinrinieionnereiiiiiiniiiinneien. 215V
Voltage from emitter output to Voc— -+ cccvarcnniiiiiiniianiiiiiiiciiiiiiiiiiinn cesneennn .. 30V

Voliage from collector output to Vee—: LMITT ..ouiveniennnnn B A
. LM211 oooiiiiiieieneineciannsinennsnasiiscasassasnaaes 50V

Y A Cereeriesenerierneess 40V
Duration of output short circult (Se@ NOt@ 4) ..... . ieuiiiiererincirsiiirsosercarsineincenia.. (08
Continuous total diSSIPAtIoN .« . vueverveieinieeinisssisiiansaien .v..... See Dissipation Rating Table
Operating free-air temperature range: LM111 .........oiiiiiiiiiiiiiianioniiiein... —55°Cto 125°C
LM211 ..avivane creeereriencnanissiseanennss =40°Cto 85°C
LM31T . iierenieiiicoaosrsnassssaisnarcnssonssess 0°Cto70°C

Storage toMPErature MANGE . .....ceuiesrirneransiiesoosarsaartasssesssasans vereass —65°Cto 150°C
Case temperature for 60 seconds: FK PACKAEE ....oviiieiiiiiiirierariiiircnrscrccisianiises 260°C
Lead temperature 1,6 mm (1/16 Inch) from case for 10 seconds: J, JG, or U package ............. 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: O, DB, P, or P\W package ........ 260°C
NOTES: 1. All voitage vaiues, uniess ctherwise notad, are with respect to the midpoint between Ve, and Voc—
2. Differential votages are at the nonitve:ting input termina! with respact 1o the inverting input terminal.

3. The magnitude of the input voltage must never exceed the magnituda of the supply voliage or = 15 V, whichever is less. '
4. The output may be sho:ted to ground or either power supply. .

DISSIPATION RATING TABLE -
PACKAGE Ta=25°C DERATING DERATE Ta=T70°C Ta=85C Ta=125C
POWER RATING FACTOR ABOVET, POWERRATING POWERRATING POWER RATING
D 500 mW . 8.8mWrC  64'C 484 MW 37T mW -
DB or PW 500 mW 4.2mWrC atc 336 mW . - -
FK 800 mW 11.0 mW/°C 105°C 500 mW 500 mW 275 mwW
J 500 mW " 11.0 mW/C 105°C © 500 mW 500 mW 276 mW
Je 500 mW 8.4 mW/"C 90°C . 800 mW S S00mW . . 210mW
P 500 mW 8.0MWIC 88°C 500 mW 500 MW -
u 500 mW 5.4 mW/"C §7°C 432 mwW 351 mwW 135 mwW
recommended operating conditions
MIN MAX | UNIT
Supply voltage, Voo 4 —Vee- B ’ - 38 o| v
Input voltage (|Vec:[s18 W) : Vee-+05 Voc.-18| Vv
. LM -58 126
Operating frag-air jemperature range, TA LM211 =40 8| °C
LM3 11 0 70
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LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

olectrical characteristics at specified free-alr temperature, Vo, = £15V (unless otherwise noted)

LM111, LM211 LM311
PARAMETER TEST CONDITIONS Tat N TVt T UNIT
25'C 0.7 3 2 18
Vio  Inpuioffset voilage Sea Note 5 o ” = m
25°C 4 10 8 50
WO  Inpul offset current See Note 5 Full range = =K A
- 25°C 75 100 100" 250
[T:) input bias current Vo=1Vio 14V Fall range 150 200 nA
Low-leve! strobe ] _ ~
UL(S)  current (see Nots 6) V(strobe) =0.2V, Vjp=-10mv | 25°C 3 a mA
13 138 .13 138
VicR vonag o Fulsange | to 10 to to v
e range —145 -147 -145 -147
, Large-signal :
Avp  differentlaivoliage |Vo=5V1035V, R =1kQ 25°C 40 200 40 200 Vimv
amplfication .
{strobg = =3 MA, 25°C 0.2 10 E aA
loy Hiah-level (cofiecta) vy« gmv, VoH=35V [Fulrange 05 A "
OH
output current Vip=5mV, Von=05V | 25°C 02 80| nA
Vip = =6 mV 25'C 075 15
loL~80mA
Low-tevel (collector: : Vig==tdmv |} 23:C 07515
VoL to-emitter) VeC« w45V, |Vip=-8mV | Full range 023 0.4 v
output vottage Voc-=0,
loL=BmA  jvipa—10mV | Fulltacge 023 04
Suppty current from ! 1 A
cc+ VCC + Output low Vip = -10mV, No loag 25°C 5. 8 51 75| mA
Supply current from . N _ _
IcC- VGG output high Vip = 10mV, No load 25'C 4.1 5 4.1 5| ma

T Uniess otherwiss noted, efl characteristics are measured with BALANCE and BAL/STRB open and the emitier output grounded.
Full range for LM111 Is —-85°C to 128°C, for LM211 is -40°C to 85°C, and for LM311 i 0°C 0 70°C.

$ All typicsl values are 8t Tp = 25°C.

NOTES: 5. Moﬂmmnwoﬂt«mmgwmmemhumwmcnquwedtoddvoﬂncoﬂoclorotmupto14Vordownlo1 \
with & pullup resistor of 7.5 kQ to Vg 4. These parameters aciually define an etror band and take into account the worst-case sflects
of voltage gain and input impedance.

6. The strode should hot be shorted to ground; it should be current driven at -3 mA to -5 mA, see Figures 13and 27..

switching characteristics, Voo, =18V, Tp =25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
Rasponse time, low-to-high-level output i 1§ ns
v, C F,
Fres e, ovel Rc=500Qto5 (=S pF, See Note7 165 -

NOTE 7 The response time spacified is for a 100-mV input step with 5.mV overdrive and is the interval between the Input step function and the
mstant when the output crosses 1.4 V.

Tms‘w
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LM311Y

DIFFERENTIAL COMPARATORS WITH STROBES
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electrical characteristics at Voo, = 215 V (unless otherwise noted)

PARAMETER TEST CONDITIONST MIN TYP MAX | UNIT
Vio  Inpu! offset voltage See Note 5 2 18| mv
ho Input offset current See Note § 6 50| nA
he Input blas currant Voe=1VioldV 100 250 nA
'lL(§] Low-level strobe current (see Note 6) Valtog =03V, Vips-10mV -3 mA
. 13 128
Vica Common-mode input voltage rangs ’ to 10 v
=145 =147
Ayp Large-signal differential voltage amplification |Vo=5V10 35V, Ry =1k 4 200 VimvV
tor  High-lavet (collector) output current lytrsbe =—3MA,  Vip=5mV, VOH =35V 0.2 | oA
VoL m,, (colactar-fo-emiie SR oL = 50 mA, Vip ==10 mV 075 18| Vv
lece Supply current from Vo 4. output low Vig==10mV, No cad §.1 78| mA
lec~  Supply cument from Voo, output fow Vip = 10mV, No load -4 5| mA

1 Unless otharwise noted. all characterisiics are measured with BALANCE and BAL/STRB open and the emitier ouiput grounded,
NOTES: 5. The offset voltages and offsat currents given are the maximum values required o drive the collector output up to 14 V ordownto 1 V
with & putlup resiator of 7.5 kQ to VGC . These parametan actually define an error band and take inio account the worst-case effecis

of voltage gain snd irput impedance.

6. The strobe shoutd not be shorted to ground; it should be cucrent driven at ~3 mAto —5 mA, see Figures 13 and 27,

switching characterlistics, Vog, = +15V, Tp =26°C

PARAMETEA TEST CONDITIONS MIN  TYP  MAX ]| UNIT.
Response time, low-to-high-level output 1s ns
me. high el Rc=500Qw8Y, C_=SpF, SeeNote7 TeE -

NOTE 7: The responss time specifiad & for a 100-mV Input step with 5-mV overdrive and is the intstval between the input step function and tha

instant when the output crosses 1.4 V.




NE5S5, NE5S5Y, SA555, SES55, SESSSC
PRECISION TIMERS

01681, SEPTEMBER 1873—REVISED FEBRUARY 1992

SE555C FROM TI IS NOT RECOMMENDED

description

Timing From Microseconds to Hours D, JG, OR P PACKAGE

{TOP VIEW)

Astable or Monostable Operation
anNo(] 8[1Vee

Adjustable Duty Cycle TRIG[ 2 7l oiscH
TTL-Compatible Output Can Sink or RE(;UE'I' 3 6 HZ%HNE;:‘S
Source up to 200 mA 4 5
Functionally Interchangeable With the FK PACKAGE
Signetics NESS5, SA555, SES5S, SES55C; (TOP VIEW)

Have Same Pinout

FOR NEW DESIGNS

These devices are precision monolithic timing
circuits capable of producing accurate time delays
or oscillation. In the time-delay or monostable
mode of opergtion, the timed intarval is controlled
ty a singie external resistor and capacitor
network. In the astable mode of operation, the
frequency and duty cycle may be independently
controlled with two external resistors and a single
external capacitor.

NC~No internal connection

The threshold and trigger levels are normatly two-thirds and one-thitd, respectively, of Voc. These levels can
be altered by use of the control voltage terminal. When the trigger inpu falls below the trigger level, the flip-flop
is set and the output goes high. If the trigger input is above the trigger level and the threshold input is above the
threshold leve!, the fiip-flop Is reset and the output is low. RESET can override all other inputs and can be used
to initiate a new timing cycle. When RESET goes low, the fiip-flop is reset and the output goes low. Whenever
the output is low, a low-impedance path is provided between DISCH and ground. : '

The output circuit Is capable of sinking or sourcing current up to 200 mA. Operation is specified for supplies of
&V to 15 V. With a 5-V supply, output levels are compatible with TTL inputs,

The NESSS is characterized for operation from 0°C to 70°C. The SAS5SS Is characterized for operation from
—40°C to 85°C. The SE555 and SESS5C are characterizad for operation over the full military range of -55°C
to 125°C.

AVAILABLE OPTIONS
PACKAGE
Ta VTHRES max | SMALL OUTUNE | CHIP CARRIER | CERAMICDIP | PLASTICDIP [CHIP FORM
vee =15V ©) (£K) ) ®) ™

0°C10 70°C 1n2av NESS50 NESS5P
-40*C to 85°C 1.2v SAS55D SA855P
esCwizsc | 108V SE585D SESSEFK SES55JG SESSSP NESSSY

1M2v SES55CD SE5S55CFK SES55CJG SES555CP

The D package Is available taped and reeled. Add ihe suflix R to the device type (e.g. NESS5DR).

43
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NE555, SA555, SE555, SESS5C

PRECISION TIMERS
-
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, Voc (SeeMNote 1) ... .cooiiiiiiiniiniaininicans, D - 1.V
Input voltage (CONT, RESET, THRES, and TRIG) ......ccovvvivnneiiiann, ceireicisesenaianaes VOO
OULPULCUITENE ... et ieriiaananennianeasissrnssssnsensiosionssssnnnns P cerenaa, 2225 MA
Continuous total disSIPation . .....voveivsinitiersstusioiirirrioncinasns SeeDIssipallon Rating Table
Operating free-air temperature range: NESS5 ............. e Ceiades s 0°C to 70°C
SA555 t..iiiviinan Cvenmans Ceraanens N —40°C to 85°C
SES55,8E555C ...iiiviiiarannriiaaas NP -55°C to 125°C
Storage 1emPerature rANGE ... ...ivacioncressssrersostranrsrsssarans i rraisiiraees -65°C to 150°C
Case temperature for 60 seconds: FKpackage ........eveeevivrennncacnaans fiiiieaniiasaae.. 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: Doerackage ireaniesenein... 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .................... 300°C

NOTE 1: All voltage values are with respect to netwark ground temminal,

DISSIPATION RATING TABLE
PACKAGE Ta x25°C DERATING FACTOR .  Tp=70°C Ta=85°C Ta=125°C
POWER RATING ABOVE Y4 = 25°C POWER RATING POWER RAYTING POWER RATING
0 725 mW 5.8 mW/'C 464 mW 377 mW N/A
FK 1375 mW 1.0 mWrS B8O mW 715 mW 275 MW
JG (SE5S8S, SES55C) 1050 mW 8.4 mW/C 872 mwW 546 MW 210 mW
JG (SA535, NESS5C) 825 mw 8.6 AW/ C 528 mW 20 mw . N/A
P 1000 mW 8.0 mW/*C 640 mW 520 mW N/A
recommended operating conditions
NESSS SA535 SESSS SESSSC
MIN_ MAX| MIN WMAX | WMIN MAX| WMIN sAx| UMT
Supply voliage, Veo 45 16| 45 16| 45 18] 45 16 Vv
Input vollage (CONT, RESET, THRES, and TRIG) veo Vee vee Voo v
Output curent £200 200 | 2200 2200 mA
Operating free-air temperaiure, Ta 0 20| -40 85| -s5 125 -85 128] ¢ |
o
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NESS5, SA555, SES55, SES55C

PRECISION TIMERS

electrical characteristics, Voc = 5 V to 15 V, T = 25°C (unless otherwise noted)

sesss NESSS, SASSS,
PARAMETER TEST CONDITIONS SESSSC UNIT
MIN _TYP MAX| MIN TYP MAX
Veg =15V 94 10 108| 88 10 1.2
THRES valtage level v
voage lsve Voc =8V 27 33 4| 24 33 42
THRES current (see Note 2) 30 260 30 250| nA
PG vottace lavel Voo =15V 4.8 5 52| 45 s s&|
tage lovel Vg =5V 145 167 18| 1.1 167 22
TRIG current TRIG &t 0V " 05 08 0.5 2] A
RESET voltage level 0.3 0.7 1 0.3 0.7 1 v
RESET at Veo 01 04 01 04|
mA
RESET current RESET 810 V -04 -1 ~04 -5
DISCH switch ofl-state current 20 100 20 100| nA
- Vce=15V 8.6 10 104 9 10 1 .
ONT voita n circui v
¢ g8 (open circut) - =SV 20 93 38| 26 233 4
ToL = 10 mA 01 015 c1 025
o loL = 50 mA 24 05 04 075
cC =
Low-tevel output voltage 181 2019 mA 2 22 2 28 v
ioL = 200 MA 25 25
Nocdb loL=58 mA 01 02 01 035
loL =8 mA 015 025 015 04
‘ vy 1OH = - 100 mA 13 133 1275 133 v
High-level output voliage lOH = =200 mA 128 12.5
Veg=5V IoH = =100 mA FEE) 275 33
Voo =15V 10 12 0 15
Outputiow, Noload =S
; VoG =8V 3 3 3 6| mA
Supply current VoG =18V 10 KR ‘
Output high, Nolosd | -SC= :
VoG =8V 2 4 2 s

NOTE 2: This parameter influences the maximum value of the timing resistors Ra and Rg in the clrcult of Figure 12. For exsmple, when
VGG = 5 V. the maximum value is R = Ry + A ~ 3.4 MQ, and for Vce = 15 V, the maximum value is 10 MQ.

operating characterlstlcs, Voc =5 Vand 15V

.l NESSS, SASSS,
PARAMETER cong.::;«s 4 SES55C UNIT
MIN  TYP NAX| MIN _TVYP MAX
- Each timer, monostable§ ' 0.5% 1.5% 1% 3%
inhial error of timing interval? = Rl i Tan2s%c 5% 2.25%
Temperature coefficient Each timer, monostable$ 30 100 50
of timing interval Each timer, astablet Ta = MIN 1o MAX 0 150 ppm/*C
Supply vohiage sensiivity Eachmer, monostiet | 0 005 02 o1_os|
of timing interval Each timer, astablet 0.15 03
Output puisa riae time Ci = 15pF, 100 200 100 300
Output pulss (all tme Ta = 25°C 100 200 00 800|

1 For conditions shown as MIN or MAX, Use the appropriate value specified under recommended operating condiions.

4 Timing interval arror is defined as the differance between the measured value and the average value of & random sample from each process run.
§ vatues specified are for a device in a monostable circuil similar to Figure &, with component values as follow: RA =2 kQ to 100 k2, C = 0.1 uF.
1Values specified ara for a device in an astable circuil similar to Figure 12, with coinponent values as follow; RA = 1 kQ2 10 100 kQ, C = 0.1 pF.

as Y0
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NES55Y
PRECISION TIMERS
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electrical characterlstics, Voe =5 Vo 15V, T = 25°C (unless otherwlise noted)

PARAMETER TEST CONDITIONS MIN__ TYP  MAX| UNIY
Vee=15V 8.6 10 1.2
fovel v
THRES vottage VoG =5V 24 33 42
THRES currert (see Nole 2) 30 250 nA
Voc = 15V 45 5 56
v
TRIG vohtage fevel Vec =5V 67 22
TRIG current TRIG a0V 0.5 2] A
RESET voitage lovel 03 0.7 1 \2
RESET at Vo 01 04
mA
RESET current RESET aloV 04 15
DISCH switch off-state current 20 10| nA
Vo~ 15V 5 1 0
v
CONT voltage (cpen cireult Voo=5V 26 33 4
1oL = 10mA 01 025
AN foL = S0mA 04 075
cce oL = 100 mA 2 25
Low-level output vottage L - v
ow-lavel outpul vofiag oL = 200 mA 25
IoL =S mA 01 035
sV
voc - oL = 8 mA 018 04
loH=-100mA | 12.75 133
=15V v
High-leval output voltage Vee IOH = ~200 mA 125
Voe=5V loH=-100mA | 275 34
2\ Voc =18V 0 15
Ouputiow. Noksd i oy 6 m
Supply cument Voc=15V 5 13
, No load
DR th Voo =5V 26

NOTE 2: This parameter influsnces the maximum vaiue of the timing resistors Ra and Ry in the circult of Figure 12, For example, when
Vee = 5V, the meximum value is R = Rp + Rp = 3.4 M0, and for VGG = 15 V, 1he maximum value is 10 MQ

operating characteristics, Voe = 5 V and 15V, Ta = 25°C (unless otherwise noted)

TEST CONDITIONS MIN  TYP MAX | UNIT
\nillal error of timing intervalt Each limar, monostabla 1% 3%
Each imer, astable? 2.26%
. Each: timer, monostable? 01 05
Supply voltage sensitivity of timing intecval ’
pply Each timey, asigble? 0.3 N
Output pulse rise time CL=15pF 100 300 s
Qutput putse fafl ime 100 300

1 Timing intesval errov s dafined as ihe difference betwean the measured value and the averags vaive of a random sample from each process run.
1 Values specified are for a device in a monostable circult similar to Figure 9, with component values as follow: Ra = 2 k(2 1o 100 kQ, C = 0.1 uF.
§ Vaiyes specified are for & device in an astable circuit similar 10 Figure 12, with component values as follow: RA = 1 k010 100 kQ, C = 0.1 uF.

*p
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MOTOROLA .
mn SEMICONDUCTOR /5 —
TECHNICAL DATA

' | - 4N25
6-Pin DIP Optoisolators . 4N25A
Transistor Output 4N26

These devices consist of a galiium arsenide infrared emitting diode optically coupled 4N27
to 8 monlithic silican phototransistor detectar. _ 4N28
o Convenient Piastic Duai-in-Line Package S
e Mont Economical Optoisolator
o High Input-Output Isolation Gusranteed — 7500 Voits Pesk

o Meets or Exceeds All JEDEC Registered Specifications 6-PIN O(P
o UL Racognized. File Number E64915 A OPTOISOLATORS
o VDE approved per standard 0883/6.80 (Cenificate number 41853), with additional TRANSISTOR OUTPUT

approvel 1o DIN IEC380/VDEO80S, 1EC435VDEOBOS, {ECG8/VVDE0860, VDE110b, covering
all other stancards with equat oc less stringent requiraments, including reczoa@
VDEG113, VDEO160, VDE0S32, VDE0S33, etc. 3
o Spocial lead form gvallsble (add suffix “T" 1o part number) which satisfies VDE0883/
6.80 requirement for 8 mm minimum creepage distance between inout and output

solder pads. ‘
o Various lead form aptions availabla. Cansuit “Optaisoiator Lead Form Options” data
shaat for detsila. . :
. . . CASE Y30A-02
MAXIMUM RATINGS (T = 26°C uniess cthetwise nuted] PLASTIC
| Reting | symbol | Vvaue uaht |
INPUT LEO ‘ : : SCHEMATIC
Reverse Voltage . VR k] Vaits
Forward Current — Continuous § &G mA
LED Power Dissipation @ Tp = 25°C Pp 120 mw

with Negligible Powsr in Output Detactor .

Detats above 26'C 1.4 mWrC ! 6
OUTPUT TRANSISTOR .
Collector-Emitter Voitage VCEO 30 Volits ? 0%
Emingr-LCollector Vnitage VECO 7 Volts —od
lo—

Collactor-Basa Voltsgs vceo 70 Vot
Collactor Current — Continuous ic 1% mA
Oetactor Powsr Dissipstion @ Ta = 26°C Pp 150 mw
with Negligible Power in Input LED
Derate sbove 25°C 176 mwrc 1. LED ANOOE
Isolation Surge Voltage (1} Viso 2500 Ve 4, EMTTER
(Pusk sc Voltage, 60 Hz, 1 sec Durstion) 5. COLLECTOR
Total Davics Power Dissipstion @ Ta = 26°C Pp 250 "nw 8.BASE
Derste sbove 25°C 294 mwrC
Ambtignt Opersting Temperature Range Ta ~56 to + 100 b ¥
Storsge Tempersture Range Tag =55tc +150 *c
Soldering Temparsture (10 sec, 1/16” from caze) Tsol 260 <

o ea dial Beankd:

(1) (solation surge Qe la an i enting.
for thia test, Pins 1 and 2 are common, and Pins 4, 5 and 6 ata common.



4N25, 4N25A, 4N26, AN27, aN28

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless atherwisa noted)

82

[ Characteristic Symbol | M | Ty | Max | Unr
INPUT LED
Forward Vohaga (Ig = 10 mA) TA = 25°C VE -— 1.15 1.5 Volts
TA = —-S§C —_— 13 —_
Ta = 100°C _— 1.08 —_
Reverse Leskage Current (VR = 3 V) R -— - 100 uA
Capscitence (V = OV, { = 1 Miiz) Cy —_— L] - pF
OUTPUT TRANSISTOR
Collector-Emitter Dark Current 4N25,26A,26,27 ICEO - 1 50 nA
{(VCE = 10V, Ta = 28°C 4ANZ8 —_ 1 100
(VCg = 10V, Tao = 100*C)’ " All Devices Iceo — 1 — pA
Collector-Bese Dark Current (Veg = 10 Vi iceo —_— 0.2 - nA
Coll -Emittar kdown Voltage lic = 1 mA} V(BRICEQ 30 45 - Voits
Collector-Base Breskdown Voltage (Ic = 100 A VIBRICBO 70 100 - Volts
Emitter-Collactor Breakd Voltage (ig = 100 pA) VIBRIECO 7 78 - Volts
DC Current Gain {ic = 2mA, Vgg = 5 V) thee - 500 - —_
Coilector-Emitter Cspacitance (f = 1 MHz, Vcg = 0) Cce - b - pF
Collector-Easo Capacitsnce (f = 1 MHz, Vg = 0) Ccg - 19 -— of
Emirer-Bese Capacitance {f = 1 MHz Vep = U} Cgp - 9 | -— pf l
COUPLED
Output Collector Current {I = 1C mA, Vge = 10 V) Ic mA
4N26,26A,26 2 7 -_—
4N27,28 h] 5 —_ . .
Collectot-Emitter Suturstion Voltage (Ic = 2 mA, l¢ = €0 mA) VCE(sat) -— 318 as Volts
Turmn-On Time {Ig » 10 mA, Vgc = 10V, R = 100 ) ton - 28 —_ us
Yurn-Oft Time {If = 10 mA. Vgg = 10 V. Ry = 100 ) toft - 4s - us
Rise Time (f = 10 mA, Vee = W0V, Ry = 100 0D) ty - 1.2 - us
Fall Tima (Ig = 10 mA, Voc = 10V, Rg = 100 N} Yy — 13 - us
lsclation Voltage {f = 60 Hz. 1 = 1 sec) Viso 7500 - — Vacipk)
Isolation Resiatence [V = 500 VI Ri50 1011 — - a
lsolation Capacitence (V = OV, { « 1 MMz Cis0 - 02 — oF
QUTLINE DIMENSIONS
NOTES:
A oo M 1. BHENSCMIN X0 TOLAAMCRNG P2 e
y~ AW Y. ANOOE 4.0, Y92
1 CATHODE i : OL
" 3 O 10 GINTER 0¥ LSAD WHEX AURMD
4 EMTTER
_t S, COULECTOR
TATEY « 8ASE
x —C R :-— L _.!
I h | )
L™ ——T_“
a l H el n
€ u\/ [Hsnnen® [11®]10]
L X1.1 s
[Flenem® [1]2® [e®|  CASE 730A-02 "
PLASTIC
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