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34

SERIES 34 Series - Slim solid state PCB relays (SSR) 0.1 -2 A
Features 34.81-9024 34.81-7048 34.81-8240
~ Ultvarslim - Solid State Relays
A A\I'ii Printed circuit mount
~ - direct or via PCB socket
~ 35 mm rail mount
- via screw, screwless or push-in ferminal sockets
« Single zircuit cutpul switching options
-2 A 24VDC
-0.1A 48V DC
-2 A240VAC
« Silant, high speed switching with long «2 A, 24 Y DC output «0.1 A, 48 V DC ouiput = 2 A, 240V AC oulput switching
slechical life switching switching « Zero crossing switching
. « PCB or 93 series sockets « PCB or 93 series sockets « PCB or 93 series sockets
» Ulira slim, 5 mm, package
« Sensitive DC Input circuits {Dual AC/DC e e
input drive possible using 93 series sockets) e ] i i i i yi
« UL Listing {cerfain relay/socket combinahions) ! l% % l; | : : l% Ay I; : ! l% % ﬂ:
= Wash tight: RT Il LI S~ I - (R .~ A RO~ . . ! E i A >
* 2,500 V insulation, inputoutput A2 Al N+ 1 A2 A+ iE il nou
inp-uf output in-;.)-uf ou;;-)ul input output
1l 13 12
o | it H (3l | et ! RN | e
i ﬂ .......... T %&B __________ T Y %I. ﬂ ainl
a | 75 1635 5[ 19 | P kﬁ‘ 1825 l 6.1 [ F uhﬁl ws | 5|19
} 28 | e 2% L ]
For outline drawing see page 5 Copper side view Copper side view Copper side view
Quiput circuit
Contact configuration I __'I E(l [SPST-NO) - 1 NO (SPST-NO; 1 NO (SPST-NOQ)
Rated current/Maximum peak current {10 ms} A 2/20 0.1/0.5 2/40
Rated voltage/Maximum blocking voltage v [24/33)DC (48/60)DC [240/—)AC
Switching voltage range ' (1.5...24)DC (1.5...48)DC (12...275)AC
Repetitive peak offstate voltage Vik — - 600
Minimum switching current mA 1 0.05 22
Max. "OFF-state” leakoge current mA, 0.001 0.001 1.5
Max. “ON-state” voltage drop v 0.12 1 1.6
Input circuit
Nominal veltage vDpC| 5 | 12 24 60 24 60 5 12 24 60
Rated power AC/DC W] 0.035/0.087| 0.17 | 0.18 0.7 0.18 0.060|0.087( 0.17 | 0.18
Operating range VDC|3.5.1Z 8..17 16..30(35..72 16...30 35..72 3.5..10| 8..17 16...30(35..72
Control current mA| 7 7.2 7 3 7 3 12 7.2 7 3
Release voltage voCc| 1 4 10 20 10 20 i 4 10 20
Impedance Q| 715 1,94013,200 |21 ,SOq 3,200 21,300 416 |1,940|3,200 (21,300
Technical data i
Operate/release time ms 0.1/0.6* | 0.04/0.6* 12/12*
Dieleciric strength between inpul/output v 2,500 2,500 2,500
Ambient femperature range i —20...+60 -20...+60 -20...+60
Environmental protection RT NI RT It RT I
Approvals (according 1o type) c € @ FAI @ AL c € HI[ @ Y,

* Note: all technical data relates 1o using the relay directly on PCB or PCB socket type 93.11.
If the relay is used with 35 mm rail socket type 93.51, refer to the technical data of 3B Series; if used with types 93.60, 93.61, 93.62, 93.63,
93.44, 93.65, 93.66, 93.67,93.68 and 93.69, refer ta the technical data of the Master/NTERFACE 39 Series.

%2014, www.lindernet.com
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34 Series - Slim electromechanical PCB relays 6 A

Features 34.51
Ulira-slim 1 Pole - 6 A relay |
Printed cireult mount < I,,l‘g'
- diredt or via PCB socket b [
35 mm rail mount Ha 3g,“ml°-m.§
- via screw, screwless or push-in ferminad sockets .%;""’M'uw i
y !
« 1 Pole changeover contacts or M
1 Pole normailly open contact
« Ulira slim, 5 mm, package
» Sensitive DC coil - 170 mW [Dual AC/DC coil .
d ble us « 5 mm wide
rive possible using 93 series sockets) Low coil
) : « Low coil power
« UL lusling (certain relay/socket combinations) | | pep or 93 series sockels
+ Cadmium Free contact materials
» 8/8 mm clearance/creepage distance
+ 6 k¥ {1.2/50 ps) insulation, collcontacts pemrmmmmmnmean——- '
A2 A1 2 1 14
1 13
T i
%-...9 ....... TN 1
b 1126 |5 5] 18
28
FOR UL RATINGS SEE:
“General technical information” page V
For outline drawing see page 5 Copper side view
Contact specification
Confact configuration 1 CC (SPDT)
Rated current/Maximum peak current A 6/10
Rated voltlage/Maximum swilching voltage ¥ AC 250/400
Rated load AC1 VA 1,500
Rated load AC135 (230 V AC) VA 300
Single phase motor rating (230 V AC) kwy 0.185
Breaking capacity DC1: 30/110/220V A 6/0.2/0.12
Minimum swiiching load mW {V/mA) 500 {12/10)
Standard contact material AgNi
Coil specification
Nominal voltage {Uy) V AC [50/60 Hz) - 7
¥ DC 5.12-24-48-60
Rated power AC/DC VA (50 Hz)/W —/0.17
Operating range AC -
DC (07..1.5)Uy
Helding voitage AC/DC —/0.4 Uy
Must drop-out voltage AC/DC —/0.05 Uy
Technical data
Mechanical life AC/DC ) cycles =101
Electrical life ot rated load AC1 cycles 60-10°
Operate/release time. ms - 5/3
§ Insulation between coil and confacts [1.2/50 ps) kY 6 {8 mm)
£ Dielectric strength between open conlacts V AC 1,000
£ Ambient Iemperuture range °C —40...+85
% Environmenial protection RTII
~t
=) rovals {occording fo type) " >
§ Aep ( g o fyp @ [ & rRNA A5




34 Series - Ultra-Slim PCB relays

Ordering information

Electromechanical relery (EMR
Example: 34 series slim electromechanical relay, 1 CO [SPDT) & A contacts, 24 V sensitive DC coil,

C

A
[3_il_5 ]_J- 7.0 2 4 @ ;)'j ; :)g
e 4 A: Contact material I|D: Special versions

T 0 = Standard AgNi 0 = Flux proof [RT Ii)
ype ] 4 = AgSnO, 9 = Flat version
5 = Electromechanical type 5 = AgNi + Av
No. of poles g —— C: Opfions
3 B: Contact circuit | = None
1=1pole, 6A 0= CO (5PDT)
Coil version 3 = NO (SPST)
7 = Sensitive DC
Coil voltage

See coil specifications

Selecting features and oplions: only combinations in the same row are possible.
Preferred selections for best availability are shown in bold.

Type |Coil version jA B C D
34.51 |sens. DC 0-4-5 |0-3 1 0
34.51 |sens. DC 0-4-5 |0 1 9

Solid state relay {SSR}
Example: 34 series SSR relay, 2 A output, 24 V DC supply.

———————— . ——, e ————

181li7io 2 4.9 0 2 4]
Seri&s———, L_ _.__J OmP!;cirwit

: 9024= 2A- 24VDC

gt 7048 = 0.1 A- 48V DC
= 55R type 8240 = 2A-240VAC

Output |

1 =1 NO (SPSTNO)

Input circuit I

See input specifications

Flat pack version

L T

6141}

T

Copper side view
Option =34.51.7000x019 2z LN

Environmental protection RT | H ﬂ ﬁ ﬁ ﬁ
3.75 1125 (5| 6]]| 1.9

X-2014, www findernat.com
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34 Series - Ultra-Slim PCB relays

Electromechanical relay
Technical data
'\| Insulation according fo EN 61810-1

| - Nominal voltage of supply system  VAC | 230/400 . -
! - Rated insulation voltage VAC|250 400
Pollution degree _ = 3 2
Insulation between coll and confact sel ) | O B
Type of insulation Reinforcad
Overvoltage category ] - B -
Rated impulse voltage kv [1.2/50 ps} | 6
Dielectric strength V AC | 4,000
Insulation between open conlacls
Type of disconnection o | Microdisconnection i~
Dielectric strength V AC/kV [1.2/50 ps) | 1,000/1.5
Conducted disturbance immunity
Burst {5...50)ns, 5 kHz, on A1 - A2 EN 61000-4-4 level 4 (4 kv)
Surge (1.2/50 ps) on Al - A2 (differential mode) TN 6100045 level 3 (2 kV)
Other data
Bounce time: NO/NC ms | 1/6
Vibration resistance {5...55)Hz: NO/NC g|10/5
“Shock resistance. T T gl2014 - T )
Pawer lost to the environment without contact current W (0.2
with rated current w|0.5 T o
Recommended distance between relays mounted on PCB mm =5 h
Contact specification
F 34 - Eledirical life {AC) v conlact current H 34 - Maximum DC1 breaking capacity
[+ 20
%
‘\‘\‘ % ];
10° Resistive load - cosp =1 —L__1 [ T
¥ ~ %Inducﬁvelood—cm=0.4 ) B
3 e 2
o e i s R = ==
& 02 e
10* 0.1
0 2 4 6 8 20 60 100 140 180 220
(Al DC voltage (V)

* When switching a resistive load (DC1) having voltage and current
values under the curve, an electrical life of = 60-107 can be expected.
® |n the case of DC13 loads, the conneclion of a diode in parallel with
the load will permit a similar elecirical life as for a DC1 load.
Note: the release time for the load will be increased.

Coil specifications

1 - Max. permitied coil voltage.
2 - Min, pick-up voltage with coil at ambient temperature.

DC coil data R 34 - DC coil operating ronge v ambient temperature
Nominal | Cail Operating range | Resistance | Rated coil U
voltlage code consumption Un 20 ~
Un Unnin | Unax R IatUy l“‘-;'"‘--.._ 1
v | v Y Q | mA 15 S~
5 | 7.005 a5 1 75 130 | 384 :
12 7.012 g4 I 18 840 | 142
24 ' 7.024 168 | 36 | 335, 7.1 70
48 | 7.048 W6 | 72 12300 1 39 ' 2 c
60 | 7060 | 42 | 90 19700 ' 3 g
0.5 k-
-20 o 20 40 60 80 =
iq) ;
g
&
&
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34 Series - Ultra-Slim PCB relays

Solid state relay
Technical data -
EMC specifications ! Reference standard '_?'? ]
Electrostatic discharge contact discharge | EN 61000-4-2 4 kv :
air discharge EN 6100042 8 kv
Fast fransients on supply terminals G R
tburst 5/50 ns, 5 kHz) EN 61000-4-4 2 kY
Voltoge pulses on supply commonmode  |EN 6100045 | 0.5kV T
terminals [surge 1.2/50 ps) differential mode EN 61000-4-5 0.5kY
Other data
Power lost to the environment without output current W (017
with rated current W |04
Input specification
input data - DC types
Nominal |  Input Operating range Release |Impedance| Control
voltage code voltage current
UN Umin Umux lat UN
v iV v VERREREQ mA
5 7.005 35 12000 1 |7154164] 7 2%
12 7.012 8 17 4 1,940, 7.2
24| 7.024 16 30 | 10 | 3200 7
60 [ 7.060 35 | 72 20 _| 21,300 3
* AC Qutput version.
Oulput specification
L 34 - Output current v ambient temperature L 34 - Output current v ambient femperature
SSR -2 A DC & AC outpul types SSR - 0.1 A DC output fypes
3.5
3.0 0.15
- 25 -
Y £ o0
2 =
FRRE s g
e 10 S 005
0.5
0.0 0
20 0 20 40 60 80 100 -20 0 20 40 &0 80 100
ra _ c

Outline drawings
Type 34.51 Type 34.81

- g — iy

]
kol
- %= — =
w w
0.5x0.5 ix0.4 « ©
—» 1 1 0.7
—N

( 03
—
—

15
=
=]
=
—
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93 Series - Socketsand accessories

=8

73.61

@ finder

for 34 series relays

Screw terminal socket 35mm rail mounting (EN 60715} @
Common features '

- Space saving 6.2 mm wide

- Connections for 1&-way jumper link

- Integral coil indication and protection circuit

- Secure relention and easy ejection by plastic clip
- Dual screw head [blade+cross) terminals

For technical data and supply versions, refer lo the MasterINTERFACE 39 Series — “Relay inferface module”

Electromechanical Relay - EMR

I Socket type {reference with the 3% Series)
Supply voltage Relaylype | MasterBASIC | MasterPLUS | MasierNPUT ; MasterOUTPUT| MasterlIMER
P 3911 ) | 13931 L) | 13941 ) i 3921 . | 13081 .}
6VAC/DC | 34.51.7.005xx10 | 93.61.7.024 | 93.63.7.024 | 93.64.7.024 | 93.62.7.024 -
12VAC/DC | 34.51.7.012.xx10 1 93.61.7.024 | 93.63.7.024 | 93.64.7.024 | 93.62.7.024 | 93.68.0.024
24VAC/DC | 34.51.7.024.xx10 | 93.61.7.024 | 93.63.7.024 | 93.64.7.024 | 93.62.7.024 | 93.68.0.024
60V AC/DC | 34.51.7.060.xx10 = 93.63.7.060 — = -
(110...125]V AC/DC*| 34.51.7.060.x10 = 93.63.3.125 — = _
{220...240V AC* | 34.51.7.060.5010 — 93.63.3.230 — = =
[110...125[V AC/DC| 34.51.7.060.xx10 | 93.61.0.125 | 93.63.0.125 | 93.64.0.125 | 93.62.0.125 =
[220...240)V AC | 34.51.7.060.xx10 | 93.61.8.230 | 93.63.8.230 | 93.64.8.230 | 93.62.8.230 =
[110...125) VDC | 34.51.7.060.xx10 = 93.63.7.125 = = -
220V DC 34.51.7.060.xx10 = 93.63.7.220 = = -
* Leakage current suppression
Solid State Relay - SSR
= _r ﬁ Socket type Ireference with the 39 Series)
ok Supply valiage Relay fype | MasterBASIC | ‘MasterPLUS | MasterINPUT | MasterOUTPUT| MasterTIMER
" 3910 ) | (3930 ) | 13940 ) | (3920 .} | (39.80 )
o5 12VAC/DC | 34.81.7.012.00c | - — = - 93.68.0.024
24VAC/DC | 34.81.7.024.00x | - 93.63.0.024(93.64.0.024 | — 93.68.0.024
[11C...125)VAC/DC*| 34.81.7.06000x | — | 93.63.3.125 = = -
Approvals '{220...240)V AC* | 34.81.7.060.x0cx — "Te3e33z30| — | = -
{occording to fype): [110...125}V AC/DC| 34.81.7.060.0xxx [ 93.61.0.125|93.63.0.125 | 93.64.0.125 | 93.62.0.125 —
CE Il @ MY, _(220--240VAC | 34.81.7.060.5000¢ 193.61.6.230]93.63.8.230 193 64.8.230 [93.62.8.230| — —
6vDC 34.81.7.005.00x | 93.61.7,024 | 93.63.7.024 | 93.64.7.024 | 93.62.7.024 =
12V DC 34.81.7.012.00x | 93.61.7.024 | 93.63.7.024 | 93.64.7.024 | 93.627.024| ~ —
24VDC | 34.81.7.024.00x | 93.61.7.024 | 93.63.7.024 [ 93.64.7.024 | 93.62.7.024 =
T 60VDC | 34.81.7.060.00x | — | 93.63.7.060] — = —
"[110...125)VDC | 34.81.7.060.00x | — T |ezé3zizs| - | - _
T 220VDC 34817060000,  —  |93.637.220] - | = —
* leakage current suppression
Accessories
16-way jumper link 093.16 (blue), 093.16.0 (black], 093.16.1 {red)
Dual-purpose plastic separator 093.60
Sheet of marker tags 060.72
Technical data
Rated values | 6A-250V
"Dieleciric sfrens-;'ih _______ | 6 kv (1. 2_/50 ys} betwsen coil and contacts
“Protection 1 category T T TP T
“Ambient ?emperofure T T T :C _40. _:76_" T o o
“Screw lorque T - ] | 0.5 ) -
Wire stip length rmn;r-n__'_lo_ T o

Solid wire and stranded wire
mm2 1 1x{0.2.25/2x15
AWG 1 x(24..14) /2x 16

Max wire size

%2014, www findernet.com
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34

93 Series - Sockets and accessories for 34 series relays g%a SERIES

Push-In terminal socket 35mm rail mounting (EN 60715) @

Common features
- Space saving 6.2 m

m wide

- Connections for 16-way jumper link
- Infegral coil indication and protection circuit
- Secure retention and easy ejection by plastic clip

For technical data and supply versicns, refer to the MasterINTERFACE 39 Series — “Relay inferfoce module”

Electromechanical Relay - EMR

Socket type [reforence with the 39 Series)

Supply voliage Relay type | MasterBASIC | MasterPLUS | MastertNPUT | MasterOUTPUT| Maste TIMER
L3901 ) | (3961 ) | (3971 ) I (3951 ) | (3991 )
6V AC/DC 34.51.7.005.xx10 | 93.60.7.024 | 9$3.66.7.024 | 93.67.7.024 | 93.65.7.024 -
12V AC/DC 34.51.7.012.xx10 | 93.60.7.024 | 93.66.7.024 | 93.67.7.024 | 93.65.7.024 | 93.69.0.024
24 vV AC/DC 34.51.7.024.xx10 | 93.60.7.024 | 93.66.7.024 | 93.67.7.024 | 93.65.7.024 | 93.69.0.024
60V AC/DC 34.51.7.060.xx10 - 93.66.7.060 - = =
{(110...125)V AC/DC*| 34.51.7.060.xx10 - 93.66.3.125 - = =
{220...240}V AC* | 34.51.7.060.x¢10 | - 93.66.3.230 - R =
(110...125)V AC/DC | 34.51.7.060.xx10 | 93.60.0.125 [ 93.66.0.125 [ 93.67.0.125 | 93.65.0.125 -
[220...240}V AC | 34.51.7.060.xx10 | $3.60.8.230 | 93.66.8.230 | 93.67.8.230 | 93.65.8.230 =
(110...125) VDC [ 34.51.7.060.xx10 ! - 93.66.7.125 — - .
T 220VDC [ 34.51.7.060xx10| —  [93.66.7.220 = = .
* leakage current suppression
Solid State Relay - SSR
| Socke? type [reference with the 32 Series)
Supply voltage Relay type | MosterBASIC | MasterPLUS | MasterNPUT T MasierOUTPUT| MasierTIMER
i 3900 ] | {3960 ) | {3970 ) ! (3950 ) | (3990
12V AC/DC 34.81.7.012 500 — — - — 93.69.0.024
24 V¥ AC/DC 34.81.7.024 o0x — 93.66.0.024 | 93.67.0.024 - 93.69.0.024
{110...125}¥ AC/DC*| 34.81.7.060.000 — 93.66.3.125 — - —
[220...240}V AC* | 34.81.7.060.x0x - 93.66.3.230 - = =
{(110...125)V AC/DC| 34.81.7.060.00x | 93.60.0.125 | 93.66.0.125 [ 93.67.0.125 | 93.65.0.125 -
[220...240)V AC | 34.81.7.060.00:x | 93.60.8.230 | 93.66.8.230 | 93.67.8.230 | 93.65.8.230 -
6VDC 34.81.7.005.000 | 93.60.7.024 | 93.66.7.024 | 93.67.7.024 | 93.65.7.024 -
~12vIc 34.81.7.012.000 | 93.60.7.024 | 93.66.7.024 | 93.67.7.024 | 93.65.7.024 =
Approvals 24V DC 34.81.7.024.000x | 93.60.7.024 [ 93.66.7.024 [ 93.67.7.024 [ 93.65.7.024|  —
laccording to type): G0VDC | 34817060000 | — | 93.667.060] — — =
CEMI @ Ays 170,125 VDC | 34,81 7.060.000 | — 93667125] = t = T[T C
220VDC | 34.81.7.060.00x —  |93667.220] T = - =
* leakage current suppression
Accessories
16-way jumper link 093.16 (blue), 093.16.0 (black], 093.16.1 {red)
Duol-purpose plastic separator 093.60
Sheet of marker tags 060.72
Technical data
Rated values 6A-250V
Dielectric strength 6 kV (1.2/50 ps) between ccil and contacts
Protection category P20
Ambient lemperature °C | -40...+70
Wire sirip length mm | 8
Max wire size Solid wire and stranded wire
mm2 | 1 x(0.2...2.5)
AWG | 1x (24..14)




93 Series - Sockets and accessories for 34 series relays

W,

p

Screw less terminal socket 35mm rail mounting {EN 60715)

Common features

- Space saving 6.2 mm wide

- Connections for 20-way jumper link

- Integral coil indication and protection circuit

- Secure refenticn and easy ejecfion by plastic clip

d For technical data and supply versions, refer to the 38 Series — “Relay interface medule”
Approvals
[according to type):
(CCGHIT @
RINA SV, Electromechanicol Relay - EMR and Solid State Relay - SSR
l@. Certain relay/ 'socket RBIGy !ype (refs_rﬂce with the Ejerles] _.
combinations Supply volioge Electromechnanical relay - EMR|  Solid Siofe Relay - SSR ! Socket type
(38.61 ) (3881 ) :
12 v AC/DC 34.51.7.012.x10 — 93.51.0.024
24V AC/DC 34.51.7.024.x:10 - 93.51.0.024
B (110...125)V AC/DC 34.51.7.060.xx10 34.81.7.060.3000 93.51.0.125
(220...240)V AC/DC 34.51.7.060.xx10 34.81.7.060.500 93.51.0.240
(110...125}v AC/DC * 34.51.7.060.xx10 34.81.7.060.xxxx ©3.51.3.125
[220...240)V AC * 34.51.7.060.xx10 34.81.7.060.xxxx 93.51.3.240
{220,240V AC 34.51.7.060.xx10 34.81.7.060 00 93.51.8.240
12V DC 34.51.7.012x10 34.81.7.012.000 93.51.7.024
24V DC 34.51.7.024. x10 34.81.7.024. 000 93.51.7.024
60V DC 34.51.7.060.xx10 34.81.7 06030 93.51.7.060
* leakage current suppression
Accessories
20-way jumper link 093.20
“Plastic separator ) | 093.01 -
“Sheet of marker tags T 093.64 - o
Technical data
Rated values 6A-250V

Dielectric strength

6 kv [1.2/50 ps) between coil and contacts

Protection category

IP20

Ambient temperature {Uy< 60 V/> 60 V) °C | —40...+70/-40...+55
Wire strip length mm | 10
Max wire size Solid wire and stranded wire
mm?2 | 1x25/2x1.5
AWG [ 1x14/2x16

X-2014, www.findernet.com
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93 Series - Sockets and accessaries for 34 series relays SERIES

PCB socket with retaining and release clip §3.11 (blue}
For relay type 34.51, 34.81
Technical data
Rated valves 6 A-250V
93.11 Dielectric strength = 6 kV {1.2/50 ps) between coil and contacts

Approvals Protection category IP 20

|oecerding fo type): Ambient temperature °C | -40...+70

@ Il & s
Reaining and release clip use: i

]
82

%2014, www findernet.com



WV IC yiesistdevic  Control de la temperatura i el llum mitjangant dispositius sense fils
Superior Ramon Altarriba Roca

LDR VT900



Photoconductive Cell

VT900 Series

PACKAGE DIMENSIONS inch (mm)

)44 [3.66) 070 {1.78) B} 1,38 (35.05
164 (4.17} .090 {2.29) 1.62{41.15) AWE 24 TINNED
COPPER LEADS
= ,’f’ —]. A
“l@ 172 (4 7 7 080 (2 29}
.192 (4 68) 110 2.79)
PLASTIC COATED TO LEAD DIA. & PLASTIC COATING
PROTECT ACTIVE SURFACE NOT CONTROLLED WITHIN .10 (2.5)

ABSOLUTE MAXIMUM RATINGS

OF CERAMIC SUBSTRATE

Parameter Symbol Rating Units
Continuous Power Dissipation Py 80 mw
Derate Above 25°C APp/ AT 1.6 mW/rC
Temperature Range
Operating and Storage Ta 4010 +75 °C

ELECTRO-OPTICAL CHARACTERICTICS @ 25°C (16 hrs. light adapt, min.) O

Resistance {Ohms) HI A Sensitivity o a1l
(. typ) esponse Time @ 11c
215351;' K 255?1( Dark . (ms. bp.)
Parl Material Mﬁg‘:
Number Type Log (:nm:m (V. pl)
Min. Typ. Max. Typ. Min. $ec. Rise (1-1/e)| Fall (1/e)
VTOONT 6k 2k 18k 6k 200k 5 0.80 100 78 8
VToEIN2 12k 24k 36 k 12k 500 k 5 %) 0.80 100 78 8
VTOGN3 %5k 50 k 75k 25k 1M 5 5} 0.85 100 78 8
VTORN4 50 k 100k 150k 50k 2M 5 0.90 100 78 8
VTO3N1 12k 24k 36k 12k 300 k 5 3 0.90 100 5 5
VTe3N2 24k 48k 72k 24k 500 k 5 3 0.80 100 3% 5
VTEaN3 50 k 100k 150k 50k 500 k 5 3 0.80 100 3% 5
VTE3N4 100k 200k 300k 100 k 500 k 5 3 0.80 100 ;| 35 5
VT935G
GroupA| 10k 185k 27k 9.3k ™ 5 3 0.90 100 35 5
GrowpB| 20k 20k gk 15k 1M 0.90 100 35 5
GroupC| 31k 405k 50k 20k 1M 0.90 100 35
See page 13 for notes,

PerkinElmer Optoslectronics, 10800 Page Ave., §t. Louls, MO 83132 USA

14

Phone: 314-423-4800 Fax: 314-423-3956 Web: www.perkinelmer.comiopte
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$2.5°C Low-Power, Analog Out
TEMPERATURE SENSOR
Chack for Samples: TMP20
FEATURES DESCRIPTION
* 12.5°C ACCURACY FROM -55°C to +130°C The TMP20 is a CMOS, precision analog output
*« SUPPLY VOLTAGE RANGE: 1.8V to 5.5V temperature sensor available in the tiny SOT563
) . The TMP20 operates from —55°C to +130°C
+ LOW POWER; 4pA (max) package (
: on a supply voltage of 2.7V to 5.5V with a supply
* MicroSIZE PACKAGES: SOT563, SC70-5 current of 4uA. Operation as low as 1.8V is possible
= SC70 PIN-COMPATIBLE WITH LM20 for temperatures between +15°C and +130°C. The
linear transfer function has a slope of —=11.77mvV/°C
APPLICATIONS (typ) and has an output voltage of 1.8639V (typ) at
+ oL iones i s S e
« DESKTOP AND NOTEBOOK COMPUTERS 13000 P g OR = °
« PORTABLE DEVICES
. The TMP20 4pA (max) supply current limits
CONSUMER ELECTRONICS self-heating of the device to less than 0.01°C. When
* BATTERY MANAGEMENT V+ is less than 0.5V, the device is in shutdown mode
= POWER SUPPLIES and consumes less than 20nA (typ).
» HVAC The TMP20 is available in either a 5-lead SC70 or
+ THERMAL MONITORING 6-lead SOT563 package, reducing the overall board
= DISK DRIVES space required.
=«  APPLIANCES/WHITE GOODS
«  AUTOMOTIVE
DRL PACKAGE DCK PACKAGE
S0T=63-6 SC70-5
(TOP VIEW) (TOP VIEW)
E—— 3]
NG| 1 O 6 | GND el o HE:
GND| 2 C 5 NG GNDE o
Vour | 8 > 4 |vs Vour [ 3 o I]\H

Note:  NC or no-connect pin must be grounded or left floating. Pin 2 on the DRL package has no intemal connection; pin 2
on the DCK package is connected to the die substrate. See Layout Information for more information about optimizing
the connection of pin 2 on the DCK package for thermal and electrical perfformance.

ﬁ Please be aware that an important notice concemning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

All trademarks are the property of their respective ownhers.

PRODUCTION DATA information is current as of publication date.

Products conform to specificatons per the terms of the Texas Copyright © 2009, Texas Instruments Incorporated
Instruments standard warrantr. Production processing does not

necessarily include testing of all parameters.
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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all inlegrated circuits be handled with
appropriate precautions. Failure to observe proper handling and installation procedures ¢an cause damage.

m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

PACKAGE INFORMATION{"

PRODUCT PACKAGE-LEAD PACKAGE DESIGNATOR PACKAGE MARKING
TMP20 8C70-5 DCK ODB
TMP20 80T563-6 DRL ODA

(1) For the most current package and ordering information see the Package Option Addendum at the end of this document, or see the T!

web site at www.ti.com.

ABSOLUTE MAXIMUM RATINGS™

Over operating free-air temperature range, unless otherwise noted.

TMP20 UNIT
Supply Voltage, V+ +7.0 A"
Operating Temperature Range 5510 +150 °C
Storage Temperature Range » -65 to +150 °C
Junction Temperature (T, max) +150 °C
Human Body Mode! (HBM) 4000 v
ESD Rating Charged Device Model (CDM) 1000 v
Machine Model (MM) 200 \'

(1) Stresses above these ratings may cause permanent damage. Exposure to absolute maximum conditions for extended periods may
degrade device reliability. These are stress ratings only, and functional operation of the device at these or any other conditions beyond
those specified is not implied.

2 Submit Documentation Feedback Copyright ® 2009, Texas Instruments Incorporated

Product Folder Link{s): TMP20
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TMP20
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ELECTRICAL CHARACTERISTICS

At T, = +25°C and V+ = 2.7V to 5.5V, unless otherwise noted.

TMP20
PARAMETER CONDITIONS MIN TYP MAX UNIT
TEMPERATURE MEASUREMENT!" [
Accuracy'? Ta = =56°C to +130°C -2.5 +2.5 °C
v8 Supply V+ = 1.8V to +5.5V, at T, = +15°C to +130°C -0.05 +0.05 "GV
V4 = 2.7V to +5.5V, at Ty = -50°C to +130°C -0.05 +0.05 *CIV
Temperature Sensitivity'® Ta =—30"C to +100°C =114 | —11.77 | =122 | mviC
Output Voltage'!
Ta=0°C 1863.9 | mv
Ta=+25°C 1674 my
Nonfinearity® ~20°C < Ty < +80°C 0.4 %
ANALOG QUTPUT
Output Resistance ~B00uA < | gap = B00RA 10 o]
Load Regulation =GOOUA = | pap 5 GOOPA 6 my
Maximum Capacitive Load 1 nF
POWER SUPPLY
| Specified Voltage Range Vg Ta=-55°C to +130°C 27 5.5 v
' T = +15°C to +130°C'® 1.8 55 v
Quiescent Current la Vit =655V, Ty =+425°C 26 4 HA
over Temperature W+ =55, T==55°C to +130°C -] WA
Shutdown Cumrent lep V+ < 0.5V 20 nA
TEMPERATURE RANGE
Specified Operating Range V+ =27V to 5.5V 55 +130 °C
Vi+ = 1.8V to 5.5V +15 +130 °c
Operating Range V+ =27V {0 5.5V -55 +150 °c
Thermzl Resistance By
8C70 185 "CIW
80T563 238 °'C/W
Self-Heating
SC70 0.01 C
S0T563 0.01 °C

{1) 100% production tested at T, = +25°C. Specifications over temperature range are assured by design.
{2) Power-supply rejection it encompassed in the accuracy specification.

{3) Temperature sensitivity is the average slope to the equation Vo = (-11.77 x T} + 1.860V.

{4) Vour is calculated from temperature with the following equation:
Vo= (-3.88 x 1078 x T2 + (—1.15 x 1072 x T) + 1.8639V,

where T is in °C.

{5) Nonlinearity is the deviation of the calculated output voltage from the best fit straight line.

(8) The TMP20 transfer function requires the output voltage to rise above the 1.8V supply as the temperature decreases below +15°C.
When operating at a 1.8V supply, it is normal for the TMP20 output to approach 1.8V and remain at that voltage as the lemperature
continues to decrease below +15°C. This condition does not damage the device. Once the temperature rises above +15°C, the output
voltage resumes changing as the temperature changes, according to the fransfer function specified in this document. For more
information about the transfer function, see the Transfer Function section.

Copyright ® 2009, Texas Instruments Incorporated

Product Folder Link{s): TMP20

Submit Documentation Feedback
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DRL PACKAGE
SOT663-6
(TOP VIEW)

NG| 1 8

GND | 2 5

PIN CONFIGURATIONS

DCK PACKAGE
$C70-5
(TOP VIEW)

GND NG E E' GND

NC GND E

o}

Veur E 4 | v+ Vour E Z| Ve
Note: NC or no-connect pin must be grounded or
left floating.
TMP20 PIN ASSIGNMENTS
TMP20
DRL DCK
PINNAME | pACKAGE | PACKAGE DESCRIPTION
NC 1 1 This pin must be grounded or left floating. See Layout Information for more information.
NC or GND 25 2 This pin must be grounded or left floating. For best thermal response, connect fo GND plane.,
’ See Layout Information for more information.
Vour 3 3 Analog output.
V+ 4 4 Paositive supply voltage.
GND 6 5 Ground pin.

Submit Documentation Feedback

Copyright ® 2009, Texas Instruments Incorporated
Preduct Folder Link{s): TMP20
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TYPICAL CHARACTERISTICS
OUTPUT IMPEDANCE vs QUIESCENT CURRENT vs
TEMPERATURE TEMPERATURE
20 I ] .
. g : Vg =B.5V
: ! 5
18 ;
& i I !
S L i z, /
g 4, Ryt Sinking /}»ﬁ ‘é‘
g Vg =27V =
LTS 2 i AN 8 3 ]
E 8 Lo == Rgyt Sinking i € I
E_ ::sl'g'- ! Vg =58V % 2 = T
g ¢ | 3
4 — HDUT Sourca HOUT Source 1
2 Vg=2.7V Vg = 5.5V
o | " P 1 0 H
-75 B0 25 0 25 S50 75 100 125 150 -75 -0 26 0 25 50 75 100 125 150
Temperature (°C) Temperature (°C)
Figure 1. Figure 2.
CUTPUT VOLTAGE vs QUIESCENT CURRENT vs
TEMPERATURE SUPPLY VOLTAGE
0 7 B
Vi = 2.7V T,=+25C |
1
25 -..\ 5
&
% 20 P T 4
g LN £
5 15 ' =, G 3
5 \\ =
o
5 1.0 E 2
G 3
| <]
0.5 ' \\ ;
0 i : \ 0
75 50 -25 0 25 50 75 100 125 150 15 20 25 30 35 40 45 50 55
Temperature (°C} Supply Voltage {V)
Figure 3. Figure 4.
POWER-SUPPLY REJECTION vs POWER-SUPPLY REJECTION vs
TEMPERATURE TEMPERATURE
5 05 ; T 5 0.5
E 20 Typica! Units | 3 | 20 Typical Units
S 04 T Av4sec, +120°C I s 04 [ar-s0°C
g 0.3 .‘g 0.3
20 o2 g o2
85 o EE o1
o3 k]
[T 4] ik et Pt E =] ]
S® 3g
8 01 - 2x 01
. ! ol
E‘E -0.2 } g5 02
g 03 i : 3 03
E 04 ; : 5 04
T o5 | £ _os i '
16 20 25 80 35 40 45 50 55 15 20 25 30 35 40 45 50 55
Supply Voltage (V) Supply Voltage (V)
Figure 5. Figure 6.

Copyright © 2009, Texas Instruments Incorporated

Product Folder Link({s): TMP20
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Temperature Error {°C)

TYPICAL CHARACTERISTICS (continued)

TEMPERATURE ERROR vs

TEMPERATURE
25 - -
39 Typical Units 1
2.0 V4= 2.7V ‘
1.5 T
|
1.0 =
o | \

0 RS, N
05 ] A
S N
-15 i N
-2.0
-25 i |

-75 -50 -25 O 25 50 75 100 125 150

Temperature (°C)
Figura 7.

WIDEBAND OUTPUT NOISE VOLTAGE

L e i ey e e L

il T

OCutput Noise {0.5mV/div)

Vi =83V, T, = 425°C

sl TS FEUTR SRR NS SRR FUTEE S

Time (5ms/div)
Figure 9.

Minimum Vgyppy (V)

MINIMUM SUPPLY VOLTAGE vs TEMPERATURE

3.0

25 <

2.0 M

1.5

1.0

0.5

0

-75 -50 -25 O 25 50 75 100 125 150

Sensor Tomperature (°C)
Figure 8.
THERMAL SETTLING
{(FLUID-FILLED TEMPERATURE BATH)
F ve=gav RN A A
[ Tastep from +25°C to +110°C

= [

5 F

b :

& \

>§ E \\"‘--._
oo b e e =

Time (2s/div)
Figure 10.
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SNVS7740 —MAY 2004~REVISED JANUARY 2014

LM117/LM317A/LM317-N Three-Terminai Adjustable Regulator

Check for Samples: LM117, LM317A, LM317-N

FEATURES

« Specified 1% Output Voltage Tolerance
(LM317A)

* Specified max. 0.01%/V Line Regulation
(LM317A)

» Specified max. 0.3% Load Regulation (LM117)
* Specified 1.5A Qutput Current

= Adjustable Output Down to 1.2V

¢ Current Limit Constant with Temperature

e P* Product Enhancement tested

* 80 dB Ripple Rejection

¢ QOutput is Short-Circuit Protected

DESCRIPTION

The LM117 series of adjustable 3-terminal positive
voltage regulators is capable of supplying in excess
of 1.5A over a 1.2V to 37V output range. They are
exceptionally easy to use and require only fwo
external resistors o set the output voltage. Further,
both line and load regulation are better than standard
fixed regulators. Also, the LM117 is packaged in
standard transistor packages which are easily
mounted and handled.

In addition to higher performance than fixed
regulators, the LM117 series offers full overload
protection available only in IC's. Included on the chip
are current limit, thermal overload protection and safe
area protection. Ali overioad protection circuitry
remains fully functional even if the adjustment
terminal is disconnected.

Normally, no capacitors are needed unless the device
is situated more than 6 inches from the input filter
capacitors in which case an input bypass is needed.
An optiona! output capacitor can be added to improve
transient response. The adjustment terminal can be
bypassed to achieve very high ripple rejection ratios
which are difficult to achieve with standard 3-terminal
regulators.

Besides replacing fixed regulators, the LM117 is
useful in a wide variety of other applications. Since
the regulator is “floating” and sees only the input-to-
output differential voltage, supplies of several
hundred volts can be regulated as long as the
maximum input to output differential is not exceeded,
i.e., avoid short-circuiting the output.

Also, it makes an especially simple adjustable
switching regulator, a programmable output regulator,
or by connecting a fixed resistor beiween the
adjustment pin and output, the LM117 can be used
as a precision current regulator. Supplies with
electronic shutdown can be achieved by clamping the
adjustment terminal to ground which programs the
output to 1.2V where most loads draw little current.

For applications requiring greater output current, see
LM150 series (3A) and LM138 series (5A) data
sheets. For the negative complement, see LM137
series data sheet.

Please be aware that an important notice conceming availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

All trademarks are the property of their respective owners.

PRODUCTION DATA information is curment as of publication date.
Products conform to specifications per the terms of the Texas
Instruments  standard wan’anir. Production processing does nat
necessanily include testing of all parameters.

Copyright @ 2004-2014, Texas Instruments Incorporated
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Typical Applications

Vi 228V

Full output current net available at high input-output voltages

*Needed if device is more than 6 inches from filter capacitors.

1Optional—improves transient response. QOutput capacitors in the range of 1 pF to 1000 pF of aluminum or tantalum
electrolytic are commonly used to provide improved output impedance and rejection of transients.

ttygyr = 1.25V (1 + %) + lapyAg}

Figure 1. 1.2V-25V Adjustable Regulator

LM117/LM317A/LM317-N Package Options

Part Number Package Drawing Package Type Output Current
LM117K STEEL
NDS TO-3
LM317K
LM317AT
NDE 1.5A
LM317T TO-220
LM317T/LFO1 NDG
LM3178 KTT TO-263
LM3
1TAEMP DCY S0T-223 1.0A
LM317EMP
LM117H
LM317AH NDT TO
LM317H 0.5A
LM317AMDT
NDP TO-252
LM317MDT
NOTE

For part numbers that can be ordered, please see the Package Option Addendum at the
end of the datasheet.

S0OT-223 vs. TO-252 Packages

=

S0T-223 PFM
Figure 2. Scale 1:1

2 Submit Documentalion Feedback Copyright © 20042014, Texas Instruments Incorporated
Product Folder Links: LM717 LM317A LM317-N
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Connection Diagrams

ADJUSTMENT Vin

CASE IS OUTPUT

Figure 3. TO-3 (NDS)
Metal Can Package
Bottom View
Package Drawing NDS

L IINPUT
TAB IS
OUTPUT [ ouTPUT
L
E=FLN]

Figure 5. TO-263 (KTT)
Surface-Mount Package
Top View
Package Drawing KTT

ADJ) —

Vour == I‘_ Your

VIN —

Figure 7. 4-Lead SOT-223 (DCY)
Top View Surface-Mount Package
Package Number DCY

INPUT
Q=== ADJUSTMENT

OuTPUT

CASE IS OUTPUT

Figure 4. TO (NDT)
Metal Can Package
Bottom View
Package Drawing NDT

=

ADI vin

Vour

Figure 6. TO-220 (NDE;}
Plastic Package
Front View
Package Drawing NDE

I |Input
Tab i
av s E Output
ouT
| IAdj/GNn

Figure 8. TO-252 (NDP)
Frent View Surface Mount Package
Package Drawing NDP

A These devices have limited built-in ESD protection. The leads should be sherted together or the device placed in conductive foam
‘z'\ during storage or handling to prevent electrostatic damage to the MOS gates.

Copyright © 20042014, Texas Instruments Incorporated

Submit Documentation Feedback 3
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ABSOLUTE MAXIMUM RATINGS "2
Power Dissipation Intemally Limited
Input-Output Voltage Differential +40V, -0.3v
Storage Temperature ~65°C 1o +150°C
Lead Temperature Metal Package (Soldering, 10 seconds) 300°C
Plastic Package {Soldering, 4 seconds) 260°C
ESD Tolerance @ kv

(1) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate cenditions for
which the device is intended to be functional, but do not ensure specific performance limits. For ensured specifications and test
conditions, see the Electrical Characteristics. The ensured specifications apply only for the test conditions listed.

{2) I Military/Aerospace specified devices are required, please contact the Texas Instruments Sales Office/Distributors for availability and
specifications.

{3) Human bedy model, 100 pF discharged through a 1.5 kQ resistor.

OPERATING TEMPERATURE RANGE

LM%17 -55°C £ T, = +150°C
LM317A -40°C = T) < +125°C
LM317-N 0°C =T, s +125°C
Preconditioning

Thermat Limit Bum-In All Devices 100%
L Submit Documentation Feedback Copyright © 20042014, Texas Instruments Incorporated

Product Folder Links: LM717 LM317A LM317-N
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LM317A and LM317-N ELECTRICAL CHARACTERISTICS"

Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating
Temperature Range. Unless otherwise specified, Viy — Vour = 5V, and Iy = 10 mA.

e

TeExAs
INSTRUMENTS

www.tl.com

LM317A LM317-N
Parameter Conditions
Min Typ Max Min Typ | Max U:It
1.238 | 1.250 | 1.262 - 1.25 - v
Reference Voitage 3V £ (Viy - Vour) s 40V,
10 mA S loyr £ 'MAX( 1.226 | 1.250 | 1.270 1.20 126 (130 | Vv
| . _ @ 0.005 | 0.01 0.01 | 0.04
Line Regulation 3V = (Viy - Vour) s 40V 0.01 0.02 0.02 | 007 Y%V
. Mo 0.1 0.5 01 | 05
Load Regulation 10 mA s lgyt S lyax 0.3 1 0.3 15 %
Thermal Regulation 20 ms Pulse 0.04 0.07 0.04 | 0.07 | %/W
Adjustment Pin Current 50 100 50 100 | pA
Adjustment Pin Current 10 MA < loyr S Iyax'?
Change IV S (Vi - Vour) S 40V iz B 02 1 6 | pA
Temperature Stability Tuiin = Ty = Tax 1 1 %
Minimum Load Currenrt (VN — VouT) = 40V 3.5 10 3.5 10 | mA
NDS, KTT Packages - - - 1.5 2.2 3.4
Vin - Your) = 15V DCY, NDE Packages | 1.5 22 3.4 15 | 22 |34 | A
o NDT Package 0.5 0.8 18 0.5 0.8 1.8
Current Limit
NDS, KTT Packages - - 0.15 | 0.40
(Vin - Vour) = 40V DCY, NDE Packages | 0.15 | 0.40 0.15 | 0.40 A
NDT Package 0.075 0.20 0.075 | 0.20
RMS Output Noise, % o | 19 1z < 5 10 kHz 0.003 0.003 %
our
Vour =10V, f= 120 H2, Cpp = 0 pF 65 65 dB
Ripple Rejection Ratio O e B
Vour = 10V, f= 120 Hz, Capy = 10 pF ] 80 86 80 dB
Long-Term Siability T, = 125°C, 1000 hrs 0.3 1 0.3 1 %
NDS (TO-3) Package - 2
NDE {TO-220) Package 4 4
Themma! Resistance, 8¢ KTT (TO-263) Package - 4 CAW
Junction-to-Case DCY (SOT-223) Package 235 23.5
NDT (TO) Package 21 21
NDP (TO-252) Package 12 12
NDS (TO-3) Package - 39
NDE (TO-220) Package 50 50
Thermal Resistance, 8,4 i 3 _
Junction-to-Ambient KTT (TO-263) Package Y "CW
{No Heat Sink} DCY (SOT-223) Package 140 140
NDT (TO) Package 186 186
NDP (TO-252) Package & 103 103

(1) Imax = 1.5A for the NDS (TO-3), NDE (TO-220), and KTT (TO-263) packages. lyax = 1.0A for the DCY (SOT-223) package. Iyax = 0.5A
for the NDT {T0O) and NDP (TO-252) packages. Device power dissipation {Pp} ie limited by ambient temperature (T,), device maximum
junction temperature (T ), and package thermal resistance {9,,). The maximum allowable power dissipation at any temperature is :
Pomaxy = {{Tumax: - Ta)0,a). All Min. and Max. limits are ensured to TI's Average Outgoing Quality Level (AOQL).

(2} Regulation is measured at a constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to
heating effects are covered under the specifications for thermal regulation.

(3) When surface mount packages are used (TO-263, 80T-223, TO-252), the junction to ambient thermal resistance can be reduced by
increasing the PC board copper area that is thermally connected to the package. See the APPLICATION HINTS section for heatsink

techniques.

B Submit Documentation Feedback
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LM117 ELECTRICAL CHARACTERISTICS

Specifications with standard type face are for T; = 25°C, and those with boldface type apply over full Operating
Temperature Range. Unless otherwise specified, Vi = Vour = 5V, and lgyr = 10 mA.

LM117 @
Parameter Conditions
Min Typ Max Units
3V = (Viy = VouT) = 40V,
Reference Vollage 10 MA < oyt S huax 1.20 1.25 1.30 \"
. . 0.01 ;
Line Regulation 3V s (Viy - Vour) s 40v & 0.02 ggg %N
i 1)@ 0.1 0.3 o,
Load Regulation 10 mA < lgyt < Iyax 03 1 %
Thermal Regulation 20 ms Pulse 0.03 0.07 Y%lW
Adjustment Pin Current 50 100 YA
. . 10 mA S loyT S fyax'™
Adjustment Pin Current Change 3V S (Vi = Vour) S 40V 0.2 5 UA
Temperature Stability Tmin S TJ = Thaax 1 %
Minimum Load Current (Min — Vour) = 40V 3.5 5 mA
Vix = Vour) S 15V NDS Package 1.5 22 3.4 A
o INTTouT. NDT Package 0.5 0.3 1.8
Current Limit
(Vi = Vour) = 40V NDS Package 0.3 0.4 A
INTFour NDT Package 015 | 020
RMS Cutput Noise, % of Voyr |10 Hz =< 10 kHz 0.003 %
Vour = 10V, =120 Hz, Cppy =0 pF &5 dB
Ripple Rejection Ratio At A0y = 2 H
Vout =10V, f= 120 Hz, Cap, = 10 pF 66 80 dB
Long-Term Stability T, = 125°C, 1000 hrs 0.3 1 %
Thermal Resistance, 8¢ NDS (TQ-3) Package 2 .
y Ciw
Junction-to-Case NDT {TO) Package 21
Thermal Resistance, B NDS (TO-3) Package 39
Junction-to-Ambient SCAN
(No Heat Sink) NDT {TC) Package 186

(1} Ipax = 1.5A for the NDS (TO-3), NDE {TO-220), and KTT (TO-263) packages. lyax = 1.0A for the DCY {80T-223) package. lyax = 0.5A
for the NDT (TO) and NDP (TC-252) packages. Device power dissipation {Pp) is limited by ambient temperature (T,), device maximum
junction temperature (T ), and package thermal resistance (8,,). The maximum allowable power dissipation at any temperature is :
Pomax) = ((Timaxy - TaX8,a). All Min. and Max. limits are ensured to TI's Average OQutgoing Quality Level (AQQL).

(2) Specifications and availability for military and space grades of LM117/883 can be found in the LM117QML datasheet (SNVS356).
Specifications and avaitability for military and space grades of LM117/JAN can be found in the LM117JAN datasheet (SNVS365).

(3) Regulation is measured at a constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to
heating effects are covered under the specifications for thermal regulation.

Copyright © 2004—2014, Texas Instruments Incorporated Submit Documentation Feedback 5
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TYPICAL PERFORMANCE CHARACTERISTICS
Output Capacitor = 0 pF unless otherwise noted

Load Regulation Current Limit
02 3
.
g '] lm'r = (.54
g = — KTT, NDE, NDS
5 -02 TN £ 2[RI\ PACKAGE DEVICES
a lgur = 1.5A \ w .
w04 £
e 2 hy= 150°C h= =559C
'5'- 0.6 'é 1 = >
: 5 - /.}\"f -
& vy = 15V = kd
= 08 '_v - I [
2 oyt = 1oV
a8 I l | MDT PACKAGE DEVICES
-1.0 0 s L f : z
~76 50 -25 0 25 S0 75 100 125 150 ] 10 X 4
TEMPERATURE {°C} INPUT-0QUTPUT DIFFERENTIAL (V)
Figure 9. Figure 10.
Adjustment Current Dropout Voltage
60 3.0 T T T
s AVgyt = 100 m¥
3 ""—- -d
3 s = 25
E e = \\ aut = 1.54 /
o / 5 .\ -""'l-
e 50 o P .
2 - M, lour = 1A
g / & 20 o= =
= -
E 95 E -:\:\ Ipur = 500 mA
5 E 15 IS
2 »
S w g Iyt = 200 mA
< a y
= I l lour = 20 mA
35 l‘n L I |
76 —50 25 © 25 50 75 100 125 150 ~75 -50 -26 0 25 50 75 108 125 150
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Figure 11. Figure 12.
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Figure 13. Figure 14.
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Qutput Capacitor = 0 JF unless otherwise noted
Temperature Stahility

Minimum Operating Current

1.260 4.5
. 40 —
= —
w 1.250 - T s T =5
= & FTS £ 3 A
= A g v
> N £ 25 T; = 150°C
w 1.240 S i
2 N £ 20
S g <
= Cr 1] =t
wi o E -
5120 g “
G T, =
g . Tl 25°C
0.5 +
1220 0 |
-75 -50 -25 IJ 25 50 75 IIIII 125 150 ¥ ‘lll 20 10 'n
TEMPERATURE (°C) INPUT-DUTPUT DIFFERENTIAL (V)
Figure 15. Figure 16.
Ripple Rajection Ripple Rejection
100 —T 100 ;
Capy = 10F || lour < soom
. Capy= 10aF ViN= 15V
- 8 ; ! - M V, = 10V
g “\ I s Tu_u;ﬂ
k-] Cang=0 = i |
B e = 77T N\ tans=0
£ 60 = 60
5 5 \
[T [}
3 i3 AN
e a VR
g ViN-Your = 5V & \\
[ oy = 500 mA =
I Cul v € au AN
Tj =25°C
0 1 1 1 ]
0 § 1MW 15 20 26 30 35 10 o 1k 10k 100k M
QUTPUT VOLTAGE (V) FREQUENCY (Hz}
Figure 17. Figure 18.
Ripple Rejection OCutput Impedance
100 1!
3 Vig=1vV S—
/l - Vppt =10V jl—
= 80 i - [ lgyr = 500 mA
= MM LANNCao, - 1owF g 1o E{'_":z_.,cc
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g £
= a4 = o -
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Tj = 25°C 1
0 LU L1iiii ‘0_3
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Figure 19. Flgure 20.
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TYPICAL PERFORMANCE CHARACTERISTICS {continued)
Output Capacitor = 0 pF unless otherwise noted

Line Translent Response

Cp = uF;Tapy = 10uF
I .

L =0;Capy=D

[
L Vout =10V
lpy; = 50 mA
" Tj=25°C

- L
™
A

0 10 20 un 40

TIME {us)
Figure 21.

OUTPUT VOLTAGE
DEVIATION (W)

LOAD CURRENT {A}

= = M oW

-1
-2

15
1.4
s

Load Translent Response

T
CL=D:Capy=
=
"'_ECL =1uF Cppy= 10pF| |
Vg = 15V
Vpyt =10V
Igy = 50 mA
r Tj=25°C _T
] 10 20 10 40
TIME (ys)
Figure 22.
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APPLICATION HINTS

In operation, the LM117 develops a nominal 1.25V reference voltage, Vger, between the output and adjustment
terminal. The reference voltage is impressed across program resistor R1 and, since the voltage is constant, a
constant current |, then flows through the output set resistor R2, giving an output voltage of

2

R
Vout = VRer (1 + ﬁ) + lapsR2

M

Since the 100 pA current from the adjustment terminal represents an error term, the LM117 was designed to
minimize lap, and make it very constant with line and load changes. To do this, all quiescent operating current is
returned to the output establishing a minimum load current requirement. If there is insufficient load on the output,
the output will rise.

External Capacitors

An input bypass capacitor is recommended. A 0.1 pF disc or 1uF solid tantalum on the input is suitable input
bypassing for almost all applications. The device is more sensitive to the absence of input bypassing when
adjustment or output capacitors are used but the above values will eliminate the possibility of problems.

The adjustment terminal can be bypassed to ground on the LM117 to improve ripple rejection. This bypass
capacitor prevents ripple from being amplified as the output voltage is increased. With a 10 uF bypass capacitor
B0 dB ripple rejection is obtainable at any output level. Increases over 10 pF do not appreciably improve the
ripple rejection at frequencies above 120 Hz. If the bypass capacitor is used, it is sometimes necessary to
include protection diodes to prevent the capacitor from discharging through internal low current paths and
damaging the device.

In general, the best type of capacitors to use is solid tantalum. Solid tantalum capacitors have low impedance
even at high frequencies. Depending upon capacitor construction, it takes about 25 JF in aluminum electroiytic to
equal 1uF solid tantalum at high frequencies. Ceramic capacitors are also good at high frequencies; but some
types have a large decrease in capacitance at frequencies around 0.5 MHz. For this reason, 0.01 uF disc may
seem to work better than a 0.1 pF disc as a bypass.

Although the LM117 is stable with no output capacitors, like any feedback circuit, certain values of external
capacitance can cause excessive ringing. This occurs with values between 500 pF and 5000 pF. A 1 uF solid
tantalum (or 25 WF aluminum electrolytic) on the output swamps this effect and insures stability. Any increase of
the load capacitance larger than 10 pF will merely improve the loop stability and output impedance.

Load Regulation

The LM117 is capable of providing extremely good load regulation but a few precautions are needed to obtain
maximum performance. The current set resistor connected between the adjustment terminal and the output
terminal {usually 240Q) should be tied directly to the output (case) of the regulator rather than near the load. This
eliminates line drops from appearing effectively in series with the reference and degrading regulation. For
example, a 15V regulator with 0.05Q resistance between the regulator and load will have a load regulation due to
line resistance of 0.05Q x |,. If the set resistor is connected near the load the effective line resistance will be
0.05Q (1 + R2/R1) or in this case, 11.5 times worse.

Figure 23 shows the effect of resistance between the regulator and 2400Q set resistor.

10 Submit Documentation Feedback Copyright © 2004-2014, Texas Instruments Incorporated
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LM11?

vin=—lVIN Vour Vout
ADJ

R1
240

Figure 23. Regulator with Line Resistance in Output Lead

With the TO-3 package, it is easy to minimize the resistance from the case to the set resistor, by using two
separate leads to the case. However, with the TO-39 package, care should be taken to minimize the wire length
of the output lead. The ground of R2 can be returned near the ground of the load to provide remote ground
sensing and improve load regulation.

Protection Diodes

When external capacitors are used with any IC regulator it is sometimes necessary to add protection diodes to
prevent the capacitors from discharging through low current points into the regulator. Most 10 pF capacitors have
low enough internal series resistance to deliver 20A spikes when shorted. Although the surge is short, there is
enough energy to damage parts of the IC.

When an output capacitor is connected to a regulator and the input is shorted, the output capacitor will discharge
into the output of the regulator. The discharge current depends on the value of the capacitor, the output voltage
of the regulator, and the rate of decrease of V. In the LM117, this discharge path is through a large junction that
is able to sustain 15A surge with no problem. This is not true of other types of positive regulators. For output
capacitors of 25 yF or less, there is no need to use diodes.

The bypass capacitor on the adjustment terminal can discharge through a low current junction. Discharge occurs
when either the input, or the output, is shorted. Internal to the LM117 is a 50Q resistor which limits the peak
discharge current. No protection is needed for output voltages of 25V or less and 10 iF capacitance. Figure 24
shows an LM117 with protection diodes included for use with outputs greater than 25V and high values of output

capacitance.
Vi —1—

Vour = 125v(1 +¥) + lapyR2

D1 protects against C1
D2 protects against C2

Figure 24. Regulator with Protection Diodes
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Heatsink Requirements

The LM317-N regulators have internal thermal shutdown to protect the device from over-heating. Under all
operating conditions, the junction temperature of the LM317-N should not exceed the rated maximum junction
temperature (T,) of 150°C for the LM117, or 125°C for the LM317A and LM317-N. A heatsink may be required
depending on the maximum device power dissipation and the maximum ambient temperature of the application.
To determine if a heatsink is needed, the power dissipated by the regulator, P5, must be calculated:

Po = {Viy = Vour) * 1) + (Viy x Ig) (2)
Figure 25 shows the voltage and currents which are present in the circuit.

The next parameter which must be calculated is the maximum allowable temperature rise, Trax):
Triwax) = Tumaxy = Tamax) 3

where T yax) is the maximum allowable junction temperature (150°C for the LM117, or 125°C for the
LM317A/LM317-N), and Tamaxy is the maximum ambient temperature which will be encountered in the
application.

Using the calculated values for Tgiyax) and Pp, the maximum allowable value for the junction-to-ambient thermal
resistance (6,,) can be calculated:

Bia= (TR(MAX) {Pp) 4

n—= Your

<
[ T

I

Figure 25. Power Dissipation Diagram

if the calculated maximum allowable thermal resistance is higher than the actual package rating, then no
additional work is needed. If the calculated maximum allowable thermal resistance is lower than the actual
package rating either the power dissipation {Pp) needs to be reduced, the maximum ambient temperature TA{MA,?

needs to be reduced, the thermal resistance (8,,) must be lowered by adding a heatsink, or some combination o
these.

If a heatsink is needed, the value can be calculated from the formula:
Bra = (Bua - (Bcn + 8c)) (5

where (B¢ is the thermal resistance of the contact area between the device case and the heatsink surface, and
8,c is thermal resistance from the junction of the die to surface of the package case.

When a value for 8,,-,) is found using the equation shown, a heatsink must be selected that has a value that is
less than, or equal to, this number.

The 8- rating is specified numerically by the heatsink manufacturer in the catalog, or shown in a curve that
plots temperature rise vs power dissipation for the heatsink.

Heatsinking Surface Mount Packages

The TO-263 (KTT), SOT-223 (DCY) and TO-252 (NDP) packages use a copper plane on the PCB and the PCB
itself as a heatsink. To optimize the heat sinking ability of the plane and PCE, solder the tab of the package to
the plane.

Heatsinking the SOT-223 (BCY) Package

Figure 26 and Figure 27 show the information for the SOT-223 package. Figure 27 assumes a 99_,\, of 74°C/W
for 1 ounce copper and 51°C/W for 2 ounce copper and a maximum junction temperature of 125°C. Please see
AN-1028 (literature number SNVAQ36) for thermal enhancement techniques to be used with SOT-223 and TO-
252 packages.
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BO

THERMAL RESISTANCE 8(J-A} IN °C/W

n
o

T T
1 2

(=]

COPPER FCIL AREA {5Q. IN.}

Figure 26. @(,_, vs Copper (2 ounce) Area for the SOT-223 Package

5

4 S0T-223 PACKAGE
PCB MOUNT
1 50Q. IN. COPPER

MAX POWER DISSIPATION (W}

yd

1 OUNCE COPPER

2 QUNCE COPPER

-40 -25 25 75

AMBIENT TEMPERATURE (°C)

Figure 27. Maximum Power Dissipation vs Tayg for the SOT-223 Package

Heatsinking the TO-263 (KTT) Package

Figure 28 shows for the TO-263 the measured values of 8-, for different copper area sizes using a typical PCB
with 1 ounce copper and no solder mask over the copper area used for heatsinking.

As shown in Figure 28, increasing the copper area beyond 1 square inch produces very litle improvement. It
should also be observed that the minimum value of 8,_,) for the TO-263 package mounted to a PCB is 32°C/W.

80 -+

70 +

60

50 —

404

THERMAL RESISTANCE 8{J-A) IN °C/w

30 } }

COPPER FOIL AREA (SQ. IN.)

Figure 28. 8, ) vs Copper (1 ounce) Area for the TO-263 Package
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As a design aid, Figure 29 shows the maximum allowable power dissipation compared to ambient temperature
for the TO-263 device (assuming By, is 35°C/W and the maximum junction temperature is 125°C).

sf,

E 44

=

S

=

o 3

"

172

[=]

&5 2

=

o TO-263 PACKAGE

s 1 |Fce Mouwt

= 1 50. iN. COPPER
0 f f } 1
-40 -25 28 75 125

AMSIENT TEMPERATURE (°€)

Figure 29. Maximum Power Dissipation vs T,yg for the TO-263 Package

Heatsinking the TO-252 (NDP) Package

If the maximum allowable value for 8, is found to be 2103°C/W (Typical Rated Value) for the TO-252 package,
no heatsink is needed since the package alone will dissipate enough heat to satisfy these requirements. If the
calculated value for 8,, falis below these limits, a heatsink is required.

As a design aid, Table 1 shows the value of the 8,, of NDP the package for different heatsink area. The copper
patterns that we used to measure these 8,8 are shown in Figure 34. Figure 30 reflects the same test results as
what are in Table 1.

Figure 31 shows the maximum allowabie power dissipation vs. ambient temgerature for the TO-252 device.
Figure 32 shows the maximum allowable power dissipation vs. copper area (in“) for the TO-252 device. Please
see AN-1028 (literature number SNVAQ36) for thermal enhancement techniques to be used with SOT-223 and
TO-252 packages.
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Table 1. 9, Different Heatsink Area
Layout Copper Area Thermal Resistance
Top Side (in®){" Bottom Side (in%) {8,,°CW) TO-252

1 0.0123 0 103

2 0.066 0 87

3 03 0 60

4 0.53 0 54

5 0.76 0 52

6 1.0 0 47

7 0.066 0.2 84 i
8 0.066 04 70

9 0.066 06 63

10 0.066 08 57

1 0.066 1.0 57

12 0.066 | 0.066 89

13 0.175 " 0.175 72

14 0.284 0.284 61

15 0.392 0.392 55

16 0.5 0.5 53

(1) Tab of device attached to topside of copper.

120 T
T,k 25°C

3‘ 100 It Still Air
(=]
nq: \\
o)
~ >\ Bottom Cu
a B0 7
E Top Cu |
& 40 1/2 Top+
g 1/2 Bottom
5 20
=

0

0 0.2 0.4 0.6 0.8 1.0
2 0z Copper Area {in2), TO252

Figure 30. 8, vs 20z Copper Area for TO-252

Stili Air
26 20z Cu on

2:2 NS N o =l50°C/W Top Plane
- V’(\ R =S4C/

|
1.6 ~\ eJA=52°c/\:l
. SN [ 8),=47°%CA
1.0 W
0.8 -_

LB P

| Loj,=87C/W
ar f_—aJA=I03°c/mlr_

Maximum Allowable Power Dissipation (W)
e

0 25 50 73 100 125
Ambient Temperature (°C), 10252

Figure 31. Maximum Allowable Power Dissipation vs. Ambient Temperature for TO-252
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Maximum Allowable Power Dissipation (W)

2; [1,=259¢ _'1/2Top+
still air \[1/2 Bottom | —__J
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1.8
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= Tap Cu — \
1.0 I
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0.4
0.2
o
0 0.2 04 06 D8 1
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Figure 32. Maximum Allowable Power Dissipation vs. 20z Copper Area for TO-252
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Figure 33. Top View of the Thermal Test Pattern in Actual Scale
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Figure 34. Bottom View of the Thermal Test Pattern in Actual Scale

Schematic Diagram
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TOSHIBA 6N138,6N139

TOSHIBA Photocoupler GaAfAs Ired & Photo IC

6N138, 6N139

Current Loop Driver. Unit in mm
Low Input Current Line Receiver.
CMOS Logic Interface.

H|
B~
=
= [0

The TOSHIBA 6N 138 and 6N139 consists of a GaAfAs
infrared %l |;L. -:;_I
emitting diode coupled with a split-Darlington output
configuration.

A high speed GaAfAs Ired manufactured with an unique
LPE junction, has the virtue of fast rise and fall time at
low drive current.

12401500
0540.1

s Isolation voltage: 2500Vrms (min.) e
s  Current transfer ratio
: 6N138 — 300% (min.} (IF=1.6mA)
: 6N139 — 400% (min.) (IF=0.5mA) 104
¢ Switching time: 6N138 — tPHL=10us {(max.)
— tpLH=35ps (max.)
6N139 — tPHL=1ps (max.) TOSHIBA 11-16C4
— tPLH=7ps {max.) Weight: 0.54 g
o UL recognized: UL1577, file no. E67349

Pin Configuration (top view)

1:N.C.
E 2 ; Ancde

3 Cathode
E 3 4 N.C.

};‘ ‘7 5 Gnd
o KTt
E E B:Veg
Schematic
Voo
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TOSHIBA 6N138,6N139
Maximum Ratings (*) (Ta = 0°C to + 70°C}
Characteristic Symbol Rating Unit
Forward current (Note 1) If 20 mA
Pulse forward curent e 40 mA
@ Total pulse forward current Ippt? 1 A
Reverse voltage VR 5 v
Diode power dissipation (Note 2) Pp 35 mw
Output current {Note 3) lo 50 mA
5 Emitter-base reverse voltage VER 0.5 A
E Supply voltage Vet -0.5t0 18 v
@«
© [ output voltage Vol -051018 v
Output power dissipation {Note 4) Po 100 mw
Operating temperature range Topr Oto70 °C
Storage temperature range Tsig -5510 125 °C
Lead solder temperature (10s) ¥ Tsol 260 °C
2500 V
Isolation voltage (1min., R.H.< 60%) BV i
3540 Ve
(*) JEDEC regisiered data
(**) Not registered JEDEC
(*1) 50% duty cycle, 1ms pulse width
(*2) Pulse width 1ps, 300pps
(*3)6N138-- -0.5to 7V
(*4) 1.6mm below seating plane
2 2002-09-25



TOSHIBA

6N138,6N139

Electrical Characteristics

Over Recommended Temperature (Ta = 0°C to 70°C, unless otherwise noted)

Characteristic Symbol Test Condition Min. | (*8)Typ.| Max. Unit
IF=0.5mA, Vo=0.4V
- Veo=4.5V 400 800 —
Current transfer CTR(™ %
ratio (Note 5, 6} IF=1.6mA. V=04V 500 an0 _
B6N138 Vee=4.5v 300 | 600 | —
IF=1.6mA, lo=6.4mA
V=45V — 0.1 0.4
. BN139 F=5mA, lo=15mA — | o1 | o4
Logic low output Vo cem. v
Voo=4.5V - : g4
6N138 ST — | 01 | o4
Logic high output BN139 loH) IF=0mA, Vo=Vcc=18V — 0.05 100 uA
current (Note ®) | gN13g IF=0mA, Vo=Vee=7V — | oos | 250
Logic low supply current IF=1.6mA, Vo=0pen _
MNoteg) | '€CL  |veossv 02 1 — mA
Logic hi
agic high supply current (Note 8) et IF=0mA, Vo=Open, Voc=5V . 10 _ A
Input forward voltage VE() IF=1.6mA, Ta=25°C — 1.65 17 A"
Input reverse breakdown w = —oE°
voltage BVR(™ |Ig=10pA, Ta=25°C 5 — — v
Temperature coefficient of - o
forward voltage AVE/ATa | lg=1.6mA — -1.9 — | mv/°C
Input capacitance CiN f=1MHz, V=0 — 60 — pF
Resistance (input-output) Ri-o ‘é'h":ss%?;\{ (Note7). | 10" — Q
Capacitance (input—output) Cio f=1MHz (Note 7) — 06 — pF

(") JEDEC registered data.

{*5) All typicals at Ta=25"C and V=5V, unless otherwise noted.
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TOSHIBA 6N138,6N139

Switching Specifications (Ta=25°C, Vcc=5V, unless otherwise specified)

Characteristic Symbol g‘lﬁm Test Condition Min. | Typ. | Max. | unit
. IF=0.5mA, R_=4.7kQ — 5 25
Propagation delay BN139
time to logic low toHL(") 1 IF=12mA, R =2700 — | 02 1 ps
at output {Note 6, 8)
6N138 [F=1.8mA, R =2.2kQ — 1 10
) IF=0.5mA, R|=4.7kQ — 5 60
Propagation delay BN139
time to logic high toLk(™ 1 IF=12mA, R =2700 — 1 7 HS
at output (Note 6, 8)
BN138 ip=1.6mA, R =2.2kQ — 4 35
Common mode transient _ _
immunity at logic high CMy 2 [lF=0mA R=22k0 — | s00 | — | vips
level output {(Note 9) CM PP
Commen mode transient IF=1.6mA
immunity at logic low CML 2 R =2.2kQ — | -5800 | — V/ps
level output (Note 9) Vem=400Vp_p

(*}JEDEC registered data.

{Note 1)
{Note 2):
{Note 3):
{Note 4):
{Note 5):

{Note 6):
{Note 7):

{Note 8):
{Note 9):

Derate linearly above 50°C free—air temperature at a rate of 0.4mA /°C

Derate linearly above 50°C free—air temperature at a rate of 0.7mW/ °C

Derate linearly above 25°C free—air temperature at a rate of 0.7mA/°C

Derate linearly above 25°C free—air temperature at a rate of 2.0mW/°C

DC CURRENT TRANSFER RATIO is defined as the ratio of output collector current, |o, to the forward
LED input current, If, times 100%.

Pin 7 cpen.

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

Use of a resistor between pin § and 7 will decrease gain and delay time.

Common mode transient immunity in logic high level is the maximum tolerable (positive) dvcm / dt on
the leading edge of the common mode pulss, Vo, to assure that the output will remain in a logic high
state {i.e., Vo > 2.0V).

Common mode transient immunity in Logic Low level is the maximum tolerable (negative} dvcyy / dt on
the tralling edge of the common mode pulse signal, Vi, to assure that the output will remain in a logic
low state (i.e., Vo < 0.8V).
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TOSHIBA

6N138,6N139

Test Circuit 1.
IF
—I—I_ Pulse gen.
0 Zo =500 Ie
tr=5ns m El +SV
Vo ™ i 2 EI RL
10% Duty cycle }4
{Saturated 1.5V 115v 11f< 100us 8 Vo
Response) VoL
. . IF Monitorg E El G
R i e 3 —nlv l
Vo 0% 0% 5v
(Non-
Saturated 0% __10%
Response) te
(")CL is approximately 15pF which includes probe
and stray wiring capacitance.
Test Circuit 2.
:l Ree
t, tr= 0.64 Ir [t 2 0 8V
400V = LEHe e
£ 80% 2 Zl -3

Vem  q0% 4 }4 :l

— & - ov A 8 —C yq
Pz —
BY E 5
Vo ~om v v T
Swith atA: I = OmA FF Vem
) + N =
o $ &
VO /.-'_‘b—_
Pulse gen

SwithatB : Ir=1.6mA
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TOSHIBA BN138,6N139

RESTRICTIONS ON PRODUCT USE I

« TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor

devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical
stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of
safety in making a safe design for the entire system, and to avoid situations in which a malfunctien or failure of
such TOSHIBA products could cause loss of human life, bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc..

e The TOSHIBA products listed in this document are intended for usage in general electronics applications
{computer, personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances,
etc.). These TOSHIBA products are neither intended nor warranted for usage in equipment that requires
extraordinarily high quality and/or reliability or a malfunction or failure of which may cause loss of human life or
bodily injury ("Unintended Usage"). Unintended Usage include atomic energy control instruments, airplane or
spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments,
medical instruments, all types of safety devices, efc.. Unintended Usage of TOSHIBA products listed in this
document shall be made at the customer's own risk.

¢ Gallium arsenide (GaAs) is a substance used in the products described in this document. GaAs dust and fumes
are toxic. Do rot break, cut or pulverize the product, or use chemicals to dissclve them. When disposing of the
products, follow the appropriate regulations. Do not dispose of the products with other industrial waste or with
domestic garbage.

o The products described in this document are subject to the foreign exchange and foreign trade laws.

e The information contained herein is presented only as a guide for the applications of our products. No
responsibility is assumed by TOSHIBA CORPORATION for any infringements of intellectual property or other
rights of the third parties which may result from its use. No license is granted by impiication or otherwise under
any intellectual property or other rights of TOSHIBA CORPORATION or others.

« The infomation contained herein is subject to change without notice.

6 2002-09-25
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TLV2401, TLV2402, TLV2404
FAMILY OF 880-nA/Ch RAIL-TO-RAIL INPUT/QUTPUT
OPERATIONAL AMPLIFIERS WITH REVERSE BATTERY PROTECTION

8052448 - FEBREL_JARY 2000 - REVISED NOVEMBER 2000
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—

Micro-Power Operation ... <1 pA/Channel Operational Amplifier

input Common-Mode Range Exceeds the
Rails... =01 VtoVge+5V

Reverse Battery Protection Up To 18 V

Rail-to-Rail Input/Output

Gain Bandwidth Product... 5.5 kHz

Supply Voliage Range ... 25Vto16V =

Specified Temperature Range SUPPLY :;URRENT
— Ta =0°C to 70°C ... Commercial Grade
— Tp =—40°C to 125°C . . . Industrial Grade y SHEELY VOLIAGE

® Ultrasmail Packaging Aoy
- 5-Pin SOT-23 (TLV2401) 12 N7 roer2
— 8-Pin MSOP (TLV2402)

® Universal OpAmp EVM (Refer to the EVM
Selection Guide SLOU060)

19

0.8

0.6

description "

1 o = Supply Current - L AICh

The TLV240x family of single-supply operational 02
amplifiers has the lowest supply current available

today at only 880 nA per channel, Reverse battery = JE T 0 @
protection guards the amplifier from an over- Ve - Supply Voltage - ¥
current condition due to improper Dbattery

installation. For harsh environments, the inputs

can be taken 5 V above the positive supply rail

without damage fo the device.

The low supply current is coupled with extremely low input bias currents enabling them to be used with mega-Q
resistors making them ideal for portable, long active life, applications. DC accuracy is ensured with a low typical
offset voltage as low as 390 pV, CMRR of 120 dB and minimum apen loop gain of 130 V/imV at 2.7 V.

The maximum recommended supply voltage is as high as 16 V and ensured operation down to 2.5 V, with
electrical characteristics specified at 2.7 V, 5 V and 15 V. The 2.5-V operation makes it compatible with Li-lon
battery-powered systems and many micro-power microcontrollers available today including TI's MSP430.

All members are available in PDIP and SOIC with the singles in the small SOT-23 package, duals in the MSCP,
and quads in TSSOP.

SELECTION OF SINGLE SUPPLY OPERATIONAL AMPLIFIER PRODUCTST

v V BW SLEW RATE | log/

DEVICE (S)C {"!3) (MH2) Vius) ‘z&‘;" RAIL-TO-RAIL
Tivzaox® | 2518 0.380 0.005 0.002 0.880 )
TLV224x 25-12 0.600 0.005 0.002 1 o
TLV2211 2.7-10 0.450 0.065 0.025 13 0
TLV245x 2.7-6 0.020 0.22 0.110 23 o)
TLV225x 2.7-8 0.200 0.2 0.12 35 5}

T All specifications are fypical values measured at 5 V.
1 This device also offers 18-V reverse battery protection and 5-V over-the-rail operation on the inputs.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

Copyright @ 2000, Texas instruments Incorporated

PRODUCTION DATA Information |s curent as of publication date. .
s oy T

warranty. on process
testing of all parameters. " l EXAS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1
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N ]
TLV2401 AVAILABLE OPTIONS
PACKAGED DEVICES
TA X'Togfé SMALL OUTLINET || sor-23t SYMBOLS || PLASTIC DIP
(D) (DBV) (P}
0°C to 70°C 1500 Y TLV2401CD || TLV2401CDBV vawe || —
-40°C to 125°C Tv2401D || TLv24011DBY vawl || TLva4o1iP

1 This package is available taped and reeled. To order this packaging option, add an R suffix to the part number (e.g.,

TLV2401CDR}.
TLV2402 AVAILABLE OPTIONS
PACKAGED DEVICES
TA X'T";:f; SMALL OUTLINET msopt symeoLs || PLASTICDIP
(D} {DGK) {P)
0°C to 70°C e TLV2402CD TLV2402CDGK | oTiAX || —
—40°C to 125°C “ TLV2402ID TLV2402IDGK WTIAY || TLv2402iP

T This package is available taped and reeled. To order this packaging option, add an R suffix to the part number (e.g.,

TLV2402CDR).
TLV2404 AVAILABLE OPTIONS
PACKAGED DEVICES
T Vipgmax T
A AT 25°C SMALL OUTLINE PLASTIC DIP TSSOP
(D) (N) (PW)
0°C to 70°C 1500 uV TLV2404CD TLV2404CN TLV2404CPW
-40°C to 125°C W TLV24041D TLV2404IN TLV24041PW

T This package is available taped and reeled. To order this packaging option, add an R suffix to the part
number {e.g., TLV2404CDR).

TLVZ401
DBV PACKAGE
(TOP VIEW)

TLV240x PACKAGE PINOUTS

TLV2401

TLvV2402

D OR P PACKAGE
(TOP VIEW)

D, DGK, OR P PACKAGE
{TOP VIEW)

out [
GND [
N+ [

1 Vee

] IN=

Nc [T ©

IN- 1]
IN+ 1
GND [T

1
2 7
g
4

s[I3 NC
D) Ve
T3 QUT
53 NC

10uT
1IN-C]
1IN+
GNDLI

S s
§7

Es
4 5

1] Vee
T 20UT
1] Z2IN-
T 2IN+

NC — No intermal connaction

TiLV2404
D, N, OR PW PACKAGE

(TOP VIEW)

1 14
46
1IN+ [T 12

Voo 4 1

2IN+[T] 5 0
2IN-[I] & 9
20Ut 7 8

TOUT L]
1IN~

11 40UT
[T14IN-
[T 4IN+
"T1GND
[T 3IN+
1] 3IN—
T 30UT

@ TEXAS
INSTRUMENTS
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absolute maximum ratings over operating free-air temperature range {unless ctherwise noted)t

Supply voltage, Vo (see Note 1) ... ... oo 17V
Differential input voltage range, Vip ................... ... T 20V
Input current range, |) (anyinput) ... .. ... e ceiv.. 210 MA
Output currentrange, lg ........... GEE L E L ER LW e WL LR L SR LS. H10mA
Continuous total power dissipation ...... .... ... ... ... ... ....... See Dissipation Rating Table
Operating free-air temperature range, Ta: Csuffix ... ... ... ... ... ....... ... ... 0°Cto 7C°C

Isuffix ... ............ cieieieeee e —40°C o 125°C
Maximum junction temperature, Ty .............coo oL B S R 160°C
Storage temperaturerange, Tgtg ... oooii i ceeiieeiieee... —B5°C 10 150°C
Lead temperature 1,6 mm (1]16g inch) fromcase for 10seconds ........ ... ... R T 260°C

T Stresses beyond those listed under“absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommencded operating conditions™ is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values, except differential vollages, are with respect to GND

DISSIPATION RATING TABLE

RASKAGE (%;fv, (i‘::v) POWER RATING  POWER RATING
D@ 383 176 710 MW 142mW
D (14) 26.9 1226 1022 mW 2044 mW
DBV (5) 55 324.1 385 MW 770 mw
DGK (&) 542 2509 481 mW 96.2 mW
N(14) 32 78 1600 MW 3205 mW
P@® 41 104 1200 mw 2404 mW
PW (14) 293 1736 720 mW 144 mw

recommended operating conditions

MIN MAX i UNIT
Supply voltage, Voo Slngle supply 25 16 v
Split supply #1.25 +8
Common-mode input voltage range, VicR o1 Voors| v
Operating free-air temperature, Ta, C-suffix 0 70 oc
I-suffix ~40 125

‘k’? TeExas
INSTRUMENTS
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electrical characteristics at recommended operating conditions, Vec = 2.7, 5 V, and 15 V (unless
otherwise noted)

dc performance

PARAMETER TEST CONDITIONS TA‘" MIN TYP MAX| UNIT
_ 25°C 390 1200
Vio  Inputoffset voltage Vo=Voci2V, W
Vic=Veel2V, Full range 1500
oyio Offset voitage draft Rg =500 25°C 3 UVIPC
25°C 63 120
Ve =27V
Full range 80
L " VlC =0to VCC, _ 25°C 70 120
MRR C od i 1 Vee=5V dB
v ommon-mode rejection ratio Rg =500 cC Full ange 5
Venz 15y 25C 80 120
cc Full range 75
_ _ 25°C 130 400
Yoo =27V, Vopp)=1V, RL=500kQ Foll range 30
Large-signal diffzrential voliage - - - 25°C 300 1000
AVD  amplification Vec =8V, Vo) =3V, RL=800k2 Fereete =g vimy
-~ ] _ 25°C | 1000 1800
Ve =15V, Vogpp) =6V, RL=500 k2 Full range 120

T Full range is 0°C to 70°C for the C suffix and —40°C to 125°C for the | suffix. If not specified, full range is —40°C to 125°C.

input characteristics
PARAMETER TEST CONDITIONS TA‘I‘ MIN TYP MAX| UNIT
25°C 25 250
o Input offset current TLV240xC 300 pA
= Full range
xo = \60(3]22 \\/, TLV240x! ¢ 400
IC =V ' o
Rg = 50 O 25°C 100 300
i TLV240xC 350
]:1 Input bias current Full range pA
TLV240x| 800
Ti(d) Differential input resistance 25°C 300 MQ
Ciicy Common-mode input capacitance f=100 kHz 25°C 3 pF

T Fuli range is 0°C to 70°C for the C suffix and —40°C to 125°C for the | suffix. if not specified, full range is —40°C to 125°C.

{‘f’ TEXAS
INSTRUMENTS
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electrical characteristics at recommended operating conditions, Voo =2.7,5 V, and 15 V {unless
otherwise noted) (continued)

output characteristics

PARAMETER TEST CONDITIONS Tat MIN TYP MAX | UNIT
25°C 285 288

Ve =27V
ce Fulltange | 2.63
VIC = Vcc[2’ v =5V 25°C 4,95 498
loH = -2 pA cc Fullrange | 4.93
25°C 14.95 1498
Voo=15V

v Highdeve ¢ votta Full range | 14.93 v
1] @ave output vol e
oH Ha e g 25°C | 262 266

Ve =27V
cc Full range 26
= 25°C 492 495
Vic=Vec |y =gy
loH = -50 pA Fullrange | 4.9
25°C 1492 14.95
Ve =15V
Full range 14.9
Vic=Vee2, oL =2 pA 25°C 80 150
Ic=Veck Tou Full range 180
VoL  Low-evel output voliage mv
Vic=Voc2, oL = 50 pA 25°C 180 230
I NEE el Full range 260
Io Qutput current Vo = 0.5 V from rail 25°C 1200 nA
T Full range is 0°C to 70°C for the C suffix and —40°C to 125°C for the | suffix. If not specified, full range is —40°C to 125°C.
power supply
PARAMETER TEST CONDITIONS Tat MIN TYP MAX| UNIT
25°C 880 950
Vo =27Vors5Vv
| Suppl t( hannel) Vo =Veoi2 Fulrange 1290 A
u current (per chan = n
cC i P = HEE 25°C 900 990
Ve =18V
Full range 1350
Voo =-18V, ViN=0V, ” .
Reverse supply current Vg = Open circuit 25°C 50 nA
Vee=27105Y, 25°C 100 120 dB
b v reloct] " Vic=Voei2 V, TLV240xC Full range 96
ower supply rejection rafio No load, Tov
PSRR (AVC/AVIO) 240x| 85 dB
Vec=51015V, Vic=Veeo/2V, 25°C 100 120 4B
No load Full range 100
T Full range is 0°C to 70°C for the C suffix and —40°C to 125°C for the | suffix. If not specified, full range is —40°C to 125°C.
| ———————
‘U TEXAS
INSTRUMENTS
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electrical characteristics at recommended operating conditions, Vg = 2.7, 5V, and 15 V (unless
otherwise noted) (continued)

dynamic performance

PARAMETER TEST CONDITIONS Ta MIN TYP MAX| UNIT
UGBW  Unity gain bandwidth Ry = 500 kQ, C|_ =100 pF 25°C 55 kHz
3R Slew rate atunity gain | Vouppy=0.8V, R =500k, G =100 pF 25°G 2.5 Vims
oM Phase margin 60°
: - RL =500 k2, Cp =100 pF 25°C
Gain margin 15 dB
Vog=27or5V,
V(STEP)PP =1V, C_ =100pF, |0.1% 1.84
. =1, Ry = 100 kQ
Ig Settling time 25°C ms
Ve =15V, 0.1% 6.1
V(STEP)PP =1V, CL =100pF,
Aoy =1, RL=100kQ ]0.01% 32
noisel/distortion performance
PARAMETER TEST CONDITIONS Ta MIN TYP MAX| UNIT
V, Equivalent input ncise voltage f=10Hz . VAH,
uivalent input noi T
n d P g F= 100 Hz 25°C 500 RO
Ih Equivalent input noise current f=100 Hz 8 farAz

{'? Texas
INSTRUMENTS
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TYPICAL CHARACTERISTICS
Table of Graphs
FIGURE
Vio Input Offset Voltage vs Common-mode input voltage 1,2,3
i vs Freg-air temperature 4,6, 8
I]:] Input Bias Current -
vs Common-mode input voitage 57,9
o Input Offset Current Vs Free-aariempera'ture 4.5, 8
vs Common-mode input voltage 57,9
CMRR Common-mode rejection ratio vs Frequency 10
VOH High-level output voltage vs High-level output current 11,13, 15
VoL Low-level output voliage vs Low-Jevel output current 12, 14, 16
VO(PP) Qutput voitage peak-to-peak vs Frequency 17
Zy Cutput impedance vs Frequency 18
Ice Supply current vs Supply voltage 19
PSRR Power supply rejection ratio vs Frequency 20
AD Differential voltage gain vs Frequency 21
Phase vs Freguency 21
Gain-bandwidth product vs Supply voltage 22
SR Slew rate vs Free-air temperature 23
om Phase margin vs Capacitive load 24
Gain margin vs Capacitive load 25
Supply current vs Revarse voltage 26
Voltage noise over a 10 Second Period 27
Large signal follower puise response 28, 29, 30
Small signal follower puise response 31
Large signal inverting pulse response 32,33, 34
Small signal inverting pulse response 35
Crosstalk vs Frequency 36

Q.’TEXAS
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INPUT OFFSET VOLTAGE
¥s
COMMON-MODE INPUT
VOLTAGE

1400 T T T

Voo=27V
1200 | 142 265C
1000

]

g

&

g

Vg - Input Offsst Voltags — WV
[+:]
]

=]

00
0.1 0.20 060 1.00 1.0 1.80 2.20 280 2.9
Vicr - Common-Mode Input Voltage - V

TYPICAL CHARACTERISTICS
INPUT OFFSET VOLTAGE
Vs
COMMON-MODE INPUT
VOLTAGE
100 | T
3o '
&
£
£ -100
£
g 00
IQ—SDO
> Voo =5V
Ta=25°C
—400 —_—

0104 1.0 16 22 28 34 40 486 52
¥icr - Common-Mode input Voltage — ¥

Figure 1 Flgure 2
INPUT BIAS / OFFSET CURRENT
INPUT BIAS / OFFSET CURRENT vs
vs COMMON MODE INPUT
FREE-AIR TEMPERATURE VOLTAGE
800 400
1 11 I
2 o). Vec=27v ‘ ? 380 [— vgp=27V
] = -
‘E Vig=138V ’I 2 ano|— Ta=25°C
£ 40 ’ § 250
% E 200
g 00 l S 150
e 2 100
= [
g 100 by 50 10
B ool JA E i
IO i Iy =] =50 i
= 10 = 100 B
B ool | L L] |
—40—25-10 5 20 35 50 66 80 95 110125 b1 02 06 10 14 18 22 2629
Ta — Freq-Alr Tamperature - °C VicR - Commen Mode Input Voltage - V
Figure 4 Figure 5
INPUT BIAS / OFFSET CURRENT
vs INPUT BIAS / OFFSET CURRENT
COMMON-MODE INPUT vs
VOLTAGE FREE-AIR TEMPERATURE
200 700
[T i | IR
[ vpg=5Vv | ? 600 |- Vcc =15V
L 150 — 1h=25eC | E Vig=75V
B ] 500
E 0 £
] (4]
) 400 l
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o -1a0 =
:'_—"—150 ‘ ‘—E‘n =
T 0104 10 16 22 28 34 40 46 52 —40-25—10 5 20 35 50 65 8) 95 110125
Vicr = Common Mode Input Voltage - V TA — Free-Air Temperature - °C
Figure 7 Figure 8
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TYPICAL CHARACTERISTICS
COMMON-MODE REJECTION RATIO HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL QUTPUT VOLTAGE
vE Vs V8
FREQUENCY HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT
g 120 — 27 % 1.80 » T
| . — =27V
é m | >| Voo =27V >I = :
AL I & 24 Pad g 1350 Ta=25°Cd—]
< f|| ‘ 8 " ! Ta=0<C T
2 m i g 2 gl TA=40E N
g e , §‘ . Ta=—40°C E‘ 00 |- \
g YT ' I/ |
g 60 Iy | : g Tp=-0C O o7s |
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A= L (et
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=
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5; 20 \ !5 >5' 0.25
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Figure 10 Figure 11 Figure 12
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Figure 13 Figure 14 Flgure 16
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TYPICAL CHARACTERISTICS
SUPPLY CURRENT POWER SUPPLY REJECTION RATIO
VS vs
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Figure 19 Figure 20
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13.5<max> 8.0 2.54X15=38.1 " —] 0.31 I__
se] = 16-91 o 4-825 46 | 1. 3.00, ] |
| I ) B 1 t4 |16 | e 0.61 .
| 0 VI kS 1:; 0t .
:E = 7 - > 1] ‘ : CI0] d
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—|j 16 55.65 L6 1. S
64.5:0.2 Display Patten
LED BKL R play Pattem
80.0£0.5 without BKL
. —_——————
Fe;)t(:;r ; i Mechanical Data
1. 'ofs with cursor ; Standard o
m : ll f:
2. Built-in controffer (KS0066U or Equivalent) = odu[ﬁm‘ensm 20.0036.0 U
3. +5V power supply(Also available for +3.0V) — o mm
4. 1/16 duty Viewing area 64.5x16.4 mm
5. BKL to be driven by pin1,pin2,or pin15,pin16,or A,K Dot size 0.56x0.61 mm
6. N.V.optional Character size 3.00x5.23 mm
BIN I:I;D —éy;nboi Fuc.:.tic.) n Absolute Maximum Rating
d hohén 2] : ohghpts TR Standard v
3 VSS | GND ltem Symbol — i -~ e Unit
2 VDD +5V Power supply | VDD-VSS -0.3 ——— 5.5 v
- Input voltage Vi -0.3 e vDD
3 VO Coentrast adjustment
: : Electronical characteristics
4 RS H/L Register select signal —_—
ltem Symbol | Condition Sandard Unit
5 R/W H/L Read/\Write signal e Mol Tp [ Max |
H/L Enable signal L S S I
6 E 9 : fnputwvottage  § VOO Iosv [ 27 | 30 | 53 | v
7 DBO H/L Data bus line Supply current Do VDD=5VI - | 15 4 mA
i 20°C | — ) e
8 DB H/L Data bus line Recommended = TR
P LCD riling voltage : i :
9 ppz |HL Databusline fornormal femp  |VO0 V0| 25°C | 43 | 45 | 47 | v
10 og3 | H/L Databus line scaRdrdils 50°0C | 41 | 43 | 45
: 70C | —— | - |
11 DB4 H/L Data bus line TED forward volage| VF ——a I " v
12 pes |H/L Databus line \LED torward current|  IF 25°C | | 120 | 180 | maA
H/L Databus i EL power supply VeL=110V
13 DB6 ata bus line =y I I e e -~ | mA
14 DB7 HIL Data bus line Display character address code:
+4 2\ for LED Display position
15 A 1 2 34567829 10 11 12 13 14 15 16
DDRAM eddress 40 41 42 — — — — — 4FH
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Reference Designs ARE PROVIDED “AS IS” AND “WITH ALL FAULTS. Arduino DISCLAIMS ALL OTHER WARRANTIES, EXPRESS OR IMPLIED,

REGARDING PRODUCTS, INCLUDING BUT NOT LIMITED TO, ANY IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE
Arduino may make changes to specifications and product descriptions at any time, without notice. The Customer must not

rely on the absence or characteristics of any features or instructions marked “reserved” or *undefined.” Arduino reserves

these for future definition and shall have no responsibility uhatsoever for conflicts or incompatibilities arising from future changes to them.
The product information on the Web Site or Materials is subject to change without notice. Do not finalize a design with this informaticn.

ARDUING is a registered trademark
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