


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TYPES TID25, TID26
EPITAXIAL PLANAR SILICON 16-DIODE ARRAYS

PARAMETER MEASUREMENT INFORMATION

When measuring the reverse current of an individual diode the current meter must be placed so that
the shunt current through the other diodes is bypassed around the meter. To obtain accurate readings,
the voltage drop across the current meter must be less than 10 mV.

Shunt Current
- +

- To
Diode
Under e
Test
o2
A\

-——
Shunt Current

FIGURE 1 - TEST CIRCUIT FOR FIGURE 2 - TEST CIRCUIT FOR
COMMON-CATHODE DIODE COMMON-ANODE DIODE

INPUT Adjust for

e = 500 mA

> 0

> ©

1
INPUT O~ o » O OuTPUT

i

DU.T. OUTPUT

|
I
|
1 |
| |
—.i"'r_

TEST CIRCUIT VOLTAGE WAVEFORMS

FIGURE 3 — FORWARD RECOVERY TIME

NOTES: a. The input pulse is supplied by a generator with the following characteristics: 1 < 15ns, 1,4, =509, |P=ISD ns, duty cycle < 2%.
b. The output waveform is monitored on an oscilloscope with the following characteristics: 1, < 4.5 ns, R, > 1M, G < 5pF.
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TYPES TID25, TID26
EPITAXIAL PLANAR SILICON 16-DIODE ARRAYS

PARAMETER MEASUREMENT INFORMATION

INPUT

NOTES: «¢. The input pulse is supplied by a g

Adjust amplitude
for I = 200 mA

INPUT VOLTAGE
WAVEFORM

0.05 pF

—)
6kag

—)

0.001 pF

D.U.T.

OUTPUT

Adjust for
= 200 mA

with the followi

B

TEST CIRCUIT

OUTPUT CURRENT WAVEFORM

FIGURE 4 — REVERSE RECOVERY TIME

ies: 1p <1 ns, 2,4, =509, tp =200 ns, duty cycle < 1%.
d. The output waveform is monitored on an oscilloscope with the following characteristics: 1, < 0.4 ns, R;, = 50 Q.

20012
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TYPES TID29, TID30
EPITAXIAL PLANAR SILICON DUAL 10-DIODE ARRAYS

mechanical data

Magnetic Cores o Memory Drums o Memory Tapes

20-DIODE CORE DRIVERS
For Application With

Diode-Capacitor Storage © Magnetic Discs
Convenient Input/Output Lead Arrangement

The diode arrays are mounted in a glass-to-metal hermetically sealed, welded package which falls within

the JEDEC TO-84 outline. Leads are goldplated F-15% glass-sealing alloy. Approximate weight is 0.1 gram.
All external surfaces are metallic.

P

M ggi
0.175 wEF. y
0148 M.

1

LHH

eos? I .

-

also
°

= ) -

F
0,005 MAX_ GLASS
14 PLACES

2

|

OOOOO®O

ro-

i — ili

i
f
g

ALL LEADS INSULATED FROM CASE

NOTES: a. All dimensions in inches.

b. All decimals —=0.005 except as noted.

~

. Lead-spacing folerance is —=0.015 at
extremities ond —=0.005 of package,
nonaccumulative,

a

lead centerlines are located within
+0.005 of their true positions relative

l to body centerlines.

Symbolization denotes orientation of pack-
age.

TF-15 is the ASTM designation for an iron-nickel-cobalt alloy containing nominally 29% nickel, 17% cobalt, and 53% iron.

schematic diagrams ﬁ

® (9

®

DO

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

EACH DIODE TOTAL
DEVICE UNIT
TID29 TiD30 ALL TYPES

Peak Reverse Voltage (See Note 1) 60 40 v
Steady State Reverse Voltage, Vi 30 15 \
Peak Forward Current at (or below)
25°C Free-Air Temperature (See Notes 1, 2,and 3) 500 500 mA
Continuous Forward Current at (or below)
25°C Free-Air Temperature (See Notes 2 and 4) 100 200 mA
Storage Temperature Range —65 to 200 °C
Lead Temperature s Inch From Case for 10 Seconds 300 °C

NOTES: 1. These values apply for 100-us pulses, duty cycle < 20%.
2. The values shown for fotal device apply for any combination provided the ratings of individual diodes are not exceeded.
3. Derate linearly to 150°C free-air temperature at the rate of 4 mA/deg.
4. Derate linearly to 150°C free-air temparature at the rate of 0.8 mA/deg for each diode and 1.6 mA/deg for the total device.

0€dIL ‘6ZQIL S3dAL

9961 ¥3ILOLOO ‘vO¥699 S-1a "ON NILITING

§961 1SNONV ‘£008S9 $S-10 "ON NILINING SIOVIdIW

T EXAS, lNSTRuy ENTS

NCORPORATE

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



TYPES

TID29, TID30

EPITAXIAL PLANAR SILICON DUAL 10-DIODE ARRAYS

electrical characteristics at 25°C free-air temperature

single-diode operation (see note 5)

o TiD29 TID30
PARAMETER TEST CONDITIONS MIN _ MAX | MIN _MAX UNIT

rhg, Reverse Breakdown Voltage IR=10 uA 60 40 v

Ir Static Reverse Current x:;?g ‘\;: Z:: :::: z o1 X '::

Ve Static Forward Voltage 1:=100 mA 1 1.1 v

Ve Instantaneous Forward Voltage 1g=500mA, See Note 7 1.3 1.5 v

Vem Peak Forward Voltage Ie=500 mA, See Note 8 5 5 v

G Total Capacitance T V=0, f=1 MHz 8 8 pF

multiple-diode operation (see note 9)

- TID29 . TID30
PARAMETER TEST CONDITIONS MIN _ MAX | MIN MAX UNIT
. Vri=rated Vg,
Iry Static Reverse Current len =25 mA 10 10 A
Vey Static Forward Voltage Iy =1egn=25 mA 1 1 v

switching characteristics at 25°C free-air temperature

single-diode operation (see note 5)

NOTES: 5.

=~

. Test conditions apply

ALL TYPES
PARAMETER TEST CONDITIONS UNIT
MAX
t,.  Forward Recovery Time Ig=>500 mA, See Figure 3 40 ns
1e=200mA, 1p=200 mA,
t,  Reverse Recovery Time i»=20mA, R.=1001), 20 ns
See Figure 4

Test conditions and limits apply separately fo each of the diodes. The diodes not under test are open-circuited during the measurement of these characteristics,
except for lp as shown in figures 1 and 2.

. See figures 1 and 2, Parameter Measurement Information section.

This par is d using pulse techni S =100 gs, duty cycle = 2%. Read time is 90 us from leading edge of the pulse.

. The initial instantaneous value is measured using pulse fechniques. t =150 us, duty cycle < 2%, pulse rise time < 10 ns. The total diode shunt

capacitance is 19 pF max and the equipment bandwidth is 80 MHz.

p ly to the de ond thode sections. Subscript numerial 1 refers to the diode under test; subscript N refers simul-
taneously to each of the other diodes in the section. Each diode is individually fested after the device reaches operating thermal equilibrium.

1’(, is the total pin-to-pin capacitance measured across any of the diodes. The inferaction of the other diodes cannot easily be separated out wnless three-

terminal guarded measurement techniques are used. The actual capacitance of a single, isolated diode will typically be 30% of the measured pin-to-pin value
for the common-cathode diodes, and 75% of the measured value for the common-anode diodes.
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TYPES TID29, TID30
EPITAXIAL PLANAR SILICON DUAL 10-DIODE ARRAYS

PARAMETER MEASUREMENT INFORMATION

When measuring the reverse current of an individual diode the current meter must be placed so that
the shunt current through the other diodes is bypassed around the meter. To obtain accurate readings,
the voltage drop across the current meter must be less than 10 mV.

-
Shunt Current

FIGURE 1 — TEST CIRCUIT FOR
COMMON-CATHODE DIODES

10Q

Shunt Current

FIGURE 2 — TEST CIRCUIT FOR
COMMON-ANODE DIODES

INPUT Adjust for

1¢ = 500 mA

INPUT © A Mg

D.U.T.

I—o—ig¢——+¢

TEST CIRCUIT

O OuTPUT

ouTePUT

VOLTAGE WAVEFORMS

FIGURE 3 — FORWARD RECOVERY TIME

NOTES: a. The input pulse is supplied by a generator with the following characteristics: 1. <15 s, Loyt =500, lp =150 ns, duty cycle < 2%.
b. The output waveform is monitored on an oscilloscope with the following characteristics: 1, < 4.5 ns, R, > 1M Q, (G, < 5 pF.
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TYPES TID29, TID30
EPITAXIAL PLANAR SILICON DUAL 10-DIODE ARRAYS

PARAMETER MEASUREMENT INFORMATION

0.05 pF

D.U.T.
INPUT OuTPUT
<
6 kQ:’
[
0 .
Adjust amplitude . Adjust for
for I = 200 mA g™ 200 mA
INPUT VOLTAGE

WAVEFORM

TEST CIRCUIT

|
|
|
|
|
i
|
S —|

OQUTPUT CURRENT WAVEFORM

FIGURE 4 — REVERSE RECOVERY TIME

NOTES: c. The input pulse is supplied by a generator with the following characteristics: t; <, I,,=50Q, o =200 ns, duty cycle < 1%.

d. The output waveform is monitored on an oscilloscope with the following characteristics: 1, < 0.4 ns, R,y = 50 Q.

20016
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TYPES TIV306, TIV307, TIV308
PLANAR SILICON VOLTAGE-VARIABLE-CAPACITANCE DIODES

FOR USE IN AUTOMATIC FREQUENCY CONTROL
AND VOLTAGE-VARIABLE TUNING

o Small Size, Whiskerless, Double-Plug Construction
¢ High Q, High Capacitance Ratio
o Replaces TIV300 and TIV301

mechanical data

The glass-passivated silicon wafer is encased in a hermetically sealed glass package. High-temperature
bond between wafer and leads ensures integral positive contact under extreme environmental conditions.

FALLS WITHIN DO-35 DIMENSIONS

DUMET

0.020 = 0.002 DI
i 2 LEADS
« 0025 MAX

SEE NOTE

1.00 MIN ——>]

1A

DIMENSIONS ARE IN INCHES
NOTE: WITHIN THIS ZONE DIAMETER OF EACH LEAD IS UNCONTROLLED CATHODE END IS DENOTED

BY COLOR BAND

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Peak Reverse Voltage - . . . . . . . . . . . . . . . . . . . .. 20V
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) . . . . 250 mW
Operating Free-Air Temperature Range . . . . . . . . . . . . . . . . —=65°Cto 150°C
Storage Temperature Range . . . . . . . . . . . . . . . . . . . . —65°Cto200°C
electrical characteristics at 25°C free-air temperature
TIV306 TIv307 TIV308
PARAMETER TEST CONDITIONS MIN MAX|MIN MAX|MIN MAX UNIT
Vi)  Breakdown Voltage Ir = 100 A 20 20 20 v
Ir Reverse Current Ve =15V 50 50 50 nA
G Total Capacitance Ve =4V, f=1MHz 5 9 7 1 9 14 pF
Q Figure of Merit (Note 2) | Vi = 4V, f = 50 MHz 200 200 200
% Capacitance Ratio Vi=1V, V, =5V, f=1Miz| 1.5 1.5 1.5
V2

NOTES: 1. Derate linearly to 150°C free-air temperature at the rate of 2 mW /deg.

2. Figure of Merit, Q, is defined by the equation @ =

Py where rg is Equivalent Series Resistance, u's measured on o Boonton RF Admittance Bridge, Model
iy,
T's

33A or equivalent.

SOEAIL ‘ZOEAIL ‘90TAIL S3dAL

£961 INNC ‘961019 $-10 'ON NILITING $IDV1dIA
8961 AVYW ‘9610189 $-10 'ON Nll3ating

TEXAS INSTRUMENTS TEXAS INSTRUMENTS RESERVES THE RIGHT TO
I[NCORPORATED MAKE CHANGES AT ANY TIME IN ORDER TO
POST OFFICE BOX 5012 « DALLAS. TEXAS 7ouzz IMPROVE DESIGN AND TO SUPPLY THE BEST
PRODUCT POSSIBLE.
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TYPES TIV306, TIV307, TIV308
PLANAR SILICON VOLTAGE-VARIABLE-CAPACITANCE DIODES

TYPICAL APPLICATION DATA

]
|j | < oureur
=

L Cio ‘_K
C22
300-Q L 1 1
INPUT !
C
o—« 20
A4
[« R
1
>
TIV3 ——o0 +12V
® Re &S0 L Lcy Cio
‘L,i 5‘: —~ T
-rl Ry :E <
1 77
VWA ? -0 AFC or Ground
) c"i

TYPICAL TUNER PERFORMANCE AT f, = 98 MHz

Image Rejection (119.4 MHz) 47 dB

f, + Vy IF Rejection (103.35 MHz) 73 dB
. S+ N -~

Sensitivity for 30-dB m (==75-kHz deviation) 23 pv
. S+N -

Sensitivity for 30-dB m (==22.5-kHz deviation) 34 v

Voltage Gain from Input to Primary of IF Transformer 37 dB

CIRCUIT COMPONENT INFORMATION

CAPACITORS RESISTORS cous
C: 0001 uF G 1.2 pF Ry: 27 k) R: 10 k2 L,: 2.5 T, #16 bus, /4" ID, carbonyl “E” core,
C: 10 pF G Ry: 10 kQ Rs: 330 k2 topped at 1 T and 2 T from bottom
Gt g 10 pF Rs: 2.7 k) R:: 820 Q L,: 4T, #16 bus, 4" ID, air core, tapped
G 0.001 uF  Cs: 240 pF Re: 330 O Ryo: 120 at 1.3T ond 1T from bottom
G T Ce: 0.001 uF Rs: 1 kQ Ru: 330 Q L: 1 ph
G 10pF Gy 01 pf Re 27k Ry: 330 Q : ., -
C: 0001 uF G 001 uF Al resistors 1/, W, fen percent folerance  Ls: 3T, #16 bus, ;" 1D, carbonyl “E” core
Cs: 12 pF Cq: 47 pF
G: 47pF G 001 pF TRANSFORMER
Cyo: 6.8 pF C;y: 100 pF
G 47 pF Cz: 0.01 uF Ty: 10.7 MHz IF transformer

FThree-gang, 6—21 pF each, with trimmers.
FIGURE 19 — TYPICAL FM TUNER
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TYPES 1N746 THRU 1N759, IN746A THRU TN759A

mory f/a® SILICON VOLTAGE REGULATOR DIODES

3.3 TO 12 VOLTS » 400 mw

GUARANTEED DYNAMIC ZENER IMPEDANCE

Available in 5% and 10% tolerances
-65 to 175°C operation & storage

mechanical data

The diode is encased in a hermetically sealed hard-glass package which falls within the JEDEC DO-7
outline. Unit weight is typically 0.195 gram.

| I )
| N A
S =
Qﬂm‘ .
REGISTERED BODY DIMENSIONS * A om i newes
MAX
LENGTH 0.300 CATHODE END IS DENOTED
DIAMETER 0.125 BY COLOR BANDS
*absolute maximum ratings
Average Redtified Forward Current dt (or below) 25°C Free-Air Temperature . . . . . . . . . . . . . 230 ma
Average Rectified Forward Current at 150°C Free-Air Temperature . . . . . . . . . . . . . . . . 85 ma
Continuous Power Dissipation af (or below) 50°C Free-Air Temperature . . . . . . . . . . . . . .400 mw
Continuous Power Dissipation at 150°C Free-Air Temperature . . . . . . . . . . . . . . . . .100 mw
Operating Free-Air Temperature Range . - . . . . . . . . . . . . . . . . . . .—65°Cto175°C
Storage Temperature Range . . . . . . . . . . . . . . . . . . . . . . .—65°Cte175°C

*Indicates JEDEC registered data

8961 AVW Q3SIATY

6561 HOYVW ‘ 800189 $-1@ "ON NILITING

V6SZNL NYHL VIVINL ‘6SLNL NUHL 9VINL SIdAL

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222
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TYPES 1N746 THRU 1N759, 1N746A THRU 1N759A
SILICON VOLTAGE REGULATOR DIODES

*electrical characteristics at 25°C free-air temperature (unless otherwise noted)

Vz az Iz Ir
Lener Temperature Small- Static
PARAMETER Breakdown Coefficient Signal Reverse
Voltage of Breakdown | Breakdown Current
Voltage Impedance
TEST _ _ |z1' =120 ma, — Vg =1 v,
CONDITIONS fzr = 20 ma r=20me ), =im | ®TTY | =500
IN746-1N759 1N746A-1N759A
LIMIT—> NOM TYP MAX MAX
MIN MAX MIN MAX MAX
UNIT—> v v v v v %/ °C Q pa va
1N746 33 2.97 3.63 3135 3.465 —0.062 28 10 30
1N747 3.6 3.24 3.96 3.420 3.780 —0.055 24 10 30
1N748 3.9 3.51 4.29 3.705 4.095 —0.049 23 10 30
1IN749 43 3.87 473 4.085 4515 —0.036 22 2 30
1IN750 4.7 4.23 5.17 4 465 4.935 —0.018 19 30
1N751 5.1 4.59 5.61 4 845 5.355 —0.008 17 1 20
IN752 5.6 5.04 6.16 5.320 5.880 +0.006 11 1 20
IN753 6.2 5.58 6.82 5.890 6.510 +0.022 1 0.1 20
1IN754 6.8 6.12 7.48 6.460 7.140 +0.035 5 0.1 20
1N755 1.5 6.75 8.25 7.125 7.875 +0.045 6 0.1 20
IN756 8.2 738 9.02 779 8610 +0.052 8 0.1 20
IN757 9.1 819 1001 8645 9555 +0.056 10 01 20
IN758 10.0 9.00 11.00 9500 10500 +0.060 17 01 20
IN759 12.0 10.80 13.20 11.400 12.000 +0.060 30 0.1 20

*Indicates JEDEC registered data

MAXIMUM POWER DISSIPATION

. 500 j TYPICAL
f 400 ZENER TEMPERATURE COEFFICIENT
5 300 vs ZENER VOLTAGE
g v 008
= 200 N
g ® 0,06
T 100 1 ] B
a Z ;=5ma~ T =Y ma
0 g o 77
0 25 50 75 100 125 150 175 200 Y/
T,— FREE-AIR TEMPERATURE—°C § 0.02 ; //- 1,;=40ma
TYPICAL DYNAMIC IMPEDANCE g o 77
vs ZENER VOLTAGE 5 /
(=] 80 [ —0.02 /
| T T T T 11 a
g7 =l - z /
% 60 Fly=3ma T,=25°C = —0.04 —/
g so - !,=-l°mla Lr=1ma "E' —0.06 7
5 : NoE=20me T _oos
% 20 LT = § "3 4 5 6 7 8 9 1011 12
AN
% ":, e V,—ZENER VOLTAGE—y
L 3 4 5 6 7 8 9 10 11 12
N

V,— ZENER VOLTAGE —v

568
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TYPES 1N746 THRU 1N759, 1N746A THRU 1N759A
SILICON VOLTAGE REGULATOR DIODES

ZENER SURGE CURRENT ZENER RECURRENT SURGE .
SINGLE SURGE—NON REPETITIVE N
= 10 N
. 0.9
T,=25°C Ta=25°C
3 H-H 0.8
19,001 seq s MAX. REP. RATE =1 ke o
~J0.01 se 1 7 |
e
TN 5 z
1 w -
F 0.6 %
1 sec 2 3
N~ R 0.5 ]
11 & I3
™~ 2 s @
\,\l se| % ° [
N z z
o1 N o3 N
=T, =150°C T o A9
b .y
0.001 sec| i 0.2
e 000 see [ | T,=150°C ™N
] L 0.1 sec| 0.1
TS g
1 sec VT3
L LI 0.01 —lo
ORNDVOO=NMTNONDO N®OO~NM 0N ON®O
NERRRRRRRRRRRR $IITRoIR322828%
TYPE—1IN TYPE-IN. ..
FORWARD SURGE CURRENT
SINGLE SURGE—NONREPETITIVE TYPICAL CAPACITANCE
TYPE 1IN746—1N759 T TT1] 500
1 LB 475
/ T,=25°C 450
] 425
400
’l | 375
— . Ia 350
f 325 o
f 0.1 Ve=1v 300 |
Ta=150°C—f N
s §=100 kc 275 ]
/B § 250 2
I b
] w 225 =
I 1 z 200 &
] 1 - :
—F 175 8
= 0.01 150
r.='25°c‘/ 7 125
100
/ i 75
/ / 50
// I[ — 25
t 1’ | ‘ 0
—F NDOO~NMTHOONDO
s 10 5 o $RETRoRRIRRRS
I — SURGE CURRENT —a TYPE-IN. ..
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TYPES 1N746 'I'HRU 1N759, 1IN746A THRU TN759A
SILICON VOLTAGE REGULATOR DIODES

TYPICAL CHARACTERISTICS

V, vs I, TYPE IN746

40 = 100
I MEANSF
T,=—65°C 7
i 1,=25°C f
A 10
MEAN 30 i
MEAN 7
-] /l -]
£ |- MEAN £
0 L]
4 z
20 & -
"
] g MmN o1 g
MEAN—] N it N
N L 1 ]
/A 10”7 [ MAX -
/4 I 0.01
s I
—MAX JIT
0 | 0.001
115 2 25 3 35 4 01 2 3 4 5 6 7
V, — ZENER VOLTAGE— v V,—ZENER VOLTAGE — v
[ | © C®
MEAN —— MEAN——H |
i ! il
Il Ta=150°C ]
3 /I
] .
: / ;
T.=110°C M z
F &
i 20 & 20 §
] [+
g g
/7& g 5
I |
10 = J//i .
T /5/ | MEAN #
l /—wa | ///~—MAX
MIN—]
w7 v
| o 7 ]
0
115 2 25 3 35 4 1 15 2 25 3 35 4
V, — ZENER VOLTAGE — v V, — ZENER VOLTAGE—v

An individual diode will have voltage characteristics which vary with reverse current as shown on all curves.

When a diode has a zener voltage at 20 ma different from the value shown, translate the curves to this new value or shift the voltage axis
to correspond to the translation. The max-min curves will now give the individual diode zener voltage spread at different current levels.
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TYPES 1N746 THRU 1N759, 1N746A THRU IN759A
SILICON VOLTAGE REGULATOR DIODES

TYPICAL CHARACTERISTICS

V, vs I; TYPE IN751

I || I 100
11
L1 T,=—65°C Vi
MEAN 1 . 10
30 7
7
i
E-3
H ,=25°C g
I ;i 1 -
z i §
z
¢ i £
2 o
o mean-—/// o
— ol 2
r4 - I
g F4i, N
I 717 !
MiN——~/ - 717 -+
/ MIN—~] [ F~max
MEAN —| £ 0.01
FH
/ y ATk
MAX ]
- p [ 0.001
2 R8831%887 01 2 3 4 5 67
™m M € ¢ ¢ ¢ 0 v o=n
V, —ZENER VOLTAGE—v V; — ZENER VOLTAGE—v
40 4
30 30
[ MEAN
T,=10°C H g
! I
- =
£ Z
[3 3
208 205
o o ‘ v
o LT, =150°C -
-
£ £
N N
/ ! !
N / -
MIN-] =
| 7// 10 HMEAI 7‘// 10
MEAN-
] o
/™ Mmax /)
[ ° ] 0
3.7 41 45 49 53 57 6165 3.74.1 45 49 53 57 6.1 65
V, —ZENER VOLTAGE —v V, —ZENER VOLTAGE —v

An individual diode will have voltage characteristics which vary with reverse current as shown on all curves.

When a diode has a zener voltage at 20 ma different from the value shown, translate the curves to this new value or shift the voltage axis
to correspond to the translation. The max-min curves will now give the individual diode zener voltage spread at different current levels.
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TYPES 1N746 THRU 1N759, 1N746A THRU 1N759A
SILICON VOLTAGE REGULATOR DIODES

TYPICAL CHARACTERISTICS

V; vs I, TYPE IN752

|l © e
MEAN.
10
To=—65°C— 30 = e
f I 1]
[ ! [ o
2 T,=25°C /] , €
1 %
-3 ARV R, Z
: T //Ilf g
20 x — T o
3 - 4_/// 2
1 [- 1
g = or §
: = /l//' . #
I CMEAN- /// { | 1
10 MINy /\MAX 00l
1 MAX — 7F ’
MIN—/ //
7 /
/-MEAN
4 /1
[ . 0.001
5.1 53 55 57 59 6.1 63 65 1.2 20 28 3.6 4.4 52 60 638
V,—ZENER VOLTAGE — v V, — ZENER VOLTAGE — v
I 40 T 40
30 30
o
MEAN | o 2
E 1
g z
4 S
20 & 20%
= 3i70°
Ta=t10%c 3 L {1,=150°C g
e /Il 2
z &
4 [l ]
/ ) ! !
1 ] NI B
/l] - MEAN ) -
10 10
MEAN /] 7~
/ | min /1]
MIN—//, A max
i 7
= 1 0 £ 1 [ 1,
4648 50 52 54 5.6 5.8 60 44464850 52 54 5658
V, — ZENER VOLTAGE — v V;— ZENER VOLTAGE—v

An individual diode will have voltage characteristics which vary with reverse current as shown on all curves.

When a diode has a zener voltage at 20 ma different from the value shown, translate the curves to this new value or shift the voltage axis
to correspond to the translation. The max-min curves will now give the individual diode zener voltage spread at different current levels.
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TYPES 1N746 THRU 1N759, TN746A THRU TN759A
SILICON VOLTAGE REGULATOR DIODES

TYPICAL CHARACTERISTICS

V, vs I, TYPE IN754

40 100
- To\=25°C
MEAN n 1o
30
i
E ] [
I S
£ H 5
= 11 4
T,=—65°Ct— 20 £ - H -
] MEAN—— | =
%)
§ ML 1.8
- 17 Z
N yi 1 w
| y i N
L 711 1
10 / =
MIN
[MIN L - / 0.01
- MAX 74
\ ya va
717
[1-F-MEeaN /1 ] | ~——MAX
17 |
0 0.001
6264 66 68 707274 7.6 1 2 3 4 5 6 7 8
V, —ZENER VOLTAGE—v V;—ZENER VOLTAGE—v
40 40
30 30
F-MEAN .
£ -]
' i
o Z a
-T,=110°C F é
20 =
] T,=150°C 20 x
o v
w o
z
7 g
L /Nl i
10 / / /’ "
Il / MEAN —/+/ |
MEAN—/ /) / [/ J<T—Mmax
MIND /| //7-Max MINF—
| I o g o
6365 6.7 6971737577 6365 67 6971 737577
V, —ZENER VOLTAGE — v V, —ZENER VOLTAGE—v

An individual diode will have voltage characteristics which vary with reverse current as shown on all curves.

When a diode has a zener voltage at 20 ma different from the value shown, translate the curves to this new value or shift the voltage axis
to correspond to the translation. The max-min curves will now give the individual diode zener voltage spread at différent current levels.
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TYPES 1N746 THRU 1N759, IN746A THRU IN759A
SILICON VOLTAGE REGULATOR DIODES

TYPICAL CHARACTERISTICS

Vzvs I TYPE IN759

40
T T 100
1 ]
_T.=—65°C_[l]
T,=25°C .
T mean
30
g
i v §
H -4
£
[ 2o§ §
I 5 Ll g
Z } . z
[ § ik E
1
F-MAX = 11 -
10 | MAX
”' 0.01
MIN——/]] H
L /] 1]
MEAN/>] MIN —.‘i MEAN
I 7 I 0.001
o % = v ¢ o v =° 7 8 9 10 11 12 13 14
eegg-~agn V, —~ZENER VOLTAGE—v
V,—ZENER VOLTAGE—v
40 40
l |
T,=110°C T,=150°C
30 30
i £
- -
g £
20 & 20 g
3 )
P &
z &
L MEAN 5 'i:
10" 10
/ ]I
7/ wn /]
'/ < MAX MEAN-A] [ max
1 ° 777 ! o
22833234 R
-z o sgoe
V;—ZENER VOLTAGE —v V,—ZENER VOLTAGE—v

An individual diode will have voltage characteristics which vary with reverse current as shown on all curves.

When a diode has a zener voltage at 20 ma different from the value shown, translate the curves to this new value or shift the voltage axis
to correspond to the translation. The max-min curves will now give the individual diode zener voltage spread at different current levels.
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TYPES 1N4370 THRU 1N4372, 1N4370A THRU TN4372A

ALLOY-JUNCTION SILICON VOLTAGE REGULATOR DIODES

400 MW—-24Vto3V

IN4370A Thru IN4372A Can Be Supplied in Accordance with MIL-S-19500/127
Low Noise Density: 20 .V/V'Hz Typical
Very Low Dynamic Zener Impedance

mechanical data

The diode is d in a hermeti
outline®. Unit weight is 0.195 gram.

lly sealed hard-glass package. The outline drawing meets JEDEC DO-7

L7

'MOLYBDENUM HEAT SINK

ALL DIMENSIONS IN INCHES |

*absolute maxirmum ratings at 25°C free-air temperature (unless otherwise noted)

NOTES: 1. The nominal 17, currents shown are applicable te devices having regulator voltages 10% above the nominal V valves. These values do not represent absolute

im dy-S b o Lead

. teady-State issipation torage

TYPE Reverse Current Ta < 50°C Temperature {;;:p':':'em;;
(See Note 1) (See Note 2) Range o

1N4370

TN4370A 150 mA ssoc

14371 135 mA 400 mW to 230°C

1N4371A °

1N4372 1757

NA37T2A 120 mA

fimits. The actual steady-state current-voltage product must not exceed 400 mW.
2. Derate linearly to 175°C free-air temperature at the rate of 3.2 mW/deg.

3. This value applies {5 inch from the case for 10 seconds.

*Indicates JEDEC registered data.

9961 AUVNNVT ‘111899 S-1@ "ON NiLITING

VTLEYNL NY¥HL VOZEVNL ‘TLEYNI NUHL OZEYNL S3dAL

TEXAS INSTRUMENTS

INCORPORATED
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TYPES TN4370 THRU 1N4372, TN4370A THRU 1N4372A
ALLOY-JUNCTION SILICON VOLTAGE REGULATOR DIODES

*electrical characteristics at 25°C free-air temperature

Vz lz lk vP
Tener Small-Signal Static Static
PARAMETER Breakdown Breakdown Reverse Forward
Voltage Impedance Current Voltage
IZT = 20 mA sz = 20 mA
TEST CONDITIONS (See Note 4) :,; _60 f‘ ;nA =1V I = 200 mA
LIMIT MIN NOMT  MAX MAX MAX MAX
UNIT ] Q MA v
1N4370 2.16 24 2.64 30 100 1.5
1N4370A 2.28 24 2.52 30 100 1.5
1N4371 243 2.7 297 30 75 1.5
1N4371A 2.57 27 2.84 30 75 1.5
1N4372 2.70 3 3.30 29 50 15
1N4372A 2.85 3 3.15 29 50 1.5

NOTE 4: This parameter is measured after the device reaches operating thermal equilibrivm.
*Indicates JEDEC registered data.
FTolerance is Z=10% for the 1N4370 thru 1N4372 series; —=5%, for the 1NA370A thry 1N4372A series.

PARAMETER MEASUREMENT INFORMATION

NOISE DENSITY
51kQ Amplifier

+
Ammeter Load Resistor Filter ’ True
D-C Power fo =2 kHz Vout \/R:l‘?_
Supply BW=2 kHz ‘ meter
- O 4 g 4

ND in WV/a/Hz = ——
Overall GainV BW

FIGURE 1 — NOISE DENSITY TEST CIRCUIT

23602 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.



STANDARD MOUNTING HARDWARE FOR SILICON THYRISTORS

®nn
EE
£33
58§
This data sheet identifies those standard hardware kits which are supplied with each device. At additional z2.s
cost, nonstandard hardware items will be supplied. 3 ; z
=0
The mounting hardware assembly drawings of Section A (Figures 1 and 2) specify the individual hard- .?g‘z:
ware items that are included in each mounting hardware kit. Section A also references the package out- "= E
lines for which each kit is designed and shows the typical thermal resistance associated with the mounting £"3s
hardware. E 3
Section B contains mechanical drawings of the individual hardware items that are referenced in Figures 1 : g
and 2. < 2
o m
2 =
- 2

TABLE A

SILICON THYRISTORS
DEVICE TYPES KIT
TIC20-TIC21
TI(22-T1C23
TI40A0-TI40A4
TIC44-TiC47
TI145A0-T1145A4
2N681,A-2N689 A
2N876-2N881
2N884-2N889
2N1595-2N1599
2N1600-2N1604
2M1770,A-2M1777 A
2N1778
2N1842B-2N18508
2N2322-2N2326
2N2653
2N2687-2N2690
2N3001-2N3004
2N3005-2N3008
T13037-T13042
2N3555-2N3558
2N3559-2N3562
2N3936-2N3940
2N5273-2N5275

-

* * o

-
=]

. # »

o e el e

-—

* % # o

—
(-]

o *| »

-
o

*No hardware furnished with these devices.
Texas Instruments reserves the right to substitute similar parts at any time in order to expedite delivery or improve design.

TEXAS INSTRUMENTS

INCORPORATED 24001
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



STANDARD MOUNTING HARDWARE FOR SILICON THYRISTORS

SECTION A — MOUNTING HARDWARE ASSEMBLY DRAWINGS AND PHOTOGRAPHS

ltem 6 — Mica Insulating Washer, MOUNTING KIT 9
fo!

Dwg. 10-31-188-018

r
0 T10-64 PACKAGE OUTLINE

Item 2 — Tin-Plated
Copper Solder Lug,
Dwg. 10-21-064-008

Chassis or Heat Sink

Item 10 — Teflon ¥ Insulator Sleeve,
Duwg. 10.41-024.008 TYPICAL THERMAL RESISTANCET
P Item 17 — Cadmium~-Plated, Chromate-Treated, 9c-usJ 4 I M/w
e Carbon-Steel Flat Washer, Dwg. 10-31-188-040 .

item 20 — Cadmium=Plated, Chromate-Treated,
Carbon-Steel, Intemal-Tooth Lock Washer, Dwg. 10-31-152-006

Item 25 — Cadmium-Plated, Chromate-Treated,
Carbon=-Steel Hex Nut, Dwg. 10-31-036-009

FIGURE 1

MOUNTING KIT 10 Item 7 — Mica Insulating Washer, Dwg. 10-31-199-001

for
10-48 PACKAGE OUTLINE

ltem 9 — Fiberfil § Nylon G-3,
Insulator Sleeve, Dwg. 10-31-116-001
Item 18 — Bright-Nickel-Plated, Carbon-Steel

Flat Washer, Dwg. 10-31-150-035

Item 3 — Tin-Plated Brass Terminal Lug,

- Dwg. 10-21-045-060 TYPICAL THERMAL RESISTANCE
Item 22 — Bright-Nickel-Plated, Carbon-Steel
Internal-Tooth Lock Washer, Dwg. 10-31-152-017 fc-ns 1.2 l deg/W

Item 27 — Bright-Nickel-Plated, Brass
Hex Nut, Dwg. 10-31-036-016
FIGURE 2

;I'oc_Hs is the thermal resistance from the ing base of the semicond: device case to the ing surface of the heat sink. The heat sink used to
determine this value was a smooth, flat, copper plate, with the thermocouple mounted 0.05 inch below the mounting surface in an area beneath the device.
The device was mounted directly to a clean, dry, heat-sink surface, without the use of a thermal compound and @ torque of ten inch-pounds was applied to
the stud or each of the mounting screws,

FTrademark of E.1. du Pont
§Trademark of Cedar Plastics

24002



STANDARD MOUNTING HARDWARE FOR SILICON THYRISTORS

SECTION B — MECHANICAL DRAWINGS OF HARDWARE ITEMS

0.083
0073 RAD

0.075

0. 065 DIA

0.250 RAD MAX

0197 DIA

SOLDER LUG
Item 2

[ N

Esruo SIZE 1/4 tw#jzl

TERMINAL LUG
ftem 3
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STANDARD MOUNTING HARDWARE FOR SILICON THYRISTORS

SECTION B — MECHANICAL DRAWINGS OF HARDWARE ITEMS

R
‘|’/ o1

N |

»®

4
>
i

Item A B C
P I I
0.195 0.526 0.001
;| o [ ams [ oo
0.260 0.865 0.8015
INSULATING WASHER
ltems 6 and 7
—er—
A
DIA

a

DIA
Item A B C
o | G |0z | oon
0.330 0.260 0.052
w | 4 [t oo
0.251 0.191 0.035

INSULATING SLEEVE
Items 9 and 10

568
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STANDARD MOUNTING HARDWARE FOR SILICON THYRISTORS

SECTION B — MECHANICAL DRAWINGS OF HARDWARE ITEMS

.
A B
DIA DIA
K)
U
-
Item A B C
. 0.208 0.505 0.051
0.198 0.495 0.041
" 0.276 0.635 0.069
0.255 0.615 0.034

FLAT WASHER
Items 17 and 18

B
DIA — C—f |
1
! 1P
A <
-+ DIA - 9
1 4
p
<

Item A B C
o | 0% [ o | e
0.195 0.365 0.020
n | 08 | v [ oow
0.256 0.466 0.023

INTERNAL-TOOTH LOCK WASHER
Items 20 and 22
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STANDARD MOUNTING HARDWARE FOR SILICON THYRISTORS

SECTION B — MECHANICAL DRAWINGS OF HARDWARE ITEMS
j C r
vib

2 SIDES

L
|

Item Thread A B C D
a5 | 1032 [oars | odss o [

UNF-28 | 0362 | 0413 | 0117
28 | 0438 [ 0506 | 0193
UNF-2B | 0423 | 0488 | 0178

HEXAGONAL NUT
Items 25 and 27

27 30°

24006
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TYPES TI42A, TI43A, TIC54, TIC55, TICS6, TIC57
N-P-N DIFFUSED SILICON BREAKDOWN DIODES

description

AVALANCHE SWITCHING DEVICES USED FOR
FIRING SCRs AND TRIACS

Types TI42A, TIC54, and TIC55 guarantee the stated values of breakdown and breakback voltages only

when the marked end is negative with respect to the unmarked end.

Types TI43A, TIC56, and TIC57 are electrically symmetrical trigger diacs that have guaranteed break-
down voltage and negative resistance characteristics in both directions. The breakdown voltage in either
direction is guaranteed to be within two volts of the breakdown voltage in the other direction.

mechanical data

ce[ e

COLOR BAND DENOTES NEGATIVE

DUMET

o T B ‘
‘40.|65 MAX‘.‘ 130:020—001

22

0220
END OF TI42A, TIC54, AND TICSS ONLY 5180 MAX—1 | 000 MIN

DEVICE TYPES ARE DESIGNATED BY THE FOLLOWING COLOR BANDS:
TI42A — RED Ti43 IGE

TIC54 — YELLOW
TIC55 — GREEN

ALL DIMENSIONS IN INCHES

TIC56 — BLUE
TICS7 — VIOLET

absolute maximum ratings at 100°C free-air temperature (unless otherwise noted)

Average Power Dissipation (See Note 1)

Nonrepetitive Peak Current for 10 us .

Storage Temperature Range .

electrical characteristics at 25°C free-air temperaturet

100 mW
1A
. —65°C to 150°C

PARAMETER TEST CONDITIONS TYPE MIN MAX UNIT
TI42A 28 36
TIC54 26 38
= TIC55 22 38
Vi Breakdown Voltage g:e/ gi'gure l12 /. Ti43A | 28 3 v
TI(56 26 38
TIC57 22 38
dv/dt = 12V/ T34
Vierii-Vis)2  Breakdown Voltage Differential+ S:e Fi'g;e ]2 V/ms, TIC56 2 v
TIc57
AV Breakback Voltage geve/ :i'gu=re 112 V/ms, ALL 8 v

NOTE 1: Derate linearly to 150°C free-air temperature at the rate of 2 mW/deg.

FBreakdown and breakback voltage characteristics apply unilaterally to the TI42A, TIC54, and TICS5; bilaterally fo the TI43A, TIC56, and TIC57. See Description.

}Breakdown Voltage Differential is the difference between the two b

d in the two di

voltages

8961 AVW ‘9890189 $-1a "ON NIITING
£8D1L '9SOIL 'SSIIL ‘¥SIIL ‘VEVIL ‘VIVIL S3dAL

T961 AVW ‘pb9TZ9 "ON NIlATING
ANV 2961 HOYVW ‘LLEZZ9 $-10 "ON NIITING SIDVIdIY

TEXAS INSTRUMENTS

INCORPORATED

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

24105



TYPES TI42A, TI43A, TIC54, TICS5, TIC56, TICS7
N-P-N DIFFUSED SILICON BREAKDOWN DIODES

PARAMETER MEASUREMENT INFORMATION

1M

INPUT
PULSE
T0
RELAY

S
151

0.02 uF

(See Note a)

Ry —_————
10Q 1»—~w——i
v 100 Q
L

TI43A
TIC54
TIC55

° v
L __, Tia2A
TIC56

TIC57

lo—

TEST CIRCUIT

16.67 ms

I:—s.s ms—s]

Vier)

Av

dv/dt adjusted for 12 V/ms
(See Note a)

V/

VOLTAGE WAVEFORMS
FIGURE 1

NOTE a: Capacitor C is adjusted until dv/dt across DUT is 12 V/ms.

{BR)

@AV

32.6

32.4

32.2

32.0

31.8

31.6

V(gr) — Breakdown Voltage — V

31.4
31.2

31.0

vs

TYPICAL CHARACTERISTICS

It is of special importance to recognize the fact that the breakdown woltage decreases in magnitude
as the voltage rate of rise, dv/dt, is increased. This characteristic is illustrated by Figure 2.

BREAKDOWN VOLTAGE

VOLTAGE RATE OF RISE

T T
Ta = 25°C

See Figure 1

AN

AN

N\

5 10

15 20 25 30
dv/dt — Voltage Rate of Rise — V/ms

FIGURE 2

35

V(gr) — Breakdown Voltage —V

BREAKDOWN VOLTAGE
vs

FREE-AIR TEMPERATURE

34

[2}
W

dv/dt = 12 V/ms

See Figure 1

w
N

w

N,

w
=]

N\

N

N
O

N
©

N
N

N
o

'
~N
O

-50

~25 0 25 50 75

100 125

Ta — Free-Air Temperature — °C

FIGURE 3
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TYPES TI42A, TI43A, TIC54, TICS5, TIC56, TIC57
N-P-N DIFFUSED SILICON BREAKDOWN DIODES

TYPICAL APPLICATION DATA

[ ] . .
1 LOAD I~ Tﬁ
]
1
L L
0 Loog
TI40A2 {d oy SZO0TWF
N
[e] Ti42A i
120 v i
AC '
© Clamping
diodes may be
TI140A2
used if 6
smoother L
control is :; 10kQ
required 9
0.25 MQ
e
vl

SYMMETRICAL CONTROL CIRCUIT

FIGURE 4
| LOAD l
0.25 MQ 10kQ
Y A
| Vi
120 v
AC
(? TI42A
ﬁ 1 j!DTMOAZ
M ~—
1
1
K3
27 q
0.1 pF;: ‘\ lt\ ;
N
]
1
é

HALF-WAVE CONTROL CIRCUIT

FIGURE 5
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TYPES TI42A, TI43A, TIC54, TIC55. TIC56, TIC57
N-P-N DIFFUSED SILICON BREAKDOWN DIODES

TYPICAL APPLICATION DATA

["LOAD }

—o% o

AAA—SAAA
vr
8
=
o]

AR

0.1 pF = Ti43A
Bidirectional
Thyristor
2N5273

0.1 pF=J

SYMMETRICAL CONTROL CIRCUIT

FIGURE &

<
<
<

B N

= ~ —————0 OUTPUT
$
g1woQ
0
77

RELAXATION OSCILLATOR

FIGURE 7

24108
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TYPES TIC44, TIC45, TIC46, TIC47
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

mechanical data

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

NOTES: 1.

2.
3.
4.
5.

SILECTT THYRISTORS

600 mA DC o 30 thrv 200 VOLTS
Rugged, One-Piece Construction with Standard T0-18 100-mil Pin Circle

These thyristors are encapsulated in a plastic compound specifically designed for this purpose, using a
highly mechanized process developed by Texas Instruments. The case will withstand soldering temperatures
without deformation. These devices exhibit stable characteristics under high-humidity conditions and are
capable of meeting MIL-STD-202C method 106B. The thyristors are insensitive to light.

0015 1- CATHODE
(NOTE A) 0.050
0.050 T.P.
0.100 T.P. 2- GATE
t T | em— _—l—
0200 pia L om0 +—- = -
=0.005 *=0.010 3 &

1 +0.002

i o017 T o0y DiA
s 3 LEADS
0.1 —
*0.005 0500 MIN 3- ANODE
NOTES: A. Lead diameter is not controlled in this area.

n

Leads having maximum diameter (0.019) shall be within 0.007 of their true positions
measured in the gaging plane 0.054 below the seating plane of the device relative fo
@ maximum-diameter package.

All dimensions are in inches.

TIC44 | TIC45 TIC46 TIC47 | UNIT

Continvous Forward Blocking Voltage, Veo (See Note 1) 30 60 100 200 v
Peak Forward Blocking Voltage (See Note 1) 30 60 100 200 v
Confinuous Reverse Blocking Voltage, Vro (See Note 1) 30 60 100 200 v
Peak Reverse Blocking Voltage (See Note 1) 30 60 100 200 \
Continuous Anode Forward Current at (or below) 55°C 500 mA

Case Temperature (See Note 2)
Continuous Anode Forward Current at (or below) 25°C 300 mA

Free-Air Temperature (See Note 3)
Average Anode Forward Current (180° Conduction Angle) at (or 430 A

below) 55°C Case Temperature (See Note 4) m
Peak Anode Surge Current (See Note 5) 6 A
Peak Gate Reverse Voltage 8 v
Peak Gate Forward Current (Pulse Width < 300 us) 1 A
Peak Gate Power Dissipation (Pulse Width < 300 ps) 4 w
Operating Free-Air Temperature Range —55 t0 125 °C
Storage Temperature Range —55 to 150 °C
Lead Temperature X Inch from Case for 10 Seconds 260 °C

FTrademark of Texas Instruments.

These values apply when the gate-cathode resistance Rgyc <1k
These valves apply for continuous d-c operation with resistive load. Above 55°C derate according to Figure 5.
These valves apply for confinuous d-c operation with resistive load. Above 25°C derate according to Figure 6.
This valve may be applied continuously under single-phase, 60-Hz, half-sine-wave operation with resistive load. Above 55°C derate according to Figure 5.

This value applies for ene 60-Hz half sina wave when the device is operating at (or below) rated valves of peak reverse blocking voltage and anode forward current.
Surge may be repeated after the device has returned to original thermal equilibrivm.

L¥21L ‘9¥YOLL ‘SYOIL ‘YPOIL S3dAL

9961 ¥IAWILLIS ‘150699 $-1 'ON NiLITING
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TYPES TIC44, TIC45, TIC46, TIC47

P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

electrical characteristics at 25°C free-air temperature (

otherwise noted)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
lm  Static Anode Forward Blocking Current Ve = Rated Ve, Rox = 1k, T, = 125°C 50 | pA
Irr  Static Anode Reverse Blocking Current Vi = Rated Vgg, Rex = 1k, To = 125°C 50 | pA
lgr _ Gate Trigger Current (See Note 6) Vaa = 6V, Re=100Q, tyq > 20 us 200 | wA
. Vaa =6V, Ry =100 0, foq > 20 ps 0.8
Vor  Gate Trigger Voltage (See Note 6) Y = 6V, R =000, Tty > 20 psiy = 15°€ 02 ]
Iyg  Holding Current RR=1000, Rex=1kQ 5| mA
V¢ Static Forward Voltage Ir = 300mA, Rgx > 1k, See Note7 14 v
NOTES: 6. When measuring these parameters, a 1 k{2 resistor should be used between gate and cathode to prevent triggering by random noise.
7. This parameter is measured using pulse techniques. |P = 1 ms, doty cycle < 1%.
thermal characteristics
PARAMETER MAX| UNIT
6i.c Junction-to-Case Thermal Resistance 75 dea/W
6;.a Junction-to-Free-Air Thermal Resistance 275 Y
switching characteristics at 25°C free-air temperature
PARAMETER TEST CONDITIONS TYP | UNIT
Vaa =30V, R =500, Rs = 20 kQ2,
fon  Tum-On Time Vin = 20V, See Figure 1 35 ) ms
. Vaa =30V, RL=50Q, Ir =14,
tor  Commutating Turn-Off Time See Figure 2 68 | us
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TYPES TIC44, TIC45, TIC46, TIC47
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

PARAMETER MEASUREMENT INFORMATION

INPUT in 10%

1
e fon

8 ]
outpuT \4' 90%

VOLTAGE WAVEFORMS

See Notes A, B, and C

JL

GENERATOR

TEST CIRCUIT

FIGURE 1 — TURN-ON TIME

NOTES: A. V. is measured with gate and cathode terminals connected as

shown and anode terminal open.

. The input waveform of Figure 1 has the following characteristics:
t < 40ns, > 20 ps.

. Waveforms are monitored on an oscilloscope with the following
characteristics: 1. < 14 ns, Ry > 10 MQ, C, < 12 pF.

o

Rg includes the total resistance of the generator and the external
resistor.

V, Lf__

VR

—-l k— tort
WAVEFORMS

Ry

Ig l
Thyristor
Under Test

1kQ
Rak(eff)

< <
S 0.1to5uF S

'y Vaa=30VE
R

VMoto
F e ;,' See Note F

1kQ

0.1Q 1‘/2
(Noninductive|

nitor resistor)] See Note E

See Note E

ol

TEST CIRCUIT

FIGURE 2 — COMMUTATING TURN-OFF TIME

NOTES: E. Pulse generators for V; and V, are syndlnmzed Qo pmida an

anode current with "Il f g ' =
50 to 300 s, duty cycle = 1%. The pulse widths of V, ud v,
are > 10 us.

F. Resistor R; is adjusted for I = 1 A.
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TYPES TIC44, TIC45, TIC46, TIC47
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

THERMAL INFORMATION

MAXIMUM AVERAGE ANODE POWER DISSIPATED

vs
The minimum heat-sink requirements may be calculated for 1o AVERAGE ANODE FORWARD CURRENT
any anode-current, heat-sink combination by the following & & ,8,5 5 | CotinounnC
S Y
procedure: oglime fu Jufu [y /;,

1. Determine worst-case power dissipation from figure 3.

(L |/

0.8 /
2. Calculate maximum allowable case-to-free-air thermal l / / /
resistance by use of the equation: 0.7 / /
1T inav
Oc.a= ;—A—— b.c 0.6 /
Alav) /

/4
I/

i /

4

where: T; = Junction temperature
Ta = Free-air temperature
Paav) = Average anode power dissipation
(see figure 3 for worst-case values)
8 ;.c = Junction-to-case thermal resistance =
75 deg/W maximum.

o
EN
[ —
——

o
w

e
N

Pa(ov) — Maximum Average Anode Power Dissipated — W
o
w

3. Determine area of heat sink from figure 4.
EXAMPLE

. . . . 0.1
Determine: Minimum size of Xs"-thick aluminum heat sink
for safe operation of thyristor at an average
current of 0.4 A with a conduction angle of O 0 20 300 0 300 w0 700
180° Ig(av) — Average Anode Forward Current — mA
Given: Maximum T, = 125°C FIGURE 3
TA = 35°C
B1.c = 75 deg/W TYPICAL HEAT-SINK AREA
Solution:  From figure 3, Papy) = 0.84 W for 0.4 A CASE-TO-FREE-AIR THERMAL RESISTANCE
with 180° conduction angle. Using the equa- 100 1/16" - THICK ALUMINUM HEAT SINK
tion of step 2 above: \
\
°C —35°C 7
O, = 12°C=357C _ 55 deg/W = 32 de. \
AT T 084w o/W \
Figure 4 shows that for Oc.. of 32 deg/W, the area 40 \
is 18 sq. in. The minimum dimensions of the sides
should be: \
- 20
/oreu x [orea 18 X /18 =37x3" ';
2 2 2 2 |
210
3 \
2
7
i \\
4
NOTES: 8. The thyristor is mounted in the cenfer of a square heat sink verfically \
positioned in still free air with both sides exposed. The heat-sink area Mounted with \
is twice the area of one side. 2
9. 6. includes the case-to-heat sink thermal resistance, B¢ g, in DG:',:::T'}‘:,,:,;'E&, Adhesive \
addition to the heat-sink-to-free-air thermal resi: Ops.ar o0d is See Notes 8 and 9 \
defined by the equation, 0o, = Oc.ys + Ops a- . | |
10 20 40 70 100
8cx— Cose-To-Free-Air Thermal Resistance — deg/W

FIGURE 4
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TYPES TIC44, TIC45, TIC46, TIC47
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

THERMAL INFORMATION

AVERAGE ANODE FORWARD CURRENT DERATING CURVE AVERAGE ANODE FORWARD CURRENT DERATING CURVE
<€ 70 T 350
| l f \ ]
- (Continuous DC / Continuous DC !
g 600 0°. 180° | § 300 ool 180° |
S . 3 te-D—
2 Conduction 2 Conduction
Angl — !
g °® ® 180° N e §25°°=180° N Angle  —
S = 180 ~ L = 120° \
g 400 g 120° g zmﬁ ~ \
N =
= 60°
? 300 | &= g0° \\\ E 150 \\\\
> \ g &= 30°
; s00 223 \\ <§ 100 NN
i NN 5 N
100 50
| |
B 3, |
=0 0 25 50 75 100 125 = 0 25 50 75 100 125
Tc — Case Temperature — °C Ta — Free-Air Temperature — °C
FIGURE 5 FIGURE 6
TYPICAL CHARACTERISTICS
STATIC ANODE FORWARD BLOCKING CURRENT STATIC ANODE REVERSE BLOCKING CURRENT
vs vs
. FREE-AIR TEMPERATURE 10 FREE-AIR TEMPERATURE
< F Vi = Rated Vrr k1 F=Vk = Rated Vag
| [Rox=1kQ [
= 0.4 GK 7 £ GKl
? /| 2 -
2 oa % 0.4 /-
3 7 g ° 7
o v 4 =
=2 v 4 a2
3 0.04 -
3 7 § o
: 7 s
i e 0.04 ~
°
3 0.01 // }
o ”
© £ 0.01
= 5
3 0.004 &
f | 0.004
e £
0.001 0.001
75 50 =25 0 25 5 75 100 125 75 <50 -25 0 25 50 75 100 125
Tp — Free-Air Temperature — °C Tao—Free-Alr Temperature — °C
FIGURE 7 FIGURE 8
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TYPES TIC44, TIC45, TIC46, TIC47
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

TYPICAL CHARACTERISTICS

GATE TRIGGER CURRENT GATE TRIGGER VOLTAGE
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
1000 = 0.8 T
Vaa=6V — Vaa=6V
400 R, =100Q 3 0.7 S Ry =100Q
~ . TN
i tpig) = 20 s | > \ tp(g) = 20 ps
| 100 = | 0.6 e Rex= 1kQ
Rgk=1kQ = . Rek
€ ox = ) N s
e ——See Note 6 —] 8 ee.Note 6
5 4 3 0.5
v >
3 5
210 < 2o0.4 \\
e = . ~
5 4 N\ 2
(i, \ 3 0.3
|
s ! ) 5 0.2
o . .
- S ©
0.4 - 0.1
0.1 0
<75 =50 -25 0 25 50 75 100 125 =75 =50 -25 0 25 50 75 100 125
Ta — Free-Air Tomperature — °C Ta — Free-Air Temperature — °C
FIGURE 9 FIGURE 10
NOTE é: When measuring these parameters, a 1 k{2 resistor should be used between gate and cathode to prevent triggering by random noise.
HOLDING CURRENT TURN-ON TIME
vs vs
FREE-AIR TEMPERATURE 1 GATE CURRENT
[ T
Ry =100 Q Vaa =30 V
Rgk=1kQ RL=50Q ]
5
8 tp(g)= 20 ps _|
b \ ’-il Ta = 25°C
| 4 \ o
|3
H =6
£ <
o, Q \\
o c
s Sy \\
: N I: —
| 2 \ L \
£ N N
L 2
1
0 0
=75 -50 -25 0 25 50 75 100 125 0.2 0.4 0.7 1 2
TA — Free—Air Temperature —.°C Ig — Gate Current —mA
FIGURE 11 FIGURE 12
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AUTOMATIC TURN-OFF CONTROL FOR HEADLIGHTS

ADJUST TIME DELAY

"""

CAITIIO

2N3707

IGNITION SWITCH

°

+12V o .
HEADLIGHT
HEADLIGHT \,_l = 500 k2 $
HEADLIGHT SWITCH RELAY | 1
<400 mA
v .
—d-—--—_—-——_—-—-—-—-————._—— e —— -ﬂ
b3 26.8kQ
0.1 uF Tic4a pa0e 2
‘K 2N5449 1kQ
330 kQ2 1k2 10 Q
10003 2N4891
1N2971 <
G G I G G G GEE c—— G— L S R e e e
. +
'\ 100 uF
= = L = 4
OVERRIDE TURN -ON SWITCH
= Lights turn on with light switch,
= Lights turn off 1 dto 15 (adj ble) after

I

ignition is turned off,

= 2N4891 unijunction used as variable timer,

V1vVva NOILYDITddY 1VOIdAL

SYOLSRIAHL JAORIL ONIDIDOTE-ISYIATY NODITIS YVNVId N-d"N-d

LWIL ‘911 ‘SPIIL ‘YPIIL SAdAL
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TRANSISTOR CIRCUIT DESIGN

Shipping Weight 3-1b 4 oz e $15.00

FIELD-EFFECT TRANSISTORS o L. J. SEVIN

Shipping Weight 1-1b 10-0z ¢ $10.00
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CIRCUIT DESIGN FOR AUDIO, AM/FM AND TV
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TYPES 2N3001, 2N3002, 2N3003, 2N3004
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

_—

350 ma— 30 to 200 VOLTS — 20 .a GATE SENSITIVITY

ALL PLANAR, OXIDE-PASSIVATED JUNCTIONS
NO SOLDER OR FLUXES

High Operating Temperatures

High Surge Current Capability

Fast Switching Speeds

Low Forward Voltage Drop

6961 LSNONV A3SIAIY

e o o o
€961 1SNONV ‘092169 S-14 "ON NILIT1ING

mechanical data

YOOENZ ‘E00ENTZ ‘200ENZ ‘LOOENZ SIdAL

The devices are in a hermetically sealed welded case with a glass-to-metal seal between case and leads.
Approximate weight is 0.35 grams.

3 teaDs 9019 ora
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o210
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230 o,
017
oI
i i

.

IN INCHI
o UNLESS OTHERWISE
o SPECIFIE

53§
55
0oo

* ALL JEDEC T0-18 DIMENSIONS

s | AND NOTES ARE APPLICABLE. i
o

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

2N3001| 2N3002 | 2N3003 [2N3004{ UNIT
*Continuous Forward Blocking Voltage, Ves (See Note 1) 30 60 100 200 v
*Continuous Reverse Blocking Voltage, Vg 30 60 100 200 v
*Peak Forward Blocking Voltage (See Note 1) 30 60 100 200 v
*Peak Reverse Blocking Voltage 30 60 100 200 v
Peak Gate Reverse Voltage 8 v
*(ontinuous Anode Forward Current at (or below) 55°C
Free-Air Temperature (See Note 2) 350 ma
*(ontinuous Anode Forward Current at 130°C Free-Air Temperature
(See Note-2) 75 ma
*Average Anode Forward Current (180° Conduction Angle) at (or below)
55°C Free-Air Temperature (See Note 2) 250 ma
*Anode Surge Current (See Note 3) 6 a
*Peak Gate Forward Current (Pulse width = 8 msec) 250 ma
*Average Gate Power Dissipation 100 mw
*Operating Free-Air Temperature Range —65to + 150 °C
*Storage Temperature Range — 65 to + 200 °C

NOTES: 1. This value applies when the Gate-Cathode Resistance, Ry =< 1kQ.
2. For operation above 55°C fres-air temperature, refer to Anode Forward Current Derating Curve, Figure 1.
3. This rating applies for one half-cycle sine wave, 60 cps, when the device is conducting maximum rated current immediately before and after the

surge. Surge may be repeated after the device has returned to original thermal equilibrium conditions.

*Indicates JEDEC registered data.

TEXAS INSTRUMENTS

INCORPORATED 24401
POST OFFICE BOX 5012 « DALLAS. TEXAS 75222



TYPES 2N3001, 2N3002, 2N3003, 2N3004
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

*electrical characteristics at 25°C free-air temperature (unless otherwise noted)

thermal characteristics

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
. Vax = Rated Vrp, Rox = 1kQ 100 na
I Anode Forward Blocking Current Vo = Rated Ves, Rox = 1k, T = 150°C 100 e
. Vka = Rated Vg, Rox = ® 0.1 Ha
Ik Anode Reverse Blocking Current Ven = Rafed Vs, Rox = 0, Tp = 150°C 100 na
lor Gate Reverse Current Ve =5v, RR= 5 pa
lgrioy  Gate Trigger Currentt Vaa =5v, Re=12Q 5.0 20 Ma
Vaa =5v, R =129, Ta = —65°C 09 v
Verion Gate Trigger Voltage Vaa =5y, RR=120Q 0.55 07 v
Vaa =5v, RL=12Q, Ta = 150°C 0.2 v
. Rek = 1k Q2 1.2 30 ma
Iu Holding Current Rex = K, T = 6% m) po
\ Peak Instantaneous Fwd, Voltage| I = 350 ma, (See Note 4) 12 v
dv/dt  (Critical Rate of Anode Voltage Rise | Ve = 1.0v 400 v/ pusec
FFor additional Tl g d see Figures 2, 3, 6, and 7.
switching characteristics at 25°C free-air temperature N300
PARAMETER TEST CONDITIONS TYP UNIT
Vaa = 200v, R = 2.2k, R =100Q2,
ton Tum-On Time Vi =30v, (See Fig. 14) 03 Jhsec
A Van = 50v, R = 1400, 1N645 between
tor Commutating Tun-Off Time gate and cathode,  (See Fig. 15) 35 Hsec
PARAMETER TYP UNIT
6;.c Junction-to-Case Thermal Resistance 75 °C /watt
0.4 Junction-to-Free-Air Thermal Resistance 275 °C /watt
NOTE4: These p must be d using pulse technit Anode pulse width — 300 usec, PRR = 10 pps.

* Indicates JEDEC registered data (typical data excluded).

ANODE FORWARD CURRENT DERATING CURVES

g

&
o

g

N
w
o

g

g

(%
o

(=]

lrmax)= Maximum Average Anode Forward Current — ma
N
8

0 25

50 75 100 125 150

To = Ambient Temperature — °C

FIGURE 1
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TYPES 2N3001, 2N3002, 2N3003, 2N3004
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

ANODE CHARACTERISTICS

ANODE FORWARD BLOCKING CURRENT
vs
FREE-AIR TEMPERATURE

ANODE REVERSE BLOCKING CURRENT

FREE-AIR TEMPERATURE

vs

100 T T T 100 T | —
Vix =RATED V4 Vax = RATED Vg » 1
[} Rex =1 kO ° Rge = @
I ob—T=1, ] ;oT=T. /]
g / / 8 GUARANTEED MAXIMUMS|
&3 1 Z V. 5 1 | il
/ B ALl
£ GUARANTEED MAXIMUM~ >/ / 2 Tvp CAL\\ /
o 1 k]
2 o ! t / 2 o1 ™ !
2 TYPICAL / 9 )
o \ 'g
§ Z / £ L~
- 0.0 P o 0.01
3 A ~Y 4 /
< A o ,/
I 0.001 o | o001 f o
- —— 1 =
0.0001 0. 0001
=75 =50 =25 0 25 50 75 100 125 150 =75 =50 =25 0 25 50 75 100 125 150
T, — Free~Air Temperature — °C T, — Free~Air Temperature — °C
FIGURE 2 FIGURE 3
PEAK INSTANTANEOUS FORWARD VOLTAGE TYPICAL HOLDING CURRENT
vs VS
ANODE FORWARD CONDUCTION CURRENT FREE~AIR TEMPERATURE
2.4 2,0
IR N
> L—T ) =~ TA +
I Rox =0
% 2.0 |—See Note 5 £
2 1.6 \
f | 2 S,
‘u;' 1.6 H | "0
- N
£ A L—.‘T E 1.2 N ,g |
] / // 5 N
o 1,2 A (v} % °
g o o7 2 £
8 1, ==55°CL_j— £ 2
5 e LI 2 0.8 AN
I T, =t . T N \
2o s = | N \ \
=150°C ot
% L ] = N ™~
o R e
0 o fp
- 1) Q\ RGK(M,,: 10 kn
0 0 1N
0.01 0.10 1.0 10 -75 =50 =25 0 25 50 75 100 125 150
1, — Anode Forward Conduction Current — a Ta — Free—Air Temperature — °C
FIGURE 4 FIGURE 5

NOTE: 5. These p were d using puise techni Anode pulse width = 300 usec, PRR = 10 pps.
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TYPES 2N3001, 2N3002, 2N3003, 2N3004
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

GATE CHARACTERISTICS

GATE TRIGGER CURRENT GATE TRIGGER VOLTAGE
vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
140 I T | 1.0 T T
Q _ I Vasn =5.0v
120 | \& Vau =5-0 v < R, =12
% —R, =120 G ~
% Uq T, >0,
o \¢ T, XT. > 0.8 Y See Note 6
3 A 7'5 ee Note
| 100 X See Note 6 | \( o
- . S > —Trp, 414*
5 z s S~ ",
§ v \& 2 0.6 RN <
o < b
2 o0 | \% —NZ 3 ™~
£ % | = N
ER \ < £ 0.4 am
3 N O RANT,
(‘9 \ | ——t EED MINIMUM \\
3 20 N s T ——
] Guarang, \\ — >©0.2
0 EED MINIMOM
=20 i 0
-75 =50 =25 O 25 50 75 100 125 150 =75 =50 =25 0 25 50 75 100 125 150
T. — Free=-Air Temperature — °C T —Free-Air Temperature — °C
FIGURE 6 FIGURE 7
TYPICAL GATE - CATHODE VOLTAGE TYPICAL GATE TRIGGER VOLTAGE
Vs Vs
GATE FORWARD CONDUCTION CURRENT GATE PULSE WIDTH
1.4 5.0
. ( TTITT 1
Vaa =50v
12 //] T TR =140 0
. Vi T,= T,
> /] fl > 4.0 See Note 6
I A/ I Lo = -ssec
o 1.0 - / 9 4 I
g A £ il
2 s 55°C | LT / 2 3.0 AT, =25°C
3 eI Wil L
£ T e LT /| 2 \ T Tis0oc .
S 0.6 T = et = bl = :
® | L | s 22.0 |
8 oC| / © ( h ~\ ‘
] 0.4 AR 1
; <, 5 s B \ \\
W T 51.0
LT J A N 1
0.2 [I See Note 5 \\ _:tt |
0 i 0
0.01 0.1 1 10 100 1000 0.01 0.1 1 10 100
ls¢— Gate Forward Conduction Current — ma PW — Gate Pulse Width — psec
FIGURE 8 FIGURE ¢

NOTE: 6. These parameters were measured using single pulse techniques. Anode pulse width = 300 usec, Duty Cycle = 0.
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TYPES 2N3001, 2N3002, 2N3003, 2N3004
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

TYPICAL SWITCHING CHARACTERISTICS, T, =25°C

TURN-ON TIME TURN-ON TIME

Vs vs
GATE INPUT PULSE AMPLITUDE ANODE SUPPLY VOLTAGE
2.5 AR LI 1.0 T r T
Vit 200 ] WlEREX
R, =570 A ~>lo,
$ 2.0 See Fig. 14 § 0.8 .
LS 2N3004 | S ~
| I o el TN
g 15 E 0.6 —
= = \'\
é $ s Vi, =3.0v
£ 1.0 \ 5 *
2 b - R, = Vaa
| RN % <, I ¢ "350 ma
505 Pk kg L£0.2 Ry =100 1 —1
\ N See Fig. 14
V) “o' 0 |
0.1 1 10 100 50 100 150 200
V,, — Input Pulse Amplitude — v Vaa — Anode Supply Voltage — v
FIGURE 10 FIGURE 11
TURN-ON TIME COMMUTATING TURN - OFF TIME
Vs Vs
ANODE FORWARD CURRENT ANODE FORWARD CURRENT
0.4 ey 7 o 20 —
o
/ |; Roxeit™ 10 k0
2 0.3 2 16 > =] I T
lg : LT = RGK{"”“ kN
gt &
g B V,.= 200 v T[T]T] 012 ]
£ 0.2 R, = 2f° ¥ 5
é R = IOFO n > 8 Roxen™ 00 0
g V. =3.0v s A |
(= 5 |
0.1 See Fig. 14 2 7
| E 4 NG5 (See Note 7)
< A —-—""_rfsov | |
° | R = =——, See Fig. 15
0 3 9 L e |
1 10 100 1000 - 0 50 100 150 200 250 300 350
I, — Anode Forward Current — ma ¢ — Anode Forward Current — ma
FIGURE 12 FIGURE 13
PARAMETER MEASUREMENT INFORMATION
P o1 fott o +50v
INPUT V'",Zum b\ Ve —--|.,\.7..{.:o
i.. . 45 N See Note C
w OUTPUT VOLTAGE WAVEFORM
ourpur Vaa=+50v
VOLTAGE WAVEFORMS | | § ** S b3
A > <
See Notes A,B, end € l R outpur o
p outrut
i ING4S Switch clotes at t,
Roxiern) : (See No",é{
! ‘on page
Ve d

FIGURE 14 — TURN=-ON TIME TEST CIRCUIT FIGURE 15 —~TURN = OFF TIME TEST CIRCUIT

NOTES: A. V,, is measured with gate and cathode terminals connected as shown and anode terminal open.
8. The input form has the following ch : 1, << 40 nsec, PW = device tum-on time at the operating point.
C. Waveforms are monitored on an oscilloscope with following characteristics t, << 14 nsec, R, =10 R, (;, <12 pf.

in =— v Lin =

869
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TYPES 2N3001, 2N3002, 2N3003, 2N3004
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

TYPICAL APPLICATION DATA

20-kc RING COUNTER

J
|
I

R, b R, R,
H |
|
| 1
pm ey I
P
P
e QR
C, : Cs
2N3001 A 2N3001
|
R |
zk ¢ l D] ]K RG
0, |
|
L 39 |
—

f D, X o,

L——Inser' additional o
stages here. INPUT

(3 stages shown) E}

CIRCUIT PERFORMANCE CHARACTERISTICS FOR 10-STAGE OPERATION AT T = 25°C

[ Y

3
)

a. Vaa Range for 20-kc Operation: 6 v to 30 v (Rated Vis)
b. Vaa Range for 10-kc Operation: 2.75v to 30 v (Rated Vis)
c. Range of Input Amplitude for 10-kc operation: 3 v to 8 v

CIRCUIT COMPONENT INFORMATION

Ra: 3300 Ca: 0.06 uf == 20%
Ry : 33k Cs : 0.001 uf == 20%
Re: 1kQ L : 40 mh

R¢: 33Q2 Dy, D;, and D; : 1N914

All Resistors, = 5% tolerance, Y2 w

NOTE: 7. The commutating tum-off time of the 2N3001 series thyristor is significantly affected by the source impedance of the gate firing circuit as shown
in Fig. 13. Faster tumn-off times are achieved when this impedance is low. However, some circuits require the use of a high source impedance,
even though fast turn-off is desired. In these applications, a diode may be used to by-pass the gate-cathode junction, as shown in the circuit in
Fig. 15. This diode improves commutating turn-off time by eliminating the effect of the gate-cathode recovery time.

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME

24406
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.
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TYPES 2N3005, 2N3006, 2N3007, 2N3008
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

I

350 ma— 30 to 200 VOLTS — 200 ..a GATE SENSITIVITY

ALL PLANAR, OXIDE-PASSIVATED JUNCTIONS
NO SOLDER OR FLUXES

¢ High Operating Temperatures ® Fast Switching Speeds
o High Surge Current Capability ® Low Forward Voltage Drop

e Gate Turn-Off Capability

mechanical data

The devices are in a hermetically sealed welded case with a glass-to-metal seal between case and leads.

Approximate weight is 0.35 grams.

0019
3 teaps 202 oia

om0
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il 3 anone CONTACT WITH THE CASE
T - ALL DIMENSIONS ARE
om0 a1ss - V) pgup S OltRwse
. A 0.048
oW oix = é ;5&:“" srectreo *ALL JEDEC T0-18 DIMENSIONS
- T | o S AND NOTES ARE APPLICABLE.
MIN 2 - GATE

as’
1 ~CATHODE - -~

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

2N3005| 2N3006 | 2N3007 |2N3008{ UNIT
*Continvous Forward Blocking Voltage, Vs (See Note 1) 30 60 100 200 v
*Continuous Reverse Blocking Voltage, Vp 30 60 100 200 v
*Peak Forward Blocking Voltage (See Note 1) 30 60 100 200 v
*Peak Reverse Blocking Voltage 30 60 100 200 v
Peak Gate Reverse Voltage v
*Continuous Anode Forward Current at (or below) 55°C
Free-Air Temperature (See Note 2) 350 ma
*Continvous Anode Forward Current at 130°C Free-Air Temperature
(See Note 2) 75 ma
*Average Anode Forward Current (180° Conduction Angle) at (or below)
55°C Free-Air Temperature (See Note 2) 250 ma
*Anode Surge Current (See Note 3) 6 a
*Peak Gate Forward Current (Pulse width = 8 msec) 250 ma
*Average Gate Power Dissipation 100 mw
*Operating Free-Air Temperature Range —651t0 + 150 °C
*Storage Temperature Range —65 to + 200 °C

NOTES: 1. This value opplies when the Gate-Cathode Resistance, Ry << 1k Q.
2. For operation above 55°C free-uir temperature, refer to Anode Forward Current Derating Curve, Figure 1.

3. This rating applies for one half-cycle sine wave, 60 cps, when the device is conducting maximum rated current immediately before and after the

surge. Surge may be repeated after the device has returned to original thermal equilibrivm conditions.

*Indicates JEDEC registered data.

6961 LSNONV A3SIAIY
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TYPES 2N3005, 2N3006, 2N3007, 2N3008
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

*electrical characteristics at 25°C free-air temperature (unless otherwise noted)

switching

thermal characteristics

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Vax = Rated Vs, Rex = 1 kQ 100 na
I Anode Forward Blocking Currentt Vax = Ratod Ves, Rox = 1K, Tr = 150°C 00 a
Vea = Roted Vs, Rex = @ 01 | po
I Anode Reverse Blocking Currentt: Vir = Rated Ve, Rox = o, To = T50°C % 4
ler Gate Reverse Current Ve =5v, RR= 5 JL%]
lorion  Gate Trigger Currentt Vaa =5y, RL=12Q 90 200 Ja
Vaa =5y, RL=120, Ta = —65°C 09 v
Verion Gate Trigger Voltage Yaa =35y, =120 0.6 0.8 v
Vaa =5y, =110, Ta = 150°C 0.2 \
Rex = 1k 1.8 5.0 ma
Iw  Molding Current Tox = k0, Ta= =65 80 | ma
Ve Peak Instantaneous Fwd, Voltage| Iz = 350 ma, (See Note 4) 1.2 v
dv/dt  (Critical Rate of Anode Voltage Rise | Ve = 1.0v 400 v/ pusec
{For additional TI guaranteed charatteristics, see Figures 2, 3, 6, and 7.
characteristics at 25°C free-air temperature 2N3008
PARAMETER TEST CONDITIONS TvYpP UNIT
Vaa = 200v, R, =22Kk(D, R =100,
ton Tum-On Time Y, =30, {See Fig. 14) 0.55 Jusec
Van=50v, R = 14003, TNGAS betwoen
tore Commutating Tum-0ff Time gofe and cathods, _(See Fig. 15) 22 Jhsee
ler (otn Gate Turmn-Off Current Ig =200 ma (See Note 5) 40 ma
Vet (ot Gate Turn-Off Voitage Vaa = 100 v (Not to exceed Roted Vrs) 40 v
PARAMETER TYP UNIT
0;.c Junction-to-Case Thermal Resistance 75 °¢ /watt
[N Jundtion-to-Free-Air Thermal Resistance 275 °C /watt

NOTE 4: These parameters must be measured using pulse techniques. Anode pulse width = 300 usec, PRR = 10 pps.
NOTE 5: Anode current not fo exceed 200 ma for gate turn-off applications.
* Indicates JEDEC registered data (typical data excluded),

ANODE FORWARD CURRENT DERATING CURVES
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lymax = Maximum Average Anode Forward Current — ma

25 50 75 100 125
T» — Ambient Temperature — °C
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TYPES 2N3005, 2N3006, 2N3007, 2N3008
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

ANODE CHARACTERISTICS

ANODE FORWARD BLOCKING CURRENT ANODE REVERSE BLOCKING CURRENT
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
100 T T T 100 T T 1
V., =RATED V,, Vax = RATED V; /f/
o Rex =1 kQ o Rg = @
'1 10E—T=T1, r/ I1 10f—T,=T, /
. - [
g ‘ //J /] § GUARANTEED MAXIMUM
3 1 | 3 1 | Il
o =]
£ N MAXIMUM / TYPICAL
5 GUARANTEED IMUM ; _g 7\
2 | I / 3 N
2 01 — L 2 on 3
-
4 TYPICAL| / 3 )
5 > |/ < —
“ 0.01 L. v o 0.01 A
-§ // M 5 /
c —t / H
z P K] ‘/
I o.00 — [
0,0001 0. 0001
=75 =50 =25 0 25 50 75 100 125 150 -75 =50 =25 0 25 50 75 100 125 150
T, — Free-Air Temperature — °C T, — Free~Air Temperature — °C
FIGURE 2 FIGURE 3
TYPICAL PEAK INSTANTANEOUS FORWARD VOLTAGE TYPICAL HOLDING CURRENT
vs vs
- ANODE FORWARD CONDUCTION CURRENT 4.0 FREE-AIR TEMPERATURE
: T 117 )
> T, =Tl
! Rex =@ 3.5
§’ 2.0 —See Note 6
3 H 3.0
>
T e %
g I. M ’
2.5
» £
3 1.2 77, G 2.0
e o vy ° N
8 1, ==55°CL_{—+1T] / g
€ AT 5 N
= ftt"T —_
£ os T il 2! N
> =150°C__t—T"1 I \
:g_ S > = 1.0 \\ \\\‘
N~
| 0.4 \ \
“ 0.5 A N
> ~
s P———
0 0
0.01 0.10 1.0 10 -75 =50 =25 0 25 50 75 100 125 150
|, = Anode Forward Conduction Curmrent — o T, — Free-Air Temperature — °C
FIGURE 4 FIGURE 5
NOTE 6: These p were d using pulse ques. Anode pulse width — 300 usec, PRR = 10 pps.
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TYPES 2N3005, 2N3006, 2N3007, 2N3008
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

GATE CHARACTERISTICS

GATE TRIGGER CURRENT GATE TRIGGER VOLTAGE
vs vs
FREE -AIR TEMPERATURE FREE-AIR TEMPERATURE
800 1.0 T |
Q Gua
% RANTEEDMA
o \\ % > 0.8 \'\ XiMupy
s ) ) Typ, |
600 e | ~A ~
! S Via =5.0v 8 < I~
5 % R =12 2
5 * x (3
3 \ ea LITR N S 0.6
= \ z See Note 7 3
§ 400 \ 7L K4 3
= ‘) "_- G
s NG, ® 0.4 UARANTEE, M N
o
o \ o Via =5.0 \7\ \
L 200 N ! e
L 1 R =12 1
,% \ 50 2 =T ™~
e \‘ N = See Note 7
GUA N I~
o | TR Mt~ ]
-50 | | I | 0
-75 =50 =25 0 25 50 75 100 125 150 -75 =50 =25 0 25 50 75 100 125 150
T, — Free -Air Temperature —°C T. —Free-Air Temperature — °C
FIGURE 6 FIGURE 7
TYPICAL GATE - CATHODE VOLTAGE TYPICAL GATE TRIGGER VOLTAGE
Vs vs
GATE FORWARD CONDUCTION CURRENT GATE PULSE WIDTH
-4 T 30 T T
( Vaa =50v
R, =140 N
1. t
2 / \ ]" = T,
S / ) > 4,0 See Note 7
I pd. I L = -ssec
g 10 7 " ‘ Lt
2 LA A g LI
§08.—._ ,—550(’.:!1( / §30 T, =25°C
f [ o il gL L
§ i T :
I EESR" / £ \ LT, = 150°C
O 0.6 A, v - . A
Ty 2, — L
% Lt { l // 6 ) N
(U] °C
| 0.4 l 4\50 L
x T A R = 5 \ %
>° Lot T,xT, 51.0
|41 >0 NN
0.2 LIl See Note| 6 ‘~-::: L
0 } il 0 il
0.01 0.1 1 10 100 1000 0.01 0.1 1 10 100
loe— Gate Forward Conduction Current — ma PW — Gate Pulse Width — psec
FIGURE 8 FIGURE 9

NOTE 7: These parameters were measured using single pulse techniques. Anode pulse width — 300 usec, Duty Cycle = 0.
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TYPES 2N3005, 2N3006, 2N3007, 2N3008
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

TYPICAL SWITCHING CHARACTERISTICS, T,=25°C

TURN=-ON TIME TURN=-ON TIME
Vs vs
GATE INPUT PULSE AMPLITUDE ANODE SUPPLY VOLTAGE
. T T 1.6
AR 1]
R, =570 n 1.4 =]
2. L 0y TS
§ 5 See Figure 14| H ' v
3 b | ? 1.2 >
I 2.0 2N3008 ST s Y
: N N i
= =
1. A
s "° \ T s 0.8 V. =3.0v
1 x>
E % E 0.6
3 o i N 5 R -3y
| ma
I, \ 4 ® 2 TN s 0.4 R =1000
o 0.5 G S7oT - 0.2 See Figure 14 2N3008
Rt '
0 i 0
0.1 1.0 10 100 0 50 100 150 200
V., = Input Pulse Amplitude — v Vaa — Anode Supply Voltage — v
FIGURE 10 FIGURE 11
TURN - ON TIME COMMUTATING TURN - OFF TIME
vs vs
0.8 ANODE FORWARD CURRENT ANODE FORWARD CURRENT
. 10
2N3008 y § I [
* =10k
/ | 8 Rox o) l,'—‘
o / 2 =
§ 0.6 P E Rox () =1k
] % - R = 50v
: ] 0 s 47
0.4 Via =200v g | See Figure 15
200 v = =100 A
Q R = I o 4 Rox et~
F -—
E Rg=100 0 L 5
= 2
| 0.2 Vo =3.0v 44 E 1N645 DIODE (See Note 8)
See Figure 14 E 2 —
. o
:
- |
0 30
1 10 100 1000 - 0 50 100 150 200 250 300 350
I; = Anode Foyward Current — ma ¢ =— Anode Forward Current — ma
FIGURE 12 FIGURE 13
PARAMETER MEASUREMENT INFORMATION
- o ot o +50v
weur e Lo i Ve ---l-u\.yg[.: 0
i__ B . See Note C
——M OUTPUT VOLTA GE WAVEFORM
output Van =+50v
VOLTAGE WAVEFORMS | § +* Sk, s
“13r, 3 3
See Notes A,8, and € 1 QuTRUT | —
p ouTRUT ¢
X Ness Switch closes of t.
Roxin 1 (See Note 8)

FIGURE 14 — TURN-ON TIME TEST CIRCUIT

Vo4

FIGURE 15 = TURN - OFF TIME TEST CIRCUIT

NOTES: A. V,, is measured with gate and cathode terminals connected as shown and anode terminal open.
B. The input waveform has the following characteristics: 1, =< 40 nsec, PW = device turn-on time at the operating point.
C. Woveforms are monitored on an oscilloscope with following characteristics 1, == 14 nsec, R;; =10 MQ G, <12t
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TYPES 2N3005, 2N3006, 2N3007, 2N3008
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

TYPICAL GATE TURN-OFF CHARACTERISTICS

TYPICAL GATE TURN - OFF GAIN
vs
ANODE FORWARD CURRENT

6.0
The 2N3005 series thyristors exhibit gate turn-off gain, 5.0 -
in addition to the standard controlled switch characteristics. - 1
Figure 16 shows the typical gate turn-off gain as a func- £,0 P L~
tion of anode current. This characteristic offers increased 9 //
flexibility in the design of pulse-width modulators, pulse- ?
. 3.0
forming networks, static switches, choppers, bistable-circuits % Borr =_:§___
and inverters. g 1. =25%C"
| 2.0
a
1.0
0
0 50 100 150 200
I, — Anode Forward Current — ma
FIGURE 16
+Vaa 1
le
o3
161 (e
—
o- ANA- 16t iom
;”; = lgriam | l l l
'cv(em ‘ | l l
| e
s GTlott) Boté
TYPICAL GATE TURN -OFF CIRCUIT TYPICAL WAVEFORMS

Improved turn-off time may be realized using the gate turn-off method. A combination of gate turn-off and
standard commutating turn-off will further improve the turn-off time. For applications requiring a guaranteed Bors,
contact your nearest Tl Sales Office for information on special types.

NOTE 8: The commutating turn-off time of the 2N3005 series thyristor is significantly affected by the source impedance of the gate firing circuit as shown in Fig. 13.
Faster turn-off times are achieved when this impedance is low. However, some circuits require the use of a high source impedance, even though fast turn-off is desired. In
these applications, a diode may be used to by-pass the gate-cathode junction, as shown in the circuit in Fig. 15. This diode improves commutating tum-off tfime by
eliminating the effect of the gate-cathode recovery time.

24412 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.
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TYPES 2N3555, 2N3556, 2N3557, 2N3558
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

1 AMP AVG — 30 to 200 VOLTS — 20 na GATE SENSITIVITY
ALL PLANAR, OXIDE-PASSIVATED JUNCTIONS
NO SOLDER OR FLUXES

High Operating Temperatures
High Surge Current Capability
Fast Switching Speeds

Low Forward Voltage Drop

6961 LSNONV QISIAIY

o o o o
Y961 LSNONV ‘S06569 S-1d "ON NI1L3T1INE

mechanical data

8GSENZ ‘LSSENZ "9SSENZ ‘SGSENZ SIdAL

These devices are in precision welded, hermetically sealed enclosures. Extreme cleanliness during the
assembly process prevents sealed-in contamination. The approximate unit weight is 1.8 grams.

0.260 15

o'—.m“—“r‘*w" *THE ANODE 1S IN ELECTRICAL
MEASUREMENT CONTACT WITH THE CASE.
POINT

-'—‘F——-— M

358 283201 e *THE GATE TERMINAL IS
o — = CONNECTED TO A P REGION.
]| 8125 o019
DETAS OF OuTime 0% Goie *ALL JEDEC T0-5 DIMENSIONS
THIS ZONE OPTIONAL seaTNG  DIA AND NOTES ARE APPLICABLE,

ALL DIMENSIONS ARE

N
UNLESS OTHERWISE

*absolute maximum ratings over operating case temperature range (unless otherwise noted)

2N3555/2N3556 | 2N3557| 2N3558| UNIT

Continvous Forward Blocking Voltage, Vz (See Note 1) 30 60 100 200 v
Peak Forward Blocking Voltage (See Note 1) 30 60 100 200 v
Continvous Reverse- Blocking Voltage, Vzo (See Note 2) 30 60 100 200 v
Peak Reverse Blocking Voltage (See Note 2) 30 60 100 200 v
Continuous or RMS Anode Forward Current at (or below) 100°C 16 a

Case Temperature (See Note 3) i
Average Anode Forward Current (180° Conduction Angle) at (or below)

100°C Case Temperature {See Note 4) ! L
Peak Anode Surge Current (See Note 5) 18 ]
Peak Gate Reverse Voltage 8
Peak Gote Forward Current (Pulse width = 8 msec) 250 ma
Average Gate Power Dissipation 100 mw
Operating Case Temperature Range —65 to +150 °C
Storage Temperature Range —65 to +200 °C

NOTES: 1. These values apply when the gate-cathode resistance Rgy =< 1k Q.

2, These values apply when the gate-cathode resistance Rgy = %,

3. This value applies for continuous d- or single-phase, 60-cps, half-sine-wave operation with resistive load. Above 100°C, derate according to Figure 13.

4. This valve may be applied confinuously under single-phase, 60-cps, half-sine-wave operation with resistive load. Above 100°C, derate according to Figure 13.
5. This valve applies for one 60-cps half sine wave when the device is operating at (or below) rated values of peak reverse blocking voltage and

anode forward current. Surge may be repeated after the device has returned to original thermal equilibrivm.

*Indicates JEDEC registered data

TeEXAS INSTRUMENTS
INCORPORATED
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TYPES 2N3555, 2N3556, 2N3557, 2N3558
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

*electrical characteristics at 25°C case temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
| Static Anode Forward Vax = Rated Vez, Rex = 1k} 100 | na
PR Blocking Current Vak = Rated Vg, Rex = 1k, Tc = 150°C 100 | pa
I Static Anode Reverse Via = Rated Vro, le =0 01 | ua
RO Blocking Current Vea = Roted Vro, s = 0, Tc = 150°C 100 | pa
leko Gate Reverse Current Vke = 5V, IA=0 -5 ma
ler  Gate Trigger Current Vaa =5y, R.=120, PWg =10 psec 512 pa

Vaa =5y, Ro=120, PWg =10 usec, 09 v
Te = —65°C .
Ver  Gate Trigger Voltage Vaa =5y, Ro=128, PWg==10 usec 0.55 | 0.7 v
Vaa =5y, Ro=120, PWg =10 usec 02 v
Tc = 150°C )
I Holding € R@,K = ]kQ, RL = Zkﬂ 1.2 3 ma
v Holding Corrent Rox = 10, R = 7k, Tc = —45°C 1 | ma
Ve Forward Voltage lr=16q, Rek = 1 k), See Note 6 14 v
dv/dt Critical Rate of Anode Voltage Rise { ke = 1v 400 v/ pusec
switching characteristics at 25°C case temperature (unless otherwise noted)
2N3558
PARAMETER TEST CONDITIONS e UNIT
L Vaa =200v, R =22k, Re =100Q,
ton  Tumn-On Time Vo=3v, See Fig. 14 0.3 Jsec
. . Vaa = 50v, R =140(), 1N645 between
to  Commutating Turn-Off Time gate and cathode, See Fig 15 35 Jsec
thermal characteristics
PARAMETER MAX UNIT
0,c  Junction-to-Case Thermal Resistance 35 °C/w

"l

NOTE é: The initial valve is

using pulse

*Indicates JEDEC registered data (typical data excluded).

Anode-pulse width =300 usec, PRR =10 pps.
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TYPES 2N3555, 2N3556, 2N3557, 2N3558
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

ANODE CHARACTERISTICS

STATIC ANODE FORWARD BLOCKING CURRENT
vs
FREE-AIR TEMPERATURE

100 T T T
g Vi = RATED V;,
| Rox =1 kNl
= W—T=T, 7
e
: v Vs
% l
2 1
= I /
8 GUARANTEED MAXIMUM\>/
= ‘ ‘
3 ] /
5 0.1 t 1 7
3
5 TYPICAL\
4 >/
<8 0.01 }—//' N
2 /
2 o.00 i <
e
0.0001
=75 =50 =25 0 25 50 75 100 125 150
T, — Free-Air Temperature — °C
FIGURE 1
TYPICAL FORWARD VOLTAGE
Vs
. ANODE FORWARD CURRENT
5
REL
Ty=Ta
—Rgk 21 kQ
See Note 7
4
>
|
L
§’ 3
$
2
: il
S2
< Ta = 25°C
I 1 1
> // Ta = 150°C
-1
1 A / H11 C/
/
1T
0
0.1 1.0 10 100
I — Anode Forward Current —a
FIGURE 3
NOTE 7: These p were d using pulse techni

lzo = Static Anode Reverse Blocking Current — pa

STATIC ANODE REVERSE BLOCKING CURRENT

vs

FREE-AIR TEMPERATURE

100 T T T
Vag = RATED Vio LT A
lo=0 /’
0p—T,=T, v
GUAIRANTEED MAXIMUMS |
1 —
TYPICAL\[ /
0.1 >
0.01 /1>/
4
0.001 | L
0.0001
-75 =50 -25 0 25 50 75 100 125 150
T, — Free~Air Temperature — °C
FIGURE 2
TYPICAL HOLDING CURRENT
v
FREE-AIR TEMPERATURE
2.0 I
\ R, =2k N1
V3
1.6 NG,
g ”/\\/
I )
12 N ¢
£ \*f., N l
(9] '/\e
£ Nl N
S o8 A
T N \ \\
= s N ™~
_! ’/\,
0.4 NN, £, S~
. s o 2 —~——
\
\
0
-75 -50 -25 0 25 50 75 100 125 150

Anode-pulse width—300 usec, PRR =10 pps.

T. — Free-Air Temperature — °C

F

IGURE 4

169
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TYPES 2N3555, 2N3556, 2N3557, 2N3558
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

GATE CHARACTERISTICS

GATE TRIGGER CURRENT
vs
FREE-AIR - TEMPERATURE

GATE TRIGGER VOLTAGE
vs
FREE-AIR TEMPERATURE

140 1.0 T T
C]‘ l I ] Var =5v
< Vaa =5v R, =12 0
120 ¥ R, =120 N y
Z P\lN 10 taat N \ﬁ(@e“ PWg 210 psec
g \’LA GN ¥ 0.8 \ N’f TJ ~ TA
[ 100 e T, I | € See Note 8
- o See Note 8 g ~ 7)’P/ 414*/ |
g 3 s G Moy,
5 8 % 206
o \’2 - \\\\
.';', 60 d— — % § P
$ O\ : D
QL
2 (4 5 0.4
5 40 \ o Gua
o | —t— RANTEED MIN MU N
| _ — ‘~
5 20 N ¢ I —t—
a Guagy 0.2
NTEED pSsL T
0 \EEDﬂN’MUM
_ l :
~75 =50 =25 0 25 50 75 100 125 150 -75 -50 =25 0 25 50 75 100 125 150
T, — Free=~Air Temperature — °C T. —Free-Air Temperature — °C
FIGURE 5 FIGURE 6
TYPICAL GATE - CATHODE VOLTAGE TYPICAL GATE TRIGGER VOLTAGE
vs vs
GATE FORWARD CURRENT GATE PULSE WIDTH
¢ 5
1.4 2N3558 |
( Vaa =50v
R, =140 0
1.2 \ =1,
7 vl ; 4 \ i See Note 8
o 1.0 ALY o el
2 AT § T
Y - - o,
;os_L I geec | / S 3 ] AT, =25°C
3 ST Wl L]
£ T gec | V 2 LT, = 150°C
g 0.6 N s P
£ b T L R
8 oC W\
| 0.4 LA !
. 1 511 M=o 5 NN
3 Lt mA T,=T, >
0.2 =t See Note 7 N i, ~ |
i
0 J m . 0 LI
0.01 0.1 1 10 100 1000 0.01 0.1 1 10 100
lge— Gate Forward Current — ma PW;— Gate Pulse Width — psec
FIGURE 7 FIGURE 8
NOTES: 7. These p were d using pulse Anode-pulse width =300 usec, PRR =10 pps.

8. These parameters were measured using single pulse techniques. Anode-pulse width =300 usec, Duty Cycle==0.
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869

TYPES 2N3555, 2N3556, 2N3557, 2N3558
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

TYPICAL SWITCHING CHARACTERISTICS, T,=25°C

TURN-ON TIME TURN-ON TIME
vs vs
25 GATE INPUT PULSE AMPLITUDE 1.0 ANODE SUPPLY VOLTAGE
. . T T
2N3558 | ||| - I | 2N3558
Vaa = 200 v %:’.o
Ry =570 Q 4
2.0 See Figure 14 T 0.8
8 § \
I \ i — Yo =15, ™~
g1.5 g 0.6 ﬂ\
=4 =
c c \
(¢} (@]
IE M l: V,'n =3.0v
210 " S 0.4 —]
| \ \ !
5 NIN N 5
= \ \ N R - R, = Vaa
0.5 P P /4!) 0.2 L= 350ma
S . Rg =100 Q
See Figure 14
0 1 . 1 0 | ]
0.1 1 10 100 0 50 100 150 200
Vin — Input Pulse Amplitude — v . Vaa — Anode Supply Voltage — v
FIGURE 9 FIGURE 10
TURN-ON TIME COMMUTATING TURN-OFF TIME
vs vs
ANODE FORWARD CURRENT 20 ANODE FORWARD CURRENT
0.4 T
LI 50 v
2N3558 // Ru= 1 =I10 o | NS
2 See Figure 15 Rokletd)
/ 116 |
| =
$0.3 > ® - .
g P I 41 = GKleff)
L .
ql. — 12 ]
E €
- 5
2
S0 ?
g v 200 ':';_ 8 Rokleff) = 100 Q
— AA = v 2
€ L
|= R, = 200 v £ 1
$50.1 L Tr ! O
Rg= 100 Q | 4 1N645 (See Note 9)
Vip=3.0v { - ,-T-—""‘
See Figure 14
0 L1111 0
1 10 100 1000 0 50 100 150 200 250 300 350
Ig — Anode Forward Current — ma Ig — Anode Forward Current — ma
FIGURE 11 FIGURE 12

NOTE 9: The commutating turn-off time of the 2N3555 series thyristor is significantly affected by the source impedance of the gate firing circuit as shown

in Figure 12. Faster turn-off times are achieved when this impedance is low. However, some circuits require the use of a high source impedance,
even though fast turn-off is desired. In these applications, a diode may be used to by-pass the gate-cathode junction, as shown in the circuit in
Figure 15. This diode improves commutating turn-off time by eliminating the effect of the gate-cathode recovery time.
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TYPES 2N3555, 2N3556, 2N3557, 2N3558
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

ANODE FORWARD CURRENT DERATING CURVE

I
Continuous DC

3
S
3

I
8
e
es
3
(]
1]

8
o

2
8
-]
i
g
P

wn ~
S 3
ol 66
] ngu
8l [efs
0%
/

lg — Maximum Average Anode Forward Current — ma

250 N
0
-75 -50 -25 0 +25 +50 +75 +100 +125 +150
T¢ — Case Temperature — °C
FIGURE 13

PARAMETER MEASUREMENT INFORMATION
Via
INPUT 10%

VOLTAGE WAVEFORMS

See Notes A, B, and C OuTPUT

100 Q

fE—._y

GENERATOR

TEST CIRCUIT

FIGURE 14 — TURN-ON TIME

NOTES: A. V. is measured with gate and cathode terminals connected as shown and anode terminal open.
B. The input waveform of Figure 14 has the following characteristics: t, << 40 nsec, PW = device turn-on time at the operating point.
(. Waveforms are maintained on an oscilloscope with following characteristics: 1, << 14 nsec, Rin = 10 M0, G << 12pf.
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TYPES 2N3555, 2N3556, 2N3557, 2N3558
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

PARAMETER M

EASUREMENT INFORMATION

0 M

Wi

o Jetors

R 1
GK(eff) L ING4S

(See Note 9 $

on Page 5) <
(See Note D)

WAVEFORMS
> b3
> Ry 2
0.1105 uf
V.4 L
A [ Vaa=50v =
. <7 T
b— o Vi Monitor (See P R, (See Note E)
Note C on

2N3558

9 Page 6)

p—o I, Monitor

& 0.1Q
> (Noninductive

. . (See Note D)
monitor resistor)

@

Generator Synchronization

TEST CIRCUIT

FIGURE 15 — COMMUTATING TURN-OFF TIME

D. Pulse generators for ¥, and V, are synchronized to provide an anode current waveform with the following characteristics: PW=>50

to 300 psec, Duty Cycle=1%. The pulse wid
E. Resistor R, is adjusted for Ig="1a.

ths of V, and V, are == 10 psec.

69

24423



TYPES 2N3555, 2N3556, 2N3557, 2N3558
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

TYPICAL APPLICATION DATA

20-kec RING COUNTER

J L
I
!
R R, R,
H |
N
- e - -
Ca I cl C.
A s o
| |
Ry I : Re R,
]! C
C s
S oaNsss W I 2N3555 W e anasss F
i e i L
(] V. =
I
R |
# ’ } | o, & Ro o, K Re
D, ¥ ,_
I
L Dy [ Ry —_
I
I
[
|
| : X, il D,
I
I
e ¢ 5
IQ—Insen additional D,

stages here. INPUT

(3 stages shown) i;

CIRCUIT PERFORMANCE CHARACTERISTICS FOR 10-STAGE OPERATION AT Tp — 25°C

a. Vaa Range for 20-kec Operation: 6 v to 30 v (Rated Vi)
b. Vaa Range for 10-kc Operation: 2.75v to 30 v (Rated Vi)
c. Range of Input Amplitude for 10-kc operation: 3v to 8 v

CIRCUIT COMPONENT INFORMATION

Ra: 3300 Ca: 0.06 uf = 20%
Rg: 33k Cs : 0.001 uf +20%
Re: 1kQ L : 40 mh

R¢: 33Q2 Dy, D;, and D; : 1N914

All Resistors, == 5% tolerance, 2 w

86
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
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TYPES 2N3559, 2N3560, 2N3561, 2N3562
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

1 AMP AVG — 30 to 200 VOLTS — 200 ~a GATE SENSITIVITY
ALL PLANAR, OXIDE-PASSIVATED JUNCTIONS
NO SOLDER OR FLUXES

High Operating Temperatures
High Surge Current Capability
Fast Switching Speeds

Low Forward Voltage Drop

6961 1SNONV A3SIAIY

o o 0o O
Y961 1SNONV ‘906569 S-1A "ON NIL3T1INE

°
m
7]
N
2
w
a
»®
N
2
g
S
N
r4
=3
a
-]
-
)
Z
@
a
1]
N

mechanical data

These devices are in precision welded, hermetically sealed enclosures. Extreme cleanliness during the
assembly process prevents sealed-in contamination. The approximate unit weight is 1.8 grams.

*THE ANODE IS IN ELECTRICAL
CONTACT WITH THE CASE.

*THE GATE TERMINAL IS
CONNECTED TO A P REGION.

0260 15
0.240 MIN
TEMP.
MEA&,(R(M!N‘

POIN!

*ALL JEDEC TO-5 DIMENSIONS
AND NOTES ARE APPLICABLE.

ALL DIMENSIONS ARE
IN INCHES
UNLESS OTHERWISE
SPECIFIED

+absolute maximum ratings over operating case temperature range (unless otherwise noted)

2N3559[2N3560 [2N3561|2N3562] UNIT
Continuous Forward Blocking Voltage, Vex (See Note 1) 30 60 100 200 v
Peak Forward Blocking Voltage (See Note 1) 30 60 100 200 v
Continuous Reverse Blocking Voltage, Veo (See Note 2) 30 60 100 200 v
Peak Reverse Blocking Voltage (See Note 2) 30 60 | 100 200 v
Continvous or RMS Anode Forward Current at (or below) 100°C
Case Temperature (See Note 3) 1.6 a

Average Anode Forward Current (180° Conduction Angle) at (or below)

100°C Case Temperature (See Note 4) 1 a
Peak Anode Surge Current (See Note 5) 18 a
Peak Gate Reverse Voltage 8 v
Peak Gate Forward Current (Pulse width = 8 msec) 250 ma
Average Gate Power Dissipation 100 mw
Operating Case Temperature Range —65 to +150 °C
Storage Temperature Range —65 to +200 °C

NOTES: 1. These values apply when the gate-cathode resistance Rgy << 1 k(2.
These values apply when the gate-cathode resistance Rgy = .

Bl ol 4

Figure 13.

Ll

onode forward current. Surge may be repeated after the device has returned 1o original thermal equilibrium.

Indicates JEDEC registered data.

R

This value opplies for continuous d-c or single-phase, 60-cps, half-sine-wave operation with resistive load. Above 100°C, derate according to Figure 13.
This valve may be applied continuously under single-phase, 60-cps, half-sine-wave operation with resistive load. Above 100°C derate according to

This valve applies for one 60-cps half sine wave when the device is operating at (or below) rated values of peak reverse blocking voltage and

TEXASI INSTRUMENTS

NCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 78222
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TYPES 2N3559, 2N3560, 2N3561, 2N3562
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

*electrical characteristics at 25°C case

temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
| Static Anode Forward Vax = Rated Vez, Rox = 1kQ 100 | na
FR Blocking Current Vax = Rated Veg, Rox = 1k, Tc = 150°C 100 | pa
| Static Anode Reverse Vka = Rated Veo,ls = 0 0.1 | pa
RO Blocking Current Vka = Roted Vo, lc = 0, Te = 150°C 100 | ma
leko Gate Reverse Current Vke = 5v, Ila=0 -5 | pa
lgy  Gate Trigger Current Vaa =5, R=12Q, PWe =10 usec 90 1200 | ma

PWe =10
Van = 5v, =120, 7% s 09 | v
Ver  Gate Trigger Voltage Vaa =5, RL=120, PWg =10 usec 06 {08 v
— _ PWe = 10 psec,
Vaa =5, R =120, Te = 150°C 0.2 v
e Rox = 1k, R = 2kQ 18| 5 | ma
lr  Holding Current Rex = TKQ, R = 2k}, Tc = —65°C 8 | ma
Ve Forward Voltage Ir = 1640, Rek = 1 k{2, See Note 6 14 v
leo Gate Turn-Off Current Iz = 200 ma (See Note 7), —40 ma
Voo Gate Turn-Off Voltage Vaa =100 v (Not to exceed Rated V¢z) —4 v
dv/dt Critical Rate of Anode Voltage Rise |Vke = 1v 400 v/ usec
switching characteristics at 25°C case temperature (unless otherwise noted)
2N3562
PARAMETER TEST CONDITIONS TYP UNIT
) Var = 200v, R = 22kQ, Re = 1000,
ton Turn-On Time v‘AnA: 3v, See Fig, 14 0.55 Jusec
: ., Vaa = 50v, R = 140 ), 1N645 between
toss Commutating Turn-0ff Time gate and cathode,  See Fig. 15 22 psec
thermal characteristics
PARAMETER MAX | uNIT
0,.c Junction-to-Case Thermal Resistance 35 °C/w

NOTES:

6. The initial instantaneous value is measured using pulse techniques. Anode-pulse width= 300 usec, PRR==10 pps.

7. Anode current not to exceed 200 ma for gate turn-off applications.

*Indicates JEDEC registered data (typical data excluded).
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869

TYPES 2N3559, 2N3560, 2N3561, 2N3562
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

ANODE CHARACTERISTICS

STATIC ANODE FORWARD BLOCKING CURRENT

vs

FREE-AIR TEMPERATURE

100 T T T
Vix = RATED V;,
Rex =1 kO

WE—T1=T1,

1 ‘

/,/

/ /

GUARANTEEDMAXIMUM\>// ‘/
/

|y Static Anode Forward Blocking Current — pa

leo— Static Anode Reverse Blocking Current — pa

100 T T T
Vax = RATED Vio ///
Roy =@ /
0l—T,=1. .

I
GUARANTEED MAXIMUM
1 | f /
TYPICA L\\ /
0.1 N

STATIC ANODE REVERSE BLOCKING CURRENT
vs
FREE-AIR TEMPERATURE

o || ,
TYPICAL| / / )‘>/
4 / L~
0.0l L . 0.01
—
// jd
0.001 0.001 -
——— q/ -
0.0001 0, 0001
=75 =50 -25 0 25 50 75 100 125 150 =75 =50 =25 0 25 50 75 100 125 150
T, — Free-Air Temperature — °C T, — Free=-Air Temperature — °C
FIGURE 1 FIGURE 2
TYPICAL FORWARD VOLTAGE TYPICAL HOLDING CURRENT
ANODE FORWARD CURRENT vs
FREE-AIR TEMPERATURE
5 T 4.0 —
)2 Ty -
—Re 21 kO Re=2kn
See Note 8
4
> 2
| | ”
s . <
g3 5 ?
$ 5 AN
> (s}
. _ > N
3 Tp = -55°C £
52 ET R 3 \
' AU 25 i NN
“ A=
SRy nEs SIS
! ---/ “ \ \\. \
Lt . N T ————
~ ——
— P——
0 0
0.1 1.0 10 100 -75 =50 =25 0 25 50 75 100 125 150
Ig — Anode Forward Current —a T. — Free-Air Temperature — °C
FIGURE 3 FIGURE 4
NOTE 8: These p were d using pulse techni Anode-pulse width =300 usec, PRR=10 pps.
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TYPES 2N3559, 2N3560, 2N3561, 2N3562
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

GATE CHARACTERISTICS

GATE TRIGGER CURRENT GATE TRIGGER VOLTAGE
vs Vs
FREE -AIR TEMPERATURE FREE-AIR TEMPERATURE
800 1.0
b |
\ 0% UARANTEEDMA
o \\ ‘%1 > 0.8 XIMUM
3 .
[ 600 £ I - yP/qu I~
! S Var =5v g, {
g % R =12 Q 2
S N -/;; PWg 210 psec So.6
5 \ (& =20 ]
§ 400 \ x Z See Note 9 3
- 2, = G
: \ CY 2 0.4 UARANTEEDM \
2 / 5 O INIMU
© N H Van =5 — ™S
1 200 ! T R=12 ;1 [
- o L =
5 \ > 02— PWg 210 psec \
\j \‘»\ | BeNges
ee ote
0 ~RLmNTEED MINT T — . — '
=50 I I | ] i 0
-75 =50 -25 0 25 50 75 100 125 150 =75 =50 -25 0 25 50 75 100 125 150
To — Free ~Air Temperature —°C T, —Free=-Air Temperature — °C
FIGURE 5 FIGURE 6
TYPICAL GATE ~ CATHODE VOLTAGE TYPICAL GATE TRIGGER VOLTAGE
vs Vs
GATE FORWARD CURRENT GATE PULSE WIDTH
1.4 '
T ’ “ T 5 T IRELLLLIR
{ ‘ ; / I Vaa =50v
| /. \ R, =140 0
1.2 ‘
> | l //"{ 4 | | s
H > S
) T t See Note 9
o | Wt Lo e T
[ o 1
5 | ,L—rt/ / ) [JRAL
> o8 |12 .88°C 1 A S 3 T, =25°C
e |\
— =]
.E bt 1 ,’)_5°C ¥ 1 ’M ? (‘1 T T ‘0°
S 0.6 A .{i— : = Il Ta =150°C
9 L1 | P H 2 T+
] ol | 7
o lm/' 1°C V/ o \\ ]
o - S ! N |
« T A L=
> L4411 T, xT, > 1 v\ \
0.2 See Note) 8 | _TL NI \J il I
| Ll | 1L [T '
0 | ! | 0 H_I
0,01 0.1 1 10 100 1000 0.01 0.1 1 10 100
lss— Gate Forward Current — ma PW;— Gate Pulse Width — psec
FIGURE 7 FIGURE 8

NOTES: 8. These parameters were measured using pulse techniques. Anode-pulse width =300 psec, PRR =10 pps.
9. These parameters were measured using single pulse techniques. Anode-pulse width =300 usec, Duty Cycle=0.
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TYPES 2N3559, 2N3560, 2N3561, 2N3562
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

TYPICAL SWITCHING CHARACTERISTICS, T,=25°C

TURN-ON TIME TURN-ON TIME
vs vs
GATE INPUT PULSE AMPLITUDE ANODE SUPPLY VOLTAGE
3.0 2N3562 1.6 T
Vaa =200 v Vin <T0v N3se2
= 1.4
25 R, =570 0 ||
See Figure 14
g \ 3 1.2 ~ v ;
EX 2.0 3 i 3v \'\\
| I 1.0
® \ °
E £
15 S Lo Vin =3
c 1. c in =3.0v —
OI: \ N \\'?e o' T
£ N £
=l Bl
e \ \ Ty« = 0.6
| 1.0 N 2 |
\ ‘\/II | \k 50.4 |-
: e DNl TR oo, -
0.5 S P L T 350 ma
0 M~ -
N, | 02 . _
N Rg =100 Q
| I See Figure 14
0 0 1 |
0.1 1.0 10 100 0 50 100 150 200
Vin — Input Pulse Amplitude — v Vaa — Anode Supply Voltage — v
FIGURE ¢ FIGURE 10
TURN-ON TIME COMMUTATING TURN-OFF TIME
vs Vs
o6 ANODE FORWARD CURRENT 0 , ANODE FORWARD CURRENT
B A R - 5:) v | 2N3562
F =
Q See Figure 15 ReKleff)
/ 4 ;8 — 1 '
o 0.6 v ! | Rk = kQ
@ A
|1 /"’ E /‘/
) // o) 6
E 1T :
= £
5 04 2 00
? 2 Roxettl_= 1
£ = 4
2 [~ Vaa =200 v g 1
|S R = 200 v E
So02FR Ir S ) 1N645 DIODE (See Note 10
Rg =100 Q I —
[~ v, =3.0v 3
See Figure 14
° Lrin 0
1 10 100 1000 0 50 100 150 200 250 300 350 24
lg — Anode Forward Current — ma I — Anode Forward Current — ma
FIGURE 11 FIGURE 12

NOTE 10: The commutating tum-off time of the 2N3559 series thyristor is significantly affected by the source impedance of the gate firing circuit as shown
in Fig. 12. Faster turn-off times are achieved when this impedance is low. However, some circuits require the use of a high source impedance, even
though fast turn-off is desired. In these applications, a diode may be used to by-pass the gate-cathode junction, as shown in the circuit in Fig. 15. This diode
improves commutating furn-off time by eliminating the effect of the gate-cathode recovery time.
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TYPES 2N3559, 2N3560, 2N3561, 2N3562

P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

g & 8 g

lg — Maximum Average Anode Forward Current — ma
b
S

ANODE FORWARD CURRENT DERATING CURVE

!
Continuous DC

|
& =120°

N
250 PN
0
-50 =25 0 +25 +50 +75 +100 +125 +150
Tc — Case Temperature — °C
FIGURE 13
PARAMETER MEASUREMENT INFORMATION
3=
Vin
INPUT 10%
i
'I‘_ ton
|
]
OUTPUT \\! 90%
VOLTAGE WAVEFORMS
See Notes A, B, and C OUTPUT

GENERATOR

TEST CIRCUIT

FIGURE 14 — TURN-ON TIME

NOTES: A. V, is measured with gate and cathode terminals connected as shown and anode terminal open.

8. The input waveform of Figure 14 has the following characteristics: f, =< 40 nsec, PW == device furn-on time ot the operating point.

C. Waveforms are monitored on an oscilloscope with following characteristics 1. << 14 nsec, R,y = 10 NQ, C;, << 12 pf.

in —
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TYPES 2N3559, 2N3560, 2N3561, 2N3562
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

PARAMETER MEASUREMENT INFORMATION

0 M M

Ve
0
Ve {
o letoss
WAVEFORMS
<
EE Ry b3
0.1t05 pf J
IFl )F L Vaa = 50 v
. 3 =
b—o V& Monitor (See A Ry (See Note E) r
Note C

Thyristor Under Test

D

p—o |, Monitor

R 1
GK(eff) ' INGSS

(SeeNote9 ¢ 0.1Q
A:' (Noninductive

. . (See Note D)
monitor resistor)

3

(See Note D)

b e ———

Generator Synchronization

TEST CIRCUIT
FIGURE 15 — COMMUTATING TURN-OFF TIME

D. Pulse generators for V, and V, are synchronized to provide an anode current form with the following ch i PW=50 to 300 usec,
dury cycle=1%. The pulse widths of V, and V, are == 10 usec.
E. Resistor R, is adjusted for Ip=1 0.

869
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TYPES 2N3559, 2N3560, 2N3561, 2N3562
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS

TYPICAL GATE TURN-OFF CHARACTERISTICS

TYPICAL GATE-TURN-OFF GAIN
vs

ANODE FORWARD CURRENT

6
The 2N3559 series thyristors exhibit gate-turn-off gain,
in addition to the standard controlled switch characteristics.
5
Figure 16 shows the typical gate-turn-off gain as a func- //
tion of anode current. This characteristic offers increased . //
flexibility in the design of pulse-width modulators, pulse- 5’-, 4 /1
forming networks, static switches, choppers, bistable circuits 5 /
and inverters. 53
= e T
Qo Bore ]
‘c' GQ
S 1, =25°C
|2
Q
1
0
0 50 100 150 200
I, = Anode Forward Current == ma
FIGURE 16

lg1 —»

- 0O

TYPICAL GATE-TURN - OFF CIRCUIT TYPICAL WAVEFORMS

Improved turn-off time may be realized using the gate-turn-off method. A combination of gate-turn-off and
standard commutating turn-off will further improve the turn-off time. For applications requiring a guaranteed B,
contact your nearest Tl Sales Office for information on special types.
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TYPES 1N4001 THROUGH 1N4007
DIFFUSED-JUNCTION SILICON RECTIFIERS

50-1000 VOLTS e 1 AMP AVG

o MINIATURE MOLDED PACKAGE
o INSULATED CASE
o IDEAL FOR HIGH-DENSITY CIRCUITRY

*mechanical data

0.107

[——l.lo MIN——————ef 0100 \ r
I Rg — | 132 ] j@}—
A.u DIA 2 LEADS Lﬂ_-{.—uo Mm————l [

0.030 (NOTE A)

0.185

NOTE A: The specified lead diometer opplies in the zone between

0.050” and 1.00" from the rectifier body.-Qutside of this ALL DIMENSIONS ARE IN INCHES
zone the lead diameter is not controlled.

THE LEADS ARE ELECTRICALLY INSULATED FROM THE CASE

*absolute maximum ratings at specified ambienti temperature

Case for 10 Seconds

1N4001 | IN4002| 1N4003 | IN4004| 1IN4005| IN4006 | IN4007 | UNIT

Peak Reverse Voltage from
Vam —65°C to +175°C (See Note 1) 50 100 200 400 600 800 1000 v

Steady State Reverse Voltage
Vr from 25°C o 75°C 50 100 200 400 600 800 1000 v
I Average Rectified Forward Current from 1 a
° 25°C to 75°C (See Notes 1 and 2)
) Repetitive Peak Forward Current, 10 cycles, 10 o
FMireel gt (or below) 75°C (See Note 3)

. Peak Surge Current, One Cycle,
lrmisorge) gy (or below) 75°C (See Note 3) 30 ‘
Tatopr) Operating Ambient Temperature Range —65 to +175 °C
Tstg Storage Temperature Range —65 to +200 °C

Lead Temperature % Inch from 350 o

NOTES: 1. These values may be applied continuously under single-phase, 60-cps, half-sine-wave operation with resistive load. Above 75°C derate o
according to Figure 1.

2. This rectifier is o lead-conduction-cooled device. At (or above) ambient temperatures of 75°C, the lead temperature 3 inch from case must be
no higher than 5°C above the ambient temperature for these ratings to apply.

3. These values apply for 60-cps half sine waves when the device is operating at {or below) rated values of peak reverse voltage and average rectified
forward current. Surge may be repeated after the device has returned to original thermal equilibrium.

* Indicates JEDEC registered data.

F The ambient temperature is measured at o point 2 inches below the device. Natural air cooling shall be used.

Z0OPNL HONOYHL 100YNL S3dAL

$961 AUVNAE3L ‘99€£S9 S-10 'ON NILINNG

TEXASI INSTRUMENTS

NCORPORATED
POST OFFICE BOX 5012 « DALLAS. TEXAS 78222
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TYPES 1N4001 THROUGH 1N4007
DIFFUSED-JUNCTION SILICON RECTIFIERS

*electrical characteristics at specified ambientt temperature

PARAMETER TEST CONDITIONS MAX UNIT
Ve = Rated Vg, Ta = 25°C 10 ua
| Static Reverse Current
k Ve = Rated Vg, Ta = 100°C 50 na
VRM = Rated vkm, |o =1 qa,
Injavg) Average Reverse Current f= 60 cps, T, = 75°C 30 pa
Ve Static Forward Voltage le =14, Ta = 25°Ct0 75°C 11 v
Ve = Rated Ve, 1o = 10,
Ve(avg) Average Forward Voltage f = 60 cps, T, = 25°C to 75°C 0.8 v
Vem = Rated Ve, lo = 1u, >
Vim Peak Forward Voltage f = 60 aps, T, = 259 10 75°C 1.6 v
*Indicates JEDEC registered data.
THERMAL INFORMATION
o FORWARD CURRENT DERATING CURVE
| 1.5
. ]
g See Note 2
o
o
&
E 10 Single-Phase
5 Six-Phase Star
(9]
g I
[ N
H I N
5 Three -Phase Wye g
S NN
gos SN N
2 \ \\
; N
E
3 N
z
I o
-~ 75 -50 -25 0 +25 +50 +75 +100 +125 +150 +175
Ta — Ambient Temperature — °C
FIGURE 1
1 The ambient temperature is measured at a point 2 inches below the device. Natural air cooling shall be used.
NOTE 2: This rectifier is a lead-conduction-cooled device. At (or above) ambient temperatures of 75°C, the lead temperature 3 inch from case must be
no higher than 5°C above the ambient temperature for these ratings to apply.
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
25402
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TYPE TILO1
P-N PLANAR GALLIUM ARSENIDE DIODE LIGHT SOURCE

DESIGNED TO EMIT NEAR-INFRARED
LIGHT WHEN FORWARD BIASED

Light Source Spectrally Matched to Silicon Sensors

Recommended for Application in Character Recognition,
Tape and Card Readers, and Encoders

Unique Package Design Allows for Matrix Assembly
Directly into Printed Circuit Boards

Narrow Light Beam

10111 3dAL

mechanical data

8961 A¥VNYSId ‘60£0189 S-10 'ON NLITING

§961 ANVNEE3d ‘ZLTLS9 $-10 "ON NIIITING SIDOVI4IY

000 CERAMIC ALL DIMENSIONS IN INCHES
e 0050 _ :
0.040
0.063 0.092
0.1159 0.084
1. ANODE ‘_% 2- CATHODE
0.010 [ |l
0005 o.130 )
o1

absolute maximum ratings

Reverse Voltage at 25°C Case Temperature . . e e e e o2y
Continuous Forward Current at 25°C Case Temperuiure (See Note 1) e e e e e . . . JBOMA
Operating Case Temperature Range . . . . . . . . . . . . . . . . =65°Cto125°C
Storage Temperature Range . . —65°Cto 150°C

Soldering Temperature (3 minutes) .. . . . 240°C

operating characteristics at 25°C case temperature

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

Wavelength af _

A peu Peak Emission e =50 mA 0.9 pm
Radiant Power Output .

Po Into 90° Circular Cone lr = 50 mA, See Note 2 50t W
Radiant Power Output _

Po Into 10° Gircular Cone e = 50 mA, SeeNoto 3 8 pW

Ve Static Forward Voltage lg = 50 mA 1.3 v

NOTES: 1. Derate linearly to 125°C case temperature at the rate of 0.5 mA/ °C.

2. The radiant power output into a 90° right circular cone coaxial with the device axis of symmetry is measured by use of a calibrated silicon solar cell held in
close proximity to the glass lens of the device.

3. The radiant power output into a 10° circular cone coaxial with the device axis of symmetry is measured by vse of a calibrated silicon solar cell which is covered 27
by a 0.175 cm aperture. The measurement is made with an aperture mounted conxial with the device axis of symmetry and with the solar cell surface at a dis-
tance of 1.00 = 0.05 cm from the device lens surface.

$This power is equivalent to approximately 2.25 x 10'4 photons per second at 0.9 micron.

TEXAS INSTRUMENTS

INCORPORATED 27001
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



TYPE TILO1
P-N PLANAR GALLIUM ARSENIDE DIODE LIGHT SOURCE

TYPICAL CHARACTERISTICS

RELATIVE SPECTRAL INTENSITY

RELATIVE LIGHT INTENSITY

vs
ANGULAR DISPLACEMENT

100 100
=50 mA
80 / \ lg=50m — 80 l \ See Note 4 —]
A \ Te=25°C / \
> 70 >70
\ / \
:z 60 l \ £ 60 ‘
% 50 \ £ 50
pan - .2
c ol | \ : ;
2 40 2 0 <
ol \ : IR R
& 30 & 3 5
| N S
20 l \\ 20 \
10 ~N—_ 10
0 0
0.88 0.89 0.90 0.91 0.92 0.93 0.94 30° 20° 10° 0° 10° 20° 30°
A — Wavelength —pm 6@ — Angular Displacement
FIGURE 1 FIGURE 2
FORWARD CONDUCTION CHARACTERISTICS
50
Tc = 25°C
40
<«
13
|
5 %0
5
Q
2
o
Z 20
L
|
10
0
0 0.25 0.50 0.75 1.00 1.25 1.50

Vg — Forward Voltage — v

FIGURE 3

NOTE 4: The diagram for relative light intensity shows that most of the radiant output of the TILOI is concentrated within o narrow circular cone. Radiant power output
into various view angles can be measured by a small-diameter aperture and a calibrated solar cell. The solar cell, covered by the aperture, is held at a distance S

from the light source, where S is related to the view angle @ and the aperture radius r by the following equation:

r

(2

§s=

27002

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.
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TYPE TILO9

P-N PLANAR GALLIUM ARSENIDE DIODE LIGHT SOURCE

mechanical data

DESIGNED TO EMIT NEAR-INFRARED

LIGHT WHEN FORWARD BIASED

Card Readers, and Encoders

Directly into Printed Circuit Boards

Narrow Light Beam

Light Source Spectrally Matched to Silicon Sensors
Recommended for Application in Character Recognition,

Unique Package Design Allows for Matrix Assembly

]
-
BE3
ém
m = -
Sz
O - 0
m
(e}
m
=
=]
m
=~
ot
0
o
-]

£961 HOYVW ‘702689 S-1a "ON NILaTING

This device is in a hermetically sealed package with a flat glass window in the top of the case. The
emitting surface of the GaAs material is hemispherical. The cathode is in electrical contact with the lens
ring and the anode is in electrical contact with the base plug.

MOLYBDENUM ‘ANW7 c:nm7

KOVAR (CATHODE)

WELDED HERMETIC SEAL
KOVAR (CATHODE)
FLAT LENS

6080

DIMENSIONS ARE IN INCHES

DIA goso O'4

absolute maximum ratings

Reverse Voltage at 25°C Case Temperature . . . 2V
Continuous Forward Current at (or below) 25°C Case Temperqfure (See Note 'I) . 50 mA
Storage Temperature Range . . —65°C to 100°C
Soldering Temperature (3 Seconds) 240°C
operating characteristics at 25°C case temperature
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Po Radiant Power Qutput 500 900 MW
A peak Wavelength at Peak Emission 0.9 pm
Spectral Bandwidth between _ o
BW) Half-Power Points = = 50mA 230 A
P Emission Beam Angle between 20°
He Half-Power Points
Ve Static Forward Voltage 13 14 v

NOTE 1: Derate linearly to 100°C case femperature at the rate of 0. 67 mA/°C .

TeExAs INST RUMENTS

INCORPORAT

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

27009



TYPE TILO9
P-N PLANAR GALLIUM ARSENIDE DIODE LIGHT SOURCE

TYPICAL CHARACTERISTICS

RELATIVE SPECTRAL CHARACTERISTICS

i

CHANGE IN WAVELENGTH OF PEAK INTENSITY
vs

CASE TEMPERATURE

1.0 T | 400 T
0.9 lp =50 mA ‘,::; lg = Constant
: I Tc = 25°C 3
0.8 - L
z 0.7 \ 3 7
H S /
>
£ 06 €
£ £
- @
° 0.5 / 2 0
& 2
.g 0.4 (]
k: / \ S
£ 0.3 \ s
/ \ 2 -200 4
0.2 AN ;U /
: / N I /
0.1 / _i
P S -400
0.88 0.89 0.90 0.91 0.92 0.93 0.94 0.95 0.9 < 75 50 =25 0 25 50 75 100
A — Wavelength — pm Tc — Cose Temperature — °C
FIGURE 1 FIGURE 2
RELATIVE PHOTON INTENSITY
Vs
FORWARD CURRENT FORWARD CONDUCTION CHARACTERISTICS
1.0 — 50 T
To =25°C Tc =25°C
0.8 40
: /
= <«
f
£ 0.6 - 30
5 /
2 / S
2 04 3 20
3 / £
3 / uf
0.2 / 10 ,
0 0 /
10 20 30 40 0 0.2 0.4 06 08 1.0 1.2 1.4
g — Forward Current — mA V¢ = Forward Voltage — V
FIGURE 3 FIGURE 4
27010 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME

IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.
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TYPE LS400
N-P-N PLANAR SILICON PHOTO TRANSISTOR

DESIGNED FOR APPLICATIONS IN CHARACTER RECOGNITION,
TAPE-READOUT, PHOTO SWITCHING, PROPORTIONAL CONTROL,
AND DIFFERENTIAL DETECTION

00¥S1 3dAL

featuring

e Fast Switching Times
o Collector-Emitter Breakdown Voltage . . . 50 V Min

mechanical data

6961 LSNDNV ‘1GZLLEY S-1A "ON NIL3ITINEG

The device is in a hard glass, hermetically-sealed package with a dome-shaped lens. Unit weight is approximately

2961 INNC ‘124289 S-1d "ON NIL13771Nd S3IVId3Y

0.1 gram.
0.600
o — 0.085
0.500
0.076 DIA
o 0.400 —_—
l‘~ 1.5 MIN —8» (See Note a) +
L M— Tl D O
- 0.010 (+£0.001) LEAD DIA DOT INDICATES COLLECTOR LEAD f

NOTES: a. Within this zone, body diameter is 0.079 + 0.003
b. All dimensions are in inches.

absolute maximum ratings at 25°C case temperature (unless otherwise noted)

Collector-Emitter Voltage .

f e e e e e e e e e e e 50V
Emitter-Collector Voltage . e e e e e e e e 6V
Continuous Device Dissipation at (or below) 25 C Case Temperature (See Note 1) e e e e e e e . . _BOmW
Operating Free-Air TemperatureRange . . . . . . . . . . . . . . . . . . . . —65Cto125°C
Storage Temperature Range . . . e e e e e s .. .. . ... —65Cto150°C
Lead Temperature 1/16 Inch from Case for 10 Seconds e e e e e e e e . ... ... . 260°C

electrical characteristics at 25°C case temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX UNIT
I Light Current VCg=5V, H=9mW/cm2, See Note 2 1 3 mA
Ip Dark Current Vee=30V.H-0 = 10 2 nA
Vg =30V,H=0, Te = 125°C 10 A
v Collector-Emitter 2
CE(sat) gaturation Voltage Ic = 0.4 mA, H=9 mW/cm<, See Note 2 03 \

NOTES: 1. Derate linearly to 125°C case temperature at the rate of 0.5 mW/°C.

2. Irradiance (H) is the radiant power per unit area incident upon a surface. For this measurement the source is a tungsten-filament

bulb. The wavelength is 0.7 to 1.0 um determined by a Corning CS7-69 filter.

TEXAS INSTRUMENTS -
INCORPORATED



TYPE L5400
N-P-N PLANAR SILICON PHOTO TRANSISTOR

switching characteristics at 25°C case temperature

PARAMETER TEST CONDITIONS TYP UNIT
tr Rise Time Vec =30V, 1L =400 uA, 15 us
tf Fall Time RL =1kQ, See Figure 1 15 us

PARAMETER MEASUREMENT INFORMATION

See Note a
W\
ﬁ OUTPUT

N~ See Note b

- ‘L
Vec=30V RL=tkag

il

TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM

FIGURE 1

NOTES: a. Input irradiance is supplied by a pulsed xenon bulb source. Incident irridation is adjusted for || = 400 uA.

b. Output waveform is monitored on an oscilloscope with the following characteristics: t, <25 ns, Rin >1MQ, Cin <20 pF.

27402 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.



TYPE LS600
N-P-N PLANAR SILICON LIGHT SENSOR

mechanical data

MICRO SENSOR DESIGNED FOR
HIGH-DENSITY MATRIX AND
LINE READ-OUT EQUIPMENT

¢ Recommended for Application in

Character Recognition, Tape and
Card Readers, Velocity Indicators,

and Encoders

o Unique Package Design Allows for
Assembly into Printed Circuit Boards

o Small Diameter Reduces Optical

“Cross-Talk™

o Power Dissipation 50 mw

vCERAMIC /—LENS

0.061
0058

0.092
0.084

COLLECTOR

0.067
0.063 0.010
.00
0.088 0.005
0.082

ons

0102

ALL DIMENSIONS IN INCHES

0.010 + 0.001 RAD

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Collector-Emitter Voltage .
Emitter-Collector Voltage .

Total Device Dissipation at (or below) 25°C Free Alr Temperuture (See Note 'l) .

Operating Free-AirTemperature Range
Storage Temperature Range ..
Soldering Temperature (3 minutes) . .

NOTE 1: Derate linearly to 125°C free-air temperature at the rate of 0.5 mw/°(.

. 50v
7v
50 mw

. —65°C to +125°C
. —65°C to +150°C

. . . 240°C

6961 LSNONV Q3SIA3Y
00987 3dAL

€96L ANNC ‘028€69 $-10 "ON NILITING

TEXAS INSTRUM ENTS

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
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27501



TYPE L5600
N-P-N PLANAR SILICON LIGHT SENSOR

electrical characteristics at 25°C free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Iy Light Current Vee =5v, H=20mw/cm? 0.8 1.0
See Note 2
Ip Dark Current Vee =30v, H=10 0.01 0.025
VCE =30 v, H=10
Ip Dark Current Tn = 100°C 10
Veggsat) Collector-Emitter Saturation Voltage L= 0.4 ma, H = 20 mw/m? 03
See Note 2

NOTE 2: Irradiance (H) is the radiant power per unit area incident upon a surface. For this measurement the source is an unfiltered tungsten linear filament bulb operating

at 2870°K color temperature.

switching characteristics at 25°C free-air temperature

PARAMETER TEST CONDITIONS TYP UNIT
. Rise Time Vec = 35, I = 800 ua 1.5 Hsec
t;  Fall Time R. = 1 k0, See Figure 1 15 usec

PARAMETER MEASUREMENT INFORMATION

See Note a NN

ﬂ OUTPUT

NS O See Note b
+
? Veg=3v RL=1ka 2
—
TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM
FIGURE 1

NOTES: a. Input irradiance is supplied by a pulsed xenon bulb source, Incident irridation is adjusted for I, = 800 ua.
b. Output waveform is monitored on an oscilloscope with the following characteristics:
f. << 25 nsec, Ry, == 1 megohm, ;, << 20 pf.

in —

27502 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.
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TYPES TIL60T THRU TIL616

TIL60T THRU TIL608 N-P-N PLANAR SILICON PHOTOTRANSISTORS

e  Designed for High-Density Read Out
e Improved and Repackaged Versions of LS600

mechanical data

TIL601 THRU TIL604

9197111 NHHL LO9TIL SIdAL

0010 * 0001 RAD

6961 ‘AINI ‘VETLLE9 $1A "ON NILITTING

008
o
ns
o1
ALL DIMENSIONS IN INCHES
CA23437
TIL605 THRU TIL608
0019
0009
i < CERAMIC 0010 + 0001 RAD

N

LENS:

o
2
H

S

8

H

o
8

2 -
3

&

=

cOuEctor 0087 U EMITER
0063 " o |- 2000 _., LM
Sess 0,005 o016
082 .
0120
0160

ALL DIMENSIONS IN INCHES

CA23438
TIL609 THRU TIL612

0.016 £0.002_
DIA

Oy —

/“"""/“’" —r

[*—0.025 MAX
N
0125

ALL DIMENSIONS IN INCHES

CA23439
TIL613 THRU TIL616

COUECTOR EMTTER

°M‘;:m1£ / .
e O
CA23440
TEXAS INSTRUMENTS 27503
INCORPORATED

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



TYPES TIL60T THRU TIL616
N-P-N PLANAR SILICON PHOTOTRANSISTORS

absolute maximum ratings at 25°C case temperature (unless otherwise noted)

Collector-Emitter Voltage e e e e e e e e e e e e e e e e e e e e e e e e e e e 50 V
Emitter-Collector Voltage . . . . . . . . . . . . . . . i e e e e e e e e e e e e 7V
Continuous Device Dissipation at (or below) 26°C Case Temperature (See Note 1) . . . . . . . . . 50 mW
Operating Case Temperature Range . . . . . v « v v« v v v v e e e e e e —65°C to 125°C
Storage Temperature Range . . . . . v & & 4 v b e e e e e e e e e e e e e —65°C to 150°C
Soldering Temperature (3 MINULES) . . . . . « .+ v v b e e e e e e e e e e e e 240°C

electrical characteristics at 25°C case temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS TYPE MIN TYP MAX | UNIT
V(BR)CEQ Collector-Emitter Breakdown Voltage Ic=100pA, H=0 ALL 50 \%
V(BR)ECO Emitter-Collector Breakdown Voltage le=100pA, H=0 ALL 7 v
TIL601
TIL605
TIL609 0.5 3 mA
TIL613
TIL602
TIL606 2 5 mA
Vo -8V H= 2 | TIL610
\ Light Current ce=5V, H=20mW/em®, | 11614
L oht Currem See Note 2 TIL603
TIL607
Tienn | ° 8 | ma
TIL615
TIL604
TIL608
Tiet2 | 7 mA
TIL616
Vce=30V, H=0 ALL 25 nA
Ip Dark Current VCE =30V, H=0,
Tc =100 ALL 1 uA
. . Ic =0.4mA, H=20mW/cm2,
VCE(sat) Collector-Emitter Saturation Voltage See Note 2 ALL 0.15 \"

NOTES: 1. Derate linearly to 125°C at the rate of 0.5 mW/°C.
2. Irradiance (H) is the radiant power per unit area incident upon a surface. For this measuremant the source s an
unfiltered tungsten linear-filament lamp operating at a color temperature of 2870°K.

switching characteristics at 25° C case temperature

PARAMETER TEST CONDITIONS TYP UNIT .
tr Rise Time Ve =30V, 1 =8004A, 1.5 us
tf Fall Time RL =1k, SeeFigure1 15

27504
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TYPES TIL601 THRU TIL616
N-P-N PLANAR SILICON PHOTOTRANSISTORS

PARAMETER MEASUREMENT INFORMATION

See Note a NN
\_/
+
— V,~=30V = ‘L
_;T_._ cc RL =1k ::
TEST CIRCUIT
FIGURE 1

—=it le—

OUTPUT VOLTAGE WAVEFORM

NOTES: a. Input irradiance s supplled by a pulsed xenon bulb source, Incident irradiation Is adjusted for 'L =800 uA.

b. Output waveform is monitored on an oscilloscope with the following characteristics: t <25 ns, Rin =1 MQ,

c <20 pF.
CA23441 n
TYPICAL APPLICATION DATA
4 O +20V
S aomQ
b3 1N756
l L | 2N2498
S 56kD
AAA - 2N2498 3
VWA <
15 kQ
NS TIL601
N THRU O OUTPUT
TIL616
>
S 2.2k0
‘P
FIGURE 2—LOW-LEVEL DETECTOR AND PREAMPLIFIER
CA23442
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TYPES TiL601 THRU TIL616
N-P-N PLANAR SILICON PHOTOTRANSISTORS

TYPICAL CHARACTERISTICS

DARK CURRENT RELATIVE OUTPUT
A vs
CASE TEMPERATURE MODULATION FREQUENCY
10 000 10
l 1 7E Vee ™8V
1000 L v, =30V af Tc=2C
H=0 :
2
<« 10
3 e 1 = H— R, =100 Q
) 3 o7 . L
§ 10 5
£ o
E / 2 04 -
% 1 Vi % 02 A
= 5 o
e / 3 N
L 01 / 0.1
. / 0.07 :
001 /] 0.04 R,
/ 0.02
0.001 0.01
-5 -2 0 2% 50 75 100 125 1 2 4 10 20 4 100 400 1000
CA23449 T —Case Temperature— C f—Modulation Frequency—kHz
FIGURE 3 CA23450 FIGURE 4
COUPLING CHARACTERISTICS RELATIVE OUTPUT
of vs
TILO1 WITH TIL602, TIL606, TIL610, OR TIL614 CASE TEMPERATURE OF SOURCE AND SENSOR
1000 —— — 16
. 700 ]
200 1.4
200 N 12
< 100 b SOURCE: Hi— SENSOR: ]
I 7of TLol HE TiL602, TIL6OS, é 0 ——]
§ 4oF 'FTPOMAHE TiLeto,TiLe14 S /
3 F Tc=25C i— V=5V § 08
s 20 To=25C H ﬁ
g 06 SOURCE: — | SENSOR: ]
° TILO1 TIL601-TILE16
04 'F=5°'"A—'_VCE=5V —
4
2 0.2
1 0
0.001 0.01 0.04 0.1 04 1 —75 50 -26 0 25 50 75 100 125
Distance Between Lenses—in T .—Case Temperature of Source and Sensor—"C
CA23451 c .
FIGURE 5 CA23452 FIGURE 6
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TYPES TIL60T THRU TIL616
N-P-N PLANAR SILICON PHOTOTRANSISTORS

NORMALIZ

TYPICAL CHARACTERISTICS

ED LIGHT CURRENT
vs

ANGULAR DISPLACEMENT

NORMALIZED LIGHT CURRENT

vs

ANGULAR DISPLACEMENT

T T T T
TIL605 THRU TIL609,
TIL613 THRU TIL616

/

AT 1IN

/

Optical Axis

|

1.25 T T T T T 1.25
TIL601 THRU TIL604,
TIL609 THRU TIL612
1.00 1.00
__| -_.I
) L
g / \ $
E 075 3 o
3 /| . \ =
3 e ]l
g 050 B 3 o050
N k- =
E & £
|5 [}
2 o025 % oz
0o 0
50° 40° 30°20° 10° 0° 10° 20° 30° 40° 50°
©—Angular Displacement
CA23453 FIGURE 7 cA23454

1.2

RELATIVE SPECTRAL CHARACTERISTICS

©®—Angular Displacement
FIGURE 8

50° 40° 30° 20° 10° 0° 10° 20° 30° 40° 50°

-
(=]

[

Response of Human Eye

o
©

1
FS

/

Output of

Relative Spectral Response or Output
<)
(-]

/ }(//
/

\ Response of -

[
7

GaAs TIL6O1-TIL616 |
Sources
0.2 Ve
0 / \ \
0.3 0.4 05 0.6 0.7 0.8 0.9 1.0 1.1 1.2
\ — Wavelength — pim
FIGURE 9
CA24120
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TYPES TIL601 THRU TIL616
N-P-N PLANAR SILICON PHOTOTRANSISTORS

TYPICAL CHARACTERISTICS

COLLECTOR CURRENT
COLLECTOR CURRENT vs

Vs
COLLECTOR-EMITTER VOLTAGE COLLECTOREMITTER VOLTAGE

24 10 Y '
22 l 3 TIL602,TIL6O0G,
- T
T. = 25°C / H = [\ IL610,'|;JI L614
20 |— € 40 mMW/cm2 V2 To = 25°C
See Note 2 }V , 8 4"2,_ See Note 2 —f
18 -,
< \Z
£ < <,
I 16 /[l / € )’é
£ Py
2 14 / § 6 NG,
3 2 =
3 ., H = 40 mW/cm 3 H = 30 mW/em? N °
<]
g 10 H =60 mwiem? /] / 5 | | N8y,
= g 4 - 7
5 / 3 g
9 o8 3 N
Io g / LI) SN -
= 06 < H =20 mW/cm2 -~ o
/'/ / 2 1 —
0.4 5 |
02 2" - 50 mwem © H =10 mWem?
0 | I 0 ] |
V] 0.05 0.1 0.15 0.2 0.25 0.3 0 4 8 12 16 20
VCE—Collector-Emitter Voltage—V : VCE—Collector-E mitter Voltage—V
CA23445 FIGURE 10 cA23446 FIGURE 11
COLLECTOR-EMITTER SATURATION VOLTAGE COLLECTOR CURRENT
vs vs
IRRADIANCE IRRADIANCE
0.24 4.0
> Ic = 0.5 mA o5
s T =25°C a5 | C
£ 020 See Note 2
5 See Note 2 /
> =
< ‘é 3.0 VCE 5V
‘g 0,16 I a5 Vog =1V ~_ w
c 2 =
2 g Veg =03V ~—
K 5 Voo =02V /|
] o CE ™
£ o2 ° 20 —
€ ] VCE =0.15V
w I —— 8 -
§ 2 5 Veg =01V
g 0.08 3
2 [
3 10
I‘.‘.: 0.04
2 0.5 —
w
Re
0 4]
20 30 40 50 60 70 80 0 5 10 15 20
H—Irradiance—mW/cm? H—IrraA:liancs—ﬂ'lW/t:m2
FIGURE 12
CA23447 G CA23448 FIGURE 13

NOTE: 2. Irradiance (H) is the radiant power per unit area incident upon a surface. For this measurement the source is an unfiltered

o
tungsten linear-filament lamp operating at a color temperature of 2870 K.

27508 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.



TYPE IN2175
N-P-N DIFFUSED SILICON PHOTO-DUO-DIODE

SZLZNL 3dAL

FOR APPLICATION IN:

Tape readout 50 Volts

Card readout Designed for 125°C operation
Light switching Unlimited altitude range

Measurement indicators

mechanical data

Hermetically sealed case. Unit weight 0.16 gram.

6561 A¥VNEE3L ‘PrOL S "ON NILITING SADVIdIY
7961 ¥39W3D3A ‘CLEEZY §-11Q *ON NiL3ITING

—L _ MlN’T‘—.g.;-i:—.:_ —’1 OOOG!( 003) DI
T | ) X X

— 0.010 (+0.001) LEAD DIA

DIMENSIONS ARE IN INCHES

ratings
conditions min typical max unit
Bias Voltage @25°C =+50 v
Power Dissipation @25°C 250 mw
Operating Temperature —65 125 °C
Storage Temperature —b5 125 °c
specifications
IDark Current @25°C @=+50 v 0.01 0.5 pa
Dark Current @100°C @ =50 v 20 100 Ma
TLight Current @25°C @=+=10v 100 200 pa
* Typical Photocurrent Rise Time 2 s
Typical Photocurrent Fall Time 45 s
Typical Sensitivity 223 pa/mw/cm?

NOTES:

% Dark current is reverse current through the diode with no incident irradiation.
T Light current is measured with irradiance == 9 mw/cm? ot a wavelength of 0.7 to 1.0 um determined by o Corning (S 7-69 filter. A two-hour light soak
at an illumination of 40 to 80 Im/ft2 is vsed prior to measurement of light current to approximate actual operating conditions and improve correlation.

* Rise time is the fime required for the phofocurrent ** to rise from 10% to 90% of its final value after instantaneous application of excitation. Fall
time is the time for the photacurrent to decay from 90% to 10% of its initial value after instantaneous removal of excitation.
**Photocurrent is the difference between Light Current and Dark Current.

APPLICATION NOTES:

The IN2175 is a subminiature symmetrically diffused silicon unit. The two junctions are symmetrical so either diode terminal can be biased positively
or negatively. Because of this unique design, AC or DC bias voltage can be used. The small size and high light sensitivity of this unit makes it particularly
useful in high speed reading of punched cards and fapes, light detection systems, and in production line screening or counting. Numerous other commercial
and military applications exist.

TEXASI NIJ?,' STRUMENTS

RPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 27801



TYPE IN2175
N-P-N DIFFUSED SILICON PHOTO-DUO-DIODE

TYPICAL CHARACTERISTICS

SPECTRAL RESPONSE CURVE*
WAVELENGTH == ANGSTROMS
4000 5000 6000 7000 8000 9000 10000 11000 12000

P el

% v
/

: \
geo
2 \
O
(%]
&
S 40
g \
S .~
H 1
20

0 0.4 0.5 0.6 0.7 0.8 0.9 1.0 11 1.2
WAVELENGTH — MICRONS
*For Equal Values of Radiant Flux at All Wavelengths

PHOTOCURRENT PHOTOCURRENT
vs Vs
00BlAs VOLTAGE FOR DIFFERENT IRRADIANCE INTENSITIES IRRADIANCE
800
16™ LIGHT SOURCE:
350 P cm? TUNGSTEN FILAMENT
5 700 | | AMP OPERATED AT
/ IRRADIANCE IN A WAVELENGTH A COLOR TEMPERATURE
300 y RANGE OF .7 TO 1.1 MICRONS s00 |_OF 2870°K
AS DEFINED BY A CORNING CS >
= 7-69 FILTER TEMPERATURE 25°C. e
g 250 B 500 oL
st |~ oMW > 3 -oq
z |/ 9 et 5 o d
3 200 = 400 Y/
D oL
o] =) /
Pe) Q
5 150 9 300 V o
ow o
z / ™ Q ,\O\J/\/
100 200 Big
// 4= //
cm
50" 100 /
/-—
0 0
0 10 20 30 40 50 0 2 4 6 8 10 12 14 16 18 20
BIAS VOLTAGE IRRADIANCE  (mw/cm?)
27802 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME

IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.



TYPES CG'8, (G)4, (G2

PRECISION, CARBON-FILM, GLASS-ENCAPSULATED HERMETIC RESISTORS

* Proven high reliability —
> 40,000,000 test data hours
e -65°C to 175°C storage

temperature
o Hermefically sealed in hard glass

environmental tests

To achieve maximum reliability, all TI glass resistors are 100% inspected for hermetic seal as a
continuous process control. Tests are conducted to all electrical, environmental,
specifications to insure full and continuous compliance with Mil-R-10509D, Characteristics B,D, and G.

¢ Meet or exceed all requirements of
Specification MIL-R-10509D
for Characteristics B,D & G

* leads welded to end caps
e +1% ohmic tolerance

T/193 'v/193 '8/195 $3dAL

and mechanical

€961 HOYVW ‘P8YEE? 5-10 'ON NILINING SIDVIdIY
€961 ¥3AW3143S ‘v9EPEY S-10 'ON NILITING

specifications
0.035 MAX.—%{ [e— —a] [e— 0.035 MAX. B
—E——
5 — - —E—
.025 == .002 DIA a‘uu
le——C A C——»
wattage avg.
T rating ML d i body body lead lead weigh
type (T, =< 70°%)* desig- resistance working fength*** diameter length size per 100
number MiL nation ranges voltage** (R) (8) ©) unpacked
n units
B[ D[ 6
— — — volts inches inches Inches awg # bs.
Co% %[ —|% | %] RNs5 | 100 10 100ke | 250 | 0240(F 30 01250015 [1.500(x0.125) 22 0.076
€% |%|% | % | % | RN6O | 102101 Meg® | 350 | 0.360(F373) [ 0.140(=0.020) [1.500(+0.125)| 22 0.09
CG% |%|%|% | %| RN65 | 100 1o 2 Meg2 | 500 | 0.560(=.025) | 0.225(+0.020) | 1.500(£0.125)| 22 0.228

*For operation at higher temp.

**Critical ohmie value and above. For lower values use E =

e, see Dissip

Derating Curves, Page 2.

***Length of glass package. Fillets on leads extend 0.035” max. beyond glass.

symbolization

VPR. See Paragraph 3.6 of MIL-R-10509D

CG1/8 — Standard stock symbolization includes manufacturer’s identification, tolerance and ohmic value
(e.g. —TI, 1%, 100 K).

CG1/4 — Standard stock symbolization includes manufacturer's identification, tolerance, mil-type designa-
tion and ohmic value (e.g. —TI, 1%, RN60G, 1003F, 100 K).

CG1/2 — Standard stock symbolization includes manufacturer’s identification, tolerance, mil-type designa-
tion and ohmic valve (e.g. —Tl, 1%, RN65G, 1003F, 100 K).
modifications available on request
=+ %%, 2% or 5% Resistance Tolerance
Resistance Values Outside Published Ranges
Special symbolization

performance characteristics

test

Temperature Cycling per MIL-R-10509D (4.6.4)
Low Temperature Operation per MIL-R-10509D (4.6.5)
Short Time Overload per MIL-R-10509D (4.6.6)
Effect of Soldering per MIL-R-10509D (4.6.10)
Insulation Resistance per MIL-R-10509D (4.6.9)
Moisture Resistance per MIL-R-10509D (4.6.11)

Shock per MIL-R-10509D (4.6.15)

Vibration, High Frequency per MIL-R-10509D (4.6.16)

Shelf Life, Change per Year
Voltage Coefficient

Inless otherwise noted, data is % change in initial resistance. The two-sigma limits were used os the range

average performance
of Tl CG Y, resistors

less than =+ 0.05%

less than == 0.05%

less than = 0.05%

less than =+ 0.03%

greater than 1,000,000 megohms
less than = 0.08%

less than =+ 0.05%

less than =+ 0.05%

less than = 0.04%

less than 0.002%/volt

limits
T and
MmiL Char D MIL Chor 6

+0.50% + 0.25%
+0.50% +=0.25%
+0.50% +0.25%
+0.50% *+0.10%
greater than 10,000 megohms
*+1.50% =+ 0.50%
+0.50% *+=0.25%
+0.50% +0.25%
no requirement  no requirement
no requi no requi
indi for ge perf

TEXASINlIgSTRUgvi ENTS -

CORPORATE
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TYPES (G'3, CG'4, (G2
PRECISION, CARBON-FILM, GLASS-ENCAPSULATED HERMETIC RESISTORS

THERMAL INFORMATION
DISSIPATION DERATING CURVES

T Type CG 1/8 (MIL Type RN55) 3 Type CG 1/4 (MIL Type RN 60) 3 Type CG 1/2 (MIL Type RN65)
n T | I | T
s1BH— $VAH—. sv2fl—o
2 F R g %, gt
21/10 % - % RS
O MN% 3 F % 3 F 4
3 o G & 3 Cl M, % 3 F M,
2116 N Ssp—Ho | Ns. YN =
51/20 F e 1 s F R % s H R
g 5N\ B ETONNSAN g F
:E » G 1 £ '°e,e £
- - - ’,. \ - :
& S F Y g & F
£ 0 X 0 4 X0
§ 50 7075 100 125 150165175 g 50 7075 100 125 150165175 § 50 7075 100 125 150165175
Ta = Ambient Temperature - °C Ta - Ambient Temperature - °C Ti - Ambient Temperature - °C
TYPICAL CHARACTERISTICS
TEMPERATURE COEFFICIENT vs RESISTANCE
’ [T 171
Ta = -55°C to +165°C
. =0.01 See Par. 4.6.12 of 4‘T
80 MIL-R-10509D
o
t33-0.02
$s =filiccy: .
5 § -0.03 Unhelixed ’EI 8- CG1/4 Helixed N I~ ] CGl1/2
s % -0 3 53
5 CcG1/8 3a
g3 CGl/4
= -0.04
-0.05
10 100 1K 10K 100K ™ 10M
Resistance—ohms
LOAD LIFE PERCENT CHANGE vs TIME
+2.0 T T T T T
10,000 HOUR LOAD LIFE TEST ON 100 CG% (RN60G)
HARD-GLASS HERMETIC, CARBON FILM RESISTORS.
® +.0 }
I
Q
2 0 -?—Tr' ot
2
(9]
e CONDITIONS
€ 1 Operated at 1/8 watt e
g -1.0/— 2 70° C ombient } characteristic G LEGEND
ﬁ 3 100,000 ohms = Average
4 One and one-half hours on === Minimum and maximum
2.0 and one-half hour off per cent change
o 1 2 3 4 5 6 7 8 9 10
Time — Thousand Hours
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME

28202

IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.



TYPES MC50, MC55, MC60, MC65

EPOXY-ENCAPSULATED PRECISION METAL-FILM RESISTORS

Designed to meet or exceed all requirements of Specifications

MIL-R-10509F for Characteristics C, D, E, & F, and MIL-R-22684, and the
electrical requirements of Specification MIL-R-55182 for Characteristics H, J, & K.

specifications

Load-rated for 125°C or 70°C applications

High degree of stability and reliability

o Precision resistance tolerances
o Rugged cap-and-lead construction
e Temperature Coefficients =10, =25, ==50 and =100 ppm/°C

Tough Epoxy coating o Fully insulated

1.500 (£0.125) —i

FFor MC50: lead diameter is 0.020 (==0.002)
lead length is 1.000 (3=0.125)

—

0.025 (+0.002) DIAT

=

I

L

#22 AWG
—7 L J% B
1.500 (+0.125)F J B

Body length is measured between the points where body diameter is 0.038”. The lead
is solderable up to 0.062” from the body.

ALL DIMENSIONS IN INCHES

.

w».“» S —
MC50
MC55
MC60

MCé5

MIL-R-10509F DESIGNATION

RATINGS AND CHARACTERISTICS

MECHANICAL DATA

! body size average
applicable | power Tl power . value Y
tYPe | characteristic ratingt | TYPE rating} working range§ I for 100
voltage (Ta = 25°C) length — A - pa
i units
w W v inch inch b
C 1/20 MC50C, E 1/10 499 Q to 0.155 0.065
R .054
NS0 None MC50D 1/8 0 100 kO (=£0.015) (=0.010) 0.4
CZE 1/10 MCSSC, E 1/8 24.9 Q to 100 kQ 0.250 0.095
RN55 250 0.075
D 1/8 M(55D 1/4 10 Q to 100 kQ (=+0.031) (=£0.015)
CRE 1/8 MCsoC, E 1/4 49.9 © 1o 499 kQ 0.375 0.140
RN60 0.101
D 1/4 MC60D 3/8 %00 10 Q to 499 kQ (=+0.031) (0.015)
C&E 1/4 MCE5C, E 499 Qto
RN65 F 1/2 MC65F 1/2 350 1MQ (_::7:3] { _:;;I‘ 5) 0.198
[] 1/2 MC65D 1 100 10 1 M2 =0481) —
symbolization

Standard stock symbolization includes Tl Type Number, Resistance Value, Tolerance, and Temperature
Coefficient, depending upon wattage size and space available. Military type symbolization is used when

applicable. Resistance values are symbolized to a maximum of three significant figures per Table 1.

modifications available upon request
Special testing

“A" nickel weldable leads

FThese ratings apply at {or below) 125°C ambient temperature for characteristics C, E, and F and at (or below) 70°C ambient femperature for characteristic

D. For higher temperatures refer to MIL-R-10509F.

FThese ratings apply af (or below) 125°C ambient temperature for all types except MC50D, MC55D, MC60D, and MC65D and at (or below) 70°C ambient fem-

perature for D' suffix devices. For higher temperatures refer to Power Dissipation Derating Curves Page 2.

§The value ranges shown are for o temparature cosfficient of 25 ppm. Ses “'high- and low-value availability” on Page 2.

Resistance values outside published ranges
Special paint coverage

SOOI ‘09D “SSON ‘0SON SAJAL

8961 AVIN ‘0£9589 S-1G "ON NIL377INE S30V1d3Y
696L 1SNDNV ‘SSZL169 S-7d "ON NILITING

TEXAS INSTRUMENTS
INCORPORATED

POST OFFICE BOX 5012 + DALLAS, TEXAS 75222
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TYPES MC50, MC55, MC60, MC65
EPOXY-ENCAPSULATED PRECISION METAL-FILM RESISTORS

RESISTANCE VALUE

standard values and tolerance
The following resistance values are standard and in most cases are available from stock. Nonstandard
values will be manufactured to specific requirements.

TABLE 1 —1% TOLERANCE

100 10 121 133 147 1.62 178 196 215 237 2.61 2.87 316 348 3.83 422 464 511 5.62 619 681 750 825 9.09
102 113 124 137 150 165 182 200 221 243 2.67 2.94 3.24 357 392 432 475 523 576 634 698 768 845 9.3
105 115 127 140 154 1.69 187 205 226 249 274 3.01 3.32 3.65 402 442 4.87 536 590 649 715 787 8.46 9.53
107 118 130 143 158 174 191 200 232 255 280 3.09 3.40 374 412 453 499 549 604 665 732 806 8.7 976
Standard stock tolerance is =1% (F). Tolerances of +0.5% (D), +=0.25% (C), and *=0.1% (B) are
also available upon request. The MC — D series is also available with -=2% tolerance. The parenthetical
letters are equivalent MIL-R-10509F tolerance designations.

temperature coefficient
Comparable MIL-R-10509F

T-C Code Designation Characteristic T-C Range Temperature Range
T1 : D #+100 ppm/°C —55° to +175°C
T-2 C&F *+50 ppm/°C —55° to +175°C
T-9 E +25 ppm/°C —55° to +175°C
T-10 +10 ppm/°C +25° to +150°C

Speciél tracking requirements, temperature ranges, etc., are available.

high and low-value avadailability
The range of available resistance values is dependent upon temperature coefficient, e.g., the available
range is extended for temperature coefficient of 100 ppm compared to 25 ppm. Contact a Ti sales
office for extended value ranges currently available in each T-C range.

POWER RATING AND PERFORMANCE CHARACTERISTICS

power dissipation derating curves

w
w w w u:
~ L L - o o o a
23 8 2l gl 8 53 § 8 2 §
L
sLog| 2| ¢ ¢ s 02| % 0% %
£.81/104 1/84 1/441/2 T 2 1/8-1/443/84 1 -~
S8 Og t
3 1 3] 70°C
=2 3.2
E01/2041/164 1/84 1/4 EC1/1641/8 {3/1611/2 \\
é 5 ] 29 J . 165°C
< < NG
0 0 0 0 0 0 0 0
5 75 100 125 150 175 5 75 100 125 150 175
Tp — Ambient Temperature — °C Ta — Ambient Temperature — °C

performance characteristics

Resistance-value stability is affected by power dissipation in operational-environment tests. Following
are two typical examples. In one, the more stable MC series is tested to a low-power MIL-R-10509
application demonstrating maximum stability. In the other example, the lower-cost MC — D series is
tested at its maximum Tl-rated power to demonstrate its excellent stability under these extreme power

conditions.
TEST PER APPLICABLE MC50C, E; MCSSC, E; MC6OC, E; MCS5C, E, F M(50D, MC55D, MC60D, MC65D
MILR-10509F PROCEDURE MIL-R-10509F T1 TYPICAL MIL-R-10509F T1 TYPICAL
Char E_LIMITS PERFORMANCE Char D LIMITS PERFORMANCE
1000-Hour Load Life =0.50% mox -+ 0.14% avg +=10% +0.30% avg®
Moisture Resistance +0.50% max +0.15% avg *15% -+ 0.40% avg®
Low-Temperature Operation =+0.25% max <+0.05% +0.50% =+ 0.10% avg
Temperature Cycling =+0.25% max < 0.05% =+0.50% <F0.05%
Short-Time Overload —+0.25% max < 0.05% +0.50% +0.10% avg®
Effect of Soldering =+0.10% max < 30.05% +0.50% <0.05%
Insulation Resistance >1000 >0 >100Q >nizee
Shock =+ 0.25% max < 40.05% =+0.50% < +0.05%
Vibration =£0.25% max < =0.05% =+0.50% < 0.05%
Unless otherwise nofed, data is percent change from initial resi Op d at i Tl-rated power.
869
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sensistor’
Y

TYPES TG 1/8, TM 1/8, TM 1/4
SOLID-STATE TEMPERATURE-SENSING SILICON RESISTORS

POSITIVE-TEMPERATURE-COEFFICIENT,

TEMPERATURE-SENSING, TEMPERATURE-COMPENSATING THERMISTORS

o Designed to meet or exceed all electrical requirements
of MIL-T-23648 for positive-TC thermistors

e TG 1/8 electrically equivalent to RTH42

o TM 1/8 electrically equivalent to RTH22

o Large positive temperature coefficient of resistance (approx. 0.7%/deg)

mechanical data

The TG 1/8 resistor is encapsulated in a hard-glass, hermetically sealed package with welded unborated

solder-coated dumet leads.

The TM 1/8 and TM 1/4 resistors are encapsulated in molded packages with solder-coated copper leads.

A-nickel leads, or gold-plated A-nickel leads, are also available upon request.

SILICON
SENSING ELEMENT

1.200 0.300 p)4,
MIN 0.270
2 LEADS t
!

0.020

=0.002 P14 { 0105
2 LEADS .~ 0.350 MAX 0.085

{SEE NOTE)

EQUAL COEFFICIENT
OF EXPANSION

NOTE: THE SPECIFIED LEAD DIAMETER APPLIES MOLYBDENUM HEAT SINK

IN THE ZONES BETWEEN 0.025” AND

TG l/s 1.200” FROM THE END PLUGS. DIMENSIONS ARE IN INCHES
l»w,:v. T—A—TM:V-W lbl01
COLOR: GREEN ( : } ‘
1]
]

DIMENSIONS ARE IN INCHES

0.025 NOM
(#22 AWG TINNED COPPER WIRE)
TYPE A B
TM V4] 0.585+0.015} 0.200+0.015

T™ 1/8,TM 1/4

TM Y] 0.406+0.015] 0.140+0.015

maximum ratings

Power Dissipation at (or below) 25°C Ambient Temperature (See Figure 1)
Power Dissipation at 100°C Ambient Temperature (See Figure 1)

Power Dissipation at (or below) 100°C Ambient Temperature (See Figures 2 and 3) .

Operating Ambient Temperature Range .
Storage Temperature Range . . . . . . . . . . . . . . . . .

electrical and thermal characteristics

.TG 1/8 250 mW
.TG1/8 125mW

’TM 1/8 125 mW
TM 1/4 250 mW

. —65°C to 150°C
—65°C to 150°C

PARAMETER TG 1/8 ™ 1/8 T™M 1/4 UNIT
Rzsoc/Rizsec Tero-Power Resistance Ratio 0.55 = 159%, 0.55 = 159% 0.55 = 15%
35 typ 35 typ 54 typ
T Thermal Time Constant 60 max 40 max 60 max H

6961 1SNONY A3SIA3Y

£961 AHVNNVT 'vSZ649 10 "ON NIL311ING

6961 HOUVIN ‘6060169 S-10 "ON Ni131IN8
/1L WL ‘8/L WL ‘8/1 D1 S3dAL

GNV 9961 3NN ‘ZELBIY S- 1A "ON NIL3T1ING S0V 143y

TEXASI lNSTRLEJy ENTS
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TYPES TG 1/8, TM 1/8, TM 1/4
SOLID-STATE TEMPERATURE-SENSING SILICON RESISTORS

standard zero-power resistance values (ohms) at 25°C ambient temperature

10 12 15 18
100 120 150 180

1000 1200 1500 1800 2200

10000*

22 27 33 39

220 270 330 390
2700 3300* 3900*

*These values apply to types TM 1/8 and TM 1/4 only.

Standard stock tolerances are ==5% and *=10%

performance characteristics

4700* 5000*

50 56 68 82
500 560 680 820
5600* 6800* 8200*

N

TEST PER APPLICABLE
MIL-T-23648 PROCEDURE

MAXIMUM RESISTANCE
CHANGE, T, = 25°C

Short-Time Overload *1%
Dielectric Withstanding Voltage *19%
Low-Temperature Storage *=1%
High-Temperature Storage *2%
Terminal Strength *19%
Thermal Shock +2%
Resistance to Soldering Heat +19%
Moisture Resistance +2%
1000-Hour Load Life, T, = 100°C *+129%,
Vibration, High-Frequency *19%
Shock *19,
Immersion *+19,

military applications

The sensistor silicon resistor has been designed to operate under military test conditions as stated
above. Production lots are regularly tested to these criteria as part of TI's continuing process-control test-

ing program.

Special methods have been developed for load-life and temperature-coefficient testing. Test details,
recommended test parameters, and test results are available upon request.

dissipation derating curve

TG 1/8
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T™ 1/8
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TYPES TG 1/8, TM 1/8, TM 1/4

SOLID-STATE TEMPERATURE-SENSING SILICON RESISTORS

TYPICAL CHARACTERISTICS

To determine resistance value with power applied, obtain a multiplying factor from the applicable curve below. The free-air
curve is for the condition of heat removal by free-air convection only. The heat-sink curve is for the maximum-cooling-rate
condition of a heat-sink strap, with leads attached to an infinite heat sink. Actual conditions encountered will be between
these two extremes. After selecting an applicable multiplying factor from Figure 4, 5, or 6, multiply this by the nominal zero-
power resistance. This product is then corrected for the actual ambient temperature by use of a multiplying factor from Figure 7.

G 1/8 ™ 1/8
PERCENT RESISTANCE CHANGE PERCENT RESISTANCE CHANGE
Vs vs
POWER DISSIPATION POWER DISSIPATION

1.2 1.2
3 / / 3
£ / d &2
2 / 2
5. "4 >
£ / N p
2’ : Free-Air 23 : Free-Air / /
° __T=25%C @ Ta=25°C ,/
8 P g //
-?’ Heat Sink ? / Heat Sink
K] / 1,=25%Ct & T,=25°Ct

/ : I/ g
/ A
A
1.0 1.0
[} 100 200 300 400 0 50 100 150 200
Power Dissipation — mW Power Dissipation — mW
FIGURE 4 FIGURE 5
™ 1/4
PERCENT RESISTANCE CHANGE
Vs
POWER DISSIPATION
1.2

Free-Air /
| T\=25°C

Resistance Multiplying Factor

Heat Sink
/ T,=25°Ct

4

F To is lead temperature measured ) inch from the body.

100 200 300 400
Power Dissipation — mW
FIGURE 6
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TYPES TG 1/8, TM 1/8, TM 1/4
SOLID-STATE TEMPERATURE-SENSING SILICON RESISTORS

TYPICAL CHARACTERISTICS

NOMINAL RESISTANCE MULTIPLYING FACTOR vs AMBIENT TEMPERATURE

2A T T T T T
[| CURVE 1G 1/8 T™ 1/8, TM 1/4
2.2H A 10Q 10Q to 68 Q
| B 220 100 Q £ SLITTY
C 82Q 330 Q 4
2.0 al
i | D 150 Q 500 Q |
E 500 Q10 2.7kQ | 1.8kQ to 2.7 kQ D N //
V27V
1.8 ) /474
y/.%4'4
Y/ N C L]
1.6 R
7t
| ]
S NSRRI
A —
1.4
/
4
s
Q
f
2 1.2
>
&
3
3
/
o
Z 1o 7
&
©
<
E 0.9
z
|
E
2 0.8
2 A
8
r—— B /
0.7 + / ra
VAViVA
V4 7
V4
A
0.6 /
A
7 C Formula to Compute M Limits
11
11 ]
D MI' . =M 10.15 M -1
i/ ,*\ T imit nom nom
0.5 I Example at 100°C: 330-Q TM 1/8
£ M =1.60
nom
= + -
> Mlimil’ 1.60£0.15 (1.60-1)
M upper  =1.60 +0.09 =1.69
o4 M lower ~ =1.60-0.09 =1.51
T-75 -50 -25 0 25 50 75 100 125 150
T, — Ambient Tempera'ure; °C
FIGURE 7
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TI authorized distributors

ALABAMA
ACK SEMICONDUCTORS INC.

3101 Fourth Ave. South/(205) FA 2-0588
Birmingham, Alabama 35233
ELECTRONIC WHOLESALERS, INC.
2310 Bab Wallace Avenue, SW.
(205) 534-2461
Huntsville, Alabama 35805

ARIZONA
KIERULFF ELECTRONICS, INC.
2633 East Buckeye Road
Phoenix, Arizona 85034
(602) 273-7331
R. V. WEATHERFORD COMPANY
1917 North 25 Drive/(602) 272-7144
Carson Industrial Center
Phoenix, Arizona

CALIFORNIA
KIERULFF ELECTRONICS, INC.
3969 E. Bayshore/(415) 968-6292
Palo Alto, California 94303
MILO OF CALIFORNIA
2060 India St./(714) BE 2-8951
San Diego, Califarnia 92101
RADIO PRODUCTS SALES, INC.
1501 §. Hill St./(213) RI 8-1271
Los Angeles, California 90015
R. V. WEATHERFORD COMPANY
1550 Babbitt Avenue
(714) K1 7-7521
Anaheim, California 92805
6921 San Fernando Rd./(213) VI 9-3451
Glendale, California 91201
3240 Hillview Drive
Stanford Industrial Park
(415) DA 15373
Palo Alto, California 94304
1095 East 3rd Street
(714) 623-1261/(213) 966-8461
Pomona, California 91766
T1 SUPPLY COMPANY
1651 Tenth Street/(213) 393-6731
Santa Monica, California 90404
TI SUPPLY COMPANY
755 North Pastoria /{408) 732-5555
Sunnyvale, Calitornia 94086

COLORADO
T1 SUPPLY COMPANY
2186 S. Holly (303) 757 7671
Denver, Colorado 80222

FLORIDA
ELECTRONIC WHOLESALERS, INC
345 Graham Ave.’ (305) 841-1550
Orlando, Florida 32814
9390 N. W. 27th Ave /(305 OX 61620
Miami, Florida 33147

ILLINOIS
ALLIED FLECTRONICS CORPORATION
100 N. Western Ave /(312) TA 99100
Chicaga, Illinois 60680
MERQUIP ELECTRONICS, INC
7701 No. Austin Ave /(312) 965-7500
Skokie, Hlinois 60076
NEWARK £LECTRONICS CORP
500 N. Pulasks Road’ (312) 638 4411
Chicago. lllinois 60624
11 SUPPLY COMPANY
7135 N Barry Avenue/(312) 2967187
Rosemont, lllinors 60018
INDIANA
£5C0 ELECTRONICS INC
2442 N Shadeland Ave /(317) 357 8791
Indianapolis, Indiana 46219
RA-0IS-CO
814 Narth Senate Avenue
(317) 637.5571
Indianapolis, Indiana 46204

10WA

DEECQ, INC.
2500 16th Avenue S.W./(319) 365-7551

Cedar Rapids, lowa 52406
LOUISIANA

ELECTRONIC PRODUCTS CORPORATION

3622 Toulouse St./(504) HU 6-3777
New Orleans, Louisiana 70119

MARYLAND
ELECTRONIC WHOLESALERS, INC.
3200 Wilkens Ave./(301) 646-3600

Baltimore, Maryland 21223
MILGRAY/WASHINGTON
5405 Lafayette Place/(202) 864-1111
Hyattsville, Maryland 20781

MASSACHUSETTS
DEMAMBRO ELECTRONICS
1095 Commonwealth Ave.
(617) 787-1200
Boston, Massachusetts 02215
T1 SUPPLY COMPANY
480 Neponset Road/(617) 828-5020
Canton, Massachusetts 02021
LAFAYETTE INDUSTRIAL ELECTRONICS
1400 Worcester Rd./(617) 969-6100
Natick, Massachusetts 01760
MILGRAY/NEW ENGLAND INC.
75 Terrace Hall Avenue/(617) 272-6800
Burlington, Massachusetts 02021

MICHIGAN
NEWARK-DETROIT ELECTRONICS, INC.
20700 Hubbell Ave./(313) 548-0250
Detroit, Michigan 48237
NEWARK-INDUSTRIAL
ELECTRONICS CORP.
2114 So. Division/(616) CH 1-5695
Grand Rapids, Michigan 49507

MINNESOTA
STARK ELECTRONIC SUPPLY CO.
112 Third Avenue N/(612) FE 2-1325
Minneapolis, Minnesota 55401

MISSOURI
T1 SUPPLY COMPANY
2916 Holmes Street/(816) 7534750
Kansas City, Missourt 64109
ELECTRONIC COMPONENTS FOR
INDUSTRY
2605 South Hanley Rd./(314) M| 7.5505
St. Louis, Missouri 63144

NEW JERSEY
GENERAL RADIO SUPPLY COMPANY, INC
600 Penn St./(609) WO 4.8560
Camden, New Jersey 08102
T1 SUPPLY COMPANY
301 Central Ave /(201) 382 6400
Clark, N. §. 07066
NEW MEXICO
KIERULFF £LECTRONICS, INC
2524 Baylor Dr. S £ /{505) 2471055
Albuguerque, New Mexico 87108

NEW YORK
GENESEE RADIO & PARTS CO., INC
2550 Delaware Ave /(/16) TR 3-9661
Butfaio, New York 14216
L&S ELECTRONICS INC
145 £ Mernick Rd /(516) 1O 1 2474
Valley Stream, New York 11580
LAFAYETTE INDUSTRIAL ELECTRONICS
16508 Liberty Ave /(212) 6585050
Jamaica, New York 11431
MILGRAY NLW YORK
160 Varick St 2(212) YU 9-1600
New York, New Yotk 10013

ROCHESTER RADIO SUPPLY CO., INC.
140 W. Main St./(716) 454-7800
Rochester, New York 14614
TI SUPPLY COMPANY
4 Nevada Dr./(516) 488-3300
New Hyde Park, L. |, N. Y. 11040

NORTH CAROLINA
ELECTRONIC WHOLESALERS, INC.
938 Burke St./(919) PA 5-8711
Winston-Salem, North Carolina 27101

OHIO
ESCO ELECTRONICS INC.

221 Crane St./(513) 224-9192
Dayton, Ohio 45403
MILGRAY/CLEVELAND
1821 East 40th Street/(216) 881-8800
Cleveland, Ohio 44102
NEWARK-HERRLINGER
ELECTRONICS CORP.

112 E. Liberty St./(513) GA 1-5282
Cincinnati, Ohio 45210
PATTISON SUPPLY CO.

4550 Willow Parkway/(216) 441-3000
Cleveland, Ohio 44125

OKLAHOMA
TI SUPPLY COMPANY
12151 E. Skelly Dr./(918) 437-4555
Tulsa, Oklahoma 74110

OREGON
ALMAC STROUM ELECTRONICS
CORPORATION
8888 S.W. Canyon Road/(503) 292-3534
Portland, Oregon 97225

PENNSYLVANIA
MILGRAY  DELAWARE VALLEY INC.
2532 N. Broad St./(215) BA 8-2000
Philadelphia, Penn. 19107
RPC ELECTRONICS
620 Alpha Dr./(412) 782-3770

Rl ark
Pittshurgh, Pennsylvania 15238

TEXAS
T SUPPLY COMPANY
6000 Denton Drive/(214) FL 7-6121
Dallas, Texas 75235
3939 Ann Arbor Dr./(713) 785 4800
Houston, Texas 77042
HARRISON £QUIPMENT COMPANY, INC
1422 San Jacinto St /(713) CA 4-9131
Houston, Texas 77001
MIDLAND SPECIALTY COMPANY
2235 Wyoming Ave.. (915) KE 39555
£l Paso, Texas 79903

UTAH
STANDARD SUPPLY COMPANY

225 E. Sixth South St.”(801) EL 52971
Salt Lake City, Utah 84110

WASHINGTON
ALMAC-STROUM ELECTRONICS
5811 Sixth Ave. So /(206) 763-2300
Seattle, Washington 98108

WASHINGTON, D.C.
ELECTRONIC WHOLESALERS, INC
2345 Sherman Ave., N W
(202) HU 3.5200
Washington, D.C. 20001
AUSTRALIA

Brisbane. Douglas Electronics
Melbourne. Radio Parts Py, (td
Perth: Precision Flectronics

AUSTRIA
Vienna: Reimer Grothusen, B2 41 99

BELGIUM
Brussels: Avi-Elec, 49 38 16

CANADA

Calgary: Canadian Electronics Ltd.
Edmonton: Canadian Electronics Ltd.

Montreal: TI Supply, 631-6736
Toronto: TI Supply, 889-0844

Vancouver: Canadian Electronics Ltd.
Winnipeg: Canadian Electronics Ltd.

Copenhagen: Texas Instruments A/S
311337

FINLAND

Helsinki, Texas Instruments, 44.73.73

FRANCE
Lyon, TI Supply, 42 78 50

Paris-Clamart: T1 France, 644 55 30
Paris-Clamart: Technique et Produits,
626 02 35

Rennes: T! France, 10 56 85
Toulouse: T! France, 62 19 64

GERMANY
Berlin: Hermann Kaets, 83 02 16
Essen: Tl Deutschland, 79 20 24
Frankfurt: TI Supply, 72 64 41
Hannover: T! Supply, 80 00 51
Munich: TI Supply, 91 10 60
Stuttgart: T1 Supply, 22 50 92/3

ITALY
Florence: T1 Supply, 41 00 79
Milano: TI Supply, 688 31 41
Rome: Tl Supply, 512 36 10
Torino: TI Supply, 54 06 93
NETHERLANDS
Amsterdal-Schiphol: T Supply,
020-159293

NEW ZEALAND
Wellington: W. G. Leatham Ltd.
NORWAY
Oslo: Morgenstierne & Co., 37 29 40
SOUTH AFRICA
Johannesburg: Hans Pollack
SPAIN
Barcelona: Difitronic, 253 24 57
Madrid: Ataio Engenieros, 235 35 43

SWEDEN
Stockhoim: A.B. Gosta Backstrom,
54 03 90

SWITZERLAND
Geneva: T1 Supply, 35 97 40
Zurich: Fabrimax AG, 47 06 70
UNITED KINGDOM
Birmingham: T Supply, (081) 743-2078
Derby: Quarndon Electronics Ltd.,
46695

Edinburgh: T1 Supply, 229-1481
London: T1 Supply, Slough 29481
Manchester: TI Supply, 236-6303
Portsmouth: SD.S. (Portsmouth) Ltd.,
62332
Reading: W.E.L. Components Ltd.,
40616
Sheffield: Needham Engineering Co.,
27161

Southampton: Tl Supply, 27267/8




TI worldwide sales offices

ALABAMA

Sahara Office Park Bldg., Suite 111
3313 Memorial Parkway, S.W.
Huntsville, Alabama 35801
205-881-4061

ARIZONA

2535 W. Camelback Rd., Suite 1D
Phoenix, Arizona 85017
602-279-5531

CALIFORNIA

1800 North Argyle Ave.
Hollywood, California 90028
213-466-7251

5005 West Century Blvd., Suite 208
Inglewood, California 90301
213-673-3943

230 California Ave., Suite 201
Palo Alto, California 94306
415-326-6770

1505 East 17th St., Suite 201
Santa Ana, California 92701
714-547-6506

4185 Adams Ave.
San Diego, California 92116
714-284-1181

COLORADO

2186 South Holly St., Suite 204
" Denver, Colorado 80222
303-757-8548

CONNECTICUT

300 Amity Road
Woodbridge, Connecticut 06525
203-389-4521

FLORIDA

5400 Dipiomat Circle
Diplomat Bldg., Suite 252
Oriando, Florida 32810
305-644-3535

3151 Third Ave. North
300 West Bidg., Room 429
St. Petershurg, Florida 33704
813-898-0807

ILLINOIS

Suite 205, Executive Towers
5901 N. Cicero Ave.
Chicago, lllinois 60646
312-286-1000

MASSACHUSETTS

60 Hickory Drive
Waltham, Mass. 02154
617-891-8450

Suite 706 West, Northland Towers Bldg.

15565 Northland Dr.
Southfield, Michigan 48075
313-357-1703

MINNESOTA

7615 Metro Blvd.
Suite 202, U.C.L.I. Bldg.
Edina, Minn. 55424
612-941-4384

NEW JERSEY

25 U.S. Highway 22
Springfield, New Jersey 07081
201-376-9400

NEW YORK

P. 0. Box 87, 2209 E. Main
Endicott, New York 13760
607-785-9987

4 Nevada Drive
New Hyde Park, N. Y. 11040
516-488-2200

167 Main Street
Fishkill, New York 12524
914-896-6793

6563 Ridings Rd.
Syracuse, New York 13206
315-463-9291

23811 Chagrin Bivd., Suite 100
Cleveland, Ohio 44122
216-464-1192

Suite 205, Paul Welch Bidg.
3300 South Dixie Dr.
Dayton, Ohio 45429

513-298-7513

PENNSYLVANIA

Benjamin Fox Pavilion
Suite 424, Foxcroft Square
Jenkintown, Pa. 19046
215-885-3454

TEXAS

MS80 — P.0. Box 5012
Dallas, Texas 75222
214-238-4861

3801 Kirby Bidg., Suite 600
Houston, Texas 77006
713-526-3268, 9

WASHINGTON

5801 Sixth Ave. S.
Seattle, Washington 98108
. 206-762-4240

WASHINGTON, D.C.

1875 Connecticut Ave., N.W., Suite 913
Washington, D.C. 20009
202-234-9320

280 Centre Str. West
Richmond Hill
Ontario, Canada
416-889-7373

EUROPE

Texas Instruments Limited
Manton Lane
Bedford, England

Texas Instruments France S. A.
Boite Postale 5
Villeneuve-Loubet (A.M.), France

Texas Instruments France S. A.
379 Av de la Liberation
92 Clamart, France

Texas Instruments France S.A.
Lyon Branch
30-31 Quai Rambaud
69 — Lyon, France

Texas Instruments France S.A.
Metz Branch
5, Rue Lancon
57 — Metz, France

Texas Instruments France S.A.
Toulouse Branch
20, Avenue Honore-Serre
31 — Toulouse, France

Texas Instruments Holland N.V.
P.0. Box 7603
Entrepotgebouw Kamer 225-227
Schiphol-Centrum
Netherland

Texas Instruments Italia S.p.A.
Via Colautti 1
Milan, Italy

Texas Instruments Italia S.p.A.
Via Padre Semeria, 63
Rome, Italy

Texas Instruments Sweden A.B.
Timmermansgatan 34, Box 17116
Stockholm 17, Sweden

Texas Instruments Deutschland GmbH
Am Mittelfelde 169
3000 Hannover, W. Germany

Texas Instruments Deutschland GmbH
Im Kaisemer 5
7000 Stuttgart-N
West Germany

Texas Instruments Deutschland GmbH
Arabellastrasse 4-Sternhaus
8000 Munich 81
West Germany

Texas Instruments Deutschland GmbH
Kepserstrasse 33
8050 Freising-Lerchenzeld
West Germany

Texas Instruments Deutschland GmbH
Westendstrasse 52
6000 Frankfurt, West Germany

MEXICO

Texas Instruments de Mexico S.A.
Poniente 116 #489
Col. Ind. Vallejo
Mexico 15, D.F.

ARGENTINA

Texas Instruments Argentina S.A.I.C.F.
Ruta Panamericana KM. 13,5
Don Torcuato (Pdo. de Tigre)
Prov, de Buenos Aires

BRAZIL

Texas Instrumentos Electronicos
do Brazil Ltda.
Rua Cesario Alvim 770
Caixa Postal 30.103
Sao Paulo 6, Brazil

AUSTRALIA

Texas Mstraments Australia Ltd.
Box 63,.-0ldham Road
Elizabeth, South Australia

Texas Instruments Australia Ltd.
Room'5; Rukat-Bank. Bldg.
Burwood, N.SW., Australia

ASIA

Texas Instruments Asia Limited
617 Sanno Grand Building
14-2, Nagatacho 2 Chome
Chiyoda-Ku, Tokyo, Japan

Texas Instruments Japan Limited
18-8, Minami 3 Chome
Hatogaya City, Saitama Pref.
334 Japan

Texas Instruments Asia Limited
Room 1502 Star House
Harbour Centre
Kowloon
Hong Kong

Texas Instruments Singapore (PTE)
: Limited
Factory 4-B
27 Kallang Place
Singapore 12
Republic of Singapore
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