


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































nPES 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 

FIGURE 1 - TEST CIRCUIT FOR 

COMMON-CATHODE DIODE 

10'2 
INPUT O ___ _..-.,,.V"-•----41------<>0 OUTPUT 

I.,. 

TEST CIRCUIT 

Shunt Current ---

FIGURE 2 - TEST CIRCUIT FOR 

COMMON-ANODE DIODE 

INPUT 

OUTPUT 

10% 

I 
I 

Adjust for 
IF= 500 mA 

~'" I 

VOLTAGE WAVEFORMS 

FIGURE 3 -FORWARD RECOVERY TIME 

NOTES: a. The input pulse is supplied hy a generatar with the following characteristics: t, ~ 15 ns, Zout=SOO, tp =150 ns, duly cycle~ 2%. 

b. Tha output waYeform is monitored on an oscilloscope wilh the following characteristics: •r !S; 4.5 ns, Rin ~ 1 MO, Cin :5;: 5 pf. 

20011 
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TYPES TID25, TID26 
EPITAXIAL PLANAR SILICON 16-DIODE ARRAYS 

20012 

PARAMETER MEASUREMENT INFORMATION 

Ad just amplitude 
for Ip = 200 mA 

INPUT VOLTAGE 
WAVEFORM 

6kQ 

0.05 f1F 
D.U.T. 

1.2mH 

Adjust for 
IRM= 200 mA 

TEST CIRCUIT 

______ _,_ -- - ---- ____ o 

I 
I 
I 
I 
I --r'------' 
... i,.,__ __ t .. 

OUTPUT CURRENT WAVEFORM 

FIGURE 4 - REVERSE RECOVERY TIME 

I 
I 
I 
I 
I 
I 

..1 

NOTES: c. The input pulse is supplied by a generator with the following characteristics: t1 :s:;1 ns, Zou1=50tl, •p =200 ns, d11ty cycle~ 1%. 

d. The output wanform is monitored on an oscilloKOpl with the following characteristics: t, S: 0.4 ns, lin = 50 0. 

TEXAS INSTRUMENTS RESERVES THE RIGHT· TO MAKE CHANGES AT AllY THIE 
IN ORDER TO IMPROVE DESIGN AND TO SUPPi. Y THE BEST PRODUCT POSSIBlE. 



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

mechanical data 

20·DIODE CORE DRIVDS 
For Application With 

Magnetic Cores • Memory Drums • Memory Tapes 
Diode-Capacitor Storage • Magnetic DiKs 
Convenient Input/Output lead Arrangement 

The diode arrays are mounted in a glass-to-metal hermetically sealed, welded package which falls within 
the JEDEC T0-84 outline. Leads are goldplated F-15t glass-sealing alloy. Approximate weight is 0.1 gram. 
All external surfaces are metallic. 

ALL LEADS INSULATED FROM CASE 

NOTESo a. All dlMonslons la i1<hn. 

•·All decimals ±I.GOS 111<1pt as noted. 

<. load.,paclng toleranco Is ± 0.015 11 
11trtmi1111 •d ± 0.005 al p11ekag1, 
1anaccumulat1ve. 

d. lead unttrlines are lacated wil•in 
±0.005 of ,.,Ir true pnilions relaliH 
to ltodJ. c•terlines. 

t. Symbolization denotes orientation of pack· 
age. 

tF-15 is the ASTM designation far an iron-nickel-cobalt alloy contai11ing ntt111inollr 29% nickel, 17% cobalt, and 53% iron. 

schematic diagrams 

I ; 

absolute maximum ratings at 25ac 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, VR 30 15 v 
Peak Forward Current at (ar below) 500 500 mA 25°C Free-Air Temperature (See Notes l, 2,and 3) 

Continuous Forward Current at (or below) 100 200 mA 25°C Free-Air Temperature (See Notes 2 and 4) 

Storage Temperature Range -65 ta 200 oc 
Lead Temperature }(, I nth From Case for l 0 Seconds 300 •c 

NOTES, I. Thne values apply for 100·1'• pulsos, duty cyde :S 20%. 

2. The values shown for total device opply for any combination provided the ratings of individual diodes ore not exceeded. 

3. Dtrate linearly to U0°C fne·air tamp1rahlr1 ot the rate of 4 mA/deg. 

4, Derato llaoarly to uo0 c frtHlr tomporaturo at tho rat• of 0.8 mA/dog far each diode and 1.6 mA/dog .for tire _, dnko. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST Of'FICE BOX 1012 • DALLAS, Tl!XAS 75222 

20013 
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TYPES TID29, TID30 
EPITAXIAL PLANAR SILICON DUAL 10-DIODE ARRAYS 

20014 

electrical characteristics at 25°C free-air temperature 

single-diode operation (see note 5) 

PARAMETER TEST CONDITIONS 

V1••1 Reverse Breakdown Voltage 1,-10 µA 

1. Static Reverse Current 
v.-30Y, See Note 6 
v,=15 v, See Note 6 

v. Static Forward Voltage r.=100 mA 
VF Instantaneous Forward Voltage 1.=SOO mA, See Note 7 
VFM Peak Forward Voltage r.=500 mA, See Note 8 
Cr Total Capacitance t v.-o. f-1 MHz 

multiple-diode operation (see note 9) 

PARAMETER TEST CONDITIONS 

'·· 
Static Reverse Current v.1=rated v .. 

l,N=25 mA 
v., Static Forward Voltage l,,=l,N=25mA 

switching characteristics at 25°C free-air temperature 

single-diode operation (se.e note 5) 

PARAMETER TEST CONDITIONS 

'" Forward Recovery Time r.=soo mA, See Figure 3 

r,=200mA, '•M=200 mA, 

'" Reverse Recovery Time i,,=20mA, RL =100.f!, 
See Figure 4 

TID29 TID30 
MIN MAX MIN MAX UNIT 

60 40 y 
0.1 µA 

0.1 µA 
1 1.1 v 

1.3 1.5 v 
5 5 v 
8 8 pf 

TID29 TID30 
UNIT MIN MAX MIN MAX 

10 10 µA 

1 1 y 

ALL TYPES 

MAX 
UNIT 

40 ns 

20 ns 

NOTES: S. Test conditions and limits apply separately to each of the diodes. The diodes not under tesl ore open-circuited during the measurement of these characteristics, 
except for IR os shown in figures 1 ond 2. 

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

7. This parameter is measured using pulse techniques. tp =100 µs, duty cycle = 2%. Read time is 90 µs from leading edge of the pulse. 

8. The initial instantaneous value is measured using pulse techniques. tp = lSO µs, duty cycle S 2%, pulse rise time ::; 10 ns. The total diode shunt 
capacitance is 19 pF max and the equipment bandwidth is 80 MKz. 

9- Test conditions .apply separately to the common-anode and common-cathode sections. Subscript numeriol 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 tested after the device reoches operating thermal equilibrium. 

tcr is the total pin-to-pin capacitance measured across any of the diodes. The interaction of the other diodes cannot easily be separated out unless three
terminol guarded 1111!asurement 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. 



TYPES TID29, Tl.D30 
EPITAXIAL PLANAR SILICON DUAL 10-DIODE ARRAYS 

PARAMETER MEASUREMENT INFORMATION 

When measuring the reverse current of on 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 

100 

INPUT o---'""w. ... ---I+-------oo OUTPUT 

= ""' 

TEST CIRCUIT 

Shunt Current 

FIGURE 2 - TEST CIRCUIT FOR 
COMMON-ANODE DIODES 

INPUT Adjust for 
IF= 500 mA 

OUTPUT 

10% 

I 
I 

---i '" I 

VOLTAGE WAVEFORMS 

FIGURE 3 - FORWARD RECOVERY TIME 

NOTES: a. Tha input pulse is supplied by a generGtor with the following characreristics: •r $ 15 ns. Zout =SO 11, IP = 150 ns, duty cyde ~ 23. 

b. 1111 output waveform is monitored on an oscilloscope with the following characterhtiu: t, ::; 4.5 ns, Rin ~ 1 M 0, Cin ::; 5 pf. 
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TYPES TID29, TID30 
EPITAXIAL PLANAR SILICON DUAL 10-DIODE ARRAYS 

20016 

PARAMETER MEASUREMENT INFORMATION 

INPUT 

o_n_ 
Ad just amp I itude 

for IF = 200 mA 

INPUT VOLTAGE 
WAVEFORM 

0.05 l'f 
D.U.T. 

o+---+--!l----e----..... .W.-------4-0) OUTPUT 

6kQ 

Adjust for 
IRM= 200 mA 

TEST CIRCUIT 

______ __._ - - - - - - - ____ Q 

I 
I I 

I I 
I I 
I I 

IRM 
I I 

--T I 
I. t,, ---I 

OUTPUT CURRENT WAVEFORM 

FIGURE 4 - REVERSE RECOVERY TIME 

NOTES: c. The input pulse is supplied by a generator with the following characteristics: 1, S 1 ns, Zout=SO!l, tp=200 ns, duty cycle::; 1%. 

d. The output waveform Is monitored on an ascilloscope with the following charaderhtics: tr S 0.4 ns, Rin = SO 0. 

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



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

mechanical data 

FOR USE IN AUTOMATIC FREQUENCY CONTROL 
AND VOLTAGE-VARIABLE TUNING 

• Small Size, Whiskerless, Double-Plug Construction 

• High Q, High Capacitance Ratio 
• Replaces TIV300 and TIV301 

"' ...... 
!; ~ ~ 
>;;; = n :::! ..... 
::: z < 
"'z w 
~p~ 
~~~ z ... w 
z.,., ~ 
0 ~ .. 
• 0 ::::! 
c:OS 
l:S" g 
"'ii: ... l> 
0 ... 
= ;; .!'- g; 

The glass-passivated silicon wafer is encased in a hermetically sealed glass package. High-temperature 2 
bond between wafer and leads ensures integral positive contact under extreme environmental conditions. ~ 

FALLS WITHIN 00-35 DIMENSIONS 

~::~DIAL_ 

OIMENSIONS ARE IN INCHES 
NOTE. WITHIN THIS ZONE DIAMETER OF EACH LEAD 15 UNCONTROLLED CATHODE END IS DENOTED 

BY COLOR BAND 

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

Peak Reverse Voltage . 20V 
250mW 

-65°C to 150°C 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note ll 
Operating Free-Air Temperature Range 
Storage Temperature Range . -65°C to 200°C 

electrical characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS 
TIV306 TIV307 TIV308 

UNIT 
MIN MAX MIN MAX MIN MAX 

v1 ... 1 Breakdown Voltage I, - 100 µ.A 20 20 20 v 

'· Reverse Current v. - 15 v 50 50 50 nA 
Cr Total Capacitance v. - 4 v. I= l MHz 5 9 7 11 9 14 pf 
Q Figure of Merit (Note 2) v. = 4 v, 1=50MHz 200 200 200 
Cv1 

Capacitance Ratio V, = l V, V2 = 5 V, I= l MHz 1.5 1.5 1.5 -

Cv2 

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

2. Figure of Merit, Q, i$ defined by the equation Q = _I_ where r5 is Equivalent Series Resistance, u0s measured on o Boonton RF Admittance Bridge, Model 
21Tf(Trs 

33A or equivalent. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

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

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

21206 

TYPICAL APPLICATION DATA 

Cs 2N4997 

T, ~ Ef21 OUTPUT c,. u (--o 

~ C22 

" '- I 
C20l 

c, 

l 
",, ''J R1 

AGC or Ground 

TIVJal 

.J. 
T 

" ' ' ' "'-------'I--_._ ____ _ 

' 

R12 

L----~1---------'>----"Nlr---...--+--oAFC or Ground 

CAPACITORS 

C1: 0.001 µ.F 
C2: 10 pf 
C,: t 
C.: 0.001 µ.F 
Cs: t 
C.: 10 pf 
C7: 0.001 µ.F 
C.: 12 pf 
C,: 4.7 pf 
c,., 6.8 pf 
C11 : 4.7 pf 

C12: 1.2 pf 
C,,: t 
c,.: 10 pf 
C1s: 240 pf 
( 16: 0.001 µ.f 
Cn: 0.1 µ.F 
C11: 0.01 µ.F 
(19: 47 pf 
( 20: 0.01 µ.f 
C21 : 100 pf 
C22: 0.01 µ.F 

tThrtt-gang, 6-21 pf each, wilh trimmen. 

Ra 

TYPICAL TUNER PERFORMANCE AT f 0 = 98 MHz 

Image Rejedion (119.4 MHz) 47 dB 
f0 + Vz IF Rejedion (103.35 MHz) 73 dB 

Sensitivity for 30-dB ~ (±75-kHz deviation) 2.3 µ.V 

Sensitivity for 30-dB ~ (±22.5-kHz deviation) 3.4 µ.V 

Voltage Gain from Input to Primary of IF Transformer 37 dB 

CIRCUIT COMPONENT INFORMATION 

RESISTORS COILS 

R1: 27 kO R7: 10 kO 
R2: 10 kO R.: 330 kO 

L1: 2.S T, #16 bus,%" ID, carbonyl "E" core, 
tapped at 1 T and 2 T from bottom 

R,: 2.7 kO R9: 820 0 
R4: 330 0 R10: 120 0 
Rs: 1 kO R,,: 330 !l 
R6: 2.7 kO R12: 330 0 

All resistors Vz W, ten percent tolerance 

TRANSFORMER 

T 1: 10.7 MHz IF transformer 

L2: 4 T, #16 bus, '14'' ID, air core, tapped 
of 1.3 T and 1 T from bottom 

L,: 1 µ.H 
4: 3 T, #16 bus,%" ID, carbonyl "E" core 

FIGURE 19 - TYPICAL FM TUNER 



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

mechanical data 

3.3 TO 12 VOLTS • 400 mw 

GUARANTEED DYNAMIC ZENER IMPEDANCE 

Availa•le In 50/e and 100/e tolerances 

·65 to 175°C operation & storage 

The diode is encased in a hermetically sealed hard-glass package which falls within the JEDEC 00-7 
outline. Unit weight is typically 0.195 gram. 

0.230 2 LEADS G D.300:J1.000MIN1 

~~ml.::! f!= 
Lo.101DIA ..... 

REGISTERED iODY DIMENSIONS* 
MAX 

LENGTH G.300 
DIAMETER 0.125 

*absolute maximum ratings 

All DIMENSIONS IN INCHES 

AYerage Redilied Forward Currant dt (or below) 25°C Frae-Air Temperatura 

AV.rage Redilild Forward' Curiant at 1 so0 c Frae-Air Temperatura • • 
Continuous Power Dissipation ilt (or below) S0°C Frae-Air Temperature 

Continuous Power ilissipation at 150°C Free-Air Temperatura 
Operating Frae-Air Temperature Range • 

Storage Temperature Range 

*Indicates JEDEC ngistared data 

CATHODE ERO IS DENOTED 
BY COLOR BANDS 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

I 

- 230 ma 

- as ma 
_ 400 mw 

• 100 mw 
. -'5°c to 175 •c 
. -'5°c to 11s •c 

23109 
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TYPES 1N746 THRU 1N759, 1N746A THRU 1N759A 
SILICON VOLTAGE REGULATOR DIODES 

23110 

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

Vz 
Zener 

PARAMETER Breakdown 
Voltage 

TEST 
lzr = 20 ma CONDITIONS 

LIMIT-+ NOM 
lN746-lN759 1N746A· 1N759A 

MIN MAX MIN MAX 

llNIT--+ y y y y y 

1N746 3.3 2. 97 3.63 3.135 3.465 
1N747 3.6 3.24 3. 96 3.420 3. 780 
1N748 3.9 3.51 4.29 3705 4.095 
1N749 4.3 3.87 4. 73 4.085 4 515 
1N750 4. 7 4.23 5.17 4 .465 4. 935 
IN751 5.1 4.59 5.61 4.845 5 .355 
1N752 5.6 5.04 6.16 5.320 5.880 
IN753 6.2 5.58 6.82 5.890 6 5IO 
1N754 6.8 6 12 7 .48 6.460 7 140 
IN755 7.5 6.75 8.25 7 .125 7 .875 
IN756 8.2 738 9 02 7. 790 8.610 
JN757 9.1 8.19 10 01 8.645 9 555 
IN758 10.0 9 00 1100 9 500 10 .500 
JN759 12.0 10 80 13.20 11. 400 12.000 

*Indicates JEDEC registered data 

MAXIMUM POWER DISSIPATION 
500.-----,c----r----.----,---..,.---.---.,---· 

~ 

l : ,____,f----+-~-+~-------+---+---+---· 
~ LSJ 
~ 200 ~-+---+----+----__,..___~ -~---< 

! 100 ,____,,____,_-+--+--+-~--~--+---I 
O'----"f-----'--'-----'---'---"-~--"'----~ 

0 25 50 75 100 125 150 175 
T•- FREE-AIR TEMPERATURE-°C 

TYPICAL DYNAMIC IMPEDANCE 
vs ZENER VOLTAGE 

4 5 6 7 8 9 10 11 

V1-ZENER VOLTAGE-v 

200 

12 

az Zz IR 
Temperature Small·. Static 
Coefficient Signal Reverse 
of Breakdown Breakdown Current 
Yoltoge lmpedan11 

lzr = 20 ma lzr = 20 ma, YR= 1 y YR= 1 Y, 

1,1 = l ma TA=l50°c 

TYP MAX MAX MAX 

%/•c n p.a p.O 

-0.062 28 IO 30 
-0.055 24 IO 30 
-0 049 23 10 30 
-0 036 22 2 30 
-0.018 19 2 30 
-0 008 17 1 20 
+o 006 11 1 20 
+O 022 7 0.1 20 
+O 035 5 0.1 20 
+O 045 6 0.1 20 
+O 052 8 0.1 20 
+o 056 JO 0 I 20 
+O 060 17 0.1 20 
+0.060 3Q o. l 20 

TYPICAL 
ZENER TEMPERATURE COEFFICIENT 

vs ZENER VOLT AGE 

~ 
' ~ 
I 
% ... 
2 ... 
~ 
v ... .,. 
::J 

~ -0.02 ... .... 
~ -0.04 .,. ... 
z -0.06 _!_ 
~ 

N -0.08 ~~-~~-~~-f--~~f--~ 
i'j 3 4 5 6 7 8 9 10 11 12 

v,-ZENER VOLTAGE-v 

56a 



568 

TYPES 1N746 THRU 1N759, 1N746A THRU 1N759A 
SILICON VOLT AGE REGULATOR DIODES 

ZENER SURGE CURRENT 
SINGLE SURGE-NON REPETITIVE mmmmm 10 

r.=25•cEEf_ff 

TYPE-IN ••• 

FORWARD SURGE CURRENT 
SINGLE SURGE-NONREPETITIVE 

TYPE 1N746-1N759 

j 
.J_ 

T.,,;150°C J 

i 
IT. 

r.=25°C--j_ 

l 
I_ 

15 10 
IF - SURGE CURRENT - a 

0.1 

0.01 

0 
0 

ZENER :[RENT SURGE 1 

t ;2~·~ I\_ I 0.9 

_i J__J.j Ll 0.8 

MAX. ~ai R~~ =I kcl\ a 
1-+-++-++-+-+-t--+-+...+-i \--t-1'0.7 I 

! 1-+-+-+-++-+-+-t--+-+-tTt-iH0.6 "' 
a 

\ 
0.5 15 

~ 
1-+-+-+-+-+-++-t--+-T-+-+-t•0.4 .. 

I 0.31 
t-- 0.2 

r =1so•c ~ 
_ _t_). J__j.J_ .!..-" O.J 

TYPE-IN .•. 

TYPICAL CAPACITANCE 

t.=25°C +-t- t--

I' 
YR= lv t-- t--b 1=100 kc- t--

1' 

~ 
bl' 

TYPE-IN .•• 

500 
475 
450 
425 
400 
375 
350 

325 -.. 
300 I 
275 ~ 
250 ~ 
225 !:: 

u 
200 ~ 
175 :5 
150 
125 
100 
75 
50 
25 
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TYPES 1N746 THRU 1N759, 1N746A THRU 1N759A 
SILICON VOLTAGE REGULATOR DIODES 

23112 

TYPICAL CHARACTERISTICS 

Vz vs lz TYPE 1N746 

~---1---1---l---l---l-#l-~30 
MEAN-

MEAN-Hf 

l---+--+~-l----+-71/1#-+--~IO w 
MIN-±:::,z: 

Ja?Z=+-MAX 

'---'-----'-----1 ~_.J..___jl__J 0 
I 1.5 2 2.5 3 3.5 4 

V,- ZENER VOLTAGli-v 

40 

MEAN+-

30 

T•=llO"C 

~ 
I 

i 
20 = a 

71 
/} 

MEAN--i fil 
I. ~MAx 

Ml~ 
T-7 

I 1.5 2 2.5 3 3.5 4 
V,-ZENER VOLTAGE -v 

I 
N 

I 
10 ~ 

0 

100 
F=F=MEA 

I I ~ 
T.,=25°C IT 

10 

-Jl 
E MEAN 

0 
E 
I 

i .. 
~ 

-- ::> 
u 

0.1 I 
I 
~ 

/--+-MAX 
0.01 

ii 
0 2 3 4 5 6 

0.001 
1 

V,-ZENER VOLTAGli -v 

MEAN+ 

T..,=150°C 

t---+--+--+-++u-+---130 

~ 
I 

i 
1-----+--+--+-_.,_-+--l 20 ! 

u 
81 
~ 
I 

1-----+--+--'---'---'---' 0 
I 1.5 2 2.5 3 3.5 4 

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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568 

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

TYPICAL CHARACTERISTICS 

Vz vs lz TYPE 1N751 

f-+--+-+-+::M=tEA-=-N::+H--11-!~ 30 

MEAN --tR. 
UJJ 

>---+---+-1--H<H---+-t---i 30 
MEAN 

r. = 11 o•c -+-+r-+-+--+--t ~ 
,! 

i 
~-l---+-H--l---+-f--l20~ 

u 

MIN--t=:l 
f-'.''F-+1+-ll---4-l--+--I l 0 

MEAN q} 

L_ ..... _:r:L__L__L__IL__L__'--' o 
3.7 4.1 4.5 4.9 5.3 5.7 6.1 6.5 

j_JL 
JL NMAX 

v,-ZENERVOLTAGE-v 

I 
I 

[ 
T.=2s0 c 

MEAN-t-{/j_ 

mm~O.l 

lL1 

:LJ ~H-~~-~~_,___, 0.001 
0 l 234567 

V,-ZENER VOLTAGE-v 

~-l---+-l---l---+-t-----l30 

~ 
>----+---+-t-r--+---+-t--120~ 
r.= uo•c -+Llf-+---+---+---t u 

~~-"1"'~~~~~~o 
3.7 4.1 4.5 4.9 5.3 5.7 6.1 6.5 

V, -ZENER VOLTAGE-v 

I 
I 
~ 

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 

23114 

TYPICAL CHARACTERISTICS 

V z vs 12 TYPE 1 N752 

~~~1~~~~-,--~40 

MEAN~ 

l--+--+--111'-T•=-65°C- 30 

~ 

~ 
1---1--+--l-t--l--+-+----I 20 = a .. 

~ 
N 
I _,,. 

t---+---+lff-t---+---+-t----ilO 

f-+-MAX 

[7} MEAN 
/ '/ l 0 

5.1 5.3 5.5 5.7 5.9 6.1 6.3 6.5 
V,-ZENER VOLTAGE-v 

l---+--+-t---+--+ff-t----130 

l---+--+-t----v+l-+-t----110 
MEAN t----! 

~frMAX 
~~+--~---~~~l~~ 0 

4.6 4.8 5.0 5.2 5.4 5.6 5.8 6.0 
V, -ZENER VOLTAGE- v 

~j_~}J_~l_j_~~~~ 0.001 
1.2 2.0 2.8 3.6 4.4 5.2 6.0 6.8 

V,-ZENERVOLTAGE-v 

l---+---+-t---+---+-t----130 

~ 
I 

~ .. 
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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 di!lerent current levels. 
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TYPES 1N746 THRO 1N759, 1N746A THRO 1N759A 
SILICON VOLTAGE REGULA TOR DIODES 

TYPICAL CHARACTERISTICS 

40 

MEAN 

30 

0 
E 

~ 
T..,=-65°C +-- 20 ~ 

MINf--
10 

t-MAX 

t-MEAN ,,, 
0 

6.2 6.4 6.6 6.8 7.0 7.2 7.4 7.6 
V, -ZENER VOLTAGE-v 

l---t--+~t-lff+--+~t---i30 

MEAN-llJ, 

Ml~MAX 
.__.LI /___.____.__J.1...--.1...--,__, o 

6.3 6.5 6.7 6.9 7.1 7.3 7.5 7.7 
Vz-:-ZENEI VOLTAGE - v 

u 
• 
I 
I 

..!:' 

V, vs I, TYPE 1N754 
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:r 
r ... =25°C 

JO 

. 
E 
I ... 

MEAN +-- I 
u I 

O.li 

N 
I 

..!:' 

MIN I-/ j 0.01 

L.---1-'LlZ___._ll_.LL__J__T...L....-J 0.001 
2 3 4 5 6 7 • 

V,-ZENH VOLTAGE-v 

40 

30 

T"=150°C 

ii JO 

MEAN-fr 

7_ fl- I-MAX 

MINJ=¥7'. 
17]"7~ 

0 
6.3 6.5 6.7 6.9 7.1 7.3 7.5 7.7 

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 diffii'ent current levels. 
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TYPES 1N746 THRU 1N759, 1N746A THRU 1N759A 
SILICON VOLTAGE REGULATOR DIODES 

23116 

TYPICAL CHARACTERISTICS 

Vz vs lz TYPE 1N759 

± IL 40 100 

T..,=-65°C 
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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 diffiirent current levels. 
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1 N4370 THRU 1 N4372, 1 N4370A THRU 1 N4372A 
ALLOY -JUNCTION SILICON VOLTAGE REGULATOR DIODES 

400 mW - 2.4 V to 3 V 

1N4310A Thru 1N4372A Can Be Supplied in Accordance with Mll-S-19500/127 
low Noise Density: 20 µ,VI v'lh Typical 
Very Low Dynamic Zener Impedance 

mechanical data 

The diode is encased in a hermetically sealed hard-glass package. The outline drawing meets JEDEC D0-7 
outline*. Unit weight is 0.195 gram. 

L ..... :11 .. ""l 0.230 MIN 
2 LEADS 

+~= 
CATHODE END T~::- DIA MOLYBDENUM HEAT SINK 

ALL DIMENSIONS IN INCHES 

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

lzM p T, •• Lead 
TYPE 

Steady-Stole Dissipation Storage Temperature Reverse Current TA<; 50°( Temperature 
(See Note 1) (See Note 2) Range (See Note 3) 

1N4370 
150 mA 

1N4370A 
1N4371 -55°C 

135 mA 400mW to 230°C 
1N4371A 175°( 
1N4372 

120 mA 
1N4372A 

NOTES: 1. The nominal lzM currents shown are applicable ta devices having regulator voltages 10% above the nominal Vz values. These values do not represent absolute 
limits. The actual steady-state current-voltage product must not exceed 400 mW. 

2. Berate ilnearly to 11s0 c free-air temperature at the rate of 3.2 mW/deg. 
3. This value applies J{6 inch from the case far 10 seconds. 

•Indicates JEDEC registered data. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

"' ~ c 

§ Ill ... 
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p $! .. ii! s; 
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TYPES 1 N4370 THRU 1 N4372, 1 N4370A THRU 1 N4372A 
ALLOY-JUNCTION SILICON VOLTAGE REGULATOR DIODES 

*electrical characteristics at 25°C free-air temperature 

Yz Zz 

PARAMETER 
Zener Small-Signal 
Breakdown Breakdown 
Voltage Impedance 

lzr = 20 mA lzr = 20 mA 
TEST CONDITIONS 1,1 = 2mA (See Note 4) I= 60 Hz 

LIMIT MIN NOMt MAX MAX 
UNIT v .a 

1N4370 2.16 2.4 2.64 30 
1N4370A 2.28 2.4 2.52 30 
1N4371 2.43 2.7 2.97 30 
1N4371A 2.57 2.7 2.84 30 
1N4372 2.70 3 3.30 29 
1N4372A 2.85 3 3.15 29 

NOTE 4: This parameter is measured after the device reaches operating thermal equilibrium. 
•indicates JEDEC registered data. 
tTolerance Is ± 10% for the 1N4370 thru 1N4372 series; ± 5% for the 1N4370A thru 1N4372A series. 

IR 
Static 
Revemi 
Current 

YR= 1 v 

MAX 
µA 
100 
100 
75 
75 
50 
50 

PARAMETER MEASUREMENT INFORMATION 

+ 

D-C Power 
Supply 

NOi SE DENSITY 

, ~ vout 
ND in ~V/v n• = -----== 

Overall GoinVBW" 

Filter 
0 =2 kHz 

FIGURE 1 - NOISE DENSITY TEST CIRCUIT 

True 
RMS 

Volt-

Vp 
Static 
Forward 
Voltage 

Ip= 200mA 

MAX 
y 

1.5 
1.5 
1.5 
1.5 
1.5 
1.5 

23602 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANT TIME 
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STANDARD MOUNTING HARDWARE FOR SILICON THYRISTORS 

This data sheet identifies those standard hardware kits which are supplied with each device. At additional 
cost, nonstandard hardware items will be supplied. 

The mounting hardware assembly drawings of Section A (Figures 1 and 2) specify the individual hard
ware items that are included in each mounting hardware kit. Section A also references the package out
lines for which each kit is designed and shows the typical thermal resistance associated with the mounting 
hardware. 

Section B contains mechanical drawings of the individual hardware items that are referenced in Figures 1 
and 2. 

•No hardware furnidi1d with these devices. 

DEVICE TYPES 
TIC20-TIC21 
TIC22-TIC23 

TABLE A 
SILICON THYRISTORS 

Tl40AO-T140A4 
TIC44-TIC47 
Tll 4SAO-Tll 4SA4 
2N681,A-2N689,A 
2N876-2N881 
2N884-2N889 
2N1S9S·2N1599 
2N1600·2N1604 
2Nl770,A-2N1777,A 
2N1778 
2N1842B-2N18508 
2N2322-2N2326 
2N2653 
2N2687-2N2690 
2N3001-2N3004 
2N300S-2N3008 
Tl3037-Tl3042 
2N3555-2N3558 
2N3SS9-2N3S62 
2N3936-2N3940 
2NS273.·2NS275 

KIT 
• 
10 
9 
• . 

10 
• . 
• 
9 
9 
9 

10 . 
9 
• 
• 
• 
10 . 
• 
9 

10 

Taxers lnstrumenls reserves the right to substitute similar parh at any time in order to expedite delivery or improve dtsig11. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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STANDARD MOUNTING HARDWARE FOR SILICON THYRISTORS 

SECTION A MOUNTING HARDWARE. ASSEMBLY DRAWINGS AND PHOTOGRAPHS 

24002 

Item 6-Mica Insulating Washer, 
Dwg. 10-31-188-018 

MOUNTING KIT 10 
for 

T0-48 PACKAGE OUTLINE 

MOUNTING KIT 9 
for .K T0-64 PACKAGE OUTLINE 

f~~ 
',,29~ 

Item 2 - Tin-Plated 
Copper Solder Lug, 
Dwg. 10-2Hl64-ooo 

Chassis or Heat Sink 

FIGURE 1 

TYPICAL THERMAL RESISTANCEt 

lie.HS 4 deg/W 

. Item 7 -Mica Insulating Washer, Owg. 10-31-199-001 

TYPICAL THERMAL RESISTANCEt 

lie.HS 1.2 deg/W 

Brass 

FIGURE 

tOc-HS is the thermal resista!lce frem the mounting base of the semiconductor-device case to the mou~ting surface of the heat sink. The heat sink used to 
determine 'this value was a smooth, flat, copp~r plate, with t~e thermOco~ple mounted 0.05 inch below the mounting surface in an area beneath the device. 
The device was mounted diredly lo a clean, dry, heat-silik surface, without the use of a thermal compound and a torque of ten inch·pounds was applied to 
the stud or •ach of the mounting. screws. 

;f:Trade~ork of E. I. d'u Pont 
§Trademark Ot Cedar Plastics 
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STANDARD MOUNTING HARDWARE FOR SILICON THYRISTORS 

SECTION B - MECHANICAL DRAWINGS OF HARDWARE ITEMS 

0.510 
0.490 

SOLDER LUG 
Item 2 

0.580 
0.550 

TERMINAL LUG 
Item 3 

0.083 RAD 
0.073 

0.075 DIA 
0.065 

0.250 RAD MAX 

# 12 WIRE SIZE 

24003 
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STANDARD MOUNTING HARDWARE FOR SILICON THYRISTORS 

24004 

SECTION B - MECHANICAL DRAWINGS OF HARDWARE ITEMS 

A 
DIA 

r 
A 

DIA 

Item 

6 

7 

Item 

9 
t--·-

10 

A I 
0.205 0.536 -
0.195 0.526 
0.270 o.aas 
0.260 0.865 

INSULATING WASHER 
lteMs 6 anti 7 

A I 
0.340 0.270 

-
0.330 0.260 
0.271 0.203 -
0.251 0.191 

INSULATING SLEEVE 
Items 9 and 10 

c 
0.005 
0.001 
0.0025 -
O.OOlS 

8 
DIA 

-+r
n 
u 

c 
0.072 
0.052 
0.050 
0.035 
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STANDARD MOUNTING HARDWARE FOR SILICON THYRISTORS 

SECTION B - MECHANICAL DRAWINGS OF HARDWARE ITEMS 

A 
DIA 

Item 

17 

18 

Item 

20 

22 

A B 
0.208 0.505 
0.198 0.495 
0.276 0.635 
0.255 Q.615 

FLAT WASHER 
Items 17 and 18 

A B 
0.204 0.381 -
0.195 0.365 
0.267 0.478 - -
0.256 0.466 

A 
DIA 

INTERNA1-TOOTH LOCK WASHER 
Items 20 and 22 

B 
DIA 

c 

c--H-

0.051 
0.041 
0.069 
0.034 

c 
0.025 -0.020 
0.027 -
0.023 
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STANDARD MOUNTING HARDWARE FOR SILICON THYRISTORS 
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SECTION B - MECHANICAL DRAWINGS OF HARDWARE ITEMS 

Item Thread 

25 10-32 
UNF-28 

27 
1/4-28 

UNF-28 

f 
B 

! 

A B 
0.375 0.433 -
0.362 0.413 
0.438 0.50"6 -
0.423 0.488 

HEXAGONAL NUT 
Items 25 and 27 

2 SIDES 

c D 
0.130 

30° -
0.117 
0.193 

30° 
0.178 
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Tl42A, Tl43A, 
N-P-N DIFFUSED SILICON BREAKDOWN DIODES 

description 

AVALANCHE SWITCHING DEVICES USED FOR 

FIRING SCRs AND TRIACS 

Types Tl42A, TIC54, and TICSS guarantee the stated values of breakdown and breakback voltages only 
when the marked end is negative with respect to the unmarked end. 

Types Tl43A, TIC56, and TICS? 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 ta be within two volts of the breakdown voltage in the other direction. 

mechanical data 

COLOR BAND DENOTES NEGATIVE 
END OF Tl42A, TIC54, AND TICSS ONLY 

o.oas ~LASS 
0.075~ 

DEVICE rYPES ARE DESIGNATED BY THE FOLLOWING COLOll BANDS 
Tl42A- RED T143A - ORANGE 
TIC54 - YELLOW TIC56 - BLUE 
TIC55 - GREEN TIC57 - VIOLET 

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

Average Power Dissipation (See Note l) 

Nonrepetitive Peak Current for l 0 µs 

lOOmW 

. l A 

Storage Temperature Range . -65°C to 150°C 

electrical characteristics at 25°C free-air temperaturet 

PARAMETER TEST CONDITIONS TYPE MIN MAX UNIT 

Tl42A 28 36 
TIC54 26 38 

V1111<1 Breakdown Voltage dv/dt = 12 V/ms, TICSS 22 38 v 
See Figure 1 Tl43A 28 36 

TICS6 26 38 
TIC57 22 38 
Tl43A 

V1BRwV1e•12 Breakdown Voltage Differential+ 
dv/dt = 12 V/ms, TICS6 2 v 
See Figure l 

TIC57 

6V Breakback Voltage 
dv/dt = 12 V/ms, 

ALL 8 v See Figure 1 

NOTE l: Derole linearly to JS0°C free-air temperature al the rote of 2 mW/deg. 

tBreakdown and breakbnck voltage characteristics apply unilaterally to the Tl42A, TICS4, and TICSS; bilaterally to the Tl43A, TICS6, and TIC57. See Description. 

*Breakdown Voltage Differential is the difference between the two breakdown voltages measured in the two directions. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TYPES Tl42A, Tl43A, TIC54, TIC55, TIC56, TIC57 
N-P-N DIFFUSED SILICON BREAKDOWN DIODES 

INPUT 
PULSE 
TO 
RELAY 

VtBRI 

PARAMETER MEASUREMENT INFORMATION 

lOQ 

i:-3.5 ms-j 

Tl43A 
TIC54 

;_~ ~F TIC55 

(See Note o) 

RL 

100 Q 

TEST CIRCUIT 

16.67 ms 

dv/dt odiusted for 12 V/ms 
(See Note o) 

., 

01--~~_._ ___ __,,~~~~~~~~~~~ .... -----''----I 

01--~~~~~--~--~~~~~~~~~~~~~....---.~--t 

t;.V 

VtBRJ 

!:>. v 

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

VOLTAGE WAVEFORMS 

FIGURE 1 

33.0 

32.8 

> 32.6 

I .. 32.4 
E 
~ 32.2 
c 
J: 32.0 0 ,, 

-"-
0 

~ 31.8 

I 
"' 3 l.6 

J- 31.4 

31. 2 

31.0 

24106 

TYPICAL CHARACTERISTICS 
It is of special importance to recognize the fact that the breakdown voltage decreases in magnitude 
as the voltage rate of ri8e, dv/dt, is increased. This characteristic is illustrated by Figure $. 

BREAKDOWN VOLTAGE BREAKDOWN VOLTAGE 
VS vs 

VOLTAGE RATE OF RISE FREE-AIR TEMPERATURE 
34..----.,---.---.--~-~-~-~-~ 

dv/dt ~ 12 V/ms l TA~ 25'C 
1--~---t--+---+- See Figure l --1 33t---t---+---+---+---+ See Figure 1-

> ~ 

0 5 10 15 20 25 30 
dv/dt -Voltage Rate of Rise -V /ms 

FIGURE 2 

35 

I 321--+--+---+----'"'lc,--+---+--+--l 

i 311-~+--+-·-+---~1---h...~-+---+--~ 
~ " ~ '-,.. 
~ 301---t---t--+---+---+---a.P~'<---+--l 

1 I 29 

~ 28t--+---+---t---+---+---+--+'""--'i,I >-

271--+--+---+---+---+--+---+--l 

26~-~-~--'---'---'--.....J...--"---' 
-75 -50 -25 0 25 50 75 100 125 

TA - Free-Air Temperature - 0 ( 

FIGURE 3 



i68 

120 v 
AC 

Clomping 
diodes may be 
used if 
smoother 
control is 
required 

120 v 
AC 

TYPES Tl42A, Tl43A, TIC54, TIC55, TIC56, TIC57 
N-P-N DIFFUSED SILICON BREAKDOWN DIODES 

TYPICAL APPLICATION DAT A 

' ' ' 'i' 1--,.--1 
\ 'J' I 
'-r/ 

I 

' I 
' 

0. 1 µF 

Tl40A2 
0, 1 µF 

Tl40A2 

0. 1 µF 
10 kQ 

0.25 MQ 

SYMMETRICAL CONTROL CIRCUIT 

FIGURE 4 

0.25 MQ 
10 kQ 

Tl42A 

HALF-WAVE CONTROL CIRCUIT 

FIGURE 5 
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TYPES Tl42A, Tl43A, TIC54, TIC55. TIC56, TIC57 
N-P-N DIFFUSED SILICON BREAKDOWN DIODES 

24108 

120 v 
AC 

TYPICAL APPLICATION DATA 

0.1 µF 

0.1 µF 

I kn 

200 kQ 

T143A 

200 kQ 

B idi rectionol 
Thyristor 
2N5273 

SYMMETRICAL CONTROL CIRCUIT 

FIGURE 6 

RELAXATION OSCILLATOR 

FIGURE 7 

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

l!!m't THYRISTORS 

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

mechanical data 

These thyristors are encapsulated 1n 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 1068. The thyristors are insensitive to light. 

0.015 1- CATHODE 

--1 i;:i"'l ..... .,, 
1 J O.IOOT.P. 

z~= D:A z~(-EJE-~--_J L_-_+-+.o:i. 

uos I I ~500..,N _J 
~~ ... 

NOTES: A. Lead diameter i1 not cotttroHed in this °""• 
a. Leads having m111xlmum d~ (0.019) lhall be ~lthin 0.007 of their tru• posit.._ 

mecisur.d in tt.. gaging plan. 0.054 l:telaw the MOting plone of the device rel.tin to 
Cl mcuUmum-clianMNir pcickag•. 

C. All dimensions are in inchH. 

3· ANODE 

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

TIC44 TIC45 TIC46 TIC47 UNIT 
Continuous Forward Blocking Voltage, VFO (See Note 1) 30 60 100 200 v 
Peak Forward Blocking Voltage (See Nole 1) 30 60 100 200 v 
Continuous Revene Blocking Voltage, Yao (See Note 1) 30 60 100 200 v 
Peak Ravena Blocking Voltage (See Note 1) 30 60 100 200 v 
Continuous Anode Forward Current at (or below) 55°C 

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

300 mA Free-Air Tempemture (Sie Note 3) 
Average Anode Forward Current (180° Conduction Angle) at (or 

430 mA below) 55°C Case Temperature (See Note 4) 
Peak Anode Surge Current (See Note 5) 6 A 
Peak Gate Reverse Voltage 8 v 
Peak Gate forward Current (Pulse Width < 300 ~ 1 A 
Peak Gate Power Dissipation (Pulse Width < 300_ll.S} 4 w 
Opemting Free-Air Temperature Range -55 to 125 oc 
Storage Temperature Range -55to150 oc 
Lead Temperature J<, Inch from Case for 10 Seconds 260 oc 

NOTES: 1. These values apply when the gate-cathode resistance ~K ::::; 1 kO. 
2. These values apply for continuous d-< operation with nslstive load. Abm ss0 c derate according to Figure 5. 
3. These values apply for continuous d-c operation with resistive load. Above 2S°C derate acconling to Figun 6. 

4. This value may be applied continuously under single-phase, 60-Hz, half-sine-Wavt operatlDD with resistive load. Above 55°C derate according to Figure S. 
S. This Yalue applies for one 60-Hz half sine wave when the devic:e is optrating at (or below) rated values of peak reverse bloddng voltage and anode forward current. 

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

tTrademark of Texas Instruments. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TYPES TIC44, TIC45, TIC46, TIC47 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

24110 

electrical characteristics at 25°C free-air temperature (unless atherwise noted} 

PARAMETER TEST CONDITIONS 
IFR Static Anode Forward Blocking Current VF = Rated Y"", RsK = 1 kfl., TA= 12s0 c 
IRR Static Anode Reverse Blocking Current v. = Rated·v • ., Rs• = 1 kfi, TA = 12S°C 
lsr Gate Trigger Current (See Note 6l VAA = 6 v. Rt.= 100 n • .!el!I_> 20..E:!_ 

Yer Gate Trigger Voltage (See Note 6) 
VAA = 6 v. Rt.= 10on. 'em!_> 20..E:!_ 
YAA = 6 v. Rt.= 1oon. tJ>M > 20 µs,TA = 12S°C 

IHR Holding Current Ri. = 1oon. RsK = 1 kfl. 
VF Static Forward Voltage IF= 300mA, Ra. 2 1 kfl., See Note 7 

NOTES: 6. When measuring these parameters, a 1 k{} resistor should be used between gale and cathode to prewent triggering by random noise. 

7. This parameter is measured using pulse techniques. IP = 1 ms, duty cydt ~ 1%. 

thermal characteristics 

PARAMETER 
fhc Junction-to-Case Thermal Resistance 
fJJ.A Junction-to-Free-Air Thermal Resistance 

switching characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS 

t.., Tum-On Time VAA = 30 v. RL = son. Rs = 20 kfl, 
V;0 = 20 V, See Figure 1 

Ion Commutating Tum-Off Time vAA = 30 v. RL =son. 1. = 1 A. 
See Figure 2 

MIN MAX UNIT 
so JiA 
50 µA 

200 µA 
0.8 y 

0.2 
5 mA 

1.4 y 

MAX UNIT 
75 

27S deg/W 

TYP UNIT 

3.5 µs 

6.8 µs 



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

PARAMETER MEASUREMENT INFORMATION 

INPUf r;r:::-\_ 
I 

"-- ton ....-,1 

ovrPur ~90% 
VOLTAGE WAVEFORMS 

ovrPvr 

GENERATOR 

TEST CIRCUIT 

FIGURE 1 - TURN-ON TIME 

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

shown and anode terminal open. 

8. The input waveform of Figure l has the following characteristics: 

tr ~ 40 ns, tp 2': 20 µs. 

(. Waveforms ore monitored on an osciHoscope with the following 

charocferistin: tr ~ 14 ns, Rin ~ 10 MO, (in :S 12 pf. 

D. R6 includes the total redstonce of the generator and the external 

resistor. 

V2 

v, 

IF 

IR 

VF 

VR 

0 

0. -----

OL/ 
ri 

-I j.-to11 

WAVEFORMS 

Generator Synchronization 

TEST CIRCUIT 

L/ 
r 

VAA = 30 V.
See Note F 

FIGURE 2 - COMMUTATING TURN-OFF TIME 

NOTES: E. Pulse generators for V1 and V2 are synchronized to provide an 
anode current wavefMm with the following characteristics: tp = 
SO to 300 µs, duty cycle = 1%. The pulse widths of V1 and V2 
ore ;:::: 10 µs. 

F. Resistor R1 is adiusted for IR = 1 A. 

24lll 

a 



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

24112 

THERMAL INFORMATION 

The minimum heat-sink requirements may be calculated for 
any anode-current, heat-sink combination by the following 
procedure: 

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

2. Calculate maximum allowable case-to-free-air thermal 
resistance by use of the equation: 

(} TJ-TA (} 
C-A= ~- J-C 

where: T, = Junction temperature 
TA = Free-air temperature 
P A(ovJ = Average anode power dissipation 

(see figure 3 for worst-case values) 
(} J-c = Junction-to-case thermal resistance = 

75 deg/W maximum. 

3. Determine area of heat sink from figure 4. 

EXAMPLE 
Determine: Minimum size of ){•"-thick aluminum heat sink 

for safe operation of thyristor at an average 
current of 0.4 A with a conduction angle of 
180° 

Given: Maximum T, = 125°C 
TA= 35°C 
(J,_c = 75 deg/W 

Solution: From figure 3, P A!••I = 0.84 W for 0.4 A 
with 180° conduction angle. Using the equa
tion of step 2 above: 

(} _ 125°C - 35°C _ 
C-A - 0.84 w - 75 deg/W - 32 deg/W 

Figure 4 shows that for Oc-A of 32 deg/W, the' area 
is 18 sq. in. The minimum dimensions of the sides 
should be: 

~xff=Jif xFF=3"x3" 

NOTES: 8. The thyristor is mounted in the center of a square heat sink vertically 
positioned in still free air with both sides exposed. The heat-sink area 
is twice the area of one side. 

9. (JC-A includes the case-to-heat sink thermal resistance, (JC-HS• in 
addition to the heat-sink-to-free-air thermal resistance, OHS-A• and is 
defined by the equation, OC-A = OC-HS + 9HS-A· 

MAXIMUM AVERAGE ANODE POWER DISSIPATED 

AVERAGE ANODE FORWARD CLl<RENT 

TJ = 125°C 
o. 9 t---t---f: 

~ 

I o.e 1---t--tt--t--f'-t--t1r--+-1'--t---t 
II 
i ·a 0.1 .---r--.-.-.--.--.....-.--r--.....,--...---1 
0 
; 
rf. 0.6 t---+---+-tl--1Ht+--+-+--+--+---t 

j 0.5 t--+-r--tt+i,_,.+----ifr--t--+---t 

f -( o ... ,_ _ _,...,,_,....,,..,...._T#"_-r----.--...---1 
~ • 
Io.3t----j'-fi'fT_,.-r-~-r-~t-----t~...., 
I 
10.2 t--.rfl'ff-7"!f---+---+-f--f---+---I 
~"' 

0.1 

100 

Ir 
I 

70 

40 

~ 10 

100 200 300 400 500 600 
lflav) -Avercige Anode Forward Curr.nt -mA 

FIGURE 3 

TYPICAL HEAT-SINK AREA .. 
CASE-TO-FREE-AIR THERMAL RESISTANCE 

1/16" - THICK ALUMINUM HEAT SINK 

-1 
1 
-1 
' 
~ 
~ 

Mounted with \ Wakefield Engineering 
Delta Bond No. 152 I\ General Purpose Epoxy Adhesive 

See Notes 80~ 

.l ~ 
10 20 70 
Be_,.,- Case-To-Free-Air Thermal Resistance - deg/W 

FIGURE 4 

700 
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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 
1 700 

~ Continuous DC 
i 600 1------~---i-':":4 ........ ___,~,...-1 s l 500 
"' 4>= 1so• 

1-----+-----+--~ 

l. <400 4>= 120° 

<I>= 90• f 300 <I>= 60" 

~ 
~ 200 4>= 30° 
E 

j 100 r---+---+----+-___:~~ 
I 

25 50 75 100 
Tc - Case Temperature - °C 

FIGURE 5 

TA - Fr .. -Air Temperature - °C 

FIGURE 6 

TYPICAL CHARACTERISTICS 

1. 
J 
c . 
t 
" u 
~ 

:ii 
u 
0 .. 
l 
1 
• 
1 

0.'4 

0.1 

0.0'4 

0.01 

Vr 

STATIC ANODE FORWARD BLOCKING CURRENT 
vs 

FREE-AIR TEMPERATURE 

Rated VFR 

RGK= 1 kO 

± 
_f 

0.001 .____.,____. _ __... _ _.__ ....... _ _.__...._ _ _, 
-75 -50 -25 0 25 so 75 100 125 

TA - Free-Air Temperature - °C 

FIGURE 7 

1. 
I 
c 
i 
u 
~ 

::;; 
!! .. 
• 

10 

0.'4 

! 0.1 

1 0.0'4 

u i 0.01 

I o.004 

0.001 

STATIC ANODE REVERSE BLOCKING CURRENT 
vs 

FREE-AIR TEMPERATURE 

EVR Rated VRR 
F-
l=RGK= 1 kQ z 

L 
L 

IL 
.Ll 

IL 
~ 

L 

-75 -50 -25 0 25 so 75 100 125 

T,..-Frae-Alr Temperature -"C 

FIGURE 8 
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TYPES TIC44, TIC45, TIC46, TIC47 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

24114 

TYPICAL CHARACTERISTICS 

GATE TRIGGER CURRENT GATE TRIGGER VOLTAGE 
VI vs 

FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
1000 

VAA 6V = 
«JO 

~ 
I 100 
c 
~ '40 ::> 
u 
:0 

~ 10 

....... RL = 100'2 = ....... 

""" 
lp(g) "' 20 .... -

RGK= 1 kQ ~ 

3 
See Note 6 ~ 

~ 
.... 
~ 4 
C> 

I 
_l; 

~ 

" 
0.4 ~ 

0.1 o~-~-~-~--~-~-~-~-~ 
-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 

TA- Free-Afr Tomperature -•c TA - Free-Air Temperature - •c 

FIGURE 9 FIGURE 10 

NOTE 6: When measuring these parameters, a 1 kO resistor should be used between gate and ca.thode to prevent triggering by random noise. 

HOLDING CURRENT 
vs 

FREE-AIR TEMPERATURE 

TA - Free-Air T emperoture -. °C 

FIGURE 11 

-

TURN-ON TIME 
VS 

GATE CURRENT 

VAA = 30 V 

r----+---+-+--+--il--ct--i-t--RL=50Q -

8 r----+---+-+--+--ir--'t--i-t-- lp(g)> 20 .... -

0 0.2 

T,.. = 25°C 

0.4 0.7 2 
IG -Gate Current-mA 

FIGURE 12 

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

mechanical data 

350 ma - 30 to 200 VOLTS - 20 µa GATE SENSITIVITY 

All PLANAR, OXIDE.PASSIVATED JUNUIONS 
NO SOLDER OR FLUXES 

• High Operating Temperatures 
• High Surge Current Capability 
• Fast Switching Speeds 
• low Forward Voltage Drop 

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. 

• THE ANODE 15 IN ELECTRICAL 
CONTACT WITH THE CASE 

•ALL JEDEC T0-18 DIMENSIONS 
AND NOTES ARE APPLICABLE. 

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

21113001 2N3002 2N3003 2N30cM UNIT 

*Continuous Forward Blocking Voltage, YFa (See Note 1) 30 60 100 200 v 
•continuous Reverse Blocking Voltage, YR 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 
*Continuous Anode Forward Current at (or below) 55°C 

Free-Air Temperature (See Note 2) 350 ma 
*Continuous 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°( Free-Air Temperature (See Note 2) 250 mo 
•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 Tempemture Range -65 to+ ISO oc 
*Storage Temperature Range -65 lo+ 200 oc 

NOTES: 1. This value applies when the Gate-Cathode lesislance. R6 K ~ 1 k 0. 

2. For operation above n°c frtt·air ltmp1ratur1, refer to Anode Forward Current Derating Curve. Figure 1. 

3-. This raling applies for ant half-cycle sine waVI, 60 cps, when the device is conducting maximum rat1d curr1nt imm1diat1ly Hfor1 and after tht 
surg1. Surg1 may b1 r1p11l1d afttr th1 dni<1 has r1tumlcl to original thermal 1quililuium conditions. 

*lndlolts JEDEC roglsltrtd data. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOK 5012 • DALLAS, TEXAS 75222 

24401 
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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) 

PARAMmR TEST CONDITIONS MIN 

1, Anode Forward Blocking Currenrt 
V.,. - Haled v,., Re. - l lcO 
v.,. = Raled v,.. leK = l kO, TA = uo•c 

1. Anode Reverse Blodcing Currenrt VKA-RaledVL leK- 00 

Yu - Haled v .. ReK - oo, rA - 1so•c 
1 .... Gale Reverse Curren! v • ., - Sv, Ii.- 00 

l&T(onl Gale Trigger Curren1t VAA - Sv, Ri.-120 
YM = Sv, lti.-120, TA= -65°c 

Y&T(onl Gale Trigger Vollaget VM = Sv, Ri.= 120 
VM= Sv, Ri.= 120, TA= uo•c 0.2 

IH Holding Curren! 
R.,.=lkO 
l&1e = lkfi, TA= -•s•c 

'• Peak Instantaneous Fwd. Voltage 1, = 350 ma, (See Nole 4) 
dY/dt Criliml Rale of Anode Voltage Rise v.,. = l.Ov 

tFor additional Tl 1uaranteed characteristics, He Figures 2, 3, 6, and 7. 

switching chara • ti cter11 cs a t 25°C f ree-a1r temperature 

PARAMETER TEST CONDITIONS 

I.., Tum-On Time VM - 200 v, ... - 2.HO, ... -1000, 
v,. = 3.0v, (See Fig. 14) 

, ... Commutating Tum·Off Time YM = SOv, ... -1400, 1N64S between 
gale and cathode, (Sel Fig. 15) 

thermal characteristics 

24402 

PARAMETER TYP 
JunctiOD-to-Case Thermal Relistance 75 
Junction·to-fr•-Air Thermal Resistance 275 

NOTE 4: Tiits• parameters must b1 maasuml using pulse tec:hnlques. Anode pulse width = 300 p.stt, PRR = 10 pps. 

• lndicales JEDEC reglslered dala (typical data ududed). 

ANODE FORWARD CURRENT DERATING CURVES 

400 .-~~.--~--.~~ ....... ~~ ........ ~~....--~--. 

~ 
I 1350 
0300 t--~~t--~--t~--"" 
~ 
j 250 1-------
l 200 < 1--~~1--~--.~~-..· 

& 
e 150 1--~~1--~--1~~-+~-" 

l 
~ 100 
E 

l so 
I J 0 o'--~~2~5~~5~0~~-7~5~~,~oo'---~-1~25~~1~so 

T. -Ambient Temperature - °C 

FIGURE 1 

TYP MAX UNIT 
100 na 
100 µ.a 
0.1 µ.a 
100 µ.a 

s µ.a 
s.o 20 µ.a 

0.9 v 
o.ss 0.7 v 

v 
1.2 3.0 ma 

4.0 ma 
1.2 v 

400 V//JMC 

2N3004 
TYP UNIT 

0.3 µ.sec 

3.5 µ.sec 

UNIT 
"C/watt 
•c/watt 
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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 

v,. =RA TED VFB 
R0 ,=1 kfi 

10 TJ :::!: T,., -<----+----+----+---+--+--+,,,,__----< 

0.0001 '---~-~-~-~~-~-~-~-~ 
-75 -50 -25 0 25 50 75 100 125 150 

T,., - Free-Air Temperature - °C 

FIGURE 2 

PEAK INSTANTANEOUS FORWARD VOLTAGE 
vs 

ANODE FORWARD CONDUCTION CURRENT 

> 2.4 ~,~T ~l~'~lI~-~~~~~~-
1 .____~ ~1( = ~+l++t+-->--+-+-+-<'++H---+--+-+-+-++<f+< 
:!l, 2.01--See Note 5++!--+-f-+++++++---le--1--!~+l.ll 
l! g 
-0 
5 1.6 
i: 
..e 
s 

1. 2 0 
~ c 
l! 
c 
~ o.a £ 

] r. = 15o•c_....i-+-

I 0.4 
>~ 

0 
0.01 0.10 1.0 10 

IF -Anode Forward Conduction Current - a 

FIGURE 4 

0 
"- 10 

0.0001 

ANODE REVERSE BLOCKING CURRENT 
vs 

FREE-AIR TEMPERATURE 

V., = RA TED V, 
RGJ( = 00 

rJ~ T,., 

-75 -50 -25 0 25 50 75 100 125 150 

~ 
I 
~ 1.2 , 
u 

O> 
c 

r .. - Free-Air Temperature - °C 

FIGURE 3 

TYPICAL HOLDING CURRENT 
vs 

FREE-AIR TEMPERATURE 

~ 0.8 f---+--+---+-'...,..-+---+---f''o<--+--t--f 
I 

I 

0.4 

-50 -25 0 25 50 75 100 125 150 
T,., - Free-Air Temperature - °C 

FIGURE 5 

NOTE: 5. Thtse parameters were measured using pulH techniques. Anode pulse width = 300 µsec, PRR = 10 pps. 
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TYPES 2N3001, 2N3002, 2N3003, 2N3004 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

24404 

0 
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t , 
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0 
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GATE CHARACTERISTICS 

GA TE TRIGGER CURRENT 
vs 

FREE-AIR TEMPERATURE 
140 

120 
VAA =5.0 v 

. -- RL ; 12 1l 

T, -.::::. TA 
100 See Note 6 

80 

60 

40 

20 

0 

-20 
-75 -50 -25 0 25 50 75 100 125 

TA - Free-Air Temperature - °C 

FIGURE 6 

TYPICAL GATE -CATHODE VOLTAGE 
vs 

GATE FORWARD CONDUCTION CURRENT 

0.2 .....f-

0.1 10 100 
IGf- Gate Forward Conduction Current - ma 

FIGURE 8 

150 

1000 

1J, 
.E 

GATE TRIGGER VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

VAA =5.0 v 
f-----...:+--+---t-----t---t-- R, ; 12 fl 

Tj ~TA 
-+--+--See Note 6 

~ o. 6 1----+--+---""k---+--+--""'.t---+--+------i . 
"' ! 
~ o. 4 f-----+--+-cc--+----+--t--+--"'1..--t----"'1 
0 
I 

0 

>Go.21-----+--+--+--~---1---+----+--+=,...,_. 

0'----'--'-~.1-.--"-~--L-~...____.~__..____. 

-75 -50 -25 0 25 50 75 100 125 150 
TA -Free-Air Temperature - °C 

FIGURE 7 

TYPICAL GATE TRIGGER VOLTAGE 

o~~~~-~~~~~~~~~~ 

0.01 0.1 10 
PW - Gate Pulse Width - µsec 

FIGURE 9 

100 

NOTE: 6. These parameters were measured using single pulse techniques. Anode pulse width = 300 µ.sec, 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, TA =25°C 

TURN-ON TIME 
vs 

GATE INPUT PULSE AMPLITUDE 

v~2o6J 
R, =570 1l 
See Fig. 14 -1 
2N3004 

~ 
r I\ 

~ 
,..,.. Ii. 

m .fl 
JI 

10 
V'" - Input Pulse Amplitude - v 

FIGURE 10 

TURN-ON TIME 
vs 

ANODE FORWARD CURRENT 

100 

1.0 

l o.e 
I 
~ 0.6 
;.: 

6 
I 0.4 E 
.: 
'· •• 0.2 

0 
0 

u 20 

TURN-ON TIME 
vs 

ANODE SUPPLY VOLTAGE 

V;" =3.0v 

R =~ 
L 350 ma 

R0 = 100 1l 
See Fig. 14 

50 100 150 
V., -Anode Supply Voltage - v 

FIGURE 11 

COMMUTATING TURN-OFF TIME 
vs 

ANODE FORWARD CURRENT 

200 

2N3004 J ~ RG••"F 10 k 0 

0.3 

0.2 

0.1 

0 
1 

v 
r-H-II--

v •• = 200 v 
R, = 200 y 

I, 
R0 = 100 1l 
v. =3.0v 

Jilgjj 
l 1lll 

10 100 
I, -Anode Forward Current - ma 

FIGURE 12 

I 
" E 
;.: 

5 
I 

E 
~ .... .. 

.!: 
2 
~ 
E 
E 
0 
u 
I 

1000 
j 

16 

12 

8 

4 

R, = 5ov, See Fig, 15 

0 
I, 

0 50 100 150 200 250 300 350 
IF -Anode Forward Current - ma 

FIGURE 13 

PARAMETER MEASUREMENT INFORMATION 

INPUT ~ , I 
0 I I- .M .... 

~--~;sov 
1 See Note C 

'· 
~ OUTPUT VOLTAGE WAVEFORM 

OUTPUT 

VOLTAGE WAVEFORMS '•l V.-

See NotesA,B, ond C Rl OUTPUT •• 
Switch clOlel ot '• 

100 II 
J1. 

GENERATOR 

FIGURE 14- TURN-ON TIME JEST CIRCUIT FIGURE 15 -TURN-OFF TIME TEST CIRCUIT 

NOTES, A. Y;0 ls 11e00111d wit• 9ah and catllede tennlnals canneclod as ••- all1i anode ternln1l ap111. 
I. The Input wavtlann has the lallawlng characterlsllcs. t, :::;; 40 nH<, PW ~ d1¥ict tum1ft tlm1 al the op11atlng point. 
C. W1¥1 lonns art monllo1od .., an oscilloscope with foll owing c•aradlrisllcs t, :::;; 14 n11c, 1;0 ~ 10 II 0. C;0 :::;; 12 pf. 
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TYPES 2N3001, 2N3002, 2N3003, 2N3004 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

R, 

c, 
2N3001 

RG 

o, 

D, 

TYPICAL APPLICATION DATA 

20-kc RING COUNTER 

R, 

c, 
2N3001 

o, 

D, 

t'..__lnsert additional 
stages here. 
(3 stages shown) 

Ro 

o, 

INPUT 

rln 

v •• --

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

24406 

a. V AA Range for 20-kc Operation: 6 v to 30 v (Rated V ••> 
b. VAA Range for 10-kc Operation: 2.75 v to 30 v (Rated v.,) 
c. Range of Input Amplitude for 10-kc operation: 3 v to 8 v 

CIRCUIT COMPONENT INFORMATION 

RA: 330.0 

Ra:33k.0 

Rs: lk.0 

R.<:33.0 

All Resistors, ± 5% tolerance, ¥.. w 

CA : 0.06 µf ± 20% 

c, : 0.001 µf ± 20% 

L : 40mh 

0 1, 0 2, and 0 3 1N914 

NOTE: 1. The commutating tum-off time of the 2N3001 series thyristor is significantly affected by the source impedance al the gate firing circuit as shown 
in Fig. 13. Fader tum-off times are achieved when this impedance is low. However, some circuits require the use of a high source impedance, 
nan though fad turn-off is desired. In these applications, a diode may be used lo by-pass the gate-cathode junction, as shown in the circuit in 
Fig. lS. This diode improves commutating turn-off time by eliminating the effect of the gale-cathode recovery time. 

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 2N3005, 2N3006, 2N3007, 2N3008 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

mechanical data 

350 ma - 30 to 200 VOLTS - 200 µa GATE SENSITIVITY 
All PLANAR, OXIDE-PASSIVATED JUNCTIONS 

NO SOLDER OR FLUXES 

• High Operating Temperatures • Fast Switching Speeds 
• High Surge Current Capability • Low Forward Voltage Drop 

• Gate Turn-Off Capability 

The devices are in a hermetically sealed welded case with a 9lass-to-metal seal between case and leads. 
Approximate weight is 0.35 grams. 

• THE ANODE IS IN ELECTRICAL 
CONTACT WITH THE CASE 

'ALL JEDEC TD-18 DIMENSIONS 
AND NOTES ARE APPLICABLE. 

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

2N3005 2N3006 2N3007 2N3008 UNIT 

*Continuous Forward Blocking Voltage, VFa (See Nate I) 30 60 100 200 y 

*Continuous Reverse Blocking Voltage, V, 30 60 100 200 y 

*Peak Forward Blocking Voltage (See Note I) 30 60 100 200 y 

*Peak Reverse Blocking Voltage 30 60 100 200 y 

Peak Gale Reverse Voltage 8 y 

*Continuous Anode Forward Current at (or below) 55°C 
Free-Air Temperoture (See Nole 2) 350 ma 

*Continuous Anode Forward Current al 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 Nole 3) 6 a 
*Peak Gate Forward Current (Pulse width :5 8 msec) 250 ma 
'Average Gate Power Dissipation IDO mw 
'Operating Free-Air Temperature Range -65 to +ISO oc 
'Storage Temperature Range -65 ta+ 200 oc 

NOTES: l. This value applies when the Gate-Cathode Resistance, RGK :S 1 k 0. 

2. For operation above SS°C free-air temperature. refer to Anode Forward Current Berating Curve, Figure 1. 

3. This rating applies for one half-cyda 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 orlgi nal thermal equilibrium conditions. 

•Indicates JEDEC registered data. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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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) 
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

1, Anode Forward llledcln1 Currentt '"" = lattd v,., .... - 1 kO 100 na 
v ... - lated v ....... - 1 kO, TA - 150°( 100 /J.ll 

1. Anode ltvene Blocking Curnntt '•A = Ralld v .. •• = QO 0.1 ~. 

'•A = Ralld '·· -... = co, TA = uo•c 100 _E_ 
1 ... Gate ltvene Curnnt v •• =sv, ... = QO 5 /I.II 
loyt...i Gate Trlg91r Curnntt YM= SY, lo.= 120 90 200 /J.ll 

VM =SY, lo.= 120, TA= -65°C G.9 y 

'•Ttenl Gate Trl9111 Yollapt YM= h, lo.= 120 0.6 0.1 y 

VM-h, lo.- 120, TA - 1so•c 0.2 y 

IH Holding Curnnt 
.... -lkO I.I 5.0 ma 
loi.-lkO, T4 - -65°C 1.0 ma 

v, Peak Instantaneous Fwd. Voltage 1. - 350 ma. (See Nolt 4) 1.2 y 

dV/~t Crllkal llatt of Anode Valfate Ilse 
'·· - 1.0v 

400 Y/JIM( 

tFor addltlonal Tl guaraot...i c•arattorlstlcs '" F1tuns 2 J 6 and 7 . ... 
switching characteristics at 25°C free-air temperature 2N3008 

PARAMml TEST CONDITIONS 

t., Tum-On 1lml VM - 200Y, ... -2.UO, .. - 1000, 
Y1n = 3.0Y, (See flt. 14) 

'off Cammutallnt Tum-Off Timi VM - Sh, lo. - 1400, 1N645 lier-
lllfe alld adhadl, (See .!!i:_ 1~ 

!•r.J!l!l Gate Tum·Olf Curnnt 1, - 200 ma (Seo 11o1t 5) 
I !_er loffl Gate Tum-Off Voltage YM ::S 100 y (Not to extllld lated v .. 1 

thermal characteristics 

PAIAMETll TYP 

Junctlon-h>-Cme Thermal llllstan11 75 
BJ.A Jundlan-111.fr•-Air Thermal ltslstanct 275 

llOTE 4. Th ... partllllltts "'"'' be mHSUM usln9 p•lll llcllol .. 11. Anodo pul,. wldfll = 3GO p.m, PH = 10 pps. 
NOTE 5: Anode current not to mttd 200 ma for gate turn-off appllc:atitns. 
• lldl- JEDEC rt9ld1rod dot1 (lyplctl doto ucludodJ. 

TYP 

0.55 

2.2 

40 
u 

ANODE FORWARD CURRENT DERATING CURVES 

24408 

~ 
I 

400 ~-"""T--.,----r---r----r----. 

f 350 

u 300 l----+--1---
1! 

j 250 ------

] 200 I----+--+---...... 

• 
J1so 1----+---1------1--~~~i..---+---1 

~100 l----+-~-1-----1---+-~~i"'od----I 
E 

i so ~--4--+---+--+----1 ............ ---1 
I J 0 o.__ __ 2~5--so..._~-7~5--1~00~~1~25-~1so 

T. -Ambient Temperature - "C 

UNIT 

JIM' 

/"'8C 

ma 
y 

UNIT 

•c/watt 
•c/watt 
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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 
vs 

FREE-AIR TEMPERATURE 

V., =RATED V" 
Rc,=1 kn 

10 TJ::. T,.. -+----+----+---+---+--+--_._-----< 

0.0001 '--~'---'--~'--__J'--.......1~.......1~.....J.~......L~-' 
-75 -so -25 0 25 50 75 100 125 150 

TA - Free-Air Temperature - °C 

FIGURE 2 

TYPICAL PEAK INSTANTANEOUS FORWARD VOLTAGE 
vs 

ANODE FORWARD CONDUCTION CURRENT 
2.4 

ilYI I--' J • 

RGK =CDT 
> 
I 
1l. 2.0 
l! 

!--See Note 6 

~ 
"E 1.6 

1 
11.2 
l! 
c 
~ ..E 0.8 
_,, 
£ 
I o.4 

0 
0.01 

~ 
T. ,,_55•c i.-1- ~ ti' 

1• _ zs•c 1..-l- v 
I-+"' ~. ,,.1so•c--

0.10 1.0 
If -Anode Forward Conduction Current - o 

FIGURE 4 

10 

I 

~ 
a 
"' .!; _,, 
u 
0 

;;; 

1 
j 

ANODE REVERSE BLOCKING CURRENT 
vs 

FREE-AIR TEMPERATURE 

~0001 '--'---'--__Jl....-__J _ __J~--'~--'~--'~-' 

4.0 

3.5 

~ 
3.0 

I 2.5 
~ 
~ 
" 2.0 u 

"' .!; .., 
0 1.5 
:i:: 

I -= 1.0 

0.5 

-75 -50 -25 0 25 50 75 100 125 150 
T" - Free-Air Temperature - °C 

FIGURE 3 

TYPICAL HOLDING CURRENT 
vs 

FREE-A JR TEMPERATURE 

-50 -25 0 25 50 75 100 125 150 
T" - Free-Air Temperature - 0c 

FIGURE 5 

llOTE 6: These parameters were measured using pulse tethnlques. Anode pulse width = 300 µsec, PH = 10 PJK· 
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TYPES 2N3005, 2N3006, 2N3007, 2N3008 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

GATE CHARACTERISTICS 

GATE TRIGGER CURRENT 
vs 

FREE-AIR TEMPERATURE 

g_ 
600 

~ \~J-'--_,_____,______,___,___,_______._____, 
I\ 1;. 
~ i-4----1--+--v-•• 4--=-5.--10f--v-+---l 

c ~ 
~ T ~4----1--+- R, = 12 !l -+---1 

a ' - ~-~ 
I\ ~ See Note 7 

~ 400 ._.. l ~\+I ,..~J.~--+"-~-~ 
~ t-- Qi( ~--'ol----1-----1---l----l--+-----I 

~200 ~~ 
-2 1'..I~ 

0 ~~jG=UA~RAjj:N::::TjElt:D:M:l~§'M~uf~~lt-~3+-~~~E-~~ -~ L ~ 
-75 -50 -25 0 25 50 75 100 125 150 

TA - Free -Air Temperature-°C 

FIGURE 6 

TYPICAL GATE - CATHODE VOLTAGE 
vs 

GATE FORWARD CONDUCTION CURRENT 

10 F- Gate Forward Conduction Current - mo 

FIGURE 8 

& 
.E 

GATE TRIGGER VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

~ o. 61--+--+--+--~oe--+--+---+--I-~ 
8, 
-~ 
,!: 

~ o. 41-r---+::.=: 
<.:> 

I 

o~--+---'--'"----+--'--"'----+--'----' 
-75 -50 -25 0 25 50 75 100 125 150 

TA -Free-Air Temperature - °C 

FIGURE 7 

TYPICAL GATE TRIGGER VOLTAGE 
vs 

GATE PULSE WIDTH 
5.o ~~~~~~~,-'TT~TTTTT~l"~~ 

VA,., = 50v 
t---+l{.+<-+++i++--+--+-+++++++---+--+R, = 140 !l 

I I T,"' T. 
> 4. 0 t--+-tt*+f+tt+--4f-+-+-++++1+---+-+ See Note 7 
I T. = -55°C 

f tffilf i 3. 0 r-++\H'-l++lfVi -< T, illl] ~-'--l-1--'"''""--,___,_._.J.J.iJJ 
·~ 1. T = 150°C 

>- f-+-t-+N+ \-l\JY
1 k1_-+· - H - -H j 2.0 

I ~ 

J 1.0 ~-~tH-+1-t-~tt-~~e~I 
0'--..L.....i....l....LLl..W_l-J....l....U..LI.Jl...--1.....L..JU..U.J.ll..._J__.J....LJ..WlJ 
0.01 0.1 10 100 

FW - Gote Pulse Width - ~sec 

FIGURE 9 

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

u 
;. 
I 
~ 
;:: 

0 
I 

e 
,:! 

I . 

TYPICAL SWITCHING CHARACTERISTICS, TA=25°C 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

0 

TURN-ON TIME 
vs 

GATE INPUT PULSE AMPLITUDE 

v .. =200 v 

t--+-+++H-~,__R, = 570 n 
See Figure 14 

1111111 I 

0.1 10 

0.8 

V;" - Input Pulse Amplitude -v 
FIGURE 10 

TURN-ON TIME 
vs 

ANODE FORWARD CURRENT 

2N3008 ill 

u 
" !!l. 
I 
~ 
;:: 

0 
I 

e 
~ .... 
'· . 

100 

1.6 

1.4 

1.2 

1,0 

o.s 

0,6 

0.4 

0.2 

0 

~ 

0 

TURN-ON TIME 
vs 

ANODE SUPPLY VOLTAGE 

v. -3.0v --

R = V..,.._ 
L 350 ma=-.___., _ _,____,~_, 

R0 =10011 
See Figure 14 2N3008 

50 100 150 
VA• -Anode Supply Voltage - v 

FIGURE 11 

200 

COMMUTATING TURN-OFF TIME 
vs 

ANODE FORWARD CURRENT 

i 0.6 
y 

I" :>. 

I 
~ 

~ R, =50v 
0 61-----t--+---1---r...- I, i.-r-

;:: 0.4 I See figure 15 ! v •• =200v-1 

R< =200v u j l 41--~~:::!..-=..:+~~===t:==::t::~ 
l! 

I, 
R0 =100 !l 

I 0.2 ! 2 f--:::::1~;;;;.::.::;:;::::......::r;.;.~==t===I v.=3.0v 
See figure 14 

-· 
0 

1 

]] [ I 
10 100 

I, -Anode Forward Current - ma 
FIGURE 12 

I 

1000 100 150 200 250 300 350 
I, -Anode Forward Current - ma 

FIGURE 13 

PARAMETER MEASUREMENT INFORMATION 

INPUT 

OUTPUT 

:r-·r----:-\ 
~10'6 l \__ 

o I 
I I I'- ,_ ..... 

~ 
v .. 

VOLTAGE WAVEFORMS I., I 
See Notes A,B, and C t Rl .. 

100 Jl 
.n. 
GENERATOR 

OUTPUT 

FIGURE 14- TURN-ON TIME TEST CIRCUIT 

v,--~~50· 
1 S..Nor.C 

'· OUTPUT VOLTAGE WAVEFORM 
----IVu•+SOv 

,,. 1N645 
I (See Note 8) 

Switch cloMt ot t. 

FIGURE 15 -TURN-Off TIME TEST CIRCUIT 

llOTES, A. 'in Is moasuml with "'9 and calhadt ltrmlnals <annodod as shown and anatlt lermlnal opon. 
I. The Input wGYtfonn llas th1 fallowing ch1raderistics; tr ~ 40 nstc, PW ~ device tum-on time 1t the operming point. 
C. Wanfonns art menitorld on an osdllaKope wl .. following characteristics tr ~ 14 nsec, lin ~ 10 II 0, (in S 12 pf. 
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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. o i------r-----r---t--t--+---t---+:=""'1 

in addition to the standard controlled switch characteristics. ~ 
Figure 16 shows the typical gate turn-off gain as a func- .5 vV 84.0 1---+~-+~+-.,...,_F--+~-l-~+---I 
tion of anode current. This characteristic offers increased VV 

8 flexibility in the design of pulse-width modulators, pulse- I / 
.!5 3.0 1--~v-""---·+-·--+--!----+ forming networks, static switches, choppers, bistable-circuits - /Jo,. =Ji._ 
2 ~~ 

and inverters. i3 T, = 25•c 

r, ~ 

~11 4- IGTloffl 

o-3....__-

TYPICAL GATE TURN -OFF CIRCUIT 

I 2. o 1---+--+---+---+---+--+---+----1 
.. 
"' 

1. 0 t--T----r----+---11---+---t----+---i 

0 .___ ....... _ __. __ ..._ _ _._ _ __. __ ..__....._ _ __, 

0 50 100 150 
IF - Anode Forward Current - ma 

FIGUIE 16 

I I I 

200 

lorloffJ 

_L_ 
IGT(off) - IJoff 

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 f3off• 
contact your nearest Tl Sales Office for information on special types. 

NOTE 8: The commutating tum-off time of the 2N300S series thyristor Is significantly affected by the source impedance of the gale firing circuit as shown in Fig. 13. 
Faster tum-off times are ath18Yld when this impedance is low. HowMr, some circuits require the use of a high source impedante, nen though fast tum-off is desired. In 
tflese applications, a diode may be used to by-pass the gate-cathtde junction, as shown in the circuit in Fig. 1 J. This diode improves commuted Ing tum-off time by 
elimin1ting the effect of the gate"4:atltode reCDVll')' time. 

24412 lEXAS INSTRUMENTS RESERVES THE RIGHI 10 MAKE CHANGES Al ANY llME 
IN ORDER TO IMPROVE DESIGN ANO 10 SUPPlY !HE BEST PRODUCl POSSIBLE. 

869 



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

mechanical data 

1 AMP AVG - 30 to 200 VOL TS - 20 µa GA TE SENSITIVITY 
All PLANAR, OXIDE-PASSIVATED JUNCTIONS 

NO SOLDER OR RUXES 

• High Operating Temperatures 
• High Surge Current Capability 
• Fast Switching Speeds 
• Low Forward Voltage Drop 

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. 

*ALL JEDEC T0-5 DIMENSIONS 
AND NOTES AIE APPLICABLE. 

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

2N3555 2N3556 2N3557 2N3558 UNIT 

Continuous Forward Blocking Voltage, YFll (See Note 1) 30 60 100 200 y 

Peak Forward Blocking Voltage (See Note 1) 30 60 100 200 y 

Continuous Reverse· Blocking Voltage, VRo (See Note 2) 30 60 100 200 y 

Peak Reverse Blocking Voltage (See Note 2) 30 60 100 200 y 

Continuous or RMS Anode Forward Current at (or below) 100°C 
1.6 a Case Temperature (See Note 3) 

Average Anode Forward Current (180° Conduction Angle) at (or below) 
1 a 100°C Case Temperature (See Nole 4) 

Peak Anode Surge Current (See Note S) 18 a 
Peak Gate Reverse Vohage 8 y 

Peak Gore Forward Current (Pulse width :5 8 msec) 250 ma 
Average Gate Power Dissipation 100 mw 
Operating Case Temperature Range ~s to +uo •c 
Storage Temperature Range ~s ta +200 •c 

NOTES, I. 111111 valuos apply whon tho 9ato·cat .. d1 ruisla0<1 ileK :5 I k ll. 
2. Thesa nlues apply when the gate-cathode resistance 16K = oo. 
3. Thh value applles for continuous d-c: or single-phas1, 60-cps, half-sine-w11Ye operation with reslstlYI load. Above 100°C. derail accardint to Fig•re 13. 
4. This value may be applied continuously ander singlt-phase, '°-cps, half·sine..wave operation wit• resistive laad. Above 1oo•c, ••rate according te;.flgure 13 • 
.5. This value applies for one 60..c:ps half sine wan when the dlfiet is operating at (or below) rated values of peak reverse blocking volt1ge and 

anode forward current. Surge may be repeated after the dnlce has returned to original thermal 1quilfllrium. 

,ndi,ates JEDEC registered data 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DAt..LAS. TEXAS 7!5222 
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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 

1 .. 
Static Anode Forward y AK = Roted v.R. RGK = 1 k!l 100 no 
Blocking Current YAK = Roted v .. , RGx = l k!l, Tc= 1S0°C 100 µa . 

VKA = Ra,ted v.0, IG = 0 0.1 
1.0 

Static Anode Reverse µa 
Blocking Current VKA = Ra,fed v.o. IG = 0, Tc= 150°C 100 µa 

IGKO Gate Reverse Current VKG = 5 v, IA= 0 -s µa 
IGr Gate Trigger Current VAA = Sv, RL = 12!l, PWG 2::: 10 µsec s 20 µa 

VAA = 5v, RL=12!l, PWG 2::: 10 µsec, 0.9 y 
Tc= -6S°C 

VGr Gate Trigger Voltage VAA = 5v, RL=12!l, PWG 2::: 10 µsec 0.55 0.7 y 

VAA = 5v, RL = 12n, PWG 2::: 10 µsec, 
0.2 y 

Tc= 1so0 c 
RGK = lk!l, RL=2k!l 1.2 3 mo 

IHR Holding Current 
RGK = lk!l, RL = 2k!l, Tc= -6S°C 4 mo 

v. Forword Voltage 1. = 1.6 o, RGK2::: 1 k!l, See Nate 6 1.4 y 

dv I dt Critical Rate of Anode Voltage Rise VKG = 1v 400 !v/µ,sec 

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

2N3558 
PARAMETER TEST CONDITIONS 

TYP 
UNIT 

Ion Turn-On Time VAA = 200v, RL = 2.2 k!l, RG=lOO!l, 0.3 µsec 
V;n = 3 v, See Fig. 14 

fotf Commutating Turn-Off Time VAA = SOv, RL = 140!l, 1 N64S between 3.S 
gate and cathode, See Fig 1 S µsec 

thermal characteristics 

PARAMETER MAX UNIT 

fhc Junction-to-Case Thermal Resistance 3S °C/w 

NOTE 6: The initial Instantaneous value is measured using pulse techniques. Anode-pulse width= 300 µsec, PRR = 10 pps. 

*Indicates JEDEC n19istered data (typical data excluded). 

8~ 
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TYPES 2N3555, 2N3556, 2N3557 I 2N3558 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

ANODE CHARACTERISTICS 

I 

l a 
g> 

:;; 
g 

;;; 

10 

STATIC ANODE FORWARD BLOCKING CURRENT 
vs 

FREE-AIR TEMPERATURE 

V., =RA TED V,. 
R0 , =1 kn 
T," T. -+---+---+---+--+---+------; 

~ 0.11---+--+--+--+--...,..__,_,'---'_--+---+ 

j 
i O.Olr--r--+----:7"'-f"'<;:::--tT--r------1----t--; 
~ 
-~ 
~ O.OOlr---r---r:::.,..."F--+--r---r-----1r-----t--; 

0,0001 ..__..__....__..__....__.___.____,.____. _ _, 
-75 -50 -25 0 25 50 75 100 125 150 

5 

TA - Free-Air Temperature - °C 

FIGURE 1 

TYPICAL FORWARD VOLTAGE 
Y5 

ANODE FORWARD CURRENT 

T},,. t_ 11 
1--11o.;,: 1 kQ 

4 

0 
0.1 

See Note 7 

j 

1 
I][_ 

ILi TA = -551 
, 

v TA= 25°C 
II I 

..L TA= 1so•c 

'- v ~ 
1--

1.0 10 
IF - Anode Forward Current - a 

FIGURE 3 

100 

g_ 
I 

I 
a 
"' c 

:;; 
u 
0 

;;; 

10 

STATIC ANODE REVERSE BLOCKING CURRENT 
vs 

FREE-AIR TEMPERATURE 

V,, =RA TED Vao 
le= 0 
T,"' T, 

5 0,1 t--+--t--l-"""~f--f#--jf---jf---f----1 
> 
.:! 

1 0.01 

u 

-~ 
"' 0.001 

0.0001 
-75 -50 -25 0 25 50 75 100 125 150 

~ 
I 

T,., - Free-Air Temperature - °C 

FIGURE 2 

TYPICAL HOLDING CURRENT 
v• 

FREE-AIR TEMPERATURE 

l 1·2 ~~~-~ --+--11,.---+--+--+--+--1 

" u 

"' c 

~ o. 8 1---1---t--1-""~f----j---l"'c--+--+----t 
J: 

I 

0.4 

-50 -" 0 " 50 ~ 100 1" 150 
TA - Free-Air Temperature - °C 

FIGURE 4 

NOTE 7: These parameters were melllsured using pulse techniques. Anode~pulse width= 300 µsec:. PRI = 10 pps. 
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TYPES 2N3555, 2N3556, 2N3557, 2N3558 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

24420 

GATE CHARACTERISTICS 

120 

GATE TRIGGER CURRENT 
vs 

FREE-AIR· TEMPERATURE 

V,,.,,. =5v 
---1---+---+-----11-- R, = 12 A 

PWG l!: 10µsec 
+---+---+----11--TJ ~ T.., 

See Note 8 

g_ 
I 100 

1 80 >----+-->. 

.~ 60 

.... 
! 40 l---+,._-+-__,,,.__--+--+---+---1---+--< 

I 
~ 20 1---+---Po~+---">~--+---+-__,l---+-4 

-20 .____,_ _ _.__..____. _ _,_ _ _.__--"._____._ _ _, 

-75 -50 -25 0 2S 50 7S 100 12S 150 
T ... - Free-Air Temperature - °C 

FIGURE 5 

TYPICAL GATE -CATHODE VOLTAGE 
yS 

GATE FORWARD CURRENT 

·R, =a> 

TJ~T.., 

o~~] ............... "ll1~ 
0.01 0.1 10 100 

IG,- Gate Forward Current - mo 

FIGURE 7 

1000 

GATE TRIGGER VOLTAGE 
YS 

FREE-AIR TEMPERATURE 
1. 0 ,----,.-....--.----,.--.--.----r--r----. 

o.____._ _ _._ _ _.____. _ _..._ _ _.____. _ _.____, 
-75 -so -2S 0 2S so 75 100 125 150 

TA -Free-Air Temperature - °C 

FIGURE 6 

TYPICAL GATE TRIGGER VOLTAGE 
YS 

GATE PULSE WIDTH 

2N3558 T 
V,, = SOv 

1--+1..++-+++ ........ -+-++ ....... 1<---+-+ R, = 140 .n 
TJ~ T .. 

> 4 l--+-lt*+++lll-+-+++++1-11---+-+see Note 8 
I 

t 
0 
> 
li 
CJ 
.!!' 
,!:: 1 _...rT, = 1so•c 
j! 2 1-i-i-ttWV"'--~t-++tttttt---+-+-IH+lttt--+-t+tttttt 
c3 N 
I 
.j 

o.___....__._..... .......... _._._ ......... .LJ.U..__.......L...JUJ.J..w--+-..w..'-1-L-W 

0.01 0.1 10 
FWG- Gate Pulse Width - ~sec 

FIGURE 8 

100 

NOTES: 7. T11t11 paramoton wore measured using pulso techniques. Anode·pulst wldlh=300 J.151<. PRl=IO PP'· 

I. ThlfO pa,..tltn wore moasurod using sln9le pulst ttchniquos. Anadt-pula wldlll = 300 J.lllC. Duty Cy do= 0. 
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TYPES 2N3555, 2N3556, 2N3557, 2N3558 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

TYPICAL SWITCHING CHARACTERISTICS, TA= 25°C 

TURN-ON TIME 
vs 

GATE INPUT PULSE AMPLITUDE 

2N3558 JTT 
VAA=200v 

RL = 570 Q 
See Figure 14 

~ 
~ 

~ ~ R 

TURN-ON TIME 
vs 

1.0 ...--r--TA_N_O_D..,E_s_u_P...,P,...LY_v_o,...LT_A_G_E,....-.,...__, 

VAA 
0.2 r--;---;---r---r--;r- RL = 350ma 

RG=IOOQ 
See Figure 14 

0 
0.1 

~Tu 
10 100 

0 ~-~---'--~-~---'--~-~-..... 
0 50 100 150 200 

0.4 

~ 0.3 
"-

' ~ ;:: 
8 0.2 

I 

E 
~ 

>-

Jo.1 

0 
1 

Vin - Input Pulse Amplitude -v 
FIGURE 9 

.,. ,..,. 
2N3558 

~ 

TURN-ON TIME 
vs 

ANODE FORWARD CURRENT 

lLv 
v 

IA-" ~ 

VAA = 200 v 

RL = 200 v 
1, 

RG= 100 Q 

V;n=3.0v 
See Figure 14 

_l_ _l_ ..lll..UJ 
10 100 

IF -Anode Forward Current -ma 
FIGURE 11 

1000 

" ~ 

VAA - Anode Supply Voltage - v 
FIGURE 10 

COMMUTATING TURN-OFF TIME 
VS 

ANODE FORWARD CURRENT 
20r--...... --..----.---.----..----.----.. 

-101<0 
RGK\effl -

2N3558 

!161---1:::..-=t-~t--~-1---t--t----I 
" E 
;:: 

912 t---::il"""''---+---+--~+---+---+---1 
E 
~ 
g> 
~ 8 t---+--+-- RGKleffl = lOO Q 

E 

~ 
I 4 r----i---1--

0 .._ _ _.. __ ~--~---''---~--...... -~ 
0 50 100 150 200 250 

If - Anode Forward Current - ma 
FIGURE 12 

300 350 

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 tum-off times are achieved when this Impedance is low. However, some circuits require the usa of a high source impedance, 
even though fad turn-off is desired. In these appllcations, a diode may be used to by-pass the gate-cathode jundion, as shown in the circuit in 
Figure 15. This diode improves commutating tum-off time by elimlnatlng 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 

24422 

ANODE FORWARD CURRENT DERATING CURVE 

~ 1750 

I 
~ 1500 
5 

Continuous DC 

~A-~~~ u 
-0 1250 

~ 
~ 1000 

_S._ Ccnductlon _ ...... 
cz, = iao• 

i 
1i 750 

t 

CZ,= 1201 ~\ 
I-CZ,= 90°T 

~ ~ CZ,= 60° 

!;! 500 
< 
E 

~ 250 

l 
I 0 

-75 

CZ,-30° 

~ ~ _ ... -50 -25 0 +25 +50 +75 
Tc - Case Temperature - °C 

FIGURE 13 

+100 

PARAMOER MEASUREMENT INFORMATION 

INPUT 

OUTPUT 

~ 
I 
I 

:.- Ion ....... 
I 

'\.90% 

VOLTAGE WAVEFORMS 

See Notes A, B, and C 

lOOQ 

INPUT 

GENERATOR 

TEST CIRCUIT 

FIGURE 14- TURN-ON TIME 

NOTES: A.. Yin Is measured with gate and cathode terminals connected as shown and anode terminal open. 

OUTPUT 

+125 

B. The input waveform of Figure 14 bas the following characteristin: •r ~ 40 nsec, PW ~ device tum-on time at the operating point. 

C. Wawtforms ar1 maintained on an oscllloKope with following characteristics: •r :::; 14 nsec, Rin 2:: 10 MO, Cin :S 12 pf. 

+150 
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TYPES 2N3555, 2N3556, 2N3557, 2N3558 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

PARAMETER MEASUREMENT INFORMATION 

V2 

0 t----
V1 
0 

IF 

0 -------~-~------------' 
IR 

Thyristor Under Test 

RGK(efl) ©: 1N645 

(SeeNote9 
on Page5) 

(See Note D) : 

I 
I 
I 

WAVEFORMS 

0.lto5µf 

VF Monitor {See 
Note C on 
Page 6) 

IA 1'1\onitor 

(Non inductive 
monitor resistor) 

Generator Synchronization 

TEST CIRCUIT 

R1 (See Note E) 

2N3558 

(See Note D) 

FIGURE 15 -COMMUTATING TURN-OFF TIME 

VA.A= 50v-=.. 

D. Pulse generators for V 1 and ¥2 ore synchronized to provide on anode current waveform with lhe following characteristics: PW= SO 

to 300 µsec, Duty Cycle=l°f.,. The pulse widths of V1 and Y2 are 2:: 10 µsec. 

E. Resistor R1 is adjusted for IR= 1 a. 
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TYPES 2N3555, 2N3556, 2N3557, 2N3558 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

R, 

c, 
2N3555 

D, 

D, 

TYPICAL APPLICATION DATA 

I 
I 
I 
I 
I 
I I 
I 

20-kc RING COUNTER 

R, 

c, 

o, 

D, 

2N3555 

: I 
L-1nsert additional 

stages here. 

(3 stages shown) 

D, 

INPUT 

R. 

};; c. 

v •• -

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

24424 

a. V AA Range far 20-kc Operation: 6 v to 30 v (Rated VFR) 

b. V AA Range far 10-kc Operation: 2.75 v to 30 v (Rated VFR) 

c. Range of Input Amplitude far 10-kc operation: 3 v to 8 v 

CIRCUIT COMPONENT INFORMATION 

RA: 330 n. 
Re:33k0. 

R6 :1k0. 

Ri< : 33 n. 

All Resistors, ± 5% tolerance, V. w 

CA : 0.06 µ,f ± 20% 

c. : 0.001 µ,f ± 20% 

L : 40 mh 

Di. 0 2, and D, : 1N914 

TEXAS INSTRUMENTS REIERVEI THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEil PRODUCT POlllBLE. 
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TYPES 2N3559, 2N3560, 2N3561, 2N3562 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

mechanical data 

1 AMP AVG - 30 to 200 VOL TS - 200 µa 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 

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. 

'ALL JEDEC T0-5 DIMENSIONS 
AND NOTES ARE APPLICABLE. 

All OIMIN510Hl Aff 
IN INCHES 

UHllSS OlMHWISE 
W(:IFIED 

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

Continuous Forward Blocking Voltage, v,,. (See Note 1) 
Peak Forward Blocking Voltage (See Note 1) 
Continuous Reverse Blocking Voltage, Yao (See Note 2) 
Peak Reverse Blocking Voltage (See Note 2) 
Continuous or RMS Anode Forward Current ot (or below) 100°C 

Case Temperature (See Noll 3) 
Average Anode Forward Current (180° CA>nduction Angle) at (or below) 

100°C Case Temperature (See Note 4) 
Peak Anode Surge Current (See Note 5) 
Peak Gate Reverse Voltage 
Peak Gale Forward Current (Pulse width ~ 8 msec) 
Average Gate Power Dissipation 
Operating Casa Temperature Range 
Storage Temperature Range 

NOTES: 1. These values apply wlttn th• 9ate-c:1thode resistan(e R6 K :5 1 ks~. 

2. Thne waluts apply when th1 gate.cathode rnislance a6 K = oo. 

2N3559 
30 
30 
30 
30 

2N3560 2N3561 2N3562 
60 100 200 
60 100 200 
60 100 200 
60 100 200 

1.6 

1 
18 
8 

250 
100 

-65 to +uo 
-65 to +200 

S. This YGlut appliK for coRtlnuous d-c: or slngle·phost, 60-cps, half·sln•wan operalion with resistive lood. A.ban 100°C, dtrale oc<0rcling ta Figure 13. 
4. This value may bt applied continuously under slnglt-pllase, 60-c:ps, holf·sine-wavt operation with l'flistlvt load. Above 100°c deralt accordh11 to 

"'"' 13. S. This val111 1ppll11 for one 60-cps half lint WDYI when the dHlct Is operat1n1 at (or below) roted volues of peak mine blockln1 volta,. and 
anode forwerd nrrtt1t. Surgt may U repealed aft1r the dtvlct has returned to orltlnal lhtrmol •qulllbrlum. 

lndlca111 JEDEC registered data. 

TEXAS INSTRUMENTS 
INCORPORATED 

.. OST OFFICE BOX !5012 • DAL.LAS, TEXAS 79222 

UNIT 
y 

y 

y 

v 

a 

a 
a 
v 

ma 
mw 
oc 
oc 
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TYPES 2N3559, 2N3560, 2N3561, 2N3562 

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

24426 

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

PARAMETER TEST CONDITIONS 

Stotic Anode Forward YAK = Rated Y,., RGK = 1 kn 
1,. Blocking Current YAK = Rated Y ,., RGK = 1 kil, Tc= 150°C 

Static Anode Revelle YKA = Roted Yoo, IG = 0 
loo Blocking Current YKA = Ro,ted Yoo, IG = 0, Tc = 150°C 
IGKO Gate Reverse Current VKG = 5 V, IA-0 
IGT Gote Trigger Current VAA=5v, R, = 120., PWG ?:: 10 µ,sec 

YAA = 5v, R, = 120., PWG?:: 10 µ,sec, 
Tc= -65°C 

VGT Gote Trigger Voltoge VAA=Sv, R, -120., PWG?:: 10 µ,sec 

VAA = 5v, R, = 120., PW6 ?:: 10 µ,sec, 
Tc= 15o•c 

RGK = 1 kfi, Re= 2kfi 
ltto Holding Current 

RGK = 1 kfi, R, - 2kfi, Tc= -65°( 
v, Forward Yoltoge I,= 1.6 a, RGK 21 k!l, See Note 6 
I Go Gole Turn-Off Current I, = 200 ma (See Note 7), 

VGo Gote Turn-Off Voltoge VAA ~ 100 v (Not to exceed Roted V Fol 
dv/dt Criticol Role of Anode Voltage Rise VKG = ]y 

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

PARAMETER TEST CONDITIONS 
~- --

t--vAA = 200 v, R, = 2.2 kn, RG = 100 n, 

'"" Turn-On Time Yin== 3 v, See Fig. 14 

Commutating Turn-Off Time 
VAA = so v, R, = 140 !!, l N645 between 

toff gale ond cathode, See Fig. 15 

thermal characteristics 

PARAMETER 

L(J--'J'---e= _____ J_u_nct_i_on_-t_o-Case Thermal Resistance 

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

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

•Indicates JEDEC registered data (typical data excluded). 

MIN TYP MAX UNIT 

100 
100 
0.1 

100 
-5 

90 200 

0.9 

0.6 0.8 

0.2 

1.8 5 
8 

1.4 
-40 

-4 
400 

2N3S62 

MAX 

35 

TYP 

0.55 

2.2 

na 
µ,a 
µ,a 
µ,o 
µ,o 
µ,a 

v 

v 

y 

ma 
mo 
v 

mo 
v 

]!I µ,sec 

UNIT 

µ,sec 

µ,sec 

UNIT 

OC/W 

SE 
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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 

V., =RATED V,. 
Re,= 1 kn 
TJ ~ T ... -+---+---+---+---+---+--+..oo<'--< 

!I. 
I 

~ a 
gi 
:;; 
8 

;;; 

" ~ 
~ 
-g 
.i 
-~ 

STATIC ANODE REVERSE BLOCKING CURRENT 
vs 

FREE-AIR TEMPERATURE 

10 

0.1 

0.01 

l 0.001 t---t---r:.: ...... 'F--t--t---t----it----t---t l 0.001 

lg I 
~ 

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..---,.--,........,......,.,..,.,,...---.--T""'I~ ..... ,......-..-.,....., ............ ~ 

T} .. t 11 
1--RGK~l kQ++.i~--+--+-+-+-++M+---+--+-H~.j.-11 

See Note 8 

> j 

j 3 .---+-++++1-1+--+--+-+++11+1+-I ,__....._ 

J [//_ 
l ~ • IA TA= -55°C .! 2 t--+~f-+~ILl-..... _ ...... -+-H-++---+-+-+-~+H 
I V T1,= 250f 1.A 

> t--f~fjL!.-+1'.TA = ISO'C~··ll+l-H--++H++HI 

_J_ v ~ 

o,____.__..._.. ............... ..___....__._,,_.... ....... .....__,__..._._._ ........ 
0.1 1.0 10 100 

If - Anode Forward Current - a 

FIGURE 3 

0.0001 
-75 -so -25 0 25 50 75 100 125 150 

T,... - Free-Air Temperature - °C 

FIGURE 2 

TYPICAL HOLDING CURRENT 
vs 

FREE-AIR TEMPERATURE 
4. 0 ..--.---ir----ir----ir----i----r----r----r----r 

a 3.o 

I 2.5 

~ 
a 2.0 

"' c 
:;; 
0 1.5 
:c 
I 
.!! 1 • 0 1----t_,,,.,-

oL_LJLJLJLJ~:::j:::±:=J 
-75 -so -25 0 25 50 75 100 125 150 

T ... - Free-Air Temperature - °C 

FIGURE 4 

NOTE 8: These parameters were measured using pulse tachniques.. Anode-pulse width= 300 µ.sec, PRR = 10 pps. 
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TYPES 2N3559, 2N3560, 2N3561, 2N3562 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

c 
:>. 

1: . 
I: , 
u 
~ 
"' .g> ... 
2 
0 

(') 

I 
.3 

.) 

GATE CHARACTERISTICS 

GATE TRIGGER CURRENT 
vs 

FREE -AIR TEMPERATURE 
800 

600 

400 

200 

-5~ f---F:::t-F~~~F=*==±=i 
-75 -50 -25 0 25 50 75 100 125 150 

T..., - Free -Air Temperature-°C 

FIGURE 5 

TYPICAL GATE -CATHODE VOLTAGE 
vs 

GATE FORWARD CURRENT 

0.2 __}-

10 100 1000 
IGF- Gate Forward Current - me 

FIGURE 7 

" "' 2 

GATE TRIGGER VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

~ o. 6 t----l--+--t--""loc::--11---+-+-+---""' 
~ 
~ 
~ o. 4 1----lo-==f-' 
(') 

I 
.j 

> 
I 

0.2 

0 ..____. _ _._ _ _,__...____, _ __.._ _ _,_ _ _,___, 

-75 -50 -25 0 25 50 75 100 125 150 

T. -Free-Air Temperature - °C 

FIGURE 6 

TYPICAL GATE TRIGGER VOLTAGE 
vs 

GATE PULSE WIDTH 

OL-..L-LL!.ll.Llj__..L_LLJ..LWJ__...LJJJ.LWL__...LJL.Lllilll 

0.01 o. 1 10 
FW0 - Gate Pulse Width - ~sec 

FIGURE 8 

100 

NOTES: 8. These porameters were measured using pulse techniques. Anode.-pulse width= 300 µsec, PRR = 10 pps. 

9. These parameters were measured using single pulse techniques. Anode·-pulse width=300 µsec, ·Duty Cycle=O. 

24428 

869 



869 

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

TYPICAL SWITCHING CHARACTERISTICS, TA=25°C 

3.0 

2.5 

u 

" f 2.0 

" E ;:: 

0 
I 

E 
~ 

>-

I 
J 

1.5 

1.0 

0.5 

0 
0.1 

TURN-ON TIME 
vs 

GATE INPUT PULSE AMPLITUDE 

2N3562 
VAA = 200 v 

RL =570 Q 

See Figure 14 

I\ 
"\ 

N ~ ~k 
M~'l'~ ~ ~o" I) 

Jrl ~ 
1.0 10 

Vin - Input Pulse Amplitude - v 
FIGURE 9 

TURN-ON TIME 
vs 

100 

ANODE FORWARD CURRENT 
0.8.--.---r ...... T'T'TTT....---,--,r-T'T'T'TT'l.,....-r--.....,l"T"TT'Tft 

2N3562 

1' ~ 0.61---+-+-t-1H-1+H--t--t-+t+t1rt+-17".,,....+--+-++-tttt1 

"!. 
I .. 
E 
~ 0 0.4 
I 
E 
~ t- V AA = 200 v +t--+-+-+++ttt+--t-+-+-t-H-H1 

I 200 v 
.Ji 0.2 t- R, - -IF-

RG = 100 Q 
I- v,. = 3.0 v 

o s";''}g~ 
1 10 100 

IF -Anode Forward Current - ma 
FIGURE 11 

1000 

TURN-ON TIME 
vs 

ANODE SUPPLY VOLTAGE 
1.6 

1.4 

T V· _ I 0,...__ .....___ tN3562 'l ·J_· ~, r-

u 1.2 
~ 
:I. 

I 1.0 .. 
E 
;:: 
O 0.8 t---+---tf--Vin - 3.0 v r--I 

E 
~ 0.6 t---+---t--+---+--+---+----t--~ 

I 
J 0.4 t-

R, VAA 
= 350 ma 

0.2 1-RG=lOOQ 

See Figure 14 
0 .___.i~_i..____.~_._~_._~...____..___, 

0 50 100 150 
VAA -Anode Supply Voltage - v 

FIGURE 10 

COMMUTATING TURN-OFF TIME 
vs 

200 

10,....._...,... __ A_N~O_D_E_FO.,.....RW_A_RD.....-c_u_RR_ETN_T_--r--~ 

I l 2N3562 
= 101<.0 

ll See Figure 15~ 
'l. 8 l---="4-"""':::~=i---+---4--+---4---1 
I - RG:feft) = 1 kO 

" ~ _J---1 

o._ _ _.. __ _._ __ .._ _ __,,__ _ _._ __ .._ _ __, 
0 50 100 150 200 250 

IF - Anode Forward Current - mo 
FIGURE 12 

300 350 

NOTE 10: The commutating tum-off time of the 2N3559 series thyristor is significantly affe<ted 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 fasl turn-off b desired. In these appllcatlons, a diode may ba used to by-pass the gate-cathode function, as shown In the circuit In Fig. 15, This diode 
Improves commutating turn·off time by ollminaflng the effect of tho gata·cathode re<overy time. 
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TYPES 2N3559 I 2N3560, 2N3561, 2N3562 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 
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ANODE FORWARD CURRENT DERATING CURVE 

~ 1750 

I 
~ 1500 
5 
u 
.., 1250 

~ 
.f 1000 

Continuous DC 

~ = 1ao• 
~=12J -8 

.? 750 I-~= 90.:i-

t 1 500 

E 
~ 250 

l 
I 0 

-75 

~ = 6Q• 

T 
~ - 30° 

-50 -25 0 +25 +50 +75 
Tc - Ca5e Temperature - °C 

FIGURE 13 

~ 1 
~~-
~ Condu<11~-...... 

~\ 

~ ~ 
~\ ~ 
~ 

+100 +125 +150 

PARAMETER MEASUREMENT INFORMATION 

INPUT 

OUTPUT 

~
--

Vin 

10% 
I 
I 

I+- Ion 
_.. 

j 

~90% 
VOLTAGE WAVEFORMS 

See Notes A, 8, and C 

1000 

.J1. 

GENERATOR 

TEST CIRCUIT 

FIGURE 14 - TURN-ON TIME 

OUTPUT 

NOTES: A. Vin ls measured with gale and cathode terminals connected as shown and anode terminal open. 

I. The inpul waveform of Figure 14 h01 the following characteristics: tr :5' 40 nsec, PW ~ dHlce turn-on time at the operating point. 

C. WaHforms are monitored on an oscilloscope with following characterisli<s t, .S 14 nsec, Ri,. ~ 10 MO, Cin ~ 12 pf. 
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TYPES 2N3559, 2N3560, 2N3561, 2N3562 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

PARAMETER MEASUREMENT INFORMATION 

V2 

Di------' 
v, 0 _....__ _____________ __, 

VF 

0 1------1-1------------------++----I 
YR 

Thyristor Under Test 

RoK(eff) ~ 1N645 

'-;.I (See Note 9 

(See Note D) ; · 

I 
I 
I 

WAVEFORMS 

Generator Synchronization 

TEST CIRCUIT 

(See Note D) 

FIGURE 15 -COMMUTATING TURN-OFF TIME 

V =SOv 
- AA 

D. Pulse generators fir v1 and Y2 are synchr1nlztd to pnivhfe an anade current waveform witb tfle following rharad1rlstlcs: PW=SO ft 300 µ.m, 
dary <r<I•= 1%. Th pulse wldlhs of Y1 and Y2 are ~ 10 JIM'. 

E. lftlslor R 1 Is ad(1St1d 111 IR= I a. 
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TYPES 2N3559, 2N3560, 2N3561, 2N3562 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

24432 

TYPICAL GATE TURN-OFF CHARACTERISTICS 

The 2N3559 series thyristors exhibit gate-turn-off gain, 

in addition to the standard contralled switch characteristics. 

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

forming networks, static switches, choppers, bistable circuits 

ond inverters. 

+v,.,. 

1, t 

~,, 4-lca 

~~-

TYPICAL GATE-TURN -OFF CIRCUIT 

TYPICAL GATE-TURN-OFF GAIN 
vs 

ANODE FORWARD CURRENT 

1--1 
c ~ ;3 41---+--+--+-,,..,.'f-----+--+--+-----l 

I~ 
iJ ~ I .... t----f"--+--+--+-----+-_ _L-'---+---1 
.f BoFf - 10Q 

~ ~-~~ 
I 2t----+---+--+--+--~+--+---+---t 

0 
0 50 100 150 200 

If -Anode Forward Current - mo 

FIGURE 16 

'· I I I I I 

IGI 

IGQ 

1, 
IGQ '=:p::;;-

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 /30 11, 

contact your nearest Tl Sales Office for information on special types. 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TYPES 1N4001 THROUGH 1N4007 
DIFFUSED-JUNCTION SILICON RECTIFIERS 

50-1000 VOLTS • 1 AMP AVG 

• MINIATURE MOLDED PACKAGE 

• INSULATED CASE 

• IDEAL FOR HIGH-DENSITY CIRCUITRY 

*mechanical data 

I'·'· MIN-------i ::::¥ 
"' ( i.- I n.. © 

~34 DIA 2 LEADS 1----::: l----1.10 MIN_____J 
0.030 (NOTE A) ~----i 

0.'85 

NOTE A: The specified l1J11d diamater applies in the ione betltfffn 
0.050'' and I .DO'' from 1M r«tifier body.·Ouhide of this 
zone the lead diam.ter ii not controli.d. 

All DIMENSIONS AIE IN INCHES 

THE LEADS ARE ELECTRICALLY INSULATED FROM THE CASE 

*absolute maximum ratings at specified ambientt temperature 
IN4001 IN4002 IN4003 1N4004 1N4005 

VoM 
Peak Reverse Voltage from 

50 100 200 400 600 -65°C to + 175°C(See Note 1) 

v. Steady Stole Revme Voltage 50 100 200 400 600 from 25°C to 7S°C 

lo 
Average Rectified Forward Current from 1 25°C to 75°C (See Notes 1 and 2) 

IFMjrepJ 
Repetitive Peak Forward Current, 10 cycles, 10 at (or below) 75°C (See Note 3) 

IFM1••'9•1 
. Peak Surge Current, One Cycle, 30 at (or below) 75 °C (See Note 3) 

TAlop•I Operating Ambient Temperature Range -65 to +175 

T.i9 Storage Temperature Range -65 to +200 
Lead Temperature Ya Inch from 350 Cose for 10 Seconds 

1N4006 1N4007 

800 1000 

800 1000 

NOTES: 1. These values may be applied continuously under single-phase, 60-cps, half-sine-wave operation with reslslive load. Above 75°C derate 10 
acnrding to Figure l. 

2. This rectifier is a lead..conduction-cooled device. At (or above} ambient temperatures of 7S°C, the lead temperature Ya inch from case must b1 
no higher than s°C above the ambient temperature for these ratlngs 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. 

• lndl<at11 JEDEC registered data. 

t The ambient temperature Is measured at a point 2 Inches below the dHiu. Natural air cooling shall be used. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST O~FICI BOX SOU • DAL.LAS, TEXAS 71222 
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a 

a 

a 

oc 
oc 
oc 
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TYPES 1N4001 THROUGH 1N4007 
DIFFUSED-JUNCTION SILICON RECTIFIERS 

25402 

*electrical characteristics at specified ambientt temperature 

PARAMETER 

1, Static Reverse Current 

1,,.,9) Average Reverse Current 

v, Static Forward Voltage 

VFjavgJ Average Forward Voltage 

v, .. Peak Forward Voltage 

•tndicotes JEDEC register,d data. 

1.5 

c 
~ 1.0 
5 
v .,, 
0 
~ 
J: 
g, 
~ 0.5 

~ 
5 

TEST CONDITIONS MAX 

v. = Roted v •. TA = 2s•c 10 
V, = Roted V,, TA = 100°c so 
v,., = Roted v, .. , lo= 1 o, 

31> 
f = 60 cps, TA= 1s•c 
1, = 1 0, TA = 2s 0 c to 75°C 1.1 
v,., = Roted v, .. , 10 =1 o, 

0.8 f = 60 cps, TA = 2s 0 c to 1s•c 
v ... = Roted v .... 10 =1 o, / 1.6 I= 60 cps, TA = 2s•c to 1s 0 c 

THERMAL INFORMATION 

FORWARD CURRENT DERATING CURVE 

See Note 2 

Single-Phase 

Six-Phase Star 

~ 
..I Three-Phase Wye ~ ~ 

........... 

"'~ K 
"""'-J "§ 

"'--~ !Iii... 

UNIT 

µ.o 
p,D 

µ.a 

v 

v 

v 

E 
·;: 
0 

~ ~ 
I o 
~ -75 -50 -25 0 +25 +50 +75 +100 +125 +150 

TA - Ambient Temperature - °C 

FIGURE 1 

tne ambient temperature is measured at a point 2 inches below the devi'ce. Natural air cooling ~hall be used. 

NOTE 2: This rectifier is a lead-conduction-cooled device. At (or above) ambient temperatures of 75°(, the lead temperature % inch from case must be 
no higher than s0 c above the ambient temperature for these ratings to npply. 

~ 
+175 

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 TILOl 
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 

mechanical data 

r!]Q~~1 c•··~· ... 0.M.NSION5 IN INCHES 

0.063 ~ 
0.059 0.084 

1-ANok- 0.082 ~ G 2-CATHODE 

0.064 l_:j fl I 0.024 
0.010---..l I+- ~ i--.1 0.016 
0.005 0.130 0.009 

0.1'11 

absolute maximum ratings 

Reverse Voltoge at 25°C Case Temperature . . . . . . . 
Continuous Forward Current at 25°C Case Temperature (See Note l) 
Operating Case Temperature Range 
Storage Temperature Range • 
Soldering Temperature (3 minutes) . 

operating characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONS 

x....., Wavelength at I,= 50 mA Peak Emission 

Po 
Radiant Power Output I,= SO mA, See Note 2 Into 90° Circular Cone 

Po 
Radiant Power Output I,= SO mA, See Nore 3 Into 10° Circular Cone 

v. Static Forward Voltage IF= SO mA 

NOTES: 1. Derate linearly to 12S°C case temperature at the rate of 0.5 mA/ 0 C. 

MIN 

sot 

3 

TYP 

0.9 

• 
2V 

.50mA 
-65°C to 125°C 
-65°C ta l 50°C 

. 240°C 

MAX UNIT 

µm 

µ.W 

µ.W 

1.3 v 

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 a>ne coaxial with the deviu axis of symmetry is measured by use of a calibrated silicon solar cell which is covered 
by a 0.175 cm aperture. The measurement is made with an aperture mounted coaxial with the devke axis of symmetry and with the solar cell surface at a dis
tance of 1.00 ± 0.05 cm from the device lens surface. 

flhis power is equivalent to approximately 2.25 x 1014 photons per second at 0.9 micron. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TYPE TILOl 
P-N PLANAR GALLIUM ARSENIDE DIODE LIGHT SOURCE 

27002 

·f . 
1 
.:E 
"' :::; . 
-~ 
~ 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

_l 

i 
1 
~ 

TYPICAL CHARACTERISTICS 

RELATIVE SPECTRAL INTENSITY 

L ~ 1 j_ 1, = 50 mA _ 

\ 
Tc= 25°C 

1 ; 
~ r--

100 

90 

80 

·f 70 

] 60 

t 50 
:::; 

-~ 40 
] 
~ 30 

20 

10 

RELATIVE LIGHT INTENSITY 
VS 

ANGULAR DISPLACEMENT 

lL ~ 
j I I 

1 1 
See Note 4 -

I 

t ~ ~ 
0 

~ .~ 

V_ 
Q_ 
0 

ii_ ~ 0 
0.88 0.89 0.90 0.91 0.92 0.93 0.94 

0 
30° 20° 10° 0° 10° 20° 30° 

>< - Wavelength -~m (} - Angular Displacement 

FIGURE 1 

50 

40 
<( 
E 

I 
c 30 . 
~ 

u 
1:! 
c 
~ 20 
~ 

~ 

10 

0 
0 

FORWARD CONDUCTION CHARACTERISTICS 

Tc= J.c 

0.25 

J 

~ 
0.50 0.75 1.00 

VF - Forward Voltage -V 

FIGURE 3 

1.25 

FIGURE 2 

1.50 

NOTE 4: The diagram for relative light intensity shows that most of the radiant output of the TILOl is concentrated within a 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 

soc---
tan( ~ ) 

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 TIL09 
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, 

Card Readers, and Encoders 

mechanical data 

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

• Narrow Light Beam 

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. 

KOVAR (CATHODE) 

MOLYBDENUM (ANODE! 

.I Foo~ ... 'j .L f (~ 1;'j' 
_j_ ~r ~ L_L 

L~~~' 1-tC>,!'!! G.022~ D.OIS 

~:::: '!!!! DIMENSIONS ARE IN INCHES 
0.145 0.030 
U3o 

absolute maximum ratings 

Reverse Voltage at 25°C Case Temperature . . . . . • • • • • . • 
Continuous Forward Current at (or below) 25°C Case Temperature (See Note 1) 
Storage Temperature Range . • 
Soldering Temperature (3 Seconds) • . . . • . • . • • • • • . • 

operating characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONS MIN 
Po Radiant Power Output 500 
Apeok Wavelength at Peak Emission 

BW>., 
Spectral Bandwidth between IF= 50 mA Half-Power Points 

9HP 
Emission Beam Angle between 
Half-Power Points 

VF Static Forward Voltage 

NOTE 1: Derate linearly to lOD°C case temperature at the rate of 0. 67 mA/0 c . 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

I 
2V 

50 mA 
-65°C to 100°C 

240°C 

TYP MAX UNIT 
900 µW 

0.91 µm 

230 i 

20° 

1.3 1.4 v 

27009 



TYPE TIL09 
P-N PLANAR GALLIUM ARSENIDE DIODE LIGHT SOURCE 

-~ 
~ 

~ 
c 
.2 

~ 
" -~ c 

<; 
"" 

27010 

TYPICAL CHARACTERISTICS 

RELATIVE SPECTRAL CHARACTERISTICS 

l.O 

0.9 

0.8 

0.7 

0.6 

D I I 
I, = 50 mA 

T 

1 
Tc =25oC -

l 
0.5 

0.4 

0.3 

0.2 

0.1 

1 :l 

± ~ 
~ 

1 "' b-.. v r--
0 
0.88 0.89 0.90 0.91 0.92 0.93 0.94 0.95 0.96 

A - Wavelength - µm 

FIGURE 1 

RELATIVE PHOTON INTENSITY 
vs 

FORWARD CURRENT 

i.o ~--T~--~--~--~---/~ 

Tc =25°C L_ ,.. L 
0.6 1---1---1--L_____,vl-+---t----! 
0 .4 i--------+-L1--+-v-r--+-------+-----I 
0.2 1--/-!--,.<v~--l--~----I 

0 """'----'-----'-----'-----'~------' 
0 10 20 30 

IF - Forward Current - mA 

FIGURE 3 

40 50 

CHANGE IN WAVELENGTH OF PEAK INTENSITY 
vs 

o..; CASE TEMPERATURE 
I 400 

!;.J 1, =Constant 
~ 
II 
0 ,__ 
c 200 
~ 

0 
> 
E g 
" 0 g> 
0 

..c 
u 
-£ 
g> 

" <; 
-200 > 

0 
~ 
I 

1 
'""' -400 <I 

-0: 
E 
I 

~ 
5 

u 
~ 
0 

~ 
~ 

.:!-

-75 

50 

40 

30 

20 

10 

0 
0 

-50 -25 25 50 75 

Tc - Case Temperature - °C 

FIGURE 2 

FORWARD CONDUCTION CHARACTERISTICS 

T 
Tc = 25°C 

0.2 0.4 0.6 0.8 l.O 

v, - Forward Voltage - V 

FIGURE 4 

1 
./ 

1.2 

100 

l.4 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRDDU[J POSSIBLE. 
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TYPE LS400 
N-P-N PLANAR SILICON PHOTO TRANSISTOR 

mechanical data 

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

AND DIFFERENTIAL DETECTION 

featuring 

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

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

h 0.600 ci 0500 0.085 

~1.SMIN ~(Se~~~~ a) ~ 
1:::=J. Tl l)_U 
l 0.010 (.±0.001) LEAD :;;:::: 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 . . . . . . . . . . . . . . . . . . . 
Emitter-Collector Voltage . . . . . . . . . . . . . . . . . . . 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 1) 
Operating Free-Air Temperature Range . . . . . 
Storage Temperature Range . • . . . • . . 
Lead Temperature 1/16 Inch from Case for 10 Seconds 

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

PARAMETER TEST CONDITIONS 

IL Light Current Vce=5V, H =9mW/cm2, See Note 2 

lo Dark Current 
Vee= 30V, H =O 

Vce=30V,H=O, Tc= 125°C 

V Collector-Emitter 
CE(sat) Saturation Voltage le= 0.4 mA, H = 9 mW/cm2, See Note 2 

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

MIN TVP 

1 3 
10 

0.3 

50V 
6V 

. 50mW 
-65°C to 125°C 
-65°C to 150°C 
.... 260°C 

MAX UNIT 

mA 

25 nA 

10 p.A 

v 

2. lrradiance (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 ~O ,u.m determined by a Corning CS7-69 filter. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE SOX 5012 • DALL.AS. TEXAS 75222 
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TYPE LS400 
N-P-N PLANAR SILICON PHOTO TRANSISTOR 

switching characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONS TYP 

tr Rise Time Vee= ao v. IL =400µA, 1.5 

tf Fall Time AL= 1 kn, See Figure 1 15 

PARAMETER MEASUREMENT INFORMATION 

See Note a 

\\ 

: Vcc=30V 

TEST CIRCUIT 

OUTPUT 
See Note b 

FIGURE 1 

I 
I 

I I 
I I 

- 90% 

I I ----+---0 1 I l- I 
~ t, t-- ....-- tf ~ 

OUTPUT VOLTAGE WAVEFORM 

NOTES: a. Input irradiance Is supplied by a pulsed xenon bulb source. Incident irridation is adjusted for IL= 400 µ.A. 

UNIT 

µs 

µs 

b. Output waveform ·is monitored on an oscilloscope with the following characteristics: tr ::;25 ns, Rin ~ 1 Mfl, Cjn ~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. 
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TYPE LS600 
N·P·N PLANAR SILICON LIGHT. SENSOR 

mechanical data 

0.019 
0.009 

t 

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

• Recommended for Application in 
Charader Recognition, Tape and 
Card Readers, Velocity Indicators, 
and Encoders 

• Unique Package Design Allows for 
Assembly into Printed Circuit Boards 

• Small Diameter Reduces Optical 
"Cross-Talk" 

• Power Dissipation 50 mw 

-.;;:-CERAMIC rLENS 

fr :s:=ivi 
~DIA I ~ 0.092 

9~.,.~ ... 
~~i;,Jf." EMmER 

0.063 0.010 _J i--0.014 
0.088 0.005 

0.016 

0.082 
0.115 
0.102 

ALL DIMENSIONS IN INCHES 

t 

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

Colledor-Emitter Voltage • . • • • • • • • • • • • • • 
Emitter-Collector Voltage • • • • . • • • • • . • • • • 
Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Nate 1) 

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

MOTE 1: Berate linearly to 125°C free-air temperature at the rate of 0.5 mw/Oc .. 

TEXAS INSTRUMENTS 
INCORPORATED 

~OST OFPICE BOX 9011 • DALLA.a, T•XAS 75121 

. 50v 
7v 

50mw 
. -65°C to + 125°C 
, - 65°C to + 150°C 

240°C 

27501 
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TYPE LS600 
N-P-N PLANAR SILICON LIGHT SENSOR 

27502 

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

IL Light Current Yee= 5v, H = 20mw/cm2 0.8 1.0 ma 
See Note 2 

lu Dark Current Yee=30v,H=O 0.01 0.025 µ,a 

lo Dark Current Yee=30v,H=O 10 µ,a TA= 100°c 

YCE(s•tl Collector-Emitter Saturation Voltage IL = 0.4 ma, H = 20 mw/cm2 0.3 v 
See Note 2 

'NOTE 2: lrradiance (H} is the radiant power per unit area incident upon a surface. Far 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 

t, Rise Time Yee= 35 v, k = 800µ,a 1.5 

tr Fall Time RL = 1 kfl, See Figure 1 15 

PARAMETER MEASUREMENT INFORMATION 

See Note a "" 

OUTPUT 
~---------o See Note b 

TEST CIRCUIT 

FIGURE 1 

0.8 v I ___ ,, __ 90% 

0 

I 
I 
I 
I 
I 

I I ,----,-----
-e i,.t- ...... ~ _.. 

OUTPUT VOLTAGE WAVEFORM 

t40TES: a. Input irradiance Is supplied by a pulsed xenon bulb souKe. Incident irridalion is adjusted for IL = 800 µa. 

b. Output waveform is monitored on an oscilloscope with the following characteristics: 

tr :5' 2S nsec, Rin 2:::: 1 megohm, (in :,:::; 20 pf. 

UNIT 

µMC 

µsec 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PIODUCT POSSIBLE. 
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Tll601 THRU Tll608 
TYPES TIL601 THRU Tll616 

N-P-N PLANAR SILICON PHOTOTRANSISTORS 

• 
• 

mechanical data 

TIL601 THRU TIL604 

CA23437 

TIL605 THRU TIL608 

CA23438 

TIL609 THRU TIL612 

CA23439 

TIL613 THRU TIL616 

CA23440 

Designed for High-Density Read Out 

Improved and Repackaged Versions of LS600 

..... 
i.009 

All DIMENSIONS tN IN(HH 

0.019 
Ci.009 

t 

IT" 
~DIA 
0.0$8 

COLLECTOR 

All DIMENSION$ IN INCHES 

AU DIMENSIONS IN INCHES 

AU DIMENSIONS IN INCHES 

~OOIO' O.OO•RAD 

""'-~ 
EMITTER--' ~ 0.024 

0.016 

'"''Qi ~DIA 
0.05' 

L_j_ 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

t 

I 
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TYPES TIL601 THRO TIL616 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 

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

Collector-Emitter Voltage . . . . . . . . . . . . . . . . . . . . . 
Emitter-Collector Voltage . . . . . . . . . . . . . . . . . . . . . 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 1) 
Operating Case Temperature Range 
Storage Temperature Range . . . 
Soldering Temperature (3 minutes) 

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

PARAMETER TEST CONDITIONS TYPE 

V(BR)CEO Collector-Emitter Breakdown Voltage le= 100µA, H =O ALL 

V(BR)ECO Emitter-Collector Breakdown Voltage le= 100µA, H=O ALL 

TIL601 
TIL605 
TIL609 
TIL613 

TIL602 
TIL606 

H = 20 mW/cm2, 
TIL610 

vce=5V, TIL614 
IL Light Current 

See Note 2 TIL603 
TIL607 
TIL611 
TIL615 
TIL604 
TIL608 
TIL612 
TIL616 

Vee= 30 v, H =O ALL 

lo Dark Current Vce=30V, H=O, 
Tc= 1oo"c ALL 

Vce(satl Collector-Emitter Saturation Voltage 
le =0.4mA, H = 20 mW/cm2, 

ALL 
See Note 2 

NOTES: 1. Derate linearly to 125°C at the rate of 0.5 mWf'C. 

MIN TVP 

50 

7 

0.5 

2 

4 

7 

1 

0.15 

50 v 
7V 

50mW 
-65°C to 125°C 
-65°C to 150°C 

240°C 

MAX UNIT 

v 

v 

3 mA 

5 mA 

8 mA 

mA 

25 nA 

µA 

v 

2. lrradJance (H) is the radiant power per unit area incident upon a surface. For this measurement the source Is an 

unfiltered tungsten linearafilament lamp operating at a color temperature of 2870°K. 

switching characteristics at 25° C case temperature 

PARAMETER TEST CONDITIONS TVP UNIT 

tr Rise Time vcc=30V, IL= 800 µA, 1.5 
µs 

tf Fall Time RL = 1 kS1, See Figure 1 15 

27504 
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TYPES TIL601 THRU Tll616 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 

PARAMETER MEASUREMENT INFORMATION 

See Note a ' ' 

NOTES: 

CA23441 

CA23442 

OUTPUT 
11--------0 See Note b 

= 
TEST CIRCUIT 

FIGURE 1 

0.8 v 

0 

I 
---... , __ 90% 

I 
I 
I 
I 
I 

I , I ,----,-----
-i \ i- i-- ti __.,. 

OUTPUT VOLTAGE WAVEFORM 

a. Input lrradlance Is supplied by a pulsed xenon bulb source. Incident Irradiation Is adjusted for IL= 800 µA. 

b. Output waveform Is monitored on an oscilloscope with the following characteristics: t, ~ 25 ns, R10 ~ 1 MS'l, 

c10 .;;20 pF. 

TYPICAL APPLICATION DATA 

.----------------------------------0 +20V 

1N756 

5.6k!l. 

TIL601 
THRU 
TIL616 

a------+-----<D OUTPUT 

FIGURE 2-LOW-LEVEL DETECTOR AND PREAMPLIFIER 

27505 

II 



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

27506 

TYPICAL CHARACTERISTICS 

DARK CURRENT 
vs 

CASE TEMPERATURE 

10000 ~~lT ~~~ 

, 000 I---~ :E0~ 30 v -+-.------<l/f-----1-rz--//f.V'----4 
100 1---+---+-~--+---A--~---i 

10 l---t--+---+L'1v-........ -~1---+------1 

y 
0.1 1--_L_-171---.o~-l----+--l----+------l 

O.D1 17 
0.001 .__ _ _._ _ _._ _ __J.____....__-L.._---''------' 

-50 -25 0 25 50 75 100 125 

CA23449 
TC-Case Temperature-°C 

FIGURE 3 

<{ 
::s. 
.L 
c 
~ 
8 .. 
::i s-
::i 
0 

COUPLING CHARACTERISTICS 

of 

TIL01 WITH TIL602, TIL606, TIL610, OR TIL614 

1000 
700 

400 

200 

100 
70 

40 

E SOURCE: 
f: TIL01 
I= IF=50mA 
I- 0 

t-Tc=25C 

20 

10 
7 

4 

2 

1 
0.001 

~ 
f= SENSOR: 
~ Tl L602, Tl L606, 
I= TIL610, TIL614 
f- VCE = 5 V 

Tc= 25°C 

0.01 0.04 0.1 

Distance Between Lenses-in 
CA23451 

FIGURE 5 

~ 

~ 

0.4 

RELATIVE OUTPUT 

MODULATION FREQUENCY 

10 
11=· VCE 5 V 

4 ~ TC 25°C 1+1<~--l--l---l--j.-1-j.+u---1--~-1-1.j.j.j.j 

10 20 40 100 400 1000 

CA23450 
f-Modulation Frequency-kHz 

FIGURE 4 

RELATIVE OUTPUT 

vs 

CASE TEMPERATURE OF SOURCE ANO SENSOR 

1.6 .---...--...--...----~-~-~-

1.4 1---1---1---+--+---1----1----1------1 

1.2 1---l---+--+--+---1----1----1-----l 

j 1.or---t-"t----::t;;;;--t--..,..;;;;;;;;;j;;;;;;:::::t-~ 
c5 v r-
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TYPES 111601 THRU Tll616 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 

TYPICAL CHARACTERISTICS 

NORMALIZED LIGHT CURRENT 

VS 

ANGULAR DISPLACEMENT 
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FIGURE 7 
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€I-Angular Displacement 

FIGURE 8 

.. ! 1.0 

RELATIVE SPECTRAL CHARACTERISTICS 

Response of Human Eye 

Output of Tungsten 

Source et 2870°K 
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TYPES TIL601 THRU TIL616 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 

TYPICAL CHARACTERISTICS 
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COLLECTOR CURRENT 
vs 

COLLECTOR-EMITTER VOLTAGE 
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FIGURE 11 

COLLECTOR CURRENT 

vs 
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Tc= 25°C 
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FIGURE 13 

NOTE: 2. lrradiance (H) Is the radiant power per unit area Incident upon a surface. For this measurement the source is an unfiltered 
0 

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

20 
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FOR APPLICATION IN: 

Tape readout 
Card readout 
light switching 
Measurement indicators 

TYPE 1N2175 
N-P-N DIFFUSED SILICON PHOTO-DUO-DIODE 

50 Volts 
Designed for 125°C operation 
Unlimited altitude range 

mechanical data 

ratings 

Hermetically sealed case. Unit weight 0.16 gram. 

11.3 MINT- :;: =1 
=}=; I Tl I) 

__L 
0 0.082 (:0.003) DIA 

~ Lo.010 (±0.001) LEAD DIA 

DIMENSIONS ARE IN INCHES 

conditions 

Bias Voltage @25°C 
Power Dissipation @2S°C 
Operating Temperature 
Storage Temperature 

min 

-65 
-65 

typical 

! 
1! 

II 
II 

max unit 

±SO y 

250 mw 
J2S oc 
J2S oc 

specifications 

:j:Dark Current @25°C @±SO v 
Dark Current @100°C @±50 v 

tlight Current @25°C @±JO v 
•Typical Photocurrent Rise Time 

Typical Photocurrent Fall Time 
Typical Sensitivity 

NOTES, 

JOO 

:f: Dark current is revena current lhrough the diode with no incident irradiation. 

0.01 
20 

200 
2 

45 
22.3 

o.s µa 
100 µ.a 

µ.a 
µ.s 
µ.s 
µ.a/mw/cm2 

t Light current is measured with irradiance == 9 mw/cm2 at a wavelength of 0.7 to 1.0 µ.m determined by a Coming CS 7-69 filter. A two-hour light soak 
at an illumination of 40 to 80 lm/ft2 is used prior to measurement of light current to approximate actual operating conditions and improve correlation. 

• Rise time Is the time required for the photocurrenl ••to rise from 10% to 90% of its final value aftar instantaneous application of exdtaflon. Fall 
time is the time for the photocurrenf 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 NOTESo 

The 1N2175 is a subminiature symmetrically diffused silicon unit. The two junctions are symmetrical so either diode terminal can be biaStd 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 tapes, light detection systems, and In production line screening or counting. Numerous other comm11cial 
and military applications exist. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 2780J 

• 



TYPE 1N2175 
N-P-N DIFFUSED SILICON PHOTO-DUO-DIODE 

27802 

TYPICAL CHARACTERISTICS 

SPECTRAL RESPONSE CURVE* 
WAVELENGTH -ANGSTROMS 

4000 5000 6000 7000 8000 9000 10000 11000 12000 
100,-....,~.,..-..-~,-....,--r--.---,---..,,-....,-..--..--=~--,--.-~-.-.---.., vr- ~ 

o.___.__...___.__..__._ _ _.___., _ _.___._......__.___,_-...,........__.__..___.,~l__.___. 

0 0.4 o.s 0.6 0.7 0.8 0.9 1.0 1.1 1.2 
WAVELENGTH - MICRONS 

*For Equal Values of Radiant Flux at All Wavelengths 

PHOTOCURRENT PHOTOCURRENT 
vs 

BIAS VOLTAGE FOR DIFFERENT IRRADIANCE INTENSITIES IRRADIANCE 
400.---~-.--~-.-~---.,,..-~~.-~---, 

9~ 
cm' 

4~ 
cm2 

o..___~-'-~~-'---__.~--~-~ 

0 10 20 30 40 50 
BIAS VOLTAGE 

700 

LIGHT SOURCE: 
TUNGSTEN FILAMENT 
LAMP OPERATED AT 
A COLOR TEMPERATURE 

600 OF 2870°K 

"L/ ] 500 t---+--r---+---t--+-----t--+- <§>.> ~----t--t---t 
z ,;,y 
:::! 400 t---+--r---+---t--t- ..,L---+--+--r---+---t 

a V 
8 300 ~ <"-

~ 200 t--1---+--#-lL--+--t-- t.\9' ~r"""1 
]7 v 

100 L ~ 
o~ 

0 2 4 6 8 10 12 14 16 18 20 
IRRADIANCE (mw/cm') 

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 Mt, CGU. I CG !12 
PRECISION, CARBON-FILM, GLASS-ENCAPSULATED HERMETIC RESISTORS 

• Proven high reliability -
> 40,000,000 test data hours 

• -65°C to 175°C storage 
temperature 

• Hermetically sealed in hard glass 

• Meet or exceed all requirements of 
Speciffcation MIL-R-10509D 
for Charaderistics 8, D & G 

• leads welded to end caps 
• :!: 1 % ohmic tolerance 

environmental tests 
To achieve maximum reliability, all Tl glass resistors are 100% inspected for hermetic seal as a 

continuous process control. Tests are conducted to all electrical, environmental, and mechanical 
specifications to insure full and continuous compliance with Mil-R-105090, Characteristics B,D,andG. 

specifications 

0.035 

~r t•»M ~ _1 g-· --------... I ?I ?I I 0 

Le • I. I _J1s: .002 DIA ...... 
A •• c 

-""9• ..... 
Tl rating Mil standard jnaaxlmu.- . ...,. IHMly lead lead -lght 

type (TA:::; 70°()• cleslg- resistance working length*** diameter lon91h 1110 per 100 
number Mil nation .ranges voltage•• (A) (I) (Cl unpack., 

Tl • D G u•lti 

- - - volte lltcltes Inches lndles ~# ...... 
CG'Ao % - 'Ao Yro RN55 100 to IOOKO 250 0.240(.::-:g~g) 0.125(±0.015) 1.500(±0.125) 22 0.076 

CG'A 14 % 'A % RN60 100 to 1 MegO 350 0.360( .::-:g~~) 0.140( ± 0.020) 1.500( ± 0. 125) 22 0.09 

CG~ ~ l4 ~ 14 RN65 100 to 2 MegO 500 0.560( ± .025) 0.225( ± 0.020) 1.500(±0.125) 22 0.228 

*for operation ot higher temperature, see Dissrpation Derating Curves. Page 2. 
**Critical ohmic value and above. For lower values use E = \fiii. See Paragraph 3.6 of MIL-R-10509D 

***length of 91011 poclr:age. Fillets on leads extend 0.035" max. beyond gla11. 

symbolizatlon 
CGl/8 - Standard stock symboliz:ation includes manufocturer's identification, tolerance and ohmic value 
(e.g.-TI, 1%, 100 K). 

CGl/4- Standard stock symboliz:ation includes manufacturer's identification, tolerance, mil-type designa
tion and ohmic value (e.g. - Tl, l %, RN60G, l 003F, 100 K). 

CGl/2 - Standard stock symboliz:otion includes manufocturer's identification, tolerance, mil-type designa
tion and ohmic value (e.g. -Tl, 1%, RN65G, 1003F, 100 K). 

modifications avallable on request 
± %%, 2% or 5% Resistance Tolerance 
Resistance Values Outside Published Ranges 
Special symbolization 

performance characteristics t 
tell 

Temperoture Cycling per Mll·R· 10509D (4.6.4) 
low Temperoture Operoiion per Mll·R· 10509D (4.6.5) 
Short Time O•erload per Mll-R-10509D (4.6.6) 
Effed of Soldering per Mll-R-105090 (4.6.10) 
Insulation Resistance per Mll-R-105090 (4.6.9) 
Moisture Resiatance per Mll-R-10509D (4.6.11) 
Shock per Mll·R· 105090 (4.6.15) 
Vibration, High Frequency per Mll·R· 10509D (4.6.16) 
Shelf Life, Change per Year 
Voltage Coefficient 

average performance 
of Tl CG V. resistors 

less than ::!:: 0.05% 
less than ::!:: 0.05% 
less than ::!:: 0.05% 
less than ::!:: 0.03% 
greater than 1,000,000 megohma 
less than ::!:: 0.08% 
less than ::!:: 0.05% 
less than ::!:: 0.05% 
less than ::!:: 0.04% 
leis than 0.002%/valt 

Hmih 
Tl ..... 

MIL Char D MIL Cllar G 
:1: o.SK ::!:: 0.25% 
±0.50% :!:0.25% 
± 0.50% ::!:: 0.25% 
±0.50% ::!:: 0.10% 
11raater than 10,000 mogohma 
::!:: 1.50% ::!:: 0.50% 
±0.50% :!:0.25% 
± 0.511% :!:0.25% 
no requirement 
no requirement 

no require111ent 
no requirement 

Jnless otherwise noted, data is 'o/o change in initial resi•tance. The two-•igma limits were uaed a• the ronp indications for avuage 1Hrformance. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TYPES CG~, CG!4, CG~ 
PRECISION, CARBON-FILM, GLASS-ENCAPSULATED HERMETIC RESISTORS 

28202 

'THERMAL INFORMATION 

DISSIPATION DERATING CURVES 

3' Type CG 1/8 (Ml L Type RNSS) 
I 

3' Type CG 1/2 (MIL Type RN65) 

Ii 1/8 

& 
·~1;10 
0 !+=~~ 

11/16 t+-t+

&1/20 H--t-+---+ 

il 

~ 

s 
0 , 

.5 
§ 
u 

I 
.§1/2 

8. 
~ 
; 

~1/4 
B , 

.5 
§ 
u 

l 0 50 70 75 100 125 150165 175 
TA -Ambient Temperature - °C 

~ 0 50 70 75 100 125 150 165 175 
x OL..L~.W..---L---L---"1-"L..I 

0 

~ -0.01 
liG 
]~ -g--0.02 
u' 
"!l 
~ -~ -0.03 
8. ~ 
e"' 
-~ ,_ 0 -0.04 

'if. 
I 

" 

-0.05 
10 

+2.0 

+1.0 

Unhelixed 

~ 50 70 75 100 125 150165 i75 
TA - Ambient Temperature - °C 

TYPICAL CHARACTERISTICS 

TEMPERATURE COEFFICIENT vs RESISTANCE 

CGl/2 

TA - Ambient Temperature - °C 

lllI . Il 
T, = -55°C to +165o(~ 
See Por. 4.6.12 of 

MIL-R-10~1·-

CGl/4 Helixed -i---i-. t-1-. f... CGl/2 
CGl/8 

100 1 K !OK 
Resistance-ohms 

CGl/8 

lOOK 

LOAD LIFE PERCENT CHANGE vs TIME 

10,000 HOUR LOAD LIFE TEST ON 100 CG! (RN60G) 
HARD-GLASS HERMETIC, CARBON FILM RESISTORS. 

--CGl/4 

lM 10 M 

O> 0 ---- --- ±::.: - -- ---- - ---c 
.2 
u 

" u 
c 
~ 
'ii 
"' 

-1.0 t-

-2.0 
0 

- - - - - - ----- -- -~ -- - - ---- -- - - --- ·-j-- ·-1 ---- - - ---- - - -
CONDITIONS 

1 Operoted ot 1 /8 wot! } • . 
2 700 C ombient charactenstac G LEGEND 

3 100,000 ohms l -- Average 

4 One ond one-holf hours on --- Minimum and maximum 

ond one-ho If hour off per cent change l 
2 3 4 5 6 7 8 9 10 

Time - Thousand Hours 

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



TYPES MC50, MC55, MC60, MC65 
EPOXY-ENCAPSULATED PRECISION METAL-Fl·LM RESISTORS 

Designed to meet or exceed all requirements of Specifications 
MIL-R-l0509F for Characteristics C, D, E, & F, and MIL·R-22684, and the 
electrical requirements of Specification MIL-R-55182 for Characteristics H, J, & K. 

• Load-rated for 125°C or 70°C applications 
• High degree of stability and reliability 
• Precision resistance tolerances 
• Rugged cap-and-lead construction 
• Temperature Coefficients :±:10, :±:25, :±:50 and :±:100 ppm/°C 
• Tough Epoxy coating • Fully insulated 

specifications 

0.025 (±0.002) DIAt 

I I #22 AWG _1 

.B 
~'~'~"'~ .. . 

I ' JT MC50 

L l-A-L 

MC55 

--- I I -1.500 (±0.125)t 1.500 (±0.125)t 
MC60 

Body length is measured between the points where body diameter is 0.038". The lead 
is solderabla up to 0.062" from the body. MC65 tFor MClOo load diametor is 0.020 (±0.002) 

ALL DIMENSIONS IN INCHES lead longth Is 1.000 (±0.125) 

MIL·R·l0509F DESIGNATION RATINGS AND CHARACTERISTICS MECHANICAL DATA 

resistance body size average 
opplicable Tl maximum value weight 

type power power working for 100 charaderistic ratingt TYPE rating:j: voltage range§ length-A diameter-B unpacked (TA ::;= 25°C) units 
w w v indt inch lb 

RNlO c 1/20 MCSOC, E 1/10 
200 

49.9 ll to 0.1$5 0.065 
O.OS4 

None MClOD 1/8 100 kll {±O.OU) (±D.010) 

RNll C&E 1/lD MCSSC,E 1/8 250 
24.9 ll to 100 kll 0.250 D.095 0.075 

D 1/8 MClSD 1/4 10 ll to 100 kO {±0.031) (±0.0U) 

RN60 C&E 1/8 MC60C, E w 49:9 ll to 499 kll 0.375 0.140 
0.101 

D 1/4 MC60D 3/8 
300 10 ll to 4" kll (±0.031) (±0.015) 

C & E w MC65C E 
1/2 

49,9 ll to 
0.575 0.171 RN6l F 1/2 MC65F 350 1 f!\IJ 0.198 

D 1/2 MC65D l 10 IJ to I MIJ 
(±0.031) (±0.015) 

symbolization 
Standard stock symbolization includes Tl Type Number, Resistance Value, Tolerance, and Temperature 
Coefficient, depending upon wattage size and space available. Military type symbolizotion is used when 
applicable. Resistonce values are symbolized to a maximum of three significant figures per Tobie 1. 

modifications available upon request 
Special testing 
"A" nickel weldable leads 

Resistance values outside published ranges 
Special paint coverage 

tThese ratings apply at (or below) J25°C ambient temperature for characteristics C, E, and F and at (or below) 70°C ambient temperature for characteristic 
D. For higher temperatures refer to MIL-R-10509F. 

:j:These ratings apply at (or below) 125°C ambient tempen1ture for all types except MCSOD, MC55D, MC60D, and MC65D and ot (or below) 10°c ambient tem
pan1turt for "D" suffix devices. For higher temperatures refer ta Power Dissipation Berating Curves Page 2. 

§Tho value ranges shown are for a temperature coelfident of 25 ppm. Su "high- and low-value ovallobllity" on Page 2. 

TEXAS INSTRUMENTS 
INCORPORATED 
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TYPES MCSO, MCSS, 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 ta specific requirements. 

TABLE 1 - 1% TOLERANCE 

1.00 1.10 1.21 1.33 1.47 1.62 1.78 1.96 2.ll 2.37 2.61 2.87 3.16 3.48 3.83 4.22 4.64 l.11 l.62 6.19 6.81 7.lO 8.2l 9.09 
1.02 1.13 1.24 1.37 1.50 1.6l 1.82 2.00 2.21 2.43 2.67 2.94 3.24 3.l7 3.92 4.32 4.7l l.23 S.76 6.34 6.98 7.68 8.45 9.31 
1.0S 1.lS 1.27 1.40 1.S4 1.69 1.87 2.0S 2.26 2.49 2.74 3.01 3.32 3.6S 4.02 4.42 4.87 S.36 S.90 6.49 7. lS 7.87 8.66 9.S3 
1.07 1.18 1.30 1.43 1.SB 1.74 1.91 2.10 2.32 2.SS 2.80 3.09 3.40 3.74 4.12 4.S3 4.99 S.49 6.04 us 7.32 8.06 8.87 9.76 

Standard stack tolerance is ± 1 % (F). Tolerances of ±0.5% (0), ±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 Mll-R-10509F tolerance designations. 

temperature coefficient 

T-C Code Designation 

T-1 
T-2 
T-9 
T-10 

Comparable Mll-R-10509F 
Characteristic 

D 
C & F 
E 

Special tracking requirements, temperature ranges, etc., 

T-C Range 

±100 ppm/°C 
±50 ppm/°C 
±25 ppm/°C 
±10 ppml°C 

are available. 

Temperature Range 

-55° to + 175°C 
-55° to + 175°C 
-55° to + 175°C 
+25°to+150°C 

high and low-value availability 
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 Tl sales 
office for extended value ranges currently available in each T-C range. 

POWER RATING AND PERFORMANCE CHARACTERISTICS 
power dissipation derating curves 

~ 
Iii 
1/24---.----.----~-~ 

75 100 125 150 175 
TA -Ambient Temperature - °C 

50 75 125 150 175 
T,.,-Ambient Temperature - °C 

performance characteristics 

28402 

Resistance-value stability is affected by power dissipation in operational-environment tests. Following 
are two typical examples. In one, the mare stable MC series is tested ta a low-power Mll-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 MCSOC, E; MCSSC, E; MC60C, E1 MC6SC, E, F MCSOD, MCS5D, MC60D, MC6SD 

lllL-R-10S09F PROCEDURE MIL-R-10S09F Tl TYPICAL Ml L-R-10S09F Tl lYPICAL 
Char E LIMllS PERFORMANCE Char D LIMITS PERFORMANCE 

1000-Hour Load Life ±0.50% max +0.14')'. avg ±1.0% +0.30% avg• 
Moisture Resistance ±0.50% max +0.15% avg ±1.S% +o.40% avg• 
low· Temperplure Operation ±0.25% max <±O.OS')'. ±0.SO% +o.10')'.avg 
Temperature Cycling ±0.25% max <±O.OS% ±0.SO')'. <±o.OS% 
Short-Time Overload ±0.25% max <±0.05% ±O.SO% +0.103 avg• 
Effed of Soldering ±0.10% max <±0.05% ±0.SO% <±O.OS% 
Insulation Resistance >1010 !! >JOl21J >1010 u >10l21J• 
Shock ±0.25% max <±O.OS% ±0.50% <±O.OS% 
Vibration ±o.2S% max <±O.OS% ±0.50% <±O.OS% 

Unless utherwise noted, data is percent change from initial resistance. •Operaled at maximum Tl-rated power. 

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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senslsllJr® 
--v 

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

mechanical data 

POSITIVE· TEMPERATURE-COEFFICIENT, 
TEMPERATURE-SENSING, TEMPERATURE-COMPENSATING THERMISTORS 

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

• TG 1 /8 electrically equivalent to RTH42 
• TM 1 /8 electrically equivalent to RTH22 
• large positive temperature coefficient of resistance (approx. 0.7% I deg) 

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. 

r1.20t-r:=0.300 DIA.I 
MIN 0.270 

LEADS u 

9~0 
0.020 t _JTI. "'0002 DIA. 0 105 

· ~DIA 
2 LEADS 0.350 MAX o.oas 
{SEE NOTE) 

NOTE: THE SPECIFIED LEAD DIAMETER APPLIES 
IN THE ZONES BETWEEN 0.025" AND 

TG 1/8 1.200" FROM THE END PLUGS. DIMENSIONS ARE IN INCHES 

COLOR, GREEN 

TM 1/8,TM 1/4 

maximum ratings 

TYPE A 

TM 1/• 0.585±0.015 0.200±0.015 
TM 1/e o.~06±0.015 0.1All±0.015 

Power Dissipation at (or below) 25°C Ambient Temperature (See Figure 1) 
Power Dissipation at 100°C Ambient Temperaf\Jre (See Figure 1) . • . 

Power Dissipation at (or below) l00°C Ambient Temperature (See Figures 2 ond 3) 

Operating Ambient Temperature Range 
Storage Temperature Range . • 

electrical and thermal characteristics 

PARAMETER TG 1/8 TM 1/8 

Rzsoe/Rm•c Zero-Power Resistance Ratio 0.55 ± 15% o.ss ± 15% 

T Thermal Time Constant 
35 lyp 35 lyp 

60 max 40mox 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX !5012 • DALLAS, TEXAS 75222 

' ! 
" 

.TG 1/8 

. TG 1/8 
jTM 1/8 
1TM 1/4 

250mW 
125mW 
125mW 
250mW 

-65°C to 150°C 
-65°C to 150°C 

TM 1/4 UNIT 
0.55 ± 15% 

54 typ s 60 max 

• 



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

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

10 12 15 18 22 27 33 39 47 50 56 68 82 

100 120 150 180 220 270 330 390 470 500 560 680 820 

1000 1200 1500 1800 2200 2700 3300* 3900* 4700* 5000* 5600* 6800* 8200* 

10000* 

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

Standard stock tolerances ore ±5% and ±10% 

performance characteristics 

TEST PER APPLICABLE MAXIMUM RESISTANCE 
MIL-T-23648 PROCEDURE CHANGE, TA= 2S°C 

Short-Time Overload ±1% 
Dielectric Withstanding Voltage ±1% 
Low-Temperature Storage ±1% 
High-Temperature Storage ±2% 
Terminal Strength ±1% 
Thermal Shock ±2% 
Resistance to Soldering Heat ±1% 
Moisture Resistance ±2% 
1000-Hour Load Life, TA = l00°C ±2% 
Vibration, High-Frequency ±1% 
Shock ±1% 
Immersion ±1% 

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 Tl'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 

700.---.---.--....... --r--r--r---. 
3: 
!6001---+-+---+--+--+---+--l 

i 500 >---+-+--+--+---+--+--I 
.e- TG 1/8 Absolute 
~ 400 I---+ Maximum Roting -t-~t---1 

~ 300 [I ~G 1/s --+-+---1 
£ -~ Recommended Roting 
g 200 "'.'...! ..... 
E ~RT=Ht42:::::j:A1Tl'~~~~~+----+-~ ~ 100 ~ .. t-• ....,.,,_ 

01--~-~~-~'-~~~~---~ 
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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. 1'he 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. 

TG 1/8 
PERCENT RESISTANCE CHANGE 

vs 
POWER DISSIPATION 

1.2 

t rl- "' c 

TM 1/8 
PERCENT RESISTANCE CHANGE 

vs 
POWER DISSIPATION 

·;.. ~ ~ 
~ ~ .L_ 
~ 1. 1 1--~Frr-e-e--A-i+r--~t:~.,_---1r-L1--;,,...-t---r--1 

.,,. L v 
~ ..tit. 
~ 1.11---t----+--t--1""-~--~1 ...... --:;J~t--~ 

• f--T;0,=25't .LJ 

! ~ ~at Sink--+---+---1 

J ~ L TL =25'tt 

I/ 

::;: Free-Air .L .L 
~ t---+-r,.,=25't oT I / 

.;; V-.LV~Heat sink 
~ TL =25°Ct 
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TM 1/4 
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FIGURE 6 

t TL ii lead temperature measurad )1'6 Inch from the body. 
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TYPES TG 1/8, TM 1/8, TM 1/4 
SOLID-STATE TEMPERATURE-SENSING SILICON RESISTORS 

29004 

5 
u 

TYPICAL CHARACTERISTICS 

NOMINAL RESISTANCE MULTIPLYING FACTOR vs AMBIENT TEMPERATURE 

2.4,...,....,...,..~...,....,.....,..,........,~,.......,...,...T"T'"...-.-.,...,...,...,.....,..,....,-,-.-,...,....T"T'"~~TI~I-r-r..,...,.-r-r....,...,-. 

TM 1/8 TM 1/4 II 
2. 2 

2.0 

CURVE 

A 
B 
c 
D 
E 

TG 1/8 
10 Q 

22 Q 

82 Q 

150 Q 
500 Q to 2.7 kQ 

10 Q to 68 Q 
100 Q l++-+-t-+-t--1 IEI T. Srl-f-LH-IA,.<I 

3300 D ~ v 
500 Q rt lfu 

1 . 8 kQ to 2 .7 kQ >+-+-+->-+-+~ D, N J.!'.'. 

8 
1. a l-+l--H-H-l--1--+-l-++-++++++++++++-++++t+++t+H-IQM~Y,~bll'f-;.l/~H-I 

H-H--+++++++++-+-+-1H-f-+-l--+-t+++++++-+--lH-f-+-l-Hi~~,f-'l'- c i--+--
1. 6 I/,~ !71 ' ' i-t+-

~~ b 1i.c-+-
~tl'JL ~ 11]1 -+

~~!11 
l.4H-++++++++-H-+-1H-+-+-+++++++++++-+~~~vM--+++++++-+-+-+-H-1 

lfl '/I 

~ ~ 
-~ 1. 2 H-++++++++-HH-H-+-+-++++++++---i'l--.JH-1-+-++++++++++-+-t~ 
,... IJ 
~ ~ 

~ 

~ 
0 

~ 

"' c 
-~ 5 o. 9 
z 
I 
~ l 0.8 

0.7 

l=t= A H 

r=l=t= B H-t-. 

i-+-+-+--+-+--+-+-+-+--+-Form u I a to Compute M Limits 

~1Ha:EffitlmE=tm 
i-+-+-+--+-+-+-+-+-+--+-Mlimit = Mnom ±o. l 5 (Mnom -l) 

nQ".NJ::+:::f:++:1=1=K=!=+=+=l=::).:::l::++:Example at 100°c, 330-Q TM 1/8 

nom 
Mlimit 1.60 ± 0.15 (1.60-1) 

M upper 1.60 + 0.09 1 .69 11111~~11111tM~~~1:lj.6~0:~sa~J 0 _4 M lower 1 .60 -0.09 1 .51 
-75 -50 -25 0 25 50 75 

TA -Ambient Temperature_ 0 ( 

FIGURE 7 

100 125 150 

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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TI authorized distributors 

AIABAMA IOWA ROCHESTER RADIO SUPPLY CO., INC. BELGIUM 
ACK SEMICONDUCTORS INC. DEECO, INC. 140 W. Main St./(716) 454·7800 Brussels: Avi-Elec, 49 38 16 

3101 Fourth Ave. South/(205) FA 2·0588 2500 16th Avenue S.W./(319) 365-7551 Rochester, New York 14614 
Birmingham, Alabama 35233 Cedar Rapids, Iowa 52406 Tl SUPPLY COMPANY CANADA 

ELECTRONIC WHOLESALERS, INC. LOUISIANA 
4 Nevada Dr./(516) 488-3300 Calgary: canadian Electronics Ltd. 

2310 Bob Wallace Avenue, S.W. New Hyde Park, L I., N. Y. 11040 Edmonton: C8nadian Electronics ltd. 
(205) 534-2461 ELECTRONIC PRODUCTS CORPORATION 

NORTH CAROLINA Montnal: Tl Supply, 631-6736 
Huntsville, Alabama 35805 3622 Toulouse St./(504) HU 6-3777 

ELECTRONIC WHOLESALERS, INC. Toronto: Tl Supply, 889-0844 New Orleans, Louisiana 70119 
ARIZONA 938 Burke St./(919) PA 5-8711 Vancouver: Canadian Electronics Ltd. 

KIERULFF ELECTRONICS, INC. MARYIAND Winston-Salem, North Carolina 27101 Winnipeg: Canadian Electronics Ltd. 
2633 East Buckeye Road ELECTRONIC WHOLESALERS, INC. OHIO DENMARK Phoenix, Arizona 85034 3200 Wilkens Ave./(301) 646-3600 

ESCO ELECTRONICS INC. Copenhagen: Texas Instruments A/S (602) 273-7331 Baltimore, Maryland 21223 
R. V. WEATHERFORD COMPANY MILGRAY/WASHINGTON 221 Crane St./(513) 224-9192 31 13 37 

1917 North 25 Drive/(602) 272-7144 5405 Lafayette Place/(202) 864·1111 Dayton, Ohio 45403 
Ml LG RAY !CLEVELAND FINIAND Carson Industrial Center Hyattsville, Maryland 20781 

1821 East 40th Street/(216) 881-8800 Helsinki, Texas Instruments, 44.73.73 Phoenix. Arizona 
MASSACHUSEITS Cleveland, Ohio 44102 

CALIFORNIA DEMAMBRO ELECTRONICS NEWARK-HERRLINGER FRANCE 
KIERULFF ELECTRONICS, INC. 1095 Commonwealth Ave. ELECTRONICS CORP. Lyon, Tl Supply, 42 78 50 

3969 E. Bayshore/ (415) 968·6292 (617) 787·1200 112 E. Liberty St./(513) GA 1-5282 Paris-Clamart: Tl France, 644 55 30 
Palo Alto, California 94303 Boston, Massachusetts 02215 Cincinnati, Ohio 45210 Paris-Clamart: Technique et Produits, 

MILO OF CALIFORNIA Tl SUPPLY COMPANY PATTISON SUPPLY CO. 626 02 35 
2060 India St./(714) BE 2-8951 480 Neponset Road/(617) 828-5020 4550 Willow Parkway/(216) 441-3000 Rennes: Tl France, 10 56 85 

San Diego, California 92101 Canton, Massachusetts 02021 Cleveland, Ohio 44125 Toulouse: Tl France, 62 19 64 
RADIO PRODUCTS SALES, INC. LAFAYffiE INDUSTRIAL ELECTRONICS OKlAllOMA 

1501 S. Hill St./(213) RI 8· 1271 1400 Worcester Rd./(617) 969-6100 Tl SUPPLY COMPANY 
GERMANY 

Los Angeles, California 90015 Natick, Massachusetts 01760 12151 E. Skelly Dr./(918) 437-4555 Berlin: Hermann Koets, 83 02 16 
R. V. WEATHERFORD COMPANY MILGRAYINEW ENGLAND INC. Tulsa, Oklahoma 74110 Essen: Tl Deutschland, 79 20 24 

1550 Babbitt Avenue 75 Terrace Hall Avenue/(617) 272-6800 Frankfurt: Tl Supply, 72 64 41 
(714) Kl 7-7521 Burlington, Massechusetts 02021 OllE80N Hannover: Tl Supply, 80 00 51 

Anaheim, California 92805 ALMAC STROUM ELECTRONICS Munich: Tl Supply, 91 10 60 6921 San Fernando Rd./(213) VI 9·3451 MICHIGAN CORPORATION Stuttgart: Tl Supply, 22 50 92/3 Glendale, California 91201 NEWARK-DETROIT ELECTRONICS, INC. 8888 S.W. Canyon Road/(503) 292-3534 
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Sunnyvale, California 94086 MISSGURI Tl SUPPLY COMPANY Wellington: W. G. Leatham Ltd. 

COLOIWIO II SUPPLY COMPANY 6000 01nton Drlve/(214) fl 7-6121 
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Tl SUPPLY COMPANY Kansas City, Mjssour1 64109 3939 Ann Arbor Dr.l(713J 785 4800 0.lo: Morgenstierne & Co., 37 29 40 
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01rnver, Colorido 80222 
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SW£Dlll C•mdon, New ''"'' 08102 UTAH 
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TI worldwide sales offices 
ALABAMA MICHIGAN WASHINGTON, D.C. Texas Instruments Deutschland GmbH 

Sahara Office Park Bldg., Suite 111 Suite 706 West, Northland Towers Bldg. 1875 Connecticut Ave., N.W., Suite 913 
Kepserstrasse 33 

8050 Freising-Lerchenzeld 3313 Memorial Parkway, s.w: 15565 Northland Dr. Washington, D.C. 20009 West Germ.any Huntsville, Alabama 35801 Southfield, Michigan 48075 202-234-9320 
205-881-4061 313-357-1703 Texas Instruments Deutschland GmbH 

CANADA Westendstrasse 52 
ARIZONA MINNESOTA 6000 Frankfurt, West Germany 

280 Centre Str. West 
2535 W. camelback Rd., Suite ID 7615 Metro Blvd. Richmond Hill 

Phoenix, Arizona 85017 Suite 202, U.C.L.I. Bldg. Ontario, Canada 
602-279-5531 Edina, Minn. 55424 416·889·7373 MEXICO 

612-941-4384 Texas Instruments de Mexico S.A. 
CALIFORNIA EUROPE Poniente 116 #489 

1800 North Argyle Ave. NEW JERSEY Texas Instruments Limited 
Col. Ind. Vallejo 

Hollywood, California 90028 25 U.S. Highway 22 Manton Lane 
Mexico 15, D.F. 

213-466-7251 Springfield, New Jersey 07081 Bedford, England 

5005 West Century Blvd., Suite 208 201-376-9400 Texas Instruments France S. A. ARGENTINA 
Inglewood, California 90301 Boite Postale 5 

Texas Instruments Argentina S.A.l.C.F. 213-673-3943 NEW YORK Villeneuve-loubet (A.M.), France 

P. 0. Box 87, 2209 E. Main Texas Instruments France S. A. 
Ruta Panamericana KM. 13,5 
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. 415-326·6770 607-785-9987 92 Clamart, France 
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167 Main Street do Brazil Ltda. 
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2186 South Holly St., Suite 204 Toulouse Branch AUSTRALIA 

Denver, Colorado 80222 OHIO 20, Avenue Honore-Serre Texas lnstrmnents Australia Ltd. 
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Dayton, Ohio 4~9 
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813-898-0807 334 Japan 

MS80 - P.O. Box 5012 Texas Instruments Deutschland GmbH 
ILLINOIS Dallas, Texas 75222 Am Mittellelde 169 Texas Instruments Asia Limited 
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Chicago, Illinois 60646 Houston, Texas 77006 Im Kaisemer 5 Hong Kong 
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