- ) MIL-5-19500/268(NAVY)
1 October 1963

: MILITARY SPECIFICATION
SEMICONDUCTOR DEVICE, TUNNEL DIODE,
TYPES IN3713, 1IN3715, 1N3717, IN3718 AND 1NS721

1. SCOPE

1.1 Description.- This specification covers the detail requirements for germanium tunnel diodes and
{5 in accordance with Specification MIL-5-18500, except as otherwise specified hereln. Characleristice
ghall be as foliows:

. Iy vp Vrp c
TYPE
mAdc mAde mVde mVdc 414
IN3T13 0.975 0.075 58 475
. 1N3715 2.15 .165 58 475
"MIN IN3717 4.58 350 58 4715
IN3T19 8.75 .T50 58 47%
1N3721 21.5 1.65 58 475
1N3713 1.025 140 72 535 5
1N3715 2.25 310 72 535 10
MAX 1N3717 4.82 800 72 535 35
1N3719 10.25 1.40 7 - 835 50
1N3721 22.5 3.10 72 535 100
1.2 Absolute maximum ratings.-
2.
1rY IipV TA Tatg
mAdc mAdc °c ‘c
1IN3713 10 5
1N3715 20 10
IN3717 50 25 =55 to +100 =55 to +100
1IN3IT19 50 50
1N3721 50 50

1/Derate maximum currents 1%/°C In the range Ty = 25°C to
Ty = 100°C.

2. APPLICABLE DOCUMENTS

2.1 The following documents of the issue in effect on the date of Invitation for bids or request for pro-
posal, form a part of this specification to the extent apecified herein:

SEPECIFICATION

MILITARY

MIL-5-18500 - Semiconductor Devices, General Speclfication for.

STANDARD

MILITARY
MIL-STD-750 - Test Methods for Semiconductor Devices.
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(Coples of speciiications, standards, drawings, and publications required by suppliers in connection with
specific procurement functions should be obtained from the procuring activity or as directed by the contract-
fag efficer.)

3. REQUIREMENTS

3.1 General.- Diodes shall be {n accordance with Specification MIL-E-18500 and as apecified herein.

3.1 Abbreviations and symbols.- The abbreviations and symbols used herata are defined in Specification
MIL-8-10%00 and s Tollows:

Ip - Peak point current

ly - Valley point current - " oo

Vp - Peak point voltage

Vy - Valley point voltage

Vyp - Forward voltage In the injection region corresponding to that point on the forward character-
istlc where the current 1a equal to the specified maximum peak point current.

Vg - Forward voltage in the injection region corresponding to that point on the forward character-
istic where the current is equal to one-quarter of the nomina) peak point current.

C - Valley point terminal capacitance.
Rg - Total series resistance.
-G - Maximum terminal negative conductance.

3.3 Design, construction and phyeical dimensions.- Diodeg shall be of the design, construction and
piysieal Amanslons shown on ligure I,

8 Marking.- The following marking shall be required:
{a) Type desipration,

3.5.1 The following marking specified in Specification MIL-8-19500 may be omitted from the body of the
dioda:

(a) UBN prefix.

{b) Qualification-designation code.

{t} Country of origin.

{d} Acceptance date and inspection lot identtfication
(s) Manufacturer’s tdentification,

(f) Color band identification.

(x) Reliability indicator.

3.5.2 All of the above markings shall be placed on the unit package.

3.5.3 Polarity shal] be 88 shown on tigure i.
4. QUALITY ASSURANCE PROVIEIONS

4.1 Bampling and inapetiion.- Sampling and inspection shall be in accordance with Specification MIL-5-
10300 and aa epeciflied herein.

4.2 g&llllcltlm tests.- Qualification teats ahall be conducted at a laboratery satisfactory to ine Bureau
of Ships. {fication tests shall conmist of the teats Bpecified in 4.4, 4.5 and 4.6, (Application for Qualifica-
tion tests shall be made in accordance with "Provisions Governing Qualification” (see 6.1)).

4.3 Acces%ce Inspection. - Acceptance inspection shall consist of the examinations and tests specified
in 4.4, 4. 8.

4.3.1 Acceptance procedure.- When a second eample {s chusen, the Lotal sample shall be associated
with the minimum rejectiun numbers shown in 1ables 1, 11 and L1
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4.3.2 Acceptance inspection information.- When specified in the contract or order, one copy of the ac-
ceptance inspection data pertinent to the inspection lot shall accompany the shipments,

4.4 Group A inspection.- Group A inspection shall consist of the examinations and tests shown in table I.

4.5 Group B inspection.- Group B inspection shall consist of the examinations and tests shown in table!l.

4.8 Group C inspection.- Group C inspection shall cons{sf of the examinations and tests shown intable [I7.

4.7 Methods of examination and test.- Methods of examination and test shall be as gshown in tables I, 11,
11 and as follows:

4.7.1 Peak point current (Ip).- The voltage current characteristic of a tunnel diode is shown on figure 2.
The peak pownt of the tunnel diode is shown at point A on figure 2. Peak point current shall be measured by
the method described or equivalent. The diode shalt be mounted in a jig with two low inductance resistors,
RZ and R3 an integral part of the jig structure {see figure 3). A dc voliage variable from 0 to 500 mv dc with
a 5 mv p-p ac component ai 1000 cps Buperimposed on it shail be applied io the jig ihrough a series resisiance
Ri. The ac and dc voltage drop across resistance R3, which is proportional to the dc current and the super-
imposed ac current of the tunnel diode, i8 monitored. On (ncreasing the dc voltage from zero volts, the ac
fundamental qutput will null when the peak peint is reached. At this point, V1/53 will equal the peak point
current of the tunnel diode. The peak point current test shall be calibrated by obtaining a precise measure-

ment of the value of R3 and then reading Ip as V1/Rs.

4.7.2 Yaliey point current (iy).- The valley point of a tunnel diode 5 shown at point B on figure 2.
Valley poini current shall be measured by the method described or equivalent. The test shall be performed
in the jig used for the peak point current measurements {see {igure 3). A dc voltage variable [rom O to 1000
mV dc with an 20 mv p-p ac component at 1000 cps superimposed on it shall be applied to the jig through a
series resistance Ri. The ac and dc voltage drop across resistance R3, which {s proportional to the d¢ cur-
rent and the superimposed ac current of the tunnel diode, i5 monitored. On decreasing the dc voilage from
1.00 volts, the ac fundamental output will null when the valley {5 reached. Al this point V1/gy will equal the
valley point current of the tunnel diode. Calibration for the vailey point current test may be obtained by
obtaining a precise measurement for the value of R3 and then reading Iy as V1/p,.

4.7.3 Peak point voltage {(Vp}.- Peak point voltage shall be measured by the method described or
equivalent. Peak point voltage shzll be measured in the current shown on figure 3 under the ac null balance
conditions of the peak point current test (see 4.7.1). At the point of batance, the dc voltage across the tunnel
diude shall be measured, using separate volitage sensing contacts. This voltage js equal to the peak point
voltage cf the tunnel diode. The calibration procedure lor this test consists of verifying the callbration of the
dc volitmeter used 10 measure the peak vollage.

4.7.4 Valley point voliage {V).- Valley point voliage shali be measured by the method described or
equivalent. Vailey poini voltage shall be measured in the circuit shown on figure 3 under the ac null balance
conditions of the valley point current test {see 4.7.2). At the point of balance, the voltage acrosa the tunnel
diode shall be measured, using separate voltage sensing contacts. This voltage shall be equal to the valley
point voltage of the tunnel diode, The calibration procedure for this {est consists of verifying the calibration
of the dc voltmeter used to measure the valley voltage.

4.7.5 Forward voltage point {Vgp).- The forward voltage point Vgp 16 shown &t polnt C on figure 2.
Forward voltage point 6 e measured by the method described or equivalent. The forward voltage of &
tunnel diode shall be measured in the circuit shown on figure 4. The diode shali be inseited in the test ~lips
and the current source shall be adjusted to a value of current equal to the specified maximum peak curz :nt of
the tunnel diode. The reading on voltmeter V1, using separate voltage sensing contacts, is then equal to the
V pp of the tunnel diode, .

4.7.6 Forward voitage point (Vgg).- The forward voltage point Vs ie shown at point D on figure 2.
Forward vmﬁiﬁm&ed by the method described or equivalent, The forward voliage of a
tunnel diade shall be measured in the circuit shown on figure 4. The diode ahall be inserted in the test clipa
and the current source shall be adjusted to a value of current, larger than the peak point current, so that the
..diode will switch to its high voltage state. The current from the current source if then reduced (o a value of
current equal 10 1/4 of the nominal specified peak current of the tunnel diode, the reading on voltmeter V1 is
equal to the Vpg of the tunnel diode.
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4.1.7 Capacitance (C).- Capacitance shall be measured by the method described or equivalent. The test
clrcult for capacitance measurements ghall be as shown on figure 5. A radio frequency bridge calibrated in
terms of a shunt resistance - capacitance combination shall be vsed for the measurement. The problems of
internal bridge and connecting lead inductance can be reduced by the use of external standards in the substitu-
tion measurement assembly shown on figure 5. Cgt is 2 capacitance standard. The conductance standard,
Ry, is & high frequency resistor mounted in a diode encapsulation 50 as to have a known shunt capacitance and
an lnductance, Ly, very nearly equal to that of the diode. The bridge is balanced initially with R, in the cir-
cuit. For this initial balance, Cgyp shall be set to a larger value than the expected diode capacitance. The
diode to be measured is then substituted for Ry In the circuit and the conductance made equal to that of R, by
adjusting the biaa voltage. A high resclution bias supply is necessary for this adjusiment. The bridge is re-
balanced by reducing CsT to compensate fcr the differences between the capacitances of the diode and R,.
This change in capacitance of Cg with the diode inserted in place of the resistance, added to the capacitance
-of Ry, equals the terminal shunt capacitance of the tunnel diode. The signal level used in the capacitance

measurement shall be small enough so that reducing the signal amplitude does not change the accuracy of the
measurement within the required limits of aceuracy of the Lest.

4.7.8 Total series reslstance (Rg).- Total series resistance shall be measured by the method described
or squivalent. Total series resistance Rg shall be measured in the circuit shown on figure 6. The tunnel
diode shall be operated in a bridge eircuit consisting of two fixed resistances and one variable resistance.
The appearance of the trace as a function of the resistance vajues is also shown on figure 6. The diode in the
test shall be operated at a reverae bias of 100 times the nominal peak current of the tunnel diode. Al balance,
the relation between the resistances of the bridge arms is:

Ry-B3aR
2 5" Rs

4.7.9 Maximum terminal negative conductance (-G).- Maximum terminal negative conductance shalt be
measared {i the clrcull shown on [figure 7 or equivalent. The resistance values for various peak current
TANges are shown in table Il under specilic conditions. Resistore R, and R, shall be of low inductance con-
struction. A decade box with » lowest range of 0.101 per step 15 connected as R4. As shown on the sketch in-
cluded in figure 7, when Ry » 1/-G, the middle portion of the acope trace is horizontal,

4.7.10 Risetime (i7).- Tunnel diode risetime shall be measured in the circuit shown on figure 8 or
equivalent. Two small clips shall be used t6 make contact Lo the diode and 10 preserve the impedance maltch
of the socket. The ¢ircuit shall be connected to a Tektronix type N sampling plug-in unit or equivalent
mounied in & Tektronix 330 or 540 eeries oscillascope or equivalent, Risetime shall be measured from the

10 to the S0 percent points on the output voltage waveform. A typical risetime wavelorm is also shown on
figure 8,

3. PREPARATION FOR DELIVERY

8.1 Preparation tor delivery shall be in accordance with Specification MIL-S-18500,
8. NOTES

8.1 The activity responsible for the qualified products 1ist is the Bureau of Ships, Department of the
Mavy, Washington 33, D. C..and information pertaining to qualification of products may be obtained {rom <that
aciivity. Application for quaiification iests shail be made in aceordance with “Provisions Governing Qualifi-
cation.” (Copies of "Provisions Governing Quaiification” may be obtained upon application to Commanding
Otficer, Naval Bupply Depot, 3801 Tabar Avenus, Philadelphia 20, Pa.)

Preparing activity:
Navy - Ships
(Project 5960-N3BT(NAVY))



Table 1 - Group A inspection.
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Conditions Min Limits
Examlnalion or test MJL-STD-'?E!O Specafic LTPD ﬁej Symbol Units
Method Conditions °. Min. Max.
Subgroup 1
visual and mechanical
examination 2071 10 4
Subgroup 2 -
Peak point current See 4.7.1 Ip
glrgure 3 values
RZ R3
1N3T13 25 25 50 0.975 1.025 | mAdc
1N3715 10 10 20 2.15 2.35 | mAde
1NIT1T 5 5 10 4.58 4.8 | mAde
1N3T19 2 | 4 9.15 10.235 | mAde
1IN3721 1 1 2 F -] n.s mAdc
Valley point current See 4.7.2 Iy
Figure ) valuea
Rl RZ [ RS
IN3T13 25 25 50 078 .140 | mAde
IN3T15 10 10 20 } 5 5 185 .310 | mAdc
1IN3717 5 5 10 380 500 | mAde
IN3718 2 2 4 J1%0 1.40 | mAde
IN3T21 1 1 2 1.85 3.10 | mAde
Peak point voltage See 4.T.3 Vp 58 11 mVdc
Valley point voltage See 4.7.4 Vy 315 393 mVdc
Forward voltage point See 4.1.5 VFP 475 836 sV
Capacitance See 4.7.7 c
1INY713 Cgr= 5pf --- s of
IN3T1S Cgr ™ 10pt - 10 [ 4
1N3T17 Cgr = 35¢ - 3 o
1N3719 Cgr = S0pd - 50 pl
iIN3721 Cgr = 100pd ) .- 100 o
Subgroup 3 7
Forward valtage point See 4.7.8 Vs 410 - mVdc
Series resistance See 4.7.8 Rg
> 10 4
1IN3713 - 4.0 ohms
1N3715 -——- 3.0 ohms
IN3T17 - 1.0 chmas
tN3T10 == 1.5 obme
1IN3T2} J -— 1.0 ohma
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Table I1 - Group B inapection.

Conditions Min Limits
Examination or test | yn; orp. 750 Specific LTPD | Rej | Bymbol * ] Units
" Method Condltions No. Min. Max.
Subgroup 1
Physical dimenslons 2066 10 4
Subgroup 174
Soldering hest " 2031 1 cycle Y
Temperature cycling 1051 Cond. A
except low
temperature > 1u 4
-85° + 3°'C
Thermal shock 1058 Condition A
Moisture resistance 1021 Omit initial
conditioning J
Bubgroup s/
Shock 2016 1500 G; 0.5 W
msec, 5 blows
ea 4 planes,
total 20 biows.
Non operating
Xy, Z), ¥y, Yy
L 10 | 4
Vibration fatigue 2048 Nonoperating,
20G
Vibration variable 2058 Nonaperating,
frequancy 200G
Constant acceleration 2006 20,000 G, 4
pll.l‘lll, xl iz 1?
Y lkYa J
Bubgroup o/
Terminal strength N
{lz=d fatigue) 2038 Condition E 15 5
SBubgroup sl/
Balt atmosphere (cor-
rosion) 1041 15 5
Bubgroup &
High temperature
lite (nonoperating)} 1031 T? = 100°C A= 10
min
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Table I - Group P inspection {cont'd.}.

Conditions Min Limits
Examination or Test LTPD | Rej | Symboi Unlits
MIL-STD-750 Specific
Method conditions No. Min. Max.
Subgroup 7
Intermittent operation 1036 On 50t 2min |Aal0
life Off 10 + 2 min
1N3713 Ir= 5 mAdc
1N3715 Ip » 10 mAde
1IN3717 I = 25 mAdc
1N3719 1p = 50 mAdc
IN372] Ip = 50 madc

End points (for sub-
groups 2, 3,5, 6and?

Peak point current

1N3713 Ip 0.950 1.050 | mAde
1IN3715 a.10 2.30 | mAde
1N3717 4.40 4.4 | mAdc
IN3719 8.50 10.50 | mAdc
IN3721 1.0 33.0 mAdc
Valley point current See 4.7.2 L, - +20%

Peak point voltage See 4.7.3 Vo 85 5 my
Forward voltage point See 4.7.5 VFP 470 540 . 14

v Tests listed in these subgroups are destructive tests.
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Table OI - Group C inspection.
(Test period = 8 months)

Conditions Min Limits
Examination or Temt MIL-STD-750 Specific LTPD ::j Symbol Min Max Units
Method Conditions ) ' '
Negative corductance Ser 4,7.9 10 4 -G
Figure 7 values
1IN371Y 25 25 50 1.5 8.5 mmho
IN371% 10 10 50 16 22
INST1T 5 5 10 36 46
IN3719 2 2 4 15 95
1 IN3T21 1 1 2 180 220
| Rise time See 4.7.10 10 4 t,
Figure 8 values
INIT1Y 4.7K 10 --- nsec
IN3T18 4100 8 a-n- neec
IN3T1T 4700 [ - nsec
13T1e 4700 ] ——— nsec
1N3721 2700 4 --- neec
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ANODE CATHODE
(+) ),
L_ c

b _]—f
*  —
) B e B j . .
d f
Inches Milljmeters
Symbol Notes
Min. Max, Min. | Max.

a c.018 | 0.022 0.46 | 0.58 1
b .0985 10 2.42 | 2.80
c 070 .090 1.78 | 2.20

d 085 .110 2.16 | 1.80
e .055 1.40
t 1.000 25.4 1

g 003 .08

Note 1: Two ieads.

Figure 1 - Design, consiruction and physical dimensions,
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Figure 2 - Tunnel diode voltage-curren! characteristic.
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Figure 3 - List circuit for I, 1, Vyand V,,.
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Figure 4 - List circuit for Vpp and Vpg.
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Figure 5 - Diode capacitance measurement for V = Vy,.
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Figure 7 - -G measurement circuit,
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