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SEMICONDUCTOR
TECHNICAL DATA

IN5221A,B
Designer’s Data Sheet thru

500 Milliwatt lN5281~B

Hermetically Sealed
Glass Silicon Zener Diodes
. Com~lete Voltaae Ranae — 2.4 to 200 Volts
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● DO-204AH Package — Smaller than Conventional DO-204AA Package
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● Double Slug Type Construction
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● Metallurgically Bonded Construction
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Mechanical Characteristics:
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CASE: Double slug type, hermetically sealed glass
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MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230°C, 1/16“ from,~ae ‘*iy’

for 10 seconds
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FINISH: All etiernal surfaces are corrosion resistant with readily soiderable le~~~”$’

POLARITY: Cathode indicated by color band. When operated in zener mod$~,$a$%bde

will be positive with respect to anode
“...,.
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MOUNTING POSITION: Any \*...,.%.
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Designer’s is a trademark of Motorola Inc.

Designer’s Data for “Worst Csse” Conditions — The Designer’s Data Sheet permits the design of most circuits
entirelv from the information presented. timit curves — representing boundaries on device characteristics — are
give to facilitate “worst case” design.

OUTLINE DIMENSIONS

_fi_

JOTES:
1.PACKAGECONTOUR OPTIONALWITHINA ANO B,
HEATSLUGS,IFANY,SHALLBEINCLUDEO
WITHINTHISCYLINDER,BuTNOT SUBJECTTO
THEMINIMUM LIMITOF B,

2.LEAODIAMETERNOT CONTROLLEOINZONE FTO
ALLOW FORFLASH,LEAOFINISHBUILDUPANO
MINORIRREGULARITIESOTHERTHAN HEAT
SLUGS.

3.POLARITYOENOTEOBYCATHOOEBAND,
4,DIMENSIONINGANO TOLERANCINGPER
ANSIY14.5,1973,

CASE299-02
DO-204AH
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ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted. Based on dc measurements at thermal equilibrium; lead

length = 3/8; thermal resistance of heat sink = 30°C#) VF = 1.1 max @ IF = 200 mA for all types.

Nominal Max Zener Impedance Max Reverse Leakage Current

A and B Sutix only A and B Suffix only
Max Zener Voltage

Zener Voltage Test Non-Suffix Temperature Coeff.
JEDEC Vz @ la Current lR vR IR @ VR Used (A and B Sutix only)

rype No. volts la ZZT @ lzT ZZK @ [ZK = 0.25 mA PA
(Note 1)

volts for Sufix A

(Note 2)
Ovz (%/”c)

mA Ohms Ohms A B PA (Note 3)

1N5221 2.4 20 30 1200 100 0.95 1 200 – 0.085
1N5222 2.5 20 30 1250 100 0.95 1 200 – 0.083\:
1N5223 2.7 20 30 1300 75 0,95 1 150 – o.*ti;;;&
1N5224 2.8 20 30 1400 75 0.95 1 150 :Cpqga+>.
1N5225 3 20 29 1600 50 0.95 1 100 , ~,o.e~

1N5226 3.3 20 28 1600 25 0.95 1 100 ,$...‘‘ lt%$::tijo

1N5227 3.6 20 24 1700 15 0.95 1
,y . .,.” ...

100 . ‘,+w>: ~.065
1N5228 3.9 20 23 1900 10 0.95 1 75 <t:~’:~\<.:,@~+y–0.060:\>;\i.<.y~,
1N5229 4.3 20 22 2000 5 0,95 1 50 .,,;,~~?$l$* 0.055
1N5230 4.7 20 19 1900 5 1.9 2 50 if? +, ‘“’* * 0.030

1N5231 5.1 20 17 1600 5 1,9 2
1N5232 5.6 20 11 1600 5 2.9 3 + 0.038
1N5233 6 20 7 1600 5 3.3 3.5
1N5234 6.2 20

+ 0.038
7 1000 5 3.8 4 + 0.045

1N5235 6.8 20 5 750 3 + 0.050

1N5236 7.5 20 6 500 3 5.7 + 0.058
1N5237 8.2 20 8 500 3 + 0.062
1N5238 8.7 20 8 600 3 + 0.065
1N5239 9.1 20 10 600 3 + 0.068
1N5240 10 20 17 600 3 +0.075

1N5241 11 20 22 600 + 0.076
1N5242 12 20 30 600 + 0.077
1N5243 13 9.5 13 600 + 0.079
1N5244 14 9 15 600
1N5245 15 8.5 16

+ 0.082
+ 0.082

1N5246 16 7.8 17 + 0.083
1N5247 17 7.4 19
1N5248

+0.084
18 7 21 6Q~ ‘ 0.1 13.3 14 10 + 0.085

1N5249 19 6.6 23 ,$~~ 600 0.1 13.3 14 10 + 0.086
1N5250 20 6.2 25 ‘w“%Y,$,600 0.1 14.3 15‘.lt.. 10 + 0.086

1N5251 22 5.6 29
*~,,$:),.-’:i;:,.$...~:..::{:;. 600 0.1 16.2 17 10

33 .*!:*A ‘~+~
+ 0.087

1N5252 24 5.2 600 0.1 17.1 18 10 +0.088
1N5253 25 5 35$;>,$ ? ,:> 600 0.1 18.1 19 10 + 0.089
1N5254 27 4.6

.,.!,.~~
600 0.1 20 21

*4:%;!@ “’

10 + 0.090
1N5255 28 4.5 600 0.1 20 21 10 +0.091

1N5256 30 4.2 t,* ‘~’” 600 0.1 22 23 10
1N5257 33

+ 0.091
3,8 #- 2 ‘y,)#8

700 0.1 24 25 10 + 0.092
1N5258 36 3f~<,27.? $ 70 700 0.1 26 27 10#2:,> :$ 80 + 0.093
1N5259 39 800 0.1 29 30 10

.+PN>,”’.%.,;$ 93
+ 0.094

1N5260 43 900 0.1 31 33 10 + 0.095

1N5261 47 *33, :$.7 105 1000 0.1 34 36 10
1N5262 51,$:’

+ 0.095
‘S$’Y2.5 125 1100 0.1 37 39 10 + 0.096

1N5263 5g\$+~” ~. 2.2 150 1300 0.1 41 43 10 + 0.096
1N5264 ~2QF ‘G” 2; 170 1400 0.1 44 46 10
1N5265

+ 0.097
185 1400 0.1 45 47 10 + 0.097

1N5266 “’y$;w 1.8 230 1600 0.1 49 52 10 + 0.097
1N5267~l: ‘~~$, ‘:’75 1.7 270 1700 0.1 53 56 10 +0.098
1N526#’ ‘~ 82 1.5 330 2000 0.1 59 62
1N&%@*~,* 87

10
1.4 370

+ 0.098
2200 0.1 65 68 10 + 0.099

1@2% 91 1.4 400 2300 0.1 66 69 10 + 0.099

$q#?l 100
~@5272

1.3 500 2600 0.1 72 76 10 +0.110
110 1.1 750 3000 0.1 80 84 10 +0.110

1~5273 120 1 900 4000 0.1 86 91 10 +0.110
1N5274 130 0.95 1100 4500 0.1 94 99 10 +0.110
1N5275 140 0.9 1300 4500 0.1 101 106 10 +0.110

1N5276 150 0.85 1500 5000 0.1 108 114 10 +0.110
1N5277 160 0.8 1700 5500 0.1 116 122 10 +0.110
1N5278 170 0.74 1900 5500 0.1 116 129 10 +0.110
1N5279 180 0.68 2200 6000 0.1 130 137 10 +0.110
1N5280 190 0.66 2400 6500 0.1 137 144 10 +0.110
IN5281 200 0.65 2500 7000 0.1 144 152 10 +0.110

—

,-

,-
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NOTE 1. Tolerance — The JEDEC type numbers shown indicate a tol-
erance of * 100/~with guaranteed limits on only Vz, IR and VF as shown
in the electrical characteristics table. Units with guaranteed limits on
all six parameters are indicated by suffix “N’for ~ 10°/~tolerance, suffix
“B” for t 5“A, “C” for ~2Y0 and “D” for ~ IYo.

-,

NOTE 2. Special Seiectionst Available Include:
1. Nominal zener voltages between those shown.
2. Two or more units for series connection with specified tolerance

on total voltage. Series matched sets make zener voltages in excess of
200 volts possible as well as providing lower temperature coefficients,
lower dynamic impedance and greater power handling ability.

3. Nominal voltages at non-standard test currents.

NOTE 3. Temperature Coe~cient (OVZ) — Test conditions for temper-
ature coefficient are as follows:

a. IZT = 7.5 mA, TI = 25”C,
T2 = 125°C (1 N5221A,B through 1N5242A,B).

b. IZT = Rated IZT, T1 = 25°C,
T2 = 125°C (I N5243A,B through 1N5272A,B).

Device to be temperature stabilized with current applied prior to read-
ing breakdown voltage at the specified ambient temperature.

NOTE 4. Zener Voltage (VZ) Measurement — Nominal zener voltage
is measured with the device junction in thermal equilibrium at the lead
temperature of 30”C * 1°C and 3/8 lead length.

NOTE 5. Zener Impedance (22) Derivation — ZZT and ZZK are mea-
sured by dividing the acvoltage drop across the device by the accurrent

applied. The specified Iimitsarafor Iz(ac) = Iz(dc)withtheacfrequency
= 60 Hz.

tFor more information on special selections contact your nearest
Motorola representative.

APPLICATION NOTE

Since the actual voltage available from a given zener
diode is temperature dependent, it is necessary to deter-
mine junction temperature under any set of operating
conditions in order to calculate its value. The following
procedure is recommended:

Y
Lead Temperature, TL, should be determined from;,,.

.,~::;~\
TL = OLAPD + 7A. ,.\..,\..,

.,..’. “!:~~,
OLA is the lead-to-ambient thermal resistance (°C##Ni
PD is the power dissipation. The value for O~i,,~\~?:,vary
and depends on the device mounting ma$,$&FbLA is
generally30 to 4vCM for the various cll@$~Q@Yie points
in common use and for printed circuk&&&~N wiring.

The temperature of the lead c~m’’a~~~-be measured
using a thermocouple placed q.q{::$taQ~leadas close as

possible to the tie point. The t~~i mass connected to
the tie point is normally la$@,@@&gh so that it will not
significantly respond to h~+>urges generated in the
diode as a result of R,~f~d dperation once steady-state
conditions are achie~~’~~~~ing the measured value of TL,
the junctiontem~~~$~re may be determined by:,,,~~~,+!.’.+S.

%,;~;~d = TL + ATJL.

ATJL is th~’$n~~ase in junction temperature above the
lead te~~tdlq,@re and may be found from Figure 2 for dc
power$ld$:+“.*,..iyAt,i,.,,, ,x,.:,

,!~,+,~~::y.,, ATJL = OJLPD./,A.,j.
Fo#Worst-case design, using expected limits of Iz, lim-

its of PD and the extremes of TJ(ATJ) may be estimated.
Changes in voltage, VZ, can then be found from:

AV = OVZATJ.

9VZ, the zener voltage temperature coeticient, is found
from Figures 4 and 5.,-,

Under high power-pulse operation, the zener voltage
will vary with time and may also be affected significantly
by the zener resistance. For best regulation, keep current
excursions as low as possible.

Surge limitations are given in Figure 7. They are lower
than would be expected by considering only junction
temperature, as current crowding effects cause temper-
atures to be extremely high in small spots, resulting in
device degradation should the limits of Figure 7 be
exceeded.

L{,~~D i~WTH TO HEATSINK (INCH)

I I I I I I
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Hgure 3. Typical Leakage Current
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TEMPERATURE COEFFICIENTS
(– 55°c to + 150°Ctemperature range; 90% of the units are in the ranges indicated.)

figure 4a. Range for Units to 12 Volts

Vz, ZENER VOLTAG@~Vdkq&p

2

1
1 2 5 10 20 50 100

Vz, ZENER VOLTAGE (VOLTS)

figure 6a. Typical Capacitance 1-100 Volts

Vz, ZENER VOLTAGE (VOLTS)

figure 5. Effectof Zener Current

Vz, ZENER VOLTAGE [VOLTS)

figure 6b. Typical Capacitance120-220 Volts
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Rgure 9. Effectof Zener Voltage on Zener Impedance
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figure 8. Effect of Zener Current on Zener Impedance
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figure 10. Typical Noise Density
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1000
--- MINIMUM , ! , r , iLOAD AMPLIFIER

+
FILTER

AMMETER fo = 2 kHz I
TRUE

fl = 1 kHz Vout
RMS

DC POWER TEST
f2 = 3 kHz

VOLT

SUPPLY ZENER
BW = 2 kHz

METER

— o
NOISE DENSITY ,,

—

(VOLTS PERSQUAREROOT BANDWIDTH)= Vout

OVERALLGAINm

WHERE:BW = FILTERBANOWIDTH[Hz)

Vout = OUTPUTNOISE[VOLTSRMS)

The input voltage and load resistance are high so that the zene

diode is driven from a constant current source. The amplifier is Iok

noise so that the amplifier noise is negligible compared to that c
the test zener, The filter bandpass is known sothatthe noise densit
can be calculated from the formula shown.

0.4

Rgure 11. Noise Density Measurement Method
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{&h,$knerVoltage versus Zener Current — VZ = 1 thru 16 Volts,)i].,\?~

—
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Vz, ZENER VOLTAGE (VOLTS)

figure 14. Zener Voltage versus Zener Current — Vz = 15 thru 30 Volts
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Figure 15. Zener Voltage versus Zener Current — ~~~~~~fbpthru 105 Volts
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Motorola reserves the right to make changes without further notice to any products here!n to Improve rellab)llty, function or des(gn Motorola does

not assume any Iiabll!ty arising out of the application or use of any product or c!rcult described here!n; neither does It convey any license under its

patent r!ghts nor the rights of others. Motorola and mare registered trademarks of Motorola, Inc Motorola, Inc IS an Equal Em Dlovment Oooortunitv/

I Affirmative Action Employer
,.
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