PHILIPS

'BZY88

| SERIES

VOLTAGE REGULATOR DIODES

Silicon diodes in subminiature all glass DO-7 envelope for use as low current volt-

age stabilizers or voltage references.

The series consists of 24 types with nominal zener voltages ranging from 3.3 V to

30 V with a tolerance of +5%.

QUICK REFERENCE DATA

Zener voltage range
Zener voltage tolerance

Repetitive peak zener current

Tj =150 ©C; t = 100 us
Junction temperature

Thermal resistance from junction
to ambient in free air

Non repetitive peak reverse power

Total power dissipation up to Tagmp =50°C

IzrRM

tot

Pzsm

T,
J

Rih j-a

nom. 3.3 to 30
+5

max, 250
max. 400
max. 15
max. %75
0.31

v

%
mA
mW

W
oC

oC/mW

MECHANICAL DATA

Dimensions in mm
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BZY88 PHILIPS
SERIES

—

RATINGS Limiting values inaccordance with the Absolute Maximum System (IEC134)

Currents

Forward current (d.c.) Ip max. 250 mA
Repetitive peak forward current IFRM max. 250 mA
Repetitive peak zener current IzrM max., 250 mA

Power dissipation

Total power dissipation up to Tymp =50 °C Piot max. 400 mW
Non repetitive peak reverse power

e 150 ©C; t = 100 us PzsMm max. 15 W
Temperatures
Storage temperature Tstg -65 to +175 OC
Junction temperature T max. 175 ocC

THERMAL RESISTANCE-

From junction to ambient in free air Rh j-a = 0.31 OC/mW

www.datasheetcatalog.com
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PHILIPS BZYS88

SERIES
CHARACTERISTICS Tj = 25 °C unless otherwise specified
Forward voltage
Ip=10mA 1) Vg < 0.9 V
Temperature Differential
BZY88-... Z::f; Zoit:gz vz coefficient S7 resistancerz
atlz =1 mA atlz =1 mA
min. nom. max, min.  typ. max. min. typ. max.
C3v3 2.4 2.75 3.0 V[-4.5 =-1,9 =0.5 mV/OC| 380 410 440 @
C3vé 2.7 3.0 3.3 V|[-45 -2.05 =0.5 mV/oC| 380 410 430
C3V9 3.0 3.3 3.6 V|[-3.5 =-2.4 -0.5 mV/0C| 380 410 430 @
C4V3 3.3 3.6 3.9 V|[-2,7 =2.25 -0.5 mV/OC| 340 410 430
C4v7 3.7 4.1 4.3 V|-2.5 =20 -0.3 mV/°C| 360 390 420
C5V1 4,3 4.65 5.0 V|[-2.1 =-1.9 =-0.3 mV/°C| 300 340 370 Q
C5vVé6 4,8 5.3 5.7V |(-1.8 -1.4 0 mv/°C| 160 310 350 @
C6vV2 S -9 B.5 V 0 +1.6 +3.0 mv/°C| 10 100 250 <
C6V8 6.3 . 6.7 6.9V +2 43,2 #3,7 m¥V/oC | ol 18l il 3
C7V3 7.0 7.45 7.8 V +3 +4.2 +45.9 mV/°C| 4.0 8.6 20 @ ki
Cc8v2 7.8 8.1 8.5 V|+4.3 +5.0 +6.0 mV/oC| 4.0 10 20 @ ——
CoVvl 8.55 9.0 9.5 V [+4.5 +46.0 +7.0 mVv/0°C| 7.0 12 24 Q E
C10 9.3 9.9 10.5 V [+6.0 +46.6 +7.0 mV/0C| 5.0 20 50 @ i
Cl1 10.3 10.9 11.5 V |+7.1 +48.3 +49.0 mVv/°C| 5.0 25 70 @
Ci12 11.3 11.9 12.5 V [+7.6 +8.7 +9.2 mV/°C| 10 25 80 @
C13 12.3 12.9 13,0 V [+9.1 +10.1 +11.1 mV/°C| 10 25 90 Q
C15 13.8 14.9 15.5 V| +11 +12.5 +13 mvV/oC| 19 35 095 @
Cl6 15.3 15.8 16.9 V| +12 +13 +14 mV/°C| 20 45 100 @
C18 16.7 17.8 18.9 V| +14 +15 +16.5 mVv/°C| 20 50 120 @
C20 18.7 19.8 21.0 V| +16 +17 +18.5 mV/oC| 20 60 140
C22 20.6 21.8 23.1 V| +17 +19 +21 mv/eC| 25 70 150 Q
C24 22.5 23.8 25.7 V| +19 +21 +23 mvV/°C| 30 85 200 @
Cc27 24.7 26.6 28.5 V| +21 +22.5 +25 mV/°C| 35 90 300 @
C30 27.5 29.5 31.5 V| +22 +24  +29 mV/°C| 50 180 350 @

www. datasheetcatalog.com
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BZY88 PHILIPS
SERIES

CHARACTERISTICS (continued) Tj = 25 OC unless otherwise specified
Zener volage VZ TemE.e'rature Di.fferential
BZY88-... coefficient Sz resistance ry
atlz = 5mA 1) —_ ———l
atlz =5 mA atlz =5 mA
min. nom. max. min. typ. max. min, typ. max.
C3Vv3 3.1 3.3 3.5 V| -4.0 -2.3 -0.5 mV/°C| 70 83.5 110 @
C3veé 3.4 3.6 3.8 v | -3.5 =-2.0 -0.5 mV/°C| 65 76 105 @
C3V9 3.7 3.9 4.1 V -2.5 =-2,05 -0.5 mv/°C| 60 76 100 @
C4V3 4,0 4.3 4,5 V| -2.5 -1.8 -0.5 mV/°C| 55 70 90 @
C4v7 4.4 4.7 5.0 V| =-2.0 -1.55 0 mvV/°C| 49 62 85 Q
C5V1 4,8 5.1 5.4 V |-1.75 -1.2 0 mvV/°C| 34 46 75 Q
C5Vé6 5.3 5.6 6.0 V| -1.5 =0.2 +1.0 mV/°C| 10 22 55 @
Cc6v2 5.8 6.2 6.6 V +0.5 +2.0 +3.5 mV/°C|1.0 7.0 27 @
c6v8 6.4 6.8 7.2V +2,3 +43.2 +3.8 mV/9C|0.5 3.0 15 @
C7V5 7.1 0 T.5 7.9V +3.1 +4.2 +5.9 mV/°C|0.5 3.0 15 @
Cc8v2 7.8 8.2 8.7 V +4,2 +5.0 +6.0 mV/°C|0.9 3.5 20 Q
Ccovl 8.6 9.1 9.6 V +4,.8 +6.0 +7.0 mV/°C|1.0 4.75 25 @
Cl0 9.4 10 10.6 V +6.0 +7.0 +47.5 mV/°C|2.0 5.0 25 @
Cl1 10.4 11 11.6 V +7.0 +8.7 49.1 mV/oC|3.0 7.0 25 @
Cl2 11.4 12 12,6 V +8.5 +9.0 +9.6 mV/°C|4.0 8.0 35 @
Cl3 12.4 13 14,1 V +10 +10.5 +11.5 mV/°C| 4.0 10 35 @
Cl15 13.9 15 15.6 V +12 +12.5 +14 mV/oC|4.0 15 35 @
Clé 15.4 16 17.1 V +12 +13 +14 mV/°C|5.0 20 40 @
Cl8 16.9 18 19,1 V +14 +15 +18 mV/°C|7.0 25 45 Q@
C20 18.9 20 21.2 V +16 +17 +19 mVv/°C| 10 30 50 @
C22 20.8 22 23.3 V +17 +19 +21 mV/°C| 15 35 60 @
C24 22.7 24 25,9V +20 +21 +24 mV/°C| 20 40 75 @
Cc27 25.1 27 28.9 V +22 +23.5 +27 mV/°C| 25 50 85 @
C30 28 30 32 V +25  +26 +29 mv/°Cl 30 60 95 Q@

www.datasheetcatalog.com
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PHILIPS

BZY88
SERIES

CHARACTERISTICS (continued)

T

j = 25 °C unless otherwise specified

7 ener valtage-Vz Temperature Differential
BZY88-... atlyz = 20 mA T) coefficient Sy resistance rz
atlz = 20 mA at Iz = 20 mA
min. nom. max, min. typ. max. min. typ. max.
cava 3.5 4 4,2 V| -3.3 -2.4 -0.5 mV/°C|16.0 19.5 22 Q
C3V6 3.9 4.2 4.4 V| -2,5 -1.55 -0.5 mV/°C| 16 18 20 @
C3V9 4,2 4.45 4,65 V| -2.4 -1.55 =-0.5 mV/°C| 14 16 18 Q
C4V3 4.45 4.7 4.95 V| -2.0 -1.5 -0.5 mv/oC| 13 15 17 @
C4v7 4.9 5.1 5.3 V| -1.5 -0.85 0 mv/oc| 12 15 17 @
C5V1 5.1 5.35 5.7 V| -1.5 -0.8 0 mv/°C| 4.0 7.0 11 @
C5V6 5.45 5.75 6.1 V| -1.0 +1.0 +3.0 mV/°C| 1.5 4.0 8.0 @
Cc6V2 5.95 6.4 6.7 V| +1.0 +2.2 +4,0 mV/oC| 0.8 1.4 3.1 @
C6V8 6.6 6.9 7.25 V| +2.8 +3.2 +3.8 mv/oC| 0.7 1.3 3.0 @
C7V5 7.2 7.65 7.95 V| +2.5 +4.2 +5.9 mV/°C| 0.5 1.6 5.0 Q
C8v2 7.9 8.4 8.75 V| +4.0 +5.0 +6.0 mV/°C| 0.9 1.8 6.0 Q@
CcoV1 8.7. 9.4 9.7 V| 45.0 +6.0 +7.0 mV/°C| 1.0 1.85 7.0 Q
C10 9.5 10.1 10.8 V| +7.0 +7.3 +47.5 mV/°C| 1.0 2.0 8.0 @ —
Cl1 10.5 11.1 11.8 V| +8.5 +9.1 +9.5 mV/°C| 1.0 3.0 10 @ e
Cl12 11.6 12.2 12.8 V| +8.9 +9.6 +10.3 mV/°C| 2.0 3.5 25 Q ———
C13 12,6 13.2 14.3 V| +11 +11.5 +12.5 mV/°C| 2.0 4.5 25 Q
C15 14.1 15.3 15.9 V| +12 +13.5 +14.5 mV/°C| 2.0 6.0 25 Q
C16 15.6 16.3 17.4 V| +13 +14 +15 mV/°C| 5.0 10 30 @
C18 17.2 18.4 19.6 V| +15 +16 +18 mV/°C| 5.0 12 30 @
C20 19.3 20.5 21.9 V [+17.5 +18.5 +20.5 mV/°C| 5.0 15 35 Q
C22 21.3 22.6 24.1 V| 419 +20.5 +422.5 mV/°C| 10 18 35 Q
C24 23.3 24.7 26.7 V| +20 423 +25 mV/°C| 10 20 40 @
C27 25.8 28.1 30.1 V| 423 +425.5 +28 mV/oC| 10 25 45 Q
C30 29.0 31.3 33.4 V| +25 428 +32 mv/°cl 10 35 50 @
www. datasheetcatalog.com
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BZY88 , PHILIPS
SERIES

CHARACTERISTICS (continued) 5= 25 OC unless otherwise specified
RZ Y88~ Diode capacitance Cg Reverse current I
at VR =3 V (typ.) at VR =| typ. max.
|
C3v3 395 pF 1V | 0.54 3.0 pA
C3V6 370 pF I Wil 28, nedl0 uk
C3v9 335 pF 1v | 0,11 3.0 pA
C4V3 270 pF L% |+ 01720 550 1
C4V7 290 pF 2v | 0.25 3.0 pA
C5V1 275 pF 2v | 0.15 1.0 pA
C5V6 260 pF 2% ¢l L B6a 4.0 pk
C6V2 240 pF 2¥z | .01 1.0 pA
C6V8 220 pF 3v 10.025 1.0 pA
C7V5 190 pF av | 15 500 nA
C8V2 150 pF 3v | Xl 400 nA
Ccovl1 140 pF 5v | 8 400 nA
Ci0 110 pF ¥ == 2.5 pA
cil 90 pF vk A 2.5 pA
C12 80 pF gv | - 2.5 pA
C13 65 pF oV | - 2.5 pA
@15 60 pF v | - 2.5 pA
Cl16 55 pF 10870t | 5, 2.5 pA
C18 50 pF Bv | - 2.5 pA
C20 45 pF 14v | - 2.5 pA
022 43 pF 3v | - 2.5 pA
C24 42 pF 7v | - 2.5 pA
c27 40 pF vv | - 2.5 pA
C30 35 pF 21v | - 2.5 pA

www.datasheetcatalog.com
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PHILIPS BZYS88
SERIES

OPERATING NOTES
1. Dissipation and heatsink considerations

a. Steady-state conditions www.datasheetcatalog.com

The maximum allowable steady -state dissipation Pg pax is given by the rela -
tionship

Timax = Tamb
Rth j-a
where T j max is the maximum permissible operating junction temperature,

Tamb is the ambient temperature,
Rth j-a is the total thermal resistance from junction to ambient

Ps max =

b. Pulse conditions (see fig. below)

The maximum allowable additional pulse power Pm max is given bythe formula

P _ (Tjmax — Tamb) = (Ps . Rth j-a)

where Pg is the steady-state dissipation, excluding that in the pulses,

Zth is the effective transient thermal resistance of the device from junc -
tion to ambient. It is a function of the pulse duration t and duty cycle &
(see page 9, lower figure).

6 is the duty cycle and is equaltothe pulse duration t divided by the pe-
riod duration T.

The steady-state power Pg when biased in the zener direction at a given zener cur -
rent can be found from page 13, upper figure. With the additional pulsed power dis-
sipation Pm max calculated from the above expression, the total repetitive peak zener
power dissipation PZRM = Ps+ Pmmax. From page 13, upper figure the correspond-
ing maximum repetitive peak zener current at PzRM can now be read. This repeti-
tive peak zener current is subject to the absolute maximum rating. For pulse dura -
tions longer than the temperature stabilization time of the diode tgtgp, the maxi-
mum allowable repetitive peak dissipation PZRM is equal to the maximum steady-
state power Pgmax. The temperature stabilizationtime for the BZY88series is 100 s
(see page 9, lower figure).

T -
Lt
-
c
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o
a
0
E
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.
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BZY88 PHILIPS

SERIES

OPERATING NOTES (continued)
Example

The following example illustrates how to calculate the maximum permissible repet-
itive peak zener current of aBZY88-C7V5 zener diode mounted in freeair at a max-
imum ambient temperature of 60 OC. The steady-state zener current is 10 mA, the
duty cycle 6 = 0.1 and the pulse duration t = 1 ms.

The steady-state dissipation Pg at a zener current of 10 mA (from page 13, upper
figure) = 76 mW.
Thethermal resistance from junction to ambient R¢h j-a = 0.31°C/mW.
The thermal impedance Zih with a duty cycle 6 = 0.1 and a pulse durationt = 1 ms
(from page 9, lower figure).

Zih = 41.5°C/W
The maximum additional pulse power dissipation

_ (Tjmax = Tamb) =~ Ps . Rth j-a
Zth

Pm max

If Pg = 76 mW, Zy, = 41.5 OC/W,

_ (175-60)- (0. 076 x 310)

Pmmax = 4.5 = 2.2W

therefore, the total repetitive peak power dissiaption,
PzrM =0.076 + 2.2 = 2,28W

From page 13, upper figure, the corresponding repetitive peak zener current is
250 mA. This is within the rating of the BZY88-C7V5 and is therefore permissible.

2. Zener characteristics www.datasheetcatalog.com

The basic characteristic of a zener diode is the dynamic zener characteristic, that
is, the variation of zener voltage when a current pulse is applied in the reverse di-
rection, The slope of this characteristic is rz. Typical dynamic characteristics at
Tj = 25 and 150 OC are given on pages 10 and 11 for each type of diode. Because of
the temperature sensitivity of the zener characteristics, the dynamic characteristics
at any other operating temperature will be displaced from those at Tj = 259C by a
voltage corresponding to Sz x (Tp-25)°C, where Sz is the temperature coefficient
of the diode and Ty, is a nominal operating temperature. This is illustrated below.

— V7 i
v/
slope Iz < —
(Th=29)Sz— 1\ | 'Iz
|
Tj=Tn Tj=25°C 1 Tj=25°C ms,,l,,

7205729
Dynamic characteristics Static characteristic

| || Tume 1971
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PHILIPS BZY88
SERIES

OPERATING NOTES (continued)

The static characteristic of the diode is obtained by connecting the steady-state
zener voltages at various direct zener currents and may, therefore, be used to
determine the operating point at any zener current, This is shown above. The
slope of the static characteristic will depend on

(1) the differential resistance, 1,

(2) the rise in junctiontemperature due to internal dissipation andthe ther-
mal resistance from junction to ambient, Vz.17.Rthj-a

(3) the temperature coefficient of the diode, Sz
From the above, the static slope resistance ryz is found to be
r7 =tz +Vz.Rth j-a. SZ

where rz is the differential resistance, V7 is the steady-state zener voltage and

is equal to
Vg'

].—IZ. Rth j-a. SZ

V7' being the zener voltage at T = Ty at the working current IZz.

The position of this static characteristic inrelation tothe dynamic characteristic
at Tj = 25 OC is dependent on the ambient temperature and the temperature coef -
ficient, the low-current voltage being displaced by

Sz X (Tp=25)°C

from the low current voltage, Vzo on the dynamic characteristic at Tj= 25 %
(See figure below)

Example for

positive Sz o 295z I

www.datasheetcatalog.com
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BZY88

PHILIPS

SERIES

OPERATING NOTES (continued)

Next figure shows typical dynamic characteristics at Tj = 25, 150 and a nominal
temperature, Tp ©C. It also shows static characteristicsatambient temperatures
of 25 and Ty °C.

Vz0HTn-25)S,
Yz vypei2ss, v

,
i
7/
!

Tamb=25°C

=Tn__

Rthj—0=°'3 03

[_ (Tn'zs)Sz Iz

Example for

positive SZ Tj =150°C T] -Tn Tj-25°C 7207773

Typical static characteristics for each type of diode are given on page 12, These
curves were obtained with the device mountedin free air at an ambient tempera -
ture of 25 °C.

The slope resistance for pulse operation can be calculated by incorporating the
thermal impedance Z into the formula for ryz. Curves of Zh plotted against
pulse duration and duty cycle are given in the lower figure on page 9.

. When using a soldering iron, the diode may be soldereddirectlyinto a circuit, but

heat conducted to the junction should be kept to a minimum by use of a thermal
shunt.

Diodes may be dip solderedat a solder temperature of 245 °C for a maximum sol -
dering time of 5 seconds. The case temperature during dip soldering must not at
any time exceed the maximum storagetemperature. These recommendations ap-
ply to a diode with the anode end mounted flush on the board with punched-through
holes. For mounting the cathode end ontothe board the diode must be spaced 5Smm
from the underside of the printed circuit board in the case of punched-through
holes or 5 mm from the top of the board for plated-through holes.

Care should be taken not to bend the leads nearer than 1.5 mm from the seals.

www. datasheetcatalog.com
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PHILIPS BZYS8
77261559
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BZYS8 PHILIPS
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PHILIPS

BZY88
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BZY88 PHILIPS
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PHILIPS BZY88
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