@ MOTOROLA

BY 196 SERIES

SUBMINIATURE SIZE, AXIAL LEAD MOUNTED
SOFT RECOVERY POWER RECTIFIERS

. . . designed for special applications such as dc power supplies,
inverters, converters, ultrasonic systems, choppers, low RF interfer-
ence and free wheeling diodes. A complete line of fast recovery
rectifiers having typical recovery time of 500 nanoseconds providing
high efficiency at frequencies to 250 Hz.

SOFT RECOVERY
POWER RECTIFIERS

100, 200, 400, 800 VOLTS
1.2 AMPERE

DESIGNER'S DATA FOR ,WORST CASE” CONDITIONS
The Designers Data Sheet permits the design of most circuits entirely from the
information presented. Limit curves — representing device characteristic boun-
daries — are given to facilitate , worst case” design.

MAXIMUM RATINGS

cnuons’E T

BAND
K
|
SR
MILLIMETERS] _ INCHES
DIM| MIN | MAX | MIN | MAX
A_| 597|660 | 0.235 | 0.260 |
8 | 279305 [0.110]0120
D | 0.76 | 0.86 | 0.030 | 0.034
K [2194] - 00 -
CASE 59.04

Ratings Symbol BY196 BY197 BY198 BY199 Unit
iti VRWM Volts
Peak Repetitive Reverse Voltage
Working Peak Reverss Voltage VRRM 100 200 400 800
DC Biocking Volitage VR
v e oeiive Peak VRsM 200 300 500 1000 | Voits
RMS Reverse Voltage VR(RMS) 70 .| 140 280 560 | volts
Average Rectified o
Forward Current (Single phase, < 1.2 »| Amp
resistive load, T o = 75° C) (1
Non-Repetitive Peak Surge |
Current (surge applied at rated load| Fsm < 70 > Amps
conditions) (T = 250 C)
Operating Junction Temp. Range Ty 4————— 6510 +150 ———————P| OC
Storage Temperature Range Tng 4¢——————— 6510 +175 ————————P| oc
I. Valid with leads at ambient Temperature at a Distance of 10 mm
from case
THERMAL CHARACTERISTICS
Characteristics Symbol Max Unit
Thermal Resistance, Junction to Ambient
(Typical Printed Circuit Board Mounting) Rasa 65 ocw
ELECTICAL CHARACTERISTICS
Characteristics Symbol Min Typ Max Unit
Forward Voltage V, Volts
(Ig = 3,0 Amp. TA = 25 oC) F - 11 13
Reverse Current (rated dc voltage) Tp = 250 C [ - 1.0 10
Th = 1000 C R Z | so 100 [ KA
REVERSE RECOVERY CHARACTERISTICS
Characteristics Symbol Min Typ Max Unit
Reverse Recovery Time N 500
IF = 10 mA through IR = 10mA to IR = 1 mA " — — ns
I =1Amp.to VR =30 Vpc
(figure 21) ter — 350 750 ns

MECHANICAL CHARACTERISTICS
CASE: Void Free, Transfer Molded

FINISH: External leads are tin plated,
leads are readily solderable
POLARITY: Cathode indicated by
Polarity band
WEIGHT: 0.4 Grams (Approximately)
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IF(Av). AVERAGE FORWARD CURRENT (AMP)
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MAXIMUM CURRENT RATINGS
(SEE NOTES 1 and 2)
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NOTE 1 NOTE 2
Pok Pok
DUTY CYCLE, D = tpity Data shown for thermal resistance junction-to-ambient (04 for the
N PEAK POWER, Ppy, is peak of an mountings shown is to be used as typical guideline values for preliminary
v equivalent squa're%o'wcr pulse. engineering or in case the tie point temperature cannot be measured.
— TIME
TYPICAL VALUES FOR 04 IN STILL AIR
S P——
T LEAD LENGTH_L(Mm)
d i juncti f the diode i ituation, MOUNTING
the .0 ! s junction 0f e diode in a given situation, ”‘"‘00 3,81 635 12.7 ’9 ‘ Rosa
b 65 | 72 [ 82 ] 92 ::./w
The temperature of the case should be measured using a thermocouple placed ; 4] 81 L 91 [ 101] :;vwv
on the case as close as possible 1o the tie point. The thermal mass connected to 4
the tie point is normally large enough so that it will not significantly respond to MOUNTING METHOD 1 MOUNTING METHOD 3
heat surges generated in tiw: diode as a result of pulsed operation once steady- L L
state conditions are achieved. Using the measured value of T(, the junction — i-—~1 P.C. Board with
temperature may be determined by: 38.1 x 3.81 copper surface
Ty=Tg+aTyc L =95mm.
where = T is the increase in junction temperature above the case temperature. MOUNTING METHOD 2 -
It may be determined by: "
= . -0) - - L
A’Uc Pok Rgyc [0 +(1-0) “4lty +1p) +1(tp) r(nl] } L
'v;ﬂl'. normalized value of transient thermal resistance at time, t, from Figure Vmar pin mounting Ooml Glound 3
7ty + tg) = normalized value of transient thermal resistance at time Y+ tp.

Ta = Ambient Temperature  Rgg = Thermal Resistance, Heat Sink to Ambient
T = Lead Temperature Rg = Thermal Resistance, Lead to Heat Sink
T = Case Temperature Rg j= Thermal Resistance, Junction to Case

Ty = Junction Temperature  PD= Power Dissipation

(Subscripts A and K refer to anode and cathode sides respectively.)

Values for thermal resistance components are:

RgL = 1122C/W/IN. Typically and 128°C/W/IN Maximum

Ru = 18°C/W Typically and 30°C/W Maximum

lead may be 23 follows:
TL = 1500 - aTy
AT i can be calculated as shown in NOTE 1 or it may be approximated
JL

Use of the above mode! permits junction 1o lesd thermal resistance for
sny mounting configuration to be found. For a given total lead length,
lowest values occur when one side of the rectifier i3 brought as close as
POssibie 10 the heat sink. Terms in the model signify

s follows:
ATy =Rg L ® Pe; PE may be formulated for sine-wave operation from
Figure 3 or from Figure 4 for square-wave operation.

FIGURE 14 — THERMAL CIRCUIT MODEL
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TYPICAL DYNAMIC CHARACTERISTICS
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TYPICAL RECOVERED STORED CHARGE DATA
(SEE NOTE 3)
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BY 406/407

ference and free wh

. . . designed for special applications such a:
inverters, converters, ultrasonic systems,

ing diodes. A
ry rectifiers having typical recovery time of 200 nanoseconds
providing high efficiency at frequencies to 250 Hz.

SUBMINIATURE SIZE, AXIAL LEAD MOUNTED
FAST RECOVERY POWER RECTIFIERS

s dc power supplies,
choppers, low RF inter-

line of fast recove-

FAST RECOVERY
POWER RECTIFIERS

350/600 VOLTS
0.8 AMPERE

DESIGNER'S DATA FOR ,WORST CASE” CONDITIONS
The Designers Data Sheet permits the design of most circuits entirely from the
information presented. Limit curves — representing device characteristic boun-
daries — are given to facilitate ,worst case” design.

MAXIMUM RATINGS

Ratings Symbo! BY 406 BY 407 Unit
.- VRWM Volts
Peak Repetitive Reverse Voltage
_WorkingpP.:ak Reverse Voltage VRRM 350 600
VR Volts
DC Blocking Voltage 300 500
Average Rectified
Forward Current (Single phase, IF(AV) | & 08 »| Amp
resistive load, Tp = 750 C)
Non-Repetitive Peak Surge IEsm Am
Current (surge applied at rated load| S < 20 ' ps
conditions) (Ta =759 C)
Operating Junction Temp. Range Ty 4¢————— 65t0+150 ——p| oc
Storage Temperature Range Tstg 4————— 6510 +175 ——————Pp| oC

THERMAL CHARACTERISTICS

| ] .

catrooe”
BAND

[ ImiLimeTeRs] _ incHEs
DIM| MIN | MAX | WiN | MAX
A_| 597|660 | 0.235 | 0260
79[ 3.05 ] 0.110 ] 0.120
76 | 0.85 | 0.030 | 0034
7194 - [ i0] -
CASE 59.04

Characteristics Symbol Max Unit
Thg?/:i'ui Printed ég:czﬁig;;@umw) RoJA 65 ocw
ELECTRICAL CHARACTERISTICS
Characteristics Symbol Min Typ Max Unit
RIS TA =25 Grad C) VF — 1.1 156 | Volts
Reverse Current (rated dc voltage) 11_’2 : 1%2: (C: Ir - 1_,0 %’.2% LA
REVERSE RECOVERY CHARACTERISTICS
Characteristics Symbol Min Typ Max Unit
Reverse Recovery Time
(lF=10mAto VR =50V trr —_ 150 300 ns

MECHANICAL CHARACTERISTICS
CASE: Void Free, Transfer Molded

FINISH: External leads are tin plated,
leads are readily solderable
POLARITY: Cathode indicated by
Polarity band

WEIGHT: 04 Gram.s (Approximately)
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IF(AV). AVERAGE FORWARD CURRENT (AMP)

MAXIMUM CURRENT RATINGS
(SEE NOTES 1 and 2)
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FIGURE 12 — THERMAL RESPONSE FIGURE 13 — THERMAL RESISTANCE
NOTE 1 NOTE 2
Ppk Ppk . N . B
DUTY CYCLE, O = tp/ty Data shown for thermal resistance junction-to-ambient (6)a) for the
% PEAK POWER, Py, is peak of an mountings shown is to :t used as typical guideline values for preliminary
e equivalent square power pulse. engineering or in case the tie point temperature cannut be measured.
- TYPICAL VALUES FOR 0, INSTILL AIR
fo—t—f A
To dt i junction of the diode in a given situation, MOUNTING|
the # ing dure is ded METHOO Rosa
1 W
The temperature of the case should be measured using a thermocouple placed : rm
on the case as close as possible to the tie point. The thermal mass connected to
the tie point is normally large enough so that it will not significantly respond to MOUNTING METHOO 1 MOUNTING METHOD 3
heat surges generated in tie diode as a result of pulsed operation once steady L L
state conditions are achieved. Using the measured value of T(, the junction — I———| P.C. Board with
temperature may be determined by 38.1 X 3.81 copper surface
Ty=Te+aTic L=95mm
where = Ty is the increase in junction temperature above the case temperature. MOUNTING METHOD 2 -
1t may be determined by “
ATy =Ppk RgyC [D +(1-0) - rity +1g) +r(tp) ‘l(ll’] -
where -
t{t) = normalized value of transient thermal resistance at time, t, from Figure Vector pin mounting Boud Bvom\d
12,ie:
¢ {1y + tg) = normalized value of transient thermal resistance at time ty+ tp.

Ta = Ambient Temperature  Rgs = Thermal Resistance, Heat Sink to Ambient
TL = Lead Temperature Rg | = Thermal Resistance, Lead to Heat Sink.

T = Case Temperature Rg 3= Thermal Resistance, Junction to Case

Ty = Junction Temperature  PD= Power Dissipation

(Subscripts A and K refer to anode and csthode sides respectively.)

Values for thermal resistance components are:

Rgy = 1120C/W/IN. Typically and 128°C/W/IN Maximum

Ra; = 189C/W Typically and 30°C/W Maximum

lead may be a3 follows:
1._ = 1500 - 8T
. AT 5 can be aleulnod a3 shown in NOTE 1 or it may be approximated
Use of the above model permits junction to lead thermal resistance for 21 follows:
any mounting contiguration 10 be found. For a given total lead length, AT 5 =Ry L @ Pg; Pg may be formutsted for sine-wave operation from
lowest values occur when one side of the rectitier is brought as close as Figure 3 or from Figure & for square-wave operstion.

possibie to the heat sink. Terms in the model signify

FIGURE 14 — THERMAL CIRCUIT MODEL
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TYPICAL DYNAMIC CHARACTERISTICS
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TYPICAL RECOVERED STORED CHARGE DATA
(SEE NOTE 3)
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NOTE 3
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RIPPLE = 3 mVrms MAX
50 Vdc O—F ¢ NON INDUCTIVE | O .:
CONSTANT VOLTAGE =< ! 04F | OuF 2=
SUPPLY _ 300 v 300 v -
o— °
MINIMIZE ALL LEAD LENGTHS Zout® Y IMAX.
DC 102 kM2

A - TEKTRONIX S45A K PLUG IN
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FIGURE 21 — REVERSE RECOVERY CIRCUIT
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Reverse recovery time 15 the period which elapses from the
time that the current, thru 8 previously forward bissed rectifier
diode, pesses thru zero going negstively until the reverse current
recovers 10 8 point which is less than 10% pesk reverse current.

Reverse recovery time is 8 direct function of the forward
current prior to the application of reverse voltage.

For any given rectifier, recovery time is very circuit depend-
ent Typrcal and maximum recovery time of all Motorola fast
recovery power rectifiers are rated under a fixed set of conditions
using IF=10mA VR =50 VR. In order 1o cover all circuit
conditions, curves are given for typical recovered stored charge
versus commutation di/dt for various levels of forward current
and for junct:on temperstures of 25°C, 75°C, 100°C, and
150°C.

To use these curses, it 13 necessary to know the forward
current level just before the circuit
di/dt, and the opersting junction temperature. The reverse re-
covery test current waveform for all Motorols fast recovery
rectifiers is shown.

EM

'RM(REC)

From stored charge curves versus di/dt. recovery time (t,,)
and peak reverse recovery current (IRM(REC)) can be closely
approximated using the following formuiss

FIGURE 22 - JEDEC REVERSE RECOVERY CIRCUIT
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FIGURE 23 - TYPICAL REVERSE LEAKAGE
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FIGURE 24 - TYPICAL REVERSE LEAKAGE




@ MOTOROLA

BY 601 thru BY 608
SERIES

-

appliances.

The Designers

case’’ design.

“SURMETIC"

RECTIFIERS

Designers Data for ““Worst Case” Conditions

. subminiature size, axial lead mounted rectifiers for general-
purpose main rectifier applications in TV/HiFi sets and domestic

Data Sheets permit the design of most circuits
entirely from the information presented. Limit curves — representing
boundaries on device characteristics — are given to facilitate “‘worst

LEAD MOUNTED
SILICON RECTIFIERS

50—1250 VOLTS
DIFFUSED JUNCTION

MAXIMUM RATINGS
s |8 o 5|8
" IR .
Rating Symbol § e § E § § S| £ | Unit
© o © © [ ] o o
Peak Repeitive Reverse Voltage VRAM
Working Peak Reverse Voltage VRWM 50 | 100 | 200 | 400 | 600 | 800 {1000 1250| Voits
DC Blocking Voltage VR
.
Non-Repetitive Peak Reverse Voltage VRSM 60 | 120 | 240 | 480 | 720 {1000 12001500 Voits
(haltwave, single phase, 50 Hz)
RMS Reverse Voltage VR(RMS) 35 70 | 140 | 280 | 420 | 560 | 700 | 850 | Voits
Average Rectified Forward Current
(single phase, resistive load, o 15 Amp
50 Hz, see Figure 8, T = 75 °C)
Non-Repetitive Peak Surge Current
(surge applied at rated load 123V} 50 (tor 1 cycle) Amp
conditions, see Figure 2)
Operating and Storage Junction Ty Teig °Cc
Temperature Range -65t0 +175
ELECTRICAL CHARACTERISTICS
Characteristic and Conditions Symbol Typ Max Unit
Maximum Instantaneous Forward Voltage Drop VE Volts
(g = 1.5 Amp, T = 25 °C) Figure 1 1.0 1.15
Maximum Reverse Current (rated dc voltage) !R MA
Ty=25°C 0.05 10
Ty =100°C 1.0 50

MECHANICAL CHARACTERISTICS

CASE: Void free, Transfer Molded.

WEIGHT: 0.40 Grams (approximately).

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 350 °C, 1.27 cm
from case for 10 seconds at 2.27 kg tension.
FINISH: All external surfaces are corrosion-resjstant, leads are readily solderable.
POLARITY: Cathode indicated by color band.

CATHODE
BAND

[_ImiLLiMETERS] _INCHES

DIM| MIN | MAX | MIN | MAX

A | 597|660 | 0235 | 0.260

8 | 279] 305 | 0110 [0.120

D | 076086 | 0030003

[k 2194 a0 -
CASE 59-04

Does Not Conform to DO-41 Outline.
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BY 601 thru BY 608 SERIES

FIGURE 1~ FORWARD VOLTAGE FIGURE 2 — NON REPETITIVE SURGE CAPABILITY
50 T : _ 100 — 1
] — ] SURGE APPLIED AT RATED
30 . - < 3 = LOAD CONDITIONS [
P I A = = b= Ti=175°C [
w b L
« 50 - / -
A £ = o
o w 30 T
10 13/ 2 1
50 A [ I : Be
2
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z " Ji P VRAM mueu AFTER su RGE
&
s Ff 2 10| ———"TypCaL FAILURES
o 07 . 2 50 DESIGN LIMITS |
5 5 11 10 20 30 50 70 10 20 3 50 70 100
S 03 | NUMBER OF CYCLES
@«
§ 02 FIGURE 3 — FORWARD VOLTAGE
= TEMPERATURE COEFFICIENT
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0.02 Il 22
’ 1 E W
= iS5
001 1 s A1
i e 7 [TYPICAL RANGE 4
0,007 g 05 i ”
0.005— S 0
05 m ablli®a
0003 10 = 7
0.002, 1 —15 ”l - e
-
0001 Eyis 1]
04 08 12 16 20 24 28 32 36 40 0001  0.0050.01002 005 0.1 02 0510 20 50 10 20° 50
VF, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) ir. INSTANTANEOUS FORWARD CURRENT (AMP)
FIGURE 4 — TYPICAL TRANSIENT THERMAL RESISTANCE
10— o o - =
L g A PEAX FONER . stk o1 T
S_ 0" oo | TIME  squmalent square power pule L= :‘ il
2z —]
<& 30— T Por IRustia) D4 (1-0) - Rugy (11 + tp) + Ry (1g) - Ruat )
= % | where ATy = mcreas m juncton temperature m:ve m: Ind‘?mw”alu:el ] =1 L. =127 mm
22 RrgLtr) - value of ransient thermal resstance at time £, 1. I
we n,.,u.,.,p) value of Ruygy (y) at time 101 L~ L = 0.079 mm
o2 10 Rugl il value of Ruygg (1) at emil of pulse wulth 1
= .E = Rty - valve o Ryt ot ume 1y
Z= 10
£3 50
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Sx 30 —
z
g 20 —'l/
—_—
10 L || JJ__l_J__J_LA ,L_‘
30 50 70 1 20 30 50 70 100 200 300 500 700 1000 2000 3000 5000 7000 10K 20k 30k

t, TIME (ms)

The temperature of the lead should be measured using a thermocouple- placed shte condutlons are achleved Using the measured value of T, the junction
on the lead as close as possible to the tie point. The thermal mass d to p may be d d by:
the tie point is normally large enough so that it will not significantly respond to T,=T + AT
heat surges generated in the diode as a result of pulsed operation once steady- TR L




BY 601 thru BY 608 SERIES

IF(AV), AVERAGE FORWARD CURRENT (AMP) PF(AV). AVERAGE FORWARD POWER
DISSIPATION (WATTS)

RosL, THERMAL RESISTANCE,
JUNCTION-TO.LEAD (°CAW)

CURRENT DERATING DATA

-

FIGURE 5 — FORWARD POWER DISSIPATION
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! re T,
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0 [ I
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IF(AV). AVERAGE FORWARD CURRENT (AMP)

FIGURE 7 — 1.27 mm LEAD LENGTH, VARIOUS LOADS
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FIGURE 9 — STEADY-STATE THERMAL RESISTANCE

80
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1F(AV), AVERAGE FORWARD CURRENT (AMP)

IF(AV), AVERAGE FORWARD CURRENT (AMP)

FIGURE 6 — EFFECT OF LEAD LENGTHS, RESISTIVE LOAD

40 T T
L = 0.079 mm
RESISTIVE/INDUCTIVE _| |
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FIGURE 8 — PRINTED CIRCUIT BOARD MOUNTING
VARIOUS LOADS
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S

MAXIMUM -
40 =
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L~
20
=

10

0

0 5.35 127 19.05 254 3175

L, LEAD LENGTH (mm)

NOTE 1

Data shown’ for thermal resistance junction-to-ambient
(Rpya) for the mountings shown is to be used as typical guide-
line values for preliminary engineering or in case the tie point
temperature cannot be measured

TYPICAL VALUES FOR Ry, IN STILL AIR
t~ -t
r — -"

— —
I
PC

BOARD
MOUNTING METHOD 1

MOUNTING METHOD 2
MOUNTING | LEAD LENGTH (cm)

METHOD [5.078] 127 | 254 | 024
1 — [ 75 [ 8 [ow
7 [ % [ 72 [ 8 [cw




BY 601 thru BY 608 SERIES

C. CAPACITANCE (pF) tfr. FORWARD RECOVERY TIME (us)

o, EFFICIENCY FACTOR

TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 10 - FORWA‘RD RECOVERY TIME

FIGURE 11 — REVERSE RECOVERY TIME
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FIGURE 13 — RECTIFICATION WAVEFORM EFFICIENT
FOR SINE WAVE
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FIGURE 14 — RECTIFICATION WAVEFORM EFFICIENCY

FOR SQUARE WAVE
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RECTIFIER EFFICIENCY NOTE

The rectification efficiency factor o shown in Figures 13 and 14
was calculated using the formula:

v25(de)

R v24(dc)

v2gtac) + V2gide)

Poc .

Prms  v25(rms)
RL

For a sine wave input Vppsin (wt) to the diode, assumed lossless,

the maximum theoretical efficiency factor becomes 40%; for a

square wave input of amplitude Vi, the efficiency factor becomes

50%. (A full wave circuit has twice these efficiencies).

As the frequency of the input signal is increased, the reverse
recovery time of the diode (Figure 11) becomes significant, result-
ing in an increasing ac voltage component across R which is
opposite in polarity to the forward current thereby reducing the
value of the efficiency factor o, as shown in Figures 13 and 14.

It should be emphasized that Figures 13 and 14 show wave-
form efficiency only; they do not account for diode losses. Data
was obtained by measuring the ac component of Vo with a true
rms voltmeter and the dc component with a dc voltmeter. The
data was used in Equation 1 to obtain points for the Figures.

100% = ® 100% (1)

o=



MOTOROLA

BYS08 Series

l Advance Information

SCHOTTKY
BARRIER
RECTIFIERS
. 8 AMPERES
SWITCHMODE POWER RECTIFIERS 20TO 50 VOLTS
Epitaxial construction with oxyde passivation and metal overlap
contact — ion implanted guard ring for transient voltage protection.
® lowest combinated power losses
® high surge capability
® majority carrier conduction
MAXIMUM RATINGS
i BYS08 | BYS08| BYS08|BYS08 .
Rating Symbol —20 _30 a5 | —s0 Units
Peak Repetitive Reverse Voltage VRAM
Working Peak Reverse Voltage VRwM| 20 | 30 | 45 | S50 | Volts
DC Blocking Voltage VR
Average Rectified Forward Current €
. Square Wave, V, rated IF (AV) (Te=100°C) Amp.
Non-Repetitive Peak Surge I Amp.
Current, 10 mS FSM 400 (for 1 cycle) mp o450 MAX DIA
Operating and St Junctio
Temperature Ty TsTG| = 6510 +150 — | ©oC @
Peak Operating Junction \ A
Temperature Ty (PK) 178 °c L—
N 0.350 MAX DIA
Voltage Rate of Change dv/dT 1000 ‘Y 3
) REE LG RPN T
THERMAL CHARACTERISTICS . B ‘ : CATHODE
| 0.046
Characteristics Symbol Typ Max. Unit om0 o
Thermal Resistance Jonction to case Rgic 25 ' 3 ocmw i {-
ELECTRICAL CHARACTERISTICS t—
Characteristics Symbol |  Typ Max. | Units om;f
Instantaneous Forward Voltage |
IF=8Amp. Tc=250C 0.44 0.50 0980 ANODE
TCc =100°C 0.37 0.47 "I"' B| T2
Te- 1552000 VE ::: o ;8 | voits
Ig=16Amp. Tc=2 . . . l
F TE=1000C 044 | 054 -
Tc=1800C 0.41 -
Instantaneous Reverse Current, Rated VR CASE 60
Tc=25°C ‘BYS08-20/30 25 250 uA
BYS08 —45/50 50 500 g
IR
Tc=100°C  BYS08-20/30 4 10 | na
BYS08-45/50 8 20
Minil Reverse B Voltage
10mA, Tc=25°C VBR 30 | 40 47 | 53 | Voits

3-11




BYSO08 Series

NOTE 1 : DETERMINATING MAXIMUM RATINGS

Reverse power dissipation and the possibility of thermal
runaway must be considered when operating this rectifier
at reverse voltages above 0.2 VRWM. Proper derating may
be accomplished by use of equation (1):

TA(max) = TJ(max) — R§JAPF(AV) —RaJA Pr(AV) (1)

where
TA(max)- = Maximum allowable ambient temperature.

TJ(max) Maximum allowable junction temperature.
(150°C or the temperature at which ther-
mal runaway occurs, whichever is lowest).

PF(AV) = Average forward power dissipation.

PR(AV) = Average reverse power dissipation.

RgJA = Junction-to-ambient thermal resistance.

Figure 1 permits easier use of equation(1) by taking reverse
power dissipation and thermal runaway into consideration.
The figure solves for a reference temperature as determina-
ted by equation(2):

TR = Td(max) — ROJAPR(AV) 2
Substituting equation (2) into equation (1) yields:
TA(max) — TR — RoJA PF(AV) (3

Inspections of equations (2) and (3) reveals that TR is the
ambient temperature at which thermal runaway occurs or
where T j = 1560°C when forward power is zero.

HOW TO USE FIG. 1 TO FIND TR (MAX)

EXAMPLE: find TA (max) for BYS 08-30 operated in a
5 V/6 A forward converter as rectifying diode, Smm =
0.3, oémax =05 VRRM =17 V and ROJA = 20\"C/W

STEP1
Find VR equivalent =VRRMV1 -8min = 17v 07=142V
STEP 2

Find TR from fig.1. Horizontally, intercept VR=142V
with the BYS 08-30 curve. Vertically intercept this point
with the ROJA = 20°C/W curve. Read directly TR = 119°C.

STEP3

Find PF(AV) from fig. 3. (IF(AV) for the rectifying diode
is: lox8max =6 Ax 0.5=3 A). Read PF(AV)=15W

STEP 4

Find TA(max) from equation (3)
TA(max) = TR — ROJA x PF(AV)
= 119°C — 30°C =89°C

FIGURE 1 — MAXIMUM REFERENCE TEMPERATURE
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BYSO08 Series

IF, INSTANTANEOUS FORWARD CURRENT (A)

100

10

(1), TRANSIENT THERMAL RESISTANCE

FIGURE 2 — TYPICAL FORWARD VOLTAGE
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ey
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VF, INSTANTANEOUS FORWARD VOLTAGE (V)

IFsM. PEAK HALF-WAVE CURRENT (AMP)

PF(AV), AVERAGE FORWARD DISSIPATION (W)

FIGURE 3 — MAXIMUM SURGE CAPABILITY
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Prior to surge, the rectifier is operated \

such that T = 100°C; VRRM may be N
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FIGURE 4 — FORWARD POWER DISSIPATION
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FIGURE 5 — THERMAL RESPONSE
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05 1
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0 —1 2Z54(t) = RoJC o (1)

’ | T T 117
== . 'P —t—

01 — ek Pk DUTY CYCLE, D = 15/t 1
== YT Time  PEAK POWER, Py, is peak of an ]
IJVDS - —_— — equivalent square power pulse 9
uvua ATyC=Ppk - ReyC (0 +(1-0) - rlty +tp) + rltg)—rity)} 1

. where
0.02 2 Tyg = the increase in junction temperature above the case temperature |

’ r(t) = normalized value of transient thermal resistance at time, t, from Figure 5, i.e.: |
0.01 g + (p) = normalized value of transient thermal resistance at time, t + tp

05 10 20 5.0 10 20 50 100 200 500 1.0k 20k 5.0k 10k 20k 50k
t, TIME (ms)
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BYSO08 Series

CAPACITANCE (pF)

FIGURE 7 — TYPICAL REVERSE CURRENT

FIGURE 6 — CAPACITANCE
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NOTE 2 HIGH FREQUENCY OPERATION

Since current flow in a Schottky rectifier is the result
of majority carrier conduction, it is not subject to junction
diode forward and reverse recovery transients due to mi-
nority carrier injection and stored charge. Satisfactory
circuit analysis work may be performed by using a8 model
consisting of an ideal diode in parallel with a variable
capacitance. (See Figure 6).

Rectification efficiency measurements show that ope-
ration will be satisfactory up to several megahertz. For
example, relative waveform rectification efficiency is
approximately 70 per cent at 2.0 MHz, e.g., the ratio of
dc power to RMS power in the load is 0.28 at this fre-
quency, where as perfect rectification would yield 0.406
for sine wave inputs. However, in contrast to ordinary
junction diodes, the loss in waveform efficiency is not
indicative of power loss; it is simply a result of reverse
current flow through the diode capacitance, which lowers
the dc output voltage.
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@ MOTOROLA

BYS 35 SERIES

ADVANCE INFORMATION

voltage protection

— high surge capability

Switchmode Power Rectifiers
Epitaxial construction with oxyde passivation and mgtal
overlap contact — ion implanted guard ring for transient

— lowest combinated power losses

— majority carrier conduction

SCHOTTKY BARRIER
RECTIFIERS

35 AMPERES
20 to 50 VOLTS

MAXIMUM RATINGS

=

i
, E3

J

L

10.32 - UNF - 2a

DIM MILLIMETERS INCHES

nin. max. min, max.
A 10.77 11.10 0.424 0.437
B 0.424
C - 10.29 0.450
D - 0.250
E 1.91 4.45 0.075 0.175
F 0.6 - 0.023 -
] 1.5 - 0.06 -
J 10.72 11.51 0.427 0.453
K - 20.32 = 0.800
L 2.0 - 0.078 -
Q 1.5 - 0.060

Do 4
Case 56—02

. BYS35|BYS35/BYS35|BYS35 "
Rating Symbol ~20 _30 | —a5 _s0 Units
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRWM| 20 | 30 | 45 | 50 | Volts
DC Blocking Voltage VR
Average Rectified Forward 35 35 A
Current, Rated VR Square Wave IF (AV) | (Tg=100°C) | (T =900 C) mp.
Non-Repetifive Peak Surge '
Current, 10 mS IFSM 600 Amp.
Operating and Storage Junctiof
Tgr:pe:':gure 9¢ Junction TITSTG| =—— —65t0 +150 — | ©OC
Peak Operating Junctio
Tempef;;?uremg anetion Ty (PK) 175 °c
Voltage Rate of Change dv/dT 1000 pvsolt;
THERMAL CHARACTERISTICS
Characteristics Symbol Typ Max. J Unit
Thermal Resistance Jonction to case Rgic 1.2 15 | ocmw
ELECTRICAL CHARACTERISTICS
Characteristics Symbol Typ Max Units
Instantaneous Forward Voltage
IF=35Amp. Tc=250C 0.55 0.63
Tc=100°C 0.48 0.60
= o 0.45 -
Tc=1809C Vg 070 0.80 Volts
IF=70 Amp. Tc=250C . -
F ° Tg =100°C 0.62 0.77
T¢=1500C 0.57 -
Instantaneous Reverse Current, Rated VR
Tc=25°C BYS35-20/30 70 700 A
BYS35-45/50 100 1000 ¢
IR
Tc=100°C  BYS35-20/30 8 15 |
BYS35—45/50 12 25
Minimum Reverse Breakdown
Voltage IgR = 10 mA, T¢ = 250 C ’ VBR 30 I 40 ’ 47 ' 63 | Volts

MECHANICAL CHARACTERISTICS

CASE: welded, hermetically sealed
POLATITY: cathode to case
MOUNTING POSITIONS: any
STUD TORQUE: 15 in. Ib. max.




TR, REFERENCE TEMPERATURE (°C)

BYS 35 SERIES

NOTE 1: DETERMINING MAXIMUM RATINGS

Reverse power dissipation and the possibility of
thermal runaway must be covered when operating
this rectifier at reverse voltages above 0,2 VRWM.
Proper operating may be accomplished by use of
equation:

(1) TA (max) = TJ max — ROJAPE (AV) —

RBJA (AV)
where:
TA (max) = maximum allowable ambient
temperature
TJ (max) = maximum allowable junction
temperature

PF (AV) = average forward power dissipation

PR (AV) = average reverse power dissipation

RBJA = junction to ambient thermal resis-
tance

Figure 1 permits easier use of equation (1) by ta-
king reverse power dissipation and thermal runa-
way into consideration. The figure solves for a
reference temperature as determined by equation
(2):

(2) TR = TJ max — RBJA PR (AV)

substituting equation (2) into equation (1) yields:
(3) TA (max) = TR — R8JA RF (AV)

HOW TO USE FIG. 1 TO FIND TR (MAX)

Example: find TA (max) for BYS 35—30 opera-
ted in a 5 volts/12 A flyback convertor, 6 min =
0,5, VRRM = 12 volts and ROJA = 50 C/W.

STEP 1

Find VR equivalent = VRRM \/8 =12\/05=
8,5V.

STEP 2

Find TR from fig. 1 horizontaly intercept VR =
8,5 V with the BYS 35—30 curve. Vertically inter-
cept this point with the R8JA = 50 C/W curve.
Read TR directly, TR = 1420 C.

STEP 3
Find PF (AV) from figure 3. Read PF (AV) = 6 W.

STEP 4

Find TA (max) from equation (3)

TA max = TR — ROJA. PF (AV)
=1420 C-30° C
=1120C

50
FIGURE 1 — MAXI|MU|M DLE’FE'RENCE TEMPERATURE
45
/ ve
\nvsss-so/as 40
150 :
140 ] §§\Z 35
130 \\\\\\ \\\\ ; :::
120 NN \S N \\\\ N 30 _
110 \ \ Q\\ttk\»\\\ 5
100 %z\\\\\:\ N TSRO 25 E
'90 VRN SNSRI <
~ NN £ ] pu
g ,/ RO = 20 :;413 1o>\7\\‘blx$2(s.z: 20 S
. D/ ARSE NSNS S
60 R // //\Bvssls—z TN \\\:\\\ s é
s V4 NN £
40 ?/ "N 1o
30 Prats
20 // o 5
10




BYS 35 SERIES

FIGURE 2 — TYPICAL FORWARD VOLTAGE
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BYS 35 SERIES

PF(Av)* AVERAGE FORWARD POWER DISSIPATION (WATTS)
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BYS 60 SERIES

-

ADVANCE INFORMATION

voltage protection

— high surge capability

Switchmode Power Rectifiers
Epitaxial construction with oxyde passivation and mgtal
overlap contact — ion implanted guard ring for transient

— lowest combinated power losses

— majority carrier conduction

SCHOTTKY BARRIER
RECTIFIERS

60 AMPERES
20 to 50 VOLTS

MAXIMUM RATINGS

i BYS60 |BYS60 |BYS60 | BYS60 i
Rating Symbol —20 30 45 50 Units
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRWM| 20 | 30 | 45 | 50 | Volits
DC Blocking Voltage VR
Average Rectified Forward 60 60 A
Current, Rated VR Square Wave IF (AV) (Tc=100°C) | (Tc=900C) mp.
Non-Repetitive Peak Surge
Current. 10 mS IFSM | =——800 (for 1 cycle) —— Amp.
Operati nd St Juncti
T::pe::tgu:e oroge Junction TITSTG| =—— —65t0+150 — | oc
Peak Operating Junction
Temperature T (PK) 178 °c MILLIMETERS
Vo DIM[ MIN | MAX | WMIN
Voltage Rate of Change dv/gT 1000 ‘u g.': A 16;94 :7:;2 okﬁs—w
- [ 1143 -
- .53 -
THERMAL CHARACTERISTICS 2.92 .08 0.115
Characteristics Symbol Typ Max. Unit T 5T 113 0060
Thermal Resistance Jonction to case Roic 07 0.9 ocm 1012 ;;:z; 0422
L | 396 | - 0.152
ELECTRICAL CHARACTERISTICS Pl 559 | 632 | uaa
- 0 | 356 | 445 | 0.140
Characteristics Symbol | Typ Max. | Units NOTES:
1. Dimension “P* is diameter.
Instantaneous Forward Voltage 2. All JEDEC dimensions and notes apply.
IF=60Amp. Tc=250C 0,65 0,70
.,.g - j000C 060 068 CASE 2:701
Tc=1800¢C VE 0.55 - Voits b
IF =120 Amp. Tc=250C 0,79 0,86
Tc=1000C g.;; 0,81
Tc=150°C ! -
c MECHANICAL CHARACTERISTICS
Instantaneous Reverse Current, Rated VR
Tc=259C BY: — 70 700 .
¢ Byg 23_452"53 100 1 VA CASE: welded, hermetically sealed
TC=1000C  BYS 60-20/a0 IR . e POLATITY: cathode to case
¢ BYS 60_45/50 12 2% | mA MOUNTING POSITIONS: any
Minimum Reverse Breakdown STUD TORQUE: 25 in. Ib. max.
Voltage (R 10 mA, Tc = 250 C VBR 30 | 40 47 | 53 | Voits




BYS 60 SERIES

NOTE 1: DETERMINING MAXIMUM RATINGS

Reverse power dissipation and the possibility of
thermal runaway must bé covered when operating
this rectifier at reverse voltages above 0,2 VRWM,
Proper operating may be accomplished by use of
equation:

(1) TA (max) = TJ max — ROJAPF. (AV) —
ROJA (AV)

where: .
TA (max) = maximum allowable ambient
temperature
TJ (max) = maximum allowable junction
temperature

PF (AV) = average forward power dissipation

PR (AV) = average reverse power dissipation

RBJA = junction to ambient thermal resis-
tance

Figure 1 permits easier use of equation (1) by ta-
king reverse power dissipation and thermal runa-
way into consideration, The figure solves for a
reference temperature as determined by equation
(2):

(2) TR = TJ max — RBJA PR (AV)

substituting equation (2) into equation (1) yields:

(3) TA (max) = TR — R8JA RF (AV)

HOW TO USE FIG. 1 TO FIND TR (MAX)

Example:

Find TA (max) for BYS 60—30 operated in a 5
V/40 A forward converter as free wheel diode,
6 min =0,35,VRRM = 17 V and R@JA = 50 C/W.

STEP 1

Find VR equivalent = VRRM V3 min = 17
V0,35= 10V,

STEP 2

Find TR from fig. 1 horizontaly intercept VR =
10 V with the BYS 60—30 curve. Vertically inter-
cept this point with the ROJA = 50 C/W curve.
Read TR directly, TR = 1410 C.

STEP 3

Find PF (AV) from fig. 3 (IF (AV) in the free
wheel diode is:
lo. (1 =5 min) = 26 A). Read PF (AV) =16 W.

STEP 4

Find TA (max) from equation (3)
TA max = TR — ROJA. PF (AV)
=1410C-80°C=610C

l l ®
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BYS 60 SERIES

FIGURE 2 - TYPICAL FORWARD VOLTAGE
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BYS 60 SERIES

FIGURE 3 — FORWARD POWER DISSIPATION
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BYS 75 SERIES

ADVANCE INFORMATION

voltage protection

— high surge capability

— majority carrier conduction

Switchmode Power Rectifiers

Epitaxial construction with oxyde passivation and metal
overlap contact — ion implanted guard ring for transient

— lowest combinated power losses

SCHOTTKY BARRIER
RECTIFIERS

75 AMPERES .
20 to 50 VOLTS

MAXIMUM RATINGS

: BYS75 |BYS75|BYS75 |BYS75 Unit
Rating Symbol ~20 | -30 | —a5 50 nits
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRwM | 20 30 45 50 | Veits
DC Blocking Voltage VR
Average Rectified Forward 75 75 A
Current, Rated VR Square Wave IF (AV) | (T¢ = 100° C) (Tc=90°C) mp.
Non-Repetitive Peak Surge ] .
Current, 10 mS Fsm 1000 Amp
Operating and Storage Junction et °
Temperature J'ISTG| =———— —6510 +150 — (o]
Peak Operating Junction
Temperature Ty (PK) 175 °c MILLIMETERS INCHES
DiM MIN | mAX MIN
Volts A 16.94 | 17.45 0.667 .687
Voltage Rate of Change dv/dT 1000 Sec. — 16.94 — ;
C - 11.43 -
- .53 -
THERMAL CHARACTERISTICS 2.92 .08 | 0.115
Characteristics Symbol Typ Max. Unit 52 .1)3 oos |
- 10. X .
Thermal Resistance Jonction to case Rgic 0.6 0.75 °cw 0_72 0122 ?m
.96 0.152 =
ELECTRICAL CHAR T P | 559 | & 0220 | 0.249
ECTRICAL CHARACTERISTICS l 561445 07600175
Characteristics Symbol Ty Max. | Units NOTES:
1. Dimension “P" is diameter.
Instantaneous Forward Voltage 2. All JEDEC dimensions and notes apply.
IF=75Amp. Tg=25°C 0.6 0.72
TG = 1000 C 055 | o064 casE 25701
TG = 1500 C 0.53 -
, VE Volts
IF =150 Amp. Tg=250C 0.8 0.88
Tc=100°C ggg 0.78
Tc=150°C K -
=150 MECHANICAL CHARACTERISTICS
Instantaneous Reverse Current, Rated VR
=250C YS75— 90 1 -
Te=25 Bvero a0 130 | 1990 | A CASE: welded, hermetically sealed
IR POLATITY: cathode to case
Tc=100°C BYS75-20/30 15 26 mA
BYS75-45/50 40 50 MOUNTING POSITIONS: any
Minimum Reverse Breakdown v STUD TORQUE: 25 in. Ib. max.
Voltage (Igg = 10 mA, T¢ = 250 C) BR 30 | 40 47 53 | Voits




TR, REFERENCE TEMPERATURE (0C)

BYS 75 SERIES

NOTE 1: DETERMINING MAXIMUM RATINGS

Reverse power dissipation and the possibility of
thermal runaway must be covered when operating
this rectifier at reverse voltages above 0,2 VRWM.
Proper operating may be accomplished by use of
equation:

(1) TA (max) = TJ max — REJAPF (AV) —
RBJA PR (AV)

where:
TA (max) = maximum allowable ambient
temperature
TJ (max) = maximum allowable junction
temperature

PF (AV) = average forward power dissipation

PR (AV) = average reverse power dissipation

RBJA = junction to ambient thermal resis-
tance

Figure 1 permits easier use of equation (1) by ta-

king reverse power dissipation and thermal runa-
way into consideration. The figure solves for a

HOW TO USE FIG. 1 TO FIND TR (MAX)

Example:
Find TA (max) for BYS 60—30 operated in a 5
V/60 A forward converter as frectifiyng diode,

5 min = 0,35, 5 max = 0,5, VRRM = 17 V and

ROJA =30 C/W

STEP 1

Find VR equivalent = VRRM V 1—5 min =17
V065=137V

STEP 2

Find TR from fig. 1 horizontaly intercept VR =
13,7V with the BYS 75—30 curve. Vertically inter-
cept this point with the RGJA = 30 C/W curve.
Read directly, TRT= 140° C.

STEP 3
Find PF (AV) from fig. 4 (IF (AV) for the recti-

reference temperature as determined by equation fying diode is lo x 5 max IF (AV) = 10.0,5 = 30A)
(2): Read PF (AV) =18 W
(2) TR = TJ max — R8JA PR (AV) STEP 4 .
Lo . . . . Find TA (max) from equation (3)
substituting equation (2) into equation (1) yields: TA max = TR — R8JA. PF (AV)
(3) TA (max) = TR — R8JA RF (AV) =140° C-86° C
| T] ®
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BYS 75 SERIES

FIGURE 2 — TYPICAL FORWARD VOLTAGE
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BYS 75 SERIES

FIGURE 3 — FORWARD POWER DISSIPATION
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BYS75 Series
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FIGURE 6 — TYPICAL REVERSE CURRENT
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