MR820,MR821,MR822,
MR824,MR826

Designoers Data §

SUBMINIATURE SIZE, AXIAL LEAD MOUNTED FAST RECOVERY
FAST RECOVERY POWER RECTIFIERS POWER RECTIFIERS
R i L i 50-600 VOLTS
ce designed for special apphca‘nons such as dc power s_upphes, 5.0 AMPERES
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 100 nanoseconds providing
high efficiency at frequencies to 250 kHz.
v
Designer‘s Data for ""Worst Case’’ Conditions A
The Designers [Data sheets permit the design of most circuits entirely from the in- Y !
formation presented. Limit curves — representing boundaries on device characteris- - i
tics — are given to facilitate “‘worst case’’ design. H1
K
MAXIMUM RATINGS
Rating Symbol | MR820 [ MR821 | MRB22 | MRa24 | MRB26 | unit I
Peak Repetitive Reverss Voltage VRARM Volts i
Working Pesk Reverss Voltage VRWM 50 100 200 400 600 1
DC Blocking Voltage VR | B
Non-Repetitive Peak Reverse VASM 75 150 250 450 650 Volts
Voltage K
RMS Reverse Voltage VRiRms}| 35 70 140 280 420 | volits
Avarsge Rectifisd Forwarc o Amp :
Current
) . STYLE 1:
& , 3 50
f '"'T';’:':s'oé',’;',','" fosd PIN 1. CATHODE
Nori-Repetitive Peak Surge IFSM Amp 2. ANODE
Current
MILLIMETERS INCHES
{Surge appiied at rated losd 300
conditions) DIM| MIN_| MAX | MIN | MAX
Operating and Storage Junction | T, Tgeg | ——————— 650 +176 ———wm | OC A 11003 1029 | 0.395 0.405
Tempsrature Range (2) B | 594 | 6.25 | 0.234]0.206 |
D | 1.27 | 1.35 | 0.050]0.05
THERMAL CHARACTERISTICS K [25.15 [25.65 | 0.930[ 101
Characteristic Symbol Max Unit
Thermal Resistance, Junction 10 Ambient Rgia 25 ocw CASE 194
{Recommended Printed Circuit Bosrd
Mounting, See Note 6, Page 8)
ELECTRICAL CHARACTERISTICS
Characteristic Symbol Min Typ | Max Unit
Instantaneous Forwerd Voitage vE Volts
(4¢ = 16.7 Amp, T, = 150°C) - 075 1.05 MECHANICAL CHARACTERISTICS
Forward Voltage VE Voits . .
U1F = 5.0 Amp, T, = 25°C) _ 09 1.0 CASE: Void Free, Transfer Molded
Maximum Reverse Current, (rated dc voltage) 1R FINISH: External Surfaces are Cor-
Ty =26%C - 5.0 25 uA rosion Resistant
T = 100°C - 05 10 mA A i
POLARITY: Indicated by Diode
REVERSE RECOVERY CHARACTERISTICS Symbol
racter M Unii i
. Tc"' istie Symbol Min Tre = :‘ WEIGHT: 2.5 Grams (Approximately)
Reverse Aecovery Time t,
UE = 1.0 Amp to VR = 30 Ve, Figure 26) " - 100 | 200 MAXIMUM LEAD TEMPERATURE
{lgm = 15 Amp, difdt = 26 Ajus, Figure 26) nd 150 300 FOR SOLDERING PURPOSES:
Reverse Recovery Current IRM(REC) Amp 0 "
i 2 1.0 Amp 19 Vo = 30 Ve, Figors 251 _ _ 20 3600C, 3/8"° from case for 10 s

at 5.0 ib. tension,,
(1) Must be dersted for reverse power dissipstion. Sea Note 3
(2) Qerate ss shown in Figure 1.
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MR820, MR821, MR822, MR824, MR826 (continued)

MAXIMUM CURRENT AND TEMPERATURE RATINGS

FIGURE 1 — MAXIMUM ALLOWABLE JUNCTION
TEMPERATURE
180
[ 1] NOTE 1
i G N -~ ™~
~ T~ = 509, MAXIMUM JUNCTION TEMPERATURE DERATING
5 \\ \R;JA .5.0 CW
9‘; 160 ~ N \ ~ ‘ When operating this rectifier at junction temperatures
< ~ \\ ™~ ~ over approximately 85°C, reverse power dissipation
= s \\ \ﬂ"cl/w \ and the possibility of thermal runaway must be con-
< 140 ~ sidered. The data of Figure 1 is based upon worst case
S ™~ [ L 200c WIS reverse power and should be used to derate T j{max)
= \\\\ \\ from its maximum value of 175°C. See Note 3 for
Z 120 ~ ><\\ additional information on derating for reverse power
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MR820, MR821, MR822, MR824, MR826 (continued)

IF(AV). AVERAGE FORWARD CURRENT (AMP) If(AV), AVERAGE FORWARD CURRENT (AMP}

IF{ay), AVERAGE FORWARD CURRENT (AMP)

MAXIMUM CURRENT RATINGS

tion datas of Figures 19 and 20.

NOTE 2
Current derating data is based upon the thermal response data of Figure 29 and the forward power dissipa-
Since reverse power dissipation is not considered in Figures 6 thru 11, addi-
tional derating for reverse voltage and for junction to ambient thermal resistance must be applied. See Note 3.

SINE WAVE INPUT

FIGURE 6 — EFFECT OF LEAD LENGTHS,
RESISTIVE LOAD
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FIGURE 8 — 1/8”” LEAD LENGTH, VARIOUS LOADS
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FIGURE 10 -- PRINTED CIRCUIT BOARD MOUNTING,
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IF{AV), AVERAGE FORWARD CURRENT (AMP) IF(AV). AVERAGE FORWARD CURRENT (AMP)

IF{AV), AVERAGE FORWARD CURRENT (AMP}

SQUARE WAVE INPUT

FIGURE 7 — EFFECT OF LEAD LENGTHS,
RESISTIVE LOAD
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FIGURE 9 — 1/8” LEAD LENGTH, VARIOUS LOADS
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MR820, MR821, MR822, MR824, MR826 (continued)

2000

o

REVERSE POWER DISSIPATION AND CURRENT

NOTE 3
DERATING FOR REVERSE POWER DISSIPATION

tn this rectifier, power loss due to reverse current is generally not
negligible. For retisble circuit design, the maximum junction
temperature must be limited to either 175°C or the temperature
which resufts in thermal runaway. Proper derating may be accom-
plished by use of equation 1 or equation 2.

Equation1 Tp = T«,-(|75 Tiimax}} - PR Rgua
Where: T = Ambient T
ing reverse power (from Figures
100r 11}

T J(max} = Maximum Allowable Junction Tempera-
turs to prevent thermal runsway or 175°C, which
ever is lower. {See Figure 1}

= Reverse Power Dissipation {From Figure 12
or 13, adjusted for T j(max) a5 shown befow}
Agja = Thermal Resistance, Junction to Ambient

When thermal resistence, junction to smbient, is aver 20°C/W,
the aeffect of thermal response is negligible. Satisfactory derating
may be found by using:

Equation 2 Ta = Tjimax) - (PR + P§) Rga

Othier tarms defined sbove.

The reverse power given on Figures 12 and 13 is calculated for
T =150%C. When T is tower, Py will decrsase; its vilue can be
found by multipiying PR by the normalized reverse current from
Figure 14 at the temperature of interest.

The reverse powur data is caicutated for half wave rectification
circuits. For full wave rectification using either a bridge or a
center-tapped transformer, the data for resistive loads is equiva-

Pg = Forward Power Dissipation (See Figures 19 & 20)

lent when Vp is the line to line voitage across the rectifiers. For
capacitive loads, it is recommended that the dc case on Figure 13
be used, regardiess of input waveform, for bridge circuits. For
capacitively loaded full wave center-tapped circuits, the 20:1
data of Figure 12 should be used for sine wave inputs and the
capacitive load data of Figure 13 should be used for squere wave
inputs regardiess of I(pk)/I{ay). For these two cases, Vp is the
voitage across one leg of the transformer.

EXAMPLE:

Find Maximum Ambient Temperature for Iay = 2 A, Capacitive
Load of lpk/lay = 20, Input Voltege = 120 V (rms) Sine Wave,
Rg i = 25°C/W, Half Wave Circuit.

Find Vp: Vp = V2 Vin = 169 V, VRipi = 338 v
Find Tj{max) from Figure 1. Read T jimax) = 1199C.
Find PR{max} from Figure 12. Resd PR = 770 mW @140°C
Find |g normalized from Figure 14. Read |R(norm) = 0.4
Corrsct PR 10 T j{max)- PR = IR{norm) X PR (Figure 12)
PR =~ 0.4 x 770 = 310 mW.

Find Pg from Figure 19. Resd Pg = 2.4 W.

Step 1:
Step 2:
Step 3:
Step 4:
Step 5

Step 6:

Step 7: Compute Ta from Ta = T )max) - (PR *+ PE} Rgya
Ta = 119.{0.31+ 2.4)(25)
Ta =51°C
Solution 2:
Steps 1 thru 5 are as above.
Step 6: Find Tp =Ty from Figure 10. Read T4 = 115°C
Step 7: Compute Ta fram Ta = T - (175 - (T jimax)! - PR Rga
Ta=15-{175-119) - (0.31}(25)
Ta =51°C
At times, a discrepancy betwesn methods will accur because
thermal response is factored into Solution 2.

FIGURE 12 — SINE WAVE INPUT DISSIPATION

£z
oo

PR{AV), AVERAGE REVERSE POWER
DISSIPATION (mW)

[ capacive | [ I~
LOADS I(pk) I
— > =50
I(AV} =
, > 2
10 -t L 1
20 » "L P~ 4 1
7 1771 - RESISTIVE LoADs
— .
— } n = munc —
MAXIMUM ]
—— — —TYPICAL ]
1 { | L i 1
0 100 700 300 400 500 60 700

VP, PEAK AFPLIED VOLTAGE (VOLTS)

FIGURE 14 — NORMAL.IZED REVERSE CURRENT

10!
)
2
S0
210
<
z — =
S i VR =400V P
= 10-1 >4
= =
z >
£ —
102 —4
4
S
=10-3 4
= —Z

10-4

20 40 60 80 100 120 140 160 180 200

T, JUNCTIGN TEMPERATURE {°C)
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5000 T
= 3000 ]
w —F capaciTive — —=
E 2000 lDA:S / A —
@ _ P ~l -
& Z 1000 h B =
> E > .
&z o e > X
wE 500 e - RESISTIVE LOAD
=2 NX P ---
w3 300 A rrr ] 4
=3 5 4 de—T 3]
ey 7 ™ A
z $A— Ty=1400¢ | O
Foet”Z ||
o F WAXIMUN
W " — — — — TYPICAL
0 100 200 300 400 500 60 700
Vp, PEAK APPLIED VOLTAGE (VOLTS)
FIGURE 15 — TYPICAL REVERSE CURRENT
108 —
Ty=1759¢C
y
z 104 1500C
= 1260¢
= '
= 103 100°¢
3
w , 750¢
[: T
w 10 500C;
b
-4 |
== 250¢
I — i
100 ]
0 100 200 300 400 500 800 700

VR. REVERSE VOLTAGE (VOLTS)

1162



MR820, MR821, MR822, MR824, MR826 (continued)

STATIC CHARACTERISTICS
FIGURE 16 — FORWARD VOLTAGE FIGURE 17 — MAXIMUM SURGE CAPABILITY
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MR820, MR821, MR822, MR824, MR826 (continued)

TYPICAL RECOVERED STORED CHARGE DATA

{See Note 4)
FIGURE 21 — T, = 256°C FIGURE 22 — T = 76°C
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FIGURE 23 — T = 100°C FIGURE 24 - T = 160°C
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NOTE 4

Reverse recovery time is the period which elapses from the
tima thet the current, thru a previously forward biased rectifier

diode, passes thru zero going negatively until the reverse current Fm
roecovers to a point which is less than 10% peak reverse current.
Reverse recovery time is a direct function of the forward -4

current prior to the application of reverse voltage.
For any given rectifier, recovery time is very circuit depend-
ent. Typical and maximum recovery time of all Motorola fast 'RM(REC) 1
recovery power rectifiers are rated under a fixed set of conditions
using Ig ¥ 1.0 A, Vg = 30 V. In order to cover all circuit

conditions, curves are given for typical recovered stored charge From stored charge curves versus di/dt, recovery time (t,,)
versus commutation di/dt for various levels of forward current and pesk reverse recovery current {IRM{REC)) con be closely
ar;;o for junction temperatures of 25°C, 76°C, 100°C, and approximated using the following formulas:
1 C.

To use these curves, it is necessary to know the forward QR 172
current level just before commutation, the circuit commutation tp = 1.41x Sl

di/dt, and the operating junction temperature. The reverse re-
covery test current wavefarm for all Motorota fast recovery

rectifiers is shown. IRM(REC) = 141 x [aR x difa] 172

1164




MR820, MR821, MR822, MR824, MR826 (continued)

DYNAMIC CHARACTERISTICS

FIGURE 25 — REVERSE RECOVERY CIRCUIT
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FIGURE 27 ~ FORWARD RECOVERY TIME

FIGURE 28 — JUNCTION CAPACITANCE
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MR820, MR821, MR822, MR824, MR826 (continued)

THERMAL CHARACTERISTICS

FIGURE 29 — THERMAL RESPONSE
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NOTE S NOTE 6

To detarmine maximum junction temperature of the diode l Pasiar | MoLiar | Mesiay Reaur| Mgk | Memint

in a given situation, the following procedure is recommended: t
= © TAK) ez
The temperature of the lead should be measured using a ‘m”l em T . Tew e
Lia ; o Tuk

thermocouple placed on the lead as close as possible to the tie
point. The thermal mass connected to the tie point is normally
large enocugh so that it will not significantly respond to heat
surges generated in the dioda as a result of pulsed operation once
steady-state conditions are achieved. Using the measured value
of T, . the junction temperature may be determined by:

Ty=Ty +aTy
where & T, is the increase in junction temperature above the
tead temperature. tt may be determined by:
ATy =Ppe *RgyL [D+ U -D) sritg + 1) + rltg) - rltg)]
whera r(t) = normalized vaiue of transient thermal resistance at
time t from Figure 29, i.e.:
r(ty + ty) = normalized value of transient thermal resistance at
time tq + tp,.
Pok DUTY CYCLE = tp/ty

PEAK POWER, Py, is peak of an

~ TIME equivalent square power pulse.

FIGURE 30 — STEADY-STATE THERMAL RESISTANCE
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Use of the above model permits junction to lead thermal
resistance for any mounting configuration to be found. Lowest
values occur when one side of the rectifier is brought as closa as
possible to the hest sink as shown balow. Terms in the model
signify:

Ta = Ambient Temperature

Rgg = Thermal Resistance, Heat
sink to Ambient
Rg = Thermal Resistance, Lead
to Heat Sink
Rgy = Thermal Resistance, Junc-
tion to Case
Pp = Power Dissipation = Pg +
P
Pg = Fgrward Powser Dissipation
PR = Reverse Power Dissipation

Ty = Lead Temperature
T = Case Temperature

Ty = Junction Temperature

(Subscripts (A) and (K) refer to anode and cathode sides respectively)
Values for thermal resistance components are:
RgL = 40°C/W/IN. Typicelly and 44°C/W/IN Maximum.
Rgy = 29C/W Typically and 4°C/W Maximum.

Since RGJ is 350 low, measurements of the case temperature,
Tg. will be app! i ly equal to j b temperature in prac-
tical lead mounted applications. When used as a 60 Hz rectifier,
the slow thermal response holds T y(pK) close to T j(avy). There-
fore maximum lead temperature may be found as follows:

T = Tymax) - 2Ty
where

4T i can be approximated as follows:

aTy = RgyL * Pp: Pp is the sum of forward and

reverse power dissipation shown in Figures 12 & 19 for

& wave operation and Figures 13 & 20 for square
wave operation.

The recommended method of mounting to 8 P.C. board is
shown on the sketch, where Rg ), is approximatety 25°C/W for
a 1-1/2" x 1-1/2" copper surface area. Values of 40°C/W are
typical for mounting to terminal strips or P.C. boards where avail-

sble surface area is small.
i :3 -
= —————— Board ground plane —
Recommended mounting for half wave circuit
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