@ MOTOROLA

MR500 MR501
MR502 MR504
MR506 MR508

MINIATURE SIZE, AXIAL LEAD MOUNTED MR510
STANDARD RECOVERY POWER RECTIFIERS

Designers Data Sheet

.. . designed for use in power supplies and other applications having

need of a device with the following features: SLI(\)AJ\IDE%RF?E%'EF?F?é/REgY
® High Current to Small Size

® High Surge Current Capability 50;:,?,,%:255

® | ow Forward Voltage Drop :

® Economical Plastic Pack age

® Available in Volume Quantities

Designer's Data for “Worst Case”” Conditions
The Designers Data sheets permit the design of most circuits entirely from the
information presented. Limit curves - representing boundaries on device character-
istics - are given to facilitate "'worst-case’” design. CASE 267-01

MAXIMUM RATINGS

Rating Symbol | MR500 | MR501 | MR502 | MR504 | MR506 ; MR508 | MR510 | Unit
Peak Repetitive Reverse Voltage VRRM Volts
Working Peak Reverse Voltage VRWM 50 100 200 400 600 800 1000
DC Blocking Voltage VR
Non-Repetitive Peak Reverse Voltage VRSM 75 150 250 450 650 850 1050 Volts
Average Rectified Forward Current lo Amp
{Single phase resistive load, Tz = 95°C, 3.0 —
PC Board Mounting) {1)
(EIA Standard Conditions L = 1/32”, - 8.0 T
T = 85°C)
Non-Repetitive Peak Surge Current IFsM |- 100 = Amp
{surge applied at rated load conditions) {one cycle)
Operating and Storage Junction TyTstg |== -66 t0 +175 °C
Temperature Range (2)
THERMAL CHARACTERISTICS <
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient Rgia 28 oc/w
{Recommended Printed Circuit Board MECHANICAL CHARACTERISTICS
Mounting, See Note 2 on Page 4).
ELECTRICAL CHARACTERISTICS Case: Transfer Molded Plastic
] Finish: External Leads are Plated
Ch teristi Symbol Mi T M Unit . !
aramaree yme 2 e hiod nt Leads are readily Solderable
Ins'tantaneous Forward Vo:)tage (3} vE Volts Polarity: Indicated by Cathode Band
{ig =9.4 Amp, Tj = 175°C) — 0.9 1.0 . ]
lip = 9.4 Amp, T, = 26°C) _ 1.04 1.1 Weight: 1.1 Grams (Approximately)
Reverse Current (rated dc voltage) (3} IR uA Maximum Lead Temperature for
T, = 259C - 0.1 5.0 Soldering Purposes:
T, =100°C - 2.8 25 300°C, 1/8" from case for 10's

at 5.0 |b. tension
(1) Derate for reverse power dissipation. See Note on Page 2. )

{2) Derate as shown in Figure 1.
{3} Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.
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MR500, MR501, MR502, MR504, MR506, MR508, MR510

NOTE 1: DETERMINING MAXIMUM RATINGS

Reverse power dissipation and the possibility of thermal runaway
must be considered when operating this rectifier at reverse voltages
above 200 volts. Proper derating may be accomplished by use
of equation {1):

TA(max) = TJ(max) — RgJaAPF(AV) ~ ReJAPR{AV) n
where
TA({max) = Maximum allowable ambient termperature

TJ{max) = Maximum sliowable junction temperature
{175%C or the temperature at which ther-
mal runaway occurs, whichever is lowest. }

PE(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 determined by equation (2):

TR = Ty(max) — ReJAPRIAV) {2
Substituting equation (2) into equation {1) yields:
Taimax) * TR — RguaPF(AV) (3}

Inspection of equations (2) and (3} reveals that TR is the ambient
temperature atwhich thermal runaway occurs or where Ty = 175°C,

when forward power is zero. The transition from one boundary
condition to the other is evident on the curves of Figure 1 as a
difference in the rate of change of the slope in the vicinity of 165°C.
The data of Figure 1 is based upon dc conditions. For use in
common rectifier circuits, Table 1 indicates suggested factors for
an equivalent dc voltage to use for conservative design; i.e.:

4
VRiequiv) = Vin({PK) x F (4)
The Factor F is derived by considering the properties of the various
rectifier circuits and the rectifiers reverse characteristics.

Example: Find Ta({max) for MR510 operated in a 400 Voltdc
supply using a full wave center-tapped circuit with capacitive filter
such that Ipg = 6.0 A, lig(ay) = 3.0 A), {pr)/I(AV) = 10, Input
Voltage = 283 V{rms) (line to center tap), Rgja = 28°C/W.

Step 1:  Find VR(equiv)- Read F = 1.11 from Table 1.
VR(equiv) = 1-41)(283){1.11) = 444 V
Step 2. Find TR from Figure 1. Read Tg = 167°C @
VR = 444 V & Rg ga = 28°C/W.
Step 3:  Find Ppay) from Figure 8. Read PE(ay) =4 W
|
@K -108i1pay)=30A
tav
Stepd: Find T

AAmax) from equation (3). TA{max) = 167-(28)
(4) = 65°C.

TABLE | — VALUES FOR FACTOR F

Circuit Half Wave Full Wave, Bridge cgn':::f::::d, R
Load Rasistive | Capacitive® | Resistive Capatcitive Resistive | Capacitive

Sine Wave 0.45 1.11 0.45 0.55 0.90 1

Square Wave 0.61 1.22 0.61 0.61 1.22 1.22

*Note that VR(pK) = 2 Vin(PK)

FIGURE 1 — MAXIMUM REFERENCE TEMPERATURE
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tUse line'to center tap voltage for V;,.

FIGURE 2 — MAXIMUM SURGE CAPABILITY
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MR500, MR501, MR502, MR504, MR506, MR508, MR510

!F{AV). AVERAGE FORWARD CURRENT (AMP) IF(AV), AVERAGE FORWARD CURRENT (AMP)

IF{AV), AVERAGE FORWARD CURRENT (AMP)

CURRENT DERATING

{Reverse Power Loss Neglected)

FIGURE 3 — PC BOARD MOUNTING FIGURE 6 — MAXIMUM FORWARD VOLTAGE
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FIGURE 8 — FORWARD POWER DISSIPATION FIGURE 9 — TYPICAL REVERSE CURRENT
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THERMAL CHARACTERISTICS

FIGURE 10 — THERMAL RESPONSE
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FIGURE 12 — APPROXIMATE THERMAL CIRCUIT MODEL

. THERMAL CIRCUIT MODEL
(For Heat Conduction Through the Leads)
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Uss of the sbove modal permits junction to lesd thermai

1 for sny g configurstion to be found. For a

given total lead jength, lowest values occur when one side of the

rectifisr is brought as close as possible to the hast sink. Terms in
the model signity:

Ta = Ambient Temperature  Rgg = Thermal Resistance, Heat
Sink ta Ambient
Rg¢ = Thermal Rasistance, Lead
to Heat Sink
Rg,) = Thermal Resistance, Junc
tion to Case
Pp = Total Power Dissipation =
Pe + PR
Pe = Forward Power Dissipation
Pg = Reverse Power Dissi i

T_ = Lesd Temperature
T = Case Temparature

Ty = Junction Temperature

(Subscripts A and K refer to anode and cathode sides respactively .}
Values far thermal resistance componants ere:

Rgy = 46°C/W/IN. Typically and 48°C/W/IN Maximum.
Rgj = 10°C/W Typically snd 16°C/W Maximum.

The maximum lead tamparature may be found as follows
Te = Tatmax) = 2 TyL

where ATy ™ Rgyy

TYPICAL DYNAMIC CHARACTERISTICS

(T, = 259C)
FIGURE 13 — FORWARD RECOVERY TIME FIGURE 14 — REVERSE RECOVERY TIME
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MR500, MR501, MR502, MR504, MR506, MR508, MR510

RECTIFIER EFFICIENCY NOTE

FIGURE 17 — SINGLE-PHASE HALF-WAVE
RECTIFIER CIRCUIT

N

RS

2
| Trl1e rectification efficier'wy factor o shown in Figure 15 was For a square wave input of Vim
calculated using the formula: amplitude Vi, the efficiency 2R
V2, {de) factor becomes; 9(square} = \77 - 100% = 50% (3)
Pidc) RL V25(do) R
T e 100% = ———————— - 100% (1) L
Pirms)  V3olrms) V24lac) + V2,(dc) {A full wave circuit has twice these efficiencies)
RL As the frequency of the input signal is increased, the reverse re-

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

the maximum theoretical efficiency factor becomes:

covery time of the diode (Figure 14) becomes significant, resulting
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 on Figure 15.

2
Vim {t should be emphasized that Figure 15 shows waveform efficien-
n 2R 4 cy only; it does not provide a measure of diode losses. Data was
T(sine} = - 100% = — - 100% = 40.6% (2} obtained by measuring the ac component of Vg, with a true rms ac
V2, n? voltmeter and the dc component with a dc voltmeter. The data was
AR, used in Equation 1 to obtain points for the figure.

OUTLINE DIMENSIONS

MILLIMETERS
MIN | MAX

8.40 | 965
48 5.33
122 | 132
26.87 127.23

INCHES
MIN [ MAX

0.370] 0.380
0.180] 0.210
0.048 | 0.052
1.0621 1.072

DIM

Rio|m(>

CASE 267-01
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