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Advance Information

PIN-PROGRAMMABLE OVERVOLTAGE "CROWBAR"’
SENSING CIRCUIT

The MC34062/35062 overvoltage protection {OVP) circuits require
only an external “crowbar’ SCR to protect sensitive electronic cir-
cuitry from overvoltage damage. They sense an overvoltage condi-
tion and quickly “crowbar’’, or short circuit, the supply. An on-chip,
tapped resistor network allows the device to be programmed for
trip voltagesranging from 3.5 to 40 V. Each of the five programming
pins provides one standard overvoltage trip point for nominal power
supply voltages of 5.0, 12, 15, 24 or 28 V. Many other trip voltages
may be programmed by interconnecting and grounding various com-
binations of these programming pins. Tables are provided in the
Applications information which show connection schemes for 120
trip voltages.

These circuits provide a cost-effective means of protecting either
positive or negative power supplies. In addition, an external capa-
citor may be used to program a minimum overvoltage duration before
tripping, thus providing noise immunity. The unique design of the
MC34062/35062 eliminates voltage and temperature drift errors
due to SCR gate variations.

@ Unique Pin-Programmable Trip Voltage from 3.5 to 40 V

® One-Pin Programming for5.0, 12, 16, 24 and 28 V Power Supplies

® SCR Gate Drive Output of 200 mA
@ Built-In Hysteresis Voltage
® Wide Supply Range: 4.0V<Vce< 40V

PIN-PROGRAMMABLE
OVERVOLTAGE
SENSING CIRCUIT

SILICON MONOLITHIC
INTEGRATED CIRCUIT

FUNCTIONAL BLOCK DIAGRAM
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3824k i 50V 4 62V
12v 5 13.7v
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336k 24v 7 274V
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Pins 4 through 8 are used to program the Trip Voltage, Virip

Temperature
Device Range Package
MC35062U -55 to +125°C Ceramic DIP
MC34062P1 Plastic DIP
010 +70°C
MC34062U Ceramic DIP

fhis document contains information on a new praduct Specifications and information herein are subject to change without notice
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MAXIMUM RATINGS
Rating Symbol Vaiue Unit
; Operating Voltage Vee - VbR 40 Vde
Voltage Across Any Internal Resistor In Network VRN 40 vde
Current Through Any Resistor In Network IRN 10 mA
| Sense Voltage Vsense 40 Vde
| Drive Output Current IpRV Internally mA
3 Limited
| Operating Ambient Temperature TA °C
MC34062 Oto +70
MC35062 -55 10 +125
Operating Junction Temperature T 150 °C
Storage Temperature Range Tstg -65 to +160°C| °C

~ 01E 79201

ELECTRICAL CHARACTERISTICS (Vg = 5.0 V: VpRyY = 0 V: TA = Tjow t0 Thigh unless otherwise specified.)

 D T-ca;;;{z | 7

. Characteristic Symbol Min Typ Max Unit
Operating Voltage Range Ve - VbRy 3.0 —_ 40 Vde
Sense Trip Voltage VSense Vdc

Ta=25°C 2425 25 2575
Tiow t© Thigh 2375 25 2.625
Line Regulation, Vsense (3.0 V < Vgc - VpRY < 40-V) Regjine . %/V
Ta=25°C — 0.001 c.o01
Tiow 10 Thigh - 0.001 0.02
Trip Voltage (Pin 4 = Gnd; VpRy =0 V} Virip(4) \
Ta=25°C 6.01 6.2 6.39
Tiow t Thigh 5.89 6.2 6.51
Hysteresis Voltage (Pin 4 = Gnd: Vpry =0 V) VH(4) - 0.62 - v
Trip Voltage {Pin 6 = Gnd;-VpRvy = 0V) Virip(5} v
Ta=25°C 133 13.7 141
Tiow 10 Thigh 13.0 137 144
Hysteresis Voltage {Pin 5 = Gnd; VpRy = 0 V} VH(5) _ 1.37 - v
Trip Voitage {Pin 6 = Gnd; VpRry =0 V) Virip(6) . v
Ta=25°C 16.6 1717 17.6
Tiow 10 Thigh 16.2 171 18.0
Hysteresis Voltage (Pin 6 = Gnd; VpRy =0 V} VH(6) — 1.7 — v
Trip Voitage {Pin 7 = Gnd; Vpry =0 V) Virip(7) v
Ta=25°C 26.6 27.4 28.2
Tiow 10 Thigh 26.0 274 28.8
Hysteresis Voltage (Pin 7 = Gnd; Vpry =0V} VH(7) — 2.74 — \
Trip Voltage {Pin 8 = Gnd; VpRry =0V} Virip(8) v
Ta=25°C B - 308 31.9 - 329
Tiow 10 Thigh . 303 . 319 33.5
Hysteresis Voltage (Pin 8 = Gnd; Vpry =0 V} VH(8) — 3.19 — v
Resistor Network Current at Nominal Power Supply Voltage IRN 0.5 11 2.0 mA
Ve =28 Vi VpRy =0 V; Pin 8 = Gnd
Drive Output Current, ON State IDRV{on) mA
Ty =25°C 130 200 300 :
Tiow to Thigh 90 — 350
Drive Output Current, OFF State IDRV(off) mA
Vec=5.0V:Vprv=0V 0.2 0.6 1.0
3.0V<Vee-VpRV<40V 0.2 0.6 1.6
Drive Output Current Slew Rate {Ta = 256°C) di/dt — 20 — Alus
Drive Output V¢ Transient Rejection AlpRV(trans) - 1.0 - mA
Ve =0V to 16V at dV/dt = 200 V/ps; (Peak)
VDRV =0V Vsense =0 V: Ta = 26°C
Propagation Delay Time {TA = 26°C; 500 mV Overdrive) tPLH - 500 - ns

Tiow = -56°C for MC35062 Thigh = +126°C for MC35062
= 0°C for MC34062 =+70°C for MC34062
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FIGURE 1 — STANDARD TEST CIRCUIT
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FIGURE 2 — DRIVE CURRENT versus NORMALIZED
RESISTOR DIVIDER VOLTAGE
- (Normalized to Vyyjp at Tp = 25°C)

FIGURE 3 — NORMALIZED TRIP VOLTAGE versus
TEMPERATURE
(Normalized to Tp = 25°C)
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FIGURE 6 — DELAY CAPACITANCE versus DELAY TIME FIGURE 7 — DELAY CAPACITANCE versus DELAY TIME ;
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FIGURE 10 — DELAY CAPACITANCE versus DELAY TIME
FOR NOMINAL 28 V POWER SUPPLY
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APPLICATIONS INFORMATION

BASIC CIRCUIT CONFIGURATION

The MC34062 and MC35062 each consist of a 2.5 V
shunt reference, a comparator with built-in hysteresis,
apower outputtransistor, and an on-chip, tapped resistor
network. in the typical application of Figure 11 the volt-

S . VccR2

age at the inverting input of the comparator is ————,
R1+R2
while the voltage at the non-inverting inputis Voo -2.5 V.
Thus, for a given {R1, R2) voltage divider, the compara-
tor's output state is a function of V¢ . The following table
applies: -

v, Drive
cc Output
R1+R2
<TR25Y | o state
R1 +R2
> R1 (2.5 V) ON State

By making the proper choice of R1 and R3, a level
detector for any voltage from 3.5 to 40 V may be
realized.

The on-chip resistor network is configured as shown
in the Functional Block Diagram on the front page of
this data sheet. Each of the five programming pins (4
through 8) provides one standard overvoltage trip point
for nominal power supply volitages of 5.0, 12, 15, 24 or
28 V. These standard trip points are implemented by
grounding one of the five programming pins, and are -
summarized in the following table:

Nomina!
Power Ground | Typical
Supply Pin Trip
Voltage Number | Voltage
50V 4 6.2V
12v 5 13.7v
15v 6 171V
24y 7 274V
28v 8 319V i

FIGURE 11 — BLOCK DIAGRAM AND TYPICAL APPLICATION
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Many other trip voitages may be programmed by
interconnecting and grounding various combinations
of the programming pins. Table 1 provides connection
schemes for 120 nominal Trip Voltages (Vtrip).
Additional Trip Voltages may also be implemented with
other pin connections. All of these Trip Voltages will be
within £3.0% of the nominal value at Ta = 25°C and with-
in £5.0% over the operating temperature range,

The hysteresis built into the comparator is 250 mV at
the inverting input. This comparator hysteresis voltage is

R1+R2 .
multiplied by the ratio . justasthe 2.5V Sense Trip
Voltage (Vggnse) is multiplied by the same ratio to define
the Trip Voltage (Vmp). Thus, the Hysteresis Voltage {VH}is
approximately 10% of the TripVoitage forany Trip Voltage.

Some precautions are necessary in the operation of the
protection circuit shown in Figure 11. Note that even in
the OFF State, a minimum drive output current, equal to
the sum of the reference and comparator supply currents,
is available. Therefore, a means of shunting this current
away from the driven circuit is necessary. In the example
of Figure 11; a 100 () resistor (RGK) is used, producing a
voltage at the Drive Output of approximately 60 mV in the
OFF State.

Inthe ON State the MC34062 becomes a current source
capable of saturating to within 2.0 V of Vee. Therefore,
when driving a high impedance load, it may be desirable
to clamp the drive output to at least 3.0 V below Vee
(Vcc - VpRv = 3.0 V) if it is important that the reference
continue to regulate.
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PROGRAMMINGAMINIMUMOVERVOLTAGE Figures 6 through 10 show the Cpjy values versus
DURATION BEFORE TRIPPING delay time (tpy y) for nominal 6.0, 12, 15, 24 and 28 V
A time delay may be programmed into the operation of power supply protection circuits, each using a one-pin
the MC34062/35062 to provide noise immunity. This MC34062/35062 programming scheme. These figures
time delay is implemented by adding a capacitor (CpLy) also show the change in tp |y with variations in the over-
between the Vo and Sense leads as shown in Figure 12. voltaged supply, V¢c.
The time delay obtained by this technique is a function of
the internal resistors (R, R2) and CpLy. as well as the THE NEED FOR A GATE RESISTOR
nominal supply voltage, Vcc(nom). and the overvoltaged For power supplies above 11 V, a gate resistor, RG, in
supply voltage Vcc. The nominal supply voltage deter- series with the SCR gate is recommended to limit the
mines the initial charge on Cp|y. while the magnitude of power dissipated by the IC to approximately 2.0 W. This
the overvoltage condition determines the rate at which resistor will protect the MC34062/35062 in the event
CpLy charges to the reference voltage, Vref=2.5V. Thus, of a defective or missing SCR, while allowing the maxi-
for a given R{, R2 and CpLy, the time delay is reduced as mum drive output current to the gate of the SCR. Figure 5
the overvoltage is increased. The expression for the time

shows the minimum recommended gate resistor, RG(min).

versus the power supply voltage, Vcc. Alarger value of Rg
may be used if less drive current is needed.

mi}

delay, tpLy is:

R1 R2 CpLy. Vee - Vec(no
tprys —————— In j————

R1 +R2 Vee - Virip

R1+R2
where: Virip = ——R—(2.5 V)
1

FIGURE 12 — OVERVOLTAGE PROTECTION WITH

TIME DELAY
& &- it O
| vee O1 Vout
CpLy Drive
| Sense Output
MC34062
+ 3
Power
Supply 4 thru 8
- Programming
Pins
Gnd
A O
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TABLE 1 — PIN-PROGRAMMING OF RESISTOR NETWORK FOR NOMINAL TRIP VOLTAGES

v,,i,; Pin3 | Pin4 | Pin§ | Fin6 [ Pin7 [ Pin8 | Viip | Pin3 | Ping | Pin5 | Pins | Pin7 | Pins
3483 Gnd | ¢ | Gnd ® | Gnd || s.i01 * Gnd 9 | ond
3.632 Gnd Gnd , Gnd (3 5.222 ° Gnd . Gnd ,

3.768 'R Gnd o [ W] o 5.328 Gnd | § . L]
3.807 ¢ | S| ¢ | O ¢ 5.413 ® | ond | G ’

3.883 Gnd | ¢ ? Gnd | ¢ 5.563 ¢ | 6 § 13 ?

3.923 ) Gnd ¢ Gnd ¢ 5.673 * Gnd r' _1 ¢
4012 | ¢ | G | Gnd ¢ | ond 5.734 9 | & ¢
4.098 Gnd ’ ? Gnd 5.887 * * Gnd )
4130 * e | ] o Gnd || 5900 * Gnd

4196 | ¢ | O | Gnd ¢ | Gnd || s o | | o e | &
a2 | g Gnd | Gnd ’ 6.092 o | 9 T3 | o ’
4353 L Gnd ¢ | ond || 6200 Gnd

4407 ? Gnd ’ Gnd 6.311 ? Gnd ¢
4520 * Gnd 9 Gnd 6.610 ? | 9o ‘ 9 Gnd

4598 '3 Gnd ’ Gnd 6.703 'S Gnd ’

4673 & 13 Grd | o | Gnd || 6840 e | 9 " | Gnd | Gna ¢

4.709 '3 ? Gnd | Gnd |. ) Gnd 7.000 '3 ’ Gnd
4845 | @ | Gnd | & | Ga | & ? 1 | g ed | T3 '
4947 | o Gnd | Gnd | o | Gnd || 7208 ST | e ’
49 | o | & [Gna [ & | G ) 7.347 ? 9 | Gn ¢
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TABLE 1 — (Continued}

Virip Pin 3 Pin 4 Pinb | Pin6 Pin7 | Pin8 Vtrip Pin3 Pin4 | Pinb Pin6é | Pin7 | Pin8
7.478 ? ? Gndr Gnd K 10.400 * ? * ? Gnd
279 | ¢ & | Ga | & ¢ || 1050 ¢ | o | Gnd

8.106 o |6 | ¢ | o™ "1l 10700 ) ¢ |-ond
8.220 9. Gnd K Gnd || 11.087 ¢ Gnd K

8.409 ¢ | O | Gnd Gnd |1 11478 ¢ | G| Gnd [
8.539 L] Gnd K, 11.496 ) Gnd

8.633 0 Gnd Gnd 11.630 LK ; ? Gnd K, Gnd
8.756 ? 9 | O™ ? 11.895 . Gnd Vee

8.870 ) & | Gnd | Gnd ® * ne7 | ¢ | @ v Gnd | Gnd | ¢

Gnd Gnd Vv,
8906 | ¢ e | ¢ | ¢ 3 nd || 12085 | ¢ _ 9 cc
9.013 ' ¢ | O™ Gnd | g || 12477 * Gnd Y
9.178 '] 'y d | ond || 1255 | @ ¢ o || ¢ .
i
i
9.331 ) Vee Gnd 12732 ) ? * Gnd | o
9377 0 ¢ | Gnd J K 12.800 ’ K Gnd
Gnd | Gnd Gnd
9.385 ° nd nd | g 13387 | ¢ ’ ’ K;
9.433 ] Gnd : 13.400 * ? Gnd
9.600 ¢ | ¢ | ond 13.700 Gnd »
9826 | ¢ o Gnd | @ 14233 | @ ¢ | 9 o Gnd -
' Gnd
9.912 ) n 150 | ¢ ) ) g | ond
10.000 ? g |G| 16.330 * Gnd Gnd

MOTOROLA LINEAR/INTERFACE DEVICES

3-223

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6146368/mc35062.html

MOTOROLA SC {TELECOM} OL DI L3L7253 0079208 5 r

6367253 MOTOROLA SC (TELECOM) TUBHE 79208 D i

~ ' MC34062, MC35062

wafiaes oL

TABLE 1 — (Continued)

Vtrip Pin 3 Pin4 Pin 5 Pin 6 Pin 7 Pin 8 Vlrip Pin 3 Pin 4 Pin5 Pin 6 Pin 7 Pin 8

15.637 * Gnd | Gnd ’ 22,673 ’ Vee ? Gnd

16.200 ® | ? Gnd 23.700 tle Gnd

16.256 e [ G| ¢ 23,807 ¢ [Vec | o | Gna

16.465 9 | Gnd ? 24.000 t e Gnd

16.500 o |- ’ Gnd 24.283 (B Vee . Gnd

6532 (9 | @ Gnd 4 24.400 K Gnd

16.832 el o [ ¢ 24800 | ¢ » 9 * Gnd

17.087 Gnd ? 25.211 '3 Gnd [ vee ’

17.100 Gnd 27.333 ¢ | Vec | Vec | o Gnd

17.300 ? Gnd || 27.400 | 6na

17.900 L __f L __T Gnd 28.200 L- __r Gnd

18.200 ® | 6nd (| 28500 EEK) Gnd

18733 | ¢ . o | o Gnd || soozs | ¢ | Voo | g Gnd

19.900 L __7 Gnd 30.694 Voo ? Gnd

20.232 V * Gnd ’ 31.486 * Vee ? - Gnd

20.300 ? i ' il 1 ? Gnd 31.900 ‘ . ' Gnd
' 20700 * ’ Gnd || 32233 |- @ | Vec | @ L4 Gnd

21,000 ’ Gnd || 33.116 g | Vel o Gnd

21.600 - T e Gnd 38.182 | - Vee | Vee ’ Gnd

2122 | ¢ | VeC @ | Gna 064 | g | VeC | g ‘ Gnd
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CROWBAR SCR CONSIDERATIONS

Referring to Figure 13, it can be seen that the crowbar
SCR, when activated, is subject to a large current surge
from the outputcapacitance, Coyt. Thiscapacitance
consists of the power supply output capacitors, the load’s
decoupling capacitors, and in the case of Figure 13A, the
supply’s input filter capacitors. This surge currentisillus-
trated in Figure 14, and can cause SCR failure or degra-
dation by any one of three mechanisms: di/dt, absolute
peak surge, or 12t. The interrelationship of these failure
methods and the breadth of the applications make speci-
fication of the SCR by the semiconductor manufacturer
difficult and expensive. Therefore, the designer must
empirically determine the SCR and circuit elements
which result in reliable and effective OVP operation.
However, an understanding of the factors which influence
the SCR's di/dt and surge capabilities simplifies this task.

1. di/dt

As the gate region of the SCR is driven on, its area ’

of conduction takes a finite amount of time to grow,
starting as a very small region and gradually spreading.

~D1E 79209

Since the anode current flows through this turned-on
gate region, very high current densities can occur in
the gate region if high anode currents appear quickly
(di/dt). This can result in immediate destruction of
the SCR or gradual degradation of its forward blocking
voltage capabilities — depending on the severity of the
occasion.

The value of di/dt that an SCR can safely handle is
influenced by its construction and the characteristics
of the gate drive signal. A center-gate-fire SCR has
more di/dt capability than a corner-gate-fire type, and
heavily overdriving (3 to 6 times IgT) the SCR gate
with a fast <1.0 us rise time signal will maximize its
di/dt capability. A typical maximum number in phase
control SCRs of less than 50 A(RMS) rating might be
200 A/us, assuming a gate current of five times IGT
and < 1,0 usrise time. If having done this, a di/dt prob-
lem is seen to still exist, the designer can also decrease
the di/dt of the current waveform by adding induc-
tance in series with the SCR, as shown in Figure 15.
Of course, this reduces the circuit’s ability to rapidly
reduce the dc bus voltage and a tradeoff must be made
between speedy voltage reduction and di/dt.

FIGURE 13 — TYPICAL CROWBAR CIRCUIT
CONFIGURATIONS

13A — SCR ACROSS INPUT OF REGULATOR

__K—

13B — SCR ACROSS OUTPUT OF REGULATOR
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2 100
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+
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FIGURE 14 — CROWBAR SCR SURGE CURRENT
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A WORD ABOUT FUSING

Before leaving the subject of the crowbar SCR, a few
words about fuse protection are in order. Referring back to
Figure 13A, it will be seen that a fuse is necessary if the
power supply to be protected is not output current limited.
This fuse is not meant to prevent SCR failure but rather
to prevent a firel

In order to protect the SCR, the fuse would have to
possess an 12t rating less than that of the SCR and yet
have a high enough continuous current rating to survive
normal supply output currents. In addition, it must be
capable of successfully clearing the high short circuit
currents from the supply. Such a fuse as this is quite
expensive, and may not even be available.

The usual design compromise then is to use a garden
variety fuse (3AG or 3AB style) which cannot be relied on
to blow before the thyristor does, and trust that if the
SCR does fail, it will fail short circuit. In the majority of
the designs, this will be the case, though thisisdifficult to
guarantee. Of course, a sufficiently high surge will cause
anopen. These comments also apply to the fuse in Figure
138. ’

If the peak current and/or the duration of the surge
is excessive, immediate destruction due to device
overheating will result. The surge capability of the SCR
is directly proportional to its die area. If the surge
current cannot be reduced {by adding series resistance
— see Figure 15} to a safe level which is consistent
with the system’s requirements for speedy bus voltage

reduction, the designer must use a higher current SCR.
This may result in the average current capability of the DEVICE IRMS | IFSM PACKAGE
SCR exceeding the steady state current requirements MCR67 Series 12A | 100A Metal Stud
imposed by the dc power supply. MCR68 Series 12A 100 A | TO-220 Plastic
2N1842 Series 16A | 1256 A Metal Stud
2N6400 Series 16 A | 160 A | TO-220 Pilastic
FIGURE 16 — CIRCUIT ELEMENTS AFFECTING 2N6504 Series 25 A 160 A | TO-220 Plastic
SCR SURGE & di/dt 2N681 Series 25A | 200A | Metal Stud
2N2573 Series 25A | 260 A | TO-3 Metal Can
o AA— Y] MCR69 Series 25A | 300 A | TO-220 Plastic
¥ Riead Lliead MCR70 Series 35A | 350A Metal Stud
SESA R MCR71Series | 55A | 650A | Metal Stud
Output Fora plete and detailed tr of SCRand fuse selaction
ESL Cap L refer to Motorola Application Note AN-789.
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CROWBAR SCR SELECTION GUIDE

As an aid in selecting an SCR for crowbar use, the
following selection guide is presented.
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