Crowbar circuits

One way to protect a circuit from over-voltages is to use a "crowbar circuit". The idea is to short the power supply rail to ground if an over-voltage is detected and thereby quickly forcing it down to a harmlessly low voltage and blow a fuse or trigger some other over-current protection mechanism. The name of the circuit probably comes from the analogy of throwing a crowbar (or some other thick metal object) across the supply rails to short them. 

A particularly suitable component to use in a crowbar circuit is the thyristor or SCR (silicon controlled rectifier). This is a semiconductor device that is normally non-conducting, but it can be triggered by a current pulse on the gate terminal and once triggered it conducts from anode to cathode until the current through it is reduced below a low value, often in the range of a few tens of milliamps. When the thyristor conducts, it has a voltage drop of around 1-2 V. Instead of a thyristor, one can also use a triac, which is more or less a bidirectional thyristor. 

Using a transistor instead of a thyristor or triac would not be so easy, as the power supply necessary to drive the base or gate of the transistor goes away when the supply is shorted, whereas the thyristor or triac needs no further gate drive to stay on once triggered. This is the reason why thyristors and triacs are so widely used in this application. 

One property of crowbar circuits that is often an advantage is that it becomes very evident that something is wrong and needs fixing once it has triggered. 

Basic crowbar circuit

The classic crowbar circuit is shown in the figure below. 
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As such, the cathode is connected
tothe positive (+) input,

Classic Crowbar $1.41  (Actuates in 5.8 microseconds)



  
When the supply voltage goes above the zener voltage of the zener diode a current starts to move through the diode and the resistor. If the supply voltage reaches the zener voltage plus the trigger voltage of the thyristor, the thyristor will trigger and bring the supply rail down to 1-2 V above 

ground. The thyristor will conduct until the current is reduced to close to zero one way or another. 

Note that the 1KΩ resistor causes the zener diode to pass the current. Without it, the zener diode will not function due to lack of resistance.

The 0.1μF capacitor ensures that the crowbar is not triggered by short voltage spikes on the supply. Sometimes a high RF field might trigger the SCR gate. This capacitor (a bypass capacitor) provides a path for the RF to ground.

If the supply of current is unlimited, something will quite quickly start emitting smoke, so for the crowbar to be really successful, the power supply has to be current limited. One way to accomplish this is through a fuse or a polyswitch. Another is to have a current limited supply or preferably a supply with foldback current limiting. 

One drawback of this basic circuit is that the turn-on voltage cannot be precisely controlled. Zener diodes are only available in discrete voltages, they have a relatively large tolerance (2-5 %), they are temperature dependent and the voltage-current knee is not very sharp. In addition to this, the trigger voltage of the thyristor is also a very poorly controlled parameter that varies widely with temperature. In applications where a low nominal supply voltage shall be protected, the turn-on voltage of the crowbar circuit typically has to be more precisely controlled. 

Switching Power Supply - Advantages and disadvantages
The main advantage of the switching power supply is greater efficiency because the switching transistor dissipates little power when acting as a switch. Other advantages include smaller size and lighter weight from the elimination of heavy line-frequency transformers, and lower heat generation due to higher efficiency. Disadvantages include greater complexity, the generation of high-amplitude, high-frequency energy that the low-pass filter must block to avoid electromagnetic interference (EMI), a ripple voltage at the switching frequency and the harmonic frequencies thereof.
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	Risk of equipment damage
	Very low, unless a short occurs between the primary and secondary windings or the regulator fails by shorting internally.
	Can fail so as to make output voltage very high. Stress on capacitors may cause them to explode. Can in some cases destroy input stages in amplifiers if floating voltage exceeds transistor base-emitter breakdown voltage, causing the transistor's gain to drop and noise levels to increase. Mitigated by good failsafe design. Failure of a component in the SMPS itself can cause further damage to other PSU components; can be difficult to troubleshoot.
	The floating voltage is caused by capacitors bridging the primary and secondary sides of the power supply. A connection to an earthed equipment will cause a momentary (and potentially destructive) spike in current at the connector as the voltage at the secondary side of the capacitor equalizes to earth potential.


Parts List -
  http://www.jameco.com/webapp/wcs/stores/servlet/StoreCatalogDisplay?langId=-1&storeId=10001&catalogId=10001 

 NTE Electronics, Inc. ZENER DIODE 1 WATT 15V 5% DO-41

Mfr. Part#: NTE145A Allied Stock#: 70215825  Pkg of 20 @  $1.40
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 Ohmite Resistor; Ceramic Composition; Res 1 Kilohms; Pwr-Rtg 1 W; Tol 10%; Axial; Silicone

Mfr. Part#: OX102KE  Allied Stock#: 70022173   Pkg of 10 @  $.99

[image: image4.jpg]



Capacitor 0.1 uF 50 Volt X7R 10% Radial 5.08mm Bulk Jameco Part no. 544921  Manufacturer    JAMECO VALUEPRO   Manufacturer no.  SR215C104KAA-VP   Pkg of 20 @  $3.00
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NTE Electronics, Inc. SILICON CONTROLLED RECTIFIER- 25A 400V TO220

Mfr. Part#: NTE5554  Allied Stock#: 70215455   Pkg of 10 @ $10.90  
[image: image5.jpg]



