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Protecting Current-Output D/A Converters from
Latchup

Device latchup is a well-understood phenomenon in the  dragged close to ground. The chip will, of course, quit oper-
integrated circuit industry. Products built in CMOS technol- ating, along with all the other chips on the same power sup-
ogy are particularly susceptible, but techniques have been ply. As long as the current supplied to the chip is within the
developed to raise the latchup threshold to acceptable levelsbsolute maximum of the device rating, there will usually be
in most applications. no damage to the chip. When the power supply is turned off,
the internal parasitic SCRs reset themselves and, when the
Current-output D/As intended for video applications, how- power is restored, the chip operates normally. These prob-
ever, have two factors working against them with respect tojems are rather difficult to diagnose, and may be the cause of
latchup sensitivity: the ability to drive low-impedance loads jnstances when a piece of equipment simply stops working,
(as low as 3@) precludes the use of standard protection i comes back to life when power cycled. If this happens,

equipment enclosure, exposing the D/A output to electrical |igns).

abuse that is beyond the control of the equipment
manufacturer. More often, however, the power supply has current to spare,
and the latched-up chip takes all it can get. One of two fail-
While it is always possible to buffer the D/A output through \;re modes will then occur if the power is not quickly
a protective video amplifier, this increases the power dissipgamoved. If the power supply is very large, conductors will
tion and cost of the application circuit, and often degrades me|t or vaporize. These could be metallization on the IC,
performance as well. bond wires inside the IC package, or even traces on the
printed circuit board. If the power supply is more moderate,
the part will draw large amounts of current, get very hot, and
eventually burn itself up. ICs tend not to catch fire, but they
will discolor, crack, char, and may shatter.

A single Schottky diode is sufficient to protect Raytheon
D/A converters from latchup in normal operation.

Latchup

A silicon Controlled Rectifier (SCR) is a four-layer semi-  D/A Converters and Latchup
conductor structure that has a unique characteristic in that i

n n ntil it is turn n n rn nit . S
does not conduct until itis turned on, but once turned o tWI'[h respect to latchup than other circuits. Current output D/

“latches,” remaining on until the power is removed from the : .
X . . . As, however, are expected to drive very low impedances (a
device. This is very useful in constructing ac voltage regula- . : ;
, - ; : doubly-terminated video load is 3Rk The normal latchup
tors, dimmers, etc. It is an unfortunate side-effect in modern . L . ) _
IC design, when the combination of active semiconductor protection circuits employ series resistance to limit the cur-
layers, in combination with an isolating junction, form just rent that can trigger the SCR action: in a current output D/A,

. this is not allowed.
such a four-layer device.

benerally speaking, D/A converters are no better or worse

When it is critical to avoid latchup, special IC processes canEmpmcaI testing has shown that Raytheon D/A converters

be employed (like Silicon On Insulator, or SOI) that do not can be made to latch up with a positive current forced into
. SN . . he output of an operating device at levels between 100mA
have isolation junctions, hence only three-layer devices, bu%

these are substantially more expensive than standard bulk and 300mA. They WI". typically sustain a negative curr'ent
o - . (drawn out of the device) of more than one Ampere without
and epitaxial processes, which leaves the rest of us with a

damage: the eventual failure mode with negative currents is
problem. ) .
fusing of the output bond wires due to overcurrent stress, and

ICs will operate normally until something occurs (typically a latchup does not occur.
voltage/current spike) that triggers latchup. We then have a

. - A current of more than 100 mA sounds like a lot, consider-
direct power-to-ground short circuit.

ing that a D/A output is normally connected to a video input.
What happens next depends on the IC and the power suppfVen if it is accidentally tied to another video output, a 75W
If the supply is current limited to just above the normal operSource will only provide 14 mA at one volt, and that has to
ating current of the device, the power supply voltage will beP€ one volabove one diode drop above thery/supply
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(which is normally 5V or 3.3V). If the sourcing D/Aiswwo | atc hup Pr otection
ered of, that 1.7V is measured to groundi the pever is . o
off, so no latchup is possible. tever, if the paver to the D/ The solution to the latchup problem is simpée need to

A iis turned on while a latchup-inducing current is being proK€€P & lage positve current from fhwing through the D/A

vided, it will indeed latchThis is the condition under which ©Utput to the POSITIVE poer supply pinsThis current
the circuit ehibits the greatest sensiti,. doesnt start to fbw until the output is one diode-drop

ABOVE VDD. An inexpensve Schottly diode (like a
So hav do we get >100mA and latch up a D/AlRere are 1N5818) from the output DD does the trickThis diode
two principal vays. tracks the/ppD supply to the chip, so protection is pided
during paver-up as well.
The frrst is ESD. Zapping an output while the chip isvpo

ered up creates all sorts of amazing currents within the Video 1.8uH
device. Just as we are unable to\pde tradition latchup from O M O Video

; . Encoder Output
protection on D/A outputs, we are similarly unable to apply 750 _— % to 750
standard ESD protection circuits. ESD itself in not a prob- P Load
lem, though, because the D/A outpuvides are quite lae N J_ I v
and able to absorb ESD transients. But an ESD pulse can t 1.0uH ¢ ¢ ——330pF ——330pF
enough to turn on one of the parasitic SCRs at the output. 1p0,:0
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We have also seen problems with the type of equipment to
which the D/A output is connected. Some video monitors Figure 1. Video Output Filter with Latchup
employ nonstandard grounding techniques whichvelioeir Protection Diode

chassis to flat at 50V or soThe capacitance of a 27 inch
color monitor is substantial, and can readily supply a curren
pulse suicient to latch the D/A. Just to help out, the tradi-
tional RCA video jacks he been carefully designed to

make contact with the center conductor before the shield is
connected, ensuring that the D/A output carries the @l b
den of dischaging theTV set.

Figure 1 illustrates a Todoubly-terminated video recon-
struction fiter (with sinX/X correction) and a latchup protec-
tion diode.The +5V connected to the diode should be the
same supply that is pried to the D/A, and the connection
should be made reasonably close to the DMgsaonnec-
tion.

Recommendation

A Schottly diode from the output tdpp is recommended

in all applications where a current-output D/A is connected
directly to the outside of a piece of equipment. It represents
low-cost protection agjnst electrical alses that are out of

the control of the equipment maaaturer
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