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FIGURE 7.12 Origin and model of CMOS latchup




7.3.6 Latchup

Early adoption of CMOS provesces was dowed by a cuous tendeney of CMOS chups 1o
develop low-resistance pathe berween Py, aml GNIY, cavsing catastrophic meltdown,
The phenomenon, called detzhaup, occurs when parasitic bipolar trancistors formed by the
substrate, well, and ditfusion turn ON. With process advances and proper lavout proce-
dures, lacchup problems can be easily avoided.

The cause of the larchup effect [Estreich82, Troutman&6] can be understood by
ﬂJMIﬂinﬁ the Process Cross=setton of 3 CMNONS inverter, as slown in l:imnc 7. 1204, over
which is Laid am equivalent circuin. In addition to the expected nMOS and pMOS trancs-
tors, the schematic depicts a circuit composed of an apn-transistor, a pnp-transistos, and
o sesistors connected berween the power and ground raids (Figure 7120000 The npn-
transistor 15 formed between the grounded n dittusion source of the nMOS transistor, the
Pivpe substrate, and the n-well, The resistors are due to the resistance thmugh the subh-
strate of well 1o the nearest substrate and well taps. The cross-coupled transistors foam 4
bistable silicun-controlled recrifier (SCR). Ondinarily, both parasitic bipular transistors are
OFF. Latchup can be triggered when transient cusrents fliw through the substrate during
aasnial chip power-up or when external voltages ontside the normal operating range are
apphied. If substantial vurrent flows in the substrate, ¥,y will rise, turmng ON che npn-
teansastor. Thic pulls current through the well resistor, bringing down 1, aml uming
ON the pap-tansistor. The pop-teansistos cusrent in turn raises Py, mitianing a positive
teedback loap with a large current Howing between oy and GNID that pessists uneil che
power supply is turmed off or the power wires melr.

Fortunately, larchup prevention is easily accomplished by munimiang K and 8-,
Some provesses use 4 thin epitaxial laver of lightly doped silicon am top of a heavily doped
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suhstrate thar offers a low subsirste resistance, Most irmportantly, the
designes shoulil place subserate and well taps close 1o each transistor
A conservative guideling 3 1o place a tap adjacent 1o every source
conmected ko r'::ul-_. ar M IS this s non I.'I:I'u.-l."li-;.':l.l, VI AT ahraim
mare detailed information from the process vendar [-|-|-|.;~_-:,- wall fcer-
vally speciby a maximum distance for diffusion w substrare'well rap)
or try the following guidehnes:

* Every well should have at least nme tap,

® Al substrate and well raps should cormect directly to the
apprepoizie supply o metal.

® A tap chould be P]:]L'L‘li fean cvery 210 transistars, or mcre
atten in B|RLIEL ATEAE,

® nAOS mansistors should be clustered topether near G
and pACYS transistors should be clusrered togetber near ¥,
avonding convolured structures that intertwine 3OS and
pMEKS transistors in checkerboard parrerns.

1O pads aze espevially susceprible ro latrchup because external
voltages can ring below GND ar above 9, forward biasing che
pnetiog bepween the dran and sehstrace o well and i-l'l_'il-"'i-'!-ﬂ:l_h'. -1er-
rent into the subetrate. In such Cises, guu'rl.l ﬁllg'\. hivuld be used o
collect the current, as shown in Figure 7.13. Guard rings are simply
substrate nr wel] Laps ried 1o the proper supply that completely sur
round the transistor ol voncern, For example, the n+ diffusion in
Figure 713 can nject electrons into the subserate iF3 falls a diode
drop below 0 volts. The pe moand ring ried to ground provides a low-
resistance path to collect these electrons before they interfers with

the operation of other circuies outsade the goarnd ring. AY diffusion strucoures in any et
connected o the external wiorld most be puard ringed; ve., n= dilfusion |::._1.- P connected oo
e or po diffusion by ns connected o Fror For the ultra-paranoid. double i d farign
mav b I:'I:'I'I].lll.l:r'l.'-:i'- LE., L T.Erlgl.'lﬂ |.'!-}' e o CND, then as o g or Pt rin_|_{|:u:_] h:.' nd to
Foorn then po 1o GNDL

201 processes avonil latchup entirely hecause they have ne parasitic hipelar stoachares,
Alsen, processes with Vg = 1.4-2 V are innnune 1o latchup because the nwo parasicic tan-
sisrors will never have a lurge enough voltage o sustain positive feedback [ Johnston®a)],
Therefore, latchup has receded to a minor comcern in nanometer processes.,
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