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.The p o t e n t i a l for l a t c h - u p t a pnpn s e l f - su s t a in ing low impedance s t a t e , 
i s inherent in standard bulk CMOS s t r u c t u r e s . Under normal b i a s , the 
p a r a s i t i c SCR i s in i t s blocking s t a t e , but i f subjected to a high-
voltage spike or i f exposed to an ioniz ing environment, t r igger ing may 
occur. This may r e s u l t in device burn-out or loss of s t a t e . The prob­
lem has been extensively studied for space and weapons a p p l i c a t i o n s . 
Prevention of la tch-up has been achieved by l i fe t ime cont ro l methods 
such as gold doping or neutron i r r a d i a t i o n and by modifying the s t r u c ­
ture with buried l a y e r s . Smaller, next-generat ion CMOS designs wi l l 
enhance p a r a s i t i c act ion making the problem a concern for other than 
m i l i t a r y or space app l ica t ions a lone . This paper w i l l survey la tch-up 
cont ro l methods p resen t ly employed and ind i ca t e t h e i r adap tab i l i ty to 
VLSI des igns . 

Gain Control Methods 

Bulk CMOS integrated c i r c u i t s have the c ross -sec t ion shown in Figure 1. 
The indicated b ipo la r t r a n s i s t o r s are cross-coupled in a fashion 
capable of four- layer SCR ac t ion . Standard ana lys i s* revea ls latch-up 
i s impossible i f the £5 product i s less than 1 (8m>n • 3pnp < *-^ > Because 
cur ren t gain va r i e s d i r e c t l y to f i r s t order*** with l i f e t i m e , a gen­
eric so lut ion is found in minority l i fe t ime reduct ion. Au doping and 
high-energy neutron damage have been successful ly employed for t h i s 
purpose.-**^ £ products l ess than 1 have been obtained for a 9 ym 
p-well process with 5 x 10*° cm~^ surface concentrat ion on a 1 fi-cra 
s u b s t r a t e . 
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Reduction of the ver t i ca l npn's current gain can also be achieved by 
using a buried layer as shown in Figure 2. The current gain is reduced 
by increasing the Gunnel number of the base and, at the same time, pro­
viding a retarding e l e c t r i c f ie ld near the emitter. Current gains for 
the ver t i ca l device o f* - l have been obtained.5 

Holding Current and i t s Consequences 

•From the cross-section of Figure 1, i t can be seen that the f irst-order 
SCR model has shunt base-emitter r e s i s t o r s , Rs and Ry, as shown in 
Figure 3. The holding current, I\\t can be obtained as a function of 
these shunt resistors and the transistor current gains, 

r

 TRs g P <Sn • 1) + TRw B n (B p + Q ^ 
^ 6 n Bp - l 

where Ijj ** holding current 
*R» " current through shunt res is tor R s 

I R W * current through shunt res i s tor R„. 

If the maximum available supply current i s l e s s than the holding current 
given above, latch-up i s prevented. A simple epi- layer structure con­
s i s t i n g of n on an n + substrate has been shown to prevent latch-up by 
decreasing R s su f f i c i ent ly so that a high-holding current resu l t s . 
Indeed, the holding current required by using a .001 Q-cm substrate in 
Sandia's standard process exceeded the burn-out current, and device 
destruction was obtained and not latch-up. The buried layer structure 
of Figure 2 a lso w i l l ra i se IJJ. 

I t had been observed that a 6 product greater than one was required 
with the shunt res i s tors of Figure 3 , ^ but this had not been quanti­
fied unt i l recently. This statement, in view of Eq. ( 1 ) , is true i f 
modified as follows: If the available supply current i s f in i te and 
equal to IpD* the 3 product required for latch-up to occur i s greater 
than one and given by 

B o . 6 p , h»**nh. . ( 2 ) 

rDD ~ IRw " XR» (£) 
'Eatreich, D. , Ochoa, A., and Button, R. ( "An Analyaia of Latch-up 
Prevention in CMOS ICa uaing an Epitaxial-Buried Layer Froceaa," IEEM, 
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Thus operat ing a shunted s t ruc tu re with a current l imited supply allows 
the $ products to exceed uni ty and, since a l l suppl ies d e l i v e r only a 
f i n i t e cur ren t , a b u i l t - i n safety margin is obtained for uni ty 
product des igns . 

Small Geometry S t ruc tures 

•VLSI technology i s producing such high-gain v e r t i c a l devices that l a t c h -
up has been observed i n i t i a t e d by microscope l i gh t s during device probe 
for func t iona l i t y . I f sca l ing design ru l e s are followed, lower v e r t i c a l 
6s are obtained as the Gunnel number is increased . However, the gain 
due to the reduction of base width in the p a r a s i t i c devices can exceed 
the loss, due to the increased doping. VLSI designs w i l l require fur ther 
s t r uc tu r e changes for latch-up c o n t r o l . Combinations of past methods 
and innovations w i l l be requi red . The use of arsenic implants for the 
n channel source /dra ins with an incomplete anneal has been suggested to 
produce an i ne f f i c i en t in jec t ion emi t te r for the v e r t i c a l n p n . ' 
Implants such tha t the p-well p r o f i l e peaks beyond the source/dra in 
depth, to p a r a l l e l the buried layer s t r uc tu r e a l so hold promise. 

Summary 

Latch-up con t ro l for 5-7 um geometry i s understood, r e l i a b l e and read i ly 
a v a i l a b l e . Lifetime control produced by heavy metal doping or neutron 
i r r a d i a t i o n r e s u l t s in la tch-up free devices . Buried layers and e p i -
s t ruc tu res avoid la tch-up by increasing the required 0 product , and by 
increas ing the holding current beyond that ava i l ab le or beyond that 
which the device can wi ths tand. These l a t t e r methods have appeal as 
they avoid the in t roduct ion of Au in the process and/or the cost and 
Maintenance of a neutron source. The next-generat ion s t ruc tu res w i l l 
enhance the problem s i g n i f i c a n t l y making i t of concern to a wider aud i ­
ence . Solutions w i l l almost c e r t a i n l y require t a i l o r ed p r o f i l e s and 
emi t t e r eff iciency reduction along with a combination of previous 
e f f o r t s . 

'Dawes, W., p r iva te communication. 
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Figure I . Standard bulk CMOS cross-sect ion showing 
paras i t ic bipolar devices involved in SCR 
action. 
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Figure 2. Croaa-aection of epi-buried-layer atructure 
•howing paraaitic bipolar devicea. 
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Figure 3. Fir»t-order equivalent c i rcu i t of the 

popn latch-up path in a bulk CMOS structure* 


