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Abstract 

 A radiation tolerant bipolar voltage comparator experienced sever degradation in 
hardness when the part was re-laid out and the process moved from a 4” to a 6” line.  The 
reasons for the loss in hardness are identified and it is shown that modifications to the design 
layout will re-establish the hardness.    
 
Introduction.  The LM139, quad voltage 
comparator, is widely used in military and 
space systems.  The part has been 
extensively characterized for single event 
transient (SET) response [1-3] and total 
ionizing dose (TID) response, including 
enhanced low dose rate sensitivity (ELDRS) 
[4-6].  National Semiconductor Corporation 
(NSC), Military and Aerospace Division, 
offers the part as radiation tolerant to 100 
krad(SiO2) at high dose rate (50-300 
rad(SiO2)/s).  Although the part has been 
shown to exhibit ELDRS, no guarantees are 
made for response at space like dose rates.  
In 2000 the high volume bipolar linear parts 
were moved from the 4” line in Greenock, 
Scotland (UK) to a 6” line in Arlington, 
Texas (TE).  At the same time the LM139 
was re-laid out to reduce the die size by 
22%, primarily by eliminating unused space, 
without changing the symmetry of the input 
circuit.  While the high dose rate hardness of 
the UK part consistently met 100 
krad(SiO2), the TE part was found to pass at 
10 krad(SiO2) but fail at 30 krad(SiO2).  
Recent studies on the NSC LM111 voltage 
comparator have shown that the TID and 
ELDRS responses are very sensitive to pre-
irradia tion thermal stress (PETS) and that 
the passivation layer affects both the 
ELDRS and PETS response [7].  Thus it was 
not known whether the reduction in hardness 
of the TE LM139 was a result of changes in 
the process or changes in the layout.  In this 
summary we describes the nature of the 
reduced hardness of the TE LM139 
compared to the UK LM139, identify and 
verify the failure mechanisms, and 
demonstrate solutions that improve the total 
dose response of the TE LM139. 

 
 Comparison of UK and TE total dose 
response.  The LM139 is lot sample tested 
for total dose response by NSC using a 
biased irradiation at 50-300 rad(SiO2)/s in a 
Co-60 irradiator at the Military and 
Aerospace Division in South Portland, ME.  
The standard sample size is 6 packages and 
the step-stress total dose levels are 3, 10, 30, 
50, 80 and 100 krad(SiO2).  The LM139 
consists of 4 independent voltage 
comparators.  While all specification 
parameters are measured for each 
comparator before and after each irradiation 
step, the parameters of primary interest were 
offset voltage, Vos, input bias current, Ib+ 
and Ib-, input offset current, Ios, and 
propagation time.  The average (+/- 1 stdev) 
radiation-induced change in Vos (∆Vos) and 
Ib+ (∆Ib+) are shown in Figures 1 and 2, 
respectively, for a typical UK 4” wafer lot 
(fabricated in January 2001) and in Figures 
3 and 4, respectively, for a TE 6” wafer lot 
(fabricated in September 2000).  For the UK 
devices we observe no significant 
differences in the radiation response of 
∆Vos or ∆Ib+ between the four comparators.  
Also the standard deviations are very small.  
On the other hand, for the TE parts we 
observe a dramatic difference in the ∆Vos 
radiation response of comparator 1 versus 
the other three comparators as shown in 
Figure 3.  In the TE lot comparator 1 is 
completely out of specification at 30 
krad(SiO 2) and is negative going while 
the other three comparators are below 5 
mV at 100 krad(SiO 2) and two are 
positive going.        
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
In the UK devices there was a nearly linear 
degradation of ∆Vos toward negative values 
up to 100 krad(SiO2).  Comparing Figures 2 
and 4 it is clear that while the degradation of 
∆Ib+ is somewhat greater in the TE devices 
than the UK devices the differences are not 
great.  In addition, TE comparator 1 shows 
about a 30% higher degradation at 100 
krad(SiO2) than the other three comparators.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.  Simplified circuit diagram of 
LM139. 
 
A simplified circuit diagram of the LM139 
is shown in Figure 5.  Inspection of the old 
and new LM139 layouts reveals no 
significant differences in the layout of the 
input circuit, which includes Q1-4 and the 
four diodes.  Since the degradation of Ib+ is 
primarily a result of the total dose induced 
increase in base current in Q1, and the 
layout of Q1 did not change, it is reasonable 
to conclude that the differences between the 
degradation seen in Figure 2 and 4 are, in 
fact due to differences in the fabrication 
process or lot-to-lot variations.  While this 
difference is measurable it would not 
account for degradation in hardness from 
100 krad(SiO2) to below 30 krad(SiO2) or 
explain the asymmetry in Vos degradation 
of  TE comparator 1 compared to the other 
three TE comparators.  It appears that the 
dramatic difference in the Vos degradation 
of comparator 1 in the TE devices is a result 
of a layout asymmetry.  This observation 
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Figure 1.  UK 4" LM139 ave. change in Vos vs. dose
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Figure 2.  UK 4" LM139 ave. change in Ib+ vs. dose
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Figure 3.  TE 6" LM139 ave. change in Vos vs. dose 
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Figure 4.  TE 6" LM139 ave. change in Ib+ vs. dose

-100

-90

-80

-70

-60
-50

-40

-30

-20
-10

0

0 20 40 60 80 100 120

Dose (krad)

D
el

 Ib
+ 

(n
A

)

comp 1
comp 2
comp 3
comp 4



was verified with total dose testing on wafer 
lots fabricated in two other NSC facilities 
using the same 22% die shrink layout as 
used for the TE 6” wafer lots (the reduced 
total dose response has been observed on 
multiple lots in the Arlington Texas facility).  
Since there was no apparent difference in 
the old or new layout of the input circuit 
between the four comparators on the die and 
process modifications have been ruled out, 
our next step was to look for layout 
asymmetry in another part of the circuit that 
could account for the rapid Vos degradation 
in comparator 1.      
 
Identification and verification of Vos 
mechanism.  It is well known that if metal 
at a high positive voltage passes over the 
active base region of an npn transistor it can 
cause enhanced positive charge trapping in 
the base oxide and enhanced degradation of 
base current, hence current gain.  Higher 
gain degradation in one transistor of a 
balance pair will lead to an offset.  Based on 
this reasoning the new layout was carefully 
reviewed to identify any transistors where 
the Vcc line crossed over or near an active 
base region to a greater extent in comparator 
1 than in the other comparators.  Such a 
region was found on transistor Q5 in the 
current mirror formed by Q5 and Q6 shown 
in Figure 5.  The region (marked by the red 
shaded rectangles) is shown in Figure 6a, 
which is a photomicrograph of Q5 in the 
new layout of comparator 1.  For  
comparison the old layout of comparator 1 is 
shown in Figure 6b. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6a.  New LM139 layout of 
comparator 1 showing Vcc metal over Q5
   

 
 
 
 
 
 
 
 
 
 
 
 
Figure 6b.  Old LM139 layout of comparator 
1 with no Vcc metal over Q5  
 
Although Vcc metal passes over the active 
area of Q7, it does so in a similar fashion in 
the old and new layouts, and it passes over 
Q7 in the same manner on comparators 2 
and 3 in both layouts.  Thus it was 
eliminated as the primary source of the 
problem.  Since it appeared that the metal 
over Q5 might cause enhanced degradation 
in comparator 1 compared to the other three 
comparators, an experiment was performed 
to measure the degraded I-V characteristic 
of Q5 for all four comparators.  An LM139 
that had been irradiated to 50 krad(SiO2) 
was used for the experiment.  Q5 was 
isolated on all four comparators and the I-V 
characteristic measured.  The results are 
shown in Figure 7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It is clear that Q5 is degraded much more in 
comparator 1 than in the other three 
comparators, which have essentially the 
same I-V curve.  Examination of Figure 5 
shows that Q5 and Q6 in the current mirror 
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Figure 7.  Q5 IV curves for part irradiated to 
50 krad
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have their bases tied together and emitters 
tied to ground and hence operate at the same 
Vbe.  If Q5 draws more current than Q6 in 
comparator 1 then it will cause an imbalance 
in the emitter current of Q1 relative to Q4.  
This imbalance in emitter currents will cause 
an increased offset voltage, Vos.  Data on 
Q6 was taken to verify the difference 
between Q5 and Q6 in comparator 1 and the 
other comparators.  A SPICE circuit analysis 
was performed to verify the increased Vos 
due to the enhanced degradation of Q5.  The 
results will be shown in the final paper.  
Further verification of this mechanism has 
been obtained by stitch bonding from the 
lead frame directly to the Vcc line on the 
other side of Q5, and cutting loose the metal 
over Q5.  The Vcc bond pad was then 
grounded, which grounds the metal over Q5. 
Biased irradiation results for these devices 
show comparator 1 Vos within specification 
through 100 krad(SiO2).  Based on this work 
NSC performed a re-layout of the LM139 to 
move the Vcc metal away from the base area 
of Q5.  Results of this layout fix will be 
presented in the final paper. 
 
Summary.  The National LM139 was sold as 
a radiation tolerant part to 100 krad(SiO2) at 
high dose rate (50-300 rad(SiO2)/s) when it 
was fabricated on the 4” line in Greenock, 
Scotland (UK).  When the fabrication was 
moved to a 6” line in Arlington, Texas and 
the part was re-laid out for a 22% die shrink, 
the hardness fell below 30 krad due an 
enhanced degradation of Vos in comparator 
1.  Investigation of the layout was used to 
identify a suspect region where Vcc metal 
passed over the active area on one of the 
transistors in the current mirror in 
comparator 1, but not on the other 
comparators.  Microprobe measurements, 
SPICE simulations, and radiation results 
have confirmed this as the cause of the 
reduced hardness.  NSC performed a re-
layout of the LM139 Vcc metal to avoid the 
base region on Q5.  These results 
demonstrate how sensitive the total dose 
response of a bipolar linear circuit can be to 
modifications in the metalization layout. 
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