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Abstract Pulsed laser simulator A®DON-5E" with 1.06 pm

It is shown that in the case of external resistor usage vtv(;clvelength and 11 ns pulse width was used in the

prevent radiation induced latch-up in commercial CMO Xperiments as a radiation source to induce latch-up. The

IC’s we have the increase of IC recovery time up to tens gser pulse maximum mtensny was va_rled from 60@ t(.)
.1-16 Wicn? with laser spot size covering the entire chip. It

microsecond due to deep saturation of parasitic bipolai” - . - .
P P b ovides in silicon the equivalent dose rates up t& 10

. . . . Ig
transistors. Under experiments and numerical calculationsP

was found that there is an optimal value of external resist[)e}d(S')/s' The power line transient response was registered

. . . with "Tektronix TDS-220" digital oscilloscope.
that provides the minimal recovery time of IC.
In order to perform the test structure latch-up analysis the
"DIODE-2D" software simulator was used which is the two-
|. INTRODUCTION dimensional solver of fundamental system of equations in
The usage of commercial-off-the-shelf (COTS) CMOSemiconductor [3].
IC’s in radiation environment is restricted by the possibility
of their latch-up behaviour under irradiation. The external ||. NUMERICAL TO EXPERIMENTAL COMPARATIVE
resistor in power supp_ly circuit is a well-known way fco RESULTS
prevent latch-up [1]. This method is found on the restriction _
of IC power supply current at the value below then holdin Flrs'F of all the latch-up free region _of test_struct_ure was
level. However in this case we unfortunately have th etermmed._ The results of numerical simulation are
increase of IC recovery time up to tens of microsecond dueREgSented in Fig. 1 for Vcc = 5V. When the external
deep saturation of parasitic bipolar transistors. A resistor [fSiStance Rbecomes more than some critical valug we

the power supply line may cause excessive voltage drop i§ve the reliable prevention of latch-up. Numerical
dynamic operation. calculations give R =1005Q for TSCLU2 test structure.

A technique to prevent latch-up in COT®OS IC’s has 10"
been investigated and presented in this paper. It is found
the search of optimal resistor value that provides the reliak
latch-up prevention with minimal recovery time and powe
supply voltage drop.

Latch-up free region

The specialized MOS test structure was manufactured tc
investigate the influence of external resistor on latch-u
parameters. The two-dimensional software simulatc
"DIODE-2D" was used for numerical analysis of tes
structure. The results obtained were verified experimental
and applied to commercialMOS IC’s.
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Dose rate (rad(Si)/s)

Il. TEST DESCRIPTION

The specialized KOS test structure TSCLU2 is 1090 —— '0'5‘ — '1'0' — '1‘5‘ e
manufactured in conventional @ bulk CMOS process and ' \ | '

. X External resistance (k€2)
includes n-well p-n-p-n structure with well-substrate p-n ) _ _
junction 48x78um size. It is described in [2] in detail. Figure. 1: Numerical TSCLU2 test structure latch-up

The devices selected for the investigations were bulk threshold level vs external resistor value
COTS CMOS IC's 564LA8 and 537RU6 (functional
analogues of 2x4NAND CD4012A and 4kxtatec CMOS
RAM HM6504).

The experimentally determined,Rvalue is equal to 950
Q. The absence of latch-up (in latch-up free region) was
observed in the range up to'10ad(Si)/s. The experiment
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confirmed that the influence of external resistor value oHowever the absolute values of recovery times differ from
latch-up level (in the latch-up region) is relatively small. that of numerical for low dose rates.

The experimentally observed power supply line voltage To determine the optimal value of external resistance the
waveforms are presented in Fig. 2 for different values dfitial part of F|g 3is represented in Fig. 4.

external resistance. The increase of external resistance te 100 — A
to deep a saturation of parasitic bipolar transistors th L é-g
increase a recovery time. LV
1 Voltidiv - 10 usidiv ]
o o 7
2 y
- &80 N |
E ]
> |
r AN
540
3 L
m -
; 20 |-
0|||||
: - 08 1.0 12 1.4 16 18 20
: ) External resistance (k{2)

Figure. 4: Numerical and experimentally determined TSCLU2 test
Figure. 2: Test structure power supply line voltage waveforms at ~ structure recovery time vs external resistance for different dose
dose rate 530 *rad(Si)/s for different external resistances: 1.1 rates: 4.70° (2) and 5.370" (3) rad(Si)/s

kQ (1), 2 K2 (2), 32 (3) and 5 & (4)
You can see that the calculated optimal value of external

It is very interesting for practice to determine theesistance (R,)is equal 1.1 R that is near the critical value
influence of external resistance on test structure recoves§y1.005 K. It is very important to note that when external
time. The experimental results together with numericaksistance is in the range.R R < Reop the recovery time
calculations are presented in Fig. 3. The test structure tighds to rise very sharply. From the other hand if the increase
considered to be recovered if power supply line voltagsf R, over R, does not exceed (1.5 - the rise of
reaches the level below 0.5V of nominal value (criterion qtgcovery time is not very sufficient.

recovery). To investigate the features of COTS CMOS I@h-up

100 [y behaviour the experiments under the samples of 564LA8 and
537RUG IC’s were conducted. The results for 564LA8 at dose
a0l rate of 5.410°rad(Si)/s are presented in Fig. 5.
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Figure. 3: Numerical and experimentally determined TSCLU2 tes 1
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structure recovery time vs external resistance for different dose

rates: 6.60° (1), 4.710° (2) and 5.320" (3) rad(Si)/s 0 05 10 15 20 28

External resistance (k£2)

One can see that the recovery time tends to reduce Wwithrigure. 5: Experimentally determined 564LA8 recovery time vs
external resistance reduction up to critical value. The external resistance for dose rate@®rad(Si)/s
experimental data confirm the numerical curves tendency.



In this case the optimal value of R near the 13@ and IV. CONCLUSION

more sufficiently_ differ_s from the crit_ical vaIL_le . The Radiation induced latch-up of COTSMIOS IC’s can be
rise of recovery time with external resistance is also weak. prevented with the use of external resistance in the power

The experimental results for theMOS RAM 537RU6 supply line. The value of external resistance must be carefully
are presented in Fig. 6. It was found that for this IC theelected. The simple way to find the required value is to
optimal external resistance value is approximately equals determine the critical value of resistance that prevents latch-
its critical value RO 76 Q. up at maximum available dose rate. The value of the external

12 resistance may be chosen in the range from 1.5 to 2 of critical
i value. It provides near the optimal conditions for
minimization of recovery time. The method is applicable if
the voltage drop over external resistance in dynamic regime
does net exceed admissible value
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The results obtained were verified experimentally and
applied to specialized test structure and commercial CMOS
IC’s.
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Figure. 6: Experimentally determined 537RUG6 recovery times vs
external resistance for different dose rates12g1), 510° (2), 1.4
10 (3) and 5.8.0° (4) rad(Si)/s

[1l. DISCUSSION

The results obtained show that the external resistance in
power supply line can saessfully prevent latch-up in COTS
CMOS IC's. If the value of resistance more thaitical the
latch-up behavior is avoided at any dose rate. The optimal
value of external resistance that provides minimal recovery
time exceeds its gtical value not more than twice. The time
recovery vs external resistance dependence over optimal
value of resistance is relatively weak. The most unfavorable
regime takes place in the case if external resistance is in the
range R.< Re < Reopt -

The precise definition of optimal external resistance is a
complex procedure. To estimate the possibility of COTS
CMOS IC usage in ragtion environment it is @cessary to
determine the critical value of external resistance by any
method (electrical overstress, laser simulation) at maximum
level of influence. The value of external resistance may be
chosen in the range of (1.5 ) The additional recovery
time due to non-optimal chose of R not sufficient.

The possibility of COTS MOS IC implemetation in
radiation environment depends on obtained resistance value.
If the voltage drop over external resistance in dynamic
regime does net exceed admissible value this method may be
used to prevent the latch-up behavior. In other case it is
necessary to use more complex external circuits [1].



