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A radiation evalvation was performed on LM10 (Op Amp) to determine the total dose lolerance of these parts. A
brief summary of the test results is provided below. For detailed information, refer to Tables | through IV and

Figure 1.

The toial dose tesling was performed using a “Co gamma ray source. During the radiation tesling, eight parts
were irradiated under bias (see Figure 1 for bias configuration), and two parts were used as control samples. The
total dose radiation levels were 2.5, 5, 10, 15, 20, 30 and 50 krads*. Thc dose rate was hetwean 0.08 and 1.18
krads/hour, depending on the total dose level {see Table 11 for radiation schedule). After the 50 krad irradiation,
parts were anneated at 25°C for 168 hours, after which the parts were anmealed at 100°C for 168 hours. After each
radiation exposure and annealing treatment, parts were electrically tested according to the test conditions and the
specification limits** listed in Table 111.

Al parts passcd initial electricat measurements. After the 2.5 krad irradiation, all eight irradiated parts exceeded
the maximum specification limit of £700 pA for HOS@IL.2V and IEOS@45V, with readings ranging from -747 to
-1657 pA for IIOS@1.2V and 868 to -1774 pA for OS@4SV. Four parts (S/N 42, 43, 46 and 49) exceeded the
maximum specification limit of 20 nA for P_IIB@).2V, with readings ranging from =20 to =21 nA and two parts
{5/N 43 and 49) marpinally exceeded the maximum specification limit of £20 nA for W_IB71.2V, with readings
of -20,1 nA. Three parts (S/N 43, 46 and 49) marginally exceeded the maxrmum specification limit of +20 nA for
P_IIB@45V, with readings ranging fram -20.6 to -21.1 nA. In addition, 3/N 43 fell below the minimum
specification limit of 5 V/mV for AOL_20mA, with a reading of 2.19 V/mV. Ne reliable reading could be
obtained for S/N 49 for this parameter at this irradiation level.

Al the 5 krad level, All eight irradiated pans fell ourside the specification limits for P_IIB@1.2V, N_[IB@1.2V,
and [I0S@1.2V and for P_IIB@45V, N_IB@E45V and NOS@45V. Readings for both P_MB@L.2V amd
P ITBE45V, were sitnilar, and ranged from <29 to -36 nA. Readings for N_ITB and TIOS for both 1.2 Vand 45 V
were also similaz, and ranged from -27 to <34 nA for N_1IB and from -1526 to -3534 pA for IIOS. In addition, ult
irradiated paris except S/N 44 exceeded the maximum specification limit of 3 mV for VOS@+20mA, with
rendings of -10.2 mV, and all uradiated parts fell below the minimum specification limit of 5 VimV for
AOL 20mA, with readings of 2.2 V/mV.

At the 10 krad level, all imradinted parts exceeded specification limits for P_IIB@1.2V, N_TIB@1.2V, and
I0S@1.2V and for P ITB@45V, N_IB@45V and [1OS@45V, with readings approximately three to four times
the values at the $ krad level, All irradiaied paris also continued to exceed specification limits for VOS@+20mA,
with readings of -10 mV, and alsa exceeded the maximum specification limit of 3 mV for VOS@-20mA, with
readings of 9.08 mV.

*The term rads, as uscd in this document, means rads(silicon).  All radiation levels ciled are cumulative.
**These are manufactorer's pre-irradiation data specification limits. No pusl-irradiation limils were provided by
the mamefacturer at the time these resrs were performed.
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At the 10 krad level, all irradiated parts alse excecded the maximum specification limit of 50 nA for both
I_FB@45V and I FB@1.2V, with readings ranging from 74 to 91 nA.  All irradiated parts also fell below the
minimum specification limit of 5 V/imV for AOL_20mA, with rcadings of 2.2 V/mV and all irradiated parts execpt
SN 44 121l below the minimum specification Iimit of 8 VimV for ASH 15mA, with readings of 1.9 VimV,

Ar the 15 krad level through the 30 krad level all irradiared pans continued to exceed specification limits for
additional parameters. At the 50 krad lavel, At least one, and in most cases more than one part exceeded
specification limits for every electrical test patameter except Is@ 1.2V, V_FB@OV, OmA and Load Reg @ 45V,
After annealing for 168 hanrs ot 23°C, no recovery wag ohserved.

After annealing for 168 hours at 100°C, no rebound effects were chserved

Table IV provides a sumumry of the mesn and standard deviation values for each parameter after different
irradialion exposures and anneuling steps.

Any further details abont this evaluation can be obtained upon request. If you have any questions, please call me at
{301) 731-8954.

ADVIRORY ONTHE USE OF THIR DOCUMENT

The information eomtauned in this dovument has besn developed solely foc the purpose of providing
general prudance fo cnoployees of the Goddard Space Flight Center {GSFC). This docaunetid uay be
distnbuted outside GEIC only as a courdesy to other povernment apercies and confruciors.  Any
distohution of this decument, or application or use of the infounation, coutained Leven, is expresly
canditional upan, and is subject to, the following noderstandings and Timitations:

{a) [he information was developed for general guidance coly apd is subject o change al any ime;

(bt} The information was developed under uniyue GSFC laboralory conditions which may differ
sulstzuatinlly from vatside condilions,

{v) GSPC does not warmus the aceurasy of the information when applied or vesd under other than
vniyue GEFC laboralory conditions;

{d} The informalion should not be consrusd as 2 represartation of produst performance by either GSFC
of the manuiasiurer,

(¢} Meithet the Uniled States government nar any person aeting on hohalf of tha United Ntates
goverrument assutned any linbikity resutting from the application or usa f the information.
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TABLE 1. Part Information

Generic Pari Wumber: L.M10

H=T/CAL

Part Number, 3962-R760401 GA
HST/CAL

Control Mumber; 111174

Charge Numnber: Ei56047

Manufactorer: Matignal Seqniconducior
Lot Date Code: 9431

Quantity Tested: 10

Serial Number of

Control Samples; 40, 41

Setial Numbers of

Radiation Samples; 42 43 44,45, 46, 47 48,49
Fart Function: Op Amp

Part Techuology: CMOS

Package Style: B-pin Tax Can

‘Test Equipinemn: AS40

Test Enginesr: P. Sriondom

¥ No radiation: tolerance/hardness was guaranteed by the manufacturer for this part.

s -1-
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TABLE I1, Radistion Schedule for LMD

EVENTS DATE
1) INITIAL ELECTRICAL MEASUREMENTS 11/16/94
2) 2.5 KRAD IRRADIATION (¢.15 KRADS/HOUR) 11/16/94
POST-2 5§ KRAD ELECTRICAL MEASUREMENT 11/17/94
1) 5 KRAD IRRADIATION (0.15 KRADS/HOUR) 11/17/94
POST-5 KRAD ELECTRICAL MEASUREMENT 11/18/94
4) 10 KRAD TRRADIATION (0,08 KRADS/HOUR) 11/18/94
POST-10 KRAD ELECTRICAL MEASUREMENT 11/21/94
5) 15 KRAD IRRADIATION (0,29 KRADS/HOUR) 11/21/94
POST-15 KRAD BLECTRICAL MEASUREMENT 11/23/94
6) 20 KRAD IRRADIATION (0.29 KRADS/HOUR) 11/23/94
POST-20 KRAD ELECTRICAL MEASUREMENT 11/29/94
7) 30 KRAD IRRADIATION (0.5% KRADS/HOUR) 11728794
POST-30 KRAD ELECTRICAL MEASUREMENT 11/30/94
R) 50 KRAD IRRADIATION (1.18 KRADS/HOUR) 11/30/94
POST-50 KRAD ELECTRICAL MEASUREMENT 12/02/94
9) 168-HOUR ANNEALING (@ 25°C 12/02/94
POST-168 HOUR ANNEAL ELECTRICAL MEASUREMENT 12/11/94
9) 168-HOUR ANNGALING @ 100°C* 12/11/94
POST-168 HOUR ANNEAL ELECTRICAL MEASUREMENT 12/19/94

FARTS WERE IRRADIATED AND ANNEALED UNDER BIAS; SEE FIGURE 1.

*High temperaturc annealing is performed to accelerate lang term time dependent effects (TDE), namely, e
“rebound" effect duc to the growth of interface stales after the radintion txposurc. For more information on the
need to perform this test, refer to MIL-STL-$%83D, Method 1019, Para. 3101

-4- s
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Table ITII. Electrical Charagteristics of LMI10

Unless Otherwisc Specified: Ty —25°C

TEST NAME SYMBOL CONDITIONS LIMITS
MIN MAX
Is @ 1.2V Is +Vee = L2V, -Vee= 0.0, Vo = 0.6V 4000A
Is @45V Is +Vee =45V, -Vee= 0.0V, Vgur = 0.6V | 400uA
Delta Is Als +¥Yee = (1.2V,45V), -Vee= 0.0V, Vo = 0.6V | -100uA. 100u A
Delta Is Als +Vee =5V, -Vee= 0.0V, VOUT = (4.5V, 5V) | -60uA G0uA
Yos@ 1.2V Vio +Vee =12V, -Vee= 0, Vo = 0.6V, I}, = OmA 2m¥Y 2mV
P IIB @ 1.2V Hig +Vee= 12V, -Veem 0.0, VouT = 0.6V T0nA
N_IIB @ 1.2V | -ITp +Vee =12V, -Vee= 0.0, Vo = 0.6V | 20nA
oS @ 1.2V | o +Vee = 1.2V, -Vee= 0.0, Vo = 0.6V -700pA 700pA
Vos @ 45V V1o +Vee =45V, -Vee= 0, Vpp = 22.5V, Ff, = ImA 2mvV 2mV
P _IIB @ 45V g +Vee = 45V, -Veo= 0.0, Vo T = 22.5V 200A
N_IIE @ 45V -Itp +¥ee =45V, -Vee= 0.0, Vo = 22.5V 20nA.
HOS @ 45V ito +Vee =43V, -Vee="0.0, Voup=22.5V -700pA T00pA
Vos @ 2mA Yo t¥ee = 1.2V, -Vee= 0, Vgur =.6Y, I, = 2mA 3my 3mV
Vos @ -2mA Vio +¥Yee = 1.2V, -Vee= 0, Vo =.6V, I, =-2mA 3mV 3mV
vﬂs @ 20mA VIO +Vee = 4.0V, -Vee=0, Vo = 2V, I, = 20mA SmV ImV
Vos @ -20mA | Vio +Vee = 4.0V, -Vee= 0, Yoy =2V, I, =-20mA 3mV 3mV
CMRR CMRR +Vee = 25V, 5V) , -Vee= (-20V, 0V), 93dB
Vour = (22-5V,-21.7V) See Note
-PSRR PSRR +Vee = 0.85V, -Vee= (-0.35V,-44.2V), 90dB
Vour = 0.25V
+PSRE PSRR +Vee = (0.85V, 44.6V) , -Veem 0,35V, 20dB
VOUT 25V
AQOL Ay +Vee =WV, -Vee= -ZOV Your = 1% 95\", 120 ¥V/mV
I, =0maA
AOL _20mA Avy +Vee =2V, -Vee=-2V, Voyu = £14V, 5 VimV
. IL = 120mA
AOL 2mA Ay +¥ee = 0,85V, - Vee=-0.35V, Vo = £19.95V, 1.5 VimV
I1,= £2mA
ASI 2mA AVSH Vour=+Vee =(1.2V, 6.1V), -Vee= 0V, 14V/mV
I} =ZmA
ASH .1mA Avsiy |- Vour=#Vec=(12V,6.1V), Vee= 0V, 14 Vimy
i]__.=ﬂ.1 mA
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Table IT] (Cont’d.). Eleclrical Characteristics of LM10

Unless Otherwise Specified: T =250C

TEST NAME SYMBOL CONDITIONS LIMITS
MIN MAX
ASH 15mA Aysp Vour = +Vee=(14Y, 6.4V), -Vee= 0V, SVimV
I ~15mA
ASH .1mA Avsy Your =+Vee =(1.4Y, 6.4V), -Voe= 0V, 8 VimV
Iy =0.1mA
REF GAIN Ay +Vee =448V, -Vee= -0.2V, Vo = (0V,35V) S0V/mV
| | Iy = ima
V_FB @ 35V, VSENSE +Yec =448V, -Vee=-0.2V, Voyrr =35V 195mY 205mV
lmA Iy, =1mA
V_FB@ov, VSENSE +Vee= 44.8V, Vee= 02V, Vopr =0V 195mV 205V
imA Ij,=1mA
V_FB @ 35V, VIENSKE +Vee = 44,8V, Vee=-0,2V, Vour=35Y 195mV 205mV
{imA _ I;,=0mA
I FB @ 45V ISENSE +Vee =d4.8V, -Vee= 0.2V, Vo = 0V S0nA
' Iy, = 0mA '
I FB @ 1.2V ISENSE +Vee =1V, -Vee=-02V, Vo = 0V 50pA
IL =0(mA
Line Reg. VRLINE tVee = (1.2V, 45V), -Vee= OV, Vo = VREF 91dB
I;,=1mA
Load Reg @ YRLOAD +Vee =12V, -Vee=0V, Vi IT= YREF 60dB
12V IT, = (5uA, 1mA)
Load Reg @ VRLOAD +Vee =45V, -Vee=0V, Vour = VREF 60dB
45v IT, = (5uA, lmA)

Note: The Common Mode Rejectlon Ratio Test was performed with AVem = 44,2V
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Figure 1. Radiation Bias Circuit for LM10

Vee = 10.0 £ 0.05VDC
R, = 3000, W

R, = 1K, %W

R, - 24 KQ, YW



