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Control Na. 11952
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A radiation evaluation was performed on 1280A (Field Programmable Gate Array) to determine the totl dose
tolerance of these parts. A brief summary of the test results is provided below. For detailed information, refer to
Tables | through V, Figures 1 and 2 and Appendix A. :

The total dose testing was performed using a Co™ gamma ray source. During the radiation testing, six parts were
irradiated under bias (see Table V for bias configuration), and two parts wers used as control samples. Three of the
irradiated parts (S/N 306, 307 and 308) were burned-in (BI) by the manufacturer before itradiation at 125°C far 160
hours and the other three (S/N 355, 356 and 357) were not burned-in (NBI). This was done in order to determine
the e[lect of bum-in on radiation sensitivily. The wafer number was 9.

The total dose vadiation levels were 5, 10, 15 and 20 krads*. The dose rate was between 0.06 and 0.21 krads/hour,
depending on the total dosc level (see Table 11 for radiation schedule). After the 20 krad irradiation, parts were
annealed at 25°C for 72 hours. Following this, the parts were anncaled for an additional 240 hours at 25° for a
cumuiative total of 312 hours. Afier each radiation exposure and annealing treaiment, parts were electrically tcsted
according to the test conditions and the specification limits** listed in Table [II. These tests included six functional
{ests, three at | Mhz, with Vec=4.5 V¥, 5.0 Vand 5.5 V, and three at § Mhz, with Vee =45V, 5.6 Vand S5 V.

Al sarts passed initial elcetrical measurements. All irradiated parts passed all elecirical measurements up to and
including the 5 krad irradiation.

After the 10 krad irradiation, all ICCL and 1CCH msasurements exceeded the maxnnum specification Hemit of 20
mA, and were above the range (64 mA) of the test equipment.

Afier the 15 krad irradiation, the range of the test equipment was increased to 258 mA for ICCH and ICCL. All
irradiated parts continucd 10 exceed the maximum specification limit for ICCH and ICCL, with readings of
approximately 83 to 256 mA. All irradiated parts read within specification litmits for all other parameters.

At the 20 krad level, all irradiated parts continued to exceed the maximum specification limit for ICCH and 1CCL,
with readings of approximately 256 mA, which was a1 lbe limit of the range of the test equipment. All irradiated
parts read within specification limits for all other paramelers.

After armealing For 72 hours and 312 hours at 25°C, no recovery was observed in ICCH and ICCL. All iradiated
parts passed all other electrical and functional tests thronghout al} irradiation and annealing steps.

Table IV provides a summary of the mecan and standard deviation values for each paramecter after different
irradiation exposures and annealing steps.

*The term rads, as used in this document, means rads(silicon). All radiation levels cited are cumulative.
«*These are manufacturer's pre-ircadiation data specification limits. No post-irvadiation limits wete provided by the
manufacturer at the time these tests were performed.
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Readings for JCCL1 and ICCH] are plotted vs. tota} dose in Figures. | and 2, respectively, lor both bured-in (BI)
and non bumed-in (NBI) parls, As can be seen in both figurcs, except for one BI part, there does not seeis to be a
consistent difference between Bl and NBT paris.

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

ADVISORY ON THE USE OF THIS DOCUMENT

The information contained in this document has been developed solely for the
purpose of providing general guidance to employees of the Goddard Space
Flight Center (GSFC). This document may be distributed outside GSTC only as
a courtesy to other government agencies and contractors. Any distribution of
this document, or application or use of the information contained herein, is
expressly conditional upon, and is subject to, the folbowing understandings and
limitations: .

(2) The information was developed for general guidance only and is subject 1o
change at any time;

(b} The information was developed under unigue GSFC laboratory conditions
which may differ substantially from outside conditions;

(¢} GSFC does not warrant the accuracy of the information when applied or
used under other than unique GSFC lahoratory condilions;

¢d) The information should not be construed as a representation of product
performance by either GSFC or the manufaciurer;

{(¢) Neither the United Statcs government nor any person acting on behalf of the

United States government assumes any liability resulling from the application or
use of the information.
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TABLE 1. Part Information

Gieneric Part Number: 12R0A™

Code 400 Part Number: 1280A

Code 400 Contro! Number: 11952

Charge Numbe;': EE44502

Manufacturer: Actel

Lot Date Code: unknown

Quantity Tested: &

Serial Number of ' .

Congral Samples: 305,351 4. .

Serial Numbers of 306, 307, 308 (Burned-In}
Rediation Samples: 355, 356, 357 (not Burned-In}
Wafer No.: 9

Part Function: Field Programmable Gate Array
Part Technology: CMOS

Package Style: §4.pin CPGA

Test Equipment: 5-50

Test Enginaer: 1. Scharer

’

* No radiation tolerance/hardness was guaranteed by the manufacturer for this part.
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TABLE 11, Radiation Schedule for 1280A
EVENTS

1) INITIAL ELECTRICAL MEASUREMENTS

2) 5 KRAD IRRADIATION (0.12 KRADS/HOUR)
POST-5 KRAD ELECTRICAL MEASUREMENT

3) 10 KRAD TRRADIATION (0.06 KRADS/HOUR)
POST-10 KRAD ELECTRICAL MEASUREMENT

4) 13 KRAD IRRADIATION (0.08 KRADS/HOUR}
POST-15 KRAD ELECTRICAL MEASUREMENT

5)20 KRAD IRRADIATION ( 0.21 KRADS/HOUR*)
POST-20 KRAD FLECTRICAL MEASUREMENT .

6) 72-HOUR ANNEALING @25°C .-
POST-72 KOUR ANNEAL ELECTRICAL MEASUREMENT

7) 312-HOUR ANNEALING @25°C
POST-312 HOUR ANNEAL ELECTRICAL MEASUREMENT

PARTS WERE [RRADIATED AND ANNEALED UNDER BIAS; SEE FIGURE 1.

*The dose rate for the 20 krad irradiation was accidentally increased by a [actor of approximately 2-3.

4.

DATE
01/04/95

01/10/95
01/13/95

QL/17/95
01720795

01/20/95
01/23/93

01/23/95
01724795

01/24/95
01/27/95

01727193
02/03/93
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Table II1. Electrical Characteristics of 1280A
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Table IV: Total Dose Exposures and Annealing for 1280A /1

Imitials Total DoseExposure (krads) Annealing
-55°C 25°C 125°C 5 H 15 207 T2 hrz 312 hra
Test Spee. Lim./2 ®@25°C @25°C
# Parameiers Uni  min max

mean sd ean sd mean sd

1 |FoNey vocmasv, ViLaov, vIRedsv, vz |

2 [MmNC, ¥OO=50V, VIL=h0Y, YIS0V, IMEz

3. [, ¥OC=S5Y, VIL=40Y, VE=55Y, IMHz

4 [FUNCY, YEC=45V, VIL=DAY, YIR=43V, SMH

5 |Fumcs, vOC=s0w, VIL-0wY, VIH-S 0V, SMH: |

6 |FUNCS, YECAESY, ¥IL=08Y, ¥VIN=5.5Y, S\H: i

7 |VCHI Y| 7 4.5 0
8 |VOL1 mV| 0 400 5.8
9 |ITH uAf -10 0
10 [TIL nA| -10 ]
11 |IOSN mA| 1M 35
12 |RCCLI /56 mA L] A2
13 |ICCHL /56 mA a A3
L4 ICCLE 561 ma| (0 a2
LS [ICCH2/5%f mA| 0O 05
16 |ICCL3 /5/6/ mA [ 0
17 [ICCRA/5%6/ ma| 0 05
13 |TPLH ns 0 4.7
19 [TPHL nsl 0 : 3
Nikes: . .

F
I¥ The mean and stamdand deviation values were caloubalsd aver the six perts ifradial.ad in this testing. The cantrol samples remained canstant throughout ihe testing and arc not included in this bl
2 Thess are manufacturer's pre-irradiation dzta sheet specification limits, No post-imadiation limits wers provided by the mamufaciurer at the tine the tests were performied.
3 In the fuctional Tases, "P* mesns that all parts passed this 121 a1 this irrediation or annealing level, "F" means that all parts faflcd this test ar this imadiation or annealing level and "wPmF" means thet n parts passed at this Jevel
and m parts failed at this level.
4/ o data were available for this parameter at this imediation levet.
S Readings ofall parrs ot the 1 krad iradiation level were beyond the tange af the test cquipirent (64 0mA), tharfore the actual valors v inimowm.
& Readings of one pan wers beyoned the range of the test equipment {2348 mat) for all six parameters and readings of one part wen: beynad the mngz of the st equipment or BOCL2 and TOCHZ,
therefore, the mean showi bere for IOCL2 aad ICCHL is for four samphes and the mean for all other ICC paremests is for five sumples.
¥ Readinps on all parts &t tha 20 kred lovel snd beyond were beyond the tange of the test equipment (256 wA) for all tec tests, therefors, no mean counld be calculated.

Radiation-sensitive parameters: ICCL, ICCH.

Wafer # -9
S/Ns BI: 306, 307, 308
NBI: 355, 356, 357

control: 345, 351
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Table ¥, Radiation Bias Circuit far 12804

Signal Location{Burn-In Board| NOTES:
PRA C9 VCC 1. VCC = 5.0 V, +/- 0.5 V
FRE D7 L {ale.
MODE C3 GND 2. Veg/2 = 2.5 V +/- 0.25 V
SDI Bl4 Voo )
sDO P13 Ve 3. All outputs through 2.2
DCLK B3 GND kohm +/- 10% 1/4 W
ILING J15 Ve resistors to VCC/2
ILINL L1 GND
ILIN2 B& vee 4, Inputs connected toc VCC
ILIN3 H1 GND through 2.2 kohm resistor
ILIN4 R6 vCC
ILINS R3 GND 5. Inputs connected to GND do
ILING M14 VCC not require resistora
ILIN7 B2 GND .
ILINS M1 vVCC
ILING F15 GND
ILIN1O 1 VCC
ILIN11 J3 GND
ILIN12 H15 VCC
ILIN13 N2 GND
ILIN14 P9 VCC
ILIN1S N14 GND
ILINLG C4 vCC
ILINL7 M13 CND
ILINLS8 N1s5 Voo
ILINLS a3 GND
ILOUTO L1S VCC/2
ILOUT1 K3 vVCe/2
ILOUT2 A& vCe/2
ILOUT3 J1 VCC/2
ILOUT4S P7 vCcC/2
ILOUTS P3 vee/2
ILOUTE P14 vee/2 -
ILOUT? D1 vec/2 -
ILQUTS N1 vCee/2
ILOUTS G14 vCC/2
ILOUT1C D3 VCC/2
ILOUT11 K1l VCC/2
ILOUT12 G13 vee/2
ILOUT13 Pl veoc/ 2
ILOUT14 R10O vee/2
ILOUT1S Liz2 yoe/2
ILOUT16 A3 VCO/2
ILOUTL17 P15 vCo/z2
ILOUT18 R15 VCC/2
ILOUTLS Gz vCee/2

VCC: F4, H3, J4, ME, N8, M11, H13, G12, D11, D8, D5, J14, H2, H14 [NO RESISTOR)
GND: D4, E4, G4, E4, K4, L4, M4, M6, M3, HIO; M12, K12, J12, H1%, F12, E12, D12, D10, C8, D6, J13
-7-
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Table V. Radiation Rias Circuit for 1280A {cont.}

Signal Location|Burn-In Board
QLINO B4 Voo
OLIN1 K15 GND
QLIN2 o7 vee
OLIN3 R14 GND
QLIN4 C10 vCC
QLINS C11 GND
CLING M9 Ve
OLIN7 AlC GND
OLINS All Voo
OLIN% D2 GND
OLIN10 L14 vCC
OLIN11 P2 GND
OLIN12 N1l vCC
OLIN13 M3 GND
OLIN14 <5 vCC
OLIN1S F3 GND
OLIN1G c12 vCC
OLIN17 P& GND
OLIN18 E3 vee
OLIN1S P11 GND
QLOUTA Ad vCe/ 2
OLOUTL G158 vCcC/ 2
OLOUT2 B7 vCC/2
OLOUT3 E2 vCce/2
QOLOUT4 B11 vCce/z2
OLOUTS Al1Z vCoe/2
OLOUTA N9 vCC/2
QLOUTT7 Do vce/2
QLOUTA Bl1O veo/2
OLOUTS Al vee/2
OLOUTLO L13 veo/z2
OLOUT11 R7 vee/2
QLOUT12 R12 vee/2
QLOUT13 M2 vee/2
OLOUT14 BS Voo /2
OLOUT15 F2 voc/2
OLOUT16 B12 vee/2
OLOUT17 RS vee/2
OLOUTL1A Bl vcoc/2
OLOUTLS R11 VCC/2
IOGATE B8O GND
SERIALIN A7 Voo
SERIALOUT Fi veo/2
INX1 R2 vee
INX2 N5 A
IN1A M1S GND

NOTES::
1. VWOC = .0V, +/- 0.5V
2. VQC/2 = 2.5 V +/- 0.25 ¥
3., All outputs through 2.2
kohm +/- 10% 1/4 W
registors to VCC/Z

4, Inputs connected to VCC
through 2.2 kohm resistor

5. Imputs connected to GND do
not reaquire resistors

-,

vOC; F4, H3, J4, MS, N8, M11, H13, G1Z, D11, DB, D5, J14, B2, H14 (RO RESISTOR)
GND: D4, E4, G4, Hd, K3, L4, M4, M6, M8, M10, M12, K12, J12, H12, F12, Ei2, D12, D10, C5, D4, J13

-3
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‘l'able V. Radiation Bias Circuit for 1280A {cont.)

Signal Locaticon|Burn-In Board NOTES:
TN2A K14 GIND 1. VCC = 5.0 V, +/- 0.5 V
IN_AND3 P12 vee
IN AND4 P13 CGND 2, VOoCo/2 = 2.5V +/- 0.25 V
IN_OR3 N& \Helw .
IN_CR4 N10D GND 3. All cutputs through 2.2
IN_ NAND4 M7 vee kohm +/- 10% 1/4 W
IN_NOR4 N132 GND registors to VCC/2
DA L3 vee
RESET P2 CGND 4, Inputs connected to VCC
ENCNTR C13 VCC through 2.2 kohm resistor
CNTRLD E13 GND
RESETCENTR_[D14 GND 5. Inputs connected to GND do
CLOCK A% GND not require resistors
OUTX1 N3 vVCC/ 2 - -
OUTX2 R4 vVCC/2
OUTA Ki3 VCC/2
0 AND3 R13 vCe/2
O AND4 N12 veC/2
0 OR3 P5 vee/z2
0_0OR4 P10 vce/2
O _NAND4 N7 vee/2
O _NOR4 R14 vee/2
QAQ L2 vee/z2
QA1 X2 vee/2
YOl1i B13 vCcCc/2
YO10 El4 veo/z2
YO9 Al3 vce/2
YO8 Al5 vCcC/2
YO7 D15 vce/z
YO& Al4 vee/2
YO8 D13 vee/2
YO4 14 vee/2
YO3 B15 vee/s -
YO2 B15 vee/2
YO1 {18 vee/2
YOO F13 vee/2

VCC: F4, H3, J4, M5, N8, M11, H13, G12, D11, D5, DS, J14, H2, H14 (NO RESISTOR})
GND; D4, E4, G4, H4, K4, L4, M4, M6, M8, M10, M12, K12, J12, H1%, F12, E12, D12, D10, C8, D6, J13



Figure 1. Comparison of Burned-In (Bl) vs. Non Burned-In (NBl} Parts
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Figure 2. Comparison of Burned-In (Bl) vs. Non Burned-in (NBI) Parts
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Appendix A

Teat Chip Pattern

The test chip paitern consists of four sections. The first section tests combinatorial logic, the second tests basic flip-
flop characteristies, the third tests the input and output data laiches, and the fourth section contains a long shift
register and a 12-bit counter with enable, load and reser.

For the galed latches, 20 input and 20 cutput latches are tested separately.  All latches have direct O conmections,
permilting direct control of the data and meonitoring of the outputs. Additionally, all latches are operaied with a
common gale control. This gate is open when the IOGATE signal is a "0” for input latches and a "1” for output
latches,

All internal flip-fops are configured a S-Modules. Although flip-flops can be made out of a pair of C-Modules,
they are inefficient, particularly when configured in a TMR configuration. Additionally, it is not clear whether
future release of Actel tools will continue to support flip-flops made of C-Modules*which have been shown to have
a lower susceptibitity to SEU's in the 1.2 pm version.

Currently, no C-Module flip-flops are in the design. However, if it is felt that these should be tested during the run,
they can be added 1o the design. Please let me know quickly what you think so the chip design can be finalized.

The mternal flip-tlops are configured into a shift register conaslsting of 17 siages of 34 shift flip-flops, alt with a
common positive edge-triggered clock. The input into the string is on SERIALIN and the output comes from
SERIALOUT. The single common clock eonfiguration was chosen to simulate operation in a synchronous device
- with & heavy clock load to test the clock distribution system. Two inverters are placed within the string to aid in
establishing differing biases.

Semmary

The ¢ircuils in the test chip are simple and based upon a Hughes test.  Additions to the original Hughes circuit
included logic strings with a variety of gate configurations, and maximurn use of the chip by testing a large amount
of I/} latches, a tong logic string of inverzers, and a long string of flip-flops.

Additionza] material is provided in the following sections for review:; -

. TD1280 schematics.
. TD1280 pin assignments.
Logic simulation waveforms and timing diagrams,
Static timing analyzer results
a. Rest case
b/ Warst casc
5. Original Hughes test plan.
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