





































































































Vendor B

Read Circuitry — The chip layout is shown in Figure 5, and the circuit

schematic is shown in Figure 6. This device is also partitioned into four
32 x 8 blocks, It differs from that of Vendor A in that a diode select matrix
is used rather than a transistor matrix.

Row select is accomplished in a similar manner as Vendor A, except
that a row of diode cathodes is grounded by the select transistor in this case.
The desired column is selected by turning on one of eight series column
select transistors in each bit block that connects the desired column to the
sense amplifier buss. The column select transistors are controlled by diod=
gates operating on the AO to A2 address terms,.

If the selected fuse is unblown, the sense amplifier bus will be connected

to ground and an output high results. The sense amplifiers are activated by

an enable gate controlled by CEl and CEZ.

Figure 5, Vendor B 1024-bit PROM chip layout.
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Figure 11. SEM photo of Vendor C
fuse after chemical etch —
unprogrammed fuse.

modes. All SEM analyzed fuses from programming experiments listed in
Tables 2 through 4 for Vendors A and B are shown in Figures 14a-f, 16a-n,
and 18a-n, respectively, for fuses that were chemically etched and Fig-
ures 15a-k, 17a-f, and 19a-n for selected fuses after plasma etching.

'he fuses in the main storage array (1024 fuses) were used for the
various experiments rather than the test fuses (less than 100 fuses) to
obtain a larger fuse sample size. Since electric current reaching any of
these fuses is difficult to measure accurately, the time required for fusing
was used as a measure of the energy deposition rate. To simulate '"fast and
slow blow' fusing conditions, the pulse amplitude was either increased or
decreased., The relationship between blow time and pulse amplitude is illus-
trated in Figure 20. The pulse amplitude is bounded between the minimum
power required to program the memory element and the circuitry limitations
such as junction breakdowns or current saturation levels. Other considera-
tions are circuit stresses and chip heating. In most cases where the voltages
were near the recommended programming voltage, the fuse opened when the
voltage had been raised to near the maximum value and the fusing time was
thus controlled by the rise time. For fast rise times, e.g., less than 1 s,
the fuse opening was delayed for several microseconds because of the ther-
mal time constant of the fuse link. When the voltage was reduced, the fusing
could occur at times extended to several seconds. Variations in the pro-

gramming pulses revealed a direct correlation to the physical appearance of



PULSE AMPLITUDE 10.5 VOLTS PULSE AMPLITUDE
LENGTH 10ms LENGTH
RISE TIME 25 Hs RISE TIME
TIME-TO-PROGRAM 10 us TIME-TOPROGRAM
a.,
PULSE AMPLITUDE 10.5 VOLTS PULSE AMPLITUDE
LENGTH 10 ms LENGTH
RISE TIME 25 Hs RISE TIME
TIME-TOPROGRAM 10 Us TIME-TO-PROGRAM
b.

Figure 12,

SEM photos of

Vendor C fuse before plasma etch (sheet 1).
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10.5 VOLTS
10ms
0.5 us
130 us

10.5 VOLTS
10ms
0.5 us
100 us
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Figure 12,

PULSE AMPLITUDE
LENGTH

RISE TIME
TIME-TO-PROGRAM

PULSE AMPLITUDE
LENGTH

RISE TIME
TIME-TO-PROGRAM

10.6 VOLTS
1i0ms

0.5 Us

<10 Us

10,5 VOLTS
10ms

0.5 Uus

<10 pus
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PULSE AMPLITUDE
LENGTH

RISE TIME
TIME-TO-PROGRAM

PULSE AMPLITUDE
LENGTH

RISE TIME
TIME-TO-PROGRAM

10.5 VOLTS
10 ms
0.5 us
530 us

10.5 VOLTS
10ms

0.5 Us

350 us

SEM photos of Vendor C fuse before plasma etch (sheet 2).



PULSE AMPLITUDE
LENGTH

RISE TIME
TIME-TO-PROGRAM

PULSE AMPLITUDE
LENGTH

RISE TIME
TIME-TO-PROGRAM

Figure 13.

10.5 VOLTS PULSE AMPLITUDE

10 ms LENGTH

0.5 s RISE TIME

<10 s TIME-TO-PROGRAM
a.

10.5 VOLTS PULSE AMPLITUDE

10 ms LENGTH

0.5 ds RISE TIME

<10 us TIME-TO-PROGRAM
b.

SEM photos of Vendor C

T

- |

"i:W fuse aft

plasma etch (sample 1) (sheet 1).
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PULSE AMPLITUDE
LENGTH

RISE TIME
TIME-TO-PROGRAM

H’I ~REL

PULSE AMPLITUDE
LENGTH

RISE TIME
TIME-TO-PROGRAM

HI-REL LABS TI-B2249 10KX10KV4S HI-REL LABS TI-B3245 10KX10K:

10.6 VOLTS PULSE AMPLITUDE 10.5 VOLTS
10 ms LENGTH 10ms
0.5 s RISE TIME 0.5 Uus
<10 us TIME-TO-PROGRAM 530 us

10.5 VOLTS PULSE AMPLITUDE 10.5 VOLTS
10 ms LENGTH 10ms
0.5 s RISE TIME 0.5 Us
<10 us TIME-TO-PROGRAM 350 us

Figure 13. SEM photos of Vendor C Ti:W fuse after

plasma etch (sample 1) (sheet 2).
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PULSE AMPLITUDE
LENGTH

RISE TIME
TIME-TO-PROGRAM

PULSE AMPLITUDE
LENGTH

RISE TIME
TIME-TO-PROGRAM

Figure 14. SEM photos of

10KX10KV4ES

25 VOLTS
12 1ns

0.5 us

3 s

25.0 VOLTS
12ms
130 Us
128 Us
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HI-REL LABS H24-B325 10KX

PULSE AMPLITUDE
LENGTH

R!SE TIME
TIME-TOPROGRAM

PULSE AMPLITUDE
LENGTH

RISE TIME
TIME-TO-PROGRAM

25 VOLTS
12ms

0.5 s

3 Uus

25.0 VOLTS
12ms
130 Us
128 Us

Vendor A fuse before plasma etch (sheet 1).



10KK10KV4S

PULSE AMPLITUDE 25.0 VOLTS
LENGTH

HI-REL LABS H24-B4245

|

RISE TIME

TIME-TO-PROGRAM

182 ms
130 us
128 Us

PULSE AMPLITUDE
LENGTH

RISE TIME

TIME-TO-PROGRAM
C.

25.0 VOLTS
182 ms

130 us
125 Us

10K 1 0K

PULSE AMPLITUDE

23.0 VOLTS
LENGTH 192 ms
RISE TIME 128 s
TIME-TOPROGRAM

1.67 ms

Figure 14. SEM photos of Vendor A fuse before plasma etch (sheet
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HI-REL LABS

PULSE AMPLITUDE

23.0 VOLTS
192 ms

128 s
TIME TOPROGRAM

1.25 ms



HI-REL LABS H24-

PULSE AMPLITUDE 22.0 VOLTS

PULSE AMPLITUDE 220 VOLTS
LENGTH 192 ms LENGTH 192 ms
RISE TIME 126 s RISE TIME 126 Us
TIME-TO-PROGRAM 10.3 ms TIME-TO-PROGRAM 8.8 ms

PULSE AMPLITUDE 21.0 VOLTS PULSE AMPLITUDE 21.0 VOLTS
LENGTH 1.9ms LENGTH 1.9ms
RISE TIME 125 s RISE TIME 125 s
TIME-TO-PROGRAM 1.2ms TIME-TOPROGRAM 0.9 ms

£,

Figure 14, SEM photos of Vendor A fuse before plasma etch (sheet

w
~
.
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PULSE AMPL
LENGTH
RISE TIME
TIME-TOPRO

PULSE AMPL
LENGTH
RISE TIME
TIME TOPRO

igure 14

TUDE

GRAM

IRAM

1.0 VOLT
2ms
126 Us
8 ms

20 VOLTS
192 ms
123 Us

135 ms

S trf

1
Ve

g.

PULSE AMPL
LENGTH
RISE TIME
TIME TOPR

ndor A fuse b« -
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TUDE

GRAM

21.0 VOLTS
12 ms

125 Js

10.5 ms

20 VOLTS
192 ms
125 s
100 ms
1a etch (sheet 4),



Figure 14,

HI-REL LABS He4-

PULSE AMPLITUDE 20.0 VOLTS
LENGTH 12 ms

RISE TIME 125 Us
NUMBER OF PULSES

TO PROGRAM 15 PULSES
TOTAL PROGRAMMING

TIME 180 ms

H24-B4B4

PULSE AMPLITUDE 20.0 VOLTS
LENGTH 12 ms
RISE TIME 125 s
NUMBER OF PULSES
TO PROGRAM 17 PULSES
TOTAL PROGRAMMING
TIME 204 ms

A

SEM photos ¢f Vendor A fuse before plasma etch (sheet 5).
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S He4-B4122

PULSE AMPLITUDE 20.5 VOLTS
LENGTH 12 ms
RISE TIME 125 [s

EXPERIENCED P»‘;RT 1AL PROGRAMMING PULSE

1

Y

HI-REL LABS H24-B4114 10KX10KV4S

PULSE AMPLITUDE 20.5 VOLTS
i LENGTH 12 ms
1 RISE TIME 125 us

EXPERIENCED PARTIAL PROGRAMMING PULSE

Figure 14. SEM photos of Vendor A fuse before plasma etch (sheet 6).
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PULSE AMPLITUDE
LENGTH

RISE TIME

TIME - TO-PROGRAM

PULSE AMPLITUDE
LENGTH

RISE TIME
TIME-TO-PROGRAM

Figure 15.

25 VOLTS
12 ms

0.5 us

3 Us

26 VOLTS
12ms
130 Us
128 Us

SEM photos

b.

PULSE AMPLITUDE
LENGTH

RISE TIME
TIME-TO-PROGRAM

REL LABS

PULSE AMPLITUDE
LENGTH

RISE TIME
TIME-TO-PROGRAM

25 VOLTS
12ms

0.5 us

3 us

256 VOLTS
12ms
130 us
128 Us

of Vendor A nichrome fuse after
plasma etch (sample 24) (sheet 1).
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PULSE AMPLITUDE 25 VOLTS PULSE AMPLITUDE 256 VOLTS
LENGTH 192 ms LENGTH 126 ms
RISE TIME 130 s RISE TIME 130 Us
TIME-TOPROGRAM 128 Us TIME-TOPROGRAM 125 s

HI-REL LABS #HP4-

PULSE AMPLITUDE 23 VOLTS

PULSE AMPLITUDE 23 VOLTS
LENGTH 192 ms LENGTH 192 ms
RISE TIME 128 s RISE TIME 128 s
TIME-TO-PROGRAM 1.67 ms TIME-TO-PROGRAM 1.25 ms
d.
Figure 15.

SEM photos of Vendor A nichrome fuse after
plasma etch (sample 24) (sheet 2).
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PULSE AMPLITUDE
LENGTH

RISE TIME
TIME-TOPROGRAM

PULSE AMPLITUDE
LENGTH

RISE TIME
TIME-TOPROGRAM

Figure 15

22 VOLTS
162 ms
126 Us
103 ms

21 VOLTS
1.9ms
125 Us
1.2ms

SEM photos of Vendor A nichrome fuse

e

PULSE AMPLITUDE
LENGTH

RIST TIME

TIME - TOPROGRAM

PULSE AMPLITUDE
LENGTH

RISE TIME

TIME TO-PROGRAM

plasma etch (sample 24) (sheet 3).
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22 VOLTS
192 ms
126 Us
88 ms

21 VOLTS
1.9ms
126 s
0.9 ms

after



PULSE AMPLITUDE
LENGTH

RISE TIME
TIME-TOPROGRAM

Figure 15,

LABSHZ4-B4208

PULSE AMPLITL

LENGTH
RISE TIME

TIME-TOPROC

ADDITIONAL

2 VOLTS

12ms
128 Us
7.6 ms

SEM

I)l iSIma etc

photos of

JOE

JRAM

PHOT

4‘4

vend

SLEX10KVaS

(sample

21 LTS
1.9

26 Us

) ms
AF

PULSE AMPLITUDE 21 VOLTS
LENGTH 12ms
PISE TIME 126 s
TIMETOPROGRAM 10.5 ms

chrome fuse after

24) (sheet 4),

[

o



PULSE AMPLITUDE 20 VOLTS
LENGTH 192 ms
RISE TIME 123 Us
TIME TOPROGRAM 136 ms

PULSE AMPLITUDE 20 VOLTS
LENGTH 12ms
RISE TIME 125 Us
NUMBER OF PULSES

TO PROGRAM 15 PULSES
TOTAL PROGRAMMING

TIME 180 ms

Figure 15. SEM photos of Vendor A

PULSE AMPLITUDE
LENGTH
RISE TIME
TIMETOPROGRAM

PULSE AMPLITUDE
LENGTH

RISE TIME
NUMBER OF PULSES
TO PROGRAM

TOTAL PROGRAMMING
TIME

plasma etch (sample 24) (sheet 5)
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20 VOLTS
192 ms
126 s
100 ms

20 VOLTS
12ms
126 s

17 PULSES

204 ms

nichrome fuse after



PULSE AMPLITUDE 20.5 VOLTS

LENGTH 12 ms

RISE TIME 125 Us

EXPERIENCED PARTIAL PROGRAMMING PULSE

PULSE AMPLITUDE 20.5 VOLTS
LENGTH 12ms
RISE TIME 125 us

EXPERIENCED PARTIAL PROGRAMMING PULSE

k.

Figure 15. SEM photos of Vendor A nichrome fuse after
plasma etch (sample 24) (sheet 6).
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PULSE AMPLITUDE 25.0 VOLTS
LENGTH 12 ms
RISE TIME 0.5 Us
TIME-TO-PROGRAM 5 Us

a.
PULSE AMPLITUDE 26.0 VOLTS
LENGTH 12 ms
RISE TIME 130 s’
TIME-TO-PROGRAM 125 Us

D

HI-REL LABS H2S-B3252 9500

PULSE AMPLITUDE
LENGTH

RISE TIME

TIME TOPROGRAM

25.0 VOLTS
12ms

0.5 Us

5 Us

S H2S-B3240 95

PULSE AMPLITUDE
LENGTH

RISE TIME

TIME TO-PROGRAM

25.0 VOLTS
12ms

130 Us

126 Us

Figure 16. SEM photos of Vendor A nichrome fuse
before plasma etch (sample 25) (sheet 1).
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Y

HI-REL LABS H2S5-B4245 9S00X10KV

PULSE AMPLITUDE 25 VOLTS FU 28 VOLTS

LENGTH 192 ms LE 192 ms

RISE TIME 130 Us RISE TIME 130 us

TIME-TOPROGRAM 130 Us TIME TO-PROGRAM 125 Us
C.

LABS H2S5-B4179 9500%10Kv4s

(1 0KWE

PULSE AMPLITUDE 228 VOLTS

PULSE AMPLITUDE 22.5 VOLTS
LENGTH 192 ms LENGTH 192 ms
RISE TIME 1285 s RISE TIME 125 lis
TIME-TOPROGRAM 0.92 ms TIME-TOPROGRAM 1ms

d,

Figure 16. “SEM photos of Vendor A nichrome fuse
before plasma etch (sample 25) (sheet 2).
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HI-REL LABS HRS-B4192 FBO0X1OKYE

PULSE AMPLITUDE
LENGTH

RISE TIME
TIME-TOPROGRAM

€.

PULSE AMPLITUDE 21.5 VOLTS
LENGTH 192 ms
RISE TIME 130 us
TIME-TO-PROGRAM 8.1ms

fa

21.5 VOLTS
1.9ms
122 s
19ms

HI-REL LABS H2S

PULSE AMPLITUDE 21.5 VOLTS
LENGTH 192 ms
RISE TIME 130 Ms
TIME-TO-PROGRAM 112 ms

Figure 16. SEM photos of Vendor A nichrome fuse
before plasma etch (sample 25) (sheet 3).
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HI-REL LABS H25-8495 SS00X10KWS

HI-REL LABS

PULSE AMPLITUDE 21.0 VOLTS E AMPLITUDE 205 VOLTS
LENGTH 12 ms ENGTH 192 ms
RISE TIME 120 Us E TIME 122 s
TIME-TOPROGRAM 8.6 ms TIME 7 PROGRAM 100 ms
h. i.
Figure 1¢ sEM photos of Ve rome fuse
before 'i'l‘ ma etg sample 2 eet 4).



HI-REL LABS H25-B4229 9500K10KVE

PULSE AMPLITUDE 20.5 VOLTS PULSE AMPLITUDE 20.5 VOLTS
LENGTH 192 ms LENGTH 192 ms
RISE TIME 122 us RISE TIME 122 Us
TIME-TO-PROGRAM 100 ms TIME-TO-PROGRAM 144 ms

HI-REL LABS H2S-B4228 9S00X1OKWS HI-REL LABS H2S-B4186 9500X10KVES

PULSE AMPLITUDE 20.5 VOLTS PULSE AMPLITUDE 20.8 VOLTS

LENGTH 12ms LENGTH 12ms

RISE TIME 122 Us RISE TIME 120 us

NUMBER OF PULSES EXPERIENCE PARTIAL PROGRAMMING PULSE
TO PROGRAM 9 PULSES

TOTAL PROGRAMMING

TIME 108 ms 1

k.

Figure 16. SEM photos of Vendor A nichrome fuse
before plasma etch (sample 25) (sheet 5).
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HI-REL LABS H2S-B4178 SS00K10KWS

HI-REL LABS H25-B4194 9500x%10KV4S

PULSE AMPLITUDE 20.8 VOLTS PULSE AMPLITUDE 20.8 VOLTS

LENGTH 12 ms LENGTH 12 ms

RISE TIME 120 Us RISE TIME 120 us

EXPERIENCE PARTIAL PROGRAMMING PULSE EXPERIENCE PARTIAL PROGRAMMING PULSE
m.

HI-REL LABS HES~-BT 9500%10KWS HI-REL LABS H25-BT

TEST FUSE PROGRAMMED BY MANUFACTURER TEST FUSE PROGRAMMED BY MANUFACTURER
BEFORE SHIPMENT BEFORE SHIPMENT

Figure 16. SEM photos of Vendor A nichrome fuse
before plasma etch (sample 25) (sheet 6).
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HI-REL LABS H2S5-B3252 9S00X10KWS o

PULSE AMPLITUDE 25 VOLTS
LENGTH 12 ms
RISE TIME 0.5 us
TIME-TO-PROGRAM 5 Us

HI-REL LABS H25-B424S

R ‘“ ;

HI-REL LABS HES-B32S2  19KX10KWES

PULSE AMPLITUDE 25 VOLTS
LENGTH 12 ms
RISE TIME 0.5 Us
TIME-TO-PROGRAM 5 Us

(ADDITIONAL PHOTOGRAPH)

HI-REL LABS H2S-B486 9S00X10KWS

PULSE AMPLITUDE 25 VOLTS PULSE AMPLITUDE 21 VOLTS
LENGTH 192103 LENGTH 12ms
RISE TIME 130 Us RISE TIME 120 ys
TIME-TO-PROGRAM 130 s TIME-TO-PROGRAM 8.6 ms
b.
Figure 17. SEM photos of Vendor A nichrome fuse

after plasma etch (sample 25) (sheet 1).
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HI-REL LABS

PULSE AMPLITUDE 20.8 VOLTY

LENGTH 12 ms

RISE TIME 120 Us

EXPERIENCED PARTIAL PR RAMMIN F LSE

194 9S00X10KWS

HI-REL LABS H2S-8 154 1950010k

PULSE AMPLITUDE 208 VOLTS PULSE AMPLITUDE 20.8 VOLTS
LENGTH 12ms LENGTH 12 ms
RISE TIME 120 us RISE TIME 120 s

EXPERIENCED PARTIAL PROGRAMMING PULSE EXPERIENCED PARTIAL PROGRAMMING PULSE

ADDITIONAL PHOTOGRAPH AFTER PLASMA ETCH)

d.

Figure 17. SEM photos of Vendo: nichrome fuse
after pl(mnml etch (sample 25) heet 2).



HI-REL LABS H2S-BT 100X 1 0KV

BT
TEST FUSE PROGRAMMED BY MANUFACTURER
BEFORE SHIPMENT

HI-REL LABS HeS-8T 10001 OKWS

8rT2
TEST FUSE PROGRAMMED BY MANUFACTURER
BEFORE SHIPMENT

Figure 17. SEM photos of Vendor A nichrome fuse
after plasma etch (sample 25) (sheet 3).
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TEST FUSE PROGRAMMED BY MANUFACTURER
(ADDITIONAL PHOTO

BT2

TEST FUSE PROGRAMMED BY MANUFACTURER
(ADDITIONAL PHOTO)

Figure 17. SEM photos of Vendor A nichrome fuse
after plasma etch (sample 25) (sheet 4).
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PULSE AMPLITUDE

26 VOLTS

LENGTH 10 ms
RISE TIME 2.5 s
TIME TOPROGRAM 3 Ms

PULSE AMPLITUDE
LENGTH

RISE TIME

TIME TOPROGRAM

Figure

26 VOLTS
10ms
60 us
55 s

b.

PULSE AMPLITUDE
LENGTH
RISE TIME
TIMETOPROGRAM

PULSE AMPLITUDE
LENGTH

RISE TIME

TIME TOPROGRAM

26 VOLTS
10ms

2.5 Us

3 us

26 VOLTS
10 ms
60 us
55 Us

18. SEM photos of Vendor B nichrome fuse
before plasma etch (sample 11) (sheet 1).
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PULSE AMPLITUDE 21 VOLTS
LENGTH 200 ms
RISE TIME 28 Us
TIME TOPROGRAM 28 s

PULSE AMPL

LENGTH

RISE TIME

TIME

TO

PULSE AMPLITUDE
LENGTH

RISE TIME
TIME TOPROGRAM

d.

21 VOLTS

200 ms
28 Us
30 us

Figure 18. SEM photos of Vendor
before plasma etch (sample 11) {
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PULSE AMPLITUDE
LENGTH

RISE TIME

TIME TO-PROGRAM

PULSE AMPLITUDE
LENGTH

RISE TIME

TIME TOPROGRAM

Figure

21 VOLTS
40 us
28 Us
30 us

18

125 VOLTS
200 ms

15 ls

360 us

£s

PULSE AMPLITUDE
LENGTH

RISE TIME

TIME TO-PROGRAM

PULSE AMPLITUDE
LENGTH

RISE TIME
TIME-TOPROGRAM

21 VOLTS
40 us
28 Us
35 Us

12,6 VOLTS
200 ms

18 Us

800 us

SEM photos of Vendor B nichrome fuse
before plasma etch (sample 11) (sheet 3).
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PULSE AMPLITUDE 12.5 VOLTS PULSE AMPLITUDE 128 VOLTS

LENGTH 2ms LENGTH 2ms
RISE TIME 15 Us RISE TIME 15 Us
TIME TOPROGRAM 810 Lis TIME TOPROGRAM 800 us

PULSE AMPLITUDE 12.3 VOLTS PULSE AMPLITUDE 12.3 VOLTS
LENGTH 200 ms LENGTH 200 ms
RISE TIME 14 s RISE TIME 14 Us
TIME TOPROGRAM 144 ms TIME-TOPROGRAM 130 ma

h.

Figure 18. SEM photos of Vendor B nichrome fuse
befor> plasma etch (sample 11) (sheet 4).
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PULSE AMPLITUDE 12.3 VOLTS

LENGTH 200 ms

RISE TIME 14 us

TIME-TO-PROGRAM 180 ms
i,

PULSE AMFLITUDE 12 VOLTS PULSE AMPLITUDE 12 VOLTS
LENGTH 10ms LENGTH 10ms
RISE TIME 15 s RISE TIME 15 Us
TIME-TOPROGRAM 29 ms TIME-TO-PROGRAM 3.2ms

Je

Figure 18. SEM photos of Vendor B nichrome fuse
before plasma etch (sample 11) (sheet 5).
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PULSE AMPLITUDE
LENGTH

RISE TIME
TIME-TOPROGRAM

PULSE AMPLITUDE
LENGTH

RISE TIME
TIME-TOPROGRAM

Figure 1
before plasma etch (sample 11) (sheet 6).

12 VOLTS
200 ms
16 Us
35ms

11.2 VOLTS
200 ms

14 Us

21 ms

1,

PULSE AMPLITUDE
LENGTH

RISE TIME
TIME-TOPROGRAM

PULSE AMPLITUDE
LENGTH

RISE TIME
TIME-TOPROGRAM

12 VOLTS
200 ms

15 Js
3.4ms

11.2 VOLTS

200 ms
14 Us
25ms

SEM photos of Vendor B nichrome fuse
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Figure 18.
before plasma etch (sample 11) (sheet 7).

PULSE AMPLITUDE 12 VOLTS
LENGTH 200 ms
RISE TIME 15 Us
NUMBER OF PULSES

TO PROGRAM 4 PULSES
TOTAL PROGRAMMING

TIME 800 ms

PULSE AMPLITUDE 11 VOLTS

LENGTH 200 ms

RISE TIME 15 Us

NUMBER OF PULSES

TO PROGRAM 7 PULSES

TOTAL PROGRAMMING

TIME 1300 ms
me.

SEM photos of Vendor B nichrome fuse
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PULSE AMPLITUDE 10.8 VOLTS

LENGTH 10 ms
RISE TIME 13 Us
NUMBER OF PULSES

TO PROGRAM 17 PULSES
TOTAL PROGRAMMING

TIME 170 ms

PULSE AMPLITUDE 10.8 VOLTS
LENGTH 10ms
RISE TIME 13 Us
NUMBER OF PULSES
TO PROGRAM 10 PULSES
TOTAL PROGRAMMING
TIME 100 ms

n.

Figure 18. SEM photos of Vensor B nichrome fuse
before plasma etch (sample 11) (sheet 8).
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PULSE AMPLITUDE 26 VOLTS

LENGTH 10ms
RISE TIME 2.5 Us
TIME-TO-PROGRAM 3 us

PULSE AMPLITUDE 26 VOLTS
LENGTH 10 ms
RISE TIME 60 U
TIME-TO-PROGRAM 55 Us

b.

PULSE AMPLITUDE
LENGTH

RISE TIME
TIME-TO-PROGRAM

PULSE AMPLITUDE
LENGTH

RISE TIME
TIME-TO-PROGRAM

26 VOLTS
10ms

2.5 Us

3 s

26 VOLTS
10ms
60 Us
55 Us

Figure 19. SEM photos of Vendor B nichrome fuse
after plasma etch (sample 11) (sheet 1).
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PULSE AMPLITUDE 21 VOLTS PULSE AMPLITUDE
LENGTH 200 ms ENGTH
RISE TIME 28 Us RISE TIME
TIME-TOPROGRAM 28 s IME T sRAM

PULSE AMPLITUDE 21 VOLTS
LENGTH 200 ms
RISE TIME 28 s
TIME TO-PROGRAM 30 s

d.

Figure 19. SEM photos of Vendor B nichrome fuse

after plasma etch (sample 11) (sheet
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111-B431 10KX10KVES HI-REL LABS

PULSE AMPLITUDE 21 VOLTS PULSE AMPLITUDE 21 VOLTS
LENGTH 40 Us LENGTH 40 us
RISE TIME 28 [s RISE TIME 28 Us
TIME-TO-PROGRAM 30 us TIME-TO-PROGRAM 35 Us

PULSE AMPLITUDE 12.5 VOLTS PULSE AMPLITUDE 12.5 VOLTS
LENGTH 200 ms LENGTH 200 ms
RISE TIME 15 Us RISE TIME 15 s
TIME TOPROGRAM 360 us TIME-TOPROGRAM 800 Us

f.

Figure 19. SEM photos of Vendor B nichrome fuse
after plasma etch (sample 11) (sheet 3).
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PULSE AMPLITUDE

12.5 VOLTS PULSE AMPLITUDE 125 VOLTS

LENGTH 2ms LENGTH 2ms
RISE TIME 16 s RISE TIME 15 Us
TIME-TOPROGRAM 810 Us TIME-TOPROGRAM 800 us

PULSE AMPLITUDE
LENGTH

RISE TIME

TIME TOPROGRAM

Figure 19.
after

12.3 VOLTS PULSE AMPLITUDE 12.3 VOLTS
200 ms LENGTH 200 ms
14 s RISE TIME 14 s
Sl i TIME-TO-PROGRAM 130 ms
h.

SEM photos of Vendor B nichrome fuse
plasma etch (sample 11) (sheet 4).
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PULSE AMPLITUDE
LENGTH

RISE TIME

TIME - TOPROGRAM

PULSE AMPLITUDE 12 VOLTS
LENGTH 10ms
RISE TIME 15 s
TIME TOPROGRAM 2.5 ms

123 VOLTS
200 ms
14 Us
180 ms

PULSE AMPLITUDE 12 VOLTS
LENGTH 10 ms
RISE TIME 1€ Us
TIME-TOPROGRAM 3.2 ms

Figure 19. SEM photos of Vendor B
after plasma etch (sample 11) (sheet 5),

74

nichrome fuse



PULSE AMPLITUDE
LENGTH

RISE TIME
TIME-TOPROGRAM

12 VOLTS
200 ms
16 Us
I6ms

PULSE AMPLITUDE 11.2 VOLTS
LENGTH 200 ms
RISE TIME 14 s
TIME- TO-PROGRAM 21 ms
ke
Figure 19.

PULSE AMPLITUDE
LENGTH

RISE TIME

TIME - TOPROGRAM

PULSE AMPLITUDE
LENGTH

RISE TIME

TIME TOPROGRAM

12 VOLTS
200 ms

15 Us
34ms

11.2VOLTS
200 ms

14 s

26 ms

SEM photos of Vendor B nichrome fuse
after plasma etch (sample 11) (sheet 6).
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PULSE AMPLITUDE 120 VOLTS

LENGTH 200 ms
RISE TIME 15 s
NUMBER OF PULSES

TO PROGRAM 4 PULSES
TOTAL PROGRAMMING

TIME 800 ms

PULSE AMPLITUDE 110 VOLTS
LENGTH 200 ms
RISE TIME 15 Us
NUMBER OF PULSES

TO PROGRAM 7 PULSES
TOTAL PROGRAMMING

TIME 1370 ms

ma.

Figure 19. SEM photos of Vendor B nichrome fuse
after plasma etch (sample 11) (sheet 7).



PULSE AMPLITUDE 10.8 VOLTS

LENGTH 10ms
RISE TIME 13 s
NUMBER OF PULSES

TO PROGRAM 17 PULSES
TOTAL PROGRAMMING

TIME 170 ms

PULSE AMPLITUDE 10.8 VOLTS
i LENGTH 10 ms
RISE TIME 13 s
NUMBER OF PULSES
TO PROGRAM 10 PULSES
{ TOTAL PROGRAMMING
1 TIME 100 ms

Ne
Figure 19. SIM photos of Vendor B nichrome fuse

| after plasma etch (sample 11) (sheet 8).
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¢ i illustration of fusing time
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TIME TO BLOW

the fusing region. Fuses from the same vendor, programmed with the same
pulse waveform, have similar physical appearances.
Some of the individual experiments performed and pertinent observations

are discussed in the remainder of this section.
Individual Experiments

Extended Programming Pulse — It has been suggested that the remainder

of the pulse voltage sustained across the fuse after the fuse has opened may
modify the character of the fuse gap. Dur.ag this time the programming
voltage would be applied across the extremely narrow opened fuse gap and
would create an inten-e electric-field stress condition. To evaluate this
effect, some fuses were programmed with pulses terminated shortly after
fusing and others with pulses extended for more than a hundred milliseconds.
SEM analyses of Vendor A and B fuses revealed no physical difference as a
result of sustained pulse voltage after fusing occurred. Similarities in
Vendor B fuses programmed under the two conditions are shown in Fig-

ure 21.

Time-to-Program — A comparison was made of fuses programmed on a

pulsewidth of microseconds to ones which programmed on a pulsewidth of
over a hundred milliseconds. The variations in physical appearance of each
vendor type as a result of the indicated programming time are shown in

Figures 22a-e. In most cases where the striated pattern was observed in
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Fipure Z1.

PULSE AMPLITUDE 21 VOLTS
LENGTH 30 ys
RISE TIME 28 ps
TIME-TO-PROGRAM 35 Us

a.

PULSE AMPLITUDE 21 VOLTS
LENGTH 200 ms
RISE TIME 28s

TIME-TO-PROGRAM 28Us

b.

Vendor B short and long afterpulse comparison
before plasma etch.
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HI-REL LABS H2S-B3244 9S00X 10KV

VENDOR A VENDOR B
PULSE AMPLITUDE 25 VOLTS PULSE AMPLITUDe
LENGTH 12 ms LENGTH
RISE TIME 0.5 us RISE TIME
TIME-TOPROGRAM 5 Us TIME TO PROGRAM

26 VOLTS
10ms
2.5 s

3 Us

VENDOR A VENDOR 8
PULSE AMPLITUDE 26 VOLTS PULSE AMP(.ITUDE 21 VOLTS
LENGTH 192 ms LENGTH 200 ms
RISE TIME 130 Us RISE TIME 28 Us
TIME TOPROGRAM 126 Us TIME.- TOPRUGRAM 30 s
b.
igure 22 [ime-to-program comparison before plasma etch (she
80
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HI-REL LABS res-g;;;e?. ml@ HI-REL LABS 111-B438 SKX1ORVE

VENDOR A VENDOR B
PULSE AMPLITUDE 22.5 VOLTS PULSE AMPLITUDE 12 VOLTS
LENGTH 192 ms LENGTH 200 ms
RISE TIME 125 Us RISE TIME 15 Us
TIME-TO-PROGRAM 1 ms TIME-TO-PROGRAM 3.5ms

Cs

-

-,

HI-REL LABS H25-B49S 9500%10KWS

11-B442 8. SKX10KV4S

VENDOR A

VENDOR 8

PULSE AMPLITUDE 21.5 VOLTS PULSE AMPLITUDE 11.2 VOLTS
LENGTH 192 Us LENGTH 200 ms
RISE TIME 122 ps RISE TIME 14 Us

TIME TO-PROGRAM 11.2ms TIME-TO-PROGRAM 25 ms

Figure 22, Time-to-program comparison before plasma etch (sheet 2).
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HI-REL .LABS H2S-B4237 9IS00X10KWS

VENDOR A
PULSE AMPLITUDE 20.5 VOLTS
LENGTH 192 ms
]ISE TIME 122 Us
TIME-TO-PROGRAM 100 ms

HI-REL LABS 111-B265 8.5KX10KVE

VENDOR B
PULSE AMPLITUDE 12.3 VOLTS
LENGTH 200 ms
RISE TIME 14 Us
TIME-TO-PROGRAM 180 ms
e.

Figure 22. Time-to-program comparison before plasma etch (sheet 3).
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endor A t could be associated wit! fuses programme 41 on faster
DY mming times Additionally, larger area of the fuse material in
hoth Vendor A and B was altered under faster programming. Also, apparent

the figures 1s the variation 1 “,\nu Axl ippe irance 11’71'1' P 'L'X'A\I’.“H\'lnﬂ

n g
between the two vendor types rhese differences might be att ributed to vari-
‘tion n the geometry, thicknes d n erial composition of the nichrome
metallization A more detailed discu ion on this subject is contained in
Qe :
Mu It Several fuse ere programmed using a series of
D (7 yoposed to f ng with a ngle pulse [ypic 11 fuses which were
erT Ve ¢ rs A and B using multiple pulses are shown in Figure 23,
When these fuses are compared with others that rece ved a similar total
energyv programming time, little difference is seen beiween fuses opened by
! I ort pulses and those opened with one long pulse, if the total energy
time to programming is similaz

HI-REL LABS H2S-B4228 9S00X10KWS

VENDOR A VENDOR B
PULSE AMPLITUDE 20.5 VOLTS PULSE AMPLITUDE 10.8 VOLTS
LENGTH 12ms LENGTH 10 ms
RISE TIME 122 s RISE TIME 13 s
NUMBER OF PULSES NUMBER OF PULSES
TO PROGRAM 9 PULSES TO PROGRAM 10 PULSES
TOTAL PROGRAMMING TOTAL PROGRAMMING
TIME 108 ms TIME 100 ms

Figure 23. Multiple pulse programming before plasma etch.



Partial Fusing — In this experiment the programming pulse was cut off

before actual fusing to observe the effect of partial programming on the fuse
link. It was difficult to sense the current change to determine the start of
fuse opening. A fixed pulse length was used instead of cutting off the pulse
via current sensing. The physical appearance of the initial fusing reaction of
a vendor A nichrome fuse before the opening of a fuse gap is shown in Fig-
ure 24. This elliptical reaction zone can be seen on fully programmed fuses.
Resistance of the fuse shown in Figure 24 was measured to be 500 ohms

after chemically etching away the passivation.

Effects of Process Variations — Several nichrome fuses on a device werc

programmed utilizing identical pulses to observe the repeatability of the phys-
ical appearance of each fuse. Although a similar physical gap appearance

was seen on fuses in the same device, physical variations were observed in
different devices from the same vendor. Fuses programmed with identical
pulse waveforms had slight variations in physical gap appearance even though

some fuses were in devices having lot date codes within 2 weeks of each

other. This is not to say that no correlation was noted between programming

HI-REL LABS H2S-B4194 9500X10KVe : HI-REL LABS H2S-B3154  19KX10KWS
BEFORE PLASMA ETCH AFTER PLASMA ETCH
VENLOR A
PULSE AMPLITUDE 20.8 VOLTS
LENGTH 12 ms
RISE TIME 122 Us

Figure 24. Partial programming.
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PROGRAM VOLTAGE
X 10 VOLTS/CM

L) 1AM TAGE PROCRAM CURRENT
b 5 ma/CM
b. Vendor B, ime:
) us/cn

! mming waveforms of nichrome PROM

Figure 26. Programming current anomaly
of nichrome PROM, Vendor A,

e: 50 us/cm,

PROGRAM JRRENT
50 ma/CM












Figure 28. SEM photos of nichrome fuse reconducting after 120 hours
of dynamic burn-in testing (chemical and plasma etched)

HI-REL LABS H22B4205  10KXIOKVES

Figure 29. SEM photos of nichrome fuse reconducting after 648 hours
of dynamic burn-in testing (chemical and plasma etched,
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—-REL LABES 111-B48 10KN10KYV4S

PULSE AMPLITUDE 21 VOLTS
LENGTH 200 ms
RISE TIME 28 Us
TIME-TO-PROGRAM 28 Us

a,

-

HI-REL LABS HeS-B3252 9500X10KWS

HI-REL LABS H25-B3252  19KX10KVES

PULSE AMPLITUGE 25 VOLTS PULSE AMPLITUDE 25 VOLTS
LENGTH 2ms LENGTH 12ms
RISE TIME 0.5 Us RISE TIME 0.5 Uus
TIME-TO-PROGRAM S Us TIME-TOPROGRAM 5 Ms

(ADDITIONAL PHOTOGRAPH)

b.

Figure 31. SEM photos of nichrome fuse with large gap

(chemical and plasma etched)
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PULSE AMPLITUDE 26 VOLTS PULSE AMPLITUDE 125 VOLTS
LENGTH 12ms LENGTH 200 ms
RISE TIME 130 s RIFE TIME 15 ls
TIME - TO-PROGRAM 128 s TIME TO-PROGRAM 360 s
Figure 33. SEM photo of nic hrome Figure 34. SEM photo of nic hrome

fuse with multiple cracks and

fuse with filaments/fingers
(chemical and plasma etched)

spongy forma
and plas:

tion (chemical

na etched)

PULSE AMPLITUDE 11.0 VOLTS PULSE AMPLITUDE 20 VOLTS
LENGTH 200 ms LENGTH 192 ms
RISE TIME 15 s RISE TIME 126 s
NUMEER OF PULSES TIME TO PROGRAM 100 ms
TO PROGRAM 7 PULSES
TOTAL PROGRAMMING
TIME 1370 ms
a. b.
Figure 35. SEM photos of nichrome fuse with narrow gap

(chemical and plasma etche d)
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‘QI-REL LABS H2S-B4154 9500X10KveS HI~REL LABS H25-B4194 9S00X10KWS

PULSE AMPLITUDE 20.8 VOLTS PULSE AMPLITUDE 20.8 VOLTS

LENGTH 12 ms LENGTH 12ms

RISE TIME 120 Us RISE TIME 120 ps

EXPERIENCE PARTIAL PROGRAMMING PULSE EXPERIENCED PARTIAL PROGRAMMING PULSE
a. Chemically etched b. Chemical and plasma etched

Figure 37. SEM photos of partially programmed (not opened)
Nichrome fuse.

caused by lower energy programming pulses, will perniit the fuse neck
material to be removed hy oxidation and electromigration along metal film

grain boundaries.

Diffusion — When two materials are brought into intimate contact and then
raised to a high temperature, the rate of diffusion or molecular interchange
at the interface increases. In general, the higher the temperature, the more
rapid the exchange of molecules at the interface. In PROM devices, the
nichrome {ase material 1s in intimate contact with the thermally-grown SiO,
below and the vapor-deposited overglass structure on top. When the fuse is
heated by programming pulses, rapid diffusion in the fuse neck region is
expected to occur.

In an experiment conducted 2 years ago at Hughes to determine diffusion
of nichrome material into the surrounding SiO;,, a nichrome resistor of
approximately 150 A was sandwiched between two SiO, films approximately

1000 thick. A YAG laser beam was used to cut the nichrome film with the beam
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Figure 39. Two partially blown fuse links and tall

aluminum spikes

is approximately | micron thick. Should these spikes

overglass whi«

appear at the edge of the nichrome-aluminum interface, an easy path

becomes available for water to move down through the overglass and come
into contact with the nichrome tilm.

Premature decomposition of the reactant gases employed in depositing
the overglass film can create pinholes which come into direct contact with
the nichrome films. During premature decomposition of the Silox or Vapox
gases, free Si0O, is formed, which rests only on the substrate's surface;
adhesion of the free SiO, is quite poor and during the etching of windows or
steps, this material can be washed away. Masking defects are major con-

i

tributors to pinholes. One supplier is now using double masking to minimize

this problem. The prevention of pinholes and maintenance of overglass

Provided by P.H. Eisenberg
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DISAPPEARED
FUSE L

a. Entire area

PASSIVATION

g

CRACK —

b. Close-up of portion of disappeared
nichrome fuse

Figure 40. SEM photos of PRCM chip with disappeared
nichrome fuse (passivation intact)

(Sheet 1)
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PASSIVATION
CRACK —

c. Close-up of passivation craci on top of
nichrome fuse shown in b

Figure 40. SEM photos of PROM chip wit
disappeared nichrome fuse (passivation
intact) (Sheet 2)

nichrome fuse to moisture. Figures 41 and 42 show additional failed fuse
links, caused by electro-chemical degradation. Figures 4la and 42a show
partial as well as total corrosion of fuses before the overglass was removed.
Figures 41b, 41, 42b and 42c show fuses after removal of the overglass.

Following the discovery of the electro-corrosion failure mode, the
remaining stock of PRCM devices were put through 'freeze-out’' tests
described in MIL-M-38510/201 specification. This test was used to cull
out defective devices. No failures were reported on good deices subsequenily
installed in equipment, after having passed the 'freeze-out'test. It can,
therefore, be concluded that devices susceptible to this failure mode can be
effectively screened through use of the freeze-out test.

When the black Cerdip package (Type I) was used, a significantly higher
number of failures occurred than with the white Cerdip package (Type II) from
the same PROM vendor. After the vendor was notified of the failures, he

deleted the Type I package from his MIL-temperature PROM line.
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GOOD

PROGRAMMED
FUSE ~_
. U . n
HI-REL LABS ADS472-497 2000XSKV4S
a. Passivation intact
GOOD
PROGRAMMED
FUSE

b. Passivation removed

PARTIAL .Y
DISAPPEARED
FUSE

_-PARTIALLY
DISAPPEARED
FUSE

Figure 41. SEM photos of PROM with one good
programmed and one partially disappeared

rnichrome fuse (Sheet 1)



c. Close-up of partially
disappeared nichrome
fuse shown in b

HI-REL LABS A0S472-497 10KXSKWS

Figure 41. SEM photos of PROM with one good
programmed and one partially disappeared
nichrome fuse (Sheet 2)

Realizing the importance of packaging techniques to the electro-corrosion
problem Zatz,* performed experiments on Cerdip and Kyoto packages, with

the following results:

CERDIP KYOTO
Sample Size 100 200
Total Failures 27 0
Average Dew Point +18°C -30°C

In this experiment, devices of Type 54L00 were put into Cerdip and Kyoto
packages, which were then put into a chamber under 0°c ambient, with bias
voltage cycled at 1| minute intervals, for a total of 1000 hours. The failures
were attributed to electrolytic corrosion of the nichrome resistors on the
I1C chips.

It appeared that the sealed-in water in a black Cerdip package was
sufficient to cause failures. The Kyoto and the white ceramic dip package

with the solder seal appeared to give satisfactory protection against this

*S, Zatz, F. A. Malzahn, H. Samelson and R. E. Sulouff, ""Changes to
Integrated Circuit Packages Reduce Contamination and Provide Major
Reliability Improvement in Dielectric Isolated Devices, '' Proceedings of
Government Microcircuit Application Conference, June 1974.
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o R a———
— TR FUSE

/

a. Passivation intact

COMPLETELY
DISAPPEARED
FUSE

LABS A09472- 1052000X 1 0KV

b. Passivation removed

Figure 42. SEM photos of PROM chip with
completely disappeared nichrome fuse

(Sheet 1)
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c. Close-up of completed
disappeared fuse

HI-REL LABS ADS472-105 108X10KWS

Figure 42. SEM photos of PROM chip with completely
disappeared nichrome fuse (sheet 2)

failure mechanism. The package seal must also be satisfactory; integrity
of the seal can be verified by screening tests, such as thermal shock and
vacuum leak.

A second user also reported a PROM failure due to electro-corrosion.
Failure analysis revealed that a void in the passivation permitted the
moisture to reach the fuse. This occurrence was isolated and was probably
caused by random defects in masking or contaminant particle on the wafer
during processing.

Long Term Current Effects on Unprogrammed Nichrome Fuse — Experiments

conducted under this study have shown that with low programming pulse

voltage amplitude, it could take as long as 15 to 20 seconds of pulse time to
open a fuse. Thus speculation arises of the possibility that under normal
usage of low current the unprogrammed fuse could open up after some years.
Dr. Roger Mo* described empirical data obtainec for estimating the 50 percent

lifetime of specially fabricated nichrome fuses. The fuses used were

*R.S. Mo and D. M. Gilbert, ""Reliability of NiCr Fusible Link Used in
PROMs, " Journal of the Electrochemical Society on Solid-State Science
and Technology, July 1973
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two fuses were examined by means of SEM. SEM pictures of these fuses after
nlasma etching are shown in Figure 50. The shape of the open gaps of these

fucce is classified as being long time-to-blow fuse link gaps.

a. Reconducted after 120 hours of b. Reconducted after 648 hours
of operation at 1259C PROM of operation at 125°C PROM
a vent. ambient.
Figure 50, SEM photos of nichrome fuse
(chemical and plasma etched).
Summaryv of Fuse Reconductior Mechanisms — The above discussion on
reconduction is summarized below:
= Under low voltages, an open gq an show a conductance similar to

the conductance through a thin film dielectric.

&, A gap will demonstrate breakdown if a sufficiently high voltage is
applied across the gap. The mechanism can be described as an
electrical breakdown followed by a thermal breakdown.

The time lag between application of voltage across the gap and
breakdown is a statistical event with lag times varying inversely as
the applied voltage and temperature. This statistical variation
gives rise to the early mortality phenomenon of fuse reconduction.

8. Narrow gaps likely will have the thinnest dielectric film structure
separating the fuse link ends. Hence, they are most prone to
reconduction occurrence under favorable voltage and temperaturc

conditions.

b The final mechanism that forms the permanent bridge is the melting
together of the fuse ends at the gap.
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PULSE AMPLITUDE 10.5 VOLTS PULSE AMPLITUDE 1056 VOLTS

LENGTH 10ms LENGTH 10 ms

RISE TIME 0.5 us RISE TIME 0.5 Us

TIME TOPROGRAM <10 Us TIME-TOPROGRAM 530 us
a. b,

PULSE AMPLITUDE 10.5 VOLTS PULSE AMPLITUDE 108 VOLTS

LANGTH 10ms LENGTH 10ms

RISE TIME 0.5 Us RISE TIME 0.5 us

TIME TOPROGRAM <10 us TIME TOPROGRAM >3850 s
G, d.

Figure 51.

SEM photos of prograranmed Ti:W fuse
(chemical and plasma etched)
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There are continuing efforts to determine the exact shorting mechanism
involved during programming; these efforts are being made by both the
vendors and users of AIM PROM devices. Though the shorted region can be

identified by its electrical characteristics, it has been difficult to identify

sunction area visually, even under very high magnification, due

the shorted

to its extremely small size. SEM photos of the top views of progran med

junctions with aluminum ! etallization removed (Figures 53a and b) consist-

ently indicate a dimpled region that can be seen as a light spot on the periph-

itact area., This ''dimpled' region appears on pro-

ery of the « 1itter «
erammed transistors only, suggesting that this spot may be the location of
the alu _rich shorting channel. The dimpled region is indicated by an

inu

Figure SEM photos of top view of emitter contact aiter aluminu
removal of AIM memory element,

Figure 53 provided by Mr. B, W, Murry of Honeywell Information Systems.
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.

arrow in Figure 53. The other black spots seen arcund the periphery of the
emitter area could be shallow alloy pits formed during annealment of the
aluminum to the silicon wafer's surface. An optical microphotograph™ of a

programmed junction is shown in Figure 54. Again a white spot is displayed.

Figure 54, Optical photo of top view of
emitter contact (after aluminum removal
of AIM memory element),

Additional Information Relating to Formation of Aluminum-Rich Shorting

Channels — As AIM shorted junction areas are likely to be formed well below
the surface of the device (typically 1.5 microns), a substantial amount of
chemical and plasma etching is required before the shorted area can be

examined by micro-analysis tools. J.S. Smith™" observed in transistors

:'.Figure 54 provided by Mr. R.S. Foote of Information Storage Systems.
' ':.I.S. Smith, RADC, '"Analysis of Electrical Overstress Failures, "

Proceedings of the Eleventh Annual Reliability Physics Symposium, April
1973,
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Figure C-3. Cameca

mbridge

Model S4-10 sterosc

electron microscopt

type MS 46 electron microprobe.

2
<
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absorbed electron imaging, and secondary electron imaging. The MS 46 is
sensitive to all elements from boron through uranium and produces both quali-

t.tive a2nd quantitative results.
Plasmod Plasma L.tcher (Tegal Corporation)

In a typical sample preparation procedure the sample suitably mounted
or supported, is placed in a reaction chamber around which a plasma excita-
tion electrode is provided. A soft background vacuum of 0. 01 torr is produced
by a mechanical vacuum pump. Gas to be used for etching (oxygen, carbon
tetrafluoride, hydrogen, argon, etc.) or ashing (oxygen) is then admitted at
a controlled flow rate to attain an operating pressure in the range 0,5 to
1.0 torr. With RF excitation, power is increased from the RF generator
until a plasma is initiated in the reactor. For proper power utilization, the
system is ''tuned" by a matching network. Only a {ew watts are required for
the plasma chemical etching or ashing technique--perhaps 50 watts or less
for most small sample reactors. Depending on the nature of the substrate,
plasma reaction times can range from a few minutes to several hours. This
is determined empirically by preliminary trials and is based on the desired
extent or completion of etching or ashing. Once completed, the sample is

removed for SEM analysis. The plasma etcher is shown in Figure C-4.

Figure C-4. Plasma etcher












nichrome
link

JA/AY,

q

Al. K< image

Ni. K% mage Ni. K« image
Glassivation Intact Glass Removed - Plasma Etched
Figure D-1., Electron microprobe, nickel concentratior
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Al. K® image

Ni. K< image Cr. K= image

Figure D-2., Electron microprobe, cl romium concentration.
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