DUPONT™ LFX0A SERIES

LEAD FREE RESISTOR COMPOSITIONS

All values reported here are results of experiments in our laboratories intended to illustrate product performance potential
with a given experimental design. They are not intended to represent the product’s specifications.

Product Description

The DuPont™ LFx0A resistor series has been proven to have
excellent performance properties for hybrid applications.
Designed to give an ideal balance of properties, this lead-
free(Pb)* and cadmium(Cd)-free* resistor series is fully

blendable between adjacent members.

Product Benefits
* Resistors are compatible with Pb-free conductors

e Lead free* and Cadmium free*
e Excellent ESD Stability
*  Good power handling stability

* Reach compliant

Processing Features
* Thin printing 12 micron dried thickness

* Fast firing —~850°C/30 minute profile
e Narrow TCR gaps

¢ Linear blend behavior

*Lead and Cadmium “free” as used herein means that these are not intentionally
added to the referenced product. Trace amounts however may be present.

Recommended Processing Conditions

Substrates

Reported properties are based on tests with 96% alumina
substrates. Substrates of other compositions may yield variation

in performance properties.

Termination

DuPont LFx0A resistors were designed for use with high
silver-containing Pb-free terminations. Reported properties are
based on tests using LF171 Ag/Pt and LF121 Ag/Pd conductor
terminating materials. Similar performance properties have been
observed with other DuPont gold and silver-bearing conductors,
however using different terminations may result in a shift of

resistance and TCR values.

Printing

Properties are based on resistors printed to 12 +2pm dried
thickness. A 325 mesh stainless steel screen with 10-15 um
emulsion is recommended. Each composition must be
thoroughly mixed before use. This is best achieved by slow,
gentle, hand-stirring with a clean flexible burr-free spatula

(plastic) for .5-1 minute.

Thinner

DuPont LExOA Series has been optimized for screen printing
and thinning is not normally required or recommended.
DuPont 8250 thinner may be added sparingly to compensate for

evaporative losses.

Drying
Allow prints to level at room temperature for 5-10 minutes,

then dry at 150°C for 10-15 minutes in a well-ventilated oven.

Firing
Properties are based on a 30 minute firing cycle (100°C -100°C)
with 10 minutes at a peak temperature of 850°C. Sample profile

is shown in Figure 1.

Blending

There are two 10K Ohm blend members. Composition LF40A
is to be blended with the lower 1k Ohm member LF30A, while
composition LF49A is to be blended with the higher 100k Ohm
member LF59A. Only adjacent members are blendable.

Encapsulation

QQ620 is the recommended Pb-free encapsulant material that
may be used to provide mechanical protection from extreme
environments. QQ620 is recommended to be screen printed

and fired over the pre-fired resistor prior to laser trimming.

Laser Trimming
Please see Table 1 for recommended laser trim parameters. Use
of encapsulant will improve trim stability performance of certain

decade members.
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Table 1 Laser Trimming

Storage and Shelf Life

Resistor Power Q-Rate Bite Size Containers should be stored, tightly sealed, in a clean, stable
10 P=2.0W QR=3000 BS=150 environment at room temperature (<25°C). Shelf life of material
10Q P=2.0 W QR=3000 BS=150 in unopened containers is six months from date of shipment.
100Q P=2.0 W QR=3000 BS=200 Some settling of solids may occur and compositions should be
1k P=2.0W QR=4000 BS=200 thoroughly mixed prior to use.
10k P=2.0 W QR=3000 BS=150
10k P-2.0 W QR=3000 BS=150 Safety and Handling
100k P=2.0 W QR=3000 BS=200 For Safety and Handling information pertaining to this product,
1 MO P=2.0 W QR=5000 BS=200 read the Material Safety Data Sheet (MSDS).
10 MQ P=2.0 W QR=3000 BS=150
Composition Properties

Viscosity (PaS) (Brookfield HAT, UC&Sp 150-240

[SC4-14/6R], 10 rpm, 25°C % 0.2°C)

Thinner 8250

Shelf Life (months) 6

Fired Properties — Glazed with QQ620
Fired Properties?
LFO1A LF10A LF20A LF30A LF40A LF49A LF59A LF69A LF79A

Resistance (Q/sq) 1 10 100 1K 10K 10K 100K 1M 10M
HTCR? (ppm/C) +100 +100 +100 +100 +100 +100 +100 +100 +100
CTCR? (ppm/C) +100 +100 +100 +100 +100 +100 +100 +100 +100
Quan-tech Noise (dB) -14.7 -22.6 -36.9 -26.0 -14.7 -15.5 -12.6 -10.2 —
STOL3 (V/mm) 15 9.5 30 91 264 257 450 >630 >630
SWV*4 (V/mm) 6 3.8 12 36.4 105.6 102.8 180 252 252
MRPD? (mW/mm2) 20721 804 962 886 746 707 215 57.4 0.8
ESD (%AR after 1x5kV pulse) N/A N/A <.01 0.1 -2.5 -2.0 -1.1 -1 N/A

Test Procedure
! Typical fired properties are based on the following:
e Termination: LF171 Ag/Pt
* Dry Thickness: 12 + 2pm
e Resistor geometry: 1.0mm x 1.0mm
e Firing: 30 minute cycle 850°C peak for 10 minutes.
¢ Substrate: 96% alumina
¢ Resistance and TCR, Quan-tech Noise, and ESD are

measured on untrimmed resistors.

? Temperature Coeficient of Resistance in PPM/°C measured
25°C to 125°C (Hot TCR) and 25°C to —55°C (cold TCR).
NOTE: To obtain +100 ppm/C, LFO1A is measured using 8

squares.
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3 STOL: Short Time Overload Voltage (V/mm); Voltage
required in a 5 second duration to induce a resistance change of
0.25%, at 25°C, in a Immx1mm resistor trimmed to 1.5x fired
value with a single plunge cut. NOTE: 630 volts is the
equipment limit.

# SWV: Standard Working Voltage = 0.4x short term overload
voltage

> MRPD: Maximum Rated Power Dissipation = (standard

working voltage)?/trimmed resistance

ESD measured on Imm x 1mm resistors untrimmed pulsed
1x2kV and 1x5kV on same resistor




Fired Properties — [Unglazed]
Preliminary Fired Properties?

LFO1A LF10A LF20A LF30A LF40A LF49A LF59A LF69A LF79A
Resistance 1 10 100 1K 10K 10K 100K M 10M
(Q/sq)
Shipping
. . 80-1.20 8.0-12.0 80.0-120 800-1.2k 12.0-18.1k | 7.11k-11.9k | 80k-120k | 0.80k-1.20M | 8.0k-12.0M
specification
2
HTCR +100 +100 +100 +100 +100 +100 +100 +100 +100
(ppm/C)
2

CTCR +100 +100 +100 +100 +100 +100 +100 +100 +100
(ppm/C)
Quan-tech
Noise (dB) -14.5 -22.5 -34.1 -26.3 —-14.1 -15.4 -13.3 -9.4 —

3
STOL 2 9.5 30 105 188 180 175 142 230
(V/mm)

4
SWV 0.8 3.8 12 42 75 72 70 57 92
(V/mm)
MRPD?
(mW/mm2) 371 803 958 1448 403 345 32 2.8 4.4
ESD (%AR
after 1x5kV -0.21 -0.02 0.001 -0.13 -1.82 -1.69 -0.63 —0.04 —0.04
pulse)

Test Procedure

1

Preliminary fired properties are based on the following:

Termination: LF171 Ag/Pt

Dry Thickness: 12 + 2pm

Resistor geometry: 1.0x1.0 mm

Firing: 30 minute cycle 850°C peak for 10 minutes.
Substrate: 96% alumina

No encapsulation

Resistance and TCR, Quan-tech Noise, and ESD are

measured on untrimmed resistors.

? Temperature Coefhicient of Resistance in PPM/°C measured

25°C to 125°C (Hot TCR) and 25°C to —55°C (cold TCR).
3 STOL: Short Time Overload Voltage (V/mm); Voltage

required in a 5 second duration to induce a resistance

change of 0.25%, at 25°C, in a ImmxImm resistor trimmed to

1.5x fired value with a single plunge cut.
# SWV: Standard Working Voltage = 0.4x short term overload

voltage

> MRPD: Maximum Rated Power Dissipation = (standard

working voltage)?/resistance

ESD measured on Imm x 1mm resistors untrimmed pulsed
1x2kV and 1x5kV on same resistor
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Resistor Termination Dependence

(Length Effect Curves) Resistivity

Data based on 1.0 mm width resistors with DuPont LF121 3:1 Ag/Pd and DuPont LF171 Ag/Pt Pb-free terminations

Resistor Length (mm)
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1Q LFO1A Length Effects 1k LF30A Length Effects
2 12
F16 =1
% 12 R é 038 —
= 7 E 06
208 = Ag/Pd . ——Ag/Pd
% % 04
§ —— Ag/Pt 2 ——Ag/Pt
204 02
0 0
0 1 2 3 4 1 2 3 4
Resistor Length (mm) Resistor Length (mm)
10Q LF10A Length Effects 10k LF40A Length Effects
20 20
5 /‘."4 E®
S1n E
E 8 ,/ —ag/pd g 1 —————— —um
K ——Ag/Pt 3 = ——Ag/Pt
E3 4 =<
0 0
0 1 2 3 4 1 2 3 4
Resistor Length (mm) Resistor Length (mm)
100Q LF20A Length Effects
120
100
g 80 e
Zg &0 ——Ag/Pd
% 40 ——ag/Pt
20
0
0 1 2 3 4
Resistor Length (mm)
10K LF49A Length Effects 1M LF69A Length Effects
20 12
gu g !
08
2 10 % 06 —
2 i S —— Ag/Pd 3 ——Ag/Pd
4 5 —ng/Pt g 04 ——Ag/Pt
= % 02
0 0
0 1 2 3 4 1 2 3 4
Resistor Length (mm) Resistor Length (mm)
100k LF59A Length Effects 10M LF79A Length Effects
120 20
e ———
el F 16
g v v
2 ——Ag/Pd £ 3 ——Ag/Pd
£w - £ —ng/pt
“ 2 z 4
0 0
0 1 2 3 4 1 2 3 4

Resistor Length (mm)




Resistor Termination Dependence
(Length Effect Curves) Hot & Cold TCR
Data based on 1.0 mm width resistors with LF121 Ag/Pd and LF171 Ag/Pt Pb-free terminations

1Q LFO1A Length Effect HTCR

350
300

G 250

£

£ 200

&

& 150

5 100
50

1Q LFO1A Length Effect CTCR

\\ ——Ag/Pd

\\ ——Ag/Pt

.| 2 3 4
Resistor Length (mm)

100
80
60
40
20

CTCR (ppm/C)

-20
-40
-60
-80

10Q LF10A Length Effect CTCR

\ ——ng/Pd
N\

——Ag/Pt
SN

-

1 2 3 4
Resistor Length (mm)

100
80
60
40
20

CTCR, ppm/C

-20
-40
-60
-80

100Q LF20A Length Effect CTCR

e

——Ag/Pd

—Ag/Pt

.| 2 3 4
Resistor Length (mm)

100
80
60
40
20

CTCR, ppm/C

-20
-40
-60
-80

1k LF30A Length Effect CTCR

——Ag/Pd

—Ag/Pt

A 2 3 4
Resistor Length (mm)

350
300 \
< 250
E 200 \\\
& 150 \\ ——Ag/Pd
£ 100 ——Ag/Pt
N——
50 \
0
0 a 2 3 4
Resistor Length (mm)
10Q LF10A Length Effect HTCR
100
80
60 \
Q a0 A\
£ 2 AN
) N ————
g 0 ——Ag/Pd
= ——Ag/Pt
-40
-60
-80
0 A 2 3 4
Resistor Length (mm)
100Q LF20A Length Effect HTCR
100
80
60 A’h
£ 40
E 20
e 0 ——Ag/Pd
£ 20 —— Ag/Pt
-40
-60
-80
0 1 2 3 4
Resistor Length (mm)
1k LF30A Length Effect HTCR
100
80
60 -—
£ 40
g 20
e 0 ——Ag/Pd
E -20 ——Ag/Pt
-40
-60
-80
0 1l 2 3 4
Resistor Length (mm)
10k LF40A Length Effect HTCR
100
80
60 W’é
L a0
£ 2 \__-—-"/
€ 0 ——Ag/Pd
£ 20 —— Ag/Pt
-40
-60
-80
0 1 2 3 4

Resistor Length (mm)

100
80
60
40
20

CTCR, ppm/C

20
-40
-60
-80

10k LF40A Length Effect CTCR

—Ag/Pd

——Ag/Pt

1 2 3 4
Resistor Length (mm)




Resistor Termination Dependence (continued)

(Length Effect Curves) Hot & Cold TCR

Data based on 1.0 mm width resistors with LF121 Ag/Pd and LF171 Ag/Pt Pb-free terminations

10K LF49A Length Effect HTCR 10K LF49A Length Effect CTCR
100 ‘ 100
80 80
60 60
% 40 % 40 —_
g 20 — g 20 —
g 0 e g 0 — = —Ag/pd
£ 20 G 20 —— g/t
-40 -40
-60 -60
-80 -80
0 i 2 3 4 1 2 3 4
Resistor Length (mm) Resistor Length (mm)
100K LF59A Length Effect HTCR 100K LF59A Length Effect CTCR
100 100
80 80
60 60
£ 10 £ 40
E 20 5 20
s‘ 0 E:; 0 ——Pd/Ag
£ 20 G 20 —p/Ag
40 40 Ena—
60 60
-80 -80
0 1 2 3 4 1 2 3 4
Resistor Length (mm) Resistor Length (mm)
1M LF69A Length Effect HTCR 1M LF69A Length Effect CTCR
100 100
80 80
60 60
L 40 £ 40
5 20 i 20
> 0 > 0 —Ag/Pd
E 20 g 20 —_— —ng/Pt
-40 -40
-60 -60
-80 -80
0 L 2 3 4 1 2 3 4
Resistor Length (mm) Resistor Length (mm)
10M LF79A Length Effect HTCR 10M LF79A Length Effect CTCR
100 100
80 80
60 60
9 a0 S a0
E 20 g 20
g 0 g 0 —Ag/Pd
g 20 g 20 ——nag/pt
-40 -40
-60 -60 A
-80 -80
0 L 2 3 4 1 2 3 4
Resistor Length (mm) Resistor Length (mm)
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Refire Behavior

Data measured on 1.0x1.0 mm resistors on LF171 Ag/Pt Pb-free conductor terminations

LFO1A Refire Resistivity

14
12

LF49A Refire Resistivity

1.4
1.2
1 \ ¢\’
T 0.8
T os
0.4
0.2
0
1 2 3 4
Number of Firings
LF10A Refire Resistivity
14
12
10 *— ——
T 8 . -+
96
4
2
0
1 2 3 4
Number of Firings
LF20A Refire Resistivity
140
120
100 — - 2
& 80 - R a——
S oo
0
20
0
1 2 3 4
Number of Refires
LF30A Refire Resistivity
1.4
1.2
1 .

\

go8 T
Qo6

T g
é 6 \
. \.
2
0
1 2 3 4
Number of Firings
LF59A Refire Resistivity
140
120
100 —~
g 80 \
€ \‘
20
20
0
1 2 3 4
Number of Firings
LF69A Refire Resistivity
1.4
1.2
L
ag 08 \
¥ o6 \
=2
04— _—
0.2
0
1 2 3 4
Number of Firings
LF79A Refire Resistivity
14
12
10 &
£
g ° \\
4 —
2
0

1 2 3 4
Number of Firings

0.4
0.2
0
1 2 3 4
Number of Firings
LF40A Refire Resistivity
14
12
10 \
g 8 \
4
2
0
1 2 3 4

Number of Firings
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TCR Refire Effects
Data measured on 1.0x1.0 mm resistors with Pb-free LF171 Ag/Pt terminations

TCR, ppm/C
o W S G &
88888888

LFO1A TCR Refire Effects

E—

= 25-125C

=——_-55-25C

1 ) 3
Number of Refires

TCR, ppm/C

o W w o oo
8838888

LF49A TCR Refire Effects

e

-

= 25-125C

=——-55-25C

d 2 3

Number of Refires

TCR, ppm/C
5 IIN w z o ®
8 o © o 8 8 o 8 8

LF10A TCR Refire Effects

-  —5ms

—_55-25C

1 2 3
Number of Refires

LF59A TCR Refire Effects

——25-125C

——_-55-25C

il 2 3

Number of Refires

180
150
120
90
60
30

TCR, ppm/C

-30
-60

LF20A TCR Refire Effects

_/ ——25-125C
e — ——-55.25C

1 2 3
Number of Refires

TCR, ppm/C

o W w o v R Qe
S8 8888838

LF69A TCR Refire Effects

=—25-125C

=——_-55-25C

1 2 3

Number of Refires

TCR, ppm/C
& S G &
883888838

o
S

LF30A TCR Refire Effects

——25-125C

=——_-55-25C

il 2 8

Number of Refires

TCR, ppm/C

180
150
120
90
60
30

-30
-60

LF79A TCR Refire Effects

= 25-125C

=——_-55-25C

i, 2 3

Number of Refires

TCR, ppm/C
o W S 2 &
88888888

LF40A TCR Refire Effects

—

e—25-125C

=——-55-25C

1 2 3

Number of Refires
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Thickness Behavior — Resistivity
Data measured on 1.5x1.5 mm resistors with Pb-free Ag/Pt terminations

LFO1A Thickness Behavior

LF49A Thickness Behavior

dried thickness (um)

100% 100%
g 80% . g 80%
g o0% \ g 0%
g 40% 2 40%
s o s
j e g 2o —
% 0% \ .% 0% ¢\.
= 20% \ 2 0%
-40% ag -40%
8 10 12 14 16 18 6 8 10 12 14 16 18
dried thickness (um) Dried Thickness
LF10A Thickness Behavior LF59A Thickness Behavior
100% 100%
S 80% \\ g 80%
G 60% \ g 60%
s £
£ ao% \ & 4%
& 20% \ § 20% \\
3 oo% ~ Z o% —
2 20% e & 2o —
-40% -40%
8 10 12 14 16 18 6 8 10 A2, 14 16 18
dried thickness (um) dried thickness (um)
LF20A Thickness Behavior LF69A Thickness Behavior
100% 100%
g 80% g 80%
E, 60% \ % 60%
g ao% & ao% *
g 20% e g 20% B
3 o% ~. 2 oo% Sk
& 0% \ 2 0% \
-40% -40%
8 10 12 14 16 18 6 8 10 12 14 16 18
dried thickness (um) dried thickness (um)
LF30A Thickness Behavior LF79A Thickness Behavior
100% 100%
g 80% g 80%
4 40%
g 20% \\ g 20%
Z % 2 oo% e &
3 \ ] —————p
& 20% — & 20%
-40% -40%
8 10 12 14 16 18 6 8 10 12 14 16 18
dried thickness (um) dried thickness (um)
LF40A Thickness Behavior
100%
g 80%
g 0% <
£ a0%
5] \
& 20% \
g 0% \
€ 0% ———
-40%
8 10 12 14 16 18
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Thickness Behavior — TCR

Data measured on 1.5x1.5 mm resistors with Pb-free Ag/Pt terminations

LFO1A Thickness & TCR*
160
120 ./l//:
i 40 —o—HTCR
~—-CTCR
0
40
6 8 10 12 14 16 18
Dried Thickness (microns)
LF10A Thickness & TCR
100
80
60
< a0 1%—4
g 20 ——HTCR
0 ~—-CTCR
-20
o V
6 8 10 12 14 16 18
Dried Thickness (microns)
LF20A Thickness & TCR
100
80
60 "_________——k‘——"
L 40
§= 20 7-—-——'_.— ——HTCR
0 —&—-CTCR
-20
-40
6 8 10 12 14 16 18
dried thickness (um)
LF30A Thickness & TCR
100
80
60 %
% 40
2 20 ——HTCR
0 - CTCR
-20
-40
6 8 10 12 14 16 18
dried thickness (um)
LF40A Thickness & TCR
100
80
60 |
L a0
i 20 ~—4—HTCR
0 - CTCR
-20
-40
6 8 10 12 14 16 18
dried thickness (um)
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-20

w0 . S—
6 8 10 12 14 16 18
Dried Thickness (um)

LF49A Thickness & TCR
100
80
60
9 a0 .
5 20 % —o—HTCR
0 — —B—-CTCR
20
-40
6 8 10 12 14 16 18
Dried Thickness (um)
LF59A Thickness & TCR
100
80
60
% 40
g 20 ——HTCR
0 — — — —8—CTCR
20 - - =
28 e B— —a
6 8 10 12 14 16 18
dried thickness (um)
LF69A Thickness & TCR
100
80
60
9 a0
§ 20 ——HTCR
0 D — — —m—CTCR
20
0 B —a -
6 8 10 12 14 16 18
dried thickness (um)
LF79A Thickness & TCR
100
80
60
L 40 s * —
E 20 ——HTCR
—B—-CTCR

*LFO1A charted data measured using 1 square resistor. QC is tested using 8

squares pattern to compensate for termination influence.




Sensitivity to Firing Conditions

(Resistivity VS Peak Temperature and Time at Peak)

Data based on 1.0x1.0 mm resistors with Pb-free LF171 Ag/Pt terminations

LF49A
40
35
30
%25
£ 20
€15 N
10 \ \ .
e 4
. \
0
825/10 850/10 875/10 850/5 850/10 850/15
Peak Firing Condition
LF59A
400
350
300
% 250
£ 200
§ 150 ~
100 . \: &
- v\
0
825/10 850/10 875/10 850/5 850/10 850/15
Peak Firing Condition
LF69A
4
3.5
3
s
E 2 &
g 15 N
q \ ~—__
os ‘\. >—
0
825/10 850/10 875/10 850/5 850/10 850/15
Peak Firing Condition
LF79A
100 Py
90 —
80 \
70 —7\7777—— —
g 60
E 50 \
2 a0 \\
30
55 \ -~
10 » S ~—
0 v\ S B
825/10 850/10 875/10 850/5 850/10 850/15
Peak Firing Condition

LFO1A
4
3i5
3
25
T2
S 15 e . o
. \\4 ~~—
0.5
0
825/10 850/10 875/10 850/5  850/10 850/15
Peak Firing Condition
LF10A
40
35
30
g 25
=
g 20
=
S 15 —~
10 [ S——a +
5
0
825/10 850/10  875/10 850/5  850/10 850/15
Peak Firing Condition
LF20A
400
350
300
g 250
£ 200
£
O 150
100 —F@—&Vk
50
0
825/10 850/10 875/10 850/5 850/10 850/15
Peak Firing Condition
LF30A
4
35
8
F25
[
§ 15 B,
i H
0.5
0
825/10 850/10 875/10 850/5  850/10 850/15
Peak Firing Condition
LF40A
40 ‘
35 \
30 \
F25
z \
£ 20
§1s \ &
1 \ N .
0\’ v
5
0
825/10 850/10 875/10 850/5  850/10 850/15
Peak Firing Condition
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TCR Sensitivity to Firing Conditions
(Peak Temperature)
Data based on 1.0x1.0 mm resistors with Pb-free LEF171 Ag/Pt terminations.

160
120
80
40
0

ppm/C
IS
o

-80
-120
-160
-200
-240

LFO1A* TCR & Peak Temperature

| —a

%1_-—-—-—-‘

——25-125C

——--55-25C

825/10 850/10 875/10

ppm/C
&
o

-120
-160
-200
-240
-280

LF10A TCR & Peak Temperature

>

-

o— —

——25-125C

——--55-25C

825/10 850/10 875/10

ppm
.
&
S

-280

LF20A TCR & Peak Temperature

‘.// -
=—4—25-125C
—f—-55-25C

825/10 850/10 875/10

ppm
.
[*]
o

-240
-280

LF30A TCR & Peak Temperature

/ —

~—-55-25C

825/10 850/10 875/10

120
80
40

0
-40
-80

-120
-160
-200
-240
-280

ppm

LF40A TCR & Peak temperature

=—4—25-125C

// -55-25C
A ——
/

¥

825/10 850/10 875/10
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LF49A TCR & Peak Temperature

40

0
-40
-120 ——-55-25C
-160
-200
-240

280
825/10 850/10 875/10

—4—25-125C

ppm
b
o

LF59A TCR & Peak Temperature

120
80
40

o .
g 40 — B :
e ——25.125¢

-120 =f=-55-25C
-160
-200
-240
-280

825/10 850/10 875/10

LF69A TCR & Peak temperature

120
80
40

0 N _—/-—-_‘
40 /.'—-‘__—_—.
E -80 / ——25-125C

-120 ~—-55-25C
-160
-200
-240
-280

825/10 850/10 875/10

LFO79A TCR & Peak Temperature

o
E 80 ——25-125C
2120 —8—-55-25C

-240
-280
825/10 850/10 875/10

*LFO1A data based on 1mm x 1mm resistor.



TCR Sensitivity to Firing Conditions
(Time at Peak)
Data based on 1.0x1.0 mm resistors with Pb-free LEF171 Ag/Pt terminations.

LFO1A* TCR & Time at Peak LF49A TCR & Time at Peak
160 80
120 LF——% 60
80 — —¢ 40
40 20
o 0 o
T a0 ——25-125C E 20 Z ——25125C
& & = _55-25C -40 ~8—-55-25C
-120 -60
-160 -80
50 -100
+940 120
850/5 850/10 850/15 850/5 850/10 850/15
LF10A TCR & Time at Peak LF59A TCR & Time at Peak
120 80
80 60
40 =+ » 40
o p——— 20
G <40 —a 0 & S—
T 80 /— ——25-125C E 2o¢—— © ——25125C
g -120 ——_55-25C = -40 7@ —8—55.25C
-160 60
200 -80
-240 -100
280 -120
850/5 850/10 850/15 850/5 850/10 850/15
LF20A TCR & Time at Peak LF69A TCR & Time at Peak

80 80
60 60
40 40
20 4 20

0 0 *
-20 —4—25-125C 20 =4—25-125C

£ /v
g —
-40 ——55-25C Bl ——— —--55-25C
-60 -60
-80 -80
-100 -100
-120 120
850/5 850/10 850/15 850/5 850/10 850/15
LF30A TCR & Time at Peak LFO79A TCR & Time at Peak
80 120
60 80 — =
40 % - * <>
20 — 0
0 o 40 B— —i— —a
g 20 ./ ——25-125C E 80 ——25-125C
-40 ~—@—-55-25C e 120 ——-55-25C
60 -160
-80 -200
-100 240
-120 -280
850/5 850/10 850/15 850/5 850/10 850/15
*LFO1A data based on Imm x 1mm resistor.
LF40A TCR & Time at Peak
80
60
20
20
0 / L
% 20 / ——25-125C
-40 ——-55-25C
0 // :
-80
y
100 /

-120 (

850/5 850/10 850/15
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Blend Behavior - Resistivity

Data based on 1.0x1.0 mm resistors with Pb-free LF171 Ag/Pt terminations
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1.E+03 ; ; 1.E+06
- LF10A/LF20ABIlend
E‘ —_ LF49A/LF59ABlend
E 1.E+02 S — J 1.E+05 —4
£ g
= g
= ko
B 1m0 / g 1004 *~—
g v
1.E+00 1.E+03
100% LF1I0A  75:25 50:50 25:75  100% LF20A 100%LF49A  75:25 50:50 25:75  100% LFS9A
Blend Ratio % Blend Ratio %
1.E+04 , 1.E407 ; .
i ; | . t
4 | Il |
LF20A/LF30ABlend i i f
. $ . LF59A/LF69ABlend
T T
@ 1.E+03 4 @ 1.E+06 —
£ i T £ —
T 1.E402 >~— $ 1.E+05 O
< } e t
1.E401 1.E+04
100%LF20A  75:25 50:50 25:75  100% LF30A 100% LFS9A  75:25 50:50 25:75  100% LF69A
Blend Ratio % Blend Ratio %
1.E405
g- LEs08 LF30A/LF40ABlend ’4
e} /’ »
£z e
2
he]
% 1.E+03
-4
1.E402
100%LF30A  75:25 50:50 25:75  100% LF40A
Blend Ratio %




Blend Behavior - TCR
Data based on 1.0x1.0 mm
HTCR = 25°C - 125°C, CTCR = -55°C - 25°C

Data based on 1.0x1.0 mm resistors with Pb-free LF171 Ag/Pt terminations

LF10A:LF20A Blends LF49A:LF59A Blends
100 100
80 80
60 —
C — 60
% ;8 AN — ~ 9] 0
g o N\ Il e T 20
A ~— pd ——HTCR = ——HTCR
B 20 NC — -
= 5 - —_—
:40 AN rd = CTCR g 20 CTCR
60 \C 40
-80
100 ~~——"_ 100/100Q Blends TCR -60
100LF1I0A  75:25 50:50 2575 100 LF20A {32 10k/100k Blends TCR
Blendrato % 100LF49A  75:25 50:50 25:75 100 LF59A
LF20A:LF30A Blends LF59A:LF69A Blends
100 100
80 — 80
/ \
60 60
o 40 — B o 40
T 20 — T 20
g o — 2 o0 —
g 20 ——HTR g 20 ——HTCR
F a0 —CTR F a0 ——CTCR
60 60
o = 100k/1M Blends TCR
100 1000/1k Blends TCR 100 ends
100LF20A  75:25 50:50 2575 100 LF30A 100LFS9A  75:25 50:50 2575 100 LF69A
Blend ratio % Axis Title
LF30A:LF40A Blends
100
80
60
o 40 \\
T 20 =
g o
s 20 = HTCR
F a0 ——CTCR
60
-80
100 1k/10k Blends TCR
100LF30A  75:25 50:50 2575 100 LF40A
Blend ratio %
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Laser Trim Stability — 1000 hours
Unglazed VS Glazed with QQ620

Room Temperature Storage

1000 hr Laser Trim Stability [No Overglaze] 1000 hr Laser Trim Stability [With QQ620 Overglaze]
Resistance Change % after Room Temperature Storage Resistance Change % after Room Temperature Storage
1.0x1.0 mm resistors trimmed to 1.5x mean value using a single plunge cut. 1.0x1.0 mm resistors trimmed to 1.5x mean value using a single plunge cut.
6 0.5
.4
5 0.
0.3
4
0.2
£ £
= =
al a o1
B3 ES
2 0.0
-0.1
1
-0.2
0 -0.3
10hm 100hm  1000hm  1kOhm  10kOhm 10kOhm 100kOhm 1Meg 10Meg 10hm 100hm 1000hm 1kOhm 10kOhm 10kOhm 100kOhm 1Meg 10Meg
Individual standard deviations are used to calculate the intervals. Individual standard deviations are used to calculate the intervals.

Storage at 150°C

1000 hr Laser Trim Stability [No Overglaze] 1000 hr Laser Trim Stability [With QQ620 Overglaze]
Resistance Change % after Storage at 150C Resistance Change % after Storage at 150C
1.0x1.0 mm resistors trimmed to 1.5x mean value using a single plunge cut. 1.0x1.0 mm resistors trimmed to 1.5x mean value using a single plunge cut.
6 0.5
0.4
5
0.3
4
0.2
£ &
a3 8 o1
B X
2 0.0
-0.1
1
-0.2
0 -0.3
10hm 100hm 1000hm 1kOhm  10kOhm 10kOhm 100kOhm 1Meg 10Meg 10hm 100hm 1000hm 1kOhm 10kOhm 10kOhm 100kOhm 1Meg 10Meg

Individual standard deviations are used to calculate the intervals. Individual standard deviations are used to calculate the intervals.

Storage at 85°C/85%RH

1000 hr Laser Trim Stability [No Overglaze] 1000 hr Laser Trim Stability [With QQ620 Overglaze]
Resistance Change % after 85C/ 85%RH Resistance Change % after 85C/ 85%RH
1.0x1.0 mm resistors trimmed to 1.5x mean value using a single plunge cut. 1.0x1.0 mm resistors trimmed to 1.5x mean value using a single plunge cut.
6 0.5
0.4
5
0.3
4
0.2
& &
£ =
o3 S o1
= R
2 0.0
-0.1
1
-0.2
0 -0.3
10hm 100hm  1000hm  1kOhm  10kOhm 10kOhm 100kOhm 1Meg 10Meg 10hm 100hm 1000hm 1kOhm 10kOhm 10kOhm 100kOhm 1Meg 10Meg

Individual standard deviations are used to calculate the intervals. Individual standard deviations are used to calculate the intervals.

After Thermal Cycling -50°C/150°C

1000 hr Laser Trim Stability [No Overglaze] 1000 hr Laser Trim Stability [with QQ620 Overglaze]
Resistance Change % after Thermal Cycling (-50C/ 150C) Resistance Change % after thermal cycling (-50C/ 150C)
1.0x1.0 mm resistors trimmed to 1.5x mean value using a single plunge cut. 1.0x1.0 mm resistors trimmed to 1.5x mean value using a single plunge cut.
0.5
6
0.4
5 0.3
4 0.2
=
£ £
= a 01
a3 R®
< 3
© 0.0
2
-0.1
1
-0.2
o -0.3
10hm 100hm  100ohm 1kOhm  10kOhm 10kOhm 100kOhm 1Meg 10Meg 10hm 100hm 1000hm 1kOhm 10kOhm 10kOhm 100kOhm 1Meg 10Meg

Individual standard deviations are used to calculate the intervals. Individual standard deviations are used to calculate the intervals.
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Figure 1 - Typical 30 minute Furnace Profile

o
w
(=]
[{=]

12 15 18 21

10 min.
+-

- __850°C Peak +/-3°C
800 - N\

800 - 800°C 13 min. +/-1 min. !
700 800 - 600°C Descent

T70°Chnun. + -10°C/'mmn.

600 - . a

600 -600°C 19min . +'-2 min. \
500 -

/. 700 - 300°C Descent
400 1 300 500°C Ascent 90°C/ min. +/- 10°C/ min.
300 A 95°C/min = 10°C/min
m ‘/
100 44 100 - 100°C 33 min 4/ 3min
0 i i i 1 1 1 i n 1 1 L J

24 27 30 33 36

Page 17 of 18



DUPONT™ LFXOA SERIES
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