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Typical thick-film piezoresistive sensor -(l ﬂ-
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= Typical elements

Supply
= Sensing bridge 'T‘ 'T‘
= Offset trim R, l T R, *
= TCO trim : : h Output
. Differential amplifier S+'—T —— !
Y,
. R, Bridge R, Differential
= Typical values (%) | v | amplifier
= Offset ~30 mV/V A
- ~ R,* Ry~ Signal (gauge
Response ~3 mV/V Tz Trim W Tl 1‘ resistors)
= TCO ~1 uV/V/IK 1‘ \1' 1CO trim
(50 K : ~0.05 mV/V) R," R,

+ + Offset trim
9 Ground 1

= For0.1% F.S.:
= Offset reduction ~10'000x
« Stability (bridge) ~10 ppm
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Why trim? .(Pﬂ.
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= Modern digital chips
= Input stage usually PGA (programmable-gain amplifier)
= Gain limited by signal
= In raw state, offset dominates signal, >> response

= For optimal use, reduce offset to < response
= With typical raw offset ~30 mV/V, max. gain ~30x
= With typical response ~3 mV/V, typ. gain required ~200x
= Reduce offset typically by ~10...30x

= Trimming of TCO usually not necessary with chips
= Typically, temperature error <10% of piezoresistive response
= Can be done digitally
= Laser trim: large-scale production; better temperature sensing
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Examples — pressure cell .(m-q
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Ceramic: classical layout
= All-active bridge
= Coarse offset trim on cell

s Direct TCO trim

= Need good amplifier — usually not
accessible after mounting of
electronics

Steel: changes
m Issue: trim on dielectric
s Coarse offset trim off-cell

s Indirect TCO trim

= PTC resistor on cell
= Normal resistor in parallel

1 - Introduction IMAPS/ACerS 11t CICMT, Dresden, 20-23.4.2015



)
Examples — cantilever force cell -(”l-Q
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= All-active bridge

= Discrete offset trim (stable, active, ~no TCO change)
= Coarse classical trim (more precise)
= No TCO trim (on base, with fine trim)

R;," Ryy” lfol_

Top

Bottom
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Examples — glass-sealed pressure cell .(IR-Q
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= All-active bridge

= Discrete offset trim cuts only
on cell

= All other trims on separate
module
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Trimming of sensor electronics .(Iﬂ-q
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= Normally passive & active part
= High resistor values often problematic
= Harsh post-processing (breaking, soldering, ultrasound, ...)

out

R,
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= Resistor interactions
= Substrate (Al,O,, dielectric, LTCC...)
= Terminations

= Overglaze
s TCO #TCR; TCO determined by TCR tracking

= Trimming
= Discrete (stable) or classical (precise)
= Trimming resistor used (coarse: use same as bridge)
= Terminations (material near terminations # away)

= Parameters & resistor material

= Post-processing
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Resistor study

No | Film Composition
(Sheet res.)
Screen®
A) ESL 9635G"
B) ESL 963?BT (Pb)
C) DP 5104 (Pb)
1 ;32"5“;1:3“” D)ESL 8837°  (Pb, Cd)
E) ESL 9695  (Pb)
F) ESL 9562G"
G) ESL 9912K™
Resistor
(100 Q PTC) | K) ESL 26121  (Pb)
325 /40
Resistor M) DP 2021 (Pb)
, | (1009) N) ESL R312P  (Pb)
325 /40 O)ESL 3912  (Pb, Cd)
. Q) DP 2041 (Pb)
ge(e)s;(sgt;)r S)ESLR314P  (Pb)
325 / 40 T) ESL 3984 (Pb, Cd)
U)ESL 3914  (Pb, Cd)
V) ESL G-485-1°
3 Overglaze W) ESL G-481* (Pb)
325/20 X) ESL 4771P°
Z) DP QQ600*  (Pb)

ESL = Electroscience Laboratories

DP = DuPont

1 - Introduction
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= (Substrate = alumina)

= [ermination material

= Resistor material & length
= Overglaze material
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Processing parameters

s Resistor under...overfired

B
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= See whether this changes its interactions with overglaze
= Overglaze under...overfired

= Extent of effect on resistor

Code Conductor | Resistor Overglaze

_- 850°C (n) | 825°C (n-25°C) §WZ : gggzg 832:8
n- 850°C (n) | 850°C (n) XWZ : 2325 53328
nn 850°C (n) | 850°C (n) XWZ | ggg:g %

n+ 850°C (n) | 850°C (n) ;?YZ | 2328 Eﬁﬁﬁg
+ 850°C (n) | 875°C (nt25°C) ;l(\yz : g%gzg Eﬁggzg

1 - Introduction
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As-fired 10 kQ — spread of values

B

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

DP 2041 -
DP 2041 -
DP 2041 -
DP 2041 -
DP 2041 -
ESL R314P -
ESL 3984 -
ESL 3914 -
ESL 3914 -
ESL 3914 -

O w>» >» >» m mOoO >»

4

=

6 8 10 1'2 14 16 18 20
Sheet resistance [Q]

-50

| L=15mm

min
W<x>-A
B<x>+A

max

0 50 100 150 200 250

TCR [ppm/K]

= Newer resistor compositions (DP 2041 / R314P) better
= Thin Au (D) terminations = lowest spread

= Low geometric disturbance of screen printing

= Low diffusion with terminations
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As-fired 100 Q — spread of values .(m-q
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| M| [C=15mm
DP 2021 -D "
DP 2021 - E | 0
DP 2021 - F | [ B .:‘;Z_A
DP 2021 - G [ I} W<x>+A
ESLR312P - A max
ESL R312P - B
ESL3912-A }
ESL3912-B
ESL3912-C : '
40 60 80 100 120 140 160 180 200 -50 0 50 100 150
Sheet resistance [Q] TCR [ppm/K]

= Less difference seen in 100 QQ compositions
= Not dominant — used for fine trimming

1 - Introduction IMAPS/ACerS 11t CICMT, Dresden, 20-23.4.2015 15 %



)
As-fired 10 kQ) — effect of process -(Iﬂ-q
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22
16
—=— A - 825°C —{—A- 850°C —&—A - 875°C 20 /é
14 —% B-825°C —0-B-850°C —& B -875°C ||
% C - 825°C (1 C - 850°C i~ C - 875°C 18 T
12 I —
\ ‘ ESL 3914 unglazed T 1 A -
a 101 5 T a‘ " f /q;/f I
¢ : 2 e ______ I = 12 - | ESL 3984 unglazed |—
e — v »!
=] 8 /‘/ | A) ESL 9635G H
A)ESL 9635G ; f 61—
B) ESL 9635B ; 4 /H/ A - 825°C
C)DP 5104 o -O-A - 850°C
2 <+ A - 875°C
0 : , 0 , - ;
0 1 2 3 4 5 0 1 2 3 4 5
Length [mm] Length [mm]
400 80
—— A - 825°C ——A - 850°C —@—A - 875°C
350 1— —% B - 825°C —0-B - 850°C —& B - 875°C | 60 EA-825°C -A-850°C - A-875°C
z - C - 825°C {1 C - 850°C - C - 875°C
300 40 |  ESL 3984 unglazed
X T T + g L
E 250 I . 5 E 20 [ A) ESL9635G
o i \%_x
a 200 i g o
8 150 ‘ i ) \E\\?\
0 — & 20 i
S ol T S —
100 +— /‘/ | ESL3914 unglazed |~ & 40
50 17
{E [ A)ESL9635G ; B) ESL 96358 ; C) DP 5104 | -60 il
0 , :
-80
0 1 2 3 4 5 T
0 1 2 3 4 5
Length [mm] Length [mm]

= Process dependence of value & TCR different
= Strong length effects on TCR -> TCO for short resistors
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Overglazing resistors -(lﬂ-Q
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12% 20%
e ESL 3914 - ESL G-485-1 ’ ESL 3984 - ESL G-485
10% «E \7 15% '\+ ‘ ‘
8% 1<y ESL 9635B \ VT
s n
. 6% e —— o 10% + —- ATV ++ ]
5 5 \\ - QW nn
w 4% " - n-
= — | % DN =
o '7)(
o = : M
B0V 0% N
2% -x=BUV -- x S
=% BUV n- SN —
-4% i . . . -5% T T T
0 1 2 3 4 5 0 1 2 3 4 5
Length [mm] Length [mm]
60 60
. ’ ESL 3914 - ESL G-485-1 ‘ ’ ESL 3984 - ESL G-485 ‘
40
<
T = BUVn- X 20 —4
a - BOV g o
o —_— X —
= N S o —
e &
O g | &5 on | = =+ATVn- ||
< / & 2 —x= ATV --
—— * <] == ATV nn
.40 —+- ATV ++
‘ﬁ -40 =+ ATVn+ [
-60 44—+ T T T T
-60 : : . .
0 1 2 3 4 5
0 1 2 3 4 5
Length [mm] Length [mm]

= Overglazing above nominal temperature — : strong drift
= Length dependence on ATCR: leads to TCO
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)
Trimming problems B

20

— B O | ODP 2021 after cut

S
¢ P

1) Pe : ; ®DP 2021 after cut & > P

§ 0 ‘ overglaze [l B/5

_: va / V4 V4 V4

o 10 ©DP 2031after cut

=
@)

S 20 S ®DP 2031 after cut & |

7 Q o overglaze -

Z o ¢

R 30 ° ') 2 @ | ODP2051 after cut
o

-0 ®DP 2051 after cut & ||
O overglaze
'50 T T T T T
30 35 40 45 50 55 60
Laser power [ %]

= Behaviour mostly normal: slight value increase
= Decrease of value for 100 kQQ composition!
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Trimming & stability of DP 2041 bridges

8
040% AgPd B45% AgPd m50% AgPd
6 11040% Au  045% Au  @50% Au T
A - |
= 2
£
=~ 0
[-F]
g2 ol
o
4
6
8
6
4
E 2
T,
= 01
% 2
o 4
S 6
8 |
_10 i

non ajuste /

ungetiimmt
ajuste /

getrimmt

+ u-sons /
U-Schall

+ ESL G481
go0°C

+ u-sons /
U-Schall

+ 630C

+ 630C

3 - Overglazing, trimming, ...
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= Au initially ~2x better
than Ag:Pd
= After trimming
= Trim + ultrasound

= Advantage lost upon
overglazing

= [rim-overglaze
interactions dominant

= Temperature not so
dominant (anneals)

= Better: refire
overglaze or glaze
again
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Conclusions & outlook .(m-q
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= Thick-film piezoresistive sensors & laser trimming
= Relatively low signal + harsh environments: difficult
= High process temperatures -> materials interactions critical
= Few alternatives to laser trimming (voltage?) for large series (cost)
= Best stability: start with discrete coarse trims
= Parameter development can be tedious
= Must ensure access of beam to resistor (not always practical!)

= Software offset trimming p Supl
= R,y = same paste as bridge, DAC
long meander (value ~10x bridge) somware S l 3
= Little to no effect on TCO sﬁg,’;;, _)|>_ Rua T $
(if DAC reasonably good) % R T
bridge | '’

*2 Ground

4 - Conclusions & outlook IMAPS/ACerS 11th CICMT, Dresden, 20-23.4.2015 22 %



)
Questions? .(l ﬂ-
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e
R
sl |.l|ljl_lnu=:ue=nu|
. (WL TADE, . i -
g 1 -

ST T AP O T L | L

THANK YOU!
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Gauge factor measurement .(Iﬂ-g

FEDERALE DE LAUSANNE

Sensing Test Reference Load

(active) cantilever (subtractive) application
resistors (load cell) resistors point
7 ! - (a)
1 d d
N N . d
Mechanical clamping
S- U+ R2- R1- R14R2+
L .
[
Ii — L L] | (b)
S+ U-
S- U+ R2+ RI- R1+R2+
L [ | =L
= LN ) L—q (C)
S+ V-

= Alumina cantilever
= Effective signal ~independent of loading errors

Measurement of gauge factor IMAPS/ACerS 11t CICMT, Dresden, 20-23.4.2015



