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Resistor Technologies and basic materials i) - QP
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Resistor Packages & assembly types @ﬁ@ - QP
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»  SMD (surface-mount device)
- single chip resistor (0201, 0402, 0603...2512)

- melf (0102, 0204, 0207)
- resistors array

* THT (through-hole technology)
- various sizes & dimensions types




Chip Resistor Design and Production

Manufacturing Steps
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Ceramic Substrate
Resistive Layer
Trimming

Protective Lacquer
Side Contacts
Singulation

Plating

Testing, Tape & Reel
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Resistor Characteristic: Tolerance

Gaussian Distribution (approx.)

Frequency

R,- AR

R,+ AR

Specified Tolerance

-
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Definition:

Resistance tolerance specifies the maximum
permissible deviation (in percentage) of a
resistor’s actual resistance from its nominal
resistance value, under specified conditions
(and 25 °C)

L/

R, R,+AR
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Resistor Characteristic: - - ‘
. e . \,
Temperature Coefficient of Resistance (TCR) e S s

Formula of TCR:

R—-R

[

_RH*AS 9,
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Definition:

The Temperature Coefficient of Resistance
(TCR) is the relative change in resistance per
degree of temperature change, referenced to a
specified temperature (25 °C). The TCR is
specified in ppm / K




Resistor Characteristic: - ‘
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Temperature Impact

0,6 ¢

2R ol

04

0,2

= 5 ppm/K

= 25 ppm/K
= 50 ppm/K

-0,2

= 100 ppm/K

04

_0'6 L | 1 A |
-80 -60 -40 -20 0 20 40 60 &0 100 120 140

Temperature Coefficient = ag [ppm/K] g [(]



Worked example of tolerance and TCR calculation o A,
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Nominal resistor value: R,,,,,, = 10 kQ

-_

Initial Tolerance (*1%)
» Tolerance variation:+1% x 10 kQ = +100 Q
» Resistance range at 25°C: 9.9 kQ — 10.1 kQ

2. Temperature Effect (TCR = 50 ppm/°C)
* Assume temperature variation: AT = 50°C
» change due to TCR: AR = 10 k2 X 50 ppm/°C x 50°C = 10 kQ x 0.0025 = +25Q

3. Total Worst-Case Variation
* Tolerance: +100 Q
» Temperature drift: £25 Q

Total worst-case deviation:
#125 Q (£1.25%)

4. Final Resistance Range: 9.875 kQ — 10.125 kQ

Even with a tight #1% tolerance, temperature drift can significantly impact accuracy
TCR becomes critical in precision circuits, especially over wide temperature ranges



Potential of Film Resistor Technologies - - NC .
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TCR & Tolerance Combination

Tolerance [%]

Thick Film |

-500 +250 +100 +50 +25

TCR [ppm /K|
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Thermal Management
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Thermal Resistance

The thermal resistance R, is interfering the heat |

| Definition:
dissipation from the resistive layer ambience. Thermal resistance of a resistor is the
measure of how effectively heat is
- transferred from the resistive element to the
ambient environment. It is defined as the
temperature rise of the resistor per unit of
dissipated power.

Us = Uamp + Ren * P

o=
=
=
a
<

=9 :film temperature
"9.mp: ambient temperature
"P  :electrical power
"R, :thermal resistance

0
LY
)

L0 » w800

TR Al

At zero power dissipation, the resistor temperature equals the ambient temperature.

Any applied power causes a temperature rise proportional to the thermal resistance.



Thermal Management
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Convection, Radiation and Conduction

Convection
20 %
Top Contact Lacquer Radiation

pY

Solder

Thin Film

80 %
Conduction
into PCB

Cu-Layer Bottom Contact



Thermal Management

Thermal Resistance — Conductive Portion

W CME> | (@PAE,.,
A\, M ERORI

FEDERAZIONE NAZIONALE IMPRESE
ELETTROTECNICHE ED ELETTRONICHE

7 SFim 7
Rinrc
I E‘tCr:)ntact
Rth CS
E 3Sc:rlc:[er
RinsB
R I 19Bc;nard
th BA
1_ E}ﬂ\mt:aient
th FC +RrhCS + Rmsa +R
LRV : film temperature

Rth FA

" Y9.mp :ambient temperature



Thermal Management

MELF 0207 Operated Under Different Conditions

Standard .
Operation Power Operation
Power 04 W 10W
Dissipation
Calculated Results
Thermal 140 K/W 140 K/W 85 K/W
Eﬁ%s%aer%ggerature 126°C 210°C 155°C
b)
Solder Joint 116°C 184°C 129°C
Temp.
Circuit Board
Material FR 4 9 FR 4
Thickness 1.5 mm @ 1.5 mm
Pad Size ~ 10 mmz2 ¢ ~ 320 mm?23
DYy = 70°C

" Rip int. = 26 K/W
9 as specified in EN 60115-8
d [aminated on 1.2 mm aluminum sheet

E’“\Z .w ‘ .)
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Special
Application

15W

52 K/W
148°C
109°C

flexible
0.2 mm 9

~ 5 mm?3
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Resistance Drift of Thin Film Resistors over lifetime
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and temperature ErOERIO S e -
Empirically Determined AR 9% 7 AR
(F.0)=2 -3/—-—(4.1,)
AR 1,5 R t. R
bl ||

/
/ —125°C
_—

e §5,°C

_____/ 65°C

0,5

NN

0 25.000 50.000 75.000 100.000 125.000

t[n]




Resistance Drift of Thin Film Resistors

Drift Estimation for Application Temperatures and Lifetimes
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MAXIMUM RESISTANCE CHANGE AT RATED DISSIPATION

OPERATION MODE STANDARD POWER
MCS 0402 0.063 W 0.100 W

Rated dissipation, Py MCT 0603 0.100 W 0.125 W
MCU 0805 0.125 W 0.200 W
MCA 1206 0.250 W 0.400 W

Operating temperature range -55°Cto125°C -55°Cto 155 °C

Permissible film temperature, 9 may. 125 ° 155 °C
MCS 0402 10 q‘[o 4,99 MO 10 O to 4.99 MQ
MCT 0603 1I)t0 10 MQ 10Qto 10 MQ

) ) MCU 0805 Jato 10 Mo 101010 MO
:\gg);j:{??flt?gﬁnce change at Pyg for resistance range, 10t02 Ma
<05 %

£1.0%

AME

IMPONENTI
4 ELETTRONICI



Resistance Drift of Thin Film Resistors
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MAXIMUM RESISTANCE CHANGE AT RATED DISSIPATION

Exam P le: T—— s o7 o o
to = 1000 h e e e
190 = 125 OC MMA 0204 uzzit:aa;kn nzaizsa;n;
AR TR RS
B (tO; 190 ) = 0115 % 8000h Zoa% <os%%
R 225 000 h 1.0 % -

. . AR 3|t 9j=% AR
Example parameters (other operating hours and other film temperature): —(t;9;) = | = * 230K * — (to;9)
t = 65700 A Rt R

9; = 85°C

365700 h 85 °C—125 °C

AR
— (65700 h;85°C ) = |———X2 30K x0,15% =~ 0,249
R ( ) 1000 h & &



Resistance Drift of Thin Film Resistors
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TEST AND REQUIREMENTS
EN IEC
60068-2M REQUIREMENTS
60 |1“5é; TEST TEST PROCEDURE PERMISSIBLE GHANGE (AR)
CLAS METHOD

In this example, following should be considered: | ey | | ey |

ORBETTER | ORBETTER | ORBETTER | ORBETTER

. Initial tolerance: +0.5% i e e LT T
’ MMB 0207 | 10Qto1 M2 | 1Q10<100Q <1Q >1MQ
Periodic
. electric
*  Drift as calculated above: +0,24 % (65700 h) B | i percn
. . 438 - p'::‘:t wh\chlva;’l;ni.hl%i sfm.‘
. Resistance change due to soldering +0,02 % aie | wose
operation
mode
o | s | e o
1.5mmeors 200m/s% 7.5 h ‘ i 1
Electrostatic IEC 6134031 1T
Algebraic sum (worst case, not reality) e, e
Solder bath method;
SnPb40;

non-ottea) i Good tinning (= 95 % coverad); no visible damage
5 B=03)s

Initial tolerance + Drift + Soldering P . B
SAgICU0 S o Smed.5; Good tinning (= 95 % coverad; no visible damage

235+3)°C; (2= 09)s

+0.5 % + £0,24 % +0,02 % s | ST mares | <OEEE | serky [ sgmen | sgmae

AR

o
418 58 (Td) 1o soldering Reflow method 2
heat (IRvforced gas sonvection); ={0.02% R +(0.05%R =(0.05% R =(01%R
0 76 o/ (260 5] °C; (10 1)s +10mdY) +10ma) +10mgy +10 mi))
fd :l: Component N
. (1] 429 45 (XA ‘solvent 1sopeopyl alconal; Mo visible damage
rasistance 50 °C; method 2
Solvent
Isopropyl alcohol;
. . 4.30 45 () resistance e Marking legible; no visible damage
Square Root Sum (realistic) ol | 0TI P
432 21 (Uea) {adhesion) 45N No visible damage
Substrate Depth 2 mm, No visible damage, no open circuit in bent position
433 21 W) bending 3 times =(0.05% R+ 5ma) @

a7 Voltage proof Usgs = Upg: 60 S No flashover or breakdown

AR = /Initial tolerance? + Drift? + Soldering? e | e
=/0,5 %2 + 0,24 %2 + 0,02 %2 ~ 0,56 %
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Example: Automotive

250

g [°c] I

200

150 |

100 ——Automotive 1

——Automotive 2

50

— T

-50

10 100 1000 10000 100000

Operating times cumulated t[n]
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Rated power dissipation

Ambient and terminal part Temperature

Derating

P - Power Dissipation (W)

P - Power Dissipation (W)

18
186
1.4
12
1.0
08
06
0.4
02

6.0
55
5.0
45
4.0
3.5
3.0
25
20
15
1.0
05

..... = — crow121s-HP, |
1 CRCW2512-HP |
.............. ~—— CRCW2010-HP ]
NG CRCW1206-HP,
| Y CRCW1210-HP
..... NS —— CRCWOB05-HP ]
‘\\ —— CRCWO603-HP
...... I = — CRCWO0402-HP —|
1§ \\
S,

..... 1 e e e e e et e e e e

..... T o \\

..... T - o o

—— oy
..... A T ‘-__—h.l_-._kk
70 60 -50 -40 30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
Damp - Ambient Temperature (°C)

e cROW1218-HP |
CRCW1210-HP ]
—— CRCW2512-HP
S — CRCW2010-HP
............ — —— CRCWO0B05-HP, |
— : CRCW1206-HP ]
—— CRCWO0603-HP
L = — CRCW0402-HP

#, - Terminal Part Temperature (*C)
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Definition:

Rated power dissipation is the maximum
continuous power (specified in W) a resistor
can dissipate under specified conditions
without exceeding its maximum allowable
temperature or causing unacceptable
change in resistance



Pulse Load Capability o BC
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Definition

= The permissible pulse load is determined by the same level of
resistance change as defined in the datasheet for 8000 h

continuous operation (or 0.5 % maximum for Thin Film / 4% for
Thick Film).

= Excessive pulse load will burn the conductive band on the resistor
and thus open the circuit (fail-to-open).




Pulse Load Capability " @ AVIE
W E @

Area of Resistive Layer

Thick Film Chip Resistor  Thin Film Chip Resistor

’ : Pulse load capability depends on:
; M " Resistive area
X \ . Volume / mass

Geometry (chip vs. cylindrical)
Distribution of the resistive path

standard MICRO-MELF m
high quality thin Film MICRO-MELF Resistor
m gh quality

= % _a
g

E




Design for Pulse Robustness

Technology Comparison

Pulse Load Capability
2000

Rt
~

Pulse Power / W

0
Standard Thick Film Untrimmed Thin Film Double Sided  Thin Film Carbon Film
Thick Film Chip 1206 Thick Film Chip 1206 Thick Film MELF 0204 MELF 0204
Chip 1206 D/CRCW Chip 1206 MCA Chip 1206 MMA CMA
D/CRCW-IF CRCW-HP

*) on Pad Size 1206, 1kQ Resistors, rectangular pulse 3ms

" el ANIE
i @
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| |
500
400
300
200
111
- |

Carbon Film
MELF 0207
CMB



Design for Pulse Robustness

Examples from resistor Datasheet
Single Pulse P-0

@ 1000
T
s w MMB 0207
j MMA 0204
] 100 MMU 0102
& : ; =E: :
I i LT LT 11 T
I I ITH L] I
10
T il Tt man 1 -
il i I T~
1
1 ar
| I
o \ I
1ps 10 pus 100 ps 1ms 10 ms 100 ms 1s 10s

Pulse Duration t;

Continuous Pulse P - Py,

@ 1000
°
© — \MB 0207
- w MMA 0204
2 100 MMU 0102
& £: =
i T
1l 1
e T~ T
10
1T
It -
T
1
0.1
1us 10 ps 100 ps 1ms 10 ms 100 ms 1s 10s

Pulse Duration t;

" AMIE
COMPONENTI
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Rated values reflect common ground for whole
resistance value range.

Pulse Voltage

) —— 1
Mi

3
oF MB 0207
g MMA 0204
] v —— MMU 010
o
>
@ \4\.
n
S 1000
a
N
N \\
N
nuy
100
1us 10 ps 100 ps 1ms 10ms 100 ms 1s 10s

Pulse Duration t;

Pulse Load Conditions:

1) P < Py
2) Ii < Epermissible
3) U< Upermissible
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Resistive Layers
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Thin Film Thick Film
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100 % Metal film Mixed metal / metal oxide / glass

= Thickness 50 nm ... 0,5 pm = Thickness up to 10 um
= Homogeneous coverage * |nhomogeneous layer
= Low current noise » Limited long-term stability

= Excellent stability =  Poor pulse load stability



Trimming Patterns
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Thin Film vs. Thick Film
Thin Film ) Thick Film

Pulsed Laser CO, Laser

More expensive, but: Fast & cheap, but:
»  C(Clean kerf, smooth edges =  Rough cut, damaging
= No damage to substrate substrate
= Low current noise = Scorched edges

» Thermally stressing R-layer



Trimming Patterns: Temperature Distribution

Thin Film

Meander cut

vs. Thick Film

Thin Film

Spreads dissipation equally
over active surface
Facilitates low load life drift

Enables high pulse load
capability

W CaME> | (@AE,..
k JELETTRONICI
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L-cut

Focuses dissipation in small
fraction of active surface

Builds hot spot
Adversely affects load life stability
Limits pulse load capability



Resistor Characteristic: Resistance Drift

Thin Film vs. Thick Film
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s [+

7 ,a""
[ dat-1 = === Thick Film* 5% @ 125°C
L L-FaT T 1_1.. - === Thick Film* 1% @ 125°C
""::_'_....-4-""'--’ ——— Thin Film @ 155°C
= ——— Thin Film @ 125°C
Thin Film @ 85°C
10,000 15.000 20.000
R

" AMIE
COMPONENTI
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Resistor Characteristic: Pulse Load Capability

Thin Film vs. Thick Film

o

AR

W- ‘ A\, (TR0
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140

120

100

80

60

40

20

7 8 9 10

Pulseload: 1,2/50
Case Size 0603
P=100W

R~ 10k

s Thin Film

==Thick Film

—

Number of Pulses

NENTI
NICI
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Resistor Characteristic: o - 1C,
Electrostatic Discharge (ESD) Capability -

Thin Film vs. Thick Film

Number of Pulses Definition:
Number of Pulece ESD is a rapid transfer of electrostatic
o 1 2 3 a4 s e 7 8 9 10 charge between objects at different electrical
. L . . ) ) ) ~ Human Body Model .
© Case Size 0603 potentials.
2 \ %: 11%%%\;2 ESD can generate high voltage and fast
-4 transient currents that may damage
-6 \ electronic components.
8 \ ——Thin Film
-10 \ Thick Film
12
14 ‘\
e \
AR -18
—[»]
R l -20




When to Use Thin Film or Thick Film
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NENTI
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Application Example = Amplifier

» |nstrumentation Amplifier

# TO SYSTEM DC/OC

CONVERTER R4, 470k, 1%

= Comparator

P BATTLOW

1 % Tolerance required for gain setting
Optimum choice: = 1 % Thick film chip?
= 1 % Thin film chip?




When to Use Thin Film or Thick Film

Worst Case Calculation for a Thick Film Resistor 1)

= ol | ’

0 2000

1% Thick Film Chip, TCR = 100 ppm/K

4000 6000 8000 10000

1) at 125°C resistor temperature

—

t[n]

ANIE
W mE> | (@A,
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0 R-Drift
53 Soldering Heat

== TCR

50 Tolerance

- AT = 125°C - 25°C,

100°C x 100ppm = 1%



When to Use Thin Film or Thick Film
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Worst Case Calculation for a Thin Film Resistor 1)
A 6
= [%]I

5

‘o 1% Thin Film Chip*, TCR =50 ppm/K Rt

3 w4 Soldering Heat
= TCR
8 Tolerance

- AT = 125°C - 25°C,
100°C x 50ppm = 0.5%

0 2000 4000 6000 8000 10000
[ =
*)eg. MCT 0603; approved to EN 140401-801 —— ¢ [ﬁ]

1) at 125°C resistor temperature



When to Use Thin Film or Thick Film W CaNE> (@A,
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Worst Case Calculation for a Precision Thin Film Resistor 1)

AR 3
%
2 ol
2,5
2 0.1% Thin Film Chip*, TCR = 25 ppm/K - Rt
1,5 3 Soldering Heat
= TCR
1 54 Tolerance
05 —_— ' . AT =125°C - 25°C,
100°C x 25ppm = 0.25%
D T T L] L] 1 T T T T 1 1
0 2000 4000 6000 8000 10000
*)eg. MCT 0603; approved to EN 140401-801 E £ [h]

1) at 125°C resistor temperature



When to Use Thin Film or Thick Film
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# TO SYSTEM DC/OC
CONVERTER R4, 470k, 1%

A2, 330k, 1%

= Amplifier
» |nstrumentation Amplifier

= Comparator

BATTLOW

% BATTFAIL

1 % Tolerance required for gain setting

The optimum choice depends on permissible resistance change over lifetime
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Where to Find These Resistors in an Inverter

B
<
m
o
=
@
<

DC-Link Discharge R

- Melf
- thick film LST
- wirewound
Input Stage DC Link
| Input Filter | |Capacitor |
— -

High Voltage Divider

HV melf
HV thin film
HV thick film

Aianeg A

-

Low Voltage 12V

|Load Dump Protection|

=3
-

Driver

i NI
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Gate Resistor & Snubber

- Melf

- double side thick film

- thick film LST
- wirewound

s

y
/

Inverter Bridge

| Active Clamping I

-

Control Board

| Power Supply ”

Surge Protection

| Input Filter | |Reverse Polarity Protectior‘

Phase Current
Sensor

General usage, Amplifier, Gain,...
- thin film

" AMIE
COMPONENTI
k JELETTRONICI

Power



R1

T
R2

T
R3
R4

High Voltage
Divider

=

> | (@AY
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Application
Battery management systems

Battery junction box, battery disconnect unit,
power distribution unit

DC/DC converter
Combo
On-board and wall charger

Inverters

e-compressor / e-supercharger

Server and Al power supplies
Uninterruptible power supplies

Benefits
Reduce component counts
Reduce board space requirements
Reduce assembly costs
Reduce failure rate of entire circuit

Reduce drift behavior over lifetime (thin
film)



High Voltage Thin Film
. how to Save Space and Money

High voltage / High ohmic

Standard Thin Film value Thin Film

499 KQ, 0.1 %

(1206) (1206)
499K0, 0.1% S, R
1 1
1 499k0,0.1%
T 9KQ, 0.1%

fﬁ

00
lll 3.0x smaller ll

W CME> | (@PAE,.,
t JELETTRONICI
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Y
‘,f
i

Standard Special HV

1.5 MQ 1pcs
Products 499 KQ 6pcs 1.49 MQ 1pcs
R1 (Total) 2.994 MQ 2.99 MQ
Voltage (Umax) 1200V 1400V
Tolerance 0.1% 0.1%
TCR 25 ppm/°C 25 ppm/
Size (inch) 1206 1206
Total Q'ty 6 2
Price (pcs) ® D®s

Price (tota]) @@@@@@ @@@@@@

Cost savings up to 55 %



High Voltage Thin Film — comparison

2 x Lower Error Budget

1,4
1,2
1,0
0,8
0,6
0,4
0,2
0,0

Initial tolerance

Standard

Total error budget £ 1.15 %

o]
@
o
—
o
>
O

Soldering heat

Temperature cycling

Damp heat steady state

Endurance @70°C

Endurance @UCT

%
1,4
1,2
1,0
0,8
0,6
0,4
0,2
0,0

Initial tolerance M

Special

i > | (@
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Total error budget + 0.52 %

Overload |

Soldering heat |

Temperature cycling Il
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Applications
DC/DC converters
On-board and wall chargers

— N = Inverters
= c1 . .
eFuses / circuit breakers

- e-compressor / e-supercharger

Gate & Snubber
Circuits @*? Benei

Reduce component counts

Server / Al power supplies
Uninterruptible power supplies

Reduce board space requirements
Reduce assembly costs
Reduce failure rate of entire circuit
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Applications
Battery management systems

Battery junction boxes, battery
disconnect units, power distribution units

DC/DC converters

On-board and wall chargers
Inverters

e-compressors / e-superchargers

Benefits
Reduce component counts
Reduce board space requirements
Reduce assembly costs
Reduce failure rate of entire circuit

Reduce drift behavior over lifetime (thin
film)
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AGENDA

1 - Resistors Technologies

2 - Basic parameters: tolerance & TCR

3 - Thermal management and resistance drift

4 - Rated power dissipation & Pulse Load Capability
5 - Thin Film Vs. Thick Film

6 - Applications examples

7 - Conclusions



Conclusions
AME
Choosing the Right Resistor: What Really Matters W ‘ ‘a
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* Tolerance defines the initial accuracy

* TCR defines variation with temperature

* Drift defines long-term stability

* Power dissipation defines self-heating and thermal limits ~ gm— 9 @& oy

* (allowable power continuous dissipation) \ )
* Pulse load defines robustness under transient stress - >

System-Level Considerations

* Thermal management influences all error contributions
* Mission profile determines how long each condition applies

Key Takeaway

Real resistor accuracy is the result of all these factors combined — over temperature
and over time

“Don’t select resistors by tolerance alone — design for lifetime accuracy.”
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Thank you very much for your attention!
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