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Introduction EOTECHNICS

» Resistor & capacitor &t €2 SEL2 A S HBXHIE OtciS] BUA BRSHA UE B & DItH
non-uniformity ® =Cf. TI2tA A E0ILI capacitor® S48 I SEHE N E 3L0[Lt
capacitancel P8I 8l X| 8= 210 QI¥AO0ICH 0 M, ¥8H= K& 2 E = capacitance 2t & L=D|

9130 resistorLt capacitor?] £ 298 A0St BF0| trimming0|Ct. J1ZES mechanical abrasive

YAl HABID AE Laser rimming2 MY BLE IIESE 1%, JUE2 A& += UL

e : A anivm | i " Resistor . . Copper
Reslstor Type e Sheet R -, ‘Thvlckne_ss‘ Geometry . Geometry - Total

Polymer Thick Film 1% : 5% .. '» 1~5% 5% 12~16%.
.. Metal Thin Film* 1% 3% " 1~5% 5% 10~14%

Thin Film on Foll 1% 1% 1~5% K 5% 8~12%
"G. Lucas, “Fundamentals of Burled Passive.Components.”

IPC Annual Meeting (Orlando, FL), October 2001.
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Introduction EOTECHNICS

> +SAXE PCBO| JIB0 LIZEIH BIH B4 M2 ITS Ots
P ESANZ UL 48, NBHI XUE ZL.

P OIRBHO <SATINXXGHE BEE S8 & AN S IJIPCBIIRO 2L
2 %2 SSANE 4T & & UlHsystem2 3J| 8 30%0lY ZHA4ILs).

b As FAIILOXENE. OISSACYI S0l HES10! AA U PCBR
HE 3012 &4 8 8-

» 2. B0 ALBSHE solder® 222 91810 XM R 81 RIZIHI Pb Free Z 21 28
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> AHE YHICIS JI8, JHIS HIZ2 28 J18, AIAHI3| X(SiP)2t

S4B 018 JIE (MLB)E SAOE 8 MP3E, [INE JH0ial & 59| 248,

Tl ®2JI7IR PCBSOR 1 N8 ¥20| X S0iE AOE B,

b N2 USHIB HIRE T RS SAY WHOR FDAY, R4V, [DISHOI Rt

«2It SHEN O )L -'?-E% PCBAOIA HHSIHU Ci& PCBUI LAIZBAIHOI & ERY

W20l YHICIS PCBS AIFALI 8 D108 +F0IXR, % BB Z2Y8,

ZNES A0 G2 220 SHTS ACE Y.

Embedded PCB Trimmer (MAIN)
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EQOTECHNICS

» Passive Trimming

- Typical laser trim method

- Involves removal of material from a resistor to increase its resistance.
. Monitoring parameter is"resistance & capacitance itself.

» Active Tn'rﬁming

- Involves removal of material from a resistor to change a circuit parameter,

- Called functional trimming : the circuit is functioning during the trimming process.

- Parameters monitored are ACV, DCV, ACI, DCI, FREQUENCY:.

- Active is usually to a circuit voltage output.
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Embedded PCB Trimmer (Schematic) . EOTECHNICS

Laser head

Measurement

Resistor

Table Positioning PWB
7
Trimming method 1 OTECHNICS
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Medi l h - Medium high‘vélu_e change,
- Medium value change 10~60% range of adjustment
- Good accuracy , o , -
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Trimming method 2 EOTECHNICS

< Scan cut > < Serpentine cut >
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Konzipieren und Bewerten von Hochpriizisions-
ybridwiderstinden durch Laser-Trimm-Simulation

Photo Courtesy of
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SMT VS Embedded component EOTECHNICS

Embedded Components: Resistors

Surface mounted resistor

; . Capacitors
;  Embedded resistors Surface mounted resistor P Chip

Photo Courtesy of Circuitree
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Resistor material - EOTECHNICS

b MA EB!ALrCHARA’iCTE»RITSTIbS*

©#Uttra thin (0,04um...04 pm) -
"+ Three major solutions y :
R NiP resrstlve alloy is electrodeposrted on a Cu foil; -
.continuous roll-to-sheet" electro-chemrcal plating
2 NiCr or NrCrAISr alloy are sputtered on a copper fou
"3 Pt + doprng lS ooated usmg Combustron Chemrcal Vapor Deposrtlon (CCVD) -method

> Summary

»' e Easy to fabncate

”"y? . Best technology for |gh-end products wnth relatrvely Iow volumes

11
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Resistor material ' EOTECHNICS

» PTF ~ MATERIAL CHARACTERISTICS

« Screen printable paste (PTF = Polymer Thick Film)
* Printed thickness 10um...20um

« Carbon powders with polymer chains”

» Curing in convection oven or in infra-red oven

» SUMMARY

* Easy to fabricate

» Very wide resistance range

* All the values can be embedded

» Reliability is good, but worse than with thin f ims
» Cost is low

Best technology for high volume products with tight cqst frames

12
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Resistor material EOTECHNICS

» Ceramic thick film

* Very stabile resistors

» Complicated process

« Not commercial today

Best material for high-end products’

P Plated thin film

« Easy process
-+ Limited sheet resistivity
Best material for special applications
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EPT Development  EOTECHNICS
b Highspeedprocessing ] P Fullyautomatic handing system
- Diode pumped solid state laser 1. High speed X-Y moving stage
- High speed Scanning System © -Auto loading / unloading
- Stability :below 5% . - Up to 610 x 510mm (24" x 20")
L . . .« . - N - ) . o
[ Embedded PCB Trimming System ]
> ?lyingl type moving probe ‘ - ) Highﬂac“éu;a'gy measurement R
- Full Kevin type (2 moving probe) - - Software-enhanced, forced
- Min. pad size : 300um current/measure voltage
- 0.01R~ 1MQ
- 1 —
14
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. Embedded PCB Trimmer EOTECHNICS

‘Unloader’

“Moving p}r@be(uhﬁt g

. Measurement unit’
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Optics & laser parameter EO TECHNICS

1. Rayleigh Range (Depth of Field)
0 dy= £ WA ’
0 SoasA>0,d >
2. Smallest Theoretical Spot Size
(o] ddl = 127 }\.sz/D
0 SoasA2>0,dy=>0
3. Peak Power = Pulse Energy per Pulse Duration
4. Power Intensity = Peak Power per Unit Area (spot size) on Target

5.,Wave|engih

6. Beam profile (1EM 4,) Gaussian mode |

16
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Absorption graph ‘ B2

EOTECHNICS
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Wavelength (nm) Photo Courtesy of ESI
17
Laser beam mode EOTECHNICS
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Measurement (Kelvin)

EOTECHNICS
Rw‘ue
VWA
Ohmmeter- R,
subject
Ryjee
VWA
Ohmmeter indicates R, + Ropect + Ryive
c clip
\ . 4-wirecable [‘\’
P : : = K
_— S [ leubja"t
V P clip
R = Voltmeter indication
et “Ammeter indication
19

Measurement (Resistor)

EQTECHNICS

Standard Resistor

3;‘:."?’”3” e e fﬂy Voltage soﬁ?cﬂ
sg Voltage source %
i M -
. XXX | z
1 High_sense Low_sense i i
—
B ¥
[
: Voltage measurina F 9 ?
4 f ¥

b e
H
¥

Voltage source2

B

Voltage measurement & Current measurement comparison
[Voltage measuring]

- Easy to make

- Low resistance( under 10K ohm)

[Current measuring]

- Complex to make

- High resistance( over 10K ohm)

Resistor 1'

Target Resistor

L 44 -
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Measurement (Capacitor) T EOTEGHNICS

- Capacitor trim range : 10pF ~ 1F @1MHz
- Capacitor measuring offset between machine and standard measurement : 2pF &1

- Capacitor trim tolerance : +/- 8% (but Min.1pF)

Table 1. Cable coufigurations
Measuroment frequency range

Typically 100 kHz Tm:ica"! 100 kHz
and below and aliove
i
Low impedance

{typically 106 ohm  d-terminal pair {4TP)  d-terminal pair {4TP}
and below)

High impedance
{oypically 00 Ghm  d-terminal pair (47P} { Shietded 2-terminal (27|
and above}

Shielded 2T configuration
LCR meter

p range

Limitation of Optimized System:
- End side of cable for measurement : Shield cable.

b L Mp M

- Cable length : Must be minimized.
: Must be fitted requirement condition of

measurement equip.

Shielding plate

21

Moving probe unit VS Fixed probe unit EOTECHNICS

Photo Courtesy of GSI
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Moving probe unit VS Fixed probe unit ED

EOQTECHNICS
1.A systematic, regular x-y layout of test pad is preferred in fixed probe unit.
2. Irregular layout of test pad could be trimmed in moving probe unit.
3. Probe access to the test pads should not hinder laser view in fixed probe
& moving probe unit =
4. Moving probe speed & accuracy is rapidly increased.
5. Fixed probe unit need ‘tgcheck. the laser. view hindrance. -
23
Embedded PCB Trimmer (S/W GUI) : EOTEGHNICS
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Contact =74

- EOTECHNICS
Contact pad should not contain Via hole connection
Contact
pad
300um
500um min. ;

25

Resistor pattern array distance EOTECHNICS

Trim directions

and

250um

26
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Resistor pattern geometry Ea2

EQ TECHNICS
' . 280um
10um | . 260um , 10um

}sistor Pad

Resistor
pattern

'
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‘

Trim area Edge effects

27

Desirable resistor pattern geometry mﬁﬁcs

FE R -
V T

| S S

Case 1 Case 2 Case 3

Resistor pattern X & Y axis Resistor pattern X & Y axis Resistor pattern X & Y axis

size aspect ratio <1 size aspect ratio =1 size aspect ratio 21

28
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Resistor power EOTECHNIC

» Standard power value of resistors 0.25W or 0.5W are suitable.

» Some resistor material cannot endure power of resistance at measurement condition

where P = power developed in the resistor in watts (W)
| = current through the resistor in amps (A)
R = resistance of the resistor in ohms (Q)
V = voltage across the resistor in volts (V)

P=Pk xR

29
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Sample image EOTECHNICS

30
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Sample result 1 - EOTECHNICS

Trim resut (Carbon module back side)

Resistance (Ohm)
Error ratio (%)

—————————————————————— 3
0 200 400 600 800 1000 1200 1400 1600
Resistor index = initlal resistance value

¢ Resultresistance value

31
Sample result 2 EOTEGHNICS
12 i H ‘ B i 5
: ! : : w (nitial vaiue
-1  Result value
£ =
¥ ]
g d
2 g
p ]
(4
4 T T | T T — -5
50 100 1560 200 250 300 350 400
Resistor index
32
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Sample result 3 ED

EOTECHNICS
3
700 4 | - [Initial value(Ohm)
result value{Ohm)
600
E 600 .- -1
z
§ 400 o4 %
3 a £
> 40 3
[} H H ' ! &
§ 200 - : : = &
b : ; ;
‘F -1
L
o 200 4 : : :
100 -{ ‘
—_——V— 3
0 200 400 600 800 1000 1200
Resistor index
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Conclusion EOTECHNICS

1. Combining laser optics technology with moving probe technology into embedded PCB
Trimmer

2. This system can process large panel size embedded resistor PCB board

with high speed & high accuracy within 1 % trim tolerance at mid range value.

3. Future work
- Achieve capacitance trim
- Small contact pad & Small resistor pattern size

- Increase speed & accuracy

34
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