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Material Specifications for Lead Free Solder Process

IPC-4101B Specification for Base Materials for Rigid and 
Multilayer Printed Boards was published in June, 2006.  The 
major characteristics are defined as follows.

IPC-4101B/ 121 101 124 99 129 126

Type Normal Tg Mid Tg High Tg

Tg(℃) >110 >110 >150 >150 >170 >170

Filler (<5%) none yes none yes none yes

Td (℃, TGA 5%) >310 >310 >325 >325 >340 >340

T-260 (min) >30 >30 >30 >30 >30 >30

T-288 (min) >5 >5 >5 >5 >15 >15

T-300 (min)     >2 >2

Z-axis CTE(%, 50~260℃) <4.0 <4 .0 <3.5 <3.5 <3.5 <3.0
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Key Characteristics: Z-axis CTE & Td

pTd (Temperature of decomposition) 

Td                      Thermal Resistance   

Td is defined as the temperature of decomposition when 5%wt loss by 
TGA (Thermogravimetric Analysis) test in IPC-TM-650 specification. 
The thermal resistance of base material depends on its Td value.
Generally, some PCB delamination issues are relative to their low Td 
values.

Z-axis CTE means the expanding degree of base material at Z-axis 
direction after being heated. The expanding coefficient before Tg and 
after Tg, and the total dimensional change can be gotten by 
TMA(Thermal Mechanical Analysis) test. Commonly, the PCB’s PTH 
reliability depends on its Z-axis CTE. And some PCB delamination issues 
are mainly relative to their high Z-axis CTE values.

pZ-axis CTE (Coefficient of thermal expansion) 

Z-axis CTE                    PTH Reliability
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Component  typical CTE: 8~12PPM/℃

CCL CTE : 12~15PPM/℃

Shear stress

CCL typical z-axis CTE:   Before Tg:  40~60PPM/℃
After Tg:  280~350PPM/℃

Copper CTE : 17~18PPM/℃

Why Low CTE

Shear stress

Crack
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Why High Td (Decomposition) 

uHigher reflow temperature (240~260℃) due to 
higher melting point and poor wetting characteristic 
of lead-free solder.

uLarger thermal mass to the PCBA
uThermal degradation may occur during the multi-

heating cycle assembly process.
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Important Property: Tg, Td, and CTE
uConventional way of classifying materials is mainly 

based on Tg. A higher Tg contributes to a lower 
thermal expansion in the z-axis thus better through 
hole reliability.
uA higher Tg does not mean a higher Td (better 

thermal resistance).
uKey material features: Td, CTE, and Tg

Class Curing 
Agent Tg(℃, DSC) Td (℃)

CTE(%, 
50~260℃) Product

High Tg
Non-dicy 180 355 2.7 IT180A

Dicy 175 315 3.2 I406

Mid Tg
Non-dicy 150 350 3.2 IT158

Dicy 150 320 4.2 N150
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4101B/ IT140 IT588 IT158 IT180 IT180A
屬性 测试方法 無鉛材料 標准 FR-4 普通-Tg 中-Tg/低 CTE 高Tg 高 Tg/低 CTE

Tg (℃) DSC >110~>170 >135 >135 >150 >175 >175
Tg (℃) DMA * >145 >145 >160 >190 >190

熱膨脹系數 (%), 50-260℃ TMA <3.0~<4.0 4.2 <3.8 <3.3 <3.0 <2.8
CTE  (ppm/℃) α 1/ α 2 <60/300 55/290 50/260 40/250 50/255 45/240

T-260 (min) TMA >30 <25 >60 >60 >60 >60
T-288 (min) TMA >5 <5 >20 >20 >20 >20
Td-5% (℃ ) TGA >310~>340 <325 >340 >340 >340 >340
抗剝強度 (lb/in) 1 oz, A >6.0 11.5 11.0 10.0 9.0 9.0
吸水性 (%) D-24/23 <0.5 <0.15 <0.15 <0.15 <0.15 <0.15

Dk 1M Hz <5.4 4.7 4.7 4.8 4.7 4.7
Df 1M Hz <0.035 0.017 0.017 0.016 0.018 0.017

耐燃性 UL 94V > 94V-0 94V-0 94V-0 94V-0 94V-0
STII Spec. ≧ 215 * 188 215 217 228 231

產品

基于1.6mm 厚度板材

Performance For ITEQ’s Product

下面是ITEQ系列产品对比IPC-4101B标准要求的性能数据
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Sample:1.6mm CCL

Moisture Absorption Comprision
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Pressing parameter (IT-180A) 

n IT-180A pressing parameter (normal & HDI PCB):

5601053128352210min

150190190210210190190180170170150temperature(℃) 

3256049233635335min

100200350350350350350250250200200100100Pressure (PSI) 

13121110987654321Item

pressing machine:Vigor

Material:IT-180A 
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Drill bit wearing Comprision

253.68512000.55
253.610012000.45
25314012000.3
251.615512000.2

Retract Feed 
(krpm) 

Infeed 
(krpm) 

Spindle speed 
(krpm) 

HolesDrill size (mm) 

Ø Drilling Parameter

Ø Wearing of Drill bit

O(better) 10.0%30.5%10.9%16.4%IT180A
O(better) 7.3%38.2%10.8%14.4%I

26.7%
19.7%

0.2 mm

∆(worse) 
∆(worse) 

Grade*

52.9%17.4%19.9%E
33.2%18.5%18.0%S

0.3 mm0.45 mm0.55 mmDrill size
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24.505mil2

19.321mil220.870mil220.102mil220.864mil2

19.583mil2 19.681mil2 21.338mil2 20.604mil2

New bit

0.55mm

IT180A

IIEE

SIT180A S

WEARING %

IT180A:  16.4%

S: 18.0%

E: 19.9%

I :  14.4%
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15.444mil2

13.824mil2 13.697mil2 12.360mil2 12.827mil2

12.990mil2 12.504mil2 13.931mil2 13.612mil2

New bit

0.45mm

IT180A SIT180A S

WEARING %

IT180A:     10.9%

S: 18.5%

E:  17.4%

I:   10.8%
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New bit

0.3 mm

13.824mil2

10.003mil2 9.193mil2 8.567mil2 9.889mil2

7.211mil2 5.808mil2 8.528mil28.548mil2

IT180A

IIEE

SIT180A S

WEARING %

IT180A:   30.5%

S: 33.2%

E:  52.9%

I:   38.2%
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New bit

0.2 mm

5.071mil2

3.519mil2 4.634mil24.770mil2

4.660mil24.714mil2 3.481mil24.408mil2

3.913mil2

IT180A

IIEE

SIT180A S

WEARING %

IT180A:   10.0%

S: 19.7%

E:  26.7%

tI :   7.3%
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Drill bits usage suggestion
n Drill bits usage:                                        

n IT-158 & IT-140G & IT-180A material be recommended use ST drill bits regrinded for 
less than 2 times or UC drill bits regrinded for less than 3 times.

n For the board with Aspect Ratio ≥ 8 or layer ≥ 16, use 0.3mm drill bits regrinded 
for 2 times at most. (remark: Aspect Ratio= board thickness × quantity of stack ÷
0.3mm) 

40.40≤Φ＜1.20

30.25≤Φ＜0.40

20.15＜Φ＜0.25

10.15

undercut 
drill bits

92.00＜Φ

71.55≤Φ＜2.00

60.60≤Φ＜1.55

50.45≤Φ＜0.60

40.40≤Φ＜0.45

30.25≤Φ＜0.40

20.15＜Φ＜0.25

10.15

Common
drill bits

Repointed
times

Drill bits
size

Drill bits
type
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Drilling stacks  suggestion
n Drilling stacks base on board and copper thickness:

n IT-158 & IT-140G & IT-180A material be recommended use ST drill bits regrinded for 
less than 2 times or UC drill bits regrinded for less than 3 times.

n For the board with Aspect Ratio ≥ 8 or layer ≥ 16, use 0.3mm drill bits regrinded for 2 
times at most. (remark: Aspect Ratio= board thickness × quantity of stack ÷ 0.3mm) 
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Peck drilling condition and parameter
n Peck drilling condition:

n Peck drilling parameter:
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Drilling parameter (IT-180A) 
n Drilling parameter for high density layer PCB: (Hitachi machine) for reference
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Desmear condition
n Horizontal desmear parameter (supplier:ATO):

n Vertical desmear parameter (supplier:Macdermid) 

n IT-158 & IT-140G material desmear parameter same to normal FR-4 material.

n IT-180A material desmear should run 1.5-2.0times according to normal FR-4 parameter 
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Desmear condition

n Vertical desmear parameter (supplier:Rohm Haas):
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Desmear photos

n IT-158 & IT-180A & IT-140G hole wall photos by SEM:
IT-140G: (normal parameter)    IT-158: (normal parameter)           IT-180A:(1.5 times ) 
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1080

106

1 ozL1

L2

L3

1 ozL4

28mil 3/3oz

4mil 3/3oz

4mil 3/3oz

4mil 3/3oz

4mil 3/3oz

L1

L2

L3

L4

1 oz

1 oz

L5

L6
L7

L8
L9

L10

IT180A apply for heavy copper

壓合結構
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Reflow Profile

IT180A apply for heavy copper
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Ø 使用IT180A材料3oz 4層板過3次reflow后未發現任何
分層不良﹐測試結果ok﹐圖片如下﹕

IT180A应用于厚铜板
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Ø 對于IT180A应用于厚铜板﹐Reflow后切片圖片如下﹕

6次Reflow后沒有發現任何問題﹐測試結果ok。

綜上所述﹐敝司認為IT180A材料對于密集散熱孔及厚銅板

具有更好的適應性。

IT180A应用于厚铜板
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IT180A Vs   Other High Tg
uLaminate Performance Comparison

Based on 1.6mm laminate.

The comparison of high Tg properties is shown in the 
table. IT-180 and IT180A show low Z-axis CTE, excellent 

heat resistance and good toughness.

Characteristics Condition Units IT-180A P-HR I-420 E-827 T-752 IT-180 I-410 P-370 G-170 T-772 S-HTg
Tg DSC ℃ 175 176 173 172 175 177 174 175 175 173 176

CTE-Z α1 (＜Tg) TMA ppm/℃ 40 51 48 54 50 53 60 55 55 56 56
CTE-Z α2 (＞Tg) TMA ppm/℃ 245 262 242 265 270 265 280 287 290 295 295
Z-axis Thermal Exp. 50~260℃ ﹪ 2.8 3.2 2.6 3.0 3.1 3.1 3.3 3.5 3.4 3.5 3.5

T-260 TMA min >60 >30 >60 >60 >60 >60 >60 >30 >30 >30 >30
T-288 TMA min 23 8 25 25 20 22 22 10 9 10 8

Td TGA ℃ 345 320 341 350 342 345 345 325 323 329 320
Peeling Strength 1 oz lb/in 9.0 8.0 7.5 8.5 8.6 9.0 8.3 9.0 9.0 8.7 9

Dk 1M Hz - 4.7 4.7 4.6 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7
Df 1M Hz - 0.016 0.016 0.016 0.016 0.016 0.018 0.018 0.018 0.018 0.018 0.018
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IT180A Vs   Other High Tg

uPCB Reliability Comparison

Stack up

lExample1 (18 layers board) 

Total thickness:2.4mm

Time (sec) 

270℃

Te
m

pe
ra

tu
re

 (℃
)  

Precondition: Reflow*3cycles

Excellent 
thermal 

resistance

IST test results(25℃ 150℃,Φ0.5mm) 

A: Atotech
R: Rohmhaas
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IT180A Vs   Other High Tg
uPCB Reliability Comparison
lExample2 (24 layers board) 

Stack up

Total thickness:3.2mm

Time (sec) 

270℃

Te
m

pe
ra

tu
re

 (℃
)  

Precondition: Reflow*3cycles

IST test results(25℃ 150℃,Φ0.5mm) Excellent 
thermal 

resistance A: Atotech
R: Rohmhaas

IT180A is one of the best choices 
for high-layer PCBs.
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Conclusions

ITEQ has a total optimized solution of high 
P(erformance)/C(ost)  ratio for the lead free solder processes.

u IT180A shows excellent thermal resistance & low CTE.  They 
are the best performance/cost materials for high layer count 
PCBs.

u IT180A can apply for heavy copper and high density BGA 
PCB espcially.

u IT180A shows excellent drilling characteristic ,can replace 
most of high-Tg material in the market.
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