


MD
ø 0.05 ~ ø 0.15 mm

MC
ø 0.105 ~ ø 0.25 mm

MV
ø 0.105 ~ ø 0.15 mm

MCV
ø 0.12 ~ ø 0.25 mm

MH
ø 0.20 ~ ø 0.25 mm

M
D

/M
C

/M
V

/M
C

V
/M

H



 

ø 0.01 mm

M
D

/M
C

/M
V

/M
C

V
/M

H

Ïðÿìîå ñâåðëî ÏðåèìóùåñòâàÒèï
 ñâåðëà

 / Haar /  cheveu / capello / cabello



UC
ø 0.30 ~ ø 0.55 mm

UV
ø 0.30 ~ ø 0.75 mm

UH
ø 0.30 ~ ø 0.65 mm

U
C

/U
V

/U
H



Nagaoka factory

U
C

/U
V

/U
H

Òèï
 ñâåðëà

ER BOARDS

ÏðÏðÿìîå ñâåðëî



ST30
ST30
ST
UM35

ID30C
ID30C
ID30

*

ST
ø 0.60 ~ ø 3.175 mm

UM
ø 0.80 ~ ø 1.60 mm

ID30C
ø 3.20 ~ ø 8.00 mm

Chip breaker

Web thinning

S
T/

U
M

/I
D

30
C

Òèï
ñâåðëà

Ïðÿìîå ñâåðëî

Òèï
ñâåðëà

Ïðåèìóùåñòâà / Ïðèìåíåíèå

Ïðåèìóùåñòâà

Ïðîòèâîñòîèò

íàâèâêå ñòðóæêè ïëàò / êà÷åñòâî
äëÿ ìíîãîñëîéíûõäëÿ ñòàíäàðòíûõ

ïëàò äî 4 ñëîåâ

ñòåíêè îòâåðñòèÿ

áåç  è

ñòàíäàðòíàÿ ïåðåìû÷êà

ñ   
è çàóæåííàÿ ïåðåìû êà

áåç 
è çàóæåííàÿ ïåðåìû÷êà Ïðîòèâîñòîèò

íàâèâêå ñòðóæêè

Ñ àåò îñåâóþ
íàãðóçêó íà øïèíäåëü



SX24S / SX24M
SX24M / SX24L
SX

*

SX
ø 0.50 ~ ø 3.175 mm S

X



Materiali
di CS

Matériaux
de CI

Materiales
de CI

SF FR4-

DF FR4-

MC

MF FR4-

DF FR4-

MS

MC FR4-

DC FR4-

MC

PCB
materials

CEM 1 / 3 CEM 1 / 3 CEM 1 / 3 CEM 1 / 3 CEM 1 / 3

FR 2 / 3 FR 2 / 3 FR 2 / 3 FR 2 / 3 FR 2 / 3

SS-FR4

DS-FR4

ML

ES-FR4

DS-FR4

ML

Leiterplatten-
materialien

PCB
materials

ML

ML > 8

High Tg

BT resins

Polyimide

PE / PTFE PE / PTFE

Halogen free

Hoch Tg-

BT Harze-

Leiterplatten-
materialien

ML

ML > 8

Ohne Halogen

Polyimid

Haut Tg

Matériaux
de CI

MC

MC > 8

Résines BT

Polyimide

Non halog né é

Alto Tg

Materiali
di CS

MS

MS > 8

Resine BT

Polyimide

Senza alogeno

MC

MC > 8

Alto Tg

Resinas BT

Poliamida

Sin alógeno

Materiales
de CI

< Ø 0.8

< Ø 0.8

=> Ø 0.8

=> Ø 0.8

PE / PTFE PE / PTFE PE / PTFE

mm min-1

160 000 0.8

0.9
5.6

5.6
5.5

1.1

1.3

1.3

0.9

1.0

1.2

1.5

1.6

1.9 15.2

15

15.1 2 ~ 3

20

19.9

1.0

1.1

1.4

1.6

1.8

2.4

2.5

1.25

1.4
5.7
6.9
6.7
7

7
8.1
8.3

8

10.4

10

6.81.7

2.0

2.0

2.7

3.2

1.5

1.7

2.1

2.4

2.5

3.0

3.6

3.0

3.6

3.8

0.050 5 4.0

5.0

6.0

8.0

10.0

1 ~ 2 

2 ~ 3 

4 ~ 6 

5 ~ 7 
3 ~ 4 

5 ~ 8 1 ~ 2

6 ~ 10 5 ~ 8

3 ~ 4

1 ~ 2

7 ~ 10 6 ~ 8 4 ~ 5 2 ~ 3 1 ~ 2

1 

1 - - 

- 

20.075
0.080

0.105

0.12

0.15

0.20

0.25

180 000
200 000
250 000
300 000
160 000
180 000
200 000
250 000
300 000
160 000
180 000
200 000
250 000
300 000
160 000
180 000
200 000
250 000
300 000
125 000
160 000
180 000
200 000
250 000
300 000
125 000
160 000
180 000
200 000
239 000
125 000
160 000
180 000
191 000

160 000 1.1 6.9
6.7
7 5.0

-

1

6.0

1 1

6.8
7

8.1
8.3

8

10.4

10

15.2

15

15.1

20

19.9

1.2
1.4
1.7
2.1
1.3
1.5
1.6
2.0
2.4
1.3
1.6
1.8
2.0
2.5
3.0
1.9
2.4
2.7
3.0
3.6
2.5
3.2
3.6
3.8

180 000
200 000
250 000
300 000
160 000
180 000
200 000
250 000
300 000
125 000
160 000
180 000
200 000
250 000
300 000
125 000
160 000
180 000
200 000
239 000
125 000
160 000
180 000
191 000

m/min μm/rev. m/min 0.1 mm 0.2 mm 0.4 mm 0.8 mm 1.0 ~ 1.2 mm 1.6 mm

Board thickness and stack height / Plattendicke und Stapelhöhe / Epaisseur du circuit et de l’empilage 
Spessore del circuito e spessore del pacco / Espesor del circuito y espesor de la pila 

2 ~ 4 layers / 2 ~ 4 Lagen / 2 ~ 4 couches / 2 ~ 4 strati / 2 ~ 4 capas 

mm

mm

min-1

min-1

m/min

m/min

μm/rev.

μm/rev.

m/min

m/min

0.1 mm

0.8 mm

0.2 mm 0.4 mm

1.0 ~ 1.2 mm

0.8 mm 1.0 ~ 1.2 mm

1.6 mm

1.6 mm

6 ~ 8 layers / 6 ~ 8 Lagen / 6 ~ 8 couches / 6 ~ 8 strati / 6 ~ 8 capas 

0.105

0.12

0.15

0.20

0.25

1

1

2 ~ 3 1

8.0 1 ~ 2 1 ~ 2

10.0 2 ~ 3 2 1 ~ 2



Double sided ~ 4 layers / Doppelseitig ~ 4 Lagen  
Double face ~ 4 couches / Doppia faccia ~ 4 strati  
Doble cara ~ 4 capas 

mm min ֿ ¹ m/min  μm/rev. min ֿ ¹ m/min  μm/rev. m/min  1.6 mm  
125 000  2.8 22 125 000 2.5 20 12.0 
160 000  3.6 23 160 000 3.2 20 12.0 2 0.30 

180 000  4.0 22 - - - - - 
125 000  3.0 24 125 000 2.8 22 12.0 0.35 
155 000  3.7 24 137 000 3.1 23 12.0 2 

125 000  3.4 27 120 000 2.9 24 15.0 2 ~ 3  0.40 
135 000  3.7 27 - - - - - 

0.45 120 000  3.5 29 106 000 27 18.0 
0.50 108 000  3.4 32 95 000 31 
0.55 98 000  37 87 000 

2.9 
33 

0.60 90 000  3.6 40 80 000 38 
0.65 83 000  45 73 000 3.0 41 

3 

0.70 77 000  3.7 48 68 000 46 
0.75 72 000  3.8 64 000 3.1 48 
0.80 68 000  3.6 60 000 3.0 50 
0.85 64 000  3.4 

53 
56 000 2.9 52 

0.90 60 000  3.3 55 53 000 2.8 53 
0.95 57 000  3.2 56 50 000 2.7 
1.00 54 000  3.1 57 48 000 2.6 54 

1.05 51 000  3.0 59 45 000 2.5 
1.10 49 000  2.9 59 43 000 56 

1.15 47 000  2.8 42 000 2.4 57 
1.20 45 000  2.7 60 40 000 2.3 
1.25 43 000  2.6 61 38 000 58 

1.30 42 000  2.5 37 000 2.2 59 
1.35 40 000  2.4 60 35 000 2.1 60 
1.40 39 000  2.3 59 34 000 2.0 59 
1.45 37 000  2.2 60 33 000 58 
1.50 36 000  58 32 000 1.9 59 
1.55 35 000  2.1 60 31 000 1.8 58 
1.60 34 000  2.0 59 30 000 57 
1.65 33 000  58 29 000 1.7 59 
1.70 32 000  1.9 59 28 000 57 
1.75 31 000  1.8 58 
1.80 30 000  57 27 000 1.6 59 

1.85 29 000  1.7 59 26 000 1.5 58 
1.90 25 000 56 
1.95 28 000  57 

2.00 27 000  
1.6 

59 24 000 1.4 58 

2.05 
2.10 26 000  1.5 58 23 000 1.3 57 

2.15 
2.20 25 000  56 22 000 55 

2.25 
2.30 24 000  

1.4 
58 21 000 

1.2 
57 

2.35 
2.40 

23 000  57 

2.45 
2.50 

22 000  
1.3 

59 

2.55 
2.60 

21 000  1.2 57 

2.65 ~  
3.175 20 000  1.1 55 

20 000 1.1 55 

4 

3.20 ~  
3.95 25 000  0.8 32 25 000 0.8 32 

4.00 ~  
4.95 0.7 35 0.7 35 

5.00 ~  
5.95 0.8 40 0.8 40 

6.00 ~  
8.00 

20 000  

0.7 35 

20 000 

0.7 35 

25.0 

2 ~ 4  

6 ~ 8 layers / 6 ~ 8 Lagen / 6 ~ 8 couches /
6 ~ 8 strati / 6 ~ 8 capas 

Board thickness and stack height 
Plattendicke und Stapelhöhe 

Epaisseur du circuit et de l’empilage 
Spessore del circuito e spessore del pacco 

Espesor del circuito y espesor de la pila 



V(m/min)

F(m/min)

N(min-1)

f (mm/rev.)

V =

F =

N =

f =

N x π x ø

1000

f x N

1000

V x 1000
π x ø (mm)

F x 1000

N

Method of slot drilling | Methode zur Langlochbohrung | Méthode pour la production des trous oblongs | Metodo per la foratura di cave | Método de taladrado de ranuras 

Suitable (high precision)

Geeignet (hoche Präzision)

Approprié (haute précision)

Appropriato (alta precisione)

Apropiado (alta precisión)

Lenght of slot drilling

Länge der Langlochbohrung

Longueur du trou oblong

Lunghezza della cava

Longitud de la ranura

Unsuitable (bends easily)

Nicht geeignet (verbiegt leicht)

Pas approprié (plie facilement)

Non appropriato (piega facilmente)

Inapropiado (dobla fácilmente)

Length of slot drilling

Länge der Langlochbohrung

Longueur du trou oblong

Lunghezza della cava

Longitud de la ranura

P
ar

am
et

er
s



Straight Type

Under cut type
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m
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0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0 10 20 30 40 50

ULF

ULF U L F U L F: nion Tool ubricant ilm, ltra ong-life ilm

ULF

Ball on disk test
Substrate: MCL-E-679FGR t0.8 mm without Cu layer
Used sphere: W-Co S6 mm
Turning radius: 2.5 mm
Velocity: 100 mm/s
Sampling: 5 Hz
Test load: 5 N

 ( )

10'000

8'000

6'000

4'000

2'000

Drilling conditions
Drill: Ø 0.105 x 1.7 mm
PCB: MCL-E-679FGM t0.11 mm (double sided) x 7 boards
Entry board: LE900
Backup board: t1.5 mm Bake

0

ULF ULF ULF
N: 300 krpm
F: 3.0 m/min

200 krpm
2.0 m/min

160 krpm
1.6 m/min

U
LF

 c
oa

tin
g 

   

Union tool ULF



1'000

 (m
)

: Ø 2.4 x 10.5 mm
: R1705UX t1.6 mm ( ) x 4 

N: 30'000 min-1
F: 1.04 m/min
f: 34.7 μm/rev

CrN

TiN

TiALN

DIAMOND

 120 m

2'400 2'600 8'000 9'000 10'000

100

Ø 2.4 mm DIAMOND
Ø 2.4 mm

200

0

400

300

Ø 2.4 mm DIAMOND
Ø 2.4 mm

 400 m

D
C

 c
oa

tin
g

DIAMOND 





RCM
RHM

SC
RLE

SF

ø 0.6 ~ 3.175 mm

ø 0.6 ~ 3.175 mm

ø 0.5 ~ 3.175 mm

ø 0.8 ~ 2.4 mm

ø 0.5 ~ 3.175 mm

RP
RS

RPU
RAU

RV
RI

SI
IC

ø 0.4 ~ 3.175 mm

ø 0.8 ~ 3.0 mm

ø 0.6 ~ 3.0 mm

ø 2.0 ~ 2.4 mm

DCRP
DCET

ø 2.0 mm

ø 0.8 ~ 2.5 mm

ø 1.0 ~ 3.175 mm

ø 0.8 ~ 3.175 mm

ø 0.8 ~ 3.0 mm

ø 1.0 ~ 3.0 mm

RA

SM

ø 0.8 ~ 3.0 mm

ø 1.0 ~ 3.0 mm



RCM
ø 0.6 ~ ø 3.175 mm

RHM
ø 0.6 ~ ø 3.175 mm

R
C

M

R
H

M

RCM

RHM

R
C

M
/R

H
M
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RCM FT
RCM FT / RCM DP
RCM FT
RCM FT / RCM DP
RCM FT / RCM DP
RCM FT
RCM FT 
RCM FT
RCM FTH / RCM DP
RCM FT
RCM FT
RCM FTH / RCM DP
RCM FT
RCM FTH
RCM FTH / RCM DP
RCM FT / RCM DP
RCM FT
RCM FT / RCM DP
RCM FT
RCM FT / RCM DP

FT

DP

RHM FT
RHM FT
RHM FT
RHM FT
RHM FT
RHM FT
RHM FT
RHM FT

R
C

M
/R

H
M

 



SC
ø 0.5 ~ ø 3.175 mm

RLE
ø 0.8 ~ ø 2.4 mm

S
C

R
L
E

S
C

/R
LE
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RLE FT
RLE FT
RLE FT
RLE FT / RLES FT
RLES FT
RLES FT
RLES FT

(not available)

SC FT
SC FT
SC FT
SC FT / SC DP
SC FT / SC DP
SC FT / SC DP
SC FT / SC DP
SC FT / SC DP
SC FT / SC DP
SC FT / SC DP
SC FT / SC DP
SC FT / SC DP
SC FT
SC FT / SC DP
SC FT
SC FT / SC DP
SC FT
SC FT / SC DP
SC FT
SC FT

FT

DP

S
C

/R
LE

 



RP20
RP20
RP20
RP20
RP20
RP20
RP20
RP20
RP20
RP20
RP20
RP20
RP20
RP20
RP20

RS20
RS20
RS20
RS20
RS20
RS20

RP
ø 0.4 ~ ø 3.175 mm

RS
ø 0.8 ~ ø 3.0 mm

R
P

R
S

R
P

/R
S
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SF
SF
SF
SF
SF
SF
SF

SF
ø 0.5 ~ ø 3.175 mm

S
F



RV

RV RA RI

ø 1.0 ~ ø 3.175 mm

RA
ø 0.8 ~ ø 3.0 mm

RI
ø 0.8 ~ ø 3.175 mm

R
V

R
I

R
A

RI
RI
RI
RI

RV
RV
RV

R
V

 /
 R

A
 /

 R
I

RA
RA
RA
RA
RA
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SI
ø 0.8 ~ ø 3.0 mm

IC
ø 1.0 ~ ø 3.0 mm

SM
ø 1.0 ~ ø 3.0 mm

S
I /

 IC
 

S
M

SIIC SM

S
I

IC

S
I

IC

S
M

IC
IC
IC
IC

SI
SI
SI
SI

SM
SM



RPU
ø 0.6 ~ ø 3.0 mm

R
P

U

R
A

U

RAU
ø 2.0 ~ ø 2.4 mm

R
P

U
/R

A
U

ÿ   
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point point point

RPU20
RAU

RPU20

RPU20 EM

RAU

RPU20 EM

RPU20 F987
RPU20 EM
RPU20 EM
RPU20

RPU20 / RPU EM
RPU20

RPU20

RPU20

RPU Ø 2.0 X 8 MM

R
P

U
/R

A
U

:  (A5052)+  0.08 mm, 1 x 1.08 mm N: 30’000 rpm - F: 0.5 m/min



DCRP
ø 2

DCET
ø 0.8 ~ ø 2.5 mm

D
C

R
P

 /
 D

C
E

T

D
C

R
P

D
C

E
T

DCET

2 FLUTE2 FLUTE

 DCET FT

DCET FT

DCET FT

DCET FT

DCET FT

DCET FT

DCRP N134

DCET FT

DCET FT

DCET FT

DCET FT

DCET FT

DCRP
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D
C

R
P

 /
 D

C
E

T

DCRP
 : Ø 2.0 x 6 mm

: 5052  t1.5 mm + 
t0.1 mm 

N: 30'000 min-1
F: 0.6 m/min
f: 20 μm/rev

 (m
)

: Ø 2.4 x 10.5 mm
: R1705UX t1.6 mm ( ) x 4 

N: 30'000 min-1
F: 1.04 m/min
f: 34.7 μm/rev

100

Ø 2.4 mm DIAMOND

200

0

400

300

Ø 2.4 mm DIAMOND
 Ø 2.4 mm  Ø 2.4 mm

 400 

C 

 120 m  400 m



2.5

3.175
3.0
2.8

1.5
1.6

 
1.3

0.6 ~ 0.8

0.05 ~ 0.1

0.9 ~ 1.0 0.6

0.8 ~ 0.9

1.0 0.8

0.15

0.30.6 ~ 0.8 0.3 ~ 0.4

0.2 ~ 0.5 0.1 ~ 0.2

1.0

0.9
0.7

0.8 ~ 0.9
0.5 ~ 0.6

0.7 ~ 0.821 000

25 000

29 000

28 000

17 000
21 000

31 000 ~
 35 000

34 000 ~
 35 000

25 000 ~
 30 000

30 000 ~
 29 000

25 000 ~
 24 000

19 000 ~
 17 000

31 000 ~
 35 000

29 000 ~
 30 000

27 000 ~
 30 000

26 000 ~
 25 000

25 000 ~
 26 000

SI  IC&  series
N (min  )-1

RV series
N (min  )-1

RI series
N (min  )-1

RA & RAU series
N (min  )-1

 
1.2

 
1.1

0.8
1.0

1.9

2.4
2.0

F (m/min)F (m/min)F (m/min)F (m/min)

RCM / RHS

SC

RP / RS 

SF

RA

RA

CEM 1 / 3FR 2 / 3FR4

High Tg
Hoch-Tg
Haut Tg
Alto Tg
Alto Tg

BT resins
BT-Harze

Résines BT
Resine BT

Resinas BT

PE / PTFE PMMA

Halogen free
Ohne Halogen
Non halogéné
Senza alogeno

Sin alógeno

Al Cu

Polyimide
Polyimid
Polyimide
Polyimide
Poliamida

RPU / RAU

180 ~ 210 160 ~ 180 160 ~ 180 100 ~ 150 100 ~ 150 100 ~ 150 100 ~ 200 100 ~ 150 100 ~ 190120 ~ 210V  (m/min)

 
0.15

0.2 ~ 0.4

0.4 ~ 0.6

0.6 ~ 0.7

0.7 ~ 0.8

0.1 ~ 0.2

0.2 ~ 0.2 0.5 ~ 0.6

0.4 ~ 0.8

1.0
0.9

21 000
24 000

0.8

0.2

27 000

 28  29 000~

34 000

27 000 ~
 29 000

25 000 ~
 28 000

30 000 ~
 34 000

35 000 ~
 38 000

35 000 ~
 40 000

26 000 ~
 33 000

18 000 ~
 25 000

0.8
0.9
1.0
1.1

1.4
1.5

1.8
2.0
2.2
2.3

3.0
3.175

 
2.4 
2.5

 
1.6

 
1.2 
1.3

F (m/min)

40 000

RP, RPU & RS series
N (min  )-1

SF series
N (min  )-1

SM series
N (min  )-1F (m/min) F (m/min)
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RSM-M1 ø 0.2 ~ 3.0 mm

RSM-M2 > ø 3.0 mm

RSM-4 ø 0.2 ~ 3.0 mm

RSM-L-II ø 0.05 ~ 2.8 mm
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MDP-5 ø 0.3 ~ 6.5 mm

PV-CHECKER

MDP-10 ø 0.2 ~ 1.0 mm

OPTECH-M/MA

OPTECH-RI-V/V plus 300 ~ 500'000 min-1

E
q

ui
p

m
en

t
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