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Abstract

A laser beam auto alignment system for a SJB machine is modeled for solving the problem that
oceurs on the Solder Jet Bonding machine. In the current system, laser beam is not focused at the center of
the ball causing the incomplete melting of the solder ball. Thus, when the air pressure activates in order to
push the melted solder ball to the piece part, not all solder ball material is delivered to the target. The
remaining un-melted solder ball would be left on the capillary tube. With time the un-melted solder
material will be accumulated in the capillary tube to a large amount blocking the capillary tube, and
eventually it has to be changed. This untimely change of capillary tube will increase the process cost
significantly. Therefore, to rectify this problem, the adjustment of laser position guide is needed. The laser
position guide adjustment can be divided into three parts, namely laser guide modulation circuit, signal

amplifier and demodulation circuit, and microstage controller circuit.
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3.2.2 Ni]isllmmmxﬂiﬂx‘lﬂlﬁywﬂm ( Amplifier Circuits and Filter Circuits)
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< 1 4 i v a s J o [ 4 [ T
Funrsesdruiiaeaideniaininnsniuduiuauddmiuinel Tundedyanauay

@ y [ { o Y 1 . <
nseedaanaidesmammizduanandeanisihun 1y lasaz 199995621 High pass filter (114
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E4 E4
[} v A
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TITANUAFTINIUNTIEREUUTYYIM DC cﬁﬁlﬂi‘lﬂ?']uaﬂ']ﬂ"ﬂgﬂﬂﬂﬂﬂﬁ‘lﬂ HASHIT YU

{ A g o o 4 . .
anuiqeduiludayanuac hinvaedyanauuy Non-nverting uag 14 Crystal lumsnses

R.

[ d‘ d‘ = d' T d’ d' =) 1 :/' A
AUYIUNAIUD 32.768 kHz (Crystal ¥A710UNINY 32.768 kHz ) NANUAUASANUUNITDONT
o o ;’f [ o 1 v a @ 1w { {
NMResonance U ULDY LW‘iWZQZUUﬁﬂJﬂﬁmﬂﬁﬁﬂJWWﬂﬂWﬂﬁﬁL!.ﬁ‘:ﬁﬂWﬂ‘i“Uﬂi]ZTlJ-ﬁQﬂ‘u‘ﬁﬂ’ﬂiJa
32.768 kHz
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1995UNEHNALLY Non-inverting Haun15@ail

R
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] [l 14
Tagii A, —21 3914 R, = 1k uag R, = 20k uazBunmveisasezil ¢ nlddmivmldadygo
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3.2.3 2999119NFIgAVRIT Y 184 ( Peak Detector Circuits )
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o £ 1 A o Y A . =
WITVYWUDSNTOIA YUV BITIULTNAD Op-amp Ul My Half-wave Rectifier A

§9519810U94 Half-wave Rectifier i

=

Vorr =( _fl-) Vip (3.4)
12

4 1 T ! o ¥ a <
Tagfl R /R, 11 50 11 4azA Vout ¥89U1 - VA1 FMINAAILANANNS I 1AZ limit

=

. § o v & g ° i o
reverse bias 194 d2 luuaiz#i Op-amp U2 Fntifiilu Voltage follower ag C1 vinihnsnw

TLAULUTIAULASF
1

f;'n,max D P —
2R, Cyy

(3.5)

Tagdi C, A8 Shunt capacitance Y09 D, HAUMAY 4 pF LAz R, Wiy 1M Q

wld £, . =39.788 kiz Idnnnnanudnldamae 32.768 kiz

3.3 2vsmaszuumuanlulasane
o @ 1 4 9
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o d‘ £ v LY = . aay 9
Fumaeululasanafenoogiu Clamp 9 Laser Coupling luuuiunu 3 id Usznouaio
drudszneundifey 2 dau Ao
J
33.1. lulasnoulnsanes
a9 s 4 99 ¢ o = 2
szuuAURuilld vesa CP — PIC877 V2 @9l% PIC 1we3 16F877 fiiaunaaud 4

= = A = = =
MHz 1iagy ADC 9uU19 10 Ua “INﬂJﬂ’J'IﬂJ’ﬂ%l.’ﬂfJﬂl.WfNW@iuﬂ'l‘iﬂi%iJ’JﬁNﬁ

CP-PIC877 V2

¢ 9asvRand ANALOG PORT 8 das
o aasnedau INPUT PORT
o 3suedau QUTPUT PORT

18 CPU PIC 16F877 RUN 4 MHz

ON CHIP FLASH PROGRAM MEMORY 8K x 14 WORDS

ON CHIP 368 BYTES RAM [ 256 BYTES EEPROM

31 BIT O PORT tdomuntas CPU uwmada CP-PIC877 V2.0 (34 PIN 1/O ETT-BUS)
viase (PORT) wun SPI, 12C, RS232 ,RS422/485 (OPTIONS)
HIGH SINK / SOURCE CURRENT 25 MA

TWO CAPTURE , COMPARE , PWwi MODULES

RTC 1#tadiuas DS1307 (OPTIONS)

Serial EEPROR 24XX {OPTIONS)

POWER ON RESET/WATCHDOG TIMER

A-TO-D 3wm 10 BIT 8 CH

LCD PORT 14 PIN ET-BUS ... dwidu LCD wuuddnys

VR 10K x 8 dwsiunaaay ANALOG PORT

LED x 8 dwsunsaan QUTPUT

SWITCH x 8 dwsunasiou INPUT

7805 POWER SUPPLY ON BOARD

PCB SIZE CP-PIC877 V2 16.5x B.5 em

® & & & » & » 5 © & & & % & » &

517 3.12 usman1w vesA CP - PIC877 V2
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Port D : Analog O/P

LED port : Show O/P logic / Port B : Digital /P & Digital O/P

] /
i 4

, R
y \

3

RS232port : Send data to PC

Port A : Analdg I'P \
DIP switch port : Start botton

51071 3.13 nwuaasmsIFaumefadie luvesa cp - PICs77 v2

Quardrant

Photodiode

4 a o o o
JUN 3.14 AMMIBTUIENANMININIUMIAIUANTIRYNBw DS

(01402) ~(03+04) = 475,

(o1+03) ~(02+04) =97y, (3.6)
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PORT A .:flu Analog Input
PORT B4-B7 iilu Digital Input
PORT B0-B3 ilu Digital Output
PORT Dilu Digital Output

A

NO

neila Start botton i#avims Alignment

» | YES

X&Y Axis mremuiaula YES
|(VQl +vm)—(qu+vm)|so.15v

(Vo + Vi )~ (Vs + Vau )| 20,15V

NO

1suunu X&Y. Inetinasinszuing

Vai#Va2 i VastVag (umi Y)
UATHARANNTINI

Vai+Vaa = Vgt Vas (unu X)

wndludiamslumsnausainasunu X&Y.

|4
«

Z Axis nsimudauly YES
11.87 V< Vi <1225V

waala

Usuunu Z Tamin

) ) ar R
sniFuudialudaednaniinesms
uani i difufamaumsmunaimasuny Z

|

X&Y&Z nssmnuidauly
|(Vql +Vw)_(vm +Vq3)1 <015V
(Ve # Ve )~ (Veu t Ve 2015V
11.87 V < Vo < 12.25 V vdnlii
(lunsaividau Z AXiS: udninld

X&Y Axis linsemaidaula)
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VIV2V3VA1,62,03.04. K WY,
SumC.xp.yp.delay=5ms,delay=5ms,
Lngx=1632.Ingy=1632,fter,
g1 chkout=1,chkoutz=1

¥
PORTA igu Analog Input
PORT B4-87.u Digitat Input
PORT B0-B3 o Digital Output
PORTD aw Digital Outpt

PORT.d0-d7 = low
PORT.bo-b2'= low

15v1-v4 fu Analog Input
1n,20-23 mudasy

ves

Wiv1-v4 fist Analog Input
A 20-23 wivdnii

81 =/(10°5)/100, delay1 < g1
delay2 = 5°g1, cl=viivd
€22V24v3; c3=vIH2
c4=v3+va.
SumC=v1+v2+v3+vd

GaniAaDse R
SncinrmaiATRGANG

PORT.dO = high, PORT d1 = high.
delay5ms

PORT d0= low,:PORT d1 = high
delay § ms

PORT:d0 = high, PORT d1.= low:

jelay 5 ms
PORTd0:=tow, PORT.d1 = low.
delay S ms.

Ingy<(abs(vy))&(c2

PORY.d2:= low, PORT d3.= high

clay 5 ms
PORT.d2 = low, PORT.d3 = low.
delay 5 ms:

PORT. d2 = high, PORT. 3= fow:

delay 5'mis
PORT d2=low, PORT d3=low.
delay 5ms.

waviArh “X&Y axis alignment complete ramim
chiout =

PORT b0=hign.:PORT b1 = high

sansivia"Z Axis'alignment complete.”
e e )
chkoutz = 0 PORT.d2 = high

YES

PORT d4 = highPORT d5 = high

PORT d4 = high; PORT d5 = low

delay 5 ms
PORT.d4 = low, PORT d5 = low
delay Sms

]

wsaiv "System enable."maims

elay Sms
PORT d4 =low.:PORT d5 = high
defay 5 ms:

«»
4 @
517 3.16 nMwuARQ Flowchart unuauyseives ldsunsuluszuy
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1. 1999 Differential Amplifier
2. 1995 IC ULN2003

3. M35 Axis Driver
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3.3.2.1. 2995 Differential Amplifier
Rn

NMA—
v, .
v R |tMIsE>—o
+ o
Re i—

51/ 3.18 2995V WANUANG

=

o R

i

14 =(—f]x(V2—I/;) (3.7)

% R =R,

i

EY 3 o R . . a oW A A [
Li'l@]’ﬂ\‘]ﬂ'lﬁﬂlﬂ Lf)TVIV!ﬂﬂJﬂ\T’J\T%ﬁ Differential Amplifier UAUNINY 24 volt mam:"lﬂm

[ d‘d ar = d' 3 ar % 9 2
tynﬂlmﬂuﬁﬂﬂmazﬂ‘mmmmwa1/1%z“lsnﬂ‘u’stmuﬁmﬂnamaﬂmwmwa

3.3.2.2. 3993 IC ULN 2003

q 3 v A v
IC ULN2003 1&iteduguiiunseuauazae pull up lasldanudiumiu 2.2K uaz1d
o 1 :: A 9/ 3 3 o 1 o [ [ A
ULN20037Msae 2059 tiedesnsi i daanueglumanassiudyganesnunn

4 :: o g 4 o N s
TuTasasuIns@osnniuuuen mﬁ"lﬁ’inﬂ ULN2003 1101684104 2995X,Y,Z  driver

14 ! 14
11nTTZABISAY Stepping Motor BevzaTuneludunouta

24y oav
COM COM A
R5
R6
O/P Diff Amp 1 29k 2.2k
L L Vx1,0/P
ULN2003 ULN2003 <

5/ 3.19 2995 IC ULN2003



3.3.2.3. 3999 Axis Driver
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91 1

_

NaRB MBI IR

NAABFMUANNIUINUIRN

11 3 flaulw DC 24 volt v7a logic Hi

11 3 HlawlW DC 0 volt v3a logic Low

91 1

flau pulse
W 113
& GND nyu

NI NUIRNN

91 3

flau pulse
W11 3 291 1 a9
GND wyusu

FiNwIRNN

91 1

-

ualAaflAAaURRANIN +Z

uaLAafAARUARANIG -Z

21 3 flawl DC 24 volt vda logic Hi

11 3 flauln DC 0 volt vta logic Low
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3.4 uvigenein (Power Supply)
unaase il Tasee1iils Switching Power Supply n3zUdATY 24 V 6.5 A Tawld 1C
wed 78XX uaz 79xX Faazihldsreldfuniadedygia sefudygin uazninszuy

ot
aruquluTasaes 53w ldfeamuomed lunuaunu X2 ndne

24V Supply for Amplifier and Filter circuits
AN
17V
P 7805 |OP LA
0.33i GND 0.1u__ Z§N4001
C4 ceT 12V
wl [ 7812 Jor 1 2
c1 | ©8 cs
0.33u_ GND 57u|  22u GND 1u | Z§N4001
7V
T T T w [ 7905 loP | A
A4

Supply for transmitter circuits

24V
5V
P oP
7805
GND
0.33u 0.1u] c8
7T T
ov

oV
A4
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4.1 MSNATOUANINTUNUS TZHIHATINANAI1VDIADBAUATUN ( V) NUSTEZAIN Laser
coupling 94 Laser coupling lens (Z)
4.1.1 eu lumsnaaew
@ o T o o [ v ° 3/ Y =3 A A
szuumsddudumisduaaamei nuusa luliReramnsoinu ldgndes Naewiel
° J 3 2 ' '
Suauawedasaadluinreauasud W la laToaodstios 1 areauaTuUmn
4.1.2 3msnaaen
1) 9971952811952 11219 Laser coupling L4 Laser coupling lens Wegluszoz1dau
g A A Qs ~ v a
wazld v - 560 mv lavi v, fie finaiimadesneliii Laser generator
~ @ o T o o [ wa A 9o t 2
2) Aaszvumsdivdumisduaaaesuuude Iludawe Iidwasegasigannaig
Y . A o A A
f4 Laser coupling lens 1nn#ga wazasatuiden lvvesldsunsu Ae
A o ¥V
VortVe = VotV MOE VotV = VgtV HiBmM ualn

A [ ~ d v A Ja
VQ1 o ﬂﬂﬂ'WlL@’WW!V]"U@Q"Nﬂiﬂ'lﬂiﬂﬂﬂ')@ﬂuﬂiuﬂﬂ 1 (V)

v
as A

J o A oo
VQ2 e ﬂﬂﬂTV]LﬂWﬂW‘V]ﬂJ@Q’J\ii]iﬂ'lﬂiﬂﬁﬂﬁl@ﬂlmiuﬂﬁ 2 (V)

b

d [

‘ o
VQ3 1o ﬂﬂﬂW]L’fﬂVI‘V!VI"U’EN’Ni]iﬂ'lﬂiﬂﬁﬂ?ﬂﬂllﬂiﬂ‘ﬂﬁ 3(V)
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€
R.

o =

[ s
VQ4 13 ﬂﬂ’]V]L'ﬂ’]V]Wﬂlﬂlﬂ\iQQ%SﬂTﬂSUﬂﬂ')@ﬂllﬂiuﬂﬁ 4 (V)
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Laser
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Laser |
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Capillary &
Tube @- -—

Quadrant .115 mm
uadran
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Photodiode
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Y
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5‘1Jﬁ 4.1 LEAANHULN NN TNUBINITNATDUA NN TUWUTTEHINAATINANAN

QU

o o . .
YPINWOALATUY (V) NUILELIIN Laser coupling 99 Laser coupling lens (Z)
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8 1 ¥
3) SAT2oL e Z WAUTInA1 V__ AATEeENIa 0 - 24 mm laeiaduiag 0.25 mm

3 o @ 1 as -4 [
4) WﬂﬂﬁﬂﬁTV]ﬂ?TNﬁﬂJWuﬁﬁ%ﬁ?TQNﬁﬁ?ﬂJﬁﬂﬂTs\JﬂQﬂ']f]ﬂllﬂﬁu“lf ( Vsum) NUTSUZIN

A I3
Laser coupling 29 Laser coupling lens (Z) wdng 1Wwng Uns

4.1.3 damInaaa

9 [ @ AR 1 g v A dgl =% I~
1) ﬂ]@yjﬁﬁﬁ\'iﬂ']ﬂﬂuﬂﬂﬂ’] Vim AUATLILNT 0 — 24 mm IﬂEJL‘INiJ“UL!‘VIaz 0.25 mm Lﬂu

v
A15199 9
Z(mm) |Vsum (mV)| Z(mm) |Vsum (mV)| Z(mm) |Vsum (mV)| Z(mm) |Vsum (mV)

0 11900 6.25 12180 12.5 10700 18.75 8760
0.25 11920 6.5 12120 12.75 10640 19 8700
0.5 11940 6.75 12090 13 10600 19.25 8660
0.75 11950 7 12060 13.25 10540 19.5 8610
1 11970 7.25 11980 13.5 10480 19.75 8540
1.25 11990 7.5 11900 13.75 10420 20 8500
1.5 12000 7.75 11800 14 10370 20.25 8370
1.75 12020 8 11700 14.25 10340 20.5 8260
2 12030 8.25 11650 14.5 10300 20.75 8130
2.25 12050 8.5 11600 14.75 10250 21 8000
25 12070 8.75 11530 15 10150 21.25 7930
2.75 12080 9 11470 15.25 10110 21.5 7850
3 12090 9.25 11430 15.5 10050 21.75 7770
3.25 12090 9.5 11390 15.75 10010 22 7750
3.5 12100 9.75 11300 16 9940 22.25 7730
3.75 12100 10 11280 16.25 9860 22.5 7710
4 12120 10.25 11230 16.5 9780 22.75 7700
4.25 12140 10.5 11190 16.75 9700 23 7680
4.5 12160 10.75 11150 17 9630 23.25 7670
4.75 12170 11 11100 17.25 9440 23.5 7640
5 12190 11.25 11020 17.5 9200 23.75 7630
5.25 12210 11.5 10940 17.75 8970 24 7600

5.5 12230 11.75 10860 18 8900

5.75 12240 12 10800 18.25 8860

6 12250 12.25 10750 18.5 8810

{ v @ d 1 a -4
G]Tﬂ\‘lﬁ 4.1 HANTIINATDUANUFUNUT IV ININATIUANAIUBIAIBALATUY ( Vo )

fil528%910 Laser coupling 14 Laser coupling lens (Z)

[ { g v o d 1 o -4 a
2) 1’7ﬁ\?%’]ﬂﬁwaﬂﬂﬂﬁ']wﬂ'ﬂuﬂﬂwuﬁ53‘1’7'JTQNaﬁ']ﬂJﬁﬂﬂ']"U@Qﬂ’Jf]ﬂllﬂﬁu"]f (Vsum) nu

. -2 . Yy A a d
5282910 Laser coupling ©19 Laser coupling lens (Z) L1817 Wednsizrainns v

A At ~ A a As 1w
Vmax 13 Vsum TlﬂJﬂnl‘lﬂVli‘IﬂﬂmLﬂﬂfﬂ‘lﬂizﬂz Z NUAUNIND 6 mm

A Aa ~ 3 9 4 ﬂ Ay A
Vfﬂﬂ VsumV]llﬂTﬁﬂ'ﬁ\ﬁﬂﬂTﬂ Vmax [WHAUNUDY B uﬂqﬂ'ﬂﬂ@ﬁﬂTi IHBDNIN TS UUNIT

[ T o o @ L WYY i o v {
Yrudumuadiaaamesuuyde Tudd lilddesms sver 2 il v, ddminiga
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A 4 a 4 9 zé 1 1w 1
2 &ounuszes 7 el idszos TS aaufidoams Faila Ay 7 mm 1agns1wdea Vsum

é L} 1 ar (-] ar 3
2 asiauvisy 1206 mv wazin Wi dudus lunsdszunanaluldsunsuie 18 1dsse: Z

Ay
NADINTT
Laser
Coupling
Z
Laser
M1 - Coupling
Lens
Laser
Coupling vy
Lens
Capillary ¥ Capillary
y Tube Tube

_“I15 mm

Quadrant -,
Photodiode
X

PR

501 4.2 nmdraesmsHinnuesd e uaiye s W1 Laser coupling lens Lz Capillary tube

12230 mV Vinax
13060 mV My VL
12000 — LW
..
5l
'q...-
.y
11000} =
I-ﬁ.
.
L]
=
g e’
3 L
‘g 10000 "-.
E "
- ‘-
L]
=
2000} -
L/
Ty n
e |
L 3
]
=
FITT e =
.‘h
.
% T T T
0 5 $mun 10 . 13 20 2K
T pun Z {amn}

{ v @ N s 4 1
517 4.3 nadanuduRUTTEH NN TINANAIVBIAIDAUANY ( V,,, ) NUTZEZIIN

Laser coupling 94 Laser coupling lens (Z)
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4.2 manaaeusruumIdSudwed eI sHUBdN IR
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4.2 1 fevlumnagen
v o t o I'4 [ wva o 9 9/ I=3N A A
syuumsddudumnd duauaesuusa lufReransarau ldgndes Hdediel
o s { o vy o
Suauaasaseasluinreauaus v la laTonodatios 1 areauaus
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4.2.2 IEMInageu
1) $97195285M1955 1319 Laser coupling i8¢ Laser coupling lens 1#egluszas 14w
o v o 1 o 4 o wa Al Yo 1 4
2) @aszuumsdiusumisduauaesiuuda ludame Induregasiganenai
a . dl Y d’ A
&1 Laser coupling lens ¥1nfiga uazasaiu@ou lyveslysunsy Ao
[(Vor + Var )= (Voo + Ve )| 5%
(Vo + Ve )= (Vp + V)| 5%
11.87V <V, <1225V
@ o ] { o
TagazuaaanansUsudurianas aud 91 LED unpu X,Y 1y Z

C= 3 3 o
3) TUNAA1 V, , Ve 5 Vs » Vo H8E V,,, 37U 10 58UMTNINY

4.2.3 haminaasai

1) Yoyandenniuiingl Vo, Ve, , Vo » Vou 02 V,,,, $1191 10 soumsianuiiu
14
o A
AT NAIU
LY -
A1AUN Va Vo Vos Vo V.. |LEDX|LEDY |LEDZ
1 3.15 2.99 3.05 3.01 12.23 ATN I AIN
2 3.13 3.01 3.03 3.03 1223 4919 a3 AT
3 3.13 3.01 3.01 3.03 12.21 AN AN AIN
4 3.09 3.03 2.98 3.01 12.13 TN AN 499
5 2.98 3.01 2.92 2.98 11.9 AIN AN a3
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#include <16F77.h>
=device ADC=10
#uses HS
=tuses NOWDT
#uses NOPROTECT
Fuse delay(clock=4000000)
#usc rs232(baud=9600, xmit=PIN_C6, rcv=PIN_C7)
void main() {

int32 vl,v2,v3,v4;

int32 ¢l,c2,c3,c4;

int32 vx,vy;

int32 SumC;

int16 xp,yp;

int16 delayl = 5;

int16 delay2 = 5;

int16 Ingx,Ingy;

int16 iter;

int16 gl;

int16 chkout=1;

int16 chkoutz=1;

int16 start = 0;

Ingx = 2000;

Ingy = 2000;

set_tris_d(0x00);

set_tris_b(0xFO0);

setup_adc( ADC_CLOCK_INTERNAL );

sctup_adc_ports( ALL_ANALOG );
xp.=0;yp=0;
while (input(PIN_B4) )

{

printf{"\{\n Press start botton ")



output_low(PIN_d0);
output_low(PIN_d1);
output_low(PIN_d2);
output_low(PIN_d3);
output_low(PIN_d4);
output_low(PIN_d5);
output_low(PIN_d6);

output_low(PIN_d7);

output_tow(PIN_b0);
output_low(PIN_bt);
output_low(PIN_b2);
}
while(chkoutz)

{

set_adc_channel(0);
vl =read_adc();
set_adc_channel(1);
v2 =read_adc();
set_adc_channel(2);
v3 =read_adc();
set_adc_channel(3);

v4 =tead_adc();

while(chkout) .

{
set_adc_channel(0);
vl =read_adc();
set_adc_channel(1);
_ vi =read_adc();
set_adc_channel(2);
V3= rcaéi_adc();
set_adc_channel(3);
V4 = read_adc();
g1 = (10¥5)/100;

delayl =gl;



c3=vi+v2;

c4=v3+va:

printf("\t\nVQ1: %ld Mt Quadrant | voltage:
printf("\"\nVQ2: %Id \t Quadrant 2 voltage:

print{{("\"\nVQ3: %Id \t Quadrant 3 voltage:

printf{("\r'\nVQ4: %ld \t Quadrant 4 voltage

SumC = vi+v2+v3+v4;
printf("\r\nSum: %!d",SumC);
vx=cl-c2;

ifl(n gx<abs(vx))&(c.l >c2))
{
for (iter=0;iter<10;iter++)
U,
output_high(PlN_qO);
output_high(PIN_dl);
delay_ms(delayl);
output_low(PIN_d0);
output_high(PIN_d1);

delay_ms(delay2);

-

- yp=0;
xp =0;
g
else if{(Ingx<abs(vx))&(cl<c2))
{
for (iter=0;iter<10;iter++)
{
6ulpu1_high(PIN_d0);

output. low(PIN_d1);

%2.2f V" v1,v1*0.000076593);
%2.2fV ",v2,v2*0.000076593);
%2.2f V " v3,v3*0.000076593);

1 %2.2f V " v4,v4*0.000076593);



delay_ms(delayl);
output_low(PIN_d0);
output_low(PIN_dl1);

delay_mstdelay2);

vp =0

xp =0;

clse

xp=1;

vy=c3-c4;
if(lngy<(abs(vy)&(c3>c4)) -
{
for (iter=0;iter<10;iter++)
{
output_low(PIN_d2);
output_high(PIN_d3);
delay _ms(delay1);
output_low(PIN_d2);
output_low(PIN_d3);

delay_ms(delay2);

yp=0;
xp =0;
}
else if{(Ingy<abs(vy))&(c3<c4))
{
vy=c4-c3;
for (iter=0;iter<10;iter++)
{ .

output_high(PIN_d2);



output_low(PIN_d3);
delay_ms(delayl);

output_low(PIN_d2);
output_low(PIN_d3);

delay_ms(delay2);

if (xp&yp)
{
printf("\r\n\n X&Y axis alignment complete.");

chkout = 0;

output_high(PIN_b0);

output_high(PIN_bl);

if(SumC>=160000)
{

for (iter=0;iter<5;iter++)

{
output_high(PIN_d4);
output_low(PIN_d5);
delay_ms(delay1);
output_low(PlN_d4);
oulp&t_low(PIN_dS);

declay _ms(delay?2);



chkout = I

.
s

clse H(SumC<=155000)

‘
.

for (iter=0;iter<s;iter++)

{
output_high(PIN_d4);
output_high(PIN_d5);
dclay_ms(delay!);
output_low(PIN_d4);
output_high(PIN_d5);

delay_ms(dclay2);
chkout =1,
else
chkoutz = 0;
- output_high(PIN_b2);
SumC = vi+v2+v3+vd;

printf{"\r\nSum: %Id \t Total voltage: %2.2f V ",SumC,vi *(5.0/65280)+v2*(5.0/65280)+v3*(5.0/65280)+v4*(5.0/65280));

printf("\r\n Z Axis alignment complete.”);

printf("\r\n System enable...");
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Frequenty Asked Questions
LQx.LPM Laser Diodes

1) What is the correct power supply for my LQx, LPM?

Refer to Table |

Wavelength Range Power Supply Model (Output Voltage)
635-2330 nm LPMS-5-110 or LPMS-5-220 (5VDC)
375-473 nm LIQS-12-110 or LIQS-12-220 (12VDQC)

Table I: Recommended power supply as a function of wavelength

2) Why is my laser not lasing?
a) LQA series: “

After confirming the correct power supply is connected check the modulation port. LQA lasers
must be modulated in order for the laser to be operational. The user will need to supply an analog
signal making note of the following limits:

0V {below threshold)

1V {full power)

b) LQD series:

After confirming the correct power supply is connected check the modutation port. LQD lasers
must be modulated in order for the laser to be operational. The user will need to supply a TTL
signal making note of the following limits:

OV {full power)

5V (below threshold)

c) LPM series:

After you have confirmed the LPM is connected to the proper power supply check the position of
the potentiometer (gain adjustment). Two potentiometers are located on the rear of the unit. The
user adjustable potentiometer is not sealed. The sealed potentiometer can be adjusted only by
Newport. Maximum power output is attained by rotating the potentiometer 3/4 turn clockwise.

@ Spectra-Physics
B £ LA LA el LCinorstion -V N

" Last Update: 2/13/2008




LQx / RLx Series

LQx and RLx Series User’s Manual

Nevvport.

Experience  Solutions




it Preface

Warranty

Newport Corporation warrants that this product will be free from defects in
material and workmanship and will comply with Newport’s published
specifications at the time of sale for a period of 90 days from date of
shipment. If found to be defective during the warranty period, the product
will either be repaired or replaced at Newport's option.

To exercise this warranty, write or call your local Newport office or
representative, or contact Newport headquarters in Irvine, California. You
will be given prompt assistance and return instructions. Send the product,
freight prepaid, to the indicated service facility. Repairs will be made and the
instrument returned freight prepaid. Repaired products are warranted for an
additional 90 days.

Limitation of Warranty

The above warranties do not apply to products which have been repaired or
modified without Newport’s written approval, or products subjected to
unusual physical, thermal or electrical stress, improper installation, misuse,
abuse, accident or negligence in use, storage, transportation or handling. This
warranty also does not apply to fuses, batteries, or damage from battery
leakage.

This warranty is in lieu of all other warranties, expressed or implied,
including any implied warranty of merchantability or fitness for a particular
use. Newport Corporation shall not be liable for any indirect, special, or
consequential damages resulting from the purchase or use of its products.

First printing 2004

© 2008 by Power Teéhnology and Newport Corporation. All rights reserved.
No part of this manual may be reproduced or copied without the prior written
approval of Newport Corporation. ’

This manual has been provided for information only and product
specifications are subject to change without notice. Any change will be
reflected in future printings.

Newport Corporation
1791 Deere Avenue
_Irvine, CA, 92606 USA ™ -

P/N 41317-01 Rev. E
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EU Declaration of Conformity

We declare that the accompanying product, identified with the ce mark, complies with
requirements of the Electromagnetic Compatibility Directive, 89/336/EEC and the Low
Voltage Directive 73/23/EEC.

Model Number: LQA, LQC, LQD, RLA, RLC, and RLD Series Laser Source Modules

Year C € mark affixed: 2004

Type of Equipment:

Electrical equipment for measurement, control and laboratory use

Standards Applied:

Compliance was derﬁonstrated to the following standards to the extent applicable:

BS EN61326-1:1997+A1+A2 “Electrical equipment for measurement, control and laboratory
use — EMC requirements™

This equipment meets the Class A radiated and conducted emission limits.
BS EN 61000-3-2:2001, Harmonic current emissions, Class A
BS EN 61000-3-3:2002, Voltage fluctuations and flicker

BS EN 61010-1:2001, A1+A2 “Safety fequirements for electrical equipment for
measurement, control and laboratory use”

Alain Danielo Dan Dunahay
VP European Operations Director of Quality Systems
Zone Industrielle 1791 Deere Avenue

45340 Beaune-la-Rolande, France Irvine, Ca. USA
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Technical Support Contacts

North America & Asia Europe
Newport Corporation Service Dept. Newport/MICRO-CONTROLE S A.
1791 Deere Ave. Irvine, CA 92606 Zone industrielle
Telephone: (949) 253-1694 45340 Beaune la Rolande, FRANCE
Telephone: (800) 222-6440 x31694 Telephone: (33) 02 38 40 51 56
Asia

Newport Opto-Electronics
Technologies

253 Aidu Road, Bid #3, FiIr 3, Sec C,
Shanghai 200131, China

Telephone: +86-21-5046 2300
Fax: +86-21-5046 2323

Newport Corporation Calling Procedure

If there are any defects in material or workmanship or a failure to meet
specifications, promptly notify Newport's Returns Department by calling

1-800-222-6440 or by visiting our website at www.newport.com/returns within
the warranty period to obtain a Return Material Authorization Number
(RMA#). Return the product to Newport Corporation, freight prepaid,
clearly marked with the RMA# and we will either repair or replace it at our
discretion. Newport is not responsible for damage occurring in transit and is
not obligated to accept products returned without an RMA#.

E-mail: rma.service@newport.com .

When calling Newport Corporation, please provide the customer care
representative with the following information:

®  Your Contact Information

®  Serial number or original order number

® Description of problem (i.e., hardware or software)

To help our Technical Support Representatives diagnose your problem,
please note the following conditions:

® s the system used for manufacturing or research and development?

®  What was the state of the system right before the problem?

® Have you seen this problem before? If so, how often?
)

Can the system continue to operate with this problem? Or is the system non-
operational?

® Can you identify anything that was different before this problem occurred?
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1.1

General Information

Introduction

Newport’s LQx Series Laser Diode Light Source Modules can be used in analytical,
industrial and biomedical applications, such as spectroscopy, interferometry, machine
vision, marking, flow cytometry and tissue fluorescence. The RLx Series can be used
for Raman spectroscopy, holography, and interferometry. Modules are available at
various wavelengths and output power levels, with the choice of either elliptical or
circular output beam shape for the LQx series. Both the LQx and RLx Series include
self-contained laser diode modules with superior optical quality and ultra-stable
temperature, wavelength and output power control. The LQx and RLx Series modules
feature a precision current source and a PID temperature controller. Three types of LQx
and RLx Series are featured:

LQC/RLC Series - CW operation
LQA/RLA Series - Analog modulation of up to 20 MHz
LQD/RLD Series - Digital modulation (via TTL) of up to 100 MHz

For the LQx Series, both elliptical (E versions) and-circular beam output options are
available. Circular beams are generated using either a microlens (C versions) or an
anamorphic prism pair (P versions) resulting in a higher beam quality. The LQx Series
can be ordered with a fiber pigtail. When the fiber pigtail option is applied to the LQx
series, the part number becomes LDM-OPT-aa-bb, where aa denotes the laser module
model and bb denotes the multi-mode fiber core diameter and connector type. See the
Appendix for further information on the LQx series diode and fiber type used The
RLx Series comes standard with an SMA fiber pigtail.

The center wavelength indicated by the LQx model number is typical. Center
wavelength accuracy for LQx Series is as follows:

Wavelengths less than 700 nm, accuracy +/- 10 nm
Wavelengths 700-1300 nm, accuracy +/- 15 nm
Wavelength 1300-1600 nm, accuracy +/- 20 nm

Wavelength greater than 1600 nm, accuracy +/- 10 nm

All RLx Series modules center wavelengths are accurate to +/- 0.5 nm
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All LQx and RLx modules with wavelengths in the range 635nm -2330nm
require an external 4.8 (~5) VDC power source. Modules with wavelengths
below 500 nm require an § to 12 VDC power source. Newport offers a 5. 8
and 12 VDC supply for use with the LQx and RLx series. The operating
voltage for the LQx and RLx series is dependent on the wavelength
specifications of the laser diode module, as shown in the following table:

Power Supply
Diode Module . | Operating Voltage | 110 VAC 220 VAC
635-2330nm 5V LPMS-5-110 | LPMS-5-220
375-473nm 8v LPMS-8-110 | LPMS-8-220
375-473nm 12V LIQS-12-110 | LIQS-12-220

Table I Diode and Power Supply Table

The LPMS-5-110, LPMS-8-110 and LIQS-12-110 Power Supplies meet
CDRH requirements by providing an interlock input, key enable switch,
delayed start-up, and laser active indicator. These units are purchased
separately and are not included with the Laser Diode Light Sources Modules.
220 VAC input versions are also available.

The LQx and RLx series can be configured with a variety of laser diodes at
various output powers and operating wavelengths. Products with output
powers above SmW or with IR output are not intended for surveying,
leveling, and aligriment applications. Visible units less than SmW are CDRH
certified as laser systems. :

\— 150 DA,

xxE » -xxC

Figure 1 ~ Dimensions of LOx and RLx series
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1.2

Installation

Do not mount the laser in a thermal insulating material. such as foam plastic.
Heat can have adverse effects on laser diodes. Such effects include decreasced
output power and large shifts in wavelengths. Lasers below SmW may not
need a heat sink. For best heat dissipation use a metal mounting fixture like
Newport’s ULM Series mounting brackets. A heat sink is always
recommended for operating temperatures above 25°C.

The operating voltage for the LQx and RLx Series laser modules in the
wavelength range of 635nm-2330nm is 5 VDC. Modules less than S00nm
require 8 — 12 VDC.

If the label attached to the laser module reads, “This product complies with
21CFR 1040.10 and 1040.11,” a permanently installed switch at the power
source will be required to retain the modules certification as a laser system.
This certification is void if the unit is enclosed or otherwise inaccessible, if
the labels are modified or removed, or if the system is permanently connected
(i.e. soldered, etc.) directly to the power source without the required switch.
Medifying the laser will void the CDRH certification. If the distance between
the laser head and the power source switch exceeds two meters, an emissions
indicator must be mounted near the switch.

This laser module is connectorized for easy integration into your application.
The 16-pin header connector is present on all units and accommodates the
DC supply voltage and monitoring connections. Pin 1 is marked on the back
of the unit with a red dot. On LQA/LQD and RLA/RLD series modules the
modulation connection is incorporated into pins 13 and 14. (Previous

LQA/LQD and RLA/RLD modules had two connectors on the rear panel. An

SMC connector was provided for analog and TTL modulation input.)
Connections are listed below:

Modulation input

, For LQD/RLD and
TN /

/ ™. /  LQA/RLA (SMC)

gaaeean @
=N

e

PINNO 1

N
Connector lacking PIN NO.15
screw

Current LQX-models Previous LQX-models
- . Figure 2 LQX Connections
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A power only cable is provided with the LQx/RLx series. Newport supplies
two accessory cables for easy access to the monitoring connections. The part
number for the cables for the CW lasers is LQC-CAB and the cable part
number for the analog and digital lasers is LQA-CAB. The LQA-CAB also
incorporates a BNC input connector for analog or TTL modulation input. 1f
you prefer to manufacture your own cable harness, we recommend using
Molex part number 22-55-2161 and crimp terminal 16-02-0103 or
equivalents. Newports’s standard cable includes only the 5, 8 or 12 VDC and
ground leads. A green bare wire adapter is included (see picture below) with
the PPMS and LIQS series power supplies. It is for use with those laser
diode modules that do not have a DB-9 connector installed. In this case,
attach the module’s black wire to the properly marked location (ground) on
the bare wire adapter. Then attach the red wire to the proper location (5, 8 or
12V according to your laser’s power requirement) on the bare wire adapter.
Then, with the power supply turned off, attach the adapter to the DB-9
connector on the power supply.

Pin | Wire Color Description

1 Red 5VDC, 8VDC or 12vDC

2 Red 5VDC, 8VDC or 12vDC

3 For future use

4 Gray PDMON, Photodiode monitor (+)

5 For future use

6 For future use

7 Blue LDIMON, Laser Diode Current Monitor (+) -

8 | For future use .

9 White TMPMON, Laser Diode Temperature Monitor (+)
10 For future use

11 Yellow Error signal/Inhibit

12 Green | GRD, Monitoring ground

13 Green Modulation Signal (+)

14 Green GRD, Monitoring ground, Modulation Signal (-)
15 Black Ground

16 Black Ground

Table 2 Pin/Wire Table

To monitor laser diode current, read the voltage between the blue wire and
green wire. This reading will be in mV with ImV=ImA.

To monitor laser diode temperature, read the voltage between the white wire
and green wire. This reading will be in V. Use the chart below to calculate
laser diode temperature. Please note that the temperature control pot is used
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to set the desired temperature. There will be a short delay between adjusting
the pot and monitoring a change in the laser diode temperature.

ANALOG MODULATION USERS: Analog modulation requires an input
voltage on the BNC Connector of the LQA-CAB cable. A control voltage of
1 VDC will yield a 100% power output. A control voltage of 0 VDC will
yield a threshold power output. The relationship between voltage and output
power is not linear.

TTL MODULATION USERS: TTL modulation requires an input voltage
on the BNC Connector of the LQA-CAB. A control voltage of 5 VDC will
yield a threshold power output. A control voltage of 0 VDC will yield a
100% output. The laser is either ON or OFF depending on the control
voltage. The LQD-xxE and LQD-xxP are easily connected to either a
function or pulse generator.

TEMPERATURE MONITOR: The temperature of the laser diode can be
monitored by measuring the voltage between Temperature Monitor Pin 9
(white) and Pin 14 (green).. This reading can be compared with the chart
below to determine the diode’s temperature.

Voltage Temp Voltage Temp
0.950996483 | -0.003050765 1.983406439 | 23.99951443
0.988555222 1 0.997046962 2.028 24.99963102
1.026862732 | 1.997145503 2.072331362 | 25.99974836
1.065891044 | 2.997244855 2.116360728 | 26.99986646
1.10560988 3;99734501 8 2.160049906 | 27.9999853
1.145986745 | 4.997445987 2.203362406 | 29.00010489
1.18698702 5.99754776 2.246263529 | 30.00022523
1.228574089 | 6.997650336 2.288720439 | 31.00034631
1.27070946 7.997753711 2330702222 | 32.00046813
1.313352918 | 8.997857883 2.372179931 | 33.00059068
1.356462679 | 9.99796285 241312662 34.00071398
1.39999556 10.99806861 2.45351736 35.000838
1.44390716 11.99817516 2.493329247 | 36.00096275
1.488152041 | 12.99828249 2.532541399 | 37.00108824
1.532683927 | 13.99839061 2.571134938 | 38.00121444
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1.5774559 14.99849952 2.609092965 | 59.00134137
1.622420602 | 15.9986092 2.646400526 | 40.001469

1.667530436 | 16.99871966 2.683044569 | 31.00159739
1.71273777 17.99883089 2.71901389 42.00172648
1.757995134 | 18.9989429 2.754299082 | 43.00185628
1.803255416 | 19.99905568 2.788892466 | 44.00198678
1.848472054 | 20.99916922 2.822788029 | 45.002118

1.893599212 | 21.99928353 2.855981348 | 46.00224992
1.938591962 | 22.9993986 2.888469518 | 47.00238255

Table 3 Temperature Monitor Look Up Chart

-

ERROR/DISABLE: Pin 11 (yeliow) has two functions. (1) It can be
monitored for an error signal. If the voltage is low (~0VDC) then laser diode
has been shutdown due to temperature conditions or insufficient voltage is
being supplied for operation of the laser. If the monitored voltage is high
(~5VDC), then the laser module is operating properly. (2) As a secondary
function, the user can disable the laser output by grounding this pin.
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1.3

Operation

1.3.1

1.3.2

1.3.3

Operation and Control Procedure

The LQx and RLx Series does not have any user adjustable controls. The user
may adjust the focus or collimation of the output beam on E models by using
the supplied spanner wrench to increase or decrease the distance between the
diode and the optic. The P (prism) series does not have adjustable optics.

Preventative Maintenance

This laser module contains no user serviceable parts. Occasionally the optics

may need cleaning depending on environmental conditions. When cleaning is
required, the use of clean, compressed air is recommended to blow the optics
clean. If compressed air fails, clean lens carefully with alcohol and a lint free

rag or Q-tip.

Laser Safety

aClass 3b and 4 lasers are not intended for use in surveying, leveling,
alignment, or medical applications.

CAUTION

& Use of controls or adjustments or performance of procedures
other than those specified herein may result in hazardous
radiation exposure.

CAUTION

The use of optical instruments with this product will increase

eye hazard. Do not shine laser in the direction of other people or
at reflective surfaces that might cause exposure to the human
eye. Do not mount the laser at eye level.

Modifications, that affect any aspect of the product’s performance or
intended functions will require re-certification and re-identification of the
product in accordance with the provisions of 21CFR 1040.10 and 1040.11.
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The product labels shown below can typically be found near the output optics.

Class Il Laser:
Visible Laser Radiation
- Do Not Stare Into Beam

D O

Class llla Laser:
Visible Laser Radiation,
Avoid Direct Eye Exposure

D L

- Component System Component System
CuTBUT PO e ﬁ"""::;;‘,‘::';' . O PO et )
MGDEL MODE
sramg -DANGER - EX
QATE $H MFG DATE CF MF G-
Ths med e

T ity o desped e

oatange e K
Auzaess i Anagusoe 28 .’.’")D

Veetre Lasae Radaton

AvTII 9N CTE Cye CIRUBLNE, e As

reeiore.
Z21CER

T WAVELENGTH. om
Zmh% MAX QUTPUT
\_CLASS s LASER PROOUCT

Pomar Tettearnzy W - 46307
Aosander o At AR TS )

VoD §Liser Rndatin

Crrtheaton Tha proouws
Cortres wem FOA 21
CFFING. 1 and YOS 1T

1Y AX CUTFRUT ot Tachictigy e - 10362

\__ CLASS li LASER PRODUCT Aseraewsor Pl - Alrarusor, A8 no:y

One of the above labels is
attached to the laser head.

CUTPUT POVER wr) 6;".:‘.;;,"7:: & ST, outPuTPOVILR o )
MGDEL: " g MooE

SERIAL "DANGER - I

DATE GF MG DATE OF W5 G

Vitiie Latss Fudaion

Cettiasen Tos oot
Avoxd doct oye evpoRFe. 2

T4 24

Gtrr om T
Benits MAX OUTPUT Py foireadsgy b K7
\__CLASS ita LASER PRODUCT _ ATrander 2 Amsarier &R 7t )

One of the above labels is
attached to the laser head.

Class llib Laser:
Visible Or Invisible Laser
Radiation
Avoid Direct Exposure To Beam

[

Component

g

System

(Aot oapiowre o Lase smbatin
womestrn ® Sr et

Vs lsw or trostshe
L Faaation
Avz Brect expysu
12 beam

M. om
S00rv/ MAX QUTPUT
\ CLASS ly LASER PRODUCT

P Taatrumigy b - 12
Kasarher B3 - Aacnonder AR 72005

Vrside of Ievoile

L WAVELENGTH nm
S00m¥7 MAX QUTPUT
\_CLASS iup LASER PROCUCT

(oot cxpomine o Lavee radabon o = o)
o pritiag om B By e thove, QUTPUT POVIER- ~
UGOEL
SERAL:
DATE OF MFG-

Cordoanen Thaproast
Connishrs wan FOA 2%
TFH 1020 10 a0 103411

Pl Tonbachingy. bre - 16302
Alcnmdar It - Amcander AR :'.'VA?/

One of the above labels is
attached to the laser head.

VISIBLE LASER RADIATION
DO NOT STARE INTO BEAM

AVERAGE POWER - <1.0mW
WAVELENGTH  401:710nm
CLASS I LASER PRODUCT

DANGER

LASER RADIATION
- AVOID DIRECT EYE EXPOSURE

AVERAGE POWER <SmwW
VAVELENGTH  401-710nm
CLASS A LASER PRODUCT |

CDANGERD

LASER RADIATION

AVOID DIRECT EXPOSURE TO BEAM

AVERAGE POWER <500mW
WAVELENGTH

400-1540nm

CLASS ni8 LASEA PRODUCT

Figure 3 Product Caution/Danger Labels




2 Appendix

2.1 LDM-OPT Modules

LQx series laser diode light source modules have the option of an MM
(multi-mode) fiber pigtail with either an SMA 905 or an FC/PC connector.
Available fiber core diameters are 50um, 62.5um, 100um and 200um. The
choice to pigtail the laser module must be made at the time of purchase.
When this option is chosen, the part number of the module changes to the
LDM-OPT-aa-bb format, where aa represents the LQx module choice and bb
represents the fiber and connector choice. Refer to www.newport.com for the
latest list of laser diode module products and the appropriate option code.

The following table indicates the fiber and the connector type available for
fiber-pigtailing.

Core Diameter | bb Connector Type Fiber Type
50 10 SMA905 Multi Mode
62.5 11 SMA905 Multi Mode
100 12 SMA905 Multi Mode
200 13 SMA905 Multi Mode
50 20 FC/PE Multi Mode
62.5 21 FC/PC ) Multi Mode
100 22 FC/PC Multi Mode
200 23 FC/PC Multi Mode

Table 4 Fiber and Connector Types Available for Pigtail



3 Factory Service Information

31 Service Form
® Newport Corporation
U.S.A. Office: 800-222-6440
FAX: 949/253-1479
Newvport.
'Nar'ne Return Authorization #
(Please obtain RA# prior to return of item)
Company
Address Date
Country Phone Number -
P.O. Number FAX Number
Item(s) Being Retumed:
Model # Serial #
Description

Reason for-return of goods (please list any specific problems):

Notes:

11
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Factory Service Information




Newport Corporation
Worldwide Headquarters

1791 Deere Avenue
Irvine, CA 92606

{in U.S.): 800-222-6440
Tel: 849-863-3144
Fax: 949-253-1680

Internet: sales@newport.com

m
6 . sweport Corporation, Irvine, California, has
. been cortificd compiiant with 1SO 9061 by
the British Stancards institution.
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* No adjustment required with 32.768 kHz crystal unit built-in.
= Use of C-MOS IC enables reduction of current consumption.
= Thin&Small suited to high-density mounting.

* Vio controls swing amplitube (SG-3030JC / JF).

Available for lead (Pb)-free soldering.

Available for lead (Pb)-free terminal.

3102

SG-3030JC
$6-3032JC

SG-30304F

Actual size

B Specifications {characteristics)

Specifications
fem Symbol 5G-30300C/ JF 1 56-3032.C Remarks

Output frequency fo 32.768 kHz

Max. supply voitage | Voo-GND -0.3Vto+7.0V -0.3Vto +4.3V
‘Fl’glv;vaegresource Operating voltage Voo +5Vto 55V 1.8Vto3.6V

Ireeface power supply oitage Vio 1.5Vto 5.5V - SG-3030JC/ JF

Storage temperature | Tste -55"Ct0 +125°C Stored as bare product after unpacking
Temperature range = 7 S D :

: Operating temperatiee | Toa -40°Cto +85°C | -20°Cto +70°C
Frequency tolerance Atffo © 5+23x10° Vop=33VTa=+25C
Frequency temperature characteristics Top +10x10°/-120x 10°¢ -20°Cto +70 °C, taking Ta = +25 °C as the reference
Frequency voltage characteristics N +2x10°%/V Max. Ta=+25C
Current consumption lop 2 pA Max. 5 pA Max. 3.3V, No load condition
Duty twa 45% 10 55 % 40 % to 60 % 1/2 Voo leve!
Von Voo -0.4 V Min. lon=-0.4 mA (SG-3030JC / JR), -0.5 mA {S6-3032JC)
Output voltage
Voo 0.4 V Max. lor = +0.4 mA (SG-3030JC/ JR), +0.5 mA {S6-3032C)

Output load condition {fan out) CL 15 pF Max. CMOS load .
Output rise time R 200 ns Max. 100 ns Max. CMOS load:20 % — 80 % Vo
Output falt time tr 200 ns Max. 100 ns Max. CMOS load:80 % — 20 % Voo
Oscillation start up time tosc 3 s Max. Time at minimum operating voltage tobe 0 s
Aging fa +5x 10/ year Max. Ta=+25"C, Voo = 3.3V, first year
Shock resistance SR. +5x 10 Max. Eg;%pos:;;m x'ﬂm{:m’:g ;;ce';?ns" test

Unless otherwise stated, characteristics {specifications) shown in the above table are based on the rated operating temperature and voltage condition.

¥ External dimensions

{(Unitmm)’ B Biock diagram (SG-3030JC / JF)

® SG-3030JC,SG-3032JC

10.5 Max
¥

— 3

{1.0)

(10

0

VCORE

VDD

AF$

B

If not use Vio function , connect #1 to Voo.

i it:
® SG-3030JF N N Gy B Recommendad soldering pattern {Unit: mm)
Pty [ e © 5G-3030JC,SG-3032JC | |® SG3030JF.
S ] ¥ 10
g j— 508 18
SG3030 B i | 2 =2 —
E 9245A i3] 5| P = : =
7o) oilsls 4 Vo ‘ b
O ) 1f not use Vio function , cannect #1 to Voo.
i S S~ 3 N
o 508 Nin| )iyer) .5y o l )
o P 508
Metal maybe exposed on the tap|or batiom of this product. This won't affect any quality, refiabifity or electrical spec. 13 34
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Silicon Photodetectors

Series 5T

-

lue Sensitive, Biased or Photovoltaic Operation

fhe Series 5T are a range of low cost detectors offering high blue sensitivity coupled with high shunt resistance and low dark leakage
clurrent.
They are particularly suited to low light level applications throughout the spectral range 430 to 900 nm and for applications where the
highest signal to noise ratio is important.
The detectors may be operated in the photovoltaic mode or with reverse bias to achieve a lower capacitance. They provide the most
economic solution for all applications where high speed of responses above 800 nm is not critical.
ABSOLUTE MAXIMUM RATINGS
Max. Rating Unit
DC Reverse Voltage 15 A
| Peak Pulse Current (1 uS, 1% duty cycle) 200 mA
i Peak DC Current 10 mA
~
; Storage Temperature Range -45 to +100 degree C
Operating Temperature Range -25 to +75 degree C
Soldering Temperature for 5 seconds max. 200 degree C
07 1000
500
| o od I N
\\
200 ——]
05 i o N 50 men?
100
TN 70 [\ \\
£ pd N E -
= 7’ 50
[ . 4] 40 \\-\
g g \\ T——t—! 16mm?
= E 30 \'\
g 0.3 < » T o
= ; \ 3 D 5mm?
\ NG
0.2 . / 7 S
. 5 —— N
! / 4 - - 1 mm
i oea - 3
2
0 . 1
' 200 300 400 300 600 700 800 00 1000 1100 - 1200 4] 2 4 6 8 10 12 ) 14 16 18 20
WAVELENGTH (r!m) BIAS VOLTAGE ’

Fig:26 SERIES 5T - TYPICAL SPECTRAL RESPONSE

Fig.27 SERIES ST - TYPICAL CAPACITANCE VERSUS
BIAS VOLTAGE FOR A GIVEN
DETECTOR AREA



Series 5T

\,Electrical / Optical Specifications

Characteristics measured at 22° C (+2) ambient, and a reverse bias of 12 volts, unless otherwise stated.
Shunt Resistance measured at +/- 10mV.
Single Elements
R AC(IWAM ’ ] Shunt Realstance
TypeNo. . i gohms Package
SR Rachits St H : : cezinki L RSN | e ™
OSD1-5T Y1 {113 dia 0.15 0.21 5 05 | 1.2x 10" 30 6 100 1000 1
OSD3-5T : 3 | 2.16x1.4 ] 0.15 0.21 20 1 [ 1.7x10% 80 20 60 700 1
OSD5-5T 5 | 2.52dia 0.15 0.21 25 2 | 24x10"® 130 35 40 600 3
DSD7.5-5T 75 | 275x2.75] 0.15 0.21 25 2 | 24x10" 150 40 30 300 3
DSD15-5T 15 | 3.8x3.8 0.15 0.21 50 3 | 3.0x10" 390 80 5 80 3
DSD35-5T 35 | 5.9x589 0.15 0.21 50 3 | 30x10" 950 200 10 100 8
OSDS50-57 50 | 7.98 dia 0.15 0.21 100 5 | 3.8x10% 1300 270 15 25 9
DSDE0-5T 62 | 7.9x7.9 0.15 0.21 100 g | 51x10m™ 1800 310 i i2 9
DSD100-5T | 100 | 11.3dia 0.15 0.21 | 200 .20 | 76x 10" 2500 520 1 15 13
DSD200-5T | 200 | 15.96dia | 0.15 0.21 | 500 100 | 1.7x10% 5000 1000 05 7 13
DSD300-5T | 300 | 19.54dia | 0.15 0.21 | 1000 250 | 2.7x10" 7500 1500 0.5 5 15
Quadrants
{Vaiues: given are per element unless otherwise stated)
L ~:" afi %
Tl Le800nm. |,
- Pachege
. | Typ- -
QD7-5T 7 |2.99dia{0.2]| 0.15 0.21 100 6 | 42x10m 50 15 80 {1200 | 5| 1 7
ND50-5T 50 | 7.98dia | 0.2 0.15 0.21 150 10 | 53 x10"® 330 80 5 300} 51 1 i0
QD100-5T | 100 {11.3dia[0.2] 0.15 0.21 | 200 15 | 5.6x10" 650 130 2| 100 5] 1] 11
_inear Arrays
{Values given are per element unless otherwise stated)
Shurt Resistence
v' Megohma Paclsge
Max. Typ.
100 {1000 4
atrix Arrays . ]
alues given are per element uniess otherwise stated)
: |Capacitance pF{Shunt Resistance
. - Megohms  |ppciage
: 30 Pl 1 B B~ o Bl B
MD25-5T 5x5 7.29 |27 27 0.1 0.15 |.0.21 5015 38x10m | 240 47 5 | 200 18
MD100-5T | 10x 10 1.96 |14 1.4 0.1 0.15 | 0.21 | 2001 1 1.7x10" 55 12 1 | 400 19
MD144-5T | 12x12 | 1.96 |14 1.4 0.1 0.15 | 021 | 200{ 1 1.7x10" 55 12 1 | 400 19

Note: Recommended operating voltage range 0 to 12 volts, for all Series 5T Detectors.

21




>Yackage Dimensions - mm (inches)
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lackage Dimensions - mm (inches)
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NE5532, SA5532, SE5532,
NE5532A, SE5532A

Internally Compensated
Dual Low Noise
Operational Amplifier

The 5532 is a dual high-performance low noise operational
amplifier. Compared to most of the standard operational amplifiers,
such as the 1458, it shows better noise performance, improved output
drive capability and considerably higher small-signal and power
bandwidths.

This makes the device especially suitable for application in
high-quality and professional audio equipment, instrumentation and
control circuits, and telephone channel amplifiers. The op amp is
internally compensated for gains equal to one. If very low noise is of
prime importance, it is recommended that the 5532A version be used
because it has guaranteed noise voltage specifications.

Features

® Small-Signal Bandwidth: 10 MHz

® Output Drive Capability: 600 €, 10 Vrus

® Input Noise Voltage: 5.0 nV//Hz (T ypical)

e DC Voltage Gain: 50000

® AC Voltage Gain: 2200 at 10 kHz

® Power Bandwidth: 140 kHz

® Slew Rate: 9.0 V/us

® Large Supply Voltage Range: +£3.0t0 £20V
® Compensated for Unity Gain

® Pb-Free Packages-are Available

© Semiconductor Components industries, LLC, 2006 ’ 1
March, 2006 - Rev. 1

ON Semiconductor®

http://onsemi.com

soIC-8
8 \'@ D SUFFIX
; CASE 751
PDIP-8
N SUFFIX
. CASE 626
1
SOIC-16 WB
16 @ D SUFFIX
. CASE 751G
1

PIN CONNECTIONS

N, D8 Packages

ouT, [1] [ 8] v+
-INa 2] [ 7] oute
+INy EE -INg
v-[3] | 5] +iNg

Top View

D Package*

-INg 1] V 16] N
+INa E E] NC
ne [3] [15] N
v-[4] 13] outa
ne 5] 12 Ve
NC E I] ouTg
+INg E } E NC
"NB E E] NC

Top View

*SOL and non-standard pinout.

DEVICE MARKING INFORMATION

See general marking information in the device marking
section on page 6 of this data sheet.

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 7 of this data sheet.

Publication Order Number:
NES532/D



NES5532, SA5532, SE5532, NE5532A, SE5532A

L N )

AAA——

ALY R

lg
—AA r~
A % s
<
b o
Figure 1. Equivalent Schematic (Each Ampilifier)
MAXIMUM RATINGS
Rating Symbeol Value Unit

Supply Voltage Vg +22 : \%
Input Voltage Vin +VsuppLy \"
Differential Input Voltage (Note 1) Vpier +0.5 \
Operating Temperature Range Tamb °C

NE5532/A . Oto 70

‘SA5532 -40to +85

SES5532/A -55t0 +125
Storage Temperature Tstg -65to0 +150 °C
Junction Temperature T 150 °C
Maximum Power Dissipation, Tomp = 25°C (Still-Air) Pp mw

8 D8 Package 780

8 N Package 1200

16 D Packagee 1200
Thermal Resistance, Junction-to-Ambient Raya °C/W

8 D8 Package 182

8 N Package | 130

16 D Packagee 140
Lead Soldering Temperature {10 sec max) Tad ' 230 °C

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional operation above the

Recommended Operating Conditions is not implied. Extended exposure to stresses above the Recommended Operating Conditions may affect

device reliability.

1.. Diodes protect the inputs against overvoltage. Therefore, unless currentimiting resistors are used, large currents will flow if the differential input
* voltage exceeds 0.6 V. Maximum current should be limited to + 10 mA:

e o http://onsemi.com
>



NE5532, SA5532, SE5532, NE5532A, SE5532A

DC ELECTRICAL CHARACTERISTICS (T, = 25°C; Vs = + 15 V, unless otherwise noted.) (Notes 2, 3 and 4)

SE5532/A NES532/A, SA5532
Characteristic Symbol Test Conditions Min Typ Max | Min Typ Max Unit
Oftfset Voltage Vos - - 0.5 2.0 - 0.5 4.0 mv
- Overiermnperature - - 3.0 - - 5.0 mv
AVog/AT - - 5.0 - - 50 - wrC
Offset Current los - - - 100 - 10 150 nA
- Overtemperature - - 200 - - 200 nA
Alpg/AT - - 200 - - 200 - pArC
Input Current Iz - - 200 400 - 200 800 nA
- Overtemperature - - 700 - - 1000 nA
Alg/AT - - 5.0 - - 5.0 - nAPC
Supply Current lec - - 8.0 105 - 8.0 15 mA
- Overtemperature - - 13 - - -
Common-Mode Input Range Vem - +12 +13 - +12 +13 - \
Common-Mode Rejection Ratio CMRR - 80 100 - 70 100 - dB
Power Supply Rejection Ratio PSRR - - 10 50 - 10 100 uvnNv
t arge-Signal Voltage Gain Avor RL=220kQ; Vo= £10V 50 100 - 25 100 - V/imvV
Overtemperature 25 - - 15 - -
Ry = 600Q; Vo= £10V 40 50 - 15 50 -
Overtemperature 20 - - 10 - -
Output Swing Vout R = 600Q +12 | =13 - +12 | +13 - \Y
Overtemperature +10 +12 - +10 +12 -
Ry = 600 Q; Vg= £18V +15 +16 - +15 | +16 - .
Overtemperature +12 =14 - +12 +14 -
R = 20kQ +13 | £13.5 - +13 | £135 -
Overtemperature 12 | £125§ - +10 | £125 -
Input Resistance Rin - 30 300 - 30 300 - kQ
‘Output Short Circuit Current Isc - 10 38 60 10 38 60 mA

2. Diodes protect the inputs against overvolttage. Therefore, unless current-limiting resistors are used, large currents will flow if the differential input

voltage exceeds 0.6 V. Maximum current should be limited to + 10 mA.
3. For operation at elevated temperature, derate packages based on the package thermal resistance.
4. Outputmay be shorted to ground at Vg = 15V, Ty = 25°C. Temperature and/or supply voltages must be limited to ensure dissipation rating

is not exceeded.

http://onsemi.com
3



NES532, SA5532, SE5532, NE5S532A, SE5532A

AC ELECTRICAL CHARACTERISTICS (Tymp, = 25°C; Vg = £ 15V, unless otherwise noted.)

NE/SES532/A, SA5532

Characteristic Symbol Test Conditions Min Typ Max Unit

Qutput Resistance Rout Ay = 30 dB Closed-loop - 0.3 - Q
=10 kHz, R_ = 600 Q
Overshoot - Volitage-Follower %y
Vin = 100 mVp.p - 10 -
C = 100 pF; R =600 Q
Gain Ay f=10kHz - 22 - V/imvV
Gain Bandwidth Product GBwW C_=100pF; R_=600Q - 10 - MHz
Slew Rate SR - - 9.0 - Vius
Power Bandwidth - Vour= £10V - 140 - kHz
Vour= 14V, - 100 -
R =600 Q
Vee= £18V
ELECTRICAL CHARACTERISTICS (T amb = 25°C; Vg = 15V, unless otherwise noted.) |
NE/SE5532 NE/SA/SE5532A
Characteristic Symbol Test Conditions Min Typ |Max | Min Typ Max Unit
Input Noise Voltage VNOISE fo=30Hz - 8.0 - - 8.0 12 nV}cT-‘E
fo =1.0kHz - 5.0 - - 5.0 6.0
Input Noise Current INOISE fo =30 Hz - 27 - - 2.7 - pANHZ
fo=1.0kHz - 07 - - 0.7 -

Channel Separation - f=1.0kHz; Rg =5.0kQ - 110 - - 110 - dB

http://onsemi.com
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NES5532, SA5532, SE5532, NE5532A, SE5532A

TYPICAL PERFORMANCE CHARACTERISTICS

b i i 7 10
120 N T S [ TYPICAL VALUES i T
TYPICAL VALUES i ; Vs==zi5v |
TR RF = 10kQ:RE=1000 | ! TYPICAL VALUES
w0 i ] | = : : : : 30
\\ i ; \ _—

i
RF = 9kQ, RE = 1 kQ ‘

o 20
40 \\ \ Vo(p-p)
RF =1 kQ; RE =«
" \

N
[=]

GAIN (dB)
GAIN (d8)

NL

- -20 [}
e 1@ 1 0 w0 e 107 100 10% 105 100 107 108 102 10 104' e 0e g7
f H2) f (Hz2) (Hz)
Figure 2. Open-Loop Frequency Figure 3. Closed-Loop Frequency Figure 4. Large-Signal Frequency
Response Response Response
80 T T 1.4 T T 30
Vg= 215V Vg= 215V TYPICAL VALUES
i —
60 1,2
20
o0 40 ] Lo os VIN (V) '/ )
(mA) = R {mA) /
N
10
20 0,4
| ~—]
[} o] [+]
65 256 O 25 50 75 100 +125 55 25 0 25 50 75 100 +125 ° 10 20
Tamb °C) o Tamb (°C) VPi-VN )
Figure 5. Output Short-Circuit Figure 6. Input Bias Current Figure 7. input Common-Mode
Current Voitage Range
6
Ip=0 ‘0_2
TYP 10
4 — TYP
I ——
P Pl
IN (nv//Hz) !
(mA)
2
1071
o 1072
0 10 20 10 102 103 104
Vpi -VN V) 1¢z)
Figure 8. Supply Current Figure 9. Input Noise Voltage
Density
http://onsemi.com
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NES5532, SA5532, SE5532, NE5S532A, SE5532A

<
1+ L

Closed-Loop Frequency Response
sNAAAR sRAAA ©HAAA
N5532 N5532 S55532
LYWA %ALYW LYWA
T [T =
1BHET «HBUOE «BHEH
"SOIC-8
D SUFFIX
CASE 751

-

VIN vour
C— " >
Q | I -
800 Q h I :ll:‘oo - 600 42
V-
Voltage-Follower
Figure 10. Test Circuits
MARKING DIAGRAMS
LA LA LS B Ad BAMAS
NE5S532AN NE5532N SA5532N SE5532N
D AWL D AWL D AWL D AWL
O YYWWG O YYWWG O YYWWG O YYWWG
Fvyyd TFyvyil Fyvyl Fywd
PDIP-8
N SUFFIX
CASE 626
wHAANAAAA
NE5532D
AWLYYWWG
O
TERELELEL
SOIC-16 WB
D SUFFIX
CASE 751G
A = Assembly Location

WL L =Wafer Lot
YY.Y =Year
WW, W =Work Week

Gore =Pb-Free Packagee

http://crisemi.com
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NE5532, SA5532, SE5532, NE5532A, SE5532A

ORDERING INFORMATION

Device Description Temperature Range Shipping!
NES5532AD8 8-Pin Plastic Small Outline (SO-8) Packagee 010 70°C 98 Units / Rail
NES5532AD8G 8-Pin Plastic Small Outline (SO-8) Package Oto70°C 98 Units / Rait
{Pb-Free)

NES5532AD8R2 8-Pin Plastic Small Outline (SO-8) Packagse 010 70-C 2500/ Tape & Reei

NE5532AD8R2G 8-Pin Plastic Small Outline (SO-8) Package 0to70°C 2500 / Tape & Reel
(Pb-Free)

NES5532AN 8-Pin Plastic Dual In-Line Package (PDIP-8) 0to 70°C 50 Units / Rait

NE5532ANG 8-Pin Plastic Dual In-Line Package (PDIP-8) Oto 70°C 50 Units / Rait
(Pb-Free)

NE5532D 16-Pin Plastic Small Outline (SO-16 WB) Package Oto 70°C 47 Units / Rail

NE5532DG 16-Pin Plastic Small Outline (SO-16 WB) Package Oto 70°C 47 Units / Rail
(Pb-Free)

NES5532DR2 16-Pin Plastic Small Outline (SO-16 WB) Package Oto 70°C 1000 Tape & Reel

NES5532DR2G 16-Pin Plastic Small Outline (SO-16 WB) Package Oto 70°C 1000 Tape & Reel
(Pb-Free)

NES5532D8 8-Pin Plastic Small Outline (SO-8) Packagee 0to 70°C 98 Units / Rail

NE5532D8G 8-Pin Plastic Small Outline (SO-8) Package 0to 70°C 98 Units / Rail
(Pb-Free)

NES532D8R2 8-Pin Plastic Small Outline (SO-8) Packagee 0to 70°C 2500 / Tape & Reel

NE5532D8R2G 8--Pin Plastic Small Outline (SO-8) Package 0to 70°C 2500 / Tape & Reel
(Pb-Free)

NES532N 8-Pin Plastic Dual in-Line Package (PDIP-8) 0to 70°C 50 Units / Rail

NES532NG 8-Pin Plastic Dual In-Line Package {PDIP-8) 0to 70°C 50 Units / Rait
(Pb-Free)

SA5532N 8~Pin Plastic Dual In-Line Package (PDIP-8) —40to +85°C 50 Units / Rait

SA5532NG 8-Pin Plastic Dual in-Line Package (PDIP-8) -40to +85°C 50 Units / Rail
(Pb-Free)

SES5532AD8 8-Pin Plastic Small Outline (SO-8) Packagee -551t0 +125°C 98 Units / Rail

SE5532AD8G 8-Pin Plastlc Small Outfine (SO-8) Package -55t0 +125°C 98 Units / Rail
(Pb-Free)

SE5532AD8R2 8~Pin Plastic Small Outline (SO-8) Packagee -55t0 +125°C 2500 / Tape & Reel

SE5532AD8R2G 8-Pin Plastic Small Outline (SO-8) Package -55t0 +125°C 2500/ Tape & Reel
(Pb-~Free)

SES5532N 8-Pin Plastic Dual In-Line Package (PDIP-8) -55to0 +125°C 50 Units / Rait

SES532NG 8-Pin Plastic Dual In-Line Package (PDIP-8) -55to +125°C 50 Units / Rait
(Pb-Free)

tFor information on tape and reel specnf:cat:ons including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D. B

http://onsemi.com
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PACKAGE DIMENSIONS

SOIC-8NB
CASE 751-07
ISSUE AG

NOTES:
1

NES5532, SA5532, SE5532, NE5532A, SE5532A

. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5M, 1982.

[ANS)

S [&] 025 0010@] Y @]

. CONTROLLING DIMENSION: MILLIMETER.

. DIMENSION A AND B DO NOT INCLUDE

MOLD PROTRUSION.

4. MAXIMUM MOLD PROTRUSION 0.15 {0.006)

PER SIDE.

5. DIMENSION D DOES NOT iNCLUDE DAMBAR

PROTRUSION. ALLOWABLE DAMBAR

PROTRUSION SHALL BE 0.127 (0.005) TOTAL

IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION.

6. 751-01 THRU 751-06 ARE OBSOLETE. NEW

STANDARD IS 751-07.

[#] 025 0019® [2] YO xB®)]

MILLIMETERS INCHES

DIM| MIN | MAX | MIN | Mmax

~C N X45°~>| l<-— A} 480 | 50010189 | 0.197
B | 380 | 400 |0.150 | 0.157

. SEATNG \ € | 135 | 175 {0053 | 0.069
'/_ D | o33 [ o051 [0013 {0020
< G 1.27 BSC 0.050 BSC

b lQI 0.10 {0.004} l - H | 010 | 025 | 0004 [ 0.010
M J J { 019 [ o025 | o007 | 00i0

K | 040 [ 127 [ 0.016 | 0.050
] 0° 8o oo 8°

N | o025 | 050 [ 0010 0020

S | 580 | 6.20 | 0.228 | 0.244

SOLDERING FOOTPRINT*

_t
1.52

100y

!
7.0 |
f
|
{

]

0.275

00
Tk

o
-
%))
(5]

l
I
|
l
I
|

L

0.6
0.024

1.270
0.050

SCALE 6:1 (ﬂ)
inches

*For additional information on our Pb—Free strategy and soldering
details, please download the ON Semiconductor Soldering and
Mounting Techniques Reference Manual, SOLDERRM/D.

http://onsemi.com
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NES532, SA5532, SE5532, NE5532A, SE5532A

PACKAGE DIMENSIONS

8-Pin Plastic Dual In-Line Package (PDIP-8)
N SUFFIX
CASE 626-05
ISSUE L NOTES

rﬂ 1. DIMENSION L TO CENTER GF (EAZ wWwiEN
[”’ FORAMED PARALLEL

. PACKAGE CONTOUR GRTIGNAL (ROUMD OR
SCUARE CORNERS).

LY
v
N

2. DIMENSIONING AND TOLERANCING PER ANSI
D [-B-] Y14.5M, 1962,
O, 4 MILLIMETERS INCHES

MIN MAX NN MAX

DIM
Irl L“J LUJ Ll] A | 940 | 1036 | 0.370 | 0.400
l l 8 | 6101 660 0.200 | 0260
F C | 384 | 445 ] 0.155 | 0475
D | 038 | 051 0015 | 0020
NOTE 2 F | 102 | 178 | 0.040 | 0.070
- L > G | 2saBsC 0.100B5C
H | 076 | 127 | 6.030 | 0.050
? ——\ 3§ {020 | 030 [ 0008 | 002
K| 292 | 343 0.115 | 0.435
C L 7.62 BSC 0.300 BSC.
M - ] _1w0° - 10°
N

076 | 101 | 0.630 | 0.040

~{l-p :K M~

G
[¢]@ 0130005 ®[T[A ®[®)

httpﬁ//onéefni.com
- ' 9
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NES5532, SA5532, SE5532, NE5532A, SE5532A

PACKAGE DIMENSIONS

SOIC-16 WB
D SUFFIX
CASE 751G-03
ISSUEC
NOTES.
1. DIMENSIONS ARE IN MILLIMETERS.
D 2. INTERPRET DIMENSIONS AND TOLERANCES

6 PER ASME Y14.5M, 1993,
3. DIMENS!IONS D AND E DO NOT INLCUDE

i MOLD PROTRUSION,
14 ﬁ ﬁ ﬁ ﬁ ﬁ ﬂ 9 @ 4. MAXIMUM MOLD PROTRUSION 0.15 PER SIDE.
5
7

. DIMENSION B DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.13 TOTAL iN

m
. -1~ EXCESS OF THE B DIMENSION AT MAXIMUM
e &) ° MATERIAL CONDITION.
% n 2
] \ / x [ MiLtiMETERS
S FN = DIM[ MIN_| MAX
j_ Al 2351265
3 7] A1] 0.0 | 025
+ FUEEHEUE
— \ C 023|032
[B] D 110.15 {1045
_.“.LB < E| 740 | 760
e | 127BSC
@]O.ZS®ITIA®IB®—| H |10.05 [10.55
h | 025 | 0.75
L | 050 | 0.90
q 0°] 7°
SEATING =
PLANE
e\l
. .
ON Semlconductor and @a{e gi d trademarks of Semicondi

Components Industries, LLC (SCILLC). SCILLC reserves the right to make changes without further notice
.10 any products hereln. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does SCILLC assume any
liabifity arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including. without fimitation special, consequential or incidental
d “Typical® p which may be provided in SCILLC data sheets and/or specifications can and do vary in different applications and actual performance may vary over
time. All opereting parameters, including “Typicals” must be validated for each cust lication by cu 's technical experls. SCILLC does not convey any license under
its patent rights nor the rights of others. SCILLC products ere not designed, intended, or authorized for use as components in systems intended for surgical implant into the body,
or other applications Intended to support or sustein life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or death
may occur. Should Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold SCILLC and its officers, employees,
subsidiasies, affiliates, and distributors harmiess ageinst alt claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of
personal injury or deeth essaciated with such unintended or unauthorized use, even if such claim alleges that SCILLC was negligent regarding the design or manufacture of the part.
SCILLC is an Equal Opportunity/Affirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.

PUBLICATION ORDERING INFORMATION

UTERATURE FULFILLMENT. N. A Technical §
Literature Distribution Center for ON Semiconductor USA/Canada
* P.O. Box 61312, Phoenix, Arizona 85082-1312 USA *
Phone: 480-829-7710 or 800-344-~3860 Toll Free USA/Canada Japan: ON Semiconductor, Japan Customer Focus Canter .
Fax: 480-829-7709 or 800-344-3867 Toll Free USA/Canada 2-9-1 Kamimeguro, Meguro-ku, Tokyo, Japan 153-0051 For additional information, please contact your
Emall: orderlit@onsemi.com Phone: 81-3-5773-3850 local Sales Representative,

pport. 800-282-9855 Toil Free ON Semlconductor Webslte: hitp:/fonsemi.com

Order Literature: hnp://www.onsemi.corﬁllilorder
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TUNING FORK CRYSTAL UNITS (yinder oo CITIZEN

S=206:CF

34 sern AT

BFEATURES

® Best suited for portable devices with low current
consumption.

® For a clock source in digital equipment.

Life-size

EDIMENSION [mm]

]: _________________

!
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02,0%0,1

S
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het 10.0%0.2 5001 4.3%0.3
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CFS-308 CFS-206, CFV-206 CFS-145

@STANDARD SPEC!F!CAT]GNS

Nominal Frequency fo 32.768kHz 30kHz~100kHz | 0 avzﬁiﬁ?e‘?,ggﬂéii‘y“iﬁ 'CO[[:V 206
Frequency Tolerance afffo +20ppm +30ppm at25'C
Load capacitance CL 12.5pF 8.0pF 12.5pF Need to specify your requirement
Operating Temperature Range | Topr —20C~+70C
Storage Temperature Range | Tstw —40C~+485C
Turnover Temperature Tm 25'C+5C See figure 21n P4
- Temperature Coefficient| g —0.03440.006ppm/'C2
Motional (series) resistance | R 35K QMax. 40K Q Max. 50K Q Max. at25’C
Level of drive DL - 1 2 W Max.
Aging (first year) afifo ) +3ppm Max. +5ppm Max. 25C+3C
Quality Factor Q 85000 Typ. 70000 Typ. 85000 Typ. | 70000~100000 Typ. Depend on frequency
Shunt capacitance Co 1.6pF Typ. » 1.35pf3 Typ. 1.00pF Typ. | 0.8~1.7pF Typ. Depend on frequency




1N4148/1N4448 W WEITRON

Viaximum Ratings ( TA=25"CUnless otherwise noted)

Characteristic Symbol INJ148/ IN4448 Unit
Mon-Fapatitive Peak Veltage VRm 100 v
Peak Repetitive Reverse Voltage Vewm
Working Peak Reverse Voltage VRWM 75 Vv
DC Blocking Voltage ! VR
Average Rectified Output Current (1) lo 150 mA
Non-Repetitive Peak Forward Surge Current |
@t=1.0us FSM 20 A
Power Dissipation Py 500 mWw
Thermal Resistance Junction to Ambient Raia 300 K/w
Operating and Strorage Temperature Range T) Ts1G -65to +175 ‘C

Electrical Characteristics (Ta=257C Unless otherwise noted)

Characteristic “{ Symbol Min Max Unit
Reverse Breakdown Voltage _ i
Ig=100ua - V(BRIR 100 Vv
Forward Voltage
1N4148  [F=10mA 1.0
TN4448  Ip=5mA , VF 0.62 0.72 v
IF=100 mA , , 1.0
Leakage Current .
VR=20V R i 25 nA
VR=75V 5
VR=75V,Tj=150C 50
Junction Capacitance G , - 4 PF

Reverse Recovery Time

IF=10 mA, lg=1mA, VR=6V, R =100Q Trr - 4 ns

Note: 1.Valid Provided that device Terminals are Kept at Ambient Temperature.

WEITRON

tp//www.weitron.com.tw



IN4148/IN44dS | W WEITRON

. nA
> ! ° 104
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1N4148/1N4448
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FIG 3, FORWARD CHARACTERISTICS
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suada CP-PIC877 V2 ansaldssuu ET-FLASH TECHNOLOGY In-Circuit Download 'lnmaowlmsqmmaﬂnsm Laag
COPY CPU w3a uasm INCIRCUIT PROGRAM #u 9 mmammﬁuu‘s‘amaonamm CPU inaandn sruasa CP-PIC877 V2
Fnnsadisunagay A3Vt use 9 Ldhasitas Taaluvasea PIC V2 fifidiuldvadauniswWienu 1935619 9 lsuuuasa wu -

e WAITNAXRDY ANALOG PORT 8 2av
e Watnadau INPUT PORT
e Wasviadau OUTPUT PORT

1flu TRAINING BOARD tudhuanaindl tu PIC V2 ffiana DOWNLOAD diayalvicne

14 CPU PIC 16F877 RUN 4 MHz

ON CHIP FLASH PROGRAM MEMORY 8K x 14 WORDS

ON CHIP 368 BYTES RAM / 256 BYTES EEPROM

31 BIT I/O PORT ldferuzas CPU vuuasa CP-PIC877 V2.0 (34 PIN 1/0 ETT-BUS)
wasja (PORT) uuu SPI, I2C, RS232 ,RS422/485 (OPTIONS)
HIGH SINK / SOURCE CURRENT 25 MA

TWO CAPTURE , COMPARE , PWM MODULES

RTC 1ffladiuas DS1307 (OPTIONS)

Serial EEPROM 24XX (OPTIONS)

POWER ON RESET/WATCHDOG TIMER

A-TO-D auww 10 BIT 8 CH .

LCD PORT 14 PIN ET-BUS ... &3 LCD wuussnms

VR 10K x 8 & wmiumadau ANALOG PORT

LED x 8 dwiunagau OUTPUT

SWITCH x 8 & wiunadau INPUT

7805 POWER SUPPLY ON BOARD

e PCB SIZE CP-PIC877 V2 16.5x 8.5 cm

e ¢ 2 o o o o
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LM158,A-LM258 A
A?i LM358 A

LOW POWER DUAL OPERATIONAL AMPLIFIERS

B INTERNALLY FREQUENCY COMPENSATED

M LARGE DC VOLTAGE GAIN: 100dB

N WIDE BANDWIDTH (unity gain): 1.1MHz
(temperature compensated) &’

B VERY LOW SUPPLY CURRENT/OP (500pA) m
ESSENTIALLY INDEPENDENT OF SUPPLY
VOLTAGE N

B LOW INPUT BIAS CURRENT: 20nA DiP8
(temperature compensated) (Plastic Package)

B LOW INPUT OFFSET VOLTAGE: 2mV

B LOW INPUT OFFSET CURRENT: 2nA

B INPUT COMMON-MODE VOLTAGE RANGE %
INCLUDES GROUND

B DIFFERENTIAL INPUT VOLTAGE RANGE ~ D&S
EQUAL TO THE POWER SUPPLY VOLTAGE SO8 & miniSO8

B LARGE OUTPUT VOLTAGE SWING 0V TO (Plastic Micropackage)
(Vec - 1.5V)

DESCRIPTION \‘

These circuits consist of two independent, high

gain, internally frequency compensated which p

were designed specifically to operate from a sin- TSSOP8

gle power supply over a wide range of voltages. (Thin Shrink Small Outline Package)

The low power supply drain is independent of the

magnitude of the power supply voltage.
Application areas include transducer amplifiers, ORDER CODE

dc gain blocks and all the conventional op-amp Package
circuits which now can be more easily implement- N;:'l’)ter Te“;Pe'at”'e

ed in single power supply systems. For example, ange N S D} P
these circuits can be directly supplied with the LM158 A 55°C. +125°C | = . | =
standard +5V which is used in logic systems and LM258 A T20°C. +105°C | - . S
will easily provide the required interface electron- M358 A 0C - 170°C - " : <

ics without requiring any additional power supply.
Inthe linear mode the input common-mode voltage
range includes ground and the output voltage can

Small Outline Package (miniSO) only available in Tape & Reel(r

also swing to ground, even though operated from gmall Ou S 3 Ree
only a single power supply voltage. &!gr;(aslrzgr_}I;Small Outline Package (TSSOP) - only available in

Example : LM258N

N = Dual in Line Package (DIP&
g= Small Qutline Package (SO) - also available in Tape & Reel (DT&T)
pP=

ape

PIN CONNECTIONS (top view)

' N 1 - Output 1
1 8 2 - Inverting input
E j 3 - Non-inverting input
2 [H |17 4-Vee
_I 5 - Non-inverting input 2
3 E + :] 6 6 - Inverting input 2
7 - Output 2

4 E ) :' S 8-Vee©

January 2002 o ) o 1712




LM158,A-LM258,A-LM358,A

SCHEMATIC DIAGRAM (1/2 LM158)

\r/ljc_]c
| B LD LD
CC:L- %6

ver Q2 Q3 1
nverting Q7
input Qt Q4 |

Non-inverting O
input {71 Output

/2
w

Q8 Q9
50pA
- - —L - —— GND
ABSOLUTE MAXIMUM RATINGS
Symboi Parameter LM158,A l LM258,A ‘ LM358,A Unit
Vee | Supply voltage +32 \%
Vi Input Voltage -0.3to +32 \
Vid Differential Input Voltage +32 ‘ Y
Pwt | Power Dissipation ! 500 mw
Output Short-circuit Duration 2 ' Infinite
lin Input Current 9 50 mA
Toper |Opearting Free-air Temperature Range -55 to +125 1 -40to +105| Oto +70 °C
Tstg Storage Temperature Range . -65 to +150 °C

1. Power dissipation must be considered to ensure maximum junction temperature (Tj) is not exceeded.
2. Short-circuits from the output to Ve can cause excessive heating if Ve > 15V. The maximum output current is approximately 40mA independent

of the magnitude of V¢¢. Destruclive dissipation can result from simulfaneous short-circuit on all amplifiers.
3. Thisinput current only exists when the voltage at any of the input leads is driven negative. it is due to the colleclor-base junction of the input PNP
- transistor becoming forward biased and thereby acting as input diodes clamps. In addition to this diode action, there is also NPN parasitic action on
the IC chip. this transistor action can cause the output voltages of the Op-amps to go to the Ve voltage level (or to ground for a large overdrive}
for the time duration than an input is driven negative.
This is not destructive and normatl output will set up again for input voltage higher than -0.3V.

E} 4
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LM158,A-LM258,A-LM358,A

ELECTRICAL CHARACTERISTICS
Ve = #5V, V™= Ground, Vg = 1.4V, T, = +25°C (unless otherwise specified)

Symbol

Parameter

LM158A-LM258A
LM358A

LM158-LM258

LM358 Unit

Min.

Typ.

Max. Min. | Typ. Max.

Input Offset Voltage - note R
Ta:nb =+25°C
LM158, LM258
LM158A
Tmin < Tamb < Tmax

LM158, LM258

2 mv

Input Offset Current
Tamp = ¥25°C
Tmin < Tamb < Tmax

10 2 30 nA
30 40

Input Bias Current - note 2
Tamp = +25°C

Tmin s Tamb = Tmax

20

50 20
100

150 nA |
200

Large Signal Voltage Gain »
Veo = +15V, Ry = 2kQ, V, = 1.4V to 11.4V
Tamp = +25°C
Tmin = Tamb < Tmax

50

100

50 | 100 Vimv

25

SVR

Supply Voltage Rejection Ratio (Rg < 10kQ2)
Vet =5V to 30V
Tamp = +25°C
Tmin < Tamb < Tmax

65
65

100

65 | 100 dB

65

Supply Current, all Amp, no foad
Tmin < Tamb < Tmax

Tmin < Tamb < Tmax

Vcc = +5V
VCC = +30V

0.7

1.2 0.7 1.2 mA

Vicm

Input Common Mode Voltage Range
Vee = 430V -note 3
Tamp = ¥25°C
Tmin < Tamb < Tmax

Veet-15] Y
Vet -2

VCC+ -1.5 0
Veet21( O

CMR

Common Mode Rejection Ratio (Rg < 10kQ)
Tamp = ¥25°C
Tmin = Tamb = Tmax

70
60

85

70 85 dB
60

Isource

Output Current Source -
Voo = +H15V, Vg = 2V, Vg = +1V

20

40

60 20 | 40 60 mA

Is,ink

Output Sink Current (V4 = -1V)
Vee £ +15V, V, = +2V
Vee = #15V, V, = +0.2V

10
12

20

50

10 20 ¢ - mA
12 50 A

Vopp

Output Voltage Swing ( R = 2kQ)
Tamp = $25°C
Tmin = Tamb = Tmax i

| Vect21 O

Vcc+ -1.5 0 'VCC+ -1.5

Veet -2

5
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LM158,A-LM258 A-L M358 A

LM158A-LM258A LM158-LM258
Symbol Parameter LM358A LM358 Unit
Min. | Typ. Max. Min. | Typ. Max.
High Leve! Output Voltage (V™ = 30V)
T = +25°C R = 2k
v amb L 26 | 27 26 | 27
OH Trin € Tamo < Trmax R 26 26 \
Tamyp = +25°C R = 10kQ 27 | 28 27 | 28
Tonin € Tamb < Trax 27 27
Low Level Output Voltage (R, = 10kQ)
VoL Tamp = +25°C 5 20 5 20 mv
Tmin < Taml:\ < Tmax 20 20
Slew Rate
SR VCC = 15V, Vi =05to 3V, RL =2kQ, V/LIS
C¢ = 100pF, unity Gain 03| 06 031 06
Gain Bandwidth Product
GBP Vee = 30V, £ =100kHz,V;, = 10mV, R = 2kQ, MHz.
C_ = 100pF > 0.7 | 11 0.7 1.1 - |
Total Harmonic Distortion
THD f=1kHz, A, = 20dB, R_ = 2kQ, V, = 2Vpo, o,
-] cL=100pF, Vg = 2vpp 0.02 0.02
e Equivalent Input Noise Voltage nVv
n f=1kHz, Rg = 100Q, V¢ = 30V 55 55 JRz
DV, {Input Offset Voitage Drift 7 15 7 30 uv/re
Dlip  |Input Offset Current Drift 10 200 10 300 pA/°C
- - Y
V..V, |Channel Separation - note
01702 | ™ YkHz < f < 20kHZ 120 120 ds
1. Vo= 14V, R =00, 5V < V' <30V,0 <V <Vt - 1.5V

2. The direction of the input current is out of the IC. This current i

exists

3. Theinput common-mode voltage of either in

on the input fines.

s

common-mode voltage range 1s Vec* - 1.5V, but either or both inputs can go to +32V without damage.

4. Due to the proximity of external components insure that coupling is not origi

can be detected as this type of capacitance increases at higher frequences.

s essentially constant, independent of the state of the output so no foading change
ut signal voitage should not be allowed to go negative by more than 0.3V. The upper end of the

inating via stray capacitance between these external parts. This typicaily

VOLTAGE GAIN (dB)

OPEN LOOP FREQUENCY RESPONSE (NOTE 3}

140 T T T T
120
100 / )
80 \ L
\ Vec=30vVa
60 _ -55°C <Tamp € +125°C
N
40 \\\
N \
20} voo =+10t0+ 15V & N
55°C £ Tamb < +125°C ‘\\
of 1 1 1

10 10 100 1k 10k 100k 1M 10M

FREQUENCY (Hz)

LARGE SIGNAL FREQUENCY RESPONSE

20
= 1k +15V
S5 v Vo
‘O . +
Z ‘ 7v o -Zk 4
- o
® 10
‘_
&
= \\
2 H
[ N
N
g
0 P~
1k 10k 100k 1M
FREQUENCY (Hz)

412
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LM158,A-LM258,A-LM358,A

VOLAGE FOLLOWER PULSE RESPONSE

OUTPUT CHARACTERISTICS

4 T L — 10 T
.S | e P =
1 - = +15V — = L +4
za vee =218 ) VCC = +30v 45 H
5 I 2 7 w
0 a 9: 1
> g !
02 ¢ z |
}5 "cc’zo_ H
3 o 01 = H
s 5 HiE i
2 (@) H
W
[=gk0) ,[1 I i
E IS 1 ! /‘/ Tamp = +25°C [}
zZ 5 0.01L{ 1K Loy L1l
g 0 10 20 30 a0 0001 001 O3 1 10 100
TIME ( s) OUTPUT SINK CURRENT (mA)
VOLTAGE FOLLOWER PULSSE RESPONSE OUTPUT CHARACTERISTICS
(SMALL SIGNAL) [a]
8 8 T T yvum.
500 T T T T cc
; - é ras
€ 450 w A
‘3 eo E 6 LVee2 V?
< el T soeF n xd <
S 400 i w - 5t 1o
[e) B \V O +()
> Input / fE L 4 - +
5 150 3 o THOF RN LENE
o S - Independent of Ve
5 Output - 3 Tttt
O 300 I\, / 2 , Tamp = +25°C
\I Tamb = +25°C 5
250 Yee 730y © 1
o 1 2 3 4 5 6§ 7 8 0,001 001 0,1 1 10 100
TIME ( s) OUTPUT SOURCE CURRENT (mA)
INPUT CURRENT (Note 1) CURRENT LIMITING (Note 1)
80 7 80 LI R B
80 V=0V :,:E‘ 80 o, [
Z = ]
= &0 Vee=+30v Z 6o -
4 |t P—1 | o
D 5 1 — € 50 P
g ‘0 Voe=+15V 0 40 I S -
o] [ ——
E 30 I — z %
E L —t— [t ™~
L= 20 Voo =+5V 8 20
10 10
0 0
.55 35 15 5 25 45 65 85 105 125 55 35 15 5 25 45 65 B85 105 125

TEMPERATURE (°C)

TEMPERATURE (°C)

5/12
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LM158,A-LM258,A-LM358,A

INPUT VOLTAGE RANGE

SUPPLY CURRENT

POSITIVE SUPPLY VOLTAGE (V)

15 T T
S / el
uy y —
O 10 Z
= Négative / 2
= o4
o] Z 2F
> s
5 Posit s L
g 5 / astive T Tamp = 0°C to +125°C
Z a
/ ? —T 1
Tamp =-55°C
0 5 10 15 1] 10 20 30
POWER SUPPLY VOLTAGE (V) POSITIVE SUPPLY VOLTAGE (V)
160 T 100
R, =20k —

& s -

o 120 /, ~ g 75

z - z

S R 4

80 L52k Z 50 !

w . ]

g S S

/

= 40 'é 25 —

g Z T, = +25°C
0 10 20 30 40 0 10 20 30
POSITIVE SUPPLY VOLTAGE (V) POSITIVE SUPPLY VOLTAGE (V)

160 T T ;:':‘\ 15
- _ s
= R L= 20k : 1.35 1
S = o 12 .
z ] O 1.05 A
< O \\
® - x 09 Y
80 Ry=2k a
5] T 075 Ve = F15v—
== 1
E o 06
g 40 2 045
g 0.3
z 0.15
< 0
0 10 20 30 o -55-35-15 5 25 45 65 85105 125

TEMPERATURE (°C)

612
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LM158,A-LM258,A-LM358,A

11s T 7T 7777717717 11
110 H H ! i .
105 H SVR
100
95
a0
85
80
75
70
65
60-55-35-15 5 25456585 105 125
TEMPERATURE (°C)

POWER SUPPLY REJECTION RATIQ (dB)

115 T T 7 077 T 7 T
10 :
105 i
100 |
95 . N
90 3 N
85
80
75
70
65
60-55-35-15 5 25 4565 85 105 125
TEMPERATURE (°C)

Lo

r“"
\_~ .
\

/

COMMON MODE REJECTION RATIO (dB)
£

TYPICAL APPLICATIONS (single supply voltage) V. = +5V 4.

<

AC COUPLED INVERTING AMPLIFIER

~

AC COUPLED NON-INVERTING AMPLIFIER

Ry
100k R,

R1 (as shown A, = -10)
C, 10k v

Co X
} P I/
| €a
Re
10k
ey R2 ° :
e 100k —

100k ™
As=1+82

(as shown A, = 11)

C, X
"—i e°0 ©

Ry
10k

NON-INVERTING DC AMPLIFIER

DC SUMMING AMPLIFIER

R2
A= Re
vE1t RS
{As shown A, = 101)
+5V
F T
R2 —~
1™ Z
R1 [=]
10k °
1
-_—
0

e (mV)

e; 100k
: ~
b aater RARNY
~ e
100K 2 s L °
i LM158 1O
: i e :
e, 100k -
...... et %
N ey 100k -
e, 100k

e, =e;+ey-e3-€4
w%ere (e1 +e5)2(e3 +e4)
to keep eDZO€/

7112




LM158,A-LM258,A-LM358,A

HIGH INPUT Z, DC DIFFERENTIAL AMPLIFIER

R2 R4
100k 100k
R o — o S
100k !
S SN
—— LM,SS/& 0 L
+V1o————-/ LM’53>_ -OVo
+V2C

if R1=R5 and R3 = R4 = R6 = R7
e=[1+ 2R11((e>*eq)
R2

As shown e, = 101 (e; + e4)

USING SYMMETRICAL AMPLIFIERS TO
REDUCE INPUT CURRENT

SN
Lzt
iLm158

tnput current compensation

HIGH INPUT Z ADJUSTABLE GAIN DC
INSTRUMENTATION AMPLIFIER

R i s
2 RS L
100k
i ¢

ifR1=R5and R3=R4=R6=R7
e=[1+ 2R1 1((ez+ey)
R2

As shown e, = 101 (e, + e4)

LOW DRIFT PE/;\K DETECTOR

i Input current

compensation

ACTIVE BAND-PASS FILTER

R1
100k
T """""" 3 i
™~ |
R2 w2~ i
100k sy >
VIO R
10M
*--:} ~~~~~~~~~~~~~~~~ -
—= R6
R3 3309 470k
100k - g OV
12 R7
*Qws 100k
Y T 1+OVee
C3 =
R8
100k 10

8/12
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LM158,A-LM258,A-LM358,A

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC DIP

al
L
%

7 o3 | Z
D
O M . M
8 5
“ .
1 4
LI iJ T
Millimeters Inches
Dim.
Min. Typ. Max. Min. Typ. Max.
A © 332 . 0.131
al 0.51 0.020
B 1.15 1.65 0.045 0.065
b 0.356 0.55 0.014 0.022
b1 0.204 0.304 0.008 0.012
D . 10.92 0.430
E 7.95 : 9.75 0.313 0.384
e 2.54 0.100
e3 7.62 0.300
e4 7.62 0.300
F 6.6 : 0260
i 5.08 0.200
L 3.18 3.81 0.125 1. 0.150
4 1.52 0.060 -

9/12




LM158,A-LM258,A-LM358,A

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC MICROPACKAGE ( miniSO )

; “Tu___|
T

>

JU -
i
E
N

/

PINUDENTIFICA TION Wi

Dim. Millimeters Inches
Min. Typ. Max Min Typ. Max.
A 1.100 0.043
A1 0.050 0.100 0.150 0.002 0.004 0.006
A2 0.780 0.860 0.940 0.031 0.034 0.037
b 0.250 0.330 0.400 0.010 0.013 0.016
c 0.130 0.180 0.230 0.005 0.007 0.009
D 2.900 3.000 3.100 0.114 0.118 0.122
E 4.750 4.900 5.050 0.187 0.193 0.199
E1 2.900 3.000 3.100 0.114 0.118 0.122

e 0.650 0.026
L 0.400 0.550 0.700 0.016 0.022 0.028

L1 0.950 0.037

k od 3d 6d 0od 3d 6d

cce 0.100 0.004

g




LM158,A-LM258,A-LM358,A

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC MICROPACKAGE (S0)

TURCﬁ
e -

Tl
S R A E

al

el E
D
LM
0N 0o }'1_
8 5
w
1 4 N
oTooo .
Millimeters Inches
Dim.
Min. Typ. Max. Min. Typ. Max.
A 1.75 . 0.069
a1l 0.1 0.25 0.004 0.0
a2 1.65 0.065
a3 0.65 0.85 0.026 0.033
b 0.35 0.48 0.014 0.019
b1 0.19 : . 0.25 0.007 0.010
C 0.25 0.5 0.010 0.020
cl 45° (typ.)
D 4.8 ) 5.0 0.189 0.197
E 5.8 6.2 0.228 0.244
e 1.27 0.050
e3 3.81 - 0.150
F 3.8 4.0 0.150 0.157
L 0.4 . 1.27 0.016 0.050
M 0.6 0.024
S 8° (max.)

J— x ’ .
1S77 : 11/12




LM158,A-LM258,A-LM358,A

PACKAGE MECHANICAL DATA
8 PINS - THIN SHRINK SMALL OUTLINE PACKAGE (TSSOP)

—_ 0 2%mem {
i L -

i | GAGE PUANE!

E1

1

c

A1l

Hrﬂﬁi_m>

SEATING
PLANE
(]
m -

PIN 1 IDENTIFICATION -

Millimeters Inches
Dim. -

Min. Typ. Max. Min. Typ. Max.
A 1.20 0.05
A1 0.05 0.15 0.01 0.006
A2 0.80 1.00 1.05 0.031 0.039 0.041
b 0.19 0.30 0.007 0.15
c 0.09 0.20 0.003 0.012
D 2.90 3.00 3.10 0.114 0.118 0.122

E 6.40 0.252
E1 4.30 4.40 4.50 0.169 0.173 0.177

e 0.65 0.025

k 0° 8° 0° 8°

| 0.50 0.60 . 0.75 0.09 0.0236 0.030
L 0.45 0.600 0.75 0.018 0.024 0.030

L1 1.000 0.039

Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the
cansequences of use of such information nor for any infringement of patents or other rights of third parties which may result from
its use. No license is granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specifications
mentioned in this publication are subject to change without notice. This publication supersedes and replaces ali information
previously supplied. STMicroelectronics products are not authorized for use as critical components in life support devices or
systems without express written approval of STMicroelectronics. ’

© The ST logo is a registered trademark of STMicroelectronics

© 2002 STMicroelectronics - Printed in italy - Alf Rights Reserved
STMicroelectronics GROUP OF COMPANIES
Australia - Brazil - Canada - China - Finland - France - Germany - Hong Kong - India - Israel - ltaly - Japan - Malaysia
Maita - Morocco - Singapore - Spain - Sweden - Switzerland - United Kingdom - United States
’ © http://iwww.st.com
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TOSHIBA ULN2003.04AP/AFW

TOSHIBA BIPOLAR DIGITAL INTEGRATED CIRCUIT SILICON MONOLITHIC

ULN2003AP,ULN2003AFW,ULN2004AP,ULN2004AFW
(Manufactured by Toshiba Malaysia)

7CH DARLINGTON SINK DRIVER

The ULN2003AP / AFW Series are high—-voltage, high~current ULN2003AP
darlington drivers comprised of seven NPN darlington pairs. ULN2004AP
All units feature integral clamp dicdes for switching inductive
loads.

Applications include relay, hammer, lamp and display (LED)
drivers.

FEATURES

® Output current (single output) 500 mA MAX.

High sustaining voltage output
50 V MIN.

Output clamp diodes

DiP16-P-300-2.54A

ULN2003AFW
ULN2004AFW

Inputs compatible with various types of logic
Package Type—AP : DIP-16pin
Package Type—AFW @ SOL-16pin

SOL16-P-150-1.27A

Weight
° . DIP16-P-300-2.54A :1.11g(Typ.)
SOL16-P-150-1.27A :0.15g(Typ.)

PIN CONNECTION (TOP VIEW)

INPUT BASE o1 02
TYPE RESISTOR DESIGNATION . el [15]

ULN2003AP / AFW 2.7kQ TTL, 5V CMOS j
ULNZ2004AP / AFW 10.5 kQ2 6~15 V PMOS, CMOS > 4
ER IR EY

[}

3

o]

4

[}

5 06 07 COMMON

IT{II_IF—L

£l
o

1 2
1 12 ¥

B> HE
B>
B

QE—D°L*

W
s
G

GND
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TOSHIBA

ULN2003,04AP/AFW

SCHEMATICS (EACH DRIVER)

ULN2003AP / AFW

T . BEEt
b omm o m

COMMON

&

OouTPUT

o
z0
S

ULNZ2004AP / AFW
COMMON
—N»—?O
INPUT '
O—p—w~ 'TK L oToureyt
10.5 k) '-t H
E e Cd
i i | ¥F
: =] i
] 1 )
[ o O
CGHD

Note: The input and output parasitic diodes cannot be used as clamp diodes.

MAXIMUM RATINGS (Ta = 25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Output Sustaining Voltage VCE (sus) -0.5~50 \

Output Current tout 500 mA/ch .
Input Volitage VIN -0.5~30 \ 7
Clamp Diode Reverse Voltage VR 50 \

Clamp Diode Forward Current Ir 500 mA -

AP 1.47

Power Dissipation AFW Pp 0_5(4N/0?£25 w

Operating Temperature Topr -40~85 °C

Storage Temperature Tstq -55~150 °C

Note:  On glass epoxy PCB (30 x 30 x 1.6 mm Cu 50%)

2001-07-05



TOSHIBA ULN2003,04AP/AFW

RECOMMENDED OPERATING CONDITIONS (Ta = -40~85°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN TYP. MAX | UNIT
Qutput Sustaining Voltage Ve (sus) 0 — 50 \%
Tpw=25ms |Duty = 10% 0 — 370
AP
7 Circuits Duty = 50% 0 — 130
QOutput Current louT mA / ch
Ta = 85C Duty = 10% 0 — 233
AFW
T;=120°C Duty = 50% 0 — 70
Input Voltage ViN 0 — 24 \%
Input Voltage ULN2003A v lout = 400 mA 2.8 — 24 .
INON)  fnee = 800 v
(Output On) ULN2004A FE 6.2 - 24
Input Voltage ULN2003A v 1 o — 0.7
Output Off) IN(OFF) v
(Outp ULN2004A 0 — 1.0
Clamp Diode Reverse Voltage VR — —_ 50 \
Clamp Diode Forward Current IF — — 350 mA
AP Ta=85°C — — 0.76
Power Dissipation Pp w
, AFW Ta =85°C (Note)| — — 10325

Note:  On glass epoxy PCB (30 x 30 x 1.6 mm Cu 50%)
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TOSHIBA ULN2003,04AP/AFW

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

TEST
CHARACTERISTIC SYMBOL CIR- TEST CONDITION MIN TYP. MAX | UNIT
CUIT
Vce=50V, Ta=25C — — 50
Output Leakage Current IcEX 1 A
Vecg =50V, Ta = 85°C — — 100
loyt =350 MA, iy = 500 pA — 1.3 16
Collector-Emitter Saturation Voltage VCE (sat) 2 louT = 200 mA, iy = 350 pA — 1.1 13 \
louT = 100 mA, Iy = 250 pA — 0.9 11
DC Current Transfer Ratio hrg 2 Vee =2V, loyt = 350 mA 1000 — —
Input Current ULN2003A VIN= 2.4V, lgyT = 350 mA — 04 | 07
(Output On) liN (ON) 3 mA
ULN2004A ViN=9.5V, loyT =350 mA — 0.8 1.2
Input Current (Output Off) liN(OFF) 4 louT = 500 pA, Ta = 85°C 50 65 — A
louT =350 mA —_ — 26
. ULN2003A ou
Input Volitage Vin (ON) 5 Vee=2V louTt = 200 mA — — 2.0 v
(Output On) , hgg = 800 louT = 350 mA _ . 4.7
ULN2004A
louT = 200 mA — — 4.4
VR =50V, Ta=25°C T — 50
Clamp Diode Reverse Current IR 6 pA
VR=50V, Ta=85°C — — 100
Clamp Diode Forward Voltage Ve 7 |Ip =350 mA — — | 20 v |
Input Capacitance Cin — — 15 — pF
_ : - Vout=50V,RL=1250
Turn-On Delay ton 8_ CL=15pF — 0.1 —
us
_ Vout=50V.RL =125 '
Tum-Off Delay torF 8 CL=15pF — 0.2 —

T4 . ~ 2001-07-05



TOSHIBA ULN2003,04AP/AFW
TEST CIRCUIT
1. lcex 2. Vce (sat), hFE 3. lin(oNn)
OPIEN OPEN orEn
1 ﬂ I | lour o)
O:EN—Y—ATO——— ves t —_— osen
Vin VCE. VCE (san) Ving
)7 'J' lout )’
hee = I
4. Iin(oFF) 5. Vin(oN) 6. IR
OPEN OPEN
liN (OFF) j lout j lout xl‘R Vr
T
ViN (ON) Ve

7. VE
Vg x tl;:
OPEN T‘ 1
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TOSHIBA ULN2003.04AP/AFW

8. ton, torF

INPUT OPEN vouT
¢ y S 8
PULSE 1 L ]
GENERATOR v T - 1 ouTpuT
{Note 2) 1 ! C; = 15pF
{Note 1) N T T t P
Sy {Note 3}
S if
30% 30% _‘S ViH
INPUT 50% 50% X
10% 10% < o
50
on tOFF
VoH
ouTPUT 50% 50%
VoL
Note 1: Puise width 50 ps, duty cycle 10% -

Output impedance 50 Q, tr< 5 ns, {r< 10 ns
Note 2: See below

INPUT CONDITION
TYPE NUMBER R1 ViH
ULN2003AP / AFW 0 3V
ULN2004AP / AFW 0 8V

Note 3: Cy includes probe and jig capacitance.

PRECAUTIONS for USING

~This IC does not include built-in protection circuits for excess current or overvoltage.
If this IC is subjected to excess current or overvoltage, it may be destroyed.
Hence, the utmost care must be taken when systems which incorporate this IC are designed.
Utmost care is necessary in the design of the output line, COMMON and GND line since IC may be destroyed
due to short—circuit between outputs, air contamination fault, or fault by improper grounding.
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TOSHIBA

ULN2003,04AP/AFW

loUT - DUTY CYCLE

500 T
T | |
. | | |
< !
£ 400 !
< \\\\ NANE S -
5 ! I~ =1
2 WNNA "
NN ‘
= i \\ ™ !
= i i \ ! L~
S 2000 \‘\ ~ 2
o utn20oxaPw NN T
; Ta = 25°C ‘\‘k\:\’ 4
>  100| On PCB 4 =
2 F
n-ch RPN
ACTIVE 7 5
0
0 20 40 60 80 100
DUTY CYCLE (%)
lout - DUTY CYCLE
500
T 00 \\\ AN n=1—
E AN 2
© 300 \\ ‘N\\\\
= IN A \3
w NN [ —
g 200 1 NS .
z T
2 ] s
e ULNZ200XAP ] q:\
2 Ta = 25°C L
5 j00| #REE AR 7-1-6
]
n-ch
ACTIVE
0
0 20 a0 60 80 100
DUTY CYCLE (%) ’
IIN - VIN
12
ULN2003
L 1oyt = 100 mA
z Ta = 25°C out” — 200
Z ¢
E — 300
y.
z 8 /
e y/.
Z
z 4
o}
: a Z
5 /
2 /
74
0 /
° 10 20 30 40

INPUT VOLTAGE Vi (V)

(ma)

out

QUTPUT CURRENT

(mA)

lourt

QUTPUT CURRENT

(mA)

IN

INPUT CURRENT

IoUT - DUTY CYCLE

500 T i
; | ! ULN200XAFW
] 771 1a = 8s°C
200 — i On PCR
\\\\ BN e
i ACTIVE
300 \\ \ \"\ - ;
AN N ~L
o N\ \ \n =1
N
\§> t‘ \\ 2—4—
100 w\%\k\‘\:}\}*_
s
6 1s
0
0 20 a0 60 80 100
DUTY CYCLE (%)
IouT - DUTY CYCLE
500
400
\ \\ n=1
NS
\\\\\\\ ~~~
200 \‘ \\\\‘\ ’
ULN200XAP %§>\\\3
Ta = 85°C 3 -
100]  FREE AR ? T I =
n-ch 718 5
ACTIVE T T
0
0 20 a0 60 80 100
DUTY CYCLE (%)
IN - VIN
ULN2003
2 /
Max. /
/ /1
A -
/ Typ. | -~
/ //
1 > P
-
/ T /
e (.-’/ / Min.
+7 -
-
//
0
2 3 4 5

INPUT VOLTAGE Vi (V)
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TOSHIBA

ULN2003,04AP/AFW

{mA)

N

INPUT CURAENT

lout. (mA)

QUTPUT CURRENT

(mA)

lout

OUTPUT CURRENT

IN - VIN
3
ULN2004
Ta = 25°C — 200
—— 300
2 T
oyt = 100 m}
1 //
7/
0
1} 10 20 30 a0
INPUT VOLTAGE Vi (V)
louT - N
——Recommended
Maximum Rating
300 l
Ta=75°CI IZS IBO
i
Ve =2V
0
0 100 200 300 400 500 600
INPUT CURRENT Ly {zA)
IoUT - VCE(sat)
600
iy = 500 pA
4
400 / /
///
y
Ta = 85°C // /
200 -
/ f<fi—25
A —-30
N
0 e /
0

0.4 0.8 12
COLLECTOR-EMITTER SATURATION VOLTAGE
’ VCE (sayy )

{mA)

hN

INPUT CURRENT

lour (ma)

QUTPUT CURRENT

(mA)

I

CLAMP DIODE FORWARD CURRENT

IN - VIN

ULN2004

.~ /""
Min

o/l/

0 7 9 1
INPUT VOLTAGE Vi (V)
IOUT - VCE (sat)
600
[ 4
| 4
Typ. 7 /
400 A
/
/
25°C Max.
/
/
Vi
200
7/
/ /
//
71
A
0 7z
0 0.5 1.0 1.5 2.0
COLLECTOR-EMITTER SATURATION VOLTAGE
VCE (sar) (V)
IF = VF
400
Ta = 25°C
300 //
/
200 /
100 //
0
1} 04 08 1.2 16 20

CLAMP DIODE FORWARD VOLTAGE Vi (V)
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TOSHIBA ULN2003,04AP/AFW

-

hge - louT hre - lourt
10000 10000 e
ULN20G3 — I G R
5000 : sgoo| VLN200a : : :
jrd Vcg = 20V : w Vep < 20V i - 1
£ 3000f Ve /(—: _W £ 3000f Vce 1+ i
T I 1 IT— BT I T g —r s
o q AT o i i ‘
% 1000 ' L 7/" , £ 1000 I 7 !es‘c /.{,’~ i ;
= 85°C : < puay fF s
= s00 : : = 500 e A
w o A i . w AL i
s 300 25°C T by 300 7 -4a0°C T
/[/ } I ! i
Z T v/ - a0°C : 2 7 / i , = i
e i : N H
= 100 AL LU : =N I R . g . i S
[ >y b - LA — eS8 BR
-4 7 1 z ‘ Z
o 50 % 1 w 50 A7
& — VA ! = Wavabs
3 30 "/ ol i 5 30 A B
o R w S 1S .
v v
o 10 ’./ = : : l o 10 7/
5 i t T - s
1 10 100 1000 10000 1 10 100 1000 10000
OUTPUT CURRENT lgyt (mA) OUTPUT CURRENT oyt (mA)
PD - Ta
2.00
@ Type-AP free air
@ Type-AFW on glass epoxy PCB
1.75 30 x30 x 1.6 mm Cu 50%
Q@ Type-AFW free air
@
1.50]
H N
Lo 1.25 \
- N,
o
5 N
g 1.00 \
G
il
o
]
z 075
3 e \
a . h '
0.625 { N
‘0.54 T N
0.50—@® <] <
N \
™ Y
\t\\ 1
0.25 e NS N
X N\
AY
0 A
0 25 50 75 100 125 150

AMBIENT TEMPERATURE Ta (°C)
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TOSHIBA ULN2003,04AP/AFW

PACKAGE DIMENSIONS

DIP16-P-300-2.54A

-0 b
6.410.2

19.75MAX

19.2510.2

0.9510.1

==
|
—p
\35&02
4.1520.3

/ N\
=z [+2]
wn
- Yo,
0.735TYP I [ 1.420.1 I ,0.540.1 rero—e
'

Weight: 1.11 g (Typ.)
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TOSHIBA ULN2003,04AP/AFW

PACKAGE DIMENSIONS

SOL16-P-150-1.27A

Wangnangy
| i | i
s S 55 A

{ A

'~ 30]' v
0662853 %

1
|
B
I
]
1
- L
’:::718:89
o 1.73MAX]|
=
S ——
1
|
|
7

Weight: 0.15 g (Typ.)
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TOSHIBA ULN2003,04AP/AFW

RESTRICTIONS ON PRODUCT USE

000707EBA

+ TOSHIBA is continuaily working to improve the quality and reliability of its products. Nevertheless, semiconductor

devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical
stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of
safety in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of
such TOSHIBA products could cause loss of human life, bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability
Handbook™ etc..

o The TOSHIBA products listed in this document are intended for usage in general electronics applications
(computer, personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances,
etc.). These TOSHIBA products are neither intended nor warranted for usage in equipment that requires
exiraordinarily high quality and/or reliability or a malfunction or failure of which may cause loss of human life or
bodily injury (“Unintended Usage”). Unintended Usage. include atomic energy control instruments, airplane or
spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments,
medical lnstruments all types of safety devices, etc.. Unintended Usage of TOSHIBA products listed in this
document shall be made at the customer’s own risk.

e The products descrlbed in this document are subject to the foreign exchange and foreign trade laws.

« The information. contained herein is presented only as a guide for the applications of our products. No
responsibility is assumed by TOSHIBA CORPORATION for any infringements of intellectual property or other
rights of the third parties which may result from its use. No license is granted by implication or otherwise under
any intellectual property or other rights of TOSHIBA CORPORATION or others.

» The information contained herein is subject to change without notice.
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LF13741

Typical Applications (Continued)

Ultra-Low Drift Peak Detector

™=
A~

b—0 vour

*Low leakage capecitor
TL/H/8206-24

*By adding D1 and Ry, Vpy = 0 during hold mode. Leakage of D2 provided by feedback path through Ry.
eLoakage of circuit Is | plus leakage of Cp.

D3 clamps Voyt A1 to ViN — VmeowWammllnilmrwmuandoz.
eMaximum input frequency shouid be < %3 RyCpo where Cpy is the shunt capacitance of 02.

Comparator with Offset Adjust for HI-Z Inputs Low Current Ammeter

- TL/H/B298-25

Vo +avcvy<vt +oav

lruLL scaLe Rg Res
100 nA 1.5M 1.5M
500 nA 300k 300k
1pA 300k 1}
5 puA 60k 0
10 pA 30k 0
50 pA 6k 0
100 gA 3k 0
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