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ABSTRACT
In the present , Communication is necessary for people's life
very much , Such as business , convenience , enjoyment. The best
m:Bmmunication is happened because of candidation of communucation tech
nology. fhe optical communication exactly will be substituted for me-
tal communication in the future because the optical fiber's advantage
is medium of all communication. This project , Editors invent some

equipments of the optical communication and study measurement of

optical fiber's length for installation of repeater equipment.
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CURRENT LIGHT OUTPUT
( mA )
( dBa y ( MICROWATT )
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Semiconductor
LF147/LF347 Wide Bandwidth Quad

JFET Input Operational Amplifiers

General Description Features

The LF147 is a low cost, high speed quad JFET input opera-  # Internally trimmed offset volitage

tional amplifier with an internally trimmed input offset volt- & Low input bias current [

ogy). .The. device requires a low  m Low input noise current &

supply current and yet mainfains a lai’ge ‘gain bandwidth Wide gain bandwidth

product and a fast slew rate. in addition, well matched high High slew rate

voltage JFET input devices provide very fow input bias and Low supply current

offset currents. The LF147 is pin compatible with the stan- L |

dard LM148. This feature allows designers to immediately High input impedance i

upgrade the overall performance of existing LF148 and Low total harmonic distortion Ay= 10,
LM124 designs. R 10k, Vo =20 Vp-p, BW=20 Hz—~20 kHz
The LF147 may be used in applications such as high speed Low 1/ naise corner

integrators, fast D/A converters, sample-and-hold circuits Fast settling time to 0.01%
and many other circuits requiring low input offset voltage,

low input bias current, high input impedance, high slew rate

and wide bandwidth. The device has low noise and offset

’ 2
BIL.FET nTM Technology

2mv

50 pA

0.01 pA/YHZ
4 MHz

13 V/ps

7.2 mA
10120
<0.02%

50 Hz
2 us

i :‘A;M

ey
ey

L e o P e

T S T

voltage drift.
kY
Simplified échematic Vi Quad
’ VeE Omme— C
Vo
- +
;'-.?‘2 PR Spane =
< INTERNALLY
mrigrx:; TRIMMED
w 3 - ~Veg O— - N 2 o =
Connection Diagram
Dual-In-Line Package
” ours N4~ IN&* v N3 INIT QuT3
L] 12 12 In 10 I 9 , [J
Order Number LF147D or LF347D
= See NS Package D14E
+
Order Number LF347BN or LF347N
See NS Package N14A
l| Iz 3 ¢ s ls j 7
[11) SR R ve oW oW ure
TOP VIEW TUHIS647-1
e ) T 3-14

TN



Ssolute Maximum Ratings i

oot

- = - = N

PR et
RN TCIRCIE L e Bt

£y e ety Y

. LF147 LF347B/LF347 LF147  LF347B/ LF347
Supply Voltagg ™+~ 2 W 100y 18V Tj max 150°C ¢ 11s°C
ﬂerential lnput Voltage - R4 38y +30V "iA 100°C/W 150°C/W
nup\lolta"ge Bangg'l Fost it 1gv 115V Operating Temperature (Note 4) {Note'4)
¢ ! (Note 1y - § - 3 Range
output Short" Circun =~  Continuous Continuous Storage Temperature —65°C<Ta<150°C
Duration (Note 2) . Range
" power Dlssmatlon 900 mW 500 mW Lead Temperature 300°C 300°C
R (Soldering, 10 seconds)
5 .
3 DC Electncar Characterlstlcs (Note 5)
symbol Parameter Conditions LF147 LF3478 LF347 Units
¥+ Min | Typ |{Max| Min| Typ |Max|{Min| Typ |Max
Vos Input Offset Voltage Rg=10kQ, Tp=25°C 1 5 3 5 5 10| mVv
3 Over Temperature 8 7 13| mv
AVos/AT{Average TC of Input Offset Rg=10kQ 10 10 10 pv/°Cc
Voltage
los Input Offset Current T 25°C, (Notes 5, 6) 25 | 100 25 {100 25 [100]| pA
L Over Temperature 25 4 4 nA
B Input Bias Current T;=25°C, (Notes 5, 6) 50 | 200 50 | 200 50 {200{ pA
. Over Temperature 50 8 8 nA
RiN input Resistance Tj=25C 1012 1012 1012 Q
AvoL Largé Signal Voltage Gain Vg= %15V, Tpo=25°C | 50 | 100 50 { 100 25 | 100 v/mV
i ¢ Vo=%10V,R =2kQ
Over Temperature 25 25 15 V/mVv
Vo Output Voltage Swing Vg=+15V,R =10 k2| £12| £13.5 +121 135 +12] £13.5 v
VoM, input Common-Mode Voltage — +15 +15 +15 V.
i Range Vg= 118V +11 —12 +11 _12 11 —12 v
CMRR Common-Mode Rejection Ratio|Rg< 10 k) 80 | 100 80 | 100 | 70 | 100 dB
| PSRR Supply Voltage Rejection Ratio | (Note 7) 80 | 100 80 { 100 70 | 100 dB
s Supply Current 72 | 11 7.2 | 11, 72 111 | mA
K 1 -
AC Electrical Characteristics (ote 5)
Symbol Parameter Conditions - i LEQVe LF347 Units
x . £ . Min| Typ |Max|Min| Typ | Max|Min| Typ |Max
g Amplifier to Amplifier Coupling .| Ta=25°C, —-120 =120 —120| d8
. f=1Hz—20 kHz
(Input Referred)
SR Slew Rate Vg= 115V, Ta=25C 13 13 13 V/us
GBW Gain-Bandwidth Product Vg= 115V, Tp=25C 4 4 4 MHz
en Equivalent Input Noise Voitage | To=256°C, Rg= 1004, 20 20 20 nv/JHz
. f==1000 Hz .
in Equivalent Input Nolse Current | Tj=25°C, = 1000 Hz 0.01 0.01 0.01 pA/YHZ
Note 1: Unlass otherwise specified the absolute maximum negative input voltage is equa! to the negative power supply voltage.
Note 2: Any of the amplifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shorted as the maximum junction
temperaturo will be exceeded:
Note 3: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 8ja.
Note 4: The LF147 is available in the military temperature range —55"C < T4 < 125°C, while the LF3478 and the LF347 are avallable in the commercial temperature
range 0°C<Ta<70°C.
Note 5: Unless otherwise specified the specifications apply over the full temperature range and for Vg= t20V for the LF147 and for Vg = £ 15V for the LF347B/
LF347. Vos, Ta. and lpg are measured at Veu=0.
Note 6: The input bias currents are junction leakaga currents which approximately double for every 10°C increase in the junction temperature, T;. Due to limited
production test time, the input bias d are co to junction p . In normal operation the junction temperature rises above the ambient
temperature as a resuit of intemnal power dissipation, Pp. TIBTA+0,A Pp where ja is the thermal resistance from junction to ambient. Use of a heat sink is
recommended if input bias current is to be kept to a minimum..
. Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultanecusly in accordance with common practice.

R'ALER lﬂ:l'fy
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" EF147/ EF347§'

Typical Performance Characteristics

a'i!vim. i‘é‘f}Bﬂ' Bias G *
* " . Input Blas Current nput Bias Current
= & m’ P 2, C e (7P
" V=I5 R Ven=0
(2 Ta=25°C R = V= +15v
Vi %ﬂr"{ 1 ‘;_ 5 3 B R o
‘ £
- [ =
- & VLT = - * <
3 7 3 L
-] - g 7
- -
: . A
£ n = Ew z
v - =
] 10
~10 -8 [} 5 10 ~50-25 0 25 50 75 100 125
L COMMON-MODE VOLIAGE (V) TEMPERATURE (°C)
hd . -y
Positive Common-Mode Negative Common-Méde
_!_nput Voitage Limit input Voltage Limit
B etz B [CFtaneet ]
ge » 74 gs-u
is 4 iE
§: 15 v -§- gt Vs
24 zg
85 . V S5 4 /)
g V4R gL
TS 4 A-SEN T G
©
Z= § zZ -5
£z § g y,
0 [
0 5 10 15 2 2 0 -5 -0 —-15 -0 -25
POSITIVE SUPPLY NEGATIVE SUPPLY
B VOUTAGE (V) VOLTAGE (V)
Negative Current Limit Output Voltage Swing
R V5=t 15V el ey
2 Ta=25°C
s : B B ‘o -
) A 3 7
B 125°¢\ 250 —ss'c\ £ W 7
- /‘
3 \ ES = 4
§ -5 3 Y
o Ve
1 74
. . \ 0 A
I3 A £ = 0
0 10 20 3 (1] 0 5 18 15 20 25
OUTPUT SIKK CURRENT (mA) SUPPLY VOLTAGE (V)
Gain Bandwidth Bode Plot
6 30 X
= N V= 175) 50
- R =2k
.- 54 u ey =100 pF| 10
g 19 0 2
2 g N &
T 45 z 0 0 3
2 4 \ - 8 ~10 -50 3
g 38 1 . -2 -100
3 . -3 ~150
-5 -5 0 25 50 75 W0 12 0.1 1 10 100
S o TEMPERATURE (°C) FREQUENCY (MHz)

QUTPUT VOLTAGE

POSITIVE OUTPUT VOLTAGE SWING V) SUPPLY CURRENT (mA)

SWING (Vp-p)

SLEW RATE (V/us)

Supply Current
0

. -
¢ .
—55°C, 25°C

7
1
125°c]
6
5
0 5 w15 0 -
SUPPLY VOLTAGE (£ V)
\
Positive Current Limit
15
Vs= 15V
\
10 ’
21 1
& (s
5 a _fsfs ]
0
0 10 20 30 L]

OUTPUT SOURCE CURRENT (mA)

Output Voltage Swing

30 [ ’
25 w’
A1
20 A
15
10
5
(i
0.1 1 10
AL~OUTPUT LOAD (k)
Slew Rate
%
Vs= 15V
U a2k
2 ‘"T‘ |
20
I
18 FALLING
15 } [ =
14 RISING
12
. ; .
~§0 =25 0 25 50 75 100 125

TEMPERATURE (°C)
TL/H/S647-2
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LF147/LF347

Pulse Response r, -2k, c, - 10
Small Signal Inverting

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 1s/DIV)

TL/H/5647-4

Large Signal Inverting

OUTPUT VOLTAGE SWING (5V/DIV)

TIME (2 s/DIV)
TL/H/5647~6

OUTPUT VOLTAGE SWING (1V/DIV)

Current Limit (R

Small Signal Non-Inverting

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 us/DIV)

TL/H/5647-§

Large Signal Non-Inverting

OUTPUT VOLTAGE SWING (5V/DIV)

TIME (2 us/DIV)

TL/H/5647-75
X

=1000)

TIME (5 us/DIV) °

Application Hints

The LF147 is an op amp with an internally trimmed input
offset voltage and JFET input devices (BI-FET ™). These
JFETs have large reverse breakdown voltages from gate to
source and drain eliminating the need for clamps across the
inputs. Therefore, large differential input voltages can easily
be accommodated without a large increase in input current.
The maximum differential input voltage is independent of
the supply voltages. However, neither of the input voltages

TL/H/5647 -8

should be allowed to exceed the negative supply as this will
cause large currents to flow which can result in a destroyed
unit.

Exceeding the negative common-mode limit on either input
will cause a reversal of the phase to the output
and force the amplifier output to the corresponding high
or low state. Exceeding the negative common-mode
limit on both inputs will force the amplifier output to a

g
i
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eapplication Hints (continued) .,
ghigh state. In neither case does a latch occur since raising
' the input back within the commg@-mode range again puts

e input stage'and thus the ambliiﬁér in a nprmal operating
S 'ﬁdde' ~ -\: e »’iv . z )
? Exceeding the positive common-made lirhit on a single input
"~ will not change the phase of the*output; however, if both
inputs exceed the limit, the output of the amplifier will be
~ forced to a high state. !
The amplifiers will operate with a common-mods input volt-
; age equal to the positive supply;;f;éwever, the gain band-

width and slew rate maf be decreased in this condition.
When the negative common-mode voltage swings to within
3V of the negative supply, an increase in input ofiset voltage
may occur.
gach amplifier is individually biased by a zener reference
which allows normal circuit operation on +4.5V power sup-
plies. Supply voltages less than these may resuit in lower
gain bandwidth and slew rate.
The LF147 will drive a 2 k2 load resistance to * 10V over
the full temperature range. If the amplifier is forced to drive
heavier load currents, however, an increase in input offset
voltage may occur on the negative voltage swing and finally
reach an active currenf limit on both positive and negative
swings.

Precautions should be taken to ensure that the power sup-

ply for the integrated circuit never becomes reversed in po-

larity or that the unit is not inadvertently installed back-

Detailed Schematic

Vee O- @

% S
¢ P ¢4

T

" wards in a socket as an unfimited current surge through the

resulting forward diode within the IC could cause fusing of
theinternal conductors and result in a destroyed unit.

Because these amplifiers are JFET rather than MOSFET
input op amps they do not require special handling.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in or-
der to ensure stability. For example, resistors from the out-
put to an input should be placed with the body close to the
input to minimize “pick-up” and maximize the frequency of
the feedback pole by minimizing the capacitance from the
input to ground. ’

A feedback pole is created when the feedback around any
amplifier is resistive. The paralle! resistance and capaci-
tance from the input of the device (usually the inverting in-
put) to AC ground set the frequency of the pole. tn many
instances the frequency of this pole is much greater than
the expected 3 dB frequency of the closed loop gain and
consequently there is negligible effect on stability margin.
However, if the feedback pole is less than approximately 6
times the expected 3 dB frequency a lead capacitor should
be placed from the output to the input of the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistance it parallels
is greater than or equal to the original feedback pole time
constant.

ar

¢
10 pf
1L
i
o
A
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Digitally Selectable Precision Attenuator

")
W2
AAA

W

1M LF187

. Vo
Al A2 A3 Attenuation
0 0 o o
0 0 1} -“ras
1o r. o) -208
0 17 1 =3dB
1-0 0] +-4dB
1 0 1| -s5d8

-~ 1.1 o| -eds
W1oi1 1 —~7-dB

AA
AAd
2

"

14 LF8?

RS
1l
a2l

[

a3 a1

[ ) ———)
ATTENUATION SELECT INPUTS

Vs

o

¢ Accuracy of better than 0.4% with standard 1% value resistors

* No offset adjustment nece:

ssary

* Expandabie to any number of stages

 Very high input impedance

Long Time 'lntegratof' with Reset, Hold and Starting Threshold Adjustment

[ v

1T

15 o—wv—d

Vour=—
4

" 1
THRESKOLD
ApJust

|
1
{
!
|
I
]
|
1
1
i
|
i
I
!
!
1
!

"
¢ "
) emasye | o
WA, 5 i
~ st 1~ f
o 181107 AAA &
sTor
+ [Ty 1A LF7
A
W +
"
~

O SET THRESHOLD
VOLTAGE

* Switch $1 permits stopping‘and noldb:tg any output value

* Switch S2 resots systom to zer0

.

Ovomatansfromzerolndlsequiﬁommtograldmeinpmvoltagevmhrespecihmeﬂ’washoldvolmda:
(VIN Vit
'OUWU!SMI‘SMIMVNZVTH

—O0 vy

Vour

.
oo

TL/H/5647
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Universal State Variable Fiiter
- " P
10ex
AAA
A A A4
8.0014F 0.0014F
]
7 200 1y
WM LFIET NN—&
$ U LOWPASS
+ 14 LF17 O LuThuT
>
1on e 00 = 10 S
e AAA —AAA >
r \AAs VW | <
= S =
B BANDPASS
™ ouTPUT
A A A |3
LA A
[¢]
HIGH PASS 1 LFIAT :333‘,
ouTPUT

For circuit shown:
fo=3 kHz, InoToH=9.5 kHz
Q=34
Passband gain:
Highpass—0.1
Bandpass—1
Lowpass—1
Notch—10

o fox Q<200 kHz

* 10V peak sinusoidal output swing without slew limiting to 200 kHz

J» See LM143 data shest for design equations

gy rw,
-

TL/H/5847-12
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General Description
The LF351 is a low cost hlgh spoed JFET mput operahonal

L at it b '**::té"“
£

'~xLF351 Wide BandWIdth JFET Input Operatlonal Amphfler

current is important, however, the LF351is the better

e EE

'amplrﬁer with an mtemaily trimmed ifput offset voltage  choice. ) '
(BI-FETHI™ technology) The device requirgs a low supply .
cufrent and yet maintains’ a large™ "gaift bandwidth product  Features
{- 32;_? fasltns:?‘” rate. In a‘:’d’m: ""e" fnatcthgd hlgh‘;/olzfagi ® internally trimmed offset voltage 10 mv
input dévices provide very low‘input bias and offset o\ i b 50 pA
currents. The LF351 is pin compatible with the standard - Lg: ::p:jt n:z::ﬁ:ﬁme 16 V(/) \/‘:T
LM741 and uses the same offset voltage adjustment circuit- X P X ag n z
ry. This feature allows designers to immediately upgrade the ™ L°f” input noise current 0.01 pA/Hz
overall performance of existing LM741 designs. ® Wide gain bandwidth 4 MHz
The LF351 may be used in applications such as high speed ' High slew rate 13 V/ps
integrators, fast D/A converters, sample-and-hold circuits ~ ® Low supply current 1.8 mA
and many other circuits requiring low input offset voltage, B High input impedance 10120
low input bias current, high input impedance, high slew rate B Low total harmonic distortion Ay = 10, <0.02%
and wide bandwidth. The device has low noise and offset Ry =10k, Vo =20 Vp-p, BW=20 Hz-20 kHz
voltagg drift, but for applications where these requirements @ [ow 1/f noise corner 50 Hz
are critical, the LF356 is recomrmended. If maximum supply g Fast settfing time to 0.01% 2 s
Typical Connection Simplified Schematic
5 Vee O
Vo
3 INTERNALLY
INTERNALLY TRIMMED
TRIMMED
. . ~Vgg O—@ & S
Connection Diagrams (top views) ¥
Metal Can Package Dual-In-Line Package
—~ BALANCE —H (> LIS,
<BALANCE
INPUT —2 v7— vt
INVERTING . ‘:D_I
INPUT OUTPUT
WPUT — ouTPYT
NON-NVERTING BALANCE
INPUT
__¢ 5
V7 e = BALANCE
Note, Pin 4 connected to case.
TOP VIEW
Order Number LF351H Order Number LF351N TUM/S848-1
See NS Package H08C See NS Package NOBA
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solute Maximum Ratmgs ) T R A T U st LS
p|y voltage . otV Input Voltage Range (Note 2) $15V
Dlsstp,ahon {Note 1) ; . 500 mW Output Short Circuit Duration Continuous
egamg Temperature Rénge £ % 0°C \to +70°C Storage Temperature Range —-65°C to +150°C
‘(MAX) . . ©115°C Lead Temp. (Soldering, 10 seconds) 300°C
I e(enual lnput Voltage . +30V

c Electrical Charagtenstlcs (Note 3)

ke

;syrnbol . Parameter Conditions LF3S - Units
) ) Min Typ Max

K Vos | 'mputOffset Voltage - Rs = 10KkQ2, Tp = 25°C 5 10 mv

- Over Temperature E 13 mv

’—'—’f
AVos/AT Average TC of Input Offset Rg=10kQ 10 pv/eC

) Voltage
los Input Offset Current T; = 25°C, (Notes 3, 4) 25 100 pA

L. Ti< 70°C 4 nA

I8 Input Bias Current Tj= 25°C, (Notes 3, 4) 50 200 pA
!‘g ! Ty s £70°C 8 nA

i RiN Input Resistance Tj=25°C 1012 0

L B

L Avol- Large Signal Voltage Gain Vg= 115V, Ta=25°C 25 100 V/imV

) ' ¢ Vo=+10V,R =2kQ *

d Over Temperature 15 V/mV
Vo Output Voitage Swing Vg= £ 15V, R . =10kQ +12 +13.5 v
Vem ) Input Common-Mode Voitage +156 v

Range Vg= 15V +11
! ~12 \
Common-Mode Rejection Ratio Rs<10k 70 100 dB
I Supply Voltage Rejection Ratio (Note 5) 70 100 ’ dB
Suppl); Current 1.8 34 ‘mA
i AC Electrical Characteristics (ot 3) . . .
Symbol Parameter Conditions 351 : Units
Min Typ Max
SR Slew Rate Vg= %15V, To=25°C 13 V/us
GBW Gain Bandwidth Product Vg= £ 15V, TA=25°C 4 1 MHz
en Equivalent Input Noise Voltage Ta=25°C, Rg= 1000, ) 16 | nViHz
- f=1000 Hz
in Equivalent Input Noise Current T;=25°C, {=1000 Hz 1 0.01 pA/JHZ
Note 1: For operating at elevated p , the device must be derated based on a thermal resistance of 150°C/W junction to ambient or 45°C/W lunction to
case.
Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.
HNote 3: These specifications apply for Vg= 15V and 0°C<Ta< +70°C. Vps. Ig and los are measured at Vou = o.
Note 4: The input blas currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to the fimited
production test time, the input bias d are d to junction temp . In normal ¢ tion the junction temperature rises above the ambient
A WnpetamfeasaremmoﬂmemalpowardissbamPDT|=TA+0MPDvmm0|Alsﬂn h | resistanée from junction to iant. Use of a heat sink is
moonmendedifhpmbiasameMlstpbekepnoanﬂnlmum. .
Note 5: Supply voltage rejection ratio is measured for both supply magnitud: g or d ing simultaneously in accordance with common practice.
2 3-23
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D Ty r htcd
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niaal Dorfm s ; ict: . . . Fa L
. ‘Typical Performance Characteristics gy TR
- Input Blas Current Input Blas Current Supply Current
T ik 22 T T
; 108 f-Vge - 15v : FEveu-o T STASHe ] 41
cannz b FTarscs = [~vg=-15v -
EEOGS gL T a3 F g ?
= - — E
Tk ~ : | A s 4 =
3.8 s 7 Y] p
.60 L 3 A H L~
o S 100 — < /
2 “ > o
= 4 . £ Se— > 1§
& %
ko O~ . 5 & .
a - [ a
E 2 z 14
. = = -
\ P re o
O 1 _ 1,
-1 -5 ] s 10 10720 30 4 so g0 1 [ s 10 g
COMMON-MODE VOLTAGE (V) TEMPERATURE (“C) SUPPLY VOLTAGE -vi
Positive Common-Mode
Input Negative Common-Mode
“Voltage Limit Input Voltage Limit Positive Current Limit
2 T 20 Vet 5 5 -
BCSTASHIO ¢ - CCcTagre s
[~ > + o
2 & < -
z £ 2
= s ws 18 2
gz y gc g \
35 4 iz L /| = \ Ty 25°C
z2 o« e l
S5 gz S
i /| g8 A - wel T lee
< - O - _— 2
o / w3 = §
£ 5 2S 5
> - 5 > o
3 « -
PO g NN
= -
b
0 ] g
] ] 1 15 2 0 5 10 15 20 9 10 20 ]
POSITIVE SUPPLY VOLTAGE (v) NEGATIVE SUPPLY VOLTAGE (V) OUTPUT SOURCE CURRENT (ma}
Negative Current Limit Voltage Swing Output Voltage Swing
g -1 “u LAY b 1T
o RL=2u = Vg = 115V
3 L Al 8 S
§ = s Tov25°C s » l—u-zs‘r e
w | e 0 =8 e /
@ o ~, = // § 2 ’
N Non 3 % \ P E L
o w -
S . b1 2 ]
- < 20 7 = 15
g e E 4 g /
g 2 y S
w wefl foc 2 74 &
£ f 5 % 5 sp 1=
& ’ <. AN . . I
- %0 2 A ] ]
[} 0 20 E] ] (] 5 1 15 b} o 1
DUTPUT SINK CURRENT (mA) "SUPPLY VOLTAGE (=v) Ry - OUTPUT LOAD tke))
Galn Bandwidth Bode Piot Slew Rate
) 3 15¢ 15
I Vg =116V
3 Vg= 215V _] . Vg :15v - n:-zk
F Reo 2 A=z A1 FALLING
x 4§ L+ 1008~ Ly =t08pF " ;
[ h ] - A
a - M 10 0 x 5 e
H g gz k
g ¢ P = 0 ¢ 8 E g - RISING ] -2
< ] z <
; \\ 2 ";,' ; . j
3 Y ~ie ME 'eJ
z 38 = 12 - !
z f ! ~20 -100 w
= L > F.
] ] , , -3 -150 1 - — "
U101 30,40 & & 7 et 1 1 109 0 0 20 %0 @ ‘s g L] 3
TEMPERATURE (°C) FREQUENCY (MHz) TEMPERATURE {C) E
TL/H/5648-2
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pical Performance Characteristics (continued) undyred il LG

A , ., Undistorted Output Voltage . .
. Distortion vs Frequency ™ Swing Open Loop Frequency Response
e 02 1T - e 3 120 —
. I YN A e et vg = 1SV , .
P S 1B (3 L TN A D - - -\ RL* 2k
o g, 1 S ALm2e 23 100 . 1 vge 15V — .
Sy 15| 27 Tas2sC) ! z L] N T | asse B ¢
2 01s e [ Ayel Ed t
S L w g B X <% atst o =T T
' Z 01z Vo= 20Vpp') « B l l 1 =) \ l
S (3 N 0 .
; [X] B !q RS- 1Y g ™ : N
: TN @ ST
. 1 0475 i R LN
2 8 .. ]y ]iu: 5 \ k s’ \
0.050 = EP 2 = PO \ .
o v 7 [ & ! 4
0028 3 2. I I H l TN B
0 o . 1 i
w 10 A 10k 7y 10x 100k w 110 100 k10 100k 1M 1OM
FREQUENCY (H1) FREQUENCY (H2) FREQUENCY (Hi}
‘Common-Mode Rejection 4 Power Supply Rejection Equivalent Input Noise-
Ratio : Ratlo = Voltage
- 120 : 4 _.W T 50
E — vge-tsv L s L — 3 q ]}
2 1w O R I E Y a 0 1= z e H H
= ™~ Tas25.C - A i g . A —H
= AN = 0 = 50 H H
e =] =~ l a 5 -
£ : Eow g i)
] - & \ +SUPPLY 4 . HHH—
& N 2 6 - 2w K : —-
3 | = [NUN 5 - L
= Vo & a0 N = 2 1] 11
H4 CMRA = 20 LOG Vo OPEN LOOP 3 Sy NG N £ :
N & z K
€ 2 [voutacecan - l e +— S o *'%g
= = \ b3 1
8 2 i I l R i
w100 1k 10k 100k 1M 10M 10 100 1K 18k 100k M 1OM g 10 100 * 10K 100K
FREQUENCY (H2) FREQUENCY [Hz} FREQUENCY (Ha)
g A 3 L3
= o . b N .
P . - -
.
) b T . ¢ ! &
Open Loop Voltage Gain (V/V) / Inverter Settling Time E
™ 100 s W0 LR
s Ry =2k } ; T 3 ”l” [ Vge =15V
Z TA-0CT0+15°C 2 = 10 my // Ta=25°C
: =+ —1 e g 3 v
b3 A P - U m
8 oA Ta-10¢ Z 2
a A= < £
= 100K 4 8 E 0
5 ¢ a
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3 2 e X
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LF35

Pulse Response

Small Signal Inverting

L

TIME (0.2 us/DIV)

OUTPUT VOLTAGE SWING (50 mV/DIV)

TL/H/5648-4

Large Signal Inverting

fa

TIME (2 us/D1V)

OUTPUT VOLTAGE SWING (5V/DIV)

TL/H/5648-6

OUTPUT VOLTAGE SWING (1V/DIV)

TIME (5 us/DIV)

Application Hints

The LF351 is an op amp with an internally trimmed input

offset voltage and JFET input devices (BI-FET II™). These
JFETs have large reverse breakdown voltages from gate to
source and drain eliminating the need for clamps across the
inputs. Therefore, large differential input voltages can easily
be accommodated without a large increase in input current.
The maximum differential input voltage is independent of
the supply voltages. However, neither of the input voltages

Current Limit (R, = 10002)

Small Signal Non-Inverting

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 us/DIV)

TL/H/5648-5 -
Large Signal Non-Inverting %

QUTPUT VOLTAGE SWING (5V/D1V)

TIME (2 us/DIV)

TL/H/5648-7

TL/H/5648-8

should be allowed to exceed the negative supply as this will
cause large currents to flow which can result in a destroyed
unit.

Exceeding the negative common-mode limit on either input
will cause a reversal of the phase to the output and force
the amplifier output to the corresponding high or low state.
Exceeding the negative common-mode limit on both inputs -
will force the amplifier output to a high state. In neither case

3-26




pplicationHints continves)
'Joes a lafeh occur since raising_'_ the input back within the
common-mode range again_puts the input stage and thus
the amplifier in a norrhal operating mode.
3 Exceeding the positi\(e common-mode limit on a single input
will not change.the. phase.of,thg output; however, if both
_inputs exceed the limit, the oyt?ut of the amplifier will be
¥ forced to a high state.- H
-t;- The amplifier will opergie with a common-mode input voit-
age equal to the positive supply; however, the gain band-
% width and slew rate may be decreased in this condition.
}¥ When the negative, common-mode voltage swings to within
¥ av of the negative Supply.an increase in input offset voltage
l!‘ may occur. " )
! The LF351 is biased by a zener reference which allows nor-
i mal circuit operation on +4V power supplies. Supply volt-
§ ages less than these may result in lower gain bandwidth and
i slew rate.
The LF351 will drivé a 2 kel load resistance to £ 10V over
the full temperature range of 0°C to +70°C. If the amplifier
is forced to drive heavier load currents, however, an in-
crease in input offset voltage may occur on the negative
voltage swing and finally reach an active current limit on
_both positive and negative swings.

s precautions should be taken to ensure that the power supply
' for the integrated circuit never becomes reversed in polarity
+ or that the unit is not inadvertently installed back-

. Detailed Schematic

3
<
3

v

P
- TN

wards in a socket as an unlimited current surge through the
resulting forward diode within the IC could cause fusing of
the internal conductors and result in a destroyed unit.
Because these amplifiers are JFET rather than MOSFET
input op amps they do not require special handling.
As .with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in or-
der to ensure stability. For example, resistors from the out-
*  put to an input should be placed with the body close to the
input to minimize “pick-up™ and maximize the frequency of
the feedback pole by minimizing the capacitance from the
input to ground.
A feedback pole is created when the feedback around any
amplifier is resistive. The parallel resistance and capaci-
tance from the input of the device (usually the inverting in-
put) to AC ground set the frequency of the pole. In many
instances the frequency of this pole is much greater than
the expected 3 dB frequency of the closed loop gain and
consequently there is negligible effect on stability margin.
However, it the feedback pole is less than approximately 6
times the expected 3 dB frequency a lead capacitor should
be placed from the output to the input of the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistance it paraliels
is greater than or equal to the original feedback pole time
constant.

]
Tl

Vee O

—

L as
[11})
RS
2
a7 —0Vo
<
4 30
RY «
Bk a1
@ }\09

Ea

RO

30 o020 b
A8 03
160

TL/H/5648-9
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* Vour switches high when Rglg > Vp

@
o
A

Um'a-Low tor High) Duty Cycle
Pulse Generator

N9

R1

T3 CONTROL CIRCUITRY

e Ryl e e “” R T Y T ek, =-.:‘.. o ook st a e ow
Yo .wfs‘ LATUAR I ;
- Y SuppGCurrent lndicator/le[te -
5 e . - Il £ an s
o Re: R :' R
Vsurru‘(‘e “sAi—SA AT N evstewsorey
I ~ > T
: ) padAa . VOLTAGE CONNECTION
e e Is . .
e s ¥ 7. .

Parasitic input capacitance C1 = (3 pF for LF351
plus any additional layout capacitance) interacts
with feedback elements and creates undesirable

high frequency pole. To compensate, add C2 such
that R2C2 = R1C1.

Long Time Integrator

3
RESET
p—O OUTPUT
vt
o
) )
o 4
oL, VouTs —
—O Voyr e ‘/' Vi 017
a7 :
™
.
v-
" 48
* loutpuT HIGH = R1C Zn ___ch_s v- .
s ~on
-78 TUH/5648-10
*tourduT Low = R2C £ 5812 =78 “Low leakage capacitor

where Vg = V+ 4+ |y~|
“low leakage capacitor

* 50k pot used for less sensitive Vos adjust
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MAXIMUM RATINGS
2N2218A
nazis | Nea1on 2N2218A,2N2219,A*
Rating Symbol | 2N2222 | 2N2222A | Unit Y
Collector-Emitter Voltage VCEO 30 40 vde 2 N2222 ’A
Collector-Base Voltage VcBo 60 75 Vde 2N2218, A/2N2219,A
Emitter-Base Voltage VEBO 5.0 6.0 Vdc CASE 79-04
Collector Current — Continuous Ic 800 800 mAdc TO-39 (TO-205AD)
2N2218A STYLE 1 2 Coector
2N2219,A | 2N2222.A
Total Device Dissipation Pp J 2
@TA = 25C 0.8 0.4 Wart Basa
Derate above 25°C 4.57 2.28 mwWrC s  Eemter
Total Device Dissipation Pp 2h
@ T1C = 25°C 3.0 1.2 Watts A/2N2222,A
Derate above 25°C 174 685 |{mwWrC CASE 22-03
Operating and Storage Junction T, Tslg —-65to +200 °C TO-18 (TO-206AA)
Temperature Range
. : A1, STYLE 1
THERMAL CHARACTERISTICS
p—— GENERAL PURPOSE
Characteristic Symbol | 2N2219,A | 2N2222,A | Unit TRANSISTORS
Thermal Resistance, Junction to Ambient | Rgja 219 1458 | “CwW NPN SILICON
Thermal Resistance, Junction to Case Rauc 58 431.5 °CW w2N2219A and 2N2222A
are Motorola designated
preferred devices.
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted.)
Characteristic Symbo! I Min Max [ Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage V(BRICEO Vdc
{(ic = 10 mAdc, Ig = 0) Non-A Suffix 30 -
A-Suffix 40 —_
Coli -Base Breakd Voltage V(BR)CBO Vdc
{Ic = 10 pAdc, Ig = 0) Non-A Suffix 60 —_—
A-Suffix 75 -—
Emitter-Basa Breakdown Voltage V(BR)EBO Vdc
{lg = 10 pAdc, ic = 0) Non-A Suffix 5.0 -
A-Sutfix 6.0 —
Collector Cutoff Current ICEX - 10 nAdc
(VCE = 60 Vdc, VEg(off) = 3.0 Vdc) A-Suffix
Collector Cutoff Current Iceo pnAdc
{Vgp = 50 Vdc, Ig = 0) Non-A Suffix = 0.01
(Vcg = 60 Vdc, Ig = 0} A-Sutfix — 0.01
(Ve = 50 Vdc, Ig = 0, Tp = 150°C) Non-A Suffix — 10
(Veg = 60 Vdc, Ig = 0, Ta = 150°C) .A-Suffix — 10
Emitter Cutoff Current lggo — 10 nAdc
{Veg = 3.0 Vdc, I = 0) A-Suffix
Base Cutoff Current IsL — 20 nAdc
(Vcg = 60 Vdc, VEB(off) = 3.0 Vdc) A-Suffix
ON CHARACTERISTICS
DC Current Gain heg —
{ic = 0.1 mAdc, Vcg = 10 Vdc) 2N2218A 20 -
2N2219,A, 2N2222,A 35 -
{ic = 1.0 mAdc, Vg = 10 Vdc) 2N2218A 25 -
2N2219,A, 2N2222,A 50 -
{ic = 10 mAdc, VCg = 10 Vdcl(1) 2N2218A 35 -
2N2213,A, 2N2222,A 75 -
(ic = 10 mAdc, Vgg = 10 Vdc, 2N2218A 15 -
TA = —-55°C)(1} 2N2219,A, 2N2222,A 35 —_
{ic = 150 mAdc, Vcg = 10 VdcX1) 2N2218A 40 120
2N2219,A, 2N2222.A 100 300

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES
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2N2218A/19/19A/22/22A

ELECTRICAL CHARACTERISTICS (continued) (Tp = 25°C unless otherwise noted.)

Characteristic Symbol Min Max Unit
{Ic = 150 mAdc, Vcg = 1.0 Vde){1) 2N2218A 20 -
2N2219,A, 2N2222,A 50 -
{ic = 500 mAdc, Vcg = 10 Vdel(1) 2N2219, 2N2222 30 -
2N221BA 25 —
2N2219A, 2N2222A 40 —
Coflector-Emitter Saturation Voitage(1) VCE(sat) Vde
(Ic = 150 mAdc, Ig = 15 mAdc) Non-A Suffix — 0.4
A-Suffix —_ 0.3
{ic = 500 mAdc, Ig = 50 mAdc) Non-A Suffix -— 1.6
A-Suffix — 1.0
Base-Emitter Saturation Voltage(1) VBE(sat) Vde
{Ic = 150 mAdc, Ig = 15 mAdc} Non-A Suffix 0.6 1.3
' A-Suffix 0.6 1.2
(ic = 500 mAdc, Ig = 50 mAdc) Non-A Suffix - 26
A-Suffix —_— 2.0
SMALL-SIGNAL CHARACTERISTICS
Current Gain — Bandwidth Product(2) fr MHz
{{c = 20 mAdc, Vg = 20 Vdc, f = 100 MHz} Al Types, Except 250 -
2N2219A, 2N2222A N 300 —_
Output Capacitance(3) p Cobo -— 8.0 pF
(Vcg = 10Vdc, Ig = 0, f = 1.0 MH2)
input Capacitance(3) Cibo pF
(Vg = 0.5Vdc, Ic = 0, f = 1.0 MHz) Non-A Suffix —_ 30
A-Suffix - 25
input Impedance hje kohms
{Ic = 1.0 mAdc, VCg = 10 Vdc, f = 1.0 kHz)  2N2218A 1.0 a5 :
2N2219A, 2N2222A 20 8.0 :
(Ic = 10 mAdc, VCg = 10 Vde, f = 1.0 kHz)  2N2218A 0.2 1.0
2N2219A, 2N2222A 0.25 1.26
Voitage Feedback Ratio hre X 10-4
{Ic = 1.0 mAdc, VCg = 10 Vdc, f = 1.0 kHz)  2N2218A - 6.0 ‘
2N2219A, 2N2222A — 8.0 .
(Ic = 10 mAdc, Vcg = 10Vdc, f = 1.0 kHz)  2N2218A - 25 |
2N2219A, 2N2222A - 4.0 ‘
Small-Signal Current Gain hie . N
{ic = 1.0 mAdc, VCg = 10 Vdc, f = 1.0 kHz)  2N2218A 30 150 )
2N2219A, 2N2222A 50 300
¢
(ic = 10 mAdc, VCg = 10 Vdc, f = 1.0 kHz) 2N2218A 50 300 &
2N2219A, 2N2222A 75 375 ,
Qutput Admittance * hoe pmhos ’
{ic = 1.0 MAdc, VCg = 10 Vdc, f = 1.0 kHz)  2N2218A 3.0 - 15
2N2219A, 2N2222A 5.0 35
(Ic = 10 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) . 2N2218A 10 100
2N2219A, 2N2222A 15 200
Collector Base Time Constant tb'Ce - 150 ps
(lg = 20 mAdc, Vcg = 20Vdc, f = 31.8 MHz)  A-Suffix
Noise Figure NF — 4.0 dB
{Ic = 100 pAdc, Vcg = 10 Vdc,
Rg = 1.0 kohm, f = 1.0 kH2) 2N2222A
Real Part of Common-Emitter Re(hje) —_— 60 Ohms
High Freq y Input Imped
{ic = 20 mAdc, VCE = 20 Vdc, f = 300 MHz)  2N2218A, 2N2219A
2N2222A

(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
(2) fy is defined as the frequency at which |hse! extrapolates to unity.
(3) 2N6581 and 2N5582 are Listed C¢p and Cgp, for these conditions and values.

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES

3-19



s 2N2218A/19/19A/22/22A

ELECTRICAL CHARACTERISTICS (continued} (T = 25°C uniess otherwise noted.)

Characteristic [ symbot | min Max Unit
SWITCHING CHARACTERISTICS
Delay Time {Vce = 30 Vde, VBg(off) = —0.5 Vdc, td - 10 ns
Rise Time Ic = 150 mAdc, Igq = 15 mAdc) t — 25 * ns
(Figure 12)
Storage Time (Vce = 30 Vde, Ic = 150 mAdc, ts -— 225 ns
Ig1 = lg2 = 15 mAdc) 1 - 60 ns
Fali Time (Figure 13) f
Active Region Time Constant TA — 25 ns
| {ic = 150 mAdc, Vg = 30 Vdc) (See Figure 11 for 2N2218A, 2N2219A,
2N2221A, 2N2222A)
FIGURE 1 — NORMALIZED DC CURRENT GAIN
40 T T°T°1 I
g ] | ]
3 Ty 19800 T —_—— e VgE= 0V
g W= — = M~ |
E ‘ ‘\
0
g e — ]
e 10 —_—— bt A
e . ‘\‘

X g 0.7 r NN 9
a -550¢C I P g £ 2 = I 1 Y Y
Z 05 ap—— e NN
o — T T ik,

g NN
& 03 N

0.2 \

0.5 0.7 10 20 o 5.0 10 20 30 50 10 100 200 300 500
I¢, COLLECTOR CURRENT (mA)
.
FIGURE 2 — COLLECTOR CHARACTERISTICSIN SAfURATION REGION
10 [
+ This graph shows the effect of base current on collector current. 8,

[ _ T,=25°C (current gain at the edge of saturation) 1s the current gain of the
g. os \ transistor at 1 voit, and f3, (forced gain) is the ratio of I¢/1 in a circuit,

' w EXAMPLE: For type 2N2219, estimate a base current (l,) to insure
= 08 \ N saturation at a temperature of 25°C and a collector current of
g v s le = 300 mA 150 mA.

] \\ —— < Observe that at Ic = 150 mA an overdrive factor of at least 2.5
'-i: \ is required to drive the transistor well into the saturation region. From
2 o4 A Figure 1, it is seen that h,, @ 1 volt is approximatety 0.62 of h,, @ 10
§ ' T 150 mA volts. Using the guaranteed minimum gain of 100 @ 150 mA and
o [—— N N N . N
=1 10V, i, = 62 and substituting values in the overdrive equation,
3 \ we find:
$ o = e 50mA
B _he@1OV 54 62 le=6.0 mA
B A/l = 150/1, w=0.
0
0 10 20 30 40 5.0

Bol B, OVERDRIVE FACTOR

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES
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V. VOLTAGE (VOLTS)

2N2218A/19/19A/22/22A

FIGURE 3 - 'ON" VOLTAGES

FIGURE 4 — TEMPERATURE COEFFICIENTS

14 T l +16
] 1]
12 e (259C 10 175°C) LA
T w8 =
A/ E 11
0 ; oy( for VCE(sat) MR el
-~ 2 P11 (-559€ 1o 269C)
08 VBE (sar) @ 1C/18 = 0 - né I 0 |
' ===t 3
™~ vt
a6 VBE @ VCE - 10V E -08 4
2
04 2 s <
- S s L LT 1 ove tor vae |||
02 ] e 111
VCE(sat) @ ic/ig = 10 2
0 111 -24
05 10 20 5.0 10 20 50 100 200 500 65 1¥I] 20 5.0 10 20 50 100 200 §00
Ic, COLLECTOR CURRENT {mA} 1¢, COLLECTOR CURRENT (mA}
h PARAMETERS
VeE = 10 Vdc, f = 1.0kHz, T = 25°C
This group of graphs illustrates the relationship between hie and other “'h* parameters
for this series of transistors. To obtain these curves, a high-gain and a low-gain unit were
selected and the same units were used to develop the correspondingly numbered curves
on each graph,
FIGURE 5 — INPUT IMPEDANCE FIGURE 6 — VOLTAGE FEEDBACK RATIO
20 50 -
Pa,
< v \ T N\
g 0 l \
=1 N
Z % 4
s ¥ QEEN = N
g N € 10
= Mt 1 [}
g 30 F
HIEY) S < 8
,g 1 N £ 59 N
z IN < N
i 10 8 30
= 5
07 Ny $ -
. ~— = 20 032 - //
.9 N TS P
03 10 ™ q
0.t 02 0.5 10 20 50 10 20 (%} 02 05 10 20 50 10 20
1, COLLECTOR CURRENT {mAdc) le., COLLECTOR CURRENT (mAdc)
FIGURE 7 — CURRENT GAIN FIGURE 8 — OUTPUT ADMITTANCE
300 200
BB R
20 == % 100
A T - /
- joonerd E,
= m=c = /4
F // //’ g 50 ,I
< / L] < A
£ 10 <] E Padie
2 =
3 < VA
. > = “
2 — g 20 Ers o L
(=1
- !
50 3 T 2
10
>
30 50 ot
0.1 02 05 10 20 50 10 2 0.1 0.2 05 10 20 5.0 10 20

Ic, COLLECTOR CURRENT {mAdc)

Ic. COLLECTOR CURRENT (mAdc)
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. 2N2218A/19/19A/22/22A
SWITCHING TIME CHARACTERISTICS

FIGURE 9 — TURN-ON TIME FIGURE 10 — CHARGE DATA
200 ]]\ | ] 10,000 o o s s
D =25t
\ 4 @50V \\ Bl;m /=10 -
/ b -1 o TED) -
Y N e NP Ak ¢ = 5V (UNLESS NOTED) " I — 1A
Voo = WV 4+ =
AY cC n A LA
N @ Vot UNLESS NOTED 1000 Or, TOTAL CONTROL==
Z @ VBE(off g8 — 41414~ CHARGE
g % \N A w 500 - I
z N g » <f—F HIGH GAIN TYPES
> LOW GAIN TYP
. f\K\\ \ wE oW a 3
ATTTNN N Voo = 30V,
4 @ Vaglon) = OV
2 o \\ :\ ™ 1 0, ALTIV!E Lésmu%.
- 0p, =
\b N o 50 cHaRgE - At TVPES
N =
NL TN
10 20
0 50 10 0 30 50 100 200 300 0 50 70 10 0 30 50 70 100 200 300
ic., COLLECTOR CURRENT imA) e, COLLECTOR CURRENT (mAl
FIGURE 11 — TURN-OFF BEHAVIOR
300 300 — 1
\\\ \\ | :
200 200
- o) Nt =0 T T
B \\ TR I/ = 10 E b -
= 10 N w100
E ~ N \\ % ~— S el =207 g
2 n ~ ‘\ ~— § 70 N ‘\
o
Z % At le/ly = 20 2 50 P
g AN 3 g >
I3 le/ly = 10 Y h\ [ le/ley = 10 Qi I~
= 173
g 0 N 3 Y T
- -5 B
b 20
LOW GAIN TYPES Mg HIGH GAIN TYPES
T,=25°C I T,=25°C ]
10 l l | 10 |1
10 0 30 0 70 100 200 300 10 20 30 50 70 100 00 300
Ic. COLLECTOR CURRENT (mA} c. COLLECTOR CURRENT (mA}
FIGURE 12 — DELAY AND RISE TIME FIGURE 13 — STORAGE TIME AND FALL
EQUIVALENT TEST CIRCUIT TIME EQUIVALENT TEST CIRCUIT
GENERATOR RISE TIME < 200 DUTY CYCLE = 2.0% 0V
PW < 200 s
OUTY CYCLE = 2.0% v ~ 1004s
. <80ns 200
200 H62V
asv 619
0
L 0sv
: 0SCILLOSCOPE SCOPE
= Rijn > 100 k ohms -138V fljn > 100 k ohms
Cin < 12 pF L_ -3V Cin < 12pF
AISE TIME < 5.0ns ~500us RISE TIME < 5.0 ns
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MOTOROLA
TECHNICAL DATA

Fiber Optics — FLCS Family

Visible Red LED

This device is designed for low cost, medium frequency, fiber optic systems using
1000 micron core plastic fiber. It is compatible with Motorola’s wide variety of detector
functions from the MFOD70 series. The MFOE?76 employs gallium aluminum technology,
and comes pre-assembled into the convenient and popular FLCS connector.

® Low Cost

Convenient Printed Circuit Mounting

MAXIMUM RATINGS

Integral Molded Lens for Efficient Coupling
Mates with 1000 Micron Core Plastic Fiber, such as Eska SH4091

Very Simple Fiber Termination and Connection. See Figure 9

e SEMICONDUCTOR 1,

MFOE?76

FLCS FAMILY
FIBER OPTICS
VISIBLE RED

CASE 363B-01

Rating Symbol Value Unit
Reverse Voltage VR 5 Voits
Forward Current — Contsnuous g 60 mA
Forward Current — Peak Pulse g 1 A
Total Power Dissipation « T 25 C{1) Pp 132 . mw
Derate above 35°C 2 mwW/C
Ambicent Operating Temperature Rang: Ta 40 to + 100 °C
Storage Temperature Tsig 40 10 + 100 °C
Lead Soldering Temperature (2) - 260 C
Notes. 1 Measured with device soldered into a typical printed circuit board.
2. 5 seconds max; 1 16 inch from case.
an .
PHOTODYNE | TEKTRONIX
100 PHOTODYNE 10 — > 1 METER ol 18
mA ! METER 8 XA R £ = — Wit
Epﬂé WITH 350 i~ A
- DUT.
INTEGRATING _® OPTICAL RU
)| GIN
ESKA Stia00 SPHERE Swa WAVEFORM
D.UT. i ANALYZER

Figure 1. Power Launched Test Setup

Figure 2. Optica! Turn-On and Turn-Off Test Setup
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MFOE76

ELEGTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Ig, FORWARD CURRENT {mA)

Figure 5. Power Launched versus LED Forward Current

Characteristic Symbol Min Typ Max Unit
Reverse Leakage Current (VR = 3V} R — 100 — nA
Reverse Leakage Current (VR = 5 V) iR —_ 10 100 nA
Forward Voltage {if = 60 mA) VE — 1.8 2.2 v
Temperature Coefficient of Forward Voltage AVE — ~-22 - mVv/iK
Capacitance {t = 1 MHz) (o - 50 —_— pf
OPTICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
Peak Wavelength (Ig = 60 mA) Ap — 660 — nm
Instantaneous Powar Launched (lg = 100 mA, Figure 1) PL 200 540 - uw
Optical Turn-On Time (Figure 2) ton — 200 - ns
Optical Turn-Off Time (Figure 2) toff — 150 —_ ns
Half-Power Electrical Bandwidth (1) BWe — 6 — MHz
(1)1 = 100 mA pk-pk, 100% modulation.
TYPICAL CHARACTERISTICS
22 T i
21 / 0
’ [ 2 08
S | PULSEONLY —=-—=~ ! e
o PULSE OR OC ~———— / =
2 4 2 06
o} Vi z i
3 19 \a ]
= A >S5 05
g : £ LN
g8 P 3 e
& pd £ 03 / \,
17 = / Y
3 ] 2 902
141 e T
16 - o® -
| ~J
15 i 0 -
1 10 100 1000 600 640 680 120
I LED FORWARD CURRENT imA) A, WAVELENGTH tnm}
Figure 3. Forward Voltage versus Forward Current Figure 4. Relative Spectral Output
1000 1 I I 1000
—— T
Jl “i lr s S
[—PULSE ONLY = = ~~ = 2 00 -~
- — (=)
3 PULSE OR DC g ‘\\
2‘ % 10 JE—
oy e
g wo ,x/ & =
3 - g, <
] bt = S
= > g [— ESKA SH4001 FIBER B
e A E [— 1; = 100 mA PULSED
// S 0.1 -~
Z < ~
10
! 10 100 1 20 4 60 80 100 120 140 160 180 200
FIBER LENGTH {m)

Figure 6. Power Launched versus Fiber Length
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MFOE76

a
N3
o)
x
g 2
2 \
a \\f
s
g T
=]
3 \'\
]
g 05— NORMALIZED TO,
- —- Ta  25°C
2
[}
o
=
=
z
=
v
=
<
50 5 0 % 50 75 100

Ta. AMBIENT TEMPERATURE ( C)

Figure 7. Instantaneous Power Output versus
Ambient Temperature

The system length achieved with a MFOE76 emitter and
various detectors, using 1000 micron core plastic fiber
{Eska SH4001 or equivaient), depends on the LED forward

120

40

Pp. POWER DISSIPATION (mW)
]

¢ 20 L1 60 80 100
Ta. AMBIENT TEMPERATURE {C)

Figure 8. Power Dissipation

current {Ig} and the responsivity of the detector chosen.
Each detector will perform with the MFOE76 up to the
distances shown below.

MFoml?J - : ] l l

MFOD72,

N/™
]

MFOD?73.

100 mA

MFOD75 1

MFO071; l

MFQD72

50 mA

MFQD73’

MFQD75

] wroont

MFODT2’

MFODT3
MFOD75 l

1r, LEO INPUT CURRENT (mA)

10 mA

MFOO71 PIN OIODE
MFOD72 TRANSISTOR
MFQD73 DARLINGTON
MFQD75 LOGIC

0 20 40 60 80 100

20 140 160 180 200 20

I, FIBER LENGTH (METERS}

Figure 9. MFOE76 Working Distances

CROSS SECTION OF FLCS PACKAGE

CLADOING
{JACKET)
¥
MOUNTING / LENS CORE
HOLE
1\‘ CLADDING
L/ L

Hole

Mounting /
%

T

@3.

TERMINATION INSTRUCTIONS
1. Cut cable squarely with sharp blade or hot knife.

2. Strip jacket back with 18 gauge wire stripper to expose
0.10-0.18" of bare fiber core.

Avoid nicking the fiber core.

Insert terminated fiber through locking nut and into
the connector until the core tip seats against the
molded lens inside the device package.

Screw connector locking nut down to a snug fit, locking
the fiber in place.

Figure 10. FO Cable Termination and Assembly
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MFOE?76

OUTLINE DIMENSIONS

NOTES:
. 1. YAND T ANE DATUM DIMENSIONS AN T 15 A
-"(JJ_—" DATUHSUU'C(
N TOUERANCE FORD 8 (7 PL):

tﬂ}_umm

3. POSINONAL TOLERANCE FOR F DIMENSION
2R
{fonpan@IYO 18]

4, POSITIONAL TOLERANCE FOR H DIMENSION
any
OEXIEX - I EE- Y EX:)|

TOLERANCE FORQ 8-

. FSTORAL
[LEXETLLE ']ﬂﬂd!l]
vosnmum

A MWMYMMRIW
YHSM, 1980
8 CONTROLLING DIMENSION: INCH,

:

{

1
4
-.‘l;

—

>¢ || < (en]|m|O |2t |~ i

0w | 15 | o [ e

STNE 1
PIN 1. ANODE CASE 3838-01

2. CATHODE PLASTIC
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MOTOROLA
m SEMICONDUCTO R  1505m5m—0000nm S ——

TECHNICAL DATA
- - -
Fiber Optics — FLCS Family MFOD73
Photo Detector
Darlington Output
... designed for low cost, short distance Fiber Optic Systems using 1000 micron core F%%i':x:évs
plastic fiber. PHOTO DETECTOR
Typical applications include: high isolation interconnects, disposable medical electron- DARLINGTON OUTPUT
ics, consumer products, and microprocessor controlled systems such as coin operated
machines, copy machines, electronic games, industrial clothes dryers, etc.
e High Sensitivity Photodarlington Output
# |deally Matched to MFOE76 Emitter for Plastic Fiber Systems
® Annular Passivated Structure for Stability and Reliability
® FLCS Package <
— Includes Connector B
— Simple Fiber Termination and Connection (Figure 4} J\
— Easy Board Mounting T
— Molded Lens for Efficient Coupling @
— Mates with 1000 Micron Core Plastic Fiber (Eska SH4001) o >
’ ~8Y,
CASE 3638-01
PLASTIC
MAXIMUM RATINGS (Tp = 25°C untess otherwise noted)
Rating Symbol Value Unit
Coltector-Emitter Voltage VCceo 60 Voits
Total Power Dissipation Gr To = 256°C Pp 150 mwW
Derate above 25°C 2 mw/rC
Operating and Storage Junction Temperature Range TJ. Tsig —40 to +100 °C
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted}
Characteristic Symbol Min Typ Max Unit
Collector Dark Current [Vcg = 10 V) Ip — —_ 100 nA
Collector-Emitter Breakdown Voltage {Ic = 10 mA} V(BRICEO 60 — _ Volts
OPTICAL CHARACTERISTICS
Responsivity (Vo = 5 V, Figure 2) R 1,000 1,500 — uAuW
Saturation Voltage (A = 850 nm, Vcc = 5V VCE(sat) - 0.7 1 Volts
{Pin = 1 uW, Ic = 2 mA)
Turn-On Time RL = 100 @1, Pjn = 1 uW, ton — 125 — ns
Turn-Off Time A = 850 nm, Ve = SV toff — 150 — ns




RELATIVE RESPONSE (°4)

MFOD73

TYPICAL COUPLED CHARACTERISTICS

MFOET8

1 METER

ESKA SHA00

100
90
w}- 4
. 7 \
% / \
. 7 \
y
© / \
» ,/
o / AN
10— N
0
200 400 600 800 1000 1200
A, WAVELENGTH tnm}
Figure 1. Relative Spectral Response
10,000 N
WL “-
- X
g A .
< 100 Dy )
= N
g2 1 AN
8 AN
AN
1 AW
AW
AN
0 4 8 12 6 0 M4 B N B
FIBER LENGTH IMETERS)

Figure 2. Responsivity Test Configuration

The system length achieved with a MFOE 76 emitter and
various detectors, using 1000 micron core plastic fiber
(Eska SHA001 or equivalent), depends on the LED forward

Figure 3. Detector Current versus Fiber Length

current (Ig) and the responsivity of the detector chosen.
Each detector will perform with the MFOE76 up to the
distances shown below.

Kt

) { - L
MFODT1-, r 1 l l I l

L T A, P 4

stwmrooz, - . )|
z MFODTS, 1
= [wroon’ 1
4 By /480 " Asan
& | mroony .
S gpwmro03” -
g [wroons
z MFOD71 PIN DIODE
] ] mrooms MFUD?2 TRANSISTOR
* <[ 'wroom MFODT3 DARLINGTON

I3 MFODT5 LOGIC

e mropn-

lmonlrs
0 ) © 60 ) 100 ) 140 160 180 00 20
1. FIBER LENGTH {METERS)

Figure 4. MFOE?76 Working Distances
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MFOD73

CROSS SECTION OF FLCS PACKAGE TERMINATION INSTRUCTIONS
1. Cut cable squarely with sharp blade or hot knife.

2. Strip jacket back with 18 gauge wire stripper to expose
0.10-0.18" of bare fiber core.

Avoid nicking the fiber core.
MOUNTING ) 3. Insert terminated fiber through locking nut and into
HOLE the connector until the core tip seats against the
. molded lens inside the device package.
" Screw connector locking nut down to a snug fit, locking
e the fiber in place.

¥

Figure 5. FO Cable Termination and Assembly

INPUT SIGNAL CONDITIONING
The following circuits are suggested to provide the desired forward current through the emitter.

+5V

MFOE76 +5Y

\ *

™~ >

Ry Lt
' 4
mo 39K ul AL T 38K MFOE76
N N304 10mA | 300 N 2N3%04
somA | 56
1omA | 27 N
NONINVERTING INVERTING

Figure 6. TTL Transmitters

OUTPUT SIGNAL CONDITIONING

The following circuit is suggested to take the FLCS detector output and condition it to drive TTL with an acceptable
bit error rate.

+5V

MFOD73 ‘& 0k

<
<

™m
ouTRYT
Naot SN74LS132 (%)

Figure 7. 1 kHz Darlington Receiver
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MFOD73

OUTLINE DIMENSIONS
NOTES- JZ:L
1 1, Y AND Z ARE DATUM DIMENSIONS AND T IS A 5
¢ ww SURFACE, :
i J TOLERANCE FOR D 8 12 PL):
E B é mmmG[] g‘] 9]
[blmmmgltl'v‘m] :
4 rosmom TOLERANCE FOR H DIMENSION ]
Lﬁ:ﬁm :
& POSITIONAL TOLERANCE FOR 0 @: y ; -
[#]¢_oz5 w00 _QJII"_E@J 305 [ 3% [ 612 | 1% ]
& POSTTIONAL TGRER 362 B12 | 030 | 032
(AL gozmwomm @I: 509 85C 0,200 B
7. DIMENSIONING ANO TOLERANCING PER ANS! y_[_o | os1 [ oo
YILSM, 1902 v | 6t | 70| 00 | 0%
8 CONTAOLLING DIMENSION: INCH. ] 508 85C 0700 B5C
GraE> X_| tom | 155 [ oam | o0&
PN 1, CATHODE CASE 3638-01
2. ANODE PLASTIC
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