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ABSTRACT

This thesis presents design and construction of arte-

Tial ox&gen saturation measuring system by optical method. The
principle of Lhis system is hased on tLhe different absorption of
two optical wavelengths by red blood cells(REC). By transmitiing
a red ‘R ; 660 nm) and a infrared (IR ; 940 nm) light beams into
the fingertip, the ratio [R/IR] of passed through intensities is
obtained, and the oxygen salturation is then electronggally calu-

lated from the equation Sa0_=A-BCR/1R] by which A and B are pro-

per constants.
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3.6 29975 Low-pass filter
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MOTOROLA

B SEMICONDUCTOR M s s

TECHNICAL DATA

Visible Red LED

This device is designed for 8 wide variety of applications where visible li‘ghl emission
is desirable, and can be used in conjunction with any MRD700 series detector. The
MLED76 features high power oulput, using gallium aluminum arsenide technology.

® Low Cost

® Popular Case 349 Package

® Uses Stable Long-Life LED Technology
® Clear Epoxy Package

MLED76

VISIBLE RED
LED
660 nm

MAXIMUM RATINGS - ; EI "D
9 Symbol Value Unit l BACK
Reverse Voltage VR 5 Volts
forward Current — Continuous Ig 60 mA
Forward Current — Peak Pulse Ig 1 A !
Tota! Power Dissipation t T = 25°C (Note 1) PD 132 mw
Derate above 35°C 2 mwrC .
Ambient Operating Temperature Range Ta -40to0 + 100 °C 1
Storage Temperature Tsig -40to +100] . °C CASE 349-01
Leac Soldering Temperature {Note 2) = 260 6 PLASTIC
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
Reve-se Leakage Current (VR = 3 V) 1R - 100 - nA
Aeverse Leskage Current (Vg = 5 V) R — 10 100 uA
Forward Voltage {if = 60 mA) VE - 1.8 2.2 v
Temperature Coefficient of Forward Voltage AVE - -22 - mv-K
Capacitance {f = 1 MHz) Cc - 50 - oF
OPTICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)
[ Peat Wavetength tF = 60 mA) Ap a 660 — am
{ Spectral Half-Power Bandwidth ) - 20 — nm
Continuous Power Output (I = 60 mA) {Note 3} Po - 2.2 - mw
Instantaneous Power Output {Ig = 100 mA) Po — 4 - mw
Instantaneous Axial Intensity {Ig = 100 mAl (Note 4) lo 0.8 1.3 — mwW sr
Power Half-Angle 0 - =30 - *
Opticat Turn-On Time ton - 200 — ns
Optca’ Turn-Off Time tott —_ 1%0 - ns
Hat{-Power Electrical Bandwidth (Note 5) Bwe - 6 - MH2

Notes 1 Meassured with device soldered into 8 typica! printed circut board

1 € seconds max, 1/16 inch from case Heat sink should be aopwed dunng soldenng, to prevent case temperature from exceeding 100°C

1 Measured using » Photodyne BExLA with a #350 ntegraimg sohere.
4 On-axis, with cone angle of = 17
§ ig = 100 mA pk-pk, 100% modulation




MLED76

TYPICAL CHARACTERISTICS
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Figure 1. Power Dissipation
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Figure 3. Spatial Radiation Pattern
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Figure 5. Forward Voltage
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Po. INSTANTANEOUS POWER OUTPUT (NORMALIZED)

Figure 2. Instantaneous Power Output
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MLED76

OUTLINE DIMENSIONS
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MOTOROLA

SEMICONDUCTOR e ey
TECHNICAL DATA.

Infrared LED MLED71
This device is designed for a wide variety of infrared applications, including keyboards,
end-of-tape sensors, coin or paper handlers, and other genera! sensing applications. The
MLED71 can be used in conjunction with any MRD700 series detector. It features high
power output, using gallium arsenide technology. INFRARED
o Low Cost LED
‘@ Popular Case 349 Package, with Molded Lens 840 nm
® Uses Stable Long-Life LED Technology
o Clear Epoxy Package
BROWN
BACK
1
?
CASE 349.01
PLASTIC
MAXIMUM RATINGS
Rating Symbol Value Unit
Reverse Voltage VR q 6 Volts
Forward Currant — Continuous (13 50 mA
Forward Current — Peak Pulse e 1 A
Total Power Dissipation @ Tp = 25°C (Note 1) Pp 90 mw
Derats above 55°C 2 mwrC
Ambient Operating Temperature Range Ta -40to 4100 c
Storage Tempersture N Tstg -40to +100 °c
Lead Soldering Temperature {Note 2} -— 260 (o
ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)
Charecteristic Symbol Min Typ Max Unit
Reverse Laskage Current (VR = 6 V) iR — 0.05 100 uA
Forward Voltags (i = 50 mA} Ve - 13 15 v
Temperature Coefficient of Forward Voltage AVE ~ | -18 - mv/K
Capacitance (V = 0V, t = 1 MHz) [~ — 18 —_— pF
OPTICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) .
Pesk Wavelength {If = 60 mA) Ap - 840 - nm
Spectral Half-Power Bandwidth Ax - 48 - nm
Continuous Powsr Output (I = 50 mA) (Note 3) Po 2 25 - mwW
instantaneous Power Output (If = 100 mA) Po - S - mw
[ >us Axist 1 ity (If = 100 mA) (Note 4) lo - as — mWiss
Power Half-Angle 4 - =30 - .
Optical Turn-On and Turn-OH Times ton- toff - 1 - Hs
Notes 1 Maeasured with device sotdered into a typical printed circust board, -

2. 5 seconds max: 116 inch from case Heat sink shouid be apphed duning soldenng. 10 prevent case temperature from exceeding 100°C
3. Measured using 8 Photodyne 88xLA with a #350 integrating sphere.
4. On O axis, with cone sngle of = 13*

—hy



MLED71

TYPICAL CHARACTERISTICS
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MOTOROLA
am SEMICONDUCTOR S
TECHNICAL DATA

Photo Detector
) ctors MRD370
Darlington Output
... designed for application in industrial inspection, processing and control, counters,
sorters, switching and logic circuit or any design requiring very high radiation sensitivity PHOTO DETECTORS
at low light levels. : DARLINGTON OUTPUT
® Poputar TO-18 Type Hermetic Package for Easy Handling and Mounting NPN SILICON
¢ Sensitive Throughout Visible and Near Infrared Spectral Range for Wider Application
& Minimum Light Current 12 mA at H = 0.5 mW/cmZ2 (MRD360)
e Externat Base for Added Control
® Switching Times —
t (e I = 1 mA peak = 15 us (Typ} — MRD370
t @ I = 1 mA peak = 25 us {Typ} — MRD370
CASE 82-05
METAL
MAXIMUM RATINGS [Ty = 25°C unless otherwise noted)
Rating Symbol Valve Unit
Collector-Emitter Voltage chd 40 Volts
Emitter-Base Vohage VEBO ¢ 10 Volts
Collector-Base Voltage VecBo 50 Volts
Light Current » y \ It 250 mA
Tota! Device Dissipation @ Tg = 25°C Pp 250 mw
Derate above 25°C 2.27 mwrC
Operating Temperature Range Ta -55t0 4125 *C
Storage Temperature Range T“g ~-65to + 150 *C
STATIC ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)
Characteristic Symbol | Min Typ Max Unit
Collector Dark Current (Ve = 10 V.H «~ 0) T = 25°C Iceo - 10 . 100 nA
Collector-Base Breakdown Volitage (ic « 100 uA} VigriCBO 50 - - Volts
Coliector-Emittes Breskdown Vohage (Ic = 100 uA) V(BRICEO 40 —_ -— Voits
Emitter-Base Breakdown Voltage {ig = 100 pA} V(BRIEBO 10 —_ -_ Volts
OPTICAL CHARACTERISTICS (Tp = 25°C uniess otherwise noted)
Light Current - MRD360 0w 12 20 —_ mA
(vee = 5V, Ry = 10 Ohms} Note 1 - MRD370 3 10 -
Collector-Emitter Saturation Voltage VCE(sat) - - 1 Voht
{i, =~ 10 mA. H = 2 mWrcm? at 2870K}
Photo Current Rise Time (Note 2) MRD360 1t - 40 100 us
(R = 100 ohms, I = 1 mA peak) MRD370 - 15 100
Photo Current Fall Time (Note 2) MRD360 ] - 60 150 us
{RL = 100 ohms, I = 1 mA peak) MRD370 - 25 150
Wavelength of Maximum Sensitivity Ag - 08 - um

NOTES 1 Radiation fiux density (H) squat 1o 0.5 mWkm?2 from a tung source ot & color tempersture of 2870 K.
2 For unssiureted response ime measurements, radation 1s provided by pulsed GaAs (gallium.srsemde) tight-emitting diode (4 ~ 940 nm) with &
pulse width squal to o greater than 500 microseconds (see Figure 63 1| » 1 mA peak



MRD360, MRD370

TYPICAL CHARACTERISTICS
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Figure 1. Light Current versus lrradiance
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MRD360, MRD370
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Figure 8. Puise Response Test Circult and Waveform
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MOTOROLA

MC1455
MC1555

Specifications and Applications

Information

TIMING CIRCUIT

The MC1555 MC1455 monotithic timing circuit is 3 highly stable

controlier capable of producing accurate t me delays, o oscillation.
Add.tiona’ termina's are provided for trigge-ing or resetting f desired.
In the t me delay mode of operation, the t.me 15 precisely controlied
by one externa! sesistor and capacitor, Fo- astable operation as an
oscillator, the free running frequency and the duty cycle ate both
accurately controlled with two external rey:stors and one capacitor.
The ci-cuit may be triggered and reset o4 ‘alling waveforms, and
the output struCture €an soutce of sink up 10 200 mA or drive
MTTL ¢ reurts.

Direct Replacement for NESS5'SESSS T mers
Tim’ng From Microseconds Through Hours
Ope-ates in Both Astable and Monostabe Modes
Adiusstable Duty Cycle

High Cu-rent Output Can Source or Sink 200 mA
Output Can Drive MTTL

Tempe:ature Stabitity of 0 005% per OC

TIMING CIRCUIT

SILICON MONOUTHIC
INTEGRATED CIRCUIT

Normalty "On” or Normally “Oft" Output U SUFFIX
CERAMIC PACKAGE s . ] Y
FIGURE 1 - 228ECOND SOLID STATE TIME DELAY RELAY CIRCUIT CASE 693-02 1 bty
404 Bws *
1 s
: oY ACas * 1 - -
LAt}
P N 0
€. . . AR}
om Lo o ]
i 5 5 * ¢, G SUFFIX
v ¢y Ay 2i METAL PACKAGE
LA DT S = CASE 601-04
L 3 -‘J’ 6 !
1 »
e ”.‘-"‘L. oy 3% > (Top View! 2 E»:::‘
idendy, N, S 128%a aszz e00s3 - 3 Outout
A4 nov 4 Reser
5 Contro! Vo'tage
FIGURE 2 - BLOCK DIAGRAM 6 Theeshold
v 7 Oncharge
. e - - 8 vee
. o "
R L LY 11 ]
Comvio 8 b Ccnecge ORDERING INFORMATION
s ¥ Temperature
g_{>_‘3. 5 tout Device !Atternate Range Package
2 p1C1455G - 0°C 10 =70°C  {Meta! Can
e IMC1455P1 | NESESY | 0°C 10 =70°C [Piastic DiP
o mcressy - 0°C 10 +70°C |Ceramic D.®
Vi s prcr1555G - -55°C 10 +125°C [Metal Can
Gne Reses pMCISSSU - -55°C 10 - 12589C|Ceramc D17

P31 SUFFIX
PLASTIC PACKAGE
CASE 626-04 ® :
{Top View) l
(MC1455P1 only) 1
1 Groung
2 Teogger
3 Output
4 Ravet
& Controt Volage
6 Thrashold
? Discharge
8. Vee

3

TYPICAL APPLICATIONS

® Precsion Timing ® Missing Pulse Detection

® Pu'se Generation ® Pulse Width Modulation
® Pulse Position Modutation

® Time Delay Generation
® Sequential Timing
® Linear Sweep Generat.on © Pylse Skaping

MOTOROLA LINEAR/INTERFACE DEVICES



MC1455, MC1555

MAXIMUM RATINGS (Tp * +25°C unless otherwise noted.)

Ratng N Symbol Value Unit

Powet Supply Voitage vee +18 Vdc
Duchargr Current (P 7) by . 200 mA
Power Dissrpation (Packape fo

Limitation)

Metat Con 680 "y

Derate sbove Tp = »25°C 46 mw/oC

Plastic Dusl tn-Line Pachapr 625 ™

Derate sbove Ty « +25°C 50 ~w /¢
Operatng Temperatune Ta A3

Range {Ambeent) MCIBSS -55 10 ¢ 125

AL 1455 010 +70

Storag Temperature Ranpr Tyg | -6510 4150 o¢

FIGURE 3 - GENERAL TEST CIRCUIY
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ELECTRICAL CHARACTERISTICS (Tp » «25°C. Ve ® #5 0 V 10 415 V unless otherwise noted )

NOTES:

1 Supply current when SUtPut is hugh is typieslly 1.0 mA less.

2 Tested st Ve =50 Vend veg » 16 V.

Monostsble mode

The mazimum 10wl R = 20 megohms.

¢ MC1555 21148
Charpcteristics Symbo! v Tve v Y o v U

Supply Volitage Vee 45 - 18 a5 16 v
Supply Cureent ice A

Vece* SOV, R o= .- 3o 50 - 30 60

Vee® 18V R e - 10 12 - w0 15

Low State, {(Note 1)
Timing Error (Note 20

A« 1.0 482 10 100 u§}

Initial Accuracy C= 0 1 uf - 0.5 20 - 10 - [N

Orift with Temperature - 30 100 - 50 - PoMAO(

Drif1 with Suppty Voltiage - 0.05 0.20 - 010 - %/Von
Threshoid Voltage Vin ~ 213 > - 23 - e
Trigger Voltage A4 1 v

Ve =15V a8 5.0 52 - $0 -

Veg* 50V 145 1.67 1.9 - 1.67 -
Trigger Current ‘T = 0.5 - - 05 - Py
Reset Voltage % VR 04 0.7 1.0 0.4 07 10 v
Reset Current ] - 0.1 - - 01 - mA
Theeshold Current (Note 3} ith - 0.1 .25 - 01 0.2% nhA
Ducharge Leakage Current (Pin 7} lan - - 100 - - 100 YO
Contro! Voltage Levet Ve v

Vee 15V 9.6 10 104 9.0 10 "

Vec =50V 29 In 38 26 3 40
Qutput Vohage Low VuL

{vec =15 V) v

lgynk * 10 mA - 0.1 015 - 01 025

Iynk = 50 mA - 04 0s - oa 0.75 ‘

Tyink = 100 mA - 20 22 - 20 25

Ignk ® 200 mA - 2.5 - - 2% -

(Vee = 50V)

lynk » 8O mA — - 0.1 o | - | - - ]

Ignk ® 5.0 mA - - - - 025 0.35° S
Output Voltage High Vou v :

Uguree = 200 mA)

Vs 15V - 125 - ~ 125 -

{hyource = 100 mAl i

Ve s 15V . 12 13.3 - 12,75 123 - !

Veee S0V TN 30 e} - 2.5 33 -
Rise Time of Output WOLH - 100 - - 100 - ™
Fall Time of Output - ~ 1OHL - 100 - - 100 - ™

~—

3. This will determine the maximum vahse of Ry + Rg for 15 V op=r ™"

MOTOROLA LINEAR/INTERFACE DEVICES



MC1455, MC1555

TYPICAL CHARACTERISTICS
(Ta = +259C untess otherwise moted.}

FIGURE & ~ TRIGGER PULSE WIDTH FIGURE § — SUPPLY CURRENT FIGURE 6 — HIGH OUTPUT VOLTAGE
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MC1455, MC1555

FIGURE 13 - REPRESENTATIVE CIRCUIT SCHEMATIC
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GENERAL OPERATION

The MC1555 13 8 monohthic Liming circurt which caes as its
timung elements an eaterndl resis1or — Capacitor network It can
be used in both the monostsble (one-shotl snd sstadle modes
with frequency and duty cycle controlied by the capac-tor and
res's10r volues, WAk the timing 13 dependent upon the external
passive components, the monolithic circuit provides the siarting
cirevit, voltage comparison and other funct:ons needed for » com-

ete timing citcuit, Internsl 1o the integsted circust ore wo
comparators, one for the input signal and the other for capacitor
vo'tage, aiso 8 flip-fiop end d.gits! output are included The com-
porator reference voltages ore siways @ fiaed rotio ©f the supply
voltage thus providing output iming independent of supply voltage.

Monosiabls Mode

In the monostable mode, 8 capacitor and a single res410t are
used for the timing network  Both the threshold terming’ snd the
discharge trarsistor termina! sre connected together o this mode,
refer to circuit Frgure 14 When the input voitage to the vigger
compe*ator falis briow 1/3 Vg the compe-ator output wiggers
the Thp-flop 30 that «1's output stts low. This turns the capecitor
discharge tranuistor “'off”" and drrves the dhg ta! output 1o the high
state.  This condition stiows the capacitor 10 chirge at an ex-
ponenta! rate which is set by the AC time constant. When the
Ca50CI0r vo'tage resches 2'3 Vg the threthold cc mperator tesets
the thip-fiop. This action discharges the timing copecitor and re-
turng the cigita’ output 1o the low stste. Once the fhip-flop hes
been tiggered by sn input signal, it cannot be retriggered until
the present timing period has been compieted. The time that the
output is high is given by the equetion t = 1.1 Ry C. Various
comdbirations of R and C and their sssocisted times are shown in
Figure 16. The trigger pulse width must te fess then the timing
petiod.

A reset pin i provided to dicharge the cadec1or thu inter-
Tupting the timing cycle. As long s the resT pin 1t low, the capecr-
1or discherge transistor is turned “On™ and reve=ts the capscdor
from charging ® While the reset voltage it spp’d the dig-tal output
will remain the same. The rewet pin should te Ted 10 the supply
voltage when not in use,

FIGURE 14 - MONOSTABLE CIACUIT
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MC 1455, MC1555

GENERAL OPERATION (continued)

FIGURE 15 - MONOSTABLE WAVEFORMS
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FIGURE 16 ~ TIME DELAY
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Astable Mode

in the sstable mode the timer is connected 30 that it will
retrigger itse!! and coume the capecitor vo'tage to osciliate between
V3IVecend 273 Veg See Figure 17,

The eaternal capacitor charges 1o 2/3 Vg thvough Rp ond R
and discharges 10 1/3 Voo through A By varying the ratio of
these resistors the duty cycle con be varied. The cherge end
Gincharge times are independent of the supp’y vo'tsge.

The charge time (output highl is given by 1y * 0695(Ra+Rgl C

The discharge time (output fow! by t2° 0695 (Rg) C

Thus the tots’ period it given by. T = 1y < t2 = 0.695 (R +2RgI C
1.44

The frequency of oscillstion is then. { = % - W

3¢ may e easity found a1 shown in Figure 19,

Rg
Ra-27g
To obtsin the maximum duty cycle Ra must be a1 smell 8
sonible, but it must a'so be lsrge encogh to limmil the discharge
current (pin 7 current) withir. the meximurm. rating of the discharge
ronsistor (200 mA).

The minimur vetue of Ry, i giver by:

Vv tvdaad Ve (Vde)
na> Yee ved 5 Vec tvael
1y (A) 0.2

The duty cycle is given by. DC =

FIGURE 17 - ASTABLE CIRCUIT
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MC1455, MC1555

APPLICATIONS INFORMATION

Linsar Voltage Ramp
In the monostable mode, the resistor can be replaced by 8 con-
SNt current spurce to provide 8 linear ramp voitage  The capaci-
tor stk charges from O to 2/3 Vo, The lineat ramp time 13 given
V. 2 Yee
3
vee - Ve - Vi
where | = __!:C_ag___E_E 1 Vg is much larger than Ve,
E
then t can be made independent of Ve,

FIGURE 20 - LINEAR VOLTAGE SWEEP CIRCUIT

Musing Putse Detoctor

The timer can be used 10 produce 81 OUtPUt when an inpyt
pulse fails to occur within the delay of the timer. Yo sccompligh
this, set the time delay to be shightly longer than the time between
successive input pulses. The timing cycle n then continudusly reset
by the input pulse train until & change in frequency of & misung
pulse shows corpp'el.on of the timing cyde, causing » change in
the output level,

FIGURE 22
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FIGURE 21 — LINEAR VOLTAGE RAMP WAVEFORMS
(Rg° 1060, R2= 100k, A1 = 39kN,C=001uF, Ve = 15 Vi
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FIGURE 23 - MISSING PULSE DETECTOR WAVEFORMS
(RA=20k0. R = 1.0k$2,C=0.1,F. Vcc* 15V)
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MC1455, MC1555

APPLICATIONS INFORMATION (continued)

FIGURE 25 — PULSE WIDTH MODULATION WA VEFORMS

Pulss Wicih Modulation
(Ro= Wk, C=002,F, Vec* 183V)

1 the timer is trgoered with 8 cONtinuous pulse train in the
monosteble mode of operstion, the charge time of the capacitor o .
can be varied by changing the control voltage st pin 6. in this Mautaten inpur Voltsge
manner, the Output pulse width can be modulated by spplying
» modulating signal that controls the tiveshold voltage,

NN
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FIGURE 24 -
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Clock Modulation Test Sequences
tnput 1 Py Severs! timers can be connected 1o drive each other for sequen-
tal timung. An example is shown in Figure 26 where the sequence
is startect Dy trggering the first timer which runs for 10 me The
output then switches 1ow momentarily and starts the second timer
which runs for 50 ms and so forth.
. FIGURE 26
Vee (8 10 18 V)
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SCL4066B

CMOS QUAD ANALOG SWITCH

FEATURES

¢ Transmission or Multiplexing of Analog or
Digita! Signals
8052 Typical ON-Resistance for 15-Volt oper-
stion
Switch ON-Resistance Matched to within 552
over 15-Volt Signal-Input Range
ON-Resistance Flat over Full Peak-to-Peak Sig-
nal Range .
High Degree of Linearity:
< 0.5% Distortion (typ) € f;g = 1kHz,
Vis=5Vpp, VDp-Vgs 2 10V, R = 10k )
¢ Extremsly Low OFF switch Leakage Resulting
0 very Low Offset Current and High Effectiv.
OFF Resistance: .
10pA (typ) @ Vpp-Vss™ 10V, Ta=25°C
4 Extremely High Control Input impedance (Con-
trol Circuit Isolated from Signa! Circuit):
101282 (typ)
¢ Low Crosstalk between Switches:
-50dB (typ) @ fig= 0.9MHz, Ry = 1k§2
¢ Matched Control-Input to Signal-Output Capac-
itance Reduces Output Signal Transients
¢ Frequency Response, Switch ON = 40MHz (typ)

.

> & & o

DESCRIPTION

The SCL4066B is & Quad Bilateral Switch
intended for the transmission or multiplexing of
snalog qr digital signals, It is pin-for-pin compatible
with the SCL4016B, but exhibits 8 much lower
ON-resistance. In addition, the ON-resistance is rel-
stively constant over the full input signal range.
The SCLA066 consists of four independent bilat-
eral switches. A single control signal is required per
switch. Both the P and the N device in @ given
switch are biased ON or OFF gimultaneously by
the control signal, As shown below, the well of the
N-<hannel device on each switch is either tied to
the input when the switch is ON or 1o Vgg when
the switch is OFF, This configuration minimizes
the varistion of the switch-transistor threshold

-

CONNECTION DIAGRAM
(all packages)

Switch
A . SwitchD Switch C
A e A\t A A
Vob C IN OUT OUT IN

[ N T T A |
14 13 12 11 10 9 8
SCL4066B

1 2 3 4 5 6 17
i I IR
IN OUTOUT IN C C Vgs
s et e e

Switch A Switch B Sw&!ch

Add sutfix for package:
C 14-pin Cerdip F 14-pin Flat
D" 14-pin Ceramic H Chip
E 14-pin Epoxy

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage VpD - Vss 31015 Vdc

Operating Temperature Ta
C. D, F, H Device
E Device

65 t0 4126 ©C
4010 +85 ©OC

voltage with input-signal, and thus keeps the ON-
resistance low over the full operating range.

The edvantages over single-channe! switches in-
clude peak input-signal voltage swings equa! to the
full supply voltage, and more constant ON-imped-
ance over the input-signal range, For sample-and-
hoid applications, however, the SCL4016 is
recommended.

LOGIC DIAGRAM

SCHEMATIC DIAGRAM (one of four switches)

MONMM. OFLRATION
CONTROK ~LiNE BiIASING
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SCL4066R -
ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '?

Vg | W, Teow' =°C Toion®
PARAMETER CONDITIONS tv::) N::’, Low e unin
Min, | Max. | Min. | Typ. | Max. | Min. | Max.
OUIESCENT DEVICE -
CURRENT loo |Vin*VesorVpp | 0 6| - | oosl - Joooos| 005] -1 15] pad
All valid input [ wl| - 01} -~ Joooi} o1 | - 30 i
combingions 4] 15 - 02 - 10002} 0.2 - 6.0
MINIMUM INPUT HIGH Vin
VOLTAGE Vis = Vgs () | - | a0] - f215 | 40| - | 40| vee
(Control tnput) Vos* Voo o| w| - 1s80] - {55 | s0] -| eo
los = 104A o] 15| - {120] - le2s |120] - |120
MAXIMUM INPUT LOW viL
VOLTAGE Ve = Vgs ° 6|l1wo| -] w0225 - | 1] -] veae
(Control Input) Vos® Voo 0 10 | 20 -~ | 20 |48 - 20 -
los = 104A o| wjae|] -1 30lews | - | 30| -
SWITCH INPUT/OUTPUT lors
LEAKAGE Ve Ve 285 | +18) — {2100 - |:001]2100] - | 2200]|nade
Vis= 27.5Vdc
ON-RESISTANCE Row
C.D.F.Hdevice Ve = Voo 2519781 ool ~ | eol 280] - | 320] @
Vss€ Vis< Vpp 0 |18
R =10
5 1 1 - | 30| - | 120] 400 - | ss0| @
o [+10
2514251 _ Voooo| - | 270 2500] - | 3so0| @
0 |+5
€ device Row | Ve = Vos 35 | 418
- c 280! - | 300 R
Vgs€ Vg<Vpp 0 41§ g s
Ry w100
¢ 'g :fu - 1 330 - | 120] s00| - | s20] 0
254335}~ |oo| - | 270/ 2s500] - | 3200] @
ON-RESISTANCE MATCH ARow
(Same package) Ve =Vpp 7.8 | 428] = . sl - - -l na
VssSVg<Vpp | 0 | 418
R, =& 0
K * - - 0] - - n
o [0
2.5 +28 =5 - - ‘O' - - n
- 0o |+

NOTES: ! Remaining Static Electrical Characteristics ace listed under “SCLA000B Series Family Specifications”
? T ow = -55°C for C, D. F. K device.
* = -40°C for E device,
Tuigw ® +125°C tor C, D, F, H device.
e+ B5°C for E device.
¥ This device has been designed for balanced output drive current specifications, Consult Family Specifications.



$CL4066B

DYNAMIC CHARACTERISTICS (C, = 50pF, To = 25°C)

ELECTRICAL CHARACTERISTICS {Continued)

Vs VDD . .
PARAMETER CONDITIONS vde) | (vde) Min, Typ. Max. Units
SIGNAL INPUTS (V,,} AND OUTPUTS (V) .
PROPAGATION DELAY TIME | tp n,|Ve=Voo
tony. | Va=Square 0 5 - 20 40 ns
Signa! Input to Signal Output Wave 0 10 - 10 20
R, = 10k} 0 15 - 75 15
BANDWIDTH (-3d8) BW |VaVpp R,
(Sine Wave) Ve=5Vpol 1kQ| 5 +5 - 54 - MHz
centered | 10k - 40 -
© 0.0Vdd) 00k} - 38 -
1M = 37 -
INSERTION LOSS |
(=20 logy Vos ) Ve=V, R
Ve Voo Ry
VisSVool Q| -5 +5 - 23 - dB
centered | 10kQ2 - 0.2 -
©0.0Vdc100kY - 0.1 -
MO - 0.05 -~
SIGNAL DISTORTION
{Sine Wave) V.*Vpo -5 +5 - 0.16 - %
VeSVoo
centered
@ 0.0vde
1;,=1.0kHz
R, =10kQ
FEEDTHROUGH (-50dB) VerVgs Ry
Vi=SVpal thQ2 -5 +5 - 1250 - kHz
centered [ 10k - 140 -
@0.0Vde P00k - 18 -
1MQ - 2 -
CROSSTALK (-50dB) V (A=Vpp -5 +5 - 09 - MHz
Between two switches V{8)=Vgg
V {AI=EV,
centered
€00vde
R = 10k
CAPACITANCE
tnput Ca - 8 - oF
Output’ Cor |Ve= Vss 5| 5 - 8 - pF
Feedthrough Cuos - 0.5 - pF
CONTROL INPUT (V¢)
PROPAGATION DELAY TIME | tpe [ Vss<Voa&Vpp o 5 - 50 100 ns
Turn on Ry = 10k 0 10 - 25 50
0 15 - 20 40
MAXIMUM INPUT fo | Ves<Vo&Vpo 0 ] - 5 - MHz
FREQUENCY Ry = 1.0k 0 10 - 10 -
0 15 - 12 -
CROSSTALK
{To signa! port) Vc=Square Wave 0 5 - 30 - mvV
R, = 10k o 10 - 50 -
Rin = 1.0kQ 0 15 - 100 -
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SCL4066B

* SPECIAL CONSIDERATIONS — SCL4066B ~ toTToN : -

1. In spplications where separate power sources are used 10 drive Vpp and the signal
inputs, the Vpp current capability shouid exceed Vpp/Ry (R = effective external
1oad of the 4 SCL4OG6B bilateral switches). This provision svoids any permanent
current flow or clamp action on the Vpp supply when power is spplied or removed
from SCLA066EB.

2. in certain epplications, the exterhal load-resistor current may include both Vpp and

signal

line components. To svoid drawing Vpp current when switch current flows

into terminals 1, 8, 8, or 11, the voltage drop across the bidirections! switch must not
exceed 0.8 volt (calculated from Rop values shown), .

No Vpp current will flow through Ry_if the switch current fiows into terminals 2, 3,
9, or 10. Failure 1o observe this condition may result in distortion of the signal.

APPLICATIONS INFORMATION

4 - .v.:
%—Lﬁ; ] '°' .,.“0_% .,

O n
Basic Switch Functions using the SCL4066B ..
[ C4=0.007Cy
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SLLECY O—
€3+0.01C; b
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< S
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Ry Ra ALIVOLTAGE GAIN BELOW BRLAR FREQUENCY)
Vi O AAA~4— = 'I’.
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MAX ATTENUATION » i)

Active Low Pass Filter with Digitally Selected Break Frequency




LF347
LF351

@ MOTOROLA
LF353

FAMILY OF BIFET
OPERATIONAL AMPLIFIERS

F P PERATIONA F
JFET INPUT OPERATIONAL AMPLIFIERS SILICON MONOLITHIC

INTEGRATED CIRCUITS

These low-cost JFET input bpetationa! amplifiers combine two
state-of-the-art linear technologies on 8 single monolithic inte-
grated circuit. Each internplly compensated operationa! amplifier N SUFFIX
has well matched high voltage JFET input devices for low input PLASTIC PACKAGE
ofiset voltage. The BIFET technology provides wide bandwidths CASE 626-04
and fast slew rates witr low input bias currents, input ofset cur- . l (LF381, LF353 only)
rents and supply cu ents. 3 l

These devices are ava'lable in single. dua' and quad ope-ational )

smplifiers which are pin-compatible with the industry standerd . ———
MC1741, MC1458, and the MC3403 LM324 bipolar devices. Sl =

Nom At IAput T

- =_ C.tp.t LF3I5
VEE o

= SR (Top View)
o input Offset Voltage of 50 mV Max (LF347B)

Output A ::‘—: Vee
mun 4:“. .. =0Ovwon1 8 1F353
- A

- -;Il'p.n' (Top View)
[ ]

® Low Input Bias Cur-ent - 50 pA

o Low Input Noise Vo'tage - 16 aV \ Hz Verz e,
® Wide Gan Bandw.oth - 4 0 MHz
N SUFFIX
@ High Slew Rate - 13V us PLASTIC PACKAGE i
CASE 646-05 H l
o Low Supp'y Current - 1.8 mA per Amphifier 1LF347 only) )

® High Input impedarce - 1012 11

® High Common-Mode snd Supply Voltage Rejection
Ratios - 100 @B

N
Out1 [ ;2] Out 4
Inputs 1 B ’-<ﬁ:§l Inputs 4
& A 1 aN E]
vee [ T Vee
MAXIMUM RATINGS

N he
1 Rating ! Symbol Velue Unit ! nputs 2 Aln Inputs 3
f Supply Vo'iage vee -18 v ! E - - ;‘]
L Vee -18 ; oun2 [ [F] Ow 3
L
{
5

Di¥erentia! Input Voltage Vip =30 v o,
215 v

Continuous ‘

" Input Voltage Range (Note 11 ViDR {Top View)

Y DU S

Output Shont Circunt Du-stior Nste 2) ts

"Powe: Dissipation st T = - 26C Po 900 prvvan! ORDERING INFORMATION
. . -9 < Op Amp i

i ot;::::::;:m 7.,:::,:.:_1 Range 1:;’ - 5 ‘010- 70 m\:vc < Functi Device ; Package

t Operating Jonchon Temperators Range = o - Single LFISIN . Plastic DIP

; Storage Temperature Range T - -€510 - 150] °C | Dual LF333N Piastc OIF

: s, ! Ousd LF347BN Piastc DIP

NOTES: LF3&7N Piastic DIP

1 Unless cthew st specied. the atsoiule manimum negdlive inpul vOliage 18

NOTES (cortinued)
hmuted 1¢ the negatve DOwe’ SuDDh 6

3 Input t.as cusrents of JFET input 00 8™DS 8DDIOXI

7 Any ampldies output can De 1hO7eC 10 ground indefinnely Mowever i more mately goutle for every 10 C rige ir junction tempecature,

than one amplifier outdut s shomes s . manedusly manimum JeRCLOF temDerature
atngs may D¢ exlesded

To na:ntarr junstion temperatures s Cicse 10 ambient as
18 possible puise techruques. are utilized during lest

MOTOROLA LINEAR INTERFACE DEVICES
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LF347, LF351, LF353

ELECTRICAL CHARACTERISTICS (Voo = =15 V. Vgg = -15V, T = 25°C unless otherwise noted).

LF3478 LF347, LF351, LFI53
Characteristic $Symbo! Min Typ Max Min Typ Max Unit
Input Offset Voltage (Rg « 10 k. Vem = 0) Vio mv
Ta = -25C - 1.0 50 - 5.0 10
0Ce Tae ~70C —_ — 8.0 - - 13
Average Temperature Coe*ticient of Input Ofset . 3Vi0 3T - 10 - - 10 - uv<C
Voltage
Rg « 10k, 0°C € Ta « - 70°C
Input OHset Current (Vepg = 0, Note 3) o
Ta = -25C -5 25 100 - 25 100 pA
0'C = To s -70°C - — 4.0 —_ —— 4.0 nA
tnput Bias Current tVep = 0, Note 3} 1]
Ta = -25C - S0 200 - 50 200 pA
0Cs Tps -20°C = 3 80 - - 8.0 nA
Input Resistance 3 ~— 1012 -} - 1012 -
Common Mode Input Vo'iage Range ViR -1 HIEET) 2 -1 -15 " v
It -12 = -12
Large-Signal Voliage Gain (Vg = =10V . R = 20 u AvoL % . vmy
Ta= -25°C 50 100 - 25 100 -
0CsTas -70C 25 - —_ 15 - —
, Output Voltage Swing 1R = 10 k) Vo =12 , =14 - =212 | =14 - v
['Commor Mode Resectior. Retio (Rg = 10 &I CMAA 80 ; 100 - 70 00 - a8
f Supply Vo'tege Rejection Ratio (Rg « 10 k) PSRR 80 100 - 70 : 100 = dB
! Supply Current p ! mA
LF347 D743 " —d ¥ n
LF351 - - - - 18 34
LF353 — — —_ - 36 6.5
Slew Rate tAy = -1} SR it 13 — — 13 —_ Vus
Gain-Bandwidih Product 8wp — 40 — — 4.0 - MKz
Equnatent input Nofse Voltage en - 16 - - 3 — (nVAR:
{Rg = 100 f2,f = 1000 Ha)
Equivalent input Nose Current (f = 100C HI) in — col - - 001 = pA\ Hz
Channe! Separstion (LF342, LF353) - - i =120 - - - 120 - dB
L 1.0 Hz = § = 20 kM2 {Inpu: Referred)

For Typical Characteristic Performsnce Curves, refer to MC34001 34002 34004 deta shest.

MOTOROLA LINEAR/INTERFACE DEVICES



National
Semiconductor

LM194/LM394 Supermatch Pair

General Description

The LM184 and LM3D4 are junction isolated uftra well-
maiched monofithic NPN transistor pairs with an order of
magnitude improvementin matching over conventionat tran-
sistor pairs. This was sccomplished by advanced finear pro-
cessing and a unique new device structure.

Electrical characteristics of these devices such as drift ver-
sus initial offset voltage, noise, and the exponential relation-
ship of base-emitier voltage to collector current closely ap-
proach those of a theoretical transistor. Extrinsic emitter
and base resistances ere much lower than presently avail-
able pairs, either monofithic or discrete, giving extremely low
noise and theoretical operation over a wide current range.
Most paramelers are guarenieed over & current range of
1 pA to 1 mA and OV up to 40V collector-base voltage,
ensuring superior performance in nearly all gpplications.
To guarantee long term stability of matching parameters,
internal clamp diodes have been added across the emitter-
base junction of each transistor. These prevent degradation
due 1o reverse biased emitler current-—the most common
cause of field tailures in matched devices. The perasitic iso-
lation junction formed by the diodes also clamps the sub-
strate region to the most negative emitter 10 ensure com-
plete isolation between devices.

The LM194 and LM394 wil! provide & considerable improve-
ment in performance in mos! applications requiring a closely

matched transistor pair. In many cases, trimming can be
eliminated entirely, improving refiability and decreasing
costs. Additionally, the low noise and high gain make this
device attractive even where matching Is not critical.

The LM194 and LM304/LM384B/LM394C are available in
an isolated header 6-lead TO-5 metal can package. The
LM394/LM394B/LM394C are available in an 8-pin plastic
dual-in-line package. The LM394C is also evailable in a 8
pin plastic dual-in-line package. The LM184 is identical to
the LM3S4 except for tighter electrical specifications and
widar temperature range.

Features

@ Emitter-base voltage matched to 50 pV

B8 Offset voltage drift less than 0.1 uV/°C

m Current gain (hpg) matched to 2%

s Common-mode rejection ratio greater than 120 dB

B Parameters guaranieed over 1 uA to 1 mA collector
current

& Extremely low noise

® Superior logging characteristics compared to
conventiona! pairs

® Piug-in replacement for presently available devices

Typical Applications

Low Cost Accurate Square Root Clrcuit
four = 10-8.,10 Vi

1"

weyY
cgv.squv) W

RECULATED e

TLM/8241-3

Low Cost Accurate Squaring Circuit
lour = 10-8 (Viy)2

NPyt

g Ve otV

: 100u°
> 1%

B AAA el
-~

1580
b1

-18V
REGULATED

ume241-2

- *Trim for fuR scate accuracy

v
1
4

YEENT/Y6LINT



LM194/LM394

Absolute Maximum Ratings
It Military/Aerospace specified devices are required,
please contact the Nstions! Semiconductor Sales
Office/Distributors for avaliabllity and specifications.

{Note 4)

Cotllector Current

Coliector-Emitler Voltage

Collector-Emitter Voltage
LM394C

Coliector-Base Voltage
LM394C

Cotlector-Substrate Volta
LM394C

20 mA

ge

Collector-Collector Voltage

LM384C

Vmax

3s5v
20V
35v
20V
35v
20V
3V
20V

Base-Emitter Current
Power Dissipation
Junction Temperature

St

LM194
LM394/LM394B/LM394C

orage Temperature Range

Soldering Information

Metal Can Package (10 sec.)

Dual-In-Line Package (10 sec.)

Small Outiine Package
Yapor Phase (60 sec.)
Infrared (15 sec.)

v

N

oA
N 210p |

500 mw

~55Cio +1
‘25’Cb 1.”

-65Cto 4 150

280¢C
260¢

25¢

20¢
See AN-450 "Surface Mounting and their Etfects on Prog.
uct Reliability” for other methods of soldering surfase

PO T SR S

o e

i
)
mount devices. !
i
Electrical Characteristics (r, = 250 i
1
Parameter Conditions ld L i394 LM394B/394¢ Units 1
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max !
Current Gain (heg) Vea = OV 10 Vyax (Note 1) i
= tmA 350 | 700 300 | 700 225 | 500 I
Ic = 100 pA 350 | 550 250 | 550 200 | 400 '
| Ic= 10 A 300 | 450 200 | 450 150 | 300 )
lc=1pA 200 | 300 150 | 300 100 | 200 ’
Current Gain Match, Vea = OV 10 Vauay i
(hrg Match) lc=10pAto T mA 05 | 2 05 | 4 10| & L I
< Joo[alg] [hegpmng] | I = 1 pA 1.0 1.0 20 L
lg !
Emitter-Base Offset Veg= 0 H
Voltage e = 1pAto 1 mA 25 | 100 25 | 150 0 | 200 | pv i
Change in Emitier-Base | (Note 1)
Offset Voltage v Ic= 1pAto 1 mA,
Collector-Base Voltags | Vca = OV 1o Vaax B WS 10 650 10 {00 f
(CMRR)
Change in Emitter-Bass | Vg = 0V,
’ \)
Ofiset Voitage v = 1pA100.3mA 51 % SAS S| %0 ¢
Cotlector Current
i
Emitter-Base Offset Ic = 10 pAto 1 mA (Note 2) H
\'/4"
Voltage Temperature o = I3 0.08 ) 03 008 | 1.0 0.2 | 1.5 | g
Drift - Vos Trimmed to 0 at 25°C 0.031] 0.1 0.03 | 0.3 003 05 | pvrt !
Logging Conformity Ic = 3nAto300 uA, v
Ves = 0. (Note 3) 150 150 150 ¥ !
Collector-Base Leakage | Veg = Viax 0.05 | 0.25 0.05| 05 0.05| 05 nA !
Collector-Collecior Voe = Viax 01| 20 01 | 50 0.1 | 50 M
Leakage
Input Voltage Noise Ic = 100 A, Vcg = 0OV, 18 18 1.8 i
f = 100 Hz to 100 kHz
Collector 10 Emitter Ic'. 1mAlg = 10 pA 0.2 0.2 0.2 v
Saturation Voltage Ic=1mA lg= 100 pA 0.1 0.1 0.1 v
Note 1: Coftector-base voltage is swept #0m 0 fo Viuey 61 8 coector current of 1 wA, 10 kA, 100 pA, and 1 mA.
Note 2 Offset voltage drift with Vog = € 81 Ty = 25:C is vaiid only when the ratio of Icy 10 I 16 adjusted 10 give the intial 2er0 offsel This ralic must be heid®
withen 0 003% Over the entire temperature range Measurements taken at + 25°C and temperature extremes.
Mote 3 Logging conformity is measured by compubng the best ft 10 & true exponential and expressing the error as a base-emitier voltage deviation.
Note &: Refer 10 RETS194X crawing of midary LM194H version for specifcations.
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Typical Applications (contiwed) -
Fast, Accurate Logging Amplifier, Viy = 10Vto 0.1mVor iy = TmAto 10 nA

"A“ v

M REF
9.76k
A} 4

\AAd

100k g
L

TL/H/9241-3

*Tol Labs typs 081 +0.3%/°C

Voutr = ~ oo (v—:%)

Voltage Controlled Variable Gain Amplifier
v v

157

<me q -
<) <m
< < s
1' -
02
1487 M
i
—AAA— - 15V

TL/H/9241-4

*RE-FR10 and D2 provide a temperature  Distortion < 0.1%
ndependent gain controt. Bandwidth > 1 MHz
G = -336V1{dB) 100 dB gain range

PEENT/P6LINT
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LM194/LM394

Typlcal Applications (contiued)

Precision Low Drift Operational Amplifier

—Jowen

Common-mode range 10V
laung 25 nA

tos 0.5 A

Vo (untrimmed) 125 uV
(AVog/aY) 0.2 pv/C
"CMRRA 120 @8

Avoy 2,500,000
*C 200 pF for unty gain
C 30 pF for Ay 10

C 5 pF for Ay 100

C OpFfor Ay 1000  TL/H/B241-8

High Accuracy One Quadrant Multiplier/Divider

»
"
"
VWA
»
e

Lmt 1

e

paa—

TuUH/828

*Typica! inearity 0.1%

Jeacrasneamion
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Typical Applications (continued)

High Performance instrumentstion Amplifier

INPUTS -r-———n'

She—ad
™! }.nmsx

- — —
o 7
IW LM3%4
L \
<
<

108 89X

A A A 4
32

p—O OUTPUT

. ~@-—0 - 15V
Performance Characteristics
G = 10,0006 = 1,000G = 100 G = 10

Linearity of Gain (1 10V Output) <0.01 <001 <002 <005 %
Common-Mode Rejection Ratio (60 Hz) 2120 2120 2190 290 dB
Common-Mode Rejection Ratio (1 kHz) 2110 2110 200 270 dB
Power Supply Rejection Ratio

+ Supply >110 >110 >110 >110 o8

~ Supply >110 >110  >90 >70 dB
Bandwidth (-3 dB) 50 80 50 80 kHz
Slew Rate 0.3 0.3 03 03 Vius
Offset Voltage Drift** <025 £04 2 <10 pvrC
Common-Mode Input Resistance >100 >100 >0 >109 0
Ditferential Input Resistance >3x108 >3x10% >3x108>3x108 1N
Input Referred Noise (100 Hz < { < 10 kHz) 5 8 12 70 %
input Bias Current 75 75 75 75 nA
Input Offset Current 15 1.5 1.5 1.5 nA
Common-Mode Range 211 E33 ] $11 210 v
Output Swing (R, = 10 kM) 213 213 213V

**Assumes < 5 ppm/C racking Of resistors

113

TL/H/B241-7

Y6EWT/YSLNT



LM194/LM394

Typical Performance Characteristics :

Smal! Signal Current Gain vs

e Collector Current "7 s PC Current Gain vs Temperature
g Hvarw -
= e the ”e 1
£ "™Hune H g [t %
- S v | roas A, L A
pt N 3 e
E " & -1 e =3
2 ” S e [ tma L il &2
. [ f RS i 3
§ - . 2 o — A z o . ?
-l -] i
i m ! £ : ; ] == o
P | i e e Ya Vg i )%,_‘
* . . I o it e
(1 B TR 1 " M o-B .M Mmoo e oem ' 4 E '
b - COLLECTOR CURNENT tma) * T, ~ MUNCTION TEMPERATURE ("€} & ~ COLLECTON CURRINT fit) &
. " -«
. : Small Signal Input I
Otfset Voltage Drift vs Initial Base-Emitter On Voltage vs Resistance (hyg) 5
, Offset Voltage 5w Collector Current - w Y Collector Current =
0 s Va ' b¥ Ve 3V 3 o
s A = L1, ¢ : E 10108 4 :
$ g 1 N
g pZ 2 o - g
a " = Ly E 5
s e § s u B
32 ¥ / &
2 e ,4/ § T E H
-3 . /] Cam
-88 1,-28 ¢ l F
-1 - LT o
-1 -t [ ] ) e a0 m [ L | " o (V] [ 8] 1 "
WITIAL BFFSLT VOLTARS W) g ~ COLLECTOR CURRINT (ma) i - COLLECTOR CURRERT (mA)
Collector-Emitter
Small Signa! Output Conductance Saturation Voltage Input Voltage Nolse vs
w Ve Collector Current vs Collector Current Frequency
] Yoy * 8V = 2 i e Vg o by
d ' Ry ¢ 20012
E " E § {.‘ g
£ e e i e+ d
g ] §§ ar d g " )i
E L3 = [
. - = s 19— -
E o 1 =§ b T i. i =
i i 3 4 .
) i - -
" 11 In N4 . I Jis-1e
"o em f 1] ] " - em 1] 1 ] w w ] ] L
k-tﬂ’llﬂ'll CURRENT i) & - COLLECTOA CURRENT {ma) ¢~ FRIQUINCY g
Coliector to Collector
Base Current Nolse Nolse Figure vs Capacitance vs Reverse
_vs Freque " Collector Current Bias Vo °
Yod ey ” @
Vey o BV Vey = 8V Tl-T =
g J t,-a':j " (DX -
g L E 3 7
g 2 i I E [ (N -l " g » —
: ' N Lt r1aa g, R &
i T - e -HY g . V g " NG
e n N J)e v . 1 ]
r Ic » M AS - H -1 R B—
- i H
= . L |
o T S W | . i "
" 1 ] - L] wn m (1] 1 " BN » a0
1~ FRESUINCY Aiagd & ~ COLLECTOR CURKENT {mA) COLLECTOA TOCOILECTOR vOLTAGE M)

TUHA2-0 ™
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Typical Performance Characteristics (Contiwed)

Coe —- CAPACITANCE lpF)

Icso ~ CUARENT (na)

"

"

@w

Coliector to Collector Capacitance  Emitter-Base Capacitance vs
vs Coﬂector-Subs{nle Voltage Reverse Bias Voltage
» SRVIY i Sy ':,h'! = : "
2 E § N
L - 8
| "
1§ E s
AN 3 e
P,
“
] ”n » L] ) 9 0t 2 83 e 88 s
COLLECTOR TO SURSTAATE VOLTAGE (V) REVIRSE BIAS VOLYAST (V)
Collector-Base Leakage vs Collector to Coflector Leakage
Tempersture vs Temperature
L] 7 100
[ Ves o 20V I3
)
i 2 £
: s
£ . 3
S r ~20v] g
) 7 < ] =
] ¥
m 14 1 9 $
n = n O m n " w B oW wm

T - JUNCTION TEMM AATURE Q)

OFFSET VOLTAGE (0.12V/DIV)

¥, - JUNCTION TEwet RATERE E)

Emitter-Base Log Conformity

18
L 1]

Vet ov

9

[ 3

[ 4]

ERROR V)

E-u

g -

bl 3 ]

-4

-

LU Tl T o 2 B

e

& - COLLECTOR CURRERT ()

TUH/R241-10

Low Frequency Nolse of Ditferential Palr®

v [vl T T ¥ T
u.li -Jk-‘foﬂ‘-'s;‘m I

2

e o

BW=0-10Hz
L= 1 SEC

v A

'

.._g-_.

-BWz0-1ix

{=
!

10sEc/o |
T-

] la=1sec/mv

1
BW=0~0.1Hz

T (SEE GRAPH)

“Unit mus! be in still air environment 3o that

Gtfacondal

foad temperature is hold tc less than 0.0003°C.

Collector-Base Capacitance vs

Reverse Bias Voltage
»
n
"
¢ " ] » o ]

REVERSE BIAS VOLTACE (Vey)

Offset Voltage Long Term
Stability at High Temperature
k]

J T
| Temse

koA
8 bV o oy

-

L] M M w m
TN (NRS)

1

TU/M/92¢1-9

TL/H/B241-11
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LM194/LM394

Connection Diagram
Meta! Can Package

TL/R/0241-12
Top View

Order Number LM194H, LM394H, LM394BH or LM384CH
See NS Package Number HOSC

. ity
Duak-In-Line and Small Outfine Packages

1] ® _l_

I

2

{w

TL/H/9241-13
Top View .

Order Number LM384CM, LM394N, LM354BN or
LM394CN
See NS Package Number MOBA or NOSE




MOTOROLA LM285
B SEMICONDUCTOR masesssssrman LM385
TECHNICAL DATA
"
MICROPOWER VOLTAGE
MICROPOWER VOLTAGE REFERENCE DIODES REFERENCE DIODES
The LM285 LM385 series are micropower two-terminal band- SILICON MONOLITHIC
@ap voltage regulator diodes. Designed to operate over a wide INTEGRATED CIRCUIT
current range of*10 uA 10 20 mA, these devices feature excep- | —
tionally low dynamic impedance, low noise and stable operation ;
over time and temperature. Tight voltage tolerances are achieved 2 SUFFIX
by on-chip trimming. The large dynamic operating range enables PLASTIC PACKAGE
these devices to be used in applications with, widely varying sup- CASE 29
plies with excellent regulation. Extremely low operating current {Bottom View)
make these devices ideal for micropower circuitry like portable
instrumentation, regulators and other analog circuitry where
Py . NC 3
exlendqd battery life is required. CATHODE 2
The LM2851LM385 series are packaged in a low cost TO-226AA ANODE 1
plastic case and are available in 1wo vollage versions of 1.235 and
2.500 volts as denoted by the device suffix (see ordering infor- D SUFFIX
mation tablel. The LM28S is specified over a ~-40C to +B5C PLASTIC PACKAGE
temperature range while the LM385 is rated from 0 C 10 +70°C. CASE 751 v ~ [
The LM38S is also available in 8 surface mount plastic package (SO-8) v LM3850 12 h.
in voltages of 1.235 and 2.500 volts. E 5 ¢
® Operating Current from 10 A 16 20 mA  ° 8 A" e I TS 5“
e [T Tac
® 1.0%, 1.5%, 2.0%/and 3.0% Initial Tolerance Grades A
® Low Temperature Coefficient
® 1.0 Pvnamnc Impedance STANDARD APPLICATION
® Surface Mount Package Available
1.5V
Battery —
EQUIVALENT CIRCUIT SCHEMATIC 1235V
cadobe LM385-1.2
360 & 0s
Ogen ¢ 1 — . . —
for 1a3b v ORDERING INFORMATION
—] v % : , :
lJ I Reverse ;
) 1 ! Break- !
. 245y ™ ! Temp. | down, .
’]LJ l Device Range : Voltage | Tolerance
, [LMZEED-1 2 T 1235 2100
Y ! LM26562-1.2 e , Vons ;
Yoo _& [LM2850-25 110 <B5C | peng | -y, ¢
'o"";';vl' e : 1 LM2652.2,5 Velis |
lLM3F:EBD-'I.2 1.235 =1.0% !
X LM385B2-1.2 Volis !
606 4 3 0013 10043 |LM3850.1 2 1238 | z2.0% j
1 LM3852-1.2 0Cto Volts
jtmaseD.25! -70C 2.500 S 1.8%
LM3858Z-2.5 Vol ;
8) 4%0DE ' b ol —
[ 1 LM385D.2 5 12500 2 3.0%
LM3E52.25 _ vons |

MOTOROLA LINEAR INTERFACE DEVICES



LM285, LM385

MAXIMUM RATINGS (Tp = - 25 C unless otherwise noted)

Rating

, Symbol Value Unit
f Reverse Current IR 30 mA
" forward Current if 10 mA
Operating Ambient Temperature Range Ta 'C
LM285° 4010 + 85
LM385 Oto ~70
Operafing Junction Temperature Ty - 150 “C
. Storage Temperature Range Ts1g -6510 + 150 'C
ELECTRICAL CHARACTERISTICS {Ta = 25 C unless otherwise noted)
LM285-1.2 LM385-1.21M3858-12
Characteristic Symbol Min Typ Max Min Typ Max Unit
Reverse Breakdown Voltage V(BRIR T v
Rrun * IR * 20 mA 1
LM285-1.2 L M385B-1.2 1223 1 7235 1 1247 { 1.223 | 1.235 1.247
TA = Tiow 10 Thigh (Note 1) 12000 — 11270 |20 — | 1260
LM385.1.2 = - - 1205 | 1.235 | 1.260
TA = Tiow.10 Thign (Note 1) - - — {1192 — 27
Minimum Operating Current IRmin HA
Ta = 25C - eo 10 - 80 1%
Ta = Tiow 10 Thign (Note 1} — — 20 — — 20
Reverse Bvendoyvn Vohage Change with Current AVigAR mv
Rmin* IR+ 10mMA Ta+ -25C - - 1.0 - — 10
Ta = Tiow to Thigh (Note 1) . = 15 - - 1.5
16mA« IR 20mA, Ta = ~25C - - 10 = - 20
TA = Tiow 10 Thigh {Note 1} —_ it 20 - - 25
Reverse Dynamic impedance rd —_ 06 —_ - 06 - 1
IR = 100 wA, Tp = +25°C
Average Temperature Coefficient AVigR) AT -_ 80 -— - 80 ~ lppm*C
WpAsIg e 20mA, Ta = Tigw to Thigh {Note 1}
Wideband Noise (RMS) n -_ 60 - — 60 g My
IR = 100 uA, 10 Hz = { < 10 kM2
Lorg Term Stability S - 20 - - 20 - pom
IR = 100 uA. Ta = - 25'C = 0 1°C kHR
ELECTRICAL CHARACTERISTICS {TA = 25'C unless otherwise noted)
LM285-2.5 LM385-2.51M3958-2.5
Characteristic Symbol Min Typ Max Min Typ Max | Unit
Reverse Breasdown Voltage VIBRIR v
Rmin € IR = 20 mA
LM285-2.5 LM3858-2.5 2462 | 25 | 2538 | 2462 | 25 | 2.538
TA = Tiow t0 Thigh {Note 1) 2415 — 2.585 | 2.436 -—_ 2.564
LM2085.2 5 - —_ - 24251 25 | 287
TA = Tiow 10 Thigh INote 1} — — —_ 2.400 - 2.600
Mmimum Operating Current Rmin nA
' Ta = 28°C - 13 20 - 13 20
Ta = Tiow 10 Thigh (Note 1) - = 30 — - 30
Reverse Breakdown Voltage Change with Current AV(BRIR myv
Rmin € IR = 1.0 MA, Tp = - 25°C - - 1.0 - - 20
Ta = Tigw to Thigh {Note 1} - - 1.6 - — 25
10MA < ig < 20 mA, T = ~25C - - 10 - - 20
Ta = Tigw 10 Thigh (Note 1) —_ — 20 _ — 25
Reverse Dynamic Impedance 4 - 0.6 — - 0.6 - 1
IR = 100 uh, Tp = -25€C
| Average Temperature Coetficient AVigR) AT - 80 - - 80 — ippm*C
' uAsIgs 20mATA = Tigw 10 Thigh INote 1)
| Wideband Noise (RMS) n - 120 | — — |20 | — Y
+ IR = 100 uA, 10Hz = {2 10 kH2
. Long Term Stability S -_ 20 - - 20 - ppm
)R = 100 A, Tp = -25C = 01C XHR
Note 1 Tiow = - 40 C for LM28S.1 2, LM285-2 8

Thign - - 85 C for LMI2ES-1 2, LM285.2.6

~ 0Cfor LM385-12, LM385B 12, LM385.2 5, iM3858.25

© 70 C for LM3ES 1 2. LMIBSB 1 2. LM385-2 S.LM385B 2%

MOTOROLA LINEAR/INTERFACE DEVICES
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LM285, LM385

TYPICAL PERFORMANCE CURVES FOR LM285.1.2/385.1.2:3858.1.2

FIGURE 1 — REVERSE CHARACTERISTICS

=== == =]
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FIGURE 3 — FORWARD CHARACTERISTICS
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FIGURE 2 — REVERSE CHARACTERISTICS
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FIGURE 4 — TEMPERATURE DRIFT
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FIGURE 7 — REVERSE CHARACTERISTICS

LM28s5, LM385

TYPICAL PERFORMANCE CURVES FOR LM285.2.5/385-2.5/3858-2.5

FIGURE 8 — REVERSE CHARACTERISTICS
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