Project 1: Pulse Monitor and Oximetry — Week 3

BE/EE189 Design and Construction of Biodevices

Spring 2017

This part of the lab is largely adapted from Duke University’s BME 154L lab manual with permission from
the lab manager and instructor.

Instructions

For your lab report:

o Include your VIs. It will help the TAs to have screen shots in your submitted PDE but you should
also attach the VIs.

e Write a brief outline of the lab any modification/addition to the lab instructions. Include answer
to the circuit design question embedded in the lab instructions.

e Be aware that some questions we want you to answer are embedded in the lab procedure.

e Emphasis is placed on the analysis and demonstration of understanding of the functionality, per-
formance, and limitations of the system.

Procedure

Overview

This week we will continue working with the Nellcor Oxisensor II D25. We will use both LEDs in the
oxisensor and measure the oxygen saturation using principles explained in handout of week 1. To
achieve this, we will need to turn on the red and the IR LED alternately and measure the pulse signal
from both LEDs simultaneously. The block diagram of the pulse oximeter is shown in Fig.
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Figure 1: Block diagram of the pulse oximeter
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Q1. Why do we need to use the sample-and-hold circuit?

Constructing the circuit for Nellcore Oxisensor

Use the circuit shown in Fig. [2a for driving the two LEDs. The “Signal In” in Fig. [2h is a square wave
signal shown in Fig. [2b, which can be generated using the virtual function generator of ELVIS II. Note
that you will be able to see the flashing of the red LED, but not the IR LED. The circuit for photodiode
is the same as Fig. 3 in handout of week 2.
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Figure 2: Circuit for driving the two LEDs
Q2. What frequency should you use for the square wave?

Sample-and-hold circuit

We will use the LF398 for sample-and-hold. Please refer to its specification sheet for details. Note the
pin numbers in (a) and (b). The circuit is shown in Fig. [3] where Fig. is for the RED path and Fig.
is for the IR path. Note that the only difference between the two circuits is the logic for sample-and-hold.
The “SYNC IN” should be connected to the square wave in Fig. [2b directly.
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Figure 3: Sample-and-hold circuits

Filter and amplification

Use the same circuit as you did in the previous week for filter and amplification. You will need to build
two copies of the circuit for the RED and the IR paths separately. Observe the output signal using an
oscilloscope; you should be able to see the two pulse signals simultaneously.

Q3: Which signal has higher contrast (i.e. you're able to see the pulse better)? Why?

LabVIEW program

Q4: Write a LabView VI to measure the two signals simultaneously and also the DC signal. Calculate
the ratio R defined in the prelab. Carry out a measurement on yourself. What is the value of R and the
corresponding oxygen saturation level in your measurement?

Demonstrate and explore the functionality of your system, sources of noise, etc.

Q5: Obtain and analyze plethysomographs and pulse rate information while having the subject do the
following:

e Take a large inhalation and hold it for a few seconds.

Laugh out loud. This is preferably done after one of my jokes.

Suddenly raise the hand with the probe on.

Suddenly raise the other hand

Tap the bench top with the probe finger.

Squeeze the probe finger.

Cover the finger to block the room light.
e Anything else you'd like to try.

Q6: What are the sources of noise in pulse oximetry? How can you prevent/minimize them, e.g. from
point of signal processing, user education, device design/construction, etc.)?
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LF198/LF298/LF398, LF198A/LF398A
Monolithic Sample-and-Hold Circuits

General Description

The LF198/LF298/LF398 are monolithic sample-and-hold
circuits which utilize BI-FET technology to obtain ultra-high
dc accuracy with fast acquisition of signal and low droop
rate. Operating as a unity gain follower, dc gain accuracy is
0.002% typical and acquisition time is as low as 6 ps to
0.01%. A bipolar input stage is used to achieve low offset
voltage and wide bandwidth. Input offset adjust is accom-
plished with a single pin, and does not degrade input offset
drift. The wide bandwidth allows the LF198 to be included in-
side the feedback loop of 1 MHz op amps without having sta-
bility problems. Input impedance of 10'°Q allows high
source impedances to be used without degrading accuracy.

P-channel junction FET’s are combined with bipolar devices
in the output amplifier to give droop rates as low as 5 mV/min
with a 1 pF hold capacitor. The JFET’s have much lower
noise than MOS devices used in previous designs and do
not exhibit high temperature instabilities. The overall design
guarantees no feed-through from input to output in the hold
mode, even for input signals equal to the supply voltages.

Features

Operates from 5V to =18V supplies

Less than 10 ps acquisition time

TTL, PMOS, CMOS compatible logic input

0.5 mV typical hold step at C;, = 0.01 pF

Low input offset

0.002% gain accuracy

Low output noise in hold mode

Input characteristics do not change during hold mode
High supply rejection ratio in sample or hold

Wide bandwidth

Space qualified, IM38510

Logic inputs on the LF198 are fully differential with low input
current, allowing direct connection to TTL, PMOS, and
CMOS. Differential threshold is 1.4V. The LF198 will operate
from £5V to £18V supplies.

An “A” version is available with tightened electrical
specifications.

Typical Connection and Performance Curve
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LF198/LF298/LF398, LF198A/LF398A

Absolute Maximum Ratings  (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Hold Capacitor Short
Circuit Duration

Lead Temperature (Note 4)
H package (Soldering, 10 sec.)
N package (Soldering, 10 sec.)

Supply Voltage +18V
Power Dissipation (Package
Limitation) (Note 2) 500 mW

Operating Ambient Temperature Range

LF198/LF198A
LF298
LF398/LF398A
Storage Temperature Range
Input Voltage
Logic To Logic Reference
Differential Voltage (Note 3)
Output Short Circuit Duration

-55°C to +125°C

—-25°C to +85°C

0°C to +70°C

-65°C to +150°C

Equal to Supply Voltage

+7V, =30V
Indefinite

Electrical Characteristics

The following specifcations apply for Vg + 3.5V <V < +Vg = 3.5V, +Vg = +15V, Vg = =15V, T, = T; = 25°C, Cy, = 0.01 pF,
R, = 10 kQ, LOGIC REFERENCE = 0V, LOGIC HIGH = 2.5V, LOGIC LOW = 0V unless otherwise specified.

M package:

Vapor Phase (60 sec.)

Infrared (15 sec.)

Thermal Resistance (8;,) (typicals)

H package 215°C/W (Board mount in still air)
85°C/W (Board mount in

400LF/min air flow)
N package
M package

115°C/W
106°C/W

8,c (H package, typical) 20°C/W

10 sec

260°C
260°C

215°C
220°C

Parameter Conditions LF198/LF298 LF398 Units
Min | Typ Max [Min | Typ Max
Input Offset Voltage, (Note 5) T,=25°C 1 3 2 7 mV
Full Temperature Range 5 10 mV
Input Bias Current, (Note 5) T,=25C 5 25 10 50 nA
Full Temperature Range 75 100 nA
Input Impedance T,=25°C 10° 10%° Q
Gain Error T, = 25°C, R_ = 10k 0.002 | 0.005 0.004 | 0.01 %
Full Temperature Range 0.02 0.02 %
Feedthrough Attenuation Ratio T,=25°C, C,, = 0.01 uF 86 96 80 20 dB
at 1 kHz
Output Impedance T = 25°C, “HOLD” mode 0.5 2 0.5 4 Q
Full Temperature Range 4 6 Q
“HOLD” Step, (Note 6) T, = 25°C, C, = 0.01 uF, Vour = 0 0.5 2.0 1.0 25 mv
Supply Current, (Note 5) T;225°C 4.5 5.5 4.5 6.5 mA
Logic and Logic Reference Input T = 25°C 2 10 2 10 HA
Current
Leakage Current into Hold T, = 25°C, (Note 7) 30 100 30 200 pA
Capacitor (Note 5) Hold Mode
Acquisition Time to 0.1% AVgyr = 10V, Cp, = 1000 pF 4 4 us
C,, = 0.01 pF 20 20 ps
Hold Capacitor Charging Current Vin—Vour = 2V 5 5 mA
Supply Voltage Rejection Ratio Vour =0 80 110 80 110 dB
Differential Logic Threshold T,=25C 0.8 1.4 2.4 0.8 1.4 2.4 \Y
Input Offset Voltage, (Note 5) T,=25°C 1 1 2 2 mV
Full Temperature Range 2 3 mV
Input Bias Current, (Note 5) T,=25C 5 25 10 25 nA
Full Temperature Range 75 50 nA
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Electrical Characteristics

The following specifcations apply for Vs + 3.5V <V < +Vg = 3.5V, +Vg = +15V, Vg = =15V, T, = T; = 25°C, C;, = 0.01 pF,
R, = 10 kQ, LOGIC REFERENCE = 0V, LOGIC HIGH = 2.5V, LOGIC LOW = 0V unless otherwise specified.

Parameter Conditions LF198A LF398A Units
Min | Typ Max |Min | Typ Max

Input Impedance T,=25C 10%° 10° Q

Gain Error T, =25°C, R_ = 10k 0.002 | 0.005 0.004 | 0.005 %
Full Temperature Range 0.01 0.01 %

Feedthrough Attenuation Ratio T,=25°C, C, = 0.01 pF 86 96 86 90 dB

at 1 kHz

Output Impedance T, = 25°C, “HOLD" mode 0.5 1 0.5 1 Q
Full Temperature Range 4 6 Q

“HOLD” Step, (Note 6) T, = 25°C, Cy, = 0.01uF, Vo = 0 0.5 1 1.0 1 mV

Supply Current, (Note 5) T225°C 4.5 55 4.5 6.5 mA

Logic and Logic Reference Input T, =25°C 2 10 2 10 HA

Current

Leakage Current into Hold T, = 25°C, (Note 7) 30 100 30 100 pA

Capacitor (Note 5) Hold Mode

Acquisition Time to 0.1% AVour = 10V, C,, = 1000 pF 4 6 4 6 us
C,, = 0.01 pF 20 25 20 25 ps

Hold Capacitor Charging Current Vin—Vour = 2V 5 5 mA

Supply Voltage Rejection Ratio Vour =0 90 110 90 110 dB

Differential Logic Threshold T,=25C 0.8 14 2.4 0.8 1.4 2.4 \%

Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits.

Note 2: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjyax, 834, and the ambient temperature, Ta. The maximum
allowable power dissipation at any temperature is Pp = (Tjyax — Ta)/03a, or the number given in the Absolute Maximum Ratings, whichever is lower. The maximum
junction temperature, Tjyax, for the LF198/LF198A is 150°C; for the LF298, 115°C; and for the LF398/LF398A, 100°C.

Note 3: Although the differential voltage may not exceed the limits given, the common-mode voltage on the logic pins may be equal to the supply voltages without
causing damage to the circuit. For proper logic operation, however, one of the logic pins must always be at least 2V below the positive supply and 3V above the nega-
tive supply.

Note 4: See AN-450 “Surface Mounting Methods and their effects on Product Reliability” for other methods of soldering surface mount devices.
Note 5: These parameters guaranteed over a supply voltage range of 5 to £18V, and an input range of -Vg + 3.5V < V|\ < +Vg - 3.5V.

Note 6: Hold step is sensitive to stray capacitive coupling between input logic signals and the hold capacitor. 1 pF, for instance, will create an additional 0.5 mV step
with a 5V logic swing and a 0.01pF hold capacitor. Magnitude of the hold step is inversely proportional to hold capacitor value.

Note 7: Leakage current is measured at a junction temperature of 25°C. The effects of junction temperature rise due to power dissipation or elevated ambient can
be calculated by doubling the 25°C value for each 11°C increase in chip temperature. Leakage is guaranteed over full input signal range.

Note 8: A military RETS electrical test specification is available on request. The LF198 may also be procured to Standard Military Drawing #5962-8760801GA or to
MIL-STD-38510 part ID JM38510/12501SGA.

Typical Performance Characteristics

Aperture Time Dielectric Absorption Dynamic Sampling Error
(Note 9) Error in Hold Capacitor 100
330 pF,
s T 100 T 0 [VPROPYLENER] ' ?
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a0} AVouT <1 mV s  [HYSTER TIME CONSTANT 10
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o ERT R s 05 z i
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£ jsol L vpuTsTEP LA ah { 2 2 500 oF | 1N 1000 51
= 1 a3 Al = b 11
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DS005692-17 DS005692-18

Note 9: See Definition of Terms
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LF198/LF298/LF398, LF198A/LF398A

Typical Performance Characteristics

Output Droop Rate
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10: See Definition

(Continued)
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“Hold” Settling Time

(Note 10)
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Gain Error

INPUT VOLTAGE — OUTPUT VOLTAGE (mV)
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Output Noise

NOISE (nV/\/Hz)
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Typical Performance Characteristics  (continued)

Input Bias Current Feedthrough Rejection Ratio Hold Step vs Input Voltage
25 (Hold Mode) )
~130 S 18
20 Vi =y =15V 2 e
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_ Z 14 PN T - 100°C
I R i
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g s ~< 5 ilimmiii e 1T ~
£, N > Cp = 0.01uF 2 s I SN
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_15 —60 2 0 I I
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DS005692-29 FREQUENCY (Hz) DS005692-31
DS005692-30
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DS005692-12 DS005692-13
Logic Input Configurations
TTL & CMOS
3V £V ogic (Hi State) <7V
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Q)
7
8 Sni*

8
J—.limm 3
L
HOLD - 7
DS005692-33 HOLD tz,av
Threshold = 1.4V I | L 4]
SAMPLE S 5.6k

DS005692-34

Threshold = 1.4V
*Select for 2.8V at pin 8
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LF198/LF298/LF398, LF198A/LF398A

Logic Input Configurations

SAMPLE
J—I—HOLD

Threshold = 0.6 (V*) + 1.4V

SAMPLE

HOLD

DS005692-37

Threshold = +4V

Application Hints

Hold Capacitor

Hold step, acquisition time, and droop rate are the major
trade-offs in the selection of a hold capacitor value. Size and
cost may also become important for larger values. Use of the
curves included with this data sheet should be helpful in se-
lecting a reasonable value of capacitance. Keep in mind that
for fast repetition rates or tracking fast signals, the capacitor
drive currents may cause a significant temperature rise in
the LF198.

A significant source of error in an accurate sample and hold
circuit is dielectric absorption in the hold capacitor. A mylar
cap, for instance, may “sag back” up to 0.2% after a quick
change in voltage. A long sample time is required before the
circuit can be put back into the hold mode with this type of
capacitor. Dielectrics with very low hysteresis are polysty-
rene, polypropylene, and Teflon. Other types such as mica
and polycarbonate are not nearly as good. The advantage of
polypropylene over polystyrene is that it extends the maxi-
mum ambient temperature from 85°C to 100°C. Most ce-
ramic capacitors are unusable with > 1% hysteresis. Ce-
ramic “NPO” or “COG” capacitors are now available for
125°C operation and also have low dielectric absorption. For
more exact data, see the curve Dielectric Absorption Error.
The hysteresis numbers on the curve are final values, taken
after full relaxation. The hysteresis error can be significantly

(Continued)
CMOS
7V £V ocic (Hi State) < 15V
v
Q
: 20k L
8 S an
>
1
1
HOLD )
>
<
—[_L SAMPLE g 20k
DS005692-35

DS005692-36
Threshold = 0.6 (V) - 1.4V

Op Amp Drive

+13V HOLD

-13v

DS005692-38
Threshold = -4V

reduced if the output of the LF198 is digitized quickly after
the hold mode is initiated. The hysteresis relaxation time
constant in polypropylene, for instance, is 10—50 ms. If
A-to-D conversion can be made within 1 ms, hysteresis error
will be reduced by a factor of ten.

DC and AC Zeroing

DC zeroing is accomplished by connecting the offset adjust
pin to the wiper of a 1 kQ potentiometer which has one end
tied to V* and the other end tied through a resistor to ground.
The resistor should be selected to give =0.6 mA through the
1k potentiometer.

AC zeroing (hold step zeroing) can be obtained by adding an
inverter with the adjustment pot tied input to output. A 10 pF
capacitor from the wiper to the hold capacitor will give £4 mV
hold step adjustment with a 0.01 pF hold capacitor and 5V
logic supply. For larger logic swings, a smaller capacitor
(< 10 pF) may be used.

Logic Rise Time

For proper operation, logic signals into the LF198 must have
a minimum dV/dt of 1.0 V/us. Slower signals will cause ex-
cessive hold step. If a R/C network is used in front of the
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Application Hints  (continued)

logic input for signal delay, calculate the slope of the wave-
form at the threshold point to ensure that it is at least
1.0 Vl/ps.

Sampling Dynamic Signals

Sample error to moving input signals probably causes more
confusion among sample-and-hold users than any other pa-
rameter. The primary reason for this is that many users make
the assumption that the sample and hold amplifier is truly
locked on to the input signal while in the sample mode. In ac-
tuality, there are finite phase delays through the circuit creat-
ing an input-output differential for fast moving signals. In ad-
dition, although the output may have settled, the hold
capacitor has an additional lag due to the 300Q series resis-
tor on the chip. This means that at the moment the “hold”
command arrives, the hold capacitor voltage may be some-
what different than the actual analog input. The effect of
these delays is opposite to the effect created by delays in the
logic which switches the circuit from sample to hold. For ex-
ample, consider an analog input of 20 Vp-p at 10 kHz. Maxi-
mum dV/dt is 0.6 V/us. With no analog phase delay and 100
ns logic delay, one could expect up to (0.1 ps) (0.6V/us)
= 60 mVerror if the “hold” signal arrived near maximum dV/dt
of the input. A positive-going input would give a +60 mV er-
ror. Now assume a 1 MHz (3 dB) bandwidth for the overall
analog loop. This generates a phase delay of 160 ns. If the
hold capacitor sees this exact delay, then error due to analog
delay will be (0.16 ps) (0.6 V/us) = -96 mV. Total output error
is +60 mV (digital) =96 mV (analog) for a total of =36 mV. To
add to the confusion, analog delay is proportioned to hold
capacitor value while digital delay remains constant. A family
of curves (dynamic sampling error) is included to help esti-
mate errors.

A curve labeled Aperture Time has been included for sam-
pling conditions where the input is steady during the sam-
pling period, but may experience a sudden change nearly
coincident with the “hold” command. This curve is based on
a 1 mV error fed into the output.

A second curve, Hold Settling Time indicates the time re-
quired for the output to settle to 1 mV after the “hold” com-
mand.

Digital Feedthrough

Fast rise time logic signals can cause hold errors by feeding
externally into the analog input at the same time the amplifier
is put into the hold mode. To minimize this problem, board
layout should keep logic lines as far as possible from the
analog input and the Cy, pin. Grounded guarding traces may
also be used around the input line, especially if it is driven
from a high impedance source. Reducing high amplitude
logic signals to 2.5V will also help.

Guarding Technique

OFFSET
ADJUST

LoGIc INPUT

LOGIC
REFERENCE

GUARD TOP AND
BOTTOM OF BOARD

HOLD [
capacitor 1
BOTTOM VIEW

DS005692-5

Use 10-pin layout. Guard around C is tied to output.
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LF198/LF298/LF398, LF198A/LF398A

Typical Applications

X1000 Sample & Hold Sample and Difference Circuit
(Output Follows Input in  Hold
Mode)

&

1N457

24i]
SIM 1%
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15V
R2
R1
M
100k § o ,,ZM )
OFFSET
ADJUST

15V ]’ 1% RESET
— c -] LTHACK

Vout = Vg + AVjN(HOLD MODE)

DS005692-40

DS005692-39

*For lower gains, the LM108 must be frequency compensated

100
Use = Ay pF from comp 2 to ground
Vv

Ramp Generator with Variable Reset Level Integrator with Programmable Reset Level

D1
m13
12v
RESET
LEVEL O ouTPUT
INPUT
RESET RESET
5V —
_rl._ INTEGRATE
ov
RAMP
DS005692-42 — ch
) DIFFERENTIAL ™ 6
INTEGRATING 1% I LM308 ]
INPUT = f
AV 1.2V 2
*Select forramprate 7T = ooy o) VA - .
R2 > 10k AT (R2)(Cn) o— v A0
™ —
% B =
=AAA
AA A4
R4

200k
1%

DS005692-43

t
Vour (Hold Mode) = [ﬁ;(—m .[OVIN dt] + [VR]
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Typical Applications  (continued)

Output Holds at Average of Sampled Input Increased Slew Current

D2

Ch j—:— Nas?

DS005692-46
DS005692-47
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LF198/LF298/LF398, LF198A/LF398A

(Continued)

Typical Applications

Synchronous Correlator for Recovering

Signals Below Noise Level

SIGNAL
INPUT

2—Channel Switch

15V
O

OUTPUT FREQUENCY
SET BY SWEEP RATE

y

o “A” SELECT
sv—
w Lo
SYNCHRONOUS “B” SELECT
cLock NPTy ‘O
I | I “B” INPUT
DS005692-53
1
R2 1 Tl = T2 8 19 ——| }<—mm A B
™ y
= 30 $o | L Gain 1£002% 1% 0.2%
<
3 mzn 5 wmzn g Zn 10%°Q 47 kQ
TR e BW =1 MHz = 400 kHz
20 :; 4
9 Crosstalk  -90 dB -90 dB
-
S - i = @ 1 kHz
% < <
p 3 ‘k ne . e Offset 6 mV 75 mV
S Ssm
| 9 |
| <

TO SCOPE SWEEP
OUTPUT. SCALE R3
TO OBTAIN=~0TO 3V

*Select C1 to filter lowest frequency
component of input noise

**Select C2 @ = 5 x 10-6/fjy

DS005692-52

Staircase Generator

DC & AC Zeroing

nc

Vos
ZERO 15V

28k Ikl

RESET
5V —ﬂ
o

cLock

15V
o)

{—0 ouTPUT
D3

*
g R
v @

10 pF

= | AC (HOLD STEP) ZERO

10k

p—O 15V

DS005692-59

*Select for step height
50k - 01V Step

1N914

VvV

R9
3k
D2 c4

-I-lell pF

DS005692-55
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Typical Applications

(Continued)

Differential Hold

= Vg WHEN IN
HOLD MODE

Ch = (Vg +Vem) WHEN IN

SAMPLE MODE

} "

DS005692-57

Definition of Terms

Hold Step: The voltage step at the output of the sample and
hold when switching from sample mode to hold mode with a
steady (dc) analog input voltage. Logic swing is 5V.

Acquisition Time: The time required to acquire a new ana-
log input voltage with an output step of 10V. Note that acqui-
sition time is not just the time required for the output to settle,
but also includes the time required for all internal nodes to
settle so that the output assumes the proper value when
switched to the hold mode.

Gain Error: The ratio of output voltage swing to input volt-
age swing in the sample mode expressed as a per cent dif-
ference.

Connection Diagrams

Dual-In-Line Package

*Select for time constant C1 =

Capacitor Hysteresis Compensation

ouTPUT

DS005692-56

T
100k

**Adjust for amplitude

Small-Outline Package

Hold Settling Time: The time required for the output to
settle within 1 mV of final value after the “hold” logic com-
mand.

Dynamic Sampling Error:  The error introduced into the
held output due to a changing analog input at the time the
hold command is given. Error is expressed in mV with a
given hold capacitor value and input slew rate. Note that this
error term occurs even for long sample times.

Aperture Time: The delay required between “Hold” com-

mand and an input analog transition, so that the transition
does not affect the held output.

Metal Can Package

vt . losic
INPUT —41
NC— 2
OFFSET __2} |7 __LoGIC _
ADJUST REFERENCE v —3
NC— 4
3 6
INPUT — — Ch NC —15
NC—]6
4 5
v — = QUTPUT OUTPUT —} 7

14
13
12
11
10

9

8

[— OFFSET ADJUST
[— NC

v+

[— LOGIC

[— LOGIC REFERENCE
[— NC

— G

TOP VIEW
DS005692-11
Order Number LF398N
or LF398AN
See NS Package Number NOSE

Order Number LF298M or LF398M
See NS Package Number M14A

DS005692-15

TOP VIEW
DS005692-14

Order Number LF198H,
LF198H/883, LF298H,
LF398H, LF198AH or LF398AH
See NS Package Number HO8C
(Note 8)

11
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LF198/LF298/LF398, LF198A/LF398A

Physical Dimensions

inches (millimeters) unless otherwise noted

0.350 —0.370

(8.890—9.398)
DIA

0.315-0.335
il il T T
(8.001—8.509) °
MAX
A 0.025
0.165-0.185 | 0.635) lLJENAcI;):IT:mLEn
(4.191—&599)‘ j \
S— Y
REFERENCE PLANE TT —— ::7  CATING PLANE
0.389 f 0.015—0.040
(12 70) MA {0.381-1.016)
MIN [I [| [I
- 0.016-0.019
> | Q01620019 s _oagy "M TP
0.195-0.205 DIA
0.100 (4.953—5.207) P.C.
—_— —
25e0) "
0.029—0.045
(0.737-1.183)
0.028—0.034
0.115-0.145
0.711—0.864 0.115-0.1¢
( )\%< (2.921—3.683)
DIA

45° EQUALLY
SPACED —»

Metal Can Package (H)
Order Number LF198H, LF298H, LF398H, LF198AH or LF398AH
NS Package Number HO8C

HO8C (REV E)

0.335-0.344

[ |

(8.509—8.738)

‘14 13 12 1 1

AAad

[T

0.228-0.244 -
(5791‘—6.193] I N
| ) 3
LEAD NO. 1 /'i'/ //
IDENT UUUUHUU/ i&
1 2 3 4 5 § 7
0.010 yax
{0.254)
0.150-0.157
{3.810-3.988) |
0.010-0.020 . 0.053—0.069
{0.254 ~0.508) %8 (1,386 1.753)
8° MAXTYP 0.004—0.010
ALL LEADS

1 (0.102-0.254)
1

- | Y i
SEATING *E {i—t{id [Tt
PLANE T *
0.008 —0.010 T m 0.050
{0.203-0.254) 0016 -0.050 0.3%8) o < >
TYP ALL LEADS 0.004 (0.406 —1.270) TYP 0.008
w0y TYP ALL LEADS iyl
ALL LEAD TIPS

Molded Small-Outline Package (M)
Order Number LF298M or LF398M
NS Package Number M14A

|1

0.014-0.020 1yp
{0.356—0.508)

M14A (REV H)

www.national.com 12




Physical Dimensions

inches (millimeters) unless otherwise noted (Continued)

0.373—0.400
(9.474—-10.16)
0.090
> (2.286)
ooe Bl7] [6][5 0.032+0.005 [8] [7]
(2.337) N (081320.127)
MY 0.2504:0.005 RAD
PIN NO. 1 IDENT \ (6.35%0.127) PIN NO. 1 msmﬂ.
OPTION 1
O 2] [3] 14
— oy 0:280 < 0.040
.11z "N 0.030 .06 > [« OPTION 2
=== pax  (1.016) 0.039
_ (0.762) — 0.039 0.145-0.200
0.300—0.320 0997
> 7e2-s.128) * 20°£1°—>] /4— (0.991) (3.683—5.080)
* + ¢ R A 0.130+0.005 1
f‘ JH V  (3:302£0.127) v
95 +5° A A 0a25-0140 1
B 0,125 065 Yy (3.175-3.556) -
. T .
0.009—0.015 T (1.651) 90°+4° 10.508)
222000 e 3.175 (0.508)
{0.229—0.381) },,A ) TYP MIN
+0.040 NOM 0.018:+0.003
0.325 * 0010 = 0as7z0.076)
(ﬂ 255 +1.o1e) 1l 0.100+0.010
499 _.381 (2.540£0.254)
D Tmaliae
14310 0.060
0.050 > (1.528)
(1.270) NOBE (REV F)

LIFE SUPPORT POLICY

Molded Dual-In-Line Package (N)
Order Number LF398N or LF398AN
NS Package Number NOSE

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or sy

stems are devices or

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in

accordance with instructions
labeling, can be reasonably

for use provided in the
expected to result in a

2. A critical component is any component of a life

support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its

safety or effectiveness.

significant injury to the user.
National Semiconductor
Corporation
Americas
Tel: 1-800-272-9959
Fax: 1-800-737-7018
Email: support@nsc.com

www.hational.com

National Semiconductor

National Semiconductor

Europe Asia Pacific Customer
Fax: +49 (0) 180-530 85 86 Response Group
Email: europe.support@nsc.com Tel: 65-2544466
Deutsch Tel: +49 (0) 69 9508 6208 Fax: 65-2504466
English Tel: +44 (0) 870 24 0 2171 Email: ap.support@nsc.com
Francais Tel: +33 (0) 1 41 91 8790

National Semiconductor
Japan Ltd.

Tel: 81-3-5639-7560
Fax: 81-3-5639-7507

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.
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