December 2000

NNational Semiconductor

CLC5665
Low Distortion Amplifier with Disable

General Description ® 200ns disable to high impedance output

The CLC5665 is a low cost, wideband amplifier that provides : \—/\ggf—g;jnsz;a:%ez/HDs (R_=500Q)
very low 2nd and 3rd harmonic distortion at 1MHz L
(-89/-92dBc). The great slew rate of 1800V/us, bandwidth ™ LOW cost
of 90MHz (A, = +1) and fast disable make it an excellent ) )
choice for many high speed multiplexing applications. Like App|lcatlonS
all current feedback op amps, the CLC5665 allows the fre-  m xDSL driver
quency response to be optimized (or adjusted) by the selec- g Twisted pair driver
tion of the feedback resistor. For demanding video applica- g Cable driver
tions, the 0.1 dB bandwidth to 20MHz and differential = Video distribution
gain/phase of 0.05%/0.05° make the CLC5665 the preferred .
component for broadcast quality NTSC and PAL video sys- ™ CCD clock driver

B Multimedia systems
n
]

tems.
DAC output buffers

The large voltage swing (28Vpp) , continuous output current )
Imaging systems

(85mA) and slew rate (1800V/us) provide high fidelity signal
conditioning for applications such as CCDs, transmission

lines and low impedance circuits. Non-Inverting Frequency Response

xDSL, video distribution, multimedia and general purpose

applications will benefit from the CLC5665’s wide bandwidth , RAV_ :69‘8
and disable feature. Power is reduced and the output be- Gain Ly
comes a high impedance when disabled. The wide gain TN Ay = 103 N
range of the CLC5665 makes this general purpose op amp S \R¢ = 100 4
an improved solution for circuits such as active filters, © Phase NG A =2 \ >
differential-to-single-ended drivers, DAC transimpedance = Ry = 604 - Ao o
amplifiers and MOSFET drivers. E \!\"~ \' o 45 =
S Ay =50 Qt ~90
Features 2 || A= DO e
m 0.1dB gain flatness to 20MHz (A, = +2) I 50—:1:\ Ay = 10 ] 180
® 90MHz bandwidth (A, = +1) fy = 500 | |
m |arge signal BW 25MHz 1 10 100
| 1800V/us slevy rate . . Frequency (MHz)
m 0.05%/0.05° differential gain/phase DS015015-1
m +5V, 15V or single supplies
Connection Diagram
Not Connected [1] ® A [ 8] IS
Vinv [2] 7] *Vee
Vnonnv [3 6] Vout
Vee [4] 5] Not Connected
DS015015-3
Pinout
DIP & SOIC
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CLC5665

Typical Application

DIS

CLC5665

Ro

1:n
I H '

Ro

DS015015-2
Differential Line Driver for xDSL

Ordering Information

Package Temperature Range Packaging NSC
Industrial Marking Drawing
8-pin plastic DIP -40°C to +85°C CLC5665IN NO8E
8-pin plastic SOIC -40°C to +85°C CLC5665IM MO8A
CLC5665IMX
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Absolute Maximum Ratings (Note 1) Lead Temperature (soldering 10 sec) +300°C
If Military/Aerospace specified devices are required, . .
please contact the National Semiconductor Sales Office/ ODEFatlng Ratmgs

Distributors for availability and specifications. .
Y P Thermal Resistance

Supply Voltage 16V Package () (CHN)
Short Circuit Current (see (Note 4)) MDIP 65°C/W 130°C/W
Common-Mode Input Voltage tVee SOIC 50°C/W 145°C/W
Maximum Junction Temperature +150°C

Storage Temperature Range —-65°C to +150°C

Electrical Characteristics
Vee = 215V, A= +2VIV; R; =604Q, R =100Q; unless specified

Symbol Parameter Conditions V e Typ Min/Max Ratings Units
(Note 2)
Ambient Temperature CLC5665IN/IM +25°C +25°C 0to -40 to
70°C 85°C
Frequency Domain Response
Small-Signal Bandwidth Vour <1.0Vpp +15 90 MHz
(Ay = +1)
Small-Signal Bandwidth Vour<1.0Vpp +15 70 MHz
Vour<1.0Vpp +5 50 MHz
0.1dB Bandwidth Vour<1.0Vpp +15 20 MHz
Vour<1.0Vep +5 15 MHz
Large-Signal Bandwidth Vour< 10Vpp 25 MHz
Gain Flatness Vour < 1.0Vpp
Peaking DC to 10MHz 0.03 dB
Rolloff DC to 20MHz 0.1 dB
Linear Phase Deviation DC to 20MHz 0.7 deg
Differential Gain R, = 150Q, 4.43MHz +15 0.05 %
R, = 150Q, 4.43MHz +5 0.05 %
Differential Phase R, = 150Q, 4.43MHz +15 0.05 deg
R, = 150Q, 4.43MHz +5 0.1 deg
Time Domain Response
Rise and Fall Time 2V Step 5 ns
10V Step 10 ns
Settling Time to 0.05% 2V Step 35 ns
Overshoot 2V Step 5 %
Slew Rate 20V Step 1800 V/us
Distortion And Noise Response
2nd Harmonic Dlstortion 1Vpp,1MHz, -89 dBc
R, = 500Q
3rd Harmonic Distortion 2Vpp,1MHz, -92 dBc
R_ = 500Q
Input Voltage Noise >1MHz 3.0 nV/ {7
Non-Inverting Input Current | >1MHz 3.2 PA/JHz
Noise
Inverting Input Current >1MHz 15 PA/[Hz
Noise

DC Performance

Input Offset Voltage +15 1.0 7.5 9.0 10.0 mV
(Note 3)
Average Drift 25 /(e
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CLC5665

Electrical Characteristics

(Continued)

Vee = 215V, A= +2V/IV; R; =604Q, R, =100Q; unless specified

Symbol Parameter Conditions V e Typ Min/Max Ratings Units
(Note 2)
DC Performance
Input Bias Current Non-Inverting +15, 3 20 20 20 MA
(Note 3) +5
Average Drift 10 nA/°C
Input Bias Current Inverting +15, 3 20 20 20 MA
(Note 3) +5
Average Drift 10 nA/°C
Power Supply Rejection DC 60 55 50 50 dB
Ratio
Common-Mode Rejection DC 60 55 50 50 dB
Ratio
Supply Current (Note 3) R = +15, 11,85 12 14 15 mA
5
Disabled (Note 3) R = +15, 15 25 25 25 mA
5
Switching Performance
Turn on Time 400 500 550 550 ns
Turn Off Time (Note 5) 200 800 800 800 ns
Off Isolation 10MHz 59 56 56 56 dB
High Input Voltage Vig +15 11.8 12.5 12.7 \%
+5 1.8 25 2.7 \%
Low Input Voltage Vo +15 10.8 10.5 10.0 \%
+5 0.8 0.6 0.1 \%
Miscellaneous Performance
Non-Inverting Input 8.0 3.0 2.5 1.7 MQ
Resistance
Non-Inverting Input 0.5 1.0 1.0 1.0 pF
Capacitance
Input Voltage Range Common Mode +15 +12.5 +12.3 +12.1 +11.8 Q
Common Mode +5 25 23 +2.2 +1.9 \%
Output Voltage Range R = +15 +14 +13.7 +13.7 +13.6 \Y
R = +5 +4.0 +3.9 +3.8 +3.7 \%
Output Current +85 +60 +50 +45 mA

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The table of “Electrical Characteristics” specifies conditions of device operation.

Note 2: Min/max ratings are based on product characterization and simulation. Individual parameters are tested as noted. Outgoing quality levels are determined

from tested parameters.
Note 3: AJ-level: spec. is 100% tested at +25°C.

Note 4: Output is short circuit protected to ground, however maximum reliability is obtained if output current does not exceed 125mA.

Note 5: To >50dB attenuation @10MHz.
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Typical Performance Characteristics

specified)

Non-Inverting Frequency Response

TTTI
A=1 ||
Gain Ri =,698
’; va
) A, =10 N
a N[ | R =100 \ T
:n—cni \\ A= \\ 9:;
~ || Phase Ry = 604 73
3 ST A=V Y =
2 o = 45 &
= A,=50"] 0 RSN Qe
% \ N N -90
= A =2 \/ N NR 135
A, =50 411
Ry = 500 \\ Av|= 1|0-— -180
1 10 100
Frequency (MHz)
DS015015-4
Frequency Response vs. Load
T
Gain | |_|1||(
L= 1k
N
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o | X 0
3 Phase R T 190 \ 3
~ . T 172)
% \ R, =1k 0 %
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DS015015-8

(Vee = £15V, Ay = +2VIV; R; = 604Q, R, = 100;Q unless
Inverting Frequency Response
[ TTTI
v=-1
Gain Ri :,500
N
o A, :}\ \ N -
_ug \ R = 500 d 3
\F.L Ph \ Av =- 8
v N HH R 500 N o ®
o - s =
2 | ==\l ~—)\ 45 o
g A, =-501 N N \ o =)
g a1 >N
t -135
A = -50,/\ A =-2 |
R = 2.5k — A, =-17T7 -180
LN [
1 10 100
Frequency (MHz)
DS015015-5
Open-Loop Transimpedance Gain (Zs)
130 T
N_ Gai
120 an 0
N\ N
110 N 20
— 100 AN 40
8 \\ 60 =
= Ph
8 \Iabb \ §
80 S 80 @
£ A =3
70 N 100 o
8 N\ <
60 \ 120
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40 160
30
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DS015015-7
Equivalent Input Noise
100
Y
= N g
T N\ 2
Z ‘\ @
(= nverting Current 14.8pA/VHz &
o \ =
2 10 |I=X o
g = Z
o
> , 2
) Non-Inverting Current 3.2pANHz — =
%]
o Voltage 3.0nV/VHz E
Z N—r
1
0.1k 1k 10k 100k M 10M  100M
Frequency (MHz)
DS015015-9
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CLC5665

Signal Pulse Response

Large Signal

1 1 1
Small Signal

S

Large Signal Output (2V/div)

Time (20ns/div)

DS0150:

Differential Gain and Phase (3.58MHz)

Typical Performance Characteristics
specified)) (Continued)

(MP/AS°0) INdINO [eubiS rews

15-10

Temperature (°C)

DS015015-14

1 0.30
0.08 Gain Negative Sync 0.24
/ 3
S 0.06 Phase -] 0.18
8\/ / /’ Positive Sync &
s / o
£ —
O 004 — 012 &
//ﬂse Negative Sync Q
0.02 e A 0.06
/Gain Positive Sync —/
0 | 0.03
1 2 3 4
Number of 150Q Loads
DS015015-12
lgi, lens Vos VS. Temperature
7 5.0
6 4.5
5 A 4.0
4 4.0
- 3 3.5
e 1 Y ey
£, Vi 3.0
I ~
L]
2 AR / 2.5
0 Ao 2.0
-1 L 1.5
-2 v 0.5
-3 0
-60 =20 20 60 100 140

(Vee = 215V, A, = +2V/IV; R, = 604Q, R, = 100;Q unless

PSRR, CMRR and Closed Loop R o

70 30
60 / 20
TN
@ 5 NINGEE 10
z \\ Y
PSRRN
N A N
T NN 0 2
= 2< 9]
O 30 A \‘ -10 <
E // \\\ ox
% 20 yd AN 20
o //20 log R, ~N LU ;
10 A d| -30
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DS015015-11
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0.2 T T T
\ 2V output step
0.15 \
g 0.1 \
g 005 N short Term
11} 0 ——
=4
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©
9D 01
-0.15
0.2
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DS015015-13
2-Tone, 3rd Order Intermodulation Intercept
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N
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DS015015-15
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Typical Performance Characteristics
specified)) (Continued)

—-1dBm Compression to Load
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Harmonic Distortion vs. Frequency

Distortion Level (dBc)
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(Vee = 215V, A, = +2V/V; R, = 604Q, R, = 100;Q unless

Harmonic Distortion vs. Frequency

Distortion Level (dBc)
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CLC5665

Application Division
General Design Considerations

The CLC5665 is a general purpose current-feedback ampli-
fier for use in a variety of small- and large-signal applica-
tions. Use the feedback resistor to fine tune the gain flatness
and —-3dB bandwidth for any gain setting. National provides
information for the performance at a gain of +2 for small and
large signal bandwidths. The plots show feedback resistor
values for selected gains.

Gain
Use the following equations to set the CLC5665's non-
inverting or inverting gain:

Non -Inverting Gain = 1 + Rt
g9
Inverting Gain = Re
Ry

Choose the resistor values for non-inverting or inverting gain
by the following steps.

Vin h
RS Vo
Rin CLC5665 —\V\V\——o
NNV
Ry

Rg

DS015015-20

FIGURE 1. Component Identification

1) Select the recommended feedback resistor R; (refer to
plot in the plot section entitled R; vs. Gain).
2) Choose the value of R, to set gain.
3) Select R to set the circuit output impedance.
4) Select R, for input impedance and input bias.
High Gains
Current feedback closed-loop bandwidth is independent of
gain-bandwidth-product for small gain changes. For larger
gain changes the optimum feedback resister R; is derived by
the following:
R; = 724Q - 60Q - (A))

As gain is increased, the feedback resistor allows bandwidth
to be held constant over a wide gain range. For a more
complete explanation refer to application note OA-25 Stabil-
ity Analysis of Current-Feedback Amplifiers
Resistors have varying parasitics that affect circuit perfor-
mance in high speed design. For best results, use leaded
metal film resistors or surface mount resistors. A SPICE
model for the CLC430 is available to simulate overall circuit
performance.
Enable/Disable Function
The CLC430 amplifier features an enable/disable function
that changes the output and inverting input from low to high
impedance. The pin 8 enable/disable logic levels are as
follows:

Vee *15V x5V

Enable >12.7v  >2.7V
Disable <10.0v <0.8V

The amplifier is enabled with pin 8 left open due to the 2kQ
pull-up resistor, shown in Figure 2.

T +Vee
2kQ
To CLC5665
Bias network
8kQ
A — -Vee
Pin 8 DISABLE

DS015015-21

FIGURE 2. Pin 8 Equivalent Disable Circuit

Open-collector or CMOS interfaces are recommended to
drive pin 8. The turn on and off time depends on the speed of
the digital interface.

The equivalent output impedance when disabled is shown in
Figure 3. With R, connected to ground, the sum of R and R
dominates and reduces the disabled output impedance. To
raise the output impedance in the disabled state, connect the
CLC5665 as a unity-gain voltage follower by removing Rg.
Current-feedback op amps need the recommended R; in a
unity-gain follower circuit. For high density circuit layouts
consider using the dual CLC431 (with disable) or the dual
CLC432 (without disable).

Equivalent Impedance
in Disable

Vin

Vout

DS015015-22
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Application Division  (continued)

M

100k N

10k t

1k M

Zout (Q)
7

100

10

1 10 100
Frequency (MHz)

DS015015-23

FIGURE 3. Equivalent Disabled Output Impedance

2nd and 3rd Harmonic Distortion

To meet low distortion requirements, recognize the effect of
the feedback resistor. Increasing the feedback resistor will
decrease the loop gain and increase distortion. Decreasing
the load impedance increases 3rd harmonic distortion more
than 2nd.

Differential Gain and Differential Phase
The CLC5665 has low DG and DP errors for video applica-
tions. Add an external pulldown resistor to the CLC5665's

output to improve DG and DP as seen in Figure 4. A 604Q
Rp will improve DG and DP to 0.01% and 0.02°.

Add Rp to
improve

Vin > DG and DP
\ Vout
Rin N\—0

CLC5665 v
Rs

Y, %Rp
Ry

A

Rg

o
'VCC

DS015015-24

FIGURE 4. Improved DG and DP Video Amplifier

Printed Circuit Layout

To get the best amplifier performance careful placement of
the amplifier, components and printed circuit traces must be
observed. Place the 0.1pF ceramic decoupling capacitors
less than 0.1" (3mm) from the power supply pins. Place the
6.8uF tantalum capacitors less than 0.75" (20mm) from the
power supply pins. Shorten traces between the inverting pin
and components to less than 0.25" (6mm). Clear ground
plane 0.1" (3mm) away from pads and traces that connect to
the inverting, non-inverting and output pins. Do not place
ground or power plane beneath the op amp package. Na-
tional provides literature and evaluation boards 730013 DIP
or 730027 SOIC illustrating the recommended op amp lay-
out.

Applications Circuits
Level Shifting

The circuit shown in Figure 5implements level shifting by AC
coupling the input signal and summing a DC voltage. The
resistor R;, and the capacitor C set the high pass break
frequency. The amplifier closed-loop bandwidth is fixed by
the selection of R;. The DC and AC gains for circuit of Figure
5 are different. The AC gain is set by the ratio of Ry and Ry,
And the DC gain is set by the parallel combination of Ry and
R,.

Vo =V 4 R %—\/— ARi
out = Vin, g H:‘)g"—RZEEI iNpe Hg%

VinACo—| +
C Vout
Rin CLC5665 p———o

Vin —vWW VWA
DC R2 J Rf
Rg

DS015015-26

FIGURE 5. Level Shifting Circuit

Multiplexing

Multiple signal switching is easily handled with the disable
function of the CLC5665. Board trace capacitance at the
output pin will affect the frequency response and switching
transients. To lessen the effects of output capacitance place
a resistor (R,) within the feedback loop to isolate the outputs
as shown in Figure 6. To match the mux output impedance to
a transmission line, add a resistor (Rg) in series with the
output.

Rg Rt

J'\Nvg WA

Vin1

Rs Vout

RL

DS015015-27

FIGURE 6. Output Connection for Multiplexing Circuits

Differential Line Driver With Load Impedance Conver-
sion

The circuit shown in Figure 7, operates as a differential line
driver. The transformer converts the load impedance to a
value that best matches the CLC5665'’s output capabilities.
The single-ended input signal is converted to a differential
signal by the CLC5665. The line’s characteristic impedance

www.national.com
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CLC5665

Application Division

is matched at both the input and the output. The schematic
shows Unshielded Twisted Pair for the transmission line;
other types of lines can also be driven.

(Continued)

Va2

DS015015-28

FIGURE 7. Differential Line Driver with Load
Impedance Conversion

Set up the CLC5665 as a difference amplifier. V4 is deter-
mined by:

ﬁ:z Dlj-*'h :25&2
Vin Rgll] Rgz

Make the best use of the CLC5665'’s output drive capability
as follows:

where R is the transformed value of the load impedance,
Vhax IS the Output Voltage Range, and |5, is the maximum
Output Current.

Match the line’s characteristic impedance:

RL:ZO

Rm =Req
'R

n= |—L
\Reg

Select the transformer so that it loads the line with a value
very near Zo over frequency range. The output impedance
of the CLC5665 also affects the match. With an ideal trans-
former we obtain:

2. (jw)
Return Loss = -20-log _n“ - Zo(5665)7 ,dB

Zy

where Z,s665)(jw) is the output impedance of the CLC5665
and |ZO(5665)(jw)|<<Rm-
The load voltage and current will fall in the ranges:

max

<
0}
IA
=]
<<

|
lo | < —Mmax
n

The CLC5665's high output drive current and low distortion
make it a good choice for this application.

Full Duplex Cable Driver

The circuit shown in Figure 8 below, operates as a full duplex
cable driver which allows simultaneous transmission and
reception of signals on one transmission line. The circuit on
either side of the transmission line uses are CLC5665 as a
cable driver, and the second CLC5665 as a receiver. Vg, is
an attenuated version of Vi, A, while Vg is a attenuated
version of Vj,g.

VinA o
A % Rm1 Zo Rm1
%

DS015015-34

FIGURE 8. Full Duplex Cable Driver

R is used to match the transmission line. R, and Ry, set
the DC gain of the CLC5665, which is used in a difference
mode. R, provides good CMRR and DC offset. The trans-
mitting CLC5665’s are shown in a unity gain configuration
because they consume the least power of any gain, for a
given load. For proper operation we need Ry, = Rg,.

The receiver output voltages are:
Vinga) H Rp . Z (5665)(i0) U

Vouta@®) = Vina) LA + 2 % Rg2 Rm1 E

where A is the attenuation of the cable, Z,sees)(jw) is the

ouput impedance of the CLC5665, and |Z,sees)(j0)| < <Rp;1-

We selected the component values as follows:

* Rl 1.2kQ, the recommended value for CLC5665 at unity
gain

* R11Z,=50, the characteristic impedance of the transmis-
sion line

* Rpp = Ry, 750Q = Rm1, the recommended value for the
CLC5665 at A,,=2

* Rp= (Rf2||Rgz)—Rm1/2 = 25Q

These values give excellent isolation from the other input:

Voa®) _

-38dB, f =5.0MHz

VinB(A)
The CLC5665 provides large output current drive, while
consuming little supply current, at the nominal bias point. It
also produces low distortion with large signal swings and
heavy loads. These features make the CLC5665 an excel-
lent choice for driving transmission lines.

Vin h
RS Vo
Rt CLC5665 W
- CL
Voffset $
o NN A'A'A%
R R

www.national.com
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Application Division

(Continued)

Output Voltage (2V/div)

14

10

-10

-14

T—
f—)
—t—

P
P
=t
|

50 100 150
Frequency (ns)

FIGURE 9. CCD Clock Driver

200

DS015015-39
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CLC5665

Physical Dimensions

inches (millimeters) unless otherwise noted

NSC Package Number NOSE

0.189—0.197
" (4.800—5.004)
78 7 6 5
0.228 —-0.244
(5.791-6.198)
p 0.090 yax
(0.254)
LeabNo. 1/ 12 3 4 T
30°
IDENT TYp
0.150—0.157
{3.810—-3.988)
0.010-0.020 , 450 0.053-0.069
10.250 0.508) r* o max 1yp {1.386—1.753) 0.004—0.010
ALL LEADS {0.102 0254)
L:: &*‘ SEATING
L oom A 7 T ) PLANE
0.008 —0.010 ALL(ElELDDZ)TIPS gg;‘é 0.050 0014 0.020 | 0:014-0.020 ryp
20754 — (ggaﬁjg:g) 03%6) o> o0m (u 356 - 0.508)
. . TYP
TYP ALL LEADS zga)wp MOBA (REV H)
8-Pin SOIC
NSC Package Number MO8A
0.373—0.400
(9.474—10.16)
0.090
(2.286)
0092 [1] [6] [5] 0.032+0.005 [8] [7]
(2.337) ~ (0.813£0.127)
N TN 0.25040.005 RAD
PIN NO. 1 IDENT L o (6.35+0.127) PIN NO. 1 IDENTN
OPTION 1
0.260 [ 2] [3] [a
0.040
— =
712 "N 0.030 o " - OPTION 2
=== MAX 0.039 0.145—0.200
0.300—0.320 (0.762) . (0—9-91) ol
e i * 20° + 1°—»| /<— : (3.683 —5.080)
et i ¢ - A 0.130+0.005 1
v (3.302%0.127) v
o || A oazs-0aw f
B 0.065 Y  (3.175-3.556)
0.125_ e ] 0.020
0.009—0.015 g 08 90° £4° 0.508)
(0.229-0.381) h DIA TYP MIN
+0.040 NOM . 0.018:+£0.003
0325 F e (0.457 £0.076)
+1.016 0.100+0.010
(3'255 —0.381) (2.5400.254)
0.045+0.015
(1.143£0.381)
0.060
0.050 (1.524)
— - |—
(1.270) NOSE (REV F)
8-Pin MDIP
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Notes

LIFE SUPPORT POLICY

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 systems are devices or 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

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 for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

safety or effectiveness.

National Semiconductor National Semiconductor

Corporation Europe

Americas Fax: +49 (0) 180-530 85 86

Tel: 1-800-272-9959 Email: europe.support@nsc.com

Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 69 9508 6208
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Japan Ltd.
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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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