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LM6125/LM6225/LM6325
High Speed Buffer

General Description

The LM6125 family of high speed unity gain buffers slew at
800 V/us and have a small signal bandwidth of 50 MHz while
driving a 50Q load. These buffers drive £300 mA peak and
do not oscillate while driving large capacitive loads. The
LM6125 contains unique features not found in power buffers;
these include current limit, thermal shutdown, electronic
shutdown, and an error flag that warns of fault conditions.
These buffers are built with National's VIP™ (Vertically Inte-
grated PNP) process which provides fast PNP transistors
that are true complements to the already fast NPN devices.
This advanced junction-isolated process delivers high speed
performance without the need for complex and expensive di-
electric isolation.

Features
m High slew rate: 800 V/us

National Semiconductor

=® High output current:  £300 mA
m Stable with large capacitive loads
m Current and thermal limiting

m Electronic shutdown

m 5V to £15V operation guaranteed
m Fully specified to drive 50Q lines

Applications
m Line Driving

m Radar

m Sonar
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Numbers in () are for 14—pin N DIP.

VIP™ is a trademark of National Semiconductor Corporation.

Simplified Schematic and Block Diagram
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Pin Configurations

/
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*Heat sinking pins.

Internally connected to V-.

Order Number LM6225N
or LM6325N
See NS Package Number N14A

DS009222-3

DS009222-4

Note: Pin 4 connected to case
Top View
Order Number LM6125H/883 (Note 1)
or LM6125H
See NS Package Number HO8C

Note 1: Available per 5962-9081501

www.national.com




Absolute Maximum Ratings  (Note 2)

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

Supply Voltage 36V (+18V)
Input to Output Voltage (Note 2) 7V
Input Voltage +Vsupply
Output Short-Circuit to GND

(Note 3) Continuous

Flag Output Voltage
Storage Temperature Range

Lead Temperature
(Soldering, 10 seconds)

GND < Vflag < +Vsupply
-65°C to +150°C

260°C

DC Electrical Characteristics
The following specifications apply for Supply Voltage = 15V, V,

ESD Tolerance (Note 9)

6,4 (Note 4)
H Package
N Package
Maximum Junction
Temperature (T,)

Operating Temperature Range

LM6125
LM6225
LM6325

Operating Supply Voltage Range

em = O R

A

+1500V

150°C/wW

0°C/W

150°C

-55°C to +125°C
-40°C to +85°C
0°C to +70°C
4.75V to 16V

L 2 100 kQ and Rg = 50Q unless otherwise noted.

Boldface limits apply for To = T; = Tyyn t0 Tyax: all other Ilmlts Ta = T = 25°C.
Symbol Parameter Conditions Typ LM6125 LM6225 LM6325 Units
Limit Limit Limit
(Notes 5, 10) (Note 5) (Note 5)
Avi Voltage Gain 1 R, = 1kQ, V,y = £10V 0.990 0.980 0.980 0.970
0.970 0.950 0.950
Ay Voltage Gain 2 R,_ = 50Q, V = £10V 0.900 0.860 0.860 0.850 VIV
0.800 0.820 0.820 Min
Avs Voltage Gain 3 L =50Q, V+ = 5V 0.840 0.780 0.780 0.750
(Note 6) Vin = 2 Vpp (1.5 Vpp) 0.750 0.700 0.700
Vos Offset Voltage R, = 1kQ 15 30 30 50 mV
50 60 100 Max
Is Input Bias Current R. = 1kQ, Rg = 10 kQ 1 4 4 5 HA
7 7 7 Max
Rin Input Resistance R, = 50Q 5 MQ
Cin Input Capacitance 35 pF
Ro Output Resistance lout = £10 mA 3 5 5 5 Q
10 10 6 Max
ls1 Supply Current 1 R =0 15 18 18 20
20 20 22
Is2 Supply Current 2 R, = ®, V+ = 5V 14 16 16 18 mA
18 18 20 Max
lsio Supply Current R, = ®, Vi = 15V 11 15 15 15
in Shutdown 2.0 2.0 2.0
Vor Output Swing 1 R, =1kQ 13.5 13.3 13.3 13.2
13 13 13
Voo Output Swing 2 R_ = 100Q 12.7 115 115 11 Vv
10 10 10 Min
Vos Output Swing 3 R, = 50Q 12 11 11 10
9 9 9
Voa Output Swing 4 R, =50Q 1.8 1.6 1.6 1.6 Vep
1.3 1.4 1.5 Min
PSRR | Power Supply V+ = 5V (Note 6) 70 60 60 60 dB
Rejection Ratio 55 50 50 Min
Voo Flag Pin Output Vi = 5V to £15V 300 300 340 mV
Low Voltage Vgp = OV 400 400 400 Max
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DC Electrical Characteristics

The following specifications apply for Supply Voltage = 15V, V, = 0, R_ 2 100 kQ and Rg = 50Q unless otherwise noted.
Boldface limits apply for To = T = Tyyun 10 Tyax: all other limits T, = T, = 25°C.

(Continued)

Symbol Parameter Conditions Typ LM6125 LM6225 LM6325 Units
Limit Limit Limit
(Notes 5, 10) (Note 5) (Note 5)
lon Flag Pin Output Vou Flag Pin = 15V 0.01 10 10 10 HA
High Current (Note 6) 20 20 20 Max
Viy Shutdown Threshold 14 \%
Vig Shutdown Pin 2.0 2.0 2.0 \Y
Trip Point High 2.0 2.0 2.0 Min
Vi Shutdown Pin 0.8 0.8 0.8 \%
Trip Point Low 0.8 0.8 0.8 Max
I Shutdown Pin Vgip = OV -0.07 -10 -10 -10 HA
Input Low Current =20 -20 -20 Max
[ Shutdown Pin Vg = BV -0.05 -10 -10 -10 PA
Input High Current -20 -20 -20 Max
lo Bi-State Output Shutdown Pin = 0V 1 50 50 100 HA
Current Vour = +5V or -5V 2000 100 200

AC Electrical Characteristics

The following specifications apply for Supply Voltage = 15V, V,, = 0, R_ = 100 kQ and Rg = 50Q unless otherwise noted.
Boldface limits apply for To = T; = Tyun 10 Tymax: all other limits T, = T, = 25°C.

Symbol Parameter Conditions Typ LM6125 LM6225 LM6325 Units
Limit Limit Limit
(Note 5) (Note 5) (Note 5)
SRy Slew Rate 1 Vin = 211V, R, = 1 kQ 1200 Vius
SR, Slew Rate 2 Vi = 211V, R, = 50Q 800 550 550 550 Min
(Note 8)
SR3 Slew Rate 3 Vin = 2 Vpp, R = 50Q 50
V+ = 5V (Note 6)
BW -3 dB Bandwidth Vin = 100 mVpp 50 30 30 30 MHz
R, =50Q, C, <10 pF Min
t, & Rise Time R,. =50Q, C, <10 pF 8.0 ns
Fall Time Vo = 100 mVpp
tep Propagation R, =50Q, C, <10 pF 4.0 ns
Delay Time Vo = 100 mVpp
Og Overshoot R, =50Q, C_ <10 pF 10 %
Vo = 100 mVpp
Ver Vine Vout Feedthrough Shutdown Pin = 0V
in Shutdown Vin = 4 Vpp, 1 MHz -50 dB
R_ = 50Q
Cour Output Capacitance Shutdown Pin = 0V 30 pF
in Shutdown
tsp Shutdown 700 ns
Response Time

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating

the device beyond its rated operating conditions.

Note 3: During current limit, thermal limit, or electronic shutdown the input current will increase if the input to output differential voltage exceeds 8V. See Overvoltage
Protection in Application Hints.

Note 4: The LM6125 series buffers contain current limit and thermal shutdown to protect against fault conditions.
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AC Electrical Characteristics  (continued)

Note 5: For operation at elevated temperature, these devices must be derated based on a thermal resistance of 8;4 and Ty max, Ty = Ta + 634 Pp. 6;c for the
LM6125H and LM6225H is 17°C/W. The thermal impedance 6, of the device in the N package is 40°C/W when soldered directly to a printed circuit board, and the
heat-sinking pins (pins 3, 4, 5, 10, 11, and 12) are connected to 2 square inches of 2 oz. copper. When installed in a socket, the thermal impedance 6, of the N pack-
age is 60°C/W.

Note 6: Limits are guaranteed by testing or correlation.

Note 7: The input is biased to +2.5V, and Vy swings Vpp about this value. The input swing is 2 Vpp at all temperatures except for the Ay3 test at =55°C where it
is reduced to 1.5 Vpp.

Note 8: The Error Flag is set (low) during current limit or thermal fault detection in addition to being set by the Shutdown pin. It is an open-collector output which re-
quires an external pullup resistor.

Note 9: Slew rate is measured with a +11V input pulse and 50Q source impedance at 25°C. Since voltage gain is typically 0.9 driving a 50Q load, the output swing
will be approximately £10V. Slew rate is calculated for transitions between £5V levels on both rising and falling edges. A high speed measurement is done to minimize
device heating. For slew rate versus junction temperature see typical performance curves. The input pulse amplitude should be reduced to £10V for measurements
at temperature extremes. For accurate measurements, the input slew rate should be at least 1700 V/s.

Note 10: The test circuit consists of the human body model of 120 pF in series with 1500Q.

Note 11: A military RETS specification is available on request. At the time of printing, the LM6125H/883 RETS spec complied with the Boldface limits in this column.
The LM6125H/883 may also be procured as Standard Military Drawing specification #5962-9081501MXX.

Typical Performance Characteristics T, = 25°C, Vg= £ 15V unless otherwise specified
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Typical Performance Characteristics

Ta = 25°C, Vg= * 15V unless otherwise specified (Continued)

Slew Rate Power Bandwidth Input Return Gain
1400 T 28 (Sll)
—h
1200 | 24 “ ‘\ z 8
R = 00 e
2 1000 - =20 \1 1 64
N s \ \‘
z = = 7
- 8oo 7 — s 16 \ 2 o [ Masnmude / w
600 // 5 1 \\ E A 2
= R =500 ° \ ; \ =
o 400 El R =500 \ [\ R =K g ! * g
L L z E
// V=15V [ VA z
007 ¢ T\ -2 16
. | . P AN /
0 4 8 12 16 20 24 1 5 10 20 50 100 -3 PHASE ,,/ P PN Y
INPUT AMPLITUDE (Vp-p) FREQUENCY (MHz) 12 5 10 20 50 100
DS009222-18 DS009222-19 FREQUENCY (MHz)
DS009222-20
Forward Transmission Current Limit
Gain (S21) 500
10 l 200 =
8 180 E 3
[ MaGNITUDE oo = 400
=
\ . o N
= 4 140 3 & N
E 2 120 % ; 300 N
S o X 100 8 g \\
s 5
g 2 / 1\ 80 - = 200 NG
: 60 & 5
-6 // \ 40 @
-8 - 20 100
o PHASEL_—1 o Ld, -75-50-25 0 25 50 75 100 125150
toz 5 1020 50 100 JUNCTION TEMPERATURE (°C)
FREQUENCY (MHz) DS009222-22
DS009222-21
Typlcal Connection Dlagram
(+5 to +15V)
V+
0.1 uF

INPUT  H>——

HIGH TO

CMOS ENABLE
OR
TIL

LOW ON
ERROR

v+

BUFFERED

LM6325 OUTPUT
FLAG
0.1 uF
Vv
(0 to =15V)
DS009222-6

www.national.com




Application Hints
POWER SUPPLY DECOUPLING

The method of supply bypassing is not critical for stability of
the LM6125 series buffers. However, their high current out-
put combined with high slew rate can result in significant
voltage transients on the power supply lines if much induc-
tance is present. For example, a slew rate of 900 V/us into a
50Q load produces a di/dt of 18 A/us. Multiplying this by a
wiring inductance of 50 nH results in a 0.9V transient. To
minimize this problem use high quality decoupling very close
to the device. Suggested values are a 0.1 pF ceramic in par-
allel with one or two 2.2 pF tantalums. A ground plane is rec-
ommended.

LOAD IMPEDANCE

The LM6125 is stable into any load when driven by a 50Q
source. As shown in the Overshoot vs Capacitive Load
graph, worst case is a purely capacitive load of about
1000 pF. Shunting the load capacitance with a resistor will
reduce overshoot.

SOURCE INDUCTANCE

Like any high-frequency buffer, the LM6125 can oscillate at
high values of source inductance. The worst case condition
occurs at a purely capacitive load of 50 pF where up to
100 nH of source inductance can be tolerated. With a 50Q
load, this goes up to 200 nH. This sensitivity may be reduced
at the expense of a slight reduction in bandwidth by adding a
resistor in series with the buffer input. A 100Q resistor will en-
sure stability with source inductances up to 400 nH with any
load.

ERROR FLAG LOGIC

The Error Flag pin is an open-collector output which requires
an external pull-up resistor. Flag voltage is HIGH during op-
eration, and is LOW during a fault condition. A fault condition
occurs if either the internal current limit or the thermal shut-

down is activated, or the shutdown (S/D) pin is driven low by
external logic. Flag voltage returns to its HIGH state when
normal operation resumes.

If the S/D pin is not to be used, it should be connected to V*.

OVERVOLTAGE PROTECTION

The LM6125 may be severely damaged or destroyed if the
Absolute Maximum Rating of 7V between input and output
pins is exceeded.

If the buffer’s input-to-output differential voltage is allowed to
exceed 7V, a base-emitter junction will be in
reverse-breakdown, and will be in series with a
forward-biased base-emitter junction. Referring to the
LM6125 simplified schematic, the transistors involved are
Q1 and Q83 for positive inputs, and Q2 and Q4 for negative
inputs. If any current is allowed to flow through these junc-
tions, localized heating of the reverse-biased junction will oc-
cur, potentially causing damage. The effect of the damage is
typically increased offset voltage, increased bias current,
and/or degraded AC performance. The damage is cumula-
tive, and may eventually result in complete device failure.

The device is best protected by the insertion of the parallel
combination of a 100 kQ resistor (R1) and a small capacitor
(C1) in series with the buffer input, and a 100 kQ resistor
(R2) from input to output of the buffer (see Figure 1). This
network normally has no effect on the buffer output. How-
ever, if the buffer’s current limit or shutdown is activated, and
the output has a ground-referred load of significantly less
than 100 kQ, a large input-to-output voltage may be present.
R1 and R2 then form a voltage divider, keeping the
input-output differential below the 7V Maximum Rating for in-
put voltages up to 14V. This protection network should be
sufficient to protect the LM6125 from the output of nearly any
op amp which is operated on supply voltages of £15V or
lower.

100 pF 100 kQ

AAA
I VVv

Vin — Vour
100 kO

DS009222-8

FIGURE 1. LM6125 with Overvoltage Protection
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Physical Dimensions

inches (millimeters) unless otherwise noted
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LIFE SUPPORT POLICY

Notes

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 OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems 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 for use provided in the
labeling, can be reasonably expected to result in a

significant injury to the user.

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.

National Semiconductor
Corporation
Americas

Tel: 1-800-272-9959
Fax: 1-800-737-7018
Email: support@nsc.com

www.national.com

National Semiconductor

Europe
Fax:
Email:

Deutsch Tel:
English  Tel:
Francais Tel:
Italiano  Tel:

+49 (0) 1 80-530 85 86
europe.support@nsc.com
+49 (0) 1 80-530 85 85
+49 (0) 1 80-532 78 32
+49 (0) 1 80-532 93 58
+49 (0) 1 80-534 16 80

National Semiconductor
Asia Pacific Customer
Response Group

Tel: 65-2544466

Fax: 65-2504466

Email: sea.support@nsc.com

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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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Communications and Telecom www.ti.com/communications
Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers
Data Converters dataconverter.ti.com Consumer Electronics Www.ti.com/consumer-apps
DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy
DSP dsp.ti.com Industrial www.ti.com/industrial
Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical
Interface interface.ti.com Security www.ti.com/security
Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Power Mgmt power.ti.com Transportation and Automotive www.ti.com/automotive
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2011, Texas Instruments Incorporated
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