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General Description Features

The LM3460 is a monolithic integrated circuit designed for ~ m Precision output (1%)

precision control of GTLplus and GTL Bus termination. This  w Qutput voltage can be adjusted
controller is available in a tiny SOT23-5 package, and in-
cludes an internally compensated op amp, a bandgap refer-
ence, an NPN output transistor, and voltage setting resistors.

A trimmed precision bandgap voltage reference utilizes tem-
perature drift curvature correction for excellent voltage stabil-
ity over the operating range. The precision output control ™ Low temperature coefficient
enables the termination voltage to maintain tight regulation, . )

despite fast switching requirements on the bus. AppllcatIO' .

The LM3460 controller is designed to be used with a high g GTL bus termina 1.2V output @ 7A)
current (> 7A) NPN pass transistor to provide the high current ) . 9

needed for the bus termination. The wide bandwidth of the GTLp DS Minaticy / output @ 7A)
feedback loop provides excellent transient response, and ™ Adjust h-current iinear regulator
greatly reduces the output capacitance required, thus reduc-

ing cost and board space requirements.

m Extremely fast transient response in GTLp and GTL bus
termination

m Tiny SOT23-5 package
m Output voltage capability for GTL or GTLp

Connection Diagram and Package * Hine Package (M5)
Information Actual Size
i
(+) IN { 1260302
vin O [ Output
GND [
«[O [ Comp.
COMP. 3 4
ouT —_
— 1260303
*No internal connection, but should be soldered to PC board for best heat
transfer.
< Top View
(=)
See NS package Number MFO5A
301
*This resistor is not used on the LM3460-1.2
LM3460 Functional Dic L
Ordering Information
Voltage Order Number Package Marking Supplied As
15 LM3460M5-1.5 DO6A 1000 Unit Increments on Tape and Reel
15 LM3460M5X-1.5 DO6A 3000 Unit Increments on Tape and Reel
1.2 LM3460M5-1.2 DO9A 1000 Unit Increments on Tape and Reel
1.2 LM3460M5X-1.5 DO9A 3000 Unit Increments on Tape and Reel

MARKING CODE: The first letter "D" identifies the part as a Driver, and the next two numbers define the voltage for the part. The fourth letter indicates the
grade, with "A" designating the prime grade of product.

AVAILABILITY: The SOT23-5 package is only available in quantity of 1000 on tape and reel (designated by the letters "M5" in the part number), or in quantity
of 3000 on tape and reel (indicated by the letters "M5X" in the part number).
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LM3460

Typical Applications

FIGURE 2. 1.2V Typical Application (See Application Information Section)
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FIGURE 1. 1.5V Typical Application (See Ap; tion Information Section)
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Absolute Maximum Ratings (vote 1)

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

Input Voltage V
Output Current
Junction Temperature
Storage Temperature

Lead Temperature
Vapor Phase (60 sec.)
Infared (15 sec.)

20V

20 mA

150°C

-65°C to +150°C

+215°C
+220°C

Electrical Characteristics
LM3460-1.5

Specifications with standard type face are for T, = 25°C, and those with boldface type
Range. Unless otherwise specified, (+)IN = Vgeg, Vour =200 mV

Power Dissipation (T, = 25°C)

(Note 2) 300 mW
ESD Susceptibility (Note 3)
Human Body Model 1500V

See AN-450 "Surface Mounting Methods and Their Effect
on Product Reliability" for methods on soldering surface
mount devices.

Operating Ratings (note 1), (Note 2)

0°C =T, <+70°C
1mA

Ambient Temperature Range
Output Current

oply over full Operating Temperature

Symbol Parameter Conditions 1 lote 4 Limit (Note 5) Units
Ve Regulated Voltage lour=1mMA 1.515/1.530 V (max)
| 1.485/1.470 V (min)
Tomrance | rge flour=TmA s1/22 | % (ma
g Quiescent Current lour=1mMA y 85 125/150 MA (max)
G, Transconductance 20pA < lgyr < 1mA 33 105 mA/mV
Aloyr / AVpeg Vour = 500 mV ' | (min)
Vaat Output Saturation VN = VReg + 100 mV
Voltage(Note 6) lour=1mMA 0.8 0.95 V (max)
| Output Leakage Current |V, = Vggg — 100 n
L P 9 S e 0.1 0.5/1.0 WA (max)
ouT =
Re Internal Feedback
Resistor (See 71 gg ka(m:.;\x)
Functional Diagram) y ’ €(min)
E, Output Noise Voltage {1, = 1 Iz = f < 10kHz 50 HV (rms)
3 www.national.com
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LM3460

Electrical Characteristics
LM3460-1.2

Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating Temperature
Range. Unless otherwise specified, (+)IN = Vgeg, Vour =200 mV

Symbol Parameter Conditions Typ (Note 4) | Limit (Note 5) Units
VRec Regulated Voltage lour=1mA 1.220 1.232/1.244 V (max)
1.208/1.196 V (min)
Regul Vol | =1mA
egulated Voltage our=1m 21/ 2 % (max)
Tolerance
lq Quiescent Current lour=1mMA 85 125/150 MA (max)
G Transconductance 20uA < | <1mA \V;
m A1 AV WA= Tour 3.3 1/0.5 mA/m
ouT REG Vout =200 mV (min)
Vgar Output Saturation Vin = Vgeg + 100 mV
Voltage(Note 6) lour =1 mA 08 0.95 V (max)
| Output Leakage Current|V,y = Vggg — 100 mV
L p ) IN= VREG | 1 0.5/1.0 MA (max)
Vour =0V |
|
Re Internal Feedback 125 kQ(max)
Resistor (See 10 75 KO
Functional Diagram) | : (min)
E, Output Noise Voltage lour =1 MA, 10 Hz < f < 10kHz | 50 pV (rms)
Note 1: Absolute Maximum Ratings are limits beyond which damage to the device may © Ope 1g Ratings indicate conditions for which the device is
intended to be functional, but do not guarantee specific performance limits. For guaranteed sj ions and test conditions, see the Electrical Characteristics.

The guaranteed specifications apply only for the test conditions listed. Some performance characieristics may degrade when the device is not operated under
the listed test conditions.

Note 2: The maximum power dissipation must be derated at elevated temperatu! ic dictated by T, (maximum junction temperature), 8, (junction ot

ambient thermal resistance), and T, (ambient temperature). The maxir lowabie dissipation at any temperature is (Ppnax = (Tymax — Ta)/8,a) OF the
number given in the Absolute Maximum Ratings, whichever is lower ermal resistance 6, when soldered to a printed circuit board is approximately
330° C/W.
Note 3: The human body model is a 100 pF capacitor discharged igha1b esistor into each pin.
Note 4: Typical numbers are at 25°C and represent the most likely | stric n.
Note 5: Limits are 100% production tested at 25°C. Limit: =r the opeic cinperature range are guaranteed through correlation using Statistical Quality
Control (SQC) methods. The limits are used to calculate Nationa!' >rage Outgoing Quality Level (AOQL).
Note 6: Vgar = Vgeg — Vour: When the voltage at the IN ed mV above the nominal regulating voltage (Vgeg)-
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Product Description

The LM3460 is a shunt regulator designed for use as a pre-
cision control element in a feedback loop. The regulated
output voltage is sensed between the IN pin and GROUND
pin of the LM3460.

The output of the LM3460 sources current whenever the volt-
age at the IN pin reaches the regulated voltage.

This current is used to cut off the drive to the external pass
trnasistor, which provides the negative feedback to force the
output voltage to be the same value as Vpgg.

If the voltage on the IN pin is forced above the Vg voltage,
the maximum voltage applied to the IN pin should not exceed
20V. In addition, an external resistor may be required on the
OUT pin to limit the maximum current to 20 mA.

Compensation

The inverting input of the error amplifier is brought out to sim-
plify closed-loop compensation. Typically, compensation is

provided by a single capacitor connected from the COMPEN-
SATION pin to the OUT pin of the LM3460.

Applying a load pulse to the output of the regulator circuit and
observing the output voltage response is a good method of
verifying the stability of the control loop.

If excessive ringing on the output waveform is observed, this
usually indicates marginal stability resulting from insufficient
phase margin.

Test Circuit

The test circuit shown in Figure 3 can be used to measure
various LM3460 parameters. Test conditions are set by forc-
ing the appropriate voltage at the Vg, Set test point and
selecting the appropriate R, or Iy as specified in the Elec-
trical Characteristics section. Use a DVM at the "measure”
test points to read the data.

100
ANV vecsure
REG
1N4148
COMP.
100k o0 i
N LM3460
p-Amp .
LM6218 (Dual) \ Device
tV=+30,-5  _, Under
Test
Vour Set —— ‘ 10k
10 pF
r IOUT | f 0—' |7+V
1N5817 7 =
100
l Vk R, —AAA - In(')leqsure
-v 100 wA/v
— = Ry
1260309
Vour Set Note: OV to 500 mV/ for LM3460-1.5

0V to 200 mV for LM3460-1

FIGURE 3. Test Circuit
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LM3460

Setting the Output Voltage

If a regulated voltage is desired which is not available as a
standard voltage, the output voltage may be adjusted by using
an external resistive divider (see Figure 4):

IN Ra
LM3460 — XX
—] out COMP
GND Rs

1260310

1.22

(Voyr=1-22) R,
B~ 1.22

FOR BEST RESULTS: SELECT R, < 500Q
FIGURE 4. Setting the Output Voltage

The simplest way to calculate the resistor values is to ass
a value for R, and then solve the equation shown for

To assure best output voltage accuracy, the value selected

for R, should be < 5002, and 1% tolerance resistors ¢ Id
be used.

As the ohmic value of R, is increased, the iniernal resistive
divider inside the LM3460 will cause the outpt > to de-
viate from the value predicted by the formula sricwn.

App Circuit Technical! Infc tion
Figure 1 and Figure 2 highlight tw lications of the
LM3460. This section provides details of ¢ nction.

1.5V/7A TYPICAL APPLICATION

Figure 1 shows the schematic of a wide-
ulator which provides a regu 115V
load current from a 3V-3.6V inp

The pass element of the regulator (which supplies the load
current) is made up of a three-transistor complimentary Dar-
lington composed of Q2, Q3, and Q4. The bias current flowing
through R1 will drive the pass element ON, until such time as
Q1 pulls down and takes the drive away from the base of Q2.

The circuit regulates the output to 1.5V using the LM3460
precision controller, which sources current from its output
whenever the voltage at the IN pin reaches 1.5V.

When the LM3460 sources current from its output, it turns on
Q1 (stealing the base drive for Q2) which reduces the current
from the 1.5V regulated output. In this way, a negative feed-
back loop is established which locks the output at 1.5V.

C1 and C2 are used for compensation, and should be ceramic
capacitors.

C4 is required for regulator stability, and both C3 and C4 affect
transient response. Circuit performance should be carefully

dwidth linear reg-
itput at up to 7A of

evaluated if substitutions are made for these two compo-
nents.

PERFORMANCE DATA
All data taken at 20°C ambient:

LOAD/LINE REGULATION: The output voltage changed <0.1
mV as the load was increased from 0-7A, and the input volt-
age was varied from 3.0V-3.6V.

DROPOUT VOLTAGE: The dropout voltage (which is defined
as the minimum input-output voltage differential required to
maintain a regulated output) was measured at 7A and found
to be 1.4V. This means that a minimum input voltage of 2.9V
is required to keep the 1.5V output in regulation.

TRANSIENT RESPONSE: Transient response was tested
using a 0.2Q power resistor connected to the output using a
mechanical contact to provide a 0-7A load current step. When
the load was applied, the change in output voltage was seen
to be < 5 mV with a total recovery time of about 30 us (see
Figure 5).

5 ps/DIV HC 1 mV/DIV VERT

1260311

FIGURE 5. Output Transient Response

HEATSINKING/COMPONENT SELECTION

HEATSINKING: As with any linear regulator, the power dis-
sipated in the pass transistor (Q4) is approximately:

P = (Vin- Vour) X lLoap
Q4 must be provided with adequate heatsinking so that the
junction temperature never exceeds 150°C.
Figure 6 shows the maximum allowable values of thermal
resistance (from heatsink-to-ambient) that must be provided
for various values of the load current.

www.national.com
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I I

15 C Vi = 3.3V Vour = 1.5V[ ]
N\ Tawg = 50°C (MAX) [ ]
\ T, =150°C (MAX)

N\

AMBIENT (°C/W)

FNOTE: HEATSINK USED
I MUST HAVE THERMAL
| RESISTANCE LESS THAN
OR EQUAL TO VALUE

[ SHOWN Ol:l CURVE. l

w

MAXIMUM ALLOWABLE THERMAL
RESISTANCE FROM HEATSINK TO

3 4 5 6 7
CONTINUOUS LOAD CURRENT (A)

1260312

FIGURE 6. Q4 Heatsink Requirements for Circuit Shown
in Figure 1

These values are calculated assuming a maximum ambient
of 50°C, 3.3V input, and a TO-220 power transistor mounted
using thermal grease and a mica insulator.

A given thermal resistance can be obtained by using different
combinations of heatsink and airflow (refer to heatsink man-
ufacturers datasheets).

The design tradeoff here is that heatsinks which are smaller,
lighter, and cheaper require more airflow to get the desired
value of thermal resistance.

TRANSIENT RESPONSE: If the regulator is to respond
quickly to changes in load current demand, the input and out-
put capacitors must be selected carefully.

The output capacitor C4 is most critical, as it must supp!

rent to the load in the time it takes the regulator loop to sense
the output voltage change and turn on the pass transisior. A
Sanyo Oscon type (or equivalent) will give the best |
mance here.

The input capacitor C3 is also important, as it provi an
energy reservoir from which the regulator sot rrent to
force the output back up to the nominal value. A good, low

ESR electrolytic such as a Panasonic type is a good
choice for C3.

LAYOUT TIPS: In order to optimize nance, parasitic
inductance due to connecting traces mu minimized. All
paths shown as heavy lines oi >maiic must be made

by traces which are wide and short & ssible (component
placement should be optimized for minimum lead length).
POWER TRANSISTOR ANL IVER: The power transistor

used at Q4 must have very gooc lgainat 7A, and wide
bandwidth (high f;) for this circuit to work as specified. The
D44H8 is an excellent choice for cost and performance.

The current gain of Q4 dictates the power dissipation in its
driver (Q3) which must supply the base current to Q4. If the
gain of Q4 is lowered, Q3 must source more current into its
base (and the power dissipation in Q3 goes up proportion-
ately).

The D44H8 has a guaranteed minimum gain of 40 @ 4A, with
typical gain much higher. Assuming the gain of Q4 is about
30% lower at 7A, it will still be > 28. Therefore, to support 7A
of load current, Q3 must supply 250 mA to the base of Q4
(worst case).

The power dissipation in Q3 (assuming 3.3V input) will never
exceed approximately 250 mW, which is easily handled by
2N3906 in a TO-92 case (which has a thermal resistance of

about 180°C/W), but could be a problem for a very small sur-
face mount device.

If substitutions are made for Q3 or Q4, careful attention must
be paid to the current gain as well as the f;.

TRANSISTOR BANDWIDTH: Fast transient response that
the regulator be able to respond quickly to any change in out-
put voltage (which will occur if the current drawn by the load
suddenly changes).

All of the transistors specified in the schematic are very wide-
band devices (have high f; values) which is necessary for fast
response. If substitutions are made for any of the transistors,
this specification must be considered.

1.2V/7A TYPICAL APPLICATION

The 1.2V @ 7A design in Figure 2 is very similar in function
to the design shown in Figure 1. Most of the circuit descrip-
tions previously detailed for that circuit apply unchanged to
Figure 2, will not be repeated.

Detailed inform 1 will be presented in the areas which differ

between the two ¢ 3.
HEATSINKING
The 1.2V de needs a little more heatsinking because the

lower output vo means more power dissipation in Q4 at
any value of load current.

re hows the maximum allowable values of thermal

re se (from heatsink-to-ambient) that must be provided
for ve ues of the load current.
s T T
Ze Vi = 3.3V Vo = 1.2V
2z Tamg = 50°C (MAX) ||
o T, = 150°C (MAX)
SoE N\ T T
“uS 10 NOTE: HEATSINK USED
22 MUST HAVE THERMAL RESISTANCE ]|
e LESS THAN OR EQUAL TO VALUE
e 5 N— SHOWN ON CURVE.
< m N
== 3: \
o '<_( ~
o s >~
172}
By
3 4 5 6 7

CONTINUOUS LOAD CURRENT (A)
1260313

FIGURE 7. Q4 Heatsink Requirements for Circuit shown
in Figure 2

Q1 DRIVE CIRCUITRY

In the circuit shown in Figure 1, the output of U1 drives the
base of Q1 with current when the voltage at V1 reaches the
regulation point. As Q1 turns ON, it steals drive from Q2 which
holds the loop in regulation.

The circuit of Figure 2 uses a different drive configuration for
Q1, required because of the lower voltage across U1.

With only 1.2V across U1, the OUT pin of the LM3460 cannot
swing up high enough in voltage to turn on the Vg of Q1.

In the circuit of Figure 2, drive for Q1 is provided by R7, but
only when U1 sources current: The operation of the drive
scheme is as follows:

If the voltage at V7 is below 1.2V, no current flows from the
OUT pin of U1. Q1 is held OFF as the current flowing down
through R7 goes through D1 and R5 to ground.

7
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LM3460

IMPORTANT: Diode D1 is a IN4001 because its Vi must be
much less than the Vg of Q1 (a signal diode like 1N4148 will
not work here).

When U1 is not sourcing current, the voltage at the OUT pin
(and the cathode of D1) will be held at about 50 mV by the
R7/D1/R5 divider. The current flowing to ground through
these components is about 110 pA.

Because D1 is a 1A power diode, the Vi across D1 at this
small value of current will be much less than the Vgg needed
to turn ON Q1 (so Q1 is held off by D1).

When U1 begins to source current (to cut off the pass tran-
sistor and regulate V1) it forces the voltage at the cathode
of D1 to rise.

This action causes the current that was flowing through D1 to
flow into the base of Q1, turning it ON and taking drive away
from the base of Q2.

This action provides the negative feedback required to regu-
late Vo1 and allows the LM3460 to operate with only 1.2V of
total supply voltage across the device.

www.national.com
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Physical Dimensions inches (mili

[(AF4¢—

meters) unless otherwise noted

51
|
|
i 02 )
| 59)
| 063+ 003 l
12+ .006 4 -—d—- | 063
[2.840.15) | [1.6%0.07]
i
|
i
\ !
j
| 0375 )
3 I | 10.953)
1
LAND PATTERN RECOMMENDATION
2x [L0375
10.9531
R.004 MIN
0.1)
° _\ 008
[ \ T R.004 MIN [0.2]
to. 11 GAGE PLANE
038,047 €040 +.0015 +—
10.97-1.19) [1.02] L0060°-3315 1
[o.15278:338 1 R v N\ W i
S]004 [0.11]C *;[ r,l:‘/, —_ N
5% o15s¢.oo3a<L—>l 002-.006 ‘ N SEATING
[0.430.096] %3Pos—o 151 (. PLANE TYP
008 [0 21@[C[AD[B 10,65
* B 014-.022  —t

[0.36-0. ?3;
CONTROLLING DIMENSION ICH

VALUES IN [ ] ARE MILL! S
DIMENSIONS IN ("} FOR REFEKL

MFOS5A (Rev D)

5-Lead Small Outline Package (1/i5)

Order Number, See (

'ing Information Table
NS Package i\ ar MFOSA
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LM3460-1.2, -1.5 Precision Controller for GTLp and GTL Bus Termination
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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
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