FEATURES

Available in Space Saving S0-8 Package
Output Current: 100mA

Low Loss: 1.1V at 100mA

Operating Range: 3.5V to 15V

Reference and Error Amplifier for Regulation
External Shutdown

External Oscillator Synchronization

Can Be Paralleled

Pin Compatible with the LTC®1044/LTC7660

APPLICATIONS

= \/oltage Inverter

= Voltage Regulator

= Negative Voltage Doubler
= Positive Voltage Doubler

ALY, LTC and LT are registered trademarks of Linear Technology Corporation.

”l ’\D LT10564

TECHNOLOGY

switched-Capacitor Voltage
Converter with Regulator

DESCRIPTION

The LT®1054 is a monolithic, bipolar, switched-capacitor
voltage converter and regulator. The LT1054 provides
higher output current than previously available converters
with significantly lower voltage losses. An adaptive switch
driver scheme optimizes efficiency over a wide range of
output currents. Total voltage loss at 100mA output current
istypically 1.1V. This holds true over the full supply voltage
range of 3.5V to 15V. Quiescent current is typically 2.5mA.

The LT1054 also provides regulation, a feature not previ-
ously available in switched-capacitor voltage converters.
By adding an external resistive divider a regulated output
can be obtained. This output will be regulated against
changes in both input voltage and output current. The
LT1054 can also be shut down by grounding the feedback
pin. Supply current in shutdown is less than 100pA.

The internal oscillator of the LT1054 runs at a nominal
frequency of 25kHz. The oscillator pin can be used to adjust
the switching frequency or to externally synchronize the
LT1054.

The LT1054 is pin compatible with previous converters
such the LTC1044/LTC7660.
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LT1054
ABSOLUTE MAXIMUM RATINGS

Supply Voltage (Note 1) .....ccveeeiicccccccee 16V Junction Temperature Range (Note 2)

Input Voltage LT1054C ... 125°C
PN e 0V <Vppyt sV LTA054] .o 125°C
Pin 3 (S Package) .......ccccccceevevevnnnee. 0V<Vppyg s V* LT1054M ..o 150°C
PIN7 e, 0V<Vpn7<Vger  Storage Temperature Range
Pin 13 (S Package) .........ccccceuenue. 0V < Vpin13 < VRer H, J8, N8 and S8 Packages................ -55°C to 150°C

Operating Temperature Range SPackage.......ccccoceveveveieeiiee -65°C to 150°C
LTT1054C ..o, 0°Cto 70°C  Lead Temperature (Soldering, 10 Sec)................. 300°C
LT1054] ..., -40°C to 85°C
LT1054M ... -55°C to 125°C

PACKAGE/ORDER INFORMATION (note 6)

TOP VIEW ORDER PART TOP VIEW ORDER PART
NUMBER FB/SHDN [T | 8] v+ NUMBER
LT1054CH - ) 0% LT1054CS8
LT1054MH o L& 6] Vier
CAP™ [4] 5] Vour
S8 PART
5 ch S-LEAD PLASTIC S0 MARKING
8-LEADHTF()J/§g e CAN Toiax = XXXC, B0 = XXXC/W 1054
INFORMATION ON THE S8 DEVICE
ORDER PART TOP VIEW ORDER PART
TOP VIEW NUMBER NG c‘, NUMBER
FB/SHON 1] ~ 8] v* LT10546.8 FB/SHSE ' Q LT1054GS
AP+ 2] 7] osc LT1054CN8 . N LT10541S
oo 5 e LT1054IN3 poe P S >
o 4] 57 Vour LT1054MJ8 o ' vOUT
o o
Tuymax = 150°C, 4 = 100°C/ W (J8) Q )
Tymax = 125°C, 652 = 130°C/ W (N8) Q S PACKAGE
16-LEAD PLASTIC SOL
Tymax = 125°C, 64 = 150°C/W
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LT1064

€LECTRICAL CHARACTERISTICS (note )

PARAMETER CONDITIONS MIN TYP MAX UNITS
Supply Current ILoap = OmA
Vin=3.5V o 2.5 4.0 mA
Viy =15V o 3.0 5.0 mA
Supply Voltage Range . 3.5 15 v
Voltage Loss (Viy — IVourl) Gy = Coyt = 100uF Tantalum (Note 3)
lour = 10mA . 0.35 0.55 v
lgut = 100mA o 1.10 1.60 V
Output Resistance Algyt = 10mA to 100mA (Note 4) . 10 15 Q
Oscillator Frequency 3.5V<Vy <15V ° 15 25 35 kHz
Reference Voltage Irer = 60pA, Ty =25°C 2.35 2.50 2.65 v
o 2.25 2.75 V
Regulated Voltage Vin="7V, Ty =25°C, R_ = 500Q (Note 5) -470 -500 -5.20 v
Line Regulation 7V < Viy <12V, R = 500Q (Note 5) . 5 25 mV
Load Regulation Vin =7V, 100Q < R <500Q (Note 5) . 10 50 mV
Maximum Switch Current 300 mA
Supply Current in Shutdown Vpini = 0V o 100 200 PA

The o denotes specifications which apply over the full operating
temperature range. For C grade parts these specifications also apply up to

a junction temperature of 100°C.

Note 1: The absolute maximum supply voltage rating of 16V is for
unregulated circuits. For regulation mode circuits with Vgyt < 15V at
pin 5, (pin 11 S package) this rating may be increased to 20V.

Note 2: The devices are guaranteed by design to be functional up to the

absolute maximum junction temperature.

Note 3: For voltage loss tests, the device is connected as a voltage
inverter, with pins 1, 6, and 7 (3, 12, and 13 S package) unconnected.
The voltage losses may be higher in other configurations.

Note 4: Output resistance is defined as the slope of the curve, (AVqyr vs
Algyr), for output currents of 10mA to 100mA. This represents the linear

portion of the curve. The incremental slope of the curve will be higher at

section for differences in application requirements.

currents <10mA due to the characteristics of the switch transistors.

Note 5: All regulation specifications are for a device connected as a
positive-to-negative converter/regulator with R1 = 20k, R2 = 102.5k,
C1=0.002uF, (C1 = 0.05uF S package) Cyy = 10uF tantalum,
Cout = 100pF tantalum.

Note 6: The S8 package uses a different die than the H, J8, N8 and S
packages. The S8 device will meet all the existing data sheet parameters.
See Regulation and Capacitor Selection in the Applications Information

TYPICAL PERFORMANCE CHARACTERISTICS
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LT1054

TYPICAL PERFORMANCE CHARACTERISTICS
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LT1064

PIN FUNCTIONS

V* (Pin 8): Input Supply. The LT1054 alternately charges
Ciytotheinputvoltage when Gy is switched in parallel with
the input supply and then transfers charge to Coyt when
Cyn is switched in parallel with Coyt. Switching occurs at
the oscillator frequency. During the time that Cyy is charg-
ing, the peak supply current will be approximately equal to
2.2 times the output current. During the time that Gy is
delivering charge to Coyr the supply current drops to
approximately 0.2 times the output current. An input
supply bypass capacitor will supply part of the peak input
current drawn by the LT1054 and average out the current
drawn from the supply. A minimum input supply bypass
capacitor of 2uF, preferably tantalum or some other low
ESR type is recommended. A larger capacitor may be
desirable insome cases, for example, whenthe actual input
supply is connected to the LT1054 through long leads, or
when the pulse current drawn by the LT1054 might affect
other circuitry through supply coupling.

Vour (Pin 5): In addition to being the output pin the pin is
also tied to the substrate of the device. Special care must
be taken in LT1054 circuits to avoid pulling this pin
positive with respect to any of the other pins. Pulling pin
5 positive with respect to pin 3 (GND) will forward bias the
substrate diode which will prevent the device from starting.
This condition can occur when the outputload driven by the
LT1054 is referred to its positive supply (or to some other
positive voltage). Note that most opamps presentjustsuch
a load since their supply currents flow from their V*
terminals to their V= terminals. To prevent start-up prob-
lems with this type of load an external transistor must be
added as shown in Figure 1. This will prevent Voyr (pin 5)
frombeing pulled above the ground pin (pin 3) during start-
up. Any small, general purpose transistor such as 2N2222
or 2N2219 can be used. Ry should be chosen to provide
enough base drive to the external transistor so that it is
saturated under nominal output voltage and maximum
output current conditions. In some cases an N-channel
enhancement mode MOSFET can be used in place of the
transistor.

(IVoutl)B
louT

Rx <

V+

I la
+
LOAD
; |
—{ FB/SHDN V* - out
CAP*  0SC j—
c A+ LT1054 Rx
TE ML
CAP~ Vour LT1054 = FO1
Cout
L

Figure 1

Vger (Pin 6): Reference Output. This pin provides a 2.5V
reference point for use in LT1054-based regulator circuits.
The temperature coefficient of the reference voltage has
been adjusted so that the temperature coefficient of the
regulated output voltage is close to zero. This requires the
reference output to have a positive temperature coefficient
as can be seen in the typical performance curves. This
nonzero drift is necessary to offset a drift term inherent in
the internal reference divider and comparator network tied
to the feedback pin. The overall result of these drift terms is
a regulated output which has a slight positive temperature
coefficientat outputvoltages below 5V andaslight negative
TC at output voltages above 5V. Reference output current
should be limited, for regulator feedback networks, to
approximately 60pA. The reference pin will draw
=100pA when shorted to ground and will not affect the
internal reference/regulator, so that this pin can also be
used as a pull-up for LT1054 circuits that require synchro-
nization.

CAP*/CAP~ (Pin 2/Pin 4): Pin 2, the positive side of the
input capacitor (Cyy), is alternately driven between V*+and
ground. Whendrivento V*, pin 2 sources currentfrom V.
When driven to ground pin 2 sinks current to ground. Pin
4, the negative side of the input capacitor, is driven alter-
nately between ground the Vgyt. When driven to ground,
pin 4 sinks current to ground. When driven to Voyr pin 4
sources current from Coyr. In all cases current flow in the
switches is unidirectional as should be expected using
bipolar switches.
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LT1054

PIN FUNCTIONS

0SC (Pin 7): Oscillator Pin. This pin can be used to raise or
lower the oscillator frequency or to synchronize the device
to an external clock. Internally pin 7 is connected to the
oscillator timing capacitor (C; = 150pF) which is alternately
chargedand discharged by current sources of + 7pA so that
the duty cycle is =50%. The LT1054 oscillator is designed
to run in the frequency band where switching losses are
minimized. However the frequency can be raised, lowered,
or synchronized to an external system clock if necessary.

The frequency can be lowered by adding an external
capacitor (C1, Figure 2) from pin 7 to ground. This will
increase the charge and discharge times which lowers the
oscillator frequency. The frequency can be increased by
adding an external capacitor (C2, Figure 2, in the range of
5pF to 20pF) from pin 2 to pin 7. This capacitor will couple
charge into C; at the switch transitions, which will shorten
the charge and discharge time, raising the oscillator fre-
quency. Synchronization can be accomplished by adding
an external resistive pull-up from pin 7 to the reference pin
(pin 6). A 20k pull-up is recommended. An open collector
gate or an NPN transistor can then be used to drive the
oscillator pin at the external clock frequency as shown in
Figure 2. Pulling up pin 7 to an external voltage is
not recommended. For circuits that require both fre-

i
1 —_

1 —] FB/SHDN  V* —V|y C2
1

F CAP*  0SC |——e—8-~=~
LT1054 P
—[C'NJ__— GND  VRer [ MW= 1—“_;" | I |

CAP~ VOUTj - -

quency synchronization and regulation, an external refer-
ence can be used as the reference point for the top of the
R1/R2 divider allowing pin 6 to be used as a pull-up point
for pin 7.

FB/SHDN (Pin 1): Feedback/Shutdown Pin. This pin has
two functions. Pulling pin 1 below the shutdown threshold
(=0.45V) puts the device into shutdown. In shutdown the
reference/regulator is turned off and switching stops. The
switches are set such that both Cjy and Cqy are dis-
charged through the output load. Quiescent current in
shutdown drops to approximately 100pA (see Typical
Performance Characteristics). Any open-collector gate can
be used to put the LT1054 into shutdown. For normal
(unregulated) operation the device will start back up when
the external gate is shut off. In LT1054 circuits that use the
regulation feature, the external resistor divider can provide
enough pull-down to keep the device in shutdown until the
output capacitor (Cqyr) has fully discharged. For most
applications where the LT1054 would be run intermittently,
thisdoes not presentaproblem because the discharge time
of the output capacitor will be short compared to the off-
time of the device. In applications where the device has to
start up before the output capacitor (Coyt) has fully dis-
charged, a restart pulse must be applied to pin 1 of the
LT1054. Using the circuit of Figure 5, the restart signal can
be eithera pulse (ty>100us) oralogic high. Diode coupling
the restart signal into pin 1 will allow the output voltage to
come up and regulate without overshoot. The resistor
divider R3/R4 in Figure 5 should be chosen to provide a
signal level at pin 1 of 0.7V to 1.1V.

Pin 1 is also the inverting input of the LT1054’s error
amplifier and as such can be used to obtain a regulated
output voltage.
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LT1064

APPLICATIONS INFORMATION

Theory of Operation

To understand the theory of operation of the LT1054, a
review of a basic switched-capacitor building block is
helpful.

In Figure 3 when the switch is in the left position, capacitor
C1 will charge to voltage V1. The total charge on G1 will be
q1=C1V1. The switch then moves to the right, discharging
C1tovoltage V2. After this discharge time the charge on C1
is g2 = G1V2. Note that charge has been transferred from
the source V1 to the output V2. The amount of charge
transferred is:

AQ =gl -q2=C1(V1-V2)

If the switch is cycled f times per second, the charge
transfer per unit time (i.e., current) is:

|=fxAq=fxCl(V1-V2)

To obtain an equivalent resistance for the switched-capaci-
tor network we can rewrite this equation in terms of voltage
and impedance equivalence:

_V1=V2 _V-V2
(17/fC1)  Reauiv

VA ;}\_«Cf —T_
—_L_ C1 —_L_ G2

Figure 3. Switched-Capacitor Building Block

. 4 V2
RL
"= LT1054+F03

A new variable Rgqy)y is defined such that Rgquy = 1/1C1.
Thus the equivalent circuit for the switched-capacitor
network is as shown in Figure 4. The LT1054 has the same
switching action as the basic switched-capacitor building
block. Eventhough this simplification doesn’tinclude finite
switch on-resistance and output voltage ripple, it provides
an intuitive feel for how the device works.

These simplified circuits explain voltage loss as a function
of frequency (see Typical Performance Characteristics). As
frequency is decreased, the output impedance will eventu-
ally be dominated by the 1/fC1 term and voltage losses will
rise.

Reauiv

Vi —— W 4 V2

G2 RL

_ 1
Reauiv = 55 —_I__
- "= LT1054+F04

Figure 4. Switched-Capacitor Equivalent Circuit

Note that losses also rise as frequency increases. This is
caused by internal switching losses which occur due to
some finite charge being lost on each switching cycle. This
charge loss per-unit-cycle, when multiplied by the switch-
ing frequency, becomes a current loss. At high frequency
this loss becomes significant and voltage losses again rise.

The oscillator of the LT1054 is designed to run in the
frequency band where voltage losses are at a minimum.

Regulation

The error amplifier of the LT1054 servos the drive to the
PNP switch to control the voltage across the input capaci-
tor (Cyy) which in turn will determine the output voltage.
Using the reference and error amplifier of the LT1054, an
external resistive divider is all that is needed to set the
regulated output voltage. Figure 5 shows the basic regu-
lator configuration and the formula for calculating the
appropriate resistor values. R1 should be chosen to be

IR
ViN 2.2uF
(| a + +
} FB/SHDN V
CAP*  0SC f— =
R4 || 1OC$JI_ LT1054 R1

TANTALUM |J:—_ oD Vher MR
A

= = CAP™  Vour VWA—
—_— —

RESTART SHUTDOWN

C1
VOUT—O—l I—
R2 _ IVout! 1= IVour! 1
R1 | VRer — 40mvV 1.21V Cout

2

—— 100pF
|+ TANTALUM

- LT1054 » F05

WHERE Vggr = 2.5V NOMINAL

FOR EXAMPLE: TO GET Vgyt = -5V REFERRED TO THE GROUND
PIN OF THE LT1054, CHOOSE R1 = 20k, THEN

R2 = 20k( I-5vi

22V _ qomv

*CHOOSE THE CLOSEST 1% VALUE
Figure 5

+ 1) =102.6k*
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LT1054

APPLICATIONS INFORMATION

20k or greater because the reference output current is
limitedto=100pA. R2 should be chosento be inthe range
of 100k to 300k. For optimum results the ratio of Cjy/Couyt
is recommended to be 1/10. C1, required for good load
regulation at light load currents, should be 0.002uF for all
output voltages.

A new die layout was required to fit into the physical
dimensions ofthe S8 package. Although the new die ofthe
LT1054CS8 will meet all the specifications of the existing
LT1054 data sheet, subtle differences in the layout of the
new die require consideration in some application cir-
cuits. In regulating mode circuits using the 1054CS8 the
nominal values of the capacitors, Cyy and CGoyt, must be
approximately equal for proper operation at elevated
junction temperatures. This is different from the earlier
part. Mismatches within normal production tolerances
for the capacitors are acceptable. Making the nominal
capacitor values equal will ensure proper operation at
elevated junction temperatures at the cost of a small
degradation in the transient response of regulator cir-
cuits. For unregulated circuits the values of Cyy and Coyt
are normally equal for all packages. For S8 applications
assistance in unusual applications circuits, please consult
the factory.

It can be seen from the circuit block diagram that the
maximum regulated output voltage is limited by the supply
voltage. For the basic configuration, [Voyrl referred to the
ground pin of the LT1054 must be less than the total of the
supply voltage minus the voltage loss due to the switches.
The voltage loss versus output current due to the switches
can be foundin Typical Performance Characteristics. Other
configurations such as the negative doubler can provide
higher output voltages at reduced output currents (see
Typical Applications).

Capacitor Selection

For unregulated circuits the nominal values of Cyy and Coyt
should be equal. For regulated circuits see the section on
Regulation. While the exact values of Gy and Cqyt are
noncritical, good quality, low ESR capacitors such as solid
tantalum are necessary to minimize voltage losses at high
currents. For Gy the effect of the ESR of the capacitor will
be multiplied by four due to the fact that switch currents are
approximately two times higher than output current and

losses will occur on both the charge and discharge cycle.
This means that using a capacitor with 1Q of ESR for C;y
will have the same effect as increasing the output imped-
ance of the LT1054 by 4Q. This represents a significant
increase in the voltage losses. For Coyr the affect of ESR is
less dramatic. Cqyr is alternately charged and discharged
at a current approximately equal to the output current and
the ESR of the capacitor will cause a step function to occur
in the output ripple at the switch transitions. This step
function will degrade the output regulation for changes in
output load current and should be avoided. Realizing that
large value tantalum capacitors can be expensive, a tech-
nique that can be used is to parallel a smaller tantalum
capacitor with a large aluminum electrolytic capacitor to
gain both low ESR and reasonable cost. Where physical
size is a concern some of the newer chip type surface
mount tantalum capacitors can be used. These capacitors
are normally rated at working voltages in the 10V to 20V
range and exhibit very low ESR (in the range of 0.1Q).

Output Ripple

The peak-to-peak output ripple is determined by the value
of the output capacitor and the output current. Peak-to-
peak output ripple may be approximated by the formula:

_ lout
2fCout

where dV =peak-to-peak ripple and f= oscillator frequency.

For output capacitors with significant ESR a second term
must be added to account for the voltage step at the switch
transitions. This step is approximately equal to:

(2lout)(ESR of Cour)

Power Dissipation

The power dissipation of any LT1054 circuit must be
limited such that the junction temperature of the device
does not exceed the maximum junction temperature rat-
ings. The total power dissipation must be calculated from
two components, the powerloss due to voltage dropsinthe
switches and the power loss due to drive current losses.
The total power dissipated by the LT1054 can be calculated
from:

8
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LT1064

APPLICATIONS INFORMATION

P = (Viy = Voutl)(lout) + (Vin)(lour)(0.2)

where both Vi and Vgt are referred to the ground pin (pin
3) of the LT1054. For LT1054 regulator circuits, the power
dissipation will be equivalent to that of a linear regulator.
Due to the limited power handling capability of the LT1054
packages, the user will have to limit output current require-
ments or take steps to dissipate some power external to the
LT1054 for large input/output differentials. This can be
accomplished by placing a resistor in series with Cyy as
shown in Figure 6. A portion of the input voltage will then
be dropped across this resistor without affecting the output
regulation. Because switch current is approximately 2.2

FB/SHDN V* —H Ij_

CAP*  0SC|— -
+ LT1054 R1
CIN—LJ_— GND VREF f—AANN—®

CAP™  Vour

.

LT1054 « FO6
Figure 6

times the output current and the resistor will cause a
voltage drop when Cyy is both charging and discharging,
the resistor should be chosen as:

Rx = Vx/(4.4 lour)
where
Viy = Vj — [(LT1054 Voltage Loss)(1.3) + Vgyrl]

and lgyt=maximum required output current. The factor of
1.3 will allow some operating margin for the LT1054.

For example: assume a 12V to —5V converter at 100mA
output current. First calculate the power dissipation with-
out an external resistor:

P = (12V - |-5VI)(100mA) + (12V)(100mA)(0.2)
P = 700mW + 240mW = 940mW

At 6,5 of 130°C/W for a commercial plastic device this
would cause a junction temperature rise of 122°C so that
the device would exceed the maximum junction tempera-
ture at an ambient temperature of 25°C. Now calculate the
power dissipation with an external resistor (Ry). First find
how much voltage can be dropped across Ry. The maxi-
mum voltage loss of the LT1054 in the standard regulator
configuration at 100mA output current is 1.6V, so

Vy =12V = [(1.6V)(1.3) + |-5VI] = 4.9V and
Ry = 4.9V/(4.4)(100mA) = 11Q

This resistor will reduce the power dissipated by the
LT1054 by (4.9V)(100mA) = 490mW. The total power
dissipated by the LT1054 would then be = (940mW -
490mW) = 450mW. The junction temperature rise would
now be only 58°C. Although commercial devices are
guaranteed to be functional up to a junction temperature
of 125°C, the specifications are only guaranteed up to a
junction temperature of 100°C, so ideally you should limit
the junction temperature to 100°C. For the above example
this would mean limiting the ambient temperature to 42°C.
Other steps can be taken to allow higher ambient tempera-
tures. The thermal resistance numbers for the LT1054
packages represent worst case numbers with no heat
sinking and still air. Small clip-on type heat sinks can be
used to lower the thermal resistance of the LT1054 pack-
age. Insome systems there may be some available airflow
which will help to lower the thermal resistance. Wide PC
board traces from the LT1054 leads can also help to
remove heat from the device. This is especially true for
plastic packages.
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LT1054
TYPICAL APPLICATIONS

Basic Voltage Inverter Basic Voltage Inverter/Regulator
— FB/SHDN V* Tvm Vin +2uF
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Negative Voltage Doubler
Positive Doubler
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*SEE FIGURE 3 LT1054 « TAO4 Vi = LT1054 VOLTAGE LOSS = LT1054+TAO5

100mA Regulating Negative Doubler

Vin
3570 15V
i
I+
2.2F
=
L FBISHDN V" 1= |_ FB/SHON V" HP5082-2810
PIN 2
CAP*  OSCf— CAP*  0SC
+ + LT1054 #1 o [+ | + L1054 42 | 20k LT1054 #1

10pF 10uF — GND VRer 10pF 10pF — GND VREF
l_—' CAP™ l_—' CAP™

‘ 1N4002 Vour 1N4002 Vour —1
1 |
)
1 — I .
1N4002 10pF 0.002uF 1N4002 10uF
| +
T — 500k | T =
\ d — v v _vouéwo A MAX i
m
1N4002 * 1000F v\ =35T0 15V ouT
T 1t Vout MAX = -2V} + [1054 VOLTAGE LOSS + 2(Vpjopg)] L1054 +TAOS
R2_ Wourl 4] . '1"2111{/' +1|, REFER TO FIGURE 5
% —40mv '

10 LY N



LT1064

TYPICAL APPLICATIONS

Strain Gauge Bridge Signal Conditioner

Viy
3.5V T0 15V

!

4 Py

+I|_E

1<

100uF —p—10KF |

T

+Vout

CAP*
+ LT1054

I GND
|+

10pF

CAP~

FB/SHDN V*
0SC
VRer

Vour

|

— 100yF

B

10pF
Viy=3.5VT0 15V I -

>

+Vout = 2Vin - (VL + 2VpjopE)
—Vout =-2V|y + (VL + 2Vpi0DE)
VL =LT1054 VOLTAGE LOSS

-« = 1N4001

¢ -

100pF
+

1He

= +

LT1054  TAO7

5V to +12V Converter

Vin=5V

A+
=

1N914

1N914

Vour= 12V <
FB/SHDN V* IOUT=25mATI+
CAP*  0SC 100uF
LT1054 #1 I

GND  Vpgr b—

10uF

—
=]

1<

FB/SHDN V*

B

10pF

TOPIN 4
LT1054 #1

CAP*  0SC

+
— —10uF | LT1054 #2 20k

CAP™  Vour

GND VREF

Vour=-12V
Vour —=——— =
100uF loyT = 256mA

+

CAP~

- LT1054 + TAOS

5V to =12V Converter

5V
10k 1

_Wv \ 4 A

INPUT TTL
OR CMOS —¢
LOW FOR ON

10k

2N2907

27

Al
1/2LT1013

FB/SHDN V*

CAP*  0SC
+ LT1054
GND VREF — 100pF
= T TANTALUM
CAP™  Vour ®

2N2222

LT1054 » TAO9

A =125 FOR 0V TO 3V OUT FROM FULL-SCALE
BRIDGE OUTPUT OF 24mV

LY IR
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LT1054

TYPICAL APPLICATIONS

Vin 3.5V to 5V Regulator
3.5V T05.5V
l
20k 4ng14 ! 8
| .
I 2 =
1N914 Ji_ LTC1044
FB/SHDN V* 1uF 13 61—
I1N914 . —ispF = 14 5
CAP 0SCf— R1 =—p— R2
= | + LT1054 20k = 125k
10uF_LJ_— GND VREF —VW\

2N221$b—|
W 1N914
-

Vi = 3.5V TO 5.5V
Vour =5V
louT(MAX) = 50mA

LT1054 « TA10

1N5817

) ¢ Tz
CAP™  Vour 0002uF SR | %
—l {125k_1_100pF 3k Vour =5V —_L_

Regulating 200mA, 12V to -5V Converter

5uF 12V
|
I+

|— FB/SHDN V* |— HP5082-2810

FB/SHDN V* |
CAP*  0SCl— Rf CAP*  0SC
100 & LT1054 #1 39.2k |+ 10Q LT1054#2 | 20k
1/2W OuFJ__ GND  VRer —’W\r-ﬁ—_l 10pF 1720 —GND Vg
< R2 -
— oxe vOUT—l fzook T°°°2 CAP” VOUT—l

L T LT1054 « TA11
R2 Vourl IVourl 2004 T
m=\17+1 = 121\/+1 , + Vout =-5V
% - 40mV ' = louT = OMA to 200mA
REFER TO FIGURE 5

Digitally Programmable Negative Supply

15V
+| 11
SuF |
== —
- 20k 16 —
o—A o | { DIGITAL
WV AD558 [ [ INPUT
LT1004-2.5 __
FB/SHDN V* j— 2.5V —
CAPt  0SC p— 20k |14 | 13 12
|+ LT1054 p
10pF - —GND  Vpgr f— L
| - = LTI054+TAT2Z "=
CAP™  Vour Vout =-Vin (PROGRAMMED)
100pF
+

12 LY N




LT1064

TYPICAL APPLICATIONS

Positive Doubler with Regulation Negative Doubler with Regulator
(5V to 8V Converter)
Vin =5V Vin
o ) 3.5V T0 15V
LSOK J 1t
2uF +
1N5817 ¢ 100F —MWW FB/sHON v H T FB/SHON v l [+
+ = + . 2pF
Vout | capt osc b CAP 0SC —_|__—
8V < I003 Fl | LT1054 - + LT1054 =
INsg17 0.03uF e Vi u JT_— GND  Vper
100pF = |- CAP™  Vour >
CAP™ Vour[ + 1000F & 1o = 0.0024F
S0k - 1O“F—|— 1N4001 f —-L_ 1N4001 |
I< -V,
hd 1 | hd out
Viy = 3.5V TO 15V 100uF
Voutmax) = 2V|n + (VL + 2Vp|opE) —_E
V| = LT1054 VOLTAGE LOSS =
_L LT1054 « TA13
—_|_—°'1uF % V'V&n = %n , REFER TO FIGURE 5
= % -40mV ' LT1054+ TA14
THE TYPICAL APPLICATIONS CIRCUITS WERE VERIFIED USING THE STANDARD LT1054. FOR S8 APPLICATIONS
ASSISTANCE IN ANY OF THE UNUSUAL APPLICATIONS CIRCUITS PLEASE CONSULT THE FACTORY
PHCKHGG DGSCBIPTIOI‘I Dimension in inches (millimeters) unless otherwise noted.
H Package
8-Lead TO-5 Metal Can
0.335-0.370
(8.509 - 9.398)
DIA
0.305-0.335
’* (7.747-8.509) ﬂ
0.040
(1.016) 0.050
MAX (1.270) 0.165-0.185
Y MAX (4.191 - 4.699)
REFERENCE

! Y
SEATING PLANE
PLARE ? H:“:HH—F SAUBE 500 Forso
0.010 - 0.045 H DU (12.700 ; 19.050)

(0.254 - 1.143)
0.016 - 0.021
(0.406 — 0.533)

y'e 0.027 - 0.045
N (0.686 - 1.143)

00270034 7\

45°TYP

(0.686 — 0.864)
° A
0.200 - 0.230
o (5.080 — 5.842)
/ / BSC
0.110-0.160 NOTE: LEAD DIAMETER IS UNCONTROLLED BETWEEN
(2"\|789C4]L—A4r.|(')\|%1) THE REFERENCE PLANE AND SEATING PLANE.
STANDOFF H8(5) 0592

LY IR
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LT1054
PHCKHGG DGSCBIPTIO" Dimension in inches (millimeters) unless otherwise noted.

J8 Package
8-Lead Ceramic DIP

CORNER LEADS OPTION
(4 PLCS) (106420857)
0.005 MAX
— <
0127 ] |
| 0.023-0.045 M Te] [7] 6] [5]
(0.584—1.143) e )
HALF LEAD
OPTION
0.045 - 0.068 0.025 ) 0.220 - 0.310
' oy || € (0.635) 5.588 — 7.874
(1.143-1.727) RAD TYP . 874)
FULL LEAD
OPTION
0.300 BSC > g 0.200
0300BSC L [2] [8] [4] (5.080)
(0.762 BSC) MAX
| | ___ 0.015 - 0.060
(0.381 - 1.524)
\ B
/|« 0.008-0.018 0" 15° x A
(0.203 - 0.457) 2
- 0.045 - 0.068 —
045 - 0.
0.385 + 0.025 f11-1720) < 0.125
(9.779 £ 0.635) 397
MIN
0.014-0.026 0.100 £ 0.010
" —|l«— o
(0.360 — 0.660) (2.540 + 0.254)
NOTE: LEAD DIMENSIONS APPLY TO SOLDER DIP OR TIN PLATE LEADS. 50694
N8 Package
8-Lead Plastic DIP
0.400*
(10.160)
MAX
8] [7] [6] [s]
0.250 + 0.010* >
(6.350 = 0.254)
0l [2] [8] 14
< 0300-0320 | 0.045-0065 | 0.130 + 0.005
(7.620 - 8.128) ¢ (1.143-1.651) (3.302 £ 0.127)
0.065 4 |
(1.651) Y
0.009 - 0.015 TYP —
- " -
(0.229-0.381) | 0125
(3.175)  0.020
+0.025 — MIN 0.508
‘ 0325 5 78 ‘ 0.045 + 0.015 < ( o )
- .

T A aon, >
8.55 +0.635 (1.143 £ 0.381)
o 0.100:0010 |l oot8=0003

(2.540 £ 0.254) (0.457 £ 0.076)  nsosos

*THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
MOLD FLASH OR PROTURSIONS SHALL NOT EXCEED 0.010 INCH (0.254mm).

14 LY N




LT1064

PHCKHGG DGSCBIPTIOI’I Dimension in inches (millimeters) unless otherwise noted.

S8 Package

8-Lead Ceramic DIP
0.189-0.197*
(4.801 —5.004)

8 7 6 5

1 7 3 A

0.228 — 0.244 0.150 - 0.157*
(5.791-6.197) (3.810-3.988)

L Fggd

0.010 -0.020

o X 45° —>|  |e— 0.053 - 0.069
(0.254 ~0.508) ‘ (1.346 - 1.752) 0.004 - 0.010
0008-0010 P\, 0'101:0'254
(0.203 - 0.254) LOIO_ BJ TYP ( ¢ )
?4 ‘«g%g% 0.014-0.019 ‘ ‘ 0.050
’ ' (0.355 - 0.483) (1.270)
BSC S08 0294
*THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 INCH (0.15mm).
S Package
16-Lead Plastic SOL
0.398 - 0.413
(10.109 - 10.490)
(NOTE 2)
11
NOTE 1 N 0.394-0.419
(10.007 — 10.643)
N
THOOO0n.
(7.391 - 7.505) T2 3 4 5 6 7 8
(NOTE2) 0.037 - 0.045
0.005 0.010-0.029 o 0.093-0.104 (0:940 1 :143)
(0.127) (0254-0737) < ¥ 9‘ -~ (2.362 - 2.642)
RAD MIN
\ B __L 8°TYP ________j¢
T 00 - 0 0 - T x
.050
0.009 - 0.013 (1.270) 4" “; 0.004-0.012
(0.229 - 0.330) NOTE1 P 00140019 (0.102 - 0.305)
0.016-0.050 _ | T T -
(0.406-1.270) (0-356T;F?-432)
NOTE:
1. PIN 1 IDENT, NOTCH ON TOP AND CAVITIES ON THE BOTTOM OF PACKAGES ARE THE MANUFACTURING OPTIONS. S0L16.0392
THE PART MAY BE SUPPLIED WITH OR WITHOUT ANY OF THE OPTIONS.
2. THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 INCH (0.15mm).
Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
‘ ' However, no responsibility is assumed for its use. Linear Technology Corporation makes no represen-
TECHNOLOGY tation that the interconnection of its circuits as described herein will notinfringe on existing patent rights.
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' LI”! ’\D LT1070/LT1071

TECHNOLOGY

FEATURES

u Wide Input Voltage Range 3V-60V

» [ow Quiescent Current—6mA

= |nternal 5A Switch {2.5A for LT1071)

= Very Few External Parts Required

m Self-Protected Against Overloads

m QOperates in Nearly All Switching Topologies

~ = Shutdown Mode Draws Only 50xA Supply Current

" m Flyback-Regulated Mode has Fully Floating Outputs
® Comes in Standard 5-Pin Packages

= Can be Externally Synchronized (Consult Factory)

APPLICATIONS

= Logic Supply 5V @ 10A

m 5V Logic to + 15V Op Amp Supply

m QOffline Converter up to 200W

m Battery Upconverter

m Power Inverter (+ to =) or(- to +)

» Fylly Floating Multiple Outputs

m For Lower Current Applications see LT1072

USERNOTE:

This data sheet is only intended to provide specifications, graphs, and a general functional description of
the LT107O/LT1071. Application circuits are included to show the capability of the LT1070/LT1071. A com-
plete design manual (AN-19) shoutd be obtained to assist in developing new desigus. This manual con-
tains a comprehensive discussion of both the LT1070 and the extemal components used with it, as well as
complete formulas for calculating the values of these components. The manual can also be used for the
LT1071 by factoring In the lower switch current rating. A second application note, AN-25, which details
offline applications is available.

TYPICAL APPLICATION

Boost Converter (5V to 12V)

L2 OUTPUT
10uH  FILTER

v L

*REQUIRED IF INPUT LEADS =2* <
**PULSE ENGINEERING 92113 -

5A cnd 2.5A High Efficiency
| Switching Regulo’rors

DESCRIPTION

The LT1070 and LT1071 are monolithic high power switch-
ing regulators. They can be operated in all standard
switching configurations including buck, boost, flyback,
forward, inverting and “Cuk”. A high current, high effi-
ciency switch is included on the die along with all oscilla-
tor, control, and protection circuitry. Integration of all
functions allows the LT1070/LT1071 to be built in a stand-
ard 5-pin TO-3 or TO-220 power package. This makes it ex-
tremely easy to use and provides “bust proof” operation
similar to that obtained with 3-pin linear regulators.

The LT1070/LT1071 operates with supply voltages from 3V
to 60V, and draws only 6mA quiescent current. It can de-
liver load power up to 100 watts with no external power de-
vices. By utilizing current-mode switching techniques, it
provides excellent AC and DC load and line regulation.

The LT1070/LT1071 has many unique features not found
even on the vastly more difficult to use low power control
chips presently available. It uses adaptive anti-sat switch
drive to allow very wide ranging load currents with no loss

“in efficiency. An externally activated shutdown mode re-

duces total supply current to 504A typical for standby
operation. Totally isolated and regulated outputs can be
generated by using the optional “flyback regulation
mode” built into the LT1070/LT1071, without the need for
opto-couplers or extra transformer windings.

Maximum Output Power*

100 l
80
/ BUCK-B0OST ]
: Vo=30V
= 60 o=
= VA7
g BOOST FLYBACK
40 —
ISOLATED
P’
20 o~
A BUCK-BOOST
Vo =5V
0 J

0 10 20 €Y 0 50
INPUT VOLTAGE (V)

*ROUGH GUIDE ONLY. BUCK MODE
Pour=5AXVoyr. SPECIAL TOPOLOGIES
DELIVER MORE POWER.

**DIVIDE VERTICAL POWER SCALE
BY 2 FOR LT1071

LTI
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LT1070/LT1071

3

ABSOLUTE MAXIMUM RATINGS  PACKAGE/ORDER INFORMATION

Supply Voltage
LT1070/71HV (See Note 1).............. ereeieean 60V
LT1070/71(SeeNote 1).........ocvvvvveiiinnnen. 40V
Switch Output Voltage
LTI070/71HV ... 75V
LTI070/71 ..o e 65V
Feedback Pin Voltage (Transient, ims)............. 15V
Operating Junction Temperature Range _ '
LT1070/71HVM, LT1070/71M........... -55°Cto +150°C

LT1070/71HVC, LT1070/71C (Oper.)..... 0°Cto +100°C
LT1070/71HVC, LT1070/71C (Sh. Ckt.)...0°C to +125°C
Storage Temperature Range.......... -65°Cto +150°C
Lead Temperature (Soldering, 10sec)............. 300°C

Note 1: Minimum switch “on” time for the LT1070/LT1071 in current limit is
=1.0psec. This limits the maximum input voltage during short circuit
conditions, in the buck and inverting modes only, to =35V. Normal
{unshorted) conditions are not affected. Mask changes are being imple-
mented which will reduce minimum “on” time to <1usec, increasing
maximum short circuit input voltage above 40V. If the present LT1070/
LT1071 (contact factory for package date code) is being operated in the
buck or inverting mode at high input voltages and short circuit conditions
are expected, a resistor must be placed in series with the inductor, as
follows: :

B0TTOM ViEw ORDER PART NUMBER
LT1070/LT1071HVMK
LT1070/LT1071MK
LT1070/LT1071HVCK
a0 LT1070/LT1071CK
FRONT VIEW
O
e LT1070/LT1071HVCT
: J“ “[ “«- LT1070/LT1071CT
Ve— Vin
FB L*(';EVSW
5 LEAD T0-220

The value of the resistor is given by:

_t.f'Vm—Vf_

R R,

l(um-n -

t=Minimum “on” time of LT1070/LT1071 in current limit, =1us

f=Operating frequency (40kHz)

Vi = Forward voltage of external catch diode at | yn
lumm = Current limit of LT1070 (= 8A), LT1071 (=4A)
Ry =Internal series resistance of inductor

ELECTRICAL CHARACTERISTICS

Unless otherwise specified, Viy =15V, V¢ = 0.5V, Vrg = VRer, output pin open.

SYMBOL - PARAMETER CONDITIONS MIN TYP MAX UNITS
Vs Reference Voltage Measured at Feedback Pin 1.224 1.244 1.264 v
s ® 1214 1.244 1.274
fe Feedback Input Current Veg=Vper 350 750 nA
- o . ® 1100 :

gm Error Amplifier Ale= +25:A 3000 4400 ‘6000 pmho
Transconductance ® 2400 7000
Error Amplifier Source or Ve=15V 150 200 - 350 wA
Sink Current | 120 400 uA
Error Amplifier Clamp Hi Clamp, Vgg = 1V 1.8 23 v
Voltage Lo Clamp, Vgg=1.5V : 0.25 0.38 0.52 v
Reference Voltage Line IV<Vin<Viax e 0.03 %IV
Regulation

Ay Error Amplifier Voltage 0.7VsVps14V 500 800 2000 VvV
Gain
Minimum Input Voltage ® 26 3.0 v

I Supply Current V=Viy<Vyax, Ve=0.6V 6 9 mA
Control Pin Threshold Duty Cycle=0 08 09 1.08 vV

° 06 1.25

Normal/Flyback Threshold 04 0.45 0.54 v
on Feedback Pin

Veg Flyback Reference Voltage leg = 504A 15 16.3 17.6 v

° 14 18



LT1070/LT1071

€LECTRICAL CHARACTERISTICS

Unless otherwise specified, Viy =15V, V¢ = 0.5V, Vi = VReF, output pin open.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Veg Change in Flyback 0.05<lgg<1mA 45 6.8 85 v
Reference Voltage .
Flyback Reference Voltage lrg=50pA 0.01 0.03 %N
Line Regulation V<VinsVuax
Flyback Amplifier Alg= £ 104A 150 300 500 gmho
Transconductance (gm)
Fiyback Amplifier Source Ve=15V  Source ® 15 32 70 BA
and Sink Current leg=50uA Sink ) 25 40 70 sA
BV Output Switch Breakdown IV<Vin<Vyax LT1070/LT10M ] 65 90 v
Voltage lsw=5mA LT1070HVALT1071HV | @ 75 90 v
Vsat Output Switch (Note 1) LT1070 ® 0.15 0.24 Q
“On” Resistance LT1071 ) 03 05 1
Control Voltage to Switch LT1070 8 AV
Current Transconductance LT1071 4 AN
™ Switch Current Limit (LT1070) Duty Cycle<50% Tj=25°C o| 5 10 A
Duty Cycle<50% Tj<25°C [ ] 5 1 A
Duty Cycle=80% (Note 2) ® 4 10 A
fum Switch Current Limit (LT1071) Duty Cycle <50% Tjz25°C [ 25 5 A
- Duty Cycle<50% Tj<25°C ®| 25 55 A
Duty Cycle=80% (Note 2) ® 2 5 A
Aly Supply Current Increase 25 35 mA/A
Algy During Switch On-Time
f Switching Frequency 35 40 45 kHz
, ' 3 . a7
DC (max) Maximum Switch Duty Cycie 90 92 97 %
Flyback Sense Delay Time 1.5 #S
Shutdown Mode WV<VinsViax 100 250 pA
Supply Current V=005V
Shutdown Mode IV<ViysVyax 100 150 250 mv
Threshold Voltage °® 50 300 mv

The @ denotes the specifications which apply over the full operating

temperature range.

Note 1: Measured with V¢ in hi clamp, Vg =0.8V. Iy = 4A for LT1070 and

2A for LT1071.

Note2: Forduty cycles (DC) between 50% and 80%, minimum guaranteed

switch current is given by |y =3.33 (2 DC) for the LT1070 and iy = 1.67

(2- DC) for the LT1071.

TYPICAL PERFORMANCE CHARACTERISTICS

Switch Current Limit vs Duty Cycle

16

oy
[h%]

| FORLT1071, DIVIDE

[T 1T

VERTICAL SCALE BY 2

—55°C 25°C

4

125°C

SWITCH CURRENT (A)
(-3

-~

17T

0

0

10 20 30 40 50 60 70 80 90 100
DUTY CYCLE (%)

LY AR

DUTY CYCLE (%) -

[{=}
~n

w
-

(<=}
(5]

w
p—y

90

-75-50 -25 0

Maximum Duty Cycle

25 50 75 100 125 150
JUNCTION TEMPERATURE (°C)

TIME {us)

Flyback Blanking Time

A
7
1.4 7
1.2 |
1.0
~-75-50-25 0-25 50 75 100 125 150
JUNCTION TEMPERATURE (°C)
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LT1070/LT1071

TYPICAL PERFORMANCE CHARACTERISTICS

g
o

g
~

n
o

MINIMUM INPUT VOLTAGE (V)
[y+)
[=2)

g
ES

2.3

Minimum Input Voltage

~\
NQWITCH CURRENT =54
.
~ N
\\ N

™.

\
‘\
SWITCH CURRENT =04 N
. "

—-75-50-26 0 25 50 75 100 125 150

N W e o

|
-

REFERENCE VOLTAGE CHANGE (mV)

160
140

—
ny
o

100

DRIVER CURRENT (mA)
g 8

e
o

™y
o o

" TEMPERATURE (°C)

Line Regulation

==
==

f

N

—1;
A
7

y.
/
/

0

10 20 30 40 50 60
INPUT VOLTAGE (V)

Driver Current* vs Switch Current

/ //
)V
Ti=-—55°C///
" Tz
Jrg
L

e
0 1 2 3 4 5

SWITCH CURRENT (A)

“AVERAGE LT1070 POWER SUPPLY CURRENT IS
FOUND BY MULTIPLYING DRIVER CURRENT BY
DUTY CYCLE, THEN ADDING QUIESCENT
CURRENT.
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LT1070/LT1071

TYPICAL PERFORMANCE CHARACTERISTIC

NormaliFlyback Mode Threshold

on Feedback Pin Shutdown Mode Supply Current Error Amplifier Transconductance
500 -2 200 5000 —T—T
Al (Ve PIN)
490 -2 180 4500 Gm = v (FE PN
s 480 -2 = 160 5400
Em —183 = 140 § 3500
g g3 . A &
& 460 I~ FEEDBACK PIN VOLTAGE — ~16X = 120 Tj=150°C v £ 3000
€ . | (AT THRESHOLD) ol 2 & A =4
= 450 —14 o % 100 v P Q 2500
a /) S ° ) /
% 40 _ -128 = 80— A & 2000
3 N zZ & /) D
& 430 ~ —10?:: Z 60 L —s5o0<Ty=t25°0T—] Z 150
& 420 ~{—FEEDBACK PIN CURRENT—{ —8 = 4 // = 1000
AT THRESHOLD
410 X ) 16 20 =4 500
400 —4 0 0
50 -2 0 25 50 75 100 125 150 0 10 20 30 40 50 60 70 80 90 100 ~75-50-25 0 25 50 75 100 125 150
TEMPERATURE (°C) V¢ PIN VOLTAGE (mV} TEMPERATURE (°C)
Idle Supply Current vs
Shutdown Thresholds Temperature Feedback Pin Clamp Voltage
400 —400 1 - 500
350 CURRENT (OUT OF V¢ PIN) ~350 10 %
300 ol 300 9 v 0.6V 400 -_—
= 1 < T 8 . < 350 N 55
E . P o E E W e
8 20 [~ - —250 2 5 7 VgyppLy = 60V & 300 ] 25°C -
1 1 p— =3
5 200 -5 € 6 —H Voo v = 3V 3 250 e
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Z 150 - -5 %5 S g 20
(&) E a 4 [=
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S N T Y ) .
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LT1070/LT1971

BLOCK DIRGRAM
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A\ AMP
5A, 75V
LOGIC DRIVER SWITCH
S
< 0.020
< (0.040LTI071)
*I— 0.15V

i}

LT1070/LT1071 OPERATION

The LT1070/LT1071 is a current mode switcher. This means
that switch duty cycle is directly controlled by switch current
rather than by output voltage. Referring to the block diagram,
the switch is turned “on” at the start of each oscillator cycle.
It is turned “off” when switch current reaches a predeter-
mined level. Control of output voltage is obtained by using
the output of a voltage sensing error amplifier to set current
trip level. This technique has several advantages. First, it has
immediate response to input voltage variations, unlike or-
dinary switchers which have notoriously poor line transient
response. Second, it reduces the 90° phase shift at midfre-
quencies in the energy storage inductor. This greatly sim-
plifies closed loop frequency compensation under widely
varying input voltage or output load conditions. Finally, it
allows simple pulse-by-pulse current limiting to provide maxi-
mum switch protection under output overload or short condi-

tions. A low-dropout internal regulator provides a 2.3V supply
for all internal circuitry on the LT1070/LT1071. This low-
dropout design allows input voltage to vary from 3V to 60V
with virtually no change in device performance. A 40kHz os-
cillator is the basic clock for all internal timing. It turns “on”
the output switch via the logic and driver circuitry. Special
adaptive anti-sat circuitry detects onset of saturation in the
power switch and adjusts driver current instantaneously to
limit switch saturation. This minimizes driver dissipationand
provides very rapid turn-off of the switch.

+ A 1.2V bandgap reference biases the positive input of the er-

ror amplifier. The negative input is brought out for output
voltage sensing. This feedback pin has a second function;
when pulled low with an external resistor, it programs the
LT1070/LT1071 to disconnect the main error amplifier output

5-42
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'LT1070/LT1071

LT1070/LT1071 OPERATION

and connects the output of the flyback amplifier to the com-
parator input. The LT1070/LT1071 will then regulate the value
of the flyback pulse with respect to the supply voitage. This
flyback pulse is directly proportional to output voltage in the
traditional transformer coupled flyback topology regulator.
By regulating the amplitude of the flyback pulse, the output
voltage can be regulated with no direct connection between
input and output. The output is fully floating up to the break-
down voltage of the transformer windings. Multiple floating
outputs are easily obtained with additional windings. A spe-
cial delay network inside the LT1070/LT1071 ignores the leak-
age inductance spike at the leading edge of the flyback pulse
to improve output regulation.

" The error signal developed at the comparator input is brought

out externally. This pin (Vc) has four different functions. It is
used for frequency compensation, current limit adjustment,
soft starting, and total regulator shutdown. During normal
regulator operation this pin sits at a voltage between 0.9V
{low output current) and 2.0V (high output current). The error
amplifiers are current output (gm) types, so this voltage can
be externally clamped for adjusting current limit. Likewise, a
capacitor coupled external clamp will provide soft start.
Switch duty cycle goes to zero if the Vg pin is pulied to ground
through a diode, placing the LT1070/LT1071 in an idle mode.
Pulling the V¢ pin below 0.15V causes total regulator shut-
down, with only 504A supply current for shutdown cnrcu1try
biasing. See AN-19 for full application details.

TYPICAL HPPUC ﬂTIOnS (Note that ma_ximum output currents are divided by 2 for LT1071.)

Driving High Voitage FET
(for Offline Applications, See AN-25)

Negaiive to Positive Buck-Boost Converter

L2

150pH OUTPUT I

_ FILTER ==

ol
-

D1

+
‘°°°”F1'

R3 ‘ERZ
22k 124
¢t
0.2 -1~

“REQUIRED IF INPUT LEADS = 2*
“*PULSE ENGINEERING 92113

Cadd 11 3K

1004F * =T~

_ OPTIONAL
INPUT
FILTER

L3

—12v

Vour
12V, 2A

External Current Limit

External Current Limit

% R2
c2
I NOTE THAT THE LT1070/LT1071

®= GND PIN iS NO LONGER COMMON
TOVii-)

LYR
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LT1070/LT1071

TYPICAL APPLICATIONS

Totally Isolated Converter

OPTIONAL
OUTPUT FILTER

( o y \
15v_104H

1
- _MY\_T
_["'_01 P4 Lcs

3 = 2004F
COM l
+
< 12 . c6

| ——200uF
- 10uH
15V I

vy

vV




LT1070/LT1071

TYPICAL APPLICATIONS

Positive to Negative Buck-Boost Converter

SuF =y—

“REQUIRED IF INPUT LEADS 2 2*
“*PULSE ENGINEERING 92113

i I

¥ 70 Av0ID START-UP PROBLENS
FOR INPUT VOLTAGES BELOW 10V,
CONNECT ANODE OF D3 TO Vyy,
AND REMOVE RS. C1 MAY BE
REDUCED FOR LOWER OUTPUT
CURRENTS. C1 = (5004F)lgu)
FOR 5V OUTPUTS, REDUCE R3
TO 1.5k, INCREASE C2 TO 0.34F,
AND REDUCE R TO 1000.

1 = 1
® R L ot 2w

= 1000uF ium

—
£8
*‘g
|
<
g

+
15

TOTAL INDUCTANCE =4mH
INTERLEAVE PRIMARY AND
SECONDARY FOR LOW LEAKAGI
INDUCTANCE. -

R2
>1.24k

AAA

Vi ==
16-24V ==

LY IR
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LT1070/LT1071

e ——————————————————————————————
TYPICAL APPLICATIONS \

Negative Buck Converter

=

c3d
100uF*
OPTIONAL -1
INPUT
FILTER
K]

PuTy o o g VN

-20V -

*REQUIRED IF INPUT LEADS = 2"
**PULSE ENGINEERING 92113

Negative Current Boosted Buck Converter

— i ‘
+ & MINIMUM
$h1 C‘T $10AD=10mA
_VOUT
” V@10A
. 12k
D1
o
2N3006
e .
[ _ Vour—-0.6v
T R1=—OTD
<R2
o1.24k

-Vin

Positive Buck Converter

Vin

L2

o Ic'

5
OPTIONAL 200uF
QUTPUT j—'_

FILTER
o5+ Lt by D2
-~ 3.74k
1004F = VWA i<
| N914
R Crdt < R4
12668 W - Q00
=~ 100xH
\- Y YT 5V, 4.54
L--d 4l 2100mA
1000 —p= SYMINIMUM
*REQUIRED IF INPUT LEADS 22°

**PULSE ENGINEERING 92112

546 LT\




LT1070/LT1071

”

TYPICAL APPLICATIONS

Negative Boost Regulator
'L" 02

i

<€ Ri1
$ 2% .
ey AACt < a

— — < (MINIMUM
— 10w T 10004 S (0an)

mJL

ATORF = r
A3 Qg R2
3.3k S 1.24k
2004H 0.224F Dt
Vin 2 an 1° Vout
- 15 ——5on

Driving High Voltage NPN

1

|
!

® R4

-Viy

Vi "_L

20-30V =5~

D1

02

» ™
> 1.24k

IL

R1*

R = Vour| —1.6v
20044

L1
70uH

c1i
20004F

*SETS 15 (ON)
~SETS 1g (OFF)

o — Vy7

Vour
—\i

<£ R1

& R2
$ 124

i}
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LT1070/LT1071
TYPICAL APPLICATIONS

Positive Current Boosted Buck Converter

by
47008 -Lca R6
ZWJ:J'DA?;;F 4700
cé
?DZ 0.002T ol
N=0.26
A A
—
cs B
100uF* =T -
5k
Vour
SV@10A
> R1 -
L o

*REQUIRED IF INPUT LEADS =2~

PHCI(HGG DGSCBIPTIOII Dimensions in inches (millimeters) unless otherwise noted.

T0-3 Type Metal Can (Steel) K Package T0-220 Type Plastic
T Package
1 OTB00TT5
0.320-0.350 {19.30 - 19.69) 0.390-0.410
{8.128-8.890) ™ @@9e—r1041) 0.170—0.180
0.100-0.120 @318-4572) *
i 0.570-0.610 0.147-0.151 (2540—3.048) 0.045-0.055
) f (14.48—15.49) (3134—3.3357 "L— (1.143—1.397)
0.116 ]
“ 2946 @ T J
MAX
0.420-0.480  0.038—-0.043 _.l I 0.460-0.500
(1067-12.19) (09651082 (11.68-12.70) 080 o710
- 0.880-0.910 {575 (oo
1771197 2235-231
T (29.90-30.40) ( u).sm - 1.050
0.220-0.236 0.355—0.370 1 (24.64-26.67) y
{5.588 = 5.969) {9.017-0.338) 1
) 0.152-0.162 i T
0.445 - 0.465 (3.860—4.114}
m.aogn.au - <é RTYP
0.167-0.177 0.062-0.072 J 4 0.080
[CIEE] (57-1829 ~ 0.4030-0.040 0.013-0.025 [ e
RTYP ™ M (0.752—1.016) {0.330-0635) r
0.170-0.185
(4.318-4.699)
0.327-0.3%
Ketes (8.306 — 8.509) S8
Tamax 8yc 644 Timax )¢ 9Ja
LT1070MK, LT1070HVMK 150°C 2°CW 35°CW LT1070CT, LT1070HVCT 100°C 2°CIW 75°CW
LT1070CK, LT1070HVCK 100°C 2°0W 35°CW LT1071CT, LT1071HVCT 100°C W 75°CW
LT1071MK, LT1071HVMK 150°C 4°CW 35°CW
LT1071CK, LT1071HVCK 100°C W 35°CW
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TECHNOLOGY

FEATURES

Fixed 5V Output

2A On-Board Switch

100kHz Switching Frequency

2% Output Voltage Tolerance Over Temperature
Greatly Improved Dynamic Behavior

Available in Low Cost 5-Lead Package

Only 9.5mA Quiescent Current

Operates Up to 60V Input

APPLICATIONS

= 5V Qutput Buck Converter

= Tapped Inductor Buck Converter with 4A Output
at v

= Positive-to-Negative Converter

” l / \Q 110765

SV Step-Down
Switching Regulator

DESCRIPTION

The LT1076-5 is a 2A fixed 5V output monolithic bipolar
switching regulator which requires only a few external
parts for normal operation. The power switch, all oscillator
and control circuitry, all current limit components, and an
output monitor are included on the chip. The topology is
a classic positive “buck” configuration but several design
innovations allow this device to be used as a positive-to-
negative converter, a negative boost converter, and as a
flyback converter. The switch output is specified to swing
40V below ground, allowing the LT1076-5 to drive a
tapped inductor in the buck mode with output currents up
to 4A.

The LT1076-5 uses atrue analog multiplier inthe feedback
loop. This makes the device respond nearly instanta-
neously to input voltage fluctuations and makes loop gain
independent of input voltage. As a result, dynamic behav-
ior of the regulator is significantly improved over previous
designs.

On-chip pulse by pulse current limiting makes the LT1076-
5 nearly bust-proof for output overloads or shorts. The
input voltage range as a buck converter is 8V to 60V, but
aself-boot feature allows input voltages as lowas 5V in the
inverting and boost configurations.

The LT1076-5 is available in a low cost 5-lead TO-220
package with frequency pre-set at 100kHz and current
limit at 2.6A. See Application Note 44 for design details.

TYPICAL APPLICATION

Basic Positive Buck Converter

100pH**t

8V T0 40V Vi Vsw — 2\1/.8A
LT1076-5 A\’ VIBR340 * MBR330P MAY BE USED
FOR Vjy < 25V

SENSE

GND Vg

R3
1.5k
| C3 c2

T 200pF T 0.033yF

|+

** COILTRONICS #100-1-52
HURRICANE #HL-AG210LL

T VALUE MAY BE REDUCED TO 50pH
FOR OUTPUT LOADS BELOW 1.5A

jud B3

LT1076-5 TAO1

@ @

T 500pF
25V
L

LY IR



LT1076-5

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

Input Voltage
LTH0765 oo 45V T el
LTA076HV-5 e 64V o =
Switch Voltage with Respect to Input Voltage = i
L0765 o 64V I LT1076CR-5
LTI076HV-5 ... 75V 7-LEAD PLASTIC DD
Switch Voltage with Respect to Ground Pin Tawe = 110°C
(VSW Nega“‘,e) eWILZI_VARY FROM APPROXII!AATELY30°C/WV\IQITH
LT1076-5 (NOte 5) ...evvvecceecc 35V Yozcopeen
LT1076HV-5 (NOtE 5) e 45V FRONT VIEW
SENSE PN VOIAGE ... ~2V, 10V " | oo s
Maximum Operating Ambient Temperature Range O s LT1076/T-5
LT1076C-5, LT1076HVC-5 ..................... 0°C to 70°C e PO LT1076HVIT-5
LT10761-5, LT1076HVI-5 .................. -40°C to 85°C T PACKAGE
Maximum Operating Junction Temperature Range 5'LEAD T0-220
LT1076C-5, LT1076HVC-5 ................ 0°C to 125°C e s e tapo
LT10761-5, LT1076HVI-5 ................ -40°C to 125°C
Maximum Storage Temperature .......... -65°C to 150°C AR L Son
Lead Temperature (Soldering, 10 sec).................. 300°C Q § %550 LT1076CY-5
Y PACKAGE
7-LEAD T0-220
Tumax = 110°C, 6y = 130°C/W
Consult factory for Military grade parts.
GLGCTBKHL CHHHHCTEI‘“S“CS Ty =25°C, Viy = 25V, unless otherwise noted.
PARAMETER CONDITIONS MIN TYP MAX UNITS
Switch “On” Voltage (Note 1) Isw = 0.5A 1.2 V
lsw = 2A 17 \
Switch “Off” Leakage Viy = 25V, Vg = 0 150 HA
Vin = Vvax, Vsw = 0 (Note 6) 250 pA
Supply Current (Note 2) Vour = 5.8V, V)y < 40V 8.5 11 mA
40V < Vjy < 60V 90 12 mA
Vsupn = 0.1V (Device Shutdown) (Note 8) 140 300 PA
Minimum Supply Voltage Normal Mode 7.3 8.0 v
Start-Up Mode (Note 3) 35 4.8 V
Switch Current Limit (Note 4) ILim = Open o 2 2.6 3.2 A
Rym = 10k (Note 9) 18 A
Rum = 7k (Note 9) 12 A
Maximum Duty Cycle . 85 90 %

2
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LT1076-5

ELECTRICAL CHARACTERISTICS T1,-25:c, v,y = 25V, unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Switching Frequency 90 100 110 kHz
Ty<125°C 85 120 kHz
Vout = Vsense = 0V (Note 4) 20 kHz
Switching Frequency Line Regulation 8V < Viy < Vuax (Note 7) 0.03 0.1 %/ V
Error Amplifier Voltage Gain (Note 7) 1V <Vg<4V 2000 VIV
Error Amplifier Transconductance (Note 7) 3700 5000 8000 pumho
Error Amplifier Source and Sink Current Source (Vsense = 4.5V) 100 140 225 pA
Sink (Vsense = 5.5V) 0.7 1.0 1.6 mA
Sense Pin Divider Resistance 3 5 8 kQ
Sense Voltage Vg=2V 4.85 5 5.15 v
Output Voltage Tolerance Vout (Nominal) = 5V 0.5 2 %
All Conditions of Input Voltage, Output Voltage, 1.0 +3 %
Temperature and Load Current
Output Voltage Line Regulation 8V < Vi < Vjax (Note 6) 0.005 0.02 %/ V
V¢ Voltage at 0% Duty Cycle 15 V
Over Temperature -4.0 mV/°C
Multiplier Reference Voltage 24 V
Shutdown Pin Current Vshpn = 5V 5 10 20 pA
VsHon < VHResHoLD (H2.5V) 50 pA
Shutdown Thresholds Switch Duty Cycle =0 2.2 2.45 2.7 V
Fully Shut Down 0.1 0.30 05 V
Thermal Resistance Junction to Case 4 °C/W

The o denotes specifications which apply over the full operating

temperature range.

Note 1: To calculate maximum switch “on” voltage at currents between
low and high conditions, a linear interpolation may be used.

Note 2: A sense pin voltage (Vsensg) of 5.5V forces the V¢ pin to its low

clamp level and the switch duty cycle to zero. This approximates the zero 0.44.

load condition where duty cycle approaches zero.

Note 8: Does not include switch leakage.

Note 5: Switch to input voltage limitation must also be observed.

Note 6: Vjyax = 40V for the LT1076-5 and 60V for the LT1076HV-5.
Note 7: Error amplifier voltage gain and transconductance are specified
relative to the internal feedback node. To calculate gain and
transconductance from the Sense pin (Output) to the Vg pin, multiply by

Note 3: Total voltage from Vy pin to ground pin must be > 8V after start- Ry — 1k
; o limi Note 9: || iy = LM
up for proper regulation. For Ta < 25°C, limit = 5V. ote 9: Iy = ok
Note 4: Switch frequency is internally scaled down when the sense pin
voltage is less than 2.6V to avoid extremely short switch on times. During
current limit testing, Vsense is adjusted to give a minimum switch on time
of 1ps.
Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
‘ ' Llnw However, no responsibility is assumed for its use. Linear Technology Corporation makes no represen-
TECHNOLOGY tation that the interconnection of its circuits as described herein will notinfringe on existing patent rights.



LT1076-5

PﬂCKﬂG€ DESCBIPTIOI‘I Dimensions in inches (millimeters) unless otherwise noted

R Package, 7-Lead Plastic DD

0.030 + 0.008

0.060 0.401 +0.015
(1.524) (10.185 £ 0.381)
— ~— 15°TYP
A
+0.012
0.331 20020
+0.305
(8 407ty 508)
Y™ o] < 0080:0010
0. 143*0 020 (1.270 + 0.254)
+0.305 > <=
(3'632—0.508)

0.390-0.415

(0.762 £ 0.203)

T Package, 5-Lead T0-220

0.147 -0.155

(9.906 — 10.541) ‘

(3.734 - 3.937)
DIA

yd

0.230-0.270
(5.842 - 6.858)

®/

0.460 - 0.500

(11.684—12.700)

0.570 - 0.620
(14.478 - 15.748)

0.330-0.370

(8.382-9.398)

0.057 - 0.077 ‘
P T T T
(1.448—1.956)

~— ‘ ‘ 0.028 - 0.038
> 4,(7

0.175  0.008

(4445  0.203) 0.050 = 0.008
T (12702 0203)

+0.008

oo | | 000800
(1.499) +0.203

vP (0102 0102)
0.105 = 0.008
; > | 26670203
0050 £ 0.012

s | T
0.165 — 0.180

(4293-4572)

. 0.045-0055
(1.143-1397)

0.700-0.728

(17.780- 18.491) L

0.260 - 0.320 (3.860 —5.130)
(6.604 - 8.128)

0.152-0.202

| 0.095-0115
(2413-2.921)

0.711-0.965)

0.013-0.023

0.135-0.165
(3.429-4191)

(0.330-0.584)

Y Package, 7-Lead T0-220

0.155-0.195
(3.937 - 4.953)

T5 (FORMED) 0694

0.390 - 0.410 0.147-0.155
(9.91-1041) (673-3.94) 0.169 - 0.185
DIA (429-470) 0.045 - 0.055
1 [{A4=140)
L 0.235 - 0.258 F
0.103-0.113 (5.97 - 6.55) | T
(2.62-2.87) 0.560 - 0.590 ]
(14.22-14.99) 0.620
(15.75)
TYP
0.700-0.728
(17.78-18.49)
0.152 - 0.202
(3.86-5.13)
| 0.260-0.320
T (6.60-8.13)
0.026 - 0.036 ‘ ‘
(0.66-091) 0.016-0022 _| L |« 0.095-0.115
0.045-0055 | | (0.41-0.56) (241-2.92)
(114-1.40) 0.135 - 0.165 ‘ 0.155 - 0.195
(343-4.19) ' ! (3.94-4.95) v70858
Linear Technology Corporation

1630 McCarthy Blvd., Milpitas, CA 95035-7487

(408) 432-1900 - FAX: (408) 434-0507 - TELEX: 499-3977

LT/GP 0794 5K REV A « PRINTE IN USA

LY IS
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TECHNOLOGY

FEATURES

1.5V to 12V Operating Supply Voltage Range

13V Absolute Maximum Rating

200pA Maximum No Load Supply Current at 5V
Boost Pin (Pin 1) for Higher Switching Frequency
97% Minimum Open Circuit Voltage Conversion
Efficiency

= 95% Minimum Power Conversion Efficiency

» |5 =1.5pA with 5V Supply When OSC Pin =0V or V*
= High Voltage Upgrade to ICL7660/LTC1044

APPLICATIONS

Conversion of 10V to £10V Supplies

Conversion of 5V to £5V Supplies

Precise Voltage Division: Voyt = Vn/2 £20ppm
Voltage Multiplication: Voyt = £nV)y

Supply Splitter: Voyt = £Vg/2

Automotive Applications

Battery Systems with 9V Wall Adapters/Chargers

” l / \D LTC1044A

12V CMOS
Voltage Converter

DESCRIPTION

The LTC1044A is a monolithic CMOS switched-capacitor
voltage converter. It plugs in for ICL7660/LTC1044 in
applications where higher input voltage (up to 12V) is
needed. The LTC1044A provides several conversion func-
tions without using inductors. The input voltage can be
inverted (Voyut = =V)n), doubled (Vout = 2V)y), divided
(Vout = Vin/2) or multiplied (Voyt = £nV)y).

To optimize performance in specific applications, a boost
function is available to raise the internal oscillator fre-
quency by a factor of 7. Smaller external capacitors can be
used in higher frequency operation to save board space.
The internal oscillator can also be disabled to save power.
The supply current drops to 1.5pA at 5V input when the
0SC pin is tied to GND or V*.

TYPICAL APPLICATION
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LTC1044A

ABSOLUTE MAXIMUM RATINGS

(Note 1)
Supply VOIAQE ..vcvvevecceeece e, 13V
Input Voltage on Pins 1, 6 and 7

(NOtE 2) oo, -0.3V<Vy<V*t+0.3V
Current into Pin 6 ....c.cvvveveecccccccccceceees 20pA
Output Short-Circuit Duration

VESBOV o Continuous
Operating Temperature Range

LTC1044AC ..., 0°C to 70°C

LTC1044AI ... -40°C to 85°C
Storage Temperature Range ................ -65°C to 150°C
Lead Temperature (Soldering, 10 S€C)........c........ 300°C

PACKAGE/ORDER INFORMATION

TOP VIEW ORDER PART
oost 1]  — [E]v NUMBER
CAP* [2] 7] osc LTC1044ACN8
anD [3] [6]Lv LTC1044AINS
CAP™ [4] 5] Vour
N8 PACKAGE
8-LEAD PLASTIC DIP
Tymax = 110°C, 8,4 = 100°C/W
TOP VIEW ORDER PART
so0sT [T ) v NUMBER
CAP* 2] 7] osc LTC1044ACS8
GND [3] (6] Lv LTC1044A1S8
cP [4 [5] Vour S8 PART MARKING
58 PACKAGE
8-LEAD PLASTIC SOIC 1044A
Tyuax = 110°C, 84 = 130°C/W 1044Al

Consult factory for Military grade parts

GLGCTBKHL CHHRHCTEI‘“S“CS V+ =5V, Cogc = OpF, Ty = 25°C, See Test Circuit, unless otherwise noted.

LTC1044AC LTC1044AI
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX|MIN TYP MAX | UNITS
Is Supply Current RL = =, Pins 1 and 7, No Connection 60 200 60 200 PA
R\ = =, Pins 1 and 7, No Connection, 15 15
V*=3V
Minimum Supply Voltage RL = 10k o |15 1.5 V
Maximum Supply Voltage R. =10k o 12 12 V
Rout Output Resistance I =20mA, fpgg = SkHz 100 100 Q
o 120 130 Q
V*+=2V, I =3mA, fosc = 1kHz . 310 325 Q
fosc Oscillator Frequency V+ =5V, (Note 3) o 5 5 kHz
V=2V . 1 1 kHz
Perr Power Efficiency R = 5k, fosg = 5kHz 95 98 95 98 %
Voltage Conversion Efficiency | Ry = 97 99.9 97 99.9 %
Oscillator Sink or Source Vosg=0VorV+*
Current Pin 1 (BOOST) = 0V o 3 3 pA
Pin 1 (BOOST) =V* . 20 20 PA

The o denotes specifications which apply over the full operating
temperature range; all other limits and typicals Ta = 25°C.

Note 1: Absolute maximum ratings are those values beyond which the life
of a device may be impaired.

Note 2: Connecting any input terminal to voltages greater than V* or less
than ground may cause destructive latch-up. It is recommended that no

inputs from sources operating from external supplies be applied prior to
power-up of the LTC1044A.

Note 3: fogg is tested with Cogg = 100pF to minimize the effects of test
fixture capacitance loading. The OpF frequency is correlated to this 100pF
test point, and is intended to simulate the capacitance at pin 7 when the
device is plugged into a test socket and no external capacitor is used.
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LTC1044A

TYPICAL PERFORMANCE CHARACTERISTICS  using the Test Circuit
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14 100 T 100 T T T TTTT
% jl Ta=25°C) % \ Tp=25°C
12 oo =T TS0 1 200F )~ 1mA i
96 L= 96 F— 4ot
9 f|10uF d N 9 " ™
S 10 = 94 7 y, 1y S %I 1 PT{100pF
(uil é / 1HF' IL_ A \| S “,7 NN 10[J.F,-_:\ |‘ 2 I\
=< = 92 7 / = 92 4 N 4 L= 5m
5 8 = v \ s / / M|/
g 2 90— i = S 9|y / N\,
> 6 S og A LANL (| LA N Do \
o i P YroouF] 1| f1oF i = / k )
> = 1 |/ [y, W\, = \ \
ER S 86y / I = 15mATN S 8 ;
£ / iy L g all 2N \
8 Il ! Gt 84 47N
2 / / / Tuk/ / 1uF ’/ \ 1uF
oo L | oo LTI TN
0 80 80
55 25 0 25 50 75 100 125 100 1k 10k 100k 100 1k 10k 100k
AMBIENT TEMPERATURE (°C) OSCILLATOR FREQUENCY (Hz) OSCILLATOR FREQUENCY (Hz)
LTC1044A « TPCO1 LTC1044A « GO2 LTC1044A « TPCO3
Output Resistance vs Output Resistance vs Power Conversion Efficiency
Oscillator Frequency, V* =5V Oscillator Frequency, V* =10V vs Load Current, V+ =2V
500 ‘ HHHH T TTTTT 500 T \\Hé\ 100 T T C‘ 10
Ta=25°C T = 25° — A=25°
PRSI I =10mA ] I=tomall & O P C1=C2=10uF ] °
C1=02=10pF < Perr 7
400 400 % 80 fosc=TkHz | g
<3 \ \ S B . .2
) C1=C2=1yF ) = ) 3
= 300 ——ﬁT—f——ﬁ—\—ﬂ——ﬁ———f— = 300 & 60 \\ 6 =
% 5 C1=02=1pF = Is =
2 \ 2 z i © 3
o o C1=02 C1=02 o m
£ 200 X 5 200 xKﬂoopF’”’\:pr s 40 i =
5 5 \ \ g 2 ]
S \\ \\ \ S N\ N\ \\ & =
100 N N d 100 N N N w20 2
NN N 1T N\ N N =
- ™ N N = 2 10 1
C1=C2=100pF I
0 L L 0 0 0
100 1k 10k 100k 100 1k 10k 100k 0o 1 2 3 4 5 6 7
OSCILLATOR FREQUENCY (Hz) OSCILLATOR FREQUENCY (Hz) LOAD CURRENT (mA)
LTC1044A - TPCO4 LTC1044A « TPCOS LTC1044A « TPCO6
Power Conversion Efficiency Power Conversion Efficiency
vs Load Current, V* =5V vs Load Current, V* =10V
100 — 100 100 300
— N Ta=25°C i — —_—
g % (T ~{er o co- 0] ® g w / S 270
= 80 S fosc =5kHz 80 = 80 240
2 N @ 2 ~N e
2 70 0 S &2 70 > 210 5
o 2 o |S/ \~ =
£ 60 60 < £ 60 +— 180 <
= Is \\ e = / | e
S 50 X 50 3 S 50 % 150 5
&2 2 2 2
S 40 4 = &40 120 =
3 3 3 3
8 30 30 2 8 30 /, 0 3
g 2 20 g 20 V4 Ta=25°C | 60
£ 10 10 SERTY C1= 2= 10uF | 59
fosg = 20kHz
0 0 0 . 0
0 10 20 30 40 50 60 70 0 20 40 60 80 100 120 140
LOAD CURRENT (mA) LOAD CURRENT (mA)
LTC1044A « TPCO7 LTC1044A » TPC08

LY IR



LTC1044A

TYPICAL PERFORMANCE CHARACTERISTICS  using the Test Gircuit
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LTC1044A

TEST CIRCUIT
V* (5V)
1] 8 l lls
+[ e 2 LTC1044A Z_T_O/H OSCILLATOR R% lIL
—l_ il |T 2 : » Vout
JT_ LTC1044A « TC JT_ tCOSC J_% F
L e
APPLICATIONS INFORMATION
Theory of Operation y REOUVIV _ _ 0
To understand the theory of operation of the LTC1044A, a _L
review of a basic switched-capacitor building block is c2 R
helpr| Reauv fxC1 ]T__ = LTC1044A~F02

InFigure 1, whenthe switchisinthe left position, capacitor
C1 will charge to voltage V1. The total charge on G1 will be
q1 =C1V1. The switch then moves to the right, discharg-
ing C1 to voltage V2. After this discharge time, the charge
onC1is g2 =C1V2. Note that charge has been transferred
from the source, V1, to the output, V2. The amount of
charge transferred is:

AQ=q1—q2=C1(V1-V2)

If the switch is cycled f times per second, the charge
transfer per unit time (i.e., current) is:

| =fxAq="fxC1(V1-V2)

II%

LTC1044A « FO1

Figure 1. Switched-Capacitor Building Block

Rewriting in terms of voltage and impedance equivalence,

_VI-V2 _Vi-V2
1/(fxC1)  Requiv

A new variable, Requiy, has been defined such that Requy
=1/(f x C1). Thus, the equivalent circuit for the switched-
capacitor network is as shown in Figure 2.

Figure 2. Switched-Capacitor Equivalent Circuit

Examination of Figure 3 shows that the LTC1044A has the
same switching action as the basic switched-capacitor
building block. With the addition of finite switch-on resis-
tance and output voltage ripple, the simple theory al-
though not exact, provides an intuitive feel for how the
device works.

For example, if you examine power conversion efficiency
as a function of frequency (see typical curve), this simple
theory will explain how the LTC1044A behaves. The loss,
and hence the efficiency, is set by the output impedance.
As frequency is decreased, the output impedance will
eventually be dominated by the 1/(f x C1) term, and power
efficiency will drop. The typical curves for Power Effi-
ciency vs Frequency show this effect for various capacitor
values.

Note also that power efficiency decreases as frequency
goes up. Thisis caused by internal switching losses which
occur due to some finite charge being lost on each
switching cycle. This charge loss per unit cycle, when
multiplied by the switching frequency, becomes a current
loss. At high frequency this loss becomes significant and
the power efficiency starts to decrease.
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LTC1044A

APPLICATIONS INFORMATION

V+
(8)
SW1 SW2
o7 o 02+ L T o—
BOOST : () :
0 |
o — Lo
I | I
0SC > 2 B 1 1
0S¢ @ Dl — Vour
O— (o,
() | (4) )
i
C2
oo ? |+
CLOSED WHEN LTC1044A « FO3 —_
Lv V> 3V GND
(6) 3)

Figure 3. LTC1044A Switched-Capacitor Voltage Converter Block Diagram

LV (Pin 6)

The internal logic of the LTG1044A runs between V* and
LV (pin 6). For V* greater than or equal to 3V, an internal
switch shorts LV to GND (pin 3). For V* less than 3V, the
LV pin should be tied to GND. For V* greater than or equal
to 3V, the LV pin can be tied to GND or left floating.

0SC (Pin 7) and Boost (Pin 1)

The switching frequency can be raised, lowered, or driven
from an external source. Figure 4 shows a functional
diagram of the oscillator circuit.

By connecting the boost pin (pin 1) to V*, the charge and
discharge currentisincreased and hence, the frequency is
increased by approximately 7 times. Increasing the

V+

BOOST \
M "

SCHMITT
?%3 TRIGGER
— ~14pF
6l l | |
Lv & & LTC1044A + F04

(6)

Figure 4. Oscillator

frequency will decrease output impedance and ripple for
higher load currents.

Loading pin 7 with more capacitance will lower the fre-
quency. Using the boost (pin 1) in conjunction with exter-
nal capacitance on pin 7 allows user selection of the
frequency over a wide range.

Driving the LTC1044A from an external frequency source
can be easily achieved by driving pin 7 and leaving the
boost pin open as shown in Figure 5. The output current
from pin 7 is small (typically 0.5pA) so a logic gate is
capable of driving this current. The choice of using a
CMOS logic gate is best because it can operate over a wide
supply voltage range (3V to 15V) and has enough voltage
swing to drive the internal Schmitt trigger shown in Figure
4. For 5V applications, a TTL logic gate can be used by
simply adding an external pull-up resistor (see Figure 5).

V+

Py

J b 100k
- REQUIRED FOR

NG —- P
) S TILLOGIC
71 wrotoms 6—6—0( L 0sC INPUT
o1 - LA
4 5
— "
02
|+

LTC1044A  FO5

Figure 5. External Clocking
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LTC1044A

APPLICATIONS INFORMATION

Capacitor Selection

External capacitors C1and C2 are not critical. Matching
is not required, nor do they have to be high quality or
tight tolerance. Aluminum or tantalum electrolytics are
excellent choices with cost and size being the only
consideration.

Negative Voltage Converter

Figure 6 shows a typical connection which will provide a
negative supply from an available positive supply. This
circuit operates over full temperature and power supply
ranges without the need of any external diodes. The LV
pin (pin 6) is shown grounded, but for V* >3V it may be
“floated”, since LV is internally switched to ground (pin 3)
for V*t>3V.

The output voltage (pin 5) characteristics of the circuit are
those of a nearly ideal voltage source in series with an 80Q
resistor. The 80Q output impedance is composed of two
terms:

1. The equivalent switched-capacitor resistance (see
Theory of Operation).

2. A term related to the on-resistance of the MOS
switches.

Atan oscillator frequency of 10kHzand C1 = 10yF, the first
term is:

R -1

_ 1 _
_5><103><1O><10—6_20Q
Notice that the above equation for Rgqyyy is nota capaci-
tive reactance equation (X¢ = 1/wC) and does not contain
a 2rterm.

4 : V* (1.5V 70 12V)
2 7
+ 3| LTC1044A |
10uF ~ ==L REQUIRED FOR V* <3V
| 4 5 = .
T V=

10uF
+

LTC1044A « F06

Twin < Ta < Tvax

Figure 6. Negative Voltage Converter

The exact expression for output resistance is extremely
complex, butthe dominant effect of the capacitor is clearly
shown on the typical curves of Output Resistance and
Power Efficiency vs Frequency. For C1 = C2 = 10yF, the
outputimpedance goes from 60Q at fogc = 10kHz t0 200Q
at foso = 1kHz. As the 1/(f x C) term becomes large
compared to the switch-on resistance term, the output
resistance is determined by 1/(f x C) only.

Voltage Doubling

Figure 7 shows a two-diode capacitive voltage doubler.
Witha5Vinput, the output is 9.93V with no load and 9.13V
with a 10mA load. With a 10V input, the output is 19.93V
with no load and 19.28V with a 10mA load.

Vin
(1.5V 70 12V)

8 !
L Vdi Vd
6 1N5817 1N5817
+

T Vour=2(Vin-1)
FORV* <3V + +

10pF 10pF

T T

Figure 7. Voltage Doubler
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LTC1044A « FO7

Ultra-Precision Voltage Divider

An ultra-precision voltage divider is shown in Figure 8. To
achieve the 0.0002% accuracy indicated, the load current
should be kept below 100nA. However, with a slight loss
in accuracy the load current can be increased.

V* (3V TO 24V)

7
LTC1044A [

£ IS
—|_10uF

VY2 +£0.002% ¢———@ == === === —=—a L
+ REQUIRED FOR -

——C2 V* <6V

j_:10pF

Tmin < Ta < Twax
I <100nA

Figure 8. Ultra-Precision Voltage Divider
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LTC1044A

APPLICATIONS INFORMATION

Battery Splitter

A common need in many systems is to obtain (+) and
(=) supplies from a single battery or single power supply
system. Where current requirements are small, the circuit
shown in Figure 9 is a simple solution. It provides sym-
metrical + output voltages, both equal to one half input
voltage. The output voltages are both referenced to pin 3

1 8 R
— > +Vp/2 (6Y)
o, 2 7
— VB _—
L |+ of 3| LTC1044A g
F =~ REQUIRED FOR Vg < 6V
—|_10u 4 51
L » +Vp/2 (-6V)
LTC1044A « FO9 :
1 ——C2
é 7 10uF
oUTPUT
" common

Figure 9. Battery Splitter

(output common). If the input voltage between pin 8 and
pin 5 is less than 6V, pin 6 should also be connected to
pin 3 as shown by the dashed line.

Paralleling for Lower Qutput Resistance

Additional flexibility of the LTC1044A is shown in Figures
10 and 11.

Figure 10 shows two LTC1044As connected in parallel to
provide a lower effective output resistance. If, however,
the output resistance is dominated by 1/(f x C1), increas-
ing the capacitor size (C1) or increasing the frequency will
be of more benefit than the paralleling circuit shown.

Figure 11 makes use of “stacking” two LTG1044As to
provide even higher voltages. A negative voltage doubler
ortriplercan be achieved, depending uponhow pin 8 ofthe
second LTC1044A is connected, as shown schematically
by the switch. The available output current will be dictated/
decreased by the product of the individual power conver-
sion efficiencies and the voltage step-up ratio.

V+

!

2 ﬂ 2 iI

2 i 2 7

|+ C1 3 LTC1044A 6 |+ C1 3 LTC1044A 6

10pF 10pF
| 4 5 | 4 5
Jl__ —| Jl__ > Vour = -(V*)
1/4 CD4077 —1_C2
——) I
/i LTC1044A+F10 "=
*THE EXCLUSIVE NOR GATE SYNCHRONIZES BOTH LTC1044As TO MINIMIZE RIPPLE
Figure 10. Paralleling for Lower Output Resistance
V+
FOR Voyt = -3V* FOR Voyt = —2V*
* 1
4] 5| o L 8
2 7 _| |u 7
| + 3 LTC1044A 6 3 LTC1044A 6
_|_ 10pF — — |—
4 5 4 5
—-(V*) T Vout
— LTC1044A + F11 10uF
; T

Figure 11. Stacking for Higher Voltage
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LTC1044A

TYPICAL APPLICATIONS

Low Output Impedance Voltage Converter
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n .2k
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50k | 200k
WVAVAV
-_ 39k§ 0-1HF LTC1044 « F12
|1

@

*Vin 2 B-VoytO+ 0.5V

LOAD REGULATION +0.02%, OmA TO 15mA

B 2J_3 4
10-pF
+

Single 5V Strain Gauge Bridge Signal Conditioner

1
- 5V
2
+] 5| LTC1044A
100pF
< 4
2200
T T
i
0.33uF I
I
[ | H ! OUTPUT
1.2V REFERENCE TO ® = | ] — 0VTO35V
A/D CONVERTER FOR o 1 1 Opsi to 350psi
RATIOMETRIC OPERATION T 1 GAIN
(1mA MAX) 34 ! ! TRIM 0.047yF
> *
, 10k otk J 1® ! LT1413 1S4k |
g/ LT1004 " 7eR0 S T :
12V TRIM 350Q PRESSURE 1 | .
— — ® TRANSDUCER 5! I 100Q
= = L, !
1 1 -
I
39 6!

*1% FILM RESISTOR

PRESSURE TRANSDUCER BLH/DHF-350
(CIRCLED LETTER IS PIN NUMBER)

LTC1044A«F13
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LTC1044A

TYPICAL APPLICATIONS

Regulated Output 3V to 5V Converter
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v l LTC1044A « F15
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LTC1044A

PHCKHGG DGSC“IPTIO" Dimensions in inches (millimeters) unless otherwise noted.
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8-Lead Plastic DIP
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T T
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S8 Package
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0.406 1270 (3‘;;;‘ 32;2 H ‘ {1270)
BSC

S08 0392

Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
‘ ' Llnw However, no responsibility is assumed for its use. Linear Technology Corporation makes no represen-
TECHNOLOGY tationthatthe interconnection of its circuits as described herein will notinfringe on existing patent rights.
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FEATURES

= (QOperation to 48V Input Voltage

= Ultra High Efficiency: Up to 95%

= Current-Mode Operation for Excellent Line and Load
Transient Response

APPLICATIONS

= Notebook and Palmtop Computers

Portable Instruments
Battery-Operated Digital Devices
Industrial Power Distribution
Avionics Systems

Telecom Power Supplies

LTC1149
”l ’\D LTC1149-3.3/LTC1149-5

TECHNOLOGY

High Efficiency Synchronous

Step-Down Switching Regulators

High Efficiency Maintained Over Wide Current Range
Logic Controlled Micropower Shutdown
Short-Circuit Protection
Very Low Dropout Operation: 100% Duty Cycle
Synchronous FET Switching for High Efficiency
Adaptive Non-Overlap Gate Drives

Available in 16-Pin Narrow SO Package

DESCRIPTION

The LTC1149 series is a family of synchronous step-down
switching regulator controllers featuring automatic Burst
Mode™ operation to maintain high efficiencies at low
outputcurrents. These devices drive external complemen-
tary power MOSFETs at switching frequencies up to 250kHz
using a constant off-time current-mode architecture.

Special on-board regulation and level-shift circuitry allow
operation at input voltages from dropout to 48V (60V
absolute max). The constant off-time architecture main-
tains constant ripple current in the inductor, easing the
design of wide input range converters. Current-mode
operation provides excellent line and load transient re-
sponse. The operating current level is user programmable
via an external current sense resistor.

The LTG1149 series incorporates automatic power saving
Burst Mode™ operation when load currents drop below
the level required for continuous operation. Standby power
is reduced to only about 8mW at V; = 12V. In shutdown,
both MOSFETSs are turned off.

Burst Mode™ is a trademark of Linear Technology Corporation.

TYPICAL APPLICATION

—— 0.068uF

3.3uF

HE

0V = NORMAL
>2V = SHUTDOWN

Vi

CAP P-GATE

Vee

P-DRIVE
Veo

LTC1149-5

SHUTDOWN 1 SENSE*

SHUTDOWN 2 _
SENSE

ITH
Cr N-GATE
S-GND P, R-GNDS

-

Vin
T ¢ LTC1149-5 Efficiency
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1N4148 1004F 100
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i~ IRFRO024 = Vi =12V
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1N5819 62pH 0.05Q v s L )
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Figure 1. High Efficiency Step-Down Regulator
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ABSOLUTE MAXIMUM RATINGS
Input Supply Voltage (Pin 2)...................... —-15V to 60V

Ve Output Current (Pin 3) .o, 50mA
Ve Input Voltage (Pin 5) ... 16V
Continuous Output Current (Pins 4, 13) .............. 50mA
Sense Voltages (Pins 8, 9)...ccvvvvceeernene. -0.3Vto Vg

Shutdown Voltages (Pins 10, 15) ..o 7V

Operating Temperature Range..................... 0°Cto 70°C
Extended Commercial

Temperature Range .........ccccocevevevevennee. -40°C to 85°C
Junction Temperature (Note 1) .....cocveerricnnene. 125°C
Storage Temperature Range ................ -65°C t0 150°C
Lead Temperature (Soldering, 10 S€C)........c........ 300°C

PACKAGE/ORDER INFORMATION

TOP VIEW
\

P-GATE [1 | 16] cAP

vy [2] [15] SHUTDOWN 2

vee [3] [14] R-GND
P-DRIVE [4] [13] N-GATE

Voo [5] [12] P-GND

cr [6] [11] s-GND

VrB

i [7] 10] (SHUTDOWN 1)*
SENSE™ [8 [9] SENSE*

N PACKAGE S PACKAGE

16-LEAD PLASTIC DIP 16-LEAD PLASTIC SOIC
*FIXED OUTPUT VERSIONS
Tymax = 125°C, 644 = 70°C/W (N)
Tymax = 125°C, 84 = 110°C/W (S)

ORDER PART
NUMBER

LTC1149CN
LTC1149CN-3.3
LTC1149CN-5
LTC1149CS
LTC1149CS-3.3
LTC1149CS-5

ELECTRICAL CHARACTERISTICS 1, =25, vy =12V, V4 = OV (Note 2), unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vig Feedback Voltage (LTG1149 Only) Vin=9V . 1.21 1.25 1.29 Vv
l1o Feedback Current (LTG1149 Only) o 0.2 1 pA
Vour Regulated Output Voltage Viy =9v
LTC1149-3.3 ILoap = 700mA 3.23 3.33 343 Vv
LTC1149-5 ILoaD = 700mA 4.9 5.05 5.2 v
AVoyt Output Voltage Line Regulation Vin =9V to 48V, I gap = 700mA -40 0 40 mV
Output Voltage Load Regulation
LTC1149-3.3 5mA <l gap < 2A 40 65 mV
LTC1149-5 5mA <l gap < 2A 60 100 mV
Burst Mode™ Output Ripple ILoap = 0A 50 mVp.p
Iy Input DC Supply Current (Note 3)
Normal Mode Vin=12V 2.0 2.8 mA
Vn = 48V 2.2 3.0 mA
Burst Mode™ Viy =12V 0.6 0.9 mA
Vn = 48V 0.8 1.1 mA
Shutdown Vin =12V, Vy5=2V 135 170 PA
Vin =48V, Vy5 =2V 300 390 pA
Vee Internal Regulator Voltage Viy =12V to 48V . 9.75 10.25 11 Vv
(Sets MOSFET Gate Drive Levels) I3 =20mA
Vy—Vs V¢ Dropout Voltage Vin =9V, I3=10mA 200 250 mV
Vin— V4 P-Gate to Source Voltage (Off) Viy =12V -0.2 0 v
Vn = 48V -0.2 0 Vv
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ELECTRICAL CHARACTERISTICS 1, -25°c, vy =12V, Vyg = 0V (Note 2), unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

Vg - Vs Current Sense Threshold Voltage
LTC1149 Vg =5V, V49 = 1.32V (Forced) 25 mV
Vg =5V, Vqg = 1.1V (Forced) . 130 150 170 mV
LTC1149-3.3 = 3.5V (Forced) 25 mV
=2.9V (Forced) o 130 150 170 mV
LTC1149-5 Vg 5.3V (Forced) 25 mV
= 4.4V (Forced) . 130 150 170 mV

V1o Shutdown 1 Threshold

LTC1149-3.3, LTC1149-5 0.6 0.8 v
V15 Shutdown 2 Threshold 0.8 14 V
l15 Shutdown 2 Input Current Vi5 =5V 18 25 pA
lg Cr Pin Discharge Current Vout In Regulation, Vsense™ = Vout 50 70 90 PA
Vour =0V 2 10 PA
torr Off-Time (Note 4) Cr = 390pF, I gap = 700mA . 4 5 6 us
t b Driver Output Transition Times G = 3000pF (Pins 4, 13), V| = 6V 100 200 ns

E€LECTRICAL CHARACTERISTICS -s0°c <74 < 85°C (Note 5)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
V1o Feedback Voltage LTC1149 Only 1.2 1.25 1.3 v
Vour Regulated Output Voltage Viy=9V
LTC1149-3.3 ILoap = 700mA 317 3.33 34 V
LTC1149-5 ILoap = 700mA 4.85 5.05 5.2 v
Iy Input DC Supply Current (Note 3)
Normal Mode Vin=12V 2.0 3.2 mA
Vin =48V 2.2 35 mA
Burst Mode™ Viy =12V 0.6 1.05 mA
Vin = 48V 0.8 1.30 mA
Shutdown Vin =12V, Vi5 =2V 135 230 PA
Vin =48V, Vy5 =2V 300 520 PA
Vee Internal Regulator Voltage Viy =12V to 48V 9.75 10.25 11 v
(Sets MOSFET Gate Drive Levels) I3 =20mA
Vg— Vg Current Sense Threshold Voltage Low Threshold (Forced) 25 mV
High Threshold (Forced) 125 150 175 mV
Vys Shutdown 2 Threshold 0.8 14 2 V
torr Off-Time (Note 4) Ct = 390pF, I gap = 700mA, Vi = 10V 3.8 5 6 us
The e denotes specifications which apply over the full operating Note 3: Dynamic supply current is higher due to the gate charge being
temperature range. delivered at the switching frequency. The allowable operating frequency
Note 1: T, is calculated from the ambient temperature T, and power may be limited by power dissipation at high input voltages. See Typical
dissipation Pp according to the following formulas: Performance Characteristics and Applications Information.
LTC1149CN, LTC1149CN-3.3, LTC1149CN-5: Ty = Tp + (Pp x 70°C/W) Note 4: In applications where Rgeysg is placed at ground potential, the off-
LTC1149CS, LTC1149CS-3.3, LTC1149CS-5: Ty = Ta + (Pp x 110°C/W) time increases approximately 40%.
Note 2: Pin 10 is a shutdown pin on the LTC1149-3.3 and LTC1149-5 Note 5: The LTC1149, LTC1149-3.3, and LTC1149-5 are not tested and
fixed output voltage versions and must be at ground potential for testing. not quality assurance sampled at —40°C and 85°C. These specifications

are guaranteed by design and/or correlation.
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TYPICAL PERFORMANCE CHARACTERISTICS

Efficiency vs Input Voltage
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PIN FUNCTIONS

Pin 1 (P-Gate): Level-shifted gate drive signal for top
P-channel MOSFET. The voltage swing at pin 1is from V)
to Vi — V.

Pin 2 (Vyy): Main supply input pin.

Pin 3 (V¢c): Output pin of low dropout 10V regulator. Pin
3 is not protected against DC short circuits.

Pin 4 (P-Drive): High current gate drive for top P-channel
MOSFET. The voltage swing at pin 4 is from Vg to ground.

Pin 5 (Vgc): Regulated 10V input for driver and control
supplies. Must be closely decoupled to power ground.

Pin 6 (Cy): External capacitor G from pin 6 to ground sets
the operating frequency. (The frequency is also dependent
on the ratio Vout/Vin-)

Pin 7 (lyy): Gain amplifier decoupling point. The current
comparator threshold increases with the pin 7 voltage.

Pin 8 (Sense™): Connects to internal resistive divider
which sets the output voltage in LTGC1149-3.3 and
LTC1149-5 versions. Pin 8 is also the (=) input for the
current comparator.

Pin 9 (Sense*): The (+) input for the current comparator.
A built-in offset between pins 8 and 9 in conjunction with
Rsense sets the current trip threshold.

Pin 10 (Shutdown 1 or Vgg): In fixed output voltage
versions, pin 10 serves as a shutdown pin for the control

circuitry only (Vgg is not affected). Taking pin 10 of the
LTC1149-3.3 0rLTC1149-5 high holds both MOSFETSs off.
Must be at ground potential for normal operation.

For the LTC1149 adjustable version, pin 10 serves as the
feedback pin from an external resistive divider used to set
the output voltage.

Pin 11 (Signal Ground): Small signal ground. Must be
routed separately from other grounds to the (-) terminal
of Coyt-

Pin 12 (Power Ground): Driver power ground. Con-
nects to source of N-channel MOSFET and the (-)
terminal of Cy.

Pin 13 (N-Gate): High current drive for bottom N-
channel MOSFET. The voltage swing at pin 13 is from
ground to Vgg.

Pin14(Regulator Ground): Low dropout regulator ground.
Connects to power ground.

Pin 15 (Shutdown 2): Master shutdown pin. Taking Pin 15
high shuts down V¢g and all control circuitry; requires a
logic signal with t;, tf < 1ps.

Pin 16 (Cap): Charge compensation pin. A capacitor from
pin 16 to Vg provides the charge required by the P-drive
level-shift capacitor during supply transitions. The pin 16
capacitor must be larger than the pin 4 capacitor.

OPGB HTIOﬂ (Refer to Functional Diagram)

The LTC1149 series uses a current mode, constant off-time
architecture to synchronously switch an external pair of
complementary power MOSFETs. Operating frequency is
set by an external capacitor at the timing cap pin 6.

The output voltage is sensed either by an internal voltage
divider connected to Sense™ pin 8 (LTC1149-3.3 and
LTC1149-5) or an external divider returned to Vrg pin 10
(LTC1149). A voltage comparator V, and a gain block G,
compare the divided output voltage with a reference voltage
of 1.25V. To optimize efficiency, the LTG1149 series auto-
matically switches between two modes of operation, burst
and continuous. The voltage comparator is the primary
control element for Burst Mode™ operation, while the gain
block controls the output voltage in continuous mode.

Alow dropout 10V regulator provides the operating voltage
V¢ forthe MOSFET drivers and control circuitry. The driver
outputs at pins 4 and 13 are referenced to ground, which
fulfills the N-channel MOSFET gate drive requirement. The
P-channel gate drive at pin 1 must be referenced to the main
supplyinputVyy, whichis accomplished by level-shifting the
pin 4 signal via an internal 500k resistor and external
capacitor.

During the switch “ON” cycle in continuous mode, current
comparator C monitors the voltage between pins 8 and 9
connected across an external shunt in series with the
inductor. When the voltage across the shunt reaches its
threshold value, the P-gate output is switched to Vi, turning
off the P-channel MOSFET. The timing capacitor connected
to pin 6 is now allowed to discharge at a rate determined by

LY IR
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OPER ﬂTIOﬂ (Refer to Functional Diagram)

the off-time controller. The discharge current is made
proportional to the output voltage (measured by pin 8) to
model the inductor current, which decays at a rate which is
also proportional to the output voltage. While the timing
capacitor is discharging, the N-gate output is high, turning
on the N-channel MOSFET.

When the voltage on the timing capacitor has discharged
past Vryq, comparator T trips, setting the flip-flop. This
causesthe N-gate outputto golow (turning offthe N-channel
MOSFET) and the P-gate output to also go low (turning the
P-channel MOSFET back on). The cycle then repeats.

As the load current increases, the output voltage decreases
slightly. This causes the output of the gain stage toincrease
the current comparator threshold, thus tracking the load
current.

The sequence of events for Burst Mode™ operation is very
similar to continuous operation with the cycle interrupted by
the voltage comparator. When the output voltage is at or
above the desired regulated value, the P-channel MOSFET is
held off by comparator V and the timing capacitor continues
to discharge below Vry1. When the timing capacitor dis-
charges past Ty, voltage comparator S trips, causing the
internal sleep bar line to go low and the N-channel MOSFET
to turn off.

Thecircuitnow enters sleep mode with both power MOSFETs
turned off. In sleep mode, much of the circuitry is turned off,
dropping the supply current from several mA (with the
MOSFETSs switching) to 600uA. When the output capacitor
has discharged by the amount of hysteresis in comparator
V, the P-channel MOSFET is again turned on and this
process repeats. To avoid the operation of the current loop
interfering with Burst Mode™ operation, a built-in offset is
incorporated in the gain stage. This prevents the current
comparator threshold from increasing until the output volt-
age has dropped below a minimum threshold.

To prevent both the external MOSFETs from ever being
turned on at the same time, feedback is incorporated to
sense the state of the driver output pins. Before the N-gate
output can go high, the P-drive output must also be high.
Likewise, the P-drive output is prevented from going low
when the N-gate output is high.

Using constant off-time architecture, the operating fre-
quency is a function of the input voltage. To minimize the
frequency variation as dropout is approached, the off-time
controller increases the discharge current as Viy drops
below Vout + 1.5V. In dropout the P-channel MOSFET is
turned on continuously.

FUNCTIONAL DIRGRAM Pin 10 connection shown for LTC1149-3.3 and LTC1149-5; changes create LTC1149.

1 | P-GATE
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APPLICATIONS INFORMATION

Typical Application Circuit

The basic LTC1149 series application circuit is shown in
Figure 1. External component selection is driven by the
input voltage and output load requirement, and begins
with the selection of Rgense. Once Rgeyse is known, Gy
and L can be chosen. Next, the power MOSFETs and D1
are selected. Finally, Cy and Cqyt are selected and the
loop is compensated. The circuit shown in Figure 1 can be
configured for operation up to an input voltage of 48V. If
the application does not require greater than 15V opera-
tion, then the LTC1148 should be used.

Rsense Selection for Output Current

Rsense is chosen based on the required output current.
The LTC1149 series current comparator has a threshold
range which extends from a minimum of 25mV/Rggnsk to
a maximum of 150mV/Rggysg. The current comparator
threshold sets the peak of the inductor ripple current,
yielding a maximum output current lyyax equal to the peak
value less half the peak-to-peak ripple current. For proper
Burst Mode™ operation, Ipippy£(p-p) must be less than or
equal to the minimum current comparator threshold.

Since efficiency generally increases with ripple current,
the maximum allowable ripple current is assumed, i.e.,
|R|pp|_E(p_p) = 25mV/Rgense (see Cr and L Selection for
Operating Frequency). Solving for Rggnse and allowing a
margin for variations in the LTC1149 series and external
component values yields:

100mV
ImAX

RSENSE =

A graph for selecting Rggyse versus maximum output
currentisgiveninFigure 2. The LTC1149 series works well
with values of Rgeyse from 0.02Q to 0.2Q.

The load current below which Burst Mode™ operation
commences, lgyrst, and the peak short-circuit current,
sc(pk), both track Iyax. Once Rsense has been chosen,
lgursT and lsc(px) can be predicted from the following
equations:

| _ 15mV
BURST = R\ o
| _150mV
SCPK) ™ Rgense
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APPLICATIONS INFORMATION

The LTC1149 series automatically extends tggr during a
short circuit to allow sufficient time for the inductor
current to decay between switch cycles. The resulting
ripple current causes the average short-circuit current
Isc(ave) to be reduced to approximately Iyax.

0.20

0.18 \\
0.16 \
0.14 \
g 012
% 0.10
Z 0.08
) 0.06 \
0.04 \\
0.02
0
0 1 2 3 4 5

MAXIMUM OUTPUT CURRENT (A)

LTC1149 « F02

Figure 2. Rgeyse vs Maximum QOutput Current

L and Cy Selection for Operating Frequency

The LTC1149 series uses a constant off-time architecture
with tope determined by an external timing capacitor Cr.
Each time the P-channel MOSFET switch turns on, the
voltage on Gt is reset to approximately 3.3V. During the
off-time, Cr is discharged by a current which is propor-
tional to Vgyr. The voltage on Ct is analogous to the
current in inductor L, which likewise decays at a rate
proportional to Voyrt. Thus the inductor value must track
the timing capacitor value.

The value of Ct is calculated from the desired continuous
mode operating frequency, f:

_78x10-5(, _ Vour
o - 78 (1 o

A graph for selecting Ct versus frequency including the
effects of input voltage is given in Figure 3.

As the operating frequency is increased the gate charge
losses will be higher, reducing efficiency (see Efficiency
Considerations). The complete expression for operating
frequency is given by:

fo 1 (1 _ VOUT)
toFr Vin

where:

Vv
t =1.3x1o4xCxR—EG)
OFF T (VOUT

VReg is the desired output voltage (i.e., 5V, 3.3V), while
Vour is the actual output voltage. Thus Vgeg/Vout = 1
when in regulation.

Note that as V,y decreases, the frequency decreases.
When the input to output voltage differential drops
below 1.5V, the LTC1149 series reduces tggr by in-
creasing the discharge current in Gt. This prevents
audible operation prior to dropout.

Once the frequency has been set by Ct, the inductor L
must be chosen to provide no more than 25mV/Rgense
of peak-to-peak inductor ripple current. This results in
a minimum required inductor value of:

Lain = 5.1 x 10% x Rgense x Ct % VReg

As the inductor value is increased from the minimum
value, the ESR requirements for the output capacitor
are eased at the expense of efficiency. If too small an
inductoris used, the inductor current will decrease past
zero and change polarity. A consequence of this is that
the LTC1149 series may not enter Burst Mode™ operation
and efficiency will be severely degraded at low currents.

1400

T
[ Vout =5V
1200 \
_ \
E-JWOO \\
% 800 \\§
S N O\ = 48V
S N N
5 400 N i = 24V —]
200 Vn=12v _ |
0 ‘

0 50 100 150 200 250
FREQUENCY (kHz)

LTC1149 « FO3

Figure 3. Timing Capacitor Selection
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Inductor Core Selection

Once the minimum value for L is known, the type of
inductor must be selected. High efficiency converters
generally cannot afford the core loss found in low cost
powdered iron cores, forcing the use of more expensive
ferrite, molypermalloy, or Kool Mu® cores. Actual core
loss is independent of core size for a fixed inductor value,
but it is very dependent oninductance selected. As induc-
tance increases, core losses go down. Unfortunately,
increased inductance requires more turns of wire and
therefore copper losses increase.

Ferrite designs have very low core loss, so design goals
can concentrate on copper loss and preventing saturation.
Ferrite core material saturates “hard,” which means that
inductance collapses abruptly when the peak design cur-
rent is exceeded. This results in an abrupt increase in
inductor ripple current and consequent output voltage
ripple which can cause Burst Mode™ operation to be
falsely triggered in the LTC1149 series. Do not allow the
core to saturate!

Molypermalloy (from Magnetics, Inc.) is a very good, low
loss core material for toroids, but it is more expensive
than ferrite. A reasonable compromise from the same
manufacturer is Kool Mu. Toroids are very space effi-
cient, especially when you can use several layers of wire.
Because they generally lack a bobbin, mounting is more
difficult. However, new surface mount designs available
from Coiltronics do not increase the height significantly.

P-Channel MOSFET Selection

Two external power MOSFETs must be selected for use
with the LTC1149 series: a P-channel MOSFET for the
main switch, and an N-channel MOSFET for the synchro-
nous switch.

The minimuminput voltage determines whether standard
threshold or logic-level threshold MOSFETs must be
used. For Viy > 8V, standard threshold MOSFETs
(Vas(thy < 4V) may be used. If Vjy is expected to drop
below 8V, logic-level threshold MOSFETSs (Vgs(th) <
2.5V) are strongly recommended. When logic-level
MOSFETs are used, the absolute maximum Vgg rating

Kool My® s a registered trademark of Magnetics, Inc.

for the MOSFETs must be greater than the LTGC1149
series internal regulator voltage V.

Selection criteria for the P-channel MOSFET include the
on-resistance Rps on), reverse transfer capacitance Cgss,
input voltage, and maximum output current. When the
LTC1149 is operating in continuous mode, the duty cycle
for the P-channel MOSFET is given by:

P-Ch Duty Cycle = %
IN
The P-channel MOSFET dissipation at maximum output
current is given by:

V
P-Ch Pp = % (Imax)? (1 + 0p) Rpson)

+k (Vin)2 (Iwax) (Crss) (f)

where d is the temperature dependency of Rpg(on) and k
is a constant related to the gate drive current. Note the
two distinct terms in the equation. The first gives the I2R
losses, which are highest at low input voltages, while the
second gives the transition losses, which are highest at
high input voltages. For Viy < 24V, the high current
efficiency generally improves with larger MOSFETSs (al-
though gate charge losses begin eating into the gains.
See Efficiency Considerations). For Viy > 24V, the
transition losses rapidly increase to the point that the use
of a higher Rpg(on) device with lower Cgss actually
provides higher efficiency. This is illustrated in the De-
sign Example section.

The term (1 + 0) is generally given for a MOSFET in the
form of a normalized Rpg(on) Vs temperature curve, but
0 = 0.007/°C can be used as an approximation for low
voltage MOSFETSs. Crsgis usually specified inthe MOSFET
electrical characteristics. The constant kis much harder to
pin down, but k=5 can be used for the LTC1149 series to
estimate the relative contributions of the two terms in the
P-channel dissipation equation.

N-Channel MOSFET and D1 Selection

The same input voltage constraints apply to the N-channel
MOSFET as to the P-channel with regard to when logic-
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level devices are required. However, the dissipation calcu-
lation is quite different. The duty cycle and dissipation for
the N-channel MOSFET operating in continuous mode are
given by:

N-Ch Duty Cycle = Yin - Vour
Vin

Vin-V
N-Ch Pp = 555 (Iuax)? (1 + ) Ros(on)

where 0 is the temperature dependency of Rpg(on). Note
that there is no transition loss term in the N-channel
dissipation equation because the drain-to-source volt-
ageis always low when the N-channel MOSFET is turning
on or off. The remaining I2R losses are the greatest at
high input voltage or during a short circuit, when the
N-channel duty cycle is nearly 100%. Fortunately, low
Ros(on) N-channel MOSFETS are readily available which
reduce losses to the point that heat sinking is not re-
quired, even during continuous short-circuit operation.

The Schottky diode D1 shown in Figure 1 only conducts
during the dead-time between the conduction of the two
power MOSFETs. D1’s sole purpose in life is to prevent
the body diode of the N-channel MOSFET from turning on
and storing charge during the dead-time, which could
cost as much as 1% in efficiency (although there are no
other harmful effects if D1 is omitted). Therefore, D1
should be selected fora forward voltage of less than 0.7V
when conducting lyax.

Finally, both MOSFETs and D1 must be selected for
breakdown voltages higher than the maximum V.

Ciny and Coyr Selection

In continuous mode, the source current of the P-channel
MOSFET is a square wave of duty cycle Voyt/Viy. To
prevent large voltage transients, a low ESR input capaci-
tor sized forthe maximum RMS current must be used. The
maximum RMS capacitor current is given by:

Imax [Vout(Vin = Vour)1/2

Vin

This formula has a maximum at Viy = 2VgyT, where
lrms = Imax/2. This simple worst case condition is com-

Ciy Required Igps =

monly used for design because even significant devia-
tions do not offer much relief. Note that capacitor
manufacturer’s ripple current ratings are often based on
only 2000 hours of life. This makes it advisable to further
derate the capacitor, or to choose a capacitor rated at a
highertemperature thanrequired. Several capacitors may
be paralleled to meet size or height requirements in the
design. Anadditional 0.1uF ceramic capacitor may also be
required on Vyy for high frequency decoupling.

The selection of Coyr is driven by the required effective
series resistance (ESR). The ESR of Coyr must be less
than twice the value of Rggyse for proper operation of the
LTC1149 series:

COUT Required ESR < ZRSENSE

Optimum efficiency is obtained by making the ESR equal
to Rgense. As the ESR is increased up to 2RgeysE, the
efficiency degrades by less than 1%. If the ESR is greater
than 2RgensE, the voltage ripple on the output capacitor
will prematurely trigger Burst Mode™ operation, resulting
in disruption of continuous mode and an efficiency hit
which can be several percent.

Manufacturers such as Nichicon, Chemicon, and Sprague
should be considered for high performance capacitors.
The 0S-CON semiconductor dielectric capacitor available
from Sanyo has the lowest ESR for its size, at a somewhat
higher price. Once the ESR requirement for Coyt has been
met, the RMS current rating generally far exceeds the

IRIPPLE(P-P) r€qUirement.

In surface mount applications multiple capacitors may
have to be paralleled to meet the capacitance, ESR, or
RMS current handling requirements of the application.
Aluminum electrolytic and dry tantalum capacitors are
both available in surface mount configurations. In the
case of tantalum, it is critical that the capacitors are surge
tested for use in switching power supplies. An excellent
choice is the AVX TPS series of surface mount tantalums,
available in case heights ranging from 2mm to 4mm. For
example, if 200uF/10V is called for in an application
requiring 3mm height, two AVX 100uF/10V (P/N TPSD
107K010) could be used. Consult the manufacturer for
other specific recommendations.
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At low supply voltages, a minimum value of Cqyr is
suggested to preventan abnormal low frequency oper-
ating mode (see Figure 4). When Cqyr is too small, the
output ripple at low frequencies will be large enough to
trip the voltage comparator. This causes the Burst
Mode™ operation to be activated when the LTC1149
series would normally be in continuous operation. The
effect is most pronounced with low values of Rgense
and can be improved by operating at higher frequencies
with lower values of L. The output remains in regulation
at all times.

Checking Transient Response

Switching regulators take several cycles to respond to a
step in DC (resistive) load current. When a load step

1000 1 T

L = 50pH
\\\\\JE¥NSE=0029
800 ‘ [
600 S L=25uH
"é ~ Rsense = 0.02Q \
5 N N
S 400 ™~
s |
Rsense = 0.05Q \\ N
200 ~
N
0
0 1 2 3 4 5

Vin = Vout VOLTAGE (V)

LTC1149 « TPCO4

Figure 4. Minimum Suggested Cqyt

occurs, Voyr shifts by anamount equal to Al gap X ESR,
where ESR is the effective series resistance of Cqyrt.
Al pap also begins to charge or discharge Coyr until the
regulator loop adapts to the current change and returns
Vour to its steady state value. During this recovery time
Vouyt can be monitored for overshoot or ringing which
would indicate a stability problem. The pin 7 external
components shown in the Figure 1 circuit will prove
adequate compensation for most applications.

A'second, more severe transient is caused by switching in
loads with large (>1uF) supply bypass capacitors. The
discharged bypass capacitors are effectively putin parallel
with Gy, causing a rapid drop in Vgyt. No regulator can
deliver enough current to prevent this problem if the load
switch resistance is low and it is driven quickly. The only
solution is to limit the rise time of the switch drive so that
the load rise time is limited to approximately 25 x Cj gap.
Thus a 10pF capacitor would require a 250ps rise time,
limiting the charging current to about 200mA.

LTC1149 Adjustable Applications

When an output voltage other than 3.3V or 5V is required,
the LTG1149 adjustable version is used with an external
resistive divider from Vgyt to Veg pin 10. The regulated
voltage is determined:

- R2
Vour=1.25 (1 + R1)

———— CAP
— 0.068pF

LTC1149

0V = NORMAL SHUTDOWN 2 Vgg

]
i 1N4148

P-GATE IRFOz34 =
b v == o
+ CC &
L Voo P-DRIVE

N-GATE 4' i%_IRFZM

H 150pF
" sov

16V Vout E/El

>2V = SHUTDOWN 100pF

i 1N5819 R2
215k
= 1% +| 150pF

SENSE*

I 1000pF

HiHH

LTC1149 « FO5

3300pF Cr SENSE™
| GNDS

—_l__ 200pF L1 |

RsEnSE
0.05Q
R2
1+ m)

-4 VALUES SHOWN FOR Voyr =12V

Vout=1 25(

OUTPUT
GROUND
CONNECTION

Figure 5. High Efficiency Step-Down Regulator with Vgyr > Ve
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In applications where Vgyr is greater than the LTC1149
internally regulated Vg voltage, Rsense must be moved to
the ground side of the output to prevent the absolute
maximum voltage ratings of the sense pins from being
exceeded. This is shown in Figure 5. When the current
sense comparator is operating at 0V common mode, the
off-time increases approximately 40%, requiring the use
of a smaller timing capacitor Cr.

Efficiency Considerations

The percent efficiency of a switching regulator is equal to
the output power divided by the input power times 100%.
It is often useful to analyze individual losses to determine
what is limiting the efficiency and which change would
produce the mostimprovement. Percent efficiency can be
expressed as:

%Efficiency =100 - (L1 + L2+ L3 +...)

where L1, L2, etc., are the individual losses as a percent-
age of input power. (For high efficiency circuits only small
errors are incurred by expressing losses as a percentage
of output power.)

Although all dissipative elements in the circuit produce
losses, four main sources usually account for most of the
losses in LTC1149 series circuits: 1) LTC1149 DC supply
current, 2) MOSFET gate charge current, 3) I1°R losses,
and 4) P-channel transition losses.

1) The DC supply current is the current which flows into
Vy pin 2 less the gate charge current. For Vi = 12V the
LTG1149 DC supply current is 0.6mA for no load, and
increases proportionally with load up to 2mA after the
LTC1149 series has entered continuous mode. Because
the DC supply currentis drawn from V,y, the resulting loss
increases with input voltage. For Vy = 24V, the DC bias
losses are generally less than 3% for load currents over
300mA. However, at very low load currents the DC bias
current accounts for nearly all of the loss.

2) MOSFET gate charge current results from switching the
gate capacitance of the power MOSFETs. Each time a
MOSFET gate is switched from low to high to low again, a
packet of charge dQ moves from Vy to ground. The
resulting dQ/dt is a current out of Vjy which is typically
much larger than the DC supply current. In continuous

mode, lgatecHs = f (Qy + Qp). The typical gate charge for
a 0.1Q N-channel power MOSFET is 25nC, and for a
P-channel about twice that value. This results in
lgaTECHG = 7.5mA in 100kHz continuous operation, for a
5% to 10% typical mid-current loss with Vyy = 24V.

Note that the gate charge loss increases directly with both
inputvoltage and operating frequency. Thisis the principal
reason why the highest efficiency circuits operate at
moderate frequencies. Furthermore, it argues agamst
using larger MOSFETs than necessary to control I1°R
losses, since overkill can cost efficiency as well as money!

3) 2R losses are easily predicted fromthe DC resistances
of the MOSFET, inductor, and current shunt. In continu-
ous mode all of the output current flows through L and
Rsense, but is “chopped” between the P-channel and N-
channel MOSFETs. If the two MOSFETs have approxi-
mately the same Rps(on), then the resistance of one
MOSFET can simply be summed with the resistances of
L and Rggyse to obtain I2R losses. For example, if each
RDS(ON) =0.1Q, R =0.15Q, and Rgense = 0.05Q, then
thetotal resistance is 0.3Q. This results in losses ranging
from 3% to 12% as the output current increases from
0.5A to 2A. I2R losses cause the efficiency to roll-off at
high output currents.

4) Transition losses apply only to the P-channel MOSFET,
and only when operating at high input voltages (typically
24V or greater). Transition losses can be estimated from:

Transition Loss = 5(Vx)2 (Imax) (Crss) (f)

Forexample, if Vi =48V, Iyax = 2A, Crgs = 300pF (a very
large MOSFET), and f = 100kHz, the transition loss is
0.7W. A loss of this magnitude would not only kill effi-
ciency but would probably require additional heat sinking
for the MOSFET! See Design Example for further guide-
lines on how to select the P-channel MOSFET.

Other losses including Gy and Coyt ESR dissipative
losses, Schottky conduction losses during dead-time, and
inductor core losses, generally account for less than 2%
total additional loss.

LTC1149 Package Dissipation

High input voltage applications in which large MOSFETs
are being driven at high frequencies may cause the maxi-
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mum junction temperature rating for the LTC1149 series
to be exceeded. The LTG1149 supply currentis dominated
by the gate charge supply current, which is given as a
function of operating frequency in the Typical Perfor-
mance Characteristics. The LTC1149 series junction tem-
perature can be estimated by using the equations given in
Note 1 of the Electrical Characteristics. For example, the
LT1149CS is limited to less than 11mA from a 48V supply:

Ty=70°C + (11mA x 48V x 110°C/W)
=128°C exceeds absolute maximum

To prevent the maximum junction temperature from being
exceeded, the pin 2 supply current must be checked in
continuous mode when operating at the maximum V.

Design Example

As a design example, assume Viy = 24V, Voyt = 9V,
Imax = 2.5A, and f = 100kHz. Rsgnse, Gt and L can
immediately be calculated:

Rense = 100MY _ 0 0390

25
_7.8x10°5 [, _ 5V _
T = "1 00kHz (1 24v)‘620pF

Ly = 5.1 % 105 x 0.039Q x 620pF x 5V = 62uH

Selection of the P-channel MOSFET involves doing calcu-
lations for different sized MOSFETs to determine the
relative loss contributions. Taking an International Recti-
fier IRF9Z34 for example, Rps(on) = 0.14Q Max, Qp =
35nC, and Crsg = 200pF (Vps = V|n/2). These values can
be used to estimate the I2R losses, transition losses, and
gate charge supply current losses:

Est. IR Loss (T = 100°C) =
(5V/24V) (2.5)2 (1 + 0.5)0.14Q = 270mW

Est. Transition Loss =
5 (24V)2 (2.5A) (200pF) (100kHz) = 145mW

Est. Gate Charge Loss =
(100kHz) (35nC) (24V) = 85mW

The same calculations were repeated for a smaller device,
the Motorola MTD2955 (Rps(on) = 0.3Q), and a larger

one, the Harris RFP30P05 (Rpg(on) = 0.065Q). The results
are summarized in the table.

NDITION
" 534\/, V(?UTS= o P-CHANNEL MOSFET
F = 100kHz, lgyr = 2.5A MTD2955 IRF9Z34 RFP30P05
Est. IR Loss (100°C) 550mW 270mw 120mW
Est. Transition Loss 110mW 145mW 290mW
Est. Gate Charge Loss 60mw 85mw 240mW
Est. Total Loss 720mW 500mwW 650mwW

Forthis set of conditions, the mid-sized P-channel MOSFET
actually produces the lowest total losses at Iyax. The
resulting efficiency differences will be even more pro-
nounced at lower output currents. Note that only the IR
and transition losses are dissipated in the MOSFET; the
gate charge supply current loss is dissipated by the
LTC1149 series.

Selection of the N-channel MOSFET is somewhat easier; it
need only be sized for the anticipated 2R losses at 100%
duty cycle (worst case assumption for short circuit.) The
Siliconix Si9410, for example, has Rpg(on) = 0.03Q Max
and Qy =30nC. This will produce an 12R loss of 250mW at
100°C and a gate charge supply current loss of 75mW. As
with the P-channel device, the use of alarger MOSFET may
actually result in lower mid-current efficiency

Cyn Will require an RMS current rating of at least 1.25A at
temperature, and Coyt will require an ESR of 0.04Q for
optimum efficiency. The output capacitor ESR require-
ment can be fulfilled by a single 0S-CON or by two or more
surface mount tantalums in parallel.

Auxiliary Windings - Suppressing Burst Mode™
Operation

The LTG1149 synchronous switch removes the normal
limitation that power must be drawn from the inductor
primary winding in order to extract power from auxil-
iary windings. With synchronous switching, auxiliary
outputs may be loaded without regard to the primary
output load, providing that the loop remains in continu-
ous mode operation.

Burst Mode™ operation can be suppressed at low output
currents with a simple external network which cancels the
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25mV minimum current comparator threshold. This tech-
nique is also useful for eliminating audible noise from
certain types of inductors in high current (loyt > 5A)
applications when they are lightly loaded.

An external offset is put in series with the Sense™ pin to
subtract from the built-in 25mV offset. An example of this
technique is shown in Figure 6. Two 100Q resistors are
inserted in series with the leads from the sense resistor.

With the addition of R3, a current is generated through R1
causing an offset of:

VorrseT = Vour X

_R1_
R1+R3
IfVorrser > 25mV, the minimum threshold will be cancelled
and Burst Mode™ operation is prevented from occurring.
Since VoerseT IS constant, the maximum load currentis also

decreased by the same offset. Thus, to get back to the same
Ivax, the value of the sense resistor must be lower:

R _ /5mV
SENSE = 7~
MAX
To prevent noise spikes from erroneously tripping the
current comparator, a 1000pF capacitor is needed across
pins 8 and 9.

L Rsense
R2 t

9 100Q T Cour

SENSE* A =
L 1000pF R1

8 100Q
SENSE™
LTC1149 « FO6
R3

LTC1149

Figure 6. Suppressing Burst Mode™ Operation

Output Crowbar

An added feature to using an N-channel MOSFET as the
synchronous switch is the ability to crowbar the output
with the same MOSFET. Pulling the timing cap pin 6 above
1.5V when the output voltage is greater than the desired
regulated value, will turn on the N-channel MOSFET.

A fault condition which causes the output voltage to go
above a maximum value can be detected by external

circuitry. Turning on the N-channel MOSFET when this
fault is detected will then force the system fuse to blow.

The N-channel MOSFET needs to be sized so it will safely
handle this over current condition. The typical delay from
pulling the C1 pin 6 high to when the N-gate pin 13 goes
high is 250ns. Under shutdown conditions, the N-channel
is held off and pulling pin 6 high will not cause the output
to be crowbarred.

AsmallN-channel FET can be used as an interface between
the overvoltage detect circuitry and the LTC1149as shown
in Figure 7.

Vee
LTC1149

5
CROWBAR —l VN2222LL
| 6

Cr

ACTIVE WHEN CROWBAR = Vy
OFF WHEN CROWBAR = GROUND

LTC1149 « FO7

Figure 7. Output Crowbar Interface

Board Layout Checklist

When laying out the printed circuit board, the following
checklist should be used to ensure proper operation of the
LTC1149 series. These items are also illustrated graphi-
cally inthe layout diagram of Figure 8. Check the following
in your layout:

1) Are the signal and power grounds segregated? The
LTC1149signal ground pin 11 must connect separately to
the (-) plate of Coyt. The other ground pins 12 and 14
should return to the source of the N-channel MOSFET,
anode of the Schottky diode, and (=) plate of Gy, which
should have as short lead lengths as possible.

2) Doesthe LTG1149 Sense™ pin 8 connecttoa pointclose
to Rsense and the (+) plate of Coyt? In adjustable applica-
tions, the resistive divider R1, R2 must be connected
between the (+) plate of Coyt and signal ground.

3) Are the Sense~and Sense* leads routed together with
minimum PC trace spacing? The differential decoupling
capacitor between pins 8 and 9 should be as close as
possible to the LTC1149. Up to 100Q may be placed in
series with each sense lead to help decouple pins 8

14
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BOLD LINES INDICATE HIGH CURRENT PATHS /
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A 14148

0.068yF
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1 3 14 =
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LTC1149 + F08

ADJUSTABLE VERSION ONLY

Figure 8. LTC1149 Series Layout Diagram (see Layout Checklist)

and 9. However, when these resistors are used, the
capacitor should be no larger than 1000pF.

4) Does the (+) plate of Cjy connect to the source of the
P-channel MOSFET as closely as possible? An additional
0.1uF ceramic capacitor between Vi and power ground
may be required in some applications.

5) Is the Vg decoupling capacitor connected closely
between pin 5 of the LTC1149 and power ground? This
capacitor carries the MOSFET driver peak currents.

6) Is the shutdown 1 pin 10 (fixed output versions only)
actively pulled to ground during normal operation? The
shutdown 1 pin is high impedance and must not be
allowed to float. In adjustable versions, pin 10 is the
feedback pin and is very sensitive to pickup from the
switch node. Care must be taken to isolate Veg from
possible capacitive coupling of the inductor switch signal.

Troubleshooting Hints

Since efficiency is critical to LTC1149 series applications,
it is very important to verify that the circuit is functioning

correctly in both continuous and Burst Mode™ operation.
The waveform to monitor is the voltage on the timing
capacitor pin 6.

In continuous mode (I pap > |gyrsT) the voltage on pin 6
should be a sawtooth with a 0.9Vp.p swing. This voltage
should never dip below 2V as shown in Figure 9a.

When load currents are low (I_gap < Igyrst) Burst Mode™
operation should occur with the Gt pin waveform periodi-
cally falling to ground as shown in Figure 9b.

If pin 6 is observed falling to ground at high output
currents, itindicates poor decoupling orimproperground-
ing. Refer to the Board Layout Checklist.

BRNERERNERNER NI NI N

ov

(a) CONTINUOUS MODE OPERATION

I_\I_\I_\—I_\I_\I_\_ 3.3V
ov
(b) Burst Mode™ OPERATION

LTC1149 « FO9

Figure 9. Cy Pin 6 Waveforms
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Figure 10. High Efficiency 8V to 20V Input 3.3V/1A Output Regulator
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**KRL SL-1-C1-0R033J

Figure 11. High Efficiency 8V to 20V Input 3.3V/3A Output Regulator
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LTC1149

LTC1149-3.3/LTC1149-5

TYPICAL APPLICATIONS
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10V x2

L
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4
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1 16 33pH 0.05Q
P-GATE CAP — ¢ — \\\N—4¢
— —0.068uF
WLZ iy SHUTDOWN 2 |2
——0.0474F 3 "
Vee R-GND }— ¢ + 220uF
4 13 1= :L
P-DRIVE N-GATE | 14 sigatoDY 1N5818
5 LTC1149-5 12 f
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1K |_ 1000pF
] e — @ LTC1149+F12
*COILTRONICS CTX33-4 Kool Mp®
**KRL SL-1-C1-0R0504
Figure 12. Ultra Wide Input Range (5.5V to 25V) High Efficiency 5V Regulator
Vin
8V TO 16V
4
A 14148 ﬂ—100pF
25V
| sigasony L >
= =
L* R -
SENSE
1 16 22pH 0.05Q
P-GATE CAP |— < —AAA—¢
— —0.068uF
WLZ Vin SHUTDOWN 2 |2
——0.0474F 3 "
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**KRL SL-1-C1-0R050J

Figure 13. 250kHz High Efficiency 12V Input 5V/2A Qutput Regulator
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LTC1149-3.3/LTC1149-5

TYPICAL APPLICATIONS

| |+

Vi ° - °
v 1
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100V :
I MTD2955 I I
l— - -
L* R ok
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— 5V/2.5A
= —0.068uF | 2 15
Vi SHUTDOWN 2
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Vge R-GND }— ! + 220pF
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4 =
P-DRIVE N-GATE |3 I: IRFZ34 MBR380 0S-CON
5 LTC1149-5 10 f
Ve P-GND <
6 Cr S-GND L = _T_
10 —
+ [ SHUTDOWN 1 SHUTDOWN =
T —33uF T —620pF 3300pF g 9 1000
SENSE™ SENSE* * AN
1k |_ 1000pF
I 1000
] —_— — @ AN' LTC1149+F14
*HURRICANE LAB HL-KI168M
**|RC LR2512-01-R040-G
Figure 14. High Efficiency 48V Input 5V/2.5A Output Regulator
ViN
8V T0 20V
L
A 14148 ﬂ—mouF
35V
I RFD15P05SM L
|_ -
L* R o
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1 J S0uH 0.05Q v
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= —0068uF | 2 15 OR 5V/2A
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= 0.047yF 3 1 + 220F
Voe R-GND |— ! 10V x2
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4 13 1=
P-DRIVE N-GATE IHRFDMNOSSM ? 1N5818
LTC1149
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Vee P-GND 1 VN2222LL |—gx vour = .3V
8¢ $-GND P————¢ T
i =L 0o RIA Lris | R
7 10 _—T 33k 43k 56k —
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—1F 390pF 3300pF g ° ® AMA—¢
SENSE~ SENSE* |2 ? b
1k |_ 1000pF
- — -I LTC1149+F15

*COILTRONICS CTX50-2-MP
**IRC LR2010-01-R050-G

Figure 15. Logic Selectable 5V/2A or 3.3V/2A High Efficiency Regulator
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LTC1149

LTC1149-3.3/LTC1149-5

TYPICAL APPLICATIONS
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— = — L AN LTC1149« F16
*COILTRONICS CTX50-5-52 SEE APPLICATIONS INFORMATION TO SUPPRESS
**DALE LVR-3-0.02 Burst Mode™ OPERATION AT LOW CURRENTS
Figure 16. 25W High Efficiency Regulator Using N-Channel MOSFET Switches
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Figure 17. High Efficiency 24V Input 12V/3A Qutput Regulator
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Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
However, no responsibility is assumed for its use. Linear Technology Corporation makes no represen-
tationthatthe interconnection of its circuits as described herein will not infringe on existing patent rights.
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LTC1149
LTC1149-3.3/LTC1149-5

PHCKHGG DGSC“IPTIO" Dimensions in inches (millimeters) unless otherwise noted.

N Package
16-Lead Plastic DIP
0.770
(19.558)
MAX

he| [15] [1a] [1s] [12] [11] [10] [o]

!

D

i) [2] [ [af [s] [e] [2] [e

0.045 - 0.065

> |
(1.143 - 1.651) ‘ ‘

0.260 = 0.010
(6.604 = 0.254)
0.300 - 0.325 0.130 + 0.005
(7.620 - 8.255) (3.302 £ 0.127)
A
0.015
0381) ¥ ¥
Y A ——

0.009-0.015
(0.229-0.381)

ﬁi B (1651)
TYP

0305 0,025
| 0015 | 0125 0.045 £ 0.015

‘ 6,955 10635 (3.175) (1.143 2 0.381) |l 0.018£0.003
~0.381 i 14320, (0.457 = 0.076)

0100 £ 0.010
(25402 0.254) > - o2

S Package
16-Lead Plastic SOIC
0.386 - 0.394*

0.228 — 0.244
(5.791-6.197)

Y

(9.804 - 10.008)
16 15 14 13 12 11 10 9

18 H A

0.150 - 0.157*
(3.810 - 3.988)

l

-]
[T
w[T]
=[]
o [T
o[
[T ]

7
(782332 . 8232) 457 — < 0.053 - 0.069
' ' (1.346 —1.752)

0.008 -0.010 .\ 0.004 - 0.010
(0.203 - 0.254) 0°-8°TYP (0.101 - 0.254)
v ‘L\.% S i I e s e e e —

TJ 0.014-0.019 ‘ Lﬁ ‘ 0.050
s 0.016 - 0.050 (0.355 - 0.483) 1 -270)
0.406 - 1.270 TYP 5016 0393

*“THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 INCH (0.15mm).

Linear Technology Corporation

1630 McCarthy Blvd., Milpitas, CA 95035-7487
(408) 432-1900 - FAX: (408) 434-0507 - TELEX: 499-3977
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