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LT1054 Switched-Capacitor Voltage Converters With Regulators
1 Features 3 Description

e Output Current, 100 mA

e LowLoss, 1.1V at 100 mA

e Operating Range, 3.5V to 15V

« Reference and Error Amplifier for Regulation

« External Shutdown

¢ External Oscillator Synchronization

« Devices Can Be Paralleled

¢ Pin-to-Pin Compatible With the LTC1044/7660

2 Applications

¢ Industrial Communications (RS232)
« Data Acquisition Supply

* Voltage Inverters

* Voltage Regulators

¢ Negative Voltage Doublers

« Positive Voltage Doublers

The LT1054 device is a bipolar, switched-capacitor
voltage converter with regulator. It provides higher
output current and significantly lower voltage losses
than previously available converters. An adaptive-
switch drive scheme optimizes efficiency over a wide
range of output currents.

Total voltage drop at 100-mA output current typically
is 1.1 V. This applies to the full supply-voltage range
of 3.5 V to 15 V. Quiescent current typically is 2.5
maA.

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

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

The LT1054C is characterized for operation over a
free-air temperature range of 0°C to 70°C. The
LT1054l is characterized for operation over a free-air
temperature range of -40°C to 85°C.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
PDIP (8) 9.50 mm x 6.35 mm
LT1054
SOIC (16) 10.30 mm x 10.30 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Basic Voltage Inverter

FB/SD

CAP+

GND

\F
]

10 pF

CAP-

LT1054

8
2 uF

;L
osC— =

6
VRer [

5
Vout T =Vout

i 100 pF
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5 Pin Configuration and Functions

P Package
8-Pin PDIP
Top View
FB/SD [] 1 o 8] Vee
CAP+[]2 7|] OSC
GND []3 6 ]VREF
CAP-1]4 5 ]VOUT
DW Package
16-Pin SOIC
Top View
NC [] 1 ™ 16 [] NC
NC [] 2 15[] NC
FB/SD (] 3 14 ] Vce
CAP+ [] 4 13[] OSC
GND [] 5 12 ] VREF
CAP-[]6 1 ]VOUT
NC [} 7 10[] NC
NC [] 8 9] NC

NC - No internal connection

Pin Functions

A P;:)\I S0 /10 DESCRIPTION

FB/SD 1 3 Input Shutdown for low Iq operation or error amp input for regulation
CAP+ 2 4 Input Positive side of CIN

GND 3 5 — Ground

CAP- 4 6 Input Negative side of CIN

Vour 5 11 Output Regulated output voltage

VRer 6 12 Output Internal Reference Voltage

OSsC 7 13 Input Oscillator control pin

Vee 8 14 — Supply pin

NC — llg 175813 — No connect (no internal connection)

Copyright © 1990-2015, Texas Instruments Incorporated
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6 Specifications

6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT
Vee Supply voltage @ 16 Y,
FB/SD Vee Y,
V, Input voltage
osc Vret v
. 3 LT1054C 125 °C
T, Junction temperature ®
LT1054I 135 °C
Tstg Storage temperature -55 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) The absolute maximum supply-voltage rating of 16 V is for unregulated circuits. For regulation-mode circuits with Voyt < 15 V, this
rating may be increased to 20 V.

(3) The devices are functional up to the absolute maximum junction temperature.

6.2 ESD Ratings
VALUE UNIT
v Electrostatic Human body model (HBM), per ANSI/ESDA/JEDEC JS-001(™ +500 v
(ESD)  discharge Charged-device model (CDM), per JEDEC specification JESD22-C101@ +3500

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
Vee Supply voltage 35 15 \%
T Operating free-air LT1054C 0 70 oc
temperature range LT1054I —40 85
6.4 Thermal Information
LT1054
THERMAL METRIC® P (PDIP) DW (SOIC) UNIT
8 PINS 16 PINS
Rgia Junction-to-ambient thermal resistance 85 57 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.
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6.5 Electrical Characteristics
over recommended operating free-air temperature range (unless otherwise noted)

1 LT1054C, LT1054I
PARAMETER TEST CONDITIONS T 2 UNIT
MIN TYP® MAX
Vo  Regulated output voltage |Vec =7V, Ty=25°C, R, =5000Q @ 25°C -4.7 -5 -5.2 Y,
Input regulation Vec =7 Vito 12V, R =500 QO Full range 5 25 mv
Output regulation Vee =7V, R =100 Q to 500 Q® Full range 10 50 mv
Voltage loss lo =10 mA 0.35 0.55
1 C, = Co = 100-pF tantalum Full range \%
Ve = Vol @ 1w H lo = 100 mA 9 11 16
Output resistance Alg = 10 mA to 100 mA See ® Full range 10 15 Q
Oscillator frequency Vec=35Vtol15V Full range 15 25 35 kHz
N Ref " | 60 LA 25°C 2.35 25 2.65 v
eference voltage =
ref 9 (REF) ! Full range 2.25 2.75
Maximum switch current 25°C 300 4 mA
lec  Suppl t Io=0 Vee=35V. oy, 25 > A
u curren = ull range m
ce i ° Vee =15V g 3 200
Supply current in _
shutdown V(Feisp) =0V Full range 100 HA
(1) Full range is 0°C to 70°C for the LT1054C and —40°C to 85°C for the LT1054l.
(2) All typical values are at T = 25°C.
(3) All regulation specifications are for a device connected as a positive-to-negative converter/regulator with R1 = 20 kQ, R2 = 102.5 kQ,
external capacitor Cy = 10 uF (tantalum), external capacitor Coyt = 100 yF (tantalum) and C1 = 0.002 pF (see ).
(4) For voltage-loss tests, the device is connected as a voltage inverter, with terminals 1, 6, and 7 unconnected. The voltage losses may be
higher in other configurations. Cy and Coyt are external capacitors.
(5) Output resistance is defined as the slope of the curve (AVg versus Alg) for output currents of 10 mA to 100 mA. This represents the

linear portion of the curve. The incremental slope of the curve is higher at currents less than 10 mA due to the characteristics of the

switch transistors.
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6.6 Typical Characteristics
Data at high and low temperatures are applicable only within the recommended operating free-air temperature range.
Table 1. Table of Graphs

FIGURE
Shutdown threshold voltage vs Free-air temperature Figure 1
Supply current vs Input voltage Figure 2
Oscillator frequency vs Free-air temperature Figure 3
Supply current in shutdown vs Input voltage Figure 4
Average supply current vs Output current Figure 5
Output voltage loss vs Input capacitance Figure 6
Output voltage loss vs Oscillator frequency (10 pF) Figure 7
Output voltage loss vs Oscillator frequency (100 pF) Figure 8
Regulated output voltage vs Free-air temperature Figure 9
Reference voltage change vs Free-air temperature Figure 10
Voltage loss vs Output current Figure 17
0.6 T
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Ta - Free-Air Temperature - °C Vcc — Input Voltage - V
Figure 1. Shutdown Threshold Voltage vs Free-Air Figure 2. Supply Current vs Input Voltage
Temperature
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Figure 3. Oscillator Frequency vs Free-air Temperature

Figure 4. Supply Current in Shutdown vs Input Voltage
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Figure 5. Average Supply Current vs Output Current
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Figure 6. Output Voltage Loss vs Input Capacitance

1.4

1.2

1.0

0.8

0.6

0.4

0.2

S

=100 mA

mA

| Inverter Configuration
Cout = 100-uF Tantalum

fosc =25 kHz
L L L

0

10 20 30 40 50 60 70 80 90 100

Input Capacitance — uyF

Output Voltage Loss - V

25

2.25

1.25

0.75

0.5

T —TTTTTTT
Inverter Configuration
I Cin = 10-pF Tantalum
Cout = 100-uF Tantalum
\ /
lo=100mA | /
\\ pd
1 T K”’ ~~———"1 | [Tl
N
/1
lo=50mA |_A
\\ A
N ]
S~ lo=10mA T[]
1 10 100

Oscillator Frequency - kHz

Figure 7. Output Voltage Loss vs Oscillator Frequency
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Figure 9. Regulated Output Voltage vs Free-air Temperature Figure 10. Reference Voltage Change vs Free-air
Temperature
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7 Detailed Description

7.1 Overview

LT1054 is a "negative voltage generator" or "negative charge pump" that will output a negative voltage that is
proportional to the input voltage (or Vcc). With proper supply voltage, Vot Will regulate to an unregulated Vgout
that is approximately —V¢ (reduced by a small voltage loss). If a lower absolute voltage is desired, Vot can be
regulated to that value when proper feedback resistors are applied.

LT1054 regulates up to 100mA with minimal loss and has a shutdown mode that makes this part optimal across
a wide range of applications.

7.2 Functional Block Diagram

VREF Vee
6 8
[
25V
Ref
R Drive
7y
1 + CAP +
FB/SD - = cnt
7 Q i
osc »{ osc 2
Q CAP - \4
R - Drive
Drive [—
3
GND
L 2 L 2
Court
5
4 Vout
Drive

T External capacitors

Pin numbers shown are for the P package.
7.3 Feature Description

7.3.1 Reference and Error Amplifier for Regulation

The feedback/shutdown (FB/SD) terminal has two functions. Pulling FB/SD below the shutdown threshold (= 0.45
V) puts the device into shutdown. In shutdown, the reference/regulator is turned off and switching stops. The
switches are set such that both Cy and Cgyt are discharged through the output load. Quiescent current in
shutdown drops to approximately 100 pA. Any open-collector gate can be used to put the LT1054 into shutdown.
For normal (unregulated) operation, the device will restart when the external gate is shut off. In LT1054 circuits
that use the regulation feature, the external resistor divider can provide enough pulldown to keep the device in
shutdown until the output capacitor (Coyt) has fully discharged. For most applications, where the LT1054 is run
intermittently, this does not present a problem because the discharge time of the output capacitor is short
compared to the off time of the device. In applications where the device has to start up before the output
capacitor (Coyr) has fully discharged, a restart pulse must be applied to FB/SD of the LT1054. Using the circuit
shown in Figure 11, the restart signal can be either a pulse (t, > 100 ps) or a logic high. Diode coupling the
restart signal into FB/SD allows the output voltage to rise and regulate without overshoot. The resistor divider
R3/R4 shown in Figure 11 should be chosen to provide a signal level at FB/SD of 0.7-1.1 V.

FB/SD also is the inverting input of the LT1054 error amplifier and, as such, can be used to obtain a regulated
output voltage.

Copyright © 1990-2015, Texas Instruments Incorporated Submit Documentation Feedback 9
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Feature Description (continued)
R3 Vin
2.2pF
1 8 oy
FBISD Vee (T
2 7 =
_|_|_ CAP+ osc |—
LT1054
a 1"3": 3 Jewn v ® N, .
Tantalum | 1 REF
1 4 5 R2
= = CAP- Vour ®
Restart Shutdown
] __ . Vour c1
For example: To get Vo =-5V, referenced to the ground terminal of the LT1054 "
V, 5V c "
rR2—Rri| —Yourl 41 50ka 25\‘/_7‘+1 ~1026kQ t 100pF
—RZEF -40 mV —'2 -40 mV Tantalum

Where: R1=20kQ =
VRer = 2.5 V Nominal

1 Choose the closest 1% value.

Figure 11. Basic Regulation Configuration

7.3.2 External Oscillator Synchronization

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 (Ct = 150pF) which is alternately charged and
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.

\
\ 1
‘ 1 8 T~ C2
‘ —— FBISD Vee — Vi |
\
| 2 7
CAP+ OSsC
LT1054 \ \
* 3 16ND v LYYV B G
REF | - ‘L
il 1 == JUL
4 5 \
CAP— VOUT 7\1/ L
T -

Figure 12. External-Clock System

The frequency can be lowered by adding an external capacitor (C1, Figure 12) 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 12, in the range of 5pF to 20pF) from Pin 2 to Pin 7. This capacitor
will couple charge into CT at the switch transitions, which will shorten the charge and discharge time, raising the
oscillator frequency. Synchronization can be accomplished by adding an external resistive pull-up from Pin 7 to

10 Submit Documentation Feedback Copyright © 1990-2015, Texas Instruments Incorporated
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Feature Description (continued)

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 12. Pulling up Pin 7 to an
external voltage is not recommended. For circuits that require both frequency synchronization and regulation, an
external reference can be used as the reference point for the top of the R1/R2 divider allowing Pin 6 to be used
as a pullup point for Pin 7.

7.3.3 Output Current and Voltage Loss

The functional block diagram shows that the maximum regulated output voltage is limited by the supply voltage.
For the basic configuration, |Vgoy7| referenced to the ground terminal 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 found in the typical performance curves. Other configurations, such as the negative doubler, can
provide higher voltages at reduced output currents.

7.3.4 Reference Voltage

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 coefficient at output voltages below
5V and a slight negative TC at output voltages above 5V. Reference output current should be limited, for
regulator feedback networks, to approximately 60uA. 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 synchronization.

7.4 Device Functional Modes

7.4.1 Main Operation

A review of a basic switched-capacitor building block is helpful in understanding the operation of the LT1054.
When the switch shown in Figure 13 is in the left position, capacitor C1 charges to the voltage at V1. The total
charge on Cl is g1 = C1*V1. When the switch is moved to the right, C1 is discharged to the voltage at V2. After
this discharge time, the charge on C1 is g2 = C1*V2. The charge has been transferred from the source V1 to the
output V2. The amount of charge transferred is shown in Equation 1.

Agq=9l-9g2=CL(V1-V2) Q)
If the switch is cycled f times per second, the charge transfer per unit time (that is, current) is as shown in
Equation 2.
I=fxL\g=fxCi(1l-V2) )
To obtain an equivalent resistance for a switched-capacitor network, this equation can be rewritten in terms of
voltage and impedance equivalence as shown in Equation 3.

| V1-V2 V1-V2

(17C1)  Reaquiv @)

V1 V2
f
RL
T

C2

Figure 13. Switched-Capacitor Building Block
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Device Functional Modes (continued)

A new variable, Regquy, is defined as Rgqyy = 1 / (f x C1). The equivalent circuit for the switched-capacitor
network is shown in Figure 14. The LT1054 has the same switching action as the basic switched-capacitor
building block. Even though this simplification does not include finite switch-on resistance and output-voltage
ripple, it provides an insight into how the device operates.

Requiv
V1 l V2
1 c2 RL
Reauv o1 I

Figure 14. Switched-Capacitor Equivalent Circuit

These simplified circuits explain voltage loss as a function of oscillator frequency (see Figure 7). As oscillator

frequency is decreased, the output impedance eventually is dominated by the 1 / (f x C1) term, and voltage
losses rise.

Voltage losses also rise as oscillator frequency increases. This is caused by internal switching losses that 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 voltage
losses again rise.

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

7.4.2 Shutdown

LT1054 can be put into a low quiescent current state by grounding the FB/SD pin. Once FB/SD is pulled low,
current being drawn from the supply will be approximately 100 pA.

12 Submit Documentation Feedback Copyright © 1990-2015, Texas Instruments Incorporated

Product Folder Links: LT1054



Distributor of Texas Instruments: Excellent Integrated System Limited
Datasheet of LT1054CP - IC REG SWTCHD CAP INV RATIO 8DIP
~  Contact us: sales@integrated-circuit.com Website: www.integrated-circuit.com

ws
Ll

clectronic compone

13 TEXAS
INSTRUMENTS

LT1054

www.ti.com SLVS033G —FEBRUARY 1990—REVISED JULY 2015

8 Application and Implementation

NOTE
Information in the following applications sections is not part of the Tl component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The negative voltage converting and regulating ability of the LT1054 make this device optimal across a wide
range of applications. As it is a regulator, there are many general design considerations that must be taken into
account. Below will describe what to consider for using this device as a basic voltage inverter/regulator. This is

the most common application for the LT1054 and the fundamental building block for the applications shown in
System Examples.

8.2 Typical Application

8
FB/SD Vee 4? VN
2 uF
2 7 T
CAP+ 0OSC -
R1
LT1054
+ 3 05 6 20 kQ
10 yF /< I GND VREF 4
T 5 R2
CAP- Vourt
Vour
0.002 pF
+|/ + |/
L N [N
- 100 |.IF

Ro=Ri| —1Yourl 4|59 kQ{VOUTHJ
REF _ 40 mV 1.21V
2

Pin numbers shown are for the P package.

Figure 15. Basic Voltage Inverter/Regulator

8.2.1 Design Requirements

For this design example, use the parameters listed in Table 2 as the input parameters.

Table 2. Design Parameters

Design Parameter Example Value
Input Voltage Range 3.5V to 15V
Vour -5V
lout 100mA

Copyright © 1990-2015, Texas Instruments Incorporated Submit Documentation Feedback 13
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8.2.2 Detailed Design Procedure

When using LT1054 as a basic voltage inverter, determine the following:
* Input Voltage

« Desired output Voltage

« Desired Ripple

* Power Dissipation

8.2.2.1 Output Voltage Programming

The error amplifier of the LT1054 drives the PNP switch to control the voltage across the input capacitor (Cyy),
which determines the output voltage. When the reference and error amplifier of the LT1054 are used, an external
resistive divider is all that is needed to set the regulated output voltage. shows the basic regulator configuration
and the formula for calculating the appropriate resistor values. R1 should be 20 kQ or greater because the
reference current is limited to £100 pA. R2 should be in the range of 100 kQ to 300 kQ.

8.2.2.2 Capacitor Selection

While the exact values of C,y and Cqoyt are noncritical, good-quality low-ESR capacitors, such as solid tantalum,
are necessary to minimize voltage losses at high currents. For Cyy, the effect of the ESR of the capacitor is
multiplied by four, because switch currents are approximately two times higher than output current. Losses occur
on both the charge and discharge cycle, which means that a capacitor with 1 Q of ESR for C,y has the same
effect as increasing the output impedance of the LT1054 by 4 Q. This represents a significant increase in the
voltage losses. Cqyr alternately is charged and discharged at a current approximately equal to the output
current. The ESR of the capacitor causes a step function to occur in the output ripple at the switch transitions.
This step function degrades the output regulation for changes in output load current and should be avoided. A
technique used to gain both low ESR and reasonable cost is to parallel a smaller tantalum capacitor with a large
aluminum electrolytic capacitor.

Frequency compensation is accomplished by adjusting the ratio of C\ to Coyr.

For best results, this ratio should be approximately 1:10. Capacitor C1, required for good load regulation, should
be 0.002 pF for all output voltages.

8.2.2.3 Output Ripple

The peak-to-peak output ripple is determined by the output capacitor and the output current values. Peak-to-peak
output ripple is approximated as:

2fCour

where
e AV = peak-to-peak ripple
» fosc = oscillator frequency 4
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:
(2lou)(ESR of Couyr) (5)

8.2.2.4 Power Dissipation

The power dissipation of any LT1054 circuit must be limited so that the junction temperature of the device does
not exceed the maximum junction-temperature ratings. The total power dissipation is calculated from two
components—the power loss due to voltage drops in the switches, and the power loss due to drive-current losses.
The total power dissipated by the LT1054 is calculated as:

P= (VCC - VOUT ) IOUT + (VCC)(IOUT)(OZ)

where
* both V¢ and Vgur are referenced to ground (6)
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The power dissipation is equivalent to that of a linear regulator. Limited power-handling capability of the LT1054
packages causes limited output-current requirements, or steps can be taken to dissipate power external to the
LT1054 for large input or output differentials. This is accomplished by placing a resistor in series with Cy as
shown in Figure 16. A portion of the input voltage is dropped across this resistor without affecting the output
regulation. Since switch current is approximately 2.2 times the output current and the resistor causes a voltage
drop when C,y is both charging and discharging, the resistor chosen is as shown:

_ W
X447
where
*  Vx=Vcc — [(LT1054 voltage loss)(1.3) + [Vourl]
* loyr = maximum required output current )

The factor of 1.3 allows some operating margin for the LT1054.

When using a 12-V to -5-V converter at 100-mA output current, calculate the power dissipation without an
external resistor.

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

VIN
1 8
FB/SD Vee —i—i

Rx 2 7
CAP+ 0sC
LT1054 =
+ 3 6 R1
Cin ﬁ GND VREF 9
T 5 R2
CAP- Vout
Vour c1

H
T Cout

Pin numbers shown are for the P package.

Figure 16. Power-Dissipation-Limiting Resistor in Series With CIN

At Rg;a Of 130°C/W for a commercial plastic device, a junction temperature rise of 122°C occurs. The device
exceeds the maximum junction temperature at an ambient temperature of 25°C. To calculate the power
dissipation with an external resistor (Ry), determine how much voltage can be dropped across RX. The maximum
voltage loss of the LT1054 in the standard regulator configuration at 100 mA output current is 1.6 V.

V=12V -[1.6 V)(1.3)+|-5V[[=49V 9)
and
L 49V
X" (4.4)(100 mA) (10)
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The resistor reduces the power dissipated by the LT1054 by (4.9 V)(100 mA) = 490 mW. The total power
dissipated by the LT1054 is equal to (940 mW - 490 mW) = 450 mW. The junction-temperature rise is 58°C.
Although commercial devices are functional up to a junction temperature of 125°C, the specifications are tested
to a junction temperature of 100°C. In this example, this means limiting the ambient temperature to 42°C. To
allow higher ambient temperatures, the thermal resistance numbers for the LT1054 packages represent worst-
case numbers, with no heat sinking and still air. Small clip-on heat sinks can be used to lower the thermal
resistance of the LT1054 package. Airflow in some systems helps to lower the thermal resistance. Wide printed
circuit board traces from the LT1054 leads help remove heat from the device. This is especially true for plastic
packages.

8.2.3 Application Curve

| | | |
35V<Vee<15V
1.8 |- C;=C, =100 uF

1.6
T, =125°C

> 1.4
1
o 1.2
[}
S
> 1 Ty=25°C /,/
g L~
> L

0.6 >~ -
0.4 /'/?/’(
/] | T, =-55°C

0.2 V

0
0 10 20 30 40 50 60 70 80 90 100
Output Current - mA

Figure 17. Voltage Loss vs Output Current

8.3 System Examples

10V
1N4002 100 kQ 1 8
Voo 100-kQ
A~ FBISD S /?' Speed Control
Tl
, 7 7
CAP+ osc =
. LT1054
10 pF = 3 -
+ IN5817 [ | GND VRer
4 5

= = = —— CAP- Vout
Tach Motor

NOTE: Motor-Tach is Canon CKT26-T5-3SAE.
Pin numbers shown are for the P package.

Figure 18. Motor-Speed Servo
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System Examples (continued)

1 8
FB/SD Vee 417 +
2 7 N V,
CAP+ 0oSsC out
+ -
10 uF == 3 LT1054 6
VIN GND VREF
Qx
2uF =
+ ‘ 4 5
% CAP- VOUT Ry
- 100 pF
+
ViN=-3.5Vto-15V
Vout =2 V| + (LT1054 Voltage Loss) + (Qx Saturation Voltage) v
IN
Pin numbers shown are for the P package.
Figure 19. Negative-Voltage Doubler
Vin
3.5Vto15V
1N4001 1N4001 l
+ <
+ +
I 100 yF == 10 uF
Vour =
1 8
——| FBISD Ve ——o0
+
- 2 7 =
CAP+ osc |-— 2uF
LT1054
3 6 =
| GND Vrer —
- ) 4 5
VIN 35 Vto15V CAP- VOUT
Vout=2ViN~= (VL +2V pjode)
V| =LT1054 Voltage Loss =
Pin numbers shown are for the P package.
Figure 20. Positive-Voltage Doubler
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System Examples (continued)

VIN
3.5Vto15V

B
2.2 yF
. T
Yemsp  veel "{reisD  vecl®
, , HP5082:2810
CAP+  OSC|— Jour CAP+  OSC CAP of
LT1054#1 | LT1054#2 | o
GND  Vger GND  Vrer [~
10 yF 5 R1 5
CAP- VOUT 40 kQ CAP- VOUT
1N4002 T 10 uF 0.002 uF :T\ 1N4002 T}: 10 uF
1N4002 = R2 1N4002 =
500 kQ
Vour
L lout =100 mA MAX
1N4002 ~L 100 wF
L V|N=3.5Vt015V

Vout MAX = -2 V) + [LT1054 Voltage Loss +2 (Vpjode)]
Vv Y,

R2 Rl —Moutl 4| _ g4 Nourl
F_40mV 1.21v

Pin numbers shown are for the P package.

Figure 21. 100-mA Regulating Negative Doubler

Vi
35Vto15V
1N4001 1N4001
TH * D
I 100 yF .
= 1 8
1 10uF FBISD Vee
2 7
3 CAP+ osc
. 3 LT1054 6
10 yF == GND VRer
4 100 uF
4 5 +
L CAP- Vour
+ —
10 pF 2= 1N4001 =
1N4001

V|=35Vto15V

+Vo =2 VN = (VL + 2 Vpjode) ~Vo = =2 V) + (VL + 2 Vpjoge)
V| =LT1054 Voltage Loss

1N4001

Pin numbers shown are for the P package.

Figure 22. Dual-Output Voltage Doubler
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System Examples (continued)

8 1 8
®
FBISD Vee FBISD Vee HP5082-2810
7 7
CAP+ osc|l— ~— CAP+ osc
LT1054 #1 39§1m LT1054 #2
6 39 6
GND VRer 0.002 yF = GND VReF
: 20 kQ
5 R2 5
CAP- Vout 200 kQ CAP- Vout
. Vo=-5V
lo = 0-200 mA
= 200 pF
V, V,
I R2 = R1 A+1 =R1(%+1j
- % —-40 mV '

Pin numbers shown are for the P package.

Figure 23. 5-V to £12-V Converter

5V
10 kQ i
1.
Input TTL or 400 10 pF
CMOS Low I
for On 2N2907 Zero Trim =
T 10 kQ
"~ Gain Trim
1 5 kQ
0.022 yF = 1 MQ
Vout
200 kQ
1 8
FB/SD Vec —5V
2 CAP+ osC |7
+ 3kQ
WpF== LT1054 #1 . IN2222
GND VREF |——

T *+ 100-uF

= = Tantalum Adjust Gain Trim For 3 V Out From
4 CAP- Vour 5 Full-Scale Bridge Output of 24 mV

Pin numbers shown are for the P package.

Figure 24. Strain-Gage Bridge Signal Conditioner
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Vi
35Vto55V
L 2
1 8
——|FBISD Vee
2 7
CAP+ osc|—
] LTC1044
1uF /1~ 3 6
F GND Vrer ——
FB/SD Voo 2o 4 S
cc l CAP- Vour
— +
2 7 5 uF 1\ R2
CAP+ OSC |— 1 125 kQ
LT1054
* 3
10 ”F -/~ GND VREF +
1 pF
] : 1
4 =~100 pF 3kQ Vo =
CAP- Vout
V;=35Vto55V
Vo=5V 2N2219
lo MAX = 50 mA
Vour| Vour| 1N5817 N914
R2=R1| ¢ outl 44 :R1(%+1J -+ =
% —40 mV :

Pin numbers shown are for the P package.

Figure 25. 3.5-V to 5-V Regulator
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System Examples (continued)

8 1 8
®
FBI/SD Vee FB/SD Vee HP5082.2810
7 7
CAP+ oscC *——————— CAP+ oscC
R1
LT1054 #1 6 392K0 LT1054 #2 6
GND VREF 0.002 yF = GND VREF
+ 20 kQ
5 R2 5
CAP- Vout 200 KO CAP- Vout
° Vo=-5V
lo = 0-200 mA
=—200 pF
T Ro—Ri| —ourl 4 =R1[| °UT|+1J
- REF _ 40 mV 1.21V
Pin numbers shown are for the P package.
Figure 26. Regulating 200-mA +12-V to =5-V Converter
15V
5 uF
P |
L /l
1 1
20 kQ —— igi
16 AD558 Digital
—— Input
1 . 25V 15
FB/SD Vee 1“3 12
2 7
CAP+ 0oSsC 20 kQ =
LT1054
+ 3 6 =
10 yF /= T GND VRer
4 5
— | CAP- Vout T’— Vo = -V, (Programmed)
- 100 pF
Pin numbers shown are for the P package.
Figure 27. Digitally Programmable Negative Supply
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System Examples (continued)

V=5V
2 uF
+
50 kQ =
1N5817 1 8
58 FBI/SD Vee
Vo 1N5817 10 pF 2 7
P CAP+ osc |—
10 kQ 5 LT1054 6
T GND VRer
T4 5
—] cap- Vour T

T 0.1 pF

Pin numbers shown are for the P package.

Figure 28. Positive Doubler With Regulation (5-V to 8-V Converter)

\J
35Vto15V
2 yF
1 8 +
FBI/SD Vee q
2 7 =
CAP+ osc
LT1054 R1
+ 3 6 60 kQ
10 yF =< ﬁ GND VREF
= 100 pF
4 5 h

e—|capr- Vout

+

M e
1

+ 0.002 pF
10 yF =< 1N4001

1N4001

Vi=35Vto 15V
Vo MAX =2 V|y + (VL + 2 Vpjode) S 100 pF
V| =LT1054 Voltage Loss

Ro_Ri| —Vourl _R1[|VOUT|+1J
VREE _ 40 mv 121V
2

Pin numbers shown are for the P package.

Figure 29. Negative Doubler With Regulator
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9 Power Supply Recommendations

The LT1054 alternately charges Cy to the input voltage when Cy is switched in parallel with the input supply and
then transfers charge to Coyr when C,y is switched in parallel with Cqyr. Switching occurs at the oscillator
frequency. During the time that Cy is charging, the peak supply current will be approximately equal to 2.2 times
the output current. During the time that C,y is delivering charge to Coyt 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 in
some cases, for example, when the 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.

In addition to being the output terminal, Vot is tied to the substrate of the device. Special care must be taken in
LT1054 circuits to avoid making Voyur positive with respect to any of the other terminals. For circuits with the
output load connected from V¢ to Vgout or from some external positive supply voltage to Voyr, an external
transistor must be added (see Figure 30). This transistor prevents Vout from being pulled above GND during
startup. Any small general-purpose transistor such as a 2N2222 or a 2N2219 device can be used. Resistor R1
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.

V,
rp.< (Vour B
lout a1
Vin
1 8
— FB/SD Vcc Load
2 7 Vout
CAP+ OoSsC [ —
R1
LT1054
+ 3 6
CNn =< I GND VRer [ L
a4 5
CAP- Vout
f Cout
Figure 30. Circuit With Load Connected from V¢ to Vour
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10 Layout

10.1 Layout Guidelines

Try to run the feedback trace as far from the noisy power or clocking traces as possible. In the case that the
OSC pin is not being used, as in Figure 31, the FB trace can be ran on a lower layer under the OSC pin.

When OSC is being utilized by a noisy clocking signal, it is recommended to run the FB trace on a lower layer
through the Vref pin.

— Keep the FB trace to be as direct as possible and somewhat thick. These two sometimes involve a trade-
off, but keeping it away from EMI and other noise sources is the more critical of the two.

Keep the external capacitor traces short, specifically on the CAP+ and CAP- nodes that have the fastest rise
and fall times.

Make all of the power (high current) traces as short, direct, and thick as possible. It is good practice on a
standard PCB board to make the traces an absolute minimum of 15 mils (0.381 mm) per Ampere.

10.2 Layout Example

?)O uF

Ground

Figure 31. Basic Inverter/Regulator Layout
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11 Device and Documentation Support

11.1 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective

contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see TI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.2 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

11.3 Electrostatic Discharge Caution
A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘h\ during storage or handling to prevent electrostatic damage to the MOS gates.

11.4 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@) Drawing Qty 2 (6) 3) (4/5)
LT1054CDW ACTIVE SoIC DwW 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 LT1054C Samples
& no Sb/Br) -
LT1054CDWG4 ACTIVE SolIc DW 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 LT1054C g
& no Sh/Br)
LT1054CDWR ACTIVE SolIc DW 16 2000  Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 LT1054C
& no Sh/Br) ples
LT1054CDWRE4 ACTIVE solIc DwW 16 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 LT1054C Serles
& no Sh/Br) LA
LT1054CDWRG4 ACTIVE SoIC DW 16 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 LT1054C Samples
& no Sb/Br) e
LT1054CP ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU N/ A for Pkg Type 0to 70 LT1054CP S rales
(RoHS) P2
LT1054CPE4 ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU N/ A for Pkg Type 0to 70 LT1054CP o
(RoHS) B8
LT10541DW ACTIVE SolIc DwW 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 LT10541 -
& no Sb/Br) B
LT1054IDWG4 ACTIVE SoIC Dw 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 LT10541 Samp.
& no Sh/Br) L
LT1054IDWR ACTIVE SoIC DwW 16 2000  Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 LT10541 P 1
& no Sh/Br)
LT1054IDWRG4 ACTIVE le][) DW 16 2000  Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 LT10541 iy
& no Sb/Br) P2
LT10541P ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU N/ A for Pkg Type -40 to 85 LT1054I1P Serles
(RoHS) o
LT1054IPE4 ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU N/ A for Pkg Type -40 to 85 LT1054IP Serles
(RoHS) LA
LT1054Y OBSOLETE DIESALE Y 0 TBD Call Tl Call TI

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.
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@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© | ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer:The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION

REEL DIMENSIONS TAPE DIMENSIONS

7 +‘ [+ KO |<—P1—>1

R R R T

Reel k |
Diameter
Cavity —>I A0 I<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers

t Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

I 1 I
Q3 1 Q4 Q3 1 Q4 User Direction of Feed
| % A | v
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel A0 BO KO P1 W Pinl
Type |Drawing Diameter| Width | (mm) | (mm) [ (mm) | (mm) | (mm) [Quadrant
(mm) |W1(mm)
LT1054CDWR SolIC DW 16 2000 330.0 16.4 10.75| 10.7 2.7 12.0 | 16.0 Q1
LT1054IDWR SoIC DW 16 2000 330.0 16.4 10.75| 10.7 2.7 12.0 | 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LT1054CDWR SoIC DW 16 2000 367.0 367.0 38.0
LT1054IDWR SOIC DW 16 2000 367.0 367.0 38.0
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MECHANICAL DATA
P (R—PDIP-T8) PLASTIC DUAL—IN—=LINE PACKAGE
0.400 (10,16)
0.355 (9,02)
8 5
MM ™A T
0.260 (6,60)
0.240 (6,10)
[P ASSNS AN
1 4
J Lo,om (1,78)
0.045 (1,14)
0.045 (114) 1o 0.325 (8,26)
0.030 (0,76) 0.020 (0,51) MIN 0.300 (7,62)

— T

( )
lwoo (5,08) MAX
?

TGGuge Plane
L Seating Plane
.
0.125 (3,18) MIN (0,25) NOM
0.100 (2,54) L 0.430 (10,92) J
MAX
0.021 (0,53)
1 5075 (0,38)

[-]0.010 (0,25 W]

4040082/€ 04/2010

NOTES:  A. Al linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-001 variation BA.
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MECHANICAL DATA

DW (R—PDSO—G16)

PLASTIC SMALL OUTLINE

0.413 (10,50)
0.398 (10,10)

TARARARS

—

N\

0.299 (7,60)
0.291 (7,40)

Pin 1 J [0.050 (1,27)] J L 0.020
Index Area

HHHHHHHH

0.419 (10,63)
0.395 (9,97)

A

0.012 (

OOWO 025 Q)

L 0.104 (2,65) Max

[ \
[ \
lininin|nininin]

T 0.012 (0,30)

0.004 (0,10)

0.013 (
0.008 (0,20) 1 /

Gauge Plane —{ L

|

\
' [ ]0.004 (0,10)

0.010 (0,25) 078

0.050 (1,27)
0.016 (0,40)

? Seating Plane

4040000-2/G 01/11

NOTES:

All linear dimensions are in inches (millimeters). Dimensioning and tolerancing per ASME Y14.5M—1994.
This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).
Falls within JEDEC MS-013 variation AA.
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LAND PATTERN DATA
DW (R—PDS0O—-G16) PLASTIC SMALL OUTLINE
ExampIFNEf:rg) Layout Sten(chilot(ép%rsings

14x1,27 — —16x0,55 14x1,27
DA il
IgINININARIpIns R I
9,4 9,4
nnnnn nnnnnnnn
IgIgIEIE IRIgIgIpIgininy

Non Solder Mask Define Pad

Solder Mask Opening
(Note E)

Pad Geometry
(Note C)

4209202-2/F 08/13

NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Refer to IPC7351 for alternate board design.

D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525

E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TlI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

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

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

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

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

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation  www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

TI E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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