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6 Pin Configuration and Functions
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Top View
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] out
NDC Package
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Top View
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NIC 2 [
5 GND
OouT 3 |
IN 4|

NC - No internal connection

NGG Package
6-Pin WSON With Exposed Thermal Pad
LP38691SD Top View
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Pin Functions

PIN
To- SOT- /0 DESCRIPTION
NAME 252 WSON 223
IN 3 16 16 4 | This is the input supply voltage to the regulator. For WSON devices, both V,y
' ' pins must be tied together for full current operation (250mA maximum per pin).
Circuit ground for the regulator. For the PFM and SOT-223 packages this is
GND TAB 2 2 5 — thermally connected to the die and functions as a heat sink when the soldered
down to a large copper plane.
WSON Only - Output sense pin allows remote sensing at the load which will
SNS . 5 5 . | eliminate the error in output voltage due to voltage drops caused by the
resistance in the traces between the regulator and the load. This pin must be
tied to VOUT-
EN . . 3 1 | The enable pin allows the part to be turned ON and OFF by pulling this pin high
or low.
ouT 1 4 4 3 o Regulated output voltage
DAP - N N . . WSON Only - The DAP (Exposed Pad) functions as a thermal connection when
soldered to a copper plane. See WSON Mounting section for more information.

7 Specifications

7.1 Absolute Maximum Ratings®®

MIN MAX UNIT
Lead Temp. (Soldering, 5 seconds) 260 °C
Power Dissipation®) Internally Limited v
V(max) All pins (with respect to GND) -0.3 12 \Y
lour®™ Internally Limited v
Junction Temperature -40 150 °C

(1) Absolute maximum ratings indicate limits beyond which damage to the component may occur. Operating ratings indicate conditions for
which the device is intended to be functional, but do not ensure specific performance limits. For ensured specifications, see Electrical
Characteristics. Specifications do not apply when operating the device outside of its rated operating conditions.

(2) If Military/Aerospace specified devices are required, please contact the Texas Instruments Sales Office/ Distributors for availability and

specifications.

(3) At elevated temperatures, device power dissipation must be derated based on package thermal resistance and heatsink values (if a
heatsink is used). When using the WSON package, refer to AN-1187 Leadless Leadframe Package (LLP), SNOA401, and the WSON
Mounting section in this datasheet. If power dissipation causes the junction temperature to exceed specified limits, the device will go into
thermal shutdown.

(4) If used in a dual-supply system where the regulator load is returned to a negative supply, the output pin must be diode clamped to
ground.

7.2 Handling Ratings: LP3869x

MIN MAX UNIT
Tstg Storage temperature range -65 150 °C
Vieso) | Electrostatic discharge lI;iitrjlrsn(%n body model (HBM), per ANSI/ESDA/JEDEC JS-001, all -2 2 KV

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

7.3 Handling Ratings: LP3869x-Q1

MIN MAX UNIT
Tstg Storage temperature range -65 150 °C
Vieso) | Electrostatic discharge ;{ilrig](%n body model (HBM), per ANSI/ESDA/JEDEC JS-001, all -2 2 KV

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

Copyright © 2005-2014, Texas Instruments Incorporated
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7.4 Recommended Operating Conditions

MIN NOM MAX UNIT
VN Supply Voltage 2.7 10 \%
Operating Junction Temperature Range -40 125 °C
7.5 Thermal Information
LP38691 LP38693 LP3869x
THERMAL METRIC® TO-252 WSON SOT-223 UNIT
3 PINS 6 PINS 5 PINS
Rosa® Junction-to-ambient thermal resistance 50.5 50.6 68.5
Raic(top) Junction-to-case (top) thermal resistance 52.6 44.4 52.2
Ress Junction-to-board thermal resistance 29.7 24.9 13.0 CAV
Wit Junction-to-top characterization parameter 4.8 0.4 5.5
Wig Junction-to-board characterization parameter 29.3 25.1 12.8
Raic(bot) Junction-to-case (bottom) thermal resistance 15 5.4 n/a

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
(2) Junction-to-ambient thermal resistance, High-K.

7.6 Electrical Characteristics

Limits in standard typeface are for T; = 25°C. Unless otherwise specified: Vi = Vour + 1V, Ciy = Cour = 10 pF, | opp = 10
mA. Min/Max limits are specified through testing, statistical correlation, or design.
PARAMETER TEST CONDITIONS MIN  TYP® MAX | UNIT
-2.0 2.0
Vo Output Voltage Tolerance 100 A <1 . <05 A %Vout
Vo+1V=SVy<10V -4.0 4.0
Full operating temperature range
AVo/AV|y  Output Voltage Line Vo+05VsVys10V 0.03
Regulation @ I =25 mA :
Vo+05V<Vy<10V %IV
I =25 mA 0.1
Full operating temperature range
AVolAlL Output Voltage Load I1mA<I <05A 18
Regulation® Vn=Vo+1V :
1mA<I <05A %/A
VIN = Vo +1V 5
Full operating temperature range
IL=01A 80
(Vo =25V)
IL=05A 430
(Vo=25V) IL=01A 145
Full operating temperature _
range IL=05A 725
IL=01A 65
(Vo =3.3 V)
@ IL=05A 330
Vin - Vout Dropout Voltage (Vo =33V) IL=01A 110 mV
Full operating temperature _
range IL=05A 550
IL=01A 45
(Vo=5V)
IL=05A 250
(Vo=5V) IL=01A 100
Full operating temperature _
range IL=05A 450

(1) Typical numbers represent the most likely parametric norm for 25°C operation.
(2) Output voltage line regulation is defined as the change in output voltage from nominal value resulting from a change in input voltage.
(3) Output voltage load regulation is defined as the change in output voltage from nominal value as the load current increases from 1 mA to

full load.

(4) Dropout voltage is defined as the minimum input to output differential required to maintain the output within 2100 mV of nominal value.

Copyright © 2005-2014, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Limits in standard typeface are for T; = 25°C. Unless otherwise specified: V| = Vour + 1V, Ciy = Cour = 10 pF, | opp = 10

mA. Min/Max limits are specified through testing, statistical correlation, or design.

PARAMETER TEST CONDITIONS MIN  TYP® MAX | UNIT
lo Quiescent Current Vins10V, I =100 pA-05A 55
Vin<10V, I =100 pA-0.5 A 100
Full operating temperature range A
Ven £0.4 'V, (LP38693 Only) 0.001 1 H
IL(MIN) Minimum Load Current ViN-Vo<s4V 100
Full operating temperature range
Irs Foldback Current Limit ViNn-Vo>5V 350 A
m
VIN - Vo <4V 850
PSRR Ripple Rejection VN = Vo + 2 V(DC), with 1 V(p-p) / 120 Hz Ripple 55 dB
Tsp Thermal Shutdown Activation 160
(Junction Temp) oc
Tsp Thermal Shutdown 10
(HYST) Hysteresis (Junction Temp)
en Output Noise BW =10 Hz to 10 kHz
Vo=33V 0.7 uVAHz
Vo (LEAK) Output Leakage Current Vo = Vo(NOM) + 1V at 10 V) 0.5 12 HA
VEN Enable Voltage (LP38693 Output = OFF
. 0.4
Only) Full operating temperature range
Output = ON, V|y =4V 1.8
Full operating temperature range ' v
Output = ON, V|N =6V
. 3.0
Full operating temperature range
Output = ON, V|y =10V 4.0
Full operating temperature range '
I Enable Pin Leakage Veny=0Vorl1loV, V=10V _
(LP38693 Only) 1 o000 1A
6 Copyright © 2005-2014, Texas Instruments Incorporated
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7.7 Typical Characteristics

Unless otherwise specified: T; = 25°C, C\y = Coyr = 10 pF, Enable pin is tied to V,y (LP38693 only), Vour = 1.8 V, Viy = Vour

1V, I, =10 mA.
1.2 1.0
TTIT T 2t T
10 Cour = 14F \/ Cour=10wF I
N 08 p—_ Ny,
N\ -
- A ~
|£ 0.8 v N o
Ke N s
2 06 = _
w
2] " g o4 \
S o4 ‘ru\ z |
0.2 ! 02
0.0 m 0.0 M
10 100 1k 10k 100k 10 100 1k 10k 100k
FREQUENCY (Hz) FREQUENCY (Hz)
Figure 1. Noise vs Frequency Figure 2. Noise vs Frequency
15 — 60
Cour = 100 pF = 50
C
)
¥ 10 e 40
3 w
2 = 1 4 30
2 y
2 o0s & 20| -Cour=10PF
x Vin(DC) = 5.3V
10 |-VIN(AC) = 1V(p-p).
\ Vourt = 3.3V
0.0 o L LILE 11
10 100 1k 10k 100k 10 100 1k 10k 100k
FREQUENCY (Hz) FREQUENCY (Hz)
Figure 3. Noise vs Frequency Figure 4. Ripple Rejection
60 60
50 50 L
) )
e =
p4
5 40 5 40
5 V 5
&g 30 D 30
L w
x i Cout=1PF
2 20 | ICout =100 PF 4 20 | {vn(00) = 5.3v
% IN(DC) = 5.3V % VIN(AC) = 1V(p-p
10 |—VIN(AC) = 1V(p-p) 10 —Vout = 3.3V
LA LT
o L LU L LT 0
10 100 1k 10k 100k 10 100 1k 10k 100k
FREQUENCY (Hz) FREQUENCY (Hz)
Figure 5. Ripple Rejection Figure 6. Ripple Rejection
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Typical Characteristics (continued)

Unless otherwise specified: T; = 25°C, C;y = Cqyr = 10 pF, Enable pin is tied to Vy (LP38693 only), Vour = 1.8 V, Vi = Vour
1V, 1. =10 mA.

VouT = 3.3V VOUT =3.3V
20 \ Cout = 100 PF A 100 Cout =10 HF 1
S 10 \ VouTt S 50
£ \ E Vour
lg 0 rg 0
Z 10 2 50
-20 -100
5 5
VIN S Vin S
4 et 4 ‘é
> =
3 3
200 Ps/DIV 100 ps/DIV
Figure 7. Line Transient Response Figure 8. Line Transient Response
VIOUT‘ =33V 200 T
100 ! '_ [ — 100 COUT=10”F
COUT = 1 HF E ‘\
s 50 T 0 N -
E Vout 3 Vour
5 0 2 -100
>8 <
< -50 200
-100 0.5 _
| <
5 LOAD a
<
Vin s S
4z 0.01
>
3
100 ps/DIV 40 pus/DIV
Figure 9. Line Transient Response Figure 10. Load Transient Response
400 — 04
Cour = 1HF
S 200 0.2
£ N
5 0 N 0
0 r Vout ~
2 -200 Z 02 7
5 /|
-400 é .04
0.5 g /
ILoaD < = 09 /
[a]
o) 0.8
__l
0.01 4 /
/
10 ps/DIV 12
Hs 50 -25 0 25 50 75 100 125
TEMPERATURE (°C)
Figure 11. Load Transient Response Figure 12. Voyt vs Temperature (5.0 V)
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Typical Characteristics (continued)

Unless otherwise specified: T; = 25°C, C;y = Cqyr = 10 pF, Enable pin is tied to Vy (LP38693 only), Vour = 1.8 V, Vi = Vour
1V, 1. =10 mA.

0.4 0.1
0.2 0 N\
— \\
0 01 / N
/
8 g 02
o
< <
S / < -03
L 4 o (
5 - / e /
x / 2 -04
08 / 05 /
08 / 0.6
-1 -0.7
-50 -25 0 25 50 75 100 125 50 -25 0 25 50 75 100 125
TEMPERATURE (°C) TEMPERATURE (°C)
Figure 13. Vgur vs Temperature (3.3 V) Figure 14. Vour vs Temperature (2.5 V)
0.2 3.0 I I
0.1 —— 25 Rioap = 100Q
~ [T, =250
0
0. 2.0
4 =U.
5 y/ —
k02 / 2 15 4
= [
o 03 / 3
a ™ 4 > 1.0
= 04 //
0.5
-0.5
-0.6 0.0
-0.7
50 25 0 25 50 75 100 125 00 05 10 15 20 25 30
TEMPERATURE (°C) Viy (V)
Figure 15. Vout vs Temperature (1.8 V) Figure 16. Vour Vs Viy (1.8 V)
23 1
V= 10V
S 5 " 21 — IN —
;; V) = 5.0V 19
0 N | 17
Vi = 0.0V —
3 o /I S 15 = ~Vin =6V
w13
>
S 2
5 / 11—
>° 1 y R oap = 13.2Q] 0.9 Vi =4V
/ Cour = 10 uF "
0 Vour = 3.3V— :
Ven = Vin ‘ 0.5
L L 50 25 O 25 50 75 100 125
50 us/DIV TEMPERATURE (°C)
Figure 17. Voyt Vs V|, Power-Up Figure 18. Enable Voltage vs Temperature
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Typical Characteristics (continued)

Unless otherwise specified: T; = 25°C, C;y = Cqyr = 10 pF, Enable pin is tied to Vy (LP38693 only), Vour = 1.8 V, Vi = Vour
1V, 1. =10 mA.

-1.0 0.034
\ /
\\ 0.032 7
15 AN
_ —~ 0.03 /
g S y
£ 20 E /
5 \ z 0.028 e
3 > /
—_ <
g \ “E 0.026
E 25 2
o) N >
2 \ < 0.024 —
-3.0
0.022
-3.5 0.02
50 25 0 25 50 75 100 125 50 25 0 25 50 75 100 125
TEMPERATURE (°C) TEMPERATURE (°C)
Figure 19. Load Regulation vs Temperature Figure 20. Line Regulation vs Temperature
2.7 900
/| 800 “
2.6
/ 700 / <
25 -
/ z o 400 ]
- €
< 24 7 Za E 500 /,/ /’/
< -40°C /// 2 ]
z ] & 400 N
Z 23 — 2 L—
s |_— L/ z 125°C
/ > 300 7
22 - 25°C
L—1 125°C 200
2.1
7 250 100
2 | 0
0 100 200 300 400 500 0 100 200 300 400 500
louT (MA) . louT (MA)
Figure 21. MIN Vjy Vs lour Figure 22. Dropout Voltage vs loyt
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8 Detailed Description

8.1 Overview

The LP38691/93 are designed to meet the requirements of portable, battery-powered digital systems providing
an accurate output voltage with fast start-up. When disabled via a low logic signal at the enable pin (EN), the
power consumption is reduced to virtually zero (LP38693 only).

The LP38691/93 will perform well with a single 1-yF input capacitor and a single 1-yF ceramic output capacitor.

8.2 Functional Block Diagrams

VIN E}

N/C []

GND [Ij

VIN E}

P-FET
1l
1
P-FET
MOSFET \
DRIVER 1
ENABLE
LOGIC
FOLDBACK -
CURRENT g Vout
LIMITING
SNS
THERMAL 1.25V
SHUTDOWN REFERENCE R1
R2 %
Figure 23. LP38691 Functional Diagram (WSON)
P-FET
]
1
P-FET
MOSFET .I:
DRIVER 1
ENABLE
LOGIC
FOLDBACK -
CURRENT L:I Vout
LIMITING
THERMAL 1.25V
SHUTDOWN REFERENCE R1

R2

AMV—e—AW

GND [I]

Figure 24. LP38691 Functional Diagram (TO-252)
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Functional Block Diagrams (continued)
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Figure 25. LP38693 Functional Diagram (WSON)
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Figure 26. LP38693 Functional Diagram (SOT-223)
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8.3 Feature Description

8.3.1 Enable (EN)

The LP38693 has an Enable pin (EN) which allows an external control signal to turn the regulator output On and
Off. The Enable On/Off threshold has no hysteresis. The voltage signal must rise and fall cleanly, and promptly,
through the ON and OFF voltage thresholds. The EN pin voltage must be higher than the Veygwny threshold to
ensure that the device is fully enabled under all operating conditions. The EN pin voltage must be lower than the
Venuax) threshold to ensure that the device is fully disabled. The EN pin has no internal pullup or pulldown to
establish a default condition and, as a result, this pin must be terminated either actively or passively. If the EN
pin is driven from a source that actively pulls high and low, the drive voltage should not be allowed to go below
ground potential or higher than V. If the application does not require the Enable function, the pin should be
connected directly to the Vy pin.

8.3.2 Thermal Overload Protection (TSD)

Thermal Shutdown disables the output when the junction temperature rises to approximately 160°C which allows
the device to cool. When the junction temperature cools to approximately 150°C, the output circuitry enables.

Based on power dissipation, thermal resistance, and ambient temperature, the thermal protection circuit may
cycle on and off. This thermal cycling limits the dissipation of the regulator and protects it from damage as a
result of overheating. The Thermal Shutdown circuitry of the LP38693 has been designed to protect against
temporary thermal overload conditions.

The Thermal Shutdown circuitry was not intended to replace proper heat-sinking. Continuously running the
LP38693 device into thermal shutdown degrades device reliability.
8.3.3 Foldback Current Limiting

Foldback current limiting is built into the LP38691 and LP38693 devices which reduces the amount of output
current the part can deliver as the output voltage is reduced. The amount of load current is dependent on the
differential voltage between VIN and VOUT. Typically, when this differential voltage exceeds 5 V, the load current
will limit at about 350 mA. When the VIN - VOUT differential is reduced below 4 V, load current is limited to about
850 mA.

8.4 Device Functional Modes

8.4.1 Enable (EN)

The EN pin voltage must be higher than the Vgyiny threshold to ensure that the device is fully enabled under all
operating conditions.

8.4.2 Minimum Operating Input Voltage (VIN)

The LP3869x does not include any dedicated UVLO circuitry. The LP3869x internal circuitry is not fully functional
until VIN is at least 2.7 V. The output voltage is not regulated until VIN = (Voyt + Vpo), or 2.7 V, whichever is
higher.
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9 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI 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.

9.1 Application Information

9.1.1 Reverse Voltage

A reverse voltage condition will exist when the voltage at the output pin is higher than the voltage at the input pin.
Typically this will happen when V,y is abruptly taken low and Cqyt continues to hold a sufficient charge such that
the input to output voltage becomes reversed. A less common condition is when an alternate voltage source is
connected to the output.

There are two possible paths for current to flow from the output pin back to the input during a reverse voltage
condition.

1. While Vg is high enough to keep the control circuity alive, and the Enable pin (LP38693 only) is above the
Ven(ony threshold, the control circuitry will attempt to regulate the output voltage. If the input voltage is less
than the programmed output voltage, the control circuit will drive the gate of the pass element to the full ON
condition. In this condition, reverse current will flow from the output pin to the input pin, limited only by the
Rps(ony Of the pass element and the output to input voltage differential. Discharging an output capacitor up to
1000 pF in this manner will not damage the device as the current will rapidly decay. However, continuous
reverse current should be avoided. When the Enable pin is low this condition will be prevented.

2. The internal PFET pass element has an inherent parasitic diode. During normal operation, the input voltage
is higher than the output voltage and the parasitic diode is reverse biased. However, when V is below the
value where the control circuity is alive, or the Enable pin is low (LP38693 only), and the output voltage is
more than 500 mV (typical) above the input voltage the parasitic diode becomes forward biased and current
flows from the output pin to the input pin through the diode. The current in the parasitic diode should be
limited to less than 1A continuous and 5A peak.

If used in a dual-supply system where the regulator output load is returned to a negative supply, the output
pin must be diode clamped to ground to limit the negative voltage transition. A Schottky diode is
recommended for this protective clamp.

9.2 Typical Application

VIN Vourt VIN Vout
LP38691 . o Vegny  LP38693 .
SNS —l VEN SNS
1 HF *:: GND — 1 MF * 1 HF *:: GND -1 M': *

l l

* Minimum value required for stability.
*WSON package devices only.

1|

1
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9.2.1 Design Requirements

Table 1. Design Parameters

DESIGN PARAMETERS EXAMPLE VALUE
Input voltage range 27VtoloV
Output range 1.8V
Output current 1A
Output capacitor range 1 puF
Input and output capacitor ESR range 5 mQ to 500 mQ

9.2.2 Detailed Design Procedure

To begin the design process, determine the following:
» Available input voltage range

e Output voltage needed

e Output current needed

« Input and output capacitors

9.2.2.1 Power Dissipation and Device Operation

The permissible power dissipation for any package is a measure of the capability of the device to pass heat from
the power source, the junctions of the IC, to the ultimate heat sink, the ambient environment. Thus, the power
dissipation is dependent on the ambient temperature and the thermal resistance across the various interfaces
between the die junction and ambient air.

The maximum allowable power dissipation for the device in a given package can be calculated using Equation 1:

Pomax = (Tamax = Ta) / Resa) 1)
The actual power being dissipated in the device can be represented by Equation 2:
Po = (Vin - Vour) X lour (2

These two equations establish the relationship between the maximum power dissipation allowed due to thermal
consideration, the voltage drop across the device, and the continuous current capability of the device. These two
equations should be used to determine the optimum operating conditions for the device in the application.

In applications where lower power dissipation (Pp) and/or excellent package thermal resistance (Rg;p) iS present,
the maximum ambient temperature (Ta.yax) May be increased.

In applications where high power dissipation and/or poor package thermal resistance is present, the maximum
ambient temperature (Ta.max) May have to be derated. Ta.uax iS dependent on the maximum operating junction
temperature (T max.or = 125°C), the maximum allowable power dissipation in the device package in the
application (Pp.uax), and the junction-to ambient thermal resistance of the part/package in the application (Rgja),
as given by Equation 3:

TA-MAX = (TJ—MAX-OP - (RSJA X PD-MAX)) (3)

Alternately, if To.uax Can not be derated, the Py value must be reduced. This can be accomplished by reducing
Viy in the 'Viy—Vout' term as long as the minimum V| is met, or by reducing the Igyr term, or by some
combination of the two.

9.2.2.2 External Capacitors

In common with most regulators, the LP3869x requires external capacitors for regulator stability. The LP3869x is
specifically designed for portable applications requiring minimum board space and smallest components. These
capacitors must be correctly selected for good performance.

9.2.2.3 Input Capacitor

An input capacitor is required for stability. It is recommended that a 1-pF capacitor be connected between the
LP3869x IN pin and GND pin (this capacitance value may be increased without limit).

This capacitor must be located a distance of not more than 1 cm from the IN pin and returned to a clean
analogue ground. Any good quality ceramic, tantalum, or film capacitor may be used at the input.
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Important: To ensure stable operation it is essential that good PCB design practices are employed to minimize
ground impedance and keep input inductance low. If these conditions cannot be met, or if long leads are used to
connect the battery or other power source to the LP3869x, then it is recommended that the input capacitor is
increased. Also, tantalum capacitors can suffer catastrophic failures due to surge current when connected to a
low-impedance source of power (like a battery or a very large capacitor). If a tantalum capacitor is used at the
input, it must be ensured by the manufacturer to have a surge current rating sufficient for the application.

There are no requirements for the ESR (equivalent series resistance) on the input capacitor, but tolerance and
temperature coefficient must be considered when selecting the capacitor to ensure the capacitance will remain
approximately 1 uF over the entire operating temperature range.

9.2.2.4 Output Capacitor

The LP3869x is designed specifically to work with very small ceramic output capacitors. A 1-yF ceramic
capacitor (temperature types Z5U, Y5V or X7R/X5R) with ESR between 5 mQ to 500 mQ, is suitable in the
LP3869x application circuit.

For this device the output capacitor should be connected between the OUT pin and GND pin.

It is also possible to use tantalum or film capacitors at the device output, but these are not as attractive for
reasons of size and cost.

The output capacitor must meet the requirement for the minimum value of capacitance and also have an ESR
value that is within the range 5 mQ to 500 mQ for stability.

9.2.2.5 No-Load Stability

The LP3869x will remain stable and in regulation with no external load. This is an important consideration in
some circuits, for example CMOS RAM keep-alive applications.

9.2.2.6 Capacitor Characteristics

The LP3869x is designed to work with ceramic capacitors on the output to take advantage of the benefits they
offer. For capacitance values in the range of 0.47 uF to 4.7 pF, ceramic capacitors are the smallest, least
expensive and have the lowest ESR values, thus making them best for eliminating high frequency noise. The
ESR of a typical 1-uF ceramic capacitor is in the range of 20 mQ to 40 mQ, which easily meets the ESR
requirement for stability for the LP3869x.

For both input and output capacitors, careful interpretation of the capacitor specification is required to ensure
correct device operation. The capacitor value can change greatly, depending on the operating conditions and
capacitor type.

In particular, the output capacitor selection should take account of all the capacitor parameters, to ensure that the
specification is met within the application. The capacitance can vary with DC bias conditions as well as
temperature and frequency of operation. Capacitor values will also show some decrease over time due to aging.
The capacitor parameters are also dependent on the particular case size, with smaller sizes giving poorer
performance figures in general. As an example, Figure 27 shows a typical graph comparing different capacitor
case sizes in a Capacitance vs. DC Bias plot. As shown in the graph, increasing the DC Bias condition can result
in the capacitance value falling below the minimum value given in the recommended capacitor specifications
table (0.7 UF in this case). Note that the graph shows the capacitance out of specification for the 0402 case size
capacitor at higher bias voltages. It is therefore recommended that the capacitor manufacturers’ specifications for
the nominal value capacitor are consulted for all conditions, as some capacitor sizes (for example, 0402) may not
be suitable in the actual application.
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Figure 27. Typical Variation In Capacitance vs DC Bias

The value of the ceramic capacitor can vary with temperature. The capacitor type X7R, which operates over a
temperature range of —-55°C to 125°C, will only vary the capacitance to within £15%. The capacitor type X5R has
a similar tolerance over a reduced temperature range of —55°C to 85°C. Many large value ceramic capacitors,
larger than 1 pF are manufactured with Z5U or Y5V temperature characteristics. Their capacitance can drop by
more than 50% as the temperature varies from 25°C to 85°C. Therefore, X7R and X5R types are recommended
over Z5U and Y5V in applications where the ambient temperature will change significantly above or below 25°C.

Tantalum capacitors are less desirable than ceramic for use as output capacitors because they are more costly
when comparing equivalent capacitance and voltage ratings in the 0.47-uF to 4.7-uF range.

Another important consideration is that tantalum capacitors have higher ESR values than equivalent size
ceramics. This means that while it may be possible to find a tantalum capacitor with an ESR value within the
stable range, it would have to be larger in capacitance (which means bigger and more costly) than a ceramic
capacitor with the same ESR value. It should also be noted that the ESR of a typical tantalum will increase about
2:1 as the temperature goes from 25°C down to —40°C, so some guard band must be allowed.

9.2.2.7 RFI/EMI Susceptibility

RFI (radio frequency interference) and EMI (electromagnetic interference) can degrade any integrated circuit’s
performance because of the small dimensions of the geometries inside the device. In applications