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Sonitron’s Piezo Audio Amplifiers & Piezo Speakers

Speakers are used in a wide range of applications going from small portable devices to complete
audio systems. Today’s market is mainly dominated by electromagnetic speakers which have a
voice coil and a heavy permanent magnet. Portable devices however require small, light speakers
which are also energy efficient in order to increase battery life. Piezoceramic speakers are the
perfect solution for such applications. In this upcoming market Sonitron has developed the flat
piezoceramic SPS-speakers which are based on a new composite membrane that ensures an even

frequency response.

To drive these piezo speakers Sonitron also has developed a complete range of piezo audio
amplifiers to increase the audio voltage. The sound pressure level generated by a piezospeaker is in
direct relation with the audio voltage which is applied. Therefore the amplifier needs to be chosen

carefully.

Figure 1 shows the possible

combinations of the
Speakers & Amplifiers .

With the specific integrated

circuits of
Linear Technology, National
Semiconductor, Maxim and

Texas

consumption, quality

performance and easy to build

in design.

Measurements PCB(mm)

Instruments it
possible to satisfy the needs of
small dimensions, little current

Piezo

was

sound

PAA-LT3469-01 |

PAA-LT3469-01

PAA-MAXSFEE-01

PAA-5tepUpBTL-01

Figure 1: Combinations Sonitron Speaker & Amplifiers

14 X 16,5

PAA-MAX9788-01

PAA-LM4960-02

and amplifier (mA)

Voltage input (V) 5V 5V 5V 5V
MAX Capacitance Piezo 200nE 14F 600NE 600NE
Speaker
Max Voltage Output Vpp 33Vpp 20Vpp 24Vpp 60Vpp
Voltage Topology Integrated step Up Integrated step Up Integrated step Up Step Up converter
converter converter converter
Amplifier classification Class A Class G Class AB Class AB
Used_amph_fler Single ended Fully Differential Bridge Tied Load Bridge Tied Load
configuration
Average current
consumption of speaker 45mA 15mA 85mA Not determined
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Piézo Audio Amplifiers & Pi1ézo Speakers

Type manufacter Max Vout Vin ZL

_ National Semiconductor 24Vpp 3V to 7V 800 nF + 20Q
LM4961

LM4962
LM48555 National Semiconductor 15,7Vpp 3,2V 1uF + 10Q (tested)

|LT3469 |Linear Technology 33Vpp 5V or 12V 5NF<C<300nF

_ Maxim class G Ceramic Speaker Driver ||14Vpp 2,7V to 5,5V to 1uF + 10Q
MAX 9738

DC-DC converter (MAX668) with Bridge |60Vpp 3V
Tied Load (OPA551)

National Octber 2004
Semiconductor

MAXIN
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v Easy to use andto demonstrate
v Powered by USB-connection cable

v Verylight

v Small design
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Sonitron PAA-LT3469-01 Amplifier

L7 Lln[ ’ \Q 13469

TECHNOLOGY  piezo Microactuator Driver

FEATURES

Amplifier

= Gurrent Limit; +40mA Typical

= [nput Common Mode Range: 0V to 10V

= Qutput Voltage Range: 1V to (Ve — 1V)

» Differential Gain Stage with High Impedance Output
(Om Stage)

m Quiescent Current (from Vgc): 2mA

® Unloaded Gain: 30,000 Typical

Switching Regulator

= Generates Ve Up to 35V

= Wide Operating Supply Range: 2.5V to 16V

= High Switching Frequency: 1.3MHz

= [nternal Schottky Diode

= Tiny External Components

= Current Mode Switcher with Internal Compensation
= | ow Profile (1mm) SOT-23 Package

APPLICATIONS

= Piezo Speakers
= Piezo Microactuators
= Varactor Bias

Specifications:
- Input Voltage: 2.5V to 16V

- Input Audio Signal: OVpp To 3.3Vpp
- Amplification ratio: 131

- Output Audio Signal: Max 33Vpp

- Dimensions: 15mm on 15mm

with Boost Regulator

DESCRIPTION

The LT®3469 s atransconductance (gp) amplifier that can
drive outputs up to 33V from a 5V or 12V supply. An
internal switching regulator generates a boosted supply
voltage for the gy amplifier. The amplifier can drive
capacitive loads in the range of 5nF to 300nF. Slew rate is
limited only by the maximum output current. The 35V
output voltage capability of the switching regulator, along
with the high supply voltage of the amplifier, combine to
allow the wide output voltage range needed to drive a
piezoceramic microactuator.

The LT3469 switching regulator switches at 1.3MHz,
allowing the use of tiny external components. The output
capacitor can be as small as 0.22uF, saving space and cost
versus alternative solutions.

The LT3469is availableinalow profile ThinSOT™ package.

AT LTC and LT are registered trademarks of Linzar Technology Comporation.
ThinS0T i a trademark of Lingar Technelogy Corporation.
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TOR VIEW

ouT1C ¥ [ &-In

FB 2 T+IN

Vi3 [ [ 16V

GND 4 55W
T58 PACKAGE

8-LEAD PLASTIC TSO0T-23
Ty = 125°C, 85 = Z50°C/W

Designator Description Package Quantity
1 |R1 Chip Resistor OR 1/16W 1% R0603 1
2 | R2 Chip Resistor 10K 1/16W 1% R0603 1
3 |R3 Chip Resistor 24K 1/16W 1% R0603 1
4 | R4 Chip Resistor 1IM3 1/16W 1% R0603 1
5 |R5 Chip Resistor 430K 1/16W 1% R0603 1
6 |R6 Chip Resistor 16K 1/16W 1% R0603 1
7 | Cl1 Ceramic Capacitor 1uF/16V/X7R/10% C0603 1
8 |C2 Ceramic Capacitor 220nF/50V/X7R/10% C0805 1
9 |L1 47uH Taiyo Yuden TY LB2518-T470M LB2518 1
10 | U1 LT3469ETS8 Piézo Audio Amplifier TSOT 23-8 1
TYPICAL APPLICATION
BLO(H DIHG“M Piezo T::;nantuatnrl]rwer
L
Y Vs Eo oo |2
out 0] Lraaen & ii.mkl e
-IN D ol 16.5k
] D =

Figure 1. LT3460 Block Diagram
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Electronic Schematic of PAA-LT3469-01

- | m | [&] A
Ry 3
27
= 11l
£ 3
;z_h
" n i I8 g "
= ] | Lt
g i Lot
- o= %l g
S
S [ S =
S FR R g g =
- - g ~N B
I T s 4 -
{# 5 TT & x 8
uf__bm ~ E;I Ry [
7 T & 4 a
T = &
g 2.8
GE ) ' %@,EA
B g G oa R 4 %'HA%,TT :
A NP
LK
- :Um HIE
et
™ : E
g2 LR
2e 5
ES £5
SH
2 H
e ] zgd
S
v B
- m (%] [=]




.' %
sonl ron nv/sa

Excellence in physical acoustics

Kasteelstraat 93,9100 Sint-Niklaase BELGIUMeTel.: +32 3 780 76 30eFax: +32 3 777 58 96 #E-mail: sales@sonitron.bee Internet: http://www.sonitron.be

LT3469

ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION
(Note 1)

Vi VOIRAQE e e 16V ORDER PART
SW VORAGE w.vve e s reesessseennnes 40OV — NUMBER

Vg VOIAGR ... 38V UE;;E %?::: LT3469ETSE
+IN, =IN VOIAQE .o e 10V ‘-’|N3E %‘3‘-’00

FBVOIAQR .ot eesees s nesneenennennes SV GHD 4 55w

CUTTENT INO SW PIN oo oosss s 1A s 158 PART MARKING
Operating Temperature Range (Note 2) .. —40°C to 85°C T = 125°C, 80 = Z50°CW LTACA
Storage Temperature Range ................ —65°C to 150°C

Lead Temperature (Soldering, 10 SeC)................. 300°C  Consult LTC Marketing for parts specified with wider operating temperature ranges.

ELECT“ Icnl- (HHHHCTEGISTICS The @ denoies the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty =25°C. (Note 2) Vi = 5V, Vg = 35V, unless otherwise noted.

PARAMETER | CONDITIONS [ MIN  TYP  MAX | UNITS
O Amplifier
Input Offset Voltage Vout = Vo2 [] 3 10 my
[nput Offset Current ® 10 100 nA
Input Bias Current e 150 500 nA
Input Resistance—Differential Mode i Mo
Input Resistance—Common Mode 200 M2
Common Mode Rejection Ratio Ve =0Vio 10V 70 100 dB
Power Supply Rejection Ratio—Vy Vi = 2.5V to 16V 80 120 dB
Power Supply Rejection Ratio—Vi¢ Vep = 15V to 35V 65 85 dB
Gain No Load, Voyr = 2V o 33V 15 30 VimY
R = 200k, Vgt = 2V to 33V 10 20 VimYy
Transconductance lgur = £100pA 160 220 260 pA/mY
e 140 300 pA/my
Maximum Output Current Vout = Vo2 30 +40 155 mA
e 3 158 mA
Maximum Output Voltage, Sourcing Ve = 35V, Iyt = 10mA 34.0 34.5 v
Ve = 35V, lggr = OmA 345 34.9 v
Minimum Qutput Voltage, Sinking laur =—10mA 200 1000 my
lgur = 0mA 10 500 mY
Output Resistance Ve = 35V, Vpyr = 2V 10 33V 100 k€2
Supply Current—Vep Vep =35V 1.5 2 2.5 mA
Switching Regulator
Minimum Operating Voltage 25 v
Maximum Operating Voltage 16 v
Feedback Voltage ®| 119 1.23 1.265 v
FB Pin Bias Current L] 45 200 nA
FB Line Regulation 2.5V <V < 16V 0.03 %
Supply Current—V)y 1.9 26 mA
Switching Frequency e 08 1.3 1.7 MHz
Maximum Duty Cycle e| B3 9 %
Switch Gurrent Limit (Note 3) @®| 165 220 mh
Switch Vigsar Isw = 100mA 350 500 my

2460f

2

Ly e
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LT13469

GLGCTnlan CH ﬂﬁ HCTGRISTICS The @ denotes the specifications which apply over the full operating

temperature range, otherwise specifications are ail Ty = 25°C. (Note 2) Vi = 5V, Vg = 35V, unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Switch Leakage Current Vgw = 5V 0.01 1 pA
Diode V¢ Ip = 100mA 740 1100 mV
Diode Reverse Leakage Current V=5V 0.1 1 pA

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

Note 2: The LT3469E is guaranteed to meet performance specifications
from 0°C to 85°C. Specifications over the —40°C to 85°C operating

temperature range are assured by design, characterization and correlation
with statistical process controls.

Note 3: Current limit is guaranteed by design and/or correlation to static
test. Slope compensation reduces current limit at higher duty cycles.

TYPICAL PERFORMANCE CHARACTERISTICS

(Switching Regulator)

V| Quiescent Current

Current Limit vs Duty Cycle

Schottky Forward Voltage

2.4 | 250 250
29 | _sbec T =257
‘?g e e i 200 = 200
16 G g \ = /
. 15 = =
E 150 ™~ g 150 =e
= 1.4 = ~ = | /
£ 12 = \ = 100°C
: = | ¢ /
1.0 S 10 < 100 LA
0.8 = 5 //
06 o= S /—50'C
50 @ 50 A /
0.4 / 7
0.2 L~ / /
0 0 o L1
0 2 4 6 8 10 12 14 18 0 20 40 60 80 100 200 300 400 500 600 700 8O0 900 1000
Vi (V) DUTY CYCLE (%) FORWARD VOLTAGE (mV)
3469 GOS 3469 B05 3469 GOT
Schottky Reverse Leakage Switching Frequency FB Pin Voltage and Bias Current
25 14 1275 50
Vp=5V
12 e —— \
20 ) 1.255 40
3 = 1 N cuRren o
= 5 S ™~ =
S 15 5 e o 1235 n &
2 3 = T voLTAGE g
= £ o5 = = E
% 10 % ' E1'215 20 E
g 2 04 =
5 / z 1.195 10
/ “ 02
0 — 0 1175 0
50 -25 0 25 50 75 100 50 -25 0 25 50 75 100 50 -25 0 25 50 75 100
TEMPERATURE (<C) TEMPERATURE (°C) TEMPERATURE (°C)
Mea 600 HMEGEI0 3469 61

34697

LT NEAR



.' %
sonl ron nv/sa

Excellence in physical acoustics

LT3469

Kasteelstraat 93,9100 Sint-Niklaase BELGIUMeTel.: +32 3 780 76 30eFax: +32 3 777 58 96 #E-mail: sales@sonitron.bee Internet: http://www.sonitron.be

TYPICAL PERFORMANCE CHARACTERISTICS

(0, Amplifier)

Output Current
V¢ Quiescent Current vs Differential Input Voltage Om VS Ve
25 30 250
00| | L 25 /] 50 | __—
20 —1 20 //f/ P e [ 25
' 25°C = 15 ’// 00¢c |
-a0°C] Iy E 10 A
_ 15 — = = 150
= & E
E = 0 E
=2 =
=] =) - E
1.0 5 5o £ 100
E 0
2 s A/ -50°C
05 20 A s 50
—25
0 -30 0
15 18 21 24 27 30 33 36 -50 40 -30-20-10 0 10 20 30 40 50 15 20 25 30 35
Ve (V) DIFFERENTIAL INPUT VOLTAGE (mV) Vg (V)
3483 601 3469300 ME3G14

OUT (Pin 1): Output of the g, Amplifier. There must be at
least 5nF of capacitive load at the output in a gain of 10
configuration. Gapacitive loads up to 300nF can be con-
nected tothis pin. Piezo actuators below 5nF canbe driven
if capacitance is placed in parallel to bring the total
capacitance to 5nF.

FB (Pin 2): Feedback Pin. Reference voltage is 1.23V.
Connect feedback resistor divider here.

Vin (Pin 3): Input Supply Pin. Must be locally bypassed.

GND (Pin 4): Ground Pin. Connect directly to local ground
plane.

SW (Pin 5): Switch Pin. Connect inductor here. Minimize
trace area at this pin to reduce EMI.

Vee (Pin 6): Output of Switching Regulator and Supply
Rail for g, Amp. There must be 0.22uF or more of
capacitance here.

+IN (Pin 7): Noninverting Terminal of the g,, Amplifier.
~IN (Pin 8): Inverting Terminal of the g,,, Amplifier.

BLOCK DIAGRAM

Vin Voo

iy

SWITCH
CONTROLLER

Vee

Figure 1. LT3469 Block Diagram

34697
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LT3469

OPERATION

Om Amplifier

The LT3469 is a wide output voltage range gn, amplifier
designed to drive capacitive loads. Input common mode
range extends from 10V to ground. The output current is
proportional to the voltage difference across the input
terminals. When the output voltage has settled, the input
terminals will be at the same voltage; supply current of the
amplifier will be low and power dissipation will be low. If
presented with an input differential, however, the output
current can increase significantly, up to the maximum
output current (typically 40mA). The output voltage slew
rate is determined by the maximum output current and the
output capacitance, and can be quite high. With a 10nF
load, the output slew rate will typically be 4V/us. The
capacitive load compensates the g, amplifier and must be
presentforstable operation. The gain capacitance product
of the amplifier must be at least 50nF. For example, if the
amplifier is operated in a gain of 10 configuration, a
minimum capacitance of 5nF is necessary. In a gain of 20
configuration, a minimum of 2.5nF is necessary. Closed
loop —3dB bandwidth is set by the output capacitance.
Typical closed loop bandwidth is approximately:

Om
2ne Ay *Cour

where g, = 200uA/mV

Forexample,anamplifierinagainof 10 configuration with
10nF of output capacitance will have a closed loop —3dB
bandwidth of approximately 300kHz. Figure 3 shows typi-

100

10

SLEW RATE (V/us)
vi

M

0.1
2 20 200

CAPACITANGE (nF)

3460 FO2

Figure 2. Slew Rate vs Capacitance

cal bandwidth of a gain of 10 configuration per output
capacitance.

In applications where negative phase contributions below
crossover frequency must be minimized, a phase hoost
capacitor can be added, as shown in Figure 4. Larger val-
ues of Cggpst Will further reduce the closed-loop negative
phase contribution, however, the amplifier phase margin
will be reduced. For an amplifier phase margin of approxi-
mately 55°, select CppgsT as follows:

Cout(R1/R2+1)
gm(R1||R2)

where g, = 200pA/mV.

In a gain of 10 configuration, choosing Cpgogt as de-
scribed will lead to nearly zero closed-loop negative phase
contribution at 3kHz for values of Coyt from 10nF to
200nF. The phase boost capacitor should not be used if
Cour is less than twice the minimum for stable operation.
The gain capacitance product should therefore be higher
than 100nF if a phase boost capacitor is used.

CgoosT =

Switching Regulator

The LT3469 uses a constant frequency, current mode
control scheme to provide excellent line and load regula-
tion. Operation can be best understood by referring to the
Block Diagram in Figure 1. The switch controller sets the
peak currentin Q1 proportionaltoitsinput. The inputto the
switch controller is set by the error amplifier, A1, and is

1000 —

=

A
N WITH PHASE i
N[N BOOST CAPAGITOR ]

NN
100 L WITHOUT PHASE "\
= BOOST CAPACITOR =S

BANDWIDTH (kHz)

2 20 200
CAPACITANCE (nF)

450F0

Figure 3. Closed Loop -3dB Bandwidth

vs Capacitance in a Gain of 10 Configuration
34691
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Figure 4. Boosting the Bandwidth of the g,,, Amplifier o T T T AN YUoEh Lo TaToN
40

with Capacitance On the Inverting Input

simply an amplified version of the difference between the
feedback voltage and the reference voltage of 1.23V. In
this manner, the error amplifier sets the correct peak
current level to keep the output in regulation. If the error
amplifier's output increases, more current is delivered to
the output; if it decreases, less current is delivered. The
switching regulator provides the boosted supply voltage
for the gy, amplifier.

Inductor Selection

A47uH inductor is recommended for most LT3469 appli-
cations. Some suitable inductors with small size are listed
in Table 1. The efficiency comparison of different induc-
tors is shown in Figure 5.

Table 1. Recommended Inductors

CURRENT
DCR RATING

PART NUMBER Q) (mA) MANUFACTURER

LQH32CN470 13 170 Murata
814-237-1431
www.murata.com

CMD4D11-470 28 180 Sumida
847-545-6700
www.Sumida.com

LBC2518T470M 19 150 Taiyo Yuden
408-573-4150
www.t-yuden.com

Capacitor Selection

The small size of ceramic capacitors makes them ideal for
LT3469applications. X5R and X7R types are recommended
because they retain their capacitance over widervoltageand
temperature ranges than other types such as Y5V or Z5U.
A1puF input capacitor is sufficient for most LT3469 appli-
cations. A 0.22uF output capacitor is sufficient for stable

0 5 10 15 20 25 30
LOAD CURRENT {mA)

3969 FO5.

Figure 5. Efficiency Comparison of Different Inductors

transient response, however, more output capacitance can
help limit the voltage droop on V¢ during transients.

Table 2. Recommended Ceramic Capacitor Manufacturers

MANUFAGTURER PHONE URL

Taiyo Yuden 408-573-4150 www.t-yuden.com
AVX 843-448-9411 WWW.aVXCOrp.com
Murata 814-237-1431 www.murata.com
Kemet 408-986-0424 www.kemet.com

Inrush Current Considerations When Hot Plugging

When the supply voltage is applied to Vyy, the voltage
difference between Vy and Vgg generates inrush current
flowing from the input through the inductor, the SW pin,
and the integrated Schottky diode to charge the output
capacitor. Care should be taken not to exceed the LT3469
maximum SW pin current rating of 1A. Worst-case inrush
current occurs when the application circuit is hot plugged
into a live supply with a large output capacitance. The
typical application circuit will maintain a peak SW pin
current below 1Awhen itis hot plugged into a 5V supply.
To keep SW pin current below 1A during a hot plug into
a 12V supply, 4.7€ must be added between the supply
andthe LT3469input capacitor. During normal operation,
the SW pin current remains significantly less than 1A.

Layout Hints

As with all switching regulators, careful attention must be
paid to the PCB board layout and component placement.

To maximize efficiency, switchriseand fall times are made
34691
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LT3469

OPERATION

as shortas possible. To prevent electromagnetic interfer-
ence (EMI) problems, proper layout of the high frequency
switching path is essential. The voltage signal of the SW
pin has sharp rise and fall edges. The SW pin should be
surrounded on three sides by metal connected to Vg to
shield +IN and —IN. Minimize the area of all traces con-
nected to the SW pin and always use aground plane under
the switching regulatorto minimize interplane coupling. In
addition, the ground connection for the feedback resistor
R1 should be tied directly to the GND pin and not shared
with any other component, ensuring a clean, noise-free
connection. The ground return of the piezoceramic
microactuator should also have a direct and unshared
connection to the GND pin. The GND connection to RS
should be tied directly to the ground of the source gener-
ating the INPUT signal to avoid error induced by voltage
drops along the GND line. Recommended component
placement is shown in Figure 6.

Thermal Considerations and Power Dissipation

The LT3469 combines large output drive with a small
package. Because of the high supply voltage capability, it
is possible to operate the part under conditions that
exceed the maximum junction temperature. Maximum
junction temperature (T,) is calculated from the ambient
temperature (Ta) and power dissipation (Pp) as follows:

Ty=Ta+ (Ppe250°C/W)

Worst-case power dissipation occurs at maximum output
swing, frequency, capacitance and Vgc. Forasquare wave

input, power dissipation is calculated from the amplifier
quiescent current (lg), input frequency (f), output swing
(Vour(p-p), capacitive load (G| ), amplifier supply voltage
(Voe) and switching regulator efficiency (n) as follows:

(I + Noute-p)CL)(Vec )

n
Example: LT3469 at Ty = 70°C, Vg = 35V, G = 200nF,
f=3kHz, Vour(p-p) = 4V, n = 80%:

= (2.5mA +3kHz » 4V« 200nF)(35V)
B 0.80

Ty=70°C+(214mW «250°C/W ) = 124°C

Do not exceed the maximum junction temperature of
125°C.

=214mW

GND  INPUT

|
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p
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Figure 6. Recommended Component Placement

TYPICAL APPLICATION

Piezo Speaker Driver

(1, G2: X5R OR X7R DIELECTRIC

L1: MURATA LOH32CN470

SOUND PRESSURE LEVEL: 87dB AT 750HzA0WppA0cm
WITH A 55nF PIEZO SPEAKER. Iy WITH Vi = 3.3V:

I‘II-lF Vin

169k

LT3469

W 24mA AT 750HzH0Vp-p WITH A55nF PIEZ0 SPEAKER

Ve
FB ii
<

43

GND

\.f
i = auT
—W— +ll 1V TO 20V PIEZD
h ol ot [T | speaken
I | & <6< 300nF

INPUT -
v Toav
22k
113k

= Tt

34697

LT NEAR

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-
tation that the interconnection of its circuits as described herein will notinfringe on existing patent rights.



.' |
s o n I ro n nv/sa Excellence in physical acoustics

Kasteelstraat 93,9100 Sint-Niklaase BELGIUMeTel.: +32 3 780 76 30eFax: +32 3 777 58 96 #E-mail: sales@sonitron.bee Internet: http://www.sonitron.be

LT3469
PACKAGE DESCRIPTION

TS8 Package
8-Lead Plastic TSOT-23
(Reference LTC DWG # 05-08-1637)

0.52 0.65

2.90 BSC -
N I*.fIA)(l-‘_ REF ~ {NOTE 4)
— 122 REF
[ 2s0psc 150-175 _ N B
3.85 MAX 2,62 REF —+ 1.4 MIN : (NOTE 4)
l @ PINONED |
— 0.22 -0.36
RECOMMENDED SOLDER PAD LAYOUT 0.65 BSC —l*—*| —-| | § PLCS (NOTE 3)
PER IPC GALCULATOR
0.80-0.90
0.09-0.20 ]
020 BSC , - wores) A 001-0.10
¢ / / ‘\, 1.00 MAX
DATUM A"/ J \ Y ¢
I:_J‘ \%: _ — IS
—»| = 0.30-050REF A ‘_‘_ 1,05 BSC _,,‘ A
NUTE TE8 TSOT-23 092

4. DIMENSIONS ARE EXCLUSIVE OF MOLD FLASH AND METAL BURR
5. MOLD FLASH SHALL NOT EXCEED 0.254mm
6. JEDEC PACKAGE REFERENGE 1S M0-193

1. DIMENSIONS ARE IN MILLIMETERS
2. DRAWING NOT TO SCALE
3. DIMENSIONS ARE INCLUSIVE OF PLATING

RELATED PARTS

PART NUMBER | DESCRIPTION COMMENTS

LT1611 550mA lsy, 1.4MHz, High Efficiency Inverting DC/DC Converter | Viy: 0.9V to 10V, Vourmaxy: 34V, lg: 3mA, Isp: <1pA, ThinSOT

LT1616 600mA Iy, 1.4MHz, High Efficiency Step-Down Vin: 3.6V to 25V, Vgyamy: 1.25V, Ig: 1.9mA, Igp: <1ué, ThinSOT
DC/DC Converter

LTC1772B 550kHz, Current Mode Step-Down DC/DC Controller Vin: 2.5V 1o 9.8V, Vournaimy: 0.8V, 1g: 270pA, lgp: <BpA, ThinSOT

LT1931/LT1931A EA lsy, 1.2MHz/2.2MHz, High Efficiency Inverting DC/DC Vi 2.6V to 16V, Voyrmaxy: =34V, Ig: 4.2mA, Igp: <1pA, ThinSOT

onverter

LT1940 (Dual) Dual Output 1.4A lgyr, Constant 1.1MHz, High Efficiency Vin: 3V to 25V, Vgyrpay: 1.2V, lg: 2.5mA, lgp: <1pA, TSSOP-16E
Step-Down DC/DC Converter

LTC3411 1.25A lgyr, 4MHz Synchronous Step-Down DC/DC Converter Vin: 2.5V to 5.5V, Vaurguiny: 0.8V, lg: 60pA, lsp: <1pA, MS10, DFN

LT3464 85mA gy, Constant Off-Time, High Efficiency Step-Up DC/DC Vin: 2.3Vto 10V, Voyrmax: 34V, lg: 25pA, Igp: <0.5uA, ThinSOT

Converter with Integrated Schottky and Output Disconnect

34691

Linear Technology Corporation

1630 McCarthy Blvd., Milpitas, CA 95035-7417
(408) 432-1900 « FAX: (408) 434-0507 = www.linear.com

LTiTP 0304 1K+ PRINTED IN USA
L] TECHNOLOGY
©LINEAR TECHNOLOGY CORPORATION 2003



.' |
so n I ro “ nv/sa Excellence in physical acoustics

Kasteelstraat 93,9100 Sint-Niklaase BELGIUMeTel.: +32 3 780 76 30eFax: +32 3 777 58 96 #E-mail: sales@sonitron.bee Internet: http://www.sonitron.be

NOTES:
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Appnote PAA-MAX9788-01

Piézo-ceramic audio amplifiers
PAA-MAX9788-01

SONITRON

November 2008

SONITRON N.V.
R&D DEPARTMENT
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Sonitron PAA-MAX9788-01 Amplifier

NAXI/W

14Vp-P,Class G Ceramic Speaker Driver

General Description Features

The MAX2788 features a mono Class G power amplifier + Integrated Charge-Pump Power Supply—No
with an integrated inverting charge-pump power supply
specifically designed to drive the high capacitance of a
ceramic loudspeaker. The charge pump can supply + 14Vp_p Voltage Swing into Piezoelectric Speaker
gtrjea?;er:tég?nng_;or? E;nﬁp?;ft g? ?EV%:IEM current at 5.5VDC, + 2.7V to 5.5V Single-Supply Operation
The MAX9788 maximizes battery life by offering high- # Clickless/Popless Operation
performance efficiency. Maxim's proprietary Class G + Small Thermally Efficient Packages
output stage provides efficiency levels greater than 4 4 28-Pin TQEN

Class AB devices without the EMI penalties commonly mm x amm n

associated with Class D amplifiers. 2mm x 2.5mm 20-Bump WLP

The MAX9788 is ideally suited to deliver the high out-
ut-voltage swing required to drive ceramic/piezoelec-
frio Speaﬁ’ers, gred : Ordering Information

Inductor Required

88L6XVIN

The device utilizes fully differential inputs and outputs,

comprehensive click-gnd-pop supprgssion. shutdpown PART PIN-PACKAGE _ TEMP RANGE
control, and soft-start circuitry. The MAX9788 is fully spec- MAX978BEWP+TG45 20 WLP ~40°C to +85°C
ified over the -40°C to +85°C extended temperature range MAXG788ETl+ 28 TOFN-EP* -40°C to +85°C
and is available in small lead-free 28-pin TOFN (4mm x +Denotes a lead-free package.

Amm) or 20-bump WLP (2mm x 25mm) packages. T = Tape and reel.

G45 indicates protective die coating.
*EP = Exposed pad.
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The MAX9788's Class G technology can deliver up to 20Vp_p, ideal for driving ultra-thin
piezoelectric and ceramic speakers, for portable applications such as cell phones, smartphones,
and portable media players.

RIN

.

2

_[]7

Voo CRVDD

MAXIMN

MAXSG788

BEST-IN-CLASS OUTPUT DRIVE PERFORMANCE

CLASSG
QUTFLT
STHE

o+

[ ]
ouT- N ¥

L

{EHDN

&

MAXIMUM OUTPUT V)

Specifications:
- Class G amplifier to drive a bridge-tied —load (BTL) Piézo-ceramic speaker

- Input Voltage: 2.7V to 5.5V
- Input Audio Signal: 0V To 1.5Vpp

CHARGE FUMP
2
CIN C1P PVSS SVBS % REXT 2
L 10

25 30 35
c1 o2

LY

40 45 50

SUPPLY VOLTAGE (V)

- Output Audio Signal: Max 20Vpp
- Capacitive load up to 1pF ilas
- Dimensions: 14mm on 16.5mm

Designator | Description Package | Quantity
1 |RLR2 Chip Resistor 10k/1% R0603 2
2 | R3 Chip Resistor OR/1% R0603 1
3 |R4R5 Chip Resistor 200k/1% R0603 2
4 | R6,R7 Chip Resistor 10R/1% R0805 2
5 |R8 Chip Resistor 100K/1% R0603 1
6 |Cl.C2 Ceramic Capacitor 68nF/16V/10%/X7R C0402 2
7 | C3,C6 Ceramic Capacitor 10uF/6,3V/20%/X5R C0603 2
8 |C4 Ceramic Capacitor 0,1uF/16V/10%/X5R C0402 1
9 |C5H Ceramic Capacitor 4,7uF/6,3V/10%/X5R C0603 1
10 | U1 MAX9788 Piezo Ceramic Speaker Amplifier Thin 1

QFNZ28




Excellence in physical acoustics

' ®
sonl ron nv/sa

Kasteelstraat 93,9100 Sint-Niklaase BELGIUMeTel.: +32 3 780 76 30eFax: +32 3 777 58 96 #E-mail: sales@sonitron.bee Internet: http://www.sonitron.be

Electronic Schematic of PAA-MAX9788-01
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14VP-P,Class G Ceramic Speaker Driver

ABSOLUTE MAXIMUM RATINGS

OUT+, OUT-....

MAX9788

(SVss - 0.3V) to (Voe + 0.3V)

above +70°C) (Note 1)...

(Voltages with respect to GND.) CPVpp, CPGND, C1P, C1N, PVSS...........‘...‘.‘...‘...........SOOmA
NeE, CPVDD v 0L3V 1O 48V Any Other Pin ........... 20mA
PVss, SVss ... -6V to +0.3V Continuous Power D|SS|pat|on (TA +?O°C)

CPGND........... .-0.3V to +0.3V 20-Bump WLP (derate 10.3mW/*C

IN+, IN-, FB+, FB- . . .-0.3Vto (Voo + 0.3V) 28-Pin TQFN (derate 20. BmWr"’C above +?O°C)

CAN e (PVss O SV) to (CPGND + 0.3V) Operating Temperature Range ... .~40° C to +85°C
C1P .. .(CPGND - 0.3V) to (CPVpD + 0.3V) Storage Temperature Range........... -65°C to +150°C
FS, SHDN .. ..-0.3Vto (Vce + 0.3V) Lead Temperature (soldering, 108) ..o +300°C
Continuous Current \nto/Out of Bump Temperature (soldering) Reflow...............c.c.........4235°C

OUT+, OUT-, Vee, GND, SVSS o

800mA

Note 1: Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-

layer board. For detailed information on package thermal considerations, see www.maxim-ic.com/thermal-tutorial.

Stresses beyond those listed under "Absolute Maximum Ratings"” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any othar conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absalute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(Voo = Vepvpp = VSADN = 3.6V, VenD = VepahD = 0V, RNt = RIN- = 10kQ, Bre+ = Rre- = 10kQ, RFs = 100kQ, C1 = 4.7uF, C2 =
10pF; load connected between OUT+ and OUT-, ZLoaD = 10Q + 1pF, unless otherwise stated; Ta = TN to Tpax, unless otherwise
noted. Typical values are at Ta = +25°C.) (Notes 2, 3)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
GENERAL
Supply Voltage Range Vee Inferred from PSRR test 2.7 5.5 W
Quiescent Current lcc 8 12 mA
Shutdown Current ISHDN SHDN = GND 0.3 5 HA
Turmn-On Time foN Time frlom shutdown or power-on to full 50 ms
operation
Input DC Bias Voltage VBIAS IN_ inputs (Note 4) 1.1 1.24 1.4 W
| = 0OmA (slow mode 55 83 110
Charge-Pump Oscillator LOAD ( )
fosc kHz
Frequency
ILoaD = 100mA (normal mode) 230 330 470
SHDN Input Threshold WIH 1.4
vV
(Note 5) VL 0.4
SHDMN Input Leakage Current +1 HA
SPEAKER AMPLIFIER
Ta = +25°C +3 +15
Qutput Offset Voltage Vos my
TMIN < TA < TMAX +20
Peak voltage intofout of shutdown
Click-and-Pop Level Vop A-weighted, 32 samples per second -67 dBv
(Motes 6, 7)
Voltage Gain Ay (Motes 4, 8) 115 12 12.5 dB
Ve = BV 71
Output Voltage v f = 1kHz, 1% THD+N Vec =42V 59 Y
P g ouT = 1o Voo = 3.6V 5.1 RMS
Voo = 3.0V 4.2
2 NI
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14VpP-P,Class G Ceramic Speaker Driver

ELECTRICAL CHARACTERISTICS (continued)

(Vce = Vepvop = VSHDN = 3.6V, VD = VepanDp = OV, Ring = Rin- = 10kQ, Rres = Rrg- = 10kQ, Rrs = 100k, C1 = 4.7uF, C2 =
10uF; load connected between OUT+ and QUT-, ZLoaD = 10Q + 1uF, unless otherwise stated; Ta = Tmin to Tmax, unless otherwise
noted. Typical values are at Ty = +25°C.) (Notes 2, 3)

88L6XVIN

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Vg =5V 6.5
f = 10kHz, 1% THD+N, | Voo = 4.2V 5.4
Output Voltage Vour Z| = 1uF + 100, noload (Voo = 3.6V 47 VRMS
Vee = 3.0V 3.3
Voo =58V 2.4
o - Voe = 4.2V 1.67
Continuous Qutput Power PoUT 1% THD+N, f = TkHz, w
RL =80 Voo = 3.6V 1.25
Voo = 3.0V 0.8
Voo =27V o 5.5V 83 77
Power-Supply Rejection Ratio f=217Hz, 200mVp-p ripple 77
PSRR - dB
(Note 4) f = 1kHz, 200mVp.p ripple 77
f = 20kHz, 200mVp-p ripple 58
Total Harmenic Distortion Plus THD+N ZL = 1PF + 108, VouT = 1kHz { 1.9VRMS 0.002 %
Noise ZL = 1uF + 10Q, VouT = 1kHz [/ 4.0VRMS 0.08
Signal-to-Noise Ratio SNR Vout = 5.1VRMs, A-weighted 108 dB
Common-Mode Rejection Ratio CMRR fiy = TkHz (MNote 9) c8 dB
) ‘ Voo = 5V 106
Dynamic Range DR A-weighted (MNote 10) dB
Veg = 3.6V 105
Note 2: All devices are 100% production tested at room temperature. All temperature limits are guaranteed by design.
Note 3: Testing performed with resistive and capacitive loads to simulate an actual ceramic/piezoelectric speaker load,
Z| = 1uF + 104,
Note 4: Input DC bias voltage determines the maximum voltage swing of the input signal. Inputing a signal with a peak voltage

of greater than the input DC bias voltage results in clipping.

Note 5: 1.8V logic compatible.

Note 6: Amplifier/inputs AC-coupled to GND.

Note 7: Testing performed at room temperature with 10 resistive load in series with 1pF capacitive load connected across the BTL
output for speaker amplifier. Mode transitions are controlled by SHDN. Vcp is the peak output transient expressed in dBV.

Note 8: Voltage gain is defined as: [VouTs+ - Vout-] / [VIN+ - VIN-].

Note 9: PVsg is forced to -3.6V to simulate boosted rall.

Note 10:  Dynamic range is calculated by measuring the RMS voltage difference between a -60dBFS output signal and the noise
floor, then adding 60dB. Full scale is defined as the output signal needed to achieve 1% THD+N.
Rin_ and Rrg_ have 0.5% tolerance. The Class G output stage has 12dB of gain. Any gain or attenuation at the input
stage will add to or subtract from the gain of the Class G output.

MNMAXILV 3
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MAX9788

14VP-P,Class G Ceramic Speaker Driver

Typical Operating Characteristics

(Voo = VepvpD = VSHDN = 3.6V, VanD = Vepanp = 0V, Rine = Rine = 10k, RFe+ = RFB- = 10k, Rrs = 100k, C1 = 4.7uF, C2 =
10pF, Z| = 1uF + 10Q; load terminated between OUT+ and OUT-, unless otherwise stated; T = Ty to Tiax, unless otherwise noted.

Typical values are at Ta = +25°C.) (Notes 1, 2)

TOTAL HARMONIC DISTORTION PLUS
NDISE vs. FREQUENCY

TOTAL HARMONIC DISTORTION PLUS

TOTAL HARMONIC DISTORTION PLUS
NDISE vs. FREQUENCY

10 _ 10 ==
i i Voo =27V ;%
I
1 1
. VouT - 3VANS _ .
£ PN = g
R Z o 3o
£ T T = =y ==
= il il \ = =
Q=T )|
001 E\"owfj.%\'ﬂms 0 0.
el
| i
0.001 [ [T 000 0.001
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— - |§ = =1 e — 7
{ ! i o T ! 77— —— y -
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= = =
T 01 — F 01 + 01
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POWER-SUPPLY REJECTION RATIO POWER CONSUMPTION POWER CONSUMPTION
vs. FREQUENCY vs. OUTPUT VOLTAGE vs. OUTPUT VOLTAGE
0 T 100 £ 200
VRippLE=200mVp-p 12 2 2
-10 g / : 175 B
H — E = z
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0 g ] Voo 1 £ 80 -
| £C=2.7 Voo =36V
0 I~ §|§'=T1¢5:N P fin=1kHz
|'° 1% THD+N
90 0 0 L
10 100 1k 10k 100k 0 1 2 3 1 0 1 2 3 4 5
FREQUENGY (Hz) QUTPUT VOLTAGE (Vrms) OUTPUT VOLTAGE {Vems)
4 MAXIMN




.' |
s o n I ro n nv/sa Excellence in physical acoustics

Kasteelrfrnaf a2 A1An Cint MilklascaBCIL M aTal - 029 2 780 78 2N alav. 1273 2 777 20 O8 al_mmail: calacfeanitran haalntarnat: httn heneng canitran be

14VP-P,Class G Ceramic Speaker Driver

Typical Operating Characteristics (continued)
(Vee = Vepvoo = VsADN = 3.6V, Vanp = Vepano = OV, Ring = Bin. = 10k, Rrp, = Rrp. = 10k, Rpg = 100kQ, C1 = 4.7uF, C2 =
10uF, Z = 1uF + 10¢; load terminated between OUT+ and OUT-, unless otherwise stated; Ta = TMIN to Timax, unless otherwise noted.
Typical values are at Tp = +25°C.) (Notes 1, 2)

88L6XVIN
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14VP-P,Class G Ceramic Speaker Driver

Typical Operating Characteristics (continued)
(Vce = Vepvop = VSHDN = 3.6Y, VaND = VopahD = 0V, Rine = RIN- = 10kQ, RFey = RFB- = 10kQ, RFs = 100k, C1 = 4.7pF, C2 =
10pF, Z) = 1pF + 10Q; load terminated between OUT+ and OUT-, unless otherwise stated; Ta = Ty to Tpax, unless otherwise noted.
Typical values are at Ta = +25°C.) (Motes 1, 2)

MAX9788

OUTPUT AMPLITUDE WLP PACKAGE THERMAL DISSIPATION
vs. FREQUENCY FREQUENCY RESPONSE AND OUTPUT POWER vs. TEMPERATURE
8 — = 20 Tr——r 35 P WEMEL 35
Vg =5V = Vour=2Vems [IE = T~ Voo =5V
7 e h £ 18 E = 4 T
N 2 E = 30 3.0
z , o=36V N = 16 = 2
= =L
= 14 £ 25 | | OUTPUT POWER A 25 =
] —rfebl @ =
= b g = a 2 20 \ 20 2
£ 4 =4 = N = A’ N 5
= 3 h 2 E 18 T TR RN N 5 g2
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Pin Description
PIN
NAME FUNCTION
TQFN WLP
1 B2 SHDN Shutdown
2'12" 2382:; '218?' — N.C. No Connection. No internal connection.
3 A cip Charge-Pump Flying Capacitor, Positive Terminal. Connect a 4.7uF
capacitor between C1F and C1N.
4 A3 CPVpD Charge-Pump Positive Supply
7 Ad FB- MNegative Amplifier Feedback
9 Ab IN- Negative Amplifier Input
10 BS IN+ Positive Amplifier Input
12 B4 FB+ Positive Amplifier Feedback
13 cs5 Fg Charge-Pump Freguency Set. Connect a 100k€2 resistor from FS to
b=
GND to set the charge-pump switching frequency.
14,22 D1, D5 Voo Supply Voltage. Bypass with a 10pF capacitor to GND.
15, 21 c2,C4 SVss Amplifier Negative Power Supply. Connect to PVss.
16 D4 ouT- Negative Amplifier Output
18 D3 GND Ground
20 D2 OUT+ Positive Amplifier Output
o4 c PVss Charge-Pump Output. Connect a 10pF capacitor between PVgs and
CPGND.
g B1 CIN Charge-Pump Flying Capacitor, Negative Terminal. Connect a 4.7uF
capacitor between C1N and C1P.
27 Al CPGND Charge-Pump Ground. Connect to GND.
EP — EP Exposed Pad. Connect the TQFN EP to GND.

6 MAXIMN
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14VP-P,Class G Ceramic Speaker Driver

Detailed Description

The MAX9788 Class G power amplifier with inverting
charge pump is the latest in linear amplifier technology.
The Class G output stage offers improved performance
over a Class AB amplifier while increasing efficiency to
extend battery life. The integrated inverting charge
pump generates a negative supply capable of deliver-
ing greater than 700mA.

The Class G output stage and the inverting charge
pump allow the MAX9788 to deliver a 14Vp-p voltage
swing, up to two times greater than a traditional single-
supply linear amplifier.

Class G Operation
The MAX9788 Class G amplifier is a linear amplifier that
operates within a low (V¢ to GND) and high (Vcc to
5Vss) supply range. Figure 1 illustrates the transition
from the low to high supply range. For small signals,
the device operates within the lower (Vcc to GND) sup-
ply range. In this range, the operation of the device
is identical to a traditional single-supply Class AB
amplifier where:

ILOAD = IN1

As the output signal increases so a wider supply is need-
ed, the device begins its transition to the higher supply
range (Vcoc to SVsg) for the large signals. To ensure a
seamless transition between the low and high supply
ranges, both of the lower transistors are on so that:

ILOAD = IN1+ IN2
As the output signal continues to increase, the transi-
tion to the high supply is complete. The device then
operates in the higher supply range, where the opera-
tion of the device is identical to a traditional dual-sup-
ply Class AB amplifier where:

ILOAD = IN2
During operation, the output common-mode voltage of

the MAX9788 adjusts dynamically as the device transi-
tions between supply ranges.

Utilizing a Class G output stage with an inverting
charge pump allows the MAXS788 to realize a 20Vp-p
output swing with a 5V supply.

BTL CLASS G SUPPLY TRANSITION
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Figure 1. Class G Supply Transition
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MAX9788

14VpP-P,Class G Ceramic Speaker Driver

Inverting Charge Pump
The MAX9788 features an integrated charge pump with an
inverted supply rail that can supply greater than 700mA
over the positive 2.7V to 5.5V supply range. In the case of
the MAX9788, the charge pump generates the negative
supply rail (PVss) needed to create the higher supply
range, which allows the output of the device to operate
over a greater dynamic range as the battery supply col-
lapses over time.

Shutdown Mode
The MAX9788 has a shutdown mode that reduces
power consumption and extends battery life. Driving
SHDN low places the MAX9788 in a low-power (0.3pA)
shutdown mede. Connect SHDN to Vc¢ for normal
operation.

Click-and-Pop Suppression
The MAX9788 Class G amplifier features Maxim’s com-
prehensive, industry-leading click-and-pop suppres-
sion. During startup, the click-and-pop suppression
circuitry eliminates any audible transient sources inter-
nal to the device.

Applications Information

Differential Input Amplifier
The MAX9788 features a differential input configuration,
making the device compatible with many CODECs, and
offering improved noise immunity over a single-ended
input amplifier. In devices such as PCs, noisy digital
signals can be picked up by the amplifier's input
traces. The signals appear at the amplifier's inputs as
common-mode noise. A differential input amplifier
amplifies the difference of the two inputs and signals
common to both inputs are canceled out. When config-
ured for differential inputs, the voltage gain of the
MAX9788 is set by:

Ay = 20|og[4x[?iﬂ (dB)

IN_

where Ay is the desired voltage gain in dB. RIN+ should
be equal to RIN-, and RFB+ should be equal to RFE-.
The Class G output stage has a fixed gain of 4V/V
(12dB). Any gain or attenuation set hy the external
input stage resistors will add to or subtract from this
fixed gain. See Figure 2.

In differential input configurations, the common-mode
rejection ratio (CMRR) is primarily limited by the exter-
nal resistor and capacitor matching. Ideally, to achieve
the highest possible CMRR, the following external com-
ponents should be selected where:

Rre+ _ Rra-
Rine  Rine
and
CiNg = CIn-
{
)
2NAX1LN
MAX9768
FB+
Rre.
_C{Ir-h Rin, s
}—/\ AN * T » CLASSG
— AN > w| STiGE
G- Finy-
Rrg-
FB-
—_

Figure 2. Gain Setting
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14VP-P,Class G Ceramic Speaker Driver

Driving a Ceramic Speaker
Applications that require thin cases, such as today's
mobile phones, demand that external components
have a small form factor. Dynamic loudspeakers that
use a cone and voice coil typically cannot conform to
the height requirements. The option for these applica-
tions is to use a ceramic/piezoelectric loudspeaker.

Ceramic speakers are much more capacitive than a con-
ventional loudspeaker. Typical capacitance values for
such a speaker can be greater than 1uF. High peak-to-
peak voltage drive is required to achieve acceptable
sound pressure levels. The high output voltage require-
ment coupled with the capacitive nature of the speaker
demand that the amplifier supply much more current at
high frequencies than at lower frequencies. Above 10kHz,
the typical speaker impedance can be less than 16£.

The MAXS788 is ideal for driving a capacitive ceramic
speaker. The high charge-pump current limit allows for a
flat frequency response out to 20kHz while maintaining
high output voltage swings. See the Frequency Response
graph in the Typical Operating Characteristics. Figure 3
shows a typical circuit for driving a ceramic speaker.

A 10Q series resistance is recommended between the
amplifier output and the ceramic speaker load to ensure
the output of the amplifier sees some fixed resistance at
high frequencies when the speaker is essentially an
electrical short.

]
%
AAAXIM
MAX9788
ors| L
CLASS G
ouTPUT
STAGE ouT-
~=

Figure 3. Driving a Ceramic Speaker

NAXIWV

Component Selection

Input-Coupling Capacitor
The AC-coupling capacitors (CIN_) and input resistors
(Rin_) form highpass filters that remove any DC bias
from an input signal (see the Functional Diagramy
Typical Operating Circuitf). CIN_ blocks DC voltages
from the amplifier input. The -3dB point of the highpass
filter, assuming zero source impedance due to the
input signal source, is given by:

L ()

Ladg 2r xRy % Cy

Ceramic speakers generally perform best at frequen-
cies greater than 1kHz. Low frequencies can deflect
the piezoelectric speaker element so that high frequen-
cies cannot be properly reproduced. This can cause
distortion in the speaker’'s usable frequency band.
Select a CIN so the f.3dB closely matches the low fre-
quency response of the ceramic speaker. Use capaci-
tors with low-voltage coefficient dielectrics. Aluminum
electrolytic, tantalum, or film dielectric capacitors are
good choices for AC-coupling capacitors. Capacitors
with high-voltage coefficients, such as ceramics (non-
COG dielectrics), can result in increased distortion at
low frequencies.

Charge-Pump Capacitor Selection
Use capacitors with an ESR less than 50mQ for opti-
mum performance. Low-ESR ceramic capacitors mini-
mize the output resistance of the charge pump. For
best performance over the extended temperature
range, select capacitors with an X7R dielectric.

Flying Capacitor (C1)
The value of the flying capacitor (C1) affects the load
regulation and output resistance of the charge pump. A
C1 value that is too small degrades the device’s ability
to provide sufficient current drive. Increasing the value
of C1 improves load regulation and reduces the charge-
pump output resistance to an extent. Above 1uF, the on-
resistance of the switches and the ESR of C1 and C2
dominate. A 4.7uF capacitor is recommended.

88L6XVIN
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MAX9788

14VP-P,Class G Ceramic Speaker Driver

Hold Capacitor (C2)
The output capacitor value and ESR directly affect the
ripple at PVss. Increasing C2 reduces output ripple.
Likewise, decreasing the ESR of C2 reduces both rip-
ple and output resistance. A 10uF capacitor is recom-
mended.

Charge-Pump Frequency Set Resistor (RFs)
The charge pump operates in two modes. When the
charge pump is loaded below 100mA, it operates in a
slow mode where the oscillation frequency is reduced to
1/4 of its normal operating frequency. Once loaded, the
charge-pump oscillation frequency returns to normal
operation. In applications where the design may be sen-
sitive to the operating charge-pump oscillation frequen-
cy, the value of the external resistor RFg can be changed
to adjust the charge-pump oscillation frequency shown
in Figure 4. A 100KkQ resistor is recommended.

Ceramic Speaker Impedance
Characterislics
A 1pF capacitor is a good model for the ceramic
speaker as it best approximates the impedance of a
ceramic speaker over the audic band. When selecting
a capacitor to simulate a ceramic speaker, the voltage
rating or the capacitor must be equal to or higher than
the expected output voltage swing. See Figure 5.

Series Load Resistor
The capacitive nature of the ceramic speaker results in
very low impedances at high frequencies. To prevent
the ceramic speaker from shorting the MAX9788 output
at high frequencies, a series load resistor must be
used. The output load resistor and the ceramic speaker
create a lowpass filter. To set the rolloff frequency of
the output filter, the approximate capacitance of the
speaker must be known. This information can be
obtained from bench testing or from the ceramic
speaker manufacturer. A series load resistor greater
than 10Q is recommended. Set the lowpass filter cutoff
frequency with the following equation:

1
2nx R x CgpEaKER

ip Hz)

WLP Applications Information

For the latest application details on WLP construction,
dimensions, tape carrier information, PCB techniques,
bump-pad layout, and recommended reflow tempera-
ture profile, as well as the latest information on reliability
testing results, go to the Maxim website at www.maxim-
ic.com/ucsp for the application note, UCSP—A Wafer-
Level Chip-Scale Package.

CHARGE-PUMP OSCILLATION
FREQUENCY vs. Rrs

w600 T z
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Figure 4. Charge-Pump Oscillation Frequency vs. AFs

10

Figure 5. Ceramic Speaker and Capacitor Impedance
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14VP-P,Class G Ceramic Speaker Driver

Typical Application Circuit/Functional Diagram

Voo *
SHON 4 ©
CONTROL . +- 1
SIGNAL DAuF . ~
T 2
14,22
1(B2) | (D1,05) | 4(A3) m
SHDN Ve CPVop
12 (B4) | e+ AN M
MAXG788
G Ris Rra. R
Ty ;
0.4?‘!.1F 10ke 0@ | out+ |20 02) 100
—| AN ) ) ; CLASS G
- OUTPUT
—| NN o LS. > STAGE OuT- | 16 (D4)
Ci H"": Rrp-
047uF 10k 10k
CHARGE Fs |13 (cs)
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GND  CPGND  CiN CIP | Pugs SVg 100k
1s.:oa1£nm1 26 (B1) 3(02) |24 (1) 15,21
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() WLP PACKAGE cl s
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MAX9788

14VP-P,Class G Ceramic Speaker Driver

Pin Configurations

TOP VIEW
o
= E = ¢ 8 4 g
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e R N
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s 2 28 £ 8
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TOP VIEW
(BUMP SIDE DOWN)
MAXIMN
MAX9788
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K

I . s L L Y
CPGND C1P CPVoD FB- IN-

C1N SHON FB+ IN+

o R SRS
PVss SVss SVgs FS

o| D O
Voo 0uUT+ GND ouT- Voo

WLP

to www.maxim-ic.com/packages.

Package Information

For the latest package outline information and land patterns, go

Chip Information

PACKAGE TYPE | PACKAGE CODE | DOCUMENT NO.
20 WLP W202A2+1 21-0059
28 TQFN T2844-1 21-0139

12

PROCESS: BICMOS
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Sonitron PAA-LM4960SQ-02 Amplifier

LM4960 Boomer® Audio Power Amplifier Series

Piezoelectric Speaker Driver

General Description

The LM4960 utilizes a switching regulator to drive a dual
audio power amplifier. It delivers 24V, mono-BTL to a
ceramic speaker with less than 1.0% THD+N while operating
on a 3.0V power supply.

The LM4960's switching regulator is a current-mode boost
converter operating at a fixed frequency of 1.6MHz.
Boomer audio power amplifiers were designed specifically to
pravide high quality output power with a minimal amaunt of
external componants. The LM4860 does not require output
coupling capacitors or bootstrap capacitors, and therefore is
ideally suited for mobile phone and other low voltage appli-
cations where minimal power consumption is a primary re-
quirement.

The LM4960 features a low-power consumption externally
controlled micropower shutdown mode. Additionally, the
LM4980 features and internal thermal shutdown protection
mechanism along with a short circuit protection.

The LM4960 is unity-gain stable and can be configured by
external gain-setting resistors.

Specifications:
- Input Voltage: 3V to 7V

- Input Audio Signal: Max 325mVpp
- Output Audio Signal: Max 24Vpp
- Dimensions: 25mm on 25mm

Key Specifications

L] VQUT @ VDD = 3.0 THD+N = 1%
m Power supply range

m Switching Frequancy

2dVep (typ)
3.0t 7V
1.6MHz (typ)

Features

Stereo BTL amplifier

Low current shutdown mode

"Click and pop" suppression circuitry
Low Quuiescent current

Unity-gain stable audio amplifiers
External gain configuration capability
Thermal shutdown protection circuitry
m Wide input voltage range (3.0V - 7V)
m 1.6MHz switching frequancy

Applications

m Mobile phone
m PDA's
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Order Number LM4960SQ
See NS Package Number

Designator Description Package | Quantity
1 |R1,R9 Chip Resistor 270k/5% R0805 2
2 |R2 Chip Resistor 30k/5% R0805 1
3 |R3 Chip Resistor 10k/5% R0805 1
4 | R4 Chip Resistor 470k/5% R0805 1
5 |R5R7 Chip Resistor 10R/5% R0805 2
6 | R6,R8, R11 | Chip Resistor 20k/5% R0805 3
7 | C1,C2 C5 Ceramic Capacitor 4.7uF/25V/X5R C1210 3
8 |C3 Ceramic Capacitor 220pF/100V/X7R C0805 1
9 |C4 Ceramic Capacitor 220nF/16V/X7R C0805 1
10 | C6 Ceramic Capacitor 100nF/50V/X7R C0805 1
11 | C7 Ceramic Capacitor 33nF/50V/X7R C0805 1
12 | C9 Ceramic Capacitor 10pF/100V/X7R (opt) C0805 1
13 | L1 SDR0302-100ML SMD Power Inductor SDR0302 1
14 | D1, D2 MBRO0520LT1 20V, 0.5A shottky diode SOD-123 2
12 | Ul LM4960SQ Piezo Ceramic Speaker Amplifier LLP28 1
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Electronic Schematic of PAA-LM4960SQ-02
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r
Absolute Maximum Hatings (Notes 1, 2) Junction Temperature 150°C E
If Military/Aerospace specified devices are required, Thermal Resistance g
please contact the National Semiconductor Sales Office/ &8s (LLP) “CAN

Distributors for availability and specifications. See AN-1187 "Leadless Leadframe Packaging (LLP).

Supply Voltage (Vgp) 8.5V

Supply Voltage (V1) Operating Ratings

(Pin 27 referred to GND) iay

Storage Temperature -65°C to +150°C Temperature Range

Input Voltage -0.3V to Vg + 0.3V Toan = Ta < Tnax -40°C £ To £485°C
Power Dissipation {Note 3) Internally limitad Supply Voltage (Vop) 30V =V =7V
ESD Susceptibility (Note 4) 2000V Supply Voltage (V1) 96V =V, = 18V
ESD Susceptibility (Note 5) 200V

Electrical Characteristics Vpp = 3.0V (Notes 1, 2)
The following specifications apply for Vep = 3V, Ay = 10, R = 800nF+2042, V1 = 12V unless otherwise specified. Limits apply

for T, = 25°C.
Symbol Parameter Conditions LMass0 Units
Typical Limit (Limits)
(Mote 8) | (Notes 7, 8)
loo Quiescent Power Supply Current Vi = GND, Mo Load 85 150 mA (max)
l=o Shutdown Current Venutoown = GND (Mote 9) 30 100 pA (max)
Vaos Output Offset Voltage 5 40 mV (max)
Ve Shutdown Voltage Input High 2 W (max)
Vaoi Shutdown Voltage Input Low 0.4 WV (min)
Twu Wake-up Time Cg=0.22uF 50 ms
TsD Thermal Shutdown Temperature 170 122 g [[rr:;r:(])
Vo Qutput Voltage THD = 1% (max); f= 1kHz 24 20 Ve (min)
THD+N Total Harmomic Distortion + Moise |V, = 3Wrms; f= 1kHz 0.04 £
fas Output Noise A-Weighted Filter, WV, = OV 80 pv
PSRR Power Supply Rejection Ratio Vappe = 200mV, f = 1kHz 55 50 dB (min)
Veg Feedback Pin Reference Voltage 1.23 W (max)

Electrical Characteristics Vpp = 5.0V (Notes 1, 2)
The following specifications apply for Vg = 5V, A, = 10, B_ = 800nF+200 unless otherwise specified. Limits apply for T, =

25°C.
Symbol Parameter Conditions LMags0 Units

Typical Limit (Limits)
(Mote 8) | (Notes 7, 8)

loo Quiescent Power Supply Current |V, = GND, No Load 45 mA (max)

l=o Shutdown Current Venutoown = GND (Mote 9) 55 100 pA (max)

Ve Shutdown Voltage Input High 2 W (max)

Vapi Shutdown Voltage Input Low 0.4 W (min)

Twu Wake-up Time Cg = 0.22uF 50 5

TSD Thermal Shutdown Temperature 170 190 :C (min)

190 C (max)
— 1o .

Vo Output Voltage ;TE E;;rrfir:asx;é;;e:mz 24 20 Vp_p (min)

THD+M Total Harmomic Distortion + Moise | Vo = 3Wrms; f = 1kHz 0.04 %

fos Qutput Noise A-Weighted Filter, Vy = OV 20 pv

PSRR Power Supply Rejection Ratio Vappe = 200mV . f = 1kHz &0 dB (min)

Ves Feedback Pin Reference Voltage 1.23 WV (max)

HNote 1: All voltages are maasured with respect to the GMD pin, unless otherwise specified.
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Application Information

BRIDGE CONFIGURATION EXPLANATION

The Audio Amplifier portion of the LM4960 has two internal
amplifiers allowing different amplifier configurations. The first
amplifier's gain is extarnally configurable, whereas the sac-
ond amplifier is internally fixed in a unity-gain, inverting
configuration. The closed-loop gain of the first amplifier is set
by selacting the ratio of Rf to Ri while the second amplifier's
gain is fixed by the two internal 20k resistors. Figure 1
shows that the output of amplifier one serves as the input to
amplifier two. This results in both amplifiers producing sig-
nals identical in magnitude, but out of phase by 180°. Con-
sequently, the differential gain for the Audio Amplifier is

Ayp = 2 (RIRI)

By driving the load differentially through outputs Vo1 and
Vo2, an amplifier configuration commonly referred to as
“bridged mode” is established. Bridged mode operation is
different from the classic single-ended amplifier configura-
tion whera one side of the load is connected to ground.
Abridge amplifier design has a few distinct advantages over
the single-anded configuration. It provides differential drive
to the load, thus doubling the output swing for a specified
supply voltage. Four times the output power is possible as
comparad to a single-ended amplifier under the same con-
ditions. This increase in attainable output power assumes
that the amplifier is not current limited or clipped. In order to
choose an amplifier's closed-loop gain without causing ex-
cessive clipping, please refer to the Audio Power Amplifier
Design section.

The bridge configuration also creates a second advantage
over single-ended amplifiers. Since the differential outputs,
Vo1 and Vo2, are biased at half-supply, no net DC voltage
exists across the load. This eliminates the need for an output
coupling capacitor which is required in a single supply,
single-ended amplifier configuration. Without an output cou-
pling capacitor, the half-supply bias across the load would
result in both increased intemal 1C power dissipation and
also possible loudspeaker damage.

AMPLIFIER POWER DISSIPATION

Power dissipation is a major concern when designing a
successful amplifier, whether the amplifier is bridged or
single-ended. A direct consequence of the increased power
deliverad to the load by a bridge amplifier is an increase in
intarnal power dissipation. Since the amplifier portion of the
LM4960 has two operational amplifiers, the maximum inter-
nal power dissipation is 4 times that of a single-ended am-
plifier. The maximum power dissipation for a given BTL
application can be derived from Equation 1.

Pomaxgane = 4(Vpp)? / (2nZ)) 1)
where

Z. = Ra1 + Ra2 +1/2nfc

BOOST CONVERTER POWER DISSIPATION

At higher duty cycles, the increased ON-time of the switch
FET means the maximum output current will be determined
by power dissipation within the LM2731 FET switch. The
switch power dissipation from ON-time conduction is calcu-
lated by Equation 2.

Pomaxiswitery = DC % lnplAVE)® x Rps{ON) i2)
where DC is the duty cycle.

There will be some switching losses as well, so some derat-
ing needs to be applied when calculating 1C power dissipa-
tion.

TOTAL POWER DISSIPATION
The total power dissipation for the LM4960 can be calculated
by adding Equation 1 and Equation 2 together to establish
Equation 3:
PomasxroTan = [47(Vop)¥2n2Z, ] + [DC x lyplAVE)® xRy
s{ON]] (3)

The rasult from Equation 3 must not be greater than the
power dissipation that results from Equaticn 4:

Pomax = (Tamax - Ta) / 8JA (4)

For the LQAZBA, 8, = 593°C/W. T uax = 125°C for the
LM4560. Depending on the ambient temperature, T,, of the
system surroundings, Equation 4 can be used to find the
maximum internal power dissipation supported by the IC
packaging. If the result of Equation 3 is greater than that of
Equation 4, then either the supply voltage must be in-
creased, the load impedance increased or T, reduced. For
the typical application of a 3V power supply, with V1 seat to
12V and a 800nF + 2042 load, the maximum ambient tem-
perature possible without violating the maximum junction
temparature is approximately 118°C provided that device
operation is around the maximum power dissipation point.
Thus, for typical applications, power dissipation is not an
issue. Power dissipation is a function of output power and
thus, if typical operation is not around the maximum power
dissipation point, the ambient temperature may be increased
accordingly. Refer to the Typical Performance Characteris-
tics curves for power dissipation information for lower output
levels.

EXPOSED-DAP PACKAGE PCB MOUNTING
CONSIDERATIONS

The LM4960's exposed-DAP (die attach paddle) package
(LD} provides a low thermal resistance between the die and
the PCB to which the part is mounted and solderad. The low
thermal resistance allows rapid heat transfer from the die to
the surrounding PCB copper traces, ground plane, and sur-
rounding air. The LD package should have its DAP soldered
to a copper pad on the PCB. The DAP's PCB copper pad
may be connected to a large plane of continuous unbroken
copper. This plane forms a thermal mass, heat sink, and
radiation area. Further detailed and specific information con-
cerning PCB layout, fabrication, and mounting an LD (LLP)
package is found in National Semiconductor’s Package En-
gineering Group under application note AN1187.
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Application Information (continued)

SHUTDOWN FUNCTION

In many applications, a microcontroller or microprocessor
output iz used to control the shutdown circuitry to provide a
quick, smooth transition into shutdown. Another solution is to
use a single-pole, single-throw switch, and a pull-up resistor.
One terminal of the switch is connected to GND. The other
side is connected to the two shutdown pins and the terminal
of the pull-up resistor. The remaining resistance terminal is
connected to V. If the switch is open, then the external
pull-up resistor connected to Vg wil enable the LM4960.
This scheme guarantees that the shutdown pins will not float
thus preventing unwanted state changes.

PROPER SELECTION OF EXTERNAL COMPONENTS
Proper selection of external components in applications us-
ing integrated power amplifiers, and switching DC-DC con-
verters, is critical for optimizing device and system perfor-
mance. Consideration to component values must be used to
maximize overall system quality.

The best capacitors for use with the switching converter
portion of the LM4980 are multi-layer ceramic capacitors.
They have the lowest ESR (equivalent series resistance)
and highest resonance frequency, which makes them opti-
mum for high frequency switching converters.

When selecting a ceramic capacitor, only X5R and X7R
dielectric types should be used. Other types such as Z5U
and ¥5F have such severe loss of capacitance due to effects
of temperature variation and applied voltage, they may pro-
vide as little as 20% of rated capacitance in many typical
applications. Always consult capacitor manufacturer's data
curves before selecting a capacitor. High-quality ceramic
capacitors can be obtained from Taiyo-Yuden, AVX, and
Murata.

POWER SUPPLY BYPASSING
As with any amplifier, proper supply bypassing is critical for
low noise performance and high power supply rejection. The

capacitor location on both W1 and Voo pins should be as
close to the device as possible.

SELECTING INPUT CAPACITOR FOR AUDIO
AMPLIFIER

One of the major considerations is the closedloop bandwidth
of the amplifier. To a large extent, the bandwidth is dictated
by the choice of external components shown in Figure 1. The
input coupling capacitor, Gy, forms a first order high pass filter
which limits low frequency response. This value should be
chosen based on needed frequency response for a few
distinct reasons.

High value input capacitors are both expensive and space
hungry in portable designs. Clearly, a certain value capacitor
is needed to couple in low frequencies without severs at-
tenuation. But ceramic speakers used in portable systems,
whether internal or external, have little ability to reproduce
signals below 100Hz to 150Hz. Thus, using a high value
input capacitor may not increase actual system perfor-
mance.

In addition to system cost and size, click and pop perfor-
mance is affected by the value of the input coupling capaci-
tor, Cy. A high value input coupling capacitor requires more
charge to reach its quiescent DC voltage (nominally 1/2
Vop). This charge comes from the output via the feedback

and is apt to create pops upon device enable. Thus, by
minimizing the capacitor value based on desired low fre-
quency response, turm-on pops can be minimized.

SELECTING BYPASS CAPACITOR FOR AUDIO
AMPLIFIER

Besides minimizing the input capacitor value, careful consid-
eration should be paid to the bypass capacitor value. Bypass
capacitor, Cg, is the most critical component to minimize
turn-on pops since it determines how fast the amplifer turns
on. The slower the amplifier's outputs ramp to their quies-
cent DC voltage (nominally 1/2 Vpp), the smaller the tum-on
pop. Choosing Cg equal to 1.0pF along with a small value of
G, (in the range of 0.039pF to 0.39pF), should produce a
virtually clickless and popless shutdown function. Although
the device will function properly, (no oscillations or motor-
boating), with Cg equal to 0.1pF, the device will be much
more susceptible to turn-on clicks and pops. Thus, a value of
Cg equal to 1.0pF is recommended in all but the most cost
sensitive designs.

SELECTING FEEDBACK CAPACITOR FOR AUDIO
AMPLIFIER

The LM4960 is unity-gain stable which gives the designer
maximum system flexability. However, to drive ceramic
speakers, a typical application requires a closed-loop differ-
ential gain of 10. In this case a feedback capacitor (C2) will
be needed as shown in Figure 2 to bandwidth limit the
amplifier.

This feedback capacitor creates a low pass filter that elimi-
nates possible high frequency oscillations. Care should be
taken when calculating the -3dB frequency because an in-
correct combination of By and G2 will cause rolloff before the
desired frequency

SELECTING OUTPUT CAPACITOR (C,) FOR BOOST
CONVERTER

A single 4.7pF to 10pF ceramic capacitor will provide suffi-
cient output capacitance for most applications. If larger
amounts of capacitance are desired for improved line sup-
port and transient response, tantalum capacitors can be
used. Aluminum elsctrolytics with ultra low ESR such as
Sanyo Oscon can be used, but are usually prohibitively
expensive. Typical Al electrolytic capacitors are not suitable
for switching frequencies above 500 kHz because of signifi-
cant ringing and temperature rise due to self-heating from
ripple current. An cutput capacitor with excessive ESR can
also reduce phase margin and cause instability.

In general, if electrolytics are used, we recommended that
they be paralleled with ceramic capacitors to reduce ringing,
switching losses, and output voltage ripple.

SELECTING INPUT CAPACITOR (Cs1) FOR BOOST
CONVERTER

An input capacitor is required to serve as an energy reservoir
for the current which must flow into the coil each time the
switch turns ON. This capacitor must have extremely low
ESR, so ceramic is the best choice. We recommend a
nominal value of 4.7pF, but larger values can be used. Since
this capacitor reduces the amount of voltage ripple seen at
the input pin, it also reduces the amount of EMI passed back
along that line to other circuitry.
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L4960

Application Information (continued)

SETTING THE OUTPUT VOLTAGE (V,4) OF BOOST
CONVERTER

The output voltage is set using the external resistors R1 and
R2 (see Figure 1). A value of approximately 13.3k<: is rec-
ommended for R2 to establish a divider current of approxi-
mately 92pA. R1 is calculated using the formula:

R1 =Rz X (V21.23 - 1) i5)

FEED-FORWARD COMPENSATION FOR BOOST
CONVERTER

Although the LM4860's internal Boost converter is intarmally
compensated, the external feed-forward capacitor G, is re-
quired for stability (see Figure 1). Adding this capacitor puts
a zero in the loop response of the converter. The recom-
mended frequency for the zero fz should be approximately
BkHz. C;1 can be calculated using the formula:

Ca=1/(2XR1 Xfz) (8)

SELECTING DIODES

The external diode used in Figure 1 should be a Schottlky
diode. A 20V diode such as the MBRO520 is recommendead.

The MBROSXX series of diodes are designed to handle a

Best performance is usually obtained when the converter is
operated in “continuous” mode at the load current range of
interest, typically giving better load regulation and less out-
put ripple. Continucus cperation is defined as not allowing
the inductor current to drop to zero during the cycle. it should
be noted that all boost converters shift over to discontinuous
operation as the output load is reduced far enough, but a
larger inductor stays “continuous” over a wider load current
range.

To better understand these trade-offs, a typical application
circuit (5V to 12V boost with a 10pH inductor) will be ana-
lyzed. We will assume:

Vi = 8V, Vour = 12V, Voope = 0.5V, Vg, = 0.5V

Since the frequency is 1.6MHz (nominal), the pericd is ap-
proximately 0.625ps. The duty cycle will be 82.5%, which
means the ON-time of the switch is 0.390ps. It should be
noted that when the switch is ON, the voltage across the
inductor is approximately 4.5V. Using the equation:

V = L (difdt)

We can then calculate the difdt rate of the inductor which is
found to be 0.45 Aps during the ON-time. Using these facts,
we can then show what the inductor current will look like
during operation:

maximum average current of 0.5A. For applications exceed-
ing 0.5A average but less than 1A, a Microsemi UPS5817 T
can be used. 0 1764
DUTY CYCLE l I
The maximum duty cycle of the boost converter determines - loae
the maximum boost ratio of output-to-input voltage that the 1= DC
converter can attain in continuous mode of operation. The 1
duty cycle for a given boost application is defined as: 0
0.380 ps [0.235 us
2007853

Duty Cycle = Vot + Voieoe - Vin ! Vour + Voiooe - Vaw

This applies for continuous mode operation.

INDUCTANCE VALUE

The first question we are usually asked is: “"How small can |
make the inductor” (because they are the largest sized
componant and usually the most costly). The answer is not
simple and invelves trade-offs in perfermance. Larger induc-
tors mean less inductor ripple current, which typically means
less output voltage ripple (for a given size of output capaci-
tor). Larger inductors also mean more load power can be
delivered because the energy stored during each switching
cycle is:

E = Liz X (Ip)2

Where “Ip" is the peak inductor current. An important point to
observe is that the LM4960 will limit its switch current based
on peak current. This means that since Ip{max) is fixed,
increasing L will increase the maximum amount of power
available to the load. Conversely, using too little inductance
may limit the amount of load current which can be drawn
from the output.

FIGURE 2. 10pH Inductor Current
5V - 12V Boost (LM4960)

During the 0.390ps ON-time, the inductor current ramps up
0.176A and ramps down an equal amount during the OFF-
time. This is defined as the inductor “ripple current”. It can
also be seen that if the load current drops to about 33mA,
the inductor current will begin touching the zero axis which
means it will be in discontinuous mode. A similar analysis
can be performed on any boost converter, to make sure the
ripple current is reasonable and continucus operation will be
maintained at the typical load current values.

MAXIMUM SWITCH CURRENT

The maximum FET switch current available before the cur-
rent limiter cuts in is dependent on duty cycle of the appli-
cation. This is illustrated in a graph in the typical perfor-
mance characterization section which shows typical values
of switch current as a function of effective (actual) duty cycle.
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Application Information (Continued)

CALCULATING OUTPUT CURRENT OF BOOST
CONVERTER (lapp)

As shown in Figure 2 which depicts inductor current, the load
current is related to the average inductor current by the
relation:

lLcap = lnplAVG) x (1 - DC) I7)

Whers "DC" is the duty cycle of the application. The switch
current can be found by:

law = lnplAVG) + 1/2 (IRIPPLE) ()

Inducter ripple current is dependent on inductance, duty
cycle, input voltage and frequency:

lmippie = DC % (Vi Vel /T x L) 19)

comkbining all terms, we can develop an expression which
allows the maximum available load current to be calculated:

lLoapimax) = (1=DC)x(lgy{max)—-DC{V -V ML (10]

The equation shown to calculate maximum load currant
takes into account the losses in the inductor or tum-OFF
switching losses of the FET and diade.

DESIGN PARAMETERS Vg, AND Iy,

The value of the FET "ON" voltage (referred to as Vg, in
equations 7 thru 10) is dependent on load current. A good
approximation can be obtained by multiplying the "ON Re-
sistance” of the FET times the average inductor current.
FET on resistance increases at W, values below 5V, since
the internal N-FET has less gate voltage in this input voltage
range (see Typical Performance Characteristics curves).
Above Wy = 5V, the FET gate voltage is internally clamped
to 5V

The maximum peak switch current the device can deliver is
dependent on duty cycle. For higher duty cycles, see Typical
Performance Characteristics curves.

INDUCTOR SUPPLIERS

Recommended suppliers of inductors for the LM4960 in-
clude, but are not limited to Taiyo-Yuden, Sumida, Coilcraft,
Panasonic, TOK and Murata. When selecting an inductor,
make certain that the continuous current rating is high
enough to avoid saturation at peak currents. A suitable core
type must be used to minimize core (switching) losses, and
wire power losses must be considerad when selecting the
current rating.

PCE LAYOUT GUIDELINES

High frequency boost converters require very careful layout
of components in order to get stable operation and low
noise. All components must be as close as possible to the
LM4802 device. It is recommended that a 4-layer PCB be
used so that internal ground planes are available.

Some additional guidelines to be observed:

1. Keep the path between L1, D1, and Co extremely short.
Parasitic trace inductance in series with D1 and Co will
increase noise and ringing.

2. The feedback componentz R1, R2 and C, 1 must be kept
close to the FB pin of U1 to prevent noise injection on the FB
pin trace.

3. If internal ground planes are available (recommended)
use vias to connect directly to ground at pin 2 of U1, as well
as the negative sides of capacitors C,1 and Co.

GENERAL MIXED-SIGNAL LAYOUT
RECOMMENDATION

This section provides practical guidelines for mixed signal
PCE layout that involves various digital/analeg power and
ground traces. Designers should note that these are only
"rule-of-thumb" recommendations and the actual results will
depend heavily on the final layout.

Power and Ground Circuits

For 2 layer mixed signal design, it is important to isclate the
digital power and ground trace paths from the analog power
and ground trace paths. Star trace routing techniques (bring-
ing individual traces back to a central peint rather than daisy
chaining traces together in a serial manner) can have a
major impact on low level signal performance. Star trace
routing refers to using individual traces to feed power and
ground to each circuit or even device. This technique will
take require a greater amount of design time but will not
increase the final price of the board. The only extra parts
required may be some jumpers.

Single-Point Power / Ground Connection

The analog power traces should be connected to the digital
traces through a single point (link). A "Pifilter" can be helpful
in minimizing high frequency necise coupling between the
analog and digital sections. It is further recommended to
place digital and analog power traces over the correspond-
ing digital and analeg ground traces to minimize noise cou-

pling.

Placement of Digital and Analog Components

All digital components and high-speed digital signals traces
should be located as far away as possible from analog
componants and circuit traces.

Avoiding Typical Design / Layout Problems

Avoid ground loops or running digital and analog traces
parallel to each other (side-by-side) on the same PCB layer.
When traces must cross over each other do it at 30 degrees.
Running digital and analog traces at 90 degrees to each
other from the top to the bottom side as much as possible will
minimize capacitive noise coupling and crosstalk.

11
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Sonitron’s latest slim line profile speaker, the SPS-2220-03, is the
result of ten years intensive research and development work.
With a thickness of only T mm and dimensions of

20x22 mm this small multifunctional speaker/microphone is ideal
for use in GPS, MP3, camera’s, mobile phones,...
and has excellent sound reproduction.
Considering its extremely good voice clarity it definitely is the

It is distortion free

new speaker generation for the mobile phone industry.

SPECIFICATIONS

(Frequency Range:

700 Hz-20 kHz

~

Max SPL @ 10 cm, 24Vpp:
(average at 4-point)

85 dB

Distortion (%THD): <1%

(80dB at 5 cm, average at 4-point)

Sensitivity: 63 dB

(SPL @ 10cm for 1Vrms, average at 4-point :

800Hz, 1kHz, 1.5kHz, 2kHz)

Capacitance (+/- 20%): 70 nF

Impedance @ 1kHz (+/-20%): 2.16 kohm

Operating Voltage: 1Vpp-24Vpp

Weight: 0.49

Operating Temperature: -20°Cto 60°C

Storage Temperature: -40°Cto 60°C

Case material: PBT
\Standard color: Black

speaker mounted on plexi plate of 5 x 5cm in closed box of 40 x 15 x 5cm

FREQUENCY RESPONSE

SPS-2220-03 Pink Noise, 24Vpp, 5cm
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DIMENSIONS (all dimensions areinmim)

(SPS-2220-03
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Tolerance: +/- 0.2mm
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©The content, elements and structure of these pages and of this datasheet are protected by copyright laws. Any reproduction, publication, modification, distribution or exploitation of this information, whether in whole or in part, without an express written permission is prohibited.
Kasteelstraat 93,9100 Sint-Niklaas®BELGIUMeTel.: +32 3 780 76 30@ Fax: +32 3 777 58 96@ E-mail: sales@sonitron.bee Internet: http://www.sonitron.be

2



The electronics industry still is a very demanding industry which
requires more and more flat and small components. Therefore
Sonitron developed this new flat piezoceramic speaker.

With a thickness of only 2 mm and dimensions of 39x43.5 mm,
this small multifunctional speaker/microphone is ideal for use in
portable electronic devices (PDA, GPS, MP3,...), notebooks and
W consumer products.

SPECIFICATIONS

(Frequency Range: 700 Hz - 20 kHz A
Max SPL @ 1 m, 60 Vpp: 81 dB
(average at 4-point) ]
Distortion (%THD): <1.5%
(80dB @ 0.5m, average @ 4-point) N
Sensitivity: 73 dB

(SPL @ 10cm for 1Vrms, average @ 4-point :
800Hz, 1kHz, 1.5kHz, 2kHz)

Capacitance (+/- 20%): 220 nF
Impedance @ 1kHz (+/-20%): 603 ohm
Operating Voltage: 5-60 Vpp
Weight: 2.4q
Operating Temperature: -20°Cto 60°C
Storage Temperature: -40°Cto 60°C
Case material: PBT
\Standard color: Black

speaker mounted in closed box of 40 x 15 x 5cm

FREQUENCY RESPONSE

5P5-3530-03 Pink Noise, 24 and 60Vpp, 5cm
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DIMENSIONS (all dimensions areinmim)

($PS-3530-03 h
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Tolerance: +/- 0.2mm
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SPS-4640-03

The electronics industry still is a very demanding industry which
requires more and more flat and small components. Therefore
Sonitron developed this new flat piezoceramic speaker.

With a thickness of only 2 mm and dimensions of 43.6x50 mm
this small multifunctional speaker/microphone is ideal for use in
portable electronic devices (PDA, GPS, MP3,...), notebooks and
consumer products.

SPECIFICATIONS

(Frequency Range: 400 Hz - 20 kHz A
Max SPL @ 1 m, 60 Vpp: 83 dB
(average @ 4-point) ]
Distortion (%THD): <1.5%
(80dB @ 1m, average @ 4-point) )
Sensitivity: 72 dB

(SPL @ 10cm for 1Vrms, average @ 4-point :
800Hz, 1kHz, 1.5kHz, 2kHz)

Capacitance (+/- 20%): 225 nF
Impedance @ 1kHz (+/-20%): 680 ohm
Operating Voltage: 5-60 Vpp
Weight: 2.89
Operating Temperature: -20°Cto 60°C
Storage Temperature: -40°Cto 60°C
Case material: PBT
\Standard color: Black

speaker mounted in closed box of 40 x 15 x 5cm

FREQUENCY RESPONSE
Sound pressure level vs. frequency

SPS-4640-03 Pink Noise, 24 and 60Vpp, 10cm
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DIMENSIONS (all dimensions areinmim)

(SPS-4640-03
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Tolerance: +/- 0.2mm
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The new SPS-6555-03 is designed for applications where the
space is limited and a high sound quality is required.This new
speaker model features a broad frequency range combined
with small dimensions which makes them ideal for
multimedia applications.

SPECIFICATIONS
fFrequency Range: 300 Hz - 20 kHz )
Max SPL @ 1 m, 60 Vpp: 83 dB
(average @ 4-point) ]
Distortion (%THD): <1.5%
(80dB @ 1m, average @ 4-point) ]
Sensitivity: 73 dB

(SPL @ 10cm for 1Vrms, average @ 4-point :
800Hz, 1kHz, 1.5kHz, 2kHz)

Capacitance (+/- 20%): 480 nF
Impedance @ 1kHz (+/-20%): 333 ohm
Operating Voltage: 5-60 Vpp
Weight: 59
Operating Temperature: -20°Cto 60°C
Storage Temperature: -40°Cto 60°C
Case material: PBT
\Standard color: Black

speaker mounted in closed box of 40 x 15 x 5cm

FREQUENCY RESPONSE
Sound pressure level vs. frequency
SPS-6555-03 Pink Noise, 24 and 60Vpp, 10cm
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Excellence in physical acoustics S (1)

SPS-8770-03

The SPS-8770-03 is the largest version of our piezo speakers,
with a thickness of only 2 mm. This model is extremely
suitable for flat devices when high sound output and broad
frequency range are required. Low weight and easy mounting
requirements are the extreme advantages of this speaker.
Compared with conventionel designs the speaker also has less
current consumption.

SPECIFICATIONS

(Frequency Range: 200 Hz - 20 kHz A
Max SPL @ 1 m, 60 Vpp: 84 dB
(average @ 4-point) ]
Distortion (%THD): <1.5%
(80dB @ 1m, average @ 4-point)
Sensitivity: 74 dB |
(SPL @ 10cm for 1Vrms, average @ 4-point :
800Hz, 1kHz, 1.5kHz, 2kHz)
Capacitance (+/- 20%): 580 nF
Impedance @ 1kHz (+/-20%): 266 ohm
Operating Voltage: 5-60 Vpp
Weight: 7.3g
Operating Temperature: -20°Cto 60°C
Storage Temperature: -40°Cto 60°C
Case material: PBT
\Standard color: Black

speaker mounted in closed box of 40 x 15 x 5cm

FREQUENCY RESPONSE
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DIMENSIONS (all dimensions areinmim)

(SPS-8770-03

B 81,5 . »

64

e Print position

@

Tolerance: +/- 0.2mm

.

Information furnished by Sonitron N.V.is believed to be accurate and reliable. Specifications are subject to change without prior
notice. No patent rights or licenses described herein are implied or granted to any third party. The use of Sonitron products as
critical components in life support systems, is not authorised without the explicit written approval of Sonitron N.V.

©The content, elements and structure of these pages and of this datasheet are protected by copyright laws. Any reproduction, publication, modification, distribution or exploitation of this information, whether in whole or in part, without an express written permission is prohibited.

Kasteelstraat 93,9100 Sint-Niklaas®BELGIUMeTel.: +32 3 780 76 30@ Fax: +32 3 777 58 96@ E-mail: sales@sonitron.bee Internet: http://www.sonitron.be

2




Excellence in physical acoustics

SPS-8770-UW

INTRODUCTION

Based on the in-house expertise in vibration
characteristics of piezoceramic material and
microacoustics, Sonitron successfully developed the
first flat piezoceramic speaker for underwater
applications. This speaker is based on a completely
new principle of piezoceramics and composite
metal/polymer layer. The composite membrane
reduces unwanted resonance peaks to provide a
more even frequency response than can be achieved with conventional designs.

ADVANTAGES & APPLICATIONS

ADVANTAGES : APPLICATIONS :
o Light but solid construction e Diving communications o Fridges
o Easily mountable e  Swimming pool music e Whirlpools
e Small dimensions e Instruction in underwater training, ¢ Bathroom
e IP68:dust tight, totally protected and or during surf training o Etc,..
against dust. e Warning signals
Protected against long periods o Sharkalerts
of immersion under pressure. e Boatalarms
e Qutdoor applications
e Carwash
SPECIFICATIONS
Operating voltage: 5 to 60Vpp
Frequency range: 600 Hz-20 kHz
Max.SPL @1m: 90 dB
(60Vpp input, average @ 4-point)
Distortion (%THD): <3.5%
(80dB @ 1m, average @ 4-point)
Terminals: 50 cm cable, other lengths on request
Operating temperature: -20°Cto +70°C
Storage temperature: -40°Cto +85°C
Case material: ABS (UL rating: 94 HB)
Case color: blue
Weight: 429
Capacitance (£20%): 660nF
Impedance @1kHz (+20%): 220 ohm
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FREQUENCY RESPONSE

SPS-8770-UW

Pink Noise, 30cm, 60Vpp
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