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3W@5.0V Mono Filter-less 
Class-D Audio Power Amplifier 

General Description 
The SN2010B is a high efficiency, 3W@5.0V mono 

filter-less class-D audio power amplifier. A low noise, 

filter-less PWM architecture eliminates the output filter, 

reduces external component count, system cost, and 

simplifying design. 

Operating in a single 5.0V supply, SN2010B is capable 

of driving 4ȍ speaker load at a continuous average 

output of 3W@10% THD+N. The SN2010B has high 

efficiency with speaker load compared to a typical class- 

AB amplifier. 

In cellular handsets, the earpiece, speaker phone, and 

melody ringer speaker can each be driven by the 

SN2010B. The gain of SN2010B is externally 

configurable which allows independent gain control from 

multiple sources by summing signals from each function. 

SN2010B is available in UTQFN-9 packages. It operates 

from 2.7V to 5.5V over the temperature range of -40°C to 

+85°C. 

 

Features 
” 5.0V supply at THD+N = 10% 

̣3W into 4ȍ (Typ.) 

̣1.68W into 8ȍ (Typ.) 

” Efficiency at 5.0V 

̣85% at 400mW with a 4ȍ speaker 

̣88% at 400mW with a 8ȍ speaker 

” Less than 1ȝA shutdown current 

” Optimized PWM output stage eliminates LC output 

filter 

” Fully differential design reduces RF rectification 

and eliminates bypass capacitor 

” Improved CMRR eliminates two input coupling 

capacitors 

” Integrated click-and-pop suppression circuitry 

” UTQFN-9 package 

” RoHS compliant and 100% lead(Pb)-free 

 

Applications 
” Wireless or cellular handsets and PDAs 

” Portable DVD player 

” Notebook PC 

” Portable radio 

” Educational toys 

” Portable gaming 

 

Typical Application Circuit 

 

Figure 1  Typical Application Circuit 
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Pin Configuration  

Package Pin Configuration (Top View) 

UTQFN-9 

A1 A2 A3

B1 B2 B3

C1 C2 C3

IN+ GND OUT-

VDD VDD GND

IN- SDB OUT+

 

Pin Description 

No. Pin I/O Description 

A1 IN+ I Positive audio input. 

A2, B3 GND - Connect to ground. 

A3 OUT- O Negative audio output. 

B1, B2 VDD - Power supply. 

C1 IN- I Negative audio input. 

C2 SDB I Enter in shutdown mode when active low. 

C3 OUT+ O Positive audio output. 

Ordering Information  

Order Number Package Type QTY/Reel Operating Temperature Range 

SN2010BIF09E UTQFN-9 3000 -40°C ~ +85°C 

SN2010B   Ƒ    Ƒ     Ƒ    Ƒ 

Environmental Code 

E: Lead Free 

 

Pin Code 

09: 9 Pins 

 

 

Package Type 

F: UTQFN 

 

Temperature Code 

I: Industrial, -40°C ~ +85°C 
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Absolute Maximum Ratings (Note 1) 

Supply voltage, VDD ---------------------------------------------------------------------------------------------------- -0.3V ~ +5.5V 

Voltage at any input pin ------------------------------------------------------------------------------------------ -0.3V ~ VDD +0.3V 

Junction temperature, TJMAX ---------------------------------------------------------------------------------------- -40°C ~ +150°C 

Storage temperature rang, Tstg -------------------------------------------------------------------------------------- -65°C ~ +150°C 

Lead temperature 1.6mm(1/16 inch) from case for 10s --------------------------------------------------------------------- 260°C 

Thermal resistance șJA(UTQFN) --------------------------------------------------------------------------------------------- 70°C/W 

ESD (HBM) -------------------------------------------------------------------------------------------------------------------------- 6kV 

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 other condition beyond those indicated in the operational sections of the 
specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

Electrical Characteristics 

VDD = 2.7V ~ 5.5V, TA = 25°C, unless otherwise noted. (Note 2) 

Symbol Parameter Condition Min. Typ. Max. Unit 

VDD Supply voltage  2.7  5.5 V 

OSV  
Output offset voltage 

(measured differentially) 
VSDB = 0V, AV = 2V/V  10  mV 

VDD = 5.5V, no load  2.6  
IDD Quiescent current 

VDD = 2.7V, no load  1.2  
mA 

ISD Shutdown current VSDB = 0.4V   1 ȝA 

fsw Switching frequency   250  kHz 

RIN Input resistor Gain≤ 20V/V 15   kȍ 

Gain  RIN = 150kȍ  2  V/V 

VIH High-level input voltage  1.4  VDD V 

VIL Low-level input voltage  0  0.4 V 
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Electrical Characteristics 

TA = 25°C, Gain = 2V/V, CIN = 2ȝF, unless otherwise noted. (Note 3) 

Symbol Parameter Condition Min. Typ. Max. Unit 

VDD = 5.0V  1.68  

VDD = 4.2V  1.2  
THD+N = 10% 

f = 1kHz, RL = 8ȍ 

VDD = 3.6V  0.88  

W 

VDD = 5.0V  3.0  

VDD = 4.2V  2.0  
THD+N = 10%  

f = 1kHz, RL = 4ȍ 
VDD = 3.6V  1.5  

W 

VDD = 5.0V  1.4  

VDD = 4.2V  1.0  
THD+N = 1%  

f = 1kHz, RL = 8ȍ 
VDD = 3.6V  0.7  

W 

VDD = 5.0V  2.4  

VDD = 4.2V  1.68  

PO Output power 

THD+N = 1% 

f = 1kHz, RL = 4ȍ 
VDD = 3.6V  1.2  

W 

VDD = 4.2V, PO = 0.6W, RL = 8ȍ, f = 1kHz  0.18  
THD+N 

Total harmonic 

distortion plus noise VDD = 4.2V, PO = 1.1W, RL = 4ȍ, f = 1kHz  0.22  
% 

VNO Output voltage noise 
VDD = 4.2V, f = 20Hz to 20kHz 

Inputs AC-grounded 
 80  ȝVrms

TWU 
Wake-up time from 

shutdown 
VDD = 3.6V  32  ms 

SNR Signal-to-noise ratio PO = 1.0W, RL = 8ȍ, VDD = 4.2V  91  dB 

VDD = 5.0V  -75  

VDD = 4.2V  -70  PSRR 
Power supply rejection 

ratio 

f = 217HzˈRL = 8ȍ 

Input grounded 
VDD = 3.6V  -66  

dB 

Note 1: 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 other conditions beyond those indicated under recommended 
operating conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
Note 2: All parts are production tested at TA = 25°C. Other temperature limits are guaranteed by design. 
Note 3: Guaranteed by design. 
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Typical Performance Characteristic
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Figure 2  THD+N vs. Output Power 
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Figure 4  THD+N vs. Frequency 
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Figure 6  PSRR vs. Frequency 
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Figure 3  THD+N vs. Output Power 
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Figure 5  THD+N vs. Frequency 
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Figure 7  PSRR vs. Frequency 
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Figure 8  Noise 
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Figure 9  Efficiency 
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Application Information

Fully Differential Amplifier 
The SN2010B is a fully differential amplifier with 

differential inputs and outputs. The fully differential 

amplifier consists of a differential amplifier and a 

common mode amplifier. The differential amplifier 

ensures that the amplifier outputs a differential voltage 

on the output that is equal to the differential input times 

the gain. The common-mode feedback ensures that the 

common-mode voltage at the output is biased around 

VDD/2 regardless of the common-mode voltage at the 

input. The fully differential SN2010B can still be used 

with a single-ended input; however, the SN2010B should 

be used with differential inputs when in a noisy 

environment, like a wireless handset, to ensure 

maximum noise rejection. 

 
Advantages of Fully Differential Amplifiers 
The fully differential amplifier does not require a bypass 

capacitor. This is because any shift in the mid-supply 

affects both positive and negative channels equally and 

cancels at the differential output.  

GSM handsets save power by turning on and shutting off 

the RF transmitter at a rate of 217Hz. The transmitted 

signal is picked-up on input and output traces. The fully 

differential amplifier cancels the signal much better than 

the typical audio amplifier. 

 

Component Selection 
Figure 10 shows the SN2010B with differential inputs 

and input capacitors, and Figure 11 shows the SN2010B 

with single-ended inputs. Differential inputs should be 

used whenever possible because the single-ended inputs 

are much more susceptible to noise. 

 

Figure 10  Differential Input 

 

Figure 11  Single-Ended Input 

 

Input Resistors (RIN) 
The input resistors (RIN) set the gain of the amplifier 

according to Equation (1). 

INR
ain

Ω×
=

0k512
G ⎟

⎠
⎞

⎜
⎝
⎛

V

V
  (1) 

Resistor matching is very important in fully differential 

amplifiers. The balance of the output on the reference 

voltage depends on matched ratios of the resistors. 

CMRR, PSRR, and cancellation of the second harmonic 

distortion diminish if resistor mismatch occurs. 

Therefore, it is recommended to use 1% tolerance 

resistors or better to keep the performance optimized. 

Matching is more important than overall tolerance. 

Resistor arrays with 1% matching can be used with a 

tolerance greater than 1%.  

Place the input resistors very close to the SN2010B to 

limit noise injection on the high-impedance nodes.  

For optimal performance the gain should be set to 2V/V 

or lower. Lower gain allows the SN2010B to operate at 

its best, and keeps a high voltage at the input making the 

inputs less susceptible to noise. 

 

Decoupling Capacitor (CS) 
The SN2010B is a high performance class-D audio 

amplifier that requires adequate power supply 

decoupling to ensure the efficiency is high and total 

harmonic distortion (THD) is low. For higher frequency 

transients, spikes, or digital hash on the line, a good low 

equivalent-series-resistance (ESR) ceramic capacitor, 

typically 1ȝF, placed as close as possible to the device 

VDD lead works best. Placing this decoupling capacitor 

close to the SN2010B is very important for the efficiency 

of the class-D amplifier, because any resistance or 

inductance in the trace between the device and the 

capacitor can cause a loss in efficiency. For filtering 

lower frequency noise signals, a 10ȝF or greater 

capacitor placed near the audio power amplifier would 

also help, but it is not required in most applications 
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because of the high PSRR of this device 

 
Input Capacitors (CIN) 
The input capacitors and input resistors form a high pass 

filter with the corner frequency, fC, determined in 

Equation (2). 

( )ININ CRc
f

π2

1
=   (2) 

The value of the input capacitor is important to consider 

as it directly affects the bass (low frequency) 

performance of the circuit. Speakers in wireless phones 

cannot usually respond well to low frequencies, so the 

corner frequency can be set to block low frequencies in 

this application. 

Equation (3) is reconfigured to solve for the input 

coupling capacitance. 

( )cIN
IN fR

C
π2

1
=   (3) 

If the corner frequency is within the audio band, the 

capacitors should have a tolerance of ±10% or better, 

because any mismatch in capacitance causes an 

impedance mismatch at the corner frequency and below. 

For a flat low frequency response, use large input 

coupling capacitors (1ȝF). However, in a GSM phone the 

ground signal is fluctuating at 217Hz, but the signal from 

the codec does not have the same 217Hz fluctuation. The 

difference between the two signals is amplified, sent to 

the speaker, and heard as a 217Hz hum. 

 

Summing Input Signals 
Most wireless phones or PDAs need to sum signals at the 

audio power amplifier or just have two signal sources 

that need separate gain. The SN2010B makes it easy to 

sum signals or use separate signal sources with different 

gains. Many phones now use the same speaker for the 

earpiece and ringer, where the wireless phone would 

require a much lower gain for the phone earpiece than 

for the ringer. PDAs and phones that have stereo 

headphones require summing of the right and left 

channels to output the stereo signal to the mono speaker. 

 

Summing Two Differential Input Signals 
Two extra resistors are needed for summing differential 

signals (a total of 5 components). The gain for each input 

source can be set independently (see Equations (4) and 

(5) and Figure 12). 

11

1502
1

INI

O

R

k
Gain

V

V Ω×
== ⎟

⎠
⎞

⎜
⎝
⎛

V

V
  (4) 

22

1502
2

INI

O

R

k
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V

V Ω×
== ⎟

⎠
⎞

⎜
⎝
⎛

V

V
  (5) 

If summing left and right inputs with a gain of 1V/V, use 

RIN1 = RIN2 = 300kȍ. 

If summing a ring tone and a phone signal, set the 

ring-tone gain to Gain2 = 2V/V, and the phone gain to 

Gain1 = 0.1V/V. The resistor values would be 

RIN1 = 3Mȍ, RIN2 = 150kȍ 

Bias Circuitry

PWM H-Bridge

CIN1

0.1 F

CIN1

0.1 F

RIN1

150k

RIN1

150k

Cs
1 F

GND

Internal 
Oscillator

SDB

OUT+

OUT-

IN-

IN+

VDD

C1

A1

B1

C3

A3

A2, B3

C2

300k

B2

VBattery

Shutdown
Control

CIN2

0.1 F

CIN2

0.1 F

RIN2

150k

RIN2

150k

Differential
Input 1

Differential
Input 2

 
Figure 12  Summing Two Differential Inputs 

 

Summing a Differential Input Signal and a 
Single-Ended Input Signal 
Figure 13 shows how to sum a differential input signal 

and a single-ended input signal. Ground noise may 

couple in through IN- with this method. It is better to use 

differential inputs. The corner frequency of the 

single-ended input is set by CIN2, shown in Equation (8). 

To assure that each input is balanced, the single-ended 

input must be driven by a low-impedance source even if 

the input is not in use. 

11

1502
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O
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V
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( )
22

2
2

1

cIN
IN fR

C
π

=   (8) 

If summing a ring tone and a phone signal, the phone 

signal should use a differential input signal while the ring 

tone might be limited to a single-ended signal. Phone 

gain is set at Gain1 = 0.1V/V, and the ring-tone gain is 

set to Gain2 = 2V/V, the resistor values would be 

RIN1 = 3Mȍ, RIN2 = 150kȍ 

The high pass corner frequency of the single-ended input 

is set by CIN2. If the desired corner frequency is less than 

20Hz. 

( )HzkINC
201502

1
2 ×Ω
>

π
  (9) 

pFC IN 532 >   (10) 
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Figure 13  Summing Differential Input and Single-Ended Input 

Signals 

 

Summing Two Single-Ended Input Signals 
The gain and corner frequencies (fC1 and fC2) for each 

input source can be set independently (see Equations (11) 

through (14) and Figure 14). Resistor, RP, and capacitor, 

CP, are needed on the IN- terminal to match the 

impedance on the IN+ terminal. The single-ended inputs 

must be driven by low impedance sources even if one of 

the inputs is not outputting an ac signal. 
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11

1
2

1

cIN
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( )
22

2
2

1

cIN
IN fR

C
π

=   (14) 

21 ININp CCC +=   (15) 

( )21

21

ININ

ININ
P RR

RR
R

+
×

=   (16) 

 

Figure 14  Summing Two Single-Ended Inputs 
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Figure 15  EMI Evaluation Result 
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Classification Reflow Profiles 

Profile Feature Pb-Free Assembly 

Preheat & Soak 
Temperature min (Tsmin) 

Temperature max (Tsmax) 

Time (Tsmin to Tsmax) (ts) 

150°C 

200°C 

60-120 seconds 

Average ramp-up rate (Tsmax to Tp) 3°C/second max. 

Liquidous temperature (TL) 

Time at liquidous (tL) 

217°C 

60-150 seconds 

Peak package body temperature (Tp)* Max 260°C 

Time (tp)** within 5°C of the specified 

classification temperature (Tc) 
Max 30 seconds  

Average ramp-down rate (Tp to Tsmax) 6°C/second max. 

Time 25°C to peak temperature 8 minutes max. 

 

 
Figure 16  Classification Profile 
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Tape and Reel Information 

 

 
 

Note: All dimensions in millimeters unless otherwise stated. 
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Packaging Information 

 
UTQFN-9 

 

 
 

Note: All dimensions in millimeters unless otherwise stated. 
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SI-EN UTQFN 1.5mm × 1.5mm_9L SMT  Rev 4.0 
 
䍙㭘ಯᮍ᠕ᑇঞㅵ㛮ᖂ㓽㒧ᵘ˄UTQFNˈUltra Thickness Quad Flat Non-leaded˅ᇕ㺙ⱘ Audio PA ᰃⷑᘽᖂ⬉ᄤ

˄SI-EN Technology Ltd˅᥼ߎⱘৃᅠܼ᳓ҷᏖഎϞ᠔᳝⦏⩗ᇕ㺙˄WLCSPˈWafer Level Chip Scale Package˅̍

ᑊ᳝݋ϧֱ߽ᡸⱘ˄ϧ߽ো˖200920137165.8˅ⱘᮄѻકǄ 

 

Ўњ䅽ᙼ᳈⏅ܹњ㾷ᑊ乎߽ᇐܹℸѻકˈЏ㽕Ңҹϟ 2 Ͼᮍ䴶ᦤկℸѻકⱘՓ⫼䇈ᯢ˖ 
 

 
 
ᇍ↨ UTQFN ੠ WLCSPˈUTQFN ᳝ᯢᰒⱘӬ࢓བϟ˖ 
 
1. ៤ᴀ᳈᳝Ӭ࢓ 
⬅Ѣ䞛⫼њ᳈ܜ䖯ⱘᎹ㡎੠ࠊ⿟ˈ䰡Ԣњ㢃⠛ⱘ䴶⿃៤ᴀˈҢ㗠Փᕫᭈԧѻક៤ᴀ᳈᳝Ӭ࢓Ǆ 
 
2. Ѹ䋻਼ᳳ᳈ⷁ 
ϔ㠀ⱘ⫳ѻ਼ᳳЎ 4 ໽ˈϢϔ㠀 QFN ѻકⱘᎹ㡎⌕⿟෎ᴀⳌৠˈUTQFN Ѹ䋻᳈ֱ᳝䱰ˈৃ䖙䗳䗖ᑨ໻㾘῵さ

থѸ䋻䳔∖Ǆ 
  
3. ક䋼᳈〇ᅮ 
⬅Ѣ㢃⠛ϡⳈ᥹㻌䴆೼໪䴶ˈ᠔ҹ䙓ܡњӴ㒳 WCSP ᇕ㺙ѻક䌈⠛Փ⫼ⱘ䖛⿟Ёᆍᯧዽ㔎ǃᥝ⧗ㄝϡ㡃⦄䈵Ǆ 
 

SMT  
 
⬅Ѣ UTQFN ⱘㅵ㛮㒧ᵘϢ QFN ㉏ԐЎᑇ䴶˄2D˅㒧ᵘˈϢ WLCSP ⱘㅵ㛮ⱘϝ㓈⧗˄3D˅㒧ᵘϡৠˈ䖭Փ

ᕫ䌈⠛ࠡ䳔㽕˖ 
 
1. 䇗ᭈ䌈⠛ᴎⱘ UTQFN  

 

UTQFN WLCSP 

ջܝЎ䕙 
ൖⳈܝЎЏ 

ջܝЎЏ 
ൖⳈܝЎ䕙 

 
2.  
WLCSP ⱘㅵ㛮ᰃৃภ㨑ⱘ⛞䫵⧗ˈ೼ reflow 䖛⿟Ёৃҹ㸹ܙ䫵㝣ॄࠋ䖛⿟Ё䫵㝣ϡ䎇ⱘ䯂乬ˈ᠔ҹⳂࠡ⫳ѻ

䖛⿟Ёϔѯ䫵㝣ॄࠋ䋼䞣ϡདⱘ䯂乬ᑊ≵᳝Ჱ䴆ߎᴹ 㗠̍ UTQFN ᰃ 2D ⱘᑇ䴶㒧ᵘ Ӯ̍ফࠄ䫵㝣ϡ䎇䯂乬ⱘᕅ

ડˈ㗠㸼⦄Ў㰮⛞ˈབϟ೒ˈᶤᅶ᠋᳒㒣ড᯴ 0.1%ⱘ߱ᳳ䞣ѻ㰮⛞䯂乬ˈ㒣䖛⹂䅸ˈЎ⛞ⲬϞ≵᳝䫵㝣᠔㟇ˈ

䆹ᅶ᠋䗮䖛䖛ࡴᔎ䌈⠛ॖⱘॄࠋ⌕⿟ક䋼ㅵ᥻ৢˈ䯂乬ᕫҹ㾷އǄ 



SN2010B 

Feb. 2011 P0.2 SI-EN Technology 14

 

 

 

 

 

 
᠔ҹ೼ SMT ⫳ѻЁᑨ⡍߿⊼ᛣ: 
 
 䯂乬Ǆ⿏أࠋⱘક䋼ᢑẔˈ⊼ᛣ䫵㝣ϡ䎇੠ॄৢࠋॄ˅1˄
˄2˅䩶㔥ⱘ⏙⧚乥⥛Ǆ 
˄3˅䫵㝣ⱘՓ⫼ᇓੑˈϡৃҹ䍙ᯊՓ⫼˄䫵㝣ⱘ㉬⿴ᑺӮᰒ㨫๲催 Ǆ˅ 
 

ⷑᘽᖂ⬉ᄤકֱᎹ⿟䚼 
2011 ᑈ 1 ᳜ 

 
བᵰᙼᇍ SMT ⫳ѻ᳝ᡔᴃ⭥䯂ˈ䇋থ䚂ӊࠄ qa@si-en.comˈ៪㗙䇋㟈⬉˖13625277602 ᳍ܜ⫳ 

 

 
 

IMPORTANT NOTICE 
SI-EN Technology cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in 

a SI-EN Technology product. SI-EN Technology reserves the right to make corrections, modifications, 

enhancements, improvements, and other changes to its specifications, products and services at any time and to 

discontinue any product or service without notice. Customers should obtain the latest relevant information before 

placing orders and should verify that such information is current and complete. 


