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1. General Description 

SPECIFICATION 

CM03M-01 S38-MD-2X is a rear type MEMS (micro-electro mechanical systems) microphone with digital 
signal output. It provides high sensitivity, low power consumption and high SNR. Output impedance of 
this microphone is very low, so it is minorly affected by RF noise. CM03M-01 S38-MD-2X introduces 
new add-on modes to sleep mode which use on chip processing in the microphone to determine if 
acoustic activity has occurred or not. The new mode is Acoustic Wake-Up (AWU); AWU Analog mode. 

As a MEMS type transducer and an optimized ASIC are used inside this microphone , it has no thermal 
deterioration and superior thermal shock resistance. So, users can make full-automated assembly 
processes with this microphone. This microphone has also very small size in mechanical dimension , so it 
is very suitable for portable devices with audio input function. 

2. Features 

./ CMOS MEMS microphone with digital output 

./ High sensitivity 

./ High SNR 

./ Low power consumption 

./ Low output impedance 

./ High thermal shock resistance 

./ Small sized mechanical dimension 

./ Free from Hazardous Substances 

./ Bottom Type Package 

./ Multiple Mode (Low Power Mode, Operation Mode, Sleep Mode) 

./ Acoustic Wake-Up (AWU) 

./ Waterproof Grade: IP67 

3. Application 

./ Mobile phones and smart phones 

./ Notebooks and Tablets 

./ Ear microphones and Bluetooth head sets 

./ Digital still cameras and video cameras 

./ Car navigation and black boxes 

./ Gaming devices and other voice input devices 
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4. Absolute Maximum Ratings 

Parameter 

VDD to Ground 

Storage temperature in package (tape and Reel) 

Operating Temperature 

Storage Temperature 

SPECIFICATION 

Absolute Maximum Rating Units 

TBD v 
-10 to 50 oc 

-40 to 105 oc 

-55 to 155 oc 
Absolute maximum continuous ratings are the values beyond which damage the device may occur. Exposure to 
those conditions or conditions beyond those indicated may adversely affect device reliability. Functional operation 
under these conditions is not implied. 

5. Electrical Characteristics 

TEST CONDITIONS: 23±2°(, 65±20% R.H., Typical specifications are measured at VDD = 1.8V, FCLK =2.4MHz, 

Limits 

Parameter Symbol Condition Unit 

Min Typ. Max 

Operating Voltage VDD 1.65 1.8 1.98 v 

CoP Operation Mode 2.0 2.4 4.8 MHz 

CLP Low Power Mode 400 768 800 kHz 
Clock Frequency 

CsM Sleep Mode 200 kHz 

CAwu AWU Write Operation 50 kHz 

FcLK= 2.4MHz - 330 f.! A 

Current Consumption loss FcLK= 768kHz - 150 f.! A 

Sleep mode - 9 f.! A 
(FcLK<200kHz) 

94dBSPL@1 kHz , 
-38 -37 -36 

Sensitivity1 s FcLK= 2.4MHz dBFS 
94dBSPL@1 kHz , 

-22 -21 -20 
FcLK= 768kHz 

Data Format Single chip 1 Cycle of PDM 

94dBSPL@1 kHz, 
68 

A-weighted, FcLK= 2.4MHz 
Signal Noise Ratio S/N dB( A) 

94dBSPL@1 kHz, 
65 

A-weighted, FcLK= 768kHz 

94dBSPL@1 kHz, S = Typ . 
Total Harmonic 

THD 
FcLK= 2.4MHz 

0.15 % 
Distortion -

94dBSPL@1 kHz, S = Typ. 
FcLK= 768kHz 

Acoustic Overload 
10% THD@ 1kHz, S= 

Point 
AOP Typ. , 133 dBSPL 

FcLK= 2.4MHz 
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Parameter Symbol Condition 

Acoustic Overload 
10% THO@ 1kHz, S= 

Point 
AOP Typ. 

FcLK= 768kHz 

200mVPP 7/8 duty cycle 
rectangularwave 

@217Hz, A-weighted 
BW= 20kHz 

Power Supply Rejection PSR 
200mVPP 7/8 duty cycle 

rectangularwave 
@217Hz, A-weighted 

BW= 8kHz 

Input Logic High VIH 

Input Logic Low VIL 

Output Logic High VoH louT= 0.5mA 

Output Logic Low VoL louT= 0.5mA 

Clock Duty Cycle DcLK FcLK <3.3 MHz 

Wake-up Time TwAKE 

Sleep Time TsLEEP FcLK= OHz 

Mode Switch Time TcHANGE 

Note 1. 1100% Tested 

Limits 

Min Typ. 

118 

- -105 

- -90 

0.65 
xVDD 

0.7 
xVDD 

45 

7 

1 

7 

Note 2.Typical and Maximums specifications are measured at standard test condition. 

6. Electrical Characteristics - SLEEP + A WU MODE 

SPECIFICATION 

Unit 

Max 

dBSPL 

-

dBFS 

(A) 

-

v 

0.35 v 
xVDD 

v 

0.3 v 
xVDD 

55 % 

ms 

ms 

ms 

TEST CONDITIONS: 23±2°C, 65±20% R.H., Typical specifications are measured at VDD = 1.8V, FCLK~200kHz 

Parameter Condition MIN TYP MAX UNITS 

AWU ANALOG PARAMETERS 

AWU Analog Absolute Threshold Level for AWU Analog trigger 60 97 dBSPL 
@1Hz 

AWU Analog HPF Cut Off -3dB re 1 kHz 50 200 Hz 

AWU A Supply Current (Is) CLK OFF 20 f.JA 



~CHALLENGE 
\SVELECTRONICS 

7. Microphone State Diagram 

AWU MODE NAME 

Low Power Mode 
1.65 :s VDD :s 1.98 V 

400kHz :S F CCK :S 800kHz 

Operation Mode 
1.62 s VDD s 1.98 V 

2.0MHz s F CLK s 4.8MHz 

DESCRIPTION 

SPECIFICATION 

CONFIGURABLE OPTIONS 

AWUAnalog Analog activity detect, lowest power Absolute Threshold(60-97.5dBSPL) , HPF(50-200Hz) 
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8. Acoustic Wake-Up Analog 

SPECIFICATION 

AWU Analog takes the buffered signal from the MEMS and compares it to the preselected conditions, Absolute Threshold and High 
pass Filter Frequency. If the signal is above the Absolute Threshold and is above the HPF cutoff the WAKE Pin will be set high. The 
WAKE pin will remain high while these conditions are met. It will return low when the signal level returns below this level. The 

microphone consumes only 20uA when in AWU Analog. 

AWUANALOG 

THSEl 

Block Diagram for AWU Ana'log Operation 

9. Acoustic Wake-Up Configuration Protocol 

A serial one wire interface on the THSEL pin controls Acoustic Wake-Up modes, AWU A The protocol requires 
the standard PDM CLK to be running at a speed >50 kHz and the THSEL pin is modulated proportional to 
the CLK cycles to create the following symbols for logic zeros or one which turn form the device address, 
register address and data of the command. There are also unique symbols for starUpilot and stop to terminate 
each write. The starUpilot pulse width is important as it defines the pulse width of the zeros and one. See 
below for details. 

SYMBOL DESCRIPliON THSI:l SYMBOl. PULSI: WlDnl -NAME CONDmON MlN TYPICAL. MAJC 

Set art/Pilot 
S art $Vm bol whlcll also eflne.s h 

HIGH 10 Cl.!K cycfes lS ClK cycles 20 CU:: cycles 
PI LOT !Nidth T,. 

Zero Sfngle bit Zero HIGH 1 ~l .. l • .S .~~;T., 

Ontl Sin&: l~ b~ t. One HIGH 2 X TP h _k 3.5 otT~· 

S~op Si.gnal jHi,gh Method) 
HIGH 128:;: CLK 

Stop 
Stop Sfgnal j LoiN Methot!~ LOW 8 ~ T;. 

Space Se-par,ate l(ldlvld~al symbol$ ll!OO't'e l OW hlp 2 XTp 

1 lp 3x 

THSEL 

:Example wl'iite ~on iHSEL folllowed by a singl~e bit Zero and One relative to Ole PIILO'f 
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>128xCLK 
-4 

THSElJL 
---------- tli 

0' ~ 
((~ ~ 

~ 
~ 

Write termination with Stop Higlh 

Tp 

..... p 

THSEl _fl ___ ~--- ·--l..____----,.-,------__ 
0~ i& 

'?' 

W'riite t·enninaHon wi.th Sto·p Low 

The total write sequence consists. of STARJIPILOT + 24 bits of paytoad ·+ STOP. The payroad 
consicSts of three 8 biit fields: 

• Device Address +RW "'Tb1010111 O(Constant for this device) +1 '.bO(wrtte, constant for this ·device) 

• Regi>ster Add'ress "' 8:-bit vaii.Jia, diatermined by AWU funotion lookup table 

• Data = 8~bit value, detertllined by AWU ·function lookup lable 

Example: of AWU to:tal write sequence: 

DeVilce Address+R/W 

E:xamph~ Wr:ite : 
Dev,ice Addlr-tR/W = 
Relilister Address = 
Register Darta = 
CLK = 

Register Address Regflster Data 

10100110 (Cons.Unt forthi~ device) 

00000001 ( E~mple Relil Addr only,. not an optionj 
00000010 (Example d.atal 
150kHz 
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ThB wlite calculations based on 150kHz GILK, 15 CLK cycle IPILOT are shown below: 

PIN DESCRIPTION UK (ONDITJON RATE PERIOO 

Normal OLK 150kHz 6.66u:S 
cue PIDM Cll< 

HIGH/tOW 

SYMBOL DESCRI PllON THSEL RAllO WIDTH 
NAME CONDITION 

Start'/•PIIot: 
Start/Pilot which i ndlicartes start of 15 X CLK cycles 100LIS •Tp 

Zero 
One 

Stop 

S;p;me 

. ~ . 

write and defines logic pulse widths 

Sil\ile bit Zero 
Sirngle bit One 
Stop Signal ~H igh Method) 

Stop SIKnal ~low Method) 
Separate individual svmbdls above 

15 Cllt. ulse'> 

HIGH 

HIGH 1 xT,p lOOus 
HIGH 3 J£T,p 3<J0LJS 

HIG•H 
>US x CLK cyde >853us. 

lOW >8XTp >BOO us. 
lOW 1 J£TII' lOOus 

a. ill Jl. U JlJUL. 1IL/lJLJUliUlJUlJlJ1IL lf.SL 1f Jlni Lfl 
TH<;E~ ~ARl(PILOT 5p ce (bef04'".:o ~ l ~vrr boll 

Timlrng dlagrram for ·ex:ampl'e abo·ve showing rellatlonslhiiP between THSEL prlfot and CLK 

Qll 

"' 

cue 

r 
...... 

- ,.f 

r 

'·-....._ 

!<,. I qO 

'• ) 
Jo ~J .f1 

t \ .:;· ~ . 
y 

/ ~ ,/ 

I 

Expanded Timlr11gr diagram ·f·or example showing 3 x 8 bl·t vallues beilng written to the devh:e, 
with tlhe !low Ieveii transllati-on of ea!ch bit to l heir respectiive· symbolls .. 
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10. AWU Initiation Sequence 

Using the write sequence above , AWU (for all 3 modes) is enable using the following five writes in the sequence: 

WRITE I REGimR REGIST£R 
ADDRESS I HEX) DATA (HE XI 

ll OxSC Ox.OO 

2 Ox3 E OxOO 

3 Ox6r O;w:.OO 
4 Ox3B OxOO 

5 Ox.4C Ox.OO 

For example, write #1 with Address Ox5C (801011100) and Data OxOO (800000000) would be: 
START+10100110 + 0 1011100 + 00000000 +STOP 

After this sequence has been completed any of the settings in AWU Analog or AWU Digital can start to be 
adjusted . The microphone will retain the completion of this enable sequence while power is 
maintained to the microphone. If the mic goes through a power cycle, then the sequence will have to be 
repeated . 

11. AWU Analog Settings 

AWU Analog has the following configurable options, an Absolute Threshold from 60dB SPL to 97.5dB SPL 
and a HPF configurable from 50Hz to 200Hz: 

NAME REGISTER: RIEGISTER APPliCA.'BtE BITS DESCRIPTION 
ADDRESS DATA IN PATA J:IELD 

M'WI ' I (i)l91 I:H~S [3] Enables AWU· Allaloi 

awLJ_~Il_d Za Ox36 OxXX [3.;0} Adjusts the Thre-sholld from 
60d5 SP'l to 9 7 .SdB S·Pl 

i!Wll .J ~ter Cx3S Ox:ilX [2:0] Adjusts HF' F C•orner fron'l SOH:r 
to 2001-if 

The following table identffies the oorr~sponding S.Pl fotr each Data value in regiiSter Ox36: 

ril 10 
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REGISTUI ! RfGl5iTE:P MOUSllC 
ADDRESS DATA lHHBHOlD 

(dBSPl) 
Ox01 60 

O".llOl 65 

Oll03 67.5 

():d)t 70 

OxOS I 72.S 

O.llOO 75 

()1(0? 77.5 

0\('lS 0 OS so 
0Jl09 ai.S 

(l".llOA 1 as --OxOB 87.5 

ooc 90 

OllOD I ii2 .S 

()MOE I 9S 

0 OF 97.5 

An example of AWU=A enable a.nd configuration from start to filnish ts shown below: 

WRJTE# REGISTER REG'ISTER COMMENT {DESCRtPTlON 
ADDRESS DATA 
(HU(J (1HEXl 

1. Ox.SC OxOO 
2 Q,x3E ox:oo 
3. Ox6F O>lOO E.n.able AWU Modes 
4 O!IC3B OxOO 
s Ox4C Ox.OO 

6 O:x:3.6· 0:>:08 Set AWU·A Threshold to SO dl3 SPL 
7 Ox19 OiiC.OS E.nab le AWU -A 

SPECIFICATION 

Note to adhfeve the 20uA ldd the d oc!k must be stopped after the co:n:flgurauon has been completed. A 
slow CLK <200kHz can be used to faciliitate cihanging seWngs. over THSEl while l<eeping U'le mic in 
AWU~A. 

During AWU-A the WAKE pin w ill go If-UGH when the acoustic stimu~us exceeds tlhe threshold and wilill 
go LOW when ttl·at aooustic stimulus drops back below the threshotd: 

Examp·le of response ·of WA!KE pin ro acoustic conditions exceeding the configur·ed tlhreshold 

ril 11 



~CHALLENGE 
\SVELECTRONICS 

12. Typical Frequency Response Curve 

20 
18 
Hi ,.., 
12 
10 
8 
5 
4 
2 
0 

·2 
·111 
-6 
-8 

-10 
-12 
-1 4 
-16 
· 18 
-20 

100 

f yp·ical Fieild Frequency Response 

Nlonmaliud to 11kHz 

1000 

SPECIFICATION 

10000 

JEST CONDI ION : 23 :t 2 ~C, 65 ±20% RJ{, Typica l spedficatio11s. are measured at VDO "" ~.SV, F~lk ""2: .4!& 

Speaker : 1 Pa (94rlBSPL@1 kif.!} at 50 distance f rom a loucHpeaker 

13. TIMING D.IAGRAM 

~~ t-;, 

itl!JIC., - - ~. 

1 -. tl!IOJftll!. 

( ! ) y c J I r--~ ( ) 
!.. ·~100~ . 

TA ))-----!----K 

Note : t1oi.J'TE , bouTEN : 30-70ns t ooToJs, l 1oLJT~s :. 5-1811s tiR;,, 1FM..L : Max .25ns 
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14. Mechanica'l D·imens'ions & Pin out 

'iL. 

Top View 

3.27 
Pic'k Area 

Side View 

l1tem 

Length(l) 

Widlh(W) 

Height( H) 

Acoustic Port(AIP) 

0.522 

o.Joo .J 

Bott·om View 

Dimension TolerarJCe 

3.5Q ±0.10mm 

.2 .60 ±0.10mm 

1 ,Q{J ±0.10rnm 

12JO.J 25 ±0.05mm 

Nole: PiokArea. ·only extends to 0.25 of any e~e or ho.le unless olherwise specified . 

@--8 Dimension are In millimeters un'less a!herwise specified. To'lera.nce: M.15mm 

PI IN N'AME FUNCTION 

1 OLI~put Digital Oulpul 

Left ·Or Right Channel Selection 
2 UR DATA1(Right): SIElECTtied to GND 

DATA2(left) : SElECT tied !o VOD 

3 Ground Ground 

Wake Oulpurt pir1 
ln~t~ nn1.1pt ,pin for ,Acol,llslic Wake-Up (AWU) Modes. Outputs HIGH s·ta~® 1o indicate the 

4 WAKE acoustic stimulus ex;oe(ildis AWU ronditions, roturns LOW when the sotimut1.1s no long'3<r 
exceeds them. 
No connection for op_0r.ation withol.llt AWU Mod{!. 
ThreshO'Idl Select Input Pin. 

5 THSEL Used to both enable and conrfigure AWU Modes. 
No conneclion for oper.ation withoutAWIJ Modes. 

6 Ctock Cfock input to Microphone 

7 VDD VOD 
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15. Recommended Customer PCB Pattern 

__..- 1.6,75 0.725 

0.822 0. 4 75 -1--+--l:-ool'-! _j 

1.513 

f'AP' 

CD [II m(/)0.5:22 

®9 II]® 
01 .6~25 

0 1.025 

~2.1~0.3 
AP To4eranee : 0.425 ... 0.5mm 

16. Recommended Customer Stencil Pattern 

__.- 1.675 _...,.-

0.725 -----~--~- ~~0.475 
0.822 

1..:51:3· 
j 

fBlj 
e : 

1m 
~~ -~-

0.522 

01.02S 
.......... o.f-F+_._ 0.3 
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17. Sta,ndan:J' Test Clrcuit 

VDD 

SPECIFICATION 

Oulput 

I1100n~ 

CM03M-01S38-MD-2XI---+- ----- --C-IoctJ 

Grou11d 

Note : L/R p in must be grounded when using single Mic. 

18. Typical Measurement System 

IP'o r Amprfi r 
(V2'--40GO) 

Audio Ana.Jyzer 
(APX-525) 

111ESiMic, 

LIR 
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19. Recommended application circuit for stereo input 

Data· H 
MIC 

Ground 

SPECIFICATION 

Clock 

DSP 

Output 
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20. Re~now Pro.flle 

/: -------r-------
1£ 

Profile Feature lead.(P,b} F~ee Solder 

1i emperature min.(T sMIN) 150 "C 

Preheat Temperatme max.(Ti51\!AX) 200t 

Time {ts) 6Q-1 2Q Sewnds 

Temp~raluro (TL) 217"C 
Liquidous 

Time (tl) H0-15() Seconds 

Temperature (lP} 260 'C 
Peak 

1me within 5 t: of acluall peak temperature (b•) 31) Seconds Max. 

Ramp up Average ramp up rate· T Sli.IAX to T p 3"C I Second Max. 

Ramp down Av·erag:a ramp down rate T P to T S&.v..x 6 \; I Second Max. 

Time 25:c to Peak temperature 8. Mi nmes M~x. 
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21 . Typical R·eliability Test l.tems 

--
NO Tested Item Co11dition 

1 Humidity t-85±2 "C, 85±2%RH 12:0Hr 

2 Low Temperature -40:2 t , 200Hr 

3 High Temperature +105±2 'C , 200Hr 

4 Thermal Sll.ocl\ {-40:±2 t ---{> +85 'C±2'C ) :o::96Gycle 30m 

5 Drop 
Drop 1'2 limes oruo th ick steel plate 
from helgtu 1 .. 52m (installed in JIG) 

6 Vibration 
Frequency: 10- 551-f:zlmin ~ 2Hr 

Dirsclion: amplitude 1.52mm(X, Y, Z} 

7 ESO(Contacl} 
5 discharges at ;tS.f<:.V direct contact to llfd When unit 'is grounded. 

5 discharg~es at ±2k.V direct contact 1o 1/0 pins. 

8 Tumlbling Steel cham beer lenglh"' 1m, 6.5rpm, 30G times . 

9 Reflow 
Pre heat: +170-1 80 'CI 1 20se~, Solder renow-Above: 
+230'tl1i 00sec, Peak: +260 'C/30sec, R.epeat 3 ~ime-s 

SPECIFICATION 

standard 

JESD 22-A 101,.0...8 

IIEC ·68·2·2 Test Aa 

IIEG 68-2-2 Test Ba 

IEC 60068-2-4 

liEC o60068-2-32 

MIL883E, 
Method 2007 .2 .A 

IEC 6 1 000-4..;2 

Specification 

IIPC-J EIJ'EC J-STIJ-
020[) .1 

Note: After rel i~bi l ~ty test, he sampl.es shall be store-d under climati c. conditions such ~s leaving ln tlhe a.ir w' h 

room temperature. lln!ess •otherwise noted, the 1recovt!ry period shoi~U be 2 hours at leoilS·t before perform<~noe 

ttestJi1ng. After test conditiim1 is performe-d , t he s.ensitivity of tlhe rn icropho·ne sha1ll not be varied mon~· tha1n 1dB 

V/Pa from its i1nitia l value 
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22. Cautions fo.r using MEMS microphone 

/ In order to minimirze devi1oe damage 

+ Do not board wash or clean a~fter the re1ilow process. 

+ Do not brush board with or without solvents afle r lhe· reflrrw process 

+Do oot direcUy expose to ullrasonic processing, welding, or cleaning. 

Do lliOt insert any obJ]ect in port ho'le of device at a fly time. 

IOo not apply over 30 psi of air pressurf;l' into the port hole. 

+ Do oot pL1 11 a vaouum over port hole of ~he microphone. 

+Do not apply a vacuum when repacking :into sealed bags !311. a rare faster ·lflan 0.5 atmls.ec. 

+ If user has mulliple renow process, the microphone must be placed on PCB at fil'l!al re•flow p:rocess. 

(If !here are two ~lmes ren:ow-processes, microphone should be placed ln second renow process 

on PCB not in first reflow process) 

+MSl{moislure sensitivity level) Class 1. 

Re-work M!ethod 

+.250-270"C,. Max 30sec 

+Wind Speed: 15Um 

+[)o not put a heat-gun over the aoouslic hole of MIEMS Microphone. 

+There must be no olher parts on back side 

+MEMS Mic. should be d!etached Jn 3 seoornds. (Peak Temperature 330"C) 

+After detach MEMS Mk:. from PCB,, solder balll and resf,due must be removed 

+Don't recommend re -work 
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23. Packing Information 

- - ~··· .. ·.· ~~:~.· . ·. H .O EJ·: - w Recommended Nozzle Model ; CN065 
llnt~rner Di111meter: ¢J 0.65mm 
Exlerner Diameter; $ 1.2mm 

0 JO•n~ 

T 

~ I 
<:::; 

9 
I 

SECTION A-A • 

Model Reel o· meter Quantity Per R 

CM03M-01S38-MD-2X 13" 5,700 

0 0 0 0 . L71 H . Narking 
EF0 1 

Pin 

~· h~. 1[ Y AR ~ON 1 H Day ~logen Free 

2021 7 1 H 

Note : DimeMion are· .in milllimeters un•less olherwise sp;edfted. 
Va.cuum pickup only in ~he pick ar·ea im:licated in Mechanical Specifications. 
Labe·l applied directly 10 ree·l and e:x.ter.rnal package. 

od 

E 
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5,700PCS X 2BAG = 11 ,400PCS 

• 
CARTON SIZE: 330(W) X 350(L) X 355(HI) 

Q•UANTITY : 68·,·400 PCS 

I 

F 

I 

-

ril 

s rIa 

0 

20 

0 .. 

1 



~CHALLENGE 
\SVELECTRONICS 

24. Specificati on Revis,ion History 

Re·vision 

0-2023 Specification release. 

Remarks 

SPECIFICATION 

Date 

Dec. 7,2023 
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