Freescale Semiconductor
Data Sheet: Technical Data

Xtrinsic MMAS51xxAKW
PSI5 Inertial Sensor

The MMAS51xxAKW family, a SafeAssure solution, includes the PSI5 Version 1.3
asynchronous mode compatible overdamped Z-axis satellite accelerometer.

Features

e +60g to +480g Full-Scale Range

e 400 Hz, 3-Pole Low-Pass Filter

» Single Pole, High-Pass Filter with Fast Startup and Output Rate Limiting

e PSI5 Version 1.3 Asynchronous Mode Compatible

PSI5-A10P-228/1L Compatible

Baud Rate: 125 kBaud

10-bit Data

Even Parity Error Detection

* 16 us Internal Sample Rate, with Interpolation to 1 us

* Pb-Free 16-Pin QFN, 6 by 6 Package

* Qualified AECQ100, Revision G, Grade 1 (-40°C to +125°C)
(http://www.aecouncil.com/)

Typical Applications
» Airbag Front and Side Crash Detection
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Bottom View

16-PIN QFN
CASE 2086-01

ORDERING INFORMATION
Device Axis Range Package Shipping

MMAS5106AKW z +60g 2086-01 Tubes

MMA5112AKW z +120g 2086-01 Tubes

MMAS5124AKW z +2409 2086-01 Tubes

MMA5148AKW z +480g 2086-01 Tubes
MMA5106AKWR2 4 +60g 2086-01 Tape & Reel
MMA5112AKWR?2 z +120g 2086-01 Tape & Reel
MMA5124AKWR2 z +2409 2086-01 Tape & Reel
MMA5148AKWR?2 z +480g 2086-01 Tape & Reel

© 2012 Freescale Semiconductor, Inc. All rights reserved.
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Application Diagram
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Figure 1. Application Diagram

External Component Recommendations
Ref Des Type Description Purpose
C1 Ceramic 2.2 nF, 10%, 50V minimum, X7R Ve Power Supply Decoupling and Signal Damping
C3 Ceramic 470 pF, 10%, 50V minimum, X7R IpaTa Filtering and Signal Damping
Cc2 Ceramic 15 nF, 10%, 50V minimum, X7R V¢ Power Supply Decoupling
C4, C5, C6 Ceramic 1 uF, 10%, 10V minimum, X7R Voltage Regulator Output Capacitor(s)
R1 General Purpose 82Q, 5%, 200 PPM Vc Filtering and Signal Damping
R2 General Purpose 27Q, 5%, 200 PPM IpaTa Filtering and Signal Damping
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Figure 2. Device Orientation Diagram
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Internal Block Diagram

Vee Buffer VBUE
Volta}ge »x Veur
Regulator —
VDolﬁ]zlatgle VRes »& v
REG
Reference |V Regulator
REF
Voltage [——» po—
=< Regulator v l l
Cs BUF & Veur
> Low Voltage
Sere & SP! Detection
dl
P —— Sync Pulse v
W > Control Detection 4_|2| cc
Loai
vt 9 < —| Programming
 EEEE— Interface
|
oTpP DATA
Y Serial
Array d Encoder
< Vss
VREG
Self-Test
Interface | | .. l _______________________________ -
' Control  Status '
VREGA VReg ! In out :
! Offset .
r—|—-— " :
g-cell ¢ ¢ ' DSP Monitor :
| — : ! IIR :
= e pdsinc FiterH PP Heompensation N
L — — — 4 :------------\---------------/-------:
Figure 3. Block Diagram
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Pin Connections

Table 1. Pin Description
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Figure 4. Top View, 16-Pin QFN Package

. Pin Lo
Pin Formal Name Definition
Name
1 v Suppl This pin is connected to the PSI5 power and data line through a resistor and supplies power to the device. An external capac-
cc PRl itor must be connected between this pin and Vgg. Reference Figure 1.
2 Vss Digital GND This pin is the power supply return node for the digital circuitry.
3 | Response This pin is connected to the PSI5 power and data line through a resistor and modulates the response current for PSI5 com-
DATA Current munication. Reference Figure 1.
4 Vss Digital GND This pin is the power supply return node for the digital circuitry.
5 NC Not Connected | This pin must be left unconnected in the application.
This input pin provides the serial clock to the SPI port for test purposes. An internal pulldown device is connected to this pin.
6 SCLK SPI Clock oo . >k
This pin must be grounded or left unconnected in the application.
7 Dour SPI Data Out -Lglt?o';m functions as the serial data output from the SPI port for test purposes. This pin must be left unconnected in the appli-
This pin functions as the serial data input to the SPI port for test purposes. An internal pulldown device is connected to this
8 DN SPI Data In A i h S
pin. This pin must be grounded or left unconnected in the application.
Digital This pin is connected to the power supply for the internal digital circuitry. An external capacitor must be connected between
9 VReG N 8
Supply this pin and Vgg. Reference Figure 1.
. This input pin provides the chip select to the SPI port for test purposes. An internal pullup device is connected to this pin.This
10 CS Chip Select ) ) L
pin must be left unconnected in the application.
Analog This pin is connected to the power supply for the internal analog circuitry. An external capacitor must be connected between
11 | Vgeea > P .
Supply this pin and Vgga. Reference Figure 1.
12 VSSA Analog GND | This pin is the power supply return node for the analog circuitry.
Power This pin is connected to a buffer regulator for the internal circuitry. The buffer regulator supplies both the analog (Vgrgga) and
13 VBuUE digital (Vgeg) supplies to provide immunity from EMC and supply dropouts on V. An external capacitor must be connected
Supply &7 = .
between this pin and Vgg. Reference Figure 1.
14 TEST Test Pin This pin is must be grounded or left unconnected in the application.
15 NC Not Connected | This pin must be left unconnected in the application.
16 VSSA Analog GND | This pin is the power supply return node for the analog circuitry.
17 PAD Die Attach Pad | This pin is the die attach flag, and is internally connected to VSS.
C;arggr Corner Pads | The corner pads are internally connected to Vgsg.
MMAS1IxxAKW
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2 Electrical Characteristics

2.1 Maximum Ratings
Maximum ratings are the extreme limits to which the device can be exposed without permanently damaging it.

# Rating Symbol Value Unit
Supply Voltage (Vcc, Ipata)
1 |Reverse Current <160 mA, t <80 ms Vee Rev -0.7 \ 3)
2 | Continuous Vee mMax +20.0 \Y 3)
3 | Transient (< 10 ps) Vce_TrRans +25.0 v 9
4 | Vgug, Test -0.3to +4.2 \ 3)
5 |Vree: Vrega SCLK, CS, Dy, Doyt -0.3t0 +3.0 v 3)
6 Powered Shock (six sides, 0.5 ms duration) Ipms +2000 g ?3)
7 | Unpowered Shock (six sides, 0.5 ms duration) Oshock +2500 g 3)
8 | Drop Shock (to concrete, tile or steel surface, 10 drops, any orientation) hprop 1.2 m 5)
Electrostatic Discharge (per AECQ100)
9 External Pins (Vcc, Ipatas Vss, Vssa), HBM (100 pF, 1.5 kQ) VEsp +4000 \Y (5)
10 HBM (100 pF, 1.5 kQ) VEsp +2000 Y% 5)
11 CDM (R=0Q) VEsp +1500 \Y (5)
12 MM (200 pF, 0 Q) VEsp +200 \Y (5)
Temperature Range
13 Storage Tstg -40 to +125 °C ?3)
14 Junction T, -40 to +150 °C 9)
15 | Thermal Resistance 0;c 2.5 °CIW (9,14)
2.2 Operating Range
V| £ (Vee - Vsg) £V, T < Tp < Ty, AT < 25 K/min, unless otherwise specified.
# Characteristic Symbol Min Typ Max Units
A Vy
16 | Supply Voltage Vee 4.2 — 17.0 \% 1)
17 Vee uv Vvee uv_F — \ \4 9
Operating Temperature Range T Ty
18 Ta -40 — +105 °C @
19 Ta -40 — +125 °C 3)
MMAS1IxxAKW
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2.3  Electrical Characteristics - Supply and 1/0
V| £ (Vee - Vsg) £V, T < Tp < Ty, AT < 25 K/min, unless otherwise specified.
# Characteristic Symbol Min Typ Max Units
20 |Quiescent Supply Current * loLE 4.0 — 8.0 mA 1)
21 |Modulation Supply Current * Imob lpLet 22.0 lipLet 26.0 lipLet 30.0 mA 1)
22 |Inrush Current (Power On until Vgyg, Vreg: VREga Stable) lINRUSH — — 30 mA 3)
Internally Regulated Voltages
23 VBUF * VBUE 3.60 3.80 4.00 \ 1)
24 VReG * Vgeg 2.425 2.50 2.575 v 1)
25 VREGA * VREGA 2.425 2.50 2.575 Y (1)
26 |Low Voltage Detection Threshold
27 Vcc Falling Vvee uv F 3.40 3.70 4.0 \Y (3, 6)
28 Vgyr Falling VBUE UV F 2.95 3.15 3.35 \Y (3, 6)
29 VReg Falling VRee UV E 215 2.25 2.35 vV | (36)
VReca Falling VREGA UV F 2.15 2.25 2.35 \Y (3, 6)
Hysteresis o
30 Vee Vee HysT 0.10 0.25 0.40 Y (3)
31 VBUE VBUF_HYST 0.05 0.10 0.15 \Y, (3)
32 VREG VREG_HYST 0.05 0.10 0.15 \Y 3)
33 VREGA VREGA_HYST 0.05 0.10 0.15 \ 3
External Capacitor (Vgyr, VReg: VREGA)
34 Capacitance 500 1000 1500 nF 9)
35 ESR (including interconnect resistance) ESR 0 — 200 mQ 9)
Output High Voltage (DO)
36 ILoad = 100 uA Vou VReg - 0.1 — — \ (C)
Output Low Voltage (DO)
37 I gad = 100 A VoL — — 0.1 \ 9)
Input High Voltage
38 CS, SCLK, DI Vin 0.7 * VReg — — \ 9)
Input Low Voltage
39 CS, SCLK, DI Vi — — 0.3 *Vgeg \Y 9)
Input Current
40 High (at V) (D) [ -100 — -10 HA 9)
41 Low (at V) (CS) I 10 — 100 UA 9)
42 |Pulldown Resistance (SCLK) Rpp 20 — 100 kQ 9)
MMAS1IxxAKW
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2.4  Electrical Characteristics - Sensor and Signal Chain
V| £ (Vee - Vsg) £V, T < Tp < Ty, AT < 25 K/min, unless otherwise specified.

# Characteristic Symbol Min Typ Max Units
Sensitivity (10-bit output @ 100 Hz, referenced to 0 Hz)

43 +60g Range * SENS — 8 — LSB/g 1)

44 +120g Range * SENS — 4 — LSBig | (1)

45 +240g Range * SENS — 2 — LSB/g (1)

46 +480g Range * SENS — 1 — LSB/g (1)
Total Sensitivity Error (including non-linearity)

47 Ta = 25°C, < +240g * | ASENS_240 -5 — +5 % @)

48 T S TpA< Ty, £+240g * | ASENS_240 -7 — +7 % (1)

49 TLSTp< Ty, £22409, Vycc uv F<SVec SV ASENS_240 -7 — +7 % (9)

50 Ta = 25°C, >+240g *| ASENS_480 -5 — +5 % (1)

51 T <TA<Ty, > +240g *| ASENS_480 7 — +7 % L)

52 T < Ta< Ty, > #2409, Vycc_uv_F < Vec SV ASENS_480 7 — +7 % ©
Digital Offset Before Offset Cancellation

53 10-bit N OFF10git -52 0 +52 LSB 1)

54 10-bit, T, S TA < Ty, Vyoe_uv F S Vec SV OFF10git -52 0 +52 LSB 9)
Digital Offset After Offset Cancellation

55 10-bit, 0.3 Hz HPF or 0.1 Hz HPF * OFF10git -1 0 +1 LSB (1)

56 10-bit, 0.04 Hz HPF * OFF 1 0git 2 0 +2 LSB (9)
Continuous Offset Monitor Limit

57 10-bit output, before compensation OFFpmon -66 — +66 LSB ?3)
Range of Output (10-Bit Mode)

58 Acceleration RANGE -480 — +480 LSB 3)
Cross-Axis Sensitivity

59 X-axis to Z-Axis * Vyz -5 — +5 % (3)

60 Y-axis to Z-Axis * Vyz -5 — +5 % 3)

61 |System Output Noise Peak (10-bit Mode, 1 Hz - 1 kHz, All Ranges) * Npeak -4 — +4 LSB ?3)

62 |System Output Noise RMS (10-bit mode, 1 Hz - 1 kHz, All Ranges) * NRMS — — +1.0 LSB ?3)
Non-linearity

63 10-bit output, < +240g NLouT 240q -2 — +2 % (3)

64 10-bit output, > +240g NLouT 480g -2 — +2 % ©)]

MMAS1IxxAKW
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25 Electrical Characteristics - Self-Test and Overload
Vi £ (Ve - Vss) £V, T £ Tp < Ty, AT <25 K/min, unless otherwise specified.

# Characteristic Symbol Min Typ Max Units
10-Bit Output During Active Self-Test (T < Ty <Tp)
65 +60g Range * 95710 607 120 — 280 LSB ©)]
66 +120g Range * 0ST10 1207 40 — 160 LSB (3)
67 +240g Range * 0ST10 2407 35 — 153 LSB (3)
68 +480g Range * 9sT10_480Z 12 — 94 LSB ?3)
Acceleration (without hitting internal g-cell stops)
69 +60g Range Positive Og-cell_Clip60zP 425 642 980 g 9)
70 +60g Range Negative g-cell_Clip60ZN -1205 -720 512 g 9)
Acceleration (without hitting internal g-cell stops)
71 +120g Range Positive Og-cell_Clip120zP 425 642 980 g 9)
72 +120g Range Negative 9g-cell_Clip120ZN -1205 -720 -512 g 9)
Acceleration (without hitting internal g-cell stops)
73 +240g Range Positive Og-cell_Clip240zP 1450 2180 2800 g 9)
74 +240g Range Negative Og-cell_Clip240ZN -3100 -2210 -1800 g 9)
Acceleration (without hitting internal g-cell stops)
75 +480g Range Positive Og-cell_ClipagozP 2200 2800 3300 g 9)
76 +480g Range Negative Jg-cell_Clip480ZN -3700 -3220 -2780 g 9
XA and Sinc Filter Clipping Limit
77 +60g Range Positive 9ADC._Clip60zP 159 238 336 g 9)
78 +60g Range Negative 9ADC_Clips0zN -334 -274 -216 g 9)
XA and Sinc Filter Clipping Limit
79 +120g Range Positive 9ADC_Clip120ZP 305 433 577 g 9)
80 +120g Range Negative 9ADC_Clip120ZN -693 -544 -414 g 9)
XA and Sinc Filter Clipping Limit
81 +240g Range Positive 9ADC_Clip240ZP 836 1178 1599 g (9)
82 +240g Range Negative 9ADC_Clip240ZN -1909 -1566 -1245 g 9)
XA and Sinc Filter Clipping Limit
83 +480g Range Positive 9ADC_Clip480zP 1591 2014 2478 g 9)
84 +480g Range Negative 9ADC_Clip480ZN -3217 -2856 -2524 g 9)
MMAS1xxAKW
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2.6

Dynamic Electrical Characteristics - PSI5
V| £ (Vee - Vsg) £V, T < Tp < Ty, AT < 25 K/min, unless otherwise specified

# Characteristic Symbol Min Typ Max Units
Initialization Timing
85 Phase 1 tpsis INITL — 532000 / fosc — s (@)
86 Phase 2 (10-Bit, Asynchronous Mode 0, k = 8) tpsI5 INIT2 1020 — 512 * tasync — S (7)
87 Phase 3 (10-Bit, Asynchronous Mode 0, ST_RPT = 0) tpsI5 INIT3 1020 — 19 * tasync — s (7,12)
88 Offset Cancellation Stage 1 Operating Time toct — 320000 / fosc — s )
89 Offset Cancellation Stage 2 Operating Time toc2 — 280000 / fogc — s )
90 Self-Test Stage 1 Operating Time tsT1 — 128000 / fosc s @)
91 Self-Test Stage 2 Operating Time tsTo — 128000 / fosc — s )
92 Self-Test Stage 3 Operating Time tsT3 — 128000 / fogc — s )
93 Self-Test Repetitions ST_RPT 0 — 5 (7, 12)
94 Programming Mode Entry Window temE — 300000 / fosc — S 7
95 | Data Transmission Single Bit Time (PSI5 Low Bit Rate) taiT_Low 7.6000 8.0000 8.4000 us 7
Modulation Current (20% to 80% of lyop - lipLg)
9% Rise Time triSE 324 463 602 ns @)
97 | Position of bit transition (PSI5 Low Baud Rate) tgittrans_LowBaud 49 50 51 % 7
98 | Asynchronous Response Time tasyne — 912 / fosc — s 7
2.7  Dynamic Electrical Characteristics - Signal Chain
VL £ (Vee - Vss) SV, T £ Tp < Ty, AT <25 K/min, unless otherwise specified
# Characteristic Symbol Min Typ Max Units
99 | Internal Oscillator Frequency * fosc 3.80 4 4.20 MHz 1)
DSP Low-Pass Filter (Note15)
100 Cutoff frequency LPFO (referenced to 0 Hz) * fc Lpro — 400 — Hz @)
101 Filter Order LPFO * O\ pro — 3 — 1 (7)
DSP Offset Cancellation Low-Pass Filter (Note 15)
102 Offset Cancellation Low-Pass Filter Input Sample Rate toc_sampleRate — 256 — us (@)
103 Stage 1 Cutoff frequency, Startup Phase 1 C 0C10 — 10.0 — Hz ()]
104 Stage 1 Filter Order, Startup Phase 1 Ooc1o — 1 — 1 )
105 Stage 2 Cutoff frequency, Startup Phase 1 fc ocos — 0.300 — Hz @)
106 Stage 2 Filter Order, Startup Phase 1 Ooco3 — 1 — 1 )
107 Cutoff frequency, Option 0 fc oco — 0.100 — Hz @)
108 Filter Order, Option 0 Ooco — 1 — 1 7)
109 Offset Cancellation Output Update Rate (10-Bit Mode) toffRate 10 — fosc / 2e6 — s )
110 Offset Cancellation Output Step Size (10-Bit Mode) OFFSIE‘; 10 — 0.5 — LSB @)
111 Offset Monitor Update Frequency OFFMONgsc — fosc /2000 — Hz (@)
112 Offset Monitor Count Limit OFFMONcNTLMIT — 4096 — 1 )
113 Offset Monitor Counter Size OFFMONcNTsIZE — 8192 — 1 )
Sensing Element Natural Frequency
114 +60g fycell_z60 7000 — 8000 Hz 9)
115 +120g focell_z120 7000 — 8000 Hz 9)
116 +2409g facell_z240 13600 — 15100 Hz 9)
117 +480g facell_zago 16289 — 17996 Hz 9)
Sensing Element Roll-off Frequency (-3 db)
118 +60g facell_z60 798 — 2211 Hz 9)
119 +120g focell_z120 798 — 2211 Hz 9)
120 +240g facell 7240 2000 — 4700 Hz 9
121 +4809g geell_7480 2250 — 6350 Hz 9)
Sensing Element Damping Ratio ¢
122 +60g geell_Z60 1.870 — 4.610 — 9)
123 +120g geell_2120 1.870 — 4.610 — 9)
124 +240g ggcel'ﬁ“o 1.750 — 3.500 — 9)
125 +480g geell_Z480 1.250 — 3.000 — 9)
Sensing Element Delay (@100 Hz)
126 +60g fycell_delay_z60 77 — 200 us 9)
127 +120g gcell_delay_7120 77 — 200 us (9)
128 +240g fgcell_delay z240 40 — 86 us (9)
129 +4809g fgce”idaayizwo 21 — 60 us 9)
130 | Package Resonance Frequency fPackage 100 — — kHz 9)
MMAS1IxxAKW
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2.8 Dynamic Electrical Characteristics - Supply and SPI
V| £ (Vee - Vsg) £V, T < Tp < Ty, AT < 25 K/min, unless otherwise specified
# Characteristic Symbol Min Typ Max | Units
131 | Quiescent Current Settling Time (Power Applied to Ig = lip g + 2 mA) tseT — — 5 ms 3)
132 | Reset Recovery Internal Delay (After internal POR) Ut NIT — | 16000/ fosc — s 7
Ve Micro-cut (Cgyr=Crec=Creca=1 UF)
133 Survival Time (V¢ disconnect without Reset, Cgyr=Creg=Crega=700 nF) tvcc MICROCUTMIn 30 — — us 3)
134 Survival Time (V¢ disconnect without Reset, Cgyr=Crec=Crega=1 UF) tyce MICROCUT 50 — — us 3)
135 Reset Time (V¢ disconnect above which Reset is guaranteed) tVC_C_RESET — — 1000 us ?3)
Vguyr, Capacitor Monitor Disconnect Time (Figure 9)
136 POR to first Capacitor Test Disconnect tPOR CAPTEST — | 12000/ fosc — s (@]
137 Disconnect Time (Figure 9) tCAPTEST TIME — 15 5.0 us (@)
138 Disconnect Delay, Asynchronous Mode (Figure 9) tCAPTEST ADLY — 688/ fosc — s 7)
Vrea: VrRega Capacitor Monitor
139 POR to first Capacitor Test Disconnect tPOR CAPTEST — | 12000/ fosc — s 7
140 Disconnect Rate LCAPTEST RATE — 256 / fosc — s (7)
Serial Interface Timing (See Figure 6, Cpout < 80 pF, Rpout = 10 kQ)
141 Clock (SCLK) period (10% of V¢ to 10% of V) tscLk 320 — — ns 9)
142 Clock (SCLK) high time (90% of V¢ to 90% of V) tscLkH 120 — — ns 9)
143 Clock (SCLK) low time (10% of Ve to 10% of V) tseLKL 120 — — ns 9)
144 Clock (SCLK) rise time (10% of V¢ to 90% of V) tscLKR — 15 40 ns 9)
145 Clock (SCLK) fall time (90% of V¢ to 10% of Ve) tscLkr — 15 28 ns 9)
146 CS asserted to SCLK high (CS = 10% of V¢ to SCLK = 10% of V¢) t EAD 60 — — ns 9)
147 CS asserted to Doyt valid (CS = 10% of V¢ to Doyt = 10/90% of V) taccEss — —_ 60 ns 9)
148 Data setup time (D = 10/90% of V¢ to SCLK = 10% of V) tseTup 20 — — ns 9)
149 D, Data hold time (SCLK = 90% of V¢ to Dy = 10/90% of V) thoLp IN 10 — — ns 9)
150 Doyt Data hold time (SCLK = 90% of V¢ to Doyt = 10/90% of V) thoLp ouT 0 —_ — ns 9)
151 SCLK low to data valid (SCLK = 10% of V¢ to Doyt = 10/90% of V) tyALID — — 50 ns 9)
152 SCLK low to CS high (SCLK = 10% of V¢ to CS = 90% of V) tiac 60 — — ns (9)
153 CS high to Dqy7 disable (CS = 90% of V¢ to Doyt = Hi Z) tDISABLE — — 60 ns 9)
154 CS high to CS low (CS = 90% of V¢ to CS = 90% of Vc) tesn 1000 — — ns 9)
1. Parameters tested 100% at final test.
2. Parameters tested 100% at wafer probe.
3. Verified by characterization.
4. * Indicates critical characteristic.
5. Verified by qualification testing.
6. Parameters verified by pass/fail testing in production.
7. Functionality guaranteed by modeling, simulation and/or design verification. Circuit integrity assured through IDDQ and scan testing. Timing
is determined by internal system clock frequency.
8. N/A.
9. Verified by simulation.
10. N/A.

11. Measured at V¢ pin; Vsync guaranteed across full Vip g range.

12. Self-Test repeats on failure up to a ST_RPTy,ax times before transmitting Sensor Error Message.

13. N/A.

14. Thermal resistance between the die junction and the exposed pad; cold plate is attached to the exposed pad.
15. Filter cutoff frequencies are directly dependent upon the internal oscillator frequency.
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3 Functional Description
3.1 User Accessible Data Array

A user accessible data array allows for each device to be customized. The array consists of an OTP factory programmable
block, an OTP user programmable block, and read-only registers for device status. The OTP blocks incorporate independent
error detection circuitry for fault detection (reference Section 3.2). Portions of the factory programmable array are reserved for
factory-programmed trim values. The user accessible data is shown in Table 2.

Table 2. User Accessible Data

Byte Nibble Bit Function Nibble Bit Function
(Qfodr:g Register (/Egﬁ; . . . . (ﬁgﬁé s ) . 0 Type
Msg) Msg) Msg)
$00 SNO $01 SN[7] SNI[6] SN[5] SN[4] $00 SN[3] SN[2] SN[1] SN[O0]
$01 SN1 $03 SN[15] SN[14] SN[13] SN[12] $02 SN[11] SN[10] SN[9] SNI[8]
$02 SN2 $05 SN[23] SN[22] SN[21] SN[20] $04 SN[19] SN[18] SN[17] SN[16]
$03 SN3 $07 SN[31] SN[30] SN[29] SN[28] $06 SN[27] SN[26] SN[25] SN[24]
$04 | DEVCFG1 | $09 0 0 1 0 $08 1 RNG[2] RNG[1] RNGI[0]
$05 DEVCFG2 $0B 1 0 0 0 $0A 0 0 0 0
$06 DEVCFG3 $0D 0 0 0 0 $0C 0 0 0 0
$07 DEVCFG4 $OF 0 0 0 0 $O0E 0 0 0 0 ®
$08 DEVCFG5 $11 0 0 0 0 $10 0 0 0 0
$09 DEVCFG6 $13 0 1 0 0 $12 0 0 0 0
$0A DEVCFG7 $15 0 0 0 0 $14 0 0 0 0
$0B DEVCFG8 $17 1 0 1 0 $16 0 0 0 0
$0C sc $19 0 T™M_B RESERVED IDEN_B $18 OC_INIT_B IDEF_B OFF_B 0
$0D MFG_ID $1B 0 0 0 0 $1A 0 0 0 0
Type codes

R: Readable register via PSI5

3.1.1 Device Serial Number Registers

A unigue serial number is programmed into the serial number registers of each device during manufacturing. The serial num-
ber is composed of the following information:

Bit Range Content
SN[12:0] Serial Number
SN[31:13] Lot Number

Serial numbers begin at 1 for all produced devices in each lot and are sequentially assigned. Lot numbers begin at 1 and are
sequentially assigned. No lot will contain more devices than can be uniquely identified by the 13-bit serial number. Depending on
lot size and quantities, all possible lot numbers and serial numbers may not be assigned.

The serial number registers are included in the factory programmed OTP CRC verification. Reference Section 3.2 for details
regarding the CRC verification. Beyond this, the contents of the serial number registers have no impact on device operation or
performance, and are only used for traceability purposes.

MMAS1xxAKW
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3.1.2 Factory Configuration Register (DEVCFG1)

The factory configuration register is a factory programmed, read-only register which contains user specific device configuration
information. The factory configuration register is included in the factory programmed OTP CRC verification.

Location Bit
Address Register 7 6 5 4 3 2 1 0
$04 DEVCFG1 0 0 1 0 1 RNGI2] RNG[1] RNGI0]
Factory Default 0 0 1 0 1 0 0 0
3.1.2.1 Range Indication Bits (RNG[2:0])

The range indication bits are factory programmed and indicate the full-scale range of the device as shown below.

Full-Scale Acceleration PSIS Init Data
RNG[2] RNG[1] RNG[O0] g-Cell Design Transmission (D9)
Range

Reference Table 9
0 0 0 Reserved N/A 0001
0 0 1 +60g Medium-g 0111
0 1 0 Reserved N/A 0010
0 1 1 +120g Medium-g 1000
1 0 0 Reserved N/A 0011
1 0 1 +240g High-g 1001
1 1 0 Reserved N/A 0100
1 1 1 +480g High-g 1010

3.1.3 Status Check Register (SC)
The status check register is a read-only register containing device status information.

Location Bit

Address Register 7 6 5 4 3 2 1 0
$0C SC 0 T™M_B RESERVED IDEN_B OC_INIT_B IDEF_B OFF_B 0

3.13.1 Test Mode Flag (TM_B)
The test mode bit is cleared if the device is in test mode.

TM_B Operating Mode
0 Test Mode is active
1 Test Mode is not active
3.1.3.2 Internal Data Error Flag (IDEN_B)

The internal data error bit is cleared if a register data mismatch error detection is detected in the user accessible OTP array.
A device reset is required to clear the error.

IDEN_B Error Condition
0 Error detection mismatch in user programmable OTP array
1 No error detected

MMAS1xxAKW

Sensors
Freescale Semiconductor, Inc. 13



3.1.33 Offset Cancellation Init Status Flag (OC_INIT_B)

The offset cancellation initialization status bit is set once the offset cancellation initialization process is complete, and the filter
has switched to normal mode.

OC_INIT_B Error Condition
0 Offset Cancellation in initialization
1 Offset Cancellation initialization complete (tgc; and toc, expired)
3.1.34 Internal Factory Data Error Flag (IDEF_B)

The internal factory data error bit is cleared if a register data CRC fault is detected in the factory programmable OTP array. A
device reset is required to clear the error.

IDEF_B Error Condition
0 CRC error in factory programmable OTP array
1 No error detected

3.1.35 Offset Error Flag (OFF_B)
The offset error flag is cleared if the acceleration signal reaches the offset limit.

OFF_B Error Condition
0 Offset error detected
1 No error detected

3.2 OTP Array CRC Verification

The Factory programmed OTP array is verified for errors with a 3-bit CRC. The CRC verification is enabled only when the
factory programmed array is locked. The CRC verification uses a generator polynomial of g(x) = X3 + X + 1, with a seed
value = ‘111",

The CRC is continuously calculated on the factory programmable array with the exception of the factory lock bits. Bits are fed
in from right to left (LSB first), and top to bottom (lower addresses first) in the register map. The calculated CRC is then compared
against the stored 3-bit CRC. If a CRC error is detected in the OTP array, the IDEF_B bit is cleared in the SC register.

The CRC verification is completed on the memory registers which hold a copy of the fuse array values, not the fuse array val-
ues.

MMAS1xxAKW
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3.3

Voltage Regulators

The device derives its internal supply voltage from the V¢ and Vgg pins. Separate internal voltage regulators are used for the
analog (Vrega) and digital circuitry (Vreg)- The analog and digital regulators are supplied by a buffer regulator (Vgg) to provide
immunity from EMC and supply dropouts on V¢. External filter capacitors are required, as shown in Figure 1.

The voltage regulator module includes voltage monitoring circuitry which holds the device in reset following power-on until the
internal voltages have increased above the under-voltage detection thresholds. The voltage monitor asserts internal reset when
the external supply or internally regulated voltages fall below the under-voltage detection thresholds. A reference generator pro-
vides a reference voltage for the A converter.

Ve B

v
VREF VOLTAGE | VBur
— P REGULATOR X Veur
VOLTAGE VReGa = 2.50 V
REGULATOR X Vreca
Vreca 4 eSS o OSCILLATOR
- | TRIM |
BANDGAP | Vrer TRIM
REFERENCE TRIM
v A
TRIM CONVERTER
REFERENCE |VRer_mop = 1.250 V
GENERATOR
Veur —» orp
ARRAY
VRer VOLTAGE VReg =250V
»| REGULATOR X Vres
DIGITAL
- »  LOGIC
L p DSP
V, .
€€ ——» COMPARATOR Micro-cut
—p
VBUF
»| COMPARATOR
_» _
I POR
VReG ¢ COMPARATOR
VREGA
j: COMPARATOR
VREF ;
Figure 7. Voltage Regulation and Monitoring
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3.3.1 Vgur Vrea and Vieca Regulator Capacitor

The internal regulators require an external capacitor between each of the regulator pins (Vgyg, Vrea 0f Vrega) and the as-
sociated the Vgg/ Vgga pin for stability. Figure 1 shows the recommended types and values for each of these capacitors.
3.3.2 V¢e, Veur VREe and Vgega Under-Voltage Monitor

A circuit is incorporated to monitor the supply voltage (V) and all internally regulated voltages (Vgyg Vreg and Viega)- If
any of internal regulator voltages fall below the specified under-voltage thresholds in Section 2, the device will be reset. If V¢
falls below the specified threshold, PSI5 transmissions are terminated for the present response. Once the supply returns above
the threshold, the device will restart PSI5 transmissions. Reference Figure 8.

Vcc micro-cut occurs

Vee \
'
l
|
l
l
l
l

4\ Vcc under-voltage detected

VBUF

VREG

VREGA
Response Terminated

e
Il 1011 11 e 1

POR

v

Time

Figure 8. V¢ Micro-Cut Response
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3.3.3 Vgur VRes and Viyega Capacitance Monitor

A monitor circuit is incorporated to ensure predictable operation if the connection to the external Vgyr, Vreg Of VRega: Ca-
pacitor becomes open.

The Vpyr regulator is disabled tcaptesT ApLY S€CONdSs after each data transmission for a duration of tcaptesT TIME SECONds.
If the external capacitor is not present, the regulator voltage will fall below the internal reset threshold, forcing a device reset.

The Vreg and Vyega regulators are disabled at a continuous rate (tcaptest raTE), fOr @ duration of tcaoptesT TIME SEconds.
If either external capacitor is not present, the associated regulator voltage will fall below the internal reset threshold, forcing a
device reset.

A I
IpaTA ||||||||| ”"”"
1 1 | '
[ I
t,
{CAPTEST TIME—> < l4— CAPTEST_ADLY — P
CAP_Test
VBuF
Capacitor Present /' Capacitor Open
VeuUFuvi| - — — — — — — — — — — —
POR

Time

Figure 9. Vgyg Capacitor Monitor - Asynchronous Mode

| |
4 ¢ leaprESTRATE ——»

—»| €— tcapTEST TIME |

CAP_Test

_\/

VReG
¥\ Capacitor Present

v P - Capacitor Open
PORVREGf  — — — — — — — — — — — — — — — — (" /———(—(— ( — — — — — -

POR

v

Time

Figure 10. Vggg Capacitor Monitor

MMAS1xxAKW

Sensors
Freescale Semiconductor, Inc. 17



e SN
1 | CAPTEST_RATE
> < tcAPTEST TIME ‘
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V\ Capacitor Present ) N Capacitor Open

VPORREGAf |F — — — — — — — — — — — — — — — — N\ — — — — — — — — -

POR

v

Time

Figure 11. Vgrega Capacitor Monitor
3.4 Internal Oscillator
A factory trimmed oscillator is included as specified in Section 2.
3.5 Acceleration Signal Path

3.5.1 Transducer
The transducer is an overdamped mass-spring-damper system defined by the following transfer function:

where:

2

“n

H(s) =

s +2-§-wnos+wﬁ

{ = Damping Ratio
oy, = Natural Frequency = 2 = IT * f,
Reference Section 2.7 for transducer parameters.

3.5.2 XA Converter

A sigma delta modulator converts the differential capacitance of the transducer to a 1 MHz data stream that is input to the DSP
block.

g-CELL FIRST SECOND 1-BIT
Vy INTEGRATOR INTEGRATOR QUANTIZER
0= —— A
Crop Cinma 71 & 1 | |
:lj A _OUT
Cgot 1-77% 1-z1 | |
| ADC |
AC = Crop - Cpot By B, | |
V=ACXxVy/C | DAC |
x I CINTL V=42 X Vger |
L — 4

Figure 12. A Converter Block Diagram

MMAS1xxAKW

Sensors
18 Freescale Semiconductor, Inc.



3.5.3 Digital Signal Processing Block

A Digital Signal Processing (DSP) block is used to perform signal filtering and compensation. A diagram illustrating the signal
processing flow within the DSP block is shown in Figure 13.

A B C D
A OUT —P»| SINCFILTER |-Jp{ LOW-PASSFILTER  [—Jp{COMPENSATION
OFFSET
E | OFFSET CANCELLATION | CANCELLATION OUTPUT H
F G OUTPUT
DOVINSAVPLING -—B>| ™ o pass FILTER |~ ouTPUT SCALINGI | INTERPOLATION| ————pp,
RATE LIMITING
Figure 13. Signal Chain Diagram
Table 3. Signal Chain Characteristics
Sample| Data Over Signal | Signal | Signal
Description Time | Width | Range | Width | Noise | Margin Typical Block Latency Reference
(us) (Bits) (Bits (Bits) | (Bits) | (Bits)
A SD 1 1 1 Section 3.5.2
203/fyec
B SINC Filter 16 20 13 Section 3.5.3.2
C Low-Pass Filter 16 26 4 10 3 9 Reference Section 3.5.3.2 Section 3.5.3.2
D Compensation 16 26 4 10 3 9
68/fosc
E Down Sampling 16 26 4 10 3 9
F High-Pass Filter 16 26 4 10 3 9 Reference Section 3.5.3.3 Section 3.5.3.3
DSP Sampling
G 16 10 Affyec Section 3.5.3.5
10-Bit Output Scaling
H Interpolation 1 10 64/fosc Section 3.5.3.5
MMAS1IxxAKW
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3.5.3.1 Decimation Sinc Filter

The serial data stream produced by the XA converter is decimated and converted to parallel values by a 3rd order 16:1 sinc
filter with a decimation factor of 16.

_,16 73
H(z) = |:—¥-—_l-i|
16x(1-z277)

3rd Order sinc Filter Magnitude response DR=16

Magnitude (dB)

1 1
250 300
Frequency (kHz)

Figure 14. Sinc Filter Response, tg =16 us
3.5.3.2 Low-Pass Filter

Data from the Sinc filter is processed by an infinite impulse response (lIR) low-pass filter.

(n11 . 20) + (n12 . z_l) + (n13 . 2_2) (n21 . zo) + (n22 . 2_1) + (n23 . 2_2)
H(z) = ag - :

(dll-zo)+(d12-z_1)+(d13-z_2) (d11-20)+(d22-z_l)+(d23'z_2)

Table 4. Low-Pass Filter Coefficients

Description Filter Coefficients Group Delay
ag 5.189235225042199e-02
N1 1.629077582099646e-03 dqig 1.0
nio 1.630351547919014e-03 dq, -9.481076477495780e-01
400 Hz, 3-Pole LPF | ny5 0 dis 0 2816/fyec

N1 2.500977520825902e-01 dyqg 1.0
Nyy 4.999999235890745e-01 dyy -1.915847097557409e+00
Nog 2.499023243303036e-01 dys 9.191065266874253e-01

Note: Low-Pass Filter values do not include g-cell frequency response.

MMAS1IxxAKW
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Figure 15. Low-Pass Filter Characteristics: fc = 400 Hz, 3-Pole, tg = 16 us
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3.5.3.3

Offset Cancellation

The device provides an offset cancellation circuit to remove internal offset error. A block diagram of the offset cancellation is

shown in Figure 16.

INPUT DATA

—

OFFSET CANCELLATION

LOW-PASS FILTER
. ny + (n2 -Z77)

dy +(dy- 1

Input Data downsampled to 256us

0.5 Hz (Derived from fogc)

OFFMONyeG I

> CLK

INC/DEC  OUT

COUNTER

' 5?5 TO_OUTPUT SCALING '

I

OFFMONpos |

2 kHz (Derived from fgc)

UP/DOWN
COUNTER

J_> CLK

INC/DEC OUT

OFF_ERR
> — —

OFFMONcNTLimiT]
]

Figure 16. Offset Cancellation Block Diagram

The transfer function for the offset LPF is:

n01+(n02-z‘1)

H(z) = aog -

d01+ (do2 . z_l)

Response parameters are specified in Section 2 and the offset LPF coefficients are specified in Table 6.

During startup, two phases of the offset LPF are used to allow for fast convergence of the internal offset error during initializa-
tion. The timing and characteristics of each phase are shown in Table 5 and Table 6 and specified in Section 2. For more infor-
mation regarding the startup timing, reference the PSI5 initialization information in Section 4.4. The offset low-pass filter used in
normal operation is selected by the OC_FILT bit as shown in Table 5.

During the Initialization Self-Test phase, the offset cancellation circuit output value is frozen.

During normal operation, output rate limiting is applied to the output of the high-pass filter. Rate limiting updates the offset can-
cellation output by OFFgie, yx LSB every tograte_xx seconds.

Table 5. Offset Cancellation Startup Characteristics and Timing

Offset Cancellation Offset LPF Output Rate Limiting Total Time for Phase
Startup Phase
1 10 Hz Bypassed 80 ms
2 0.3 Hz Bypassed 70 ms
Self-Test 0.3 Hz Bypassed (Frozen during ST2) 96 ms per Self-Test Sequence (up to 6 repeats)
Complete 0.1 Hz Enabled N/A
MMAS1IxxAKW
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Table 6. High-Pass Filter Coefficients

Description Coefficients Group Delay
aog 0.015956938266754

10 Hz HPF no, 0.499998132328277 doy 1.0 16.384 ms
no, 0.499998132328277 do, -0.984043061733246
aog 0.000482380390167

0.3 Hz HPF no, 0.499938218213271 doy 1.0 537.6 ms
no, 0.499938218213271 do, -0.999517619609833
aog 0.0001608133316040

0.1 Hz HPF no, 0.4999999403953552 doy 1.0 1591ms
no, 0.4999999403953552 do, -0.9998391270637512

Offset LPF 1-pole 10 Hz freq. response

Magnitude(dB)

0 2 4 & 8 10 12 14 1B 183 o
Frequency(Hz)
Offset LPF 1-pole 10 Hz group delay
T T

T T

100 T

Group delay (samples)

Freguency (Hz)

Figure 17. 10 Hz Offset Cancellation Low-Pass Filter Characteristics

Offset LPF 1-pole 0.1 Hz freg. response

Magnitude(dB)

o o005 O 015 0z 0z 03
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Offset LPF 1-pole 0.1 Hz group delay
_ Booo T T T T T T
[ g 7 B . g
o : : i : :
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24
= 4000
o
]
=
= 2000
E
2 : :
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Figure 18. 0.1 Hz Offset Cancellation Low-Pass Filter Characteristics
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3.5.34 Offset Monitor

The device includes an offset monitor circuit. The output of the single pole low-pass filter in the offset cancellation block is
continuously monitored against the offset limits specified in Section 2.4. An up/down counter is employed to count up If the output
exceeds the limits, and to count down if the output is within the limits. The output of the counter is compared against the count
limit OFFMONc T wmiT If the counter exceeds the limit, the OFF_B flag in the SC register is cleared. The counter rails once the
max counter value is reached (OFFMONcntsize)- The offset monitor is disabled during Initialization Phase 1, Phase 2, and
Phase 3.

3.5.35 Data Interpolation

The device includes 16 to 1 linear data interpolation to minimize the system sample jitter. Each result produced by the digital
signal processing chain is delayed one sample time.

3.5.3.6 Output Scaling

The 26 bit digital output from the DSP is clipped and scaled to a 10-bit word which spans the acceleration range of the device.
Figure 19 shows the method used to establish the output acceleration data word from the 26-bit DSP output.

Over Range Signal Noise Margin
D25 ‘ D24 | D23 | D22 ‘ D21 | D20 ‘ D19 ‘ D18 | D17 ‘ D16 ‘ D15 | D14 ‘ D13 | D12 ‘ D11 ‘ D10 ‘ Do | Ds | ‘ D2 ‘ D1 | DO
10-bit Data Word ‘ D21 | D20 ‘ D19 ‘ D18 | D17 ‘ D16 ‘ D15 | D14 ‘ D13 ‘ D12 ‘ Using Rounding

Figure 19. 10-Bit Output Scaling Diagram
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3.6 Overload Response

3.6.1 Overload Performance

The device is designed to operate within a specified range. Acceleration beyond that range (overload) impacts the output of
the sensor. Acceleration beyond the range of the device can generate a DC shift at the output of the device that is dependent
upon the overload frequency and amplitude. The g-cell is overdamped, providing the optimal design for overload performance.
However, the performance of the device during an overload condition is affected by many other parameters, including:

» g-cell damping
* Non-linearity
» Clipping limits
e Symmetry

Figure 20 shows the g-cell, ADC and output clipping of The device over frequency. The relevant parameters are specified in
Section 2.

»
»

A | | \ _
-cell -~
Acceleration (g) | | 9-Cellrolloff |-
-
Region Clipped | | N - | g
by Output LPFRolioff oy o =
| | (j,\'\@"e o | - v\Determined by g-cell
| | p\eQ;‘O“ il - /| roll-off and ADC clipping
/ — — o \0
. — OC _/“d e g
Yg-cell_cClip o — — — — —1_ DY —1/ e w s /0‘\5\0‘“0 ’\’“\63-“'N | : —
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| | Red® oty @ _ i .
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9Range_Norm - — — — — _|/ | |
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C
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fLpr fg-

Figure 20. Output Clipping vs. Frequency

3.6.2 Sigma Delta Modulator Over Range Response

Over Range conditions exist when the signal level is beyond the full-scale range of the device but within the computational
limits of the DSP. The XA converter can saturate at levels above those specified in Section 2 (Gapc cLp)- The DSP operates
predictably under all cases of over range, although the signal may include residual high frequency components for some time
after returning to the normal range of operation due to non-linear effects of the sensor.
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4 PSI5 Layer and Protocol

4.1 Communication Interface Overview

The communication interface between a master device and the MMA51xx is established via a PSI5 compatible 2-wire inter-

face. Figure 21 shows the PSI5 master to slave connections.

MASTER DEVICE

SATELLITE MODULE #1

MMAS51xx

Discrete
Components

Figure 21. PSI5 Satellite Interface Diagram

4.2 Data Transmission Physical Layer
The device uses a two wire interface for both its power supply (Vc¢), and data transmission. Data transmissions from the de-

vice to the PSI5 master are accomplished via modulation of the current on the power supply line.

4.3 Data Transmission Data Link Layer

4.3.1 Bit Encoding

The device outputs data by modulation of the V¢ current using Manchester 2 Encoding. Data is stored in a transition occurring
in the middle of the bit time. The signal idles at the normal quiescent supply current. A logic low is defined as an increase in
current at the middle of a bit time. A logic high is defined as a decrease in current at the middle of a bit time. There is always a
transition in the middle of the bit time. If consecutive “1” or “0” data are transmitted, There will also be a transition at the start of

a bit time.
‘0’ BIT ‘1'BIT
Imop CURRENT- , - SENSED HIGH
'_+ +_
IDLE CURRENT - — '— —_— — SENSED LOW
—» tyr €—
CONSECUTIVE N
‘0’ DATA BITS a a
CONSECUTIVE ] -
‘1’ DATA BITS
Figure 22. Manchester 2 Data Bit Encoding
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4.3.2 Data Transmission

Transmission frames are composed of two start bits, a 10-bit data word, and error detection bit(s). Data words are transmitted
least-significant bit (LSB) first. A typical Manchester-encoded transmission frame is illustrated in Figure 23.

Data Bit—» SB1 SBO

Bit Value—»| ‘O’

I I I I I I I I I I I I
ol LT AL LT
| ‘0’ | ‘1 ‘1 ‘1 ‘0’ ‘0’ 1 1 ‘1 ‘1 ‘0

|
| —> f— tg

PAR SB1
I I I I
I I I I
111 |

trran = tgiT * 13

Figure 23. Example Manchester Encoded Data Transfer - PSI5-x10P

4.3.3 Error Detection

Error detection of the transmitted data is accomplished via a parity bit. Even parity is employed. The number of logic “1” bits

in the transmitted message must be an even number.
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4.3.4 Data Range Values

Table 8 shows the details for each data range.

Table 7. PSI5 Data Values

10-Bit Data Value o
- Description
Decimal Hex

+511 $1FF

: : Reserved
+502 $1F6
+501 $1F5
+500 $1F4 Sensor Defect Error Message
+499 $1F3

. . Reserved
+489 $1E9
+488 $1E8 Sensor Busy
+487 $1E7 Sensor Ready
+486 $1E6 Sensor Ready, but Unlocked
+485 $1E5

. . Reserved
+481 $1E1
+480 $1E0 Maximum positive acceleration value

+3 $03 Positive acceleration values

+2 $02

+1 $01

0 0 Og level

-1 $3FF

-2 $3FE Negative acceleration values

-3 $3FD
-480 $220 Maximum negative acceleration value
-481 $21F

. . Initialization Data Codes

. . 10-Bit Status Data Nibble 1 - 16 (0000 - 1111) (Dx)
-496 $210
-497 $20F

. . Initialization Data IDs

. . Block ID 1 - 16 (10-bit Mode) (IDx)
-512 $200
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4.4 Initialization
Following powerup, the device proceeds through an initialization process which is divided into 3 phases:
* [Initialization Phase 1: No Data transmissions occur
« Initialization Phase 2: Sensor self-test and transmission of configuration information
« Initialization Phase 3: Transmission of “Sensor Busy”, and “Sensor Ready” / “Sensor Defect” message

Once initialization is completed the device begins normal mode operation, which continues as long as the supply voltage re-
mains within the specified limits.

e ML mm |

lipLE
—»! POR !4—INIT 14— INIT2———p INIT3 !4— NORMAL MODE

v

v

Figure 24. PSI5 Sensor 10-Bit Initialization

During PSI5 initialization, the device completes an internal initialization process consisting of the following:
» Power-on Reset
» Device Initialization
» Program Mode Entry Verification
» Offset Cancellation Initialization (2 Stages)
» Self-Test

Figure 25 shows the timing for internal and external initialization.

A
| | |
PSI5 Initialization PSI5 Initialization PSI5 Initialization PSI5
Phase 1 | Phase 2 | Phase 3 | Normal Mode
[ ——— tpsis NT2 ﬁ< tpsis_INIT2 #i< tPSlsLlNlTs—PI
I | I
I
POR ! ! self-Test ' Self-Test ' Self-Test ' Self-Test :
Internal | Offset Cancellation| Offset Cancellation| Raw Offset | Deflection |Normal Data | Repeat |
Delay Stage 1 Stage 2 Calculation | Verification | Calculation | (If Necessary)
€ UNT_INIT —>|<— toc1 —>|<— tocz —>|<— tsT1—p €— tsT2—P ¢— IsT3—P 4— ST_RPT *tgr
| | | | | | |
1 | | | | | | >
Figure 25. Initialization Timing
MMAS51IXxxAKW

Sensors
Freescale Semiconductor, Inc. 29



4.4.1 PSI5 Initialization Phase 1
During PSI5 initialization phase 1, the device begins internal initialization and self checks, but transmits no data. Initialization
begins with the sequence below and shown in Figure 25:
+ Internal Delay to ensure analog circuitry has stabilized (1 niT)
» Offset Cancellation phase 1 Initialization (tgcq) -
» Offset Cancellation phase 2 Initialization (tgco)

4.4.2 PSI5 Initialization Phase 2

During PSI5 initialization phase 2, the device continues it's internal self checks and transmits the PSI5 initialization phase 2
data. Initialization is transmitted using the initialization data codes and IDs specified in Table 9, and in the order shown in
Figure 26.

D1 D2 D32
ID1, | D1, | ID1, | D1, | | D1}, | D1, | ID2; | D2, | ID2, | D2, | | D2y | D2 | ... |0321| D321|ID322| D322| ||032k| D32y
Repeat k times Repeat k times Repeat k times

Figure 26. PSI5 Initialization Phase 2 Data Transmission Order (10-bit Mode)

The Initialization phase 2 time is calculated with the following equation:

= TRANS x k x (DataFields) x t

PHASE?

NIBBLE ASYNC
where:
* TRANSygg e = # of Transmissions per Data Nibble
2 for 10-bit Data: 1 for ID, and 1 for Data
- k = the repetition rate for the data fields
+ Data Fields = 32 data fields for 10-bit data
MMAS1xxAKW
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4421 PSI5 Initialization Phase 2

In PSI5 initialization phase 2, the device transmits a sequence of sensor specific configuration and serial number information.
The transmission data is in conformance with the PSI5 specification, Revision 1.3. The data content and transmission format is
shown in Table 8 and Table 9. Times are calculated using the equation in Section 4.4.2.

Table 8. Initialization Phase 2 Time

Operating Mode Repetition Rate (k) # of Transmissions Nominal Phase 2 Time
Synchronous Mode (500 us) 4 256 128.0 ms
Table 9. PSI5 Initialization Phase 2 Data
Field 1D # | Nibble 1D #| Address | Address | Register Adress Description Value
F1 D1 0000 Hard-coded Protocol Revision = V1.3 0100
F2 D2, D3 0001, 0010 Hard-coded Number of Data Blocks = 32 0010 0000
F3 D4, D5 0100, 0110 MFG_ID Manufacturer 1D 0100 0110
F4 D6, D7 0101, 0110 Hard-coded Sensor Type = Acceleration (high-g) 0000 0001
D8 0111 Factory Programmed Axis 0000
+60g: 0111
> D9 1000 312183 183(1) Range Varies
0 +480g: 1010
F6 D10 1001 DEVCFG2[7:4] Sensor Specific Information 0000
D11 1010 DEVCFG2[3:0] Sensor Specific Information 0000
D12 1011 Hard-coded Product Revision Factory
F7 D13 1100 Hard-coded Product Revision Factory
D14 1101 DEVCFG6[3:0] Product Revision 0000
D15 1110 0001
F8 D16 1111 Factory Programmed 0010
D17 0000 0000
D18 0001 0000
D19 0010 SNO (High Nibble) MMAS51xx Serial Number Factory
D20 0011 SNO (Low Nibble) MMAS51xx Serial Number Factory
D21 0100 SN1 (High Nibble) MMAS51xx Serial Number Factory
D22 0101 SN1 (Low Nibble) MMAS51xx Serial Number Factory
D23 0110 SN2 (High Nibble) MMAS51xx Serial Number Factory
D24 1 0111 SN2 (Low Nibble) MMAS51xx Serial Number Factory
Fo D25 1000 SN3 (High Nibble) MMAS51xx Serial Number Factory
D26 1001 SN3 (Low Nibble) MMAS51xx Serial Number Factory
D27 1010 0000
D28 1011 0000
D29 1100 0000
Factory Programmed
D30 1101 0000
D31 1110 0000
D32 1111 0000
MMAS1IxxAKW
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4.4.3 Internal Self-Test
During PSI5 Initialization Phase 2 and Phase 3, the device completes it's internal self-test as described below and shown in
Figure 25.
» Self-Test Phase 1 - Raw Offset Calculation
— The average offset is calculated for tg, (Self-Test Disabled).
» Self-Test Phase 2 - Self-Test Deflection Verification
The offset cancellation value is frozen for tgt, + 2ms
Self-Test is enabled
After tg1,/2, the acceleration output value is averaged for tg7,/2 to determine the self-test value
The self-test value is compared against the limits specified in Section 2.5
— Self-Test is disabled
» Self-Test Phase 3 - Self-Test Normal Data Calculation
— The average offset is calculated for tg3
— If Self-Test passed, the device advances to normal mode
— If Self-Test failed, the device repeats Self-Test Phases 1 through 3 up to ST_RPT times.

4.4.4 Initialization Phase 3

During PSI5 initialization phase 3, the device completes its internal self checks, and transmits a combination of “Sensor Busy”,
“Sensor Ready”, or “Sensor Defect” messages as defined in Table 7. Self-Test is repeated on failure up to ST_RPT times to pro-
vide immunity to misuse inputs during initialization. Self-Test terminates successfully after one successful self-test sequence.

Table 10 shows the nominal Initialization Phase 3 times for different self-test repeats. Times are calculated using the following
equation.

(tnTingT Hloct T loco T (Istq ttgtp +Is73) X (STRPT + 1)) — (tpg 5 inim1 * tpsisiniT2xx)

lesisiNiTs = ROUNDUP( +2) XtasyNe

tasyne
Table 10. Initialization Phase 3 Time
Operating Mode Self-Test # of Sensor Busy | # of Sensor Ready or Sensor | Nominal Phase 3
P 9 Repetitions Messages Defect Messages Time (ms)
0 2 0.91
1 423 96.90
. 2 844 192.89
10-Bit Asynchronous Mode 0 (228 ps) 2
3 1265 288.88
4 1686 384.86
5 2107 480.85
45 Error Handling
45.1 Sensor Defect Message
The following failures will cause the device to transmit a “Sensor Defect” error message:
Error Condition Error Type
Offset Error Temporary (Normal transmissions continue once offset returns within limits)
Self-Test Failure Latched until reset
IDEN_B, IDEF_B flag cleared Latched until reset
4.5.2 No Response Error
The following failures will cause the device to stop transmitting:
Error Condition Error Type
Under-Voltage Failure (V) Temporary: Normal transmissions continue once voltage returns above failure limit)
MMAS1IxxAKW

Sensors
32 Freescale Semiconductor, Inc.



5 Package

51 Case Outline Drawing
Reference Freescale Case Outline Drawing # 98ASA00090D
http://www.freescale.com/files/shared/doc/package_info/98ASA00090D.pdf

5.2 Recommended Footprint
Reference Freescale Application Note AN3111, latest revision:

http://www.freescale.com/files/sensors/doc/app_note/AN3111.pdf

MMAS1xxAKW

Sensors

Freescale Semiconductor, Inc. 33
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0 09/2012 « |nitial release.
MMASI1IxXAKW

34

Sensors
Freescale Semiconductor, Inc.



How to Reach Us:

Home Page:
freescale.com

Web Support:
freescale.com/support

Document Number: MMA51xxAKW

Rev. 0
09/2012

Information in this document is provided solely to enable system and software
implementers to use Freescale products. There are no express or implied copyright
licenses granted hereunder to design or fabricate any integrated circuits based on the
information in this document.

Freescale reserves the right to make changes without further notice to any products
herein. Freescale makes no warranty, representation, or guarantee regarding the
suitability of its products for any particular purpose, nor does Freescale assume any
liability arising out of the application or use of any product or circuit, and specifically
disclaims any and all liability, including without limitation consequential or incidental
damages. “Typical” parameters that may be provided in Freescale data sheets and/or
specifications can and do vary in different applications, and actual performance may
vary over time. All operating parameters, including “typicals,” must be validated for each
customer application by customer’s technical experts. Freescale does not convey any
license under its patent rights nor the rights of others. Freescale sells products pursuant
to standard terms and conditions of sale, which can be found at the following address:
freescale.com/salestermsandconditions.

Freescale, the Freescale logo, AltiVec, C-5, CodeTest, CodeWarrior, ColdFire, C-Ware,
Energy Efficient Solutions logo, Kinetis, mobileGT, PowerQUICC, Processor Expert,
QorlQ, Qorivva, StarCore, Symphony, and VortiQa are trademarks of Freescale
Semiconductor, Inc., Reg. U.S. Pat. & Tm. Off. Airfast, BeeKit, BeeStack, ColdFire+,
CoreNet, Flexis, MagniV, MXC, Platform in a Package, QorlQ Qonverge, QUICC
Engine, Ready Play, SafeAssure, SMARTMOS, TurboLink, Vybrid, and Xtrinsic are
trademarks of Freescale Semiconductor, Inc. All other product or service names are
the property of their respective owners.

© 2012 Freescale Semiconductor, Inc.

<.

Z“freescale


http://www.freescale.com/salestermsandconditions

