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1 Introduction

The document introduced how to design an electronic compass into a smartphone. A smartphone
magnetometer measures the sum of the geomagnetic field plus magnetic interference generated by
ferromagnetic components on the smartphone PCB. This interference contains permanent hard iron and
induced soft iron components. These components may contain different materials from different
suppliers. So the recommendations provided by the document are for reference only. Therefore, the
designs may vary in each actual project.
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2 Magnetic Field Of The Smartphone

The magnetic field contains the geomagnetic field and magnetic interference generated by
ferromagnetic components on the smartphone PCB. The magnetometer is based on the geomagnetic
field test to determine the direction. Therefore, engineers should place the magnetometer away from
sources of magnetic interference on the smartphone PCB to minimize the interference of hard iron and
soft iron.

2.1 Hard Iron Interference

Hard iron magnetic fields are generated by permanently magnetized ferromagnetic components on the
PCB, such as bar magnet. Figure 2.11 shows magnetic measurements result with no interference.
Figure 2.12 shows magnetic measurements result with hard iron interference. We can found hard iron
interference only shift the center of the circle away from the origin and not distort the shape of the circle.

unitfg
o um't/’g ’ L | ’ ’
v 03 02 01l 0 01 02 B3 04 05
Figure 2.11: No Interference Figure 2.12: Hard Iron Interference

2.2 Soft Iron Interference

Figure 2.21 shows magnetic measurements result with both hard iron and soft iron interference.
Because hard iron interference only shift the center of the circle away from the origin and not distort the
shape of the circle, soft iron interference can warp the circle into an elliptical shape.
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2.3 PCB Currents Interference

83

unit/g

Figure 2.21: Hard Iron And Soft Iron Interference

Fixed currents will generate fixed magnetic field, therefore, fixed currents is equal to hard iron.
Calibration program may attempt to remove these fields inference, but the best way is to minimize these
fields inference. We have the measured data on the current trace in the PCB.

2.4 Material Selection

Battery Working

Magnetic Strength (Gauss) vs Current Line

Current on the wire 0.5cm lcm away

0 0.46 0.46 0.46
100 0.52 0.48 0.47
200 0.59 0.51 0.49
300 0.70 0.54 0.50
400 0.79 0.57 0.51
500 0.90 0.58 0.53
600 1.0 0.61 0.54

Table 2.31: Magnetic Field of the current trace
But usually, the current is not constant in the phone, it is always changing. The changing current will

make a lot of noise. That means calibration will need more time and the heading error will be worse. We
will give the safety distance of a changing current in Chapter 4.

Materials using iron, cobalt, nickel and their alloys when unmagnetized belong to soft iron interference,

when magnetized belong to soft iron and hard iron interference.

Materials that can be placed in the proximity of the magnetometer include brass, aluminum, copper, gold,
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silver and titanium.

2.4.1 Magnetic Measurements Of Material

7.2 Gauss [ —= == Z /
. o : 25Gauss

/

Figure 2.4.11: Magnetic Measurement of Figure 2.4.12: Magnetic Measurement of the
Loud Speaker magnetized keypad metal dome

=
o

Figure 2.4.13: Magnetic Measurement of Camera Figure 2.4.14: Magnetic
Measurement of Bar magnet
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Figure 2.4.15: Magnetic Measurement of Figure 2.4.16: Magnetic Measurement of Mini USB
SIM card slot
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Figure 2.4.17: Magnetic Measurement of Screw Figure 2.4.18: Magnetic Measurement of
Headphone Jack
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2.4.2 Magnetic Measurements Of Smartphone
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Figure 2.4.21: The magnetic measurements of smartphone
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3 PCB Layout Considerations

Rule 1 Get proper distance from the variable magnetic source.
The magnetic sensor is designed to measure the static magnetic field strength, such as
geomagnetic field in e-compass application, which is consistent & static along the time.

In electronic device like cell phone, there are also some internal static magnetic field strength come
from some components that are nearby the magnetic sensor. Those static magnetic field strengths
will also attract the magnetic sensor as well as the geomagnetic field. In actual e-compass
application, those internal magnetic strength offsets could be eliminated as long as the e-compass
algorithm is running for calibration, which will make the e-compass accurate to detect the
geomagnetic orientation correctly.

Some components, such as speaker, vibrator, auto-focus camera module, will generate variant
magnetic field strength when they are working. Those magnetic strengths are not consistent, so the
e-compass calibration algorithm will not be able to calibrate them correctly. So when then those
components and e-compass are working together, the accuracy of e-compass will be affected.

Therefore, the magnetic sensor need keep a safety distance from those components that will
generate variant magnetic strength.

Rule 2 The magnetic field should be in the sensor’s best linearity range.
Generally, the magnetic field can not beyond the sensor’'s measurement range. If the magnetic field
beyond the measurement range, the sensor’s reading will not accurate enough due to the linearity
error is out of control.

Rule 3 Can not block the geomagnetic field from the sensor.
If the geomagnetic field cannot completely reach the magnetic sensor, the accuracy of e-compass
will be affected.
Generally the soft-iron materials can change the direction of the magnetic field. If we use the
soft-iron materials cover the magnetic sensor, the geomagnetic field will be changed direction by the
soft-iron component and cannot completely reach the magnetic sensor.
The soft-iron can be magnetized by the other magnetic field, when the external magnetic field is
removed, the soft-iron’s magnetic field will disappear by time. For example the pure iron, Fe-Si alloy,
Fe-Al alloy, permalloy, ferrite bead and so on. Different materials have different magnetic field
disappear time, some materials can have a over 20 Gauss magnetic field for over 10 minutes. The
same material will have different magnetic fields in different area, the edge area and the bent area
will have bigger magnetic field than the middle area and the flat area.

January 5,2016 MEMSIC Property & Confidential Page 10 of 29

MEMSIC Inc. Address:No.2 Xinhuihuan Road,Wuxi New District, Wuxi, Jiangsu
Tel: +86-510-66616668, Fax: +86-510-66616669 http://www.memsic.com




Doc ID

Header Description

AN-200-20-0001

MEM%>

Magnetic Sensor Hardware Design Layout Guideline

4 Safety Distance

Notes:

Magnetic Parts Safety Distance(mm) Level Reason
Loud Speaker 15~20mm Prefer! Rule1&2
Voice Receiver 18~23mm Prefer Rulel&?2
Vibrator 20~25mm Prefer Rulel&?2
Camera 15mm Prefer Rule2
100mA current trace 12mm Prefer Rulel
10mA current trace 8mm Prefer Rulel
10mm (7mm for Recommendation
Shield Case® compromise®) 2 Rule2&3
SIM Card Holder 8mm (6mm for compromise) |Recommendation| Rule2
0603 Capacitor 8mm (6mm for compromise) |Recommendation| Rule2
Keypad Metal Dome 10mm Prefer Rule2
2032 cell battery 8mm Prefer Rule2&3
AA battery 15mm Prefer Rule2&3

Table 4.1: Safety Distance with Magnetic Parts

Prefer means if the distance is less than the safety distance, the eCompass performance may
be reduced.

Recommendation means those parts will not impact the eCompass performance. The closer
placement only increase the internal magnetic field strength, it can be calibrated to zero by the
algorithm. But we recommend to keep a bigger distance if the space is free.

The material of the shield case is SUS304 as the reference here. We have a sample phone
using the SUS304 and covered the magnetic sensor. SUS304 is a low magnetic field stainless
steel. After the cold mechanical process, it will generate the magnetic field. So do not use the
cold mechanical process area to cover the magnetic sensor. But we are not always know the
material of the shield case, in case of the shield case contain the soft-iron, we do not
recommend covering the magnetic sensor by the shield case.

Compromise means if there is no more space to meet the recommended distance, we can use
this value. This only increased the internal magnetic field, it can be calibrated to zero by the
algorithm.

Most of the materials above will both have hard iron and soft iron effect. The magnet has hard
iron effect only. If some materials have only hard iron effect, the effect should better less than 8
Gauss.

We only tested 10mA and 100mA current trace. If the current is higher, the distance should be
bigger.

Some materials, like the metal supporting LCD, can have an over 20 Gauss magnetic field after
magnetized in the edge area, so the magnetic sensor should better be away from these area.
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5 Shield Can Analysis

Cover the magnetic sensor is not recommended.
If there is no choice but to cover the magnetic sensor by shield can, following rules can be followed
initially. But the test must be performed to evaluate the real shield can interference.

5.1 SUS304

A flat piece of SUS304 stainless steel can not be magnetized.
If the SUS304 was bent to a 90 degree or a wave shape, the bent area can be magnetized.
The magnetic sensor should keep the safety distance with the bent area.

Shield Can (SUS304)

Magnetic Sensor Magnetic Sensor
< 4 Gauss ‘: 0 < 4 Gauss
AR

Figure 5.1: Placement IN/OUT the Shield Can
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Shield Can (SUS304)

Magnetic Sensor Magnetic Sensor
< 4 Gauss < 4 Gauss

Figure 5.2: Placement in the Shield Can

Shield Can (SUS304)

Magnetic Sensor
< 4 Gauss

Figure 5.3: Magnetic Sensor do not Need the Protect of Shield Can
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5.2 SUS301

The whole SUS301 material can be magnetized.
The magnetic sensor should keep safety distance with the whole SUS301 shield can.
SUS301 is not recommended to be the shield can with magnetic sensor together.

Shield Can (SUS301)

Magnetic Sensor ! Magnetic Sensor
< 4 Gauss <4 Gauss

Figure 5.4: Placement IN/OUT the Shield Can

Shield Can (SUS301)

N/

Magnetic Sensor
< 4 Gauss

Figure 5.5: Placement in the Shield Can
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Shield Can (SUS301)

Magnetic Sensor
< 4 Gauss

Figure 5.6: Placement beside the Shield Can

January 5,2016 MEMSIC Property & Confidential Page 15 of 29

MEMSIC Inc. Address:No.2 Xinhuihuan Road,Wuxi New District, Wuxi, Jiangsu
Tel: +86-510-66616668, Fax: +86-510-66616669 http://www.memsic.com




Doc ID Header Description
: P — MEM%>
AN-200-20-0001 Magnetic Sensor Hardware Design Layout Guideline

6 Compatible design

6.1 MMC35240P)

6. 1. 1MMC35240PJ Pin Description: BGA Package

Pin Name Description le]
Al TEST Factory Use Only, Leave Open/Not connected NC
A2 NC Not Connected NC
A3 SCL Serial Clock Line for I°C bus |
A4 SDA Serial Data Line for I°C bus /0
Bl VCAP Power Supply for SET/RESET Caoill P
B3 NC Not Connected NC
B4 Vop Factory Use Only, Leave Open NC
C1 VSA Connect to Ground P
Cc2 NC Not Connected NC
C3 NC Not Connected NC
Cc4 VDD Power Supply P
D1 NC Not Connected NC
D2 NC Not Connected NC
D4 NC Not Connected NC
6. 1. 2MMC35240PJ BGA package
[mm]

z Y
i 14x20.20
1 2 3 4 d: ARy

A & O ® o |
B ® ® ® @13
c| OX ® @@ ot
() ) ()-— .' |
D |; % l‘r i
(TOP VIEW) fddalal |
[SRE S 7 '
|
(BOTTOM VIEW)
Ponn?, |
S
z ==
(SIDE VIEW) <
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Recommend land pattern [mm]
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W @ | O

ﬁfq$;9ﬂél

14104104
|

6. 1. 3MMC35240PJ application circuit

Power | [ Powerll | [ Power! | | Power || |

SACICIC)

®E®®

©.0
He' 06 —e
PEOGH | 10666\
Tlee el | «Tllee e L
3 s

For NC pins, they can be connected to VDD or Ground directly.

For Test and Vpp pin, we suggest to keep these pin floating.

If Test pin is connected to GPIO directly. Customer need to configure the GPIO into the input or high z
pin.

See the following table for operating in different supply modes.

Power Supply Dual Suppl Single Suppl

Options pply g pply

Power | 26V-36V N/A

Power I 1.62V-198V 1.62V-198V
Connected to Ground

VCAP Connected to Power |
through a 4.7 uF Cap
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6.1.4Compatible design for MMC35240PJ and AK8963C/AK09912

viD vDD
power 1.65 to 1.98v power 2.6to 3.6v
CAD1 CADO _address
VES Vao 503116%Mmm
Vv /
Host CPU VDD VSS 0001110RW
VDD VDO 0001111RW
Power for f +—eo
GPIB L
ST @ @ ) 1.0uf
b 4.7uf
-@ TRG) {18T1 @- H
o o O &
-.“so $ Rsv : VOO
® 6@ e
Fcn
B 3| 2' 1
Interrupt
AK8963C/AK09912 MMC35240P)

I/O | Description

Name

Name

Description

I/0

I | Chip select pin for 4-wire SPI CSB A2 NC [ Not Connected NC
I | Control data clock input pin SCL A3 SCL | Serial Clock Line for I2C bus I
I/O | Control data input/output pin SDA A4 SDA | Serial Data Line for I12C bus I/O
_ | Analog Power supply pin. VDD Bl Vcap | Power Supply P
Reserved RSV B3

O | SPI Mode: serial data output pin SO B4 Vpp | Factory Use Only, Leave Open NC

_ | Ground Pin VSS Cc1 VSA | Connect to Ground P
Test Pin, No connected or

@] TST1 C2 NC | Not Connected NC
connect to VSS

I | External trigger pulse input TRG C3 NC [ Not Connected NC
Digital interface positive power

_ . VID @) VDD | Power Supply for I12C bus P
supply pin

I | Slave address input pin CADO D1 NC | Not Connected NC

I | Slave address input pin CAD1 D2 NC | Not Connected NC
Reset pin. Connect to VID when

I . RSTN D4 NC | Not Connected NC
not in use

Note: If MMC35240PJ’sTest pin is connected to interrupt pin of MCU, the interrupt pin needs to be

configured to input or high z.
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6.1.5Compatible design for MMC35240PJ and MMC3516XPJ

| Powerl |

4.7 yF

The range of power supply:

| Powerll |

1.0 pF

6.1. 6Compatible design for MMC35240PJ and MMC3416XPJ

Power Supply Options Dual Supply
Power | 26V-36V
Power Il 1.62V-198V

Power | Power I
O
Lo
@11
4.7 uF @
SIGIDISD
— 47uF [ 1.00F
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The range of power supply:

Power Supply Options Dual Supply
Power | 26V-36V
Power Il 162V -198V
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6.2 MMC3530K)J

6. 2. 1MMC3530KJ BGA package

[mm]

Unit:mm
A r ; '.:*g.l
wo |l <T@ @ & ¢
B e e 2 ©|| B
- x . Y | ‘
| A He @ o A
R o — el
13 2 1 1 2 3
(TOP VIEW) (BOTTOM VIEW)

Pin compatible with AK09911

'

()
R -8

Vn144
a4

(SIDE VIEW)

Recommend land pattern

[mm]
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6. 2. 2MMC3530KJ application circuit

Power | Power Il I Power | I Power Il

3 TEST) (scL) (sDA) 5 | TEST (scL) (sDA

NC VPP ) 3 (Nc ) VPP
$—VcaR (vsa) (voo—9 - CAP (VsA) (vOD—4

I :
A B c A 8 c

. i it o f 1h .

4 ¥ 10 uF A7 106

Connection When Using External Supply Connection When Using Internal Charge Pump

For NC pins, leave them open
For Test and Vpp pin, leave them open
See table below for operation in different supply modes

Power Supply :

Options Dual Supply Single Supply

Power | 26V-36V N/A

Power || 1.62V-198V 1.62V-198V
Connected to

VCAP Connecteclj 'O FoweE Ground through a
4.7 uF Cap
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6. 2. 3Compatible design for AK09911 and MMC3530KJ

Vi

POWER 165V w 1.98v

VI
POWER 26w 10 3.6V

Huost CTPT]

Fower for I/F 4

GPRIO

F 3

I'C IF

1uF

AR address
VA5 e 1 10 g R
VDD 0110 RW
Pins of dot circle should be kept non conncctod.
AK09911 MMC3530K)J
I/O | Description Name | Pin | Name | Description I/O
P | Positive power supply pin VDD | Al | VCAP | Power supply for set/reset coil | P
I | Slave address input pin CAD | A2 NC | Not Connected NC
I/O | Test pin TST | A3 | TEST | Factory use only NC
P | Ground pin VSS | B1 | VSA | Connect to ground P
Control data clock input pin SCL | B3 | SCL | Serial Clock Line for I2C bus
P | Digital interface positive power supply pin | VID | C1 | VDD | Power supply P
I/O | Control data input/output pin SDA | C3 | SDA | Serial Data Line for I12C bus I/0

Note: If MMC3530KJ’s VPP pin is connected to GPIO of MCU, the GPIO needs to be configured to input

or high z.
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6.2.4Compatible design for YAS537 and MMC3530KJ

1.8V

1.8V VDD18 INT
. soL Host CPU
(I2C Master)
VSS VSS SDA L} L
1 YAS537
2.6V-3.6V VDD
— .
I2C Device
@
I2C Device
YAS537 MMC3530KJ
I/O | Description Name Pin Name | Description I/0
P | power VDD | 1A/A1 | VCAP | Power supply for set/reset coil | P
- | N.C. NC 2A/A2 NC Not Connected NC
P | Ground pin VSS 1B/B1 | VSA | Connect to ground P
I 12C serial clock SCL 3B/B3 SCL | Serial Clock Line for I12C bus I
P | power VDD18 | 1C/C1 | VDD | Power supply P
- | N.C. NC 2C/C2 | VPP | Factory use only NC
I/0 | 12C serial data SDA 3C/C3 | SDA | Serial Data Line for I2C bus I/0

Note: If MMC3530KJ’sTest pin is connected to interrupt pin of MCU, the interrupt pin needs to be

configured to input or high z.
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6.3 MMC3316xMT

6. 3. 1MMC3316xMT LGA package

[mm]
(TOP VIEW) (BOTTOM VIEW)
Pin 1 marking 1 0X0. 26 £0. 05
S
/10 9 S| SDA | VSA
+ ‘
on | VDD ¥or—
1 JN - 2 _
- o (e
2 o S 7 =2 sa-t Lvept | H
LN 2 1
3 6 CAP ‘ ILsf—' -
4 5 3%0. 59
(SIDE VIEW) 1. 56%0. 05
L 2.0%0.1
S
+l
Recommend land pattern
[mm]
210X0. 3+0. 05
o
o
-+
0 VDA VSA | SDA VDD ——
S | P
- o
S VPP seirt- H .
| e
TEST |[c+ |[c-| Capjl_—
3X0. 52
1. 56 0. 05
2.0%+0.1
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6. 3. 2MMC3316xMT application circuit

Power 11
| Power | | i
l\’D.-\l \'SAI ‘Sl).‘\ \'l)I:I
O

S

g
|
W

£

The range of power supply

(Top View)
Power Supply Options Dual Supply
Power | 162V-386YV
Power I 162V-386YV
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6.4 MMC3630K)

6. 4. 1MMC3630KJ BGA Package

. 12030.05 0.40,0.40
|
S x x| S
ol =
Yo = A e ® ® A
3 2 1 11 2 3
X. ?0.21£0.05
Z (TOP VIEW) (BOTTOM VIEW)
0.50x0.07
7 1
0.14£0,07
(SIDE VIEW)
Land pattern
Unit:mm
TN N Y
\_/ (_/ \_/g [
a MO
‘\,) \_
N N
‘\_J %j \P
7023~ 10,40
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6. 4. 2MMC3630KJ application circuit

! VIO + VID+
J|:-‘:,,.,.,‘,-,.=_r | 27K power | 27K 27K+ power I
2 6~3.6v¢ 1.62~3.6V+ 1.62~3.6V+
Jm®@® @ @ @
' +
e ® |® 1 ®
) 3 @ O Q 1 @ VDD
) B+ C+ A C+
: “'_"”FI I I I 1.0.F 4.7uF | 1.0uF
J V
Dual supply connection Single supply connection
F’ou{;s:jrti?njgply Dual Supply Single Supply
Power | 2.6V ~3.6V NA
Power Il 1.62V~3.6V 1.62V~3.6V
Connected to Connected to
VVCAP Power | Ground through &
4.7 uF Cap
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6.4. 3Compatible design for AK09911 and MMC3630KJ

VI
POWLER 165V w Vdd

Vi
POWLR 2.8V w36V

Host CI'U
Power for I/F ;
GPIO I —— UigF
w
C IIF %TF
:@ vss H— \i/ 1 L
157 (can) (vop -
3 2 1
E‘Il!"' ldd': . ..I ‘.t
VSS 0001 100RW
VDD 0 001101 RIW
Pins of dot circle should be kept non-connected.
AK09911 MMC3630K)J

I/O | Description Name | Pin | Name | Description I/0

P | Positive power supply pin VDD | Al | VCAP | Power supply for set/reset coil | P

I | Slave address input pin CAD | A2 NC | Not Connected NC
I/O | Test pin TST | A3 | NC | Not Connected NC

P | Ground pin VSS | B1 | VSA | Connectto ground P

I | Control data clock input pin SCL | B3 | SCL | Serial Clock Line for I2C bus I

P | Digital interface positive power supply pin | VID | C1 | VDD | Power supply P
I/O | Control data input/output pin SDA | C3 | SDA | Serial Data Line for I12C bus I/0

Note: If MMC3630KJ’s INT pin is connected to GPIO of MCU, the GPIO needs to be configured to input.
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