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§ 1. Features and Benefits

+ Single chip solution with small package

* Brand-new detection principle — operating both on the

vertical and horizontal magnetic fields

* Dramatically improved mounting flexibility

+ ‘Pitch free’ — ideal two phase signal is given regardless

to the magnetic pole pitch and/or air gap (a) AK8775.”AK8776 (b) AK8777B.~AK8778B

Figure 1. Packages of the onechip encoder
ICs

§ 2. Comparison with conventional system

In the conventional rotary incremental encoder /[Conventional system] \
system, two magnetic sensors such as Hall effect

latches are utilized. Each output of these sensors
are called A-phase signal and B-phase signal. The
system detects the amount of rotation and direction

Direction of
Magnetize

by these two signals. To detect the correct rotation HICA—__~_, —HICB
direction, these two pulses should have in 90

degr.ee.s out of phase r.elatlons.hlp. This means a OUTA (HIC A)_I_LI_LI_LI_L
restriction on the mounting position of the sensors

depends on the magnetic pole pitch and air gap -

one sensor should be placed in front of the center OUTB (HIC B)-I—I_LI_I—I_I—I_I

of the magnetic pole and another should be placed
in front of the border of N-pole and S-pole.

On the other hand, AK877x series Onechip
encoder ICs are free from such a restriction if the [New system]
sufficient magnetic flux density is applied. It fits with
various pitches of magnets as well as dramatically
improved mounting position flexibility. Single chip
solution makes the mounting area as half as
conventional systems and reduces current

|
consumption drastically. OUTA
(AK8775/AK8777B) _|_|_|_|_|_|_'—L

7rre L LU
(AK8775/AK8777B) |

(AK8776/AK8778B)

Direction I—I
&AK8776/AK87788) /

Figure 2.Rotary encoder system and its output

Direction change
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< Electrical angle, Mechanical (rotation) angle and 90° of phase difference

On the multipolar magnet, the electrical angle is a phase angle which is 360° constituting in one
complete cycle. Electrical angle and mechanical angle are different except in case of the two pole
magnet.

For example with six pole magnet, the magnetic flux density B, which is Z-axis component at the
observation point where is neighboring point of its surface (Figure 3.(a)) fluctuates as shown in
orange waveform of Figure.3(b). If the magnet rotates 360° from the initial position mechanically, the
mechanical angle is 360° and electrical angle is 1080°. In other words, The 360° of electrical angle is
equivalent to 120° in mechanical angle. Hence the electrical angle is converted by multiplying the
mechanical angle by number of pole pairs or half number of poles:

electrical angle = mechanical angle x number of poles + 2.

The green waveform on Figure 3.(b) has same shape but a quarter period of delay from orange
waveform. They are in the ‘90 degree of phase difference’ relationship and it is important factor in the

two-phase incremental encoder system. Because in this relationship, the distance in time between
two signal is maximum and it is the ideal condition in order to avoid misdetection in rotation detection.

Electrical 360° Electrical 90°(%4 of

NAAVIAV

/N

Magnetic flux density

E Electrical .
L s 60° i
Z i Lé—‘ﬁobsewation i
Magnetize ’ >,
‘ way point Mechanical 360° !
X
(a)Six pole magnet and (b)Waveform of magnetic flux density against
observation point electrical angle and mechanical angle

Figure 3. Electrical angle and Mechanical angle
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§ 3. Mounting flexibility of the Onechip encoder IC

AK877x series Onechip encoder IC provides not only the function of detection both of the amount of
movement and direction with single chip but also dramatically improved the mounting position
flexibility. As shown in Figure 4.(b), the mounting position is not restricted just underneath the magnet.
Furthermore, (c) configuration is also possible. These mounting position flexibility features help in the

reduction of module dimension, thickness, weight and production cost.

Easv to install with Not necessary to Able to be placed side
narr)éw ole pitch install directly of the magnet for Slide position
polep underneath the reducing the thickness detection
magnet
magnet of the module

Figure 4. Example of mounting position layout

§ 4. Application of Onechip encoder IC

* Input devices )
DSCs, mobile equipment, Remote commanders, /

© 8 8- I=

(a) (b) (c) (d)

steering switches etc.
» Appliances and Industrial apparatus
Washing machines, flow meters etc.

* Automotive

Window lifters, power slide doors, sunroofs, grille (e)Pinch control for power windows

shutters etc.
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§ 5. Detection principle of One chip encoder IC

§ 5-1. Magnetic fields which are detected by One chip encoder IC

The One chip encoder IC is a Hall effect latch which detects both “vertical” and “horizontal”
(perpendicular and parallel to the branded side of the package) magnetic field. As the magnet rotates,
the zero-crossing point of vertical and horizontal magnetic field fluctuates by having 90 degrees of
phase difference. This phase difference is independent to a magnetized pitch of the magnet.
Furthermore, the phase relationship of vertical field and horizontal field depend on the direction of
rotation. Hence, the two phases of pulse which is the result of the detection of vertical and horizontal
field have 90 degrees out of phase in electrical angle.

The direction of rotation is given by referring the relationship of these two pulses — which pulse leads
or retards — so in principle, the misdetection of direction of rotation is hardly causes.

Rotation angle 0° Rotation angle 30° Rotation angle 60° Rotation angle 90°
L + A 7~ J‘( ¥ v )
() (X&) ¥ *'\me\ /o !

N TN N s Z T | 0

X —7 S ,=_£\‘ \“;-’ A v/ N rr"{N \‘ - \ y/ N ‘
(@) V(S ORP)) | =@z
.._-_,\ / /73 /' . \ z 4 7\ "_;;. ‘ i h %)
ha T & v + 7 : \
— . - B3
Vertical MFD: +Max Vertical MFD: O Vertical MFD: —Max Vertical MFD: O
Horizontal MFD: 0 Horizontal MFD: —Max Horizontal MFD: Horizontal MFD:+Max
orizontal

Figure.6 Magnetic flux line around the magnet and vertical / horizontal
MFD

g Vertical MFD Horizontal MFD
BopV, BopH === -=="™-"5 """t
Mechanical angle [deg.]
BrpV, BrpH ~= === % ™ el
0 9;0 15;0 570 > Electrical angle [deg.]
=A 90° phase difference (electrical angle)
<>
§ Signal A (Vertical)
:Signal B(Horizontal)
0 90 180 270 Electrical angle [deg.]

Figure 7.Vertical and Horizontal MFD, output signal vs. rotation angle
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§ 5-2. The relationship between the vertical and horizontal magnetic field in CW and CCW
rotation

The fluctuation behavior of vertical and horizontal magnetic field in rotation of the magnet is described
in this section. The vertical and horizontal magnetic flux density at an observation point is shown in
Figure 8 (CW: clockwise rotation case) and Figure 9 (CCW: counter-clockwise rotation case).
Comparing these two cases, the order of the fluctuating both of the vertical and horizontal flux
density is different. Initial status is same as ‘vertical field : +max , horizontal field : 0." In the CW
rotation, the magnetic field is changed into ‘vertical field : 0 , horizontal field : —max.” But on the
contrary, in the CCW rotation the magnetic field changed into ‘vertical field : 0 , horizontal field :
+max.” Thus the phase relationship between the vertical and horizontal magnetic field rely on the
direction of the rotation. And the order of transition of two phase pulse which is the result of the
detection of the magnetic field also depends on the direction of the rotation as shown in Figure 10

and Figure 11. Therefore, the direction of the rotation is given by referring the order of transition of
these pulses. 2

oG
=S A
Rotation angle 0° Rotation angle 30° %8 Vertical MFD Horizontal MFD
e T Y BopV, BopH--4---"--------------4--
N » Rotation
A 4‘ wa !"g A BrpV, BrpH --{- - ------ %l ------- angle [deg.]
A N L ’
> Electrical
A T £ angle [deg.]
5T® A
o C
59
= Vertical MFD :+Max  Vertical MFD : 0 o ?
(&
= Horizontal MFD : 0 Horizontal MFD :—Max
> > Electrical
) 0 90 angle [deg.]
Horizontal . . . . _ .
Figure 8. Fluctuation of vertical and horizontal magnetic field in CW
LD
hé é A
Rotation angle 0° Rotation angle 30° S X Vertical Horizontal MFD
== MFD
BopV, BopH----#5-------¢-------
»Rotation
BroV, BroH ____0_______3_% ______\___angle [deg.]
»Electrical
0 90 angle [deg.]
—_ A
> ®©
g5
‘" Vertical MFD :+Max Vertical MFD : O 8 7
Sa  Horizontal MFD : 0 Horizontal MFD :+Max
> 0 90 »Electrical
Horizontal angle [deg ]

Figure 9. Fluctuation of vertical and horizontal magnetic field in CCW

- ASAHI KASEI MICRODEVICES CORPORATION



. Mixed Signal & —=AZRA=
AsahIKASEI Sensor Solutions :_AKﬁi—':

§ 6. Block diagram and circuit description

» Block diagram of AK8775 / AK8776 and circuit description

C) BIAS < osC
v
I_ HE_DRIVE TIMING LOGIC
@)

_C) OUTA/F

CHOP_AMP COMP

CHOPPER_SW

LATCH & LOGIC

_C) OuTB/D

HALL SENSORS

Figure 10. Block diagram of AK8775 / AK8776
Table 1. Circuit description of AK8775 / AK8776

HALL SENSORS Two Hall elements fabricated by CMOS process.

CHOPPER_SW Perform chopping in order to cancel the offset of Hall sensor.

Amplifies two Hall sensor output voltage with summation and subtraction
CHOP_AMP

circuit.
COMP Hysteresis comparator.
BIAS Generates bias current to other circuits.
HE_DRIVE Generates bias current for Hall sensors.
OSsC Generates operating clock.
TIMING LOGIC Generates timing signal required for Chopper SW, AMP and COMP.
LATCH & LOGIC Logical circuits and CMOS output buffer.
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» Block diagram of AK8777B / AK8778B and circuit description

(O—— REGULATOR
BIAS osC
© w
VREG
] HEDRWE TIMING LOGIC
_—()OUTA/F
x O]
u =
o CHOP_AMP COMP o3
% z _—(outB/D
Z Jq
—
7
HALL SENSORS

Figure 11. Block diagram of AK8777B / AK8778B
Table 2.Circuit description of AK8777B / AK8778B

REGULATOR Generate internal operating voltage.
HALL SENSORS Two Hall elements fabricated by CMOS process.
CHOPPER_SW Perform chopping in order to cancel the offset of Hall sensor.
Amplifies two Hall sensor output voltage with summation and subtraction
CHOP_AMP .
circuit.
COMP Hysteresis comparator.
BIAS Generates bias current to internal circuits.
HE_DRIVE Generates bias current for Hall sensors.
0OsC Generates operating clock.
TIMING LOGIC Generates timing signal for internal circuits.
LATCH & LOGIC Logical circuits and open drain driver.
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§ 7. Operating principles

§ 7-1. Operating behavior against applied magnetic field

The Onechip encoder IC outputs the result of the detection of both vertical and horizontal magnetic
field. The AK8775 and AK8777B send out both of the result of detection directly to OUTA and OUTB,
and the AK8776 and AK8778B send out the tachometer pulse (F) and direction of rotation (D) signal
by processing of internal signal A (vertical) and B (horizontal).

As shown in Figure 12., in case of S pole vertical magnetic field is applied and the intensity of the
magnetic field i.e. magnetic flux density exceeds the operating point threshold BopV (Operating
Point / Vertical), the device turns on and OUTA (or internal signal A) goes low level. On the contrary,
N pole vertical field which is below the releasing point threshold BrpV (Releasing Point / Vertical),
the device turns off and OUTA (or internal signal A) goes high level.

Likewise, as shown in Figure 14, the device turns on and OUTB (or internal signal B) goes low level
when the horizontal S pole magnetic field which exceeds the operating point threshold BopH
(Operating Point / Horizontal) is applied from VSS and OUTB or F pin side. And in case of horizontal
N pole magnetic field which is below the releasing point threshold BrpH (Releasing Point /
Horizontal) is applied, device turns off.

u § OUTA / internal signal A

pé % % Bottom
Botton tt

11 114 BrpV BopV
N N
N pole 0 S pole
(a)AK8775/AK8776 (b)AK8777B/AK8778B . o .
Figure 13. Switching behavior of
Figure 12. Definition of vertical magnetic field OUTA /internal signal A
Line Marking Hine Marking OUTB / internal signal B
Top(Marking) VSS pin Top(Marking) ~— VSSpin i
—>, —»,
N 4 s N =7 S BhH
BrpH BopH
D pin OUTBYJF pin
Bottom Bottom N pole 0 S pole
(a)AK8775/AK8776 (b)AK8777B/AK8778B
) o _ o Figure 15. Switching behavior of
Figure 14. Definition of horizontal magnetic field OUTB / internal signal B
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§ 7-2. Operating behavior of F (pulse) and D (direction) in AK8776 / AK8778B

The pulse signal output F in AK8776/AK8778B is T.ab'eligr“tztable C;f'.”tefTaF'
generated by XORing of internal signal A and B. sighal A,B and oulput sigha

These internal signals A and B are also used to Internal Internal Output
generate the direction of rotation signal D by signal A signal B signal F

assessing which signal “leads” or “retards” the other.

The signal D is refreshed on every edge of F signal 1 1 1
therefore if the direction of rotation is changed, D 1 0 0
changes in the first transition timing of F pulse as
shown in Figure 16. 0 1 0
0 0 1
Vertical MFD N ;<Direction change

Horizontal MFD 4 g

Internal signal A | , —
(vertical) : L
Internal signal B h ‘ :
(horizontal) :
Output F 1 : 1 [
(pulse) ] ‘ : J J _‘

Output D ;
(direction)

Figure 16. The transition timing chart of internal signal A,B
and output F,D when the direction of rotation is changed
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§ 7-3. How the direction signal is decoded?

The direction of rotation is given by referring the relationship of internal signal A and B — which pulse
leads or retards — because it depends on the direction of rotation. In CW (clockwise) and CCW
(counter-clockwise) rotation, the signal A and signal B transfers as shown in Figure 17 and Figure
18. Four states | to IV which is the pairs of signal A and B is presented. On the CW rotation, the
state transfers as I->1l1-1lI-1V way but on the CCW rotation, the state transfers as I->VI-llI—ll way.
Therefore the direction is given by the order of state transition in previous states and current status.

Signal A i i i Signal A i i E
Signal B i : Signal B | i
State ! 1 10 1oq 1V State ¢ 1 1 IV oo
Figure 17. Transition of signal A and Figure 18. Transition of signal A and B
B in CW rotation in CCW rotation

Table 4. State of signal A and signal B (CW) Table 5.State of signal A and signal B(CCW)

State Internal Internal
signal A signal B

Internal Internal
State . .
sighal A signal B

I 0 0 I 0 0
Il 0 1 v 1 0
] 1 1 1] 1 1
\Y 1 0 Il 0 1

If the two phase of signal transfers simultaneously...

If the internal signal A and B transits simultaneously as
shown in Figure 19., it is an invalid transition. There is no
way to find out the direction of the rotation: in (0,0) —
(0,1 —» (1,1) or (0,0) —» (1,0) —» (1,1) transition. To
prevent such an invalid transition, the switching timing of
signal A and signal B should have large phase distance
which is ideal in ‘90 degrees out of phase in electrical
angle’. Signal B,

Signal A

Figure 19. Simultaneous
transition of two signals
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§ 8. How to utilize the Onechip encoder IC

§ 8-1. Pulse encoder design flow

The typical design flow of magnetic type pulse encoder is shown in Figure 22..

®Selection of the sensor

First, Select the sensor to fit the system requirements such
as supply voltage, operating temperature range, rotational

speed and output signal format etc..

@Selection of the magnet
Determine the dimension, number of pole, material,
magnetization direction of the magnet.

v

®Check the gap between the magnet and the sensor

\ 4
@Check the magnetic flux density applied to the sensor

MFED is insufficient

\ 4

Reconsider the magnet and gap

MFD is sufficient 4

®ls any part or object which is made of ferromagnetic
material around the sensor and magnet? If yes, check the
impact in MFD is large or not.

In case of large impact is expected

\ 4

Leave these ferromagnetic parts away
from the sensor and magnet, or use non-
ferromagnetic material on those parts.

Figure 20. Design flow of pulse encoders
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§ 8-2. Product line-up
The product line-up of Onechip encoder IC is shown in Table 6.

Table 6. Product line-up of Onechip encoder ICs
AKB8776

AK8778B

AK8777B

AK8775

4.0to 24V

Power supply 161055V
voltage ' '

Operating 30 to +85°C -40 to +125°C

temperature

Maximum
magnetic field 62.5Hz 4 kHz
frequency

Current .
consumption 90uA (in average)
A/B phase F/D

Output signal A/B phase F/D
put sig CMOS output CMOS output Open drain Open drain

3.0mA

Package
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§ 8- 3. Magnet

- Shape and magnetization direction

Firstly, the shape of the magnet should be determined so as to fit the application. For example,
magnet should be torus e.g. disc shape, donut shape as shown in Figure 21 (a), (b) or cylinder-like
shape in case of rotary encoders. Bar-shaped magnet like Figure 21 (c) is utilized for linear motion
detection.

Next, the magnetizing direction should be fixed. It relies on the position of the sensor. In case of the
sensor is placed beneath the magnet, the magnet should be magnetized axially (i.e. parallel to the

axle) as shown in Figure 21(a). If it is impossible to place there, place the sensor on the side of the
magnet which is magnetized radially (i.e. parallel to a radius) as shown in Figure 21 (b)

Rotational direction

Magnetization NS N Vertical magnetic field
direction N NS N
Vertical Horizontal
magnetic field Horizontal s magnetic field
d; magnetic field
(a)Axially magnetized magnet and (b)Radially magnetized magnet
sensor and sensor
Direction of movement
)
S N S N S N
N ] N i y N ]
!I\ W }v ll\ \V
= (c)Detection of slide motion with bar-shaped magnet

Figure 21. Example of configuration of magnet and sensor position

- Arrangement of direction of sensor

The Onechip encoder IC detects both of the vertical (perpendicular to the branded surface) and
horizontal (parallel to the branded side of package) component of magnetic flux density. So that, be
careful to arrange of direction of horizontal magnetic density. The horizontal magnetic flux density
should be applied to the sensor from the side of the package as shown in Figure 22 and 23.

)

”,

o7 ©
X X

Figure 22. Horizontal magnetic field which Figure 23. Horizontal magnetic field which
AK8775 /| AK8776 detects AK8777B /| AK8778B detects
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- Magnetizing of the magnet — number of poles, magnetizing direction

Then the number of magnetic poles should be chosen. It depends on the system that how many
pulses per rotation (PPR) are required. The AK8775/AK8777B sends out one pulse per one pair of
pole i.e. a set of N pole and S pole to OUTA and OUTB. And AK8776/8778B sends out one pulse
per pole i.e. on each N pole and S pole. So if four PPR is required, the magnetic ring should have
two pair = four poles in case of AK8775/8777B or one pair = two poles in AK8776/8778B.

It is possible to make large PPR magnetic encoder with the magnet which has a large number of
poles. However, the pole pitch which is inversely proportional to the number of poles is relevant to
the magnetic flux density (MFD). In that case, some measure might be required such as utilizing
much a thicker magnet, shorten the air gap between the magnet and sensor, reconsideration on
the material of magnet etc. in order to apply the sufficient MFD to the sensor. Since the sensitivity
of the Onechip encoder IC is +4mT at worst case as shown in Table 7, the applied MFD in both of

vertical and horizontal field should be larger than 4mT at its peak. But We recommend 8mT or
above to arrow for margin on mechanical and magnetic tolerance etc.

Table 7. Magnetic characteristics of Onechip encoder IC

AK8775/7AK8776 AK8777B./AK8778B
Min. Typ. Max. Min. Typ. Max.
Operating point of vertical BopV 15 40 0.1 17 4.0
magnetic field (mT) ’ ’ ’ ' '
Releasing point of vertical BrpV ) ) . ) ) )
magnetic field (mT) 4.0 1.5 4.0 1.7 0.1
Operating point of BopH
horizontal magnetic field (mT) 15 4.0 0.1 1.7 4.0
Releasing point of BrpH i i . i ) i
horizontal magnetic field (mT) 4.0 15 4.0 17 0.1
Magnetic fidx
density ) +Bmax in vertical MFD
N\ /_\

N1 . .
N N /7" +Bmax in horizontal MFD
! \ ! \ ! \
K ' K v N \
Il “ I’ \ ’I \ »
i ‘\ ’ ‘\ ! \ R 1
; \ ; \ / ‘ Rotation
] v/ v angle
, \ /, \ , g

7 \ /7

Figure 24. Peak magnetic flux density in both field
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- The aspect of vertical and horizontal magnetic field around the magnet(1)

Figure 26 shows the result of measurement of magnetic flux density versus rotation angle on the
torus shaped ferrite magnet which is shown in Figure 25 at 0.5mm of gap from the surface of the
magnet. The dimension of the magnet is $18mm in outer diameter, $13mm in inside diameter and
thickness is 2mm. It is magnetized in axially , eight poles. This magnet is hereinafter referred to as
‘magnet A’

The peak magnetic flux density in vertical and horizontal flux density is different. The peak MFD in
horizontal field BmaxH is approximately 100mT and vertical BmaxV is approximately 80mT. And
both of the waveform are far from sinusoidal wave, looks distorted peaky in horizontal and saturated
in vertical.

But it does not affect the accuracy in detection of Onechip encoder ICs. The sensitivity i.e. threshold
level in the both of vertical and horizontal field is +1.5mT typically on AK8775/8776 and +1.7mT on
AK8777B /| AK8778B. The switching operation of Onechip encoder ICs are performed on these
small levels of the magnetic field which is close to zero-cross point. So that the maximum flux
density and distortion of the waveform is not relevant to its switching operation.

2 mm

Magnetizing

B> ot
Eight pole = direction

axially

magnetized T gap=0.5 mm

B

thion Figure 25. Measured magnet ‘magnet A’

120

E 100

S

= 80

@ e M : ' ' ] " . Vertical MFD (Green)

C b i | | |

[} 40 = -

-c R

x

q_? 20 ~ +1.5mT(Bop)

o 0 -1.5mT(Brp)
© 20 _ _

c ' . j

> -0 NI HELT ST AYEY, Horizontal MFD (Blue)
s 1 Vo T

-60

-80

-100

120 T

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360
Mechanical rotation angle [deg.]

Figure 26. Measured magnetic flux density of magnet A
(R=7.75mm, gap=0.5mm)
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Magnetic Flux

Magnetic Flux
idensity [mT]

- The aspect of vertical and horizontal magnetic field around the magnet(2)

In this section, it is discussed that the aspect of fluctuation of vertical and horizontal magnetic flux
density against the variety of the shape, magnetizing pitch and direction, and the gap between the

magnet and sensor.

a) Peak intensity of vertical and horizontal field and waveform on magnet A

As shown in Figure 27., the amplitude of horizontal magnetic flux density is much larger than vertical
in the gap of 1.0mm. As the gap gets much large e.g. above 2.0mm of gap, vertical magnetic flux
density is relatively larger than horizontal field. And the waveform is getting closer to sinusoidal form
gradually.

b) On 16 poles magnet B

Figure 29 shows the waveform of vertical and horizontal magnetic flux density on magnet B which is
shown in Figure 28. The difference of magnet A and magnet B is the number of poles. The
dimension, magnetizing direction and the material is same in both of magnet A and magnet B.
Though the peak magnetic flux density is different, the fluctuating behavior of vertical and horizontal
field shows a similar aspect in both in magnet A and magnet B

15
T

——Vertical :U —— Vertical ” —o— Vertical
_sHorizontal ) —=—Horizontal ~=Horizontal
= =) =
E, c& 0 : S E F g
2 5 22 h 15 % 45T _@ .
7] o Q 0 3
[ © c (®)] c
3 =3 =3 ‘
Rotation angle 6 [deg.] Rotation angle 6 [deg.] Rotation angle 6 [deg.]
< gap=1.0mm > < gap=2.0mm > < gap=3.0mm >

Figure 27. Air gap vs. vertical and horizontal magnetic flux density on magnet A (8 pole)

$18 mm 2 mm

Magnetizing direction
Ly

<
16 pole
axially - e
magnetized T gap=0.5~3.0 mm
7]
r=7.75mm

Figure 28. Dimension and
Observation  magnetizing direction of magnet B

126 pOInt (!G A
ey = < TR e T Y
EVerticaI —Vertical " Vertical |
—#Horizontal _ - . ~®Horizontal ~® Horizontal
[ x
40 | = I 2 2 ¢
g & ° G E
L 1 L G L b ‘5 _,2‘ T I Il G L 1 T L g - 1 L | G L 1 1 1 1
285 —7.54 1.5 225 %'22 L - -15_40 75 5 225 g”éZ - -15 7.5 5 22
- L ] @ r
=% (I =3 )
y 0 _]5 -
120 20 6
Rotation angle 6 [deg.] Rotation angle 6 [deg.] Rotation angle 6 [deg.]
< gap=0.5mm > < gap=2.0mm > < gap=3.0mm >

Figure 29. Air gap vs. vertical and horizontal magnetic flux density on magnet B(16 pole)
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c) Other shape, magnetizing way and material

The fluctuating behavior of vertical and horizontal field on some different shape, magnetizing way
and materials are shown below. Figure 31 and 33 shows that fluctuating behavior of the magnet C
and magnet D which is shown in Figure 30 and 32. Unlike the magnet A or B, magnet C is
magnetizing in radially. And magnet D has the completely different shape like cylinder and made of
different material. But the fluctuating behavior is similar to magnet A and B in spite of these
difference — the intensity of horizontal field is larger than vertical field in neighboring point of the
magnet. And as gap gets larger, vertical magnetic flux density is relatively larger than horizontal field
as shown and the waveform is getting closer to sinusoidal form gradually.

$18 mm
Magnetizing
direction
8 poles radially 2mm
magnetizing
ferrite magnet

Magnetizing : gap=0.5~3 mm
direction Observation ¢ -.—.f.- _ . o _ _
T point T Figure 30. Dimension and magnetizing direction of magnet C
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—®—Horizontal 75 +Horizontal‘?'0
3 y 5 - 0 =
zE = e
SE. o E of— €
g%t 45 %‘% -1949 15 45%%-
S5 T3 -2 S5
= o =0 =

0
100 40 15
Rotation angle 6 [deg.] Rotation angle 6 [deg.] Rotation angle 6 [deg.]
<€ gap=0.5mm > < gap=1.5mm > < gap=3.0mm >
Figure 31. Air gap vs. vertical and horizontal magnetic flux density on magnet C (8 pole)
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Figure 32. Dimension and magnetizing direction of magnet D
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Figure 33. Air gap vs. vertical and horizontal magnetic flux density on magnet D (6 pole)
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§ 9. Functional Timing

-Power on time

The Onechip pulse encoder ICs become functional when the supply voltage exceeds minimum
operating voltage which is 1.6V for AK8775/8776 and 4.0V for AK8777B/8778B. After at least one
time of detection, the device sends out the correct status of magnetic field.

- Output refresh timing

The AK8775/AK8776 are intermittently driven device. The device are controlled by the internal clock
generator and activated on each 2.0ms (max.) period. During the awake state, device detects the
applied magnetic field and output transits on the reflection of the magnetic field. The output is
latched while in the sleep state. The group delay between the end of sampling and output transition
is max.6.1usec. AK8777B/AK8778s are driven continuously but the output is refreshed periodically
on max.30.5usec period. The group delay between the end of sampling and output transition* is
max. 6.0usec

AK8775/AK8776:Max. Tp=2.0ms _
y AK8777B/AK8778B:Max. Tp=30.5us Sampling cycle
T OO00CO00C i .

t Bop “/ e
Vertical M.F.D. 4 _,1 Delay time . Delay time \H/i:t.f:r:tzrlg 0 1 : t
P TI== R
BopV oo f _________________ )\_ __________ M.E.D. | )) AK8775/AK8776:6.1us(Typ.)
0 s | AK8777B/AK8778B:6us(Typ.)
BrpV - t Output ‘ —

signal \\
Horizontal M.F.D! t
BopH -f--— JZ ----------------- * --------------------- ]
0 ! e Sampling cycle
BrpH -}-—- l ——————————————————— | )/ - - |

t

(Vertical) N

!
OUTA signal — Vertical or Bop 1~/ ____ ‘

Horizontal 0 t

g t*  MFD. Brp [

|
|
|
|
OUTB signal oupst 1 AK8777L3€AK877SB.6ps(Typ.)
(Horizontal) signal i !
| |
0 t ’ t

Figure 34. Timing chart

Since the external applied magnetic flux density and internal clock timing are asynchronous, the
maximum response time is :

AK8775/AK8776 : Maximum intermittent period 2.0msec + 6.1us
AK8777B/AK8778B : Maximum output refresh period 30.5us +6us*
* In case of Vpp=12.0V ,RL=10kQ, CL=20pF

)) T
AKB8775/AK8776:6.1ps(Typ.)
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- Power-on state

The Onechip pulse encoder ICs become functional when the supply voltage exceeds minimum
operating voltage which is 1.6V for AK8775/8776 and 4.0V for AK8777B/8778B.

a) On AK8775/AK8777B, in case of the applied magnetic flux density is larger than Bop or smaller than
Brp, the output shows the correct status in relation to the magnetic flux density.

But if no magnetic field presence or Brp<B<Bop, output is ‘uninitialized’ state i.e. ‘H’ or ‘L’.. Therefore
the output status just after the power-on might be incorrect. In other words power-on state ‘H’ does not
mean the actual applied field is N-pole. It means either of 1)applied magnetic field is lower than Brp (N-
pole) 2)applied magnetic field is S-pole but lower then Bop.

b) On AK8776/AK8778B, it is much tricky. Both on the initial status of ‘F’ (rotation pulse) and ‘D’
(rotation direction) are ‘uninitialized’ i.e. ‘H or ‘L.’

Since the ‘F’ signal is the result of XORing of ‘internal A’ and ‘internal B’ (‘A’ and ‘B’; the same applies
hereafter), the correct status is presented after both of the ‘A’ and ‘B’. And the ‘D’ signal is the result of
the comparison of current and previous status of ‘A’ and ‘B’ signal set.

In summary, the two consecutive determined status is needed for detection of rotation direction.

The signal transition timing chart in power-on and start-up when both of the vertical and horizontal
M.F.D. are smaller than Bop and Brp is shown in Figure 35.

}

Supply Voltage

Vertical M.F.D.
\/ /\

I
Horizontal M.F.D. A\

A\ P\
®®®®\/

OUTA (internal-A)
OUTB (internal-B)

F (pulse)

, i RN AR 711
1 1 1 |
D (direction) /7] ! i il | £l |
correct 1 correct correct I correct
! respo%se ' respo%se ' respo%se ! respo%fse

a) (AB)is b) (A,B) is c) (AB)is d) (AB)is
initialized as (H,H) initialized as (L,H) initialized as (H,L) initialized as (L,L)

Figure 35. Signal transition timing chart at power-on without sufficient M.F.D. is applied

As the supply voltage is turned on and exceeded the minimum operating voltage, the sampling
operation is began to perform. But in the Figure 37 case, at this start-up timing ©, both of the vertical
and horizontal field are not sufficient to determine their status. Therefore, the result of this detection
does not show the correct response but any of (H,H), (L,H), (H,L) and (L,L) at timing ©. Then, vertical
M.F.D. exceeds and the OUTA (or internal-A) is determined at timing @. Next, horizontal M.F.D.
exceeds and the OUTB (or internal-B) is determined at timing ®. At this timing @, both of OUTA and
OUTB signal is correctly responded and ‘F’ signal is also established. However , at timing ®, ‘D’ signal
is not established because of the previous OUTB signal might be incorrect. Finally, at timing @, ‘D’
responds the correct direction since the current and previous status of both in the OUTA and OUTB is
established.
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§ 10. Pin and function

Table 8. Description of pin name and function (AK8775 / AK8776)

Pin No. Name Description Note Terminal diagram
1 VDD Power supply
OUTA Output A pin. (Relating to the
) (AKT:775) vertical magnetic field) CMOS output |T| |?|
(AKB776) Output F pin (Pulse) pin
OuUTB Outlput B pin. (Relf':\tir)g to the
3 (AK8D775) horizontal magnetic field) CMOS output m |i|
(AK8T776) Output F pin (Pulse) pin
4 VSS Ground pin

Table 9. Description of pin name and function (AK8777B / AK8778B)

Pin No. Name Description Note Terminal diagram
1 VDD Power supply pin
2 TAB* (TAB pin)
VSS (TAB) OUTB/
OUTA Output A pin. (Relating to D
(AK8777B) | the vertical magnetic field) m |?| |T|
3 Open drain output  EEE—
F . .
(AK8778B) Output F pin (Pulse) pin
OUTB | zontal magnete
(AKBT77B) | o 9
4 ield) Open drain output m |i| |i|
D . .
(AK8778B) Output F pin (Pulse) pin VDD (TAB) (F)UTA/
5 TAB* (TAB pin)
6 VSS Ground pin

*TAB pin should be connected to VSS.
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§ 11. Package outline and Land pattern

Table 10. Package outline and Land pattern

AK8775/7AK8776 AK8777B.~AK8778B
2.9
f; ,0.95,0.95,
[ [ Fh Fh ﬁq
N g o | ©
Package N = NIk
Outline v || L
(Unitin mm) ) o OO
A ——
0.50 0.70
- \
e o
Land Bk —%// -2
s v
Pattern ! o i
(Unit in mm, : i
For : 5 :
reference / / :
only) % ///
[<—>| : i :
0.95 0.95
§ 12. Recommended external circuit
Table 11. Recommended external circuit
AK8775./AK8776 AK8777B./AK8778B
GND
GND ©
0.1uF —=
VDD
O
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§ 13. Performance graphs (for reference)
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Figure 36. Typical magnetic switching point vs. temperature (AK8775 / AK8776)
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Figure 37. Typical current consumption vs. temperature and supply voltage (AK8775 / AK8776)
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Figure 38. Typical magnetic switching point vs. temperature (AK8777B / AK8778B)
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Figure 39. Typical current consumption vs. temperature and supply voltage (AK8777B / AK8778B)
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§ 14. Frequently Asked Questions

Is any specially magnetized magnet needed with Onechip encoder ICs?

=No. As shown in §8-3, any of the magnetic ring or magnet which is commonly used in the
magnetic type rotary encoder is capable.

How is the output during ‘OFF (sleep)’ in the pulse drive?(AK8775/8776)

= During the ‘OFF (sleep) state, no sampling operation is performed and the output keeps its
previous state. The output is refreshed 6.1us after the sampling operation is finished.

What is the difference with ‘F’ signal of the F/D output, and OUTA/OUTB signal of the A/B

phase output?

= The ‘F’ signal of AK8776 / AK8778B is generated by XORing of internal signal A and internal
signal B which is correspond to the detection result of vertical and horizontal magnetic field.
Consequently, the ‘F’ changes twice than OUTA / OUTB on AK8775/8777B ,or the output of
normal Hall effect latches. It means ‘F’ has twice resolution than the output of Hall effect latches.

The system needs only ‘F’ pin output. How should an unused ‘D’ pin be handled?

= Unused pin should be pull-up, pull-down or leave it open. DO NOT connected to VDD, VSS or
other voltage level. Or it causes permanent damage to the device

How the output signal change if the magnetic field is in the hysteresis range (less than
Bop and larger than Brp)?

= The output is latched. i.e. keeps its previous status until the magnetic flux density crossed either
of Bop and Brp.

Is there any method for improving the resolution or accuracy of detection?

=Use much smaller pole pitch (distance between the consecutive poles). However, the smaller the
pole pitch, the lower the magnetic flux density from the magnet is given. In case of the sufficient
magnetic flux density is not given, it is needed to re-consider following items -- a) change the
material of the magnet b) use much thicker magnet c) shorten the air gap between the magnet and

the sensor. Table 14. Maximum tracking rotation speed in rpm

What is the maximum the rotation speed the _

Onechip encoder IC have track it accurately?

=The maximum tracking frequency of Onechip encoder AK8775/AK8776 7500/ M

ICs are shown in Table 6. But the frequency of magnetic

field depends on its number of poles. On Table.14, the

maximum tracking rotation speed which is taking account AKBT77BIAKST78B 490000/ M

of the number of pole (M should be even number i.e. 2, 4,

6, ....). *in case of sufficient large magnetic flux density is
applied

Can the large magnetic field damage the device?
= No. The operation is not affected with the range of the
magnetic flux density from the permanent magnet which
is actually used.
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Important Notice

0. Asahi Kasei Microdevices Corporation (“AKM”) reserves the right to make changes to the
information contained in this document without notice. When you consider any use or application
of AKM product stipulated in this document (“Product”), please make inquiries the sales office of
AKM or authorized distributors as to current status of the Products.

1. All information included in this document are provided only to illustrate the operation and
application examples of AKM Products. AKM neither makes warranties or representations with
respect to the accuracy or completeness of the information contained in this document nor grants
any license to any intellectual property rights or any other rights of AKM or any third party with
respect to the information in this document. You are fully responsible for use of such information
contained in this document in your product design or applications. AKM ASSUMES NO LIABILITY
FOR ANY LOSSES INCURRED BY YOU OR THIRD PARTIES ARISING FROM THE USE OF
SUCH INFORMATION IN YOUR PRODUCT DESIGN OR APPLICATIONS.

2. The Product is neither intended nor warranted for use in equipment or systems that require
extraordinarily high levels of quality and/or reliability and/or a malfunction or failure of which may
cause loss of human life, bodily injury, serious property damage or serious public impact, including
but not limited to, equipment used in nuclear facilities, equipment used in the aerospace industry,
medical equipment, equipment used for automobiles, trains, ships and other transportation, traffic
signaling equipment, equipment used to control combustions or explosions, safety devices,
elevators and escalators, devices related to electric power, and equipment used in finance-related
fields. Do not use Product for the above use unless specifically agreed by AKM in writing.

3. Though AKM works continually to improve the Product’s quality and reliability, you are responsible
for complying with safety standards and for providing adequate designs and safeguards for your
hardware, software and systems which minimize risk and avoid situations in which a malfunction
or failure of the Product could cause loss of human life, bodily injury or damage to property,
including data loss or corruption.

4. Do not use or otherwise make available the Product or related technology or any information
contained in this document for any military purposes, including without limitation, for the design,
development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or
missile technology products (mass destruction weapons). When exporting the Products or related
technology or any information contained in this document, you should comply with the applicable
export control laws and regulations and follow the procedures required by such laws and
regulations. The Products and related technology may not be used for or incorporated into any
products or systems whose manufacture, use, or sale is prohibited under any applicable domestic
or foreign laws or regulations.

5. Please contact AKM sales representative for details as to environmental matters such as the RoHS
compatibility of the Product. Please use the Product in compliance with all applicable laws and
regulations that regulate the inclusion or use of controlled substances, including without limitation,
the EU RoHS Directive. AKM assumes no liability for damages or losses occurring as a result of
noncompliance with applicable laws and regulations.

6. Resale of the Product with provisions different from the statement and/or technical features set
forth in this document shall immediately void any warranty granted by AKM for the Product and
shall not create or extend in any manner whatsoever, any liability of AKM.

7. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior
written consent of AKM.
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