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ABSTRACT

This thesis presents the design of a 360 degrees angle rotary transducer. Hall-Effect
sensors are used to detect the flux density of magnetic field and processed using microcontroller in
order to indicate the angle positions.

The designed transducer consists of an angle detecting part using a permanent magnet
which attaches on the spindle rotation axis 360 degrees. Five linear Hall-Effect sensors are mounted
in place to 72 degree angle for detect the flux density of the magnetic field that rotates around the
sensors. The signal modifier part that uses for improving the analog output signals from the sensors
then passed to the 12 bits Microcontroller for processing. The display part that the measured angle
values as digital numbers are expressed on the LCD screen.

The experimental results, the designed transducer is able to measure and express the
angle from 0 to 360 degrees with accuracy of £ 0.2 and & 0.5 at the resolution of 0.1 and 1 degree,
respectively. From the testing results which apply to attach with the spring weight scale, it is found
that the designed transducer can working in some degree because of the vibration at the spindle

rotation axis.

Keywords: angle transducer, Hall-Effect sensor, microcontroller
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270 25 |1.086 | 3914 | 2° 0 0 0 0 2’ | sensor2
271 | 2.507 | 1.048 | 3.875 | 2’ 0 0 2’ 0 2’ | sensor3
300 [2862| 05 [2862] 2° 0 0 2’ 0 2’ | sensor3
301 | 2.883 0501 | 2.843 | 2 B 0 2’ 0 2’ | sensor 1
329 [3.875|1.048 | 2507 | 2° 2! 0 2’ 0 2° | sensor 1
330 [3.914 [ 1.086 | 25 | 2° 2! 0 2’ 0 0 | sensor2
360 45 |2138 2138 2° 2! 0 2’ 0 0 | sensor2




——

A

sensor1 , sensor2 ,
sensor3

48

— —
— —
- .
— -
5o .
= —

O T

~ J o 1 Y < J @
NN 3.28 T‘V\Ia“]ﬂi@]ﬂ1ﬁ1fn\ﬂu"ll@QIﬂﬁ!LﬂiNﬂTﬁﬁTﬂTHﬂJTﬂﬁ\iﬁi?ﬂmﬂllcﬁﬂﬁ 367



!

K=a+b+c+d+e+f

sensor =3
angle = 1 to angle =30

sensor =1 4
angle = 31 to angle =59

Sensor =2
angle = 60 to angle =89

sensor =3
angle = 90 to angle =119

sensor = 1
angle = 120 to angle =150

sensor = 2 A
angle = 151 to angle =179

4 4 o 1 <3 4 @ 1
mnn 3.28 Tlansamsinuvesldsunsumsmanu Inseairugusos 3 @ (do)



sensor =3

angle = 180 to angle =209

sensor = 1

angle = 210 to angle =240

Sensor =2

angle = 241 to angle =270

sensor = 3

angle = 271 to angle =300

sensor =1

angle = 301 to angle =329

sensor = 2
angle = 330 to angle =360
Y
N
angle

Y s o , < ¢ '
ﬂTW‘ﬁ 3.28 IV\Ia“lﬂ‘iﬁﬂ13“Vl1\1']1!"’11@\11‘]J'§!Lﬂ'§11ﬂ1§ﬂ']ﬂ134uIﬂﬁ\iﬁ%}']\u“]ﬂ!lﬁﬂ‘i 307 (919)
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Angle (degree)
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4
S 31
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an
S
= |
S 2
1 -
sensor 1
sensor 2
sensor 3
0 T T T T T 1
0 60 120 180 240 300 360

Angle (degree)
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IR U N dou'ly

VLY

s s2 s3 s4 s5 s1>s2 | s1>s3 | s1>s4 | s1>s5 | s2>s3 | s2>s4
0 |4.500|2.500|1.590 | 1.590 [ 2.500 | 2" | 2" | 2% | 2" | 2" 2’
1| 4499 | 2500 | 1.653 | 1.529 | 2.500 | 2 | 2" | 2" | 2" | 2" | 2
17 | 4251 ]2.632 232310809 | 2.500 | 2 | 2" | 2% | 2" | 2 | 2
18 | 4.222]2.654 | 2.346 | 0.778 | 2.500 | 2 | 2" | 27 | 2" | 2" | 2
35 | 3.471 3347|2500 | 0.501 [ 2.500 | 2 | 2" | 2% | 2" | 2" 2’
36 | 3.410 | 3.410 | 2.500 | 0.500 | 2.500 | 0 2 S S B 2’
54 | 2.654 | 4.222 | 2.500 | 0.778 | 2.346 | 0 2% | 2% ] 2" | 2" 2’
55 | 2.632 | 4.251 | 2.500 | 0.809 | 2.323 | 0 2" | 2% ] 2" | 2" 2’
72| 2.500 | 4.500 | 2.500 | 1.590 | 1.590 | 0 0 2% 2" 2| 2
73 | 2.500 | 4.499 | 2.500 | 1.653 | 1.529 | 0 0 2% 2" 2| 2
89 [2.500 | 4251 | 2.632 {2323 | 0.809 | 0 0 2% 2" 2| 2
90 | 2.500 | 4.222 | 2.654 | 2.346 | 0.778 | 0 0 2% | 2" 2" 2’
107 | 2.500 | 3.471 | 3.347 | 2.500 | 0.501 | 0 0 0 2" 2" 2’
108 | 2.500 | 3.410 | 3.410 | 2.500 | 0.500 | © 0 0 2" 0 2’
126 | 2.346 | 2.654 | 4222 [ 2.500 | 0.778 | © 0 0 2" 0 2’
127 |2.323 | 2.632 | 4.251 | 2.500 | 0.809 | 0 0 0 2" 0 2’
143 | 1.653 | 2.500 | 4.499 | 2.500 | 1.529 | © 0 0 2" 0 0
144 | 1.590 | 2.500 | 4.500 | 2.500 | 1.590 | 0 0 0 0 0 0
161 | 0.809 | 2.500 | 4.251 | 2.632 | 2.323 | 0 0 0 0 0 0
162 | 0.778 | 2.500 | 4.222 | 2.654 | 2.346 | 0 0 0 0 0 0
179 | 0.501 | 2.500 | 3.471 | 3.347 | 2.500 | 0 0 0 0 0 0
180 | 0.500 | 2.500 | 3.410 | 3.410 | 2.500 | © 0 0 0 0 0
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dou'ly
yu wlama
$2>s5 | 83>s4 | s3>s5 | s4>s5 | SI> | s2>K | s3>K | s4>K | s5>K

0 0 0 0 0 2t | 2 0 0 2° sensor 3

1 0 2 0 0 = | 2 0 0 2° sensor 4
17 2° 2 0 0 2t | 2 0 0 2° sensor 4
18 2° 2 0 0 2| 2 2’ 0 2° sensor 1
35 2° 2’ 0 0 2t | 2 2’ 0 2° sensor 1
36 2° 2’ 0 0 s s 2’ 0 2° sensor 2
54 2° 2’ 2° 0 a2 2’ 0 2° sensor 2
55 2° 2’ 2° 0 g R0’ 2’ 0 0 sensor 4
72 2° 2 2° 0 S = ¢ 2’ 0 0 sensor 4
73 2° 2 2° B v Y 0 0 sensor 5
89 2° 2 2° 2’ D) | vy 2 0 0 sensor 5
90 2° 2’ 2° X | 2B 3 2! 0 sensor 2
107 2° 2’ 2° 2’ 5N 2’ 2! 0 sensor 2
108 2° 2 S X a 7P 2’ 2 0 sensor 3
126 2° 7 ) 2’ =g I 2’ 7 0 sensor 3
127 2° 2’ 2° ™ 0 d\ 2\ 0 sensor 5
143 2° 2 7’ g 0 o~ 2\ V1)) & 0 sensor 5
144 2° 2 2° 2’ 0 - 2N 2 0 sensor 1
161 2° 2 A 2\ 0 2’ v/ /AP 0 sensor 1
162 2° 2 2° 2’ 0 2’ 2’ 2! 2° sensor 3
179 0 2’ 2° 2’ 0 2’ » 2! 2’ sensor 3
180 0 2’ 2° 2’ 0 2’ 2’ 2! 2’ sensor 4
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o o A
tLiQﬂHLfJW]‘V‘M Nau"lﬁu

VLY

s1 s2 s3 s4 s5 s1>s2 | s1>s3 | sI>s4 | s1>s5 | s2>s3 | s2>s4
198 | 0.778 | 2.346 | 2.654 | 4222 | 2.500 | 0 0 0 0 0 0
199 | 0.809 | 2.323 | 2.632 | 4.251 [ 2.500 | 0 0 0 0 0 0
216 | 1.590 | 1.590 | 2.500 | 4.500 | 2.500 | 0 0 0 0 0 0
217 | 1.653 | 1.529 | 2.500 | 4.499 | 2.500 | 2" 0 0 0 0 0
233 | 2.323]0.809 | 2.500 | 4251 | 2.632 | 2" 0 0 0 0 0
234 | 2346 | 0.778 | 2.500 | 4222 | 2.654 | 2" 0 0 0 0 0
251 | 2.500 | 0.501 | 2.500 | 3.471 | 3.347 | 2" 0 0 0 0 0
252 | 2.500 | 0.500 | 2.500 | 3.410 | 3.410 | 2" 0 0 0 0 0
270 | 2.500 | 0.778 | 2.346 | 2.654 | 4222 | 2" | 2" 0 0 0 0
271 |2.500 | 0.809 | 2.323 | 2.632 | 4251 | 2" | 2" 0 0 0 0
288 | 2.500 | 1.590 | 1.590 | 2.500 | 4.500 | 2'* | 2" 0 0 0 0
289 |2.500 | 1.653 | 1.529 | 2.500 | 4.499 | 2" 2" 0 0 2" 0
305 |2.632 | 2.323]0.809 | 2.500 | 4251 | 2" %7 2" 0 2" 0
306 | 2.654 | 2.346 | 0.778 | 2.500 | 4222 | 2" A 22 0 2" 0
324 | 3.410 | 2.500 | 0.500 | 2.500 | 3.410 | 2" 2’ Y7 0 2" 0
325 | 3.471 | 2.500 | 0.501 | 2.500 | 3.347 | 2" | 2" 2RI 2" 0
342 | 4222 (2500 | 0.778 | 2.346 | 2.654 | 2" 14 pt 2" 2" 2’
343 | 4251 |2.500 | 0.809 | 2.323 | 2.632 | 2" 2" 2" 2! 2" 2’
360 | 4.500 | 2.500 | 1.590 | 1.590 | 2.500 | 2" 2" 2R 2! 2" 2’
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A
Fou'ly
yu wiawa
s2>s5 s3>s4 s3>s5 s4>s5 S1>7Z | s2>7 | s3>7Z | s4>7 | s5>7
198 0 0 2° 2’ 0 2’ 2’ 2! 2" | sensor4
199 0 0 2° 2’ 0 0 2 2! 2" | sensor 1
2161 0 0 0 2’ 0 0 2 2! 2" | sensor 1
2071 0 0 0 2’ 0 0 2 2! 2" | sensor?2
233 0 0 0 2’ 0 0 2’ 2! 2" | sensor2
234 0 0 0 2’ e 0 2’ 2! 2" | sensor4
251 0 0 0 2’ R 0 2’ 2! 2" | sensor4
2521 0 0 0 0 o 0 2’ 2! 2" | sensor5
270 | 0 0 0 0 2! 0 2 2! 2" | sensor5
2711 0 0 0 0 ra 0 0 2! 2" | sensor?2
288 0 0 0 0 ) 0 0 2! 2" | sensor?2
289 | 0 0 0 0 2t 0 0 2! 2" | sensor3
305 0 0 0 0 o 0 0 2! 2" | sensor3
306 0 0 0 0 2! 2’ 0 2! 2" | sensor5
324 0 0 0 0 = R 0 ¢ 2" | sensor5
325 0 0 0 0 == 25 0 Th 2" | sensor 1
342 0 0 0 0 2t 2’ 0 2! 2" | sensor 1
343 0 0 0 0 ot 2 0 0 2" | sensor3
360 | 0 0 0 0 o 2’ 0 0 2" | sensor3
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4
sensor1 , sensor2 ,
sensor3, sensor4, sensorb
T a=16,384 a=0 T
F b =8192 b=0 W
F ¢ = 4096 c=0 W
d =2048 sensor1 > sensor5 d=0
F . W
F - W
) W
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F g =256 sensor2 > sensor5 g=0 W
F h=128 h=0 W
F i =64 i=0 W
F j=32 j=32 W
F k=16 k=16 W
F =8 =0 W
F m=4 m=0 W

Y 4 o 1 <3 4 @ 1
mnd 3.31 Tlamnsamsshauvesldsunsumsmanu Inseadradusos 5@ (do)
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i

v

K=atb+c+d+e+f+g+h+i+j+k+l+m+n+o

K=32,409 or 32,665
Y
N

sensor = 4
angle = 1 to angle =17

sensor = 1 4
angle = 18 to angle =35

Sensor =2
angle = 36 to angle =54

sensor = 4
angle = 55 to angle =72

sensor =5
angle = 73 to angle =89

4 4 o 1 <3 4 @ 1
M 3.31 TansamsinuvesTdsunsumsmanu Inseairususos 5@ (do)



sensor = 2 v
angle = 90 to angle =107

K=8,190 or 4,094

sensor =3 v
angle = 108 to angle =126

sensor =5 v
angle = 127 to angle =143

K=3,054 or 2,542

sensor =1 v
angle = 144 to angle =161

sensor = 3 v

K=495 or 239 angle = 162 to angle =179

sensor =4 v
angle = 180 to angle =198

Sensor = 1
angle = 199 to angle =216

sensor = 2 v
angle =217 to angle =233

Y ¢ o , < ¢ '
ﬂTW‘ﬁ 3.31 IV\Iﬁ%WiﬁﬂﬁﬂNWl&‘UﬁNIﬂi!Lﬂ'ﬁiJﬂWiﬂ']ﬂﬂgiJIﬂﬁﬁﬁ%?ﬂl“ﬁﬂl“ﬁﬂﬁ 587 (99)



sensor =4

angle = 234 to angle =251
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K=16,407 or 24,599

sensor =5

angle = 252 to angle =270

sensor = 2

angle = 271 to angle =288

K=25,619 or 29,715

sensor = 3

angle = 289 to angle =305

sensor =5

angle = 306 to angle =324

sensor = 1

angle = 325 to angle =342

sensor = 2
angle = 343 to angle =360
Y
N
angle

Y J o 1 <3 J @ 1
mnd 3.31 TlamnsamsshauvesldsunsumsmanuInssadradusos 5@ (do)
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5.0+
4.5
4.0
3.5
> 3.0
2z ]
S 254
] i
=) _
= 2.0 1
1.5
- sensor 1
1.0 sensor 2
] sensor 3
0'5'_ sensor 4
00 T T T T T T T T T 1 sensor 5
0 36 72 108 144 180 216 252 288 324 360

Angle (degree)
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yu Sensorl | Sensor2 | Sensor3 | Sensor4 | Sensor5

0 3.994 2.691 2.215 2.141 2.686

1 3.991 2.687 2.166 2.195 2.688
Na@hmiqﬁmmﬁw@ 0.003 0.014 0.049 0.054 0.002
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@) | 1(V) [ 2(V) | 3(V) | 4(V) | 5(V) | 6(V) | 7(V) | 8(V)[9(V)|10(V)
0 2215 | 2.216 | 2.214 | 2.215 | 2.215 | 2.214 | 2.215 | 2.216 | 2.214 | 2.215
0.1 2213 | 2214 | 2.213 | 2.214 | 2.215 | 2.212 | 2.214 | 2.215 | 2.211 | 2.215
0.2 2.210 | 2.212 | 2.209 | 2.210 | 2.211 | 2.209 | 2.210 | 2.210 | 2.210 | 2.211
0.3 2.206 | 2.207 | 2.205 | 2.208 | 2.206 | 2.206 | 2.207 | 2.208 | 2.205 | 2.207
0.4 2202 | 2.203 | 2.202 | 2.202 | 2.202 | 2.200 | 2.202 | 2.203 | 2.202 | 2.204
0.5 2.196 | 2.196 | 2.196 | 2.198 | 2.197 | 2.195 | 2.197 | 2.196 | 2.194 | 2.196
0.6 2.190 | 2.191 | 2.189 | 2.191 | 2.191 | 2.189 | 2.191 | 2.192 | 2.189 | 2.191
0.7 2.184 | 2.185 | 2.184 | 2.185 | 2.184 | 2.182 | 2.184 | 2.185 | 2.183 | 2.186
0.8 2.178 | 2.180 | 2.178 | 2.180 | 2.179 | 2.178 | 2.180 | 2.178 | 2.178 | 2.179
0.9 2172 | 2172 | 2.171 | 2.173 | 2.173 | 2.172 | 2.173 | 2.173 | 2.170 | 2.172
1 2.166 | 2.168 | 2.165 | 2.167 | 2.167 | 2.166 | 2.167 | 2.168 | 2.164 | 2.167
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MicroSystems, Inc.

A1301 and A1302

Continuous-Time Ratiometric Linear Hall Effect Sensors

Features and Benefits

= Low-noise output

= Fast power-on time

= Ratiometric rail-to-rail output

= 4.510 6.0 V operation

= Solid-state reliability

= Factory-programmed at end-of-line for optimum
performance

= Robust ESD performance

Packages: 3 pin SOT23W (suffix LH), and
3 pin SIP (suffix UA)

Not to scale

Description

The A1301 and A1302 are continuous-time, ratiometric, linear
Hall-effect sensors. They are optimized to accurately provide
a voltage output that is proportional to an applied magnetic
field. These devices have a quiescent output voltage that is
50% of the supply voltage. Two output sensitivity options are
provided: 2.5 mV/G typical for the A1301, and 1.3 mV/G
typical for the A1302.

The Hall-effect integrated circuit included in each device
includes a Hall sensing element, a linear amplifier, and a
CMOS Class A output structure. Integrating the Hall sensing
element and the amplifier on a single chip minimizes many
of the problems normally associated with low voltage level
analog signals.

High precision in output levels is obtained by internal gain
and offset trim adjustments made at end-of-line during the
manufacturing process.

These features make the A1301 and A1302 ideal for use in
position sensing systems, for both linear target motion and
rotational target motion. They are well-suited for industrial
applications over extended temperature ranges, from —40°C
to 125°C.

Two device package types are available: LH, a 3-pin SOT23W
type for surface mount, and UA, a 3-pin ultramini SIP for
through-hole mount. They are lead (Pb) free (suffix, —7) with
100% matte tin plated leadframes.

Functional Block Diagram
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A1301 and
A1302

Continuous-Time Ratiometric
Linear Hall Effect Sensors

Selection Guide
Part Number Pb-free! Packing? Package Ambient, Ty Sensitivity (Typical)
A1301ELHLT-T Yes 7-in. tape and reel, 3000 pieces/reel Surface Mount
- —40°C to 85°C
A1301EUA-T Yes Bulk, 500 pieces/bag SIP 2.5 MVIG
.5m
A1301KLHLT-T Yes 7-in. tape and reel, 3000 pieces/reel Surface Mount
- —40°C to 125°C
A1301KUA-T Yes Bulk, 500 pieces/bag SIP
A1302ELHLT-T Yes 7-in. tape and reel, 3000 pieces/reel Surface Mount
- —40°C to 85°C
A1302EUA-T Yes Bulk, 500 pieces/bag SIP 13 mVIG
.3m
A1302KLHLT-T Yes 7-in. tape and reel, 3000 pieces/reel Surface Mount
- —40°C to 125°C
A1302KUA-T Yes Bulk, 500 pieces/bag SIP

1Pb-based variants are being phased out of the product line. Certain variants cited in this footnote are no longer in production The variants should
not be purchased for new design applications. Samples are no longer available. Status change: May 1, 2006. These variants include: A1301ELHLT,

A1301EUA, A1301KLHLT, A1301KUA, A1302ELHLT, A1302EUA, A1302KLHLT, and A1302KUA.

2Contact Allegro for additional packing options.

Absolute Maximum Ratings

Characteristic Symbol Notes Rating Units

Supply Voltage Vee 8 \
Output Voltage Vout 8 \
Reverse Supply Voltage Vree -0.1 \
Reverse Supply Voltage VRree -0.1 \
Output Sink Current lout 10 mA

Range E —40 to 85 °C
Operating Ambient Temperature Ta

Range K —40to 125 °C
Maximum Junction Temperature Ty(max) 165 °C
Storage Temperature Tstg -651t0 170 °C

Allegro-

MicroSystems, Inc.

Allegro MicroSystems, Inc.
115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000

www.allegromicro.com

2
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A1301 and Continuous-Time Ratiometric
A1302 Linear Hall Effect Sensors

DEVICE CHARACTERISTICS over operating temperature range, Ta, and Ve = 5 V, unless otherwise noted

Characteristic Symbol | Test Conditions [ Min. [ Typ. | Max. | Units
Electrical Characteristics
Supply Voltage Vee Running, T, <165°C 4.5 - 6 \Y
Supply Current lec Output open - - 11 mA
Output Voltage Voutigh) |!source = =1 MA, Sens = nominal 4.65 4.7 - \
Voutow) |!sink =1 mMA, Sens = nominal - 0.2 0.25 \Y
Output Bandwidth BW - 20 - kHz
g ) Vg (miny t0 0.95 Vour. B = £1400 G; _
Power-On Time %0 |Slew rate = 4.5 Vius to 4.5 /100 ns 8 5 Hs
Output Resistance Rout Isink £ 1 MA, Isoyrce 2 -1 MA - 2 5 Q
Wide Band Output Noise, rms Voury | Germal output low pass fiter =10 kriz - | 150 | - | wv
Ratiometry
Quiescent Output Voltage Error o _ _ o
with respect to AV ! AVoutay) |Ta= 25°C 3.0 %
Magnetic Sensitivity Error with _ o _ _ o
respect 1o AVpg? ASensy, |Ta= 25°C +3.0 %
Output
Linearity Lin Ta= 25°C N N 2.5 %
Symmetry Sym Ta= 25°C - - +3.0 %
Magnetic Characteristics
Quiescent Output Voltage Vouta B=0G; Ty= 25°C 24 25 26 \%
Quiescent Output Voltage over _
Operating Temperature Range Voutaury |B=0G 22 - 28 v
A1301; To= 25° 2. 2. . v/
Magnetic Sensitivity Sens A1282i T/,: - 222 3 g ] Z ?2 $V/2
Magnetic Sensitivity over Sens A1301 1.8 - 32 | mVIG
Operating Temperature Range (ATw)  [A1302 0.85 - 1.75 | mVIG

Refer to equation (4) in Ratiometric section on page 4.
2Refer to equation (5) in Ratiometric section on page 4.

P . Allegro MicroSystems, Inc. 3
i e mﬁ; 115 Northeast Cutoff, Box 15036
[ Vg o Worcester, Massachusetts 01615-0036 (508) 853-5000
v
>

MicroSystems, Inc. www.allegromicro.com



A1301 and
A1302

Continuous-Time Ratiometric
Linear Hall Effect Sensors

Characteristic Definitions

Quiescent Output Voltage. In the quiescent state (no sig-
nificant magnetic field: B = 0), the output, Voures equals one
half of the supply voltage, V¢, throughout the entire operating
ranges of V¢ and ambient temperature, T,. Due to internal
component tolerances and thermal considerations, there is a
tolerance on the quiescent output voltage, AVyrq, Which is

a function of both AV and AT,. For purposes of specifica-
tion, the quiescent output voltage as a function of temperature,
AVouTQ(aTy) 1S defined as:

Vourq(r,) ~ Voutaesc) )

AVoutqeaty) =
Sens(as0c)
where Sens is in mV/G, and the result is the device equivalent
accuracy, in gauss (G), applicable over the entire operating tem-
perature range.

Sensitivity. The presence of a south-polarity (+B) magnetic
field, perpendicular to the branded face of the device package,
increases the output voltage, VT, in proportion to the magnetic
field applied, from Voyrq toward the V¢ rail. Conversely, the
application of a north polarity (—B) magnetic field, in the same
orientation, proportionally decreases the output voltage from its

Ratiometric. The A1301 and A1302 feature a ratiometric

output. This means that the quiescent voltage output, Voyrq,

and the magnetic sensitivity, Sens, are proportional to the supply

voltage, V.

The ratiometric change (%) in the quiescent voltage output is

defined as:

Voutaveo) / Youtasv)
Vee /5V

and the ratiometric change (%) in sensitivity is defined as:

AVoutqav) = x 100% 4)

Sensyvcc) / Sens(sv)
Vee / 5V

ASensayy = x 100% 5)

Linearity and Symmetry. The on-chip output stage is
designed to provide linear output at a supply voltage of 5 V.
Although the application of very high magnetic fields does not
damage these devices, it does force their output into a nonlinear
region. Linearity in percent is measured and defined as:

Voures) — Voutg

quiescent value. This proportionality is specified as the magnetic Lint = x 100% (6)
sensitivity of the device and is defined as: 2 (Voutmy ~ Pvourq)
Voutes) = Voures
Sens = _ouTER  TouTem) 2) ) Vouts) — Voutq
2B Lin- = —————— — x 100% 7
N . . . . 2(Vout(-By) — VoutQ)
The stability of the device magnetic sensitivity as a function of
ambient temperature, ASens 4t,) (%) is defined as: and output symmetry as:
Sens(r,y — Sens(soc Voures) ~ Vourq
ASens(at,)= 270N T TTCYO 00w, 3) Sym = ————————————— x100% ®)
Sens(asec) Voutq— Youtes)
Allegro MicroSystems, Inc. 4

S Allegro-

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000
www.allegromicro.com
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A1301 and
A1302

Continuous-Time Ratiometric

Linear Hall Effect Sensors

Typical Characteristics
(30 pieces, 3 fabrication lots)

leoro-

MicroSystems, Inc.

1301 Device Sensitivity vs. Ambient Temperature 1302 Device Sensitivity vs. Temperature
265 1.40
1.38
2.60 UA Package
~ UA Package —~ 136
2 255 S
E 5 £ 1.34
>
§ 2.50 £ 1.32
B LH Package § 1.30
£ 2.45 3 128 LH Package
240 1.26
2.35 1.24
-50 —-25 0O 25 50 75 100 125 150 50 -25 O 25 50 75 100 125 150
Temperature (°C) Temperature (°C)
1301 Device Voyrq vs. Ambient Temperature 1302 Device Vgyrq Vs. Ambient Temperature
2.60 2.60
S 255 S 255
o8| o Sa2s50| . 000
3 Z
5 E
O 245 O 245
2.40 2.40
-50 -25 0 25 50 75 100 125 150 -50 25 0 25 50 75 100 125 150
Temperature (°C) Temperature (°C)
1301 Device Sensitivity vs. Supply Voltage 1302 Device Sensitivity vs. Supply Voltage
35 1.7
16
o 3.0 o 15
s =
E E 14
Z 25 2
s s 13
2 2
a 20 S 12
11
15 1.0
45 5.0 5.5 6.0 45 5.0 55 6.0
Supply Voltage (V) Supply Voltage (V)
Continued on the next page...
Allegro MicroSystems, Inc. 5

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000
www.allegromicro.com
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A1301 and
A1302

Continuous-Time Ratiometric

Linear Hall Effect Sensors

Typical Characteristics, continued
(30 pieces, 3 fabrication lots)

leoro-

MicroSystems, Inc.

1301 Device Voyrq Vs. Supply Voltage 1302 Device Vgyrq vs. Supply Voltage
35 3.5
S 30 S 30
[} (o)
S 25 S 25
S 2
=] =]
3 L © 20
1.5 1.5
4.5 5.0 55 6.0 45 5.0 55 6.0
Supply Voltage (V) Supply Voltage (V)
1301 Device LIN+ and LIN-vs. Supply Voltage 1302 Device LIN+ and LIN-vs. Supply Voltage
100.4 100.0
100.8 LIN+
LIN— 99.9
100.2 s
S 9
> 1001 > %38
kS s LIN-
2 1000 £
= LIN+ = 997
99.9
99.6
98- =0 55 50 45 5.0 55 6.0
Supply Voltage (V) Supply Voltage (V)
1301 Device Symmetry vs. Supply Voltage 1302 Device Symmetry vs. Supply Voltage
100.0 100.5
99.9 100.4
99.8 100.3
997 ~ 1002
£ 996 < 1001 !
> &
g 995 5 100.0
E 994 E o0
& 993 @ 998
99.2 99.7
99.1 99.6
99.5
99'04_5 5.0 55 6.0 45 5.0 55 6.0
Supply Voltage (V) Supply Voltage (V)
Allegro MicroSystems, Inc. 6

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000
www.allegromicro.com
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A1301 and
A1302

Continuous-Time Ratiometric
Linear Hall Effect Sensors

Package LH, 3-Pin; (SOT-23W)

300 .18
270|106

Bl suE@c[ATe]

3.04].120
zso[.no} {A]

|<_ ;‘ é%/\ [059]-»
3 AN

Bl

) 2.10[.083
4 g ] 185|073
Preliminary dimensions, for reference only ‘ A 0.96[.038]
Dimensions in millimeters | NOM
U.S. Customary dimensions (in.) in brackets, for reference only ‘
(reference JEDEC TO-236 AB, except case width and terminal tip-to-tip)
Dimensions exclusive of mold flash, gate burrs, and dambar protrusions i
Exact case and lead configuration at supplier discretion within limits shown 1 A — '
A\ Hal glement not fo scale) |
Active Area Depth 0.28 [011] i
X ‘ SEATING i I seaTiNG PLANE
= CRTTE] Y A — Y v P GAUGE PLANE
wapm] |l )
075|030
6] et
[oss [oa7 J]- 2oL om)
—
Pin-out Drawings
Package LH Package UA
3
1 ‘ 1 H 2H 3U
Terminal List
Symbol Number Description
Y Package LH Package UA
VCC 1 1 Connects power supply to chip
VOUT 2 3 Output from circuit
GND 3 2 Ground
Allegro MicroSystems, Inc. 7

iAllegro-

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000

MicroSystems, Inc. www.allegromicro.com
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A1301 and Continuous-Time Ratiometric
A1302 Linear Hall Effect Sensors

Package UA, 3-Pin SIP

164 | 417
159 [4.04]

A
N 0805 [206]|}a—|  gga 157
NOM ‘ 058 [1.47] I‘_
0565 [1.44] &
1223107 —| Nom
117 | 207 L
A
085 [2.16] 031[079] ‘
MAX REF N
AN
640 [16.26 017 [0.44
500[1524} 014 [035}» ~
1AL
y - K
019 [0.48 lk
o14 | 036
— [~ 050 [1.27]
NOM

Dimensions in inches

Metric dimensions (mm) in brackets, for reference only
ADambar removal protrusion (6X)
A Ejector mark on opposite side

Active Area Depth .0195 [0.50] NOM
A Hall element (ot to scale)

The products described herein are manufactured under one or more of the following U.S. patents: 5,045,920, 5,264,783, 5,442,283;
5,389,889; 5,581,179; 5,517,112; 5,619,137, 5,621,319; 5,650,719; 5,686,894, 5,694,038, 5,729,130 5,917,320; and other patents pending.

Allegro MicroSystems, Inc. reserves the right to make, from time to time, such departures from the detail specifications as may be required
to permit improvements in the performance, reliability, or manufacturability of its products. Before placing an order; the user is cautioned to verify
that the information being relied upon is current.

Allegro products are not authorized for use as critical components in life-support devices or systems without express written approval.

The information included herein is believed to be accurate and reliable. However, Allegro MicroSystems, Inc. assumes no responsibility for
its use; nor for any infringement of patents or other rights of third parties which may result from its use.

Copyright © 2005, 2006 Allegro MicroSystems, Inc.

P . Allegro MicroSystems, Inc. 8
1 e m‘% 115 Northeast Cutoff, Box 15036
o o Worcester, Massachusetts 01615-0036 (508) 853-5000

MicroSystems, Inc. www.allegromicro.com
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AEAT-6010/6012 Magnetic Encoder
10 or 12 bit Angular Detection Device

Data Sheet

Description

Avago Technologies’ AEAT-60xx series of magnetic
encoders provides an integrated solution for angular
detection. With ease of use in mind, these magnetic
encoders are ideal for angular detection within 360°.
Based on magnetic technologies, the device is non-
contact and ensures reliable operations. It is able to
provide absolute angle detection upon power-up, with
a resolution of 0.0879°(12 bits version) or 0.35°(10bits
version), which is equivalent to 4096 and 1024 positions
per revolution respectively. The positional data is
provided in serial bit stream. There is no upper speed
limit; the only restriction is that there will be fewer
samples per revolution as the speed increases.

Exploded View

Magnetic

Plastic
_ Encoder

Housing

Sensor PCB
- Assembly
Magnet —— [
g L i Plastic
Snap Ring JT Hub
Motor 6 L ! Plastic

ﬁ Base Plate

T 2xscrews

Customer
Shaft
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Features

10 or 12 bits resolution

Contactless sensing technologies

Wide temperature range from -40° to 125°C
Absolute angular position detection

Synchronous serial interface (SSI) output for absolute
position data (binary format)

Code monotony error =+ 1 LSB

Single 5V supply

Easy Assembly, No Signal Adjustment required
Direct Connectivity through PCB

RoHS compliant

Applications

Flow meter
Angular detection
Knob control

Rotary encoder

Note: “This product is not specifically designed or manufactured for use in any specific device. Customers are solely responsible for determining
the suitability of this product for its intended application and solely liable for all loss, damage, expense or liability in connection with such use!”
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Part Number Resolution (bit) Operating Temperature (°C) Output Communication DC Supply Voltage (V), Vpp
AEAT-6012 12 -40t0 +125 Serial +5.0
AEAT-6010 10 -40t0 +125 Serial +5.0
Notes:
1. For other options of Magnetic Encoder, please refer to factory.
Table 1. Absolute Maximum Ratings [1,2]
Parameter Symbol Limits Units Notes
DC Supply Voltage at pin Vpp = 5V Vop -03to+7 v
Input Voltage Vi -0.3toVDD+0.3 )
Storage Temperature Tst6 -40t0 125 °C
Notes:

1. Stresses greater than those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is stress rating only and
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not

implied.

2. Exposure to absolute maximum rating conditions for extended periods may affect reliability.

Table 2. Recommended Operating Condition

Parameter Symbol Values Units Notes
DC Supply Voltage at pin Vpp =5V Vbp +4.5/455 v
Ambient Temperature Tamb —40t0 +125 °C
Maximum Read-out Frequency fak <1 MHz >0 MHz
Table 3. DCCharacteristics
DC Characteristics over Recommended Operating Range, typical at 25 °C
Values
Parameter Symbol  Condition Min Typ. Max Units Notes
VDD Supply Current Iop 16 20 mA
Output High Voltage DO Vou Vpp-0.5 v
Output Low Voltage DO VoL Vss+04  V
Output Current DO lo mA Vpp pin=4.5V
Input High Voltage CLK, CSn Viy 0.7*Vpp 1
Input Low Voltage CLK, CSn ViL 0.3*Vpp
Notes:

1. CSnis internal pull-up.



Table 4. Timing Characteristics

Timing Characteristics over Recommended Operating Range, typical at 25 °C
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Values
Parameter Symbol Condition Min Typ. Max Units Notes
Data output activated (logic high) To active 100 ns 2
First data shifted to output register oK e 500 ns 3
Start of data output Takn 500 ns 4
Data output valid Tpo valid 375 ns 5
Data output tristate Tpo tristate 100 ns 6
Pulse width of CSn Tesn 500 ns 7
Sampling rate for absolute output fabs 9.9 10.42 10.94 kHz 8
Notes:
2. Time between falling edge of CSn and data output activated
3. Time between falling edge of CSn and first falling edge of CLK
4. Rising edge of CLK shifts out one bit a time
5. Time between rising edge of CLK and data output valid
6. After the last bit DO changes back to “tristate”
7. CSn=high; To initiate read-out of next angular position
8. Internal sampling rate.
Package Dimensions Parameters
No. Parameter Value
1 Operating Temp(°C) -40t0 +125
2 Shaft axial play (mm) +0.08
3 Shaft TIR (mm) 0.05
\ 4 Mechanical speed (rpm) 12,000
\\_/, 4 5 Shaft diameter (mm) 6-+0/-0.01
6 Moment inertia (g-cmA\2) 0.104
7 Shaft length — (mm) 85+1.0
8 Mounting screw size (mm) M2x0.4x4
(socket head cap screw,
head (3.8 +0.18 mm)
23mm -
19mm 9 Recommended screw torque 0.6 Ib.inch
10 Encoder base plate thickness (mm) 2
n Bolt circle +0.13

Base Plate
Screw Mounting

S

17

Figure 1. Package and recommended mounting dimension

3

*

Note:- For high temperature application, it is highly recommended

that adhesive be applied at least to the screw and the base plate
interface. Refer Application Note for further details.
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Timing Characteristics
cs —> tes
tv:CLKFE Tewke torkre
—> <+

i

2
i Positional Data Bits
j

Notes:
1. Please refer to Table 4 for Timing Characteristics.
2. For 12 bits version; the Positional Data Bits will start with D11 instead and end at DO.

Figure 2. Timing Diagram for 10 bit Magnetic Encoder

Electrical Connections

VDD Vss DO Pin | Symbol | Description
1 VDD 5V Supply Voltage
2 (Sn Chip Select — Input (See Figure 2)
3 VSS Supply Ground
‘ ' 4 (LK | Serial Clock - Input (See Figure 2)
CSn CLK
5 DO Serial Data - Output. (See Figure 2)

Figure 3. Electrical Connections

Figure 4. Basic connector dimensions

For product information and a complete list of distributors, please go to our website: ~ www.avagotech.com

Avago, Avago Technologies, and the A logo are trademarks of Avago Technologies, Limited in the United States and other countries.
Data subject to change. Copyright © 2007 Avago Technologies Limited. All rights reserved. Ava G o
AV02-0188EN - March 20, 2007 TECHNOLOGIES
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CONFERENCE TOPICS

GROUP 1 (PE)
Power Electronics, Electric Machines, Motor Control and Drive, Measurement, Control and
Robotics.

GROUP 2 (PW)
Power System, Transmission and Distribution, High Voltage and Electrical Energy,
Generating Systems.

GROUP 3 (RE)

Renewable Energy, Energy Saving Technologies, Industry Specific Energy Conversion and
Conditioning Technologies, Materials for Energy and Environment.

GROUP 4 (TE)
Telecommunication, Electronics, Information and Communication Technologies,
Antennas, Microwave Theory and Techniques.

GROUP 5 (CP)
Computer Technologies and Network, Computer Graphics, Machine Learning and Human-
Computer Interaction.

GROUP 6 (GN)

Education in Electrical Engineering, Simulation Software and Design tools, Related Topics
in Electrical Engineering.

GRAND PARADISE HOTEL
Nong Khai, THAILAND

April 3-5, 2012
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Abstract

This paper presentsthe design of angle transducer rotate
around the axis 360 degrees using hall effects sensing device to
recognize. That is low-cost and provides a linear output and quick
responsc. The principle of measurement is used to detect the density of
magnetic field of angle rotate around the axis 360 degrees Translation
Dew's design consists Permanent magnet that can move the spindle
rotation axis 360 degrees and hall effect sensor mounted in place.
Serves to detect the density of magnetic. Can measure the angle from
0-360 degrees, 0.1 degrees of resolution, the highest 0.13 degree of

error.

Keywords: Angle transducer, Hall Effect Sensor.
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Abstract

This paper presents the design of angle transducer
rotate around the axis 360 degrees using hall effects sensing
device to recognize. Thatis low-cost and simple design . The
principle o measurement s used to  detect the density  of
magnetic field of angle rotate around the axis 360 degrees
Translation Dew's design consists Permanent magnet that can
move the spindle rotation ax/s 360 degrees and hall effect sensor
mounted In place. Serves to detect the density of magnetic.
Can measure the angle from 0-360 degrees with accuracy of -

0.2 and + 05 at the resolution of 0.1 and 1 degree, respectively

Keywords: Angle transducer, Hall Effect Sensor, Magnst
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