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151l AMR/GMR B E(E RS
Pinion
Gear
1 TLE5x09A16(D) BY%E D[ FE == BB hifk A EB 41,
R

TLE5x0916(D) A RN VA ERERES. ©ITEIH#E (MR) THNEHIAHNIEZMRZDE, M
KN A A, 1ZfE e IR EEINE MR BE, XLZ0ZE 180° (AMR{L/%28) o ZE 360°

(GMR 57%28) MEZAESTEE, ZEREBEIE— NN L TRERE— T UXI 360° 2AENE
HEHPE (GMR) ERBMZAFR MR (AMR) ZRBILIMEIEE. TLE5x09A16(D) FRREFRTIBUT
T

+  Xdie GMR: TLE5009A16D

+  Edie AMR: TLE5109A16

+  XWdieAMR (F) /GMR (k) : TLE5309D

EZ7 MREBHMESSHIZRETLX, IERENEREMNEZCEARFEENRLEBE, St
BTFESHBIHNA, HRAREEEMZLUIRSHEE.

ZfE ke H EdiehR4ds (TLE5x09A16) FIXdiehkZx (TLESx09A16D) , EAFHRENRNLRENH, ™
MhRZASHIS RS, EFY EB. 7EXdie TLE5x09A16D H, P MERXESC 235! BIhar A EB R AN I35 |
R ER,

®1 TLE5009A16(D) R 5™ & iTH 55
Product Type Marking Ordering Code |Package Description

TLE5009A16D E1210 |09A21210 SP001296122 PG-TDSO-16  [3.3V, dual die, with TCOY
TLE5009A16D E2210 | 09A22210 SP001296130 PG-TDSO-16  [5.0V, dual die, with TCOY

1) CREMMRREE.
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TLE5x09A16(D)

1 AMR/GMR £ E1E %23

)2 TLE5109A16(D) $T4iTHIXES

Product Type Marking Ordering Code |Package Description

TLE5109A16 E1210 10911210 SP000956970 PG-TDSO-16 3.3V, single die, with TCOY

TLE5109A16 E2210 10912210 SP000956966 PG-TDSO-16 5.0V, single die, with TCOY

1) REWMEREE.

K3 TLE5309D R %= miT S

Product Type Marking Ordering Code |Package Description

TLE5309D E1211 309D1211 SP001227880 PG-TDSO-16 3.3V, dual die, AMR (bottom) and
GMR (top), with TCOY

TLE5309D E2211 309D2211 SP001227888 PG-TDSO-16 5.0V, dual die, AMR(bottom) and
GMR (top), with TCOY

TLE5309D E5201 309D5201 SP001227884 PG-TDSO-16 5.0 VAMR (bottom), 3.3V GMR
(top), dual die, without TCOY

1) CREMMRREE.
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IThaeHk
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GMR £ /%23

N v S Y I |

GMR Resistors
{

)¢

L T

H=1
\

ADCy-

ADCx+  ADCx- GND | ADCy+
O ¥ 90°

AN S [ N [ [ N Y N I B

B 2 GMR & R 2B BUR BT
2z FE 2 1, BIESFHEGLETEZEA A, 2T BIEN, SEXEHRTHRHEA
A A=K ARCTAN2, BILURE (1)IHEH XM Y55 X RFIURAESE 360° AR,

a = arctanZ(Vx, Vy) (1)
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IhaesaR
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0}; X Component(COS)
A
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7\ 7\
\360° >
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TheEHA

T =FARELARCTAN2, BIARE 2)iT B H XM Y ESKARFAAKRES 180° AE . AMR ZRETTHRERN
ENEREAE, ALEROTFRU 2, HIMNIHIZARE a 7E 180° # 360° ZiB)EY , ZREBNENBEN
a-180°%

a = arctan2(V,, V) /2 (2)

Va
Vy (COS_N) Vx (COS_P)

7N 7N\

Angle a

7 NS
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TLE5x09A16(D)
TheeHk
1.2 S5|HECE

BT SR F0.

{HAAAAAF

s

Center of Sensitive
Area

El 6 SIMECE (TNE)

1.3 5| B i5t BA

FEdieEXAdiel, TdieEXAdie2, HdieftRasREEA Ldie,

rRa 5IBER

Pin No. |Pin Name In/Out | TLE5x09A16 - Function TLE5x09A16D - Function

1 Vpiacl o Die 1 bridge voltage proportional to |Die 1 bridge voltage proportional to
temperature. Diagnostic function temperature. Diagnostic function

2 Vopl Die 1 Supply voltage Die 1 Supply voltage

3 SIN_N1 0 Die 1 Analog negative sine output Die 1 Analog negative sine output

4 SIN_P1 0] Die 1 Analog positive sine output Die 1 Analog positive sine output

5 SIN_P2 0 Not connected Die 2 Analog positive sine output

6 SIN_N2 0 Not connected Die 2 Analog negative sine output

7 Vo2 Not connected Die 2 Supply voltage

8 Vbiag2 0 Not connected Die 2 bridge voltage proportional to

temperature. Diagnostic function
9 GND2 Not connected Die 2 Ground
(BEETFA......)
BEFH 8 val
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TLE5X09A16(D)

IhaesaR

Ra (42) SIEREA

Pin No. |Pin Name In/Out | TLE5x09A16 - Function TLE5x09A16D - Function

10 GND2 Not connected Die 2 Ground

11 COS_N2 0 Not connected Die 2 Analog negative cosine output
12 COS_P2 0 Not connected Die 2 Analog positive cosine output
13 COS_P1 0] Die 1 Analog positive cosine output |Die 1 Analog positive cosine output
14 COS_N1 0 Die 1 Analog negative cosine output |Die 1 Analog negative cosine output
15 GND1 Die 1 Ground Die 1 Ground

16 GND1 Die 1 Ground Die 1 Ground

BT 9 V2l
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TLE5x09A16(D)
IheERE AR
1.4 EE

afineon

TLES309D

DC-Offset &
Fuses

PMU & Temperature Compensation

TLE5009 (GMR)

GMR_Vop

| |
GMR_COS_P

x-GMR [ Ampifier -G—MF{-C m—

R Vous #1
GMR Sensor

(top, close to upper surface )

. GMR_SIN_P

v-GMR [ Ampiifier -mRiSIN -

| |
GMR_GND1

||
GMR_GND2

DC-Offset &
Fuses

PMU & Temperature Compensation

TLE5109 (AMR)

AMR Vgp

||
AMR_COS P

X-AMR - Amplifier -ma-c —

Voiae #2
AMR Sensor (bottom)

. AMR_SIN
Y-AMR - Amplifier -mR SIN_N

AMR_GND1

AMR_GND2

ol
al

= 7

BIEF

TLE5x09A16(D) HEE R {I: X Hdie 1 GMR Mldie 2 AMR {£&#% AH TLE5309D
i

10
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TheEHA

1.5 Mdiefd E it

TLE5x09A16(D) ELIE L IR 455 | LR AEZRTNER AR ZRAI A MR ML /RESEEAL B R, KAENEAD

B, FAtSURTHESETFE LNMUE . XMHRERAROTHERIEE NS A RN R8RS 75 R
EZ&:/o

HTFEIEREE, TLES009A16D HIF GMR IC AT EIER G A . E 8 BRT LA TEIMNEBIEZ 75 M)
HIERT, RIEHNSHEESIITEENAE,

360° o
= GMR sensor die 1
= GMR sensor die 2
270 %=
L]
2
o
]
£180°-
o
o
&
&
90°=
L L »
0° 90° 180° 270° 360°
extemal magnetic field angle
8 TLE5009A16D X dief E#itH

TLE5309D MYEREB(Z R T B — 1 AMR X288, HIES RATE 180° SEENA SR, FHitt, 7
GMR f£/%23H) 180° & 360° AESEEIN, AMREZEZXSRHBEESHIFTE 0° E 180° SEEIN. E 9 &%
AT X—1ER , ZERRTELTEINESF AT, DAREBEATN() M (2) H GMR 1 AMR %284 H i+
HIERHNAE.

WMRENAPEEMRMERSINARERE, WA LIIRENRI &R £ SIN_N F SIN_P 3 COS_N #
COS_P 5|fImViEiE. XMERTHUNERE, EFEZXFIRZKESHEREE, XEHFREAANE

1t (MEIPHIELE) -

BEFH 1 val
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Iheehaid
360° o
—— GMR sensor output
—— AMR sensor output
270°
=== AMR sensor output
% (SIN inverted)
©
5
o
5
o
o
[72]
o=
5
Y

1 I v
0° 90° 180° 270° 360°
external magnetic field angle

9 TLE5309D WdiefE#ML

P — FRPEIMTEEEIC EWIEEN £3° U, TEREBERBPULREES FEZER
AIEELIE I WG X T GMR (788, RIEF 1O BTG, FFEXIREERTIER
FH+/-12° XIFAMR, XFHZIATIARBET I . FEEKIREEHE 90 U IFHMES X
Ry #5A9HE, K5 5L 7 AMR FIGMR die UL /= LB B IR E B, X ENET
FTLUBTE it (BIEFIETHX SZEHHBIEX) R, R 11 FAFR 12 ARIBENE

ETEEHEERERE.
&R5 RFTHRIERAENNAEIRERE
AMR GMR
Rotational displacement die to package +/-3° +/-3°
Magnetization error on die +/-0° +/-12°
Overall error +/-3° +/-15°

Va1

IR L
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g

2 g

2.1 [ FH BB B

TLE5x09A16(D) fE %88 rl I F RIGHE S MHEN. El10 8777 TLE5x09A16(D) TR imimH &= TR
Fmt @B A A B, NTRIHRE, AIERAEXAREEE, REANRERKRRLSIHRETFH
Zoh5IBIE LAKEERE (> 100 kQ) ZEHEZE GND. TLE5x09A16(D) B9 GMR {£/2%28 0 AMR & =28 5 T 1Y IR
SIfl, MIEHIZREIESIE 10 N A/D AN, ATFEEREIBERA THERBRLES, WE 11FR. HF
EBEZRAMELISENEE, BiICRALT RCIEEIEKES. RCILELIIRIERNBNERRHFITHE,
RE KEFEL ST ERE,

Channel 1
VDD1 2.15kQ
SIN_P1 1
%)
t VDD1 SIN_N1
1 2.15k0
100nF —— Cos_P1 1
GND1  cos Nt [ {—
GND1
VDIAG1 L
—
GND1 4.7ni 47nF 47nF
GND1 GND1 GND1
uController
Channel 2
VDD2 2.15kQ
SIN_P2 1
! g
VDD2 SIN_N2
1 2.15k0
100nF —— COS_P2 {1
GND2 cos N2 | I
GND2
VDIAG2
——
GND2 4.7ni 47nF| 47nF |
GND2 GND2 GND2
TLE5x09A16D
*) Not used single-ended output pins should be floating. Another option is connected to GND with a high-ohmic resistance (>100kQ)

=] 10 TLE5x09A16(D) TER IR R THIR BB, FHRERLEE

1 f5lg0, R=2.15kQ F C=47nF BY RC {EEIER F 4% ESIX 10,000 rpm BIF =,

BEFH B val
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g
Channel 1
vDD1 2.15k0
SIN_P1 {1
t SIN_N1 s
VDD1 = —
100nF J: COS_P1 2%0
2.15k0)
GND1 COS_N1 1
GND1
VDIAGT
—
GND1 4.7ni 47r1F__ 47nF7P 47nFﬁk 47nF7P
£« L L L I
GND1 GND1 GND1 GND1 GND1
uController
Channel 2
VDD2 2.15kQ
SIN_P2 ¥
4 2180
YBER SIN_N2 1
100nF J: cos_P2 ?’E‘m
GND2  cos.N2 Faoko
GND2
VDIAG2
—
GND2 4.7ni 47nF| 47nF | 47nF | 47nF |
-~ L LI I I
TLE5X09A1 6D GND2 GND2 GND2 GND2 GND2
5 P
B 11 E5HHENT TLE5Sx09A16(D) BYNZ A B B

{XTh#ERI AR EEER (BIaN%% it Eaas)

fER BRI DA TR AR e R R M1 K2R ThEE. etk HRasThae rI LITEIRINAERIE R T IRER BTN
DRgHITEHENUE, FiEiTIEF, FRELATEERS, AtAEERREATA, BENTEAIfEF.
BYHRAGARIETH, ATTEER, TRESXFARR, FETECNERIERH. AEREIUE, 7
TEHAMREE (L RS LURENAEE R MERRT BN R/ MK E AT ELHE TLESX09A16(D) RY_EFBETIE] (403 8 Fr
R) MEREBIEPIFEREE, XWEURT N ERK,

E 12 BT EEBEHTHMIIENRSNRE TLES309D RinkHNAERE, E13EBRTESHH, ERF
TERY, AMRZRERTEREAENE, oVMRERSEA TR, RARRAERMERILIT,
RIS RETal B E R TR A, Ak, TLE5309D IREN IS S AR AT Bl A K 4852,

BEFH " val
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g

infineon

GMR VDD

!

100nF :L

GMR GND

AMR VDD

}

100nF :T:

AMR GND

GMR
2.15kQ
GMR SIN_P —
GMR SIN_N ASIC
GMR VDD !
2.15kQ (for turn
GMR COS_P —
- counter)
GMR GND GMR COS_N
GMR GND
GMR VDIAG
47nF 47nF|
GMR GMR
GND GND
AMR
2.15kQ
AMR SIN_P {1
AMRVDD AMRSIN_N
2.15kQ
AMR COS_P

AMR GND  AMR COS_N
AMR GND

AMR VDIAG

TLE5309D

47nF

L

AMR
GND

47nF|

L

AMR
GND

uController

*) VDIAG is an output pin and can be floating. Another option is connected to GND with a high-ohmic resistance (e.g. 100kQ)

**) Not used single-ended output pins should be floating. Another option is connected to GND with a high-ohmic resistance (>100kQ)

=] 12

IFathEE

TLE5309D 7E Sttt MA XN AFNNM A RE (FIMB%itkE) ; €8

uController

GMR
GMR VDD 2.15kQ
GMR SIN_P —1
2.15kQ ASIC
| |eurvop GMRSIN.N 1
215k (for turn
100nF == GMR COS_P ' ]
215k counter)
GMR GND GMR COS_N e
GMR GND
GMR VDIAG
——
GMR GND 47nF|  47nF|  47nF | 47nF|
GMR GMR GMR GMR
GND GND GND  GND
AMR
AMR VDD 2.15kQ
AMR SIN_P {1
t 2.15kQ
AMRVDD AMR SIN_N {1
2.15kQ
100nF —— AMR COS_P 1
2.15kQ
AMR GND  AMR COS_N 1
AMR GND
AMR VDIAG
—
AMR GND 47nF|  47nF|  47nF | 47nF |
TLE5309D AMR AMR AMR AMR
GND GND GND  GND

*) VDIAG is an output pin and can be floating. Another option is connected to GND with a high-ohmic resistance (e.g. 100kQ)

& 13

AT ERS 2 BRI EBFE

TLE5309D =S LRV EIIFEN AN A RE (FINERIH%ES)

AT LAER THIEB R #HITER 120, EXMIRE T, THMER Vous51Ml. wH FHIFEARIN A B UIE

4R (Bigkd) , B 1R (EREE) o ESFS,

BIEF

15

B (R2FM -

Va1
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TLES5x09A16(D)

g

infineon

VDD1

100nF J’:

—
GND1

VvDD2

100nF £

‘GND2

Channel 1

SIN_P1
VDD1 SIN_N1

COS_P1
GND1 COS_N1| ¢
GND1

VDIAGH | |
Channel 2

SIN_P2
VDD2 SIN_N2

CcOos_P2
GND2 COS_N2| 1
GND2

VDIAG2

TLE5x09A16D

*) 100k < R < 500kQ

2.15kQ
— .
T
) )
2.15kQ
1
.,
) )
)
47nF 47nE|
GND1 GND1 GND1 GND1
2.15kQ
1 .
) )
2.15kQ
—
LT
) B
)
47nF 47nF|
GND2 GND2 GND2 GND2

uController

**) VDIAG is an output pin and can be floating. Another option is connected to GND with a high-ohmic resistance (e.g. 100kQ)

***) Not used single-ended output pins should be floating. Another option is connected to GND with a high-ohmic resistance (>100kQ)

= 14 TLE5x09A16(D) 7E &2 b4 A% =X T f68 FA T i FE PH# 1T 8B 73 12 M O B F FR R
fERIERHEE
Channel 1
veo! SIN_P1 2.1:51«1 s
t o SIN_N1 2.1251«: ﬁ)—
100nF J: CoS_P1 ?’%ﬂ ﬁ‘)
GND1 COS_N1 mzsm- . ﬁ‘) Lr
enet voiact | K
G-NE1 47nF 47nF__ 47nF|  47nF|
L LI LI I -
GND1 GND1 GND1 GND1 GND1GND1 GND1GND1
pController
Channel 2
vob2 SIN_P2 ZJESKQ 9
t Y SIN_N2 2'1:5“) [T])—
100nF L COS_P2 “ESKQ IIT)
T GND2 COS_N2 ZJESkQ\ ﬁ ) LIJ
_i__ enpz voicz| —2 K
GND2 47nF 47nF| 47nF| 47nF|
L - ——
TLE5x09A16D GND2 GND2 GND2 GND2  GND2GND2GND2GND2
IOk Resokn  QIDIAS ot o ad e e, srtheropon s canrcie o
E 15 TLE5x09A16(D) £ & 73 fi tH R T\ T e A T HI BB FH 1T EB 5312 WY I F BB 2§

BIEF

16
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K4S

2.2 4T RATE E

*6 BN RATMEE

Parameter Symbol Values Unit | Note or Test Condition
Min. | Typ. | Max.

Supply voltage Vb -0.5 6.5 v Max. 40 h over lifetime

Ambient temperature? Ta -40 140 °C

Magnetic field induction IB| 200 mT | Max. 5 min. at Ta=25°C

150 mT |[Max.5hat T,=25°C

) RIRNVAPERBAMBIREN 150 K/W AT,

AE B UL BT FYBIRABE (B A FE SN EEHEHRA ML FER BB LN RATEE
FEBIOT B AT e = RN (B BT FE M. RABEEELENIEE, EITRF— T EFFE
S NI EE /T FBEEE /T B 5 B A

BEFH 1 val
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2.3 E RREZFNE
JOHA{R TLES5x09A16(D) NIERAIETT, RSB LUTEITERMSS

BRIEZHEIRIE, UTETHIEENMESHYIE XL TEE M, RTIERATF -40°C<T<125°C, HRZHF
TLE5x09A16(D) BfEFE &R, BRIESHIREE, BNESEFT AMR Fl GMR =358 o

2.3.1 TEEE
R7 TEEE
Parameter Symbol Values Unit | Note or Test Condition
Min. | Typ. | Max.

Ambient temperature? TA -40 125 °C
Supply voltage GMR? Voo,emr | 3.0 33 3.6 \Y E1210,E1211, E5201

4.5 5 55 \" E2210,E2211
Supply voltage AMR? Voo, avr |30 33 3.6 Vv E1210,E1211

45 5 55 \" E2210,E2211,E5201
Output current? ¥ lo 0 0.5 mA |COS_N; COS_P; SIN_N; SIN_P

0 0.1 mA | Vbiag
Load capacitance? ¥ C. 0 4.7 nF | All output pins - without series resistor
Magnetic induction Byy 24 60 mT |In X/Y direction, at T,=25°C
GMRy3)6)7) 26 100 mT |InX/Y direction, at To=-40°C

21 50 mT |InX/Y direction, at To=125°C
Magnetic induction AMRY ¢ | By, 20 mT |in X/Y direction, tested up to 500

mT quasi-static
Angle range a 0 360 ° (AMR is 180°-periodic, see Chapter 1.5)
Rotation speed? n 30,000 |rpm
150,000 [rpm |No signal degradation observed in lab

1) BRIgR AR REESAMHHIRER 150 K/W HEK.

2)  EBIREBE Vol FIAE R 100 nF FHEBERRE N,

3)  FERATFEFME - Bigt/AFERIIE,

4)  BIZHAHIN,

5)  EEEEDISIH.

6) HEREHNELEEMBMNEE (B=0mT) MRS (Bx) o
7) HERERNEZRIME/ RAEEILIEEERS.

8) EARVEAELREIEIRIZE I 30,000 rpm BY 1.62°%

BEFH 18 val
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2.3.2 BSEH

BRIESHIRE, BUFIRBESSHERTENLFECE. BAAENNTIEENBEBRERETEM 25°C, BRIE
FHIRE. FrEEMEERT -40°C < Ta< 125°C # TLE5x09A16 (D) B ME B EanHAia),

~s BES¥
Parameter Symbol Values Unit | Note or Test Condition
Min. Typ. | Max.

Supply current GMR Ibp 7 10.5 mA Without load on output pins

Supply current AMR 6 9.5 mA Without load on output pins

POR level Vpor 2.3 2.65 2.97 v Power-On Reset

POR hysteresis? Veorhy 50 mvV

Power-On time? tron 40 70 Us Settling time to 90% of full output
voltages

Temperature VbiaG 0.5 1.05 2.0 \Y Temperature proportional

reference voltage output voltage; available on pin
Vbiae

Diagnostic function Vbiag 0 0.39 v Diagnostic for internal errors;
available on pin Vpiae

Temperature coefficient of | TCypiac 0.4 %/K

Voiag?

1) FERTESNE - BRI /AT,
2)  FECHREHSIEANEEE,

2.3.3 Wit S8

BRIESHRIA, TUNRESHIERATENIEEE. RoTPNSHIER5IMEL, R 10NSEHE
Enft. BXTEE, 1FSINE 21 TINE 16 M5 22 TIE 18,

TENARERT EMiRE, XEREHFISR T EEAEIRE,

SIN 1 COS ESMRABMERX R H R R EEFHRM 90° AL, XH YHEMUZBEMNEBFAHER
RE. EQG)H, YSINRIHEAENAERE XCOSmHEITANAE, X XM yYERM,

® = [Ymax] - a [XO] (3)

SIN #1 COS S HIRIBEF1EE, IREKENEXERFE, W0 (4) Fim. X MMEWA LIER IR
TE Lt S fico
k = 100 * =X (4)

BEFH 19 val
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R 4 DNEIRES SIN_N. SIN_P. COS_NFICOS_P, BN TUBEMRIE 0.5V HH. ENESH
BB ESIHERE, X3 YWEDBEEG) PEN.

Vxaitt = Vcosp — Vecosn (5)

Vyvdir = Vsine — Vsinn

EDMESHIRAIRIBEL OV IS, X B Y HITE XN (6)Ffx

(Xaitr_max — Xair_miIN)
Axgift = 5

(Yairr max — Yairr MIN)
Ayt = >

XY NEDRIBERENX (7),

0 _ (Xair max + Xair_miN)

(Yaitr max + Yaiet miN)
Ovyuift = >

FERIRENT, BBREXAFIREEE, BEFT 0.5 Vw. BEZFE, HSHNAZEIR "TLESxxxX(D) &R

MEn

HE" o
R mEN S REE N PR HS %
Parameter Symbol Values Unit |Note or Test Condition
Min. Typ. Max.
X, Y amplitude Ax, Ay 0.7 13 v Sensors with 3.3V supply
1.2 1.95 v Sensors with 5.0 V supply
X, Y synchronism k 94 100 106 % GMR
94 100 106 % AMR
X, Y orthogonality error 0] -12 12 ° GMR (AMR negligible)
Mean output voltage Vi Vavy - |0.47*Vop | 0.5*Vop |0.53*Vop |V Viv=(VimaxtVimin) /27
X,Y cut off frequency? fe 30 kHz -3 dB attenuation
X,Y delay time? 3 tadel 9 Us
Output noise? VNoise 5 mvV RMS

1) Vimax *D meﬁ%']yifﬁza: Xmax EJZ Yimax *D Xmin EJZ Ymin %EI‘J EEE EE:SF) yD 16 *D 17 Fﬁ/—.l_To
2)  AERTEFMR - gt/ A ERIE

HIEFH 20 v21
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Voo, GMR (X, Y Output Characteristic)
1 Xuax <
.j\ ~
Ax \ /

135 180 225 270

360

— VSINP ——— V. MVY ——— V MVX —— V. COS P

16 GMR BB HEFRILES
GMR (X, Y Output Characteristic)
_ >
j‘\ Y ax
1 /4)~—
A S A
> N /
‘§ _:::ZZ::Z:Z\_*z(%::::}_::::::ZZ“%:::Z:::
: D 74
>
\_)_(0/ W
MIN
90 135 180 225 270 315
V_SIN.P ——— V_MVY ——— V_MVX ——V COS_P
17 AMR fZ RSB RIGRHHES
IR 2 V21
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F10 FEIREMSFG THESWHESH
Parameter Symbol Values Unit |Note or Test Condition
Min. Typ. Max.
X, Y amplitude Axdifi, Avdire | 1.4 2.6 v Sensors with 3.3V supply
2.4 3.9 v Sensors with 5.0 V supply
X, Y synchronism k 94 100 106 % GMR
94 100 106 % AMR
X, Y orthogonality error ()] -12 12 ° GMR (AMR negligible)
X, Y offset Oxgiff, Oyaife | -100 0 100 mV GMR
-200 0 200 mV AMR
X,Y cut-off frequency” f. 30 kHz  |-3 dB attenuation
X,Y delay time?/ 2 tadel 9 us
Output noise? VNoise 5 mV RMS

1) FEATFEFNE - BRI AFERIE,
2)  FECRREHSIEANERNEES,

GMR Cos(x) Output
Voo

(=]

X Output [V]

Y /

Angle[7]
-——V_MVX e \f COS_N - e/ Xdiff ——V_ COS P == O_Xdiff
= 18 IBAERZMN GMR Z0 5
IR 23 V21
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AMR Cos(x) output
Voo

A
{
N

bg
@

Angle [
— = V_MVX V_COS_ N wwms)/ XdMf ——V_COS_P == «Q_Xdif
19 IEAERZA AMR E2 i
BIEFM 24 V2.1
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2R BILEWRRTFFBREAR, B/ GMR fEE6550T, IRIEGMIEBFIMN, FFIEXIRE
TERIFIGH F A E +/-12° o X FAMR 15, XFZNETURETI . FIEXIREEHE
0° MW XIS X A v #ELAIhZE, AEZLITIKE (EEFIELEEX BZE L HEX)
BITHME XEFTFEIEEEE/, T TLE5X09A16(D) BIiET T FEFESTMUZLE,

2.4 HIRIZHT

SMERRERE Voue 3IIEREETMINGE, 7S TR, %3 MNENEESRES %, B8 T
A BEEREERMNE 8. EERERE T ARERENH,

318 Voue B9 — MEF RIS TIAE. RIS EONBIREEIE, %3 ISR ARET, FEHH
BUTINEEM S — e R 2 E 15 FRRMS FHBASNBRESE, EXMEET, TEEMEA Vo 31H,
BRI TSI, B2iE, B8 (REFM) »

2.5 AEMEE

SAERERTMENABEIRE, ZRERTSAEEXGEE52EEZNRE, BREENNIFEERE 25°C,
Fre EMENT N TEIFIERESCE N -40°C< Ta< 125°C, FH R EF TLE5Xx09A16(D) BIfERHn,
SMBE1EEE

fERARN AZEIC "TLESxxx (D) BUE" RIARBEE, RAIATERETH2S ESSISE B e, MMAKEE
= TLE5x09A16(D) BYMERE, HEIPREMFRZB A UFIEFNIME. XRBEEFESEINER
TABEA LM,

®11 BEMEGRRENZRRAEREY

Parameter Symbol Values Unit | Note or Test Condition
Min. | Typ. | Max.

Overall angle error AMR sensor QERRC 0.1 0.5 ° 49

(single-ended)?3)

Overall angle error AMR sensor OeRr,c 0.1 0.5 ° 4

(differential)?

Overall angle error GMR sensor OeRr,c <0.6 |09 °

(single-ended)?3

Overall angle error GMR sensor OeRr,c <0.6 (09 °
(differential)?

1) EXRE. RERSERENERIREFITREMEZE.

2)  BREHEHIRE.

3) RIBHHIIFR,

4) {UEETF AMRERES: 728417 10 mT<B<20 mT BE1THE, &7 4 0.2 (ZMFIMNAEEIRE,

MAXMBERERE, AIURESERTHNARIZERISNAERE, XEKEEN AMRH GMR
LRI REAIRIBE LT R HITRRAME, UKRT GMR Z R ERIREFH I TREAMEZ GHY
RIRIRE, EXMFERET, TEMEAEIRENATERIWNT:

BEFH » val
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20 7R Y GMRZRSBEARHERE THEE, B 21 BT AMR RSB EFRIFREE THRE,
XUIETREMEAENRE, ERoAERSEHSEREMNES L.

—RMERER R EMRE

ATEEMENSAHEIRE, TLE5x09A16(D)HHIF ML LR IC EBAINTE 25°C FHITRIBMIRIBRED
KOs LI, EATIT GMR (B HITIERRE, *MES IR ITFEH N A T I8, 1R8I0
SBIFSHNAZEIR "TLESxxx(D) BUE" . &R 12HEAT AERE, ZFE 75 ME RSB R iR,
Z Db NLmEERRENMESIT RS L.

£12 FEREMERTUHN—AMEREAEIRE
Parameter Symbol Values Unit |Note or Test Condition

Min. | Typ. | Max.
Overall angle error AMR | Qgrr 1.7 |° E1210, E1211, E2210, E2211, with TCO¥; ¥
sensor (single-ended)?? 29 |° E5201, without TCO¥; %
Overall angle error AMR | Qg 17 |° E1210,E1211,E2210, E2211, with TCO¥; ¥
sensor (differential)" 29 |° E5201, without TCOY; ¥
Overall angle error GMR | Ogrr 40 |° E1210, E1211, E2210, E2211, with TCO?
sensor (single-ended)!/ 48 |° E5201, without TCO?
Overall angle error GMR | Ogrr 30 |° E1210, E1211, E2210, E2211, with TCO?
sensor (differential)? 38 |° E5201, without TCO?

1) BEEGHRE,
2) RI&HEHIIHR,
3)  GREMERE.
4) {UGERTF AMRERES: 7EHi1 10 mT<B<20 mT FiafThY, &% 0.2° WESMNAEIRE,

AEIREMIRHERE R

R 11T 2735 T EBRMEAN—REMER A ERBE M. E 20 E 21 23I2R 7T GMR £ =257
AMR Z BERERNEIFRRE FHITIREREN —RIERENTARAEIRENHEE R, WXMIMEEER
LERRER, £AMEEESGITIRESEITREMLE, EMEHIZEERNIIEN, GMREARIBRITIIERIR
Z{F 0.6°, AMRERSEHTHFRIZRERT 0.1°% BAFERBSEEEX, —RIEIMEZ=ETTINITE
RAEIRE.

Fully compensated One-time compensated
1,00 1,00

0,90 e -40°C 090 —— -a0°C

150°C 150°C

Residual angle error (°)
G-~
S22 33w
888338

/
Residual angle error (°)
o 9o 909
23 N
88338

e o o0
5

/
e o0
BN oW
s 3 8

/
|
/
|

°
3
8

e
B
8

10 20 30 40 50 60 70 80 % 10 20 30 40 50 60 70 80 %0
Magnetic induction (mT) Magnetic induction (mT)

& 20 SEEMER—REMEH GMR ERBEFREBEETESHHNHAURKRAHEIRE
(0 h BFUE) ; —RMHMBTE T=25°CH] B=40 mT ESRAE; FAWH TCO GRE*X
Zmi2) M 3.3vEJRBERN TLES309DR T &

BEFH % val
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0,50

Residual angle error (°)

=

30

Fully compensated

—— -80°C
———25°C

150°C

a0 50 60

Magnetic induction (mT)

80

One-time compensated
0,60
e -40°C
£ 080 ——25°C
5 N
£ 040 1sqc
53
2
% 0,30 1=
& —
= —
— T
3
3 020
a
3
= 0,10
—
0,00
90 10 20 30 40 50 60 70 80 90
Magnetic induction (mT)

Gl

& 21 SEMMEN—RMAME AMR ZRBEAFEE TESRENHABRRAEIRE

(o h BFME) ; —XRIEFMETE T=25°C 1 B=40 mT BRI ; FEHAH TCO GB
ExMERIE) 3.3V EHBIRABEMN TLE5309D ARSI H

BIEF

27 Va1
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2.6 wh RN B R 1P
+|13 B diedy ESD {RiF
Parameter Symbol | Values Unit | Notes
min. max.
ESD voltage Vigm +4.0 kv 1)
Veom +0.5 kV 2

+0.75 kV 2 for corner pins
1) AfFEE! (HBM) fF&: ANSI/ESDA/JEDEC JS-001,
2) & JESD22-C101 #RAEMITEERIGEIREY (CDM).
K14 RS RY ESD fRIP
Parameter Symbol | Values Unit | Notes

min. max.

ESD voltage Vhem 4.0 kv 1) Ground pins connected.

+2.0 kv 1)

Veom +0.5 kv 2

+0.75 kv 2)For corner pins.
1) AIKHEEY (HBM), fF& ANSI/ESDA/JEDEC JS-0010
2) JE& JESD22-C101 FrAER T EBIREIEE! (CDM),
2.7 BERAYE (EMC)

TLE5x09A16(D) B4 M4RT S 2007 2 11 B 15 BAFRH CEREMBRBHEERMEMNAME) 1.2 RPi#ER
REBHEEAMENR, TLESX09A16(D) M9 22§ XT3 | BliH1THY,

BIEF

28

Va1
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HERER

3 HEESR

TLE5x09A16(D) K TCIRFBIELRE SMD 3%, B HMAGSHHITE~ mEAHER PG-TDSO-16,

3.1 HESH

+&15 HES¥
Parameter Symbol | Limit Values Unit Notes
min. |typ.| max.

Thermal Resistance Rihin 130 (150 |K/W Junction-to-Air?
Rthic 35 K/W Junction-to-Case
Rehat 70 K/W Junction-to-Lead

Moisture Sensitivity Level |MSL 3 260°C

Lead Frame Cu

Plating Sn 100% >7 pm

1)  1R3E Jedec JESD51-7 FfE

3.2 HIEIME

W Sl E A5
g r 'I LI | I I1 T S PLAE
| - 4
E; Ta s l‘g dhasl__ -
™
- —EE

I DUTER NHEMDOH DIES HOT HLUDE FRITRUSIH 0R IMTAUSIDH OF 15 PER SIE

BEFH 2 val
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HEERE

DISTANCE CHIP TD

TOP SIDE OF IC

= 2

gl s |

[ \

- -

/7

CENTER OF SENSITIVE AREA

& 23 ERITTHRAE

2 B 23 B TR INE RS A TE TLESX09A16D R &, 7E TLESX09A16 1, HZEE T IREE Ao

16 HEPERBEMERHNBRELE
Parameter Values Unit | Notes
Min. Max.
Position eccentricity -100 100 um In X- and Y-direction
Rotation -3 3 ° Affects zero position offset of sensor
Tilt -3 3 °
IR 30 V21
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HERER

2E FIREDGF MR IC BT EREHEN T +3°% FUL, F1rREE55E 0L BTN iR /B
6°, SHAEERHLLIEERBER6 . U, 5 FFIEIE BE M ET TN LEH LT
FEEMIERIRE (BRIOME10) o XFGMR 5858, [EXIRELBFIE R T AR +/-
12°, BIEEARFENEHIHE. XTFAMR, XFFfENE L BBE 11, 7 TLE5X09A16(D)AY
BT, BT LE N HE TR EH N E S,

z
A
y
. +—Tilt angle A
Chip
Package hi
g Reference plane Die pad /C P
D/ s /
- _Rotatlonal
displacement
» X
l—ii
24 HEFOLRHNAE
3.3 IR&
546 iz
134 (16x) ‘ g
p==2 ==
[ e [—— —
p=== == £
e e )
= = b
B —— =
= I
ey e
25 R

HIRF A 3 V2
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3.4

infineon

T 0, P2 Po -
0.30,£0.05 g 2.0 +0.05 (I) 4.0 =0.1(J1 b
/'55% Yy ) s
205 i m =
n
| Jan
b @ O O O O O @
%) ~
L2 0 | ] - - g
% [ =
H 4+ o
I ! } e
°
P | o -
T
> P |
NP 3.50
K1 < L -
b Pl Ao
SECTION Y-Y (I)  Measured from centreline of sprocket hole
to centreline of pocket.
(1) Cumulative tolerance of 10 sprocket
Ao 630 +/-0.1 1 holes is + 0.20
(I11) Measured from centreline of sprocket
Bo 545 +/-0.1 hole to centreline of pocket
Ko 1.60 +/-0.1 o (IV)  Other material available.
Ki 130 +-0.1 M
F 5.50 +/-0.05 SECTION X-X
P1 8.00 +/-0.1
w 12.00 +0.3/- 0.1
=] HE
] 26 EF
32 V2l

BIEF
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3.5 Rid
6% FEARE BEIRRE. QSR AR,

BEE— 8x 18 HIEFEMAEM—1 OCR-A i3,

Position Marking Description

1stLine GXXXX G = green, 4-digit = date code

2nd Line 309DxXxXxXX Type (8 digits), see ordering Table 3

3rd Line XXX Lot code (3 digits)

FRONTSIDE BACKSIDE
DATE CODE (YYWW)  npopnonn
RHARAAH 5 DATA MATRIX CODE
TYPE
G @ p——

OCR-A CODE

12345678 | LOT CODE

O XXX

27 i
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BiTiER

Revision Date Changes
1.0 2016-01 TLE5309D
Initial release

1.0 2016-06 TLE5009A16D
Initial release

11 2017-04 TLE5009A16(D)
Table 1: single die types added.

Table 2: single die pin description added.

Chapter 3: Table 6 splitted in single-ended and differential output parameters, type
description replaced by VDD value.

Figure 8 added (Single-ended output signals).

Table 8: single-ended fully compensated angle error added.

Table 9: single-ended angle error added.

Chapter 3: Typical behavior of angle error compensation added.

Figure 13: Typical residual angle error for full and one-time compensation added.
Chapter 3: ESD protection splitted in single and dual die.

Figure 15 added (Marking).

Layout changed.

1.2 2017-10 TLE5009A16(D)

Chapter References removed.

Table 2: Pin description changed.
Figure 7: Application circuit in single-ended output mode added.

Figure 9: Application circuit for partial diagnostics with pull-down resistors in single-
ended output mode added.

Figure 10: Application circuit for partial diagnostics with pull-down resistors in
differential output mode added.

Table 6: single-ended output noise changed.
11 2017-10 TLE5309D
Layout changed.

Table 8: single-ended angle error added.
Table 9: single-ended angle error added.

Figure 19: Typical residual angle error for full and one-time compensation
GMR sensor added. Figure 20: Typical residual angle error for full and one-
time compensation AMR sensor added.

Chapter References removed.
Pin description: Symbol changed to Pin Name.
Figure 9: Application circuit in single-ended output mode added.

Figure 11: Application circuit in low-power applications in single-ended output
mode added.

Figure 13: Application circuit for partial diagnostics with pull-down resistors in
single-ended output mode added.

BEFH # val
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Revision |Date Changes
2.0 2018-12 TLE5x09A16(D) family sensor datasheet released

Changes TLE5009A16(D) rev. 1.2 to TLE5x09A16(D) rev. 2.0:
Chapter 2.4 Error diagnosis: internal detectable errors

removed. Table 9 differential mode: vector length removed.
Figure 25: die displacement added.

TLE5109A16(D) - initial release in TLE5x09A16(D) rev. 2.0

Changes TLE5309D rev. 1.1 to TLE5x09A16(D) rev. 2.0:

Table 6: Magnetic induction AMR added.
Chapter 2.4 Error diagnosis: internal detectable errors removed.

Table 8 single-ended: AMR synchronism to +/- 6 % changed.
Table 9 differential mode: AMR synchronism to +/- 6 % changed.
Table 9 differential mode: vector length removed.

Table 10: footnote angle error adder at low magnetic field for AMR added. Table 11:
footnote angle error adder at low magnetic field for AMR added.

Table 11: AMR single-ended one-time calibrated angle error improved.
Figure 25: die displacement added.
2.1 2024-06-28 | Removed discontinued variants.

BEFH » val
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