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Sine-Cosine Interpolation ASIC (angle sensor ASIC)
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2. Description

ASIC is performed for input sine-cosine signal conversion in to linear position code. ASIC
worked with external magnetoresistive sensor (KMZ41 and similar), hall sensors, sine-cosine
encoders.

ASIC have two channels with programmable gain amplifier and 13 bit sigma-delta ADC. For
angle calculation used CORDIC-processor.

For setting storage HX045 use internal EEPROM. For programming use SPI or one-wire (OWI)
interface.

T Analog output vs input sine-cosine signal, gain=1

——Qutput voltage
——3Sine input (differential)
s 1 ——~Cosine input (differential)

Input voltage, V
N
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Fig.2.1 K1382HXO045 transfer characteristic
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3. Structure

MISO
MOSI
CFG

MR_CURR ERR

K1382HX045

Sel SIN

;&6 Cos

SLEEP

ADC
13 bit/ 16 us

Digital Processing Unit

ADC
13 bit/ 16 us

EEPROM

Reference
source

DAC
13 bit

EVDD
IAVDD

=JJout

VSS
AVSS

VREF

Fig.3.1. K1382HXO045 structure

4. Pins description
Table 1 Pin table

Ne QFN40 | 5122.24
On | Pin name Pin type Pin description
die
1 CFG DI-PD-ST | SPI interface mode selector 1 3
2 CSn DI -PU-ST | SPI chip select 2 4
3 CLK DI -PU-ST | SPI clock 3 5
4 MISO DO 4 SPI output 4 6
5 MOSI DI -PU-ST | SPI input 5 7
6 VCG Al For testing only. No connect. 6 -
7 VS Al For testing only. No connect. 7 -
8 MOUT DO_1 For testing only. No connect. 9 8
9 ERR/DTST DO_1 Error signal 10 9
)
10 | TEST_PAD | DI-PU-ST | For testing only. 11 10
6
11 SLEEP DI-PD-ST | Sleep mode 12 11
12 ouT AIO Analog output/OWI pin 13 12
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Ne QFN40 | 5122.24
On | Pin name Pin type Pin description

die

13 VSS S Digital ground 15 13
14 AVSS S Analog ground 16 13
15 VDD S Digital supply 18 14
16 AVDD S Analog supply 19 14
17 ATSTO AO For testing only. No connect. 21 -
18 | ADCIN2n AlIO For testing only. No connect. 23 15
19 | ADCINZp AlIO For testing only. No connect. 24 16
20 | ADCINI1n AlIO For testing only. No connect. 25 17
21 | ADCIN1p AlIO For testing only. No connect. 26 18
22 VREF AO Reference output VDD/2 27 19
23 | MR_CURR AO Sensor current supply output 28 20
24 VDDR AO Sensor supply output 29 21
25 VSSR S Sensor common output 31 22
26 AVSS S Analog ground 32 -
27 AVDD S Analog supply 33 -
28 SINn Al SIN input, negative 34 23
29 COSn Al COS input, negative 35 24
30 VDDR AO Sensor supply output 36 -
31 SINp Al SIN input, positive 37 1
32 COSp Al COS input, positive 38 2

S — ground/supply

AO - analog output

Al —analog input
AIO - analog input/output

DO - digital output

DI-PU-ST - digital input with pull-up
DI-PD-ST - digital input with pull-down
DO_x —digital output with current x mA
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5. Specifications

Table 5.1 K1382HX045 specifications (supply voltage Vcc 4.5-5.5V, temperature -40...+125
OC)

Value .
Parameter Symbol - Unit
min typ max
Supply current Iop - 12 16 mA
Supply current in sleep mode Ipps - - 3 mA
Electric resolution Phi_res - 0.04 0.08 degree
Total error Phi_ERR -1.35 - +1.35 degree
Zero position trimming Phi_ref 0 - 360 degree
Low output voltage threshold VCL_D 5 - 30.5 % Vcce
High output voltage threshold VCL_U 40 - 95 % Vce
Output threshold variation VCL_ERR -3 - +3 % Vce
Maximum output current lout_max 2 - - mA
Timing parameters
Power on time Ton - 1 2 ms
Conversion time Tconv - 16 - us
Settling time Tsetl - - 1.8 ms
Sleep on time Tss - 140 200 us
SPI1/SSI clock fork - 2 4 MHz
Reference parameters
Internal up reference VRerH - 4.15 - \%
Internal down reference VRerL - 0.85 - \Y
VDD/2 VREF Vvrer 0-5(').\(/);(3 - 05-Vee 0.5(-).\(/)%(; + V
Input parameters
Input resistance Rin - 1 - MOhm
PGA gain trim Gin 13 - 110 time
PGA offset trim Voff_trim -70 - +70 mV
Sensor supply parameters
Internal sensor supply current Imr 0.5 - 4.6 mA
AVDD-VDDR resistance Rvddr 400 500 600 Ohm
VSSR-AVSS resistance Rvssr 400 500 600 Ohm
Digital input/output parameters
Input low voltage U -0.3 - 0.8 V
Input high voltage U 2 - Vcet0.3 \%
Output low voltage UoL - - 0.4 \%
Output high voltage Uon Vcc-0.8 - - \Y
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6. Registers description
Table 6.1 Registers

# Register name Description Defaults
(dec)

1 | FREQGJ[4:0] Internal clock oscillator frequency trim 15

2 | TCURRJ[3:0] Sensor supply current trim 7

3 | GA X[4:0] PGA gain trim, channel X 0

4 | OA X[5:0] PGA offset trim, channel X 0

5 | GA Y[4:0] PGA gain trim, channel Y 0

6 | OA Y[5:0] PGA offset trim, channel Y 0

7 | ZERO _POS[12:0] Zero position trim 0

8 | PHI_MAX]12:0] Output upper threshold trim 4806

9 | PHI_MINJ[12:0] Output downer threshold trim 256

10 | ANG_RNG_LSBJ[13:0] Position multiplier, coefficient 1 0

11 | ANG_RNG_MSB[5:0] Position multiplier, coefficient 2 1

12 | AOC_EN Automatic offset cancellation enable 0

13 | LOCK]15:0] Lock register 0

14 | CHIP_ID[31:0] Chip identification 0

15 | DIR CW/CCW rotation mode 0

16 | OFFSET_SIN[12:0] Sine offset digital trim, signed 0

17 | OFFSET_COS[12:0] Cosine offset digital trim, signed 0

18 | SDIS Sensor supply current power down 0

19 | EN360 180/360 degree mode 1

20 | PDIS PGA power down, inputs direct connected to ADC | 0

21 | ADCNTI[1:0] ADC clock setting 1

22 | EE LD EN EEPROM to registers loading enable 0

23 | ANG_CLAMP_DNJ[12:0] | Position code clamp 0

24 | EML_OUT_EN Input signal loss signal (EML) to analog output 1
enable

25 | AMP_EML_TH[12:0] Amplitude threshold for EML signal 1000

26 | XG[1:0] PGA common gain 0

27 | REF[1:0] ADC reference setting 0

28 | DTSTO DIS DTSTO output disable (testing only) 0

29 | SSI_MODE SSI mode enable 0

30 | AGC_EN Automatic gain control (AGC) enable 0
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Table 6.2 Analog setting

Trim code Trimming
Parameter Symbol -
min typ max value
Internal clock frequency trim FREQ[4:0] 0 15 31 5-10 MHz
+5%
Sensor current trim TCURRJ[3:0] 0 7 15 0.5-4.6 mA
Sin-channel PGA gain trim {XG[1:0], -
g A X[40]} 0 0 127 13-110
Cos-channel PGA gain trim {XG[1:0], -
g A VT40]} 0 0 127 13-110
Sin-channel PGA offset trim (at _ 63 -70 ...+70
XG=0 GA_X=0) OAX[50] | 0 0 mvV
Cos-channel PGA offset trim (at _ -70 ...+70
XG=0 GA_Y=0) OA_Y[5:0] 0 0 63 iy
Table 6.3 ADC clock setting
# ADCNT[1:0] F(ADCCLK)
1 0 FCLK/4
2 1 FCLK/2
3 2 FCLK
4 3 FCLK/8

7. Programming

K1382HX045 has electric programmable memory (EEPROM) with 32x16 memory size with
internal high voltage programming generator. ASIC has been programmed through SPI interface
or one-wire interface (OWI). OWI interface combined with analog output for minimize sensor
connectors.

For OWI for input in programming mode need in specified time (26 ms at 8 MHz system clock)
after power on transmit special command (see chapter 13). K1382HX045 receive OWI command
and proceed in programming mode, output DAC power down.

OWI programmator must have output with current strength bigger than 2 mA.

VDD

ouT
START PRG_MODE_EN_CMD STOP

OWI startup command

Programming mode

Fig.7.1. OWI start programming
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I Write to EEPROM need in two stage:
- First transmit row erase command;
- Second transmit command write data to address.

Data from EEPROM to registers are loaded after power up. K1382HX045 has special command
for run registers reloading procedure.

I'1f SSI_MODE bit was programmed SPI interface is disable. For erase SSI_MODE bit must be
use OWI interface only.

7.1 Memory addressing

In chip used common address space with EEPROM and operating registers, table 7.1.1.
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Table 7.1.1 Addresses space of K1382HX045

Address Bits in 16-bit words Access

(RO-read only
Dec 15 14 13 12 11 10 | 09 08 07 06 05 04 03 02 01 00 RW-read/write)

00 LOCK][15:0] EEPROM/RW
01 FREQ[4:0] | ] | | | TCURR[3:0]
02 GA X[4:0] OA X[5:0] \ \ \
DTSTO _ ) ]
03 DIs | PDIS | SDIS XG[1:0] GA_Y[4:0] OA_Y[5:0]

04 OFFSET_SIN[12:0]

05 OFFSET_COS[12:0]

06 ANG_CLAMP_DN[12:0]

07 AMP_EML_TH[12:0]

08 [ T 1 ] [ ] [ [ [ Jeioen
09 CHIP_ID[31:16]

10 CHIP_ID[15:0]

11 EN360 ZERO_POS[12:0]

12 PHI_MIN[12:0]

13 PHI_MAX[12:0]

14 ANG_RNG_LSB[13:0]

15 ANG_RNG_MSBJ[5:0]

SSI EML_OUT ] _
16 MODE EN AGC_EN ADCNTI[1:0] REF[1:0] DIR AOC_EN

17
18
19
20
21
22
23
24
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Address Bits in 16-bit words Access
Dec 15 14 13 |12| 11 |10|09| 08 07 06 05 04 03 02 01 00 ng\f;g‘;‘;‘,j’vggt'g)
25

26

27

28

29

30

31

32 EML RcéFA%_Y SSX‘S/\—( ERLEOA%% é_POEVI\EIB OTR_Y OTR_X STATUS _REG/RO
33 ATSTO_SET[3:0] DTSTO_SET[3:0] TEST _REGISTER/RW
34 OutY[12:0] Operating
35 OutX[12:0] Registers/RO
36 QUACISJIEEII\I(':I'_[LO] Zout[12:0]

37 ANGLE_OUT[12:0]

38 AMPLITUDE[12:0]

39 CHIP_HARD _ID[15:0] = 16’h08E2 HARD _ID/RO

JSC «ZNTC» - VLSI Design Center
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8. Programmable gain amplifier

Chip has two PGA with gain and offset trim.

Gain trim controlled by 2 registers: common gain XG[1:0] and independent gain
GA_X[4:0]/GA _Y[4:0]. Gain trim range 13-110 (independent and common parts).

Offset trim controlled by independent registers OA_X[5:0] and OA _Y[5:0] in range -
70...+70mV with step 2.2 mV.

PGA can disable with set PDIS=1. In this case inputs direct connect to ADC.

N

27.5 4

25.0

225

20.0

175

15.0

125 4,

00 50 10.0

Fig.8.1 Gain trim versus setting registersuhl‘(_GA:{XG[l:O], GA[4:0]}=0-31
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55.0

50.0

45.0

40.0

35.0

300

25.0

300 35.0 40.0 45.0 50.0 55.0 60.0 65.0
K_GA

Fig.8.2 Gain trim versus setting registers K GA={XG[1:0], GA[4:0]}=32-63
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80.0

70.0 4

60.0

50.0 4

40.0

30,0

60.0 65.0 70.0 75.0 80.0 85.0 20.0 85.0
K_GA

Fig.8.3 Gain trim versus setting registers K_GA={XG[1:0], GA[4:0]}=64-95
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e
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80.0
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50.0
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GA

K
Fig.8.4 Gain trim versus setting registers K_GA={XG[1:0], GA[4:0]}=96-127
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Fig.8.5 Offset trim versus setting registers OA[5:0]

9. System flow chart

System flow chart showed on figure 9.1. In reset all flip-flops set to defaults values (table
6.1). After reset reading EEPROM bit EE_LD_EN condition. If EE_LD EN=1 start process of
loading data from EEPROM to registers. Loading process to be continued in 100 us time (at 8
MHz nominal system clock). After loading is finished set bit ELOAD_READY (this bit can be
read in status register). If EE_LD_EN=0 loading procedure not started, set bit ELOAD READY,
registers stay in default values.

After ELOAD_READY=1, registers fixed in correspond to EEPROM firmware. Chip
work in normal mode, analog output and SPI/SSI are active. Also start OWI counter, system wait
OWI command (26ms time for nominal system clock). If OWI command detected chip go to
programming mode. Otherwise, if OWI counter was stopped and command not detected, system
disable OWI interface and working in normal mode. OWI communications are possibly only
after power off and power on.

In normal mode chip can moving in programming mode only through SPI (at CFG=1).
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Power On
‘RESET
No EE_LD_EN=1? Yes
\ 4 Y
Not operation EEPROM load in registers
ELOAD_READY=1 Start ELOAD_READY counter
\ > [
4
No ELOAD_READY=1?
Yes

v

Wait OWI command
Analog output and SPI/SSI are worked

'

v

No Yes

i OWI Counter is reset? ¢
No Yes
NO_—5wi command is received?
Yes
4
Normal mode
OWI disabled Go in sleep mode

SPI/SSI Interface is active

\

Programming mode

SPI command detected?

Fig.9.1 System flow chart

10. Angle conversion settings

Inputs sine-cosine signals convert in to angle code. Angle code is reading from SPI1/SSI
interface and through analog output. Conversion resolution is 13 bit.

Output code can be corrected by:

- setting zero position by register ZEROP_POS[12:0];

- setting low and high thresholds by registers PHI_MIN[12:0] and PHI_MAX][12:0];

- setting transconductance by registers ANG_RNG_LSB[13:0] u ANG_RNG_MSB[5:0];
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- select mode 180 or 360 degree on one input signal period by register EN360;
- changing rotate direction by register DIR,;
- setting limit for down position by register ANG_CLAMP_DN[12:0].

A
cosp /SN’\ /—\
m
N
(@]
g VREF
o
>
=
o
£
COSn SINn
- >
Input phase ¢ (time), degree (s)
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w _-" |
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O] - | -~
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o | -~
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o
-]
(]
(@]
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©
>
=
=
S | _ YourL
aA
VCL_D i >
0 Input phase ¢ (time), degree (s) 360

Fig.10.1 K1382HX045 waveforms
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192
ANGLE =| ZERO _ POS +ﬁ-¢ -K
360
ANGLE
Uout =——-U
5119 -

_ANG_RNG_LSB | \NG_RNG_MSB

16384
Uout H — PHIMAX Uy |
- 5119 -
PHIMIN
Uout_L=—«——-U
- 5119 cL_uU

@ - Input phase of sine-cosine signal

11. Reference voltage selection

K1382HX045 are support 3 various reference voltage modes. Reference voltage modes
controlled by register REF[1:0].

Table 11.1 Reference voltage selection

# | REF[1:0] Description

110 ADC reference voltage from inputs VDDR and VSSR

2 |1 ADC reference voltage from internal reference

3 |2 Sensor supply from internal current source, ADC reference voltage from bridge
arms

4 13 Not used
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REFN
VSSR

Fig.11.1 Reference connection for REF[1:0]=0 mode
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K1382HX045
D 500

SerSorSIN LREFH

INp
SINp

SINNn

Internal

reference
SepgoCOS |REFL,, LREFH

cosp|

COSn

AVSS

Fig.11.2 Reference connection for REF[1:0]=1 mode
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500

SENS_SUPPLY

MR_CURR

SerfSorSIN LMR_CURR

REFp

INp
SINp

ADC

SINNn

REFn

ﬁ/SSR

SepgorCoS LMR_CURR

REFp

cosp|

ADC

COSn

REFn

VSSR

AVSS

Fig.11.3 Reference connection for REF[1:0]=2 mode

12. Amplitude definition and error flags

K1382HXO045 include amplitude of input signals calculation unit and error generation
signal if input signals out of range. Calculated amplitude available in register Amplitude[12:0].
Amplitude register is corresponded input amplitude with equation:

Amplitude[12:0] = 1.647-A(InX, InY)

where A(InX, InY) — amplitude of input signal (values from 0 to 4095).

Chip set error flag EML when input amplitude fall below threshold value controlled by
register AMP_EML_TH[12:0] (1000 by defaults). EML flag can be displayed on analog output
by means of reset output (independent away from PHI_MIN[12:0] register value) if set register
EML_OUT_EN.

Chip generated common error signal ERR=EML || OTR_X || OTR_Y and displayed its on
ERR/DTSTO output. If error detected ERR/DTSTO output set to logic high.

Table 12.1 Error signals

Ne | Error flag Description Displayed by
1 |EML Input amplitude fall below threshold value | 1) SPI in programming mode
AMP_EML_TH[12:0] 2) SPI/SSI in angle reading
mode
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3) Analog output
4) OWI
2 | OTR_X Input amplitude on channel X exceed 1) SPI in programming mode
reference voltage 2) OWI
3 | OTRLY Input amplitude on channel Y exceed 1) SPI in programming mode
reference voltage 2) OWI
4 | OTR =OTR_X || OTR_Y 1) SPI/SSI in angle reading
mode
5 |ERR =EML || OTR_X || OTR_Y 1) Output ERR/DTSTO

13. OWI interface

K1382HX045 support One-Wire serial data interface (OWI). K1382HX045 work in
SLAVE-mode. For start OWI need within 26 ms time after power on transmit special startup
command (table 13.1, figurel11.1.1).

Table 13.1 OWI startup command

Byte command (CMDJ[7:0]) Data
F8 A49B(hex)
Agilent Technologies WED MAY 21 20:02:49 2014
0 2.00v/ 8 a ¥+ 11858 50008/ Stop 1 4257

Chip go to programming
mode- set high logic level

111110001 01/0010010011/011

Horizontal Menu 4.00GSa/s |
Normal Zoom XY Vernier Time Ref
v | Center

Fig.13.1 OWI startup command. After startup command detection chip disable DAC and output
by means of external resistor pull-up to high logic level.
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13.1Data format and command description

On figure 13.1.1 show OWI data format

write

IDLE |START|COMMAND | DATA BYTE 1| DATABYTE 2| STOP IDLE

read

IDLE |START|COMMAND |HANDOVER | DATA BYTE 1| DATA BYTE 2|TAKEOVER| STOF | IDLE
O1aagT42

Fig. 13.1.1 OWI data format

MASTER always start with START command. Next transmit byte command that
includes addresses and read/write signal. In case of read command extended bits “handover” and
“takeover” added in beginning and ending of reading data byte. Each data frame must be
finished STOP command from MASTER device.

= tetart —=

tstop

D01asg8iT

Fig. 13.1.2 START and STOP bits

Bit coding «0» and «1» show on fig.13.1.3.

bit=0 bit = 1

& Thit - Thit -

r ¥ * w L y
0175 0.375 0.625 0825
-ty —= tys
.25 0.75 001zag818
Fig. 13.1.3 Logic «1» and logic «0» bit coding
Data transmit by MSB first.
Command byte format
7 6 5 4 3 2 1 0
CMD7 CMD6 CMD5 CMD4 CMD3 CMD2 CMDA CMDO

JSC «ZNTC» - VLSI Design Center

- 24 -

K1382HX045 datasheet v2_eng.doc



3eneHorpaackuit

( HaHOTEXHONOrUYECHUM
\) LBHTP

Table 13.1.1 OWI commands

Sine-Cosine interpolation ASIC K1382HX045, ver.2.0

Preliminary Specification

Ne Command Format Description
1 Reading on address ADDR: 0,ADDR,1 READ FROM
ADDR][5:0]=0...37 ADDR
2 Write on address ADDR: 0,ADDR,0 WRITE TO ADDR
ADDR][5:0]=0...37
3 Erase EEPROM on address ADDR: 10,ADDR,0 ERASE EEPROM TO
ADDRJ[4:0]=0...31 ADDR
4 Write one word in all EEPROM cell 00,11111,0 BLOCK WRITE
EEPROM
5 Erase in all EEPROM cells 10,11111,0 BLOCK ERASE
EEPROM
6 Reload data from EEPROM to registers | 11,11111,0 WRITE FROM
EEPROM TO
REGISTERS

Comment: Write/read on address 1F(hex) is denied.

13.2Write through OWI

Writing data procedure (fig.13.2.1):
* MASTER transmit bit START.
* MASTER transmit command byte (table 13.1.1) with CMD[0] =0
* MASTER transmit two data bytes
* MASTER transmit bit STOP

If STOP signal be absent after timeout transmitted data be ignored. In IDLE state bus is pull-up.

—(STAHT)( CMD7 ) ( CMDO X w:mes) ( WDATAO }( aTOP ){ IDLE

master

output

enable

oWl T | | ) | | | | I (3)
slave

output —

enable i)

Fig. 13.2.1 Writing data procedure

D01aagT43
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13.3Reading through OWI

Reading data procedure (fig.13.3.1):

e MASTER transmit bit START

e MASTER transmit command byte (table 13.1.1) with CMDJ[0] = 1
e MASTER transmit logic high during tyo

e SLAVE capture bus (slave output enable = 1)

e SLAVE set bus in logic low

e MASTER release bus (master output enable = 0)
SLAVE transmit two data bytes

SLAVE transmit logic high during tyo
MASTER capture bus (master output enable = 1)
MASTER set bus in logic low

SLAVE release bus (slave output enable = 0)
MASTER transmit bit STOP

—<STAF.T\\ CMDT ) ( CMDO }.(H.ﬂ'.hlIZ'ISH.ﬂ'.KE)"{«r RDATA15 } < RDATAD ){I—ANDEI—AKE}"{ STOP ;< DLE
maEter
output | r’l
enable )
oWl [ T ] h C 1] T ] 5
{1}
enable

2 2 4] 007 magT4d

Fig. 13.3.1 Reading data procedure
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' Agilent Technologies

WED MAY 21 20:04:24 2014

Chip receive data

Reading command
0,ADR=14,1 ANG_RNG_LSB=3555
houoleLkLLl.}LOM 00001101111 00011 L

wicicl Bul [’ /‘ J'r' 4 4 (‘ i [
I f I Ir;‘ ’; "f
'lI f 'I ':I
| |

1

1
i
i
|
|

U o

i -__‘_"‘—.__' B ~]
|
|

[
| ',I
l' |
ll |
|
| |
|
e 5

I
[ 3
=
i
i
El |

TEE

Chip capture bus

4.00GSa/s

Normal
v
Fig.13.3.2 Reading on address 14 example 14 (register ANG_RNG_LSB)

13.4Timing characteristics

Table 13.4.1 OWI timing characteristics

Symbol Parameter Min Typ Max Unit
totart START bit time 10 - - us
tstop STOP bit time 5 - - us
Thoit Bit period 20 - 100 us

two Pulse 0 0.175Tpit | 0.25Tpit | 0.375Tpit -

tw1 Pulse 1 0.625Tyit | 0.75Tpit | 0.825Tpit -
tiko(siv) SLAVE capture time 1 15 5 us
tiko(mas) MASTER capture time OTbit - 0.5Thit -

K1382HX045_datasheet_v2_eng.doc
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14. Status register STATUS REG

K1382HXO045 include 8 bit status register, available for reading.

Table 14.1 Status register bit map

Burtel 7 6 5 4 3 2 1 0
Croso 1 - EML | OFC_ | CONV_ | ELOAD_| LOW SPEED | OTR X | OTR_Y
READY | READY | READY

Table 14.2 Status register description

No Status bit Description Defaults
0 |OTR X Channel X out of range 0
1 |OTRY Channel Y out of range 0
2 | LOW_SPEED Automatic offset cancellation low speed detection 0
3 ELOAD READY | Loading procedure from EEPROM to registers finished 0
4 | CONV_READY | ADC conversion ready 0
5 | OFC_READY Automatic offset cancellation ready 0
6 EML Low input amplitude error signal 1
7 |- Not used 0

15. Sleep mode

K1382HX045 can move in low power mode by set high logic level at SLEEP pin. In this
mode power off ADC, PGA, DAC, external sensor supply.

Digital part and SPI interface are worked.

Sleep mode activation possible after 30ms after power on (OWI command waiting delay).

Registers are save values in sleep mode.

16. Automatic gain control

K1382HX045 include automatic gain control unit (AGC). AGC enable by setting register
AGC_EN. AGC is provide gain control in GA_X][4:0] and GA_Y[4:0] range in dependent of
AMPLITUDE[12:0] register value. AGC control edges are corresponding to amplitude values
5000-6500.

17. Digital offset correction

K1382HX045 include digital offset correction module (DOC). DOC activated by register
AOC_EN.
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Manual offset correction provide by registers OFFSET_SIN and OFFSET_COS for SIN
and COS channel respectively. These registers have signed representation and direct add to ADC

output code.
DOC also have automatic correction circuit that worked only if signal “rotated”. For slow

rotation DOC set flag LOW_SPEED.
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18.

SSI/SPI Interface

18.1Angle reading mode

Table 18.1.1 SSI/SPI frame in angle reading mode

K1382HX045 support two modes that defined by CFG pin.
1. CFG=0 - angle reading mode
2. CFG=1 - programming mode
CFG pin has pull-down resistor.

In angle reading mode K1382HX045 transmit angle data independent of MOSI state. SPI frame length 16 bit, MSB first.
K1382HX045 support both SPI and SSI interface modes. For SPI/SSI select used SSI_MODE register:
SSI_MODE=0 - SPI interface;
SSI_MODE-=1 - SSI interface.
In SSI mode CSn pin must be connect to logic low.
SPI working in SPI_MODE=0.

I'1f SSI_MODE bit was programmed SPI interface is disable. For erase SSI_MODE bit must be use OWI interface only.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(MSB) (LSB)
Position data ANGLE_ OUT[12:0]

CRC | EML | OTR | [12] | [11] | [20] [ [9] [ (8 [ [71 [ (61 [ (5] [ [4 [ 31 [ [ [ [ [ [0]
ANGLE[12:0] - position data
OTR = (OTR_X || OTR_Y) — ADC out of range
EML — low input signal
CRC - checksum bit
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‘,,t,c,”S,’
‘tch tel |
<>
CLK

MISO YMSBX X : : X X LSB \

D >

Fig. 18.1.1: SSI mode waveform
Table 18.1.2 SSI mode timing parameters
# Parameter Symbol Units Value

min typ max
1 | SSI clock maximum value tclk ns 250 500 2Xxtm
2 | SSI clock pulse high value tch ns 125 250 tm
3 | SSI clock low value tcl ns 125 250 tm
4 | SSI pause on MISO tm us i 4 -
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CSn

MOSI—\ /_
MISO—\ x ’ K _
MSB LSB
Fig. 18.1.2 SPI mode waveform
Table 18.1.3 SPI mode timing parameters
# Parameter Symbol Units Value
1 | SPI clock maximum value folk MHz 4
18.2 Programming mode
Programming mode activated if pin CFG=1. Working mode SPI_MODE=0.
Table 18.2.1 SPI commands
Ne Command Format Description
1 Reading on address ADDR: ADDR[5:0]=0...37 0,ADDR,1 READ FROM ADDR
2 Write on address ADDR: ADDR[5:0]=0...37 0,ADDR,0 WRITE TO ADDR
3 Erase EEPROM on address ADDR: ADDRJ[4:0]=0...31 | 10,ADDR,0 ERASE EEPROM TO ADDR
4 Write one word in all EEPROM cell 00,11111,0 BLOCK WRITE EEPROM
5 Erase in all EEPROM cells 10,11111,0 BLOCK ERASE EEPROM
6 Reload data from EEPROM to registers 11,11111,0 WRITE FROM EEPROM TO REGISTERS
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Programming mode come true with 2 cycles (16 bit for each):
- transmit command with null byte;
- transmit/receive 16 bit data.

Uuuuuuuuuuuuuuy Lo
Uyurvuuyvrvuiuyuu L
oo Wi DATA() 1

Fig. 18.2.2 Second SPI cycle
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19. Package

QFN40 Package
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|
|
|
|
|
}

-9 T _________ —
|
|
|
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|
|
|
|
|
l — -
— -

R=0.115
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5122.24 (H06.24) ceramic package
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Die
|
O 0o o o o o o O # Parameter Symbol Value
1 | Length, um Ld 3750
[ 2 | Width, um wd 3750
O H 3 | Pad size, um Lp x Wp 85x85
O O
ad
4 | Die thickness, um Td 280
U 5 | Pad material - Aluminium
ad O
0 O Pads numbering — counterclockwise
ad
O
O
|
1 O O o o O o O O O
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20. Applications

Note 1: Sensor selection

If need measure angle in range 180 degree best choice is using quadrature AMR-
magnetoresistive sensor: KMZ-41 (NXP), APS00B (Honeywell) and others.

If need measure angle in range 360 degree good choice is using GMR-based sensor (TLE5009
and same) or Hall sensors.

For measuring linear position need to use linear sensors, for example, iC-SM5L - linear AMR-
Sensor.

20.1Magnetoresistive angle sensor with linear output and ADC
reference from internal source

I Set register EN_360=L1.
I Set register REF[1:0]=01.

4,555V
AVDD VDD :::gqu
SersorSIN
ouT To S|gna_l processing
circuit
SINp
SINn _
cf
K1382HX045 =
SepsorCOS
COSp
COSn
AVSS VSS

Fig.20.1.1 Angle sensor schematic

Capacitance Cf in range 0.5-5 nF.
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20.2Magnetoresistive angle sensor with linear output and ADC
reference from bridge edges

I Set register EN_360=1.

I Set register REF[1:0]=00.

4,555V
AVDD VDD L 0-1uF
VDDR
SersorSIN
ouT To S|gna_l processing
circuit
SINp
SINn
cf
K1382HX045 =
SepsorCOS
COSp
COSn
VSSR
AVSS VSS

Fig.20.2.1 Angle sensor schematic
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20.3Magnetoresistive angle sensor with digital output

I Set register EN_360=1.
I Set register REF[1:0]=01.

4.5-5.5V

0.1uF
AVDD VDD

CFG
SerfsorSIN CSn CSn

CLK CLK

MISO MISO

MOSI MOSI
SINp
SINn

Microcontroller
K1382HX045
SepSonCOS

COSp

COSn

AVSS VSS

Fig.20.3.1 Angle sensor schematic

CFG connection depends from working mode. If used only angle reading mode pin CFG
should be not connected or connected to ground. In this case MOSI connection not required.
If programming mode need, CFG connect to logic high.
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20.4Connection with external sine-cosine sensor with differential
outputs

I Sine-cosine input amplitude must in range VDD/2 £+ 1.5B
I Set register SDIS=1
I For high input amplitude should disable PGA by set register PDIS=1.

4.5-5.5V
0.1uF
AVDD VDD
CSn CSn
- CLK CLK
MISO MISO
SINp
Microcontroller
SINn
Sine-Cosine sensor K1382HX045
COSp
COSn

AVSS VSS

Fig.20.4.1 Angle sensor schematic
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21. Development Tools

1. Evaluation board MR_ASIC2_test_board_24
Features:
- soldered K1382HXO045 in 5122.24 ceramic package
- connection to all pins
- on-board USB-SPI programmer
- on-board SSI output driver

2. Evaluation board MR_ASIC2_test board QFN40
Features:

- Soldered K1382HX045 in QFN-40 package

- connection to all pins

- on-board USB-SPI programmer

- on-board SSI output driver

3. K1382HX045 _eval software
Features:
- Windows XP, Windows 7 support
- used with K1382HX045 evaluation boards
- access to all registers of K1382HX045
- support programming mode
- support angle reading in normal mode and save to file
- continuous reading from Angle, Sine, Cosine and Amplitude registers and saving to file
- X-Y plot for easy trimming

4. ENC3_PROGRAMMER
Features:
- support K1382HX045 OWI interface
- SPI interface support
- SSI reading support
- software for Windows

5. Demonstration board

Features:
- on-board sensor system with quadrature AMR-sensor
- TFT-display for show angle position code
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History
Data Author Description Chapter | Version
23.10.2015 Prokofiev G.V. First draft, translate from Russian spec v.2.0.2 - 2.02

VLSI Design Center of JSC «Zelenograd Nanotechnology Center»
Russia, Moscow, Zelenograd, Sunny avenue, 6
E-mail:

stakhin@idm-plus.ru - manufacturing, marketing

prokofiev@idm-plus.ru - technical questions
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