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FEATURES

APPLICATIONS

4 System-on-chip design for excellent reliability

¢ Leading/trailing sampling of 10 binary tracks pitched at 400 um

4 Analog sine/cosine scanning with enlarged photodiodes, signal
conditioning and fast 8-bit vector-tracking interpolation

¢ Absolute singleturn resolution up to 18 bits

4 FlexCount® provides programmable resolution for absolute and
incremental data

¢ Incremental quadrature outputs with 1 to 65,536 CPR and
programmable index signal

¢ LED illumination control using 50 mA high-side current source

(sin®+cos? or sum control modes)

Alarm indication for configuration or illumination error

Permanent RAM monitoring by parity bits

3.3 V-compatible SPI and I/O ports for configuration and data

Serial position readout in 1 us cycles at 16 MHz clock frequency

Parallel position output resolution up to 16 bits

Operation at 4V to 5.5V within -40°C to 110°C

30-pin optoBGA or 38-pin optoQFN package for SMT

lllumination: iC-SN85 BLCC SN1C (850 nm encoder LED)

Code discs: LNB1S 42-1024 (1024 PPR, @ 42 mm/18 mm),

LNB4S 26-1024 (1024 PPR, @ 26 mm/9.6 mm)
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4 Programmable incremental
encoders

Optical position sensors
Absolute rotary encoders
Motor feedback systems

¢
¢
¢
¢ Linear scales

PACKAGES

30-pin optoBGA

7.6mmx7.1mmx 1.6 mm

38-pin optoQFN

7.0mm x 5.0mm x 0.9 mm
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DESCRIPTION

The iC-LNB is an optoelectronic encoder IC for ab-
solute linear and angle measuring systems. When
combined with a linear scale or rotary encoder disc,
the iC-LNB provides complete encoder functionality.
Photodiodes, amplifiers, comparators, a complete sig-
nal conditioning unit, and multiple interfaces for posi-
tion data output are monolithically integrated into the
device.

The iC-LNB reads ten absolute tracks as well as an
incremental track from the disc or scale. The incre-
mental track provides sine and cosine signals which
can be calibrated to compensate the offset and scale
the amplitude of the photodiodes. These calibrated
signals are used by the integrated vector-tracking
interpolator to provide up to 8 bits of additional resolu-
tion and are also available on dedicated output pins.
Combined with the 10 bits of absolute position, the
interpolator provides resolution of up to 18 bits.

An integrated LED current control with a built-in
driver allows direct connection of the illumination LED
(iC-SN85 or other). The optical power received by
the iC-LNB is kept constant by the current control, re-
gardless of temperature and aging effects of the LED.
The received power setpoint is programmable and an
end-of-life alarm and error pin output indicate when
the LED current control has exceeded its operating
range.

The iC-LNB synchronizes the interpolator output and
the absolute data to form a contiguous Gray-coded
position data word. This position or angle data is out-
put as incremental ABZ signals, absolute position via
a scalable shift-register, and through the SPI interface.
Alternatively, a 16-bit parallel position output is also
available. FlexCount® allows the output position (in-
cremental and absolute) resolution to be programmed
to any value between 4 and 2'® steps (edges) per
revolution.

After startup, the iC-LNB must be configured via the
SPI interface. The SPI interface (as well as all the
other digital I/O) operates at 3.3V, allowing direct con-
nection to 3.3V microcontrollers.

General notice on application-specific programming
Parameters defined in the datasheet represent supplier’s
attentive tests and validations, but - by principle - do not imply
any warranty or guarantee as to their accuracy, completeness or
correctness under all application conditions. In particular, setup
conditions, register settings and power-up have to be thoroughly
validated by the user within his specific application environment
and requirements (system responsibility).

The chip’s performance in application is impacted by sys-
tem conditions like the quality of the optical target, the
illumination, temperature and mechanical stress, sensor
alignment and initial calibration.
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PACKAGING INFORMATION

PIN CONFIGURATION
oBGA LNB2C
(7.6 mmx7.1mmx1.6 mm)

PIN FUNCTIONS

No.
A1
A2
A3
A4
A5
A6
B1
B2
B3
B4
B5
B6

Name
SCLK
VDD
GND
LED
VDDA
GNDA
CS
MISO
MOSI
PCOS
NSIN
PSIN

Function

SPI Clock Input

+3V...+5.5V I/O Ports Supply Voltage
I/O Ports Ground

LED High-Side Current Source
+4V ..+5.5V Supply Voltage
Ground

SPI Chip Select Input

SPI Data Output

SPI Data Input

Analog Voltage Output PCOS
Analog Voltage Output NSIN
Analog Voltage Output PSIN

PIN FUNCTIONS

No.
C1

C2

C3

C4

C5

C6
D1

D2

D3

D4

D5

D6
E1

E2

E3

E4

ES

E6

Name
DIR

TNS

TNC

TPS

TPC

NCOS
DOUT

DIN

NSL

INCB

INCA

ERR
GB

GA

CLK

XJD

POK

INCZ

Function

Code Inversion Input /
Parallel Output Bit 13

Test Input NSIN /
Parallel Output Bit 14

Test Input NCOS /
Parallel Output Bit 15

Test Input PSIN /
Parallel Output Bit 1

Test Input PCOS /
Parallel Output Bit 0

Analog Voltage Output NCOS

Shift Register Data Output /
Parallel Output Bit 10

Shift Register Data Input /
Parallel Output Bit 11

Shift Register Load Input (active low) /
Parallel Output Bit 12

Incremental Output B /
Parallel Output Bit 3

Incremental Output A /
Parallel Output Bit 2

Error Message Output (active high)

Gray Code Output B (MSB-1) /
Parallel Output Bit 7

Gray Code Output A (MSB) /
Parallel Output Bit 8

Shift Register Clock Input /
Parallel Output Bit 9

Adjustment Signal /
Parallel Output Bit 6

Power OK Indication/
Parallel Output Bit 5

Incremental Output Z /
Parallel Output Bit 4

IC top marking: <P-CODE> = product code, <A-CODE> = assembly code (subject to changes), <D-CODE> = date code (subject to changes);
Grounding unused inputs (10 k2 to GNDA) is recommended, especially for pins DIR, TPS, TNS, TPC, and TNC.
For dimensional specifications, refer to package datasheet iC-LNB oBGA LNB2C, available separately.
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PIN CONFIGURATION
0QFN38-7x5 (7.0 mm x 5.0 mm x 0.9 mm)
(in qualification)
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PIN FUNCTIONS
No. Name Function
1 GNDA Ground

26
25
24
23
22
21
20

2-6 n.c.' Not Connected
7 GND 1/O Ports Ground
8 VDD +3V...+5.5V /O Ports Supply Voltage
9 SCLK SPI Clock Input
10 MOSI SPI Data Input
11 MISO SPI Data Output
12 CS SPI Chip Select Input
13 TNC Test Input NCOS/
Parallel Output Bit 15
14 TNS Test Input NSIN /
Parallel Output Bit 14
15 DIR  Code Inversion Input /

Parallel Output Bit 13
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PIN FUNCTIONS

No.
16

17

18

19

20

21

22-24
25

26

27

28

29

30
31

32

33
34
35
36
37
38

Name
NSL

DIN
DOUT
CLK
GB
GA
n.c.'
POK
XJD
INCZ
INCB
INCA

ERR
TPS

TPC

NCOS
PCOS
NSIN
PSIN
LED
VDDA

BP2

IC top marking: <P-CODE> = product code, <A-CODE> = assembly code (subject to changes);
Grounding unused inputs (10 k2 to GNDA) is recommended, especially for pins DIR, TPS, TNS, TPC, and TNC.
" Pin numbers marked n.c. are not connected.
2 Connecting the backside paddle is recommended by a single link to GNDA. A current flow across the paddle is not permissible.

Function
Shift Register Load Input (active low) /
Parallel Output Bit 12
Shift Register Data Input /
Parallel Output Bit 11
Shift Register Data Output /
Parallel Output Bit 10
Shift Register Clock Input /
Parallel Output Bit 9
Gray Code Output B (MSB-1) /
Parallel Output Bit 7
Gray Code Output A (MSB) /
Parallel Output Bit 8
Not Connected
Power OK Indication/
Parallel Output Bit 5
Adjustment Signal /
Parallel Output Bit 6
Incremental Output Z /
Parallel Output Bit 4
Incremental Output B /
Parallel Output Bit 3
Incremental Output A /
Parallel Output Bit 2
Error Message Output (active high)
Test Input PSIN /
Parallel Output Bit 1
Test Input PCOS /
Parallel Output Bit 0
Analog Voltage Output NCOS
Analog Voltage Output PCOS
Analog Voltage Output NSIN
Analog Voltage Output PSIN
LED High-Side Current Source
+4V...+5.5V Supply Voltage

Backside paddle
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PAD LAYOUT PAD FUNCTIONS
No. Name Function

< 5510 o 1 GND 1/O Ports Ground
T 2 VDD +3V..+5.5V /O Ports Supply Voltage
B -DA4V -DA4N B 3 SCLK SPI Clock Input
© 4 MOS| SPI Data Input
5 MISO SPI Data Output
o o 6 CS SPI Chip Select Input
7 TNC Test Input NCOS /
L o Parallel Output Bit 15
8 TNS  Test Input NSIN /
L L Parallel Output Bit 14
¢200 9 DIR Code Inversion Input /
B oatv] [oATNN ] Parallel Output Bit 13
Eﬂ 10 NSL  Shift Register Load Input (active low) /
u s 3 E T BB gy Parallel Output Bit 12
ZSOi OPSIN ‘ DPCOS ‘ 11 DIN  Shift Register Data} Input /
- v, - Parallel Output Bit 11
5480 ‘ oncos | | onsi ‘* 12 DOUT Shift Register Data Output /
Parallel Output Bit 10
= 450> < = 13 CLK  Shift Register Clock Input /
ZOOILT‘ Parallel Output Bit 9
o | 14 GA  Gray Code Output A (MSB)/
Parallel Output Bit 8
L L 15 GB Gray Code Output B (MSB-1) /
Parallel Output Bit 7
= ® | 16 xJD  Adjustment Signal /
- - Parallel Output Bit 6
17 POK Power OK Indication/
DA8V DASN
- - Parallel Output Bit 5
10 18 INCZ Incremental Output Z /
- X Parallel Output Bit 4
A 19 INCB Incremental Output B/
- o - Parallel Output Bit 3
v _ 20 INCA Incremental Output A /

1o Parallel Output Bit 2

21 ERR  Error Message Output (active high)
22 TPS  Test Input PSIN/

Parallel Output Bit 1
23 TPC Test Input PCOS/

Parallel Output Bit 0
24 NCOS Analog Voltage Output NCOS
25 PCOS Analog Voltage Output PCOS
26 NSIN Analog Voltage Output NSIN
27 PSIN Analog Voltage Output PSIN
28 LED LED High-Side Current Source
29 VDDA +4V..+5.5V Supply Voltage
30 GNDA Ground

Grounding unused inputs (10 k2 to GNDA) is recommended, especially for pins DIR, TPS, TNS, TPC, and TNC.
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PACKAGE DIMENSIONS oQFN38-7x5
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All dimensions given in mm. Tolerances of form and position according to JEDEC M0-220.

Positional tolerance of reticle pattern: £90um / +1° (with respect to center of backside pad).

G4: radius of chip cenfer (refer to the relevant encoder disc and code description).

Maximum molding excess +20pum / -75um versus surface of glass/reficle. drd_Inb-oqfn38-1_pack 1, 81
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ABSOLUTE MAXIMUM RATINGS

These ratings do not imply permissible operating conditions; functional operation is not guaranteed.
Exceeding these ratings may damage the device.

Item |Symbol Parameter Conditions Unit
No. Min. Max.

G001 |VDDA Voltage at VDDA -0.3 6 Y
G002 [VDD Voltage at VDD -0.3 |VDDA+0.3| V
G003 [V(GND) Voltage at GND -0.3 0.3 \Y
G004 |V() Voltage at LED, PCOS, NCOS, PSIN, -0.3 |VDDA+0.3| V

NSIN, TPC, TNC, TPS, TNS
G005 V() Voltage at INCA, INCB, INCZ, ERR, -0.3 VDD+0.3 Y

DIR, CLK, DOUT, DIN, NSL, CS, MOSI,
MISO, SCK, POK, XJD, GA, GB

G006 |I(VDDA)  |Currentin VDDA -100 100 mA
G007 |I(VvDD) Current in VDD -50 50 mA
G008 [I[(GND) Current in GND -20 20 mA
G009 |I(LED) Current in LED -100 20 mA
G010 |I() Current in INCA, INCB, INCZ, ERR, -35 35 mA

DIR, CLK, DOUT, DIN, NSL, CS, MOSI,
MISO, SCK, POK, XJD, GA, GB, TPC,

TNC, TPS, TNS
G011 |I() Current in PCOS, NCOS, PSIN, NSIN -35 35 mA
G012 |Vd() ESD Susceptibility at all pins HBM 100pF discharged through 1.5k 2 kV
G013 [Tj Junction Temperature -40 125 °C
G014 |Ts Chip Storage Temperature -40 125 °C

THERMAL DATA

Operating conditions: VDDA=4V to 5.5V, VDD =3V to 5.5V, GNDA= GND

Item |Symbol Parameter Conditions Unit
No. Min. | Typ. | Max.
TO1 |Ta Operating Ambient Temperature Range |packages oBGA LNB2C, oQFN38-7x5 -40 110 °C
T02 |Ts Permissible Storage Temperature packages oBGA LNB2C, oQFN38-7x5 -40 110 °C
Range
TO3 |Tpk Soldering Peak Temperature package oBGA LSH2C
tpk < 20 s, convection reflow 245 °C
tpk < 20 s, vapor phase soldering 230 °C

TOL (time on label) 8 h;
Please refer to customer information file No. 7
for details.

TO4 |Tpk Soldering Peak Temperature package oQFN38-7x5

tpk < 20 s, convection reflow 245 °C
tpk < 20 s, vapor phase soldering 230 °C

MSL 5A (max. floor life 24 h at 30 °C and
60% RH);

Please refer to customer information file No. 7
for details.

All voltages are referenced to ground (GNDA) unless otherwise stated.
All currents flowing into the device pins are positive; all currents flowing out of the device pins are negative.
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ELECTRICAL CHARACTERISTICS

Operating conditions: VDDA=4V to 5.5V, VDD =3V to 5.5V, GNDA = GND, Tj=-40°C to 125 °C, unless otherwise specified.

Item |Symbol Parameter Conditions Unit
No. Min. ‘ Typ. ‘ Max.
Total Device
001 |VDDA Permissible Supply Voltage 4 5 5.5 \%
002 |vDD Permissible 1/0 Supply Voltage |VDD < VDDA 3 5 55 \Y
003 |VDDA, Permissible Supply Voltage Rip- |at 150 kHz 10 mV
VDD ple
004 |(I(VDDA), |Supply Currentin VDDA and without currents I(LED) and I(ERR), Tj= 27 °C 25 40 mA
1(VDD) VDD (sum)
005 [Vcz()hi Clamp Voltage hi at all Pins I()=4mA 11 \%
006 |Vc()hi Clamp Voltage hi at Vc()hi= V() — V(VDD), 0.3 1.2 \Y
CLK, DIN, NSL, INCA, INCB, I()=4mA
INCZ, ERR, DIR, MISO, DOUT,
POK, XJD, GA, GB, TPS, TNS,
TPC, TNC
007 |Vc()hi Clamp Voltage hi at Vc()hi= V() — V(VDD), 1.2 2.2 \Y
CS, MOSI, SCK I()=4mA
008 |Vc()lo Clamp Voltage lo at all Pins I()=-4mA -1.2 -0.3 \Y
009 |CVDDA, |Required Backup Capacitors at |placed near by pin, recommended low ESR 1 uF
CvDD VDDA, VDD
Photodiodes
101 [Se()\) Spectral Application Range Se(M\)= 0.25x S(\)max 400 950 nm
102 |S(A\)max |Spectral Sensitivity A=690nm 0.45 AW
103 |S()\) Spectral Sensitivity A=850nm 0.30 AW
104 |Aph() Radiant Sensitive Area DPSIN, [0.5mmx0.25mm 0.125 mm?2
DNSIN, DPCOS, DNCOS
105 |Aph() Radiant Sensitive Area Digital  {0.35mmx 0.2 mm 0.07 mm?2
DA1VP, DA1VN, DATNP, DA1TNN,
DA2V ...DA10V, DA2N ... DA10N
Photocurrent Amplifier
201 |Iph() Permissible Photocurrent 0 200 nA
Operating Range
202 |Z() Equivalent Transimpedance Gain|Z() = Vout()/ Iph() 1.8 3.0 4.2 MQ
203 |AZ()pn Transimpedance Gain Matching [P-channel versus corresponding N-channel -0.2 0.2 %
of an Amplifier Pair
204 |fhc() Upper Cut-off Frequency (-3dB) |without LED current control 120 300 500 kHz
205 |VR() Ratio of Reference Voltage Dig- |VR() = yzrvp+ VA1V\I/\;:gn\7/IZ\1NP+ VAT 0.25
ital Tracks (Vcomp) to Sum of
Digital Track 1
206 [Hys() Hysteresis Digital Tracks 5 15 25 mV
207 |GR() Coarse Gain Range Analog Track|GR = 0x00 0.9 1 1.1
GR = 0x01 1.2 1.33 1.45
GR=0x02 1.45 1.6 1.75
GR=0x03 1.8 2 22
208 |Vref Reference Voltage of Photocur- 0.6 0.8 1 \%
rent Amplifiers
209 |AVd()sc |Analog Track Dark Signal Voltage|AVd()sc= V() - Vref -20 20 mV
versus Vref
210 |AVd()dig |Digital Tracks Dark Signal Volt- |AVd()dig= V() - Vref -35 35 mV

age versus Vref
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ELECTRICAL CHARACTERISTICS

Operating conditions: VDDA=4V to 5.5V, VDD =3V to 5.5V, GNDA = GND, Tj=-40°C to 125 °C, unless otherwise specified.

Item |Symbol Parameter Conditions Unit
No. Min. ‘ Typ. ‘ Max.
Signal Conditioning Sin/Cos
301 |Gmin Adjustable Minimum Gain GS, GC=0x00 1
302 |Gmax Adjustable Maximum Gain GS, GC= 0x3F 2
303 |AGdiff Differential Gain Calibration calibration range 6 bit -0.5 0.5 LSB
Accuracy
304 |Omin Offset Calibration Min OSP, OSN, OCP, OCN = 0x00 45 47.5 50 |%VDDA
305 |Omax Offset Calibration Max OSP, OSN, OCP, OCN = O0x7F 50 52.5 55 |%VDDA
306 |AOdiff Differential Offset Calibration calibration range 7 bit 0.01 0.04 0.06 |%VDDA
Accuracy
Output Voltage PSIN, NSIN, PCOS, NCOS
401 |Vdc() DC-Voltage at all Outputs Offset adjusted to VDDA/2 47 50 53 |%VDDA
402 [Vpk() Permissible Signal Amplitude DC level = VDDA/2 0.5 0.6 \
403 |I()mx Permissible Output Current -1 1 mA
404 |Ri() Output Resistor I)=-1... TmA 75 200 Q
LED Power Control LED, Error Message ERR
501 |Imx() Permissible LED Current at LED -100 0 mA
502 |lop() LED Current Control Range ERRS (internal)= 0, V(LED) > Vs(LED) -50 -1 mA
503 |Vs() Saturation Voltage at LED Vs()= VDDA-V(LED); I()=-50 mA 1 \Y
504 |tr() Rise Time LED Current I(LED): 0% — 90 % 0.8 1.5 ms
505 |tset() Settling Time of LED Control amplitude at PSIN, NSIN, PCOS and NCOS 300 us
Loop from 50 % to 100 % of setpoint
506 |Vs()hi Saturation Voltage hi at ERR Vs()hi= VDD -V(ERR); 400 mV
VDD=3...4V, ()= 1.5mA
VDD=4...55V,I()=2.5mA
507 |Isc()hi Short-Circuit Current hi at ERR -100 -1.5 mA
508 |Vs()lo Saturation Voltage lo at ERR VDD=3...4V,I()=1.5mA 400 mV
VDD=4...55V,I()=2.5mA
509 |[Isc()lo Short-Circuit Current lo at ERR 15 100 mA
Interpolator
701 |AAabs Absolute Angular Position referenced to Sin/Cos signal period,
Accuracy HYS =0x00
RESIPO = 11 (5 bit interpolation) +70 DEG
RESIPO = 10 (6 bit interpolation) +4.2 DEG
RESIPO = 01 (7 bit interpolation) +28 DEG
RESIPO = 00 (8 bit interpolation) +14 DEG
702 |AArel Relative Angular Error referenced to output period T, see Figure 1
RESIPO = 11 (5 bit interpolation) 1 %
RESIPO = 10 (6 bit interpolation) 2 %
RESIPO = 01 (7 bit interpolation) 4 %
RESIPO = 00 (8 bit interpolation) 8 %
703 |AAhys Angular Hysteresis referenced to output period T, see Figure 1 and
Table 25, HY'S = 0x00
RESIPO = 11 (5 bit interpolation) +14 DEG
RESIPO = 10 (6 bit interpolation) +14 DEG
RESIPO = 01 (7 bit interpolation) +14 DEG
RESIPO = 00 (8 bit interpolation) +0.7 DEG
704  |tw()hi Duty Cycle referenced to output period T, see Figure 1 50 %
705 |tag Phase Shift A versus B referenced to output period T, see Figure 1 25 %
706  |fmax Maximum Permissible Sin/Cos |0SZC=10
Frequency RESIPO = 11 (5 bit interpolation) 250 kHz
RESIPO =10 (6 bit interpolation) 226 kHz
RESIPO =01 (7 bit interpolation) 113 kHz
RESIPO =00 (8 bit interpolation) 56.5 kHz
707 |tpipo Propagation Delay Interpolator 1ffoipo
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ELECTRICAL CHARACTERISTICS

Operating conditions: VDDA=4V to 5.5V, VDD =3V to 5.5V, GNDA = GND, Tj=-40°C to 125 °C, unless otherwise specified.

Item |Symbol Parameter Conditions Unit
No. Min. Typ. | Max.
708 |tstipo Startup Time Interpolator 0SZC =10, SELABS =1, no illumination error,
until POSOK =1
RESIPO = 11 (5 bit interpolation):
startup at 14500 rpm 5 us
startup at standstill 2 us
RESIPO =10 (6 bit interpolation):
startup at 13200 rpm 600 us
startup at 12000 rpm 30 us
startup at standstill 4 us
RESIPO =01 (7 bit interpolation):
startup at 6600 rpm 1100 us
startup at 6000 rpm 55 us
startup at standstill 6 us
RESIPO =00 (8 bit interpolation):
startup at 3300 rpm 2000 us
startup at 3000 rpm 100 us
startup at standstill 10 us
FlexCount
801 |AArelrex  |Additional Relative Angular Error |referenced to output period T, see Figure 1
of FlexCount all resolutions 0 25 %
all binary resolutions 0 %
maximum resolution - 4 25 %

for RESIPO = 00 (8 bit interpolation):

RESSUB = 0x01387 (resolution 5000) 0.48 %
RESSUB = 0x04E1F (resolution 20 000) 1.92 %
RESSUB = 0x09C3F (resolution 40 000) 3.85 %
RESSUB = 0x3FFFB (resolution 218 - 4) 25 %

802 |tPFiex Propagation Delay FlexCount additional on top of tpjpo() 4/fofiex

803 |fmax Maximum Permissible Sin/Cos 0SzC=10

Frequency RESIPO =11 (5 bit interpolation) 250 kHz

RESIPO =10 (6 bit interpolation) 226 kHz
RESIPO =01 (7 bit interpolation) 113 kHz
RESIPO =00 (8 bit interpolation) 56.5 kHz

804 |tstriex Startup Time FlexCount 0SZC =10, SELABS =0, no illumination error,

until POSOK =1, incl. tstp,
RESIPO = 11 (5 bit interpolation):

startup at 14500 rpm 2.5 ms

startup at standstill 1.5 ms
RESIPO =10 (6 bit interpolation):

startup at 13200 rpm 35 ms

startup at 12000 rpm 15 ms

startup at standstill 2.5 ms
RESIPO =01 (7 bit interpolation):

startup at 6600 rpm 70 ms

startup at 6000 rpm 30 ms

startup at standstill 5 ms
RESIPO =00 (8 bit interpolation):

startup at 3300 rpm 140 ms

startup at 3000 rpm 60 ms

startup at standstill 10 ms

Incremental Outputs INCA, INCB, INCZ

901 |Vs()hi Saturation Voltage hi Vs()hi= VDD -V(); 400 mV
VDD=3...4V,I()=1.5mA
VDD=4...55V,1()=25mA

902 |Isc()hi Short-Circuit Current hi -100 -1.5 mA

903 |Vs()lo Saturation Voltage lo VDD=3...4V,I()=1.5mA 400 mV
VDD=4...55V,I()=2.5mA

904 |Isc()lo Short-Circuit Current lo 1.5 100 mA

905 |tr() Rise Time CL=30pF, V(): 10% — 90% VDD 50 ns

906 |tf() Fall Time CL = 30pF, V(): 90% — 10% VDD 50 ns
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ELECTRICAL CHARACTERISTICS

Operating conditions: VDDA=4V to 5.5V, VDD =3V to 5.5V, GNDA = GND, Tj=-40°C to 125 °C, unless otherwise specified.

Item |Symbol Parameter Conditions Unit
No. Min. ‘ Typ. ‘ Max.
SPI Interface SCK, CS, MISO, MOSI
A01 |Vs()hi Saturation Voltage hi at MISO Vs()hi= VDD - V(); 400 mV
VDD=3...4V,I()=1.5mA
VDD=4...55V,I()=2.5mA
A02 |Isc()hi Short-Circuit Current hi at MISO -100 -1.5 mA
A03 [Vs()lo Saturation Voltage lo at MISO VDD=3...4V,I()=1.5mA 400 mV
VDD=4...55V,I()=2.5mA
A04 |Isc()lo Short-Circuit Current lo at MISO 15 100 mA
AO05 (fin() Permissible Clock Frequency at 10 MHz
SCK
A06 |Vt()hi Threshold Voltage hi at SCK, CS, 2 \
MOSI
A07 |Vt()lo Threshold Voltage lo at SCK, CS, 0.8 \%
MOSI
A08 |Vt()hys Hysteresis at SCK, CS, MOSI Vt()hys = Vt()hi- Vt()lo 40 100 mV
A09 |lpu() Pull-Up Current at SCK, MOSI  |V()=0...VDD-1V,
VDD=3...4V -65 -25 -5 pA
vDD=4...55V -120 -60 -10 pA
A10 |Vpu() Pull-Up Voltage at SCK, MOSI  |Vpu()=VDD-V(); 400 mV
VDD=3...4V, I()=-3pA
VDD=4...55V,I()=-5pA
A11 |lpd() Pull-Down Current at CS V()=1V... VDD;
VDD=3...4V 5 25 80 pA
vDD=4...55V 8 60 150 pA
A12 |Vpd() Pull-Down Voltage at CS VDD=3...4V,I()=3pA 400 mV
VDD=4...55V,I()=5pA
A13 |tpo Propagation Delay: MISO tristate |CL = 10 pF, see Figure 2 30 50 ns
after Falling Edge CS
A14 tpy Propagation Delay: MISO Stable |CL = 10 pF, see Figure 2 30 60 ns
after Clock Edge SCK
Shift Register CLK, NSL, DOUT, DIN
BO1 |Vs()hi Saturation Voltage hi at DOUT  |Vs()hi= VDD -V(); 400 mV
VDD=3...4V, ()= 1.5mA
VDD=4...55V,I()=2.5mA
B02 |Isc()hi Short-Circuit Current hi at DOUT -100 -1.5 mA
BO3 |Vs()lo Saturation Voltage lo at DOUT  |VDD=3...4V, ()= 1.5mA 400 mV
VDD=4...55V,1()=25mA
B04 |Isc()lo Short-Circuit Current lo at DOUT 15 100 mA
B0O5 [fin() Permissible Clock Frequency at 16 MHz
CLK
B06 |Vt()hi Threshold Voltage hi at CLK, 2 \%
NSL, DIN
BO7 |Vt()lo Threshold Voltage lo at CLK, 0.8 \Y
NSL, DIN
B08 |Vt()hys Hysteresis at CLK, NSL, DIN Vt()hys = Vt()hi- Vt()lo 40 100 mV
B09 |lpu() Pull-Up Current at CLK, NSL V()=0...VDD-1V;
VDD=3...4V -65 -25 -5 MA
vDD=4...55V -120 -60 -10 MA
B10 |Vpu() Pull-Up Voltage at CLK, NSL Vpu()= VDD - V(); 400 mV
VDD=3...4V,I()=-3pA
VDD=4...55V,I()=-5pA
B11 |lpd() Pull-Down Current at DIN V()=1V...VDD;
vVDD=3...4V 5 25 80 pA
vDD=4...55V 8 60 150 pA
B12 |Vpd() Pull-Down Voltage at DIN VDD=3...4V,I()=3pA 400 mV
VDD=4...55V,I()=5pA
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ELECTRICAL CHARACTERISTICS

Operating conditions: VDDA=4V to 5.5V, VDD =3V to 5.5V, GNDA = GND, Tj=-40°C to 125 °C, unless otherwise specified.

Item |Symbol Parameter Conditions Unit
No. Min. Typ. | Max.
B13 |tp3() Propagation Delay: DOUT Idle |CL = 10 pF, see Figure 3 30 50 ns
State after rising Edge NSL
B14 |tp4() Propagation Delay: DOUT stable |CL = 10 pF, see Figure 3 30 60 ns

after Clock Edge CLK

Parallel Outputs Bit 0 ... 15 (parameter EPG = 0x1)
Pins: TNC, TNS, DIR, NSL, DIN, DOUT, CLK, GA, GB, XJD, POK, INCZ, INCB, INCA, TPS, TPC

CO01 |Vs()hi Saturation Voltage hi Vs()hi= VDD - V(); 400 mV
VDD=3...4V,I()=1.5mA,
VDD=4...55V,I()=2.5mA

C02 |Isc()hi Short-Circuit Current hi -100 -1.5 mA
C03 [Vs()lo Saturation Voltage lo VDD=3...4V,I()=1.5mA, 400 mV
VDD=4...55V,I()=2.5mA
C04 |Isc()lo Short-Circuit Current lo 1.5 100 mA
C05 |tr() Rise Time CL=30pF, V(): 10% — 90% VDD 50 ns
C06 |tf() Fall Time CL=30pF, V(): 90% — 10% VDD 50 ns
Power-On-Reset POK
D01 [Vs()hi Saturation Voltage hi Vs()hi= VDD - V(); 400 mV

VDD=3...4V, ()= 1.5mA,
VDD=4...55V, ()= 2.5mA

D02 |lIsc()hi Short-Circuit Current hi -100 -1.5 mA
D03 |Vs()lo Saturation Voltage lo VDD=3...4V,I()=1.5mA, 400 mV
VDD=4...55V,1()=2.5mA
D04 |lsc()lo Short-Circuit Current lo 1.5 100 mA
D05 |[VDDAon |Turn-on Threshold VDDA, increasing voltage at VDDA; 3.6 3.8 4.0 \Y
Power-on-release POK: lo — hi
D06 |VDDAoff |Turn-off Threshold VDDA, decreasing voltage at VDDA; 3.3 3.5 3.7 \%
Power-down-reset EPG=0, POK: hi — lo
D07 |VDDAhys |Hysteresis VDDAhys = VDDAon - VDDAoff 0.2 0.3 \Y
Code Inversion Input DIR
EO1 |Vt()hi Threshold Voltage hi 2 \Y
E02 |Vt()lo Threshold Voltage lo 0.8 \Y,
EO03 |Vt()hys Hysteresis Vt()hys = Vt()hi- Vt()lo 40 100 mV
EO04 |Ipd() Pull-Down Current V()=1V... VDD;
vVDD=3...4V 5 25 80 pA
vDD=4...55V 8 60 150 pA
EO05 |Vpd() Pull-Down Voltage VDD=3...4V,I()=3pA 400 mV

VDD=4...55V, I()=5yA
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ELECTRICAL CHARACTERISTICS

Operating conditions: VDDA=4V to 5.5V, VDD =3V to 5.5V, GNDA = GND, Tj=-40°C to 125 °C, unless otherwise specified.

Item |Symbol Parameter Conditions Unit
No. Min. ‘ Typ. ‘ Max.
Oscillator
FO1  (foipo Oscillator Frequency Interpolator |OSZC = 00 13.0 16.5 20.0 MHz
0SzC=01 13.5 175 | 215 MHz
0SzC=10 14.5 19.0 | 23.0 MHz
0szCc=11 15.0 | 20.0 | 24.0 MHz
FO2  [fofiex Oscillator Frequency FlexCount |OSZC =00 14.0 17.0 20.0 MHz
0SzC=01 14.5 180 | 215 MHz
0SzC=10 15.5 19.5 | 23.0 MHz
0szCc=11 16.0 | 205 | 24.0 MHz

Figure 1: Definition of relative angle error
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OPERATING REQUIREMENTS: SPI Interface

Operating conditions: VDDA=4V to 5.5V, VDD =3V to 5.5V, GNDA = GND, Tj=-40°C to 125 °C, unless otherwise specified.

Item |Symbol |Parameter Conditions Unit
No. Min. ‘ Max.
1001 |tcq Permissible Clock Period see Elec. Char. No.: A05 1/fin()
1002 [ty Wait Time: 500 ns
between CS hi— lo and CS lo — hi
1003 |tgq Setup Time: 50 ns
CS hi before SCK lo — hi
1004 |tpq Propagation Delay: CL=10pF 50 ns
MISO stable after CS lo — hi
1005 |tpo Propagation Delay: CL=10pF Elec. Char. No.: A13
MISO tristate after CS hi— lo
1006 |ty4 Hold Time: valid for SPI mode 3 50 ns
CS hi after SCK lo — hi
1007 |tso Setup Time: 50 ns
MOSI stable before SCK lo — hi
1008 |tyo Hold Time: 50 ns
MOSI stable after SCK lo — hi
1009 |tps Propagation Delay: mode: repeating MOSI on MISO, CL= 10 pF 50 ns
MISO stable after MOSI change
1010 |tpy Propagation Delay: mode: sending data MISO, CL= 10 pF Elec. Char. No.: A14
MISO stable after clock edge SCK
1011 |tw2 Wait Time: 500 ns
SCK stable after CS hi —lo
1012 |tys Hold Time: valid for SPI mode 0 50 ns
CS hi after SCK hi— lo
1013 |t 4 Clock Signal lo Level Duration 50 ns
1014 |t » Clock Signal hi Level Duration 50 ns
I tW1 I
..... :. »:
CS \ /
} } tis | .
....... s E P A
SCK A : -‘
| | Phetl twe
! R
MOSI _ fwsein XX S Neseim )\ : -
bt ‘ ‘ D tes to, tpo

-~ - L
MISO ——\_AMSBin X X X

Figure 2: SPI interface timing
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OPERATING REQUIREMENTS: Shift Register

Operating conditions: VDDA=4V to 5.5V, VDD =3V to 5.5V, GNDA = GND, Tj=-40°C to 125 °C, unless otherwise specified.

Item |Symbol |Parameter Conditions Unit
No. Min. ‘ Max.
1101 |tcq Permissible Clock Period see Elec. Char. No.: B05 1/fin()
1102 |ty Wait Time Load Signal: 30 ns
NSL low after CLK lo — hi
1103 |tpq Propagation Delay: CL=10pF Elec. Char. No.: B13
DOUT (idle state) after NSL lo — hi
1104 |tpo Propagation Delay: CL=10pF Elec. Char. No.: B14
DOUT stable after CLK lo — hi
1105 |ty Setup Time: 30 ns
DIN stable before CLK lo — hi
1106 |ty4 Hold Time: 30 ns
DIN stable after CLK lo — hi
1107 |two Wait Time: 100 ns
NSL high before request of position
data (CLK hi — lo)
1108 |t 4 Clock Signal lo Level Duration 30 ns
1109 |t » Clock Signal hi Level Duration 30 ns
NSL O\~~~ \ f L
! ! ‘ ;<_>t“ ‘Hth ! tw1§ tws ‘
Clk ./ . S [
! ! -~ bty !
. | ter e —
DOUT (RN X XX X X X X AR
— - -~ ol
P2 sty
DIN (XXX X X XX X X X X AKX HAYAR

Figure 3: Shift register timing
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CONFIGURATION PARAMETERS

OperatingMode ........................... Page 32
EPG: Operating mode

Signal Conditioning ....................... Page 26
GR: Gain range

GS: Sine gain

OSP: PSIN offset

OSN: NSIN offset

GC: Cosine gain

OCP: PCOS offset

OCN: NCOS offset

LED Power Control ........................ Page 39
LCMOD: LED power control mode

LCTYP: LED power control type

LCSET(5:0): LED power control setpoint
Interpolator ................................ Page 28
RESIPO: Interpolator resolution

HYS: Interpolator hysteresis

ENIPO: Interpolator enable

NENF: Interpolator filter disable

Incremental Output ........................ Page 33
INC: Incremental output resolution

TRIABZ: Incremental output tristate (hi-z)

FlexCount® ................................ Page 29

NENFLEX: FlexCount enable/disable

SELABS: Select maximum or FlexCount resolution
for absolute outputs

RESSUB: FlexCount resolution — 1

STOPFLEX: Stop/reset FlexCount

POSOK: FlexCount position valid

NOUTLO: Set FlexCount outputs low

INVA: Invert INCA output

INVB: Invert INCB output

INVZ: Invert INCZ output

ZPOS: INCZ output position

Z90: INCZ output pulse width

Shift Register Output ...................... Page 35

NENSHIFT: Shift register enable

NGRAY: Shift register output data format
RNF: Shift register idle output

SRC: Output data length

DIR: Shift register code inversion

Parallel Output Mode ...................... Page 37

EPG: Operating mode

AlarmOutput ......... ... .. .. .. ... Page 39
ERRS: LED illumination error (internal)

ERRP: Parity error (internal)

Oscillator ........... ... ... Page 40
0OSZC: Oscillator adjustment

Test Functions ............................. Page 41
TA: Test modes

TMUX: Test signal multiplexer
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CONFIGURING THE iC-LNB

REGISTER MAP (RAM)

Addr | Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Signal calibration

0x00 P00 NENSHIFT GS(5:0)

0x01 PO1 LCMOD GC(5:0)

0x02 P02 OSP(6:0)

0x03 P03 OSN(6:0)

0x04 P04 OCP(6:0)

0x05 P05 OCN(6:0)

LED Power Control

0x06 P06 LCTYP | LCSET(5:0)

Output Configuration

0x07 PO7 NGRAY | DIR | EPG 0SZC(1:0) | GR(1:0)
0x08 P08 INC(2:0) RNF | SRC(2:0)

Test Functions

0x09 P09 NENF | TA(1:0) TMUX(3:0)

FlexCount

0X0A POA 0 0 0 0 HYS(2:0)

0x0B POB INVA INVB INVZ TRIABZ SELABS | NENFLEX | 0
0x0C POC ZPOS(6:0)

0x0D POD ZPOS(13:7)

0xOE POE RESIPO(1:0) | z90 | ZPOS(17:14)

OXOF POF RESSUB(6:0)

0x10 P10 RESSUB(13:7)

0x11 P11 NOUTLO | STOPFLEX | ENIPO | RESSUB(17:14)

Status (read only)

ox12 | CHIPVERSION(3:0) | 0 | ERRP | ERRS | POSOK

Table 6: Register layout

Address Range

The addresses available through the SPI interface
range from 0x00 to 0x12. As only the lower five bits Chip Version
of the address byte are evaluated, addresses greater
than Ox1F are mapped back to address range 0x00 —

0x12. It is recommended not to use addresses greater | Chip Version Addr. 0x12; bit 7:4
than 0x12 with the iC-LNB. Value Description
0 v
. \ 1 U2
RAM Monitoring (parity check) o 15 Reserved

The configuration registers in the internal RAM are con-
stantly monitored by a parity check. Bit 7 of each ad- Table 7: Chip Version
dress is the parity bit (P00 — P11) which must be pro-

grammed to give an even number of ones in the byte.

An odd number of ones in a byte indicates a parity error

(ERRP) which sets the ERRP bit in the status register

(0x12 bit 2) and activates the ERR output. See ALARM

OUTPUT on page 39 for more information.
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Reset Values
After power-on, the registers are initialized as follows:

Address Reset

Value

Description

0x00-0x01 | 0xAO Gain (GS, GC) = 1.408
Shift register (NENSHIFT) = enabled

LED control behavior (LCMOD)= 0

0x02-0x05 | 0xCO Offset (OSP, OSN, OCP, OCN) =

0.5004*VDDA

0x06 0x60 LED control mode (LCTYP)= sum

control, Set point (LCSET)=0.23V

0x07 0x09 Serial output format (NGRAY) = GRAY,
Direction (DIR)= CW,

EPG = interface mode,

Oscillator (OSZC)= 16MHz,

Gain range (GR)=1.33

0x08 0x18 Interpolator factor (INC) = x2,
Idle state DOUT (RNF)="1",

Shift register (SRC) = 18 bits

0x09-0x0A | 0x00 Test functions = 0,

Hysteresis Interpolator (HYS) = 1.4°

0x0B 0x8E ABZ outputs (INVA/B/Z) = not inverted,
ABZ outputs (TRIABZ) = tri-state, Shift
register (SELABS) = max. resolution,

FlexCount (NENFLEX) = disabled

0x0C-0x10 | 0x00 FlexCount parameters = 0

0x11 0xA0 FlexCount:
Outputs (NOUTLO) = low,
Reset (STOPFLEX) = stopped,

Interpolator (ENIPO) = disabled

Table 8: Register Reset Values (RAM)
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Programming Sequence

After the iC-LNB has powered up (pin POK high), it
must be configured through the SPI interface. A micro-
controller with an integrated EEPROM and SPI master
is usually used for this purpose. Depending on the re-
quired application functionality, the parameters must be
written in a specific order (see Figure 4 on page 20).

If the iC-LNB is to be used without FlexCount, only the
required interpolator resolution (RESIPO) and the in-
cremental output resolution (INC) need to be set and
the interpolator enabled (ENIPO = 1). Enable the INCA,
INCB, and INCZ output drivers by resetting TRIABZ (0).

If the iC-LNB is to be used with FlexCount, the INCA,
INCB, and INCZ outputs can be set low (NOUTLO =
0 and TRIABZ = 0) or to tristate (TRIABZ = 1) during
configuration. After configuring all parameters, enable
FlexCount (STOPFLEX = 0). After the current position
has been found (POSOK = 1), enable the INCA, INCB,
and INCZ outputs (NOUTLO = 1 and TRIABZ = 0).

As shown in Figure 4, it is recommended to implement
a timeout of 30ms (up to 1000 RPM) when checking
for POSOK. This avoids a potential infinite loop that
could happen due to glitches or communication errors.
If POSOK is still 0 after some number of timeouts (typi-
cally 5), a configuration error can be assumed.
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Power On
(POK =1)
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P write addresses 0x00 - 0x09
write address 0x11
STOPFLEX =1
ENIPO = 0 Yes enable No
A FlexCount?
INCA, INCB, INCZ > low
tristate or low?
tristate
A4 A4
write addresses 0x0A — 0x10 write addresses 0x0A — 0x10 write address OxX0E
0x0B: TRIABZ = 1, SELABS=0| |0x0B: TRIABZ = 0, SELABS=0 RESIPO
write address 0x11 write address 0x11 write add‘r'ess 0x11
NOUTLO =1, ENIPO =1, NOUTLO =0, ENIPO =1, ENIPO = 1
RESSUB RESSUB
write address 0x11 write address 0x11
STOPFLEX =0 STOPFLEX =0
Y
POSOK Walt .> t;tlpsooor »
Yes timeout _~tead address 0x12™~.No Wait until P K=
POSOK =1?
P_OSOK
timeout count + 1; \__g timeout _~read address 0x12
timeout count - POSOK = 1?
<=5
No \J \J
write address 0x0B write address 0x11 write address 0x0B
TRIABZ =0 NOUTLO =1 TRIABZ =0
‘ Ll
Y
enable
SELABS?
write address 0x0B
SELABS =1
\ J /
configuration - configuration
error = finished T

Figure 4: Typical Configuration Sequence
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SPI INTERFACE

General Protocol Description

The SPI interface in the iC-LNB is implemented as an
SPI slave and supports SPI modes 0 and 3, meaning
that the idle state of SCLK can be 0 or 1. Data is always
accepted on the rising edge of SCLK and the MISO pin

is set to tristate if the iC-LNB is not selected by the
master (CS=0). A rising edge on CS initiates an SPI
transaction causing the MOSI signal to be fed through
to MISO. Data is sent byte by byte with the MSB (most
significant bit) first.

Figure 5: Typical SPI Transaction (Register Read)

Figure 5 shows a single Register Read transaction be-
tween the SPI master and a single iC-LNB (SPI slave).
SPI data transactions occur as follows:

1. Master initiates a transaction with a rising edge
on the chip select input (CS).

2. iC-LNB feeds MOSI through to MISO.

3. Master sends opcode and address bits on MOSI;
this data is fed through to MISO.

4. iC-LNB transmits the data from the specified ad-
dress to the master on MISO.

5. Master ends the transaction with a falling edge
on CS.

6. iC-LNB switches its MISO output to tristate.

See Bussing and Chaining Multiple iC-LNBs on page
25 for more information on multiple-device applications.

Opcodes

Each SPI transaction begins with a 1-byte opcode (op-
eration code or command) sent by the SPI master.
As shown in Table 9, the opcode determines whether
configuration (register) or sensor data (position) is ac-
cessed.

SPI Opcodes

Code Opcode

0xBO Activate

0xA6 Position Read

OxF5 Position Data (SDAD) Status
0x8A Register Read (continuous)
OxCF Register Write (continuous)
0xAD Register Status

Table 9: SPI Opcodes

These opcodes are explained following.

Activate

The Activate opcode (0xBO0) turns the register and sen-
sor data channels in the iC-LNB on and off individually.
This command causes the iC-LNB to reset its RA (reg-
ister data channel) and PA (Sensor data channel) bits,
turning both channels off, and resets the Fail, Valid,
Busy, and Dismiss bits in the SPI Status byte (see Ta-
ble 15). The RA and PA bits in the data byte following
the opcode then activate one or both channels for sub-
sequent transactions.

With only one iC-LNB slave (one register and one sen-
sor data channel), the RA and PA bits are bits 1 and
0 respectively in the data byte following the Activate
command as shown in Figure 6.

cs J \
SCLK
MOsI (Cop )1 ) (o Yo ("o JTo Yo XRa(PA)

MISO (op o Yo )1 )0 oo oo}
8 cycles RACTIVE / PACTIVE vector

Figure 6: RA and PA (one slave)

If RA= 1, the register data channel is activated and
communication with iC-LNB registers is possible. If
PA = 1, the sensor data channel is activated and po-
sition (angle) information can be read. Both channels
can be active at the same time. After power-on (POK =
1), the register data channel is enabled (RA=1) and
the sensor data channel is disabled (PA=0).

Note that it is not possible for the SPI master to read
back the state of the RA or PA bits to determine which
data channels are active in the iC-LNB. It is only pos-
sible for it to turn both channels off and then activate
each or both as required using the Activate command.
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If RA=1, opcodes Register Read, Register Write, and
Register Status operate normally, as explained below.
If RA=0, these commands are not executed and, if
attempted, set the Error bit in the SPI Status byte (Ta-
ble 15).

Likewise, if PA =1, the Position Read opcode operates
normally, as explained below. If PA =0, this command
is not executed and, if attempted, sets the Error bit in
the SPI Status byte (Table 15). All of these commands,
however, are still passed through to MISO.

Position Read
The Position Read command (0xA6) is used to read the
absolute position data from the iC-LNB.

REQ
cs /- \
SCLK |

MOSI L _OP )

MISO oP T sp1 X sb2 X sp3 )
8 cycles

Figure 7: Position Read

As shown in Figure 7, the iC-LNB latches its position
data on the first rising edge of SCLK when CS is high
(REQ). The position data shift register then clocks out
the latched position value on subsequent clock cycles
(bytes SD1 - SD3). Position data is available in binary
or Gray code.

NGRAY Address 0x07; bit 6
Value Data Format

0 Gray Code

1 Binary

Table 10: SPI Position Output Data Format

The sensor data channel must be activated (PA=1) for
proper operation of this command, otherwise the Error
bit in the SPI Status byte is set. If invalid data is de-
tected in the shift register, the Error bit in the SPI Status
byte (Table 15) is set and SD1=SD2=SD3 =0x00.

The length of the SPI shift register and the number of
position bits used is determined by parameter SRC, as
shown in Table 11.
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SRC Address 0x08; bits 2:0

Value SPI Shift Reg. Length Number of Bits Used
0 24 bits 18

1 24 bits 17

2 16 bits 16

3 16 bits 15

4 16 bits 14

5 16 bits 13

6 16 bits 13

7 16 bits 12

Table 11: SPI Output Data Length

If SRC >2, only SD1 and SD2 are used. If SRC<2,
SD1, SD2, and SD3 are used.

SPI position is shifted out MSB first and left-justified. If
the SPI output data length is greater than the number
of bits used (SRC #2), the unused LSBs are zero. For
example, if SRC = 1, the shift register outputs the 17-bit
position value followed by seven zeros. In this case,
SD3 bits [6:0] are zero.

Note that SRC is also used to set the length of the
position output shift register (Table 49). However, the
position output shift register is not always the same
length as the SPI shift register. Also, the position out-
put shift register outputs right-justified position data
whereas the SPI position data is left-justified.

If FlexCount is selected (SELABS =0), the number of
valid position bits is determined by the FlexCount reso-
lution, specified by parameter RESSUB. Also, if Flex-
Count is enabled and a non-binary resolution is used
(RESSUB + 1 is not an integer power of 2), the absolute
position is a value between two non-zero numbers. See
FLEXCOUNT® on page 29 for more information on the
absolute position numeric formats.

If FlexCount is not selected (SELABS = 1), the number
of valid position bits is determined by the interpolator
resolution (RESIPO), as shown in Table 12.

RESIPO Address 0xOE; bits 6:5

Value Interpolator resolution Valid Position Bits
0 8 bit 18

1 7 bit 17

2 6 bit 16

3 5 bit 15

Table 12: Valid Position Bits

Position Data (SDAD) Status
The status of position data can be checked with the
SDAD Status command (0xF5). The command causes:
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1. All slaves activated via PACTIVE to switch their
SVALID and SFAIL registers between MOSI and
MISO.

2. The next request for sensor data started with the
first rising edge at SCLK of the next SPI commu-
nication is ignored by the slave.

Latch
cs /- \
SCLK sy~
MOSI  { oP )
op YsvsroaysvsrarX .. Y

MISO \f
8 cycles

Figure 8: SDAD status

The master can check the validity of the position data
and then read out this data with command SDAD
transmission. In iC-LNB, SVALID (SV) is identical
to POSOK and SFAIL (SF) is the logical complement of
POSOK.

SVALID
Value Description
0 Position data invalid (POSOK =0)
1 Position data valid (POSOK =1)
Table 13: SVALID
SFAIL
Value Description
0 Position data request okay (POSOK=1)
1 Position data request failed (POSOK =0)

Table 14: SFAIL

If only one slave is connected, the corresponding
SVALID (SV0) and SFAIL (SFO0) bits are placed at bit
positions 7 and 6 in the SVALID byte.

,Latch

cs \
SCLK |

2 Mosl (Cop ){To o o jTo)(a )} To )0 )(0)

2 MIso (“op Xsvo)(sFoj{"0 o o ("o )0 )0}
MOosI op ("o o o )0 XTo )0 )0 ){0)

2 Slaves

SVALID-vector

MISO Tﬁop (Svo)(sFa)sv)(sFr) 0 )0 ) 0} 0)
8 cycles

Figure 9: SDAD status (Example with one and two
slaves (daisy chain))
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enable sensor |*
data requests*)|s
.

disable following
sensor data request*)

‘ SDAD-transmission ‘ @

enable sensor
data requests*

REGISTER
status/data

(ERROR == 1)?
yes

error
handling

*) on the first rising edge at SCLK of the next SPI communication

Figure 10: Example sequence of the commands
SDAD Status/SDAD-transmission

Figure 10 shows the interaction of the two commands
SDAD Status and SDAD transmission. The position
data communication starts with the command SDAD
Status (1). The first SDAD Status requests new data.
If SFAIL is not set, subsequent SDAD Status com-
mands are used to check for the data to be ready to
transmit (no new position data requests are issued).

If SFAIL is set, requesting new position data on the first
rising edge of SCLK of the next SPI communication is
enabled. If the position data is ready as indicated by
SVALID, the SDAD-transmission (2) command can
be executed to read out the position data. Following
this, the command REGISTER status/data should be
executed to detect an unsuccessful SPI communica-
tion.
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Register Read

The Register Read command (0x8A) reads data from
a contiguous block of one or more RAM addresses
starting at a specified address.

MF op Y ADR XDATA1XDATA2Y ..
8

cycles

Figure 11: Register Read

The master transmits the read register opcode (0x8A)
followed by the starting address of the block of ad-
dresses to read (ADR) on MOSI. The iC-LNB immedi-
ately outputs the opcode and address on MISO followed
by the data from the register at address ADR (DATA1).
As long as CS stays active (high), data from the the
next register (address ADR + 1) is then output (DATAZ2).
Data from subsequent registers continues to be output
as long as CS remains high.

The register data channel must be activated (RA=1)
for proper operation of this command, otherwise the
Error bit in the SPI Status byte is set. If an error occurs
during a register read (invalid address, invalid data,
etc.), the Fail bit in the SPI Status byte is set, the ad-
dress counter is no longer incremented, and the data
returned is invalid. See Table 15 on page 24 for more
information.

Register Write

The Register Write command (OxCF) writes data to a
contiguous block of one or more RAM addresses start-
ing at a specified address.

cS / \

SCLK A
MOSI  ( OP X ADR XDATA1XDATA2X .. ) _

MISO NF op X ADR XDATA1XDATA2Y ..
8

cycles

Figure 12: Write to REGISTER (cont.)

The master transmits the write register opcode (OxCF)
followed by the starting address of the block of ad-
dresses to write (ADR), followed by the data to write to
the register at address ADR (DATA1), the data to write
to the address at ADR+ 1 (DATA2), etc. on MOSI. The
iC-LNB immediately outputs the MOSI bits on MISO.
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Data continues to be written to subsequent registers as
long as CS stays active (high).

The register data channel must be activated (RA = 1) for
proper operation of this command, otherwise the Error
bit in the SPI Status byte is set. If an error occurs during
a register write (invalid address, invalid data, etc.), the
Fail bit in the SPI Status byte is set, the address counter
is no longer incremented, and the data is not written.
See Table 15 on page 24 for more information.

Register Status

The Register Status command (OxAD) returns the SPI
Status byte which indicates the status of the last register
transaction or data transmission.

MISO \T OP )STATUSX DATA )
8

cycles
Figure 13: Register Status
As shown in Figure 13, the SPI Status byte is re-
turned immediately following the Register Status op-

code (STATUS) and is followed by an undefined data
byte (DATA).

Table 15 shows the SPI Status byte bits.

STATUS

Bit Name Description

7 Error Invalid opcode

6:4 - Reserved

3 Dismiss lllegal Address

2 Fail Data request failed
1 Busy Slave busy

0 Valid Position data valid

Table 15: SPI Status Byte

Status bits are updated with every register access, ex-
cept Error, which indicates the status of the /ast com-
mand (opcode).
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Bussing and Chaining Multiple iC-LNBs

Multiple iC-LNBs can be bussed or chained to a single
SPI master. Figure 14 shows two iC-LNBs in a bussed
configuration.

SCK
Cs0
Cs1

SPI 8
Master iC-LNB

MOSI MISO = MOSI
r (1 |_ ()
MOSI . ]
MISO;

SCK

(9]
(]

iC-LNB

MISO

SCK

Figure 14: Bussing Multiple iC-LNBs

In this configuration, the SPI master communicates with
each iC-LNB individually by activating the appropriate
chip select (CS) output.

Figure 15 shows two iC-LNBs in a chained configura-
tion.

MISO

SCK

°s 1 ;_l
SP| 3 % g 3
Master ) .

aste iC-LNB iC-LNB
MOS| e MOS MISQO [mm——1 MOSI MISO (=t
(0) (1)

Figure 15: Chaining Multiple iC-LNBs

In this configuration, the MISO output of each iC-LNB
is chained to the MOSI input of the next device in the
chain. The SPI master must activate the desired chan-
nel(s) in a specific slave device to communicate with it.
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The required RA and PA bits for each slave are packed
into the bytes following the Activate opcode, as shown
in Figure 16.

CSJ \

SCLK
MOSI 4/< OP ><RAPAO—3><RAPA4-7>< >L

MISO \r OP )
8 cycles

Figure 16: Activate Command For Multiple Slaves

For example, Figure 17 shows MOSI and MISO for an
Activate command for one and two chained slaves.

cs \
SCLK
2 MOSI (Lop )1 )0 o o )0 ) o YRAo)PAo)
2]
- MISO (Cop ){To Yo )1 XTo (T )0 )To {0y
¢ Mmos (Cop {11 )0 {0 )0 YRao)PA0|RAT)PAT)
7]
~ MIso

[t - - ‘

RACTIVE/PACTIVE-vector

8 cycles

Figure 17: Activate Command For Two Slaves

Each slave outputs two zeros on MISO followed by the
six most significant bits of MOSI and reads its RA and
PA bits from bits 1 and O respectively of the RA/PA
vector on MOSI. In this way, the RA/PA bits for the next
slave in the chain are moved into bits 1 and 0 for the
next slave.

The SPI master can determine the number of data chan-
nels in the chain by sending a 1 as bit 7 after the opcode
in the Activate command. It then counts the number of
zeros it receives on MISO before receiving the 1 back.
The number of zeroes preceding the returned 1 is the
number of data channels in the chain.
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SIGNAL CONDITIONING

The iC-LNB provides seven parameters for condition-
ing and calibrating the signals from the sine and cosine
photodiodes. These allow the elimination of offsets and
the calibration and equalization of gain between the two
channels. The sin/cos signal path and the adjustment
parameters are shown in Figure 18.

Figure 18: Sin/Cos Signal Path

Test modes (see TEST FUNCTIONS on page 41) allow
observing many of the internal signals of the sin/cos sig-
nal path on the NSIN, PSIN, NCOS, and PCOS outputs
to assist in calibration.

Gain Range (GR)
The gain range for the analog sin/cos signal path is set
using parameter GR (0x07 bits 1:0).

GR Address 0x07; bits 1:0
Value Gain Factor

0 1.0

1 1.33

2 1.6

3 2.0

Table 16: Gain Range for Sin/Cos Signal Path

A gain range of 1.33 (GR=1) is recommended for most
applications.

Sine Gain (GS) and Offsets (OSP and OSN)

To calibrate the sine channel gain and offsets, the LED
power control must be set to sum control (LCTYP =1).
In addition, the internal sine channel calibration sig-
nals must be made available on the analog out-
puts as shown in Figure 19 by setting TA=0x1 and
TMUX=0x0D.

TA = 0x1

TMUX = 0x0D
or
TMUX = 0x0E

PSIN JD]—( A

VPx
NSIN O————<

PCOS [

NCOs [

A\
GNDA [0

\4

(x=8,C)

Figure 19: Gain and Offset Calibration

To start, set the sine and cosine amplitude (GS and GC)
and offset parameters (OSP, OSN, OCP, and OSN) to
their nominal values of OXAO and 0xCO respectively
(see Table 8). Adjust the optical power of the LED using
parameter LCSET (0x06 bits 5:0) to set the sine chan-
nel amplitudes (VPS and VNS) as close to 500 mV as
possible. Trim the sine channel amplitudes to 500 mV
using parameter GS (0x00 bits 5:0).

GS Address 0x00; bits 5:0
Value Gain
0x00 1.0
0x01 1.01
1+GS-0.0053
1-GS-0.0053
O0x3F 2.0

Table 17: Sine Channel Gain

Next, calibrate the offset of VPS and VNS such that
the zero level (average) of VPS is equal to VNS, using
parameters OSP (0x02 bits 6:0) and OSN (0x03 bits
6:0), respectively. When properly adjusted, the differ-
ence between the average DC voltage of VPS and VNS
should be zero.
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OSP Address 0x02; bits 6:0
Value Offset Value
0x00 0.475 - VDDA
0x01 0.4754 - VDDA
(0.475 + 955008 . yppA
OX7F 0.525 - VDDA

Table 18: Positive Sine (PSIN) Offset
OSN Address 0x03; bits 6:0
Value Offset Value
0x00 0.475 - VDDA
0x01 0.4754 - VDDA
(0.475 + 955805 . DDA
Ox7F 0.525 - VDDA

Table 19: Negative Sine (NSIN) Offset

Cosine Gain (GC) and Offsets (OCP and OCN)
Calibration of the cosine channel gain and offsets is the
same as for the sine channel, except that parameter
TMUX must be set to 0xOE instead of 0x0D. This makes
the internal cosine channel calibration signals available
on the analog outputs as shown in Figure 19.

First, trim the cosine channel amplitudes (VPC and
VNC) to 500 mV using parameter GC (0x01 bits 5:0).

GC Address 0x01; bits 5:0
Value Gain
0x00 1.0
0x01 1.01

1+GC-0.0053
1-GC-0.0053
0x3F 2.0

Table 20: Cosine Channel Gain

Next, calibrate the offset of VPC and VNC such that
the zero level (average) of VPC is equal to VNC using
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parameters OCP (0x04 bits 6:0) and/or OCN (0x05 bits
6:0), respectively. When properly adjusted, the differ-
ence between the average DC voltage of VPC and VNC
should be zero.

OCP Address 0x04; bits 6:0
Value Offset Value

0x00 0.475 - VDDA

0x01 0.4754 - VDDA

(0.475 + 955805 . VDDA
Ox7F 0.525 - VDDA

Table 21: Positive Cosine (PCOS) Offset

OCN Address 0x05; bits 6:0
Value Offset Value

0x00 0.475 - VDDA

0x01 0.4754 - VDDA

(0.475 + 955805 . VDDA
0x7F 0.525 - VDDA

Table 22: Negative Cosine (NCOS) Offset

After all seven parameters (three gain and four offset)
have been calibrated, return the iC-LNB to normal op-
eration by turning off test mode (TA = 0x0).

LED Power Control

After calibration, it is recommended to enable the
square control function of the LED power control by
setting LCTYP=0. This keeps the optical power re-
ceived by the sine/cosine sensors constant regardless
of changes in temperature and LED aging effects. Af-
ter changing to square control, disable the deadband
control by setting LCMOD = 0 and then use parameter
LCSET (0x06 bits 5:0) to adjust the sine/cosine ampli-
tudes to 500mV. After adjustment, it is recommended
to enable the deadband control by setting LCMOD = 1.
See LED POWER CONTROL on page 39 for more
information.
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INTERPOLATOR

Interpolator Resolution

The resolution of the internal interpolator determines
the resolution of the iC-LNB; it is set using parameter
RESIPO (0xOE bits 6:5). The interpolator resolution
also determines the maximum speed (sin/cos input fre-
quency) as shown in Table 23.

Interpolator Hysteresis
The hysteresis window of the interpolator is set using
parameter HYS.

RESIPO Address Ox0E; bits 6:5

Value Interpolator iC-LNB Max. Speed
Resolution Resolution

00 8 bit 18 bit 3300 rpm

01 7 bit 17 bit 6600 rpm

10 6 bit 16 bit 13200 rpm

11 5 bit 15 bit 14500 rpm

Table 23: Interpolator Resolution

The maximum speeds shown in Table 23 are for a
nominal interpolator oscillator frequency of 19.0 MHz
(OSCzZ=10).

The interpolator must be enabled (ENIPO = 1) for nor-
mal operation of the iC-LNB, but must be disabled
(ENIPO =0) when setting or changing its resolution.
After setting ENIPO =1, the interpolator needs the
startup time tst;pp to reach the current position. The
startup time depends on the interpolator resolution and
the speed at enabling, see spec. item 708.

ENIPO Address 0x11; bit 4
Value Description

0 Interpolator Disabled
1 Interpolator Enabled

Table 24: Interpolator Enable

When disabled, the interpolator output is zero.

HYS Address 0x0A,; bits 2:0
Value Hysteresis with RESIPO =

00 (8 bit) 01 (7 bit) 10 (6 bit) 11 (5 bit)
0x00 +/-0.7°
0x01 +-2.1° +/-1.4°
0x02 +/- 3.5° +/-2.8° +/-1.4°
0x03 +/-4.9° +/-4.1° +/-2.8°
0x04 +/-6.3° +/-5.6° +/-4.1° +/-1.4°
0x05 +/- 5.6° +/-2.8°
0x06 +/-4.1°
0x07 +/- 5.6°
Note The recommended values are printed in black

Table 25: Hysteresis Depending On Interpolator Reso-
lution

Interpolator Filter

A low-pass filter is available to reduce noise on the
interpolator inputs. This filter is enabled by parameter
NENF.

NENF Address 0x07; bit 6

Value Description

0 Filter Enabled (recommended)
1 Filter Disabled

Table 26: Interpolator Filter

It is recommended to always use the input filter; it has
been designed so that it can be used across the entire
speed range.
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FLEXCOUNT®

FlexCount® allows the resolution of the incremental,
serial, and parallel outputs, as well as the SPI position
to be programmed to any value less than the maximum
resolution. FlexCount operates in real time and does
not introduce any significant latency into the signal path.

Enable/Disable
FlexCount is enabled or disabled using parameter
NENFLEX.

NENFLEX Address 0x0B; bit 1
Value Description

0 FlexCount Enabled
1 FlexCount Disabled

RESIPO Address OxO0E; bits 6:5

Value Maximum Resolution (Counts per Revolution)
3 15 bits (32768)

2 16 bits (65 536)

1 17 bits (131072)

0 18 bits (262 144)

Table 29: Maximum Absolute Output Resolution

Resolution

Parameter RESSUB determines the FlexCount reso-
lution in incremental edges (ABZ outputs) or absolute
counts (serial, parallel, and SPI outputs) per revolution.

Table 27: FlexCount Disable

Incremental FlexCount Output

To use FlexCount for the incremental (ABZ) outputs,
parameter INC must be set to INC=0x07. See IN-
CREMENTAL (ABZ) OUTPUTS on page 33 for more
information.

Absolute FlexCount Output

FlexCount can also be used for the absolute serial (shift
register), parallel, and SPI outputs of the iC-LNB as de-
termined by parameter SELABS.

SELABS Address 0x0B; bit 2

Value Absolute Output Resolution
0 FlexCount Resolution

1 Maximum Resolution

Table 28: Absolute Output Resolution

FlexCount provides Gray code absolute outputs for all
resolutions, however the position data output also al-
lows binary absolute output.

If FlexCount is not used for the absolute outputs
(SELABS = 1), the resolution of the absolute outputs is
the maximum iC-LNB resolution, as determined by the
selected interpolator resolution (RESIPO), as shown in
Table 29.

Note that with SELABS =1 the status POSOK is set to 1
if the interpolator position is valid and with SELABS =0
the status POSOK is set to 1 if the FlexCount position
is valid.

RESSUB  Addresses 0xOF, 0x10, and 0x11 bits 3:0

Value Resolution (edges or counts per revolution)
0x3 4

0x7 8

O0x07FFF 32768

0x08003 32772

(only with 6, 7 or 8 bit interpolation)
OxOFFFF 65536

0x10003 65540

(only with 7 or 8 bit interpolation)
Ox1FFFF 131072

0x20003 131076

(only with 8 bit interpolation)
Ox3FFFF 262144

Table 30: FlexCount Resolution

As shown in Table 30, RESSUB is equal to the desired
resolution minus 1. For example, if an output resolution
of 10000 edges per revolution for the ABZ outputs is
desired, set RESSUB =0x0270F (10000 — 1= 9999 =
0x0270F).

FlexCount resolution must be evenly divisible by four.
In addition, maximum FlexCount resolution is limited by
the selected interpolator resolution (RESIPO) as shown
in Table 31.

RESIPO Address 0xO0E; bits 6:5
Value Maximum RESSUB Value
3 0x07FFF

2 OXOFFFF

1 Ox1FFFF

0 Ox3FFFF

Table 31: Maximum FlexCount Resolution
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RESSUB is an 18-bit value spread across three reg-
isters in the iC-LNB register map, as shown in Table
32.

RESSUB  Registers
Bits Address
17:14 0x11 bits 3:0
137 0x10 bits 6:0
6:0 0xOF bits 6:0

Table 32: RESSUB Addresses

Position offset

iC-LNB’s FlexCount allows a programmable position
offset to be specified. This offset can be set as a bi-
nary value of the maximum internal resolution (which
is dependent on interpolator resolution RESIPO) using
parameter ZPOS (not in the selected FlexCount reso-
lution). All values from 0 to 262,143 can be selected
when using 8 bit interpolator resolution; with 7 bit reso-
lution, the LSB must be 0; with 6 bit resolution, the last
two LSBs must be 0, and with 5 bit resolution, the last
three LSBs must be 0.

ZPOS Addresses 0x0C, 0x0D, 0xOE bits 3:0
Value Position offset (binary)

0x00000 0 (any interpolation)

0x00001 1 (only with 8 bit interpolation)
0x00002 2 (only with 7 or 8 bit interpolation)
0x00003 3 (only with 8 bit interpolation)
0x00004 4 (only with 6, 7 or 8 bit interpolation)
0x00008 8 (any interpolation)

Ox3FFFF 262 143 (only with 8 bit interpolation)

Table 33: FlexCount Position Offset

Absolute Position Numeric Formats

With binary FlexCount resolutions (those where
RESSUB + 1 is an integer power of two), the Gray code
absolute position is a number between 0 and RESSUB.
Contiguous Gray code values differ by only one bit.
Gray code 0 is coincident with the zero position of the
encoder disc (falling edge of GA with DIR=0).

With non-binary resolutions (those where RESSUB + 1
is not an integer power of 2), however, the full n-bit
Gray code cannot be used. In these cases, to preserve
the Gray code characteristic of a one bit change be-
tween contiguous values, only RESSUB+1 number of
bits from the center of the full n-bit Gray code are used.
This means that the Gray code absolute position is a
value between two non-zero numbers.
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For example, with a binary FlexCount resolution of 128
(RESSUB =0x0007F), the Gray code absolute position
is a value between 0 (0g0000) and 127 (0g0100°0000)
inclusive. However, for the non-binary resolution of
100 (RESSUB = 0x00063), the Gray code absolute po-
sition is a value between 14 (0g0000°’1001) and 113
(0g0100°’1001) inclusive.

The lowest Gray code value (14 in this case) is called
the excess and is the value by which the Gray code
value exceeds the actual absolute position. To deter-
mine the true absolute position (a value between 0 and
99 for a FlexCount resolution of 100 as in the exam-
ple above), the excess must be subtracted from each
converted Gray code value.

For example, if the absolute position returned
by the iC-LNB is 0g0010’0111, the true abso-
lute position is calculated as 58—14 =44 because
0g0010°’0111 =0b0011°1010 = 0x3A =58).

With non-binary resolutions, the excess is calculated as

2N _ (RESSUB + 1)

Excess = 5

In the above equation, N is the number of bits neces-
sary to represent RESSUB. For example, with a Flex-
Count resolution of 100, N=7 since 7 bits are required
to represent 0x63. For any FlexCount resolution, N is
calculated as

N = INT (log,(RESSUB) + 1)

With non-binary FlexCount resolutions, a Gray code
value equal to the excess is coincident with the zero
position of the encoder disc (falling edge of GA with
DIR=0).

Changing FlexCount Resolution, Offset,

or Direction

FlexCount must be stopped before the resolution
(RESSUB), offset (ZPOS), or direction of rotation are
changed (pin DIR or parameter DIR). This is done using
parameter STOPFLEX, which stops FlexCount.

STOPFLEX Address 0x11; bit 5

Value Description

0 FlexCount active (normal operation)
1 FlexCount Stopped

Table 34: FlexCount Reset
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After changing the FlexCount resolution, offset,
or direction, activate FlexCount again by setting
STOPFLEX=0. This resets and re-enables FlexCount,
causing the incremental (ABZ) and absolute (if SE-
LABS =0) outputs to count to the current absolute po-
sition. During this period, the outputs are not valid
and POSOK=0. POSOK is set to 1 when the position
outputs are again valid.
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cation errors. If POSOK is still 0 after some number
of timeouts (typically 5), a configuration error can be
assumed.

Additionally, the incremental (ABZ) outputs can be set
low (NOUTLO = 0 and TRIABZ = 0) or the incremental
outputs can be set to tristate (TRIABZ = 1) to avoid in-
valid outputs when changing the FlexCount resolution,
offset or direction. After the outputs are at the current

POSOK Address 0x12; bit 0 absolute position (POSOK = 1), enable the FlexCount
Value Description outputs (NOUTLO = 1 and TRIABZ = 0).
0 Position Invalid
1 Position Valid NOUTLO  Address 0x11; bit 6
Value FlexCount Outputs
Table 35: Position Valid 0 Low
1 Normal Operation

As shown in Figure 4, it is recommended to implement
a timeout when checking for POSOK. This timeout must
be larger than the startup time tstrex (S€€ Spec. item
804) of the FlexCount. This avoids a potential infinite
loop that could happen due to glitches or communi-

Table 36: FlexCount Outputs

See INCREMENTAL OUTPUTS on page 33 for more
information on TRIABZ.
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OPERATING MODE

The iC-LNB has two operating modes which are se-
lected using configuration bit EPG.

EPG Address 0x07, bit 4
Value Description

0 Interface Mode

1 Parallel Mode

Table 37: Operating Mode

Interface Mode

In interface mode, the shift register is used for abso-
lute position output and the quadrature outputs (INCA
and INCB) are used for incremental position output. If
FlexCount is enabled (NENFLEX = 0), the incremental
resolution is programmable and an index signal (INCZ)
is also available. Also with FlexCount active, the ab-
solute resolution can be the same as the incremental
resolution or the maximum as determined by RESSUB.
See FLEXCOUNT® on page 29 for more information.

Regardless of the FlexCount resolution, two Gray code
outputs GA and GB are available. These represent the
MSB and MSB - 1 (respectively) of the iC-LNB absolute

position and are provided for use by an external turns
(revolution) counter. See GRAY CODE OUTPUTS on
page 36 for more information.

Also in interface mode, an output (XJD) is provided to
aid in minimizing the mechanical tilt angle of the iC-LNB
relative to the code disc. See ADJUSTMENT on page
38 for more information.

A power-on output at pin POK indicates whether or not
the iC-LNB is ready.

Parallel Mode

In parallel mode, the absolute position output is a 16-bit
parallel data word in Gray code. In this mode, all /O
pins are configured as outputs and the shift register out-
put, incremental outputs, Gray code outputs, XJD, and
POK outputs cannot be used. See PARALLEL MODE
on page 37 for more information.

The SPI interface can also be used for position data
readout and is available in both operating modes. Table
38 shows the pin functions for each operating mode.
Pins not shown in Table 38 are not affected by the
choice of operating mode.

Pad Interface Mode Parallel Mode

TNC Test Input NCOS Parallel Output Bit 15
TNS Test Input NSIN Parallel Output Bit 14
DIR Code Inversion Input Parallel Output Bit 13
NSL Shift Register Load Input Parallel Output Bit 12
DIN Shift Register Data Input Parallel Output Bit 11
DOUT Shift Register Data Output Parallel Output Bit 10
CLK Shift Register Clock Input Parallel Output Bit 9
GA Gray-code Output A (MSB) Parallel Output Bit 8
GB Gray-code Output B (MSB-1) Parallel Output Bit 7
XJD Adjustment Signal Parallel Output Bit 6
POK Power OK Indication Parallel Output Bit 5
INCZ Incremental Output Z Parallel Output Bit 4
INCB Incremental Output B Parallel Output Bit 3
INCA Incremental Output A Parallel Output Bit 2
TPS Test Input PSIN Parallel Output Bit 1
TPC Test Input PCOS Parallel Output Bit 0

Table 38: Pin Functions According to Operating Mode
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INCREMENTAL (ABZ) OUTPUTS

ABZ Resolution

In interface mode (EPG =0), the incremental outputs
INCA and INCB can be set to use various interpolation
factors or the FlexCount resolution. Selection is made
using parameter INC.

Incremental Output Inversion
If FlexCount is used (INC = 0x07), the incremental (ABZ)
outputs can be inverted as required using register bits
INVA, INVB, and INVZ. If FlexCount is not used (INC #
0x07), these bits have no effect.

INC Address 0x08; bits 6:4 INVA Address 0x0B; bit 6
Value Resolution Value Incremental Output INCA
0x00 Interpolation Factor X1 0 Normal
0x01 Interpolation Factor X2 1 Inverted
0x02 Interpolation Factor X4
0x03 Interpolation Factor X8 Table 41: INCA Output Inversion
0x04 Interpolation Factor X16
0x05 iC-Haus digital test
0x06 iC-Haus test INVB Address 0x0B, bit 5
0x07 FlexCount Resolution Value Incremental Output INCB
0 Normal
Table 39: Incremental Output Resolution 1 Inverted
Table 42: INCB Output Inversion
If INC =0x00 — 0x04, the resolution of the ABZ outputs
is the selected interpolation factor times the resolution .
of the incremental track on the code disc. INC=0x05 | NVZ Address 0x0B; bit 4
and 0x06 are used for special test modes as explained | /2" Incremental Output INCZ
in TEST FUNCTIONS on page 41. If INC=0x07, the | ° Normal
ABZ resolution is the selected FlexCount resolution. L' Inverted

See FLEXCOUNT® on page 29 for more information.

Note that a valid Z pulse on output INCZ is only avail-
able when FlexCount resolution is used (INC =0x07).

Direction Reversal

If FlexCount is enabled (NENFLEX=0 and SE-
LABS =0), the rotation direction of the incremental out-
puts can be reversed using parameter DIR or the DIR
input.

DIR Address 0x07; bit 5

Value Description

0 CW (Normal Rotation)

1 CCW (Reversed Rotation)

Table 40: Direction Reversal

The DIR input and the DIR bit are XOR (exclusive OR)
gated. This means that no direction reversal occurs if
the DIR input is high and parameter DIR = 1.

FlexCount must be reset after changing the direction
of rotation. See FLEXCOUNT® on page 29 for more
information.

Table 43: INCZ Output Inversion

Note that inverting INCA or INCB reverses the counting
direction of the AB outputs. Inverting both INCA and
INCB does not affect the AB counting direction.

INCZ Position

If FlexCount resolution is used (INC = 0x07), the posi-
tion of the INCZ output (relative to zero absolute posi-
tion) is programmable. The Z position is determined by
parameter ZPOS, as shown in Table 44.

ZPOS Addresses 0x0C, 0x0D, 0xOE bits 3:0

Value Z Position (Edges Relative to Absolute Zero)
0x00000 0 (any interpolation)

0x00001 1 (only with 8 bit interpolation)

0x00002 2 (only with 7 or 8 bit interpolation)

0x00003 3 (only with 8 bit interpolation)

0x00004 4 (only with 6,7 or 8 bit interpolation)
0x00008 8 (any interpolation)

Ox3FFFF 262 143 (only with 8 bit interpolation)

Table 44: INCZ Position
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If ZPOS =0x0000, the zero position is coincident with
the falling edge of GA (iC-LNB MSB) as shown in Figure
20).

zpos|= 0x0
GA (MSB) }

INCZ

INCA™ /[ [\ [ [

INCB_/ /[ . /[ " [ T [ - /[

Figure 20: Zero position for ZPOS = 0x0

Acceptable ZPOS values are also affected by the inter-
polator resolution RESIPO, as shown in Table 45.

RESIPO Address Ox0E; bits 6:5
Value ZPOS Value

3 Evenly divisible by 8

2 Evenly divisible by 4

1 Evenly divisible by 2

0 any value

Table 45: Allowed ZPOS Value
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INCZ Width

If FlexCount resolution is used (INC =0x07), the width
of the INCZ output is also programmable. The Z width
is determined by parameter Z90, as shown in Table 47.

Z90 Address OxOE; bit 4

Value Index Width (AB Cycle) | Coincident With
0 180° A high

1 90° A and B high

Table 47: Z Pulse Width

The INCZ output coincidence shown in Table 47 is true
if ZPOS =0x00000 and INVA=INVB =INVZ=0. Other
ZPOS values cause the INCZ output to be coincident
with other AB states. Depending on the value of ZPOS,
it may be necessary to invert INCA, INCB, or both to
achieve the desired coincidence.

Tristate

The incremental outputs INCA, INCB, and INCZ can be
put into a high-impedance state (tristate) using register
bit TRIABZ.

ZPOS is an 18-bit value spread across three registers TRIABZ  Address 0x0B; bit 3
in the iC-LNB register map, as shown in Table 46. Value INCA, INCB, INCZ
0 Normal Operation
ZPOS Registers 1 Tristate
Bits Address
17:14 0xOE bits 3:0 Table 48: Incremental Outputs Tristate
137 0x0D bits 6:0
6:0 0x0C bits 6:0 This can be used to eliminate invalid transitions on the

Table 46: ZPOS Addresses

ABZ outputs when changing the FlexCount resolution
or direction. After power-on TRIABZ=1.
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SHIFT REGISTER OUTPUT

In interface mode (EPG =0), a shift register is used for
absolute position output.

As shown in Figure 21, the current absolute position
is latched into the shift register on the first falling edge
on the shift register clock input (CLK) while the shift

register load input (NSL) is high. Following this, the
absolute position is clocked out on the shift register
output (DOUT) on each rising edge of CLK, regardless
of the level of NSL. Position is output in Gray code or
binary, depending on parameter NGRAY, MSB first.

NS .. - - - - - \ /
? Latch
w CLK S\ S
z
(e
DOUT {0 msB XmsB1 X~ LB X DIN X000
NSL .. - - \ /
‘IT Latch
w CLK Y A
z
(h'd
DOUT MSB Y MSB-1 - Y LsB X DIN Yy

Figure 21: Shift register output

External data can be read into the iC-LNB through the
shift register input (DIN). This data is clocked out fol-
lowing the position data, as shown in Figure 21.

The shift register output (DOUT) returns to its idle state
(as specified by parameter RNF) on the rising edge of
NSL. This means that the falling edge of NSL can occur
any time during position transmission and is not critical.

Output Data Length

The length of the shift register and the number of po-
sition bits used are selected using parameter SRC, as
shown in Table 49.

SRC Address 0x08; bits 2:0

Value Shift Register Length Number of Bits Used
0 18 bits 18

1 17 bits 17

2 16 bits 16

3 16 bits 15

4 16 bits 14

5 16 bits 13

6 14 bits 13

7 14 bits 12

Table 49: Shift Register Output Data Length

Position is always shifted out MSB first and left-justified.
If the output data length is greater than the number of
bits used (SRC > 3), the unused LSBs are zero. For

example, if SRC = 4, the shift register outputs the 14-bit
position value followed by two zeros.

Output Data Format

Parameter NGRAY is used to select whether the shift
register absolute position output is in Gray code or bi-
nary as shown in Table 50.

NGRAY Address 0x07; bit 6
Value Data Format

0 Gray Code

1 Binary

Table 50: Shift Register Output Data Format

If FlexCount is enabled (NENFLEX=0 and SE-
LABS=0) and a non-binary resolution is used
(RESSUB + 1 is not an integer power of 2), the absolute
position is a value between two non-zero numbers re-
gardless of the setting of NGRAY. See FLEXCOUNT®
on page 29 for more information on the absolute posi-
tion numeric formats.

Idle Output
Parameter RNF is used to select the idle output of the
shift register output (DOUT) as shown in Table 51.
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RNF Address 0x08; bit 3

Value Shift Register Output (DOUT)
0 Absolute Position MSB

1 High

Table 51: Shift Register Idle Output

If the position data is invalid (POSOK=0), the output
DOUT is set to low in idle state.

Direction Reversal

If FlexCount is enabled (NENFLEX=0 and SE-
LABS =0), the absolute position direction can be re-
versed using parameter DIR or the DIR input. Both
of these accomplish direction reversal by inverting the
MSB of the Gray code absolute position.
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The DIR input and the DIR bit are XOR (exclusive OR)
gated. This means that no direction reversal occurs
if the DIR input is high and parameter DIR= 1. Direc-
tion reversal also works when binary output is selected
(NGRAY =1) as the conversion from Gray code to bi-
nary occurs after the MSB inversion.

FlexCount must be reset after changing the direction
of rotation. See FLEXCOUNT® on page 29 for more
information.

Shift Register Disable
The output shift register can be disabled using NEN-
SHIFT.

NEN- Address 0x00; bit 6
DIR Address 0x07; bit 5 SHIFT
Value Description Value Description
0 CW (Normal Rotation) 0 Output shift register enabled
1 CCW (Reversed Rotation) 1 Output shift register disabled
Table 52: Direction Reversal Table 53: Shift Register Disable
GRAY CODE OUTPUTS

In interface mode (EPG =0), outputs GA and GB pro-
vide two 90° shifted digital signals with 1 PPR each
as shown in Figure 22. These signals can be used by
an external revolution counter to implement multiturn
capability.

GA (MSB)

GB (MSB-1)
V10 (DATOV) — /i
N10 (DA10N)

Vo (DAOV) — -~ /[ ./
A e O | W

One revolution

N9 (DA9N)

Figure 22: Outputs GA and GB

GA and GB are independent of the FlexCount resolu-
tion (RESSUB) or the zero position (ZPOS), and always
occur at the positions shown in Figure 22 relative to the
code disc.

The DIR input or parameter DIR (0x07 bit 5) can be
used to invert the GA signal to reverse the rotation
direction of the GA and GB outputs.

DIR Address 0x07; bit 5

Value Description

0 CW (Normal Rotation)

1 CCW (Reversed Rotation)

Table 54: Direction Reversal

The DIR input and the DIR bit are XOR (exclusive OR)
gated. This means that no direction reversal occurs if
the DIR input is high and parameter DIR = 1.

If FlexCount is enabled (NENFLEX=0 and SE-
LABS =0), it must be reset after changing the direction
of rotation. See FLEXCOUNT® on page 29 for more
information.
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PARALLEL OUTPUT MODE

Parallel output mode is provided as an alternative to the
serial shift register output, incremental outputs, and the
Gray code outputs. Parallel output mode is selected by
setting EPG=1.

EPG Address 0x07, bit 4
Value Description

0 Interface Mode

1 Parallel Output Mode

Table 55: Operating Mode

In parallel output mode, the absolute position outputis a
16-bit parallel data word in Gray code. In this mode, all
I/O pins are configured as outputs and the shift register
output, incremental outputs, Gray code outputs, XJD,
and POK outputs cannot be used.

The 16-bit parallel output can be the 10 bits from the
digital tracks and 6 bits from the interpolator or the top
16 FlexCount bits depending on parameter SELABS.
See FLEXCOUNT® on page 29 for more information
on parameter SELABS and configuring FlexCount.

If FlexCount is enabled (NENFLEX=0 and SE-
LABS=0) and a non-binary resolution is used
(RESSUB + 1 is not an integer power of 2), the absolute
position is a value between two non-zero numbers. See

FLEXCOUNT® on page 29 for more information on the
absolute position numeric formats.

It is recommended to set the interpolator resolution to 6
bits (RESIPO = 0x2) when using parallel output mode to
allow the maximum input frequency, unless additional
resolution is required by the SPI interface. See INTER-
POLATOR on page 28 for more information on RESIPO
and input frequency.

The DIR input or parameter DIR (0x07 bit 5) can be
used to invert the MSB to reverse the rotation direction
of the parallel output.

DIR Address 0x07; bit 5

Value Description

0 CW (Normal Rotation)

1 CCW (Reversed Rotation)

Table 56: Direction Reversal

The DIR input and the DIR bit are XOR (exclusive OR)
gated. This means that no direction reversal occurs if
the DIR input is high and parameter DIR= 1.

If FlexCount is enabled (NENFLEX=0 and SE-
LABS =0), it must be reset after changing the direction
of rotation. See FLEXCOUNT® on page 29 for more
information.
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ADJUSTMENTS

Tilt Angle

In interface mode (EPG =0), a special output (XJD) is
available to aid in adjusting the iC-LNB to minimize its
tilt angle relative to the code disc for maximum accu-
racy.

XJD is the XORed signal from tracks DA4V and DA10V
(the differential signal of the leading track 4 and track
10 diodes). As shown in Figure 23, adjust the tilt angle
of the iC-LNB relative to the code disc to minimize the
spike width, t, at 0° and 180°, as indicated by the edges
of the GA output.

GA (MSB)

XJD

0°

W_/—\_J"J_\_/_\_F I —
-

Figure 23: Using XJD to Minimize Tilt Angle

The maximum tilt angle that can be tolerated by the
system is determined by the the diameter of the code
disc and the chosen interpolator hysteresis (HYS), as
shown in Table 57.

HYS(2:0) LNB1S LNB4S
0x00 1.8° 1.0°
0x01 1.75° 1.0°
0x02 1.7° 0.95°
0x03 1.7° 0.95°
0x04 1.65° 0.95°
0x07 1.6° 0.9°

Table 57: Maximum Tilt Angle (relative to chip center)

The scan ratio for the adjustment signal at XJD can be
derived from the maximum tilt angle. For example, with
the LNB1S 42-1024 at a tilt angle of 1.8°, photodiode
DA4V is approximately 74 uym from its ideal position.
With an average radius of 19.89 mm for track DA4, this
results in an edge shift of 0.06%. The edge shift for
photodiode DA10V is approximately the same size, but
in the opposite direction. Therefore, the scan ratio is
t/T =0.12% for the maximum tilt angle of 1.8°. Minimiz-
ing this value minimizes the tilt angle and maximizes
system accuracy.

The actual spike width, t, depends on the rotation speed
of the code disc. Under optimum conditions, the maxi-
mum spike Width is

36 000

sl = S eed [RPMI

The min. spike width is 0 ys and can be regarded as an
ideal value, but is difficult to achieve in practice. Due
to imperfect light levels, code disc tolerances, etc. ad-
justment to a spike width between 0 ys and half of this
maximum value is recommended. |deally, both spikes
should be the same width. For example, at 300 RPM,
the spike width, t, should be less than 60 s (3539° - 0.5).
Radial Position

The radial position of the iC-LNB relative to the code
disc must be adjusted to center the tracks of the disc on
the photodiodes of the iC-LNB. The error from ideal ra-
dial position must be less than 100 ym to avoid crosstalk
between the absolute tracks, which can cause absolute
position errors.

Radial position error also causes a phase error between
the sine and cosine signals from the incremental track.
This phase error can be measured and used to adjust
the radial position of the iC-LNB relative to the code
disc.

The phase error for a radial position error of 100 um is
shown in Table 58.

Code Disc Phase Error
LNB1S 42-1024 0.65°
LNB4S 26-1024 1.6°

Table 58: Phase Error with 100 um Radial Position
Error

Adjust the radial position of the iC-LNB relative to the
code disc to minimize the phase error between the sine
and cosine signals.
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LED POWER CONTROL

The optical power received by the sine/cosine sensors
is kept constant by the integrated LED power control,
regardless of changes in temperature and LED aging
effects. The control mode is determined by parameter
LCTYP, the options being sum control or square control.
It is recommended to use square control during normal
operation and sum control only for calibration.

LCTYP Address 0x06; bit 6

Value Control Type

0 Square Control (sin?+cos?)
1 Sum Control (DC sum)

Table 59: LED Power Control Type

The control setpoint is determined by parameter
LCSET.

LCSET Address 0x06; bits 5:0
Value Square Control Sum Control

LCTYP=0 LCTYP=1
0x00 0.240Vp 0.140V
0x01 0.243Vp 0.142Vv

0.24 Vp 0.14 V

T—LCSET-0.0125 1—LCSET-0.0125
0x3F 1.1Vp 0.640V

Table 60: LED Power Control Setpoint

LCMOD determines whether or not deadband is used
in the LED power control loop.

LCMOD Address 0x01; bit 6

Value Control Mode (LCTYP=0or 1)

0 Continuous Control

1 Deadband Control (approximately +5% of setpoint)

Table 61: LED Power Control Mode

In operation, if LCMOD = 0, the LED power control de-
creases the LED power whenever the LED voltage ex-
ceeds the setpoint (LCSET) and increases it whenever
the LED voltage is less than the setpoint. If LCMOD = 1,
the LED power is only changed when the LED voltage
deviates from the setpoint by more than ~ 1+ 5%.

The iC-LNB monitors the operation of the LED power
control. If LED current exceeds the control range,
ERRS in the status register (0x12 bit 1) is set to 1
and the ERR output is activated. See ALARM OUTPUT
on page 39 for more information.

ALARM OUTPUT

The iC-LNB has an alarm or error output (ERR) to
indicate errors. Under normal operation, ERR is low
indicating that no errors are present.

ERR is driven high when the LED power control range
is exceeded (ERRS = 1) or a parity error is detected in
the RAM (ERRP =1). ERRS and ERRP can also be
read from the SPI status register, address 0x12 bits 1
and 2, respectively.

ERROR MESSAGE| VDD
ERRS E ERR
> 0
ERRP 1 E T
GND
ML

I

Figure 24: Alarm Output
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OSCILLATOR

The iC-LNB has two internal oscillators, one each for 0szCc Address 0x07; bits 3:2

the interpolator and FlexCount. The frequency of these | Value Typical Interpolator Typical FlexCount

oscillators can be trimmed using parameter OSZC. Oscillator Frequency Oscillator Frequency
0 16.5MHz 17.0MHz

The oscillator frequency also affects the maximum |1 17.5MHz 18.0MHz

speed (sin/cos input frequency). See INTERPOLATOR | 2 19.0MHz 19.5MHz

on page 28 and spec. item 706 for more information. 3 20.0MHz 20.5MHz

Table 62: Oscillator Adjustment

It is recommended to use OSZC = 2, the startup value,
unless application conditions require otherwise.
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TEST FUNCTIONS

Test functions are provided in the iC-LNB to allow ob-
servation of internal analog signals for calibration and
adjustment. These internal signals replace the analog
sine and cosine outputs when TA=1.

See SIGNAL CONDITIONING on page 26 for informa-
tion on using the test signals for device calibration.

A digital test mode is provided to allow observation of
internal digital signals for test and diagnosis. These

TA Address 0x09; bits 5:4 internal signals replace the incremental outputs when
Value Output at PSIN, NSIN, PCOS, NCOS INC =0x05, as shown in Table 65.
0 Normal operation
1 Test Mode TMUX Address 0x09; bits 3:0
2 iC-Haus Test Code Pin INCA Pin INCB Pin INCZ
3 iC-Haus Test 0x00 NENOS NLOCK fipol4
0x01 V1 N1 17
Table 63: Test Modes 0x02 V2 N1 17
0x03 V2 N2 17
In test mode (TA=1), parameter TMUX determines 0x04 V3 N3 17
which four internal signals are available on the analog 0x05 V4 N4 17
sine and cosine outputs, as shown in Table 64. 0x06 V5 N5 I7
0x07 V6 N6 17
TMUX Address 0x09; bits 3:0 0x08 V7 N7 17
Value Pin PSIN | Pin NSIN | Pin PCOS | Pin NCOS 0x09 \Y:] N8 17
0x00 VPSI VNSI VPCI VNCI 0x0A V9 N9 17
0x01 AVP1 Vref AVN1 Vcomp 0x0B V10 N10 17
0x02 ANP1 Vref ANN1 Vcomp 0x0C 16 15 17
0x03 AN2 Vref AV2 Vcomp 0x0D 14 13 17
0x04 AN3 Vref AV3 Vcomp 0x0E IPO_A IPO_B IPO_Z
0x05 AN4 Vref AV4 Vcomp 0xOF 12 11 17
0x06 AN5 Vref AV5 Vcomp
0x07 ANG Vref AV6 Vcomp Table 65: Test Signal Multiplexer for Digital Signals
0x08 AN7 Vref AV7 Vcomp
0x09 AN8 Vref AV8 Vcomp
0x0A AN9 Vref AV9 Vcomp
0x0B AN10 Vref AV10 Vcomp
0x0C VREFPS | VREFNS | VREFPC | VREFNC
0x0D PSIN NSIN PCOS SVDC
O0x0E PCOS NCOS PSIN CvDC
0xOF, IPQT IPO VREFO BIASPO
NENF =1
0xOF, PSF NSF PCF NCF
NENF=0

Table 64: Test Signal Multiplexer for Analog Signals
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DESIGN REVIEW: Notes On Chip Functions

iC-LNB V
No. Function, Parameter/Code Description and Application Notes
Refer to datasheet iC-LNB release B2, 2016.
Table 66: Notes on chip functions regarding iC-LNB chip release V
iC-LNB U2
No. Function, Parameter/Code Description and Application Notes

None at time of release.

Table 67: Notes on chip functions regarding iC-LNB chip release U2
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Rel. | Rel.Date” Chapter Modification Page
A1 13-06-21 Initial Release
Rel. | Rel.Date™ | Chapter Modification Page
B1 15-02-02 Electrical Characteristics Iltem 102: changed name in "Max. Spectral Sensitivity" 9,10
Added new item 103: spectral sensitivity of 850nm
Item 703: angular hysteresis corrected
Item FO1, FO2: corrected typ. and add. min/max valid for iC-LNB V
OPERATING REQUIREMENTS: Updated Figure 2 SPI interface timing: definition of tcs 14
SPI Interface Item 1002: changed SCK hi — lo to SCK lo — hi
SPI Interface Notice box on MISO regarding idle state of pin MISO 21,22
Description revised: Position data output format is always Gray code
Design Review Added chip revision iC-LNB V 35
Chip revision X and X1 removed
Programming iC-LNB Figure 4 enhanced with information regarding defensive programming 19
Rel. | Rel.Date” | Chapter Modification Page
B2 2016-06-17 | ELECTRICAL Iltem 707 added: propagation delay interpolator 10
CHARACTERISTICS
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Functions Added note on chip revision V
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Rel. | Rel.Date” | Chapter Modification Page
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CHARACTERISTICS Items 708, 804 added
OPERATING REQUIREMENTS Symbol names changed 15f.
CONFIGURATION PARAMETERS | Parameter SRC changed 17
CONFIGURING THE iC-LNB Figure 4 changed 20
SPI INTERFACE Figure 17 changed 25
SIGNAL CONDITIONING Information on square control adjustment added 27
INTERPOLATOR Table 23 and Table 25 changed 28
Startup time added
FLEXCOUNT® Note on POSOK added 29 ff.
POSOK timeout changed
SHIFT REGISTER OUTPUT Note on idle output added 36
ADJUSTMENTS Note on ideal spike width added 38
OSCILLATOR Table 62 values corrected 40
TEST FUNCTIONS Table 64 changed: VTH— Vref, VREF — Vcomp 41
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include, without limitation, life support devices and systems. iC-Haus products are not designed nor intended for use in military or aerospace applications or
environments or in automotive applications unless specifically designated for such use by iC-Haus.

iC-Haus conveys no patent, copyright, mask work right or other trade mark right to this product. iC-Haus assumes no liability for any patent and/or other trade
mark rights of a third party resulting from processing or handling of the product and/or any other use of the product.

Software and its documentation is provided by iC-Haus GmbH or contributors "AS IS" and is subject to the ZVEI General Conditions for the Supply of Products
and Services with iC-Haus amendments and the ZVEI Software clause with iC-Haus amendments (www.ichaus.com/EULA).
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ORDERING INFORMATION

Type Package Options Order Designation
iC-LNB 30-pin optoBGA standard reticle LNB1R iC-LNB oBGA LNB2C-1R
standard reticle LNB4R iC-LNB oBGA LNB2C-4R
customer specific reticle iC-LNB oBGA LNB2C-xR
38-pin optoQFN standard reticle LNB1R iC-LNB 0oQFN38-7x5-1R
standard reticle LNB4R iC-LNB 0QFN38-7x5-4R
customer specific reticle iC-LNB 0QFN38-7x5-xR
Standard
Code Discs Sin/Cos 1024 PPR, LNB1S 42-1024
10 bit digital
OD/ID 42/18 mm, glass
Sin/Cos 1024 PPR, LNB4S 26-1024
10 bit digital
OD/ID 26/9.6 mm, glass

Please send your purchase orders to our order handling team:

Fax: +49 (0) 6135-9292 -692
E-Mail: dispo@ichaus.com

For technical support, information about prices and terms of delivery please contact:

iC-Haus GmbH

Am Kuemmerling 18
D-55294 Bodenheim

GERMANY

Tel.: +49 (0)6135-9292-0
Fax: +49 (0)6135-9292-192
Web: http://www.ichaus.com
E-Mail: sales@ichaus.com

Appointed local distributors: http://www.ichaus.com/sales_partners
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