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@-Hous Product Selector Interpolation ICs

iC-NV iC-TW2 iC-TWZﬂhIEW iC-MG iC-MQF @NEW iC-NG iC-NQC iC-NQI iC-MN iC-MNF EW iC-MR3 EW iC-TW8

ICNVH iCMQ N
(H: half cycle Z)
ADC |6 bit 8 bit 10 bit 8 bit /9 bit 12 bit 12 bit 8 bit 13 bit 13 bit 3x 13 bit S&H 3x 14 bit S&H 13 bit S&H 16 bit
Conversion Rate |30 ns 30 Msps @ 5V 3.1 Msps 5 Msps 20 Msps 40 Msps 800 ksps 1.7...8 Msps 1.7...8 Msps 140 ksps (1 Ch.) 210 (280) ksps 250 ksps 250 ksps
(1Ch.)
Principle |flash vector tracking ATAN calc. vector fracking vector tracking vector tracking | |vector tracking vector tracking vector tracking SAR SAR SAR ATAN calc.
Latency/Llag (< 250 ns 06to24ps 15ps/i<ips 200 ns <250 ns <250 ns 12ps <250 ns <250 ns Sps 3 ps (2 ps) 2ps 24 psi<dps
with lag recovery w. lag recovery
Accuracy (deg/el period) |5.6° 4.2° 0.7° 0.7° 0.13° 0.13° 14° 0.35° 0.35° 0.1° 0.1° 0.1® 0.1°
Max. Angle Resolution |64 256 1024 2007400 4000 4000/ 4096 256 8192 8192 8192 (1 Ch.) 16384 (1 Ch.) 8192 fractional,
fractional /1.8 up to 65536
Signal Conditioning by push-button » by opamp by push-button
Offset |- . « automatic . . . . . * 3x * 3x . « automatic
Amplitude |- . » automatic . - - . . ® 3x ® 3x - » automatic
Phase |- - « automatic . . . . . * 3x * 3x . « automatic
Linearization » by conversion - LUT
Stabilization » LED/MR bridge « LED/MR = LED/MR « LED/MR » LED/MR bridge e LED/MR bridge « LED/MR bndge
control bridge control  bridge control  bridge control control control control
Incr. Data (A,B,Z) |e +/-4 mA o +/- 6 mAdiff. e RS422 « R5422 e« RS422 « R5422 o -4 mA o +-4d mA o +-4 mA o +-4dmA
Comm. Data (U.V,W) * | CPR « 1t0 32CPR « 1t0 8 CPR
Absolute Data » 10+14 bit » 12 bit » § bit e up to 13+24 bit e upto 13+24 bit e up to 25+24 bit e up to 26+24 bit e up to 26+24 bit « 32 bit
Sin/Cos Output test mode test mode test mode test mode test mode «1Vpp(1000Q) e« 1Vpp(1000) =1 Vpp(1000Q)
Serial /0 2-wire SPI 4-wire SPI, 12C BiSS C, 551 BiSS (B) BiSS C, 5SSl BiSS C, SSI, SPI BiSS C, SSI, SPI 3/4-wire SPI
EncoderLink®
Parallel /O « 8 bit « 3 bit
12C Master e multi-master e multi-master e multi-master | |e . . . . . .
On-Chip EEPROM . .
Multiturn Interface via MCU » index inp. « BiSS C, S5l « BiSS C, 551 « BiSS C, 85l
Period Counting « 14 bit with « 15 bit ® 24 bit « 24 bit ® 24 bit ® 24 bit with ® 24 bit with ® 24 bit with » 16 bit
preset by MCU preset preset preset
Setup |3 pins On-chip by pins, SPI, ext. EEPROM  ext. EEPROM  ext. EEPROM ext. EEPROM, ext. EEPROM ext. EEPROM ext. EEFROM ext. EEPROM ext. EEPROM, pC by 4 pins, pC,
EEPROM, SPI EEPROM, pC ext. EEPROM
EncoderLink®
Supply |5V 3305V 33V 5V 5V 5V 5V LAY LAY 5V 5V 5V,25t0 5V 31055V
(10 mA) (8 mA) (25 mA) (12 mA) (18 mA) (28 mA) (25 mA max.) (35 mA max.) (35 mA max.) (45 mA) (60 mA) (34 mA) (12 to 25 mA)
Specials touch probe hold Nonius calc. Nonius calc., safety velocity value
register 2 GPIO pins diagnostics, (14 bit)
temperature value
(12 bit)
Package |TSSOP20 QFN24 4x4 QFN32 5x5 TSS0P20 TSSOP20 TSS50P20 5028 TSS0P20 TSS0P20 QFN48 TxT QFN48 Tx7 QFN48 TxT QFN48 Tx7
SS0P285.3
Copyright @ 2017, iC-Haus GmbH. Silicon for Motion® is a registered trade mark of iC-Haus GmbH. EncoderlLink® is a trademark of iC-Haus GmbH.

Rights to technical changes reserved. This tentative information shall not be considered as a guarantee of characteristics. 1-17.
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“Interpolator &= 7| At 0f

Resolution : 500 ppr / 2,000 cpr

RPM : 20,000 RPM O| A}

=] —
QI Z 2| 0| MH| & (IPF) = S & 25l-5(500 ppr) / == 3(20ppr) = 25(Table 45 £ X), 4K 0 ™

Z|CH 2 M & T (fin()max) : 300kHz(@IPF=25) > A& £ = (20,000rpm/60sec)* == 3=(20ppr) = 6,667Hz ; A& 7t

*

»  QIF2|HE &3 FIOH4 & Minimun edge distance Al &l 2H0I

20,000 RPM A| Minimum Edge Distance &7 %1

A2 4 = (20,000rpm / 60s) * =5l (2000 cpr) = 666,666 counts/sec(Hz) ; & FL}4=
0| &M QI Edge distance = 1s / 666,666Hz = 1.5us

Minimum Edge Distance Value A &l : 1.0us (Table 60 &%) < 1.5us

2| 7t2E 43 It (Minimum Driver Input Frequency) : 1s / 1.0us = 1,000,000 Hz
E 2}0|H 2] Input Frequency 7} IMHz O| 84 Y [l &7| ZHO E ALE Tt
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Sine-To-Digital Conversion (SDC)

Sensor Signal
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"Ref. 4 AlS HAF - SincosYzer
S

& N2 HALEH| 2 lisn
Lo o o + 8 differential input channels for + 1V to + 10V
Fast simultaneous signal sampling up to 2 MS/s

.
PC7| I:L|- S)_AEI S2ATI 7|%(PC I:EHE — USB %A|) : High ADC resolution of 30.5pV at +1V FS (16 bit)

Base modes of operation: 8-channel oscilloscope, spectral
L} (o) IE it X| 1
Ofg=2a =z o3 E7r->dEN 2 2t

signal analysis, Lissajous X/Y plotting

Optional module 1 (encoder adjuster): sine/cosine encoder

error analysis with color bar display of good/bad limit values

+ Optional module 2 (reference analyzer): referenced signal
analysis with graphical evaluation

+ Oscilloscope mode with measurement utilities: DC offset and
amplitude (AC, AC(RMS), Contrast, Min., Max.), cross

*

FFIT =4 715

. Hix X+ | |_E 74 |_ o] E L | — screening of 2 channels for amplitude differences and phase
|C'H aus T = 1 O A X O O A xX TT O 7 o deviations, 4 mathematical analysis channels
¢ Spectral signal analysis with calculation of harmonics and THD
(@) _I = |__| | 7 o] O E;| | 7 3 + Lissajous X/Y plotting with tolerance and limit indication
LI ——T_'— E TT O A I_l- =x LI = =4 + Robust housing with Probe card for easy wiring to DUTs or
housed encoders
. N 7H |—X|‘ | = | i _|_|_ D:| (=3 | Al | vi¥e) + Stand-alone operation with external Windows 7 PC
IC'Haus O“ A-I I_-I o O A o H = X-I o o A o A = A I_l-— # Delivery: ready-to-operate SinCosYzer 2 with instrumentation
software (GUI), cables
— 4 (@] —
E Al_l RE E 6|- OI’ O:I 0‘” 'I aAI-E O1| ; Cél' #— 9)\% . + Remote controllable, configurable and measurement output via

a TCP/IP interface

Figure 1: 8-Channel oscilloscope with AC/DC and
sine/cosine measurement facilities.

Figure 3: Lissajous X/Y plot with tolerance and limit
indication

Figure 2: Spectral signal analysis (FFT) with calcu-
lation of harmonics and THD.

Figure 4: Optional modules 1 and 2 for signal bal-
ancing and error analysis.
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"Ref 5iC-P| 221 A}FQk
S

1. ARSIl BHs OlE|Z 20| M HI 8 ME 2. 0 EOp M S AF 7H5 8 MTD(minimum 3. EEAR AL UIREH Q3 Foa
& AL Bl L A . > - — C X
STEP=AtESILLA} St = =3l S /===, IPF=STEP/4 edge distance) 2}l 22l 2 MTD(minimum edge distance) &8
— AL —
0fl) 20,000cpr, =33 250ppr -> STEP=80, IPF=20 0fl) AF& £ = 6,000rpm=100rps, Z|C{ &3 ZI}=200rps*20,000cpr=4MHz
Z| T ) 2 FIh===100rps*250ppr=25kHz 0| & A|C) £ S A| O|AFE| OUIK| ZHZ 1/4MHz=250ns
| SINE-TO-DIGITAL CONVERSION -> t_MTD < 300ns, MTD code 0x0 ~ 0X7 Margin 20%(Cll) -> t_MTD < 208ns, MTD code 0x0 ~ 0X6
if 7h2E 2|0 3 O = 8MHz,
O| Al = - -
SELRES  Addr. Ox21, bit 6:0; Addr. 0x20, bit 7:0 om0 -;L—l 7ts t_LMTD =1/8MHz = 125ns
Value STEP IPF fin()max* : ——— XZE ™M E JI5 125ns < t_MTD < 200ns
Angle Steps Interpolation Permissible Input e }
Per Period Factor Frequency
(@ MTD) - Minimum Edge Distance
0x0003 4 1 300 kHz RN T
0x0007 8 2 300 kHz H \\\ ‘ :
OX000F 16 4 300 kHz H N -t MTD Addr. 0x1F, bit 7:4
0x0013 20 5 300 kHz | IR ma i Code turo telk()lo
-] VD07 (300ne) during ABZ Mode, and during 791/793 Mode
0x001F 32 8 300 kHz H Cion UVW Mode
0x0027 40 10 300kHz g ATk *I' 0x0 25ns not available
0x003F 64 16 300 kHz i i 0x1 50ns 25ns
0x004F 80 20 300 kHz . ) 0x2 75ns 25ns
0x0063 100 25 300 kHz 0x3 100ns 50ns
0x007F 128 32 300 kHz x4 125ns 50ns
Ox009F 160 40 250 kHz 0x5 150ns 75ns
0x00C7 200 50 200 kHz s 0x6 200ns 100ns
OX00FF 256 64 159 kHz 1 2 a4 5 B W lzr:erpoil:vw::mﬂii W0 125 20 250 500 1000 0x7 300ns 150 ns
0x018F | 400 100 100 kHz g": ggg ns ﬁgg ns
. . . . . X ns ns
ﬁ*gﬁi 2?2 E: jg ::Z Figure 4: Maximum input frequency depending on in- oA a00ns 400ns
0x031F 800 200 50 kHZ terpolation factor. See also Table 45, page oxB 1.0us 500 ns
X z 32. oxC 1.3us 650 ns
0x03E7 1000 250 40kHz oxD 18us 800 ns
OX03FF 1024 256 38kHz i o OxE 32 1.6
0x07CF 2000 500 20kHz Fig.4 At 0| Table 4sCHH| 2 T F=tot A Y O:F saﬂz 32::
Ox07FF 2048 512 19kHz Note All timing specifications are nominal values.
OXOF9F 4000 1000 10kHz
OxOFFF 4096 1024 9kHz Table 60: Minimum Edge Distance
Notes Other settings are not allowed.
*} According to Figure 4, page 12. — - The minimum edge distance of the output signals can
] =Y M9 —"t-l—/'_\— AUX| tA2 MTD (3: 02 - = ASLICH be preset by MTD(3:0). This setting limits the maximum
Table 45: Converter Resolution O| -2 QEZYO|HOAM ZIR2HZ X &M GE=NMEsS possible output frequency to ensure a safe transmission
HZASE| Qo 7ts ot x| T =3 FOt4-E H|stetL|Ch X|C == to counters, which permits only a low input frequency
iC-PI's converter resolution is selected with SELRES. ZEIb< O H| CUX| E &l (itter) S 12{5H0] MTDE M & 6}0] Of and thus cannot resolve glitches. The configuration
: R St L = 2| AF obLt AlS Zxl ol= M of the RS422 output drivers (with regard to the driver
For a resolution of 4, four angle steps per input cycle SiLICE Ol 7|+ 2 AEf, OtEZa NS EEF, |=, 7+ t and sl ¢ 4 th ble lenath ‘ b
ted so that the output frequency at A and B S422 =3 EE}O|H (EE}O|H MF 9l & 281 2t&) A #o| g current and slew rate) and the cable length must be
are generated - y R =9 — (= CT X E T EA Y D) = = taken into account when choosing the minimum edge
matches the sine frequency at the inputs. Z0|7} XA B AME| A2 2 MErS o ne{ElL|Ct distance.
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%  ZX|CH Y= =1t 780kHz(@FALARM=128)

s Min. Edge separation = 1/ Max. AB frequency

L Fhf= MHE Z AL 7HS S MTD(minimum
edge distance) 2+ Q!
0y AFH2 £ & 6,000rpm=100rps,
*|CH ) 21 =1t 4==100rps*250ppr=25kHz O| &
FALARM > 4.10

1. A8t Xtsh= QIEE0|M HE A E 2.
0il) 20,000cpr, === 250ppr 2 E{Z2{|0| M =20

Choose the desired interpolation factor from Table 8
and connect the appropriate resistors to configuration
input CO according to Table 7 to set the corresponding

configuration level. FALARM

FALARM is a static register used to set the level of the

3. SEAMSSEGIIRH 2 Fats
2+0l & MTD(minimum edge distance) &7
Z|CH &3 F1t4==200rps*20,000cpr=4MHz
-> Max.AB =4/4=1MHz
Z|CH == Al O| &8 & QIX| 2t2A 1/4MHZz=250ns
Margin 20%(%|) > t_MTD < 208ns, Max.AB>1.2MHz
if 7F2E Z[CH & 3 St = 8MHz(2MHz),
Ol Al 7H5 t MTD = 1/8MHz = 125ns
%*|F M2 7t5 t_MTD = 160ns, Max.AB=1.56MHz

AB Frequency Limit and Auto Adaption
Configuration input C2 is used to set the AB frequency
limit (minimum AB edge separation) and to enable or
disable auto adaption. Choose the desired configura-
tion from Table 10 and connect the appropriate resistors
to configuration input C2 according to Table 7 to set the
corresponding configuration level.

Table 8: Configuration Input CO

Note: The interpolation factors shown in Table 8 are
the number or AB output cycles per sin/cos input cy-
cle. There are four times as many AB output edges
per sin/cos input cycle than shown in the table.

co Interpolation Interpolation input frequency alarm.

Level Group 10 Group 1

" 256 250 FALARM (0x0105)

10 128 200 Value Description

9 64 180 . -

8 2 125 0-128 Min. — max. input frequency alarm level

7 16 100 129 - 255 | Reserved (do not use)

6 12 80

5 8 50 Table 53: Input Frequency Alarm Level

4 8 40

3 4 25

2 3 20 An input frequency alarm (STAT_VAL falarm) is acti-
1 2 10 vated if the sin/cos input frequency, finput, exceeds
0 1 5

FALARM

finput{MHz] = 1.56 x 556

FALARM is intended as a high input frequency alarm;
not for accurate detection of input frequency.

c2 Max. AB Min. Edge Auto
Level Frequency Separation Adaption
11 195kHz 1.28 us

10 390kHz 640ns

<] 781kHz 320ns on

8 1.56 MHz 160ns

7 3.12MHz 80ns

[S] 6.25 MHz 40ns

5 195kHz 1.28 us

4 390kHz 640ns

3 781kHz 320ns off
2 1.56 MHz 160ns

1 3.12MHz 80ns

0 6.25 MHz 40ns

Table 10: Configuration Input C2

If the sin/cos sensor input exceeds this frequency, the
AB output position can no longer keep up with the sen-
sor position. In this case, the iC-TW28 keeps gener-
ating output pulses at the maximum AB frequency. If
this condition is temporary or transient, the AB outputs
catch up when the sin/cos input frequency decreases.
If this condition persists, however, a fatal fault is gener-
ated and the iC-TW28 stops working.
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"Ref. 7iC-TWS8 AF

% [0 ¥™ Sl 125kHz

X/

1. A8t Xtsh= QIEE0|M HE A E 2.
0il) 20,000cpr, === 250ppr 2 E{Z2{|0| M =20

Setting the Interpolation Factor

Configuration inputs CO and CI are used to select
the interpolation factor. Input C1 selects the desired
interpolation group 10, I1, or I2 and input CO selects
the desired interpolation factor from within the se-
lected group. Choose the desired interpolation factor
from Table 2 and connect the appropriate resistors
to configuration input CO (pin 30) according to Ta-
ble 1 to set the corresponding configuration level.

Cco Interp. Interp. Interp.
Level | Group I0 | Group I1 | Group I2
11 x81927 x1600 | x10000
10 %4096 %800 x5000”
9 %2048 x400 X2500
8 x1024 X200 x1250
7 x512 x160 x1000
6 X256 x100 X500
5 x128 x80 X250
4 x64 x50 x125
3 x32 x40 x62.5°
2 x16 x20 x25
1 x8 x10 x12.5
0 x4 x5 X6.25

Table 2: Configuration Input CO

The interpolation factors shown in Table 2 are the
number or AB output cycles per Sin/Cos input cy-
cle. There are four times as many AB output edges
per Sin/Cos input cycle than as shown in the table.

Note that while the iC-TW8 is a true 16-bit interpo-
lator, x10000 is the maximum interpolation factor
available in pin configuration mode. Full 16-bit
(x16384) mterpolation is available in serial configu-
ration mode.

s Min. Edge separation = 1/ Max. AB frequency

8 Fot= M £ AL 7+s B MTD(minimum
edge distance) 2+ Q!
0fl) At £ = 6,000rpm=100rps,
Z|C Q! 2 1}t 4==100rps*250ppr=25kHz O| A
U FhtE 6~32MH E T2
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3. SERAMESE AIIRH Y Fats
=2+0l 2 MTD(minimum edge distance) A&7
Z|CH =3 FIt4==200rps*20,000cpr=4MHz
-> Max.AB =4/4=1MHz
Z|CH S Al O| &A™ SIX| ZtA 1/4MHz=250ns
Margin 20%(%[) -> t_ MTD < 208ns, Max.AB>1.2MHz
if 72 E Z|CH @ 3 I = 8MHz(2MHz),
OlAl 7H5 t MTD = 1/8MHz = 125ns
A= M2 7H5 Max.AB>32/16MHz(@clock32MHz)

Setting the Maximum AB Frequency
and Lag Recovery

Configuration input C3 sets the maximum AB out-
put frequency and determines whether lag recovery
is used or not. Choose the desired maximum AB
frequency and lag recovery setting from Table 5 and
connect the appropriate resistors to configuration
nput C3 (pin 33) according to Table 1 to set the
corresponding configuration level.

Providing a Clock

The 1C-TW8 supports three clocking modes as
indicated in Figure 9. While the iC-TW8 provides
an wternal oscillator, 1t cannot be tuned i pin
configuration mode. Thus, an external crystal or

L.

Crystal

Jz—‘ IC-TW8

Clock Inject

other clock source 1s recommended for all but the
most cost-sensitive applications.

Xout Xout
XIN XN

iC-TW8

Internal Oscillator

Figure 9: Clocking

An external crvstal or oscillator provides the most
stable clock signal over time and temperature varia-
tions, resulting in the most consistent long-term 1C-
TWS performance. Connect an external crystal to
XIN (pin 35) and XOUT (pin 34) as shown m Fig-
ure 9. Depending on the crystal characteristics. two
capacitors to ground might be necessary for stable
oscillation. To use an oscillator or ceramic resona-
tor, connect XIN (pin 35) to ground and the oscilla-

Maximum crystal frequency is 32 MHz with

C3 Maximum AB Lag Lag recovery can be used to eliminate most of the
Level Frequency Recovery position lag at constant speed caused by the AB
11 felock/8 output filter, at the expense of possible position
10 Jelock /16 overshoot on stopping. With lag recovery enabled,
9 felock 132 Lag recovery the AB output position “catches up” to the sensor

position during constant speed motion. However,

Jfelock /164 enabled.

enabling lag recovery also causes the AB output fil-

Jfelock /128

ter response to become under-damped which can

/2 : A
Jelock /256 result in position over- and undershoot with fast

Jelock /8 sensor input position changes. This effect is worse
Jfelock 116 with more AB output filtering (configuration input
f(‘[o[‘k /32 Lag recovery C2). At standstill, the AB output position is always
felock 164 disabled. equal to the sensor position regardless of the AB

output filter and lag recovery settings

Jfelock /128

o=t |w s |n|a ||

Jfelock /256

5V supplies and 24 MHz with 3.3V supplies. Mini-
mum frequency is 6 MHz regardless of supply volt-
age

To use the internal oscillator, connect both XIN (pin
35) and XOUT (pin 34) to ground as shown m Fig-
ure 9. The 1C-TW8’s mternal oscillator has a nomi-
nal frequency of 20 MHz with 5V supplies and 16
MHz with 3.3V supplies. However, manufacturing
tolerances and changes in temperature can cause
large vanations in the frequency of the mternal os-
cillator.

Unless specifically required otherwise, it is recom-
mended to use the highest maximum AB frequency
and to disable lag recovery by setting C3 to configu-
ration level 5.

Table 5: Configuration Input C3

2H
Ol 21t= ¢ B2 AB =3 EHE (79 €
LiSLICH SR SEOIM A
A G10] AB ZB PIX|= &Y &
sdH0 42, 7te =2 |t AB LS
T3 2l 5= 2ot XN =7E A8 E= A0

Z&LICH




