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Safety Matters

Before use AU6802N1, please carefully read the specification and
this manual for proper use. Incorrect usage do not operate
normally, may damage the equipment that is connected to this

Caution | product or this product.
aution !

Retained for this manual, please re—-read when you do not know.

B Notes

Smartcoder (AU6802N1) is an integrated circuit (i.e electronic device) with a high grade quality
level suitable for use in automobiles, trains, etc. and is designed for units involving direct control
and safety of transportation equipment. But the calculated failure rate is not zero. Also there are
some possibility to do unplanned work cause of noise, static electricity, wiring error, etc. Therefore,
the customer is to assume this responsibility, considering the possibility of failure, and to design
multiple back—up solutions within the equipment or system to avoid a serious system failure.

These application samples which listed in this manual are reference examples. If you use these
examples, please make sure that you understand your system, equipments, and those functions
and safety.

The information contained in this manual might be changed as necessary. For the latest content,
please contact your local sales representative.

B Product Warranty

(1)Warranty Period

The warranty period for Smartcoder (AU6802N1) is one year after shipping. Failed products within
this warranty period will be replaced with new one.

(2)Coverage

Even if within the warranty period, we will not take responsibility for the products which show
quality degradation caused by deviant usage against this document or specification like below.

*In case of usage of unguaranteed condition/environment/handling nonlisted in this manual or
specification.

*In case of Remodeling/Repair which is not done by Tamagawa-—seiki.

*In case of misusing this product.

*In case of unforeseen matters which can not expect at technology level of shipping age.
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1. Introduction

1.1 Product Overview

Smartcoder (AU6802N1) is an R/D (Resolver to Digital) conversion IC used with a brushless
Resolver such as Singlsyn, Smartsyn, etc. It converts the electrical information (analog signal)
corresponding to a mechanical rotational angle of the Resolver to the corresponding digital data and
transmits it.

It was developed as simple usage, low cost, and having high quality enough to be used on vehicles,
while maintaining high reliability that the Resolver (Synchro) system has had conventionally. It
provides you wide range applications for angle detection.

1.2 Product Features

B Wide operating temperature range for automotive quality: -40°C~+125°C

M Real time output:High tracking rate:240,000min'(10Bit resolution)

B Single power supply of DC+5V

B Small size /light weight: 10 X 10mm (Pin interval 0.65mm. 52pin TQFP. Mass 0.3g)

B Built-in test to detect following faults:
abnormal sensor signal, abnormal R/D conversion

B Seclectable output mode : Pulse/Parallel/Bus + Serial output
M Selectable resolution mode: 10Bit/12Bit
B Selectable setting a number of poles for UVW: X 1,2.3,4

B Selectable clock input(20MHz) :
External CLK input/Crystal resonator/Ceramic resonator
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1.3 Block Diagram

rF o
i .| sem, ——DATA) semiaL
| | CEAOME——— 0! T 80K ] OUTPUT
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S'iﬂe'f iﬂ[sz_:—:"\\ Iﬁlﬁm P-l.ILT. / i
s::—!—;/ DA GOV, 5 PHATONT | 126ms |#/1.] PAR. |- . PARALLEL OUTPUT
i = smigecr| ] M 1 coen [ 1E |~ Gonzens)
Mm[m ——P | o r.a.lLT._T L i
20 s i CONY, £-sin[d-g] -1} |
! ﬁ \Eﬁiﬂm4m : PULSE QUTPUT
; . : L] ravoe | ]~
| it | GENLOG, _l 2 ABZUN, W1V W
: |
EXCITE SIGNAL l ) |
Lol JE P S s o | SYNAHADET, SELF DIAG, 3 RESCLUTION SET, (10/42 Bis)
”'}{HEE ! WIRE BR.DET, EAROETE) | | UV.W NUMBER OF POLE SET
ik | (31,2240
EXGITE SOURCE l SYSCONT. |+ ge1 E olaano, ouTpuT
PUT | | cikizom
tiRSO ‘—‘—<lf EXT SIG.BEN, : 'O CONTROL SIGNAL
i- | SYSTEM CONTROL SGHAL
1.4 Spec Overview
Output form Binary code parallel 10,7 12bit bus compatible. positive logic
Resolution 1,024 (2'°) 4096 (2'2)
Conversion accuracy (Static) +2LSB +4|SB
Settling time ACMD=“H" 1 ms Typ. 25 ms Typ.
(For step input of
180° in electric angle) | ACMD="L" 15 ms Typ. 60 ms Typ.
Max. tracking rate 240,000 min™' 60,000 min™'
Max. angular acceleration 256,000 rad / s? 64,000 rad / s
Response (As output response dela ® - o .
SO (ASEITRIS ¥ +02° Max./10000 min” +04° Max./10,000 min”
in electric angle)
Encoder emulation output (A,B) 256 C/T 1,024 C/T

*abnormal sensor signal (EX: breaking/down of exciting sourse lines,
Fault detection function Breaking of Resolver signal lines)
abnormal R/D conversion

Power source DC 5V+5% 45mA Max. (30mA Typ.)
Operating temperature -40 ~ +125°C

Storage temperature -65 ~ +150°C

Humidity 90% RH Max.

Mass 1g max
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1.5 Related documents

(1) 80110141114E Smartcoder(AU6802N1) specification
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2. Pin List (Name and Functions)

2.1 Pin Assignment
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2.2 Pin Description

Pin No. Symbol Class Description Remarks
1 R1E A1 External exciting signal input(R1).
Erem @ (Ref:4.2.3)
2 R2E A1 External exciting signal input(R2).
VCC _ Analog power pin. Connect to +5V. (Ref:4.5)
4 SINMNT ASO Re.solver signal (SIN).monitor :)utput. Input .gain. should be
adjusted to be approximately 2 3 Vp—p for this pin.
) ) . (Ref:4.2.2)
5 sS4 A1 Resolver signal (S4) input pin.
6 S2 A1 Resolver signal (S2) input pin.
7 AGND _ Analog ground pin. Connect to 0V. (Ref:4.5)
8 S1 A1 Resolver signal (S1) input pin.
9 S3 A1 Resolver signal (S3) input pin. (Ref:4.2.2)
Resolver signal(COS) monitor output. Input gain should be
10 COSMNT A/0O . . ~ L
adjusted to be approximately 2 3 Vp—p for this pin.
11 VCC _— Analog power pin. Connect to +5V. (Ref:4.5)
Exciting signal output pin. Output signal should be 2Vp-p=*
12 RSO A/O 10% which center voltage is “COM” pin level. This signal
ill b d for i t of iti It b t lifi
will be used for input o exc‘|‘ ing voltage oo’:s, er amplifier (Ref:4.2.1)
COM output pin. Output is "0.5XVCC=*5%" voltage.
13 COM A/0O It must be 470pF decoupling capacitor between COM-pin and
RSO-pin.
14 AGND _— Analog ground pin. Connect to 0V. (Ref:4.5)
Resolution selection pin.
15 MDSEL D1 Resolution 10 Bit 12 Bit (Ref:4.3.1)
MDSEL H L
Internal control mode selection pin.
(Ref:4.3.1)
16 ACMD D/1
Acc. Mode ON OFF (Ref:10.2)
ACMD H L
Number of poles (UVW) selection pin.
17 XSEL1 D1 These pins control to U1,V1,W1signals.
No of pole X1 X2 X3 X4 (Ref:4.3.1)
18 XSEL2 D/1 XSEL1 H L H L
XSEL2 H H L L
Parallel output (DO"D11) mode selection pin. (Ref:4.3.1)
19 OUTMD b1 (Ref:4.3.2(1))
Output mode Absolute—-mode Pulse—-mode (Ref:4.3.2(2))
OUTMD H L (Ref:4.3.2(4))
Chip selection pin for serial output. It controls DATA pin
mode and serial out data will be latched at SCSB falling edge
20 SCSB D/1
DATA pin mode Valid High impedance (Ref:4.3.2(3))
SCsB L H (Ref:4.3.2(4))
Serial data output pin. The data which is absolute angle data
21 DATA D/0(BUS) . . . .
at falling edge of SCSB is transmitted with SCK.
Serial clock input pin. It is used the serial output function.
22 SCK D1 )
Frequency is 2MHz (max.).
23 VDD _ Digital power pin. Connect to +5V. (Ref:4.5)
24 XTAL _ Oscillator connection pin. (Ref:4.4)
25 CLKIN D1 External cllock input pin. Frequency of the device to be (Ref:4.4)
connected is 20MHz.
26 DGND _ Digital ground pin. Connect to 0V. (Ref:4.5)
(Note) “Class” means as follow.
* A1 . Analog input * D1 : Digital input
* A/O . Analog output * D 0O(BUS) : Digital output(3-state output)
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Pin No. Symbol Class Description Remarks
OUTMD = H OUTMD =L
27 D O D/0(BUS)
¢ 12 (12Bit LSB) PRTY
(Ref:4.3.1)
28 D 1 D/0(BUS) ¢ 11 ERRHLD (Ref:4.3.2(1))
29 D 2 D/0(BUS) ¢ 10 (10Bit LSB) ERR (Ref:4.3.2(2))
30 D 3 D/0(BUS) ®9 Wi (Ref:4.3.2(4))
31 D 4 D/0(BUS) ®8 Vi
32 D 5 D/0(BUS) b7 Ut
33 DGND _— Digital ground pin. Connect to 0V. (Ref:4.5)
OUTMD = H OUTMD =L
34 D 6 D/0(BUS) 66 W
(Ref:4.3.1)
35 b 7 D/0(BUS) ¢5 v (Ref:4.3.2(1))
36 D 8 D/0(BUS) ¢4 u (Ref:4.3.2(2))
37 D 9 D/0(BUS) 63 z (Ref:4.3.2(4))
38 D10 D/0(BUS) b2 B
39 D11 D/0(BUS) $1 (MSB) A
40 DGND _— Digital ground pin. Connect to OV. (Ref:4.5)
Chip selection pin(CSB) and Read pin(RDB). DO"D11 and
41 csB D1 PRTY output state can be controlled.
DO"D11,PRTY out Valid High impedance
CSB L
42 RDB D1 Other combination
RDB L
Inhibit o (Ref:4.3.2(1))
nnivit pin- _ (Ref:4.3.2(2))
DO"D11 signal data state (Through/Hold) can switch.
43 INHB(RD) DI _
DO D11 signals Through Hold
INHB(RD) H L
This is even parity signal of the parallel output data. ¢ 17 ¢
44 PRTY D/0(BUS) 12(12Bit-mode) Or ¢ 1”@ 10(10Bit-mode), in case of the
number of “H” level data is even, this pin output as “L”.
Error state hold pin. Once this devise detect fault condition,
45 ERRHLD DO . . . P .
this pin output will be changed to "H~ and keep it.
Error reset pin. This signal reset the ERRHLD output state. (Ref: 8)
46 ERRSTB D1 ERRHLD signal HOLD Clear HOLD state
ERRSTB H L
RSO output frequency selection pin.
47 FSEL1 D1
RSO freq. | 20kHz | 10kHz = (Ref:4.3.1)
FSEL1 H L
48 FSEL2 D1 Other combination
FSEL2 H H
49 VDD _— Digital power pin. Connect to +5V. (Ref:4.5)
50 TEST1 D1 These pins do not affect the operation directly. Connect to
51 TEST?2 D1 the digital power (VDD).
52 AGND _ Analog ground pin. Connect to 0V. (Ref:4.5)
(Note) “Class” means as follow.
* D/ 1 Digital input
* DO Digital output
* D0(BUS) Digital output(3-state output)
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4. Peripheral Circuit Design

AU6802N1 require some peripheral circuit to get digital angle data. In this chapter, we explain the
desigh method and important point for required peripheral circuit design.

4.1 Example of Peripheral Circuit

Resolver

(BRX)

»| Smartcoder® <:>Digita'

angle data

E ---------------------- . (AU6802N1)

Exciting voltage :
:h jmmmmmmmm -
booster Amp :

___________

External power
source

i DC+5V
i (single power supply)
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4.2 Resolver Interface

% Examples mentioned in this articles shows only the concept of basic functions. Please note that each
application might have their each individual requirement. Therefore the circuit configuration and the decision of
constants for practical resistors and the function of protection for input/output circuits, etc. should be
designed for each application.

4.2.1 Excitation Amplifier Circuit

Resolver (BRX type) is the sensor which generates the amplitude signal responding to the
rotational angle of output winding by applying excitation signal to excitation windings. Then exciting
amplifier circuit to excite resolver need to get resolver output signals.

There are 2 type of excitation amplifier circuit, current control type and voltage control type.
Show merit/demerit of each method in below. Please determine appropriate method for your system
considering them.

Excitation Amp. Merit Demerit
Current control | *Prevention of secondary *Circuit is getting complex, and
type failure(damage of output TR, it might not operate as

etc.) by short circuit between | calculations.
exciting lines.
*Exciting voltage might vary
*Less temperature change of due to resolver input
resolver signal due to impedance variability.
constant current.

Voltage control | *Circuit is simple and it will *possibility to have secondary
type operate as calculations. failure due to overcurrent
by short circuit between
*Exciting voltage can be exciting lines.
constant.

*There might have temperature

change of resolver signal.

Separate power supply (V.,.) is required for the excitation amplifier circuit, in addition to the
AUG6802N1 (+5V) power supply.

Higher resolver exciting voltage caused higher resolver output voltage, and it can expect to improve
the S/N ratio or noise immunity. That mean it need appropriate DC power supply. For example,
exciting voltage 7Vrms(=20Vp_p 7V X 2% 2) require +24V for single power source or =15V for
dual power sources.

Resolver operation will be possible at the lower exciting voltage compared to the value described in
the specification. So please decide exciting voltage value considering noise immunity and power
equipment which can be prepared.
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In this chapter, we will show you the example of excitation amplifier circuit (current control type)

using RSO output.

% RSO output does not have enough driving power to excite resolver directly.

(1)Example circuit for single power source

AU6802N1 I :1; l

-: Rf +VEXT

Q1

(470pF) Ci Ri

RSO 12 —1—. 11
by

+Vexr +
Ri

COM 13

Rf \/*

Cf \Emitter resistance
DC cut capacitor Bias circuit Current sensing
resistor

In case of V¢, variation is expected by battery power, possible

minimum voltage must be considered as reference voltage.
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(2)Example circuit for dual power source

Cf

. AU680ZNT I l l

? Rf +Vexr

RSO 12
coMm 13
C ~Vexr ¢
Rf
_COR
B Method for setting constants
Refer below for setting constants.
K Description of symbol>
+Veyr, —Vexr : External power supply (For exciting voltage booster amplifier circuit)
Irer : Exciting current of Resolver
Riext : Resistor for setting exciting current of Resolver
Vgrer : Exciting voltage of Resolver
Zro . Input impedance of Resolver(Specified value)

Vrso : RSO pin (AU6802N1)output voltage (=2Vp-p typ.)

Step(@ : Calculate the exciting current by setting the exciting voltage based on
the voltage of external power supply.

Veer= lrer X Zgo
Step@ : Calculate the circuit constants based on the exciting current.
Irer/2 =( VgsoXRf )./ ( RigxrXRi ) =+*+-+For single power source

Irer =( VrsoXRf )/ ( RigxrXRi ) ====- For dual power source

< Setting condition>
Riext= (Zro10) [Q]
Rf250kQ , CiXxRi25%x107* [s] , CFXRf=5x107°% [s]
The power supply for an operational amplifier should be the same as that
for the transistor buffer.

- 15 - MNL000392W00



¥ Calculation method describing in specification is based on DC circuit concept.

Resolver is a AC circuit and that input impedance(= R(RESISTANCE) —+jX(CONDUCTOR) ) cause voltage phase
shift and current phase shift. Also there are some impacts at parallel connection of Rf and Cf. Then it might
not get exact exciting voltage value as calculated.

In such a case, please adjust each constant by yourself. (Voltage can be adjusted by R, value. )

And it is effective to make pre—validation using circuit simulation like SPICE.

[Example]

Vext=Battery 12V (8V~16V fluctuation), Excitation frequency =10KHz,
Resolver Spec [ Input impedance=76% (R-part:18Q +L-part:1.18mH)]
Let’ s excite this resolver with current type amplifier described in P14.

Vext define as 8V(use minimum fluctuation).

Saturation voltage of OP-AMP assume as x0.8 supply. > 8V X0.8=6.4V

Regarding R1-GND and R2-GND,

Set amplitude center as 4V (=8V x1/2).
Set amplitude as 4Vp—p.

Then target amplitude is set as “R1-R2=8Vp-p”.
. R2—GND R1—GND
Voltage 1

Max: under 6.4V

4V center (=8Vx1/2)

According to the formula of P15,

Resolver excitation current (Izer) =0.11Ap—p (=8Vp-p/76Q)

Rexr=4.7Q < Resolver input impedance(76Q)/10

Rf=100K
Then,
Vieso X RE
Irer= B
Ry xRix1/2
Ri— Vieso X RE _ 2Vp-px100K
R s X Iggr X 1/2 4.7x0.11x1/2
Example of circuit simulation,
=T774K <> Resolver input impedance
=18Q +1.18mH
(Please adjust at actual circuit.) Cf =100p
Emitter resistance =4.7Q
Bias resistance =1KQ
Then around Ri=460KQ. ( 8Vp-p between
R1-R2)
- 16 -

MNL000392W00



[Single power source, Vgr=12V Waveform sample]

Stopped

CHI=5V

Dc 101

T 20us/div
(20us/div)
NORMS(MS /s

y

A

Stopped

CH1=5v
DC o101

20us/div

(20us/div)
MORM:5IMS /s

7Vp-p
A
6V center (=1/2+Vgyq)

14Vp-p

0V center

R1-GND ~~

The wrong constant selection
cause wider amplitude, and
waveform distortion will be
occurred by OP-AMP or Tr
saturation voltage, etc.

Need to avoid distortion.

Rail to Rail OP-AMP type can
set more wider active output
voltage without distortion
generation.

HE 401
1.00 Usdiv
DC  Full

Normal
8.70 U

It might happen to have
R1-GND/R2-GND oscillation
due to OP-AMP characteristic.
If this kind of wave is observed,
DC cut Capacitor(Ci) might
cause unstability of DC current,
then insertion of resistor
between Ci output and GND will
be effective to stabilize it.

Edge 1

Ci
—

AN

Additional resistor

(around 100K Q)
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4.2.2 Resolver Signal Input Circuit

R/D conversion of AU6802N1 will be done with monitor output(SINMNT, COSMNT). While voltage
level of resolver signal is different with each application, it needs to set appropriate monitor signal
level with gain adjustment of resolver input signal to fit R/D conversion effectively. Also it need to
have external DC bias resistor activating the function which detect any breaking of Resolver

signal lines (S17S4) mounted in AU6802N1 devise.

In this chapter, show you example of resolver signal input circuit.

B Example of resolver signal input circuit

Monitor Output

AU6802N1
20kQ 70kQ
+
20kQ 70k Q

COSMNT
Resolver signal level (SINMNT)
33(34)<( : /Ry, \\\ 33
» ® Vi
" (S4)
\
]
1
i
PN l’ S1
K v N I
? ’ i (s2)
H / S2
sis2) ¢ || N
1 — ‘/
I o I
\
\

Common—mode
capacitor
Normal-mode
DC bias resistor to capacitor

detect breaking.

Gain setting resistor

Specification of Differential Amplifier

Min. Typ. | Max. Unit

Input Resistance 13 20 27 k Q@
Resistance ratio | 0.99 1 1.01 —
Gain 3.47 3.5 | 3.53 —
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(1) Gain setting resistor

R(=R;;+R,,) value is defined to put in MAX range 2~3Vp-p of monitor output.

Monitor amplitude [Vp—p] =Resolver signal amplitude [Vp—p] X

70K

R, +20

= while R=Ry;+R,,

[Example]
Resolver spec(Exciting voltage: AC7Vrms, transformer ratio:0.286),
Use it as exciting voltage 10Vp—p, monitor output max amplitude assumed 2.5Vp—p.

Resolver output max=2.86Vp-p

2.5[Vp-p]=2.86Vp—p [Vp-p] %

70K

R, +20K

(=10Vp-p X 0.286) then,

.R,= 60K

A range of monitor signal

In this case, due to the resistor value variability of AU6802N1 differential amplifier,
monitor output max amplitude can be the range described in below table.

Min. Typ. Max. Unit
Input R. 13 20 27 k@
Gain 3.47 3.5 3.53 —
- 1.76 2.5 3.13
onitor
signal | (2.86x 3Ty 1 ggx 20X35 ) | () ggx 27X3:33, | Vep
60+13 60+20 60+27

Moreover, a range of monitor signal max amplitude will be varied by the deviation of resolver,

transformation ratio and the deviation of input impedance.

it cause to detect abnormal sensor signal.

Example of monitor waveform (At 0° )

In case of exceeding the max range(0.5~3.5Vp—p) of monitor signal amplitude,

.
Sm%‘:ﬁ:w CHz=TY - : T 20us/div 2~3Vp-p
o » S DC0T T (Z0us/div)
COSMNT-GND —, ~" "™ .~ s .../.\..NORM?SSPM'SV./? 4
o e — ----r-- COM(1/2VCC)
S I N M N T _ G N D T N N
i’
V(1) . 2.360¥
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 : 0.00v Main : 10K Mode : AUTO
BW : 20MHz CHZ : 0.00v Zoom @ 10K Type : EDGE CH1 £
CH3 : 0.00v Delay : 0.1ns
CH4 : 0.00v Hold OFF : 0.2us




XK If potential difference between SINMNT and CONMNT generate by the deviation of R, it cause a error source.
Please select appropriate resistor grade according to your system tolerance.

[Example] In case of thereisa + A COSMNT against a SINMNT,
1
Error =—E'A'SIN29 [rad]

(Voltage difference 1% case: A =0.01 then Error max==+0.29° (==+0.01/2 rad) )

(2)DC bias resistor to detect breaking (Rgy. Rg.)

When the signal line come down, monitor output level must be below the fault detecting level
(0.15Vcc=0.75V).

Without this bias resistor, fault detection depends on its angle.
(In fault case, If normal side monitor signal go under the fault detecting level, fault can detect as

breaking of exciting source line.)

Estimated value of Rg,. Rg_ is shown below with some Vi voltage.

VEXT Ren[K Q] Re [KQ]
+5V 20

+12V 50 20
+24V 100

(8)Normal mode capacitor (Cy)
While basic circuit doesn’t have Cy. it can improve electrical noise.
But gain resistor (R;;) and Cy work as filter, it causes one of factor of phase shift.
Time constant=2 X (R};//(R;,+20K)) X C,

R,,//(R,+20K) means parallel connection of R;; and (R,+20K).

This capacitor has an impedance{=1/(w *Cy)} and it affect signal level also.
Deviation of capacitor is much worse than the deviation of resistor; please select the small
deviation parts or small capacitance parts to avoid impact of signal level.

(4) Common mode capacitor (Cc)

Standard usage is putting 1000p capacitance between S1°S4 signals and GND.
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4.2.3 External Input Circuit for exciting the Resolver

AUG6802N1

R/D conversion include synchronous detection function which use a phase signal
with the external input (R1E. R2E) of resolver excitation signal. Then R1E/R2E terminals need to
have same phase input signal with the carrier of resolver signal.

In this chapter, there shows example external input circuit of resolver excitation signal.

(1)Basic circuit sample (using single power source for exciting amplifier)

AU6802N 71 .
>
R1E COMP.
R 20k Q
RIS 4% 1 MN\—@
R2 S A 2 A
Re, 20kQ
R2E
20k Q % 20k @
External resistor (Ref.)
VEXT Re1, Res = =
+5V system 0 kQ I
>
+12V system 47 kQ
+24V system 120 kQ

In case of direct input for R1IE/R2E, exciting signal level might exceed VCC and it cause some
failure. So please note that the terminal voltage for R1E/R2E should not exceed VCC(Power

supply voltage) by means of adding the external resistor (Rg;. Rg,)to divide the voltage.

R1E-G

R2E-GND

Rri. Rr,=47KQ example

CHZ2=5v

pc 101

=5V
10:1

CH4=5v
DC 10:1

: 20us/div
t (20us/div)
... MORMSOMS /5

TVp-p

A

y

ND

\\ MAX-side=4.37V (=2.76V+3.22Vp-p/2) <VCC

MIN-side

=1.15V (=2.76V—3.22Vp-p/2)

-- 6V center

. 3.22Vp-p

=7Vp-p X (20K+20K) / (20K+20K+47K)
———————— 2.76Vcenter
o f =6V X (20K+20K) / (20K+20K+47K)

>GND

- 21 -
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(2)Basic circuit sample (using dual power source for exciting amplifier)

AU6802N1

R1E COMP.
20k Q

c R, 1 AN — +
Rz G— 2 A -
20k Q

In this dual power source case, an exciting signal is OV center. So it needs to make R1E/R2E
terminal input level as shifting DC level. There might happen to exceed OV VCC range of R2E
terminal voltage, and it cause some failure. Then the terminal voltage for R2E should not exceed

(0.1 uF) R2E

Riz Riz 20k Q

20k Q

A%A%A

0V VCC by means of adding the external resistor (R;;. R;,)to divide the voltage.

DC cut Capacitor(Ci) >0.1 u
R;,= around 3.3~4.7KQ  ( around 10% of (20KQ +20KQ) )
20K + 20K

20K + 20K +R,

Center value of swing [V] =COM [V] x

. Ry
Amplitude level [Vp—-p] =R2 [Vp-p] X ——=—
R, +R,,
Waveform max value=(Center of swing)+ (Amplitude level)/2 < VCC
Waveform min value=(Center of swing)—(Amplitude level)/2 > 0V

COM current= COM —R2min < 2mA

R11+Ri2

(1]

Assuming R2=10Vp-p.
And also assuming R,=4.7K.

. 20K + 20K
Center value of swing=2.5V X =2.24V

20K + 20K +4.7K

Assuming 3Vp—p for R2E amplitude level.
4.7K .
3 [Vp—p]l=10 [Vp-p] X —M SR =10.9K>11K
R, +4.7K

Waveform max value=2.24V+3V/2=3.74V <VCC “OK”
Waveform min value=2.24V—3V/2=0.74V >0V “OK”
COM current=[2.5V—(—5V)]/(11K+4.7K) =0.48mA < 2mA “OK”
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(3)Considering the phase shift

When any phase difference exists between the exciting component of Resolver signals (S1-S3, &
S2-S4) and the external input signal for exciting Resolver (R1E/R2E), the loop gain of R/D
conversion loop is equivalently decreased, which may affect the performance of R/D conversion.
That means that it spent long time to settle down the angle output or not be able to settle down

the angle data.

In case of phase shift existing, a phase adjustment circuit should be inserted into the R1E/R2E
line so that the phase difference is 10 degree or less. As confirmation, the phase shift may be
adjusted between the exciting component of Resolver signal monitor terminals (COSMNT &
SINMNT) and the external input signal for exciting Resolver (R1E/R2E).

B How to convert an angle from phase shift.

[Delay of monitor output]

Excitation signal cycle:T [ s]
|-

<
<4 »

R1E-R2 waveform /

Time shift: 8 [ 9

» <

Monitor output

SINMNT or COSMNT | |
/]

-

» TIME

[Progress of monitor output)

Excitation signal cycle:T [ us]
»

»

Time shift: B[ us]

<

a | IME

Phase shift angle ( @ ) corresponding value(® )= ¥>< 360°
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MDHow to adjust progressing phase

AUG80ZNT )
>
COMP.
RIE 20k Q
. | A —@ >
R2 /- 2 A —
c 20kQ

A%A%A

‘\
N R2E
/ i Riz 20k Q 20k Q

Adjust with Capacitor (GCi).

COM ¢

There might happen to exceed 0V VCC range of R2E terminal voltage, and it cause some failure.
Then the terminal voltage for R2E should not exceed 0V 'VCC by means of adding the external
resistor (R;;. R,,) to divide the voltage.

B The amount of progressing phase (indication)

1
2nxfxC; x(R;, +R},)

} [degree]

“The amount of progressing phase” Q= arctan{

[Example]
When R2=10Vp-p, would like to set 10° for progressing phase.
(excitation frequency =10KHz)

¥ R,;. R, concept is same as chapter 4.2.3(2) .

Assuming R,;=11K_ R,,=4.7K ,

10° = arctan !
27t x10000x C, x (11K +4.7K)
c 1
" 27rx 10000 x (11K +4.7K) x tan10°

=0.00575u4 > 0.0056 u
(Please adjust it with actual circuit.)
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@How to adjust delaying phase

@-1 Basic circuit to adjust delaying phase
(Use single power source for exciting amplifier)

AU6802N7T
<
>
COMP.
Rgi /’Qi\ 20k Q
RIS W8 MN\— +
R2 S AN ——0— AAA -
R oot 20k Q
R2
20k Q é 20k Q
Insert capacitor (Ci) between R1E and R2E.

B The amount of delaying phase (indication)
“The amount of delaying phase” o = arctan[27r><f><Ci XZX(RRI//(ZOK'FZOK))] [degree]

“Rg;//(20K+20K)” means parallel connection resistor value of
Rg; and (20K+20K).

[Example]
When Rg;. Rz, =47K, would like to set 10° for delaying phase.
(excitation frequency=10KHz)

Rey// (20K+20K) =21.6K Q

10° = arctan (27T x 10000 x C; x 2x 21.6K)
_ tan10°
27t x10000%x 2 x 21.6K

=65p > 68p
(Please adjust it with actual circuit.)
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@-2 Basic circuit to adjust delaying phase
(using dual power source for exciting amplifier)

AU6802N1 .
4
R1E COMP.
20k Q
1 A% 4 +
R2 2 A% —
20k Q
R2E
20k Q % 20k Q
<

Insert a capacitor (GC,,).

B The amount of delaying phase (indication)

“The amount of delaying phase” « = ar(:‘[an|:27l'><f><Ci2 X(Rn//Riz)]

(R,;//R;,) means parallel connection resistor value

[degree]

of R,; and R,,.

[Example]
When R2=10Vp-p, would like to set 10° for delaying phase.
(excitation frequency=10KHz)

¥R, R, concept is same as chapter 4.2.3(2) .
Assuming R;;=11K, R,,=4.7K,
Then R;;//R;;,=3.3KQ

10 = arctan (271 x10000x C,, x 3.3K)
tan10°
27t x10000 x 3.3K

i2

=850p 2> 910p
(Please adjust it with actual circuit.)
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4.3 Digital Interface

4.3.1 System Setting

B Setting for resolution
Resolution 10 bits 12 bits

AU6802N1

MDSEL “H” “L”

Setting for digital output resolution (Parallel, Pulse, Serial).
10 bits:1024 split(Number of pulse=256C/T)
12 bits:4096 split(Number of pulse=1024C/T)

B Setting of internal control mode
Acceleration mode ON OFF
ACMD “H” “L"

A 4

MDSEL

Set the internal control mode.

B Setting of number of poles for UVW
Number of poles X 1 X 2 X3 X 4

Set the cycle number of output pattern for UVW.
(Refer next page for detail.)

X Pulse number of A/B/Z output is not changed by this setting.

B Setting of output mode
MODE Pulse output | Parallel absolute output
OUTMD “L” “H”

XSEL_I “Hn “L" “Hn “L" »

XSEL2 H” “H” ML” “L”

A 4

ACMD

17

XSEL1

18

XSEL2

Set the type of parallel output (DO—D11).
Pulse mode:A/B/Z/U/V/W/U1/V1/W1/ERR/ERRHLD
Parallel mode: Absolute output(Pure binary)

B Setting of RSO output(exciting) frequency
RSO freq. 20KHz 10KHz

A 4

OUTMD

FSEL1 “Hl! “Ln
FSEL2 “H” “H”

A 4

47

FSEL1

Set the frequency of resolver excitation.

Before setting, please check the target resolver specification.

A 4

48

FSEL2

- 27 -
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B Setting number of poles of UVW

¥ This specific setting(X1, X2, X3, X4) means cycle number of waveform output pattern which range is 07360

degree of electrical angle. It does not have any relation with resolver multiplication factor of angle

(X1, X2, X3, X4).

X1 pole case

1 1 1 1 1 1 1
1 ’f‘l 1 1 1 1 ~Jd 1
" - 1 1 1 1 1 1SS 1
U P | | | : : : ‘Ir\ —
—_ .- | | | | t t =~
\Y ~ | | ' I I : ' AN
1 1 1 1 1 AY I
’ 1 1 1 1 1 1 1 1
—_— AY
W L : — T
1 1 T T T T 1 ] ] |
1 ] ] ] 1 1 ] ] ]
1 1 1 1 1 1 1 1 1 l,
N I I i , : I i : !
\ T T T d
U1 N | | : : | | : : A
N 1 l | 1 1 ,/
Vi I~ I | ] i 1 | ] [Pk [
_#.—|\ N 1 ] /T——
W1 Ik\\\ F : 1 : r J, —
1 ‘4\ 1 1 1 1 -= 1
1 [k R R 1 1 1 1 ____*’ 1 1
— DTS s ey —
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
! ! :XZ polie casg, therle are 2|—cyc|3 of X1| pole patterp.
: | :Simila:rly X3| X4 shows 3:—cyc|e and 4:—cyc|e'.
1 1 1 1 1 1 1
X2 pole case/,——’i """""" i\\i ,’E,,—":* “:L\\\i
PR | | (BN PR | | [N
U — i | N i | RN
v — =
I/I_ : i 4 \ : X Y
1 1 1 1) 1 1 1 1
] 1 1 ! ‘g 1 |
W | I [ - R
: 1 1 1 ] : ', 1 1 1 :
' I ; I D ! ; I ; !
\ ] | o
ut . I N ' e | I L
] | ] ] ]
1

! ! \ li
R . s

1
I
! I §

180

Electrical angle [degree]
—

Electrical 360° Electrical 360° Electrical 360° Electrical 360°
0 90 180 270 360

Resolver angle [degree]
—

Example of 4X resolver
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[Example]
In case of 8 poles (4 pole pair) motor, the relationship of resolver
multiplication factor and the setting number of poles for UVW is  below.

Resolver X% UVW poles
4X X1
2X X2
1X X4

Each combination output 4 pulse of UVW (every 90 degree) while one
revolution of Resolver.
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4.3.2 Output Interface
(1)Parallel Output mode (Parallel output is set by OUTMD="“H".)

M Parallel 1/0 interface mode {Stand-alone) : Interfaced by dedicated 1/0

AUB802N1
S— Output data
D11 | 39 > b1
D10 38 > b2
D9 | 37 > ®3
D8 | 36 Y CSB="L"
D7 | 35 > ¢5 RDB=“L"
D6 | 34 > ¢6 > Parallel Output Data can read with
D5 | 32 > o7 . « »
pa | 31 NPT controlling "INHB
D3 30 > ®9
D2 | 29 »  ¢10
DI | 28 > P11
po | 27 > 912 Refer to SPEC pi17
PRTY 4I4 E—— Parity Output (F|gu re—1 4)
csB | 41 ¢
rRDB | 42 [¢
INHB(RD) | 43 1* S Inhibit Input [ “L”: fixed data ]

outMp [ 19 “H" (Parallel mode ) X Please refer section-9.8 for ¢ 1~

¢ 11, PRTY. INHB signal timings.,

B Parallel BUS interface mode{Bus output) : interfaced by BUS line

DO "TTeTmesesmesess D12
SMI
D11 | 39
D10 | 38
D9 | 37 .
0s |36 Data can read with
D7 | 35 controlling CSB . RDB
D6 | 34 (=INHB).
D5 32 > Data Bus
D4 | 31
D3 | 30 Refer to SPEC pl7
D2 | 20 (Figure—13).
D1 | 28
Do | 27
PRTY | 44
CSB | 41 [ Ghip Select(CS)
RDB | 42 ::—g Read(RD) X Please refer section-9.8 for ¢ 1~
INHB(RD) | 43 ¢ 11 . PRTY. CSB. RDB . INHB
signal timings..
OUTMD| 19 "H“ (Parallel mode)
(ﬁ
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(2)Pulse interface mode (Pulse output mode is set by OUTMD="L".)

AU6802N1
%—l Output data
D11 | 39 > A
D10 | 38 > B
D9 | 37 > z
zj 2: > \Lj Settings are below.
v “ ”
D6 | 34 > w CSB="L
D5 | 32 > Ul RDB="“L"
D4 | 31 > V1 INHB=“H"
D3 | 30 > w1
D2 | 29 > ERR
D1 | 28 > ERRHLD
Do | 27 > (NC)
VDD
csB | 41 ¢
RDB | 42 [¢ T
INHB(RD) | 43 [*
outMp | 19 “L” (Pulse mode)

(3) Serial output mode

OSerial output data is controlled by “SCSB”. ”SCK”.

12Bit mode

'MSB LSB PRTY

I Data read time !
1 »!
- 'I

X Please refer section-9.8 for each

signal timings.
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OPRTY is defined as even parity. The number of “1” data between “¢p1~¢12” and “PRTY”
must be even.

12bit mode example

SCSB_\ /
s« U UUL
parA XL X0 XL X0 X1 X0 X1 Xo X1 Xo X1 X1 X1)

1
< ». The number of “1” must
D11~DO0, the number of “1”7 is 7. " be even, Then PRTY=1

OWhile SCSB="L" fix, output data repeat every SCK 16 clocks.
Then 14t 16" data fix as “0”.

More than 16 sck case

SCSB_\ /_

patA X _Ne A8 2k@sho 4 eshochoXeekso)p 10f@ i 12 KO XO XO Ao 1Xo2443)

'MSB LSB PRTY :MSB

P SCK=16CLK _i Repeat every 16CLK
- VI >

(4)Serial output mode -+ A/B pulse mode

The absolute angle detection is possible with serial out mode and A/B pulse mode. Power—up
starting time, first absolute data read with serial output mode. Since then absolute data can count
UP/DOWN with A/B pulse data. So you can reduce the number of CPU interface as 6 line (serial
3lines+A/B/Z 3lines)

Combination usage of serial mode and parallel mode can be used for fail detection of digital output

data.
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4.4 Clock Input(20MHz)

4.4.1 Crystal Resonator / Ceramic Resonator

Below describes equivalent circuit of resonator section. CLKIN is inverted signhal of XTAL and
these 2 pins connect to comparator input. While there is cross point between XTAL voltage and
CLKIN voltage, internal CLK will be stable. In this case it is possible to use another devise which
does not list in recommended parts documented in specification (P30, Figure25).

Each case you select resonator included in recommended one, we recommend you to ask
resonator company about optimal constant oscillation of your actual print board. Cause there might
change their oscillation condition due to wiring pattern difference.

AU6802N1 equivalent circuit of resonator section.

P

24 Pin
}—:L—:I—I_XTAL e ®
L N
[ H R"}—»Internal CLK
1T -
+
|—l— LKIN ® -

4.4.2 External Clock

In the case of external clock, clock must connect to CLKIN (25 Pin) and XTAL should be open
(NC). CLKIN pin is TTL-level input.

3 20MHz clock might be noise source.
It is effective for EMC countermeasure to make signal pattern wider and shorter, also guard by GND line.
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4.5Power Source

DC+5V

ov

-

-

100 F

—

0.1uF

0.1uF

—t

~

,4U5802N/S
3 }vco
12
23 }

VDD
49
7
14 AGND
52
26
33 }DGND
40
—§

Power source is single supply +5V*£5%. Analog power line and Digital power line can connect to
same power line. If you set separate power line for analog(VCC) and digital(VDD), there must be
no potential difference between VCC and VDD, or AGND and DGND. Also power switching
(power—on or power—off) should be done simultaneously.

Above figure is example of power connection. No need to collect analog power line or digital
power line. Regarding 0.1uF capacitors, it should be located close to AU6802N1 device as much

as possible.
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4.6 Countermeasures for Noise

Below waveforms are measured actually. Countermeasure for noise must be done in accordance
with the specification P34 contents.

B Waveforms of magnetic noise

Magnetic noise happens when the leakage flux of the motor passes through the resolver. Its effect
will be bigger turbulence of digital output, which will generate error.

Tek FIOMHE 5.00MS/5 2 AcCqs
[T 1 Stopped
; T T CHI=WY . onz=iv
Ch3 Zoom: 1.0% \_?erl 0.5X Horz oG i BC 101
_ : : .

H : 7 Fe
R S S ST ST BRSPS, NS SRR T AP

TR

Chl 1.0
EE s.0

oV o0V M 20.0us Width 0g3
ov

Basic waveform (10KHz) deformed.

B Waveforms of electrical noise

Electrical noise happens when the spike noise caused by PWM drive of the motor affects signal

lines. Turbulence of digital output will not be so big, but it will generate error depend on the size
of noise.

Basic waveform (10KHz) was not changed much .
But spike noise was overlapped.
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5. Connection

Caution !

tester, then please operate wiring and connecting.

Please take off the power during connection operation. After
power off, take enough time, check the voltage value by

5.1 Example of Resolver Connection

B Connection example: Used “RSO” as excitation source.

.,
- S4

i)

Resolver
(BRX)

¥ o2
.].SI

AU6802N1

‘.83

S

+Vexr
& R1 _
§ Excitation (470pF) 12 | RSO
amplifier circuit 13
1= S X COM
\L/ \L/
1 1
1 1
1 1
1 1
1 1
1 1 . 1 R1E
! ! External exciting
1 1
] ] signal input circuit.
! ! gnatine 2 R2E
1 1
] ]
1 1
1 1
1 1 45
1 1
1 1
1 1
i g
» I‘ 'I‘
Sensor Sensor cable Circuit board
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B Connection example: Used external oscillator as excitation source.

)
-, 84

Resolver & ¥s2
(BRX)
251

AU6802NT

S

; §
- § Y o3
+VEXT
- R1
; § 12 | Rso
Excitation |¢| Oscillator
amplifier etc.
R = S “R2 o (470pF) 13 | com
\ \l clrcurt
| |
1 1
1 1
1 1
1 1 . 1 R1E
' ' External exciting
1 1
' ' signal input circuit.
: ! gnalinp 2 R2E
1 1
] ]
1 1
1 1
1 1 45
1 1
1 1
1 1
g e
gl =
Sensor Sensor cable Circuit board

Resolver output signals (S1,S2., S3. S4) are connected to each corresponding AU6802N1
terminals (S1,52,53,54) through the resolver signal input circuit. Resolver input signals (R1,R2)
are connected to each corresponding AU6802N1 terminals (R1E,R2E) through the external exciting
signal input circuit. Regardless of whether RSO output use or not, there must be capacitor

connection between RSO and COM.

5.2 Example of Power Connection

Refer the section 4.5
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6. Check Point of Operation

Before power-up, please make sure the connection which is
no mistake.
Caution !

6.1 Check Point for Resolver Interface

6.1.1 Check Point of Excitation Signal

Check your resolver excitation signals(R1,R2) whether the resolver is excited with your designed
amplitude or not. If signals are small or saturated situation, please review your excitation amplifier
circuit again. If there are no signals, please check the connection to resolver and power supply
status.

6.1.2 Check Point of Monitor Signal Amplitude

(1) Check point of amplitude change

Observing the waveform of resolver exciting signals and monitor output (SINMNT, COSMNT),
please check if the monitor output have a same frequency carrier of excitation signals. After then,
rotate the resolver, please check that monitor signal amplitude is changing with corresponding
resolver angle. If there is no signal or no amplitude change by rotation, please check the
connection between resolver and AU6802N1.

B Waveform example of exciting signal and monitor signal with some fixed angle.

Electrical angle 0° 45° 90° 135°
i I ki \ Iy A il i /! N A i i ! o i
T A e P e A e L
1 1 H [ | 1 Il [ | 1 ] | i | ]
Ex0|tat|onS|gnaI 0 0 !f‘\! T REE 'f‘\' T BES \J‘\\ BN o
o B e e b B B i e P A I e R
N {1 1 . B At w1 . B e o B w2 A
[N I} 1) B [ S S I} Il L Ly L]
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(2)Check point of amplitude level.

Rotating the resolver with observing a monitor signal, please check the monitor signal (SINMNT
and COSMNT) maximum amplitude its recommended range is 2 3Vp-p. If signal amplitude is not
appropriate range, please adjust your circuit constants of exciting amplifier and resolver signal

input circuit.

U R S e

Excitation \R}’f R ff 1 f\ ;If ‘\\ i WKH‘{ ){\[ ;Ji {’f 1\ }[;\[\ ‘\\ }H{J‘{ ) {Jf ‘HH{ \i \[\ ff‘\\( ;’f Jll[ {H\}g\i
signal O 0 R U S REERYI AR R e
A LRI P T YV

e i BT S e
st P e PN IAYEY Srsih v

e e
" 'f'fi\f' \/\j \\j' \\}\f[ \,fJi \Uj\ y 23VeTe e I S N A S

(R

COSMNT

6.1.3 Check point of phase shift.

2~3Vp-p

Rotating the resolver with observing a monitor signal and differential signal(R1E-R2E) of external
exciting signal input, please check that phase difference between differential signal(R1E-R2E) and
monitor signal(SINMNT or COSMNT) should be within ®£10° . The measurement will be done at
common phase position between “R1E-R2E”signal and monitor. If it exceed *+10° , please make

phase adjustment at external exciting signal input circuit.

B How to convert an angle from phase shift.

Monitor out signal DC coupling example. Monitor out signal AC coupling example.
Stopped 3 Stopped 4
CH1=1v : CH2=1v : CH3rEY : CH4=5Y 10us/div CHI1=1v : CHz2=1v : CH3r5V : CHa=5v © 10us/div
DC 1001 Dc 1001 DGt D 3 i/ div) AC 11 AC 10:1 DG i1 DG 101 ¢ (10us/div)
SINMNT N : : : : NORM:100MG /s : : : : : i MORM:1DDMS/s
-GND :
COSMNT — : 5 : 5 5 5
-GND : : : T S S SR

aT 2.90us

R2E-GND |

R S W

RIE-GND = b g ST ER—

Converted angle[deg] =360[deg] X (time shift[ 4 s].“exciting F period[ t s]

Above example: exciting F=10KHz - exciting F period=100 ¢ (=1/10KHz)
Time shift=29 us
Converted angle=10.4deg (=360x%2.9.7100)
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6.2 Check Point for Digital Output

6.2.1 Check Point of Output Angle

Please check that the each digital output show your required format which you set and angle
output data is changing with resolver rotation. If angle output is not change while resolver rotation
or output format is different with your setting, please check a polarity of each digital input
terminal. Also if output angle data does not match with actual angle or output data is not stable,
refer section 6.1 and please check if there is no problem for resolver related connections.

6.2.2 Check point of abnormality Detection

“ERR” output and “ERRHLD” output should be both L-level for normal condition while ”
ERRSTB” input is H-level. If this device detects some error condition, “ERR” output or
“ERRHLD” output will be H-level. Then you may refer section 8.1 and please isolate the true
cause of the error and remove it.
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7. Function of Fault Detection

AU6802N1 has built—in test function of fault detection which detects abnormal sensor signal and
abnormal R/D conversion. These error conditions output at the “ERR” or “ERRHLD” terminal.
The 3 kind of contents of detection are shown below

*Abnormal sensor signal (breaking/down of exciting source line: R1 & R2)
*Abnormal sensor signal (breaking of resolver signal line: S1,52,S3 & S4)
*Abnormal R/D conversion(Excessive residuals of control signal)
In this chapter, describe each detection method, typical fault detection pattern, and error reset
operation.

This built—in test function is independent from R/D conversion function and does not restrict the
R/D conversion output by its result (i.e. any detection of abnormal state).

7.1 Abnormal sensor signal (breaking/down of exciting source lines)

7.1.1 Concept Detection

This concept is to detect smaller monitor output amplitude level then it defines as abnormal
sensor signal. Breaking/down of exciting source line can not excite resolver. As a result resolver
output signal will disappear and abnormal sensor signal can be detect.

7.1.2 Circuit Configuration

COMP. x4

High-side threshold —@—————
(0.55 X VCC)

: |

SINMNT

Peak
detection

Error

<’ L

Low-side threshold @
(0.45xVCC)

ReAR

7.1.3 Detection Principle

The principle is comparison between monitor output and threshold voltage. Detect situation that
the voltage magnitude of SINMNT and COSMNT are above low—side threshold and below high—side
threshold. It mean both monitor amplitude is under 0.1 X VCC(Vp—-p)*¥ , and define this situation
as abnormal.

X Example of VCC=5V case, detection condition is under 0.5Vp—p of both monitor amplitude.
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7.1.4 Relationship of threshold and typical abnormal detection pattern

(1)Normal
A
COSMNT envelope(kE ,cos 6)
2~3Vp-p
=
- SINMNT envelope(kE,;sin @)
3
= A
S / Vee X 0. 55=2. 75V
= -
=}
= — coM=2. 5V
y \ Vee X 0.45=2. 25V
HExample of VCC=5V

o
>

Resolver electrical angle@

In normal monitor signal case,
either SINMNT or COSMNT
exceed a threshold value, then
it does not detect abnormal
sensor signal.

(2)Detection pattern(d) (Monitor amplitude is under threshold)

\Monitor out V

Under0. 5Vp—p

\
1
1
1
1
1
1
]
1
1
]
1
1
1
1
]
-
[N}
"
<_I
1
1
)
1

XExample of VCC=5V

Resolver electrical angle@

Breaking/down of exciting
circuit or smaller monitor output
will detect as abnormal signal in
full angular range.

(3)Detection pattern@ (Shorted between S1-S3 or S2-S4)

‘Monitor out V

XExample:Shorted between S1-S3 case

Normal signal is also

MExample of VCC=5V
under 0.5Vp-p

n
>

Resolver electrical angle@

In case of short between S1-S3
or S2-S4, when normal

signal
amplitude go under the
threshold value, error can

detect in such angle range.
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7.2 Abnormal sensor signal (breaking of Resolver signal lines)

7.2.1 Concept Detection

In the resolver signal input circuit, applying the external DC bias circuit will make monitor output
level shifted from COM voltage of reference potential to GND side in DC. Concept detection is to
detect that voltage shift.

[In view DC: Normal-resolver signal input circuit] [In view DC: Breaking—-resolver signal input circuit]
AU6802N71 ’ AU6802N71 B
COSMNT ? COSMNT ?
*Vexr (SINMNT) E:I *Vexr (SINMNT) |
< <
S3(S4)
) )
S S
S1(S2)
(82) COM COM
RBL
< <
> >
Resolver DC [R] <« DC bias [Rg, or Ry ], In this case During breaking line, “ +VEXT-GND ” entered to
Resolver terminal S1 and S3 (S2 and S4) are same DC differential amplifier circuit input. Then monitor output
potential. Then monitor output that is differential amplifier shift to GND side against COM potential as reference.
output is COM potential as DC reference one.

7.2.2 Circuit Configuration

COMP. x2
SINMNTQ
> +
Detection result
COSMNTS— ¥
Threshold : @ —
(0.15%X VCC)

7.2.3 Detection Principle

The principle is comparison between monitor output and threshold voltage. If voltage magnitude
of SINMNT or COSMNT exceed down the threshold value(0.15 X VCC* ), it is detected as fault
situation.

X Example of VCC=5V case, detection condition is under 0.75V,, of monitor output voltage.
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7.2.4 Relationship of threshold and Typical abnormal detection pattern

In normal monitor signal case,
both SINMNT and COSMNT
exceed a threshold value, then
it does not detect abnormal
sensor signal.

(1)Normal
= 4
- COSMNT envelope (kE,cos 6)
:O, 2~3Vp-p
5 SINMNT envelope ( kE;sin
.i—)
é ~ /‘r - A
\ /
\\ // COM=2.5V
\ /
\ 4
~S_ - y
............................................. Vee X0.15=0. 75V
XExample of VCC=5V

o
»

Resolver electrical angle

(2)Detection pattern(® (Breaking between S1-S3 or S2-S4)

Monitor out V

I

A

XThis figure is the case breaking between S2-S4.

XBy mounting DC bias resistance.

»

RessTver electrical angle

(3)Detection pattern@ (Excessive monitor output)

Monitor out V

A

A

XThis figure is excessive SINMNT signal case.

o
»

Resolver electrical anglef

In case of breaking signal line,
monitor output will be
than threshold DC level
it is detected as fault.

less
and

In case of SINMNT or COSMNT
is excessive and cross the
threshold, it is detected as
fault.
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(4)Detection pattern® (Noise superimposed)

2 X This figure is the case that SINMNT have noise superimposed.

Monitor out V

Due to a noise, monitor output
cross the threshold down. Then
it is detected as fault.

Resolver electrical angle®

7.3 Abnormal R/D conversion(Excessive control deviation)

7.3.1 Concept Detection

This product adopted digital tracking method (Refer section 1.3 or 9.1) as R/D conversion
system, and this method is one of the negative feedback control of closed—loop configuration. In
such a system, normally control deviation (&) should be “0”. This concept detection is that
the excessive control deviation means out of control and this situation is detected as abnormal.

7.3.2 Circuit Configuration

COMP. x2
High threshold +
(0.55xVCC) — Avoid sudden
& (Control S { angular _[>0———> Error
deviation) i acceleration
E Low threshold = T
(0.45xVCQC)

ACMD

7.3.3 Detection Principle

This detection principle is to compare the internal control deviation(*1) and the threshold value.
If there are situation that the absolute value of internal control deviation is less than low

threshold or bigger than high threshold(*2), and if this situation is over 50% of test
duration(*3), then it is detected as fault.

%1 A internal control deviation signal can not be verified by this product’ s terminals.

X2 In case of VCC=5V, anomaly detection condition is excess threshold( less than 2.25 V, bigger than
2.75 V¢ Jof internal control voltage.

%3 “ACMD=H" condition is 5ms. “ACMD=L” condition is 120ms.
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7.3.4 Relationship of threshold and Typical abnormal detection pattern

(1)Normal

>1k
o
2 Internal control deviation(g)
E
5 Almost “0”
ge}
— 1
2 i / Vee X 0. 55=2. 76V In the state that have been
g ------------------------------- 1-c-- successfully R/D converted,
e . COM=2. 5V control deviation is almost “0”.
= i i \ Then it is not detected as fault.
g i i Vee x0.45=2. 25V
(o) N .
- | |
S i Test duration i

;‘ '} X In case of VCC=5V

1 1

(2)Detection pattern® (Excessive control deviation)

= A
=]
2
®
= There is an abnormal R/D
E conversion situation (control
= deviation exceed the threshold),
S and if such situation is over 50% of

test duration, it is detected as
fault.

Internal

Test duration

! i XIn case of VCC=5V

| | g

© Time

7.4 Error reset

ERRHLD output is generated when an error occurred, and it can be cleared by setting
ERRSTB=Low.

B Error reset operation waveform

ERRSTB \ /

-
ERRHLD (Error condition)\ (Error cancellation) Ii (Dot: Error continues)

% Refer 9.8 for detail timing.
% Please use ERRHLD output after it is surely cleared by ERRSTB signal. If the error is not released even after
error reset, please eliminate the true error factor according to the section 8.1.
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8. If you think troubleshooting

In this chapter, there are corresponding examples for the case of error detected by the function
of fault detection, and for the case of strange angle output data. Please check these examples for
your troubleshooting and operation check.

8.1 In case of error detection

When an error is detected (ERR or ERRHLD output are “H” level), refer to the following
troubleshooting flow. Firstly please perform to estimate reason of fault detection, and error factor
should be identified and eliminated according to the procedure of chapter 8.1.1 or later. Regarding
the operation of fault detection function, please refer chapter 7.

B Troubleshooting flow of error

Error detected.

Please check whether both SINMNT and COSMNT amplitude are less than 0.5Vp—p or not.

\ \

Less than 0.5Vp—p. Greater than 0.5Vp-p.

\

Please check whether SINMNT or COSMNT signal cross
0.75Vy line or not.

\ \

Sometimes less 0.75V Always above 0.75V,
Abnormal sensor signal Abnormal sensor signal| [Abnormal R/D conversion
( breaking/down of exciting (breaking of Resolver signal| |(Excessive control deviation)
source lines) lines)
To 8.1.1 To 8.1.2 | | To 8.1.3
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8.1.1 Suspicion of Abnormal sensor signal (breaking/down of exciting source lines)

In case of suspicion the breaking/down of exciting source lines, true error factor should be
identified and eliminated according to the below troubleshooting flow.

B Troubleshooting flow of detecting break/down of exciting source lines

Abnormal sensor signal (breaking/down

of exciting source lines) detected.

Please check about excitation signal R1/R2 (Refer 6.1.1).

\ \

Not output. Output normally.

\

Please check about SINMNT and COSMNT amplitude change.
(Refer 6.1.2(1))

} \ \

Changing. No change in amplitude No amplitude in one
signal
Breaking/down of Signal level might be Might be resolver Might be signal line
. . inappropriate. wiring connection short.
exciting source lines (Refer pattern) error. (Refer pattern®)
Please check Please adjust monitor Please check the Please check that each
connection of exciting signal level. connection status. signal line does not
line, exciting amplifier (Refer 4.2.2) (Refer 5.1) have shorted to
circuit status, supply VDD/GND/Signal.
voltage.
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8.1.2 Suspicion of Abnormal sensor signal (breaking of Resolver signal lines)

In case of suspicion the breaking of resolver signal lines, true error factor should be identified
and eliminated according to the below troubleshooting flow.

B Troubleshooting flow of detecting break of Resolver signal lines

Abnormal sensor signal (breaking of
Resolver lines) detected.

Please check whether SINMNT and COSMNT amplitude center is VCC/2 or shifting to GND.

\ \

Shift to GND. Not shifted.

\

Please check whether MAX signal amplitude of SINMNT or
COSMNT is within 3.5Vp—p or not.

\ \

Exceed 3.5Vp-p. Not exceed 3.5Vp-p.
Breaking of Resolver line. Might be inappropriate signal Might be detected fault by
(Refer pattern®) level. noise superimposed.
(Refer pattern@) (Refer pattern®)
Please check connection Please adjust monitor signal Avoid noise superimpose itself.
status of signal line, continuity level. Or add special sequence in
between S1-S3 or S2-S4, (Refer 4.2.2) upper system to disable fault
detection by noise which show
periodic.
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8.1.3 Suspicion of Abnormal R/D conversion(Excessive control deviation)

In case of suspicion the abnormal R/D conversion, true error factor should be identified and
eliminated according to the below troubleshooting flow.

B Troubleshooting flow for Abnormal R/D conversion detection.

Abnormal R/D conversion
(Excessive control deviation)
detected.

Please check phase shift between differential signal(R1E-R2E) and monitor signal(SINMNT or
COSMNT). (Refer 6.1.3)

\ \

Phase shift greater Phase shift less than 10° .

than 100 . ‘

Please check whether error detect only startup or not.

\ \d

Only startup time. Error detect after startup also.

\d

Please check whether output digital data settle
down or not.

\d \d

Not settle down. Settle.

Break of control loop ‘ ‘

by phase shift during

h detecti ) , . Might be excessive
sync I’OHOUS. etection Might be inappropriate sequence of power up. Resolver signal angular
or degradation of the .

. acceleration.
dynamics.
Adjust phase shift Reconsider power up timing, or follow the Avoid a rapid change in
value at Resolver appropriate power up sequence. angular velocity, or set
signal input circuit. (Refer specification p18~22) acceleration mode.
(Refer 4.2.3)
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8.2 In case of wrong angle data

Despite the rotating Resolver, angle output data is not changed, or output shows the different
format data, or output data is not fit to actual angle. In such case, please follow below
troubleshooting flow and identify the behavior of the output data. Then please improve this error

condition by the procedure described in chapter 8.2.1 and later.

B Troubleshooting flow of wrong digital angle data.

Wrong digital angle output

Please check the behavior of the output data during one Resolver rotation.

\

\

\

\

Fixed output data.

Indefinite, free run, can
not get one—rotation

\

Rotation direction
difference - deviation of

Rapid changes in
disturbance data.

To 8.2.1

data. 90° -deviation of (A/B pulse sudden
180° disturbance)
To 8.2.2 To 8.2.3 To 8.2.4
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8.2.1 In case of angle data output is stopped

In case of angle output data is completely stopped, please follow below troubleshooting flow and

identify the factors, and then improve your system.

B Troubleshooting flow of fixed output.

Angle output data is completely stopped

Please check whether external clock input is surely connected to CLKIN terminal or not.

\ \

Clock is normal

No clock

4

What type of output is down?

\d

\d

Parallel output down

Serial output down

}

Please check INHB signal polarity.

'

'

L level

H level

\d

\

No clock input-IC
operation stopped by
the resonator circuit

unmatching.

Setting is fixed data.

Might be inappropriate

setting of CSB or RDB.

Might be inappropriate
setting of SCSB or
SCK.

\

4

}

\

Enter the appropriate
clock or adjust the
resonator circuit.

Please check data
changing with INHB
H-level.

CSB or RDB terminal

should not be H-level.

SCSB or SCK should
be entered
appropriately.
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8.2.2 In case of indefinite, free run, can not get one-rotation data

In case of angle output data is indefinite, free run, might not get one—rotation data, please follow
below troubleshooting flow and identify the factors, and then improve your system.

B Troubleshooting flow of indefinite, free run, can not get one-rotation data.

indefinitefree run-can not get one-rotation data

Please check whether error occurs or not.

\d \

Error occurs. Error does not occur.

\d

What is behavior of the data?

\d \d \d

Data is undefined. Data is free run. Can not get
(Keep rotation.) one-rotation data.
(Parallel output)

\ \ \d

Abnormal sensor signal Output might be Control loop might be Output format might be
or abnormal R/D disabled. failing. different.
conversion.

\d \d \d \d

Refer 8.1 . Please check signal Refer 8.1.3 . Please check the
polarity of CSB, RDB, polarity of OUTMD.
and SCSB.

- 63 - MNL000392W00



8.2.3 In case of rotation direction difference, deviation of 90° or 180°
In case of angular output data shows different rotation direction or there might be angular

displacement of 90° or 180° , please follow below troubleshooting flow and identify the factors,
and then improve your system.

B Troubleshooting flow of rotation direction difference, deviation of 90° or 180°

Rotation direction difference, deviation of 90° or180°

Please check the situation. Rotation direction difference ? deviation of 90° ? deviation of 180° ?

\d \d \d \d

Rotation direction deviation of 90° . deviation of 180° . Direction difference

difference. and deviation 180° .
Resolver signal Resolver exciting

Resolver signal Resolver signal
SIN connection might SIN and COS line signal might be COS connection might
might be missed. reversed.

be reversed. be reversed.

Please check Resolver
S2 and S4 connection.
They might be
reversed.

Please check Resolver
S2-S4 and S1-S3
connection. They might
be reversed.

Please check Resolver
R1 and R2 connection.
They might be
reversed.

Please check Resolver
S1 and S3 connection.
They might be
reversed.
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8.2.4 In case of rapid change in the output angle data and disturbance

In case of rapid change in the output angle data or a sudden disturbance while rotation, please
follow below troubleshooting flow and identify the factors, and then improve your system.

B Troubleshooting flow of rapid change in the output angle data and disturbance

Rapid angle change and sudden disturbance while rotation.

Please check whether error occurs or not during constant angular velocity rotation.

\ \

Error occurs. Error does not occur.

¥

Please check whether SINMNT or COSMNT waveform has some noise
(waveform distortion) or not.

\ \

There are noise Looks normal.

(waveform distortion).

If trouble occurs with ACMD=H, please check
whether trouble also occur with ACMD=L.

\d 4

No problem with Nothing change or
ACMD=L. problem occur with
ACMD=L .
Abnormal sensor signal Disturbance data by Might enter Might be instantaneous
or abnormal R/D magnetic noise acceleration mode by power failure.
conversion. Resolver error, etc.
Refer 8.1 . Identify the factors, If it is no problem, Please check supply
And improve system please operate with voltage variation.
with appropriate ACMD=L mode. Under 4.5V case, need
countermeasure. countermeasure.
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8.3 If the situation does not improve

If the situation does not improve even if section 8.1 or 8.2 steps perform, and if there is another
phenomenon which does not mention in this manual, please contact us with waveforms when an
error occur (appropriate abnormal signal, SINMNT, COSMNT) and also inform us about detail
troubled circuit information.
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9. Electrical characteristics

9.1 Absolute maximum rating

Items Symbol Absolute maximum rating Unit
Power supply voltage vee 03~+70 v
VDD -0.3~+7.0 \Y
Analog input voltage Vi, -0.3~+7.0 \%
Digital input voltage V, -0.3~VDD+0.3 \%
Digital output current Io -10~+10 mA
Operating temperature Toor -40~+125 °C
Storage temperature Tee -65~+150 °c
Allowable loss Pp 245 mW

¥ If you use the IC beyond the absolute maximum

9.2 Power-related characteristic

rating, it may cause permanent damage to the IC.

Items Symbol | Min. Typ. Max. Unit Remarks and conditions
VCC 475 50 525 V | Recommended power supply voltage.
Power supply voltage VCC, VDD must be used at the same
VDD 4.75 50 525 V | potential.
Reset release voltage Vrsth 39 - 44 V | Power-On—Reset release voltage
Reset voltage Vrstl 3.7 - 42 V | Power-On-reset voltage
Reset voltage hysteresis Vrhys - 02 - V | Vrsth-Vrstl
Supply current lec - 30 45 mA | Current consumption without load.
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9.3 R/D conversion characteristic

B 10 Bits resolution setting

Items Symbol | Min. Typ. Max. Unit Remarks and conditions
Resolution 10 Bit A number of divisions per electrical
angle.
. Absolut f the electrical angl
Conversion accuracy -2 0 +2 LSB ) o.u © erro.r of the electrical angle
input In a stationary state.
ACMD=“H"
Settling time 1 1 ms Input step of 180° electrical angle
Settling range : =8LSB max.
ACMD="L"
Settling time 2 15 ms Input step of 180° electrical angle
Settling range : =8L.SB max.
. Capable of following angular velocity
Maximum ;

240,000 min~ range

angular velocit i
g Y (electrical angle)

Capable of  following  angular
256,000 rad/s*> | acceleration range
(electrical angle)

Maximum
angular acceleration

deg./ Output response delay in a constant

R ibili 0. +0.
esponsibility 02 02 10000min™ | angle velocity. (Equivalent to 3.33 i s)

B 12 Bits resolution setting

Items Symbol [ Min. Typ. Max. Unit Remarks and conditions

Resolution 19 Bit A number of divisions per electrical
angle.
Absolut f the electrical {

Conversion accuracy —4 0 +4 LSB ) SOTJ © erro.r or the electrical angie
Input In a stationary state.
ACMD=“H"

Settling time 1 25 ms Input step of 180° electrical angle
Settling range : =8L.SB max.
ACMD="L"

Settling time 2 60 ms Input step of 180° electrical angle
Settling range : =8LSB max.

. Capable of following angular velocity
Maximum ;

60,000 min~ range

angular velocit i
g y (electrical angle)

Capable of following angular
64,000 rad/s*> | acceleration range
(electrical angle)

Maximum
angular acceleration

deg/ Output response delay in a constant

R ibili 0. +0.
esponsiility 04 04 10000min”" | angle velocity. (Equivalent to 6.67 i s)
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9.4 Failure detection characteristic

Items Symbol | Min. Typ. Max. Unit Remarks and conditions
Abnormal sensor signal (breaking/down of exciting source lines)
VCC=VDD=5.0V
Detection threshold 0.523 0.55 0.577 vV Compared to the monitor output
High—side xVCC | xVCC | xVCC voltage
(Min, Max. are reference)
VCC=VDD=5.0V
Detection threshold 0.428 045 0472 Vv Compared to the monitor output
Low-side xVCC | xVCC | xVCC voltage
(Min.,, Max. are reference)
Detection time - - 02 ms Time required detecting fault.
Abnormal sensor signal (breaking of Resolver signal lines)
VCC=VDD=5.0V
) 0.143 0.15 0.157 Compared to the monitor output
Detection threshold «vce | xvee | xvee \% voltage
(Min, Max. are reference)
Detection time - - 0.1 ms Time required detecting fault.
Abnormal R/D conversion(Excessive control deviation)
VCC=VDD=5.0V
Detection threshold 0.523 0.55 0.577 Vv Compare to the absolute value of internal
High—side xVCC | xVCC | xVCC control deviation
(Min.,, Max. are reference)
VCC=VDD=5.0V
Detection threshold 0.428 045 0472 vV Compare to the absolute value of internal
Low-side xVCC | xVCC | xVCC control deviation
(Min., Max. are reference)
Acceleration mode “ON”
It is judged as an internal error when the
- 5 - ms probability of excessive control
residuals 50% in the average value for
the period.
Required time period for
judgment
Acceleration mode “OFF”
It is judged as an internal error when the
- 120 - ms probability of excessive control
residuals 50% in the average value for
the period.

X In case of the continuous time of failure is shorter than above detection time, there is possibility not to
detect failure.
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9.5 Analog signal characteristic

Items Symbol | Min. Typ. Max. Unit Remarks and conditions
Signal source output for exciting Resolver (RSO)
VCC=VDD=5.0V, COM=2.5V
Output voltage Vaso 18 20 22 Vep Balanced potential to COM
E o/ Frequency selection setting
Output frequency 1 18‘50 Hz FSEL1=“L". FSEL2= “H”
(FgExternal CLK-IN Frequency)
E oy Frequency selection setting
Output frequency 2 23%(0 Hz FSEL1="H", FSEL2= “H”
(Foue External CLK-IN Frequency)
Load impedance 10 k@
Common output (COM)
05 05
0 | v - N - v
utput voltage coM Vee Voo VCC
5% +5%
Load impedance 10 kQ
External signal input for exciting Resolver (RIE, R2E)
Input resistance 13 20 35 kQ
Input resistance ratio 0.99 1.00 1.01 Resistance variation=1%
Input frequency 8 - 204 kHz
Input voltage range 0 - 5 \% COM=2.5V
Resolver signal input (S1~S4)
Input resistance 13 20 27 kQ
Input resistance ratio 0.99 1.00 1.01 Resistance variation=1%
Input gain 347 35 353 Internal feedback R/Internal input R
Input frequency 8 - 204 kHz
Input voltage - - 1.1 Vp—p Differential input
Resolver signal monitor output(SINMNT, COSMNT)
Max. Output voltage range 35 - - Vp—p
. Allowable load impedance of SINMNT,
Load impedance 10 k@ COSMNT
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9.6 DC characteristic of digital signal

Items Symbol | Min. Typ. Max. Unit Remarks and conditions
High level input voltage Vi, 20 - VDD y | Recommended input “H" voltage for
all digital input terminals.
R i “L” vol fi
Low level input voltage Vi 0 - 08 \Y ec.or.nm?nded |npl.1t voltage for
all digital input terminals.
Input hysteresis voltage Vy - 0.2 - Vv
Input pull-up resistance Re, 10 50 100 KO PuII—.up resistor value of digital input
terminal.
Input leakage current I - - —-250 UA | Vi=DGND
VDD-0.1 - - \ Ioy=0mA
High level output voltage Vou
VDD-0.4 - - \ loy=-8mA
- - 0.1 \ Io,.=0mA
Low level output voltage VoL
- - 04 \% Io,=8mA
9.7 AC characteristics of digital signal
Items Symbol Min. Typ. Max. Unit Remarks and conditions
External CLK input frequency Fox 18 20 204 MHz
Serial CLK input frequency Fsox - - 2 MHz
Input rising—up time tri 0 - 10 ms
Input falling—down time ti 0 - 10 ms
Output rising—up time tr - 1.2 22 ns C,=15pF
Output falling—down time tf - 1.2 22 ns C.=15pF
Propagation delay time
tpd - - 76
(Input buffer) P ns
Propagation delay time B B _
(Output buffer) tpd 89 ns C,=15pF

(Note) Rising—up/falling=down time of output means the time required to pass through the voltage between
0.3V and 2.7V.
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9.8 Timing diagram

B Timing of power ON

Vrsth
+5V (Power supply for IC) // (Rising=up:100 V/us max.)
Resolver signal input ) ) .
(Rotational velocity at start:20,000min~' max.)
(Vexr turned-on)
(Initial tracking)
R/D output EE—— Valid output (Normal operation)
< T ». | Acceleration mode
< > ACMD="“H" | ACMD="L"
control
T 20ms max. 100ms max.
Abnormality (Invalid) (Valid)
detection function
(Error output) 160ms(max.) _

3 This shows the boot sequence recommended. . +5V (Power supply for ICs:VCC. VDD) and the power

supply for exciting amplifier of Resolver (Vi) should be turned on at the same time. Or +5V should be
turned on later.

Otherwise please refer the specification p18~22.

B Timing of power OFF

(5V) Vrstl
+5V (Power supply for ICs)
Internal reset (Indefinite)
R/D output Output valid(Normal operation) XF
10 ¢ s(max.)
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B Timing of bus control

CSB \

RDB

DO~D11, PRTY

0 (min.) 40ns(max.) 0 (min.)
e — «—>
Q Data valid (Output)

B Timing of INHB(RD) signal

100ns(max.)

35ns(max.)

100ns(max.)

>—

INHB (RD)

DO~D11 Data locked

B Timing of OUTMD signal
40ns(max.) 40ns(max.)

OUTMD —\ /

DO~D11 (B parallel) (A pulse) (B)
B Timing of PRTY signal

20ns(max.) 20ns(max.)
DO~D11 Datal X Data2 X Data3
PRTY Parity1 Parity2 Parity3
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B Serial output operation waveform

SCSB

SCK

DATA

50ns(max.)

250ns(min.)

> »
<« »

250ns(min.)

> »
<« »

T

—

»—id »
LB ] »

< »

<«

300ns(min.)

B Timing of error reset

50

ns(max.)

40ns(max.)

ERRSTB \

ERRHLD

300ns(min.)

»
L

50ns(max.)

(Error status)

(Error reset)
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10. Appendix

10.1 R/D conversion principle

This product adopted digital tracking method as R/D conversion system, and this method is one
of the negative feedback control of closed—loop configuration, then it convert from Resolver
analog signal to digital signal. A control deviation( &) is shown in below equation, and it must be
normally “0” with the negative feedback control system.

Control deviation : € =K-sin(98 — @) -sinwt

Here assuming “&€ =0” means “8 = ¢ ”, then Resolver analog angular signal can be converted
to digital angular data.

B Configuration of digital tracking method R/D converter.

..R/D converter (tracking method) _ _ _ _._ _ _._._ _ _

i |

I |

Resolver . . I c . .
K-sin@ -sinwt ontrol deviation( € ) I

(BRX) i
|

t( \[ Sgé“f COMP_Coun;;I_\F . ¢

(_,’ K-cos 0 -sinwt!

|
|
sinwt I
I
|

Exciting signal

[Control deviation): € =K-sin 8 *sinwWtX cos®-K-cos 8 -sinwt X sin¢@
=K-sin(B-¢)-sinwt

E=0 = ..0=9¢

[Explanation of concept]

An amplitude modulated resolver signals enter to R/D converter. To calculate control deviation
(€), sinB modulated signal is multiplied by feedback cos® and cos 8 modulated signal is
multiplied by feedback sin ¢ . This “ & ” is encoded by comparator (Analog to Digital
conversion), and sinwt component is removed by synchronous detection. Through a compensator
which stabilize negative feedback loop and improve its characteristic (In general, compensator is
PI control which configure with typeIl direct servo loop.) , digital angular output ¢ can be

generated as counter value.
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10.2 Acceleration mode

An acceleration mode is the function to improve the dynamic performance more than primary
characteristic and to be possible making more correct sensing according to switching of internal
control mode against unexpected high angular acceleration. In this product, it is possible to set
ON/OFF by ACMD terminal.

10.2.1 Effect of acceleration mode

After rapid change of resolver angle (high angle acceleration) happen, output angle will converge
at a resolver angle. In case of acceleration mode is ON, output will soon be able to follow the
resolver angle compare the case of mode=0OFF. Cause of switching the internal control mode, rate
of change angle is getting faster than mode=0OFF condition. After following the angle of target
output, control mode return to normal from acceleration mode.

—Effect of acceleration mode in a step response—

-------- Resolver angle, mm—=Out angle(ACMD=0N) Out angle(ACMD=0FF)

Angle

‘V

‘ Time

Expansion

/_A N

-------- Resolver angle, =m——=Out angle(ACMD=0N) Out angle(ACMD=0FF)

Angle

[ ]
]
A 4 .

T Time

Rush in acceleration mode

Refer specification P35 for detail about switching conditions entering to/releasing from
acceleration mode.
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10.2.2 Switching the internal control during acceleration mode

In this product, switching the internal control during acceleration mode is done by proportional
gain switching of compensator.

B Compensator configuration

Compensator
From ‘ »( —3p To counter
synchronous ; j
detection } ;
s 1 |
| (7;-s) |
Integrator

(PI control element) =K - 1+;
(7;-5)

While, Kv :proportional gain, T, rintegration time constant, s :laplace operator

B Difference between normal mode and acceleration mode

Mode name Explanation

Normal mode Normal operation mode except the acceleration mode below.

, High tracking rate mode by enlarging the proportional gain (K ) by
Acceleration mode

32times of that in normal mode.

10.2.3 Considerations in the use of acceleration mode

(1) Change behavior when switching mode

It is considered that the acceleration mode does not occur frequently in usual operation except

in special cases. But if it occurs actually by large angular acceleration is applied to the
rotational axis, it may seem that some abnormal operation has occurred momentarily at
observing the output waveform, cause the control loop gain suddenly change to 32 times.

(2)Miss—operation by noise and error

Note that even in the case that large angular acceleration does not apply, acceleration mode may
occur due to excessive magnetic/electrical distortion of waveform, electrical error, noise in the
resolver signals. If unexpected acceleration mode occurs by error or noise and your system have
problem due to discontinuity of angular output data, please correspond by ACMD terminal setting.
And refer specification for ACMD setting sequence.
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10.3 About the error of resolver system

Resolver system with this product causes an error against actual angular position by resolver

accuracy, this Smartcoder accuracy, peripheral configuration error, etc. In this chapter, explain

the error sources of resolver system and general estimation method of total error.

10.3.1 Error sources

There are error sources of resolver system like the following.

Error sources —@—

Resolver—side
sources

Resolver error
(accuracy)

Static error of the resolver itself generated by
manufacturing variation, etc.

Resolver misalignment

Static error by mounting accuracy when user
install the resolver.

R/D-side
sources

R/D static error
(accuracy)

Static error of the resolver itself generated by
manufacturing variation, etc.

! 12Bit mode : +4LSB,,, (E-Angle 035° ) !
1 1
; 10Bit mode: £2LSB,,(E-Angle 0.7° ) ;

R/D response
(Delay at constant angular
velocity)

IC response delay generates an error according
to the angular velocity.

. ‘- '
! 12Bitmode 1404, x—AP 1 (5 ingle) i
! ' 10,000min |
! omin™'] i
i 10Bitmode :+0.2°,, x————(E—angle) -
; 10,000 min " !

Resolver signal input
circuit. Resistance
accuracy.

Static error by amplitude imbalance between SIN

| | input and COS input.

Resolver signal input
circuit. Filter time
constant.

Fitter delay (time constant) generate an error

according to the angular velocity.

e .
@lmin_ ] x 360°(E — angle):

*—

Environmental

factor

External magnetic field

Extermal magnetic field affect the flux of the

resolver and it cause error.
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10.3.2 Error estimates

Total error of the resolver system using this IC is a combination of potential errors which include
static error that typically come from resolver itself or this IC itself, and proportional error of
angular velocity that come from delay of this IC or peripheral circuit depending on the angular
velocity.

Erp =€gp tEpy +7 7 "

While € 7, : Total Error of resolver system
€ g7 : Static error of resolver system
€ piy - Angular velocity proportional error

3¢ Each error might have different unit, and there are concepts which are “Number of multiple”, “Mechanical
angle”, “Electrical angle”. (Refer section 10.5 for each term). When estimating the error, please be careful to
fitting the unit.

B Estimation of static error

Considering the estimation method of resolver system static errors which include resolver
accuracy and error of this IC itself and the variation of the peripheral circuit or configuration, the
easiest way is taking the sum of the maximum error caused by factors. But it is difficult to assume
a probability that all of errors will be worst value, considering process capability, etc. Also it might
need excessive precision characteristic to satisfy system, then system cost might lead to
increase.

Then static error of resolver system estimates normally with root mean square(RMS) method.

esr = (E0)7 +(65) +(Ean)’ +(6)7 -

While € 4, : Static error of resolver system
Er : Error of resolver
Es : error of resolver misalighment
E zp . Static error of this IC itself
£, Resolver signal input circuit :Resistance accuracy

B Estimation of angular velocity proportional error

Angular velocity proportional error of resolver system is caused by response delay of this IC and
signal delay which depend on the filter circuit constructed in resolver input circuit. This error is
getting bigger with higher angular velocity, and it is obtained by converting the angular
displacement from total delay time at applied angular velocity. Then it is estimated as the sum of
individual errors due to the delay factor.

EDLY = ERDDLY + EFLTDLY +

While € 5, . Angular velocity proportional error of resolver system
E ropry - Angle error of this IC response delay
E oy - Angle error of the filter time constant at resolver
signal input circuit.
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10.4 FAQ

B Questions on the performance*characteristic of R/D conversion

Q. How much time it takes to convert R/D?

Assumed as delay time from input of resolver signal to output of its angle data.
Then it will be as follows.

B Resolution 12Bit—-mode:6.66 ¢ s max.
B Resolution 10Bit—-mode:3.33 £ s max.

Response spec is converted value from above time to the angular displacement of
constant speed of rotation.

Q What is the frequency (period) of the output data update rate?

A It is 5BMHz(200ns) while CLK input is 20MHz.

Please tell us a frequency response of negative feedback loop which realize R/D
conversion.

Bandwidth of control system is approximately as follows, and the response performance
against a rapid angle change that is above following frequency is —-40dB/dec
characteristic.

B Resolution 12Bit—-mode: 800Hz.
B Resolution 10Bit—-mode:1,200Hz

What happen to the output data in case of resolver signal input is above maximum
angular velocity?

R/D is unable to work tracking with angular velocity which is over specification, so it is
A unable to follow the rotation of the resolver. Then A,B,Z, and angle output ® becomes
irrelevant data.
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What is settling time ?

The time to respond when resolver signal input change as step—like 180° . This is one of
the indicators which shows control system performance of R/D converter.

In normal operation, there is no chance to work this step(180° ) response for the actual

resolver signals.

Angle
A
Settling time -
L
180° N
0° » Time
0

In the operation of the rotating resolver, output angle data against actual resolver angle
is shifted with the direction of rotation. Are there any considerable factor?

Typical factors are following.

(1)Displacement of the device which put on the resolver.

There might become angular displacement depending on direction, caused by
mechanical misalignment of device like backlash of gear, etc. The problem of this factor
is only depending on the rotation direction, and it is not depend on revolution speed of
resolver.

(2)Time constant of filter circuit.

If resolver signal input to AUG6802N1 through filters, there might show angular
displacement depending on rotation direction while high speed resolver operation,
caused by time constant delay value of filter circuit. The problem of this factor normally
tends to be large in proportion to the number of revolution.

(3)Response of AU6802N1(Delay time of response) :

Delay time from resolver signal input to corresponding angular data output might cause
of the deviation angle which depend on the direction at high speed resolver operation.
The problem of this factor normally tends to be large in proportion to the number of
revolution.
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B Questions about the resolver interface.

Q Please tell the voltage specification of S17S4 input signals.

Input signal voltage range of each terminals must be 0"V CC.

For the signal level adjustment of operational setting, instead of adjusting terminal
S17S4, please adjust SINMNT/COSMNT voltage level which is 273Vp-p with COM
potential center.

Q Please tell us voltage specification of RIE-R2E (differential input) signals.

Input signal voltage range of each terminals must be 0"V CC.
Regarding the differential signals (R1E-R2E), it is operational while there is potential

A . o . .
difference. But it is recommended to apply over 4Vp—p, because applying higher voltage
will be getting better comparator sensitivity.

Q There has been recommended to add 470pF capacitor between RSO and COM.

What happens if it does not exist?

A A purpose of this capacitor is stability of the conversion. Without this capacitor, R/D
output data will sometimes vibrate.

Q As a noise countermeasure, would like to add normal-mode—capacitor Gy
How much capacitor value do you recommend?

Cy insertion is required as counter action for some negative effect of electrical noise
injection. Actual cap value can not specify due to it depend on the noise level.

A Too large cap value might cause larger attenuation and phase change of resolver signals.
So Cy value variability might cause an imbalance between SIN and COS, and it becomes
error factor. Be careful about it.

Q When adjusting the phase by input circuit of resolver exciting signals, are there any
impacts on the response characteristic?

A A response specification is a converted value of delaying time at electrical angle output.
Then not affected.
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Specification said that phase difference between external exciting input(R1E-R2E) and
resolver monitor signals(COSMNT, SINMNT) should be within = 10° . If phase
difference is over £10° , what kind of actual impact can we face?

When phase difference is over 10° | it takes time to settle angular output at startup, or
in worst case it can not settle forever. Also when there is a steep angle change of
resolver, IC might not be able to respond or takes long time to catch up.

AUB802N1 are performing synchronous detection with reference the signal phase of
external exciting input(R1E-R2E). Then such phase difference cause phase shift of
synchronous detection. Equivalently negative feedback control loop gain that realize
R/D conversion is getting decrease and dynamic transfer characteristic have some
impact, so such symptoms appears.
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B Questions about the output interface.

In the situation of digital output terminals might be shorted each other , short to VDD or

Q GND, what kind of issues will be appear when the power is active?
When the voltage is different between the shorted pin (One side “H” and other side
A “L”), excessive current flow from “H” to “L”, heating up, and finally IC might be

damaged.

Q Would like to get 8bit parallel output data. How can I do?

A AU6802N1 have only 12bit-mode or 10bit-mode. When 12bit—-mode, ignore the lower 4
bits. And when 10bit-mode, ignore the lower 2 bits then data will be looks like 8bit.

Q Using encoder equivalent pulse mode, A/B pulse duty looks unstable while resolver
rotate with same speed. What is possible cause?
Encoder equivalent pulse output of this IC is theoretically poorer performance than

A optical encoder pulse output. Due to the affect of resolver potential error and R/D
potential error and also R/D conversion principle itself, it is possible to be disordered
pulse duty even if in normal operation condition.

Q For the digital output, serial interface output and parallel interface output are prepared.
Both interfaces should be used?

A Either one interface is enough and there are no problem for operation of this IC.
According to the system environment, please use appropriate interface.
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In serial output case, after SCSB falling edge, is the data which is before first SCK falling
edge unnecessary?

No need.
After SCSB falling edge, output data which shows until SCK falling edge is undefined
value. Please ignore it.

Undefined

To read the serial output data with above system, which is better trigger? SCK rising
edge or SCK falling edge?

Please use SCK rising edge.
Serial output data change with SCK falling edge timing. Then if you read the data with
SCK falling edge, there might read false data depending on read timing.

DATA switch timing

Plan to use serial output function. But data need only 8bit due to above system
configuration. How should I handle about serial output data?

Please exit serial output sequence (SCSB=L=>H) after 8" serial data output.

X Even in the middle to end, data is refreshed and next output mode start with MSB data.

[Example] [

i Data refresh Data refresh
i timing timing

SCSB

sek \L S\ AYAVAWAWA
PATA —{ Newd _____a [ Neis

Undefined Undefined
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Plan to use serial output function. But data need 16bit width due to upper system
configuration. How should [ handle about serial output data?

While keeping “SCSB=L” and keeping SCK input beyond PRTY bit, please stop serial
output sequence after 16" serial data output.

If you continue adding SCK after PRTY bit while keeping “SCSB=L”, additional bit until
16t SCK takes 0 data and repeat the same data for each 16 SCK clock.

[Example of accuracy 12Bit-mode]

. i i Data capture
i Data capture .
H i timing

itiming

SCSB

sek \ S\ AVAVAYAWAWAWAVAWAWE
DATA ::::::Bit10XBit11xBit12XPRTYX o ko X o )_(/'_XLH

Undefined Undefined

[Example of accuracy 10Bit—-mode]

ST Data capture
i Data capture

D | timing
| timing S
SCSB
SCK
P el swolemndCe 1o o X0 X0 Saus
%

Undefined Undefined

[In case of keeping SCK input while SCSB=L (with accuracy 12Bit-mode) ]

i Data capture
i timing

SCSB T

Sek \ S\ AVAVAVAWAWAWAWAWAWA

DATA — Xewdh _____. B EXBitHXBiHZXPRTYX 0 X 0 X 0 XBit1XBit ZXBit3

Undefined
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B Questions about the digital input configuration.

Regarding UVW pole number selection bits(XSEL1,XSEL2), Are these bits used for the
absolute angle output mode of parallel out?

Do not use for the absolute angle output mode.
A Even if setting change between X1,X2,X3,X4, each absolute angle output shows one
rotation data which means electrical angle 0~360°

A specification said that RSO output frequency selection pin setting (FSEL1=L,
FSEL2=L) means VEL_MODE (10KHz). What kind of setting is this?

In VEL_MODE, DO~D11 output switch to the register value of internal operation.
This setting is for internal method only. We recommend not to use it by customer.

Q Would like to use accuracy 10bit mode. Is there no problem to startup with MDSEL=H ?

It is no problem while +5V(Power supply for IC:VCC, VDD) and the power supply for exciting
amplifier of Resolver (Vi) are turned on at the same time. Or +5V is turned on later.

Another sequence which 5V power turn on before the power supply for exciting amplifier on is
not recommended to start up with 10bit-mode. If you would like to use 10bit—-mode with
this sequence, firstly start with 12bit-mode setting, and after completing initial
follow—up you can change to 10bit—-mode by MDSEL setting.

(For detail, please refer p18~22 of specification.)

Q Are there any notes in case of fixed off (ACMD=L) at acceleration mode?

Some instantaneous tracking delay or overshooting can not be avoided at the input of
excessive angular acceleration by a sudden change of angular velocity or an external
turbulence to the mechanical shaft of resolver( i.e. shock), etc.

In the power—up sequence, when exciting amplifier power is faster or same time for
AU6802N1 power—up, initial follow—up time will be extended from 20ms(max) which is
ACMD=H case to 100ms(max).

Also if exciting amplifier power is later than Au6802N1 power—up, initial follow—up time
might need long time or inability to follow forever.

For detail of acceleration mode, please refer section 10.2 .
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Are there any notes in case of fixed on (ACMD=H) at acceleration mode?

If acceleration mode occurs, it may seem that some abnormal operation has occurred
momentarily at observing the output waveform, because the loop gain of control system
changes significantly.

Judgment of entering to acceleration mode depends on comparison between the
deviation of control residual polarity and threshold value. Then even if non—actual
operation which does not occur rotational acceleration at mechanical axis resolver, the
acceleration mode may occur because following situations are acceleration condition
from the perspective of R/D, like excessive magnetic distortion of waveform, or an
electrical error in the Resolver signal, or some noise, etc.

For detail of acceleration mode, please refer section 10.2 .
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B Questions about the function of fault detection.

Q Does the fault detection result affect the behavior of R/D conversion?

Does not affect. The fault detection function is independent to R/D conversion so fault
A detection result does not give a constraint on the output of R/D conversion. It will
continue to operate R/D conversion as abnormal condition.

When the error reset at ERRSTB, How long time do we need to set reset situation
(ERRSTB=L) ?

A Minimum 40ns (Same as maximum time to be extended ERRHLD signal).

Q Does the error reset function by ERRSTB affect the behavior of R/D conversion?

Does not affect.
ERRSTB is a function to reset ERRHLD output only.

DC bias resistance was connected in reverse polarity. Nevertheless error detection
looks work at signal disconnection situation. Why is the error detected?

Depending on the angle, there might be detected as error of abnormal sensor signal.
Because they are connected in reverse polarity, in disconnection case, monitor output
A voltage expect shift to VCC-side. Then correct R/D conversion can not operate and it is
considered that abnormality have been detected by error detection function of abnormal
R/D conversion.

When monitor output exceeds 3.5Vp—p, it is detected as fault. And are there any other
negative effect?

It is considered about voltage saturation and abnormal waveform.
They are getting to be the error factor of R/D conversion.
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Bl Questions about the application.

Q Is it possible to use with phase modulation type(BRT) resolver?

A No. This product only support amplitude modulation type(BRX) resolver.

Q Is it possible to use multiple AU6802N1 which connect same one resolver?

It is basically usable if same exciting signal input to each IC’ s R1E/R2E terminals.
However in case of error at external exciting amplifier and RSO output abnormality of
A exciting signal source IC, all R/D system becomes unavailable.

Note that it must be required to put capacitor between RSO and COM regardless RSO
output use or not.

Q How much cable length between resolver and AU6802N1 can we extend?

It can not to say simple because it depend on the type of cable and wiring, but basically
there are not much problem about cable length itself which is a few meters except for
noise superimposed, etc.

Example for extremely long cable length is about 150m extended application exist and
proven. Anyway it may require for phase adjustment or signal level adjustment, etc,
because long cable might cause phase shift or amplitude change due to cable capacity.
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10.5 Terms and Definitions

Term Number of multiple (N)
Definition | Show 1/2 the number of poles(pole pair). Display is added with ”"X”.
Term Mechanical angle (6 m)
Definition | Rotational angle of resolver rotor (Machine axis)
Term Electrical angle( 0 e)
Lo Machine 1 cycle 360° /N (number of multiple) define as electrical 1 cycle 360° .
Definition
Oe=N6Bm
Term Exciting signal
Definition | Signal to be applied to the excitation winding of the resolver
Term Resolver input impedance (Zro)
Definition | Resolver exciting—side impedance
Term Resolver signal
o Signal outputted from the output winding of resolver, when we applied the
Definition o .
excitation signal.
Term Resolver transformation ratio
Definition | Ratio of the excitation voltage and resolver signal maximum voltage
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Term

BRX

Definition

1Phases/2Phases (Amplitude modulation type)brushless resolver.

B Configuration of resolver

r_'\-\.ﬂ
e bl e )
R1 . ,J — 381
e
ER-A2 j i E51-53
R2 "Fr II' — ‘.-33
R/a ! I ES2.54 ol
e o
52 54
T T
BEN (o-3] HAZF=4]
Excitation Output
M Output equation
Excitation D Erir2= EISin wt
Output . Egi.s3= kE cos 0 sinw t

Esz_s4 = kE]Sin 0 sinwt

B Exciting signal and resolver signal waveform

WEEE

Sin output
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