AMIS-30622

General description

ostepping Motordriver

BuUsS

The AMIS-30622 is a member of a stepper
motordriver family with position controller and
control/diagnostics interface integrated in one
single chip.
The family consists of two products:
AMIS-30621 with LIN interface, ready to build
dedicated mechatronics solutions connected
remotely with a LIN master.
AMIS-30622 with SERIAL interface, ready to
act as peripheral device next to a
microcontroller.

Features

The chip receives high-level positioning instructions
through the interface and subsequently drives the
motor coils until the desired position is reached. The
on-chip position controller is configurable (OTP and
Interface) for different motor types, positioning ranges
and parameters for speed, acceleration and
deceleration.

The AMIS-30622 acts as a slave on the bus and the
master can fetch specific status information like actual
position, error flags, etc. from each individual slave
node.

Motordriver
- Microstepping (1/2, 1/4, 1/8, 1/16)

Low resonance & noise
High resolution
Programmable peak current up to 800mA
20kHz PWM current-control
Automatic selection of fast & slow decay mode
Internal fly-back FETs
Fully integrated current sense
8V-29V supply voltage
Automotive compliant
Full diagnostics and status information

Controller with RAM and OTP memory
Position controller

Configurable speeds, acceleration and
deceleration

Flexible hold-current
Movement/position sensor-input
Optional stall detection

Applications and benefits

Serial interface
2-wire serial interface
5V microcontroller compatible
Up to 32 node addresses
5V regulator with wake-up on LIN activity

Protection
Over-current protection
Under-voltage management
~ Over-voltage protection
High-temp warning and shutdown
Low-temp warning
LIN bus short-circuit protection to supply & ground

Power Saving

Power-down supply current <50pA

5V regulator with wake-up on LIN activity
EMI compatibility

Power drivers with slope control

The AMIS-30622 is ideally suited for small
positioning applications. Target markets include:
automotive (headlamp alignment, HVAC, idle
control, cruise), industrial equipment (lighting, fluid
control, labeling, process, XYZ tables) and building
automation (HVAC, surveillance, satellite dish
positioning). Suitable applications typically have
multiple axes or require mechatronic solutions with
the driver chip mounted directly on the motor.

The high abstraction level of the products’
command set reduces the load of the processor on
the master side. Scaling of the application towards
number of axes is straight -forward: hardware - and
software designs are extended in a modular way,

Ordering Information

without severely effecting the demands on the master
microcontroller. The bus structure simplifies PCB
track-layout and/or wiring architectures.

Microstepping operation removes the design trade-off
between minimal operation speed and avoiding the
risk of noise and step-loss due to resonance
phenomena. The stall-detection feature (optional)
offers silent, yet accurate position-calibrations during
the referencing run and allows semi-closed loop
operation when approaching the mechanical end-
stops.

All these benefits result in reduced system-cost and
time-to-market and improved technical performance.

° Peak
Part N Package Current Temp. Range
AMIS-30622 SOIC-20 800mA | -40°C..125°C
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1. Quick Reference Data

1.1. Absolute Maximum Ratings

Parameter Min Max Unit

Vbb Supply voltage -0.3 +40% V

Tamb Ambient temperature under bias (2) -50 +150 °C

Tst Storage temperature -55 +160 °C

Vesd Electrostatic discharge voltage on all pins (3) -2 +2 kv
Notes

(1) Forlimited time:<0.5s
(2) The circuit functionality is not guaranteed
(3) Human body model (100 pF via 1.5 kW, according to MIL std. 883E, method 3015.7)

1.2. Operating Ranges

Parameter Min Max Unit
Vbb Supply voltage (1) +6.5 +29 \
. Vbb £ 18V -40 +125 °C
To Operating temperature range
P P g P g Vbb £ 29V -40 +85 °C
Notes

(1) Motordriver is disabled when Vbb < 8.9V

2. Block Diagram

swi > > —|['_L|]\—| |—< MOTXP
PWN
SDA Position controller -’ Decoder regulator ]
Serial X _| \J
SCK »| Synchronous |:I_‘_lz| MOTXN
Interface .
HW O > Sine wavg
Controller ¢ table
e —> AL I |_< MOTYP
. PWN
Test Main cgntrol DACs regulator ]
TST1 | Controller & Registers = v N \J
TST2 x:: 0 OTP + RAM [IT'] MOTYN

4 T?
———p
Voltage
regulator

VBAT

Oscillator

Reference voltage
Charge pump &

‘ ‘ ‘ Thermal monitoring

VCP CP2 CP1

VDD {
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AMIS-30622 stepping Motordriver

3. Pin-out
[1] sba v swi | 20]
[z ] sck VBB [ 19]
[z ]vDbD MOTXF | 18]
[2]GND GND[17]
[5]TsT1 MOTXN [16]
Ce|Tsm2 MOTYF | 35]
(7] GND GND | 4]
[ G MOTYN[ 2]
[e]cPN vBB [ 12]
[0 | cppP VCP | 11]
SOIC-20
Pin name Pin description SOIC-20
SDA Serial I/0 1
SCK Clock for SDA 2
VDD Internal supply (needs external decoupling capacitor) 3
GND Ground, heat sink 4,7,14,17
TST1 test pin (to be tied to ground in normal operation) 5
TST2 test pin (to be left open in normal operation) 6
HW Hardwired address bit 8
CPN Negative connection of pump-capacitor (charge pump) 9
CPP Positive connection of pump-capacitor (charge pump) 10
VCP Charge-pump filter-capacitor 11
VBB Battery voltage supply 12,19
MOTYN Negative end of phase Y coil 13
MOTYP Positive end of phase Y call 15
MOTXN Negative end of phase X coil 16
MOTXP Positive end of phase X coil 18
SWI Switch input 20
4. Packagethermal resistance
4.1. S020 27 (10mm”~ 23mm)
The junction-case thermal resistance is 28°C/W, 7
leading to a junction-ambient thermal resistance of
63°C/W, with the PCB ground plane layout condition
given on the figure beside, and with: P
PCB thickness = 1.6mm
1 layer

Copper thickness = 35um

AMI Semiconductor e A M IE
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5.

DC-Parameters

rostepping Motordriver

The DC parameters are given for Vbb and temperature in their operating ranges
Convention: currents flowing in the circuit are defined as positive

Symbol | Pin(s) | Parameter | Test Conditions Min Typ | M™Max [ Unit
Motordriver
IMSmax Max current trough motor coil in
Peak normal operation 800 mA
IMSmax Max RMS current trough coil in
RMS mgTr;((El normal operation 570 mA
IMSabs Absolute error on coil current -10 10 %
MOTYP - - -
IMSrel MOTYNLEMTOr on current ratio Icoilx / Icoily -7 7 %
RDSon “[On resistance for each pin To be confirmed by 1 W
(including bond wire) characterization
IMSL Pull down current HZ mode 1 mA
Thermal warning & shutdown
Tow Thermal Warning 138 145 152 °C
Tisd Thermal shutdown (1) Ttw+10 °C
Tiow Low temperature warning Ttw -155 °C
Supply & Voltage regulator
Vbb Nominal operating supply range (2) 6.5 18 V
VbbOTP Supply voltage for OTP zapping 9.0 10.0 V
uv1i VBB |Stop voltage high threshold 9.8 V
uv2 Stop voltage low threshold 8.0 8.5 9.0 Y
Ibat Total current consumption Unloaded outputs 10 mA
8V <Vbb <18V
vdd Internal regulated output (3) Cload = 14iF (+100nF cer.) 4.75 5 5.35 \%
IddStop VDD |Digital current consumption Vbb < UV2 2 mA
VddReset Digital supply reset level (4) 4.4 Y
IddLim Current limitation Pin shorted to ground 40 mA
Switch input and hardwire address input
Rt_OFF Switch OFF resistance (5) . 10 kw
Rt ON Switch ON resistance (5) Switch to Gnd or Vbat, 2 kw
SWI' [Vbb range for guaranteed operation
VOb_SW | bw | of SWI and HW 6 29 M
Vmax_sw Maximum voltage T<1s 40V V
llim_sw Current limitation Short to Gnd or Vbat 30 mA
Serial interface pins
Vi Input level low (6) -0.5 0.3 vdd \%
Viy Input level high (7) 0.7 vVdd Vdd+05( V
Noise margin at the LOW level for
VoL SDA ' [each connected device (including 0.1Vop Y
SCK' | hysteresis)
Noise margin at the HIGH level for
Vi each connected device (including 0.2Vop \
hysteresis)
Charge pump
Vbb > 15V Vbb+10 | Vbb+12.5| Vbb+15 \Y%
Vep vCP Output voltage Vob > 8V Vbbi5 8V v
Cbuffer External buffer capacitor 220 470 nF
Cpump EEZ External pump capacitor 220 470 nF
Notes
(1) No more than 100 cumulated hours in life time above Tisd
(2) Communication over serial bus is operating. Motordriver is disabled when Vbb < UV2
(3) Pin VDD must not be used for any external supply
(4) The RAM content will not be altered above this voltage

®)
(6)
™

AMI Semiconductor
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6. AC-Parameters

ostepping Motordriver

The AC parameters are given for Vbb and temperature in their operating ranges

Symbol | Pin(s) | Parameter | Test Conditions | Min Typ Max Unit
Power-up
Tou [Power-up time [ [ 10 ms
Internal oscillator
fosc [ [Frequency of internal oscillator [ [ 36 4.0 4.4 MHz
1°C Transceiver
fscL SCL clock frequency fscL £ 100kHz 0 100 kHz
fscL £ 360kHz 0 360 kHz
Hold time (repeated) START fscL £ 100kHz 4.0 ps
tHp;sTA condition. After this period, the first
clock pulse is genergted. fsci £ 360kHz 0.6 HS
tow LOW period of the SCK clock fscL £ 100kHz 4.7 ys
fsc|_ £ 360kHz 1.3 us
o HIGH period of the SCK clock fsc £ 100kHz 4.0 ys
fsc|_ £ 360kHz 0.6 Us
tsusia Set—u_p time for a repeated START fsci £ 100kHz 4.7 us
' condition fscL £ 360kHz 0.6 us
tsupar ggﬁ Data set-up time fsc £ 100kHz 250 ns
fscL £ 360kHz 100 ns
; Rise time of both SDA and SCK fsc £ 100kHz 1000 ns
' signals (1) fsc. £ 360kHzZ 20+0.1G 300 ns
" Fall time of both SDA and SCK fscL £ 100kHz 300 ns
signals (1) fscL £ 360kHz 20+0.1G, 300 ns
tsu:sTo Set-up time for STOP condition fsci £ 100kHz 4.0 ys
fsc|_ £ 360kHz 0.6 us
tour Bus free time between a STOP and fsc £ 100kHz 4.7 ps
START condition fscL £ 360kHz 13 ps
Pulse width of spikes which must
s be suppressed t?y the input filter 50 ns
Co Capacitive load for each bus line 400 pF
G Capacitance for each 1/0O pin 10 pF
Switch input and hardwire address input
Tsw SWI |Scan pulse period (2) 1024 Us
Tew on HW  [Scan pulse duration 1/16 Tsw
Motordriver
fpwm PWM frequency (2) 18 20 22 kHz
Thrise MOTxx [Turn-on transient time 350 ns
Thtall Turn-off transient time Between 10% and 90% 250 ns
Charge pump
CPN
for cpp Charge pump frequency (2) 250 kHz
Notes

(1) Cp=total capacitance of one bus line in pF
(2) Derived from the internal oscillator

AMI Semiconductor
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7. Typical application

epping Motordriver

AMIS - 30622
N\
pc r=———-1{ 1 |SDA SWI | 20
DUS S [ |scK VBB | 19
_|__|I VDD MOTXP [ 18 1 1
1nF §—1 4 | GND GND | 17 100 nF
+—{ 5| TsT1 MOTXN [ 16 I—r
|
Connected —l A
‘o Vbat or [6 | TST2 MOTYP | 15
{7 |GND GND| 14 100 nF
— HW MOTYN [ 13 J Vbat
CPN VBB| 12 '
- ioonf
CPP VCP Ez_z-om:

Notes

(1) Optionally an external switch to Vbat or GND can be connected to the SWI pin

(2) Resistors tolerance: + 5%

3) Depending on the application the ESR value of the 1pF and 100uF capacitors must be carefully chosen. The
working voltage of the 100uF capacitor depends on the maximum Vbat value.

(4) 100nF capacitors must be close to pins VBB and VDD

(5) 220nF capacitors must be as close as possible to pins CPN, CPP, VCP and VBB to reduce EMC radiation
(6) If SDA and/or SCK input voltage £ -0.3 Volts, then a resistor of 22 to 100w must be added in series

AMI Semiconductor e
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AMIS-30622 Icrostepping Motordriver

8. Positioning data

8.1. Stepping modes

One of 4 possible stepping modes can be programmed:
- Halfstepping
1/4 micro-stepping
1/8 micro-stepping
1/16 micro-stepping

8.2. Maximum velocity

For each stepping mode, Vmax can be programmed to 16 possible values given in the table below.
The accuracy of Vmax is derived from the internal oscillator. Under special circumstances it is possible to
change the Vmax parameter while a motion is ongoing. All 16 entries for the Vmax parameter are divided into
four groups. When changing Vmax during a motion the application must take care that the new Vmax parameter
stays within the same group.

Stepping mode
Vmax Vmax . 1/4™" /8" 1/16™
index | (full step/s) Group ?ﬁglﬁggpmg micro-stepping|micro-stepping| micro-stepping
p/s) . ; .
(micro-step/s) | (micro-step/s) [ (micro-step/s)
0 99 A 197 395 790 1579
1 136 273 546 1091 2182
2 167 334 668 1335 2670
3 197 B 395 790 1579 3159
4 213 425 851 1701 3403
5 228 456 912 1823 3647
6 243 486 973 1945 3891
7 273 546 1091 2182 4364
8 303 607 1213 2426 4852
9 334 668 1335 2670 5341
10 364 c 729 1457 2914 5829
11 395 790 1579 3159 6317
12 456 912 1823 3647 7294
13 546 1091 2182 4364 8728
14 729 D 1457 2914 5829 11658
15 973 1945 3891 7782 15564

8.3.  Minimum velocity

Once Vmax is chosen, 16 possible values can be programmed for Vmin. The table below provides the
obtainable values in Full-step/s. The accuracy of Vmin is derived from the internal oscillator.

Vmin [Vmax Vmax (Full-step/s)

index [factor| 99 | 136 | 167 | 197 | 213 | 228 | 243 | 273 | 303 | 334 | 364 | 395 | 456 | 546 | 729 | 973
1 99 | 136 [ 167 | 197 | 213 [ 228 | 243 | 273 | 303 | 334 | 364 | 395 | 456 | 546 | 729 | 973
1/32 | 3 4 5 6 6 7 7 8 8 10 | 10 | 11 [ 13 | 15 | 19 [ 27
2/32 | 6 8 10 | 11 | 12 | 13 | 14 | 15 | 17 | 19 | 21 | 23 | 27 | 31 | 42 | 57
332 9 12 |15 | 18 [ 19 | 21 | 22 [ 25 | 27 | 31 [ 32 | 36 | 42 [ 50 | 65 | 88
4/32 | 12 | 16 | 20 | 24 [ 26 | 28 | 30 [ 32 | 36 | 40 | 44 | 48 | 55 | 65 | 88 | 118
5/32 115 | 21 | 26 | 31 | 32 | 35 | 37 | 42 | 46 | 51 | 55 | 61 | 71 | 84 |111] 149
6/32 1 18 | 25 [ 31 | 36 | 39 [ 42 | 45 | 50 [ 55 | 61 | 67 | 72 | 84 | 99 [134]179
7/32 121 | 30 | 36 | 43 | 46 | 50 | 52 | 59 | 65 | 72 | 78 | 86 | 99 | 118 | 156 | 210
8/32 1 24 | 33 [ 41 | 49 | 52 [ 56 | 60 | 67 [ 74 | 82 | 90 | 97 | 113|134 |179 ] 240
9/32 |1 28 | 38 | 47 | 55 | 59 [ 64 | 68 | 76 | 84 | 93 | 101|111 | 128 | 153 | 202 | 271
10 (10/32) 31 [ 42 | 51 | 61 [ 66 | 71 | 75 | 84 | 93 | 103|113 | 122|141 | 168|225 ]| 301
11 (11/32| 34 | 47 | 57 | 68 | 72 | 78 | 83 | 93 | 103 | 114 | 124 | 135 | 156 | 187 | 248 | 332
12 [12/32) 37 [ 51 | 62 | 73 | 79 | 85 | 91 |[101|113]|124|135| 147|170 | 202|271 ] 362
13 (13/32) 40 [ 55 | 68 | 80 | 86 | 93 | 98 | 111|122 | 135 | 147 | 160 | 185 | 221 | 294 | 393
14 114/32| 43 | 59 | 72 | 86 | 93 | 99 | 106 | 118 | 132 | 145 | 158 | 172 | 198 | 237 | 317 | 423
15 (15/32| 46 | 64 | 78 | 93 | 99 | 107 | 113 | 128 | 141 | 156 | 170 | 185 | 214 | 256 | 340 | 454

Notes

AMI Semiconductor e A Mfi
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AMIS-30622 rostepping Motordriver

(1) The Vmax factor is an approximation

(2) In case of motion without acceleration (AccShape = 1) the length of the steps = 1/Vmi n. In case of accelerated
motion (AccShape = 0) the length of the first step is shorter than 1NMm n depending of Vm n, Vmax and Acc.

8.4. Acceleration and deceleration

Sixteen possible values can be programmed for Acc (acceleration and deceleration between Vmin and Vmax).
The table below provides the obtainable values in Full-step/s2. One observes restrictions for some combination

of acceleration index and maximum speed (gray cells).
The accuracy of Acc is derived from the internal oscillator.

Vmax (FS/s)® | 99 [136]167|197[213[228 |243]273]303 [334[364[395|456]546]729[973
Acc index — Acceleration (Full-step/s?)
0 49 | 106 473
1 218 735
2 1004
3 3609
4 6228
5 8848
6 11409
7 13970
8 16531
9 19092
10 21886
11 [T} 24447
12 g 27008
13 — 29570
14 34925
1 29570 o

The formula to compute the number of equivalent Full-step during acceleration phase is:
Vmax? - Vmin?
Nstep= ——M8M8 ™

2" Acc

8.5. Positioning

The position programmed in command Set Posi ti on is given as a number of (micro)steps. According to the
chosen stepping mode, the position words must be aligned as described in the table below. When using
command Got oSecur ePosi ti on, data is automatically aligned.

Stepping mode Position word: Pos[ 15: 0] Shift
1/16™ S [B14]|B13[B12[B11|B10[ B9 [B8[B7 [B6 [B5 B4 [B3 [ B2 [ B1 |LSB No shift
1/8" S [B13[B12|B11|B10| B9 [B8 |B7|B6 |B5 [B4 B3 [B2 |B1|LSB| 0 | 1-bitleftU "2
1/4™ S [B12|B11|B10|B9 |B8 [B7 [B6|B5|B4 [B3|B2 [B1|LSBl 0 | 0 | 2-bitleftU "4

Half-stepping | S [B11|B10|B9 |B8|B7 [B6 |B5|B4 |B3[B2[B1|LSB| 0 | 0 | O | 3-bitleftU "8

SecurePosition | S [B9[B8|B7|B6|B5[B4|B3|B2|B1|LSBl O [0 [ 0] 0] O No shift

8.5.1. Position ranges

A position is coded by using the binary two’s complement format. According to the positioning commands which
are used (see § 9.2.2.10 Application Commands) and to the chosen stepping mode, the position range will be as
shown in the table below.

: i, Full range Number

Command Stepping mode Position range excursion of bits
Half-stepping -4096 to +4095 8192 half-steps 13
Set Posi ti on 1/4™ micro-stepping -8192 to +8191 | 16384 micro-steps 14
1/8" micro-stepping | -16384 to +16383 | 32768 micro-steps 15
1/16" micro-stepping | -32768 to +32767 | 65536 micro-steps 16

When using the command Set Posi ti on, although coded on 16 bits, the position word will have to be shifted on
the left by a certain number of bits, according to the chosen stepping mode.

AMI Semiconductor /
10 AMI
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8.5.2.  Secure position

g Motordriver

A secure position can be programmed. It is coded on 11-bit, thus having a lower resolution than normal
positions, as shown in the table below. See command Got oSecur ePosi ti on.

Stepping mode

Secure position resolution

Half-stepping

4 halfsteps

1/4™ micro-stepping

8 micro-steps (1/4™)

1/8™ micro-stepping

16 micro-steps (1/8")

1/16" micro-stepping

32 micro-steps (1/16")

Important note

The secure position is disabled in case the programmed value is the reserved code “10000000000”

(most negative position).

8.5.3.  Shaft

A shaft bit can be programmed to define whether a positive motion is an outer or an inner motion:
Shaft=0pb MOTXP is used as positive pin of the X coil, while MOTXN is the negative one.

Shaft = 1 b opposite situation

AMI Semiconductor
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9. Functional description

AMI Semiconductor

9.1. Structure Description

9.1.1. Stepper motordriver

The Motordriver receives the control signals from the control logic. It mainly features:

two H-bridges designed to drive a two separated coils stepper motor. Each coil (X and Y) is driven by
one H-bridge, and the driver controls the currents flowing through the coils.

The rotational position of the rotor, in unloaded condition, is defined by the ratio of current flowing in X
and Y. The torque of the stepper motor when unloaded is controlled by the magnitude of the currents in
Xand.

the control block for the H-bridges including the PWM control, the synchronous rectification and the
internal current sensing circuitry

the charge pump to allow driving of the H-bridges’ high side transistors.
two pre-scale 4-bit DACs to set the maximum magnitude of the current through X and Y.
two DACs to set the correct current ratio through X and Y.

Battery voltage monitoring is also performed by this block, which provides needed information to the control logic
part. The same applies for detection and reporting of an electrical problem that could occur on the coils or the
charge pump.

9.1.2. Control logic (Position controller and Main control)

The control logic block stores the information provided by the FC interface (in the RAM or OTP memory) and
digitally controls the positioning of the Stepper Motor in term of speed and acceleration, by feeding the right
signals to the Motordriver state machine.

It will take into account the successive positioning commands to initiate or stop properly the Stepper motor in
order to reach the set point in a minimum time.

It also receives feedback from the Motordriver part in order to manage possible problems and decide about
internal actions and reporting to the I°C interface.

9.1.3. Miscellaneous

The AMIS-30622 also implements the followings:
an internal oscillator, needed for the Control logic and for the PWM control of the Motordriver.
an internal trimmed voltage source for precise referencing.
a protection block featuring a Thermal Shutdown and a Power-on-reset circuit.
a 5V regulator (from the battery supply) to supply the internal logic circuitry.
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9.2. Functions description

This chapter describes the four most important blocks:
Position controller
Main control and register, OTP memory + RAM

Motordriver
I°C controller

9.2.1. Position controller

9.2.1.1. Positioning and motion control

A positioning command will produce a motion as illustrated below. A motion starts with an acceleration phase
from minimum velocity (Vmin) to maximum velocity (Vmax), and ends with a symmetrical deceleration. This is
defined by the Control logic according to the position required by the application and to the parameters
programmed by the application during configuration phase. The current in the coils is also programmable (see
§ Error! Reference source not found.).

ping Motordriver

Acceleration A VeIOCIty Deceleration
range range
Zero speed Vmax Zero speed
Hold current Hold current
............................................ >
N 141111 P
Position
Pstart P=0 Pstop
Pmin Optional zero Pmax
switch
Parameter Value
Pmax - Pmin See §8.5

Zero speed Hold Current

See §9.2.2.12 (1 hol d)

Maximum current

See §9.2.2.12 (1 run)

Acceleration and deceleration See §84
Vmin See §8.3
Vmax See §8.2

AMI Semiconductor
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Different positioning examples are shown in the table below.

Short motion

Velocity

time

\

New positioning
command in same
direction, shorter or
longer, while a motion is
running at maximum
velocity

Velocity

time

New positioning
command in same
direction while in
deceleration phase

Note: there is no wait
time between the
deceleration phase and
the new acceleration
phase.

Velocity

time

New positioning
command in reverse
direction while motion is
running at maximum
velocity

|
|
|
|

Velocity

time

New positioning
command in reverse
direction while in
deceleration phase

Velocity

time

New velocity
programming while
motion is running

Velocity

time

AMI Semiconductor
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9.2.1.2. Position initialization

After power-up or when a Vdd reset has been acknowledged to the master, a position initialization of te
stepper-motor can be requested by the application, by use of the Runl nit command (see §0). The position
initialization is performed by the position controller under the control of the Main control block. This operation
cannot be interrupted or influenced by any further command. A position initialization can only be interrupted by
the occurrence of the conditions driving to a Motor shutdown (see § 9.2.2.7) or by a Har dSt op command. On
the other hand, sending a Runl ni t command while a motion is already ongoing is not recommended.

A position initialization consists of 2 successive motions, as illustrated below.

A velocity

Vmax

st 2™ motion end of INIT
1" motion \

’ time

Vmin

26.6 ms 26.6 ms
- -

The first motion is done with the specified Vm n and Vmax velocities in the Runl nit command, with the
acceleration (deceleration) parameter already in RAM, to a position Pos1[ 15: 0] also specified in Runlnit.
The goal here is to perform a motion large enough to reach a stall position (considered to be the reference
position).

Then a second motion to a position Pos2[ 15: 0] is done at the specified Vm n velocity in the Runl nit
command (no acceleration). The purpose of this second motion is to confirm with a low velocity the positioning of
the motor at the stall position, assuming that the stepper motor may have bounced against the stall position.
Therefore, Pos2 should only be a few half or micro steps further than Pos1, in order to perform a displacement
of at least one electrical period.

Once the second motion is achieved, the Act Pos register (see § 0) is reset to zero, to set the reached position
as the reference position, whereas TagPos register is not changed.

Notes

(1) The priority encoder (see 9.2.2.11 Priority encoder) is describing the management of states and commands. The
notes below are to be considered illustrative.

(2) The last Set Posi ti on command issued during an initialization sequence will be kept in memory and executed
afterwards. This applies also for the commands Set Mot or Par amand Got oSecur ePosi ti on.

(3) Commands such as Get Act ual Pos or Get St at us will be executed while the position initialization is running.

(4) Aninitialization sequence starts by setting TagPos register to SecPos value, provided secure position is enablec
otherwise TagPos is reset to zero.

(5) The acceleration/deceleration value applied during an initialization sequence is the one stored in RAM before the
Runl ni t command is sent. The same applies for Shaf t bit, but notfor I run, | hol d and St epMbde, which can
be changed during an initialization sequence.

(6) The Pos1, Pos2, Vmax and Vi n values programmed in a Runl ni t command apply only for this initialization
sequence. All further positioning will use the parameters stored in RAM (programmed for instance by a former
Set Mot or Par amcommand).

(7) Commands Reset Posi ti on, Runl nit, and Sof t St op will be ignored while an initialization sequence is
ongoing, and will not be executed afterwards.

(8) A Set Mot or Par amcommand should not be sent during an initialization sequence.

(9) If for some reason Act Pos equals Pos1[ 15: 0] at the moment the Runl nit command is issued, the circuit will
enter in deadlock state. Therefore, the application should check the actual position by a Get Posi ti on or a
Get Ful | St at us command prior to an initialization. Another solution may consist in programming a value out of
the stepper motor range for Pos1[ 15: 0] .

AMI Semiconductor @ A M IE
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9.2.1.3. External switch and HW pin

Pin SWI and hardwired address pin HW (see 8§ 9.2.4.3 Physical Address) will alternatively attempt to source and
sink a current in/from the external switch (see application schematic) to test whether it is ON or OFF. This
current is set around 10mA when a 1kW external series resistor is used.

This can be represented by the following time diagram (The timings are given in § 6).

source current

stepping Motordriver

sink current

<
|

_|
¢
v

If the switch is detected ON (closed), then the flag <ESWs is raised. The status of this flag can be read by the
application via a Get Act ual Pos or a Get Ful | St at us1 reading frame. At the falling edge of every current
pulse (at around 1kHz), the stepper-motor actual position is refreshed (register Act Pos, see § 9.2.2.9), so that
the master node may get synchronous information about the state of the switch together with the position of the
motor. The position is then given with an accuracy of + 1 halfstep (or micro-step, depending of the programmed
stepping mode). The block diagram below shows how this function is implemented for HW.

Vbb

A-m convert |-> R
Source R threshold
W Source HW CMP
I
Sink
Sink
A-m convert|->R
GND
With the following truth table:

State Sink Source New State | HWHi address ="1"

Float 1 0 Float HWLo address ="0"

Float 1 0 HWHi

Float 0 1 Float

Float 0 1 HWLo

HWLo 1 0 HWLo

HWLo 1 0 HWHi

HWLo 0 1 Float

HWLo 0 1 HWLo

HWHi 1 0 Float

HWHI 1 0 HWHI note that e.g. if HW is connected to GND, LS-
HWHi 0 1 HWHi part will report "float" while HS-part will report
HWHi 0 1 HWLo "low resistance detected"

Note

If HW is detected to be floating, motion to the secure position is performed.

AMI Semiconductor
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9.2.2. Main control and register, OTP memory + RAM

9.2.2.1. Power-up phase

Power up phase of the AMIS-30622 will not exceed 10ms. After this phase, the AMIS-30622 is in Shutdown
mode, ready to receive ’C messages and to execute the associated commands. After power-up, the registers
and flags are in the Reset state, some of them being loaded with the OTP memory content (see § 9.2.2.13 OTP
Memory Structure)

9.2.2.2. Reset State

After power-up, or after a reset occurrence (e.g. a micro cut on pin VBB has made Vdd to go below VddReset
level), the H-bridges will be in high impedance mode, and the registers and flags will be in a predetermined
position. See also § 9.2.2.7 Motor shutdown mode and digital supply reset in § 9.2.2.9 Flags table.

9.2.2.3. Soft Stop

A Soft Stop is an immediate interruption of a motion, but with a deceleration phase. At the end of this action, the
register TagPos is loaded with the value contained in register Act Pos to avoid an attempt of the circuit to
achieve the motion (see § 9.2.2.9 Flags table).

The circuit is then ready to execute a new positioning command, provided thermal and electrical conditions allow
for it.

9.2.2.4. Thermal shutdown mode

When thermal shutdown occurs, the circuit performs a Sof t St op command and goes to Motor shutdown mode
(see below).

9.2.2.5. Temperature management

The AMIS-30622 monitors temperature by mean of two thresholds and one shutdown level, as illustrated in the
state diagram below. The only condition to reset flags <TWs and <TSD> (respectively Thermal Warning and
Thermal Shutdown) is to be at a temperature lower than Ttw and to get the occurrence of a Get Ful | St at us1

/Thermal shutdown\

- <Tinfo>="11"

Normal Temp. Thermal warning

- <Ti nf 0>="00" - <Ti nf o> =“10"

S<TW =0 -<Tw =1 < =7
‘o 1 -<TWe =1
-<TSD>='0 -<TSD>='0 -<TSpD> ="'l
y - Soft St op if
. motion ongoing
T2 <Ttw & 3 1 - Motor shutdown
Sl frame: T®>Tiw 1o < Tiw \ (motion disabled) /
Get Ful | Statusl
A

Post thermal
warning

T° > Tted T
T T° < Ttad

- <Ti nf 0> =“00" A

LTV = 1
- <TsD> =0’

Post thermal

T T° < Tlow shutdown 1

- <Ti nf 0> = 10"
-<TWP =1
-<TSD>="‘1l

- Motor shutdown
(motion disabled)

Post thermal
shutdown 2

T-T° > Tlow

- <Ti nf 0> = “00”
-<TW =1
-<TSD> ="'l

- Motor shutdown
(motion disabled)

Low Temp.

- <Ti nf o>="01"

W =0
- <TSD> =0’

command.

AMI Semiconductor Q A M IE
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Temp
A i
<Ti nf 0> ="11"
<Tinfo>="p0" | <TW =1 <Ti nf 0> ="10"
<TWh = 1" <TSD>='1 <TWh='1'
<TSD> =0’ <TSD> ="1'
T., [155°C

tsd

T,, 145 /Q

<Ti nf 0> ="00"
<TWA ='1'
<TSD>="1'

<Ti nf o> ="10" <Ti nf o> ="00"
< <TW='1' Get Ful | Statusl <TW- ="0'
<TSD>='0' <TSD> ='0'
<Ti nf 0> ="01" <Ti nf 0> ="00"
Tiow.l:10°C <TWs ='0' \ <TWs ='0'
<TSD>='0' <TSD>="'0'

9.2.2.6. Battery voltage management

The AMIS-30622 monitors the battery voltage by mean of one threshold and one shutdown level, as illustrated in
the state diagram below. The only condition to reset flags V2> and <St epLoss> is to recover a battery

N

Normal voltage

-<uv2> =0
- <StepLoss>="'0’
- Motion enabled

Vbb < UV2 &
motion ongoing

/ Vbb < UV2
Vbb > UV1 & (no motion)
S| frame:

Get Ful | Status1l

Stop mode 1 Stop mode 2
-<uve> =Tl -<uv2> =T
-<StepLoss>=‘0’ -<SteplLoss>="'1"
- Motor shutdown - Har dSt op

- Motor shutdown
(motion disabled)

(motion disabled)

voltage higher than UV1 and to receive a Get Ful | St at us1 command.

AMI Semiconductor @
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VBB
4 fter Get Ful | St at us1
<Uv2>="'0'
Uvl [ 9.8V
v Lasy \ /
<Wv2>='1' I
no motion: <St epLoss> = ' 0’
? motion: <StepLoss> = '1'
— p i

9.2.2.7.

Amotor shutdown occurs when:
1. The chip temperature rises above the thermal shutdown threshold Tiq (see 8 5 DC-Parameters)

Motor shutdown mode

2. The battery voltage goes below UV2 (see § 5 DC-Parameters)
3. Flag <El Def > ='1’, meaning an electrical problem is detected on one or both coils
4. Flag <CPFai | >="1", meaning there is a charge pump failure

A motor shutdown leads to the followings:

H-bridges in high impedance mode

The TagPos register is loaded with the Act Pos (to avoid any motion after leaving the motor shutdown
mode)

The I1°C interface remains active, being able to receive orders or send status.
The conditions to get out of a motor shutdown mode are:
Reception of a Get Ful | St at us1 command AND
The four above causes are no more detected
Which leads to H-bridges in lhold mode. Hence the circuit is ready to execute any positioning command.

This can be illustrated in the following sequence given as an application tip. The Master can check whether there
is a problem or not and decide which application strategy to adopt.

Tj3 Tsd or
Vbb £ UV2 or
<El Def>="1"or Set Posi ti on
<CpFail >='1 frame Get Ful | St atusl Get Ful | St atusl

- The circuit is driven in
motor shutdown
mode

- The application is not
aware of this

Important

While in shutdown mode, since there is no hold current in the coils, the mechanical load can cause a step

- The position set-point
is updated by the 1°C
Master

- Motor shutdown
mode P no motion

- The application is still
unaware

- The application is
aware of a problem

- Possible confirmation
of the problem

- Reset <TWt or <TSD> or <UV2> or <St epLoss>
or <El Def > or <CPFai | > by the application

- Possible new detection of over temperature or
low voltage or electrical problem b Circuit sets
<TWt or <TSD> or <UV2> or <St epLoss> or
<El Def > or <CPFai | > again at ‘1’

loss, which indeed cannot be flagged by the AMIS-30622.

Warning

AMI Semiconductor
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The application should limit the number of consecutive Get Ful | St at us1 commands to try to get the AMIS-
30622 out of Shutdown mode when this proves to be unsuccessful, e.g. there is a permanent defect. The
reliability of the circuit could be altered since Get Ful | St at us1 attempts to disable the protection of the H-
bridges.

Note

The priority encoder (see § 9.2.2.11 Priority encoder) is describing the management of states and
commands. The table above is to be considered illustrative.

AMI Semiconductor
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9.2.2.8. RAM Registers
Register Mnemonic L?Qigt’)th Related commands Comment Reset state
CGet Act ual Pos
Actual position Act Pos 16 |CGetFullStatus2 | ¢ pitsigned
Got 0Secur ePos
Reset Posi ti on 1)
CGet Ful | St atus?2 s
Last programmed Pos/ CGot oSecur ePos ) 16'b!t s!gned or .
o 16/11 S - 11-bit signed for half stepping
position TagPos Reset Posi ti on (see § 8.5)
Set Posi tion )
Get Ful | St at us1 ‘0’ P normal acceleration from
Acceleration shape| Acc Shape 1 Reset ToDef aul t ! l\/r’nln to Vmax o ‘0’
Set Mbt or Par am 1’ b motion at Vmin without
acceleration
Cet Ful | Statusil
Coil peak current I run 4 |Reset ToDefaul t! |Operating current (see § 9.2.2.12)
Set Mot or Par am
Cet Ful | St at us
Coil hold current I hol d 4 |Reset ToDefaul t! [Standstill current (see § 9.2.2.12)
Set Mot or Par am
Cet Ful | Statusl
Minimum Velocity Vi n 4 |Reset ToDefaul t* Sleek§ 8.3 ag:d §9.2212
Set Mbtor Param | (00k-up table)
CetFul | Statusll
Maximum Velocity Vimax 4 |Reset ToDefaul t? (Slsgk%us.zta%rllgf 92212
Set Mot or Par am P From OTP
Shaft Shaft 1 ggtsgﬂ'logg?gﬁftll Direction of movement for positive memory
Set Mot or Par am velocity
Acceleration/ Acc 4 %};Q%i?gﬂﬁl See § 8.4 and § 9.2.2.12
deceleration Set Vbt or Par am (look-up table)
Get Ful | Status2 |Target position when I°C
Secure Position SecPos 11 |Reset ToDefault! |connection fails; 11 MSBs of 16-bif]
Set Mot or Par am position (LSBs fixed to ‘0’)
Cet Ful | Statusl
Stepping mode StepMbde| 2 |ResetToDefault® |See§8.1and§9.2.2.12

Set Mot or Par am

Note

(1) A Reset ToDef aul t command will act as a reset of the RAM content, except for Act Pos and TagPos
registers that are not modified. Therefore, the application should not send a Reset ToDef aul t during a
motion, to avoid any unwanted change of parameter

AMI Semiconductor
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9.2.2.9. Flags table
.| Length
Flag Mnemonic (bit) Related Commands Comment Reset State
‘0’ = charge pump OK
fc:i]li:ge pump CPFai | 1 Get Ful | St at us ‘1’ = charge pump failure ‘0’
reset only after Get Ful | Stat us1
< >0or< >or< n
Get Act ual Pos ciO;/Sili t0 1>O(\)/rczo Oen Ocpier cuit
Electrical defect |El Def 1 Get St at us i P T
GetFul | Status1 |2 Or<CPFail>
resets only after Get Ful | St at us1
External switch Get Act ual Pos ‘0’ = open .
status ESW 1 Get Stat us ‘1’ = close 0
Cet Ful | Statusl
Electrical flag HS 1 Internal use <CPFai | > or <W2> or <El Def > or ‘0’
<VDDr eset >
“x00” = Stop
“001” = inner motion acceleration
“010” = inner motion deceleration
Motion status Mot i on 3 Get Ful | Status1l |“011" =inner motion max. speed “000”
“101” = outer motion acceleration
“110” = outer motion deceleration
“111” = outer motion max. speed
Over current in ‘1’ = over current
: ov/Cl 1 Get Ful | Statusl ‘1
coil X . . reset only after Get Ful | St at us1
Over current in ‘1’ = over current
: ovez 1 Get Ful | St atusl ‘1
coil Y reset only after Get Ful | St at us1
Secure position SecEn 1 Internal use 0 if SecP_os ="“100 0000 0000" na
enabled 1’ otherwise
Get Act ual Pos (=
Seposs fseploss | 1 |misiaus | [2oSehiossdeouaelege, |y
Get Ful | St atusl P
Motor stop St op 1 Internal use See §9.2.2.11 ‘0’
tctual pos | 00~ Lo e e
Temperature info [Ti nfo 2 Get St at us “10” - h'Wht P Ltj warning “00”
GetFul I Statusl |.107= igh temperature warning
11" = motor shutdown
Get Act ual Pos ‘1’ = shutdown. (> 155°C typ.)
Thermal shutdown | TSD 1 Get St at us reset only after Get Ful | St at us1 ‘0’
Get Ful | Statusl |andif <Ti nf o> =“00"
Get Act ual Pos ‘1’ = over temp. (> 145°C)
Thermal warning  [TW 1 Get St at us reset only after Get Ful | St at us1 ‘0’
Cet Ful | St atus1 and if <Ti nf 0> =“00"
Battery CGet Act ual Pos ‘O’ =Vbb > UV2 N
stop voltage w2 1 Get St at us 1'=Vbb £ UV2 0
CGet Ful I Statusl |resetonly after Get Ful | St at us1
Set at ‘1’ after power-up of the
circuit. If this was due to a supply
- Cet Act ual Pos . .
Digital supply vddReset 1 Get St at us micro-cut, it warns that the RAM o
reset contents may have been lost;
Get Ful | St atusl i
can be reset to ‘0’ with a
Cet Ful | St at us1l command.

AMI Semiconductor
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9.2.2.10.

Application Commands

ng Motordriver

The PC Master will have to use commands to manage the different application tasks the AMIS-30622 can
feature. The commands summary is given in the table below.

AMI Semiconductor

Command mnemonic

Function

Cet Ful | St atusl

Returns complete status of the chip

Cet Ful | St at us2

Returns actual, target and secure position

Cet OTPPar am Returns OTP parameters
Got oSecur ePosi tion Drives motor to secure position
Har dSt op Immediate full stop

Reset Posi tion

Sets actual position to zero

Reset ToDef aul t

Overwrites the chip RAM with OTP contents

Runl ni t Reference Search

Set Mot or Par am Sets motor parameter

Set OTP Zaps the OTP memory

Set Posi tion Programmes a target

Sof t St op Motor stopping with deceleration phase

www.amis.com
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9.2.2.11. Priority encoder
The table below describes the state management performed by the Main control block.
State ® Stopped GotoPos Runlnit SoftStop HardStop ShutDown
Command motor stopped, motor motion no influence on motor motor forced to | motor stopped,
- Ihold in coils ongoing RAM and TagPos| decelerating stop H-bridges in Hi-Z
Get Act ual Pos FC in-frame FC in-frame FC in-frame FC in-frame FC in-frame FC in-frame
response response response response response response
OTP refresh; OTP refresh; OTP refresh; OTP refresh; OTP refresh; OTP refresh;
Get OTPpar am PC in-frame FC in-frame PC in-frame PC in-frame FC in-frame FC in-frame
response response response response response response
Get Ful | Statusl FC in-frarpe
FC in-frame PC in-frame FC in-frame FC in-frame PC in-frame Irfe (s<p.|?£;§’ or
[ attempt to clear <TSD> response response response response response <HS>) = 0
and <HS> flags ] then® Stopped
Reset ToDef aul t OTP refresh; OTP refre OTP refre OTP refre OTP refresh; OTP refresh;
[ Act Pos and TagPos OTP to RAM; OTP to RA OTP to RA OTP to RA OTP to RAM,; OTP to RAM;
are not altered | AccShape reset [ ape reset A ape reset A VNIl Acc Shape reset | AccShape reset
Set Mot or Par am
[ Master takes care RAM update RA pdate RAM update RA pdate RAM update RAM update
about proper update ]
Reset Positi on TagPos and TagPos and
Act Pos reset Act Pos reset
P TagPos updated;
Set Posi tion
® GotoPos TagPos updated | TagPos updated
lL<S?I'CE?:; 5 ‘_1, If <SecEn>="1" ([If <SecEn>="1
Got 0SecPosi ti on S:”Poa@;' S = |then TagPos = [then TagPos =
dres; SecPos SecPos
® GotoPos
Runl ni t ® Runlnit
Har dSt op ® HardStop; ® HardStop; ® HardStop;
<St epLoss> =‘1'|<St epLoss> =‘1’[<St epLoss> =1’
Sof t St op ® SoftStop
Har dSt op
[U (<CPFail >or ® Shutdown ® HardStop ® HardStop ® HardStop
<W2> or <H Def >) =
‘1'p <HS>='1"]
Thermal shutdown
® Shutdown ® SoftStop ® SoftStop
[<TSD> =1']
: - ® Stopped; ® Stopped;
Motion finished n.a. ® Stopped ® Stopped TagPos =Act Pos | TagPos =Act Pos n.a.

With the following color code:

[ ] commandignored
[ ] Transition to another state

I Vaster is responsible for proper update (see note 5)

AMI Semiconductor
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Notes

@

&)

®3)

4

®)

(6)

7

®

©)

After Power on reset, the Shutdown state is entered. The Shutdown state can only be left after
Cet Ful | St at us1 command (so that the Master could read the <VddReset > flag).

A Runlnit sequence runs with a separate set of RAM registers. The parameters that are not specified in a
Runinit command are loaded with the values stored in RAM at the moment the Runlinit sequence starts.
AccShape is forced to ‘1’ during second motion even if a Reset ToDef aul t command is issued during a
Runlnit sequence, in which case AccShape at ‘0’ will be taken into account after the Runlinit sequence. A
Get Ful | St at us1 command will return the default parameters for Vmax and Vm n stored in RAM.

Shutdown state can be left only when <TSD> and <HS> flags are reset.

Flags can be reset only after the master could read them via a Get Ful | St at us1 command, and provided the
physical conditions allow for it (hormal temperature, correct battery wltage and no electrical or charge pump
defect).

A Set Mot or Par amcommand sent while a motion is ongoing (state GotoPos) should not attempt to modify Acc
and Vm n values. This can be done during a Runlnit sequence since this motion uses its own parameters, the
new parameters will be taken into account at the next Set Posi t i on command.

<SecEn> ='1" when register SecPos is loaded with a value different from the most negative value (i.e. different
from 0x400 = “100 0000 0000")

<St op> flag allows distinguishing whether state Stopped was entered after HardStop/SoftStop or not. <St op>
is set to ‘1’ when leaving state HardStop or SoftStop and is reset during first clock edge occurring in state
Stopped.

While in state Stopped, if ActPos® TagPos there is a transition to state GotoPos. This transition has the lowest
priority, meaning that <St op>, <TSD>, etc. are first evaluated for possible transitions.

If <St epLoss> is active, then Set Posi ti on and Got oSecur ePosi ti on commands are ignored (they will
not modify TagPos register whatever the state), and motion to secure position is forbidden. Other command
like Runl nit or Reset Position will be executed if allowed by current state. <St epLoss> can only be
cleared by a Get Ful | St at us1 command.

GotoPos

Stopped |
<

_Prgities highest
> v

BRI » lowest
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9.2.2.12.  Application parameters stored in OTP Memory

Except for the physical address AQJ 3: 0] these parameters, although programmed in a non-volatile memory can
still be overridden in RAM by a 1°C writing operation.

AD[ 4: 0] Physical address of thezstepper-motor. Up to 32 Stepper-motors can theoretically be
connected to the same 1°C bus.
| run[ 3: 0] Peak current value to be fed to each coil of the stepper-motor. The table below
provides the 16 possible values for | RUN.
Irun Peak current (mA)
0 0 0 0 59
0 0 0 1 71
0 0 1 0 84
0 0 1 1 100
0 1 0 0 119
0 1 0 1 141
0 1 1 0 168
0 1 1 1 200
1 0 0 0 238
1 0 0 1 283
1 0 1 0 336
1 0 1 1 400
1 1 0 0 476
1 1 0 1 566
1 1 1 0 673
1 1 1 1 800

| hol d[ 3: 0] Holdl current br each coil of the stepper-motor. The table below provides the 16
possible values for | HOLD.

[ hol d Hold current (mA)
59
71
84
100
119
141
168
200
238
283
336
400
476
566
673
800

JERY PN [N FN N JEN PN [N Fo) E=1 [=] k=] [=] k=] [=]k=}
|| o|o| k|| ool r|o|o|r|—|olo

RO |O| RO | Ol O] O] OO

[l Ll Ll Ll K=l K=l K=l K =] Ll Rl Ll Hand =) K@) @) [ @)

St epMode Indicator of stepping mode to be used.

St epMbde Step mode
Half stepping
1/4 micro step
1/8 micro step
1/16 micro step

R O|O
| OO

Shaft Indicator of Reference Position. If Shaft =‘0’, the reference position is the maximum
inner position, whereas if Shaft ='1’, the reference position is the maximum outer
position
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SecPos[ 10: 0] Secure Position of the stepper-motor. This is the position to which the motor is driven
in case of a Got oSecur ePosi ti on command, or if the HW-pin is disconnected
from Vbat or Gnd.

If SecPos[ 10: 0] = “100 0000 0000", this means that Secure Position is disabled,
e.g. the stepper-motor will be kept in the position occupied at the moment these
events occur.

The Secure Position is coded on 11 bits only, providing actually the most significant
bits of the position, the non coded least significant bits being set to ‘0’.

Vmax| 3: 0] Maximum velocity, minimum velocity and acceleration of the stepper-motor are
programmed by coding the respective Vmax, Vmin and Acc parameters index as

Vmi n[ 3: 0] defined in § 8 Positioning data.
Acc[ 3: 0] Code Parameter index

0 0 0 0 0

0 0 0 1 1

0 0 1 0 2

0 0 1 1 3

0 1 0 0 4

0 1 0 1 5

0 1 1 0 6

0 1 1 1 7

1 0 0 0 8

1 0 0 1 9

1 0 1 0 10

1 0 1 1 11

1 1 0 0 12

1 1 0 1 13

1 1 1 0 14

1 1 1 1 15
9.2.2.13. OTP Memory Structure

The table below shows how the parameters to be stored in the OTP memory are located.

ad?j-rr:ss 7 6 5 4 3 2 1 0
0x00 csCc3 o2 csCl GsCco | REF3 | REF2 | REF1 | REFO
0x01 TSD2 TSD1 TSDO B&3 B& BGL B&
0x02 PA3 PA2 PA1 PAO
0x03 I run3 I run2 I runl I run0 | hol d3 | hol d2 | hol d1 | hol dO
0x04 Vmax3 Vimax2 Vmax1 Vimax0 Vm n3 Vmi n2 Vm nl Vm n0
0x05 SecPos10| SecPos9 | SecPos8 Shaf t Acc3 Acc2 Accl AccO
0x06 SecPos7 | SecPos6 | SecPos5 | SecPos4 | SecPos3 | SecPos2 SecPosl | SecPosO
0x07 St epMbdel | St epMbde0 | LOCKBT LOCKBG

Parameters stored at address 0x00 and 0x01 and bit LOCKBT are already programmed in the OTP memory at
circuit delivery, they correspond to the calibration of the circuit and are just documented here as an indication.

Each OPT bhit is at ‘0’ when not zapped. Zapping a bit will set it to ‘1’. Thus only bits having to be at ‘1’ must be

zapped. Zapping of a bit already at ‘1’ is disabled.

Each OTP byte will be programmed separately (see command Set OTPpar an).

Once OTP programming is completed, bit LOCKBG can be zapped, to disable future zapping, otherwise using a
SetOTPparam command could still zap any OTP bit at ‘0’.

Lock bit Protected byte
LOCKBT (zapnped before deliverv) 0x00 to 0x01
LOCKBG 0x00 to 0x07

The command used to load the application parameters via the FC bus in the RAM prior to an OTP Memory
programming is Set Mot or Par am This allows for a functional verification before using a Set OTPparam

AMI Semiconductor
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command to program and zap separately one OTP memory byte. A Get OTPpar amcommand issued after each
Set OTPpar amcommand allows verifying the correct byte zapping.

Note
Zapped bits will really be “active” after a Get OTPpar amor a Reset ToDef aul t command or after a power-up.

9.2.3. Motordriver

9.2.3.1. Current waveforms in the coils

The figure below illustrates the current fed to the motor coils by the motordriver in half-step mode.

Icoil

Whereas the figure below shows the current fed to one coil in 1/16" microstepping (1 electrical period).

|
coil A

\j

9.2.3.2. PWM regulation

In order to force a given current (determined by Irun or Ihold and the current position of the rotor) through the
motor coil while ensuring high energy transfer efficiency, a regulation based on PWM principle is used. The
regulation loop performs a comparison of the sensed output current to an internal reference, and features a
digital regulation generating the PWM signal that drives the output switches. The zoom over one micro-step in
the figure above shows how the PWM circuit performs this regulation.

9.2.3.3. Motor starting phase

At motion start, the currents in the coils are directly switched from | hol d to | run with a new sine/cos ratio
corresponding to the first half (or micro) step of the motion.

AMI Semiconductor @ A M IE
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9.2.3.4. Motor stopping phase

At the end of the deceleration phase, the currents are maintained in the coils at their actual DC level (hence
keeping the sine/cos ratio between coils) during 1/4™ of an electrical period at minimum velocity (thus 2 half-
steps). The currents are then set to the hold values, respectively 1 hold “~ sin (TagPos) and I hold ~ cos
(TagPos) as illustrated below. A new positioning order can then be executed.

lrsi
coil A

vy .

9.2.3.5. Charge pump monitoring

If the charge pump voltage is not sufficient for driving the high side transistors (due to a failure), an internal
Har dSt op command is issued. This is acknowledged to the master by raising flag <CPFai | > (available with
command Get Ful | St at us1).

In case this failure occurs while a motion is ongoing, the flag <St epLoss> is also raised.

9.2.3.6. Electrical defect on coils, detection and confirmation
The principle relies on the detection of a voltage drop on at least one transistor of the Hbridge. Then the
decision is taken to open the transistors of the defective bridge.
This allow to detect the following short circuits:
External coil short circuit
Short between one terminal of the coil and Vbat or Gnd
One cannot detect internal short in the motor
Open circuits are detected by 100% PWM duty cycle value during a long time

Pins Fault mode
Yior Xi Short circuit to GND
Yior Xi Short circuit to Vbat
Yior Xi Open
Y1land Y2 Short circuited
X1 and X2 Short circuited
XiandYi Short circuited

AMI Semiconductor @
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AMI Semiconductor

9.2.4. Inter-IC Control (I2C) bus
The I°C interface enabled in the AMIS-30622 uses pins 1 and 2 as Data I/O and Serial Clock respectively.

9.24.1. Physical layer

Both SDA and SCK lines are connected to positive supply voltage via a current source or pull-up resistor. When
there is no traffic on the bus both lines are high. Analog glitch filters are implemented to suppress spikes with a
length up to 50 ns.

+5V

SDA line <
SCK line
!
SCKIN — ¢ SDA_IN——¢ i SCK_IN — g SDA_IN—4
i
SCK_OUTJ SDA_OUTJ ! SCK OUTJ SDA OUTJ
!
1
|
AMIS-30622 i Master

9.2.4.2. Communication on 2-wire serial bus interface

Each communication starts with a Start condition and ends with a Stop condition. Both conditions are unique and
cannot be confused with data. A high to low transition on the SDA line while SCK is high defines a Start
condition. A low to high transition on the SDA line while SCK is high defines a Stop condition. (see figure
“Start / Stop conditions” below). The master always generates the SCK clock. On every rising transition of SCK
the data on SDA is valid. Data on SDA line is only allowed to change as long as SCK is low.

SPATNL ST\ /T soA AU
SCK \ T / SCK _ A

START STOP data line
condition condition stable,_
data valid

data change
allowed

Start / Stop Conditions Bit transfer on 2-wire serial bus interface

Every byte sent on SDA must be 8-bit, with the most significant bit (MSB) transferred first. The number of bytes
that can be transmitted to the AMIS-30622 is restricted to 8 bytes. Each byte is followed by an acknowledge bit,
which is issued by the receiving node (figure below).

- 1
spA |\l / wmsB X X X \ ACK / Y ACK /_|_
1 R

S I N N/ N N/ W/ R 4 B
START condition STOP condition
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9.2.4.3. Physical Address of the circuit

The circuit is provided with a physical address in order to discriminate this circuit from other ones on the I°C bus.
This address is coded on 7 bits (2 bits being internally hardwired to ‘1’), yielding the theoretical possibility of 32
different circuits on the same bus. It is a combination of 4 OTP memory bits Eee § 9.2.2.13 OTP Memory
Structure) and of the externally hardwired address bits (pin HW). HW must either be connected to Ground or to
Vbat. When HW is not connected and left floating correct functionality of the positioner is not guaranteed. The
motor will be driven to the programmed Secure Position. (see § 9.2.2.12 Application parameters SecPos [10:0])

AD6 | AD5 | AD4 | AD3 | AD2 | AD1 | ADO | Physical address
‘v ‘ PA3 | PA2 | PA1 | PAO OTP memory
HW | Hardwired bit (to Gnd or Vbat)

The AMIS-30622 supports a “general call” address. Therefore the circuit is addressable with either the physical
slave address or with address “000 0000”.

9.24.4. Write data to AMIS-30622

A complete transmission consists of the followings: a Start condition, the slave address (7-bit), a read/write bit
(‘0’ = write, ‘1’ = read), and an acknowledge bit. Any further databytes are followed by an acknowledge bit. The
acknowledge bit is used to signal a correct reception of the data to the transmitter. In this case the AMIS-30622
pulls the SDA line to ‘0’. The AMIS-30622 reads the incoming data at SDA on every rising edge of the SCK
signal. To finish the transmission the master has to transmit a Stop condition. Some commands for the AMIS-
30622 are supporting 8 bytes of data, other commands are transmitting 2 bytes of data.

| S | Slaveaddress |[RW ]| A | Data | A | Data | A H |
| | |
‘0’ (write) N Bytes + acknowledge
|:| Master to slave S: Start condition
H: Stop condition
I:I Slave to master A: SDA='0" U acknowledge (A)

SDA='1" U no acknowledge (Ab)

9.2.45. Read data from AMIS-30622

When reading data from a slave two transmissions are needed. The first transmission consists of 2 bytes of
data. The first byte contains the slave address and the write bit. The second byte contains the address of an
internal register in the AMIS-30622. The internal register address is stored in the circuit RAM. The second
transmission consists of the slave address and the read bit. Then the master can read the data bits on the SDA
line on every rising edge of signal SCK. After each byte of data the master has to acknowledge correct data
reception by pulling SDA to ‘0’. The last byte is not to acknowledge by the master and therefore the slave knows
the end of transmission.

Dump internal address to slave

| S | Slave address |R/W| A | Internal address | A | H |

‘0’ (write)

Read data from slave

| s | Slaveaddress |RW | A | Data | A | Data | Ab | H |

| | |
‘1’ (read) N Bytes + acknowledge

wn

|:| Master to slave Start condition
H: Stop condition

I:I Slave to master A: SDA='0" U acknowledge (A)

SDA='1" U no acknowledge (Ab)

AMI Semiconductor @ A M IE
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9.2.4.6. Timing and electrical characteristics of the serial interface

START START STOP START
} [ KA VAR S ] ¢
tf = tLOW tr SU,DAT f _J tHD;STA tr_) tBUF
MR N \
- — — —
— tHD:STA tHD:DAT tHIGH tSU:STA tSU:STO

See § 5and § 6 for DC and AC parameter values

9.24.7. Description of Application Commands

Communications between the AMIS-30622 and a 2-wire Serial Bus Interface Master takes place via a large set
of commands.

Reading commands are used to:
Get actual status information, e.g. error flags
Get actual position of the Stepper Motor
Verify the right programming and configuration of the AMIS-30622
Writing commands are used to:
Program the OTP Memory
Configure the positioner with motion parameters (max/min speed, acceleration, stepping mode, etc.)
Provide target positions to the Stepper motor

9.2.4.8. Command Overview

. . Command byte
Command mnemonic Function - -
Binary Hexadecimal

Get Ful | St at usl Returns complete status of the chip “1000 0001” 0x81
Get Ful | St at us2 Returns actual, target and secure position “1111 1100” OxFC
Cet OTPPar am Returns OTP parameter “1000 0010” 0x82
CGot oSecur ePosi ti on | Drives motor to secure position “1000 0100” 0x84
Har dSt op Immediate full stop “1000 0101” 0x85
Reset Posi ti on Sets actual position to zero “1000 0110" 0x86
Reset ToDef aul t Overwrites the chip RAM with OTP contents |“ 1000 0111” 0x87
Runl ni t Reference Search “1000 1000” 0x88
Set Mot or Par am Sets motor parameter “1000 1001 0x89
Set OTP Zaps the OTP memory “1001 0000” 0x90
Set Posi tion Programmes a target and secure position “1000 1011” 0x8B
Sof t St op Motor stopping with deceleration phase “1000 1111” Ox8F

AMI Semiconductor
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9.2.4.9. Commands Description

Get Ful | St atus1

This command is provided to the circuit by the Master to get a complete status of the circuit and of the Stepper-
motor. The parameters sent via the 2-wire serial bus to the Master are:

coil peak and hold currents value (I r un and | hol d)
maximum and minimum velocities for the Stepper-motor (Vmax and Vm n)
direction of movement clockwise / counter clockwise (Shaf t)
stepping mode (St epMbde)
acceleration (deceleration) for the Stepper motor (Acc)
acceleration shape (AccShape)
status information (see further)

motion status<Mbti on [2:0] >

over current flags for coil #1 <OVC1> and coil #2 <OvVC2>

digital supply reset <VddReset >

charge pump status <CPFai | >

external switch status <ESWs

step loss <St epLoss>

electrical defect <El Def >

under voltage <Uv2>

temperature information <Ti nf 0>

temperature warning <TW

temperature shutdown <TSD>

Cet Ful | St at us1 command
Structure
= Sl bt7 | b6 | bits | bitd | bi3d | btz | btl | bio
0 Slave Address 1 1 OrpP3 OorP2 OrP1 OTPO HW 0
1 Get Ful | St at us1 1 0 0 0 0 0 0 1
GetFullStatus1 command (Response)
Structure
Byte Content Bit7 bit6 b5 | Dbitd | bia | btz | bl | bio
0 Slave Address 1 1 orP3 OrP2 OrP1 QOrPO HW 1
1 Address 1 1 1 1 OrP3 OorP2 OrP1 OTPO
2 lruné& | hold Irun [3:0] I hold [3:0]
3 Vmax & Vm n Vmax [ 3: 0] Vmin [3:0]
4 Status 1 AccShape| StepMde[ 1: 0] Shaf t ACC] 3: 0]
5 Status 2 VDDReset | St epLoss | El Def uv2 TSD TW Ti nf o[ 1: 0]
6 Status 3 Mot i on[ 2: 0] ESW ovcl ove2 1 CPFai |
7 N/A 1 1 1 1 1 1 1 1
8 N/A 1 1 1 1 1 1 1 1

AMI Semiconductor @ AM IE
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Get Ful | St at us2

This command is provided to the circuit by the Master to get the actual position of the Stepper-motor. The
position is provided by the circuit in 16-bit format, with the 3 LSBs at ‘0’ when in half stepping mode (St epMobde
=“00"). Furthermore programmed target position and secure position are also provided.

Notations:
actual position of the stepper motor <Act Pos [ 15: 0] >
target position of the stepper motor <TagPos [ 15: 0] >
secure position of the stepper motor <SecPos [ 10: 0] ) >

Get Ful | St at us2 command
Structure
Byte Content bit7 | bit6 | bits | bit4 | b3 | btz | bitl | bito
0 Slave Address 1 1 OrP3 orpP2 OrP1 OTPO HW 0
1 Get Ful | St at us2 1 1 1 1 1 1 0 0
Get Ful | St at us2 command (Response)
Byte Content Structure
bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
0 Slave Address 1 1 OrP3 OrP2 OrP1 OTPO HW 1
1 Address 1 1 1 1 OrP3 OrP2 OrP1 OTPO
2 Actual Position 1 Act Pos[ 15: 8]
3 Actual Position 2 Act Pos[ 7: 0]
4 Target Position 1 TagPos|[ 15: 0]
5 Target Position 2 TagPos[ 7: 0]
6 Secure Position SecPos|[ 7: 0]
7 Secure Position 1 1 1 1 1 SecPos|[ 10: 8]
8 N/A 1 1 1 1 1 1 [ 1 [ 1

Get OTPPar am

This command is provided to the circuit by to read the content of an OTP Memory. For more information refer to
see § 9.2.2.13 OTP Memory Structure.

Cet OTPPar am command
Structure
Byte Content bt7 | bt | bis | bid | bid | biz | brl | bio
0 Slave Address 1 1 OrpP3 OorP2 OrP1 QOTPO HW 0
1 Cet OTPPar am 1 0 0 0 0 0 1 0
Get OTPPar amcommand (Response)
Structure
=i Sl bt7 | b6 | bits | bitd | btd | btz | bitl | bio
0 Slave Address 1 1 OrpP3 OrP2 OrP1 OTPO HW 1
1 OTP byte O OTP@x00
2 OTP byte 1 OTP@x01
3 OTP byte 2 OTP@x02
4 OTP byte 3 OTP@x03
5 OTP byte 4 OTP@x04
6 OTP byte 5 OTP@x05
7 OTP byte 6 OTP@x06
OTP byte 7 OTP@x07
AMI Semiconductor
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Got 0Secur ePosi ti on

The Master provides this command to one or all the Stepper-motors to move to the secure position
SecPos|[ 10: 0] .

Cot oSecur ePosi ti oncommand
Structure
Byte Content b7 | b6 | bis | bid | bid | biz | bil | Bio
0 Slave Address 1 1 OrP3 orpP2 OrP1 OTPO HW 0
1 Got oSecur ePosi ti on 1 0 0 0 0 1 0 0
Har dSt op

This command is internally triggered when an electrical problem is detected in one or both coils, leading to
switch off the H-bridges. If this problem is detected while the motor is moving, the <StepLoss> flag is raised
allowing warning the Master that steps may have been lost at the next GetStatus command. The Master for
some safety reasons can also issue a HardStop command.

Har dSt op command
Structure
Byte Content b7 | b6 | bits | bid | bid | btz | bl | bio
0 Slave Address 1 1 OrP3 orP2 OrP1 OTPO HW 0
1 Har dSt op 1 0 0 0 0 1 0 1

Reset Posi ti on

This command is provided to the circuit by the Master to reset Act Pos and TagPos registers, in order to allow a
positioning for an initialisation of the Stepper-motor position.

Reset Posi ti oncommand
Structure
Byte Content b7 | b6 | bis | bid | bid | biz | bl | B0
0 Slave Address 1 1 OrpP3 OrP2 OrP1 QOTPO HW 0
1 Reset Posi tion 1 0 0 0 0 1 1 0

Reset ToDef aul t s

The Master provides this command to the circuit in order to reset the whole Slave node into the initial state.
Reset ToDef aul t s will for instance overload the RAM with the Reset state of the Registers parameters. This
is another way for the Master to initialise a slave node in case of emergency, or simply to refresh the RAM
content.

Reset ToDef aul t s command
Structure
Byte Content bit7 | bit6é | bits | bitd | bit3 | btz | bitl | bito
0 Slave Address 1 1 OorP3 OrP2 OrrP1 OrPO HW 0
1 Reset ToDef aul t s 1 0 0 0 0 1 1 1

AMI Semiconductor
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Runl ni t

The Master provides this command to the circuit in order to initialise positioning of the motor by seeking the zero
(or reference) position.

Once the Runlnit command is started it cannot be interrupted by any other command, except on the
occurrence of a condition leading to a motor shutdown See § 9.2.2.7 Motor shutdown mode), or when a
Har dSt op command is received. Furthermore the master has to check that the actual position of the stepper
motor does not correspond to the target position of the first motion. This is very important otherwise the circuit
goes into a deadlock state. Once the circuit is in deadlock state only a har dst op command followed by a
Get Ful | St at us1 command will cause the circuit to leave this state.

Runl ni t command
Structure
Byte Content bit7 | bit6 | bits | bid | b3 | btz | bil | b0

0 Slave Address 1 1 OrP3 OrP2 OTrP1 OT'PO HW 0
1 Runl ni t command 1 0 0 0 1 0 0 0
2 N/A 1 1 1 1 1 1 1 1
3 N/A 1 1 1 1 1 1 1 1
4 Vimax Vim n Vimax[ 3: 0] Vm n[ 3: 0]

5 Position2 byte 1 TagPos1[ 15: 8]

6 Position2 byte 2 TagPos1[ 7: 0]

7 Position1 byte 1 TagPos?2[ 15: 8]

8 Position1 byte 2 TagPos?2[ 7: 0]

Set Mot or Par am
This command is provided to the circuit by the Master to set the values for the Stepper motor parameters (listed
below) in RAM.
coil peak current value (I r un)
coil hold current value (I hol d)
maximum velocity for the Stepper-motor (Vimax)
minimum velocity for the Stepper-motor (Vim n)
acceleration shape (AccShape)
stepping mode (St epMode)
indicator of the Stepper-motor reference position (Shaf t )
acceleration (deceleration) for the Stepper-motor (Acc)

secure position for the Stepper-motor (SecPos)

Set Mot or Par amcommand
Structure
Byte Content b7 | b6 | b5 b4 bt3 | btz | bl | b0
0 Slave Address 1 1 ore3 OrP2 orP1 QOrPO HW 0
1 Set Mot or Par am 1 0 0 0 1 0 0 1
2 N/A 1 1 1 1 1 1 1 1
3 N/A 1 1 1 1 1 1 1 1
4 Irun&lhold I run[ 3: 0] I hol d[ 3: 0]
5 Vmax & Vm n Vimax| 3: 0] Vm n[ 3: 0]
6 St at us SecPos| 10: 8] | Shaft Acc[ 3: 0]
7 Secur ePos SecPos|[ 7: 0]
8 St epMode 1 | 1 | 1 [JAccShape|StepMde[1:0] [ 1 [ 1
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Set OTP

The Master provides this command to the circuit in order to zap the OTP memory.

Set OTP command
Structure
Byte Souiet b7 | bite | bis | bid | bid | biz | bil | bio

0 Slave Address 1 1 OrP3 orP2 OrP1 OTPO HW 0
1 ZapOTP 1 0 0 1 0 0 0 0
2 NIA 1 1 1 1 1 1 1 1
3 N/A 1 1 1 1 1 1 1 1
4 OTP Address 1 1 1 1 1 OTPA[ 2: 0
5 Phi T SRARAY

Set Position
This command is provided to the circuit by the Master to the motors to a given position relative to the zero
position, defined in number of half or micro steps, according to St epMode[ 1: 0] value.
Set Posi ti on will not be performed if one of the following flags is set to one:
temperature shutdown <TSD>
under voltage <Uv2>
step loss <St epLoss>
electrical defect <El Def >

Set Posi ti on command
Structure

=i Sl bit7 | bt | bits | bitd | bi3d | btz | btl | bio
0 Slave Address 1 1 OrpP3 OorP2 OrP1 OTPO HW 0
1 Set Posi tion 1 0 0 0 1 0 1 1
2 N/A 1 1 1 1 1 1 1 1
3 N/A 1 1 1 1 1 1 1 1
4 Posi tion bytel TagPos[ 15: 8]
5 Posi tion byte2 TagPos[ 7: 0]

Sof t St op

If a Sof t St op command occurs during a motion of the Stepper motor, it provokes an immediate deceleration to
Vm n followed by a stop, regardless of the position reached. This command occurs in the following cases:

The chip temperature raises the Thermal shutdown threshold.
The Master requests a SoftStop.

Sof t St opcommand
Structure
Byte Content b7 | b6 | bits | bid | bid | biz | brl | bio
0 Slave Address 1 1 OrP3 OorP2 OrP1 QOTPO HW 0
1 Sof t St op 1 0 0 0 1 1 1 1
AMI Semiconductor A M
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10. Features

10.1. Position periodicity
Depending on the stepping mode the position can range between —4096 to +4095 in half-step mode to —32768

to +32767 in 1/16™ microstepping mode (see § 8.5.1 Position ranges ) one can project all these positions lying on
a circle. When executing the command Set Posi t i on the position controller will set the movement direction in

such a way that the traveled distance is minimum.

As an example in the figure below is illustrated the moving direction going from Act Pos = +32700 to Set Pos = —
32700 is counter clockwise.

If a clockwise motion is required in this example, several consecutive Set Posi ti on commands can be used.

<F T\

-32700 +32700
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11. Resistanceto electrical and electromagnetic disturbances

stepping Motordriver

11.1. Electrostatic discharges
See. § 1.1 Absolute Maximum Ratings

11.2. Schaffner pulses

Shéaffner pulses are applied to the power supply wires of the equipment implementing the AMIS-30622 (see

application schematic), according to Renault 36-00-808/--E document.

Pulse amplitude risetime | pulse duration Rs operating class
#1 -100V £ lus 2ms 10W C
#2a +100V £ lus 50ps 2W B
#3a -150V (from +13.5V) 5ns 100ns (burst) 50W A
#3b +100V (from +13.5V) | 5ns 100ns (burst) 50W A
#5b (load dump) |+21.5V (from +13.5V) [ £ 10ms 400ms £1W C

11.3. EMC

Bulk current injection (BCI), according to Renault 36-00-808/--E document (p61).

11.4. EMI

EMI requirement is given here as a target, since it is also PCB dependent. Any EMI issue will have to be solved

current operating class
60mA A
100mA B
200mA C

on common basis with the customer.
Radiated disturbance electromagnetic quietness test, according to Renault 36-00-808/--E document:
Permanent broadband limit (Renault 36-00-808/--E document diagram p98)
Narrow band limit (Renault 36-00-808/--E document diagram p99)

11.5. Power supply micro-interruptions
According to Renault 36-00-808/--E (p47 and followings).

AMI Semiconductor

test operating class
10ps micro-interruptions (1) A
100us micro-nterruptions B
5ms micro-interruptions B
50ms micro-interruptions C
300ms micro-interruptions C

Note 1: To achieve Class A a 100nF capacitor between Vbat and ground is needed in case HW is connected to
Vbat. (see § 7 typical application)
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12. PackagesOutline

[FEY. TSR TIOR
1 IMITIR. PELEASE
TOP WIEW 2 |DHELUDE PO FLRRH
== 3 CHRHGE PACEAGE COOE TR - SRR
CHe-t ] _PIN 1 IMDICATION
E H DETAIL ‘&f SECTION € - €
HH 4
o
T
EIDIE VIEW EwD YIEW
: l, ?'TYP_/'"["\ st
] T £
ininii B G
W2 TIPS B
—i—l?Ll— J r k
Al C
TEE DETAIL "&"
[MOTE Mold floskh or protysions sholl not exceed 06 Inches gn [ per slge
INCHES. NOTE 1 2 ALCATEL ALCATEL
SYMEOL NOTE VARI- D N PACKAGE NR. PACKAGE CODE
MIN HOM MAX ATIONS MIN NOM MAX
A 0,083 o, 0,104 Ak 0,38 0,405 0,442 16 47_0034 SOHE8,S016R
Al 0,004 0,008 4.2 AB 0451 .456 0,461 1 A7_0035 048, 50160
A2 0,088 ) 100 AL 0,498 1,503 0,5 # 47_0036 BO20, 50000
B 0,013 .06 [ Al 0598 06 0,613 24 47_0057 S04, 50040
C 00080 0,84100 0,015 AE 0697 0,704 0,711 b a7_0038 SOE,S0UE0
2] SEE VARIATIONS 1 Al 0410 18 0,82% 32 Ar_0040 HO32, 50020
E 0,252 I 1,26 4,299
@ 0,050 850
H 0,354 402 5418
h 0,010 0,015 [REE]
L 0,018 1,033 o050
N SEE VARIATIONS 2
X 0 I 5 | &

Note: see variations AC for dimensions D and N.

13. Conditioning

To be documented
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