


AMIS-30521

4.0 Block Diagram
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Figure 1: Block Diagram AMIS-30521

5.0 Pin Description

Table 2: Pin List and Description

Name
DO
VDD
GND

DI

CLK
NXT
DIR
ERRB
SLA
CPN
CPP
VCP
CLR
CSB
VBB
MOTYP
GND
MOTYN
MOTXN
GND
MOTXP
VBB

/

TSTO

Pin
31
32

~No s WwWwN =

9
10

11

12

13

14

15, 16
17,18
19, 20
21,22
23,24
25, 26
27

8, 28, 30
29

Description

SPI data output (open drain)
Logic Supply Input (needs external decoupling capacitor)
Ground, heat sink

SPI data in

SPI clock input

Next micro-step input
Direction input

Error Output (open drain)
Speed Load Angle Output
Negative connection of charge pump capacitor
Positive connection of charge pump capacitor
Charge-pump filter-capacitor
“Clear” = Chip Reset input

SPI chip select input

High Voltage Supply Input

Negative end of phase Y coil output
Ground, heat sink

Positive end of phase Y coil output
Positive end of phase X coil output
Ground, heat sink

Negative end of phase X coil output
High Voltage Supply Input

No Function (to be left open in normal operation)

Test pin (to be tied to ground in normal operation) input
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Figure 2: Pin Out AMIS-30521
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Package Thermal Characteristics

The NQFP is designed to provide superior thermal performance, and using an exposed die pad on the bottom surface of the
package partly contributes to this. In order to take full advantage of this thermal performance, the PCB must have features to
conduct heat away from the package. A thermal grounded pad with thermal vias can achieve this. With a layout as shown in Figure

3, the thermal resistance junction — to — ambient can be brought down to a level of 30°C/W.

LI

PC20080702.1

Figure 3: PCB Ground Plane Layout Condition
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6.0 Electrical Specification

6.1 Absolute Maximum Ratings

Stresses above those listed in table below may cause immediate and permanent device failure. It is not implied that more that one
of these conditions can be applied simultaneously.

Table 3: Absolute Maximum Ratings

Vg Analog DC supply voltage -0. 3
Vob Logic supply voltage -0.3 +7.0 V
Tstrg Storage temperature -55 +160 °C
Tamb Ambient temperature under bias -50 +150 °C
Vesp Electrostatic discharges on component level ® 2 +2 kv
Notes:

(1)  For limited time <0.5s
(2) Human body model (100pF via 1.5 kQ, according to JEDEC EIA-JESD22-A114-B)

6.2 Recommend Operation Conditions

Operating ranges define the limits for functional operation and parametric characteristics of the device. Note that the functionality
of the chip outside these operating ranges is not guaranteed. Operating outside the recommended operating ranges for extended
periods of time may affect device reliability.

Table 4: Operating Ranges

Analog DC supply
VDD Logic supply voltage 4.75 5.25 V
Iddd Dynamic current 18 mA
Idds Sleep current ® 190 pA
Ta Ambient temperature Vgg < +18 -40 +125 °C
Ta Ambient temperature Vgg < +30 -40 +85 °C
T Junction temperature +160 °C
Notes

(1) Dynamic current is with oscillator running, all analogue cells active. All outputs unloaded, no floating inputs.
(2) All analog cells in power down. Logic powered, no clocks running. All outputs unloaded, no floating inputs.
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6.3 DC-Parameters

The DC parameters are given for Vgg and temperature in their operating ranges unless otherwise specified.
Convention: currents flowing in the circuit are defined as positive.

Table 5: DC Parameters

Symbol | Pings) |~ Parameter | Remark/Test Conditions

| Supply Inputs

Ves VBB Nominal operating supply range 6 30 \%
lpat Total current consumption Unloaded outputs 8 mA
Vg VDD Logic Supply Voltage 4.75 5 5.25 Vv
VooH VDD Internal POR comparator threshold VDD rising 4.0 4.25 4.4 \%
VoL Internal POR comparator threshold VDD falling 3.68 \
| Motor Driver
D Pk Max current th_rough motor coil in 1600 mA
normal operation
Dmax RS !\)A;éf;i'\gr? current through coil in normal 800 mA
IMDabs Absolute error on coil current -10 10 %
Ivprel Error on current ratio leoix / lcoiy -7 7 %
IseT_Tc1 I:ﬂgféﬁtgs;zﬁ?g]m:'eg t”c;f700|| ourrent -40°C<T;<160°C -240 ppm/K
lsertez  yoTxp I:trj?g\?;ﬁtggémf)f]lc;e;é o et 40°c<T< 160 C 490 ppm/K
R MOTXN  On-resistance high-side driver, Vi =12V, T; = 27 °C 0.45 0.56 Q
s MOTYP  CUR[4:0] = 0...31 Vi = 12V, T; = 160 °C 0.94 1.25
Riss MOTYN " onresistance low-side driver, Ve, =12V, Tj =27 °C 0.45 0.56 Q
CUR[4:0] = 23...31 Vs =12V, T; = 160 °C 0.94 1.25 Q
R On-resistance low-side driver, Ve, =12V, Tj =27 °C 0.90 1.2 Q
L2 CUR[4:0] = 16...22 Vi = 12V, T; = 160 °C 1.9 25 Q
Ruis: On-resistance low-side driver, Vs =12V, T;j =27 °C 1.8 2.3 Q
CUR[4:0] = 9...15 Vi = 12V, T; = 160 °C 3.8 5.0 Q
Riso On-resistance low-side driver, Ve, =12V, Tj =27 °C 3.6 4.5 Q
CUR[4:0]=0...8 Vs =12V, T; = 160 °C 7.5 10 Q
Ivpd Pull down current HiZ mode 0.5 mA
lieak DI, CLK Input Leakage (3) Tj=160 °C 1 HA
Vi NXT, DIR Logic Low Threshold 0 0.65 V
Vin CLR, CSB Logic High Threshold 2.20 Voo \Y
Rpd cLr CLR Internal Pull Down Resistor 120 300 kQ
Rod 15T TSTO Internal Pull Down Resistor 3 9 kQ

Digital Outputs

VoL DO, ERRB, Logic Low level open drain IOL =5 mA 0.5 \%

| Thermal Warning & Shutdown
Tiw Thermal Warning 138 145 152 °C
Twsa(1) (2) Thermal shutdown Tw + 20 ©

| Charge Pump
6V< Vgg < 15V 2*Vgg—2.5 \%
Ver vcp ~ Outputvoltage 15V < Vg < 30V Ves+12.5 Vest14 | Vggt155  V
Chufter External buffer capacitor 180 220 470 nF
Cpump CPP CPN External pump capacitor 180 220 470 nF
Notes:

(1) No more than 100 cumulated hours in life time above Tt,,
(2) Thermal shutdown and Low Temperature Warning are derived from Thermal Warning
(3) Not valid for pins with internal Pull-Down resistor
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6.4 AC-Parameters

The AC parameters are given for Vgg and temperature in their operating ranges.
Table 6: AC Parameters

fosc Frequency of internal oscillator 3.6 4 4.4 MHz

fouun PWM frequency Frequ_ency depends only on 20.8 22.8 24.8 kHz

MOTxx Double PWM frequency internal oscillator 41.6 45.6 49.6 kHz

fi PWM jitter frequency tbd Hz
fq PWM jitter depth tbd % fewm

EMC[1:0] = 00 150 Vlius

Tbise |MOTxx turn-on voltage slope, 10% to 90% Emgﬂ 81 ; (1):) 15000 x;ﬁz

EMCI[1:0] = 11 25 V/us

EMCI[1:0] = 00 150 V/us

Tbea MOTxx turn-off voltage slope, 90% to 10% Emgﬂ 8} ; (1)(1) 15000 x;ﬁz

EMCI[1:0] = 11 25 V/us

Digital Outputs

DO » : Capacitive load 400pF and pull-
ThaL ERRB Output fall-time from Vi, to Vin, up resistor of 1.5 kO 50 ns
| Charge Pump
fep CPN CPP Charge pump frequency 250 kHz
Tcpu MOTxx Start-up time of chargepump spec external components
| CLR Function
Tor CLR Hard Reset Duration Time 20 90 us
6.5 SPI Timing
Table 7: SPI Timing Parameters
Symbol Parameter
tok SPI clock period 1 us
toik_rieH SPI clock high time 100 ns
tok_Low SPI clock low time 100 ns
tser oi DI set up time, valid data before rising edge of CLK 50 ns
troLo bi DI hold time, hold data after rising edge of CLK 50 ns
tcse_HiGH CSB high time 2.5 us
tser css CSB set up time, CSB low before rising edge of CLK 100 ns
tser cix CLK set up time, CLK low before rising edge of CSB 100 ns
cs 0,2 Vee 0,2 Vee
tser_css terk , tsercik
0,8 Vee
CLK 0.2 Vee 32 02 Vee
toLk Hi tewk Lo
tseT_pi troLo_pi
— 0,8 Vee —
bl VALID
PC20070608.1
Figure 4: SPI Timing
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7.0 Typical Application Schematic
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Figure 5: Typical Application Schematic AMIS-30521

Table 8: External Components List and Description

Component

C

Cs, Cs

Cs
Cs
Cs
Cr
Cs
R

Rz, Rs

Dy

Notes:

Function

Vg buffer capacitor, note 1

Vg decoupling block capacitor
Vpp buffer capacitor

Vpp buffer capacitor
Charge-pump buffer capacitor
Charge-pump pumping capacitor
Low Pass filter SLA

Low Pass filter SLA

Pull up resistor open drain output
Optional Reverse protection diode

low ESR < 1 Ohm

100 -20 +80%
100 -20 +80%
220 +/- 20 %
100 +/- 20%
220 +/- 20%
220 +/- 20%

1 +- 20%
5,6 +-1%
47 +-1%

e.g. 1N4003
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8.0 Functional Description

8.1 H-Bridge Drivers

A full H-bridge is integrated for each of the two stator windings. Each H-bridge consists of two low-side and two high-side N-type
MOSFET switches. Writing logic ‘0’ in bit <MOTEN> disables all drivers (High-Impedance). Writing logic ‘1’ in this bit enables both
bridges and current can flow in the motor stator windings.

In order to avoid large currents through the H-bridge switches, it is guaranteed that the top- and bottom switches of the same half-
bridge are never conductive simultaneously (interlock delay).

A two-stage protection against shorts on motor lines is implemented. In a first stage, the current in the driver is limited. Secondly,
when excessive voltage is sensed across the transistor, the transistor is switched-off.

In order to reduce the radiated/conducted emission, voltage slope control is implemented in the output switches. The output slope
is defined by the gate-drain capacitance of output transistor and the (limited) current that drives the gate. There are two trimming
bits for slope control (See SPI Control Parameter Overview EMC[1:0]).

The power transistors are equipped with so-called “active diodes” : when a current is forced trough the transistor switch in the
reverse direction, i.e. from source to drain, then the transistor is switched on. This ensures that most of the current flows through
the channel of the transistor instead of through the inherent parasitic drain-bulk diode of the transistor.

Depending on the desired current range and the micro-step position at hand, the Rdson of the low-side transistors will be adapted
such that excellent current-sense accuracy is maintained. The Rdson of the high-side transistors remain unchanged, see Table 5
for more details.

8.2 PWM Current Control

A PWM comparator compares continuously the actual winding current with the requested current and feeds back the information to
a digital regulation loop. This loop then generates a PWM signal, which turns on/off the H-bridge switches. The switching points of
the PWM duty-cycle are synchronized to the on-chip PWM clock. The frequency of the PWM controller can be doubled and an
artificial jitter can be added (see SPI control register 1). The PWM frequency will not vary with changes in the supply voltage. Also
variations in motor-speed or load-conditions of the motor have no effect. There are no external components required to adjust the
PWM frequency.

8.2.1. Automatic Forward & Slow-Fast Decay

The PWM generation is in steady-state using a combination of forward and slow-decay. The absence of fast-decay in this mode,
guarantees the lowest possible current-ripple “by design”. For transients to lower current levels, fast-decay is automatically
activated to allow high-speed response. The selection of fast or slow decay is completely transparent for the user and no additional
parameters are required for operation.
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Figure 6: Forward & Slow/Fast Decay PWM
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8.2.2. Automatic Duty Cycle Adaptation

Incase the supply voltage is lower than 2*Bemf, then the duty cycle of the PWM is adapted automatically to >50% to maintain the
requested average current in the coils. This process is completely automatic and requires no additional parameters for operation.
The over-all current-ripple is divided by two if PWM frequency is doubled (see SPI control reqister 1).
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Figure 7: Automatic Duty Cycle Adaptation

8.3 Step Translator

8.3.1. Step Mode

The Step Translator provides the control of the motor by means of SPI register Stepmode: SM[2:0], SPI register DIRCNTRL, and
input pins DIR and NXT. It is translating consecutive steps in corresponding currents in both motor coils for a given stepmode.

One out of 7 possible stepping modes can be selected through SPI-bits SM[2:0] (See SPI Control Parameter Overview SM[2:0])
After power-on or hard reset, the coil-current translator is set to the default 1/32 micro-stepping at position ‘0’. Upon changing the
Step Mode, the translator jumps to position 0* of the corresponding stepping mode. When remaining in the same Step Mode,
subsequent translator positions are all in the same column and increased or decreased with 1. Table 10 list the output current vs.
the translator position.

As shown in Figure 8 the output current-pairs can be projected approximately on a circle in the (Ixly) plane. There is however one
exception: uncompensated half step. In this stepmode the currents are not regulated to a fraction of Imax but are in all intermediate
steps regulated at 100%. In the (Ixly) plane the current-pairs are projected on a square. Table 9 list the output current vs. the
translator position for this case.

Table 9: Square Translator Table for Full Step and Uncompensated Half Step

MSP[6:0] . .
000 0000 0* - 0 100
001 0000 1 1 100 100
010 0000 2 - 100 0
011 0000 3 2 100 -100
100 0000 4 - 0 -100
101 0000 5 3 -100 -100
110 0000 6 - -100 0
111 0000 7 0* -100 100
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