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A device which implement electro-mechanical energy conversion

Motor/Electrical machine

>

Torque and Velocity same direction

R
4 N\
i':::"c Electromagnetic Mechanical
gy Induction Energy
____ \ J




BilREEZNH

Brushed motor

f

DC
T
Electric Motors luinal
! -,I‘ ot
AC i v ®
I EHEMT IR AR RER. BElibA
v v
Asynchronous Synchronous
[
, v v v v
Induction motor PMSM Stepper Reluctance

BEEAE 2285 B



http://www.seattlecoffeegear.com/media/catalog/product/cache/1/image/9df78eab33525d08d6e5fb8d27136e95/s/a/saeco_incanto_deluxe_1.png
http://www.seattlecoffeegear.com/media/catalog/product/cache/1/image/9df78eab33525d08d6e5fb8d27136e95/s/a/saeco_incanto_deluxe_1.png

JLAE RIS EE

= S
VR RS ChES
Eﬁgﬁ Lilk S P e S
A il =EITES AT 7
[EnERES o
A=A

SRR E S =R
: T —
st [DVUERBRIELTIORNR e ) spara sasmmes
FEERS | SRt s
S AR RS e *: i ﬁ'ﬁﬁﬁ




ARIEHLE 52k

Field winding

Armature (Many) commutators
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‘*Left hand rule and Torque constant

One conductor L F = B*I*L J

One coil  T1=2rF=2rBIL |

Many conductors(Zd) LTd=;d*T1=LLdﬂLJ

Torqueconstant  Kt=r"Zd*B*L (leA)J

Td oc |
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*Right hand rule and Back-EMF constant

One conductor L E = B*L*v J

Linear and angular velocity Lv = w'r J

Many conductors(Zd) L E=w*r*B*L*Zd J

Back-DMF constant | Ke=r*Zd*B*L (V/rad/s) J

Eocw
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»Basic formula and mechanical behavior

Ea — CQCDH ““‘H-ilnn N
U =E,+I,R, \
T =C,®I, .

U R -
n= Co CCo I' [——)> Voltagelresistor/Field !
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++*Motion equation

T -T, =J%

J — Moment of inertia
Tem — Electromagnetic torque
TL - load torque




ARIEH - BEFEE

What is the armature voltage equation when the  the electrical and electro-mechanical time-constant:

motor blocks? L IR
To =— Ty =

w=0 ==) E=0 R " KoK

di U
U=RI+E+L— == |=—
dt R

4 Current/Speed

If U=12V, R=1Q, I=12A

When the motor is blocked, the current is

very large. | | 63.2%
The motor and driver will break down.

What is the current curve and speed curve
when the motor has been starting?

Mechanical equation:

1T, =392

dt How to reduce the spike of current? mPs

|
|
|
|
|
k >
T T
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Used for Blocking and starting. @ - /\A\S ) \)
di U -

U:RI+E+LE mm) | =

e LT L

Te -TL =J bl No kr@\ " Decay < 80% of ITRIP Decay > 80% of ITRIP
dt |

A Current/Speed A /
Current/Speed

No current limit

With current “mit: Speed Choosing the value of limited current

. needs to weigh the response and life
of the motor.

mes
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EEnergy consumption)

Methods: Disable the high side energizing FET R equivalent circuit R
and then enable the opposite low side FET

L, 1 ]
Boady Diodes ! L4
* = . %\ﬂfg;;;ﬂ' _ I f * -
AL | BL AL Cordict | BL AL BL
Normal C_)peration During Dead Time Slow E)ecay
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B Reverse braking

Methods: Disable the energizing FETs and then enable the

opposite FETs

Benefit: Fast response

Drawback: Big energy

shocks

RE=

equivalent circuit

VM
I I l I
AH BH AH BH AH _|BH
I f '- a
L, I
B ﬁ;ﬂm =R
AL | BL Ij AL | BL
Normal C_)peration During D_ead Time Fast IZ_)ecay
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nx Y¥-H-
Bridge

DC Brush
Motors,
Solenoids,
Relays

Single H-
Bridge

DC Brush
Motors,
Relays

Single H-
Bridge Pre-
Drivers

DC Brush
Motors

MP6527
10x ¥%-H-Bridge Driver
Serial Interface
5.5-40V, 0.8A
TSSOP-28

Dual %-H-Bridge Driver
1.8-22V, 2A
QFN-12 (2x2)

H-Bridge DC Motor
Driver

2.5-21V, 0.8A
TSOT23-6

R R

MP6610/MP6610A
1%4-H-Bridge Driver, with
Current Sense
4 -55V, 3A
TSOT23-8/SOICS8

H-Bridge DC Motor
Driver
5.4 -35V, 2.8A
QFN20 (3x4)/TSSOP16

H-Bridge DC Motor
Driver
5.4 -35V, 3.2A
QFN-24 5x5

e el e

MP6612/MP661D

H-Bridge Current H-Bridge DC Motor
Regulator Driver
2.5-28V, 5A 4 — 45V, 5A
QFN-19 (3x3) TSSOP-20 EP

MP6619
H-Bridge Motor
Driver
2.5-32V, 5A
QFN-19 (3x3)

MP6615
H-Bridge DC Motor
Driver
4.75 — 45V, 12A
QFN-26 (6x6)

H-Bridge DC Motor Pre-
Driver
5-60V
QFN-28 (4x4)

e e e

1.2A

3A

5A

>10A Current
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MP6515/16/22 — 24V/50W AR5 %R

FEATURES MP6515 Vi iy MPB515 ver

« Wide 8V to 35V Input Voltage Range PHASE - [

« 2.8A Maximum Output Current e 1 e | [ow |

« Internal Full H-Bridge Driver i BMODE - o> (]

+ Cycle-by-cycle Current Limit o cre

. N_o Control Power Supply Required e oor 4 . Drier

« Simple, Versatile Logic Interfaces T | T A5

« 3.3 and 5V Compatible Logic Supply He o | (T AN

« Overcurrent Protecti.on e ouT2 L _mv':'\__l__ - \\l/ \v O@nt sampling
: (;%/Str(\j/g\lltle:]ge Protection GJN,D g U@Q?mpalator

« Undervoltage Lockout (D ‘iy/é\ o)
» Fault Indication Output ) . %

» Thermally Enhanced TSSOP Package

Applications o | e

» Coffee Machines

* Printers

« Currency Handling Equipment
* Solenoid Drivers
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MP6513/13L/6550 12V/20WHRR TS R

FEATURES

Internal Dual ¥2-H-Bridge Driver

+1.8V — 22V Supply Voltage Range

*2A Continuous Output Current (3A Peak)
*Integrated LDO Voltage Regulator(50mA)
*MOSFET On-Resistance: 100mohm / FET

Applications

*Robotics

*Toys

Cameras
*Medical Devices

VIN
(1.8V-22V)

Controller

VIN

IN2

MP6550

nSLEEP_HB

nSLEEP_LDO

VISEN

outelr————

5V out
V50UT L

GND
j

DC
Motor

V50UT nSLEEP_LDO

INL [1)) ) 1oy (10
VIN [2) ]
OUT1[3) (8]
ISET [4) m m (7]

NFAULT VISEN

IN2
ouT2
GND

nSLEEP_HB

QFN12 2x2
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MP6612/MP6612D —24V/120W R 5 ER

V to 45V
vep - 410(45

INT/ENBL

» Constant-current H-bridge Driver VIN T

. : - IN2/DIR T VCP [T O (20T ] nFAULT

« MP6612: Wide 4V to 45V 9 SLEEP = VINCTZ]| FTTT T i PN
« MP6612: 5A continuous (12A peak) 2 e - o] | ' | zmoun
. . . O nFault M P661 2 Motor VIN 15| : : M8 1 PGND

» Cycle-by-cycle Current Regulation / Limit veoTs] | | | oure
_ VISEN ouT2 VISENCTT]| | | | oure
+ 656mQ Rdson for Each FET of H-Bridge poNoCTT | | | |Fsroc 00
. 1 ASh td n M d OC ADJ Float/GND VIN:E%7777777774| T_Z[:|PSGI1|3EP

M utaow odae vee ST ISETC 10} (T In

AGND PGND

T
Applications J i i

« DC Motors
» Solenoid/Valve Drivers

£# $#lMassage motor

z & .‘
/’ A
g
BREITEN \ ’ al
Massagehittingmotor g & <

17 & & #lWalk motor

vi.
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» Motor Structure

» Classification
VR
PM
Hybrid
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LBl (R - WA

The following are the most common drive modes: Electrical stepping position

€ Wave Drive(1 phase on)
Only one winding is energized at any given time |5

€ Full Step Drive(2 phases on) O
Energizing two phases at any given ti <
nergiZzing two pnases ny giv Ime Phase A b /EE

/r

€ Half Step Drive(1 & 2 phases on) -+
Combines both wave and full step modes O ‘:'
€ Microstepping(Continuously varying motor currents) Stator AN
Winding current continuously varies to be able to break up one full ¥ A-5-0 “1 :
step into many smaller discrete steps Stator B vEvavEy 4
e 5
. Electrical Stepping Phase B
Stepping Mode Sequence Position
Wave Drive A—-B—-A—-B 8>2—-54-06
Full Step Drive AB— AB — AB — AB 1-53->55-7
Half Step Drive AB—-B—-AB—-A—-AB - B — AB —A 122-3-4-5

—— mes
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Dual H-
Bridge

Stepper and
DC Brush
Motors

Stepper Motor
Drivers

Stepper Motors
with Index
Control

Dual H-Bridge
2.7 - 15V, 700mA
TSSOP16 EP
QFN-16(3x3) QFN-

Dual H-Bridge
2.7-18V, 1.2A
TSSOP16 EP
QFN-16 (4x4)

Stepper Driver /
Indexer, Internal
Current Sense
4,5-35V, 1.5A

N A N S R e N A R N N R N N e e N e R e N

Dual H-Bridge with
Internal Current Sense
4.5 - 35V, 2.5A
QFN-24 (5x5)
TSSOP-28 EP

Stepper Driver / Indexer
8- 35V, 2.5A
TSSOP28 EP

MP6604A
4.5-45V, 2.5A, Steeper
Driver, separate IN and
EN pins, TSSOP28 EP

& QFN28-4x5

Stepper Driver /
Indexer, Internal
Current Sense
45 - 35V, 2.5A
TSSOP-28EP

B e e e

»

<1A

2A

2.5A

>=3A Current

mes




MP6507 W H#F ~Z sa X B

FEATURES

*Two Internal Full-Bridge Drivers
«2.7V - 15V Supply Voltage Range
*Output Current:
*MP6506 — 500mA
*MP6507 — 700mA
*MP6508 — 1.5A
Internal Gate Drive Charge Pump
*Low Quiescent Current: ImA
*Low Sleep Current: 1uA
+Sink and Source Over-Current Protection
*Thermal Shutdown and Under-Voltage Lockout Protection
*Over-Temperature Output Flag
*Thermally-Enhanced QFN &TSSOP Packages

Applications

*Bipolar Stepper Motors
*DC Brush Motors
*Thermal Printers

*POS Terminals
Cameras

o |

VIN

_[| Charge o2
T_| Pump =—0.1uF
| I
¥
H
= the
= Driver
%
2 >
% | Current
o Sense [*
Voo Control
J__ Logic
- 10ksz%
Fault
lt—|
Fault «— — Report
Gate
Driver
nSLEEP
OFF |ON —»[
Current
l—|
Sense
1 ono
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MP6500A 251 3 X 3 3~ A

FEATURES

*Dual Internal Full Bridge Driver

4.5V - 35V Supply Voltage Range

*2.5A Output Current (MP6500, TSSOP & 5mm x
5mm QFN) (MP6500A TSSOP)

*1.5A Output Current (MP6600 , 4mm x 4mm QFN)
Internal Current Sensing and Regulation

*Indexer supports up to 1/8-step

*Low On Resistance (HS:170mQ;LS:150mQ)
«Automatic Current Decay

*Low Power sleep mode

Applications

*General bipolar stepper motor drives
*Printers

Industrial control

*Automated machinery

*Vending machines

MP6500 cpa
nFAULT CpPB
STEP VCP
DIR
NENBL VIN
MS1 VG
MS2
nSLEEP

AOUT]
AOUT2

ISET
ROSC

BOUT1

BOUT2
GND

T =

Step
Motor

i

cPiT1
ve[T=z]
NC[T=]
nENBLCIZ]
nSLEEP[T5 |
GND[T 6|
AOUT2[T 7]
VINC T8
AOUTL[ T
GND[TIq]
DIRCTI1]
nFAULT T1Z]
ISET[T13]
AGND[T17]

O

[Z8T_1cpP2
[27T1INC
[26T1INC
[Z5T1vecp
[24]_]STEP
[23]_]GND
[22T1BOUT2
[ZITIVIN
[20_]BOUTL
[Tel_1GND
T8 ms1
[A7T1INC
[T6T_Ims2
5T _1ROSC

TSSOP28-EP

o
=4
O

o
zZ
O
R

— o
E E
2 )
<} ¢}
< <

vinfE

_— o ]
2z 5 5
= 0 3 9]
s3] o

Gl nSLEEP

GND i

QFN4X4-24 (MP6600)

QFN5X5-24 (MP6500)
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Brushless motor is a motor with permanent-magnet rotor and a wound stator

EF

(rotor) tator)

o

Permanent magnet rotor
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Hall elements
Winding
(stator)




KEEERTRIE - 554
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staltor
.Y ';______ﬂ windings
' \ moving coil
J ) -
magnets magnetic way

<

linear motor
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“burshless motor




KEERITRIEH: BLDC VS. PMSM

BLDC : FZoRIELAREEH ( Brushless Direct Current)

PMSM : sk# RSB ( Permanent-Magnet Synchronous Motor )

Both (typically) have permanent-magnet rotor and a wound stator, but BLDC is a PM brushless

motor with trapezoidal back EMF and PMSM is a PM brushless motor with sinusoidal back EMFE.

30° Q0% 150° 210° 270° 330°  30° _ 9nf
0 Ao N, 1807 240, 0% 3= o g

a a
Phase " — e} ————

RS i i O ee

Hall A
Phase B > 0
e

Hall B
e e s a4 e N1 5% IR
B3 aA RN ¢

Back EMF of BLDC Motor

1.50

1.00 -

0.50 -

0.00

-0.30 1

-1.00 1

-1.30

A

.'"——\.—ﬂ"ﬂ-f

-

Ea

24 47 70 93 116 139 162 18

"

€b Ec

eof

Back EMF of PMSM
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KEERITRIEH: BLDC VS. PMSM

“ Magnet shape
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Motor driver

I'e @ g

APosition sensor

BLDC VS.PMSM

Fly SMP5 or DC/DC or LDO

[ Auxiliary Power

4 ™
Processor
ML
Lsp
FPGA
ASIC

I T

Isolation
device

f
|
k

Gate
H driver q

—

Current
sensar

— ——

p

£

Position sensor
Ciptical encoder
Resalver
Hall sensor
SmCos encoder
Absolute encoder
Magnet encoder

Power
DC or AC

l

Power stage
Mot
1GHT
Povwer module

v




KEERTREBEN&IR: BLDC VS. PMSM

+» 3 Hall sensor

Rotor A

0° 60° 120° 180° 240° 300° 360°

Hall effect IC

Stator Magnetic field angle (deg)

* Incremental encoder or absolute encoder

b 22
£YY v _
— Aro Bit 1
" ﬁ%ﬁ%ﬁﬁﬁ & P ‘ Ly . Bit2
by
I o Bitn

S 4 B A — MRREAS
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K ERTRIEBHIES: BLDC VS. PMSM

» BLDC
HLIRURL I <
u imEET, itk =iing & AR
1 uw) AN U Uil
2 | (v AL VLR 45 0] R s RS > PWMEH] > 45 s BLDCM
3 U\ PR e o
d Wi-{u] AN Utn
v w 5 [V]olu] AT e ST for B A
6 _V‘—> A -
" ?VDC?
% PMSM o -~ e | QiU | U, u,
X PIEZ# .| Pl PARK Svam$ iz d> Vs
, D | u, LR, | B Bk
P14 il
A + ‘
A .
L I, R
PARK | . CLARK | |
| g |
v W
4
1 LA TR
e e SPMSM
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BLDC solution

Square drive
with Hall

General speed
control

Sine drive
with Hall

Speed control
(quiet)

SVPWM/FOC

Speed control
Position control

A

3-Phase Power Stage

Hall logic

3- 22V, 2A (DC)

QFN-24(3x4)

3-Phase BLDC Fan
Driver with Hall effect
sensor; 35V, 4A Peak;
FCQFN26 3x4

BLDC FOC Controller
with Angular Sensor
QFN-32 (4x4)

3-Phase Power Stage
3- 22V, 2A (DC)
QFN-24(3x4)

MCU(sine wave)

3-Phase Power Stage
3- 22V, 2A (DC)
QFN-24(3x4)

BLDC FOC Controller
with Angular Sensor
QFN-32 (4x4)

A
3-Phase Power Stage,
5.5 -50V, 5A,
QFN-26 (5x5)

3-Phase Pre-Driver
Hall logic5 - 60V
QFN-28 (4x4)
TSSOP-28 EP

BLDC FOC Controller
with Angular Sensor

Controller of QFN-32 (4x4)

MP6570

3-Phase Pre-Driver
5-60V
QFN-28 (4x4)
TSSOP-28 EP

Controller of
MP6570

3-Phase Pre-Drivers
Hall logic
8 - 100V

QFN-28 (4x5)
TSSOP-28 EP

BLDC FOC Controller
with Angular Sensor
QFN-32 (4x4)

/
3-Phase Pre-Drivers
Current Sense Amp

8 - 100V
QFN-28 (4x5)
TSSOP-28 EP

Controller of
MP6570

12V/20W max

24V/75W max

36V/400W max

48V/750W max




MP6570 —{&{LEBHLER ST R

* 3.3V Typical Vcc « 3-phase BLDC motor
» 13-14bit Resolution Angle Sensor  3-phase PMSM motor

« FOC Control
» Position/Speed/Torque Mode
» |12C/SPI/RS485 Interface

PWM/CLKﬂE PWMA/B/C

« PWM/Clock Input Mode o
» 10-bit ADC w/ Programmable Gain DIR/SDWD}E
i . BRAKE/CS1/REN]
» 1kHz to 80kHz Switching Frequency
« Selectable Internal/External Oscillator SCLISCLKI/RX
SDA/SDO1/TX I2C/SPI Register
- Support External Sensor Input ey e Data | SCLK2/A
Read
« 16 Programmable Slaver Address TEST oo e R
. Memory BG&Bias|
* Non-Volatile Memory FGIHOME . e reveyrys
Output| |OTP&
« Standby Mode NFT—=, | Port [ |UVLO
+ Coasting/Fast/Close-Loop Brake Mode GND  XTALL T ™ Wb sy dov

 Input-Bus Voltage & Current Protection
* OCP/Lock/Power Stage Fault Protection




MP6570 —{k L EBHLER BT R
Easy to Design

Easy to Design

- w
All WOTIT
3 a
In One gm_35595
AR TR
somsmout EEEEEEEL]
0. x D o (2| PWMBIGCH
scuseLy b @ ewmerceL
DIR/SDI1/DE [T H H (ZZ| ADDR
BRAKE/GS1/REN [1) H Fr— | 1sa
N [ H @] 158
PWMICLK [ aw] 1sc
VDCCON [T Fommmmmmmnmssneeeeesd @] ioc »
SCLK2/A [B) ARAEAAAE 7| voc U1(001) VI Us(101)
Encod
LR Code ncoaer

Small package
&

Friendly GUI
-

Easy of use




MP6570 —{A{LEBBHLER T R

Pre-driver + mos solution Power Stage

GH A/B/C -IEl} —|El} —|El} -
EN A/B/C MP653x >

Pre-Driver
MP6570| oyum aser 3ph HB

pre-Driver c 5

oL ABIC _|E} 'E} "E}

¥ ¥y

MP654X full integrated solution ———
B R EE | )/:E\

\J

MP6570




MPQ6541/MPQ6541A/MP6540/MP6540H/MP6542: 335 Th 2 &

FEATURES

Three integrated half-bridge drivers

* MP6540: 5.5V to 35V, 3A Continuous Current
* MP6540H:5.5V to 50V, 5A Continuous
Current

* MPQ6541/MPQ6541A:4.75V to 45V, 8A

Continuous Current ;13mQ /FET Rds (on);
o MPQ6541 PWM & ENBL inputs
o MPQ6541A: HS & LS inputs

* MP6542:4.5 to 35V, 11A Continuous Current
10mQ /FET Rds(on)

* EN/PWM Logic Inputs (MP654x)

* HS/LS Logic Inputs (MP654xA)

* Internal Charge Pump Supports 100% Duty
Operation

* UVLO and Thermal Shutdown Protection

* Over current Protection

* Integrated Bi-directional Current Sense Amp

* Available in 5x5 or 6x6mm FCQFN packages

Applications

*3-Phase Brushless DC Motors and
Permanent Magnet Synchronous Motors

Microcontroller

nSLEEP

ENA/LSA
ENB/LSB
ENC/LSC

PWMA/HSA
PWMB/HSB
PWMC/HSC

MP654x /
Aot MPB54XA

SOA

SOB

SOC

MP6540 MP6540H MP6541 MP6542

AGND

CPA

CPB

VCP

VIN

VG

SA .}

SB L

SC 3
LSS




MP6543H:22V 2A =ETh2R{Eh

VIN

nSLEEP ver

FEATURES

» 3V to 22V Operating Supply Voltage

* Three integrated half-bridge drivers

« 2A Continuous Output Current

* MOSFET On-Resistance: 110mQ per FET
* MP6543H: PWM & ENBL inputs

* MP6543H-A: HS & LS inputs

« MP6543H-B: Hall Signal Interface
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* Built-In 3.3-V, 100-mA LDO Regulator = 4
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MP6570+ MP6536 + MP2013A
» Support power up to 24W, 5V-12V, Peak current 5A Mi
o Cro motor
Interface digital 10 or 12C, SPI

l Upgrade solution
MP6570+ + MP2013A

MP6570+ MP6540H + MP2013A

» Support power up to 50W, 5V-18V, Peak current 10A
Interface digital 10 or 12C, SPI

‘ More power solution

MP6570+ + MP2013A

MP6570+ + MP2013A/MPM3510

» Support power up to 80W, 24V, Peak current 12A
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MP6570+ MP6530/MP6531A/MP6537/MP6539 + Mos + MP2013A

« Support power up to 200W, 24V, Peak current based on mos
Interface digital 10 or RS485 + RS485 receiver

* MCU with CAN + CAN R/T or simple MCU with RS485 +RS485 receiver

MP6570+ 3x MP1921+ MP4420H + MP2013A

» Support power up to 200W, 24V, Peak current based on mos
Interface digital 10 or RS485 + RS485 receiver

* MCU with CAN + CAN R/T or simple MCU with RS485 +RS485 receiver
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Family of integrated angle sensors based on

Spinaxis® technology
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3-dim sensor

a
MA302 MA310 MA330 MAQ430
12-bit resolution 12-bit resolution 14-bit resolution 12-hit, SPI
ABZ 1...256 ppr ABZ, UVW ABZ, UVW UVW 1..8PP, PWM
UVW 1...8 PP weak B-field improved INL AECQ G1
MA731 MA781
MA730 MA732 MA780 MAY..
14-bit resolution 14-bit resolution 8..14bit resol, SPI 14-bit resolution
SPI, ABZ 1...1024 SPI, ABZ 1...1024 auto-wake/sleep SPI, ABZ 1...1024
low BW configurable BW low-power stray-field immune
rotary
encoders MA702 MA704 MA710 MAQ470 MA760
12-bit, SPI 10-bit resolution 12-bit resolution 12-bit, SPI 14-bit resolution
ABZ 1...256ppr ABZ 1...64ppr ABZ 1..256ppr ABZ 1..256ppr SPI, ABZ 1...1024
fast & versatile high BW weak B-field AECQ G1 low-INL
MAS800 MA820 MA850 MAQ480
tu rning 8-bit resolution 8-bit resolution 8-bit resolution 8-hit resolution
knobs serial-out SPI/SSI PWM out ABZ 1..64ppr SPI, ABZ, push-b.
push-button push-button push-button AECQ G1

\ 4




MPS #idmi= mikBis=

Application Part Distinct features
Replacement of 3 Hall switches for MA102 UVW output
BLDC commutation
Human/machine interface. MAS8O00 SPI output
Speed < 200 rpm MA820  ABZ output
MAS850 PWM output (to make an analog output)
All purpose encoder MA704 10 bit High bandwidth (3 kHz)
- suitable for closed loop control
MA702 12 bit Medium Bandwidth (390 Hz)
- suitable for slow closed loop control
MAT710 12 bit at low field, Low bandwidth (90 Hz)
MAT730 14 bit Low bandwidth (20 Hz)
MA732 10-14 bit selectable, 1024 PPT , low INL
All purpose encoder for BLDC (UVW MA302 Same as 702 but with UVW
output)
MA310 Same as 710 but with UVW
MA330 Same as MA732 with UVW
Low power MA780 Options for cycling the power
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