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Motor Control Architectures & Approaches
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General Motor Control Signal Chain

Various Line current feedback options
Isolated/non isolated sensors

Ve Inverter
5] i @
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1 K sensor
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Digital signal isolators
and isolated gate drivers
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Isolated and non isolated
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Isolation is the key challenge L1 Digy 1
Power ground is LIVE M_; D2 | N N
Need to isolate users T D3 U

i ? n —L 3 v [ AC
Where to isolate” o g Py

; D4 —T w Motor
AN H LI | H
. D5
Low end drives may connect | i ? TS A
CONTROL to power ground and L Dog— i
isolate at the comms layer using Power-mund
cheap optos — can tolerate ]
slower comms.
‘ CONTROL ‘ 0-Vpe

High performance drives will COM
isolate the control board USER [<—> |

because of the fast comms. 77

Higher power systems need to
isolate the control board because | Vi,
of power board switching noise.

SAFETY

Many implications EARTH
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Isolation Challenges in Industrial Motor
Control Applications

+ Very high CMMR required
e Common mode voltages of 600V or more switching at > 20kHz with > 25V/ns rise
times
e Current feedback signals to be recovered

+ Sensor choice plays a key role
+ Shunt sensors, need to recover small signals in noisy environment, < 50mV at 12 bit resolution.

+ Isolated sigma delta modulator output is a 3.3V single bit stream > 10MHz
+ Analog signal isolated is an even bigger challenge

e Communications signals need high speed and fidelity

+ Theisolated current feedback and gate drive nodes are connected to

inverter outputs and require very high robustness

e Inverter voltages have a very high dVv/dt
+ 25V/ns for IGBT inverters
+ rising to 100V/ns for newer power switches

e Surge and transient voltages injected on motor cables connected directly to output
node

e Corruption of the gate drive signal has the potential to destroy the power inverter.
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Architecture Considerations

+Why to isolate?
e Safety need vs. Electrical functional vs. data integrity.

+Where to isolate?
e Low-end vs. high end - performance
e Single or Dual Processor

¢ Number of isolation layers?
e Insulation Grade
e Adherence to standards
e Nature of isolation at each layer

+ Most Prevalent isolation nodes: Gate Drive, Phase Current
and Bus Voltage
e Impact of Voltage and Current Sensor Choice
+ Power Rating
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Safety and Functional Isolation

+ Functional isolation protects electronic
control circuits from damaging voltages | Power_HV High Voltage

e Isolate high voltage output from control AC HS @ @ y Quiput
circuits connected to Power_GND. linezz . ¥
. . ate
+ Safety isolation protects the user from _ .
dangerous voltages. Drive @ @ @
e Protects user and electronic circuits. LS ||, 1 v,
e International standards apply. Power GND | Power Ground
e Typically require double insulation barrier. @E CUS voltage (Winding
+ Single device with two insulating layers & current currents
+ OR two single insulating layer devices in path to EARTH
Control MOTOR
CONTROL
User & System &
L e Communications
1

Safety Earth
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Safety and Functional Isolation

Functional isolation protects electronic
control circuits from damaging voltages | Power_HV High Voltage

Isolate high voltage output from control AC iz @ @ v Quiput
circuits connected to Power_GND. h%:j 5 ¥

. . Gate
Safety isolation protects the user from _ .
dangerous voltages. Drive @ @ @
Protects user and electronic circuits. LS|, 1 by w
International standards apply. Power GND L Power Ground
Typically require double insulation barrier. SAFETY SAFETY
Single device with two insulating layers

OR two single insulating layer devices in path to EARTH | |
Isolation options

Isolate Power circuits from the Control and Gontrol MOTOR
user I/O circuits. CONTROL
Common in high end or in ‘noisy’ high power systems
Required when there is high BW communications i 1
between control and communications process
e Corﬁrﬁltﬁgaﬁons
interface
€1

Safety Earth
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Safety and Functional Isolation

Functional isolation protects electronic
control circuits from damaging voltages

Isolate high voltage output from control
circuits connected to Power_GND.

Power_HV

—

High Voltage
U Qutput

. . Gate
Safety isolation protects the user from _ .
dangerous voltages. Drive @ @ @
Protects user and electronic circuits. LS| e by, w
International standards apply. Power GND | Power Ground
Typically require double insulation barrier. d dDPWM CUS voltage FUNCTIONAL
Single device with two insulating layers & current
OR two single insulating layer devices in path to EARTH v
Isolation options Control
: : ontro
Isolate Power circuits from the Control and MOTOR
user I/O circuits. CONTROL
Common in high end or in ‘noisy’ high power systems
Required when there is high BW communications I SAFETY
between control and communications process
Isolate Power and Control circuits from user Usor & System &
I/O circuits interface Communications
Co(;nmon in systems that are both low power and low T
en —
Simplifies signal isolation when there is limited Safety Earth
communications between control and user
ANALOG
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Safety and Functional Isolation

Functional isolation protects electronic
control circuits from damaging voltages

Isolate high voltage output from control
circuits connected to Power_GND.

Safety isolation protects the user from
dangerous voltages.

Protects user and electronic circuits.
International standards apply.

Typically require double insulation barrier.

Single device with two insulating layers
OR two single insulating layer devices in path to EARTH

Isolation options

Isolate Power circuits from the Control and
user I/O circuits.
Common in high end or in ‘noisy’ high power systems
Required when there is high BW communications
between control and communications process
Isolate Power and Control circuits from user
I/O circuits

Common in systems that are both low power and low
end

Simplifies signal isolation when there is limited
communications between control and user

Power_HV

!

High Voltage
U Qutput

Safety isolation layer may shift to comms layer in mid performance systems

Faster digital isolators, isolated transceivers

Allows shrinking of power board, less creepage/clearance, smaller packages.

11

Gate
Drive @ 7 - )
N S
LS {1, ];1} Q sl
=
Power GND «© Power Ground
v CPWM C;sc:‘::,zge ) FUNCTIONAL
AV
Control MOTOR
CONTROL
1 SAFETY
Jser & Corﬁrﬁltﬁgaﬁons
interface
—+
Safety Earth
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ADI iCoupler Digital Isolator Solutions

+ Isolation Technology
e Supports Multiple Drives (220V/400V/690V)

Inverter

e Robust and Safe (Functional/Basic/Reinforced) Ve
e Long life > 105°C, 125°C f —
+ Isolated Gate Drivers - @ ﬁ%@ e
e Robust and matched timing Islollated O —
e MOSFET/IGBT, Full and Half Bridge Drivers Gate Drive @ @ v bw
+ Isolated A Modulators and Isolated| Lo~ ki i i
AmpS | | Bae T
e 16-bit Isolated Sigma Delta — ' Isolated
o Isolated Error Amplifier Critical for feedback
+ Standard Data Isolators closed loop
e 1-6 Channels MC PWM |<— C“’;?:t‘r’(';l <—. -
e High Data rates (>150 Mbps)
e Compact and cost effective ol VF e ? _ ?
+ Isolated Communications Data isolation
e Supports multiple standards v v
+ 12C, SPI, RS232, RS485, CAN, USB System &
. iSOPOWGI’® Communications ’— TXRx
e Isolated DC/DC Converter
e Compact and integrated Isolated communication interfaces IisoPower
e Up to 500mW isolated power
12 www.analog.com/motorcontrol ANALOG
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Power Grounding a

Motor control processor ground
connected to Power GND.

- Low end drives with simple user

interface

‘Functionally isolated current sensing

may be used.

/ Inverter
. 540V Vg
[WF% 1
1 S b 5
AC LS | >
38ov —|PH| —|— 3
i (XY e
0
_l_ n sensor
& NNANY/
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LIVE CIRCUIT

PW
v
COM Serial
port

Control 4_.;

=

isolated
current
feedback

b

i

SAFETY ISOLATION

+ Drive Command

Command
input

System &
Communications

GROUND_ED CIRCUIT

Motor control processor ground
connected to Safety Earth.

- High end drives with complex
user/communication interface

-Safety isolated current sensing MUST

AC

be used.
4 LIVE CIRCUIT FeHer
) 540V g
_ ‘[ww-wv% ?
AC L |{>“ Q?) @ @
3gov Pt ’_D '
L |

¢I}—

Command
input

ot

GROUNDED CIRCUIT

y v
.. Motor  /sensor
v W
C

isolated
v current
w Motor 2¢ feedback
Control <_.
L
- Serial
port
4
\ Drive Command
System &
Communications
= /
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Isolated and non isolated current feedback

Line current feedback options:

Isolated sensor + amp + SAR ADC
Isolated sensor + (£A) Mod + SINC3
Line shunt + isolation amp + SAR ADC
il SRR Line shunt + isolating ADC + SINC3 (ZA)

Non isolated @ @ @
Leg OR dc link

shunt + amp + ADC

Non isolated
modulator for
isolated sensor
— + XA ADC.
olor
U Control
. f
SINC3 filter for \ Syn‘;\FE 4_| A
Isolated or non-isolated| ™ Timer
YA modulators
Trip
ANALOG
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Isolated and non isolated current feedback

Line current feedback options:

Isolated Izirl‘:t‘;zzznmspo:fgi)'“ﬁgd s aiNes + Shunt current measurement is the
Line shunt + isolation amp + SAR ADC p.refe”ed approach to measuring high
Line shunt + isolating (XA) Mod + SINC3 side cur.rent n thg DC/AC power
Vae L - conversion stage in motor drives.
@ @ \/ e Shunt Resistor
N N + Linear, wide BW, no offset, AC/DC.

+ Cost of PCB insertion lower.

+ No saturation/hysteresis issues.

+ Power loss at high currents and no isolation
e Current transformer

+ Isolating

+ AC only with poor linearity at low current
e Hall Effect current sensor

+ Isolating, DC operation and less expensive than
CT

+ Non linearity and offset drift

T
luy by lw

frat
4

AD7403

+ Eg. AD7403 Isolated XA Modulator

e High performance £-A modulator improves
the performance of motor drives by
reducing torque ripple on the motor shaft

e The AD7403 enables shunt resistance
reduction

e Increased isolation working voltage
(1250 Veq) - higher DC-bus voltage.
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/ill’,,/,ﬁ,[f b g X Fiferg

Control Connected to Power Ground
Non-isolated current feedback

iU!iv!iw u
vl AC
Non isolated Power_HV w\ Motor
Leg OR dc link
m ¢ o

shunt + amp + ADC

Motor
Control
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Control Connected to Power Ground
Functionally Isolated current feedback

| Higher power’ and Low to mid-end | Most likely Line current foedback options:

Isolated sensor + amp + SAR ADC
Vae Line shunt + isolation amp + SAR ADC

XY
Power_HV Ef/ AC
ﬁ'"T w\\ Motor
5 @ -
High CM Diff amp

OR
Isolated amp + ADC.

A i

v Power_Gnd

ADC more
likely
to be embedded.
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Control Connected to Safety Earth
Safety Isolated current feedback

Line current feedback options:
‘Hiaher’ end ‘ Isolated sensor + amp + SAR ADC
I g Isolated sensor + (ZA) Mod + SINC3

Ve , ‘High’ Line shunt + isolation amp + SAR ADC
@ @ power Line shunt + isolating ADC + SINC3 (ZA)
N N L
\J,m Tushvalw
Power_HV It
NI
Safety Isolatio'-- - Shunts only
’ ’ usable
in lower power
Power_Gnd
Safety Isolation
Control
Motor
Control
1 Isolated amp + ADC.
’ Lower performance
Earth z
Grounded | SINC3
I
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Power Grounding and Gate Drive circuits

Controller connected to power GND Controller connected to EARTH

Level shifting (LS) gate driver Safety isolated gate drivers
circuits can be used MUST be used

LIVE CIRCUIT Inverter \

/ HVIC GD Inverter \ /
D N @ @ @ U Isolated GD @ @ @
] | | 5 5 — { {
——I 13 = *—| VvV/ AC @
—1»+ r'——-- 4D®[> ‘ Motor |/
= |20 © @ _ g 1000
= LIVE 3
A—= OC detection ST (':— -
TAANY ' =T
* ‘ Y
e Motor <_. /| OC detecion QO |
~ [ serial | _[| Control
port [ PWM | Motor ‘_
Control
I GROUNDED
L] GROUNDED "5; — COMCIRCUIT
System & Serial ystem
Communications C_(ilM_ CIRCUIT \Por’f ™ Communications __:L /
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Influencing Factors on Architecture / System Build
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Key Factors to consider

¢ Understanding the Isolation Demand at Gate driver/ current
sense node

e Review key isolation terminology
e I[solated Current Sensing with iCoupler Technology

+ Rated Motor Voltages -> Bus Voltages -> Continuous Working
Voltage

¢ Industry Standards
e Standards Bodies and Agencies
e System level and Component level Standards

e iICoupler product usage as related to standards and component
choice.

e I[EC60747-17: version of IEC60747-5-5 for non opto isolators

21 www.analog.com/motorcontrol QEQLCOEGS
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Isolation Terminology
Voltage/ Time Related Breakdown Ratings

+ Working Voltage Withstand Voltage Measurement

Continuous operation, AC or DC

Specified RMS or PK.

ADI iCoupler technology offers up to 1250Vpk.
Voltage at which insulation lifetime is specified

¢ Insulation Lifetime

o Specifies how long insulation will function at the
working voltage

o Measure of long-term reliability

+ Withstand Voltage

1 Pulse / Second

e Ability to withstand up to 60secs of V q, high i
voltage.
e Differentiating Data Sheet Spec Viosm F--n---
¢ 1 KkVius: 2.5 kVgys, and 5kVgys. 90% [------
o 100% tested in production
» Standard test of insulation integrity S0% | .
o Alternatively specified as peak
+ Surge 10% p----;
e Short-term high-voltage pulse 1-2uS;

50uS

+ Simulating Lightning Strike ( non-repetitive transients)

22 www.analog.com/motorcontrol
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Motor control processor ground Motor control processor ground
connected to DC bus common connected to Earth

- S0V v Ve h 4 LIVE CIRCUIT

1
-

Inverter

540V Vg
Iww-wv%

AC
3gov —] P+

L-L

)|
J1

Vv AC

i, W Motor  /sensor

Liwe
LS
LS
LS &
L) i
_L—-—w.— igc I
Basic ;. ﬁ
isolated
Motor . current
il Control “
Avd
Serial GROUNDED CIRCUIT i
COM L- isolated

sensor

feedback
current
PWM Motor

LIVE CIRCUIT feedback

Control

ISOLATION

com =
Drive Command . Serial
Command System & pott
input Communications 1 Drive Command
= ‘
= Command VE System &
GROUNDED CIRCUIT input Communications

5 y
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Working Voltage at Current

T 606
—f H—o

+ Inverter outputs switch between

+Vpe and DC bus common

+ Shunt voltage signal has
common mode voltage:

Safety Earth D5
Vey=0-=Vdec w.r.t earth @ prMaety ° :H—" ? ’ ’
—

Viorm
Power gnd =

Control COM

N N
3 N N
=
L3 D3
o ” — 3
D4 < T

Power ground é
VIORM
Power gnd # Control COM

(Voch3) CONTROL

COM

220V 1-ph 310V 310V +310V /-310V +310V /-310V
(Vin'V2)
380V,  3-ph(V, *2) 540V 540V +310V /-310V +540V /-540V
400V,  3-ph(V, *V2) 565V 565V +326V /-326V +565V /-565V
690 3-ph(V, *2) 975V 975V +563V /-563V +975V /-975V
Theoretical Supply Margins Distributed System
Back EMF PFC
Switching transients Transformer
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Using iCoupler® Technology
In Motor Drive Systems
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The Motor Drive Standard and Components

158 61800-5-1

1 Scope

The scope of this part of IEC 61800 does not include devices used as component parts of a
PDS if they comply with the safety requirements of a relevant product standard for the same
environment. For example, motors used in PDS shall comply with the relevant parts of

IEC 60034.
4.3.6.8 Solid insulation

4.3.6.8.1 General
Materials selected for solid insulation shall be able to withstand the stresses occurring. These
include mechanical, electrical, thermal and climatic stresses which are to be expected in
normal use. Insulation materials shall also be resistant to ageing during the expected lifetime of

the PDS.
Components that comply with a relevant product standard which provides equivalent

requirements to those of this standard do not require separate evaluation. Assemblies
containing such components shall be tested according to the requirements of this standard.

¢ This standard does not address the assessment of components
+ Product standards with equivalent requirements can be used

26 www.analog.com/motorcontrol QE\%LCOEE
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Insulation System Design Goal

1) Make a safe insulation system
a)  Know the stresses across each barrier
by Dimension the creepage and clearance

c) Verify insulation or component is suited to the task over
lifetime

2y Optimize the system for performance and cost
a) Architect the system to minimize the stress on each barrier
hy Apply overvoltage class reduction where appropriate
¢)  Minimize the highest stress interfaces I

27 www.analog.com/motorcontrol QEGLc%Gs
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Determining Insulation Requirements

+ DVC - Decisive Voltage Classification
e Used to determine the level of protection between circuits

+ OVC - Over Voltage Category
e Determines the expected overvoltage due to the installation
o Rated for highest Pulse, Overvoltage, or Repetitive peak

OVC IV GZ}

DVC | ACrms ACpeak DCmean ocp

A 25 354 60 oven (0 F=

B 50 71 120 OCP  Plug

C 1000 4500 1500 OVvC i GZ} ] [

D >1000 >4500 >1500 OCP  Plug
over ([ ==||[H
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Using Demswe Voltage Category

Insulation Of Adjasent Circuit of DVC:
DVC Of Circuit
Under
Consideration A B C D
A f b b/p p
B b/p p
C b p
D p

f = Functional Insulation
b = Basic insulation
p = Protective ( Reinforced) insulation

+ Adjacent circuits protection levels are specified
¢ Insulation to an earthed conductive enclosure is always Basic

¢ Insulation to accessible conductive parts is always Protective
(Reinforced)

29 www.analog.com/motorcontrol ﬁE‘ﬁ@%




Grounding Schemes

Solid Grounded

Corner | v+ e I "
Grounded Delta 1L L L
i A
|
|

Ve _ % Vi ||
D Va 1 i \'\-\.)l 1
2 ™ J .’ ™
A AA A A A

] 100 200 300 400 —V

¢ The grounding connection for the service has no impact on
the Bus Voltage

+ Bus voltage is ~ V2 * Peak Phase-Phase V,, voltage

30 www.anhalog.com/motorcontrol ﬁgﬁl'c%%
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Effect of System Grounding

Corner Grounded Delta

Ve
>
\IE.
. \ 7
\
b/ .
0.5 100\ 200 300 / 100 —V-
. \ /
\ /
SN

1.5

0.5

-0.5

100 \

400

-1.5

—vs

¢+ The voltage with
respect to ground is
significantly different

+ Diagrams
1)  Transformer
Connection

2y  Rectifier V+/V-
output WRT ground

3) Inverter Switching
signal

+ P-P voltage for

Corner grounded

Delta is V3 times

larger than the solid

31
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Functional/Reinforced Architecture

l L . oVl ., Gate Driver and ADC
‘\'i' e ‘-'l‘ B i
0 | Gate J(a} | Gawe ﬁ} | cae E} asle 1.5 -
Ve __!__ Drive ! -l-_ Drive -_1- Drive & DVC C .
¥ I |
-+ Gate "—= Gate | Gate 1
K‘.x |;::Dn\mT ‘N} |;_:D,“' LN} |_J;Dnmg'lu
v i Controller to comms
ovcm  --» c [ | D
Basic
¢ Relnforpe I s
Insulation - 3
—-. o oven P Functional -
« Basic -[DVC A- Communlcatlonsw Ry .
’ " Phasennj:l]egrees " .

¢ The controller and DC bus share a reference

+ The gate driver and sensors see only the DC bus voltage as the inverter
switches

+ The Controller/Communications interface sees only the Safety Ground to V-
voltage
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Basic/Basic Architecture

l L < ovem _, Gate Driver and ADC
wr e e Basic
— e [TCF el F e
‘ il 47617 40e T bvee :
'Ve|— ,_,--._\ —J {@ 0.5
‘ ?5' o) ° 400 ::*
1 L Gate v Y Gata A Gate 1 05
| A A A |;_:Dmg Y '_u“} |_Jv_:D"R ._ ""'—* |_JT;[}n"es 0.
= oo R
o3 v \\ Functionar
om c Insulation
“--  Qvchn ——> |
Basic
- ovchn o _ . : Basic
< Bacic w[DVC A- Communlcatlonsl Insulation

¢+ The controller and DC bus no longer share a reference

+ The gate driver and sensors see the DC bus voltage as the inverter
switches superimposed on the Ground to V- Voltage

+ The Controller/Communications interface sees almost no voltage, the
isolation is for fault protection only
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Reinforced Architecture

] ove Gate Driver and ADC
e 1w T - Basic > and controller
_—DG{.IQ ?) {K‘} __‘gi:‘za {VN’} __gi“ IE'} 15 CATTUA UUVUTILUr viintrT ol
47, q7018, 14767 pvece :
L /ﬁ\
_J o —_—V
I 2. {.—* Cy _{} o A = ittt = —
A A an% |;7_:Df“ |_J;Drius' .
v \\ Functional
c Insulation
- |
ove i
N Basic - I
Reinforced
Insulation

¢+ The controller and DC bus no longer share a reference

+ The gate driver and sensors see the DC bus voltage as the inverter
switches superimposed on the Ground to V- Voltage

+ This high voltage interface is now reinforced requiring higher surge ratings
for components and longer creepage and clearance

34 www.analog.com/motorcontrol




Creepage

+ Modifiers
e Material Group
e Pollution Degree
e Material type

+ Components can use PCB spacing up to

+ Creepage is based on the RMS working voltage

+ Pollution degree 2.

e Normally only nonconductive
pollution occurs. Occasionally a
temporary conductivity caused
by condensation must be
expected

1250Vrms
Comparative Tracking
Table 10 — Creepage dis es (mm) Index (CTl) for package
Column 1 2 ‘ 3 4 ‘ 5 J/(‘ 7 ‘ 3/9 ‘ 10 ‘ 11 ‘ 12 Material
Working PWBs 3 / Oth%ulators
voltage - - Material Group | Voltage Range
(r.m.s.) Pollution degree Mmon degree | CTIS600
1 1 2 3
Il 600>CTI>400
Insulating material group Insulatingtaaterrrgrolup la 4005CTI>175
(V) b b 1 TR R [ b I I lla | b
Ib 175>CTI>100
200
250 1,25 1,8 2,5
320 1050 (04133)
10.10 (0.3976)
NOTE Interpolation is permitted.

A These columns also apply tof d
components and parts on PWBs, and to

other creepage distances with a

b All material groups

€ All material groups except Illb

Values for creepage distances are not determined for this range.

Insulating materials of group IlIb are not normally recommended for
pollution degree 3 above 630V.

above 1 250 V use the values from columns 4 to 11, as appropriate.

35
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Determining Clearance

Table 7 — Insulation voltage for low voltage circuits

Column 1 2 ‘ 3 ‘ 4 ‘ 5 6
System voltage Impulse voltage Temporary overvoltage '
(4.3.6.2.1) (V) (crest value / rrm.s.) 2 POIIUtlon degree 2
v) Overvoltage category (V) Normally OnIy nonconductive
. - - v pollution occurs. Occasionally a
o0 temporary conductivity caused
— by condensation must be
100 expected
150
300 z:JUL} % 4 000 6 000 21201/ 1 500
600 6 000 \ 2550 /1 800
1 000 \ Table 9 — Clearance distances
Column 1 2 3 4 | 5 | 6
. Impulse voltage Temporary overvoltage Working voltage Minimum clearance
Clearance reqUIrementS are ﬂ )(Table 7. Table 8, (erest value) (recurring peak) mm
® 4.3.6.3) for determining insulation for determining insulation
Set by th e peak Vo Itag es - 6‘ between scL::Lzl;;;dings and between scui:;:tintr;dings and Pollution degree
seen at an interface or
Working voltage
i k
Set by worst case of for datermining funetional
insulation
Impulse, Temporary _ \ v Eunctional™ BENE
Overvoltage or peak working \\ 960 = 0,50
. . 4000 oo > 3,0
Reinforced clearance is one 6 000 > 55
column higher, or 1.6x the 8000 8.0
t - t It NOTE 1 Interpolation is permitted.
ran S I en Vo ag es NOTE 2 Examples of clearance distances are given in Annex C.
NOTE 3 Clearances for temporary overvoltage and working voltage have been derived from Table A1 of
IEC 60664-1. In column 2, the voltage is approximately 80 % of the withstand voltage; in column 3, the
voltage is approximately 50 % of the withstand voltage.
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Functional Creepage

Creepage
Around the
Package
>7.6mm N\ = =
O L o = =
e o, 3 ea.
sl B 0.86mm Arbitrary
T, Creepage Creepage
— -
Oﬂ. ool D
' ' —T
= 01|:|:|

In half bridge gate drivers, a single pin spacing is adequate for 225V

Many standards do not require creepage rules for functional
Insulation

If more creepage is required, single channel gate drivers can be
used

37
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What makes a part Reinforced

¢+ Determining if a component meets reinforced requirements
e Physical Construction — twice as much
¢ Thickness
+ Material properties
+ Multiple Layers
e Electrical evaluation — much lower probability of failure
+ Accelerated lifetime testing
+ EOL failure rates (Reinforce= Basic?
+ Type Testing

38 www.analog.com/motorcontrol QEﬁLc%Gs




Reinforced Insulation

+ Double insulation is created with independent basic and supplemental
insulation applied to the same interface

e This is not always practical when high precision or high speed signals need to
pass across the isolation barrier

e Analog degradation and digital timing errors accumulate with each barrier crossing
+ Reinforced insulation allows a single insulation system to be classified as
robust as double insulation
e Components may need to meet additional structural requirements
+ Minimum Thickness of solid insulation
+ Multiple layers of film insulation

+ Increased creepage and clearance 10pm P! 4um Au

e Additional type testing during qualification ‘\,\- —
+ Thermal Cycling ] ﬁjﬂj“ e
+ Surge | — —— | 1

e Additional Assembly line tests
+ Partial Discharge
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Polyimide Insulation Meets 10 kVpk
Surge

+ Short-term high-voltage pulse
simulates a lightning strike

¢ Insulation must pass 10 kVpk
minimum surge for Reinforced
Insulation
+ VDE 0884-10 -
1-2uS: 50uS
+ |IEC60747-5-5

Surge Voltage Measurement

1 Pulse / Second

SiO2 surge failure

Material Isolator Result

Epoxy Optocoupler Pass

Polyimide |iCoupler Digital Isolator| Pass

SiO, Other Digital Isolator -

Note 1: High speed >2Mbps
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Lifetime Curves

Probability - Weibull
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Voltage (kVims)

Lifetime curve shapes are established based on materials
The curve is fit to the data
Lifetime is extrapolated back to the working voltage
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Component Standard for Non-Opto Isolators

+ VDE developed a non-Opto

version of the IEC60747-5 standard
+ VDE 0884-10 Ed 1

e Approved 2006

e Added Characterization

e Reinforced Insulation Only

e Unacceptable to IEC
+ VDE 0884-10 Ed2

e Approved July 2014

e Changes based on IEC feedback
¢+ |IEC 60747-17 draft submitted

e July 2014

e 3 Years Approval Cycle
+ DINV VDE V 0884-10 Ed2

e Being translated into German

e Applies to Germany only

e Can be used as IEC equivalent

IEC 60747-5-5
Optocouplers

VDE 0884-10 Ed 1
Non-Opto Isolators

VDE 0884-10 Ed 2
Non-Opto Isolators

DIN V VDE V
IEC 60747-17 0884-10 Ed 2
Non-Opto Isolators
2017 Non-Opto Isolators
2014

ANALOG
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Insulation lifetime

¢ The new standard assumes known construction
¢ Characterization through test

¢ There are two major additions

e Lifetime Characterization at 50/60Hz Sinusoidal
+ Curves generated at two temperatures
+1.2x Margin on working voltage
+1.3x Lifetime Margin @ 1000PPM for Basic
+1.86x Lifetime Margin @ 1PPM for Reinforced
+ The same methodology is applicable for any conditions

e Accelerated Life Test
+ Components are run to 80% of predicted accelerated lifetime
+Isolation is verified at end of life
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Summary

In this seminar we have discussed various Motor control
architectures focusing on the isolation required to implement
them. The options available to meet these challenges has
expanded greatly with the availability of digital isolators for
communications, gate drive and analog to digital sensor
Interfaces.

In support of the digital isolator technologies, we have
looked into the isolation consequences of the various
architectures and how they can be addressed in the
regulatory framework.

Thank you for your attendance.
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Thank You For Watching

View Additional Webcasts at
www.analog.com/webcasts
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