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Intermediary Bus Converters (IBC) e, 99

I L AB
48V RAIL
typ. Vgys = 36 to 60 V 72V max)

10th Power Analysis & Design
DC/DC IBC

Symposium 2021
typ. Voyr=9to 15V

DC/DC IBC
Power

Management “:

typ.
Vour=1to 5V
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Market Driver for High Power Density IBCs  ©"5eee, %9

I LAB

* 5G Systems require up to three times
more power than their 4G/LTE

counterpart

* Majority of power consumption by 64T64R
MIMO array vs. 4T4R of 4G/LTE

* Higher Transmitter and Receiver Bandwidth
requires faster data processing with
more/faster CPUs/FPGAs

°* The cost of a 5G Base Station is ~4x of
4G/LTE

* Increased cost pressure
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* 300W 48V 1/16'" Brick DC/DC Converter Power Module
* EPC9143: Unidirectional Power Module
* EPC9151: Bi-Directional Power Module
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EPC’s 300W 1/16th Brick IBC Converters <" gmaon??

Reference Design Features

Symposium 2021

Q Q L, Phase 1

wuin GND EI'C8531 E~C9143 GND Vout
=2 == Rev2D #GaN® FET ~ 5

* Microchip dsPIC33CK digital signal controller = st >
B TRl TR T‘_"'s.t F_‘l_).{ure m TF {(A’,_.

* EPC2053 eGaN® FETs with 3.2 mQ RDS(on) Eas
* Two-phase synchronous buck topology o) b 4L
e 48Vin->5to 15V out

* 25 A maximum | out

* Power density: 650 to 748 W/in3
* Qutput power: 300 W

Uout
’

High wollsge

L e \ OO
A A A A oA > 4

* Peak efficiency: 94.8 - 96.3 % Tt
e Size: (33x22.9x9) mm ofieliciele EEE
(1.3 x0.9 x 0.35)” EPC2053 ::;Zm i:.';;“f” 2.9mm/

eGaN® FET amps [ : f T-IE : ' i;.m “Tegulator 0.9inch
100 V, 3.2 mQ e =EE B a S l
3.5mm x 2.0 mm iR 1w




EPC9143 Reference Design vs. Off-The-Shelf e I
Silicon MOSET Module

 EPC9143 * Vendor T Module
* V,:10..61V DCW® * V,:9..53VDC
* Vgyp:3.3...15V DC * Vgyp:3.3... 15V DC
* lour 25A max (23 A @ 15V DC) * lour 20 A max 3
@ 800 LFM airflow @ 800 LFM airflow
* Power Density: 748 W/in3 (2 * Power Density: 483 W/in3

(1): 73 V max, not operational
() max. power density @ Vo =15V, 23 A
650 W/in®* @ Vo, 1=12 V, 25 A

(3): data sheet value, but power density limited to
max. 480 W/in3



EPC’s 300W 1/16th Brick IBC Converters oo™

Two modules tailored for different applications

I LAB

* EPC9143 Unidirectional 16" Brick e EPC9151 Bi-Directional 16" Brick
* Discrete half-bridge design * Integrated half-bridge design
* uP1966A gate driver + * EPC2152 ePower™ stage
2x EPC2053 100V eGaN FET .

10

Peak Efficiency > 96% o
Target Applications: Telecom IBC

EiC
|
T

.h?.n-!-ln !-'l

Peak Efficiency > 95%

Target Applications:
Automotive, Aerospace
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EPC’s 300W 1/16th Brick IBC Converters oo™

Two modules tailored for different applications

* EPC9143 Unidirectional 16" Brick e EPC9151 Bi-Directional 16" Brick
* Discrete half-bridge design * Integrated half-bridge design
* uP1966A gate driver + * EPC2152 ePower™ stage
2x EPC2053 100V eGaN FET * Peak Efficiency > 95%
* Peak Efficiency > 96% * Target Applications:
* Target Applications: Telecom IBC Automotive, Aerospace
96 96
94
94
b= e 92
S 90 g
E | —i— Voyr=12V & —@— 400 LFM
88 == Vour=¥ = —@— 1700LFM
Vour=5V
86 | - 88
0 5 10 15 20 25 0 5 10 15 20 25
lout (A) lout (A)
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* High-Speed Multiphase Controller Design
* Type IV Adaptive Voltage Mode Control
* PWM Steering and High-Speed Current Balancing
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Average Current Mode Control o D

Conventional Multiphase Converter Control Scheme

error H Vour
REF C [Z ] l
(Compensator) -
| oltage
| Anti- Voltage Loop Divi dé;r
Windup
input output N
ADC /<
output 7
v REF error_, H.|[Z] Tl pas L] GR(8) our
(Compensator) (Plant 4) J
Current
Current Loop A Sense Amp
input —_—
ADC /<
output 7
W REF error HC [Z] va » PWM —» GP(S) our
(Compensator) (Plant B) !
Current
Current Loop B Sense Amp

input —
ADC )<
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Average Current Mode Control e, 99

Conventional Multiphase Converter Control Scheme

In average current mode control (ACMC), the total achievable bandwidth is limited by the maximum allowed perturbation frequency of
the reference provided to the two, independent inner current loops in relation to their maximum cross-over frequency (here ~10kHz).
Outer voltage loop and inner current loop are executed at the same frequency. The ratio of their respective cross-over frequencies f, is
adjusted to limit the maximum perturbation frequency. As a result, the second resonant pole occurs in a negative gain region, where it

is uncritical.

i 1 1 200
o \JL
S 40 -
W &
2 Y
£ £ for =500 kHz
& ~  [.=35kHz
E: ’ 3 Dpyp > 90°
K o GM<-12dB
O 20 .
— by
v =
@ -40
= maximum achievable

-60 control bandwidth |

~3.5kHz 10k 100k
Frequency (Hz)

— Gain — Phase
14



@Mlcnocmp %%

High Efficiency Multiphase Plant il
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EPC9143 Plant Transfer Function

60 180
50 150
40 120
30 90
20 60

10

Magnitude [dB]
o
Phase [°]

-10 -30

-20 -60

Additional Resonant Frequency at 2x f, 90

In multiphase designs like this interleaved buck converter, -120
both phases are operated 180° out of phase. As a result,

. . . -150
in continuous conduction mode (CCM) a second resonant

frequency evolves, introducing a new pole at twice the -180
single-phase LC resonant frequency. This new pole is 10000 100000
present, independent from the control mode chosen. With Frequency [Hz]

low damping (high Q), this pole is dominantly present. | ;. s

— Trace 2: Gain: Phase (°) Zero
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Why Type IV CO nt rOI in AVIVI C? 6(@)pen Foop TF Averagez Current Mode Control (AQM_C)

Plant Transfer Functions
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o o
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Trace 1: Gain Magnitude (dB)
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10k
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Higher order systems allow
placements of additional poles and
zeros. In digital loops, these can
either be real or complex conjugate
poles and zeros.

One additional pole/zero pair is used
to damp the second resonant bump.

16

100k

Trace 1: Gain Magnitude (dB)
» & AN NOA O ®
o o o o o o o o

©
o

"% — High Frequency Noise Gate
Frequency (Hz)

Multiphase
Resonancc?

—Trace 1 —Trace 2

Open Loop TF Adaptive Voléqe Mode Control (AVMC)

150

\/\ -0

y

Pushing cross-over frequency
beyond 20 kHz results in flat
gain region near 0 dB

o
Tradge 2: Gain Phase (°)

e ~
'
N N
[ o
o o
N

100

1k

— Trace 1

e ook (conditional stability)

Frequency (Hz)

— Trace 2 VIN=36V, VOU...
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Frequency Response Adjustment

EPC9143 Plant Transfer Function
60 180
Second Resonance
compensated by
additional pole/zero pair
adds high frequency %0
phase boost

50 150

40 120

30

20 60

10 30

Magnitude [dB]
o
Phase [°]

10 Second order control 30

0 system allows

adjustment of integrator
gain independent from
cross-over frequency f

-60

-30 -90

-40 -120

-50 -150

-60 -180

100 1000 10000 100000
Frequency [Hz]

— Trace 1: Gain: Magnitude (dB) — Trace 2: Gain: Phase (°) Zero
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Type IV Adaptive Voltage Mode Control

Frequency Response Adjustment

@Mlcnocmp %%

OMICRON
I LAB

Magnitude [dB]

10 Repositioning
20 - froadjusts the
s Integrator gain

-60

100

1000

EPC9143 Plant Transfer Function

Adaptive Gain Control (AGC) [
“freezes” the frequency
response by continuously
adjusting f,, to most recent

operating conditions

90

60

30

0

Repositioning 1, adjusts the
cross-over frequency f, and

phase boost

10000
Frequency [Hz]

Trace 1: Gain: Magnitude (dB)

Trace 2: Gain: Phase (°)

Zero

100000

Phase [°]

-30

-60

-90

-120
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-180
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Type IV Adaptive Voltage Mode Control
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Adjustment Limits

Theoretically there is no limitation of the maximum
cross-over frequency f, other than the physical

[o]
o

eI A

D
o
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Open Loop TF Adaptive Voltage Mode Control (AVMC)

150

‘V’W

N
o

100

limitations given by the switching frequency.
Hence, high control bandwidth can be achieved.

|

w1
o

NP

Trace 1: Gain Magnitude (dB)
o

[<2 T S S}
o O o

However, in this design, if the cross-over frequency _
fy matches the location of the second resonant %

dn o
o

3
o
Trace 2: Gain Phase (°)

h -150

frequency, a conditionally stable region appears. h

Frequency (Hz)

This conditionally stable region results in poor noise
rejection in this flat area region. This noise is picked
up by the ADC, passes the control loop at a gain
close to =1 and gets amplified at the PWM output as
observable jitter.

100k
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Adjustment Limits £
Solution: “ ]

By introducing one additional B . e 150
pole-zero pair, the zero is used to 7}3 N P B s \\\ | 100 &
compensate the second resonant 5 “° L[| . @
frequency pole while the second £, 20 0 £

pole is used to improve high = o e ———————— ot St s O

frequency noise rejection. 5 -20 T | | N 5 -
quency ) 52 f =500kHz | 09
Trace 1: Gain ‘_ -40 —_ o
30— 3 @ fvamp 500 kHz : /\ -100 E
5 ©-60 - f, =32 kHz g
| . T g ©=62° | % -150
| | liﬁ_u 100 1k 10k 100k
: | A SMv=0.47 Frequency (Hz)
—Tcel g 0.0 \ ;h_ .
pnd £ e e — Gain — Phase
Once the loop is adjusted, Adaptive Loop Gain Modulation (AGC) is

used to stabilize and fix the overall loop gain when operating
conditions divert from the nominal conditions of
V=48 V / Vo ;=12 V DC

20
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Type IV Adaptive Voltage Mode Control
Large Signal Validation of Type IV AVMC

Ix
— 80 .- .. - —-—- iz 150
:“.;560 M\ﬁw %me“hw\ 100 £
S o T 0 £
20 f,, =900 kHz (P 55, A
=40 foamy = 500 kHz \~ Y
0 fy=22KkHz \_ ] 1=
= g0l @= 62 \ 5
1 1k 10k 100k
Frequency (Hz)
Gain Phase | \#
After introducing adaptive gain modulation and the
additional pole-zero-pair, the loop got adjusted for N
better phase margin of @ > 60°. At fx, the gain slope | | 50-100 % Load Step
meets exact -20 dB/dec and then rolls off softly at . SOP S —
higher frequencies. R =

The measured fx = 22 kHz in the frequency domain =
correlates sufficiently with the step response
frequency in the time domain of £, =19 kHz.
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ImPEdance Tuning Recommended:

Check component
100 values independent
from circuit for verification

__ _EP09531 Test_ _Fixture

ot
=
(=1

60mQ 3

‘zg“’“m £ EPC9143 mounted on EPC9531

Emm -5ﬂg 100 — S : —— 100
E 1m 100k” = ' -100 10

g

1k

10k
Frequency (Hz)

50

Effective ;

Capacitor "
ESR N 35mQ |

| =30

—Trace 1 —Trace 2

EPC9143 16t" brick Power Module

100

Trace 2: Impedance Phase (")

Trace 1: Impedange Magnitude (?)

% —~ 10m [

E 10 ::é" "//%

S & im 100

= 3 g 100 1k 10k 100k 1M 10M

§ 13 Frequency (Hz)

Eilmm 1 Ost | g —Trace 1 —Trace 2

:' 10m B | 1

=== ——u=xc M Measurements are taken at board terminals. Value Effective

e m 0% 100 ™ o Capacitor ESR therefore includes additional resistance of
Frequency (Hz) tl’aCGS.

—Trace 1 —Trace 2
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Type IV Adaptive Voltage Mode Control "%,

AVMC Output Impedance Tuning N Unpowered o

With a second order control system, the gain
characteristic can be shaped in multiple ways. For
output impedance tuning the location of the cross-
over frequency of the pole at the origin is used to

adjust the low frequency loop gain, while the location
of the first zero f,, is used to set the open loop gain

t-.ﬂ [ ]
o
Trace 2. Impedance Phasa (*)

Trace 1: iImpedance Magnitude (7 )

cross-over frequency f, and loop phase boost region. s == = 190
Impedance Frequency (Hz)
Matching Target ~Trace 1 —Trace 2
_ Joo Tz Sz
Location of /5, / Powered
80 g ¥ P 100
3 - 150 e 1 -
5 c i HL]' P o §
LT W ;
£ 20 £ > = r[ﬁ | “U \W M'.rfm‘ﬂ g
z o S § % J i 0 '§
£ o] © ol / 2.
g -20 & ‘ ' ey =
:-40 3 W// 7 w// ﬁ/ ‘{(f 0 'y
B " Integrator é g =
80 Gain =" 100

I PE |
d " : 100k ™ 100
100 1k k 100k F ncy (Hz)
requency (Hz) ek

—Trace 1  —Trace 2 Memory 2
&% —Trace 1 —Trace 2




Controller Block Diagram

INITIALIZE
RESET
PRE-CHARGE

OFFSET COMP()
SWAP TARGET(")

SOURCE

ALT SOURCE®
INVERT()
REFERENCE

UPDATE
GAIN TUNE ™
GAIN TUNE TIGGER ™

ENABLE™ [

24

NPNZ CONTROLLER OBJECT
Built-In History
Manipulation Routines
v il SATURATION
Filter Coefficient | |Input/Output Data SIPASS
Arrays History Arrays | !
7N :
! ) | MAX

g

NPNZ
Digital Control Loop Routine
(Assembly Function)

QDDQDDD?DDD?D?

Function Triggers ul

Data Provider

Bypass Control

Status and Control Register
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[ Basic Compensation Filter
1 Feature Extensions
1 API

- SWAP TARGET™
TARGET
ALT TARGET ("

- MIRROR TARGET"

ADC TRIGGER A
ADC TRIGGER B

CASCADE FUNCTION TRIGGER™
FUNCTION TRIGGERS A-E (")

DATA OUTPUTS A-D™



PowerSmart™ Digital Control Library Designer C Microcr By

e — . = Symposium 2021
oy P OWErSr trol L 12.6/2 F D = U
requency vomain
File View Tools ?
= Q2 ﬁ = m? o a i ) e /i\ MPLAB® X Project:
Configuration || Open Save || Coefficients Bode Settings Timing Refresh Charts || Update Code ExportFiles || Help
Controller ' source Code Configuration Advanced Frequency Domain  Time Domain Block Diagram Source Code Output  Info
Controller Selection Cursor (off): | Frequency 0| Hz i Magnitude: 0 d8 | Phase 0 ‘ Phase Errosion 0 : } B X ‘ 2 Reset Scales
Controller Type: |3F’32 - Basic Voltage Mode Compensator v | Bode Plot Settings
60 180
Fi
Scaling Mode: |1 - Single Bit-Shift Scaling ~ | TEquENCY
0 =0 start: 100] He
Number Space: Q15
40 120 Stop: 250k| Hz
£ Normalize Input Gain 30 a0 Points: | 801 v
Total Input Data Length (Resolution): Bit - 20 60 Magnitude/Gain
o
Input Signal Gain: 1.000000( B T 10 W = Min: dB
L 3 o
¢ % 2
S o o 3 L I
[ Feedback Offset Compensation/8i-directional Feedback E i £ Div. dB
= -10 . 30
Enable Singal Rectification Control 1 i
2 2 : £0 Phase
] .
Sampling Frequency: 250k| Hz - i 20 Max: *
c Fi f Pole At Origi €50| Hz i piv: [ 30
ross-over Fr n rigin: :
oss-over Frequency of Pole igi e . 2l L1 : : (1
i i i i \ i Options
50 - - - - — -180
Pole 1: Hz Zero 1: Hz 100 1000 10000 100000 [ unwrap Phase
F [H) [] show s-Domain
T cy [Hz
Pole 2: 125k| Hz Zero 2: 5.9k Hz Equensy [ show Legend
— Gain(z) —— Phase(z) - Gain (s) e Phase {s)] —— Pole Locations —— Zero Locations Copy Bode Data
Filter Coefficients
Number Analysis Settings History
Coefficient Float Bsft-Scaler Scaled Float Fractional FP Error Int
A-Coefficients
I Al 1.230411252445470 -1 0.615205626222737 0.6152349375000000 0.005% 20,160
a2 -0.129955086686779 -1 -0.064977543343389 -0.0649719523828125 -0.009% -2,129
C f' t' A3 -0.100456165758697 -1 -0.050228082879348 -0.050201416015625 -0.053% -1,645 6.
onriguration B-Coefficients 1
BO 0.512188742154475 -1 0.256094371077237 0.256103515625000 0.004%
Bl -0.401881832140273 -1 -0.200940916070137 -0.200927734375000 -0.007% Out utIAnaI sis
B2 -0.506722005089363 -1 -0.2533610025449682 -0.253356933593750 -0.002% p y
B3 0.407348569205385 =1 0.203674284602692 0.203674316406250 0.000% o v
< >
/ Coefficients generated successfully Refresh Period: 123 ms Table Options ~ .:
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oW Powersr

File View Tools ?

=] B &5 =
Coefficients Bode Settings  Timing
Source Code Configuration Advanced

Configuration
Controller
File & Function Label A

Name Prefix: |c3p3z @

[ context Management (&
[A save/Restore Shadow Registers
[4] save/Restore MAC Working Registers
[4 save/Restore Accumulators
[ save/Restore Accumulator A
[A save/Restore Accumulator B
(4 save/Restore DSP Core Configuration

[ save/Restore Core Status Register

Used Resources: WREG0,1,2,3,4,6,8,10/ACC AB

[ Basic Feature Extensions
Store/Reload Result Accumulater
[ Add DSP Core Configuration @:‘
[ Add Enable/Disable Feature
[ Always read from source when disabled

[ Add Error Normalization ®

" Add Automatic Placement of Primary ADC Trigger A

dd Automatic Placement of Secondary ADC Trigger B

Refresh Charts

‘5-“ ﬂ‘@

Update Code Export Files || Help

Time Domain .

Symposium 2021

m

[\ MPLAB® X Project:

Frequency Domain Time Domain Block Diagram Source Code Output Info

Cursor (off): | Absolute

0 nsec | Relative to ADC S&H Event

0| nsec ‘ Relative To Falling Edge 0| nsec

:
Data Read

]

Signal Level [1]

Trigger at: 50% On-Time -

1000 1500 2000 2500 3000

Tirne [nsec]

[ Main PAWM Pulse  [] ADC Activity [ Control Loop Execution

3500 4000

CPU LOAD

24.3%

mated Data Interface

.ta Provider Sources (3)
] Anti-Windup

tput to Positive Numbers (&)
Number Range: -32768..32767

Configuration

[[] Generate Upper Saturation Status Flag Bit

it Maximum

[ clamp Control Output Minimum
[] Force Values below Minimum Threshold to Zero (&)

D Generate Lower Saturation Status Flag Bit

Control Loop Call Event:

CPU Clock:

PWM Frequency:

Duty Cycle:

ADC Latency:

Control Interupt Latency:

User Trigger Delay:

Execution Timing

0 - PWM Interrupt Trigger

Total Number of Instructions:

Normalized Runtime Instruction Cycles:

Instruction Cycles until DATA READ:

Instruction Cycles until DATA WRITEBACK:

Execution Period (Loop Trigger to Exit Control Routine):
Data Capture Delay (ADC Trigger to DATA READ):
Response Delay (ADC Trigger to DATA WRITEBACK):
Relatie CPU Load:

84 @
80

" 1
«» - Output/Analysis

0.470 use
0.710 psef
243 %

/' Coefficients generated successfully

Refresh Period: 123 ms Table Options ~ .:
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) ; . ) . Symposium 2021
o% PowerSmart Uigital Control Library Designer v0.5.12.6/2 BI k D = O
oC omain
File View Tools ?
B D B B &5 = S ] (2] —
Configuration || Open Save ||| Coefficients | Bode Settings | Timing | Refresh Charts || Update Code Export Files || Help || A\ MPLAB® X Project:
Controller Source Code Configuration Advanced Frequency Domain Time Domain Block Diagram Source Code Output  Info
Controller Selection Controller Block Diagram )
Controller Type: |3F’32 - Basic Voltage Mode Compensator v |
NPNZ CONTROLLER OBJECT
Scaling Mode: |1 - Single Bit-Shift Scaling v | INITIALIZE
Built-In History
Number Space: Q15 RESET Manipulation Routines
PRE-CHARGE T i
lize | i S )
[ Normalize Input Gain Filter Coefficient | | Input/Output Data | SATURATION
Total Input Data Length (Resolution): Bit LEVEL® Arrays History Arrays i BYPASS TARGET
SOURCE - I M
Input Signal Gain: E ¥ () i N -‘f\x u ALT TARGET®
ALT SOURCE ™ 1 e - MIRROR TARGET"
LT DIRM NPNZ ] _/‘
[ Feedback Offset Compensation/8i-directional Feedback GAIN TUNE® [J-rrreerrermmmereme Digital Control Loop Routine ADC TRIGGER A
Enable Singal Rectification Control (A=sembly Function) M‘IN ADC TRIGGER B
Compensation Settings REFERENCE As] D oooooooooonon
A VY J FUNCTION TRIGGER
Sampling Frequency: Hz Data Provider
Cross-over Frequency of Pole At Origin: Hz Ei DATA OUTPUTA®)
= ENABLEV DATA QUTPUT B
Pole 1: Hz Zero 1: 3.2k Hz UPDATE Status and Control Register DATAQUTPUT CI1!
pote 2 o eer 559 5 T DATAOUTPUT D'
— =
STATUS CONTROL
Compensator Block Diagram
i =
=
g g "
= W
g REF
1 g
& n
n n Resolution 16 Bit A=
Configuration :
g [
=
o
n L]
S Output/Analysis
3 INPUT TickRate:  4.000 usec
c

[ T P 49 o

/' Coefficients generated successfully

v
Refresh Period: 123 ms Table Options ~ I
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B Powersr
File View Tools ?

=] B B2
Coefficients Bode Settings = Timin:

Controller Source Code Configuration Advanced

Configuration

File & Function Label

Name Prefix: |c3p3z @

[ context Management (&
[A save/Restore Shadow Registers
[4] save/Restore MAC Working Registers
[4 save/Restore Accumulators
[ save/Restore Accumulator A
[A save/Restore Accumulator B
(4 save/Restore DSP Core Configuration

[ save/Restore Core Status Register
Used Resources: WREG0,1,2,3,4,6,8,10/ACC AB

[ Basic Feature Extensions
Store/Reload Result Accumulater
[ Add DSP Core Configuration @:‘
[ Add Enable/Disable Feature
[ Always read from source when disabled
[ Add Error Normalization ®
" Add Automatic Placement of Primary ADC Trigger A

dd Automatic Placement of Secondary ADC Trigger B

mated Data Interface
.ta Provider Sources (3)
] Anti-Windup

Configuration

tput to Positive Numbers (&)
Number Range: -32768..32767

it Maximum

[[] Generate Upper Saturation Status Flag Bit
[ clamp Control Output Minimum
[] Force Values below Minimum Threshold to Zero (&)

D Generate Lower Saturation Status Flag Bit

/' Coefficients generated successfully

Refresh Charts

Code Generation | ° e
£ el i
he ‘ Update Code Expoir?Files ‘ H?p A\ MPLABS X Project: H
Frequency Domain Time Domain Block Diagram Source Code Output  Info
Assembly Source File API C-Source File APIC-Header File NPNZ16b Library Header File NPNZ16b Library Include File Example Code
[ use data structure references from Library Include file
Add file location in #include path
135 -
~

Bl Dl e e S e o ol e e e i g
137; ; Configure DSP for fractional operation with normal saturation (Q1.31 format)
138 mov #8x2eCe, wé ; load default value of DSP core configuration enabling accumulator saturation and signe
139 mov w4, _CORCON ; load default configuration into CORCON register
140
1 1 SR RS S S S S
142; ; Setup pointers to A-Term data arrays
143 mov [w@ + #ptrACoefficients], w8 ; load pointer to first index of A coefficients array
144
5 edtloaoadinn o dil il e S e i e i e
146} ; Load pointer to first element of control history array
147 mov [w@ + #ptrControlHistory], wile ; load pointer address intoc working register
148
180 e
150! ; Compute compensation filter term
151 clr a, [w8]+=4, w4, [wl@]+=2, wé ; clear accumulator A and prefetch first operands
152 mac wa*w6, a, [w8]+=4, wd, [wl@]+=2, w6 ; multiply control output (n-1) from the delay line with coefficient Al
153 mac wad*w6, a, [w8]+=4, wd, [wl@]+=2, w6 ; multiply control output (n-2) from the delay line with coefficient A2
154 mac wi*w6, a ; multiply & accumulate last control output with coefficient of the delay line (no more
155
L5 e mm e e
157! ; Update error history (move error one tick down the delay line)
158 mov [w1@ + #4], w6 ; move entry (n-3) into buffer
159 mov w6, [wle + #6] ; move buffered value one tick down the delay line
160 mov [wl@ + #2], w6 ; move entry (n-2) into buffer
161 mov w6, [wle + #4] ; move buffered value one tick down the delay line
162 mov [wle + #0], w6 ; move entry (n-1) into buffer
163 mov w6, [wle + #2] ; move buffered value one tick down the delay line
164

>DATA READ delay: 308 ns
>WRITEBACK delay: 54@ ns
>timing chart update completed successfully (22 ms)
>code generation completed successfully (251 ms)

>update Bode plot data...
>Bode plot data update complete (4 ms)

1
Output/Analysis

v
Refresh Period: 123 ms Table Options ~ .:
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@Mlcnocmp %%

Building the Control System Sinicren

Ba5|c Voltage Mode Control Implementation

Voltage Feedback Loop
(500kH7 cycle-by-cycle control)

c 3 error H [Z] output G (S)
C > P
REF - (Compensator) (Plant) Vour

A
input v

y

Voltage
Divider

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Building the Control System

Peripheral Interconnections

@Mlcnocmp %%

OMICRON
I LAB

Voltage Feedback Loop
(500kH?z cycle-by-cycle control)

REF error H c [ Z]
2 - z (Compensator)

. A
input

[

1P T oy | GaS) 4

| (Plant) our

Anti-

Windup Voltage
Tri Divider
rigger

ADC Y=

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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@Mlcnocmp %%

Building the Control System Sinicren

Adaptlve Gain Control Implementation

Voltage Feedback Loop
(500kH?z cycle-by-cycle control)

I
error H [Z] output G (S)
REF ¢ —/ >  PWM P V V
- | (Compensator) . T (Plant) our N
input W’;ln;l' v l
maup Voltage Voltage
4@; ] ! Divider Divider
Trigger
Adaptive Gain
Control (AGC) Y
ADC Y=
ADC e

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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@Mlcnocmp %%

Building the Control System omicron
PWM Mirroring with Phase Shift

Voltage Feedback Loop [

Gp(s)
o PWM i
(500kH7 cycle-by-cycle control) | (Phase B)
output |
error
- | (Compensator) . T (Phase A)
input VII/ZMZ- l
inaup Voltage Voltage
6 1 — T—. Divider Divider
rigger
Adaptive Gain
Control (AGC) v
ADC e
ADC

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

10th Power Analysis & Design Symposium 2021 by OMICRON LAB



@Mlcnocmp %%

Building the Control System omicron
PWM Duty Cycle Distribution

Voltage Feedback Loop N )
(500kH? cycle-by-cycle control) » PWM PhP o
output | | pPwMm DC [ (Phase B)
| Distribution |
error
REF Helz] L I77 pnt | Gp(S) Vour Viv
. »| (Compensator) : r71— (Phase A)
input Wf/‘l”;l' l
6 j P Voltage Voltage
— T—. Divider Divider
rigger
Adaptive Gain
Control (AGC) v
ADC e
4 A 4
ADC \,<

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Building the Control System

@Mlcnocmp %%

OMICRON

I L A B
Current Balancing e
: Current Feedback Loy 4 Loy
p it (10 kHz state machine) PR - t
roprietary Offset urren
State Machine : Compare Sense Sense B
- : ADC
Extension e |
| — ] ADC >
Voltage Feedback Loop l | Gors)
(500kH7z cycle-by-cycle control) —>(D—> PWM PhP ;
output | | pwyr pc T T Fhase B)
[ ] | Distribution | = ()
error H-[z S
REF ¢ —-/ s PWM | P 1% 14
= »| (Compensator) : r71— (Phase A) our N
input Wf/‘l”;l' l
< Hanp Voltage Voltage
®E— T—. Divider Divider
rigger
Adaptive Gain
Control (AGC) v
ADC e
ADC \,<

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Current Balancing Implementation

@Mlcnocmp %%

OMICRON
I L AB
Simple Bit Tracker Implementation
‘ PWMA1
e |_ PWM!1
<= PWM2
v~ P T~ T~ | PWM2
- Duty Cycle Offset (+/-)
~—7 e ~—" e ~—" . \//\ .2 (Limited Range)
Feedback Phase Delay Time
Al =1, — I, Sign-Bit of result is OR’ed with 0x0001

\/ and added to duty cycle of PWM2

every 100 us (=10 kHz)
resulting in adjustment in 250 ps
increments/decrements
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Agenda omcron

I L AB

10th Power Analysis & Design
Symposium 2021

48V Rack Power Distribution Networks and Conversion Points

* 300W 48V 1/16t" Brick DC/DC Converter Power Module
e EPC9143: Unidirectional Power Module
e EPCI9151: Bi-Directional Power Module

* High-Speed Multiphase Controller Design
* Type IV Adaptive Voltage Mode Control
* PWM Steering and High-Speed Current Balancing

* Summary
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Summary e 77

I LAB

* Digital control loops allows

* Using real and complex poles and zeros to overcome complex frequency
domain limitations

* Independent pole and zero locations allow runtime tuning
* Runtime tuning allows adaptation of loop gain to operating conditions
* Higher order control systems allow independent tuning of output
impedance and bandwidth
* Impedance and Bandwidth Tuning
* simplifies system integration
* Improves overall system stability
* Minimizes cost and size
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Digital Power

e Getting Started in Digital Power
* How-2 Starter Kits

* Training:

40

* Intelligent Power Design Center:
https://www.microchip.com/power

* Digital Power Starter Kit 3 (Part-No. DM330017-3):
https://www.microchip.com/dm330017-3

* Microchip University (Virtual Training Platform):
https://secure.microchip.com/mu

Please note:
All Face-2-Face workshops have been suspended in early 2020, including

the well-known MASTERs conferences usually conducted in 9 nations around the globe. For
the time being all available trainings have been moved to our new virtual training platform

Microchip University.




Digital Power Design Resources \MICROCHIP

* Find hundreds of code examples and design tools on

https://discover.microchip.com

LIBRARY
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A% MPLAB DISCOVER

AZ\ MicrocHIP e ]

Offerings

>

» Analog

» Barc-mctal

> Develgpmentiit

» o}

» mMcCC

» Motor Control

» Peripherals

> staRT

» Supporting Tools

» Touch

» Wireless

PIC-I0oT AWS Sensor Node
PIC24F Hello World LIART

P Motor Control

» Peripherals

P START

P Supporting Tools

b Touch

P wireless
PIC-10T AWS Sensor Node

PIC24F Hello World UART

dsPIC33CK/CH-MP PWM Configurat|

& https:

)|

o

mplab-discover.microchip.com

DISCOVER
.

| search

[¥i00 ~| dsPIC33CK/CH-MP PWM Configuration: E
2 Compt Y PWM Output ©
Details

= EPC9143 300W 16th Brick Non-Isolated Step
MDown Converter Advanced Voltage Mode
Control Firmware

dsPIC33C High-Resolution PWM Configuration |

Complementary PWM Waveform Generation

A8\ MicrocHIP

EPC9143 300W 16th Brick Non-lsolated Step Down Converter Advanced Voltage
Mode Control Firmware

2-Phase Synchronous Buck Converter with Advanced Voltage Mode Control and Current Balancing

Top View

archin Tachnalnav Ine




Product Websites

* dsPIC33CK32MP102: Digital Signal Controller for SMPS Applications
https://www.microchip.com/dsPIC33CK32MP102

* MCP6C02: 65 V Shunt Current Sense Amplifier
https://www.microchip.com/mcp6c02

e EPC9143: 300 W 48 V Unidirectional 16" Brick Reference Design
https://www.microchip.com/EPC9143

* EPC9151: 300 W 48 V Bidirectional 16" Brick Reference Design
https://www.microchip.com/EPC9151
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Related Product Websites A3\ MicrocHIP

e EPC9148: 250 W 48 V Three-level Synchronous Buck 2T el
Converter gl it g R | o
1 7 anentampifes
Ultra-Thin, multi-level converter for high performance computing L JE el o N
systems 5=
https://www.microchip.com/EPC9148 ] ‘_@ 4
PWM4 B [}L G4
"

 EPC9153: 250 W 48 V High Efficiency, Thin Power Module

Thin Power Module for high performance computing systems with
200% over-power capability

https://www.microchip.com/EPC9153
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