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Multi-Rail DC/DC conversion
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Requirements broader & more challenging

Wide range in Process tech (350 nm ~ 90 nm)
- More voltage outputs (1.0, 1.2, 1.8, 3.3, 5V....)

High current, low ripple
-> More phases i.e. multi-phase interleaved

Both needed on same system boards

Soft-start / shut-down

Sequencing

Margining (+/- % adjust via host)

Fault management / reporting

Fault recovery (e.g. on-fly N to N-1 phase shedding)
Fault prediction — minimize down time

o000 D
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System
considerations

&
Design flow
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Solution Mapping

1 Resource Allocation

d PWM waveform generation

d ADC sampling bandwidth

d CPU bandwidth for Control processing

d CPU bandwidth for System management
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System Mapping con,
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System Mapping con,

Multi-Rail Bucks
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The “Closed Loop”
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“2P2Z”
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Managing the “Closed Loop”

\ A A |

SSartSEQ

Coeff set 3 |

Coeff set 2 |

!A\A\A\A\

Coeff set 1

Coeff -B2

Coeff -B1

Coeff - BO

Coeff - A2

LT[

Coeff - A1

Vset

Control
“ZPZZ”

Ref
FB

Uout

Fault
Trip
Dead
Band T
Duty —>-l
Clamp Duty e
y -T PWM —>
A °
°
Open/Closed o
Loop
Feedback «—d

< ADC

Technology for Innovators” Wi TEXAS INSTRUMENTS



Tuning the “Closed Loop”
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MCU “virtualization”

Supervisory “Virtual MCU” Control Engine/s
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Dead Band
Open/Closed Loop
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Multi-loop scaleable

Supervisory “Virtual MCU”

Control Engine/s

Loop-1 mgmt

Loop-2 mgmt

Loop-N mgmt

Diag, slow
adjustment.
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Interactive tuning — good first step

U(n) = BO*E(n) + B1*E(n-1) + B2*E(n-2) + A1*U(n-1) + A2*U(n-2)

..................... o E(n-1) E(n-2)
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Efficient
CPU utilization
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PID — Intuitive / interactive

We can also write the controller in transfer function form:

We can see that PID is nothing but a special case of 2P2Z control where:

a;=-1 and a,=0
Change PID coeff. “on fly” in back-ground loop

// Coefficient init

Coef2P2Z_1[0] Dgain * 67108;

Coef2P2Z_1[1] (lgain - Pgain - Dgain - Dgain)*67108;
Coef2P2Z_1[2] (Pgain + lgain + Dgain)*67108;

Coef2P2z_1[3] 0;

Coef2P2z_1[4] 67108864 ;
Coef2P2z_1[5] Dmax[1] * 67108;
Coef2P2z_1[6] 0x00000000;

//
//
//
//
//
//
//

B2

B1

BO

A2

Al

Clamp Hi limit (Q26)
Clamp Lo
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CPU MIPS Allocation & Partitioning

Core Loop/s

O Deterministic

O Real-Time dead lines always maintained
L Speed critical for high control bandwidth
4 Synchronous to PWM and ADC timing

Loop management

d Soft-Start / Shutdown / Sequencing

 Duty clamping - e.g. under “unusual conditions”
d Fault Management

1 Loop operating mode — coeff. selection

1 Communications with Host
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Time sampled systems

Digital Processor

—> A-D >(%)—> Control > D-A—>
+ aw

Ref
AY(t) AY(n) sample A y(n) A Y(t)
period
i
» x(t) -+ X(n) > X(D) > x(t)
Continuous Discrete
time signal time signal
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Time Division Multiplexing — TDM @)

Processor

> x(n)

Control Code

Control Code Control
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Time Division Multiplexing — TDM @)

I :

: : I

I :

X - : I

? e |

i i : > x(n)

| | i
Processor 1 Control Code (C1) Control Code Control
Processor 2 Control Code (C2) Control Code Control
Processor 3| Control Code (C3) Control Code Control
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Time Division Multiplexing — TDM @)

I :

: : I

| - ;

! ! : > x(n)

| | i
Processor 1 Control Code (C1) Control Code Control
Processor 2 Control Code (C2) Control Code Control
Processor 3 Control Code (C3) Control Code Control
Single CPU C1l C2 C3 C1l C2 C3 C1 C2 C3
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Software Framework for a Digital Controller

“Infrastructure which supports the application”

Considerations

» How many ISRs (Interrupt Service Routines)

» Are ISRs Synchronous or Asynchronous ?

» CPU % utilization balance between ISRs and Background (BG)
» High level language (HLL), e.g. “C/C++”, Assembly ?, or both ?
» Need to employ an Operating system ?

» Interrupt driven Communications ?
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The simple “ISR / BG” Framework @)

“keep it simple”

BG loop

ISR

Context Save » 2 Loops only
» ISR code has highest priority
» ISR Synchronous to PWM switching
» ISR incurs entry/exit overhead

4 » BG runs only during ISR “idle time”

> ISR body

ey

Context
Restore

A
\_Y_/\
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The simple “ISR / BG” Framework ()

PWM ‘ B
Y

| | | |t

ISR |base| TS1 tii?,']i base | TS2 tiii'qi base| TS3 base | TS4 base

Back

Ground BG BG Time-slﬁA BG BG
-« T —

sample

» Can Time slice the ISR for simple synchronous multi-task scheduling
» In a practical system BG needs approx 15~20% of CPU bandwidth
> If CPU timing is “tight” may need to consider slowing the “loop”
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CPU Performance requirements

Key Considerations

» Avallable processing time

» MIPS (Millions of Instructions Per Second) available
» ISR bandwidth utilization
>

BG bandwidth (average Background code bandwidth)
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CPU Performance requirements (cont)

» Available processing time

Sample Freq (=PWM) Sample Period
(KHz) (nS)
100 10000
300 3333
500 2000
700 1429
1000 1000
1500 667
2000 500

y(n)

A |

—— Tgampe ————————»

» x(n)

Processor Control Code |

Control Code | Control
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CPU Performance requirements (cont)

> ISR Bandwidth utilization

Digital Controller — example F2801 Synchronous buck power stage
§ 2 pole / PWM | | ilﬂgf (in) vout
2 Zero periph. s 11l | | +—O :
i Vref —>Ref oyl »— DutyCmd —» Duty PWM —»i——{ pry | l
: » FB P ’ .
l Voltage COHTl"Ol i | —_ I I
Controller LOOp P = = :
ADC b I
periph. P
Vout —€— Out In 4—E—|7 feedback I
U(2Z) Bo + B1Z! + B2Z2
o e e e e e e i e e e (1)
E(Z) 1+ Ai1Z1 + AxZ?2
U(n) = BO*E(n) + B1*E(n-1) + B2*E(n-2) + A1*U(n-1) + A2*U(n-2) .. .. .. (2)
E(n) = Vout - Vref ... ... .. . . (3)
Ugo(n) = PrdSF * U(n) .. . . (4)
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CPU Performance requirements (cont)
» ISR Bandwidth utilization (cont’d)

yA(Ln) N— TSAMPLE —N ISR UtlllZ&thﬂ = TlSR / TSAMPLE * 100%

usually
same as

TPWM

» x(n)

I
I
i :
|
* Interrupt *

CPU ISR | BG ISR BG ISR

CS | ADC [Ack] Loopl | Loop2 | Loop3 | oo @ [Pwm| CR

controller 1 controller 3 '/
Context Save + Context Restore +

Int latenc ADC service + DPWM Int Return
y Int Ack controller-2 access
Operation # Clock Cycles # Clock Cycles # Clock Cycles
(1 loop) (2 loops) (3 loops)
Context Sawe + Int. latency 16 16 16
ADC senvcing + Ack 4 5 6
2P/2Z controller 25 47 69
ePWM access 4 8 12
Context Restore + Int. Return 16 16 16
Total 65 92 119
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CPU Performance requirements (cont)

» ISR Bandwidth utilization (contd)

ISR Utilization for PWM frequency vs # Control loops

CPU clk = 100 MHz 10 nS
PWM # LOOPS & # Cycles
(KHz) uS) 1 2 3 4 5
65 92 119 146 173

200 5.00 13% 18% 24% 29% 35%
300 3.33 20% 28% 36% 44% 52%
400 2.50 26% 37% 48% 58% 69%
500 2.00 33% 46% 60% 73% 87%
600 1.67 39% 55% 71% 88% 104%
700 1.43 46% 64% 83% 102% 121%
800 1.25 52% 74% 95% 117% 138%
900 1.11 59% 83% 107% 131% 156%
1000 1.00 65% 92% 119% 146% 173%
1100 0.91 72% 101% 131% 161% 190%

Note: Entries in red require more than 100% and are not possible.

Technology for Innovators®

Wi# TEXAS INSTRUMENTS




CPU Performance requirements (cont)

» BG average bandwidth

» BG loop has access to CPU cycles remaining from ISR, i.e.

= BGBW =100% - ISR utilization

= BG MIPS =% BG BW * CPU MIPS

* BGLR (loop rate) = BG MIPS / (# instructions in longest path)

BG Loop rate Example

Case: 600KHz, 4 loops, ISR utilization = 88%, longest s/w path = 300 inst.

BG BW =100% - 88% = 12%
BG MIPS =12% * 100 MIPS = 12 MIPS
BG LR =12,000,000 / 300 inst = 40 KHz
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Practical
Guidelines
for
ISR and BG
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Single ISR / BG loop example

Initialisation

Device level (CPU, PLL,..)
Peripheral level (ADC, PWM...)
System level (GPIO, Comms)
Framework (BG / ISR)

Interrupts

;

Background loop

Startup / Shutdown / sequencing
Margining
Diagnostics / Reporting / Comms
Fault management

Slow control loops

Execute every ISR call
fast Vioop or ILoop

Time Slice
! © manager

100 KHz 100 KHz
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Common concerns with ASM s/w )

» Coding complexity, maintenance burden

* |SR code size bounded by “physics” - time deadlines (see table)
= Little or no conditional type structure, makes things simpler

=  Mostly math / algorithm based, hence won’t change very often

=  Optimized Software function libraries available free from TI

# Instructions (red) possible in a Sample period for a given CPU MIPS

FsAMPLE (=PWM) MIPS
(KHZz) 25 60 100
200 125 300 500
250 100 240 400
300 83 200 333
350 71 171 286
400 63 150 250
500 50 120 200
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C code, ASM or mix of both ?

» BG loop considerations

= Not so time critical

= Contains ~90% of the total code

= Gives the application it's “Personality” or differentiation
= Can be quite complex, full of decisions.

- Conclusion is easy: Use C or C++

» ISR loop considerations

= Can have huge impact on system S/W performance (bandwidth)

= Contains a very small portion of the total code (<10%)

= Allthings being equal, ASM can extract maximum performance
from a CPU, could be a competitive advantage...”do more for less”

= |n many cases, C/ C++ is a valid choice for the ISR

- Conclusion: if performance is key, use ASM
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Common concerns with ASM s/w @)

» Tangible benefit from using ASM ?

= |f CPU loading (ISR utilization) is low, e.g. 20%, then benefit is low
= Conversely, benefit can be significant if utilization is close to 100%, e.qg.

% impact (benefit) of 10 instructions on ISR utilization for PWM freq vs CPU MIPS

FsamPLE (=PWM) MIPS
(KH2z) 25 60 100
200 8.0% 3.3% 2.0%
250 10.0% 4.2% 2.5%
300 12.0% 5.0% 3.0%
15/10 * 6% 350 14.0% 5.8% 3.5%
=9% 400 16.0% 6.7% 4.0%
600 24.0% 10.0% 6.0%

Now assume a boost is achieved by saving 15 instructions ( i.e. 600KHz vs 100MIPS )
Now ISR util. % -9 =79%, and BG BW = 100% - 79% = 21% (i.e. 21 MIPS)
BG LR =21 MIPS / 300 inst. = 70 KHz ... a significant boost with just 15 instructions.

Recall examp!:i: BG LR = 12,000,000 / 300 = 40 KHz, based on ISR util. = 88%
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Loop control

ISR
considerations




Time Sliced ISR — operating principle

Interrupt* TS1 * TS2 * TS3 * TS4 * TS5 * TS6 * TS7 * TS8 * TS1 -t

Cii c1 c1 c1 c1 c1 c1 c1 c1 c’ Fer = Fisr

;252 c1 c1 c1 c1 E Fer = Fisr/ 2
02353 c1 = E Fci=Fisr/4
c£254 1 E Fci=Fisr/8
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Time Sliced ISR — Practical example

Interrupt* TS1 * TS2 * TS3 * TS4 * Ts1 t
ISR

(600KHz) Bl | B2 | B3 Bl | B2 | B4 B1 | B2 | B5 Bl | B2 | spare B1 | B2 | B2
Back B B B B

Ground G G G G

<4+— 1667 nS —»

Code Function PWM rate (KHz) Code exec. rate (KHz) Identifier
Buck 1 - single phase V Loop 600 600 Bl
Buck 2 - single phase V Loop 600 600 B2
Buck 3 - 4-phase IL V Loop 300/ (90° phase) 150 B3
Buck 4 - 3-phase IL V Loop 300/ (120° phase) 150 B4
Buck 5 - 3-phase IL V Loop 300/ (120° phase) 150 B5
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Software Library approach

CNTL CNTL BUCK HR
2P27Z 3P3Z DRV BUCK
»| Ref >»{ Ref DRV
» Fg Uout> » pg Uout > EPWMnA —p»
- Duty EPWMRB —» - Duty EPWMnA —»
HR-FILT HR-FILT EPWMIA —» EPWMIA —»
MPIL
2P27 3P3Z MPIL G
vy vy BAL EPWM1B —»
DRV
N\ f \ f EPWM2A —» DRV EPWM2A —»
- - - - EPWM2B —» EPWM2B —»
& In Out » & In Out » ° - Duty ®
) Duty ° , °
° < BalAdj °
SinGen1 SGenHP1
PFC
/\/ /\/ HHB OPHIL
> Freq > Freq DRV DRV
¥ Gain Out P» ¥ Gain Out P»
| Offset 3| offset > Duty EPWMnA —» | Duty EPWMnA —»
EPWMnB —» > Adj EPWMnB —»
INV SLEW
SOR LIMIT ZVS PWM
> oy by FB EPWMnA — DAC
» In  Out » > Incr DRV EPWMNB ) DRV
Ry e EPWM(n+1)A > > 1 EPWMnA —»
RampGen SSartSEQ Ry lEE0 » In2 EPWMnB —»
3! Rlegdb EPWM(n+1)B »
L <[ T
» Freqa cho
» Gain  Out P » Delay ADC Chl
> Offset > Slope Out P DRV 822
) Target [}
™
<€ Rslt °
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Modular s/w architecture

“Signal Net” based module connectivity

el In1A f4
Outl Nets _3] In4A
Net2 InlB
> Net6 3] In4B  Outd et
—Ne7____—3{ In4cC
Nets _g| Tn2A Out2 fs
f3 ¢——— —p| In5A Out5s [ Net9
Netd __| In3A Oout3 fp—
Run time - ISR

Initialization time (“C” - BG)

// pointer & Net declarations
Int *InlA, *InlB, *Outl, *In2A,...
Int Netl, Net2, Net3, Net4,...

// “connect” the modules

In1A=&Net];
INn2A=&Net3;
INn3A=&Net4;
In4A=&Net5;
In5A=&Net7;

In1B=&Net2; Outl=&Net5;
Out2=&Net6;
Out3=&Net7;
INn4B=&Net6;
Outb=&Net9;

IN4C=&Net7; Out4=&Net8;

. Execute the code

Technology for Innovators®
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Multi-Output S/W management

BG ISR

I Start / Stop trigger

. | Single Power Stage
E

| . Voltage B k| P T T T T T T T |

| S-start / SEQ I Controller uc W VAR ' Voutl
M

| CNTL DRV a4 I
\ i ! 2P2Z : a !
Vrefl Ref L EPWM1A )_L. |H Buck 1

Uout —>»— DutyCmd1l — Duty

: FB - ’ |
: | 400 KHz - .
| ! 400 KHz | 4 L '

ST

vV V

' A — |

| | ADC |p S L

. | DRV C

| ! '

i | Voutl —<«— rsit0 W l«— Cho

. | 400 KHz

|

| | Single Power Stage

. v | Voltage E | |

I S‘Start/ SEQ . Controller BUCK W 1 Vin ] Vout2

i I CNTL DRV |'m | O—1y7 .Wo
: 2P2Z Z

. B R v . |

| Vref2 H—>Ref Yo »— DutyCmd2 —»> Duty | w  EPwMiA - orv |4  Buck :

' | g 400 KHz : ' | !

! : 400 KHz I L 1 '
| A . — — |

| X ADC |p i L

i | DRV |G

. : H

| I Vout2 —<«rsltC W [«— Chil

| 400 KHz
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Multi-Phase IL S/W management

e T |
| - A1 [ “pointer”
> +/- Adj2 |€— | EpWMAA 4 Vout
a3 1 MPIL — > ID— 4 — ,

| +/- Adj 4 !I Sy E - EPWM3A —>lID— 3 —] ? O
i I w - EPWM2A S>ID— 2 —P] €

) 400 KHz M Vin c

ry
| S-start / SEQ I! CNTL DutyAdi | o_lrlj_fvwxl P
o 0 2P2Z w

| >/ ‘ \ J'I Vref TRef Uout |—»—— Duty - epwMiA D — 1 > %';T‘fj | N ‘
| ‘ | | g 400 KHz - L I — ‘
. .. Voltage . = =
| | . Controller

: ADC | A

|I DRV |g & ¢ I
| v C l« ch3 I,
i I-Balance || L Vout —«— rsit[0] H :: gui Is L
- le— Adj In < 'i I[1:4] —<— rstf1a] | W € ChO
! - 400KHz |
. o I

0 1 2 3 0 1 2 3 0
«——— D —p| | +%Ad]
Ph1 ]
<+«—— D » - % Adj
Phase Balancing  Ph2 | |
with individual «— b — [ +%Aqg
“duty adjust” Ph3 | 1
<+«——D » Zero Adj
Ph4 | | |
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S/W block execution

BG ISR
1 (400 KHz)
SStartSeq
I \J|> Context Save
Comms ~ \
ADC DRV(1)

i
CNTL_2P2Z(1) | - Loop-1
i

BUCK_DRV(1)
* /
ADC_DRV(2) ~ > ISR body

|
CNTL_2P2Z(2) | > Loop-2
|
BUCK _DRV/(2)

Context
Restore

Other....
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Multi-Rail / Multi-Phase
developement tools




8 Rail / 8 Phase evaluation board

* 8 Channel proof-of-concept evm
» Multi-loop and sequencing
» Uses Tl power power stage modules

tu| 00O

SELC

E #]ea
h
41 glvl
ChiEa
ha
Chial
Ch el
E#|10
=

—

—

- ]
-H
=

—
@eleo
O

2l =@

|

[
o
- @
O
F-9
i
olzy

TEDIE TR LS

2OC0E)

NI Ed ¢

119 A

]
P4

[

@ | mimim

o +oEnE

. .Z;CE

(@ ®fano+

I
®
2

L]
£

c

.R 1 R2C4 —
o @ mwm | @
. 1] Lo
= -+ ommmm CaRr2 R

®
;
£y
Il
=

Q| ==

&)

] —
o 2@ = =3
e 0 = e e
olel e H -ﬁ
199 %] .o @ I
*% -@ il .
o e, i o
(0,08 ol C4EE-EL
. 8 ]
pe e 1'.‘.—.- ZEiE
(@] [
s e B = e E
. o s c 3.
«%e® :: H &
02 TH
|0—9; -8 w w
-@ Iillill‘l .
[LITLIL )
'_| C4R2 Rl’
.»—1 [9]
g @
]
-
- Co@c®
&0 &
.—1

mww | @
(o m
CARZ2 R1

qong-ouhg Yy 8 - xXxX@g24d Texas Instruments
FeBexx - B Ch Suync- Buck _—

SIUSWNUZSUT SBexXa] cesseee (R-2)

)
El CI
! !|=||=||=|
3 p G| ) ) oy
(5] - -
=
==
0

12u

Technology for Innovators” Wi TEXAS INSTRUMENTS




8 channel Buck EVM - features

PIP 10A module

= Current meas. ink
= Temp meas ‘ Phase Links Active Load
= Over Current Prot.
= Over Current Flag
= No Heat-sink needed
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8 channel Buck EVM - schematic

Je DIM1@e 7ve Channel-1
EMUG 106 e Mol Lse EMU1 = T M1 J_ _L é. %7
«_IRSTn 39 | TRSTR s |42 THS c1 BTHOSD1 10U cs c2 c3
S TDo 98 | too Tek |48 TCK 22u 47u | 47u 330u
TDI 97 ND |27 1210 | 1 |, 4 | 1210 | 1218 Yout-1
TDI DGND ) Vin Yout
o 145V in GPI10-34 |46 i
ove 95 45
95 | cP10-33 GPIO-32 |45 T—|_1a 6 lout-1 R1
94 lgp10-31  GPIO-3@ [%4 EPUM-16 vy D fost 270R
92 | grP1o-29 GP10-28 |43 PWM Temp |5 Temp-1 YoutFB-1
SUg <t+——22 145V in DGND |42 18| gpp P
TSEL-8 31 | gp10-23 GPI0-22 | 41 TSEL-1 ) Fault 9 Ifault-1 R Cc4
TSEL-2 99 | gp10-21 cPI0-20 | 4@ SRE-8 5v0 INH 336R 3n3
@ SP10-19 89 |crio-19  cPio-1g8 |32 SPICLK-A o RS 2 gna
88 |gr1o-17 GP10-16 | 38 SPISIMO-Ag, 3 3 7
87 . 37 Gnd AGnd
Sy <——B2 1 +50 in DGND j
_86 {grp10-27  GPI0-26 |36 ECAP-3 &
ECAP-2 85 | cpio-25  GPl0-24 |35 ECAP-1 o
EPWM-8A 84 | cpio-14  GPIO-15 | 3% Tfoult-8 . _
Tfault-7 83 |cP10-13  GPio-12 | 33 EPWM-7A . o J_ _L ,__L, Channel-2
Sypt——22 +5V in DGND 132 I M1 cs ce =5 C3
= Inc nc (= PTH@8D118W 47u 47U 330u
80 38 22u
- nC =5 1 4 Yout-2
1fault-6 ?9 lgp10-11  GPIO-le@ |29 EPUM-6A sy Vin Vout . : .
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SWB_, 77 145y in DGND |87 12 +5U Tout 6 lout-2 o70R
Ifault—4 76 | cP10-07  GP10-86 |26 EPWM-4A EPWM-28 T —
Ifault-3 7S |cpio-e5  GP10-B4 |25 EPWM-3A - PWM Temp |.3__Temp=2
Ifault-2 74 | cP10-83 GPIO-02 [ 24 EPWM-2A : SRE RP c4
Tfault-1 73 |gri0-e1  GPIo-@R |23 EPUM-1A | | 8 1nu Fault| 2 Tfault-2, 330R 3n3
Gnd<H H>Cnd R3 Ve 2
) 72 | AGND AGND | 22 SK Gnd
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78 | aanp acND [28 Y
TEMP 69 | anc-ne aDC-B6 |19 VoutFB-4,
68 | aGND AGND | 18
VoutFB-8 67 | apc-ns apc-gs |17 Tout-3
66 | AGND AcND | 16 .
, YouktFB-7 €5 | apc-a4 apc-B4 |13 YoutFB-3,
&4 | aGND AGND | 14
Lout—6 63 | apc-a3 aDC-B3 |13 lout-2 .
62 | aGND AcND |12
YoutFB-6 el | apc-n2 apc-B2 |11 YoutFB-2
68 | aanp achD [ 18 s
Iout-5 55 | anc-at ADC-B1 |9 Tout-1, P rs lewr .
S8 | aGND acND | 8
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example: Multi-Channel / Multi-Phase
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Example DC/DC Combinations

Duty Cycle

2 pole — __3 4 _:|>| O Vout4
2 zero - D1 ——>» — 1 —» — 2 > OVout3
EPWM1
CNTL > L 1 > Vin OVout2
o_.l. QO Voutl
2 pole y ]
2 — D > — 2 —> — GATE | —
iy 2 EPWM2 e —
CNTL > — 2 —> - L
2 pole y
2 — D3 > — 3 —> — 4
CNTL EPWMS3 — 3 > Vout
" —> — 3 —» — 2 9
2 pole y Voin
2 zero |~ D4 > epwMa | 4 — T | |
2 pole = =
2 zero — D —5>— v
CNTL » EPWMS5 | — 1 —» — 3 —
— 2 /—OVout
Vin

2 pole : o—lﬂj—/ ¢ j
2zero - D —>—ee—>» EPWM6 [— 2 — j
CNTL — 1 —— = | ]

A 2 I_
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Multi-output control s/w module

Coefficient B2

Coefficient B1

Coefficient B0

Coefficient A2

Coefficient A1

Dmax

Dmin

Coefficient set 1

Coefficient B2

Coefficient B1

Coefficient BO

Coefficient A2

Coefficient A1

Dmax

Dmin

Coefficient set 2

S-start / SEQ

L

C I C++ (BG)

.

N
Coef [1-N] |

Vref [1-N]

\

Vref[1]

—4 =

\ 4

Uout [1-N]

—4 =

\ 4

\ 4

A

\4

A

Assembly (ISR)
N-BuckLoop control module
CoefM] ["2 pole / DPWM
2 Zero module
Vreflll ) e Uout|1]
Uout » » Duty PWM
FB
’_> Controller 1 ADC
< module
Out In
Coefl2] ,["2 pole / DPWM
2 Zero module
Vrefl2] ) et Uout[2]
Uout —» » Duty PWM
FB
r Controller 2 ADC
< module
Out In
o
o
o
CoefiNl "2 pole / DPWM
2 Zero module
VreflNl ) s Uout|N]
Uout —p » Duty PWM
FB
’_> Controller N ADC
< module
Out In

A
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PWM-1

ADC-1

PWM-2

ADC-2

PWM-N

ADC-N




Soft-start & Sequencing multi V_,

/ ..
/ VA

500myY By M20.0ms A F  1.60V 500myY By M20.0ms A S 1.60V

13 May 2005 13 May 2005
0 20.20 % 06:14:50 W 20.20 % 06:14:15

500my By M20.0ms A S 1.60V

13 May 2005
i 20.20 % 06:12:19
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How many voltage Rails ?

CPU speed (MHz) (100 ) Control loop (cyc) 27 CPU prd (nS) 10.0
Context sawve (cyc) Misc Mgmt 4
Context restore (cyc) 13 Background code (cyc) 300
# DC/DC Ioops 200 250 300 400 500 1000 KHz
5.0 4.0 3.3 2.5 2.0 1.0 us
1 11.4% 14.3% 17.1% 22.8% 28.5% 57.0%
BG spare (MIPs) 88.6 85.8 82.9 77.2 715 43.0
BG loop spd (KHz) 295.3 285.8 276.3 257.3 238.3 143.3
2 16.8% 21.0% 25.2% 33.6% 42.0% 84.0%
BG spare (MIPs) 83.2 79.0 74.8 66.4 58.0 16.0
BG loop spd (KHz) 277.3 263.3 2493 2213 193.3 53.3
3 22.2% 27.8% 33.3% 44 4% 555% 1111.0%
BG spare (MIPs) 77.8 72.3 66.7 55.6 445 -11.0
BG loop spd (KHz) 259.3 240.8 222.3 185.3 148.3 -36.7
4 27.6% 34.5% 41.4% 55.2% 69.0% | 138.0%
BG spare (MIPs) 72.4 65.5 58.6 44.8 31.0 -38.0
BG loop spd (KHz) 2413 2183 195.3 149.3 103.3 -126.7
5 33.0% 41.3% 49.5% 66.0% 82.5% | 165.0%
BG spare (MIPs) 67.0 58.8 50.5 34.0 17.5 -65.0
BG loop spd (KHz) 2233 195.8 168.3 113.3 58.3 -216.7
6 38.4% 48.0% 57.6% 76.8% 96.0% | 192.0%
BG spare (MIPs) 61.6 52.0 42.4 23.2 4.0 -92.0
BG loop spd (KHz) 205.3 173.3 141.3 773 133 -306.7
8 49.2% 61.5% 73.8% 98.4% 123.0% | 246.0%
BG spare (MIPs) 50.8 385 26.2 1.6 -23.0 -146.0
BG loop spd (KHz) 169.3 128.3 87.3 53 -76.7 -486.7
10 60.0% 75.0% 90.0% 120.0% | 150.0% | 300.0%
BG spare (MIPs) 40.0 25.0 10.0 -20.0 -50.0 -200.0
BG loop spd (KHz) 133.3 83.3 333 -66.7 -166.7 -666.7

Technology for Innovators” Wi TEXAS INSTRUMENTS



	Navigation...pdf
	close
	search
	print




