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MeToabl cTabunuszaumum
(ocobenHocTn netnm OC)

MeToabl LOCTUXXEHUA Hauny4llero pe3ynbTarta
npu pasnu4HbIX TpPeboBaHUAX
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Ha uto BnusaloT meroabl ctabunusaaumn?

VFeed back

Apxutektypa — meToq cTabunusaumm HanpskeHus (Toka)

KayecTBO cTabunusauuun
— CKopoCTb peakuum Ha nepexogHble npouecchl (Transient performance)
— ®ukcupoBaHHas/ nnasaoLwas yactora (BnusaHue Ha EMI)
— BoamoxHocTu cuHxpoHusaumm (in multi stage systems)

- I'Iynbcau,vwl M CTaOMNBbHOCTb BbLIXOAHOIO Hanps>xXeHuns

CtonmocCTb NOJSIHOro peLweHus

CnoXHocCTb pa3paboTku

— CtabunbHocTtb netnu OC (compensation network)

o bus
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Hysteretic Control Architectures

National
Semiconductor

Hysteretic

+No compensation
needed

+ Fastest

+ Lowest cost
© High ripple

O No stable fsw

O not
synchronizable

National
Semiconductor

Constant On

Time (COT)

+No compensation
needed

+ Fastest
+ Low cost

+ Relatively stable
fsw

Buck Reg.

D-CAP

+No compensation
needed

+ Fastest
+ Low cost

+ Relatively stable
fsw

A\

National
Semiconductor

COT with

Emulated Ripple
Mode (ERM)

+No compensation
needed

+ Fastest
+ Low cost

+ Relatively stable
fsw

s

D-CAP2

+No compensation
needed

+ Fastest
+ Low cost

+ Relatively stable
fsw

© High ripple © High ripple + Low ripple + Low ripple
O not O not O not O not
synchronizable synchronizable synchronizable synchronizable
S v J % y,
Equivalent Equivalent
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Fixed Frequency Control Architectures

+ Stable fsw
+ Low ripple
+Synchronizable

+Wide duty cycle
range

+ Medium cost
OSlow Transient

O Complex
compensation
needed

Voltage Mode
with Vin feed
forward

+ Stable fsw

+ Low ripple
+Synchronizable
+Medium cost

+ Compensates Vin
changes

+ Fast Transient

OComplex
compensation
needed

Buck Reg.

A\

Current

Mode

+ Stable fsw

+ Low ripple
+Synchronizable
+Fast Transient

+ Simple
compensation

+ Compensates Vin
changes

© No low duty
cycle

© Higher cost

National
Semiconductor

Emulated

Current
Mode

+ Stable fsw

+ Low ripple
+Synchronizable
+ Fast Transient

+ Simple
compensation

+Compensates Vin
changes

+Low duty cycle

© No high duty
cycle

© Higher cost

DCS-Control

+ Fastest

+ Advanced Power
Safe Mode

+Low ripple

+ Relatively stable
fsw

+Low BOM cost

© not
synchronizable

-




Hysteretic Mode
Regulation

HanmeHbllee BpeMA OTKITUKaA

; -




Hysteretic Buck Regulator

Basic Architecture

Vin
Modulator Power Stage
T | - |
| | | |
vt T = '
| T
| VRrer - | : | |
I - | | ! Vout
| Error | | :
| Comparator | | Rc |
| | | (ESR)! Ru
T ] | :
' I
| |
Ripple is needed / Rey (U (D -
to properly switch AMA
the comparator!!
Res Advantages:

Wide Bandwidth means fast transient response.
No frequency compensation (poles, zeroes) to deal with.
V, feedforward is inherent.

Disadvantages:

ton @and toer , and therefore the frequency, are functions of:
V|N’ VOUT’ IL’ L, ESR, ESL, VHYS*(RF1+RF2)/RF2’ and td

-> Frequency is difficult to control!!

7 ¢ MUMENI’S




Constant-On-Time (COT)
Regulation

He TpebyeTtcsa komneHcauua YX
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Constant On-Time - Two Methods

-

\_

=
COMPARATOR >l

VRe 1- SHOT
KVOUT ton

SWITCH |

DRIVE

\ Commonalities: v
o ouT

— No oscillator, but ton Y,
(quasi) fixed tON IN

— Quasi-constant switching frequency

— No compensation network, no delay
- fastest transient response

-

\_

=| 3
COMPARATOR —¢& ~

D-CAP

~

Vre 1- SHOT
KVouTt ton

SWITCH
DRIVE

oL

Differences:
— ON-Time also function of Vout

-




Constant-On-time (COT)

Hysteretic Regulator

The addition of a one-shot the the basic hysteretic control

VIN

Modulator Ron o Power
________ Stage
r —_—— = |
I B | |
| VREFO - | | L VOUT
| J7 Error | >—|
Comparator
| P : | L | zR
e R
Vs | 2 (EsR)
—_ — _V_l
F1
—/\\
2R,
Disadvantages: v Advantages:
. Requires ripple at feedback comparator . Constant frequency vs. V
. Sensitive to output noise, because it translates to . High efficiency at light load
feedback ripple - Fast transient response for 1

cycle for fast loads

'
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How does COT Regulation work?

Modulator
|_ - - - - - - - - Vaw
et )
| Vrer \ Lon Lorr
J7 Error
| Comparator
0.6V T —
L e e e — —
Vg ||_
RFl
ID_W

* When V< Vgee
— One-shot circuitry sets a ty, time
-V, is high until ty is achieved

+ Once tyy is achieved
— Switch turns off

— Cycle starts up again when Vg < Ve

ton torr

v

© Texas Instruments Corporation ¢ Texas
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COT Regulation with V,, Feedforward

[MocTosiIHHasA YacToTa MOXET ObITb OOCTUrHyTa npuMeHeHnem ﬂpﬂMOIZ CBA3U Mo

HanpsKeHWIo: Definition of Duty Cycle:
VSW D= t?I_N =ton * fow

Vi, Switch On-time
ton =K/ Vin For Buck Regulator:
D :VOUT
VIN
ovVT i Setting EQ1 = EQ2:
) ] Y/
ton * fsvv = UL
||_ VIN
| For COT with Feed-forward:
- RIPPLE
P KeRy,
ON —
VIN

K is a constant = 1.3x10 10
Insert EQ4 in EQ3:

) IV RIPPLE KeRou fow _Vour
B Vin Vin
Frequency is constant Solve for fey:
for constant Vgt o = _YOUT_
K e Ron

EQ1

EQ2

EQ3

EQ4

© Texas Instruments Corporation

o bus
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COT Regulation with V,, Feedforward

Switching Frequency vs. Input Voltage

450

B
o
o

SENDIDESS

W
()
o

250

200

Switching Frequency (kHz)
w
o
o

150

0 10 20 30 40 50 60 70 80
Input Voltage (V)

YacTtoTa OTHOCUTESNIbHO NOCTOSIHHA B LUMPOKOM
Anana3oHe BXOA4HbIX Hanp;m(el-mﬁ.

© Texas Instruments Corporation ¢ Texas
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ESR HeoOXxoaMm ana nocTarouvuHbIX

nynbcauum Vy,r

Modulator

0 One-Shot
.,.I E Inversely
\Y, refO - Proportional
- tO VlN

bW
E‘N Ripple is needed

to properly switch the comparator!!
* T off regulates by comparing Vgt t0 V¢

* Vout ripple must be large enough to overcome the comparator hysteresis
« ESR of output capacitor is directly proportional to V; ripple

« ESR must be large enough to create sufficient Vo ripple to properly switch the comparator

© Texas Instruments Corporation
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Hysteretic Regulator Waveforms

For a given V, ON-Time is constant as load current varies

SW
Buck Switch vV
stays ON for an IN
On-time ot
determined by N
Vv and Rgy

0.6\

Inductor's ripple current:

AIL — V‘n _Vout 'tON'

| —

Output voltage ripple:

AV, = Al_-ESR+—2lt

s Ty

ouT

SW Pin

Inductor
Current

Output

AVe Voltage

Reference Threshold

In standard COT control schemesit is recommended that a low ESR ceramic output capacitor be used in series
with a resistor to provide a stable ESR

© Texas Instruments Corporation
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ESR HeoOXxoam ana ymeHblLUIEeHUSA

cdasoBoro casura mexpay Vour M L,

R1+R2
ref R? — Ve

* V¢, is phase shifted 90° from inductor current waveform

+ VESR

LM3010

* Vg 1S In phase with inductor current waveform

* If Vegr is small, V,,; will be dominated by the phase shifted V.,
component causing Vg, to jitter and circuit to regulate poorly

SW

s <

Going down when it should be going up!!

© Texas Instruments Corporation ¢ Texas
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MeTtoab! po6askm nynscauum B OC

Type 1
Lowest Cost
Configuration

Type 2
Reduced Ripple
Configuration

Type 3
Minimum Ripple
Configuration

Controlling Output Ripple
and Achieving ESR
Independence in Constant
On-Time (COT) Regulator
Designs

Natonal Semiconducion
Applicason Note 1481
Cralg Varga
Seplember 2006
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LM5017/18/19

100V Synchronous Buck Regulator Family

Key Features

9v-108v EM5017 ,
\E}\l . VIN ad RES Casy L1 VOoUuT
« Input voltage range: 9V to 100V ijhz szé bantleoy W LT P
L RoN +VCC
* Integrated HS and LS FETs = . o Voot Rm% %c
= L FB =
« 600MA/300mA/100mA output current levels > Ruve - ° R,:Bg% Icom

» |solated output when used with transformer
or coupled inductor 01 vour2

* Integrated Input under-voltage lock-out
* No Control Loop Compensation Required (COT)

« Ultra-fast transient response

« Switching frequency adjustable to 1IMHz
« Output adjustable to min 1.22V
» Precision reference, £2.5% over full temp range

Availability / Pricing

« Peak current limit protection
« Thermal shutdown

Load
Current
« PSOP-8, LLP-8 packages Order Code| [ mA1 | 1K Web Price

« Availablein AEC-Q100 Grade 1 LM5017 600 $1.65
(Timax=125°C) LM5018 300 $1.40
LM5019 100 $1.25

© Texas Instruments Corporation

o e
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D-CAP

He tTpebyetca komneHcauusa YX
(akBuBaneHT COT)

© Texas Instruments Corporation

o Pus
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D-CAP Mode - Ripple Injection Networks allows

Multilayer Ceramic Capacitors (MLCC)

« D-CAP regulators need 10 ... 15mV peak-to-peak voltage ripple on feedback-pin

* Ripple comes usually from output voltage ripple (caused by certain ESR of C)
« Output Voltage Ripple can be avoided by use of Ripple Injection Network

* App note: “D-CAP™ Mode With All-Ceramic Output Capacitor Application” SLVA453
* Ripple Injection Network generates 10 ... 15mV VFB ripple w/o any ripple on VOUT:
Enables use of MLCC

l Virtual

5 current information le

R2 = I

1 P VIN_
” @'V_ __ CH' , Small ESR
. HS-FE Small Vout ripple
§ L + DCR Vo
VFiripple) = Control Y PRI
Vorippie) * V s(ripple) Logic -

and

I L lo
1+~ - N
l Driver —] {: USFET

DCAP+ and DCAP2 regulators don’t need output ripple voltage
and don’t need ripple injection. They are inherently stable with =
ceramic output capacitors (MLCC)

20



http://www.ti.com/litv/pdf/slva453

D-CAP Mode - Mid V,, Converter Portfolio

Device IOUT Power Bias typ VOUT Package | Size
Path VIN RDSon
VIN (V) V) (mQ) (V)
(mm
ma Tol. X

(A) min max | min X HS LS | min | max [ (%) Type mm)

TPS53314 6 3 15 [ 45| 25| 20| 75 | 0.6 | 5.5 1 QFN40 SX 7
TPS53318 8 3 21 |45 | 21 9 ) 0.6 | 55 1 QFN22 5X6
TPS51315( 10 3 14 | 45| 55| 19 4 057 9.5 1.6 QFN40 SXx 7
TPS53319 | 12 3 21 |45 | 21 9 ) 0.6 | 55 1 QFN22 5X6
TPS53315 | 12 3 15 [ 45| 25 | 19 4 0.6 | 5.5 1 QFN40 S
TPS53353 ( 20 3 15 [ 45| 25 [ 55| 22 | 06 | 55 1 QFN22 5X6
TPS53355( 30 3 15 | 45 | 25 ) 2 0.6 | 55 1 QFN22 5X6

All devices with single grounded PowerPAD for reduced EMI

© Texas Instruments Corporation

i Texas
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http://focus.ti.com/docs/prod/folders/print/tps53314.html
http://focus.ti.com/docs/prod/folders/print/tps53318.html
http://focus.ti.com/docs/prod/folders/print/tps51315.html
http://focus.ti.com/docs/prod/folders/print/tps53319.html
http://focus.ti.com/docs/prod/folders/print/tps53315.html
http://focus.ti.com/docs/prod/folders/print/tps53353.html
http://focus.ti.com/docs/prod/folders/print/tps53355.html

30A 3-15VIN D-CAP™ SR Buck Converter w/ ECO-Mode™

TPS53355

4.5 — 25V Bias 3 -15 V Power
Power Input Path Input

£ &0
. L Vw3V g 50 V=12V
T Lo Lo le, ™ 8 Vipo =5 V
2 T 2 ] e | 2 E 4 Vogr=1.1V
TRIP MODE VDO VREGVIN VIN VIN VIN VIN VIN 30

Skip Mode, fsw = 500 kHz

20 e FCCM, fow = 500 kHz
e wo[ i —— Skip Mode. fsy = 300 kHz
VREG we FCCM, foyy = 300 kHz
< 100 k0 L 3
PGOOD ¢ 1 a9 0-6 - 5-5 VOUT urrent (A)

EN O <3012

>

R2 9 C5
10k 01 yF

[ 90

[ mg.’.n:?xn - - _ﬁ 80 [ [ ' ' [
- Fast Transient D-CAP™ Mode Ripple Injection |« = | | |

3)
* No Loop Comp. Required E I\tl)letwark f % -
- Select. FCCM / ECO-(Skip)- Mode nab’es Use of | 2
_ MLCC Output S 50
* Pre- Bias Start- up Caps -
« Output OV / UV Protect. & Power Good P § 0| — 400LFM
. " < — 200 LFM Vin=12V
Programmable .Cur.rent Limit _ 30 | —— 100 LFM : — Veur=12V
* 8 selectable switching frequ., 4 selectable SS times W = Natural Convection fsw = 500 kHz
* 5V LDO Output (30mA) 0 5 10 15 20 25 30

Qutput Current (A)

i Texas
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Constant-On-Time (COT)
Regulation with Emulated
Ripple Mode (ERM)

Manble nynbcauun BbIXOAHOIO HanpsXXeHus
MeHbLle KOMMOHEeHTOB

© Texas Instruments Corporation ¢ Texas
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Improved Constant On-Time: COT-ERM

-

VRreE
KVouT

\_

COMPARATOR

Y

T

1- SHOT
ton

SWITCH |

DRIVE

Differences:

Need for output voltage ripple:

Commonalities:

— No oscillator, but
(quasi) fixed tON

— Quasi-constant switching frequency

— No compensation network, no delay
fastest transient response

ton o€

VOUT

VIN

Inductor Ripple

Current Emulator

COMPARATOR

4

COT - ERM

~

1- SHOT
ton

SWITCH
DRIVE

ol

/

—COT: ~10 - 15mV ripple needed on feedback-pin; can reduced to OmV with ripple injection circuit
—COT- ERM No output ripple needed, internally emulated

24
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Kak amynupyroT nynscauumn?

o+
1""'in ﬁ)

A" O Main
+x) switch

y -7 . One shot
(/,\N’\‘\ "'-"'D Current

1 = f

. T :.._' * L1 duri

' ’ : uring t

b v bt ot + Vg, i D_l ton _»Wm g orf_ & v,
erf EEEE EEEEEEEEE /USE'I"I

ESRC \§ -
AN E3 "éw. ll v

0 Vref 0 J - -‘w_f Ifthara is ESR
:‘ = : ,"‘ --: '1- v I|‘.... .,‘- :_ ._.. :-: ‘;“‘

- " D

* ESR current can be sensed through Rj (Rps oy Of the Low Side Mosfet)
* The inverted Vg is the replication of Vg ri_pple during toge

* This is added to the DC reference voltage V, before comparing to Vgt
* No ESR is required on the output capacitor

© Texas Instruments Corporation
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SIMPLE SWITCHER®
Regulators

LM310x Family

-




LM310x Synchronous

SIMPLE SWITCHER® Family

Key Features

* Vin Range 4.5V to 42V (0.75A, 2.5A)

|
+ Constant ON-Time with Emulated Ripple Mode =

) Vour
* Fast transient response

i
* No external compensation required I I
« Adjustable Output Voltage (0.8V-25V)

» 1.5% Initial Accuracy at 25°C

. _ ] Current V|n
Adjustable Frequency (50kHz-1MHz) Order Code 1K Web Price

Availability / Pricing

. Adjustable Soft-Start LM3103 0.75 $1.80
» Stable with Ceramic Capacitors LM3100 1.5 36 $2.35

LM3102 2.5 42 $2.59
» Packages

eTSSOP-16 (0.75A)
eTSSOP-20 (1.5A, 2.5A)
micro SMD (1A)

S|MPLE SWITCHER © Texas Instruments Corporation
Easy-lo-ua wols. Senpla solutions,

o e
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D-CAP2

Manble nynbcaumm BbIXOOAHOI0 HanpsaXeHus
(akBuBaneHT COT-ERM)

© Texas Instruments Corporation
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Improved Constant On-Time: D-CAP2

e ™ Commonalities: v
: D-CAP | oy o€ ~QUT
>zl >ol — No oscillator, but oN %y
COMPARATOR (quasi) fixed tON IN
VREj> 1- SHOT SWITCH | oL — Quasi-constant switching frequency
KVout ton DRIVE _
— No compensation network, no delay
\_ - fastest transient response

Inductor Ripple \
Current Emulator l 'gl D-CAP2

VRer n '\ 1- SHOT SWITCH D_|_|_
KVouT —l/ fon PRIVE
\_ /

Differences:

Need for output voltage ripple:
—D-CAP: ~10-15mV ripple needed on feedback-pin; can reduced to OmV with ripple injection circuit

—D-CAP2: No output ripple needed, internally emulated

'
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D-CAP2 mode feature

| |

I I

| |

: : Vout(ripple) =

e Re Adaptive | oRvH S approximately zero
Py - On-time !

Input ripple | b — Gt g U e~
approximately R | Vref + generator SW J SwW |
at zero | Error |

I ; === 1 Comparator ooog

| s ~ | DRVL M2 e

[ // Filter N [ Cout —T— %

Ly SV & \ . |

I 1o Ripple | ' Input rlppl_e . :

: ' -~ o /' generated inside | 77

AN _~ thechip |

| |

| |

S

(1) TI D-CAP2 mode topology is next generation DCAP mode which integrates a
switching injection circuit to allow use of ceramic output capacitors.

(2) DCAP2 mode is stable even if the Vout ripple voltage is zero. This allows the use of
ceramic output capacitors.

(3) DCAP2 mode has identical operation as DCAP mode.

(4) Input feedback voltage (Vfb) to error comparator directly without an error amplifier

-




o
©
=
£
O
.
4
[«
£
(¢
>
| =
O
o
N
.
<
T
a

| TPS54525/54526 650kHz,V, 1=0.76-5.5V,SS,PG

Il S Sl nittte i R S

| TPS56528 650kHz,V,;=0.76-5.5V,PG

| TPS54527/54528 650kHz,V, 1=0.76-7V,SS

Legend

e g S U |

[ D-CAP2™  Small Pinouf

Vn| |T=0.76'5.5V, PG

| TPS56428 650kHZ

an |T=0.76'7V,SS

| TPS54427/54428 650kHz

| TPS54339/54339E (700kHz)

| TPS54327/54328 700kHz,V(, 1=0.76-7V,SS

| TPS54239/54239E (700kHz)

[ TPS54227/54228 700kHzZ,Vo, =0.76-7V.SS

28V

17v 18V

6V 7V

4.5V

© Texas Instruments Corporation

-
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Mid VIN SR Buck D-CAP2 Converters

TPS54x27 | x28 (aka Kirishima)

OCOBEHHOCTM NMPEMMYLLECTBA

= Fast Adaptive On-Time (D-CAP2) Control = High Performance with 2 x 22uF Ceramic Cout
Architecture « Faster than 20us transient response time

= Very Low Resistance MOSFETSs * Less 10mVp-p output voltage ripple

* No compensation components needed
= 90% Efficiency; Optimized for Low Vout
= 1,5 uHn Small Inductor
» Reduces Inrush Currents During Startup

» Fixed 700kHz Switching Frequency
» Adjustable Soft-Start Time
= Auto-Skipping Eco-mode: TPS54x28

Pin Compatibility
NPUMEHEHMSA L Bl o
Es 2l vgg?_| from 2A to 5A (SO-8)
. — 2IVREGS  SWHS
» Digital TV fasp o SND 2
= Industrial 9 I
= Networking Home Terminal = = =
. Dlgltal Set Top BOX TPS54227 2 - 4.5-18 700k 0.76-7 DDA

TPS54228 2 - 4.5-18 700k 0.76-7 D,DDA,DRC

© Texas Instruments Corporation

'
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Advanced COT
Control Methods

bbicTpble
Manble nynbcauumn BbIXOAHOIO HanpsaXeHus

© Texas Instruments Corporation
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Constant On-Time Control Modes

Commonalities:
— No oscillator, but (quasi) fixed tON /

Inductor Ripple

Vout 5
— Quasi-constant switching frequency T ST >Zl >°l DCS
— No compensation network, no
_ ton DRIVE
— Fastest transient response Vrer
\_ COMPARATOR -/
Vv
toy oc 2 : : .
ON Vi Direct Control with Seamless Transition to Power Save Mode

Differences:

Need for output voltage ripple: / | 5 \
— DCS: No output ripple needed, KVour >l >l

inductor-/ switch-current ripple used; is Veer [> | | 1-sHOT switcH | ol L

basically combination of D-CAP and VM fon DRIVE

. Inductor Current

— D-CAP+: No output ripple needed,

inductor-/ switch-current ripple used; is COMPARATOR

basically combination of D-CAP and CM \ PREERECFE N SIIE D-CA P+/

34 E INSTRUMENTS




Advanced COT
DCS

Direct Control with Seamless Transition
to Power Save Mode

© Texas Instruments Corporation

o Tovs
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NMpemmywectea COT DCS apxurekTyphbl

Kl()O% Duty-Cycle Mode
* BbICTPbIN OTKIUK

* OTnNn4Haga ctabununsauns Nno Harpyske
* Boicoknu Kl Bo Bcex pexmmax

» OTcyTcTBME KOMNeHcaunn YX
'\Maﬂblﬁ pasmMep KOMMNOHEHTOB

N

* Markasi paboTa B norpaHU4HOM pexmme HommHan/ XX
* PuKcnpoBaHHada YacTtoTa B CTaOUITbHOM peXxnume

/

© Texas Instruments Corporation
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TPS6213x/4x/5x COT DCS

3...17V V,,, 1-3A, 3MHz Step-Down Converters in 3x3mm QFN

Features benefits

* High Efficiency Step Down Converter with * High VIN converter with small solution size

DCS-Control™ * 12V > 3.3V / 3A utilizing a 1uH inductor
* VINrange from 3to 17V * DCS-ControlTM regulation is fast and accurate
* Adjustable VOUT from 0.9 to 6.0V * Low quiescent current and selectable switching
* Fixed VOUT options: 1.8V, 3.3V, 5.0V frequency for high efficiency
* Output current up to: 3A (TPS62130) * VFB control allows for constant current source

2A (TPS62140) applications
1A (TPS62150)

. . (3. 17V 1pH 1.8V /3A

Seamless transition to Power Save Mode - VI w LAY A — 5
* Pin-selectable switching frequency (full, half)

AVIN VoS 100k
+ 100% Duty Cycle Mode
. 10uF EN PG 22uF
* Programmable Soft Start and Tracking - TPsetal
. SS/TR FB

* Quiescent current of 17uA (typ.) 3.3nF

Power Good OEr AP

O
T .

ﬂﬂﬂllcalmns

/T( FSW v\DGND
+ Solid State Disk Drives

+ Embedded and mobile Computing Cstart Adjustable Startup DEF
* Industrial applications

Pin Selectable Output Voltage

TR FB Voltage Control ESW Pin Selectable Switching Frequency

© Texas Instruments Corporation

\
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DCS-Control™ Devices

TPS62230 PG AVIN PVIN_PVIN
(Vin=6V with 500mA) |
Soft Thermal ’J ‘
TPS62130/40/50 s | (s | | e | oo ol
(Vin= 17V with 3A/2A/1A) #<_ 1
EN'
TPS62160/70 ssmr [ ~ | W
(Vin:]_?V with1A/ O5A) I control logic (?:l:f;l 3::9; . SW
DEF’ - |
TPS62080 o - sw
(Vin=6V with 1.2A) | /\/ A
TPS62090 I intainni et - o
(Vin=6V with 3A) VoS | | [ |
= |
| |
TPS62125 (2Q12) e i |
|
' |
L e e e e e e e _l

T P S 6 2 1 30 " This pin is connected to a pull down resistor internally AGND PGND PGND

(see Detailed Description section).

© Texas Instruments Corporation
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Constant Frequency

TpaANLUNOHHDbI
OnTumanbHbI ANg noaaBrieHUsA NomMmex

© Texas Instruments Corporation
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Constant Frequency Control Modes

Compen- Voltaqe Mode Commonalities:
sation LZ\QICI\:AH — Internal clock oscillator
(PID) PWM & DRIVE — Error Amplifier amplifies difference
COMPA- b/w VREF and VSENSE
RATOR : -
VRer — Compensation Network stabilizes
KVour - R Q DJ_I_ control loop but introduces also
+ delays
/\| S
Ramp OSCILLATOR [=EOCK i (Peak) Current Mode \
generated
- CLOCK
2 Compen OSCILLATOR
oscillator sation
(PID) PWM
COMPA-
Differences: RATOR S
— Method for generating . - = o/l
the “Ramp” r/‘ r/‘ . Q
— Oscillator . Switch- or PWM LATCH
3 & DRIVE
— Current Sense R.’Emp g_enﬁrated Inductor Current
~ by switch-or Sense
inductor-current

sensing

© Texas Instruments Corporation

\
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Voltage Mode

MpocTble CUHXPOHU3UPYEMbIE

© Texas Instruments Corporation
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Basic Voltage Mode PWM

DC-DC Converter

Compensation —\/\/\/‘—l

circuit and EA //

l[imit bandwidth I~ - T T T T 777 LI Compensation T T T 77
for transient | Feedback

response

Reference_
Voltage

Ripple must be
low for good
feedback control

_

Ripple equivalent to
switch comparator

Oscillator

Advantages:
Fixed frequency, low ripple (necessary)

Disadvantages:
Fixed frequency, limited bandwidth - slower transient response vs. COT

© Texas Instruments Corporation
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SIMPLE SWITCHER®
Regulators

LM2267x Family

Ease of Use Regulators

© Texas Instruments Corporation ¢ Texas
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LM2267x SIMPLE SWITCHER® Family

Key Features

Vin Range 4.5V to 42V
Current Outputs: 0.5A, 1.0A, 2.0A, 3.0A, 5.0A

Internally compensated V,, feed forward voltage
mode control

Output Voltages options:
Adjustable range (1.285V-30V)
Fixed: 5.0V

1.5% Initial Accuracy at 25°C

2.0% Vg7 Accuracy over Line,
and Full Temperature (Tj=-40°C to +125°C)

Precision Enable

Optional fixed Operating Frequency: 500kHz
Adjustable Frequency (200kHz-1MHz)
Frequency Sync (500kHz — 1MHZz)

Adjustable Current Limit

External Soft-Start

Stable with Ceramic Capacitors

Available in AEC-Q100 Grade 1 (Tjmax=125°C)
Packages: TO-263-7 THIN, PSOP-8

L

Availability / Pricing

ILoap

Vour

T

LM22674
LM22671
LM22675
LM22672
LM22680
LM22670
LM22673
LM22676
LM22677
LM22678
LM22679

Order Code

1.0
1.0
2.0
3.0
3.0
3.0
5.0
5.0
5.0

ANIAN

SESE S

)

Start Fadj Prlce

$1.32
$1.38
$1.68
$1.78
$1.85
$1.98
$1.98
$1.92
4 $3.38

$3.25

$3.38

Y

SIMPLE SIIEEE]
Easy-loresa wols. Senpfe solutions,

© Texas Instruments Corporation

44

-




Current Mode Regulation

CUHXpOHU3NpyeMble
MpocTble B KOMMNeHcauuum
[MpocTbie B 00beANMHEHUM MO TOKY

© Texas Instruments Corporation
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Current-Mode Buck-Regulator

Architecture

Corrective Ramp

Integrated or external

Modulator and Power Stage

Snm Am/p|ifier

Current Sense

PWM \_|_0

Comparator

\
/

Vour

Voutr Reference

¥
|
1
L e o o o ——— |

1 ___.-":Feedback, Error Amplifier,
%, =/ and Compensation

Peak-CMC architecture is used in most of Boost regulators and some Buck like LM28xx

Q

R

© Texas Instruments Corporation
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LM2840/41/42

Tiny SOT-23 100-600mA Regulator

Key Features

« Wide Vin range of 4.5V to 42V cscim o ey s
* 100mA/300mA /600mA Output Current > s ::‘MMI:,: _I_' .L s

* Internally compensated current mode control L Z_“NT :: —

* Fixed Operating Frequencies: 500kHz / 1.2MHz 4 W

- Adjustable output voltage down to 0.75V +2% . s B
« Precision Enable I

* Thermal shutdown )

« Stable with Ceramic Capacitors

« Package: SOT-23 Availability / Pricing

* Available in AEC-Q100 Grade 1 (Tjmax=125C)

Load
Current
Order Code| [ mA 1K Web Price

LM2840 100 $1.17
LM2841 300 $1.29
LM2842 600 $1.44

© Texas Instruments Corporation
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TPS54360/ TPS54560

60V 3.5A DC-DC Regulator with EcoMode

o

OCOBEHHOCTM ==h o .
= =

* Integrated 92m< High Side MOSFET " I

+ Current Mode PWM with Light Load Eco-
Mode™

* 146UA No-Load Ig, 1uA Shutdown Iq o
* 100 kHz to 2.5 MHz Switching Frequency

» Synchronizes to External Clock EFD;

+ 1% Accurate Feedback Voltage Reference o | i O omion [

» -40 °C to +150 °C Operating Temperature

ot
UVLO Current
Ise

fa
Ve

BOOT

Y
S

sSwW

z0 oD
g g8

g

L
.||_Ef_|<_.

Maximum —
Clamp scillator
ith PLL

8/8/2012 A0192789

» 24/36/48V Industrial Power Systems
. . Part Iout Vin
PLC, E-Meter, Security, Automation ) W)

* Automotive

TPS54360 35 4.5-60 HSOICS
Pin to pin Q 0 TPS54340 3.5 45-42 HSOIC8  Now
compatibility across TPS54560 5.0 4.5-60 HSOICS 1Q13
the family HsoIC 8 SONIO TPS54540 50 45-42 HSOIC8  1Q13
4mmx4mm

© Texas Instruments Corporation
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Emulated Current Mode
ECM Regulation

Bonbwue cooTHoweHuda Vin / Vout
YCcTOMYNBOCTL K MOMexam

© Texas Instruments Corporation
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Emulated Current Mode Waveforms

I Buckswitch

SW
o t FYYY\_g 0O
Le]
SW \?
+ 1+ |
T~ -~
Controller
Tto
O

Sample and Hold
of Diode (Inductor)
Current

Due to the high input to output voltage
ratios ON-times get too short to derive ~ EMuLATED ||

the regulation signal out of it.

lbiope ] A
/ ’
/ ’
; ’
’
7
________________________ / 'equal value
N N
lsuck switch R
bl
’
,l
/
g
\
= 7 4
RAMP e
0.5 V/IA A

© Texas Instruments Corporation
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Emulated Current Mode Waveforms

I Buckswitch

I sw

o ll Ii‘ J_l _>rVVY\_|_.Q

+ SW \? + /\/\/\
P ~ I
Controller
Tis
O O

To emulate the ramping portion of the buck switch '°> m

signal dl/dt needs to be detected.
di/dt = (Vin — Vout) / L

BUCK SWITCH l‘
Slope of Inductor Current | | ,’l
di/dt=(Vin-vout)L |1 TTTTTTTTTT
( : EMULATED || 1 P
RAMP f
0.5 VIA J
Emulated /

Inductor Current

© Texas Instruments Corporation ¢ Texas
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Emulated-Current-Mode (ECM)

§di/dt = (Vin - Vout) / L1

Q1 i RARSE-NNY Slope
vin L ~ T vew compensation for
% / i >50% duty cycle

M

Inductor current is

EMULATED b%

*Measuring inductor
voltage & estimating
current ramp

*Measuring diode > } SAuPLe
current HoLD

CONTROL
TIMING

D1A

© Texas Instruments Corporation
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Problem in normal Current Mode

not a Problem in ECM !

Mosfet
Current

———
L
L

* Mosfet turns ON
 Leading edge spike,
from reverse recovery

\
\
B

111
L

current of diode

| | time

* Blanking time to —
avoid overdriving the
PWM comparator

While current mode control provides better line (input voltage) regulation and better
transient response, it is more susceptible to noise.

© Texas Instruments Corporation ¢ Texas
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Benefits of ECM vs.Voltage Mode:
LM5576 Transient Response

Vin| Lv2ss7x Vour
LM557x | ">

* V=24V
* Vour =9V

“Digital”
IC load

« < 50mV output transient

« 1 to 3 Amp transient

Fy
Measure P1:fregiCl) P2:mean(c3) Pai- - -
walle 501.062 kHz 1.867 &

P4:- - -

11172008 9:44:03 AM

© Texas Instruments Corporation
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Output Voltage vs. Operating Frequency

- The maximum operating frequency is a function of
minimum ON-time & the input and output voltage.

1:sw(max) = (VOUT+Vdiode) / (tON(MIN) * VIN(max))

Max Operating Frequency vs
Output Voltage (Vin = 36V)
Min ON-Time . 1200
T
< 1000 v
—»} ie— 80ns g / /
HH g 800 _
L 600 1 //
g 400 ]
: o _—
———— TsSW —————» & 200
3
= 0
1 2 3 4 5
Output Voltage

— Min ON time 80ns
— Competitor 2.8MHz switcher, Min ON time 150ns

© Texas Instruments Corporation ¢ TeEXAS
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Minimum Input Voltage

vs. Operating Frequency

* Forced OFF-Time of 500ns

« To allow time for the sample & hold of the diode current

*  The maximum duty cycle is limited for high frequency applications
* The minimum input voltage drop may be limited

<4— Tsw - 500ns —>»

E500ns \

: :
+—— Tsw — ™

Vinming = (Vout + Vaiode) / (1 - fgyy * 500NS)

Examplel: V=5V, fg,=500kHz, 2V \min=7V
Example2: Vo 1=V, f5,,=800kHz, 2V \min=9V

© Texas Instruments Corporation
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HapeXxHasa 3awimra no TokKy

* An additional benefit of ECM is “look-ahead current limiting”
since the inductor current is measured prior to the buck switch

on-time.
1-Aug-A5
15:81:11
During high input voltage, 53 o |
extreme short-circuit conditions
the buck switch will skip cycles
if the inductor current does not T
decay below the current limit N B i S T, S
threShOId. e IIII:IIII e
o 1?BESH T
Skipping cycles prevents the A T , .
possibility of runaway inductor I
current. S R L | O 0 o R e '
2 ps “I
Vin =75V

Output Load = Short Circuit

© Texas Instruments Corporation @ TeEXAS
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SIMPLE SWITCHER®
LM(2)557x Family

-




LM2557x /| LM557x

SIMPLE SWITCHER® Family

Key Features

* Vin Range 6V to 42V / 75V
« Current Outputs: 0.5A, 1.5A, 3.0A

* Internally compensated Emulated current mode
control for huge V,y to Vg ratio I

» Adjustable Output Voltages down to 1.225V

* 1.5% Vgt Accuracy over full Temperature
(Tj=-40°C to +125°C)

« Enable pin Load
Order Code 1K Web Price

* Frequency Sync (External or Master/Slave)

ILoan

Vour

T

Availability / Pricing

LM25574 $1.48
 Adjustable Soft-Start LM5574 05 75 $1.75
» Stable with Ceramic Capacitors LM25575 15 42 $1.76
. Available in AEC-Q100 Grade 1 (Tjmax=125°C) N L = 220

and Grade 0 (Tjmax=150°C) ___ - _ $2:40

LM5576 3 75 $3.05

» Packages:
TSSOP-16, TSSOP-16-EP, TSSOP-20-EP
Bare Die version available

SIMPLE BVii®E:
Easy-lo-ua wols. Senpla solutions,

o e
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JaKnrovueHue:

UTO ANIA Yero Mcnonb30Bartb?
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3aKknroueHme:

4UTO ASIA Yero Mcnosnb30BaTtb?

Voltage Mode
* Wcnonb3oBaTb, ecrnn Heobxoanma CUHXPOHU3aUUAa U UKCMpoBaHHasa YyacTtoTa.
* [Ins 60onbLON CKBaXXHOCTU NnpeanovnTenbHen, Yem TpagnuUMOHHbIN TOKOBbLIN PEXUM.
« MakcumanbHas npocToTa peanusaunm Ha M/K.
« LM2267x, LM21215, LM285x, TPS40007, TPS5430, TPS54610, TPS54310

Voltage Mode (with Voltage Feed Forward)

« Ecnu HeoGxoauM akTyanbHO LUMPOKUIA AnanasoH paboymx HamnpsikKeHun.
« ABTOMOOWIbHAas TEXHMKA.

« TPS40170, TPS4005x%, TPS56221, TPS40400

Current Mode
» Ecnu Heobxoomma cMHXpoHM3aLmMs nnn oMKCMpoBaHHaga YacTtoTa.

» HapexHas 3awmta, o0beanHeHne no Toky. [NpomaBTomaTtuka.
e TPS54620, TPS54160, LM21305, TPS54618, TPS54331

Emulated Current Mode
* BbICcokas yCTOMYMBOCTb K MOMEXaM U NepexonHbIM rnpoLeccam B Harpyske.
* Bbicokas YacToTa 1 ckBaXXHoCTb. Ternekom UPS.
 LM557x, LM2557x, LM5005, LM5117, LM5116
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3aKknroueHme:

4UTO ASIA Yero Mcnosnb30BaTtb?

Hysteretic

*  MwuHumanbHasa yeHa. MakcumaribHas CKOpPOCTb peakuun. Ecnv 4yactoTa He KpUTUYHA.
e |M3485, LM3475

DCAP (Constant On Time)
* Jlydwee cooTHoLWeHMEe KavyecTBO/ LeHa. Manoe Konm4yecTBo KOMMNOHEHTOB.
*  OnTuMmmsupoBaH nog Hegoporne kKoMmnoHeHTbl (medium ESR Cout).
+ Adaptive COT: TPS51124, TPS51216, TPS53355, TPS53219
« COT: LM2500x, LM5006, LM5007/8/9, LM3100

DCAP2 (Adaptive Constant On Time with Emulated Ripple Mode)
» Bbicokasi ycTOMUYMBOCTb K NOMexaMm, nepexoaHbiM NpoLieccamM B Harpy3ke, KOMNOHOBKe
1 pa3BoaKe.

«  ONTMMKU3NPOBaH NoAd KepaMnyeckme KoHOeHcaTopbl HEOOMNbLUOW eMKOCTH.
« TPSb54327/8, TPS54527/8, TPS53114, TPS5312x

DCS (Direct Control w/ Seamless transition to Power Save Mode)
* Bbicokuu KM v anHamuyeckne napameTpeol.
« [lopTtaTuBHbLIE YCTPOUCTBA.
« TPS62230, TPS62120/30/40/50

62
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NMpuno>xxeHue:

Buibop
Hambonee nonynapHbIX
KOMMNOHEHTOB
no Metoaam ynpasrieHUN
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Low Cost Step-Down DC/DC Converters

y N
8A TPS54821 — 3.5x3.5mm QFN @YW «synchronous*
TPS54521 — 3.5x3.5mm QFN @\ *Synchronous*
’_g 5A TPS54527/8 — 8HSOIC Eco-Mode DCAP2 EaS\Ylealfelale{VSy
O ; ;
: TPS54519 — 3x3mm QFN CM *Synchronous*
c — s _
— TPS54319 - 3x3amm QFN CM *Synchronous*
8 : CM = Current Mode
DCAP2 = Low Ripple COT
-'5' 3A : TPS54331/2 — 8S0OIC Eco-Mode CM Eco Mode = High light load
: : - : efficiency
= —
8 TPS54327/8 — 8HSOIC EM DCAP2 *Synchronops*
| TPS54231/2/3 - 8S0IC EM CM
2A | TPS54227/8 — 8HSOIC Eco-Mode DCAP2 [ERSVIAels UCS
TPS5401 — 10MSOP Eco-Mode CM
30V 35V 45V % Input Voltage (Vin) 17v18v 28V 42v

\
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Synchronous DC/DC Converters (Vin<18V)

(Low/Mid Vin) for DSP /| FPGA Power

25A TPS56221 - 5x6mm QFN
TPS56121 - 5x6mm QFN VM

15A |

T 12A VM
D e I E——————

—O ]
~ TPS54623- 3.5x3.5mm QFN Eco-Mode CM
+~— : ' : :
S 6A TPS54620/2- 3.5x3.5mm QFN CM
= ; ] VM = Voltage Mode
- TPS54618/78 — 3x3mm QFN CM CM = Current Mode
E')_, Eco Mode = High
3 OA LM21305 — 5x5mm LLP CM light load efficiency
= i
3 H H
o TPS54418/78 — 3x3mm QFN CM

3A TPS54318 — 3x3mm QFN CM

!

TPS54320 - 3.5x3.5mm QFN \Y

CM

2A TPS54218 — 3x3mm QFN

v

2.95V 4.5V 80V |nput Voltage (Vi) 145V 17Vi8V

i Texas
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Industrial DC/DC Converters (Wide Vin)

NOI‘I-S“C"II’OHO“S Step-Down Converters > 42V Input

3A TPS54360 Eco-Mode CM 65V in protected
LM5576 ECM |
2.5A | |
TPS54260 Eco-Mode CM
LM5005 } ................ ‘
1.5A :
LM5575 ECM |

................................... TPS54160 Eco-Mode CM
1A VM = Voltage Mode :
LM5574 ECM |

CM = Current Mode
ECM = Emulated Current Mode i
COT= Constant On-Time |7 LM5010A

Hyst = Hysteretic Mode
Eco Mode = High light load

Output Current (l571)

. LM5006  Synchronous External Fet
efficiency !
0.5A : : ;
TPS54060 Eco-Mode CM |
LM5007 . . Hyst —E—
350mA
LM5008A CcoT
150mA
LM5009A coT
3.5V 4.5V 55V 6.0V Input Voltage (V|N) 36V 42V 60V 75V 100V

75V in max Bepcun LM5XXX nonHocTbio coBMecTumbl ¢ 42V Bepeusamn LM25XXX.

66 E’ INSTRUMENTS




Cnacubo za BHumaHume !
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