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TPS6267x

FEATURES

« 92% Efficiency at 6MHz Operation .
+ 17pA Quiescent Current .
+  Wide V|y Range From 2.3V to 4.8V .
« 6MHz Regulated Frequency Operation

« Spread Spectrum, PWM Frequency Dithering *

Best in Class Load and Line Transient
+2% Total DC Voltage Accuracy

Low Ripple Light-Load PFM Mode
=35dB V)y PSRR (1kHz to 10kHz)
Simple Logic Enable Inputs

Supports External Clock Presence Detect
Enable Input

Three Surface-Mount External Components
Required (One 0603 MLCC Inductor, Two 0402
Ceramic Capacitors)

Complete Sub 0.33-mm Component Profile
Solution
Total Solution Size <10 mm?

Available in a 6-Pin NanoFree™ (CSP)
Ultra-Thin Packaging, 0,4mm Max. Height

APPLICATIONS

Cell Phones, Smart-Phones
Camera Module Embedded Power

Digital TV, WLAN, GPS and Bluetooth™
Applications

DC/DC Micro Modules



Smallest Solution Size

AnnlicFatinn

Vear TPS62671 L Vout
23V. 48V 1.8 V@ 500mA
SW
VIN 0.47 uH
L EN FB Co
2.2 yF 4.7 uF
GND MODE
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Figure 1. Efficiency vs. Load Current



TERMINAL FUNCTIONS

TERMINAL
1o DESCRIPTION

NAME NO.

FB C1 I Cutput feedback sense input. Connect FB to the converter's output.

VIN A2 I FPower supply input.

This is the switch pin of the converter and is connected to the drain of the internal Power

SW B1 /O
MOSFETs.

This is the enable pin of the device. Connecting this pin to ground forces the device into

EN B2 shutdown mode. Pulling this pin to V| enables the device. If an external clock (4MHz to 27MHz) Is
detected the device will automatically power up. This pin must not be left floating and must be
terminated.

This is the mode selection pin of the device. This pin must not be left floating and must be
terminated.

MODE A1 MODE = LOW: The device is operating in regulated frequency pulse width modulation mode
(PWM) at high-load currents and in pulse frequency modulation mode (PFM) at light load
currents.

MODE = HIGH: Low-noise mode enabled, regulated frequency PWM operation forced.

GND C2 - Ground pin.

VBT TPS62671 L Vourt
23V.48YV 1.8 V@ 500mA
Oo—e VIN sw i YYY L 0
0.47 uH
C_L_ EN FB Co
2.2 uF T 4.7 F
GND MODE




Electrical Characteristics

ELECTRICAL CHARACTERISTICS

Minimum and maximum values are at Vv, = 2.3V t0 5.5V, Vo = 1.8V, EN = 1.8Y, AUTO mode and T, = —40°C to 85°C; Circuit
of Parameter Measurement Information section (unless otherwise noted). Typical values are at V, = 3.6V, V5 = 1.8V, EN =
1.8V, AUTO mode and T, = 25°C (unless otherwise noted).

PARAMETER | TEST CONDITIONS | MIN TYP MAX | UNIT
SUPPLY CURRENT

TPSE26T1

TPSE2672 _ . S

TPSE2ETS lg = Omé. Device not switching 17 40 118

Operating quiescent TPSE62679
la current

TPSE2ET1 | lg = OmaA, PWM mode 55 i,

TPSE26T4 _

TPSE26TS Iy = 0maA, PAWM mode 50 o
li=mn Shutdown current EN = GND 0z 1 pA
VLD Undervoltage lockout threshold 205 21 W
EMABLE, MODE
\ Highdevel input
vy Hghievelinp 10

Low-level input TPSE26T1
Vi o el inpu TPS62672 ey v
0= TPSE2675
Input leakage
lkg cument Input connected to GND or VIMN 0.0 15 (11
High-evel input 196 v
y voltage (EMABLE) ’ :
" HighJevel input TPS62674 10 §
voltage (MODE) TPSE2679 : !
Low-level input
y voltage (EMABLE) 054 v
IL ;
Low-level input
voltage (MODE) TPSE2679 04 W
Input leakage TPSE2674
Ikg cumrent TPSE26TS Input connected to GND or VIM 0.0 15 (V1.
Input capacitance
Cin (ENABLE) 3 pF




Electrical Characteristics

PARAMETER TEST COMDITIONS MIM P MAX [ UMIT
Clock presence
detect frequency TPSEIETA 4 27| MHz
EXTCLK o
Clock presence TRS62679 40 &0 o,
detect duty cycle
POWER SWITCH
Wy = Vigs, = 3.6V, PWM mode 170 ml
Mosjon) P-channel MOSFET on resistance —

! Vi =Vigg = 2.5V, PWM mode 230 m{l

lig P-channel leakage cument, PMOS Vipm, = 55V, A0FC =T, =85°C 1 [TEA
Wy = Vigs, = 3.6V, PWM mode 120 ml
Mosjon) N-channel MOSFET on resistance —

! Vi =Vigg = 2.5V, PWM mode 180 m{l
lig N-channel leakage current, NMOS Vipm, = 55V, A0FC =T, =85°C 2 [TEA
foss Eéﬁjl?ﬁrz?: resistor for power-down 70 150 0

TPS62671
R TPSE2672
2.3V =V, = 4.8V, Open loop 900 1000 1150 maA
P-MOS current limit ! TPSE2674
TPSE26TY
2.3V =V, £ 4.8V Open loop TPSE26T5 1000 1100 1250 maA
le:uiudti;;nr;em limnit under short-circuit Vi shorted to ground 17 mA,
Thermal shutdown 140 *C
Thermal shutdown hysteresis 10 *C
OSCILLATOR
. TPSE62671
gjgﬂfrg” center TPSE2672 | Io = OmA. PAM operation 54 & 66| MHz
- o TPSE2675
i i
et CEMer Toacoers | 1o=0ma. PWM operation 43 545 60| MHz




Electrical Characteristics

QOUTPUT
2.3 =V =48V, ImA = g = 500 ma \ . \ "
PFM/P\WM operation 098Vhow  Vow  103xVnow| Y
TPSE26T1 [, = -
2.3 =V =55V, ImA = g = 500 mA . \
TPSE2ET2 i 098V yom Vo 1.045V yom W
TPSEIRTS PFM/PWM operation
2.3/ =V =55V, 0mA = | = 500 ma \ . - .
Regmﬂted Do PWM operation 0.98xyom Vo 102 o W
output voltage R VAT Ay -~ Y <
Vour ’ - TPSE2674 aimdnﬁgaign-: OmA =lo= 500 mA 0982V yom Vaom  1028Wgom |V
2.3 =V, =48V, DmA £ g = 650 ma \ \ N .y
PEM/PWM operation 098xVnow  Vwow  1.03xVyow| W
TPSE2675 P —— -
M operagon oo 0.98<Viow  Veom 1.02xVwow| V
Line regulation Wy =V + 0.5V (min 2.3V) to 5.9V, Ig = 200 ma 023 %h
Load regulation lg = 0mé& to 500 ma. PWM operation -0.00045 S6md,
Feedback input resistance 480 kLY
TPSE2ET1 | lg=1mA, V=18V 14 mYpp
AV E'mr-save mode ————
ripple voltage TPEB?_G?EI lg=1ma, Vg =12V 16 myap
TPSE26T1 Iy = 0ma, Time from active EM to Vg 130 us
TPSE2674 | lg = OméA, Time from EXTCLK clock active to Vi 125 ps
= .
Start-up time o = OméA, Time from EXTCLK clack active fo Vo
TPSE26T9 | L= 1pH DCR = 240m{ 0603 (TY CKP160851R0) 430 e
Co = 2.2pF 4V 0402 (TY AMK105BJ225MP)




FUNCTIONAL BLOCK DIAGRAM
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PWM Operation

13

v=3ev,
Vo =12V, L L
1o =150 mA | ' | | | ' |

Output Voltage (1.2v DC Offset)™™

3

n . _|1' .
Wi
oL ﬂ.\.l. ’ .1;; .||.-r|"L1 -

'Inductor Current 1 MODE = Low

@ 10.0mv & 2 40.0ns 2.50G5/s 2 J | 1Apr 2010
@ 100mA 1M points 3.04V )|00:04:06




Power Save Mode Operatlon

: TekPreVu _

V= 36VV0—12VI0—40mA 1

_')_(Jutput‘..?oltage'(l:,_Z}:wDC(Jf:fset}- : . T T

. 10.0mV & 400ns 250(:515 . s
@ 200V @ 200mA 1M points 3.28V




Efficiency - %

Efficiency vs Load Current

100

Vo=18V i l
90 L
i TR
"""
go|—| | , //
70 // V=27V /f
PFM/PWM Operation /
60 \
1 V=36V
50 p #— PEM/PWM OperationTt
V=42V
40 | PFM/PWM Operation
/
30 /
Alll|v, =36V
20 1 T11T|Forced PWM
10 /
0
0.1 1 10 100

lg - Load Current - mA

1000

Efficiency - %

100 =
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90 i
[ A1 BT || N
80 il s
/, Rl I|I |
70 7 (/r‘,’ T II,I fl’{
A,{ V,=36V /1
p e ]
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40 | PFM/PWM Operation / V=27V
’," PFM/PWM Operation||
30
20 ,J/
A || V=36V
10 va Forced PWM
0 L L]
0.1 1 10 100

lg - Load Current - mA

1000



Peak to Peak Output Ripple Voltage
vs Load Current
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Te

3 Input Voltage (3. 3V DC Offset)

Combined Line/Load Transient

Response

Output Voltage (l Y DC Offset)z

@ 20 Umv Bw 2
@ 500mv

2. SDGS."S
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Load Transient Response in
PFM/PWM Operatlon

kStop
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Load Transient response in
PFM/PWM Operatlon

| '50to350mA Load Step |

[L{output Voltage (1,8v DC Offset MMM~

s =

. 50 OmV By 2 4.00us 2.50GS5/s Aux S
@ 200mA | 1M points 1.67 V




Vg - Output Voltage -V

DC Output Voltage vs Load Current

1.224 V=12V 1.285 T
o=1 V=126V
PFM/PWM Operation PWM Operation
1.212 V, = 36‘}'_“ vl:d,:.SV'_' 1.273
| - ."I =
/.H"\ L4 3 V=36V Vi =45V
: ' J ™ £ LV 1l
) ; (=] L4
1.2 Wil I~ | > ¥
L=h i = 1.260
V=27V = ™
1= = 5 T~
9 V=27V N
o
>
1.188 1.247
1176 1.235
01 1 10 100 1000 0.1 1 10 100 1000

lg - Load Current - mA lg - Load Current - mA



Quiescent Current vs Input Voltage

28
26 T, = 85°C
24T, =25C ‘

A B
22 —ﬂ)L”

N
20 | __-——/)<f

<
"g 18 \ e
U _—4
-ac-; 14 \ —
§ 12 < :
2 10 Ty = -40°C
o
' 8
o
6
4
2
0
2.7 3 3.3 3.6 3.9 4.2 4.5 4.8

V, - Input Voltage -V



Layout

Vour

Vear TPS62674
23V .48V
9. & VIN SW
E':: MODE
1 uF
JUuUuUL
EXTCLK | s

126 V @ 500 mA

L = muRata LQM18PN1R5-B35
C,= muRata GRM153R60J105M

Cn = muRata GRM153R60G225M
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Fundamental of Bode Plot

One zero One Zero Two zeros
Q slope /“ O slope
N —Ape ~1 slm\’i—% Slop?\/{(ope
{a} {0} {c]
One Pole Two Poles
;,p—e\qgom +1 slop/\iiope
{d) (e}

One zero : the phase will lead 90° finally (+90°)
One pole : the phase will lag 90° finally (-90°)

-1 slope = -20dB/decade +1 slope = +20dB/decade
s db=20%* log Vo/Vi



Fundamental of Bode Plot

Pole and Zero :
Transfer function use Laplace as below:

Gis) = — KB F2)(5+2,)
(s+p s+ p,)--(s+p,)

S=~Zy° “Zy> + + +  ~Zn -Z_isZero(S-Z_ =0).

S=~pP1* P2’ - * * * Pn -P_isPole(S+P_ =0.

Bode Diagram
T T

50
JHHHE R
' I r_P_;__,f. IEEEE
s :Slop=+20dB/dec
5§ ° RN RN ARt
° i Slop=-20dB/dec:
50 1 HIH uJ . .
90 — — = T =
' . T ] ]
e et P
: : o e : : o N _/:’ : : :::l:l : : : :
. = AT Tty "~ Phase Shift=arctan(f'fz) "=
g g f . 30 o oo .
o 0]
w
o
=
o
45— ---1-
| S

107 10 10° 10 10°
Normalized Frequency (£ fp or £'fz)



Stable loop gain should satisfy

l. Provide the desired Bandwidth between (1/5~1/10)*Fsw.

1. The gain slope as it pass through the crossover frequency should
be —1(-20dB/decade).

[11.  Provide the desired phase margin 45°~60°

WK Gain Phase Plot

(o)
(=)

1 172
1 140
1 108

5=
o
o

DO
o
l

/
/
4
W
W~

/
/
/

00 106000-9)

Gain (dB)
l
7
o
Phase (Degree)

/
/

= -116
4 -148
-180

s
<
V-
.

|
(o)
o

Frequency (Hz)

——Gain — —Phase ‘




Measurement Bode Plot

@Eﬁi!lator (part of frequency response analyzer)

AANAL
Y Y Y )

Injection Transformer

AAY

Frequency
Selective Voltmeter
{part of frequency
response analyzer)

Input
Impedance

Resistor

©

100 Ohm Frequency
lﬂle?m" Selective Voltmeter
Resistor (part of frequency
response analyzer)
Feedback |
Impedance
Power
Processing
Circuiﬂ
Load ™ —
Reference Capacitor

Voltage

Load
Resistor
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160~
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1.00-
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800m-

-12

o 10 1300 1500 8 20 2
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Al Ty e

Vout/ time
1.90-
1.80-
1.70-
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[ | | 1 | | 1
750 100u  130u 150w 180w  200u  230u
Time
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Transient Response

Vout / time
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1.80-
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75|u 10|0u 13|()u 15|0u
Time

18|0u

2000

2300
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| | | ]
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Time
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200u
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Voltage Mode Control




BASIC BLOCKS OF THE BUCK
REGULATOR

ERROR
AMPLIFIER

OUTPUT

MODULATOR | FILTER

+
REFERENCEA

OUTPUT

COMPENSATION |

NETWORK

e



The Modulator

VIN
- DRIVER IJ
PWM
Wosc /V\ COMPARATOR li
PHASE
OUTPUT OF
ERROR AMPLIFIER
DRIVER
GAIN N
MODULATOR

AVosc



The Output Filter

L
O DCR VouT
_JYYY\_J\M »
PHASE
j% Co
ESR
1+s.-ESR.-C
_ oUT
GAINE| TER = >

1+s.(ESR+DCR)-C L C

out*® “tout “ouT



The Open Loop System

M A >

E/A Co
OUTPUT ‘ %

V
OPENLOOP ~ AV

IN 1+s-ESR-C

OSC 1+s.(ESR+DCR)-C

ouT
5
out s ‘L C

GAIN

OuUT ~OouT



OPEN LOOP SYSTEM GAIN

1
A ot
VIN Jric JLC o
20 - log > Jem = 27R,.C
AVpp , ¢
0 —
)
S
<
S
-20dB/DEC
-40dB/DEC
FREQUENCY (Hz)
Vv 1+s-ESR-C
 VIN ouT
GAINGpENLOOP ~ 7V | >

OSC 1+s.(ESR+DCR)-C L C

ouT S “‘tout “our



Type Il Compensation

. Vcowmp
REFERENCE —]

1 (S+R21'Cz)

TYPEI © R, S'{H c1+cz]
Ry-C4-Cy

GAIN




Type Il Compensation

R

2

20 -log——
o0

PHASE

GAIN (dB)

1

1 Cq-C3
2oaemEc - TR Rl
& - .
— 1
. TR, T,

AN

2/

» FREQUENCY (Hz)

deJDEC

%02 PHASE
“BOOST"

FREQUENCY (Hz)

GAIN 1

TYPEIl " R..C

1 71



Closed Loop System with TYPE |l
Network

ViN
0SC DRIVER IJ
PWM .
AVosc M COMPARATOR OCR Vour
fYYYy —
- PHASE _T_
= Co
Cq DRIVER — ESR
|l
R4
L VW
Vcomp
REFERENCE
([¢e_ 1 )
SYSTEM " R, c. c e AV : 5
T gy 172 OSC 1+s-(ESR+DCR)-Cy,r+s Loyt CouT
"R, C, C,



TYPE Il Compensated Network

OPEN LOOP

SRR
*‘*_ERROR AMP GAIN

—-E DI IR EEE NN

) "
= te
z *u GAIN BANDWIDTH
g . .+ PRODUCT
u.'] FLc
1
u e T — —
MODULATOR * +-20dB/DEC
& FILTER GAIN CONVERTER

GAIN COMPENSATION

BANDWIDTH GAIN

L

FREQUENCY
GAINggM = GAINy Aoy aTOR * GAINE TER + GAINTYPEY

PHASE(f) = PHASEynnuaTor® PHASER ) TER *PHASETypE

Vin |
Wosc!

Where:  GAlNpopuLaToR = 20- '°9|_

2 2 .
GAINg,, TER = 10-Iog|:1—c2.'[r-ESR-COUT.-2:|—1D-IGQ[I_1—[2rfr LouT Cout +|2rf-|ESR—DCR|-COUT_.2]

2nf-ESR+DCR - Coyyy
PHASE., 1ep = amn[hf-ESR-CDUT]—atan[ }
2nf Loyt - Cour-1
i . (Cq-C2))2
GAINLyoc), = 1ﬂ-log[1+:2:f-R2-CE|21—20-IDg_2.1f R,y (C, —Cz:]—10-log|:1+..2.'tf-Rz-,.c1_cz:: ]

PHASE = —90%+ atan[2nf- R, - C.]— atan| 2xf- R (€12
TYPEN = atan[2nf-R, - Col— atan) 251-Ry | 57, |




Generic TYPE lll Network

Cq
|1
i1
Rs3 Cs Ro C2
|1 |1
1% AN 1 ®
R
Vourt !
Vcomp
REFERENCE
1 N 1 k)
s+ -l s+ |
GAIN _ RyFfRy v RprCy v (RyFRy-Cy
TYPEIII Ry Ry C E C,+C, o
| g+ |

s |st—m="1| ,
L\ Ry-Cy-Cy) v R3-Cy



FREQUENCY (Hz)

€1-C2)
T+ 5,/

1
25 Ry |

FREQUENCY (Hz)
defDEC

(ap) NIVO H

ISVHd

FREQUENCY ({Hz)
» FREQUENCY (Hz)

_C,.I +C2.

1

:R1.R3.C1.

27[-|

. Ry*Rq
Ry-R3-Cy

180° PHASE
“BOOST

1
s
FLE R‘.;:-C2 g

a0

180
a0

(8p) NIvD

GAINTypE|]

3SVHd

Generic TYPE lll Network

R,
Ry

20 - log



Closed Loop System with TYPE |l
Network

Vin
0sc DRIVER |J
PWM )
AVosc M COMPARATOR °©  per Vour
PHASE _T_ >
Co
% ESR
Vecomp
R, +R [S_ﬁ}'(“m] v 1+s.ESR-C
GAIN = 1 3 2 72 (R4 3/ 3 IN S- “LouT
SYSTEM " R, R. C. , ¢.-¢ _. AV A
P g fse 12 | (s+ 1) " "OSC 1+s-(ESR+DCR)-Coyr+s -Loyt-Cour



TYPE lll Compensated Network

. Fz1=05Fc _ Fri=Fesr
. . Fzz=FiLc S Fpo=-5Few
E%%DEA'T'HP—FI--I-I-I-I;‘!‘.1“‘ . 'I
n , L ‘: N . I‘
CONVERTER ' 1 “«, '
GAIN N I
A -, .  OPENLOOP
Lo *+,' ERROR AMP GAIN
Loy . GAIN BANDWIDTH
Lo P, ~.PRODUCT

GAIN (dB)

or— = - ~ . -20dB/DEC
MODULATOR *
& FILTER GAIN COMPENSATION
J . GAIN
FLe Fesr BANDWIDTH
FREQUENCY !
GAINgM = GAMNpshuLaTOR T CAMNE L TER ¥ CANTyp Ry
PHASE® = PHASEyopyLaToR Y PHASER) TER - PHASETypE))
Where: GAIN - 20.1og| Vi |
MODULATOR \EVgec)
2

( 2 y ) )
GA""FILTER = 10 - Iog[1 +{2nf-ESR- CDLIT'Z]‘ 10- Iog[;_1 —-(2nf) - LCJLIT' CDLIT.-' +(2nf-(ESR+DCR)- CCJLIT"Z]

2nf-ESR+DCR- CCILIT]

PHASEFILTER = atan[2nf. ESR'CGUT] +atan[ 12
=t Loyt Cour1

. C 2
— — " . [ | 21l
GAINLypgp = 10 IDg[1—|2rf-R2-C2-2 -20-log[2rf-Ry - (Cy + C5)]-10 |.:.g[1+_2.1r R, &5, ]

—1u.|ng[1—.2.ﬂ :F'.1—R3--C3|2]—1I}-Ing[1—|2r{f R, r:3-2]

[(Cq-Cqh
0 1 -2
PHASETYF‘EIII = —890" + atan[2=f- F'.z-Cz]— atan|i2rf- Rz- ﬁq— atan[2nf- | F'.1 + R3| C3]— atan[2nf- F'.a - CS]



Current Mode Contro

RAMP

Comp

m
Vit PA1277NL Vour
18V T0 rlg\r ral
. 100pF 3A
2.2pF 220k 6.3V
v —_l__ MMBTA42 100k . PDSrl 040 <3
1 ¢ GND
PDZ5.88 i L BAS516
= Voo I150pF
= < 10Q
6800 22q BASS16 b3
AMA [ AAA
.
[ | (- — —04pF
Iw/RUN  GATE | g FDC2512
2 5
GND Voo —oq Vour*
3 1TC3803 . 4 :k
Vg SENSE W BAT760
4 (A
= M
_I_OL 0.0400
i Veo 2700
—Wv
= 1 6 | Vour*
BAS516 I Viy  OPTO
F2001t 1 0.1pF 174430 2.20F 47pF
P D G 5 56k
P \ 4 1 GND  COMP —| |—'wv—‘~i
0.33F , . 100k
j L oc i ‘v‘v‘
BAS516
T 3221k
% 3803 1405
. o}
VIN
B L
PWM —
VREF Comparator
VOUT
Gate < Vavaval
Controller
Error
Amplifier
A
Osillator ’—GQE
VFB

TON



Constant On Time Control

¢ 2 lNO

UGAﬁEﬂ) _;

One Shot]

G

Min Off
Time




Constant On Time Control-
Jitter




Constant On Time Control-
Jitter

<
Pl
m
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Constant On Time Control-
Jitter

Chz 504 0 Bw M 10.0ps 1.25G5%  S00ps/t |
Chi  10.0v B Chd  200mY 0 Bw 4 ChZ - 704



Constant On Time Control-
Jitter

a ...hd..'.l..hh.lr_i LhLMLM.mﬂhh
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Thanks You!
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