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Buck/Boost / Buck-Boost / Inverting Basics Overview



Switch DC-DC Variants

Maonolithic — internal Switch(es)

Higher

Integration

Controller — external Switch(es)
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ANALOG

Buck or Boost Converter Current Rating

In bucks, I5 Tt ~ lsyw: SO the title of the datasheet reflects output current capability:

nt ’ \D LT8608

I Uy BST :
EENTME‘J L :CHNOLOGY
4.70F  ON|OFF —{ ENUV D14F 224 42V,|1.5A Bynchronous
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In boosts, lgyr < lgw, SO the title shows switch current capability:
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. ANALOG
Boost Regulator Current Rating — lour VS Vi
LT8362 Low IQ Boost/SEPIC/Inverting DEMO MANUAL
Converter with 2A, 60V Switch DC2628A
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Figure 4. Load Current vs Input Voltage



Topology Review : 4-Switches Buck-Boost

Two half-bridges with an inductor in the middle

Left half looks like a buck converter, right half looks like

a boost converter
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Topology Review — SEPIC

SEPIC: “Single-Ended Primary Inductor Converter”

Usually operated asynchronously
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ANALOG

Topology Review : Inverting Converter

L Cc L2
Vout
vin(E §1 -{ Cour R Similar topology:
e L e ___I___ L = Cuk's second inductor replaced by a schottky

diode in inverting charge pump
= both have a low-side power switch

Cuk Topology

The switch node always has a positive

Cc D2
L Vou voltage applied to it
vm<i; 81{ 01;{ Com_-[-— RL%

Inverting Charge Pump Topology
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Monolithic high voltage synchronous buck products
family



ANALOG

Noise generated by a switch mode power supply  Homves

switch node

voltage
&

time’
—b‘ switching frequency ’1* >| ’4 switch transition

Switching frequency typically 500kHz to 3MHz
Switching transition typically 10MHz to 200MHz (100ns to 5ns)
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Where does high frequency noise come from?

? In the time
Vin : d :
: omain, we see
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Lorain oo | SW node
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Layout, a very important ‘external’ component DEVICES

Basic buck topology

P ot

Switch Transition

30ns

12

e——-QUns——a‘
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Voltage offset resulting from switch
transitions

= Every one inch (2.5cm) of PCB trace has
about 20nH of trace inductance

-V = L (di/dt)

= With switch transitions of 30ns, 1 inch of
board trace length and 5A of current:

=V =20nH (5A/30ns) = 3 . 33V



The Problem in Traditional Synchronous Buck Converters Doelices
High di/dt Currents in SMPS Hot Loops Create EMI

Parasitic inductance due to copper traces, bond wires, Excessive rings at the switching
ESL of capacitors and FET internal metal edges cause conductive noise and
l radiation
High dl/dt

LPARASITIC

RADIO
TRANSMISSION ‘{‘r
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M|n|m|Z|ng Hot LOOp DEVICES

AHEAD OF WHAT'S POSSIBLE™

~ With monolithic switcher, the best way is to place the low ESL input capacitor as close to the V,
and GND as possible

= A solid GND plane with minimum distance to the hot loop is one of the most effective ways to
reduce EMI

LARGE EMI BURST!

Occurs every switching cycle!

1.00m ‘
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ANALOG

Innovation - Silent Switcher 1

AHEAD OF WHAT'S POSSIBLE™
Hot loops

‘? 773 s N
S /AT

_him

Radiated EMI Perfarmance {CISPR25 Radiated Emission Test with
Class 5 Peak Limits)

a0 T T
VERTIGAL POLARIZATION

40 T
E - —
% W 1 N
¢ The two high current loops cancel z
each others magnetic field, almost like W s ,
enclosing the circuit in a metal box — GLASs 5 e
0 100 200 00 400 800 500 700 800 201 1000

FREQUENCY {MHz)
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Innovation - Magnetic Field Cancellation

US Patent: 8823345 B2 Vﬁ
M1 M3 ‘
C3
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ANALOG

Silent Switcher 1 Eliminates Switch Ringing

AHEAD OF WHAT'S POSSIBLE™

Silicon Die
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Silent Switcher 1 —To Deal with Hot Loop

= Buck regulator platform
= 20dB EMI improvement — No compromise in efficiency and size!

- Offers customers:
= High frequency

High efficiency

High current

Low EMI noise

= Technologies

= Circuits
Process/devices
Package
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5V 4A Step-Down Converter

Solder joint reliability

Vin
5.8vT0 42V Y *
4.7uF EN/UV
_—I_—_ o Ving Ving o
= 1 !
} GND1 GND2 ﬂ__
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<+— PG BSTb—__
10N 0.1uF 4.7uH Vo
—| SYNC/MODE ~ SW 5V
—| |7 TR/SS BIAS 4A
1uF
FB 47

INTVeg
RT

GND

In-package passive

= 8614 TADTa

RADIATED NOISE LEVEL (dBpV)
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60

50

a0 — CISPR22 RADIATED CLASS B LIMITS

30 I
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10 LT8E10

: 120dB
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_a0 LTaE14
_40
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ani44 F)2

Figure 2. LT8610 and LT8614 700kHz 14V to 3.3V 2A
Radiated EMI in GTEM Corrected for OATS



ANALOG

Innovation - Silent Switcher 2

AHEAD OF WHAT'S POSSIBLE™

Silent Switcher 1 Silent Switcher 2
The layout is critical though! Flip chip on laminate (FCOL) and Cap-In-Package
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Innovation - Silent Switcher 2

ANALOG
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AHEAD OF WHAT'S POSSIBLE™

No slew rate limit on switching node necessary to achieve low EMI !

Vsw
2V/DIV

20

1ns/DIV

2ea0s G40

Hot loop area and inductance
virtually zero

« Extremely fast switching
* Neglectable overshoot and
no parasitic oscillation on

switching node

* Dead time only 1ns

Unmatched switching performance !



Silent Switcher 2 - Excellent EMI Test Results

AHEAD OF WHAT'S POSSIBLE™

50 _ r 50 T T T T 71 T
Q - LT8609S CISPR 25 CLASS 5 LIMITS Vin = 14V, Vout = 5V, 2A, fsw = 2MHz
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CAPACITORS- AND 'LOW Q CURRENT =
’. DEMO. CIRCUIT 25022A ; ’é“ 40 — - é 40
> |- 5
@ — | 1| - =
= 30 1= 1 T8609S ON % 30 CISPR 25 CLASS 5 LIMITS
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= —1t = 20
(L = — O
< 2 - |
()]
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= 4-LAYER BOARD <
E U - L c
L R e on/ssoss | 15T < | SPREAD SPECTRUM
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() Q El‘?\/ g g \* ’J -10 L1111 [ -10 [ |1
30 100 1GHz 30 100 1GHz
FREQUENCY (MHz) FREQUENCY (MHz)
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Silent Switcher 2 Also Provides Low Output Ripple Rseics

LT8609S: 12V to 5V @

2A, 2MHz switching

Vour - ™ W' M M ™R ™ML ™™ T TN
SmV/DIV I oG TP N T TN | it | W T

500ns/DIV DC2522a F06

22//



ANALOG

Silent Switcher Family

AHEAD OF WHAT'S POSSIBLE™

Part Number | Silent Switcher Family | Viy Range (V) [ lour (A) [Vourgwin (V)| Frequency [lg(uA)|  Package |

LT8641 Silent Switcher 3.0to 65 3.5 0.8 200kHz to 3MHz 2.5 3x4 QFN-18
LT86455 Silent Switcher 2 3.4 to 65 8 0.8 200kHz to 2.2MHz 2.5 4x6 LQFN-32
LT8606 Low EMI 3.0 to 42 350mA 0.8 200kHz to 2.2MHz 3 2x2 DFN, MSOP10E
LT8607 Low EMI 3.0 to 42 750mA 0.8 200kHz to 2.2MHz 3 2x2 DFN, MSOP10E
LT8608 Low EMI 3.0 to 42 15 0.8 200kHz to 2.2MHz 2.5 2x2 DFN, MSOP10E
LT8609S Silent Switcher 2 3.0 to 42 2/3 Peak 0.8 200kHz to 2.2MHz 2.5 3x3 LQFN-16
LT8609A Low EMI 3.0 to 42 2/3 Peak 0.8 200kHz to 2.2MHz 2.5 3x3 DFN, MSOP10E
LT8614 Silent Switcher 3.4t0 42 4 0.97 200kHz to 2.2MHz 2.5 3x4 QFN-18
LT8653S Silent Switcher 2 3.0 to 42 2x2/3 Peak 0.8 200kHz to 3MHz 6 3x4 LAFN-20
LT8640/-1 Silent Switcher 3.4to 42 5/7 Peak 0.97 200kHz to 3MHz 2.5 3x4 QFN-18
LT8640S Silent Switcher 2 3.4 to 42 5/7 Peak 0.97 200kHz to 3MHz 2.5 4x4 LQFN-24
LT8643S Silent Switcher 2 3.4t0 42 5/7 Peak 0.97 200kHz to 3MHz 230 4x4 LQFN-24
LT8650S Silent Switcher 2 3.0 to 42 2x4/6 Peak 0.8 200kHz to 3MHz 6.2 4x6 LQFN-32
LT8648S Silent Switcher 2 3.0to 42 15 0.6 200kHz to 3MHz 6 4x7 LOFN-36
| 8Vwewrn)
LT8642S Silent Switcher 2 2.8t018 10 0.6 200kHz to 3MHz 240 4x4 LOFN-24
LTC7151S Silent Switcher 2 3.1t020 15 0.6 400kHz to 3MHz 2mA 4x5 LQFN-28
LTC7150S Silent Switcher 2 31t020 20 0.6 400kHz to 3MHz 2mA 5x6 BGA-42
LT8652S Silent Switcher 2 3.0to 18 8+8 0.6 300kHz to 3MHz 6 4x7 LQFN-36
[ SViwax)

LTC3307/8/9 Silent Switcher 2.25t0 5.5 3/4/6 0.5 500kHz to 5SMHz 45 2x2 LAFN-12
LTC3315 Silent Switcher 2.25t0 5.5 2+2 0.5 500kHz to 5MHz 70 2x2 LAFN-12
LTC3310S Silent Switcher 2 2.25t05.5 10 0.5 500kHz to 5MHz 1.3mA 3x3 LQFN-18
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Package technology improves performance

LT8610
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5V 3.5A Step-Down Converter
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Monolithic Non-Synchronous/ Synchronous boost
products family
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Monolithic Micropower Non-Synchronous Boost / SEPIC / Inverting st
DMOS power switches

P . 1 Burst Mode : Higher Efficiency at Light Load
160V A /// . 2SSEFM : Lower EMI
Vsw 7 ™\ 3 Burst Mode & SSFM : Combined 1 & 2
140V T/ IAEEEM 1236 \ 4 Up to 2MHz Switching Frequency : Smaller Solution Size
_E\ 12,6 //' 5 Flat Current Limit vs Duty Cycle : More Power vs Competitors
123456 /" 6 Pin-Compatible MSE16(12) : Customer Evaluation Flexibility
00V + ‘\
L= T -~ *Automotive LiDAR : HV APD Bias, Laser Diode Supply
T “>~._ *Industrial : HV Supply for DACs, Opamps, MEMs switches
714 1,2,3456 1,2,3,4,5,6 N
60V T
| }
40V . T /' * Automotive
. _-~+— *Consumer
20V T \\\\\ //// * Industrial
; P — 1 : ! : ' : —i->
1A 2A 3A 4A oA 6A TA 8A %A 10A
Peak lg,
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2MHz Switching Frequency

27
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AM Band presents challenges for DC/DC Converters in an automobile

Must stay out of 450kHz to ~1.8MHz

Switching at 2MHz vs 400kHz :
= smaller values of L and C
= smaller physical size of L and C
= better transient response

= AC losses are higher
= min and max duty-cycle are challenging

O

10 kHz bandwidth from
40-1600 kHZYor

200 kHz bandwidth from
88.1-108.1 MHz for

106 possible bands 100 possible bands
\AM \ FM
© =
=) |2 M~
® > 28 -8
o ~ S| ~ E
s TS| £ 8
=T >0l >0
| | I | | I |
6 7 8 9
10 10 10 10

Frequency in Hz

= ADI’s power solutions are able to minimize the challenges at 2MHz operation
» This provides an excellent opportunity for a superior ADI design to win




Monolithic Micropower Non-Synchronous Boost / SEPIC / Inverting Doevics
L T8364 : 60V/4A

2MHz, 48V Output Boost Converter

- Features 33 Vour
. v ' r 48V
= 60V/4A Power Switch 8V TO sé{}r'_rwv"l > 300mA AT Vy = 8V
. . 4.7yF 640mA AT Vyy = 12V
= Positive or Negative Output = Vi W 1 1AAT Vi = 24V
= Burst Mode : 6UA Ig, Low Output Ripple \Tasgs  FBX 4.7pF
. . o 2
= Wide Vin Range : 2.8V to 60V EN/OVLO BIAS =
= SSFM for Reduced EMI —{syNC/MODE INTVee
RT SS  GNDV,
= 4x3 DFN(12), 16(12)-Lead MSOP — == | Sassk
-
20k 36.5k
- ADD|ICatI0nS 10nF 2.2nF
Automotive —
Industrial -
General Purpose Efficiency and Power Loss
160v 3
sw 836 100 T I 1] 3.0
viov 90 A;:%#f— - 27
r
80 EFFICIENCY /“ 24
100 4 Ligs 70 / |1 21
£ 60 |- VAR 18 =
: 95 2
6ov 1 = 50 75 T 1.5 5
= /| POWER LOSS 9]
A0V + o 40 — 12 &«
& - =
0V + 30 7 .r'/ 09—
/
| . 20 [/ 0.6
1A A 3A 4A 10 ——— Vn-12V_| g4
Peak lgy ST Vm=2av
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Low EMI Demo Boards DC2716A:

An LT8364 Example

INFUT EMI FILTER

Low Ig, Low EMI, 2MHz, 24V Output Boost Converter with 55FM

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

-2 L1 DUTFUT EMI FILTER Vour
Vi 0.47pH 2 2pH D1I_.. FB1 24y
ﬁvmgwm i < " il h] i <3 HHFF'-L'_EWNH.&TII'H=5V
s o . C10 C4 5::31 . g?m 1 AR AT Vigg = 12V
f Gh t b [ U e | QF b [T e .
anF——  3pF—— T —— Vin SW W ——, —50V —T—50¢ —— 50
25V SO0 oo o 1 osw Lm0 | o402 | o402
bl = = mawo = ue = = =
LTE364 HIAS
L INTV;
Rr &5 GND Vg
Hﬁg T — R2 Dy DIODES INC. DFRLS260
100k & gy ——C5 37 1k W 715K |1: WURTH ELEKTRONIK LHMI 74437324022
kg | Q22F cd L2: WURTH ELEKTRONIK 74479299147
7 BnF FB1: WURTH ELEKTRONIK 742792040
- - _T_ I » & CB: SDCE33PCS
IS TR
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L T8364 — Good EMI Results
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AMPLITUDE (B’

AMPLITUDE {830

Conducted EMI Performance
(CISPR25 Class 5 Peak)

a0 T T T T T
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= | 364 2MHZ Ty PEAK EMI
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o=
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B Wi
124 INPUT TO 24 OUTPUT AT 1A, oy = 2MHz
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50
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i Il ™ S S P
20
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0
T — CLASS S PEAK LINIT
= LTB364 2MHz 2y PEAK EMI
a0 1 1 1 1 1
a 100 200 00 400 500 500 o0 800 300 1000
FREQUENCY (MiHZ)
L T

12 INPUT TO 24V OUTPUT AT 14, fgy = 2MHz
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(CISPR25 Class 5 Average)

| = [LASS 5 AVERAGE LIMIT ]
—— LTA3E4 2z tey AVERAGE EMI

1] 3 ] -] 12 15 18 21 24 27 30
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A o1

12 INPUT TO 24V OUTPUT AT 1A, feyy = 2MHz

Radiated EMI Performance
(CISPR25 Class 5 Average)
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-
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DW"-"T ,| |
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| | | | | |
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|

i Tde

12 INFUT TO 24V OUTPUT AT 1A gy = 2MHz
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ADI's Boost Parts can provide the APD Bias and Qs
Laser Diode Supply in Automotive LIDAR
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APD
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D I> {anc
4 .
LEVEL |,

LIGHT SENSOR FRONT-END

SHIFTER |

DC-DC ] [ LDO

|
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PUMP PROTECTION

|
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OSCILLATOR | | 1+ TEMP

" STEPPER
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1)

MOTOR
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LIDAR Products



Monolithic Micropower Non-Synchronous Boost / SEPIC / Inverting [Roicss
L T8331 : 140V/0.5A

» Features

AHEAD OF WHAT'S POSSIBLE™

Automotive LIDAR : +240V APD Bias

Vouta = 240V

15mA AT Vi = 12V
25mA AT Vi = 24V
30mA AT Vi = 36V
35mA AT Vyy = 48V

c5
140V/0.5A Power Switch °-|1liF D3
Positive or Negative Output 1 J_, ’J T
. D2
Burst Mode : 6UA g, Low Output Ripple ” ::EEF
Wide Vin Range : 4.5V to 100V L1 ” 1000
SSFM for Reduced EMI i —g——yp rrwvx-.SSO”H L S
16(12)-Lead MSOP v Gt ° —Lcs .
-Lea 48V s
L rour :‘fﬂ Vin SW1-2 Vourz L
) 78331 Y ;11 = 2
- - — —— 4.7pF 1
-~ Applications ENVUVLO P
Automotive LiDAR : HV APD Bias INTVcc —{SYNC/MODE FBX ¢
Industrial HV Supplies GND BIAS
> R4 > R0
LIGHT SENSOR FRONT-END PROCESSOR PULSE ) 249k RT SS I NTVCC I NTVCC 9 1 3 3k
NS () @ Co) e w Lo c4
@/ : . =2 L 154k —ro.zzuF T“’F
slﬁf‘#:n [W] "[ DRIVER ]“S_T?;—Z;R é i 200Kz & TR
[ ococ J[ wo | [ supervisor |
EEEERIEED
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LT8331 can also provide high-voltage negative supplies.




Monolithic Micropower Non-Synchronous Boost / SEPIC / Inverting [Roicss
LT8365 : 150V/1.5A

» Features

= 150V/1.5A Power Switch

= Positive or Negative Output
= Burst Mode : 9uA Iqg, Low Output Ripple
= Wide Vin Range : 2.8V to 60V

= SSFM for Reduced EMI
= 16(12)-Lead MSOP

- Applications

Automotive LIDAR : HV APD Bias

HV DAC Supplies
HV MEMs switch supply

33//

LIGHT SENSOR FRONT-END

VB ()5 @

LEVEL

SHIFTER

POWER

Automotive LIDAR : -250V APD Bias

101

——10pF

PROCESSOR PULSE
—
A
MEMORY =

COMM yC

(

ococ  |[ wo

[ supervisor |

[

CHARGE
PUMP

OVERVOLTAGE
PROTECTION

I OSCILLATOR I

Lo

STEPPER
MOTOR

AHEAD OF WHAT'S POSSIBLE™

R6

0.1pF AD4 o 10mA
) Vour
-250V
D3 i
c6 (_—'—) =1 0.22yF
0.1pF RS
10pH D1 20
‘ ‘ | ‘ _Ecs
D2 —1— 0.22yF
Vin SW L -
EN/UVLO - Ri -
FBX *— WV Vour
SYNC/MODE BIAS
INTVee
%gf sk T
R4 ——GC2 :
T1nF
400kHZ . . 8365 TAD3a

LT8365 can also provide high-voltage positive supplies.
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Automotive LIDAR
APD Bias Supply

LT8365 Demo Boards:
DCM Boost Converter + Charge Pump Circuit

WARNING: SHOCK HAZARD!

DC2838A  LT8365 9-30Vin  250Vout o o N
| | MNET1 Hﬂ MET2 @) VOuT
. 1] A 250v
DC2840A L T8365 9-30VIn -250Vout 0.1uF
200V 03 D4 17
1 1206 DFLS1150 DFLS1150 T000pF
0.47uH 10u ¥ 1200
A . 1
74479876147 74437324100 == 0oV I
VIN @ YV 1~ 2 R10 1206
av-30v g 20 =
D1 0805
Cl?l F cji'z F E&EF Eﬁ F hl" c14 =
1 47u _1 4.7u —1= u 1 ul 1 GND
— — T~ S0V g DFLS1150 = 42 ©
1210 1210 EEMZCIHGSOP | 1206 11 I 200V = €7
1 1206
o) . )
GND O T RLS €10 |
iMm 1uF 3 16 14
= smrI P1
— VIN SW1 sw2 VouT
L ou
.
EN/UVLO @Eg EN/UVLO 1 R4 499k R13 499k
Ul BIAS T e
é 287k LT8365-MSE 0 = s
IP1 SYNC [
= 1 2 12 FBX
SYNC @54 s SYNC/MODE !
3 gyl 4, BURST - OPT
5+ B4 BURST/SSFM " INTVCC
= 11 -84 PULSE SKIPPING 55 s
. 9 v 319 pULSE SKIPPING / SSFM . e Lo g 6.49k
00k § 9 ——0.22uF 84.5k 1uF
3 w0l - | cs 1%
= 0Pt
z R7 T
107k €9
1% 17
400KH:z T 1000pF
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HV DAC Application using LT8365

AVDD
| ———
AVgs AV, REFINREFOUT
O—® O
oV AD5722R/AD5732R/AD5752R [ ‘%,
c
o 25V REFERENCE
CIR REFERENCE BUFFERS
\ZSCOMP e |
" INPUT DAC n
SDIN R o REGISTER A| ™ |REGISTER A| 7 DAGA ’V A : Main
SCLK REGISTER I I ouT™ -
AND -~
SYNC CONTROL INPUT DAC
Logic —*REGISTER B[ ™ |REGISTER B[—7“—™| DACB
sDo T
o )\ "
S e S
GND LDAC DAC_GND (2)

ADHV4702-1 Output Span:
200V when AD5752R Gain =4
100V when AD5752R Gain =2
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2K

40K

W 0 10 +/- 220V or +/- 110V
4/'//

HV+ Hv-
. [/
. HVOUT Force

W .

woxg HVOUT_Sense

.



Monolithic Micropower Synchronous Boosts (V,\ > 25V) BV

AHEAD OF WHAT'S POSSIBLE™

:‘: 1 Burst Mode
2 SSEM 6 High Efficiency, also in Pass-Through Mode (V> Vour)

4 3 Burst Mode & SSEM 7 Silent Switcher Architecture

4 Up to 2MHz Switching Frequency 8 Output Short Circuit Protection

60V T 5 Flat Current Limit vs Duty Cycle 9 Low Iq internal FB resistor divider

VSW

1-6, 9 1-7
40V T
20V T

: : : : : ! : : : —i->
1A 2A 3A 4A 5A 6A 7A 8A 9A 10A
Peak lg,

36



Monolithic Micropower Synchronous Boost

L T8336 : 40V/2.5A, Silent Switcher

-~ Features
= Low EMI-=Silent Switcher / SSEM
= Low 5uA V,, pin Quiescent Current in Burst Mode

= High Efficiency, also in Pass-Through Mode (V\y > Vgu7)

= Wide Vin/Vout Range : 2.8V to 40V

= 40V/2.5A Power Switches

= Adjustable and Synchronizable: 300kHz to 3MHz
= 3mm x 3mm LQFN

- Applications
Automotive Pre-Boost : Rear and Surround Cameras
General Purpose High Efficiency, Low EMI Boost

1ST

Micropower Boost
Silent Switcher
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EFFICIENCY (%)
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Low |, Low EMI, 24Vout 14W Synchronous Boost

6.8uH
0.1uF
1T
Vi SW BST
ENTVLO
VouT — VDUT
24V
LT8336 o
PG> |
M| o
FB x2

SYNC/MODE

RT GND INTVgd

47 3k
2MHz

1

1uF

DU S

Vin
8V TO 16V
10uF
Efficiency]
10k
100 T
90 R =T
et ==
80 [
1k
70 / -
2
60 F 7
50 o 100 5
U @
0 Bz El
20 A E
L 10
20 — V= 16V
10 ———y = 8V
Burst Mode OPERATION

1
0.1 1 10 100 1k 10k
OUTPUT CURRENT (mA)
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ech Feature: Pre-Boost/PassThru (Patented) BV

AHEAD OF WHAT'S POSSIBLE™

Vour IfVin > Vour OK
LT8610 If VIN < VOUT Not OK

Step-Down

Regulator No regulated output in some cases
= Start-up transients B

IfViy > VourPassThru™ i
Stop.Down If Viv <Vour Pre-boost OK

Regulator

Output always OK!!



Key Tech Feature: Pre-Boost/Pass

IfVin > Vour

With PassThru™

—

3 ANacog
DEVICES

Step-Down
Regulator

Without PassThru

Step-Down
Regulator
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hru (Patented)

When pre-boost is not active, the LT8336 behaves
like a high conductivity wire due to an intelligent
100% duty cycle high-side synchronous MOSFET

When the synchronous MOSFET is not turned on
during V,y > Vgour, the parasitic diode of the
MOSFET contributes to larger voltage drop in the
V,y-t0-Vgr conduction path, reducing efficiency



ANALOG

Outline

AAAAAAAAAAAAAAAAAAAAAAA

4-Switch Buck-Boost Controllers/lumodule for High
Power

40



Synchronous Buck-Boost Converters DEVICES

AHEAD OF WHAT'S POSSIBLE™

Applications:

= Automotive power supply from 12V/24V lead-acid battery

= Wide V,\ applications where V  and Vg, overlap

= Emerging narrow-focus applications for LED driver and USB-C PD
= Industrial / Broad market 5V to 100V

Core Technology:
= | ow-EMI direct-inductor-current-sense buck-boost architecture for controller solution
= Silent Switcher architecture for monolithic solution

Key Features:

= Low EMI — easy to pass CISPR25 class 5 limits

= High power efficiency — 95%~98%

= High switching frequency — up to 2MHz

= High quality and automotive standard — AEC-Q100
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https://www.analog.com/en/products/power-management/switching-regulators/buck-boost-regulators.html

Buck-Boost Controller Portfolio (40V-60V)
| utsteo | LTBT0SA | LTB390G0A | LTB2I0

V,y Range
Vout Range
V-Regulation Accuracy
|-Regulation Loop

|-Regulation Accuracy
Switching Frequency

Spread Spectrum
Light Load Operation
Power Good Flag

Protection

Package

42

4.7V~60V
1.2V~60V
+2%
2 (Input and Output)
+6%

200k~700k

No
CCM
No

Output Shorted Flags

FE38

2.8V~80V
1.3V~80V
+2%
2 (Input and Output)
+6%

100k~400k

No
DCM
No

short-circuit protection

FE38 & QFNS5x7

4V~60V
1V~60V
+1.5%
1 (Input or Output)
+5%

Non-A: 150k~650k
A: 600k~2M

Yes
DCM
Yes

Keep-running, Hiccup,
Latch-off in short-circuit
condition

FE28 & QFN4x5

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

2.8V~100V
1V~100V
+1.25%
1 (Input or Output)
+5%

80k~400k

Yes
DCM

Yes

-40V Reverse Input
Protection

FE38 & QFN6x6
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LT8390A 2MHz Buck-Boost Demo Circult

Proprietary Peak Buck, Peak Boost Control Scheme

1 RS
W e e o "
V2N o Tok| | i | A
(6OV) T22|JF 7)1(3“ INTV, SW1 LSP SW2
BST
E 1 BG1 BG2
=lVAN TG TG2 \
Vour—+%
S T L
Single 383K KT T Sense
Inductor - EN/UVLO WA — Resistors Output Capacitors
N 1WF 10 < :
165k LOADEN H VWA 110k and Compensatlon
_|__t‘E s i — A
E——r SYNC/SPRD Effic v
CTRL INTV e — ICIEncy vs Tin
= 7ok FAULT TGESET) l I_ -+ mﬂ
100k — a0 I.i ;:::'-..
LOADTGf—  ~ SN
Hot Loops  INTvge 4 MOSFET £4
for Low EMI 4.7yF - g
L _NEXPERIA PMEG2010E Switches S 7
= 1: WURTH 74437336010 T =
M1-M2: INFINEON BSZ065NOBLS5 ol |
M3-M4: INFINEON BSZ031NE2LS5 ﬂﬁ;”Jéﬁ?%ﬁiEEﬁ%ﬂ?@,ﬂ&m%
RS1: SUSUMU KRL3216D-M-R005 o BELOW 90°C (To=25°C)

0 5 10 15 20 25 30 35 40
INPUT VOLTAGE (V)
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EMI Performance — LT3790 vs LT8390/90A

LT3790

Ground Current Sense

Vour

TG1_|'-'% L %L'I-

"YYY\S

BG1-|:qB CF”_

cl ][] @
6| | ||

TG2

BG2

N

M1

[
[

C16

c1

c14
24 Com2E60) m3 [ER29

/

Single big hot loop
for both V| and Vg1

44

M4

Low EMI L T8390/90A

Inductor Current Sense

Vin Vourt

TG1 A D TG2
i 3_8-\.'; Rsense L EIV_LE‘ l
L AMA—YYY

C BG2

R~
M Lc12c2J e
| b ] b
ied] e (PP e X2

“Silent Switcher” style
small dual hot loops
for both V| and Vgt

ANALOG
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EMI Performance — LT3790 vs LT8390/90A TS

45 //

DuaISthHotLoops

thh
dvdt
Loop

H|gh
di/dt
Loop

gpllt Hot-Loop

%VOUT

—Cour =

Boost

AHEAD OF WHAT'S POSSIBLE™

Hot loops should be as small as possible.

Split Hot-Loop

Vout

Split Hot-Loop

) ‘f\g * {VOUT

(Y]

4-Switch Buck-Boost



Sense Resistor Layout — > [
Hot Loops Can Be Small and Duplicated for Low EMI

Discrete “Silent Switcher” Layout With Unique Sense Resistor Architecture — Rg Not in Hot Loops

Small switching hot-loop is
smaller without sense
resistor in path

Opposing hot-loops are
possible with this
architecture, giving lower

Peak boost, peak buck low
EMI sense resistor (RS)/Ia/
architecture

4-terminal sense resistor
layout for highest accuracy.

. EMI with cancelling
1 ® o magnetic fields —
cim mee  ® e ¢ - "Discrete Silent Switcher”
e e
H -l Ee
- ° ° (
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LT8390A Type C USB Power Delivery CISPR 25 Radiated EMI DEVICES

AHEAD OF WHAT'S POSSIBLE™

EMI Filters, Gate Resistors, Automotive Components, SSFM, Layout

50 o0

RUN1 5.1Q IPZ40N04S5L-4R8
RUN3 100 IPZ40N04S5L-4R8
RUN5 5.1Q NVTSCOSN

40 € 40
=
= 30 = 30
< =
= 2 2
<
g 10 % 10

RUN1 5.10 IPZ40N04S5L-4R8 ®
x RUN3 100 IPZ4ONO4S5L-4R8 <
=t RUN5 5.10 NVTSCOSN L]
a 0 LT8390A z 0 LT8390A
SSFM ON 12V IN SSFM ON 12V IN
12V 3A OUT 12V 3A OUT
10 -10
0 200 400  MHz 600 800 1,000 0 200 400  MHz 600 800 1,000
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L T8210: 100V Buck-Boost Controller With Pass-

Through

Pass-Through Regulation

I (CER)

Fixed VIDL!T LOWw LOW Cartmwous Conduclion Made [ CCRM)
ursl hbode Enrat il
HIGH HIGH Pass-Thraugh Madi
0G [ Rsemser L
Vi m .
1 —I—L‘lu i ﬂ—ﬂ\
il
ol I_m Iu:Eﬁ Cl-lgsn .'iisi:lz
TG1 BST1 SW1BG1 SNSP1 SNSN1 PGND BG2 SW2 BST2 TG2
- Vinp Sh5P2
Rent DG SNSN2
Vi EXTVWrp
l LTa210
2 FB1
FB2
PWaD
55 Gho Ve
Rii
Ceg Cpy

Voyr Window regulation
FB1 sets bottom, FB2 sets top
V4 controls Boost, Vi, controls Buck

36 =

Ran éﬁm

VOLTAGE (V)

Flzg

12 |
/ — Vi

—= Vaur
——— EFFICIENCY
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4 8 12 16 20
INPUT VOLTAGE (V)

24

100

84

80
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Pass-Through Transfer Characteristic
(Vout(goosT) = 8V, Vour(Buck) = 16V)

(°6) AONZIDI443



Pass-Through Mode Overview

When V> IIII"'.i:-l_lTiElLICI'i]
Buck Regulates Vo= Vourpuck
Buck-Boost at Vi, ~ Voureuck

VDLFT[BDDST} < VIN = I"‘r.u}UTiEI-I..IIEI"C:l
TG1, TG2 turn on continuously

Once Vi settles within 4% Vi

When V,, < Voyrgoos
Boost Regulates Vo = Voyreaosn
Buck-Boost at Vi, ~ UDUT{BDDSTJ
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Vinp

BUCK REGION
(Vour = Vout(suck))

BOOST REGION
(Vour = Vour(soos))

T 19%
— BUCK-BOOST
LOW-Ig PASS-THROUGH REGION
(Vout = Vine)
I :';"’% BUCK-BOOST

Bl . o i ., ., i

ANALOG
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Vinp Vaour

= o
TG1 1 ON o T2
-li 13'#1 Repnse L swz { EI_

OFF nml— B&2

pa
Buck
Visp Vour
TG'I-ll-IA ON ON nl_'|-'rﬁz

swi Psens L swe

Eﬁ1-|mﬂ OFF UFFf—;:;l-Hﬁz

n e
]l"llup "-"uI:
- -l Amﬁm Rgzyse L swzn I_ ™
BG1 -| E OFF c I— BG2
Jaat + jud

Boost



Further Integration
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LModule 4 SW Buck-Boost

24V gyt from 7V y to 58V, Buck-Boost Regulator

Vin LTM8056 Vout

ViN o Vour
7V T0 58V ? 24V
sV
W g L -
Iy
> —4— 33uF
2.24F 100k
—— ooy —{Run -| |- 3 T3V
«3 =—CTL u
— 5SS CLKOUT = — 22)F
SYNC Iinmon [~ 25V
3.2k
505kHz —] COMP loutmon | | 5.23k
RT L mope |enD FB ——W\——
I I = B056TADTa
- Features

Wide input and output voltage ranges:
5V<VIN<58V

1.2V <V, <48V

Switching Frequency: 100kHz to 800kHz
Up to 96% Efficient

Parallelable for Increased Output Current

Max Output Current and Efficiency

EFFICIENCY AT MAX QUTPUT CURRENT (%)

95

94

93

92

a1

90

vs VIN

Pt

r/
/
|
rd
/
/
[/
EFFICIENCY
e [IAX OUTPUT CURRENT
0 10 20 30 40 50
Vi (V)

¥ LINEAR

L TM8056Y

pModule
N171913 1324MY

........U.U‘
LN N )
LN B N R
CLEGELBGaan
CeeeGREGEn
L0 L
“ChOetEEEOERe
LG RGOOOGe

N )
L N
“$eLESGORO0

() LN3IHHND 1Nd1N0 XY
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Buck-Boost Charger+Power Path controller--Macnica Cytechgauos

Target Market / Customers

Key Features

51//
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Industry
Automation
On-board equipment

Sync Buck-Boost Charger+Power path

control. Vin lin VPin | Vout” lout Pout Plss ey
Li-lon and Lead-Acid Charge Algorithms. 1749 1005 17577 2593 650 168.42 9581%  7.36$BH0AA

Wide input Voltage \in'4.5-55V.Vout:4.5- 1752 9.23 161.71 2593 599 15524 96.00%  6.47iBEUERA

25.13 6.99 175.66 25.93 6.59 170.96 97.32% 4. 7058
55V-|0Ut:6'12A- 31.83 5,50 175.07 25.93 6.55 169.84 97.02% 5.22 fBERA
ngh Efﬁciency. 51.20 3.47 177.66  25.93 6.59 170.96 96.22% 6.71 $BEERA

40.68 434 17655 25.93 6.58 170.62 96.64% 5.93 KEAE IR

49.80 5.04 250.99 25.93 9.31 241.28 96.13% 9.71 KEEAER

24.42 9.90 241.76 25.93 9.05 234.54 97.01% 7.22 KEUAER

19.57 9.91 193.94 2593 7.23 187.34 96.60% 6.59 NEEAE R




Outline DEVICES

-Buck/Boost / Buck-Boost / Inverting Basics Overview

- Monolithic high voltage synchronous buck products
family

- Monolithic Non-Synchronous/ Synchronous boost
products family

-4-Switch Buck-Boost Controllers/lumodule for High
Power

~Inverting Converter Design
-Surge Stopper and Protect
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Basic Inverting Topologies

Inverting Cuk Inverting Charge Pump
slightly larger solution size « smallest solution size

max output voltage slightly lower ~ * larger output voltages
SW pin sees (V| + [Vourl) SW pin sees |Vqyrl
 slightly larger output ripple voltage

» typical efficiency of 75% - 80%

lower output ripple voltage

typical efficiency of 75% - 80%

SV to -5V Inverting Converter —33V Inverting Charge Pump Converter
c3
L1 - L2 L1
Vi 10uH 0.47uF 10uH 5y . 10pH a3y
g\ - 1_| l 100mA 5|nh.1r | = 20mA
100pF 5 !
v SW
L Mot 7 Yin W
LT1617 K ) —L_c2 LT1617 L (2
4| —— 3 =1 10uF 4 — 1uF
SHDN NFB SHON NFB
GND >
—ld S o4k ¢ GND
4.7uF |2 ] =T 47uF 2
C1: TAIYO YUDEN LMK316BJ475 (408) 573-4150 = e C1: TAIYO YUDEN LMK316BJ475 (408) 573-4150 = e
C2: TAIYO YUDEN JMK316BJ106 (408) 573-4150 52 TAID YUDEN GMK31 BBU105 (408) 573.4130 ’
C3: TAIYO YUDEN EMK212BJ474 (408) 573-4150 03 TAIYO YUDEN GMK2128.)224 (408) 5734150
L1, L2: MURATA LOH3C100K24 (814) 237-1431 LT MURATA LOH3C100K24 (814) 2371431

D1: MOTOROLA MBR0520 (800) 441-2447 D1: MOTOROLA MBROS40 (800) 441-2447



ANALOG

Cuk Converter Waveforms
L1A Cc L1B QLON Ql1OFF Q1ON Q1OFF
Vin SW | Sw1 Vout Gate - < .
m J — M Voltage I I I I
—— = 4 — SW ‘ AVin+ Vour I
cin GATE I D1 Cout Voltage | | . |
Q1 SWi | T
% - . Voltage | I}/ln+ IVoui
Vout/Vin=-D/(1-D) 2 — — _
For example: Vout = -12V D-Ts (1-D)-Ts '
6 0.67 Ts : Switching Period

12 0.5
24 0.33
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ANALOG

New LT833X / LT836X Non-Synchronous Boosts can also be DEVICES
configured as SEPIC or Inverting (Cuk) Converters

8V to 30V Input, 24V SEPIC Converter 8V to 30V Input, —24V Inverting Converter
L1 C5 L2

L1 C5
6.8pH 1pF D1 6.8pH pF  6.8pH

Viy
3”7‘:’3% 1. CACKC U
Iil.?pF IupF
R3 | Vin e SW ?lfl Vin 30 SW
EN/UVLO EN/UVLO
R4 R4
2687k FBX 287k FBX
INTVgg ~ GND INTVge  GND
— _I_[:2 — J_{JZ
T/ I gy
— FBX:
Topology Main Difference Voltage Regulation Feedback Pin
Boost Vin < Vout Allows Positive or Negative
Outputs
SEPIC VINmin < VOUT < VINmax
Inverting (Cuk) Vourt is Negative
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Inverting Charge Pump for High Negative Voltage (e.g. -150Vout) ]
Application

L1836
TYPICAL APPLICATION

450kHz, 4.5V to 12V Input, =150V Output, Automotive LiDAR APD Bias Power Supply

D4 Vout : Y
‘—.— —150V HDL-64E ;
R6 15mA oL
2002 —t 7 VLP-16
-1 1.54F
Vin .
PETALRY. A S C5 Efficiency
4.7yF 1.5pF 100
L 2 .
- EN/UVLO = R =
1M 80
LT8361 FBX Vour 0 O S g
—{ SYNC/MODE BIAS = e
INTV — 60
]
RT S5 GND vy | ——C4 - Z 50
W 5.36k £ 40
R4 =t C2 26.2k 20
== 10nF c3
107k T 20 — Vjy=5V ]
¢ - 10 —= Vi =8V |
D1, D2, D3, D4: DIODES INC. DFLS2100 — m—— =12V
L1: WURTH ELEKTRONIK WE-PD 7345 7447779002 0 ] p 5 ” " 20
G5: NIPPON CHEMI-CON KTS1018155M32N0TO0
LOAD CURRENT (mA)

E361 TA1Zh
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Outline DEVICES

-Buck/Boost / Buck-Boost / Inverting Basics Overview

- Monolithic high voltage synchronous buck products
family

- Monolithic Non-Synchronous/ Synchronous boost
products family

-4-Switch Buck-Boost Controllers/lumodule for High
Power

-|nverting Converter Design
- Surge Stopper and Protect
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Automotive & Transport: Design Challenges

24V JUMP START
NOMINAL

14V
6V CRANK

REVERSE
BATTERY
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AHEAD OF WHAT'S POSSIBLE™

High voltage spikes & surges (load dump)
Dual battery jump-start

Cold crank

Low guiescent current for always-on systems
High temperatures, small space

Demanding quality and reliability requirements



Traditional Solution ANALOo

59
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Consists of = OUTLOAD

= Transient voltage suppressor (TVS) for N cise %TVS—DIODE | Capacitor
overvoltage protection T

= Inline fuse for overcurrent protection Vv D C I

= Capacitors and inductors for filtering low energy spikes N N

= Series diode for reverse battery protection

Cons
= Large size to absorb load dump energy %
= Sloppy, for example, select SMBJ28A to be above ) o b

dual-battery jump start of 26 V
= This TVS breaks at 33 V but clamps 13 Aat 45V, so need

45 V downstream circuits + (zm pmt{
= Sustained or dc transients can blow fuse or TVS, i 1 s Protsced
requiring repairs
= Reverse protection diode drops voltage, dissipates N C)

power



Our Solution: Surge Stopper

Uninterrupted system operation through V  or |, oap SUrges

Protects load from input OV and supply from
overload/short-circuit

Disconnects load from supply for sustained/dc faults
Adjustable clamp voltage eases design changes and reuse
Tight accuracy minimizes overdesign and reduces cost

Low profile, surface-mount solution enables compact form
factor
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SUPPLY

PROTECTION CIRCUIT
MOSFET BREAKER

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

LOAD

ViN

FAULT =

TIMER ]_:

SURGE STOPPER

Vour

ADJUSTABLE
OUTPUT CLAMP
VOLTAGE

100V INPUT SURGE

i

© 27VADJUSTABLECLAMP

100ms/DIV



L TC4380: 8 uA Quiescent Current Surge Stopper SIS

AHEAD OF WHAT'S POSSIBLE™

150V
v FDB33N25 20mQ 12V/1A <21V
12 120 AW OUTPUTCLAVPED 2y L ~
| ‘ AT 27V t

t (250V- D2uF
50 mV =11%
8 MA 14 249k§ - Current Limit
6 HA lsppn 10k S
High Value I .
Resistor Allows DRN  GATE SNS oUT 1 No Output Divider
Small V. Clamp v Current like LT4363
o TC4380-2 FT . .
0.1pF T ON Pin-Select (-1/-2 Options) or
Sets Timer L GND TMR SEL Adj (-3/-4) Clamp Voltage
Current 68V 7 I__ ISZ..; I_
CMHZ52668 i - B Timer Current Proportional to
= N g MOSFET Power

Allows >100 V Surges
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Thank you




