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Analog vs Digital IC



Simple & Done

Complete Power System-in-a-Package
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MModule Regulators »
MModule LED Drivers
MModule Battery Chargers

MModule Isolated Transceivers

Signal Chain pModule Receivers
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uModule

LModule® Power Products Simplify Implementation, Verification and Manufacturing of
Power Circuits by Integrating Power Functions in a Compact Package.

Digital Power Inverting LED Driver Step-Down Step-Up & Down  EN55022 Class B Isolated Battery Charger Ultrathin Tune-a-pModule
System Management (Page 7) (Page 10) (Pages 8 & 9) (Page 11) Certified (Page 11) (Page 11) (Page 25) Regulator
(Page 21) (Page 11) (Page 22)
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uModule (3KVdc Isolation)
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uModule (4-SW Buck-Boost)

DISCRETE LTM4605. LTM4607. L.TM4609 LTM8054. LTMS8055. LTM8056

Cheapest but Complex Simpler, Higher Power uModule Simplest, Higher Voltage uModule
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Figure 2- First uModule
buck-boost regulators

Figure 1- Discrete buck- allowed novice system
boost circuit requires designer easy access to
many components and complicated design.

good understanding of

. 4 FETs + Controller
layout and design. inside
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uModule (4-SW Buck-Boost)
0)" ® © & & o 0O

“SVIN ' ERUN GND  {INMON' IOUTMON

LTM8054  6v-35v (ko

J6VIN, BUCK-BOOST -
uMODULE REGULATOR IOUTMON

DEMO CIRCUIT 2016A BUF(F)ERED

cTL
O OGN
VIN

6V-35V

-
=
b= ]
-
-

OSYNC

|

pModule
NOU283 T 1516MY

LY LINEAR
LTMBOSUY

- = .- K ]

R DT
Lk
-

e C1C2C14
{ 2 i
J U1

GND

CLKOUT

®

k.

|cm 1|
£VOUT
L7LEE|NEO{§Q GND | 12V

H = Y] % SEE DEMO MANUAL
) guwiinearcon @ 5 @ *For lout maTiG

© 2014 Linear Technology 12 / 24V|n to 12V 3A L7LI”EAQ

TECHNOLOGY




uModule (ultra Thin)

LY UNEAR

LTMB033V

uModule
N77335 § 1019MY

1.82mm height
Low EMI solution: EN55022B Class B compliant
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New LDO (RF LDO)

w1 Switching \ :
14V 7V
_- | Regulator : LDO 5V
Switching at
1MHz

LT3042’s Output, 10uV/div

ALY TR
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New LDO (RF LDO)
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Power Supply Ripple Rejection
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New LDO (RF LDO)

50uV/DIV

11763
— L13042

10ms/DIV
More new parts coming!
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New LDO (Negative output)

¢ & ?
- GND

LT3015

SHDN ADJ
— Vi ‘
IN ouT

—
—

J|Z& LDO

Vour
0Vto !
o— -32V
MAX lgut
1.5A

New LDO

Resistor Divider
Min Vout
Ripple
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N 2at24
Over Vref
60uV

IS Dl
ov~
18uV
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9528154

LT LINEAR =
LT1085 |
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New LDO (Negative output)

For High power? Go parallel

Parallel Devices

Paralleling Regulators For Higher Output Current
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Low noise bias

+ : . +
Switching 7v :
14V R lat LDO 5V
- eguiator -
Switching at
1MHZz
FERRITE BEAD \/
12V 6.8uH 1 IN LT3042
_amemope | = NO CAPACITOR
— VING ViNg NEEDED AT THE
10pF 22uF//10yF INPUT OF THE LT3042 100pA
1uF LT8614 :wr IF LOCATED LESS THAN
THREE INCHES FROM
= -4 = =3 R THE LT8614's Coyr N r
INTVoo BIAS ouT Vour
EMI FILTER 1F 3.3V
L Ldvooe BST ouTsS 21omA
— 4.7pF

PG SW

r TR/SS FB
Rt GND
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Low noise bias

Single Boost + post LDO

Output Ripple <500V
V
2.7V to 443 ' J_
ut I
LDOIN

] Vout
LDOoUT ’

LT3048-15 i
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Dual Boost converter +
Dual Internal LDO

3mm x Smm QFN-24 BSTOUT1

LT3095

BSTOUT2

Vour2
1V to 20V

1 up to 50mA
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Low noise bias

Positive: LDO
Negative: Inverting charge
pump + LDO

Vin = 4.5V to 32V — 1.2Vto +Viy

/ up to 50mA

100mA Inverting " : = Low Noise

Charge Pump M LDO Regulators

\ Vour =-Vin - Vou - -1.2Vto -Viy
@100mA ' up to 50mA

© 2014 Linear Technology

Positive: Boost charge pump + LDO
Negative: Inverting charge pump +
LDO

%

Boost Doubler
Charge Pump

4.5V to 16V
1.2V to 32V
> @50mA
§/
qs :
S !‘" Low/Noisel+/-
Sy LDO]Regulators
DFN-18

Charge Pump

N
MODE
CINV*
cIW_LTC3255”]. o
@50mA
—— Vour- =
i GND
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Vin --- Boost & Inverting converter --- Post LDO
Low noise bias

e 4 1.22V to 20V
@150mA
20uVgus Noise

-

-1.22V to -20V

-
- LY HNEAR 3@&:’:: Noise
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New DC/DC converter (High Vin)

Automotive Buck’s typ Vin: 36Vin, 42Vin, 60Vin

More High Vin Buck?

Use Flyback regardless no need isolation?

- 100V and Ig = 7uA

5.5V to 100V

LT IR

© 2014 Linear Technology

VIN
EN/UV SW

LT .

INTVce Vout

LT8631

FB
SYNC/MODE TR/SS
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New DC/DC converter (High Vin)

More High Vin Buck? 140Vin
Negative output?

Vin
5V to 140V

LTC7138 '8
VPRG1

© 2014 Linear Technology

Vin

RUN

SW
LTC7138
ANODE

FBO VrB
SS ISET
VpRa1 ovVLO

VpRrG2

GND

!

Negative output
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New DC/DC converter (Any topology, Dual)

Previous application Now Future design
12V to 5V 5V to 12V 12 to -12V
Choose Buck converter Choose Boost Choose Inverter

New |C selection may required for every design!
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New DC/DC converter (Any topology, Dual)

One Switcher Does It All

Channel 1 | Channel 2
 Shanne £

|
Ruck Rucke Vi swa -

2y Yo

SW2 |-

RBoosk

|
|
or or
Inverter ! (Inverter
|

SERIC SEPIC
2.5~50Vin Dual 2A 50V internal switch




OLD Part

New DC/DC converter (& 2 == Boost )

oV to 40V Boost Converter FG ﬂTUﬂ es
2.I%:JH D1 Vout . .

n pF o o .0 |® 1.3MHz Switching Frequency (LT3467)
12‘7pF Vl Swl - . “m 'm 2. 1MHz Switching Frequency (LT3467A)
SHDN = gF;;ﬁ ok . ® | ow Vggsar Switch: 330mV at 1.1A
% m = = High Output Voltage: Up to 40V

0.1‘[3?:‘1‘ GI” %?ﬁ.ak LT3467/LT3467 A |
C1: X5R or X7R, 6.3V 'l‘

C2: X5R or X7R, 50V - TABSOLUTE MAXIMUM RATINGS (o

Vil VOUIATR. ..o connssssossmnsssimsismsnsmmnesssnsssasssassnnassasssns 16V

SWVoltage ......ccovvvveieiiciccecc, -0.4V to 42V
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OLD Part

New DC/DC converter (11 & & == Boost )

External Charge pump Flyback

4 3 oo™ v 0 C o
IN 1:10.4
1%3} ’J D2 C5 8mA '33vTO5V =% 1 1 7.8 o ’\.‘ 1 1 4.5mA (Viy=5V)
TpF ' 2.5mA (Vy = 3.3V
L1 IHJ A7pH “ %) Lo
: 10pH  willi ;?’p Yours 5.60°1 Q4
V10 16y~ 7 Rl PJ 03 1_cs  40mA i
3.3v—o—| 10Q ‘:— 1pF =T 68nF
T .y I] D2
Vin SW =2<06 ps
% ;r\ _ | -
— SHON . m W
c1 LT3580 T IN FOR ANY Vgyr BETWEED
=T 4.7yF GND 383K SHDN GND |-& @ 350V, CHOOSE Reg ACC(
RT B f———AM— B e A2 R-. - Your—1.215
i Ve b 83.3pA
——47yF SNC___ 55 o o e Ve FOR 5V INPUT, KEEP MA
45.3k — Y p ! 10k OUTPUT POWER AT 1.5
I I I —— 01 3464k — —— 100PF | ' £oR 3.3V INPUT, KEEP \
g 2.24F T 10nF OUTPUT POWER AT 0.8¢
C3.CT. 1 S0 XER, 0808 + &——— MAY REQUIRE MULTIPI
D1-D4: ON SEMICONDUCTOR MBRO540 C1:2.2uF 25V X5R. 1206 = RESISTORS TO COMPL

D5: MICROSEMI UPS140
L1: SUMIDA CDR6D28MNNP-100
R1, R2: 0.5W
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New DC/DC converter (& 2 == Boost )

Over 40V boost output?

© 2014 Linear Technology

'] : r— Vour to 135V
Nio16V = T
I : L
\Cs
BOO ‘siaemm
1 90\0‘3‘33 5
ye4) )

FEATURES

= Wide Input Voltage Range: 4.5V to 100V

® Ultralow Quiescent Current and Low Ripple
Burst Mode® Operation: Ig = 6pA

® (.5A, 140V Power Switch
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New DC/DC converter (Buck-Boost)

Why Buck boost required?

[ Ig=50pA |
Up tO 36V Automotive |
O\ - o
5V 3%\!
-
or 12V USB . L7 ‘I;ixed
4.1V to 5.5V m o 17C3115-1 P07 v -
T T
v AC Adapters
<4v s |
(COld Crank) L7TECHNOLOGY
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New DC/DC converter (Buck-Boost)
LTC Buck-Boost History (Internal switch)

5.5Vin - 15Vin = 40Vin

N b |
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New DC/DC converter (Buck-Boost)

LTC Buck-Boost History (Internal switch)
5.5Vin - 15Vin = 40Vin - 25V

Synchronous
Buck-Boost
Operation
BST1 SWi1
ViN — 4 VN Ve _ . Vout
0.95V to 25V —L —L 1V to 25V
(2.35V to Start) RUN EXTVge L up to 600mA

E
MPPC
FB » ¢

S " L1C3130

MODE

PGOOD

Vce §
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New DC/DC converter (Buck-Boost)

LTC Buck-Boost History (Controller)

LTC3785 | LTC3780 | LTC3789 LT3790 LT8705
Vin(vV) |27-10 |4-36 4 — 38 4.7 -60 2.8-280

VouTt Range

B T™YT T 1.3vtesov

T~

v
28viosoy — T T T 141

T

BG2
TG2

L7 CSPOUT

LT8705 cswour

GND FBOUT

i I rumee 1 »




New DC/DC converter (Buck-Boost Charger)

BUCK-BOOST PowerPath®
( DC/DC CONVERTER \ BATTERY CHARGER

RSENSEA

ViN |
4.5V to 55V | J

R Vout
i 2.5V to 55V
L @upto20A

& o

: | LTC4020

Step-Up & Down

LY YR
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New DC/DC converter (Pre-Boost plus Buck)

= Maintain output regulation (input Dips, Cold crank)
= Low input & output ripple

= Low EMI
= High power capable

Sync Boost + Buck Controller
45V 10 380 J_—: J BOTT I L ;‘I-: 0.8V to 24V
(Downto 2.5V ~ — | |- | upto10A
after start-up) = iﬂ_ = f =

Vpias TG1

L

LTC7812

LY LR




For Simple circuit (1)

Design requirements
-Charging & supply system power
-5V need to be maintained regardless input condition

5V
Automotive
Supp'ly_(ﬁmﬂt
Ideal Diode]
H\B,uAcl;to L2 ~4.95 -5V ot Uninterruptible
N L 8 D3 Load
N
n 1 ] 0
— D
CC/CV
Charger L tion
Boost
11 L
$ T

—
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For Simple circuit (1)

Design requirements
-Charging & supply system power

-5V need to be maintained regardless input condition

© 2014 Linear Technology

VOLTAGE (V)

Normal to Backup Mod;[ 5V

Transition Waveform (L= 1pH)

6 .
=y I‘ VSYS

1 RPROG = 1kQ2 2
ISYS = 2A

0 vear=36v — |0
IL = 1pH

=2 ' -4
-100 0 100 200 300
TIME (ps)
000 Gox
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For Simple circuit (2)

Design requirements

-Dual power source (5V adapter, Li-lon battery), Need Diode OR circuit

-Buck or Boosted output

A single LTC3118 replaces this...  2x 1rcaai2

SUPPLY
INPUT

0.1uf

B e
e = 3

INPUT

.||-|

*DRAIN-SOURCE DIODE OF MOSFET

1X LTC3112
2X P-Channel MOSFET

1.2 0¢3 Lidion 1o SV

dTpm
vy

o
oM |

re]

Ll gy
T

L

I

X

TRl
+ :

HH

* No Reverse Blocking — need back to back Fets
* No Ideal Diode-OR mode
* 80UA Iq (total) vs. 30uA (LTC3118)



For Simple circuit (2)

© 2014 Linear Technology

FEATURES

= |ntegrated High Efficiency Dual Input PowerPath™
Plus Buck-Boost DC/DC Converter

® |deal Diode or Priority V,y Select Modes

= Vy1 and V2 Range: 2.2V to 18V

® Vour Range: 2V to 18V

BSTI SW1 SW2 BST2 Vout

LT el

> INDICATORS
LTC3118 e 3

CONTROL
" SIGNALS

PGND Vce GND
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For Simple circuit (3)

Design requirements
-Use Supercap
-Back up power

10°
10°
Energy 10
Density
(Wh/Kg) 10°
10
10

© 2014 Linear Technology

m Pulse Power
10 Super- Back Up Power |
Capacitor f
1
B Electrolytic
Capacicy
10° 10° 10¢ 10°
Power Density (W/Kg)

® Pulse Power
®* Main Power

®* Bridge Power /
Memory Backup
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For Simple circuit (3)

Design requirements
-Use Supercap
-Back up power

Complete Ride-Through
DC/DC System

ViN
Wto20VT 1
=

Vour
2.7V to 5V
] 1F to 50F
e UTC3355 o
RSTB _
' cPGOOD T —
EN_CHG d Supercap

= MODE : £
Llﬂm INTVce IcHG IBSTPK T
‘ , 11 4 AR,

Integrated 5A Boost Backup Regulator
Powered from Single Supercapacitor
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For Simple circuit (4)

Design requirements
-Use Supercap
-Back up power

AN
BACKUP

S
ENERGY
ﬁ_—:- STORAGE

glectrohic
Cap

LY YR
@ = ALY TR



For Simple circuit (4)

Monitoring power supply (48V or higher battery voltage)
-OV, UV need to be reported to uP

48V
Power ralil

© 2014 Linear Technology ‘ , LI”EAQ
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For Simple circuit (4)

Design requirements
-OV / UV reporting to uP

—— Y
L Y- (1141 I |
J.JV U 1V
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Protection (Surge stopper)

VOLTS

27V (ADJUSTABLE)
Rsns |

= TIME I . TIME
& GATE SNS OUT
J_ Vee FB
LA l’i LT 114363

TIMER

L TR



Protection (Surge stopper)

O 12V SYSTEM 1S0-7637-2 SURGE STOPPER ()

LT4363I0E- LT
DEMO CiRCUIT 2082»\—“ [M i'T (408) 432-1300

www.lingor.com

CILITF‘UI
L4 363“)5: geo'}?i“
G \Q{Etigi SJ‘H Lt
W -

SHON (=] 1\ ENOUT TR

®6 ® 6 ®
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Protection (Switching Surge stopper)

ViN

- RUN

3.5V10 60V -
[ VI
|
=
=
>
I s
TIME
PROTECTIVE PWM: Vgyt Clamped
to 18V During a Vjy Surge
60V INPUT SURGE] Cr = 22F |
\\\
vV ]
10V/DIV \ﬁ\\
o || 18V AowusTasLe cLamP ™~
ouT S
10V/DIV ~ [
VIR ]
1V/DIV ==

100ms/DIV

LTC7860

0.8V<Vour<Vin
up to 10A
Vout
2
—— B[ (Adjustable)
= —_—
TIME

:
g
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Protection (Window passer)

VIN . ]
2 5\ to 34V —1 N m out Uv=3.5V VIN
3oy | OV =18V
Protects 60V
to -40V
Valid
Window I
GND
b it 10V/DIV
LTC4365
T 30V
= 1s/DIV
FEATURES

= Wide Operating Voltage Range: 2.5V to 34V
= Qvervoltage Protection to 60V

= Reverse Supply Protection to —40V

® | TC4365: Blocks 50Hz and 60Hz AC Power

® | TC4365-1: Fast (1ms) Recovery from Fault
= No Input Capacitor or TVS Required for Most

LTC4367 (High Voltage)
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Other useful parts
Temperature Sensors

Thermistor

Voltage or Resistance

© 2014 Linear Technology

Thermocouple
>
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Other useful parts m—
Temperature Monitoring Blocks

Switch Signal Isolation

Matrnx Chain

Protection Digital

_'v;—-" ol —

TYRY l - Lon
—— ot
-
- " =

PRRRRRRRRRRED TREdaniitnni
LEARRaRRI NN e ntanINIn|
FRRRRRRRRRRNT Feanprrguiani
| RERRRARRA RN NRaanRREEa

lo=Cot CE+CE+..CE

Digitized

Temperature

Measurement
In °C or °F

AW INEAN



Other useful parts m—
Temperature Monitoring Blocks

Digitized
. Temperature
~ Measurement
(°C or °F)

© 2014 Linear Technology ACE AWARDS EEhi'nas L IT_EICIJNOLOGY




Other useful parts
Temperature Monitoring Blocks

CH7-8 CH9-11 CH1214 CH15-16 CH17-18 CH19-20
PT-100 PT-1000 CUSTOM 10Kohm 30Kohm
J4Wire RTD J4-Wire RTD Thermistor Thermistor Thermistor

W/EEPROM
Less Channel
Version coming

Vo 40,5 2

LTC2983 Multi-Sensor High-Accuracy
Temperature Measurement System

L] TECHNOLOGY



Other useful parts__
Current Monitoring

0 l: 900mV o,,%’
SENSE

i ol
DALE

® [

4V-80V >4

r..-

Lineor Tech. Corp.
www.linear.com

‘m@ @w

LTC6101

IN,

Up to 60V

or,
| '_ Vour 0 to 8V
2o T LY LA
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Other useful parts__
Current Monitoring

o ] Vs,= 15V
REFA | REFE| -REFC v+
S > >
Sk S 237k
190k
VRAIL (+270V MAX) VWA
Hi e B

> High Side tae X | - Se—
'V"?" vvYy +
|LOADl . /

190k REF

=

= Applicable to ....+/-270V o
= Bi-directional + = e
= Negative power ralil

VRAIL (+270V MAX) —

LOAD

lLoap l R \
L S . d EE Reense X \ — Vour=Rsense * ILoap
> Low Side Gl 7

== 190k REF

=
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Other useful parts

PoE (High power, PoDL, bt?, up to 90W)

More Power = More Features + New Applications

Longer Range
Access Points &
Picocells

. Heated, PTZ
B ICameras

‘| Brighter
Lighting

Larger,
Point to Point Touchscreen

\Dish Antennas Panels

©2C
LoGY



Other useful parts

PoE (High power, up to 90W)

LTC4274A
LTC4266A
LTC4290A/LTC4271
LTC4270A/LTC4271

© 2014 Linear Technology

1-Port PSE
4-Port PSE
8-Port PSE
12-Port PSE

PD Input Power

Iow
70W
52.7TW
38.7TW
25.5W
13W

LT4275
LT4276
LT4321

1-Port PD
1-Port PD with DC/DC
PD Ideal Diode Bridge

ALY TR
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