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History of 48V

Highest “Safe Voltage”

* Minimize protections

* Minimize conductors or losses
e Often a “nominal” voltage

-48V Power
* Legacy of telephony system

e Minimizes corrosion of
conductors and connections
when exposed to moisture

Public Information

SOC [%]

100 %
80 %

40 %

0%

-60"/

Overvoltage suppression
measures
Limited Operation

— 54V
52v

48V

36V

Limited Operation

— 24V

Undervoltage

— 0V

Danger to
human body

Safe for
Human body

Not
operational

48V System Safety Thresholds

d



New Applications for 48V Power Architecture

. BSG/ISG 1 (s Server Backplane . Factory Automation )
e DC-DC Conversion e Cooling Fans  Collaborative Robots
e Auxiliary Motors * Telecom Base Station * Home Robots &
e Sensing & Computing Automation
Loads

Automotive Robotics
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Electrification of Automobiles

Global Electrification Trends

CElectric  mFuelCell wICE  mICE:Stop/Start m MildHybrid  m Full Hybrid
Source: IHS Autolnsight
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Electrified vehicles already dominate

48V bus has a function in all electrified
autos

Autonomy & Infotainment will bring
additional loads
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Server Blade Block Diagram
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Shifting Cloud Power Architecture

Traditional w/ 2 stage 48V to Load

Primary UPS Secondary

AC to 48V 48V to 12V 12V to PoL
Transformer Transformer

48V to PoL

AC to 400V 400V to 48V 48V to xxV xxV to PoL

Utility

Possible Optimized Power Path

Primary
Transformer

Utility

UPS (48V)

Power supply moves from blade to rack

48V gives 16x lower transmission losses
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Other Applications

5G Networking Power

Large infrastructure rollout just
ramping

fiazin

3-5x more units than 4G

Massive MIMO has large number of
radios

Server content for software defined
radio and edge computing

48V
RHectifier
650V 5J &
Sic
80-150V RRU/AAUI
FETs 1 - Ll i
80-150V FETs
EEER

11 1| | 5x FETs from
[ | 4G to 5G

BBL
80-150V ] m
FETs |

Power Tools:

Battery powered devices
Moving to 48 and 60V batteries

Especially larger, high power
machines like chainsaws and
mowers.
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LED Panels:

Especially for massive, outdoor
displays.
Lower Power Losses
Thinner Panels
Lower Weight
Lower Thermal Stress
Higher Reliability




Industrial Automation

Collaborative Robots

Delivery

Drones
Care Assistants

Toys & Companions

Brushless
DC Motor
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Utility AC to 48V

UPS (48V)




Robot Block Diagram
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Robot Power Block Diagram
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Display

AC/DC Conversion

Battery Management

DC/DC Conversion

Multiphase Converters
Point-of-Load (PolL)
Linear Regulators

Motor Drive




Applications and Solutions

HvV DC/DC

MV DC/DC

Multiphase
Buck
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VCC

Integrated Power Bus and System Protection

Overvoltage N .I L
Overcurrent protection = Level settable through external resistor e FLAG Curtent
Reverse current protection = isolation FET (isoFET) Charge - —
Adjustable output slew rate = Inrush Current Control Shutdan _l Pump |ﬁ

Output Control (On/Off) ovio | 4", $——0 source
Fault Report Vc_SEL(I)' \ggﬁ: J %‘éﬁ?iﬁt I CIL_Jirr::leitm ' =l
Resettable m,:;n ”tn &=

Thermal Shutdown

Current Limit Example
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Robot Power Block Diagram w/ Hotswap
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ON Semiconductor Toda L S
4}" .;)T, #O) \‘ A J-z]‘ /-—oﬂff
—'J 1
Headquarters: Phoenix, AZ HO: Phoenix, AZ * / E:Eﬁﬁ?:s"- Manufacturipg ™ 7. * xﬁ;
: ities: -0 / Manufacturing
Employees: 32,000 globally US Manufacturing F‘ac\ge-s-« Belgium, Czech Republic \I.)"‘u ,5/' ' Falcilltle:nu aeturn
ID, ME, OR, PA - - . /‘r-) . China, Japan, Malaysia,
Revenue: "'$5.9Bn(1) ) —a x ] J:?i Philippines, Vietnam
5 ) \,\,t :\U\J
Market Capitalization: ~$9.1Bn®@ < ’J Th
Ticker: ON | —_ / »
hd /
Founded: Spun-off from Motorola 1999, IPO 2000 W{ -

» 23 Owned Manufacturing Sites
» 130+ Contract Manufacturing Sites
» Ship Nearly 80OB units/yr!

» 70% Produced Internally

T
‘OI

» Very Wide Range of Products, Processes, Packages

Power Integrated Module

(1) Based upon 2018 results; (2) as of 4/29/19; Sector % based on 1Q19 i
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ON Semiconductor®

ON Semiconductor Solutions

For 48V Applications
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MV MOSFETSs for all Systems

Value Proposition Technology Developement
> Lower conduction loss o
I\ > Lower switching loss 5 Q

MOTOR &

/ : . Silicon Packaging
/ > Simpler gate drive /1 diet K "
v Lower Rds(on) Pfg?:ﬁvg ;5053:;3 gge ratio
Reduced EMI : 8X8, 5x6, 3x
> Reduced EMI 16,18, PTNG
- v Reduce Qrr/trr v" Reduce parasitic inductance
; > Reduced voltage spike T8. PTNG Power Clips: 8x8, 5x6 3x3
ower y
Density ———
g > No gate bounce v Lower Ciss v Improve thermal performance
Low Qrr/trt Reduced System 3 T8, PTNG Dual Cool Packaging
Cost i
Footprint Area - > Power DenSIty \/ Improved di/QgS \/ Ié'lcsregzepcl;r?rin:'t-gﬁfab”ity

. 60% T8, PTNG x8, D2Pak7L,
- » Reduced Cost
r v’ Lower Rg
- l T6, T8, PTNG

Fowerss o /“‘s._& //k.& ¢ "";..n;:

Reduced & Q w , 135 & ‘» h",
Board space PQFNS8x8 Dual Cool TOLL D2Pak-7L LFPAK HB Duals
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FDMF8811: 100V Power Stage
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120V bridge gate driver

6.0 mm x 7.5 mm PQFN Package Ultra-Low On-Resistance 100V Power MOSFETs
Integrated 120V Gate Driver

Integrated Bootstrap Diode Low Voltage stress
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FANGSXxxx Overview

+ VIN Voltage Range — A . o
* Wide range: 4.5V to 65V L, o
* VOUT Continuous output current :I: '
* 6A (FAN65004B) §R2 —
+ 8A (FAN65005A) VLo
* 10A (FAN65008B) L
* Buck Regulator
e Constant frequency voltage mode PWM control §R3
*  Programmable frequency 100kHz - 1MHz Vo O
* Frequency Synchronization with external clock FANG50xx .
. . . COMP
* High Performance Error Amp for tight output regulation 1 >—| |—'V\N— .

* 0.6V reference, +1.0% over temp =
«  DCM or PWM mode at light load condition

* Additional Features
* High voltage LDO for single supply operation
e VOUT LDO to reduce power losses . Tg
« Adjustable Soft-start RY =
« Bootstrap MOSFET for low VIN A4

* Protection

. VIN Adj. UVLO & VOUT UV & Oy Appl iCationS . Telecom infrastrucfcure & Baseband Boards
* Adjustable output current limit * Industrial automation
*  Thermal shutdown » DC/DC Modules

* Package * General Purpose PolL
*  PQFN 6x6mm

” R10
1 ——cC10

R11

¢=5,
II PGND ]
I
||I
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Enabling Connected Devices

Key Bu“dlng Blocks ' ' ¢ QEUK-GEPK;‘"; o b

B

Connect Control

ARM® base board + Sensor/Connectivity/Actuator modules
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RSL10

Industry’s lowest power

Bluetooth® Low Energy
technology
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Widest Portfolio for Machine Vision

Industrial MV & ITS Edge Al

MV Everywhere

High Speed, Scalable Portfolio Performance, Price, Speed

Small Sensors, Low Power =  Event Detection
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CCD for Demanding Performance 20mm Cameras, System Solutions =  NIR optimized Very low power, Flexible states
PYTHON 25K XGS 45000 ARO234
25MP 4.5um 45MP 3.2um (=D 2000)
2.3MP 3.0m
PYTHON 5000 | AR0135 ARX3A0
5MP 4.8um | (1280 x 960) (560 x 560)
1.2MP 3.75um GS VGA 2.2um pGS
XGS 12000
PYTHON 1300 12MP 3.2um
1.3MP 4.8um ARO144
(1280 x 800)
| 1.0MP 3.0um GS
PYTHON 480 |
VGA 4.8um
XGS 5000
5MP 3.2um ARO521
KAI-47 (2592 x 1944)
KA-43 5.0MP 2.2um
KAI-29 CCD ARO430
29MP 5.5um (2317 x 1746)
4.0MP 2.0um




Summary

The requirements of multiple markets will result in a diverse 48V

ecosystem with improved performance and system costs.

"« BSG/ISG
e DC-DC Conversion
e Auxiliary Motors
e Sensing & Computing
Loads

Automotive

-
e Server Backplane

e Cooling Fans
* Telecom Base Station
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-
* Factory Automation

e Collaborative Robots

e Home Robots &
Automation

Robotics




ON Semiconductor®

Thank You
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