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Why is data center power demand increasing?

Processor power Rack power Data center power

Key point: Computing power density is increasing dramatically
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LIPS Uninterruptable Power Supply
PDU: Power Distribution Unit

Grid to Gate Evolution e iy

2022-Today —The 48V Era (Gen2)
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800V AIDC power with ACDC sidecar

e

Side Car
ACI/DC Conversion
Power Stage S00vdc
3§ AC = 800VdC
Energy Storage

480V AC = 800V dc
G50V GaN

Digital Controllers
Isolated Bias Power
|solated Gate Drivers
Hall Current Sensors
Isolated W Amplifiers
CAN Transceivers
Ethemet PHY

[ 800V Battery Backup Unit (BBU)

[80ov Capacitor Backup Unit (CBU)|

@ ==
.

BBU/CBU
Battery Monitors & Balancers
+ G50V GaN
+ MV GaN
+ Digital Controllers

800V PDB

High Voltage IBC
800vVdc = 6-48Vdc

Compute Tray

Server Rack
6-12Vdc
I--------_--------1
| |
N 48VPDB 1
48\Wdc = 4-12dc
7 >

800V PDB
650V GaN
MV &LV GaN
Digital Controllers
Isolated Bias Power

HV Hot Swap Controllers

Isolated W1 Amplifiers

L ]
48V PDE
MV & LV GaN
Digital C ontrollers
+ Hot Swap Controllers
ef uses

Multiphase Power
4-12%dc » CORE

Compute Tray
Digital Controllers
Power Stages
Power Modules
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Tl reference designs in 800V AIDC sidecar architecture

Side Car Server Rack
6-12Vdc
I--------_--------1
i i
ACI/DC Conversion 800V PDB i 48V PDB :
Power Stage gy High Voltage IBC |_48vdc Medium Voltage IBC| |12Vde
3¢ AC (~-430W-575V) > 200vdc 800vdec > 6-43Vdc 48vidc > 4-12%dc
Energy Storage 800V PDB
200vdc input, 12Vde output, 12KW, DC/DC
MBHIEI}' Elal:kup Unit {BBU} e ferefbc af=inn A8V PDB

1800V Capacitor Backup Unit (CBU)|

L ]
3¢ AC - 800Vdc
S00Vdcor +/-400%dc output, 30KW PSU
reference design

SST - 800Vdc

A S0-kWA Building Block for MY Solid State
Transformers Reference Design

BBU/CBU

400Vdc output, 188W-Z288vdc input
30kW CBU reference design

20K 800W-6.25Y High Density reference
design

800Vdc input, 50%dc output, 12KW DC/DC
reference design

200vdc input, hot swap controller reference
design

+-400%dc input, power metering reference
design

48Vdcinput, 12Vde output, 2KV 34 brick
DC/DC reference design, sampling NOW

48Vdcinput, 12Vdc output, 2 4KW %%
brick DC/DC reference design

4e8vidcinput, 12%de output, 3KW DC/DC
reference design

S0%Wdcinput, power metering reference
design

Compute Tray

Multiphase Power
4-12\Vdc » CORE

Compute Tray

6%dc input, 1%dc output, 10kA+

DC/DC reference design
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Tl GaN in high-voltage DC architecture

Side Car
AC/DC Conversion 300V
Power Stage
34 AC [~480V-5T5V) > HVDC . A00V

Tl technology advantages

+ World-class GaN and Si processes

+ Package Innovation

+ Advanced driver IP

IT Rack
DC/DC Conversion e
HVDC to LV
HVDC: 800V to 48/12/6V

+ 650V GaN power stages

= 100V, 40V integrated GaN SRs
= 25V Monolithic Integrated SRs
= Digital controllers: UCD / C2K

DC/DC + Core Power
IBC +Multiphase Power

IBC: 48V to 4-12V

+ 100V GaN power stages
« 40V, 25V integrated GaN SRs
+ Digital controllers: UCD / C2K

Tl GaN Benefits

Integrated driver with reduced switching loss

Integrated protection with reliable gate control
Advanced features (zero voltage/current sense) to

improve system efficiency
Thermally enhanced packages

|

Multiphase VR

+» Monolithic high current, high

frequency power stage

r Integrated power module
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LMG365x: 650V industrial GaN with integrated driver
(Features [ Applicatons

Package: TOLL 10x15mm

25,35, 70 mQ typical Rys(on Drain to Source at 25° C *  Uninterruptible power supplies
Abs Max junction temperature T.c 175° C *  High powerserver PSUs
Integrated GaN Gate Driver * HVAC _

« Tl Direct-Driver technology *  Portable power supplies

»  >200 V/ns FET hold off *  Solarinverters

. Single V4 unregulated supply . Motor drives

External resistor sets drive strength r .
< 8turn on slew rates, 10 V/ns to 80 V/ns adjustability Functional Block Diagram & Package

. 4 turn off slew rates, 10 V/ns to full speed adjustability
. Mo compromise in gate-dnve inductance

Fault monitorning and protection Gate Diver + Profection
. <100ns Over-current protection :
. <300ns Short circuit protection
. Overdemperature protection
. UVLO protection

Advanced versions (on Pin 7)
. LDOSV
. Zero~voltage detection
. Zero-current detection

{1o
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LMG366x: 650V industrial GaN with integrated driver

Package: TOLT 10 mm x 154 mm
15, 25, 40 mQ) typical Ros(sny Drain to Source at 25 " C
Abs Max junction temperature T, .c 175° C
Integrated GaN Gate Dnver
. =200 V/ns CMTIl and 1.7 MHz switching frequency
. Only single V4; unregulated supply needed
Fault monitonng and protection
. Over-cument protection
. Short circuit protection
. Overdemperature protection
. UVLO protection
External resistor sets drive strength
. & tum on slew rates, 10 V/ns to 150 V/ns adjustability
. Mo compromise in gate-drive inductance

Advanced versions (on PIN 10):
«  LDOSV
= Zero-voltage detection
«  Zero-cumrent detection

Applications

. Server P5U and Telecom rectifiers
. Solar inverters and industnal motordnves
. Uninterruptable power supplies

Package & Pin-out (Co-layout with Discrete FETs)
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LMG367x: 650V STOLT GaN FET w/ integrated driver
Features [} Benefits

10, 15, 25mQ typical Rpgoy at 25° C *  STOLT package
»  Package: Slim TOLT (9.9mm x 12.5mm) »  Better BLR performance than QFN and TOLL
. Abs Max junction temperature Tymax: 175° C . Smaller footprint than standard TOLT

Integrated GaN Gate Driver
. =200 Vins CMTI and 1.7 MHz switching frequency
. Only a single V , ;, unregulated supply needed
. Fault monitoring and protection
. Over-current protection
. Short circuit protection
. Over-temperature protection
. UVLO protection
. External resistor sets drive strength
. & turn on slew rates, 10 Vins to 150 V/ns adjustability
. Mo compromise in gate-drive inductance
. High surge-event peak transient V5 (800 V)

Applications

Server and telecom PSU

Solar inverters

Industrial motor drives
Uninterruptable power supplies

Package, Pinout, and Function Diagram

9.9mm
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ZVS detection challenges

External Detection Circuit vs Integrated ZVD / ZCD

Current Transformer (CT) Method Shunt Resistor Method Integrated ZVD / ZCD with GaN
IR j j J

I . i
@5 | T Op amp ; - —_ (\5 l T

CMP

i L/
« 2 current transformers

2 comparators * 1 shunt resistor
:  1x high-bandwidth op-am
+ Clamping circuits: 2x high voltage capacitors, 2x resistors 9 p-amp

» 1x fast comparator
* Low efficiency due to CT and snubber circuit losses . Low efﬂ::ien?:y dieto shunt loss

»Integrated ZVS detection option does notintroduce sensing loss, but it can simplify system design,
minimize footprint size, and lower cost.

*+ 1x channel in Isolator
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Logic block diagram of ZVD X
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TI G a N WIth I nteg rated Z VD i WD outpur enables HS FET soft tum-an
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Experimental waveforms - ZVD

»  ZVD pulse (fixed width) output indicates ZVS is achieved when turni
> pulse (fixed width) output indicates is achieved when turning on ZVD pin out illustration waveforms

(TCM Buck) 1
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Tl GaN with Integrated ZCD
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Experimental waveforms - ZCD Logic Rlas@diagram of 26D S
»  Positive edge: Indicates ZVS is achieved in device 1 \ L.

»  Negative edge: Indicates Zero Current crossing point _ _ _
>  Asynchronous ZCD out signal ZCD pin out illustration waveforms
(TCM Buck) 12
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Digital power real-time controllers

Entry Line Performance Line High-Performance Line
Single CPU + Accelerators Single/Dual CPU + Accelerators Muti-CPU Platforms
Up to 256KB, 32-80 pins Upto 2MB, 48-144 pins Up to 4MB, 100-337 pins
igh-Power Solar, Server

H
v" Multicore 200 MHz F29 with FPU
v Upto 3 CPUs, Lockstep opt.

v' HSM & ASIL-D [ SIL-3
v BtherCAT

¢ HV Data Center Power

. v 200 MHz with FPU

i v Upto 2 CPUs, Lockstep opt.

i v Hardware Security F29H8
e Server Power, Charger, Solar i v EtherCAT C29 core
1v 150- 200 MHz with FPU, TMU E v" 16bit ADC, SDFM
E ¥ Control Law Accelerator (P55) :
1¥ First NPU Al Accelerator (F55)
iv 12b ADC, SDFM i o b
v Hardware Security C28 core

Entry Power Control 1+ Configurable Logic

¥ 100-160 MHz with FPU, TMU

¥ 12t ADCs, PGA '

v Lockstep CPU option F28P551/2

v Option with C28 core
Integrated Gate Driver !

F29P5

C29 core

F28001 2 P Production [ Sampling

C28 core

[
-

Starting at: $0.50 | 5mm x 5mm Performance & integration

¥
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Embedded processing solutions for datacenters

Onsite AC generation and storage

150 0V, ¢ 690V o |E|
y 77 4 " LF XFMR structure Side Car 800V, IT Rack
G##e | DCIDC + DCIAC [~ |M| |ui| 208480V, P p [ o £
Saolar 8% 59.2% y = +-400V, 650V,
| a —| urs b POU SSCBmmmmb| DC/DC —»{ DCDC (o]
oo (ocme ocmc foes (i) 2N fiig— (2o =1
ESS N 96% 38 4% 99 2% 38 _ 97 2% 2% n ~=85.2%
Al Server Power
{OPEN COMPUTE FROJECT)
Cloud/Al/Datacenter Server Rack with High Power
uPs ACI/IDC BBU CBU DC/DC S5T* Next SSCB Ccbhu PDUI PDB
Gen.
Trends Multi-stage 20kW+ 48V -= MNew Design 48Y = 800V, Mew Design  Mew Design  MNew Design  New Design
design, 400/800V CAN Interface
Security
MCU’s F28P65x F28P56x / F28P65x F28P65x F28P55x F28P65x AM13EX AM13Ex F28P55x,
F28P65x F29H85x AM13Ex
Reference v 3-Phase T- 3-Phase v 4-Switch v 1KWLLC v BOKVA
Designs type Vienna Buck- 1/8 Brick building
Inverter Rechifier Boost v 2 kW A- block for
v 3-Phasze FFC Fhaze Medium
ANPC J-Phase Interleaved Vaoltage
nverter LLC Buck 1/4 SST 14
Brick
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Multiphase processor power

Providing Timely & Efficient Enterprise Power Solutions
~2 Billion Multi-phase Controller + Power Stage Chipsets since 2017
Continuous Portfolio, Teams, Capacity & Investment Growth

Controllers Power Stages Power Stage Modules

.
ﬂ =
-

» 5Scalable Phase count & Loop count » Monolithic Solutions » Highest system efficiency

# Digital Control Loop (DDCAP+) » Best-in-class efficiency » Smallest area (including height)
» Higher switching Frequency » Highest Power Density : » High Peak & Fast transient response
» Full featured diagnostics / telemetry » All in Thermal enhanced package | > Common footprint options available
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PMP23630 30 kW Al Server PSU key features
I

« Peak Efficienn:}' 98.5 % with fan AC Input voltage (line-line 3 phase AC) 480V +/-10%
+ 3—level flying capacitor PFC Output voltage +/-400 V +/-10%
+ 65 kHz/phase Output Power 30 kW
Peak Power 48 KW/50 ms

* 130kHz conversion frequency

+ A-A Connected 3 Phase LLC ; & - Ji'] JG JEE ] - .
+ 100 kHz - 1.5 MHz ‘ : J.mﬁf 5 i i -
: [ fv‘ =
T A : !
: i3 g

0

* Reduced resonant tank currents

+ In/output current cancellation

+ Hybrid Hysteretic Control (HHC)

« 800 mm x 160 mm x 32 mm . 3 - . Jj i F

—

TySyyiN
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DC-DC reference design for 30kW 400V CBU

Features

Vcap 166V ~ 268V
» Peak Efficiency 98 % with fan Output voltage 400 V +1-10%
. Bldlrectlgnal ZSW§ converter Output Power P
» 6 phases interleaving _
-Higher power capability Peak Shaving config 1A/us .
Fa N =
-Fast response . JEI) IIElJ IIEB !El) IIElJ T ¥
» Dimensions Wx Hx D (mm) = e d —
-CBU : 82mm x 179mm x 855mm J Ao || e
-DCDC: 76 mm x 172 mm x 120 mm = . y
Applications T s @ @ 115{5 @ @ @*
+ High Voltage Datacenter BBU/CBU Shelf for s : == o
9 S ="~ 4 FEe el o I

Al Applications

Tl Parts

+ See subsequent slides | [Cm {m'.m R |
e ol g AM CLELL M!n:lrfhh:::ﬂld 1 T
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800-6V | Simulated Loss Breakdown @ 20KW
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a0 100
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i B OB |}
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g g 3
® 3
Tmoos amd Bambaers Crihuaern
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800-6V | Full Power Test Results

Vds Q4 is 400V @ 800V input: voltage balance among ;o
stacked LLCs + Even thermal distribution

«  Perfect match on the Vout for both stacked LLCs « Good current sharing across all the 16 parallel output cell

149
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TIDA-050095: 4 phase GaN-based buck, 48-12V 2kW
high efficiency design in 1/4t brick size (Chip-Down)

System Specifications:

+  Qutput: 12V

+ DC Input: 40-60V (48Y nominal)

+  Sw. frequency: 200kH=z

+  Topology: 4 Phase Interleaved Buck (48-12V)
* Form Factor: 36.8mm x 58.4mm x 19mm

*  Protections: QCP, OTP, OVP and UVLO

« FEfficiency @ 1kW: ~98.1% @48V
« Efficiency @ 2kW- 97.5% @ 48V

Typical application

- Enterprise Server and Telecom 48-12V conversion

Tools & resources

= Design files: Schematics, BOM and design files
= Device datasheets:

— LMG3100R017 x 8

— UCD3138A x1

Benefits

High power density with a high peak and full load efficiency of ~97 5%+
Transformer-less regulated topology with high peak and full load efficiency
Easy o implement in a chip down design

Orthographic View




Efficiency and Thermals

Efficiency(%)

Efficiency vs Power Output

Je00% 9.18% 12V(regulated)
08.50% 9830% 08.15%
——
93.00% = —i
97.50% 97.45%
a7 83%

06.50% Thermals 48VIN@ 2kW
96, 00% Current Status:

) + Optimized efficiency to achieve 98.1%+
J2.50% peak and 97.5% at full load.

—— 43VIN . . .

95.00% * Implementing regulation and testing

- SN transient response
94 50% —— 401N
94.00% —e— BN Next Steps:
p— + Use LMG3105R017 and LMG3105R011 to

0 500 1000 1500 2000 2500 increase mid-load efficiency to 98.5%+ and
Power Output{VV) full-load to 98%+

* Implement protection features
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Thanks
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