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Typical Smart Phone System Contents

* BIO Processor
* Apps Processor ‘ Ky - 1-Chip Solution
- 14nm Quad-Core y S  Sensor Modules
e Graphics Processor | 4 - CAM & IRIS Modules

- Capable of 4K @ 60fps e - Bio Sensors

uBIO, CIS
PMIC
| | —
* Power Management sjcfuwe‘;ge Storage

- PFM/PWM Con;:rol -

- Multi-Phase T -,
L itncine) iy Connectivity

Display

Cellular (LTE-A) ~~ « AMOLED

WiFi (802.11abgn) ' - 5.7” QHD (2560x1440)
BLE-4.1 | T-con - RES= 3.7M-pixels
GNSS (Quad mode) Backlight control
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Typical Wearable System Contents

* BIO Processor
- Accelerometer
- Gyro, Barometer

* Apps Processor
- 14nm 2x-Core @ 1GHz

e Graphics Processor
- Capable of 4K @ 60fps

- HRM, Ambient Light

AP/GPU

.',f"'- uBIO

3

o NS

. - PMIC
* Power Management ' * 28 *
- PFM/PWM e . Storage ~
- Thin and Tiny e Ql d
. 12C .
Battery Managemen Interface 7 Connectivity ;
- WPC Inductive

Display

*WiFi (802.11bgn) e AMOLED

e BLE-4.2 . :
3 5 - 1.3” Always-ON
* NFC, MST, GPS . = T-con - 360x360 @ 278ppi

® G I O n a SS — N "\ Backlight control
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Galaxy S7-Edge Teardown

Murata KM5D17074 Wi-Fi module

7
|
i

SK Hynix HOKNNNCTUMU-BRNMH 4 GB
LPDDR4 SDRAM layered over the
Qualcomm MSM8996 Snapdragon 820

NXP 67T05 NFC Controller

IDT P9221 Wireless Power Reciever (likely

Sasung KLUBG4G1CE 32 GB MLC an iteration of IDT P9220)

iWrsal Flash Storage 2.0

Qualcomm PM8996 and PM8004 PMICs
vago ALEM-9040 Multiband Multimode

Murata FAJ15 Front End Module
Qualcomm QFE3100 Envelope Tracker
Qorvo QM78064 high band RF Fusion
dule and QM63001A diversity receive
jule

Qualcomm WTR4905 and WTR3925 RF
ansceivers

* Courtesy of iFixit
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Typical Mobile Device System Power

Mobile System Device Ingredients Mobile System Power Device Connectivity

UFS/eMMC mSSD Camera

EReds & 7 |
T ] *ﬁ‘“ﬂ“"’mi’

OLED SoC UFS Camera

PMIC PMIC PMIC PMIC
Interface

|
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(USB-C)
Interface IC

Type-C

Audio
Codec

|

/{

dplve
hglg

\ /

WPC/PMA




Silicon Technology Trend Setters

7/.‘,5}%3:-3'.-’.»'.-:575:@
| | |
| | | | )
1985 1995 2005 2015
5.0V
3.3V
+ CMOS 2.5V
1.8V Ly
¥ Gate level power analysis 0.6V S
$ RTL power analysis T LB
# Gate level power optimization
Process $ Power gating
. ¥ Power intent specs
Design + High-K gate dielectric
. $ FinFETs
DeSIgn. $ Ultra:Low Voltage
Automation i 2.5D & 3D designs

* Courtesy of DAC 2016

SEC/System LSI

¥ System-level
Power Modeling




Power Delivery Requirements

Not Npea, NOt €ven Nyay, but W-1-D-E-S-T Ny,gH(%) Wins!

Higher Power Requirement = Complex Power Delivery and Management

Battery CAM/SNS Modem/RF Storage Display GPU CPU
Charger Power Power Power Power Power Power
iﬁ\i m ™ 57 I
;2’ \\) k - = i
* ISP Core-DVS ||+ Avg. PWR Track |* Dyn.Lane CTRL ||+ Panel PWR DVS |+ DVFS  CL-DVFS
USB * ENV. Tracking * On-Fly On/Off  « Power Gating * Power Gating
* Auto-CLK
Interface
o
: n(%) o "R‘r). Mosee
MAX v MAX
T I
MIN
User
Interface
> P(W) >P(W)

P Prve Praax P Prve Praax
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System Power Saving Techniques

Multi-® BUCK - Adaptive Volt. Position ) | APT Technology

Average Power Tracking
: Discretely stepped VsuppLy

RE Power
Envelope\ / ﬁonsumption

-

Max. Pspy = 25%
\ = Y,

ET Technology

Envelope Tracking

: Conti. Modulated Vsuppry
Vearr =37V Vosua Vo, =11V > RF Envelope

—> BUCK . l= Vo, = 1.0V =AD \
Vg3 =095V d; J ;o-wer
= Congumption
LDO Voa,=09V ;I) 47
: 5 !

Max. Psay = 35%
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Typical Mobile SoC Power Sequencing

Battery
Input

VCOIN

On signal

Regulators

PMIC > AP

AP > PMIC

AP -> PMIC

] O Input Power

. within 1-sec after Power ON.
! . |

- 1-SLi-ion BATT
= Vgys &/or Ve

© PMIC Enabler

—> Discrete On/Off

-2 12C

: 6 VR Sequencer

- Integrated SEQ

(Sleep/Wake-Up)

16ms(debounce time) "
"" l Need to keep PWRON High until PWRHOLD
| goes high |
| | ==
' |
Y/ .
60us ' | |
ala | L :
J m ' N\
I |
| |
// I (9) write (Operate) lzc after RSOB high | :\ |
|
AﬂerLDO2goeshgh | 1 | | J
LM&. !
|
|

| t PWRHOLD falling
|

\ - By-passvia I?C

Povler off by

© PMIC COM-Link
|

——
s |1

| = Interrupts via 12C
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System Power Management Technology

© THERM_THROT: Active Thermal Throttling

—>  Skin Temperature Consideration
-  System Thermal Throttling
-  CPU & Device Thermal Throttling

©  SMPL: Sudden Momentarily Power Loss
- Dynamicf. Throttling to LFM for System Stability

O  Puax: Maximum Power
O  Pyuw: Power Limiting

© ACPI: Advanced Configuration & Power Interface
> G-State: GO~G4 // S-State: SO ~S4
- C-State: CO~C6 // P-State: PO~P,, Py,
- D-State: DO~ D4

© APM: Android Power Management
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Mobile System Power Manager w/ ACPI & APM

CAM/SNS

VR-CTRL

Display
Power

VR-CTRL e

CPU
Power

Storage VR-CTRL €

Power ——
SI\L‘ISL!PJG
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SYSTEM gPU
ower
POWER
e VR-CTRL
A
System-IF
. Power

Battery VR-CTRL
Charger

N

-
Mechanical \ % Gf
Off
N

: GO-
Working

Applications hold
“wakelocks”

Application
Framework

User

Kernel

ACPI

-Sleeping

S4
oS3 %

_>!

FM/HW

APM

Manage wakelocks

S3 Path

(no wake locks) Idle Path — S0ix

Android PMU driver
(S0i3/S3)

S3

Applications are not running

Suspends Drivers, saves
device status

Disable timer as wake source

S0i3

Kernel timers active
Applications are running
AOAC in this state




System Power Management

© Mobile System Power trends increase in Complexity
-  Expect more features/performance with longer battery life

© Advancesin System Power Delivery
- New advanced technologies for higher and flatter efficiency

© System Power Management
—> System Power Delivery must be controlled
— Aging ACPl and APM...

© Intelligent System Power Management???
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Packaging Technology

WB FBGA QFN_ELP FC-FBGA WLP
(CUF/MUF mini)

Solution ﬁ Chip &
CLLLLLLLL T
PKG Cost * % * X * * % Kk Xk

Reliability * % k& * % Kk X * % Kk & * % Kk k

PKG size
(Degree of Freedom) * * * * * * * * * * * *
. Popular Packaging - Popular Packaging - Popular Packaging - PKG size = Chip size
Method Method Method
- PKG size limit - Quality issue - Cost addition - Complicated Process
; >3.0x3.0mm? ; PKG crack Issue (PCB & Bump) ; WF level EDS/Test Issue
Remark (Die-size Independent) due to CTE Gap (Vertical probing )
(LF/EMC/EPOXY) Ball pitch & Chip size
- Limitation of Array-type is estimated.
Pad configuration. - Limitation of Array-type Only outsource site.

Pad configuration.
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Multi-Phase SMPS for Wide Efficiency Curvature

9A, 3-OBUCK: n(%)MAX = 89%

= Conditions:
" V|N=3.8V, VOUT=O'9V
= |=0.47uH, C|N=1OUF, COUT=66UF

VIN

—
_'1—4:

AVP

DCR L
Wy~

Vout

ESR

—iL

Cout

+—W—

& v
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Phase Shedding

\\
g
>
2
g
\ Phase Shedding
\ AN
Shedding i 1PH 2PH :
= J
r Bridge Shedding N\
A
s : : | [ Power TR Size X Phase]
§ : : | 5
Q| . PFM ; - . PWM
) | T ;
ﬁ Phase Sheddlng
N 1 I Bridge Shedding
X .
| ONx2| 2Nx3| 3NX3 i 7Nx3
\ J
17




SYS_P.,, Technique: Adaptive Volt Positioning

AVP Explained AVP Results

) Active
l
load . Vo 0.985V _ 0.935V
! 9:250% {ight Load

Light Load Vet
S|eep S|eep Heavy Load
VMAX""""'"""'"""“""""“‘:" [ 34 ‘
kﬂd \ -
) NEUN——
L o
Vourtsuck 14 14
w/o AVP
= Y

P=3W —~— o5 gsw

1 5%
T —— l
VOUT, BUCK
with AVP
T . 2
i 0'5X(VMAX_ VMlN) W/O AVP with AVP
\. J \ J
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SYS_P.,, Technique: Cascaded Sub-Regulation

qur =10V
Low Dropout Vearr =37V »| LDO >
Regulator
Q lour = 1A
= 27.0%
! Vv
Cascaded Vogucx Vg =11V .
=37v—| BUCK »  1DO >
Sub-REG Vaar =37V

BUCK+LDO

<

12V@1A Vg =10V Q)
LDO V..= 095V
v

DO _|stets o, ¢

Vwr=1v -~

Q lour = 1A

= 90%
! v

n = 0.67~82%

v

Vearr =3.7V BUCK

SEC/System LSI 19




SYS_P.,, Technique: APT & ET for RF

© APT & ET Introduction

- PA’s power consumption is at the peak during smart phone wireless transmission.

- Average Power Tracking and/or Envelope Tracking techniques are used to increase energy efficiency.
© Average Power Tracking
- PA’s supply voltage is discretely stepped in order to save power

© Envelope Tracking

- PA’s supply voltage is continuously modulated to match envelope to save power

Battery Supplied APT-PMIC Block Diag.
Traditional PA APT Technology

- Battery Supply Power Average Power Trackin _ ( A
ET Technology APT-PMIC —
: Discretely stepped Vsyppry Envelope Tracking - and
/1 Bandgap Bypass
/ Power Reference Control
RF / . : Conti. Modulated VsyppLy Battery Power
| \ Consumption veaT Imput
Envelope RF Envelope Gurrent Sense TouF
Power \ A and Limiting ; u
Consumption VIN
| l —
VIO
‘ SCLK MIPI BUCK sw AR L >
RFFE [ DAC
RF Envelope  Power \ oa ] | ntertace esomA) 1.
Consumption T
Max. Pgsy = 25% \
Max. Pgy, = 35% poe]
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