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Motivation

CHIP’s power increases year by year. Battery capacity increases slowly
8000 due to physical limitations.
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The gap is gradually widening!!!
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Power Components and Equation

- 2
PTotal - afCL VDD + tchDD Ipeak + VDDlleakage

Input switching to ‘1" or ‘0’ V<Input<VDD-1
2N VAN
Charge
Input Input
Discharge
v/a 7 /&
Dynamic Power Short Circuit Current

@ = activity factor (Oto 1)
[ = frequency

t = transition time

C, = capacitive load

V_ ., = supply voltage

oo

| siage = |eakage current

I ... = peak current

Input : ‘1" or ‘O’ steady state
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Leakage Current
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Leakage Power Trend

* Leakage power gradually dominates the total
power in advanced technology.
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How to Reduce Power?

Dynamic Power Static Power
2
PTotal {afCLVDD L tchDDIpeak]"'[VDDlleakage]

* Dynamic Power
e Reduce Area(C L)
* Slow clock & Turn off Clock(f)
* Reduce Voltage(VDD) il
* Reduce Switching Activity(a) .

t = transition time
e Static Power €, = capacitive load
* OFF Power(VDD) Voo = supply voltage

!, ssepe = leakage current

leai

e Reduce Voltage(VDD)
* Increase Vt(l_leak)

I .. = peak current
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CIOCk Gating Clock Gating (Auto CG)

™ If Statement No clock gating
always@(posedge clk) begin
* Turn off the clock, when not use {F i o' o7 !
else Q <= Q; ]
end EN
e Scope: From module-level(TOOL) = conditional assignment —
always@(posedge clk) begin Power ﬂ a;:eir:y
to sub-system level(Manual) T Compiler
) B Clock gating script style 1 Clock gating
Setof Registers insert_clock_gating
caic compile o o Q
EN \ Gated Clock = e
Latch /] B Clock gating script style 2 o 7 | gen
CLK A |compile -gate_clock | Low -
“ activity
Clock Gating (Manual)
Reg [7:0] Data_out;
i lk = clk & ble; o
CLK :;:a)g;:@%:osedg: gclke:‘): n:gedge rst_n) begin Manual Clock Gatmg
if (!rst_n)
— Data_out <= 8°de; enable Ik
else gc
EN Data_out <= Data_out + 8’dl; clk }
end

o 4

B Clock gating script

Output of Latch T P g T enable _Dﬂ
compile_ N
Gated Clock W Report clock gating clk |—o

|report_clock_gating -gating_elements |
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Multi-VDD
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e Each sub-system requires the different voltage.

VDD1

External multivoltage power supply

VDD2

VDD3

GND

-

=P

Enable
level shiften

domain

Level
shifter

:

Enable

| PD_TOP Top level (chip level)
Always-on
power
domain
VDD1g| Block1
PD1
switch Switched
(power-down)
domain
save Retention
F::I(:::fr: restore register
controller
block "

level shifter
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High Performerce(CPU, GPU...) -> High VDD

Normal Performance(Sec., Audio...) -> Low VDD

Core Complex 1

4 x ARM® Cortex®-AS3 core
32 KB L1+ 32 KB L1-D

1 MB L2 with ECC

Multimedia
GPU

{1 x4-8 Shader ;!_i 1 x4-8 Shader |

VPU
Video: h.265 dec 4K/2K
h.284 dec/enc 1080p

Display
Display Processor with SafeAssure®
Display Processor with SafeAssure
Audio

2KBI

1x HiFi4 DSP 64 KB TCM

Display and Camera /O

1x MIPI DSI 1 x MIPI DSI
(4-lanes) (4-lanes)
1xLVDS Tx 1xLVDS Tx

1 x HDMI 2.0a/eDP 1.4/DP 1.3 with HDCP 2.2
1x HDMI 1.4 Rx with HDCP 2.2

1x MIPI CSI

1 MIPI CSI
(4-lanes) (4-lanes)
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Core Complex 2

2 x Cortex-A72 core
32KB L1l 32KB L1-D

1MB L2 with ECC

Memory

LPDDR4 (1600 MHz)
DDR4 (1200 MHz)

1xQSPI 1xQSPI
1 x FPGA Interface (QSPI based)
3x SD 3.0/6MMC 5
NAND (SLC/MLC) - BCH62
Security
HAB, SRTC, SJTAG, TrustZone*
AES256, RSA4096, SHA-256
3DES, ARC4, MD-5
Flashless SHE, ECC
Tamper, Inline Enc Engine

System Control
Power Control, Clocks, Reset
BootROMs
PMIC interface (dedicated C)
Domain Resource Partitioning

Core Complex 3 Core Complex 4

1x Cortex-M4F 1 x Cortex-M4F
16 KB L1land D 16 KB L1land D
256 KB SRAM 256 KB SRAM
1% G, 1 x UART, 1x IiC, 1 x UART,
1xGPIO 1xGPIO
Connectivity

PCle 3.0 with L1 substate — 1-lane
PCle 3.0 with L1 substate — 1-lane

1 x SATA3 and PHY 1-lans
(or PCle with L1 substate 1-lane)

USB3 dual-role and PHY

USB2 OTG and PHY
USB2 HostHSIC

2 x 1 Gb Ethemet+AVB
3xCANFD
MLB150
1x S/PDIF Tw/Rx, 1x ASRC
2x ESAI 4 x P'S/SAI
5 x FC High-Speed with DMA

8 x IC Low-Speed (no DMA)
Attached to Camera, Display 10
Available if Cam/Dwsp not used.

4xSPI
Bx PWM
2 x 12-bit ADC (16-Channel)

5 x UART
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Power Gating

Power Switch Network

e Turn off the power, when not use R

Always-On
Domain

* Required special low power cells o |

Controller

Power-Gated
Domain

VDD

) P Q© 4 @
A @ 74_3 < %.3 <
High-Vy, «'\0 q «’\0 (“: ("\0
SLEEP PMOS Header zomw ; ‘ ‘: — "
Viual VoD | i E 1 |
1 . ' 1
Dynamic : Dynamic ' ?gg:v’::_f
Power Gated Power Power H Power j : j |
w QO Logic ———O o/ : : : J
7 s 9 | ' Activity
Activity 1 - Activity 2 | | 3 i
H | :
. | | I
H : e |
b 20mwW ] 4 '
— Leakage Power : Leakage Power \3/ ‘
Vss 10mwW Activity 1 Activity 2 ; H ; i
Leakage (Power Gated i ™N >
[}
’

Time
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Special Low Power Cell

To protect
interfaces
between
power
domains:

Level Shifter Isolation Cell

D b

Retention Register

sleep |

To implement bl
new power ALl

behavior: D
CLK
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VDDSW

Power Down Module

"“""\ Shutdown
' Logic

nstore
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Dynamic Voltage and Frequency Scaling(DVFS)

* Adjust V and F to run just fast enough to meet the task

A
2.4 GHz

. 21GHz P-state 0
g 1.8 GHz’v /" P-statel

* 12GHz s G.H? 4 .P-state 2

P-s.tat an ‘ P-state 3
Core Voltage (V)
AMD Turion MT-34

Frequency | Voltage Power
0.8 GHz 0.90 V 6.25 W

1.0 GHz 1.00V 0.65W

1.2 GHz 1.05V 12.76 W

1.4 GHz 1.10V 16.34 W

1.6 GHz 1.15V 2041 W

1.8 GHz 1.20V 25.00 W

2024/8/11

DVFS software

DVFS controller

Programmable

»Look-ahead task
»Predict workload
»F = workload

deadline

V-regulator

Programmable

>V from F-V table

Clock generator

DVFS SoC block

100% +4--

Run/Idle

0%

100% -4--

DVFS

0% =
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Adaptive voltage frequency scaling (AVS)

* Adjusts the voltage to match the chip's minimum requirement.
o based on on-chip performance monitor

* Close-loop system for process and temperature compensation

1 1 .
Performance | | Leakage On-chip
i E <:- Circuit  [pmd aging
Incr.V : : Decr.V mOﬂItOI’
I : >
Slow : Typical I Fast
i ..
PVT variation compensation Voltage Circuit
regulator performance
AVS Yield enhancement
Power optimization Closed-loop AVS
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Multi-Vt Cell

* Low Vt -> Critical Path -> Better Performance
* High Vt -> Non-Critical Path -> Save Power

* Cell selection will be automatically implemented by synthesis tool.

Multi-Threshold )

Low V,y,

Nominal V,y,

ﬁ.eakage Current \
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Low Power Design & Verification Flow

S
-__> Slmulatlon
(VCS)

: Analysis Tool

SvnthISIs * Verfication Tool

(DC) Other Tool

i Files
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Apple M1 SOC

e —————— K CPU Fabric GPU ' DRAM
= e
'
Wik 1
L Vireloss Neu'ral DRAM
= Engine
Audio |-
|
Cache
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Wireless Sub-System

Wi-Fi 5 GHz
Wi-Fi 6 — Tx/Rx
SDIO 3.0« Wi-Fi* CPU | yac /B'as'eban 4 Wi-Fi6RF
Wi-Fi 2.4 GHz
Tx/Rx (see note)

UART «—

:
=
[}
-
=
B
173
o
Bl=

Bluetooth - § gy eto0th RF [NETEEE
Bluetooth® Link Layer 5
PCM+—> 802.15.4 Bluetooth/
SPl«—» 802.154 MAC = 802154 RF ) cum,

Voltages

Note: Optional simultaneous receive path between Wi-Fi, Bluetooth, and 802.15.4
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Hierarchical Clock Gating | SWes | | Hwes
WIFI Sub-System
CLK1 CG ™ CPU
CG CG CG
Clock Gen \Ir \l’ \l'
Sub-System
IP1 P2 PO
BT Sub-System
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Hierical Low Power Control
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References

* Whatis Low Power Design? — Techniques, Methodology & Tools | Synopsys

* upf low power 1.1 (youtube.com)

* https://zhuanlan.zhihu.com/p/47483274

* The Ultimate Guide to Power Gating - AnySilicon

* Low-Power IC Design: Techniques and Best Practices (ansys.com)

* Galaxy Low Power Solution (synopsys.com)
* Qnovo | | WANT MORE BATTERY CAPACITY IN MY SMARTPHONE
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