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1. Qualcomm’s role in the mobile segment (1)

1. Qualcomm's role in the mobile segment

Market share of leading companies in supplying modems and transceivers
for mobile communication [1]

(Share of Global Revenue)

Q3-12 Rank Company Name Percent of Total

1 Qualcomm 52.3%
2 MediaTek 14.9%
3 Intel 8.4%
< Broadcom 5.6%
5 STMicroelectronics 53%

Top 5 Companies 86.6%

All Others 13.4%

Source: IHS iSuppli Research, January 2013



1. Qualcomm’s role in the mobile segment (2)

Broadcom's and Ericsson's exit from the modem market [2]

e In 6/2014 Broadcom announced their decision to discontinue the firm's modem
activities and to sell or offload the associated division.

It came as a surprise since Broadcom only recently (9/2013) acquired Renesas'
Mobile division from Nokia.

The reason is the fact that Broadcom was not able to compete with Qualcomm
and others in the 4G space.

« In 9/2014 also Ericsson disclosed their exit from the mobile modem business.
It resulted from Ericson's failure to develop integrated devices (modems +
application processors) in line with OEM's preference.



1. Qualcomm’s role in the mobile segment (3)

Samsung’s plan to enter the integrated modem market [ 3]

« In 7/2014 Samsung announced their new quad-core Exynos ModAp that will be
the firms first generation integrated LTE Modem-Application processor with
up to LTE Release 9 (advanced LTE) Cat 4 connectivity.

« The processor is built on a 28 nm HKMG (High-K Metal Gate) process and is said
to be faster and more battery friendly than its predecessors.

« ModAp incorporates a powerful internal image signal processor.
« A new Exynos RF transceiver companion chip is also available.
* No shipping dates were revealed.



1. Qualcomm’s role in the mobile segment (4)

Qualcomm’s eminent role in implementing 3G standards [4]

These achievements laid the foundation for the H‘JC:«[-W .
subsequent dominant market share of Qualcomm. .
3 carrier downlink

Uplink carrier aggregation
Across two bands

First DC-HSPA+ First DC-HSPA+

DL 42 Mbps DL 42 Mbps
’ .

Cived LICHA
=Ire< S VO S
' A MOFM

DL 28 Mbps ,
Quascom
UL 5.76 Mbps
° MDM
! 8220

First HSUPA

S — DL 7.2 Mbps "
First HSDPA UL .76 Mbps

DL: 1.8 Mbps ®

UL: 384 kbps

2005 2006 2007 2008 2009 2010 20m 2012 2013 2014

9x25 - LTE-A CA was launched in 2013,
HPSPA+ UL-CA expected to launch in 2014,
HSPA+ DL 3-carrier CA supported but not yet launched



1. Qualcomm’s role in the mobile segment (5)

Qualcomm’s eminent role in implementing 4G standards [5]

First Generation

World's First Integrated
LTE/3G Modem Chips

: QUALCOMW : QUALLOMM
¢ MDM 9600 §: MDM 9200
; LTE Cat3 3

DC-HSPA+/

6 modes supported

Third Generation
World's First Integrated LTE/3G Modem

Second Generation with Cat4 and Carrier Aggregation
World's First Mobile Platform (8960)
with integrated LTE/3G Multimode s

~ MDM 9x25

LTE Cat4

150 Mbps
SPA+ 84 Mbps

greg.-

w o Quaomw I QuUALCOMM

. MDM9x15 | MSM 8960

i LTECat3 §  LTECat3
i DC-HSPA+DOrB | ;i DC-HSPA+DOrB
i | EDGE, m-sgoun ‘

»  7mod g LTE FDD, LTE TDD, UMTS, EV-DO,
MOodes supported: ~pMA 1x. TD-SCDMA, GSM/EDGE

2010

2011-12 2013



1. Qualcomm’s role in the mobile segment (6)

Qualcomm’s main product lines designed for mobiles
Qualcomm’s main product lines is differentiated by prefixes, as indicated below.

Qualcomm’s main product lines designed for mobiles

W

MSMs APQs

(Mobile Station Modems)

Previous designation: QSD
(Qualcomm Snapdragon SOC)

(Application Processors
of Qualcomm)

Application processors
with an integrated modem

Application processors
without an
integrated modem

|
Since 2007: Snapdragon platform

Smartphones, tablets

/\

Snapdragon ===) Snapdragon
S1 -S4 S200 - S800
(2007 - 2012) (2013 -)

Typ. use

MDMs QSCs

(Mobile Data Modems) (Qualcomm Single Chips)

Stand alone_ SOCs including an
RF modems, typically integrated application
without processor, modem and

an RF transceiver RF transceiver

WWAN cards , like
Gobi WWAN cards, for
notebooks, e-readers

etc..

Feature phones
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2. Introduction to connectivity
Types of connectivity in PCs, laptops, tablets and smartphones [32]

a) LAN (Local Area Network) connectivity
« Implemented typically in PCs and laptops.

« Connectivity over a LAN cable and a LAN controller to a network.

« The LAN controller was implemented earlier on a LAN card (called often
Network Interface Card (NIC)), but recently it is usually integrated onto
the motherboard.

There is a wide variety how LAN cards were implemented, this point is
however, out of the scope of our interest.

» Accessing contents requires a subscription to a service provider.

Figure: Example for a LAN card

(Dual LAN ports, Gigabit Ethernet Card,
PCIe x1 socket [64]




2. Introduction to connectivity (2)

Example for 17— s

fotatbvitataia - o

on-board NICs [65] H"“ _ T 'uHM

H

‘
,rul Yoy rr

Intel's 82573L Gigabit
Ethernet Controllers on a
Supermicro Core 2-based

motherboard (2009)

O

L e R

— vl L23ATA
ke




2. Introduction to connectivity (3)

b) WLAN (Wireless Local Area Network) connectivity

Provides connectivity via a Wi-Fi router or wireless router.
WLAN covers a small area, typically up to hundreds of meters distance.

WLAN connectivity is commonly provided in homes, offices, hotels etc.
It needs a WLAN card or a WLAN module (chip).

WLAN provides connectivity usually for laptops, tablets and smartphones.

Example for a Wi-Fi module on the motherboard of the Apple A6 [66]

O
® SKHynix H2JTDG8UD1BMS 128 Gb (16 GB) ® NXPLPCiI8B1UK ARM Cortex-M3
NAND Flash Microcontroller (also known as the M8 motion
O COprocessor)
Murata 33950228 Wi-Fi Module
@® NXP65V10 NFC module + Secure Element
Apple/Dialog 33851251-AZ Power Management (likely contains an NXP PN544 NFC controller
IC inside)
O ® Broadcom BCM5976 Touchscreen Controller @® Qualcomm WTR1625L RF Transceiver
= =g p——— = -;_- - - o
- \ 0

w5

- ; SRR !
Q‘(': |
i w

O
O
o)



2. Introduction to connectivity (4)

c) WWAN (Wireless Wide Area Network) connectivity

* Provides connectivity over a mobile (cellular) network (e.g. LTE).
« WWAN became worldwide available.
« For providing the connectivity for WWAN see the next Table.



2. Introduction to connectivity (5)

Typical implementation of mobile (cellular) connectivity, called also WWAN
(Wireless Wide Area Network) connectivity

WWAN
connectivity
provided by

In In In In In
desktops notebooks tablets smart phones features phones
Two chips,
* a SOC including
» the appl. processor and
» the baseband modem
+
« RF transceiver chip SOC including
E.g. MSM f . i
WWAN card g processors frrom a simple appl. proc.

The WWAN card includes
» the baseband modem +
« the RF transceiver
E.g. MDMs
from Qualcomm
(Gobi cards).

Qualcomm, or most
contemporary processors.

or
Three discrete chips:
« the appl. proc.
+ the baseband modem
« the RF transceiver
E.g. processors with

discrete modems, like
Apple's recent processors.

e the baseband
modem

« the RF transceiver

E.g. QSCs from
Qualcomm-




2. Introduction to connectivity (6)

Introduction to connectivity
Strongly simplified view of a mobile platform [6]

Band Specific
Filters

RF Front-end (RFFE)

RF Transceiver Modem + Application Processor
(assuming an integrated implementation)

Multiband-multimode Multiband-multimode RF Multiband-multimode

Power Amplifier Transceiver

Modem

PA: Power Amplifier



2. Introduction to connectivity (7)

Example for an integrated modem + Application processor
(Actually it is a specific model of Qualcomm’s Snapdragon S4 line) [7]

— ——— * g ———————————— —————————————* g— ——

Modem Multicore Multimedia
Subsystem Subsystem Subsystem
Krait Krait
LTE World CPU CPU Adreno
Modem GPU
VeNum VeNum
ALmoNideo
GPSMWIEVBT/EM L1 Cache L1 Cache lhm“a :
i Hexagon Hex EMummedta
egggo ! DSP L2 Cache oggm il’rooessor

Snapdragon System Fabric

Dual Channel Memory

Snapdragon Adaptive Power Technologies



http://eda360insider.files.wordpress.com/2011/10/qualcomm-snapdragon-4-block-diagram.jpg

2. Introduction to connectivity (8)

Multimode support

It means support for multiple standards, like in case of the Snapdragon 810, as
indicated below.

 LTE Advanced CAT6 supporting LTE FDD, LTE TDD,
« WCDMA (DC-HSPA+, DC-HSUPA),

« CDMA1x,

* EV-DO Rev. B,

« TD-SCDMA and

 GSM/EDGE.

CAT6 speeds are up to 300 Mbps with support for up to 3x20 MHz carrier
aggregation on LTE FDD and LTE TDD.



2. Introduction to connectivity (9)

Multiband support — support of world mode bands
Radio frequency bands used over the world in 2012 (40+) [25]

40+ Global Radio Frequency Bands

US & Canada

UMTS/CDMA 850
UMTS /COMA/LTE 1700

UMTS/CDMA 1900

LTE 700

Extended AWS
TDLTE 2600

MSS 1500 (L-Band)
MSS 2100 (S-band)

Africa
Latin America | UMTS 2100
CDMA 450 ke CDMA 450
UMTS/ICDMA 850 = ] CDMA 800

UMTSICOMA 1900 : CDMA 1900
UMTS/COMA/LTE 1700 : UMTS 900

UMTS 2100
UMTS 900
LTE 2600
LTE 1800
LTE 900
LTE 450

UMTS 1800

MENA

UMTS 2100
UMTS 900
UMTS 1800
LTE1800

LTE 800

LTE 2600
TDD-LTE 2300

China

UMTS/CDMA 2100
CDMA 850

CDMA 450
TD-SCDMA 1900
TD-SCDMA 2000
TD-LTE 2300
TD-LTE 2600

India
CDMA 850

UMTS 2100
UMTS 900
UMTS 1800
TD-LTE 2300

Limited number of bands in a device

* Asdefinedin 3GPP and 3GPP2
* Not exhaustive

OB

(COMAUMTS 8BS0 : @ iocioc s

_UMTSICDMA210D. . . =
SN S s e
UMTS/LTE 1500

P 500
LTES850
e

South Korea =
UMTS/CDMA 850

SIS 2 o v s ode s 9
CCOMA TR & it aeaa e
CETESSD G pd B aa

Australia

UMTS 2100

UMTS 850
UMTS 900
LTE 2600:




2. Introduction to connectivity (10)

Frequency bands associated with different mobile standards [23]

22 33 35 36

—
25 20 34 39 40 = 4 _
——— e
= ———

Connectivity

TD-SCDMA LTETDD LTE FDD

Handover techniques (multiple can apply in each case)

System selection PS handover Reselection LTE FDD 8 2G/3G
Blind redirection CS fallback Single radio VCC s —
Redirection w/ measurements CSFB w/ Si tunneling LTE TDD




2. Introduction to connectivity (11)

Support of GPS/WIiFi/BT by the MSM line in recent implementations [26]
(In 2012 only Qualcomm provided this level of integration)

—_—

3680 Modem
802_11n/ac LTE World
BT/FM GPS MLt
Radio Wi-Fi | Multimedia
Bluetooth
FM

b, am =3

CPU Cores P

Digital Signal Processors
Dual-Channel Memory
Snapdragon Adaptive Power Techniques




2. Introduction to connectivity (12)

Support of GPS/WiFi/BT by Intel’s Medfield (Atom Z2480) [52]

By contrast, we show below the implementation of GPS/WiFi and BT support of

Intel’s Medfield.

LPDDR2

=
Ead—

Primar s .
Came,ay; : Video

Security | Power Low Power
i Manager Audio

T e i W D S o — ] — . >

CPU w/512KB L2$

8MP, 15fps, g Encode/Decode:

1080p (1080p30). -

Display
Controller _
(3 pipes)

Image Signal
Processor

MIPI-CSI

Rails
128
ULPI

MIPI-HSI

SDI \‘

MIPI-DSI

Power
Delivery IC:
VRs
Audio CODEC
USBZ OTG

IMC 6260
HSPA+
Modem

TI Wifi & BT

HDMI Display

Internal
Display

\
!
!
!
I
l



2. Introduction to connectivity (13)

Evolution of Qualcomm’s RF receivers and transmitters

implementation of Qualcomm’s RF receivers/transmitters

Separate Integrated RF transceiver +
RF receiver and RF transmitter front-end

RF transmitter

E.qg. RFR5200/RFT5200 (2001)
RFR6500/RTR6275 (2006)

Typical Before the Snapdragon
use S1-54 lines
(before 2007)

RTR6285(2007)
RTR8600 (2010)

In the Snapdragon
S1-54 lines
(2007-2012)

\ RF360 (2013)

WTR1605L (2013)
WTR1625L (2013)
WTR3905 (2014)
WRT3925 (2014)

In the Snapdragon
S5200-5S800 lines
(2013-)
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Example for separate RF receiver and transmitter (with MSM7200) (2006)
[27]

O A "0 I € e

H.263,H.264
Windows Media,
Real Networks

PROCESSORS
APPS MICRO ARM11
Modem MICROARMS26 |

Modem DSP QD5P4

N GPSLOGAL

RTR6275

Bl Bl Bl Bl

—E—

D TV 1Y P S €t e S0

S| GSM1800/1900 Tx {>_
)

Information shown in this document is only exempiary of QUALCOMM products. pcs

OLIAI COMM reservas the rinht tn make rchananes at anv tima and withaut natice to its




2. Introduction to connectivity (15)

Example 1 for integrated RF transceiver (with MSM7225 of the S1 line)
(2007) [18]

—e

AMMXMETVLO 4« Sw0




2. Introduction to connectivity (16)

Example 2 for integrated RF transceiver (with MSM8960 of the S4 line)
(2007) [28]

e l [ LPDDR2
| | !
Cameras —{| CPU || CPU Audio
! | . '.an(U@, ]
. DSP || GPU I
Displays —— | wecp93i1o
- | Qualcomm Analog Audio
sor, |/ WCN3660| | Snapdragon S4
MSM8960 B
7 | RTR8600 | /
I L. ~H WFRF WF BB|GPS BBH—HGPS RF |
FM Cellular BB +H Cell RF |
PM8921
Power Mgmt

RTR8600: RF Transceiver



2. Introduction to connectivity (17)

Example for an RF transceiver and front-end (with MSM8994 of the S810 line)
(2015) [24]

Location
{38, GLONASS, Bokdoa. Gallles Satslites c°"':““57 QCA 2x2 WLAN
A 1+ BT 4.1

’ Cortex-A53 CPUs

-

Opeeti 32001
CpanCl 127l Memory

Cartmet Sotusty LIOORA

Hexagon DSP

NFC

Y S s = L | ST
'ower Trackor 4 Display Processing ' :
A VBiaast e are erdar oty | mm (Near Fleld
Communication)

uss

) . Multimedia :
Modem oy Processing Audio Codec

P oen CATELTE P X EscodeDeode
Upta@20uH: CA Ll to S50 Mau;m Activation
120k osem

Shatio Aocess Secatty
Cavaie 5W

RF (28nm)

(2x CA)  (1x CA)
\ )
' Power Platform Power
(3x CA) Management PMa9s4 PMIBS94 | Management

CA: Carrier Aggregation

RF360: Front-end
WTR3905/WTR3925: RF Transceivers
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The RF360 Front-end [23]

Sensors

=5 R

Pr—

\

—

-
\

1
P
|

I »
37 // [—— J}‘
- S
Power Amp EnVelOpe
: power tracker
15xx e °
Ant Switch
Antenna N
matching T
tuner fEer e Wi < A
rEm B 16251 |
Antenna tuner dynamically PR ™11
compensates to overcome Transceiver . .
impediments QFE23xx Power
(e.g. hand) amplifier Sensors

RF front-end

Sensor inputs
enhance antenna
tuner performance

Modem assists
antenna matching
tuner & envelope

power tracker
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Evolution of the number of supported modes in Qualcomm’s RF units [6]

RTR6285 Single-chip UMTS/GSM
0.18um Integrated RxD
64mm2 Integrated GPS

Single-chip UMTS/CDMA/LTE/GSM
65nm CMOS
Integrated GNSS (GPS+Glonass)

Single-chip UMTS/CDMA/LTE/GSM and TD-SCDMA WTR1605L
Integrated GNSS (GPS+Glonass+Beidou) WLP
Wafer Level Packaging 25mm2

2007 Two Modes 2010 Five Modes Today Seven Modes

WLP: Wafer Level Package
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Overview of Qualcomm's main product lines designed for mobiles
Qualcomm’s main product offering is differentiated by prefixes, as indicated below.

Qualcomm’s main product lines designed for mobiles

W

MSMs APQs MDMs QSCs

(Mobile Station Modems) (Application Processors (Mobile Data Modems) (Qualcomm Single Chips)

Previous designation: QSD of Qualcomm)
(Qualcomm Snapdragon SOC)

Application processors Application processors Stand alone SOCs including an
with an integrated modem without an RF modems, typically integrated application
integrated modem without processor, modem and
\ | an RF transceiver RF transceiver

|
Since 2007: Snapdragon platform
Typ. use Smartphones, tablets WWAN cards , like Feature phones

Gobi WWAN cards, for
notebooks, e-readers
etc..

Snapdragon ===) Snapdragon
S1 -S4 S200 - S800
(2007 - 2012) (2013 -)
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Remark to the naming of Qualcomm’s Snapdragon S1-S4 processors

Qualcomm introduced the S1-S4 branding in 08/2011 and at that time they
classified their prior Snapdragon processors (launched between 2007-2011)
retrospective as S1-S3 parts.

As a consequence, Qualcomm designates their application processors prior
08/2011 as Snapdragon processors but thereafter as Snapdragon S1-S3 parts.
In 08/2011 also the S4 processor class was introduced for the next generation
Snapdragon processors.

For simplicity, in the above Figure we use the S1-5S4 designations as if this
branding were introduced already along with the Snapdragon platform.
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3. Qualcomm’s early MSMs (Mobile Station Modems) (1)

3. Qualcomm’s early MSMs (Mobile Station Modems)
MSMs are application processors with an integrated modem.

Brief history of Qualcomm’s early MSM chipsets

« In 1993, Qualcomm introduced its first generation multi chip ASICs, called the
Mobile Station Modem (MSM) for CDMA phones, based on their outstanding
expertize in the CDMA technology.

« Later generations of MSMs became then single chip ASIC implementations mainly
in the second half of the 1990’s targeting first feature phones and then also
smartphones built for CDMA based standards, as indicated in the next Figure.

« We note that baseband modems are implemented as a combination of software
and hardware.

The partition is done according to aspects like power consumption and reusability.

As one extreme, Icera (acquired by NVIDIA in 2011) opted for a mostly software
based solution, called SDR (Software Defined Radio) used in Tegra 4i.

ASIC: Application Specific IC



3. Qualcomm’s early MSMs (Mobile Station Modems) (2)

Qualcomm’s early MSM chipsets [8]

MIPS

2400 -
2000 -
1600 -
1200 A
MSMZ
800 - |mmanﬁ%
10 MIPS
(~2.5 MHz)
400 1S-95
0 A
1996

* Dhrystone 2.1

Feature phones

MSMZ"OO
AM MCU
‘>0 MIPS

1998

&

MSM3000
ARM7TDMI

23 MIPS® 127 MHz2)

Smart phones

R
MSMESS0
Enhanced platiormn
ARMS
Up 10 250 MIPS*
(225 MMz)

MSME500
Multimadia platform
ARMY
Up 1o 160 MIFS®
(145 MHz}

l

QSD8250/8650
SnapOragoen

Convargence
Dual-Core
Scomion + ARM 9
Up 1o 2370 MIPs"*

(1GH2)
N

MSM7200
Convergenca
Dual-Core
ARMS + ARM11
Up to 740 MIPS'
(400 MH2)

2000

2002 2004

2006 2008



3. Qualcomm’s early MSMs (Mobile Station Modems) (3)

Example of Qualcomm’s early MSM ASICs targeting feature phones

Figure: The fourth generation V“"““m
single chip MSM3000 targeting I
IS-95A feature phones (1996) [54]

A
-
3
7
23
a.

Circuits Interface ARM7TDMI
Micro-
processor

IFR3000
RF Receiver >

RF Transmitter —>{ [F3000

-] e= |

DFM: Digital FM for AMPS operation ANSUIEEE 1140.1A-1093

SBI: Serial Bus Interface G
ADC: Analog Digital Converter L




3. Qualcomm’s early MSMs (Mobile Station Modems) (4)

Emerging MSMs targeting smartphones

In the first half of the 2000’s Qualcomm’s upcoming MSMs already began to target
smartphones, as the next Figure shows.



3. Qualcomm’s early MSMs (Mobile Station Modems) (5)

Qualcomm’s early MSM chipsets [8]

MIPS

2400 -
2000 A
1600 -
1200 A
MSMZ
800 - |mman$é
10 MIPS
{~2.5 MHZ.
4004 1595
0 -
1996

* Dhrystona 2.1

Feature phones

MSMZ"OO
AM MCU
°0 MIPS

1998

&

MSM3000
ARMZTDM!I

23 MIPS" 127 MH2)

Smart phones

e
MSMESS0
Enhanced platiomn
ARMS
Up 10 250 MIPS*
:?’."5 r."‘)’:'

MSME500
Multimedia platform
ARMYG
Up 1o 160 MIFS®
(145 MHz}

l

QSD8250/8650
[ SnapDragen |
Convargence
Dual-Core
Scomion + ARM 9
Up 1o 2370 MIPs"*

(1GH2)
N

MSM7200
Convergenca
Dual-Core
ARMS + ARM11
Up to 740 MIPS®
(400 MHz)

2000

2002 2004

2006 2008



3. Qualcomm’s early MSMs (Mobile Station Modems) (6)

Example of Qualcomm’s early MSM ASICs targeting smartphones

DUAL MEMORY BUSES

@ cuos cco JBY "m‘
. -
Open GL ES
3D, 2D
VIDED

MPEG-4,
H.263

CDMA processor
1x, IxEV-DO
GSM/GPRS
processor
processor
. BT 1.1
QDSP 4000 with Jazelle processor
-
[ |
||
TxDAC []

=
(7]
=
=2
o
=]
(=]

Modem QDSP 4000

CONNECTIVITY
O Stereo Headset ‘
! Microphone

Q Stereo Input

Modem + application processor

Figure: The MSM6500 ASIC targeting
smartphones, providing CDMA2000
1xEV-DO (Revision 0) [55] (2003)

UENNS e
o] e || | SRSl Power management IC

RFR6500 P51

e |
TN T D 2O I

RF Receiver

| GPS LOCAL

VCICXO

RFT6150

Tx RF &
Wﬂ ‘ —

RF Transmitter



3. Qualcomm’s early MSMs (Mobile Station Modems) (7)

Main features of Qualcomm’s mobile processors with integrated modems
(called MSMs) preceding the Snapdragon lines between 2006 - 2008 [92]

T model Feature Memor ez Samplin
YP. : ISA CPU fc up to DSP/ Y technologies 'Piing
numbers size technology up to? available
SCh. GSM, GPRS,

MSM6245 65 nm | ARMv5 | ARM926EJ-S | 180 MHz | 2x QDSP4000 SDRAM UMTS 2006
SCh. GSM, GPRS,

MSM6250 130 nm | ARMv5 ARM926E]-S 146 MHz | 2x QDSP4000 SDRAM UMTS 2003
SCh. GSM, GPRS,

MSM6260 65 nm | ARMv5 | ARM926EJ-S | 225 MHz | 2x QDSP4000 SDRAM UMTS 2006
SCh. GSM, GPRS,

MSM6275 90 nm | ARMv5 | ARM926EJ-S | 225 MHz | 2x QDSP4000 SDRAM UMTS 2004
SCh. GSM, GPRS,

MSM6280 90 nm | ARMv5 | ARM926EJ-S | 270 MHz | 2x QDSP4000 SDRAM UMTS 2005

MSM7200 SCh. UMTS

MSM7600 90 nm ARMv6 | ARM1136E]-S | 400 GHz Adreno 130 SDRAM UMTS/CDMA 2006

MSM7201 SCh. UMTS

MSM7601 90 nm | ARMv6 | ARM1136E]-S | 528 GHz Adreno 130 SDRAM UMTS/CDMA 2006

MSM7200A SCh. UMTS

MSM7600A 65 nm ARMv6 | ARM1136E]-S | 528 GHz Adreno 130 SDRAM UMTS/CDMA 2008

MSM72251 HSPA

65 nm | ARMv6 ARM11 528 MHz SISHEEITE ICln 2007
. rendered LPDDR1 HSPA/GSM,

MSM7 CDMA2000

MSM7201A SCh. UMTS

MSM7601A 65 nm | ARMv6 | ARM1136E]-S | 528 GHz Adreno 130 SDRAM UMTS/CDMA 2008

: Subsequently, the MSM7225 and MSM7625 were classified as Snapdragon S1 processors.




3. Qualcomm’s early MSMs (Mobile Station Modems) (8)

Remarks to Qualcomm’s model numbering [91]
Designation of 3G parts
* Qualcomm designs typically two versions of each processor.

« Models with a "2” as the second numerical digit support UMTS, the most popular
3G mobile standard in the world.

« By contrast, processors with a "6” have a dual-mode baseband that adds support
for the CDMA protocol as well, which is popular by a number of carriers in the
US and also elsewhere.



3. Qualcomm’s early MSMs (Mobile Station Modems) (9)

Overview of the approved main mobile broadband standards (2G to 4G)

1991 1997 . 2000 2008
TDMA GSM family
based e GPRS EDGE Evolved EDGE
ETSI maintained 3Gl:3P maintained
1993 1995 1997 11999 2000 2004 2006 ' 2011
CDMA | CDMAone family CDMA2000 family
based IS-95 IS-95A |IS-95B 1xRTT| 1XEV-DO Rel.0 Rev. A DO Advanced
CDG maintained 3GPP2 maintained |
. 1 1999 2002/2005 2008! 2013
based | WCDMA  HSPA HSPA+ Adv.
| 3GPP maintained '
12009 2011
OFDM LTE family
based ! LTE LTE Advanced
: 3GPP maintained |
| CDG: CDMA Dev. Group 2008
 ETSI: European org.
' 3GPP2: USA/SE Asian org. .
' 3GRP2 maintained
1991 1999 2009 2014



3. Qualcomm’s early MSMs (Mobile Station Modems) (10)

Example of Qualcomm’s early MSM ASICs targeting smart phones []

Announced: 02/2007
Samples: Q3/2007
Originally not yet named

as S1.
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3. Qualcomm’s early MSMs (Mobile Station Modems) (11)

Remark on the Snapdragon classification of the MSM7225/7625 processors

At its introduction in 02/2007 Qualcomm does not yet designated the MSM7225/7625
processors as belonging to the Snapdragon line.

Only retrospective did Qualcomm classified these processors as Snapdragon 1
devices.



4. The Snapdragon line of processors

e 4.1 Introduction

e 4.2 The Snapdragon S1 - S4 processor lines

e 4.3 The Snapdragon 200 - 800 processor lines



4.1 Introduction



4.1 Introduction (1)

4.1 Introduction

« In 11/2006 Qualcomm announced the Snapdragon platform along with the
Scorpion core with first devices scheduled for sampling in Q3/2007.

« The Snapdragon platform covers both application processors with integrated
modems, termed MSMs, and application processors without modems, called
APQs, as indicated in the Figure.

Figure: Snapdragons (Oroszlanszaj, tatika) [9], [10]



4.1 Introduction (2)

Qualcomm’s MSMs (Mobile Station Modems)

Qualcomm’s main product lines designed for mobiles

W

MSMs APQs MDMs QSCs

(Mobile Station Modems) (Application Processors (Mobile Data Modems) (Qualcomm Single Chips)

Also designated as: QSD of Qualcomm)
(Qualcomm Snapdragon SOC)

Application processors Application processors Stand alone SOCs including an
with an integrated modem without an RF modems, typically integrated application
integrated modem without processor, modem and
\ | an RF transceiver RF transceiver
oo T TR TR R — Y _________ ~
\

Since 2007: Snapdragon platform
Typ. use Smartphones, tablets

l

l

: WWAN cards , like Feature phones
I /\ Gobi WWAN cards, for

l

l

l

l

notebooks, e-readers

etc..
Snapdragon —) Snapdragon
S1 -S4 S200 - S800
\ (2007 - 2012) (2013 ~-) /
~ 7/



4.1 Introduction (3)

Example for an early Snapdragon platform [11]

* Cross-bar interconnect to enable simultaneous traffic
» Balanced interconnect enabling any master to access any slave
+  Tiered bus structure to off-load low bandwidth/latency tolerant traffic

Peripherals Subsystem Flash/NOR Audio Interface Display/Camera /USBE I/F
UBM Aux
Display
Interface

AHB Peripheral Interconnect

Application Application Memory
Subsystem Co-processors Subsystem

High Bandwidth AXI Cross-bar Interconnect




4.1 Introduction (4)

Qualcomm’s first Snapdragon processors

« One year after announcing the Snapdragon platform Qualcomm introduced
in 11/2007 the first two models of this platform (labeled them as the QSD8250
and QSD8650 for Qualcomm SnapDragon SoC) with immediate availability.

T model | Feature Memor vifie e Samplin
YP- : ISA CPU fc up to Typ. GPU Y technologies 1PiiNg
numbers size technology up to? available

UMTS (HSPA)
QSD8250 SC SCh. + CDMA
QSD8650 65 nm ARMv7 Scorpion 1 GHz Adreno 200 LPDDR1 | (1xEVDO Rel.0 2007
Rev.A

Table: Main features of Qualcomm’s first Snapdragon processors

« Subsequently, Qualcomm deprecated the QSD label and replaced it by the
previous MSM designation.

 Both models were running under Windows Mobile and Linux.

« At their introduction of the Snapdragon processors Qualcomm did not yet
make use of the S1 - S4 brandings.

But after introducing the S1 - S4 branding in 2011, Qualcomm classified these
models retrospective as S1 models.



4.1 Introduction (5)

Block diagram of a Qualcomm QSD8250-based mass market smart phone []

I HDMI Tx

10.1" TFT LCD Panel
(1280x720)

Sanl

I LVDS transmitter I

1 1
| 1
GSM & UMTS ANT 5 = = Mobile DDR (512 MB) |
= EBI1 i |
GPS ANT Transeceiver |
:E MXUE219 I QUALCOMM EBIZ 8 Boot NAND FLASH (512MB) |
I QSDEzSD :':.:::::::::::_____________‘I
o SDC-4 | |
| Application Processor PCM Ml wiFi |
Power Managemen (Scorpion, ARM v7) UART1DM | |
£S USB PM 7540 SDC-1 Modem Processor (ARM 9) SIMV BUS ! |
1 |
I
= |
w |
c |
g e 1
Battrry I_ Charger I
L) siM cARD I
AC Jack
] S5DC-2
:_ Micro SD Card Slot I SIM Board
USE Hub
IO Board SD Card Slot SMSC 2514
SDC-3 MoviNAND I
— 8GB Storage Board
12C
MIC2 IN_P/N Headphone/
Microphone
MICL IN P/N [ .
| Imt. Microphone I
LINE_OP/ON I
—_ 1 Speaker |
USE Host I
| USB Host I

Wistron T-note SC block diagram, Wistron Corgoration, Taipei, June 30. 200% .
https://wenku.baidu.com/view/6a91206b1eb9lra37mm_. Camera Module




4.1 Introduction (6)

Introducing the Scorpion core as part of the Snapdragon platform (2007) [11]

« It is based on the ARMv7 ISA,

* has a dual-issue superscalar core, and Scorpion Applications Processor
» its microarchitecture is similar to the
ARM Cortex-A8 processor. Bus Interface Unit

L2 Cache/TCM DMA

L1
I-Cache

VeNum

Superscalar Multimedia

CPU Engine

Debug &
Performance
Monitors




4.1 Introduction (7)

Comparing main feature of Qualcomm’s Scorpion core [12]

Architecture Comparison

ARM Cortex ARM Qualcomm | Qualcomm
A8 Cortex A9 | Scorpion Krait

Decode single- 2-wide 2-wide | 2-wide 1 3-wide
issue I I
I I
Pipeline Depth 8 stages 13 stages 8 stages | 10 stages I 11 stages
Out of Order N N y ! patiat 1y
Execution I I
I I
FPU VFP11 VFPv3 (not- Optional | VFPv3 | VFPv3
(pipelined) pipelined) VFPv3- | (pipelined) . (pipelined)
D16 I I
(pipelined) : |
NEON N/A Y (64-bit wide)  Optional 1| Y (128-bit | Y (128-bit
MPE (64- 1 wide) 1 wide)
bit wide) | |
I
Process 90nm 65nm/45nm 40nm I 40nm : 28nm
Technology | :
Typical Clock 412MHz  600MHz/1GHz 12GHz | 1GHz | 15GHz
Speeds I [
N

in S1-S3 in S4



4.2 The Snapdragon S1 - S4 processor lines



4.2 The Snapdragon S1 - S4 processor lines (1)

4.2 The Snapdragon S1 - S4 processor lines

In 8/2011 Qualcomm introduced a new branding for their Snapdragon processors
and classified their prior processors retrospectively as S1 - S3 classes.

* Qualcomm also introduced the S4 class, typically with a new core (Krait) and

partly with LTE support, as follows:

Snapdragon Snapdragon

System 1 System 2

FProcessors FProcessors

ForMass ForHigh
Market Performance Smart

Smart Phones Phones & Tablets

2 Classincludes

51 Class includes =2

M —_: ‘v”-ig" ':-'C_ 5
MSME255
APRCB05S
f‘J E-“‘A ? E'.? ‘Vl

MSM7230

o i
e
)

GSDEE
QSD82

Figure: Target areas and models of the

shapdragon

For Multi-tasking
& Advanced

Gaming

S3Classincludes
MSMSEE0
MSMB 260
}"\F—'l“';::l_”t."

system 3

F' l’ (‘:‘\ |‘: »‘-‘ Sy S \.r‘ l ™~

Snapdragon

oystem 4

- ~ -~
| ] :’_. (.' eSS ."\ ! L

Next
Generation
Devices

S4 Classinciudes

ARPTIB064
MSMBS60
MSMB270

MSMBA30

introduced S1 - S4 platform classes [16]




4.2 The Snapdragon S1 - S4 processor lines (2)

Remarks to the designation of Qualcomm’s 4G parts

« A"9”in the second numerical digit indicates the support of the 4G family of
communication standards, e.g. MSM9816.

« For an overview of the communication standards see next Figure.



4.2 The Snapdragon S1 - S4 processor lines (3)

Overview of the approved main mobile broadband standards (2G to 4G)

1991 1997 . 2000 2008
TDMA GSM family
based e GPRS EDGE Evolved EDGE
ETSI maintained 3GPP maintained
. 1993 1995 1997 51999 2000 2004 2006 ; 2011
CDMA | CDMAone family CDMA2000 family

LSSl 1S-95 1S-95A |IS-95B 1xRTT 1XEV-DO Rel.0 Rev. A DO Advanced
| CDG maintained 3GPP2 maintained | '
11999 2002/2005 2008! 2013

CDMA | B
based | WCDMA  HSPA HSPA+ Adv.
| | 3GPP maintained |
12009 2011
OFDM : LTE family
based | LTE  LTE Advanced
| ' | 3GPP maintained |
2008

| CDG: CDMA Dev. Group

ETSI: European org.
. 3GPP: World org. Cancelled
. 3GPP2: USA/SE Asian org.

3GPP2 maintained

1991 1999 2009 2014



4.2 The Snapdragon S1 - S4 processor lines (4)

The retrospective classification of Qualcomm’s csien® il
smartphones to S1-S3 and related products [45] A
Segment 201112 R
Ss1 I s2 S3 S4 i
(~ 2007) I (~ 2008) (~ 2008) (~ 2011)

Premium
Smartphones
& Computing

Mass Market
Smartphones

Feature
Phones

Modem &
Data Cards



4.2 The Snapdragon S1 - S4 processor lines (5)

Remarks to the naming of Qualcomm’s smartphones and feature phones

Qualcomm’s labeling scheme for their processors is as follows:

«  8xxx: premium smartphones
« 7XXX: mass market smartphones
« 6xxx: feature phones



4.2 The Snapdragon S1 - S4 processor lines (6)

Main features of the Snapdragon S1 - S3 lines [14], [15]

T model | Feature Memor Wireless Samplin
Family YP- . ISA CPU fc up to Typ. GPU Y technologies 'Pling
numbers size technology up tol available
MSM7225 Software SCh. UMTS
MSM7625 | ©° M | ARMVE | ARM1136EJ-5 | 528 MKz - ooy o g LPDDR1 | UMTS/CDMA A0
MSM7227 SCh. UMTS
MoM7627 | 65 nm | ARMV6 | ARM1136EJ-S | 800 MHz Adreno 200 LPDDR1 | UMTS/CDMA 2008
S1 QSD8250 SC SCh. UMTS
Qspse50 | 82 M | ARMVZ [ o rmion 1GHz | Adreno 200 |\ 5hhps | umTs/coma | 2008
MSM7225A ARM SCh. UMTS
MSM7625A | 42 M | ARMVZ | iex-a5 | 800 MHz | Adreno 200 | | phhpy | umTS/CDMA Zeed
MSM7227A ARM SCh. UMTS
MSM7627A | 43 "M | ARMVZ | iex-as | 1:0GHz | Adreno 200 | poppy | ymTs/cpma | 2011
MSM7230 SC DCh. UMTS
< MSM7630 45 nm | ARMv7 Scorpion 800 MHz Adreno 205 LPDDR2 UMTS/CDMA 2010
MSM8255 SC DCh. UMTS
MSM8655 45 nm | ARMv7 Scorpion 1.0 GHz Adreno 205 LPDDR2 UMTS/CDMA 2010
1.2 GHz
MSM8260 . ) SCh. UMTS
S3 MSM8660 45 nm | ARMv7 DC Scorpion |1n72(c);|1_|1Z Adreno 220 LPDDR?2 UMTS/CDMA 2010

1 For 3G parts only the UMTS support level and for 4G parts only the LTE support level is indicated.



4.2 The Snapdragon S1 - S4 processor lines (7)

Raising CPU performance in early mobile processors [91]

MSM8260-
Apple 2%x1200
- Marvell OMAP4- L JEE
% — Qualcomm 2"1000:_ :
% || — Texas Inst | I
o QSD8250A- |
= 1300 1
g I -
§ QSD8250-1000 ! Armadabi0-
g OMAP3-1000 1000
'5 iPhone4
5 OMRP3-600
o
- PXA320-806
o
O
(€]
>
© | MSM7200-528
(4]
Y
OMAP2-330

2HO8 = 1HO9 = 2H09 = 1H10 = 2H10 = 1H11
Date of First Phone Availability



4.2 The Snapdragon S1 - S4 processor lines (8)

Raising market share of Qualcomm’s application processors [91]

60% \
50%
\Tl OMAP
40% \'

I

30%

Marvell
20% +—=

10%
Qualcomm

0%

Smartphone Market Share

2007 2008 2009

Qualcomm’s increasing share in the world market of application processors is spurred
by their integrated baseband modem and their faster rising performance compared
to the competitors.



4.2 The Snapdragon S1 - S4 processor lines (9)

Example: Block diagram T —
f . . % LE‘:”“' SoizDes. °—_”_—$§ |q1]?1 i Processors

of the first dual Scorpion =5 wimE=il Lo+ || | p—

core platform (2010) e TREARERIEE] | (RETT— | =Py e

i [ Mogem ARM1138 P | [ Intemal memory |

,,‘%L_"” l%&"l g% Modem DSP GDSP4 | mu{ﬁ‘nﬂn%mm
(MSM8260/MSM8660) [19] &= [ F [ ez

% MSMBB60 only

voltages
Erl"m"llw |
: s Ic |
= éil@‘ PM8901

N

— tosrar Internal functions I——l
QTR8615 = Modes & resets

adds COMA | GPIOs | Securlty & Ofuse

Primary : ''''''''''''''''''''''
Transmit || ! N
output -
& chains . p 5
5 g . E " imece |
4 - - 1.- .......................
ocailhce = N UFs to other fcns j 2anecdl
| [ vimoes
Déversity g
N/ SSBla I Graphlcs: 20/30 cores
Diversity Status & control Audio: many codecs,
" circuits CMX, LPA playback
QTRO215= <pp e ,—I—I
e Clock = c
weoma Y O e
+GSM | GNss W | Reecurcaapwemgt | [ umacemm  HHceno 'L-
+ GNSS | circuits

Touch ecreen
) Connectivity L @
o Audlo codec { MFS ] | Secure Digital |
= Rx
o { e | [t | e
Y 1| mundo [ UART_DMUART | [ HsusaFsusePHY | i le" N
WCN2243  [— { PCM | [ umuec ]
Do s | [ emz | PV

WRT
1

- T ook
| e
WILANET
front-and module el
PIC
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4.2 The Snapdragon S1 - S4 processor lines (10)

Main features of the Snapdragon S4 line [14], [15]

. Typ. model | Feature Memory Wireless_ Sampling

Family numbers size ISA CPU fc up to Typ. GPU technology teci;r;otlg?les available
mgmgégg 45 nm | ARMv7 | DC Cortex-A5 | 1.2 GHz Adreno 203 LPSDCI;]RZ UM'}'JSI\j-(r:SDMA 2012
mgmgg%; 28 nm | ARMv7 DCZOKcr)ait 1.0 GHz Adreno 305 LPSDCI;]RZ UM'}'JSI\j-(r:SDMA 2012
< mgmgégg 28 nm | ARMv7 DCZOKcr)aTt 1.2 GHz Adreno 305 LPSDCI;]RZ UM'}'JSI\j-(r:SDMA 2012
omoeoon | 28 nm | ARMv7 | PSS 1 5GHZ | Adreno 305 | | DS UM#JS'\%SDM A | 2012
MsM8960 | 28 nm | ARMv7 | PCSTEC |1 5GHZ | Adreno 305 | | DSh s 2012
MsM8960T | 28 nm | ARMv7 | PSETC | 1.7 GHz | Adreno320 || DN s 2012

1 For 3G parts only the UMTS support level and for 4G parts only the LTE support level is indicated.




4.2 The Snapdragon S1 - S4 processor lines (11)

Introduction of the Krait core along with the Snapdragon S4 line

Along with the S4 line Qualcomm announced their second generation in-house
designed ARMV7 ISA based core, designated as the Krait core in 2/2011.

Technical details followed in 10/2011.
The next Table pinpoints main enhancements of the Krait core vs. the Scorpion core.

Qualcomm Architecture Comparison
Scorpion Krait
Pipeline Depth 10 stages 11 stages
Decode 2-wide 3-wide
Issue Width 3-wide? 4-wide
Execution Ports 3 7
L2 Cache (dual-core) 512KB 1MB
Core Configurations 1,2 1,2, 4

Table: Comparing key microarchitecture features of Qualcomm’s 1. and 2. gen.
processors [12]



4.2 The Snapdragon S1 - S4 processor lines (12)

Processor models and use of the Krait family [20]

Model Technology DMIPS/MHz Introduced Used in
Krait 200 28 nm LP 3.3 2012 S“SZ%T(?;”
Krait 300 28 nm LP 3.39 2013 | o, /8288?553%7260%
Krait 400 | 28 nm HPm 3.39 2013 SS%%%O}?sggf
Krait 450 28 nm HPm 3.51 2014 Snapdragon S805




4.2 The Snapdragon S1 - S4 processor lines (13)

Qualcomm's Asynchronous Symmetric Multi Processing (aSMP) [67], [68]

 Based on customized ARMv7 cores, called Krait cores.
« Introduced in the Snapdragoon S4/5S400 lines (DC Krait 200/300) in 2012/2013.

« These processors were dual core symmetric multicores, as indicated in the
next Figure.

* Per core DVFS

« Also the L2 can run at separate voltage and clock rate.
« Each core can be operated in a low power mode.

« Power saving of 25 to 40 %.



4.2 The Snapdragon S1 - S4 processor lines (14)

Example: Block diagram of a Krait 200 based Snapdragon S4 processor
(MSM8960) (2012) [17]

Modem | Multicore Multimedia
Subsystem Subsystem Subsystem
Krait
LTE World CPU CPU Adreno
Modem GPU
Jw e
GPSAMFLBTAM L1 Cache mm |
| come | ||
Snapdragon System Fabric

Dual Channel Memory

Snapdragon Adaptive Power Technologies




4.2 The Snapdragon S1 - S4 processor lines (15)

Comparing key microarchitecture features of select ARMv7 mobile

processors [12]

ARM11 ARM Cortex | ARM Cortex | Qualcomm | Qualcomm
A8 A9 Scorpion Krait
Decode single-issue 2-wide 2-wide 2-wide 3-wide
Pipeline Depth 8 stages 13 stages 8 stages 10 stages 11 stages
Out of Order Execution N N Y Partial Y
Optional
VFP11 VFPv3 (not- VFPv3 VFPv3
L (pipelined) | pipelined) UIAPEADRE (pipelined) | (pipelined)
(pipelined)
Y (64-bit | Optional MPE| Y (128-bit Y (128-bit
HEEh S wide) | (64-bit wide)|  wide) wide)
Process Technology 90nm 65nm/45nm 40nm 40nm 28nm
Typical Clock Speeds 412MHz |600MHz/1GHz 1.2GHz 1GHz 1.5GHz




4.2 The Snapdragon S1 - S4 processor lines (16)

Comparing key features of competing mobile processors around 2011 [12]

LPDDR2

SoC FIEIEEEs CPU GPU Memory Bus | Release
Node
Apple A5 45nm | 2% Al\'}g"E%’riszég W/ | powerVR SGX 543MP2 ZL)F‘,S’Slgt 2011
NVIDIA Tegra 2 40nm 2 ARMchO;;eX D@ GeForce 1|_)|§§|§|_qbzit 2011
NVIDIA Tegra 3/Kal-El 40nm 4 xMAPREM@Cgrlt'egG,?_Ii w/ GeForce++ 1L>;§§|;132it Q4 2011
Samsung Exynos 4210 asnm | 2 X GRN SO Ay | ARM Mali-a00 MP4 | 2 K 2 0F 2011
Samsung Exynos 4212 sanm | 2XORE ST e | ARM Mali-400 P4 | 4 K200 2012
ST-Ericsson NovaThor LP9600 28nm 2 X ARM Cortex-A15 @ | IMG PowerVR Series 6 Dual Memory 2013
(Nova A9600) 2.5GHz (Rogue)
ST'E”C?i%r\‘/aNX‘QaST&F L9540 | 3opm | 2X AR?"_SCSO(E‘I"_?; A9 @ | 1MG PowerVR Series 5 ZL’;SS;’ZW 2H 2012
ST_EriCS(SI\lO(‘?VgI%V;STOh(;))r u9500 45nm 2 X ARMl.(Z:(C);I:EX A9 @ ARM Mali-400 MP1 1L>|;§§|—D\bzit 2011
ST-Ericsson NovaThor U8500 | 45nm | X ART LOIEXAT@ | Ay mali-400 MP1 1L’|§§§|;f’2it 2011
TI OMAP 4430 asnm | 2 X T (golrF;éHAg W/ powerVR SGX 540 2L)I§D3[§E{b2it 2011
TI OMAP 4460 45nm | 2 X IC‘I';E" é"{fﬁé.’iﬁ W/ 1 powerVR SGX 540 ZL)SSS;{bZit Q4 1112' T
TI OMAP 4470 45nm | 2 X IC‘I';E" é"{fﬁé.’iﬁ W/l powerVR SGX 544 ZLESSJ’Z“ 1H 2012
TI OMAP 5 28nm | 2 X ARM gngth ALS @ | powerVR SGX 544MPx ZL)I§D3I§;{b2it 2H 2012
Qualcomm MSM8x60 45nm 2 x Scorpion @ 1.5GHz Adreno 220 ILS(D?DZF{_SE 2011
Qualcomm MSM8960 28nm 2 x Krait @ 1.5GHz Adreno 225 2RI | g g




4.3 The Snapdragon 200 - 800 processor lines

4.3.1 Overview of the Snapdragon 200 - 800 processor lines
4.3.2 The Snapdragon 820 processor
4.3.3 The Snapdragon 835 processor
4.3.4 The Snapdragon 845 processor
4.3.5 The Snapdragon 850 processor
4.3.6 The Snapdragon 855 processor

4.3.7 The Snapdragon 8cx processor




4.3.1 Overview of the Snapdragon 200 - 800 processor lines



4.3.1 Overview of the Snapdragon 200 - 800 processor lines (1)

4.3.1 Overview of the Snapdragon 200 - 800 processor lines
New categorization of Qualcomm’s processors in 2013 [23]

In 1/2013 Qualcomm introduced a new categorization for their processors as
follows:

Bringing the latest technical innovations deeper into portfolio

[IW Premium mobile computing devic
Sna pdragon 800 = !__ including: tablets, smartphones,
\ and Smart TVs

Mid-high tier smartphones

HYVIT OV and tablets
Snapd ragon 400 High volume smartphones
and tablets.
Riineial an 200 Entry level smartphones and

tablets



4.3.1 Overview of the Snapdragon 200 — 800 processor lines (2)

The Snapdragon S200 - S800 roadmap from 2014 [22]

Updated roadmap

L
Qualcomm
gob| O oOx15

S
Qualcomm ’ 805

(8084)

snapdragon N N

800 801
(8974v2)  (8974v3)

Y

610/615
(8936/39)

Y

400 ’
(8926/28) 410
N (8916)

200
(8x10/12)

Y

808
(8992)




4.3.1 Overview of the Snapdragon 200 - 800 processor lines (3)

Evolution of the approaches used to circuit design -1 [1]

Approaches to circuit design

T

Full custom design Semi custom design Full synthesizable design
Hand layout of the The design will be subdivided into Automated layout of the
entire circuit functional units and further on into blocks ~entire circuit
and the appropriate implementation technique Simple scaling, e.g.

(hand layout, structured layout or automated layout) from 28 nmto 16 nm
is chosen for each.

Power/performance Implementation time
optimized optimized

Trend

Snapdragon 800/801/805 Snapdragon 835 Snapdragon 808/810
/820/831



4.3.1 Overview of the Snapdragon 200 - 800 processor lines (4)

Design approaches used by Qualcomm in developing recent processors [69]

(Full synthesizable design)

4xA53 2.0+ 2xKryo 2.15+ 4xKryo 280 2.45+
4xA57 1.55 2xKryo 1.59 4xKryo 280 1.9
20 nm 14 nm 10 nm

(2015) (2015) (2016)



4.3.1 Overview of the Snapdragon 200 - 800 processor lines (5)

Key features of Snapdragon S200 - S400 family models [14], [15]

T model | Feature Memor Wireless Samplin
Family YP. . ISA CPU fc up to Typ. GPU Y technologies 1piiNg
numbers size technology up to? available
8225Q ARM SCh. 16-bit
S 200 8625Q 45 nm | ARMv7 Cortex A5 1.4 GHz Adreno 203 LPDDR2 HSPA+ 2013
8210/12 ARM SCh. 16-bit
S 200 8610/12 28 nm | ARMv7 DC Cortex-A7 1.2 GHz Adreno 302 LPDDR2 HSPA+ 2013
ARM SCh. 16-bit
S 208 28 nm | ARMv7 QC Cortex-A7 1.1 GHz Adreno 304 LPDDR2/3 HSPA 2014
ARM SCh. 16-bit LTE
S 210 28 nm | ARMv7 QC Cortex-A7 1.1 GHz Adreno 304 LPDDR2/3 Cat 4 2014
8226/28 ARM SCh.
S 400 8626/28 28 nm | ARMv7 QC Cortex-A7 1.2 GHz Adreno 305 LPDDR2/3 HSPA+ 2013
ARM SCh. LTE
S 400 8926/28 28 nm | ARMv7 QC Cortex-A7 1.6 GHz Adreno 305 LPDDR2/3 Cat 4 2013
8230/8630/ . SCh.
S 400 8930 28 nm | ARMv7 DC Krait 200 1.2 GHz Adreno 305 LPDDR2 HSPA+ 2013
. SCh. LTE
S 400 | 8x30AA/AB | 28 nm | ARMv7 DC Krait 300 1.4 GHz Adreno 305 LPDDR2 Cat 4 2013
ARM SCh. LTE
S 410 | MSM8916 | 28 nm | ARmv8 QC Cortex-A53 1.4 GHz Adreno 306 LPDDR2/3 Cat 4 2014

1 For 3G parts only the UMTS support level and for 4G parts only the LTE support level is indicated.




4.3.1 Overview of the Snapdragon 200 - 800 processor lines (6b)

Key features of Snapdragon S600 - S800 family models [14], [15] -1

Typ. model | Feature Memory biTieleas Sampling
Family ' . ISA CPU fcupto | Typ. GPU technologies )
numbers size technology up tot available
S 600 | APQ8064T | 28 nm ARMv7 QC Krait 300 1.9 GHz | Adreno 320 DCh. -- 2013
LPDDR3

APQ8064 . DCh. .

S2602a AU 28 nm ARMv7 QC Krait 300 1.5 GHz | Adreno 320 LPDDR3 2014
QC Cortex-A53+ 1.6 GHz SCh. 32-bit LTE

S 610 | MSM8939 | 28 nm ARMv8 QC Cortex-A53 1.0 GHz Adreno 405 LPDDR3 Cat 4 2014
QC Cortex-A53+ | 1.7 GHz SCh. 32-bit LTE

S 615 | MSM8936 | 28 nm ARMv8 OC Cortex A53 1.0 GHz Adreno 405 LPDDR3 Cat 4 2014
MSM . DCh. LTE

S 800 Sx7AAA 28 nm ARMv7 QC Krait 400 2.26 GHz| Adreno 330 LPDDR3 Cat 4 2013
MSM . DCh. LTE

5

S 801 8x74 AB/AC 28 nm ARMv7 QC Krait 400 2.5 GHz | Adreno 330 LPDDR3 Cat 4 2013~

. DCh. 64-bit

S 805 | APQ8084 | 28 nm ARMv7 QC Krait 450 2.7 GHz | Adreno 420 LPDDR3 -- 2014
DC Cortex-A57+ DCh. 32-bit LTE

S 808 [ MSM8992 | 20 nm | ARMvS8 QC Cortex-A53 1.82 GHz| Adreno 418 LPDDR3 Cat. 6 2015
QC Cortex-A53+ DCh. 32-bit LTE

S 810 | MSM8994 | 20 nm [ ARmv8 QC Cortex-A57 2.0 GHz | Adreno 430 |~ '©bopRra Cat 6 2015
14 nm DC Kryo 2.15 GHz QCh. 16-bit LTE

S 820 | MSM8996 FinFET ARMv8 DC Kryo 1.59 GHz 2.15 GHz| Adreno 530 LPDDR4 Cat 12/13 2015
MSM8996 | 14 nm DC Kryo 2.34 GHz QCh 16-bit LTE

= &2 Pro FinfeT | ARMV8 | "bc kryo 1.6 GHz |2:34 GHZ| Adreno 5301 % bhhps | cat 12/13 A

1 For 3G parts only the UMTS support level and for 4G parts only the LTE support level is indicated.




4.3.1 Overview of the Snapdragon 200 - 800 processor lines (6)

Key features of Snapdragon S600 - S800 family models [14], [15] -2

Wireless
.| Typ. model | Feature CPU and L3 Typ. Memory . .
Ferify numbers size = Clock frequency (up to) shared| GPU | technology tecl:gotlg?les Al
4x Kryo 280 Gold (A73-based) 4x16-bit
10 nm | ARM @ 2.45GHz 2MB L2 (shared) __ | Adreno ) LTE
S 835 | MSM8998 | iireT | v8.0 |4x Kryo 280 Silver (A53-based) 540 | WPODRY | cat 16/13 Qilyzuity
@ 1.90GHz, 1MB L2 (shared)
4x Kryo 385 Gold (A75-based) 4x16-bit
10 nm ARM @ 2.8GHz 4x256KB L2 Adreno ) LTE
S 845 | SDMB4S | mirET | v8.2 |4x Kryo 385 Silver (A55-based) | 2 MB | 630 Lpfs%'é“ cat 18/13 | Q1/2018
@ 1.80GHz 4x128KB L2
4 x Kryo 385 Gold (A75-based)
10 nm | ARM @ 2.95 GHz 4 x 256 KB L2 Adreno | 4x16-bit LTE
S 850 | SDM830 | rinreT | V8.2 |4 x Kryo 835 Silver (A55-based)| 2 ™MB | 630 | LPDDR4x | cat1g/13 | Q3/2018
@ ? GHz 4x128 KB L2
1x Kryo 485 Gold (A76-based)
@ 2.84GHz 1x512KB L2 4x16-bit
7 nm ARM | 3x Kryo 485 Gold (A76-based) Adreno ) LTE
DEBY | BRESS FinFET | V8.2 @ 2.42GHz 3x256KB L2 ANE 640 LPEBI? Cat 20 QoS
4x Kryo 485 Silver (A55-based)
@ 1.80GHz 4x128KB L2
4x Kryo 485 Gold (A76-based)
7 nm ARM @ ?? GHz 4x256KB L2 Adreno | 8x16-bit LTE
2o B¢ e FinFET | V8.2 |4x Kryo 485 Silver (A55-based)| 2MB | 680 | LPDDR4x | cat24 | Q3/2019
@?? GHz 4x128KB L2

N s v DYON



4.3.1 Overview of the Snapdragon 200 - 800 processor lines (7)

Example 1: Block diagram of the Snapdragon 800 SOC [23]

Custom designed compute cluster

o T;m

Y m
N ,‘ RF,
Bl Bluetooth,
J"'f:"\ E.L . FM
| E::‘.‘;"ﬂ“i;:'"
L MU
‘ ! A
v ¥ ¥ v \i/, . Designed for ease
Multimedia fabric 2MB |2 System fabr of data sharing
AA between processors
Designed for heavy J A A A
graphic loads and

concurrent use cases

A
?

‘.\ /v
Memory scheduling T )

for high utilization
& low latency R Snapdragon 800



4.3.1 Overview of the Snapdragon 200 — 800 processor lines (8)

Example 2: Snapdragon 810 based platform [24]

Location
RF Frontend (5P, GLONASS, Boldoa. Gallieo Satsiitms Ju Cortex-AS7 acA  2x2 WLAN

¥ 4

&
. : ! G174A
e Cortex-AS3 CPUs +BT4.1
Adreno 430 GPY
Opeeti 652001
Qe 12760 Memory
Curtant Satuty LITOM

- .,9.” NFC
o M Sensor Engine (Near Field

Communication)

uss

0

-

Multimedia
Modem Processing WCD | Audio Codec

P oen CATELTE Dual iP5 X EcodeDeode 9330

A Sampamagon Voics Activetion
Upta@a0uH: C st

Shatho Aocesy Secatty

RF (28nm)
Transceivers

Power Platform Power
Management PM8984 PMIBS94 | Management

Remark

Enabling 3x LTE CA requires two RF transceivers: Qualcomm's WTR3925 and WTR3905.
WTR3925 is a 2x CA RF transceiver and WTR3905 adds another carrier.




4.3.2 The Snapdragon 820 processor



4.3.2 The Snapdragon 820 processor (1)

4.3.2 The Snapdragon 820 processor

It is a custom designed processor that is based on a new core, called the
Kryo core.

The Kryo core runs the ARMv8 ISA rather than the ARMv7 ISA as Qualcomm's
previous cores (Scorpion, Crait) did.

Announced in 03/2015, sampled about 06/2015.
Itisa 2 + 2 core design with
« 2x Kryo clocked at 2.15 GHz
« 2x Kryo clocked at1.59 GHz and
Manufactured on 14 nm technology (FIinFET LPP (Low Power Plus)).
Along with the Snapdragon 820 and Kryo, Qualcomm introduced also

« the Hexagon 600 DSP that is a significantly enhanced version of the
Hexagon line of DSPs (6. version) targeting AI and

 the Symphony System Manager.



4.3.2 The Snapdragon 820 processor (2)

Main features of select Snapdragon 800 processors [70]

Snapdragon 810 Snapdragon 820 Snapdragon 821 Snapdragon 835

Semi-custom ARM

Stock I Custom design ! Custom design :
CPU Core ) l | Cortex design
ARM Cortex-A ! Kryo | Kryo Kryo 280
I
Sampling 2015 : 2015 : 2016 2017
I |
CPU Confi 4x Cortex-A57 | 2x Kryo 2.15 GHz | 2x Kryo 2.35 GHz 4x Kryo 280 2.45 GHz
9 4x Cortex-A53 | 2X Kryo 1.59 GHz | 2x Kryo 1.6 GHz 4x Kryo 280 1.9 GHz
I |
GPU Adreno 430 I Adreno 530 I Adreno 530 Adreno 540
I |
Hexagon 680 | Hexagon 680 Hexagon 682
|
bSP Hexagon Vo6 \ith HVX 1 with HVX with HVX
| . | . .
i 2x 32-bit | 2x 32-bit 2x 32-bit
RAM 2 31268g II\_4IT_|[)ZDR4 : LPDDR4X I LPDDR4X LPDDR4X
| 1866 MHz I 1866 MHz 1866 MHz
I
Flash eMMC 5.0 / : eMMC 5.1/ I eMMC 5.1/ eMMC 5.1/
UFS 1.0 | UFS 2.0 I UFS 2.0 UFS 2.1
Process 20nm HPm '\ 14 nm FinFET ' 14nm FinFET LPP 10nm FinFET LPE

—-_— s - e - -



4.3.2 The Snapdragon 820 processor (3)

Main features of the Kryo core vs. the previous ones [71]

Qualcomm CPU Core Comparison

_ Snapdragon 800 Snapdragon 810 Snapdragon 820

CPU Codename Krait ARM Cortex-A57 | Kryo I
I
ARM ISA ARMV7-A (32-bit) ARMVS8-A (32/64-bit) 1 ARMVS-A (32/64-bit) |
I
I
Integer Add 1 2 : 1 I
Integer Mul 1 1 I 1 :
Shifter ALUs 1 2 l 1 |
Addition (FP32) Latency 3 cycles 5 cycles : 3 cycles l
I
Multiplication (FP32) Latency 6 cycles 5 cycles I 5 cycles I
I
I
Addition (INT) Latency 1.5 cycles 1 cycle : 1 cycle !
I
Multiplication (INT) Latency 4 cycles 3 cycles : 4 cycles I
I
L1 Cache 16KB I$ + 16KB D$ 48KB 1$ + 32KB D$ : 32KB 1$ + 32KB D$? |
I
|

L3 Cache N/A N/A \ N/A P



4.3.2 The Snapdragon 820 processor (4)

Main functional blocks of the Kryo core [72]

Spectra ™ ISP




4.3.2 The Snapdragon 820 processor (5)

The Hexagon 680 DSP

« Itis the 6. version of the Hexagon DSP line that is introduced along with the
Snapdragon 820 model.

« Originally the Hexagon DSP line supported only audio processing, subsequent
« versions expanded the supported applications areas continuously, as indicated
in the next Figure.



4.3.2 The Snapdragon 820 processor (6)

Enhancements of subsequent Hexagon DSP versions [73]

Image Enhancement
Camera, Still, Video

HexagonV2/V3

Computer Vision &
Augmented Reality

@ 0

Voice Audio

Sensors *\@\ @\

« Subsequently, Hexagon V6 expanded its scope also for artificial intelligence.



4.3.2 The Snapdragon 820 processor (7)

Release history of Hexagon DSPs (v1-v5) used in Snapdragon processors [73]

Generational improvements in performance and power efficiency driven by
both architecture and implementation

V4AM

V3M V5A
45nm 28nm 28nm
June 2009 Dec 2010 Dec 2012

VAL

V2 V3L 28nm
Vi 65nm 45nm Nov Apr 2011
65nm 2009
V3C V4C V5H
45nm Aug 28nm 28nm

2009 Dec 2010 Dec 2012




4.3.2 The Snapdragon 820 processor (8)

Major enhancements of the Hexagon version 6 (6xx implementations) vs.
the 5. version (Hexagon 5xx implementations) of the Hexagon DSP line

« V5 is based on a 32 x 32-bit register set, it supports both FX and FP
operations, whereas
« V6 is based on a 32x1024-bit register set, it supports only FX operations,

« V6 is the first Hexagon implementation that supports already the HVX
(Hexagon Vector eXtension) ISA enhancement that aims at Al.



Key Attributes

Premium Tier

Snapdragon High Tier
Chipsets
(SDxxx)

Mid Tier
Low Tier

SDK Version

Command Line
Tools

RTOS

4.3.2 The Snapdragon 820 processor (9)

Use of Hexagon 400 to 600 DSPs (versions 4-6) in Snapdragon processors

Hexagon Core Architecture

Hexagon 400

(version 4)

Fixed Point

602A

AddOn_600

5.0, 5.1

QuRT

Hexagon 500
(version 5)

Floating Point

801, 805, 808,
810

615, 161, 617,
625, 650, 652

410, 412, 415,
430

208, 210, 212

SDK 2.0

5.0, 5.1, 6.2,
6.4

QuRT

Hexagon 600
(version 6)

Hexagon Vector
eXtensions
(HVX)

820, 821,
835, 845

SDK 3.0

7.2,7.3

QuRT



4.3.2 The Snapdragon 820 processor (10)

Main application areas of Hexagon DSPs [75]

Computer VISIC

Benefit of using Hexagon DSPs: Higher performance at lower power consumption.



4.3.2 The Snapdragon 820 processor (11)

Example: Al execution resources on the Snapdragon 845 processor [76]

Snapdragon™

X20 LTE modem galenoNa

Visual Processing
Subsystem

Wi-Fi

y -

':i.'lgiaxagon _ Qualcomm
i gg'ﬂor“' 685DSP  gpectra~280 ISP

Qualcomm

Agstic™ Audio Kryo™ 385 CPU

Qualcomme

Location Mobile Security

HVX: Hexagon Vector eXtensions



4.3.2 The Snapdragon 820 processor (12)

Principle of executing Al-like tasks supported by the NPE SDK [76]

13  Object classification %3]
v
W o @
b‘ GoogleNet n —
Tensorf] . Face detection Matile o -
Inception ﬁ
~ SSD & Scene segmentation Auto
+ TensorFlowlite XK g
Alexnet
Natural language
ResNet - understanding
Caffe -
SqueezeNet @
o - ‘
l‘ | Speaker recognition
& Faster- RCNN é Cameras
O Caffe2 | B
MobileNet S divevistaras @ Security/Authentication %
XA
ONNX =

(?3 Resource management

NPE: Neural Processing Engine SDK, available since 07/2017.

The NPE is also capable enough to control which computational resource



4.3.2 The Snapdragon 820 processor (13)

The HVX (Hexagon Vector eXtension) ISA enhancement

Introduced in the Hexagon 600 (version 6) release along with the
Snapdragon 820 in 2015.



4.3.2 The Snapdragon 820 processor (14)

The HVX ISA extension: SIMD extension [75]

Example shows 1 of 32 lanes of
vector-byte-by-scalar multiply reduction

Large SIMD Extensions
Two such instructions can be done in a pawxer
- 1024b SIMD * 4 vector-slot VLIW | — - '
— 4096 result bits / cycle
« 256 8x8 mpy, 64 16x16 mpy

« 32 1024-bit vector registers

b[3] | b[2] | b[1] | b[O] [ Vu

/i Rt.b[0]

|
|
|
I
|
|
|
|
|
|
|
|
|
|
|
|
|

|

. 8/16/32 bit fixed point | — Rt

 NO floating-point ® \ / L Reb(2]
— Smaller & Lower Energy Design | ;'\k 11' / | e
— Algorithmically not heeded for majority of “os ;\ 7 i

CV/Imaging Apps Lanes 31to 1

I
/ Optional |
Accumulatign

« Special ISA: Sliding window filters,

|
|
|
|
| i S acs B
LUTs, Histograms : o
« Performance is sufficient for UHD video | l : i
post-processing, 20Mpix camera burst ; wi0] i
mode processing ... and more : . ;
:<—3Zb|t|Lane—{—>‘

|
|
_____________________ O LI



4.3.2 The Snapdragon 820 processor (15)

Principle of operation: VLIW4 execution
Example VLIW4 execution on Hexagon 500 (version 5) DSP [73]

Variable sized
instruction packets
(1 to 4 instructions
per Packet)

Device
DDR
Memory

. =
« Dual 64-bit

load/store
units

« Also 32-bit
ALU

Instruction
Cache

- In_struction Unit

.

Data Unit Data Unit Execution

(Load/ (Load/ Unit
Store/ Store/ (64-bit
ALU) ALU) Vector)

Data Cache

Register File/Thread

Unit
(64-bit
Vector)

« Dual 64-bit execution units
« Standard 8/16/32/64bit data

types

« SIMD vectorized MPY / ALU

/ SHIFT, Permute, BitOps

» Up to 8 16b MAC/cycle
« 2 SP FMA/cycle

Execution

Unified 32x32bit
General Register
File is best for
compiler.

No separate Address
or Accum Regs
Per-Thread




4.3.2 The Snapdragon 820 processor (16)

Support of multithreading in the Hexagon DSP line
« Hexagon DSPs support multithreading.
« The number of ways of multithreading is however different in particular versions,
like
« 6in version 2

« 3in version 4 and 5 or
e 4 in version 6.



4.3.2 The Snapdragon 820 processor (17)

Example: DSP operation on a Hexagon 5xx (V5) implementation [74]

Shared Instruction Cache

Thread 0 Thread 1 Thread 2

O D X X D D X X O D X
Uy U U U Uy U U U U U U

Register File Register File

Shared Data Cache

CUBLO T OOL I AD ROONes et and

Note: Version 5 doesn’t yet support the AVX ISA extension.



4.3.2 The Snapdragon 820 processor (18)

Principle of AVX execution vs. quad CPU execution with NEON support
on Hexagon 6xx (version 6) DSPs [75]

128 bit SIMD with 1SIMD 1024 bit SIMD, 4 Pipelines 8x compute/cycle
pipeline/CPU is common

SIMD thread on 32KB L1  SIMD threads share 512KB “L1” 8x more “LT" memory/thread
Efficient Data Sharing

Floating-Point in SIMD Only Fixed-Point in SIMD Lower area & power

Thread 0
Thread 1

Thread 0 Thread 1 Thread 2 Thread 3 1024bit SIMD

128bit 128bit 128bit 128bit 1024bit SIMD
SIMD SIMD SIMD SIMD

32KB L1 32KB L1 32KB L1 32KB L1 1024bit SIMD

1024bit SIMD

L2 (1MB+)

Quad CPU Hexagon DSP with HVX



4.3.2 The Snapdragon 820 processor (19)

AVX execution on a Hexagon 6xx (V6) implementation [75]

« L2 is the first level
memory for the vector
units

— Large primary memory
to hold image data

reduces tiling overheads
seen on small L1

— Single cycle Load to Use

— Supports full BW

— Simplifies programming
« L1/L2 is kept HW coherent

« Streaming prefetch from
DDR to L2

« Vector units support
variety of Load/Store
instructions:

— Unaligned
— Per-Byte Conditional

Scalar Scalar

55 S S
01 2 3

S5 S S
on 23

Scalar RF Scalar RF

1024b Vectors

vo Vi V2 V3

Vector RF

L1 Instruction
Cache

Scalar Scalar

S 85 8S
o1 2 3

S5 S5 S
01 2 3

Scalar RF Scalar RF

Shared L2
Cache

L1 Data Cache

1024b Vectors

VO V1 vz V3




4.3.2 The Snapdragon 820 processor (20)

Example for incorporating a DSP in a Snapdragon processor [73]

Qualcomm « aDSP: Real-time
media & sensor
Snapdragon processing
800
- Audio
Sensors
1 Display GPU el gey y
Video SR £RY | : - Connectivity
11 | other 1
S
A v \ 4 A\ A 4 \ 4 A A 4 v
< Multimedia Fabric ; ” system Fabric >
Fabric & Memory Controller Modem

mDSP: Dedicated

LPDDR3 LPDDR3 :
modem processing



4.3.2 The Snapdragon 820 processor (21)

Example for programming DSPs by the Hexagon DSP SDK 2.0
(supporting Hexagon version 5) [73]

Hexagon DSP SDK

Android HLOS
Hexagon C/C++ Vision

. Android
Compiler

Examples

Hexagon Plug-in

Assembler

System
Test
Framework

Dynamic Dynamic Hexagon DSP
Module(s) API Binary

Fast CV
Code Profiler Libraries
Utility API Hiexagon
Resource Libraries Simulator
DSP- RTOS Framework

Debug Monitor

Build Module

Snapdragon Snapdragon
DragonBoard™ | Dev Platforms

- Eclipse based Integrated Development Environment




4.3.2 The Snapdragon 820 processor (22)

Geekbench 3 Pro v3.3.1 benchmark single core results [77]

Score [higher is better]

Apple AS
Snapdragon 820

Exynos 7420

Snapdragon 808

Snapdragon 810v2.1

Snapdragon 805
Snapdragon 801 SRS
MediaTek MT6795 Helio X10 wllﬂ

0 500 1000 1500 2000 2500
® Geekbench Score W Integer » Floating Point

1368 |

3000 3500
: Memory



4.3.2 The Snapdragon 820 processor (23)

Geekbench 3 Pro v3.3.1 benchmark multi-core results [77]

Score [higher is better]

Snapdragon 820

Exynos 7420

MediaTek MT6795 Helio X10

Snapdragon 810v2.1

Apple AS

Snapdragon 808

Snapdragon 805

Snapdragon 801

0 1000 2000 3000 4000 5000 6000 7000 8000
® Geekbench Score W Integer » Floating Point » Memory



4.3.2 The Snapdragon 820 processor (24)

Imaging and vision kernel benchmarks [75]

« DSP with HVX vs Quad Krait CPU with full Neon-Optimization
— Quad Krait CPU clocked at 2.65GHz
— Single DSP/HVX clocked at 725MHz
— Core power only excluding SoC infrastructure, DDR, etc.

Speedup vs Quad CPU Energy/Pixel Reduction vs Quad CP

20.00X

4-18x lower

18.00X eneray
16.00X
14.00X
12.00X
10.00X
8.00X
6.00X
4.00X
2.00X I I
0.00X
Q& 2 9 0




4.3.2 The Snapdragon 820 processor (25)

Speeding up machine learning applications by GPUs and DSPs in
Qualcomm’s Snapdragon 845 [78]

25X

Qualcomm®
Hexagon™

DS#

8X

According to Qualcomm machine learning apps run 25 times more power-efficiently
than on non-Hexagon devices.

Performance



4.3.2 The Snapdragon 820 processor (26)

Main tasks of the Symphony SDK [79]

« It provides C++ APIs for parallelizing and assigning tasks to the
Symphony runtime.
« Itincludes C++ APIs for lowering power consumption.

« Its user-level library runs on Android devices and allows application
prototyping on x86 Linux and Windows.

Application

8

Task Power

Scheduling Management

$

£ E B3
Y

Figure: Main tasks of the Symphony SDK [79]



4.3.2 The Snapdragon 820 processor (27)

Benefit of using Symphony [69]

Increasing Performance
Decreasing Energy Consumption




4.3.3 The Snapdragon 835 processor



4.3.3 The Snapdragon 835 processor (1)

The Snapdragon 835

Announced in 11/2016, sampled about Q1/2017.

The Snapdragon 835 is Samsung’s first processor that is manufactured on
10 nm LPE (Low Power Early) process.

It is @ semicustom design that is based on an enhanced core, called the
Kryo 280 core.

It is @ 4+4 core design, rather than a 2+2 design as the previous 820 with
slightly increased clock speeds:

« 4x Kryo 280 clocked at 2.45 GHz and
* 4x Kryo 280 clocked at 1.9 GHz.

The Snapdragon 835 is a Tick type processor with small improvements of
its constituting units.

Designing laptops on the Snapdragon 835 will result in extended battery life
and fan-less light devices.

It is the first ever ARM processor that is designed to support Windows 10.



4.3.3 The Snapdragon 835 processor (2)

Main features of the Snapdragon 835 [70]

Snapdragon 810 Snapdragon 820 Snapdragon 821 Snapdragon 835

Semi-custom ARM

. . |
Stock Custom design Custom design | :
CPU Core ) Cortex design I
ARM Cortex-A Kryo Kryo : Kryo 280 |
|
|
CPU Confi 4x Cortex-A57 2xKryo 2.15 GHz =~ 2xKryo 2.35 GHz | 4x 2.45 GHz Kryo 280 |
9 4x Cortex-A53 2xKryo 1.59 GHz =~ 2xKryo 1.6 GHz [ 4x 1.9 GHz Kryo 280!
|
|
GPU Adreno 430 Adreno 530 Adreno 530 I Adreno 540 :
|
DSP Hexagon V56 Hexagon 680 Hexagon 680 Hexagon 682 l
(version 5) with HVX with HVX I with HVX l
|
. . I .
. 2x 32-bit 2x 32-bit 2x 32-bit I
RAM 2 3126_85[ II\_/IILDZDR4 LPDDR4X LPDDR4X : LPDDR4X l
1866 MHz 1866 MHz ! 1866 MHz I
|
Flach eMMC 5.0 / eMMC 5.1/ eMMC5.1/ | eMMC 5.1/ !
UFS 1.0 UFS 2.0 UFS 2.0 | UFS 2.1 I
|
Process 20nm HPm 14 nm FinFET 14nm FinFET LPP '\ 10nm FinFET LPE



4.3.3 The Snapdragon 835 processor (3)

Main functional units of the Snapdragon 835 vs. the 820 [80], [70]

Qualcomm®
IZat™ location
services Qualcomm X12

Spectra
LPDDR4 cameralsp | LTE Modem
Memory Agstic
audio codec
(DPU) DSP (VPU)

Adreno 530 Kryo
GPU Mobile CPU

Snapdragon 820

Snapdragon Adreno 540

Graphics Pr [
X16 LTE modem rapu'rff; (G?,Tf)ss'ng

. . Display Video
Wi-Fi Processing Unit ~ Processing Unit
(DPU) (VPU)

Qualcomm

fiexagon DSP Spectra 180

HVX All-Ways Camera
Aware

Qualcomm®
Agstic Audio Kryo 280 CPU

Qualcomm® Qualcomm
|Zat™ Location Haven Security

Snapdragon 835

Izat: Qualcomm’s indoor location technology



4.3.3 The Snapdragon 835 processor (4)

The Kryo 280 CPU [81]

Efficiency

Performance
Up to 2.45GHz 1.9GHz
2MB L2 1MB L2

80 O/o of time Is spent
on efficiency cluster

’ D.-‘, ,
4_20 /0 performance uplift over

range of use cases such as app load

time, web browsing, VR Minimized memory transaction

power with larger L2 cache



4.3.3 The Snapdragon 835 processor (5)

Reducing power consumption in Snapdragon's 800 models [69]

Snapdragon 835

Half the power consumption of Snapdragon 801

L — SO%
O oy,

"l A £

N
(e
A,
’

Snapdragon 801 Snapdragon 810 Snapdragon 820 Snapdragon 835

4xKrait 400 2.45  4xA53 2.0+ 2xKryo 2.15+ 4xKryo 280 2.45+
(ARMv7) 4xA57 1.55 2xKryo 1.59  4xKryo 280 1.9



4.3.3 The Snapdragon 835 processor (6)

Geekbench 4 single threaded results (integer score/MHz) [82]

A‘__ Geekbench 4 (Single Threaded) Integer Score/MHz

Integer Score per MHz - Higher is Better

Kryo 280 (SB835) 0.84

Cortex-A73 (K960) 0.82

Cortex-A57 (S810) 0.74

0.72

Cortex-A57 (E7420)

Kryo (S821) 0.69

Cortex-A53 (5625) 0.47

Cortex-A53 (K960) 0.40



4.3.3 The

Snapdragon 835 processor (7)

Geekbench 4 single threaded results (floating point score/MHz) [82]

A‘__ Geekbench 4 (Single Threaded) Floating Point Score/MHz

Floating Point Score per MHz - Higher is Better

Kryo (S821)
Cortex-A72 (K955)
Cortex-A72 (K950)
Cortex-A73 (K960)

Kryo 280 (S835)
Cortex-AS57 (E7420)
Cortex-AS57 (S810)
Cortex-A53 (K960)

Cortex-A53 (S625)

0.57

0 0.05

0.15

0.25

0.25

0.27

0.35

0.45

0.55

0.53

0.55

0.60

0.59

0.57

0.65

0.74

0.75



4.3.3 The Snapdragon 835 processor (8)

Antutu overall score [83]

(AnTuTu is a Chinese benchmarking tool commonly used to assess the performance
of phones and tablets.)

200000 -

191165
150000 - B -

141527 146728
100000 | 124253

50000

O '] 1 T ] 1 ) 1
Samsung Galaxy Pixel XL (QC Huawei P10 Plus Prototype 835 iPhone 7 Plus
S7 Edge

Exynos 8890 Snapdragoon 821 Kirin 960 Snapdragoon 835 Apple A10

2X Kryo 2.34 GHz 4x Kryo 280 2.45 GHz
2X Kryo 1.6 GHz 4x Kryo 280 1.9 GHz

4xM1 2.6 GHz 4x A73 2.36 GHz 2X Hurricane 2.34 GHz
4xA53 1.6 GHz 4x A53 1.84 GHz 2X Zephyr ?? GHz



4.3.3 The Snapdragon 835 processor (9)

Running Windows 10 and x86 apps on the ARM ISA based Snapdragon 835

« The Snapdragon 835 is the first ever ARM processor that is designed to support
Windows 10.

« On the 2017 Snapdragon Technology Summit (12/2017) Qualcomm has
announced the first Windows 10 laptops powered by the Snapdragon 835,
these are the ASUS NovaGo and HP’s Envy x2 [84], see the next slide.

These devices provide all day battery life (e.g. 15 or 20 hours).



4.3.3 The Snapdragon 835 processor (10)

Snapdragon 835 based Windows 10 devices [85]

ASUS NovaGo

HP Envy x2

Lenovo MIIX 630


http://www.hp.com/go/envyx2
https://www.asus.com/us/2-in-1-PCs/ASUS-NovaGo-TP370QL/
http://blog.lenovo.com/en/blog/always-on-and-always-connected-meet-the-new-lenovo-miix-630-2-in-1-detachab

4.3.3 The Snapdragon 835 processor (11)

Running Windows and x86 apps on the ARM ISA-based Snapdragon 835 [86]

« While running Windows 10 or x86 apps on the ARM ISA-based Snapdragon 835
the code to be executed apps needs to be emulated.

In this case the Snapdragon 835 processor passes code through additional steps,
including an emulator and abstraction layer.

Obviously, emulation will slow down code execution.

Furthermore, when Windows 10 and x86 apps are running on the ARM-based
Snapdragon 835 processor there are some limitations, as discussed next.

Nevertheless, according to Qualcomm there are supposedly little differences
in day-to-day use.

Remark

HP’s Envy x2 runs under Windows 10 S, this causes further limitations, e.g. only
apps downloaded from the Windows Store may be used unless the OS becomes
upgraded.



4.3.3 The Snapdragon 835 processor (12)

Main limitations when Windows 10 and x86 apps are running on the
ARM-based Snapdragon 835 processors [87]

* Only 32-bit apps can be run, support of running 64-bit x86 apps is planned
in a future release.

« x86 drivers can not be used, only native ARM64 drivers.
This greatly limits hardware support vs. mainstream x86-based Windows 10 PCs.
 Older games and graphics apps may not work.

Windows 10 on ARM supports only DirectX 9 to DirectX 12 thus apps/games
that are using older versions will not work.

« Certain classes of apps will not run, like shell extensions or cloud storage apps.
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4.3.4 The Snapdragon 845 processor (1)

4.3.4 The Snapdragon 845 processor

Announced in 12/2017, to be shipped in devices in Q1/2018.
Its official designation is SDM845.

This is why Qualcomm renamed their processors including an integrated
modem from MSMxxxx to SDMxxx, beginning with the Snapdragon 845.

Accordingly, the Snapdragon 845 is officially called SDM845 rather than MSM9xxx.
It is built up on 8 Kryo 385 CPU cores.

The Kryo 385 is a semicustom design and is the first chip that is based on the
ARMv8.2-based Cortex-A75 and A-55 cores and ARM’s DynamIQ core technology.

(The second one is Samsung’s Exynos 9810, announced a few weeks later).
Itisa 4 + 4 core design with

* 4x Kryo 385 cores clocked at 2.8 GHz

* 4x Kryo 385 cores clocked at 1.8 GHz
Manufactured on Samsung’s 2. gen 10 nm technology, called LPP (LP Plus).

The Snapdragon 845 is used in a large number of premium mobiles, like
Samsung Galaxy S9/59+, LG G7, HTC U124+, Google Pixel 3 XL, LG V40 ThinQ,
Sony Xperia X23 or OnePlus’s OnePlus 6/6T.

It is the second ARM processor that supports Windows 10, but apparently
no Windows 10 tablets or laptops appeared on the market.



4.3.4 The Snapdragon 845 processor (2)

Main features of the Snapdragon 845 vs. that of Snapdragon 835 [88]

Qualcomm Snapdragon Flagship SoCs 2017-2018

CPU

GPU
Memory

ISP/Camera

Encode/
Decode

Integrated
Modem

Mfc. Process

4x Kryo 385 Gold (A75 derivative)

@ 2.8GHz 4x256KB L2

4x Kryo 385 Silver (A55 derivative)

@ 1.80GHz 4x128KB L2
2MB L3
Adreno 630

4x 16-bit CH @ 1866MHz
LPDDR4x
29.9GB/s
3MB system cache

Dual 14-bit Spectra 280 ISP
1x 32MP or 2x 16MP

2160p60 10-bit H.265
720p480

Snapdragon X20 LTE
(Category 18/13)

DL = 1200Mbps
5x20MHz CA, 256-QAM

UL = 150Mbps
2x20MHz CA, 64-QAM
10nm LPP

Snapdragon 845 Snapdragon 835

4x Kryo 280 Gold (A73 derivative)

@ 2.45GHz 2MB L2

4x Kryo 280 Silver (A53 derivative)

@ 1.90GHz 4x1MB L2
No L3
Adreno 540 @ 670/710MHz

4x 16-bit CH @ 1866MHz
LPDDRA4x
29.9GB/s

Dual 14-bit Spectra 180 ISP
1x 32MP or 2x 16MP

2160p30 (2160p60 decode),
1080p120 H.264 & H.265

Snapdragon X16 LTE
(Category 16/13)

DL = 1000Mbps
3x20MHz CA, 256-QAM

UL = 150Mbps
2x20MHz CA, 64-QAM
10nm LPE



4.3.4 The Snapdragon 845 processor (3)

Main functional units of the Snapdragon 845 vs. the Snapdragon 835
[76], [80]

Snapdragon 845 [76] Snapdragon 835 [80]

Snapdragon™ Snapdragon Adreno 540

Adreno™ 630 Graphics Processing

e 1= medan Visual Processing ERRILIE modem Unit (GPU)

Subsystem . :
4 T Display Video
Wi-Fi Wi-Fi Processing Unit ~ Processing Unit
(DPU) (VPU)

(682) Qualcomm
Qualcomm® Hexagon DSP SpeCtra 180

Spectie’ 200 o i All-Ways Camera
Aware

™ 685 DSP

F .
T Kryo™ 385 CPU jeealcomm Kryo 280 CPU

Agstic Audio Agstic Audio

Qualcommé Qualcomm® Qualcomm

System Memory Mobile Security |Zat™ Location Haven Security




4.3.4 The Snapdragon 845 processor (4)

Al execution resources on the Snapdragon 845 processor [76]

Snapdragon™

X20 LTE modem PAISTO S0
Visual Processing

Snapdragon 845 Al = Subsystem

Wi-Fi
Hexagon '
Core Optimizations :":\4;( on™ 685 DSP Spec(t}:;z‘?o2m8m0 ISP
Developer Choice
Qualcomm =
: Agstic™ Audio Kryo™ 385 CPU
3X Al performance of 835 E | Sk
P : Location Mobile Security

HVX: Hexagon Vector eXtensions



4.3.4 The Snapdragon 845 processor (5)

The Kryo 385 CPU [76]

Instead of designing fully customized Kryo cores, Qualcomm based the Kryo 385
on ARM’s DynamIQ core technology and the stock Cortex A75 and A55 cores, as
shown below.

Built on Arm Cortex™ Technology i .- VR SRR
Latest 2™ Generation 10LPP FINFET . DynamiQ System Controfler
! 2MB L3 Cache

A
Microarchitecture .
Qualcomm®

+ Private per core L2 cache : s = =
Private per core L2 cache 1 % Hexagon™ 685 DSP i gpectra™280 Camera

« Arm DynamiQ technology
. faii ; Upto Upto
+ 3 separate clock and voltage domains
; 2.8GHz Shared 1.8GHz

25-30% 2MB L3 Cache 15%

Customizations for system integration Performance Uplift Performance Uplift

+ Bus QoS service for memory throughput Darfigs

+ Page table additions for security

Figure: The Kryo 385 processor [76]



4.3.4 The Snapdragon 845 processor (5b)

Floorplan of the Snapdragon 845 [93]




4.3.4 The Snapdragon 845 processor (6)

Optimizations on the Snapdragon 845 SOC
The Snapdragon 845 is optimized mainly in two aspects:

a) enhancements for the efficient execution of AI tasks and
b) enhancements for the efficient execution of non-ARM code (under emulation).



4.3.4 The Snapdragon 845 processor (7)

a) Enhancements for the efficient execution of Al tasks

It is achieved by

« Enhancing the Hexagon line of DSPs for key Al application areas power
consumption and performance for Al
and imaging and
« Introducing the Snapdragon™ Neural Processing Engine (NPE) software
development kit (SDK) (already before launching the Snapdragon 845
in 7/2017).



4.3.4 The Snapdragon 845 processor (8)

Enhancing the Hexagon line of DSPs for key Al application areas [76]

The enhancements relate both to power consumption and performance while running
Al and imaging tasks.

2015
SDM820
Hexagon 680

2016 Vision Deep learning Neural Imaging
SDM835 processor processor processor processor

Hexagon 682

2017
SDM845

Hexagon 685
Vector Math Processors

Figure: Release history of Hexagon DSPs (2015-2017)



4.3.4 The Snapdragon 845 processor (9)

Introducing the Snapdragon Neural Processing Engine (NPE) software
development kit (SDK) [89]

« The Snapdragon NPE is designed to provide developers with software tools
to accelerate running deep neural network workloads on mobile and other
edge devices that are based on Snapdragon processors.

« NPE targets on-device neural networks-driven apps in multiple industries,
including mobile, automotive, healthcare, security and imaging.

« Developers can choose the optimal Snapdragon core including Qualcomm’s
Kryo CPU, the Adreno GPU or the Hexagon DSP.



4.3.4 The Snapdragon 845 processor (10)

Executing Al tasks on the Snapdragon 820-845 processors while using the

NPE SDK [76]
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Note that the NPE is capable to allocate the appropriate computational resources to

Al tasks.

TensorFlow/TensorFlow Lite are Google’s frameworks, Caffe/Caffe2 are Facebook’s
frameworks whereas ONNX is the new Open Neural Exchange framework available

on GitHub.
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Expected Benefits of introducing the Snapdragon NPE SDK [76]

& smm K
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P rOCeS SI n g E n g I n e Efficient execution Model framework!/ Developer Tools

|
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: ; T What's new?
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Available at ﬁ& £ TernsorFlowLiie ONNX
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Fixed and floating point Supports Supports Caffe2 Optimizations for
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4.3.4 The Snapdragon 845 processor (12)

Performance and energy efficiency improvements when using TensorFlow
and the Hexagon 685 DSP) rather than non-Hexagon devices [78]

25X

Quaicomm®™
Adreno™ Hexagon™

GPY DSP

Performance 4x 8X

TensorFlow: (Google’s machine learning platform (SDK))



4.3.4 The Snapdragon 845 processor (13)

b) Enhancements for the efficient execution of non-ARM code

Qualcomm worked with Microsoft over two years to ensure there are no
perceivable penalty issues while executing Windows 10 OS and its legacy apps.
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Geekbench 4 scores [90]

Samsung Exynos 8895

Qualcomm Snapdragon 835

Apple A11 F

Samsung Exynos 9810

5 e et s e M S
| Qualcomm Snapdragon 845 — :
SN s SR W [ I J
0 2000 4000 6000 8000 10000
[ ] Multicore
B  sSingle core

Geekbench is a cross-platform benchmark that simulates real-world scenarios.
Geekbench 4 scores against a baseline of 4000 provided by Intel’s Core i7-6600U @ 2.60 GHz.
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4.3.5 The Snapdragon 850 processor (1)

4.3.5 The Snapdragon 850

« Announced in 6/2018, shipped in devices in Q3/2018.

« Itis the first chip built specifically for Windows 10 devices.

« It basically has the same silicon as the Snapdragon 845 with a few
enhancements, resulting in ~5 frequency increase of the big cores (actually
2.95 GHz vs. 2.80 GH2z).



4.3.5 The Snapdragon 850 processor (2)

Contrasting main features of the Snapdragon 850 vs. the 845 and 835 [101]

Qualcomm Snapdragon 850 vs 845 vs 835
Snapdragon 850 Snapdragon 845 Snapdragon 835

4 x Kryo 385 Gold (A75-based) 4x Kryo 385 Gold (A75-based) 4x Kryo 280 Gold (A73-based)

SoC

Large
Cores
CPU

Small
Cores

DSU
GPU

Memory

ISP/Camera

Encode/
Decode

Integrated
Modem

Mfc. Process

Spectra 280 ISP

2160p 10-bit H.265
720p480

Snapfragon X20 LTE
Cat 18/13

10nm LPP

Spectra 280 ISP
1x 32MP or 2x 16MP

2160p60 10-bit H.265
720p480

Snapdragon X20 LTE
Cat 18/13

10nm LPP

@ 2.95 GHz @ 2.8GHz @ 2.45GHz
4 x 256 KB L2 4 x 256 KB L2 2MB L2
4 x Kryo 835 Silver (A55-based) 4 x Kryo 385 Silver (A75-based) 4 x Kryo 280 Silver(A73-based)
@ ? GHz @ 1.77 GHz @ 1.90 GHz
4 x 128 KB L2 4x 128 KB L2 1 MB L2
2 MB L3 2 MB L3 --
Adreno 630 Adreno 630 Adreno 540 @ 670/710MHz
4x 16-bit CH @ 1866MHz 4x 16-bit CH @ 1866MHz
= LPDDR4x LPDDR4x
' 29.9GB/s 29.9GB/s
3MB system cache No L3
Dual 14-bit Dual 14-bit Dual 14-bit

Spectra 180 ISP
1x 32MP or 2x 16 MP

2160p30 (2160p60 decode),
1080p120 H.264 & H.265

Snapdragon X16 LTE
Cat 16/13

10nm LPE



4.3.5 The Snapdragon 850 processor (3)

Benefits of the Snapdragon 850 platform vs. the 835 platform [101]

Snapdragon 835 Mobile Snapdragon 850 Mobile
PC Platform Compute Platform

Always On +Entertainment
Always Connect +Al
Thin/light +Innovative form factors

Beyond all-day Multi-day
Battery life Battery life

Gigabit speeds 2" Gen Gigabit speeds
(1Gpbs) (1.2Gpbs)

Kryo 280 CPU Kryo 385 CPU
up to 2.6GHz up to 2.95GHz
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Improvements of the Snapdragon 850 platform vs. the 835 platform [101]

FCLOP

+30%" :

Performance

+20%"
Battery
life




4.3.5 The Snapdragon 850 processor (5)

Geekbench 4.1 scores of Snapdragon 850-based 2-in-1 PCs vs. category
average [102]

Geekbench 4.1

Acer Spin 3 (Core i5 -82507?
- 2018)

HP Envy x2
(Qualcomm) Not Tested

’

1
: Samsung Galaxy :
I
I I

Book 2




4.3.5 The Snapdragon 850 processor (6)

Improvements related to Snapdragon 850-based devices [101]

A

Snapdragon 850 ¢
+ Windows 10 April 2018 Update 3

& 64bit Edge Browser M Enhanced Entertainment Features -
HDR Support/Hi-Fi Audio
M Increased App Compatibility
Release of 64Bit Win32 SDK
M Improved Performance and Power - to enable Native ARME4 Applications
30% Higher CPU Performance

M 30% Increase in Graphics Performance




4.3.5 The Snapdragon 850 processor (7)

The new “Always On, Always Connected PC"” (ACPC) category [101]

The Always On, Always Connected PC revolution
Is just beginning

Multiyear effort to
transform mobile
computing

L2 New form factors
& New deployment models

<> New capabilities
*h New regions

Consumers | Gigabit LTE N ([ [ 156 | SGq



4.3.5 The Snapdragon 850 processor (8)

First “"always connected 2-in-1 PCs” (ACPCs) built on the Snapdragon 850

The 12" Samsung Galaxy Book2 The *13,3” Lenovo Yoga C630 WOS
(10/2018)[102] (09/2018) [104]
(It ships with Windows 10 in S Mode, It runs Windows 10 S out of the box,
which limits the apps to those but can be upgrade to Windows 10 Home
available in the Microsoft Store for free if third-party programs

by default). should be installed.



4.3.5 The Snapdragon 850 processor (9)

Increasing software support for Snapdragon 850-based devices [105]

With the Windows April 2018 update Snapdragon based systems will be
compatible with Windows machine libraries compiled for Arm based processors.

Cortana is accelerated using the Hexagon DSP.
Microsoft Edge will also be re-optimized for the platform.

In 05/2018 Qualcomm has implemented a 64-bit SDK for developers intending
to optimize their code on the Snapdragon 850.

In 10/2018 work on 64-bit emulation is still in progress, however Qualcomm has
stated that a fair amount of software is already compiled in 64-bit mode even if
the devices cannot take advantage of it.



4.3.5 The Snapdragon 850 processor (10)

Assessment of Snapdragon 850-based 2-in-1 PCs by reviewers e.g. [102],
[106]

Reviewers reassure the progress in software support and improving in performance
as well as they are very pleased with the long (> 20 hours) battery life, but
they are not yet satisfied with the overall performance of 850-based devices
compared to Intel-based premium laptops (as indicated in the Geekbench scores
shown before).
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4.3.6 The Snapdragon 855 processor (1)

4.3.6 The Snapdragon 855 processor

Announced in 12/2018, to be shipped in devices in Q1/2019.
It includes 8 Kryo 485 CPU cores.
Itisal+ 3 + 4 core design, as follows:

« 1x Kryo 485 Gold (A76 derivative) @ 2.84GHz 1x512KB L2$
« 3x Kryo 485 Gold (A76 derivative) @ 2.42GHz 3x256KB L2$
« 4x Kryo 485 Silver (A55 derivative) @ 1.80GHz 4x128KB L2$

Manufactured on TSMC 7 nm technology.



4.3.6 The Snapdragon 855 processor (2)

Die size and transistor count of select processors [95]

Die Size and Transistor Counts

Die Size Die Area Density

Snapdragon 8cx 7nm TSMC 8.3x13.5 112* >5.3b<10.6b >56.4 <94.6
Snapdragon 855 7nm TSMC
Snapdragon 845/850 10LPP Samsung 94 53b 56.4
Snapdragon 835 10LPE Samsung 72.3 3.0b 41.5
Kirin 980 7nm TSMC 74.13 6.9b 93.1
Kirin 970 10nm TSMC 9.75x9.92 96.72 55Db 56.9
Kirin 960 16nm TSMC 10.77 x 10.93 117.72 40Db 34.0
Apple A12 Bionic 7nm TSMC 9.89x 8.42 83.27 6.9b 82.9
Apple A12X Bionic 7nm TSMC 122 10b
Exynos 9810 10LPP Samsung 10.37 x 11.47 118.94 ? ?
8-core Ryzen 14nm GloFo 22.06 x 9.66 192 48Db 25.0
Skylake 4+2 14nm Intel 13.31x9.19 122 1.75b 14.3

*Upper Bound



4.3.6 The Snapdragon 855 processor (3)

Contrasting main features of the Snapdragon 855 and 845 processors [94]

Qualcomm Snapdragon Flagship SoCs 2018-2019

CPU

GPU

Memory

ISP/Camera

Encode/
Decode

Integrated Modem

Mfc. Process

1x Kryo 485 Gold (A76 derivative)
@ 2.84GHz 1x512KB pL2
3x Kryo 485 Gold (A76 derivative)
@ 2.42GHz 3x256KB pL2
4x Kryo 485 Silver (A55 derivative)
@ 1.80GHz 4x128KB pL2
2MB sL3

Adreno 640 @ ?MHz

4x 16-bit CH @ 2133MHz
LPDDR4x (34.1GB/s)

3MB system level cache

Dual 14-bit Spectra 380 ISP
1x 48MP or 2x 22MP

2160p60 10-bit H.265
HDR10, HDR10+, HLG
720p480

Snapdragon X24 LTE ((Category 20)

DL = 2000Mbps
7x20MHz CA, 256-QAM, 4x4

UL = 316Mbps
3x20MHz CA, 256-QAM
7nm (N7)

Snapdragon 855 Snapdragon 845

4x Kryo 385 Gold (A75 derivative)
@ 2.8GHz 4x256KB pL2
4x Kryo 385 Silver (A55 derivative)
@ 1.80GHz 4x128KB pL2
2MB sL3

Adreno 630 @ 710MHz

4x 16-bit CH @ 1866MHz
LPDDR4x (29.9GB/s)

3MB system level cache

Dual 14-bit Spectra 280 ISP
1x 32MP or 2x 16MP

2160p60 10-bit H.265
720p480

Snapdragon X20 LTE (Category 18/13)

DL = 1200Mbps
5x20MHz CA, 256-QAM, 4x4

UL = 150Mbps
2x20MHz CA, 64-QAM
10nm LPP



4.3.6 The Snapdragon 855 processor (4)

Chips of a Snapdragon 855 mobile platform [96]
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4.3.6 The Snapdragon 855 processor (5)

Main components of the Snapdragon 855 processor [96]
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Main features of Kryo 485 cores [94]

Kryo 485

Built on Arm Cortex Technology

45% performance uplift

| x 2.84GHz Prime Core
3 x 2.42GHz Performance Cores
4 x 1.80GHZ Efficiency Cores

Customized design for Snapdragon
« Larger Out-of-order execution window

« Optimized data prefetch for better efficiency

Private per core L2 cache + Shared
L3 Cache + System Cache

Y b ) 5 5N T E E EEEE D 8

"

b )

Hexagon 690

4.3.6 The Snapdragon 855 processor (6)

Wi-Fi/BT/Location

Security
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4.3.6 The Snapdragon 855 processor (7)

Core clusters (1 + 3 + 4) of the Snapdragon 855 processor [94]

A76

256 KB 256 KB




4.3.6 The Snapdragon 855 processor (7b)

Evolution of core arrangements [117]

SMP

BIG.little

Prime Core

Clock 1

Clock 1

Clock 4 Clock 3 Clock 2 Clock 1
xxxxxxxxxxx : T3 33232323337 : Y333 332232322 : m
Clock 2
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4.3.6 The Snapdragon 855 processor (8)

Performance leap of the Snapdragon 855 vs. the 845 [94]

Kryo 485 Performance
Biggest Leap for Snapdragon

PERFORMANCE

TIME

’ 855

Qualcomm
anepdragon

N 5%
G ‘cap




4.3.6 The Snapdragon 855 processor (9)

Comparing the performance of 7 nm mobile processors [94]

App launch performance compared to other 7nm mobile processors

Snapdragon 855
Competitor A (assumed to be the A12)

Competitor B (assumed to be the Kirin 980) |

Gmail Google Maps Facebook Twitter WeChat Instagram YouTube

LAUNCH PERFORMANCE,
TIMES FASTER




4.3.6 The Snapdragon 855 processor (10)

The Adreno 640 GPU [94] -1

Adreno 640

Qualcomm designed GPU
20% faster graphics rendering

Industry leader in performance/watt

* Integrated microcontroller
for power management

* Lowest driver overhead for less CPU power

Industry leader in graphics feature set
* First to mobile with Vulkan 1.1

Hexagon 690

r
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Spectra 380




4.3.6 The Snapdragon 855 processor (11)

The Adreno 640 GPU [94] -2
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4.3.6 The Snapdragon 855 processor (12)

The Hexagon 690 DSP [94]

Hexagon 690

x Scalar Darf r neo

& - o IR\ -

* Quad threaded

r - A

New Tensor Accelerator
* Qualcomm designed
» Dedicated to Al

‘0
L4

« Al and conventional image processing
* 4 Veclor extensions
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4.3.6 The Snapdragon 855 processor (12b)

Snapdragon 855’s 4th gen. AI Engine, based on the Hexagon 690 DSP [117]

1 3
L 2 3 4 6
A8 9

Scalar Vector Matrix
Oth order Tensor 1st order Tensor 2nd order Tensor

o W

Tensor Tensor
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4.3.6 The Snapdragon 855 processor (12¢)

Performance of Snapdragon 855’s 4th gen. Al Engine [117]

Al Engine
Trillion Operations
Per Second



4.3.6 The Snapdragon 855 processor (12d)

NN Frameworks and Runtime Software Frameworks of Snapdragon 855’s
4th gen. Al Engine [117]

15 N
Mobile Apps
(- )
NN Frameworks
¥ PYTORCH ¢} ONNX Q Caffe? @x net <= Chainer 44 PaddlePaddle Cognitive Toolkit

Runtime Software Frameworks

Tensorflow Lite Google NN API Neural Processing SDK

Libraries

Qualcomm Math Libraries Open CL Hexagon NN

Scalar Vector Tensor




l],‘

Speed Boost

Up to 4x
Power Savings

Computer Vision
Multi-object Classification

Multi-Object Tracking

Object Segmentation

Depth Sensing at 60fps
6DoF XR Body Tracking
CV Stabilization

4.3.6 The Snapdragon 855 processor (13)

The Spectra 380 ISP (Image Signal Processor) [94]

Wi-F/BT/Location




4.3.6 The Snapdragon 855 processor (14)

Support of Wi-Fi 6 standards: (802.11ax and 802.11ay [94]

: =
NYT ?

World’s 15! World's 1¢

Wi-Fi6 60 GHz Wi-Fi
11ax-ready 11ay mobile solution

mobile solution

It needs an external Wi-Fi chipset, e.g. the IPQ8074 SoC that is Qualcomm’s
first chipset that supports the 802.11ax standard.



4.3.6 The Snapdragon 855 processor (15)

4G LTE and 5G connectivity of the Snapdragon 855 processor [94]

ac:

World's 18t
2 Gbps LTE
Cat20

Provided by the
X24 modem
implemented

on the processor die

56
World’s 15t
5G NR

mmWave
& sub-6

Provided by the

X50 modem
placed

onto the mainboard



Main features

of LTE
categories
[98]

4.3.6 The Snapdragon 855 processor (16)

Downlink Uplink
DL UE Max data |[DL MIMO UL UE Max data | 640AM |2560AM
Category | rate in Mbps | Layers Category |rate in Mbps| Support | Support
M1 ~ 1 Mbps 1 M1 ~ 3 Mbps
M2 ~ 4 Mbps M2 ~ 7 Mbps
0 ~ 1 Mbps 0 ~ 1 Mbps No
1bis ~ 10 Mbps 1bis ~ 5 Mbps
4 ~ 150 Mbps 2 3 ~ 50 Mbps
6 ~ 300 Mbps 5 ~ 75 Mbps Yes No
7 ~ 300 Mbps 7 ~ 100 Mbps No
9 ~ 450 Mbps 8 ~ 1500 Mbps
10 ~ 450 Mbps 2or4 13 ~ 150 Mbps
11 ~ 600 Mbps 14 ~ 9500 Mbps
12 ~ 600 Mbps 15 ~ 220 Mbps
13 ~ 390 Mbps 16 ~ 100 Mbps Ves
14 ~ 3900 Mbps 8 17 ~ 2100 Mbps
15 ~ 800 Mbps 5 or 4 18 ~ 210 Mbps Yes
16 ~ 1050 Mbps 19 ~ 13500 Mbp4
17 |~25000Mbps 8 { 20  |~315Mbps}
18 ~ 1200 Mbps 21 ~ 300 Mbps No
19 ~ 1600 Mbps | 2, 40r8
{20 ~|~2000 Mbps|
21 [~1400 Mbps| 2or4a




4.3.6 The Snapdragon 855 processor (17)

Remark: 5G NR [97]

5G NR (New Radio) has been developed to provide significant enhancements in
areas like scalability and efficiency, both in terms of power usage and spectrum.
5G New Radio provides

« very high bandwidth communications, like streaming video,
« low latency communications for remote control vehicle communications and

- low data rate low bandwidth communications for machine type

communications.
mmwaves operate in the spectrum between 30GHz and 300GHz, e.g. 5G NR

will operate in the future also in ranges of 60-64 GHz & 76-81 GHz.

5G NG can also operate in sub 6 GHz ranges, e.qg. in the ranges of 3.3 GHz to
3.8 GHz and 4.4 GHz to 5.0 GHz.



4.3.6 The Snapdragon 855 processor (18)

5G standards [99]

+ 5G standards are worked out by the 3GPP organization (3rd Generation
Partnership Project) that unites seven telecommunications standard
development organizations ARIB, ATIS, CCSA, ETSI, TSDSI, TTA, TTC).

« The first approved 5G standard is release 15 from 3GPP, approved in 06/2018.
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Principle of 5G NR mmwave implementation in the Snapdragon 855 [94]

LA 4
\ A 4

4G - | “Fronfend:

W/
SG S SG X50
mmWave Qualcossss - modem

ERTL S T

QTM
052

Comprehensive system capability and
integration needed for 5G

https://www.anandtech.com/show/13680/snapdragon-855-going-into-detail
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X50 modem and RF antenna modules (QTM052) on the Snapdragon 855
platform []

Comprehensive system solution

. g | .
g=1E) '.‘,"\,\.A_ .'_:;__-

- QTM052 mmWave
antenna modules

https://www.anandtech.com/show/13680/snapdragon-855-going-into-detail
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4.3.7 The Snapdragon 8cx processor (1)

4.3.7 The Snapdragon 8cx processor

Announced in 12/2018, to be shipped in devices about Q3/2019.
It includes

« 4 Cortex-A76-based big cores and
* 4 Cortex-A55-based LITTLE cores.

Manufactured on TSMC 7 nm technology
Die size is ~112 mm?2, transistor count ~10b.

The Snapdragon 8cx Qualcomm’s first processor that is designed exclusively for
Windows 10 devices.

It is Qualcomm’s highest performance processor to date.

\\ Py /4 \\ ",

In the designation “c” means: compute, "x": eXtreme.

The sustained power consumption of the Snapdragon 8cx is 7 W and this low
power consumption allows to build fanless systems with multi-day battery life.

Qualcomm stated that the 8cx will represent a new higher power category above
the 850 rather than directly replacing it.



4.3.7 The Snapdragon 8cx processor (2)

Evolution of fabrication technology of mobile processors of major vendors

Apple

Qualcomm
Snapdragon

Huawei
Kirin

Samsung
Exynos

A8 (2014)
A8X (2014)

808 (2015)
810 (2015)

5430 (2014)
5433 (2014)

A9 (2015)
A9X (2015)
A10 (2016)

820 (2015)
821 (2016)

940 (2015)
950 (2015)
955 (2016)
960 (2016)

7420 (2015)
8890 (2016)

A10X (2017)
All (2017)

835 (2017)
845 (2017)
850 (2018)

970 (2017)

8895 (2017)
9810 (2018)

A12 (2018)
A12X (2018)

855 (2015)
8cx (2019)

980 (2018)

9820 (2019)



4.3.7 The Snapdragon 8cx processor (3)

Die size and transistor count of more recent processors [95]

Die Size and Transistor Counts

Die Size Die Area Density

Snapdragon 8cx 7nm TSMC 8.3x135 112* >5.3b < 10.6b >56.4 <94.6
Snapdragon 855 7nm TSMC
Snapdragon 845/850 10LPP Samsung 94 53Db 56.4
Snapdragon 835 10LPE Samsung 72.3 3.0b 41.5
Kirin 980 7nm TSMC 74.13 6.9b 93.1
Kirin 970 10nm TSMC 9.75x9.92 96.72 55Db 56.9
Kirin 960 16nm TSMC 10.77 x 10.93 117.72 40Db 34.0
Apple A12 Bionic 7nm TSMC 9.89x8.42 83.27 6.9b 82.9
Apple A12X Bionic 7nm TSMC 122 10b
Exynos 9810 10LPP Samsung 10.37 x 11.47 118.94 ? ?
8-core Ryzen 14nm GloFo 22.06 x 9.66 192 4.8 Db 25.0
Skylake 4+2 14nm Intel 13.31x9.19 122 1.75b 14.3

*Upper Bound



4.3.7 The Snapdragon 8cx processor (4)

Elucidation of the design goal of Snapdragon 8cx: Windows 10 devices [107]

J fil & ﬂ'h!]‘!l h.,,,‘.:




4.3.7 The Snapdragon 8cx processor (5)

Main functional units on the Snapdragon 8cx die [108]

Adreno 680

Hexagon 690

Snapdragon
X24 modem

Wi-Fi/
BT/ I/O
Location

Spectra 390

Security




4.3.7 The Snapdragon 8cx processor (6)

Contrasting main features of the Snapdragon 8cx, 850 and 835 [109]

CPU Core

CPU Config

GPU

DSP

RAM

Storage
Process
Camera support

Video capture
Video playback

Wireless

Modem

Snapdragon 8cx
Semi-custom ARM Cortex -

Kryo 495

4x (Cortex-A76)
4x (Cortex-A55)

Adreno 680 Extreme

Hexagon 690
16GB LPDDR4x

UFS 3.0, NVME SSD

7nm FInNFET

32MP single / 16MP dual
Hybrid AF, HDR video. multi-
frame noise reduction

4K UHD, HDR @ 30fps

360 degree, 4K up to 120fps,
10-bit, H.265 and VP9 video

decode

Wi-Fi 802.11a/b/g/n/ac/ad
2.4, 5, and 60GHz

Bluetooth 5.0

x24 LTE
2000Mbps down
316Mbps up

Snapdragon 850
Semi-custom ARM Cortex -

Kryo 385

4x 2.96GHz (Cortex-A75)
4x 1.7GHz (Cortex-A55)

Adreno 630

Hexagon 685 with HVX

8GB LPDDR4x
UFS 2.1

10nm LPP FinFET

32MP single / 16MP dual
Hybrid AF, HDR video. multi-
frame noise reduction

4K UHD @ 30fps

4K UHD @ 60fps, 10-bit
H.264 (AVC) and H.265

(HEVC)

Wi-Fi 802.11a/b/g/n/ac/ad
2.4, 5, and 60GHz

Bluetooth 5.0

x20 LTE
1200Mbps down
150Mbps up

Snapdragon 835

Semi-custom ARM Cortex -
Kryo 280

4x 2.45GHz (Cortex-A73)
4x 1.9GHz (Cortex-A53)

Adreno 540

Hexagon 682 with HVX

8GB LPDDR4x
UFS 2.1
10nm LPE FIinFET

32MP single / 16MP dual
Hybrid AF, HDR video

4K UHD @ 30fps

4K UHD @ 60fps, 10-bit
H.264 (AVC) and H.265

(HEVC)

Wi-Fi 802.11a/b/g/n/ac/ad

2.4, 5, and 60GHz
Bluetooth 5.0

X16 LTE
1000Mbps down
150Mbps up



4.3.7 The Snapdragon 8cx processor (7)

Main enhancements of the Snapdragon 8cx vs. the 855

CPU big cores Kryo 495 Kryo 485
GPU Adreno 680 Adreno 640
ISP Spectra 390 Spectra 380
Memory 8x16-bit LPDDR4x 4x16-bit LPDDR4x

Storage UFS 3.0, NVMe UFS 2.1



4.3.7 The Snapdragon 8cx processor (8)

Main features of the Kryo 495 CPU [110]

W

L3 Cache
System Cache

Fastest Snapdragon ever
/nm process technology
Larger system cache and L3 cache

Total of 1TO0ME cache available



4.3.7 The Snapdragon 8cx processor (9)

Performance and power efficiency improvements of the Cortex-A76 core
vs. the A75 core (used in the Snapdragon 855) [100]

4x

ML improvements

Figure: Performance and power efficiency of a 3.0 GHz 7 nm Cortex-A76 vs. a
2.8 GHz 10 nm Cortex-A75 [100]

Remarks

« The Cortex-A76 has a brand new, wider microarchitecture (4-wide, up from 3)
compared to the preceding A75.

« It has an enhanced, 2. gen. DynamIQ core cluster.



4.3.7 The Snapdragon 8cx processor (10)

The Adreno 680 GPU of the Snapdragon 8cx vs. the Adreno 630
(of the Snapdragon 850 [113]

2X more

transistors

2X memory
bandwidth

Latest DirectX 12 API

High efficiency

Vi(h:() encoder
VPQ & H.QF).C) :](;" r.':ti'ft"

2" Gen HDR

playback

HDR: High-Dynamic-Range imaging (greater dynamic range of luminosity)
It preserves details in darkest or brightest regions of a picture that became
lost using traditional techniques and provides more natural colors.



4.3.7 The Snapdragon 8cx processor (11)

Performance and power consumption of Snapdragon 8cx vs. a competitor
[108]

. Snapdragon Box

Compatitor
15W solution

Performance at 7W Power consumption

It can be presumed that the referenced competitor is a model of Intel’s 15 W U-series
processors, like the i7-8565U or the i5-8265U.



4.3.7 The Snapdragon 8cx processor (12)

Geekbench 4 scores of Intel’'s 15 W i7-xxxxU processors [116]

17-4500U 6/2013 3854 6854 Haswell 22 nm
17-4600U 2C 9/2013 4202 7592 Haswell 22 nm
i7-5600U 2C 1/2015 4217 8018 Broadwell 14 nm
17-6600U 2C 9/2015 4775 9010 Skylake 14 nm
17-7560U 2C 8/2016 5000 10182 Kaby Lake 14 nm
17-7660U 2C 1/2017 5128 10389 Kaby Lake 14 nm

17-8565U 4C 8/2018 5576 17813 Coffee Lake 14 nm



4.3.7 The Snapdragon 8cx processor (13)

Geekbench 4 scores of Apple’s A series processors [114]

9/2014 1663 2855 20 nm
A8X 3C 10/2014 1798 4214 20 nm
A9 2C 9/2015 2524 4391 14/16 nm
A9X 2C 11/2015 3057 5114 16 nm
A10 2+2C 9/2016 3480 5928 16 nm
A10X 3+3C 6/2017 3915 9339 10 nm
Al1l 2+4C 9/2017 4224 10185 10 nm
Al2 2+4C 9/2018 4797 11260 7 nm

A12X 4+4C 10/2018 5006 17925 7 nm



4.3.7 The Snapdragon 8cx processor (14)

Geekbench 4 scores of Qualcomm’s Snapdragon processors [115]

2+4C Q3/2014 1152 2813 20 nm
810 4+4C Q3/2014 1351 3446 20 nm
820 4+4C Q4/2015 1702 3955 14 nm
821 4+4C Q3/2016 1880 4430 14 nm
835 4+4C Q2/2017 1947 6624 10 nm
845 4+4C Q1/2018 2415 8689 10 nm
850 4+4C Q3/2018 10 nm

855 1+3+4C Q1/2019 7 nm



4.3.7 The Snapdragon 8cx processor (15)

Geekbench 4 SC scores of Intel’s, Apple’s and Qualcomm’s processors
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4.3.7 The Snapdragon 8cx processor (16)

Geekbench 4 MC scores of Intel’s, Apple’s and Qualcomm’s processors
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4.3.7 The Snapdragon 8cx processor (17)

Microsoft’s and Qualcomm’s support for porting native applications to the
Microsoft Store [87], [111], [112] -1

« First Snapdragon 835-based Windows 10 devices had a number of software
limitations, like
« these devices run under Windows 10 S which restricted users to the Edge
browser,
« only 32-bit apps could be run,

« only DirectX 9 to DirectX were supported thus apps/games that are using
« older versions wont work.

 For Snapdragon 8cx-based devices software support will greatly improved.

« 8cx’s devices will be able to run Windows 10 Enterprise rather than only
Windows 10 S,

« In 05/2018 Microsoft released an SDK for coding 64-bit ARM apps that
can then be ported to the Microsoft Store,
« Microsoft begun working with enterprises to port their apps.

* Qualcomm also released an LLVM compiler,

* Qualcomm has been working with Google and Firefox and already
showed off fully working versions of both the Chromium and Firefox
browsers working in native ARM64 code.



4.3.7 The Snapdragon 8cx processor (18)

Microsoft’s and Qualcomm’s support for porting native applications to the
Microsoft Store [111] -2

* Most other apps from outside the Microsoft Store will still need emulation
by an extra layer of software translating the code for the Snapdragon chip but,
at the launch event Qualcomm demonstrated that the extra power of the 8cx
allows apps to run in this way more faster and responsive than before.
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5. Qualcomm’s APQs (Application Processors of Qualcomm) (1)

5. Qualcomm’s APQs (Application Processors of Qualcomm) -1

Qualcomm’s main product lines designed for mobiles

W

MSMs / APQs N MDMs QSCs
|
(Application Processors1 (Mobile Data Modems) (Qualcomm Single Chips)
of Qualcomm) I

(Mobile Station Modems)

I
I
|
Previous designation: QSD :
(Qualcomm Snapdragon SOC)
|

|

|

|

|
|
Application processors Application processors | Stand alone SOCs including an
with an integrated modem without an : RF modems, typically integrated application
integrated modem I without processor, modem and
\ \ 1/ an RF transceiver RF transceiver
| N e e e e e e o 7’
Since 2007: Snapdragon platform
WWAN cards, like Feature phones
Typ. use Smartphones, tablets Gobi WWAN cards, for
notebooks, e-readers
etc..
Snapdragon Snapdragon
S1 -S54 =)  S200 - S800

(2007 - 2012) (2013 -)



5. Qualcomm’s APQs (Application Processors of Qualcomm) (2)

Qualcomm’s APQs (Application Processors of Qualcomm) -2

These devices do not include RF modems just the “traditional processor”, thus
in this Section we are not going to discuss them.
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6. Qualcomm’s MDMs (Mobile Data Modems)

Qualcomm’s main product lines designed for mobiles

m

MSMs APQs / MDMs N QSCs

(Mobile Station Modems) (Application Processors | (Mobile Data Modems) (Qualcomm Single Chips)
|

Previous designation: QSD of Qualcomm)
(Qualcomm Snapdragon SOC)

Application processors Application processors Stand alone SOCs including an
with an integrated modem without an RF modems, typically ' integrated application
integrated modem without processor, modem and

an RF transceiver RF transceiver

!

Since 2007: Snapdragon platform

- e - S S e S e B e B S e S e S .y
_— e - e S e e e e S e e e .

Typ. use Smartphones, tablets WWAN cards , like Feature phones
Gobi WWAN cards, for
/\ notebooks, e-readers
etc..
\ /
SN e e e e e e e e — 7’
Snapdragon Snapdragon

S1 - S4 )  S$200 — SS800
(2007 - 2012) (2013 -)



6. Qualcomm’s MDMs (Mobile Data Modems) (2)

Qualcomm’s Mobile Data modems (MDMs)-2

MDMs are stand alone RF modems to be used in WLAN cards etc. to be inserted
into mobile devices, first mostly into notebooks, later on also into e-book readers,
smartphones (e.g. in iPhones) etc., to provide wireless connectivity, as the next
Figures illustrates.



6. Qualcomm’s MDMs (Mobile Data Modems) (3)

Example WWAN cards [29]
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WIRELESS"
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6. Qualcomm’s MDMs (Mobile Data Modems) (4)

WWAN card in a Dell notebook [56]




6. Qualcomm’s MDMs (Mobile Data Modems) (5)

Example block diagram of a

WWAN card (the MCM7710)-1 [31]

WLAN: Wireless Local Area Network
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6. Qualcomm’s MDMs (Mobile Data Modems) (6)

Contrasting WLAN and WWAN (based on [32])

WLAN: Wireless Local Area Network

* Provides connectivity over an Internet Service Provider (ISP) and a
wireless router

« WLAN coverage is small, up to hundreds of meters.

«  WLAN connectivity is commonly provided in homes, offices, hotels etc.

« It needs a WLAN card in the mobile device, such as a notebook and
subscription to the service provider.

WWAN: Wireless Wide Area Network
« Provides connectivity over a cellular network (e.g. LTE).
« WWAN has a large, regional coverage over the cellular network.
« It needs a WWAN card and in the mobile device, such as a tablet and
appropriate subscription to the service provider.



6. Qualcomm’s MDMs (Mobile Data Modems) (7)

MDMs (Mobile Data Modems)-2

MDMs are typically RF modems without the RF transceiver, as the next example
illustrates.
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Example of an MDM (Qualcomm’s MDM2000 of the Gobi family (2008)) [33]
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6. Qualcomm’s MDMs (Mobile Data Modems) (9)

Single chip implementation of the MDM 6200/6600 models [34]

The MDM 6200/6600 models (2009) represent an exception, as these models, it
integrates both the RF modem and the RF transceiver, as shown in the next Figure.
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The MDM 6200/6600 models (2009) [34]

phad

cous

uMTs

l—Q Frioy
switch
i
cocors
i

I—Qnuuw
i

[ o |
veasity
roats

RF frontand

~ soe examples

g k.

| GNES |
croults

GNES Qued
[

foee ANIG
0o
AN ot

Il

Baseband e

Processors Memory support

~~—. MDM6x00 —
shaded area

I Micro-P ARNH138 I l EBI1 1

Iuomnsponaml Izunml

I Apps DES ODEPA I EBIZ

OCR S0RAN

g%
1
£

%

j

Indemal bus & SE8I

™ NDA
g TX N0z it N
™
g monns %]
3 ™ NBS NK )(] NE Qued
2 T L3 o § Upeanvert
“ ™ L2 &\_‘ T 1LO
™ Lm ‘ ‘
= T L L2 Quad
g, 2] l X Upgligvert
POET_ R ™}
s
PRX_ND
PR
PRY_MD o/
G L
PRX_Mm o
vart |
—] I
_inz
a1 nscelvers
&5 =
Loz |
—] ReOund
0 OOVt —
et S ™e 2HDR | GNES
— LO cheuts
ORX_M2 BEMLO
Guzs

Etatua & control

1 Refront end{s)

|

@
]
o
w

” Power & ground l

upon the devic

Alr Interface processors depands

Internal functions HKADT
o
I Sacaty |l Clok genaration I g : 5
I oFuUSE | I Medes & reasts I -] ¥
Cannaotivity v e 5

! AUX PCM | I RUIM ! SIM { LICC l e .
[[usrrs gnspoey | [ eormeaer  HH" |
e e
__I 123 | luss-om] i l !1’




6. Qualcomm’s MDMs (Mobile Data Modems) (11)

Evolution of Qualcomm’s LTE modems [35]

First Generation

World's First Integrated

LTE Cat4
LTE/3G Modem Chips

- QuM.CQ‘VW\ T QuAU:ONVV\ 150 Mbps
MDM 9x15 §: MSM 8960
: LTE Cat3

Quawoww [l QUALCOMM

i DC-HSPA+DOB

- MDM 9600 [ MDM 9200

- LTE Cat3 i LTECat3
ii pcHsPAs [ DCHSPA+
i porB/EDGE |G EDGE

LTE FDD, LTE TDD, UMTS, EV-DO,

6 modes supported ‘i B 7 modes supported: CDMA 1x. TD-SCDMA GSM/EDGE

2010 2011-12 2013

Third Generation
_ World's First Integrated LTE/3G Modem
Second Generation with Cat4 and Carrier Aggregation

World’s First Mobile Platform (8960)

with integrated LTE/3G Multimode DALV
i MDM 9x25



6. Qualcomm’s MDMs (Mobile Data Modems) (12)

Introduction of the Gobi modem family

« In 10/2007 Qualcomm introduced the Gobi family of mini PCIe modules providing
broadband wireless connectivity for mobiles.

« These modules are based on Qualcomm’s
MDM modems and the firm also provides
the drivers needed for specific OSs
(like Windows XP, Windows 7 etc.)

Figure: Qualcomm’s UNDP-1 mini PCIle module
providing wireless connectivity for laptops [36]



6. Qualcomm’s MDMs (Mobile Data Modems) (13)

Generations of Gobi modems

Until now there are three generations of Gobi modems, as shown below.

2009

. Gobi 2000

= Added RF bands
= Enhanced GPS

2008 = Major Asian
carriers

Gobi 1000

= World's first
multicarrier,
multimode high
speed WWAN data
card

Q 2010

Gobi 3000

= |[ntroduction of DOrB and
3GPP release 7 features

= AWS band capable > TMO
us

= WiFi Positioning

. Production

Development

- Planning

Figure: Three generations of Gobi modems [53]



6. Qualcomm’s MDMs (Mobile Data Modems) (14)

Main features of the Gobi generations [53]

Gobi 1000 Gobi 2000 Gobi 3000

Package

Modem (2)

3G Protocols

3G Data
Throughput (3)

4G Data
Throughput (3)

Connectivity

GPS (1)

OS5 Support (4)

Motes:

1

2.
3.
4. Varnous common Linux distributions available

. Assisted GPS availability varies by network operator
1xEV-DO devices utilize Qualcomm’s hybrnd mode alternative solution

Peak rates: DL/UL

PCIl Express Mini Card
— Full Mini

CDMA 1x, 1XEVDO
Rev A, WCDMA, GSM,
GPRS, EDGE, DTM,
HSDPA i HSUPA

JGPP Release 6
DOrA

HSPA: 7.272.0 Mbps
DOrA: 3.1/1.8 Mbps

USBE 2.0 HS Peripheral
mcc

Standalone

MS Windows XP,
Vista, Linux (limited),
Windows T

PCI Express Mini Card —

Full Mini
CDMA 1x, 1xEVDO Rev

A, WCDMA, GSM, GPRS,

EDGE, DTM, HSDPA
HSUPA

JGPP Release 6
DOrA

HSPA: 7.2/5.76 Mbps
DOrA: 3.1/1.8 Mbps

USB 2.0 HS Peripheral
Uicc

Standalone, XTRA,
Assisted (W2, SUPL)

MS Windows XP, Vista,
Linux, Windows 7

PCI Express Mini Card — Full
Mini

CDMA 1x, 1xEVDO, 1xEVDO
Rev A, WCDMA, GSM,

GPRS, EDGE, DTM, HSDPA
/HSUPA, 1xEVDO Rev B

JGPP Release 7: DTX, DRX,
Enhanced F-DPCH,
Enhanced CELL_FACH
DOrB

HSPA: 14.4/5.76 Mbps
DOrB: 9.3 /5.4 Mbps

USE 2.0 HS Peripheral
vicc

Standalone, XTRA, Assisted
V2, SUPL)

MS Windows XP, Vista,
Linux, Windows 7
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Designation of the chips underlying the Gobi modem generations

Gobi generation Gobi designation Underlying chip
First generation Gobi1000 MDM1000
Second generation Gobi2000 MDM2000

Third generation Gobi3000 MDM3000




6. Qualcomm’s MDMs (Mobile Data Modems) (16)

Example: The UNDP-1 Gobi 1000 Module (2008)

« This is the first implementation of the Gobi 1000 family of mini PCIe mobile
broadband (WWAN) modules.

« It was specifically developed for HP laptops.

« Itis based on Qualcomm’s MDM 1000 chip and
supports all actual 2G to 3G standards,
such as

« EV-DO Rev.A/1xRTT
« HSPA and
« GSM/GPRS/EDGE,

as indicated in the next Figure.

Figure: Qualcomm’s UNDP-1 mini PCle module
providing wireless connectivity for laptops [36]

UNDP: Universal Notebook Data Platform
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Overview of the approved main mobile broadband standards (2G to 4G)

,7 1991 1997 2000 ~\ 2008
; \
, TDMA GSM family
, Pased eV GPRS EDGE Fvolved EDGE
I ETSI maintained .}'GI:DP maintained
| : :
| 1993 1995 1997 11999 2000 2004 2006 | 2011
| CDMA CDMAone family CDMA2000 family
| based IS-95 IS-95A |IS-95B 1xRTT 1xEV-DO Rel.0 Rev. A DO Advanced
I CDG maintained 3GPP2 maintainéld '
: | 1 1999 2002/2005 2008! 2013
| CDMA | UMTS family B
| based | WCDMA HSPA HSPA+ Adv.
\\ 3GPP maintained '
R o ——— -7 12009 2011
OFDM - ' LTE family
based LTE LTE Advanced
: 3GPP maintained |
| CDG: CDMA Dev. Group 2008
 ETSI: European org.
' 3GPP2: USA/SE Asian org. .
' 3GRP2 maintained
1951 1999 2009 2014
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Top view of the UNDP-1 mobile broadband module of the Gobi1000 line [36]

Source: IHS
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Bottom view of the UNDP-1 mobile broadband module of the Gobil000 line

[36]
| Main PCB, SMSC
‘ Bottom I USB3316
USB Transceiver - V2.0, w/
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Subsequent evolution of the Gobi modems [26]

Peak DL Data Rate
(Mbps)
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UL 384 kbps
T
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6275

DL 100 Mbps
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First
DC-HSPA+

First
HSPA+

; MDM
DL 28 Mbps
UL 5.76 Mbps

'

DL 42 Mbps

DL 7.2 Mbps
UL/5.76 Mbps

F——
MSM
7200

MOM
925 | DL 150 Mbps

© Qe

MDM
*13 | DL 100 Mbps

2005
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Main features of
Qualcomm’s
Gobi modem
chips [37]

SCDMA.GSM/GPRS/EDGE. EGAL

3G Modem Peak Data Rates
MDM6E600 HSPA+, GSM/GPRS/EDGE. CDMA 1x, EV-DO Rev. A/B Up to 14 4Mbps
MDM6E270 HSPA, GSM/GPRS/EDGE Up to 3.6Mbps
MDM6200 HSPA+, GSM/GPRS/EDGE Up to 14Mbps
MDM8200A HSPA+, GSM/GPRS/EDGE Up to 28Mbps
QSC6270 HSPA, GSM/GPRS/EDGE Up to 3. 6Mbps
QSC1105 CDMA 1x, EV-DO, GSM/GPRS/EDGE Up to 153Kbps
3G+/4G Modem Peak Data Rates
MDM8225 Release 9 HSPA+ GSM/GPRS/EDGE. EGAL Up to 84Mbps
MSM8215 Release 8 DC-HSPA+, GSM/GPRS/EDGE Up to 42Mbps
MDM8220 Release 8 DC-HSPA+, GSM/EGPRS Up to 42Mbps
4G LTE Modem Peak Data Rates
World Meode (LTE FDD/TDD CAT 3, SVLTE-DB, Release 8 DC-HSPA+, TD-
i SCDMA, GSM/GPRS/EDGE. EGAL. 1x Adv.. EV-DO Rev. A/B) Upitn: 100Mbps
LTE FDD/TDD CAT 3. SVLTE-DB, Release 9 DC-HSPA+, TD-SCDMA.
MDMR215 GSM/GPRS/EDGE, EGAL Upto 100Mbps
World Mode (LTE FDD/TDD CAT 3. SVLTE-DB, Release § DC-HSPA+,
MENEG0 GSM/GPRS/EDGE, EGAL. 1x Adv__ 1x EV-DO Rev. A/B) o o o
LTE FDD/TDD CAT 3, SVLTE-DB, Release 8 DC-HSPA+,

e GSM/GPRS/EDGE, EGAL Sty 1000 bye
4G LTE Adv Modem Peak Data Rates
World Mode (LTE Adv. Cat 4, LTE FDD/TDD CAT 3, SVLTE-DB, Release 10
MDM9625 HSPA+, TD-SCDMA, GSM/GPRS/EDGE., EGAL, 1x Adv., EV-DO Rev Up to 150Mbps

A/B)
MDM9225 LTE Adv Cat 4, LTE FDD/TDD CAT 3, SVLTE-DB, Release 10 HSPA+, TD- Up to 150Mbps
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Qualcomm’s latest Gobi model [57]

In 11/2014 Qualcomm announced its fifth-generation LTE solution, called the
Gobi 9x45, along with the second generation RF Frontend, the QFE3100.

The 9x45 is the first announced Category 10 LTE cellular modem.

It provides a download speed of up to 450 Mbps and an upload speed of up to
100 Mbps for both TDD and FDD mode.

The 9x45 is sampled in 11/2014, and will commercially available in 2015.
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7. Qualcomm’s QSCs (Qualcomm Single Chips)-1

Qualcomm’s main product lines designed for mobiles

T,~,’f-~"";:?;;7L‘:i:;\‘\\\\;:?}i%___,

MSMs APQs MDMs " QSCs N
|

(Mobile Station Modems) (Application Processors (Mobile Data Modems):(QuaIcomm Single Chips)
|

Previous designation: QSD of Qualcomm)
(Qualcomm Snapdragon SOC)

Application processors Application processors Stand alone SOCs including an
with an integrated modem without an RF modems, typically | integrated application
integrated modem without processor, modem and

\ | an RF transceiver
Y

RF transceiver

Since 2007: Snapdragon platform

Typ. use Smartphones, tablets WWAN cards , like Feature phones
Gobi WWAN cards, for
notebooks, e-readers \
etc.. N e e e e ,/
Snapdragon Snapdragon

S1 - S4 =)  $200 - SS00
(2007 - 2012) (2013 -)
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Qualcomm’s QSCs (Qualcomm Single Chips)-2

« Typically, Qualcomm provides
single chip solutions for feature phones,
termed as QSCs (Qualcomm Single Chips)

« (QSCs integrate the functions of
« MSMs :
« RF Transmitters (RF Tx) 4 chips in 1
 RF Receivers (RF Rx) and
« Power manager ICs (PM)

as illustrated on the Figure left [38].
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Qualcomm’s QSCs (Qualcomm Single Chips)-3
« Here we do not want to go into details just show an example.

« The example chosen is the Industry’s first COMA2000 1x single chip solution for
the 800 MHz CDMA band (the QSC6010/620/6030), see the next Figure.
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Example 1: Qualcomm’s first gen. single chip solution for feature phones

(the QSC60x0) (2006) [39]
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Example 2: Single chip feature phone based on the fourth gen. QSC6240
(2007) [40]

Baseband
Y r+<HEmd

- GP2 Ax
J oM | ramp coma I - Processors Memory support
dusiPA RGRE2L0 and
q suppont circulls | Magem UF AR M2 | | 811 I

|\lo¢e-n 08P QO3P2

m
'
"

RF transmitters

Asps DGR QD2P4 2=
» Ao Connectivity A
H S & ‘ : '
1 z Ha-uzs | QO |
=z Air Interfaces USS-OTG! ' pyy OEE)
o —A N |
'g = WCOMA processor - | C/@@
= = » Quas 2= _ Keyoaa F )
g o3 l‘J canver | et . :“”"‘_ R39 : ‘\GOO/
.’- ;E‘ . -~ E: ST UART1 [nigh speed)
= & - *ow \ o 14 ¥ pov—
— e 29F —-—<‘ k— | Tx LO chrcuks i S A —] - I— Bttt \‘/
£ )(l d OI davies |1
S gps0One processor AUX FOM 87 20
e G3M processor comaterey
U250 + G0 GEMIGPRS EDGE 7 iy
Relsw/OTM | B A
UKo + G
= 1 Interfaces with
o "
other functions

- --| TXDACS |
— '-| States & controd |

G1£00
BPF

—l E=
BPF

Thje mplamentation sheres s siople LNA lagut Detwont I Intemas tus IF I Multimedia
UMTS$50 and GSMES0, s9d snother LNA knput Setwees Boem hatsat | |
UMTS1900 aod GSM 1000, UM TS2900, GSN 000, snd -y L)
g N2 'FE c uE =
GSM 1850 bands sech Asve dedizeted LNA hpats PN ANUE OUT 'i Rx front ends) | VFE Canen ¥
o Une aut L
, Ewrpmce somabn 53 T
- Vigeo ipraphics 33 t
25 H CODEC ¥F Y
Lisein
O Humdsel miciaptae 2o
=2
sz Audlc suppart ]
1T == | Controliers | | Charpers |

D] e e
Hartse! mcraphorm

Meszaging support Input Power Management |8, E
111

G — 2§ s Internal functions
—1 8¢ 2 MDF
8 E T
=% s | Secorny |
Harchat - ! e -
peaie = [
Class D spwair div Audio circuits | Q-Fuzs | I Ciock gezention |
Kopaed - 1 ‘-
bl ~N ] :— --I JTAGETM | | Modes 3 resets }.. = ;>
! Power S
ciap > | 88 _en
= Management st
RF_TCRD
Bikor Bamaberd iy
Virstos N o [sis & ezl ) x
ne H | o [=rre
*E5 § 5 v Cits
Hasteot sard e dolac! | E|258 ¥ n; = 2 -
and micootare Sies 1 &= : 3 »3 = E
-l E s = s Lisear Reguiators
User interfaces | | & Sw - - A e i General ‘
11 T Output Yoitage Regulation Housekeeping
I A
T Tt

Exmrnal sagrase



7. Qualcomm’s QSCs (Qualcomm Single Chips) (6)

| Qualcomm’s early QSCs for single chip feature phones [45] :ag°“s QZBZWC':“
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