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Add to compare 

SALE 

BRAVIA XR 65" Class A80K 4K HDR 

OLED TV with Google TV (2022) 

Model: XR-65A80K 

55" B 77" 

Est. Shipping Jan 23 

$1,699.99 ~ 

I Add to cart 

Add to compare 

SALE 

BRAVIA XR 75" Class X90K 4K HDR Full 

Array LED 1V w ith Google TV (2022) 

Model: XR-75X90K 

55" 55·· B 85" 

Est. Shipping Jan 23 

$1,499.99 ~ 

I Add to cart 

Add to compare 

SALE 

BRAVIA XR 65" Class A90J 4K HDR OLED 

with Google TV (2021) 

Model: XR-65A90J 

55" B 83" 

Est. Shipping Jan 23 

$2,499.99 ~ 

I Add to cart 
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Add to compare 

BUNDLE SAVINGS 

BRAVIA XR 75" Class Z9K BK HDR Mini 

LED TV wit h Google TV (2022) 

Model: XR-75Z9K 

B 85" 

Est. Shipping Jan 23 

$5,999.99 

I Add to cart 

Add to compare 

SALE 

BRAVIA XR 65" Class A95K 4K HDR 

OLED TV with Google TV (2022} 
Model: XR-65A95K 

55" B 
Est. Shipping Jan 23 

$2,999.99 ~ 

I Add to cart 

Add to compare 

SALE 

BRAVIA XR 42" Class A90K 4K HDR 

OLED TV with Google TV (2022} 
Model: XR-42A90K 

B 48" 

Est. Delivery Jan 24-25 

$1,149.99 ~ 

I Add to cart 
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Add to compare 

SALE 

8RAVIA XR 65" Class X95K 4K HDR Mini 

LED TV with Google TV (2022) 

Model: XR-65X95K 

B 75" 85" 

Est. Shipping Jan 23 

$1,799.99 ~ 

I Add to cart 

Add to compare 

SALE 

8RAVIA XR 50" Class X90J 4K HDR Full 

Array LED with Google TV (2021) 

Model: XR-S0X90J 

B 55" 65" 75" 

Est. Delivery Jan 24-25 

$799.99 ~ 

I Add to cart 

Add to compare 

SALE 

55" Class X85K 4K HDR LED TV with 

Google TV (2022) 

Model: KD-55X85K 

43" 50" B 65" 

75" 85" 

Est. Shipping Jan 23 

$699.99 ~ 

I Add to cart 
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Add to compare 

SALE 

43" Class X80K 4K HOR LED TV with 

Google TV (2022) 
Model: KD-43X80K 

B SO" 55" 65" 

75" 85" 

Est. Delivery Jan 24-25 

$449.99 ~ 

Add to cart 

Add to compare 

SALE 

32" Class W830K 720p HD LED HOR TV 

with Google TV (2022) 
Model: KD-32W830K 

Est. Oelivery Jan 24-25 

$349_99 ~ 

Add to cart 

Add to compare 

SO" Class X80J 4K HOR LED wi th Google 

TV(2021) 
Model: KD-S0XS0J 

43" I El 55" 

75" 

Item no longer available 

$699.99 

65" 

See similar products 
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Add to compare 

85" Class X85J 4K HDR LED with Google 

lV (2021) 
Model: KD-85X85J 

43" 50" 55" 65" 

,s .. El 
Item no longer available 

$2,499.99 

See similar products 

Add to compare 

BH:AV IA >«H 
... ,,. ·rfoll As1.i, IF 

---=-,~.:-
'-----..., .. ~ 4 ', 

BRAVIA XR 65" Class X95J 4K HDR Full 

Array LED with Google TV (2021) 
Model: XR-65X95J 

El 75" 85" 

Item no longer available 

$1,999.99 

See similar products 

Add to compare 

_ __..-- BRA\'I A l«R 

..1l ~ [ 

;; /~ 

BRAVIA XR ss· Class A80J 4K HDR OLEO 

with Google TV (2021) 
Model: XR-SSASOJ 

El 65" 77" 

Item no tonger available 

$1,899.99 

See similar products 

Add to compare 

85" Class X91J 4K HDR Full Array LED 

with Google TV (2021) 
Model: KD-85X91J 

El 
Item no longer available 

$2,799.99 

See similar products 

Add to compare 

_ !:',<,,\I ll, >tU A K 

i'~ 1).t 

~I - .. ~ 

BRAVIA XR 75" Class Z9J 8K HDR Full 

Array LED with Google TV (2021) 
Model: XR-75Z9J 

El 85" 

Item no longer available 

$3,999.99 

See similar products 

Add to compare 

48" Class A9S 4K HOR OLEO with 

Android TV (2020) 
Model: XBR-48A95 

El 
Item no longer available 

$1,499.99 

See similar products 
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Add to compare 

BRAVlA XR ss· Class ASOO 4K HOR 

OLEO with Google TV (2021) 
Model: XR-55A80C] 

8 1 65" 

See similar products 

Add to compare 

BRAVIA XR so· Class X900 4K HOR Full 

Array LED with Google TV (2021) 
Model: XR-S0X90CJ 

El 55" 65" I 75" 

See similar products 

Add to compare 

43" Class XSOJ 4K HOR LED with Google 

TV (2021) 
Model: K0-43X80CJ 

B l 50" I 55" 65" 

75" 

See similar products 

Add to compare 

55• Class XSOCK 4K HOR LED TV w ith 

Google TV (2022) 
Model: KO-SSXS0CK 

B 65" 75" 

See similar products 

Add to compare 

85" Class X910 4K HOR Full Array LED 
with Google TV (2021) 
Model: KD-85X91 CJ 

See similar products 

Add to compare 

BRAVIA XR 55• Class ASOCK 4K HOR 

OLEO TV with Google TV (2022) 
Model: XR-SSAS0CK 

B 65" 77" 

See similar products 
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Add to compare 

BRAVIA XR 75" Class X90CK 4K HOR Full 
Array LED TV with Google TV (2022) 
Model: XR-75X90CK 

55" 65" B 85" 

See similar products 

Add to compare 

SALE 

BRAVIA XR 100" Class X92 4K HOR Full 

Array LED with Google TV (2021) 
Model: XR-1 OOX92 

B 
$11,999.99 ~ 

See similar products 
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Xperia 5 N - 5G1, 8GB RAM, 128GB 

Smartphone, 6.1" FHD 120Hz HOR OLEO 

Display', 4K HOR 120fps video 

recording• on all rear cameras 
Model: Xperia 5 IV 

(i]■ 
Black 

Est. Ddovery Jan 24·25 

$999.99 

Add to cart 

SALE 

Xperla PRO-I 512GB, 1" (1.0-type) Image 

sensor camera w/ 4K 120fps and dual 

aperture, 5G 
Model: Xpena PRO.I 

Est. Delivery Jan 24-25 

$1,099.99 ~ 

Add to cart 

SALE 

Xperia 1 IV 512GB, bright 6.5" 4K 120Hz 

HDR OLED, 4K 120fps HDR video, true 

optical zoom, 5G 
Model: Xperia 1 IV 

■(i] 
Black 
Est. Oelhiefy .Ian 24·25 

$1,399.99 ~ 

I Add to cart 

SALE 

Xperla 5111128GB, 6.1" 120Hz HOR 

OLEO, four optical focal lengths triple 

camera array, SG 

Model: Xperi4 5 Ill 

(i]■ 
Black 

EsL Delivery Jan 24·25 

$699.99 m9,99 

Add to cart 
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SALE 

Xperia PRO 512GB, HDMI input, 360° 

antenna, 6.S- 4K 120Hz HDR OLED, SG 

Model: Xperia PRO 

Est. Delivery Jan 24-25 

$1,999.99 ~ 

Add to cart 

SALE 

Xperia 1 Ill 256GB, 6.S- 4K 120Hz HDR 

OLED, four optical focal lengths, Real­

time Eye AF, 5G 

Model: Xperia 1 Ill 

Violet 

$799.99 ~ 

See similar products 
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Add to compare 

linkBuds S Truly Wireless Noise 

Canceling Earbuds 

Model: linkBuds S 

• •□ 
White 
Est. Delivery Jan 24-25 

$199.99 

Add to cart 

Add to compare 

WH-1000XM4 Wireless Premium Noise 

Canceling Headphones 
Model: WH-1000XM4 

[i)■ 
Black 

Est. Delivery Jan 24-25 

$349.99 

Add to cart 

Add to compare 

WH-1000XMS Wireless Industry Leading 

Noise Canceling Headphones 
Model: WH-1 000XMS 

[i) 
Black 

Out Of 5tock 

$399.99 

Email me when available 

Add to compare 

linkBuds Truly Wireless Earbuds 

Model: linkBuds 

□• 
White 

EsL Delivery Jan 24-25 

$179.99 

Add to cart 

Add to compare 

WF-1000XM4 Industry Leading Noise 

Canceling Truly Wireless Earbuds 

Model: WF-1 000XM4 

[i) 
Black 
Est. Delivery Jan 24-25 

$279.99 

Add to cart 

Add to compare 

WH-XB910N Wireless Noise Canceling 

EXTRA BASS"' Headphones w ith 

Microphone 
Model: WH-X8910N 

[i) 
Black 
Est. Delivery Feb 3-6 

$249.99 

Add to cart 
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Add to compare 

WF-CS00 Tru ly Wireless In-ear 

Headphones 
Model: WF-CS00 

(i) 
Black 

Est. Delivery Jan 24-25 

$99.99 

Add to cart 

Add to compare 

SALE 

MDR-1AM2 Premium Hi-Res 

Headph ones 
Model: MDR-1AM2 

(i) 
Black 

Out Of Stock 

$249.99 ~ 

Email me when avail able 

Add to compare 

WH-CH710N Wireless Noise Canceling 

Headphones with Microphone 
Model: WH-CH710N 

(i) 
Black 

Est. Delivery Jan 26-27 

$149.99 

Add to cart 

Add to compare 

WH-CHS10 Wireless Headphones with 

Microphone 
Model: WH-CH510 

(i)■ 
Black 

Est. Delivery Jan 24-25 

$59.99 

Add to cart 

Add to compare 

SALE 

MDR-Z1R Signature Series Premium Hi­

Res Headphones 
Model: MDR-Z1 R 

(i) 
Black 
Est . Delivery Jan 24-25 

$1,799.99 ~ 

Add to cart 

Add to compare 

MDR-ZX310AP Wired On-ear Folding 

Headphones 
Model: MDR-ZX310AP 

(i)■ ■ 
Black 

Est . Delivety Jan 24-25 

$39.99 

Add to cart 
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Add to compare 

I 
MDR-ZX110AP Wired On-Ear 

Headphones with Microphone 

Model: MDR-ZX11 OAP 

(i) 
Blade 

Est. Oelivery Jan 24-25 

$29.99 

Add to cart 

C10 Self-Fitting OTC Hearing Aids 

Model: CRE-C10 

Est. Delivery Jan 24-25 

$999.99 

Add to cart 

Add to compare 

Wl-1000XM2 Wireless In-ear Noise 

Canceling Headphones with 

Microphone 

Model: Wl-1000XM2 

(i) 
Black 

Est. Oelivery Jan 24-25 

$299.99 

I Add to cart 

E10 Self-Fitting OTC Hearin g Aids 

Model: CRE-E10 

Est . Delivery Jan 24-25 

$1,299.99 

I Add to cart 

Add to compare 

MDR-EX1SLP Wired In-ear Headphones 

Model: MDR-EX1 SLP 

(i)■ 
Black 

Est. Oelivery Jan 24-25 

$14.99 

Add to cart 
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Add to compare 

CX405 Handycam" with Exmor R" 

CMOS sensor 
Model: HDR-CX405 

Est. Delivery Jan 26-27 

$229.99 

Add to cart 

Add to compare 

J ---.;;I -:.. ... 
- .aK 

I 

AX53 4K Handycam" with Exmor R" 

CMOS sensor 
Model: FDR-AX53 

Est. Delivery Jan 24-25 

$1,099.99 

Add to cart 

Add to compare 

AX43 4K Handycam• with Exmor R• 

CMOS sensor 
Model: FDR-AX43 

Out Of Stock 

$949.99 

Email me when available 
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Add to compare 

FDR-AX700 4K HDR Camcorder 

Model: FDR-AX700 

Est. Delivery Jan 24-25 

$1,899.99 

Add to cart 

Add to compare 

BUNDLE SAVINGS 

Alpha 7R V Full-frame Mirrorless 

lntcrchQngc.Jblc Len~ C.Jmcr.J 

Model: ILCE-7RMS 

Est. Delivery Jan 24-25 

$3,899.99 

Add to cart 

Add to compare 

- - ·-- ~Cl 

I ""'I _,.,.., 

AX100 4K Expert Handycam" 

Model: FDR-AX100 

Item no longer available 

$1,499.99 

See similar products 

Add to compare 

--- r ·- O< .• . , 

' 
'. _) 

BUNDLE SAVINGS 

Alpha 7 IV - Full-frame Interchangeable 

l ens C~mcr~ 33MP, 10FPS, 4K/60p 
Model: ILCE-7M4 

BodyOnly I 

Body+ 28-70mm Zoom Lens 

Est . Delivery Jan 24·25 

$2,499.99 

Add to cart 

Add to compare 

AX43A 4K Handycam • with Exmor R• 

CMOS sensor 
Model: FDR-AX43A 

Est . Delivery Dan 24-25 

$949.99 

Add to cart 

Add to compare 

Alpha 7 Ill - Full-frame Interchangeable 

Lens Camera 24.2MP, 10FPS, 4K/30p 
Model: ILCE-7M3 

Body Only I 

Body + 28-70mm Zoom Lens 

Est . Delivery Jan 24-25 

$1,999.99 

Add to cart 
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Add to compare 

SALE 

Alpha 7 II - Full-frame Interchangeable 

lens Camera 24.2MP, SFPS, Full HD 

1080p 
Model: ILCE-7M2 

BodyOnly I 
Body+ 28-70mm Power Zoom 

lens 

Est. Delivery Ian 24-25 

$899.99 ~ 

Add to cart 

Add to compare 

Alpha 7C - Full-frame Interchangeable 

lens Camera 24.2MP, l0FPS, 4K/30p, 

Compact 
Model: ILCE-7C 

Silver 

Body+ 28-60mm Zoom lens 

Est. Delivery Ian 24-25 

$1,799.99 

Add to cart 

Add to compare 

Alpha 7R Ill - Full-frame 

lnterchangeab!e lens Camera 42.4MP, 

l0FPS, 4K/30p 
Model: ILCE-7Rl\l3A 

Est . Delivery Jan 24-25 

$2,499.99 

Add to cart 
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Add to compare 

Alpha 7R IV - Full-frame 

Interchangeable Lens Camera 61MP, 

10FPS, 4K/30p 
Model: ILCE-7RM4A 

Est. Delivery Jan 24-25 

$3,499.99 

I Add to cart 

Add to compare 

BUNDLE SAVINGS 

Alpha ZV-E10 - APS-C Interchangeable 

Lens Vlog Camera 24MP, 4K/30p, Vlog 

style camera 
Model: ZV-E10 

•□ 
White 

BodyOnly I 

Body+ 16-SOmm Zoom Lens 

Est. Delivery Jan 24-25 

$699.99 

Add to cart 

Add to compare 

Alpha 6600 - APS-C Interchangeable 

Lens Camera 24.2MP, 11FPS, 4K/30p 

Model: ILCE-6600 

Body Only I 

Body + 18-135mm Zoom Lens 

OUtOfStock 

$1,399.99 

I Email me when available 
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Add to compare 

Alpha 6400 - APS-C Interchangeable 

lens Camera & lens Kit 24.2MP, 11FPS, 

4K/30p 
Model: ILCE-6400L 

Body + 16-50mm Power Zoom 

lens 

Body+ 18-135mm Power Zoom 

lens 

Body Only 

Out Of Stock 

$999.99 

Email me when available 

Add to compare 

Alpha 6100 - APS-C Interchangeable 

lens Camera & lens Kit 24.2MP, 11FPS, 

4K/30p 
Model: ILCE-6100L 

Body + 16 -50mm Power Zoom 
l ens 

Body + Zoom lenses (16-50 mm 

&55-210mm) 

Body only 

Out Of Stock 

$849.99 

Email me when available 

Add to compare 

Alpha 6000 - APS-C Interchangeable 

lens Camera 24.3MP, 11FPS, Full HD 

1080p 
Model: ILCE-6000 

Black 

Body Only I 
Body + Zoom lenses (16-50 mm 

&55-210mm) 

Body+ 16-50 mm Zoom lens 

Out Of St ock 

$549.99 

Email me when available 
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Add to compare 

BUNDLE SAVINGS 

Alpha 7S Ill - Full-frame 

Interchangeable Lens Camera 12.1 MP, 
10FPS, 4K/120p High Sensitivity 
Model: ILCE-75M3 

Est. Delivery Jan 24-25 

$3,499.99 

I Add to cart 

Add to compare 

Alpha 7R IV - Full-frame 

Interchangeable Lens Camera 61MP, 

10FPS, 4K/30p 
Model: ILCE-7RM4 

$3,499.99 

See similar products 

Add to compare 

Alpha 9 II - Full-frame Interchangeable 

Lens Camera 24.2MP, 20FPS, 4K/30p 
Model: ILCE-9M2 

Out Of Stock 

$4,499.99 

I Email me when available 

Add to compare 

Alpha 7R Ill - Full-frame 

Interchangeable Lens Camera 42.4MP, 
10FPS, 4K/30p 
Model: ILCE-7RM3 

Item no longer available 

$2,499.99 

See similar products 

Add to compare 

BUNDLE SAVINGS 

Alpha 1 - Full-frame Interchangeable 

Lens Camera 50.l MP, 30FPS, 4K/120p 

/8K/30p 
Model: ILCE-1 

Est. Delivery Jan 24-25 

$6,499.99 

I Add to cart 

Add to compare 

Alpha 7R II - Full-frame Interchangeable 

Lens Camera 42.4MP, SFPS, 4K/30p 
Model: ILCE-7RM2 

ttem no longer available 

$1,799.99 

Se€ similar products 
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Add to compare 

Alpha 9 - Full-frame Interchangeable 

Lens Camera 24.2MP, 20FPS, 4K/30p 
Model: ILCE-9 

Item no longer available 

$3,999.99 

See similar products 

Add to compare 

Sony FR7 Cinema Line Full-Frame PTZ 

Robotic Camera with SELP28135G lens 
Model: ILME-FR7K 

I Body+ 28-BSmm Zoom Lens I 
Body Only 

$12,199.99 

C. 

Add to compare 

Sony Alpha FX3 Cinema Line Full-frame 

Camera 
Model: ILME-FX3 

$3,899.99 

Add to compare 

Sony Cinema Line FX30 Super 35 

Camera with XLR handle unit 
Model: ILME-FX30 

Body+ XLR Handle Unit 

Body Only 

$2,199.99 

Add to compare 

Cinema Line FX6 Camera 

Model: ILME-FX6V 

$5,999.99 
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0 Compare 

Western Digital 

WO Blue 30 NANO SATA SSO 
WOS500G2BOB - Solid state drive - 500 GB 
- Internal - M.2 2280 - SATA 6Gb/s 

****1 4.4(22) 

Estimated Value S+g,.g.g 

$74~9·9--y~~-Save $5.()0 (6'} 

( Tempotatily Out of Stock ) 

~ Dell Business Credit 
As low as $1 Simo. A I Apply for credit 

<f;J Get up to $2 bac:k in rewards 

View Details 

0 Compare 

SanDisk 

SanDisk SSD PLUS - Sol id state drive - 120 
GB - internal - 2.5-inch - SATA 6Gb/s 

$91 .99 

Get it as soon as Monday, May 9 

View Delivery Dates for 95050 

~ Dell Business Credit 

As low as S15/mo.AI Apply forcredil 

lf;J Getupto$2back inrewards 

Add to Cart 

View Details 

0 Compare 

Western Digital 

WO Blue 30 NANO SATA SSO 
WOSl OOT2BOB - Solid state drive - 1 TB -
internal - M.2 2280 - SATA 6Gb/s 

****i 4.6(17) 

Estimated Value~ 

fl 1·7_99-Y~~ Save $1200 (9') 

Get it as soon as Wednesday, May 4 

View Delivery Dates for 95050 

~ Dell Business Credi t 
As low as $15/ mo.AI Apply for credit 

lf;J Getupto$3back inrewards 

Add to can 

View Details 

0 Compare 

Western Digital 

WO Blue 30 NANO SATA SSO 
WDS400T2BOA - Solid state drive - 4 TB -
internal - 2.5-inch - SATA 6Gb/s 

~~!im.~t.e:i:! .'!?!1;1~SS97:99 

$449.99 YouSave $148.00(25') 

Get it as soon as Wednesday, May 4 

View Delivery Dates for 95050 

~ Dell Business Credit 

As low as $15/ mo.AI Apply for credit 

lf;J Get up to $13 back in rewards 

Add to Cart 

View Details 

0 Compare 

Western Digital 

WO Blue 30 NANO SATA SSO 
WOS200T280B - Solid state drive - 2 TB -
internal - M.2 2280-SATA 6Gb/s 

Estimated Value~ 

$24-J.·gg-y~~ Save $20.00 (R) 

Get it as soon as Wednesday, May 4 

View Delivery Dates for 95050 

~ Dell Business Credit 
As low as $15/mo.AI Apply for credit 

<f;J Get up to $7 bac:k in rewards 

Add to can 

VlewOetalls 

0 Compare 

Western Digital 

WO Black SN850 NVMe SSO 
WDS500G1 XOE - Solid state drive - 500 GB 
- internal - M.2 2280 - PCI Express 4.0 x4 
(NVMe) 

~~!i!!'_a.t.ec1 Y?!1:1~~ 
$122.99 YouSave $15.00{11') 

Get it as soon as Wednesday, May 4 

View Delivery Dates for 95050 

~ Dell Business Credit 

As low as $15/mo.AI Apply for credit 

lf;J Get up to $3 back in rewards 

Add to Cart 

View Details 

0 Compare 

Western Digital 

WO Blue 30 NANO SATA SSO 
WOS200T280A - Sol id state drive - 2 TB -
internal - 2.5-lnch -SATA 6Gb/s 

Estimated Value~ 

$229.'9"9 • Y~~ Save $.40.00 (15') 

Get it as soon as Wednesday, May 4 

View Delivery Dates for 95050 

~ Dell Business Credit 
As tow as $1 Si mo.A I Apply for credit 

<f;J Get up to $6 back in rewards 

Add to can 

VlewDetalls 

0 Compare 

SanDisk 

SanDisk Extreme Portable - Solid state 
drive - 500 GB - external (portable) - USB 
3.1 Gen 2 

~~!i!!'a.'.~ .Y~!':l~ SWM9 
$119.99 YouSave $20.00(l4,) 

Get it as soon as Wednesday, May 4 

View Delivery Dates for 95050 

~ Dell Business Credit 

As low as $15/ mo.AI Apply for credit 

lf;J Get up to $3 back in rewards 

Add to cart 

v1ewoe1a1ls 

I 
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0 Compare 

WestemDigital 

WD Black SN850 NVMe SSO 
WDS1 OOT1 XOE - Solid state drive - 1 TB -
internal - M.2 2280 - PCI Express 4.0 x4 
(NVMe) 

~~!i.m~~e~.Y~.1~!! ~ 
$227 _ 99 You Save $10.00 

Get it as soon as Wednesday, May -4 

View Delivery Oates for 95050 

~ Dell Business Credi t 

As low as $1 Simo.A I Apply for credit 

9 Get up to $6 back in rewards 

Add to Cart 

View Details 

wmem~ 

wtl Red SA~ N~ SATASSD 
W0S4D0T1 ROA - Solid sra,e drl"' 4 TB 
In,,mo1 2-Slnch SATA 6Gb/• 

..,_e,1v,i.,_ 

$549.99 ,..,,.,. s,J1oal>O'J 
( Tempoie,t, CM of Stocll:) 

11:1 Dtl&lsines:tOd 

Allow $11,ino• l ~IQroedll 

fl Gttup.to-S16bata.an~ds 

0 Compare 

Westem Digital 

WD Red SASOO NAS SATA SSD 
WDS200T1 ROA - Solid state drive - 2 TB -
internal - 2.5-inch - SATA 6Gb/s 

~~!i~~t~ .Y?!~~ 

$249.99 You Save $107.00 (30') 

( Temporarily Out of Stock) 

~ Dell Business Credit 

As low as $15/mo.A I Apply fOI" credit 

9 Get up to $7 back in rewards 

View Details 

-DiQII~ 

\'ID Red Sll-500 NAS SATA SSO 
vros100T1R0A Sol,d stall dnv• 1 TB 
IOt!fnal 25,net, SATA6Gbl• 

blll"NCtd\lM ~ 
$1 29.99 YouSM S4'CJ0[1.,..I 

Gtt. ii 1111 SOM 1111 Mand-,, Jun 13 

Y~ 08-,e!'f' D.:ites lo, 'i505C 

C, 0.Hl!luSIIVSICfedil 

A, 1ri$.1S/!"'l~1~tnr,:rt0t 

(l Get~to$3b$tk lft 1elll'Md1 

Md~Clll 

0 Compare 

Western Digital 

WD Red SASOO NAS SATA SSD 
WDSl OOTl ROB - Solid state drive 1 TB -
internal - M.2 2280 - SATA 6Gb/s 

~~!i:TI~ted .Y?!~ ~ 
$119.99 You Save $56.00 (ln.) 

( Temporarily OUt of Stock) 

~ Dell Business credit 

As low as $15/mo.~ I Apply for credi t 

9 Get up to $3 back in rewards 

VtewDeta1ls 

0 Comparir 

S$n0isk 

SanO,sk Ultra · USB Rash dtivo 31 CB 
USB30 

$1 2-99 

Gel It H 800n H WedM:tday, May 4 

Vi w OelA"ffJ' Dbf.Cls for 95050 

AddtoCarl 

0 Compare 

Western Digital 

WD Red SASOO NAS SATA SSO 
WDSSOOG1 ROA - Solid state drive - 500 GB 
- internal - 2.5-inch - SATA 6Gb/s 

~~!i_m~tec!Y?!t;J~ $93:99 

$79.99 You Save $14.00 (15'1.) 

( Temporarily Out of Stock) 

~ Dell Business Credit 

As low as $15/ mo.A I Apply for credi t 

~ Get up to $2 back in rewards 

View Details 

Salll>lsk 

sanOisk Cruier Glide -use flash drive -
12a G8 - US8 2.0 • bla , ,ed 

****' 4-6110) 

$37.99 

Get II ss Soot! as ~ Msday, May • 

V111vri Del1·,iwy OD,'lss fq, 9~SQ 

=, [!,ell BU$in,cn Cte61 
A:llow-nsS1Slmc • I ApJ!lyfor CN!drt 

Q G!iil uptoS1 b«;k lflf11W.1Jr¢S 

I 
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D eom,.,~ 

s.no"" 
SanDisk Cruze, Glide · USB Hash dfiYe • 64 
GB-US820 

****111 4.7(22) 

$1 2.99 

Get II 15 soan D!I WedllHCUJ', w..,. 4 

y._. °""ff'J' 0Mt110l 9S050 

Add10CMt 

Saruisk 

~~64 
~DS'W',TCH ~I 

"'"""' 
SanDisk Extreme- Rash memory card-64 GB 
- microSOXC - black - fa Nintendo Switch 

$29.99 

Get it as soon as 'tlemesday, May 4 
View Ddvery Dates for 95050 

~ Oetl BusincssCredit 
As low osS1S/mo" IApplyfofcred!1 

D eon,,,,. 

........ 
SanDisk Ultra • USB flash (!rive • 64 GB -
USB 3 0 slm black 

$13.99 

Ge1 1tassoanm: W~-,:. M■,4 

'VI..-Dl!l~D1te1fo•95050 

""""" 

;i 

'I 

SanDisk Cruzer Fit · USB Hash <!rive · 32 GB · 
US82.0 

$10.99 

( T~OUl:olStod: ) 

View Details 

0 Compare 

S.,,01 .. 

SanDisk Cn.1:,er Fil USB flash dflve - 16 
GB - USB2.0 

$19.99 

Getil H soan 115 Wed~, M;ay -4 

I/Ip; 0Mnfor950$0 

m Dfl Bmln.eet Ctedit 

Aslo¥a'uS151mo • l~•OC'aedil 

-
San)isk 

A 12s 
GDSW',i-CH ~ I 

SanDisk · Flash memory card · 128 GB · 
micrOSOXC UHS-1- for Nintendo SWitch 

$45.99 

Get ii as soon os Wremesday, May 4 

View Delrvery Dotes few 95050 

e:I Dell Business CJ edit 
As low osS15/mo." I Apptyforaedit 

{! Get up 10 S1 bock in rewllf"ds 

-sanDi5'1. Ctultf GIi~ - USS fl.,$h dn"'8-J2 GB 
· US82.0 

***** UCl;)) 

$1 0.99 

Gltil•IOOI'- ~ . ....,. .. 
VIMo.-yDmn:fa9S050 

0 Compare 

SanDisk 

SanDisk Ultra · USS flash drive· 32 GB· 
USB 3.0 

$12.99 

~t it as soon as Wednesday, May 4 

View Oel!VflY OalH for 95050 

AddlOCllrt 

Vl~wDetalls 
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D eomp,,, 

-. 

SanDisk 

sanOisk Ultra - flash memOl'y card - 64 GB 

$14.99 

Get it as soon as Wednesday, May 4 
Vle'o'I Defivery Dates for 95050 

Add to can 

Vil"WDet81ls 

D Compare 

SanDisk 

SanDisk Ultra Dual Drive Luxe - USB flash 
drive - 32 GB - use 3. 1 Gen 1 / USB-C 

$13.99 

limited Stock 

Get it as soon as Wl!dnesday. May 4 
View Delivery Dates for 95050 

Add to cart 

View Details 

O Compare 

• . . 

SanDisk 

SanDisk Extreme - Rash memory card - 128 
GB - microSDXC - black - for Nintendo SWitch 

$29.99 

Get it as soon as Wemesday, May 4 
View Delivefy Dates for95050 

~ Dell Business Crodit 
As low as S, 5/mo.• I Apply fa credit 

D Compare 

SanDisk 

SanDisk Ultra Dual Drive Go - use flash drive -
256 GB - USB 3.1 Gen 1 / USEH; 

$59.99 

Get It as soon as Wemesday'. May" 4 

ViewDelM!fy Dates for95050 

~ Dell Business O"roit 
As low as SlS/roo.• I Apply for Cfedt 

9 Get~ to S1 back in rewards 

D Compare 

SanDisk 

sanDisk Extreme - Flash memory card 
(microSDXC to SD adapter lncluded)-64 GB -
A2 / Video Class V30 / UHS-I U3 / ClasslO­
microSDXC UHS-1 

$19.99 

Get it as soon as Wednesday, May 4 
Vlfffl Delivery Dates for 95050 

~ Ot'II Business Credt 
As Iowas $15/mo.A I Apply for credit 

Add to Can 

View0et811s 

D eomp,,, 

SanDisk 

SanDisk Extreme Portable - Solld state drive -
2 TB- external (portable)-USB 3.1 Gen 2 

$319.99 

( T~t,<MolStoct) 

~ Dell Business Credt 
As low as S1 Simo.• I Apply for credit 

9 Getup toS9back inrewards 

View Details 

SanDisk 

Saruisk 
HAXENDURANCE 

64~~ 
VJo l>l 

sanOisk Max Endurance - Flash memOf'y card 
(microSDXC to SD adapter included)- 64 GB­
Video Class V30 

$29_99 

l..imitm Stod:. 

Get it as soon as Wemesday, May 4 
View Oettvery Dates for 95050 

~ Dell Businl?Ss Credit 
As Iowas $15/mo.A !Apply loraedtt 

ViewDet&1ls 

D Compare 

SanDisk 

SanDisk Ultra Dual Drive Go - USB flash drive -
64 GB - USB 3.1 Gen 1 / USB-C 

$15~99 

Get it as soon as 'Wl!dlesday. May 4 
View Dellvefy Dates for 95050 

~ Dell Business Credit 
As low as S15/roo.• 1Appty for credit 

ViewDl!!:811s 
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D Compare 

SanDisk 

sanDisk Ultra Dual Drive Go - USS flash drive -
128 GB-USS 3.1 Gen 1 / USB-C 

$ZL99 

Get it as soon as Wednesday. May 4 
VM!W Dell'l'l!fY Dates for 95050 

~ Dell Business 0-edit 
As low as S1 Simo.• I Apply for a-edit 

Add to can 

V~Detads 

D Compare 

"""""' 
sanDisk Ultra Luxe -USB flash drive - 128 GB -
USS 3.1 

$17_99 

(T~ Out ofSloclr. ) 

G:) Dell Busiless Credit 
Aslow as $15/mo.A IAwtYforaedit 

View Details 

Q eompare 

SanQ;sJ< 

sanDisk Cruzer Fit - USB flash drive - 32 GB -
USB2_0 

$10_99 

O Compare 

-, 

SanOisl< 

sanDisk Ultra - flash memory card 64 GB 

$14-99 

Get it as soon as Wemesday, May 4 

View Oelivefy Dates for 95050 

VteWDeta1ls 

D eom,,a,, 

SanDisk 

sanDisk Cruzer Fit - USB flash drive - 64 GB -
USS 2.0 

$10.99 

Get it as soon as Wednesday. May 4 
VMNI Delivery Dates for 95050 

Add to Can 

D Compare 

SanDisk 

sanDisk Ultra Dual Drive Luxe • USS flash 
drive - 32 GB - USB 3.1 Gen 1 / USB-C 

$13.99 

LirmmStod. 

Getit assoonas ~.May4 

Vle'IY Delivery Oates for 95050 

Add to Can 

View Details 

D eom,,a,, 

SanDisk 

sanDisk - Flash memory card -128 GB -
microSDXC UHS-I - for Nintendo Switch 

$45_99 

Get it assoonas ~ . May4 
View Oelivefy Oates for 95050 

~ OellBusinessCredit 
AslowasS15/mo.• I AWfYforaedit 

9 Get t.l) to $1 bacic. Kl rewards 

ViewDetails 

SanDisk 

sanDisk Ultra - flash memory card - 32 GB 

$10_99 

Get itassoonas ~ . May4 

View Oelrffly Oates for 95050 

VtewDetails 
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O Coo)pare 

San)isk 
MAX END<JRANCE 

128!~ 

SanDisk 

sanDisk Max Endurance - Flash memory card 
(microSDXC to SD adapter included) - 128 GB 
- Video Class V30 

$59.99 

limitedSlod: 

Gel: it as soon as Monday, May 23 

View Deti~ Dates for 95050 

~ Dell Busness Credit 
As Iowas $15/mo.~j~facredit 

9 Get~ to $1 back 1n ,ewaros 

Add to cart 

VtewDet8ils 

D Compare 

"""""' SanDisk Ultra Luxe-USB flash drive-16 GB-
USB 3.1 Gen 1 

$10.99 

UmiledSlod: 

Gel: it as soon as Wednesday. May 4 

View Delivery Dates for 95050 

Add to Cart 

V1ewDetwls 

O Comp,3re 

San)isk 
HAX ENDURANCE 

32 ~\!l 
Vao © 

SanQ;,k 

SanDisk Max Endurance - Rash memory card 
(microSDHC to SD adapter included} - 32 GB -
Video Class V30 

$18.99 

LimitedSlock 

Get it as soon as W~, May 4 

View DeliV«y Dates fa 95050 

~ Dell Business Credit 
As low as SlS/mo:• I Apply foc aedt 

SanDisk 

SanDisk Ultra - USB flash drive - 64 GB - use 
3.0 - sleek black 

$26.99 

limited Sroct 

Get it as soon as Wemesday. May 4 

View DeliYefy Da1es fa 95050 

~ Dell Business Credit 
As low as $15/mo." I Apply for aedt 

V'tew0et111ls 

0 Compa,e 

SanDisk 

sanDisk Ultra Dual Drive Luxe - USB flash 
drive - 64 GB - use 3.1 Gen 1 / USB-C 

$16.99 

Gel:itassoooas ~.May4 

View Delivefy Dates for 95050 

~ Dell Business Credit 
As low as $15/mo." I Apply for credit 

Add to Can 

Vi~Oetails 

SanDisk 

SanDisk Ultra - use flash drive - 128 GB - USB 
3.0- sleek black 

$44.99 

Get it as soon as Wednesday. May 4 

View Delivery Dates for 95050 

~ Dc:-11 Business Credi 
As low as $15/mo." I Apply tor credit 

f;/ Gel:up toS1 back in rewards 

Add to Can 

ViewDetn1ls 

□ Compare 

SanDisk 

sanDisk Ultra Dual Drive Luxe - USB flash 
drive - 1 TB - USB 3.1 Gen 1 / USB-C 

$149.99 

( T--OUlofSloct) 

~ Dell Businl'SS Credit 
As Iowas $15/mo." I Applyforaedit 

9 Get up to S4 back in rewards 

View-Details 

SMDisk 

SanDisk Ultra Flt-USB flash drive-512 GB ­
USB 3.1 Gen 1 

$109.99 

Getitassoonas ~ . May4 

View Delivefy Dates for 95050 

~ Dell Business Credit 
As low as S15/mo.' IApplyfor aedit 

f;/ Get up to S3 back in rewards 
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0 Compare 

SanDisk 

sanOisk Ultra Luxe - USB flash drive - 32 GB -
USB3.l 

$10.99 

LimitedStodl 

G<!t it as soon as Wednesday. May 4 
VM.'W Deltve,y Dates f« 95050 

AddtoCBrt 

VtewDetallS 

D Compare 

"'"""' sanOisk Ultra - USB flash drive - 128 GB - USB 
3.0 

$23.99 

Get it as soon as Wednesday. May 4 
View Deli'l'l!fy Dates for 95050 

~Oell BusfoessCrC!dit 
As low as $1 Simo." I Apply for credit 

Add to Cart 

VK!WOetaiis 

O Compare 

s,no;,. 

SarDisk 

A ,2a 
GDS'W',TCH ~ I 

SanDisk - Flash memory card - 128 GB -
microSDXC UHS-I- for Nintendo Switch 

$45.99 

Get it as soon as Wemesday. May 4 
VK!N Delivery Dates for 95050 

!;::! Dell Business O'C!dit 
As Iowas $15/mo." IApplyf«aedt 

9 Get~ to $1 back in rewards 

0 Compare 

SanDisk 

SanDisk Ultra Luxe - USB flash drive - 128 GB -
USB3.l 

$17.99 

( T- <M olSlod<) 

I;;:! Dell Business O'edit 
As low as $15/mo." I Apply f« aedt 

ViewOl!ta1ls 

O Compare 

SanDisk 

sanOisk Ultra Luxe - USS flash drive - 128 GB -
USB3.l 

$17.99 

~ Oell Business Credt 
As low as $15/mo.• I Apply for credit 

ViewOeta1ls 

D Compare 

-. 

SanDisk 

sanDisk Ultra- flash memory card - 64 GB 

$14.99 

Get it as soon as~-May4 
View Delivefy Dates for 95050 

Add to Cart 

View Details 

-, 

Sa!Oisk 

sanOisk Ultra - flash memory card - 64 GB 

$14.99 

Get it as soon as Wemesday. May 4 
View DeliYefy Dates for 95050 

View Details 

D """''"" 

• . 
. 

SanDisk 

sanOisk Extreme- Rash memory card -128 
GB - microSOXC - black - for Nintendo SWitch 

$29.99 

Get it as soon as W!mesday. May 4 
View Delivery Dates for 95050 

~ Dell Business Credit 
As lowas$15/mo." I Apptyf0fcredit 

View Details 
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O Compare 

SanDisk 

SanDisk iXpand Luxe - USB flash drive - 128 
GB. USB-C / Lightning 

$69.99 

Get it as soon as Wednesday, Jun 1 
VK!W Delivery Dates for 95050 

~ Dell Busnes.5 Credit 
As low as $15/mo." I Apply for credit 

9 Get up to $2 back in rewards 

AddtoC8rt 

View Details 

[] Compo,, 

-SanDisk Ultra Dual Otive Go • USB flash dt1ve • 
32 GB · USB 3.1 Gen 1 / USS-C 

$12.99 ........... 
GCIIJtusoc:in•~.Jun22 
V<N Delf\lW"J 0atea f<JI' '95050 

□ """"'°'' 

"'""""' 
SanDisk iXpand Luxe - USB flash drive- 64 GB 
• USB·C / Lightning 

$58.99 

Get it as soonas ~ , May4 
View Delivery Dates for 95050 

~ Defl Business Credit 
As Iowas SlS/mo." I .Applytor credt 

9 Getupto$1 back in rewards 

Sd!Sk 

SonO.Sk Cruz,r Blade · USB flash drwe • 128 
GB · US82.0 

$19.99 

Ga!Jtnsocnas~Mlly4 
~O.>llf'J'Oa-.for%060 

~Dtl&.,SinessCt«it 
A51C,wn:$151mo · IJ,pply forcrd. 

Sa:n)isk 
HIGH ENDURANCE 

32 ~)1.J 
V3o © 

SanDisk 

SanDisk High Endurance- Flash memory card 
(micrOSDXC to SD adapter included)· 32 GB 

$13.99 

Get it as soon as~-May 4 
VK!W DeliY'l'fY Dates tor 95050 

Add to Can 

View Details 

....,,,, 
San01sk Cmzer Glide use nash drive 
128 GB US8 2.0 black, red 

**** 1 ,Ui(10) 

$37.99 

Gel it -DS soon 1H wedne.sd-,. M.ay 4 

V.rw ~•Y'!'Y DIIM"I' lor 95050 

~o.ae~,c,w, 
A1-lciw.;1 $1i,/mo ~JAwl~ IOI" credd 

tr/ Get up to Sl blck 11'1 r~MC11 

AddtoC.11 

□ """"'"'' 

SaiDisk 

SanDisk Ultra Dual Drive Go - USB flash drive -
128 GB· USB 3.1 Gen 1 / USB-c 

$22.99 

Get it as soon as Wemnday, Mar 4 
View DeliYeJy Dates for 95050 

~ Dell Business Credit 
As Iowas $15/mo." I Apply for credit 

View Details 
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it / Computers & Electronics/ PC & Electronics Deals/ Webcam Deals/ Dell UltraSharp 4K Webcam 

< > 

Intel~ C0<e'"' ProcessOfs 

Compare 

Dell UltraSharp 4K Webcam 
1rlc**' 4.3 {405) 

Experience best image quality in its class with the world's most intell igent 4K webcam. 

Starting at $7 99. 99 

-

Financing 

Learn More I Apply for Credit 
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0 Compare 0 Compare 0 Compare 

Sony Sony Sony I 
Sony Full Frame Alpha a7 Ill Sony Full Frame Alpha a7 Ill Sony Full Frame Alpha a7 IV 
Mirrorless Camera Kit Mirrorless Camera (Body Only) Mirrorless Camera Kit 

**** ... 4.7 (71) ****~ 4.6 (91) 

$2,199.99 $1,999.99 $2,699.99 

( Temporarily Out of Stock) ( Temporarily Out of Stock) ( Temporarily Out of Stock) 

~ Financing ~ Financing ~ Financing 

As low as $66/ mo.• I Apply for As low as $60/ mo. • I Apply for As low as $81 / mo.• I Apply for 

Credit Credit Credit 

9 Up to $65 back in rewards 9 Up to $59 back in rewards 9 Up to $80 back in rewards 

View Details View Details View Details 

1' 
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' ALIENWARE M15 R6 GAMING 
LAPTOP 

0 11th Generation Intel® Core TM i7 11800H (8-Core, 24MB L3 
Cache, up to 4.6GHz with Turbo Boost) 

[j) Windows 11 Home, Single Language Engl ish 

00 NVIDIA® GeForce RTX™ 3060 6GB GDDR6 

~ 16GB, 2x8GB, DDR4, 3200MHz 

Power up the action: With 11th Gen Intel® Core"' processors enabling up to 8-cores and 16-threads of 
multi-threaded performance, the new Alienware m15 R6 is ready to take you to new gaming heights. 
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Essentials © Export specifications 

Product Collect ion 11th Generation lntele Core™ i7 Processors 

Code Name Products formerly Tiger Lake 

Vertical Segment Mobile 

Processor Number ? i7-11800H 

Status Launched 

Launch Date ? Q2'21 

Li thography ? 1 0 nm SuperFin 

Recommended Customer Price ? $395.00 

SANTA CLARA, Cal if., Sept. 2, 2020 - Intel today unleashed a 
new era of laptop performance with t he launch of it s next­
generation mobile PC processors and the evo lut ion of its broad 
ecosystem partnerships that are propel ling t he mobile PC 
indust ry forward. New 11th Gen Intel Core processors with Intel 
Iris Xe graphics (code-named "Tiger Lake") are the world's best 
processors for thin-and-light laptops w ith unmatched 
capabilities for real-world productivity, collaborat ion, creat ion, 
gaming and entertainment across Windows and ChromeOS­
based laptops. 

Leveraging Intel's new SuperFin process technology, 11th Gen 
Int el Core processors optimize power eff iciency with leading 
performance and responsiveness wh ile runn ing at sign ificantly 
higher frequencies versus prior generations. More than 150 
designs based on 11th Gen Intel Core processors are expected 
from partners including Acer, Asus, Dell, Dynabook, HP, Lenovo, 
LG, MSI, Razer, Samsung and others. 
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Semiconductor size 

10nm - lntd Core 17 1 1800H 

X 

22nm 

ntel Core 17-4770TE. 

Small semiconductors provide better performance and reduced power consumption. Chipsets with a higher number of 
transistors, semiconductor components of electronic devices, offer more computational power. A small form factor 
allows more transistors to fit on a chip, therefore increasing its performance. 
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PCB 

f7111h13MJ111n,d1,diil .,-

chip 
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substrate 

• • • 

first surface 

second surface 
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SIMS depth profiles 
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W hat is a p-type Sem icond uctor? 

A p-type semiconductor is an intrinsic semiconductor doped with boron (B) or indium (In). Silicon of Group IV has four valence electrons and boron of Group 

Ill has three valence electrons. If a small amount of boron is doped to a single crystal of silicon, valence electrons will be insufficient at one position to bond 

silicon and boron, resu lting in holes* that lack electrons. When a voltage is appl ied in this state, the neighboring electrons move to the hole, so that the place 

where an electron is present becomes a new hole, and the holes appear to move to the "-" electrode in sequence. 

) 0 0 0 0 0 C 
Silicon (Si): °=0=o ) 0 0 C 
Four va lence 
electrons Add ing boron to 00 00 00 

pure si licon crystal 
resu lts in lack of an i) 0 0 

B I 0 0 C 
electron. And it !) 0 - 0 C 

0 becomes a hole. 

I > 00 oo 
Boron (B): 0 ( B) Three va lence 0 i) 0 0 0 :\ ® 

C 
electrons ) 0 C 

0 

~ 
• This hole is the carrier of a p-type semiconductor. 
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fi rst active 
region 
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SIMS depth profi les 
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Fin-FET Structures 
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first active second active 
region region 
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isolation regions 

Fin-FET Structures 
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SIMS depth profiles 
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Intel SRK02 CoreTM i7-1165G7 (formerly Tiger Lake) 
1 O nm SuperFin FinFET Process Advanced CMOS 
Essentials 

Home 

The Intel SRK02 Corei7-1165G7 (Tiger Lake)was built on 300 mm wafers using Intel's third generation 10 nm f1 nFET 

HKMG CMOS process. The complete ACE deliverable includes c concise analysis summary report of critical device 

metrics, transmission electron microscopy (TEM) based energy dispersive X-ray spectroscopy (TEM-EDS) resu lts, and 

salient fearnres supported by the following image folders 

• Downstream product tea rdown 

• Package X-rays, top metal and poly die photographs 

• Transmission (TEM) and (SEM) bevel through the logic region and SRAM 

• SEM cross section of , he general device structure, metals, dielectrics, and detail of the FEOL structures 
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Intel® Core™ i7-ll800H Processor 
24M Cache, up to 4.60 GHz 

Specificat ions Essentials 

I Essentials 
Product Collection 11 th Generation I ntele Co rem i7 Processors 

CPU Specif ications 

Supplemental Information Code Name Product s formerly Tiger Lake 

Memory Specifications Vert ical Segment Mobile 

Processor Graphics 
Processor Number ? i7-11800H 

Expansion Options 

Package Specifications Status Launched 

Ad vanced Technologies 
Launch Date ? Q2 '21 

Security & Reliability 
Lit hography ? 1 O nm SuperFin 

Ordering and Compliance Recommended Customer Price ? $395.00 

Product Images 
CPU Specifications 

Compat ible Products 
Total Cores ? 8 

Drivers and Software 
Total Threads ? 16 

Max Turbo Frequency ? 4.60 GHz 

Cache ? 24 MB I ntet• Smart Cache 

Bus Speed ? 8 GT/s 
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Intel Core i7-11800H specifications 
General Info 
Name 
Core name 

Generation 
Architecture 

Release date 
Frequency 

Turbo frequency 
Cores 

Threads 

Socket 

Bus Speed 
Thermal Design Power (TDP) 

Min TDP 
Max. Temperature 

Hyper-threading 

L3 Cache 

Cache 
Instruction Set Extensions 

Word Size 
TSMC FinFET process 
(Lithography) 

Transistor count 

Intel Core i7-1 1800H 
Tiger Lake- H 

11th 
x86 

March 20, 2021 
2.3 GHz 

4.6 GHz 

8 

16 
FCBGA1440 

8 GT/ s 
40 W 

35 W 

100 °c 
Yes 
24 MB 

24 MB 
Intel SSE4. 2 
Intel AVX2 
Intel SSE4 .1 

64 bit 
14 nm 

8200 mil li on 
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+--- surface 

substrate 
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1.e3E• 1& L2•cache 
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I 
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HO .BO 100 :).50 UICI •~ 

"""""' 

an example of a depth corresponding 
to an area of the substrate where 
there are no active regions 
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SIMS depth profiles 
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..,. __ one surface of the surface layer 
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one surface of the surface layer 
..,. __ other surface of the surface layer 

...,. __ drift layer 
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...,. __ epitaxia l layer 

.,_ __ Interface from 

epitaxy to single­
crystal Si 
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0 Note: A computer restart usually recovers ti 

I Dellt:omputer1>that use Micron SSDs:- I 

• Precision Fixed Workstations 

• Precision Mobile Workstations 

• Latitude 

• OptiPlex 

• XPS Desktops 

• XPS Notebooks 

• Vostro Desktops 

• Vostro Notebooks 
• lnspiron Desktops 

• lnspiron Notebooks 
• Alienware Desktops 

• Alienware Notebooks 

Micron PCle NVMe 2200S SSD Intermittently sees Blue Screen and Hard Drive Not Detected Errors 
Several different families of Del l computer are experiencing an issue with Micron PCle NVMe 2200S SSDs. 

What is a flash solid-state drive (SSD)? 

A flash solid-state drive (SSD) is a non-volatile storage device that stores persistent data in 

flash memory. There are two types of flash memo[Y. used in SSDs -- NANO and NOR. 
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Sol id state refers to electron ic circuitry that is bu ilt enti re ly of 

sem icond uctors. The term was or ig inally used to define those 

electronics, such as a transistor rad io that used semiconductors rather 

than vacuum tubes in its construction . 

Most electron ics today are bu ilt around semiconductors and chips . A 

solid state drive uses, as its pr imary storage medium, semiconductors 

rather than the magnetic p latters of a conventional hard d rive. 
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Figure 1.1 .1: Die photograph (optical ), 16 nm MLC NANO flash memory of IMFT 
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Figure 1.1. 7: Die Thickness (S EM Cross-section), 
16 nm MLC NANO flash memory of IMFT 

..,_ __ first surface 

~--- substrate 

..,_ __ second surface 
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Figure 2.1 .4 : SRP analysis in the periphery, showing the 
peripheral N-well of 16 nm MLC NANO flash of IMFT 
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fi rst active 
region 

Figure 2.3.15: Peripheral PMOS logic transistors with Si-etch, 
16 nm MLC NANO flash memory of IMFT 
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second active 
region 

Figure 2.3.14: Peripheral NMOS logic transistors with Si-etch 
16 nm MLC NANO flash memory of IMFT 
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NMOS 
transistor 

region 

Figure 2.3.1: Peripheral logic transistor overview, (SEM cross-section), 
16 nm MLC NANO flash memory of IMFT 

PMOS 
transistors 

first active 
region 
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fi rst active 
region 

Figure 2.3.15: Peripheral PMOS logic transistors with Si-etch, 
16 nm MLC NANO flash memory of IMFT 



Case 6:22-cv-00105-ADA   Document 120-8   Filed 01/23/23   Page 126 of 371

Greenthread Ex. 2048, p. 126
Semiconductor v. Greenthread

IPR2023-01244

second active 
region 

Figure 2.3.14: Peripheral NMOS logic transistors with Si-etch 
16 nm MLC NANO flash memory of IMFT 
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Figure 2.1.4: SRP analysis in the periphery, showing the 
peripheral N-well of 16 nm MLC NANO flash of IMFT 
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Figure 2.3.1: Peripheral logic transistor overview, (SEM cross-section ), 
16 nm MLC NANO flash memory of IMFT 
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Figure 2.3.1: Peripheral logic transistor overview, (SEM cross-section) 
16 nm MLC NANO flash memory of IMFT 
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Figure 2.1.3: SRP analysis in the periphery, showing the 
peripheral P-well of 16 nm MLC NAND flash of IMFT 
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Figure 2.1.4: SRP analysis in the periphery, showing the 
peripheral N-well of 16 nm MLC NANO flash of IMFT 
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Figure 1.1.7: Die Thickness (SEM Cross-section), 
16 nm MLC NANO flash memory of IMFT 

--- surface 

,----- substrate 
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first active 
region 

Figure 2.3.1: Peripheral logic transistor overview, (SEM cross-section), 
16 nm MLC NANO flash memory of IMFT 

second active 
region 
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Figure 2.1.3: SRP analysis in the periphery, showing the 
periphera l P-well of 16 nm MLC NANO flash of IMFT 
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Figure 1.1.7: Die Thickness (SEM Cross-section), 
16 nm MLC NANO flash memory of IMFT 

...., __ surface layer 
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Figure 1.1.7: Die Th ickness (SEM Cross-section), 
16 nm MLC NAND flash memory of IMFT 

+--- surface layer 

------ substrate 
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Figure 2.3.1: Periphera l logic transistor overview, (SEM cross-section) 
16 nm MLC NANO flash memory of IMFT 
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Figure 2.1.4: SRP analysis in the periphery, showing the 
peripheral N-well of 16 nm MLC NANO flash of IMFT 
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Figure 2.1.4: SRP analysis in the periphery, showing the 
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Is th is relevant? [I] □6 9□ 

D Compare 

SanDisk - Flash memory 
ca rd - 32 GB - Class 4 -
SDHC 

****· 4.2 (28) 

$10.99 

Get it as soon as Monday, May 
2 

View Del ivery Dates for 20170 

Manufacturer Part SOSOB-032G·A46 

Dell Part A7610910 

View Details 

Is this relevant? II] □6 9□ 

D Compare 

SanDisk - Flash memory 
card - 7 6 GB - Class 4 -
SDHC 

****' 4.5 (75) 

$10.99 

Get it as soon as Monday. May 
2 

View Delivery Dates for 20170 

Manufacturer Part SDSDS.016G-A46 

Dell Part A7610909 

View Details 
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SanDisk Extreme Portable - Solid state drive -
500 GB - external (portab le) - USB 3.1 Gen 2 

Your life's an adventure. The SanDisk Extreme Portable SSD fits your mobile 

lifestyle and accelerates every move. Nearly 2x as fast as our previous 

generation! 

Estimated Value ~ 
-----------------------------

$119.99 You Save $20.00{14%) 

Get it as soon as Friday, Apr 29 

View Delivery Dates for 95050 

~ Financing As low as $20/mo.A I Apply for Credit 

{l Up to $3 back in rewards 

V Add to Cart 

Manufacturer Part SDSSDE61-500G-G25 I Dell Part AB609642 I Order Code Ab609642 I SanDisk 

0 Compare 

Tech Specs 

General 

Device Type 

Solid state drive - external (portable) 
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Is th is relevant? [I] □6 9□ 

0 Compare 

WO Blue 30 NANO 
SATA SSD 
WDS200T2B0A- Solid 
state drive - 2 TB -
internal - 2.5-inch - SATA 
6Gb/s 

Estimated Va lue ~ 
--- --- ---------- -----
$229. 99 
You Save $40.00 (15%} 

Get it as soon as Monday, May 
2 

View Delivery Dates for 20170 

Manufacturer Part WDS200T2BOA 

Dell Part A9935209 

View Details 

Is this relevant? [I] □6 9□ 

O Compare 

WO Blue 3D NANO 
SATASSD 
WOS200T2BOB - Solid 
state drive - 2 TB -
internal - M.2 2280 -
SATA 6Gb/ s 

Estimated Value ~ 
--- ----------- ---- ---
$243. 99 
You Save $20.00 {8%) 

Get it as soon as Monday, May 

2 

View Del ivery Dates for 201 70 

Manufacturer Part WDS200T2B0B 

Dell Part A9935210 

View Details 

Is this relevant? [I] □6 9□ 

O Compare 

WO Blue 30 NANO 
SATA SSD 
WDS1 OOT2BOB - Solid 
state drive - 1 TB -
internal - M.2 2280 -
SATA 6Gb/ s 

****--- 4.6 (17) 

Estimated Value s+r-9:--99 
---- --- ------- -- -- ---
$117. 99 
You Save $1200 (9%} 

Get it as soon as Monday, May 

2 

View Delivery Dates for 20170 

Manufacturer Part WDSl OOT2B0B 

Dell Part A9935211 

View Details 

I 



Case 6:22-cv-00105-ADA   Document 120-8   Filed 01/23/23   Page 172 of 371

Greenthread Ex. 2048, p. 172
Semiconductor v. Greenthread

IPR2023-01244

What is a flash solid-state drive (SSD)? 

A flash solid-state drive (SSD) is a non-volatile storage device that stores persistent data in 

flash memory. There are two types of flash memo[Y. used in SSDs -- NANO and NOR. 

Sol id state refers to electron ic circuitry that is bu ilt enti rely of 

sem iconductors . The term was orig inally used to define those 

electron ics, such as a transistor rad io that used semiconductors rather 

than vacuum tubes in its construction . 

Most electron ics today are bu ilt around semiconductors and chips. A 

sol id state drive uses, as its pr imary storage medi um, sem iconductors 

rather than the magnetic p latters of a convent ional hard drive. 
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--- - ---

-----
~ _ ~ -~ eage Buffe~~ ___ ----

1 
- _ - _ I 

WordlinH 

I 
Bltlines 

64 Gb Flath Ariay 
(Plane 0) 

11 

qa~ ... 

64 G.b Flash A,ray 
(Plane,, 

9100 µm 

Figure 11.2. 1 : Die photograph of l"oshiba/SanD1isk 16 GB NAND die 
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,..... __ first surface 

I'----- substrate 

+--- second surface 

Figure 1.2.3: Die thickness. SEM cross-sectional image 
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I 

n-Wellll Depth Profil,e 
lE-1"18 .. ..-.. 

f I ■ 
■ • ■ 

• • ■ 
lE♦17 -- .... '?_ • •P E 

~ f n-Well • ■ n 
i:.. • .a lE+li 
(II ■I = C f ilJ 
1..1 
:C 

,■I 

'9 1E+U I I . 
~ .····························••tt••·················· Gil 

~ • I . .:: .... ····1 ... 
(II 
!.,,I 

1E+14 

• p-Su bstraite, 
~ 

I 
l E•ll 

Q1 o., 1 1-5: :z :u 3 '-!I 4 

Depth ( m) - - . µ 

Figure 2_ 1 .4: Pe11iphery n-well in p-doped Si substrate, 
spreading resistance p:rofi le 



Case 6:22-cv-00105-ADA   Document 120-8   Filed 01/23/23   Page 176 of 371

Greenthread Ex. 2048, p. 176
Semiconductor v. Greenthread

IPR2023-01244

first active 
region 

Figure 2.3.5: LV log ic PMOS transistors, SEM cross-sectional image with Si etch 
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n-Well Depth Profile 
1E+l8 ...,.._ I 

I I 

.. • • • • • • 1E+l7 
•■- -~ I 

E .. ♦ p 

~ n-Well • ■ n 

C • .g l E+l6 

"' • 
I 

.. ... 
C 
(lj 

I 
V 
C 8 l E+15 -I I .. 

··················•◄ 
. ......... •••••••••• •••••••••• (lj ••• "t: 

I .. ••• 1 I .. 
"' u 

lE+l 4 
I 

I I 

p-SL bstrate 

I 1E+l3 

D 0 .5 l 1.5 2 2 .. 5 3 3.5 4 

Depth (µm) 

Figure 2.1.4: Periphery n-well in p-doped Si substrate, 
spreading resistance profi le 
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IPR2023-01244

second active 
region 

Figure 2.3.4: LV logic NMOS transistors , SEM cross-sectional image with Si etch 
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IPR2023-01244

first active 
region 

Figure 2.3.9: LV logic NMOS and PMOS transistor, SEM 
cross-sectional image with Si etch 

second active 
region 
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1E+l8 

lE+l7 -~ 
E 
u -C 
.9: 1E-H6 

l! .... 
C 
Cl) ... 
C 
Q lE+lS u ... 
Cl) 

·;:: 
L. 
RI u 

U •H4 

1E+13 

0 

• .... 
.. • ■ 

n1-Well Depth Profile 

♦ p 

■ n 

1 .-········· .. •••••••••••••••••••• .. -·······!·········· 
- ~ - - ._._· -~ - . - . - -

p-Substrate 

0.5 1 1.5 2 2.5 3 

Depth (µtn) 

Figure 2.1.4: Periiphery n-well in p-doped Si substrate, 
spreading resistance profile 

3. 5 4 
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Jlt+HI 

f 
-~ 
i: 
Q, 
·..; 
g 
c: :11!•0 

§ 
s ... 
Ill 

'i::!: ... 

" 
lf•Iil 

0 

p~Wel I Depth Pr,ofile 

• IP 

................ ······••··• •••••••••••••••••••••••••••••••• 

p.-:Substrat· 

o_,: J. L~ ~ 2:.1 3-

0~ptJh, (l,Ul'I) 

FigUlie· 2. 1_5: Periphery p-well inn-doped Si substrate. 
spreading1 resiistance profile 

•••••••• 

~-~ 4 
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n-Well Depth Profile 
1E+l8 ...,.._ I 

I I 

.. • • • • • • 1E+l7 
•■- -~ I 

E .. ♦ p 

~ n-Well • ■ n 

C • .g l E+l6 

"' • 
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.. ... 
C 
(lj 

I 
V 
C 8 l E+15 -I I .. 

··················•◄ 
. ......... •••••••••• •••••••••• (lj ••• "t: 

I .. ••• 1 I .. 
"' u 

lE+l 4 
I 

I I 

p-SL bstrate 

I 1E+l3 

D 0 .5 l 1.5 2 2 .. 5 3 3.5 4 

Depth (µm) 

Figure 2.1.4: Periphery n-well in p-doped Si substrate, 
spreading resistance profi le 
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IPR2023-01244

first active 
region 

Figure 2.3.5: LV logic PMOS transistors, SEM cross-sectional image with Si etch 
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IPR2023-01244

second active 
region 

Figure 2.3.4: LV logic NMOS transistors, SEM cross-sectional image with Si etch 
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p-Well Depth Profile 
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Figure 2.1.5: Periphery p-well in n-doped Si substrate, 
spreading resistance profi le 
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n-Well Depth Profile 
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I I 
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1E+l3 ~ __l_ - ·-
0 0 .5 1 1.5 2 2.5 3 3.5 4 

Depth (µm) 

Figure 2.1.4: Periphery n-well in p-doped Si substrate, 
spreading resistance profi le 
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first active 
region 

Figure 2.3.9: LV logic NMOS and PMOS transistor, SEM 
cross-sectional image with Si etch 

second active 
region 
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IPR2023-01244

first active 
region 

rans1stor, 
cross-sectional image with Si etch 

second active 
region 
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i 
-

P,-:Well Dep th IProfil'e 
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Figure 2 .. 1.5: Periphery p~we:11 in 111-clo;ped Si subslrate, 
sipreadin g resistaric-e pmlile 
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Figure 2.1.4: Peiliiphery n-weill in p-do;ped Si substrate, 
sprea:din g re-sistarnce profile 
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Figure 2.1.4: Peri phery n-we!I in p-doped Si substrate, 
spreading resistance profi le 
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TECHINSIGH1S 
'--.... ~.--,.-+ +--- surface 

NAND Die Edge 

"" IUD!IIil 
Su,btmt1~ · 

----- substrate 

~ 

Figure 1.2.3: Die th ickness. SEM cross-sectional image 
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IPR2023-01244

first active 
region 

Figure 2.3.9: L V logic NMOS and PMOS transistor, SEM 
cross-sectional image with Si etch 

----- second active 
region 
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..,_ __ surface layer 

NANO Die Edge 
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Figure 1.2.3: Die thickness, SEM cross-sectlonal image 



Case 6:22-cv-00105-ADA   Document 120-8   Filed 01/23/23   Page 213 of 371

Greenthread Ex. 2048, p. 213
Semiconductor v. Greenthread

IPR2023-01244

+--- surface layer 

---- substrate 

Figure 1.2.3: Die thickness. SEM cross-sectional image 
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first active 
region 

Figure 2.3.9: LV logic NMOS and PMOS transistor, SEM 
cross-sectional image with Si etch 

source/drain 

second active 
region 
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., 
Sony Develops World's First Stacked CMOS Image Sensor Technology 

with 2-Layer Transistor Pixel 

Widens Dynamic Range and Reduces Noise by 

Approximately Doubl ing·2 Saturation Signal Levei'3 

Sony Semiconductor Solutions Corporation 

Dell UltraSharp 4K Webcam 
****' 4.3 (400) 

Tech Specs 
Quick Specs 

Resolution / FPS > 4K UHD / 24, 30 

Ful l HD / 24, 30, 60 
HD / 24, 30, 60 

Sensor Brand 

Large Sony STARVIS™ CMOS 
sensor 

Megapixel 

8.3MP 

Field of View (FOV) 

65, 78, 90 degree 
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substrate 
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+--- first surface 

,._ __ second surface 
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second surface first surface 

Pixel array 
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Greenthread Ex. 2048, p. 264
Semiconductor v. Greenthread

IPR2023-01244

Micron Technology 8ATF2G64HZ-3G2E2 16GB 
Price and performance details for the Micron Technology 8ATF2G64HZ-3G2E2 16GB can be found below. This 

is made using thousands of PerformanceTest benchmark results and is updated daily. 

• The graphs shows the relative performance of the ram module compared up to 9 other common ram 

modules of same type. For DDR3 and DDR4, the values will be from systems using newer Intel CPUs where 

available. 

• If pricing history data is avai lable for the ram module, a chart with be created charting price changes. 

• The last graph shows up to the last 5 basel ines we have received for this particu lar ram module. Both Intel 

and AMD results are shown. 

" 

y 
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Greenthread Ex. 2048, p. 265
Semiconductor v. Greenthread

IPR2023-01244

MTA8ATF2G64HZ-3G2E2 
RAM Memory Module, 16 GB, PC4-3200, DDR4 SDRAM, Notebook SODIMM 

fEI Add to compare 

dW•cron 
Manufacturer: 

Manufacturer Part No: 

Newark Part No.: 

Technical Datasheet: 

MICRON 

MTA8ATF2G64HZ-3G2E2 

98AH1179 

~ MTA8ATF2G64HZ-3G2E2 
Data sheet 

See all Technical Docs 
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Greenthread Ex. 2048, p. 267
Semiconductor v. Greenthread

IPR2023-01244

ricH1NsmH1s· ,'. --, . ----·1· --=--~ __ : ----- - -;----...... 1i1 - ....-- first surface 

"t 
Die Edge Seal 

'· l!m 

145 µm 

Die Edge 

....-- substrate 

• I ' ....-- second surface 
S1,43012 , .. 

' . . 
Figure 1.2.5: Die thickness (SEM) 
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Greenthread Ex. 2048, p. 268
Semiconductor v. Greenthread

IPR2023-01244

1.E+19 

-!'II\ E l.E+18 
I N-weH u -:c 

,0 ! 1.E+17 
+;I l,i \ P-substrat@ :c • ~ 1.E+16 
0 u 
~ /'"''"••••••••••••11001w c» ·~ l.E+15 
~ 

~ 
1.E+14 

0 0.5 1 1.5 2 2.5 
Depth (µm) 

FigIure 2.1 .2: Spreading iresistan,ce pr,oifi le ,of ,a, peripher,al n-well 
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Greenthread Ex. 2048, p. 269
Semiconductor v. Greenthread

IPR2023-01244

Figure 2.1.5: DRAM array well structure (SEM) 

first act ive 
region 
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Greenthread Ex. 2048, p. 270
Semiconductor v. Greenthread

IPR2023-01244

gate of 
PMOS 
t ransistor 

first active 
region 

Figure 5.4.1: Capacitor dielectric and cell p:la.te at an 
,edge of DRAM array (SEM) 
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Greenthread Ex. 2048, p. 271
Semiconductor v. Greenthread

IPR2023-01244

1.E+19 

-!'II\ E l.E+18 
I N-weH u -:c 

,0 ! 1.E+17 
+;I l,i \ P-substrat@ :c • ~ 1.E+16 
0 u 
~ /'"''"••••••••••••11001w c» ·~ l.E+15 
~ 

~ 
1.E+14 

0 0.5 1 1.5 2 2.5 
Depth (µm) 

FigIure 2.1 .2: Spreading iresistan,ce pr,oifi le ,of ,a, peripher,al n-well 
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Greenthread Ex. 2048, p. 272
Semiconductor v. Greenthread

IPR2023-01244

Figure 2.1.5: DRAM array well structure (SEM) 

second active 
region 

first active 
region 
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Greenthread Ex. 2048, p. 273
Semiconductor v. Greenthread

IPR2023-01244

gate of 
PMOS 
transistor 

first active 
region 

Figure 5.4.1: Capacitor dielectric and cell plate at an 
edge of DRAM array (SEM) 

gate of NMOS 
transistor 

second active 
region 
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Greenthread Ex. 2048, p. 274
Semiconductor v. Greenthread

IPR2023-01244

1.E+19 

-!'ti E l.E+18 I N-w eU u -C 
0 
·.:: 1.E+17 
1! 
~ I ✓ ' ~, P-substrate C 
41 
~ 1.E+16 
0 u 
~ 

✓ ,norzHHNNIUIZ■H-U ·! 1.E+15 
i.. 

l3 
1.E+14 

0 0.5 1 1.5 2 2.5 
Depth (µm) 

Figure 2.1 .2: Spr,eading resistance profile, of a peripheral n-welll 
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Greenthread Ex. 2048, p. 275
Semiconductor v. Greenthread

IPR2023-01244

1.E+lS 

-~ 
E u 1.E+l7 -C 
0 

~ 
~ 1.E+l6 
OJ u 
C 
0 u 
4i 1.E+l5 
·.: 
"-a 

1.E+l4 

0 0.5 

P-substrate 

1 

Depth (µm) 

1.5 

Figure 2.1.1: Spreading resistance profile of a peripheral p-well 

2 
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Greenthread Ex. 2048, p. 276
Semiconductor v. Greenthread

IPR2023-01244

1.E+19 

-!'II\ E l.E+18 
I N-weH u -:c 

,0 ! 1.E+17 
+;I l,i \ P-substrat@ :c • ~ 1.E+16 
0 u 
~ /'"''"••••••••••••11001w c» ·~ l.E+15 
~ 

~ 
1.E+14 

0 0.5 1 1.5 2 2.5 
Depth (µm) 

FigIure 2.1 .2: Spreading iresistan,ce pr,oifi le ,of ,a, peripher,al n-well 



Case 6:22-cv-00105-ADA   Document 120-8   Filed 01/23/23   Page 277 of 371

Greenthread Ex. 2048, p. 277
Semiconductor v. Greenthread

IPR2023-01244

1.E+18 

~ P-well 
E 
~ 1.E+17 
C 
0 • .. 
~ 
~ 1.E+16 
a, 

P-substrate u 
C 

8 -- -t 1.E+15 
·.:::: .. .,, 
I.I 

1.E+14 

0 0.5 1 1.5 2 

Depth (µm) 

Figure 2.1.1: Spreading resistance profile of a peripheral p-well 

1.E+19 

~ E 1.E+18 
N-well 

~ 
C 

/\ .g 1.E+17 
~ .. P-substrate C 
a, 
~ 1.E+16 

8 .. 
······-···········-·· -~ 1.E+15 ........... a 

1.E+14 
0 0.5 1 1.5 2 2.5 

Depth (µm) 

Figure 2.1.2: Spreading resistance profi le of a peripheral n-well 
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Greenthread Ex. 2048, p. 278
Semiconductor v. Greenthread

IPR2023-01244

Figure 2. 1.5: DRAM array well structure (SEM) 

second active 
region 

isolation region 

first active 
region 
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Greenthread Ex. 2048, p. 279
Semiconductor v. Greenthread

IPR2023-01244

gate of 
PMOS 
t ransistor 

fi rst active 
region 

isolation region 

Figure 5.4.1: Capacitor dielectric and cell plate at an 
edge of DRAM array (SEM) 

gate of NMOS 

transistor 

second active 
region 
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Figure 2_ 11 _ 1: Spreading1 resistance profi le of a peilliipheral p-welll 
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Figure 1.2.5: Die thickness (SEM) 



C
as

e 
6:

22
-c

v-
00

10
5-

A
D

A
   

D
oc

um
en

t 1
20

-8
   

F
ile

d 
01

/2
3/

23
   

P
ag

e 
29

2 
of

 3
71

G
re

en
th

re
ad

 E
x.

 2
04

8,
 p

. 2
92

Se
m

ic
on

du
ct

or
 v

. G
re

en
th

re
ad

IP
R2

02
3-

01
24

4



C
as

e 
6:

22
-c

v-
00

10
5-

A
D

A
   

D
oc

um
en

t 1
20

-8
   

F
ile

d 
01

/2
3/

23
   

P
ag

e 
29

3 
of

 3
71

G
re

en
th

re
ad

 E
x.

 2
04

8,
 p

. 2
93

Se
m

ic
on

du
ct

or
 v

. G
re

en
th

re
ad

IP
R2

02
3-

01
24

4



C
as

e 
6:

22
-c

v-
00

10
5-

A
D

A
   

D
oc

um
en

t 1
20

-8
   

F
ile

d 
01

/2
3/

23
   

P
ag

e 
29

4 
of

 3
71

G
re

en
th

re
ad

 E
x.

 2
04

8,
 p

. 2
94

Se
m

ic
on

du
ct

or
 v

. G
re

en
th

re
ad

IP
R2

02
3-

01
24

4



C
as

e 
6:

22
-c

v-
00

10
5-

A
D

A
   

D
oc

um
en

t 1
20

-8
   

F
ile

d 
01

/2
3/

23
   

P
ag

e 
29

5 
of

 3
71

G
re

en
th

re
ad

 E
x.

 2
04

8,
 p

. 2
95

Se
m

ic
on

du
ct

or
 v

. G
re

en
th

re
ad

IP
R2

02
3-

01
24

4



C
as

e 
6:

22
-c

v-
00

10
5-

A
D

A
   

D
oc

um
en

t 1
20

-8
   

F
ile

d 
01

/2
3/

23
   

P
ag

e 
29

6 
of

 3
71

G
re

en
th

re
ad

 E
x.

 2
04

8,
 p

. 2
96

Se
m

ic
on

du
ct

or
 v

. G
re

en
th

re
ad

IP
R2

02
3-

01
24

4



C
as

e 
6:

22
-c

v-
00

10
5-

A
D

A
   

D
oc

um
en

t 1
20

-8
   

F
ile

d 
01

/2
3/

23
   

P
ag

e 
29

7 
of

 3
71

G
re

en
th

re
ad

 E
x.

 2
04

8,
 p

. 2
97

Se
m

ic
on

du
ct

or
 v

. G
re

en
th

re
ad

IP
R2

02
3-

01
24

4



Case 6:22-cv-00105-ADA   Document 120-8   Filed 01/23/23   Page 298 of 371

Greenthread Ex. 2048, p. 298
Semiconductor v. Greenthread

IPR2023-01244

Figure 2. 1.5: DRAM array well structure (SEM) 

second active 
region 

first active 
region 
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first active 
region Figure 5.4.1: Capacitor dielectric and ce ll plate at an 

edge of DRAM array (SEM) 

second active 
region 
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Figure 2_ 1 _ 1: Spreading1 resiiistance profile of a per ipher:al p-welll 
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Figure 1.2.5: Die thickness (SEM) 
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Figure 1.2.5: Die thickness (SEM) 
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Figure 2.1.2: Spreading resistance profile of a peripheral n-well 



Case 6:22-cv-00105-ADA   Document 120-8   Filed 01/23/23   Page 308 of 371

Greenthread Ex. 2048, p. 308
Semiconductor v. Greenthread

IPR2023-01244

drift layer 

1.E+19 

-M E 1.E+l8 
I N-weU u -C 

0 ·.: 1.E+17 
l! ... i;a \ " \ P•substrate C 
QI 
~ 1.E+l6 
0 u ... .. ........................ 
~ 1.E+15 ......... "" a 

1.E+14 

0 0.5 1 1.5 2 2.5 

Depth (µm) 

Figure 2.1.2: Spreading resistance profile of a peripheral n-well 
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Tech 
Insights 

Sony 
IMX516, 640 x 480 Resolution, 

techlnsights.com 

5 µm Pixel Pitch, Back-Illuminated DepthSense 
Indirect Time of Flight (i-ToF) Sensor 

Device Essentials Plus Summary 
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DEP Content 

This is a Device Essentials Plus (DEP) summary document, provided as a companioo dellverablc for a Device 
sentials Plus projed. The DEP deliverable ooilds on the coolenl generated in a Device Essentials (DEF) projecl 

The DEF deliverable includes an analysis summary document and a pixel schematic, and is supported by 
unannooitcd image folders including: 

Downstream product toardown Imagos, packogo photographs ond X~ya. dlo photograph, non-lnvastvo 
opllcnl pholos ol dlc foaturos, scanning olociron microscopy (SEM) bovol fm.ig<)$ of tho pi•ol array showing 
tho molal, transistor, and diffusion lovols, and oxplorato,y Cl'0$$1oc1lonol SEM lm"l)Os of 010 gonorol pl,ol 
array and poriphorol struoturos 

Tho purpose 01 lho DEf' ls 10 oxtond oovomgo o1 chip nnnlysis beyond lho SEM.t,osod lmoglng usod lo, DEF 
p,ojools, and lo o,pand tho analyst commonlory. A DEP coolnln• ln10rpro1od rosulls from tmnsmis8ion oloolron 
mlcrosoopy (fEM), TEM-bnsod onorgy dlspoo1lvo X-my spoctrosoopy (fEM-cDS), aocondnry Ion moss apoctrosoopy 
(SIMS) nnd scnnnlng cnpnciumco microscopy (SCM) nnnlysos (lho DEP scopo la lor{llll dovloo <lopoodont). 

• 1h15 DEP ropo,I lncludos • summary ol sallonl tooluroa 01 ltM> dovloo ond ls supporto<l with lho following Imago 
toldors: 

M Images deep lronch isolation IDTI), pre-molnl dletoclric& (PMD), microlens, end microlens coaling 

TEM-EDS spoctro ol dieloctric5, metals, microlons, and microlens oooling 

TEM-EELS 01 waler bonding la)'OOI, and S<>tecied gale dlclectrlc 

Scnnning microwave impedance microscopy (SMIM) of the tap cun-ent MslSled pholonlc demodulator (CAPO) 
and pb<ol transl$lo<s aloog the vertical pla.ne of""""' 5"Ction, and pe,vhery 

SIMS analysis of tho CMOS image sensor (ToF Dio) dio pixol arra~ and periphery 

3 ,..__,OZllll'll,,J~lhll.M!W'll--a. 
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Overview 

4 

The Sooy IMX516 is a 0.3 MP (640 x 480) back-illuminated (Bl) indirect time-of-flight(► ToF) sensor fabricated using 
Sor,y's OeplllSense 2-lap CAPO tecllnology for mobile applications [1J. 

The IMX516 is the smaRes.t i-ToF pixel size (5.0 µm) in u.se in a smarlphones; it combines i-ToF image sensor 
technology Soflkinelic (aoquired by Sony in 2015) and Sony's bock-muminaled ToF d ie lecllnology 12], The smallest 
i-ToF s,:,nsor used in the ind.usl.ry ls the Microsoft Azure Kiner;! DK at 3.5 µm 131-

ln..,, i-ToF $8nsor., distance information is calculated by measuring the pha~delay between a ,oontinuoos light 
wave striking in a f)8r$0n or an object a:nd its reHected fight 1'1-

The Sony IMX516 i-ToF sensor samples a.nalyzed were extract from Ihe camera modules or Ihe Samsung Galaxy 
Note 1 O+ and Huawei Mato 30 Pro smar,phones. 

The IMX516 dio is mounted to tho camera modulo printed wlririg board (PWB) wllh an intograt!ld molal 
stmnglhoolng plate, sido by sido wllh an infrared (IR) ill.uminator. 

,.__,.0111!!1,, T.......,._R..All,wlll_._ 
Jechht ns1g s 
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Salient Features 

PituliAnwy 

• 5 fJfl'l pixel, pitch with on-chip gaploss mlcrolons air.iy wlth slMCQn oldda (SIO) coa111t9, 

• Filler Ila)'llr in-between and over the pixel aper1ure grid/shield 

• On-chip microlons (OCI.) radius of cuNaturo is 2.8 1.1m 

,, Tho Sony Bl i,ToF dio foGturos o slnglo p,icol 2-lop CAPO, consisting of two pho10.cotoctors, olghl tro,isislors, ond 
IWO C9pi}Cllors. 

• Tho pixol 

• Thor;op.1.. _ •• ·· -·-·· ·• · -.• -.-- - ·--·-·- ·· · - -· - · 
11 CI0IOC:IOt (POD), wllh 000 rnodulotlM dotoclor (DET) ond 

tors, ond ono inlordlgllOI copocitor. 

• AU pllOO! lrnnslst<Ml'I (T1 lluoug,, TU) UllO D ,fl ,◄ nm thick nllrld 

• Tho pixol lmnsistore Ciro nonaailicideel. Tho N' sourco/droin 

• Tho photo-dotootor (c:nthod.o) Is 0,67 1Jm lhlck Nalypo, wiU1 

• Shiolded pixols (optfcal t>lmlk) ara used 111 lho four sides of tho pixol orflly In 44 rows Ill tho top, and eight ,rows al 
1110 botl0m, eig!ll Columns ot Ille loft and right !jjdes. 

9 Mt111a11•.mm..TtNIIIIIIW'lll1'11.M,._...-. 
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Sample Locations - SEM, SCM, TEM, and SIMS 

"---""'----­-lfitt- T<ll', CIS.:IWIMI llrwnnod mnJlll!I 
Locaiilon of SEM/SCMITEM and Bevel' Sections 

12 ............... _ ..... __ 

--N . ~ 
___ ....... ~ 

• l!I 

___ .., __ ,.. 
Location of SIMS Craters 
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Semiconductor size 

10nm - l'ltel Core 1/ 11800H 

X 

22nm 

'ltel Core /-4170TE 

Small semiconductors provide better performance and reduced power consumption. Chipsets with a higher number of 
transistors, semiconductor components of electronic devices, offer more computational power. A small form factor 
allows more transistors to fit on a chip, therefore increasing its performance. 

:::, 

lJ 
ti" ... 
II, 

..0 

E 
~ 

Low Ill 

11.67nm -15nm 

Mid High 

-
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i-ToF Die General Structure - Periphery 

General Structure Periphery 

19 Al ~02020, T~.-.C. All ~.-wd... 

SEM cross section image showing the general 
structure peripheral region 

• The peripheral regions used four Cu and one AJ 
metal interconnect layers. 
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i-ToF Die General Structure - Shielded Pixel to Periphery Transition 

Sh.i<>lded Pixels to Periphery Transition - Tap 

23 ,___..Om!Q.T ........ hl.llliw-._.._ 

SEM cross seclion image showing the transitioo Imm 
shiekled pixels t.o periph.e,y at the top side or t.h 
array 

Tech 
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i-ToF Die Active Si and Wells - SCM Periphery 

• P~s 31 <1nd 33 $how SCM cross section overview and delail images, and page 32 shows a SMIM-C cross seclion 
overview image io lhe petipherl'l1 r'\lgion. 

• A shallow N-wcll 0.95 1Jm thick ond II deep N-wcll 2.4 ~m thick were observed, and aro in alignmoot wilh lhc SIMS 
profile. 

• A Ul µm lll ict P-well was obServed, which is 9150 in ll l'!Jnmenl wilh th11 SIMS profile. 

• Balow tho doop N-wcll, tho P•typo edt110 Si low dopod. 

~o: SCr.t gl- 0 yollow 'llll)OIIH IOI ,...il)O 11!4t~rin., 0 pyrJ:'Oll)luo 11M1pon,o for P-fypo Ill 
nd undopod rn01ort.Jlt, h0W11110<, "-o 00IDr IMlho,,,_ mny vory llltJhlly clopolldtlg on 1h41 

30 _____ ..... __ Jech 
Insights 
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i-ToF Die Active Si and Wells ,... SCM Periphery 

hrlpt-.1 il'wWd and N.W.ils • SCiill ontvlaw· 

31 .----.iv~~.._M.,..._ 

~ I 
highly ~ 

N-L)'pr; 
dQ,p,,!g 
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i-ToF Die Active Si and Wells - SCM Perlphery 

•~riptwral P4\lall•, ar>d N!<Yi'do • :&lillil,c OvallVlaw 

32 ........... -,--..~ ....... _. 
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i-ToF Die Active Si and Wells - SCM Periphery 

\4_SPM (SQ,I_SMIMC)\Y-OII\Paiphery'D218200700_PROOUCT _FRW _ 8 Ou_51Zp_349356 png 

Peripheral P-Well, and N-Wells - SCM Detail 

33 Almnlr!nllD2020,Tedll'laqDWll:.Allngtlll---i, 

P-type 
doping 

undoped/ 
highly doped 

N-type 
doping 
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i-ToF Die Active Si and Wells - SIMS 

• SIMS analysis was performed in the CIS pixel array and periphery. 

• The sample was prepared by removing the back layers down to the back of the active Si. 

• The analysis locations are annotated on the optical image of the SIMS sample on page 12. 

• The SIMS crater for boron (B) analysis is 100 x 100 µm, and 80 x 80 µm for the remaining elements. 

• The primary ion sources include Ot, typically used for the detection of electropositive species, and Cs• 
for electronegative species. 

Note: The SIMS doping concentrations are not corrected for the corresponding areas of the pixel array features. 

38 Al~ID2020, Tl!!CM'lillght$h:. All ~II~ 
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i-ToF Die Active Si and Wells - SIMS Doping Profile 

The SIMS profile showing the doping concentration in the pixel array is displayed on page 40. . 11B (boron) doping has a peak concentration of about 2 x 1019 cm", which likely corresponds to the P-type anode 
(well terminal) upper region. 11B has a second peak of 7 x 1017 cm", which likely corresponds to the lower region 
of the anode as well as, P-well . At about 0.67 µm from the front surface, 11 B doping concentration falls below 
1 x 1015 cm->, which likely corresponds to the P-type active Si. . Phosphorus (P) has a peak doping concentration of 4 x 1019 cm" at the active Si front surface, which likely 
corresponds to the upper portion of the N-type cathode (DET) and transistor S/D regions, P doping concentration 
drops to 2 x 1015 cm" at about0.37 µm of the front surface, and then peaks again at 7 x 1016 cm", which likely 
corresponds to the lower low doped portion of the N-type cathode (DET). . Arsenic (As) has a peak doping concentration of 1 x 1017 cm"at the active Si front surface, which is likely related to 
the formation of the pixel transistor S/D regions . 

The SIMS profile showing the doping concentration in the periphery is displayed on page 41 . . 11B has a peak doping concentration of about 5 x 1019 cm" at the front surface, likely corresponding to the PMOS 
SID and P-well contacts, 11B has a second peak doping concentration of 4 x 1017 cm->, which corresponds to the . , doping of the P-well. From about 2.2 µm from the front surface to the back of the active Si, 11 B doping 

- concentration falls below 1 x 1015 cn,-3, which likely corresponds to the active Si doping ooncentration. . P has a peak doping concentralion of 1 x 1IJ20 cm->, which likely corresponds to the NMOS SID regions and 

~, N-well contacts. P has a second doping concentration peak of 8 x 1017 cm->, which corresponds to the shallow 

, ~· N-well, and another peak of 2 x 1017 cm->, corresponding to the deep N-well. At 2.9 µm from the front surface, 

~ 
P doping concentration drops below 1 >< 1015 cm-3. 

' 
' 

Tech 
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i-ToF Die Substrate and Wells - SIMS Doping Profile Periphery 

Periphery 
back surface front surface 
I E+23 _ _________________________ _J _ _ moo 

Si> 
IE..:22 ;ff'• ==========================-+---t JE .00 

16+21 ,1----------------------------~-f IE +07 

. JE -1(:l; I I E+~ J SID & ontact ---. .;__J 
rm-0.s ] 

.~ .i l E.+19 ~ 

~ 16• 18 :i---------------:--- -:-::- --::----.:~~~~~) ~ ----jul J 
I E+04 ~ 

3 

JE+o3 

I E+l7 -1------------------- - -+-- ---',,_.,.olL'.,_-+-+-+t 
JE +o2 

IE+Ol 

IE +o'.l 
HXlO 2000 3000 4000 

,p1~:lnml 

5000 6oo:J ?rm 

41 Al~I02020, Tedtl'lllghl!lnc.All~ls~ 

\5 SIMS\SIMS Malysi& Periphery Oopng Profile.png 

Periphery Doping Profi le - SIMS 
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What is a p-type Semicond uctor? 

A p-type semiconductor is an intrinsic semiconductor doped with boron (B) or indium (In). Silicon of Group IV has four valence electrons and boron of Group 

Ill has three valence electrons. If a small amount of boron is doped to a single crystal of silicon, valence electrons will be insufficient at one position to bond 

silicon and boron, resulting in holes* that lack electrons. When a voltage is appl ied in this state, the neighboring electrons move to the hole, so that the place 

where an electron is present becomes a new hole, and the holes appear to move to the "-" electrode in sequence. 

) ® 0 0 0 0 C 
Silicon (Si): 

~ 
) 0 0 C 

Four va lence 
electrons Add ing boron to 00 00 00 

pure si licon crystal 
resu lts in lack of an i) 0 0 

B I 0 0 C 
electron. And it ) 0 - 0 C 

0 becomes a hole. 

I > 00 oo I 00 
Boron (B): 0 ·"' s) Three va lence 0 i) 0 0 0 :\ 0 

C 
electrons 

,,, 
) 0 C 

0 

~ 
• This hole is the carrier of a p-type semiconductor. 
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i-Tof Die Active Si and Wells - SCM Periphery 

\4_SPM48(:M_SMIMC)\Y~~15201611_PROOUCT_FRW_ l8 Ou_512p_349356.png 

Peripheral P-Well and N-Wells - SCM Overview 

31 Almn1111'1102020, Tedll'llqll51nc. All li{,tlllfl!lll!noed. 
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i-ToF Die Active Si and Wells - SCM Periphery 

\4_SPM 4$CM_SMIMC)\Y-OM\Panphecy'I02152016t1_PROOUCT _FRW_ 18 Ou_512p_348358.png 

Peripheral P-Well and N-Wells - SCM Overview 

31 Al~02020, T~lnil:.All~ffMftl«I 
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Device Summary 

Manufacturer Sooy 

Foundry Sooy 

Put number IMX516 

Type Bl 1-ToF Imago sensor 

Actlva SI lhlcltne■■ 6.6~m 

Die awi, meHurad from lhe die edge 5,11 mm • 4,85 mm (24.8 mm' ) 

ProcHe type Bl 1-ToF lmogor 

Number of metal layera (ToF dla) 1 Al, 4 Cu, 1;1nd 1 l:>(11:k W shlold/9rid 

Number of poly layer■ (ToF dle) 1 

Conllctod loglc gate pitch (ToF dlo) 480nm 

Minimum meu,I pitch logic (ToF die) 220nm 

Minimum metal pltc.h pl.el array (ToF die) 240nm 

ll ProceH uenoraUon (ToF die) 90nm 

Features measured to deter ml no p,ocHs 
lo,gic contactod gate pitch, and minimum molal pitch 

['. 
generation 

J~e~ervecl 
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Semiconductor v. Greenthread

IPR2023-01244

• -ToF Die Minimum Metal Pitch and Contact Gate Pitch, - Periphery 

• The IOgk: cont.ieted ga1e pitci"I (CGP) is <180 nm an(I peripheral minTmurn p,1i:,1; is 220 nm. 

• Based on these metrics, the logic is manufactured using 90 nm de5'Qfl rules. 

... _ ..... ____ y_ 

4!13 ....., ___ c..Goa,..-. lllllk...--

Perlpherali MOSFET Contacted Gate Pitch 

20 M_D_T_ ... .. __ 

~-C.U....-.J--~~- ~ 

Peripheral Mlnlm11m Metal Pltdl 

Jechh s19 ts 
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IPR2023-01244

i-ToF Die Substrate and Wells -SIMS Doping Profile Periphery 

back surface 
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Greenthread Ex. 2048, p. 360
Semiconductor v. Greenthread

IPR2023-01244

Salient Features 

Pl:x'&liAnay 

• 5 µm pil(lll i,ltch with on-clllp gaploss mlcrolons ami)' wi.th slticon oxiid8 (SiO) coalin 0 

• Filler layer in-between and over the pixel aper1um grtd1shield 

• On-chip micl'Ql11ns (OCL) mdl\Js of cu1Valuro I$ 2.8 µm 

• Tho Sony Bl 1-ToF dio rootur(I$ o slnglo P••ol :Hop CAPO, consisting or two photi:Kl~octors, olght tmnsistors., ond 
two capocitors, 

• The piKol lranslstom aro non-11llicldod. . '" {" -' ... . .,.,. ... _ , ,.. ~...- - 1,J' .... . ......, ... _.,. __ ................ _ ~ _ . .....,. .... . 

• Eoch CAPO t'lomotlm'ls cllli t>l'loto dornodu1,1tlon dotootor IPDD), wilh o.no modultllJon tor (DET) ond 
intoroial1111 copocitor. 

0.13 µm !hick. 
• ih.o pl10lo-dotoclor (comocto) Is 0.67 1.1m lilJck N.typo, will1 N' o-

• Shlofded piKols (optfcaJ black) am used al Ille fem sides of thO pixel army In 44 rows at tho lop, and eklhl rows ul 
1110 bottom, eight oolumns ot lM left and rigid side~ 

9 M-•J!l!Q.T_ ...... __ 
Jech 
Insights 
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