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Add to compare 

SALE 

BRAVIA XR 65" Class A80K 4K HDR 

OLEO TV wit h 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 TV with Google TV (2022) 

Model: XR-75X90K 

55" 65" B 85" 

Est. Shipping Jan 23 

$1,499.99 ~ 

I Add to cart 

Add to compare 

SALE 

BRAVIA XR 65" Class A90J 4K HDR OLEO 

w ith 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 1V with Google 1V (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 1V with Google 1V (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 1V with Google 1V (2022) 

Model: XR-4ZA90K 

Est. Delivery Jan 24-25 

$1,149.99 ~ 

I Add to cart 
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Add to compare 

SALE 

BRAVIA XR 6S" Class X95K 4K HDR Mini 

LED 1V with Google 1V (2022) 

Model: XR-65X95K 

B 75" 85" 

Est. Shipping Jan 23 

$1,799.99 ~ 

I Add to cart 

Add to compare 

SALE 

BRAVIA XR 50" Class X90J 4K HDR Full 

Array LED with Google 1V (2021) 

Model: XR-SOX90J 

B 55" 65" 75" 

Est. Delivery Jan 24-25 

$799.99 ~ 

I Add t o cart 

Add to compare 

SALE 

55" Class X85K 4K HDR LED 1V with 

Google 1V (2022) 

Model: KD-55X85K 

43" 50" B 65" 

75" 85" 

Est. Shipping Jan 23 

$699.99 mg,gg 

I Add to cart 
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Add to compare 

SALE 

43" Class X80K 4K HDR LED TV with 

Google TV (2022) 
Model: KD-43X80K 

B 50" 55" 65" 

75" 85" 

Est. Delivery Jan 24-25 

$449.99 ~ 

I Add to cart 

Add to compare 

SALE 

32" Class W830K 720p HD LED HDR TV 

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

Est. Delivery Jan 24-25 

$349.99 ~ 

Add to cart 

Add to compare 

50" Class X80J 4K HDR LED with Google 
TV(2021) 
Model: KD-50X80J 

43" I El 55" 65" 

75" 

ttem no longer available 

$699.99 

See similar products 
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Add to compare 

85" Class X85J 4K HDR LED with Google 

TV (2021) 

Model: KD-85X85J 

43" 50" 55" 65" 

75" B 
Item no longer available 

$2,499.99 

See similar products 

Add to compare 

,, l:W:AVIA X:H 

• ..:r•.,~F~ t~~ lo1 f 

'-..--._ .. ~ I ..... 

BRAVIA XR 65" Class X95J 4K HDR Full 

Array LED with Google TV (2021) 

Model: XR-65X95J 

EJ 75" 85" 

Item no longer available 

$1,999.99 

See similar products 

Add to compare 

----- BRAVIA )!J< 

_, l ~ [ ' 

·~ 
;;.· / ~ 

BRAVIA XR 55" Class A80J 4K HDR OLED 

with Google TV (2021) 

Model: XR-55A80J 

77" 

Item no longer 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 

Item no longer available 

$2,799.99 

See similar products 

Add to compare 

l~ U\' I'\ >:I~ A l< 

•~ 1.1) 

~ I ... ~-.If' 

BRAVIA XR 75" Class Z9J 8K HDR Full 

Array LED with Google TV (2021) 

Model: XR-75Z9J 

B 85" 

Item no longer available 

$3,999.99 

See similar products 

Add to compare 

48" Class A9S 4K HDR OLED with 

Android TV (2020) 

Model: XBR-48A95 

Item no longer available 

$1,499.99 

See similar products 
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Add to compare 

BRAVlA XR 55" Class ABOO 4K HOR 

OLEO with Google TV (2021) 

Model: XR-55A80C] 

EJ 65" 77· I 

See similar products 

Add to compare 

BRAVIA XR 50" Class X900 4K HOR Full 

Array LED with Google TV (2021) 

Model: XR-S0X90CJ 

B 55" 65" 75" 

See similar products 

Add to compare 

43" Class XB0J 4K HOR LED with Google 

TV (2021) 

Model: KO-43X80CJ 

E] I 50" 11 55" 65" 

75" 

See similar products 

Add to compare 

55" Class XB0CK 4K HOR LED TV with 

Google TV (2022) 

Model: KO-55X80C K 

EJ 65" 75" 85" 

See sim ilar products 

Add to compare 

85" Class X91O 4K HOR Full Array LED 
with Google TV (2021) 

Model: KD-85X91 CJ 

See similar products 

Add to compare 

BRAVIA XR 55" Class AB0CK 4K HOR 

OLEO TV w ith Google TV (2022) 

Model: XR-55A80CK 

EJ 65" 7T' 

See similar products 
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Add to compare 

BRAVIA XR 75" Class X90CK 4K HOR Full 

Array LED TV with Google 1V (2022) 
Model: XR-75X90CK 

55" 65" 0 85" 

See similar products 

Add to compare 

SALE 

BRAVIA XIR 100" Class X92 4K HOR Full 

Array LED with Google 1V (2021) 
Model:XR-100X92 

B 
$11,999.99 ~ 

See similar products 
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Xperia 5 N - SG1, 8GB RAM, 128GB 

Smartphone, 6.1" FHO 120Hz HOR OLEO 

Display', 4K HOR 120fps video 

recording" on all rear cameras 
Model: Xperla S IV 

(j]■ 
Blade 

f5t. Dri'fflyJan 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: Xperia PRO-I 

Est. ~ivery Jan 24-25 

$1,099.99 ~ 

Add to cart 

SALE 

Xperia 1 IV 512GB, bright 6.S" 4K 120Hz 

HDR OLEO, 4K 120fps HDR video, true 
optical zoom, 5G 

Mod~I: Xp~ria 1 IV 

■(j] 
Black 
Est. Oe:li~ Jan 24-25 

$1,399.99 ~ 

I Add to cart 

SALE 

Xperla 5 111128GB, 6.1" 120Hz HOR 

OlfO, four optical focal lengths triple 

camera array, SG 
Modl!I; Xpl!rla 5 

(j]■ 
Black 
Est. DeliYefy Jan 24-25 

$699.99 mo.w 

Add to can 
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SALE 

Xperia PRO 512GB, HDMI input, 360° 

antenna, 6.5" 4K 120Hz HDR OLEO, SG 

Model: Xperia PRO 

Est. Delivery Jan 24-25 

$1,999.99 ~ 

Add to cart 

SALE 

Xperia 1111256GB, 6.5" 4K 120Hz HDR 

OLEO, four optical focal lengths, Real­

time Eye AF, 5G 
Model: Xperia 1 111 

Violet 

$799.99 ~ 

See similar products 
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Add to compare 

UnkBuds 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-lOOOXMS Wireless Industry Leading 

Noise Canceling Headphones 

Model: WH-1000XM5 

[i] 
Black 

Out Of Stock 

$399.99 

Email me when available 

Add to compare 

LinkBuds Truly Wireless Earbuds 

Model: linkBuds 

□• 
White 

Est_ 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 with 

Microphone 

Model: WH-XB910N 

[i] 
Black 
Est. Delivery Feb 3-6 

$249.99 

Add to cart 
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Add to compare 

WF-CS00 Truly Wireless In-ear 

Headphones 
Model: WF-CSOO 

(i1 
Black 

Est. Delivery Jan 24-25 

$99.99 

Add to cart 

Add to compare 

SALE 

MDR-1AM2 Premium Hi-Res 

Headphones 
Model: MDR-1AM2 

[jJ 
Black 

Out Of Stock 

$249.99 ~ 

Ema ii me when available 

Add to compare 

WH-CH710N Wireless Noise Canceling 

Headphones with Microphone 
Model: WH-CH710N 

(i1 
Black 

Est. Delivery Jan 26-27 

$149.99 

Add to cart 

Add to compare 

WH-CH510 Wireless Headphones with 

Microphone 
Model: WH-CH510 

(il■ 
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 

(i1 
Black 
Est. Delivery Jan 24-25 

$1,799.99 ~ 

Add to cart 

Add to compare 

MDR-ZX310AP Wired On-ear Folding 

Headphones 
Model : MDR-ZX31 OAP 

(il■ ■ L 
Black 

Est. Delivery Jan 24-25 

$39.99 

Add to cart 
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Add to compare 

I 
M0R-ZX110AP Wired On-far 

Headphones with Microphone 
Model: MDR-ZX11 OAP 

(i) 
Black 

Est. Delivery Jan 24-25 

$29.99 

Add to cart 

C10 Self-Fitting OTC Hearing Aids 

Model: CRE-C10 

Est. De4ivery 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. Delivery Jan 24-25 

$299.99 

Add to cart 

E10 Seit-Fitting OTC Hearing Aids 

Model: CRE-£10 

Est. Delivery Jan 24-25 

$1,299.99 

I Add to cart 

Add to compare 

M0R-£X1SLP Wired In-ear Headphones 

Model: MDR-EX1 SLP 

(i)■ 
Black 

Est. Delivery 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 

AXSJ 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 

BUN DLE SAVINGS 

Alpha 7R V Full-frame Mirrorless 

Interchangeable Lens Camera 
Model: ILCE-7RMS 

Est. Delivery Jan 24-25 

$3,899.99 

Add to cart 

Add to compare 

AX100 4K Expert Handycam" 

Model: FDR-AX100 

Item no longer available 

$1,499.99 

See similar products 

Add to compare 

BUNDLE SAVINGS 

Alpha 7 IV - Full-frame Interchangeable 

Lens Camera 33MP, lOFPS, 4K/60p 
Model: ILCE-7M4 

Body Only 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 Jan 24-25 

$949.99 

Add to cart 

Add to compare 

Alpha 7 Ill - Full-frame Interchangeable 

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

BodyOnly I 
Body + 28-70m m Zoom Lens 

Est. Delivery Jan 24-25 

$1,999.99 

Add to cart 
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Add to compare 

SALE 

Alpha 711 - Full-f rame Interchangeable 

Lens Camera 24.2MP, 5FPS, Full HD 

1080p 
Model: ILCE-7M2 

Body Only I 
Body+ 28-70mm Power Zoom 

Lens 

Est. Delivery Jan 24-25 

$899.99 ~ 

Add to cart 

Add to compare 

Alpha 7C - Full-frame Interchangeable 

Lens Camera 24.2MP, 10FPS, 4K/30p, 

Compact 
Model : ILCE-7C 

Silver 

Body+ 28-60mm Zoom Lens 

Est. Delivery Jan 24-25 

$1,799.99 

Add to cart 

Add to compare 

Alpha 7R Ill - Full-frame 

Interchangeable Lens Camera 42.4MP, 

10FPS, 4K/30p 
Model: ILCE-7RM3A 

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 

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 

Body Only 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-BSmm Zoom lens 

Out Of Stock 

$1,399.99 

Email me when available 
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Add t o compare 

Alpha 6400 • APS-C Interchangeable 

Lens Camera & Lens Kit 24.2MP, 11FPS, 

4K/30p 

Model: ILCE-<i400L 

Body+ 16-50mm Power Zoom 

Lens 

Body+ 18-135mm Power Zoom 

Lens 

Body Only 

Out Of Stock 

$999.99 

I 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 

Lens 

Body + Zoom Lenses (16-50 mm 

& 55-210mm) 

Body only 

Out Of Stock 

$849.99 

I Email me when available 

Add to compare 

Alpha 6000 - APS-C Interchangeable 

Lens Camera 24.3MP, 11FPS, Full HD 

1080p 

Model: ILCE-6000 

[j] 
Black 

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

& 55-210 mm) 

Body + 16-50 mm Zoom Lens 

Out Of Stock 

$549.99 

I Email me when available 
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BUNDLE SAVINGS 

Alpha 7S Ill - Full-frame 

Interchangeable Lens Camera 12.lMP, 

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 911 - 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 42.4 MP, 

1 0FPS, 4K/30p 
Model: ILCE-7RM3 

Item no longer available 

$2,499.99 

See similar p roducts 

Add to compare 

BUNDLE SAVINGS 

Alpha 1 - Full-frame Interchangeable 

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

/8K/30p 
Model: ILCE-1 

Est_ Oellvery Jan 24-25 

$6,499.99 

I Add to cart 

Add to compare 

Alpha 7R 11 - Full-frame Interchangeable 

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

ttem no longer available 

$1,799.99 

See 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 tonger available 

$3,999.99 

See similar products 

Add t o 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 w ith 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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D Compare 

Western Digital 

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

****, 4.4 (22) 

Estimated Value ~ 

$74:99 .Yo~ Save $5.CJO (6'1,) 

( Temporarily Out of Stock ) 

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

{:/ Get up t o $2 bock in rewards 

D Compare 

SanDisk 

SanDisk SSO PLUS Solid state drive 120 
GB - internal - 2.5-inch -SATA 6Gb/s 

$91.99 

Get it as soon as Monday, May 9 
View Oelivety Oates for 95050 

~ Df!II Business Credit 

.A.s low as $15/mo.• I Apply for credit 

{:/ Get up to S2 bad in rewards 

Add to Cart 

View Details 

D Compare 

I ------;;;,a 
Western Digital 

WO Blue 30 NANO SATA SSO 
WOS1 OOT2BOB - Solid state drive 1 TB -
internal - M.2 2280 - SATA 6Gb/ s 

****ii 4.6 (17) 

Estimat ed Value~ 

$117. 99 · ; ~ save $12.00 {9'1.) 

Get it as soon as Wednesday, May 4 

View De~very Dates for 95050 

G:I Dell Business Credit 
As k>w as $15/mo." I A?ply for credit 

{:/ Get up to $3 back in rewa1ds 

Add to Cart 

View Details 

D Compare 

Western Digital 

WO Blue 30 NANO SATA SSD 
WOS400T2B0A - Solid state drive 4 TB -
internal - 2.5-lnch - SATA 6Gb/s 

Estimated Valoe $e97,99 

$449.99 'f~save $148.00{2 5'1.) 

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

~ Dell Business Credit 

.A.slowasS15/mo.• ] .A.pplyforeredit 

{:/ Get up t o S13 back in rewards 

Add to Cart 

Vlew Oetalls 

D Compare 

Western Digital 

WD Blue 30 NANO SATASSO 
WOS200T2BOB - Solid state drive 2 TB -
internal - M.2 2280 - SATA 6Gb/s 

Estimated Value ~ 

$243.99 ~~~ save $20.00 (8'1.) 

Get it as soon as Wednesday, May 4 

View Delivery Dal es for 95050 

~ Dell Business Credit 
As low as $15/mo.• 1 Apply for credit 

{:/ Get up to $7 back in rewards 

Add to Cart 

View Details 

D Compare 

-
Western Oigital 

WO Black SN850 NVMe SSD 
WDS500G1XOE - Solid state drive - 500 GB 
- internal · M.2 2280 PCI Express 4.0 x4 
(NVMe) 

Estimated Value~ 

$12.i.°99-~ou save $15.00 (11'1.) 

Get it as sooo as Wednesday, May 4 
View Delivery Dates for 95050 

l;::I Dell Business Credit 

As low as Sl 5/mo.• I .A.pp!y for eredil 

{:/ Get up to$3bac:k in rewards 

Add to Cart 

Vlew Oetalls 

D Compare 

Western Digital 

WO Blue 3D NANO SATA SSD 
WDS200T2BOA - Solid state drive 2 TB -
int ernal - 2.5-inch - SATA 6Gb/s 

Est imated Value ~ 

$229. 99 ;~~ save $40.00 (15'1.) 

Get it as soon as Wednesday, May 4 

View Delivery Dales for 95050 

G:I Dell Business Credil 
As low as $15/mo." I Apply for credit 

{:/ Get up to $6 back in rewards 

Add to Cart 

VlewOeta1ls 

D Compare 

sanOisk 

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

Est imated Value~ 

Slici.°99 Y~~sa~e $20.00(14'1.) 

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

~ Dell Business Credit 

.A.s low as S15/ mo.• I .A.pplyforeredit 

{:/ Get up to $3 back in rewards 

Add to Cart 

View Details 

I 
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D Compare 

-
Western Digital 

WO Black SN850 NVMe SSO 
WOS1 OOT1 XOE - Solid state drive 1 TB -
internal - M.2 2280 - PCl Express 4.0 x4 
(NVMe) 

Estimated Value ~ 

$227.99 ~~Save Sl0.00 

Get it as soori as Wednesday, May -4 

View ~ivery Dates for 95050 

~ Dell Business Credit 

As low as $15/mo.• IApply for credit 

{} Get up to $6 back In rewards 

Add to Cart 

View Details 

□ -

Wffll«I\~ 

WO R,d SA500 NAS SATA SSO 
WOS400T1ROA -Solid st:a:e dll'lt -4 T8 -
mle!NI tSindl SATA6Gbis 

ESUINl.ldVM"81-i'J 

$5-49,99 'fcvSMSl 3I011{2ft) 

(l~Out°'Stoct: ) 

C,DtlbneuO-«lil 

"-'••S11 - ·l -'"'°"MOI! 

f/GetUfll6$16bld. -,,w,ardt 

D Compare 

Western Digital 

WO Red SA500 NAS SATA SSO 
WOS20DT1 ROA - Solid state drive 2 TB -
internal - 2.5-inch - SATA 6Gb/s 

Estimated Value~ 

$2.49.99 Y~~Save S107.00(3(rA.) 

( Temporarily Out of Stock) 

~ Dell Busiriess Credit 
As low as $15/mo.• IApplyfOfcredit 

{} Get up to!;/ back in rewards 

View Details 

□ -

--WO Rod SASOO NASSATA SSO 
V.OS11IOT1ROA Soilchtatt dn,t 1 TB 
"1t•ntl 25 ,ndl SATA 6Gbis 

EsllfNCildVM~ 

$129.99 YooS,,,Sffm(V>J 

~h•1-oonnMoncl1J, Jun 13 

V80tl-•<"'YDalalor9S050 

C, Oil lu-.ssCrtdil 
A.lnw-HS1 ~J,v-.yh1fgp!lt 

C/G«....,toSlbdlelin•~ 

AddlOCll'I 

D Compare 

Western Digital 

WO Red SA500 NAS SATA SSD 
WOS100T1ROB - Solid state drive 1 TB ­
internal - M.2 2280 - SATA 6Gb/s 

Est imatedValueW&99 

$119.99 Y~ Save S56.00(3n) 

( Temporarity Out of Stock ) 

~ Dell Business Credit 

As low as $15/mo.• 1 Apply for credit 

{} Get up to $3 back in rewa,ds 

VlewDeUJ1ls 

....... 
SanDisk Ultra • use flash drive 32 Ce 
USBJO 

$1 2.99 

~ n as aoon .. Wednudaf, ...., " 
.,,,._ Drt{r,ery D.tln lot 95050 

D Compare 

Western Digital 

WO Red SA500 NAS SATASSO 
WOSSOOG 1 RDA - Solid state drive 500 GB 
- internal - 2.5-inch - SATA 6Gb/ s 

Estimated Value $93.,99 

$79. 99 You Save Sl-4.00 (15') 

( Temporarily Out of Stock) 

~ Del Business Credit 

As low as $15/mo.• IApply for credit 

'{J Get up to $2 back in rewards 

View Details 

....... 
SanDisk Cru:r:er Glide - USB naish dnve 
128GB USB2D - blacl<,red 

* ***"" 46(10) 

$37.99 

Gt1 h n IOOtl as Wednesday, May 4-

VlNf 0.·-Y 0.n fot 95(/SO 

C:, Ddl Buslntts Cft<il 
.U low a5 $1 ~mtl .. IApplJ to, d'edll 

Q Getupto$1 l»dt .. rtwtrfl 

Add to Can 

I 
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-SanOi.u Cruze, Glide US8 flllsh drf'if' 6,4 

GB US820 

••••• 47(22) 

$12.99 

GIi . .. IOOn .. w.dnndfly. Ma, .. 
y .. o....,,.o.t, ..,.so,a 

c -

Saruisk 

~t~ 64 
GDS'W',TCH ~I 

-5.¥\0isk Extreme - Flash memory card -64 GB 
- n-.cfoSOXC • black. for Nintendo sw,tch 

$29.99 

Get i'IHIIOOflllS~Mly◄ 

View DIIM!ry Dale& for 9505G 

~OeB&.ninessCredit 

M bwN$15/mo." l"'1fl'tforaedil 

0 eon_. 

:~ 

-SanOilk Ultra use fluh drive 64 CB 
US8 3 0 oleo!< blacl 

$13.99 

G.- ltnSOOlta~wa,• 
V..•Dtl,..,.,Pt•r I flOtO 

-SanOisk Cruzer Fit - USB flash dnve - 32 GB -
use 2.0 

S1D.99 

( T~Oul:alSlcd) 

-SanD&Sk Ctute, F•I use fl.uh drivf, 16 
GB USB2.0 

$19.99 

GollillNIOOII H ~lbJ'4 

YMOII .ry~ to,95QIICI 

=w o.19ueetlftter.dil. 
A.:lli••S15. · I-"" ,.,Ct9dlt 

...,,.,,0(¥1 

San)isk 

A ,2a 
fle,.,·,;.c" ~. 

-SanOisk Flash memory card - 128 GB· 
ffllCfoSDXC UHS-1 • for Nintendo SWttch 

$45.99 

Gelilassoonas~.May4 
Yitw~O..for95050 

,=i DellBusioessCred:t 
/ulown$15'rrc."1Apptytorcrdl 

f;/ Get14110$l bedl in,ewat0t 

-~ Ount Gladt -US8 n.thchft· J2 G8 
US820 

$10.99 

0 Compare 

,."" .. 
SanDisk Ultra USB flash drive · 32 GB ­
USB J.o 

$12.99 

Get it •s soon as Wfltnesday, May 4 
v- Dlfl't«)' Datts for 95050 

Vlewo.t■b 
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□ eon,,,,, 

• . 

........ 
SanDisk Ultra - flash memory card 64 GB 

$14.99 

Get it as soon as wednescta¥. - 4 
View DeiYl!fy Dates for9S050 

AdCl•ocart 

□ eon,,,,, 

........ 
SanDisk Ultra Dual Drive Luxe · USB flash 
drive· 32 GB· USS 3.1 Gen l / US&C 

$13.99 

Get itassoonas~.-• 

Vll'W DeiYery Dat1!5 lor 95050 

Add 10 Can 

Vtevro.tails 

□ eon,,,,, 

• . 
. 

""""' 
SanDisk Extreme - Flash memory card· 128 
GB · miaoSOXC · black· fOf Nintendo SWitch 

$29.99 

Get it as soon as Yfemesday, May 4 

View08',wy Datl§for9S050 

~Deff&JsineossOl'Ot 
AslowasS15/mo.AIApptyforaedt 

Ao::1tocar1 

□ eon,,,,, 

,...,.. 
SanDisk Ultra Dual Drive Go· US8 flash drive-
256 GB · USB 31 Gen l /USS--C 

$59.99 

Get it as soon as Wechnday. May 4 
v-DelM!ry Dates for95050 

~ D@IBusinessCrtldit 

AslowasS15/mo.• IApptyloraedt 

9 Get l4> to $1 bade wi rewards 

V-Dl!lmls 

□ eon,,,,, 

• -SanDisk Extreme - Flash memory card 
(miCfoSOXC to SO adapter included)· 64 GB ­
A2 / Vtdeo Class V30 / UHS-I l.13/ ClasslO · 
microSDXC UHS-1 

$19.99 

Get it as soon as weclnesday . ..,. 4 

View OeNYsy Dates tor 95050 

~ Dell&JsinessCJedt 
Aslowas$15/mo.• I A'1fk',fotcr@lit 

Add IC Cari 

\/iewo.tails 

□ eon,,,,, 

,...,.. 
SanDisk Extreme Portable - SoM state drive -
2 TB - external (portable) -use 3.1 Gen 2 

$319.99 

(T~ty OutolStodi: ) 

~ 1)(,11 Bus.-.ess Cre<it 

.4.slowas$15/mo.• I AW!Yfotcred1 

9 Gel: up to $9 bade in rewards 

VlewDetalls 

SanJisk 
MAX ENDURANCE 

64;!~ 

""""' 
SanDisk Max Endurance - Flash memory card 
(microSDXC to SO adapter included) · 64 GB · 
Video aass V30 

$29.99 

Get ii: as soon as wemesday. May 4 

1/iewD!flwoJyDates for 95050 

~ DellBusinessCJedit 
~lowasS15/TnO." IAWfYloraedit 

Addtocan 

□ eon,,,,, 

-SanDisk Ultra Dual Dtive Go - use flash drive -
64 GB - USB3.1 Genl /USB-C 

$15.99 

Getitassoonas wemesday.May4 

ViewDrllwryDates for 95050 

~ Delll!Usine-ssCJedit 

As low asS15/mo 4 1Apptylor al!a'I 
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D ""'-

""'" 
SanDisk Ultra Dual Drive Go- USB flash drive -
128GB-USB 3.1 Gen 1 / USB-C 

$22.99 

Getit00$0(lfla!J ~ • ...,. 

v-l>eliweyDeteslor95050 

~~Bosnes.sCrecit 
M-lowasS15.'mo.• I AW'f fora@dit 

Adi:l to Can 

D """-' 

""°'" 
SanDisk Ultra Luxe - USS flash drive - 128 GB -
USB3.1 

$17.99 

C, DellBusinessCredit 
As Iowas S151mo • j Applyfor a-edit 

D """-' 

-SanDisk Cruzer Fit - USB flash drive - 32 GB -
USB2.0 

$10.99 

( Tempanrity Ola of swt) 

D """-' 

• . 

-SanDisk Ultra - flash memory card - 64 GB 

$14.99 

Get it assoonasW~. May4 
ViewDatfflyOatesf«9SOSO 

D """-' 

-SanDisk Cruzer Fit USB flash drive - 64 GB-
uss 2.0 

$10.99 

Getit3S$00f1H ~ . ...,4 

VMIWDetiwryDateslor95050 

Add to Can 

D """-' 

""""' 
SanDisk Ultra Dual Drive Luxe - use flash 
drive - 32 GB - use 3.1 Gen 1 / uss-c 

$ 13.99 

lfflledS'lodr. 

Getitassoonas ~ .May4 
V- Deliwfy Dales for 95050 

-

San)isk 

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

SanDisk - Flash memory card - 128 GB -
rntctoSOXC UHS-I- for Nintendo SW1tch 

$05.99 

Get it 21$$00f18S ~ . May4 

View Deiwry Oates f« 95050 

~DellBusinessCredit 
AslowasS15/rno.• JAR>fYforcredil: 

9 Get t4l 10 $1 bade III rewards 

D """-' 

• 
""'"' 
SanDisk Ultra - flash memory card - 32 GB 

$10.99 

Getitassoonas ~ _u.y- 4 
VlfM Dlwefy Oates fry 95050 
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D eomp., 

Saruisk 
MAX ENDURANCE 

128!~ 

""'"' 
SanDisk Max Endurance - Rash memory card 
(mictoSOXC to SD adapter indoded) - 128 GB 
- Video Class V30 

$59.99 

Gel it as soon as Monday. May 23 
Vll"III Delvery Dates fa 95050 

~ Dell Bumess Credit 

AstowasS15/mo."IAW, fo,aeot 

9 Get 141 to $1 back in rewards 

Add to Can 

V,ewDetails 

D eomp., 

....,,. 
SanDisk Ultra Luxe - USB flash drive - 16 GB -
USS 3.1 Gen 1 

$10.99 

Gel itassoonas ~ . -• 

v-DewNy Dates fo, 95050 

Addto Can 

eomp., 

Saruisk 
MAX ENDURANCE 

32 ~1" 
v,o@ 

"""" 
SanDisk Max Endurance - Rash memory card 
(microSDHC to SD adapter included)-32 GB­
Video ctass V30 

$18.99 

Get ii as soon as Wechnday. May 4 

View DelfYl'r)' Dates fa 95050 

~DelBusioessc«!dit 
As Iowas S15/rno.• j Applyloraedt 

D eomp., 

""'" 
SanDisk Ultra - USS flash dnve - 64 GB - USB 
3.0 - steek black 

$26.99 

LimitedSloct:: 

Gel ii as soon 11s wmw.say_ May 4 

v-Delrmy Dates for9SOSO 

C'.IDell BusinessCredit 
Aslowas$1Slrno.•1AiVtt«credt 

D eomp., 

"""" 
SanDisk Utra Dual Drive Luxe - US8 flash 
drive- 64 GB - USS 3.1 Gen 1 / USB-C 

$16.99 

Gel it as soon as wednesday. May 4 

Vilf'!w Deff\wy Dates for 95050 

~ Dell Bumess Cre<it 
AslowasS15/rno.• I Applyfotcredit 

Add to Can 

\lltw0e1-ls 

D eomp., 

""""" 
SanDisk Uhra - USB flash drive - 128 GB - US8 
3.0 - sleek black 

$44.99 

Getit assoonas ~ . ...,.4 

v-De4i-,wy Dates for 95050 

C, Dell &Jsiness Cre<it 
'4.slowas$15Jmo•I AWl)'fo,credit 

9 Get up 10 $1 back " m¥3Jds 

AddlO Can 

~"""""' 

"""" 
SanDisk Ultra Dual Drive luxe-USB flash 
drive - 1 TB USB 3.1 Gen 1 / USB-C 

$149.99 

( T~OulolSloct::) 

~Dell l!UsinessCredit 

AslowasS15/rno.• l .11pp1yla-cred'I. 

9 Gel l4)10$4backnr-.ds 

D eomp., 

I 
""'"' 
SMDisk uttra Rt - USB flash drive - 512 GB -
USB 3.1 Gen 1 

$109.99 

Get it assoonas ~ _May4 

V-Dewery0atesfor950SO 

~ Del! Business Creot 
Aslowas$1S/mo.AIAW'/10fae<il 

fl Get 1,1)10 SJ back in ,ewsos 



Case 6:22-cv-00105-ADA   Document 120-8   Filed 01/23/23   Page 37 of 371

Greenthread Ex 2021, p.37 of 371 
Cirrus Logic, et. al. v. Greenthread 

Greenthread Ex. 2021, p. 37 of 371 
Texas Instruments v. Greenthread 

D """-' 

""""' 
SanDisk Ultra Luxe - USS flash drive - 32 GB -
US83.1 

$10.99 

Get it as soon as Wednesdaiy . ..., -t 

Vlewl>etwry0atesfor9SOSO 

Add to cart 

D """-' 

""""' 
SanDisk Ultra• USB flash drive• 128 GB• use 
3.0 

$23.99 

Get it as soon as Wednesday . ..., 4 
ViewDeWYefyOates for950SO 

~ DellBusinessOedn 

As Iowas $15/mo." !Applyforcredt 

Add ta Can 

D """-' 

-SanDisk - Flash memory card - 128 GB -
microS0XC UHs-1 • for Nintendo Switch 

$45.99 

Getitassoonas ~ . May4 
View~Oatesfor9S050 

C'.I Del1&JsinessCroclit 
Aslow as S15/mo." IIW'ffotcteelt 

(/ Ge!""to$1 badi: Wl tewtlfds 

□ """-· 

""""' 
SanDisk Ultra Luxe· US8 flash drive 128 GB· 
USB3.1 

$17.99 

( Teqxnrily Out of Sloct) 

~ Dell llusft'ss()edt 

As low as $15/rro." l Aw!Y for Cledt 

D """-' 

-SanDisk Ultra Luxe - USS flash drive 128 GB -
USB3.1 

$17.99 

( T~Oul:olSlod: ) 

r=, DeflBusinessCredt 
As lowasS15/mo.' I AfifJttfotaedit 

D """-' 

• . -SanDisk t.Atra • flash memory card· 64 GB 

$14.99 

Get it as soon as Wednesday . ..., -4 
VlllWDelivery Dates for 95050 

Add to Cart 

• 
"'"""" 
SanDisk Ultra - flash memory card 64 GB 

$14.99 

Getitassoonas ~ .-• 
VieW DeiwfyOates !or 95050 

Add tocart 

D """-' 

• . 

""""' 
SanDisk Extreme· Flash memory card • 128 
GB. mtefoSOXC. black. for Nintendo Switch 

$29.99 

Gel it as soon as ~ May 4 
View[)riwryOates lor9SOSO 

r=, Dell llusinessCredit 
Aslowas$15/mo:• IApptyforcreot 

Add IO Can 
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D """""' 

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

$69.99 

Getitassoonas~ . ..lm l 
v-Oelrffly Dates for 95050 

~ Det9.JmessC.edlt 
1'£10was $15/mo.• I A.pplyforaedi1 

9 Gel:LC1lo$2bac:k inrew.irds 

Ao:l !oCM 

-SanOr.ik Utt• Dual C>nv. Go · US8 n.st, dnvt: 
32 oa use 3 , Gen , , use< 

$12.99 
._._._ 

G«••-=-•-----.-tt 
v-o-.-,c..tor 

...., .. 
SanDisk iXpand Luxe- use flash drive- 64 GB 
- USB-C / Lightning 

$58.99 

Getitassoonas~_...,,. 
ViewOetlffly Oatesfo.-95050 

~ Oell!Usiness Credit 
AslowasS15/mo.AIAWfforafi11 

{! Get1.4>t0Slbact in rewtlrds 

I 
Sanlldl,eruz.,--use_,...,.. , 21 
08 · US820 

$19.99 

Gtt•MIOCIIN........,...,4 
.,_......,.ca.; .. 

C,011.,....CMdl 
...... ,, .... . ,AIJll/tf ..... 

~IOClr'I' 

D """""' 

Saruisk 
HIGH ENDURANCE 

32 ~,llJ 
'1'3o@ 

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

$13.99 

Get it as soon as Wednndliy . ..., 4 

v-DelrfflYOates for 95050 

Add to Cart 

lliewo.tails 

□ -

,_,. 
SanDisk Cruz• Gide use na111 drive 
12IG8 US820 bld., rH 

...... '6(10) 

$37.99 

Get il •ao(WI-~...,., 

v-o.--,o--,..• 

~o.l ...... 1CNOil 

•• """''' -.o·l,._,tor.,.. 
(/ Getuc,loS1 l:lecll '",_IMI 

M'l!o\.M1 

I 

""""' 
SanDisk Ultra Dual Drive Go- USB flash drive-
l ZS GB - USB 3. 1 Gen 1 / US8-C 

$22.99 

Get it assoonas~...,• 
View0eliwfy0ates f0f 95050 

~ DellBusinessCredit 

~lowas S15/ma ... l AW'floraedi1 
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il / Computers & Electronics/ PC & Electronics Deals/ Webcam Deals/ Dell UltraSharp 4K Webcam 

< > 

Intel® Core"' ProcessOl's 

Compare 

Dell UltraSharp 4K Webcam 
****' 4.3 (405) 

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

Starting at $199. 99 
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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. • [ Apply for As low as $60/mo. • [ Apply for As low as $81 /mo.• [ Apply for 
Credit Credit Credit 

(J Up to $65 back in rewards (J Up to $59 back in rewards (J Up to $80 back in rewards 

View Details View Details View Details 

1' 
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' ALIENWARE M15 R6 GAMING 
LAPTOP 

~ 11th Generation Intel® Core™ i7 11800H (8-Core, 24MB L3 
'l,;.,F Cache, up to 4.6GHz with Turbo Boost) 

(j) Windows 11 Home, Single Language English 

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 specificat ions 

Product Collection 11th Generat ion Intel" Core~ i7 Processors 

Code Name Products formerly Tiger Lake 

Vertical Segment Mobile 

Processor Number ? i7-11800H 

Status Launched 

Launch Date ? Q2'21 

Lithography ? 10 nm SuperFin 

Recommended Customer Price ? $395.00 

SANTA CLARA, Calif., Sept. 2, 2020 - Intel today unleashed a 
new era of laptop performance with the launch of its next­
generation mobile PC processors and the evolution of its broad 
ecosystem partnerships that are propelling the mobile PC 
industry 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 with unmatched 
capabilit ies for real-world product ivity, collaboration, creation, 
gaming and entertainment across Windows and ChromeOS­
based laptops. 

Leveraging Intel's new SuperFin process technology, 11th Gen 
Intel Core processors optimize power efficiency with leading 
performance and responsiveness while running at significantly 
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, MS/, Razer, Samsung and others. 



Case 6:22-cv-00105-ADA   Document 120-8   Filed 01/23/23   Page 50 of 371

Greenthread Ex 2021, p.50 of 371 
Cirrus Logic, et. al. v. Greenthread 

Greenthread Ex. 2021, p. 50 of 371 
Texas Instruments v. Greenthread 

Semiconductor size 

10nm - Intel Core i 7 11 aOOf-t 

X 

22nm 

lr1tel ( ore il 4l70TE 

Small semiconductors provide better performance and reduced power consumption. Chipsets wit h 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. 

::i 

tJ 
15-... 
l: 
E 
~ 

Low 1111 fligh 

-11.67nm -15nm 



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 
51

 o
f 3

71

G
re

en
th

re
ad

 E
x 

20
21

, p
.5

1 
of

 3
71

 
C

irr
us

 L
og

ic
, e

t. 
al

. v
. G

re
en

th
re

ad
 

G
re

en
th

re
ad

 E
x.

 2
02

1,
 p

. 5
1 

of
 3

71
 

Te
xa

s 
In

st
ru

m
en

ts
 v

. G
re

en
th

re
ad

 

..r:. 
0 
0 
00 
.-l 
M 

I 

~ 

~ 
8 



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 
52

 o
f 3

71

G
re

en
th

re
ad

 E
x 

20
21

, p
.5

2 
of

 3
71

 
C

irr
us

 L
og

ic
, e

t. 
al

. v
. G

re
en

th
re

ad
 

G
re

en
th

re
ad

 E
x.

 2
02

1,
 p

. 5
2 

of
 3

71
 

Te
xa

s 
In

st
ru

m
en

ts
 v

. G
re

en
th

re
ad

 

..c 
0 
0 
00 .... .... 

I 
r--
(1) .... 
0 u 



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 
53

 o
f 3

71

G
re

en
th

re
ad

 E
x 

20
21

, p
.5

3 
of

 3
71

 
C

irr
us

 L
og

ic
, e

t. 
al

. v
. G

re
en

th
re

ad
 

G
re

en
th

re
ad

 E
x.

 2
02

1,
 p

. 5
3 

of
 3

71
 

Te
xa

s 
In

st
ru

m
en

ts
 v

. G
re

en
th

re
ad

 

a::, 
u 
c.. 

Q. ·-..c 
u 



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 
54

 o
f 3

71

G
re

en
th

re
ad

 E
x 

20
21

, p
.5

4 
of

 3
71

 
C

irr
us

 L
og

ic
, e

t. 
al

. v
. G

re
en

th
re

ad
 

G
re

en
th

re
ad

 E
x.

 2
02

1,
 p

. 5
4 

of
 3

71
 

Te
xa

s 
In

st
ru

m
en

ts
 v

. G
re

en
th

re
ad

 



Case 6:22-cv-00105-ADA   Document 120-8   Filed 01/23/23   Page 55 of 371

Greenthread Ex 2021, p.55 of 371 
Cirrus Logic, et. al. v. Greenthread 

Greenthread Ex. 2021, p. 55 of 371 
Texas Instruments v. Greenthread 

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 smal l amount of boron is doped to a single crystal of silicon, valence electrons wil l be insufficient at one position to bond 

si licon and boron, resulting in holes* that lack electrons. When a voltage is appl ied in th is 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. 

Silicon (S i): 
Four va lence 
elect rons 

Boron (B): 
Three va lence 
electrons 

B 

• This hole is the carrier of a p-type semiconductor. 

0 

Add ing boron to 
pure silicon crysta l 
resu lts in lack of an 
electron. And it 
becomes a hole. 

J Si Si Si C 

Si B 

Si Si C 

~ 
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Fin-FET Structures 
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L2-cache 
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Fin-FET Str uctures 
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Intel SRK02 Core1Mi7-1165G7 (formerly Tiger Lake) 
10 nm SuperFin FinFET Process Advanced CMOS 
Essentials 

Home 

The Intel SRK02 Corei7-l l 65G7 (Tiger Lake)was built on 300 mm wafers using ln:el's third generation 10 nm fmFET 

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

metrics, transmission electron microscopy (TEM) based energy dispersive X-ray spectroscopy (TEM-EDS) results and 
salient fea:ures supported by tne following image folders: 

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

• Transmission (TEM) and (SEM) bevel through the logic region and SRAM 
• SEM cross sect10n of the general device structure, metals d1electncs and detail of the FEOL structures 
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Inte l® Core™ i7-ll800H Processor 
24M Cache, up to 4.60 GHz 

Specificat ions Essentials 

I Essentials 
Product Collection 11th Generation Intel"' Core .. i7 Processors 

CPU Specifications 

Supplemental Information Code Name Products formerly Tiger Lake 

Memory Specifications Vertical Segment Mobile 

Processor Graphics 
Processor Number ? i7-1 1800H 

Expansion Options 

Package Specifications Status Launched 

Advanced 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 

Compatible Products 
Tota.I Cores ? 8 

Drivers and Software 
Total Threads ? 16 

Max Turbo Frequency ? 4.60GHz 

Cache ? 24 MB Intel• Smart Cache 

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

Generation 11th 
Architecture x86 
Release date March 20, 2021 
Frequency 2.3 GHz 

Turbo frequency 4.6 GHz 
Cores 8 

Threads 16 
Socket FCBGA1440 

Bus Speed 8 GT/ s 
Thermal Design Power (TDP) 40 W 

MinTDP 35 W 
Max. Temperature 100 °C 
Hyper-threading Yes 
L3 Cache 24 MB 

Cache 24 MB 
Instruction Set Extensions Intel SSE4 .2 

Intel AVX2 
Intel SSE4 .1 

Word Size 64 bit 
TSMC FinFET process 14 nm 
(Lithography) 

Transistor count 8200 million 
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--- surface 

substrate 



Case 6:22-cv-00105-ADA   Document 120-8   Filed 01/23/23   Page 84 of 371

Greenthread Ex 2021, p.84 of 371 
Cirrus Logic, et. al. v. Greenthread 

Greenthread Ex. 2021, p. 84 of 371 
Texas Instruments v. Greenthread 

f I U83~•1? 

I 
! 

L2-cache 

an example of a depth corresponding 

to an area of the substrate where 

there are no active regions 
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(!~· SuperMIM + Redefined FinFET SuperFin 

Super MIM c.,._cltor 
SK lncrene In MIM 
capilchar,c;e 

Novel Thin Barrier 
redutes via resistance 
by 3°"" 

TIIIII layera al dUfe,en1 HM ( 111a1•rlals, 

••ch Jt,151 a, • • Ar,pllOfflJ lhldr, 

1taC:kH , ,, a ffJIHIJIII •1u, ... tantc..• 

Additional Gate Pitch 
Higher Drive Cum!nl 

Improved Gate Process 
Higher Channel Mobtllty 

Enhanced Epltulal 
Source/Drain 
lower Re,$lstance, 
lnuuses Str.lin 
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.,_ __ one surface of the surface layer 
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.,_ __ 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 Oell-computerS'lhat use Micron ssos. I 

• Precision Fixed Workstations 
• Precision Mobile Workstations 
• Latitude 
• OpltPlex 
• XPS Desktops 
• XPS Notebooks 
• Vostro Desktops 
• Vostro Notebooks 
• lnsp1ron 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 Dell 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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Solid state refers to electronic ci rcuitry that is built entirely of 

semiconductors. The term was originally used to define those 

electronics. such as a transistor radio that used semiconductors rather 

than vacuum tubes in its construction. 

Most electronics today are built around semiconductors and chips. A 

solid state drive uses, as its primary storage medium, semiconductors 

rather than the magnetic platters of a conventional hard drive. 
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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 (SEM Cross-section), 
16 nm MLC NAND flash memory of IMFT 

.,_ __ first surface 

i----- 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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first 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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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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second active 
region 

Figure 2.3.14: Peripheral NMOS 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 122 of 371

Greenthread Ex 2021, p.122 of 371 
Cirrus Logic, et. al. v. Greenthread 

NMOS 
transistor 

region 

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

PMOS 
transistors 

fi rst active 
region 
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first 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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Figure 2.1.3: SRP analysis in the periphery, showing the 
peripheral P-well of 16 nm MLC NANO flash of IMFT 
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peripheral N-well of 16 nm MLC NANO flash of IMFT 
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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 2.3.1: 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 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 
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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 
peripheral P-well of 16 nm MLC NAND 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 Thickness (SEM Cross-section), 
16 nm MLC NANO flash memory of IMFT 

--- surface layer 

i----- substrate 
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Figure 2.1.4: SRF' analysis in the periphery, showing the 
peripheral N-well of 16 nm MLC NANO nash 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 ftash of IMFT 
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Is this relevant' [j] □6 9□ 

0 Compare 

~ 
SanDisk - Flash memory 
card - 32 GB - Class 4 -
SDHC 

****" 4.2 (28) 

$10.99 

Get it as soon as Monday, May 
2 
View Delivery Dates for 20170 

Manufacturer Part SDSDB-032G-A46 

Dell Part A7610910 

View Details 

Is this relevant? [j] □6 9□ 

0 Compare 

~ 
SanDisk - Flash memory 
card - 16 GB - Class 4 -
SDHC 

****' 4.5 (15) 

$10.99 

Get it as soon as Monday, May 
2 
View Delivery Dates for 20170 

Manufacturer Part SDSDB-016G-A46 

Dell Part A7610909 

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

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

li festyle and accelerates every move. Nearl y 2x as fast as our previous 
generation! 

Estimated Va lue~ 
-----------------------------

$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 

9 Up to $3 back in rewards 

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 (portab le) 
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Is this relevant? OJ o6 90 

0 Compare 

WO Blue 30 NANO 
SATASSD 
WDS200T2BOA - Solid 
state drive - 2 TB -
internal - 2.5-inch - SATA 
6Gb/ s 

Estimated Value~ ·--------------- -- ---
$229.99 
You Save $40.00 (15%) 

Get it as soon as Monday, May 

2 

View Delivery Dates for 20170 

Manufacturer Par. WOS200T280A 

OeD Part A9935209 

View Details 

Is this relevant? OJ o6 90 

0 Compare 

1--- 29 

WO Blue 3D NAND 
SATASSO 
WDS200T2BOB - Solid 
state drive - 2 TB -
internal - M.2 2280 -
SATA 6Gb/s 

Estimated Value~ ---------------------
$243.99 
You Save $20.00 (8'.11,) 

Get it as soon as Monday, May 
2 

View Delivery Dates for 20170 

Manufacturer Part W0S200T2808 

Dell Part A9935210 

View Details 

Is this relevant? OJ o6 90 

0 Compare 

~ -·--tE'I 

WO Blue 3D NAND 
SATASSD 
WDS1 OOT2BOB - Solid 
state drive - 1 TB -
internal - M.2 2280 -
SATA 6Gb/s 

****~ 4.6(17) 

Estimated Value~ ---------------------
$117.99 
You Save $12.00 (~) 

Get it as soon as Monday, May 
2 
View Delivery Dates for 20170 

Manufacturer Part WDS100T2808 

Delli Part A9935211 

View Details 

I 
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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. 

Solid state refers to electronic circuitry that is built entirely of 

semiconductors. The term was originally used to define those 

electronics, such as a transistor radio that used semiconductors rather 

than vacuum tubes in its construction . 

Most electronics today are built around semiconductors and chips. A 

solid state drive uses, as its primary storage medium, semiconductors 

rather than the magnetic platters of a conventional hard drive. 
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l l 
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Figure 1.2.1: Die photograph of Toshiba/SanDisk 16 GB NANO die 
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.,_ __ first surface 

~--- substrate 

.,_ __ second surface 

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

Figure 2.3.5: L V logic PMOS transistors, SEM cross-sectional image with Si etch 
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Figure 2.1 .4: Periphery n-well in p-doped Si substrate, 
spreading resistance profile 
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second active 
region 

Figure 2.3.4: LV logic NMOS transistors, SEM cross-sectional image with Si etch 
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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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first active 
region 

Figure 2.3.5: LV logic PMOS transistors, SEM cross-sectional image with Si etch 
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second active 
region 

Figure 2.3.4: LV logic NMOS transistors, SEM cross-sectional image with Si etch 
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Figure 2.1 .5: Periphery p-well in n-doped Si substrate, 
spreading resistance profi le 
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Figure 2.1.4: Periphery n-well in p-doped Si substrate, 
spreading resistance profile 
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first active 
region 

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

second active 
region 
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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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Figure 2.1.4: Periphery n-well in p-doped Si subslrate, 
spreading resistance profile 
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...,_ ___ 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 

second active 
region 
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Figure 2.1.5: Periphery p.well in n-doped Si substrate, 
spreading resistance profile 
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.,_ __ surface layer 

Figure 1.2.3: Die thickness, SEM cross-sectional image 
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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.-sectiona.l image with Si etch 

second active 
region 
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·1 
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 Semiconduct or Solutions Corporation 

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

Tech Specs 
Quick Specs 

Resolution / FPS 

> 4K UHD / 24, 30 
Fu ll HD / 24, 30, 60 
HD / 24, 30, 60 

Sensor Brand 
Large· Sony STARVIS TMI CMOS 
sensor 

MegapiX:el 
8.3MP 

Field of View (FOV) 
65, 78, 90 degree 
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,... __ first surface 

,... __ second surface 
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ii Command Prompt 

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 available for the ram module, a chart with be created charting price changes. 
• The last graph shows up to the last 5 baselines we have received for this particular ram module. Both Intel 

and AMO results are shown. 

□ X 

" 

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

~1cron 

@ 
Manufacturer: MICRON 

Manufacturer Pan No: MTA8ATF2G64HZ-3G2E2 

Newark Part No.: 98AH1179 

Technical Oatasheet ~ MTA8ATF2G64HZ-3G2E2 
Datasheel 

See all Technical Docs 
~ Add to compare 
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TECHINSIGHTS. • • 
, I 

' -,,,_.---- ............. ~ 

. . l ,1 1--- first surface 

Di·e Edge Seal 

'· Die 

145µm 

Die Edge 

--substrate 

. ' ' "" . ~. _ 20 µm 
29 Jun 20t6 U-2610 • LL~ . El-IT • 5.00 kV ~ 

--second surface 
Sl-43012 '.• 

" . ~ 

Figure 1.2.5: Die thickness (SEM) 
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Figure 2.1.5: DRAM array well structure (SEM) 
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edge of DRAM array (SEM) 
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Figure 2.1.5: DRAM array well structure (SEM) 
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Figure 2.1.5: DRAM array well structure (SEM) 
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Figure 1.2.5: Die thickness (SEM) 
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Figure 2.1.5: DRAM array well structure (SEM) 
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region Figure 5.4 .1: Capacitor dielectric and cell plate at an 

edge of DRAM array (SEM) 
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Figure 2.1 .1: Spreading resistance profile of a peripheral p-well 
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Figure 1.2.5: Die thickness (SEM) 
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Tech 
Insights 

Sony 
IMX516, 640 x 480 Resolution, 

techinsights.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 Oow:o Essontiols P1us (DEP) summary documonl, pmvidod as a compa,,m dolM!rablo for a Oow:o 
Essentials Plus p,ojocl. The DEP -build• on lho oon4on4 -od in a Device E•-(DEF) projeci 

• Tho DEF do- incufos on onolysis aumma,y doaJm'"" and a pixel achomatic, and • aupportod by 
unonnolatod Imago folders oncluding• 

• llcMmlroam producl loanfown lmagoa, pac:koga phologn,pha ond X-rays. die phologroph, noo-lnvosiYO 
Oj)licol pholot of die IOMUfOI, sconnlng otoctron micloecopy (SEM) boWI lmagoo ol lho plxol """Y -ino 
tho molol, transislOf, ond diffusion -· ond cJ<l)lonMo,y CIOOHOdionol SEM inMIOC• of lho gono,al pi>lol 
om,y and peripheral atructUfOS 

• Tho purpose ol lho OEP iS to oJC1ond ooYOn,go of chip Ontllysis beyond lho SEM- lmtlglng UllOd lo, DEF 
p«>jocts, and to o_,cj the DMlylt oornmon4a,y A DEP oon4ains ln10<p(04od rosulls lrom tra..,....s,on eloctron 
miaooc:opy ffEM), TEM-bmlod ooo,gy di!q>on>MI X.n,y af)4ICUOIIC>Of>' ffEM-EDS), ll8COnda<y ion men Of)4ICUOIIC>Of>' 
(SIMS) end aeonnlng cnpac,lo""" microecopy (SCM) on8'y1W)S (lho DEP ocope is 1or9"' doYico ~) 

• Thia llEP ropo,t --• IIUfflrM<y of aolionl loohHM of lhe - end lo aupportod Wllh lho loll>wlng lmngo 
loldofl. 

it.. 
• TEM Images 00"1) ,..,nc:t, isololoon (OTI), p,e-mf)lal -r\co (PMO), mictolons, ond m-coaong 
• TEM-EDS apoctro of-. molols, -· and microlons oooting 

• TEM-EEI.S of walo, bondong layo,&, and - galo d!Olodric 

• • 1 • ~ microwave impcdonce microocof)y (SMIM) of the lop cun-ent •-od pholonic _,tato, (CAPO) 
and pi,(et l""""sto,a """1g lho ve<ticol plane of CIOM section, and periphery 

H1:,- • SIMS 8Mlysis of tho CMOS imago scnsor (Tof Dio) die plxol am,y ond poripho,y 

Jech 
3 .. _ .... ,..... ........ ~ Insights 
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Overview 

The Sooy IMX516 is a 0.3 MP (640 x 480) back-iluminatcd (Bl) incftreet timo-of..fight (~ToF) sensor fabricated using 
Sony's OeplhSense 2-tap CAPO technology 10< mobile applications 111 

The IMX516 is the smalesl ~ToF pixel size (5,0 µm) in use in a smartphones: ~ combines I-ToF image sensor 
technol<)gy Sotlkinetic (acquted by Sony in 2015) and Sony's back•iluminaled ToF die technology 12), The smallest 
1-ToF sensot used in the industry is the Microsoft ~ure KlneCI DK at 3.5 µm (3). 

In an 1-ToF sensor, distance information Is calCulated by measuring the phase-dellay belWeen a continuous l,ght 
wave sinking in a person or an object and its refleCled li9ht 141-

The Sooy IMX516 I-ToF sensor samples an.,Iy.ce<1 were extrael from lhe camera module$ Of lhe Samsung Galaxy 
Noto 10> and liuawei Mata 30 Pro srnartphoocs. 

Tho IMX516 die is mounlod lo tho camora modulo printed wiring board (PWB) wilh an lntogratod motal 
strengthening plate, side by side with an infrared (IR) ilumlnalor. 

4 ........ Jal,.-............. --. 

Jech lns,g~ts 
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Salient Features 

PiJ<el Array . 5 11m pixol p;teh wilh on-dllp gaploss mk::rolOns arroy wilh Sllieoo oxido (SiO) coali1g . Filler layer in-belwoon end over tho pixel aperture grid/5hield . On-<:hlp microlons (OCL) radius of curvature is 2.8 11m . Tho Sony DI 1-ToF dio fooluros II singlo pixol 2-top CAPO, consisting of two pholo--<kltootors, oight lmnsisto,s, ond 
IWO Cllf)OOIIO,S. 

• Tho pixol lr11nlilstors oro non-tlilicidod. 

• Tho c:opooilo,s oro lnlordlgllol c:opooilo,s lormod Ill mou,1 2. 

• EoCh CAPO comprisos ono photo domodulollon dolocto, (POD). with ono modulotioo dotoctor (OET) ond 
ono collocllOn oloclrodo (wol top). lour uonllislors. ond ono lnlordigitol cupocitor. 

• All plxol lrensl:!tors (T1 through T81 USO a 6.4 nm lhlcll nltridod goto oxldo. 

• Tho pixel 1mnsl81ors oro non.sillc:ICIOd Tho N' sourc:o/droln (S/0) regions oro 0 , 13 pm lhlclt. 

• Tho photo-doloctor (Clllhodo) Is 0.67 pm thlck N-typo. with N' ond N roglons. 

1b • 
• ThO wet tonnirll)l (ModO) Is tlbool 1 0 ,,m lhiCk P-typo, wtth p• llnd P rogio<'I,. 

Shioldod pomls (opliail blade) nm usod 01 tho lour sldos of tho poml array In 44 rows ol tho lop, and oight rows ot 
tho bottom, oighl columns 01 tho left a.nd righl 8'idos. 

,,ti 
\. I • U l l ... • • "ii .. \. ""',.. r I l ,..,. •.: 

Hc~.f •tvt~c/ 

Tech 
9 M.-..eaa,T...._. ... ,,.,.__.._ ln!i1ghts 
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Sample Locations - SEM, SCM, TEM, and SIMS 

tt_ ...... _ ... _oi._........-~ 
SM,A, ..... ~ rar _as_~ u.-..tad ..... prig 

Location of SEMISCM/TEM and Bew! 86ctlons 

12 ,. ........... , ........ #1,111~ ........ 

--N 
• ti 

• 

...... -~~ 
• • 

lll_lllll'llit'IJ .. _ ........ ,,_ 

l.oc:lltion of SIMS Craters 

Tech 
Insights 
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Semiconductor size 

10nm - nte: Core 17 1 1 800H 

X 

22nm 

7tPI r Ole I 4l70TE 

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. 

:::i 
[:; 
1, 

.... 
~ 
E 
~ 

low Ill 

11.67nm -15nm 

/Vlid Hig~ 

- --
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i-ToF Die General Structure - Periphery 

\3_0ma_Sedion_ ~\X-Oi'\562_P9nphe,y_O.O.ral_SiNciunt_7K_363828.pog 

General Structure Periphery 

19 M--.0202ll, T ....... lllc-M~--,_ 

SEM cross section image showing the general 
structure peripheral region 
The peripheral regions used four Cu and one Al 
metal interconnect layers. 

Tech 
Insights 
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1-ToF Die General Structure - Shielded Plxel to Periphery Transition 

23 ,. ____ ,....._.. ... ..,._ 

SEM cron IOCUOf1 imngQ ot,o,.;r,g tho tranoitioo from 
.,,_ pixels IO pe,\)lle,y . , lhO lop - or the 
array 

Jech 
Insights 
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i-ToF Die Active Si and Wells - SCM Periphery 

Plt!Jl)s 31 80d 33 show SCM cross section overview and detaa Images, and page 32 shows a SMIM-C <:rO$$ section 
overview image in Ille peripheral region, 

A sh1ll low N-won 0.95 µm thick ond D doop N-woll 2.4 µm lhlcl< woro obsolVOd, and 1)(0 In olignmoot with tho SIMS 
p<Ofilo. 

• A 1,6 µm lhock P-won was observed, which is &ISO on ahgnmonl wilh Iha SIMS p,oril&, 
• Below lho doop N,wotl, lho P-typo nctr,o Si low dopo<I, 

_ , SCMgl-.oyo!low,_bl't"VPI -0tlnl,apu11'11,1bo,o_,..1or,,_ mn""1ol.mld1 pl,••-f<lrhlti'l',-1 
ond und<lpod ,..,...,i.. h_.,or, _oolor....,,_rrwy,ory ..,~.., ,... __ ol lNao""""-

30 •---•am..r.......,...__..,___._ 
Tech 
ns1:gl ·ts 
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i-ToF Die Active Si and Wells-SCM Periphery 

.. .., , ,1t , .. .. 
Pfflp--andN.W.l"' • SCIIOwrAew· 

31 ·-•-.____•M----' 

p,'~◄ ~ I 
dol>OIG 

IFICJopedl 
hlghly<lopad 

~tyi- . 
dopa,g 

Jech 
Insights 
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1-ToF Die Active Si and Wells-SCM Periphery 

hg~doped 

..... doped 

Pertpblt:r• P.w.lJs, and N-¥teal. • :&lail,C Oval'Vlaw 

,3:2 , ____ ------ .,. _ ___. Jech
1 q It 
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i-ToF Die Active Si and Wells - SCM Periphery 

\C_&PM {SQ,t .SMIMC,Y-0,V>anptay'0218200700 _ PRODUCT _FRW _ 9 Ou _512p_J49356 pt,; 

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

33 MCDftWII02020, T..,....IN:.M .... --a. 

P-type 
doping 

undoped/ 
highly doped 

N-lype 
doping 

Tech 
Insights 
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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 0 2, typically used for the detection of electroposltive species, and Cs• 
for electronegative species. 

Note: The SIMS doping concentrations are not corrected fo, the corresponding areas of lhe pixel army features. 

38 MUll'llltlllOJUZO,T ....... ~AI~......,,._ 

Jech 
Insights 
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i-ToF Die Active Si and Wells - SIMS Doping Profile 

The SIMS profile showing the doping concentration in lhe pixel array is displayed on page 40. 

11 B (boron) doping has a peak concentration or about 2 x 10" cm"°. which likely corresponds to the P-type anode 
(well terminal) upper region. 11 B has a second peak of 7 x 1017 cm-3, which likely corresponds to the k>wer region 
of the anode as well as, P-well. At about 0.67 µm from the front surface, 11B doping concentration falls below 
1 x 101s an.J, which likely corresponds to the P-type active Si. 

Phosphorus (P) has a peak doping concentration of 4 x 1019 cm..3at the active Si front surface. which likely 
corresponds to the upper portion of the N-type cathode (OET) and transistor SID regions, P doping concentration 
drops to 2 x 1015 cn,-3 at about 0.37 µm of the front surtace, and then peaks again at 7 x 1018 cn,-3, which likely 
corresponds to the lower low doped portion or the N-type cathode (DET). 

Arsenic (As) has a peak doping concentration of 1 x 1017 an..3 at the active Si front surface, which is likely related to 
the formation of the pixel transistor S/0 regions. 

The SIMS profile showing the doping concentration in the periphery is displayed on page 41. 

11 B has a peak doping concentration of about 5 x 1019 cm-3 at the front surface, likely corresponding to the PMOS 
SID and P•well oontacts, 11B has a second peak doping ooncentration of 4 x 1017 cm-3, whteh oorresponds to the 

L1 
doping of the P·well. From about 2.2 µm from the front surface to the back of the active Si, 11B doping 
concentration falls below 1 x 1015 cm-3, which likely corresponds to the active Si doping ooncentration. 

P has a peak doping ooncenlration or 1 x 1()20 mr3, which likely corresponds lo the NMOS SID regions and 

~c N.well oontacts. P has a second doping oonoentration peak of 8 x 1017 cm-3, which oorresponds to the shallow 
N.well, and another peak of 2 x 1017 cm-3, corresponding to the deep N•well.At 2.9 µm from the front surface, 

f 
P doping concentration drops below 1 x 101s mr3. 

) 

Tech 
39 M-omza.r--..n:.M~-- Insights 
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i-ToF Die Substrate and Wells - SIMS Doping Profile Periphery 
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W hat 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 sing le crystal of silicon , valence electrons will be insufficient at one position to bond 

si licon and boron , resulting in holes* that lack electrons. When a voltage is applied in th is 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. 

Silicon (Si): 
Four va lence 
elect rons 

Boron (8): 
Three va lence 
electrons 

B 

• This hole is the carrier of a p-type semiconductor. 

0 

Add ing boron to 
pure silicon crystal 
resu lts in lack of an 
electron. And it 
becomes a hole. 

-------> 

J Si Si Si 

Si 8 

Si Si 

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

\4_6PM48(:M_SMlMC,Y~15201611_PROOUCT_fRW 110u_512p_34"351png 

Peripheral P-Well and N-Wells - SCM Overview 

31 M__,.02020,T ...... W:.M~--'. 
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i-ToF Die Active Si and Wells - SCM Periphery 

"4_&PM4&CM_5MIMC)'Y~l5201lt1_PROOUCT_FRW 110u_512p_349351.pna 

Peripheral P-Well and N-Wells - SCM Overview 

31 AI_....OJD2G, T......,.h:.M...,.__._ 

P-type 
doping 

undoped/ 
highly doped 

N-type 
doping 
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Device Summary 

Manufacw,., Sony 

Foundry Sony 

Part number IMX516 

Ty,pe Bl I-ToF Imago sonsor 

Acllvo SI lhlchofl 66vm 

Olo 1lu, - n urod lrom tho die-. b.11 mm • ~.85 mm (24.8 mm') 

Procoss lypo Bl I-ToF Imago, 

Nu-of motel I•~·· (ToF dlo) I Al, 4 Cu, and 1 b8cl< W ahiollllgrid 

Nu-of poly ••~,. (ToF die) 1 

Conlactad loglc goto pitch (ToF die) 480nm 

Minimum metal pitch logic (Toi' die) 220nm 

Minimum metal pllch t>l••I .,,., (ToF die) 240nm 

Proc••• generation (ToF dlo) 90nm 

Fe•ture• measured to determlne Pfoc•• • Logic contoclod gato pilcl1, ond mlntmom molal pllc:11 
generation 

t,t ·~·~ ·r Vt>d 

Jech 
6 .,.__..-..r......,._.._,.._.._,.._ lns11ghts 
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1-ToF Die Minimum Metal Pitch and Contact Gate Pitch - Periphery 

The ~ coolaoted gale piteh (CGP) is 480 nm and penpheral mtnimum pttell is 220 nm. 
Based on these metrics, the logic is manufactured using 90 nm design rules. 

W_QJQIJ_-...rri_ ...... y~ -~.--..------.... 
Peripheral MOSFET Conlact.d Gate Pitch 

20 ...... mm. ,.....,..,._._.. 

.. _.__ _ __ ..,.,__.. ___ t2111..:ma ..... 

Peripheral Minimum Melal Pitch 

Tech 
111r.1ghts 
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i-ToF Die Substrate and Wells - SIMS Doping Profile Periphery 

Periphery 

back slliace 
front surface 

1Et23 ,1----------------------------l-, !E.00 

Si> 
= f . t I E'°6 

-=~ " JI 
1Ei0'7 

! E+OO I ! E,20 

~g· 1h19 
I l.£+05 ! 

~ , •. , , t i i 1E+18 j deep N• p.well "- j 
0 \ 
u 

l E+l7 

"' .• 
!E.0. ~ 

.!3 

JE.03 

1Ei02 

1Et l6 ,.__ ~ - -_ -_ -_ -_ -_ -_ -_ -_ -_ -_ -_ ➔~---_ -_ -_ -_ -_ -_ -_ -_ -_ -_ -_ -_:;---+-------,.--------1 

l EtlS I II I ,, , I 'll 11 I ll 11 1 nor I I 
jj

! E.OJ 

lE.00 
0 1(0) 2000 

41 M_..,,102020, T~.-.C.AII~~ 

3000 4000 5000 

Otiith:(nm) 

\5 SIMS\SJMS Anllyl,I& ~ Oopng Pn:Jfikpng 

Periphery Doping Profile - SIMS 

ro):) 

i - l!B 

1- ,s.,,, 

,.,, 
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Salient Features 

PIJlelAmly 

• 5 1,1m pixel pitch with on~ip gaploss microkms om1y wiU1 $llicon oxido (SiO) coaling . F1~er layer in-between and over the pixel aperture grid/r.hietd . On-d1ip mlcrolons (OCL) radius of curvature is 2,8 µm 

• Tho Sony Bl l-ToF dio rooturos o slnglo pixol 2-top CAPO, consisting of two photCHl<lloctors, oighl ttansislors, ond 
IWO cnpootlors. 

• Tllo pixol lr11n1isltlf5 oro non•&l~Cldod, 

• Tho copoo~ors nro lntorc:llgl10I copodors lormod 111 mo1aI 2. 

• !loch CAPO composos ono photo dcmodullllion doloctor (POO). wilh ooe modutollon dctocto, (O!i:T) and 
ono collocbOn oloctrodo (woll rop), lourtronslstors. and ono intordlgimt copocitor. 

• All piKOI lri111Slslors (T1 tll<OOgh TB) UllO a 6 .4 nm lhk:lc nHrldod 9010 oxldo 

• Tho pixol troMlstora oro non-eilicidod Tho N' IIOUrco/Omin (S/0) rogions oro 0, 13 IJm thiclt, 

• Tllo pllo(o-doloctor (cot.hodo) Is 0 .61 tJm lhk:k N=lypo, wllh N' and N regions. 

• Thowo• tomiil\lll (11nooo) 1, 11~~ LO IJffl lh,ok P•IYl)O, with p • !Ind P regions 

[ l) • Shloldod pixels (optical black) aro usod ot lho lour sides of tho pixel array In 44 rows ot tho top, ond 01ght rows al 
tho bottom, eight columns 01 tho loft ond right sidos. 

.•• 11-l 
\ ',I l I l '-11 11 ~ ~ , I I'" .... 11 ,.,,.,, 

f{et,ervt:c~ 

Tech 
9 ,.~---~-,.,.,. ...... ln~•1ghts 
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