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Memory shrink N7 to N5P

None
- or -

Previous Tech 
product memory 

rollup

Starting Point Dumb-shrink

PPA shrink based 
on simple factors 
(IP independent)

Extremely early product
Landing zone

Important, because that can
decide if a product engages

IP vendor

IP vendor 
selection and 

vendor prediction

refine product
Landing zone,

Accuracy and features

Product roll-up

Product KPI and 
memory PPA 
optimization/
customization

Iterative loop approach
➔Block level shrink
➔Product architecture change
➔Power concept
➔Floorplan

Product engagement

Early standard late

Iterative loop is applied through PLC
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HC (high 
current) 122

HSHC (high 
density) 122

HC macro HD (high 
density) 111

HSHD (high 
density) 111

HD macro

Area 75% 77% 78% 77%

Performance -14% Iread -1% Iread 11% -16.5% Iread -2% Iread 13%

Dynamic 
Power

-3% -20% -8% -4% -21% -9%

Leakage 
(Istby)

1.05x 2.2x -30% 1x 1.5x -38%

Assists NA/optional NA/optional WA WA

Dumb-shrink ➔Memory Technology
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Memory Bitcell Technology 

➔ tune the SRAM cell by number of fin’s

FinFet SRAM cell

fixed width and length (FinPitch and PolyPitch) 

6T HD (111) SRAM

6T HC (121) SRAM

Description

PU Pull up pFET

PD Pull down nFET

PG Pass gate nFET

VCC

VSS

PD2

PU2

PG2

PD1

PU1

PG1

BL
BL#

WL

storage 

node1

storage 

node2

Description

BL Bitline BL for storage node 1

BL#, BLB Bitline bar BL for storage node 2

WL Wordline1

1
1

2

2

2

1

1

PG1

PD1 PU1

PU2 PD2

PG2
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Device impact on memory bitcell architecture (layout effects)

NMOS OD runs through,
no layout effect!

PMOS OD is cut
Layout effect

PG

PD PU

PU PD

PG

PD

PG

PU

PU PD

PG

Bitcell layout effects:
NMOS OD run through

PMOS OD is cut



Infrastructure & Platform Solutions Group (IPSG)  | Intel® Confidential 6

Dump Shrink & Technology Bitcell offering

SRAM 
bitcells

HD

-

HC

-

8T_2N

8T_3N

DP

N7 SRAM

Change in bitcell offering is our fault
➔ Intel requested it 

2R1W in the making

6 additional cells in N5P
➔Mixing up memory IP and

PPA shrink!
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Memory compiler 3rd party IP impact

Synopsys N7 Memory leakage/dynamic power TSMC N7 Memory leakage/dynamic power 

30% difference in 3rd party IP

Thunder Bay Harbor (THB) memory content
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N7 to N5 memory bitcell and compiler area scaling
HC cell
- Bitcell scaling: 75.2%
- Macro scaling: 77% based on GPU/SoC benchmark

➔Macro scaling dependency on array size, CM and Bank

HD cell
- Bitcell scaling: 78.3%
- Macro scaling: 77% based on Intel SoC

N5 UHDSPSRAM SB / N7 area (%) N5 UHDSPSRAM MB-Q / N7 area (%) N5 UHDSPSRAM MB-T / N7 area (%)
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Memory compiler N7 to N5P evolution

8T 2PRF
1r1w

6T 1r1w
(double pumped)

6T 1rw6T 1rw 6T 1rw6T 1rw
6T 1r1w

(double pumped)6T 1rw 6T 1rw 8T 2rw 2T 1r

0.77

+11%

-30%

-8%

- bank
- bist_mux_in_hip
- center_decode
- column_mux
- power_gating
- dual_rail
- periphery_vt
- read_assist
- repair
- scan_in_hip
- word_depth
- word_width
- write_assist

Memory options 
impacting PPA 

and shrink
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2019-07-17, Session:
N5P SRAM

Remark:

Value proposition of HSHD cell.
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N5P memory compiler SNPS-TSMC matrix
Memory compiler IP vendor overview

TSMC Synopsys

memory portfolio - ++

Special memory compiler - + (TCAM added to std. offering)

memory compiler range
-

limited WW/WD need SoW for larger config➔ need precise instances early!
➔ customization hardly used!

++

Metal usage finished at M3, M4 over-routing on custom request (WL-doubling) finished at M3, M4 over-routing on custom request (WL-doubling)

Margin Methodology + ++

Trimming Capability
+

TSMC will make EMA pins available
++

Intensive RM/Assist trimming capability

Read / Write Assist
+

write assist for HD compiler
++

Read Assist always in, Write Assist optional ➔ potential for lower Voltage operation

Repair capability
-

IO repair offered (contradicting to repair rules) unsuitable for large memory content products
++

IO repair and Row repair available

Area
+

Best on instance level
++

Can realize larger instances at higher speed ➔ area gain due to less logical memories

Implementation Area overhead -
+

(overlay concept densest option available)

Performance
-

HD/SP compiler requires additional customization

++
ME gating option for chip enable time  improvement

Better performance allows SVT periphery usage = save Power 
SVT / LVT / uLVT memory periphery option

Power Management
+

diode and diode bypass for Retention feature
+

diode and diode bypass for Retention feature

Power Features
+

Istdby, deep sleep, power off
++

Istdby, light retention, deep sleep, power off, POFF retention, POFF SD, input gating for dynamic power reduction

Level shifter
-

LS at the boundary 
+ +

LS in the middle of WL-dec (periphery)➔ power benefit | LS at the boundary | virtual level shifter

Dynamic Power - +

Leakage (Istby) + +

Leakage (light sleep)
-

not available
+

Leakage (Retention) - +

Leakage (PWROFF) + (VDDM collapse) + (VDDP collapse)

Silicon Verification
++

will have intensive verification (accept further customizations)
+

Silicon verification on SNPS testchip; improved coverage after Intel request

Schedule
+

PDK 0.5; customization needs to be planned 
+

PDK 0.5; PVT sign-off corners required

Implementation Risk + + (N7 multi product usage)

Memory optimizer/explorer
++

➔ Covered by IPSG TEG memlister integration!
++

➔ Covered by IPSG TEG memlister integration!
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Memory IP customization
Gracemont N5 Testchip customization

Timelines and deliveries

ViewsSign-Off PVTs
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Memory
Memory Technology

- Memory bitcell offering: 2 new cells offered HSHC/HSHD; special cells, CRAM, TCAM … on customer request
- Vmin yield trend native Vnom: HD86%/72%; HC 87%/77% slightly ahead of plan!
- EOL commit and screening recommendation 0.675V EOL, 95% 256Mbit, 75mV aging GB, 0.6V T0 screen
- HD/HC Vmin and Vsdr through temp 95% Vmin 530mV/500mV;  Vsdr 380mV/370mV no flyers!
- HD/HC Vmin and Vsdr through process corner

- Operation voltage and operation voltage range (Power supply voltage) identical to N7; 0.96V Vmax ceiling incl. ripple! Higher Vmax possibible
- Overdrive capability and absolute Vmax floor with reduced product profile (TSMC 10y always on 125C)

Memory QnR
- N5 memory product qualification (technology capability) 256Mbit as major vehicle, for both HD/HC (512Mbit total)
- N5 SRAM redundancy and IFR/ECC rules follow TSMC guideline and increase ECC free density by product
- N5 DVS memory condition require DVS at 1.6V for logic and 1.4V for SRAM, 25C ~1sec?

HD/HSHD requires 128bit strapping
- N5 memory reliability and EB HC/HD passed 3lots 1000h (Samples have been screened prior to HTOL by applying DVS

(1.40 V, 25 °C, 1 s), and post-DVS Vmin-limit of 0.600 V at 25 °C. HTOL read-outs have
been done at 85 °C and after 1000 hrs of stress (1.19 V = 1.4 x 0.85 V, Tj = 125 °C).

- SRAM fail pareto (HD/HC) VTB is still there and HTB became 3rd place in the pareto plot

- Memory test algorithms identical to N7 ➔ follow Intel TEG bottom up approach!!!

150mV NBL level
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N5P Vmin yield and comparison to N5
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