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1. Introduction

* Monolithic 3D (M3D) IC: Maximize 3D IC benefits
* Massive inter-tier connections: Inter-layer via (ILV)

* |ssues on M3D IC
e Lack of EDA tools for M3D IC
e |LV: Vulnerable to defects (shorts, opens, SAFs, ...)
e Resistive RAM (ReRAM): No automated methods

* This work proposes...
* RTL-to-GDS design flow for M3D IC
e Design-for-Test (DfT) method for ILV faults
e ReRAM module generator
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2. Monolithic 3D IC Design Flow

e RTL-to-GDS design flow is proposed
e 2D CAD tools are utilized
- Guarantee commercial quality
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2. Monolithic 3D IC Design Flow

e Layout example: 2D & M3D — Rocket2

- M3D: Nano-scaled ILVs are includelc\JI/IBD

Rocket2 - placement
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2. Monolithic 3D IC Design Flow

* TABLE: 2D vs. M3D — PPA comparison

- Less power (-4%), Less area (-50%)
—> Comparable WNS: < 10% of clock period
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Rocket2, 800MHz

AVC-Nova, 730MHz

AES-128, 3.44GHz

2D M3D A% 2D M3D  A(%) 2D M3D A%
Footprint (mm?) 0746 | 0373 5001 | 0286 | 0.142  -5021 | 0210 | 0.105  -50.2
Std. cell count 279983 | 278622  -0.49 | 132725 | 132299  -0.32 | 109878 | 109634  -0.22
Std. cell area (mm?) 0363 | 0362  -030 | 019 | 0189  -0.79 | 0124 | 0121  -2.71
Wirelength (mm) 471246 | 4045.65 -14.15 | 233697 | 1954.92 -16.35 | 1494.13 | 1196.88 -19.89
ILV count 0 111395 0 56989 0 44782
Total Pwr. (mW) 371.90 | 366.25  -1.52 | 12250 | 12031  -1.79 | 26959 | 258.96 -3.95
Net Switching Pwr. (mW) | 8270 | 7800  -5.68 | 2355 | 2232  -520 | 67.65 | 6157  -8.99
Cell Internal Pwr. (mW) | 224.84 | 22426  -0.26 | 6346 | 6320  -041 | 17466 | 17186  -1.60
Leakage Pwr. (mW) 6436 | 6399  -058 | 3550 | 3479  -1.99 | 27.29 | 2552  -6.48
Worst Neg. Slack(ps) “54.27 ~49.47 ~60.48 135.57 -14.88 ~26.87
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3. Design-for-Test Solutions for M3D IC

Built-in-self-test (BIST) architecture
- Test shorts, opens, and stuck-at-faults (SAFs)
- Less power/area overhead
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3. Design-for-Test Solutions for M3D IC

Dual-BIST structure: minimize masking probability
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3. Design-for-Test Solutions for M3D IC

e BIST-inserted M3D IC Design flow
— Merge BIST architecture into M3D IC design flow

Block-level Implementation Top-level Implementation

2D RTL, 2D DB

v

2D synthesis

v

2D block-level netlist

Block LEF/LIB files
+3D BIST-inserted RTL

!

h r
I b :
| |
: I -
I H ;
I : ! :
! [ 1] +Shrunk2D tech files |,
: | i
. | §
i + 2D toch files i '|_ Block pre-placement i
: & | : * L
» i|'| Top Shrunk2D P&R |
; 3D floorplan (blocks) 1k * ’
! il I
! al! Tier partition & :
| Block pin assignment | ILV planning :
| I . J
L v N ! : v i
; Block partition & i : Tier-by-tier routing l
| implementation L :
|

BIST-inserted M3D Design
Industry Advisory Board (IAB)

November 2019 Georgia Institute of Technology 8



e TABLE: Overhead of BIST architecture

3. Design-for-Test Solutions for M3D IC

- Area (1~2%), Power (2~8%)
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Circuit Metric N-BI BI Overhead (%)
7
Rocket? Cell area (um®) | 382037.6 | 389785.6 2.03
Power (mW) | 227.3607 | 232.5544 2.28
Cell area (um?) | 196841.5 | 199038.7 1.12
AVC-N
V& Power (mW) | 87.46587 | 90.79729 3.81
Il ) | 132049.9 | 134771.2 2.
AES-128 (I Cell area (um®) | 132049.9 | 13477 06
Power (mW) | 178.5411 | 194.3433 8.85
Cell area (um?) | 103632.4 | 106324 2.6
AES-128 (I
(i Power (mW) 110.96 119.42 7.63

e TABLE: Area reduction of dual-BIST architecture
- -32~38% w.r.t. original BIST

Benchmark | Baseline DfT (um?®) | Dual-BIST (um?) | Reduction (%)
Rocket2 12288 7748 36.9
AVC-Nova 3246.1 2197.2 32.3
AES-128 (I) 4352 2721.3 37.5
AES-128 (I) 4362.2 2691.6 38.3
e B e e Georgia Institute of Technology 9
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4. ReRAM Module Generator

e ReRAM: On-chip non-volatile memory (NVM)

*  Previous works
e ReRAM device technology & custom macro design
e ReRAM architecture analysis tool

- Lack of EDA methods and tools for ReRAM sub-array & large
macro design
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4. ReRAM Module Generator

* ReRAM module generator: Top view
- Sub-array design = Large macro = DSE

- i 1T1IR-CELL
ReRAM Model Standard-Cell Library, -

]
I
1
Cell library: ," & =
+ CMOS PDK P4 Single cell, Peripherals ,-' *
I
- — - :

Design Spec: ’ \
Freq. /Capacity | SKILL-based
4 Layout Generation!

|

Optimization : Subarray Control
|
|

|
| -
Flow I Synthesis® PNR?
|
i

Peripherals

|

|

|

|

|

£ 43 :
DRCAVSPEX* | ,
|

|

|

|

|

|

]

Post PEX

Processing \
Simulation 1 SPICE Testbench
Result “)I’ Simulation®

Extraction

WT+SA BLdrv
RAM Cell-array!

|
)| BL Driver |

1: Virtuoso  4: Calibre

I
| I 2: Design Compiler
Performance | | i Innovus  5: HSPICE
Model I | Sub-Array Layout
= - L 1TIR
\Ezfaluatlon 'E)ol 1 Se:er:atlon To:l 1102 /'|| Ml
P-Performance Jef

————————————————————————————— i WT+SA

lef g

Full Subarray

— o o o,

1

1

:
Array Control 1
Synthesis? :
1

1

1

1

]

1

1

Final Array
Performance,
Physical Layout'

Industry Advisory Board (IAB ) )
OIS o) Georgia Institute of Technology 11



PRC Confidential

4. ReRAM Module Generator

e TABLE: Designs from ReRAM module generator
— 1T1R ReRAM cells, 65nm CMOS technology

Sub-Array Total Capacity 8kB
Area (mm?*) RE*(pJ) WEXpJ) TopE*(pJ)
64x64 0.605 22.10 36.44 19.13
128x128 0.279 11.25 38.40 5.30
256x256 0.125 13.19 65.91 1.31
Total Capacity 32kB
64x64 2.421 64.14 78.48 61.17
128x128 1.073 30.08 57.24 24.14
256x256 0.530 19.01 71.73 7.13
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