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Known Good Stack

= Known good stack is selected after Chip-on-
Wafer processing and testing
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Energy Efficiency

= There is the limitation in system cooling
= Energy efficiency is important in high-bandwidth
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HBM Stacked Memory

= High Bandwidth Memory(HBM) Features
— Stacked DRAM architecture
— Multi channel (4-8)
— Dual row/column command interface
— Chip-on-Wafer process
— Microbump interface
— Test method for production(Loopback, MBIST, Scan..)

= Chip Performance (15t gen.)

— 8 channel, 64 banks
— 1024 1/0, 128GB/s



High Bandwidth Memory Architecture

= Total 8 channels : 128 1/Ox 8 ch =1024 1/0O

— 4 core DRAM die + 1 base logi
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HBM Chip Micrograph (Core)

= 1Gb per channel : independent IO per channel
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Core Architecture

= 1 slice has 2 channels, a channel consists of
— 8 bank(16-sub bank), 128 TSV 1/O, 2n-prefetch
— 256 global I/O - 32B access granularity

CH-Left CH-Right

BO |E| B1 BO |E| B1 BO |E| B1 BO |E| B1

YCTRL © YCTRL YCTRL C YCTRL YCTRL C YCTRL
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ook 0 || Puoncl | aworo | DWorD2 || HORDS | | | DWORDO | DWORD |y | OHORD 2 [[TMERR I
1 bank :
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Small Form Factor (Base)
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Dual Command Interface

= Row/column input through different pin
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PHY Structure of HBM (AWORD)

= Differential clock & DDR addressing
— AWORD(address buffer) with parity and loopback

] AWORD Parity 1% ------- AWORD RFU RFU vbbQ
QI[E;O? ~ Calculation _‘ - et i
C[7:0 fkb. - ——1+D M-bit c<1> R<1> VDDQ
EZKE] ivref A - Loopback J main add.
L4 |_ Register VSS C<2> R<2>
CK t : main
) W Clock Tree ° clock c<3> R<3> VDDQ
CK ¢ | D> _‘ Vss RFU cK
ICLK CKE CKB VDDQ
VSS C<4> R<4>
Internal + ivref s o V5o
Vref
* programmable vss c<6> ' RED
1 internal Vref C<7> RFU voDQ
T - All RX vss ol RFU
reg_vref[0:2] L for small VIH/VIL
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= Unidirectional differential W/R strobes / 32DQ
— 4 DWORD(data buffer)/channel (with parity & loopback)

DWORD 3 DBI<0 VDDQ
<0>
g DWORD Parity _DWORD 1 PR
DERR X — R Sy =i I S

Y Calculation DWORD 0 dQ<1> VDDQ

RDQS_t N jl,_-l- Looplazbnack — VSS DQ<2>

_ ea
RDQS_c _J\O’_" . Register N,:bitD DQ<3> VDDQ
| WDQS
DQ[0:31] <" mfain /0| VS5 PR s
DBI[0:3] ~ L ° Loophack WDQSB
1 Register RFU <0> D
DM/CBJ[0:3]
PAR | B ; VSS DQ<4>
- Write

ivre : A - Reg ister DQ<5> VDDQ

WDRSt 'R VSS DQ<6>

u >>

| WDQS_c DQ<7> VDDQ

VSS DM<0>

*Half of DWORD (16DQ) ‘'
Is displayed
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Serial Port Access Function

= HBM test feature includes test access port
through IEEE1500

MBIST
(Memory >
/ Built-in-Self-Test) Memory
N 7 CELLREPAIR +_> ——
WRST_n — Ny ‘
| —] EXTEST RX/TX :
Capstzlr:xi | IEEE |l (Boundary Scan) +—>
UpdateWR — 1500 (e TSV LOGIC SCAN #—} el
WS| — 4:7
WSO0[0:7] — \ ACLINK TEST / MISR_MASK *-; i [4:7]
N READ MISR REGISTER k—}

HBM RESET




Performance (Shmoo Plot)

= 8 channel gapless read, chip-on-wafer test
— All channel seamless read operation(tCCD=2ns)

— b b ek b e b b ek b

# 2.00NS____2.50NS____3.00NS____3.50NS____4.00NS
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999 .
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Process

29nm DRAM process

Chip Size

5.10mm x 6.91mm

Organization

8 bank x 8 channel
x 128 1/0O (total 1024 1/O)

Density

1Gb /channel

Microbump
pitch (base die)

48 pm x 55 ym

Supply Voltage

VDD=1.2v, VPP=2.5v

Refresh 8k /32ms

Page Size 2KB

Data Rate 1.0 Gbps (128GB/s)
Cio 0.4pF
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Design Considerations of HBM

= Microbump chip-to-chip interface

= TSV scan and repair

= Power distribution analysis

[9 Major environmental change in 3D design]

: : TSV Scan &

Repair

Microbump ,--. 3D Power
chip-to-chip Distribution
Interface

Z]":’[Z (I 5y prav LI\ T
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Loopback Function

- Loopback for 1/O link testing and training

32 DWORD

20bit MISR reg.

20bit MISR reg.

20bit MISR reg.

20bit MISR reg.
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o
o
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Microbump I/O AC Measure

= KGS test before assembly

/O 1
. . |
Eéjv&rﬁe —I_:E 0: Mission ngeii('?er
mic 1: Loopback |
- 1 I —
DQ ] 0O:Mission or CK ~ Write MIO
: Read@DA_DQS (for TX) _ i
"~ !'| LDA_write Register ||
[
'

Microbump | L ngggpg?ecrk | WS|
i i I Rl R et 1 WSO
¥ (MISR - LFSR)  |—

RDQS_R— ~_ 7

0 A fx)=x* + x'" +1

; 1
WPQSE T TRx b ' IEEE1500

|| o access

WDQS ¢ RDQS_F—1 DA CK <—
<}-DA DQs - DA_Cmd “— DA port
0:Mission or DA Write «— P

restTx —<Q/DA_DQS DA read@DA DQS  DA_DQS <— access
1:DA read@PHY RDQS DA_Read —>



Microbump I/O AC Measure

= Write / read data is captured into loopback
registers during KGS test

m N S L
(DA>PHY) ! P

i SE. :
; - | tDQSS
Command ;Wr:)ite Write Latency , , Write

(DA>PHY) A
o — O
WDQS A\

A\N
(DA>PHY) | \Utﬁ%yr
CK i E :
ooey_J /L W S L

<€ > -
Command : Read Latency i tDQSCK ! Read
(DA>PHY) C;E%éi:) h >3
DQ 5 {DOSCK 1 N
(DA>PHY) L +0.25tCK :i(__\__J[__\_
WDQS - ;

(DA>PHY)

o B
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Microbump I/O DC Measure

Impedance calculation by i _DQ current
measure without touching PAD

pre -driver

DATA

Output Monitoring
Enable Enable

maln driver

VM_level

Boundary

Scan Cell
<

RX

A
Programmable _
VREF WRCK

—(— ) S

BI[O]

BI[n]

UL WRCK 4

>

Output enable—

i DQ+DD2Q ~25mA
=

MV

®

Rvbpo

on/off _
I DQ
15mA
on/off <

iDD2Q
~10mA

Rysso
AVAAY,

-
VDDQ

VM enable

Monitoring enable
data[0]

data[1]

VSS

TESTER

VDDQ Supply Current
Measure

DQO- DQ1-

PASS PASS

N R A I

DOnN-
FAIL

6mA 6mA 3mA

\_
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Microbump I/O DC Measure

= Impedance mismatch by VM _level measuring
— Method of detecting pullup/pulldown impedance

mismatch
DQ[127]
DQ[1]
DQI[0]
- VM_level
on —d_ DO Shift  Boundary
§ 3 _Enable Scan Cell
%E‘j CTO
on ) > 1
i po r/ ,
B = ot WRCK

Programmable
VREF : VDDQ/2 + offset

VDDQ/2 + offset - Vref

0

Measure (RX - register)

{0

Shift out (128DQ : all 0)

s

VDDQ/2 - offset - Vref

0

Measure (RX - register)

{0

Shift out (128DQ : all 1)
-k

VM(128DQ) :
within VDDQ/2 *offset
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Chip Loss by TSV Fallure

" Yield of single TSV is : Y q1e (%)
= N:1 TSV Repair Scheme :

— Repairable Case :
[Every (N+1) TSV alive] + [N alive with 1 failed TSV]

— Repairable Group Yield
= (Ysingle)N+1 +(Ysingle)N ( N+1C1 )(1' (Ysingle))

— Die yield
If we assume that total number of groups is m in a die
Ydie = (Ygroup)m

* The number of TSV groups is larger than
normal DRAM -> Relatively low stack yield
— 81/0vs 1024 1/0
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Current Scan Method (Single Scan)

= By using current mirror,
— On-chip line resistance to test port can be ignored

Core die
off

VDD

e / RPMOS
Pl PTOQ_ single_scan

RNMOS —

on-chip line

* Scan PMOS can
be merged with TX

Probe pad
(vDD)

—  +\..
P

~.~__\ R “ .0
e o*
< .
* * N
D% M
e

scan_enabl

It

Virtual short :
for minimize V
difference

Formula :

ITlRPMOS + ITlRTSV + ITlRNMOS :VDD
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Current Scan Measurement

= Single current scan
— For measuring relative drivability of each TSV driver
— Depending on NMOS clamp resistance

1.3V

300

50

152 156 1.60 164 168 1.72 1.76
position of I/0 TSV location Current (mA)

(a)

160 320 480 640 800 960 1120 1440




Current Scan Method (Double Scan)

= PMOS,NMOS x2 : double current via TSV

single_scan

sel2,*

Core die
off vbb
. — o<} single_scan
p]_." b?‘- p‘élj ‘,: double_scan
% : L PR *alas® R
PMOS
Base die

~ +

Probe pad
(vDD)

-..
ot

on-chip line

| <] scan_enabl

=]

IT1
orly

Formula: | Rpyos + 211 ,Rrsy + 115Rymos =Vob
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Formula for TSV Resistance

= Single scan + Double scan
— Correlated double sampling

= Extracting TSV resistance

— TSV resistance is defined by the difference of two
measurements  (R,s, << Royoss Ruvios)

ITlRPMOS T ITlRTSV + ITlRNMOS :VDD (Smgle Scan)

I+, Rpmos +2115Rrsy + 112Rymos =Vpp  (Double Scan)
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TSV Resistance Measurement

= Resistance using proposed method

1.30v

Counts

28
26
24
22
20
18
16
14
12
10

O N A O ©

Measured
TSV resistance
distribution
-2 0~0.1Q

I
03 02 02 -015 -01 -005 O 005 01 015 02 025 03

TSV resistance(Q)
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TSV Resistance Measurement

= Measurement offset reduction

1.30V

IV'I-V

130_RSCHN_Cum

100
90
80
70
60
50
40
30
20
10

-0.3

Adding big scan driver in address TSVs
has impacts on command speed

- AWORD has small driver, which result in larger offset

1.70V

100
S0
80
70
60
20
40
30
20
10

0

w

170_RSCNH_Cum ~ +

B awo
Il owo
Blow1

| |ow2

Blows



TSV Chained Redundant Array

= Chain-redundant mapping repairs more than

one TSV per group
— N:1 redundancy within TSV group only repair 1 TSV

Signal TSV Falled TSV Redl{p’o_lgnt TSV
z Y 4.::=1:-:-1:‘.: """ v T
30 D1 D? D3 RO D4 DS‘IADG D7_ R1 D8_DO D10 DI?RZ
Slice3 TmTn ' ' T
stice2 [ [ T[T T~ :: T T :: VI IO
Slicel N N e 1 I A
SliceO {1111l B N I o
] oooooo
Base
TAAA F A A K A W W ......
". BDO BD1 BD2 BD3 BD4 BD5 BD6 BD7 BD8 BD9 BD10 BD11

‘ TSV repair to adjacent TSV group (chain-type)
* signal connections using DEMUX after repair
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TSV Redundancy Mapping
» |dentify defected TSV by current scan

Slice2 : X48Y33 -r i TSV ——F
......................... map

.. Failed TSV location

l‘{. '.}.I : :-- m =N I.I=I-I s s n s e EnEnEE : : IIIIIIIIIIIIII

* Function test results(bitmap) : before / after repair

Before TSV repair After TSV repair
(Fail) GEES))

Red stripe : failed bits
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Power Distribution Network Modeling

= TSV location is limited in stacked chip

L AMA—
/ @
HBM Core [] []
AA—F
N,
HBM Core Core CPM model ] —'VW—[]
TSV
HBM Core \ &) model
g LS A i ~ f]
HBM Base , L AMA—
— o oooooooon Mcobump I— \ .
Interposer >
P C4 bump — E ~
Package Base die PDN ‘ ' 1024/TSV
) TX/RX

<“— Microbump
model

'_'_'_'_ model , vv
Microbump(VDDQ- TSV(VDD-VSS \ o
VSS domain) domain)

VDDQ VDD

T [

R G apr G

VSS VSS

model
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Power Distribution

Slngle slice (IDD4W, 1ch operation - VDD)

I III IH IIIH il li

tif i 0406 0 A
i i g h H R R

LHLINC RENT §E SR

1CH Max IR drop(mV)

80
60
40

o Hmil N m _— ]

YDEC PERI YDEC PERI
VDD VSS

E Static mDynamic m=Total




Power Distribution

= All sllce( 4W 4ch operatlon VDD)

EEEEEEEm T r e
EIIEIIRIEIN TS
SIS RN 15

. EaEites §E§ 55'1

S FIER ERE 15
Liiiiiiiiiiiiiiiil
TIIESTIT AT LT

e e e s

-
e ey ey !!lﬂ

=T ‘_
V mIzimaTIEmEien

e T
RIS EIEL. | SRR IE

e

=2

OO ki il

112 S pueny vy e piospes i pope:

80
60
40

EmimmmimImiaas LoD 0l

SIF s isamass gl

dlatids b dby wbeithidioi e ke TP TRRE
SauEsnuaa e mE bl
s npmame iy P

EnmaEan ruama
s s
5 H -

P T

gahmmwne angwm 0

S YoEC  PERI  YoEC  PER
R B B

i i o e
giigﬁimiggg %agiﬁm m Static ®mDynamic = Total

S A :

BRI SN ORE N SN B BENE N M. T3 BN NN NL PR M L
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Memory Architecture of HBM

= Memory requirements in the system
— Bandwidth (128GB/s > 256GB/s)
— tFAW, tRRD reduction, page current reduction
— More banks/channel

= Pseudo channel architecture (2"9 Gen.)
— 128 1/0 =2 2 x64 1/0O (16 - 32 banks)

= Multi rank architecture (2"d Gen.)
— Twice the number of banks (32 - 64 banks)
— High density, same bandwidth
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System-in-Package using Interposer

Logic layer has direct interface with SoC(2.5D)
Many applications use HBM as Near-Memory

» & & & & & & o 0 ¢ > &® © O 0 O 0 0 0 0000 0 0 O
-----
aaaaa
""""
aaaaa

‘.P%;.be.txt.x.x.x.x.x.x.x.x.x.x.x.x.x.x.x. , Bump
ubstrate

PKG Ball
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tCCD limitation

= Year vs. tCCD

— Because of the increase of DRAM density and
voltage down, tCCD is bounded to around 2ns

3

128M/bank = 256M/bank 128M/bank = 256M/bank

1.8v > 1.5v 1.2v
2.5 -
AN
2 AN -t
By «¢GDDR3
tCCD T «w~GDDR5
(ns) .................................... . > A HBM
4n - 8n prefetch, bank group
1 bank group “@-HBM?2
0.5

0

'04 '05 '06 '07 '08 '09 '10 '11 '12 '13 '14 '15 '16
Year
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tCCD limitation

= Source of tCCD limitation Long LIO - small swing
— tCCD_L bank group ——geeq: “"-&‘l
DCRQZA &— ovp &— LIO/LIOb@BKGIp0 z
N \\/
Yi@BKGrp0
Logic Die T . LIO/LIOb@BKGrp1 \\ / \
DQ |— — Yi@BKGrpl \ \
CLK
CMD e
— LIO/LIOb of bank core - [CCD_S nobankgroup  jecr,
LIO/LIOb@BKGrp0
cannot be fully precharged p \$\/
without bank group Yi@BKGIpO
GIO
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Bank Group

= Bank group provide increased bandwidth

without more prefetch

= Restriction between bank groups is needed
— 4 banks x 4 groups are implemented in HBM 2

Bank Group A

5 [ tCCD=2ns (500MHz Core)
n

prefetch

tCCD=2ns (500MHz Core)

1Gb/s/DQ

Bank Group B

MUX

2Gb/s/DQ

5 [ tCCD=2ns (500MHz Core)
n

prefetch

tCCD=2ns (500MHz Core)

EV/OD

1Gb/s/DQ

BG_SEL
39



Bank Group

= Casel: Prefetch increase|| .., |l sz |l Il scs || sxo
— Large area penalty — tcop_L tcep_L —
. ? [
— Increased page size SICL || B Sl LSid || B
= Case2: Bank group , , ~
BK 4 BK 6 éK 12 BK 14
— Small area penalty 4 &
— . — tCCD_L tCCD L ——
— Restriction in bank access || gs Il sx7 || || 81z || Brcis
B CAS latency .
; tCCD_S > < tCED_L . \ J \ )
ew MU T T U
Command E@@ LVEI:’/RD WT/RD CVZT@
Bank Group ——C%._A E:Bl\_:\// Bg_C CE;_E/\
CAS_Yi_BgA |nteYrina| '\\
CAS_Yi_BgB mt(ji"{ Int(\e(rinal
DQ DO-DZ%! D2 ¥ D3 ¥ D0 - D1 + D2 — D3 { D4 ¥ D5 ¥ D6 ¥ D7 }—
*Interleaving between bank groups is needed (for gapless operation)
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Architecture Comparison

Pseudo Channel Mode Legacy Mode
R[0:5], C[0:7], R[0:5], C[0:7],
CKE,CK_t,CK_c CKE,CK_t,CK_c

AWORD AWORD
o | o | 1
BA4=0J | J L BA4=1 L
Pse'udo Pse'udo 2KB
1S Channel Channel 1K8 Channel Page
Page Page (16 bank) —
(16 I/o\ank) (16 lo\ank) ) R
128bx2y [ 0 128b x 2v 10 256bx 1y
- - DWORD 3
DWORD 1| | DWORD 3 DWORD 2
I I DWORD 1
DWORD 0| | DWORD 2 DWORD 0
DQ[0:63] DQ[64:127] DQ[0:127]
BL4 x 64 =32B BL2 x 128 =32B
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Full Bank Architecture

= Local I/O, global I/0O : Long

= Cell efficiency : High (minimum area penalty),
Page Size : No increase

WL
olo (®][®] (O] ()] — e
BO |5 B1 B2 [5& B3 B8 BB IB9 | Blls| ¥ 311
<< <X << N
Local I/0
Signals
YDEC YDEC YDEC YDEC YDEC YDEC YDEC YDEC
1/O Control Glgbal I/O Signals Address Control
YDEC YDEC YDEC YDEC YDEC YDEC YDEC YDEC
(@] (@] (@] (@] (O] (@] (@] (@]
B4 B3| B5 B6 (& B7 B12 B3| B13 | B14 [3g| B15
<< << <|x< <<
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= Ce

Half Bank Architecture

= A bank is divided into two sub-banks
— Local I/0, Global 1/O : short

| efficiency : Low,

Page Size . X2

BO B1l BO Local I B1l
XDEC XDEC XDEC L [e XDEC
XDEC : XDEC XDEC : XDE BL
B2 d B3 B2 g4 g B3
>
B4 B5 B4 BgWE
XDEC q XDEC XDEC d g XDEC
XDEC i XDEC XDEC 0 XDEC
B6 B7 B6 B7
mmaB Address Control 5 5pal llo Signals EII@ Control
B8 B9 B8 B9
XDEC [€ XDEC XDEC d g XDEC
XDEC D XDEC XDEC : XDEC
B10 B1ll B10 g B1ll
B12 B13 B12 B13
XDEC [€ XDEC XDEC d g XDEC
XDEC XDEC XDEC : XDEC
B14 B15 B14 B15
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Pseudo Channel Architecture

= Architecture : almost same as half-bank
= Page Size : No increase (X2 number of banks)

Pseudo Channel A Pseudo Glfannel B

BO Bl B16 B17
XDEC [ XDEC XDEC [ XDEC
XDEC > XDEC XDEC > XDEC
B2 . B3 B18 . B19
B4 B5 B20 B21
XDEC XDEC XDEC XDEC
XDEC XDEC XDEC XDEC
B6 B7 B22 B23
Globkl 1O Siunalgo Control L AddresgjControl ,E”@ ControlGlobal 1O Silanals

B8 B9 B24 B25
XDEC g g XDEC XDEC d g XDEC
XDEC XDEC XDEC XDEC
B10 d d B11 B26 d d B27
B12 B13 B28 B29
XDEC XDEC XDEC XDEC
XDEC XDEC XDEC XDEC
Bl4 B15 B30 B31
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Advantages of Pseudo Channel

* [ncreased system performance

— Number of banks are doubled, 10 are separated,
page size is reduced

= Area efficient DRAM architecture
— DRAM has optimized bank architecture
— Any additional functionality would increase cost
— 0.4% of total chip area increase by AWORD

i - Independent I/O control i
with area efficiency

N\ J
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Candidates of Pseudo Channel

= Three possible architecture for pseudo
channel (4Gb/ch)

- Double Row Double Column Double Bank

Pro Simple circuitry Prefetch Effective bandwidth
No area penalty 2 2 4 (tCCD=1ns) increase
Restriction in bank 2KB page size Area penalty+0.4%
Con L C N .
activation per pseudo channel  Circuit complexity
: RA[0:14] RAJ[0:13] RA[0:13]
Adgéstf’)'”g CA[0:5] CA[0:6] CAJ[0:5]
BA[0:3] BA[0:3] BA[0:4]
Select P.C. BA3 BA3 BA4
nd
HBM 2 X X 0

adopt
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Timing Diagram of Pseudo Channel

= Command interleaving, I/O separation

CLK

Row
Command

P.Channel

Pseudo 64DQ
—> —>
Channel # Channel A /Pseudo Ch }
128DQ/Ch
AWORD _ _ pseudo R 64DQ
Channel B /Pseudo Ch
3 : tFAW
< tRRD g
S U
(D (D

| Bank Group

Column
Command

P.Channel

| Bank Group
64DQ
P.Channel A

64DQ
P.Channel B

— _(—WHT/RD X WT/RD X WT/RD X_E/RD X_WJ/RD X WT/RD M//E( WT RD X WT/RT)

—+—/ J+ ChA-BO X ChB-B16 ‘X_(EhA -BO X ChB-B16 X ChA Bl 'X- ChB-B17 X ChA Bl ChA B15 * ChB-B31 ‘,

—>

t:RCD+1tc:>§—(DOX-D1*DZX-Ds*D4XDs)( D6XD7XDOXD1)(DZXD3XD4 D \(D4XD5)(DSXD7)—_

CL

Page Hit

= 2Rd/1Act

‘(

D.

2 {[p3 ) ba) ps (o6 | b7 )

4‘_

(DOX-Dl*I?Z*D3*D4X—D5XD.GXD7XDOXD1X D2

BLl:l —
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Cell Array for Page Size

= DRAM page size

— The amount of data transferred from DRAM cell into

the open page buffer
— Page size, access period increase - active current
BL

" S [
WLi R I Y I Y 3
S NS 1
5 T T ¥ |7
oSW | BLSA E_;;_:;_E> ......

WLi+1

1

%,

o
T

CYi

Bit-line Sense-amp Array

control logic

A

/

7

/

10
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Current Consumption vs. tFAW

= Max current consumption increase

140%

130% * tFAW(2KB) of
/ conventional
120% DRAM : 30-40ns
/ —o—Legacy
110% Mode

*memory power
budget is limited

Current Consumption(%)

100% - ;P ....... d ........... without addition!
seuao
90% - Channel area penalty)
Mode
80%
IDD7 = IDD4R % b + tRC I t
e k ES
70% T T T T T 1 uS—usage tRRD _rowac
32 28 24 20 16 12
[ rowact
tFAW(ns —
e IDDO tRC IDD3N tRC IDD2N
= —_— — *
tRAS tRP

* Bus usage is assumed as 80%
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TSV connection

= Multi-drop connection

— |/O capacitance large, via middle, via last, good
flexibility and simple TSV structure

= P2P connection

— |/O capacitance small, via middle, limited flexibility
and complex TSV structure

= P-2-2P connection

— |/O capacitance moderate, via middle, moderate
flexibility and complex TSV structure
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TSV connection

= Multi-drop : Large I/O load, minimum metal load
= P2P : Small I/O load, slightly increased metal load

Slice 7 &\%%

Slice 6 ; &

Slice 5 Q\ E E Cor;I '

. % S|
Slice 4 Q )

_ ﬁ Core 0
Slice 3 S%' '
Slice 2 5] = %i :

/
Slice 1 e ‘E‘_‘EH
Slice 0 Y o
Multi-drop TSV Zgr;izc-lt-iinv

Connection 4 ch x 2 rank 51



Advantages of Rank Structure

= Memory Core
— More memory banks, density and same page size

= Memory I/O
— Short I/O path, no change in pin count(except for /CS)

= Flexibility

— Ranks are easily added or removed W|thout structure

change

( Rank 0

/1O
BANK Buffer

Rank 1

/O
BANK Buffer

CSO

Cs1

Common I/O Common Add/Cmd 52



8-HI Rank Structure

= Reduced signal routing with chip-to-chip
slice skew variation

— Large 1/O circuit loading are added

) tDQSCK_slow R tDQSCK_fast
CK __/ \___/ \ N/ /L / \ U Rank1
; (__Read ) ((_Read ) q
cm — short circuit current i
S0 (s zone 4? RankO
DQ(SID=0) N X X ) g
DQ(SID=1) 4 Y G G S\
| Address DQ A
_ o o Core 7 Core die r e
| = S| s s Coede tCCDR definition
v wi ast process .
D=1 ° ° core? | . gap between ranks
o | ? ? (;o(e 4 | Address DQ
— | [ J L 4 Core 3 | | ® ® cores |
S - 0 | L 4 L 4 Core 2 | | ® ® Core 2 |
] [ [ Core1 | | ® ® Core1 |
- | ’ ? Core 0 | | ? ? Core 0 |
| ooéde 0000  Bae | | 0000 0000 Bisc |
8 Hi Structure 4 Hi Structure
Point-to-2Point Point-to-Point
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Memory Hierarchy

= A channel supply two independent memory

complex
Conventional DRAM HBM 2™ Gen.
\ \
/ ) /f ch I )
Channel anne
Pseudo > e Pseudo
4 Rank ) Rank Rank
BANK BANK BANK
& J
(Rank Rank Rank
BANK BANK BANK
& J
\_ / \_
32 Byte/64Byte 32 Byte/64Byte 32 Byte/64Byte
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Comparison between 8-Hi Structures

= 8-Hi organized to dual rank (Left) and single
rank (Right)

Each I/O
connected

2n prefetch
X 2Y

P-2-2P TSV
Connection
4 ch x 2 rank

Slice 7
Slice 6
Slice 5
Slice 4

Slice 3
Slice 2

Slice 1
Slice 0

*4ch x 2 rank is adopted in HBM 2nd

[:

QR QO
N E
N O

N

P2P TSV

Connection

4

ch x 1 rank

DWord 1,3
DWord 1,3
DWord 1,3
DWord 1,3
DWord 0,2
DWord 0,2
DWord 0,2

DWord 0,2

Each I/O
separated
4n prefetch

x 1Y
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Single Rank P2P TSV Deserializer

= 2 X 2-to-1 Deserializer (4-Hi) — 2n prefetch

= 4-to-1 Deserializer (8-Hi) — 4n prefetch
— Vertical connection enables the increased prefetch

GIO_E[0]]

GI0_0[0]|

8Hi

GIO_E[32]]

GIO_OI[32]]

A

8Hi

e

<& b

Tt

TSV DEMUX/Receiver

4Hi

O[0]

0[32]

-\
e

=

GIO_E[0]

8Hi 1rank P2P

TSV (E

data

MUX
contol

(  ¢lo_o[o]

)

GIO_E[32]

core
data

(  Glo_o[32]

)

2n prefetch

_

o1 f o

ol X Ef82]

O[%}

\

7 |

/

o E—

Gl ﬁ__E[o

—H

GIO

O[0]

)

\

10_E

(32]

)

4n prefetch

1 G

10_0[32]

)
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Single Rank P2P TSV Serializer

= 2 X 2-to-1 Serializer (4-Hi) — 2n prefetch
= 4-to-1 Serializer (8-Hi) — 4n prefetch
— Rank-to-rank I/O skew problem is removed

4Hi 8Hi 1rank P2P
{  GIOjE[0] | {610 E[0]
GIO_E[0] >_ ( GO0l ] core ( clo o]} |
?—{} pQO] | GIOEB2 ) 9 |  GloE[sy |
GIO_O[0] 1 5 . e
>’ _ {  cloobpz | { _ cloios2] )
GIO_E[32] > SHi i
1 \ i i i
GIO_O[32] >_ Q‘{}DQ[BZ] i S B W N
4’5 IJSHi
TSV MUX/Driver :( E[32] X 0[32] ); data §< E[0] /.( O[0] {( E[32] }.(0[32] .
| 2n prel;etch | | 4ﬁ prei‘etch.
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Memory Organization

= Architecture analogy with off chip I/O
— HBM 2" has three off chip architecture on one chip

__ Off chip (D) _| HBM 2 (ID)

Bank Common Common
Rank Common Common CSO, C31, ... SID
Shared C/A Separated Common CSO0, CSs1,... BA4, /BA4
(Pseudo Channel)
Channel Separated Separated Independent Independent
operation operation
| CS0 v
DRAM DRAM
Cso Cs1 Command/Address CSO
SOC — SOC SOC Command/Address E
<: Command/Address > Command/Address : ORAN ﬁM
l cs1 A | h I
. . Multi Channe
Multi Rank Multi Channel

With shared C/A
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Target Specification

HBM 15 Gen. HBM 2"d Gen.
Density(1 channel / Total) 1Gb / 8 Gb 8Gb / 64Gb
Microbump ballmap 6.05mm x 3.26mm (48x55um pitch)
1/O (Per channel / Total) 12810/ 102410
Supply(VDD/VDDQ/VPP) 1.2/1.2/2.5
Channel / Bank / Page 8ch * 8bank / 2KB  8ch * 64bank/ 1KB(p.c.)
Speed (Per pin / Total) 1Gbps / 128GBps 2Gbps / 256GBps
Output Driver 6mA~12mA 6mA~18mA
Chip stack (Max) 4Core + 1Base (5Hi) 8Core + 1Base (9Hi)

Burst length 2,4 4
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Conclusion

HBM is developed to get the bandwidth
128GB-256GB/s

— Applications want to break though the memory wall

Microbump AC/DC test, TSV scan/repair and
3D PDN analysis

— Minimize the cost adder caused by stacking

Architecture for system performance
— Pseudo channel architecture
— Vertical multi-rank architecture

Future of HBM DRAM
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