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1. Introduction

ACVS PKG S-parameter

. 2017 ,

PKG sign-off
Huwin PKG PCB
ACVS(Advanced Channel Verification System) ,
2020 Al NPU  Memory PKG/PCB ,
6 Al Al
Huwin 2010 ANSYS EM Charlie Jeung (CEO,
sjeung@huwin.can) ACVS R&D Team EM
13 ACVS
R&D Team Ethan Cho (CTO, jycho@huwin.com) KAIST
Huwin (Freg. andrransient Solver
Global Market PKG ACVS 2019
DesignCon Marketing Brian Lee (CMO, brian.lee@huwin.cm) ,
customization

Huwin Advanced Ch. Sl ACVS Ch. Si
Web-base S-parameteCh. Modelsimulation (snpview.con) ,
S-parameter Sl S-parameter model
Contad Info.:
ACVS

brianlee@huwin.com

ACVS

jycho@huwin.com
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2. ACVS

Contents :

2.1 What&ACVS

2.2 Why ACVS

2.2.1 Advanced high speed @hnel Technicaldsues

2.2.1.1 HBM3(E)
2.2.1.2 (LP)DDR5(x)
2.2.1.3 GDDR6
2.2.1.4 PCle Genb5,6
2.2.1.5 UCle
2.2.2 ACVS solver(SimNX)
2.2.3ACVS Stools

2.3 How to use AC\S
2.3.1 Ch.Model extraction
2.3.2ACVS
2.3.3 ACVS Analysissetup
2.3.4 ACVS Ch. Verification Report
2.3.4.1 Full Ch. Basic Sl report
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2.4 * Snpviewcom
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2.1. Whatd ACVS

ACV#Advanced Channel Verifi cation System) Serdes

Step 1

Auto configuration and simulation
Step 2
ﬂ Freq. domain Time domain
. \\‘\\\ P — e
e ~ -~
i ’}\\ N7/ §.7<
o * Ry N
+ Insertion/return loss + TDR, TDT
= NEXT, FEXT *  Eye-diagram
« PDN analysis « BER, Bathtub
«  Z;estimation + Delay, skew, slew rate, etc.

Auto reporting

Figure 1. ACVS: Auto. Ch. configuration/simulation and reporting

ACVS ¥ A S
S/PI

2.2. Why ACVS

ChatGPT, Al
Interface , Advanced high s peed Ch.
critical
, SP
PCB nets full analy sis
, Flow full analysis
ACVS
Signal Integrity Figure 2 .
Al
Signal Integrity
( Nets) EM smulation
S parameters . S parameters Net
SI/PI
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EM simulation
EM simulation

ANSYS Slwave
Net Port

HFSS simulator

System simulation

ACVS

1) Basic SI 24
IL/RL/FEXT/NEXT

d

2) Advanced S| £4

Figure 2.

ACVSBasic Sl

. Insertion loss/Return loss/FEXT/NETX,
, TDR (Time-domain reflectometer), TDT (Time -domain transmission), delay, skew

ACVSAdvanced SI
model

(Tx/Rx driv er

EQ )

System simulation

ACVS

Basic Sl Advanced Sl

e B =k
(Standard, Nets)
v
EM
simulation <
: S-parameter$#
v
System simulation

A RLC & TDR TDT, delay, skew

' ¢ ' v

Alg2o|d 4
S EE SRR SRV

| » Debuggin
v Fail eeme
Eye-diagram BER A
v v
AlE0|M 8F
PR BMZANEE

¢

Report
(D EF Y AU EY

|
3 Fail

HI
i
op
HU

Signal Integrity

Signal Inte grity
, RLC

, ACVS reporting
Basic Sl

Debugging Advanced SI

Eye diagram BER
Chip

, Chip IBIS-AMI

Net
PCle Gen5
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EQ Adaptation

Power Integrity Signal Integrity

Impedance (DCR ACL , 1211 )
Al
/ /
/
Simulation  Integrity
AlE30|Md e
HBE sl

AlZ2|0]4 AIZH - SI/PI £40] S8t

circuit solver
(time/freq. domain)

Al EY0|H ST
- == PN RS PSS - 18 Impulse

AE &3 Aot £H,
Pass/fall mE S
HAM R IISH =S

response £=

Figure 3. SI/PI

Net

2,000,000 bits PRBS
SI/PI
System
Net
, Pass/fail
Figure 3.
/
ACVS
Simulation integrity
S5 BhY) XS2t

- SI/PI M 0| S3}E!
circuit solver
(time/freq. domain)

- 7:.* SI{PI =g

- L 8% S-parameter E'é ds §’“
el 7|&

Simulation Integrity

SI/PI Circuit
Solver Solution (RF, ,
Analog, Digital ) SI/PI
Vector fitting S
parameters SI/PI
, S - parameters ( , )
S parameters
~ Giga byte
Circuit Solver
In-house tool
SI/PI Circuit
Solver Soluti on /
. Table 1 d rcuit S imulator SI/PI
. SI/PI
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HUWIN ACVS (Advanced Channel Verification System) Solution
( / /Al )  SI/PI

Talbe 1.  Solution  Simulation Integrity

S parameter , )
Circuit Solver Transient
Simulat or SI/PI AMI simulation
SI/PI S parameter
S/PI Solver IBIS-AMI
Solution : ACVS simulation
Hiwin ACVS customized
Flow PKG PCB Silicon interposer

interconnect ion Design sign - off

2.2.1. Advanced high sped Channel Techmical Issues

Monolithic Die
Figure 4. TSMC 3D CoWoS .
SoC Die HBM Die , RDL,
Silicon Biidge, Interposer
SoC
A I R L ™
o <00 12 - - LE Molding
Substrate
Figure 4. (CoWoS)[1]
Figure 5. AMD Al MI300 . GPU,CPU, HBM3
. Al Memory
6Gbs HBM3 . HBM3
I/F Signalintegrity

Interposer
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AMD MI300

Interposer
Connecting base chiplets and HBM3 stacks

Memory
8x16GB HBM3 stacks

4x Bnm chiplets containing cache &1/0
Bx Snm CDNA3 GPU chiplets

3x Snm Zen 4 chiplets with 8-core each

Figure 5. AMD Al MI300 2]

High performance chip interface HBM3(E) ,
(LP)DDR5(x), GDDR6, PCle Gen5,6 UCle

2.2.1.1.HBM3(E)

HBM3(E) Al high-speed , low power operation
DDR 64 bit data bus . 16 . DQ 4.8Gbps~6.4Gbps
8Gbps(HBM3E) , DQ Rx Mask 120mVv

4.8 Gbps | 5.2 Gbps | 5.6 Gbps 6 Gbps. 6.4 Gbps

Vorw 120 mv 120 mv 120 mv 120 mv 120 mv

tonw 03 ul o3 ul 03 ul 03 ul 03 ul

- Vpnw /

SV o Na, Do

cent

- Rectangular mask shape

g? |

S =— - CA: DDR operation, Byte + 1/2 clock speed

Figure 6. HBM3  DQ ReceiverEye Mask [3]

HBM3 Figure 7. smaller size narrower space
return path . HBM3
net Transientwaveform
Rewiver buffer  Figure 8. open mode(capaciive load) transient
TX Rx  Impedance Solver
ACVS HBM3 net S-parameter crosstalk
Transient Solver
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e A P =

DQ [0:31] C [0:7]
_—————>
DBI0/1 R [0:9] + +
«— N —_— A“%%’m pli
ECC_0/1 APAR - -
= 0 AV, T"R\l?+l it
SEV_0/1 AERR BT “ac)
art
- . . AV pli kl‘= M m
DPAR 0 \ K J n
* Smaller size & Narrower space
+—»
DERR_0 B
- DQ 32 net G5~ x2
RDQS_0 .
- Read/Write strobe T =
—_—
\ WDOS_0 Jx2
Figure 7. HBM3 Net Tech. issues
HBMS3 IBIS model Capacitive Load .
@ [s] ® —
Tx Rx e O
P=K)
— o o ‘
A " io

] -
‘Table 80 — Transtuit Driver Current Specification Ouiput Timing Reference Load

o d) | Vawn | s | Soten ‘

a /o - ;
o 2 ‘_-l 2 :
T o T : T " Time [ns]

T e Pt - Tx 14 mA, Rx capacitive load condition (6.4 Gbps)

Figure 8. HBM3 analysis example(ACVS)

2.2.1.2. (LP)DDR5(X)

(LP)DDR5(x) TX, Rx
-[4.9]
ACVS  Figure 9. DDR5
single ended IBIS-AMI single ended signal risirifalling edge response
AMI net crosstalk
. het Tx-Rx training DC offset ,
net forward clocking DQ-DGS Eye
Figure 10.
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-9 ~9

[m1) Transient si ion -) Risi i se 38 “ W 2) X-talk response “
» 71Z AMIE Differential signaling® 2 Single edge response 0188101 84 (Rising/falling £4 %) » BE Nete] X-talk 420 Ch2t Response 28

» DDRSE= Single ended2 Rising/Falling 2712 £72] response 012 B2 -} Transient simulation A58t 48

> 2t Net® X-talk0] Z2E Waveform 44 Rising/falling

-} Insertion, X-talk Rising/Falling response %8 014161 response
22 Waveform 24 (Superposition) = Insertion + X-talk

Tal i v

= - IR 1 .
e ] y i )\ [ \
J1i5(SerDes) AMI flow Rising response Falling response " ,_\_/_\

E 1

1

Ld i

e ° :

Valt) 18] Voult) R i

Y i

i

i
Ix{t)=TxModel{(V,.[t}} Da/cA T (t)=RxMode {Vo, {ti} —\ [\

(Single onded)
DDRS AMI flow Waveform

W 3) DCoffset 48 l‘“ (W 4) Forward clocking (DQS) l‘“

> 7|& AMIE Differential signaling22 DC offset0] Y& (OV 71& Swing) 7| & AMH= CDRZ O[2310] LHR0IM clacking 418 44 (&2 Tj2H0|Ef: clock_times)

v

> DDRS5E Single ended® DC offset A% TR » DDRSEDQS &8 DQ2 clocking 4152 HE
» Rising/falling impulse response®t 8| DC offset 2! $& U AMI &2401 28 715 2R > IBIS E& 219 & -) BIRD 204 (AMI 20 DQS Y3 271)
> IBIS E& 2% Z -) BIRD 197.7 (AMI 20j DC offset Y 271 > OF2{ 0] B2 AR 7|2 EDA tooldl M Manual2 B4 &
> B 0] BE AEOIA 7|Z EDA toolollAtE Manual B4 B2 (2 Net'd DCZt &3 U Atz/Eha )
R —— (N — DG docking
T
Rising/falling oy
responss =E
d e o
Vinlt) 18] Vmi‘l AMI out
DC offset Yy torward elocing.
Figure 9. DDRS analysis(ACVS)
A
R Rising
I--‘ 017"_“ Meas.
B —— B & remove
= E & A DCoffset
B s [/ cramnets
B Falling
oL MY T/
Full transient sim. »» Multi-edge responses )y Applylng » Waveform synthesis »
(including X-talk) including X-talk responses
statlc EQ
ov
Waveform 3> Applying O Applying ) Forward clocking ) Measurement
without DC offset Rx DC offset & reporting
dynamic EQ

Figure 10.DDR5 analysis(ACVS)
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2.2.1.3. GDDR6

GDDR6 Al
, Figure 11.

GDDRo
x16

DQO-DQ7_A, DBI0O n A Byte 0
gEDCO_A

[— WCKO_t_AWCKO_c_ A —

DOS-DOI5_A DBl a_A{ Byte 1

l¢———FEDC1 A
- WCK1_t_AWCKI_c_A * -

Controller Channel 0

CKE.n A—p»]
——carioo A capr & | ADD/
| CA[I00] A CABL A

CAJ10:0] A, CABI A oMD

_DQ8DOI5 B, DBIL n B | Bytel
l«———EDC1 B
[— WCK1_t BWCKL c B —9»]

DQO-DO7 B, DBIO_n B Byte 0

| <———EDCO0_B
- WCKO_t BWCKO_c B* — ]

Controller Channel 1

KEnB— ]
oo 55 —| ADD/

CA[I00] B, CABLB
CMD

CK_t, CK_c —»]
RESET_n ——p
- TCK, TMS, TDI, TDO —j»]

(16Gbps)
WCK, EDC signal

Single side configurations

CHAx16 CHBxl6 CHAxlI6 CHBxl6

HOST HOST
CHO CH2
CH1 CH3

Clamshell configurations

CHAxl6 CHBxl6
HOST
CHO
CH1
CH2
CH3

CHB xl16

CH A x16

Figure 11.Example System view for x16 mod&DDR6 [6]

GDDR6 net PKG ,
Controller  Memory PKG crosstalk Transient analysis
, EQ AMI
ACVS GDDR6 net Basic Sl cross-talk AMI EQ - Eye
diagraniBER Sl
2.2.1.4. PCle Gen5,6

PCle Gen5 32GT/s Serdes , 2022 Pde Gen6

64GT/s x16 lanes 256GB/s
Pde Gen6 Genb PAMd&signal i ng 2
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2.2.1.5.UCle

UCle Universal Chipletinterconnect Express Figure 12. Multi-Die Advanced
Package Module . Main band + side band Main band
Eyediagram, VTF loss VTF crosgalk  spec.

/ Multi-Die Advanced Package Module \ Sideband signaling

Die-1 i Main Band Die-2 Each module supports a sideband interface. The sideband is a two signal interface for
transmit and receive direction. The sideband data is a 800 MT/s single data rate signal
T | 4 Data > T 1 (SDR) with 800 MHz source. Sideband must run on power supply and auxiliary clock
L1 2 Clock source which are always on
—T—1Valid Sideband data is sent edge aligned with the strobe. The Receiver must sample the
—1—1 Track = incoming data with the strobe. For example, the negative edge of the strobe can be
RIT TR used to sample the data as the data uses SDR signaling as shown in Figure 99
X[ X| i 4 Data: X| X
f let—2c § For Advanced Package modules, redundancy is supported for the sideband interface.
‘g ""'I: g- Sideband initialization and repair are described in section 4.5.3.2. There is no
= [€T—1 Valid 5 redundancy and Lane repair support on Standard Package modules.
s
o —— Figure 99. Sideband signaling
RIT T|R SB Clock
X[ X X| X
& . (I SB Message
/

Figure 12.UCle  PHY sideband signaling(800MT/s) [7]

200 =
! Table 37. Eye requirements
_ 100} Data Rate (GT/s) Eye Height (mV) Eyve width (UI)
=
E 4, 8,12, 16? 40 0.75
[
g° 24, 3222 40 0.65
3
= 100 - 1. Rectangular mask
2.  With equalization enabled
200} 3. Based on minimum Tx swing specification
50 0 50
Time (ps)
Figure 13.UCle  Eye Mask [7]
UCle IBIS-AMI Transient

VTF

Figure 84. Circuit for VTF calculation

Rex interconnect V.

V,

s

Victim R,
Rex interconnect Vi
Aggressorl Ro
Rex interconnect v,
Aggressor2 R,
Rex interconnect V, 19
Aggressorl9 R,

Figure 14. (VTF)
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ACVS UCle AMI nets VTF Basic Sl Spec.

Figure 15. UCle (Universal Chiplet Interconnect Express) Open Chiplet
Platform . Core, Memory Chiplet
, Die to Die ( Chip ) UCle Interface
. Chip PCle
.UCle PCle 16Gbps, 64GT/s (Gen6, PAMA4)

OPEN CHIPLET: PLATFORM ON A PACKAGE

Customer IP &
Customized Chiplets

High-Speed Standardized
Chip-to-Chip Interface (UCIe)

r Searof Cores
(heterogeneous) L

Memory

Advanced
2D/2.5D/3D
Packaging

Heterogeneous Integration Fueled by an Open Chiplet Ecosystem
(Mix-and-match chiplets from different process nodes / fabs / companies / assembly)

Figure 15.DIE-to-DIE UCle (Universal Chiplet Interconnect Express)
Open Chiplet Platform [8]

Chip Die
. Die Interconnection
Al Signal/Power integrity
ACVS SI/PI /
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2.2.2. ACVS Solver (SImNX)

Simu

lation

Figure 16.SimNX : Simulation Next X

SmNX Advanced Ch. Sl Huwin Smulation Next X
ACVS
- S paraneters => 40GB
, 1000 =

- [S] to causal i mpulse response

- TDR/TDT

- Utra -fast full transient solver (full cross -talk )

- HawkEye: Pseudoworst bit pattern

- AMI : Bus channel (LP/DDR5,6, GDDR6, HBM3 ), Serdes channel (PCle Gen 5,6 )

- Fast/Optimal/Strict Transient

- Tx/Rx buffer (Ideal /1BIS/IBIS - AMI)

- Net AMI ( Cross-talk )
SmMNX FHgure 17. Huwin Non-i terative Extrapolation (1 ow/high
frequency range accuracy frequency extension)
delay impulse response transient (peak )

Direct IFFT, 1991 | | Vector fitting, 1999 ” Elll'ﬂlllt:l';attii:: 2003: m:'gﬁtmm;Ols :
. N 1 - 1
Accuracy {I'IOI'II:::IIISB“ [ﬁn:;'ﬁrt‘ing) (step :Isg:llution) ' al_gg; :
Causality X 0 4] ; (4] 1
Low Freq. data Required Required Required ! Extrapolation :
Propagation delay Not required Required Required | Delay estimation 1
Efficiency of High Mid Low [ Hi !
the method (IFFT only) (iterative fitting) (iterative search) : (non-iterative) :
Commercial Commercial 2 Commercial 1 ; Huwin 1
 E——— 1
Extrapolation of the band-limited S-parameter Causal time response
i i B! S S — ,’;“ Y <- Low/high frequency range extension
m et -7 ‘\ ’ <- Ensuring low frequency accuracy and
! y’ ‘e P : causality of time response
‘I - E - Delay-causal ; hm(t‘)
0 .fm fMH f t ' »
0 T, t;
Time

Figure 17.Extrapolation for extracting causal time response
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SmMNX

SimNX

Table 2. TX/RX Figure 18.
AMI S parameters
Ne cross-talk AMI
Risinglfalling
. I " o l response
‘ I.\;. . u‘MMI'l it

ATMX I b vm[t] E VOI"[“ I/\x ARMX'

Indt)=TxModel{V,,(t)} Causal impulse responses lpx(t)=TxModel{Vy,(t)}

:n(:'

Algorithmic helt Algorithmic
model model
-Static: ho(t -Static:

h(t)*TxEQ(t) hx(t)“RXEQ(t)

-Dynamic -Dynamic

= TX{h(t)*bit(t)} Analog : RTX(t)}
(Non-LTI)
AMI simulation
Figure 18.ACVS Hybrid type analysis : NorrLTI(Transient sim.) + LTI(A Ml model)
ACVS Figure 19. standard spice
ACVS Transient ,
20
Eye width (%, Ul) 3 Error (%, Ul)

10
9
8
T
6
5

IS NS
2 max diff, = 2%
f avg. ditt, =0.58% T

To85 7 8 11315 97 19 21 23 25 27 28 31 33 ‘ 1.3 5 7 9“11“-13“15 1?19 21232527 29 31 33

-t SpiCE e—ACYS

Figure 19.Full transient

ACVS® 6 min. (+ reporting : 11 min.) <->*SPICE® 6 hour

Huwin ACVS

(standard spice vs. ACVS)

Page|l9



2.2.3. ACVS S-tools

ACVS S parameter Correction Tools

S Designer :

S Designer
(Insertion Loss,

ACVS S parameters tool , S parameter
Return Loss, PSNEXT, PSFEXT target spec.)

S parameter

Causality,

Reciprocity

ML(machine learning)

W Acvs20233.1

Passivity
ACVS

S parameter

S parameter

1
107 » S-Designer TEST @ 20230719110206

Select export folder
Insertion loss Return loss
‘ D:\S-Designer_TEST )
______________________ 1 S
1 g
\ [Target Specification] : .
1 Point 1 |
o
IFrequency @ 5MHz 1 N
Insertion loss : o|dB 1 5
IReturn loss  : 20| dB 1
T PSNEXT : [ a0/dB 1 0
:PSFEXT c [ 0 dB 1 2
. 1
1 Point 2 1 0 20 30 0 50 ] 10 0 a0 50
| Frequency 20¢9 | Hz 1 J\ Frequency (GHz) Frequency (GHz)
1Insertion loss : 5| dB ||:
IReturn loss 5| dB 1 -‘/ PSNEXT PSFEXT
IPSNEXT : 5| dB 1 L ] A I e T
IpSFEXT : 5|dB 1 0 " o 7
| . 1 b
IF P0|nt3H i 0 -
requency 50e9 | Hz
IIns;ertinn loss : dB J - ====="4 ====
1 : -10 1 R I't HUWIN A1l rights reserved v
IReturn loss  : .5 dB 1 ]! ACVS S-Designer .
R 50 ! === Design Parameters
IPSNEXT : -5 dB 1 Iy nrine =5 1
IPSFEXT : 5| dB 1 60 I' r1 = 0.0421538 I
1 1 I! Ll = 8.30825%e-10
1 i 70 |} G = #.51818e13 I
Lines : : ! MSLen = 0.00450879 1
I— ————————————————————— 1 = I! MSZ0 = 35.483%9 I
10 0 30 4i ! M5TanD = 0.10785 40 50
“ Frequency (GH2) |} R2 = 0.0288778 ley e
! L2 = 7.0109%e-10
I' c2 = 1.53658e-13
I! Cnext = 2.8821le-14

! Cfext = 2.57185s-14
! fregl = 2e+l0

! freg2 = Se+ld

! MSHeight = 0.000528
! MSConThick = 1.8e-05
! MSEr = 4.4

! MSWidth = 0.0014541¢

! === Target Spec
! IL = [0.00 -5.00 -10.00]
! RL = [-20.00 -5.00 -5.00]

1
1
1 1
1 1
1 1
| 3|§ 1 ! PSNEXT = [-20.00 -5.00 -5.00]
= | ! PSFEXT = [-20.00 -5.00 -5.00]
1 1 | | === Actual Spec
1 1 ! IL = [-0.10 -5.70 -11.80]
I: RL = [-18.00 -2.00 -3.00]
1 = 1
! PSNEXT = [-23.00 -4.00 -4.00]
- ChﬂrtlmﬂgES 1 :! PSFEXT = [-20.00 -2.00 -4.00]
1 1 1 === Port Info.
1 1 I! Port[l] = Inl
=" ! Port[2] = In2
I — LDQE‘ 1 :! Port[3] = In3
1 1 ! Port[4] = Ind
1 1 ! Porc[5] = InS
. ! Port[é] = Outl
1 [] 20230719110206_ACVS_S-Designersiop 1 (st
1 -r--=-===-= '> I, Port[8] = Out3
e e e e e, e, e, e, e —————— 1 It Pozg(e] = outs
| ! Porc[l0] = Outs
# hz S ma R 50 1
1" s000000. 0000000000 0.00063%

L AS/00n0n LGN A0ALN G - o0 Q0SSR

Figure 20.ACVS S-Designer(S-parameter model generation)
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S correction :

S Correction S parameter Causality, Reciprocity, Passivity Error
S parameter /
Causality, P assivity, Total error chart view

XX ACVS 2023.2.2

‘ S-Designer ‘I‘ S-Correction
Load .snp file e —
L Causality error I
1 1
‘ D:\S-Correction_TEST\PKG_model.s8p 1 30 [ orignal 1
I &0 — [7] Processed 1
L] 1
. . 50
Correction option L 1
| [t} 1
. 1 1
Causality i 0 3 5 3 12 15 13 1
1 Freguency (GHz) 1
Reciprocity 1 1
1 Passivity 1
Passivity [ 1
1 —— [ ] original 1
1 0885 — [v] Processed 1
esults o
Result [ Lmit 1
1 1
| 0.985 1
Causality error -27.5098 | dB 1 1
| 0 3 5 E] 12 15 18 i
P Frequency (GHz)
Passivity (max) 1 1 1
I 1
Total error 27.5038  dB 1 Total error 1
1 - 1
| = [ original |
i 50 — [i¥] Processed 1
@
1° 5 1
1 1
[ 1
1 0 3 5 3 12 15 3 1
1 Frequency (GHz) 1
[ e Ll
1

» 5-Correction » 20230427155430
=

= Chartimages

23 Logs

D PKG_model_ACYS_S-Correction.sgp

S-Correction_Results b

Figure 21.ACVS S-Correction (S-parameters modelcorrection)

Correction option
V Causality: Enforcing causality
V Reciprocity: Enforcing reciprocity (S(i,j)=S(j,i))

V Passivity: Enforcing passivity (with the ensured causality)

White Paper :Huwin ACVS Page|21



Results

V Causality error: Max error of the causality enforcement (NMSE in dB)

Scausal(ivj) Vs Soriginal(ivj)

V Passivity (max): Max passivity value

V Total error: Max error of the total results (NMSE in dB)

Sotal (le) \& S)riginal (I,])

2.3. How to useACVS

ACVS S parameter

, S parameter

S parameter ANSYS EMmodel extraction
EM
2.3.1. Ch. Model extraction
EM EM
/ 1
(Bump), (Pad), (Via), (Trace), (Ball) (Reference
Ground)
/
( ) EM (ElectroMagnetic Field
Analysis)
EM (Insertion Loss), (Return Loss), (CrossTalk),
(Impedance) S-parameter$nP) . 3
S 3D FEM(Finite Element Metbd) EM
ANSYS HFSS(High Frequency Structure
Simulator) . 3D FEM EM Figure 22. ,
, EM (port) 3
Adaptive meshing 3 (mesh) , 3D FEM
ACVS ANSYS EM ANSYS  Scripting
Huwin ACVS Page|22



PKG/PCB CAD file Import, 7-Z(via, pad, bump, ball) Z}g}u]g] ¢4

r

Stackup AR(F7, &4) Zelvlg 4

r
ZE, vk, w4, Fos 2H

r

AlEgeold #4, da #€<l, 2l ¥

Figure 22.EM

Solder bump

Figure 23.PCB/PKG CAD file Import Stackup

e e S ;
\ 7/
\ \ / / /
_signalk—————//signal___

— POt — moisinis e

ground  Chip reference plane  ground

Figure 24.BGA

" Initial Mesh|

N

Figure 25.ANSYSHFSS FEM (Adaptive Meshing)
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FHgure 23,24,25 EM CAD , , FEM

EM . EM
Figure 26,27
L

0

=10

-20

-30 — dB(S(Diff_BGA_RXDATAD,Diff BGA_RXDATAQ))
— dB(S(Diff_BGA_RXDATA1 Diff_BGA_RXDATA1))
—  dB(S(Diff_BGA_RXDATAZ Diff_BGA_RXDATA2))
— dB(S(Diff_BGA_RXDATA3 Diff_BGA_RXDATA3))

-40 ' dB(S(Difi_BGA_RXDATA4,Diff_BGA_RXDATA4))|
— dB(S(Diff_BGA_RXDATAS Diff BGA_RXDATAS))
= dB(S(Diff_BGA_RXDATAS Diff_BGA_RXDATAG))
— dB(S(DIl_BGA_RXDATAT Diff_ BGA_RXDATAT))

‘50 T T T T T

4] 10 20 30 40 50
Freq [GHz]
Figure 26.EM ,

0 —
M2 HES ae) =4 [dB]

D= - e

4

— dB(S(Diti_CHIP_RXDATA0,Diff_ BGA_RXDATAQ))
-6 —  dB(S(Diff_CHIP_RXDATA1,Diff_ BGA_RXDATA1))
——  dB(S(Difl_CHIP_RXDATAZ,Diff_BGA_RXDATAZ2))
——  dB(S(Difi_CHIP_RXDATA3,Diff_BGA_RXDATA3))

dB(S(Diff_CHIP_RXDATA4,Diff_BGA_RXDATA4))

-8 7 —  dB(S(Diff_CHIP_RXDATAS Diff_BGA_RXDATAS))|
— dB(S(Difi_CHIP_RXDATAG Diff_BGA_RXDATAE))
dB(S(Ditf_CHIP_RXDATAT,Diff_BGA_RXDATAT))
‘10 T T T T
0 10 20 30 40 50
Freq [GHz]
Figure 27.EM ,
2.3.2. ACVS
PCle (10 Gbps )
( 0~100 GHz) .
, PKG/PCB
Figure 28.
EM ( ) ACVS
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ACVS: system simulation/reporting Report
EM simulation ,/ = = \ / - '“_rm:_ \
—\ ( 8 o v - B = === \ v !
miL'on % (g g o STy
A"?o - o Rl ____ ’3‘ o g
_ o =| TR
s#p files = - = f = o<
> ANSYS Siwave, ) e
\ HFSS, etc. » Automation of system simulation — =—
—_— with SimX engine. - o
> Reporting: charts and measurement. == —_——
> Applications: DDR4, DDRS, GDDR6/HBM(AI chip), > K
\ PCle Gen5~, C-PHY, etc. S ]
\__ / \\ > Customized report /
Figure 28.EM ACVS
ACVS Figure 29. Pass

Ad AA (7] o}EQ 2]

A 4

A EM Algdold

(Ch. S-parameter modeling) h

ACVS #&/4A3% #H
Basic SI, Eve/BER

Ad AA d=/AF L

Figure 30,31

Figure 29.ACVS

g olEY A Jlol=

3

A olEY 4 Jlol=

White Paper ‘Huwin ACVS

Eye/BER
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TDR

Eye density : Output Point BER

Yo st

trwa ot

Basic S| TDRRL Falil E Bad Eye/BER results
Figure 30. ACVS TDR/RL => Eye/BER
TDR
gl i Eye density : Output Point BER
i " o
Béfgi'c Si 'HDRRL Pass E GoodEye/BER results
Figure 31. ACVS TDR/RL => Eye/BER
Figure 32,33 (Cross- Talk)
Eye/BER , ACVS
Eye/BER

Eye density : Output Point BER

ex am)

Basic SI cross-talk Fail E Bad Eye/BER results
Figure 32. ACVS FEXT => Eye/BER
FEXT
,,,,,,,, Eye density : Output Point | BER

Basic SI cross-talk Pass E GoodEye/BER restlts
Figure 33. ACVS FEXT => Eye/BER
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2.3.3. ACVS Analysis setup

ACVS
profile
Rev.
Rev.
Build project :
ACVS ACVS Ul Drag &
Drop
Build -> IBIS analysis -> + channel -> Drag IBIS, Sn P files -> Save & | nport
Ll m."!. L 4 = e
: LB Dram_IBIS
O Dram_PKG
— e T e SoC_IBIS Nodels
st || sevatimgont ]
= SoC_PKG Drag & Drop
e VO secms DDRS raw data
Dram IBIS Bram #HE v =] et PHE v =] socimis
|t s | [ ':u:.u:_mx.ump | I [ :N&_mlid_wns‘h

Figure 34.ACVS Build Project, Model Drag & Drop
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ACVS rule setup

header , net

rule . Rue ACVS Auto rule
setup Rule Assitant MLMachine Learning)
net .

W ACV52023.4.3

Channel

Channel model S-parameters Analysis 1BIS Model Specification Simulation
Model Impart Configuration Verification Module IBIS Simulation Setup

» DIE Is ' Frviemony s ! 1
: 1 A T A
Dram_PKG 1> SoC_PKG | —P ! !
! 1 I Auto rule setup !
sear| | seck| | 1 1
1 1 I T T — — J
DE v ijBea v | | [Me- wvsec v
e . _I
Net Information Group Management
— — e m e ==
1 1 ! 1
Channel CHO “ . Al Groups by rule : ‘ Edit BGA rule(.bdef) ‘ \
. . ' " i CHO_ByteD =1 1
Grop | MNetType | Left Net Met | Right Net ,/ | T |‘ Edit Gmulplng rule(.gdef) ‘:
Bytel DM DMIO_A CHO_DMILO /' m cHo.CA 1 I |
EByted [ils] QoA CHO_DG O / i 1 Edit Multiport ielection rule(.mdef) 1
7 EHO_Differantial
Bytel Do Dai_A CHO_DOL 7 P 1 - i 1
- - . ST Vi - 1 Edit Net selkction rule(.ndef) 1
e - - /7 CH1_Byte [ E——
Bytel DQ DQ3_A CHO DG 3 / CHI CA |
- - s I / = > 1
72 |
Detected BGA Pattern: Memory /I Validation Check : DONE 1
7 |
7 |
/7 1
/ 1
I
¥ Net Connection Editor 1
I
|
|
I
. I
Growp  het Type D PKG SoC PHG |
ow owio_A cHo_ow1 o |
B oo booA w000
B 0o QLA cHo_Dg_1
e o 0Q2A €H0_0Q 2 YA Channel Grouping Rule
Byted og DQ3A CHO_DQ_3
B oo o0 a o004
B | 09 e o Input Rule file.*def) I
B oo o6.a 006 1
st DR A cHog 7
STar i B CHACH T 1900801 Cramnl G gtl [ e |
syte0 .. HOQS RDQS0_C_A cHo_Rogs o
Oriwd .| WCK WCKDTA CHO_WCKT.8 Matched port Template
e D WK Weko_€ A cHo_wok c o
P owILA cHo_owi_1
w1 | 0o Yy Y 1 Syntax : RuleType(1:Channel, 2'Signal, Dignore) Keyword GroupDefine GroupDefineDetail("Group_NetType", Ne ~
Byl DO bQOA oo s ;fr;ug:gRuIQNamg
Bytel ] QLA CHO_DQ_10 a1 :s cHI * Matched port (.snp file)
Bytel oQ DQILA CHO_DQ_11 5
[ oai2a o012 52 DMIO Byte0 Byte0_DMI
Bytel oQ DQLIA CHI_DQ_13 72 DQO ByteQ Byte0_DQ
oel o0 eI A €000 14 £2DQ1 Byted Byte0 DQ
Bytel oQ DQIs A CHO_DQ_15 13; %; :Yy:g :yy:g-gg
Bytel D.. ROQS RDQS1_T_A CHO_RDQS_T_1 -
s IS " Zm B R
el .. WCK WekLTA cHo_ WK 11 132 DQS ByteD Byte0_DQ
w0, WK wokCA CHo_wer € 1 142 DQ7 ByteD Byted_DQ
o aooe cana cocan 152 RDQSO.T Differential 8yte0_DQS
o aoom cara coca 162 ROQSO.C Differential Byted_DQS
oA ADDR CAZA CHO_CA 2 7
o oni i n choen s 182 DMI1 Byte1 Byte1 DMI
192 DQB Byte1 Byte1 DQ
o | e . B “ 202 DQY Byte1 Byte1.DQ
212 P00 Rurel Rural NO =
: »

Figure 35.ACVS Ch. Rule setup
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Transient Simulation S etup ( Port Termination ) :

Fgure 36. Milti  DIE Tx, Rx DIE | BIS nodel
termination

net 50ohm Termination

Figure 36.Multi DIE (Clamshell configuration)

YK Snp Editor: Dram_PKG — O X

1
Multi_Die_Clamshell_configuration.s--- % 1 Port Term I Header Editor
1
O Show all O Non-analysis nets @ Analysis nets
# Port name 50 o0 | =+ DIE Term
120 DRAML_DQ16_DIE_819 &
121 DRAML_DQ20_DIE_895 &
122 | DRAML_DQ24_DIE_933 o
123 | DRAML_DQ28_DIE_1009 e}
128 DRAML_DQ20_BGA_top &
129  DRAML_DQ20_bottom_term DQ: IBIS
DIE Termination
0 50 IBIS 1BIS file IBIS model Corner
Bytelane o dwe_ddrphy_turxdgs_e...  ~ malddrv27_dldx_60@[typ: 2.042 pF, min: 2.... =~ typ ~
CA ®
Reset Save & Apply

Figure 37.Port Termination for multi DI E configuration
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Header Editor

S parameter (40GB

ACVS SNP Header Editor , Figure 38.
)  header port name
S paremter text editor
Header Editor header open
[ ] SODIMM_Connector_DDRS5_Sampling3MHz.5536p 5536P File 47,537,705 KB
B File folder
Figure 38. S-parameter  : 536ports, 47GB file size
Y SNP Header Editor — O X

Input SNP file {.snp)

‘ VS_white_paper_Example\SODIMM_Connector_DDR5_Sampling5MHz.s536p -

8!

9 # GHz S MA R 50.000000 |
10 ! Terminal data exported
11! Port[1]=DDR5_C0_0_DQO_1_BOARD

12 ! Port[2] =DDR5_C0_0_DQO0_3_BOARD
13 ! Port[3] =DDR5_C0_0_DQO0_5_BOARD

14 ! Port[4] =DDR5_C0_0_DQO_T_BOARD

15 ! Port[5] =DDR5_C0_0_DQS0_N_BOARD

16 ! Port[6] = DDR5_C0_0_DQSO_P_BOARD
17 ! Port[7]=DDR5_C0_0_DQO0_0_BOARD
18 ! Port[8] =DDR5_C0_0_DQO_2_BOARD

19 ! Port[9] =DDR5_C0_0_DQO0_4_BOARD
20! Port[10]=DDR5_C0_0_DQ0_6_BOARD

21 !'Port[11]=DDR5_C0_0_DQO0_1 DDR

22 ' Port[12]=DDR5_C0_0 DQO_3 DDR

23 ! Port[13]=DDR5_C0_0_DQ0_5_DDR

! -Min Freq.: 20.000000 MHz, Max Freq.: 20.000000 GHz 1
TR RO i £ roq step: 5.000000 MHz, Max Ereg, Step: 5.000000 MHz 1

oo coococococococooooooooooooo -

Figure 39.ACVS Header Editor  Freq. Info.
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Transient Simulation Setup (IBIS model and Write/Read modé

Write/Read Rx, Tx

model selection Case

Case .

W ACVS2024.1.1.1

Channel

O v P 7] Ical
Channel model S-parameters Analysis 1BIS Model Specification Simulation
Model Import Configuration Verification Module 1BIS Simulation Setup
IBIS analysis
Mode setup PRBS setup
1
Mode ‘Write ‘ v Analysis engine Hawk-eye v Option Fast v
1 1 4 - Wite /Read node
Write I
Read
Dram: Rx [41B| B %] Load Pkg SoC:Tx [« mis #¥{source| | pelay £ Pke | Analysis Case
Net Type Model [ 1o comner aMI Model [ 1o  comer ami ,,‘ Net Group. ‘ r—
DM ODT48@[GC:47.77, PC:Inf] v Input typ v - SOC60PD40@[PU_Z:60.01, PD_Z:39.70, RT:5.7E-11n. - Ifo typ v - b
DQ ODT48@[GC:47.77, PC:lnf] v Input typ v - SOC60PD40@[PU_Z:60.01, PD_Z:39.70, RT:5.7E-11 typ v - i €D ULn
DQS ODT48@[GC:47.77, PC:Inf] v Input typ v - SOC60PD40@[PU_Z:60.01, PD_Z:39.70, RT:5.7E-11n...  ~ 1/Q typ < - 2 CHO Read
ADDR ODT48@[GC:47.77, PC:Inf] v Input typ ~* - SOC60PD40@[PU_Z:60.01, PD_Z:39.70, RT:5.7E-11n... ~ 1/0 typ v -
CLK ODT48@[GC:47.77, PC:Inf] v Input typ v - SOC60PD40@[PU_Z:60.01, PD_Z:39.70, RT:5.7E-11n... ~ 1/0 typ v -
Status  Process Complete AMI mode Auto Selection Delay removal Apply

Figure 40.ACVS Transient analysis setup (write/read)

Transient Simulation Setup ( Hawkeye/PRBY :

ACVS Eye

Hawkeye PRBS Manual

X Acvs2024.1.1.1

Channel

M % » B =
Channel model S-parameters. Analysis 1BIS Model Specification simulation
Model Import Configuration | Verification Module BIS Simulation Setup Hawk eye/PRBS setu;E‘

1BIS analysis I

v

Mode setup PRBS setup
- -y
I Hawk-eye 1
1 pres 1
Dram: Rx 4P| 185 3| Load | soc:Tx A[b] s selivana Pig Analysis Case
Net Type Model [0 1o Corner AMI Model Corner AMI “ Net Group ‘ e
oMI ODT48@(GC:4T.77, PC:Inf] -input typ = - ||SOCG0PDAO@IPU_Z:60.01, PD_2:39.70, RT:5.7E11n... wp v
DQ ODT48@(GC:47.77, PC:Inf] - nput typ - - ||SOC60PD4O@IPU_Z:60.01, PD_:39.70, RT:5.7E-11n. typ - 1| @D iR
Qs ODT48@(6C:47.77, PCilnf] -~ linput typ - - || SOC60PDAD@(PU_Z:60.01, PD_2:39.70, RT:5.7E11n... wp v - |2 oo Read
ADDR ODT48@[GC:47.77, PCilnf] - input typ - - ||SOC60PD40@[PU_Z:60.01, PD_Z:39.70, RT:5.7E-11n.. = 1/O twp - -
Lk 0DT48@(6C:47.77, PCilnf] ~linput typ - - || SOC60PDAD@IPU_Z:60.01, PD_Z39.70,RT:S.7EDIN.. ~ /O typ - -
Status  Process Complete amimode [ Auto Selection [l Delay removal

Figure 41.ACVS Hawk-dye/ PRBS setup
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Transient Simulation Setup (_ Fast/Optimal/Strict )

ACVS HawkEye Fast/Optimal/Strict PRBS
worst ISI worst bits worst ji tter by X -talk worst
bits worst over/undershoot by X -talk worst bits

X ACVS2024.1.1.1

S Channel

{ W 3 (#] =
Channel model S-parameters Analysls 18IS Model Syeclﬁcalmn Simulation IE‘

Model Import Configuration Verification Module IBIS Simulation Setup

IBIS analysis

Mode setup PRBS setup !
Ifﬂst
1 1
optimal |
I,

Dram: Ry 4> B 3| Load | Phe | socrx [4b] 185 Rsource| | Delay #8] Pkg | anaSi ]

Net Type Model [J vo cormer am Model [J vo  comer ami ,,‘ Net Group Mode

DM ODT48@[GC:47.77, PC:Inf] * Input typ T - SOC60PDA0@[PU_Z:60.01, PD_Z:39.70, RT:5.TE-11n... + 1/O typ v -

Do ODT48@[GC:47.77, PC:Inf] - Input typ - - ||SOCG0PDAO@[PU_Z:60.01, PD_Z:39.70,RT:5.TE-LIN... = IO typ = - 1 CHo Write

D0S ODT48@[GC:AT.7T, PC:Inf] v Input typ v - ||SOCEOPDAO@IPU_Z:60.01, PD_Z39.70, RT:5.TEIn.. ~ If0  typ = - || 2 cHo Read

ADDR 0DT48@[GC:4T.7T, PC:Inf] - Input typ - - ||SOCEOPDAO@IPU_Z:60.01,PD_Z:39.70, RT:5.TEAIn.. ~ I/0  typ = -

cLk ODT48@[GC:47.77, PC:Inf] - input typ <~ - ||SOCEOPDAO@[PU_Z:60.01, PD_2:39.70, RT:5.TELIN... = I/O typ v -

Status  Process Complete AMimode [ Auto Selection [ Delay removal Apply

Figure 42.ACVS Transient simulation setup (Fast/Optimal/Strict)

Analyze
channel impulse responses
Generate the worst bits -

Generate the worst bits
for the worst jitter
A by X-talk

Fast, Optimal mode

Strict mode

Crosstalk
Hawk-Eye (Fast/Optimal/Strict) vs PRBS (27215 = 30,000)

for the worst over/undershoot
by X-talk

Generate the worst bits

Hawk-Eye Example : *4.266Gbps, DDR4 (PKG+PCB+PKG)
Flowchart of "Hawk-Eye"
Hawk-Eye: Fast Hawk-Eye: Optimal Hawk-Eye: Strict

(223 bits, -99.4%) (2.943 bits, -92%) (9.867 bits, -70%)

Black: Hawk-Eye in ACVS PRBS in Solution-B

Figure 43.ACVS Hawk-Eye Fast/Optimal/Strict vs.PRBS: bits
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Transient Simulation Setup (  AMI mode/ A uto Selection / Delay removal ) :

ACVSAMI mode Serdes Memory Tx, Rx AMI AMI parameter

W ACVS2024.1.1.1

Channel

m ¢ » 0O =
Channel model S-parameters Analysis 1BIS Model Specification Simulation
Model Import Configuration Verification Module 1BIS Simulation Setup E‘
IBIS analysis
Mode setup PRBS setup

Dram: Tx |4/ IBIS ‘ﬂ"Snul‘tﬁl ‘DE[HY ‘“" Pkg ‘ SoC: Rx num Analysis Case

Net Type Model [ 1o cormer ami Model ] vo  comef mnl[ ‘ Net Group ‘ Made
DMI OCD_PU48_PD40@|PU_2:47.63, PD_Z:38.45, RT:-ns, FT:—ns] ~ o tvp - Q 0OCD_DQ_CA_40p_40n@[PU_2Z:37.15, PD_2:33.19, RT:3.75E-11ns, FT:2.1E-. ~ jo tvp n 1

DQ 0OCD_PU48_PD40@([PU_Z:47.63, PD_Z:38.45, RT:-ns, FT:—ns] ~ o typ - ﬂ 0CD_DQ_CA_40p_40n@[PU_Z:37.15, PD_Z:33.19, RT:3.75E-11ns, FT:2.1 1 L 20 —
DQs 0OCD_PU48_PD40@|[PU_Z:47.63, PD_Z:38.45, RT:-ns, FT:-ns] ~ ljo typ - n 0OCD_DQ_CA_40p_40n_diff@[PU_2:37.15, PD_2:33.19, RT:3.75E-11ns, FT: 1 2 CHI Read

AMI modeAuto Selection/ Delay removal setup
|

\ 4

Status Process Complete 1

YX AMI Information of IBIS Model

[SoC][DMI] Case: 1 (Read mode)

IBIS Model | 0OCD_DQ _CA_40p_40n@[PU_Z:37.15, PD_Z:33.19, RT:3.75E-11ns, FT:2.1E-11ns]
AMI file (.ami) | ControllerTx_vffe.ami
AMI file (.dll) | ControllerTx_64.dll
Item Name Usage Type Format Default Value Description

AMI_Version Info String "5.1" "5.1" "Valid for AM| Version 5.1 and above.”
Ignore_Bits Info Integer 40000 40000 "Ignore bits to account for adaptive equaliz...
Max_lnit_Aggressors Info Integer 25 25 "Number of aggressors is actually unlimited.”
Init_Returns_Impulse Info Boolean False False "Impulse Response is not modified”
GetWave_Exists Info Boolean True True "Getwave present in this model."
FFE##module_off In Integer List ] ] = "Turn Module off"
FFE##preset_taps##defs... In String "0,0.75,-0.25" "0,0.75,-0.25"

FFE##preset_taps##Defa... In String List "pO" PO" - "nil"

SynC with IBIS-Corner typ Restore Default

Figure 44.ACVS Transient Simulation setup (AMI mode, Auto Selection, Delay
removal)
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ACVS  AMI mode

DIE1 [s]

Tx
Dram

A
1 BGAL

Dram_PKG

1
I deal source, IBIS,DiEl WV ||BG- W
a IBIS- AMI model

Figure 45.ACVS

TX, RX

> MB s]

Channel

BGA M

MB W |[BGA W

AMI

Ideal Source IBIS

BGA BGA

[S] [s]
Rx

SoC_PKG SoC

T_coil

DIE DIE I

1
| deal source, IBIS,
Q@ IBIS-AMI model

BGA W [[DIE W BGA W ||DIE WV

with Tx, Rx (Ideal source, IBIS, IBISAMI ) model

TX, RX

- ldeal Source Tx Rx

C Tx Driver , Trf, C_comp, Saurce Impedance (single or

differential)

C K Load C_comp,Load Impedance (si ngle or di ffere ntial)

C * Tx R«  Custom. EQ ACVS 2024ipdate
- | BIS model : IBIS (PKG S paraneters link

S parameter model PKG RLC activate
2Gbps D)

- I BIS-AMI model : IBIS (*.ibs) * ami * dll PKG Sparameter

TX, Rx (PKG S parameter IBIS

2)
Talbe 2. ACVS TX, Rx Case
Tx model case Rx model case ACVS analysis
| deal Source Ideal Source (@]
| deal Source 1 BIS model (@]
| deal Source | BIS AMI model (@]
| BIS model | deal Source (@]
| BIS model | BIS model (@]
| BIS model | BIS AMI model (@]
1 BIS AMI modé | deal Source (@)
| BIS AMI modé | BIS model (@]
1 BIS AMI modé 1 BIS AMI model (@)
Auto S election Menory IBIS buffer net type

model selector

Net Type key wor d

DQ, DQS, DMI A.K, CKE, ADDR
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Delay removal Figure 46 . IBIS
logic input triggering
delay

Rising waveform

takes 20 ns to settle

-

rising/falling

output
(overclocking)

delay

Falling transition should
not be triggered unti
t>=20ns

&

Input Sgnal (good)

discontinuity: /
output jumps to
steady-state high
value,

15rs 20 ns

Discontinuity occurs if
falling transition is triggered
prior to 20ns.

o

Delay removal to avo id Overclocking Drivers

Figure 46.ACVS delay removal

Dara Rate Rule

JEDEC DataRate

rule

timing

Y& Data Rate rule

Figure 47.ACVS Ch. Spec.

voltage mask
Editing

measure
, rule

Input Rule file|.*def)

o]

Help

Template import

1 [DDRS 4800]
2Nome=DDRS 4800 Mbps.
3 Standard DDRS

1 Half_UL_Shifting Wirite <DQS WCK
3 Forward docking Byte_On=0

10 Forward_docking. Byte Read+DQS

11 Forward_dlocking_Byte_Write=DQS

12 Forward_docking CA On=0

13 Formard_docking CA Write=CLK

14 TimeOffset sec=0

15 Byte_ MaskHeight=0.07

16 8yte MaskWidth Setu=0.17

17 Byte_MaskWidth_ Hold «0.07

18CA MaskHeight=013

15CA MaskWidth Setup=0.1
CA MaskWidth_Hold=0.1

21
22 {LPDDRA 4266)

3 Name=LPDORA 4266 Mbps.
24 Standard «LPDORA

32 Forward_docking Byte Write=DQS
33 Forward docking CA On«0

4 Forward_docking_CA Write=CLK
35T -0

36 Byte MaskHeight=007

37 Byte_MaskWidth Senp=017

28 Byte_MaskWidth_Hold «0.07
9CA MaskHeight=013

40CA MaskWidth Setup»0.1
41 CA MaskWidth_Hold=0.1
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Figure 47.

: Data rate, SDR/DDR/QDR, timing/voltage Mask
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Smart Pick Serdes Ch. Configuration :

ACVS Smart Pick

Serdes
differential pair

Drag

differential pair

~ (]
—— yrcrve e Sy Qi I @ 2 L
v Y oo maxrmn | ® | orarorsaxsno
o = Y3 o R - ; creal
- - § B
T s |6 ®| orrroemennuss
pro—— H & e
. i wtype v
.
. (+]
St ot e o = :
.
.

Figure 48.ACVS Ul mode6 Smar 6

Serdes Ch. Forward Backward Configuration

Serdes

YK SerDes Configuration

Is]
— Channel —
(3/3)

- _ —
Port Name v| sg [ 0| o6 H
~ Boards12p o
OP_1_PCIE_REFCLK_N_111_53 1 1N_L L]
OF_1_PCIE_REFCLK_N_U15_1 2 1_NR L]
OF 1 PCERIFCLKP 1155 3 1 .
OP_1_PCIE_RX_P_0_J11 49 ® @
OP1PCEREFCLEPUI6! 4 | 1PR @
OP_1_PCIE_RX_N_0_N1_47 5 2N_L L]
CPAPCERCNOIZT | 6 | 2NR | @ 3 TR T ® ®
OF_1_PCIE_RX_P_0_J11.49 (] 3
OPAPCERKPOUI 8 2PR @ H Backward
OPIPCETENOII A O INL @ )
OPIPCETXNOUII 10 3NR @
OPIPUETXPOMIAI T 3PL @
OP_1_PCIE_TX_P_0O_U12_1 12 3IPR
® OP_1_PCIE_TX_P_0_J11_43 ® @
H OP_1_PCIE_TX_N_0_J11 41 ® LI ®
§ Forward

Figure 49.ACVS SerdesConfiguration : Forward
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p i €hkconfiguration

- 0O x

Cancel

B smart pick
Hybrid 7

Net Type v

OP_1_PCIE_RX_P_0_UI4_1

OP_1_PCIE_RX_N_0_U13_1

Net Type v

OF_1_PCIE_TX_P_0_UI2_1

©OP_1_PCIE_TX_N_0_ULL_1

Net Type v

Backward
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Analysis Run and Scheduler

ACVS Run >) Figure 50. ACVS
Scheduler Job Add . Job ,
Job . Figure 51. Progress Status Log

W ACVS_Scheduler

Job List
- Retry ‘ | = Remove H @ Abort | | ™ Moveup H J Move down ‘IL Progress Status ||'ﬁ' Setting ‘
JobID UserID | Project name Status Submit time Start time End time ‘

Job_8380 J¥Cho PMT_Test 2023-06-22 14:23:49 2023-06-22 14:23:54 2023-06-22 14:25:25 |~
Job_9470 J¥Cho [5-Designer] 20230727092522_ACVS_5-... 2023-07-27 09:25:22 2023-07-27 09:25:27 2023-07-27 09:37:37
Job_6795 J¥Cho [S-Designer] 20230727100558_ACVS_S-... 2023-07-27 10:05:58 2023-07-27 10:05:59 2023-07-27 10:15:17
Job_8095 J¥Che [S-Designer] 20230811125537_ACVS_S-.. 2023-08-11 12:55:37  2023-08-11 12:55:42  2023-08-11 13:07:25
Job_9816 J¥Cho [PerfectCal Pro] MS45_2x.s2p 2023-08-24 19:27:08 2023-08-24 19:27:13 2023-08-24 19:27:43
Job_5421 J¥Cho [PerfectCal Pro] MS45_2x.s2p 2023-08-24 19:27:58 2023-08-24 19:27:58 2023-08-24 19:28:22
Job_2888 J¥Cho [PerfectCal Pro] MS45_2x.s2p 2023-08-24 19:28:41 2023-08-24 15:28:41 2023-08-24 15:28:53
Job_1831 J¥Che [PerfectCal Pro] MS45_2x.52p Done 2023-08-24 19:30:08  2023-08-24 19:30:09  2023-08-24 19:30:34
Job_7676 J¥Cho [PerfectCal Pro] 2xThru_SSohm_50GHz.s4p Done 2023-08-24 15:46;27  2023-08-24 15:46:27  2023-08-24 19:46:51
Job_8518 J¥Cho [PerfactCal Pro] 2xThru_950hm_50GHz.s4p Done 2023-08-24 19:47:49 2023-08-24 19:47:49 2023-08-24 19:48:13
Job_6507 J¥Cho [PerfectCal Pro] M545_2x.s2p Dane 2023-08-28 19:06:37 2023-08-28 15:06:42 2023-08-28 15:07:11
Job_4418 J¥Cho [PerfectCal Pro] MS45_2x.s2p 2023-09-14 10:39:37 2023-09-14 10:39:42 2023-09-14 10:40:17
Job_1214 J¥Cho DDRS_a2% 2023-12-04 13:27;13  2023-12-04 13:27:1%

Figure 50.ACVS Schedukr

YL Progress Status

Progress : Channel Loss / TDR / TDT

] 6%

Progress : IBIS analysis

Log

[2022-05-10 17:15:29] Start Channel Verification

[2022-05-10 17:15:29] Import path : CVACYS_Test_LFDDR4

[2022-05-10 17:15:35] Start CombineSP [Component : Channel, Channel : CHO)
[2022-05-10 17:15:40] CombinedSP result : C:\ACVS\JYCho\Channel _analysis
3_CH_Channel_CHO_combined.s52p

[2022-05-10 17:15:40] End CombineSP (Component : Channel, Channel : CHO)
[2022-05-10 17:15:40] Start CombineSP (Component : Channel, Channel : CHO)

Figure 51.ACVS Analysis progress Status
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2.3.4. ACVS Ch. Verification Report

2.3.4.1.Full Ch. Basic Sl reportand Output

1_D0D0 _Dram_Driver
2_DF_Dram_FKG
3_SP_AP_PKG

4 50 SoC_Driver
ACWS_Results_202205101352

profiles

B Channel Verification_Result v2.1.7 xlsx
B3 1BIS_Simulation_Result v2.1.7 xlsx
O |BIS_Simulation_Result v2.1.7_Full xlsx

Figure 52.ACVS Results

0 brted
" " ot bt @31 s

TOT Delay (pe) TET siew Rate (V/ns)

Slew Rate

Delay

TOT MIdV Time (ps) TOT Skow (ps)

MidV Time

20 by LC (ohm) ©1GHz 20 by sweep iohm) ©1aHz

- r; i All essential Sl charts

4

Channel.s#p
"‘Advanced channel connection method'
for preserving all frequency points
of each .s#p files

Figure 53.ACVS Basic Sl results and output

ACVS S parameter Sl
Excel

Basic S net

- Insert ion Loss

- Return Loss

- Xtalk (PSNEKT, PSFEXT : Power Sum nearend cross -talk, Power Sim far -end cross -
talk)

- Goup delay
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- RLC extraction

- Z0 estimation

. TDR Chip 1 NEXT

65.000
&0.000 1@ hag 1 D g
55.000 i . D .‘.-‘“

Chip 2
5000 |17 £ \L-w-.:-—_—-.. D
- > >
X aoo Q05 oo Th::'s] Q2o 025 @30 PSNEXTU’) :zowleEXT_an
TDT Chip 1 FEXT Chip 2
T o[> E—— N
E - @] /1// |> - “—.:: :-’ é |> Victim
g waw i [S—— "'----—-_ T
) . i G 1) Prop n delay. Ao 2 I> _____ : |>
Q-om ‘_ll,ﬂj g g% i:::rrate 1[: Agg. 3 D - - D
c88338835s ST?ME-Ij Gooooodoo PSFEXT(P) =20hg(Z|F£XT7an
Figure 54.ACVS TDT/TDT NEXT, FEXT
ACVSBasic Sl Report Full Transient

- PKG net nodel R.Q Z0 pass/fail

- PKGPCB net nodel TDR/TDT pass/fail

- PKG/PCB model cascading  Transient S parameter

- PKG/PCB net nodel IL/RL/NEXT/FEXT pass/fail

- Slicon Interposer net nodel IL/RL/NEXT/FEXITDR/TDTpass/fai |
- nnector model IL/RL/NEXT/FEXT/TDR/TDgass/fail

- Sl (si gn-off) DB
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2.3.4.2.Full Ch. Eyereport

ACVS Basic Sl

raw data

net

MemoryiBIS ( Eyg

Figure 55.

‘ Eye density : Output Point

Memy -1 BIS ( Eye

Chart viewer

full

BER

Log10(BER)
S

8

B

— IR CDF

020 025 030 035 Q40 045 050

Time [ns]

Chart viewer v X
¥ I aaEd | | RXEXID DI E
Markers
0.400 Dest. DX DY
. b > M1(X:0.200, Y:0.223)
— > 0. 0.
= M2 (X:0.361, Y:0.236)
@ 0.200
o
=
[o]
= 0.100
0.000 :
Time [HS] Clear rrarkers
Figure 55.ACVS Eye diagram/BER Chart and Chart viewer
Bye measure Figure 56. net
Measured Result
Signal Eye Width (ps) | Eye Width (UI) | Eye Width margin (ps) | Eye Width margin (Ul) | Eye Height (mV] | Eye Height margin (mV] | Eye Vref. (mV)
DRAML DM_DBIO | 175.340 74.800% 119.081 50.800% 193.748 123.748 180.116
DRAML_DQO 169.714 72.400% 113.455 48.400% 196.250 126.250 180.116
DRAML_ DO 175.340 74.800% 119.081 50.800% 261.019 191.019 180.116
DRAML_DQ2 173.465 74.000% 117.206 50.000% 239.990 169.990 180.116
DRAML_DQ3 172.527 73.600% 116.268 49.600% 253.931 183.931 180.116
DRAML_DG4 166.901 71.200% 110.642 47 200% 157.030 87.030 180116
DRAML_DQ5 172.527 73.600% 116.268 49.600% 225344 155.344 180.116
DRAML_DQB 172.527 73.600% 116.268 49.600% 187.472 117.472 180.116
DRAML_DGT 168.776 72.000% 112.518 48.000% 178.808 108.808 180116

Figure 56.ACVS Measured Eye results
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ACVS FHgure5 7. PAM4modlation Eye

Modulation Levels Common Name

2 NRZ, PAM2

3 PAM3, Duobinary
4 PAMA4

5 PAMS

8 PAMS

Chart viewer
2 ARcuc-Rea- Ol IReN=RN::

0.700

Markers

Dest, dx (Time [ns]) |d'f (Voltage [V])

> M1 (X:0.071, Y:0.342)

0.600

0500 |

0.400 8 M1 0.0009999995... |0.176

0.300
0.200 -
0.100 -

0.000

Voltage [V]

-0.100
-0.200
-0.300
-0.400 @
-0.500

-0.600 -

0.02 0.04 0.06 0.08 0.1 0.12 —
Time [ns] Clear markers —‘

Figure 57.ACVS PAM4(Modulation Levels =4) wave form view
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2.4. * snpview.com

wyw.snpview.com  Huwin ACVS
flatfo rm
. (IE explore

net
plot simulation
Shpview.com  AG/'S S mNX
SI Time domain simulation
IBIS IBIS-AMI
AMI EQ

et snpviewcom @

231030 Server recovered &

TOR advanced options:
Single view s
PCle_GenS_TXRX.58p6,8 < - () smin 20 Polar =
DC opte (@) Aut
o " @
. TOR port

m
TOR advanced options >

# DD/DC/CD/CC ©
@

solver free S - parameter view
Chrome Edge
S parameter load , ACVS
, Snpview.com net
Basic
net , TDRTDT/Eye
u User
IBIS -
(ChannelView)
----- 1
N - Qg e S Yo—
§ chats m &
o oe b|a

COMMENT

Figure 58.Snpview.comt SnpView: differential TDR plot example

S Parameer

-
S-parameters heal service

m e

s o (-1 -]

Enforce causality (@) 0n ont

healed sp.

1

1

1

1

1

1

1

1

| Enforce passivity (@) 0
1 cutpur e name
1

1

1

1

1

1

1

1

Enforce causality

Enforce passivity Snp heal

LR - ————
I I}snpheal oS Share | Support-
LAY [y
7
P \
- 1

Share link

Current Page Link

hitps://snpview.com/snplink/7870e

Figure 59.Snpview.com: Snp heal , result&comment view Share
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http://www.snpview.com/

Share i nk plot comments S parameters link
, link shpview
plot . (* share login

Shpvew ChannelMew
( beta release)

_____ .
.
Siswviencom @ 230621 Adv. Term. minor bug fixed e | Gowes o oo~ @amehuincok -

Single-ended m @ e

o O —— © ©
o
0. 000 " O o " 0 - o-
" ,
@ T gl ) (-] 10sF ] (] 1 s
e
- -
- -
- -
) Resister () inductar (@) Capacitor
Comnection type.
@ seies () st
@ umoea () e maos

@ ©

EN -] soonz & raccn
I PCle_Gen5_TXRX.s8p Load file
o
12 v 5 v 3
-2
2 1 v 7 ~ 4
-
@
3
Connection guide -5
® eowne O e ) @ Hign eg
Header information -8
| Portie] = DIE 24284, PCIET_TXN14] ]
1PorifS] - LGA BHT2. PCIET_RKP{14]
1Port] - LOA BHT4 PCIELTRP[14] 10
1Pon] - LGABJT1.PCIET_RXN14]
1Pont] - LGABJ73 PCIET_TXN1A]
1Gomma 01 1 ' 01 758401.04792251097584 0 -1z
1.047522510075840 1 01067 s
B L et P ) B 17 25 3 a2 50
GHz
glelle >
Destport Tom o/[s][a)(e)=)v])(e]) ®
. Port name @ fo QT Detailinfo
12 3 4 -
e e
1 DIE23731.PCIET_RXN[14] 2]
2 DIE23732.PCIE1_RXP[14] (1]
3 DIE.24283.PCIET_TXP{14] °
4 DIE.24284.PCIET_TXN[14] °
5 LGABH7ZPCIEI_RXPI14] [:]

Figure 61.Snpview.com/ ChannelView: Ch. S-parameter(Snp) setup
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ChannelView / R.C MLCC Sparameter ,
Basic/TDR/TDT/Eye

Qswpheal  o2sh y - @siieung@huwin.cokr ~

-
s SnPView.com €3 230728 Server recovered. P

e - | Bo

° ) ° © -
PCle_GenS_TXRXs
o = o

Y

Mask

sarae % o ® @
PRES 0000 | bits Maskwigth1 0.4
- o | bis T
ulation % ) 92
vonsion Oz @ rase N
oo @t ‘O Pl g
— 3o
R
0 "o - -
02
04

Figure 62.SnpView.com/ ChannelView: Ch. Resultsplot

TX Rx Dri ver Jitter EQ Eye

- .
a1 SnpView.com @3 2023/12/13 TDT accuracy improved W m Lisophesl  oZShare  Support - (3 sljeung@huwin.cokr -

(] (: ]
™ e Is] o
@ FoesesnE— g
S -
-
sD012 © Add chart
I -~— - L
/ @on Don N T e e e e e e e e e e e
> 1 1
II 06 gain \n\ ] 1 1
[ e R i 1
] e s o N N 1 e DFE
1 e adopt So I 1
: Qo @on :
1 #of Taps 5 1
1 1
I Tap weights 00000 1
1 1
I Mode Adapt - 1
1 1 . 1
1 | Rclocktimes @ on O off 1
1 o o
i b '
1 Y 1
tr/tf mode @ Linear O Exp. 1 1
| Impedance 100 ohm
| | : @ ofr O on .
Rising time 10 psec 1 1
Packat o off
: e Qoo @ LT 0w \
1R 02 ohm 1! 1
LY 0 ul 1
1 1
L 0.0001 nH 1 1
1 1o 0 ul |
c 0.0001 pF 1! 1
I s 0 ul 1
o ————————————
! 1
1 5J Frequency 0 Hz 1
! 1

Figure 63.SnpView.com/ ChannelView: Tx/Rx Driver/Jitter/EQ setup
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ShpView com Fixture S parameter
ACVS

Figure 64.SnpView.com: PerfectCal® -> free Deembedding
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