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1. Introduction

22 H QA PKG S-parameter B2 AZS A|AE JURHEEH

]ﬂé}Mg E}. Hzx e A" 2017 AR F5E] AEHH o0 Ydadel= H{lom,
A= e PKG Rl Fubg 9 Az vl shebv|E 459 sign-off Al~glo® S8l
AFH T

Huwin & o]%o] PKG A= Fut4 2 AI7F =9l 34 7S pPCB X388 A% A4 7
Al=Elo 2 shaksto] ACVS(Advanced Channel Verification System) .2 7F-8-3} slloH, &
2020 A= RE = HA 2314% Al H 9 NPU 2F Memory ¢ 72 PKG/PCB 241 o] &-&319] 1,
Sl g el 6 ZHAF AL R 2 A 9] Alat AL Foll tiE A Ao w B SHA ol Bl %
U8l % o] 4wtz 7)elskel Huich,

Huwin & 20103 ANSYS EM 228 9] AFA S 717 dxyold 71 2 2 Charlie Jeung (CEO,

sueunq@huwm com) 7} 489 31 2 7] 58 ACVS R&D Team & A 5lo] EM 4 #1539} Al 9
15 A5 3= 98l 13 dFACYS = el g5t

O A oy
= &“ ol

ra

A4 R&D Team & ©]E 3 & Ethan Cho (CTO, jycho@huwin.com) & KAIST BHAL 3174 of A
Huwin 9] =3}~ 2 A7+ & & £ (Freq. and Transient Solver) 2] 7] 4 8- o1 413} 5 U T}

Global Market ¢] PKG % |2~ A<F A28 7 Aol ACVS &7llE ﬁoH 2019 JdHE
DesignCon Z A]92} Marketing S Brian Lee (CMO, brian.lee@huwin.com) 7} Fz1sla ¢ ‘
174Ake] 870 %] customization 5@ $7 T3] 7FssES A Ushs 9 @e sha dguth

Huwin & #41 Advanced Ch. 9] SI &A1& F538= ACVSZF & Ch. SI A59 T84 5
EFAol A F UAEF AEHA 02 Al FH S AL AdFHTH

Web-base ¢] F-£ S- parameter Ch. Model simulation &7 (snpview.com)= A &3} 9l o1 o] & =3
S-parameter A5S TR E = 315 A% S| A Yo7l IFASHA AlE S-parameter model S
A8 AL 7&4% %%% F A== 3tz g,

Contact Info.:
ACVS 9] 270 9 3717 B 838kl 9 of el o] o] d = A=k FA]7] vpgiy o
brian.lee@huwin.com

ACVS 9] 744 9] 9] = ofe} o] o)W1 2 Azt 4 7] vk ok,

jycho@huwin.com

Huwin ACVS Page |6


mailto:sijeung@huwin.com
mailto:brian.lee@huwin.com
mailto:jycho@huwin.com

2. ACVS

Contents :

2.1 What’s ACVS

2.2 Why ACVS

2.2.1 Advanced high speed Channel Technical Issues

2.2.1.1 HBMB3(E)
2.2.1.2 (LP)DDR5(x)
2.2.1.3 GDDRG6
2.2.1.4 PCle Gen5,6
2215 UCle
2.2.2 ACVS solver (SImNX)
2.2.3 ACVS S-tools

2.3 How to use ACVS
2.3.1 Ch. Model extraction
2.3.2 ACVS 4 Alg
2.3.3 ACVS Analysis setup
2.3.4 ACVS Ch. Verification Report
2.3.4.1 Full Ch. Basic Sl report
2.3.4.2 Full Ch. Eye report

2.4 * Snpview.com

Huwin ACVS

Page |7



2.1. What’s ACVS

ACVS(Advanced Channel Verification System): 21 wl&Zz] 2 114 Serdes Ao o3t
Ass B4 9 A5 54 A]2"=d YUY

Step 1

Auto configuration and simulation
Step 2
ﬂ Freq. domain Time domain
. ‘\‘\\ e T —
S
L. \7\ >V §7<
+ 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 = HE o]FHA e Al WA s o AR AAES S FH AdEI oA
Aol 53t¥ SI/PI AlEdelE 2% /IS st o

2.2. Why ACVS

<+ ChatGPT, #A&F3 5 Al 7|9k wt=A] =27} 57}8}‘3%1 1% FHZE HeolgE 18w
a&Eo g HEst= Interface 9 AAZF F7Fskar 919 ™, Advanced high speed Ch. 9
AAE Xt 49 H AA ZAEA HZE dolg dAE DAY critical g ol HaL

4% FHZE ol AEES el Bl F &l AF4A< H=E 7wk AAY, SiP AA
T+ 9171 A 4} PCB ”74101]’\1 AT AEe EAZ He FES AA nets 9 full analysis =
58] ol o} dl=d|, 7]& A4 Flow Y] full analysis % 7= ZEES W=/ Id&
T A= WHE ) oldd HAFE ACVS EFAo] AMTEHAFHT

& gAY Aol ok duWkH el Signal Integrity ¥4 HA= Figure 2.9F #5Utt.
53] 1ds Al 9E=A HEY #7]1A9 A g 21%5 204 %E 548 A Qg 255
2g5t7] wZol A M-S BAsty] fls) AEE Signal Integrity e EAle] A
AJy .

TAAC AAReE 4 B gy (B4 FF 2 A Nets)S X435 EM simulation
0] 8-3}lo] S-parameters F&=< JATYT. S-parameters & ZF Net o] #HA7|HQd EA
T 49 gHoE Rdd Ievgola vrefe SI/PI BA o oF o= A8H

L

4 310 o

o
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&Uth, of7]A4 EM simulation ©]& ANSYS ] Slwave Y} HFSS 59 simulator & o] &% 4
&Yt} EM simulation #32 ZF Net 9 Port A& Fu4 HY AAHORE o]Fo x|
5 ™" System simulation o W] FhH oz o] folst 2587} 7hHe gt
H

AR AEgPE 22X 34 LE System simulation &2 AA R A|AEHS IEZ FASAL
2 AlEYold AAS S5t Ad3E EEsteE AYU. o] el A ACVS
BA L Basic SI #2413} Advanced SI #Al o2 R o] AP},

24 i 23
(Standard, Nets)
v
EM
simulation <

: S-parameter®&
v

System simulation

1) Basic SI 24
IL/RL/FEXT/NEXT A RLC £& TDR TDT, delay, skew

b v ¢ ' v

Algao|M 4
EEERE ST

Report
2 SF AU A=Y
i Fail »  Debugging
Eye-diagram BER
2) Advanced S| £4 v v 4

A2l 8
(B2 Y, BN THUBE

¢

Report
(En SFE Y EelEL

|
v Fail

LR ]

Iz

Figure 2. 34 tx€ g2 -4l Signal Integrity ¥4 A2}

ACVS Basic SI #2412 g Al2®=Q] Signal Integrity A% I 55 1o £ =
HAJYTE, od7]olE= Insertion loss/Return loss/FEXT/NETX, E4 dydx F&, 57} RLC
ZZ, TDR (Time-domain reflectometer), TDT (Time-domain transmission), delay, skew &<l
ol AFUT. o] HAA A o] tpFste] &= WA 32 AT AlEdeld A
9 Ay Aoy Be Faet Azlo]l &FHU, ACVS E o] RE #HAT reporting &
b3t stel 1 AIRE ool RE AR gEXE AR gRlo] ZbeFUTh. Basic SI
A A AQdel AFo]l ElEdrtH Axfe] uwhEl Debugging = Advanced SI w4S
AP = A5

ACVS Advanced SI Ao+ Eye-diagram % BER 3% Zo] 9l=d, Chip o] thdF IBIS-AMI
model & 2@ Alz=®lo] A&sto] AA Chip o] w4 st S4S T AR G99 &9
1ygs BAskE AUt sl A4 HA-oA = A Net o dig AlEdold dAo]
H48A (Tx/Rx driver 2 EQ AA) 10 Al&E#olA Alte] AU, o5 £ PCle Genb

—_—
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Abdle] A EQ 9 Adaptation & AlZFe= Net W 2,000,000 bits ¢ <= PRBS 7}
EeREh AR R =

Power Integrity ¥4 ZX}% Signal Integrity ¥4 Axte}l fAlsly F8 B4 gRozns=
Impedance #41 ( DC R % AC L 3=, |711] 5)°] U5t

)

A AW weh ol WAl Al wEA AR w719 SI/PL BA
Adel e chFe @Bol e Aol @FE7] WE] System #4]
E
J{

[e:

e
K
AR
O/

AT/ A/ RS FAS sfofof Ptk mWE WA A9 Net o 57 B

el =4, 24 AAd, ARE ¥, 23 54, Pass/fail dds AlEd0lAd9
SRE=7F 7MUY, £33 2uE 544 24 Fake el x7] diiel AlEdeldd
AEErE dopAlar &4 AJ7to] 7F g YY. webd Figure 3. oA

HoX= vpe} o]l A& o] S/ A/ ERES gk ZAE AT & e
Simulation Integrity ol st a7 HFHolw ACVS & olE aEste A sd
EFHAJYT.

—_ o
Hafe N e
AlEa|o]d Azt CSI/PIEAOI SBE | -SI/PIEA0| SSE -2 si/pIdeY
circuit solver circuit solver 32 MO BN MR
(time/freq. domain) (time/freq. domain)
AEE0|H BEFE -2t 2 A K E £
3|2 AN BN MA, - 1Y Impulse - L 8% S-parameter UAHsZE
XIE 3 A =H, response &= SEWIES

Pass/fail Tt S - Report A4

B 27 /ts8 =8

Figure 3. SI/PI 49 A E ¢} & TS 93 Simulation Integrity ¢] 8.4

AlgEeld BEe FEe fdM=
hus

w& Aol o SI/PL #Ajel Sshd Circuit
Solver 7} Z o3}, 1% A

=
i o] A8 Solution £ EE S&RoF (RF, Ag A},
Analog, Digital &) & w-&3t7] f8te] M=o rma SI/PI #49 HEwd dAE 714
T AdFUT. g o2 HdE dAx EokollA] Ae ALEHJAW Vector fitting 7MW S-
parameters = ©o]&3le] SUIIE Z& A7 Sgowr WHEEE v|Ho=z & SI/PI
okl = &8 Flul, S-parameters o X (F3¢ U9, 54 9 F= 34 S)ol wEhA
W= A7 gSUTh, B3 23ad 2% Afdo U3k S-parameters &
~ G

[
e} G a7
o shebelE gl wobd kel F~5Al Giga byte o o271 Fth,
=]
[e]

%_
o
=
#3144 ool
of A% A A

ZHAA HY

H
3 dubA el Circuit Solver oA E A4l £=7F A AstyE EAS

Tgk, udx: wjAe] diE] st B4 dES s e B a9k Al7te]
S5 =Y o] A BA AP eF/7E HIWSHA #Aste] B4 Ay AlFAol
otstyl= TAZA olojd & dFUY. wmEkA A 71992 AAl Inchouse tool T
JpREste]  SI/PT #4119 HAEE gsA7la sy, kxR iy 7]E  Circuit

Solver & Al&3stste FAHALZE 3 7+ =
2= FA7F 95U, Table 1.& dwHA<l Circuit Simulator ¢F SI/PI ¥4 A& £F 40
g3 542 vwsta Aok, SI/PI A AE EFHE HA dubgra e FAo)H
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kol A= HUWIN ©] ACVS (Advanced Channel Verification System) Solution & 3] =
T8 WA 2 gAlEte-2 g (AR /R /Al H S)d SI/PI 24 HAE EF4 4
7le AYE AFsta dsHH.

Talbe 1. Z} Solution ¥ Simulation Integrity ¥] 2

R Algdold A= Algdold Azt AlEF ol X%
BE &8 Foko S | &% S-parameter = A, B AA,
71E Akl | sl flste] AiEE Aol epl & 7hA A AE F9 8 547
Circuit Solver =4 Qo E3] Transient @ | 25 AL&ato] 93]
Simulator SI/P1 #Ad E3lx AMI simulation ¢ T3 wojol st
Ar HE F= AL G &o] W BRIt a1
dAxk o7 7heAdel w5
SI/PL B4 A8 SI/PI Ao E3}slo] m%% S-parameter Mz | ¥4 AAHFES A5 38t
g Solver 9 2 [BIS-AMI BRer) v
Solution : ACVS Abgo g A ASE | simulation © A Azake] o oA
Azt 7hs A &a& =3t b 75

Huwin ¢ ACVS & AY AZ=S Y3+ customized H E£FAHOE FFo| 7lzdyr).
AMALe] AA Flow ® ¥4 HWHEZo] 493 PKG/ PCB T+ Silicon interposer oF 7
interconnection AAYA Design A% WAEZ F243}%F signoff AF EZ AES F

A<ruic,

o
flo N

iy

_1

2.2.1. Advanced high speed Channel Technical Issues

= 71522 Monolithic &4 ¥ =& o] & 384 A xH 7|5 Die & X ste] ahite] 7|4 =
TAsE 542 7FFUth. Figure 4. & TSMC 3D #1714 CowoS 71%9] Atdldyct &%
Ab#lell A= SoC Die ¢} HBM Die & 3luhe] wl7]1%] flol A 4313 o, o] 2 & 4o += RDL,
Silicon Bridge, Interposer 52| 7] & o] 2 &Yt}

SoC

TIvV

AR R RN RN RN RN NN KEEE X )
o - Molding
IPD Ls|
1 |

Substrate

WANPANPANPANPANPEANVENDRSDRSPRNP RN,

Figure 4. F3 7|3 7]& (CowWoS) [1]

Figure 5. = AMD ©] Al RE=A] MI300 22 tigh A =y, &g 222 GPU, CPU, HBM3 &
Z5rate] FAEJFYL Al BE=Ale] a1 e] dloE Az 2 AxS flElA 114 E Memory 7}
A3 7| 6Ghs o HE S22 zh= HBM3 7 2888 & 4= Id5Uth HBM3 A2 &
Interposer 7] <o) A€ E=d 2udk 2P % IF 3 A5 B3] 913F9] Signal integrity
A o) vl $- T sk A YT
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AMD MI300

Interposer
Connecting base chiplets and HBM3 stacks

Memory
8x16GB HBM3 stacks

z
o
S
@
°
z
£
£
§
H

4x Bnm chiplets containing cache &1/0

Bx Snm CDNA3 GPU chiplets

3x Snm Zen 4 chiplets with 8-core each

Figure 5. AMD <] 215 Al ¥+=A] MI300 73 [2]

9 Ab#El ek 7Fo] < High performance chip 7} interface & A}-&% &= 58 A A 7+24 o= HBM3(E) ,
(LP)DDR5(x), GDDRS, PCle Gen5,6 , UCle So] glom ztzte] 7]%xel Fa =4& ofg o}
ZEUh

2.2.1.1. HBM3(E)

HBM3(E)x= 1A% Al FolA d Q=& 3= high-speed ™23} low power operation < 7153}l
3} DDR 64 bit data bus = 5™, 2ol 16 A E7M4] 7 UTh DQ &%=+ 4.8Gbps ~6.4Gbps,
8Gbps(HBM3E) ©] iZ, DQ Rx Mask 7 ¢+2 120mV ] Y t}.

+«— Ippvw —¥

— = e —— A ”t“‘*“‘- =] 4.8 Gbps | 5.2 Gbps | 5.6 Gbps 6 Gbps. 6.4 Gbps
SN
— ﬁ Mask | \ ) “ Vonw 120mV | 120mV | 120mV | 120 mV 120 mV
- v“"-"Q,S"' wio) | 7 _____ torw 03 ul 03 ul 03 ul 03 ul 03 ul

v, FH s NS
nt

= g . ce
— Y
S{X\ _ - Rectangular mask shape
S S=—====— """ _CA DDR operation, Byte 2| 1/2 clock speed

Figure 6. HBM3 €] DQ Receiver Eye Mask [3]

HBM3 A1 2 += Figure 7. 2} 7] smaller size % narrower space ©| 72 13 AF H =22 A3 F7} 2
AZY S7FE QA% AT IHdF return path Al ol+E 7HA 3L AUt 222 HBMS3
BA A= AA 2D net & 238} Transient waveform #2418 £3F 7 Z0] F5=2 ¢ o),

T3k Receiver 2] buffer = Figure 8.3} 7-©] open model (capacitive load) ©] = = transient A] &2l o] A A]
Tx ¢ A =& 2 Rx 2] Impedance £-¢14: 0 2 913} Solver WAt o] p9f B4 &% A&} &4 7} 91
T AFH

ACVS = HBM3 A net ¢ 54 Whdst= &% S-parameter & 4 =3sto] A cross-talk &
Hked gk Transient 4] Al Solver Ak o779} dA4F H Al LA glo] B4 o] Mt EE Y

HdsH

—
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S [
C [0:7]

DQ [0:31]
_—————>
DBLO/1 R [0:9] + +
«— SN 5 - > A\‘%%'m pi
ECC_0/1 APAR - d
= 0 AV, T"R\lf+l it
SEV_0/1 AERR S m T AL
Alt
- > > AV coupting =M 2
DPAR_0 \ K J n
* Smaller size & Narrower space
+—»
DERR_0
- DQ 32 net &%l x 2
RDQS_0 )
- Read/Write strobe &2|
—_—
\ WDOS_0 /x2
. — .
Figure 7. HBM3 ¥ Net 74 2 Tech. issues
HBM3 IBIS model Capacitive Load .
@ [s] ® —
Tx Rx o
P=K)
i ° ® — A e
3 o
Table su—: Transnalt Detver Current Specification Output Timing Reference Load 7
Nomial (A ‘ Vim (mAy 7‘ Max (mAy | Soies ‘ 0.1

64 A 96 2 ”0 | 0.2 > >
0 T 120 T 2 —
96 T i I 2 | C ) 0.02 0.04 0.0¢ 06 01 12 014 6 18 2 022 024 026 s 03
T E T : Time [ns]
L ' | NOTE €= — Co where Croma = 250 pF

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

Figure 8. HBM3 analysis example (ACVS)

2.2.1.2. (LP)DDR5(x)
(LP)DDRS(x) 1= 415 4 57} ek 4] it wo] 6] §-aFo] 7] 7ol upe} o] & o $-517] 918 Tx, Rx o2
A7} Ho] Yor o] o gatd] Axwl AFH L FAa] AN A B4 e

E3td A EdlolE7F Z A HUl [4,5]

ACVS = Figure 9. ¢} #Fo] DDR5 ¢} &2 A4S Al o 523 A AlEdold & 5 Jd=
single ended IBIS-AMI =23} single ended signal rising/falling edge response & 4o 3d}o] &4
7beetESs syt ES AMI BE o] &gk A A% HA net 9] cross-talk 7} &

g == 35Ut ZF net B2 3 9] Tx-Rx training ol u}2 DC offset 0] A5 0.2 AlAky a1,
net ¥ = forward clocking ol €3+ DQ-DGS ¢ d&do] © Ae|Z Eye 2392 A& F == 7))
%9l o olof th3k =214 o1 A4k 34 L Figure 10. o] B =] a1 15Ut}

nZ N i o
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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. DDRS5 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 = 1145 Al ol A &-8H= T14:(16Gbps) 2 t o] A2 ¥ wRg F o] 7Heshes
sl 9l o1, o] = 9] &) Figure 11. 3} Zro] WCK, EDC signal < T-4 8t 215U th.
GDDR6
x16
f DQU-DQ7_A, DBI0 n A’ Byte 0
- EDCO_A
o |~ WCKO_t AWCKO_c A —
§ DOS-DOI5_A DBl a_A{ Byte 1 Simole <id ;
Single side configurations
|l ———FEDC1 A
% - WCK1_t_A,WCK1_c_A *—p] CHAx16 CHEx16 CHAxl6 CHBxl6
jé HOST HOST
——carioo A capr & | ADD/ CH1 CH3
| CA[100] A, CABLA
CA[10:0] A, CABL A i
Clamshell configurations
DAL B DBILn B ) Bytel CHAxI6 CHBxl6
|l«———EDC1 B HOST
— Fwaa tBweki c B — N
§ D 7 B,DBI0.n B | Byte 0 CHo
g [\ PXPIEDEOnE ADy CH1
5 |-———FEDC0 B )
& |- WCKO_t_BWCKO_c_B* — 9] CH2
= CH3
<
S ——cKEnB— 3 CHBxl6 CHAxI6
oo e casrs—"| ADD/
CA[100] B, CABLB
CK_t, CK_c — ]
RESET_n ——p
|- TCK, T™MS, TDI, TDO —»]
Figure 11. Example System view for x16 mode GDDRG6 [6]
GDDR6 9] 7% m-$- %2 net A0 2 9l PKG SolA vl e wp oz A7} Hug

Controller 2} Memory A}O] PKG ¢} PCB A Aol A & 2d 9] cross-talk &
HAashr, a1 A5 9 EQ & 913 AMI

ACVS =

diagram/BER 52
Y EXES AE o2 A sto] wE t A g o] 7k

2.2.14.

PCle Gend + 32GT/s ¢ Serdes A& A
A E o

PCle Gen6 +

GDDR6 4]0l A
Al 2E A

PCle Genb,6

o]+ 64GT/s,

Genb W H] PAM4 signaling <

T

wre)

=4 7ol Zagyn.

ransient analysis 7}

A Ad net ©] Basic SI 23 9 cross-talk R ¥ AMI EQ - Eye
Hlold A3E S AMdelA AV 2 5 e Sl R HS

=% Fun,

Fo] fAolH,
x16 lanes &= T4 %o o] 256GB/s 7 %0]

Hgatel YA%ES 22 3G

Huwin ACVS

2022 I PCle Gen6 1124
7hs gt

Fro]

e,

Page |15



2.2.1.5. UCle

UCle & Universal Chiplet Interconnect Express 2] 7F2Z o™ Figure 12. ¢} Z-©] Multi-Die Advanced
Package Module & A A|sk+= tl] D 8.3+ 7124 YT} Main band + side band 7+%& 7}# ™ Main band
ol o3l 4] Eye-diagram, VTF loss, VTF cross talk €] spec. 7 5©] € 234t}

/ 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
—r—1 Valid > 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 [ 4 Data x| x
2 = For Advanced Package modules, redundancy is supported for the sideband interface.
3 le+—2 cl °
‘g R g- Sideband initialization and repair are described in section 4.5.3.2. There is no
= [ 5 redundancy and Lane repair support on Standard Package modules.
s
— — Figure 99. sideband signaling
RIT T|R SB Clock
X[ X X| X
& . (I SB Message
O — {

It
>

Figure 12. UCle &] PHY ¥ 114 A& v A 72 2 sideband signaling (800MT/s) [7]

200F .
Table 37. Eye requirements
_ 100} Data Rate (GT/s) Eye Height (mV) Eyve width (UI)
=
E 4, 8,12, 16? 40 0.75
2 0
£ 24, 3223 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 ¥4 74 [7]

UCle ¢ g AlEHHS HallA= IBIS-AMI Ed o] 83+ Transient &4 R E0|
F7HA 08 VTF 4] BEol et

e
fo
o
g

Figure 84. Circuit for VTF calculation

Rex interconnect V.

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

Figure 14. =3} 99 (VTF) A2 =+ Al & ol A8 3 =2
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ACVS = UCle ol Z 23 AMI 224 2 A A nets ol 3t VTF 3 Basic SI Spec. A5 2| EXE7}
by

Figure 15. & UCle (Universal Chiplet Interconnect Express) ZAaAl oA #| A3k Open Chiplet
Platform Ut} 29HolA X = ule} 7Fo] Core, Memory, 7|E} 7] &5 Chiplet 5°] ©<
7] x| A %=, E3] Die to Die (W4 Chip 1) A2& 93te] UCle &= A 22 Interface
Aol AEHASS & F AsYrh 283 95 Chip {F 442 PCle 59 Algld T21S Sl

o] Fo] 1Yt} UCle ¢} PCle 9] A% 4=+ 7+ 16Gbps, 64GT/s (Gen6, PAM4) ¢l Ut}

OPEN CHIPLET: PLATFORM ON A PACKAGE

Customer IP &
Customized Chiplets

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

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 94Z2-& 9] 8k UCIe (Universal Chiplet Interconnect Express)<
= &3} Open Chiplet Platform [8]

o Al AL npe} Fo] Chip 714 7+3& &-&sH o|F Die{te] =§o = vj& A3 +&
Aol A o] Q)& Ut kAR 7)1 A 27} B3] %] 3 Die & 9243 Interconnection A1 A £}
5 A ER] 5248 93 14d% A4k B2o] FQ83ly] wiEel Signal/Power integrity 2] <]
T ob AlZRo] SbebE A7 R AR S Qo B R o] -9 ACVS ¢ &2 53HH SIPI 24/ S
dol BastA Huyth

7R e
o,
N
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2.2.2. ACVS Solver (SimNX)

Simulation

Figure 16. SImNX : Simulation Next X

SimNX 3= ZFAItH Advanced Ch. SI ¥41S Z2# o2 Huwin oA 713 Simulation Next X
£FA 0] Aol ACYS o WFE Rl om A ofgel e EHE Ut

- 39 37] E XE 4 Ago] gle= MY S-parameters B 24 JlF => 40GB o]
st =7], 1000 XE o] Ad Bdl F4] H2E = FA4 gl
- 7k A33 [S] to causal impulse response <17l

1
N

F A3 TDR/IDT &4 A%

- Ultra-fast full transient solver (full cross-talk ¥+<3)

ME

-  Hawk-Eye: A€ EA ¥4 A3} 7149kl Pseudo worst bit pattern A4 7|%

- AMI : Bus channel (LP/DDR5,6, GDDR6, HBM3 %), Serdes channel (PCle Gen5,6 &)

i e

-  Fast/Optimal/Strict ¢ &&% <l Transient ¥4 24 7}%
- Tx/Rx buffer E&e] o]F (Ideal/IBIS/IBIS-AMI) =& =3 7}&

- AU BE Net & E3 BASE= ANl 24 A%53F 7S (B Cross—talk ¥F)

SimNX & Figure 17. 3 #Zo] Huwin ¢ %A1 Non-iterative Extrapolation (low/high
frequency range 9| accuracy & A3t= frequency extension) WS A 83t A3
delay 34 2 impulse response 2] transient (peak) EASL JEE A3de] st

ALt

. . Iterative ! Non-iterative !
Direct IFFT, 1991 | | Vector fitting, 1999 | | Extrapolation, 2008! | E polation, 2018 :
N - - 1
Low High High ! High
Accuracy (non-causal) (fine fitting) (step resolution) ' (LSE) :
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 Commerciall | Huwin 1
e ———— 1
Extrapolation of the band-limited S-parameter Causal time response
1 1 b -
| == - s - i i
E E - S Y <- Low/high frequency range extension
! b r./ N <- Ensuri.ng low_ frequency accuracy and
! L ‘e o causality of time response
2 1 ﬁelay-causaT ~
; - , o)
1 Seal 1 - -
1 - 1 . -~ ~ -
1 ——— R —-————
! r=--- i
0 fu fun f t ; >
0 T, t;
Time

Figure 17. Extrapolation for extracting causal time response
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SimNX = Table 2. ¢} o] Tx/Rx #¥ KEE9
& Aoz Al % S-parameters =R o] &
AANA HEx2 AL BE Net & cross—talk 3 &7 4= Al B8+ 7|5 £l

AF Y

Risinglfalling
I response
— |
™~
AMI | R :> AMI
Tx e Rx
Indt)=TxModel{V,,(t)} Causal impulse responses Inx(t)=TxModel{Vo(t)}
hylt)
haalt)

Algorithmic helt Algorithmic
model : model
-Static: Piyg(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 : Non-LTI(Transient sim.) + LTI(AMI model)

SimNX <lzlo] WAE ACVS AF&AFZRE Figure 19. ¢F Zo] 7]¥ standard spice A]E# ol A
Az} i8] ACVS ¢] 7-¢ Transient 41 A¥e] zol7F glar, 4 A8 AFE A5 ELE
g o] AA] EZbgre| = V)& diH] 20 1] o] ©E5EE AE = By

Eye width (%, Ul)

7
75
73
7

Error (%, Ul)

max diff, = 2%

0
9
8
7
6
5
4
3
2
1
0

13 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 1 3

avg. dift, = 0.58%

5 7 9 11 13 15 17 19 21 23 25 27 29 31 33
-t SpiCE e—ACYS

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

Figure 19. Full transient A 3} H]) 1L (standard spice vs. ACVS)
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2.2.3. ACVS S-tools

ACVS = S-parameter A3} Correction o ™3+ Tools & A& t}.

S-Designer :

S-Designer = ACVS ¢] S-parameters tool = A|FEHE 7|5 O =2 S-parameter ¢ ST HE
EA Zk(Insertion Loss, Return Loss, PSNEXT, PSFEXT ©] target spec.)< J#&stH zholl
A& S-parameter & AT oz AAFE 7ledurk. o] wl AAE S-parameter
Causality, Reciprocity % Passivity & %WEsi= AA QY 2dS gilst = 9
=94 rdduyrt. ACVS & =S WSSk S-parameter & w2 A 9
ML(machine learning) 7]¥F =&l A wWHE& x}&3Uc),

Qe e

W Acvs20233.1

Select export folder
Insertion loss Return loss
‘ D:\S-Designer_TEST )
______________________ 1 N
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 | o 10 20 30 40 50 0 10 20 30 40 50
jFrequency  : | 20e9|Hz 1 Frequency (GHz) Frequency (GHz)
1Insertion loss : 5| dB 1
IReturn loss 5| dB |——/ PSNEXT PSFEXT
IPSNEXT : 5| dB 1 L ] A I e T
IpSFEXT : 5|dB 1 0 " o 7
| . 1 b
| Point 3 i 0 -
|Frequency : 5009 | Hz | - @
1Insertion loss : -10/dB 1 R I't HUWIN A1l rights reserved v
IReturn loss  : 5| dB 1 | ! RCVS S-Designex .
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
L] 10 0 30 4i ! M5TanD = 0.10785 30 40 50
“ Frequency (GH2) |} R2 = 0.0288778 ley e
! L2 = 7.0109%e-10 |
I c2 = 1.53658e-13
I! Cnext = 2.8821le-14
I ! Cfext = 2.571852-14
1 ! fregl = 2e+l0
B - It ez - s

| ! MSHeight = 0.000528

I ! M5ConThick = 1.8e-05
! MSEr = 4.4

I'1 MsWwidcn = 0.00135419

1
107 » S-Designer TEST @ 20230719110206

I
I
1
1
1 1
1 1
1 I 1
I ! === Target Spec
1 1 ! IL = [0.00 -5.00 —10.00] 1
1 ~ 1 Iy gr = (-20.00 -5.00 -5.00] 1
| = 1 | PSNEXT = [-20.00 -5.00 -5.00] |
|E | ! PSFEXT = [-20.00 -5.00 -5.00]
1 1 | | === Actual Spec 1
1 1 ! IL = [-0.10 -5.70 -11.80] 1
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 ! === Port Info. === 1
I! Port[l] = Inl
1 = 1 X 1
! Port[2] = In2
I — LDQS 1 :! Port[3] = In3 1
1 1 ! Port[4] = Ind 1
1 1 ! Porc[5] = InS 1
. ! Port[é] = Outl
1 [] 20230719110206_ACVS_S-Designersiop 1 (st |
1 -r--=-===-= '> I, Port[8] = Out3 1
e e e e e, e, e, e, e —————— 1 It Pozg(e] = outs 1
| ! 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 < A& % S-parameter ©| w3 Causality, Reciprocity, Passivity Error =
AAste] oHE wAHI}E= 7]leoly WAHE  S-parameter HY HH W o wH A/

Causality, Passivity, Total error o th3} chart view 7|5 AFFY}.

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 1 0 3 5 3 12 15 13 |
1 Frequency (GHz) 1
Reciprocity 1 1
1 Passivity 1
Passivity [ 1
1 —— [ ] original 1
1 0885 — [v] Processed 1
Results [ e mt 1
1 1
| 0.985 1
Causality error -27.5098 | dB 1 1
| 0 3 5 E] 12 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 model correction)

Correction option :
v'Causality: Enforcing causality
v'Reciprocity: Enforcing reciprocity (S(i,j)=S(.i))

v'Passivity: Enforcing passivity (with the ensured causality)
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Results

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

Scausal(i:j) Vs Soriginal(i/j)

v'Passivity (max): Max passivity value

v'Total error: Max error of the total results (NMSE in dB)
Stotal(irj) \S Soriginal(ir_j)

2.3. How to use ACVS

ACVS = Ade] S-parameter & ©°]&% EAolmz, 4 o]Hdel S-parameter & FETI=
HAL AFoF stYt}. S-parameter FE=S ANSYS 59 EM model extraction &2 AF&3foF
gyt o] w Hgg md FFo] FQIEIE o]F §Jg EM ¥4 dE 2 FF e U

A77F ey

2.3.1. Ch. Model extraction

EM ¥4 7|2 92 P EM BA S8 2d 25

E

ARFH/AFH HolHE dAste =84 729 AE 73k Adelda i, MY Fxe
H 3 (Bump), ¥ = (Pad), H]oF(Via), A = (Trace), & (Ball) 2 A& Fw o] o 5] 2 12} = (Reference
Ground) 52| A7 @450 oz FAEUT Ao 74 24 72 B B4 A A A

ST dlolH dE A BAs= BAE A8 faiA s A AA 2] 1714 58S
F¥ste Rdw FH(EEP) Aol st ol 3}HL2 EM 4] (Electro-Magnetic Fleld
Analysis) & &3 32 5= 35U

o,

=

EM 45 Sl k4 A9 &2 (Insertion Loss), BFAF &2 (Return Loss), .22~ & = (Cross-Talk),
Q)3 d 2~ (Impedance) 59 SAES =5 X8} S-parameter(SnP) RdlZ2 FEFUT 3 A
T2 Aded e s-evg wd F=EFLS F = 3D FEM(Finite Element Method) 212 EM
AEH I E& o] &3l thE AL A Ee ol &2+ ANSYS AF2] HFSS(High Frequency Structure
Simulator)7} 215Ut} 3D FEM 2] 9] EM 412 Figure 22. o] &A1 <} 710] TE Y 2 EA
AE T EM vk 21 2 259 A7FE Y EE(port) A7 59 S AXH, 3 AU T30l
8] x5S = Adaptive meshing ZHd S AH A3 32 W H(mesh)yE A3, 3D FEM 4
EW7F HF vqlol gk A3E A sHA o

ACVS = ANSYS EM £2] 3145 ANSYS ¢ Scripting < o] §3}¢] =
B4 e A FAFEE S /)% BES AFFUL,

i

I-H

4 A

3

et

wa 2E

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

r

Stackup AR(F7, &4) Zelvlg 4

r

EE, upgrig], v+, Fa5 44

r

AlEgeold #4, da #€<l, 2l ¥

Figure 22. EM 4 ¥ 24 & 373

POt — moisinis T

Chip reference plane  ground

Figure 24. BGAH-£2] A3 1712 93 X E A A

“Initial Mesh

N

Figure 25. ANSYS HFSS FEM €] o] €] B. ¥ 3] (Adaptive Meshing) 73
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Figure 23,24,25 &= EM #2434 A1e] CAD 99, XE A4 9 v 4SS YepH, FEM
E = WA 7 g4e dis] Wad WA S H835te] ZF 24 dFe] g wEg A
ALS Fste] o]ZHFE EM =9 A #HS FehA "vk. BN 2z AEHFE 7

XEoAM ] AT §jEe S ANEE Figure 26,27 o Azl o] zb AE W= wbAL
E4, A9 &2 S M 5 sy

0

-10 7]

-20

-30 — dB(S(Diff_BGA_RXDATAO,Diff_BGA_RXDATAQ))
dB(S(Diff_BGA_RXDATA1 Diff_BGA_RXDATA1))|
— dB(S(Diff_BGA_RXDATAZ Diff_BGA_RXDATA2))

dB(S(Difi_BGA_RXDATA3,Diff_BGA_RXDATA3))

dB(S(Diff_BGA_RXDATA4 Diff_BGA_RXDATA4))
— dB(S(Diff_BGA_RXDATAS Diff_ BGA_RXDATAS))|
= dB(S(Diff_BGA_RXDATAG,Diff_BGA_RXDATAE))
— dB(S(Dif_BGA_RXDATAT Diff_BGA_RXDATAT))
-50 T T T T

0 10 20 30 40 50

Freq [GHz]

40

Figure 26. EM 4 A3}, ¥ix} &4

0
~ WY HES &gl &4 [dB]
\_\ ) — ,
2 i S = =
~— —,
N ]
]

—  dB(S(Diff_CHIP_RXDATA0,Diff_BGA_RXDATAO))
-6 dB(S(Dill_CHIP_RXDATA1,Diff_BGA_RXDATA1))
—  dB(S(Difl_CHIP_RXDATA2,Diff_BGA_RXDATA2))

dB(S(Dil_CHIP_RXDATA3,Dift_BGA_RXDATA3))

dB(S(Diff_CHIP_RXDATA4,Diff_BGA_RXDATA4))
-8 —  dB(S(Difi_CHIP_RXDATAS,Diff_BGA_RXDATAS))
dB(S(Difl_CHIP_RXDATAG,Diff_BGA_RXDATA))
dB(S(Dif_CHIP_RXDATAT,Diff_BGA_RXDATAT))

-10 T T T T
0 10 20 30 40 50

Freq [GHz]

Figure 27.EM &4 247, 49 &4
2.3.2. ACVS &4 A}4

A8l wiEeE 2 PCle A& o AANA

G o2 FolA il YFYT ]9Jr HEo] n&HS 3 Az ujH F=x
ol A 42307 OM Qgom PKGIPCB o wjH LR Z7he

23579 257 3% LS B degE o QoA A5 RkAbe} HF o R Q15 %Ek

dolg A% 7124S WSHeA] Eate FAS YA = E Figure 28. I} o] o=

Ao A EM Al E# o] (R P) ¥ ACVS 55 &3l EAlE = F-is gelshe] —’7—7‘33}"’ ﬁ”ﬂﬁ

et =R A AT sk o] vEAl B sk A gyt

mlr N o
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ACVS: system simulation/reporting Report

/ \ [ (—
EM simulation / e ey ] ' e |
B — ( 8 0 v - 0 = === \ T !
S el — Elport;f e B
' - E SIS K
» ANSYS Slwave,
\ HFSS, etc. / » Automation of system simulation | ——
e — with SimX engine. E— =
> Reporting: charts and measurement. = —_——
» Applications: DDR4, DDR5, GDDR6/HBM(AI chlp) >22SK
\ PCle Gen5~, C-PHY, etc.

\ 1/ \ > Customized report /‘f

Figure 28.EM Al Edlo]Ad ¥ X ACVS S

ACVS €] A 1% 174 Figure 20. St o] ARe] 1% At} Pass B ) 7Ax] 413 o]obs
540 AF AAE WEste] Fashl A

d A7 (7] olEY 24

r
A EM Algdold

(Ch. S-parameter modeling)

g olEY 4 vlol=

3

ACVS #F/4+% 2#/

Ag olEY 4 Jlol=
Basic SI, Eve/BER 12 o} T4 7)ol

A HA ds/A% 25

Figure 29. ACVS A4 A A HF 774

uFE wiA v e s7)|A] AAlA Az wbAbel o7k Ak 5 ojwje] Eye/BER T

=
o Ali= Figure 30,31 3} #o] =4 A, 4 § Z3= S sl & = AdFHH.
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TDR

z s

-2
\
\

Eye density : Output Point BER

TOR fenm)

EEEEE

Basic SI TDR/RL Fail % Bad Bye/BER results
Figure 30. =3 Z o}E & o] )3t ACVS TDR/RL => Eye/BER A%

TDR

Eye density : Output Point BER

Towe

Time st

Bé-s;i'c éI ﬁ)R/RL Pass = Good Eye/BER results
Figure 31. 7% 3~ o} E &l o] )3k ACVS TDR/RL => Eye/BER A%

%3 Figure 32,33 2 olE# 4 A¥ 4§ Ans B (Cross-Talk) #Alg o]
w2 Eye/BER Z¥E LERL gom, ACYS A9 AZI olEY £4L Ea HE Al A
Eye/BER A¥}7} MAES RT3 dFUTE.

FEXT

Eye density : Output Point BER

Freq 10HA

Basic SI cross—talk Fail = Bad Eye/BER results
Figure 32. &4 # o}E ¥ ACVS FEXT => Eye/BER A%

FEXT

Eye density : Output Point BER

T ony

000
Freg (Gl

Basic SI cross—talk Pass = Good Eye/BER results
Figure 33. &3 & o}E ¥ ACVS FEXT => Eye/BER A%
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2.3.3. ACVS Analysis setup

ACVS ¢ ZRAE A4 AW T4 R B4 Y BHHE e Be TES) 38 A4
A mae olgslel BN 5+ dE= AYH IAFUt. E=F B4 AYL profile
sz Agsel olFe] Rev. RS Zrjol wASE old B4 AL olgtel Y
Z7A9 FAo] 7bedt Rev. Rdlol w2 Ry Ay wlwe] w9 {83 HIE
o

Build project :

ACVS of Ald 24 ZRAES ACYS UL oM 24 Eds A9 g@47] EH9A Drag &
Drop 3t e 4 AdHFY .

Build —> IBIS analysis —> + channel —> Drag IBIS, SnP files —> Save & Import

Dram_IBIS
O Dram_PKG
o T s SoC_IBIS Models
met || Srebimport |
[ oo i o SoCPKG <y Drag & Drop
e o DDRS raw data
+ ) e[|
- ==
Dram IBIS Bram #HE v =] et PHE v =] socimis

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

Ag mdo] dAL Qg Rdlo] header FHE <12 3}o]

259 rule & AAA PUrh. Rule A4E& ®r} 2HA
setup ©] 7Fs3d%E= Rule Assitant 7]%5S Aledhd
71508 gFE pet o W3] Aoz Qo] JHEstE

W ACV52023.4.3

Channel

AAFog2 FAEY, o]E 23 net
3] 3l7] 98l ACVS & Auto rule
o]= ML(Machine Learning) 7]4F
= gagel= Hal JdFHt.

Channel madel S-parameters Analysis 1BIS Model Specification Simulation
Medel Impert Configuration Verification Module 1BIS Simulation Setup
»DIE 5] I Biemony 5] L
: 1 A T A
Dram_PKG 1> SoC_PKG | —P 1
! 1 ' Auto rule setup
soar| | sock | 1
1 1 oo omo oo oo o o — .
vE wvilpea v | | [Me vsac v X
oo oo o=
Net Information Group Management
- |m————————————
1 1
Channel CHO Al Groups by rule X Edit BGA rule(.bdef) 1
r CHO_Bytel - 1 1
Grou Net Type Laft Met Met Right Net
P VP i ,/ | o e 1 ‘ Edit Grouping rulel.gdef ‘ :
Byted DM CMIO_A CHO_DMILO , i - | | .
EByted [ils] QoA CHO_DG O / . : i 1 Edit Multiport ielection rule(.mdef) 1
7 CHO_Differential 1
Byteld [ss] Da1_A CHO_DO1 7 1 t 1
. . R oo , CHY_Byts0 h Edit Net selkction rule(.ndef) 1
" “ e - ’ CH1Byten R e
Bytel DQ DQ3_A CHO DG 3 / CHI CA |
- - . R 4 = = 1
72 |
Detected BGA Pattern: Memoryll Validation Check : DONE 1
7 |
7 |
/7 1
/ 1
|
¥ Net Connection Editor - 0O 1
|
|
Channel  CHO v |
I
. |
Growp  het Type Dam Prs SoC PHG |
ow owio_A cHo_ow1 o |
o 00 0Q0.A @000
Byted oQ DQLA CHO_DQ_1
B0 0Q 0QzA €00 2 Y{ Channel Grouping Rule - O
Byted og DQ3A CHO_DQ_3
B 00 004 A 0008 1
Sy | 0@ i anbas Input Rule file{.* def) 1
B 00 005 4 006 1
B 0o oarA cHoog.7
0 0. ROQS 80080, cHo_R0gS 1.0 C:\ACVS_Test_LPDDR4\3_CH_Channel\GroupingRule.gdef
syte0 .. HOQS RDQS0_C_A cHo_Rogs o
e .. WCK weko T A cHo_wek 1.0 Matched port Template
e D WK Weko_€ A cHo_wok c o
P owILA cHo_owi_1
| oo - 1 Syntax : RuleType(1:Channel, 2:Signal, 0-gnore) Keyword GroupDefine GroupDefineDetail(*Group_NetType", Ne A
o | o0 . coone 2 GroupingRuleName
31_ACHO .
Bytel og DQIA CHO_DQ_10 41 BeCHI Matched port (.snp file)
Bytel og DQILA cHi_Dg_11 5
B 00 oai2a @00 1 52 DMIO Byte0 Byte0_DMI
Bl 0o oq13A oo 13 72 DQO Byted Byted DQ
Bytel oo oQI4A CHODQ_14 £2DQ1 ByteO Byted DQ
Bytel DO QIS A €HO_DQ 15 13; %; :Y)':g :ﬂ-gg
Byl 0. RS ROQSIT A cHo_RDRS T =
112 DQ4 B D
=3 £ e
s s P O Hrarroo o]
Bl 0. Wk wor A CHo_weK € 1 142 DQT Byted Byted_DQ
o aooe cana cocan 152 RDQSO.T Differential Byted DQS
a sooa can m.cal 162 ROQSO.C Differential Byted_DQs
=% ADDR CA2A CHOCAZ 17
e s s 182 DMI1 Byte Bytel_DMI
192 DQB Byte1 Bytel DQ
| oo e et . 202 DQI Byte1 Bytel_DQ
o o . 212 D010 Avtal Avtal PO v
‘ »

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

Figure 36. ¥ Z+& Multi DIE #7] 7% MY A] Tx, Rx & A3 EEo|+= DIE IBIS model
AA=Z termination S & 4 AFYY.

wE BXo EZ3EZA YE net o EE WA X 500hm EE 18T 29 Termination
5

Figure 36. Multi DIE ¥7] 5% ¢f (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 DIE configuration
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Header Editor

ACVS ¢] SNP Header Editor & ©]83}o], Figure 38. ¥ & n-¢ 8% S-parameter (40GB
ol d)e] header AEE &<l % port name = HAHT F IFUTH.
=

7A9-o wEl AYd S-paremter RS ¥l o] wj$ B R Ul text editor = open
o] HF 2 AH 3Holo] E7}s2 & Header Editor ¢ Z+& header W open 3ol HF /A=
9 owd gde] Fug R ERlo] JhEdk o] {85 AR 2 4 dHY.

D SODIMM_Cennector_DDRS_Sampling5MHz.s536p 5536P File 47,537,705 KB

= File folder

Figure 38. o) &3 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 2 Freq. Info.
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Transient Simulation Setup (IBIS model and Write/Read mode)

] 5.2

EER!

7} Case ©f ojsh

e Ao A Write/Read
%EE /\—IXJE]U:] Z]-

BAE 42 9]z

PN
T

RUN

W ACVS2024.1.1.1

Channel

=
A==

=

[e)

=

E3) oe] A (Case

Aalstd 2o Rx, Tx oA 7F&3 =
2 =9 model selection

Hu

ol

F7h

Channel model

o

b=

7] =

S-parameters Analysis 1BIS Model Specification Simulation @
Model Import Configuration | Verification Module 1815 Simulation Setup
IBIS analysis
Mode setup PRES setup
I 1
1 | 4 - Write/Read mode AT
Write
1 1
Read
Dram: Rx (4P| BE B Load Plg soC:Tx [«[»| IS ¥ source| [ Delay % Pke | Analysis Case
Net Type Model [ 1o comner aMI Model [ 1o  comer ami ,,‘ Net Group. ‘ .
oMI ODT48@[GC:47.77, PC:Inf] v Input  typ SOC60PD40@[PU_Z:60.01, PD_Z:39.70, RT:5.7E-11n... - I/Q typ v - b
pQ 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 - U €0 Ul
DQs ODT48@[GC:47.77, PC:Inf] T lnput 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 v - SOC60PD40@[PU_Z:60.01, PD_Z:39.70, RT:5.7E-11n... ~ 1/0 typ -
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

AMimode B4l Auto Selection

Transient Simulation Setup (Hawk-eye/PRBS)

M oelay removal

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

ACVS = v Aol dis] 7P g&4e= Eye A3E 5T F =S FHA HE
3k AASHES o Hawk-eye 7loo AledUtt. =3 423k 49 PRBS 3 Manual H]E

o

Q= b5 g

X Acvs2024.1.1.1

Channel

Channel model S-parameters Analysis 1815 Model Specification simulation @
Model Import Configuration Verifieation Module IBIS Simulation Setup HaWk eye/PRBS Setup
1BIS analysis I
Mode setup PRBS setup v
[
I Hawk-eye 1
1 pres 1
Dram: Rx um Pkg SoC: Tx :: 1Bis % soluManual Pkg Analysis Case
Net Type Model [0 1o Corner AMI Model [0 1o  corner AMI “ Net Group ‘ e
oMI ODT48@(GC:4T.77, PC:Inf] -input typ = - ||SOCG0PDAO@IPU_Z:60.01, PD_Z:39.70,RT:5.TELIN.. = O typ v -
DQ ODT48@(GC:47.77, PC:Inf] - nput typ - - ||SOC60PD4O@IPU_Z:60.01, PD_Z:39.70, RT:5.7E-11n... ~ 1/0  typ ~ 1| @D iR
Qs ODT48@(6C:47.77, PCilnf] ~linput typ - - || SOC60PDAD@(PU_Z:60.01, PD_Z39.70,RT:5.TEDIn.. ~ /O typ - 2 oo Read
ADDR  ODT48@[GC:4T.77, PCilnf] -linput typ - - ||SOC60PDA0@IPU_Z:60.01, PD_Z:39.70, RT:S.TELIN., = O typ -
Lk 0DT48@(6C:47.77, PCilnf] ~linput typ - - || SOCE0PDAD@(PU_Z:60.01, PD_Z39.70,RT:5.7EDIn.. ~ /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) :

Z3sto 2 worst I1SI & ¥3}+= worst bits 9F worst jitter by X-talk =

hyA
bits 2 worst over/undershoot by X-talk & |3+ worst bits & ¥ &3} 2254 ).

X ACVS2024.1.1.1

Channel

O v P #] &

Channel model S-parameters. Analysis 1BIS Model Specification simulation IE‘

Model Import Configuration Verification Module IBIS Simulation Setup

IBIS analysis
Mode setup PRBS setup !

Ifﬂst
1 1
optimal |
I,
pram: Rx || B %[ Load | Pk soc:Tx [4b] 1ms $#[source| [peloy % Pkg | anayste |
Net Type. Model [0 yo comer ami Model [ o comer ami ,,‘ Net Group. ‘ f—
DMI 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 Resd
ADDR  ODT43@(GC:4T.TT, 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
I I

Generate the worst bits

for the worst ISI Insertion loss

Generate the worst bits

Fast, Optimal mode

for the worst jitter
A by X-talk

Strict mode

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

for the worst over/undershoot
by X-talk

Example : *4.266Gbps, DDR4 (PKG+PCB+PKG) ~_

Flowchart of "Hawk-Eye"

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 = 2 ZA 3} v| 1
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Transient Simulation Setup (AMI mode / Auto Selection / Delay removal) :

ACVS AMI mode #2104+ Serdes =+ Memory Tx, Rx AMI =419 AMI parameter & 73}
A & A5y

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 mode/Auto Selection/Delay removal setup
1

\ 4

1 -

Status Process Complete | B avimode [ Autoselection [ Delayremqval: 1 -
L |

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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\=] [e)
T':/El’t_‘

=
)
=
%
1o
=

MI mode

DIE1 [s]

Tx
Dram

A
1 BGAL

Dram_PKG

1
Ideal source, IBIS,piE1 W |[BG- Vv
Or IBIS-AMI model

> ME s] BGA

Channel SoC_PKG

BGA M

MB W |[BGA W BGA WV ||DIE

Tx, Rx Edo] thal AMI 223} Ideal

[s]

DIE

A"

Source =¥ 2 [BIS =49

BGA [S]

Rx

T_coil SoC
A
DIE 1

1
Ideal source, IBIS,
Or IBIS-AMI model

BGA W ||DIE WV

Figure 45. ACVS A'd 4 with Tx, Rx (Ideal source, IBIS, IBIS-AMI) model

7153 Tx, Rx 4 24

- Ideal Source :

> Tx 9 A Driver ¢ A<,

PA=ZHH T2 Tx =

rr

differential) & A<

Rx ®elo] ¢l

rr

[e)
35

Trf, C_comp, Source Impedance (single or

2> Rx 9 A% Load ¢ C_comp, Load Impedance (single or differential) & A2

T
T

= *x Tx

- IBIS model :

2o Z ¢ S-parameter model <

AAIRE 2Gbps

- IBIS-AMI model

Rx 9] Custom. EQ 7}&3t=E sF= AP ACVS 2024 update o8 <].

AAZHE e [BIS 24 (PKG =9 S-parameters 7} link ® 2%
Aso 2 A" PKG RLC #2 activate & &
ol A& A = AFsA &Ee.)

: IBIS(x#.ibs) ¥ 2 x ami 9} =.d11 28]3L PKG S-parameter 7}

Tx, Rx 24 Z0 o] d+= 49 (PKG S-parameter += IBIS ol Ao m g AFoz

d4d4.)

Talbe 2. ACVS 9| A 7}&3F Tx, Rx =& 23} Case

Tx model case Rx model case ACVS analysis Al A%
Ideal Source Ideal Source 0
Ideal Source IBIS model 0
Ideal Source IBIS AMI model 0
IBIS model Ideal Source 0
IBIS model IBIS model 0
IBIS model IBIS AMI model 0
IBIS AMI model Ideal Source 0
IBIS AMI model IBIS model 0
IBIS AMI model IBIS AMI model 0

Auto

model selector &

Selection 715 Memory IBIS buffer E¥lE =
3t 715Uttt o2 £3) Net Type key word 7F D, DQS, DMI, CLK, CKE, ADDR 5ol tj
o148t 2AHFo g wdo]l MY FHUr},

Huwin ACVS

net type o wet Asow dEst

=
=

3)
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Delay removal & Figure 46. ¥ 7+o] IBIS rising/falling output & delay 7} & E%
logic input A&l 9]&) triggering Al AT 4 A= Al (overclocking) & A AT 230
delay & AAS 5= 7Isdyct.

Rsing waveform
takes 20 ns to settle

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

K

-

discontinuity: /

Input Sgnal (good)

Discontinuity occurs if

output jumps to falling transition is triggered
steady-state high prior to 20ns.
value,

b 155

- |
N
* ! 15rs 20 ns
1
1
1
1
1

Delay removal to avoid Overclocking Drivers

Figure 46. ACVS delay removal

Dara Rate Rule 2A :

JEDEC 712 2] DataRate ¥ timing % voltage mask % measure 3% FtEo] e A Figure 47.
I ol AAE rule ¥d=2 #e] ¥ Editing & F a1, HGH rule & olBEHZAHH
Agste] B4 A8 ¢ JdFUTt.

¥ Data Rate rule - 0O x

Input Rule file|.*def)

Help Tempiate | import Exgort |

1 (DORS 4800] 2
2 Nome=DDRS 4800 Mbps
3 Standard s DDRS
4 DataRate =4300
5 CA Operation=SDR
6CA_DataRate Divider=2
7 Half Ul Shfting_ Read=DQs RDQS
4 Half_UL_Shifting Write «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

22 [LPDDRA 4266]
3 Name=LPDORA 4266 Mbps
24 Standard «LPDORA
25 DataRate=4266
20,CA Operation=SDR
7 CA DataRate_Divider=2
orlets 5 Half U Shiting Read =DQS
29 Malf_U1_Shitting Write=DQS
Forward_docking Byte On=0
31 Forward_docking Byte Resd«DQS
2 Forward_docking Byte_Write=DQS
32 Forward_docking,CA.Ons0
4 Forward_docking_CA Write=CLK
35 TimeCffset_sec=0
36 Byte_ MaskHeight=0.07
37 Byte_MaskWidth Setup=017
31 Byte MaskWidth Hold «0.07
9CA MaskHeight=013
$0CA MaskWidth Setup«0.1
41CA MaskWidth_ Hold=0.1

Oalete A1

Figure 47. ACVS Ch. Spec. 27 : Data rate, SDR/DDR/QDR, timing/voltage Mask &
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Smart Pick ©]-&3% Serdes Ch. Configuration :

ACVS ¢ Serdes MG EAA] Smart Pick 7]%5S o]&stH ml$-~F Drag 3 TE tjis)
U A differential pair o] XE Z3& AXste] &F5 o= differential pair g o]
TAEYG.

== LT X

(]
i —
st pmss A ST . CL)
5 "s.. warnmaxems | () @ orarorswaxsmea
= = i | [ - el T
= SR -
v > ;‘ o mouns | @ @] orsroemmunus
oot i i B
. 3 N Type v
.
. (+]
s - .
.
.

Figure 48. ACVS Ul mode ‘Smart pick’ ©]-8-3F Ch. configuration

Serdes Ch. Forward @ Backward Configuration :

A REKe) S SEO. YV 3 3 A SES. =38 & S 2= o)1=
Serdes Ade] Ao WFe A 4 F dw HFE FES 24D 5 Asd
Y. SerDes Configuration - a X
. [T
N
B smart pick
Hybrid 7
. - -
Port Name v| sg [ 0| o6 H NetType v
~ Boards12p
OP_1_PCIE_REFCLK_N_111_53 1 1N_L L] e
OP_1_PCIEREFCIK N UIS 1 2 1NR . lII
o 1 POEREFC PSS | 2 | 1 ° OP_1_PCIE_RX_P_0_J11 40 ® | @ OP_1_PCIE_RX_P_0_U14_1
OP_1_PCIE_REFCLK_P_U16_1 4 1PR L]
OP_1_PCIE_RX_N_0_N1_4 5 2N_L L]
OPIPCERKNOUIBEYT 6 2NR @ H OP_1_PCIE_RK_N_0_J1L 4T @ ® OP_1_PCIE_RX_N_0_U13_1
OF 1_PCIERX_P_0J11 49 . ]
P_1_PCIE_RX_P_0_UT4_1 4 PR @ H Backward Net Type v
OPIPCETENOII A O INL @
OPIPCETXNOUNA 10 3NR @ ® -
OPIPUETXPOMIAI T 3PL @ (=]
PASEDNFOURZY [ 12| PR | @ OP_1_PCIE_TX_P_0_J11_43 ® @ OP_1_PCIE_TX_P_0_U12_1
H OP_1_PCIE_TX_N_0_J11_41 ® @ OP_1_PCIE_TX_N_0_U11_1
g Forward NetType v

Figure 49. ACVS Serdes Configuration : Forward % Backward A1 &
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Analysis Run and Scheduler :

ACVS o EX Alde] ® & Run 3 BHE (>) & F3H Figure 50. I & ACVS
Scheduler © ¥4] Job o] Add FuYtv}. Z+zte] 4 ] <
Job 9 3 +=AE vl 4 95Utk Figure 51. & Progress Status ¢ Log & e
Ayt

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 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 Scheduler

W Progress Status — O x

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 report and 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

ACVS = A2 S-parameter R ol tha] HAF APow RHE SI #Hd FE A o
&k A5 B EEE Excel 3 FA o2 AZFUT

AsoZ AdE Basic SI A3 X Eo= EE Ald net 59 tisl ofele A AET
A YT,

- Insertion Loss

-  Return Loss

- X-talk (PSNEXT, PSFEXT : Power Sum near-end cross—talk, Power Sim far-end cross-
talk)

- Group delay
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- RLC extraction
- 70 estimation
- TDR

- IDT

- Skew

TDR Chip 1 NEXT

70.000

€5.000

£0.000 1@! hag 1 D :
o | _ [> a”
A \ Vet

45,000 % “""?{Af:’* ﬁ}'fl - Agg. 2 D . ’
40.000 ..‘.v
e M13E> —

30.000

>
>
>
>
= >
[> van
>
>

TOT [volt)
2
=
@
T~
VVVV ¢
2
y
‘l
A\
1t

Jé - Agg. 2 =
. i’/ 1) Propagationdelay | LT =7
2) Skew ==

a0 D)4 3) Slew rate Agg. 3 -

+44 TTTTTTIT ]
0.100

g3gEgEgecynresreranan

CoO0 U090 CUooUoUoUooOdooUooOoo

Time (ns] PSFEXT(f) = zolog(ZIFEX'.':n(f)D
n

Figure 54. ACVS TDT/TDT 23} X}FE % NEXT, FEXT A 9]

ACVS Basic SI Report = Full Transient #41 d #

2 4 dHFYrL
-  PKG A net model ¢ RLC/Z0 pass/fail & % 34

o|\

oz thed} ol faal Alg

- PKG/PCB A net model ©] TDR/TDT pass/fail #H<

- PKG/PCB model cascading ¥ Transient al4oll A3t S-parameter =& F&

-  PKG/PCB AA| net model ¢ IL/RL/NEXT/FEXT pass/fail FA=

- Silicon Interposer Z A net model 9] IL/RL/NEXT/FEXT/TDR/TDT pass/fail #HZ%
- Connector model ¢ IL/RL/NEXT/FEXT/TDR/TDT pass/fail =

- AA A 2de) ST HE(sign-off) FYXE A DB3} 2 T
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2.3.4.2. Full Ch. Eye report

ACVS = Basic SI HFE ¢ Z A2 net o thdt Memory-IBIS (Eye) ¥4 #IFEEZ
Aso 2 AAAFYTH. Memory-IBIS (Eye) #4 X Ex 2E7ZF 9oz A H WA,

raw data & A3} Figure 55. 9} #Zo] Chart viewer & H& 4 & full ¥d9 F714
Td = At
‘ Eye density : Output Point @l BER
o 0.000
-2000
4000 o T
LT
-6000 ’
=
% 8000
g 10000 —— BER {CF
2000
14.000
. 6000
. Q0o aos 010 01s 020 0zs o3n 03s a40 a4s asa
N X o a7 [t} » (2] Time [ns]
Time [ns]
Chart viewer voX
¥ aQaEd ) XEXI O H
Markers
0.400 Dest. DX DY
. b > M1(X:0.200, Y:0.223)
= > M2 (X:0.361, Y:0.236)
w 0200
o
=
[o]
= 0.100
0.000 :
0005 01 015 0.2 04 045
Time [ns] Clear rrarkers
Figure 55. ACVS Eye diagram/BER Chart and Chart viewer
Eye measure @52 Figure 56. I} Zo] Z} net o W& A5z E&E ZAlo] HYt}.
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 123748 180.116
DRAML_DQO 169.714 72.400% 113.455 48.400% 196.250 126.250 180.116
DRAML_DQ1 175.340 74.300% 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_DQ#4 166.901 71.200% 110.642 47.200% 157.030 87.030 180,116
DRAML_DQS 172.527 73.600% 116.268 49.600% 225.344 155.344 180.116
DRAML_DQB 172.527 73.600% 116.268 49.600% 187.472 117.472 180.116
DRAML_DQ7 168.776 72.000% 112518 43.000% 178.808 108.808 180,116

Figure 56. ACVS Measured Eye results
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-—

ACVS += Figure 57. ¥} o] PAM4 modulation ©] A-&% 74-5-of 3t Eye 235 Al&c).

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) 21 3. wave form view
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2.4. * snpview.com

www.snpview.com < Huwin ACVS 9] solver 7} €% wtdw ) 7|9t free S-parameter view %
A& o)A flatform YYTh. +F Chrome % mlo]EATE Edge Bl$AA A gl
2y, (IE explore + A YakA| &5F4Th.)

Ao Aol A&t LE 4 ARL0] S-parameter E load & F Yo, ACVS oA A
net o tal AT YXEE A= A <, snpview.com ol = ©d net 9=
d8ste] plot # simulation ¥ A¥E FF & AFUT.

Snpview.com = ACVS o] SimNX <7 & Z29= AFH A HFgstes 24 3}sle] Basic
SI % Time domain simulation Z23Z= net T =E ]%3} , °|& T3] A &3k TDR/IDI/Eye

W, ol&
Algdeld A¥as FAor e 5 dsyu § UL o AfeR User 7k 7HAL A=
AACIBIS B IBIS-AMI RS o] 88k AlEdoldE dA AEstA syt wialdl IBIS-
ANT ®2e] EQ 7'es &l & 4 = 7I's(ChannelView)S A& a4t

i | o= = 1
o=} SnpView.com 3 231030 Server recovered & 1 m| ChannelView (Beta) [ Snpheal  of Share - @ anonymous
Single Differential Options TOR advanced options: N chats m &

o @ ag Riing t =
ioa o TORTDO11 © Addchant
_ s magn: e -
Single view A
- 30 Po - .
Eop——— mrw o 50 =N E 2
contion e
oroup aeiar () Passivty S
Detail infa
otTime GMT+0900 (B3 TTAl)
O]
® o Cap.load on (@ omr -
w mar N
Tor @see (I - PCle.GanS. TXRK.580 6 34
' 5
() Eve-ciagram 80} . o kit e
(et 0| tor. 1 e
® s e P ram “
= 50 ' .
o v S
TOR advanced options > - Coptost oF [—

# DD/DC/CD/CC ©
O

Figure 58. Snpview.com/ SnpView : differential TDR plot example
L3l S-Parameter © 3+ Enforce causality &} Enforce passivity € Snp heal 7]5<
A&t

LR - ————
SnpView ChannelView (Beta) 1 I} Snp heal II n{.j Share | Support~
[

—_—— - __\__

e
S-parameters heal service X . ! ________________________

Share link
Current Page Link
https://snpview.com/snplink/787 0e m
Enforce causality (@) 0o off

output flename  hesisosap

1
1
1
1
1
1
1
1
| Enforcapassivty (@) 0n
1
1
1
1
1
1
1
1
1

Figure 59. Snpview.com : Snp heal , results/fcomment view Share
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http://www.snpview.com/

Share link 7] &A] plot ® Z¥9 comments % S-parameters link & HAE3sh=
715, dlARYojztel] link & JF3ke] snpview o A¥E FfHEL FrHHoR hE
&9 A% plot & & B 4 AFUYY. (¢ share 715 AFEAIE =2 AE login ©

2 agh)

—

a2]al HT SnpView 7] 9ol ChannelView 7]5<= F71ste] 9 Aod FAoz 4
AlEH oINS & F A== MU 2E JJA (S A beta release)dtH 5T},

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

Q C] == © ©
® g © 0 i1 00— [] ) 0 —| womi —

DL It o . g 0® ...

EN - ooz & s
I PCle_Gen5_TXRX.s8p Load file

dB

) eHonves

4284 POEY_THN4] 1
L6A BHTZ PCET_RPY14]

L6ABHT4 PCRT_THPI14] 10
LGABTI.PEIEI RXN14]
LGAB73 PEIEL TXNIN4]
01 1 1 01 75840 1.067922510975840 12
1.047922510975840 1 01087

8 17 25 3 a2 50
GHz

o/[s][a)(e)=)v])(e]) Gl

Detail info

Dest.port

i

]
e
-0}
o|||-

DIE 23731 PCIET_RXNI14] e

~

DIE.23732.PCIE1_RXP[14] [

3 DIE24283.PCIET_TXP[14] ]

4 DIE24284.PCIE1_TXN[14] L]

@

LGA.BH72 PCIET_RXP(14] [:]

Figure 61. Snpview. com / ChannelView : Ch. S-parameter(Snp) setup
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ChannelView ¥ 2ol A /W& RLC =+ MLCC S-parameter & 943 4 9lar, o]o thst
Basic/TDR/TDT/Eye &4 A& &1 & AF YTt

Qswpheal  o2sh y - @siieung@huwin.cokr ~

-
e SneView.com @3 230728 Server recovered. soovie

e Bo

° ) ° © -
° "Cé,éé:ijf(xs o

Y

Mask

st 2 om - @on
eras 200 | ons i
oceeans 00 b 0w
vossizton () ez (@) pas R
aarcosng @ on () on & (=
r— /
R

Figure 62. SnpView.com / ChannelView : Ch. Results plot

S = A~
At

d

3 Tx 9 Rx =29 Driver % Jitter ¢ EQ AL 2 &3to] Eye 2SS
A<

sy

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

¥

o 181 L: ]
" 0 0
@ FPeleGens DEX _g‘:
-7
sDD1Z © Addchart

@0 O N

~
II 06 gain \n\ ] 1
[ o § |
' PeakFreg s o ~ N 1 CTLE DFE
] e adapt . So :
NS Qo @on
~ 1
S 1
~ #of Taps 5
~ 1
N
N I Tap weights 00000
S 1
- N I o Adapt v
! 1 S ! Rx clock
. | o 1 Reookines @on Oon
1 N - ——— o o - -
: REEEE M S ST EDToErT I oI b
1 ! : 1
tr/tf mode Linear Ex 1 1
1 Impedance 100 Ohm @ O P . 1 @ off O on .
1 1
Rising time 10 psec 1 1
Packa o off
: e Qoo @ LT 0w \
1! 1
1R 02 Ohm bR 0 ul |
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L 0.0001 nH 1 1
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c 0.0001 pF 1! |
I s 0 ul 1
e o o = = - - ————
! 1
1 5J Frequency 0 Hz 1
1

Figure 63. SnpView.com / ChannelView : Tx/Rx Driver/Jitter/EQ setup
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SnpView.com °f &=
7%= ACVS ¢
A=

E_ /\ o] <=
A

o] 9=

Fixture S-parameter 9 ©dHld 7]5S A&
Ha EW 7zl HgHo Jlerng, Wy Hes Aus

|
] i
:-_ SnpView.com 3

Differential

Single view

PerfectCal®
(De-embedding)

Fixture

o from Thru fixture

. from left/right fixture

Fixture+DUT+Fixture

Lo

Cascading v

(repeatin_rep_nw-~)

Figure 64. SnpView.com : PerfectCal®

2023/12/13 TDT accuracy improved

Thru fixture options . Charts

Z0 estimation

@ auto O manual

O symmetry
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@ auto

50

O manual

MHz

DC estimation

@) auto () manual
@ mmin () fstep
Impedance correction
@) orf (Jon
Partial correction threshold
3 Ohm

Balance (only for s4p)

balanced
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Scd/Sdc)

De-embedding options

Frequency step

@ auto O manual
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Export(login)
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2.5. Summary

@o“ w49 PKG/PCB AA HANAME Zudx wjAd, Zud A5 Ado] thak Judt
Algdlold# Advanced Al2=®l A F3 Asd ST HAE EFHMCS) ZFAYYT.
ACVS = Simulation integrity & ¥ SI HAE &£FHOZA, AFo= EM AlEdHoA
Fgste] S-Feny BREE FEShH, HA A i dloly dEel 8 ARl o
W= o] F-(Pass/Fail) & W23 A E35tA A5 (Basic SI 2 Advanced SI analysis) o 24
ﬂﬁ?ﬁqéﬂmemnﬂ@ﬂﬂﬂ*HH¥§%%§UBHﬁi§ﬂ?M a5 F AAA
AAH 9 first pass system success ¢} time to market ©] 7}s3dtE® st £F A YY),

o
=
s
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