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1. Introduction
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2.1. What’s ACVS

ACVS(Advanced Channel Verification System): 41 w&Zz] 2 114 Serdes Ao o3t
Ass B4 9 A5 54 AJ2"=d UG

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 = 'R olFHA AT Al wh=A] el AR FAE FIAM HY AE Al
HSol S3k8 SI/PI AlEeelH 2R /ids Jdstar syt

2.2. Why ACVS

# ChatGPT, AH-&F3 5 Al 7|9 W] a7} Zﬂoww 1% Rzt vlolHE 18
&0z A= Interface ol MAVF Z71sla dow, Advanced high speed Ch. 9
AAE Egshs 49 H AA ZAEA HIE dolE XV\ AAZY critical g o]gp7F =il

4% FHZE dolH AEES el Bl F &l A5A) HE 7|uk AAY, SiP AA
T+ 9171 A v} PCB "4741 A Az AEe] FAZF = H2S AA| nets ¢ full analysis =
53] ol o} =4, 7]& A4 Flow Y] full analysis % A= ZEXES W=/ Id&
T J= S Hd ol HHAsE ACVS &FAdo] T AdFYTH

1 A" Ao thek dwrAel Signal Integrity 41 Ax}= Figure 2. 9F #H5Utt.
53] 145 Al WreA] HE w72 A5 giiE 235 2085 548 AW A9 2FES
Agat7] wied AAe] tHAAS ®Agsty] fld) 4Lk Signal Integrity A% wAo] F
AJy .

TFAAR HARE A A g (A #5F 2 oA Nets)S AA3 H EM simulation
o] g3lo] S-parameters FES WPt S-parameters = ZF Net ¢ HA7|H <2l EA
T 949 SHeR qdS detulgola theFsk SI/PI BAY o dEow xp8d
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AU, 91714 EM simulation ©l+ ANSYS 2] Slwave 1} HFSS 52| simulator & o]&3d 4=
AFH. EM simulation ¥4 7} Net o] Port AAI Fupg R AFORE o]Fo A
o]% Mmd System simulation ol W3] Atjz oz FAo] fo|stn AE37 ey,
FHA R APE BA 3L System simulation O 2 A AY A 2ES 2R FAGIL
Zh #A o] wE AlEdeld AAS Fstel 23E mEdts AYYH. o] Aol A ACYS
7F AREEH ACYS A1 Basic SI 2413 Advanced SI #4102 FEEo] &g},
B ot A
(Standard, Nets)
v
EM
simulation <
: S-parameterEE
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

Algal0]H A7
RS SRt

¢

Report
(En SFE Y EelEL

I
l Fail

24 E=

Iz

Figure 2. 1% tXY g 9] &ukA < Signal Integrity ¥4 Hx}

=

ACVS Basic SI #4& Ad A=l Signal Integrity A% Z4 IF5& dofs 4= gl
HAJYTE, od7]ol= Insertion loss/Return loss/FEXT/NETX, E4 dywdx F&, 57} RLC
ZZ, TDR (Time-domain reflectometer), TDT (Time-domain transmission), delay, skew &<l
5ol AFUT. o] HABA A F&o] tefele] Y& WA Fw A AlEded A
9 Ay ZAHole Be Fa9t Azlo] LFHY, ACVS B o] 2E #H}AF reporting &
Absstatel 1 AZF ool BE Ade] 22 E A gele] 7he @tk Basic SI w4l A
Ao Aol elFdrhd ZAxlo] uwlgl Debugging =& Advanced SI 48 s S

AsH .

ACVS Advanced SI #4yoli= Eye-diagram % BER 35 So| =4, Chip o thgk IBIS-AMI
model & A A|=gol] A&3sto] A Chip o] & ste &4 T8t A 999 =4
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rr

—_—

o o

Huwin ACVS Page |9



AbElel A EQ ¢ Adaptation &7 AJZFe® Net @ 2,000,000 bits ¢ 4= PRBS 7}
Q7= g,

Power Integrity ¥4 Z X% Signal Integrity #4] Zx}¢} HFAlstY F8 A gRog=
Impedance ¥4 (DC R ¥ AC L &%, 7111 5)°] A&H5Y ).

)

o AwWa wheh o A% AL wmAl P WA SIPI BAL 2
Aol YF chere GFol g BAHol a7H7] wiel System FAel g AFeeld
E+ 1
J{

[e:

AHE/ARYEFES] SWS Atolof it wdE wjde] A4 Net of 71 w7
el FRTA, B 44, (HE F¥, 4y 5H, Pass/fail #HG AlEHA
HHEE SURYT. B3 2us 544 24 Tk digel =7] wiel AlEw el e
J3te7) wolxan £ Agto]

N_l

R 7Vt EAVE S Y Y. wEbA Figure 3. oA
nolAe dlel ol AHeloldel Asm/A/ERE oI EAE ddT & Ax
Simulation Integrity o©l st a7 AFHoln ACVS & olE aHste FHAsd
E2AYU.
—_ O
Hafe N e
AlEa|o]d Azt CSI/PIEAOI SBE | -SI/PIEA0| SSE -2 si/pIdeY
circuit solver circuit solver 2 RM M HE
(time/freq. domain) (time/freq. domain)
AEE0|H BEFE -2t 2N A AHE &
- == PN RS PSS - 1¥Y Impulse - i 8% S-parameter U Hs=H
XIE =3 AN =H, response &= SEWIES
Pass/fail THct S -Report 44

B 27 /ts8 =8

Figure 3. SI/PI 49 ZF =<} & F4S 9 Simulation Integrity 2] F 8.4

Algdold AI® Fs falAe 2ad Ade ok SI/PI EAe 53kdl Circuit
Solver 7} oy}, sHAvF H-Eo] 48 Solution 52 RE $&FoF (RF, Az A=A},
Analog, Digital T)& W-&37] fste] 7IEAeB= SI/PI #49 A sAE 714
T dFYTH. 3& o2 e A} EofollA] AL ALHJAW Vector fitting 7IHES S-
g3l SURslE Z2 A SHem WIslE vyes #A SI/PI
o], S-parameters ° 2 (FIF A, A X F= 34 )l E‘r’ﬂ
© SAZE AU B3 23aE5 2aEE AQded gig S-parameters &
sheprlE] o] @Woba]l &8Fo] F~F4] Giga byte o °o]27]% FUT}.
3 A el Circuit Solver oA Al £x7F 94 AsEE EAS

1m
N_:(I:z

parameters £

ool 28 3
e S
#3144 efo]
o] A% oA A

ZHAA U

OEHnErE—

weh, aEE ajde dis] thket 24 g5S sy YaElAe we Faek Ao
SE = o] AN FA HAPe]l LR{7F v A wAste] 4 A 2ol
otsty = EAZEA ol F AFUTH. wEkA dHF 7192 AA In-house tool T
ikaste]  SI/PI 49 BREE S3tA7In dFUT. AR diFE 7]E Circuit
Solver & X}EQO}L TAoZ dd Solution ©] 7FA AHITZ=/AA A7 EAlE AT XA
%= TAZE dHY. Table 1. & AwHA<Ql Circuit Simulator € SI/PI &4 HA&
LMo gt 5AS wasta vk, SI/PI 4] HE £FAL Ha dukslEa e
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FAol™ Frarol A= HUWIN ©] ACVS (Advanced Channel Verification System) Solution
Tl o e dtEA 2 grleke-2~ ]G (W] /mid R /Al H Sl SI/PL 4 HE
&5

A g 7E ALE AFsa sy

Talbe 1. Z} Solution ¥ Simulation Integrity H] X

Kol
=

& Algdold A= Algdold Azt Algdold EHE
BE &8 Fokd )&% S-parameter = A, B A,
71E 4ubAel | diestr]l flsked Aol erl& 7hA A AE 9 8 547
Circuit /Wl Solver ZA 9low E3] Transient 2 | BF AF&Alel] 93
Simulator SI/PI #4o E3ld AMI simulation €] Fa ] ojof shr
A s =5 A G&o] ¥ EHET} w3
Aak QF 7heAdo] =5
SI/P] B4 A SI/PI &4 53}ste] |5 S-parameter Mg | F4] AH{AHES 25 5lstA
N2 Solver & 2 IBIS-AMI BT va
Solution: ACVS | apgo= <14k H8= | sinulation ol 2A Aol 0 F oA
Hdgl 75 At &8 Fug 7k 7V
Huwin ¢ ACVS += AE HAZFS 9% customized © EFAHORE FFo] 7ty =
A} Flow 2 24 W20 w3 PKG/PCB T+ Silicon interposer 9F #2
interconnection A4 Design HS TAEER TFA3H signoff AF EZ A4S

A<ruieh,

2.2.1. Advanced high speed Channel Technical Issues

= 712 Monolithic &4 ¥ =& o] & T84 A xH 7|5 Die & Zste] ahrte] 7] A=
TA8E EAS 7FYUTh. Figure 4. & TSMC 3D #1713 CoWoS 7149 AtElgdUrct. %
Ab#lell A= SoC Die ¢ HBM Die & 3lube] w7]1%] flol A 4313l o, o] & & 4ol += RDL,
Silicon Bridge, Interposer 52| 7] & o] 2 &Yt}

SoC

TIV
Molding

S e N L Il
o
IPD Ls|
1 |

Substrate

WANPANPANPANPANPEANVENDRSDRSPRNP RN,

Figure 4. F3 37]3 7]& (CoWoS) [1]

Figure 5. = AMD ©] Al RE=A] MI300 2 2of tigh A =y a3 222 GPU, CPU, HBM3 &
Zetete]l FAEJASFUE Al §EeAle] =0 Holy A2 B Adks fleiA 3145 Memory 7}
A3 7| 6Gbs o HE S22 2k HBM3 7 2888 & 4= 95Ut HBM3 A2 &
Interposer 7] o] AEE A=t 2d 20U T IF e AsS BA3sH7] €314 Signal integrity
A o) v $- T8 sk A HY T
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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 ¥+ XA MI300 T3 [2]

9 Abel ek 7Fo] < High performance chip 7t interface & A}&% = 58 A7 7124 o = HBM3(E) ,
(LP)DDR5(x), GDDRS6, PCle Gen5,6 , UCle 50] glom ztzhe] 714l Fa o
ZEUTh

2.2.1.1. HBM3(E)

HBM3(E)+« 11735 Al Il Al Z 8 = 3}+= high-speed o & %}, low power operation = 7}5- 1Al 5w
DDR 64 bit data bus = A%, o) 16 AE714] 7FdUt. DQ &%=+ 4.8Gbps ~6.4Gbps,
8Gbps(HBM3E) ©] aZ, DQ Rx Mask 2 ¢+-& 120mV 1t}

+«— 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 xH Iz NS
cent

S \

— & *‘:\\5
S{X\ _ - Rectangular mask shape

= S — §

S ==—————==== (5 pIR 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 ©| 7% 13 AF H =22 A3 F7F 2
AZY S7FE Q% AT IHAF return path Al ol+E 7HA 3L A5Uth 222 HBMS3
Ao A= A A A net & E35ke] Transient waveform 418 58 7150 44 9yt

T3t Receiver 2] buffer = Figure 8. 2} 7-°] open model (capacitive load) ©] == transient A] & d| o] 4 A|
Tx ¢ A48 2d = Rx 9] Impedance £-$14: 0 2 €13 Solver A o] 78} 4] £ 1= A&} T4 7} Q1S

F g

ACVS = HBM3 4] net o] 54& Wrgat= ) -&%F S-parameter &
Hkd ek Transient 41 Al Solver Wb olqret b & AEl &

AEE A5 Y

A ste] HAA cross-talk =
Alglo] Aol 7l
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S [
DQ [0: C [0:7]

Tatie 30— Tramant Drver Careent Specification Ouiput Timing Reference Load

rive
Somstims [ e Notes
|

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)

Q [0:31]
_—————>
DBI_0/1 R [0:9]
- .
ECC_0/1 APAR
_—————>
SEV_0/1 AERR
DPAR_O \ CK / .
* Smaller size & Narrower space
+—»
DERR_0
- DQ 32 net B9 x 2
RDQS_0 )
- Read/Write strobe &2|
—_—
\ WDOS_0 Jx2
Figure 7. HBM3 ¥ Net 74 2 Tech. issues
HBM3 IBIS model Capacitive Load .
@ [s] ® —
Tx Rx o
P=K)
o _ — 5 ® —
A A §o

Figure 8. HBM3 analysis example (ACVS)

2.2.1.2. (LP)DDR5(X)

(LP)DDR5(x) = 41
[e]

5 ol wakx) 3 dlo]E £3o] 7 Al we} o2 B8] 98 Tx, Rx &
A7)7} Ho] glon 2 K

iy
rr f

o]F o]&ato] A" AlEHAE 5] A= F TS whgst
S3hd Al EeelH 7 B st Hut [4,5]

ACVS = Figure 9. ¢} 3] DDR5 ¢} 22 Ad-& AAl o] S23 A AlEd o]
single ended IBIS-AMI =23} single ended signal rising/falling edge response & H
7best e s shlF T g AMI B9l o] &gk A o A %= A net 9 cross-talk 7F &

A 5UT ZF net B2 2] Tx-Rx training ol w2 DC offset ©] }Eoi Ak a1,
forward clocking | €J3F DQ-DGS 2] Fdo] ® HEHZ Eye 2352 A& & AEE 7)¥

olof th sk =24 Q1 A2t 34 -8 Figure 10. o] H.o] x] 3L Y HFY T},

rﬁ
e
£ 4

l

n

=

o2
32 & i Az 30
o m® b1 12 F1

f
o2
ol

HoW o O

.

H

ﬂlfjﬁ
L
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[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. DDRS5 analysis (ACVS)
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2.2.1.3. GDDRG6

GDDR6 = 114 5 Al ol A &.48F= 114:(16Gbps) B! 3 th ] A =& w&e] §=fo] 7hs et =5
skaL 9lom, o] & 913l Figure 11. ¥} o] WCK, EDC signal & 7-/d 3}aL 25Ut}

GDDR6
x16
f DQO-DQ7_A, DBI0_n_A | Byte 0
- EDCO_A
o |~ WCKO_t AWCKO_c A —
g DOS-DQI5_A, DI A Byte 1 Simale sid ’
Single side configurations
5 |d——epc1a gle side conlig
'
=: - WCKI_t_AWCK1_c_A < CHAx16 CHBxl6 CHAx16 CHBxI6
E HOST HOST
=
I CKE_n A ——p»] CHO CH2
—carioor A caer & ADD/ CH1 CH3
| CA[100] A, CABLA
CAJ10:0] A CABI A oMD
Clamshell configurations
DO8-DO15 B, DBIl_n B Byte 1
% i CH A x16 CH B x16
- * - HOST
= P wWCKLt BWCKI c B —I
g DQO0-DQ7_B, DBIO_n B Byte 0 o
s [/ A cH1
T |4——FEDCoB )
& |- WCKO_t_BWCKO_c_B* — 9] CH2
= CH3
S
B
5
S b—— XEnB—p CHBxl6 CHAxl6
—amoo B a5 | ADD/
CA[100] B, CABLB
CMD
CK_t, CK_c —p»]
RESET_n ——p
|- TCK, TMS, TDI, TDO —]

Figure 11. Example System view for x16 mode GDDRG6 [6]

GDDR6 9] 7% v]§- @& net A SR &) PKG 5ol vl$ s wjdoz AA7) ez,
Controller ¢} Memory AFo] PKG 2} PCB A Aol A A x4 9] cross-talk S WF3 3t Transient analysis 7}
dastH, 1% A5 EQ & ¢t AMI 4] 7] 5 o] 8 gyt

[e]
diagram/BER 59| Al2=®l AlE#old AXE F3l A AV D 5 Q)
YELEF AF o2 AAste] whE v 7] g o] 75t ES T
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2.2.1.4. PCle Genb,6

PCle Gen5 i+ 32GT/s 2] Serdes 2% Aol qrAoIH, 2022 W PCle Gen6 I+4 ZHF9lo]
Al om o= 64GT/s, x16 lanes = %o o] 256GB/s H &) 7Hs U},

PCle Gen6 += Gen5 TiH] PAM4 signaling & 4 -83lo] 9=+S 282 &g},

2.2.1.5. UCle

UCle = Universal Chiplet Interconnect Express 2] 712 o] Figure 12. ¢} 7+°] Multi-Die Advanced
Package Module & 713t d F 3k 7+29Ut}h. Main band + side band 7% 7}#™ Main
band ol 3l A Eye-diagram, VTF loss, VTF cross talk 9] spec. 7 5¢] 2 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 | +—64 Data—4>{[ [ | (SDR) with 800 MHz source. Sideband must run on power supply and auxiliary clock
L2 Clock source which are always on

|4 Valid

—1 Track

L]

Sideband data is sent edge aligned with the strobe. The Receiver must sample the
incoming data with the strobe. For example, the negative edge of the strobe can be
R used to sample the data as the data uses SDR signaling as shown in Figure 99

h 4

> -
X

For Advanced Package modules, redundancy is supported for the sideband interface.
Sideband initialization and repair are described in section 4.5.3.2. There is no
redundancy and Lane repair support on Standard Package modules.

Module
anpopy

R

Figure 99. Sideband signaling

SB Clock

<=1l
<= ]
<=1l
[x= |

SB Message

|

NG

Figure 12. UCle ] PHY ¥ 12

S

135 8] A T2 € sideband signaling (800MT/s) [7]

200F .
Table 37. Eye requirements
100} Data Rate (GT/s) Eye Height (mV) Eve width (UI)
S
E 4, 8,12, 161 40 0.75
2 0
£ 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 84] 7734 [7]

i)
fo
o
a1

UCle 9 g AEHAL YalA+= IBIS-AMI 2d 0] 831 Transient 4] FE50]
F7HH 02 VTF 24 Z 50| a3y}
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Figure 84. Circuit for VTF calculation

interconnect

Victim

Rex

interconnect

Aggressorl

interconnect

Aggressor2

interconnect Vi 10

Aggressorl9

5

Figure 14. 53} 99 (VTF) A&

3k AMI 5241 2 2 A nets o] td VTF

)

ACVS ¥ UCle o] B &
7hs @y .

A EF O AT 3=

}3l Basic SI Spec. 715 2 X E7}

02

Export ‘ O

0

0
0
0
0
0
0
0

C{pF) LinH} R{Q)

109

Figure 15. 3 99 (VTF) A& &

Figure 16. &= UCle (Universal Chiplet Interconnect Express) 712:A]<¢d
Platform Yt} 1A BE= vF9} 79| Core, Memory,
) 7] 7] of A %LQU% £-3] Die to Die (W3 Chip 7)) <2

Aol AgHNEE & T °‘*HE¥ aEar o cmpﬂ 03_75_‘%

o] Fo] Ut} UCIe ¢} PCle ¢ %

/\}\UE

- -

Huwin ACVS

718 71

PCle
7} 16Ghps, 64GT/s (Gen6, PAM4) ¢ Ut}

Set as default Import
Verification Items Select Channel Loss TDR/TDT VTF
Basic-SI (Channel loss/TDR/TDT) v Memory analysis (Eye/BER) Channel Setting |  X-talk Option Limit Line frabie
NetG Byte v
SerDes analysis (Eye/BER) v etGroup B
RLC preset  Default A
R(D) L(nH) C{pF) Setall
2 | o |02 Left [S] portname | M| Right[S] port name
25 0 (o025 »
0 |02s »
o 0.25 »
VTF Results 0 |02s »
VTF Loss VTF Crosstalk 0 |oas »
2 0 [0z »
,,,,,,,,,,, o 0.25
) § ‘
L3 B H o [o02s 9
i W — i T — |
: s o [0z &
‘ == 0.25 | CHO_RDQSO_T_B_Dram_PKG \/:_I CHO_RDQSD_T_B_Controller
. A CHO_RDQSD_C_B_Dram_PKG | <, J| CHO_RDQS0_C_B_Contraller
VTF Channel Setting e _RDQS0_C_B_
R(D | Link) | Cipn | Left 5] port name Right [5] port name [CEh [ Lok | Ry
23| o o023 | T od R
23| o o023 | JICE| o[ 100£+09)
1.00€ + 09 0| 0.2/ CHO_DINO_T_BGA_M16_T1_Serial_PKG  |CHO_DINO_T_BGA_M16_T1_PCB_Borad 0.25| [ 25|
1.00€ +09) 0 0.2/CHO_DINO_C_BGA_M15_T1_Serial_PKG |CHO_DING_C_BGA M15_T1 PCB Borad | 025 ol 25
VTF X-talk Option
- VTF Crosstalk Option : Aggressor@Rx -> Victim@Tx (UCle standard)
VTF Crosstalk: Calculation : 10log{sum(x-talks|*2))

Al gl AT 3=

2=
=1

el

ol A A A& Open Chiplet
Chiplet E°¢] @<
2 98l UCle &= Aﬂi—or Interface
g £
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OPEN CHIPLET: PLATFORM ON A PACKAGE

Customer IP &
Customized Chiplets

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

‘% ™,
? 2
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 16. DIE-to-DIE 9Z S 9k UCle (Universal Chiplet Interconnect Express)=

= &3} Open Chiplet Platform [8]

Slol A 53 vhsl o] Chip 9714 TAE B8 o) F Dietke] o ujg A7 &

W df Rl 0%k
i EX ox
2 H1oolr

Aboll A o] gdGu . A g 7] %] F-%27F B48)] %] 1L Die & <23l Interconnection A 74]9}
3

Al IR EAE 99 1A ANt B 3

ol A3t Hut

Huwin ACVS

o]} P83 } | wjol| Signal/Power integrity -] 2]
s} A 7ko] Zrhehs EAlZE A E S o m o] A% ACVS 9 e 5

E v T

39 SI/pPlI B4/13=
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2.2.2. ACVS Solver (SimNX)

Simulation
[Next/X/

Figure 17. SImNX : Simulation Next X

20

SimNX += Z}A|t] Advanced Ch. SI EA4&
£330 AFolm ACVS o] WAH R o ZA ofge} e 5EAS zh5Ut}.

- 9 A7) @ XE F Agto] gl ANE S-parameters
sted =71, 1000 £ E o] Ad 2 4 H2E = A8l
- 7k A3k [S] to causal impulse response 1%

- 7} A3k TDR/TDT

poh=)

kel
= .

A A

- Ultra-fast full transient solver (full cross—talk ¥F%j)

- Hawk-Eye:

- AMI: Bus channel (LP/DDR5,6, GDDR6, HBM3 %),
i e

- Fast/Optimal/Strict ¢ Al Transient 41 54 7%

- Tx/Rx buffer 22| o]F (Ideal/IBIS/IBIS-AMI) =& %3 715

- A2 EE Net & 7 248k Al &4 A58 7Hs (&

a8
=

SimNX = o}
frequency range 2| accuracy =

el

Huwin ¢ HA
A8+ frequency extension) HHH

Figure 18.

delay 4 % impulse response 2] transient (peak) EAL dEE A5l o
A g et
: : Terative 1] Non itorative |
Direct IFFT, 1991 | | Vector fitting, 1999 | | Extrapolation, 2008! | Extrapolation, 2018 :
Low High High 1 High !
Accuracy (non-causal) (fine fitting) (step resolution) | (LSE) :
Causality X [s] 0 : (v] 1
Low Freq. data Required Required Required 1 Extrapolation :
Propagation delay Not required Required Required ; Delay estimation 1
Efficiency of High Mid Low 1 Hi !
the method (IFFT only) (iterative fitting) (iterative search) ! (non-iterative) :
Commercial Commercial 2 Commercial 1 ; Huwin 1
1

Extrapolation of the band-limited S-parameter Causal time response

Time
Figure 18. Extrapolation for extracting causal time response

Huwin ACVS

E2x 02 Huwin o4l 7H&3F Simulation Next X

T4 7k => 40GB ]

Ad EA B4 A3 7]¥ke] Pseudo worst bit pattern A 7%

Serdes channel (PCle Gen5,6 %)

£ Cross-talk ¥F&3)

Non—iterative Extrapolation (low/high
S Agsto] A

7l aksk

i i B el S——all <- Low/high frequency range extension
- 1
E E e i <- Ensuring low frequency accuracy and
m ‘e oo causality of time response
\ L - E - Delay-causal N hm(ti)
RN : A —
R e R
0 fu fuw  F } >
0 T, t;
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SimNX = Table 2. ¢} #o] Tx/Rx By =249 BE o]F *%3to] 7}53H Figure 19. ¥
2e Ao AMI % S-parameters ®@ o] &3 Aol ThsatwEE st dFUTh. 59
AANA Hx=2 AHde] BE Net = cross—talk ¥ &7 & Al A48 7|58 Xkt
AFHT.
Risinglfalling
. I response
q - . pimenst | bt
2 _."I oo Y
. ™~
AMI i Ll AMI
Tx e i | RX
Indt)=TxModel{V,,(t)} Causal impulse responses Inx(t)=TxModel{Vo(t)}
hylt)
halt)
Algorithmic helt Algorithmic
model : model
-Static: hyaft) -Static:
h(t)*TxEQ(t) hx(t)“RXEQ(t)
-Dynamic -Dynamic
= TX{h(t)*bit(t)} Analog : RTX(t)}
(Non-LTI)

AMI simulation

Figure 19. ACVS Hybrid type analysis: Non-LTI(Transient sim.) + LTI (AMI model)

SimNX <lzlo] WAE ACVS AFEAFZRE Figure 20. 9F Zo] 7)€ standard spice A]Ed#olA
7

A3 oiH] ACVS °] 4§ Transient &4 A¥e] ztel7h §lar, &4 48 AREE Abs YR E
Hge) ARAA el 7]E gl 20 ¥ o] ©EFEHE AE FE Wiy,
Eye width (%, Ul) Error (%, Ul)

VY2 VAV 'V

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

max diff, = 2%
avg. dift, = 0.58% ’

0
9
8
7
6
5
4
3
2
1
0

1 3

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 20. Full transient A 3} H] 3L (standard spice vs. ACVS)
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B35k Figure 21 ol A9 7o) ACVS = SerDes AMI 2] A|
wedele] Agwg FAGUAR Bty FE Ak BE
Ft.

Channels

.
2 Golden Standard-1 | Golden Standard-2 Huwin ACVS
SerDes AMI Analysis (circuit simulator) (circuit simulator) (Sl solution)
Single Pair
swithiCtoss talk Not Supported Support Support
Full Channel Pairs Not Supported Not Supported
with Cross-talk Support
Report Automation Not Supported Not Supported Support

Figure 21. Supports Fully Automated AMI Simulation Including All Crosstalk Effects
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2.2.3. ACVS S-tools

ACVS & S-parameter 2343} Correction o W3t Tools & A&},

S-Designer:

S-Designer = ACVS ¢] S-parameters tool = AFEHE 7|50 =2 S-parameter ¢ STHE
EA Zk(Insertion Loss, Return Loss, PSNEXT, PSFEXT ©] target spec.)< J#EstH zholl

UX|3t= S-parameter & AFoE AT 7l dYnk. o] wf ¥ S-parameter +
Causality, Reciprocity % Passivity & %=EstsE A A4 a4 gilgd # Qe

=1

.
Eg A<l 2dYyr}. System simulation X3 A Z+ AMEe AT F2L "= M
parameter & W= A WA ¢ AdH5Y}.

w

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 l o 10 20 30 40 50 0 10 20 30 40 50
jFrequency  : | 20e9|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 10 10 - 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 ]! 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
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 2 - [ e

| ! 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 22. ACVS S-Designer (S-parameter model generation)
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S—Correction:

S-Correction < Ud#H ¥ S-parameter ©| W3] Causality, Reciprocity, Passivity Error &
AAste] oHE wAHS}= 7]leoly WAHE  S-parameter Y HH W o wH A/

Causality, Passivity, Total error o tigt chart view 7|5 AT},

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 23. 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(ilj) Vs Soriginal(i:j)

v'Passivity (max): Max passivity value
v'Total error: Max error of the total results (NMSE in dB)
Stotal(ilj) Vs Soriginal(i:_j)

Line-FEM Pro:

Line-FEM Pro ¥ 2D FEM 7]1%+¢] Transmission line A7 Tool YU t}h. S-Designer ¢} H-A}aHA
S-parameter 9] Q7%= EA Zk(Insertion Loss, Return Loss, PSNEXT, PSFEXT 9| target

[¢]

spec.)S YHetH Floll A SF= Transmission line & Az oz AAHF= 7| sdUt.
9 (e.g. metal thickness, dielectric height/permittivity
AA A¥}Z dimension HE, W-element ¥}, S-parameter
T AdFYUTH

=] .

-

AHEAFE Stackup ol R E

etc.) ARE 4HT F o
)

[e]
3¢, E/H field X 5& &

Mo H oL

¥ ACVS2024.4.4.0 — O X
Line-FEM Pro recti fectCal Pro Scheduler
Single net pe Parameter R ‘ E-field
Select export folder Line number : 3 >
C:\Users\bruno\Desktop\LineFEM_Test
Spec Parameters Optim
m
g
. o
Linetype : Strip v =
S
3
= 2
2y
3% N
S

<wmh>< Spac » Conductivity

]
Line thick 8
$ 2
I Er a X (mm)
H1 Loss tangent
g g 2 v 35,000
Ry
& 30,000
Line
25,000
Width (m) 60e-6 m
£ 20000 3
Thick (m) 15¢-6 £ =
> c l { J 15000 3
Space (m) 100e-6 b 8
H1 100e-6 10,000

Run

Figure 24. ACVS Line-FEM Pro (high-precision transmission line design tool)
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PerfectCal Pro:

PerfectCal Pro & A A1 59 AYUEE 7 2xThru 7|%¥F De—embedding tool 1T},
2/4 ports thru fixture & o]&3Fo] AU A 1x fixture 2 DUT ¢ S-parameter &5&

FE4.

W ACVS 2024.4.4.0 — 0O x
ACVS §-Tools
Soesigner || Unerempro || 5-Corection
S-parameter type o Thru fixture options O
Calibration results (511, 521)
@ 2 ports O 4 ports Z, estimation
@ o O sl o — [ insertion loss
@ from thru fixture . ) — [ Retum loss
50| ohm
15mm_2xThru_1MHz.52p lz‘
Port type /2374 13 2/4 Symmetry g
O symmetry @ weak asymmetry
80
O from left/right fixture Frequency step
Left fixture Reverse (®) auto () manual 10
" -120
D 50| MHz 10 20 0 40 50
Port type 1/2+ 3/4 1/3¢2/4 o Fraquency (GHz)
DC estimation
Right fixture Reverse ® aute O manual -

| ‘ @ fmin O fstep

/" 1 o Thu fixty
Port type 1/2 ¢ 3/4 /36 2/4 [ Thrw fixture

[ 1x fiture

Impedance correction

(®) off Oon
Fixture + DUT + Fixture N N
D Partial correction threshold

3| ohm
Porttype (®) 12434 () 1j3e+2/4

Balance (only for s4p)

(®) balanced () imbalanced

[+ Scd/Sdc) [} 02 04 05 08 1

Figure 25. ACVS PerfectCal Pro: Professional grade 2xThru de-embedding tool.

Figure 25 = PerfectCal Pro 2] De-embedding A5 S AHEIYU Y. CPWG AE AR T2
2xThru, FixturetDUT, DUT & AAISAFUTH. 542 Keysight PNA N5225B (up to 50GHz),
T-plus microprobe 52 ©]&3to] a5, DUT o thdl direct probing =3 Ao}
PerfectCal Pro % EFA} tool & ©]&3F De-embedding Z¥E ®uIASFYY. 1 Az
PerfectCal Pro 2] De-embedding ZI}7} E}A} tool ©iH|sle], AA A Aol FAI=7}

Fog Fesgsh
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Isola Tachyon

laliy
2D

FR4

Isola Tachyon
Copper

Stack up DUT 1x Fixture 1x Fixture 1x Fixture DUT 1x Fixture
(2xThru Fixture)

DUT: CPWG 10mm (Z,: 70 ohm) and 2xThru Fixture

1)
B S

Measurement Setup @ Huin.Lab
(Keysight PNA N5225B, T-plus uProbe)

Insertion loss o

-0.5 De-embedded -0.5 De[;el;lg{i]ged
y
by I** )
o — o
© o

PerfectCal

-1.5 o -1.5
DUT measured | DUT measured |
0.01 8.34 16.7 25 33:3 41.7 50 0.01 8.34 16.7 25 33.3 41.7 50

GHz GHz
-10

-20

-30

dB

De-embedded

De-embedded :
DUT measured by T¥* DUT measured by ACVS
-50 y

=20 PerfectCal

Return loss
0.01 8.34 16.7 25 33.3 41.7 50 0.01 8.34 16.7 25 33.3 41.7 50
GHz GHz

Direct Probing(DUT measured) vs De-embedded(I** vs ACVS PerfectCal)

Figure 26. ACVS Line-FEM Pro (high-precision transmission line design tool)
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2.3. How to use ACVS

ACVS = AEe] S-parameter & ©]-&3F EAolm=, 4 ofde] S-parameter & FEII=
HAS Aok Ftt. S-parameter FES ANSYS 59 EM model extraction &S AFg3fok
Fuch. o] W AFge mell FZFo] FASER o5 g BN ¥4 e 9 FF U g

A77F deyn
2.3.1. Ch. Model extraction

EMEA 7|E A 2 EM A B3 2d & Wy

:

1&F AT HolHE dAdste =84 X9 AS s Aol s, Ad T
% 2(Bump), ¥ =(Pad), M1 0K(Via), 41 % (Trace), & (Ball) % 415 51 9] o3& 2 712} = (Reference
Ground) 9] A QA5 3oz FAFHUY Ade] 7t B2l4 Fx F B4 A 3ol A
&/ T dloly AE Al BAsHE HAIE A7) A= AE dA ] d71H EAAS
R(dste RdE FH(EAH)e HAHo] dasty o3k A4S EM w4 (Electro-Magnetic Field
Analysis)= &3l T3+ AFHT

of

o

B
EM E4S 53 5954 A9 &2 (Insertion Loss), REAF <221 (Return Loss), =& 2~ & = (Cross-Talk),

55 B XSk S-parameter(SnP) RElE FEUTH 3 A4
el T2 3D FEM(Finite Element Method) 42l EM
ANEY ol EL o] g3t tE Al Al EH o)A EZ = ANSYS AFe] HFSS(High Frequency Structure
Simulator)7} 215Ut} 3D FEM < Figure 27. 9] ©A 9 o], 72 44 2 =4 #
= EM vk P 231 8L a5} Q17EE 913 2 E(port) A7 5o A& AAH, 3 A 7 =0
sl 25 o 2 Adaptive meshing 248 A A0k 32+ W] (mesh)S A4 3HH, 3D FEM £-4
W7t FHF vl dis AE B A Huyoth

ACVS = ANSYS EM 4] 7145 ANSYS ©] Scripting < ©]-&3Fo] =
H4 e A% FYHER = /)5 BES ATFU

-
BN
o
:>|4£
i}
2
=
e
®
k)
)
=
o
ko
mﬁ
ald
e
flo
_1

o

)

=
=

W

Ep L

f
M

PKG/PCB CAD file Import, 7-ZF(via, pad, bump, ball) Z2}v|E 4=

l

Stackup HE(F7, £4) =eivg 44

r
2E, vede, f4, F35 4%

r
q, Az e,

Al g #lo] A

Mo
Sl
A
iy

d 3
=

st

Figure 27.EM 4] 2 29 & 74
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Solder bump

-
=" Solder ball = Teu | ST mm =
~—BGA = —
Figure 28. PCB/PKG CAD file Import 3 7+ 2 Stackup A X g}2}v| g 945

Figure 29. BGA -] 23 Q71 A XE AA

~ \Atial Mesh|

Figure 30. ANSYS HFSS FEM ¢] o] sl €] B ¥4 (Adaptive Meshing) #}74

Figure 28,29,30 < EM ®43}4olMe cAD 949, L& A4 9 w4 24& Yehds, FEM
Enl= viHe 7 g2l ﬂ1H u“*%] TS AEete] 7 an gHe] diE WEHXA
AE Aol ol=NH EM BE=e A ge 7oA fv. BN dEe] ARy %
EEAA S AT & @#%— mo}ﬂd Figure 31,32 ¢ Zzto} o] z Ad UEH WA}
=4, A =2 we 9T F sy
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-10

-20

IB(SIDI_BGA_RXDATAD,DIff_BGA_RXDATAD)
IB(S(DIl_BGA_RXDATAI,Diff_BGA_RXDATAT))
—  dB(S(Diff_BGA_RXDATA2,Diff_BGA_RXDATAZ))

dB(S(DIff_BGA_RXDATA3,Diff_BGA_RXDATA3))

dB(S(Diff_BGA_RXDATAA Diff_BGA_RXDATA4))|
: —  dB(S(Diff_BGA_RXDATAS,Dift_BGA_RXDATAS))
M UER BrA £=4! [dB] —  dB(S(DIf_BGA_RXDATAB Diff BGA_RXDATAG))

— dB(S(Diff_BGA_RXDATAT Diff_BGA_RXDATAT))|

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

Freq [GHz]

-30

40

Figure 31.EM 4 A3 vix} &4

0
~— e UES arg) 241 [dB]
N e
D - - e
P
-4 AY
N
— dB(S(Difi_CHIP_RXDATAO,Diff_BGA_RXDATAO))|
-6 — dB(S(Difi_CHIP_RXDATA1,Diff_BGA_RXDATA1))
~— dB(S(Diff_CHIP_RXDATA2 Diff_BGA_RXDATA2))|
~—— dB(S(Diff_CHIP_RXDATA3,Diff_BGA_RXDATA3)),
dB(S(Diff_CHIP_RXDATA4,Diff_BGA_RXDATA4))
-8 7 — dB(S(Difi_CHIP_RXDATAS Diff_BGA_RXDATAS))!
— dB(S(Difi_CHIP_RXDATAG,Diff_BGA_RXDATAG))|
dB(S(Diff_CHIP_RXDATAT,Diff_BGA_RXDATA7))
-10 T T T T
0 10 20 30 40 50

Freq [GHz]

Figure 32.EM 4 43, 4 ¢ &4
2.3.2. ACVS &4 A9

ugF dolel AES 98] wixel 2 PCle A&EE H AACNA 231410 Gbps ) 2
Z3 % (0~100 GHz) obAaL UFH ot HEol a&FS fT Az wd £
T A FHOR Ho

-
Ko
¥2

omF PKGIPCB ¢ HA PWx% Frteta syt o]y 3
ZaF9 e 1k NS B AdgE w AdelAe] As wkakel 3o R Qe g
golg A% F4< 1hEelx Bals EAS ST R Figure 33. 7} o] o] & A vl A4
SAl A EM Al B2 o] A @) ACVS AS5S Tl BAEE S st FAS A 14 S
kA A Ak A o] WhEAl D e sk Al T

G
)
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ACVS: system simulation/reporting Report

PCle Gen5~, C-PHY, etc.

. -
EM simulation o —e— (= - h
— ( a8 vy - 8 = == E s =
elelm= = | R
' - E STo <
| » ANSYS Slwave,
\ HFSS, etc. / » Automation of system simulation | ——
—_— with SimX engine. i -
> Reporting: charts and measurement. = —_——
> Applications: DDR4, DDR5, GDDRG/HEBM(AI chlp) >22SK

\ ) / f \ > Customized report /‘f

Figure 33. EM Al B dlo]d ¥ X ACVS HZ

Figure 34. o} Zo] Ad 2] T 237} Pass 2 w744 43} g o] o}

ACVS 9] g HZF HA4e
HHE-gle] 48k A Hy Tk

<)
+4 9 4% aAE

Ad dA (7] olEY #]))

r
A EM Algdold

(Ch. S-parameter modeling)

A ojEY £4 sjo=

3

ACVS #F/4+% 2#/

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

Ad AA dE/AG BT

Figure 34. ACVS A4 A A AF 773

adE e wRe e 71 A] AAdA S wkabe] ogk A3 Bl o] Eye/BER HE
[}

o Ali= Figure 35,36 3 #ol =4 d, 4 § Z¥= S8 sl & = AFHG.
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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 35. =7 # o}E ¥ o] |3k ACVS TDR/RL => Eye/BER A%

TDR

Eye density : Output Point BER

Towe

Time st

Bé-s;i'c SI ﬁ)R/RL Pass = Good Eye/BER results
Figure 36. 7 $- o} E & o] )3k ACVS TDR/RL => Eye/BER A%

%3 Figure 37,38 2 olE# 4 A¥ 4§ Ans B (Cross-Talk) #Alg o]
w2 Eye/BER A7E2 ez glom, ACVS Y AZ3 olEY 548 B HE AT A
Eye/BER A¥}7} NAES RT3 dHFUT.

FEXT

Eye density : Output Point BER

Freq 10HA

Basic SI crosstalk Fail = Bad Eye/BER results
Figure 37. &4 # o}E ¥ ACVS FEXT => Eye/BER A%

FEXT

Eye density : Output Point BER

T ony

000
Freg (Gl

Basic SI crosstalk Pass = Good Eye/BER results
Figure 38. =73 & o}E ¥ ACVS FEXT => Eye/BER A%

White Paper: Huwin ACV'S Page |31



2.3.3. ACVS Analysis setup

ACVS o mRAE AN AY T4 2 EA AY ge b

AY mAE o) gatel BHE + XS AXFAUG L. B 24
AAwe] olFo] Rev. muWE Eriel mASW old B4 11 g
$40] 7bselm Rev. ®elo] WE A3} Ax) vlae] vj$ fg8h

Build project:
ACVS 9] A A TRAE= ACVS Ul oA B4 nds =9

=1

sto] A = A5y

A7) EHoll A Drag & Drop

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

a L 'J!L > 8 = =
B B Dram_IBIS
— — = Dram_PKG
— » _ SoC_IBIS Models
— = SoCPKG  \ Drag & Drop
- v E secms DDRS5 raw data

Dram Bts
x r
iB

T
+ 18IS analysis AM) anatysis

Dram IBIS " v

Figure 39. ACVS Build Project, Model Drag & Drop

White Paper: Huwin ACV'S Page |32



ACVS rule setup:

Ad 2de] AZLS Ad Rdlo] header JHE AAst] Asoz FAHHY, olE 3 net
I%9 rule & AASA HUY. Rule AAS ®u HHE] 317 918] ACVS += Auto rule

setup ©] 7}s¥%E= Rule Assitant 7]%5S Al&3td

5o ol net o thaf AFoE Axel sbisd

W ACV52023.4.3

H o] ML(Machine Learning) 7]%F+
55 gagels ¥Hal dFYrt.

Channel
Channel model S parameters Analysis 1BIS Model Specification Simulation
Model Import Configuration Verification Module 1BIS Simulation Setup

»DIE sl : (e Memary =] !
1
Dram_PKG [ SeC_PKG | v
! 1
Bear| | sech| |
1
o vije v | | [Me- visc v !
T - ————— — —I
Net Information Group Management
Channel CHO Al Groups by nule
: : . - - CHD_Byte0
Group Net Type Laft Met Mt Right Met
| | | ,/ { CH_Byte1
Bytel DM DMIO_A CHO_DMILO , i -
y ) ) ’ :
EByted [i's} 0Q0_A CHO_DGLO , T
Byted o] oaQ1A CHO_BQL1 4 CHI_ByteD
4 i
0
Bytel) ] Daz_A CH.DO 2 , [
Byte) s] Da3_A CHO_DO 3 ’ .
- S I / -
/7
Detected BGA Pattern: Memoryll Validation Check : DONE
/
/7
4
/
¥ Net Connection Editor — g
Channel  CHO v

Group  MetType Dram_PKG S0C_PKG =
oMl L cHo_oMI_o

Byted

Byted

Byted

oo QoA cwo_og o
oQ DQLA CHO_DQ_1
o QA €H0_0Q 2 YA Channel Grouping Rule
Byted og DQ3A CHO_DQ_3
ey 00 Ly o 00 4
Bytel og Das_A CHo_oQ.s Input Rule file{.*def)
o0 o0 Q6. cHoon 6
B0 0Q oQrA cHo_og7
w00,  RDQS ROQSO.T_A Ch0_RORS_T.0 CA\ACVS_Test_LPDDR4\3_CH_Channel\GroupingRule.zdef
Byw0D.. ADQS ROQSO.€_A CHo_RDQS.C_0
e .. WCK weko T A cHo_wek 1.0 Matched port
B0 .. WK WCKOC A cHoweK € 0
Byel oM DuLA Cho_owi1_L
Bper 0o QeA o oo 8 i e el
roupingRuleName
Bytel | DQ Q9 €H0_00_9 o EHg
Ber oo QI A o _og 10 11 BeH
Byiel  0Q BQILA c_bg_11 5
B oo Q12 A cw_og 12 &2 DMID ByteD Byte0_DMI
Bytel oQ DQLIA CHI_DQ_13 72 DQO ByteQ Byte0_DQ
Brel o0 Q1A cHo_og 14 2DQ1 Byted Byte0 DQ
Bytel oQ DQIs A CHO_DQ_15 13; %; :Yy:g :ﬂ-gg
v | s ascr T T
| o 122008 bt o 00
eywiD. Wk WKLC A CHO_WEK €31 142 DQT Byted Byted DQ
A HODR cAn A CHOCAD 152 RDQSO_T Differential Byte0_DQS
u AoR caLA CHO_CAL 15 2 RDQS0_C Differential Byte0_DQS
oA ADDR CAZA CHO_CA 2 7
T o o ns 182 DMI1 Bytel Bytel_DMI
192 DQB Byte1 Byte1 DQ
ca_ | oo R et 4 202 DQ9 Byte1 Byte1_DQ
212 P10 Rvtel Rutal DO
‘

Figure 40. ACVS Ch. Rule setup

White Paper: Huwin ACV'S

1 Syntax : RuleType{1:Channel, 2:Signal, 0:lgnore) Keyword GroupDefine GroupDefineDetail("Group_NetType", Ne ~

* Matched port (.snp file)

e

1
! Auto rule setup
boocooooooooo e
I""""""";
: ‘ Edit BGA rule(.bdef) ‘ |
1 1
|‘ Edit Grouping rule(.gdef) "
} 1
1
1 Edit Multiport %election rule(.mdef) :
1 1 1
1 ‘ Edit Net selkction rule(.ndef) ‘ 1
{ 1

e e o —m — - —— -

- O
I

|
1
]
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Transient Simulation Setup (Port Termination):

Figure 41. ¥} Z+& Multi DIE #7] 7% A A] Tx, Rx & A3 EEo|+= DIE IBIS model
AA=Z termination 2SS & 4 AFYY.

w3 BAo EZEEZR YE net o EEO WA X 500hm EE 18T 29 Termination
5

Figure 41. Multi DIE ¥7] F+Z& of (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 42. Port Termination for multi DIE configuration
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Header Editor:

ACVS ¢] SNP Header Editor & ©]&3}o], Figure 43. ¥ & m$ &% S-parameter (40GB
o] d)e] header AEE &<l % port name 5= HAHT F IFUTH.

5ol wet 2AdE S-paremter EE2 3t fFFo] wjg FBm= Uul text editor = open
3ty HF 2 AR 3ol EVFSE 2 Header Editor ¢ 22 header % open 3t AR /A=
9 el Ao Fua JH gRlo] JhEsdk Eo] F&skA AFE EH 4 dFU T

[7] SODIMM_Connector_DDRS5_Sampling5MHz.5536p 5536P File 47,537,705 KB

-

File folder

Figure 43. t]-&-%F 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_DQO_5_BOARD
14 1 Port[4] =DDR5_C0_0_DQO0_7_BOARD
15! Port[5]=DDR5_C0_0_DQS0_N_BOARD
16 ! Port[6] =DDR5_C0_0_DQS0_P_BOARD
17 ! Port[7]=DDR5_C0_0_DQO_0_BOARD
18 ! Port[8] =DDR5_C0_0_DQO_2_BOARD
19 ! Port[9] =DDR5_CO0_0_DQO0_4_BOARD
20 ! Port[10] =DDR5_C0_0_DQ0_6_BOARD
21 ! Port[11]=DDR5_C0_0_DQO_1_DDR
22 1 Port[12]=DDR5_C0_0_DQO_3 DDR
23 ! Port[13] =DDR5_C0_0_DQO_5_DDR

1 -Min Freq.: 20000000 MHz, Max Freq.: 20.000000 GHz 1
| Freq.Info - Min Freq. Step: 5.000000 MHz, Max Freq. Step: 5.000000 MHz 1

e e g g g g e g -

Figure 44. ACVS Header Editor 2 Freq. Info.

White Paper: Huwin ACV'S Page |35



Transient Simulation Setup (IBIS model and Write/Read mode):

] 5.2

e 4
7} Case © &l 4

Ad EXo|A Write/Read
%EE /K—l?dﬂth] Z]-

28 4 9l

W ACVS2024.1.1.1

Hu

weg
2 =9] model selection <

AEstd AEoZ Rx, Tx oA 71&3 =
Fal o8 4 Case

ol
=

Sl

£ o

F7h

Channel
(i ¥ b= n =
Channel model S-parameters Analysis 1BIS Model specification simulation @
Model Import Configuration Verification Module 1BIS Simulation Setup
IBIS analysis
Mode setup. PRBS setup.
1 1
1 | 4 - Write/Read mode A}
Write
1 1
Read
Dram: Rx |«[B| 1B R Load Phg soC:Tx [4[p[ 18IS #[source| [ Delay K[ Phg | Analysis Case
Net Type Model [ 1o comner aMI Model [ 1o  comer ami ,,‘ Net Group. ‘ .
DM 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 - b
DQ ODT48@[GC:47.77, PC:lnf] v Input typ v - SOC60PD40@[PU_Z:60.01, PD_Z:39.70, RT:5.7E-11n... ~ 1/Q typ - 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... ~ 1/0 typ v - 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/O 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... + I/O typ v -
Status  Process Complete AMimode [P Autoselection [l Delay removal Apply

Figure 45. ACVS Transient analysis setup (write/read)

Transient Simulation Setup (Hawk-eye/PRBS):

-

T

ACVS
29e PYHES

P = T du

W2 Al

X Acvs2024.1.1.1

o=

Channel

s 7
Hawk-eye 7]

Ho=w Eye AFE 45T & JEF A9 HE
xlﬁ%ﬂu}. w3l J93 A9 PRBS ¥ Manual H|E

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
_——— e
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 0DT48@I(GC:47.77, PC:inf] ~linput typ + - || SOCE0PDAD@IPU_Z:60.01, PD_Z39.70,RS.TEDIN.. = /O typ = - ~
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 | ODTAS@IGC:4T.TT, PCilnf] -liput typ - - ||SOC60PDAO@IPU_Z:60.01, PD_Z:39.70, RT:5.TEDIN. ~ /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 | Delay removal Add Apply

Figure 46. ACVS Hawk-dye / PRBS setup
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Transient Simulation Setup (Fast/Optimal/Strict):

ACVS ©] Hawk-Eye 7)< Fast/Optimal/Strict 4L A el&d PRBS thr] Bt} AL B|EY]
Zg o= worst ISI & ¥33}+= worst bits € worst jitter by X-talk &

hyA
bits 2 worst over/undershoot by X-talk & |3+ worst bits & ¥ &3} &84 FH ).

X ACVS2024.1.1.1

Channel

O ] [ 7] =
Channel model S-parameters Analysis 1BIS Model Specification Simulation IE‘

Model Import corvhgurauou Verification Mod ule IBIS Simulation Setup
Fast/Optimal/St rli ct 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 47. ACVS Transient simulation setup (Fast/Optimal/Strict)

Analyze
channel impulse responses
I I

o Generate the worst bits -
E for the worst ISI Insertion loss
s
£
&
K] o Generate the worst bits
E 8 for the worst jitter
E A by X-talk
&

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) ~_

Hawk-Eye
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 48. ACVS Hawk-Eye Fast/Optimal/Strict vs. PRBS: bits 4~ 2 Z 3} v
White Paper: Huwin ACV'S Page |37



Transient Simulation Setup (AMI mode / Auto Selection / Delay removal):

ACVS AMI mode Ao 4]+ Serdes =+ Memory Tx, Rx AMI =419 AMI parameter & 73}
A = AdH5YT.

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 49. ACVS Transient Simulation setup (AMI mode, Auto Selection, Delay
removal)
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=

MI mode #241& Tx, Rx 2o thal] AMI =93} Ideal Source =¥l 2 [BIS B9

DIE1 [S] > MB (S] BGA [S] BGA [S]
1F ) Rx
Dram_PKG Channel SoC_PKG T_coil
DramA SoC
BGAL BGA M DIE DIE 1
! 1
Ideal source, IBIS,piE1 W ||BG- Vv MBE WV [|BGA W BGA W [|DIE W peh W ||piE  w | Ideal source, IBIS,
Or IBIS-AMI model Or IBIS-AMI model

Figure 50. ACVS A'd 4 with Tx, Rx (Ideal source, IBIS, IBIS-AMI) model

753 Tx, Rx ¥4 =24

Ideal Source: PFAZFEH H-& Tx = Rx 2do] gle 45

> Tx 9 A Driver ¢ A<}, Trf, C_comp, Source Impedance (single or
differential )& A<

2> Rx 9 A% Load ¢ C_comp, Load Impedance (single or differential )& %<
D = Tx T Rx 9 Custom. EQ 7Fs3slE= sl AL ACVS 2024 update <A<,

IBIS model: YGA|ZH-E v-& [BIS 22 (PKG 22 S-parameters 7F link & 7%
2o Zu 9] S-parameter model & AEo = ME3F. PKG RLC < activate &

JAIRE 2Gbps F ol AT ALl visiM = AFEA )

- IBIS-AMI model: IBIS(*.ibs) < 2 s ami 9} *=.dl1 283 PKG S-parameter 7} Tx,
Rx 2d Zrjd] 9= 2 (PKG S-parameter & IBISo| AYHr=E 2ZFo =

d4d4.)

Talbe 2. ACVS 9| A 7}53F Tx, Rx 29 23} Case

Tx model case Rx model case ACVS analysis A 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 Selection 715 Memory IBIS buffer E¥S net type o we} Azoz AMElsx
3t 715 YUttt o]2 E3)] Net Type key word 7F DQ, DQS, DMI, CLK, CKE, ADDR Sl ©j

=
=

2l

model selector & 123t Avox Rdo] M T},
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Delay removal & Figure 51. ¥ o] IBIS risi

logic input A&l €3l triggering A AT 4

[e)

delay %5 AAs = 7IsdYrt.

ng/falling output 33l delay 7} & 7
9= EA(overclocking)E A|AsH7] 93l

Rsing waveform
takes 20 ns to settle

-

.

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

K

Input Sgnal (good)

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

s 20 ns

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

\

o

Delay removal to avoid Overclocking Drivers

Figure 51. ACVS delay removal

Dara Rate Rule AA:

JEDEC T+Z 2] DataRate ' timing % voltage mask

3 o] A rule WA= #e] % Editing

Auste] ®Ao] 483 5 AFU

P
T

Y& Data Rate rule

Input Rule file|.*def)

Help

1 (DORS 4800]
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
5 Half_U1_Shifting 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
33 Forward docking CA On«0
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

oelete

Oalete A1

Figure 52. ACVS Ch. Spec. 24
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Template

o
Y
=Y
[ ooe | |
=

import

2 peasure & FhEC| thalA Figure 52.
A3, AE rule

ghoj B 2 2] A ¢

: Data rate, SDR/DDR/QDR, timing/voltage Mask &
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Smart Pick ©]-83%F Serdes Ch. Configuration:

ACVS oA Serdes #d #AA] AAFS SalA 5A 719=E 71% Port o &40 7M538kar,
Smart Pick 7]%5& o]83tH EA port & WA= Drag & Drop 3+'H differential pair 9
2E FA port 58 FAHsle] AE o2 differential pair AEE FATUL, T3 Serdes

Ao Az Bk Qg 744 F SR wEs S9ste 44 5 sy

o prcprms SRR RS ;
= e ~= ~. oearormaxrmy | () ®
oy L

N
T euewaoons (@ ®

— | seralpkc |— | Pce_Borad . |
Keyword . - Smart Pick

Smarl Pick
searching \
(- ~):m =2 Drag & drop
Port Name # Sig [ 50 [ o G [l 1_ Si ng |e port 0 .
~ PKG._models8p \ ' ’
(.HU_WUTU_\_U\Z—_‘\B_.! IS AERgEENENEENEN *[ ‘ CHO_DINO_T_DIE_107_T1 ||k=> @ CHO_DINO_T_BGA_M16_T1
CHO_DOUI0_C DIE 99 T1 4 2.N_L L ] 1 > . 1
cHo B80T BGA P16 T1 7 2PR [ ] b
el nereres TR I E [ ‘ CHO_DINO_C_DIE_108_T1 | |b @ CHO_DINO_C_BGA_M15_T1 ]
= A
§ PKG_model.s8p blat Tuna
o Automatically
: selected
Q CHO_DOUTO_T_DIE_98_T1 | @ @ 'CHO_DOUTO_T_BGA_P16_T1 )
3 | cmoovrocoessn || (®) ® CHO_DOUTO_C_BGA_P15_T1
E PKG_model.s8p Net Type W

(+]

Figure 53. ACVS UI mode ‘Smart pick’ Ch. configuration
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Analysis Run and Scheduler:

ACVS ¢ EA Aol ® 3 Run 3 HE ()2 ZFZ3H Figure 54. 9
Scheduler © &4] Job o] Add g4}, Ztzte] 4] Job & £AH o= F3o] & <t
Job & 3 =4 vlE 4+ J&EYY. Figure 55. 2 Progress Status ¢ Log & YEMY
Ay rt.

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 54. 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 55. 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 56. 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

0 by LC 20 by sweep

LS o | B
> e
z

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

Figure 57. ACVS Basic Sl results and output

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

AsoZ AdE Basic SI A3 X Eo= B Ald net £l disl ofelle Azbe] AEV}
A YT,

- Insertion Loss

-  Return Loss

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

- Group delay
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- RLC extraction

- 70 estimation

- TDR
- IDT
- Skew
o TDR Chip 1 NEXT
m:CDD 1@ fa 1 D ;
55.000 T \ victin D I:‘.
o L‘: \ PR ; YANNRENEREY r
s %‘; A R “’“'ZD
25.000 Agg. 3 D =
3cM:cmill}D aos a0 Q15 Q20 a2s Q30
Time ns] PSNEXT(f) = ZOth(Z|NEXT n(f)))

FEXT

-
-
=

. ’/' I 1) Propagation delay
2) Skew

TOT [volt)
s
=
®
S
VVVYV ¢§
bt
y
‘l
A\
I§

oo L) 5‘1 3) Slew rate

Pl R R e - T
——————————————————————
cocdo0CcooocoooobodDooo0o

Time [ns] PSFEXT(f) = ZDIBE(ZWEXTJ;U)D
n

Figure 58. ACVS TDT/TDT 23} X}FE % NEXT, FEXT A 9

ACVS Basic SI Report & Full Transient 4] A #HFolmz v Zo] F8&31A4 Alg=

T AdFYH

- PKG AA net model 2] RLC/Z0 pass/fail A5 2

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

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

- PKG/PCB AA| net model ¢ IL/RL/NEXT/FEXT pass/fail 7=

- Silicon Interposer Z A net model ¢ IL/RL/NEXT/FEXT/TDR/IDT pass/fail A=

- Connector model ¢ IL/RL/NEXT/FEXT/TDR/IDT pass/fail A=
- AA A 2de) ST AF(sign-off) FXE A DB3F 2 T
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2.3.4.2. Full Ch. Eye report

ACVS = Basic SI HEE ¢ Z A2 net o thdt Memory-IBIS (Eye) ¥4 #IFEEZ
AsoZ AAFTYY. Memory-IBIS (Eye) w4 ZXE&E 2kEVF 2oz A H WA,
rawv data & ¥ 33}lo] Figure 59. ¢} 79| Chart viewer o8& 4 A full WAL Frx

=

= =
gz g,
Eye density : Output Point - BER
a0 = oo
-2000
[
-4000 gl
B z -6000 f
= §' 8000
g . g ocen — R COF
2000
14.000
: E000
. a0a oS o1 o1s 020 nzs oo nis a4a 045 asa
H 5 (3] X e ) 3 " =3 Time [ns]
Time (5]
Chart viewer v X
s aa@Eg ) REx DD E
Markers
0400 Dest. DX DY
. b > M1(X:0.200, Y:0.223)
> M2 ( X:0.361, Y:0.236)

0.200

0.100

Voltage [V]

0.000

0 0.05 0.1 0.15 0.2 0.307197620840378 04 0.45
Time [ﬂS] Clear rrarkers

Figure 59. ACVS Eye diagram/BER Chart and Chart viewer

Eye measure #tE- Figure 60. ¥ Zo] Zt net o] thal] Abs o8 B2 Ao HUt}.
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% 193748 123748 180.116
DRAML_DQO 169.714 72.400% 113.455 48.400% 196.250 126.250 180.116
DRAML_DO1 175.340 74.800% 119.081 50.800% 261.019 191.018 180116
DRAML_DGZ2 173465 74.000% 117.206 50.000% 238.990 169.990 180.116
DRAML_DG3 172.527 73.600% 116.268 49.600% 253.931 183931 180.116
DRAML_DO4 166.901 71.200% 110.6842 A7.200% 157.030 87.030 180116
DRAML_DGS 172.527 73.600% 116.268 49.600% 225344 155.344 180.116
DRAML_DGG 172.527 73.600% 116.268 49.600% 187472 117472 180.116
DRAML_DQ7 168.776 72.000% 112.518 48.000% 178.808 108.808 180116

Figure 60. ACVS Measured Eye results

ACVS &= Figure 61. ¥} o] PAM4 modulation ©] 8% 7% 3t Eye 3= A&y},
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Chart viewer

sV I QAaBEg ) HEX DD HE

Markers
0.700

‘Dest. ‘dx (Time [ns]) ‘dr Valtage [V]) ‘
> ML (X:0.071, Y:0.342)

» I

M1 0.0009999339 0.176

0.600 |
0.500 |
0.400
0.300
0.200
0.100 |

0.000

Voltage [V]

-0.100 |8
-0.200
-0.300
-0.400 §

-0.500 -y

-0.600

.02 0.04 0.06 0.08 0.1 0.12 ‘

S |

Figure 61. ACVS PAM4(Modulation Levels =4) Al 3. wave form view

2.3.4.3. ChartNX

ChartNX = ACVS 4] Zitel] tiste] AH&A7E A4 Chart & A48k 54 9 A +
2= ACVS 4 Standalone chart tool YUt}l. 7|9 3|2 Al&Ed g X3H chart tool 2
AAS Assty @A ZEEHA Signal/Power integrity #oFdl B2 E33H HE chart
tool YJUtt. AF&=tol]l o A% chart project £ A A = FH7} 7Medte] B 2
AA 7He] el 284S P T dFYH.

m le" _I[N'

4
N
il

Menu
‘ ﬁr l|| . Marker v 5 DockingMenu v . £, BasicSI %, DDR_Reprter
= o
[=! Legend v [ Multi-Tile v R QB £, Memory =, C-PHY
Load HCNX Draw Chart Add Tab Options
&) Capture v o Views v %, SerDes =, LogScale Test
& e A
Explorer 0 % X
cOoGm®
o
> RETURN_LOSS/SDD22 - e
> RETURN_LOSS/SCD21 ’;
> RETURN_LOSS/SCC11 e

> RETURN_LOSS/SCC22
> S_PARAMETERS_PI
v SerDes
v BASIC
> INSERTION_LOSS/SDD21 |~

Explorer | Properties

i N
FREQ (GHZ)

Titke

Delta view 0 % X "
Delta Result g s
2 P
X1-x2 0 =
g .
Y1-Y2 30.656 |2 . .
P1-P2 0 ~ “
s
s
s
L &« =
FRea t6n
Lline X + v

Figure 62. ChartNX: The Advanced and Innovative Standalone Charting Tool
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2.4. * snpview.com

www.snpview.com < Huwin ACVS 9] solver 7} €X- wtdw ) 7|9 free S-parameter view %

A& ol flatform YUtl. F+=F Chrome ¥ FlO]HEATE Edge HE$A oA AR
52U}, (IE explore & A ¥3sk#] &&54tt.)

Ado] =l HEsle] XE 4= Ak §lo] S-parameter & load & 4= A}, ACVS oA A
net o W&l AE HUXEEZS AYAEFE A <g, snpview.com NAE @YU net GHE
Mg ste] plot % simulation ¥ A%E /4% F AFYT

Snpview.com = ACVS 9] SimNX <& S29-= HAFH Ao Agst=s 2 3}sto] Basic
SI % Time domain simulation Z23%E net GYE AFstn, o= E&] A3k TDR/TDT/Eye
AlEdoeld AasE FgoR e & sy, 9 Ul o Aoz User 7F 7HA3L =

A A IBIS % IBIS—AMI RS o] &gk AlgdoldE dAl AlwstA FFUT. tiAle] IBIS-
e

A 2~ 0] = M KeN 3L
AMI 2ol BQ 7]% gols) B 4+ 9+ 7]5(ChannelView)S A& .
" Snpviewcon @ 231030 Server recovered & o 2 @ oy
Single vitterential W options ‘TOR advanced options § Chens Ohart phot + o
o Wi e @ Wag Fising tema
TORTOD11 S Add ch
Singe view "
PCle_GenS_TXRX s8p68 < - Smith 20 Polar . ) Yy N 1w 08| B &
Passivity - I . Detall info
PlotTime : 203913 GMT+0900 (35 R241)
@ (-] ® oy
v @i O o
— = B — -
. & ™ = ToR 21
! =
= = “ ——
Lo > nsec Caplnt o Caploatvans

# DD/DC/CD/CE
® o

Figure 63. Snpview.com/ SnpView : differential TDR plot example

L3l S-Parameter ©] W3+ Enforce causality ¢} Enforce passivity ¢ Snp heal 7]5<
A &3y},

Fm—————mp====n
SnpView I I} Snp heal I| o@Share | Support~
-

_—————— —_-—— -
7 e ‘ -\\
\

" S T T T T T T T x QL

Share link
m Mice
Current Page Link
. (==

hitps://snpview.com/snplink/787 0e m

Enforce causality (@) 0n on
outputfilename  neaisasap

1
1
1
1
1
1
1
1
1 Enforce passivity (@) On
1
1
1
1
1
1
1
1
1

Figure 64. Snpview.com : Snp heal , results/comment view Share
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http://www.snpview.com/

Share link 7] &A| plot ® Z¥9} comments % S-parameters link & HAE3sh=
7ol dlARYojztel] link & FF3ke] snpview o A¥E FHIL FrHHOR E
g9 A% plot & 3 B 4 AFYY. (¢ share 715 AFEAIE =2 A login ©

2 agnh)

—

a2]al H SnpView 7]s 9ol ChannelView 7]5<= F71ste] 9 AoA FAoz x4
AEYolHE & F AEFH Mu]2E JHAI (P A beta release) st 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]
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Figure 66. Snpview. com / ChannelView : Ch. S-parameter(Snp) setup
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Figure 67. SnpView.com / ChannelView : Ch. Results plot
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Figure 68. SnpView.com / ChannelView : Tx/Rx Driver/Jitter/EQ setup
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2.5. Summary
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