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1. Introduction  

 

ACVS       PKG S-parameter     

.    2017     , 

  PKG        sign-off   
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Huwin   PKG        PCB     

  ACVS(Advanced Channel Verification System)   ,  
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   customization        . 

Huwin   Advanced Ch.  SI   ACVS   Ch. SI    

        .   

Web-base   S-parameter Ch. Model simulation (snpview.com)   ,    

S-parameter      SI    S-parameter model  

      . 
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2.1. Whatôs ACVS 

ACVS(Advanced Channel Verifi cation  System)      Serdes   

     .   

 

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

 

ACVS  ř    AI  Ś       

  SI/PI    .   

 

2.2. Why ACVS 

 ChatGPT,   AI         

  Interface    ,  Advanced high s peed Ch.  

          critical    

.   

           ,  SiP  

  PCB        nets  full analy sis  

   ,    Flow  f ull analysis      

      ACVS  .  

     Signal Integrity   Figure 2 .  .  

  AI            

       Signal Integrity    

.  

     (     Nets)    EM simulation  

 S- parameters  .  S- parameters   Net    

      SI/PI      
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.   EM simulation  ANSYS  SIwave  HFSS  simulator    

.  EM simulation   Net  Port       

  System simulation       .  

    System simulation       

         .    ACVS 

  ACVS  Basic SI  Advanced SI   .    

 

Figure 2.     Signal Integrity   

 

ACVS Basic SI    Signal Inte grity       

.   Insertion loss/Return loss/FEXT/NETX,   ,  RLC 

, TDR (Time- domain reflectometer), TDT (Time - domain transmission), delay, skew   

 .             

      ,  ACVS     reporting  

  1        .  Basic SI 

      Debugging  Advanced SI  

  .  

ACVS Advanced SI  Eye- diagram  BER   , Chip   IBIS- AMI 

model      Chip        

  .      Net     

 (Tx/Rx driv er  EQ )    .    PCIe Gen5 
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  EQ  Adaptation   Net  2,000,000 bits   PRBS  

 .    

Power Integrity   Signal Integrity       

Impedance  ( DC R  AC L , |Z11| )  .   

     AI    SI/PI    

        System    

/ /     .     Net    

 ,  ,  ,  , Pass/fail   

 .           

      .   Figure  3.   

    / /       

Simulation Integrity     ACVS     

.  

 

Figure 3. SI/PI      Simulation Integrity   

 

       SI/PI   Circuit 

Solver  .     Solution    (RF, , 

Analog, Digital )     SI/PI     

 .         Vector fitting  S-

parameters          SI/P I  

  , S - parameters  (  ,     )   

    .       S- parameters  

       ~  Giga byte   .   

     Circuit Solver       

 .  

,             

           

    .      In - house tool  

 SI/PI    .    Circuit 

Solver     Soluti on   /     

  . Table  1.   Ci rcuit S imulator  SI/PI    

   . SI/PI        
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 HUWIN  ACVS (Advanced Channel Verification System) Solution    

    ( / /AI  )  SI/PI     

   .   

Talbe 1.  Solution  Simulation Integrity  

       

  

Circuit 

Simulat or  

    

   

Solver  

SI/PI    

   

 S- parameter 

   

  Transient  

AMI simulation   

   

 ,  ,  

    

   

   

  

    

SI/PI   

Solution  : ACVS 

SI/PI   

 Solver  

   

  

 S- parameter  

 IBIS- AMI 

simulation  

    

   

  

    

 

 

Huwin  ACVS     customized    .   

  Flow     PKG/  PCB  Silicon interposer   

interconnect ion  Design    sign - off      

.   

 

2.2.1. Advanced high speed Channel Technical Issues 

  Monolithic       Die     

  .  Figure 4.  TSMC 3D  CoWoS  .  

 SoC Die  HBM Die     ,   RDL, 

Silicon Bridge, Interposer   . 

 

 

Figure 4.    (CoWoS) [1] 

 

Figure 5.  AMD  AI  MI300   .   GPU, CPU, HBM3  

 . AI         Memory  

  6Gbs     HBM3     . HBM3  

Interposer     I/F      Signal integrity 

   . 
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Figure 5. AMD   AI  MI300  [2] 

 

    High performance chip  interface      HBM3(E) , 

(LP)DDR5(x), GDDR6, PCIe Gen5,6 , UCIe        

.  

 

2.2.1.1. HBM3(E) 

HBM3(E)   AI    high-speed , low power operation   

 DDR 64 bit data bus  ,  16  .  DQ  4.8Gbps ~6.4Gbps, 

8Gbps(HBM3E) , DQ Rx Mask  120mV . 

 

Figure 6. HBM3  DQ Receiver Eye Mask [3] 

HBM3  Figure 7.   smaller size  narrower space        

     return path    .  HBM3 

   net   Transient waveform    . 

 Receiver  buffer  Figure 8.   open model (capacitive load)  transient   

Tx     Rx  Impedance   Solver        

 .   

ACVS HBM3  net     S-parameter    cross-talk  

 Transient    Solver           

. 

- V
cent

 ♬ ͙ὥ ♠↔ 

- Rectangular mask shape 

- CA: DDR operation, Byte ╥ 1/2  clock speed 
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Figure 7. HBM3  Net   Tech. issues 

 

 

  

 

 

 

 

 

Figure 8. HBM3 analysis example (ACVS) 

 

 

2.2.1.2. (LP)DDR5(x) 

(LP)DDR5(x)            Tx, Rx  

            

   . [4,5] 

ACVS  Figure 9.   DDR5            

single ended IBIS-AMI  single ended signal rising/falling edge response    

 .   AMI     net  cross-talk   

 .  net   Tx-Rx training   DC offset   ,  

net  forward clocking   DQ-DGS     Eye      

      Figure 10.   . 

- DQ 32 net Ѿ─ x 2 

- Read/Write strobe Ṫᵙ 

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

Capacitive  Load HBM3 IBIS model  
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Figure 9. DDR5 analysis (ACVS) 

 

 

 

Figure 10. DDR5 analysis (ACVS) 
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2.2.1.3. GDDR6 

GDDR6   AI   (16Gbps)        

 ,   Figure 11.   WCK, EDC signal   . 

 

 

Figure 11. Example System view for x16 mode GDDR6 [6] 

 

GDDR6     net   PKG      ,  

Controller  Memory  PKG  PCB    cross-talk   Transient analysis  

,   EQ   AMI   . 

ACVS  GDDR6    net  Basic SI   cross-talk AMI EQ - Eye 

diagram/BER           SI   

       .  

 

2.2.1.4. PCIe Gen5,6  

PCIe Gen5  32GT/s  Serdes   ,  2022  PCIe Gen6   

  64GT/s, x16 lanes    256GB/s  .  

PCIe Gen6  Gen5  PAM4 signal i ng    2  .  
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2.2.1.5. UCIe 

UCIe  Universal Chiplet Interconnect Express   Figure 12.   Multi -Die Advanced 

Package Module     .  Main band + side band   Main band 

  Eye-diagram, VTF loss, VTF cross talk  spec.  . 

 

 

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

 

 

Figure 13. UCIe  Eye Mask   [7] 

UCIe     IBIS-AMI   Transient    

 VTF   . 

 

Figure 14.   (VTF)      
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ACVS  UCIe   AMI    nets    VTF  Basic SI Spec.   

. 

Figure 15.  UCIe (Universal Chiplet Interconnect Express)   Open Chiplet 

Platform .     Core, Memory,    Chiplet   

 ,  Die to Die (  Chip )   UCIe   Interface 

    .   Chip   PCIe     

. UCIe  PCIe     16Gbps, 64GT/s (Gen6, PAM4) . 

 

 

Figure 15. DIE-to-DIE   UCIe (Universal Chiplet Interconnect Express)  

 Open Chiplet Platform [8] 

 

    Chip     Die      

  .     Die   Interconnection  

 AI         Signal/Power integrity  

         ACVS    SI/PI /  

  .  
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2.2.2. ACVS Solver (SimNX) 

 

Figure 16. SimNX : Simulation Next X 

SimNX   Advanced Ch. SI   Huwin   Simulation Next X 

  ACVS       .  

 

-          S- parameters    => 40GB  

 ,  1000       =>  .  

-    [S] t o causal  i mpulse response  

-    TDR/TDT   

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

-  Hawk- Eye:      Pseudo worst bit pattern    

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

  

-  Fast/Optimal/Strict   Transient    

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

-    Net    AMI    (  Cross- t alk )  
 

SimNX  Figure 17.   Huwin   Non- i terative Extrapolation ( l ow/high 

frequency range  accuracy   frequency extension )    

delay   impulse response  transient (peak )      

.   

 

Figure 17. Extrapolation for extracting causal time response 

<- Low/high frequency range extension  

<- Ensuring low frequency accuracy and  

causality of time response  
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SimNX  Table 2.   Tx/Rx       Figure 18.  

  AMI  S- parameters      .   

    Net  cross- talk    AMI    

.     

 

Figure 18. ACVS Hybrid type analysis : Non-LTI(Transient sim.) + LTI(A MI model) 

 

SimNX   ACVS  Figure 19.    standard spice  

  ACVS   Transient    ,       

     20      .   

 

 

 

Figure 19. Full transient   (standard spice vs. ACVS) 

 

 

ACVS Φ 6 min. (+ reporting : 11 min.)  <-> *SPICE Φ 6 hour  
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2.2.3. ACVS S-tools 

ACVS  S- parameter  Correction   Tools  .   

 

S- Designer :   

S- Designer  ACVS  S- parameters tool   ,  S- parameter   

 ( Insertion Loss,  Return Loss, PSNEXT, PSFEXT  target spec.)    

 S- parameter    .     S- parameter  

Causali t y,  Reciprocity   Passivity         

 .  ACVS    S- parameter     

ML(machine learning)     .  

 

 

 

  

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

S- Correction   S- parameter   Causality, Reciprocity, Passivity Error  

     S- parameter     /  

Causality, P assivity, Total error   chart view  .  

 

 

 

 

 

 

 

 

 

Figure 21. ACVS S-Correction (S-parameters model correction) 

 

Correction option  : 

VCausality: Enforcing causality 

VReciprocity: Enforcing reciprocity (S(i,j)=S(j,i))  

VPassivity: Enforcing passivity (with the ensured causality)  
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Results 

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

Scausal(i,j) vs Soriginal (i,j) 

 

VPassivity (max): Max passivity value 

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

Stotal (i,j) vs Soriginal (i,j) 

 

 

2.3. How to use ACVS 

 

ACVS   S- parameter   ,    S- parameter   

  .  S- parameter  ANSYS  EM model extraction   

.          EM       

 .   

 

2.3.1. Ch. Model extraction 

 

EM     EM      : 

 

/         ,   

(Bump), (Pad), (Via), (Trace), (Ball)     (Reference 

Ground)     .         

/              

  ( )      EM  (Electro-Magnetic Field 

Analysis)     . 

EM     (Insertion Loss),  (Return Loss),  (Cross-Talk), 

(Impedance)     S-parameter(SnP)  . 3  

   S-     3D FEM(Finite Element Method)  EM 

      ANSYS  HFSS(High Frequency Structure 

Simulator)  . 3D FEM  EM  Figure 22.   ,      

, EM       (port)    , 3   

  Adaptive meshing    3  (mesh)  , 3D FEM  

      .  

ACVS  ANSYS EM   ANSYS  Scripting         

      . 
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Figure 22. EM      

 

 

Figure 23. PCB/PKG CAD file Import    Stackup    

 

 

Figure 24. BGA       

 

 

Figure 25. ANSYS HFSS FEM    (Adaptive Meshing)  
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Figure 23,24,25  EM  CAD ,      , FEM 

             

   EM     .  EM    

     Figure 26,27        

,      .  

 

Figure 26. EM   ,   

 

Figure 27. EM   ,   

 

2.3.2. ACVS   

 

      PCIe    (10 Gbps )   

( 0~100 GHz)   .        

   , PKG/PCB     .  

             

       Figure 28.       

 EM ( )  ACVS        

       . 
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Figure 28. EM    ACVS  

 

ACVS     Figure 29.      Pass      

      .  

 

 

Figure 29. ACVS     

 

           Eye/BER  

 Figure 30,31    ,        .  
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Figure 30.     ACVS TDR/RL => Eye/BER  

 

Figure 31.     ACVS TDR/RL => Eye/BER  

 

 Figure 32,33        (Cross- Talk)   

 Eye/BER   , ACVS        

Eye/BER    .  

 

Figure 32.    ACVS FEXT => Eye/BER  

 

Figure 33.    ACVS FEXT => Eye/BER  

Basic SI TDR/RL Fail  Ĕ Bad Eye/BER results  

Basic SI TDR/RL Pass Ĕ Good Eye/BER results  

Basic SI cross- talk  Fail  Ĕ Bad Eye/BER results  

Basic SI cross- talk  Pass Ĕ Good Eye/BER results  



 

White Paper : Huwin ACVS    P a g e | 27  

2.3.3. ACVS Analysis setup 

 

ACVS               

       .     profile 

   Rev.         

   Rev.         

.  

 

Build project :  

ACVS     ACVS UI       Drag & 

Drop    .  

 

Build  - > IBIS analysis - > + channel - > Drag IBIS, Sn P files - > Save & I mport  

 

 

Figure 34. ACVS Build Project, Model Drag & Drop 

 

 

Models 

Drag & Drop  
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ACVS rule setup  :  

     header    ,    net 

 ru le   .  Rule      ACVS  Auto ru le 

setup   Rule Assitant    ML(Machine Learning)  

  net        .  

 

  

Figure 35. ACVS Ch. Rule setup 

Auto rule setup  
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Transient Simulation S etup ( Port Termination )  :  

 

Figure 36.   Multi  DIE     Tx, Rx    DIE I BIS model 

 termination    .  

    net    50ohm   Termination 

 .  

 

Figure 36. Multi DIE    (Clamshell configuration) 

 

 

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

 

ACVS  SNP Header Editor  ,  Figure 38.     S- parameter (40GB 

 )  header    port name    .  

   S- paremter       t ext editor  open 

      Header Editor   header  open  /  

            .   

 

 

Figure 38.  S-parameter  : 536ports, 47GB file size 

 

 

 

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

   Write/Read    Rx, Tx    

      model selection     Case   

 Case     .  

 

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

 

Transient Simulation Setup ( Hawk- eye/PRBS)  :  

ACVS       Eye       

   Hawk- eye  .     PRBS  Manual  

 .  

 

Figure 41. ACVS Hawk-dye / PRBS setup 

Write /Read mode  

Hawk- eye/PRBS setup 
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Transient Simulation Setup ( Fast/Optimal/Strict )  :  

ACVS  Hawk- Eye  Fast/Optimal/Strict   PRBS     

 worst ISI   worst bits  worst ji tter by X - talk    worst 

bits  worst over/undershoot by X - talk   worst bits    .  

 

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

 

 

 

 

 

 

Figure 43. ACVS Hawk-Eye Fast/Optimal/Strict  vs. PRBS : bits     

Fast/ Optimal/Stric t  setup 
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Transient Simulation Setup ( AMI mode / A uto Selection / Delay removal )  :  

 

ACVS AMI mode  Serdes  Memory Tx, Rx AMI  AMI parameter   

  .  

 

 

 

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

removal) 

AMI mode/ Auto Selection/ Delay removal  setup 
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ACVS  AMI mode  Tx, Rx   AMI  Ideal Source   IBIS  

  .   

 

 

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

 

 Tx, Rx   :  

-  Ideal Source  :   Tx  Rx    

Č Tx   Driver  ,  Trf, C_comp, Source Impedance ( si ngle or 

differential)    

Č Rx   Load  C_comp, Load Impedance (si ngle or di ffere ntial)    

Č * Tx  Rx  Custom. EQ    ACVS 2024 update .  

-  I BIS model :   IBIS  (PKG  S- parameters  link   

  S- parameter model   .  PKG RLC  activate   

 2Gbps       . )  

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

Tx, Rx     ( PKG S- parameter  IBIS    

. )  

Talbe 2. ACVS   Tx, Rx   Case 

Tx model case Rx model case ACVS analysis   

I deal Source  Ideal Source  O 

I deal Source  I BIS model O 

I deal Source  I BIS AMI model O 

I BIS model I deal Source  O 

I BIS model I BIS model O 

I BIS model I BIS AMI model O 

I BIS AMI model  I deal Source  O 

I BIS AMI model  I BIS model O 

I BIS AMI model  I BIS AMI model O 

 

Auto S election   Memory IBIS buffer  net type     

 .    Net Type key wor d  DQ, DQS, DMI, CLK, CKE, ADDR   

model selector      .   

 

I deal source, IBIS,  

Or  IBIS- AMI model 

I deal source, IBIS,  

Or  IBIS- AMI model 
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Delay removal   Figure 46 .   IBIS r ising/falling output  delay    

logic input   triggering     ( overclocking)    

delay    .  

 

 

Figure 46. ACVS delay removal 

 

Dara Rate Rule  :  

JEDEC  DataRate  timing  voltage mask  measure    Figure 47. 

   rule     Editing   ,   rule   

    .  

 

Figure 47. ACVS Ch. Spec.  : Data rate, SDR/DDR/QDR, timing/voltage Mask  

Delay removal to avo id Overclocking Drivers  
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Smart Pick  Serdes Ch. Configuration :  

 

ACVS  Serdes   Smart Pic k    Drag    

 differential pair      differential pair  

.   

 

Figure 48. ACVS UI mode óSmart pickô  Ch. configuration 

 

Serdes Ch. Forward  Backward Configuration  :  

 

Serdes            .  

 

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

 

ACVS      Run   (>)   Figure 50.   ACVS 

Scheduler   Job  Add .    Job    ,   

Job      .  Figure 51.  Progress Status  Log   

.  

 

 

Figure 50. ACVS Scheduler 

 

 

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

2.3.4.1. Full Ch. Basic SI report and Output 

 

Figure 52. ACVS Results 

 

 

Figure 53. ACVS Basic SI results and output 

 

ACVS   S- parameter      SI     

   Excel   .  

  Basic SI     net      

.   

 

-  Insert ion 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  

-  Z0 estimation  

-  TDR 

-  TDT 

-  Skew  

 

 

Figure 54. ACVS TDT/TDT    NEXT, FEXT  

 

ACVS Basic SI Report  Full Transient        

  .   

-  PKG  net model  RLC/ Z0 pass/fail    

-  PKG/ PCB  net model  TDR/TDT pass/fail  

-  PKG/PCB model cascading  Transient   S- parameter   

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

-  Silicon  I nterposer  net model  IL/RL/NEXT/FEXT/TDR/TDT pass/fai l  

-  Connector model  IL/RL/NEXT/FEXT/TDR/TDT pass/fail  

-     SI ( si gn- off)    DB    
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2.3.4.2. Full Ch. Eye report  

ACVS  Basic SI     net   Memory - I BIS ( Eye)    

 .  Memory- IBIS ( Eye)        , 

raw data   Figure 55.   Chart viewer     f ull   

 .   

 

 

 

Figure 55. ACVS Eye diagram/BER Chart and Chart viewer 

 

Eye measure  Figure 56.    net      .  

 

Figure 56. ACVS Measured Eye results 
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ACVS  Figure 5 7.   PAM4 modulation      Eye  .   

 

 

 

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

 

www.snpview.com  Huwin ACVS  solver      free S - parameter view  

 flatfo rm .   Chrome   Edge    

.  (IE explore   . )  

     S- parameter  load   ,  ACVS   

net       ,  snpview.com   net  

 plot   simulation     .  

Snpview.com  ACVS  Si mNX       Basic 

SI  Time domain simulation   net  ,     TDR/TDT/Eye 

     .   UI   User    

 IBIS  IBIS- AMI      .   IBIS-

AMI  EQ      ( ChannelView)  .  

 

Figure 58. Snpview.com/ SnpView : differential TDR plot example 

 S- Parameter    Enforce causality  Enforce passivity  Snp heal  

.  

 

 

 

 

 

 

 

 

Figure 59. Snpview.com : Snp heal , results/comment view Share 

http://www.snpview.com/
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Share li nk   plot    comments  S- parameters l in k   

,   link   snpview      

  plot     .  ( * share     log in  

. )  

 

  SnpView   ChannelView       

     (  beta release ) .  

 

 

Figure 60. SnpView.com / ChannelView : Ch. Setup (Tx/Snp/RLC/Rx) 

 

 

Figure 61. Snpview. com / ChannelView : Ch. S-parameter(Snp) setup 
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ChannelView   /  RLC  MLCC S- parameter    ,    

Basic/TDR/TDT/Eye     .  

 

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

 

 Tx  Rx  Dri ver  Jitter  EQ   Eye    

.  

 

 

  

 

 

  

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

 ACVS      ,       

  .   

 

 

 

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




