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DRAM simulation evaluation

EKH .ael Code
—
< Intended for DDR2/3 Simulations
AC/DC based Open Data window Calculation
ISI Calculation (Jitter at vref)
Tangential slew rate calculation
Multi-Open Data window
Multi-Net Delay calculation for delay based timing budgets

< Includes the following functions
Calculate and Draw Open Data window
Calculate and Draw ISI margin/line
Calculate and Draw slew rate value/line
Calculate and Draw setup/hold margin/line

Calculate and Draw delay to reference (incl. some TB
calculation example)

A

A
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Existing .dds Example: DDR2/3

ODW, Setup/Hold and ISl line

< ODW: Multi Signal open Data Window

o . < ISl line
< Multiple Eyes incl.
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Existing .dds Example: DDR2/3

ODW, Setup/Hold and ISl lines
St

M dly_CA3=EKH_eye_delay DDR(Sig1 vref)
ERIMultioODW_CA=EKH_gen_multieye_window_DDR(times_CA)

=e]gdtS_line=EKH_gen_setup_time_line(tSH_CA)

&RItH_line=EKH_gen_hold_time_line(tSH_CA)
&elgltisi_line=EKH_gen_isi_time_line(tSH_CA) \ ?
[ t=H_C A=EWH_calc_setup_hold_times_DDR3(rate,wef, dAC, dDC, times_CA, isi_DiffCLK, diy_CA3)

EflEye center_DDR_CA3multi=EKH_eye_center_DDR(Sig1,rate,vref,dly_CA3)
EfIEye center_DDR_CA2multi=EKH_eye_center_DDR(Sig2,rate,vref,dly_CA3)
el Eve center_CLK_Diff=EKH_eye_center_CLK(Sig0_Diff,rate,vref dly_CA3)

EXKXH
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HIGH SPEED SIMULATION AND MEASUREMENT

imes_C A=EKH_multisignals_eyes_calc DDR{=signal _list, rate, wef, dac,

indepltirmes CA) tirmes CA

Wualti Walid Window 8224 ¢
Multi valid Window End|1 1.134 n
wlulti Walid Window Start 3M3np

Multi Walid Wind ow % 6579
Multi 151[4 3518 p
Multi 151 End[s 8363 p
hulti 151 Start 5345 p

hulti 151 % 26.14
“ref] B00.0 m
Wih ac 200.0m
Wih de[10 700.0 m
il ac[11 400.0 m
Wil de[12 a00.0 m
Delay of first Eye[13 8449 ¢

indep(tSH_CA)

tSH CA

Setup time[0
Hold time [1

Diff Clock skew [2
“alid window [3
CLK skew start4
CLK skew end[5
Walid window end[B
Walid window start[7
Delay[d

EHE]

3,_2138 E isi_DiffCLK:EKH_caIc_iai_dif-fCLK(SigD_D iff, rate, wet, wef_diff, dAC dD
5426 p

g%g-j P indep(isi_DiffCLIK) isi_DiffCLK

520 G E 1SI0] 5425
1.134 n 151 End]1 £89.6 p
3M3p 1S] Start[2 £35.4 p
5449 p 131 % 3] 4340
B00.0 Vhef[4 B00.0 m
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Existing .dds Example

DDR2/3 Slew Rate Calculation

EXKXH
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HIGH SPEED SIMULATION AND MEASUREMENT

Calculate the slew rates for the weak and

weak signals

1.2

eyeH_W1=EKH_eye_isi_DDR(DramH AW F\Wref_w,dly_w)

eyeH W2=EKH_eye isi DDR{DramH2wW,Fvref wdly w)
eyeH_W3=EKH_eye_isi_DDR(DramH3wW,Fvref_w dly_w)

eyeH WA=EKH_eye isl DDR{DramH4W,Fvref wdly w)

st W4=EKH_ervelop slew DDR{DramHaw Fivref wdel ac,del dedy w)
Sr_Setup=rmax(sr Wa[0]sr W]
Wid_5_R=EKH_gen_envelop_slew_line_weak_rise_DDR{sr_W4)

Wi 5 F=EKH_gen_erwelop slew line weak fall_DDR(sr W4)
signal_list=listiDramH 19, Dram H 2w, Dram H3W DramH4w)

Eve Diagrams

Disclaimer: Slew rates
are calculated with the
eye crossing centered.
Due to this there are

e B e B ) B
200p 0000 200p 400p EOOp 800p 1000 1200 1400 160

time

0311
0.302

ar_setup_rising (0]
sr_setup_falling(1]

< Multiple Eye in in one
diagram incl. last and first

strong data signals and plot on the eye diagram
strong signals

eyeH S1=EKH_eve_isi DDR
eyeH_S2=EKH_eye_isi_DDR
eyeH_S3=EKH_eye_isi_DDR
eyeH S4=EKH_eve_isi DDR

DramH 15 Fivref sdly s
DramH 25 FWref_sdhy_s
DramH 35 FYref_s,dhy_s
DramH4S Fivref s.dly s

)
)
)
)

51 53=EKH_erwelop_slew DDR{DramH1S,Fyvref s del ac.del_do,dly s)
Sr_hold=max([sr S3[2],5r_ 53[0
53_5_R=EKH_gen_envelog_slew_line_strong_rise_DDR{sr_53)

53 S F=EKH_gen envelop_slew ling_strong fall DDR(sr 53)
signal_list1=list{DramH 15 DramH25 DramH35 DramH4S)

Eve Diagrams

I L L T L L
200p 400p GOOp B00p 1000 1200 140n 160n 180n 200n

time

2.882
3.450

sr_hold_rising(2]
sr_hold_Talling[3]

T slew rate lines
some limitations to plot
them when the eye is e PLEKHADS. s 2R, Tt e ohswes
Ce nte red . . ael COd e EyeknowHow Design Name Current time Simulated

Hermann Ruckerbauer@EyeknowHow . de
+49 (09951 29692905

DRAM_Templates_lib:_CA_SimulationExample:schematic Fridul12, 2013 185508 Fridul12, 203 182112

optimization should be
possible!

EKH - EyeKnowHoer 22.07.2013\7 5



EXKXH

EYE KNOW HOW

HIGH SPEED SIMULATION AND MEASUREMENT

Evaluate “big” sweeps

< .ael solution allows usage in schematic

) e o a0 nnnfnn B0hnnaiiona S0

. Simplest with "Netlist Include’ R

DQ3_delay in ps (Sweep 1)
5.199032e-10

Please adjust the following Variables to your needs Q3 delay in ps (Sweep 2)
- SimDescription: Descripfion of Simulation 6.279264%e-11

- Sim_Mame: Name ofthe Simulation 1
- Sweepl_value: Sweep explanation (setto e. g. noSweep if Sweeping is not used) ADS Schel I IatIC DQ3_delay in ps (Jweep 3)
1.160333e-09

- LocPath Local Path where to export the data

Equations for Compliance Trace Export

Define_Path_and_file_names
SimDescription="DOR2_D0Q_Write" ODuW DQ3 in ps (Sweepl)
5im_Mame="Mominal_Write" 1139.,373012
Sweepl_value="IBIS_Carner_Typ" R eS u It Exam p | e CODW DQ3 in ps (Sweepl)
Sweepl_value="IBIS_Corner_Slow" 1143 . 662527

Sweep2_value="IBIS_Corner_Fast" ooy Dos 1 s 5
LocPath="F %EKHWADSY_Projects_201300DRAM_Tem plates_wrkihdataws im-Outputi P 555?;2 ps (Sweepld]

Data_Output_Increment=50p

NETLIST INCLUDE I ‘
B! I3I at Vref DQ3 in ps (Sweepl)

Signal_PostProcessing
Netl\st\nc\ud_eQ Diff DOS=DOS-DASH 33.107964
Includer ath= sdatasnetlist - I23I at Vref DQ3 in ps (Sweepl)
IncludeFiles| 1]=MeasE gn_P ostProcessing net 33.532477
UsePreprocessor=no :

ISI at Vref DQ3 in ps (3weepld)

Netlist Example

PoDU3_Sweepd EValuation

aele dly DQO3w Sw2=EKH eve_delay DDR(DQ 3[2,::],Vref Sim[0]): tRX at Vref+loise DO3I in p3 [Swe
aele EyeCenter DO3_Sw2=EEKH eye center DDR(DQ 3[2,::],DQ BitRate Sim[0],Vref Sim[0],dly DQ3w Sw2 [0]): 1217.277459
asle EyeIdI_DOQ3_3wi=EKH eye_isi_DDR(DQ_3[Z,::],DQ BitRate Sim[0],Vref Sim[0].); R ;at, Vref+lloise DQ3 in ps (Swe

aele ACDCtimes DQ3_SwZ=EEH calc _times DDR(DQ 3[2,::],DQ BitRate Sim[0],Vref Sim[0],dAC Sim[0],dDC_Sim[0],):
aele Vreftimes DQ3_Sw2=EEKH calc times DDR(DQ 3[2,::],DQ BitRate Sim[0],Vref Sim[0],+0.01,-0.01,]:
asle ISI_ps_DO3_S3wi=ACDCrimes_DOQ3_Swi[4] *lelZ;

1216.955797
tRX at Vref+lloise DO3 in ps (Swe

aele tRX_ps_DO3_Swiz=Vreftimes_DQ3_Swe [0] FlelZz; 536.741520

asle ODW_ps_DO3_Swi=ACDCrimes_DO3_Swi[0] FlelZ:

asle Values_DO3_Sw2=[ISI_ps_DOQ3_Sw2, tRX ps_DO3_Sw2, ODW_ps_DO3_Swl]:

: aele ACDCtimes DQ3_ SwA11=EKH cale tiwes DDR(DQ 3[::,::],DQ BitRate Sim[2],Vref Sim[2],dAC_Sim[2],dDC Sim[2],dly DO3w[2]): IZI tRX ODW in ps

; 33.107964

aele ZZZCreateDird=mkdir (streocat (OutDir, SimDescription)): 1217.277459

aele ZZZCreatefubDir SwlO=mkdir (streat (QutDir, SimDescription, ™A, Sweepd)): 1139.373012

aele OutPath Swl=strcat (OutDir, SimDescription, ™"\\", SweepO, ™A\"): IST tRX ODW in ps

aele Export_DRAM Parameters_Descr=write_war [strcat (OutPath_SwO, "DQ3_Data.txt”), "W", streat ("DQ3 Simulation Result © , SimDescription) , " " , "f" , 1, Dumm 33.532477

aele Export_DRAM Parameters_SeparatorO0l=write_wvar (scroat (OucPach Swl, "DQ3I_Dava.txc™), "ao", " romr, 1216955797

;asle Export DO3_Swl=write_war (streat (OutPath_SwO, "DQ3_Data.txt"), "a", , ", ", "s" ., ,[Data Collection Start::Datas Output_Increment::Dats Collection Stop],

aele Export DQ3 Swl dly=write war (strcat (OutPath Swl, "DQ3 Data.txt™), Ma", D03 delay in ps (Sweep 137" , ™ m , r3r 0 [dly DQ3w Sw0]): 1143.662527

aele Export DQ3_Swl_dly=write wvar (streat (OutPach_Swl, "DQ3_Data.txt"), "A", "DO3_delay in ps (Sweep 21" , " " , "s" ., [dly DO3w_Swil);: I31 tRZ ODV in ps

aele Export DQI_Swz_dly=write_var (streat (OutPath Swl, "DQ3_Data.txt"), "A", "DQ3_delay in ps (Swesp 3)" , " " , "sv , , [dly DQ3w_Sw2l);: 710 458671

aele Export DRAM Parameters Separator00i=write wvar(strcat(CutPath Swl, "DQ3 Data.txc’), "a7, o mo, o, B36.741820
420.556764
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DDR4 Outlook
JEDEC definitions

\
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Undetitanding the DDR4 Eye

B =8

m

TAVW _otal

Rx Mask

- X Vet lgpmavy) 4\ Nawvw_av

TAVW_dj

Figure 187 — DQ Receiver{Rx] compliance mask

Table 103 — DRAM DQs In Rg€eive Mode; " Ul=tck{avg)min/2

 Aov0.1886.2153 2400 26663200
une | NOTE
min max mn max min max
136
ole 2] b4 o
136 ba a
02
ote 12 tba d
02 tba td

DDR4 eye mask specified for total jitter (Rj + Dj) and deterministic component (Dj)

BER <= 1e-16

Global Standards for the Microelectronics Industry
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DDR4 Outlook
Measurement considering DJ
bbbt

DDR 4 Eye Voltage Margin to Mask (up to 2133).

VdiVW = minimum voltage from mask corner to eye.

o B

101 625ps

Anticipate __Accelerate __Achieve

.....
g ....

6

Voltage margin is measureu a..«.vyvuslty to timing margin:
Margin is then (139mv-68mv)/68mV * 100% =104%
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DDR4 Outlook

Eye Mask considering RJ+DJ

Inside the DDR4 Eye

J

Table 1 -- Key Jitter Characterization Parameters

Deterministic | Parameter | symbol | Min|Max[[unit] Note
- - Bit Error Ratio BER 3.4

Noise and Jitter

Tolerance

VdiVW_dV

TdIVW_dj |—>]
<«——{ TdIVW_total

Table 103 — DRAM DQs In/Receive Mode; * Ul=tck(avg)min/2

11600,1866.2133 2400 2666,3200
Symbol Parameter Unit NOTE
[ min max min | max | min | max
VdIVW_total | Rx Mask voltage - p-p total o ;lsea‘ 2) tbd - tbd mv |12486
VdIVW_dVv Rx Mask voltage - deterministic - 136 - tbd - tbd mv | 1513
02
TdiVW_total | Rx timing window total - (note12) - tbd - tod ur (1246
TdIVW_d| Rx deterministic timing - 02 - tbd - tbd ur 115,13

DDR4 eye mask specified for total jitter (Rj + Dj) and deterministic component (Dj)

JEDEC Global Standards for the Microelectronics Industry
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Current Spec status
—

Figure 199: Rx Mask to 'DS/'DH Conversion

\ N TdPW = /
T ViHOC

E 0.5 x Vdivw_total

EI ——————————————————————————— I A R Veent_DQ(pin avg)

E 0.5 x VdivW_total

Y VIL_DC
_ Tdgs(max) | Tdghimax) Table 103 — DRAM DQs In Receive Mode; * Ul=tck(avg)min/2
tps IoH 1600,1866,2133 2400 2666,3200
Symbol Parameter = = Unit NOTE
min max ‘min max min max
DOS_c 136
VdIVW_total | Rx Mask voltage - p-p total - (note12) - thd - thd mV | 1,246
VdIVW_dVv Rx Mask voltage - deterministic - 136 - tbd - tbd mV [1,513
pas_t TdIVW_total | Rx timing window total : 02 ol wd | - | tbd | ur 1246
(note12)

TdIVW_dj Rx deterministic timing - 0.2 - tbd - tbd urr 1,513
VIHL_AC DQ AC input swing pk-pk 186 - thd - tbd - mv |7
TdIPW DQ input pulse width 0.58 thd tbd ur |8
Tdgs_off DQ to DQS Setup offset - thd thd - thd ur |9
Tdgh_off DQ to DQS Hold offset - thd - thd - thd urr (9
Tdgs_dd off |DQ to DQ Setup offset - tbd - tbd - thd ur |10
Tdgh_dd_off |DQ to DQ Hold offset - thd - tbd - thd urr (10
SRIN_dIVW | Input Slew Rate over VdIVW_total tbd 9 thd thd tbd tbd | Vins |11
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CA Specification Example

< Same concept as for DDR3

Table 137: Electrical Characteristics and AC Timing Parameters (Continued)

DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400

Parameter Symbol Min Max Min Max Min Max Min Max | Unit | Notes
CMD, ADDR setup time to Base is 115 - 100 - 85 - 65 - ps

CK_t, CK_c referenced to VaEEcs t|5"u'F|:EF 215 _ 200 _ 185 _ 165 _ ps

Viniag) and yiyac levels

CMD, ADDR hold time to Base IH 140 - 125 - 105 - 87 - ps

CK_t, CK_c referenced to VREFea UHymer 215 - 200 - 180 - 162 - ps

Vinpg and vipo) levels

CTRL, ADDR pulse width for each input PwW 600 - 535 - 480 - 435 - ps
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Conclusion

—
<_ DDR2/DDR3 functions are existing a .ael code
< Existing functions for Timing and Voltage margins from
mask can be adjusted to DDR4
. CA should be straight forward

. DQ bus will require some adjustments, but much existing
functionality can be re-used!

< Transient simulation is required for the existing ael code

. An adaption to Channel statistical simulations might require more
change (need more detailed check on this one).

. For DJ effects transient simulation should be OK
» RJ effects can be considered in eye mask.
< There will be some questions/decisions to be made

. E.g. Where to locate the Mask in the eye ?
» Optimized for Timing or voltage (depends on Controller Training algorithm).
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