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Problem Statement
- Certify Controller IBIS models before system simulations

= DDR compliance needs to be done on a system
Interconnect starting from Controller to Memory 10

= |f DDR IBIS models do not adhere to DDR JEDEC
standards, designer may wrongly associate performance
Issues with interconnect elements like board, connector,
DIMMSs, package.

= |t is important that we decouple the testing into

— Testing of IBIS models to make sure they comply with JEDEC
standards

— Testing of interconnect elements with above certified IBIS models
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Problem Statement
- Do exhaustive checks on 10 netlist performance

= Simulating 10-netlists for all corners to verify compliance
against JEDEC specs is time-consuming.

= Since IBIS modeling is an automated process, the
generated IBIS model can quickly provide results that
can be verified against JEDEC requirements (for all
corners and impedance settings) like
— Impedance variation
- Slew rates
— Pulse-width variation
- ZQ calibration based on process corners
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Overview of DDR compliance checks
- JEDEC DDR4 spec (output impedance)

VDDO MNout

RDNF"U — TTout| under the condition that ROMg, is off
RDNF’ d= Wout under the condition that ROMNg, is off
| Tout)
Chip In Drive Mode
Output Drive
* « VDDOQ
Ta l lpy
ather
circuity
like RONg,
RCV, ... « | DO
-
ROMNgg I
out Vout
|-
I e« V330
RONyom Resistor Vout Min Nom Max Unit NOTE
YOLdc=05*VDDQ 08 1 11 Mo 1.2
ROMN34Pd WOMdc= 0.8° VDDQ 09 1 11 M0 1.2
2400 WOHde=1.1*vDDQ 0.9 1 1.25 Mo 1.2
o WOLde=0.5* VDDQ 049 1 125 M0 1.2
RON34Pu YOMdc= 0.8° VDDQ 049 1 11 M0 1.2
WOHde=1.1*vDDQ 08 1 11 M0 1.2

Spec indicates impedance measurement to be done at different Vout

levels and that they should be within +/- 10% - .
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Overview of DDR compliance checks
- Single-ended slew rate

L Measured
Description Defined by
From To
. . , VanlACHV AT/
Single endead output slew rate for rising edge W (AC Won(AC
g tp g edg oLlAC) oHlAC) Delta TRee
: , Von(ACH g (ACT/
Singl ded ut sl te for fall WonlAC Wi (AC
ingle ended output slew rate for falling edge onlAC) aLlAC) Defia TFse

NOTE -
1. Output slew rate is verified by design and characterization, and may not be subject o production test.

———————— — — VioHiacg)
s - —— - v
_ b —_—— — —| — — Vaouag
— -
delta TFse detta TRSe

Figure 182 — Single-ended Qutput Slew Rate Definition

DDR4-1600 | DDR4-1866 | DDR4-2133 | DDR4-2400 | DDR4-2666 | DDR4-3200

Parameter Symbol . — — . — — Units
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max

Single ended output slew rate | SROse 4 ] 4 e 4 9 4 9 | TBD | TBD | TBD | TED | Vins

Spec indicates that DQ slew rate should be within Min and Max values
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Overview of DDR compliance checks

- Differential slew rate

o Measured
Description Defined by
From To
. . . VonartACH oLgirlACT
Differential Lt sl te fi ed VoLdslAC Vouar(AC
arential output slew rate for rising edge oLa AC) oHair(AC) Delta TRiff
, _ : . VonarACH oLairl ACN/
Differential t slew rate for falling ed Vongirl AC VoL g AC
‘arential output slew rate for falling edge oHairAC) oLailAC) Deita TEdiff
NOTE :
1. Output slew rate is verifiad by design and characterization, and may not be subject to production test.
delta TFdiff detta TRdiff
Figure 183 — Differential Output Slew Rate Definition
Table 79 — Differential output slew rate
DDR4-1600 | DDR4-1866 | DDR4-2133 | DDR4-2400 | DDR4-2666 | DDR4-3200 :
Parameter Symbol : . - : . : Units
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
Differential output slew rate | SRQdiff | 8 18 a 18 a 18 8 18 [ TBD | TBD | TBD | TED | Vins

Spec indicates that DQS slew rate should be within Min and Max values
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Overview of DDR compliance

- Pulse-Width@data-rate

chec

kS

Speed DDR4-1600 DDR4-1866 DDR4-2133 Unis
Parameter Symbal MIN MAX MIN MAX MIN MAX

Clock Timing

Minimum Clock Cyele Time (DLL off mode) tCK (DLL_OFF) 8 ] g ns
Average Clock Period tCK{avg) thd ~(Definifion thd) pa
Average high pulse width tCH{avg) 0.48 0.52 048 0.52 0.48 0.52 tCK(avg)
Average low pulse width tCLiavg) 043 0.52 043 0.52 043 0.52 tCK(avyg)
Ao Clock P CHES | oot | psmarst | WTpamnnt | UMpemmorst | UTpamniot | upamarst | CK69
Absolute clock HIGH pulse width tCHiabhs) 043 045 043 tCK(avyg)
Absolute clock LOW pulse width tCL{abs) 0.45 045 0.45 tCK(avg)

Spec indicates that the duty cycle should be greater than .45Ul
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Methodology to check DDR compliance
- IBIS impedance measurement (pulldown)

= IV curves of IBIS can be plotted to ensure that
they fall within +/- 10% tolerance

' 0 Curve Node Info

Current (mA) ocdd0.ibs ocd34-[Pulldown]-1-Typ
960 (mV)
w 26.5015 (mA)

|

|

|

|
___________________________________________________________________________________________
------------------------------------------------------------------------------
.............................................................................
L e —— - I e e

-1 05 0 05 1 15 2

letage ()
—o0c¢d34-[Pulldown]-1-Typ
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Methodology to check DDR compliance

- pullup

= IV curves of IBIS can be plotted to ensure that

they fall within +/- 10% tolerance

Current (ma) ocd40.ibs
i
L e e eSSy Py S B
1
! ﬁ' Curve Node Info ! !
S4---t -\ " ocd34-[Pullup]-1-Typ f====="j==========q==m====-
i 240 (mV)
1
D -m—tmmmmmm e e e e -5.8579 (mA) St St
1 I
T e e L Y L e L Rt
e 1 S e T T T T T TR PR
A o e o i e o e e e e ]
_20_ __________________________________________________________________________
<25 ' 3 E ' " E
-1 05 0 05 1 15
Yaltage (V)

ocd34-[Pullup]-1-Typ
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Methodology to check DDR compliance

- Impedance check

IV plots from IBIS
being compared
against 10% limits

0000

DDR4 Zout DC sweep
DDR4 1/O - 34 ohms, TT, 25C

o ﬁ Pull - up
1 boundary +/- 10%

DUT must fall within +/-
10% envelope within spec
window

Pull - do

-10%

+10%
DUT
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Methodology to check DDR compliance
- Single ended slew rate measurement test-bench

Figure shows simple
drive of 1O buffer with
50o0hms pull-up to

capture the rise time.
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Falling slew rate dv/dt

siml: (DESIGN 101 1) DESIGN IO1 1 Pulse Typ Reflection

case( - Fri Aug 22 23:19:54 2014

T e T T e T | Basassansy | | 0
T T
1000 — ; 361.918m ]
900 [— —
= -
% L —
g
= 800[— —
700 [— —
10 10.1 10.2 10.3 10.4 10.5 10.6 10.7 10.8 10.9 11 11.1 11.2
Time [ns]

Here dv/dt = 360mV/65pS = 5.6 V/ns which is within spec of 4to 9 V/ns
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Rising slew rate

Voltage [mV]

siml: (DESIGN IO1 1) DESIGN IO1 1 Pulse Typ Reflection

case( - Fri Aug 22 23:19:54 2014

1100_I_T_IIII TTTT TT 1T TTTT TTTT III|||||| ||||||||| |||||||||||I|I|I||||||||||||§I||||§Iyllll|llll|llll ||||||||| ||||||||| |||||||I| TTrTT TTTT TT 1T TTTT ||||_'_I-
g 53708 p ]
1000 [— 361918 m ]
200 — —
800 —
700:— —
19.8 19.9 20 20.1 20.2 20.3 20.4 20.5 20.6 20.7 20.8 20.9 21 21.1 21.2 21.3
Time [ns]

Here dv/dt = 360mV/54pS = 6.6 V/ns which is within spec of 4to 9 V/ns
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Methodology to check DDR compliance
- Differential test-bench (DDR4)

DIO
PULSE

Figure shows
simple drive of
differential 10 buffer
with 100 ohms
termination to
capture the rise and 1 e 20 ssies
fall time. —

LWL 00l

2 DDR4 40 MAXSLEY
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Falling Slew Rate

Voltage [V]

04 ———

0.3

0.1F

-0.1

-0.3

04

10.2 10.3 10.4 10.5 10.6 10.7 10.8

Time [ns]

Here dv/dt = 722mV/73pS = 9.9 V/ns which is within spec of 8 to 18 V/ns
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Rising Slew Rate

04 __|_| L LI I | LI I | | T 1T 17T T T 17T | T T 17T T T 17T T 1T 17 T T 17T T T 1T | T T 1,7 T T 1T T O T T L LI I | LI I | T 1T 17T | T T 17T T T 17T L | T T 17T T T 17T |_|__
e e T 722.168m
03 —]
02 ]
01— —
5 ]
2 o —
=
c 3 -
01— —
02 ]
03f— —
_0'4:_|...........I.... | i ._

20.6 20,7 208 209 21

Time [ns]

Here dv/dt = 722mV/80pS = 9.0 V/ns which is within spec of 8 to 18 V/ns
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Methodology to check DDR compliance
- Timing Checks

Average High Pulse
Average Low Pulse
Average Clock Period
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Data Pulse variation @ 3.2G (slow corner)

Waltage W)
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| | 1 |
[ I 1) |
051 r T [ 1
vl I | I
45 5 5.2 5.4 5.6 5.6 B 6.2 6.4 6.6 6.8 7
Time (ns)

Here min duty cycle is 312pS/625pS = .499Ul > .45Ul
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Clock Pulse variation

Yoltage (V)

(ps)

Diff: 309.759593

Y N N R

N

I
4-----

[

-l = L

I
t------

| I —

I
F--

L]

Y

L

06 +------

02f------

024----
044f-——4-
0B 4------

B.9

B.6

494U1 > 45U

6.4

6.2

b8
Time (ns)

Here min duty cycle is 309pS/625pS

b2 5B

43
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Conclusion

= |t iIs important to verify DDR controller IBIS
separately before doing system simulations

= IBIS verification against JEDEC requirements
can help in
— Quickly verifying PHY netlist for compliance

— Ensuring that IBIS models have been correctly made
with proper netlist settings, especially when ZQ
calibration needs to be properly done to obtain proper
Impedance values at corners.
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