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Project Definition

m Analyze a complete DDR memory interface in one
simulation
m Simulation should consider:
— Overshoot/Undershoot violations
— Setup and hold timing violations

— Include pattern dependant crosstalk between address,
command, control, and data signals

— Slew dependant timing calculations
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Project Approach

m Combine HDL functional models and IBIS I/0
models

m HDL code takes care of timing checks
m IBIS model contains basic electrical checks

m How does it all work?

IBIS 4.1!
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Simulation Diagram

m Connection of HDL functional models and IBIS 1/0
models to the physical board layout

PCB Traces,
Vias, Passives,
Connectors, etc
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Analysis Details

m Memory module (simulated traces highlighted in white)
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Analysis Details

Digital code from the chipset testbench generates the
system stimulus

Random address and data pattern generators ensure
realistic stimulus patterns for the Write cycle

Memory responds to chipset commands, thus automating
Read cycle data patterns

Single simulation completes a Read and Write Cycle —
multiple cycles can be run to simulate realistic bus
utilization
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Functional Sl Verification Results

m HDL models contain timing checks

m Timing violations caused by PCB effects are flagged

= C:AWINDOWS\system32\cmd.exe

Harning:tRP violation during Activate Bank @

Time: 147.847.999 f= Iteration:
MT46U64M16 (BEHAUE>

Harning:tRFC violation during Activate
Time: 147.847.999 f= Iteration:
MT46U64M16 (BEHAUE>

Harning :RASH Setup time violation — tIS
Time: 147.847.999 f= Iteration:
46U64M16 (BEHAUE>

Harning :WEH#f Setup time violation — tIS
Time: 147.847.999 f= Iteration:
46U64M16 (BEHAUE>

Harning:RAS# Hold time violation — tIH
Time: 148.°742.999 f= Iteration:
GU64M16 CBEHAUE>

Harning :RASH Setup time violation — tIS
Time: 151.258 ps Iteration:
46U64M16 (BEHAUE>

Harning :WEH#f Setup time violation — tIS
Time: 151.258 ps Iteration:
46U64M16 (BEHAUE>

Harning:CASH# Hold time violation — tIH
Time: 152.158 ps Iteration:
GU64M16 CBEHAUE>

Warning:RASH# Hold time violation — tIH

2

2

2

2

2

2

in:

in:

in:

in:

in:

in:

in:

in:

¥Y_J1_MT46U64M16_BA.STATE_REGISTER -

¥Y_J1_MT46U64M16_BA.STATE_REGISTER -

Y_J1_MT46U64M16_BA_SETUP_CHECK - MT

Y_J1_MT46U64M16_BA_SETUP_CHECK - MT

Y_J1_MT46U64M16_HA_HOLD_CHECK — MI4

Y_J1_MT46U64M16_BA_SETUP_CHECK - MT

Y_J1_MT46U64M16_BA_SETUP_CHECK - MT

Y_J1_MT46U64M16_HA_HOLD_CHECK — MI4




Functional Sl Verification Results

m Analog Address, Clock, and Data signals at memory during a burst write
from the chipset

m Simulation easily changed to generate pseudo-random or fixed address and

data patterns

¥ (MODULE_1 1 )
¥(MODULE 1 UL 36 DIE)

¥(MODULE_1_T1_45 DIE)
¥(MODULE_1 Ul 46 DIE)

¥(MODULE 1 UL 4 DIE)
5 DIE)

200.0n 210.0n
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Functional Sl Verification Results

m Digital Address and Clock signals at the memory die during a burst write
from the chipset

MODULE_1_T11_&C
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Functional Sl Verification Results

m  Combined analog and digital Address signals at the memory die during a burst write

Jfrom the chipset

m  Provides a useful visualization of the logical analog equivalent

B vimoDULE_1_ul_29 DIE)
MODULE_1_UL_AD

-] ¥imoouLE_1_u1_ 30 DIE)
MODULE_1_ U1 Al

¥(MODULE_1 Tl 31 DIE)
MODULE 1 UL A2
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Future Enhancements

m Exercise all 64 DQ signals in the system (instead of 16)

m Use AMS to analyze slew dependant timing — outputting
results on separate signal

m Model DDR2 system including ODT effects

m Include S-parameter models to replace PCB physical
information for enhanced crosstalk analysis

m IBIS enhancements:

o InStan tlatlng a [ MOdel] one or more [Circuit Call] keywords discussed later.

in a [Circuit Call] statement {FhefCiremt Cattfkeyword canmotbe—
usedto referencea {Modetkeyword:)
— Corner-specific Parameters passing

Each instance of an [External Circuit] is referenced by

BT e e
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Project Contributors

Gary Pratt, Mentor Graphics

Mark Kniep, Micron Technology
Pavani Jella, Micron Technology
Randy Wolff, Micron Technology

m Paper Reference:

— Functional SI simulation using IBIS 4.1 and HDL models
m Pratt, Kniep, Jella, Wolff, 2006
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Summary

m IBIS 4.1/AMS
— Clear Choice for SERDES SI Analysis
— Clear Choice for the Future of SI Analysis
— Extremely User Friendly
— Fast and Accurate
— Uses Limited Only by the Imagination

m Next Step

— Silicon Vendors

m Contact Gary Pratt for help getting started with IBIS/AMS
— Gary_Pratt@mentor.com

— PCB Vendors

m Contact Gary Pratt to work with your vendor

fompen -l
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Breaking News...

m DDR2 Measurements

— Automatic Derating measurements
m Calculates slope

m Uses Derating look-up table

—
=

s 14 p— i
SHV, DATE 06, Date 2006 - Company Confidential




DDR2 Derating

Tangent Line Approximation

Vih_AC (1.15v)

Received Wavefom

Vih_DC (1.025v)

Nominal Slewrate

Tangent Line thru

\/Vih_AC

Vref (0.90V)

Vil_DC (0.775V)

Time

b 3
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VHDL-AMS Code

process
type data polnt type 1is array (0 to max points) of real;
variable : data point type;
variable : data point type;
variable ! integer:
variable ; i real:;
begin -- measure the rising setup time slew rate
max slope := 0.0; data point cntr := 0;

-— walt for positive crossing of wvref
walt until vref cross;
-- gtore all the data points until vih ac crossing

while not vih ac cross loop -- loop until vih ac crossing
data point vi{data point cntr} := v _a signal: --store voltagae
data point t{data point cntr) := now; --store time
assert data polnt cntr < max points-1 -- check for pointer overflow
REPORT "transistion exceeded max transistion time" SEVERITY ERROR;
data polnt cntr := data point cntr + 1; -- increment polnter
walt on analog solution point: -- walt for the next time step
end loop;
-— determine the maximum slope
for 1 in 0 to data point cntr-1 loop -- loop through points, find slope]
slope := (v _a signal - data point v(i})) / (now - data polnt ti{i});
1f slope > max slope then max slope := slope; end 1f;

end loop;
--Apply this slope to the LUT, to determine Setup time requirement
rising tds slope sig <= max slope*l.0e-%; -- for now, just display the slope

-— measure the falling hold time slew rate

[
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WARNING

The Slides you are about to see are
intended for model developers only!

The purpose of this application is to provide a
thorough, easy-to-use memory interface
verification. Once developed, these models

are as easy to use as any other IBIS models.

End Users: Close your eyes now ...

W —
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mtdevbdmle.ihs = IBIS 4.1 Model
13k DDR SDEAM - Die Fevision "A"

IBIS
File

|

|

i Part Mumber VDDAADD0 architecture Package

|
(Screen 1) EFile name ] mtdbvbdmlb . 1bs

[

[

MI46VedM16TE 2.5V 2 By B4 = 1l BE-pin TEOF

JE 3 3 36 I I IE I M I I I I I I I I I I I I I I I I I I I I I I I NI I I I I I I I I I I I I I I I I I NI I I I I I I I I NN NN

IEIS Ver] 4.1

File Rev] 2.3

Date] 09.-22-2005

source ] From silicon level SPICE model at Micron Technology, Inc.

Micron Technology, Inc.
s000 2. Federal Wav
P.0O. Box 6, M-5: 01-711
Boise, ID 83707-0006

L0 10112002
Initial file creation
.1: 120572002
Updated clamp characteristics
Fizxed z4 package pinout
.0: B/10-72003
- Matched the I-V curves of the dg full and dg half models
. to gilicon measurements
Typlcal IBIS - Updated the input capacitance of all madels
Fenv 2.1: 12182003
Headel" - Matched the I-V curves of the dg full and dg half models
to the most recent silicon measurements
- Added Vinl and Vinh corners to all models
- Added Vmeas corners to the dghuff models
Fens 2.2: 09222005
- Matched to latest silicon measurements
- Added [Receiwver Thresholds]
- Added Vref and Owvershoot specs to [Model Spec] section
- Changed IBIZ wersion to 4.0

[Hotes] Fevw

1
Besw 1

]

Reny

——
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€ 36 36 3 I I IE I I IE I I I I I I I IE I I I I I I I I I I I IE I I N I I I I IE I I I I I I I IE N I I I I I I IE I I I I I I I I I I I I I I I NN

IBIS |

Component ] MIr4e6Ved4M16TE AMS
Manufacturer] Micron Technology, Inc.
|
- [Fackage] | TROF packayge
FI Ie | tyvp min max
E_pky 0.036 0.025 0.046
L_pky 4, 35nH 2.73dnH 5.9%nH
(Screen 2) C_pkyg 1.00pF 0.72pF 1.29F
|
[Fin] signal_name model name E_pin L_pin C_pin
|
1 VDD POWEER 0.034 5. 02nH 4, 29F |POWER
2 Do KC 0.043 5. 22nH 1.26pF |dgbuff
3 VDDO POWEER 0.044 5. 02nH 1.22pF |POWER
4 Dol KC 0.04z 5.53nH 1.19pF |dgbuff
5 Doz KC 0.041 5. 32nH 1.16pF |dgbuff
B VED0 GHD 0.041 4., 48nH 1.13pF |GHD
7 D3 KC 0.039 4, 34nH 1.11pF |dgbuff
g D4 KC 0.037% 4, 13nH 1.07pF |dgbuff
= VDDO POWEER 0.036 3.78nH 1.02pF | POWER
10 DS KC 0.035 3.3 1nH 1.01pF |dgbuff
&0 Dol1z KC 0.041 3. 38nH 1.09pF |dgbuff
. 61 VDDO POWEER 0.043 4, 18nH 1.13pF |POWER
TyplcalIBIS 62 D013 HC 0.045 4,72nH 1.17pF |dgbuff
. . B3 D14 KC 0.046 4, 96nH 1.20pF |dgbuff
Pin List G VIS0 EHD 0.045 5. 28nH 1.23pF |GND
65 D15 KC 0.043 5.61nH 1.27pF |dgbuff
BE VER GHD 0.034 4., 7¥nH 4, 59pF | GHD
|
|**********************DIFF P T [ 26 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 3 36 36 36 3 3 36 3 36 36 36 3 3 3 36 3 3 36336 K KK HE K
[Diff_pin] inv_pin wviliff tdelayv _tvp tdelay _min tdelay max
|
45 46 360V Ons KA M2

——

g 3
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|***********************Ex EEMAL MODEL S %% % 3 3 3 3 3 3 3 36 36 3 36 3 36 36 3 3 3 36 3 3636 96 3 36 363 36 3 3636 3 6% 6%

[node declarations]

IBI | For the Memory:
DOO D1 DOZ2 D3 DO4 DS DOe DO7 DOS D9 DO10 DO11 DO12 DO13 DOl4 DOL5s
upgs LDQS UDM LDM DOE A0 A1 A2 A3 A4 AS Ap ATV AR A9 A10 A1l A12 Al3
BAO BA1 RAS N CAS N WE_MN C5_N CEE CLE CLE_N GHND VDD TEST

File [end node declarations]
I

| Instantiate the VHDL Model
(screen 3) [circuit call] MT46VE4M16

|Fort_map port pad-node

|[Map DD hits

Port_map DQO oo

Port_map DQ1 Dol

Port_map DQZ og2

|[Start DO, DM mapping
Port_map UDQZS  UDQS

New IBIS 4.1 Port_map LDQ3 LDQ3

. . Port_map UDM LIDM

Circuit Call Port_map LDM  LDM
|Z2tart Address-Command port mapping
Port_map A0 &0
Port_map &l &1
Port_map AZ b

Fort_map A3 A3
Memory HDL Port map A4 Ad
Model

|Start Control bit port mapping
Port_map CS_N C5_HN
Port_map CEE CEE
|Map CLE Signals
Port_map CLE CLE
Port_map CLE_N CLE_HN
|Misec.

Port_map DQE DOE
[end circuit call]

PCB Traces, Vias,
Passives,
Connectors, etc

Chipset
HDL

43 signals/traces
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I
| IBIS Model Instantiation (Heeded for sach individual signal)

|Port_map port pad-node

IBIS

[circuit call] clk _input
Port_map &_signal 45
- Port_map D_receive CLE

F I Ie Port_map &_gnd G
Port_map &_goref G
Port_map &_pcref VDD

(screen 4) I[en::l circuit call]

[circuit call] clk _input
Port_map &_signal 46
Port_map D_receive CLE_H
Port_map &_gnd G
Port_map &_goref G
Port_map &_pcref VDD

New IBIS 4.1
Circuit Calls

[end circuit call]

| D0 Models:

| D00 :

[circuit call] dg_full
port_map a_signal 2
port_map d_drive Dgl
port_map d_enabkle Dyg_oe
port_map d_receive Dgl
port_map a_sgnd gnd
port_map a_OCREF gnd
port_map a_perefl wdd
port_map a_purefl wwdd
port_map a_pdref gnd
[end circuit call]

Instances of
traditional IBIS
table models

| D3l
[circuit call] dg_full
port_map a_signal 4

PCB Traces, Vias,
Passives,
Connectors, etc

Chipset
HDL

43 signals/traces
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IBIS
File

(screen 5)

New IBIS 4.1
External Circuit

Declaration of
the AMS Power
Supply, HDL
Models, and
Traditional IBIS
table model.

| *#** External Circuit Declarations

| Fower Supply Circuit Call:

[external circuit] Power

Language VHDL-AMS

Corner Tyvp supplv.vhd supplyviideal)

Ports VDD GHD

[end external circuit]

I

|Declars the VHDL DEAM model

[external circuit] MT46VE4M1E6

Language VHDL-AMS

Corner Tyvp mt46vb4dmle.vhd MT46VE4M16 (hehave)

Ports DQO D1 DOZ D03 DO4 DOS DO6 DO7 DS DOS D10 DO11 D12 D13 DQl4 DOLS
Ports LDQS UDQS A0 A1 A2 A3 A4 AL Ap A7 AS A9 AI10 A11 A12 A13 BAQD BAl
Ports CLE CLE N CEE C3_MN RAS N CAS N WE_NW UDM LDM DQE

[end external circuit]

|***********************END EXTERMAL HMODETL, 3 % 3 3 3 3% 3 36 3 3 3 3 36 3 3 3 36 3 3 3 36 3 3 36 36 36 3 3 36 3 3% 6%

|***********************IEIS TABLE MODIET 53 3 3 3 3 36 3 36 3 36 3 3 36 3 3 3 36 3 36 3 3 36 3 36 36 36 3 3 36 36 3636 3 % %

I
[Model ] deg_full

Model tvpe I.70
I

Vinl = 940.000mv
Vinh = 1.560V
Vmeas = 1,250V

Vref = 1.250V

Cref = 30.000pF

Bref = 50.0000hm

I

| tvp min max

I

C_comp d.460pF 3.190pF 3.730pF

- S
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signal_name
VDD
D0

| D) Models:

| Doae:

[circuit call] dg Wull
port_map a_signalIEJ
port_map |[d_driwve |Dgl
port_map [d_snablg Dg
port_map [[d_receivs

a_sgnd gn

mode]l name

POWER
HC

HC
&0

del

port_map |a_GCREF |gnd
port_map |a_pecref [wdd
port_map [a_puref [wdd
port_map la_pdref |gnd
[end circuit call]

I IBIS TABLE MODELS | Instantiate the VHDL My

[Model ] dg_full [circuit call] MI4eVedbla

Model_type 1.0 |Map DO hits

| Port_map

Vinl = 940.000mV Port_map DU D1

Vinh = 1.560V s

‘Jrlnzas = 1.250V Port_map DQE  DQE

Vref = 1 éEDv [end circuit call]

Cref = 30.000pF I

FEref = 50.0000hm

’G%Sﬂl?sr

D3

I e
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E_pin L_pin C_pin

0.034 5.02nH 4.29pF |POWER
0.043 5.22nH 1.26pF |dghbuff
0.043 5.61nH 1.27pF |dghbuff
0.034 4.77nH 4.59pF | GHD

|Declare the WVHDL DRAM model
[external circuit] MT4eVedMlne
Language WVHDL-AMS
Tvp mtdbvbdmlbe.vhd MT46VE4M16 (hehave)
RO 1 D2 D3 D4 DS DR DY DOS

Forts UDM LDM DOR
[end external ci




LTERARY TEEE;
USE IEEE.STD LOGIC 1164.AL
U3k TEEE. 3TD HOGIC UNSIGHNED. ALL;
UsE 2TD TLOGEIC ARTTH. ALL;

AMS
File

WO -] oy 0ol O]

(screen 1) PORT |
inout S5TD LOGIC:=TZ7;
10 dgl : ineout STD LOGIC:="Z";
11 e
12 Addr0 : IN STD LOGIC;
13 Addrl : IN 5TD LOGIC;
14 e
15 Cclk  : IN 2TD LOGIC;
Memory HDL 16 Clk n : IN STD LOGIC:
. 17 Raz n : IN STD LOGIC:
File 15 Caz n : IN STD_LOGIC:
19 We n : IN STD LOGIC;
20 DgE : QUT  STD LOGIC
21 )i
. 22 END MT46VE4M1E;
1/0 declaration -
and 24 architecture behave of MT46VE4M1E is
25 —-— Array for Read pipeline
declaration Of 26 TYPE Array Read cmnd IS ARRAY (8 DOWNTO 0) OF STD LOGIC;
. 27 TYDPE Array Read bank IS ARRAY (8 DOWNTO 0) OF STD LOGIC VECTOR
IntemalStgnals 28 TYPE Array Read cols IS ARRAY (8 DOWNTO 0) OF STD LOGIC VECTOR

29

[




AMS
File

(screen 2)

—— Commands Decods

Active enable <= NOT (C=_in) AND NOT (Ras in) AND Cas in  AND We in;
Aref enable <= NOT (C=z_in) AND NOT (Ras in) AND NOT (Cas in) AND We in;
Burst term <= NOT (Cs_in) AND Ras _in AND Cas_ in  AND NOT (We_in) ;
Ext mode enable <= NOT (C=z in) AND NOT (Ras_in) AND NOT (Cas_in) AND NOT (We in) ;
Mode reg enable <= NOT(Cz in) AND NOT (Rasg in) AND NOT (Cas in) AND NOT (We in);
Prech enakle <= NOT (C=s_in) AND NOT (Ras in) AND Cas in  AND NOT (We in);
Read enable <= MNOT ({C=z 1in) AND Ras_in AND NOT (Cas_in) AND We in;
Write enable <= NOT (C=z_in) AND Rag_in AND NOT (Cas_in) AND NOT (We in);

HDL code to

decode

Commands

e Menbt 25 (s L
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AMS

Hold check : PROCESS

- EEGIN
Flle WAIT ON Sys clk'DELAYED (tIH);
IF 8ys clk'DELAYED (tIH) = '1' THEN
ASSERT (Cke 'LAST EVENT »= tIH)
(Screen 3) REPORET "CEE Hold time viclation -- £IH"

SEVEREITY WARNING:
ASSERT(CS_H'LAST_EVENT »>= tIH)
EEPORT "CS# Hold time wiolation —-- tIH®
SEVEEITY WARNING;
ASSERT(C&S_HTLAST_EVENT = tIH)
REPORT "CAS# Hold time wviclation —-- tIH"
SEVERITY WARNING;
ASSERT(RES_H'LAST_EVENT »>= tIH)
REPORT "RAS#H# Hold time wviclation —-— t£IH"
SEVERITY WARNING:
ASSERT(WE_H'LAST_EVENT »>= tIH)

Codefor Timing REDORT "WE# Hold time wiclation —— tIH"
SEVERITY WARNING;

checks ASSERT (Addr'LAST EVENT >= tIH)
REPORT "ADDE Hold time vioclation —-- ©IH"

SEVEREITY WARNING:
ASSERT(E&'LAST_EVENT == tIH)
EEPORET "EA Hold time viclation —- tIH"
SEVERITY WARNING;
EMD TIF:
EMD PREOCEZS;

[
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Verification
Procedure

1) Import layout

2) Import Models
3) Assign Models
4) Probe Any Net

C:/DesignKits/Micron/ICX_Simulation/355a.icx

Eile Edit Floorplan Synthesis BERGES Report  MWiew  Tools  Oplions

=]

select Check Selected H

Check Al
Modeling Data
Update Timing Incrementally  »

Probe Met

=]
i

4
—

2| ooo

LGS | &1

(a]

Help
¥ l.ed Yr l.Z2754




“. Mentor Graphics Waveform Analyzer

u u u
Verification
_Flle Edlt Wiew Format Cursor T__uuls ﬂ_indnw ﬂe!_p

Procedure fEH e 1 eEx BAALsE aEHARA S L EERRED
Wizvetortn List x

(CO ntinu Ed) Currertly Open Databases =

25 sim (MODULEFRetiad)  (0:\Desi
- UL MODULE_1 L1 _a0 ! [ OTHEREOA
MODLILE_1_LH _Ad . I ; | H ‘ I | MODULE_1 TR
MODLLE_1_U1_a2 d | I [ ! (| Il MODULE_1 UL L
MODULE_1 L1 A3 i L ' B L |8 MopULE 1 Ul
MODULE_1_LH_84 -

MODULE_1_LH _85
MODULE_1_LH _86
MODULE_1_Li_a7
MODULE_1_LM_aa
MODULE_1_LH_89
MODULE_1_LH _810
MODULE_1_LH _a11
MODULE_1_LH_8i12
MODULE_1_LH_843
MODULE_1_LH_Ea0
MODULE_1_LH _Ead
MODULE_1_LH_CAS 1
MODULE_1_LH_CHE
MODULE_1_IH_CLK
MODULE_1_LH_CLK_N
MODULE_1_LH_CS N
MODULE_1_L11_pa@n
MODULE_1_LH_D@
MODULE_1_1M_Da2
MODULE_1_LH_Dad
MODULE_1_L11_pad
MODULE_1_L11_D@s
MODULE_1_1H_Da6
MODULE_1_1M_Day
MODULE_1_LH_Das
MODULE_1_111_paa -
MODULE 1 M D10 0.0u 0.1u 0.2u 0.2u 0.4 0 ; 0.7u 0.2u 0.9y 1.0u

MODULE_1_LH_Di211 "Ll
_fJ—.J 4 Workspace]

| 2:54 PM
R—

5) Analyze Results

L

P Rets - o

SHV, DATE 06, Date 2006 - Company Confidential




Verification
Procedure

C:A\WINDOWS\system32\cmd.exe - ismb

“DPesignHits“Micron~ICH_Simulation>ismh

Syzstem Level Interconnect Synthesis

Uersion: 3.5.83_82 Date: Hed Mov 16 16:33:27 2885
Copyright Mentor Graphics Corporation 1974-2885

fill Rights Reszerved

UNPUBLISHED, LICENSED SOFTUARE.

CONFIDEWTIAL AWD PROPRIETARY IWFORMATION

WHICH IS THE PROPERTY OF MENTOR GHAPHICS CORPORATION
OR ITE LICEWSORE.

(continued)

Hestricted Rights Legend

Uze., duplication or disclosure iz subject
to restrictions stated in contract numbher
MDA??2-93-C-B845 with Mentor Graphics
Corporation

icxdl Uersion: 3.5.83_082 HNov 16 2885 14:39:12
schemer Uersion: 3.5.83_82 HNov 16 2885 14:39:12
charter Uersion: 3.5.83_82 Hov 16 2885 14:39:12
izmh Uerszion: 3.5.83_682 MNov 16 2885 14:3%9:12
Mote: Resolving subsystem at C:/DesignHits MicronsICHE_Simulations355%a.ifc
Mote: Hesolving subsystem at C:/DesignKitsz MWicronsICH¥_SimulationsvtB633_1
Hote: Using ICE_IBIS_SEARCH_PATH for mated models search path.
Mote: Mated Model file search path is .
iz Uersion: 3.5.83_082 Hov 16 2005 14:39:12
Mote: Opening design “C:/DeszsignHits MicronsICK_Simulations355a.icx'.
Hote: Analyzing ElectricalMet A4

5) Analyze Results

T M E M MR S MR ST MR AR MK R M R N MR K ME MK ME EE WE WE WK EE WK EE ME WE R [

Mo Errors Detected
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