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In the beginning ...

There was SPICE ... and it was sssslllooowy

but nobody cared, because hey ...
time didn’t exist yet

Then, there was time ...
But, never quite enough
Then, there was IBIS
and, it was good, and simple to use, and saved much precious
time
Then, came new technology
which brought a plague of new keywords across the land
Then, IBIS grew large and unwieldy
and slow to respond to new technologies
Then, the IBIS wise-men ... errrr ...wise-people said
let there be AMS
And, then there was AMS
and it was very good
Then, the masses rejoiced & created multitudes of innovation i
some of which not even the wise-people had foretold ...




Behold ...
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IBIS 4.1 Measurement Model

. > DDR2 Msgs
FULLEL — Measurement ¥
Circuit
Board Model
IBIS DQS IBIS
3.2 a 3.2
Model Model
IBIS DQO BIS
3.2 W 3.2
Model Model

*But, where do violation messages go?
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Measurement Model in
IBIS 4.1 Functional Si

IBIS 4.1 Memory Model
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[Fin] signal_name model_name E_pin L_pin C_pin
|
1 Do MC 0.043 5.22nH 1.26pF |dgbuff
2 CE T 0.030 £.78nH 0D.91pF |cllk input
3 CE# T 0.029 £.73nH D.86pF |cllk input
[Diff_pin] inv_pin wvdiff tdelay_tvp tdelay_min tdelay_max
3 360V Ons BIA 312N
|
|***********************EXTERNﬁL MODEL *# % % X X % XX X XXX XXX XXX XXX XXX XXX XXX EXEXX XX XS
[node declarations] | Instantiate the DJ input huffer
oo CLE CLE_W GRD VDD [Circuit call] dg_full_input
[end node declarations] Port_map A signal 1

Port_map D_receiwve DO
| Instantiate the clock *

| IBIZ input huffer [end circuit call]

[circuit call] clk input |

Port_map A signal 2 | Instantiate the DDRZ Measurement Model
Port_map D_receive CLE [circuit call] DRZ_DQ_CHECE
. Fort_map DO 1

[end circuit call] Port_map DQS_p 2

| Port_map DOS_n 3

[circuit call] clk_input [end circuit call]

Port_map A signal 3 |

Port_map D_receiwve CLE_N |dezlare the DDREZ Measurement Model
... [external circuit] DOS_DQ_CHECE

[end circuit call] language vhdl-ams

corner typ DOS_DO.wvhd DOS_DO (hehaw)
ports DO DOS_p DOS_n
[end external circuit]

|***********************END EXTERMATL MODET, 2 3% 3% 3 3 3 36 3 3 3 3 36 3 3 36 36 3 3 3 3 3 3 36 36 3 36 36 3 3 3 365 %%

| i
[y -_— L

IBIS 4.1 Memory Model

[Mode] ] deg_full_input

Model_ tvpe Input r ’ "
|

Vinl = 940.000mV

Vinh = 1.560V

*How to deal with single-clock, multiple data?
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PRCEAGE Data_ Sheet DDRZ2_ 400 IS

conatant VDDQ real :=
constant VIACMIN G : real
constant VIERCMAX real
constant VEEFDC real
constant VIHACMIN real
consatant VIHDCMIN real
constant VILDCMAK real
constant VILACMAK real
constant VINDCMAK real
constant VINDCMIN real
constant VIDACMIN @: real
conatant TCK time :=
conatant tDQSH time :=
conatant tDQSL time :=
constant tD5 base time :=
constant tDH base time =
conatant MAXOVERSHOOT rea
conatant MAXUNDERSHOOT re
conatant MAXOVERSHOOTARERD
conatant MAXUNDERSHOOTARER
—— unita of wvaluea of horiz
conatant dga_slew _units I
—— walues of Horizontal axi

conatant dgs_salew wvalues
{ r r r r r

r
values

— unita of of wverti
conatant dg_ slew units e
—— walues of wvertical axis

conatant dg_ slew wvalues d

(2.0,1.5, N

r
of table

constant derating table_uni

Memory Data Sheet

—— table entrie
constant derating table_dat
--dgs=4.0, 3.0, 2.0,
{ r r r r

r r r r

r r r r
desh,dash, - P . -
dash,dash, dash,dash, -
desh,dash, dash,dash, dash
desh,dash, dash,dash, dash
desh,dash, dash,dash, dash
dash,dash, dash,dash, dash

end package;
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na;
*TCH
*TCH
*pa;
*pS H
1l := H
gl := H
real
real

1= 5
BXia of
eal = H wvolta/ns
3 of table (must be descending!)
dga_slew _walue type =

' ' -
Xis

cal a of table
gl := ; — wolta/ns
of table (must be descending!})
gs_slew_walue type =
' ' )z
ta time := *p3;

a derating_table type :=
1.8, 1.6, 1.4,
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*How to deal with multiple speed grades?
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TANGENT

MEASUREMENT

Wait for vref crossing
Store data points
Wait for vix_ac cross

Calculate the slope
from each point to the
vix_ac crossing point

Return the maximum
slope

Wait for vix_dc
crossing

Calculate the slope
from each subsequent
point back to the
vix_dc crossing

Wait for vref crossing

Return the max slope

end proce3as;

wait until VREFDC; -- wait for &
max slope:=0.0; daeta point cntr:=0; setup crossing <= *3ec;
while not vix ac"event loop —- atore &ll the data points ur
data point w{data point cntr) := Vin'reference;
data point t{data point_cntr) := now;
wait on vix ac, ASP;*--
data point_cntr := data point _ecntr + 1;
end loopr -— go on to find the maximum
setup crossing <= now;
for i in min 3lope to data point _cntr-1 loop
slope := (cros3ing point v - data point w{i)) /
{crassing point_t - data_point_t{i)}:
if slope > max slope then max slope:=3lope; end if;
end loop:
setup 3lope <= mMBX 3lope;

crossing of correct direction

L AL LT Lol LigLl

ram = Fme meawt sSrrert
WB1T IO NEeXC evVeLntr

31ope

wait until not wix_dec; -- wailt
max slope = =
cro3sing point v := Vin'reference; crodsing _point ti=now:
—— calculate 3lope of each point until vix dc, or max points
while not VEEFDC"event loop

wait on VEEFDC, ASP ;

glope := —(Vin'reference - crossing_point v) /

(now - cro33ing point t);

if slope > max slope then max slope := slope; end
end loop:
hold slope <= mex slope; — im v/3
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*But, “ASP” isn’t an IEEE-1076.1 standard.

andling removed for clarity)

1 and AMS



Absolute and Area Over/Undershoot

Create events on
crossings

Wait for a crossing
into the overshoot or
undershoot area

. . begin

While in the wait until vwdd cross or not vws3_cross;

over/undershoot area, area := (.07 la ) := 1a

. while vdd cross or not w33 cro3s loop

Integrate the area wait on ASE;

under the curve if win <« . - X [ win) -*:'nuu last nSF:I ; end if;

if vin > VI : (i if

- . if area >

At any time, if tl_'le RERORT

maximum area Is exit;

exceeded, generate an
violation message

Notice: “REF” is e
included in each .- PORT BEF&-Violation - MAOVERSHOOT or MAXUNDERSHOOT Level Exceededs
message ;

Hﬂ.i process;

Error if absolute |imit end architecture;

is exceeded *But, how to get “REF” into the model?

'ﬁM sﬂl&r%mn wi Tand AMS {% '




Setup Violation Check

[ _3lope’transaction)
e ing : time := O*a3ec;
variable expected, actual : line;
begin
derating := interp derating table (dga_slope, 3etup slope, SETUP, EEF):
if setup time = *3ec then
i tion — D transistion in progress during DQS event™:
me'left then
rent) - setup time < e+derating then

ra = {actual, {now 3t_ewvent)-setup_time,left);
sexpected.alls™. Rctual: "sactual.all:

end process;

Trigger the process after each DQS slope is determined (VIXACMAX-0.50*VDDQ)
Read and interpolate the derating chart according to DQ and DQS slew rate

If DQ is in transition (setup_time=0), report a violation

If derating is valid, check the setup time

If actual setup time is less than derated setup specification, report violation

_(error and excegtioi iiﬁdling removeg ior clarity)
EMSRE e easurement wi Aand AMS




Timing Analysis with IBIS 3.2 Models

(adjusting pin-to-pin specs to die-to-die timing)

Adjustments to Digital Output Timing:
tQSQ(actual) = tQSQ(spec) + (At, -Aw

Adjustments to Digital Input Timing:

IBIS i

32 | | DQS
| Model !
| —At—| |
(Atr?t“) Model |
At |

Vi

PC

DDR2
Memory
Digital
HLD
Model

tDS(actual) = tDS(spec) + (At,-At;)
@H(actual) = tDH(sp




Timing Analysis with IBIS 3.2 Models

(compensating for delay in IBIS 3.2-models)

Adjustments to Propagation Delay:

tPCQ (actual) = tPCQ(spec) - (At,+At,)

Adjustments to Setup and Hold:

tSU(actual) = tSU(spec) + (At,-At,)
tH(actual) = tH(spec) + (At,-At,)

\_ —~ e N
IBIS IBIS
. 3.2 | 3.2 b
Model Model
—At— Printed At
IBIS Circuit
3.2 : Board T >
Model y 32
—At,— Model
| At
IBIS *Can At be made standard
Clock » 3.2 between models and tool
Model vendors?




Timing Analysis with IBIS 3.2 Models

No adjustment needed
when measuring at pins

IBIS
3.2
Model

IBIS
3.2
Model

DQS

DQO

Printed
Circuit
Board

DDR2
Measurement
Model

IBIS

3.2
Model

| IBIS

3.2
Model




Trace Routing

Budget |55 4.1 Memory Model
> DDR2 Timi
| Measurement iming
Model Slack
Data *
IBIS DQS IBIS
3.9 3.2
Model Model
IBIS DQO IBIS
3.2 3.2
Model Model

*But, how to get slack data into layout tool?

*What slew value to use?




IBIS 4.1 and IEEE 1076.1

Global -- Open Industry Standard

Portable between IBIS4.1-1076.1 simulators
Complete Automation

No user intervention required

violation messages pinpoint problems
Tests all connections in one simulation

All 180 cpu—mem and 128 mem—cpu nets in one step
Modeling Engineer is in complete control

No need to involve the IBIS committee or EDA vendors to add
new functions or features




Future Applications

Automated PCI Express Test Suite?
2227




Next Steps

EDA Vendors
Support IBIS 4.1 AMS

Silicon Vendors
Develop and Release IBIS 4.1 AMS models

PCB Engineers
Demand the benefits of IBIS 4.1 AMS

Accept no substitutes

IBIS Committee
Stay tuned for Ian’s presentation

waMBRR



Thanks to

Randy Wolfe and his associates at Micron for
advice on interpreting the JEDEC DDR2

specification and moral support in developing this
measurement model.

Todd Westerhoff for help using IBIS 3.2 models in
timing analysis.
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