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• IBIS Overview 

− What is IBIS 

• How is IBIS Used? 

− IO buffer timing and noise issues 

− Need for IO buffer models 

• IO Buffer Modeling Options 

− SPICE vs IBIS 

• IBIS Details  

− Details of Electrical Models and Full Device IBIS 

• Examples 

− Clock, edge rate, DDR 
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• IBIS is one piece of design collateral that FSL NMSG/NPD delivers 

 

• Fills the need to simulate the IO buffers from the devices on a bus 

− Not a power model, not a bus functional model 

 

• IBIS:  Input/Output Buffer Information Specification 

 

• What is IBIS? 

− Not a model, like a SPICE model 

− Tabular description of the IO buffer characteristics 

− Simulators interpret data in IBIS to produce a model 
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• Background – when/where did it start? 

− Behavioral  Modeling 

− Based on properties of IO 

 

− IBIS Specification 1.0:  April 1993 

 Intel credited with driving standard development for use with PCI Bus analysis and 
simulation 

 

− Same Era as PCI Spec: 

 Edge Rates Faster 

 Lumped Loads not as prevalent; move to distributed loads and transmission lines 

• Load 2-10x Edge Rate  treat as transmission line 

 

− Subsequent  key versions: 

 2.1:  December 1995 

 3.2:  September 1999 

 5.0:  August 2008 

 5.1:  August 2012 
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• What consumes/uses IBIS?  What does IBIS feed? 

− Used by multiple EDA tools for signal integrity and timing 
simulations 

− EDA tools have models for the interconnect between devices 

− IO buffer models are needed to drive and receive signals that use 
the interconnect in the design (typically PCB) 

 

− EDA tools customers use: 

 Cadence PCB SI (translates to Cadence DML model) 

 Mentor Hyperlynx 

 Synopsys HSPICE 

 Agilent ADS 

 Sigrity Speed 2000 

 Altium 
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• Timing Budgets Include Driver, Receiver, Interconnect 

− IBIS is used for predicting how the driver interacts with the interconnect  

− IBIS is used for predicting how the receiver interacts with the interconnect 



11 TM 

Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, ColdFire+, C-Ware, the Energy Efficient Solutions logo, Kinetis, mobileGT, PEG, PowerQUICC, 

Processor Expert, QorIQ, Qorivva, SafeAssure, the SafeAssure logo, StarCore, Symphony and VortiQa are trademarks of Freescale Semiconductor, Inc., Reg. U.S. Pat. & Tm. Off. 

Airfast, BeeKit, BeeStack, CoreNet, Flexis, Layerscape, MagniV, MXC, Platform in a Package, QorIQ Qonverge, QUICC Engine, Ready Play, SMARTMOS, Tower, TurboLink, Vybrid and 

Xtrinsic are trademarks of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. © 2013 Freescale Semiconductor, Inc. 

How to calculate the system effects when interfacing with our devices? 

How is the digital design implemented in the physical world (typically 
printed circuit board)? 

 

Drivers interact with interconnect 

• Driver impedance 

• Driver edge rate 

• De-emphasis/Equalization 

 

Receivers interact with interconnect and effect driver 

• Capacitive load  

• Receiver clamping  

• Termination 

• Equalization 
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How to predict 
behavior of the CPU 
driving the DDR 
DIMMs? 

 

Driver: CPU  

• Drive strength 

 

Interconnect: 

• Package 

• PCB Traces 

• DIMM Sockets 

• DIMM routing 

• Crosstalk 

 

Receiver: Memory 

• ODT 

 

CPU 

DDR 
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Will the PCB  

Interconnect degrade 
data eye from CPU to 
connector? 

 

Driver: CPU  

• Equalization 

 

Interconnect: 

• Package 

• PCB Traces/Vias 

• Connector 

• Crosstalk 

 

Receiver:  

• Termination 

• Equalization 

 

PEX Slot 

CPU 
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Slow Clock 

 

What if Routing to 

Clock Load is not 

at end of net? 

 

How do edge rates 

affect solution? 

 

What simulation 

options are 

available? 
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How to model the IO buffers? 

 

Driver Model: 

- Linear value: ZD = RD 

- IV data – use in Bergeron Plots 

- Circuit Model 

 

Receiver Models: 

- Lumped capacitor 

- IV data 

- Circuit Model 
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• Better means that linear models:   

− SPICE  

− Behavioral 

 

• SPICE solutions used for circuit design 

− Based on IO buffer’s physical dimensions 

 

• SPICE has long runtime for layout-based (most accurate) IOs 

 

• SPICE could have proprietary buffer design and process information 

 

• SPICE models may not easily work together if global parameters are 
used in IO models. 

 

• IBIS fast runtime and data descriptive of IO buffer 
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Data needed for electrical modeling of the IO: 

•   Electrical Data 

•   Hardware Specification Data 

•   Pin Listing   

•   Package Data 
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DC IV Data  
• Pulldown 
• Pullup 
• Ground Clamp 
• Power Clamp 
 
Transient (Voltage vs. Time) Data 
• Ramp or dv/dt ratio 
• VT: rising, pulled low 
• VT: rising, pulled high 
• VT: falling, pulled low 
• VT: falling, pulled high 

 
Data is simulated or measured across process, voltage, temperature 
• IBIS min:  worst-case drive (slow process, low voltage,  high temperature) 
• IBIS typ: typical-case drive (typ process,    typ voltage,   typ temperature) 
• IBIS max:  best-case drive (fast process,   high voltage, low temperature) 
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Vdd 

Vdd 

Vss 

Vout 
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Pulldown Extraction: 

Excite Pulldown (e.g. NMOS) 

Sweep I vs. –Vdd to 2Vdd 
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Pullup Extraction: 

Excite Pullup (e.g. PMOS) 

Sweep I vs. –Vdd to 2Vdd 0 

Vdd 

Vss 

Vout 

s 

g 
d 

s 
g 

d 
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50 ohms 

Rising and Falling Voltage vs. 

Time table with 50 ohm 

resistive load tied low 
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Rising and Falling Voltage vs. 

Time table with 50 ohm 

resistive load tied high 
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Signal name and buffer description items: 

• Pin List 

• Signal to IO buffer model map 

• Programmable/selectable drive strength IOs 

• Differential pair map 

 

 
Operating conditions and Hardware Spec value items: 

• OVdd: min, typ, max 

• Temperature: min, typ, max 

• Test Load: Vmeas, Vref, Cref, Rref 

• Input voltage levels:  Vinl, Vinh 

• Overshoot and undershoot levels 
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• IBIS Checker Status 

− IBIS checked using 3.2, 4.1, 5.0 checkers 

− Visual IBIS inspection 

− Warnings reviewed 

 

• Simulation Comparison  

− IBIS-based simulations vs. internal SPICE 

 

• Measured IBIS 

− Tester-based IBIS data  

− Allows IBIS to track actual silicon and process updates 
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Simulated vs Measured Pulldown Data
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• Examples of problems IBIS can help evaluate: 

1) Slow Bus Daisy Chain Route 

 Vary Edge Rate and Terminations 

 

2) Input Signal Edge Rate 

 Clock Signal Edge Rate  need to meet FSL clock input timing specs 

 

3) Input (Read) Signal Quality  

 Look at Die vs Pin 

 

4) DDR Read Signal 

 

5) DDR write timing 

 DDR3-1866 with two DIMM slots 

• Simulate to measure which DIMM slot has best signal quality and timing 
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Slow Clock 

 

What if Routing to 

Clock Load is not 

at end of net? 

 

How do edge rates 

affect solution? 

 

What simulation 

options are 

available? 
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Design File: JTAG_simplified_edge_rate_example_virt2_drvr_080912.ffs

HyperLynx LineSim v8.2

U_rcvr_mi...

VIRTEX-5
LVCMOS18_S_4

U_drvr_sl...

VIRTEX-II
LVCM84S

TL3

48.8 ohms
858.640 ps
5.000 in
JTAG_DUT_TCLK

TL6

48.8 ohms
1.375 ns
8.000 in
JTAG_DUT_TCLK

U_rcvr_en...

VIRTEX-5
LVCMOS18_S_4
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OSCILLOSCOPE
Design file: JTAG_SIMPLIFIED_EDGE_RATE_EXAMPLE_VIRT2_DRVR_080912.FFS         Designer: Freescale

HyperLynx v8.2
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OSCILLOSCOPE
Design file: JTAG_SIMPLIFIED_DIV25_EDGE_RATE_EXAMPLE_VIRT5_FAST_STRONGER_DRVR_SERIES_TEE_080912.FFS         Designer: Freescale

HyperLynx v8.2

Date: Thursday Aug. 9, 2012   Time: 13:39:35

Show Latest Waveform = YES
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OSCILLOSCOPE
Design file: JTAG_SIMPLIFIED_DIV25_EDGE_RATE_EXAMPLE_VIRT5_FAST_STRONGER_DRVR_TEE_CAP_MISMATCH_080912.FFS         Designer: Freescale

HyperLynx v8.2

Date: Thursday Aug. 9, 2012   Time: 13:55:03

Show Latest Waveform = YES
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• Simulate Various Clock Drivers 

− Do the Clock Drivers meet the HW spec values for the SYSCLK spec? 

− Look at Edge Rate at CPU. 

− Look at Fast and Slow Corners for Clock Driver and CPU SYSCLK 

input from IBIS models. 
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• Especially an issue for signals into CPUs 

 

• Large package sizes create longer transmission lines/delays 

 

• Reflection from end of transmission line will distort signal not at 

end of transmission line 
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• Top is Memory to P4080 

• Middle is Memory to Memory 

• Bottom is Memory to Memory with 

probe point 150ps from end of net 

• Purpose is to test effect of P4080 

package probe point at pin vs die 

− P4080 package electrical length is 

approx 150 ps 

Die vs Pin 

D esign File : v 48c _to_p4080_053110.ffs

H yperLynx L ineSim V8.0

U2_p4080...

p4080_rev01_july09
D1_MDQ00

U1_mu_v4...

MT41J128M8V48C
DQ0

TL1

50.0 ohms
540.000 ps
Simple

U3_mu_v4...

MT41J128M8V48C
DQ0

TL2

50.0 ohms
540.000 ps
Simple

U5_mu_v4...

MT41J128M8V48C
DQ0

U4_mu_v4...

MT41J128M8V48C
DQ0

TL3

50.0 ohms
540.000 ps
Simple

U6_mu_v4...

MT41J128M8V48C
DQ0

TL4

50.0 ohms
150.000 ps
Simple

C1

10.0 fF



76 TM 

Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, ColdFire+, C-Ware, the Energy Efficient Solutions logo, Kinetis, mobileGT, PEG, PowerQUICC, 

Processor Expert, QorIQ, Qorivva, SafeAssure, the SafeAssure logo, StarCore, Symphony and VortiQa are trademarks of Freescale Semiconductor, Inc., Reg. U.S. Pat. & Tm. Off. 

Airfast, BeeKit, BeeStack, CoreNet, Flexis, Layerscape, MagniV, MXC, Platform in a Package, QorIQ Qonverge, QUICC Engine, Ready Play, SMARTMOS, Tower, TurboLink, Vybrid and 

Xtrinsic are trademarks of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. © 2013 Freescale Semiconductor, Inc. 

OSCILLOSCOPE
Design file: V48C_TO_P4080_053110.FFS         Designer: Freescale PC

HyperLynx V8.0

Comment: Micron V48C driving Micron V48C (at die) 

Date: Tuesday Jun. 15, 2010   Time: 12:17:59

Cursor 1, Voltage = 747.4mV, Time = 1.1265ns

Cursor 2, Voltage = 728.5mV, Time = 1.5018ns

Delta Voltage = 18.9mV,   Delta Time = 375.2ps
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OSCILLOSCOPE
Design file: V48C_TO_P4080_053110.FFS         Designer: Freescale PC

HyperLynx V8.0

Comment: Micron V48C driving Micron V48C (at pin)

Date: Tuesday Jun. 15, 2010   Time: 12:09:26

Cursor 1, Voltage = 747.4mV, Time = 1.1265ns

Cursor 2, Voltage = 728.5mV, Time = 1.5018ns

Delta Voltage = 18.9mV,   Delta Time = 375.2ps
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OSCILLOSCOPE
Design file: V48C_TO_P4080_053110.FFS         Designer: Freescale PC

HyperLynx V8.0

Comment: Micron V48C driving P4080 (at die) 

Date: Tuesday Jun. 15, 2010   Time: 12:18:27

Cursor 1, Voltage = 747.4mV, Time = 1.1265ns

Cursor 2, Voltage = 728.5mV, Time = 1.5018ns

Delta Voltage = 18.9mV,   Delta Time = 375.2ps
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OSCILLOSCOPE
Design file: V48C_TO_P4080_053110.FFS         Designer: Freescale PC

HyperLynx V8.0

Comment: Micron V48C driving P4080 (at pin)

Date: Tuesday Jun. 15, 2010   Time: 12:09:03

Cursor 1, Voltage = 747.4mV, Time = 1.1265ns

Cursor 2, Voltage = 728.5mV, Time = 1.5018ns

Delta Voltage = 18.9mV,   Delta Time = 375.2ps
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OSCILLOSCOPE
Design file: V48C_TO_P4080_053110.FFS         Designer: Freescale PC

HyperLynx V8.0

Comment: Micron V48C driving Micron V48C (at pin) with 150 ps added for package length for P4080 vs Memory

Date: Tuesday Jun. 15, 2010   Time: 12:11:40

Cursor 1, Voltage = 747.4mV, Time = 1.1265ns

Cursor 2, Voltage = 728.5mV, Time = 1.5018ns

Delta Voltage = 18.9mV,   Delta Time = 375.2ps

-200.0

0.00

200.0

400.0

600.0

800.0

1000.0

1200.0

1400.0

1600.0

-200.0 200.0 600.0 1000.0 1400.0

Time  (ps)

V
o

l
t

a
g

e
  -m

V
-

V [U6_mu_v48c_rcvr_with_tl_pkg.1 (at pin)]

V [C1.1 (at pin)]



TM 

Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, ColdFire+, C-

Ware, the Energy Efficient Solutions logo, Kinetis, mobileGT, PEG, PowerQUICC, Processor 

Expert, QorIQ, Qorivva, SafeAssure, the SafeAssure logo, StarCore, Symphony and VortiQa are 

trademarks of Freescale Semiconductor, Inc., Reg. U.S. Pat. & Tm. Off. Airfast, BeeKit, BeeStack, 

CoreNet, Flexis, Layerscape, MagniV, MXC, Platform in a Package, QorIQ Qonverge, QUICC 

Engine, Ready Play, SMARTMOS, Tower, TurboLink, Vybrid and Xtrinsic are trademarks of 

Freescale Semiconductor, Inc. All other product or service names are the property of their 

respective owners. © 2013 Freescale Semiconductor, Inc. 



82 TM 

Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, ColdFire+, C-Ware, the Energy Efficient Solutions logo, Kinetis, mobileGT, PEG, PowerQUICC, 

Processor Expert, QorIQ, Qorivva, SafeAssure, the SafeAssure logo, StarCore, Symphony and VortiQa are trademarks of Freescale Semiconductor, Inc., Reg. U.S. Pat. & Tm. Off. 

Airfast, BeeKit, BeeStack, CoreNet, Flexis, Layerscape, MagniV, MXC, Platform in a Package, QorIQ Qonverge, QUICC Engine, Ready Play, SMARTMOS, Tower, TurboLink, Vybrid and 

Xtrinsic are trademarks of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. © 2013 Freescale Semiconductor, Inc. 

  Tester Output                  Receiver at Pin/C5                    Receiver at Die/C4 
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• Goal is to look at DDR3 write waveforms for DDR3-1866 to see if first 

or second DIMM slot shows better signal integrity behavior 

− Look at one dual-ranked, two dual-ranked, one quad-ranked DIMM options 
 

• PCB is based on T4 QDS preliminary layout  

− 50 ohm PCB 

− 6 inch trace from CPU to first DIMM 
 

• IO buffer models for CPU are P4080 and are not T4-based 
 

• Comments: 

− A single dual-ranked DIMM shows improvement for using the second slot of two slots 

(farthest from CPU). 

− Two Dual Ranked or one Quad Ranked DIMM does not show as strong of a 

preference for first or second DIMM location from this set of simulations (with non-T4 

models). 
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Read/Write DIMM #_DIMMs Slot 
Data Eye Width at AC-

DC Vin Levels (Ave 
High & Low Vin - ps) 

Write Dual Rank 1 2 426 

Read  Dual Rank 1 2 399.5 

Read  Dual Rank 2 2 354.5 

Read  Dual Rank 2 1 351 

Write Dual Rank 2 2 350.5 

Write Dual Rank 2 1 346.5 

Write Quad Rank 1 2 334 

Write Dual Rank 1 1 332 

Read  Dual Rank 1 1 305.5 

Write Quad Rank 1 1 285.5 

Read  Quad Rank 1 2 234.5 

Read  Quad Rank 1 1 234 
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Read/Write DIMM #_DIMMs Slot 
Data Eye Width at AC-

DC Vin Levels (Ave 
High & Low Vin - ps) 

Write Dual Rank 1 2 406.5 

Read Dual Rank 1 2 359 

Write Dual Rank 2 2 321 

Write Dual Rank 1 1 309.5 

Write Dual Rank 2 1 307.5 

Write Quad Rank 1 2 299 

Read Dual Rank 1 1 295.5 

Read Dual Rank 2 2 283 

Write Quad Rank 1 1 250 

Read Dual Rank 2 1 247 

Read Quad Rank 1 1 196.5 

Read Quad Rank 1 2 177 
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• Write to Slot 1 • Write to Slot 2 

OSCILLOSCOPE
Design file: P4080_FULL_ZO50_MBD_6IN_2X_DUAL_RANK_DIMM_W_CONNECTOR_TL_011212.FFS         Designer: Freescale

HyperLynx v8.1.1

Comment: P4080 DDR3 Full Strength IO driving 50 ohm Mbd with Two Dual Rank DIMMs; Measure at First DIMM slot

Date: Thursday Jan. 12, 2012   Time: 17:42:03
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OSCILLOSCOPE
Design file: DDR3_WRITE_TO_SLOT2_P4080_FULL_ZO50_MBD_6IN_2X_DUAL_RANK_DIMM_W_CONNECTOR_TL_011312.FFS         Designer: Freescale

HyperLynx v8.1.1

Date: Friday Jan. 13, 2012   Time: 11:38:54

Cursor 1, Voltage = 615.0mV, Time = 200.0ps

Cursor 2, Voltage = 650.5mV, Time = 555.8ps

Delta Voltage = 35.5mV,   Delta Time = 355.8ps
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• Write to Slot 1 • Write to Slot 2 

OSCILLOSCOPE
Design file: DDR3_WRITE_TO_SLOT1_P4080_FULL_ZO50_MBD_6IN_1X_DUAL_RANK_DIMM_W_CONNECTOR_TL_011312.FFS         Designer: Freescale

HyperLynx v8.1.1

Date: Friday Jan. 13, 2012   Time: 13:29:30
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OSCILLOSCOPE
Design file: DDR3_WRITE_TO_SLOT2_P4080_FULL_ZO50_MBD_6IN_1X_DUAL_RANK_DIMM_W_CONNECTOR_TL_011312.FFS         Designer: Freescale

HyperLynx v8.1.1

Date: Friday Jan. 13, 2012   Time: 12:11:18
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• Write to Slot 1 • Write to Slot 2 

OSCILLOSCOPE
Design file: DDR3_WRITE_TO_SLOT1_P4080_ZD18_ZO50_QUAD_RANKED_DQ63_V79_011312.FFS         Designer: Freescale

HyperLynx v8.1.1

Date: Friday Jan. 13, 2012   Time: 14:06:26
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OSCILLOSCOPE
Design file: DDR3_WRITE_TO_SLOT2_P4080_ZD18_ZO50_QUAD_RANKED_DQ63_V79_011312.FFS         Designer: Freescale

HyperLynx v8.1.1

Date: Friday Jan. 13, 2012   Time: 14:27:09
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• Read from Slot 1 • Read from Slot 2  

OSCILLOSCOPE
Design file: DDR3_READ_FROM_SLOT1_V79D_ZD34_ZO50_MBD_6IN_P4080_ODT60_2X_DUAL_RANK_DIMM_W_CONNECTOR_TL_011612.FFS         Designer: Freescale

HyperLynx v8.1.1

Date: Monday Jan. 16, 2012   Time: 16:49:45
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V [U_cpu.1 (at die)]

OSCILLOSCOPE
Design file: DDR3_READ_FROM_SLOT2_V79D_ZD34_ZO50_MBD_6IN_P4080_ODT60_2X_DUAL_RANK_DIMM_W_CONNECTOR_TL_011612.FFS         Designer: Freescale

HyperLynx v8.1.1

Date: Monday Jan. 16, 2012   Time: 16:24:14
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• Read from Slot 1 • Read from Slot 2  

OSCILLOSCOPE
Design file: DDR3_READ_FROM_SLOT1_V79D_ZD34_ZO50_MBD_6IN_P4080_ODT60_1X_DUAL_RANK_DIMM_W_CONNECTOR_TL_011612.FFS         Designer: Freescale

HyperLynx v8.1.1

Date: Monday Jan. 16, 2012   Time: 17:59:07
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Design file: DDR3_READ_FROM_SLOT2_V79D_ZD34_ZO50_MBD_6IN_P4080_ODT60_1X_DUAL_RANK_DIMM_W_CONNECTOR_TL_011612.FFS         Designer: Freescale

HyperLynx v8.1.1

Date: Monday Jan. 16, 2012   Time: 18:10:12

-200.0

-0.00

200.0

400.0

600.0

800.0

1000.0

1200.0

1400.0

1600.0

100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0 900.0
Time  (ps)

V
o

l
t

a
g

e
  -m

V
-

V [U_cpu.1 (at die)]



93 TM 

Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, ColdFire+, C-Ware, the Energy Efficient Solutions logo, Kinetis, mobileGT, PEG, PowerQUICC, 

Processor Expert, QorIQ, Qorivva, SafeAssure, the SafeAssure logo, StarCore, Symphony and VortiQa are trademarks of Freescale Semiconductor, Inc., Reg. U.S. Pat. & Tm. Off. 

Airfast, BeeKit, BeeStack, CoreNet, Flexis, Layerscape, MagniV, MXC, Platform in a Package, QorIQ Qonverge, QUICC Engine, Ready Play, SMARTMOS, Tower, TurboLink, Vybrid and 

Xtrinsic are trademarks of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. © 2013 Freescale Semiconductor, Inc. 

• Read from Slot 1 • Read from Slot 2 

OSCILLOSCOPE
Design file: DDR3_READ_FROM_SLOT1_QUAD_RANKED_DQ63_V79_NOODT_ZD34_P4080_ODT60_011612.FFS         Designer: Freescale

HyperLynx v8.1.1

Date: Monday Jan. 16, 2012   Time: 15:12:52
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Design file: DDR3_READ_FROM_SLOT2_QUAD_RANKED_DQ63_V79_NOODT_ZD34_P4080_ODT60_011612.FFS         Designer: Freescale

HyperLynx v8.1.1
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