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EMIF4 configuration and SW leveling

« Xt T-DDR3 & fr#slicE, M¥Atleveling, mILAZZE 55—
=F
— http://lwww.deyisupport.com/question_answer/dsp_arm/sitara_arm/f/25/t/176
84.aspx
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http://www.deyisupport.com/question_answer/dsp_arm/sitara_arm/f/25/t/17684.aspx
http://www.deyisupport.com/question_answer/dsp_arm/sitara_arm/f/25/t/17684.aspx

« DDRS3 Timing value & EMIF4 register value

#define DDR3_EMIF_READ_LATENCY 0x09

#define DDR3_EMIF_TIM1 0x0888A39B
#define DDR3_EMIF_TIM2 0Xx2E247FDA Parameters
DDR clock frequency 303 MHz
#define DDR3_EMIF_TIM3 0Xx501F821F
#define DDR3_EMIF_SDCFG 0x62C04A32 PHY_INVERT_CLKOUT 0
#define DDR3_EMIF_SDREF 0x0000093B Trace Length (inches)
Byte 0 Byte 1

#define DDR3_ZQ_CFG 0x50074BE4

. DDR_CK trace 1.29 1.29
« SW leveling DDR_DQSx trace 115 1.5
#define DDR3_RD_DQS 0X3A //0x3B
#define DDR3_PHY_FIFO_WE 0XAL //0x10
#define DDR3_WR_DQS 0X3B //0x8
#define DDR3_PHY_WR_DATA 0X77 //0XC
#define DDR3_INVERT_CLKOUT 0x0

ik B AE uboot]E AL H SFarch\arm\include\asm\arch-am33xx[#jddr_defs.hH
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Waveform &B%&
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Schematics &%

« DDR3 J5# K
— FEKEDDR3M Wi 5 1% HAM335xIDATASHEET L [iguide#t {7
« 516 bit DDR3
« X} 8 bit DDR3
— 1] &% starterkitf] 7 3 B 1% 11 http://www.ti.com/tool/tmdssk3358
« DDR3 with Vtt termination

— %% Beaglebone-Black ] 5 ¥ & ¥ it
http://beagleboard.org/Products/BeagleBone%20Black

« DDR3L without Vtt termination

Figure 2 Typical DDR3 “Fly-By” Architecture
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Note: AM335x [JDDR3Z 7% ¥ i1+ DQS/DQMA i3 17 Vit termination
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http://www.ti.com/tool/tmdssk3358
http://beagleboard.org/Products/BeagleBone Black
http://beagleboard.org/Products/BeagleBone Black

Layout &BF

» DDR3Ai it &
— % 2% AM335X DATASHEETH] “DDR3 and DDR3L Routing

» =2

Guidelines” &7
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Debug Fix

« CCS+Emulator
— {§i FH CCS+Emulator¥DDR3[) N A7 X i N Bt hE 4T3 s, & & B he% 1E
WL, hWEEESIER.
 U-boot mtest
— J#idu-bootH frimtestn4 1] AT HIADDR3M L S & 75 1E & o

* Linux booting

— fEu-boot5] Hlinux kernel Bz, <= TkernelffIfiEt|E, oIt <=3 & 2 N AL
ANEERE . BT N Reee 5l S 530, NIgE Ui DDREEWS 1EH 125 .
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DDR3 Issue/#r

» 1% X DDR3L 5 FiiR B I 7 A E Al BE
— DDR3 EMIF4 ZF (74 BLE A 2 (5% M IDDR3M 5 A 4F)
— Custom board 5 Starterkitfjlayoutdf Z Eb 3 K, TIERIA & B HIE -
WK, FREEHTMSW leveling
— DDR3JFHEHiTH %
— DDR3ELRAFIE N E: KIEZDATASHEET I A Z R 2k
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AR T

o HBRGR: REREW IEFboot, HLinuxEElE, Z4TLCDIMRIEF 2S5 R4
crash, HHIIER S, &I,

- BEER:

a) 72 B SW leveling

b) #: 7 DDR3f¥jtiming and EMIF registersi% & & 15 5 %1 M (I DDR3% 5 L
c) 7 DDR3) P % it 2 A o) il

d) ¥ & DDR3[XIPCB layout & 574 [

e) i/ REHRERREES, HiE T e8Ik

- HFREE: &EDDR3MiZ, KIILCDHI%E L EEDDR3 M keepout X 15 P,
H 5DDR3##E £ PR B 711k .

outing Area

Figure 5-51. DDR3 Keepout Region
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Backup




Questions

« How to do single-ended termination for DQS and DQ?
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SDRAM termination

« ZQ calibration: isintended to control the ODT values and output drivers (Rtt
and Ron respectively) of the SDRAM. ZQ calibration is not a controllable
feature from the DSP. It is controlled using a precision (1% tolerance) 240
resistor.

« ODT: In DDR3, the AM335 controller ODT pins (connected to each SDRAM)
serve to turn on or off the SDRAM internal termination. The actual ODT
functionality of each SDRAM is controlled using the mode registers (see the
respective SDRAM data sheets for additional information).

— reg_dyn_odt is the dynamic ODT enable/disable feature available in DDR3.

« SDRAM_CONFIG:

— reg_ddr_term is the termination on the DDR. It is used to enable parallel termination
on the DDR memory when a WRITE command is issued.
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ODT on DDR3

Mode Register

Table 1: MR1 Settings

A9 A6 A2 Rtt_Nom
0 0 0 MNominal ODT disabled
0 0 1 RZQ/4 (600Y)
0 1 0 RZQ/2 (1200)
0 1 1 RZQ/6 (4002)
1 0 0 RZQ/M2 (2002
1 0 1 RZQ/8 (300))
1 1 0 Reserved
1 1 1 Reserved

Table 2: MR2 Settings
A10 A9 Rtt WR

Dynamic ODT disabled

RZQ/4 (60Q)

RZQ/2 (12002)

Reserved

el =1 el =

Notes: 1. RZQ is a precision 2400 calibration resistor that is connected on the DRAM from the ZQ ball
to VSsQ.
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DDR controller termination

e ddr_dataO ioctrl & ddr_datal ioctrl Register

— 10_config_i: 3-bit configuration input to program data IO output
Impedance.

— 10_config_i_clk: 3-bit configuration input to program clock 10
pads(DDR_DQS/DDR_DQSn) output impedance.

Table 9-8. DDR Impedance Control Settings "

Example:
" ’ 0 Drive Setting Imopgg;l:mtc . Drir;e lStirIenlgth RE’;?)TE'i = | ol T for Rux
(Rqn) only oL 49.9 ohms 49.9 ohms
0 0 0 DIv5 16'R,,, 0625, 80 ohms 5 mA
0 0 1 Drv6 133R,, 075", 67 ohms 6 mA
0 1 0 Drv7 114'R_, 08757, 57 ohms 7mA
0 1 1 Drv8 R.. e 50 ohms 8 mA
1 0 0 Do 088'R,., 1125%,,, 44 ohms 9mA
1 0 1 D10 08R., 12507, 40 ohms 10 mA
1 1 0 D 073'R,, 1375',,, 36 ohms 1 mA
1 1 1 Drvi2 067'R,, 157, 33 ohms 12 mA

' These values are programmed in the following registers: ddr_cmd0_ioctrl, ddr_cmd1_joctrl, ddr_cmd2_ioctrl, ddr_data0_joctrl,
ddr_data1_ioctrl.

2 Values for DDR_CMDx_IOCTRL.io_config_i_clk should be programmed to the same value.

) R_, is the external VTP compensation resistor connected to DDR_VTP terminal.
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— 10_config_sr: 2 bit to program data IO Pads output slew rate.

— 10_config_sr_clk: 2 bit to program clock 10 Pads
(DDR_DQS/DDR_DQSn) output slew rate.

Table 9-7. DDR Slew Rate Control Settings'"®

Turn-on Turn-on Time for Drv8 Max Noise on 10
sr0 sr1 Time Level Interface ?;gt.t]l?s? Supply for (EJJNB Setting
15V 17 043
0 0 Fastest
18V 116 0.6
15V 430 017
0 1 Fast
18V 443 024
15V 530 015
1 0 Slow
18V h67 0.21
15V 790 013
1 1 Slowest
18V 815 018

M These values are programmed in the following registers: ddr_cmd0_ioctrl, ddr_cmd1_ioctr, ddr_cmd2_ioctrl, ddr_data0_ioctrl,
ddr_datatl_ioctrl.

2 Walues for DDR_CMDx_IOCTRL.io_config_sr_clk should be programmed to the same value.

# Value is obtained at nominal PTV.

' Value is the average across PTVs.

13 TEXAS
INSTRUMENTS




- DDR_PHY CTRL_1 Register

9-8

reg_phy_rd_local odt

Oh

Value to drive on the 2-bit local_odt (On-Die Termination) PHY
outputs when output enable is not asseried and a read is in progress
(where in progress is defined as after a read command is issued and
until all read data has been returned all the way to the controller.)
Typically this is set to the value required to enable termination at the
desired strength for read usage.

00 = ODT off.

01 = ODT off.

10 = Full thevenin load. Effective ODT is equivalent to 1x the output
driver impedance setting in DDR_DATAx_IOCTRL.io_config_i
register bits.

11 = Half thevenin load. Effective ODT is equivalent to 2x the output
driver impedance setting in DDR_DATAx_IOCTRL.io_config i
register bits.
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Leveling

* Read Leveling

The memory controller also automatically corrects for delay skew
between SDRAMs during Read Leveling. Read Leveling takes
advantage of values loaded into the SDRAMs multi-purposed register
(MPR). The values loaded into this register are used by the DDR3
controller to calibrate each signal path relative to skew. Each respective
SDRAM byte is then internally corrected thus improving performance.

« Write Leveling

The memory controller automatically corrects for delay skew
between SDRAMs during Write Leveling. During Write Leveling,
correction for SDRAM skew (the tDQSS, tDSS and tDSH) is handled
using a programmable DQS delay to shore up the timing relationship to
the clock and strobe signals. During the Write Leveling procedure the
DDR3 controller will delay the DQS until a valid change of state is
detected at the SDRAM clock (CK) signal
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DDR3 Topology

Tree topolo B o
o
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