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1. Definition of words
® Frame
Picture data written to or read from memory through MIF. A frame consists of multiple lines.
® Line
Row data element consists of multiple dots.
® Dot
Data element consists of R/G/B data.
® v size
Vertical size (line number) of a frame.
® h_size

Horizontal size (dot number) of a line.

® DDR initialization
To send command sequence to memory for initialization.

® Controller start-up
Sequence of reset and control signals for L_MIF and PHY, and DDR initailzation.
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2. Overview

2.1. Function overview

L MIF [EYRT L IF MHDEKRIZKY, AAShi- frame data  DDR2 SDRAM NEEAA, £f- DDR2
SDRAM MbEiAH LT- frame data 2 AT L IF AE AT EHEELZHFDOATY IF ED2—ILTHS. L_MIF
[ X7 L IF £ DDR PHY IF DRI CT—42E Yy MED %
DRAM 87Vt R T BH1=6(Z Address 4 RiHaEZE 1D,

L MIFIZRFICLORETAVIEHFL . LORZIFERELTRIE/NSA—FELTE . DRAM #lfHl, T AME—F D

HELZEEITOIENTES,
2.2. Normal function

2.2.1. Frame format

——

172,

TOEIE L_MIF Z&LTAEYIZ write/read 95 frame DA A—LTH B,

‘————DZISA|e}0}———

h_sync h_bp h_fp
Ot » < »
v_sync {}
A
v_bp
Y
line i i_
. a. I
valid data area T: ‘
used for memory access ‘0.
i
A
vfp v dummy data area

1 frame [FEED line MBI, 1 line (XEED dot HhHERISN S, 1 dot (& R(5bit)/G(6bit)/B(5bit).

total 16bit D T—AMLERINS,

‘«—disp_h_size———»
‘¢—— total_h_size—— @ ™"

F-VATLIF D ERIZIGCTEYR

dot
( ) line
¥
R G B
(5bit) | (6bit) | (5bit)

Fig. 1: Frame image

L_MIF [XLLTF D frame format IZX IS RIEETH 56

Table 1: Frame format

frame format | total_h_size | disp_h_size | total_v_size | disp_v_size
name [dot] [dot] [line] [linel
QXGA 2448 2064 1562 1552
FHD 2280 1920 1090 1080
FHD(HFR) 2256 1968 1114 1104
WUXGA(HFR) 2208 1936 1226 1216
4K2.4K 2320 2080 1226 1216
2K1K 2412 2052 1094 1084
WUXGA 2292 1924 1214 1204
SXGA+ 1764 1404 1064 1054

dummy data area (blanking) DE#R X TFEED ELY,
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Table 2: blanking spec

blanking spec min max
v_sync [linel 1 total_v_size — disp_v_size — 2
v_bp [linel 2 total_v_size — disp_v_size — 1
v_fp [line] 0 total_v_size — disp_v_size — 3
h_sync [dot] 0 total_h_size — disp_h_size
h_bp [dot] 0 total_h_size — disp_h_size
h_fp [dot] 0 total_h_size — disp_h_size

f=f=L.
(v_sync +v_bp + v_fp) = (total_v_size — disp_v_size) >= min 4 [line]
(h_sync + h_bp + h_fp) = (total_h_size — disp_h_size) >= min 120 [dot]
EI %

B4 XL LR DHD LIS 3 bus performance DR EFE A TR ATREE TS (BEIE Y A X (X451 5]

ETEEIND),
% frame format @ dot rate (min/max)&ZZNZNRIZTT

Table 3: dot rate

frame format dot rate [MHz]
name min max
QXGA 228.150 239.850
FHD 148.200 311.600

FHD(HFR) 147.713 310.575
WUXGA(HFR) 158.438 333.125

4K2.4K 169.650 356.700

2K1K 157.950 332.100
WUXGA 166.725 350.550
SXGA+ 112.125 235.750

2.2.2. DRAM bit width

L_MIF @ *ti3 % DRAM E kgl 16bit (x1) T#H 3.

2.2.3. Additional frame format

ToRIE L_MIF QOHYR—~F HEMD frame format TH 5.

Table 4: Additional frame format

Ka
filt

frame format total_h_size | disp_h_size | total_v_size | disp_v_size dot rate [MHz]
name [dot] [dot] [line] [line] min max
MAXCASE 2500 2112 2058 2048 150.491 316.418
WXGA 2040 1368 820 768 48.929 205.754
BLKMIN 2040 1920 1084 1080 64.682 271.997
BLKMAX 4096 1368 4096 768 160.875 338.250
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2.3. Test function

L_MIF [ETRAMRARELTUTO#HEEZEED,

Table 5: Test function

Name Description
Disable(ignore) write operation at system IF.
memory write test User can write any data to given address in the memory through
register IF.

Disable(ignore) read operation at system IF.
memory read test User can read any data from given address in the memory
through register IF.

Add parity bit to memory write data.

arity check mode ) . )
party Check parity bit after memory read and notify error count.

memory write test & memory read test &, FF A DHERED AL TEE. LLLITRFFICEA L LEMESE
BELTED, FADTAMERED A ENESEHHEE. 5 —A(E normal function Z#ElT%, parity check
mode (FhDTRAMEREL (LIRIILTEMET 5,

2.4. Other function
L MIF (XZDMDBEELTUTDEHEDZERFED,

Variable DDR SDRAM timing parameter
Variable PHY IF timing parameter

Auto refresh control

DDR initialize sequence control (auto/manual)
DDR power-down/self-refresh control

PHY setting control

2.5. Target device

® JEDEC DDR2-667D (5-5-5), 256Mb(16Mb x 16), 512Mb(32Mb x 16), 1Gb(64Mb x 16)
® JEDEC DDR2-800E (6-6-6), 256Mb(16Mb X 16), 512Mb(32Mb x 16), 1Gb(64Mb x 16)
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3. Basic configuration
3.1. Block diagram

L_MIF ®78vyYER%ETFIZRY,

——clock, reset—» L_MIF
SYSIF block
L |€—System IF-
system i
-System setting ! €COM IF» t?lc())(':\:l( <«—PHY [F—>|
SRAM IF
T _ | Dpre
4 DDR2 | SDRAM
SYSIF CcoM PHY
register IF register IF
PHY
REG block register IF
REGIF  UFT register IF test block |

i) ¢—’ (UFT)

........................

Fig. 2: Block diagram

3.1.1. SYSIF block

SYSIF block [ System IF & COM IF BO7Oka)LE#RETTS, System IF A5 frame-rw request & write
frame data Z5(1HY . COM block H¥52(1HxY aJE7%: format [CZE#EL T memory write request &—#&(C
COM IF N 739 %, £f- COM ~ memory read % request LT read frame data 5 (+HY) . System IF @
format ICE#LTH DT B,

SYSIF block (& write {112 1line 43, read {8l(Z 2line 5@ data # &9 5 line buffer(SRAM)Z#D,

System IF /i@ frame-rw request 123 LT SYSIF Ov2I(EiREIBIZGREST-IEET)COM IF
arbitration #1735,

F 1= System setting IF DEREICKY BB YA XD HEN{THND,
3.1.2. line buffer(SRAM)

line buffer (X&£%:590 vV TEIMET 5 2 DDHR—FEHD dual port SRAM T#H 5, line buffer 1 @5 D H A
X% 64bit x 528word, SYSIF block @ write {1Z 1 {&. read {81IZ 2 {&. & 3 {8 line buffer NEFHIh 3,
2 DDR—FD3B KA write D&, £5—AIL read DAHIZFERSI S,

line buffer [ line data Z{##L T. line data MY Ay FYH#z &, System IF &£ COM IF DT Ora/L L #E
(EvMRZ L arbitration) ICH BRIV RABEITIOICERIND,

3.1.3. COM block

COM block [& COM IF A5 memory write/read request F1=zI& COM register IF MDD EKRIZKY . DDR2
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SDRAM VU — U RZEHA ML TPHY IFAEH HE1T5, F£7-COM IF £PHY IF M T write/read data
DZITELZEZITLN, PHY IF OFIEIHBELGESDERBITI, £z COM block (& register setting [ZkY
DDR initialize, AREF, power-down, self-refresh Q& #4475,

3.1.4. REG block

REG block [& SYSIF, COM, PHY & T AVIDREZEITIT=H D register block THH. 1—+HIF REG IF
#BLTH register [T7 VAT BHIEMNTES, register setting [£. SYSIF register IF, COM register IF,
PHY register IF #@LT& I OVINESIND,

3.1.5. DDR2 PHY

DDR2 PHY I& PHY IF, PHY register IF Z&L T L_MIF &Eficnd/\—R<H0OT, L_MIF hoDHIEIC
#£>T DDR2 SDRAM D77t A%,

3.2. Clock specification

L MIF o8y 9) ARETORIZETS,

Table 6: clock list

Clock name Frequency Description
Clock for System write IF.

Ik 180MH
pe max z equal to (write dot rate/2).

Ik 166MH Clock for COM block, REG block, COM IF, REG IF, SYSTEM
m max z

¢ register IF, COM register IF and PHY register IF.
mclkx2 max 333MHz Clock for PHY IF.

SO0y DBERITITORINOESY T, melk DILEYTyPE melkx2 DL EYT YD IXREIZALTEY. O£ T
DoOvIEORRZRIFIERLTHS,

ek ] [ LT LT 1| |

Asynchronous

mk | _ | | [/ L] LI |

mclk rising edge is aligned
i to mclkx2 rising edge.

pEpipSpipininipinin

Fig. 3: clock relationship

OOV IR A ETDORIZET .
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L_MIF

<«—System IF >

—System setting [F—»

SYSIF block

line buffer
(write)

line buffer
(read)

=COM IF—p»|

COM
block

<——PHY [F—>»

T

T

SYSIF
register IF l

v

Cco

M

register IF

pclk domain

mclk domain

mclkx2 domain

PHY
REE [l register IF
] ]
REG IF UFT register IF
v v
Fig. 4: clock domain
3.3. Reset specification
L_MIF @ asynchronous reset # FORIZEIT3,
Table 7: reset list
Reset name Active Description
rst_x Low Asynchronous reset for all FFs in L_MIF.
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4. 10 pin specification

UTF.L MIF®IOE Y RMERT,

4.1. Clock, reset
Table 8: clock, reset pin list
Name Bit In | Initial From To CIocII( Description
num | Out | value domain
pclk 1] In - TOP | SYSIF - Clock for System IF.
SYSIF Clock for COM block, REG block, COM IF, REG IF,
mclk 1] In - TOP | COM - SYSTEM register IF, COM register IF and PHY
REG register IF.
mclkx2 1] In - TOP | COM - Clock for PHY IF.
SYSIF
rst_x 1 In - TOP | COM - Asynchronous reset for all FFs in L_MIF.
REG
4.2. System IF
Table 9: System IF pin list
Name Bit In | Initial From To CIocI.( Description
num | Out | value domain
mif_rst 1| In - system | SYSIF pclk Synchronous reset for System IF. Active high.
mif_enable 1] In - system | SYSIF pclk Write and Read Data Enable.
wdata 32| In - system | SYSIF pclk Write Data.
rdata 32 | Out 0 SYSIF | system pclk Read Data.

4.3. System setting IF

Table 10: System setting IF pin list

Name Bit In | Initial From To ClOCI,( Description
num | Out | value domain
v_addr_time_mif 12| In - system | SYSIF pclk Indicates vertical line number of a frame.
h_addr_time_mif 12 | In - system | SYSIF pclk Indicates horizontal dot nhumber of a frame.
4.4, REG IF
Table 11: REG IF pin list
Name Bit In | Initial From To CIocI.( Description
num | Out | value domain
madres 16 | In - regbus | REG mclk | register bus address
mdataw 8| In - regbus | REG mclk | register bus write data
mdatar 8 | Out 0 REG | regbus | mclk | register bus read data
mwen 1] In - regbus | REG mclk | register bus write enable
mren 1] In - regbus | REG mclk | register bus read enable
45, PHY IF
Table 12: PHY IF pin list
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Name Bit In | Initial From To CIOCl,( Description
num | Out | value domain
phy_cs_x 1| Out 1 COM | PHY | mclkx2 | DDR CS
phy_ras_x 1| Out 1 COM | PHY | mclkx2 | DDR RAS
phy_cas_x 1| Out 1 COM | PHY | mclkx2 | DDR CAS
phy_we_x 1| Out 1 COM | PHY | mclkx2 | DDR WE
phy_odt 1| Out 0 COM | PHY | mclkx2 | DDR on—die termination control
phy_cke 1| Out 0 COM | PHY | mclkx2 | DDR CKE
phy_ba 3 | Out 0 COM | PHY | mclkx2 | DDR bank address
phy_addr 15 | Out 0 COM | PHY | mclkx2 | DDR address
phy_dgsoe 1| Out 0 COM | PHY | mclkx2 | DQS and DQ output buffer enable
phy_wdq0 16 | Out 0 COM | PHY | mclkx2 | Write data O
phy_wdqgl 16 | Out 0 COM | PHY | mclkx2 | Write data 1
phy_wdm0Q 2 | Out 0 COM | PHY | mclkx2 | Write data mask 0
phy_wdm1 2 | Out 0 COM | PHY | mclkx2 | Write data mask 1
phy_rdemd 1| Out 0 COM | PHY | mclkx2 | Read command enable to PHY
phy_rdq0 16 | In - PHY | COM | mclkx2 | Read data O
phy_rdq1l 16 | In - PHY | COM | mclkx2 | Read data 1
phy_rodten 1| Out 0 COM | PHY | mclkx2 | PHY read on—die termination enable
4.6. PHY register IF
Table 13: PHY register IF pin list
Name Bit In | Initial From To CIOCl,( Description
num | Out | value domain
phy _rst_x 1| Out 0 REG | PHY | mclk | PHY reset (Active low)
phy_ddri 1| Out 0 REG | PHY mclk | Set ddr1 pinto 0
phy_cal_en 1| Out 0 REG | PHY mclk | Calibraton enable
phy_comp_sel 1| Out 1 REG | PHY mclk | Auto calibration select
phy_dip 5 | Out 0 REG | PHY mclk | PHY DIP setting
phy_din 5| Out 0 REG | PHY mclk | PHY DIN setting
phy_clkoen 1| Out 1 REG | PHY mclk | DDR clock and ODT driver output enable
ohy_cmdoen 1 | out 1 REG | PHY melk DDR ADDR,BA,RAS,CAS,WE and CS driver output
enable

phy_gds 2| Out | 2b01 | REG | PHY mclk | Read pointer counter control
phy_sio 1 | Out 0 REG | PHY mclk | DQS single—ended mode select
phy_odtmd 2 | Out 0 REG | PHY mclk | PHY read ODT setting
phy_dqie 1| Out 1 REG | PHY mclk | Enable DQ and DQS receiver
phy_dllsel 3 | Out 0 REG | PHY mclk | Read DQS DLL delay setting
phy_fldo 1] In - PHY | REG - DLL lock flag
phy_dllpdn 1| Out 0 REG | PHY mclk | DLL power—down control
phy_dlifrange 2 | Out 0 REG | PHY mclk | DLL reference frequency select
phy_msdly 2 | Out 0 REG | PHY mclk | Read window position logic setting
phy_dmyodt 1| Out 0 REG | PHY mclk | Enable ODT for the DUMMY pin

12/64




Sony LSI Design Inc. CONFIDENTIAL

4.7. UFT register IF

Table 14: UFT register IF pin list

Name Bit fn Initial From To CIOCl,( Description
num | Out | value domain
p_l_uft_phy_on 1 Out 0 REG UFT mclk | for test block
p_l_phy_tpg on 1 Out 0 REG | UFT | mclk | for test block
p_l_phy_tpg_start 13 Out 0 REG UFT mclk | for test block
p_l_phy_tpg_ end 13 Out 0 REG UFT mclk for test block
p_l_phy_al_delay 1 Out 0 REG | UFT mclk | for test block
p_l_phy_gds_delay 1 Out 0 REG UFT mclk for test block
p_l_phy_tpg_seed 8 Out 0 REG UFT mclk for test block
p_l_phy_crc_on 1 Out 0 REG | UFT mclk | for test block
p_l_phy_crc_trig 13 Out 0 REG UFT mclk | for test block
p_l_phy_crc_start 13 Out 0 REG UFT mclk | for test block
p_l_phy_crc_end 13 Out 0 REG UFT mclk | for test block
p_l_phy_crc_result 32 In 0 UFT REG mclk for test block
p_uft_Ivds_run 1 Our 0 REG TOP mclk for test block
p_uft_Ivds_ch_en 4 Our 0 REG TOP mclk for test block
p_uft_Ivds_vsz_all 13 Our | 0x020D | REG TOP mclk for test block
p_uft_lvds_vsz_act 13 Our | 0x01E0 | REG TOP melk for test block
p_uft_lvds_vpos 13 Our | 0x0028 | REG | TOP mclk for test block
p_uft_lvds_hsz_all 13 Our | 0x035A | REG TOP melk for test block
p_uft_lvds_hsz_act 13 Our | 0x02D0 | REG TOP melk for test block
p_uft_Ivds_hpos 13 Our | 0x0078 | REG TOP mclk for test block
p_uft_lvds_seed 10 Our | 0x155 REG TOP mclk for test block
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5. Register map

L MIF DL RATYTDR—IXFTRLRIE,
<Base Address>: OxOF00

EMRD Register DT7RFLAIZ,
<Register Address> = <Base Address> + <Offset Address>

LUTF.L MIF DL RETYTERT,

5.1. SYSIF register

Table 15: SYSIF register map

UL Register nam Bit Parameter ign e Function
Address egister name arameter assig Write | value unctio
0x0000 | reserved
0x0001 | TST_MODE [2:0] | tst.mode RW 0 0: Normal function mode
1: Memory write test is enabled
2: Memory read test is enabled
3: Memory write test and memory read test are enabled
4: Parity check mode is enabled
5-7: reserved
[4] | tst_.mode_force RW 0 When toggled 0 to 1, test mode is forced (enabled without
wr_rst/rd_rst).
0x0002 | TST_CTRL [0] | tst.cmd_req RW 0 When set to 1, test command request is issued.
(clear function is deleted)
[1] | tst.cmd status R 0 Indicates test command is being excuted.
[7:4] | tst.cmd_mode RW 0 0x0: Test command is Read x 1
0x1: Test command is Write x 1
0x2: Test command is Write x 2
OxF: Test command is Write x 15
0x0003 | TST _ADRO [7:0] | tst_ cmd_addr[7:0] RW 0 Test command address.
0x0004 | TST_ADRI1 [7:0] | tst_.cmd_addr[15:8] RW 0 Corresponds to CMD IF address.
0x0005 | TST_ADR2 [5:0] | tst.cmd_addr[21:16] | RW 0
0x0006 | reserved
0x0007 [7:0] | tst.wdO[7:0] .
0x0008 TST_WDO [7:0] | tst wdO[15:8] RW 0 Test write data 0.
0x0009 [7:0] | tst.wd1[7:0] .
TST_WDT1 - R 0 T 1.
0x000A | o1V [7:0] | tst.wd1[15:8] W est write data
0x000B [7:0] | tst.wd2[7:0] .
- R .
0x000C TST_WD2 [7:0] | tst wd2[15:8] W 0 Test write data 2
0x000D [7:0] | tst.wd3[7:0] .
0x000E TST_WD3 [7:0] | tst wd3[15:8] RW 0 Test write data 3.
0x000F | reserved
0x0010 [7:0] | tst_rdO[7:0]
0x0011 TST_RDO [7:0] | tst rdo[15:6] R 0 Test read data 0.
0x0012 [7:0] | tst_rd1[7:0]
TST_RD1 - R T 1.
0x0013 | 1o1- [7:0] | tst.rd1[15:8] 0 est read data
0x0014 [7:0] | tst_rd2[7:0]
R - R .
0x0015 | 1o 1-RD2 [7:0] | tst_rd2[15:8] 0 | Test read data 2
0x0016 [7:0] | tst rd3[7:0]
0x0017 TST_RD3 [7:0] | tst rd3[15:6] R 0 Test read data 3.
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0x0018 | ERR_HOLD [0] | err_hold RW 0: Refresh error count at every mif_rst.
1: Hold error count.

0x0019 | ERR EVEN L [7:0] | err_even[7:0] R Parity error count for even data.
: ERR_EVEN_M [7:0] | err_even[15:8]

0x001B | ERR EVEN H [7:0] | err_even[23:16]

0x001C | ERR. ODD L [7:0] | err_odd[7:0] R Parity error count for odd data.
: ERR_.ODD_M [7:0] | err_odd[15:8]

0x001E | ERR_.ODD_H [7:0] | err_odd[23:16]

0x001F
: reserved

0x0030

5.2. COM register

Table 16: COM register map

et Register name Bit Parameter assign foady Rl Function
Address Write | value
0x0031 | COM CTRL [0] | com_enable RW 0 When set to 1, COM block is enabled.
COM mode setting and DDR timing parameter will be valid when
this bit is toggled 0 to 1.
[4] | com status R 0 0: COM block is not active.
1: COM block is active.
0x0032 | COM_DEVSEL [0] | ddr_cabit RW 0 0:CA=9bit
1:CA=10bit
[1] | ddr_8bank RW 0 0:BA=2bit (4bank device)
1:BA=3bit (8bank device)
0x0033 | COM_TPARAMO [2:0] | ddr t_red RW 0x5 | DDR timing parameter
[6:4] | ddr_t.rp RW 0x5 | DDR timing parameter
0x0034 | COM_TPARAMI1 [4:0] | ddr_t.rc RW Ox14 | DDR timing parameter
0x0035 | COM_TPARAM2 [4:0] | ddr t_ras_min RW OxOF | DDR timing parameter
0x0036 | COM_TPARAM3 [2:0] | ddr t_rrd RW 0x4 | DDR timing parameter
[5:4] | ddr_t.rtp RW 0x3 | DDR timing parameter
0x0037 | COM_TPARAM4 [2:0] | ddr t_mrd RW 0x2 DDR timing parameter
0x0038 | COM_TPARAMS [7:0] | ddr t_rfc RW | 0x23 | DDR timing parameter
0x0039 | COM_TPARAMG6 [7:0] | ddr t_refi[7:0] RW | 0x28 | DDR timing parameter
0x003A | COM_TPARAM7 [3:0] | ddr_t_refi[11:8] RW OxA | DDR timing parameter
0x003B | COM_TPARAMS8 [1:0] | ddr t_wtr RW 0x3 DDR timing parameter
[5:4] | ddr t_rtw add RW 0 DDR timing parameter
0x003C | COM_INITMOD [0] | ddr_auto_init_en RwW Ox1 0: Disable auto DDR initialization at pos—edge of com_enable.
1: Enable auto DDR initialization at pos—edge of com_enable.
0x003D | COM_AREFMOD [0] | ddr aref en RW 0x1 | O: Disable auto refresh.
1: Enable auto-refresh.
[7:4] | ddr_aref num RW Ox1 Number of AREF commands consecutively performed after one
AREF request. AREF request is issued every period of
(ddr_aref num * ddr_t_refi /2) cycle @mclk.
0x003E | COM_SET_REFI [0] ddr_set_trefi RW 0 After changing ddr_t_refi, toggle this bit 0 to 1 (if tREFI needs to
be changed), then new ddr_t_refi value is set to AREF controller.
0x003F | DRCMD_CTRL [0] | drcmd_req RW 0 When set to 1, direct command request is issued.
(clear function is deleted)
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0x0040 | DRCMD_CMD [3:0] | drecmd_cmd RW 0 Direct command type
0x0: NOP
Ox1: Precharge all
0x2: Auto refresh
0x3: MRS
0x4: EMRS1
0x5: EMRS2
0x6: EMRS3
0x7: Device deselect
0x8: Self refresh entry
0x9: Power down entry
O0xA to OxF: Reserved
0x0041 | DDR.MR_L [7:0] | ddr_mr[7:0] RW | 0x52 | DDR MR setting
0x0042 | DDR_.MR_H [7:0] | ddr_mr[15:8] RW | 0x08 | Used for auto-initialization and direct command
0x0043 | DDR_EMR1_L [7:0] | ddr_emr1[7:0] RW 0 DDR EMR1 setting
0x0044 | DDR_EMR1_H [7:0] | ddr_emr1[15:8] RW 0 Used for auto—initialization and direct command
0x0045 | DDR EMR2 L [7:0] | ddr_emr2[7:0] RW 0 DDR EMR2 setting
0x0046 | DDR EMR2 H [7:0] | ddr_emr2[15:8] RW 0 Used for auto—initialization and direct command
0x0047 | DDR EMR3_L [7:0] | ddr_emr3[7:0] RW 0 DDR EMRS3 setting
0x0048 | DDR_EMR3_H [7:0] | ddr_emr3[15:8] RW 0 Used for auto—initialization and direct command
0x0049 | PHYIF_ PARAMO [2:0] | phyif wen_lat RW 0x3 | PHY IF setting
[6:4] | phyif wodt_lat RwW Ox1 PHY IF setting
0x004A | PHYIF_PARAM1 [2:0] | phyif wodt_ext RW Ox1 PHY IF setting
[6:4] | phyif wdata_lat RW 0x4 | PHY IF setting
0x004B | PHYIF_PARAM2 [2:0] | phyif_ren_lat RW 0x5 | PHY IF setting
[6:4] | phyif rodt_lat RW 0x3 | PHY IF setting
0x004C | PHYIF_PARAM3 [2:0] | phyif rodt_ext RW 0x5 | PHY IF setting
[4] | phyif_.wodt_en RW 0 Write ODT enable
0x004D | PHYIF_RDLAT [2:0] | phyif_rdlat RW 0x3 | PHY IF setting
5.3. PHY register
Table 17: PHY register map
S Register name Bit Parameter assign Read | Initial Function
Address Write | value
0x004E | PHY_RESET [0] | phy_rstx RW 0 PHY reset (Active low)
0x004F | PHYC_DDRI1 [0] | phy_ddr1 RW 0 Set phy_ddr1 pin to 0
0x0050 | PHYC CALCTRL [0] | phy_cal_en RW 0 Calibraton enable
[4] | phy_comp_sel RW Ox1 Auto calibration select
0: Use dip/din setting for impedance configuration.
1: Auto calibration select.
0x0051 | PHYC_DIP [4:0] | phy_dip RW 0 PHY DIP setting
0x0052 | PHYC_DIN [4:0] | phy_din RW 0 PHY DIN setting
0x0053 | PHYA_OE (0] phy_clkoen RW Ox1 DDR clock and ODT driver output enable
0: Output disable
1: Output enable
[4] | phy_cmdoen RW Ox1 DDR ADDR,BA,RAS,CAS WE and CS driver output enable
0: Output disable
1: Output enable
0x0054 | PHYD_GDS [1:0] | phy_gds RW Ox1 Read pointer counter control
1: read data is valid RL+4 after read command
2: read data is valid RL+5 after read command
0, 3: invalid setting
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0x0055 | PHYD_IOCTRL [0] | phy_sio RW 0 DQS single—ended mode select
0: DQS differential mode
1: DQS single—ended mode
[4] | phy_dgie RW Ox1 Enable DQ and DQS receiver
0: Input disable
1: Input enable
0x0056 | PHYD_ODTMD [1:0] | phy_odtmd RW 0 PHY read ODT setting
0: Off
1: 75 ohm
2: 150 ohm
3: 50 ohm
0x0057 | PHYD_DLLSEL [2:0] | phy_dllsel RW 0 Read DQS DLL delay setting
0x0058 | reserved
0x0059 | PHYD.DLL_LOCK | [0] | phy._fldo R - DLL lock flag
0x005A | PHYD DLLMD [0] | phy_dllpdn RW 0 DLL power—-down control
0: DLL power—down
1: DLL power—on
[5:4] | phy_dlifrange RW 0 DLL reference frequency select
0: DDR2 600 to 810
2: DDR2 350 to 600
1, 3: Reserved
0x005B | PHYD_MSDLY [1:0] | phy_msdly RW 0 Read window position logic setting
0x005C | PHYD_DMYODT [0] | phy_dmyodten RW 0 Enable ODT for the DUMMY pin
5.4. UFT register
Table 18: UFT register map
Offset Register name Bit Parameter assign Read | Initial Function
Address Write | value
0x0060 | UFT_PHY_L 00 [0] | p_luft_phy_on RW 0 for test block
[1] | p_Lphy_tpg on RW 0 for test block
[7:2] | p_l_phy_tpg_start[5:0] RW 0 for test block
0x0061 | UFT_PHY_L 01 [6:0] | p_l_phy_tpg start[12:6] RW 0 for test block
[7] | p_Lphy_tpg_end[0] RW 0 for test block
0x0062 | UFT_PHY_L 02 [7:0] | p_lphy_tpg_end[8:1] RW 0 for test block
0x0063 | UFT_PHY_L_ 03 [3:0] | p_l_phy_tpg_end[12:9] RW 0 for test block
[4] | p_lLphy_al_delay RW 0 for test block
[5] | p_lphy_gds_delay RW 0 for test block
0x0064 | UFT_PHY_L_ 04 [7:0] | p_lphy_tpg_seed[7:0] RW 0 for test block
0x0065 | UFT_PHY_L_05 [0] | p_lphy_crc_on RwW 0 for test block
[7:1] | p_l_phy_crc_trig[6:0] RW 0 for test block
0x0066 | UFT_PHY_L 06 [5:0] | p_l_phy_crc_trig[12:7] RW 0 for test block
[7:6] | p_l_phy_crc_start[1:0] RW 0 for test block
0x0067 | UFT_PHY_L_07 [7:0] | p_Lphy_crc_start[9:2] RW 0 for test block
0x0068 | UFT_PHY_L 08 [2:0] | p_l_phy_crc_start[12:10] RW 0 for test block
[7:3] | p_l_phy_crc_end[4:0] RW 0 for test block
0x0069 | UFT_PHY_L_09 [7:0] | p_Lphy_crc_end[12:5] RW 0 for test block
0x006A | UFT PHY_L OA [7:0] | p_lphy_crc_result[7:0] R 0 for test block
0x006B | UFT_PHY_L_OB [7:0] | p_lphy_crc_result[15:8] R 0 for test block
0x006C | UFT_PHY_L 0OC [7:0] | p_lphy_crc_result[23:16] R 0 for test block
0x006D | UFT_PHY_L OD [7:0] | p_Lphy_crc_result[31:24] R 0 for test block
0x006E | UFT_LVDS_ TPG. 00 [0] | p_uft_Ivds_run RW 0 for test block
[4:1] | p_uft_Ivds_ch_en[3:0] RW 0 for test block
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0x006F | UFT_LVDS. TPG 01 [7:0] | p_uft_Ivds_vsz_all[7:0] RW | OxOD | for test block
0x0070 | UFT_LVDS_TPG_02 [4:0] | p_uft_lvds_vsz_all[12:8] RW 0x02 | for test block
0x0071 | UFT_LVDS TPG. 03 [7:0] | p_uft_Ivds_vsz_act[7:0] RW | OxEO | for test block
0x0072 | UFT_LVDS TPG. 04 [4:0] | p_uft_Ivds_vsz_act[12:8] RW | 0x01 | for test block
0x0073 | UFT_LVDS_TPG_05 [7:0] | p_uft_Ivds_vpos[7:0] RW | 0x28 | for test block
0x0074 | UFT_LVDS TPG_ 06 [4:0] | p_uft_Ivds_vpos[12:8] RW 0 for test block
0x0075 | UFT_LVDS TPG. 07 [7:0] | p_uft_Ivds_hsz_all[7:0] RW | Ox5A | for test block
0x0076 | UFT_LVDS_TPG_08 [4:0] | p_uft_Ivds_hsz_all[12:8] RW 0x03 | for test block
0x0077 | UFT_LVDS_TPG_09 [7:0] | p_uft_lvds_hsz_act[7:0] RW | 0xDO | for test block
0x0078 | UFT LVDS TPG._0A [4:0] | p_uft_Ivds_hsz_act[12:8] RW | 0x02 | for test block
0x0079 | UFT_LVDS TPG 0B [7:0] | p_uft_Ivds_hpos[7:0] RW | 0x78 | for test block
0x007A | UFT_LVDS_TPG_0C [4:0] | p_uft_Ivds_hpos[12:8] RW 0 for test block
0x007B | UFT_LVDS_TPG_0OD [7:0] | p_uft_lvds_seed[7:0] RW 0x55 | for test block
0x007C | UFT_LVDS TPG_OE [1:0] | p_uft_Ivds_seed[9:8] RW 0x1 | for test block
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6. IF specification
6.1. System IF

System IF [&. L_MIF A% system &) frame-rw request & write frame data %3 [1HXY. read frame data %
HANTDIFTHD, CD IFDEFIFELT pelk ICRIEALTEMET S,

|

: L_MIF |

| |

| |

F————mif_rst———+ |

. mif enable——pb o :
system

Y wdata[31:0]—+ > :

< «—rdata[31:0]—— I

| |

| |

e e = Jd

Fig. 5: System IF

wdata[31:0]& rdata[31:0](EZF L Zh 2dot 43 (16bit x 2)DE wMEZEHFS . dot data (X FHEIBIANSIEIZFEHS
na,

bit
31 16 15 0
wdata dot2 dot1

R2 | G2 | B2 | Rt | G1 | Bt
(5bit) | (6bit) | (5bit) | (5bit) | (6bit) | (5bit)

bit
31 16 15 0
rdata dot2 dot1

R2 | G2 | B2 | R1 | G1 | Bl
(5bit) | (6bit) | (5bit) | (Bbit) | (6bit) | (5bit)

Fig. 6: wdata and rdata

1 frame (X v_addr_time_mif line M5 EM., 1 line (X h_addr_time_mif/2 cycle@pclk @ wdata £7=I&
rdata Mo EIN S,

frame

line 1 A

line 2

line 3
line 4 v_addr_time_mif
line 5 > line

line 6

line 7

line 8

: J
N ’ /

h_addr_time_mif/2 cycle * (wdata or rdata)

Fig. 7: frame image
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TOXIE System IF DEAXEHETH D,

mif_rst

mif_enable

wdata

rdata

frame N | |

frame N+1 |

frame N-1 | |

frame N |

v_addr_time_mif

B <
line

v_addr_time_mif

line

frame N+2 |

frame N+1 |

v_addr_time_mif
line

Fig. 8: basic operation

mif_rst=1 A' frame-rw request DIFFEYZERL. ZTDE frame D write & read HNEIFFIZIT
Z D 1 frame BilZ write LT=7L—LFHAHLTHAT S,

Hhnsd,read Al

mif_enable=1 M &E M wdata HHEXH% write frame data &7%7Y . rdata [EZFHH 5 Scycle B THZN% read
frame data D H HZE1T5, write A frame N @ line M % write LTL\5&EZE. read f8]1E frame N-1 @ line M

HAHI %,
mif _rst \/ |_\|) frame—rw start
mif_enable } """" l__| \X\r‘
wdata | line 1 | | line 2 | line 3 \\ |I|ne M-1 | | line M |
rdata I|ne1 [ | line 2 | | line 3 | \\| line M—1 | | line M
- 1 frame (vfaddrftimefm}f\line) >
)
4 N
pclk \ \
mif_enable 1line a ;|
h_addr_time_mif/2 cycle @Pc‘:lk
wdata | D1 [ D2 | D3 | D4 | D5\ Dn |
-------------- 3cycle--p
rdata | b1 [ D2 \\pn-3|Dn-2|Dn-1] Dn |
. s %

Fig. 9: frame and line data

mif_rst & mif_enable M #l74: timing spec (T TFTORDELY,
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disp_h_size/2 total_h_size/2 h_fp h_sync + h bp
[cycle@pclk] [cycle@pclk] min: 0 [cycle@pclk] min: 0 [cycle@pclk]
mif_rst 4 i |_ 4 ;
mif_enable__'::“ | lj;_‘—,ﬂ |

i ¢———line——

disp area—»+

i——V_fp—Pi¢—v sync—Pie———v bp—— !

v_fp v_sync
min: 0 [line] min: 1 [line]
D —

v_bp
min: 2 [line]

v_blank (total_v_size — disp_v_size [line])
min: 4 [line]

h_addr_time_mif = disp_h_size

v_addr_time_mif = disp_v_size

B

e line——>ie——line——>»"

i«

disp area
(disp_v_size [line]) ™.

h_vlank
(total_h_size — disp_h_size)/2 [cycle@pclk]
min: 60 [cycle@pclk]

Fig. 10: detailed timing spec of mif_rst/mif_enable

mif_enable=1 ® 1 XA 1 line &%:% (mif_enable M3 EYM5 line HBREY . mif_enable M FY T b
%), mif_enable=0 M XEZELA TEHED line H read/iwrite ShbZ&IZ&Y frame HERIN S,

mif_enable=1 O EARIAS h_addr_time_mifl2 44 V)L EBZHEE . ZD line M read/write [EZ L E{TH7E
LY, Ff= mif_enable MRT line A% v_addr_time_mif ##8zx5&E, £ frame M read/write [FZFH LI E
TFhHT . RO mif_rst AHEFD,
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6.2. Internal Bus (COM IF)

COM IF (%, SYSIF block A" COM block ~ memory write/read ZZ 3R L . write data %> read data D=+
ELZEITS IF THD. D IF DIESIFET melk ICEEIL TEMET B,

sys_cmd_req—»
——sys_cmd_addr[21:0]—>]
sys_cmd_len[3:0]—>
sys_cmd_write——»
sys_w_data[63:0]—3» COM
sys_w_mask[7:0]—» block

SYSIF
block

[€———com_ready:
[ €«———com_r_valid
l€——com r data[63:0]——]

Fig. 11: COM IF

6.2.1. COM IF write

COM IF write BfDEKENMEFTT

mclk |_|
______ should be low until data transfer end -.....should be low until data transfer end
sys_cmd_req e I >
sys_cmd_addr | addr | X [ addr | X x| addr |
sys_cmd_len | len: | X i Ten | X x| len |
sys.cmd_write | 1 | - X [ 1] X X | 1 |
<—sys_cmd_len word—>» <«————sys_cmd_len word——»
sys_w_data | DO HRIN [ Dn | DI [ D2 [ D3 | | Dx | DO |
sys_w_mask | MO HIIN [ W | M M2 ] w3 [ mx | MO |
com_ready
command is valid command is valid
at this timing at this timing

Fig. 12: COM IF write request

sys_cmd_reg=1 M &E SYSIF M5 COM ~MD memory access &K (command)ZRL. TDEE
sys_cmd_write=1 THALIEZNH write command THAHZEETRT , SYSIF [& sys_cmd_req=1 EFEIBIC
sys_cmd_addr &sys _cmd_lenZH L. F1=sys_w_data & sys w_mask [& write 35 & #) D word @ data
& mask #H 5195, COM block [& com_ready {§5 T command = I(TERYATgEEZE&FRL.
sys_cmd_req=1 A2 com_ready=1 M &E, command (ZE#ELES,

sys_ cmd_len (& data DREERL.1 5 8 TTOHEMNRESND (FNUNDEIEIZHRTEEZL),
command BNEIZHE>T=H1IIILEEHT sys_cmd_len A4 2)LDR. SYSIF L&KL T data & mask &
HNT %, F0D data X DHAFEI . sys_cmd_req=0 THLTIEASELY,
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sys_w_mask [& sys_w_data @ 1Byte Z & data mask Té 5 (sys_w_mask[0]A' sys_w_data[7:0]®D mask.
sys_w_mask[1]A sys_w_data[15:8]® mask--- &%) . mask=0 D EE x9S data @ byte (& write St
mask=1 D &E & write ALY,

6.2.2. COM IF read

COM IF read BFDEKRENMEETT .

mok [T LU T P L L
sys_cmd_req _,7

sys_cmd_addr | addr | X addr |
sys_cmd_len | len | X len |
sys_cmd_write | 0 I X 0 |

com_ready
command is valid at this timing command is valid at this timing
<«—sys_cmd_len word—>» <«—sys_cmd_len word——>
com_r_valid ]
com_r_data | X [ b1 [ D2 ] [ Dn ] X [ b1 [ D2 ] X [ D3] [Dn ] x |

Fig. 13: COM IF read request

sys_cmd_req=1 M &E. sys_cmd_write=0 THALIEZN A read command THDHIEZETRT , Write BF&E[E]
¥k, SYSIF (& sys_cmd_req=1 &EBFZ sys_cmd_addr & sys_cmd_len ZH AL, sys_cmd_req=1 m» 2D
com_ready=1 M &E, command (XEELES,

COM (X3 (+Hi>7= command [Z#>T memory read #{T>7=#%.com_r valid=1 &—#&IZ read data
(com_r_data)&H 719 %, read data 711 interrupt S5 EEHY(EIZ com_r_valid=0 O EARIAA D).
com_r_valid=1 QHABD S5 H 1YL EAH sys_cmd_len cycle [ZH>f=EEIZF D read command (X5 T &
%%, £1= SYSIF [X read command H 1. Z D read data D Z(TEYZEF =3 1ZRD command ZH HT
BIEMNTES,

6.2.3. COM IF data and DDR IF data
COMIF AH®M sys w_data & sys w_mask {5 A DDR IF AHASBEE, FHELD 2byte AR H

hEn, ERBINEIEIZHASN TN, DDR IF oM read data A&, REVZA SNtz 2byte HhH
com_r_data D FHAINEMI N, ZTHBIEIC ERFINEEHONTL,
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write data
[15:0] do
31:16 d1
sys w_data[63:0] < %47 - 32% &
- DDR write
[63:48] d3

A

4 write mask |::> ba mm
DM m3

0] | mo [m0[m1 [m2]m3]
. 1
sys w mask[7:0] < Eg - ﬂ :2
[7:6] m3
_ <«—2bit—>»
4 read data DDR g
[75:0] " rea
com_r_data[63:0] < Ei; - ;g% & <::| bas
[63:48] d3 ba [do[d1]d2]d3
¢ < 16bit >

Fig. 14: COM IF data and DDR IF data

24/64



Sony LSI Design Inc. CONFIDENTIAL

6.3. PHY IF

PHY IF [£.L_MIF & DDR2 PHY LT DDR2 SDRAM O< k. write data, read data. write/read 244
BELHEESE2ITET IF THDH, D IF DIEFIEET mekx2 (CREFAL TEMET 5,

F_MIF CMD/ADDR

z phy_cs_x\\*b
phy_ras_x—\\-b
+ phy_cas_x—\k
phy_we_x————»
phy_odt——
A phy_cke————»
phy_ba[2:0}—>
-phy_addr[14:0}"—
COoM T~—— DDR2
block phy_dgsoe—» PHY
phy_wdqO0[15:0]—
phy_wdq1[15:0]—
phy_wdmO[1:0}—>|
phy_ wdm1[1:0}—>|
phy_rdcmd——»
phy_rodten——»;
phy_rdq0[15:0]—
phy_rdq1[15:0]—

/7

A A

Fig. 15: PHY IF

CMD/ADDR R—+rMD1{E S &, JEDEC STANDARD(JESD79-2E)IZ %t > Ti# )% command/address 0 &l
#1735, LLF . write/read B0 CMD/ADDR R—F LIS DIEEIZDUNTEHREAT 5,

6.3.1. PHY IF write

PHY IF write BFDEIEETRT

melkx2 [ N T e D s R e D e
CMD/ADDR writel |
I WL cycle : ‘:
phy_wdq0 datal data2
phy_wdql datal data3
phy_wdmO mask0 mask?2
phy_wdmf1 ; : mask1 mask3

<«—BL/2 cycle—»

—WL-1 cycle————p
phy_dgsoe low | high | low
H <«—BL/2 cycle—»

Fig. 16: PHY IF write (WL=4, BL=4)

phy_wdq0/1 & phy_wdm0/1 [& write command 710 WL cycle #&h\i5 BL/2 cycle QAR . &7 write
data/mask i 519 %, phy_dgsoe {E 5 (& write command H M (WL-1) cycle & h 5 BL/2 cycle D AR [
high HA&L. ZD D EAR I low HHET B,
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6.3.2. PHY IF read

PHY IF read BEDEEETT,

mo2 [l [ L L L [ L L[ L L[ LI Ll L
CMD/ADDR [ read: |

< RL cycl P

phy_rdemd [ |ow [ high [ Tow |
<«—BL/2 cycle—»

phy_rodten [ low I high I low ]
< BL/2)+5 cycl >

< RL+4 cycl >
phy_rdq0 [ data0i [ data2i |

phy_rdq1 | datali | data3i |
<«—BL/2 cycle—>»

phy_gds* = 2'b01

< RL+5 cycle: >

. phy_rdq0 data0
phygds* = 2010 ) rdat datal

<«—BL/2 cycle—»

Fig. 17: PHY IF read (RL=5, BL=4)

phy_rdecmd {E& 1% read command H 710 RL cycle #&m 5 BL/2 cycle M EAE & high H &L, ZD D HA
R(& low HH &9 %, phy_rodten {E5 (& read command H D (RL-2) cycle &M i5( (BL/2)+5 )eycle DA
(& high &L, 20D R IE low HHET 5,

read data (phy_rdq0/1)I& read command H A% . phy _gds0/1/2/3=2'b01 & E N EEFIX(RL+4) cycle &.
phy_gds0/1/2/3=2'b10 5% E M LEIL(RL+5) cycle BDAALZV Y TL_MIF fITSYFTEHIENTED,

6.4. REG IF

p—~

REG IF [X. register bus (regbus)h‘i5 REG block I® register ~ write/read #4757 D IF TH D, —D IF
DESFET mek [CRAZLTEHET S,

|

|

_____ |
:—madres[1 5:0]—:—)

——————mren——1 >
:<—mdatar[7:0]—o—
|

|

|

|

|

| .

| regbus I mdataw[7:0}— block
|

|

|

|
|
|
|
|
|
| REG |
|
|
|
[
|
|

Fig. 18: REG IF

mwen=1 M &E write A {TH . ZDEZD mdataw D{E(write data)ht madres DIET register NEEZIAFE
h3, mren=1 M &E read HiThi, TDEED madres DIET register M5 read data ASERH&H S, read
data I mren=1 D RDH4%)L T mdatar ~H HEN S, mdatar DIEILRD read HMITHNEETEDIEE
R’ET 5, FAELTRLADNLDHEAH LN THNIZIHEE . mdatar (£ 0 ZH AT 5,
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register write register read

A AN
s I ' I

el Mjwwﬂfm

madres | X |wa1| X // |wa2| X // |ra1| x// |ra2|

x|

- // - // //

mdataw X |wd1 | x// |wd2| // x//

<« — — -min 5cycle — — —» < — — -min 5cycle — — —»<€ — — -min 5cycle — — —)»

mren //// //// [ ] /| [ ]

rd2

/|
mdatar // X // | // rd1 |

<« — -hold read data- — —»>< —hold read data — »

Fig. 19: REG IF write and read

register read/write @ interval [& minimum 5 cycle@mclk T. burst access [£{ThHhniEly,
6.5. SRAM IF

SRAM IF [ SRAM O TF—4L—ra S,

6.6. SYSIF register IF

SYSIF register IF DEEJRANETRT,
Table 19: SYSIF register IF

Signal name Bit | From To Note
tst_mode 3 REG | SYSIF | directly connected from parameter register in REG block.
tst_mode_force 1 REG | SYSIF | directly connected from parameter register in REG block.
tst_cmd_req 1 REG | SYSIF | directly connected from parameter register in REG block.
tst_cmd_status 1 SYSIF | REG | directly connected to parameter register in REG block.
tst_cmd_mode 4 REG | SYSIF | directly connected from parameter register in REG block.
tst_cmd_addr 22 REG | SYSIF | directly connected from parameter register in REG block.
tst_wd0 16 REG | SYSIF | directly connected from parameter register in REG block.
tst_wd1 16 REG | SYSIF | directly connected from parameter register in REG block.
tst_.wd2 16 REG | SYSIF | directly connected from parameter register in REG block.
tst_ wd3 16 REG | SYSIF | directly connected from parameter register in REG block.
tst_rd0 16 | SYSIF | REG | directly connected to parameter register in REG block.
tst_rd1 16 | SYSIF | REG | directly connected to parameter register in REG block.
tst_rd2 16 | SYSIF | REG | directly connected to parameter register in REG block.
tst_rd3 16 | SYSIF | REG | directly connected to parameter register in REG block.
err_hold 1 REG | SYSIF | directly connected from parameter register in REG block.
err_even 24 | SYSIF | REG | directly connected to parameter register in REG block.
err_odd 24 | SYSIF | REG | directly connected to parameter register in REG block.

tst_cmd_status (& tst_cmd_req DL EYT set 4. test command D TEIZ 0 [T clear Ehd,

(tst_cmd_req_clear IZ&5 tst_cmd_req {E5® clear function [XHI&. )
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mclk

tst_.cmd_req

§

tst_cmd_status

: ! clear
test command completion of
is requested test command

Fig. 20: tst_cmd_status

6.7. COM register IF

COM register IF DIEFARETT,

Table 20: COM register IF

Signal name Bit | From To Note

com_enable 1 REG COM | directly connected from parameter register in REG block.
com_status 1 COM REG | directly connected to parameter register in REG block.

ddr_cabit 1 REG COM | directly connected from parameter register in REG block.
ddr_8bank 1 REG COM | directly connected from parameter register in REG block.
ddr_t_rcd 3 REG COM | directly connected from parameter register in REG block.
ddr_t_rp 3 REG COM | directly connected from parameter register in REG block.
ddr_t_rc 5 REG COM | directly connected from parameter register in REG block.
ddr_t_ras_min 5 REG COM | directly connected from parameter register in REG block.
ddr_t_rrd 3 REG COM | directly connected from parameter register in REG block.
ddr_t_rtp 2 REG COM | directly connected from parameter register in REG block.
ddr_t_mrd 3 REG COM | directly connected from parameter register in REG block.
ddr_t_rfc 8 REG COM | directly connected from parameter register in REG block.
ddr_t_refi 12 REG COM | directly connected from parameter register in REG block.
ddr_t_wtr 2 REG COM | directly connected from parameter register in REG block.
ddr_t_rtw_add 2 REG COM | directly connected from parameter register in REG block.
ddr_auto_init_en 1 REG COM | directly connected from parameter register in REG block.
ddr_aref_en 1 REG COM | directly connected from parameter register in REG block.
ddr_aref_num 4 REG COM | directly connected from parameter register in REG block.
ddr_set_trefi 1 REG COM | directly connected from parameter register in REG block.
dremd_req 1 REG COM | directly connected from parameter register in REG block.
dremd_cmd 4 REG COM | directly connected from parameter register in REG block.
ddr_mr 16 REG COM | directly connected from parameter register in REG block.
ddr_emr1 16 REG COM | directly connected from parameter register in REG block.
ddr_emr2 16 REG COM | directly connected from parameter register in REG block.
ddr_emr3 16 REG COM | directly connected from parameter register in REG block.
phyif_ wen_lat 3 REG COM | directly connected from parameter register in REG block.
phyif wodt_lat 3 REG COM | directly connected from parameter register in REG block.
phyif wodt_ext 3 REG COM | directly connected from parameter register in REG block.
phyif wdata_lat 3 REG COM | directly connected from parameter register in REG block.
phyif ren_lat 3 REG COM | directly connected from parameter register in REG block.
phyif_rodt_lat 3 REG COM | directly connected from parameter register in REG block.
phyif_rodt_ext 3 REG COM | directly connected from parameter register in REG block.
phyif_ wodt_en 1 REG COM | directly connected from parameter register in REG block.
phyif _rdlat 3 REG COM | directly connected from parameter register in REG block.
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(drcmd_req_clear (&% dremd_req 1§85 ® clear function [E#&IB&. )

6.8. PHY register IF

PHY register IF DS ArETRT,

Table 21: PHY register IF

Signal name Bit | From To Note
phy_rst_x 1 REG PHY | directly connected from parameter register in REG block.
phy_ddr1 1 REG PHY | directly connected from parameter register in REG block.
phy_cal_en 1 REG PHY | directly connected from parameter register in REG block.
phy_comp_sel 1 REG PHY | directly connected from parameter register in REG block.
phy_dip 5 REG PHY | directly connected from parameter register in REG block.
phy_din 5 REG PHY | directly connected from parameter register in REG block.
phy_clkoen 1 REG PHY | directly connected from parameter register in REG block.
phy_cmdoen 1 REG PHY | directly connected from parameter register in REG block.
phy_gds 2 REG PHY | directly connected from parameter register in REG block.
COM

phy_sio 1 REG PHY | directly connected from parameter register in REG block.
phy_dqgie 1 REG PHY | directly connected from parameter register in REG block.
phy_odtmd 2 REG PHY | directly connected from parameter register in REG block.
phy_dlisel 3 REG PHY | directly connected from parameter register in REG block.
phy_fldo 1 PHY REG | directly connected to parameter register in REG block.

phy_dllpdn 1 REG PHY | directly connected from parameter register in REG block.
phy_dllfrange 2 REG PHY | directly connected from parameter register in REG block.
phy_msdly 2 REG PHY | directly connected from parameter register in REG block.
phy_dmyodten 1 REG PHY | directly connected from parameter register in REG block.

PHY register IF D1E51E2 T REG block M parameter register H i5(F =& parameter register ~N)E i

HEichTW5,

phy_gds {§& (3. PHY block =+ T7%:K COM block ~& A hEh 5,

6.9. UFT register IF

Table 22: UFT register IF

Signal name Bit | From To Note

p_l_uft_phy_on 1 REG UFT | directly connected from parameter register in REG block.
p_l_phy_tpg_on 1 REG UFT | directly connected from parameter register in REG block.
p_l_phy_tpg_start 13 REG UFT | directly connected from parameter register in REG block.
p_l_phy tpg end 13 REG UFT | directly connected from parameter register in REG block.
p_l_phy_al_delay 1 REG UFT | directly connected from parameter register in REG block.
p_l_phy_gds_delay 1 REG | UFT | directly connected from parameter register in REG block.
p_l_phy _tpg seed 8 REG UFT | directly connected from parameter register in REG block.
p_l_phy_crc_on 1 REG UFT | directly connected from parameter register in REG block.
p_l_phy_crc_trig 13 REG UFT | directly connected from parameter register in REG block.
p_l_phy_crc_start 13 REG UFT | directly connected from parameter register in REG block.
p_l_phy_crc_end 13 REG UFT | directly connected from parameter register in REG block.
p_l_phy_crc_result 32 UFT REG | directly connected to parameter register in REG block.

p_uft_lvds_run 1 REG TOP | directly connected from parameter register in REG block.
p_uft_lvds_ch_en 4 REG | TOP | directly connected from parameter register in REG block.
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p_uft_lvds_vsz_all 13 REG | TOP | directly connected from parameter register in REG block.
p_uft_lvds_vsz_act 13 REG | TOP | directly connected from parameter register in REG block.
p_uft_lvds_vpos 13 REG | TOP | directly connected from parameter register in REG block.
p_uft_Ivds_hsz_all 13 REG TOP | directly connected from parameter register in REG block.
p_uft_Ivds_hsz_act 13 REG TOP | directly connected from parameter register in REG block.
p_uft_Ivds_hpos 13 REG TOP | directly connected from parameter register in REG block.
p_uft_Ivds_seed 10 REG TOP | directly connected from parameter register in REG block.
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7. Normal operation mode specification
7.1. Start-up sequence

CCTIRR.BRIVOVINRELKET LMIF Yy EBR#% . REG IF ZBLTRETILEDHD
start-up sequence 2D TERBAT %,

L_MIF start-up sequence (& PHY start-up 843 & MIF setting/DDR initialization E5%® 2 DR 1T5N0 5,

Stable Power/Clock MIF setting MIF/DDR
»  PHY - — y—> T —
Release reset(xclr) start-up PHY read DDR initialization ready
Impedance auto calibration DDR auto initialization
{ or { or
Impedance preset by user Manual initialization by user

Fig. 21: L_MIF start-up sequence

FI H®AZ PHY start-up 247U\ PHY A\ ready 4K BEIZ% o 1=# T MIF setting/DDR initialization 2475, PHY
start-up [ZI& Impedance auto calibration & Impedance preset by user @ 2 @YD AHiEHIH5S, DDR
initialization [Z[& Auto initialization & Manual initialization @ 2 BYDAEMNH S, LT, oD FFHIZD
WTERBAT %o

7.1.1. PHY start-up

Stable Power/Clock
Release reset(xclr) PHY start-up PHY ready
phy_dllpdn
phy_rst_x —> 100us—>|
Impedance
auto phy_cal_en > 4096¢ycle |
calibration @molkx? —
Impedance phy_dip/din initial value [ impedance setting byiuser
t b
preset by user ohy_comp.sel |

Fig. 22: PHY start-up

PHY start-up Tl&. £9 phy_dllpdn 5% low M5 high ~NEZELSE D, D% 100us UL EFoTHS
phy rst x §8% 0 b 1 ~NEEILSHE D,

Impedance auto calibration M35& . phy_rst_x % high &L7=#& T phy_cal_en % 4098cycle@mclkx2 KLt
DEAR high IZLT=#&. low ~NRY . SN T PHY [& ready KEEEH D,

Impedance preset by user Di54& . phy_rst_x % high £L71=#% T phy_dip/phy_din [CFFEZDEZHET 5.
Z M. phy_comp_sel=low &9 %2 &T PHY & ready HKEEEE D,
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7.1.2. MIF setting and DDR initialization

Stable Power/Clock PHY MIF setting MIF/DDR
Release reset (xclr) start-up DDR initialization ready
MIF setting register setting initial value [ register setting by user |
DDR com_enable > 200U5—>|
auto -¢—— DDR auto initializationr————»
initialization com_status

ddr_auto_init_en

Manual direct command T 11 , | | . | |' T 1T T 1
initialization > 200u »;  Manual initialization by user
ini I,
com_enable
com_status |_

Fig. 23: MIF setting/DDR initialization

PHY start-up M58 T L1=#%. SYSIF/COM/PHY D% register [ZHERREZXTO (DHENSEETINE
DHHEE), D . DDR initialization = FED@EYITS,

® Auto initialization
DDR auto initialization M3i5& . com_enable % low M5 high ~NEELSHESHIET PHY IF ~ DDR

initialization command A BEIMIIZE TSNS, CD BEFE TSNS command sequence DEFMIETRES
i

"N O

com_enable J
com_status
mclkx2
PHY IF PRE
command out ALL
iy 200cycle H trp H t.mrd i t.mrd i t_mrd i t.mrd i trp H trfc i trfe N 200cycle i t_mrd
H H cycle H cycle H cycle H cycle H cycle H cycle H cycle H cycle H H cycle
DLL DLL ocD OCD cal
enable reset default mode exit

Fig. 24: DDR auto initialization sequence

Auto initialization M5ET 9 5& com_status=high &%V, MIF/DDR A' ready HKEETHAHZEZETRT . Auto
initialization B MR/EMR R E(EIC(ZL P RZREME(Ddr_mr, ddr_emrl, ddr_emr2, ddr_emr3)A\MsEtr i
AH, ddr_mr[8](DLL reset)& ddr_emr1[9:7](OCD cal program)DEwk L RAZREIZL ST B BRI
b,

® Manual initalization

Manual initialization DB & . £9 ddr_auto_init_en=low &9 %, M. direct command # g% {8 > T user
Hlinitialization command sequence D FKITEIT3, CDEED MR/EMR R EEIZIEL D X A& EE(Ddr_mr,
ddr_emrl, ddr_emr2, ddr_emr3)n"\ZDFEEFEHAINSD T, ddr_mr[8](DLL reset)*> ddr_emr1[9:7](OCD
cal program)DEH I —HIZKUBERESNDIDLEMNH S, Manual initialization 5 T #% . user [
com_enable % low /5 high ~EZE{EEH ., com_status=high &72>71=£Z AT MIF/DDR [ ready K& &7
%
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7.2. Write and read operation
SYSIF @ frame write/read B DENEIZDULNTERBEAT 5,
7.2.1. basic operatoin

System IF A5 A AEh Tz data (& write line buffer [IZ&#S . 1line 43 @ data A buffer (Zf=FE 5 &% D buffer
data [& memory write request &—#&IZ COM IF N a5, E7= memory read request [Z&Y COM IF
M5 read Stz data (& read line buffer [ZH&#IE4L. frame-rw request [Z&Y) System IF ANH OIS,
SYSIF (X 1line 4 ® write line buffer & 2line 73 read line buffer 5. 2 DM read line buffer (X E(Z
FERINS, (mif_rst A Kk, R¥D read line [L read line buffer0 ~&#zh )

’\1 wbuf full _>»>-—-—-—-—-—-—-—-———— 1
————— |
X
. . . . . . write line buffer / \\
line6 | line5 | line4 | line3 | line2 | linel i t A (64bit x 518word) —7 \\
! \ s \\
/ \—memory write request—> // \
| . \
! i ——writ data——»/
read line buffer number < read line buffer 0 | W::::::d | e LcoMIF ‘I
0 1 0 1 0 1 (64bit x 518word) ‘ I ! I
A “ sequencer L—memory read request—}‘\ /I
linel { line2 i line3 { line4 | line5 | line6 \ | «——read data \\ /
\ ! ~-7
AN s \ /
read line buffer 1
< \ /
“ (e4bit x 518word) N

Fig. 25: basic operation image

mif_rst A& . memory M5 2line KD T—2%FHAHL . read line buffero/l ~ZFhZNIEHHT 5,
frame-rw request (mif_enable) N A A& fz&E . wdata % write line buffer NEEIAAHEHS R BFIC read
line buffer A5 rdata ~DH H%E1T75, 1line M wdata A% write line buffer ~&# S =%, I <IZZF D write
line buffer A D memory write #1735, £MD5E T %9 << lline 53 M memory read Z1TLY, ZELVTULVSA
® read line buffer ~#&#89 %,

mif_rst
< v_addr_time_mif line
<h_addr_‘cime_mif’/Z
cycle @pclk
mif_enable |
wdata | linel | | line2 | | line3 |
write line buffer | linel write full | line2 write full | line3 write full
4 \4 \4
memory write linel line2 line3
N \4 A
memory read line1 line2 line3 line4
Y Y
read line buffer 0 linel read | | line3 read
\4 \4
read line buffer 1 | line2 read |
rdata line 1 | | line2 | | line3 |

Fig. 26: basic operation

=AD 2line 73D read USMEEICEICEMEZEREY IRL . write line buffer @ full HKREIZ &Y FEAET S memory
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write & memory read DIEFIZANEHLLLY,

mif_enable=1 O HIRIAY h_addr_time_mif/2 cycle@pclk KWL EE (L, mif_enable DI FYET% lline &
9%, mif_enable=1 QAR A h_addr_time_mif/2 cycle@pclk Z# x5 EE(E, h_addr_time_mif/2 cycle £
T# lline ELTEFNEBZ HE D ISR T 5., F1= mif_enable DE % (line #)AS v_addr_time_mif #% %

HEL., BBELE ILEHRL T memory access [£1TH7%LY,

7.2.2. bit width conversion

TOR®DESY. System IF D wdata/rdata DE Y MEIE 32bit THSHHY. write/read line buffer DEYMEE &

U COM IF @ sys_w_data/com_r_data DEYMME(X 64 EVrTH D,

r————-__ Wwdata
32bit

|

|

|

|

: IF pclk ﬁ r mclk

|

| rdata . read com_r_data
3 A 32bit64b't_ line buffer 64bit

wdata % write line buffer NEZ AL EE(E 2 i F]{E L TE wMMEZ 64bit IZHIZ THVS write Z1TL). read line

64bit—>

Fig. 27: bit width conversion

pclk j f mclk

write
line buffer

sys_w_data

64bit

buffer MioEEAH LT= 64bit T —42IXEFIELL T 32bit IZHIZ TH S rdata ~NHAT B,

wdata line end

| MSB «—— LSB |

line start

rdata 32bit

32bit

32bit

32bit

32bit |

32bit

line buffer word 64bit 64bit 64bit
sys_w_data
com_r_data 64bit 64bit 64bit

7.2.3. memory write/read request

SYSIF [&. System IF M5 D frame-rw request [ZFECT COM IF AZ®D line M memory write request & &
U memory read request F1T9 5, sys_cmd_addr[21:0][ZZ D request @ start address %=L,
sys_cmd_len[3:0](% start address H &KL T write/read %175 data (sys_w_data E£7=I& com_r_data)D

Fig. 28: word alignment

J—RR%RY, sys_cmd_len[3:0|D&/MEIF 1. ZFKIEIL 8 THS.
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sys_w data sys_w_mask

mclk 64bit 8bit

___________ memory write ¢ ¢
sys_cmd_req ﬂ request address data mask
sys_cmd_addr § ————— start address- — — — — | addr DO MO
syscmdlen  [TeN F—— _ g, longth addr + 1 D1 M1
sys_cmd_write 5 word] — — _ addr + 2 D2 M2

sys_w_data (DO [:DT [... [ Dn ] addr + 3 D3 M3
sys_w_mask § MO M1 J... [ Mn

sys_cmd_len word
4— min lword —
max 8word

___________ memory read address data
sys_cmd_req ! request ____-dypladdr DO
j j ; B _ _ _.start address ——
sys_cmd_addr ; ———— addr + 1 D1
sys_cmd_len 5 ——————— data length[word] - — — — — — addr + 2 D2
sys.cmdwrite ([ 0 | addr + 3 D3
com_r_valid ] | ¢
com _r_data DO [ DI [... [ Dn
com_r_data
64bit

sys_cmd_len word
«€— min lword —
max 8word

Fig. 29: memory write/read request

LA . memory write/read request M JL—JLIZDWNVTERBAT 5,

lline 4® write/read &, h_addr_time_mif x 32bit DT —%% write/read 5D IZHIEB DD
write/read request TE1TJ 5
sys_cmd_addr[21](& frame ID &35
frame ID (& mif_rst DAAEIZIZ0 L 1 EREICHEYIRT
write & read O frame ID [XEIZE7% 5 frame Z15L . FBFIZREIL frame O write & read (F1T4730N
sys_cmd_addr[20:10]I&Z D 7L — L ? line number £9°%
line number [& mif_enable MANSINBIZEIZUTDKIIZA D) AV MEND
line 1 sys_cmd_addr[20:10] = 11'h000
line 2 sys_cmd_addr[20:10] = 11'h001
line 3 sys_cmd_addr[20:10] = 11'h002

line2048 sys_cmd_addr[20:10] = 11'h7FF
sys_cmd_addr[9:0]I&% ? line 1M 64bit write data @ word count &9 %
3 line MFEEED word [ sys_cmd_addr[9:0]=10'h000 [ZEIYH T, FNLED word (F#E<
address [ZIBEIZE|Y HTHND

sys_cmd_addr
bit {2 20|19|18|17|16|15|14|13|12|11|10 9|8|7|6|5|4|3|2|1 |0

Wline number———»«——word count———»}

frame ID must be
3'b000

—_
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Fig. 30: addressing

® sys cmd_addr[2:0]|DEIXE(Z 3'b0 THIFAIEESEEL
® 1[E® request T write/read 9% word &, EARMIZ sys_cmd_len=8 &9 %
® ZOline MExE TH iK1 8word U FTDT—EWFEo1=EEDH. sys_cmd_len (X 1 M58 DIEET S

ENTED

line start

write/read request 64bit x 8word

=3 sys_cmd_addr[9:0] = 10'h000, sys_cmd_len = 8

write/read request 64bit x 8word

=3 sys_cmd_addr[9:0] = 10'h008, sys cmd_len = 8

write/read request 64bit x 8word

=3 sys_cmd_addr[9:0] = 10'h010, sys cmd_len = 8

write/read request 64bit x 8word

=3 sys_cmd_addr[9:0] = 10'h018, sys_cmd_len = 8

write/read request 64bit x (1 to 8word) 1

line end

Fig. 31: write request sequence at 1 line write

® sys w_mask [ZFEALLGL\DTETOLET D

7.2.4. mif_rst function

=3 sys cmd_addr[9:0] = 10’hXX0 or 10°hXX8, sys_cmd_len = 1 to 8

mif_rst {55 DA ALFHLL frame DIRFEYETRT . mif st EEDILITYEIE. TNFETOREIZEADHLT .
T FLL frame DTRAD line (line 1)HMSDLEAFHIESLSH(sys_cmd_addr[20:0]l& 0 [ZHUT7Eh.

sys_cmd_addr[21](Z & 3).

mif_rst S5 DI TYDHEHETHS line ® memory access BNITHhNTLBBAX. D line DEHT
memory access ¥ 5A%, BEICHIIL TLV% memory write/read request [£58 T &% (COM IF 7Ok

JJLITERLEELY),

7.3. Arbitration

section 7.2.1 IZERRE D EHY . SYSIFITFRAIHZIEZE Tmemory write&memory read@arbitrationZ1T5, C
DarbitrationlEline B TITh i, HBlinelZDLyTmemory access (write or read)BSfThTWNDEE, F
MlineM®memory accesslE it Dlinedmemory accessIZk>THEFENALY,

7.4. recovery from illegal case

System IF MDA A illegal ZEAREEELIEH>TH, KD mif_rst AA(DILTY) DRITIZIELLRD frame D
memory write/read ZR1R T 5 EMTEHIKEIZERIFT S,

mif_rst | X | |_|

mif_enable | X | |
wdata | X | | linel | | line2 | | line3 |
rdata | X | | linef | | line2 | | line3 |

Fig. 32: recovery from illegal case

36/64



Sony LSI Design Inc.

CONFIDENTIAL

7.5. frame format change

T ORI frame 3 M write #(frame 3 D write HFAIEE NS mif_rst DIL TYNSRD mif_rst DILTFYET

DFE)IZ frame format(clock frequency &) N EBINIZIHZEETRT .

CHEE frame 2 & frame 3 [ZTDULVTIE don't care ELTEED AR AEEEZBRIELGLD, frame 1 &
framed [2DWTIEZZDEED AR DEEEFRIET S,

mif_rst I

frame format change

write frame framel

frame2

framed

read frame

framel

frame3

framed

don' t care frame

Fig. 33: frame format change
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8. Test mode specification
8.1. Memory write test

tst_ mode = 1 or 3 M&E, tst_write_en=1 &% memory write test #EEM B R4 5, ZDEE System IF
Mo?d frame-rw request [IZ&% memory write [EEXNIZGEY ., LU RSZ IF Ao memory DEEDIZFIAD
write DN AIREE 75D,

///——_ \\\

/

\ System IF ]

N 7
~ -~

~ —

write
line buffer

memory write request:
_> X
write data[63:0]

|
\
—memory write request—)/

write data[63:0]—>
T tst_write_en

tst_mode = 1 or 3?

memory write test

L

5o -
{ SYSIF register lF/\
~ - -~

Fig. 34: memory write test

tst_write_en D{EIE mif_rstDILTYDRDYAVILTIYFIN, ZDEZDEN 1 THNIL, memory write
test "% ELES, DFEY frame DEHT mode [TENYEH ST, XD frame DBAIAREIZ mode NEIYEZ S
3, (normal mode [ZRAEEHLREHR)

frame start frame start frame start

mif rst \\ \\ \\
mifenable ¢ | || I S B [ S L

wdata | line | line \\ | line | line | line \\l line | line | line \\ | line

y v v v v \\ v y v v

COM IF EI jl\\ jl Ignore memory write request EI jl\\ jl

tst_write_en | A ’\ ) | ! JL\
—_— normal mode: i memory write test mode——»i€¢————normal mod

%tst,mode =1or3;

Fig. 35: mode change timing

TOREIF write request £FRE D DERTH S,

:—tst_cmd_req—b
:<—tst_cmd_status

test command

sys_cmd_req—)i
sys_cmd_len[3:0]—»

l I
| |
: ——tst_cmd_mode[3:0]—> request ——sys_cmd_addr[21 :0]—»: I
| [ K -1 |
| SYSIF | tst_cmd_addr[21:0]—>| <«———com_ready: I |
: register : : COMIF :
IF . |

: | tst wdO[15:0] v latch 1 sys_cmd_wnte—)i |
| ' tst wd1[15:0] | [
- — tst_wd_buffer[63:0] sys_w_data[63:0——» I

: | tst_wd2[15:0] | |
L | tst wd3[15:0] 0 sys_w_mask[7:0]—>‘|_ |

Fig. 36: write request diagram
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LT R4 IF Hvi> memory write request MFEITINTzEE . tst_wd0/1/2/3 DIEAY tst_wd_buffer ~SvFEh,
ZDENZDEE sys_w_data ~H AZN S, tst_wd_buffer & tst_wd0/1/2/3 DE VDR IGILLLTDEY

» tst wd_buffer = { tst_wd3, tst_ wd2, tst wd1l, tst wdO }

tst_cmd_mode=0 THL\EE tst_cmd_req & 0 M5 1 ~ANE{LEtE5E memory write BI{EARRIRSN D, =
? tst_cmd _req ML EYZE A tst_cmd_mode. tst_cmd_addr, tst wd0/1/2/3 DERENTYFEIN,
COM IF ~H $19"% memory write request D FIEATTHNS,

tst_cmd_req / g \
tst_cmd_status !
SYSIF tst_ cmd_ mode " | \|
register IF - - l
tst_cmd_addr [ addr |
tst.wd0/1/2/3 dat
\da i 7
tst_.cmd_mode=1 »
tst_cmd_mode=2 >
tst_cmd_mode=3 ;
tst_cmd_mode=15 A\ >
sys_cmd_req | |
GOM IF sys_cmd_addr[21:0] | addr | addr+1 | addr+2 |
sys_w_data[63:0] | data \\ |
com_ready [ [ [ \\ [

Fig. 37: memory write request

tst_ cmd_addr A% write request MBIR 7 KL R &Y | tst wd0/1/2/3 D E A write data &% 5,
tst_cmd_mode DEIZKYBATAT KL M ST —E D write ZfT5MAEESN, tst_cmd_mode DE(1 H
5 15)MZDFEFE memory write 2475 word $&% 5, word O write DI5HE TH, write data [FRICHE
(tst_wd0/1/2/3 DIE)H k1T T write Sh B,

tst_cmd_req M3 LY T tst_cmd_status=1 &7%:Y . memory write D5E T . tst_cmd_status=0 &%:5,
(tst_cmd_req_clear IZ&5 tst_cmd_req {E5® clear function [LHIk&. )

8.2. Memory read test

tst mode = 2 or 3 MEE tst_read_en=1 &%Y memory read test #EEM B NS, ZDEE System IF

Mod frame-rw request IZ&% memory read [FEIZEY . LORE IF hd memory DEED BT NLD
read N ATEEEE D,
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= —
-~
-, N

/ System IF read memory read request:
stem .
N /! line buffer <——read data[63:0] -

~ -

- — 7 \
-———- —>

{ COMIF |
DI !
—memory read request—b/ S~

‘«——read data[63:0]

t T tst_read_en

memory read test

-

’a . =
{ SYSIF register IF )
~ -

-~

tst_mode = 2 or 3?

- -

Fig. 38: memory read test

tst_read_en DfEIL rd_rst DILTYDRD YA VI TIYFIN, TDEZDEH 1 THNIEL. memory read
test NEZNELES, DFY frame DEH T mode (TLNYEH ST, XD frame DEAIEEEFIC mode NIV EZ S
3, (normal mode [CRAEELREHR)

frame start frame start frame start

mif rst \\ \\ \\
mifenable ¢ | || \X\_l I \X\J [ R \X\_l L

rdata | line | line \\ | line | | line | line \\ | line | line | line \\ | line |

y y v v \\ v y y

COM IF E- EI @I Ignore memory read request E‘ @I @I

tst_read_en | 4 ’\—;\ | IJL\
_— normal mode Pt memory read test mode——pi€«———normal mode————
! tst mode=2 or 3 |

Fig. 39: mode change timing

T ORI read request £ E D DIERTH D,

: i tst_ cmd_req—» sys_cmd_req—b: :
I :<—tst_cmd_status— test command sys_cmd_len[3:0]— :
: ——tst_cmd_mode[3:0]—> request ——sys_cmd_addr[21 :0]—>: |
: SYSIF :—tst_cmd_addr[21 01— <—com_ready—: :
| register | | COMIF |

| |
: IF | 0 sys_cmd_write—b: |
| | tst_rd0[15:0] | I

| . i |
: tst_rd1[1 5:0] tst.rd_buffer[63:0] <—com_r_valld—: !
I | tst_rd2[15:0] | «———com_r_data[63:0] I |
e tst_rd3[15:0] e

Fig. 40: read request diagram

tst cmd_mode=0 M &ZE . tst_cmd _req & 0 M5 1 AE{EESESHE memory read EIMMEA BRSNS, 2D
tst_cmd_req ML EYZER)AIZ tst_cmd_mode. tst_cmd_addr DFHRENTVFShb,
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—=
tst_.cmd_req / "\
tst_cmd_status | 1
SYSIF tst_ md_ mode ' | | I—
register IF -ema. \IIll
tst_cmd_addr
sys_cmd_req _|—| \\
sys_cmd_addr[21:0]
COM IF sys_cmd_len[3:0] |I|
com_ready |_|
com_r_valid \\ M
com_r_data \\ D

Fig. 41: memory read request

memory read test Tl&. 1 Bl read request TatA 9 word $Ew4d 1word IZEE (sys_cmd_len=1)&
1Y, tst_cmd_addr AZDFZEAHELTRL R EAL D, read data (& tst_rd_buffer[63:0] ~N&fhSh . ZDEHNZ
DFEF tst_rd0/1/2/3 ~HEHhEh B, tst_rd_buffer & tst_rd0/1/2/3 DE VDR EIZLLTDEY

YV VY

tst_rd0 = tst_rd_buffer[15:0]

tst rd1l =tst rd_buffer[31:16]
tst rd2 = tst_rd_buffer[47:32]
tst_rd3 = tst_rd_buffer[63:48]

tst_cmd_req M IL LY T tst_cmd_status=1 &7%2Y . memory read D5E T #%. tst_cmd_status=0 &%5,
(tst_cmd_req_clear (&5 tst_cmd_req €5 M clear function [XHIER. )

8.3. Parity check mode

tst_mode=4 M &= parity check mode M E®NZH5,

. write —» write data[63:0]— 0
line buffer o~
sel —sys w_data[63:0]—> /=
add Ll 1 / \\
parity bit I/ \
| |
I COMIF |
tst_ mode = 4? | "
\
1
read F \,om_r_valid—\\ /
line buffer < com r_data[63:0}- \ //
v v enable

parity check
error count

!

¢ SYSIF register IF

~— —

Fig. 42: parity check mode

parity check mode Tl&. System IF [& normal operation Z#%[T. memory access ¥ normal mode &[E14#k(Z
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THhnbd, f==L. memory write B write data [Z parity bit AAFA1&4. memory read 13 read data @
parity check B T, EDIZ—HAhI b END,

parity bitZ {9 B EEE. write dataZ 16bit CEDT OV IIZHEIL TENEF N D LA 15bit D XOREEY .,
ZDFER% parity bit ELTEITOVIDRTHREVMIMZ S, TDEE, LEDRTREYMIBETONS,

bit
write data | 63.49 48] 47.33 [82] 31.17 [16] 15.1 [0 ]

!

- .
IS B N B

sys_w_data | 63.49 [48] 47..33 [32] 31..17 [16] 15.1 [0 |

Fig. 43: add parity bit

read data [IZxtLT% 16bit d T OyHZ &I parity check B ThiL, TS—MHo1-1BAE . TS5—HI 2%
DEDHIUbEND, T5—HI24(E DQ M 16bit Z&IZ even & odd DAY A%EHES, com_r_data D&
16 EvFT Oy 2IZHLTTORDERY parity check 8LV TS—AVUMEITI,

bit
com_r_data 31..16 15..0
63...48 47..32
| |
parity parity
check check
error counter | err_odd | err_even |

Fig. 44: parity check and error counter

err_hold=0 ® &2 error counter [& mif_rst DL FYZTEIZEFH SN, TDERID 1frame DD IS5—HERT
5, err_hold=1 M&E, TS5—HD2ME hold Eh, mif_rst [CKDEHFHIEITHNALY,

mif rst
err_hold
internal 07 : 07 H Gl i 0 1 i
error count i ; S i i B i i S i ‘ "
error counter m |4 n |4 q
A A A
refresh refresh hold counter refresh
counter counter counter

Fig. 45: error hold function

8.4. tst_mode_force function

memory write/read test DYIYE Z (L mif_rstFrJH—IZfThndH, TNIZHZ T tst_mode_force 5D
S EYHEMJH—ELT test mode DEYIYEZZAEEET D, (BRIES DAL AN ITHhNENEEIZE test
mode [Z&% memory read/write Z A REIZ T 571=8)
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tst_write_en

tst_read_en 0 (Normal)

1 (memory write/read test) | 0 (Nlormal)

pos edge |1— |1—
detect

. :
2 memory write/read test mode————p!€—normal mode—

tst_mode_force f

y.

normal mode:

Fig. 46: tst_mode_force function
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9. COM block specification
9.1. Overview
9.1.1. Function overview

COM block [&. COM IF MM memory access request [ZHELY DDR2 SDRAM 77X 2 ERATURY
—UREHERBL. PHY IF Zi8L T memory access #1737 AvYThH b, & register IF Mo DHIEIZKY,

p—~

DDR initialize, AREF. power-down, self-refresh M #l 7 EF1T5,

—clock, reset—»
o CoM

' [ block P!
| SYSIF ¢ com IF—» €«——PHY IF—» [
I block | | !
| | | |
L __ 1 | |
A | |
| DDR2 !
SYSIF COM : I PHY :
register IF register IF : |
! !
T T PHY ' |

| i |
L REG block r—register IF_>||_ :

Fig. 47: basic configuration

F 72 IF [ clock/reset, COM IF, PHY IF, COM register IF =A%, PHY register IF DIES D —EELEAHEZN D,

COM block [& COM IF Mo I T AL T, RiEHE LU JEDEC JESD79-2E DflfIZ<FY . M D&
A BR D %1% T memory access %175 (bank interleave B> write-to-read. read-to-write £\ & % B2 #EEX7D
YA IVEHFELG),

9.1.2. Parameters to be supported

COM block & parameter input signal IZ&Y ., TOFRDEEY DDR2 SDRAM DB FE/NSGA—FFHHR—IT
%

Table 23: supported parameter 1

Parameter input ACIIA I
) to be supported Unit Description
signal name .
(decimal)

Column address bit width
ddr_cabit 0 - 0:CA=9bit

1:CA=10bit

Bank address bit width
ddr_8bank 0 - 0:BA=2bit (4bank device)

1:BA=3bit (8bank device)
ddr_t_rcd 56 cycle@mclkx2 | DDR timing parameter: tRCD
ddr_t_rp 5 6 cycle@mclkx2 DDR timing parameter: tRP
ddr_t_rc 20 to 24 cycle@mclkx2 | DDR timing parameter: tRC
ddr_t_ras_min 15to 18 cycle@mclkx2 | DDR timing parameter: tRAS(min)
ddr_t_rrd 4 cycle@mclkx2 DDR timing parameter: tRRD
ddr_t_rtp 3 cycle@mclkx2 | DDR timing parameter: tRTP
ddr_t_mrd 2 cycle@mclkx2 | DDR timing parameter: tMRD
ddr_t_rfc 25 to 131 cycle@mclkx2 | DDR timing parameter: tRFC
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ddr_t_refi 1300 to 3120 cycle@mclkx2 | DDR timing parameter: tREFI
ddr_t_wtr 3 cycle@mclkx2 DDR timing parameter: tWTR
ddr_t_rtw_add 0,1 cycle@mclkx2 | Extra clock cycle from read command to write command.

ddr_aref num

Number of AREF commands consecutively performed after
one AREF request. AREF request is issued every period of
(ddr_aref num * ddr_t_refi /2) cycle @mclk.

F71= Mode register

HEICEAELTUTD/INTA—FEYR—r 5,

Table 24: supported parameter 2

Required setting

Parameter to be supported Unit Description
(decimal)
Burst length 4 - Indicated by MR setting (ddr_mr)
CAS latency 5 6 cycle@mclkx2 | Indicated by MR setting (ddr_mr)
tWR 5 6 cycle@mclkx2 | Indicated by MR setting (ddr_mr)
Additive latency 0,1 cycle@mclkx2 | Indicated by EMR1 setting (ddr_emr1)

PHY IF signal timing parameter L TLLT D

REMBEYR—LT 5,

Table 25: supported parameter 3

Parameter input

Required setting
to be supported

Unit

Description

signal name (decimal)

phyif wen_lat 3to b cycle@mclkx2

phyif wodt_lat 1to4 cycle@mclkx2

phyif wodt_ext Oto 2 cycle@mclkx2

phyif wdata_lat 4t06 cycle@mclkx2 | PHY IF signal timing setting.
phyif_ren_lat 5to7 cycle@mclkx2 | Refer to 9.6.9 for detail.
phyif rodt_lat 2to 6 cycle@mclkx2

phyif_rodt_ext 4t06 cycle@mclkx2

phyif _rdlat 2to 6 cycle@mclkx2

CCIBIT-REEEIBER/NROYR—IEETHY . COBENDREETOIEEIREIZELD,

9.2. Basic configuration

9.2.1. Clock specification

COM blocklZAAEnbo0v71%. mclkéEmelkx2 D 2 DTHD. b 2 DDH/AVIDERRIE 3.2 iS5

N0

9.2.2. Reset specification

Z

COM blockiZAAEN Bt yb &L, rst xD 1 D2DH, VEybDiEHIE 3.3 HixSHE,

9.2.3. Clock usage

COM block DENMEY OV (EEARBIZ melk THY. DDR command sequence £ APZF DD+ 2T
mclk RASLTiThhd, mckx2 (& PHY IF ~OHHEEZE mck D mckx2 RASU~NET =8
(serialization)& PHY IF M5 D A F1{E B % mclkx2 ms melk KA A~ ES f=8 (parallelization) = 1FIZ{FE S
nsd,
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COM block
mclk domain mclkx2 domain

:"""7 DDRcommand_hI'_—_E(_} :F""}

@mclk e | |

: command | | to  I——PHY IF | DDR2 |

sequence | | | I PHY

| e data—»i molkx2 | . ,

AN Ll L

command @mclk domain command @mclkx2 domain
mclk | | | | | | mclkx2
cmd_1st [ emdl | cmd3 | -

cmd_2nd D cna] cmd [ecmd1]cmd2]cmd3[cmd4 |

Fig. 48: mclk and mclkx2 usage
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9.3. 10 pin specification

LI F. COM block @ 10 EVY) ARETRT,

9.3.1. Clock, reset

Table 26: clock, reset pin list

Name Bit In | Initial From To CIOCI,( Description
num | Out | value domain
melk i B ToP | com B plock for QOM IF, COM register IF and COM block
internal logic except for PHY IF.
mclkx2 1| In - TOP | COM - Clock for PHY IF.
rst_x 1] In - TOP | COM - Asynchronous reset for all FFs in COM block.
9.3.2. COM IF
Table 27: COM IF pin list
Name Bit In | Initial From To Clocl.( Description
num | Out | value domain
sys_cmd_req 1] In - SYSIF | COM mclk | Memory access command request.
sys_cmd_addr 22 | In - SYSIF | COM mclk | Command address.
sys_cmd_len 4| In - SYSIF | COM mclk | Data word length.
sys_cmd_write 11 In - SYSIF | COM mclk 0: Command !S re?d.
1: Command is write
sys_w_data 64 | In - SYSIF | COM mclk | Write data.
sys_w_mask 8| In SYSIF | COM mclk | Write data mask.
com_ready 1| Out 0 COM | SYSIF | mclk | COM block ready signal.
com_r_valid 1| Out 0 COM | SYSIF | mclk | Read data valid signal.
com_r_data 64 | Out 0 COM | SYSIF | mclk | Read data.
9.3.3. PHY IF
Table 28: PHY IF pin list
Name Bit In | Initial From To CIOCl,( Description
num | Out | value domain
phy_cs_x 1| Out 1 COM | PHY | mclkx2 | DDR CS
phy_ras_x 1| Out 1 COM | PHY | mclkx2 | DDR RAS
phy_cas_x 1| Out 1 COM | PHY | mclkx2 | DDR CAS
phy_we_x 1| Out 1 COM | PHY | mclkx2 | DDR WE
phy_odt 1| Out 0 COM | PHY | mclkx2 | DDR on—die termination control
phy_cke 1| Out 0 COM | PHY | mclkx2 | DDR CKE
phy_ba 3 | Out 0 COM | PHY | mclkx2 | DDR bank address
phy_addr 15 | Out 0 COM | PHY | mclkx2 | DDR address
phy_dgsoe 1| Out 0 COM | PHY | mclkx2 | DQS and DQ output buffer enable
phy_wdq0 16 | Out 0 COM | PHY | mclkx2 | Write data O
phy_wdqgl 16 | Out 0 COM | PHY | mclkx2 | Write data 1
phy_wdm0Q 2 | Out 0 COM | PHY | mclkx2 | Write data mask 0
phy_wdm1 2 | Out 0 COM | PHY | mclkx2 | Write data mask 1
phy_rdemd 1| Out 0 COM | PHY | mclkx2 | Read command enable to PHY
phy_rdq0 16 | In - PHY | COM | mclkx2 | Read data O
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phy_rdg1l 16 | In - PHY | COM | mclkx2 | Read data 1

phy_rodten 1| Out 0 COM | PHY | mclkx2 | PHY read on—die termination enable

9.3.4. COM register IF
Table 29: COM register IF pin list

Bit In | Initial Clock .
Name From To . Description
num | Out | value domain

When set to 1, COM block is enabled.
com_enable 1 In - REG COM mclk COM mode setting and DDR timing parameter will be valid
when this bit is toggled 0 to 1.

0: COM block is not active.

com_status 1| Out 0 COM REG mclk 1- COM block is active.
. 0:CA=9bit

ddr_cabit 1 In - REG COM mclk 1-CA=10bit

0:BA=2bit (4bank device
ddr_8bank 1 In - REG COM mclk 1-BA=3bit §8bank device;
ddr_t_rcd 3| In - REG COM mclk DDR timing parameter
ddr_t_rp 3| In - REG COM mclk | DDR timing parameter
ddr t.rc 5| In - REG COM mclk DDR timing parameter
ddr_t_ras_min 5| In - REG COM mclk DDR timing parameter
ddr t_rrd 3| In - REG COM mclk DDR timing parameter
ddr_t_rtp 2| In - REG COM mclk | DDR timing parameter
ddr_t_mrd 3| In - REG COM mclk | DDR timing parameter
ddr_t_rfc 8| In - REG COM mclk DDR timing parameter
ddr_t_refi 12| In - REG COM mclk DDR timing parameter
ddr_t_wtr 2| In - REG COM mclk DDR timing parameter
ddr t_rtw_add 2| In - REG COM mclk DDR timing parameter

0: Disable auto DDR initialization at pos—edge of

om_enable.

ddr_auto_init_en 1 In - REG COM melk <1:: Er;able auto DDR initialization at pos—edge of

com_enable.
ddr aref en 1 In _ REG COM molk 0: Disable auto refresh.

1: Enable auto—refresh.

Number of AREF commands consecutively performed after
ddr_aref num 4| In - REG | COM mclk | one AREF request. AREF request is issued every period of
(ddr_aref_num * ddr_t_refi /2) cycle @mclk.

After changing ddr_t_refi, toggle this bit 0 to 1 (if tREFI
ddr_set_trefi 1 In - REG COM mclk needs to be changed), then new ddr_t_refi value is set to
AREF controller.

When set to 1, direct command request is issued.

drcmd 1 - REG COM
remd.req In molk Automatically cleared after completion of the command.

Direct command type
0x0: NOP

0x1: Precharge all
0x2: Auto refresh

0x3: MRS

drecmd_cmd 4| In - REG COM mclk 0x4: EMRS1

0x5: EMRS2

0x6: EMRS3

0x7: Device deselect
0x8: Self refresh entry
0x9: Power down entry
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0xA to OxF: Reserved

DDR MR setting

ddr_mr 16| In - REG COM melk Used for auto-initialization and direct command
DDR EMR1 setting

ddr_emr1 16 In REG COM melk Used for auto—initialization and direct command
DDR EMR2 setting

ddr_emr2 16| In REG COM melk Used for auto—initialization and direct command
DDR EMRS setting

ddr_emr3 16| In REG COM molk Used for auto-initialization and direct command

phyif wen_lat 3| In - REG COM mclk | PHY IF setting

phyif_wodt_lat 3| In - REG COM mclk PHY IF setting

phyif_wodt_ext 3| In - REG COM mclk PHY IF setting

phyif wdata_lat 3| In - REG COM mclk | PHY IF setting

phyif ren_lat 3| In - REG COM mclk | PHY IF setting

phyif_rodt_lat 3| In - REG COM mclk | PHY IF setting

phyif rodt_ext 3| In - REG COM mclk | PHY IF setting

phyif wodt_en 1 In - REG COM mclk | Write ODT enable

phyif rdlat 3| In - REG COM mclk | PHY IF setting

9.3.5. Other register IF

Table 30: PHY register IF input

Bit In | Initial Clock o
Name From To X Description

num | Out | value domain
Read pointer counter control
1: read data is valid RL+4 after read command

hy_gd 2 - REG COM
phy-gas In molk 2: read data is valid RL+5 after read command

0, 3: invalid setting

9.4. Register map

No register map in COM block.

9.5. IF specification
9.5.1. COM IF

Refer to section 6.2.
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9.5.2. PHY IF

Refer to section 6.3.

9.5.3. COM/PHY register IF

Refer to section 6.6, 6.7 and 6.8.
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9.6. Function specification
9.6.1. DDR initialize
DDR initialize #1T5Ai%&L T, auto & manual @ 2 BYDHENH S,

com_enable M3 EYMIZ ddr_auto_init_en=1 THIL auto initalize sequence M FEITEIN 5, auto
initialize sequence (FR D @EYFITEN . MRS, EMRS1/2/3a< RN &R EMEIZ(F ddr_mr. ddr_emr1/2/3 @
BEBENMERIND,

com_enable {\\

3
ddr_auto_init_en l () 1 l
\
)
PHY IF ‘ ¥ DDR initialize sequence(auto) F\
H \
.
com_status :
'
.
v
mclkx2

PHY IF NOP PRE EMRS MRS PALL AREF MRS EMRS EMRS
command ALL 1 1 1
> 200cycle i trp i t.mrd i t.mrd t.mrd t.mrd trp i t.rfc t.rfc N 200cycle t.mrd i
H cycle H cycle H cycle cycle cycle cycle H cycle cycle H cycle H
DLL enable DLL reset OCD default OCD cal mode exit
phy_addr[0] = 1'b0 phy_addr[8] = 1'b1 phy_addr[9:7] = 3b111  phy_addr[9:7] = 3'b000

Fig. 49: DDR initialize (auto)

f=12L DLL $ KU OCD D #IEZEIT5a< R TlE. phy_addr EvbDO—ER X R EEICKST T LD @Y Hil 1
Y (A

» DLL enable phy_addr[0] = 1'b0
» DLL reset phy_addr[8] = 1'b1
» OCD default phy addr[9:7] = 3'b111
» OCD cal mode exit phy_addr[9:7] = 3'b000

F7-. auto initialize sequence M#E T #%. com_status=1 &L T COM block ' ready &%21=2¢% R,

com_enable M3 _EY#(Z ddr_auto_init_en=0 THh L auto initialize sequence [EFEITESNEL, CDHE .
com_enable=0 D #AMEIZ direct command #{#->T manual T DDR initialize Z1TL\, ZD5XE T #&IC
com_enable=1 &9 %,

com_enable |\\

3

ddr_auto_init_en | 0 \ )

\

DDR initialize (manual) \\

direct command L IOl nrE ] \

|

PHY IF L IO HHar ] /
com_status

Fig. 50: DDR initialize (manual)
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ddr_auto_init_en=0 M &Z & com_enable ML EYD#% 3 <[ com_status=1 &L T, COM block (& ready
N T A

9.6.2. Addressing

COM IF @ memory access request /> DDR command 4T 5EENTRLRERRA A—DFTRT,
Activate & Write/Read (auto precharge {#&% &%) command #7139 5EE M Row address, Column
address, Bank address [Z[&. ddr_cabit & ddr_8bank %E(CkY FEED EEY sys_cmd_addr DEE A
BESND,

bit
sys_cmd_addr{21:0] 21[20]19]18]17[16]15[14]13[12[11]10] 9 [8[7|6]5[4[3]2]1]0

Required to be supported RA BA ’

ddr_cabit=0 (CA 9bit)  [12]i0] o el e S A =2 [0 1]o 2000

ddr_8bank=0 (BA 2bit) 8[7]6]5 4[3]2[1]o]!

CA I

RA BA I

ddr_cabit=1 (CA 10bit)  [11]10[ 98] 7[6]6]4[3]2]1]0 1]o I

ddr_8bank=0 (BA 2bit) 9[8]7]6]5 4]3]2]1]o]l

CA I

RA BA I

ddr_cabit=0 (CA 9bit) 11f10/9[8[7]6]5]4][3]2]1]0 2[1]o |

ddr_8bank=1 (BA 3bit) 8[7]6]5 4]3[2f1]o]l

CA I

RA BA |

ddr cabit=1 (CA 10bit)  [10] 9] 8] 7]6]5]4]3]2]1]0 2]1]o I

ddr_8bank=1 (BA 3bit) 9[8[7]6]5 4]3[2[1]0]I

CA -—-

Fig. 51: addressing image

Column address @ bit[1:0][FIZ0 &9 %, £-ZDAYURTHEH AL address bit AHBI5EH. TDR
ERAE YR 0 ElE LT S (CA=10bit DT /31 A% CA=9bit DEXE THES&E, 8bank T /31 X% 4bank RE
TESLELGE . FEREEICTIERTHDEHRST=H) .

Bank address D& T HIE vk & sys_cmd_addr3|DAIEIZ&HT=5T=6. sys_cmd_len A% 1 A5 8 DIATUR
(. sys_cmd_addr[2:0]=3'd0 THMNIEB— N\ I~NDT IR EGD,
9.6.3. DDR command generation

COM block [&.COM IF A5M memory access request 3 (THY . Zn(ZIGELCF- DDR command
sequence 4K LT PHY IF A AT %,
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mclk |
.................. Access within 1 bank
sys_cmd_req PHY IF :«—WR/RD command x sys_cmd_len (BL=4)—
P command bank A wr/rd| |wr/rd| |wr/rd| |wr/rd '
sys_cmd_addr addr (auto precharge)

len
Oor1

sys_cmd_len

sys_cmd_write Access across 2banks

:«—WR/RD command x sys_cmd_len (BL=4)—

sys.w_data [ oo [.] bank A [wr/rd] . o
PHY IF (auto precharge)
—} command U TITEET
com_ready _ P bank B ACT - wr/rd R

memory write (auto precharge)

or read request

Fig. 52: DDR command sequence image

COM IF MM request & 1 D%ITERSHZ &2, DDR command sequence (& Activate A< RMSIREY .
FD#% sys_cmd_len DEZD Write £1=1% Read A< FEFITLT(HE#%&IX Auto precharge {Z® Write
F7-1¥ Read A7 R), £M /%% precharge LT-IREETH# %, £D request [Z&% memory access A
2bank [TE=MBIHEE L. TNEND bank ITDWTREBD L —4 2 XE4E L. bank interleave S THAT
T5,CM 22N —2RAM Write £1=I& Read v FD&EETA sys_cmd_len 725,

sys cmd len=8 MY 2K (read £ (X wite EE5M0FADH)EEHBMLTAANLIZEE,
sys_cmd_addr[2:0]=0 /D sys_cmd_addr[21:3]A% incremental G & (F1=EBEEZN\IADTHEAD
FOHE) L. EhZhd DDR command sequence [& bank interleave Sn THIE LA S51 B, (IRCD —
AL DENFHDIHE (X Write command F7zI& Read command DfERE(E BL/2 [THIZ 51D)

COMIF < 8cycle@mclk > 8cycle@mclk————
command request [N o] o]
sys_cmd_addr 22'h000000 22'h000008 22'h000010
sys_cmd_len 4'd8 4'd8 4'd8
oy PO R . Rl [wra| .. -
command  Pankl ACT . |WR! - [WRT ™y [wrA| ..
bank2 ‘«—BL/2—» ACT - [wrR] . [WR] [wra] ..
COM IF «—BL/2—>
sys_cmd_addr 22'h000000 22'h000008 22'h000010
sys_cmd_len 4'd8 4'd8 4'd8
com_ready
R [ - [Ba [FoA] -
command  Pank1 ACT . |RD! . [ERD] [RDA] ..
bank2 ‘«—BL/2— ACT . [ro] .. [RD] [RDA] ..
«—BL/2—

Fig. 53: bank interleave

9.6.4. Auto refresh

(ddr_aref_en & com_enable)=1 M&E, AREF O R D EENFEITHEAEN enable 755, CDHEAED enable
DEE(X, (ddr_aref_num x ddr_t_refi/ )B4 2)L@mclk &2 AREF VO T RAMDFEITEN S, AREF)IT
ARDEITENDE, EITHD command sequence BHNIXZD5E T #Fo>TH S ddr_aref_num D EIFIF
E AREF v RN ETEND,
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com_enable
ddr_aref_en | 1 |
command | s ]
sequence 7 1
ﬁ / ;A‘ \ :k‘
| (ddr_aref num x ddr_t_refi /{ 2) (ddfr_aref.num x ddr_t_refi / 2)
cycle @mlck \ ! cycle @mlck
AREF \\ AREF // AREF
request feque/s’r/ request
|
v
g ACT ... AP ACT ... AP
e [ ACT.AP | i« »[AREFl¢—tRFC—»[AREF| ..  [AREFle—tRFC—» | ACT..AP |
K ACT .. AP min cycle ACT AP
T @JEDEC spec i ¢———ddr_aref num x AREF——————»;
AREF
request

Fig. 54: auto refresh

AREF request #1T#. ddr_aref_ num ®OE#(FE AREF ATV RAH DENDFETHLGATURY -5V R
(FRATRTEALY,

9.6.5. tREFI setting

tREFI 5% [$fth @ DDR timing /S5 A—42E&E &ELY. COM block EM{ERIZEREEENTHONDAEEENH
%, ddr_t_refi DL bit[7:0]1& bit[11:8] THMN TR ESN D10, BERPDIEA COM NI THEAIN
BWEIFETIDLENSHD, CD=8H. ddr_t_refi FRFEITTIZRT EESY com_enable DL EYFEIX
ddr_set_trefi (EE DI LY TIYFIN, TDH COM RETHEAIND,

com_enable

ddr_set_trefi

|

1

|

' |

| |
/*\ /v\

ddr_t_refi A ].] LB [..] tlec

7 4 »

» >
setting B is valid setting C is valid

Fig. 55: tREFI setting

9.6.6. com_enable and com_status

com_enable=0 /D com_status=0 ) && COM block [ZEIEET . CDIKEED LZ register IF 55 memory
~ direct command ZH{TT&Z%, com_enable Z# 0 i\ 5 1 AR JLEHE 5L auto initialize sequence D F 1T
T (enable THALIL). COM IFMSD YT AREZIT{F T A BE&LE -T2 A T com_status=1 &% 5,
Z M com_status {55 A%, COM block ' active ZiRREETHAHZEE TR T, com_enableZ 1 M5 0~NEZ D&,
COM IF [& disable IJKEELGY ZNLUED )V TAMIZIHFIFEW F2EZLZDEEERTHFDL—T U AN H
NIEENHNTE T §5FETcom_status=1 DIKEEFRE ., O—7 2 X5 T #IZ com_status=0 &L T COM block
MY active IKREE TG >1=2EETRT,
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com_enable
com_status
< COM block is active >
register IF < dn.'ect (?md __________ > . dlrect (?md ______ >
is valid is valid
oreemeenemense e COM IF is valid----sseeeeesemrasecaceeca- o
PHY IF alzltf |mem access| |mem access| |mem access

Fig. 56: com_enable and com_status

9.6.7. Direct command

Direct command (X —# A register IF #i8L T DRAM ANOYUREHKITT 5O DHEETH D, F1T79 5
<R DFEFE(E dremd_cmd[3:0] T EESN ., L TFTDIATUREHR—M 5,

drcmd_cmd[3:0]=4'd0 NOP
drcmd_cmd[3:0]=4'd1 Precharge All
drcmd_cmd[3:0]=4'd2 Auto refresh
drcmd_cmd[3:0]=4'd3 MRS
drcmd_cmd[3:0]=4'd4 EMRS1
drcmd_cmd[3:0]=4'd5 EMRS2
dremd_cmd[3:0]=4'd6 EMRS3
drcmd_cmd[3:0]=4'd7 Device deselect
drcmd_cmd[3:0]=4'd8 Self refresh entry
drcmd_cmd[3:0]=4'd9 Power down entry

YVVVVVVVVVYY

dremd_req D IL EYT dremd_cmd DIEZESYFL T, ZDEREIZHL PHY IF AOIURERITT D,
(dremd_req_clear [Z&% dremd_req 155 ? clear function (XA, )

mclk
drcmd_req
L

dremd_cmd | (Iqhd num |

v

command issue to PHY IF

Fig. 57: direct command sequence

direct command DFEFEHY Precharge All/Auto refresh/ MRS/EMRS1/EMRS2/EMRS3 D154 . drcmd_req
DILEYE. ZDIATUR(Emclkx2 7899 Tleycle D PHY IFAE 3, ZD%NOP DIRE~NERES,
direct command D FE$EAY Device deselect/Self refresh entry/Power down entry 154, dremd_req 3L
LY#%.PHY IF ®a<w> R Al Device deselect/Self refresh/Power down MDIREEFRIFT B, direct
command @ NOP [Z. Device deselect/Self refresh/Power down E£f=[Z!) v O #EIREE(CKE=low D
KEE) M5 NOP REE~NRHLEZITFERAESN D,
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=
dremd_req RS
Precharge All 7
AREF AN
MRS mclkx2
EMRS1/2/3
PHYIF " nop  [cmD]  NoP |
command
/1
drcmd_req RS
. / \\
Device deselect N
Self refresh entry ~
mclkx2
Power down entry
PHY IF | NOP | Deselect/SREF/Power down
command
1
dremd_req \ /L\
AN
NOP
mclkx2 {
PHY IF Initial state/Deselect/SREF/Power down | NOP |
command

Fig. 58: direct command

direct command IZ2&Y MRS/EMRS1/EMRS2/EMRS3 AtE AAdhb&E, phy_addr IZIXZDEE(ZERES
N TULVS ddr_mr/ddr_emrl/ddr_emr2/ddr_emr3 O bit[14:0|DENEFNETNZDEEHE AN D,

9.6.8. ddr_t_rtw_add function

JEDEC specification Tl&. read command F47# (2 write command % $4T TE5E T® minimum time (&
t RTW=((BL/2) + 2) cycle T#%%., COM block Dft#k&L T, t_ RTW (X ddr_t_rtw_add DEFEICIYRD &
BYET B,

» t RTW (COM block spec) = (BL/2) + 2 + ddr_t_rtw_add [cycle @mclkx2]

9.6.9. PHY IF signal timing setting

write data/mask {E & (phy_wdg*/wdm*)[& write <> FH 7@ phyif_wdata_lat 41/ 7))L S(BL/I2) Y4
LD TH hdh B, phy_dgsoe 1E 5 (F. write A< K D phyif_ wen_lat Y42 )L#EMNS(BL2)Y A4
JLOEAR High &78Y . ZH LS E Low &785, phyif_wodt_en=1 M &E ., phy_odt {5 (& write A< FH 5
@ phyif_wodt_lat 442 JLi&H 5 ((BL/2)+phyif_wodt_ext) 2L D HARE High &72Y . 2R LIS E Low &7
%, phyif_wodt_en=0 M &Z, phy_odt [E Low BElE &% 5.
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melkx2 [ S s N S I S S R e
command WR
: ‘«—BL/2 cycle—»’
phy_wdg/wdm i« «—phyif_wdata_lat cycle————»{ d0d1/m0m1 | d2d3/m2m3
««—phyif wen_lat cycle———»«—BL/2 cycle—»!
phy_dgsoe low high low |
i«—phyif wodt_lat cycle—»i€«—( (BL/2) + phyif wodt_ext ) cycle—»!
phyif wodt_en=1  phy_odt | low high low |
phyif wodt_en=0  phy_odt | low |

Fig. 59: PHY IF signal timing (write)

phy_rdecmd £ 5 (& read A< RFH D phyif_ren_lat Y44 2)LEMNSBL2)Y A2 IILO AR High &4Y ., %
NS L Low &4 5, phy rdodten E5 (& read a< > KH AD phyif rodt lat 42L& D
((BL/2)+phyif_rodt_ext)t /)L DEAM High &75Y . E LS E Low &7425,

malkx2 N A s T O R S
command ‘ read
««——  phyif_ren_lat cycle >t BL/2 cycle—»;
phy_rdemd low high low |
‘«—phyif_rodt_lat cycle—pie ( (BL/2) + phyif_rodt_ext ) cycle >
phy_rodten low high low |

Fig. 60: PHY IF signal timing (read)

Read data(phy_rdq0, phy rdgl)Z COM block M5y FF 5212245 L. phyif_ren_lat, phyif rdlat &
phy_gds [Z&YHlfEIEN S, phy_rdq0/1 [ECNEDERFEIZKY TORDESYSYFEINS,

who [ [ LI ] B B
command CbM latch timir,1g

PHY latch timing : :
i«(phyif ren_lat + phyif rdlat + phy_gds) cycle»€—1cycle—»

phy.rda0 ™ go/q1i T d2/d3
phy_rdqt

Fig. 61: read data latch timing

9.6.10. t_FAW restriction

COM block [F&EEBLSRAARTEICEHLLT . ETHDE—RTTED t FAW $IfZ2F53DET S
(ddr_8bank=0 M &= T4 8bank device BMEHNDZELH D),

» t FAW = 18 [cycle @mclkx2]
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10. Appendix

10.1. Clock domain change

FEHLGERICHEIOVIMTT —2ERITELT HEEDHEETT

® Single bit signal (stable)
® Register setting

clock A domain : clock B domain
'
emmmmmmmm——- P EEEELETTEEEEEEEEEEEELLLTTTTTTN .
single—bit signal : : :
or —» FF |+ —> FF (> FF —>
register setting ! ' :
. . T . K
E No logic here
Fig. 62: single bit or register setting
® Single bit (pulse)
clock A domain : clock B domain
'
emmmTmm e e .
: ! Ve,
set H ' ! Dos—
p.ulse : ' 5 FF > FE G, pos—edge
signal FF |i : i . detect |
clear ! H P T
H l H
H l H
H 0 H
H ’ H
. [ ] .
{FF |« FF |« : :
H ' ;
M ecccccccccccccccccceYacccccccccccccccccccacaaas? ’
' No logic here
Fig. 63: pulse signal
® Multi-bit signal
clock A domain E clock B domain
! stable or pulse signal ™
V clock domain change |
. ' i
treeer Lyl FF ‘> FF [ FF [
signal i . i
H N H
L}
'
L}
—hi L}
mu.ltl bit —» FF ——— multi-bit——»{ FF —out—>»
signal '

clock A
trigger signal
multi-bit signal

clock B
enable

out

x|

valid | |

stable here=—:

»
»

[l

[ X

valid

Fig. 64: multi-bit
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® wdata, rdata (using SRAM)

clock A ¢ ¢ ¢ ¢ clock B

. 1N : SRAM q I
@ FF T_D_EA:E (line buffer) JT_I?_(_:T F

No logic here No logic here

Fig. 65: wdata and rdata

SRAM @ DI/DO R—h & FF LE#EDHE ., M logic ZHEFELLY,

10.2. Sysmte IF port restriction

L_MIF H\i5 System IF A &N S rdata §5 (&, FF ASEEH AL TADYIEFELLY,

SRAM ] o
[ (line buffer) FF = : :
—»| FF! :

SRAM : +—rdata——» System IF
[ (line buffer) FF > Y

No log|c here

L_MIF

Fig. 66: System IF port restriction

10.3. PHY IF port restriction

COM block /5 PHY IF A AT BR—KE. FF hSESZEER ALTAS Y IEEFLL, 1= PHY IF
MNoDANE FF TEEESZZTRY., BIcO yoEikEiLy,

COM block PHY IF port

—) FF i—output——p|
<— FF} [e—input

No logid here

PHY

Fig. 67: PHY IF port restriction
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10.4. COM IF address and data mapping image

tst_cmd_addr

bit [21]20[19[18]17[16]15[14[13[12]11][10[ 9[8[ 7[6[5[4[3[2[1]0
Wline number—————»i«————word count——>
frame ID
tst_cmd_addr[9:0 d t
tst_.cmd_addr[21:10] |frame] line st.emd.addr{9:0] (\’Nor counv)
10'h002 | 10'h001 | 10'h000
12'h000 1 d2 d1 do
12'h001 2 N
12'h002 0 3 64bit
“ /
~
1dot(RGB 16bit) .
12'h800 1
12'h801 2 .. [16]15[14[13][12]11]10] 9[8[ 7[6[5[4[3]2]1
12'h802 1 3 d3 d2 d1 do
1word(64bit)
Fig. 68: COM IF address and data image
10.5. MIF, PHY, DRAM configuration
PHY calibration block
A A
v
cmd/add—» PHY cmd/addr block > DDR2 SDRAM
L_MIF A 4 16
|€—data/etc. —»| PHY data block (16bit) [€——16bit—»

Fig. 69: MIF/PHY/DRAM configuration
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10.6. COM block difference between F_MIF and L_MIF

<F_MIF> $ ‘ 256 /

—sys_w_data —phy_cs_x

COM IF —sys_w_mask: —phy_odt: ‘
|

—phy_ckeﬁﬁ-b =
~N
<—com,r,data# | v bit[0] for lower 32bit
S y —phy_dqsoe—l‘%ﬁ‘-) bit[1] for upper 32bit
2

—phy_rd d—\ﬁﬁ—b

pvreemeT "7, enable/disable bit[1]
e — T COM block —phy_rodten—*\j,L> PHY IE + -~
{—sys_ddrif bitsel—1—/—p{ for F_MIF ~7 po-

Wy [~ __—$%7

%l\
R
(SO ON

>

—————— S——4 - _ _[phyw
register —phy_gdsOﬁZLb —phy_wdq1ﬁ64L>
IF —phy_gds1ﬁ24> —phy_wdm 8

—phy_gds2 —phy_wdm1 8

—phy_gds%L» <—phy_rdq0ﬁ64;
et <—phy7rdq1ﬁ64;

—sys_w_dataﬁL) —phy_cs_x%Lb

COM IF | —sys_w. maskﬁL) —phy,odtﬂb

—phy_ckeﬁL)
ﬂ—com_r_dataﬁM;

L s —phy_dgso

<L_MIF>

—phy_rdcm 1

1
JSS— ' COM block —phy,rodten%
i ! PHY IF
; i~ -sys agefltsel — — — »{ for LMIF

register

IF —phy_wddq

é—phy_gdSﬁsz —phy_wdq1ﬁ16L>
; 2

[ g —phy_wdm

—phyfwdm1ﬁ2L>
0 167/

<-phy _rdq

oy regt——165/

Fig. 70: COM block difference

10.7. SRAM wrapper

line buffer M SRAM (X FEENLDEFERT 5,

Name: SZAA90 528X64X1CM4
Memory type: FSDOA_A SZ

Words: 528

Bits: 64

Column: 4

Output Loading: 0.5pf

Power ring width: 10um

Power ring type: ppr

RTL H11Z line buffer #&<&E (&, SLSI A HIR#T 5 SRAM wrapper module(RAM2P528W64B_WRAP.v)
ZHEAY 5.
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Write port RAM2P528W64B_WRAP Read port
//’—‘\\\ e N //’—‘\\\
/ \ / \
CKB > < CKA .
/ \ / \
t CSBN—F—> «——CSAN -
——BI9:0] (addressH—»|  SZAA90.528X64X1CM4  [«— A[9:0] (address)—]
: WEB > \ /
/ \ /
DI[63:0}—+—> —DO[63:0——
A ~ -~ 7 ~ o A ~ - 7

Fig. 71: SRAM wrapper

10.8. PHY wrapper

L_MIF & DDR PHY D##iIZIE. SLSI M1 {9 % wrapper module (L_MIF_TOP.V)Z{ERAT %,

L_MIF_TOP
o DDRZPHY \
-mclkx4 > :
-mclkx2- #: e N |
—pclk, malk, rst x | FXDDR2COMPO13HDOA_FTC [
- v (RN J !
| a i -
|
“ System IF > | FXDDRIIA174HDOA |
| —PHY register IF—» | )
I ! DRAM 0
——System setting IF— L_MIF | N :<—PAD (x16)
| «——PHY IF——>/ FXDDRIID174HDOA |
<«——REG IF——» Lo a

- @ J \__ —— — — - — -
| E St Sttt Sl

IVCG*{—1GND*|—{ DFT control
0

1 0 open

Fig. 72: PHY wrapper

Power pin(fE84& A "VCC" THRESELMD)IEET 1 ERE. ground pin(fE5 & A "GND" TIRFESLD)IEE
TORBEETHEAT %, DFT control signal(iE5& A "dit " TIRFEDLD)DAHESEILTOBEE. HAHIE
BIE2Topen TEMAT S, £f= PAD signal(fE5 & A "pad " THRFEDED)ETORDESY DRAM 0 &
#ind 5o

Table 31: PAD signal connection

PAD name bit direction connected to
pad_rdrvdn 1 Out open
pad_rdrvup 1 Out open
pad_cas 1 Out DRAM 0
pad_ras 1 Out DRAM 0
pad_we 1 Out DRAM 0
pad_addr 15 Out DRAM 0
pad_ba 3 Out DRAM 0
wio | 3 | ow | D500
pad_ckb 3 Out [0]: DRAM 0

[2:1]: open
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pad_cke 2 Out [0]: DRAM 0
[1]: open
pad_cs 2 Out [0]: DRAM 0
[1]: open
pad_odt 2 Out [0]: DRAM 0
[1]: open
pad_dq 16 Inout DRAM 0
pad_ldgs 1 Inout DRAM 0
pad_hdgs 1 Inout DRAM 0
pad_ldgsb 1 Inout DRAM 0
pad_hdgsb 1 Inout DRAM 0
pad_ldm 1 Out DRAM 0
pad_hdm 1 Out DRAM 0
pad_vref 2 In open?
pad_dummy 1 Inout open

DRAM 0 Address/Bank address Evr#(ZxtL T pad_addr/pad_ba DEYFEMNRZBA (X, LEAIOR
21=Ewvk% open &9 %,
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11. Revision history

0.00 2009/04/22 initial version
0.01 2009/04/22 -add 10.5,1.1
0.02 2009/04/22 Add parameter phyif_rdlat to COM register
update Table 16, Table 17, Table 20, Table 25, Table 29
update section 9.6.9, Fig. 61
0.03 2009/04/27 - update section 5, regmap base address
- update section 6.1, Fig. 9 (rdvalid to rdata timing)
- update section 10.1 (wdata, rdata (using SRAM))
- add section 10.2 Sysmte IF port restriction
0.04 2009/04/30 - add section 10.7
- add section 10.8
0.05 2009/05/14 - update clock frequency specification
update Table 6
- add REGIF minimum access interval spec
update section 6.4
- add tst._ mode_force signal to force(enable) test mode
update Table 15
update Table 19
add section 8.4
- delete tst_cmd_req_clear signal and add tst_cmd_status signal
update section 5.1, 6.6, 8.1, 8.2
- delete drcmd_req_clear signal
update section 5.2, 6.7, 9.3.4, 9.6.7
- update 2.2.1 Frame format
0.06 2009/05/14 - add detailed timing spec of mif_rst/mif_enable
update section 6.1 System IF
- add section 7.5 frame format change
0.07 2009/05/21 - typo correction
- add section 2.2.3 Additional frame format
0.08 2009/05/25 - update blanking spec (total blank min spec)
update section 2.2.1
update Fig. 10
- add frame format BLKMIN and BLKMAX to section 2.2.3 Additional
frame format
- update initial value and bit width which were TBD
update Table 10, Table 13, Table 17
- delete fclk (change System setting IF clock to pclk)
update section 3.2 Clock specification
update Table 8, Table 10
0.09 2009/05/29 - update Table 4, disp size of WXGA and BLKMAX
- update 10.8 PHY wrapper
0.10 2009/06/16 - add register map for test block and related 10 port

update Fig. 2, Fig. 4
add section 4.7 UFT register IF
add section 5.4 UFT register
add section 6.9 UFT register IF
- correct mistake of <h_fp> and <h_sync+h_bp> period
update Fig. 10
- update COM reigster initial value (phyif_wodt_lat, phyif_rodt_lat)
update Table 16: COM register map
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