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10. DDR3 &5 sLI #1172

10.1 LB HK

MES22GP JF R EFH—H Micron ) DDR3 (MT41K256M16 TW107: P) WAELLE, A
16bit A7 % KIAAE 1A (MT41T RA0Z IR, BATR 285 O &8s, R 2 MT41K
Ao R B ZE R MTALK SRR 1L 35V ARHLE, [R5 1.5V g, FrBAmT DU MT41K
BB AN S MT41] 5 F) o 1% DDR3 {7 RAEEERE] T PGL22G ) Bank L1 J
Bank L2 F. PGL22G [f) DDR IP N IP, FRIZFEIEHIN IP i CFEEIE&EE “MES22GP JF
BT D .

A DDR3 TP B J7(I#%, =<3 DDR3 Wyt B4, 1 AFH TAREMEAMAH A #0.

Ethenet HDMI RX
LED PHY PHY
SD
Card
Bank LO Bank RO
Flash
bisicd » HDMI_TX
IRESH % Bank L1 PGL22G-MBG324 Bank R1 e
PMOD * 2
DDR3
Bank L2 Bank R2
I EIo
( 40pin4-FHEE )

10. 2 DDR3 i 22 f5i
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HMIC_H IP ZiRYIT ORI B AR AR FPGA F=iit H T8 SDRAM %5
mw i 1P, J#id /A" Pango Design Suite ZF (J5XfE# PDS) A 1P Compiler I H
(Ja XTFR IPC) BIfLAERL IP itk

>

vV V V V V ¢ B ¢ ¢ BB YV V

% ¥¥ LPDDR. DDR2. DDR3;

SCFF x8 x16 Memory Device;

EPRE: AN

FRUER) AX14 23 0

—¢H 128bit [) AXI4 Host Port

P2 64bit ) AX14 Host Port

PR APB SR

DDRC [ & ¥ 1

YA ER T #ERE R Self-Refresh 11 Power Down;
X ¥F DDR3 i m&Ed ZE %] 1066Mbps;
X FF DDR2 My e #dli g ik 5] 800Mbps;
X ¥F LPDDR s mEidE#Zeik %] 400Mbps;
Burst Length 8 F15. Rank;

HMIC H TP RGAHERE M~ B AR:

HMIC H IP
HMIC_H CORE
AXI4 Port0 { )
AX14 Portl { )
AXI14 Port2 { ) DDRC @ 5111)5
APB Port )

HMIC H IP £335 7 DDR Controller. DDR PHY 1 PLL, FF @it AXI4 32O scBiBUE M
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B, @ik APB W ECE DDR Controller WHSZFAES%, PLL FIT774: 75 B A& Rl fh o

AXI4 #:0: HMIC H IP #ft=41 AXI4 Host Port: AXI4 Port0(128bit). AXI4
Port1(64bit) . AXI4 Port2(64bit). F/"ifid HMIC H IP Fiiinf DLEFfFREIX =41 AXI4
Port. =#1 AXI4 Host Port ¥JNkpiE AXI4 %11,

APB #2M: HMIC H TP f24it—A> APB FCEHZI, @idiZ#10, WECE DDR Controller
P E A4 . HMIC H TP ¥lia ik e s g1z 1 .

VEG s 1 35 B3I S TP FC & S Y View Datasheet 1 F IP Fffs

| (& Customize IP - DDR3 Interface (1.2), Instance ddr3_22g - a X

Dl cenerate | @ @& & @ C]

Symbol
DDR3 Interface 1.2 1ogos-PGL22G-MBG324--6

EID N EER NS El Step 2: Memory Options Step 3: Interface Options Step 4: Summary

Type Options
Please select the memory interface type from the Memory Type selection.

Memory Type: DDR3

10 Options
Please select the memory controller location.The IO pins used by the left controller are distributed in BANK L1 and BANK L2
The IO pins used by the right controller are distributed in BANK R1 and BANK R2.

Controller Locatien: Left (BANK L1 + BANK L2)
I0 standard: SSTL15_I
Mode Opticns

Please select the operating mode for memory Interface.

operating Mode: Controller + PHY

width Options
Please select the data width which memory interface can access at a time.

Total Data Width: le

Clock settings

e
o
[
s
—a
Fsu
—
—b
s bv:
s
—
b =
—
s
o
b
e

Input Clock Frequency: 50.000 MHz (rang:5-600MHz)

Desired Data Rate: 800.000 Mbps (rang: 600-1066Mbps)

10. 3 SIS

10. 3.1 %3 DDR3 IP &

PDS %3 )5, T FBhUS 0 DDR3 1P, #HEAEIMAEWIR:
(1) DDR3 IP Xf4: 6 IP setup packet\DDR3\ipsl hmic h vl 2.iar
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~IMES22GP v1 > 6 IP setup packet > DDR3

EM B s Fh

B ips! hmic h v1 2iar 2023/1/17 14:20 2,822 KB

(2) TP #3018, 1 Demo document\ L EAFHR\03 IP #Z X 5&FH 185/

MES22GP_v1 > 1 Demo document > TE{FFE G

=1 [EBUEEE 22 PN\
&) 01_PDSLEEESFM pdf 2023/1/10 11:34 WPS PDF 3744 1,214 KB

2] 02_PDStRiR{EFHZFM. pdf 2023/1/13 14:26 WPS PDF 3Z4% 4,473 KB

2) 03 P SEE ISR pdf 2022/10/29 11:01 WPS PDF 784 429 KB

2l 04 PDS5SmodelsimBt& 5EL pdf 2022/10/28 20:52 WPS PDF 3244 357 KB

2l 05 FPGA&CPLDRI FESEL. pdf 2022/11/1 15:36 WPS PDF 3244 1,307 KB

10. 3. 2 DDR3 £ 5 Example T#%

1. $TFF PDS %k, #i%d THFE ddr3 test, S0 FEFE, T IP Compiler;

File Edit View Project Process Tools Window Help
5 |  EERE 0G0 E o ofe]s -
Navigator g x 9 pProject pirectory
Files
Flow Summary
+ ! Find:
=] PGL50H-6FBG484 T ! Project Name: ddr3_test

2. ¥ DDR3 1P, H44, #RJ5 siihi Customize;
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(@ IP Compiler 2022.1 - DDR3 Interface (1.2) (on user) — [m] X

File View Project Help

cCHh =X | 2o08| &

Catalog Project Pathname E:\pango_item\PGL22G\ddr3_test\ipcore\ddr3_test\ddr3_test.idf roj Path |

IP .
) Instance Name "ddrft).est ® ”‘2 Customize ||
-] Module
il P 2 3
= O] Memory
= (] pistributed RAM Name DDR3 Interface

ﬂ Distributed FIFO (1.2) .

g Distributed ROM (1.3) Version 1.2
fok Distributed Shift Register Vendor Pango
dof Distributed Simple Dual Port

~-dmf Distributed Single Port RAM

= (Z] DRM — Part (PDS settings)

i DRM Based Dual Port RAM (1.¢
~-d@F DRM Based FIFO (1.6)
qak DRM Based ROM (1.5)

dok DRM Based Simple Dual Port I

. ~~jmF DRM Based Single Port RAM % Package MBG324

= 03 Multiplier ;

; dof Multiply-Accumulator (1.2)

dif Multiply-Addsr (1.1)
dob Simple Multiplier (1.2)

Information

Family Logos

Device PGL22G

Speed Grade -6

. B-@3 eLL
i e PLL (1.5
; & (-2 Configuration
=[] system
-3 por Output 5 x
= Hard
4 Initializing ...
: Compiling architecture definition.
dak Logos HMIC H (1.1) Loaded 21 devices.
i B 1 Loaded 79 IPs. (10)
E- (@ Tools
=l (33 Debug

& DebugCore (1.3)
& Jtag_Hub (1.3)

(18/79)

T
10.3.2.1 DDR3 IP FCE PiHH
HMIC H IP BB 2 AVUASTLE, 239~ Stepl: Basic Options, Step2: Memory Options,
Step3: Interface Options, Step4: Summary, 15550 #20EZ TN FHECHE .
10.3.2.2 Step 1: Basic Options
& TP WEEAFCE U, T~ EPR:
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@ Customize IP - DDR3 Interface (1.2), Instance ddr3_22g

[ cenerate | @ @ @ o

output

DDR3 Interface 1.2 Logos-BGL22G-MBGI24--6

Step 2: Memory Options Step 3: Interface Options Step 4: Summary

e11_refelk_in—y | —scsysack adre
top_rst_n—4 | —scactive_ddrc ~ Type Options
ddre_rst—4  [—apl1_lock

csysreq ddre—4y [—spll aclk 0 Please select the memory interface type from the Memory Type selection.

pad loop in—y |—+pll acli 1

pad_loop_in_h—1 |[—pll_aclic_2 Memory Type: DDR3 v

pad_dq_ch0[15:0] +—4 [—sddrphy_rst_done
pad_das_chO[1:0] += [ —sddre_init_done . I0 Options
pad_dgsn_ch[1:0] += [—spad rstn_cho

areset 0—y | —bpad gar cliw

Please select the memory controller location.The IO pins used by the left controller are distributed in BANK L1 and BANK L2.

et 0| [vpad ddr_clkn_w The 10 pins used by the right controller are distributed in BANK R1 and BANK R2.
awid_0[7:0] =4 |—+pad_csn_cho
awaddr_0[31:01 —4 [—# pad_addz_ch0[15:0] controller Location: Left (BANK L1 + BANK L2) v
awlen_0(7:0] —4 | —+pad_dm_rdgs_cho[1:0]
1ze_012:01—4 | pad_cke_cho
ausize_012:01 et 10 Standard: SSTL15_I v

awburst_0[1:0] =4 [ —»pad_odt_chd

sulock 0—4 [—»pad rasn cho

awvalia o— |—+pad_casn_cno i _Mode Options
awurgent_0—4 [—#pad_wen_ch0 5

awpaison_0—4 ft—spad ba_cho([2:0] Please select the operating mode for memory Interface.

wdata_0[127:01—y [—»pad_loop_out
wstrb 0(15:0] —4 [—+pad loop out n
wlast_o—H | —suready 0
wvalid_0—4 | —buready_0 ~Width Options
bready 0—4 |—sbid 0[7:0]

Operating Mode: Controller + PHY W

arid_017:01 — [—sbresp_011:0] FPlease select the data width which memory interface can access at a time.

aradde_0(31:0) —§ [—+Evalid o

arlen_0[7:0] —4 [—sarready 0 Total Data Width: 16 v
arsize_002:01 = |[—+rid_0[7:0
arburst 0(1:0] =4 [—rdaza 0[127:0) — Clock settings
arlock 0—y [—rresp 0[1:0]
arvalid 0—jgg—srlast 0 Input Clock Frequency: 50.000 % MHz(rang:5-600MHz)
arpolson 0—4y | —+rvalia o
rroady_0—y [ csysacx_o Desired Data Rate: 800.000 “  Mbps (rang:600-1066Mbps)
arurgent_0—4 | —+cactive_o
Actual Data Rate: 800.0 Mbps

csysreq_0—

Ready

Basic Options FEAIZHUL T 3%
# 7 Basic Options Z it ]

Memory Type fHFH FISDRAMZERY,  H AT CFRIIRAL N

1> DDR3;

2) DDR2;

3) LPDDR

Controller Location ControllerfEFPGA & I\ E, HATPGL22 ZHFHIN BN
1) Right (BANK R1 + BANK R2);

2) Left (BANK LI +BANK L2);

E: HMIC_H AR, B e A 425,
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10 Standard

BEUARAEIETH, DDR3 S HF4: i N
1) SSTLI5 I

2) SSTLI15 Il
DDR2AITLPDDR S £ 113 T brifE N

1) SSTLIS8 I

2) SSTLI8 Il

Operating Mode

HMIC_Higf7 ik #F. HHr R SCRFController + PHY # 3K

Total Data Width

H5HMIC_HIEFH Fr4FSDRAMES L HDQBEEE . H i S PR S T8 2 A
1) 16
2) 8

Input Clock Frequency

HMIC_HAH AR B, $A7MHz

Desired Data Rate

800Mbps, LPDDR 3 #¥ 1) #5 = # A400Mbps »

Actual Data Rate

SEhREEA B B A, R R .

10. 3. 2.3 Step 2: Memory Options
& Memory ZHEMIECE VLI, TUH 40 R K FR:

(& Customize IP - DDR3 Interface (1.2), Instance ddr3_22g

DlGenerate | @ & & 3 @ (]

Configure

Symbol

p11_refeli_in—4
top_rst_n—
ddre_rst—4
csysreq_ddre—y
pad_loop_in—
paa_lcop_in_nh—
pad_dq_ch0[15:0] +—4
pad_dga_ch0[1:0] +—y
pad_dasn_ch0l1:0] ~—y
areset_0—y
aclk_o—y
awid_0[7:0] =
awaddr_0[31:0] =
aulen 0(7:0] —
awsize_0[2:0] =
auburst_0[1:0] =4
awlack_0—1
awvalid 0 —
auurgent_o—y
awpaison_0—y
wdata_0[127:0] =4
wstrb_0[15:0] —y
wlast_0—y
wvalid_o—y
bready_0—4
arid_0[7:01 —
araddr_0[31:0] —
arlen 0(7:0] —y
arsize_0[2:0] =
arburst_0[1:0] —
arlock 0—4
arvalia_o—¥
arpoison_0—y
rreaay o—4

arurgent_0—

caysreq_0—4

output

|+ csysack_ddze
| cactive_ddre
211 lock
[—*o11_scik_o
>pl1 aclic 1
o1l aci 2
[—*ddrphy_rst_done
| ddxc_inic_done
| pad_ratn_cho
= pad ddr_clkw
|52 aar_clim u
{— pad_csn_ch0

[—s pad_addr_en0[15:0]
= g2 om rags cnofi:0)
[—* pad_cke_ch0

|+ pad_cdt_cho

|+ ad_rasn_cho
|—+pad_casn_cho
|—+52a_wen_cno
[—pad_ba_cho(2:0]

|—»pad_1oop_out
|+ pad_loop_out_k
| auready 0

= wready 0
—bid_0[7:0)

s bresp_o11:07
|—sbvalid 0

| arreagy 0

= rid_0[7:0)

[ rdata_01127:0]
|— rresp 011:0
|+ r12st 0

| rvalid o

|+ csysack 0

| cactive_o

DDR3 Interface 1.2

Logos-PGL22G-MBG324--6

Step 1l: Basic Options [EIRSEERENCITSSNSTSEN Step 3: Interface Options Step 4: Summary

HHEE A HRIE %, DDR3SZHFIN i = 8 N 1066Mbps, DDR2SZRFI1) =i %N

— Memory Part

Create Custom Part MT41J256M16XX~-15E ~

Please select the memory part.Find an equivalent part or create a part using the 'Create Custom Part' button if the part you w

~ Drive Options

The value of the resistor must be 240chm +/-1 percent.

Output Driver Impedance Control: RZQ/6 v

To calibrate the output driver impedance, an external precision resistor (RZQ) is connected between the zQ ball and VSsQ.

independently turn on/off ODT.

RTT (nominal) -ODT: RZIQ/4 v

The ODT feature is designed to improve signal integrity of the memory channel by enabling the DDR3 SDRAM controller to
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# 8 Memory Options % i} 1

W/ SR

i

Memory Part

SDRAMK) EAA7 S, DDR3 XS N
1) MT41J128M8XX-15E

2) MT41J64M16XX-15E

3) MT41J256M8XX-15E

4) MT41J128M16XX-15E

5) MT41J512M8XX-15E

6) MT41J256M16XX-15E
DDR2CFFI RIS A

1) MT47H128M8XX-25E

2) MT4TH64M16XX-25E

3) MT47H128M16XX-25E

4) MT4TH256M4XX-25E

5) MT47H64M8XX-25E-IT
LPDDRSCFFI RS A

1) MT46H128M16XXXX-5L-IT

2) MT46H64M16XXXX-5L-IT

3) MT46H64M16XXXX-6L-IT

4) MT46H32M16XXXX-5

5) MT46H16M16XXXX-6-IT

6) MT46H16M16XXXX-75-IT

Hr X LI AR T TR B AR AL, T nT LA i Create Custom Parti£ I, #AJ57E
Custom Memory Partife JUAE 1 5 il Hr flISDRAMZE AL,

Custom Memory Part

AL THE 7T ) i Create Custom PartiZ TR {7~ , F T2 #lHi FISDRAMIS Y, £
ik Ii: Base Part. Timing Parameters. Row Address. Column Address. Bank
Address.

Base Part: EHISDRAMMZHAL S,

Timing Parameters: & fi|SDRAMI TimingZ%{ .

Row Address: 1T HuhL.

Column Address: #JHitil:.

Bank Address: Bankifitil:

Drive Options

UXEBEJIIETH, DDR3SCRFHIIRENIEITN (VR4 B )LDDR3 380
1) Output Driver Impedance Control

2) RTT(nominal)-ODT

DDR2ZHFIERANE I CPELH U WLDDR2 P30

1) Output Driver Strength

2) RTT(nominal)-ODT

LPDDRSCRFHIBRAN I (R4 W] ILLPDDRHMO

1) Driver Strength

10.3.2.4 Step 3: Interface Options
RFEOSHWBCE T, T B s:
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@ Customize IP - DDR3 Interface (1.2), Instance ddr3 22g - [m] X
Dlcenerate | [@d & ¢ & ]
Symbol B x
DDR3 Interface 1.2 1ogos-PGL22G-MBG324--6
Step 1: Basic Options Step 2: Memory Options (A eREEESIRESSECENVOSNEN Step 4: Summary
pll_refelk_in I+ csysack_ddre
top_rst_n f—+cactive_ddre _ APB interface
aare_rst f—+p1l lock
csysreq_ddre [rpll_aclk o : Enable APB interface for Controller
pad_loop_in —+pll_aclk 1
pad_loop_in_h bsp11_acie 2 Desired APB Clock Frequency: 50.0 % MHz(rang:0.1-133MHz)  Actual APB Clock Freguency: 50.0 MHz
pad_dg_ch0[15:0] f—+ddrphy rst_done
pad_dgs_cho[1:0] I—aarc init_done _ A¥T interface
pad_dgsn_ch0[1:0] —+pad_rstn_cho
areset_§ F—+pad_ddr_clk_w Fort Selection Direction Desired Clock Frequency Actual Clock Frequency Data Width
2c1k_0 L ped_adr_clkn_w
awid_0[7:0] —+pad_can_chd +/| Enable AXT Port0 Bi-directional «  100.000 < MHz(rang:0.1-133MHz) 100.0 MHz 128bit
auaddr_0({31:0) —+pad_addr_cno[15:0]
awlen_0[7:0] P—+pad_dm_rdqs_ch0[1:0] Enable AXI Portl v 100.000 S MHz(rang:0.1-133MHz) 100.0 MHz 64bit
ausize_012:0) t— pad_cke_ch0
bz 00100 [ pad_odt_chd 1 | Enable AXI Port2 v | 100.000 4  MHz(rang:0.1-133MHz) 100.0 MHz €4bit
awleek 0 b—+paa_rasn_cno H —
awvalid_D —+pad_casn_ch0
awurgent_D F—+pad_wen_ch0 g . .
awpoisen_0 b pad_ba_chorz:01 Memory Address Mapping Selection
wdata_0[127:0] f—+pad_locp out P P a1 [ P P
wsteb 0[15:0) f—+paa_lcep sut n
wlast_0 t— auready_o (®) ROW + BANK + COLUMN () BANK + ROW + COLUMN
wvalid 0 —bwready 0
bready 0 —+bid_0[7:0]
arid_0[7:0] —+bresp_0(1:0]
araddr_0[31:0] f—+bualid_o
arlen_007:0] s arready 0
arsize_012:0] f—rid_0(7:0]
arburst_0[1:0] f— zdata_0{127:0]
arlock_0 — rresp_0(1:0]
arvalid 0 —+rlasc 0
arpoisen 0 f—+rvalia o
rready_0 —+csysack_0
arurgent_D —+cactive_0
csysreq_0
< >
Ready YN

Interface Options FEANZEIL T4
% 9 Interface Options Z4 i /]

APB interface APBH: AN E, I EERIAPBHE L AR Eh 4R ,

AXI interface SHAXMEORME, WifEee. EE7m. e,

WS AR E W

1) Bi-directional T[T 5

2) Read HiE

3) Write R

Memory Address Mapping SDRAM 11k 5 AXT4 Huhil: W 5 3% 771

Selection 1) ROW +BANK + COLUMN

2) BANK + ROW + COLUMN

AXIAW3E S bk 3207, (H2 HAGAL-ASIVE R, AONTER . flin, s
ROW+BANK+COLUMNIY, SDRAMZIHitkcOXT M AXIHENEAL, cIXfRA2, H
bk DL R HE

10.3.2.5 Step 4: Summary
HTHE TR ERR, AFERESH, A Generate AJAERL DDR3 IP; TR

RPN
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@ Customize IP - DDR3 Interface (1.2), Instance ddr3 22g - [m] X
O cenerate | @ & & 5 | @ ()
Configure output

Symbol

DDR3 Interface 1.2 Logos PGL22G-MEG3Z4——6

| Step 1: Basic Opticns Step 2: Memory Options Step 3: Interface Options FSEiaBUERSSHER
pll_refclk in—4 [—+csysack_ddrc

top rstn—y |—bcactive ddrc Basic Options
ddre_rst—y [—p

— o1 Memory Type : DDR3
e - Controller Location : Left (BANK L1 + BANK L2Z)
[ pll_aclk 2
| dicpiy o dome 10 Standard : 8STL15_I
[—*ddrc_init_done Operating Mode : Controller + PHY
ped_fasn_choli:0] Total Data Width 16
areset 0 —
ac1i_n—| Input Clock Freguency : 50.0MHz
awid 0(7:00 Data Rate : B00.OMbps
awaddr 013 —pad_addr_ch0[15:0]

awlen_0[7:0] —H |—+pad_dm_rdgs_ch0[1:0]
or

Memory Options

awsize_0[2:0) =4 [—pad_cke_ch0

aubnrst_0{1:0] —y Memory Part 1 MT41J256M16XX-15E
alosk 0 Row Address : 15
awvalid_o —
awzgent_0—4 Column Address 1 10
awpoison_0— Bank Address : 3

wdata_0[12

wstrb_0115:0] ==y Output Driver Impedance Contrel : RZQ/6

wlast 0—4 |—awready 0 RTT (nominal) -0DT : REQ/4
wvalid 0—4 f—wready_0

F—+bid_0[7:0] — Interface Options

—presp 011:0]

= bvalid_o APB interface : Disable
[+ acceady_0 AXI port0(128bit) : Enable

arsize 01 [ rid_0[7:0]

N BXI portl(64bit) : Disable
arburst_0(1:0)—y
arlock 0—4 [—rresp_0[1:0] AXI port2(64bit) : Disable
arvelid 0—4  [—rlast_0 Memory Address Mapping  : ROW + BANK + COLUMN

arpoison_0— [—srvalid 0
rready_0—y f(—+csysack_0
arurgent_0 +cactive_0

csysreq_0—

RHARTRE, AR TR WAL IS ARIT I Example A2 (AT DUFTIF -6 LS -

ddr_test\ipcore\ddr_test\pnr\trl phy 22\ddr test. pds

A H A O LR, BATEFI exanple TFE B 5] LM ST LR E S804
HOIMBCHE, JrReERERAE T 5 E BIIER M LED 4T 52 KIS -

42 clk_led QUTPUT EB8 BANKLO 3.3 LVCMOS33 4 NONE FAST
43 ddr_init done OUTPUT E7 BANKLO 3.3 LVCMOS33 4 NONE FAST
44 ddrphy rst_done OUTPUT F8 BANKLO SRS LVCMOS33 4 NONE FAST
45 err flag QUTPUT ES BANKLO 3.3 LVCMOS33 4 NONE FAST
57 pll_lock OUTPUT E6 BANKLO 3.3 LVCMOS33 4 NONE FAST

60 pll_refclk_in INPUT H18 BANKR1 3.3 LVCMOS33 NONE

61 top rst n INPUT H1 BANKL1 1.5 SSTL15 I NONE
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10. 432K
NEFEFE, ATLAE#| LEDL % °K; LED2, LED3, LED4 #3%; LED5 A4k,
SRRt SE R LED %5 51
RN R E S, =T
err flag 1 E5
FoREHR IR
pll lock P11 B RN, m AL 2 E6
WitaA e bR &
ddr init d o N 3 F7
r init done -
DDRPHY IR,
ddrphy_rst_done ij\;j%é;ﬁ ™ 4 F8
heart beat led OEME S, Nk 9 E8
AR
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