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Functional Verification Based on VMT for DDR-SDRAM Controller
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Abstract This paper introduces a solution for functional verification of DDR-SDRAM controller. The solution, based on VMT, completes the
writing & reading operations happened between DDR-SDRAM controller and DDR-SDRAM model. The compatibility with AHB 2.0 specification
is also verified. Using VMT accelerates building the testbench and writing the tastcases. Fast convergence of functional verification is implemented
by analyzing the auto-check results, simulation waveform and coverage report. The verification based on FPGA proves the feasibility of the solution.
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AMBA(Advanced Microcontroller Bus Architecture) ) VMT
SoC AMBA SoC
[ Synopsys (Verification
Modeling Technology, VMT) AMBA HDL VERA
VIP(Verification IP) 1.2 VMT
SoC AMBA (23] VMT
1 VMT
11 VMT )
Synopsys AMBA 2.0 VMT )
4 Master, Slave, Monitor, Bus VMT (©))
set_config_param() 4)
Monitor Master Slave
AMBA ()

(1)XFER_TYPE READ=40%, WRITE=40%, IDLE=*

1 VMT Testbench HDL VERA (2)BURST_TYPE SINGLE=33%, INCR=*
[4] (3)NUM_BEATS 1:4=5, 5:8=1
(4)ADDRESS 32'h0:32'h1ff=66%, 32'h2000:32'h3fff=*
Testbench vMT 1)
Testbench > vMmT 40% 40% ) 33%
VMT v (burst) (single) 67%
E— ’ ‘ (incremental) (3) 5/6
T L 1 4 beats 1/6 5 8 beats (4)
: 66% 32'h0
Testbench ’ MbL VREA ‘ 32hifff 34% 322000  32hafff
1 VMT VMT
1 VMT Testbench (1982 ) SoC
0 VLSI
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2.1 DDR-SDRAM
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DDR-SDRAM SoC
SoC DDR-SDRAM SoC
DDR-SDRAM AMBA AHB 2.0
AHB 32
(big-endian) (little-endian)
DDR-SDRAM
(auto-refresh) DDR-SDRAM
DDR-SDRAM 2
AMBA AHB DDR-SDRAM
2 DDR-SDRAM
4’”22?;” DDR-SDRAM
helk 2
haddr[31:0 s_ras_n
hsel reg s_cke
hsize[2:0] T | S rd_datal31:0]
hwrite s _wr_data[15:0]
htrans[1:0] AHB > s addr] 22'¢
hburst[2:0] f A s_bank_addr[1:0]
gy | ) TN
ready_resp |
hresp[1:0] l ‘ s dgm[1:
hwdata[31:0 v s dgs[1:0
hrdata[31:0 FIFO | [« swen
ig_endian
power dom
AHB AHB
hwdata haddr FIFO FIFO
FIFO
FIFO S_addr,
s_bank_addr s_sel_n
AHB
AHB DDR-SDRAM
s_ras_n,s_cas_n,s_we_n,s_cke, s_dgm,
s_dgs
2.2 VMT
2 DDR-SDRAM
Testbhench VIP set_config_param()
VMT 1
hsel_mem hsel_reg 2
slave
1 VMT
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DW_VIP_AMBA_MASTER_PRESENT_PARAM 3 set_config_param
DW_VIP_AMBA_SLAVE _PRESENT_PARAM 2 set_config_param
DW_VIP_AMBA_HDATA_WIDTH_PRAM 32 set_config_param
DW_VIP_AMBA_HADDR_WIDTH_PRAM 32 set_config_param
DDR-SDRAM 64 MB  configure_memmap
byte set_config_param
set_config_param
idle set_config_param
3
31
2 VMT  DDR-SDRAM
3 VMT

read_expect()
Dummy master

Masterl Master2 Master
DDR-SDRAM DDR-SDRAM
DDR-SDRAM
Testbench
| D,;mmy | Masterl | Master2
I 1 7
Bus K=
|DDR—SDRAM|<‘\:(>|DDR—SDRAM| | Log file |
3 DDR-SDRAM
DDR-SDRAM
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3.2
DDR-SDRAM AMBA AHB
DDR-SDRAM
VMT
VMT
(1)AHB 1B, 23B, 4B DDR-SDRAM



model read_expect()

(2)AHB DDR-SDRAM model
read_expect()
(3)AHB ( burst=4, 8, 16) DDR-
SDRAM model read_burst_expect()

tl
&) DDR-SDRAM

t4, 15 32°h1234 5678
2 16bit  16’h5678 16’h1234 2
DDR-SDRAM 1
16°h1000  16°h1001
t2 t3 t4 t5

[ [ s [ [ s s [ G A |

helk
cas_latency he x| 1L LT L L LT L UL L L LT L LT LT
2, 25,3 htrans[1:0] 2 3 X2 3 2 X 3
(1) (3) hburst[2:0] 3
(5) hwrite. |
haddr[31:0] 1009 X 1004 1008 100¢ 1010 014 1018 101c 1020 1024 1028
master hwdata[31:0]z>@234_5678 2345_67 %456_781%567_81 %678_12 46781_2345%812_3456><€3123_4567 1234_5678
s_cke
new_random_payload() s_cas_n /N /.
s_ras_n
s_we_n / \ / \
6)masterl master2 -
© s_dos(1] NN NS S
DDR-SDRAM s I i N N/ W A W N
SoC AMBA s_addr[15:0] 1 o X 1000 0 1004 X0 1008 o X 100
DDR-SDRAM s_wr_data[15:0] 0 Ho78)l234)6781)2345)7812)34568123)a56 7)1 234)5678)2345)
cas_latency=3 5 burst=4
1 3 2 2
1 1
for(i=0 i=i+4 i<2725) DDR-SDRAM
begin 2 (%)
masterl.write(VMT_DEFAULT_STREAM_ID, i, 32'h5555_5555,
simplelncrAttr, mibufHandle[0]); // e 7 %5 0 P
masterl.read_expect(VMT_DEFAULT_STREAM_ID, i, 32'h
5555 _ 5555, simplelncrAttr); VMT
1 1 1
end 1
masterl.block_stream("VMT_DEFAULT_STREAM_ID, 0, status); 3 Master Bus  Monitor
il 3
g 3 DDR-SDRAM 1
for(j=0 j=j+16 j<2725)// burst=4 DDR-SDRAM model Master. Bus
begin Monitor AHB
masterl.new_burst_buffer(4*4, "VMT_MEM_PATTERN_INCR, VMT
j*4/16, 4, mlbufHandle[j/32]); 1/
masterl.set_burst_buffer_xfer_attr(mlbufHandle[j/16], 1, xfer
Attr[0]); 3.4 FPGA
Il FPGA Altera EP2S60F1020C5
masterl.write_burst('VMT_DEFAULT_STREAM_ID, j, 4, mlbuf Mips4Ke Mips4Ke AHB
Handle[j/32], mlreturnHandle[0] ); // Bridge DDR-SDRAM
end K4H511638D Quartusll
for(j=0 j=j+16 j<2725) /I burst=4 DDR-SDRAM model 3
masterl.read_burst_expect("VMT_DEFAULT_STREAM_ID,j,4, 3 DDR-SDRAM
mlbufHandle[j/16]);
/! ALUTs 2398
N registers 1181
masterl.block_stream("VMT_DEFAULT_STREAM_ID, 0, status); ALMs 1273
/l LABs 208
3.3 3 DDR-SDRAM
5  burst=4 5 1 FPGA 100 MHz
AHB 31’h0000_1000 1 1 4 Mips4Kc
32’1234 5678 AHB RAM Mips4Kc DDR-SDRAM
32’h1234 5678 t2 DDR-SDRAM FPGA DDR-SDRAM
1 t3 16’h1000 ( 274 )
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