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« Intermediate Interconnect Class (DRAM Interconnect) controller y tto Memory writing by applying data skew between individual DQ pins .
- Connects board delay interface to original interface
- Provides a mechanism to add desired delays on each pin L ) . .
/ E”V"Aronme”t \ - I's a UVM component encapsulated inside agent, hence
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class hbm_dram_interconnect; | A DRAM C : fo () dql6] 1 '
_ nterface onnecting W 1 dq(s] '
\ / task hbm_dram_interconnect::run(); Memor Connecting nterconn DRAM 444 1
hbm_dram_interconnect_ext_board_delay_connect(); Controlle Memory 2l j Interconnec jq{:: g !
endtask controller t to Memory @dim 0 "
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task Vo @) dq(0) 1 '
hbm_dram_interconnect::hbm_dram_interconnect_ext_board_delay_connect(); < J Ge
begin
//*** Connecting dq, considering DQ_WIDTH = 128 ***//
for(inti=0; i<128; i++) begin

: automatic int j = i; ]
’ § Environment » - Experiments & Results

Agent forever @(cfg.hbm_if.ext_board_delay_if.dq|[j])
Mem _ Memory
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1 /Model to Controller » Differential signals skew: provided a skew of 0.25U1 (Unit
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cfg.hbm_if.dq[j] <= #(cfg.timing_cfg.tdq_rd_fly_by_delay_ps[j]*1ps) Intervals) between differential signals, Ck_t/Ck_C,
(cfg.hbm._if.ext_board_delay._if.dq__en[j]=:=1) ? qus_t/wdsq_c and rdqs_t/rdqs_cl
cfg.hbm_if.ext_board_delay_if.dq[j] : 'z; * Demonstrated UVM based model to generate random board

delays on each pin of a memory oriented interface.

//*** Delaying enable signal dq_en_d ***// g, 00, 0 13,00, 000 00,00 ' ' '

forever @(cfg.hbm_if.ext_board_delay_if.dg_enlj]) =

//Model to Controller | i » These methods could be extended to multi-rank and multi-

cfg.hbm_if.ext_board_delay_if.dg_en_d[j] <= h channel environments also
#(cfg.timing_cfg.tdq_rd_fly_by_delay_ps[j]*1ps) o Wb if ok t _ _ '
(cfg.hbm_if.ext_board_delay_if.dq_en[j]l===1) ?'1:'0; ' %mmﬂ Ek' ; * \We have examined this model on a parallel memory protocol, but

- . LB this approach can be extended to other parallel as well as serial
forever @(cfg.hbm_if.dqfj]) oh e & ) u i ) rotocols as future work

//Controller to Model ' B | v ' _

cfe hbm_if ext board _delay ifdq[j] <= ‘ Elﬂhbm-lf-“dww-“] J - f | f « The board delay model can be modelled for multiple VIPs such
#(cfg.timing_cfg.tdq_wr_fly_by_delay_ps[j]*1ps) & ext boacd delay of ok ¢ 1 1
(cfa.hbm _if.ext board delay if.dg en_d[j]===0) ? cfghbm_ifdq]j] : 'z "5 | d-dIY-'f Y f as DDR, LPDDR 2/3/4 , HBM, USB , PCIE etc.
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