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DVCOIN DFT Test Access

NNNNNNNNNNNNNNNNNNNNNNN

* DFT design is becoming more and more complex.

* Currently IEEE 1149.1, IEEE 1687 and 1500
protocols are used to integrate DFT IP into SoC.

* This approach makes the DF T test access network
complex and it needs a series of complex shift
operations to access a TDR (Test Data Register).

e
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DV To Simplify It...

NNNNNNNNNNNNNNNNNNNNNNN

* Lift up DFT TDR access in RAL (Register Abstraction
Level):

— Test writers can focus on test sequences.

— Tests can be easily migrated from block level to
system level.

-
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DVCOIN The Problem...

NNNNNNNNNNNNNNNNNNNNNNN

* How to model DFT TDR in RAL in a SO
that it can be applied in different projects?

e
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DV Universal Framework

NNNNNNNNNNNNNNNNNNNNNNN

* Layered structure of DFT TDR modelling
in UVM:

- converts abstracted
register operation to generic

Register Layer One

dft_reg transaction. Register Layer Two
— converts generic
dft_reg_transaction to a series of IEITEEIEH e

Jtag transactions.

— . ftag_transactions are -

used to drive and sample JTAG port of
the DUT.

-
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DESIGN AND VERIFICATION™

DVC:ON Register Layer One

dft_reg_block
dft_usr_reg1

dft_usr_reg2 dft_reg_transactionI l
dft_reg_transaction uvm_reg_bus_op

dft_reg_predictor < > dft_reg_adapter
uvm_reg_bus_op

dft_reg_map

class dft reg transaction extends uvm_ sequence item;
bit [ DFT REG WIDTH-1:0] address;

bit wr_data queue[$];
int unsigned reg length;

endclass: dft reg transaction

-
3/1/2022 Rui Huang, Advanced Micro Devices



-....20”. Register Layer One:
CONFERENCE AND EXHIBITION D FT TD R M odel I i n g o v reg

class ieeell49 gopphy crsel reg extends dft reg;

rand uvm reg field add data;
rand uvm reg field crsel cmd;

virtual function void build() ;
add data = uvm reg field::type id::create( "add data" );

add data.configure( .parent ( this ),
.size (8),
.is_rand (1 ),
.individually accessible( O ) )

endfunction: build
endclass: ieeell49 gopphy crsel reg

e
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* We override UVM_REG_DATA WIDTH macro to the
value identical to the length of the longest TDR in the
system.

* Current UVM solution has storage waste issue:

— The width of uvm_reg data t is decided by
UVM_REG_DATA WIDTH. And uvm reg data tis
iInstantiated and used almost everywhere in the RAL-
related components.

— Every field extends from uvm_reg field also uses
uvm_reg data t to store value. But normally the width
of a filed is not as wide as thousands of bit.

3/1/2022 Rui Huang, Advanced Micro Devices 8



i,EDS.GN\?DVEz.F.Q,LZWSoIution for Ultra-long

CONFERENCE AND EXHIBITION Le n gth TD R M Odel I i n g
uvm_reg uvm_reg_field uvm_reg_map dft_reg adapter _

write (uvm_reg data t value,..)
v
set (uvm_reg data t value,..)

2

() | set(uvm_reg_data_t value,..)

\ 4

do write(uvm reg item rw,..)) >/ do_write (uvm_reg item rw,..)
4, O

do bus write (uvm _reg item rw,..)

$ O

reg2bus (const ref uvm _reg bus_op rw)

bus2reg (uvm_sequence_ item
bus item, ref uvm reg bus op
rw)

7
TTTE——r— . i ) |
5

do predict(uvm_reg data rw,..)

3/1/2022 Rui Huang, Advanced Micro Devices 9



i,EDS.GN\?DVEz.F.Q,LZWSoIution for Ultra-long

CONFERENCE AND EXHIBITION Le n gth TD R M Odel I i n g
uvm_reg uvm_reg_field uvm_reg_map dft_reg adapter _

write (uvm_reg data t value,..)
v
set (uvm_reg data t value,..)

2

() | set(uvm_reg_data_t value,..)
A 4
do write(uvm reg i -

field2 | fieldl | fieldO | fieldl

fieldO

field2

avm_reg bus op rw)

uvm_reg::set() uvm_reg_field::set()

bus2reg (uvm_sequence_ item
bus item, ref uvm reg bus op
rw)

7
TTTE——r— . i ) |
5

do predict(uvm_reg data rw,..)
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i,EDS.GN\?DVEz.F.Q,LZWSoIution for Ultra-long

CONFERENCE AND EXHIBITION Le n gth TD R M Odel I i n g
uvm_reg uvm_reg_field uvm_reg_map dft_reg adapter _

write (uvm_reg data t value,..)
v
set (uvm_reg data t value,..)

2

() | set(uvm_reg_data_t value,..)

A 4

do write(uvm reg item rw,..)) e}‘ do _write(uvm reg item rw,..)

'O

do bus write (uvm _reg item rw,..)

steps iU

reg2bus (const ref uvm _reg bus_op rw)

uvm_reg_data_t value | === | uvm_reg_item rw.value[0]

- bus2reg (uvm_sequence_ item
uvm_reg::set() uvm_reg::do_write() bus item, ref uvm reg bus op
| rw)

7.
do predict(uvm _reg item rw,..) |« @ _
v )

do predict(uvm_reg data rw,..)
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i,EDS.GN\?DVEz.F.Q,LZWSoIution for Ultra-long

CONFERENCE AND EXHIBITION Le n gth TD R M Odel I i n g
uvm_reg uvm_reg_field uvm_reg_map dft_reg adapter _

write (uvm_reg data t value,..)
v
set (uvm_reg data t value,..)

1 ¢) steps_

() | set(uvm_reg_data_t val uvm_reg_item rw.value[0] | ===>| uvm_reg_bus_op rw.data
\ 4
do write(uvm reg item rw,..)) Q; do_| uvm_reg_map::do_bus_write() dft_reg_adapter::reg2bus|()

——

do bus write (uvm _reg item rw,..)

$ O

reg2bus (const ref uvm _reg bus_op rw)

bus2reg (uvm_sequence_ item
bus item, ref uvm reg bus op
rw)

7.
do predict(uvm _reg item rw,..) |« @ _
v )

do predict(uvm_reg data t value,..)

3/1/2022 Rui Huang, Advanced Micro Devices 12



e B Solution for Ultra-long
DV

CONFERENCEANDEXH.B.T.ON Length TDR MOdel I I ng
uvm_reg uvm_reg_field uvm_reg_map dft_reg adapter _

write (uvm_reg data t value,..)
v
set (uvm_reg data t value,..)

2

() | set(uvm_reg_data_t value,..)

\ 4

do write (uvm reg item rW,...) —>| AA rrvi+a liixrm vare S Fam v \ I

4

bus2reg (uvm_sequence_ item
bus item, ref uvm reg bus op
rw)

0
do predict(uvm_reg item rw,..) ) _
* €)

do predict(uvm_reg data rw,..)

y N
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e B Solution for Ultra-long
DV

CONFERENCEANDEXH.B.T.ON Length TDR MOdel I I ng
uvm_reg uvm_reg_field uvm_reg_map dft_reg adapter _

write (uvm_reg data t value,..)
v
set (uvm_reg data t value,..)

2

() | set(uvm_reg_data_t value,..)

I
J_item rw,..)

))

uvm_reg_item rw.value[0] . reg item rw,.)

:g2bus (const ref uvm _reg bus op rw)

uvm_reg::do_predict()

bus2reg (uvm_sequence_ item
bus item, ref uvm reg bus op
rw)

0
do predict(uvm_reg item rw,..) ) _
* €)

do predict(uvm_reg data t value,..)

y N
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i,EDS.GN\?DVEz.F.Q,LZWSoIution for Ultra-long

Y24 ength TDR Modelling

typedef bit unsigned [ UVM REG DATA WIDTH-1:0] uvm reg data t

uvm_reg item uvm_reg bus op

uvm_reg data t value |e=| uvm reg data t value[]

e | UVM_reg data t data

-
3/1/2022 Rui Huang, Advanced Micro Devices 15



i,EDS.GN\?DVEz.F.Q,LZWSoIution for Ultra-long

CONFERENCE AND EXHIBITION Le n gth TD R M Odel I i n g
dft_reg uvm_reg_field dft_reg map dft_reg adapter _

dft write(dft _reg data t value q,..) typedef bit[$] dft reg data t

y No need to override
dft set(dft reg data t value q,..) UVM REG DATA WIDTH!

7 @) ——

() | set(uvm_reg_data_t value,..)
A\ 4
do write(uvm reg item rw,..)) >/ do_write (uvm_reg item rw,..)
4 6
do bus write (uvm _reg item rw,..)
1 ®

reg2bus (const ref uvm _reg bus_op rw)

bus2reg (uvm_sequence_ item
bus item, ref uvm reg bus op
rw)

7]
do predict(uvm _reg item rw,..) |« @
v )

do predict(uvm_reg item rw,..)

3/1/2022 Rui Huang, Advanced Micro Devices 16



i,EDS.GN\?DVEz.F.Q,LZWSoIution for Ultra-long

CONFERENCE AND EXHIBITION Le n gth TD R M Odel I i n g
dft_reg uvm_reg_field dft_reg map dft_reg adapter _

dft write(dft _reg data t value q,..) typedef bit[$] dft reg data t
L No need to override
dft_set(dft_reg_data_t value_q,...) UVM REG DATA WIDTH!
2 E—
() | set(uvm_reg_data_t
! - rw.value[0]

do write(uvm reg item rw,..))

value gq ) | TW.vValue[l]

reg bus op rw)

rw.value[2]

tem
bus op

dft_reg::dft_set() dft_reg::do_write()

7]
do predict(uvm _reg item rw,..) |« @
v )

do predict(uvm_reg item rw,..)
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i,EDS.GN\?DVEz.F.Q,LZWSoIution for Ultra-long

CONFERENCE AND EXHIBITION Le n gth TD R M Odel I i n g
dft_reg uvm_reg_field dft_reg map dft_reg adapter _

dft write(dft reg data t value q,..)
v
dft set(dft reg data t value q,..)

I 2,

() | set(uvm_reg_data_t value,..)

\ 4

do write(uvm reg item rw,..)) >/ do_write (uvm_reg item rw,..)
4, O

do bus write (uvm _reg item rw,..)

$ O

reg2bus (const ref uvm _reg bus_op rw)

bus2reg (uvm_sequence_ item
bus item, ref uvm reg bus op
rw)

7]
do predict(uvm _reg item rw,..) |« @
v )

do predict(uvm_reg item rw,..)

3/1/2022 Rui Huang, Advanced Micro Devices 18



oo B Register Layer One:
Data Conversion Process

CONFERENCE AND EXHIBITION

data(value[0])

rw.value[0] ‘—}" 0 N

flag_bit ‘DFT_REG_ADDR_WIDTH-2:0

value[2] @ value[1] | value[0]

data(value[1])
rw.value[1] ‘—} 0 addr —

dft_reg_transaction.wr_data_q

addr

flag_bit ‘DFT_REG_ADDR_WIDTH-2:0

dft_reg_transaction.addr
data(value[2])

rw.value[2] ‘:} 1 addr

flag_bit ‘DFT_REG_ADDR_WIDTH-2:0

3/1/2022 Rui Huang, Advanced Micro Devices 19



2017

DESIGN AND VERIFICATION™

DV Register Layer Two |Sonverts generic

é dft_reg_transaction

dft reg transaction
to jtag transactions.

dft_ntwk_info

dft_reg_monitor o *Q dft_reg_sequencer

/ dft_tdr_netwrok

Return observed

dft_reg transaction.

dft_ntwk_info dit_regltransactio

dft_reg tx_to_jtag tx_sequence

1
?jtag_transaction

class jtag transaction extends uvm sequence item;

bit
bit
bit
bit

endclass: jtag transaction

o ir[];
o dr[];
tdo dr queuelS$];
tdo ir queuel$];

3/1/2022

Rui Huang, Advanced Micro Devices 20



2017 7 .
i Register Layer Two:

. Example of DFT Test Access Network

TDO
g |EEE 1149 DR —

LEVELO SIBO
IEEE 1500 Client 0 $ WSO

TDI

W\ s |EEE 1500 Client 1 E

4 WSO

El

W s TEEE 1500 Clent3 ™ wso o 0
L p| wirR |[p|D}—{ sEL WiR p| wr [D|D}— SEL_WIR
L D] WDRx |D|D | |D pD| worx |[D[D}—| |D
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oo REQiSter Layer Two:

DV

CONFERENCE AND EXHIBITION

4 SIB Bit A
upd_reg
D [ value
in0 shift_reg S
int | — D
\_ /

Access Network Element Modelling

class sib_node extends uvm_object;
“uvm_object utils(sib_node)

bit in0;
bit inl;
bit value;
bit out;

function new(string name =
super.new(name) ;
endfunction : new

"sib node");

The out_update function
simulates the active clock
edge on shift register and
the value update function
simulates the active clock
edge on update register.

function void out_update ();
//// out = value ? inl : inO;
endfunction: out_update
function void value update ();
value = out;
endfunction: value_update
endclass : sib_node

3/1/2022
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~ - Register Layer Two:
Access Network Element Modelling

CONFERENCE AND EXHIBITION

class reg _node extends uvm_object;
“uvm_object_utils(reg_node)
bit in;
bit is_selwir;
bit value;
bit out;
TDR Bit function new(string name = "reg _node");
upd_reg super.new(name) ;
value endfunction : new
function void out_update ();
out = in;
endfunction: out_update
function void value_update ();
value = out;
endfunction: value_ update
endclass : reg_node

in shift_reg out

— D D

3/1/2022 Rui Huang, Advanced Micro Devices 23



......52.Register Layer Two:

DV
Access Network Modelling Example

* The functional equivalent access network can be constructed
by instantiating following properties and a series of
conditional statements.

sib node 1lvl0 sib0O, 1lv1l0 _sibl, 1lvll sib0O, 1lvll sibl;

reg node lvl0 _sel wir0O, 1lvl0 _sel wirl;

reg node lvll sel wir0O, 1lvll sel wirl;

reg node lvl0 wir[ IEEE1500 IR WIDTH], 1lvl0 wdr dynmc[];
reg node lvll wir[ IEEE1500 IR WIDTH], 1lvll wdr dynmc[];

e
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......52.Register Layer Two:

DV
e “ Access Network Modelling Example
if { ir == "Pl687 &&
{1lvll sibl.value,lvll sib0.value} == 2'b00 &&
{1vl0_sibl.value,lvl0 sib0.value} == 2'b01 &&

lvl0 _sel wir(O.vallue == 1}
the client0O’s WIR is being select.

if { ir == "Pl1l687 &&
{lvll sibl.value,lvll sib0.value} == 2'b00 &&
{1vl0_sibl.value,lvl0 sib0.value} == 2'b01 &&

lvl0 _sel wirO.vallue == 0}
the client0O’s WDR is being select.

The length of the WDR can be calculated by the observed
jtag transaction.tdo dr queue length and the network structure.

-
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... 20 Register Layer Two:
DV . .
=rcveseerer (fft_reg_tx_to_jtag_tx conversion

seqguence The
dft reg_tx to jtag t
X sequence

SIB code decodes the
dft_reg_transaction.
addr to get the

Flag Bit i TDR OPCODE | LEVEL1_SIB1 h LEVEL1_SIBO hLEVELO_SIB1 hLEVELO_SIBO

" jtag_transaction h TDR’s location in
/ ] o_ir | 11687_OPCODE the test access
g R network.
dft_reg_transaction | o_dr | IvIO_sib1(0) | IVIO_sibO(1) |
addr=0x0361 4 jtag_transaction )

wr_data_q

> o_ir | 11687_OPCODE

o_dr | v0_sib1(0) | WESSPFC | sel wir0(0) | Ivio_sibo(1)

read_not_write = 0x0 % 7

reg_length=80

jtag_transaction

rd_data_q(empty)

o_ir | 11687_OPCODE

o_dr | Ivl0_sib1(0) WDR sel_wir0(1) | Ivi0_sib0(0)

-
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2017

DESIGN AND VERIFICATION™

DV

CONFERENCE AND EXHIBITION Res u Its

A TDR is defined to have X bits width and each field is

one bit width. Instance 200 such TDRs and write these
200 TDRs in sequence.

512 1024 2048 4096
Current UVM RAL Solution 2350 MB 2760 MB 4213 MB 9264 MB
Memory Saving Solution 2075 MB 2345 MB 2981 MB 4327 MB
Memory Saving 11.7% 15.0% 29.2% 53.3%

-
3/1/2022 Rui Huang, Advanced Micro Devices
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2017

DESIGN AND VERIFICATION™

DVCON Results

In sequence.

A TDR is defined to have X bits and each field is one
bit. Instance 400 such TDRs and write these 400 TDRs

512 1024 2048 4096
Current UVM RAL Solution 2504 MB 3542 MB 6452 MB | 16064 MB
Memory Saving Solution 2335 MB 2960 MB 4067 MB 6421 MB
Memory Saving 6.8% 16.4% 37.0% 60.0%

-
3/1/2022 Rui Huang, Advanced Micro Devices
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NNNNNNNNNNNNNNNNNNNNNNN

* We defined a universal layered framework to model
DFT TDR in UVM.

— Register Layer One and Transaction Layer can be
used in different projects.

— In Register Layer Two, dft_reg network component
and dft_reg tx to jtag tx sequence can be easily
adjusted according to specific test access network
architecture.

* We resolved the issue of simulation memory waste
In modelling ultra-long length TDR with current UVM
solution (up to 60% memory saving).

3/1/2022 Rui Huang, Advanced Micro Devices 29
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DESIGN AND VERIFICATION™

DV

CONFERENCE AND EXHIBITION

-
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