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Abstract: In the development and design process of integrated circuit manufacturing, especially semiconductor memory,the use of efuse is
often involved, which is applied in various scenarios,such as chip protection, circuit calibration and so on. In the paper,a custom efuse

communication protocol is proposed and a verification platform based on UVM is built to verify its functions. The validation results show

that the requirement functionality can be achieved with this protocol and has good robustness.
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Fig. 1 Typical UVM verification platform structure

sequencer.driver Al monitor £f 2 fF agent H, 7£ agent Z
SMEY ENV AR Y T — AN 25, 76 5L 58 O & 4 9 52
Bilfk S H e LAET

UVM 7585 R 56 o a] LAS & 90 i 2803 758 iE 3T 4
REAR R AS I HE AT N 1 6 A 5 b Ak o DA A 2 T 4
Al AR 3 Tz R .

2 efuse B iYL
2.1 efuse BEIRE
G efuse A REU/N IIFEAC . T 4w A2 M5 R 5

PR SR 0 A A AE — LB SR RN PR . AR A8 F ol
T3 7T BE 2 R AN [R) () 38 15 B2 1 L A A =X B 1% B
3 AR AEA TR 3% & bl efuse ZE79 00 & 24 . Bk
= bR EAL S BB Dl A, efuse 3815 B BUFE R TR AYO0S F
ZIIFREEAEE R B, SIS R 4P TR,

efuse A 1IE & TAEFE P AP A (9 B /E RS, 7EIE
B TAERE T s efuse 2 F H RS BR B A T &
M IEH 1817 . W B 78 77 (X efuse #4798 3L L 1

2 F2 45 A RO T LBk 08 e g AR A R

2.2 efuse B ilLi& It

FEXT efuse W 72 T 2 B B efuse M98 Bt T
— T A SR B 1R P I, A 4 xR R = B 2E A/ R
i fuse MRS CHEE 2T R L SR & I R E LR TR R
FTRE BB AL AR, B AE SR —F efuse MY AR I E
15 PR, i e 25 Tl efuse 38 {57 Pp IIF & RCR AR B 1 M 22
) IR)

Bt — UGE {F A oy A R 6D + B
(16 1) + A5 1k 2 (1 ) . HARAEAE T P &8 i 4o & 30
ST A BCHE 0 JE A A 9T, AT LA v IR A% i 1 AT &
AN BT T Y 30 3 T 2 1 A e A 482 R T A BB St A T N
L IERTRE PR R R R . YR 9T B, AR 8 A H S
HL -1 JE B SR 3T RN 6T 8 ] W g A\ 19 5090 2 0

w21,

95

FEARHLFJE 1R 3T B F o 6T (G B F . il
DL HAL Ry 07 1 g 5% J7 25 AH S AR 6T & H S 3T
F1” B S 2 ﬁﬁﬁﬁ%lﬁ]é@ﬁ%%%ﬂ%%%ﬂﬁﬁ
Ko 0 F 1, AT LI B A% B v S, X ORE YT
A DL AR e o W R T G A SIS DT RE T DT 4R v S Y o
PR AN T AS SRR I AT LA AR L T g 1 R e [) 25 R
B o B 1) T S L B R SRR E

FE—YOBAE P m R 4E I R T AT 9T, A% 1
S PR i 4 A R 5+ SR A T s AR L P R S D S 2 A

ojLﬁﬁmmuﬁ%~4ﬁﬁaoﬁﬁlmmmv%
T FEAT LA 0 5 1, 36 2 LA FiL 7 FF 4G 5 O 45 o,
JAWI A 9T BIAT L FH R [l 9 16 4 4 8 1% 2 R [l i 4
2.3 mYHEBEEEN
TESEBRIY efuse 17, 28 58 #E A VA 162 20 13 ¢ 90
BB IR T 8 41 64 7 B9 efuse B85 MEAT B e
BB T B A B A A A G AT .
AL 7E T X 16 7 B A 1 5 8 A VIS 8 fir it R Tl
(9B E efuse IR APORA . 51 F58 5 Pl 9 6y
EY 1L

x1 BEBEHUIES
Table 1 Communication protocol instruction table
S e i"ﬁtjﬁ@ Zﬁt?)ﬁ@ Ll
i U 7 =i i iR fiz e
PR A 55 AA
P R 55 55
Fuse 547 4 AO~AT7 Fg;%r]cg
Fuse FHELH  oTp;  AS~AF 55
o . 0/1
Fuse FHEE Bo~B7 %Ey,g
Fuse 75 8 B8~BF 55
Fuse H3IRS 69 55
Fuse [ 383 69 AA

1E efuse 3175 Pr bl T RE 2 19 7 99 77 81 (A 55AA
5555.6955 &) SR AR F A [ ) # A AR A 52 B R 1Y TC )
fE . 7 Ak T AR 0 S8 IR AT B T TR O Y B AN T
FEAE T E XY efuse 3815 PRSP 368 B9 4 R
FEAG 55 2225 JE PN BB B 4 A E 47 30 04 119 4 2R AR Ak i [
STWE S & RFEE M AR KN 3/0. 7=4,/NA
3/1.3=2;6T M5 5 23 R A5 9 J W fx Ky 6/0. 7=38,
BR/NA 6/1.3=4. PRI, i L AP R H P T H e IR 9 s A
Kb AT X IATBREF BT LB SRR G SRR L R, M
KB BT RS W R C SRS 8P i R clk_25k, hing_cnt Fl
low_cnt 43 AT S AR AP HEUED -



EREBEEBRARRS

always @ (posedge i_clk25k or negedge rst_sl)

begin
if(! rst_sl)
begin
shift_reg <<='d0;
end
else if (! shift_en &.&- test_in_rise &-&. (high_cnt >>= 4'd8))
begin
shift_reg <<='d0;
end

else if (shift_en & & test_in_fall &.& Chigh_cnt>=4'd2
&.&. high cnt<C=4"d8 ) & & (low_cnt>=4'd0 & & low_
ent<<=4"d4) &.&. high_cnt>>low_cnt)
begin
shift_reg <<= (1'b0, shift_reg[15:1]);
end
else if(shift_en &.&. test_in_fall & & Chigh_cnt>=4'd0
&.&. high_cnt <=4"d4) &.& (low_cnt>=4d2 && low_
ent <<=4d8) &.& high_cnt<low_cnt)
begin
shift_reg <<= (1'bl,shift_reg[15:1]);
end
else
begin
shift_reg <<= shift_reg;
end
end
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Fig. 2 Verification platform structure block diagram
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Fig. 3 The case simulation waveform and report diagram
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