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Abstract: With the rapid development of information technology, the complexity of chip design continues to increase,
with highly coupled internal data paths and control logic as well as sharply rising integration density in
System-on-Chip (SoC), which impose greater demands on verification methodologies. Traditional approaches show
inherent limitations in scalability, reusability, and platform standardization, making it difficult to efficiently achieve
comprehensive coverage of all chip behaviors within limited resources. Although large-scale automated tools and the
Universal Verification Methodology (UVM) have been widely adopted to enhance random testing and regression
simulation, they still fail to efficiently capture extreme boundary scenarios that may lead to fatal failures, leaving
potential blind spots in verification. To address this challenge, this paper proposes a hybrid verification method that
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combines dynamic simulation with Formal Property Verification (FPV), using the critical path of the PWR module as
an example for analysis. A UVM-based verification platform is constructed to execute randomized test cases on key
functions and typical scenarios, achieving more than 94% coverage in line, toggle, branch, and functional metrics,
which confirms the completeness of basic functional validation but also indicates the difficulty of covering corner
cases. Then, FPV is applied by formulating property assertions, such as state transition constraints, and performing
exhaustive mathematical analysis of the Register Transfer Level (RTL) design, thereby detecting extremely
low-probability boundary conditions and revealing implicit usage restrictions in design logic. By incorporating these
restrictions into formal constraints, the verification results are corrected and latent design defects are confirmed. This
hybrid method effectively leverages the complementary strengths of UVM dynamic simulation and FPV formal
analysis, significantly improving the detection capability of corner cases, enhancing verification completeness and
efficiency, and strengthening design reliability, while also providing a theoretical basis and practical reference for

optimizing verification strategies in future SoC design projects.
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pwr_function_seq

pwr_reset_powerup_seq
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R_ENV
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Virtual

PWR_IF

sequencer

apb_master_agent

driver

manitor

/1 APB_IF

(B fi/ b epi e/ b Al ey
BRI AR S A ) (FIECRRERBY)
clk

Name < Score

- Eftb_top [
- EU_ap_pwr_top |
; Eu_ap_pwr_glue_logic (|
&u_pll_ctl |
[—
[

ﬁu_pmu

‘ Hierarchy | Modules |Gmups | Asserts | Statistics | Tests ‘

2 PWR BEHUGAEF & 45 HHE

76.87% I 95.43% DN
94.40% N 98.50%
99.11% N 99.75% [l
94.35% [ 100.00%

DUT

Line Toggle

F5M

Condition

83.37% (Il 58.13%
93.62% Il 58.13%
96.57% [ 100.00%
79.25%

92.95% N 98.55% NN 52.61% N 59.55% I
96.58% I 98.79% I 93.48%

99.54% [
88.55% I

Avg. Group Score:94.79% U+C:735 U:23 C:712 X:0
Avg. Group Inst. Score:94.79% U+C:735 U:23 C:712 X:0

a) MRE R

99_46% I 100.00% I 100.00%: [
99.53% I 96.40% DN 52.24% Il

Branch As
95 36% [ 95.96%
95.39% [ 96.06%
99.61% [ 99.33%
98.16%: [ 100.00%
99.11% [ 94.74%
97.96% [ 96.10%

99 45% [ 99.29%
96.30% [ 98.41%

* Group /' Score Instances utc U c X Goal Weight Atleast Perinst Overlap AutoBin Missing Comment
+- 6 th_top::ap_pwr_slp_en_with_slp_enter0_seq::Covslp_slp_en_withe slp_entero [ 100.00% 8 0 8 0 100% 1 1 0 1 64 64
+~ 6 th_top-:ap_pwr_slp_en_with_slp_enter]l_seq-CovSlp_slp_en_withe_slp_enterl [ 100.00% 8 0 8 0 100% 1 1 0 1 64 64

- €& th_top=:ap_pwr_slp_en_with_slp_enter2_seq-:CovSlp_slp_en_withe_slp_enter2 [ 100.00% 8 0 8 0 100% 1 1 0 1 64 64
€6 th_top-:ap_pwr_slp_en_with_slp_other_seq-:CovSlp_slp_en_withe_slp_other [ 100.00% 11 0 11 0 100% 1 1 0 1 64 64
66 th_top:-:ap_pwr_slp_enter_intr_mk_seq::CowSIp_slp_enter_intr_mk [ 100.00% 14 0 14 0 100% 1 1 0 1 64 64
€6 th_top:-:ap_pwr_slp_enter_intr_seq:CouSlp_slp_enter_intr [ 100.00% 24 0 24 0 100% 1 1 0 1 64 64
€6 th_top::ap_pwr_slp_enter_stop_26msync_seq::CovSlp_enter_slp_stop_26msync [N 90.62% 14 3 11 0 100% 1 1 0 1 64 64
€6 th_top::ap_pwr_slp_enter_stop_32ksync_seq::CovSlp_enter slp_stop_32ksync . 75.00% 14 5 9 0 100% 1 1 0 1 64 64

+- 66 th_top::ap_pwr_slp_enter_stop_cnt0_seq::CovSlp_enter slp_stop_cntd . 75.00% 14 5 9 0 100% 1 1 0 1 64 64
+- €6 th_top::ap_pwr_slp_enter_stop_cntfull_seq::Covslp_enter_slp_stop_cntfull [ 75.00% 14 5 9 0 100% 1 1 0 1 64 64
+~ 6 th_top-:ap_pwr_slp_enter_stop_maskraise_seq::CovSlp_enter_slp_stop_maskraise [N 75.00% 14 5 9 0 100% 1 1 0 1 64 64

- €& th_top=:ap_pwr_slp_enter_stop_seq::CovSlp_enter_slp_stop [ 100.00% 14 0 14 0 100% 1 1 0 1 64 64
€6 th_top--ap_pwr_slp_fpl_2dramwk_seq::CovSlp_fpl_2dramwk [ 100.00% a4 0 aa 0 100% 1 1 0 1 64 64
66 th_top:--ap_pwr_slp_fpl_cond_seq::CovSlp_idle_mask [ 100.00% 42 0 a2 0 100% 1 1 0 1 64 64
€6 th_top:-:ap_pwr_slp_int_wake_pll_async_seq::CouSlp_int_wake_pll_async [ 100.00% 14 0 14 0 100% 1 1 0 1 64 64
€6 th_top-:ap_pwr_slp_int_wake_pll_produce_seq::CovSlp_int_wake_pll [ 100.00% 388 0 388 0 100% 1 1 0 1 64 64
€6 th_top::ap_pwr_slp_intr_mask_seq::CovSlp_slp_intr_mask [ 100.00% 14 0 14 0 100% 1 1 0 1 64 64

- |66 th_top::ap_pwr_slp_slpl_2dramwk_intr_mk seq:CovSlp_slpl_2dramwk intr_mk [ 100.00% 14 0 14 0 100% 1 1 0 1 64 64

+- €6 th_top::ap_pwr_slp_slpl_2dramwk_intr_seq::Covslp_slpl_2zdramwk_intr [ 100.00% 24 0 24 0 100% 1 1 0 1 64 64
€6 th_top--ap_pwr_slp_wkfp_2dramwk_intr_mk_seq-:CovSlp_wkfp_2dramwk _intr_mk [N 100.00% 14 0 14 0 100% 1 1 0 1 64 64
th_top-:ap_pwr_slp_wkfp_2dramwk_intr_seq:-CovSlp_wkfp_2dramwk_intr [ 100.00% 24 0 24 0 100% 1 1 0 1 64 64
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Summary Results
Property Summary: FPV

List Results
Property List:

> Assertion > Assertion

- # found : 15 # Assertion: 15
- # proven : 13 [ 0] proven
- # falsified ) [ 1] proven
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i [ 3] proven
> Vacuity . [ A preveEr
- # found : 15 I 5] proven
- # non_vacuous : 15 [ 6] proven
[ 71 proven
> Witness [ 8] proven
- # found - 12 [ 9] falsified (depth=7)
_ # covered - 12 [ 10] falsified (depth=7)
[ 11] proven
> Constraint { }g: Eﬁg:g:
- # found : 19 [ 14] proven
a)
> Constraint
# Constraint: 19

115819]
115820]
115821]
115822]
115823]
115824]
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115831]
115832]
115833]
115834]
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115836]
115837]

constrained
constrained
constrained
constrained
constrained
constrained
constrained
constrained
constrained
constrained
constrained
constrained
constrained
constrained
constrained
constrained
constrained
constrained
constrained
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ik FPV XM B 8, R R — A
corner case. &6 & FPV IGiELE R,

(non_vacuous) ap_pwr_top.chk.ast_BO0T_to_BOOT
(non_vacuous) ap_pwr_top.chk.ast_BOOT_to WAKE_FP
(non_vacuous) ap_pwr_top.chk.ast_DRAM_WAKE_to_ DRAM_WAKE
(non_vacuous) ap_pwr_top.chk.ast_DRAM_WAKE_ to_ WORK
(non_vacuous) ap_pwr_top.chk.ast_WAKE_FP_to DRAM_WAKE
(non_vacuous) ap_pwr_top.chk.ast_WAKE_FP_to WAKE_FP
(non_vacuous) ap_pwr_top.chk.ast_WKFP_2DRAMWAKE_INTR
(non_vacuous) ap_pwr_top.chk.ast_dram_wake_cnt_hold
(non_vacuous) ap_pwr_top.chk.ast_dram_wake count
(non_vacuous) ap_pwr_top.chk.ast_osc_stable count
(non_vacuous) ap_pwr_top.chk.ast_osc_stable hold
(non_vacuous) ap_pwr_top.chk.ast_pll_stable count
(non_vacuous) ap_pwr_top.chk.ast_pll_stable hold
(non_vacuous) ap_pwr_top.chk.ast_reset_state
(non_vacuous) ap_pwr_top.chk.ast_step_check

b)

fault_stbl constr_0 - STABLE(cerfaultenable)
constant_115820 - prst_n==

constant_115821 - test mode==0
constant_115822 - sys_clk26m_sel==
constant_115823 - pll@_bp test mode==0

constant_115824 - U_pslave.pll_stable_timeB[0]==1"b0
constant_115825 - U_pslave.pll_stable_time@[1]==1'b1
constant_115826 - U_pslave.pll_stable_timeB[2]==1"b1
constant_115827 - U_pslave.pll_stable_time@[3]==1'b1
constant 115828 - U pslave.pll stable time®[4]==1"b1l
constant_115829 - U_pslave.pll_stable_timeB@[5]==1"b0
constant_115830 - U pslave.pll stable time®[6]==1"b0
constant_115831 - U_pslave.pll_stable_timeB[7]==1"b0
constant_115832 - U pslave.dram_wake perido[@]==1"b0
constant_115833 - U_pslave.dram_wake_perido[1]==1'b1
constant_115834 - U_pslave.dram_wake_perido[2]==1'b1
constant_115835 - U pslave.dram_wake perido[3]==1'bl
constant_115836 - U_pslave.dram_wake_perido[4]==1'b1
constant_115837 - U pslave.dram_wake perido[5]==1"b0

K 6 FPV I IF 45 B4R &
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ZAC B, osc_stable {55 4 & idim, Rk
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state change

h 4

A 4

state change count

osc_stable J

count = config value >

A 4

state control — counter 1
begin signal
7y A
config
value

A 4

count < config value losc_stable —

state stable

7 BRI R R

GRS ayAra- R IRNTEE

property p_osc_stable _hold;

@(posedge ap_pwr_top.U_slpu.clk32k) disable iff
(Yap_pwr_top.U_slpu.rstn)

$rose(start_BOOT)|->(!$past( AP_PWR_SLP_FSM.
osc_stable,1)througeout(CAP_PWR_SLP_FSM.pll_state_
R=="PLL_BOOT)[*0:$J##1('AP_PWR_SLPU.slp_int_cn
t17:0]=="AP_PMR_PSLAVE.osc0_stable_time[7:0])));

endproperty

g 8 s, KW ERA RN, JFEE 9 1
BT, KNGS AF—4F2, ast_osc_stable_hold 15
TAARRET L Bk, RN G TG Uk E R
BT (R R IR W 5 SR I AE [ I [A]

4.2 9 BfR%R

W = 2 I SR DR E 0 20 1 B I Rk 3R
B, 1H osc_stable {5 #4515 . i3 — 25 T R BL,
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RTL ACH A7 5 A PR 1)

TR B AR N 2

T b R85 5 osc_stable M T it B2 5 17 4E
—IAEIR, H ARG R TR S TG EAE R
ANREE WAL E 745, RIMLI A o vr 1a) 27 A7 48 5 8T
B, S REFBOF MR TR, HBVEES
osc_stable #{ Hi i =y 18 B8 7

NHIENT F R RS S FRIRHIA G, £ SVA X
e AR, AR IE EIRZIRAT WA WS
LYW P

Assume

assume_count_not_change:

assume property (p_count_not_change);

assume_count_not_2:

assume property (p_count_not_2);

BEHIST)E, WS RTl, wE 10 fios.
1% PR A1) 254 5 3 corner case &4 .

UEW



HHEHARIE SR 2025, 4(4): 97-105 104

O | Time [220| Max Cycle |-1 ¥ I ﬂ '] D LT N ] L—‘Jll.l'H.
Targets: ALL
status depth i Tulty witness type engl elapsad time

5 ap_pwr_top.chi ast_WAKE_FP_to_DRAM_WAKE 3 a et 1 00.00:13

6 ap hic ast WAKE_FP_to_WAKE_FP 1 21 ert 1 00:00:13

7 ap_i ik asl_WEFP_20RAMWAKE_INTA 9 12 serl 1 000013

8 ap_pwr_top.chic ast_dram_wake_cnt by 10 0} ert 1 00:00:13

¥ K.
18 - - —

Constraints: ALL

Property Summary Azzerban Caver Canstraint Vaculy Wit
12 a & 12 2
11 a 17 1z
1 0
sabled[0) ; Constraints Enabled: & ; Min depth: 8 ; Max depth: 8 ; Run Time: 0:01:51 |
R Pl ==
8 KMl
Ble Signal Wew Waveform Tovs Window Help
ity 1.850 dbo A~ 1850 el iy §~[<][v] Goto: [sounce- -|: L, - [T 7] S~ - el

e T R T L

9 W R A 1 S B T

| Time [12H| Max Cycle |-1 || <Filter Target & Constraint Tables by Name=

Targets: ALL

status depth name

- HE W gaEv 83X = 1= [l [H ]

uuuuu ity witness type engine elapsed_time
6 ap_pwr_top.chk.ast_ WAKE_FP_to_WAKE_FP /14 V14 sert 1 00:00:12
7 W ap_pwr_top.chk.ast WKFP_2DRAMWAKE_INTR /9 w12 sert 1 00:00:13
8 ap_pwr_top.chk.ast dram_wake_cnt_hold /10 v 10 sert 1 00:00:13
9 W ap_pwr_top.chk.ast osc_stable_hold /4 W32 sert 1 00:00:21
10 ap_pwr_top.chk ast_reset_state /4 /4 sert 1 00:00:13

K 10 FPV Wi i shs RIE

5 &

BEXT DA I ORI R 12 7 25 AR SR TEAS A2 A 1)

ACAESEREET UVM FISh Rt IGAE ), 5 N B0
UEXT PWR R () S 25 i 4% T 55 IR 40T« 30
HSERE R, BEIRBIEEGERESAEE, W
ap_pwr_glue_logic )78 75 %1k 99.75%, rsu RSN E
Iy X e ¥ 100%. X1, 7E UVM ik R s
R T, BRIUE T E FPV 8RB sh 4
5 B A ik 2 PRIRARE 2R fich R % A%, 0BT R B0V AE 1 it
PRI XU . 15 R, shadfi 558k
A& TETAME: JUE @I -5 BEHLI R L
FEARIGEE I 5 H TER RS S5 IR L R &R
TR FESRAE 1. PE A A T T R &
PES W EE .

FT FIRKIL, ASOERC T TH A corner case )5

RS e T UVM SERRERI DRSS 3 B3 s 1 55
Fi LA SVA & M IR B I aRI6AE 1T 240 FPV X iR 245 23 8] 3k
TR, 055 R T o, 3 A7 TR 1R
S &AM m R ik 5 e SR . ZTTEA
UVM [ B 190 5 5 29 R C B St 1 ikd, 1R
BB B E T W] e R A R S A Y, T
FEA BRI T T B UE A E M 5 i m S

Zi b, ARSCET UVML R FPV TR, $3E 1 3)
B RAEG T UE R 77 RAEFZHE corner case 52T
YOI 58 4 M7 T A AT S . % SRR T AR A Ak
REL B LRI PIEG T ME, R EEE
Tt H PEIGIE S ) 8 5 IR B RS 5%
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