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Low Power Verification Challenges

* Low Power Architecture , Power Control & Monitoring
* Power Gating and Power Up Operation of each Domain
* Multiple Low Power Modes and Mode Transitions

* Power Gating & Data Retention in Memories

* Low Power Integration of Hard Macros and Analog IP
— ADC, Comparator , Power Switches ,Voltage Regulators , PADS

* Impact of Clock frequency Switching , Reset Domains on
PMU & System Bring up

* Fine Grained Clock Gating & Dynamic Voltage Scaling
e X-Optimism Implications Post Power Up

* Test Mode Checks for Design & Analog IPs in Low Power
Modes
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Low Power Verification Challenges

Number of Power Domains
Number of Power Modes

Number of Clock Sources (IRC/OSC/PLL)/Clock Ratios

Number of Resets Domains & Reset Types

Number of Wakeup Sources (GPIO, NMI, Resets,
Interrupts)

Number of Retention Memories
No. of Analog-Digital Interfaces and Macro Models
Number of Low Power Peripherals

Number of Abort Scenarios(early wakeup, resets)

Total Verification Scenarios = PDn X PMn X PMTn X

CSn X RSN X WSn X RMn X ADn XLPn XASn.........2014
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Low Power Verification Flow

Low Power
APIs

Low Power vPlan

Assertions

Construct

Covergroups

RTL +CPF

. . Low Power
Simulation

Tests

Map Results to
vPlan

No vPlan Yes eI Verification
Covered for key tests Sign Off
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Low Power Assertions Features

Reset mapping checks to ensure correct type and power
domain specific reset connection to each IP

Low Power Mode Entry/Exit Protocol assertions

Macro model Low Power Protocol assertions to verify
sequencing and protocol for low power control signals

Isolation - Reset Sequencing Checks
Low Power Peripherals operation across mode transitions

Fine Grained Clock gating scheme assertions for low power
modes involving IP specific clock configurations

Post Power Up Uninitialized signals detection checks
Dynamic Voltage Scaling enablement checks
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Low Power Assertions Examples

Reset Mapping Check
property prop_ip_reset_sig _chk (ip_reset _sig , domain_reset sig ,power_domain);
@(posedge simulation_clk) !lip_reset_sig [->!domain_reset_sig ; endproperty

VREG and PMU Low Power Protocol Checker

Standby to Run_when _sys wakeup : assert property (@(posedge simulation_clk)
Srose(sys_wakeup) & curr_mode=="STBY [-> ##[0:N] (sw1_done & sw2 _done )
##[0:N] lisol & liso2 ##[1:N] curr_mode=="RUN);

SRAM Low Power Protocol for Sleep

sleep _asserted _before rd sw_open : assert property (@(posedge simulation clk)
Sfell(’sw_rd.sw_open) [-> Spast('sram.sleep,2) && Spast('sram.sleep,1) &&
‘sram.sleep);

Isolation is asserted before Domain is Reset

iso_asserted _before reset : assert property (@(posedge simulation_clk)
‘pmu.target_mode=="STBY && !'rst_ctrl.pd2 dest _reset [->Spast(’pmc.pd2 _iso

,2) && Spast(‘pmc.pd2 iso,1) && ‘pmc.pd2_iso ); Ol4
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Low Power Assertions Examples won,

Low Power Peripheral Clock Gating Check
Lp_mode periph clk gated when_module disabled : assert property
(@(posedge simulation clk) pmu.target mode=="LP_STOP &&
‘omu.periph_stop reqg[0] [-> ##[40:100] 'LP_Periph_num0O.clk == 1’b0 ##1
Sstable('LP_Periph_numO.clk) );

Post Power Up Uninitialized outputs detection checks

property sig_not_x _post_power _up(isolation _condition,signal);
@(posedge sim_clk) Sfell(isolation_condition) |=> !Sisunknown(signal);

endproperty
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Low Power SoC Scenario Coverage

* SV Covergroups with Cross cover points to check if SoC Low Power

Scenario is covered

// Standby Mode Exit via External Reset toggle with no System clock present

bit ext_reset_b , irc_clk_en;
bit[3:0] current_mode;

covergroup STBY_MODE_EXT_RST_IRC_OFF @(posedge simulation_clk);

EXT_RST : coverpointext_reset_b {
bins ext_reset_b_low =(1=>0);
bins ext_reset_b_high=(0=>1);

}

IRC_EN : coverpointirc_clk_en {
binsirc_clk_en_high ={1};
binsirc_clk_en_low ={0};

}

CURR_MODE : coverpoint current_mode {
bins STBY ={4'hD};

binsRUN = {4'h3};

bins STOP = {4'hA};

}

stby_rst_irc_en : cross EXT_RST, IRC_EN, CURR_MODE {

bins stby_ext_rst_exit_irc_off = binsof(CURR_MODE.STBY) && binsof(IRC_EN.irc_clk_en_low) &&
binsof(EXT_RST.ext_reset_b_low);

}

endgroup

STBY_MODE_EXT_RST_IRC_OFF stby_mode_ext_rst_irc_off_inst =new;

Cross Cover Point checks
all events occurred
simultaneously

—
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X-Optimism & Impact in Low Power

Simulation
e X-Optimism In RTL Simulation

— A state where simulators convert a “X” value input to a condition or
gate to O or false value at the output

e X-Optimism Impactin Low Power Simulation
— Simulators drive “X” to simulate power shutoff

— RTL X-Optimism can prevent X propagation masking Low Power
design issues in Power Down and Power Up domains

— CPF+ RTL v/s CPF + GLS simulation mismatch

* Pessimistic X-Propagation Solution in Simulator for Low
Power Simulations with CPF/UPF

* Assertion Based Solution to detect Residual X Post Power Up
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RTL + CPF Simulation v/s RTL+CPF+ X-Prop
Simulation

. .. B RTL + CPF Waves
X Optlmlsm | X-Optimism due to default

e Power Up res assignment as clock starts
enabling FSM to proceed in RTL sim

RTL + CPF + X-Prop Waves

2Ntwit X being propagated in
ed du design
lation

&y Baselire w=0
| Cursar-Baseling ¥ = 489,512 5ns

458 50005

fv Cursor G-
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Low Power Verification Flow with X-Prop

Design Low Power vPlan Low Power

Specs APls

Assertions

Construct

Covergroups

RTL +CPF+X-Prop
Simulation Low Power

Test

Map Results to
vPlan

No vPlan NS CPF + GLS for Verification
Covered key tests Sign Off
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Low Power Design Issues

* |solation Issues

* Low Power Mode Entry/Exit Protocol Issue
 Macro Model Design & Integration Issues
* Memory Retention Issue

* Power On Reset / System Bring UP issues

* Analog IP Power connectivity Issues

* X-Optimism Issues
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|Isolation Issues

* Missing Isolation on nets crossing from OFF to ON
domain

* Wrong Isolation type used
s B s ™

[ e I { Latc.h
Isolation
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Low Power Mode Entry Protocol Issue

Corruption on AON

hutoff conditi Domain signals as ISO
Of SAULOTHCONCItion is not asserted INTENDED BEHAVIOR

Unexpected Toggle

. RUN>STBY > RUN
. De-assert Power
Shutoff

. De-assert Isolation

Cursar =

ACTUAL BEHAVIOR

1. De-assert Shutoff
2. Remove Isolation

_iso_pd _to_pd0

egulp_en_lv
Figger_sw_chg
trl.o_ipe_switch_b
/1D close b v Bug in PMU resulted in
unwanted transition on
shutoff signal causing
corruption inside AON

domain.

$10_close_parhi_te
21 _close_parhi_te
ne_lp_ctls21 _close
_core_c p_stopped
_lpu_ctrl p_stopped
ke _rakup

‘akeup

T T Y Sy

1_to_drun

2014

accellera e ot

CONFEREMCE AND EXHIBITION

SYSTEMS INITIATIVE



Low Power Mode Exit Protocol Issue

* PMU waiting for SW Done from PD2_PERF SW only & removes Isolation
before PD_LP SW done

VDD_AON VDD_AON

l

D_SW
4 )
PD1
NS _/
ISO Layer ISO Layer
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Macro Model Low Power Entry Protocol
Issue

VDD_ON

 SRAM Sleep comes after opening of SW

VDD_RET

( \ VDD_PERIPFH

a R

)
O SLEEP
& 4

si_iso_pd1_to_pdd

3. rodgk_sw_close

Tnem_sleep en
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Memory Retention Issue

SRAM read data

Domain Power Up Core Reset Lifted .
corruption

Intended Behavior

1. Domain powerup
Al : 2. Corebringupvia
W reed b ;escet t0 boot f
| —) . Coreto bootfrom
ol 0, il I 40000000 [ SRAM
after power

o ) up

- . e 1)

Actual Behavior

WFH Bt k31 0] 1. Domain powerup

o ) "‘ 2. Corebring up via
: reset

7 o
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Power Up Issue — Incorrect Reset

Mapping
* LBIST Reset Controller connected to PDO AON
reset Core reset and clk X

o] Bagelinew=0

i E .| Cursor-Baseline v=526,357 5ns
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Analog IP Low Power Mode issue - PMU &

ADC

* Transmission Gates of PD2 and PD1 pads shorted at SOC Level for

connectionto

AVIN

 ADCalive channels unusable due to PD2 Pads’ analog reset is
connectedto PD1 ADC voltage ok reset.

/ PD1
 PAD
PD1
PAD

PD1

PAD

PD2
PAD S

P—

PD2
ADC
—
- 4 AVIN
pdl Ivi_ b

~

pd2_Ivi_ b | Sl
D
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X-Optimism Issues : Low Power Mode Exit

Deadlock

- Dead lock between SRAM switch Open signal and
|solation disable
» X-optimism in Low power mode exit code enabling exit

_.::u:;m 2 O ] 4

b cliv_i X
1
'h 000 |:: | | 1FF
'h FE .:: oo
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CPF Enabled Gate Level Simulations

* Gate Level netlist Simulation with Worst Case timing SDF and CPF
to verify low power mode operation and power mode transitions

 Low Power Cells like level shifters, isolation and state retention
cells defined in CPF file

* Enables final checking of timing and functionality related to Low
Power Control Sequence and control signals for key Low Power
tests

* Low Power Aware X-Prop simulation mitigates risk of missing
issues due to X-optimism due to less number of tests run in CPF
enabled Gate level Simulations
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Worst Case Timing induced Issue

* |SO EN asserted prior to ISO Cell Input — Wrong Value latched

a N

mem_iso

ISO KEEp -BO-OUT
PD1 ISO_EN
ISO_EN
MEM_ISO v
g— IS O_O UT DESIGN AND VEHQIFQ;I\'IiN
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Future Scope

* |FV based verification of Low Power Control Logic

* Using Emulation Platform for System-level low-power
verification and Dynamic Power Analysis to calculate
average and peak power
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Conclusion

* Presented a comprehensive Low Power Verification
Methodology and Illustrated real low power design issues
which we were able to catch using this flow

* [llustrated hazards of X-optimism in traditional Low Power
RTL simulations and introduced X-Prop flow along with user
assertions to mitigate these issues
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Thanks |

Questions & Answers

Abhinav.Nawal@freescale.com
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pecitication or Power Intent In

Include flash_macro.cpf
TESTBENCH.CPF Include sram_macro.cpf
Include power_switch_macro.cpf
Set_design testbench —testbench Include ADC macro.cpf
Set_instance top Include macro_instance_mapping.cpf
include DESIGN.cpf
Set_sim_control —action power_up_replay -instances {}.. Creat_power_modes -name RUN —domain_conditions
Create_assertion_control -type reset—domain PD1 —assertions { {PD2_PERF@ON_v12 PD_LPS@ON_v12

1.

Create_mode_transition — name -from RUN —to STBY
DESIGN.CPF —start_condition {}

Set_design chip_top Set_instance pd2_perf/flash -domain_mapping {VDD_3.3
VDDF_33} {vDD_1.2SW VDDF_SW}
Create_power_domain —name PD2 —default
shutoff_condition { !sw_pd2_perf} MACRO.CPF
Create_power_domain —name PD1 —instances {..}
shutoff _condition { !sw_pd_Ips} Set_macro_model FLASH
Create_power_domain —name PDO —instances {...}
Create_power_domain —name VDD_3.3 —boundary_ports
create_isolation_rule -name pd2_pdl —from pd2_perf -to {lp_enlp_ack}
pd_aon -isolation_condition {pmu/iso_pd2_to pdi}
Create_power_domain —name VDD_1.2SW —boundary_ports
Create_nominal condition —-name ON_v12 —voltage 1.2v {reset clk wdata ...}

End_macro_model
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Automatic Low Power Assertions from

CPF

e Checks for Shutoff, Isolation, Retention Controls are not X or Z

e Checksfor correct Power Down and Power UP Sequences

/ |solation

Isolation

State retain

Powerswitch
enable

o

enabled

N\

State retention
enabled. Values
are saved.

State retention Isolation dlsablem

disabled. Values
are restored.

l

f

Power down

/

Power up
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Automatic Low Power Intent Coverage

Instance name: ALPU_MUDPEL _UVLUUMF _coverage _domains _DPUMALN_UDD_FPFRI1_SwWw_shutor+

Type name: alpu_cntl sig cou

File name: sprojectscalypsostm _verif_nbkl1suserssabhinavy/s/CaléM_Cut2_ 8 _RelB81.686 . 885cut?2 RAOG - A08TEOS - 985 workstop_r1
A_libs/Asworklibs _alpuwsocpfF_cou_sup

Humber of covered cowver bins: 4 of &
Humber of uncovered cover bins: 8 of L
Hame Average, Covered Grade Line Source Code
cg_control_sig 186%, 1600% [(L4/54) 35 covergroup 1lps_cqg_control_sig @{trigger} ;
I——cnktl 188% (L5 48) I8 cntl: coverpoint control_ _signal
I——1ow 1808% {(ISBS1) as bins low= £ 0%
1 1——high 180% (228513 66 bins high= {13};
1 |——rising 188% (2285 1) a7F bins rising = {(8=>1);
1 | ——Falling 1989% (228512 a8 bins falling = {1=>8);

Instance name: ALPU_HMODEL_ UCOHMP _couverage _domains _DOMAIN UDD_PD1_SW_pd_ _<state

Type name: ALPU_COU_TOP1_chip_top914_ PD_UDD_PD1_SW _state

File nmame: sprojectscalypsotm _verif_ nbkl1suserssabhinavsCcalosM _Cut2_ @ Rel91.06.00/cut2 ROG . 00TEGS - 90 -sworkstop_ i
A_libs/sworklibs _alpuvsocpf_cov_sup

Humber of cowvered cover bins: 2 ofF 2
Humber of uncovered cover bins: 8 of 2
Hame Average, Covered Grade Line Source Code
power_state 188%, 188% (2/52) MAF3I1F7F covergroup 1ps_power_state B{trigger);:
I——puwr_state 188% {Z52) AF3188 pwr_state: coverpoint pd_state
| ——auto[O0OH] 188% (138512 1731808 pwr_state:- coverpoint pd_state
I |l——auto[0OFF] 180% (2285 1) 173180 puwvr_state:- coverpoint pd_state

Instance name: ALPU_HMODEL_VUCOMP.coverage.power_mode_control_group.PHCG_chip_top

Type name: ALPU_COV_TOP1_chip_top%14 PHCG_chip_top

File name: /sproject/scalypsoém_wverif_nbkl1l/fusersy/sabhinavy/sCalséH_Cut2.8 RelB81.686.0868/cut2_ _RAG6 .AATEAG6 . 88/ workys/top_rtl_regression.bB1776.13_16_868_16_87_4u5_
A_libs/worklib/_alpv/cpf_cov.sup

Humber of covered cover bins: 2 of 23

Humber of uncovered cover bins: 21 of 23

Hame Average, Covered Grade Line Source Code

pmcg 186%, 1806% (23/23) 173982 covergroup lps_pmcg @(trigger);

|——pw_mode 1868% (F57) 173985 puwr_mode:- couverpoint pmode

1 1--pwr_mode[ RUN] 100% (86713 1748012 bins pwe_mode[] = {[$:51%:

1 |I-—-pw_mode[LPU_RUN] 10008% (1/1) 174012 bins pwr_mode[] = {[$:5]1:

1 1--pwr_mode[LFU_STDBY] 100% (1751) 174012 bins pwr_mode[] = {[$:513:

1 1-—-pww_mode[LPU_STDBY_64K_RET] 1068% (1/1) 1780912 bins puwr_mode[] = {[$:51>:

1 |I--pwr_mode[LPU_STDBY_128K_RET] 1868% {(1/1) 174012 bins pwr_mode[] = {[$:513:

I I-——pwr_mode[LPU_STDEY_Z56K_RET] 106% (151) 174012 bins pwr_mode[] = [$:=%51>:

1 I--pwr_mode[ STANDBY_256K_RET] 100% (30/1) 174012 bins pwr_mode[] = {[$:51%:

I——pmode_trans 108% (16516) 174015 pmode_trans: coverpoint pmode

I I-——RUN_2 LPURUH 1868% (1/1) 174842 bins RUM_2 LPURUN = (RUN => LPU_RUHN):

I I-——LPURUN_2_ RUH 1868% (1/1) 174843 bins LPURUMN_ 2 RUN = (LPU_RUN => RUHN):

I I-—-RUNM_2_STANDBY_256K_RET 100% (1/1) 174044 bins RUM_2_STANDEY_ 256H_RET - (RUHM —=> STAHNDBY_ 256H_RET);

| |I--STANDBY_256K_RET_2_RUH 1002 (1/1) 174045 bins STANDBY_256K_RET_2_ RUN = (STANDBY_256K_RET => RUMN);

I I-——LPURUN_2 LPU_STAHDEY 188% (1/1) 1718846 bins LPURUN_ 2 LPU_STANDBY = {(LPU_RUN => LPU_STDBY):

I I--LPURUM_2_LPU_STAHNDBY_&4K_RET 100% {(1/1) 174047 bins LPURUN_2_LPU_STANDBY 64K _RET = (LPU_RUMN => LPU_STDBY_64H_RET):

1 1--LPURUM_2_LPU_STANDBY_128K_RET -180% (151) 174848 bins LPURUN_Z_LPU_STANDBY_-128BK_RET (LPU_RUH => LPU_STDBY_-128K_RET);
1 I--LPURUM_2_LPU_STANDBY_256K_RET -1868% (1/51) 174849 bins LPURUN_2_LPU_STANDBY_256K_RET = (LPU_RUNH => LPU_STDBY_ 256K_RET);
I I--LPU_STAMDBY_256K_RET_2_LPU_RUN 180% (1/1) 174858 bins LPU_STANDBY_ 256K_RET_Z_LPU_RUN = (LPU_STDBY_256K_RET => LPU_RUMN);
I |I--LPU_STANDBY_128K_RET_2Z LPU_RUN 186% (1/1) 1746851 bins LPU_STAMDBY_ 128K_RET_Z_ LPU_RUN = (LPU_STDBY_128H_RET => LPU_RUMN);
1 I--LPU_STANDBY_64K_RET_2_ LPU_RUM 1868% (151) 174852 bins LPU_STANDBY_64H_RET_2_ LPU_RUN = (LPU_STDBY_ 64K_RET =3> LPU_RUHN);
1 I--LPU_STANDBY_2_ LPU_RUH 180% (1/1) 1740853 bins LPU_STANDBY_2_LPU_RUM = (LPU_STDBY =3> LPU_RUN};

1 |I--LPU_STANDBY_256K_RET_2Z_ RUN 1860% (1/1) 174854 bins LPU_STAHDBY_256K_RET_2_RUH = (LPU_STDBY_256K_RET => RUM);

| 1--LPU_STANDBY_A128K_RET_2_RUN 180% (1/1) 174655 bins LPU_STANDBY_12BK_RET_Z_RUN — (LPU_STDBY_128K_RET => RUM);

| 1--LPU_STANMDBY_64H_RET_Z_RUHNH 1868% (1/1) 178056 bins LPU_STANDBY_G64K_RET_2_RUN = (LPU_STDBY_64K_RET => RUN);

| I--LPU_STANDBY_2_RUHN 100% (1/1) 1740857 bins LPU_STANDBY_2_RUN = (LFU_STDBY => RUN);
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X Optimism Code examples & LP X Propagation Solution

e X-Optimism Code Examples

Asynchronous Reset
always @(posedge clk or
posedge rst)

begin

If —else statement Case with default
reg sel; reg[1:0] sel;

If (sel) case(sel)

out = a; 2'b00: out = a;

else 2'b01: out = b;
out = b; default: out =c;
endcase

 LP X Propagation Solution feature

— X Propagation analysis as per Power Domains identified in CPF/UPF

— X-Propagation is automatically suspended during power domain shut
down based on CPF/UPF shutoff condition

— X-Propagation from a switchable domain is automatically enabled just after
domain is turned ON eson o e b
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CPF Enabled Metrics Driven Flow for Low
Power Verification

Low Power
APl code

CPF
Enabled
Low Power

Covergroups




