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Abstract Power Management Cell Commands The following table shows how a retention cell modeled in liberty can be
| | o expressed using UPF 2.1 library command A level shifter cell defined with —direction low _to_high is used to
Today's 'OV(‘; powerl SoCs Involve a variety of 'hPS mclud(;ng h%rdésgft dentifies the power management cells present in the library and Liberty cell definition for retention cel Modelling using Power Management cell provide functional model for level shifter strategy which has -rule
macros and complex power management architecture described by define the characteristics of those cells. Captures following key details command high_to_low. So the cell LS CELL cannot be used for functional
EEE 1801 UPF. This architecture is implemented b | power P ) i
. .IS .arC | .eC ure-15 | p eme e. y SpECIa powe abOUt the pOW@r management Ce”- cell (ret_cell) { define_retetion_cell \ Ve”flcatlon Of Strategy LS]—
manggement cells Ilkellsolatlonllevel shlfter/retenyon, etc. The Qarller = Identifies a power management cell. retention_cell : retdiff: igZ::S&g;‘?gl YN Example: _
versions of UPF described commands for capturing the power intent « Identifies the supply pins of the power management cell. For 00 pinCVOD) { _power VDDB \ define_retention _cell —cells RET_CELL \
but not the library cells or hard macros. The designers have to rely on example, for an always_on cell the options —power/-ground specify e iarsy somer O swrechable VDD \ -clock_pin CK
other standards like Liberty formats to completely capture the details ’ . - y ) ~save_function {SAVE high} \ -save_check {1CK}
of such cells. The UPF 2.1 (latest version) has introduced new the power and ground pins of the cell respectively. Whereas the P itage. pan eave. chack 1ok N s ek —restore_check {1CK}
' < _ options -power_switchable/-ground_switchable specify the power e e around: e ok 10K set_retention RET \
commands to capture the intent of special power management cells and ground pin connected to a switchable power supply. b oo ¢ —instance RET_CELL
and the hard. macros. In this paper, we take g deep.er look at I!brary = |dentifies the control pin of the power management cell. voltage_name : VDDB; —save_condltu_)n_{!clk} \
commands in UPF 2.1 and analyze their merits over Liberty = specify expressions in terms of those pins which can be used to , pg_type : backup_power; -restore_condition {!clk}
h' t | UPF b d ﬂ f t - th — — related_power_pin : VDDB; L _ _ . o _ _
USEr can achieve a (ruly ased Tlow 1or capturing the power options of the define_retention cell command related ground_pin : VSS: specified in set_retention —save_condition/-restore_condition is logically
intent. restore_action : "H': same as the expressions used with define_retention_cell —save_check/-
Why Library Commands ? UPF 2.1 provides following define_* commands: o tore odde tyme - “lending®: restore_check
define_always_on_cell: Identifies always-on cells J CSAVE) €
= |Ps have power management architecture which is pre- define_diode_clamp : ldentifies the diode clamp cells related graund pin : vss. Pros & Cons of Using UPF 2.1 Library Commands
implemented define_isolation_cell : Identifies isolation cells retention_pin(save, "0");
. . . . ‘e . save_acti(_)n_: "H".;.
= |tis important to know power management details at the interface ce?ne_level_shlft_etr_hcell il I.dlznt'fﬁ.s leve shlfter.tcills | y save_condition = THCK™ Pros:
of IP for proper integration in SoC environment JeTNE_POWET_SWITEH_CEH . Identilies POWETSWITER CETIS = Better compatibility with other UPF commands.
= A typical set of information comprises of the details about define_retention_cell : ldentifies state retention cells o |
, _ _ _ _ — _ _ Migration from CPF to UPF 2.1 Library Commands = Flexibility in capturing key features, such as power states.
pg_pins(supplies), related supplies of the non-pgpins, operating Miaration from Libertv to UPFE 2.1 Librarv Commands . . . .
” . . g y - y L e e . = Concise representation of power related information of power
voltages of the supplies, information about power management _ . Migration from CPF to UPF 2.1 is simplified if one understands the direct . o
cells etc The following table shows how a hard macro modeled in liberty can be mapping with Library commands as shown below: management cells using define_* commands
ol - - expressed using UPF 2.1 commands _ » Lack of well-defined semantics in Liberty causes different
= UPF 2.0 relied on external formats(Liberty) to describe power CPF command Corresponding UPF command | |
management Information of pre-imp|emented IPS Power intent described in Liberty file Equivalent UPF 2.1 commands file set_macro_model begin_power_model InterprEtatlonS-
. T.he lack of yvell-defmed. semantlcs of Iow_ power .attrl|bu.tes in library (macro switch) { begin power model NACRO en§_macro_model enq_power_model . le_erty flles may not be available at the early phases in the
Liberty complicates the situation, often causing ambiguity in tool . oD, 1.0) . U define_always_on_cell define_always_on_cell verification cycle.
. oltage ma , 1.0); create_power_domailn _ - - -
behavior. Voltage:mag (PVVDD, 1.0); —supplyp{SS_PVDD} —SlFJ)ppIy {SS_PVVDD} define_power_clamp_cell define_diode_clamp cCons:
Voltage map (PVSS, 0.0); define_isolation_cell define_isolation_cell .
UPF 21 Library COmmandS cel1(MACRO) { E;ﬁﬁzﬁzﬁp?g&igt ESBgAgRS'SS—PVDD \ define_level shifter_cell define_level shifter_cell " Re|at|V9|y NEw, not many tools SUppOI’t them.
UPF 2.1 add d the limitati f earli | f UPF b ;vsﬁT:iﬁigaﬁlyéetfue; Jrunetion ground B 3 mupdate define._power._switch._cel define._power_switch._cef " Legacy libraries present in user flows.
.1 addresse e limitations Or eariier version o y fine _grain; c;eateTsup!:{)ly_set EsvggcioiSS_PVVDD \ define_state_retention_cell define_retention_cell
" " i S -function ower "
introducing two sets of commands to capture power intent for hard IPs 5 pincPVDDY { Cfunction £ oround PVSS 3 —update Conclusion
It - PVDD; 1F1 " "
and power management Ce”S ;g_tsgg_?agiimary_power; create_power_switch internal _sw \ Ver|f|Cat|On ImpaCt Of UPF 21 lerary Commands . . .
HDL o - direction - Input; -output_supply_port {out PVVDD} \ The Library and power model commands in UPF have bridged the
R —/| Network } ) —-input_supply port {in PVDD} \ _ . _ _
" NG - PO_PINEPYSS) L —cont;o::_pgr;N{(_:trl iTIiL% \ Power model commands: gap in UPF for capturing the power management of library cells.
voltage name : ; -on_state in Ictr . . . . . . : .
— _l Aware b type - primary ground: B = Check for consistency during IP integration process This truly unifies the UPF and provides a comprehensive standard
UPF 2.1 . ﬁ Eemplanan [ jrrection = wnputs S reonver summly po.se pvop = Detect when an incorrect supply is connected to IP which for expressing the power management of low power designs. The
peRTy = s pg_pin(PWDD) { set_port_attributes -ports {A} \ operates at voltage levels beyond the normal operation of P tighter Integration of library commands with power Intent
voltage name : PVVDD; -receiver_supply PD.SS PVVDD : : . : i
\_ Y og_type : internal_power; set_port_attributes -ports {Z} \ = Clamp value of isolation cell matches with constraints commands and more complete semantics ensure that users get
dil_'ection : internal; -driver_supply PD.SS_PVVDD f d |P - t t att b t d (g - . : : .
switch_function : “CTRL"; SPECINEa In 1, UsIng SEt_Port_atlributes comman more flexibility and reuse capability in capturing the information
Power Model Commands bo_function = "PVDD T e crote NommaL PRIV A = May provide power aware simulation behavior for non-PA related to power management. This will result in much more
in(CTRL) { - ly { == {FULL_ON 1.0} && ' ' ' ' ' ' i ificati i '
heain power model. end oower model - RInCETD £t Jsupply_expr {power == (&Y simulation models by applying simstate semantics on the pins of comprehensive verification at earlier phases thereby reducing the
gin_p — ? P — switch_pin : true; -state {OFF -simstate CORRUPT \ the IP as per power State descrlptlon COStly [€-SPINS
These commands define a power model using other UPF commands. related_power_pin : PVDD; ~supply_expr {power == OFF || ground == ’
. : related ground pin : PVSS; OFF}}
9PZ§@$%?QS§JSS bpeinussc(;cd Ig) capture & numoer of berty afrbutes: 3 add_power_state PD.SS_PVVDD —supply \ Powehr mka”ageme”t ﬁe” cqum_ands: ol ratehes 1 References
— in(A) { -state {ON -simstate NORMAL \ =
. related related 4 ort of the [P o o S state {ON -sinstate Check to ensure t e verl ication model matches the power
related_power_porurelated_ground_port ottne I pins is_isolated : true; -supply_expr {power == {FULL_ON 1.0} && management cell reqUIrementS
= power_down_function of IP pins isolation_enable_condition : | ground == {FULL_ON 0.0}}} \ Examole: [1] IEEE Std 1801™-2009 for Design and Verification of Low Power
Example Syntax: “en'; _ -state {OFF -simstate CORRUPT \ ple. nt ted Circuits. IEEE C ter Societv. 27 March 2009
A ' related_power_pin : PVVDD; ~logic_expr {CTRL} \ define level shifter cell ——cells {fLS CELLY \ ntegrate IFCUITS. omputer society, alC :
. _ _ _ _ {LS_ ks
begln_power_model upf_model related _ground pin : PVSS; —-supply_expr {power == OFF || ground == _ _ _ : - :
UPE Commands OFF}} ~-direction low_to_high \ [2] IEEE Std 1801™-2013 for Design and Verification of Low Power
= == " } . . .
end_power model pin() { set_isolation internal_iso \  tevel shifrer LSt e ik to Tow \ Integrated Circuits. [IEEE Computer Society, 29 May 2013.
apply power model : power down, Tuncelon : “1PvDD | _isolatlon Shgnal gen) n - ?(_a_— evelShITEEr ~rHEe nign_to_Tow [3] Amit Srivastava, Rudra Mukherjee, Erich Marschner, Chuck
Instantiates the power model and allows connection of supplies via Ferated power pin : PWDD: -isolation_sense {highy use_interface cell my interface \ Seeley and Sorin Dobre : “Low Power SoC Verification: 1P
supply set handles. related_ground pin : PVSS; fifgﬁgrsﬁzgr;butes -ports {A Z} \ -strategy LS1 \ Reuse and Hierarchical Composition using UPF”, DVCon
Example Syntax: r N -lib cells LS CELL \ 2012.
apply power model upf _model -elements 11\ } end_power_model ~force function
—supply_map {{PD.sshl ssl} {PD.ssh2 ss2}}
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