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What i1s UPF?

Unified Power Format (UPF), a format to describe low power intent for design
implementation, analysis and verification, is the latest standard developed by Accellera.

It enables open, multi-vendor tool flows and solutions for low-power ASIC and SoC
design. The true value of a single, widely adopted standard is demonstrated by
interoperability of products from a range of EDA suppliers who support the UPF standard.
Designers of modern, low-power ICs are the ultimate beneficiaries of UPF
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UPF Tool Flow
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Synopsys Low Power Flow with UPF
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Power Domain Definition
on top of the design

* Logic partition with common power characteristics

« Power nets, power ports vDD
* Power down and switching style VDD1
= Voltage area is physical corollary (1:1) STETTERRT
(PD_Top)
VDD1 VDD vDD2 I
[
I VA1
Top-Level : (PD1)
vDD2| !
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Structural Definition

Domain 1

ON(1.2V)/OFF

[evel Shifters

Lol =11k Domain2

Mode1 1.2V
Mode?2 1.2V
Mode3 0.9V




Design Verification — RTL Level

Hardware description languages (HDLS) do not directly support describing power connections
on RTL level

1. Unified Power Format (UPF) standard defines language and simulation semantics, which
some simulators already support

2. Or some scripting/manual power functionality description needed

»Example system: »>UPF declaration:

3 create power domain top -include scope
pad_VDD_S0C __ pad_V35_3S0C )
— - create_power_domain top_power_domain -include_ scope
VSS SD? . - | create_supply net VDD SOC -domain top_power_domain
I mry_power_damain connect supply net VDD_SOC -ports {pad VDD_SOC]
[ | z |
| vDD_S0C my_switch | create_supply net VSS_SOC -domain top_power domain
| = connect supply net VSS SOC -ports {pad VSS_sOC]
| Pwr_req
Power [————
Gating sw_wdd set scope Ul
Controlier | create power domain my_ power_domain -include scope
create_supply net sw_vdd -domain my power domain
= pwr_ack
i set domain supply net my_power_ domain
U1 my_module() -primary power net sw_v
-primary ground net /top/VSS_S0C
create power switch my pow
TDF -demain my_ power domain
-input_supply_port
-output_ supply port {my 5
control port |

ack port {my a
-on_state {r

-off_state {pwr_o



How to Creating Power Domains

1. If power domains are defined $power, $isolate in the RTL:
(only VCS support this setting)
the infer_power_domain command translates RTL power domain constructs to
power domain objects that Design Compiler can handle.

2. Ifthe RTL does not have power domain constructs:
Use UPF declaration, power domains can still be defined from the shell (in both
Design Compiler and IC Compiler) using the create_power _domain command.
Note that the top-level power domain must be created first. The
create_power_net_info command creates the power net info objects.

UPF Example:

create_power_domain TOP

create_power_domain MULT \
-object_list [get_cells Multiplier] \
-power_down \
-power_down_ctrl [get _nets mult_off]

create_power_net_info VDDM -power
create_power_net_info VDDMS -power
create_power_net_info VSS -gnd



Power Aware Simulation @VCS

Synopsys power system task (verilog/VHDL) offers the capability to perform low
power simulation with Synopsys VCS in RTL level. The verilog system task
coding are $power and $isolate.

In RTL netlist, users need to describe shutdown domain’s behavior through
$power.

Users also have to illustrate connectivity between shutdown domain and regular
domain through $isolate. This includes isolation cells’ input/output signals,
control signals and clamp signals.

VCS command can be invoked using the following syntax:
% unix> vcs —power_aware [vcs options]



Power Aware Simulation @VCS

$power:
construct defines a power domain and designates its power control signals. In
Verilog, a power domain is specified using a system task:

$power (<domain_name>,
<power_on_net>,
<0on_sense_expression>,
<power_on_ack net>,
<ack sense_expression>,
<instancel>, <instance2>, ..., <instanceN>);

$isolate:
construct specifies the isolation behavior of a particular signal.

$isolate(<isolated_signal>, <enable>, <signal>, <clamp>)



Power Aware Simulation @VCS

Power Aware Simulation Example:

initial
begin

$power("PD_mult", PwrDwn_mult, 0’b0, "prod_pre_iso[15:0]");
end

always @*
begin

$isolate(prod[15:0], multi_iso, prod_pre _iso[15:0], 16’hFFFF);
end

prod_pre_iso [15:0]

_
FF'

mult_iso

prod [15:0]




Power Aware Simulation @VCS
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Power Domain vs. Logic Hierarchy

* Nested power domains are supported

* Logically disjoint power domains are not supported

Supported %



Equivalence Checking Using Formality

Implementation Equivalence
Checking

* Compares any of the following pairs
: R Ref
* RTL+UPF vs. DC netlist+UPF Formality
* RTL+UPF vs. ICC PG netlist T s
* DC netlist+UPF’ vs. ICC PG netlist

* \erifies

= Powered-up functionality

Ref

» Failing points if the implementation Formality
powers down in a manner inconsistent g
with the reference design + UPF

* Power domains that are shutdownin

reference design are considered “dont [ gate
b} . i : . i S Ref
care” and will not be verified .. (UPF” |/ Formality

:; Impl

Netlist



UPF Language Syntax

»create_power_domain
»create_supply_port
»create_supply net
»connect_supply_net
»set_domain_supply net
»connect_supply_net
»add_port_state

»Create pst
»add_pst_state

»create_power_switch
»set_retention
»set_retention_control
»map_retention
»set_isolation
»set_isolation_control
»set_level_shifter



Scope of a Power Domain

1.0V

[]

‘ 1.2V/OFF \

VDDG

isolate ctrl

sleep restore g refn
| ~ PwrCtrl

Ll

»Power domain created at
lower level scope
create power domailn
GPRS -elements GPRs
-scope GPRs

»Power domain created as
GPRs/GPRS

»Subsequently all UPF
components for power
domain GPRS will be created
at GPRs level

create supply port
VDDG —-domain GPRS



Supply Network

1 VDDG | VDDB « UPF can specify a complete
10V : power supply network

« Supply ports
* Supply nets
» Power switches

* Implicit connections based
on PD

« Explicit supply
connections

gprs sw

« UPF commands
*create supply ports
*create supply nets

*create power switch

*connect supply net

*set domain supply net




Dynamic Voltage and Frequency
Scaling (DVFS): Power State

el * Capture dynamic voltage

05 scaling (DVS/DVFS) and

vdda shutdown scenarios with

— I Power State Table (PST)
________V_d_d}% _______ * UPF Commands

o add_port_s tate
° create_pst

ER i * add pst state



Power Switch

DD : VDDG »Create power switch for

| GPRS

‘ 1.0V \

aprs sw create power switch gprs sw

,,,,,,,,,,,,,,,,, _domain GPRS
VDDGS -input supply port {in
VDDG} -output supply port
m {out VDDGS} -control port
1.2VIOFF -

{sleep PwrCtrl/sleep!}
-on_state {state2002 in

{!sleep}}

I sleep restore retn 1isolate ctrl
L VSS | PwrCtrl |

=1

Ll




Isolation Strategy

g [ 34]
: VDD : VDDG
1.0V
aprs Sw
NSleep
VDDGS

‘ 1.2V/OFF \ L

sleep restore retn 1solate ctrl
| PwrCtrl

»Isolation strategy for GPRS

set isolation

gprs 1iso out -domain GPRS
-isolation power net VDD
-isolation ground net VSS
-clamp value 1 -
applies to outputs

set isolation control
gprs iso out —-domain GPRS
-isolation signal
PwrCtrl/isolate ctrl
-isolation sense low
-location parent



Retention Register Strategy

H H
: VDD : VDDG »Retention strategy for GPRS
1.0V |
set retention gprs ret
—domain GPRS
gprs sw ]
NSleep -retention power net VDDG
-retention ground net VSS
VDDGS
set retention control
) C gprs_ret -domain GPRS
1.2V/OFF VDDGS | \vppe -save signal

{PwrCtrl/retn high} -
restore signal
{PwrCtrl/restore high}

—>

map retention cell

I sleep restore g4 retn 1solate_ctrl gpr s_ret —-domain GPRS
L VSS | TG -1lib cell type RSDFCD1

E This matenal is property of Synopsys Inc. Using this presentation or individual slides without permission from Synopsys is prohibited




Library Support -Multi-NLDM

i

LM view (.db files)

multiple logic views

m * Operating condition selects logic
— R — view to be used

_m— * Same physical view corresponds to

» set voltage used for sub-blocks

VSS

FRAM view
TOP (0.8V) VDD_VA

core_08V_max.db VA (1.08V)
OC: slow

P=1.0
V=0.8v  core 108V_max.db
T=125 OC: slow

P=1.0

INVX1 V=1.08v
NORX1 T=125
ANDX1

ANDX2 INVX1

NORX1 set_operating_condition -max set_voltage 1.08V —obj VDD_VA

ANDX1 core_08V_max
ANDX2




Non-Linear Voltage/Temperature Scaling

* Dynamic and adaptive voltage scaling
require modeling for multiple voltage
and temperature operating points

¥
-
-
¥
L

m

Energy
Saved

libraries

» Power calculations scaled and

interpolated between different PVT points >100 PVT’s
> 50GB

* CCS models eliminate need to have
separate libraries for each incremental
voltage and temperature

Nominal PVT

CCS Libraries NLDM Libraries



