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Introduction

Background conceptually, either PSW or LDO will be ON, there will be some Proposed UPF Syntax for Modeling LDO Design:
Low-Dropout Regulator (LDO) is used to regulate output voltage overlap between them (Figure 4).

*LDO is commonly used for Dynamic Voltage and Frequency Limitation of UPF: create_power_switch switch_name

Scaling (DVFS) +UPF supply resolutions “one_hot, parallel, parallel_one_hot’ [-output_voltage {state_name voltage_valuej]
cannot model this design correctly

Proposed UPF Solution with Revised Syntax
Power supply network in Figure 3 is used in real design. Although

create power_domain PD_TOP
create supply _port VDD1 UPF for Flgure 3
create supply port VDD2
create supply port V55
create supply_net VDD1 -domain PD_TOP
create supply _net VDDZ -domain PD_TOP
create supply _net VDD _TOP -domain PD _TOP -resolve weak
create supply _net V55 -domain PD TOP
Appfy proposed syntax
VDDl -ports VDD1
2 Load upft LDO.upf -scope u_ LDO
13 connect supply _net VDD2 -ports { VDDZ2 u_ LDO/SVDD }
14 VDD _TOP -ports u_ LDO/SLDO VOUT
15 connect supply net V55 -ports { V55 u LDO/VSS }
16 Connect output of LD é‘ PSW
17 set _domain_ supply _net PD_TOP -primary_power _net VDD _TOP
18 -primary_ground net VS5
19
20 create power switch P5W -domain PD_TOP %
-input supply port { win VDD1 } %
-output supply port { vout VDD TOP 3} %
-control _port { psw _en P5W EN }
-on_state { P5W ON win {psw_en}
-off_state { PS5W OFF {!'psw en} }
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1 create power_domain PD_LDO

-

Motivation
.MOdellng LDO |S a hUge prOblem SyStemverilog Workaround SOlUtiO“ E create supply_port VDD -direction 1in LDO UPF mOdel
4 create supply port V55 -direction in

.U PF Stl” dOeS nOt prOV|de meChanlsm to mOdel LDO . . 5 create supply port LDO VOUT -direction out
. ; ' SyStemverllog mOdel for LDO DQSlgn: 6 create supply_net VDD -domain PD_LDO
Supply resolution mechanisms provided by UPF are not enough 7 create_supply_net VSS -domain PD_LDO

8 create supply _net LDO VOUT -domain PD_LDO

1 import UPF::*;
2 module LDO ({

S u m m a ry 3 "ifdef POWER_AWARE STMULATION

output supply_net_type VDD_to_5

*Existing SystemVerilog modeling solution is demonstrated with v e one v o v In/Out fromito UPF

“endif

some drawbacks & input LDO EN,

. . . g input [2:8 LDO VOSEL
*We propose extensions to UPF commands for easily modeling y _q'_1 L[[_E_ ST -
LDO and special supply net resolution “ifdef POWER_AWARE_STMULATION

always @(*) begin

> “Create _power_sw,tch _Output_voltage” : if (VDD _to_SV.state == UPF::FULL_ON &% LDO_EN==1'bl) begin

LDO_WOUT. state = UPF::FULL_ON;

> e crea te_ Sy p p I y_ ne t —reso Ive wea k/S t ron g /e I t h e ,J‘ 3 LDO_WOUT.voltage = LDO_VOUT_r*1000000;

o
10 connect supply_net VDD -ports VDD
11 connect_supply_net V55 -ports V55
12 connect supply net LDOD VOUT -ports LDO VOUT
13
4 set _domain_supply _net PD_LDO -primary power_net VDD -primary_ground net V55

b create power switch PS5W LDD -domain PD_LDOD M
-input_supply _port { vin VDD }
-output _supply _port { wout LDD WVOUT 3} X
-control_port { en LDD EN } %
-control_port { s10 LDO WOSEL[O] } M
-control_port { s11 LDD WOSEL[1] }
-control_port { sl2 LDO_VOSEL[2] }
-off_state { LDO_OFF {'en}} \
-on_state { LDO 5T win {en && 's10 &b&

end

else begin

-on_state { LDO _5T1 vin {en && slO0 &&
-on_state { LDD _5T2 win {en && 's1l0 && s1l1 && !¢

.I_
LDO_WOUT.state = UPF::0FF; L
{

-on_state { LDD _5T3 win {en && sl && s1l1 && !:
{
{
{

LDO_VOUT.voltage = 0;

Example LDO Design and Limitation of UPF for Modeling
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-on_state { LDO_5T4 wvin {en && !'s10 && !sl]l && s

[ LDOD _5T5 win {en && 510 && 's511 &&

end
oo v e A Voltage conversion —
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on_state { LDO_STb vin {en s1o st B LDO_VOUT NET (FULL_ON, 0.6000v} {FULL _ON, 1.2000v}  {OFF,
l l Power always @(*) begin - l:Z'!'!_E-tEl_tE' : LDO ST7 win {E'!'! b 510 && 511 && ¢
\ - C — Cround ] Ccase i |i LEI F]—II'II [EIE?EILI ::I. ) -ou tl::- L t_'-." ] 1_1:.54(_:]:—:- ' I_I:EI [EI_%TEJ |E| & I & voo1 (FULL_OW, 1.0000v)
21 3'ho: LDO_VOUT_r = -output_voltage { LDO_ST1 @.7 } \ A | d t Wi B psv_En L
; : 2! 3'hl: LDO VOUT r = _outout valtzoe £ IDO ST? 6.8 1 — o S — ) .
LDO_EN LD _VOUT PG Dutput LMD output voltage i - I: - LDD_, o IT_ . ou t|_ | t_ 0 1_1:-:4(_:][:' i LD E.l__':iT._ b.a | . pp y pro pose Syn aX -' PSY 1mUT {FULL_ON, 1. 0000w}
Output voltage level selectio 0 e LHE_PVRT_T T -output_voltage { LDO 5T3 ©.9 } \ -
LDO_VOSEL e Amts 1o 30 3'h3: LDO_VOUT_r = ithut voltage { LDO oT4 1.0 ) °
- 3'h0: 0.600V  3’h4: LOOOV - 2 ha: LDO VOUT r = -output_voltage q LUU o {(OFF, 0.0000v} {FULL_ON, 1.0000v} {FULL_ON, 0.6000v} {FULL_ON, 1.2000v:  {OFF,
) iovomam e e smeme s -
3'hl: 0.800V  3°h6: 1150V 33 3'h6: LDO_VOUT r = -output_voltage { LDO_ST6 Figure 11. Simulation Waveform
34 3'h7: LDO_VOUT r = -output_wvoltage { LDO_ST7
3'h3: 0.900V  3'h7: 1200V 3 3'h7: LDO_VOUT_r = — ! _
LDO—VO ut LD _EN Signal Input Enable signal (Aetive high)

. end [
Figure 1 Conclusion
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. » Low power verification is “must” to guarantee correct
e —— functionality after adding low power techniques

v @8 Lpo_vour

: : ' " Figure 9. Simulation waveform. § § i * Some low power techniques cannot be modeled using UPF
[DO_EN : : ¢ | imout suppy net_type in_sz, In/Out from/to UPF like LDO and special supply net resolution

Figure 2 | | | | (* vcs_atways—on—+) . Proposed UPF Syntax for Specia| Supp|y Resolution: e Qur existing solution using SystemVeriIog modules, but ...

always @(in_snl or in_sn2) begin

if ((in_snl.state==UPF::0FF) && (in_sn2.state==UPF::0FF)) begin > Leave some Venﬂcahon holes re'ated to Coverage

out_sn.state = UPF::0FF;

Given LDO design (Figure 1), I/O pins are illustrated in table and outTan vottage - 0.0 create_supply_net net_name ﬁ Worst-case sceggrio > Cumbersome to understand and maintain

ContrOl sequence iS in FI ure 2 else if((in_snl.state!=UPF::0FF) && (in_sn2.state!=UPF::0FF)) begin : . _
Limitatior? of UPF: g | I e T 86 n_an2:state e UPFESFULLOM begin [-resolve <either | strong | weak>] * We propose extensions to UPF commands
. & out_sn.voltage = (in_snl.voltage = in_sn2.voltage)? in_sn2.voltage:in_snl.voltage; \ “Create_power_SWItCh —Output_VOltage” and

.“ ' " I.- :~|u1:~l_:~11'1_|_i||_:n1_1'41':~1l_:_|_|PF : FULL_ON) begin Best_case Scenano \‘ . ) ‘
create_power_switch” command cannot model voltage vt stete =n_az state; | create_supply_net —resolve weak/strong/either

conversion 0 end else 1T (in_sz.state - UPrruLL oW vegin - Ragolution “either” Resolution mechanism for —resolve weak > Can model LDO and special supply net resolution

out_sn.state = in_snl. state;

1 import UPF::*;
2 module upf _sn_resolution|

out_sn.voltage = in_snl.wvoltage; !

- e 1o b Supply Supply | Supply Supply | Resolved Resolved / ' '

23 end else be ! > I“

VDD1 VDD2 : out sn. E%;;E - in_snl.state; Sourceq I:Eﬁl]' "-'rCIHEI'QE! Source? |:5-|;q-2]. H.F.;:;Hage. Supphr MNet S-UD'I:'"';' MNet /,’ Make |OW power Ver|f|Cat|On Ore rObUSt

out_sn.voltage = (in_snl.voltage > in_sn2.voltage)? in_sn2.voltage:in_snl.voltage; (vi) (vz) State Voltage

S e e » Have implemented these extensions into power-aware

LDO EN 7 end | | FULL_ON 1.5 FULL ON 2.5 FULL ON 1.5 (minimum

else if((in_snl.state==UPF::0FF) && (in_sn2.state!=UPF::0FF)) begin | of sw1 and sW2 | SimU|at0r MVS'N NLP
out_sn.state = in_sn2.state; \ voltage values) ||

PSW_VOUT LDO_VOUT §i:' a7 OTAAS = ansns vorTages ——— = |ors ; —— - » We hope to donate these to the IEEE-1801 committee

PSW _EN

else if(({in_snl,state!=UPF::0FF) && (in_sn2.state==UPF::0FF}) begin
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out_sn.state = in_snl. state; FULL_ON 2.5

i 3 VDD TOP out_sn.voltage = in_snl.wvoltage;
igure -

OFF 0 OFF 0 OFF 0

3 end . .

else begin N _ _ s N PARTIAL ON | O FULL OMN .5 FULL ON 0 ContaCt |nformat|0n
T1 273 T4 37 ¢display("Error! undefined resolution: in_snl %s in_sn2 %s %t", — — —

10V in_snl. state.name, in_snZ.state.name, $realtime); FULL _OM 1.5 PARTIAL ON 0 FULL ON

b
L

end

end PARTIAL ON Q OFF 0 PARTIAL ON
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