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i’;f; The MSP430 is a true family concept offering consistent performance. For example, in the

E’: MSP430F2xx family of general-purpose devices, both the simplest 14-pin MSP430F2001 de-

Microd
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Microchip’s application report and video compares the PIC24F XLP specifically to the MSP430. The
fundamental claim is that the PIC24F XLP is lower power compared to the MSP430F2xx — this is also

To e stmpcion s, sty s eerced. (IEMONSErated in a video using a special Microchip measurement board. What is misleading and causes error

short “buret” inteivals. Farefion from shanchy 1o fuly actes i less than 6 pa.

o ensrgn o v e e are the unrealistic use-case conditions. For example, testing at 1.8V is unusual with few real-world sources —

To support non-low power applications, a highrapead oyl up £ 1E6MH o
san absz cparate with no sxbamal arystal st ol wing only e infemeal DED.

Application Report AN126TA?

perhaps two discharged alkaline batteries? Most ultra-low power systems are powered directly from a 3V

bl % | lithium coin-cell battery for low cost and a long run time because of its very low leakage. Another common
. RAM? ey |

» Clock satiros included?

\ Cotalvmpunt aﬁm hattery solution is two fully charged alkaline batteries at 3.3V. The benchmark needs to be shifted closer to a

N — Ceal-world 3V supply the report and in the video, modes of operation are shown that disable BOR

E Microchp s sppbcatin report and video compares e PICZAF XLF specificaly fo he MEP40. The
H fndaments clim is et the AC24F MLP is lower power companed bo e MERS30F20 — this isalko
: ea using & ecial Micrachip bosrd Whatis mideodng and cames sror =
E aehe unealstic use-case condtions. For sxample, teating at 1.3V is unusual with fewr eal-workd scuces — :
E perhaps twn discharged sbalire batterias? Mostubia-low powsr systemns o e powersd drecty froma 2¥
= liehium coin-cell battery o fow ooet and a keng run tme becauss of its very kow leakage. Avcher commen H
E battery schition iz twn fully chor ped alkaline bagsies st 3.2 The bachmark neads i be shifted deozer o E
H rasl-werld 3V supply. In tha report and in tie viden, modas. of oparation are shown Heet dissble BOR

----------------------------------

inconvenient practice. Tha impantance of brown ot is dear for 2ny sppbeation in which bataies could be
raplazed or power could be disupiad for any reason in the soample whers RARM is de-powared and the
erkent beet, this lost dtn weuld kel b stored tamiporariy irén on-chip Flash, Wi the PICE4F KLF this
widd b= a Flash progrem cperin that needs 10m dz1 2ms &z asch 56-Bype bock — fiis ek significart
pewer conmumplicn thatis never menbmed.

Hisimpertant also o nobe et XLP modes of operadicn reguire summing wanous adders together to get
e ol current for ay mads — this is-confusing and can be miskeading. For meample, the menionsd 1358
or PIC2AFOLF “1MHE nn” is st for the CPU with an exdamal squan wres clock source, Becauseof 2.2
vicker i the CPU, te CPU clock is running t only S00KH: ot 1.2 and does notinchids e imernal clock

UrmLoww Power Camparison: MEPRED ve. Microohip X P Tack Brisf Ceiober 2000
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Industry Standard Tests (21°C)
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This data sheet contains typical information specific tof products manufactured at the time of its publication.
@ Energizer Holdings, Inc. - Contents herein do not constitute a warranty.
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WA TS o MtPRslowW power by design
oo — 100nA storage mode, <500nA standby, <1pARTC mode
LD 7 SPANI R il o AT . E
i o 5 e S e e o — 0-16MIPS <1us, agile instant-on clock system
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3wz T P S B PO T (T | modes of oparation, by the datasheet and on the bench ,
P I — Ata measured 700nA in a true 3V standby mode with self-wakeup, 1
ez : PIC24F XLP is 75% higher power compared to MSP430F20xx al :
TR AT o i A , 400nA :
wrma s, e e e AL e et I — When evaluating ULP MCUs be cautious of incredibly low market- &
g conadinn ' ing numbers such as “20nA deep sleep”. These are often under !
- ok aild's L e R 1-Pavwai I AT =y . I
e ey i | unreaiistic conditions such as 1,8V, no BOR, no RAM refention and |
g i -;;-_:::_F;-ﬂfﬂ B [ no seff wakeup — this is not & very useful state for a microcontrofler. 1
i i e P e e , ,
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o ﬁéﬁﬁ BORH‘T E‘J:Bﬁ'ﬂ:& EE;{}IM — MSP430F2xx is lower power compared [ d C24F XLP in all

+ PIC24FI6KA102: 3604 e b N
e MSP430F2619: 200nA, F2013: 100nA  FICZFXLPis 79% sl 0F 200 a
° %JEH BOR+WDTH\—J‘ E(J%{Ei EE,?}?IEE.: — When evaluati 7 low market-

> are often under
. no RAM retention and
cful state for a microcontrolier.

e PIC24F16KA102: 476nA v
e MSP430F2619/F2013: 600nA
o ¥ FIBOR+32KHzH ¥ Bk B3 :
e PIC24F16KA102: 0.8uA v
e MSP430F2619: 1.1pA, MSP430F2013: 0.9pA
o 1MHziz 4T A i 1 B K FEL V7 -
e PIC24F16KA102: 292uA/MHz v
e MSP430F2619: 515uA/MHz, MSP430F2013: 300uA/MHz
o 16MHziz 1T H 2X if i) B 1K FRL UL -
PIC24F16KA102: 3.0V x 4.4mA = 13.2mW v
32MHz77#C: PIC24F16KA102: 3.0V x 8.8mA = 26.4mW
MSP430F2619: 3.3V* x 9.25mA = 30.5mW (* LI16MHziz{Th, ZERHE=>3.3V)
MSP430F2013: 3.3V* x 4.4mA = 14.5mW (* LI16MHzizfTh, ZER#E=>3.3V)

_____________________________
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Storage versus Sleep Mode

0-16MIPS <1us

I
I
I
: +WDT
+
| . i +41% higher
I 1 in sleep mode
I L]
I +WDT i
I
I
I
I
I
* T
| ! +60% higher
: Included: A gy JRAM ! in storage mode
1 kAT oo 100nA = BOnA
| RAM --~
I BOR MSP430F2xx PIC24 XLP
I

it ke ey iebcinteiasl  The Y] P 20nA “deep sleep” mode is enabled under the restrictive conditions of no BOR, no RAM and

g FICI4F XIF powar inowasds 0 ovar ww.-ul!.s 1% rlthrmpul
LPM_L0 o aqs ket iy (i cabod sizady) e,

Pt o sn g chsson iy gt A 1.8V, This iz more like a literal off mode. The only exit from deep slesp is an external pin interrupt that

WEPEI0 BgErs B o IV diecly fom e dowc delashat.
mumrmunmwpmnf&m‘

Vi M s e g actually resets the entire device — this is not a useful mode in most microcontroller applications. Maving to a

bReE] MERSERITEAE A e, *

more typical 3V node increases power and restoring BAM and BOR protection increases PIC24 XLP power to

I
L Pover oA WP . W L o By : 160nk — this is 60% higher than the MSP430F20x in LPM4 which is an equivalent storage mode. By dsfini-

tion, without the ability of self waksup, this mode is considered storage and not a slesp mode. Sleep requires

the ahility to 2elf-wake.
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The XLP 20nA “deep sleep” mode is enabled under the restrictive conditions of no BOR, no RAM and
at 1.8V. This is more like a literal off mode. The only exit from deep sleep is an external pin interrupt that
actually resets the entire device — this is not a useful mods in most microcontroller applications. Moving to a
more typical 3V node increases power and restoring BAM and BOR protection increases PIC24 XLP power to
160nA4 — this is 60% higher than the MSP430F20x in LPMA which is an equivalent storage mode. By defini-
tion, without the ability of self wakeup, this mode is considered storage and not a slesp mods. Sleep requires

the ability to self-wake.

1 real-world 3V supply. In the report and in the video, modes of operation are shown that disable BOR
al
1inconvenient practice, The importance of brown out is clear for any application in which batteries could be

i replaced or power could be disrupted for any reason. In the sxample where RAM is de-powered and the
L
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110,24  DEEP SLEEP MODE

: In FIC24F16KA102 family devices, Deep Sleep mode
1 iz intended o provide the lowsest levels of power con-
I sumption available without requiring the use of external
:s'.'uitches o completely remove all power from the

| device. Eniry into Desp Sleep mode iz completehy
1 under software control. Exit from Desp Sleep mode can
: be triggerad from any of the following events:

I POR event

|+ MCLR event

1= RTCC alarm (If the RTCC s present)

: * External Interrupt 0

: * Deep Sleep Watchdog Timer (DSWDT) ime-out
1 In Deep Slesp mode, it is possible to keep the device

I Real-Time Clock and Calendar (RTCC) running without
:the lozs of clock cycles.

:The device has a dedicated Desp Sleep Brown-out
; Reset (DSBOR) and a Deep Sleep Watchdog Timer
| Reset (DSWDOT) for monitoring voltage and time-out
I eveniz. The DSBOR and DSWDT are independent of
:the standard BOR and WODT wused with other
| power-managed modes (Sleep, Idle and Doze).

k. PIC24F16KA102%50 3 Tt

o SZfp b, WERHRSCH

7)

5

BOR (it 41t)
[ N6

JEE R HEG P P 5

RSN S
IRSEIR IR [T
SRS HTE H Dy
/LI HPOR
Sl

PIC®H. F L nanoWatt XLP = eXtreme Low Power
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1.4.2 Entering and Exiting Low-Power Mode LPM5

LPMS entry and exit is handled differently than the other low power modes. LPMES, when usead properly,
gives the lowest power consumption available on a device. To achieve this, entry to LPMS disables the
LDO of the PMM module, removing the supply voltage from the core of the device. Since the supply
volitage 1= removed from the core, all register contents, as well as, SRAM contents are lost. Exit from
LPMES causes a BOR event, which forces a complete reset of the system. Therefore, it is the application's
responsibility to properly reconfigure the device upon exit from LPME.

The wakeup time from LPMS is significantly longer than the wakeup tirg
(please see the device specific datasheet). This is primarily due to
is required for the core voltage supply to be regenerated, as w
application code can start. Therefore, the usage of LFPMES i

her power modes

exit from LPMS5, time
ion before the

Cycle events.

if the application hasy

aximizing time in LEMS can further
reduce power cgg

Siki: MSP430x5xx Users Guide slau208d

XA HMEETNRE, HIHBORI)HE

P S S S S Y S Y Y Yy e e e e @ — — -
| —40°C 0.1
i, LO'-';—D%"EE;ME] ;DCD = fHCI-ITK = fayerr = 0 MHz, Vee=3V 25°C C D.1) N
s mode ok = 0 Hz, c = ~—
| e current(™ PMMREGOFF = 1 A versions only 85°C !
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MSP430 delivers
2-3x longer battery life
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5 1y Yeurs
* Portable measurement system example
+ Active power is >80% of the total
* Average = Standby + Active*0.01
* Used peripherals will impact total Icc

| Datashest specifications are used.
: M4 30F200e = 0.6pA x 0.99 + 300pA x 0.01, 200mAh/0.0036mA24/36F = 6.34 years

Ny M430F26xx = 0.6pA > 0.99 + 515pA < 0.01, 200mAh/0.0058mA24/365 = 4.0 years
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Profile Time (%) Capacity (mAh)
PIC24T§Ij: Time in Sleep (%) 99% 200 MSP430*§:_EQ:
3.0V, 25°CIHt )% Tt s 4 3.0V 25°CHN [ 3ed -1F H  fi
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PIC24F16KA102 (WDT) 3.391 6.7
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Battery Life 1% Active (1MHz)
\ /NH
PIC24F16KA102 (WDT) [ EI'/J 'ﬂ/ﬂllfﬁ 7? ‘IK4 H!
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Time in Sleep (%) MSP4301#5% :

Time in Active (% : 3.0V. 25°CHT 1 %k Tt s 8L
LPM3 (BOR+WDT) : 99.9%
IMHz T{EBix: 0.1%
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PIC24F16KA102 (WDT)
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MSP430F2xxx#1 75

74

o UI16MHziZ4TH}, MSP430F2xxxE R HE=>3.3V ———

o JFARIRAEH

o 3.0VHY, MSP430F2xxx )i NHEE = 12MHz

recommended operating conditions

2.0

Ve - Supply Voltage - V

4.0 > fpco 16 MHz) |
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g //
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1.0 I
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Figure 2. Active mode current vs Vg, Ty = 25°C

PARAMETER \ MIN  WAX | UNIT 16 MHz
Supply waitaps during pragram exacutian, Ve Ao = DVpee = Ver I_Q*E Mote 1) 1.8 a8 W N
Gupply wolags cuning fash memory programming. Ve Avee = DVen = Voo (59 Note 1) 2z 6] ¥ %
Supply woiage, Ves A = DVeg = Vas \ Q.o 0.a W I 12 MHz
o | wvarsian a0 B5 e (E"
ing 4 tura, T, 5
paraing frae-ait temparatura, Ta T versicn \ a0 T 5
Wee=1.8% . g
Duty cpcle = BO% = 10% \ me 415 L 7.5MHz
. E
Pracessar fraguency lgeeymew (Maximum MCLE frequeancy) Voo =27 W, ¥ 1o o
(Sae Modes 2 and 3 and Figuee 1) b Cale s Bl D = bz 24
@ 415 MHz
ez 33W, .
CL® e 16
Duty cyde = 50% = 0%

NOTES 1
ba tokarated cunng power-up

2 The MEP43D CPU is dodead diractly with MCLE.

it racommanded 10 powar Ao and Dios Fom the G e T T e T T T T T T T T o e T e o

Bath tha high anc faw phasa of MCLK must nat axcead fie pulss width of the specfed masimum frequency. 1.8V 22V 27V 33V BV
3 Maculess might have a ciffanant maximum input clock speaficatian. Sasiha specrication of tha respachva madula in this daiashaed
Supply Voltage -V
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10k Instructions DCO ... 2-Speed

g Interrupt

| MsPazor2xx
<ims
app complete

PIC24 XLP
1ms
2-speed starts

Thie PIC24F XLP oscillator i initially. limited to 4MHz as can be seen, then after Tms, when the PLL locks, the

clock moves to 16MHz. This maans the PIC24F XLP takes much longer to finish the task.
In this 10k burst example the PIC24F takes 1.44ms to complete the task — this is mare than 2»= as long as
the MSP430F2x. Additionally the instant-on MSP430 DCO can be usad o clock other internal and external
perpherals.
With the MSP430 DCO the device starts faster and at a higher speed, If required by the given applica-
tion, to finish the task fast and shut down soongr, The instant-on MSP430F2:o DCO 5 much more flexible,
improves performance and reduces system power consumption.
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Interrupt
Com Cell Voltage is 3.0V (not 3.3V) ‘ MSP430F2xx H%E@)EH ﬂ:/fi‘)zﬁ I‘Eﬂj:n EEA
5 " Foco(max) = 12MHz e ¥@H@3.0V}fé}5ﬁ:
Duration is now 833uS =
" Hodistah app complete Foco (g K{H) =

12MHz
PIC24 XLP MSP43075 #E 1) . {E /&

4MHz for 1080uS : 16MHz for R
2-speed start

PIC24F187% !

@P 200V & @P 200V &

|' value aan Min std Dev 3 4 S00MS/5 l [ & 5 144V l

| @D High 3.06 V 3.06 3.06 0.00 00us 1M points 'J§| |
Fine 5cale Probe

coupling' Invert Bandwidth 2.00V ofrset Position Sety T

- ’ P 14 Sep 2009

DC 1 Off 20MHz 7div 0.000 \J 4.I 4 div 10 % 116:05:10 )

I
€1ef)of )

J833uS

HYE
L
(dd)

6.25m

4MHz (7£3.0VFEY)
)

HLfE = 8.4uJ

4.4mA- 12MHz S — L P|C24F:16KA102 (££3.0VH])
(7£3.0VE) | 1eMH2 I{’EH?I!EH: 4MHzh} 1080uS
1.1mA :(E&OVH‘T)S TAERTIE]: 16MHzH} 4360uS

v
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spastintn o & aatat e el v, -, [tisimportant also to note that all XLP modes of operation require summing various adders together to get

e i 5 MDE'E"""‘.__' the total current for any mode — this is confusing and can be misleading. For example, the mentioned 195pA

) ” EI '-’3‘—-|= for PIC24F XLP "1MHz run” is just for the CPU with an external square wave clock source. Because of a /2

divider to the CPU, the CPU clock is running at only 500kHz at 1.8V and does not include the internal clock

I == = : o :
| Generator. At a real 1MIPS CPU clock, with internal clock generation at a realistic 3V cperation, the PIC24F
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MSP43OEI’JJEF¢FH$PIC' 2%
MICROCHIP RS 7 H% fn

IO MR Imemcpy () #7327 T EH M 17t as P H — 12 R 7
277 1R g W TATHIAT EL

Rt L PIC24F16KA102 MSP430F2252
iRz =k 3usS 1.5uS
5% A 40 316
AMHz I} B0 4T I 1] 32uS 80uS
AMHzH 1., 1.64mA 1.51mA
TH #E Y HL e
it Lo 157.4uJ 362.4uJ
2 LA
FRARE 1 35 10mS, %Jl%nkHzﬁa“@F 5.2uA 15.4uA
KEmcESMAE: M §ﬁ£§bﬁ’z”z’§z’2&ﬁ)é’2’#’1’é@ %’o“z’)é%%}g;"":
1Sleep () ; Mﬁ?% VLY H D A2 M @/ﬁ?ﬁ/&fb’ﬁ? :
| LATBbits.LATB2 = 1; I P1024F16KA10257§Z15755 ;
imemcpy(testArrl testArr2, sizeof (testArrl) MSP430F2252#§66%, JXL[“P/C24EZ7[7% '
' LATBbits.LATB2 = 0; :: H !

_______________________________________________________________________
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R |PIC24F16KA102 (ZE3VHT)
R I R R | | AMHzIN [ LA R 32uS
=T THEFEI AR = 157nd

¥
SRS A T YR PP A B R A YR P
I TR SR T

M S0.0 s

|y
A0-0ct=~03 TR0E 38,335 THz

PIC24F XLP v MSP430 - 32 byte memcpy

o X Tz B HRE
o MSP430F2252 7% #1711 /7] %£250%
o JfH...... T FEHTHE GEE7230% !
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MSP430F22x248% FPIC24F16KA102: 4T\ ARMERL MR

MSP430F22x2F 34 255220 %1 B 8] 3k 52 B 2 v i
EMSP430F22x24H Y, PIC24F525iAT4 R FE45% K] I ]

Normalized Execution Time

. Algorithm

1. MSP430F2xxx % %1]LA16 MIPSiz4T, 1§ 1] 7 Code Composer v3.1, tiAbZi3, ) 5K # =5
2.  PIC24F %4116 MIPSiz1T, fiiH T HTPIC24F*JMPLAB® C4wit#y, ibgim 03
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