LMZ22005

LMZ22005 5A SIMPLE SWITCHER® Power Module with 20V Maximum Input Voltage

I3 Texas
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Literature Number: JAJSB31
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Easy to use 7 pin package

Top View Bottom View

TO-PMOD 7 Pin Package
10.16 x 13.77 x 4.57 mm (0.4 x 0.542 x 0.18 in)
OJA =12°C/W, eJc =1.9°C/W (NOte 6)
RoHS Compliant
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LMZ22005

77 r—avR
Vour Rrer Rrsg ViyRange
LMZ22005 6V 154k 237k  10..20V
5V 562k 107k 9..20V
¥ 33V 332k 1.07k  7..20V
o _gg Es | [y am e s
Vin S5 8292232 15V 100k 113k  6..20V
-T- 12V 107k 205k 6..20V
1.0V 162k 649 6..20V
0.8V 0 8.06K 6..20V Vour @ 5A
= ResT
4 A'A
Enable I— See Ta‘l'ble
R Co
——Cn —— Cgg FBB —— 220uF
22 uF 0.47 uF See Table
EEER
7 |=—=3 vourt
Femmmmm r1 6 ——= SS/TRK
PGND/EP : ] —
—tH— 14— AGND
Connect to AGND | ! 13E=—3EN
Lrm—---- 12— SYNC
1—3VIN
Top View
7-Lead TO-PMOD
B aiER
Order Number Package Type NSC Package Drawing Supplied As
LMZ22005TZ TO-PMOD-7 TZAQ7A 45 Units in a Rail
LMZ22005TZE TO-PMOD-7 TZAO7A 250 Units on Tape and Reel
LMZ22005TZX TO-PMOD-7 TZAQ7A 500 Units on Tape and Reel
E R
Ev&S | Ev& |SH

1 VIN  [ERAS  ABREERBHIX, 6V ~20V TF, NSur—y - TRV ITVZEENTODIDE, Wiy T
VY REBEOILEETT, ZOEVEFEH YR (PGND) ORIZIBMOANEA S 2L TR LETT,

2 SYNC | [REIHAAJ7 : PWM EhEJE 5% S 8 i 40 — A RIS 21203, J8 £ 650kHz ~ 950kHzZ @ CMOS
a vy« LoYVIREBIEZRUNLE T, FZIThReWGaIL, 790 NI T2 8RSV ET, 20
EYa—/LDOT7Y—7 PWM B HIE. 812kHz (typ) TT

3 EN |/ 3x—T W @REAR—T L« a2 —H~D NS, SH ERYAL =2V RIE 1.279V (typ) T,
EVa—NVEAR—T T DHE, 20uA DY —ABRBNETT 774712720, BRIE FIRRIREAT VT R

4 AGND (7 wml - 770K GlHlENIo T X TOBEDOEUE S, EP/PGND (XAt T2 L ERHVET,

5 FB TA4—RNy7  LF¥ a2l —ay, @EEI L —H g S — XN TR STV ET,
L¥al —varOEMERIT, ZONEE T TIE 0.796V T, i1k AGND ORI RIEHT D E R E
gL, MOEBEERELET,

6 SS/TRK | Y7 hAH—N/ 8T 1.6ms DWNHEY 7 hAY — AL R T HI21E, IMTTY 7 AR —b « a7 a2k
LET, FIyRo 7 E24id, BEREOE WERL — /U IZEEH SNIAMT R H TS E B B IC 8 L3,
[T 7V r—rary) 25RUTTESND,
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7 VOUT | B : WAL X 726D, O LB Sy RORICH har 7o a8 L ET,
EP PGND |[#H/ SR /B a— /L NEREIBOERA T — - 7'F7 RIEE, AGND/ BV 4 |2 ST
Ft A, BIEFIC S =SS D12 DIEALET, oy —V4A T4 NCER T O 0EN
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LMZ22005

I RARERE Note 1) ESD fiif £ (Note 2) + 2KV
ETF—EY—MBFERA - REFHAORBEIRHESATOEEA. NI OV TIE. www.national.com 08,5,
BET S ERMERIEART EORIEESRASL, 7 V4 & www.national.com/ms/MS/MS-SOLDERING.pdf %
SRS,
VIN ~ PGND ] — 0.3V ~24V
EN, SYNC ~ AGND [#] — 03V ~55V BEER Note 1)
SS/TRK, FB ~ AGND [ — 03V ~25V
AGND (PGND it ) — 03V~ 03V VIN 6V ~20v
L 150 °C EN, LSYNC i ) oV ~ 5.(1V
(AR 65 C~ 150°C PO BRI L R P —40°C~+125°C
BRI
TR CRBENIIIVMEE Ty = 25 COHBAIRVET, KNFETRHINIIyMEZ— 40 C~+ 125 COBESHNRE
(Ty) ®WIHIC DT> THASNES . e/ /KUy MEE, 3B, BRFH, FIRFAEREIC > TRESET, REMH (typ)
1E Ty = 25 CTORHEHER T A EEFLET A, BELLGRTHUSAO B EIEZHDER A, BLORVIRD, Vi = 12V,
Vout = 3.3V ORMESEASNET,
Symbaol Parameter Conditions ( N’::I: 2 | NEE i N':?: ) Units
SYSTEM PARAMETERS
Enable Control
Ven EM threshald trip point Wiy, rising 1.10 1.278 1.458 v
Verhys EM hysterasis Vigy = 1.279V 21 WA
Soft-Start
lae 55 source currant Veg =0V 40 50 60 pA
lssg Internal soft-start interval 1.6 msed
Current Limit
fx, Current limit threshold d.c. average 5.4 | [ A
Internal Switching Oscillator
Free-running oscillator Sync input connacted to ground. Cah 812 814 kHz
frequency
| Synchronization range 650 950 kHz
Vi ayne Synchronization logic zero Relative to AGND 0.4 v
amplitude
Vik.sme Synchronization logic one Relative to AGND 1.5 v
amplitude
SyNc 4 - Synchronization duty cycle 15 85 %%
range
o Maximum Duty Factor 83 %o
Requlation and Over-Voltage Comparator
Vea In-regulation feedback voltage | Vgg >+ 0.8V 0.776 0.796 | 0.816 v
Iy =54
Vegow Feedback over-valtage 0.86 v
protection threshaold
e Feedback input bias current 5 nA
Ig Non Switching Input Current V= 0.86Y 2.6 i
lgp Shut Down Quiescent Curmant | Vig,= 0V T0 pa
Thermal Characteristics
Tep Thermal Shutdown Rising 165 °c
Teppver Thermal shutdown hysteresis | Falling 15 'c
B Junction to Ambient{Nole &) 4 layer Evaluation Printed Circuit Board, 18.3 oW
60 vias, Mo air flow
2 layer JEDEC Printed Circult Board, No 215 “CAW
air flow
Bc Junction to Case No air flow 1.9 “Chw

4 www.national.com/jpn/



BERBIEE (oo%)

EHEFR TR SNIZIIYMEE Ty = 25 COLAITROET, RNFTRMSNIIyMEIZ— 40 CT~+ 125 COBAERIRE
(Ty POz CHASHET, Ho/h/ BARIIoMEE., BBR, %t ETFHAMBIC ks TS E T, AFRE (typ)
13 Ty = 25 CTORBIEEN T A—ZEERLET N, ZEBLLCORTLUSNO BIIZHVEE A, FFRLOMRWIRD, Viy = 12V,
Vout = 3.3V DFMPEHINET,

Symbaol Parameter Conditions ( N,::I: 3 | NH:-HJ ( N':?: ) Units
PERFORMANCE PARAMETERS(Nole 7)
AT Output voltage ripple Cout = 220uF w/ 7 millichm ESRH + 9 mV pp
100uF X5R + 2 x 0.047uF BW@ 20 MHz

AV AV, Line regulation Wiy = 12V 1o 20V, 5= 0.001A +0.02 Y
AVl | Load regulation Wy = 12V, 10=0.001A to 5A 1 myiA

Peak efficiancy V=12V V=33V Iip=1A 86 %

Full load efficiency Vig =12V V5= 3.3V 1, =54 B1.5 %

Note 1:

Note 2:
Note 3:

Note 4:
Note 5:

Note 6:

Note 7:

Mkt RORER LT, T A ATHEER R ET D AREEOH DIy MEZ W WET, BIfEERKIET A ADBERET D5&M4E2RL CWET, RIESNID
HARBLOT AREMHC OV TR, THEEKMFHE) 22U TUZE0,

ANEET L, 100pF O T U PNHEFIHEST 1.5k Q 2N L THEEUTHESE £, TAMNTIEIX JESD-22-114 [ZHE-> T ET,

25 ‘CHEO Min/Max U3y MEIE 100% 7 ARSIET, RIREFPHTOVIYMEIL, HFHOMEEH (SQC) FEICI-TROOLNMHIET — 4%
MR TIRAESHET, THBOUIYMER, Fad b BIau 2278 —O R HIFREL ~L (AOQL) DB S ET,

R (typ) 13 25 CTHRONDIEBIEEN 22 R LES

EN 55022:2006. +A1:2007, FCC Part 15 Subpart B:2007. 7 Arx{ 5 E72 2T /SAADLAT IMIONWTIL, AN-2125 B RL TZEN,
Vin = 12V, Vo = 3.3V, To = 5A

OIA L, 3AVR(SME) L2 AV A (B ) DERFE. 60 D 10mil y—</L - BT, ZEXiAL, IWHEBEENICIY, 354 F X 35FD
4J8 PCB THIE, 77Vr—ay « = DLATUMIEZBIBLTIZEN,

Table 1 ® BOM ZZ L TEEY,
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LMZ22005

RRTIERE R

B ORWIRVRO SN EASNEY, Vin =12V, Cin=2 X 10uF + 1 uFXTR ©73v7, Cq = 220 u F fEARY~—+
10uF ¥F3v7, HIFIE Tambient = 25 ‘CTH, * BV BEE DI T7 T, BAFMTHAZL « 207 DRAELT
WHDT, WAV T ABROTINCEL o THET, [TV r—var ] 28RLTTEEN,

Efficiency 6.0V output @ 25°C ambient

100
a0
£ 8
o
s
g 70
(5]
i
& 60
50 1 i w10 Vin
Iéﬁ ﬁn
40 [ ] i
0 1 2 3 4 5
OUTPUT CURRENT (A}
Efficiency 5.0V output @ 25°C ambient
100
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OUTPUT CURRENT (A)

DISSIPATION (W)

DISSIPATION (W)

Dissipation 6.0V output @ 25°C ambient

6

5

w20 Vin
=12 Vin
10 Vin

0 1 2 3 “ 5

Dissipation 5.0V output @ 25°C ambient

CQUTPUT CURRENT (A)

6

5

=20 Vin
=12 Vin
w9 Vin

0 1 2 3 “ 5

QUTPUT CURRENT (A)
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B ORWIRVRO SN EASNEY, Vin =12V, Cin=2 X 10uF + 1 uFXTR 73v7, Cq = 220 u F fEARY~—+
10uF ¥F3v7, HIFIE Tambient = 25 ‘CTH, * BV BEE DI T7 T, BAFMTHAZL « 207 DRAELT
WHDT, WAV T ABROTINCEL o THET, [TV r—var ] 28RLTTEEN,

Efficiency 3.3V output @ 25°C ambient Dissipation 3.3V output @ 25°C ambient
100 6 =20 Vin
[ ] n
%0 5 ut Vin
£ 80 z 4
=
g 5
5 70 E 3
o o
[ @
& 60 2 2
50 1 1 =9 Vin !
v
40 AL 0
0 1 2 3 4 5 1] 1 2 3 4 5
OUTPUT CURRENT (A} OUTPUT CURRENT (A}
Efficiency 2.5V output @ 25°C ambient Dissipation 2.5V output @ 25°C ambient
L " =20 Vin
[ ] n
&0 5 16 Vin
£ 70 z 4
=
o 5
Z B0 E 3
o &
™ o
W 50 2 2
mb Vin
40 I I T m9Vin 1
L5l
30 e 0
0 1 2 3 4 5 1] 1 2 3 4 5
OUTPUT CURRENT (A) CQUTPUT CURRENT (A)
Efficiency 1.8V output @ 25°C ambient Dissipation 1.8V output @ 25°C ambient
™ B w20 Vin
L
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£ 70 Z 4
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= 50 g 2
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40 i i 9 Vin 1
ml2 "Il:"rln
10 u 20 Vin 0
[ 1 2 3 4 5 0 1 2 3 4 5
OUTPUT CURRENT (A) QUTPUT CURRENT (A)
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B ORWIRVRO SN EASNEY, Vin =12V, Cin=2 X 10uF + 1 uFXTR 73v7, Cq = 220 u F fEARY~—+
10uF ¥F3v7, HIFIE Tambient = 25 ‘CTH, * BV BEE DI T7 T, BAFMTHAZL « 207 DRAELT
(7 7Vr—vary] 22RUTTEZEN,

WAHDT, HAV T Lidb T EL s> T0ET,

Efficiency 1.5V output @ 25°C ambient

EFFICIENCY (%)
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Efficiency 1.2V output @ 25°C ambient
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1 2
OUTPUT CURRENT {A)
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DISSIPATION (W)

DISSIPATION (W)

DISSIPATION (W)

Dissipation 1.5V output @ 25°C ambient

6

5

Dissipation 1.2V output @ 25°C ambient

6

5

Dissipation 1.0V output @ 25°C ambient

&

=20 Vin
w12 Vin
w9 Vin
16 Vin

0 1

2 3 4 5
OUTPUT CURRENT (A)

=20 Vin
w12 Vin
w9 Vin
m b Vin

0 1
QUTPUT CURRENT (A)

2 3 4 5

w20 Vin
512 Vin
=9 Vin
w6 Vin

0 1
QUTPUT CURRENT (A)

2 3 4 5
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WAHDT, HAV T Lidb T EL s> T0ET,

Efficiency 0.8V output @ 25°C ambient

OUTPUT CURRENT (A)

70
2
-
Q
5 40
5]
t
ti 30
mG Vin
20 udVin
=12 Vin_
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OUTPUT CURRENT (A)
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Efficiency 5.0V output @ 85°C ambient
100
80
£ 80
=
2
fri} 70
o
s
] B0
50 1 1 i =9 Vin
=12 Vin
40 =20 Vin

0 3 2 k] a 5

DISSIPATION (W)

DISSIPATION (W)

DISSIPATION (W)

B ORWIRVRO SN EASNEY, Vin =12V, Cin=2 X 10uF + 1 uFXTR 73v7, Cq = 220 u F fEARY~—+
10uF ¥F3v7, HIFIE Tambient = 25 ‘CTH, * BV BEE DI T7 T, BAFMTHAZL « 207 DRAELT
(7 7Vr—vary] 22RUTTEZEN,

Dissipation 0.8V output @ 25°C ambient

6

=20 Vin*
w12 Vin

5 w9 Vin
ubVin

4

3

2

1

]

0 1 2 3 “ 5
OUTPUT CURRENT (A)

Dissipation 6.0V output @ 85°C ambient

8 =20 Vin

=12 Vin
5 = 10 Vin

0 1 2 3 “ 5
QUTPUT CURRENT (A)

Dissipation 5.0V output @ 85°C ambient

B w20 Vin
512 Vin
g =9 Vin

0 1 2 3 4 5
QUTPUT CURRENT (A)
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KRR REEE (o o%)
B ORWIRVRO SN EASNEY, Vin =12V, Cin=2 X 10uF + 1 uFXTR 73v7, Cq = 220 u F fEARY~—+
10uF ©73v2, JJBIE Tambient = 25 ‘CTY, * MW ROMEE N O/ I77TlE, BAMTHAIZNL « A%y T RECT
WHDT, WAV T ABROTINCEL o THET, [TV r—var ] 28RLTTEEN,
Efficiency 3.3V output @ 85°C ambient Dissipation 3.3V output @ 85°C ambient
= 8 =20 Vin
=12 Vin
80 5 =9 Vin
£ 70 z 4
5 &
Z B0 E 3
¥ i
™ @
W 50 2 2
40 ' ' 1 =9 Vin !
L5V
30 L] in 0
0 1 2 3 4 5 0 1 2 3 H 5
OUTPUT CURRENT (A} OUTPUT CURRENT (A)
Efficiency 2.5V output @ 85°C ambient Dissipation 2.5V output @ 85°C ambient
L " =20 Vin
n
80 5 . & Vin
£ 70 z 4
5 &
& 60 E 3
] i
™ o
W 50 2 2
16 Vin
40 ' ' 1 =3 Vin !
L5V
30 L] in 0
0 1 2 3 4 5 0 1 2 3 H 5
OUTPUT CURRENT (A) CQUTPUT CURRENT (A)
Efficiency 1.8V output @ 85°C ambient Dissipation 1.8V output @ 85°C ambient
™ B w20 Vin
= n
W 31 56Vin
£ 70 z g4
o =
Q o
G o £ 3
o [+
e 7]
LI.II:I 50 % 2
16 Vin
40 ' ' 1 =3 Vin 1
L5V
30 A 0
0 1 2 3 4 5 0 1 2 3 4 5
OUTPUT CURRENT (A} QUTPUT CURRENT (A)
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B ORWIRVRO SN EASNEY, Vin =12V, Cin=2 X 10uF + 1 uFXTR 73v7, Cq = 220 u F fEARY~—+
10uF ¥F3v7, HIFIE Tambient = 25 ‘CTH, * BV BEE DI T7 T, BAFMTHAZL « 207 DRAELT
WHDT, WAV T ABROTINCEL o THET, [TV r—var ] 28RLTTEEN,

Efficiency 1.5V output @ 85°C ambient Dissipation 1.5V output @ 85°C ambient
80 6 =20 Vin
[ ] n
70 5 16 Vin
£ 60 z 4
=
o 5
L E 3
] i
o @
L 40 2 2
16 Vin
30 ' ' 1 =3 Vin !
L3
a0 L] in 0
0 1 2 3 4 5 0 1 2 3 4 5
OUTPUT CURRENT (A) CUTPUT CURRENT (A)
Efficiency 1.2V output @ 85°C ambient Dissipation 1.2V output @ 85°C ambient
5 " =20 Vin
[ ] n
70 5 16 Vin
£ 60 z 4
=
o 5
L E 3
o &
™ o
L 40 2 2
16 Vin
30 ' ' 1 =3 Vin !
L3
a0 L] in 0
0 1 2 3 4 5 0 1 2 3 4 5
OUTPUT CURRENT (A) CQUTPUT CURRENT (A)
Efficiency 1.0V output @ 85°C ambient Dissipation 1.0V output @ 85°C ambient
L B w20 Vin
=12 Vin
5 =9 Vin
116 Vin
# 2 4
o =
& 5
Z E 3
{17
o o
& 8 2
w o
g Vin 1
} ] ] Vin
= : 12 Vin
m 20 Vin 0
15
0 1 2 3 4 5 0 1 2 3 4 5
OUTPUT CURRENT (A) OUTPUT CURRENT (A)

www.national.com/jpn/ 11

G00CCZINT



LMZ22005

RRHTHERERHE (oo%)

B ORWIRVRO SN EASNEY, Vin =12V, Cin=2 X 10uF + 1 uFXTR 73v7, Cq = 220 u F fEARY~—+
10uF ¥F3v7, HIFIE Tambient = 25 ‘CTH, * BV BEE DI T7 T, BAFMTHAZL « 207 DRAELT
WHOT, WAV T ARDTINCEL R TOET,

EFFICIENCY (%)

MAXIMUM OUTPUT CURRENT (A)

Efficiency 0.8V output @ 85°C ambient

70

60

50

40

30

20

mb Vin
=9 Vin
s 12 Vin
w20 Vin®

0 1 2 3 4 5
OUTPUT CURRENT (A}

Thermal Derating V,\ = 12V, Voyt = 5.0V

]

BJA=12"CAW

30 40 50 60 7O 80 90 100110120130
AMBIENT TEMPERATURE ("C)

Normalized Line and load regulation Vgoyt = 3.3V

1.002

1.001

1.000

0.999

0.993

NORMALLIZED QUTPUT VOLTAGE (VV)

=9 Vin
=12 Vin
=20 Vin
1] 1 3 4 5
QUTPUT CURRENT (A)

DISSIPATION (W)

MAXIMUM OUTPUT CURRENT (A)

[77Vr—ar] 22RLUTTZEN,

Dissipation 0.8V output @ 85°C ambient

6

5

Thermal Derating V| = 12V, Vgt = 3.3V

6

30 40 50 60 7O 80 90 100110120130

0 1 2 3 4 5

=20 Vin*
=12 Vin
w9 Vin
ubVin

CQUTPUT CURRENT (A)

BulA = 12 "CwW

AMBIENT TEMPERATURE ("C)

Output ripple
12V 3.3Vg @ 5A, BW = 20 MHz

A

10 mViDiv
L L L

500 ns/Div.
1 1 1

L

www.national.com/jpn/




KRBT ERERE (oo%)
Bl W IRBOROEEAEASNET, Viy =12V, Cin=2 X 10uF + 1 uFXTR ®F3v7, Cq = 220 u F HifRY~—+
10uF ¥F3v7, HIFIE Tambient = 25 ‘CTH, * BV BEE DI T7 T, BAFMTHAZL « 207 DRAELT
WBDT, AV AR TINICEL R TOET,

Output ripple

12V 3.3Vo@ 5A BW = 250 MHz

500 ns/Div
1 ] 1

10 mV/Div
L L

I L

Short circuit current vs input voltage

9
8 —
"'N\H_,-""""-'_"
7 ] ]
Output Current
< 6 |
s
L
4
o
o3
2
1 Input Current
— v
0
5 10 15

INPUT VOLTAGE (V)

20

77V r—ar] 22U TITZEN,

Transient response from evaluation board

12V, 3.3V0.5 to 5A Step

T T T

-

2A/Div

N

VT

100 mV/Div

o

500 ps/Div

www.national.com/jpn/
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LMZ22005
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LMZ22005 SIMPLE SWITCHER® EFEY 2 — /LT, K 5A
DA 2 BREN AT fEZ 2 Vo W R ERIDC/DC Y 2a— e T
Fo LMZ22005 (%, AR UGET DB S r—
WCSREESI, FEEEIIEWIC I A Tk &
7

LMZ22005 (X, 6V ~ 20V O#FHD A J1EJEL —/WITKHEL
AKX 0.8V TR RER BB E O I BIEE AL ET,
LMZ22005 (%, 2 DOANBIRLE 3 >DAE =2 T Y2F T
BV a—a B RKBTEET, LMZ22005 (%, —~/L -
v T BEFHER AT UVLO (T2 —R LT — -
oy 77U, HBEEAE, FERE, HETRHIR,
TUNRAT A « AZ—RT v T2 O¥ReRR 272, BN
SERIEIRFRE T, FHIASICEY, 650kHz ~ 950kHz DA
AT R B CREHE S RIRE T,

LMZ22005 7 )45 —a> DRHATYT

LMZ22005 1%, WEBENCH® TrReExIGL, [HEETO=R
R, OBEE, BN 2l — a7l OMRER LT
WET, o, BREFORZ—b - BAL R LRI ATREZREE AR
R—RLFE - R—FARESTOET, LMZ22005 77
r—rar kTR B5E. U TOFIETITVET,

 AR—T VA ERPUCED . B/NIME Viy ZRIRT D
R LRI ORIRICED . Vo 270l T0T5

e Co ZEIRTD

« Ciy ZRIRT D

c EBVa— VOEBEEIEZRDD

o BB ZE DUV T PCB DL AT U NEATRD

AR—TISE. Rent+ Reng. Renn DFIR

ZOEY2—LOWHTIE, Vi A R—T7LORIZ2MQ D
TINT o T BB RSN COET, ERERT &4 —RL

TF— -y 77Uk (UVLO) WARERT FVr—ar DA,
AF—=T N AN ZBHBFREOEFICLTRLE, NI
FoTEVa— A BERAX—T NIV ET, Z0LH7e
A E UVLO (2l | 4.3V (Viy SEH EAD ) THRAELET,

fERDOEERE B 2 2 727 7V r—ar Tk, A 3x—7 /U
aYyy e )= A EEER CEET, BV -V DY
& BIRBEAF A2V T, LMZ22005 O SIL—I05ECT
ITATNIR DL — N~ E R A L £,

AFX—=T L, FREED 1279V ALy alRERL, By
IEBHEHEATILIZD, Vg DI EWEEE 53 ELTZEIE
OHFEMNATRET T, Fho, AF—T L - EVRALy /LR E
EEBADEF TS 21 u A (typ) A7 BV MERICE-T, &
ATV AZRETEXET, Figure | ZR LTSN,
ZDAR—T N REEE R T 5. AJIBEME F LI
IR ET A AT —T L TEET, Zhicky, BEhExR
UVLO OEREZEBLET, 2 2OEPUIE. LA TFTDIZHES
WTEIRTAMERHVET,

Rent/ Reng = (VinuvLo/ 179V) — 1 (1)
LMZ22005 ORF 7T SV —3arTiE, Reng (21
12.7k Q. Rpny S 42.2kQ Zff AL, 546V @ UVLO 2%
BLUET, FHED 51V Y2t —- 7T 7B FETHE, UVLO
OBRTEIZES> TRV ENMEFRIFAZ B CXET, R/ —7 L
ANEEEBRT HIENF—F Yk« TV —TalioT
BHIEESNTODBIGA, YT — « 770 TN EHDEE A,
Rpng RV, AR—T NVEELRATIRAZBINTEET,
BRI DHZELARETT,

SH EANAL T a VNIRRT E T,

Ve (rising) = 1.279 (1 + (Rent!l 2 meg) / Reng)
SEH FBYAL VAR LoV IIRATCHBE TEET,
VEN (faIIlng) = VEN (rising) —21 1A (RENT” 2 meg Il RENTB
+ Renn)
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LMZ22005 7 FUSr—2a> DR RATYT (--5%)

Enable input detail

L RENT
" 42.2k

AAA

RENH
w—] ENABLE
1000

L RENB

12,7k

—un —
NABLE ]

AAA

51V ZNX

P/O LMZ22005
INT-VCC (5V)

RUN

HABEDER
HWAOBEIR, Vo &7 IV RISz 2 DO R
ICEoTIREVES . DEOTRE FB ANITHRLET,
H D BEIFINR 5y FEHHT Rt & Rppp IS KV EL FOIDITERE
LET,

Vo = 0.8V x (1 + Regr/ Regp) )

KB 5L, BB ELEITE T DR RO i,
LURIZ70 £,

RFBT/ RFBB = (Vo / O796V) -1 (3)

IASOEFUT@EE . 1.0kQ ~ 10.0kQ DOFEFANSEAIEIR
THLENRHYET,

Vo = 0.8V 05| FB BV A H JICER ARETHY ., Rpgp &
B TEET,

RFBT L RFBB 0)1E0)#%2%m:\ %m§77oy/7*i/a‘/dl?%%€
I THET,

YIRRA—b « VT OER

I IT LA e T RAZ—NMIED, LX¥ 2L —HZiE, A1 —
TNDH, BERBOFIERA L FETP-LNE LR T BT
B, ANEFRPOOENEREARILL, HHEIELS LAY
Rl A LR L ET,

T _RTCOUVLO a7 Lt #— A4 FHZNEROD 2ms
VT RAZ—REKAS SS/TRK B o Z oKD E RS T, HED
VITRAZ— e FATLE T, X—2 AR 1.6ms TH4372
B, Css AT UV IIRFEOTETHNER A, S
TV EIOEANBMT DL, VI IAY — MR AR CEE
7

Y7 AL — MR A TR TE &
tss = VREF X CSS /lss = 0.796V X CSS /50uA  (4)

Figure 1.

ZoORIE, UTOIICEATEET,
Cgs =tgs X 50 A/0.796V (5)

0.22uF a7 oY aERT5EY 7 AZ—REMA 3.5ms
(typ) £72D, 047 uF Oar TV {HHT5HE 7.5ms (typ) &
70FET, 047 uF BSHEGIHAE T,

VT RAZ =R ATIN 0796V iz DL, HIVEBENHEMEIC
L¥ 2l —h&N, 50 u ADBFRNIET 7T 4 7 IRBEIT/0 9,
UUTFOLREMOHE ., NEERY > 7I1I2ED, SS AH%ES
FUVRIREL, YT MAY —har TRy hShEz T,

c AR—TNVATBPETLTCND
ARSI S A i
*« W Vee UVLO ( AJELE Vi 23 4.3V)

rovERV T ERSEA TSI

FovX U TREREAFIR T HE, BV a— L AAL—TBFREL
T WREEL—/b GBI 3.3V OVAT L - L—)L ) ITHH
AEETHY, ZOBE, AL—T « TV a2— VO ITEEIT~
ZEZ O ITEEIVHIEWSLERHVET, RS EYTHN
X, AL—7 « L— LIRS « L— VLRI A TR DD
T, EBE EHFOL— VHOEEEE DR TEET (RFRHE
T0.15V Kiiti )o bTvF TP EREE OfEIL, 50uA D
R EIRIR O B E e/ NRICI . DD LSRR L 22T s
DEHA, 1FEAEDEE . NIvX U7 RO ERIE, H
TEERESEOREELLLET, MyF s - E—RT
WENCENES AT, AL—T « L— /LD YT hAZ — R
BeAS L=V 0BT ALERHVET, THuE, Cgg
2T E Regp (CEEHZ HZLICE> TR IS5 5
PECd, MIoR U T BRII~ AZBIRD /U — A WD I
AN—hZNDHDT, SS/TRK 7% 0.8V % L[FIHE, Y T7RAX—]
DT AAZ—TILIH, S0uA ONFRETRIRAA 712720 E T,
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LMZ22005

LMZ22005 7 )45 —a> DRHATYT

(DO%)
Tracking option input detail
3.3V Master 2.5Vout
Int VCC
50 pA
Rkt Ribt
226 2.26k
SS/TRK l FB
Rtkb Rfbb
107 1.07k
Figure 2.
Co MEIR

VB Co HNar T U R EIL, BV 2—VRNICEER T
FA, TT— - TUTONEMMEDOEICHESE, D7l
2001 F 3BT, Uy W/ NRICEA5120%, {K ESR
ZoB . BREEER, ERHRR v —Dar T oY - H
ATEHRLES, H1arToH Co ik, TV a— L0l T
WH Bt L=k Das o Tk c&E 4, HAar 5
Y DU — AN —2ADE/N T IVERERKRIE, 3 (14) TE
N5 0.5 X Ijp pp BIWZSRT TRV ER A, SHIZ, 20T
Y EIBMNTAE, ESR B3R IUE H DV 7 L MK
INFET, V—TIEEOMGEDL, B — T EEO MR
HET, REWRT IV —ar REFMA—RIZIZ, 0k
72 BB Rppa BWEENTWET, ZhUuE, wmi&sEt Tk
RENZRVET,

R AN BN D LT TV r—arOEiE, LTFORIZ
X0, AFHREETO Co OBYRT7— Ak « R RMBY
ZEELET, Vo lE 3.3VHAEET100mVIZ720ET,

Co Z lo-tran / (Vo-tran — ESR X lo_tran) X (Fsw/ V0))(6)
fif ks

Co = 4.5A/((0.1V — .007 X 4.5A) X (800000Hz / 3.3V))
=271 uF 7)

200 u F O/ DR BEIXREMEBE G EZMMAT D085
ShET,

HELR 2 har oo aE&bHEiE, 220uF, 7mQ ESR
DOF AR ~— » a5 B L 100uF, 6.3V D X5R I3 -
TP EWSEEE LI O T, ZOMAEDEE, 8
OT TV —rarOFE A ERbENT-EREERE LTI,
INID BTy 7 « arF o2V opBINT 58, EEK
EMI Z 4l c&EJ,

Cin DER

LMZ22005 €V a2—/WillE, INREOANT®IIv - avT
VY DOBBHBENTWET, TV r—ard ANy L
EBIRAWBRT AT, BV a— A TBINOA T
PRLETT, WG LI Ekoar T E A jars v
PELTHERATEEY, ZOANT UL, EVa—LD
FCELITALE TDMERHVET, AN T o ORIRIE
B, AT U EIVS. ANy T IVER BT8O
WATWET, ANV ERERITRATHAETEET,

I(C|N(RMS)) =1/2 x |o X SQRT (D/1 — D) (8)

D = Vo / Vi T

( BN LLCOY YT IVEIRDOY =AM —AL, TV 2—/L
IZ7 VARBTRBERSN, Viy = 2 X Vo OFAITHAEL
9, )

HERO /N T2 F o, 22uF XTR (7203 X5R) &7
I T, TV —2ar D REAANTTEIELVLD72EH
25%LL EEWEEERELET, o, BINLizav T30
BIELREDOT AL —T 4 T ICOEBTHI LA HLEILET,
®IIvT AT YOV TIIVERER BT DT —
A —NMIFMEINTWRWGE S, ZONRTA=FEar 74
DA—=T—IZWE DL ERHYET,

VAT LERFT, B Y= = A T VEIE (AV )
D/ MEZHERFT DL ER DL G, LT OREHHLET,

CinZlo D x (1—=D)/fswecem X AViy  (9)

12V A6 33V D07 7V r—ar T, AV B3 Viy D
1% ThoYE. 120mV ITHHL, fgw = 812kHz T,

Ciy = 5A x 3.3V/12V x (1 — 3.3V/12V) / (812000 x
0.120V) = 10.2 ¢ F

IBIZ, AJRBIAVDANNBREETFEAL X IE AL
HIRZ RS ED2DIC, K ESR ODREVWLY « Ty
PRV BGERHVET, LMZ22005 OREH72T 7Y
r—arHiE, ZOMREEZBRIELZ 150 4 F 50V OT AR -
L FUBEHERLET, oarF U RAREREALMS
IFHELET,

HBEHER—FOREY

BV a— VOWEBENEFHETHEIL. TV r—rar Ok
RANBEL LR N EREERALET, Z<O—E2H)
VESMER R MR E L TIRILEN TWDD T, — R TRV T
TV —a Al O ThHfiEIC L > CEEHEET, +XTo
BREHIIBWT, HEAHEELRRKTEKD 125 CLLNIHER?
TOHDMLERHVET,

Viy = 12V, Vo =33V, Io = 5A. Tamppax) = 85 CPO
HRHFHOBE . T a— T, r— A5 E P ~OEIE
PIRLLFOEARM THIMLENHYET,

8 ca < (Tymax — Ta-max) / Pic.Loss — Oy (10)
BEAENDTr — A~OBRBUIIEREE 1.9 °C /W (typ) TJ
[REHIZRPERERRME ) 1R LT 85 ‘C TN E & 77 g2
LT, o7 7V —1ar® P poss ERAELVET, 2
DT FVr— 3Tl 43W T,

Bca=(125—85)/43W —19=74  (11)

0ca = 7.4 ZEITDITIL. PCB ZNRISUENT D LEN
HVET, ERFREIFT =k IR NEAE. E T4
BB DN 20208 THBESN R —F O MLEREEOELV BAE
HOX, LLFDEEYTT,

Board_Area_cm? = 500°C x cm?W/ 8¢cp  (12)

L7235, Z® PCB & TlE, L FRETHN 67 Fh5 cm @
20z $AFENLELRDET, PCB L —b - o713, B
NRyRIHERET2HERHVET, MHE T, ERSRESSET
TISRIEER 55 A 45595 10mil (254 um) DY —=/L « ETHA
N— 7 39mil (1.0mm) T 60 f#S%ETY, SIMPLE
SWITCHER® EJRE o — /L [T OB T- 2V PCB LA 7
TROFNZOUVNTIL, AN-2085, AN-2125, AN-2020, AN-
2026 &ML TIZE,
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LMZ22005 7 )45 —a> DRHATYT
(Do)

TUERLATINDT AR

FVUNER DL AT I MEIDC/DC I /S —ZDFEF D BB )
DEEODTOET, B TIZRWT VR Z
B, EMI, 9T K« NV, BBOEBIERTREICK
0. DC/DC =z 3—ZDOHEREL DRI OB Bl BE 5 %
F9, RGN TIL, DC/DC I /R —F TR IER(E 52
ASEN, FIEPEE R EEMETLET, LT OEARNE
FHoL— R, IR T Y MR FH AT TSN,
)7L A7 D Mil% Figure 5 {2 RLET,

VIN
Vo
VIN vouT o
; 4 \
e |
Cin1 221 i = Cor
! | GND |
i Loop 1 ‘ { Loop2 |
Figure 3.

1. RAYFUTBRIN—TOEBRER/NMRICIIZAES,

EMUKIROBLHD D, TV REROLAT IR 21T 5 A
LEDRIZRTEHIT High di/dt OFEE TEXA2FELT 5L
BUHELRVET, AA3F 4 (Cinl) & LMZ22005 7 5E
LCEE T 5L, mE/L—72 High di/dt OERIFICERD
P HOEACEEE  ARXBRAELET, LeoT, Cy
% LMZ22005 @ VIN & PGND & H/ 3o RIZ A HEZR BRI S
TEE L3, 297 5& High di/dt ORIFED e/ MESH, EMI
MMERENET, Foo AD/HAa T 0rI00F 10
7 (#EHL ) X, PGND #EH SR (EP) I — I L7p
I BBz R HVET,

2. 959 KRIF 1 mELFET,

T4—RR7 (JFE). Y ITRAE =, AR—TIVEEFEFD
IR, T /3RO AGND B A~Fi DB A
DEF, KD, Ay TFEREITAMERLT T RrT -
T RERRCRAIVATe Z LR B E T, FTIUUR c LAT D
ST E SR E, AR RHE RSB LT,
HAOBEY Yy TN OIELEE N REZEI -T2 LET, F-.
4 (AGND) 7°5 EP/PGND ~ | . C/ I R AATVVE
EDS

3. FBEVADEBRIEIREICLET,

A F Y Cpp i, FB BV OELICALELET, FB /—NiX
FAVE —F A THATD, $RATEH D OEEIL TEB12T /N
SKLET, Rpgre Rppp. Cpp PR —AlL, /A XZHED AlHE
P/ NRICHN 2 5728 . LMZ22005 AR SEEL TROBRL £
D

4. AHANRERIE. TESRETELET,

I R—H ARGy TOBIERE TEMA, Sz RbT
B2 TY, ARy OEERES RoE{bT 512, 74—
RNy 7 EEERHT DO OEA O MREAMETELEE
T, ZORBMCIVBIER TAMIEL, foEsa it igErE
HlTExEd,

5. FTINARADE—r U HEBYIITVET,

R AR TV NERORE DO FT R « T — AT
THRE— PO TEAIER T ET. SBEROHE

X, b0V —~<b - BT EFEEICHERL T, TREEY
BAEYLBEE D200 TTIUR - T — L THEHTEE
F, =< ETORR—L 7 MR % 39mil (1.0mm) &L
78/ 10mil (254 m) DET % 6 X 10 FIFE T 5L, i
OFERPB/ONET, b—b « LI RGO
TEEMERL., HAEEEE 125 CRMICH - TEEW,

DD HERE

REAA A

PWM RAvF 7RI, SN A — AR c&EE
9, FEREEEZEAL2WEEIL. ZOANEITTVURICE
B9 570, 1.5kQ LT OEHEN LTIV RIcER L
FT, ARSIV D IR E A X 650kHz ~ 950kHz C
T, REHRASAL v a/LROBBL LT 14V T, A
Ny BAL v al R 2T — =R T4 T 5 AR
TFEELT, 3.3V aYyInb 1.5kQ OF 7 )y - —RIK
Ve U CHEERE T2 L ET, TPy 1) 2k
EEIICEIINT 5L 0Hz ® PWM B EICH ML, £V 2—b
MAAL T T aAE 1L ET,

HAF——RILT—REE (OVP)

FB OEJEN 0.86V OWNERA—/\—HR LT — U HEI L2 H
ZHE, TT— T TOHNIBT TR VT TS,
Vo PMETFLET,

ERHR

LMZ22005 i%, B—HAK (LS) AV AK (HS) OEFTHIPE
BRI E>TR#ESH T ET, LS Bl RO L, LS [F
¥ MOSFET OE iz EMHL T, A7 FIIThNET, 4
e Ry KESZ L TIZEW, AP K MOSFET 234 712
ool h. AV X ERPAREE->TPGND B ENHES
A MOSFET |ZiiiivEd, ZOEI TA (typ) ZBZ D&,
EIRAIRa Y =S PN R DAL T2 7 TR OB k% i
LET, BRSHIBLL I TTAET, A vTF s - A
IR IEENET, Fo, REBEHRMERED T FT7ITRLTZED
12, HIRENDS DC HAERITT 2—7 1 « A7V IEL
£4, HS EFHIRTIZ. HS MOSFET OERMNERSNE
9, HS EiRHIRAMRH S84 (TA typ). HS MOSFET 73
B v b AT &I, RO A7 IVETU v b A7 IREED ot
¥ 9, HS BHHIREZE 2L, Vo BMETLET, LS Bt
HIRRZ B 2 725 6 ORBEHIRIRDIENEL T, fgw DEIER
WD 12 12 LET,

BEMRE

LMZ22005 OEEGIREIL, I KEREZBX TRV ETA,
BEUREIL, OV —<IL Ty T REKIC L THE
TENET, ZoOEKIZ, 165 C (typ) TEIHEL, T \A 2%
KB AZ U NARBEIZLET, ZORETIE, &£ MOSFET
WATDOEELRY, Vo BEFL, EBIT Cgg IV T I3
TUURA~ESNET, WEREICLY, T ARAANREST
MWESIL, EMREENEAETIOEIELET, A
IBEEM 150 °C (BEHER e AT U MG 15 °C ) R T35
LSS EUMNIRAS, Vo DL ERL, @EEEN
HEShET,

FRZE AN BIECRRKMAERBLERT SV r—aro
BAOEONRESRLTIE, BNMOTFAL—T 42 7 DBNEELR
DEAENRHVET,

www.national.com/jpn/
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LMZ22005

ZTDMDEEE (~>-%)

TYILT R - R3—bT7vT

LMZ22005 1%, AN T UV ASATASIARIEDDIELLAY —
N7 LET, ZOIHRAZ =T IR EEX, AX—T
T = AR BRI DTEIRT A I BRI BFET D
ZENHIET AL BT TV r—ar T RIC AL E
T, LRI, 2OF—RTOIELWESEENEZRLET, F—
A1 Tk, AR—7/V»3 High )REETT, F—R21%, 1.5V
DTV ST ZIRAENS 33V IZ EHLTWET, fb—x 3 T
¥, Cgg I2EoTE EAVEEFSRESN TOET,

Pre-Biased Startup

T T T T T T T T
Enable

"3 3Volt

M 5\ Prebias /1 Vss

: ‘ 0.5V/Div-:

e Cas = 0ATUF | 2mSee/Div ]

TEFE—FEEHE—F

AR, X 2l — I REkEEE—R (DCM) TEIEL £,
AMERSEREESEZBZLE, X 2L —Z kT —R
(CCM) TEHELE T, CCM DIFE, AAfvF LT « AL
EREBLCERPALF 2%, A 7RETRLEaicin
Ft A, DCM TOEMERFL, A& 72 B EEIEIHERF
S, Tout LRV ET, =32 —MEFT— NI X%
FERLES S, AU X 7FBIITET ORLBENEREET,
ZOEEE—RNRHT@EE . HABEY Y 7 AL ET,

WIZ, CCM ( LAl ) & DCM BEE—R DR O bl R L E
7

CCM and DCM Operating Modes
Vin =12V, Vg = 3.3V, Ig = 3A/0.3A 2 usec/div

mmmmm

DCM/CCM R ZRDOIMHE AL, RDOLBYVTT,

IDCB = VO X (VlN - Vo)/(2 X 3.3uH X% fSW(CCM) X V{qj)3)
Ea— VNERDAL X 7L 33 uH TT, ZOME, KA
NEEEEANEBEDT TV r—ar I TCRI R RHT
OIWCEIRLELT, AV HIEDOEBEEZ THTIRNTA—H
I, AVE 0% - Vo7 VBEROEE (I g) T, Lg &, 2
TOINCHETEET,

ILrp-p = Vo X (ViNn = Vo) / (3.3 H X fgyy X V)y)
VIN Liﬁ%ﬁ]\ﬁ%}f%%bx fsw bi@ﬁ 812kHZ “C“?‘o
IO = IL &LTHjjj%(ﬁ IO %fjky)fti}%/ﬁ\\ ILR @J:{E”&‘F'fﬁ”@
v —JfiEROBINET,

(14)
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RERMLGT TV r—avEEE

u1
- :'“""“:
! 1
' 1
7Vto 20V i PGND/EP i
L .."\ : :
c" . ! ]
B A Y 1 1
Enable Vin - !
. LMZ22005TZ
|+ e _ 2 5
z 3.3Vo @ 5A
S5E 2288 A
Cin6 OPT
150 HF N| ] I 0] ©of ~
) ]
> ReNT
42.2k AA
sYNC|—¢ RFBT RFrA OPT
3.32k 23.7Q
A My ]
RenHOPT
D1 OPT oﬁ_ 100Q Css
0.47 pF
L SVE Lzl cpis TgReE oo Co2 = cos
é 1;§E 10 uF 0.047 pF <& 1.07k 0.047' uF 100 pF =7~ 220 uF
1 RsNOPT S OPT
1.50 kQ
*——o * ® *
Figure 4.
RERMLGT TV r—2a> OE&AEK — Table 1
Ref Des Description Case Size Manufacturer Manufacturer P/N
U1 SIMPLE SWITCHER ® TO-PMOD-7 National Semiconductor LMZ22005TZ
C,1.5 0.047 yF, 50V, X7R 1206 Yageo America CC1206KRX7R9BB473
C.23 10 pF, 50V, X7R 1210 Taiyo Yuden UMK325BJ106MM-T
C,.6 (OPT) CAP, AL, 150pF, 50V Radial G Panasonic EEE-FK1H151P
Co1.6 0.047 pF, 50V, X7R 1206 Yageo America CC1206KRX7R9BB473
Co2 (OPT) 100 pF, 6.3V, X7R 1210 TDK C3225X5R0J107M
Cob 220 yF, 6.3V, SP-Cap (7343) Panasonic EEF-UE0J221LR
Regr 3.32 kQ 0805 Panasonic ERJ-6ENF3321V
Regs 1.07 kQ 0805 Panasonic ERJ-6ENF1071V
Rgy (OPT) 1.50 kQ 0805 Vishay Dale CRCW08051K50FKEA
Rent 42.2 kO 0805 Panasonic ERJ-6ENF4222V
Reng 12.7 kQ 0805 Panasonic ERJ-6ENF1272V
Rega(OPT) 23.70 0805 Vishay Dale CRCWO080523R7FKEA
Renn 100 Q 0805 Vishay Dale CRCWO0805100RFKEA
Cer 180 pF, £10%, C0G, 50V 0805 TDK 08055A181JAT2A
Css 047 pF, £10%, X7R, 16V 0805 AVX 0805YC474KAT2A
D1(OPT) 5.1V, 0.5W SOD-123 Diodes Inc. MMSZ5231BS-7-F

www.national.com/jpn/
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LMZ22005

Simple Switcher®© Power Module
Evaluation Board
| MZ23605 36V 5A
Bl L MZ23603 36V 3A
Bl L MZ22005 20V 5A
Bl LMZ22003 20V 3A
J1 ut

Rent [1 IJ:: LIEII_I_EII(I:_]
Ss
Sync cr
s @ RsnD IJ| LII-| I:ll-l ﬂmkt
Rtkb Rfra

1]
OGND s s oIS

UT k
Cin5

vin @ @ﬁ i @ GND \_,- @1 Vo

Figure 5. Top view evaluation board — See AN-2085

Simple Switcher ® Il LMZ23605 36V 5A
Power Module B L MZ23603 36V 3A
Demo Board B LMZ22005 20V 5A

m LMZ22003 20V 3A

"..
C1n4[l |] [l fjCo4
Uin ENI:I G JEI

o o

(o)

Figure 6. Top view demonstration board — See AN-2125
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ST E R #rino7e\ BRY inches (millimeters)

0.15

7° ALL AROUND f=4 57801~

‘ 10.16+0.25 f (2] Top 4 gbTToM MOLI)7 e
—
-

55
25

=y

s

9.8540.25

[SEE DETAIL A
¥

’\

PIN 1 1D |
'

—]
—
—]
——1
F
i
|
4]
/‘T
ST E

‘
L J‘ o oo 0 .l[——wxozooosﬁ
ox [1.27]——o] !
[T.57] 1535~

I
{
(8.54) ‘

-

€7.63)

DIMENSIONS ARE IN MILLIMETERS

DIMENSIONS IN ) FOR REFERENCE ONLY l
e HHHH H

7% 0 59)*’1 l‘* L—’PGX(LEN

RECOMMENDED LAND PATTERN

7-Lead TZA Package
NS Package Number TZA07A

O EXPOSED PAD—
(OUTLINE DOES NOT

INCLUDE MOLD FLASH)

(6.4)
e—(5.35) ——

RO.7 MAX
TYP

0.6+x0.01

fe—10-0.15
STAND-OFF

0" -6"
(&0 1]

DETAIL A
TZAO7A (Rev C)

’ODI\#JX/FWINEZ:H‘/ET/V’Z ay gy g — G OREF#RE L CTRtshES, FTra Tt eIar s s 2 —tt
3. ZORITMONEOEMNE F I TERMEIC OV T, b\ﬁ)fﬁé%%if' IERGES Wi L E A, ETo, ﬁ%éj@u nﬁﬁﬂéf%ﬂ:fi

SERTLHERNEZAL ET, ZORNF = AL MIWVDRDEHMERICHT 27 M2 Ah

FliFzomzfbT. 5T 5b0TIEH Y T A,

BRHD, BORD, 2 210 L A .

?ﬁ@’@u@’ﬁ’ﬁ?f@ii Fraf IarF s E—dNEEORLRGEE MRS A 720 Z%&%zé%ﬁéiﬂ%b\%hiﬁl BURF N
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