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Switch-Mode Power Conversion
and the Buck Converter



How to Lower a Voltage fromV,_toV_,
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T = Switch-mode regulator 6/
. . s .
V; /_-lk \V&u‘s‘P = Drops voltage by connecting and disconnecting input
2 voltage very frequently
\ = If output doesn’t need as much power, reduce duty
cycle (fraction of time) input is connected.
= Minor additional power loss.
= Switches (transistors, diodes) are either on (very low

= Linear regulator

= Drops input voltage using “pass” transistor as variable
resistor, converting extra power to heat.

= |f ouétput doesr:c t neid’ﬂnu'ch povyer, reduce ‘ resistance) or off (open circuit)
conductance of transistor (raise resistance), wasting - Duty cycle typically controlled by pulse-width modulated
more powetr. (PWM) signal

= If needed, filter output voltage with capacitor



Energy Storage and Filtering

= Convert energy between electrical and/or = Inductor stores energy as current and its
magnetic forms for efficient storage and filtering electromagnetic field
= Use capacitors and inductors to store energy and = E=% LI
filter out ripple = Total storage o current?: inductor needs higher
= Capacitors — voltage is stabilized current rating
= Inductors — current is stabilized = Voltage affects charge/discharge rate, but not total

. . energy storage
= Capacitor stores energy as voltage difference &Y &

= E=% CV?

= Total energy a voltage?: capacitor needs higher
voltage rating

= Good match for LED driver application. Easier to
increase current capacity.

= Current affects charge/discharge rate, but not total
energy storage
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Buck Converter Overview

T * PWM input signal
4{ o = Duty cycle determines control effort
\ A .

| & OW = Switches
‘|¢“;§ = Transistor Q3 is on when PWM signal on gate

= is active (low)

L1> /_\ = Diode D1 is off when Q3 is on (controlled by
= h) AV voltage at Q/D/L node)

some energy

D1, cs ¥LED1
"I_Z — . BUCK_SENSE
®é& g = Can add capacitor C8 on output to store
Z/ ! R10



Switch Q3 Closed
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154.4us 156.4us 158.4us 180.4us

) Inductor
A
" VIN eqz) Current ||_ |
9 | BUCK_DRV A ‘moo 1 _l'] !

Blage  Ban [ | “ato v|sare Do vcomsion |
|_“ 182 ;146,308 ||| RS RRRE [TV vy
h_. I 162
'_OO L 1“2
Q3 / S

V|_+. y - Vi '
L1 @ M
_lcs ¢ LED1 e M’
T~ BU
';'%‘140.4“ 142.4us 1H4.4us 146‘:4315‘ ‘ 1‘4511:!5 IIIII 1'.50'; IIIII 1‘52,; IIIII
"9 = Current flows through inductor L1 (ramping up) to load
2 (LED1, C8)

- di(t)/dt = (V,-V,_ )/L

= Slope depends on voltage applied across inductor
= Charges up L1 (inductor creates magnetic field) and C8
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Switch Q3 Open, | >0

Inductor
Current |

| BUCK_DRV N feold 1 —n
[ Tl

c2mv ¥ | Ready |c1|c2[m1 M2 M3 8192 samples at 100 MHz | 2020-11-
182 :196.3us” |

162 ¥
1: 2.474V

142

ED -
SUCK_SE|

2

-18 L1
X v 140.4us 142.4us 144.4us 146.4us 148.4us 150.4us 152.4us 154.4us 56 158.4us 160.4

rio = Load (LED) is powered by current from L1 and C8 (for
filtering
= Inductor current flows through D1 now, ramps down
= Larger load current will make I, ramp down faster




Switch Q3 Open, |, =0

Inductor

\ Current I,
, VIN

-18
< [+ 1404 s 142,405 144.4us

rio = [nductor current reaches 0, so now in discontinuous

conduction mode
v ) S
= Models (equations) get more complex

= Load is powered by C8
= Oscillation from L1 and parasitic capacitances of D1 and Q3




e

=

Q3

= Switching creates ripple in
IL'VOut
= Qutput ripple voltage

= Depends on load current
loues €8, switching
frequency

= AV — IU‘UC

Acf

Switching Ripple
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camv %[ Ready |ci|ca[ma|mz|m3]a192 samples at 100 MHz | 2020-11-02 16:99:12,152 L EE 8 &y -
L e L o e I
182 T T 1 l!x. 146.3 us I A | ‘ ’ l [ Time s |
\ p H [ n | | Position: 150.4 us ~
TR 7 s i i I a = TeTOREREE L |
182 { ‘ \ \ \ A\ il ! | \ INAN fﬁ e | | Base: 2 us/div v
\ ,f Cl: 2474V | \ | \ ( \ i3 ! JJ’
| 1 [ 1
SN [— [ \ | P | L. .Rial/ A [ ]
142 \'f \ \ 1| [ f 1y AV =
l‘t { 1 \} \/ E ‘&3 Options o
] \ | T 1
e B ;‘ I - |5 Add Channel b
E . Channel 1 [
. f § - || Offset: 600 my i
{ - | Range: 1 Vfdiv e
o —————————
2 .. j |1 channel 2 |
Offset: -32mv »
= Range: 20 mV [div 5
i C2: 31.73mv
22 = i
2 ?
eSO Ao TR I T IR O i W A (W MGl OO AR MO M A DAl AU o0 SO LS OO BTl A e
52(_!vil40.4u5 142.4us 144.4us 145.4us 148.4us 150.4us 152 4us 154.4us 156.4us 158.4us 160.4us
o owm - N T Sm;ﬂe Pulse Protocol, = b4
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Expansion Shield’s
Switch-Mode Power Converter
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Shield Switch-Mode Power Converter Overview

BZX84-C0215
— N —
Mount L1 on bottom of PCB D4
g JP3 150uH Jp2 JP1 Jp7 For voltage output, use 5 and 1
& 3 4h e B R 4 4 4 To drive external LED, connect
A A Buck_B « "-1 Boost_SEPIC_B Short_RS Shore_DPFGteET e b L
o i \ RZOZ( Uaw ﬁmnﬁzh(:"s cae Co asilice uck_Bypassi - 00ST_ -Bypass ort_RSense ort_UProtec Switched load R between 5 ani
-l3 iInput cument o . as possible to Q3 Q3 INFINEON_BSS215P 4 = r
X SMPS_VIN SENSE
I: 2 “"‘Q"g'o . : B 3£ Snubber_Select v J iuRr 354&% 7\42% _3
mlu L 7 SMPS_VSENSE 3]
SEL_SMPS_UIN J_Cg g G - | D1 ; L % N SMPS_SW_LD_2]
" ugzp ;:1011;: LS Aoaste 150uH = [ gfgg r
1 DNPR3for | | DB2320900LS / PS_ISENSE_P ks o
boost mg;z i —ic8 SMPS_VSENSE
converter. 23 ¥ 3 -
o cfip 17 o ¥ chip A= U LED TEMP
g ¥ +3v3 S
? o IS s 35 100K NTC
SMPS_DRYV (PTE31 i ’
SWPS DRV ow: Q3on g vz ket e
ﬁh/:IPS DZ\;( hl%’g Qsa 3'} UlrP C5 e 2 4 low-noise appllcatrons GND GND GND eND
ull up resistor used for —
!evel-ghlmng for Q3 gate driver. = 2 1uF 74chfg&%-§<,w-”-" Divider for current-sensing Do not populate R10 = 2.2 Ohms to Temperature sensor
Pull up resistor R11 used so :.':IE b o voltage. Values TBD. R9 and R12 when limit LED current to for LED1
floating input SMPS_DRV tuns 7 Powered from SMPS Vin to be able At <3.3 V, short R14, R9 using as LED driver. 750 mA with 5V supply
off Q3, disconnecting VIN and VOUT; to turn Q3 completely off. and open R12, R15, R10
GND UL for fastest ADC input
2 4
SMPS_DRV > SMPS_DRV_N
74LVC1G04DBY
= PCB supports different converter types = Feedback options
= Buck converter (reduce voltage) — we use this = Qutput voltage scaled by R9/(R9+R12). Single-ciiucu
= Boost converter (increase voltage) (ground-referenced)
= SEPIC (raise or lower voltage, or neither) = Current out through LED1
= Noise control = Single-ended (ground-referenced)
. = Scaled by R10 (2.2 mV/mA
= Snubber (R8, C7) to reduce EMI when Q3 switches on, off v ( -7 / i )
. . = R10 selected to limit maximum current through LED1 to safer level
= Switchable load transistor (Q2)

. ) = Current out before capacitor C8,.
* For testing response to changes in load = Differential (not ground-referenced)

I v3 = Scaled by sense resistor R13
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SMPS Configured as Buck Converter

Optional undervoltage protection diode to keep Vout >= Vin - 3 V.
Target application: powering MCU and P3V3 rail from buck converter with Vin = 5 V (USB).
Vout stays above about 2 V (1.8 is the minimum)

Mount L1 on bottom of PCB

© JP3 H For voltage output, use 5 and 1.
& ?) O Sl To drive external LED, connect
¥ Anode to 5, Cathode to 3.
R20: /4 W Buck_Bypass, T_' Boost_SEPIC_Bypass Short_RSense Short_DProtect Switthed load P batween 5:ahil2:
Ji1 ; rating limits Locate C6 as close T
-3 snput edment o iz ¢ P as possible to Q3 a3 meeofy_esszisp  JP4 -1 Ji3
2 Ao e =MES VN : , SMPS VOUT s
1 X i : V_LED TEMP__a|_
4. X - SMPS_VSENSE 3[_
SEL_SMPS_VIN g D1 Sw SMPS_SW_LD_21_
L9 uap —ce PA4ae W b=
o oy e -
100F |2 10uF Z 338
5 DNPR3for | DB2J2( - G
boost z _lc8 MPS_VSENSE
converter. 2>= T
GND GND GND V LED TEMP
5 < N +3v3 -
o~
+ GND 1ol
e 4
SMPS_DRV (PTE31) e Do not populate C7 and R8 L b R16
2”22’32& I?w' Qé;”-“ S o u2 unless snubber needed for
7 high: off. 2 4 low-noise applications
Pull up resistor R3 used for L u1p SMPS DRV N N e GND GND
level-shifting for Q3 gate driver. - - 2 1uF 74LVC1G04DBYV Divider for current-sensing Do not populate R10 = 2.2 Ohms to Temperature sensor
Pull up resistor R11 used so E:-E o voltage. Values TBD. R9 and R12 when limit LED current to for LED1
floating input SMPS_DRYV turns 2 Powered from SMPS Vin to be able At<3.3V, short R14, R9 using as LED driver. 750 mA with 5V supply
off Q3, disconnecting VIN and VOUT, to turn Q3 completely off. and open R12, R15, R10
GND for fastest ADC input.
U1
2 4
SMPS_DRV SMPS_DRV_N
74LVC1G04DBV

Powered from 3V3. Used to isolate MCU
GPIO from pull-up to Buck Vin.

= Unused components are grayed or X'd out
= Shorted solder jumper =

12 v3
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PCB Front e EEBICIT

Buck Converter on PCB

-
-—v = .
—

T IO

.—W
N\ B =
VIN
R11 %Rs
Ul
Pae O >
|_‘f’
Q3
— Y Y Y
L1
D1 e AV Lep1
ZE z — BUCK_SENSE_M B Q/
§R10
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Deep Dive into Circuit and PCB
(Optional)



Tracing the BUCK DRV PWM Signal ) [e]e e O

N\
e VN
an R3
BUCK DRV | = ) Ll
| o
| 2 3[[4] [s][e] . .
b1 _cs ¥ e
ZS = . BUCK_SENSE_M
ng
< - <

Confirm PWM signal at header pin

Confirm PWM signal at input to U1

Confirm inverted PWM signal at output of U1
Confirm inverted PWM signal at input to U2
Confirm PWM signal at output of U2

Confirm PWM signal at gate of Q3

o vk wnN R
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Buck Converter Power Stage Signals

VIN

I I\BUCK DRV $R11 § I 2 m«
= 2 e H L
7 jp— Y 1 ¢ E 5
p1 L i/SZLEDl
el e Z% op
5CZ I M M I N1 IR N1 EER10
L0 |}MW ‘{""“‘1‘”"7“ T R44R15 n14
: LA - HEN
71— | @, um
ARRsRAR ¢ :
1 uus””‘”“se‘us‘ 1 ‘m‘“ﬁ‘ ‘ m‘ e sl ‘3 ‘W (ﬂ'_—!—
o cf% s
18 AU MANAAA Am
| Confirm switching signal at Q3/D1/L1 node. 1 V/division
Ty Nt e e e e 8.  Confirm output voltage at JP2 (L1/C8/LED1 node).
9 — 1V/division. As C8 not used, will have large ripple.
NN TIAW 9. Confirm current sense voltage at BUCK_SENSE_M (S-). 50

mV/division. As C8 not used, will have large ripple.



Visual, Resistance and Diode Tests — POWER OFF!

. nn']‘][gl! !‘[E
e VIN ) "E\,er

Remove power and J11 jumper

gRl]. %R3
BUCK_DRV 3 vl v . U2,,4 m
Visual checks. Confirm: : I> D *4

= All components in this schematic are present

= Solder connections to header pins are concave tents, not balls I N L v S & “elﬁ m 1

= Dot on LED1 (anode) is closer to + (if not, LED is backwards) %S = o BUCK_SENSE | =W LB £
L

= JP1 and JP2 are shorted RURLOMASE D?-

JP3 q!{!’

ﬂ
l—, N Di +
LEDY - & Q3

GiE 7y
JW[?_"I | O] ﬂcs

Multimeter resistance tests il
= J13 S-to OV should be 2-3 Q. If larger, check for bad soldering on R10, J13
= BUCK_VIN to ground should be large (>1M, rising)
= Q3 pin 3/ D1 Anode / L1 node to ground should be large (>1M, rising)
= JP1 to ground should be large (>1M, rising)
Multimeter diode tests
= D1 should show forward voltage of about 0.24 V
= LED1 should show forward voltage of about 2.46 V
= Q3
= +on Gate (2), - on Drain (3) forward voltage 1V

= +on Drain (3), - on Gate (2) forward voltage 0.24 V
17 v3
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Architecture for Constant Current
HBLED Driver using Buck Converter



Timing Questi

57.5

PWM Ref
SMPS_DRV

= How tight are the input and output timing requirements

for this application?

= How large can timing jitter for sampling be and still get good

52.5

17.5

X |v-10us

NC STATE UNIVERSITY

M1: 50.47 mA

AT T
25 ’/ \ J‘Af \‘
. - ra AN

12.5 FUS

PWM Ref

SMPS_DRV

enough performance? 100 us? 10 us? 1 us? 0.1 us?

= Use mixed-signal scope display
= Shows analog and digital signals on same timeline

= Can show us what and when the system really does things

= Analyze to see timing relationships and details of system
components in processing chain

19 v3

= Example

= Orange waveform is LED current in mA

= PWM Ref is timing reference output from Timer

= SMPS_DRV is MCU output to switch transistor on (0), off (1)

= Control_HBLED is “twiddle bit” indicating function execution
= How long does it take to run the whole control loop?

= Duration limits maximum control loop frequency

= How consistent is this execution time?

= How long does each individual part take?
= Control_HBLED is the main part, but there are others
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Timing Questions — When Should We Sample?

20

Sample input signal synchronously

= Same phase every time = arrows with same color in diagram

Ideal time to sample: near

Signal slope indicates sensitivity to timing errors

__ change in current
change in time

Rough estimate

Note that slope depends on signal phase

Absolute: (1= lmin)/ (Trax = Trmin)

* (50 mA—-25mA)/(4 us——1us)=5mA/us
Relative, based on average current:

= ((50 mA—25mA)/37.5 mA)/5 us = 13%/us

~0 at peak and trough

52,5 !

57.5

52.5

47.5

42.5

Z

2.5
17.5
1

PWM Ref

X|v-10us

SMPS_DRV PUWM Ref

SMPS_DRV pio 12 X

Control HBLED  eovemes IEEX

= Larger slopes elsewhere, especially near midpoint

= Slope varies more when falling than rising, since dependent

v3

on load current

ST O Tl O

==
6 41

= Estimate maximum sensﬂmtyA
= Absolute: (10 mA)/(1.1 us) =9 mA/us
= Relative: (10 mA/37.5 mA)/1.1 us = 24%/us
= Actual sensitivity depends on phase of sampling
= Are there any hardware signals available at/near that
ideal time, simplifying sampling sync.?
= Trigger A/D conversion with PWMRef?
= PWM rising edge? Falling edge?
= What about switching noise?
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When does ADC ISR Start, and Why:
......H||“|||‘||H|||..|“...‘||||ﬁ|||\| ADCO_TIRQHandler() ({
T : 5 PUSH {r4-r5,r7,1r}
3 ;50,47 ma . . nfa_ |DEBUG_START (DBG_ADC_ISR):
Sample and iy, = ADC triggered by PWM Ref signal 2 LDR r0, [pc, $384]
Hold | ff"'w : 2 LDR x0, [z0, #0x10]
old Input ) ™, = ADC ISR starts 3.558 us later. , WS 6 §axin
sl N Where does the time go? l LSLS r4,r4,r0
| """u, L 2 LDR x0, [pc, $380]
M — My, | = Evaluate timing of A/D converter 2 LDR r5, [£0, $0x10]
- A Ve . operation | STR r4, [x5, #0x04]
: _ = See MCU reference manual’s ADC 15 cycles for HW Int. Response
Iiéu“-l 2us ‘;LIS I“I - IGILIS T - ISIUS I“I - ‘IIDLIE chapter 5 cyC1es to pUSh 4 r‘egiSter\S
+ = H. : B} . ) . 11 cycles for instrs at ox08le++
. | | | S Track input: 0.67 us, adjustable (from ARM CMo+ TRM Table 3-1)
e 15355008 : = Sample and hold at end of tracking  Total = 31 cycles = 646 ns
PVIM Ref | n .
—_— - : Convert: 2.2 us . .
po l = ISR has 15 cycle latency " Analyze object code (covered in
Imcxsa | n 15/48 us = 0.313 us ECE 461/561)
' : ' | = = = Total: 3.183 us = Interrupt handler needs to run for
' e i 16 cycles before debug output

Debug signal starts at 3.558 us signal is raised

" 3.558 us—3.183 us = 0.375 us late. = CPU instruction pipelining delay?

Why is it late? = Output port delay (1 cycle?)

21 v3
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Impact of Changing Switching and Control Loop Frequencies

n : , 5%5’67

L
= Size, weight, cost of inductors & capacitors falls

= Switching power losses rise
= As control loop frequency f, rises:
= Control quality rises \
= CPU time left for other processing falls Ciim
= CPU MHz requirement rises, so cost, power also rise "{ S
= Useful to be able set f, and f., to different values to
customize system better.

= f¢, >> f due since switching is faster and simpler than read
inputs/calculate/update output

= As SMPS switching frequency f., rises: .'\77& \ \ o

= For synchronous sampling, set fc4; = fSTW with integer N

= Controller architecture allows direct control of f, and
integer N to get f,

= Several implementations with different performance, costs

and limits
22 v3




NC STATE UNIVERSITY

General Controller Architecture — View 1

Hardware Trigger Signal s PIT
Software Trigger Signal — =g PIT_IRQHandler
Data Flow — — Setpoi
etpoint Current
External Signal —_— Update_Set_ Current |\ DAC ~~y Dpebug Signal
Option LEL 2 LED Driver
Circuit

=" Ya, :jf
»**Timer overflow :___;1_ai_n___—' i _| * 0 ﬁL
: e et > huus > TPM — ..
Aareeeereanerzinet % PWM W
v . _____ =T Control ‘ ? I
m "mmggg, — . < <
: {IRQHandler gl Ly
wi I,
“[DMA tuf BMA_
L IRQHandler.

Current Feedback Signal
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General Controller Architecture — View 2

Timer TPMO is main timing reference,

. . PIT
is used to synchronize processes PIT_ IRQHandler
(SW and HW) with input sampling Update_Set_ Current | | DAC ~ Setpoint Current
Debug Signal
and output update g8 LED Driver
@ Circuit
Tlmer/ Counter Value and PWM I
WA e s sk | Generator. ‘ —
overflow E’O, —————————— I ﬁ
= ‘., . :l main Jf ., PWM #Sm A#ZLEm o
E“‘ ...llll.....Illl....-’ ContrOI : ?“m I
: * i-_ _-T-Er_/l:_ - _I agut® A ’ 0“&2 ADC S’gn aI - E“CK*StN SSSS
t "l RQHandler :

ilDMAi'*i DMA_ | _.*°

Current Feedback Signal
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Configuration in HBLED.

oot

PIT_ IRQHandler

Update_Set_ Current Debug
Signal

overflow

Control
Signal

= “Hard-Coded”: Rebuild code to change,
since these run-time decisions are too slow

Current Feedback Signal I

= Asynchronous sampling
= Free-running S/W loop in main triggers ADC
= Synchronous sampling
= No frequency division: f, = f,, = frp\0
= ADC hardware triggered by TPMO overflow
= Software frequency division: f_, = f., /N = f;;,,o/N
= N set by SW_CTL_FREQ_DIV_FACTOR

= Controller (compensator) options

= “Software-Configurable”: Can change compensator
and gains by tweaking variables as program runs

= Types
= None (open loop)

= ADC software triggered by TPMO ISR = Bang-Bang, Incremental, PID, Fixed-point PID

= Dual timers: f, = frppma fow = Fromo = Parameters
* TPMZ2 ISR enables TPMO IRQ once = Gains are scaled by control loop period (faster update rate
= TPMO ISR software triggers ADC, disables TPMO IRQ reduces the required gain)

25  v3



Q1-6: Asynchronous Sampling, Open Loop

main ADC TPMO
Hardware Trigger Signal sy Start
Software Trigger Signal el
e
Data Flow — A =
External Signal — g5 [
. -U_gh
main 2 O
B9 le—
PWM Control S
Control_HBLED Signal | LED Driver
: ' PWM_Set Value Vg TPM Circuit
e 3
| New Duty Cycle
S A
T
Current Feedback Signal |
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Q7: Asynchronous Sampling, Closed Loop

main ADC TPMO
Hardware Trigger Signal ey
Software Trigger Signal — el Start
Data Flow r— o
External Signal — 0= 4_'
. 3 3

main 3 & (=

&I

PWM Control 3 <—|
¥ Control_HBLED Signal | LED Driver

compensator | | PWM_Set_Value -ﬂ TPM Circuit

| N +sv
|
*/ K o
"

ssssssssss

Current Feedback Signal I

27 v3



|
Q8-12: Synch. Sampling, Closed Loop

TPMO . ADC ' TPMO
cNT M CAPC iep pwm
Hardware Trigger Signal sy
Software Trigger Signal gy
Data Flow —
External Signal — Overflow
main
Conv.
PWM Control
-> DCO_ IRQHandler Signal [ LED D Complete
river IR
3 Control_HBLED Ve TPM Cireut RQ_
compensator PWM_Set_Value (f=
v
\ G e New
! EJ’ Duty Cycle
Current Feedback Signal [
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Q13-14: Synch., Closed Loop, Transients

TPMO . ADC ADC  TPMO
Hardware Trigger Signal ey cNT  man ISR ~ PWM
Software Trigger Signal — ey
Data Flow —
PIT External Signal —p
PIT_ IRQHandler
Update_Set_ Current | Setpomt Over ﬂOW
Current
Signal Conv.
rain DAC I omplete
IR
9

PWM Control

Signal | LED Driver
Circuit

“SADCO_ IRQHandler
4 Control_HBLED Wae TPM

compensator PWM_Set_Value (f=

! 5V
x New
ﬁt Duty Cycle
\ ng %L #CB

Current Feedback Signal —Ii
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SYNC Sequence Diagram, Software Division for F_,
USE_SYNC_SW_CTL_FREQ DIV

TPMO|  TPMO ADC | TPMO

(@) ISR M ISR \ Duty )
w i |

2| i \ |

T oKy

’gehf :Z‘Qc’k\

—L\\F)L—:‘L Sl
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SYNC Sequence Diagram, 2" Timer for F_,, ADC SW Trigger
(not in your code)

PM2| TPM2 TPMOE TPMO ADC / TPM
Xﬂg@ ISR | (f.,) ISR Y"’ﬂ\ ISR /\;u;:\

_%gr T\
= | ‘
LG‘E@ s >

ctl’

maovmer
I @}gﬁ%‘ i A 5

5
- | \
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SYNC Sequence Diagram, 2" Timer for F_,,, ADC HW Trigger

(not in your code)
TP TPM2 | TPMO ADC S TPMOi
m ISR m W ISR\ Duty

6\“"

\\%@ i
5 %i

Hw Ty
e

(
|




How About Using DMA?

(not in your code)
= Replace TPM2 ISR with DMA transfer to enable ADC hardware trigger

TPM2 TPMO ADC  TPMO
f,) DMA (f,) ADC ISR  Duty
)

S
)‘\
lggiﬁj c§§;€§;4>
L
Zan ,"v&g%j?f
|lste




