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OHEA 2 JZlH J|s &3 Figure 1.  Typical Buck Converter Application (See Application Examples Section
for Other Circuit Configurations).
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Figure 2. Package Options. P: PDIP-8C, G: SMD-8C, D: SO-8C.
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Figure 3.  Functional Block Diagram. (*Only size 8 P/G Package)
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Figure 4. Pin Configuration. (*G for size LNK3208/9)
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Figure 5. Frequency Jitter.
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Figure 6. Non-Isolated Flyback Converter with Output Overvoltage Protection.
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Figure 7. Line-Sensing for Overvoltage Protection by using FEEDBACK Pin.
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Figure 8. Universal Input, 12 V, 120 mA Constant Voltage Power Supply using LinkSwitch-TN2.
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LinkSwitch-TN2

Topology

High-Side Buck -
Direct Feedback

Basic Circuit Schematic

AAA,—e-

FB BP/M

D S
LinkSwitch-TN2

yvy I

<
<

T

PI-7843-031616

O

ubhwWN =

Key Features

. Output referenced to input

. Positive output (V) with respect to -V

. Step down =V, <V

. Low cost direct feedback (£10% typ.)

. Requires an output load to maintain regulation

1. Output referenced to input
2. Positive output (V,) with respect to -V,
High-Side 3. Step down -V, <V,
Buck — 4. Optocoupler feedback
Optocoupler - Accuracy only limited by reference choice
Feedback - Low cost non-safety rated optocoupler
- No pre-load required
5. Minimum no-load consumption
o et o e}
+
Low-Side
Buck —
Optocoupler
Feedback .
1. Output referenced to input
2. Negative output (V,) with respect to +V
PI-7845-031616 3. Step down -V, <V,
° R N 4. Optocoupler feedback
i — - Accuracy only limited by reference choice
b é é - Low cost non-safety rated optocoupler
LinkSwitch-TN2 é ’; - No pre-load required
INKSwitch- _ -
Low-Side Ideal for driving LEDs
Buck — Constant
Current LED Driver
_ Ve PI-7846-031616
I0
AVAVAVI Kl
>
— 13
High-Side Buck- FB]__[BP/M I
Eggjg_cl;'re‘:t +  Dlmds = 1. Output referenced to input
a v,, LinkSwitch-TN2 Vo 2. Negative output (V,) with respect to +V,,
_ T + 3. Step up/down =V, >V orV, <V,
o d *—O 4. Low cost direct feedback (£10% typ.)
PI-7847-031616 5. Fail-safe — output is not subjected to input voltage if

High-Side Buck-
Boost — Constant
Current LED Driver

Table 2.

Y 2V
< 300 @ Rsense = T
<: 2 kQ o
FB| _|BP/M Rsense -— I
O DI ls I Py Py AVAVAV Py
+ A
LinkSwitch-TN2 §
\" 10 uF 100 nF
™ 50V ::
_ X
O L g L &

PI-7849-031616

Common Circuit Configurations using LinkSwitch-TN2. (continued on next page)

(o))

the internal power MOSFET fails

. Ideal for driving LEDs — better accuracy and

temperature stability than low-side buck constant
current LED driver

. Requires an output load to maintain regulation

oower

integrations
Www.power.com

Rev. Q 06/23


http://www.power.com
http://www.power.com

LinkSwitch-TN2

Topology Basic Circuit Schematic Key Features
2 * * * O 1. Output referenced to input

2. Positive output (V,) with respect to +V,

3. Step up/down =V, >V orV, <V,
Low-Side Buck- LinkSwitch-TN2 v 4. Optocoupler feedback .

o - Accuracy only limited by reference choice

Boost — Optocoupler < - Low cost non-safety rated optocoupler
Feedback < y P P

Table 2 (cont). Common Circuit Configurations using LinkSwitch-TN2.

LinkSwitch-TN2 g|0|0}2 1121 AMgt

H O H-2AE HHE S0 LinkSwitch-TN22] SOURCE &2
ALIE 0|22 SOURCE( HZE SH HAN2 HAO| MY Mt
LHOIA EMIZE ZIA k6| Ploll = A SHE0{0F &LICH

SAE 2HWA SOURCE E2 DC 2l HZZ22 SOURCEN HZE=

T —_—
ST A2 5IEATES HE[| flol ZICHSHE == AUSLICH

- No pre-load required

+ 5. Fail-safe — output is not subjected to input voltage if
the internal power MOSFET fails

6. Minimum no-load consumption

PI-7848-031616

1% 93, 9b & 9c= 1% 80l ZAIE 22 =01 CHSt Q144
2l010F2 CIXHILICEH LinkSwitch-TN2, QISIE{(L1), 2228 THoIRE
(D1), & == HIAIEI(C2) AtOI0I & S Jtsst 8 200
=XIZl0{0F & LICH BYPASS £ HIHAIE C1= SOURCE(S) & BYPASS(BP)
ol SclH2=Z JPH0l AAXICHOF SILICH ARIE &2 2F HELE
ZI23toH| 1ol LinkSwitch-TN2= AC & etQI0IAL Zel BHXIZIO10F
SLICH LinkSwitch-TN22t AC 212 AFOIOl SHIHAIES C42 C55 HHXIGH=
20l EsLICHL & Bl 38J] CH0ILE D4= SEO0IXIEH O L2 EMI

dsit O =2 2t M UE JIsE ?lof 88 = USLICH

2 J[E

ron fiior toln

@DZ TP4
.

TP3

Figure 9a. Recommended Printed Circuit Layout for LinkSwitch-TN2 using P Package.

oower

integrations
Www.power.com

Rev. Q 06/23


http://www.power.com
http://www.power.com

LinkSwitch-TN2

Figure 9b. Recommended Printed Circuit Layout for LinkSwitch-TN2 using G Package.

Figure 9c. Recommended Printed Circuit Layout for LinkSwitch-TN2 using D Package.
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w2 4 &l 2= 4, WY ZA- 20 2 N, 2 99 M 20 F=H 2Z0A
LinkSwitch-TN2 SOURCE & 2%} 100°C 0|52l X| &toIStLICY
2E I AME2H0l EXH0F D2 501 2E LinkSwitch-TN2 &3l HIX|2| 01 ot% 2= 29 R ., B2 0I5t s OIS SRE &
MNAESH J|ls= ol EOITI00F ELICH TS &2 A8t HIAED} QI LICH ICO CIHIOIA ST JF 25°CO] =5 20 A 85°C=
agsUt HOoo! 0HZ21H0IMS Ash RIB20IAH CHE222 2 CIHI0IAS
1. XE5DC YL ML - &4 DC 22 ®MLH0| ZO) 5, 24 212 KERGH= 201 £E&LICH SOURCE Z0| AR = =01 A2 HliEfel
FOL0I M 70VDC OFHZ BOIXIXI 4SS SHOIBILICH m&4 SAU FAIIS AB0] ST XS ATELILL L=,
2. FEB CHOIQC M - o 232l AI2t0| 75ns OILHR! UF400x M RCHE0 Tt RIS LIEHHES =8 228 =010F gL

AIRIZ CIOI2=E 81 25JF70°C 0I5t [ MDCMOIAl RSGHE o g -2 AE 2HH S22 XIS AFZ6HS LinkSwitch-TN2 £ 0llA
AL AEELICH CCM(Es ME 2E) /5= 0 =2 FH SOURCE T2 A (=
2E0M 2ESote EAH0M= BYV26CSH 201 & 2l5iHel AlZH0] EIQ| OlUl 1XI= 27 €= DC 212 |
35ns O|LHQ! CHOIR &0t HEELICH o292 Aslg)
3. Z0H Edigl AR - 13 el 8FOF 211 2kl MY, 20 6t AANM 22Y
(RE-CIAEE AH), 211 F=H 2= 229 ZA40IA CIOIE
AE T3 Sl AFRF 0I2HIX] &QIEHLICE
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LinkSwitch-TN2

EVEEE T

DRAIN & &2f  LNK320x
LNK329x

DRAIN ¥ Il3 &F: LNK3202....
LNK3204 ..o, 1230mA?
LNK3205....oceveerereseeseeseesessenesesens 2460MA>  x 7.
LNK3206.....cccivimmieiiiiiiiicniiinieciin, 3750mA’> 1 @<= Xor2 SOURCE, T, =25°CE JIZ0Z BLICh
LNK3207...cciiiieniieniiee i 3750mA? 5. V, > 400Vl B :la' 159 12! 232 EXFHAIAIQ.
LNK3208.......cceviviiiiiiiniiiiniiicsiies 6300mA? 3 olBImOo2 (|2 520 251 HBHE LIC).
LNK3209.... 10200mA? 4. 30| A0l A 1.59mm(1/1691X1) HEIS S 5% SOt ZX 5
LNK3294.....otiiiiiiiiiiiiiiniccee 968mA? 2+l LT
LNK3296.......ccoiieiinsiieniieiecsieeee, 3194MA? 5 TIFS [} HHS HE YRR A2 EHFIK L= S
FEEDBACK & & ¢f LHOIAM aldoz =5 2 0LICH XIEE AUECH 23 st
FEEDBACK & &5 ... F0HH B0 ZA0 2510 HB AAL0 S 0B
BYPASS Tl &2 e, 0.3V~7V U LICH
g Mg
2 Me:PE= GIIX: &
I 70°C/W?; 60°C/W3 1. ZctAE IEHIOI AN A JtI2 & 8(SOURCE) Al
(0507w 11°C/W S3EHASLICH
D IH3IX 2. 0.36% 221 X|(232mm?), 22 A(610g/m?) SE0il &,
(G P 100°C/W®; 80°C/W? 3. 18 21 X|(645mm?), 222 (610g/m?) SE 0l & H.
R 30°C/W
Conditions
SOURCE =0V; T, =-40to 125 °C . .
Parameter Symbol See Figure 10 Min Typ Max Units
(Unless Otherwise Specified)
Control Functions
Average 62 66 70
Output Frequency fosc T,=25°C kHz
Peak-Peak Jitter 4
LNK320x 66 69 73
Maximum Duty Cycle DCyax S2 Open %
LNK329x 65 68 72
FEEDBACK Pin Turnoff e =50Vto55V
Threshold Current e T,=25°C M 49 > HA
FEEDBACK Pin Voltage Ve =50Vto55V
at Turnoff Threshold Veo T, =25°C 1.97 2.00 2.03 v
FEEDBACK Pin Instant _oco
Shutdown Current Trsgso) T,=25°%C >20 675 800 WA
FEEDBACK Pin Instant T = 250C 2 Switch
Shutdown Delay 1T Cycles
FEEDBACK Pin Voltage v e =50Vto55V 33 v
at Shutdown Current FB(SD) T,=25°C )
V=21V LNK32xx 75
L, (MOSFET Not Switching) pA
See Note A LNK3208/9 95
LNK3202 98 160
LNK3204 113 180
DRAIN Pin LNK3205 141 220
Supply Current FEEDBACK Open LNK3206 165 250
I, (MOSFET Switching) LNK3207 190 290 A
See Notes A, B LNK3208 275 405
LNK3209 300 460
LNK3294 120 170
LNK3296 225 320
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LinkSwitch-TN2

Conditions
SOURCE =0V; T, = -40 to 125 °C . .
Parameter Symbol See Figure 10 Min Typ Max Units
(Unless Otherwise Specified)
Control Functions (cont.)
V,=0V
I 8P -11 -7 -3
BYPASS Pin o T,=25°C
mA
Charge Current I Vg =4V 75 5 25
cr2 T,=25°C B i -
BYPASS Pin Voltage Ve, 4.7 5.0 5.2 \Y
BYPASS Pin Shutdown _oco
Threshold Current Teriso T,=25°C 6 8 mA
BYPASS Pin _
Shunt Voltage Vapsionn I,=2mA 4.9 5.2 5.5 Vv
BYPASS Pin LNK32xx 0.37 047 0.57
Vol H i Voo Vv
oltage Hysteresis LNK3208/9 0.35 0.47 0.60
BYPASS Pin
Supply Current IBP(SC) See Note C 55 pA
Circuit Protection
di/dt = 55 mA/us
T = 25°C 126 136 146
di/dt = 250 mA/ LNK3202
i/dt = mA/us
T = 25 149 170 191
di/dt = 65 mA/us
T, = 25°C 240 257 275
di/dt = 415 mA/ LNK3204
l = MA/us
T = 25°C 278 317 356
di/dt = 75 mA/us
T = 25°C 350 375 401
di/dt = 500 mA/ LNK3205
i/dt = mA/us
T =25°C 394 448 502
di/dt = 95 mA/us
T = 25 450 482 515
di/dt = 610 mA/us LNK3206
[ = it
T = 25 °C 510 580 650
di/dt = 95 mA/us
Standard Current Limit / T s °c/ . 725 780 835
(Cpp = 0.1 \F, Lo — LNK3207 mA
di/dt = 610 mA/us
See Note D, H
» H) T, = 25°C 893 1015 1137
di/dt = 165 mA/us
T, = 25°C 970 1040 1110
di/dt = 1000 mA/, Hi3208
| = MA/us
T, = 25°C 1131 1285 1440
di/dt = 165 mA/us
T, = 25°C 1200 1300 1400
di/dt = 1000 mA/, HNK3209
1 = MA/us
T, =25°C 1413 1600 1787
di/dt = 65 mA/us
T = 25°C 240 257 275
di/dt = 415 mA/ LNK3294
l = MA/us
T = 25°C 278 317 356
di th ==9255Té/ He 450 482 515
d'/dtJ 610 mA LNK3296
i/dt = mA/us
T, = 25°C 510 580 650
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LinkSwitch-TN2

Conditions

SOURCE =0 V; T, =-40to 125 °C

Parameter Symbol See Figure 10 Min Typ Max Units
(Unless Otherwise Specified)
Circuit Protection (cont.)
di/dt = 28 mA/us
T, = 25°C 70 80 90
Gt = 170 mA/ LNK3202
l = MA/us
T, = 25°C 104 119 134
di/dt = 65 mA/us
T, = 25 °C 180 205 230
di/dt = 415 mAY LNK3204
i/dt = mA/us
T, = 25°C 227 258 289
di/dt = 75 mA/us
T, =25°C 227 259 291
di/dt = 500 mA/ LNK3205
i/dt = mA/us
T, = 25°C 292 332 372
di/dt = 95 mA/us
T, = 25°C 325 370 415
di/dt = 610 mA/ LNK3206
I = MA/us
T, = 25°C 408 464 520
Reduced Current Limit dif d_lt_ ==9255Té‘/ us 545 620 695
(Cpp = 1 F, ILIMIT(RED) d'/dtJ 610 mA/ LNK3207 mA
See Note D, H) i/dt = mA/us
’ T, = 25°C 730 830 930
di/dt = 165 mA/us
T, = 25°C 739 840 941
di/dt = 1000 mA/ H\iK3208
i/dt = mA/us
T, = 25°C 941 1070 1199
di/dt = 165 mA/us
T, = 25°C 925 1050 1175
di/dt = 1000 mA/ HNK3209
i/dt = mA/us
T, = 25 °C 1194 1350 1506
di/dt = 65 mA/us
T, = 25°C 180 205 230
di/dt = 415 mA/us LNK3294
= il
T, = 25°C 227 258 289
di/dt = 95 mA/us
T, = 25°C 325 370 415
di/dt = 610 mA/ LNK3296
I = MA/us
T, = 25°C 408 464 520
LNK3202
See Note I 373 534 687
LNK3204
See Note I 356 475 594
LNK3205
See Note I 412 531 650
Minimum On-Time tonmy Slél\ci_Kﬁcz)?eGI 442 591 734 ns
LNK3207
See Note I 656 875 1094
LNK3208
See Note I 435 580 725
LNK3209
See Note I 442 591 734
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LinkSwitch-TN2

Conditions
SOURCE =0 V; T, = -40 to 125 °C

Parameter Symbol See Figure 10 Min Typ Max Units
(Unless Otherwise Specified)
Circuit Protection (cont.)
LNK3294
See Note I 356 480 599
Minimum On-Time t ns
- LNK3296 350 550 760
See Note I
Leading Edge T,=25°C
Blanking Time bes Sée Note E 300 450 ns
Thermal Shutdown T See Note F 135 142 150 °C
Temperature sD
Thermal §hutdown T See Note F 75 oC
Hysteresis SDH
Soft-Start Period
LNK3250c See Note E 256 Cycles
Soft-Start Frequency 33 kHz
Soft-Start Period 1 64 Cycles
Internal Soft-Start fosciss Soft-Start Frequency 1 16.5 kHz
Soft-Start Period 2 64 Cycles
LNK3208/9
Soft-Start Frequency 2 22 kHz
Soft-Start Period 3 128 Cycles
Soft-Start Frequency 3 33 kHz
Output
LNK3202 T,=25°C 48 55.2
[ =13mA T, = 100 °C 76 88.4
L, =25mA T, = 100 °C 38 44.2
LNK3205 T,=25°C 12 13.8
I,=35mA T, =100 °C 19 221
LNK3206 T,=25°C / 8.1
I, =45mA T, = 100 °C 11 12.9
ON-State R LNK3207 T,=25°C / 81 o
Resistance DS(ON) ID =45 mA TJ =100 °C 11 12.9
L, =45mA T, =100 °C 5.78 6.60
LNK3209 T,=25°C 2.70 3.20
I, =45 mA T, = 100 °C 3.80 4.37
LNK3294 T,=25°C 17 19.6
I, =83mA T, = 100 °C 27 31
LNK3296 TJ = 25 °C 5.3 6.1
I, = 163 mA T, = 100 °C 84 9.7
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LinkSwitch-TN2

Conditions
p t Svymbol SOURCE =0V; T, =-40to 125 °C Mi T M Unit
arameter ymbo See Figure 10 in Yyp ax nits
(Unless Otherwise Specified)
Output (cont.)
Vv
>
FB —<"
Toss: V., = 80% BV, 200
OFF-State Drain T,=125°C uA
Leakage Current
Vi = 54V
Issr Vpss = 325V 15
T,=25°C
V,, =54V LNK320X 725
Breakdown Voltage BV s Vi 22.1V \Y
T,=25°C LNK329X 900
LNK3202 to LNK3207 18
DRAIN Pin
Supply Voltage T,=25°C LNK3208 to LNK3209 s v
LNK3294, LNK3296
. T,=25°C
Auto-Restart ON-Time taron See Note G 50 ms
T =250C First Off Period 150
Auto-Restart OFF-Time s See Note G ms
ee Note Subsequent Periods 1500
Auto-Restart Duty Cycle DC,, Subsequent Periods 3 %
NOTES:
A. Total current consumption is the sum of I, and I ., when FEEDBACK pin voltage is = 2.1 V (MOSFET not switching) and the sum of I, and
I.s when FEEDBACK pin is shorted to SOURCE (MOSFET switching).
B. Since the output MOSFET is switching, it is difficult to isolate the switching current from the supply current at the DRAIN. An alternative is
to measure the BYPASS pin current at 5.1 V.
C. This current is only intended to supply an optional optocoupler connected between the BYPASS and FEEDBACK pins and not any other
external circuitry.
D. For current limit at other di/dt values, refer to Figures 21 and 22.
E. This parameter is guaranteed by design.
F.  This parameter is derived from characterization.
G. Auto-restart on time has the same temperature characteristics as the oscillator (inversely proportional to frequency).
H. The BP/M capacitor value tolerance should be equal or better than indicated below across the ambient temperature range of the target

—

application.
Measured using circuit in Figure 12 with 50 Q drain pull-up. The width of the drain pulse is measured as the time fromV_, =42V to

FALL
Ve = 40 V (VDR = 50 V), for LNK32x6/x5/x4 and as the time from V, | =32 Vto V.. = 30 V on rising edge (VDR = 35 V), for LNK3202.

Tolerance Relative to

Nominal BP/M Pin Minimal Capacitor Value

Capacitor Value

Min Max
0.1 uF -60% +100%
1 uF -50% +100%
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470 kQ
470 Q ~No—

0.1 uF % 50 v

S W/d90

PI-7850-033016

Figure 10. LinkSwitch-TN2 General Test Circuit.

-< to =
l—— tq
HV
90% 90%-‘— 0o F8l |BP/m
D S
DRAIN oot — 0.1 uF==
VOLTAGE Tt _T
10% hd
OV -mmm T
PI-2048-033001 P1-7899-031816
Figure 11. LinkSwitch-TN2 Duty Cycle Measurement. Figure 12. LinkSwitch-TN2 Minimum On-Time Test Circuit.
T T,
>
VDR ' '

TON_MIN = T, - T;

,______________
e

OV-mmmmnee

PI-7898-031716

Figure 13. LinkSwitch-TN2 Minimum On-Time Measurement.
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Typical Performance Characteristics

1.1

Breakdown Voltage
(Normalized to 25 °C)
o

0.9

PI-2213-012301

/

/

50 -25 0

25 50 75 100 125 150

Junction Temperature (°C)

Figure 14. Breakdown vs. Temperature.

0.30

o
)
ar

o
)
S

Drain Current Ipg (A)
o o
s o

0.05

0

25

PI-7851j-050922

°C /
7

100 °C o=

—ID-
.-"

'Scaling Factors:
LNK3202 1.00

LNK3204 2.05
LNK3205 4.10
LNK3206 6.25

LNK3207 6.25 |
LNK3208 10.5
LNK3209 17.0

0 2 4 6 8 10 12 14 16 18 20
Drain Voltage Vpg (V)
Figure 16. Output Characteristics.
5 12 3
- S
© 3
1.0 [-ew= s 3
E gLors g
e =
n
BN 0.8
£8
5 g 06 |— Normalized ILIM=1 ]
= N Scaling Factors:
S® —— LNK3202 55mA/us 136 mA
S £ 0.4 |— ——LNK3204 65mA/us 257 mA
35 = = =LNK3205 75mA/us 375 mA
O3 LNK3206 95 mA/us 482 mA
£S0.2 |—-=---LNK3207 95mA/us 780 mA —
M - ==-LNK3208 165 mA/us 1040 mA
‘S = = = LNK3209 165 mA/us 1300 mA
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Figure 18. Current Limit vs. Temperature.
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Figure 15. Maximum Allowable Drain Current vs. Drain Voltage.
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Figure 20. Output Frequency vs. Junction Temperature.
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Figure 23. Maximum Allowable Drain Current vs. Drain Voltage. Figure 24. Output Characteristics.
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Figure 25. C vs. Drain Voltage.
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Figure 26. Normalized Current Limit vs. di/dt.
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PDIP-8C (P) and SMD-8C (G) PACKAGE MARKING
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MSL Table

Part Number

MSL Rating

LNK3202P
LNK3204P
LNK3294P
LNK3205P
LNK3206P
LNK3207P
LNK3208P
LNK3209P
LNK3294P
LNK3296P

N/A

LNK3202G
LNK3204G
LNK3294G
LNK3205G
LNK3206G
LNK3207G
LNK3208G
LNK3209G
LNK3294G
LNK3296G

LNK3202D
LNK3204D
LNK3205D
LNK3206D
LNK3207D
LNK3208D
LNK3209D

ESD and Latch-Up

Test

Conditions

Results

Latch-up at 125 °C
Human Body Model ESD

Machine Model ESD

EIA/JESD78

EIA/JESD22-A114-A

EIA/JESD22-A115-A

> +100 mA or > 1.5 x V., on all pins

> +2 kV on all pins, except DRAIN Pin for
LNK3202 1.5 kV

> +200 V on all pins

Part Ordering Information

LNK 3204 G -TL

0
9

o LinkSwitch Product Family
———— o TN2 Series Number
—————————e MOSFET Rating

725V
900 VvV

Package Identifier (All RoHS Compliant and Halogen Free)

G
P
D

TL

Plastic Surface Mount SMD-8C

Plastic PDIP-8C

Plastic SO-8C (725 V Family only)
_L—o Tape & Reel and Other Options

Tape and Reel, 1 k pcs minimum for G Package. 2.5 k pcs for D Package.

Not available for P Package.
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P/ E=RE- i <0
A | 725V 2 E 0t BAL 04/16
B |725V 2E 2= EAl 07/16
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L |PCN-203310il @2+ ZEI0IE, 371 7 FIh 10/20
M | Vopgnm Z1 2243 2 TH2E ZEIOIE. 2020-10-21
N |LNK3208 £Z Z| X SAl 04/22
O |LNK3209 22 2= ZAl. 05/22
P | LNK3208% LNK3209 & 4 4F SAl. 06/22
Q |Z4 DRAIN B Z2 M OI0IE. 06/23
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