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PART CONFIGURATION TEMP RANGE ~ DIMMING FREQUENCY RANGE (Hz) PIN-PACKAGE
DS3991Z+PP Push-Pull -40°C to +85°C 80 to 300 16 SO (150 mils)
DS3991Z+T&R/PP Push-Pull -40°C to +85°C 80 to 300 16 SO (150 mils)
DS3991Z+HB Half-Bridge -40°C to +85°C 80 to 300 16 SO (150 mils)
DS3991Z+T&R/HB Half-Bridge -40°C to +85°C 80 to 300 16 SO (150 mils)
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ABSOLUTE MAXIMUM RATINGS

Voltage Range on VCC Relative to Ground .......... -0.5V to +6.0V Operating Temperature Range
Voltage Range on Any Lead Storage Temperature Range
Otherthan VCC ..., -0.5Vto (Vcc + 0.5V), Soldering Temperature ..................

not to exceed +6.0V

........................... -40°C to +85°C
-55°C to +125°C
Refer to the J-STD-020

Specification.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to

absolute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS
(Ta = -40°C to +85°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Supply Voltage Vce (Note 1) 4.5 55 \
Input Logic 1 ViH 2.2 Vee + V
0.3
Input Logic 0 VL -0.3 +0.8 V
BRIGHT, SVML, SVMH Voltage ) Vee+
Range VRA 03 0.3 v
LCM and OVD Voltage Range VRc | (Note 2) 0.3 V%%* v
Gate—.Dnver Output Charge QG 20 nC
Loading
LOSC and POSC Loading Cosc 20 pF
ELECTRICAL CHARACTERISTICS
(Vcc = +4.5V t0 5.5V, Ta = -40°C to +85°C.)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Supply Current lcc GA, GB loaded with 300pF 5 10 mA
Low-Level Output Voltage _
(GA. GB) VoL loL = 4mA 0.4 V
High-Level Output Voltage
V | =-1mA 2.4 Vv
(GA, GB) OH OH m
UVLO Threshold: Vcc Rising VUVLOR 4.3 Vv
UVLO Threshold: Vcc Falling VUVLOF 3.7 V
UVLO Hysteresis VUVLOH 100 mvV
SVML Falling Threshold VSvyMLT 1.94 2.00 2.06 \
SVMH Rising Threshold VSVMHT 1.94 2.00 2.06 Vv
SVML and SVMH Hysteresis VSVMH 150 mV
LCM and OVD DC Bias Voltage VDcB 1.35 Vv
LCM and OVD Input Resistance Roce 50 kQ
Lamp-Off Threshold VLot (Note 3) 1.65 1.75 1.85 \
Lamp Overcurrent Threshold VLocT (Note 3) 3.25 3.35 3.45 \
2 MAXIM
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ELECTRICAL CHARACTERISTICS (continued)
(Vce = +4.5Vt0 5.5V, Ta = -40°C to +85°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Lamp Regulation Threshold VLRT (Note 3) 2.29 2.35 2.41 \
OVD Threshold Vovpt | (Note 3) 2.25 2.35 2.45 \Y
Lamp Frequency LFoscl 40 80 kHz
LOSC resistor +0.1% over temperature; o

Lamp Frequency Tolerance LFToL measured from 0°C to +85°C 5 +5 %
Burst-Dimming PWM Frequency PFoscI 80 300 Hz
Burst-Dimming PWM Frequency PFToL POSC resistor £0.1% over temperature -5 +5 %
Tolerance
BRIGHT Voltage: Minimum SLOPE =0 0 vV

. VBMIN
Brightness SLOPE = 1 3.3 Vv
BRIGHT Voltage: Maximum SLOPE =0 3.3 Vv

. VBMAX
Brightness SLOPE = 1 0 V
Gate-Driver Output Rise/Fall tR/AF CL = 600pF 100 ns
Note 1: All voltages are referenced to ground unless otherwise noted. Currents into the IC are positive; currents out of the IC are

negative.

Note 2: During fault conditions, if AC-coupled, LCM and OVD can go below ground by up to 1V for up to 1s.
Note 3: Threshold voltage includes the DC bias-voltage offset.

HF T (E4F1E
(Vce = 5.0V, Ta = +25°C, unless otherwise noted.)
ACTIVE SUPPLY CURRENT ACTIVE SUPPLY CURRENT INTERNAL FREQUENCY CHANGE
vs. SUPPLY VOLTAGE vs. TEMPERATURE vs. TEMPERATURE
6.0 - 60 g 10 g
‘ g 3 08 :
55 _ 0 = a a
_ PPN T = . — 08 |- DPWM FREQUENCY
E AL g R
£ 59 — DPWM =50% £ R S
S £+ = Voot ——"| 2 02
£ _— = o= 5 2
3 45 L > 50 > 0
|_— | — o ) = D
> —F = Vee =5.0 D 02 | LAMPFREQUENCY
ST 3 / g 04 \\
DPWM =10% | 45 / o : KR
55 ] Y GATE Qg = 45nC 06
N e GATE Qg = 4.5nC flosc =49.6kHz 08 S
SVM TRIPPED fLosc = 49.6kHz DPWM =100%
30 40 10
45 47 49 51 53 55 -400 25 85.0 -400 25 850
SUPPLY VOLTAGE (V) TEMPERATURE (°C) TEMPERATURE (°C)
M AXI/W 3
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(Vce = 5.0V, Ta = +25°C, multilamp configuration, unless otherwise noted.)
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PUSH-PULL TYPICAL OPERATION
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PUSH-PULL SOFT-START
AT Viny =12.5V

053991 toc06

PUSH-PULL BURST DIMMING
AT 133Hz, 10%

D53991 toc0:

PUSH-PULL TYPICAL STARTUP
WITH SVM

DS3991 toc05
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PUSH-PULL LAMP STRIKE,
EXPANDED VIEW

053991 toc07

PUSH-PULL BURST DIMMING
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(Vce = 5.0V, Ta = +25°C, single-lamp configuration,

HALF-BRIDGE NORMAL OPERATION,

unless otherwise noted.)

HALF-BRIDGE SOFT-START

20ps AT Viny = 12.5V
DS3991 toc10 DS3991 toc11
2ps [ CTUTCR M 0
50V gy 50V g,
20us 50us alemsmalen
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20us VAV VIV VNV V. VI V.V, 50us AR AR AN A AR ANA
2.0V 20V A
VD VD 1
HALF-BRIDGE LAMP STRIKE, HALF-BRIDGE BURST DIMMING
EXPANDED VIEW AT 166Hz, 10%
DS3991 toc12 DS3991 toct.
0.5ms 1 1ms .
50V gy S0V g
0.5ms 1ms
50V g 50V g
0.5ms 1ms
20V oy 20V oy
Do e
20V gyp 20V qyp
HALF-BRIDGE BURST DIMMING
AT 166Hz, 50%
DS3991 toc14
1ms o ]
50V gy
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50V g |
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20V o
|
e 1 T
20V gp
M AXI/M
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5| i R
E L E4 1/0 Ih&E
BRIGHT #0245k FBEHL B i L R 8 T8 52 BERF (PWMLEN = 0), I FfiAYLE T
. SLOPE BRIGHT#if ARYRE .
SLOPE = 0: IEAPROV = /¥, 3.3V = 100%5% %)
SLOPE = 1: IOV = 100%%5 . 3.3V = /N )
2,3, 4 VCC — BRI, XS EEE RIS VCC.
5 LOSC o JTEWRG A PR . AR5 5 3 (R HBE (R oso) F T 1 B AT & IR % 2 126 (FLose)
(Reosc x Frosc = 4.0E9).
POSC/ 5% % P8 56 PWM R 3% 42 i BEL VA 15 /PWM B8 A . PWM_EN = Of, St yEBE7EiZ 5 15 2 (6] 1
6 PWM o/l FHLFH (Rposc) ¥ & 28 & TR PWMIR % % 139128 (Fposc) (Rposc x Fposce = 4.0E6); PWM_EN = 10,
S 3 A %S A 19 80HZ 3 300Hz 57 PWM {5 B4 thil 4T 485 5% B
7 BRIGHT ST SR, PWM_EN = OB, Sl AN7E 1% 5 A i OV 28 3.3V AU it L FE P il 4T 48 2
PWMT %"m P RES . % BT AYLE T R JABRIGHT A 42 POSC/PWM S 5 thil 4 4 55 s
8 PWM_EN PWM_EN = 0 = 2 ||-PWM (R I BRIGHT i A 3 1) B 48 7 37 Hy 6 364798 7)
PWM_EN = 1 = {#i8EPWM (% FHPOSC/PWM i A Uit (9 %5 5 PWM A5 B #4718 )
9 GA o} MOSFET AMMESRSN, UK 2hi% 1) B % MOSFET .
10 GB 0 MOSFET B3R, 9K 3hi8 5 B (19 B S MOSFET .
11 LCM | JT A8 HL IR WA A, B A AT 1) A6 00 R 1B — A L BEL R W AT A LR
12 OVD T AR A, T Y O L A R M T L
13 GND — 55 1.
14 VCC — HLJEHLE, 4.5VES5.5V.
FEL VB FEL HE 7o S M T N e DS L BEL 43 s s 000 L 0 A e FEL U PR, FELEL 0 R 8 119 0 B 1%
15 SVMH {RUEFE B AR A L IR e R UL E R, S I E A2V, M AR E2VEL B, T
FEAMEGR . HAREAZSH, % HEEEGND.
P L PR MM A A o S AR EEL L 4 T A 0 e 00 A g L VR P, P BEL 4 P 88 ) 04 B %
16 SVML PRAIETE EL A AR IR A /SRR R, %5 E W2V, AR E2VRU R, SCHATE

RO . A AERZSE, HHE#EEVCC.
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FEGEE
- UVLO —— VCC (45VT05.5V)
SYSTEM la—— 2.0V VREF
ENABLE/ SVML
MAXIM POR < SUPPLY VOLTAGE
DS3991 . 20V MONITOR LOW
SVMH
< SUPPLY VOLTAGE
¢ MONITOR HIGH
_ CHANNEL FAULT
FAULT
HANDLING CHANNELENABLE
LOSC 40kHz TO 80KHz > LCM
OSCILLATOR (+5%) LAMP CURRENT
EXTERNAL RESISTOR MONITOR
LAMP FREQUENCY SET > CCFL
CONTROLLER
ovD
(SEE THE OVERVOLTAGE
PWM_EN + CCFL CHANNEL DETECTION
ANALOG LAMP BLOCK
BRIGHTNESS CONTROL > DIAGRAM)
(PWM_EN = 0)
BRIGHT POSITIVE OR MUX > > GA
NEGATIVE SLOPE > MOSFET
SLOPE SELECT » GB GATE DRIVERS
PWM LAMP DR
POSC 80Hz TO 300Hz RAMP SIGNAL
BRIGHTNESS CONTROL - - - - -~ OSCILLATOR (5%) ™| GENERATOR
(PWM_EN = 1) |
GND
D
EXTERNAL RESISTOR _-%" 80Hz TO 300Hz N ;
BURST-DIMMING
FREQUENCY SET
MAXIM 7
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DS3991 $ {4 46 A2 A% P AR O Sh 284, X PO B 22
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DS3991 A8 %5 3@ X i MMOSFET, 778 2§ U 4 7 A 3 e
LRI . i B MOSFET B Sod I E] , 45 g8 7T LUKS
Wt Hm A CCFLATE UL, S WL 470 1 1 2C 17 JHA 4
A7 R B

DS3991 f &A~id3E v] AR 8 — A DL B CCFLAT % . # 7
HEHE Y, B 2 18 3K 5l 22 1 AT B R A 7Y 17 20 0
Bl 9K 5 Z AT B R B o AR AL T IR s = AT
{14 7 T L %

5 CCRLAT 8 I R ity £ J6 F) FLBEL ) T M DL 3 . K5 3% LR
¥ i 140 BEL S S 45 1 DS 399 1 A AT 48 ERL 3T A 2% (LCM) i A
Ui, DS3991 44 1% H 5 P 6 JE o FL IR AT HL A, AT
FEMOSFETHHRIESh ) S H, B2 ERES% LREHE
IR CCEL 2 38 75 HE A

Ay 1= s
CCFLiBiE 1A
A
: LAMP OUT < DS3991
CHANNEL ENABLE ———> - |e— 400my
: : LCM
CHANNEL FAULT <— - LAMP OVERCURRENT T LAVP CURRENT MONITOR
— 2.0V :
g : DIGITAL LAMP STRIKE AND REGULATION <
BURF?VI”\["N!:EA’UX(E : CONCTEELLLER =~ «— 1.0V
: _ | 6aLamp cyoLe | OVERVOLTAGE :
| INTEGRATOR - ovD
< - OVERVOLTAGE DETECTOR
LAMP MAXIMUM VOLTAGE REGULATION — 1.0V
LAMP FREQUENCY : _ ;
(40KHz TO 80KHZ) ™ eme [ > A wosker
: | DRIVERS | g GATEDRIVERS
R B EEHTER

DS3991 5% J % J A5 BE A 15 R 2 il AT %8 52 € . /EDPWM
Ji SR i L JIR] , DLIESE 9 T8 9 R (40kHz 22 80kHz) 4K
ATE, AE TR . i TR B[R] KT8 UK s e 2 4R
S, BT RAFRAZ A Ak A i) B SRR B B . TE
DPWM Jel S0 I L JB01R] , - ) ¢ 4% L MOSFET AR AR 2K 5,
PR AT E AR 3. Xf S ECRR AR E, (2
IR AR AL, A2 (AT RO LR 2 TH 2% ol 3 1 (B 9T i)
CRET BB G AR, AR/ T . R R
BEVE T R T dp ik, BE Bh AR G RAT L, AR
7 A F At T R 7 ) T

A PR 7 3% AT LA i 2% 2 98 D DPWM R o 25 HE AT
PWM_EN 5| ITLARES, (RERLIPE ], i3 BRIGHT fir A
SN0V 2 3.3V AL s Bk 7 %07 bk 92 I il (DPWM) 5 5
1952, DPWMAE 5 #9450 f 3 /£ POSC 5 | A 2
(] (Y FLPEL A <€ . BRIGHT 5 B2 9 15 g A B A423m] DAk 1 B
N, 43 5 BT SLOPE 5 | A0 R FEL - e o PP IR S B E

MAXIMN
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BURST-DIMMING PWM SIGNAL
(EITHER CREATED INSIDE THE DS3991 OR

SOURCED AT THE POSC/PWM PIN) 1

-
<%

80Hz TO 300Hz

i A

LAMP CURRENT ¢

-~
SOFT-START

.

B 1. 7 PWME B R T I 5

PWM_ENG| B & i, i REHCF s d, @il im#EPOSC/
PWM 5| 159 80Hz % 300Hz /P FRPWM {55 5V B 4T B 1 =2 B .
ek, AME FSLOPEMBRIGHT 5| f#l .

KTEEHE
ST SRR, DS3991 4 IE & AN RUAT B IR T33%,
RXAERT DAL I, B PR AT R . — EL i s U )
KT TR RSN, IR e 28 1E W TARR A9 AT &

S 8B EE BE 12 E AT & FAIDPWMEBI 5%
JT4E FIDPWM 9 591 22 1]y ZERFELBE % B, 15 B X T Ff 3t
2P 5 ) FR LB AT aE s N A A AR )

K
Rosc =+
0SsC

Horb, VHERATE AR A B A LB, K = 4000kQ x kHz;
THE DPWMA XY B LA, K = 4kQ x kHz.
5 PR PH(E I B DS3991, fifi H E A S0kHz Ay AT & 4ol %
FM160Hz ) DPWM A5 % . {1 5 DPW M 55 3 % I 1) Ha BHL
(Rposo)if, K =4kQ x kHz. T3 AT 2 451 5 %) B A HeL B
Rroso)Bf, K =4000kQ x kHz. F|H AT VER osc
FRposc, W FTR:

4000kQ x kHz

Alosc = —gg, - 80K
4kQ x kHz

R - X ok
POSC = 5 160kHz

MAXIMN

B
DS3991 HA LI HL & 5 g8 (SVMLFISVMH), 7] 1 A 3
AR B IR (Viny) & Vec R R BB E , TR R4
E% s TR B R . SVMH 3| I SVML 5| 143 5] e
AR FR EL R HOR SR R AS . B SVM i A 1) 4h
BB ELBHE 43 4 43 A5 5 Rt 8 AN LU RS, AN LR
FHITIBRAE N2V (S WE2) . #1220 5 B P (E
A PL% € SVMHAISVMLIF TR (Vprp), 243 A48 #5 FL TR R
FE#A W B T e (R, oW A s .
T SR 6 A 8 R PRI R BRI TR, AR R AR o kiR
FHEERE, #mefes| EHEiELnE. mfsa
LR B R R L T AR, KT REHIIR AR 2 T .
A HAH I SVM FE 5 i f 3 20 0] B & A . W BER L A] LA
¥ SVMHE | I#:GND. SVMLE|##:VCC, %% k5 ESVM
/B AR FESVM Wl .

VTR”D =20 x (MJ

Ry
SVMHAISVML 4y e BEL A, 300 4% 25 FEL R b i e 75 n] RE T
o B (o e i TR 0 (%) 5 OO0 T AT AR A 15 b flh e S
EPXTRXFE oL, P A DA — MIKE JE R A, DARRAG
SVMH FISVML % A Sift A i 75
Vecla e T A SVEJEM R EPE(UVLO), X4
DS3991 % A & W (1Y B R I 25 H B0 L B a0 30y 41 &6
MOSFETHY, 21k g8 TAE. Vool st A #m, LB
1EAE Ve R R LA, VoM 51 iR shiE .
ARG N 1Z B AR ERA T B RORE.
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Viny

Viny
((
))
Ro
NAXI/N
SVML DS3997 SVMH Viap
R
2.0V 2.0V
((
))

&2, 1% & SVMLASVMH! TR # /&

DEVICE AND
INVERTER SUPPLIES
AT PROPER LEVELS?

YES

FAULT STATE
(MUST POWER CYCLE THE DS3991
OR TAKE SVML BELOW 2V OR SVMH
ABOVE 2V TO RESET
THE CCFL CONTROLLER)

LAMP OVERCURRENT
(INSTANTANEQUS)

STRIKE LAMP
(RAMP AND REGULATE TO
OVD THRESHOLD)

|F LAMP REGULATION
THRESHOLD IS MET

RUN LAMP

(REGULATE LAMP
CURRENT BOUNDED BY
LAMP VOLTAGE)

LAMP STRIKE TIMEOUT

(65,536 LAMP CYCLES)

OVERVOLTAGE

\

(64 LAMP CYCLES)

LAMP-OUT TIMEOUT

\/

\

(65,536 LAMP CYCLES)

MOSFET GATE DRIVERS ENABLED

3. it B R

DS3991 #2 fit 22 i fEs il , & n] DU AT 48 0T . AT
TE SRR SR R s B . 18] 3 7 78 9 DS 3991 4% il A1

MEAITERTAER, SBAT

10

AL e

FEDS399 1 LV L FE AR T-4.5V . FRL U5 FRL 0 3 5% 1) A%
(SVML)4ii AR T2V, H U5 E IR W 2% 9 =5 R (SVMH) i A
INFOVZRT, ITEARTFE.

MAXIMN
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24DS3991 HHL Y5 L 3 A A FEL JR P8R B A5V E AT, DS3991
TG FEEhATE . DS3991 2848 19K MOSFET MR 5 25 1k, B
FTE B Rk . Rl A I 2T B R, ok
AT & R B R sl WRETE RS RES, B
KSR HEE, #5485 113 K MOSFETHHk &5 =5t
B 1k RS, A AE 65,536 N T I, AT A
Ja3h, MIDS3991 3k A f B b BARZS . SR 78 J3 3 3 A) 46
W kS, DS3991 K28 1E MOSFET MR K sh, F-
N A PR S

— BATE W R, DS3991it AATE BT IRZS. BB T
RAETF, DS3991 3% MOSFET MR IR 24 5 25 1, A4k 4T
EHLT . MR G S IR A E R 2N, Bk RS R
KA ERE. #UERRBEIEFBSHE ST
65,536 T & I, B AIZITECLE K. XFMFER
T, MOSFETHIHR K shas w28 11, #8400 A S ab FLIR S
KT Bk B LI, DS3991 57 B4R 45 42 il 2% 40 T i i
KA. DS3991 #E A GBIk )G, #HIDS3991. — H ik
AR A, #Hla R AR M RS, HEB B
T

o Veelk#% ZUVLOITRRAT

o SVMLHT AR Z20VRLTR

o SVMH# A _EFFE2.0VEL L

F1. BIESRNBRATHETEEE)

RA 2 CCFL = #I7S

e 2

TCIHEFE
SNERTCAF IR BR AR KL B B R0 T 2R 40 1) HE 1A P A
A, WA REEM MR ICF R AR E AR AIMOSFET.
7% 2% W 1% AE % TAEZEDS3991 Y 40kHz & 80kHz 45 % 3 Fil ,
[T 0 b A9 196 43 I AR IE 76 e 25 TAE I MOSFET 3K 3 8% 1) o 25
FETE28% Z 35% V0 Bl . 78 R 4% 20 RE 8 7R 32 4T 48 Jo W st
e IF . Bk, 8B fE A 2/ 2 1 Ha BEL AT E JR
Frd, TROAE X 2R G5 10 R0 AR 25 00 B A 38 K2
FIAM TN AERVEAE RS, 438mm x 2.2mm ] & &t
(178 HE i LA

MOSFET 200 B £ R Sl i T, ARG & 2 /iP5
5 IME. R EEA A T RS, RHIMOSFETHZ)
Fe. SN, BEALBENEFRE, DV BRARRE.
X T e UK B 224, MOSFET i 58 HL HE 22 /D N i AR 2
RLJR LAY 3. Bbabh, SV FLAT 20U T Recommended
Operating ConditionsFH M E M Qg

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Turns Ratio (Secondary/Primary) Push-Pull Type | (Notes 1, 2, 3) 40
Turns Ratio (Secondary/Primary) Half-Bridge Type | (Note 3) 80
Frequency 40 80 kHz
Output Power 6 W
Output Current 5 mA
Primary DCR Center tap to one end 200 mQ
Secondary DCR 500 Q
Primary Leakage 12 pH
Secondary Leakage 185 mH
Primary Inductance 70 pH
Secondary Inductance 500 mH
Secondary Output Voltage 1000ms (min) 2000 VRMS

Continuous 1000

1 BRI R AR Zegethl, EHerb Ok .
E2: AR AR e U 2k e S R LR B L

3 MR AT IS 12V . 438mm x 2.2mm T BT AR R AL . e T Hed RSl B I E 2 H R,

3375: DS3984/DS3988 Transformer Turns Ratio Selection.

MAXIMN

WEH MR

11
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#A T (FrE i
BRI

OFF/RESET = CLOSED

—

ON = OPEN

DEVICE O INVERTER SUPPLY VOLTAGE
SUPPLY VOLTAGE © (5 £10% TO 24V +10%)
(5V+10%) vee SVML <T/\/\/\,—o <
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