INITIAL RELEASE

Final Electrical Specifications
Ll t ’\p LT1182/LT1183

TECHNOLOGY CCFL/LCD Contrast
Dual Switching Regulator
June 1994
FEATURES DESCRIPTION
= Wide Input Voltage Range: 3V to 30V The LT1182/LT1183 are dual current-mode switching
= Low Quiescent Current: 4.5mA per Regulator regulators that provide the control function for Cold
= High Switching Frequency: 200kHz Cathode Fluorescent Lighting and Liguid Crystal Display
m CCFL Switch: 1.25A /LCD Switch; 625mA Contrast. Two high current, high efficiency switches are
= Grounded or Floating Bulb Configurations included on the die along with an oscillator, reference,
= QOpen Bulb Protection output drive logic, control blocks and protection circuitry.
s Positive or Negative Contrast Capability The LT1183 brings out the internal reference and ties the
inputs of the LCD contrast error amplifier together in
APPLICATIONS comparison to the LT1182. The LT1182/LT1183 are avail-
= Notebook and Paimtop Computers able in 16-pin narrow body SOIC and 16-pin plastic DIP.
= Portable Instruments The LT1182/LT1183 operate with supply valtages from 3V
= Automotive Displays 1o 30V and draw only 9mA quiescent current. A shutdown
® Retail Terminals pin reduces total supply current to less than 50pA for
TYPICAL RPPLICATION
90% Efficient Fioating CCFL Configuration with Dual Polarity LCD Contrast
UP TO10mA
ALUMINUM ELECTROLYTIG IS AECOMMENDED FOR C3B WITH AN
ESR > 0.50Q T0 PREVENT LT1182 HIGH-SIDE SENSE RESISTOR
DAMAGE DUE TO SURGE CURRENTS AT TURN-ON. 20pF
C1 MUST BE A LOW LOSS CAPACITOR, C1 = WIMA MKP-20 10 ] W
01, Q2 = ZETEX Z1X849 OR ROHM 255001 = L1
L1 = SUMIDA EPS-207 OR COILTRONICS 1 |2 I 4 5 BAT
CTX110605. PIN NUMBERS SHOWN FOR 71_ce BVTO 28V
COILTRONICS UNIT (G VALUE MAY REQUIRE _L 3 _]_ C3A
ADJUSTMENT WITH COILTRONICS). =G5 SR T 352“;" 2.2uF EITHER NEGCON OR POSCON
L2 « COILTRONICS CTX100-4 ‘MPF - 220k = = i Muﬁ:&lﬁé?{%:%g?l GIVES
L3 = COILTRONICS CTX02-12403 c1* :- l;gon _]_ G11 15V FIXED. GROUNDING
*DO NOT SUBSTITUTE COMPONENTS 0.033uf W Tg;;& :?Gﬁ?ﬁ::f:%ﬁ?%gu
SOLTRONICS (407) 241-7876 o I__ v Tocan o
D3 i3
| Tig| cosl
L2 o 4w oF 3V
- . " 100uH  {nsia A o T
CCRL wi 1d
A?ik PeGND  OCFLVsw »J worp 1 NEGCON
CURRENT GNES " »
cuanzg‘r‘m BuLB r—{ 4 GOFL V'(;“anMR 12 l a8 c4 :'Ev Al
= 51 asno v P2 T~ 220F Pte S
SHUTDOWN &1 swon rep P il ™
T8, 1uF
Sn—"]Lcove ran P2 “%‘5‘55
83tco l .
LI v contRasn) RO 20k 1% | R10.15061% -
vTosy WV Ll

NOTE: GND V (CONTRAST} §F ONLY POSITIVE GONTRAST VOLTAGES ARE GENERATED.
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LT1182/LT1183

DESCRIPTION

standby operation. A 200kHz switching frequency mini-
mizes the size of required magnetic components. The use
of current-mode switching techniques with cycle by cycle
limiting gives high reliability and simple loop frequency
compensation.

The CCFL regulator typically drives aninductor that acts as
a switched-mode current source for a current-driven
Rayer class converter with efficiencies as high as 90%.
The control loop forces the CCFL PWM to modulate the
inductor’s average current to maintain constant currentin
the lamp. The constant current value, and thus lamp
intensity, is programmable. This drive technique provides
a wide range of intensity control. A unique bulb current
programming block allows either grounded or floating
bulb configurations. Grounded circuits directly sense

one-half of actual bulb current. Floating circuits directly
sense Royer primary-side supply current. Floating circuits
provide differential drive to the bulb and significantly
reduce the loss from stray bulb to frame capacitance,
thereby extending illumination range.

The LCD Contrast regulator is typically configured as a
flyback converter and generates a bias supply for contrast
control. The supply’s variable output permits adjustment
of display contrast. A unique error amplifier and the choice
of flyback allows either positive or negative LCD Contrast
voltages to be generated with minor circuit changes.

The LT1184 will be available in the near future which
provides only the CCFL function. Consult factory for fur-
ther details.

ABSOLUTE MAXIMUM RATINGS
Vin, BAT, Rayer, Bulb

Operating Ambient Temperature Range....... 0°C to 70°C

CCFL Vaw, LCD Vaw ..cevvveerrerrernee Storage Temperature Range ...... .... —65°C to 150°C
ShUtdown ... Junction Temperature (Note 1) ......ccccvnnrerereveinnnas 125°C
lccrL Input Current Lead Temperature (Soldering, 10 SEC)........ccvereee. 300°C
DIO Input Current .........
FBN Pin CUITENnt .......cooeveeieieeeeeeeeeeeeeans +2mA
PACKAGE/ORNER INFORMATION
i e
CCFLPGND [1] ~ g COFL Vgw CCFLPGND (1] ~ 16] CCFLVsw
lecr (2] 15] BULB teer 2 i5] BULB
oo [T ape LT1182CN o 2 S LT1183CN
cerLve [4] 73] ROYER LT1182CS cerLve [3] 73] RoveR LT1183CS
aano (5] [12] vin AND [5] 2] viy
SHUTDOWN [6 ] 11] rap SAUTOOWN [6] 1] ReF
Leove [7] [10] FeN weove [7] 0] FB
Lo paND [B] [9] LoD Vew Lo PND [E] 5] LoD Ve
N PACKAGE NASRE%CWKAEGOEDV S PACKAGE
16-LEAD PLASTIC DIP  16-LEAD PLASTIC SOIiC 1@._&3'}0&%0 DIP 16—[{‘5%R19LVAJSEI'?8Z30IC
Tamax = 125°C, 84 = 70°C/W (N) Tamax = 125°C, 644 = 70°C/W (N)
Tomax = 125°C, Byp = 100°C/W (S) Tumax = 125°C, 854 = 100°C/W (S)

13-28

B 5513458 0011132 Tl HE

LY

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



LT1182/LT1183

ELECTRICAL CHARACTERISTICS

Ta = 25°C, Vjy = 5V, BAT = Royer = Bulb = 12V, CCFL VC = LCD VC = 0.5V, CCFL Vsy = LCD sz = ICCFL = Shuidown = Open,
DIO = FBN = FBP = GND, unless otherwise specified.

SYMBOL | PARAMETER CONDITIONS MIN TYP  MAX | UNITS
la Supply Current V<V <30V [ J 9 14 mA
1SHDR Shutdown Supply Current Shutdown = 0V, CCFL VC = LCD VC = Open (Note 2) 40 60 pA
Shutdown Input Bias Current Shutdown = 0V, CCFL VC = LCD VC = Open 3 uA
Shutdown Threshold Voltage ° 0.7 08 10 v
f Switching Frequency Measured at CCFL Vs, Isw = 50mA, FBN = FBP = 1V 200 kHz
CCRL VG = LCD VC = Open, ICCFL = 100pA ° 200 kHz
DG(MAX) | Maximum Switch Duty Cycle Measured at CCFL Vsy and LCD Vsw 85 %
Input Operating Voitage [ 3.0 30 \
BV Switch Breakdown Voltage Isw = 2mA, Measured at CCFL Vgy and LCD Vgy [ 55 70 v
CCHL. Switch Leakage Current Vow =12V 2.0 vA
. Vsw =30V 5.0 pA
LCD Switch Leakage Current Vsw =12V 2.0 A
Vsw = 30V 5.0 pA
lecr Summing Voltage V<V s30V 0.45 v
. 0.45 )
Algerr Summing Voltage for lccrL = OpA 1o 100pA 3 my
Alnput Programming Current
CCFL VG Offset Sink Current d 0
ACCRL VC Source Current for locr = OpA to 100pA [ ] 5 PAJpA
Alccry Programming Current
CGFL VC to DIO Gurrent Servo Ratio | DIO = SmA Qut of Pin, Current Measured at CCFL VC 97 100 103 | pA/mA
CCFL VC Low Clamp Voltage Royer = 1A 0.1 v
CCFL VC High Clamp Voltage lccrL = 100pA 2.0 2
CCFL VC Switching Threshold CCR. Vg DC = 0% 0.95 v
CCFL High-Side Sense Royer = 1A, Current Measured at CCFL VC 480 500 520 PA/A
Current Transfer Ratio CCRLVC=1.5V
CCFL High-Side Sense Royer = 1A, BAT = 5V to 30V 0.1 %/V
Line Regulation CCRLVC=1.5V
CCFL High-Side Sense Measured at BAT, Royer ® 120 pA
Supply Current
Bulb Protect Servo Voltage locre = 100pA, CCFL VC = OpA at 1.5V ® 6.65 70 735 v
Bulb Input Bias Current {cop = 100pA, CCFL VC = OpA at 1.5V § pA
lumi CCFL Switch Current Limit Duty Cycle = 50% ° 1.25 2.0 3.0 A
Duty Cycle = 80% (Note 3) ® 1.05 1.7 26 A
Vsart CCFL Switch On Resistance CCFL Isw=1A ® 0.6 1.0 Q
_Alg Supply Current Increase During CCFL Isw=1A 25 mA/A
Algwy CGFL Switch On Time
Switch Minimurm On Time Measured at CGFL Vsy and LCD Vsw 0.45 us
REFt LCD FBP Reference Voltage Measured at FBP of LCD Error Amplifier, FBN = 1V, 1.224 1.244 1.264 \'
LCDVC = 0.8V ° 1.244 \J
FBP Voltage Line Regulation 3V < Vjy <30V, LCD VC = 0.8V ) 0.01 %IV
FBP Input Bias Current FBP = REF{, FBN = 1V, LCD VC = 0.8V 035 075 pA
° 035 1.1 pA
LCD FBN Offset Voltage Measured at FBN of LCD Error Amplifier, FBP = GND, -15 -0 -5 mv
LCDVC = 0.8V [ -10 my
FBN Voitage Line Regulation V<Vy<30V o I 0.01 ] %IV
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LT1182/LT1183

ELECTRICAL CHARACTERISTICS

Tp = 25°C, Vjy = 5V, BAT = Royer = Bulb = 12V, CCFL VC = LCD VC = 0.5V, CCFL Vg = LCD Vgy = ICCFL = Shuidown = Open,

DIO = FBN = FBP = GND, unless otherwise specified.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX | UNITS

FBN Input Bias Current FBN = FBN Offset Voltage, FBP = GND, LCD VC = 0.8V -2.0 -1.0 pA

e | -30 -1.0 pA

9m FBP to LCD VC Transconductance Al LCD VC = +25pA, LCD VC = 1.5V, FBN = 1V 1000 pmhos

[ 1000 umhos

FBN to LCD VC Transconductance Al LCD VC = +25pA, LCD VG = 1.5V, FBP = GND 900 umhos

® 900 pmhos

LCD Error Amplifier Source Current | FBP = FBN = 1V or 0.25V 100 pA

° 100 pA

LCD Error Amplifier Sink Current FBP = FBN = 1.5V or -0.25V 90 vA

. 90 pA

LCD VC High Clamp Voltage FBP = FBN =1V 2 \

LCD VC Low Clamp Voitage FBP = FBN = 1.5V 01 v

LCD VC Switching Threshold FBP = FBN = 1V, LCD Vgw DC = 0% 0.95 \

VRer Reference Voltage Measured at REF (Pin 11) on LT1183 1.224 1244 1.264 v

[ 1.244 v

Reference Output Impedance Measured at REF (Pin 11) on LT1183 30 Q

VRer = ICCFL Summing Voltage 0.782 0.794 0.806 v

® 0.794 Vv

tumz LCD Switch Current Limit Duty Cycle = 50% ° 0625 1.0 1.5 A

Duty Cycle = 80% (Note 3) ) 0.50 085 1.3 A

Vsarz LCD Switch On Resistance LCD Igw = 0.5A ® 0.9 15 Q

Alg Supply Current Increase During LCD Igw = 0.5A 25 mA/A
Alswa LCD Switch On Time

The ® denotes specifications which apply over the specified operating

{emperature range.

Note 1: T; is calculated from the ambient temperature T and power

dissipation Pp according to the following formulas:
LT1182CN/LT1183CN: T, =Tp + (Pp x 70°C/W)
LT1182CS/T1183CS: Ty =T+ (Pp x 100°C/W)

Note 2: Does not include switch leakage.

Nole 3: For duty cycles {DC) between 50% and 80%, minimum
guaranteed switch current is given by I,y = 0.833 (2 - DC) for the CCFL
regulator and Iy = 0.417 (2 - DC ) for the LCD Contrast regulator due to
internal slope compensation circuitry.

PIN FUNCTIONS
LT1182

CCFL PGND: This pin is the emitter of an internal NPN
power switch. CCFL switch current flows through this pin
and aliows for internal switch current sensing. Separate
analog and power grounds have been provided for the
CCFL and LCD regulators in order to minimize interaction.

ICCFL: This pin is the input to the CCFL bulb current
programming circuit. This pin is internally regulated to
450mV and accepts an input current signal of OpA to
100pA fulf scale which is converted to a QuA to 500pA
source current at the CCFL VC pin. By reguiating the lgcrL

pin, the input programming current can be set with DAC,
PWM or potentiometer control.

DIO: This pin is the common connection between the
cathode and anode of two internal diodes. DIO is used in
a grounded-bulb configuration and connects directly to
the low voltage side of the bulb. Bi-directional bulb current
flows in the DIQ pin and thus, the diodes conduct alter-
nately on half cycles. Bulb current is controlled by moni-
toring one-half of the bulb current. The diode conducting
on negative half cycles has one-tenth of its current di-
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LT1182/LT1183

PIN FUNCTIONS

verted to the CCFL VC pin and nulls against the source
current provided by the bulb current programmer circuit.
The compensation capacitor on the CCFL VC pin acts not
only to provide loop compensation but also to provide an
averaging function to the rectified sinusoidal bulb current.
This scheme reduces the number of loop compensation
components and allows for faster loop transient response
in comparison to previously published circuits. If a float-
ing bulb configuration is used, this pin should be tied to
ground.

CCFL VC: This pin is the output of the bulb current
programmer circuit and the input of the current compara-
tor for the CCFL regulator. It is used for frequency
compensation, bulb current averaging for grounded-bulb
circuits and current limiting. The voltage on the CCFL VC
pin determines the current trip level for switch tumnoff.
During normal operation this pin sits at a voitage between
0.95V (zero switch current) and 2.0V (maximum switch
current). This pin has a high impedance output, so the
voltage can be clamped externally for adjusting current
limit. Loop frequency compensation is typically performed
with a series R/C network to ground.

AGND: This is the low current analog ground for the chip.
It also acts as the sense for the LCD dual input error
amplifier. External feedback divider networks which termi-
nate to ground and frequency compensation components
on the VC pins which terminate to ground should connect
directly to this pin for best performance.

Shutdown: Pulling this pin low causes complete regulator
shutdown with quiescent current reduced to about 40pA.
The threshold voltage for this pin is about 0.85V. If this pin
is not used, it can be left to float high or pulled to a logic
high level (max. of 6V). Allowing the pin to float high to
provide active operation should be carefully evaluated as
capacitive coupling into the pin from switching transients
could cause erratic operation. '

LCD VC: This pin is the output of the LCD Contrast dual
inputerror amplifier and the input of the current compara-
torforthe LCD Contrast regulator. It is used for frequency
compensation and current limiting. The voltage on the
LCD VC pin determines the current trip level for switch
turnoff. During normal operation, this pin sits at a voitage

between 0.95V (zero switch current) and 2.0V (maximum
switch current). The LCD VC pin is a high impedance
current output (gy,) error amplifier, so the voltage can be
clamped externally for adjusting current limit. Loop fre-
quency compensation is typically performed with a series
R/C network to ground.

LCD PGND: This pin is the emitter of an internal NPN
power switch. LCD Contrast switch current flows through
this pin and allows for internal switch current sensing.
Separate analog and power grounds have been provided
for the CCFL and LCD regulators in order to minimize
interaction.

LCD Vgw: This pin is the collector of the intenal NPN
power switch for the LCD Contrast regulator. The power
switch is guaranteed to provide a minimum of 625mA.
Fast switching times and high efficiency are obtained by
using a driver loop to automatically adapt base drive
current to the minimum required to keep the switch in a
quasi-saturation state. The ratio of switch current to driver
current is about 40:1.

FBN: This pin is the noninverting terminal for the negative
contrast control error amplifier. The inverting terminal is
offset from ground by —10mV to define the error amplifier
outputstate understart-up conditions. The FBN pin acts as
a summing junction for a resistor divider network, Input
bias current for this pin is typically —1pA.

FBP: This pin is the inverting terminal for the positive
contrast control error amplifier. The noninverting terminal
istied to aninternal 1.24V reference. Input bias current for
this pin is typically 0.5pA.

Vx: This is the supply pin for the LT1182/LT1183. The IC
accepts an input voltage range of 3V minimum to 30V
maximum with little change in quiescent operating current
(zero switch current) as a low dropout internal regulator
provides a 2.4V supply for the majority of the internal
circuitry. Supply currentincreases as each PWM’s switch
current increases at a rate approximately 1/40 of each
switch current. This corresponds to aforced Beta of 40 for
each switch. Undervoltage lockout is incorporated by
sensing the saturation of the lateral PNP pass transistor
which drives the 2.4V regulator. Remote collectors on this

LT
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LT1182/LT1183

PIN FUNCTIONS

transistor conduct current and lock out the switch for
input voltages below about 2.5V. No hysteresis is used to
maximize the useful range of input voltage. The typical
input voltage used is a 3.3V or 5V logic supply.

Royer: This pin connects to the center-tapped primary of
the Royer converter and is used in conjunction with the
BAT pin in a floating-bulb configuration where bulb cur-
rent is controlled by directly sensing Royer primary-side
supply current. This pin is the inverting terminal of a high-
side current sense amplifier. The typical quiescent current
is 60pA into the pin. If the CCFL regulator is notbeing used
in a floating bulb configuration, the Royer and BAT pins
should be tied together.

BAT: This pin connects to the battery voltage from which
the CCFL Royer converter and LCD Contrast flyback con-
verter operate. This voltage is typically higher than the V;y
supply voltage but can be equal or less than Vyy. However,
the BAT voltage must be at least 2V greater than the
intemal 2.4V requlator. This pin is used in conjunction
with the Royer pin for floating bulb configurations. This
pin is the noninverting terminal of a high-side current
sense amplifier. The typical quiescent current is 60pA into
the pin. The BAT and Royer pins monitor the voltage
across an internal 0.1Q top-side current sense resistor. A
0A to 1A Royer supply current translates into an input
signal range of OmV to 100mV for the current sense
amplifier. This OmV to 100mV signal range is converted to
a OpA to 500pA sink current at the GCFL VC pin to null
against the source current provided by the bulb current
programmer circuit. The BAT pin also connects to the top
side of an internal clamp between the BAT and Bulb pins.

Bulh: This pin connects to the low side of an internal 7V
threshold voltage comparator between the BAT and Bulb
pins. This pin can be used to set a maximum threshold
voltage level across the primary side of the Royer con-
verter. This reduces the maximum output under start-up
conditions or open bulb conditions, thereby easing trans-
former voltage rating requirements. The Bulb pin is con-
nected to the junction of an external resistor divider
network. The divider network connects from the centertap

of the Royer transformer to the top side of the Royer
inductor. A capacitor across the top of the divider network
serves to filter out switching ripple and allows a time
constant to be set for determining how quickly the com-
parator activates. When the comparator is activated, this
transfers the Royer converter from current mode opera-
tion into voltage mode operation.

CCFL Vgw: This pin is the collector of the internal NPN
power switch for the GCFL regulator. The power switch is
guaranteed to provide aminimum of 1.25A. Fast switching
times and high efficiency are obtained by using a driver
loop to automatically adapt base drive current to the
minimum required to keep the switchin a quasi-saturation
state. The ratio of switch current to driver currentis about
40:1. .

LT1183

All functions and pins on the LT1183 are equivalent to the
LT1182 with the exception of pins 10 and 11. On the
LT1182, pin 10is FBN and pin 11 is FBP. On the LT1183,
pin 10 changes to FB and pin 11 changes to REF.

FB: This pin is the common connection between the
noninverting terminal for the negative contrast control
error amplifier and the inverting terminal for the positive
contrast control error amplifier. In comparison to the
LT1182, the FBN and the FBP pins have been internally tied
together and brought out as one pin.

REF: This pin brings out the internal 1.24V reference and
can be used for negative contrast control with an external
resistor divider network. The REF pin has an output
impedance of about 30Q. The resistors in the divider
network should be chosen to limit reference drive current
1o less than a few hundred microamps; otherwise refer-
ence regulation will be degraded. The REF pin may also be
used to generate the maximum programming current for
the ICCFL pin by placing a resistor between the pins. PWM
or DAC control may then be used to subtract from the
maximum programming current.
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LT1182/LT1183

BLOCK DIAGRAM
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LT1182A.T1183 CCFL/LCD Contrast Top Level Block Diagram
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LT1182/LT1183

TYPICAL APPLICATION

90% Efficient Grounded CCFL configuration with Dual Polarity LCD Cantrast

UPTO 10mA
G1 MUST BE A LOW LOSS CAPACITOR LLAMF | c2
C1= WIMA MKP-20 oo
Q1, 02 = ZETEX ZTXB43 OR ROHM 2505001 10 o]
L1 = SUMIDA EPS-207 OR L u
COILTRONICS CTX110602 =
PIN NUMBERS SHOWN FOR 1 2 3]s s AT
COILTRONICS UNIT £ ) I 8V 10 28V
L3 2 SOlLTRONICS CTX02- 2403 08 oor 3 B2 T i T
et £ = 5 21pF EITHER NEGCON OR POSCON MUST BE
L :
“DO NOT SUBSTITUTE COMPONENTS -3 Lav GROLINDED. GROUNDING NEGCON GIVES
3 15V FIXED. GROUNDING POSCON GIVES
COWTRONICS (407) 241-7676 VARIABLE NEGATIVE CONTRAST FROM
SUMIDA (708) 956-0666 ~10V TO-37V.
THE locr, CURRENT REQUIRED FOR A POSCON
GIVEN RMS BULB CURRENT IS: 03 13
lgcrL = (8 X 107) (lpue) 1N5934A {: c1o +
22V 10uF
D1 35V
RS 4 16 o MB}‘S ?ﬁm °
COFL
0 PeND  COFLVew P Netz T NEGCON
V(CCFL) o 2 15
ooy W locr. BuLe 1N914
OuA TO 90uA ICCFL o L2010 TP
i W I WL v
IN
ORRENT - CCFLVC  ROYER n aplt o
= I (2 s
AGND vin P2 ITo2wF 4k
SHTTOOWR [} J— 1 = 1%
SAUTDOWN R SHDN FoP
it Rk g 10 Riz &
v—| }—vw—— Lcb Ve FBN 4_3«3}: <
8| ico 9 L
PGND  LCDVsw b
V(CONTRAST) __\an, AL
wiosv fo R10
150k
20k 50 —

NOTE: GND V (CONTRAST) IF ONLY POSITIVE CONTRAST VOLTAGES ARE GENERATED.
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