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SGMICRO

SGM3836A
Triple-Output

AMOLED Display Power Supply

GENERAL DESCRIPTION

The SGM3836A is designed to drive AMOLED displays
(Active Matrix Organic Light Emitting Diode) requiring
Vavop, Vewvop and Vewss. The device integrates a boost
converter for Vg ypp, an inverting buck-boost converter
for Velyss and a boost converter for Vaypp, Which are
suitable for battery operated products. The digital
interface control pin (CTRL) allows programming Vavpp,

VELVDD and VELVSS in dlgltal StepS.

The SGM3836A is available in Green TQFN-3x3-16L
package. It operates over an ambient temperature

range of -40°C to +85°C.

FEATURES

e 2.9V to 4.5V Input Voltage Range
e Synchronous Boost Converter (AVDD)
+ 5.8V to 7.9V Output Voltage (Programmable)
+ 6.1V Default Output Voltage
+ 1% Accuracy
+ 100mA Output Current Capability
¢ V|y to Vour and Voyut to Vi Isolation
® Synchronous Boost Converter (ELVDD)
+ 4.6V to 5.0V Output Voltage (Programmable)
+ 4.6V Default Output Voltage
+ 1% Accuracy

TYPICAL APPLICATION

Vin=2.9V to 4.5V O——

Enable Vavop O

« External Output Voltage Sensing Pin for Load
Drop Compensation

¢ V|y to Vour and Voyut to Vi Isolation

e Synchronous Inverting Buck-Boost Converter
(ELVSS)
+ -5.4V to -1.4V Output Voltage (Programmable)
+ -2.5V Default Output Voltage
+ 1.2% Accuracy at -2.5V
¢ V|y to Vour and Voyut to Vi Isolation

e ELVDD & ELVSS Combined Output Current
Capability

Up to 800mA at 4.6V/-2.5V (V|y = 3.1V)

Up to 780mA at 4.6V/-2.7V (V\y = 3.1V)

Up to 750mA at 4.6V/-3.0V (V|y = 3.1V)

Up to 630mA at 4.6V/-4.0V (V|\ = 3.1V)

Up to 510mA at 4.6V/-5.4V (V|y = 3.1V)

e Short Circuit Protection

® Thermal Shutdown

® Vg yss Start-Up Delay: 10ms

e Short Circuit and OLP Detect Time: 1ms

e Available in Green TQFN-3%x3-16L Package

APPLICATIONS

Smartphones
Small Size Tablets
Active Matrix OLED Displays < 8"
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Figure 1. Typical Application Circuit
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SGM3836A

Triple-Output
AMOLED Display Power Supply

PACKAGE/ORDERING INFORMATION

MODEL PACKAGE TEISVI?’EECRIE\I'II'EL?RE ORDERING PACKAGE PACKING
DESCRIPTION NUMBER MARKING OPTION
RANGE
0 ° 3836ATQ
SGM3836A TQFN-3%3-16L -40°C to +85°C | SGM3836AYTQ16G/TR XXX Tape and Reel, 4000

MARKING INFORMATION
NOTE: XXXXX = Date Code and Vendor Code.
XXXXX

T— Vendor Code
Date Code - Week
Date Code - Year

Green (RoHS & HSF): SG Micro Corp defines "Green" to mean Pb-Free (RoHS compatible) and free of halogen substances. If
you have additional comments or questions, please contact your SGMICRO representative directly.

ABSOLUTE MAXIMUM RATINGS
PVIN, AVIN, EN_VO3, CTRL, CT, FD, SW1, VO1, FBS

VOIAGES .o -0.3V to 6V
SW3, VO3 Voltages ..o, -0.3V to 10V
VO2 Voltage M ..., 6.5V t0 0.3V
SW2 Voltage ..., 6.5V t0 5.5V
Package Thermal Resistance

TQFN-3%3-16L, BUA-e-eeeeeaeearreniieieeir e e e seeeee s 45°C/W
Junction Temperature..........cccccccoevcvieieeee e +150°C
Storage Temperature Range......................... -65°C to +150°C
Lead Temperature (Soldering, 10S)........ccccvvvveeeeeeennns +260°C
ESD Susceptibility

HBM ...ttt ettt 3000V
CDM e 1000V

RECOMMENDED OPERATING CONDITIONS

Operating Ambient Temperature Range ........ -40°C to +85°C
Operating Junction Temperature Range....... -40°C to +125°C

NOTE:
1. All voltages are with respect to network ground pin.

OVERSTRESS CAUTION

Stresses beyond those listed in Absolute Maximum Ratings
may cause permanent damage to the device. Exposure to
absolute maximum rating conditions for extended periods
may affect reliability. Functional operation of the device at any
conditions beyond those indicated in the Recommended
Operating Conditions section is not implied.

ESD SENSITIVITY CAUTION

This integrated circuit can be damaged if ESD protections are
not considered carefully. SGMICRO recommends that all
integrated circuits be handled with appropriate precautions.
Failure to observe proper handling and installation procedures
can cause damage. ESD damage can range from subtle
performance degradation to complete device failure. Precision
integrated circuits may be more susceptible to damage
because even small parametric changes could cause the
device not to meet the published specifications.

DISCLAIMER

SG Micro Corp reserves the right to make any change in
circuit design, or specifications without prior notice.
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SGM3836A

Triple-Output

AMOLED Display Power Supply

PIN CONFIGURATION

(TOP VIEW)

o (001511} 13
s (i P
PGND1| 2 | { P11 | sw2
ras| a1 L[5
£ G % S
i
TQFN-3x%3-16L
PIN DESCRIPTION
PIN NAME TYPE DESCRIPTION
1 SWi1 (0] Switch Pin of the ELVDD Boost Converter.
2 PGND1 — Power Ground of the ELVDD Boost Converter.
3 VO1 (0] Output of the ELVDD Boost Converter.
4 FBS | ELVDD Sense Input.
5 FD | Active Discharge Enable/Disable During Shutdown.
6 CT 110 Control of the ELVSS Transition Time.
7 AGND — Analog Ground.
8 EN_VO3 | Enable AVDD Boost Converter.
9 CTRL | Enable ELVDD Boost Co_nverter and Delayed ELVSS Inverting Buck-Boost
Converter. Digital programming.
10 VO2 (0] Output of the ELVSS Inverting Buck-Boost Converter.
11 SW2 (0] Switch Pin of the ELVSS Inverting Buck-Boost Converter.
12 PVIN — Supply for ELVSS Inverting Buck-Boost Converter.
13 VO3 (0] Output of the AVDD Boost Converter.
14 PGND2 — Power Ground of the AVDD Boost Converter.
15 SW3 (0] Switch Pin of the AVDD Boost Converter.
16 AVIN — Supply for the Internal Analog Circuits.
Exposed Pad — Connect this pad to AGND, PGND1 and PGND2.

NOTE: I: input; O: output; I/0: input or output.
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Triple-Output
SGM3836A AMOLED Display Power Supply

ELECTRICAL CHARACTERISTICS

(At TJ = +25°C, V|N = 3.7V, Full = -40°C to +85°C, VCTRL = VEN_V03 = V|N, VELVDD = 4.6V, VELVSS = -2.5V, VAVDD = 6.1V, unless
otherwise noted.)

PARAMETER | sYMBOL | CONDITIONS [TEMP| MIN | TYP | MAX | UNITS
Supply Current and Thermal Protection
Input Voltage Range Vin Full 29 4.5 \Y
Shutdown Current into Viy lso x‘::t =G\l\/l%q_(;/?i/?DG=N3E.)%V +25°C 0.2 1 pA
Vir- Vi falling +25°C | 2.35 \Y
Under-Voltage Lockout Threshold (AVIN)
Virs V) rising +25°C 2.8 \
Thermal Shutdown Temperature Junction temperature rising 135 °C
Thermal Shutdown Hysteresis Junction temperature falling 10 °C
Logic Signals (EN_VO3, CTRL, FD)
Logic High Level Voltage A\ Vin=2.9V to 4.5V Full 1.2 V
Logic Low Level Voltage Vi Vin =2.9V to 4.5V Full 0.4 V
Pull-Down Resistor (EN_VO3, CTRL) Roown +25°C | 350 550 750 kQ
Boost Converter (Vvo1 = VeLvop)
Positive Output 1 Voltage +25°C | 4.6 4.6 5.0 \
Positive Output 1 Voltage Variation Vvor Vvor = 4.6V, no load ¥25C| 10 1.0 %
Full -1.4 1.4
SW1 MOSFET On-Resistance Rosonyt | lbs = 100mA +25°C 120 0
SW1 MOSFET Rectifier On-Resistance Rosong |lbs = 100mA +25°C 220
SW1 Switch Current Limit Iswi Inductor valley current +25°C | 165 | 1.90 | 2.10 A
SW1 Switching Frequency fawi lvo1 = 100mA +25°C | 1.35 | 1.50 | 1.70 MHz
Short Circuit Threshold in Operation Vvorscr) | Percentage of nominal Vvos +25°C 90 %
Threshold of Output Sense with VO1 Vrvo1 | Vvor - Vess increasing +25°C 300 mV
Threshold of Output Sense with FBS V1ees | Vvor - Vess decreasing +25°C 200 mV
VO1 and FBS Leakage, No Discharge lLeak vo1 | Vep = GND, Verre = GND +25°C 0.8 2 HA
Pull-Down Resistance of FBS Rerss +25°C 4 MQ
VO1 Discharge Resistance Rvoipce) |Verre = GND, lvor = TmA +25°C 30 Q
Line Regulation lvo1 = 100mA, Viy = 2.9V to 4.5V +25°C 0.007 %IV
Load Regulation 1mA < lyos < 600mA +25°C 0.27 Y%lA
Buck-Boost Converter (Vyoz = Vevvss)
Negative Output Voltage Range Vvo2 +25°C | -5.4 -2.5 -1.4 \Y
Negative Output Voltage Regulation Vvo2 = -2.5V, no load +25°C | 30 0 mV
Full -40 40
SW2 MOSFET On-Resistance Rosonys | los = 100mA +25°C 150 0
SW2 MOSFET Rectifier On-Resistance Rosony | lps = 100mA +25°C 180
SW2 Switch Current Limit lsw2 Inductor peak current +25°C | 1.7 2.0 2.4 A
SW2 Switching Frequency fawz lvoz = 100mA +25°C | 1.35 | 1.50 | 1.70 MHz
Short Circuit Threshold in Operation Voltage rise from nominal Vvo2 +25°C 500
VO2 Negative Comparator at Start-Up Vvoarsee) +25°C -700 mv
VO2 Leakage, No Discharge lLeak voz | Vep = Verre = GND +25°C 0.2 1 uA
VO2 Discharge Resistance Rvozpce) |Verre = GND, lvoz = 1mA +25°C 150 Q
CT Pin Output Impedance Rer +25°C 300 kQ
CT Pin Comparator Compcr | Ver rising +25°C 50 mV
Line Regulation Ivoz = 100mA, Viy = 2.9V to 4.5V +25°C 0.003 %NV
Load Regulation 1mA < lyoz < 600mA +25°C 0.37 Y%lA
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SGM3836A

Triple-Output

AMOLED Display Power Supply

ELECTRICAL CHARACTERISTICS (continued)

(At TJ = +25°C, V|N = 3.7V, Full = -40°C to +85°C, VCTRL = VEN_V03 = V|N, VELVDD = 4.6V, VELVSS = -2.5V, VAVDD = 6.1V, unless

otherwise noted.)

PARAMETER |symBoL | CONDITIONS [TEMP| MIN | TYP | MAX | UNITS
Boost Converter (Vvos = Vavop)
Positive Output 2 Voltage Range Vvos +25°C | 5.8 6.1 7.9 \Y
Positive Output 2 Voltage Variation Vvos = 6.1V, no load ¥25C| 10 1.0 %
Full -1.5 1.5
SW3 MOSFET On-Resistance Rosonys | los = 100mA +25°C 550
SW3 MOSFET Rectifier On-Resistance Rosiong | los = 100mA +25°C 1000 ma
SW3 Switch Current Limit lsws Inductor peak current +25°C| 0.3 0.4 0.5 A
SW3 Switching Frequency fsws Ivos = 30mA +25°C | 1.35 | 1.50 | 1.70 MHz
Output Current Sensing lour +25°C 100 mA
Short Circuit Threshold in Operation Vvosiscr) | Percentage of nominal Vyos +25°C 90 %
VO3 Leakage, No Discharge ILeak vos | Vep = GND, Ve vos = GND +25°C 2 3 pA
VO3 Discharge Resistance Rvospce) | Ven vos = GND, lvoz = TmA +25°C 30 Q
Line Regulation Ivos = 30mA, Vin = 2.9V to 4.5V +25°C 0.013 %N
Load Regulation 1mA < lyos < 55mA +25°C 0.4 Y%lA
TIMING REQUIREMENTS
PARAMETER SYMBOL MIN TYP MAX UNITS
Short Circuit Timer
VO1 Short Circuit Detection Time in Start-Up fronscr) 10
VO1 Short Circuit Detection Time in Operation 1
VO2 Short Circuit Detection Time in Start-Up tvomscr) 10
VVO2 Short Circuit Detection Time in Operation 1 ms
VO3 Short Circuit Detection Time in Operation tvoascr) 1
VO3 Overload Detection Delay to(overLOAD) 1
VO2 Discharge Time after CTRL Goes High to(piscHARGE) 10
CTRL Interface
Initialization Time tinir 300 400
Shutdown Time Period torr 30 55 80
Pulse High Level Time Period tHicH 10 25 us
Pulse Low Level Time Period tLow 10 25
Data Storage/Accept Time Period tstore 30 55 80
SN SEEROEN —
R ¥ i Votow | thien | i tstore
CTRL Ji [ 4 4 i
' ' 4.6V '
Vewop | / o Ji _______ .
Vewvss ! " tvoaser) I -2.5V i?

Figure 2. Timing Diagram
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SGM3836A

Triple-Output

AMOLED Display Power Supply

TYPICAL PERFORMANCE CHARACTERISTICS

At T, = +25°C, V| = 3.7V, unless otherwise noted.

VeLvop and Vevss Combined Efficiency vs. Output Current
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Triple-Output
SGM3836A AMOLED Display Power Supply

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

At T, = +25°C, V| = 3.7V, unless otherwise noted.

Vavop Line Regulation Vavop Load Regulation
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SGM3836A

Triple-Output
AMOLED Display Power Supply

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

At T, = +25°C, V| = 3.7V, unless otherwise noted.

Shutdown Sequence Discharge = ON

Shutdown Sequence Discharge = OFF

Vin " 5V/div .
A )
EN6¥gE ﬁ-ﬂ 5V/div Vin 5V/div
by 5V/div fy
CTRL
AVDD e _ a | 5Vidiv
ELVDD k \ 5V/div EN_VO3 i
1 e 5V/div 2 " 5V/div
ELVDD —
1 -~ 2V/div AVDD y 5V/div
ELVSS / i 5V/div
e ELVSS g 5V/div
V|N = 37V, VEN7V03 = 33V, VCTRL £ 25V, VFD = V|N, V|N = 37V, VEN7V03 = 33V, VCTRL &3 33V, VFD = O,
VAVDD = 61V, VELVDD = 46V, VELVSS =-2.5V VAVDD = 61V, VELVDD = 46V, VELVSS =-2.5V
Time (5ms/div) Time (10s/div)
Startup Sequence Output Ripple, AVDD = 6.1V/100mA Load
V|N = 3.7V,YVENivo3 = 33V, VCTRL = 33V, VFD = V|N, B
Vavop = 6.1V, Vervop = 4.6V, VeLvss = -2.5V Bvidi SW3 5Vidiv
V|N T !V
CTRLH 5V/div
5V/div AC Coupled ) o o
EN_VO3 e 5V/div AVDD [ ,W“"”“'“”‘%‘"‘-W‘“""lM”"Vwﬂ.,w’w%m‘.ﬂ. W,‘“-‘*”‘W(-..,JW?*‘ Pl i()mV/
iv
ELVDD g—/ 5V/div
AVDD ) /\\/\/\/\\/\/‘\/\ 100mA/
ELVSS 5V/div div
200mA/
I prost lLonp s 100mA/
N div
Time (10ms/div) Time (400ns/div)
Output Ripple, ELVDD = 4.6V/100mA Load Output Ripple, ELVDD = 4.6V/600mA Load
lly
AC Coupled
2 AC Coupled " 20mV/
10mv/ ELVDD A om
ELVDD v ‘ div
5 i ™ % M /"] 100mA/ 500mA/
I . 5 ‘\,"‘ \__ \ | div T Bl e P Ty [P
, 100mA/ | 500mA/
lLoan ] div LOAD div
Time (400ns/div) Time (400ns/div)
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SGM3836A

Triple-Output
AMOLED Display Power Supply

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

At T, = +25°C, V| = 3.7V, unless otherwise noted.

Output Ripple, ELVSS = -2.5V/100mA Load

Output Ripple, ELVSS = -2.5V/600mA Load

SW2£ 5V/div SW2 1; 5V/div
o
10mV/ AC Coupled
eLvss Wiy gt 4 20mv/
AC Coupled ELVSS div
200mA/ | 500mA/
b div L div
Lono 100mA/ lLoao S00mA/
div
Time (400ns/div) Time (400ns/div)
Line Transient No Load Line Transient Heavy Load
Vi ! { \ 500mV/ Vi ! [ \ 500mV/
div f\,__ div
AVDD et 20mV/ AVDD 2 50mV/
div V'_ div
ELVDD 20mv/ ELVDD 50mv/
div div
ELVSS 20mV/  ELvss 100mV/
div div
Vin=3.7Vto 4.2V, leLvop = OmA, lELVSS =0mA, Vin=3.7Vto 4.2V, lgLypp = 600mA, lgLyss = 600mA,
u IA\/DD =0mA 1& IAVDD =100mA
Time (100ps/div) Time (100ps/div)
ELVDD Load Transient ELVSS Load Transient
Vin = 3-7VT|ELVDD = 10mA to 600mA, lgLvss = OmA, Vin = 3-7VT|ELVDD = 0mA, leLvss = 10mA to 600mA,
Iavop = OMA Iavop = OMA
ELVDD, 200mV/ ELVSS | 200mV/
i div . div
400mA/ 400mA/
|LOAD div ILOAD div
Time (20ps/div) Time (50ps/div)
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Triple-Output
SGM3836A AMOLED Display Power Supply

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

At T, = +25°C, V| = 3.7V, unless otherwise noted.

AVDD Load Transient

Vin = 3.7V, letvop = O0MA, leLvss = OmMA,
lavop = 10mA to 100mA

100mV/
div

50mA/
lLoap div

Time (20ps/div)
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SGM3836A

Triple-Output

AMOLED Display Power Supply

FUNCTIONAL BLOCK DIAGRAM

SW1 |:1]
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PVIN [12]
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VDDA —»- PV4\/M T~ +—4] FBS
CTRL —» COTFO' Veer
1.5MHz
Oscillator 300mv
Short-Circuit
Protection
Q3 Q4 P
» 10| VvO2
&7 19T id
A —
; ¢
PWM Gate Dggz:_g?e |
Control Driver
300kQ

Transition
Control

swa [1

Lon]

Short-Circuit |
Protection
Q6
Overload
1A Sensing
Gate
Driver
PWM
Control
VRer
1.5MHz
Oscillator

Discharge
Control

Digital
Interface

v

Discharge
Control

A
U

3] vos

—{9] CTRL
——5] FD

Figure 3. SGM3836A Functional Block Diagram
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SGM3836A

Triple-Output
AMOLED Display Power Supply

DETAILED DESCRIPTION

The SGM3836A consists of two boost converters and an
inverting buck-boost converter. Vg ypp is programmable
in the range of 4.6V to 5.0V (default = 4.6V). Vg yss is
programmable in the range of -5.4V to -1.4V (default =
-2.5V) and Vppp is programmable between 5.8V and
7.9V (default = 6.1V). The transition time when Vg yss is
programmed to a different voltage is adjustable by the
CT pin capacitor.

Under-Voltage Lockout

The device has a built-in under-voltage lockout function
that disables the device when the input supply voltage
is too low for normal operation.

Thermal Shutdown

A thermal shutdown is implemented to prevent damage
because of excessive heat and power dissipation. Once
a temperature of typically +135°C is exceeded the
device shuts down (the programming is not lost). When
the temperature decreases to typically +125°C the
device automatically restarts performing the start-up
sequencing with the same voltages and programming
as programmed before the thermal shutdown.

ELVDD Boost Converter (VO1)

The ELVDD boost converter uses a fixed-frequency
valley-current-mode topology. The output voltage
Vevop is adjustable between 4.6V and 5.0V with a
default voltage of 4.6V (see Table 1). In shutdown its
output is fully isolated (input to output and output to
input).

For the highest output voltage accuracy, connect the
output sense pin (FBS) directly to the positive pin of the
output capacitor. If not used, the FBS pin can be left
floating or connected to ground, then the output voltage
is sensed at the VO1 pin.

ELVSS
(VO2)
The ELVSS inverting buck-boost converter uses a
fixed-frequency peak-current-mode topology. Vgyss is
programmable in the range of -5.4V to -1.4V (default =
-2.5V) (see Table 1). In shutdown, its output is fully
isolated (input to output and output to input).

Inverting Buck-Boost Converter

AVDD Boost Converter (VO3)

The AVDD boost converter uses a fixed-frequency
peak-current-mode topology. The output voltage Vavop
is adjustable between 5.8V and 7.9V with a default
voltage of 6.1V (see Table 1). In shutdown its output is
fully isolated (input to output and output to input).

Start-Up Sequence, Soft-Start and Shut-
Down

The device has an implemented soft-start which limits
the inrush current. When V)y is applied, the output
discharge is undefined until the rising edge of CTRL
sets the output discharge to follow the FD pin setting.
When the converters are disabled all outputs are
discharged if FD = high or high impedance if FD = low.
The typical start-up sequence is shown in Figure 4.

* Puling EN_VO3 high starts the AVDD boost
converter. Vapp follows a linear 1.5ms long voltage
ramp until it reaches its default value of 6.1V, then the
switch current is limited to typical 0.2A.

* Pulling CTRL high starts the ELVDD boost converter.
VEewpp starts with a reduced switch current limit of 0.2A
until it reaches its default voltage of 4.6V, then the full
current limit is released.

* 10ms after CTRL is pulled high the ELVSS inverting
buck-boost converter starts. Vgyss starts with a
reduced switch current limit of 0.4A until it reaches its
default voltage of -2.5V, then the full current limit is
released.
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SGM3836A

Triple-Output
AMOLED Display Power Supply

DETAILED DESCRIPTION (continued)
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4.6V
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ELVDD
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Figure 4. Start-Up Sequencing Active Discharge Enabled
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Figure 5. Start-Up Sequencing Active Discharge Disabled
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VeLwvss Transition Time Control (CT Pin)

The transition time is the time required to move Vg yss
from the actual voltage level to the new programmed
voltage level. The transition time can be controlled by
an external capacitor connected to the CT pin. The
typical 50mV CT pin comparator detects when the CT
pin is connected to GND or floating, then the fastest
possible transition time is used. When a capacitor is

connected the R-C time constant 1 sets the transition
time. The output voltage is almost settled after 3r,
which means 95% of the target voltage is reached.
T = Internal CT resistance x external capacitor

=Rcr * Cer

= 300kQ x 100nF

=30ms

/

]

\

!

+—— 31

Figure 6. Ve yss Transition Time Control
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SGM3836A

Triple-Output
AMOLED Display Power Supply

DETAILED DESCRIPTION (continued)

Digital Interface (CTRL Pin)

The digital interface allows programming of the positive
output voltages Vapp, Velvop and the negative output
voltage Vgvss in discrete steps. Figure 7 shows an
example for SGM3836A programming Vg yss to -5.2V.
By default the output discharge during shutdown is
controlled by the FD pin, the setting can be overwritten
by digital programming. If programming is not required

Table 1. Programming Table

the CTRL pin can also be used as a standard enable
pin. Once the device is enabled the device starts with
its default values (blue marked values in Table 1). The
interface counts the rising edges applied to the CTRL
pin and sets the new values as shown in Table 1. The
settings are stored in a volatile memory. The reset
behavior is described in the device reset section.

S0 | Ve | S0 | v | 09 | v, | S | Oupse | Ry fromn 209 | v,
0/no pulse| -2.5V 21 -3.4V  |0/no pulse 6.1V 0/no pulse f,;négl:fig 0/no pulse E;ng.i.)”;g 0/no pulse 4.6V
1 -5.4V 22 -3.3V 42 7.9V 50 ON 52 reserved 54 4.7V
2 -5.3V 23 -3.2V 43 7.6V 51 OFF 53 reserved 55 4.8V
3 -5.2v 24 -3.1V 44 7.3V 56 4.9v
4 -5.1V 25 -3.0V 45 7.0V 57 5.0V
5 -5.0V 26 -2.9V 46 6.7V
6 -4.9V 27 -2.8V 47 6.4V
7 -4.8V 28 2.7V 48 6.1V
8 -4.7v 29 -2.6V 49 5.8V
9 -4.6V 30 -2.5V
10 -4.5V 31 -2.4V
11 -4.4V 32 -2.3V
12 -4.3V 33 2.2V
13 -4.2V 34 2.1V
14 -4.1V 35 -2.0V
15 -4.0V 36 -1.9v
16 -3.9v 37 -1.8V
17 -3.8V 38 -1.7v
18 -3.7V 39 -1.6V
19 -3.6V 40 -1.5V
20 -3.5V Y| -1.4V
Dot Cotow | twow | ' tstore | torr
CTRL _________________ S . _| __________
' 46V
VELvoD i i :___________________________________________________________i _______ SR
Vewvss 1 mﬂ 25V i? o

Figure 7. SGM3836A Programming VeLyss
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SGM3836A

Triple-Output
AMOLED Display Power Supply

DETAILED DESCRIPTION (continued)

Short Circuit and Overload Protection

The device is protected against short of Vapp, VeLvop
and VELVSS to ground. VELVDD and VELVSS are also
protected when they are shorted together. A short at
any converter and the Vaypp overload protection shuts
down the whole device, the shut-down state is latched,
and input and outputs are fully disconnected. To reset
the whole device V| has to cycle below under-voltage
lockout or EN_VO3 and CTRL have to be low at the
same time for minimum torr. The device detects a short
or an overload when one of the below conditions is
fulfilled:

* Vewop is not in regulation 10ms after Vewpp is
enabled (10ms CTRL = high) — shut-down all

* Vgvss is not in regulation 10ms after Vgyss is
enabled (20ms after CTRL = high) — shut-down all

* V(avpp) protection is enabled when the soft-start is
completed.

During Operation:

* Vavop falls below 90% of its programmed voltage
longer than 1ms — shut-down all

* Vegvop falls below 90% of its programmed voltage
longer than 1ms — shut-down all

* VgLyss rises above 500mV of its programmed voltage
longer than 1ms — shut-down all

Enable/Disable Active Discharge During
Shutdown

The active discharge during shutdown can be enabled
and disabled by the FD pin or by programming. The
programming overwrites the FD pin setting until the
function is reset.

* FD pin connected to GND or 51 CTRL pulses —
Active discharge is disabled and all outputs are high
impedance.

* FD pin connected to HIGH (Vy > 1.2V) or 50 CTRL
pulses — Active discharge is enabled and all outputs
are discharged.

Device Reset
* A power cycle resets all settings to default values as
well as the short circuit protection.

* Enabling the Vgpp converter (first rising edge of
CTRL) resets the output discharge — Output discharge
is controlled by FD pin.

* When CTRL is low for torr then Vgyss is reset to
default value — -2.5V.

* EN_VO3 and CTRL are low at the same time for torr
— Short circuit protection is reset.

Output Current Capacity

The device is a DC/DC convertor. Due to different input
voltage and different output voltage, the output current
capacity is quite different. A lower input voltage or a
higher output voltage leads to a lower output current
capacity. Please refer to the Vgywpop and Vgwss
Combined Maximum Output Current vs. Input Voltage
plot and Table 2.

Table 2. Output Current Capacity (mA)

Voz (Vo1 =4.6V)
Vin (V)
-2.5V -2.7V -3.0V -4.0V -5.4V
2.9 740 730 690 590 470
3.1 800 780 750 630 510
353 850 830 790 660 540
35 905 875 830 700 570
3.7 940 910 860 730 595
3.9 975 940 890 750 615
4.1 1010 960 910 770 640
4.3 1035 985 940 800 660
4.5 1060 1010 960 820 680

Operation with V) < 2.9V

The recommended minimum input supply voltage for
full performance is 2.9V. The device continues to
operate with input supply voltages below 2.9V, however,
full performance is not ensured. The device does not
operate with input supply voltages below the
under-voltage Lockout threshold.
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SGM3836A

Triple-Output
AMOLED Display Power Supply

APPLICATION INFORMATION

Figure 1 shows a typical application circuit suitable for
supplying AMOLED displays in smartphone applications.
The circuit is designed to operate from a single-cell
Li-lon battery and generates positive output voltages
Vavop of 6.1V and Vgvpp of 4.6V as well as a negative
output voltage Vg yss of -2.5V.

For this design example, use the following input
parameters in Table 3.

Table 3. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
Input Voltage Range 2.9V to 4.5V
Vavop = 6.1V,
OUtpUt VoItage VELVDD = 46V,
VEewss = -2.5V
Switching Frequency ELVDD, ELVSS and AVDD = 1.5MHz

In order to maximize performance, the device has been
optimized for use with a relatively narrow range of
component values. The Vaypp boost converter typically
requires a 10uH inductor, Vg vpp and Vgyss require a
4.7uH inductor. Ceramic capacitors are usually used for
input and output capacitors. It is recommended to use
the suggested values in all applications. Customers
using other values are strongly recommended to
characterize circuit performance on a case-by-case
basis.

ELVDD Boost Converter (VO1)

Inductor Selection
The main parameter for the inductor selection is the
inductor saturation current, which must be higher than
the peak switch current. Inductors with lower
saturation current than the minimum switch current
limit can be used when the maximum output current is
not required, however a minimum saturation current of
0.5A is required to ensure proper startup. The
minimum required saturation current is calculated by
the peak inductor current formula.

The inductors DC resistance as well as its core losses
affects the efficiency. Lower DC resistance results in
higher high load efficiency. The core losses are
especially important for light load efficiency. The core
material as well as the inductors physical size has an
influence on the core losses. The higher the quality factor

Q of the inductor at the switching frequency (1.5MHz) the
lower the core losses. Table 4 shows examples of
suitable inductors, equivalent parts can be used.

* Minimum 3.3pH, maximum 6.1uH inductance.
* Minimum 0.5A saturation current, for full output
current capability 2A.
e Minimum V)y and maximum loyr must be taken to
calculate the required saturation current.
» Duty Cycle:
D= Vour - Vin XN

VOUT
where
V| is the boost converter input supply voltage.
Vour is the boost converter output voltage.
n is the boost converter efficiency.

» Peak Inductor Current:

lour , VinxD

| =
SWMTY.D  2xfxL

where

lout is the boost converter output current.

f = 1.5MHz (the boost converter switching frequency).
L is the boost converter inductance (4.7uH).

Capacitor Selection
The main parameter for the capacitor selection is the
capacitance at the operating voltage. The more voltage
is applied at the capacitor the lower is its resulting
capacitance (DC-bias effect), also temperature and
AC-Voltage changes the capacitance, however the
DC-bias effect is dominant. For best voltage filtering
(lowest voltage ripple), low ESR capacitors are
recommended. Table 5 and Table 6 show examples of
suitable capacitors, equivalent parts can be used.

Input Capacitor:

* Minimum 2.5uF resulting capacitance.

* Minimum 6.3V voltage rating.

Output Capacitor:

* Minimum 2.5pF, maximum 40pF resulting capacitance.
* Minimum 6.3V voltage rating.

@ SG Micro Corp

sGmicRO WWW.sg-micro.com

DECEMBER 2019
16



Triple-Output

SGM3836A AMOLED Display Power Supply

APPLICATION INFORMATION (continued)

Table 4. ELVDD Boost Converter (VO1) Inductor Selection

INDUCTANCE Isat DCR MANUFACTURER PART NUMBER DIMENSIONS
5.7A 53mQ TOKO FDV0620-4R7M 7.4mm x 6.7mm x 2mm
4.7uH 5.0A 75mQ Cyntec CMLEO61E-4R7MS 7.4mm x 6.7mm % 1.5mm
4.1A 58mQ Cyntec HBLEO61E-4R7MS 6.4mm x 6.4mm x 1.5mm

Table 5. Input Capacitor Selection ELVDD Boost Converter (VO1)

CAPACITANCE VOLTAGE RATING MANUFACTURER PART NUMBER SIZE
10pF 6.3V Murata GRM188R60J106ME84 0603
10uF 10V Murata GRM219R61A106ME47 0805
22uF 10V Samsung CL21A226MPCLRNC 0805
Table 6. Output Capacitor Selection ELVDD Boost Converter (VO1)
CAPACITANCE VOLTAGE RATING MANUFACTURER PART NUMBER SIZE
10pF 10V Murata GRM219R61A106ME47 0805
22uF 10V Samsung CL21A226MPCLRNC 0805
ELVSS Inverting Buck-Boost Converter - Minimum V,y and maximum Io must be taken to

(VO2)

Inductor Selection
The main parameter for the inductor selection is the
inductor saturation current, which must be higher than
the peak switch current. Inductors with lower saturation
current than the minimum switch current limit can be
used when the maximum output current is not required,
however a minimum saturation current of 0.5A is
required to ensure proper startup. The minimum
required saturation current is calculated by the peak
inductor current formula.

The inductors DC resistance as well as its core losses
affects the efficiency. Lower DC resistance results in
higher high load efficiency. The core losses are
especially important for light load efficiency. The core
material as well as the inductors physical size has an
influence on the core losses. The higher the quality
factor Q of the inductor at the switching frequency
(1.5MHz) the lower the core losses. Table 7 shows
examples of suitable inductors, equivalent parts can be
used.

* Minimum 3.3pH, maximum 6.1uH inductance.
* Minimum 0.5A saturation current, for full output
current capability 2.8A.

calculate the required saturation current.

» Duty Cycle:

DI VOUT

Vour = Vin XN

where
V\n is the inverting buck-boost converter input supply
voltage.
Vour is the inverting buck-boost converter output
voltage.

n is the inverting buck-boost converter efficiency.

» Peak Inductor Current:

| _ lour n VinxD

WM 4.D  2xfxL
where
lour is the inverting buck-boost converter output
current.

f = 1.5MHz (the
switching frequency).
L is the inverting buck-boost converter inductance
(4.7uH).

inverting buck-boost converter
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SGM3836A

Triple-Output
AMOLED Display Power Supply

APPLICATION INFORMATION (continued)

Capacitor Selection
The main parameter for the capacitor selection is the
capacitance at the operating voltage. The more voltage
is applied at the capacitor the lower is its resulting
capacitance (DC-bias effect), also temperature and
AC-voltage changes the capacitance. However the
DC-bias effect is dominant. For best voltage filtering
(lowest voltage ripple), low ESR capacitors are
recommended. Table 8 and Table 9 show examples of
suitable capacitors, equivalent parts can be used.

Input Capacitor:

* Minimum 2.5uF resulting capacitance.

* Minimum 6.3V voltage rating.

Output Capacitor:

* Minimum 2.5pF, maximum 40uF resulting capacitance.
* Minimum 10V voltage rating, when maximum -6V are
used also 6.3V rated capacitors can be used.

Table 7. ELVSS Inverting Buck-Boost Converter (VO2) Inductor Selection

INDUCTANCE Isar DCR MANUFACTURER PART NUMBER DIMENSIONS
5.7A 53mQ TOKO FDV0620-4R7M 7.4mm x 6.7mm x 2mm
4.7uH 5.0A 75mQ Cyntec CMLEO61E-4R7MS 7.4mm x 6.7mm % 1.5mm
4.1A 58mQ Cyntec HBLEO61E-4R7MS 6.4mm x 6.4mm x 1.5mm

Table 8. Input Capacitor Selection ELVSS Inverting Buck-Boost Converter (VO2)

CAPACITANCE VOLTAGE RATING MANUFACTURER PART NUMBER SIZE
10uF 6.3V Murata GRM188R60J106ME84 0603
10pF 10Vv Murata GRM219R61A106ME47 0805
22pF 10V Samsung CL21A226MPCLRNC 0805
Table 9. Output Capacitor Selection ELVSS Inverting Buck-Boost Converter (VO2)
CAPACITANCE VOLTAGE RATING MANUFACTURER PART NUMBER SIZE
10pF 10V Murata GRM219R61A106ME47 0805
22pF 10V Samsung CL21A226MPCLRNC 0805

AVDD Boost Converter (VO3)

Inductor Selection
The main parameter for the inductor selection is the
inductor saturation current, which must be higher than
the peak switch current. Inductors with lower saturation
current than the minimum switch current limit can be
used when the maximum output current is not required,
however a minimum saturation current of 0.2A is
required to ensure proper startup. The minimum
required saturation current is calculated by the peak
inductor current formula.

The inductors DC resistance as well as its core losses
affects the efficiency. Lower DC resistance results in
higher high load efficiency. The core losses are
especially important for light load efficiency. The core
material as well as the inductors physical size has an
influence on the core losses. The higher the quality

factor Q of the inductor at the switching frequency
(1.5MHz) the lower the core losses. Table 10 shows
examples of suitable inductors, equivalent parts can be
used.

* Minimum 7pH, maximum 13uH inductance.
* Minimum 0.2A saturation current, for full output
current capability 0.25A.
* Minimum V),y and maximum |lo must be taken to
calculate the required saturation current.
» Duty Cycle:

D= VOUT - VlN xn

VOUT

where
V| is the boost converter input supply voltage.
Vour is the boost converter output voltage.
n is the boost converter efficiency.

@ SG Micro Corp

sGmicRO WWW.sg-micro.com

DECEMBER 2019
18



SGM3836A

Triple-Output
AMOLED Display Power Supply

APPLICATION INFORMATION (continued)

» Peak Inductor Current:
gy = o VoD
WMD" 2xfxL
Where
lout is the boost converter output current.
f = 1.5MHz (the boost converter switching frequency).
L is the boost converter inductance (10uH).

Capacitor Selection
The main parameter for the capacitor selection is the
capacitance at the operating voltage. The more voltage
is applied at the capacitor the lower is its resulting
capacitance (DC-bias effect), also temperature and

Table 10. AVDD Boost Converter (VO3) Inductor Selection

AC-Voltage changes the capacitance, however the
DC-bias effect is dominant. For best voltage filtering
(lowest voltage ripple), low ESR capacitors are
recommended. Table 11 and Table 12 show examples
of suitable capacitors, equivalent parts can be used.

Input Capacitor:

* Minimum 2.5uF resulting capacitance.

* Minimum 6.3V voltage rating.

Output Capacitor:

* Minimum 2.5pF, maximum 24uF resulting capacitance.
* Minimum 10V voltage rating.

INDUCTANCE Isar DCR MANUFACTURER PART NUMBER DIMENSIONS
1.3A 400mQ TOKO DFE252012C-100M 2.5mm x 2.0mm x 1.2mm
1.2A 530mQ TOKO DFE252010C-100M 2.5mm x 2.0mm x 1mm
10uH 0.75A 600mQ Taiyo Yuden MDKK2020T-100MM 2mm x 2mm x 1mm
0.8A 359mQ CYNTEC SDET25201B-100MS 2.5mm x 2mm x 1.2mm

Table 11. Input Capacitor Selection AVDD Boost Converter (VO3)

CAPACITANCE VOLTAGE RATING MANUFACTURER PART NUMBER SIZE
10pF 6.3V Murata GRM188R60J106ME84 0603
10pF 10V Murata GRM219R61A106ME47 0805
22uF 10V Samsung CL21A226MPCLRNC 0805
Table 12. Output Capacitor Selection AVDD Boost Converter (VO3)
CAPACITANCE VOLTAGE RATING MANUFACTURER PART NUMBER SIZE
10pF 10V Murata GRM219R61A106ME47 0805
22pF 10V Samsung CL21A226MPCLRNC 0805
€ Y 56 Micro Corp DECEMBER 2019
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SGM3836A

Triple-Output
AMOLED Display Power Supply

APPLICATION INFORMATION (continued)

Power Supply Recommendations

The device is designed to operate with input supplies
from 2.9V to 4.5V. The input supply should be stable
and free of noise if the device's full performance is to be
achieved. If the input supply is located more than a few
centimeters away from the device, additional bulk
capacitance may be required. The input capacitance
shown in the Application Information is sufficient for
typical applications.

Layout Guideline

The PCB layout is an important step in the power
supply design. An incorrect layout could cause
converter instability, load regulation problems, noise,
and EMI issues. Especially with a switching DC/DC
converter at high load currents, too thin PCB traces can
cause significant voltage spikes. Good grounding
becomes important as well. If possible a common

ground plane to minimize ground shifts between analog
ground (GND) and power ground (PGND) is re-
commended.

* Place the input capacitor on PVIN and the output
capacitor on VO2 as close as possible to the device.
Use short and wide traces to connect the input
capacitor on PVIN and the output capacitor on VO2.

» Place the output capacitor on VO1 and VO3 as close
as possible to the device. Use short and wide traces to
connect the output capacitor on VO1 and VO3.

» Connect the ground of the CT capacitor with AGND
(pin 7) directly.

» Connect input ground and output ground on the
same board layer, not through via hole.

* Connect AGND, PGND1 and PGND2 with the
exposed thermal pad.

ADDITIONAL TYPICAL APPLICATION

4.7uH
Vin = 2.9V to 4.5V 0——

Enable Vaypp O

—— 3x10pF
Enable Vevoo/Vewvss o =
Program device

Enable Discharge O

3 VELVDD
Vo1
Wi . ﬁ O 4 6V/500mA
FBS _|__10pF
10 = VELvss
sw2 Vo2 I O 2 5V/500mA
SGM3836A 2x10uF
sw3
13 = VAVDD
EN_VO3 vos [ © 6.1V/100mA
10uF
PVIN W
AVIN I_
PGND1 |2
poND2 4
CTRL 7
AGND
FD cTe

Figure 8. Typical Application Circuit for Load Current Lower than 500mA
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PACKAGE INFORMATION

PACKAGE OUTLINE DIMENSIONS

TQFN-3x3-16L
i D | e i i N16
. SRURHRN
D) C i
D1
E - 4’7 — E1
) -
D) ]
< 0[]
N5
b
TOP VIEW BOTTOM VIEW
A 3.6 2.2
1
A1
A2-
SIDE VIEW
RECOMMENDED LAND PATTERN (Unit: mm)
Dimensions Dimensions
Symbol In Millimeters In Inches
MIN MAX MIN MAX
A 0.700 0.800 0.028 0.031
A1 0.000 0.050 0.000 0.002
A2 0.203 REF 0.008 REF
D 2.900 3.100 0.114 0.122
D1 1.600 1.800 0.063 0.071
E 2.900 3.100 0.114 0.122
E1 1.600 1.800 0.063 0.071
k 0.200 MIN 0.008 MIN
b 0180 |  0.300 0.007 | 0012
e 0.500 TYP 0.020 TYP
L 0300 | 0500 0012 |  0.020
€ Y 56 Micro Corp TX00081.000

sGmicRO WWW.sg-micro.com



PACKAGE INFORMATION

TAPE AND REEL INFORMATION

REEL DIMENSIONS

Reel Diameter

Reel Width (W1) -

P2+

TAPE DIMENSIONS

) - s
\
Q1 Q2 Q1K\02 Q1 Q2
Q3 /04 Q3 Q4 Q3 /Q4

i

P1

m=mmp- DIRECTION OF FEED

NOTE: The picture is only for reference. Please make the object as the standard.

KEY PARAMETER LIST OF TAPE AND REEL

A0 —

s

Reel Width

Package Type Reel W1 A0 B0 KO PO P1 P2 w Pin1
ge 1y Diameter (mm) (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | Quadrant
TQFN-3x3-16L 13" 12.4 3.35 3.35 1.13 4.0 8.0 2.0 12.0 Q2
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PACKAGE INFORMATION

CARTON BOX DIMENSIONS

NOTE: The picture is only for reference. Please make the object as the standard.

KEY PARAMETER LIST OF CARTON BOX

Reel Type L(enr:r?]t)h ‘?TITI\(::\’)] '}Ir?:?nr;t Pizza/Carton
[=]
[=]
13" 386 280 370 5 g
€ Y 56 Micro Corp TX20000.000
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