RICHTEK

RT8203

High-Efficiency, Quad Output, M ain Power-Supply
Controllers for Notebook Computers

General D escription

The RT8203 dual step-down, switch-mode power-supply
(SMPS) controllers generate logic-supply voltages in
battery-powered systems. The RT8203 include two pulse-
width modulation (PWM) controllers, adjustable from 2V
to 5.5V or fixed at 5Vand 3.3V. These devices feature two
linear regulators providing 5\and 3.3V always-on outputs.
Each linear regulator provides up to 100mAutput current
with automatic linear regulator bootstrgpping to the main
SMPS outputs. The RT8203 include on-board power-up
sequencing, a power-good (PGOOD) output, internal soft-
start, and soft-shutdown output discharge that prevents
negative voltage s on shutdown. RichTek's proprietary
Mach-PWM™ “instant-on” response, con stant on-time
PWM control scheme operates without sense resistors
and provides 100n s response to loa d transients while
maintaining a relatively comtant switching frequencyThe
unique ultrasonic mode maintais the switching frequency
above 25kHz, which efhinates noise in audio pplicatiors.
Other features include diode-emulation, which maximizes
efficiency in light-load applications, and fixed-frequency
PWM mode, which reduces RF interference in sensitive
application s. The R T8203 provides a pin-sele ctable
switching frequency, allowing either 200kHz/300kHz or
400kHz/500kHz operation of the 5V/3.3V SMPSs,
respectively The RT8203 is availble in SSOP-28 pekage.

Ordering Information

RT8203 Iﬂ
Package Type

A : SSOP-28

Operating Temperature Range

P : Pb Free with Commercial Standard

G : Green (Halogen Free with Commer-
cial Standard)

Note :
Richtek Pb-free and Green products are :
» ROHS compliant and compatible with the current require-
ments of IPC/JEDEC J-ST D-020.
» Suitable for use in SnPb or Pb-free soldering processes.

Features

e No Current-Sense Resistor Needed

e 1.5% Output Wltage Accuracy

¢ 3.3V and 5V 100mABootstrgpped Linear Regulators

e Internal Soft-Start and Soft-Shutdown Output
Discharge

e Mach-PWM with 100ns Load Step Response

¢ 3.3V and 5V Fixed or Adjustable Outputs

e 7V to 24V Input Voltage Range

¢ Ultrasonic Mode Operation 25kHz (min.)

e Power-Good (PGOOD) Signal

e Over Voltage Protection

e Under Voltage Protection

e Over Temperature Protection

e ROHS Compliant and 100% Lead (Pb)-Free

Applications

o Notebook and Subnotebak Computers
e PDAs and Mobile CommunicatiorDevices
¢ 3- and 4-Cell Li+ Battery-Poweredevices

Pin Configurations

(TOP VIEW)
NC []e 28 |1 BOOT3
PGOOD [ 2 27 |1 PHASE3
ON3 [ 3 26 (1 UGATES3
ON5 | 4 25 |1LDO3
ILIM3 ]| 5 24 |1 LGATE3
EN ] 6 23 |1 GND
FB3 [ 7 22 [ VOUT3
VREF ]| 8 21 |1 VOUTS
FB5 [ 9 20 | VIN
PRO [ 10 19 1 LGATES
ILIM5 ] 11 18 [1LDOS5
SKIP | 12 17 1 VCC
TON [ 13 16 |1 UGATES
BOOTS5 [ 14 15 [ PHASES
SSOP-28

DS8203-02 September 2008

www.richtek.com
1



RT8203

RICHTEK

Typical Application Circuit
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Frequency-dependent Components
VOUT5 VOUT3
TON =VCC | TON = GND TON = VCC TON =GND
f =200 kHz f =400 kHz f=300 kHz f = 500kHz
L1 =7.6uH L1=5.6uH L2 =4.7uH L2 = 3uH
C10=330uF | C10=150uF | C11=470uF | C11 =220uF

Figure 1. Fixed Voltage Regulator

www.richtek.com
2

DS8203-02 September 2008



RICHTEK

RT8203

5V
ALWAYSON
1
LS 18 7V to 24V
Tu c2 R2
B[l [ =
== 3.9 17 yce ons 2 OVREF
1? ILIM3 ons |2 oVee
Vee © 1 ILIM5 LDO3 |22 03.3V ALWAYS ON
Tir e | St
— 20 55~ |10 U
= VIN —\/\/\r%
s RT8203 RO 1
BAT254 D2
LOWF - . ¥ BAT254 ON
D1 ZR% EN 5{% o _| -
L AN BOOTS BOOT3 [BBAA co —Lc7
ce L A T 10uF
10uF T T o.1wr 2 HF =
= q1p| 161 UGATES UGATES |28 = Q2
nosrda 1 A04702
VouTs 1 7 L2 Vouts
5V o l N 15} pHASES PHASE3 N +—03.3V
BSC119N03 D4 l
Cc10 ) c11
Di Q3 pel——29 1 GATES LGATE3 PA—] Q4£ I
= BSC119NO3| = 1
= =  SEE o3 ToN v = -
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L cis 9
T 0.1uF FB5 12 v R10 0.1uF
R8 8| VREE SKIP 10k
10k J—C12 NC RS
T 0.22uF ’ 100k Lo cood =
= = GND ower-Goo
[ PGOOD INDICATOR
Frequency-dependent Components
VOUT5 VOUT3
TON =VCC TON = GND TON = VCC TON =GND
f =200 kHz f= 400 kHz f =300 kHz f = 500kHz
L1 =7.6uH L1=5.6uH L2 =4.7uH L2 = 3uH
C10=330uF | C10=150uF | C11=470uF C11 =220uF

Figure 2. Adjustable Voltage Regulator
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Functional Pin Description

Pin No.

Pin Name

Pin Function

1

NC

Connectto GND.

2P

GOOD

Power Good Open Drain Output. PGOOD is pulled low if either output is disable oris
more than 8.75% below its normal value.

30

N3

VOUT3 Enable Input. The 3.3V SMPS is enable if ON3 is greater than the on level
and disable if ON3 is less than the off level. If ON3 is connected to VREF, the 3.3V
SMPS starts after the 5V SMPS reached regulation(delay start). Force ON3 below the
clear fault level to reset the fault latched.

40

N5

VOUTS5 Enable Input. The 5V SMPS is enable if ON5 is greater than the on level and
disable if ON5 is less than the off level. If ON5 is connected to VREF, the 5V SMPS
starts after the 3.3V SMPS reached regulation(delay start). Force ON5 below the clear
fault level to reset the fault latched.

5IL

IM3

VOUTS3 Current Limit Adjustment. The GND-PHASE3 current limit threshold defaults
to 100mV if ILIM3 is tied to VCC. In adjustable mode, the current limitthreshold is 1/10
the voltage seen at ILIM3 over 0.5V to 3V range. The logic threshold for switch over to
100mV default value is approximately VCC — 1V.

6 E

Enable Control Input. The device enters its 15uA supply current shutdown mode if EN
is less than the EN input falling edge trip level and does not restart until EN is greater
than the EN input rising edge trip level. Connect EN to VIN for automatically startup.
EN can be connected to VIN through a resistive voltage divider to implement a
programmable undervoltage lockout.

7F

B3

VOUT3 Feedback Input. Connect FB3 to GND for fixed 3.3V operation. Connect FB3
to a resistive voltage divider from VOUT3 to GND to adjust the output from 2V to 5.5V.

8V

REF

2V Reference Output. Bypass to GND with a 0.22uFmiN) capacitor. VREF can source
up to 100uA for external loads. Loading VREF degrades FBx and VOUTx accuracy
according to the VREF load regulation error.

9F

B5

VOUTS5 Feedback Input. Connect FB5 to GND for fixed 5V operation. Connect FB5 to
a resistive voltage divider from VOUTS5 to GND to adjust the output from 2V to 5.5V.

10

PRO

Over Voltage and Under Voltage F ault Protection Enable/Disable. C onnect PRO to
VCC to disable Over Voltage and Under Voltage protection. Connect PRO to GND to
enable Over Voltage and Under Voltage protection.

1111

IM5

VOUTS5 Current Limit Adjustment. The GND — PHASES current limit threshold defaults
to 100mV if ILIM5 is tied to VCC. In adjustable mode, the current limitthreshold is 1/10
the voltage seen at ILIM5 over 0.5V to 3V range. The logic threshold for switch over to
100mV default value is approximately VCC — 1V.

12

SKIP

Operation Mode | nput C ontrol. C onnect S KIP to G ND for di ode-emulation mod e
(DEM)or toV CC forCCM mode(fixed frequency). Connect to VREF or floating for
ultrasonic mode.

13

TON

Frequency Select Inp ut. Connect to V CC for 200 kHz/300kHz operation and to GND
for 400kHz/500kHz operation (VOUT5/VOUT3 switching frequency respectively).

14 B

O0T5

Boost Capacitor Connection for 5V SMPS. Connect an external ceramic capacitor to
PHASES and an external diode to LDO5.

To be continued
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Pin No.

Pin Name

Pin Function

15

PHASES

Inductor Connection for 5V SMPS. PHASES is the internal lower supply rail for the
UGATES high-side gate driver, and the current-sense input for the 5V SMPS.

16

UGATES

High-Side N-MOSFET Floating Gate-Driver Output for VOUT5. Swings between
PHASES5 and BOOTS.

17V

CC

Analog Supply Voltage Input for the internal analog integrated circuit. Bypass to GND
with a 1uF ceramic capacitor.

18 LD

05

5V Linear Regulator O utput. LD O5 isthe gatedr ivers upply forthe external
MOSFETs. LDO5 can provide at otal of 100 mA, including the MO SFET gate -driver
requirements and ex ternal | oads. If VOUTS5 is gr eatert hanthe LD O5 s witchover
threshold, the LD O5 regulator shuts down and LDOS5 pin connects to VOUT5 through
a 1.4Q switch. Bypass a 4.7uF ce ramic capacitorto GND.

19

LGATES

Low-side N-MOSFET G ate-Drive O utput for V OUT5. Swings between G ND and
LDOS.

20V

IN

Power-Supply Input. VIN p owers the LDO5/LDO3 linear regulators and is also used
for PWM control circuits. Connect VIN to the battery input or the AC adapter output.

21

VOUTS

VOUT5 Sense Input. Connect to the 5V output. VOUT5 is an input to the PWM control
circuit. Italso servesas the 5V fe edback inputin fixed-voltage mode. If VOUTS is
greater than the LDO5 switchovert hreshold, the L DO5 shuts down a nd LDO5
connects to VOUTS5 through 1.4Q switch.

22

VOUTS3

VOUT 3 Sense | nput. Connectto the 3. 3V o utput. VOUT3is ani nputtothe PWM
control circuit. It al so s erves as the 3. 3V feedback i nput in fi xed-voltage mode. If
VOUT3is greaterthan th e LD O3 s witchover threshold, the LD O3 s huts do wn and
LDO3 connects to VOUT3 through 1.5Q switch.

23

GND

Analog and Power Ground.

241G

ATE3

Low-side N-MOSFET G ate-Drive O utput for V OUT3. Swings between G ND and
LDO5.

25

LDO3

3.3V Linear Regulator Output. LDO3 can provide a total of 100mA to external loads. If
VOUT3is greater thanth e LDO3 switchover th reshold, t he LDO3 regulator shuts
downand LDO3pin connects to VOUT3through a 1.5Q switch. Bypass a4 .7uF
ceramic capacitor to GND.

26U

GATE3

High-Side N-MOSFET Floating Gate-Driver Output for VOUT3. Swings between
PHASE3 and BOOT3.

27 PH

ASE3

Inductor Connection for 3.3V SMPS. PHASE3 is th e internal lower supply rail for the
UGATE3 high-side gate driver, and the current-sense input for the 3.3V SMPS.

28B

0O0T3

Boost Capacitor Connection for 3.3V SMPS. Connect an external ceramic capacitor to
PHASES and an external diode to LDO5.
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Function Block Diagram
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Absolute Maximum Ratings  (Note 1)

¢ Input Voltage, VIN, EN to GND
e BOOTx toGND

¢ PHASEX to BOOTX
¢ PHASEX toGND

e VCC, LDOx, VOUTX, ONX, VREF, FBx, SKIP, PRO, PGOOD to GND

e UGATEX to PHASEX

e ILIMXx toGND

e LGATEX toGND

e TONWOGND

e LDOX, VREF Short Circuit to GND
e LDOXx Circuit (InternalRegulator) Continuous

¢ LDOXx Circuit (Switchover toVOUTx) Continuous

e Power Dissppation, Pp @ Ta = 25°C
SSOP-28

o Package Thermal Resistance (Note 4)

SSOP-28, 634

¢ Junction Bmperature
e Lead Temperature (Soldering, 10 sec.)

e Storage EmperatureRange

—0.3V to 25V
—-0.3V to 30V
-6V to 0.3V
-1V to 25V
—0.3V to 6V
—0.3V to (Veootx + 0.3V)
-0.3Vto (Vcc + 0.3V)
—0.3V to (Vipos + 0.3V)
—0.3V to 6V
Momentary

100mA
200mA

1.053W

95°C/W

150°C
260°C

e ESD Susceptibility (Note 2)
HBM (Human BodyMode)

MM (Machine Mode)

Recommended Operating Condition's  (Note 3)
¢ Input Voltage, Vin

e Control Voltage, Vcc

2kv
200V

—65°C to 150°C

7V to 24V
5V £ 5%

¢ Junction BmperatureRange
e Ambient BmperatureRange

Electrical Characteristics

10°C to 125C
10°C to 85°C

(Vin = 12V, No load on LDOx, VOUTx and VREF, ONx = VCC, Ven =5V, Ta = 25°C, unless Otherwise specification)

Parameter S ymbol € onditions Min Typ Max | Unit
Main SMPS Controllers
Input Voltage Range VN LD O5 in regulation 7 -- 24 \Y
VOUT3 Output Voltage in Fixed VIN =7V to 24V, FB3 = GND, )
Mode VouTs VEKiE = 5V 3.2853. 330 | 3.375 Y,
VOUTS5 Output Voltage in Fixed VN = 8V to 24V, FB5 = GND, !
Mode VouTs Vs = 5V 4.975%. 059 | 5125 [ V
Output Voltage in Adjustable Mode VN = 7V to 24V, either SMPS 1.975| 2.00 | 2.025 \%
Output Voltage Adjust Range Either SMPS 2 -- 5.5 \%
FBx Adjustable-Mode Threshold Dual-Mode comparator 0.12 -- 0.22 \Y;
Voltage

To be continued
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Parameter S ymbol Conditions Min Typ Max | Unit
Either SMPS, Vskip = 5V, 0 to 5A - -0.1- -
DC Load Regulation AVioap |Either SMPS, Varip = GND, 0 to 5A ~ | -15-] - %
Either SMPS, Vggip = 2V, 0 to 5A - -1.7 - -
Line Regulation AV N |Either SMPS, 7V< V) <24V 0.005 -- %N
Current-Limit Threshold _
(Positive, Default) ILimx = Vee, GND to PHASEX 90 100 110 mV
c L imtt Threshold ViLmx = 0.5V, GND to PHASEXx 405 06 0
urrent-Limit Thresho
(Positive, Adjustable) ViLimx = 1V, GND to PHASEX 9 0 100 110 mV
V|L||V|X =2V, GND to PHASEX 185 200 215
Zero-Current Threshold SKIP = GND, I imx = Vcc, GND — PHASEX -3 -- mvVv
Soft-Start Ramp Time Zero to full limit - 1.5 ms
Vton =5V, [5V SMPS - 20D - -
VSKIP =Vee 33y smps ~30p | -
Operating Frequency fosc VTon = GND [5V SMPS - 40D - - kHz
VSKiP = Vee 33y sMPs ~s0p  -| -
SKIP = Vgrer | 25 - "
VouTs = 5.05V 1.854 2. 060 | 2.265
VTon =5V
. . VOUT3 =3.33V 0.821¢. 912 1.003
On-Time Pulse Width us
VouTs = 5.05V 0.8761. 0301.184
V1on = GND
VouT3s = 3.33V 0.467 (. 546 §.625
Minimum Off-time torr 300 400 500 ns
VouTts = 5.05V - 92 - -
Vton =3V
) VouTs = 3.33V - 88 - -
Maximum Duty Cycle %
VourTs = 5.05V -84 - -
V1on = GND
VOUT3 =3.33V - 80 - -
Internal Regulator And Reference Voltage
ONx =GND, 7V < V|nN< 24V,
LDOS5 Output Voltage 0 <lipos< 100mA ( Note 5) 4.90 5|0 5. 10 \%
LDO5 Short-Circuit Current LDO5 = GND - 35D - -m A
VCC Under-Voltage Falling edge of VCC,
Lockout Fault Threshold hysteresis = 1% 3.95 425 4 o5 v
LDO5 Bootstrap Switch Falling edge of VOUTS5, rising edge at
Threshold VOUTS5 regulation point 452465 4 18 v
LDOS Bootstrap Switch LDO5 to VOUTS, VOUTS = 5V - | 14 | 32 | o
Resistance
ONx = GND, 7V < V| < 24V,
LDO3 Output Voltage 0<lLpo3< 100mA ( Note 5) 3.28 3135 3 42 \%
LDO3 Short-Circuit Current LDO3 = GND - 17p - -m A
LDO3 Bootstrap Switch Falling edge of VOUTS3, rising edge at
Threshold VOUT3 regulation point 282 293 3 04 v

To be continued
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Parameter S ymbol Conditions Min Typ Max Unit
LDO3 Bootstrap Switch LDO3 to VOUT3, VOUT3 = 3.2V - 15 | 35 | o
Resistance
VREF Output Voltage VRerg N o external load 1.98 2 2.02 \%
VREF Load Regulation 0 < lLoaD < 50uA -- -- 10 mV
VREF Sink Current VREF in regulation 10 -- -- uA
VIN Standby Supply VIN = 7V to 24V, both SMPSs off, __
Current IStandby includes lEN 15 0 250 uA
VIN Shutdown Supply _ »
Current Isb VIN = 7V to 24V 15 25 UuA
. tp Both SMPSs on,
83:1653551” tio:""er FBx = SKIP = GND, -3 5 5 mw
P VouTs = 3.5V, Vouts = 5.3V (Note 6)
Fault Detection
Over Voltage Trip FB_x with respect to nominal regulation +8 +1 1 +14 %
Threshold point
Over Voltgge Fault FBx delay with 50mV overdrive -- 20 -- us
Propagation Delay
PGOOD Threshold FBx with respect to nominal output, | _4; 55| g5 | _g o509
falling edge, typical hysteresis = 1%
PGOOD Propagation Delay Falling edge, 50mV overdrive -- 5 -- us
PGOOD Output Low _ _ _
Voltage Isink = 4mA 0.3 \Y
PGOOD Leakage Current High state, forced to 5.5V -- --1 uA
Thermal Shutdown .
Threshold Tsp B 150 B C
Output Undervoltage FBx with respect to nominal output 0
Shutdown Threshold ATsp voltage 65 7075 /0
Output Undervoltage : . .
Shutdown Blanking Time From ONXx signal going high 10 22 35 ms
Inputs and Outputs
Feedback Input Leakage Vepg = 2.2V 004 40 1200 nA
Current
Low level -- -- 0.6
PRO Input Threshold - \Y
Voltage High level 1.5 -- --
Low level -- -- 0.8
SKIP Input Threshold Float level 1 - 23 Vv
Voltage ,
High level 2.4 -- --
Ton Input Threshold Low level -- - 0.8 v
Voltage High level 2.4 -- --
Clear fault level/SMPS off level -- -- 0.8
ON3, ONS Input Threshold Delay start level 1.3 -- 2.3 \%
Voltage
SMPS on level 2.4 -- --
VBRG OF VTON = \V -1- - +2
Input Leakage Current PRO Of Vron =001 5 UA
Vonx =0 or 5V -2 - - +2

To be continued
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Parameter S ymbol Conditions Min Typ Max Unit

Vsgp = 0or 5V -1- - +5

Input Leakage Current Ven = 0or 24V -1- - +3 UA
Viumx = 0 or 2V -0.2 - - +0.2

. Rising edge 1.2 16 2

EN Input Trip level . \%
Falling edge 0.96 1 1.04

UGATEX Driver

Sink/Source UGATEX forced to 2V - 2 -- A

Current

LGATEx Driver Source LGATEX (source) forced to 2V - 17 -- A

Current

LGATEx Driver Sink LGATEX (sink) forced to 2V - 33 -- A

Current

UGATEX Driver (BOOTx to PHASEX) forced to 5V - 15 | 4 0

On-Resistance

LGATEX Driver LGATEX, High State (pull up) - 22 5.0 o

On-Resistance LGATEX, Low State (pull down) - 06 1.5

VOUTX 'D|scharge—Mode B 17.7 40 o

On-Resistance

Note 1. Stresses beyond those listed under

“Absolute M aximum Ratings” may cause perma nent damage to the device.

These are stress ratings only , and functional operation of the device at the se or a ny other condition s beyond those

indicated in the operational sections of the specifications is not implied. Exposure to absolute maximum rating

conditions for extended periods may af fect device reli ability.

Note 2. Devices are ESD sensitive. Handling pre caution is recommended.

Note 3. The device is not guara nteed to function outside its operating condition s.

Note 4. 834 is measured in the natural convection at Ta= 25°C on a low effective single layer thermal conductivity test board of

JEDEC 51-3 thermal me asurement standard.

Note 5. ILpos + ILbos < 150mA

Note 6. Pvin + Pvcc

www.richtek.com
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Typical Operating Chara cteristics
No load on LDO5, LDO3,VOUTS5, VOUT3 and REF, Tony = VCC, EN = VIN, Ta= 25°C, unless otherwise specified.

VOUTS5 Efficiency vs. Load Current VOUTS Efficiency vs. Load Current
100 100 r
90 - 90 —
L\
g0 | 80 | //J><
70 ) . 70 N
= Diode-Emulation Mode = . )
S N Diode-Emulation Mode
< 60 - Ultrasonic Mode < 60 _
Pry 3 Ultrasonic Mode
c 50 r Forced CCM Mode c 50
o @
‘© 40 + ‘© 40 + Forced CCM Mode
E =
W30 W30 ¢
20 / VIiN = 8V ) 20 r ViN =12V,
10 ON3 =GND, ON5 =VCC | 10 L ON3 =GND, ON5 =VCC
Court = 330uF, L = 7.6uH Court = 330uF, L = 7.6uH
0 ‘ : 0 :
0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10
Load Current (A) Load Current (A)
VOUTS Efficiency vs. Load Current VOUT3 Efficiency vs. Load Current
loo 7 100 [ L_/
9 90 S
80 80 |
70 - 07
< < Diode-Emulation Mode
S 60 - Diode-Emulation Mode S 60 - - )
> ‘ 2 Ultrasonic Mode
S 50 ¢ Ultrasonic Mode c 50 r
Q ‘ .g 40
L 40 r 2 r Forced CCM Mode
5 Forced CCM Mode b,
30 ‘ 30 /
20 | / Vin = 24V, 20 | Vin = 8V,
10 | ON3=GND, ON5=VCC 10 | ON3=0ON5=VCC
Cout = 330uF, L = 7.6uH 1 Cout = 470uUF, L = 4.7uH
0 | | ] 0 I I
0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10
Load Current (A) Load Current (A)
VOUT3 Efficiency vs. Load Current VOUT3 Efficiency vs. Load Current
100 100 - |
90 | /’jA 90 L Diode-Emulation Mode =
80 r \ 80
. 70 r / - 70 -
X X
< 60 aX . . £ 60
> / Diode-Emulation Mode > Ultrasonic Mode
c 50 r Q 50
Q k)
£ 40 ¢ Ultrasonic Mode E 40 r
L | ] Forced CCM Mode
30 r Forced CCM Mode 30
|
20 Vin =12V, 20 VIN = 24V,
10 ON3=ON5=VCC 10 - ON3 = ON5 = VCC
Cout = 470uF, L = 4.7uH Cout = 470uF, L = 4.7uH
O L L ] 0 L L L L ]
0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10
Load Current (A) Load Current (A)
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Switching Frequency (kHz)

Switching Frequency (kHz)

Switching Frequency (kHz)

VOUTS5 Switching Frequency vs. Load Current
250

225 | Forced CCM Mode -
200 —_
175
150 r
125
100 - ViN =8V,
ON3 =GND,
7 ON5 =VCC,
Court = 330uF
50 - ; )
Ultrasonic Mode L =7.6uH
25 r . i
’_('/4- Diode-Emulation Mode
O 1 1 1
0.001 0.01 0.1 1 10
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Application Information

The RT8203 is a dual, Mah Response™ DRV™ dual ramp
valley mode synchronous buck controller. The controller
is designed for low-voltage power supplies for notebook
computers. Richtek's Ma ch Re sponse™ technology is
specifically designed f or providing 100n s “instant-on”
response to load steps while maintaining a relatively
constant operating frequency and inductor operating point
over a wide ra nge of input voltage s. The topology
circumvents the poor loa d-transient timing problems of
fixed-frequency current-mode PWMs while avoiding the
problems caused by widely varying switching frequencies
in conventional con stant-on-time and con stant-off-time
PWM schemes. The DRV™ mode PWM modulator is
specifically designed to have better noise immunity for
such a dual output application. The RT8203 includes 5V
(LDO5) and 3.3V (LDO3) linear regulators. LDOS5 linear
regulator can step down the battery voltage to supply both
internal circuitry and gate drivers.The synchronous-switch
gate drivers are directly powered from LDO5. When VOUT5
voltage is above 4.65V, an automatic circuit turns off the
LDOS linear regulator and powers the device brm VOUTS5.

PWM Operation

The Mach Response™ DRV™ mode controller relies on
the output flter cgpacitor's effective series resistance (ESR)
to act as a current-sen se resistor, so the output ri pple
voltage provide s the PWM ra mp signal. Refer to the
RT8203's function block diagram, the synchronous high-
side MOSFET is turned on at the beginning of ach cycle.
After the internal one-shot timer expires, the MOSFET is
turned off. The pulse width of this one shot is determined
by the converter's input voltage and the output voltage to
keep the frequency fairly constant over the input voltage
range. Another one-shot sets a minmum off-time (400ns
typ). The on-time one-shot is triggered if the error
comparator is high, the low-side switch current is below
the current-limit threshold, and the minmum off-time one-
shot has timed out.

PWM Frequency and On-Time Control

The Mach Response™ control architecture run s with
pseudo-constant frequency by feed-forwarding the input
and output voltage into the on-time one-shot timer. The

high-side switch on-time is inversely proportional to the
input voltage as measured by the V|, and proportional to
the output voltage. There are two benefits of a constant
switching frequency. The first is the frequency ca n be
selected to avoid noise-sen sitive regions such a s the
455kHz IF band. The second is the inductor pple-current
operating point remairs relatively constant, resulting in easy
design methodology and predictable output voltage rpple.
The frequency for 5V SMPS is set at 100kHz higher than
the frequency for 3V SMPS. This is done to prevent audio-
frequency “beating” between the two sides, which switch
asynchronously for each side. The on-time is given by :

On-Time = K ( Vout / Vin)

where K is set by theTON pin-strap connection (Table 1).
The on-times guaranteed in the Electrical Characteristics
tables are influenced by switching delays in the external
high-side power MOSFET . Two external fa ctors that
influence switching-frequency accuracy are resistive drops
in the two conduction loops (including inductor a nd PC
board resistance) and the dead-time effect. These effects
are the large st contributors to the cha nge of frequency
with changing load current. The dead-time effect increases
the effective on-time, reducing the switching frequency &
one or both dead times. It occurs only in Forced CCM
Mode (SKIP = high) when the inductor curent reverses at
light or negative load currents. With reversed inductor
current, the inductor’ s EMF causes PHASEX to go high
earlier than normal, extending the on-tme by a period equal
to the low-to-high dead time. For loads above the critical
conduction point, the actual switching frequency is :

(VouTt + VDROP1)

f= toN ¥l  4DWoP2)

where Vpropi is the sum of the parasitic voltage drops in
the inductor discharge path, including synchronous retifier,
inductor, and PC board resistances; Vprop2 is the sum of
the resistances in the charging path; a nd toy is the on-
time calculated by the RT8203.

Operation Mode Selection (SKIP)

The RT8203 supports three operation modes: Diode-
Emulation Mode, Ultrasonic Mode, and Forced-CCM Mode.
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Diode-Emulation Mode ( SKIP = GND)

In Diode-Emulation mode, RT8203 automatically reduces
switching frequency at light-load conditions to maintain
high efficiency. This reduction of frequency is a chieved
smoothly and without incre ase of Vour ripple or load
regulation. As the output current decreases from heavy-
load condition, the inductor current is also reduced, and
eventually comes to the point that its valley touches zero
current, which is the boundary between continuous
conduction and discontinuous conduction mode s. By
emulating the behavior of diodes, the low-side MOSFET
allows only partial of negative current when the inductor
free-wheeling current reach negative. As the load current
further decreases, it takes longer and longer to discharge
the output ca pacitor to the level that requires the next
“ON ” cycle. The on-time is kept the same as that in the
heavy-load condition. In reverse, when the output current
increases from light loa d to heavy loa d, the switching
frequency increases to the pre set value as the inductor
current reaches the continuous conduction.The transition
load point to the light-load operation can be calculated &
follows (Figure 3) :

I
S\Iope =(Vin-VouT) /L

iL,peak

iLoad = IL, peak/ 2

|
1 t

I
0 ton

Figure 3. Boundary Condition of CCM/DCM

(VIN -VOUT)><to

ILoAD(sKIP) = oL

N

where Ton is the On-time.

The switching wavef orms may a ppear noisy a nd
asynchronous when light loading causes Diode-Emulation
operation, but this is a normal operating condition that
results in high light-load efficiency. Trade-offs in PFM noise
vs. light-load efficiency are made by varying the inductor
value. Generally, low inductor values produce a broader
efficiency vs. load curve, while higher values result in higher
full-load efficiency (assuming that the coil resista nce
remains fixed) and less output voltage rpple. Penalties for

using higher inductor values include larger physical size
and degraded load-transient response (especially at low
input-voltage levels).

Ultrasonic Mode ( SKIP = Float)

Leaving SKIP unconnected or connecting SKIP to VREF
activates a uniqueDiode-Emulation mode with a minmum
switching frequency of 25kHz. This ultrasonic mode
eliminates audio-frequency modulation that would
otherwise be present when a lightly loaded controller
automatically skips pulses. In ultrasonic mode, the low-
side switch gate-driver sigral is OR with an internal oscillator
(>25kHz). Once the internal oscillator is triggered, the
ultrasonic controller pulls LGATEX high, turning on the low-
side MOSFET to induce a negative inductor currentAfter
the output voltage across the VREF, the controller turns
off the low-side MOSFET (LGATEX pulled low) and triggers
a constant on-time (UGATEXx driven high). When the on-
time has expired, the controller re-en ables the low-side
MOSFET until the controller detects that the inductor
current drops below the zero-crossing threshold.

Forced-CCM Mode ( SKIP = VCC)

The low-noise, forced-CCM mode (mP = VCC) disables
the zero-crossing comparator, which controls the low-side
switch on-time. This causes the low-side gate-driver
waveform to become the complement of the high-side gate-
driver waveform. This in turn causes the inductor current
to reverse at light loals as the PWM loop strives to maintain
a duty ratio of \byt/Vin. The benefit of forced-CCM mode
is to kee p the switching frequency fairly con stant, but it
comes at a cost:The no-load battery current can be 10mA
to 40mA, depending on the external MOSFETs.

Reference and linear Regulators (VREF, LDOX)

The 2V reference (V REF) is accurate within + 1% over
temperature, making VREF useful as a precision system
reference. Bypass VREF to GND with 0.22uF(min)
capacitor. VREF can supply up to 100uAfor external loads.
Loading VREF reduces the VOUTX output voltage slightly
because of the reference loal-regulation error.

LDOS5 regulator supplies total of 200mA for internal and
external loads, including MOSFET gate driver and PWM
controller. LDOS regulator supplies up to 100mAor external
loads. Bypass LDO5 and LDO3 with a minimum 4.7uF
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load; use an additional 1uF per 5mAof interral and external
load.

When the 5V main output volta ge is above the LDO5
switchover threshold, a internal 1.4Q N-MOSFETswitch
connects VOUT5 to LDO5 while smultaneously shutting
down the LDOS5 linear regulator Similarly, when the 3.3V
main output voltage is above the LDO3 switchover
threshold, an internal 1.5Q N-MOSFET switch connects
VOUTS3 to LDO3 while simultaneously shutting down the
LDO3 linear regulatort can decreae the power disgpiation
from the same battery, because the converted efficiency
of SMPS is better than the converted efficiency of linear
regulator

Current-Limit Setting (ILIMXx)

The RT8203 has cycle-by-cycle current limiting control.
The current-limit circuit employs a uniquévalley” current
sensing algorithm. If the magnitude of the current-sense
signal at PHASEX is above the current-limit threshold, the

PWM is not allowed to initiate a new cycle (Figure 4). The

actual pe current is grater than the current4tit threshold
by an amount equal to the inductopgle currentTherebre,
the exact current-limit characteristic and maximum load
capability are a function of the sese resistance, inductor

value, and battery and output voltage.
I

IL,peak

ILoad

SV

ILim

t

0

Figure 4. “Valley” Current Limit

The RT8203 uses the on-resistance of the synchronous
rectifier as the current-serse element. Use the worse-case
maximum value for Rosion) from the MOSFET data sheet,
and add a margin of 0.5%/°C for the rise in Rps(on) with
temperature.

The current-limit threshold is a djusted with an external
voltage-divider at ILIMX. The current-limit threshold

adjustment range is from 50 mVto 200mV. In the aljustable
mode, the current-limit threshold voltage is precisely 1/10
the voltage seen at ILIMx. The threshold defaults to 100mV

when ILIMx is connected to VCC. The logic threshold for
switchover to the 100mV default value is approximately
VCC - 1V.

Carefully observe the PC board layout guidelines to ensure
that noise and DC errors do not corrupt the current-sese
signal at PHASEx and GND. Mount or plece the IC close
to the low-side MOSFET

MOSFET Gate Driver(UGATEX, LGATEX)

The high-side driver is designed to drive high-current, low
Rbs©n)NMOSFET(s).When confgured @ a floating driver
5-V bis voltage is delivered from LDO5 supplye average
drive current is also calculated by the gate charge at

Vgs = 5 V times switching frequency. The instantaneous
drive current is supplied by the flying capacitor between
BOOTx and PHASEX pins. A dead time to prevent shoot
through is internally generated between high-side MOSFET
off to low-side MOSFETon, and low-side MOSFET off to
high-side MOSFET on.

The low-side driver is designed to drive high current low
Rbs©n)NMOSFET(s).The interral pull-down trasistor that
drives LGATEX low is robust, with a 0.6 Q typical on-
resistance. A5V bias voltage is delivered from LDO5
supply.

For high-current gplications, some combirations of high-
and low-side MOSFETs may cause excessive gate-drain
coupling, which ca n lead to ef ficiency-killing and EMI-
producing shoot-through currents. This is often remedied
by adding a resistor in series with BOOTX, which increaes
the turn-on time of the high-side MOSFET without degrading
the turn-off time (Figure 5).

+5v  VIN
o

Figure 5. Reducing the UGATEX Rise Time
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Soft-Start

A build-in soft-start is used to prevent surge current from
power supply in put after ONx is en abled. It clamps the

ramping of internal reference voltage which is compared
with the FBx signal. Thetypical soft-start duration is 1.5ms
period. Furthermore, the maximum allowed current limit

is segmented in 3 ste ps : 20%, 50%, a nd 100% during

the 1.5ms period. The current limit steps can minimize

the Vour folded-back in the soft-start duration when R'8203

is determining fixed or adjustable output.

POR and UVLO

Power-on reset (POR) occurs when V |y rises above
approximately 3.5V, resetting the fault latch ad preparing
the PWM for operation. Below 4.25V(min), the VCC
undervoltage-lockout (UVLO) circuitry inhibits switching
by keeping UGATEXx and LGATEX low.

Power-Good Output (PGOOD)

The PGOOD is a n open-drain type output. PGOOD is
actively held low in soft-start, stadby, and shutdown. It is
released when both outputs voltage d&ove than 91.25% of
nominal regulation point. The PGOOD goes low if either
output turns of or is 8.75% below its n ominal regulation
point.

Output Over Voltage Protection (OVP)

The output voltage can be continuously monitored br over
voltage. When over voltage protection is enabled, if the
output exceeds the over voltage threshold, over voltage
fault protection is triggered axd the LGATEX low-side gate
drivers are brced high. This activates the low-side MOSFET
switch, which rgpidly discharges the output cgacitor and
reduces the input voltage.

Note that LGATEX latching high causes the output voltage
to dip slightly negative when energy ha been previously

stored in the LC tank circuit. For loals that cannot tolerate

a negative voltage, place a power Schottky diode across

the output to act as a reverse polarity clanp. Connect PRO
to GND to emable the default over voltage threshold level,
which is 11% above the set voltage.

If the over voltage condition is caused by a short in high-
side switch, turning the low-side MOSFET on 100% creates
an electrical short between the battery ad GND, blowing
the fuse and disconnecting the battery from the output.

Output Under Voltage Protection (UVP)

The output voltage can be continuously monitored ér under
voltage. When under voltage protection is enabled (ﬁo
=GND), if the output is les than 70% of the error-anplifier
trip voltage, under voltage protection is triggered, then both
UGATEx and LGATEXx gate drivers are brced low. In order
to remove the residual charge on the output caacitor during
the UV period, if PHASEXis greater than 1V, the LGATEX
gate driver is f orced high until PHASEX lower tha n 1V.
Connect UVP toGND to diséble under voltage protection.

Thermal Protection

The RT8203 have thermal shutdown to prevent the overheat
damage. Thermal shutdown occurs when the die
temperature exceeds +150°C. All internal circuitry shuts
down during thermal shutdown. The RT8203 will trigger
thermal shutdown if LDOXx is not supplied from VOUTX,
while input voltage onVIN and drawing current brm LDOXx
are too high. Even if LDOx is supplied from VOUTX,
overloading the LDOx causes large power dissipation on
automatic switches, which may result in thermal shutdown.

Discharge Mode

When PRO is low ad a transition to standby or shutdown
mode occurs, or the output under voltage fault latch is
set, the outputs discharge mode is triggered. During
discharge mode, there are two paths to discharge the
outputs capacitor residual charge during discharge mode.
The first is output cgpacitor discharge to GND through an
internal 17 Q switch. The second is output ca pacitor
discharged by forcing the low-side MOSFET turn on/off
until PHASEX voltage decrease under 1V.

Shutdown Mode

Drive EN below the precise EN input falling-edge trip level
to place the RT8203 in their low-power shutdown state.
When shutdown mode activates, the reference turns off,
making the threshold to exit shutdown in accurate. For
automatic shutdown and startup, connect EN to VIN. If
PRO is low, both SMPS outputs will enter discharge mode
before entering true shutdown. The accurate 1V falling-
edge threshold on EN can be used to detect a spe cific
analog voltage level and shutdown the device. Once in
shutdown, the 1.6V rising-edge threshold activates,
providing sufficient hysteresis for most application.
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Power-Up Sequencing and On/Off Controls (ONXx)

ON3 and ON5 control SMPS power-up sequencingWhen

RT8203 applies in the single chaxnel mode, ON3 or ON5
enables the respective outputs when ONXx voltage rising

above 2.4V, and disables the respective outputs when ONx
voltage falling below1.3V.

Connecting one of ONx to VCC and the other one
connecting to Vger can force the latter one output starts
after the former one regulates.

If both of ONXx f orced connecting to Vger, both outputs
always wait the other one regulating a nd no one will
regulate.

Output Voltage Setting (FBx)

Connect FBx directly to GND to enable the fixed, preset
SMPS output voltages (3.3V and 5V). Connect a resistor
voltage-divider at FBx betweenVOUTx and GND to adjust
the respe ctive output voltage between 2V and 5.5V
(Figure 6). Choose R2 to be aproximately 10kQ, and solve
for R1 using the equation :

VouTtx  VFBx XH (%

where Vggy is 2.0V (typ.).

LDOS5 connects to VOUTS5 through an internal switch only
when VOUT5 above the LDO5 automatic switch threshold
(4.65V). LDO3 connects to VOUT3 through an internal
switch only when VOUT3 is above the LD O3 automatic
switch threshold (2.93V). This is the most effective way
when the fixed output voltages are used. Once LDOX is
supplied from VOUTYX, the internal linear regulator turns
off. This reduces internal power disspation and improves

efficiency when LDOX is powered with a high input voltage.

__________ VIN
o
VouTx
—
UGATEX‘—“:] T
PHASEXx} — N
1
BOOTx}—'ﬁ "1 l
VOUTX
FBx —
%RZ
1
GND}

i

———

Figure 6. Setting VOUTXx with a Resistor-Divider

Output Inductor Selection
The switching frequency (on-time) and operating point (%
ripple or LIR) determine the inductor value as follows :

L= Jonx(Vin _ ouM
LIR X LOAD(MAX)

Find a low-loss inductor having the lowest possible DC
resistance that fits in the allotted dinensions. Ferrite cores
are often the best choice, although powdered iron is

inexpensive and can work well at 200kHz.The core must
be large enough not to saturate at the pak inductor current

(IPeAK)
Ipeak = lLoapmax, * [(Lir / 2) X ILoaDMAX)]

This inductor rpple current also mpacts transient-response
performance, especially at low VIN -VOUTX differences.
Low inductor values allow the inductor current to slew fter,
replenishing charge removed from the output filter
capacitors by a sudden load step. The peak amplitude of
the output transient (Vsag) is also a function of the output
transient. The (Vsac) also fe atures a function of the
maximum duty factor, which can be calculated from the
on-time and minimum off-time :

(hxoap)® Lx(K %WOFF(MW))

VsaG

2@x out  VouTx Hi M _Voursx

- T
Vin OFF(MIN)

Where the minimum off-time (Torr (viny) = 400ns (typical)
and K is from Table 1.

Output Capacitor Selection

The output filter capacitor must have low enough ESR to
meet output ripple and load-transient requirements, yet
have high enough ESR to satisfy stability requirements.

Moreover, the cgpacitance value must be high enough to
absorb the inductor energy going from a full-load to no-

load condition without tripping the OVP circuit.

For CPU core voltage converters and other applications
where the output is subject to violent load transients, the
output capacitor's size depends on how much ESR is

needed to prevent the output from dipping too low under a
load transient. Ignoring the sag due to finite capacitance :

ESR < _Vep
ILoAD(MAX)

www.richtek.com
20

DS8203-02 September 2008



RICHTEK

RT8203

In non-CPU a pplications, the output ca pacitor's size
depends on how much ESR is needed to maintaina n
acceptable level of output voltage ripple :

Vp-p
ESR <
LIR xlLoAD(MAX)

where Vp.p is the pe&-to-peak output voltage rpple.

Organic semiconductor capacitor(s) or specialty polymer
capacitor(s) are recommended.

For low input-to-output voltage differentials (VIN VOUTX
< 2), additional output cgpacitance is required to maintain
stability and good efficiency in ultrasonic mode.

The amount of overshoot due to stored inductor energy
can be calculated as :

(IPEAK)® XL
2@x out Vourt

Vsoar

where Ipeak is the peak inductor current.

Output Capacitor Stability

The output cgpacitor stability is determined by the value of
the ESR zero relative to the switching frequency. The point
of instability is given by the following equation :

- 1 < fsw
2x7xESRxCoyut ~ 4

fESrR

Do not put high-value ceramic capacitors directly across
the outputs without teking precautions to ensure stability.
Large ceramic capacitors can have a high-ESR zero
frequency and cause erratic, urstable operation. However,
it is easy to add enough series resistance by placing the
capacitors a couple of inches downstream from the inductor
and connecting VOUTX or the FBx divider close to the
inductor.

Unstable operation ma nifests itself in two related a nd
distinctly different ways: double-pulsing and feedback loop
instability.

Double-pulsing occurs due to noise on the output or

because the ESR is so low that there is not enough voltage

ramp in the output voltage sign al. This “fools” the error
comparator into triggering a new cycle immediately after
the 400ns minimum off-time period has expired. Double-
pulsing is more aanoying than harmful, resulting in nothing
worse than increased output ri pple. However, it may

indicate the possible presence of loop irstability, which is
caused by insufficient ESR.

Loop instability can result in oscillatiors at the output after
line or loa d perturbation s that ca n trip the overvoltage
protection latch or cause the output voltage to fall below
the tolerance limit.

The easiest method f or che cking stability is to a pply a
very fast zero-to-max load transient and carefully observe
the output-voltage-ripple envelope br overshoot and ringing.
It helps to smultaneously monitor the inductor current with
an AC current probe.Do not allow more than one cycle of
ringing after the initial step-response under- or overshoot.

Layout Considerations

Layout is very i mportant in high frequency switching
converter design. If designed improperly, the PCB could
radiate excessive noise a nd contribute to the converter
instability. Certain points must be con sidered before
starting a layout using the RT8203.

» Connect RC low-pass filter from LDO5 toVCC, 1-mF and
10Q are recommended. Place the filter capacitor close
to the IC, within 12mm(0.5 inch) if possible.

»Keep current limit setting network as close as possible
to the IC. Routing of the network should avoid coupling
to high-voltage switching node.

» Connections from the drivers to the respective gate of
the high-side or the low-side MOSFETshould be & short
as possible to reduce stray inducta nce. Use 0.65-mm
(25 mils) or wider trece.

» All sensitive analog traces and components such a s
VOUTX, FBx,GND, ONx, PGOOD, ILIMx,VCC, and TON
should be placed away from high-voltage switching nodes
such as PHASEX, LGATEXx, UGATEX, or BOOTx nodes
to avoid coupling. Use interral layer(s) as ground plane(s)
and shield the feedba ck trace from power tra ces and
components.

»Gather ground terminal of VIN capacitor(s), VOUTx
capacitor(s), and source of low-side MOSFETS as close
as possible. PCB trace defined as PHASEX node, which
connects to source of high-side MOSFET, drain of low-
side MOSFET and high-voltage side of the inductor, should
be as short and wide as possible.
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Table 1. T ON Setting and PWM Frequency T able

Ton VOUT5 VOUT5 VOUT3 VOUT3 Approximate
K-Factor (us) Frequency (kHz) K-Factor (us) Frequency (kHz) | K-Factor Error (%)
VCC 4.90 200 3. 29 30 0 +10
GND 245 400 1. 97 50 0 +10
Table 2. Operation Mode Truth Table
Mode Condition Comment
Transitions to discharge mode after a VIN POR and after
Power-UP  [LDOx < UVLO threshold VREF becomes valid. LDO5, LDO3, and VREF remain
active.
RUN EN = High, ON3 or ON5 enabled Normal Operation.
Over Voltage |Either output > 111% of nominal LGATEX is forced high. LDO3, LDO5 active. Exited by VIN
Protection |level, PRO = Low POR or by toggling EN, ON3, or ON5
Under Voltage Either output < 70% of nominal level |If PRO is low, both UGATEXx and LGATEX are forced low until
Protection after 22ms time-ouﬂ)ires and enter discharge mode terminates. LDO3, LDO5 active.
output is enabled, PRO = Low Exited by VIN POR or by toggling EN, ON3, or ONS5.
During discharge mode, there are two paths to discharge the
. ) outputs capacitor residual charge during discharge mode.
Discharge i:i(t?lIliilg(])r:Ni:ne(ijtritrh;et;?c\jﬂbzsmosdtzuc:r The first is output capacitor discharge to GND through an
internal 17Q switch. The second is output capacitor
shutdown mode discharged by forcing the low-side MOSFET turn on/off until
PHASEX voltage decrease under 1V.
Standby ONXx < startup threshold, EN = High. [LGATEXx stays low if PRO is low. LDO3, LDOS5 active.
Shutdown |EN = Low All circuitry off.
Thermal All circuitry off. Exit by VIN POR or by toggling EN, ONS3, or
T3> +150°C
Shutdown ONS5.
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Table 3 Power-Up Sequencing
EN (V) VONS5 (V) VON3 (V) LDO5 LDO3 5V SMPS 3V SMPS
Low X X Off Off Off Off
“>2.4V " on on
> High Low L ow (after REF (after LDO5 Ooff O ff
- g powers up) powers up)
“>2.4V " on On
. H o Low V REF (after VREF (after LDO5 Off O ff
=>Hg powers up) powers up)
“>2.4V " on On
. Hi h Low High (after VREF (after LDO5 Off O n
g powers up) powers up)
“>2.4V on on
. H'i h VREF L ow (after VREF (after LDO5 Off O ff
- 9 powers up) powers up)
“>2.4V on on
- Hih VREF VR EF (after VREF (after LDO5 off O ff
- 9 powers up) powers up)
YL On On On
- |'_” h VREF H igh (after VREF (after LDO5 (after 3V On
9 powers up) powers up) SMPS on)
VL On On
. Hi h High LO w (after VREF (after LDO5 On Of f
9 powers up) powers up)
“s2 A\ " On On On
_ |'_” h High Vv REF (after VREF (after LDO5 ON (after 5V
- 9 powers up) powers up) SMPS on)
YA On On
> High High High (after VREF (after LDO5 On On
== ng powers up) powers up)
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Outline Dimension
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Symbol Dimensions In Millimeters Dimensions In Inches
Min Ma X Mi n Max
A 1.346 1.753 0.05 3 0.06 9
Al 0.100 0.254 0.00 4 0.01 0
A2 1.49 0.059
b 0.203 0.360 0.00 8 0.01 4
Cc0.17 8 0.274 0.007 0.011
D 9.80 0 10.010 0.386 0.394
e 0.63 0.025
E 5.790 6.200 0.22 80.24 4
E1l 3.810 3.990 0.15 0 0.15
L 0.380 1.270 0.01 5 0.05 0

28-Lead SSOP Plastic Package
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