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1. GENERAL DESCRIPTION

The NCT3933U includes three adjustable current DACs that are each capable of sinking
and sourcing current through SMBus™ interface. Each output has 128 sinking and
sourcing settings that are programmed by the SMBus™ interface. The output current
also can be programmable for twofold sinking/sourcing increase respectively. The
NCT3933U features step speed controlled function which can easily interfacing with
general DC/DC converter for voltage adjustment. The NCT3933U also provides power
saving function to reduce 60% power consumption when system enters standby mode.
The NCT3933U is available in SOT23-8 package.

2. FEATURES

®  3-Channel Current DAC ® 3V to 5.5V Operating Range
) Programmable 128 Steps Sinking ® Power Saving Function

and Sourcing Current ® Watchdog Timer
) Full Scale Current 0 to £1270uA ® Programmable Step Speed Control
®  Programmable for Twofold Output ® Low External Component Count

Current

® Low Cost and Easy to Use
® 5% Output Accuracy
. ® -20° 125°C T R
® Interface: SMBus'" Serial Interface 0°C to 125°C Temperature Range
™ . ® SOT23-8 Green Package (Lead Free

® SMBus " 2.0 Compatible Interface and Halogen Free)
®  Address Select Pin Allows Six

Devices on Same SMBus

3. APPLICATIONS
) Power Supply Adjustment for M/B and Graphic Card
) Power Supply Margining
®  Adjustable Current Sink or Source
) LCD Brightness and Contrast Adjustment
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4. BLOCK DIAGRAM

POR Current 4[8 OuUT1

DAC1

Control
Circuit .| Current
DAC2

SMBus™
Interface

T

7| OUT2

Current
GND [31 DAG3 — 6] outs

5. PIN CONFIGURATION AND TYPICAL APPLICATION CIRCUIT

vcee [1 ] O | 8 | ouT:
ADD_SEL [ 2 | NcT3933u | 7 ] OUT2

GND [ 3] (Top View) | 6 | ouT3

SDA [ 4 | | 5 ]scL

SOT23-8
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VCC VCC
o) o)
4.7k 4.7k 4.7k 4.7k
SDA SCL SDA SCL
T VOUT
o . Ra
vCccC VvCC
VRer
R1 DC/DC R1
Converter Ra out
f— ADD_SEL B f— ADD_SEL
Rs
R2 %7 Re R2
GND OuT GND
NCT3933U NCT3933U
Feedback Network None Feedback Network
Typical Application Circuits
6. PIN DESCRIPTION
PIN NAME NO PIN TYPE DESCRIPTION
VCC 1 POWER DC power supply, voltage input 3V to 5.5V.
ADD SEL 5 AIN SMBus Address Select Input. Connect a resistor divider to determine the
- SMBus slave address. See Tablel for the six available addresses.
GND 3 GROUND Power supply ground.
. . ™ . g . . .
SDA 4 1/OD 12t Digital I/O_(Open drain). SMBus ™ bidirectional serial data. Requires a
pull-up resistor.
SCL 5 | Digital Input. SMBus™ serial clock input. Requires a pull-up resistor.
OouT3 6 AO
ouUT?2 7 AO Cur_rent Output. Sinks or sources the current determined by the internal
registers.
OouT1 8 AO
PIN TYPE PIN Attribute
1/OD12t5 TTL level and Schmitt trigger open drain output with 12 mA sink capability

| Input pin (Digital)

AO Output pin (Analog)
AIN Input pin (Analog)
POWER Positive power supply input

GROUND Power supply ground
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7. FUNCTIONAL DESCRIPTION

7.1 General Description

The NCT3933U includes three adjustable current DACs that are each capable of sinking and sourcing
current through SMBus™ interface. Each output has 128 sinking and sourcing settings that are
programmed by the SMBus™ interface. The output current also can be programmable for twofold
sinking/sourcing increase respectively. The NCT3933U features step speed controlled function which can
easily interfacing with general DC/DC converter for voltage adjustment. The NCT3933U also provides

power saving function to reduce 60% power consumption when system enters standby mode.

7.2 Power On Reset, POR

The NCT3933U continuously monitors supply voltage at VCC pin for power on reset circuit. The POR
threshold at VCC rising is typically 2.6V. All of the outputs are disabled if the supply voltage is lower than
the POR threshold level.

On power—up, the NCT3933U output zero current. This is done to prevent the device from sinking or
sourcing an incorrect amount of current before the system host controller has had a chance to modify the

device’s setting.

7.3 Step Speed Controlled

The NCT3933U features step speed controlled function which can change output current gradually to the
final value. The default setting of each step is about 10 us. This function makes the output voltage of
DC/DC converter smooth transition to decrease inrush current from its power supply input and prevent

false trigger of over current protection.

7.4 VCC Decoupling

To achieve the best results when using the NCT3933U, decouple the power supply with a 0.01uF or 0.1uF
capacitor. Use a high quality ceramic surface mount capacitor if possible. Surface mount components
minimize lead inductance, which improves performance, and ceramic capacitors tend to have adequate

high frequency response for decoupling applications.

7.5 Power Supply Feedback Voltage

The feedback voltage for adjustable power supplies must be between 0.5V and VCC-1V for the
NCT3933U to properly sink/source currents for adjusting the voltage.
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7.6 Power Saving Function

The NCT3933U provides power saving function to lower power consumption. In power saving situation,
the power consumption is about 40% off normal operation situation. Set CR05_Bit 6 to 1 (default is 0) to
enable this function. When the power saving function is enabled, the outputs would be turned off
immediately. Hence, the register of CR01~CR03 must be reset to default value before power saving
function is enabled. On the contrary, the power saving function has to be disabled before CR01~CR03 are

enabled.

7.7 Example Calculation for an Adjusting Output Voltage of DC/DC Converter

Fig 7-1 shows an application circuit that using a general DC/DC converter. By selecting appropriate output

current loyr of NCT3933U to adjust output voltage.
The equation of output voltage is:
Vour = Ves X (Ra+ Rs) + Rg

Summing the currents into the feedback node, we have the following:

lout = Ire - Ira vce
Where: T »
= = 4.7ké 4.7k
lre=Vrs+ Rs VIN
VOouT
And T
[C200))]
lra= (Vour - Ves) = R vee 8 P
ra= (Vout- VFB) = Ra DC/DC 'RAl R
Converter
Thus, R1 B
ADD_SEL
Voutr = (Ira X Ra) + Vg |
R2| NcT3933U %7 Re Re
Since Igg is a constant, we can calculate the output
GND
voltage difference, ouT
lout
—_—
A Vour = -lout X Ra
Fig. 7-1

For example, if loyt=-500uA (sinking) and R,=1kQ, the

output voltage will be increased as:

A Vout = 500UA x 1kQ = 0.5V
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7.8 Example Calculation for an Adjusting Reference Voltage

Fig 7-2 shows an application circuit for reference voltage adjustment. By selecting appropriate output

current loyt of NCT3933U to adjust output voltage. The equation of default reference voltage is:
Vrer = Vop X Rg = (Ra+ Rg)
Summing the currents into the voltage divider node, we have the following:

Ire = lout + Ira

vce
Where: 7 R
Ire = Vrer + Rg 4.7k 4.7k
Voo
And
Ira= (Voo — VRer) + Ra vce § (ﬁ |RA1 Ra
Thus, R1 ouT lour O Vier
_—
Vrer = [(lour X Ra X Rg) + Vpp X Rg|] = (Ra + Rg) RS lRBl "
) NCT3933U
Then we can calculate the output voltage difference, R2
GND
AVger = lout X [(Ra X Rg) = (Ra + Rg)]
Fig. 7-2

For example, if loyt=10uA (sourcing) and Rx= Rg=1kQ, the

output voltage will be increased as:

AVger = 10UA x 0.5kQ =5mV

7.9 SMBus™ Slave Address

The NCT3933U responds to one of six SMBus'™ slave addresses determined by external resistor divider
as shown in the Typical Application Circuit. The voltage on ADD_SEL pin is compared with internal

reference voltage for address selecting.

Address OX2A | Ox28 | 0x26 | Ox24 | Ox22 | 0x20

R1 (kQ) open | 3.9 3 2.2 1.3 10

R2 (kQ) 10 1.3 2.2 3 3.9 | open
ADD_SEL Voltage (% of VCC) 0 25 42 58 75 100

Tablel. Recommended Slave Address Setting

Publication Date: June, 2013
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7.10 Access Interface
The NCT3933U provides SMBus™ serial interface to read/write internal registers, and the SMBus™
address for read and write, for example, is 00100001b and 00100000b, respectively.

p p y

The first serial bus access timing is shown as follows:

(a) Serial bus write to internal address register followed by the data byte

AR ANEERE N e

Start By ACK By ACK By
Master NCT3933U NCT3933U
. Device Internal Index
}47 Device Address byte 4+7 Address byte 4%
1 9

it

ACK By  Stop By
NCT3933U Master

}47 Device Data byte 4%

(b) Serial bus read form internal address register followed by the data byte

A ANERE L oo

Start By ACK By ACKBy Repeat
Master NCT3933U NCT3933U  Start

N Device Internal Index
}47 Device Address Byte 4+7 Address byte 4’{
9 1 9

SCL L

(Continued)

SDA

oo ofi\o o 0 o/ foloemlopodaleoo

ACK By ACK By Stop By
NCT3933U Master ~ Master

Fi Device Address Byte 4+7 Device Data Byte 4%
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8. CONTROL AND STATUS REGISTER

8.1. NCT3933U Registers

Register Description Default
CRO1h OUT1 Current DAC 00h
CRO2h OUT2 Current DAC 00h
CRO3h OUTS3 Current DAC 00h

(1) Watchdog Function
CRO04h (2) Step Speed Controlled Function 00h
(3) Version ID

(1) OUT1~3 Current DAC Control Function for twofold

CRO5h . . 00h
(2) Power Saving Function

CR5Dh Vendor ID1 39h

CR5Eh Vendor ID2 33h

8.2. Output Control Registers, CR01~CR03

Bit Name Function Power On Default

Determine if DAC sources or sinks current. For sink
S=0, for source S=1.

7 bit Data Controlling DAC Output. Setting
6~0 Data 000_0000b outputs zero current regardless of the 000_0000b
state of the sign bit.

7 Sign Bit Ob

Publication Date: June, 2013
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CR01~03 Sinking Current

STEP [Ei:tos] Hex | Guent| sTEP [B;ifosl Hex | Gurrent] sTEP [3i:t08] Hex | Gurtent| sTEP [B;ifosl Hex | Gurtent

(uA) (uA) (uA) (uA)
0 | 3000 oon | o | s2 | 9000 | 2on | 320 | 64 | 3290 | 4on | -6a0 | 96 | 3020 | eon | -v60
1| o0 oth | a0 | 33 [ 3000 ] 2an | a0 | es | goos | 41h | eso | o7 [ 020 | ean | -o70
2 [ 0% o2n | 20 | sa | 9000 | 22n | 340 | e6 | 290 | 42n | -ee0 | 98 | 30| e2n | -80
3 [ 0% osn | 0 | s | 9000 | 2an | ms0 | 67 | 099 | a3n | 70 | 99 | 39| e3n [ -000
a | 30001 oan | <40 | 36 | 000 | 2an | 360 | es | o100 | 44an | -es0 | 100 | 11O | ean | -1000
5 | 9090 | osh | 0 | a7 | 99| ash | a0 | e | 9100 | ash | -ee0 | 101 | 119 | esh | -1010
6 | 3999 | oeh | 0 | 38 | 0010 | aeh [ 380 | 70 | 190 | aeh | 700 | 102 | 11O | een | -1020
7 [ X9 om | 70 | s |00 amh | se0 | 71 [ 3199 | amn | 720 | 103 | 319 | e7n | -1030
g | 9000 | osn | 80 | a0 | 9000 | 2sh | a0 | 72 | 9200 | ash | 720 | 104 | S110 | esn | -1040
o [ 90001 oon | 00 | a1 | 9009 | 2oh | a0 | 73 | 9200 | aon | 730 | 105 | S11% | eon | -1050
10 | 9091 oan | 100 | a2 | X000 | 2an | 420 | 74 [ 9000 | aan | 740 | 1206 | 900 | ean | 1060
1 | 9099 oeh | 410 | a3 | %000 [ 28h | 430 | 75 [ 9000 | asn | 7s0 | 207 | 9019 | eBh | 1070
12 | 9999 | och | 420 | aa | 900 f och | a40 | 76 | 9190 | ach | 7e0 | 108 | 9100 | ech | -1080
13 | 9999 ooh | 430 | as | 2900 f oph | waso | 77 [ 9199 | aph | 770 | 200 | 9100 | eph | 1000
14 | 9001 oen | g0 | e | 2000 f 2en | a0 | 78 [ 9190 | aen | 70 | 120 | 9110 | eEn | 1100
15 | 9000 orn | aso | a7 | 900 f ok | azo | 7o [ 9190 | arn | o0 | 111 | 919 | ern | 1110
16 | 9000 | aoh | 160 | a8 | ooee | 30n | 480 | 8o [ 3000 | son | soo | 112 | OLLT | 7on | 1120
17 | 9000 | aah | avo | e | Qoal | 3th | a0 | s1 [ 3000 | san | s10 | 113 | OUMT | 71 | 1130
18 | 0000 | azh | 180 | so | ooia | 320 | w00 | 2 [ 9090 | son | s20 | 114 | OV | 72n | 1140
19 | 0000 | ash | 00 | st | oonif 33n | 510 | 83 [ 9097 | san | ss0 | 115 | 90T | 73n | 1150
20 | 008 | 1an | 200 | s2 [ 00| 3ah | s20 | 8a | 0100 | san | a0 | 116 | 01it | 7ah | -1160
21 | 000 | ash | 210 | 53 [ 3001 | ssh | s30 | s | 0100 | ssh | sso | 117 [ 01| 7sh | 1170
22 | 099 | aen | 220 | sa [ 10| sen | sa0 | 86 | 0100 | sen | -e0 | 118 | 017t | 7eh | -1180
23 | 0090 [ a7 | 230 | ss [ 01| a7 | sso | e7 | 0101 | s7n | s70 | 119 | 01T | 77n | 1190
20 | 900t | 18 | 230 | s6 [ 9000 | sen | se0 | 88 | oot | sen | -so | 120 | 9% | 78h | -1200
25 | Soor | 1o | 250 | 57 [ 9001 | son | s70 | 8o | 9ol | son | o0 | 121 [ 93| 79h | 1210
26 | 900t | 1an | 250 | ss [ 9010 | san | se0 | 90 | 9000 | san | 00 | 122 [ 90| 7an | -1220
a1 | 9001 [ 18h | 270 | so [ 91| aeh | se0 | o1 | 9001 | sBh | a0 | 123 [ 9| 7Bn | -1230
28 | 9900 [ 1ch | 280 | eo | 9938 | ach | w00 | 92 | 9100 | sch | 20 | 124 | 91| 7cn | -1240
20 | 900 [ 1oh | 200 | 1 [ 9901 | aoh | w10 | 93 | 9100 | sDh | es0 | 125 [ 91| 7Dn | -1250
30 | 9990 1en | 300 | e2 [ 9910 | 3en | w20 | o4 | 9100 | sen | a0 | 126 | 9113 | 7En | -1260
a1 | 90| arn | 310 | 63 [ 99T | sen | 60 | o5 | 2100 | sen | eso | 127 [ 9111 7en | 1270
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CR01~03 Sourcing Current

STEP gifos] Hex | unont| sTER gifos] Hex | unont| sTER gifos] Hex | unont| sTER [Ei;tos] Hex |Gunent

(uA) (uA) (uA) (uA)
o | aoo0 | eon 0 32 | 0000 | Ao | 320 | ea | 2220 | con | a0 | 96 | 2101 Eon | 960
1| sy [ 8th | 10 | 33 [ 2001 aan | a30 | es | 0000 | cin | eso | o7 | IO | E1n | 970
2 | o0 | s2n | 20 | 34 | 200 An | 340 | es | 2200 | con | eeo | o8 | Ai10 | E2n | 9s0
3 oo s | 30 | 35 | 00| Asn | 350 | 67 | 290 | can | 670 | o9 | 219 | E3h | 990
4 | 000 | 8an | a0 | 36 | 2900 | man | 360 | 8 | 2190 | can | eso | 100 | $O | Ean | 1000
5 | ooos | 8sh | so | 37 | 2909 | ash | a0 | e | 2190 | csh | eo0 | 101 | $1O | Esh | 1010
6 | oooo | seh | 6o | 38 | 290 | men | 30 | 70 | 2390 | cen [ 700 | 102 | $0 | E6h | 1020
7 [ %0 e | o | 39 [ 299 amm [ a0 | 71 | 99| cm | 70 | 103 | 310 | E7n | 1030
8 | 1oo0 | ssn | 8o | 40 [ 1900 | men | 400 | 72 | 1000 | csh | 720 | 104 | TR0 | E8h | 1040
o 1000  son | oo | 4r | 1909 | Ash | a0 | 73 | 1090 | con | 730 | 105 | Jo2° | Eoh | 1050
10 [ 199 ] 8an | 100 | 42 | 1900 | Aan | 420 | 74 | 2% | can | 740 | 106 [ 1110 | EAn | 1060
1 [ 1999 | een [ 110 | a3 | 1900 | aBh [ 430 | 75 | 12%° | cen | 7s0 | 107 [ 1119 | EBn | 1070
12 | 1999 | sch | 120 | aa | 1900 | ach | 440 | 76 | 300 | ccn | 7eo | 108 [ 1139 | Ech | 1080
13 1999 | son | 130 | 45 | 1500 | aph [ aso | 77 | 130°  con | 770 | 100 [ 1139 | EDh | 1000
14 | 199 ] sen | 140 | a6 | 1550 | AEn | 460 | 78 | 1390 | cen | 7e0 | 110 [ 1110 | Een | 1100
15 [ 1999 ern | 150 | a7z | 1910 | AFn [ a0 | 79 | 1199 f chn | 7e0 | 111 [ 1119 | EFn | 1110
16 | o0t | oon | 160 | 48 | 290 | Bon | 480 | 8o | gool | poh | oo | 112 [ 21| Fon | 1120
17 | 20| ean | 170 | a9 | 290 | Bin | 400 | 81 | a0l | Din | 10 | 113 [ 23| Fin | 1130
18 | 20% | oon | 180 | so | 290 | B2n | s00 | 82 | aoot | p2h | 20 | 114 [ 2| Fon | 1140
19 | 299 | oan | 190 | s1 | 200 | B3n | s10 | 83 | a0l | psh | 30 | 115 [ 2| Fsh | 1150
20 | 000 | oan | 200 | s2 | 2200 f Ban | 520 | 84 [ 2101 | pan | sa0 | 116 | M| Fan [ 1160
21 | 000 | esh | 210 | s3 | 2201 f Bsh | s30 | 85 [ 2190 | psh | eso | 117 | IT| Fsh [ 1170
22 | 2900 | oeh | 220 | sa | 220 f Beh | sa0 | 86 [ 190 | pen | seo | 118 | I | Fen [ 1180
23 | 2900 | ot | 230 | s5 | 2001 [ B7n | ss0 | s7 [ 2197 | o7n | e7o | 110 | IT | F7n [ 1100
20 | 1900 | oen | 230 | s6 | oot | B8h | seo | ss [ 1391 | pen | sso | 120 | JIIL | Fen [ 1200
25 | 1900 | ooh [ 250 | s7 | Jool | Boh | s70 | 8o [ 1300 | pon | seo | 121 | JIIT | Fon [ 1210
26 | 1900 | oan [ 250 | s | Joit | BAn | sso | 9o [ 1% | pan | soo | 122 | TP | Fan [ 1220
a1 | 1990 | 98 [ 270 | so | Joui | BBh | se0 | o1 [ 130 | pBh | 910 | 123 | TN | Feh [ 1220
28 | 1000 | och | 280 | eo | oot f Bch | e00 | 92 [ 119 | bch | e20 | 124 | TTIL | Fch | 1240
20 | 1990 oo [ 200 | e1 | 1901 | Boh | 620 | 93 [ 1190 | poh | e30 | 125 | 1701 | FOh [ 1250
30 | 1905 oen [ 300 | e2 | 1910 | BEn | 620 | 94 [ 1190 | DEn | 9s0 | 126 | 7775 | FER [ 1260
a1 | 1990 [ orh | 310 | e3 [ 19| BFn | 630 | o5 | 10T | DR | oso | 127 | 117 [ PR | 1270
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8.3. Watchdog Timer/Step Speed Controller/Version ID Register, CR04

Bit Name Function Power On Default

1: Start watchdog counter and reset all

) registers to default after time out.
7 Enable Watchdog Timer Ob
0: Stop watchdog counter and reset

watchdog timer.
Read Only.

This bit is set to 1 when watchdog
6 Watchdog Timer Status timeout happens. Ob

This bit is set to 0 once this register is
read out.

) 00: 1400ms, 01: 2800ms
5~4 Watchdog Timer Delay 00b
10: 5500ms, 11: 11000ms

00: 10us, 01: 20us
3~2 Step Speed Controller Delay 00b
10: 30us, 11: 40us

1~0 Version ID Read Only 00b

8.4. OUT1~3 Twofold Output Current DAC Control Function/Power Saving Function
Register, CR05

Bit Name Function Power On Default
7 Reserved (For internal use only) Reserved Ob
6 Power Saving Function 0: Disable; 1: Enable Ob
5 Reserved Reserved Ob
4 OUT3 Output Current x2 0: Disable; 1: Enable Ob
3 Reserved Reserved Ob
2 OUT2 Output Current x 2 0: Disable; 1: Enable Ob
1 Reserved Reserved Ob
0 OUT1 Output Current x 2 0: Disable; 1: Enable Ob

Note: Bit 7 is for internal use only and it is not allowed to change the default setting.

8.5. Vendor ID Register, CR5D & CR5E

Index Name Function Power On Default
5D Vendor ID1 Read Only 0011_1001b
5E Vendor ID2 Read Only 0011_0011b

Publication Date: June, 2013
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9. ELECTRICAL CHARACTERISTIC

9.1. Absolute Maximum Ratings

PARAMETER RATING UNIT

Power Supply Voltage -0.3to 6V \%
Voltage on Other Pins -0.3to VCC+0.3 \%
Storage Temperature -50 to 150 °C
Soldering Temperature Refer to IPC/JEDEC J-STD-020 Specification

Human Body Mode 2 kv
ESD Protection | Machine Mode 200 v

Latch-up 100 mA

Note: Exposure to conditions beyond those listed under Absolute Maximum Ratings May adversely affect the life
and reliability of the device.

9.2. Thermal Information

PARAMETER RATING UNIT
Power Dissipation, Pp @ Ta=25°C 0.4 W
Package Thermal Resistance, SOT23-8, 6;a 250 °CIW

9.3. Recommended Operating Conditions

PARAMETER RATING UNIT
Operating Temperature -20 to 125 °C
Junction Temperature -20 to 125 °C
Supply Voltage, VCC 3to55 \%

9.4. DC Characteristics
(VCC =3V to 5.5V, Ta =-20°C to 125°C, Typical Values are at Tp=25°C. Unless otherwise specified.)

PARAMETER SYM. MIN. TYP. MAX. UNIT CONDITIONS
Supply Input Voltage
Supply Input Voltage Ve 3 5.5 \%
POR Threshold Vee por 2.6 \
Supply Input Current lcc 0.5 1.5 mA All lour = 04, VCC =5V
SCL = SDA =0V or 5V
I\SAl(J)%Fc)aly Input Current in Power Saving lec_pom 03 0.6 mA /S\gll_oiTS—D(’)AAz\c/f/(; r—SSVV cROS bt
Input High Leakage I +1 uA VIN =VCC
Input Low Leakage I -1 HA VIN = 0V
SMBUS Interface

Publication Date: June, 2013
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PARAMETER SYM. MIN. TYP. MAX. UNIT CONDITIONS
Input High Voltage ViH 2.1 VpuLLup \
Input Low Voltage Vi 0.8 \%
Output Low Voltage VoL 0.4 \ lou = lpuLLup
Nominal Pullup Voltage VeuLLup 2.7 5.5 \%
Current Sinking IpuLLuP 12 mA VoL = 0.4V
Current DAC Output
85:?:5*5::&? curent at zero lzero -1 +1 uA | Vour® = 0-5v
-5 +5 % lout = 110UA ~ 2540UA, Vour™ = 0.8V
Outptut Current Acuracy
-5 +5 uA lout = OUA ~ 100UA, Vour™ = 0.8V
Outptut Current Variation due to 1.2 +1.2 %NV lour sinking, Vour™ = 0.5V~vce
Output Voltage Change(z) 1 +1 lout sourcing, Vour® = 0V~VCC-1V
Output Current Variation due to -1 +1 %N lour sinking, Vour™=0.5V, VCC=3V~5.5V
Power Supply Change® -1 +1 lout sourcing, Vour™=0.5V, VCC=3V~5.5V
Step Speed Accuracy 80 %
Watchdog Timer Delay Accuracy 80 %
Address Selection
Address 1 Voltage - - 15 Address = 0x2A
Address 2 Voltage 20 25 30 Address = 0x28
Address 3 Voltage 37 42 a7 Address = 0x26
%VCC
Address 4 Voltage 53 58 62 Address = 0x24
Address 5 Voltage 70 75 80 Address = 0x22
Address 6 Voltage 85 - - Address = 0x20

Note(1) VOUT is defined as voltage on OUT pins.

Note(2) Outptut Current Variation due to Output Voltage Change is defined as (AIOUT / IOUT) / AVOUT. IOUT is set at full scale
value.

Note(3) Output Current Variation due to Power Supply Changeis defined as (AIOUT / IOUT) / AVCC. VOUT is measured at 0.5V and
IOUT is set at full scale value.
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9.5. AC Characteristics

'scL te R
SCL
tHD:SDA tsu;sto
SDA IN A VALID DATA ><: >\
'HD;DAT J
J
SDA OUT
J
Serial Bus Timing Diagram
PARAMETER SYMBOL MIN. MAX. UNIT
SCL clock period tscL 10 100 KHz
Start condition hold time tHD:SDA 4.0 us
Stop condition setup-up time tsu:sto 4.0 us
DATA to SCL setup time tsu:pAT 250 nsS
DATA to SCL hold time tHD;DAT 300 nS
SCL and SDA rise time tr 1.0 us
SCL and SDA fall time tr 300 ns
Time to operate after POR tror 500 mS

-14-
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10. TYPICAL OPERATION CHARACTERISTICS

Normal Operating Current vs. VCC Power Down Current vs. VCC

1300 550
500
~ 1200 e
< e —_ Iy
bt T S 150 -
€ ~ €
S 1100 7 = /
g / g 400
S 3 /
1000 350
g0 2
5 S 300
9 900 7
250
800 200
27 31 35 39 43 47 51 55 27 31 35 39 43 47 51 55
VCC (V) VCC (V)
Sourcing Current vs. Step
1400
Sinking Current vs. Step A
-1400 1200 7
-1200 // 1000 //
11000 g S 800
g 800 E
s S 600 ~
[d A (@] /
£ -600 pad
3 P 400
-400 // //
P 200 ,
-200 L
0 / 0
0 16 32 48 64 80 96 112 128 0 16 32 48 64 80 96 112 128
Step Step
Output Voltage vs. Output Current
Output Voltage vs. Output Current CR(CR01~03=7F270uA) Sinking
CR01~03=3F (-630uA) Sinking -1350
-700
-1325
__-675 I
< 2
2 650 VCC=5v /I = -1300 /
g // o vCe=5v
5 625 — g 127 N~
2 VCC=3.3V .g_ )'__.—
2 -600 £ -1250 VCC=3.3V
3 @]
(@)
-575 -1225
-550 -1200
00 05 10 15 20 25 30 35 40 45 50 00 05 1.0 1.5 2.0 25 3.0 35 40 45 50
Output Voltage (V) Output Voltage (V)
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Output Voltage vs. Output Current

CRO1~03=7Fage vs. Output Current CRO1~03=BF (630uA) Sourcing
CRO01~03=FF CR05=15 (-2540uA) Sinking 200
2700
-2650 = -
2 < 650 VCC=5V
= 2600 = I
= - VCC=5V vV S T T / \ \
g S 5 -
8 2550 // 8 600 VCC=3.3V \
5 e :
3 2500 VCC=3.3V =
8 o 550
-2450
-2400 500
0.0 0.5 1.0 1.5 2.0 25 3.0 35 40 45 50 0.0 05 1.0 15 20 25 30 35 40 45 50
Output Voltage (V) Output Voltage (V)
Output Voltage vs. Output Current
Output Voltage vs. Output Current CR01~03=FF, CR05=15 (2540uA) Sourcing
CRO01~03=FF (1270uA) Sourcing 2700
1350
—~ 2600 VCC=5V
g ~
< 1300 VCC=5v -
S ~ g 2500 VCC=3.3V P \
5 — 3 \
£ @)
3 1250 vCcc=3.3v 7 \ R 5 2400
S 3 \
: \ o\ E
3 1200 2300
. \ \ 2200
15 0.0 05 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 5.0
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 40 45 50
Output Voltage (V) Output Voltage (V)
Output Current vs. VCC Output Current vs. VCC
e R01~03=7F (-1270uA) Sinki
CRO1~03=3F (-630UA) Sinking 1350 CRO1-03=7F (-1270uA) Sinking
-660
< 132
< 650 E
=}
= 640 £ -1300
o = I
S 630 \\ 3 1275 ~__ —
5 ~— 5 1250
3 -620 a
= >
3 -610 8 -1225
-600 -1200
27 31 35 39 43 47 51 55 27 31 35 39 43 47 51 55
VCC (V) VCC (V)
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Output Current vs. VCC

Output Current vs. VCC CR01~03=BF (630uA) Sourcing
CR01~03=7F, CR05=15 (-2540uA) Sinking 660
-2700
- 650
2 -2650 k)
= 2600 £ 640
o SN geso \\
3 2550 ~_ — © N————
2 -2500 8 620
‘5‘ >
O -2450 O 610
-2400 600
27 31 35 39 43 47 51 55 27 31 35 39 43 47 51 55
VCC (V) VCC (V)
Outout Current vs. VCC
Output Current vs. VCC CRICRO1~03=FF 05=15 (2540uA) Sourcing
CRO01~03=FF (1270uA) Sourcing 2700
1350
= 2650
2 1325 £
>
= = 2600
£ 1300 o ~~
2 S 2550 ~—~—
— \
3 1215 ~—__ S
5 1250 §_ 2500
*5‘ >
O 1225 O 2450
1200 2400
27 31 35 39 43 47 51 55 27 31 35 39 43 47 51 55
VCC (V) VCC (V)
Power Down Current \s. Temperature
Operating Current vs. Temperature 650
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O 1100
1050 400
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Temperature (°C) Temperature (°C)
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Output Current vs Temperature

Output Current vs Temperature CRO01~CRO03=FF, Sourcing 1270uA

CR01~CR03=7F, Sinking 1270uA 1400
-1050 1300
-1100 <
—_ S 1250 —
< -1150 = =
=2 c 1200
£ -1200 2
g ~—~— 3 1150
8 -1250 @]
-1300 1100
-1350 1050
-1400 1000
40 20 O 20 40 60 80 100 120 140 40 -20 0 20 40 60 80 100 120 140
Temperature (°C) Temperature (°C)
Output Current vs Temperature
Output Current vs Temperature CR01~CRO03=FF; CR05=15, Sourcing 2540uA
CR01~CR03=7F; CR05=15, Sinking 2540uA
2700
-2300 2650
-2350
2600
-2400 < 2550
< g S
5 -2450 N - T
pog ~ € 2500 —
£ -2500 o T
g — 5 2450
8 -2550 e O
2600 2400
-2650 2350
-2700 2300
40 20 0 20 40 60 80 100 120 140 40 -20 0 20 40 60 80 100 120 140
Temperature (°C) Temperature (°C)
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11. PACKAGE DIMENSION

NCT3933U

o —

0.20
. 23]
= PR N
[
- . . C
el
=
_ ! /
\ |
Dimensions In Milimeters Dimensions In Inches
Symbol
Min Max Min Max
A 1.050 1.250 0.041 0.049
A1 0.000 0.100 0.000 0.004
A2 1.050 1.150 0.041 0.045
b 0.300 0.500 0.012 0.020
[ 0.100 0.200 0.004 0.008
D 2.820 3.020 0.111 0.119
E 1.500 1.700 0.059 0.067
E1 2.650 2.950 0.104 0.116
e 0.65 (BSC) 0.026(BSC)
el 0.975 (BSC) 0.038(BSC)
L 0.300 0.600 0.012 0.024
5] 0° 8° 0° 8°

» TAPING SPECIFICATION

/

SCIRS.

o

)

)

FEEDING DIRECTION —+

SOT23 -8 Package
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12. ORDERING INFORMATION

Part Number Package Type Supplied as Production Flow

NCT3933U SOT23-8 (Green Package) T Shape: 3,000 units/T&R -20°C to +125°C

13. TOP MAYKING SPECIFICATION

11 0 [

O33AAX
U uut

Pin 1 index

1% Line: 33AAX

® 33: NCT3933U
® AA: Date code (Week)

®  X:the IC version (A means A; B means B & C means C...etc.)
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14. REVISION HISTORY

VERSION DATE PAGE DESCRIPTION
A0 2010/10/18 All First release
Al 2012/06/26 19 Correct taping specification
A2 2013/06/24 Correct typos
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Important Notice

Nuvoton Products are neither intended nor warranted for usage in systems or equipment, any
malfunction or failure of which may cause loss of human life, bodily injury or severe property
damage. Such applications are deemed, “Insecure Usage”.

Insecure usage includes, but is not limited to: equipment for surgical implementation, atomic energy
control instruments, airplane or spaceship instruments, the control or operation of dynamic, brake
or safety systems designed for vehicular use, traffic signal instruments, all types of safety devices,
and other applications intended to support or sustain life.

All Insecure Usage shall be made at customer’s risk, and in the event that third parties lay claims to
Nuvoton as a result of customer’s Insecure Usage, customer shall indemnify the damages and
liabilities thus incurred by Nuvoton.

Flease note that all data and specifications are subject to change without notice.
All the trademarks of products and companies mentioned in this datasheet belong to their respective owners.
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