19-1483; Rev 0; 4/99

INAKXI WV

oooo/aoooononnn
ooooooooonosMBusODOoooooooonn
00 00

MAX1el190 O DO OODOOOODOOOIIcCoooon
oopbDoooobOoOooobooooboooobooo
gboboobobooobbooboboOobobOONPNODODO
OO@OO0OO2N3904000000000)DDOODO
boboooooooooooboooboooooooog
gobooooobOoOoooobooooboooooo
H300000000000000O00000O0O000
oooOooooobobooooboooooboooooo
goboooooooobicoooboooooon
goooooono

2000000000000 0000O0O0O0DODODOO
ocoooogEGsMBus™OODODODOODODOooOOoooOoO
uboboboboboboboboboboobooboan
goooogoooooooboobooboboobioooo
goboobooboobobooovzoboboobbooon
20000000000000000D010D00000O
gboboooboboboooboboboobobon
gboooooboboooobobobooobobon
gboobooobobooooboboboooboboon
gbooooobogooo

MAX16190 000 MAX1e17A0 0 00O0O0OO0ODO0O
Oo0o0ooooooooooooOo(OVERT) D OO
gooooooooobooobooboooooo

0200000000000000000000
0o00D0O0oooDooOd

OSMBus 2000000000000
0000000000/0000
00000000OVERTO O
OSMBusOOOODODOOOOODO
000000000000 000onnog

oooo
+20 (+600 0+100000000)
+30 (-400 0+125000000)
+30 (+600 0+100000000)

00000000000 3pA(typ)
OO00O00o00000ooooDod 7opA(max)
00O0O0O00+3vO+5.5Vv

O Write-Once(D D OO DO)OI O
0000000001600 QSOP

0o
oooobood PART TEMP. RANGE  PIN-PACKAGE
oooooooo oooog MAX1619MEE  -55°C to +125°C 16 QSOP
000000000000 gpooooooooo
00000000000 oooooo nooodd
LANO DO 00000000000
0.1uF +3V TO +5.5V
|:| |:| |:| |:| | 200Q
E‘ |
TOP VIEW - — Vec  STBY
vee [1] [16] n.c. MAXIMN 1OKEACH
o 2] ] N MAX1619
o 3] anaxian [1] sveci SMBCLK & Clo
oxv [4] mAxz619 i3] ne SMBDATA DATA
— INTERRUPT
ne. [5) 12] smBDATA N304 220008 DXN ALERT Touc
aoD1 [6 | 1] ALERT OVERT FAN
CONTROL
6ND [ 7] 10] ADDO ADDO ADD1 GND
oND [ 8] 9] overT 1 1
QSOP =

SMBus[ Intel Corp.0 000 00O

MAXIN

Maxim Integrated Products 1

oooooooooo0oooooooo0ooooooOoO0oooooob0OO0O00ooDOO http://www.maxim-ic.com

619TXVIN



MAX1619

oooo/maooooonon
OoooonoooooosMBusOOOooonooooonnmn

ABSOLUTE MAXIMUM RATINGS

VCCLOGND ...

DXP, ADD_ to GND

DXNtO GND ...cooiiiiiiiiiiiiiieies

SMBCLK, SMBDATA, ALERT, OVERT,

STBY t0 GND.....ooiiiiiiiiiiiiiiccccee

SMBDATA, ALERT, OVERT Current

DXN Current .......cccccoeeviiiiiiiiiiiiieces
ESD Protection (all pins, Human Body Model)

.................... -0.3V to +6V

................. -0.3Vto +0.8V

-0.3Vto (Vcc + 0.3V)

Continuous Power Dissipation (Ta = +70°C)

QSOP (derate 8.30mW/°C above +70°C)
Operating Temperature Range
JUNCLION TEMPEIALUIE ...coeeiiiiiie et
Storage Temperature Range
Lead Temperature (soldering, 10sec)

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

ELECTRICAL CHARACTERISTICS

(Vcc = +3.3V, Ta = 0°C to +85°C, configuration byte = XCh, unless otherwise noted.)

PARAMETER ‘ CONDITIONS MIN TYP MAX | UNITS
ADC AND POWER SUPPLY
Temperature Resolution (Note 1) Monotonicity guaranteed 8 Bits
Initial Temperature Error, Ta = +60°C to +100°C -2 2 .
. C
Local Diode (Note 2) Ta = 0°C to +85°C -3 3
Temperature Error, Remote Diode | TR = +60°C to +100°C -3 3 oc
(Notes 2, 3) TR = -55°C to +125°C (Note 4) -5 5
Temperature Error, Local Diode : ) TAa = +60°C to +100°C -2.5 2.5 .
Including long-term drift C
(Notes 1, 2) Ta=0°C to +85°C -3.5 35
Supply Voltage Range 3.0 55 \Y
Undervoltage Lockout Threshold Vcc input, disables A/D conversion, rising edge 2.60 2.80 2.95 \
Undervoltage Lockout Hysteresis 50 mV
Power-On Reset Threshold Vcc, falling edge 1.0 1.7 25 \%
POR Threshold Hysteresis 50 mV
Logic inputs | SMBus static 3 10
Standby Supply Current forced to V A
y SUppY cc Hardware or software standby, a
or GND 5
SMBCLK at 10kHz
Autoconvert mode, average 0.25 conv/sec 35 70
Average Operating Supply Current | measured over 4sec. Logic HA
inputs forced to Vcc or GND. | 2.0 conv/sec 120 180
Conversion Time From stop bit to conversion complete (both channels) 94 125 156 ms
Conversion Rate Timing Error Auto-convert mode -25 25 %
) High level 80 100 120
Remote-Diode Source Current DXP forced to 1.5V HA
Low level 8 10 12
DXN Source Voltage 0.7 \Y
Address Pin Bias Current ADDO, ADD1; momentary upon power-on reset 160 HA
2 N AXIW
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ELECTRICAL CHARACTERISTICS (continued)

(Vcec = +3.3V, Ta = 0°C to +85°C, configuration byte = XCh, unless otherwise noted.)

PARAMETER ‘ CONDITIONS ‘ MIN TYP MAX | UNITS

SMBus INTERFACE
Logic Input High Voltage STBY, SMBCLK, SMBDATA; Vcc = 3V to 5.5V 2.2 \
Logic Input Low Voltage STBY, SMBCLK, SMBDATA; Vcc = 3V to 5.5V 0.8 v
Logic Output Low Sink Current ALERT, OVERT, SMBDATA forced to 0.4V 6 mA
ééaElfiaTg;eoc\:/Er?;n?mpm High ALERT, OVERT, forced to 5.5V 1 HA
Logic Input Current Logic inputs forced to Vcc or GND -1 1 HA
SMBus Input Capacitance SMBCLK, SMBDATA 5 pF
SMBus Clock Frequency (Note 5) DC 100 kHz
SMBCLK Clock Low Time tLow, 10% to 10% points 4.7 ps
SMBCLK Clock High Time tHIGH, 90% to 90% points 4 ps
SMBus Start-Condition Setup Time 4.7 ps
ggs;i:;egeated Start-Condition |\ . <4, 0% to 90% points 500 ns
SMBus Start-Condition Hold Time tHD:STA, 10% of SMBDATA to 90% of SMBCLK 4 ps
SMBus Stop-Condition Setup Time | tsu:sT0, 90% of SMBCLK to 10% of SMBDATA 4 ps
2?23;1%352 }ﬁq“g to SMBCLK tsU:DAT, 10% or 90% of SMBDATA to 10% of SMBCLK | 250 ns
SMBus Data-Hold Time tHD:DAT (Note 6) 0 us
ggti-(\:/:};dl:?'lilrl:g Edge to SMBus Master clocking in data 1 ps

ELECTRICAL CHARACTERISTICS

(Vcc = +3.3V, Ta =-55°C to +125°C, configuration byte = XCh, unless otherwise noted.) (Note 4)

PARAMETER ‘ CONDITIONS ‘ MIN TYP MAX | UNITS

ADC AND POWER SUPPLY
Temperature Resolution (Note 1) Monotonicity guaranteed 8 Bits
Initial Temperature Error, Ta = +60°C to +100°C -2 2 oc
Local Diode (Note 2) Ta =-55°C to +125°C -3 3
Temperature Error, Remote Diode Tr = +60°C to +100°C -3 3 oc
(Notes 2, 3) TR = -55°C to +125°C -5 5
Supply Voltage Range 3.0 5.5 \Y
Conversion Time From stop bit to conversion complete (both channels) 94 125 156 ms
Conversion Rate Timing Error Autoconvert mode -25 25 %

MAXIMN
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ELECTRICAL CHARACTERISTICS (continued)
(Vce = +3.3V, Ta =-55°C to +125°C, configuration byte = XCh, unless otherwise noted.) (Note 4)

PARAMETER ‘ CONDITIONS ‘ MIN TYP MAX | UNITS
SMBus INTERFACE
. . _ Vcec =3V 2.2
Logic Input High Voltage STBY, SMBCLK, SMBDATA \
Vce =5.5V 2.4
Logic Input Low Voltage STBY, SMBCLK, SMBDATA; Vcc = 3V to 5.5V 0.8 \%
Logic Output Low Sink Current ALERT, OVERT, SMBDATA forced to 0.4V 6 mA

ALERT, OVERT High E—

» OVERT Output Hig ALERT, OVERT forced to 5.5V 1 WA
Leakage Current
Logic Input Current Logic inputs forced to Vcc or GND -2 2 pA

Note 1: Guaranteed but not 100% tested.

Note 2: Quantization error is not included in specifications for temperature accuracy. For example, if the MAX1619 device tempera-
ture is exactly +66.7°C, the ADC may report +66°C, +67°C, or +68°C (due to the quantization error plus the +1/2°C offset
used for rounding up) and still be within the guaranteed +1°C error limits for the +60°C to +100°C temperature range
(Table 2).

Note 3: A remote diode is any diode-connected transistor from Table 1. TR is the junction temperature of the remote diode. See
Remote Diode Selection for remote diode forward voltage requirements.

Note 4: Specifications from -55°C to +125°C are guaranteed by design, not production tested.

Note 5: The SMBus logic block is a static design that works with clock frequencies down to DC. While slow operation is possible, it
violates the 10kHz minimum clock frequency and SMBus specifications, and may monopolize the bus.

Note 6: Note that a transition must internally provide at least a hold time in order to bridge the undefined region (300ns max) of
SMBCLK's falling edge.

ogooogo

(Ta = +25°C, unless otherwise noted.)

TEMPERATURE ERROR TEMPERATURE ERROR TEMPERATURE ERROR vs.
vs. PC BOARD RESISTANCE vs. REMOTE-DIODE TEMPERATURE POWER-SUPPLY NOISE FREQUENCY
20 o 2 o 12 ‘ ; ‘ ; g
E g Vi = SQUARE WAVE APPLIED TO g
15 H | — 2 Ve WITH NO 0.1F Ve CAPACITOR 5
= N - 17| - Vi = 250mVp-p

£ 1w ! 7 2 9 REMOTE DIODE

x \\ PATH = DXP T GND x ZETEX FMMT3904 — = | | \

€ 5 N 19 | — z Viy = 100mVp-p

2 g T B, _— ’r g 6 LOCAL DIODE

=} ——— =) \ 2

= //f/ = MOTOROLA MMBT3904 = ‘ ‘

g -5 p & & Vin = 100mVp-p

& / = & REMOTE DIODE

= -10 /, PATH = DXP TO Ve (5V) T | = 3

15 / RANDOM
// SAMPLES
-20 -2 0
1 10 100 50 0 50 100 150 50 500 S5k 50k 500k 5M  50M
LEAKAGE RESISTANCE (MQ) TEMPERATURE (°C) FREQUENCY (Hz)

MAXI N




oooo//aoooononnn
OoooooooooosMBusOOOooooooononnmn

0ooooo@o)

(Ta = +25°C, unless otherwise noted.)

TEMPERATURE ERROR vs.
COMMON-MODE NOISE FREQUENCY

10

Vin = SQUARE WAVE
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TEMPERATURE ERROR (°C)

ViN = 100mVp-p

ViN = 50mVp-p
|
ViN=

V4

¥ o

~ O~

0.1 1

MAX1619-04

10 100
FREQUENCY (MHz)

STANDBY SUPPLY CURRENT
vs. SUPPLY VOLTAGE

100

for}
(=}

A

1 1
| - ADDO, ADD1 = GND

/

))

=23

ADDO, ADD1 = HIGH-Z

SUPPLY CURRENT (uiA)

//

MAXIMN

2

MAX1619-09

3 4 5
SUPPLY VOLTAGE (V)

20

TEMPERATURE ERROR (°C)
=

500

[ w o
o [=3 o
[s) S S

SUPPLY CURRENT (pA)

=
o
[s)

TEMPERATURE ERROR vs.
DXP-DXN CAPACITANCE

I
Vee =5V

]

o

//

0 20

40 60 80
DXP-DXN CAPACITANCE (nF)

OPERATING SUPPLY CURRENT

vs. CONVERSION RATE

10

I I
Vec =5V
AVERAGE

D MEASUREMENTS

/

//

"

0 006250125 025 05 1 2

CONVERSION RATE (Hz)

4

8

MAX1619-07

0

MAX1619-10

SUPPLY CURRENT (piA)

TEMPERATURE (°C)

(2}
t=}

I
S

w
S

[}
S

10

125

100

-
al

32}
o

25

STANDBY SUPPLY CURRENT

vs. CLOCK FREQUENCY

MAX1619-08

Veo =5V //
Vec =3.3V /
L~
1 10 100 1000
SMBCLK FREQUENCY (kHz)
INTERNAL DIODE
RESPONSE TO THERMAL SHOCK
L—T | g
/ =
16-QSOP IMMERSED
IN +115°C FLUORINERT BATH
L L L
2 0 2 4 6 8 10
TIME (sec)

619TXVIN



MAX1619

oooo/maooooonon

OoooonoooooosMBusOOOooonooooonnmn

good
od od oo
1 vee gooooo@vossvydo.aproOOOOOGNDOOOOOOOOOOOOOOOOOOOOOO
ooobzooQUUOoOoOOOOOOOOOOOOOOOOOOOOOOO
2 GND ooooOoOO0oOoOoO0oOobobOvecOODXPOOOOOOOOOOOOOOOGNDOOOOODOOOOO
ooooOoOoOoOoOoOoOooooOoOoOOOO0OO0OA/DOO0OO0OO0OO0OOOODXPOOOOOOOOOOOO
3 DXP gobooooooooooooooooboooooboobXPODXNOODOOOOoOOoOo4Oooooood
goOooob2z200pF00000O0DXPODXNODOOODOOOOOODO
oooooOoa/DOO00000O0O0ODXNODOOOOOOOOODOOOOOOOOOOOOOOCOOOD
4 DXN
ogooo
5, 13,
16 N.C. ooooooooooooooOooooboooooboboOoooooboo
6 ADD1 SMBusD 0O OO0O00O(8)DADDOI DADDIO 0 OO0OOOOOOOOOOOOOOOOoOooOooood
ooooooooooooooGopF )y ooooooooooooooboooooooooog
7,8 GND ogooo
9 OVERT oooooO0@oooo0ooo)yoooooooooooooooooooooooooooo
ooooooo
10 ADDO SMBusO O OOOOooOoOOooOoOooOo
11 ALERT SMBusO O OO OO0)YIOODOOOOOOOO
12 SMBDATA | SMBusO OO0 OO0O0O0O0/0000000000O0
14 SMBCLK | SMBusO OO QOOO0OoooQ
15 STBY goboooooooooooooooobooooobOboo0ooooboboOoooooboOoOooooooOoo
ooooooo=00000000000 =00000d
00O ADCOODOUOODOOOO

MAX16l190 OO0 OO0OO0OO0OO0OO0OO0O0O0OO0O00O0
gooooooooooowoooooooooo
gboobOooboobooboooooboooopco
oboobobobobobooboobooboboobo
ooooorPO)OOmooooobooomooo
SMBusO O OOGOOoOoODOOOOOOOSMBusOO
ooooooooooooao

goooboOooooooobooobsooooooo
OoooooooooooDoo@be)b 0 dMAXLIB19
gooboooooobobboooobboboooADbeh
SMBusOUOOOOOOOOOOODOOOOOOOOO
oboo@EonoADCODOOODODOOOD200000
ocooOo@ooooooooo)yobooooooo
gbooooooboboo40b0ooooooogon
gboboobuoobuoobooboooboobband
goboooboboooboooboobooooobao
gobooboobooboobibooobboobooo
bobooobooooooboobooboooboooDn
gooooon

ADCOODOODOO60ms(typ)D 00000000
0000000000000000000000000

godddddodoodoooooooooooUogo
oobooobboobooobooobooobooooooon
gboboboooboobobobooboobobobg
go@ooooooooooooobooooooo)o
goboboooobooooboooooooboooon
2000000000010 0000000000000
obooobobooooboooboobobooooo
gboboooobooobogon

DXNOODODO0OOO0O00ooooobooooogo.esvh
gbobobooboobaobobooboobobabda
(A/D)ooooooooobooooooooobooooon
OO0D0ODXP-DXNOOOODOOODOOO0.25vV0 0.95V
ogo

gbobooboboooboboooboboobobooooa
10000000+1/200000000000000O
DXP-DXNO 200pvO OO0 O0O0O0D0O0OOO0D0OOO
0100000000400

MAXI N




oooo//aoooononnn

OoooooooooosMBusOOOooooooononnmn

MAX1619

10d =
|
Y
o]
: ]
14300
_ = —
Y
3151934 SSMAAY 00T T000 = AQY IAVTS Iq ) |A
3ISNOASTY LTV VIA Q3103735 |_
q IRER
315193y (dW3LY3A0 3LOWIY) _| (3Lowzy)
31vY NOISHIANOD HOLYAYdNOD TVLIDIa | d01YdYdINOD VLIl
8 8
¥A1S1934 3LA9 (1SAHL 310N3Y) (MO 310M3Y)
NOILYYN9IANOD QTOHSTIHL SISTHLSAH QTOHSFIHL FUNLYHIANIL-MOT
XYW HOH
L] (XYW 310W3Y) (HOHL 310W3Y) ——
4315193 ILAG SALYLS g |GTOHSHL IINLYHIINIL-HOIH IOHSIUHL INLVIIANIL-HOIH| '8
43151934 (X3aNI) 3151934 YLva 3151934 YLva
31A8 ANYWINOD FUNLYYIMNEL T¥O0T FUNLYHIdNAL ALONIY 8
\ 4 o =
1nvA -
8 8 3aoia
M avad ) N9
W108NS B woor
1901
sn + - ? 3
VLYaans ans 104.1NOD oav 30N NXa
6T9TXVYN + L 4 a
J[+ WIXvWw
L XN
d3d023d +
Ss3daay 4
Taav _ oaav _ AalS
o}

ubooobodbogoodaod

u1.

MAXIMN



MAX1619

oooo/maooooonon

OoooonoooooosMBusOOOooonooooonnmn

A/DODOODOODOO

ooooooboooboooooobo@uooooooo
oooooooooooooooooooo)y oooo
oobooooooooobooobOoobooooooDn
gobooboooobooobobosusynoggoooog
yguoduououoououuouuououougoooooooo
gooobooADCOObDOOODOobOoooobon
gbgoodgbobooodanod

gobooooobogooo

goboboooboboboboooobobooooo
gobobodobobooobboooboboooboaon
ibogoboooooooooboboooooooan
oobooooMAX1iel9O OOOOoOoooOOoooo
gboboocpPubobOOoooOooobOOoobOOoOoOOOn
gbogoooooobooon

gobooobooooobooboboooobooon
ooooooooooooooooooooAaboOOd
gooooobboboboooooooooobiopAn
gooo.2s5vO00boooooDoooboooDboon
gboooooooobooboooocooboobono
goooooobi1loopAO.OVODODODODODODODO
oobooooooooobooobooobooooboooDn
goodooooooouoooooooooooooo
gbobooboboboboilocoQunmouobooboono
goobDooooobooooOo@oDo+500+150)
gobobobobooooooboboboooooooboaaoo
gbooddvggODODOOODOOODOODOO

000000000 00D00O0O0dDO Fenwal Electronicstd
0500-32BTO2-0000 0000000000 DOOO
000o00o0o0o0bOOobDoooooooooooooon
Jo0odoooooooooooooooooooo
(Fenwal Inc., Milford, MA, 508-478-6000)0

goooooooo

gobooMAXleloO O OOOOOOODOOOOO
oboooboobobl1ecoQsopPObDOOODODOOODO
goboogoboboo40bboOo+10000b0b000n
MAXl16l190 DO DO OO O+100000000o0Og
go0ooos00000b000000o0o00gosoT23
goodoooooooooooooogooggo
goboooboooooboobobooooobooon
goodooooooouoooooooooooooo
ubgboodoodobouooodoboboooaobda

oobooobooooboooobooooboogooo
oobooooooooobOoobOooboooobobooDn

1. bogobbooobbboooobn

MANUFACTURER MODEL NUMBER
Central Semiconductor (USA) CMPT3904
Fairchild Semiconductor (USA) MMBT3904
Motorola (USA) MMBT3904
Rohm Semiconductor (Japan) SST3904
Siemens (Germany) SMBT3904
Zetex (England) FMMT3904CT-ND

gooooooO0ooOoOoOoooooOo@EOoOoOoooooo
o0)yoooooooooooooo

0000000000000 000D0000OOooD
0000000000000 o0ooOoooooo
ALERTOOUOOVERTOO DO OOODODOOOOOOO
0000000000000 0008HzOALERTO
OVERTUOO1ImAOOOOOODODOOOOODOOO
0000ooooooooon

(VCC)(450pA) + 2(0.4V)(1mA)

00000063a001200/WO0 00000 Vee=5V
0000000000000000000000000
0000000000000

AT = 3.1mW(120°C/W) = 0.36°C
000000000000000000000000
000000000000

ADCOOOODOO

ADCOO0OD0OO0O0ODOCOOOB6OHZzZ/120HzO0 00000
oo Uoggo
gbobdoobodobobobobobobobobo
goboobbooobooboooooooooooooo
gbobooobooooboboooobooooobooaoo
oobooooobOooooooooooboooon
gbobooooobobooobooobon

ODUOOEMIOODODOODXPODODXNDOOO2200pF
ooobooooooooboobooooobooboboooooo
0000000000000 0003300pF(max)tdd
OO0o0o0ob0oO0obob0oOoDb3300pF0 O OOOOOn
obOo0ooboboooobooobooooooboooon
ooooooboooon

000000000000000ADCOOOO00O0
000000000000000000000000
000000000000000000+100+100
0O0p0O00000MmMmOon)d

MAXI N




Ooooo/maoonoonnnn

OoooooooooosMBusOOOooooooononnmn

goboboooboon

1) MAX16190 00 000000000000000
00000000000000000000000
0000000000000 0010emd 20cm(typ)
000000000000 (CRTOOODOOOOOO
0000O000ISA/PCIOD)IDO00ONO00OOO
00000000000000000

2) DXP-DXNO O ODOCRTOOOOUOOOOODOODO
gbooooobooobOoobooooobooooono
gooboboooobbooobobbooooboobo
gbooooooo+3o0booooooboooooon
gbooobooboobooboooboooboo

J)DXPOODOOODXNOOOOODOOOODOOODO
gooobob+12vpcOoooooooooon
gbooboobooboooboooboooboon
00o0oo0o0o0o0o0o0o0ooo0oo0ooobnDbDXPO
gooboooobooiomMQUiOooOboooDbDOooOoO
o+100000o0o0oon

4)DXP-DXNOODOOOO0OOOOOODOODDOOGND
goooooogo@2ooooooooooodg
gbooooobooobooboooobobooobo
gbooooooban

5 0/0000000000000000000D0O0O
obooooobooobooboooobooooDo
oooo

6)0000000D000ODXPOOODXNOOOODO
gbooooobooobOooboooooboooonoo
gooboboooobbooobobbooooboobo
gooooooooooooogspw/ooooog
Uobb+10000000000000040DXP-DXN
gozoopvOO0OO0ooOooooooOoOonDoDO
gbooobooobooooooog

Hoooooooooooooooooooooo
goobOooooobooooboboooooobooo
gz00o00ooooo.2smmbonoooonoog
goooooooo@ooooooooooooo
gooooooo)yhoboooboboboooooooo
good

) UIEMIOOOODOODOOOOODOOODOOOOD
oboobooooboooboooboooboonndDbXe-
DXNOOOOOoOOooooooooboboooooo
goooooobDooboobooemioonbDOon
ooooooo

goboboooobooboboooboon

« MAX1619O0OOOOOODOOOOOOOOOOO
oood

- JOOOODOODOE1I2VvO L)Y ODODOOODODOD

- DODODDOOODDOOODODOCRTOOOOODOO
uod

- JOD0OO0ODLOODODOOODODOODbOD

MAXIMN

GND

10 MlLS—| DXP
10 MILS—| DXN

GND

:I—lO MILS

02. OODXP/DXNO OO OOOOOOO

- JO0bObOobOOoO0bOobuobbooboboooa

gooobooobDXpOoODXNDODOOODODO
GNDOOOOOOooono

MAX16190O0UOOODODODOOOOOO.1pFO Ve
gboobodabooooobobooood

goboboooobboooobobioOdvecddoon200Q
oooooooooogoooooomoon)o

gbobogogbogoooogbod

00000000O00020em0000000000
00000000000000000000000
0000000000000000000000000
1.8m03.6m(typ)0000000000000000
000000000000 00000O00OO0oon
000000000000000000000000
000000000000 00Belden 84510000
0D0O000003omO0000000000000000
O0000O0O0DXPOODXNOOOOO OO DD DGND
0000000000000000000000000
00000000000000

DX OOooobooobobooobooooboooboo
OooooboOogoooooom™@ooyooooo
obooobooboooobooobooooboooon
obooobOogzzoopFO00O0D0OOOOOOOOO
oobooobooooboobooooooboooooon

gobobooobobooooboooooboooobobooon
Q00000 0oooo+1/200000000000

ooooooboooon

0000000000ADCOOO0OOO0O0OO0O00O0
O0O03pA(yp)D00000000000000O0O0O0
000SBYDODOO00000000000000000
0000000000 O000RUN/STOPOOOOOO
0000000000000000000000000
0000000000000000000000000
00000000000000SMBOODOOOOOO
000000000000000000000000
000000000000000000000000
0000000000000000000000000
oooooo

619TXVIN



MAX1619

oooo/maooooonon

OoooonoooooosMBusOOOooonooooonnmn

gogodooooooooooooooooooooo
goosSMBusUOOOooooooooOOOOOOO
goooboogoooooomoo)yooooooo
Oo00OO0O0O0O0D0OO0O0OO0ORUN/STOPOOODODOOO
gooooobobooboboobdbMAX1Ie19d
OoooA/DO000O0O0OO0OoOooooDon

STBYOUOODO0O0OD0ODOODOoooooooOg
0000000000000 0000oooooon
00000000000 00SUSTAT#OOOODO
00000o0ooooooooooooo

STBYOUOODOOODO0ODOODOooDOooooO
00000000000 0000o0ooooooo
0000000000 0o0o0o0o0ooooooon
0000000000000 0000oooooon
00000000000000000oooooooon
0000000000000 oooooooooonoo

OVERTUOODOODOODOOODOODDODOODODO
000000000000 DO0O0000ODOoDoOoo
000000000000 DO0ODO0DO0DOooooo
000000000000 DO0OD0ODO0ODOOOoOoOoO
OADCOOODODOOOOVERTDODOODODODOO
00000000 DADCODOOODOOODDOODOO
000000000000 00O0DooooO

126msO0 000000000000 00450pA0 00

gbobobobobobobobobobobo
gooooboomoOo)yoooopouoooooooo
gbobogoboobboobooboo25pA0000O0
oobooobooooooooboooboooon3pAn
ooooooooOoooobooooooob@oboooo
oo0OO0O000000ooooobooo)yYoooooo
goboobooboobooobooobooocoboADDO
ooADDIOOOO0OOOOOO100pADODOODOOOO
ogo

SMBusOUOOQOOOooooooO

obO0ooobooooMAXieloOoOOoOoooooOo
oobooobboooboobooooooooooooon
gbboooooboooooboboooboboooboooooo
obO0ooobooooboooboooooboooon
goooooobosmMBus200000000000O0DOO
OooooobooooooooooAaDbODOO0O0oooOn
gobboooobobbooosMBusOgoonoogoo
ooboooooon

MAX16190 040000sSMBusOD D OOoo@oO
O00oo0oDOoOooO0ooboooooobooooooo)o
ooooooo@a3)poooooooooooooon
ttddddddddddddduouuuuuuaua
gbobobooobooboboboooboobobonbag
tdtdddddddddddddoouoouuuudguda

Write Byte Format

S ADDRESS WR ACK COMMAND ACK DATA ACK P
7 bits 8 bits 8 bits
Slave Address: Command Byte: selects Data Byte: data goes into the register
equivalent to chip-select which register you are set by the command byte (to set
line of a 3-wire interface writing to thresholds, configuration masks, and
sampling rate)
Read Byte Format
S ADDRESS | WR ACK | COMMAND | ACK S ADDRESS RD ACK DATA 1 P

7 bits 8 bits 7 bits 8 bits

Slave Address:
equivalent to

Command Byte: selects
which register you are

Data Byte: reads from
the register set by the

Slave Address: repeated
due to change in data-

chip-select line reading from flow direction command byte
Send Byte Format Receive Byte Format
S ADDRESS | WR | ACK | COMMAND | ACK P S ADDRESS RD ACK | DATA 7 P
7 bits 8 bits 7 bits 8 bits

Command Byte: sends com-
mand with no data; usually
used for one-shot command

Shaded = Slave transmission
/// = Not acknowledged

S = Start condition
P = Stop condition

Data Byte: reads data from
the register commanded
by the last Read Byte or
Write Byte transmission;
also used for SMBus Alert
Response return address

03. SMBusO OO QOO
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ROUNDED DIGITAL OUTPUT
TEO'gP- TEMP. DATA BITS
) S SIGN MSB LSB
+130.00 +127 0 111 1111
+127.00 +127 0 111 1111
+126.50 +127 0 111 1111
+126.00 +126 0 111 1110
+25.25 +25 0 001 1001
+0.50 +1 0 000 0001
+0.25 0 0 000 0000
0.00 0 0 000 0000
-0.25 0 0 000 0000
-0.50 0 0 000 0000
-0.75 -1 1 111 1111
-1.00 -1 1 111 1111
-25.00 -25 1 110 0111
-25.50 -25 1 110 0111
-54.75 -55 1 100 1001
-55.00 -55 1 100 1001
-65.00 -65 1 011 1111
-70.00 -65 1 011 1111
BVTO4EE
1
; — +12v
MAXI
MAX1619
gyrz?/lf { o—] smBCLK %ﬁ
INTERFACE SMBDATA
(TO HOST) ALERT
DXP
2N3904 DXN OVERT I E
ADDO L
ADD1
GND  PGND
L

4. bbodboooooboabgab

00O000000DXPOVee-1V(typ)D DO OO OO
000000000000 0000000000On
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000
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03. D0O0O0O00obOooooo01100)0
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BIT NAME FUNCTION

7

(MSB) ADD7
6 ADDG6
5 ADD5 Provide the current MAX1619
4 ADD4 slave address
3 ADD3
2 ADD2
1 ADD1
0 .

(LSB) 1 Logic 1

12CO Phillips Corp.0 00000

12

0000000000000000000000000
OO0O0OOO0ALERTOOOOOOOOOOOOOOOO
00000Tueyd 00000000000000000
00000000000000000000 Tyeyd OO
0ooooooO

gooooooogon

SMBusO 00000000000 O0000O00000O
0000000000000 000000000
000000000000000000000000
O0DO0OO0OO0OOALERTOOOOOOOOOOOOOO
0000000000000000(0001 100)0
0000000000000000000000000
000000000000000000000000
000000000000000000000000
000O0O@3)0

000000001I2Cc™00000000000000
goddddodoodooooooooooUugo
oooz0000000000O00C0CO00O00DODOO
ooboobbooobooooooooooooooon
ddddddddddddooooouooouoguo
O000O0O0O000000000000DO0OALERT
gbobobooooboobobobooooobobobg
oboooooocooobooooooooooooaon
goddddoddodddooddooydyUUgo
gboobooooaboaoo

coboooooooon

sijioooooooOooOooo@a)dnMAXLel9
goboooooboooboooobooooboon
ooooooobDoobOPORODOOOOOO 00010
gooooporROODDOOODODDOO@ODDO
goooooboobooooo)y—oooooooooo
gbogobodabogoodobobod

goooooooooooooooooooooon
ggoguguoguooooooooooooooooo
(RUN/STOPOOO=00) 0000000000000
gooooooooooooooooooooooo
gboooooooooooboooooooooooo
goooooooooooooooooooooon
(RUN/STOPO O UO=00)O00DOOO0OO0ODOOOOO
goooboobobooooobooboboooboobob
gboobodboboobooobooboboooobooban
goooooo

goboooboooboooobooo

gooooobboOo0ooooooooboobooO@d ooooo
gooo@ooooo)ydooooooopooooo
0000000000 0U00OO0ODOOoOvVERTODOOO
ooooOoooooOoOwrite-One(@OOOO)DODO
gooooobboboooooobooobob2000O
gbooooooooomoomoooobooboaono
gobooooooooooobbooooboboooDo
gbooboooboooboooog

MAXI N




Ooooo/maoonoonnnn
OoooooooooosMBusOOOooooooononnmn

4. Jooooooooooog

619TXVIN

REGISTER COMMAND POR STATE FUNCTION
RLTS 00h 0000 0000* Read local temperature: returns latest temperature
RRTE 01h 0000 0000* Read remote temperature: returns latest temperature
RSL 02h N/A Read status byte (flags, busy signal)
RCL 03h 0000 1100 Read configuration byte
RCRA 04h 0000 0010 Read conversion rate byte
RRTM 10h 01100100 Read remote Tmax limit
RRTH 11h 01011111 Read remote THysT limit
RRHI 07h 01111111 Read remote THIGH limit
RRLS 08h 1100 1001 Read remote TLow limit
WCA 09h N/A Write configuration byte

WCRW 0Ah N/A Write conversion rate byte
WRTM 12h N/A Write remote Tmax limit
WRTH 13h N/A Write remote THysT limit
WRHA 0Dh N/A Write remote THIGH limit
WRLN OEh N/A Write remote TLow limit
OSHT OFh N/A One-shot command

SPOR FCh N/A Write software POR

WADD FDh N/A Write address

MFG ID FEh 0100 1101 Read manufacturer ID code
DEV ID FFh 0000 0100 Read device ID code

*PORUODOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOOOOoOCOOODN

Us5. bogoboboooobobooooboboo

BIT NAME POR STATE FUNCTION
7 (MSB) MASK 0 Masks all ALERT interrupts when high.
Standby mode control bit. If high, the device immediately stops converting and
RUN/ : oo :
6 STOP 0 enters standby mode. If low, the device converts in either one-shot or timer
mode.
Determines the polarity of the OVERT output:
5 POL 0 0 = active low (low when overtemp)
1 = active high
When asserted high, locks out all subsequent writes to:
[] Configuration register bits 6, 5, 4, 3, 2 (RUN/STOP, POL, PROT, ID1, ID2)
4 PROT 0 [1 Tmax reg|§ter
[1 THysT register
[] Conversion rate register
[] Diode Current
3 ID1 Reduces the diode current by 5pA when set low.
2 ID2 Reduces the diode current by 2.5pA when set low.
1-0 RFU 0 Reserved for future use.
N AXIW
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6. booobooooobbood

7. bogooobood

BIT NAME FUNCTION
7 BUSY A high indicates that the ADC is busy
(MSB) converting.
6 RFU Reserved for future use.
5 RFU Reserved for future use.
4 RHIGH* A high indicates that the remote high-
temperature alarm has activated.
3 RLOW* A high indicates that the remote low-
temperature alarm has activated.
2 OPEN* A high indicates a remote-diode conti-
nuity (open-circuit) fault.
1 OVER This bit follows the state of the OVERT
pin exactly, in real time (unlatched).
(LgB) RFU Reserved for future use.

*HIGHO O LowO O OoOoooporROOOOOOOOOOOO
ooooooooooooooooooobooooo
oooooo
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000000000000000000000000
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0D00000000000000000000000
00000000000000000000000000
0000000000000 000000000000
0000000000000
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CONVERSION AVERAGE SUPPLY
DATA FREQUENCY CURRENT
(Hz) (HA typ, at Vcc = 3.3V)
00h 0.0625 30
01h 0.125 33
02h 0.25 35
03h 0.5 48
04h 1 70
05h 2 128
06h 4 225
07h 8 425
A -
oooooon

oooooooo@7yoooooooooooooo
obo0oooOoooobooobogoooogoooo
oobooobboobobooboooooobooooooon
oboooboobooooboooboobobooooo
PORO O 002h(0.25Hz)0 0 0 MAX16190 0000
oboo3goLsBOb0ooobooooobooooogs
Oo0@oomooooooo@ooooooog
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00+25%0 00

OooooOooooi10bo0oooo@Oulz2smsgd

Ol15ems)D 00 0000CDOOOOOCDOOOODOO

A/DO000000D00OC0COOOORUN/STOPOOOO
OooooosTBydooooooooooooooo

gdtddddddddddooooooooooogo

oobooooooooooooooooboooon

Oobooooooooooooooo@s)u

goooooboooimibgoo

200rOMOO0OO00OO0OOOOODODDDOIDOOOO
Ooooo@E4oooompooooooo4bhbod
bbooooooobooboobomMmASclnoono
Ooooogompoooooobo4nhooooooon
O00OMAX161900D000000000(@@GOOO
READ BYTEDO O O O )READ WORD 160 O O SMBus
oobooocoooOoooooooboooobooon
O0D0O0o0DO00o0oooOoooboOooooboOoooohno
goood

gooooogoo

SMBusO O OO 0OOMAX16190 00 0ADCOOOO
oooobOoboooooboobooilcoooobooboo
O0DbO0ooooobOoOooooDbbOADDOOADDLIO
obOobOooooboseboobooooobooiooono
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08. RLTSUUORRTED DO OOODDOOOODOOO

OPERATING MODE

CONVERSION INITIATED BY:

NEW CONVERSION
FREQUENCY (CHANGED VIA
WRITE TO WCRW)

TIME UNTIL RLTS AND RRTE
ARE UPDATED

Autoconvert

Power-on reset

n/a (0.25Hz)

156ms max

Autoconvert

One-shot command, while idling
between automatic conversions

n/a

156ms max

Autoconvert

One-shot command that occurs
during a conversion

n/a

When current conversion is
complete (1-shot is ignored)

Autoconvert Rate timer 0.0625Hz 20sec
Autoconvert Rate timer 0.125Hz 10sec
Autoconvert Rate timer 0.25Hz 5sec
Autoconvert Rate timer 0.5Hz 2.5sec
Autoconvert Rate timer 1Hz 1.25sec
Autoconvert Rate timer 2Hz 625ms
Autoconvert Rate timer 4Hz 312.5ms
Autoconvert Rate timer 8Hz 237.5ms
Hardware Standby STBY pin n/a 156ms
Software Standby RUN/STOP bit n/a 156ms
Software Standby One-shot command n/a 156ms

09. 000DO00OO0O0OOO0OO0O0
(ADDOC 0 ADD1)

ADDO ADD1 ADDRESS
GND GND 0011 000
GND High-z 0011 001
GND Vce 0011 010
High-z GND 0101 001
High-z High-z 0101 010
High-z Vce 0101 011
Vce GND 1001 100
Vce High-z 1001 101
Vce Vce 1001 110

OO00High-zOOOOOOOOOOOOOOOOOODOO
oooooooodgoo

goboooboogopoOROOSPOROOOOODOOO
gobobooobbooobobboooboooobooboo
ugbgbooobobooboooboaobouoooababgab
gobbobooooobobboooooobbooooooo
ooooooOooOooooOoooooooDOoorDhO
gbobooooooooooooog
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PORO O UVLO
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OooooooooopPOROOOODOOOOVecOODO
0 0 VeeD 1.7V (typ[M Electrical Characteristics[1] 0 [
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00)000000000000000000000
O0000VecDd1.75V(typ)0 000000000
000000000000 (@VOOOVeeDOOOo
00000000000)0020Vec0OO00OO0DO
(ADCuVLOD 00 000)I 00000000 ooond
(Vee= 2.8Vityp)DDADCOOOOOOOOO0

spoOoROUOUOOOOPOROUODUODOOUUUOOUOOUOUOO
oobo0oooooMAX1iel9OOOOOOOOOOO
O0OO0o0O00O0O0DO00OCOMMAND =FChO SEND
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oboobooobomoooboomoobooooog
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gooOObOADDOOADDIODODOOOOOODODOOOO
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godioopusiOOOonooooO

gboooobobooooan

- JO000000OOOOOODOO

- JUboobobuboobobuoboan
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- JOobo0O0ObolnOOOOODODOOOODOOOO
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c TmicnO0OTowd0O0O0O0O0O0O0O+127000
55000000000
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A B
| | tLow . tHIGH
el
I I I I I
I

1
1
1 \
SMBDATA |

I I
I I
l— !

tsu:STA  tHD:STA

A= START CONDITION

B = MSB OF ADDRESS CLOCKED INTO SLAVE

C =LSB OF ADDRESS CLOCKED INTO SLAVE
D = R/W BIT CLOCKED INTO SLAVE

tsu:DAT

E = SLAVE PULLS SMBDATA LINE LOW

F = ACKNOWLEDGE BIT CLOCKED INTO MASTER
G = MSB OF DATA CLOCKED INTO MASTER

H = LSB OF DATA CLOCKED INTO MASTER

ju
o
=

tsusto  tBUF

| = ACKNOWLEDGE CLOCK PULSE
J =STOP CONDITION
K= NEW START CONDITION

05. SMBusDOOOoooogno

B

A

, fow | tHIGH
I

]

I

I

I

I

|

1
1
1
SMBDATA |

1 1
1 1
D ——

tsu:sTA  tHD:STA

A= START CONDITION

B = MSB OF ADDRESS CLOCKED INTO SLAVE
C = LSB OF ADDRESS CLOCKED INTO SLAVE
D = R/W BIT CLOCKED INTO SLAVE

E = SLAVE PULLS SMBDATA LINE LOW

F = ACKNOWLEDGE BIT CLOCKED INTO MASTER
G = MSB OF DATA CLOCKED INTO SLAVE

H = LSB OF DATA CLOCKED INTO SLAVE

| = SLAVE PULLS SMBDATA LINE LOW

tsu:sto tBUF

J = ACKNOWLEDGE CLOCKED INTO MASTER

K = ACKNOWLEDGE CLOCK PULSE

L = STOP CONDITION, DATA EXECUTED BY SLAVE
M = NEW START CONDITION

06. sMBusD OO OOOoOogonO
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/* Beginning of the header file which sets the

int NumStates =
int RRTE =
int WCA =
int WCRW =
int RSL =
int WRHA =
int WRLN =
int NoError =
int Nobody =
int MAX1619Addr =
int InitConfig =
int InitConv =
int HighAdder =
int LowSubtracter =
int CollisionMask =
int DiodeFaultMask =
int TempChangeMask =

10;
1;
9;
10;
2;
13;
14;
0:
0:
84;
0;
7:
2;
4;
1:
4;
24;

/*
/*
/*
/*
/*
/*

/*
/*
/*
/*
/i—
/*
/*
/*

array State[O0..NumStates] of int:;

State{0)
State[l]
State{2]
State(3])
State(4]
State{5]
State{6]
State(7])
State(8]
State[9] =
State[10] =

i

-65 oC /*
72 oC /*
74 oC /*
76 oC /*
78 oC /*
80 oC /*
82 oC /*
84 oC /*
86 oC /*
88 oC /*
127 oC /*

At
At
At
At
At
At
At
At
At
At

or
or
or
or
or
or
or
or
or
or

Extra

array ClockRate[0..NumStates]

ClockRate[O
ClockRate[l
ClockRate[2
ClockRate[3
ClockRate([4
ClockRatel[5
ClockRate[®&
ClockRate[7
ClockRate[8
ClockRate[9
ClockRateil

/* End of the header file */

]
1
]
1
]
1
1
1
]
]
0]

[

1.0;
0.875;
0.75;
0.625;
0.5;
0.375;
0.25;
0.125;
0;

0;

0;

above
above
above
above
above
above
above
above
above
above
array

0x54,
0x0C,
0x07,

0x01, command
0x09, command
0x0A, command
0x02, command
0x0D, command
0x0E, command

40C offset for
0x01, mask for
0x04, mask for
0x18, mask for

constants */

for
for
for
for
for
for

reading
writing
writing
reading
writing
writing

remote temp register */
configuration register */
conversion rate register */

status register */
remote THIGH limit register */

remote TLOW limit register */

default address for MAX1619, ADDO,ADDl=open */
configure MAX1619 to MASK=0 and RUN/STOP=0 */
conversion rate of 8Hz */
20C offset for

calculating THIGH limit */
calculating TLOW limit */

status bit that indicates collision */
the OPEN diode fault status bit */

RHIGH and RLOW status bits */

this temperature CPU
this temperature CPU
this temperature CPU
this temperature CPU
this temperature CPU
this temperature CPU
this temperature CPU
this temperature CPU
this temperature CPU

this temperature
location so looping is easier */

of reail;

duty cycle
duty cycle
duty cycle
duty cycle
duty cycle
duty cycle
duty cycle
duty cycle
duty cycle

is
is
is

is.

is
is
is
is
is

SHUT SYSTEM OFF!

100% */
87.5% */
75% */
62.5% */
50% */
37.5% */
25% */
12.5% */
0.0% */

*/

oob1 0O0OO0OOOO

MAXIMN
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int Initialization{)

{ int ErrorCode = NoError:

/* Test the SMBus communications path to the MAX1619 by writing the confiquration,
conversion rate and initial temperature limits; if SMBus communication was unsuccessful,
power the system down. Note that the MAX1619Write procedure takes three parameters: the
command code of the register to be written, the data to write, and a pointer to the the
error code variable. If the error code variable does not equal NoError before the
execution of MAX1619Write, MAX1619Write does nothing. If the SMBus communication fails in
MAX1619Write, the error code variable is set to the type of error (for example a NACK,
i.e. MAX1619 did not acknowledge). This code assumes that the BIOS is already in thermal
state 0 (not throttling, i.e. full CPU clock rate) when the initialization routine is
executed. */

MAX1619Write (WCA, InitConfig, &ErrorCode); /* MASK=0 and RUN/STOP=0 */
MAX1619Write (WCRW, InitConv, &ErrorCode); /* CONV = 8Hz */
MAX1619Write (WRLN, LowestTemp, &ErrorCcde); /* TLOW = -650C */
MAX1619Write (WRHA, State[QO] + HighAdder, &ErrorCode) /* THIGH = 720C */
if (ErrorCode != NoError}) then ({

/* Power off the system */

} /* End of if (ErrorCode ... */
return (ErrorCode);

/* After changing the conversion rate to 8Hz, the MAX1619 temperature register will not
have valid (i.e. current temperature) data for 238 milliseconds. */
} /* End of Initialization routine */

int ALERT IntHandler()

{ int ErrorCode = NoError;
int WhoDunnit = Nobody;
int FoundState = 0;
int StatusInfo = 0;

int TempHigh;

int TempLow;
/* This interrupt handler verifies that the MAX1619 is the source of the interrupt (and
also clears the interrupt) via the SMBus Alert Response address; checks the status byte to
ensure that a temperature change did indeed cause the interrupt; reads the remote
temperature; programs a corresponding clock-throttling duty cycle, and sets up new Thigh
and Tlow limits. */

ReadAlertResponse (&WhoDunnit, &ErrorCode);
if (WhoDunnit == MAX1619Addr}) then {

MAX1619Read (RSL, &StatusInfo, &ErrorCode);

if ((({StatusInfo & CollisionMask) != 0} and (ErrorCode == NoError)) then
MAX1619Read (RSL, &StatusInfo, &ErrorCode);

if (StatusInfo & DiodeFaultMask) != 0) then ({

/* Shut down system because thermal diode doesn't work */

}
else if ((StatusInfo & TempChangeMask) != 0) then {
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MAX1619Read (RRTE, &TempRead, &ErrorCode);
while ((TempRead >= State[FoundState + 1]) and
(FoundState < (NumStates - 1)) do FoundState++;
if (FoundState == (NumStates - 1)) then {
/* Ahhhhh!!! SHUT SYSTEM OFF!!!1 */
}
else {
/* adjust clock duty cycle */
TempHigh = TempRead + HighAdder;
TempLow = TempRead - LowSubtracter;
MAX1619Write (WRHA, TempHigh, &Error):
MAX1619Write (WRLN, TempLow, &Error};
} /* End of if (FoundState ... */

} /* End of if ({(StatusInfo .. else if ... */
/* Handle local temp status bits if set ¥/

}

else |
/* Handle cases for other interrupt socurces */
} /* End of if (WhoDunnit ... */
return{ErrorCode);

} /* End of Alert_IntHandler interrupt handler routine */
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