QT2024L

CMOS, LOW CURRENT HIGH-TEMPERATURE REAL TIME CLOCK

Q_TECH I?C SERIAL BUS INTERFACE
CORPORATION 3.3Vdc
Description

The QT2024 is an I?C-bus serial interface conforming, high-
precision real-time clock (RTC) IC with a built-in 32.768kHz
crystal oscillator circuit. In addition to clock and calendar
functions, it is equipped with an alarm interrupt function,
fixed-cycle timer interrupt function, time update interrupt
function, clock output function, and supply voltage detection
function.

Features

* Made in the USA

« ECCN: EAR99

* +3.3Vdc operation

» 32.768kHz square wave output

* Wide operating temperature (-55°C to +185°C)
* Very good stability

e Low current 90pA at +25°C

* I’C-bus serial interface corresponding to fast data transfer:
400kHz fast-mode compatible.

e Clock function: hour, minute, second

 Calendar function with auto leap year adjustment: year,
month, day,day of week

e Alarm interrupt function: day day of week, hour, minute
* Low minimum Standby (Timekeeping) Voltage at 2.2V
* Buffered Clock Output
e Three Independent Interrupt Modes

- Alarm

- Fix-cycle timer

- Time update

Applications

 Data logging
¢ Real Time Clock functions

Electrical Parameters

Parameters Rating

Output freq. (Fo)
Supply voltage (Vdd)

Maximum Applied Voltage
(Vdd max.)

Freq. stability (AF/AT)
Operating temp. (Topr)
Storage temp. (Tsto)

Operating supply current
(Idd) (No Load)

Symmetry
(50% of ouput waveform )

Rise and Fall times (Tt/Tf)
(with typical load)

Output Load
Start-up time (Tstup)

Output voltage (Voh/Vol)

Output Current (Ioh/Iol)

32.768kHz
3.3Vde + 10%

+5Vdc

See Option codes
See Option codes
-62°C to + 150°C

651A Typ. at 25°C
90pA max, Vpp = 3.3Vdc,
7OMA max, VBdATT =2.3Vdc

45/55% max.

20 ns typ.
70 ns max.
(Measured from 10% to 90%)

15pF // 10kQ
10ms max.

Voh =2.2Vdc min.
Vol = 0.8V max.

+ ImA min.

Q-TECH Corporation - 10150 W. Jefferson Boulevard, Culver City 90232 - Tel: 310-836-7900 - Fax:

QPDS-0103 (Revision B, October 2019)

310-836-2157

- www.q-tech.com



Q-TECH

CORPORATION

QT2024L

CMOS, LOW CURRENT HIGH-TEMPERATURE REAL TIME CLOCK

I’C SERIAL BUS INTERFACE
3.3Vdc

Package Outline and Pin Connections

Dimensions are in inches (mm)

32.768kHz

@o/c s/N

'— BLACK DOT OR ESD SYMBOL FOR PIN NO. 1

f
[ .200 MAX.
i i
1Lt
4X .020 D I] I] D 4X 250 MIN.
L 4X # .060
GLASS STANDOFFS
— l~— .180 + .008
o
90° — |- .0%0 8Xx # .018 + .002
01 | SIdie 5\/.
.‘_—L__!.@. D1 [ .30 I .505 MAX.
180 + .008 f-— : b-—+—L .300
* ® |
BX # .056 aO AH® O?/
N2 |
- -|— 6X .100
NON-ACCUMULATIVE
—=1.150 |=—
~— .300 —
— .505 MAX. —

Package Information

» Package material (header and leads): Kovar

* Lead finish: Gold Plated — 50pn ~ 80p inches
Nickel Underplate — 100p ~ 250p inches

» Package to lid attachment: Resistance weld
* Cover: Pure Nickel Grade A or Stainless Steel
* Weight: 3.4¢g typ.,14.2g max.

Pin| .

No. Pin Name
2  CLKOE
3 INTN
4 GND
5 CLKOUT
6 SCL
7 SDA
8 VDD

1 OSCOUT 32.768kHz Oscillator output test point

Description

CLKOUT output control enable input pin
(clock output when HIGH, Hi-Z when LOW).

1Hz signal, alarm interrupt signal, fixed-cycle
timer interrupt and time update interrupt signal,
N-channel open-drain output.

Ground pin : Connect this pin to ground

Clock output (CMOS output with output state
controlled by CLKOE.

I?C-bus serial interface clock input.

I’C-bus serial interface daqta input/output (Ad-
dress, data and acknowledge bit input/output, in
sync with the SCL clock input. N-channel
open-drain output.)

The positive power-supply pin: Connect this
pin to the power supply
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QT2024L

CMOS, LOW CURRENT HIGH-TEMPERATURE REAL TIME CLOCK
Q-TECH P2C SERIAL BUS INTERFACE

CORPORATION 3.3Vdc

Ordering Information

(Sample part number)
QT2024C8M-32.768kHz

[Q T 2024 L 80 M - 32.768KHz |

I I Output Frequency
T Sj lsdtzrn](?;?dOptlon: Screening Option:
S = Solder Dip (*) Blank = No Screening
G = Solder Dip (¥) M = Per MIL-PRF-55310, Level B

Operating Temperature Option:
80 = +40ppm @ 0°Cto+175°C  (Operable up to + 185°C)
81 = £75ppm @ 0°C to +175°C  (Operable up to + 185°C)
- : 82 = +40ppm @ -20°C to +175°C (Operable up to + 185°C)
Logic & Supply Yoltage: | |83 = +75ppm @ -20°C to +175°C (Operable up to + 185°C)
: 84 = +75ppm @ 0°C to +185°C

85 = +75ppm @ -20°C to +185°C

86 = +100ppm @ -20°C to +185°C

87 = +150ppm @ -20°C to +185°C
88 = £200ppm @ -20°C to +175°C (Operable up to + 185°C)
89 = £250ppm @ -40°C to +175°C (Operable up to + 185°C)

90 = +200ppm @ -40°C to +185°C

91 = +250ppm @ -40°C to +185°C

92 = +250ppm @ -55°C to +185°C

For Non-Standard requirements,
contact Q-Tech Corporation
at Sales@Q-Tech.com
Packaging Options Other Options Available For An Additional Charge

* Lead forming available. Please contact for details.
* Lead trimming
* P.I. N. D. test (MIL-STD 883, Method 2020)

+ Standard packaging in black foam
* Optional anti-static plastic tube

(*) Hot Solder Dip options for an additional cost:
S = Sn60/Pb40 per MIL-PRF 55310
G = Lead free Alloy SAC305 (96.5% Sn, 3% Ag, 0.5% Cu)
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+I]°o QT2024L
CMOS, LOW CURRENT HIGH-TEMPERATURE REAL TIME CLOCK
Q-TECH IP’C SERIAL BUS INTERFACE

CORPORATION 3.3Vdc

Output Waveform (Typical) Startup Time

0 sooe/ B 100v/ @ ] & 79208 20008/ Stop £ W 1.88V

File Control Setup Messure  Analyze  Utilities  Help 24 Apr 2014 8:28 PM

AX = 224,000000us | 1/8% = 4.4643kHz AY(1) = 3.422V |

- Mode ~ Source X Y X1 X2
Normal i v 88.0000us 0312.00&5[ xxe |

Chart vs. Nominal

QT2024 Frequency: 32.768KHz Test Date: 04-29-2014 DWG: 026-80157-009 Vce: 3.3V
+250PPM -55°C to 185°C Tested By: C. Wang
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QT2024L
CMOS, LOW CURRENT HIGH-TEMPERATURE REAL TIME CLOCK

Q-TECH IP’C SERIAL BUS INTERFACE
CORPORATION 3.3Vdc

AC Characteristics 1 (I"C-bus Serial Interface: Time control register access)

Vop=1.5 to 5.5V, Vee={V, T,;= ~40 to +55°C umless otherwise noted.

Parameter Svimbaol Conditions e U'nit
Min Typ Max
SCL clock frequency fap 400 kHz
START condition sefup tame fetrers E 06 2 : s
START condibon hold tune tmsTa - 0.6 - - s
Dt sefup b tsumar - 100 - - s
Diata hodd timne bmnar . 0 % o900 s
STOP condition setup tune usmo 06 - - ps
Bus free tinne between START and STOP conditiens lwy - 13 - - s
SCL Lelevel pulse width foow = 13 - - ps
SCL H-leved pulse width frmcss 06 . . 113
SCL, SDA nise fume A 20% — 80% - T 03 ps
SCL. SDA fall tume 1 B0 = 2(R% = = 03 s
Mavcommn bus spikee tune tp - - - 50 s
st & VopZ 18V - : 400 -
Vo< LBV 5 2 50

AC Characteristics 2 (CLKOUT Output)

Vpp = 1.3 10 5.5V, Ves= OV, T, = 40 10 +85°C unless otherwise noted

= Rating e
Parameter Svimbol Conditions Uit
Min Tvp Max
Crour=15pF, 0.5Vpg, threshold,
CLKOUT duty Duty e i 40 50 60 %
CL seitmg = 100h to TFFh
Von=181t055V - - L
, Crour=15pF.
CLROUT nse time tc Vop=153t055V B - 180 ns
20%% —» BlP%
Voo=131055V - - 1100
Vop=181055V - - 10
: Crour=15pF,
CLEOUT fall tme i Vip=150 55V - . 180 15
B0 — 20%
Vop=131055V : ® 1100

*1. Crour 5 the IC extemial load capacitance commected fo CLEOUT.
The CL setting represents the mtemal crystal oscillator ciroust load capacitance (Cr).
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QT2024L
CMOS, LOW CURRENT HIGH-TEMPERATURE REAL TIME CLOCK

Q-TECH I>C SERIAL BUS INTERFACE
CORPORATION 3.3Vdc
Time Control Register Table
Address Function bit 7 bit 6 bit 5 it 4 bit 3 bit 2 bit 1 bt O
00k SEC - 540 S0 510 EH] 54 82 51
O1h MIN - M40 M20 M10 M8 M4 M2 M1
0Zh HOUR - - HX0 HIi0 HE H4 H2 Hi
03h WEEK - - - - - W4 w2 W1
C<h DAY - - D20 Dio D8 4 D2 o
05h MONTH - - - MO0 | MO8 | MO4 | MO2Z | MOl
06h YEAR Y80 Y40 Y20 Y10 T8 T4 Y2 pa |
07Th MIN Alarm AF MA40 | MA20 | MAIO MAR Mag MAZ MaAl
02h HOUR Alann AE RAM | HAXO | HAILD HAZ HA4 HAZ HAl
WEEK Alanm WAS | WAS | WA4 | WAS [ WA2 | WAl | WAD
— DAY Alanm o RAM | DA20 | DAIO | DAS Da4 | DA2 DAl
0Al Timer Counter TiZ8 Ted T32 Tl6 T8 T4 T2 T1
{Bh Select Regster TCS1 | TCS0 | CFS1 | CFS0 | TSS1 | TSS0 AS uTS
0Ch Flag Register - - | vDHF | VDLF | - TF AF | UTF
0Dh Control Register RESE | TEST RAM FE TE TIE AlE UTIE

* The remster vahues are imdefmed when power 15 first apphed; ensure the device 15 configured before use,
Note that the TCS1, TCSO0, CFS1, CFS0, TEST, FIE, TE, TIE, AIE, and UTIE bats are reset to “0”, and the VDLF bit 15 set to “17 when power 15 apphied
* Bits mdhcated by a byphen - are read-only biis with read output vahue of 07"
* Omly “07 data values can be wnitten to the VDHF, VDLE, TE, AF, and UTF bats.
* The TEST but 15 a reserved bat for manu@achurer testmg, and should always be set to “07" for nonnal operation.
* To access address 0Eh and OFh is profubited for avesding a malfimetion. Don't access the address 0Eh and 0Fh
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QT2024L
CMOS, LOW CURRENT HIGH-TEMPERATURE REAL TIME CLOCK

Q-TECH IP’C SERIAL BUS INTERFACE
CORPORATION 3.3Vdc

Time and Calendar Register (Address 00h to 06h)

Auddress Function bit 7 bit & it 5 it 4 bit 3 bit 2 bit 1 bit 0
00k SEC - 540 520 510 58 54 52 51
O1h MIN = M40 M20 M10 Ms M4 M1
0th HOUR . - H20 H10 H2 H4 H2 Hl
0h WEER - - W W2 Wil
h DAY - - D20 D10 D3 D4 D2 Dl
0sh MONTH - - - MO0 | MO3 MO | MOZ MO
06h YEAR Y30 Y40 Y0 Y10 Y3 Y4 Y2 Tl
= Data format
The time and calendar data is represented in BCD fornmat.
» HOUR. register
The HOUR regster contams the hour m 24-hour display mode.
= WEEK register

The WEEK register increments nsing a 7-step up-counter; (W4W2W1) = (000) — (001) — ... — (110) — (000). The logic tables for
the (WAWIWT) bits for the day of the week: are confimmable by the user.
= YEAR register
The YEAR register contains the last 2 digits of the westem calendar year.
= Auiomatic leap year comection fimction
The autonatic leap vear comecton fimetion comests for leap years between 2000 and 2009,

Alarm Register (Address 07h to 09h

Address Function bt 7 bt & bit 5 bit 4 bit 3 biit 2 bit 1 bit0
0Th MIN Alammn AE MA4D | MA20 | MALIO | MAB | MA4 | MA2 | MAI
08h HOUR Alanmn AE RAM | HA20 | HAIO | HAZ HA4 HA2 HAl
i WEEK Alann & WAS | WAS | WA4 | WA3 | WAZ | WAL | WAOD

DAY Alann RAM | DA20 | DAID | DAR DA4 DAZ DAl

This register specifies the alarm tine sing day of the week. day, hour, and minute seftings. Address 091 specifies the day of the week o the
day seming. selected by the AS (Alam Select) bit in Address 0Bl The AF (Alarm Flag) bif in Address 0Ch is sef fo 1™ when a tine is
gpecified in the Alanm register.
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QT2024L

CMOS, LOW CURRENT HIGH-TEMPERATURE REAL TIME CLOCK

Q-TECH PC SERIAL BUS INTERFACE

CORPORATION

3.3Vdc

Timer Counter Rag_;ister (Address 0Ah)
Address Function bit 7 | bit6 | bith | bit4 | bit3 | bit2 | bitl | hit0
0Ah Timer Counter | TI128 | T64 | T32 | TI6 | T8 T4 T2 Tl

This register specifies the count value of a down-covnter used for fived-cycle timer mtermupts. The fixed-cycle ner source clock is specified
using the TSS1 and TSSO (Timer Sowrce Clock Select) bits i Address 0Bh.

When the TE (Tuner Enable) bit in Address 0Dh is changed from 0" to *1", e counter starts counting down from the specified cownt
value. When the dowr-counter reaches zero, the TF (Tuner Flag) bit m Address 0Ch is set to 1",

The down-counter contmmally repeats cownting down from the specified count value while the TE bit is set to 1"

Select Flugis.tef (Address 0Bh)
Address Function bit7 | bit6 | bitS | bit4 | bitd | bie2 | biel | b0
0Bh Select Regster TCS1 | TCSO | CFS1 | CFSO | TSS1 | TSSO | AS | UTS

= TCS (Temperanire Compensation Select) bits
The TCS bits select the femperature compensation. operating mierval
Temperahwre compensation operates in sync with the clock register timine.

TCS1 TCSO | Teinperanure compensation operating mtervall
0 i) 05s
0 1 2s
1 0 105
1 1 30s

* When power 15 apphed. TCS 15 reset to 007" and 0.5 tempersture compensabon operating miemval 15 selected.

= CFS (CLEOUT Frequency Select) bits
The CFS bits select the CLKOUT output frequency.

CFs1 CFSD CLKOUT output frequency
0 0 32 768 kHz
1024 Hz
1 0 2 Hz
1 1 1 Hz

* When power s apphed CFS 15 reset 1o 00" and 32 768kHz CT KOUT output frequency is selected
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Q-TECH

CORPORATION

QT2024L

CMOS, LOW CURRENT HIGH-TEMPERATURE REAL TIME CLOCK

I’C SERIAL BUS INTERFACE
3.3Vdc

= TSS (Timer Sowrce Clock Select) bit
The TSS bits select the fixed-cycle timer source clock.

T551 T550 Thmer sounrce clck
0 0 4096 Hz
0 64 Hz
1 0 1Hz
1 1 /60 Hz
= AS (Alarm Select) bit

The AS bir selects day of week alarm or day alarm.

The alanm data in Address (9h is mierpreted according fo the followng alarm sefting.

AS Alarm type
0 Day of week alarm
1 Day alarm
= UTS (Update Tine Select) bit
The UTS bit selects the timing for generating tume update mbermupts.
UTs Time update interrupt timing
0 Seconds dugats update
1 Mimmes dagas update
Control Register (Address 0Dh)
Address Function bit 7 it 6 bit 5 bit 4 bit 3 bit 2 it 1 bit 0
0Dh Contol Register | RESET | TEST | RAM | FE TE TE | AE | UTE
= RESET bit
RESET Description
0 Normal operation

1 to 64Hz frequency divider counter reset. Clock fimetion stops.

* Affer settma the RESET bitto “1", this bit 15 resst to “0"” after a STOP condition 1s recetved, after restart. or affer a 0,55 FC-bus mferface resat

= TEST bit
The TEST bit s for manufacturer testing. Leave sat to 0" for nonnal operation.
TEST Description
0 Normal operatimg mode

1

Test mode
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QT2024L
CMOS, LOW CURRENT HIGH-TEMPERATURE REAL TIME CLOCK

Q-TECH IP’C SERIAL BUS INTERFACE
CORPORATION 3.3Vdc
= BLAR bt

Can be used as a generalmupose RAM bit.

= FIE (Frequency Intermupt Enable) bit
The FIE bit 1 the enable bit for the 50% duty. 1Hz sigmal ousput on INTN.
FIE Description
0 INT™N 1Hz ot chsable
1 INTN 1Hz output enshle

* When power 15 apphed, FIE 15 reset to “0" and INTIN output disable 15 selected.

« TE ( Tumer Enable) bat
The TE bit enables the fixed-cycle timer down-counter.

TE Counfer operation

0 Tuner count stop

1 Thmer cotmi siart

* When powier 15 appbed, TE s reset to 0" and tuner count sfop & selected.

» TIE. ATE, UTIE (Timer. Alanm. Ulpdate Time Internipt Enable) bits
The TIE, AIE, and UTIE bits enable the intemp signal ouputs on INTN, TIE contols the fixed=cycle tomer intermpt ourpar, ATE
controls the alanm infermapt output. and UTIE controls the tinee update intermgpt output,
TIEAIEUTIE Deescription
0 TNTN output disable
T ourtput enabile
* When power is apged, these bits are reset to 0" amd INTN output disable is selected.
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QT2024L
CMOS, LOW CURRENT HIGH-TEMPERATURE REAL TIME CLOCK

Q-TECH IP’C SERIAL BUS INTERFACE
CORPORATION 3.3Vdc

Revision History

DCO REV REVISION SUMMARY PAGE DATE
- Initial Release 05/30/2014
Renamed P/N to QT2024L ALL
11540 A — 06/08/15
Update frequency stability vs. temperature codes 3
10693 B Correct Pinouts (Pins 1 - 3 incorrectly changed in Rev A) 2 10/09/2019
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