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AB18XX Features

Sub-threshald Power Optimized Techndogy by Ambiqg Micro

Ultra-low suppy currert:
- <15 nA with RC oscillator
- <20 nA with RC oscillator ard auocdibration

- <55 nA with crystal oscillator Appl Ications
e Baseliretimekeeping feaures ® \?vnarf cards -
- 32KHz crystal oscillator with integatedload * Irelesssersors and tags
capadtor/resigor * Medical eledronics
- Courters for hundredhs, seconds, minutes,hous, date, ~ *  Ulility metes
month, year, century, and weekday * Dataloggers
- Alarm cgpahility onall counters * Appliances
- Programmalbde output clock gereration (32kHz to 1/yea) ¢ Hardsets
- Courtdown timer with reped function e Consumer eledronics
- Automatic leapyea cdculation —
Description
* Advarced timekeeping fedures: The Abracmn Corporation AB18XX Red Time Clock with

- Integratedpower optimized RC oscillator

- Advarced crystal cdibration to = 2 ppm

- Advarced RC cdibration to £ 16 ppm

- Automatic cdibration of RC oscillator to crystal oscillator
- Watcthdogtimer with hardware reset

Power Management family provides a groundbe&ing
combination of ultra-low power coupled with a highly
sophisticated feaure set. With power requirements significantly
lower than any other indwstry RTC (aslow as 15nA), these are
the first semiconductor products basedon Abracon Corporation’s

- Upto 256bytes d general pupose RAM innovative SPOT (Sub-threshold Power Optimized Techndogy

by Ambig Micro) CMOS platform. The AB18XX includeson

e Powermaregemert fedures: . chip oscillators to provide minimum power consumption, full

- Integated<1Q power switch for off-chip comporerts RTC functions including battely badup and progranmable

such as ahost MCU _ counters and alarms for timer and watchdogfunctions, and either

- System sleep manager for managng host processor an 1°C or SH serial interface for communication with a host

wake/deepstates controller. An integrated power switch and a sopHsticated

- Extemal interupt monitor system sleep manager with courter, timer, alam, ard interrupt

- Extemal resetsignal monitor capablities allows the AB18XX to be used as a supervisory
- Reset attput generator comporent in a hast microcontroller-basedsystem.

- Automatic switchoverto VBAT

- Suwercgpadtor trickle charger with programmabe
charging currert

- Progranmabe brown out detedion

- Programmalle analog voltage comparatar

e 1°C (upto 400kHz) or SH (upto 2 MHz) serial interface
- Syopats 3-wire ard 4-wire SH

e Operating Voltage 1.7-3.6 V

¢ Clock and RAM reteriion voltage 1.5-3.6 V
e Operating temperatue —40to 85°C

e Allinpusinclude Schmitt triggers

e 3mmx 3 mmQFN-16 package
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1. Family Summary

The AB18XX family consists of several members. All devices are supplied in a standard 3 mm x 3 mm QFN-16 package.
Members of the software and pin compatible ABO8XX RTC family are also listed.

AB1801-T3 ] 2 ] ] 0 ] I’C
AB1803-T3 | 2 [ | [ 64 [ [ I’C
AB1804-T3 | 4 [ | [ [ 256 [ ] [ [ I’C
AB1805-T3 ] 4 [ ] ] | 256 ] ] | [ I’C
ABI811-T3 ] 2 ] [ 0 ] SPI
ABI813-T3 ] 2 ] [ 64 ] ] SPI
AB1814-T3 ] 3 ] [ [ 256 | [ [ ] SPI
AB1815-T3 ] 3 ] | | 256 ] | [ ] SPI
| SoftwarcandPinCompatible ABOSXX Family Components
AB0801-T3 ] 2 [ ] | 0 2C
AB0803-T3 ] 2 [ ] [ 64 ] 2C
AB0804-T3 ] 4 [ ] [ [ 256 | 2C
AB0805-T3 ] 4 (] [ [ 256 ] [ 2C
AB0811-T3 ] 2 ] ] 0 SPI
AB0813-T3 ] 2 ] | 64 ] SPI
AB0814-T3 ] 3 ] [ | 256 ] SPI
AB0815-T3 ] 3 ] [ | 256 ] [ SPI
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2. AB18XX Functional Description

VCC VBAT
v v v 100ths
nCE -~ Power Analog Seconds
Control Compare Minutes
SDI » 12C/SPI > Hours
SCL » Interface o 5
P - ays
SDA/Q <7+ Weekdays
T . Months
Calibration Engine Years
XO
Alarms
] XT Osc —»| Divider Timer
p——
WDT
XI |
- *1 Control
RC Osc —» Divider RAM
WDI > —— FOUT/nIRQ
EXTI > » PSW/nIRQ2
Int/Clock
« Ly e » nTIRQ
nEXTR » Reset |« » CLKOUT/nIRQS3
» NRST

}

VSS

The AB18XX serves as a companion part for host procesors including microcontrollers, rados, and digital signal
procesrs. It tradkstime asin atypical RTC product ard additionally providesunique power managemert functionality that
makes it ided for highly erergy-constrained applications. To suppat sich operation, the AB18XX includes 3distinct feaure
groups. 1) baselne timekeegping feaures, 2) advanced timekeeing feaures,and 3) power maragement feaures. Functions
from ead feaure group may be controlled via memory mapped registers. Theseregsters are accessed using either an 1°C
serial interface(eg., in the AB1805 or a SH serial interface(eg., in the AB1815. Each feaure groupis descibed briefly
below.

The baselire timekeeing feaure group suppats the standard 32 kHz crystal (XT) oscillation mode for maximum frequency
accuragy with anultraslow currert draw of 55 nA. An extended cdibration mode enaldes low jitter digital cdibration to an
accuracy of £2 ppm over arange of -614 ppm to +244 ppm. The baselire timekeeping feature group alsoincludes a standard
setof counters monitoring hundeathsof a second up throughcenturies. A complement of countdown timers and alarms may
additionally be setto initiateinterrupts or resetson several of the outputs.

The advarced timekeeping feature group suppats two additional oscillation modes: 1) RC oscillator mode, and 2) auto-
cdibration mode. At only 15 nA, the temperature-compensated+10% RC oscillator mode providesan even lower currert
draw than the XT oscillator for applications with reduced frequency accuracy requiremerts. A proprietaty cdibration
algorithm allows the AB18XX to digitally tune the RC oscillator frequercy with acaracy aslow as 2 ppm at a given
temperature ard very low cdibration jitter. In auocdibration mode, the RC oscillator is used as the primary oscillation
source and is periodically cdibratedagainst the XT oscillator. Autocdibration may be exeauted every autocdibration period
(ACP) of 8.5 minutesor 17 minutesand may also be initiated via software. This mode enalbesaverage currert draw of only
20 nA with frequency acaracy similar to the XT oscillator. The advarced timekeeping feature group alsoincludesarich set
of input and output configuration options that enables the monitoring of extemal interupts (eg., pushbuton signals), the
gereration of clock outputs, and watchdogtimer functionality.
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Power management feauresbuilt into the AB18XX enable it to operateasa badup device in bath line-powered and battery-
powered systems. An integated power control modue auomatically dete¢s when main power (VCC) falls below a
digitally-seledale threshold and switchesto badkup power (VBAT). Up to 2568 of ultra-low leakage RAM enalte the
starage of key parameteis when operating on badup power.

The AB18XX is the first RTC to incorporate a number of more advanced power management feaures. In patrticular, the
AB18XX includes a finite state machine (integatedwith the Power Control block) that can control a host processor asit
trarsitions between deeprest states ard adive states. Digital outputs can be configured to control the reset signal or
interrupt input of the host controller with digitally-tunale timing. The AB18XX additionally integrates a power switch with
<1 Q impedance that can be used to cut off ground current on the host microcontroller and reduce sleepcurrert to <1 nA.
The AB18XX parts can wake-up a seepgng system using intemally gererated timing interupts or extemally generated
interupts generated by digital inputs (eg., using a pushbuton). The aforementioned functionality enabes users to
seanlesdy power down host procesrs, leaving only the erergy-efficient AB18XX chip awake. The AB18XX alsoincludes
digitall y-tunahle voltage monitoring for brown-out detedion ard power-on rese.

3. ABI18XX ExampleApplications

The AB18XX enalles avariety of system implemertations in which the AB18XX can control power usage by other elemerts
in the system. This is typically used when the entire system is powered from a battery and minimizing total power usage is
critical. The badkup RAM in the AB18XX can be usedto hold key MCU parameters when it is powered down.

3.1 VSSPowe Switched

In the recommended implemertation, the intemal power switch of the AB18XX is used to completely turn off the MCU
ard/or other system elemerts. In this case the PSW/nIRQ2 output is configured to gererate the Sleepfunction. Under
normal circumstarces, the PSNV/nIRQ2pin is pulled to VSS with less than 1 ohm of resigarnce, so thatthe MCU receives full
power. The MCU initiatesa SLP operation, and when the AB18XX ernters SleepMode the PSW/nIRQ2 pin is opered ard
power is completely removed from the MCU. This realts in significant additional power savings relative to the other
altematives. A varety of interrupts, including alams, timers and extemal interrupts creaed by a pushbuton asshown, may
be used to exit SleepMode ard restade MCU power. The RAM of the AB18XX may be used to retain critical MCU

paramatels
R
EXTI AB18XX VCC |  |ac/spi vee
f———————P

— — X0 MCU

- q L FOUT/nRQ|——»(] IRQ

N == PSW/nIRQ2
Lx VSS VSS
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3.2 VCC Power Switched

An extemal transistar switch T may also be used to turn off power to the MCU. This implementation allows switching
higher currernt and maintains acommon ground R can be onthe order of megohms, so that nedigible currert is drawn when
the circuit is adive and PSW/nIRQ2 s low.

3.3 Resat Driven

o

R
c
AB18XX < 2csP .
. FOUT/nIRQ »] IRQ
PSW/nIRQ2
VSS VS

v v

\ele;
MCU

v

In arother implementation the AB18XX controls the system MCU using the resetfunction rather than switching power.
Since many MCUs use much lesspower whenreset thisimplementation can save system power in some cases.

VCC

AB18XX

nRST

VSS

12C/SPI

- »() RESET
VSS

VCC
MCU

v v

3.4 Battery Backup

In many systems the main power supgy is a battery, so the AB18XX can minimize its currert draw by powering down the
MCU and other peripherals. This battetly may be redacealde, ard a supercgpadtor charged via the AB18XX trickle charger
can maintain system time and key parameters when the main battery isremoved

Backup

Supercap —
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4.

Package Pin Description

The AB18XX padkage pins are descibedbelow. The themal pad on the QFN-16 padkagesmust be connededto VSS. All
NC pins must be left unconnected

PSW/nIRQ2

AB180X

(1) nRST
(1) WDI
(1) nEXTR

O

(1) CLKOUT/nIRQ3 [

AB181X
_o038
X X > >
OOogyg
nTIRQ (1) @B)nRST 1 .~ [1nCE
FOUT/nIRQ (3)WDI[J = vss [] FOUT/nIRQ
EXTI (1) (8)nEXTR[J . PAD [ EXTI (3)
VSS PSWnIRQ2[J | [IsDI
M
TEE
> n =
< =
=~ 2
0
X
-
(@)
)

(1) — Available in AB1804and AB1805 orly, elseNC
(2) — Available in AB1803and AB1805 orly, elseVSS
(3) - Avail able in AB1814and AB1815 orly, elseNC
(4) — Available in AB1813and AB1815 orly, elseVSS

. . . Pin Number in AB18XX
Pin Name Pin Type | Function ollo3loalos 111131141 15
5, 5,
VSS Power Ground 9, 34 9, f4 154 14 154 14
14 14
VCC Power System power supy 1313 | 13| 13| 13| 13| 13| 13
Xl XT Crystal input 16| 16| 16| 16| 16| 16 | 16 | 16
X0 XT Crystal output 15/ 15| 15]|15| 15| 15| 15| 15
VBAT Power Battery power suppy 5 5 5 5
SCL Inpu I°C or SH interface clock 7\ 7|\ 7|7 |7 |7 /|7 |7
SDO Output SH dataoutput 6 | 6| 6| 6
SDI Inpu SH datainput 919|909
nCE Inpu SH chip seled 12| 12| 12| 12
SDA Input I°C datainput/output 6| 6|66
EXTI Input Extemal interrupt inpu 10 | 10 10 | 10
WDI Input Watchdogreset imput 2|2 2| 2
NEXTR Input Extemal reset npu 313 3|3
FOUT/nIRQ Output Interrupt /function output 1111|1111 |11 11|11 11
PSW/NIRQ2 Output Interrupt 2/power switch output 4 1414|444 4]|4
CLKOUT/nIRQ3 Output Interrupt 3/clock output 8 | 8 8 | 8
nTIRQ Output Timer interrupt output 12 | 12
nRST Output Reset aitput 1)1 1|1
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5. Electrical Specifications
5.1 Absolute Maximum Ratings
All voltages eferenced to VSS.
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Vce System Power Voltage -0.3 3.6 v
Veat Battery Voltage -0.3 3.6 v
V| Input voltage Vee> Vi -0.3 Vee+ 0.3 Y,
V| Input voltage Vee< Vv Veat> Vi -0.3 Vpar+ 0.3 \%
Vo Output voltage Vee> Vi -0.3 Vee+ 0.3 Vv
VO Output VOItage Vee<Vuins Vear> Vv -0.3 Vgar+ 0.3 \
| Input current -1 1 mA
lo Output current -1 1 mA
v ESD Volt CDM +500 \%
oltage
ESD % HBM +£4000 v
Iy Latch-up Current 100 mA
Tste Storage Temperature -65 150 °C
Top Operating Temperature -40 85 °C
Hand sddering for 10 o
Tsip Lead temperature seonds 300 C
T Reflow sddering Reflow profile per JEDEC 260 oc
REF temperature JSTD-020D
5.2 Operating Parameters
Ta=-40°Cto85°C, TYPvalues @25°C
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SA or 1°C adive 1.7 3.6 Y,
Vce System Power Voltage :
Clock operating + RAM 1.5 3.6 \%
VeaT Battery Voltage Clock operating + RAM 1.5 3.6 \%
vV Positive-going Input Vec=3.0V 15 Vv
T+ Threshold Voltage Vee=1.8v 1.1
v Negative-gaing Input Vee=3.0V 0.9 v
T- Threshold Voltage Vee=1.8v 0.6
VoL Low level output voltage 1.V <V < 3.6V VSS 0.2°VCC
High level output voltage .
VOH on push-pull ouputs 1NV <Vee< 3.6V 0.8VCC VCC
VMmN Power supply valid vatage 15
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5.3 Supply Current

The current sypplied into the VCC or VBAT power inputs under various conditions is shown below.

Ta=-40°Ct085°C, Vgar=0V t03.6V, TYP values & 25°C

SYMBOL | PARAMETER | Do e Vee | Vear | MIN | Typ | MA | oniT
Vee supply 400KHz bus speeal 3. 20
lvccizc rygs&trgu“ng 10k pul-upresistas NA HA
il on SCL/SDA. (1) 1.8/ 10
Vee smdply_ 3.0v 10
current durin
lvecsm | sppust D | 2MHzbus sped (2) L | VA ] LA
read/write '
Vcc spply Time kegping mode 3.0v 55
lvcexT current in XT with XT osdllator NA nA
osdllator mode. running. (3) 1.8v 50
Time kegping mode 3.0V 15
Ve supply with orly the RC
lvecre current in RC osdllator running NA nA
osdllator mode. | (XT osdllator is off). 1.8v 12
(©)
Time kegping mode 3.0v 18
Ve swply i ;
current in \c,)vsltoqlg?o); rFlaJcn:n'ng and
lvecaca aRu(t:og;iéﬁzt;d autocdlibration 1.8V NA 15 nA
mode enabled. ACP=512
) seconds. (3)
Vear spply Time kegoing mode 3.0v 55
lyvgaT-xT | currentin XT with XT osdl lator <1.5v nA
osdllator mode. running. (3) 1.8v 50
Time kegping mode 3.0V 15
Veat Spply with orly the RC
lveaT:Rc | currentin RC osdllator running <1lb5v nA
osdllator mode. (XT osdllator is off). 1.8v 12
)
Time kegoing mode 3.0V 18
Vgar SWpply ; :
current in \c,)vsltoqlggo): rFlann'ng and
lveaT:acaL ;uéo((?(l]ﬁra{::t;d autocdibration <1y 1.8V 15 nA
mode. enabled. ACP=512
) seconds. (3)
3.0v 290
| ZuBr/?TenstLﬁld\y Vecpoweredmode. | 4 g A
VBAT:VCC cc 3) : p
powered mode. ( 1.8v 190

(1) Excluding extemal peripherals ard pull -up resstar currert. All other inpus (besices SDA and SCL) are at OV or

Vce. ABO80OX ard AB180X only.

(2) Excluding extemal peripheral currert. All otherinpus (besdes SD] nCE ard SCL) areatOV or Vcc. AB081X ard

AB181Xonly.

(3) Allinpusandoutputsare atOV or Vcc.
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6. Tape and Red Information
REEL DRAWING *‘Tlthickness)

—| N L
R=4 mm

R=4mm\ G
v
5 [}

A e w

(inner width
at HUB)
"~

Rai - \W3 (inner width at outer edge of reel)

> [+ W2 (outer width at HUB)

CARRIER TAPE DRAWING
DO - P2~« »+PO»
k Y
e © o009 @ﬁ— e T
¢ D1 g
\ \ w
- % m
73‘ Detail A
1 REF '
KO0 Y Tle—p1—
SECTION Y-Y
330 x 178 x 12 mm Reel Dimensions 3x3 QFN Carrier Tape Dimensions
Symbol | MIN TYP | MAX Units Symbol MIN YR MAX Units
T 2.3 25 2.7 BO 3.2 3.3 34
N 1780 KO 0.9 1.0 1.1
L 3300 K1 0.25 0.3 0.35
w1 124 124 126 DO 1.50 1.55 1.60
W2 184 D1 15
W3 124 154 mm PO 39 4.0 4.1 mm
C 128 130 135 P1 7.9 8.0 8.1
D 20.2 P2 19 2.0 2.1
A 10.0 A0 3.2 3.3 34
G 4.0 E1l 1.65 1.75 1.85
B 15 F 54 55 5.6
W 117 120 123
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7. Reflow Profile

The AB18XX reflow soldering requirements are descibed below.

i« [ ™
T = t o
Max. Ramp Up Rate = 3°Cls \ P
Max. Ramp Down Rate = 6°Cis
R | ¥ \
; L le t -
™~ I_ Lal
2| [ \
o
N ¥
@
= Ts-min
£
@ is *
l_
25
f——————Time 25°C to Peak
Time —>
Profile Feature Requirement
Prehea/Soak
Temperature Min (Tgpin) 150°C
Tenperature Max (T gy 200°C
Time (ts) from (T spin 10 Tsprax) 60-120secnds
Ramp-uprate(T_ to T,) 3 °C/second max.
Liquidous temperature (T.) 217°C
Time (t.) maintainedabove T, 60-150semnds
Ped&k package bodytemperature (T,) 260°C max.
Time (t,) within 5°Cof T, 30 sends max.
Ramp-down rate(T,to T,) 6 °C/second max.
Time 25 °C to pe&k temperature 8 minutesmax.
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8. Ordering Information

AB1801-T3 3000pcs/reel

AB1803-T3 3000pcs/reel

AB1804-T3 3000pcs/reel

AB1805-T3 3000pcs/reel Pb-Free'”
ABI811-T3 3000pcs/reel 16-Pin QFN

3 x 3 mm

AB1813-T3 3000pcs/reel

AB1814-T3 3000pcs/reel

AB1815-T3 3000pcs/reel

-40 to +85 °C

Notes:

(1) Compliant and certified with the current RoHS requirements for all 6 substances, including the requirement
that lead not exceed 0.1% by weight in raw homogeneous materials. The package was designed to be soldered at

high temperatures (per reflow profile) and can be used in specified lead-free processes.
(2) Moisture Sensitivity Level rating according to the JEDEC J-STD-020D industry standard classifications.
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9. Notes

i) The parts are manufadured in acordance with this spedfication. If other condtions and spedfications which are required for
this spedfication, dessecontad ABRACON for more information.

i)  ABRACON will supply the parts in acordance with this spedfication uess we receve a written request to modify prior to an
order placement.

iii) In nocaseshal ABRACON be liable for any product failure from in appropriate handing a operation d the item beyond the
saope of this spedfication.

iv) When changing you production process pleasendify ABRACON immediatdy.

v) ABRACON Corporation’s products are COTS — Commercial-Off- The-Shelf products; suitable for Commercial, Industrial and,
where designated, Automotive Applications. ABRACON’s products are not  specifically designed for Military, Aviation,
Aerospace Life-dependant Medicd applicaions or any  applicaion requiring high reli ability where comporent fail ure could
resut in loss of life and/or property. For applicaions requiring high reliability and/or presenting an extreme operating
environment, written consent and authorization from ABRACON Corporation is required. Plesse contad ABRACON
Corporation for more information.

vi) All spedfications ard Marking will be subject to change without natice

10. ABRACON CORPORATION-TERMS& CONDITIONSOF SALE

PLEASE NOTE: Claims for pricing errors, shortages and defedive products must be reported within 10 days from recept of goods.
Returned products will not be accepted after 30 days from the invoice date, and may be subject to restocking fees in acordance with
Abracon Corporation’s return policy. Abracon standard product purchase orders may nat be canceed within 60 days of original shipping
date. Abracon nonstandard product purchase orders are non-cancdable and nonreturnable. All schedule changes must be requested prior
to 30 chys of original shipping date. Maximum schedule change “push-out” shall be no more than 30 days from original shipping date.
Abracon reserves the right to review al schedule and quentity changes and make pricing changes as needed. NO CREDIT WILL BE
GIVEN FOR PRODUCTS RETURNED WITHOUT PRIOR AUTHORIZATION.

Please also note that IN NO EVENT SHALL ABRACON’S TOTAL LIABILITY FOR ANY AND ALL LOSSES AND DAMAGES
ARISING OUT OF ANY CAUSE (INCLUDING, BUT NOT LIMITED TO, CONTRACT, NEGLIGENCE, STRICT LIABILITY OR
OTHER TORT) EXCEED THE PURCHASE COSTOF THE PRODUCTS. IN NO EVENT SHALL ABRACONBE LIABLE FOR ANY
INCIDENTAL, CONSEQUENTIAL OR RUNITIVE DAMAGES

Placing an order with ABRACON constitutes an acknowledgement that you have read and agree to the “Terms and Conditions of Sale.”

1. Prices: ABRACON (AB) reseves theright to increasethe price of products by written naticeto the Buyer at least tirty days grior to the
date of shpment of the products. When quantity price discourts are quaed by AB, the discourts are computed separately for ead type of
product to be sdd and are based uponthe quantity of ead type and ead size ordered at any oretime. If any order is reduced or cancdled
by the Buyer with AB’s consent, the prices shall be adjusted to the higher prices, if applicable, for the uncancdled quantity. Unless
otherwise agreed, AB resaves the right to ship and hill ten percent more or less then the exad quantity spedfied.

2. Taxes: Unless otherwise spedfied in the qudation, the prices shown do nd include any taxes, import, or export duties, tariffs, or
custams charges. The Buyer agrees to pay AB the amourt of any federal, stae, courty, municipal, or other taxes, duties, tariffs, or custam
charges levied by any jurisdiction, foreign or domestic, which AB is reaiired to pay onacourt of the ownershp at the place of instdl ation
or during trarsit of the material or equipment which is the subject of this contrad, or an acourt of the transportation, sde, or use of the
materid or equipment.

3. Payment Temms: Urless dherwise stated in a separate agreement or in AB’s quotation, payment terms are thirty days net from the date of
invoice, subject to approval from AB of amount and terns of credit. AB reserves the right to require payment in advance or C.O.D. and
otherwise modified credit terms. When partial shipments are made, payments therefore shall become due in acordance with the above
terms uponsubmission of invoices. If, a the request of the Buyer, shipment is postponed for more than thirty days, payment will become
due thirty days after roticeto the Buyer that products are ready for shipment. Thesetermms agply to partial as well as complete shpments on
the debt at the lessea of 18% per yea, or the maximum then permitted by Cdifornia law, from the due date urtil the Buyer pays the debt in
full.

4. Shipment: All shipments will be made F.O.B. AB’s shipping point. In the absence of specific instructions, AB will select the carier.
Title to the materid shell passto the Buyer upon dlivery thereof by AB to the carier or delivery savice. Thereuponthe Buyer shall be
responsible therefore. Products held for the Buyer, or stared for the Buyer, shall be at the risk and expenseof the Buyer. Claims against AB
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for shortages must be made in writing within ten days after the arrival of the shpment. AB is not required to ndify the Buyer of the
shipment.

5. Delivery: Shipping datesare approximate.

6. Pacing: Unless otherwise spedfied, prices quaed herein include normal AB padkaging. If spedal padaging is required by the Buyer,
an additional charge will be made.

7. Inspedion: Unless the Buyer natifies AB in writing within ten days from the date of recept of any products that says the products are
rejeced they will be deamed to have been acceted by the Buyer. In order for the natice of rejection to be effedive, it must also spedfy
the reasans why the products are being rejected Any rejected products must be returned to AB within thirty days of regjection a the
rejection shall be void and d no effect. Notwithstanding the precaling sentence, no returned good will be acceted for credit urless
written permission is first obtained from AB.

8. Limitation d Liability: AB shall nat be liable for any loss damage, cost of repairs, or incidental or consequential damages of any kind
whether or not based uponexpress or implied warranty, negligence, or strict liability arising ou of or in conredion with the design,
manufadure, sde, use repair, or delivery of the product, or the engineaing designs supplied to the Buyer. Without limiting the generality
of the foregaing: if condtions arisewhich prevent compliance with delivery schedules, AB shall nat be liable for any damage or penalty
for delay in delivery, or for failure to give natice of delay, and such delay shall nat constitute grounds for cancedlation a price adjustment:
in addition, AB shall nat be liable for delay in delivery withou regard to the cause of the delay, and dHivery dates shall be deemed
exterded for a period equal to such delay.

9. Fair Labor Stardards Act: AB cetifies that products furnished hereunder have been or will be produced in compliance with the Fair
Labor Standards Act, as amended and regulations and aders of the U.S. Department of Labor isswed thereunder, AB agrees that this
stetement may be considered as the writtenassurance contenplated bythe October 26, 194%mendment to sad Act.

10. Modifications: Unless otherwise provided, AB reseves the right to modify the spedfications of products ordered by the Buyer
providing that the modifications co na materidly affed the performance

11. Termination: In the event of the complete or partial tetmination a cancdlation d this order for the convenience of the Government,
sdtlement shall be made by negatiations in acmrdance with the Termination Clause for Subcontradors se forth in Armed Services
Procurement Regulation 8-706. If the Buyer attempts to ternminate or cancd this order, entirely or partialy, other than for the convenience
of the Government, it shall constitute a material breach of contrad unless consent to sdd termination is obtained bythe Buyer from AB in
writing. In any event, the prices of al items delivered, and al items which have been furnished bu not yet delivered, will be adjusted
upward to the applicable price for the lesse quantiti es thereby puchased. AB may terminate or cancd this order in whole or in part at any
time prior to the completion of performance by written natice to the Buyer withou incurring any liability to the Buyer for breach of
contract or otherwise

12. Indemnity and Waiver of Subrogation: Buyer agrees to indemnify and hdd AB harmless from any cost, liability or expense including
attorney’s fees, which arises from or relates to any third party claim for personal injury (or death), property damages, or other lossall egedly
based upon @fedive design, materid, or workmanship of any product sdd or furnished by AB, or allegedly based onany breach by AB of
any o its contradua or other obligations. The Buyer represents that any liahility insurance pdicies which the Buyer may have shall
provide that subrogation rights against sypplies sich as AB are waived.

13. Governing Law: The terms of this agreement and al rights and obigations under it shall be governed by the laws of the State of
Cdifornia.

14.Errors: AB resaves theright to correct clerical or stenographic errors a omissians.

15. Entire Contrad: The provisions of the Agreement and any acompanying documents constitute al the terms and conditions agreed
upon bythe parties and replace and suypersede any inconsistent provisions on the faceand the reverseside of the Purchase Order, Invoice,
and Packing Slip. No modifications of this Agreement shall be valid urless in writing and duy signed by a person authorized by AB. The
provisions of this Agreement shall nat be modified by any usage of trade, or any course of prior deding a acquiescence in the course of
performance

16. Disputes Disputesbetween AB and the Buyer shell be resdved in ac@rdance with the laws of the Stateof Cdifornia withou resat to
said state’s Conflict of Law rules. Pending final resolution of a dispute, AB shall proceed diligently with the performance of an order in
accordance with AB’s decision. In any legal action, arbitration, or other proceeling krough to enforce or interpret the terns of this
agreement, the prevailing party shall be entitled to reasanably attorneys' fees and any ather costsincurred in that proceeding in addition to
any ather relief to which it is entitled.
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