DTCOES.

I N CORPOURATED Lead-free Green

ALM1108

MASIC
Programmable Mixed-Signal IC

Description
The ALM1108 is an ultra-small programmable pASIC featuring LUTS,

Architecture Block Diagram

logic macrocells, timers, oscillators, and more. Each macrocell within
the ALM1108 contains multiple, configurable settings and initial states
for maximum flexibility.

Non-Volatile Memory

The ALM1108’s macrocells are connected via hardware-defined
matrix connections, not abstracted firmware. This enables
asynchronous design at low power as well as more reliable operations
compared to microcontrollers. Unlike a fixed ASIC, the timing and
event sequences can be updated with a programming software
change.

The ALM1108’s functional reliability is enhanced by CRC-8 and
Continuous Register Verification (CRV).

Features

e Two Operation Ranges:
e 1.71Vto3.60V Supply; Operating Temperature Range: 0°C
to 85°C
e 2.10Vto 3.60 V Supply; Operating Temperature Range:
-40°C to 85°C
e Six Digital Inputs/Outputs
e One Digital Input
e Five Digital Inputs/Outputs
o Two Combinatorial 2-bit Look Up Tables (LUTS)
e Nine Multifunctional Macrocell
e Two Selectable D Flip-Flop (DFF) / Latches or 2-bit LUTs
e Four Selectable D Flip-Flop / Latches
or 3-bit LUTs
e One Selectable Shift Register or 3-bit LUT
e Shift Register (SR) — 16 stage / 3 outputs
e One Selectable 16-bit Timer with bidirectional counting
(TMR) or 4-bit LUT

REGISTERS

2MHz

#

COMBINATORIAL LOGIC

2-bit LUT2 2-bit LUT3

MULTIFUNCTIONAL MACROCELLS

2-bit LUTO
DFFO/LATCHO

2-bit LUTI
DFF1/LATCH1

3-bit LUTO
DFF2/LATCH2

3-bit LUTI
DFF3/LATCH3

One Programmable Delay or Edge Detector

Three 8-bit Timers with external clock/reset
Oscillator (OSC)
Power On Reset (POR)
Data Protection Feature
¢ CRC-8
e Continuous Registers Verification (CRV)
e Package Options
e 8-pin X1-QFN1012-8 (Type AX) package
(1.0x1.2x0.42 mm, 0.4 mm pitch)
e Totally Lead-Free & Fully RoHS Compliant (Notes 1 & 2)
e Halogen, Antimony and Beryllium Free. “Green” Device
(Note 3)
e For automotive applications requiring specific change
control (i.e. parts qualified to AEC-Q100/101/104/200, PPAP
capable, and manufactured in IATF 16949 certified facilities),
please contact us or your local Diodes representative.
https://www.diodes.com/quality/product-definitions/

Notes:

1. No purposely added lead. Fully EU Directive 2002/95/EC (RoHS),
2011/65/EU (RoHS 2) & 2015/863/EU (RoHS 3) compliant.

2. See https://lwww.diodes.com/quality/lead-free/ for more information about
Diodes Incorporated’s definitions of Halogen- and Antimony-free, “Green”
and Lead-free.

3. Halogen, Antimony and Beryllium-free "Green” products are defined as those

3-bit LUT2
DFF4/LATCH4

3-bit LUT3

DFF5/LATCH5

CONNECTION MATRIX 32x 40

3-bit LUT4
Shift Register

PDLY

Edge Detector

4-bit LUTO
16-bit Timer (TMR2)

8-bit TIMERS

which contain <900ppm bromine, <900ppm chlorine (<1500ppm total Br +
Cl), <1000ppm antimony compounds and <1000ppm Beryllium.
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The ALM1108 (Figure 1, Table 1) has 6 multi-function I/O pins which can function as a user-defined Input or Output. Refer to Table 1 for pin definitions.
For all of the 6 user-defined 1/0O pins on the ALM1108, the pins can serve as both Digital Input and Digital Output, except |02 which can only serving as a

Digital Input PIN.
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Figure 1. Top View (X1-QFN1012-8 (Type AX))

Table 1 Functional PIN Description
PIN #
X1-QFN1012-8 | PIN Name Function Input Options Output Options
(Type AX)
1 VDD _ [Power Supply - --
2 102 Digital Input Digital Input w/o Schmitt Trigger
Digital Input w/ Schmitt Trigger -
Digital Input Low Voltage
3 103 Digital I/O Digital Input w/o Schmitt Trigger Push-Pull x1
Digital Input w/ Schmitt Trigger Push-Pull x2
Digital Input Low Voltage Open Drain NMOS x1
Open Drain NMOS x2
Open Drain PMOS x1
Open Drain PMOS x2
4 104 Digital I/O Digital Input w/o Schmitt Trigger Push-Pull x1
Digital Input w/ Schmitt Trigger Push-Pull x2
Digital Input Low Voltage Open Drain NMOS x1
Open Drain NMOS x2
Open Drain PMOS x1
Open Drain PMOS x2
5 GND _ |Ground - -
6 106 Digital I/O Digital Input w/o Schmitt Trigger Push-Pull x1
Digital Input w/ Schmitt Trigger Push-Pull x2
Digital Input Low Voltage Open Drain NMOS x1
Open Drain NMOS x2
Open Drain PMOS x1
Open Drain PMOS x2
7 107 Digital I/O Digital Input w/o Schmitt Trigger Push-Pull x1
Digital Input w/ Schmitt Trigger Push-Pull x2
Digital Input Low Voltage Open Drain NMOS x1
Open Drain NMOS x2
Open Drain PMOS x1
Open Drain PMOS x2
8 108 Digital I/O Digital Input w/o Schmitt Trigger Push-Pull x1
Digital Input w/ Schmitt Trigger Push-Pull x2
Digital Input Low Voltage Open Drain NMOS x1
Open Drain NMOS x2
Open Drain PMOS x1
Open Drain PMOS x2
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Macrocell Manifest

Macrocell Description Number of Units Total Referenced

Name Units Section

Digital Input o Digital Input e One Digital Input 5.1,5.3,5.6.1,
(low or normal voltage; with or without a Schmitt 5.4
Trigger)
o 10 kQ/100 kQ/1 MQ Pull-Down resistors
Digital e Digital Input e Thirteen Digital I0s 5 15.1,5.2,5.3,
Input/Output (low or normal voltage; with or without a Schmitt 5.6.2, 5.6.3,
Trigger) 5.6.4,5.6.5,
e Open Drain Outputs: 5.6.6, 5.5

NMOS x1(2), PMOS x1(2)
e Push Pull Outputs:

PP x1(2)
o 10 kQ/100 kQ/1 MQ Pull-Up/Pull-Down resistors
Connection o Digital matrix connections are based on user o Size 32x40 1 16.1,6.2,63
Matrix design

Combinatorial Logic Look Up Tables 2

Multifunctional Macrocells 9
2-bit LUT e 2-bit Look-Up Table e Two 2-bit LUTs shared with DFF/LATCH w/o 2 |81
RST
3-bit LUT e 3-bit Look-Up Table e Four 3-bit LUTs shared with DFF/LATCHw/ RST| 5 (8.2,8.3
e One 3-bit LUT shared with Shift Register
4-bit LUT e  4-bit Look-Up Table e One 4-bit LUT shared with 16-bit Timer 1 |84
DFF w/o RST |e D Flip-Flop w/o RST e Two DFFs shared with 2-bit LUTs or LATCHs 2 181
w/o RST
DFF w/ RST e D Flip-Flop w/ RST e Four DFFs shared with 3-bit LUTs or LATCHsw/| 4 |8.2
RST
LATCHw/0o RST|e LATCH w/o RST e Two LATCHSs shared with 2-bit LUTs or DFFs 2 |81
w/o RST
LATCHwW/ RST |e LATCHw/ RST e Four LATCHs shared with 3-bit LUTs or DFFs w/ 4 18.2
RST
Shift Register e 16 stages/ 3 outputs e One Shift Register shared with 3-bit LUT 1 1|83
e Two outputs with 1 to 16 selectable stages
e One output with 1 stage
16-bit TMR e 16-bit Timer with bidirectional counting e One 16-bit TMR shared with 4-bit LUT 1 (84
PDLY e Programmable Delay e One PDLY shared with Edge Detector 1 |85
e 140ns/280ns/420ns/560ns @ VDD =3.3V
Edge Detector [ Rising Edge Detector e One Edge Detector shared PDLY 1 (85

e Falling Edge Detector

o Both Edge Detector
8-bit Timers 3

8-bit TMR e One input from the Connection Matrix for DLY e Two 8-bit TMR with two inputs from Connection 2 19.1,93
IN/RST IN Matrix

e One input from the Connection Matrix for an
external couter/clock source

e Four Modes:

e Delay
e One Shot
e Frequency Detector
e Counter
8-bit TMR e One input from the Connection Matrix which has a |¢ One 8-bit TMR with one input from Connection 1 (94

shred function of DLY IN or EXT CLK input Matrix

e Four Modes:
e Delay
e One Shot
e Frequency Detector
e Counter
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Data Protection 2
CRC-8 e Validity of correct NVM programming and NVM o 1 111
loading
CRV e Continuous Registers Verification o 1 J11.2
Oscillators 1
25kHz e 25 kHz or 2 MHz selectable frequency or externalle One OSC (25kHz/2MHz) 1 J12

clock source
o CLKprescaer: /1, /2, /4, and /8
e Out clock frequency controlled with two outputs

2MHz scaled by OUTOprewcaer aNd OUT Lprescaer: /1, 12, /4,

18, /16, 132, 164 or /128
102 Reset e Reset by events of 102 o 1 |134
ALM1108 40f73 July 2024
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1. Application Examples

The ALM1108 is a programmable mixed-signal IC which can be configured and used for a wide array of applications. Below you can find two simple use cases
for the ALM1108.

Example 1.1: Power sequencer (~40% of blocks are used)

Most of the complex electronic systems have definite power supply control to ensure that every part of the system starts up properly. This example (Figure 1.2)

shows the implementation of such a system based on ALM1108. IN rising event runs the two-channel start up power supply sequence and IN falling event
runs power down sequence (Figure 1.1).

IN )/ \
OUT1 Llomsa // hlsmsJ\

ouT2 onms—ly //

——20ms—m

Figure 1.1. Power Sequencer requirements

|
I 10ms Rising
‘F o Edge Delay
R —
: OUT1
A 15ms Falling ! _-
o [=mr ] <=
| ; OouT2
! 20ms Both !
R 1 Edge Delay :| @
— [

Figure 1.2. Power Sequencer implementation

Example 1.2 Watchdog timer (~35% of blocks are used)

ALM1108 allows the customer to implement a watchdog timer (Figure 1.4). If the device does not detect either rising or falling edge of IN signal during 100ms,
it generates 500ms LOW pulse (Figure 1.3).

500ms

ouT » 109ms \« —»y ﬂ 100ms I 500ms V

Figure 1.3. Watchdog requirements

ouT
DO
0
T
,,,,,,, 500ms Falling !
IN POLY 100ms Faling | DFF nQo YJ Edge Delay %’L
‘Ft polils s —t Edge Delay | 4 CLK -
Detector L nRAST
Figure 1.4. Watchdog implementation

ALM1108 70f73 July 2024
Document number: DS46635 Rev. 1 - 2 www.diodes.com

© 2024 Copyright Diodes Incorporated. All Rights Reserved.



WDES MASIC

INCORPORAT D ALM1108

2.

How to Get Samples and Go to Production

Product Definition

|

( Customer creates design in ) Diodes Application Engineer
Atlas EDA Software creates a design based on
Customer Definition
Debug design with Customer debugs the design with
simulation/development board simulation/development board

Fill sample form in the
Atlas EDA Software and submit

¢

Diodes assigns custom part number

(—

Diodes sends programmed engineering samples

(—

Verify the sample in the system design

(—

Approve design

(—

Custom

¢

Customer part enter production

N N N N N N N
N U0 U U 7

Figure 2.1. Steps to create a custom pASIC device
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3. Ordering information

3.1. Ordering Information

Packing

Part Number Package

Carrier
ALM1108YB8-7 X1-QFN1012-8 (Type AX) 3,000 7” Tape and Reel

The custom program part number will be created when design is submitted.
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4. Electrical Specifications

4.1. Absolute Maximum Conditions

Table 4.1. Absolute Maximum Conditions
Parameter ‘ Min. Max. Unit
Supply voltage on VDD relative to GND -0.5 7 \Y
DC Input voltage GND - 0.5 VDD + 0.5 \%
Maximum Average or DC Current Through VDD PIN 100 mA
(Per chip side, see Note 4.1)
Maximum Average or DC Current Through GND PIN 100 mA
(Per chip side, see Note 4.1)
PPx1 - 12 mA
PPx2 - 17 mA
Maximum Average or OD(NMOS)x1 -- 18 mA
DC Current
(Through pin) OD(NMOS)x2 -- 28 mA
OD(PMOS)x1 12 mA
OD(PMOS)x2 17 mA
Current at Input PIN (Note 4.2) -10.0 10.0 mA
Input leakage (Absolute Value) - 1000 nA
Storage Temperature Range -65 150 °C
Junction Temperature -- 150 °C
ESD Protection (Human Body Model) 2000 - \
ESD Protection (Charged Device Model) 1300 - \Y
Moisture Sensitivity Level 1
Note 4.1 The power rails are divided in two sides.
PINs 2, 3 and 4 are connected to one side, pins 6, 7 and 8 to another
Note 4.2 Limiting input pin current is only necessary for input voltages that exceed absolute maximum input
voltage ratings

4.2. General Specifications

Table 4.2. General characteristics
Parameter Condition/Note
Tsu Startup Time From Vpp rising past PONyr -- 0.28 1.00 ms
PONur Power On Threshold Vpp Level Required to Start Up the Chip -- 1.6 -- \
POFFrur Power Off Threshold Vpp Level Required to Switch Off theChip - 1.55 -- \

4.3. 10 Specifications

Table 4.3. 10 Electrical Characteristics (VDD = 1.71V to 3.60V, T = 0 °C to +85 °C Unless Otherwise Noted)
Parameter Condition/Note
Voo Supply Voltage 1.71 3.30 3.60 \Y
Ta Operating Temperature 0 25 85 °C
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Parameter Condition/Note
Operating Voltage
Vo Applied to any PIN in GND -0.3 -- Vpp+0.3 \
HIGH-Impedance State
Cvop Capacitor Value at VDD - 0.1 - uF
Logic Input (Note 4.3) 0.7XVpp -- Vpp+0.3 \
Vin Cﬁ;tevel Input Logic Input with Schmitt Trigger 0.8xVpp - Vppt+0.3 Y
LOW-Voltage Logic Input (Note 4.3) 1.25 - Vppt+0.3 Y
Logic Input (Note 4.3) GND-0.3 -- 0.3xVpp \
Vi LOW-Level Input Voltage | Logic Input with Schmitt Trigger GND-0.3 - 0.2xVpp Y,
LOW-Voltage Logic Input (Note 4.3) GND-0.3 -- 0.5 \
Schmitt Trigger . . . .
Vivs Hysteresis Voltage Logic Input with Schmitt Trigger -- 0.5 -- \
Push-Pull x1, Open Drain PMOS x1,
low = 100 uA, Vop = 1.8 V L770 1790 B v
Push-Pull x2, Open Drain PMOS x2,
lor = 100 A, Vop = 1.8V 1.780 1.800 - \
Push-Pull x1, Open Drain PMOS x1,
v HIGH-Level Output lon=3mA, Vpp = 2.1V 1.590 1.760 B v
OH Voltage Push-Pull x2, Open Drain PMOS x2
low = 3 MA, Voo = 2.1 V 1.850 1.950 - \Y
Push-Pull x1, Open Drain PMOS x1,
lon = 3 MA, Vop = 3.3 V 2.980 3.120 - \Y
Push-Pull x2, Open Drain PMOS %2,
lon = 3 MA, Vop = 3.3 V 3.140 3.210 - \%
Push-Pull x1, lo. = 100 pA, Vpp = 1.8 V - 0.008 0.017 \
Push-Pull x2, 1o, =100 pA, Vpp =1.8V - 0.004 0.007 Vv
Push-Pull x1,loo=3mA,Vpp=2.1V -- 0.210 0.320 \Y
Push-Pull x2, Iop =3 mA, Vpp =2.1V - 0.110 0.160 \%
Push-Pull x1, loor=3 mA, Vpp =3.3V -- 0.128 0.260 \Y
Push-Pull x2, o, =3 mA, Vpp =3.3V - 0.063 0.130 \
Op(in Drain NMO? x1, _ 0.004 0.007 vV
v LOW-Level Output lo. =100 pA, Vo = 1.8V
oL Voltage Open Drain NMOS x2, _
lop = 100 yA, Voo = 1.8V 0.002 0.005 \
Open Drain NMOS x1,
lot = 100 uA, Vog = 2.1V - 0.110 0.170 Y
Open Drain NMOS x2,
lo, = 100 uA, Voo = 2.1V - 0.055 0.090 \Y
Open Drain NMOS x1,
lo. = 3 MA, Vop = 3.3V - 0.063 0.130 \
Open Drain NMOS x2,
lo =3 mMA, Vpp = 3.3V - 0.032 0.070 \
Push-Pull x1, Open Drain PMOS x1,
Vor = VDD - 0.2, Vop = 1.8V 1.000 1.500 - mA
Push-Pull x2, Open Drain PMOS %2,
Vo = VDD - 0.2, Vpp = 1.8V 2.000 2.980 - mA
HIGH-Level Output Push-Pull 1, Open Drain PMOS x1, 1.300 1.800 - mA
| Current Von=24V,Vpp=2.1V
OH B
Push-Pull x2, Open Drain PMOS x2,
(see Note 4.4) Vou = 2.4V Vop = 2.1V 2.800 3.700 -- mA
Push-Pull x1, Open Drain PMOS x1,
Vou = 2.4V, Voo = 3.3V 5.700 11.000 - mA
Push-Pull x2, Open Drain PMOS x2,
Vou = 2.4V, Vop = 3.3 V 11.300 21.700 - mA
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Push-Pull x1, Vo =0.15V, Vpp =1.8 V 1.000 1.500 - mA
Push-Pull x2, Vo =0.15V, Vpp =1.8 V 2.000 3.000 - mA
Open Drain NMOS x1, _
Vo, =015V, Vop = 1.8V 2.000 2.700 mA
Open Drain NMOS x2,
Voo = 0.15 V, Vop = 1.8 V 4.000 5.400 - mA
Push-Pull x1,
VoL= 0.4V, Vpp = 2.1V 3.100 4.500 - mA
Push-Pull x2
_ o 7.000 9.100 - mA
LOW-Level Output \éOL - %4 V l\\l/I?/IDO_SZJJ.V
lou Current pen brain L 7.000 9.100 - A
(see Note 4.4) Vor=04V,Vpp =21V i i m
Open Drain NMOS x2,
Vo, =04V, Vop = 2.1V 14.100 18.200 - mA
Push-Pull x1,
Vo, = 0.4V, Vop = 3.3V 4.400 8.500 - mA
Push-Pull x2,
VoL =04V, Vop =33V 9.100 16.900 - mA
Open Drain NMOS x1, _
VoL =04V, Vop = 33V 9.200 16.900 mA
Open Drain NMOS x2, _
VoL = 0.4V, Vpp = 3.3V 17.900 33.400 mA
1000 kQ; For Pull-Up Vin = GND; _ B
For Pull-Down Vi = Vip 1000 kQ
R Pull-Up or Pull-Down 100 kQ; For Pull-Up V\y = GND; _ 100 _ KO
PULL Resistance For Pull-Down Viy = Vpp
10 kQ; For Pull-Up Vv = GND; _ _
For Pull-Down Vin = Vipp 10 <@
Cin Input Capacitance - 4 - pF
Note 4.3 No hysteresis
Note 4.4 DC or average current through any pin should not exceed value given in Absolute Maximum Conditions
Table 4.4. 10 Electrical Characteristics (VDD = 2.1V to 3.60V, T =-40 °C to +85 °C Unless Otherwise Noted)
Parameter Condition/Note
Voo Supply Voltage 1.71 3.30 3.60 \Y
Ta Operating Temperature 0 25 85 °C
Operating Voltage
Vo Applied to any PIN in GND -0.3 - Vpp+0.3 Y,
HIGH-Impedance State
Cvop Capacitor Value at VDD - 0.1 - uF
Logic Input (Note 4.3) 0.7XVpp - Vpp+0.3 Y,
Vi Ugﬁ:;éevel Input Logic Input with Schmitt Trigger 0.8xVop - Vpp+0.3 \%
LOW-Voltage Logic Input (Note 4.3) 1.25 -- Vppt+0.3 \Y
Logic Input (Note 4.3) GND-0.3 - 0.3xVpp Y,
Vi LOW-Level Input Voltage | Logic Input with Schmitt Trigger GND-0.3 -- 0.2xVpp \%
LOW-Voltage Logic Input (Note 4.3) GND-0.3 - 0.5 Y,
Schmitt Trigger . . . .
Vhvs Hysteresis Voltage Logic Input with Schmitt Trigger -- 0.5 -- \%
Push-Pull x1, Open Drain PMOS x1,
lon = 3 MA, Vop = 2.1V 1.590 1.760 - \Y
Push-Pull x2, Open Drain PMOS x2, _
v HIGH-Level Output low = 3MA, Vop = 2.1V 1.850 1.950 v
OH Voltage Push-Pull x1, Open Drain PMOS x1,
lon = 3 MA, Vop = 3.3 V 2.980 3.120 - \Y
Push-Pull x2, Open Drain PMOS x2,
loss = 3 MA, Vop = 3.3 V 3.140 3.210 - \Y
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Push-Pull x1, lop =3 mA, Vpp = 2.1V - 0.210 0.320 \Y
Push-Pull x2, lo. =3 mA, Vpp = 2.1V - 0.110 0.160 \
Push-Pull x1, lo. =3 mA, Vpp =3.3V - 0.128 0.260 \Y
Push-Pull x2, lo. =3 mA, Vpp =3.3V - 0.063 0.130 \Y
LOW-Level Output Open Drain NMOS x1, - 0.110 0.170 v
Vo|_ |o|_ = 100 ]J.A, VDD = 21 V
Voltage -
Open Drain NMOS %2, _ 0.055 0.090 v
lo. =100 pA, Vpp = 2.1V ) )
Open Drain NMOS x1,
lo = 3 MA, Vop = 3.3V - 0.063 0.130 Y
Open Drain NMOS x2, _
loL =3 MA, Vop = 3.3V 0.032 0.070 \
Push-Pull x1, Open Drain PMOS x1,
Vo = 2.4V, Vo = 2.1V 1.300 1.800 - mA
HIGH-Level Output Push-Pull x2, Open Drain PMOS x2, 2.800 3.700 - mA
| Current Von=2.4V,Vpp=2.1V
OH .
Push-Pull x1, Open Drain PMOS x1,
(see Note 4.4) Vou = 2.4V Vop = 3.3V 5.700 11.000 -- mA
Push-Pull x2, Open Drain PMOS %2,
Vou = 2.4V Vop = 3.3V 11.300 21.700 - mA
Push-Pull x1,
VoL= 0.4V, Vpp =21V 3.100 4.500 - mA
Push-Pull x2,
VoL= 0.4V, Vpp = 2.1V 7.000 9.100 - mA
Open Drain NMOS x1,
VoL= 0.4V, Vpp = 2.1V 7.000 9.100 - mA
LOW-Level Output Open Drain NMOS x2, 14.100 18.200 - mA
Vor=04V,Vpp=21V
lov Current Push-Pull x1
(see Note 4.4) Voo = 0.4V, Voo = 3.3V 4.400 8.500 -- mA
Push-Pull x2,
VoL= 0.4V, Vpp = 3.3V 9.100 16.900 - mA
Open Drain NMOS x1,
Vo= 0.4V, Vop = 3.3 V 9.200 16.900 - mA
Open Drain NMOS x2, _
Vo= 0.4V, Vop = 3.3 V 17.900 33.400 mA
1000 kQ; For Pull-Up V\y = GND; _ _
For Pull-Down Vi = Vip 1000 kQ
R Pull-Up or Pull-Down 100 kQ; For Pull-Up V\y = GND; _ 100 B KO
PULL Resistance For Pull-Down Viy = Vip
10 kQ; For Pull-Up V\y = GND; _ _
For Pull-Down Vin = Vpp 10 kQ
Cin Input Capacitance - 4 - pF
Note 4.5 No hysteresis
Note 4.6 DC or average current through any pin should not exceed value given in Absolute Maximum Conditions

4.4, Typical Current Consumption

Table 4.5. Typical Current Estimated for Each Macrocell
Parameter VDD =18V VDD =21V VDD =3.3V
Chip Quiescent 0.18 0.21 0.36 pA
lob Current OSC 2 MHz, PreScaler =1 34.60 47.00 89.50 pA
OSC 25 kHz, PreScaler = 1 0.77 0.98 3.00 pA
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4.5. Timing Estimator

Table 4.6 Typical Propagation Time (tprop) for Each Macrocell
. . VDD =1.8V VDD =3.3V .
Start Point Sl el Low to High Highto Low Low to High High to Low unit

Dl w/o ST DO PPx1 10 42.5 49.6 14.9 18.1 ns
DI w/o ST DO PPx2 10 38.6 46.3 13.9 17.4 ns
DI w/ ST DO PPx1 10 43.0 50.1 15.7 18.7 ns
DI LV DO PPx1 10 40.3 61.5 13.2 22.0 ns
DI LV DO PPx2 10 36.4 58.2 11.8 21.1 ns
DI w/o ST DO NMOSx1 10 - 44.1 -- 16.2 ns
Dl w/o ST DO NMOSx2 10 - 42.6 - 15.6 ns
DI w/o ST DO PMOSx1 10 39.4 - 13.8 -- ns
Dl w/o ST DO PMOSx2 10 374 - 12.8 - ns
IN ouT 2-bit LUT 16.6 20.7 6.0 7.1 ns
IN ouT 3-bit LUT 20.9 23.9 7.7 8.5 ns
IN OouTOo 3-bit LUT 234 26.8 8.7 9.6 ns
IN OuT1 3-bit LUT 22.9 26.0 8.5 9.3 ns
IN ouT 4-bit LUT 22.9 27.1 8.3 9.7 ns
CLK Q DFF w/o nRST(nSET) 26.6 32.1 7.6 9.1 ns
CLK nQ DFF w/o nRST(nSET) 26.8 32.3 7.7 9.0 ns
CLK Q DFF w/ nRST(nSET) 325 38.0 9.5 10.8 ns
nRST Q DFF w/ nRST -- 33.7 -- 10.2 ns
NnSET Q DFF w/ nSET 29.6 - 8.7 -- ns
CLK nQ DFF w/ nRST(nSET) 31.9 40.3 9.5 11.3 ns
NnRST nQ DFF w/ nRST 28.6 - 8.8 -- ns
NnSET nQ DFF w/ nSET - 38.0 -- 11.2 ns
D Q LATCH w/o nRST(nSET) 26.2 29.3 7.5 8.8 ns
CLK Q LATCH w/o nRST(nSET) 23.8 28.4 7.1 8.6 ns
D nQ LATCH w/o nRST(nSET) 23.3 32.5 7.0 9.2 ns
CLK nQ LATCH w/o nRST(nSET) 23.1 30.5 7.0 8.9 ns
D Q LATCH w/ nRST(nSET) 31.3 32.6 9.0 9.7 ns
CLK Q LATCH w/ nRST(nSET) 28.2 32.8 8.4 9.7 ns
nRST Q LATCH w/ nRST 35.3 36.0 10.3 10.8 ns
nSET Q LATCH w/ nSET 28.1 40.3 8.8 12.1 ns
D nQ LATCH w/ nRST(nSET) 27.2 39.7 8.4 11.3 ns
CLK nQ LATCH w/ nRST(nSET) 26.7 35.7 8.3 10.5 ns
nRST nQ LATCH w/ nRST 32.1 44.3 9.6 13.1 ns
nSET nQ LATCH w/ nSET 35.6 36.8 11.1 11.4 ns
CLK ouUT0 Shift register 34.1 43.1 10.3 12.2 ns
CLK OuUT1 Shift register 36.1 45.6 11.0 13.2 ns
CLK Q[1] Shift register 29.0 34.2 8.7 10.1 ns
CLK nOUT1 Shift register 39.4 44.0 11.8 13.0 ns
nRST ouTo Shift register -- 39.5 - 11.4 ns
nRST OuUT1 Shift register - 41.6 - 12.0 ns
nRST Q[1] Shift register -- 29.5 -- 8.9 ns
nRST nOUT1 Shift register 35.7 - 10.6 - ns
IN ouT PDLY / Edge Detector 32.9 33.0 8.9 7.8 ns
IN ouT 8-bit TMR (Delay) 37.0 42.2 10.4 11.9 ns
IN ouT 8-bit TMR (One-Shot) 48.3 45.4 14.6 13.6 ns
IN ouT 8-bit TMR (Counter) 58.3 60.5 17.0 17.8 ns
IN ouT 8-bit TMR (Frequency Detector) 54.2 48.8 15.5 14.6 ns
IN ouT 8-bit TMR (Edge Detector) 39.3 35.6 11.6 10.5 ns
CLK ouT 8-bit TMR (Delay) 54.4 58.0 15.4 16.8 ns
CLK ouT 8-bit TMR (One-Shot) - 54.9 - 16.0 ns
CLK ouT 8-bit TMR (Counter) 36.8 35.9 10.7 10.2 ns
CLK ouT 8-bit TMR (Frequency Detector) -- 121.4 -- 34.3 ns
IN ouT 16-bit TMR (Delay) 54.9 53.3 15.5 15.4 ns
IN ouT 16-bit TMR (One-Shot) 64.4 54.4 19.6 16.3 ns
IN ouT 16-bit TMR (Counter) 52.2 102.2 154 29.4 ns
IN ouT 16-bit TMR (Frequency Detector) 69.2 60.9 20.5 18.0 ns
CLK ouUT 16-bit TMR (Delay) 82.2 92.8 23.4 27.0 ns
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Start Point

End point

VDD =18V

VDD =3.3V

Unit

Low to High

High to Low

Low to High

High to Low

CLK ouT 16-bit TMR (One-Shot) - 87.2 - 25.0 ns

CLK ouT 16-bit TMR (Counter) 62.5 66.3 18.1 19.7 ns

CLK ouT 16-bit TMR (Frequency Detector) -- 156.5 -- 44.1 ns
Table 4.7 Expected Delays and Widths for Programmable Delay/Edge Detector

Parameter

Symbol

Twidth Width, 1 cell Mode:(any)Edge Detect, Edge Detect Output 210.00 165.60 ns
Twidth Width, 2 cells Mode:(any)Edge Detect, Edge Detect Output 299.80 311.20 ns
Twidth Width, 3 cells Mode:(any)Edge Detect, Edge Detect Output 386.40 454.20 ns
Twidth Width, 4 cells Mode:(any)Edge Detect, Edge Detect Output 475.50 598.80 ns
TrroP Delay, 1 cell Mode:(any)Edge Detect, Edge Detect Output 32.90 8.90 ns
Tprop Delay, 2 cells Mode:(any)Edge Detect, Edge Detect Output 33.67 8.90 ns
TrroP Delay, 3 cells Mode:(any)Edge Detect, Edge Detect Output 33.10 8.90 ns
TpropP Delay, 4 cells Mode:(any)Edge Detect, Edge Detect Output 33.60 8.80 ns
ToLy Delay, 1 cell Mode: Both Edge Delay, Edge Detect Output 296.10 193.59 ns
ToLy Delay, 2 cells Mode: Both Edge Delay, Edge Detect Output 590.00 412.50 ns
ToLy Delay, 3 cells Mode: Both Edge Delay, Edge Detect Output 854.00 618.50 ns
ToLy Delay, 4 cells Mode: Both Edge Delay, Edge Detect Output 1098.29 820.59 ns

4.6. OSC Specifications

4.6.1. 25 KkHz Oscillator

Table 4.8 25 kHz OSC Frequency Limits

Temperature Range

Power Supply Range

Voo, V : +25 °C : 0°C..+85°C ..+85°C
' Min, kHz Max, kHz Min, kHz \ Max, kHz Max, kHz
1.8V 5% 23.590 26.290 23.200 26.400 - -
3.3V +x10% 24.210 25.760 24.090 25.970 23.780 26.310
21V...3.60V 23.030 29.570 22.770 30.180 21.280 31.500
2.5V...3.60V 24.200 26.580 24.080 27.480 23.830 29.490
1.71V...3.60 V 20.400 29.580 20.010 30.210 - -

Table 4.9 25 kHz OSC Frequency Error (Error Calculated Relative to Nominal Value)
Power Supply Range Tempierature Roange
VARRY 0°C..+85°C
o Min Max
1.8V +5% -5.64% 5.16% -7.20% 5.60% - -
3.3V +10% -3.16% 3.04% -3.64% 3.88% -4.88% 5.24%
2.1V...3.60V -7.88% 18.28% -8.92% 20.72% -14.88% 26.00%
2.5V...3.60V -3.20% 6.32% -3.68% 9.92% -4.68% 17.96%
1.71V...3.60 V -18.40% 18.32% -19.96% 20.84% - -
Table 4.10 25 kHz OSC Power On Delay at Room Temperature
Power Supply Range
Vop, V
1.71 18.00 41.00
1.80 18.00 41.00
3.30 15.00 41.00
3.60 15.00 41.00
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Table 4.11 25 kHz OSC Frequency Settling Time

Parameter Typ Max Unit
Frequency Settling Time 2 10 Cycles
Note 4.7 The OSC frequency error during settling time is less than 10%

4.6.2. 2 MHz Oscillator

Table 4.12 2 MHz OSC Frequency Limits

Temperature Range

FONIET S\;‘pp{)’ REMEE +25 °C 0°C..+85°C -40 °C ... +85 °C
oo Min, MHz Max, MHz Min, MHz Max, MHz Min, MHz Max, MHz
1.8V 5% 1.300 2.120 1.150 2.400 - -
3.3V £10% 1.790 2.310 1.610 2.530 1.540 2.550
2.1V...3.60 V 1.490 2.300 1.450 2.610 1.430 2.620
25V..3.60V 1.700 2.310 1.540 2.550 1510 2.680
1.71V...3.60 V 1.170 2.400 1.160 2.640 - -

Table 4.13 2 MHz OSC Frequency Error (Error Calculated in Relation to Nominal Value)

Temperature Range

PET SLERT RENLE 0°C ... +85°C .. +85 °C
Vop, V -
1.8 V 5% -35.00% 6.00% -42.50% 20.00% - -
3.3V +10% -10.50% 15.50% -19.50% 26.50% -23.00% 27.50%
2.1V...3.60 V -25.50% 15.00% 27.50% 30.50% -28.50% 31.00%
2.5V...3.60 V -15.00% 15.50% -23.00% 27.50% 24.50% 34.00%
1.71V...3.60 V -41.50% 20.00% -42.00% 32.00% - -

Table 4.14 2 MHz OSC Power On Delay at Room Temperature

Power Supply Range Trop, US
Voo, V Typ \ Max
171 0.410 0.500
1.80 0.380 0.500
2.10 0.310 0.500
3.30 0.260 0.500

Table 4.15 2 MHz OSC Frequency Settling Time

Parameter Typ Max Unit
Frequency Settling Time 9 11 Cycles
Note 4.8 The OSC frequency error during settling time is less than 10%
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5. 1/O PINs

5.1. Input Modes

Each of the IOs can be configured as a Digital Input with or without a buffered Schmitt trigger, or they can also be configured as a Digital Input Low Voltage.

5.2. Output Modes

All' 10s except 102 can be configurable as digital outputs.

5.3. Pull Up/Down Resistors

All I0s have an option for user-selectable resistors connected to the input structure, with the selectable values being 10 kQ, 100 kQ, and 1 MQ. In the case of
102, the resistors are fixed to a pull-down configuration. In the case of all other 1/O pins, the internal resistors can be configured as pull-up or pull-downs.

5.4. 10 Structure (for 102)

D
5 7™ Y
Res \Dlgltal IN
‘VE\}‘ wio ST [To Connectlon>

PAD
. [Matrix Input #1
D2
. \ VSS
Floating

|
|
|
| ﬁ/
| — —) > !
| | I I
I I | ~— ) |
I . = '
I x | | ! |
| =) | | \ |
[ < T i I
' % | I EN l
I | | |
I | | ! |
| SO | | |
I | I Definition <408> <407> |
| I | DI w/o ST 0 0 |
I T IS | | |Dlw/ST 0 1 I
I , I I [oiv 1 0 '
Resistor Value |, I I
[ | Reserved 1 1 |
b ! I Input Mode Control I
. - - |
Figure 5.1. 102 Structure Diagram
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5.5. 10 Structure (for 103, 104, 106, 107, 108)
___________________________________ 1
: Output Mode Control |
| Definition [<OMC1>[<OMmCo0> I : I : I
| Push Pull 0 0 = | = | I
le | l2 o
I OD NMOS 0 1 [ | [ D
| OD PMOS 1 0 I B
I Reserved 1 1 12 : 2 : I
' lc A1 S A
: voD| | yvop|[ 1
I I
| q : 1 | : 03 |
| I | 1
I I | I
| | | | | |
From Connection.:, Digital OUT : |—1 | | '1 L
- T T
Matrix Output #:- | | Q2|_T : 1 Q4 : I
| b~ | e 0| ! :
= I I
: o lvss| | vss|] ||
I o=
I L___! (S
| | <Driver Strength> : ™ e _":!:)7 |
I VDD
| => |
|
__________ -——— - === === === ———— TDl
PAD
> X
r- - ——-—-—-—"—" " "—"—"—"—-"—"—"—-——"——— il -LDZ R
Note: <DIR> direction signal is set | Floating \ I eep
by register for 103,106 and 107 | 00 | <
and by Connection Matrix for |04 and 108 | | VSS
' 01 35 ! =
I A s |
I Tvoo = |
| = 10 X |
I 2 I
I < 11 o |
I X S1 I
| s |
I {vss '
= <RVI> | <RVO> :
: Resistor Value |
L _—Y—— - _ _ _ _________ ]
___________________________________ B
' |
I \Digital IN -
| To Connection
| e st |Matrix Input >
|
—\ EN |
: <Force Input EN> 8 ) |
|
|
[ ¢+ JfsT b |
|
' —\ EN
|
| | |
|
: L1 Ly |
|
' 4 EN |
I —_J I
: Definition | <IMC1> | <IMC0> |
| DI w/o ST 0 0 I
| DI w/ ST 0 1 '
I DILV 1 0 :
| Reserved 1 1 |
I Input Mode Control |
- - - o _______ J
Figure 5.2. 10 Structure Diagram
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5.6. /0O Register Settings

5.6.1. 102 Register Settings

Table 5.1 102 Register Settings

Signal Function

Register Bit Address

Register Definition

102 Input Mode Control <408:407> 00: Digital Input without Schmitt trigger
01: Digital Input with Schmitt trigger
10: Digital Input Low Voltage
11: Reserved

102 Pull Down Resistor Value <410:409> 00: Floating

selection 01: 10 kQ2 Resistor

: 100 kQ2 Resistor
. 1 MQ Resistor

5.6.2. 103 Register Settings

Table 5.2 103 Register Settings

Signal Function Register Bit Address Register Definition

103 Driver Strength selection

<337>

: x1 Driver Strength
: x2 Driver Strength

103 Force Input Enable

<369>

: Disable
: Enable (Input is always ON)

103 Direction

<404>

. Input Mode
: Output Mode

103 Input Mode Control

<413:412>

: Digital Input without Schmitt trigger
: Digital Input with Schmitt trigger

: Digital Input Low Voltage

: Reserved

103 Output Mode Control

<415:414>

: Push Pull
: Open Drain NMOS
: Open Drain PMOS
: Reserved

103 Pull Up/Down Resistor Value
selection

<417:416>

11:

: Floating

: 10 kQ Resistor

: 100 kQ Resistor
1 MQ Resistor

103 Pull Up/Down Resistor
selection

<418>

0:
1.

Pull Down Resistor
Pull Up Resistor

5.6.3. 104 Register Settings

Table 5.3 104 Register Settings

Signal Function

Register Bit Address

Register Definition

104 Driver Strength selection

<338>

: x1 Driver Strength
: x2 Driver Strength

104 Force Input Enable

<370>

: Disable
: Enable (Input is always ON)

104 Input Mode Control

<420:419>

: Digital Input without Schmitt trigger
: Digital Input with Schmitt trigger

: Digital Input Low Voltage

: Reserved

104 Output Mode Control

<422:421>

: Push Pull
: Open Drain NMOS
: Open Drain PMOS
: Reserved
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Signal Function Register Bit Address \ Register Definition
104 Pull Up/Down Resistor Value <424:423> 00: Floating

selection 01: 10 kQ Resistor

10: 100 kQ Resistor

11: 1 MQ Resistor

104 Pull Up/Down Resistor <425> 0: Pull Down Resistor

selection 1: Pull Up Resistor

5.6.4. 106 Register Settings

Table 5.4 106 Register Settings

Signal Function Register Bit Address \ Register Definition

106 Driver Strength selection <339> 0: x1 Driver Strength
1: x2 Driver Strength
106 Force Input Enable <371> 0: Disable
1: Enable (Input is always ON)
106 Direction <405> 0: Input Mode
1: Output Mode
106 Input Mode Control <427:426> 00: Digital Input without Schmitt trigger

01: Digital Input with Schmitt trigger
10: Digital Input Low Voltage

11: Reserved

106 Output Mode Control <429:428> 00: Push Pull

01: Open Drain NMOS

10: Open Drain PMOS

11: Reserved
106 Pull Up/Down Resistor Value <431:430> 00: Floating
selection 01: 10 kQ Resistor

10: 100 kQ Resistor
11: 1 MQ Resistor

106 Pull Up/Down Resistor <432> 0: Pull Down Resistor
selection 1: Pull Up Resistor
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5.6.5. 107 Register Settings

Table 5.5 107 Register Settings
Signal Function Register Bit Address \ Register Definition
107 Driver Strength selection <340> 0: x1 Driver Strength
1: x2 Driver Strength
107 Force Input Enable <372> 0: Disable
1: Enable (Input is always ON)
107 Direction <406> 0: Input Mode
1: Output Mode
107 Input Mode Control <434:433> 00: Digital Input without Schmitt trigger

01: Digital Input with Schmitt trigger
10: Digital Input Low Voltage
11: Reserved

107 Output Mode Control <436:435> 00: Push Pull

01: Open Drain NMOS

10: Open Drain PMOS

11: Reserved

107 Pull Up/Down Resistor Value <438:437> 00: Floating

selection 01: 10 kQ Resistor

10: 100 kQ Resistor

11: 1 MQ Resistor

107 Pull Up/Down Resistor <439> 0: Pull Down Resistor
selection 1: Pull Up Resistor

5.6.6. 108 Register Settings

Table 5.6 108 Register Settings
Signal Function Register Bit Address Register Definition
108 Driver Strength selection <341> 0: x1 Driver Strength
1: x2 Driver Strength
108 Force Input Enable <373> 0: Disable
1: Enable (Input is always ON)
108 Input Mode Control <441:440> 00: Digital Input without Schmitt trigger

01: Digital Input with Schmitt trigger
10: Digital Input Low Voltage

11: Reserved

108 Output Mode Control <443:442> 00: Push Pull

01: Open Drain NMOS

10: Open Drain PMOS

11: Reserved
108 Pull Up/Down Resistor Value <445:444> 00: Floating
selection 01: 10 kQ Resistor

10: 100 kQ Resistor
11: 1 MQ Resistor

108 Pull Up/Down Resistor <446> 0: Pull Down Resistor
selection 1: Pull Up Resistor
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6. Connection Matrix

The ALM1108 Connection Matrix is used to create internal routing for the internal functions of the device once it is programmed. The one-time NVM cell provides
programming for the registers during its Test Mode Operation. All of the connection points for each logic cell within the ALM1108 has a specific digital bit code
assigned to it that is set to active HIGH or inactive LOW based on the created design. Once the 512 register bits of the ALM1108 are programmed, a fully custom
circuit will be created.

The Connection Matrix has 32 inputs and 40 outputs. Each individual input to the Connection Matrix is hard-wired to a particular macrocell output: including 10s,

Multifunctional Macrocells, Logic 1, Logic 0, etc. Each individual output from the Connection Matrix is hard-wired to a particular macrocell input and uses a 5-
bit register to select one of the 32 input lines (see Section 6.1 Example of Matrix Connection).

For a complete list of the ALM1108 register table, see Section 15 Appendix A — ALM1108 Register Definition.

6.1. Example of Matrix Connection

A simple design example to highlight the Matrix Connection is shown in Figure 6.1.

[z >———p0 o =
orro | [Tosic 1

[0z >——5ck no 107 |

Figure 6.1. Example Design

Figure 6.2 and Figure 6.3 explain the strategy of the Matrix Connection configuration.

Function 102 ‘ 103 ‘ 104 ‘ DFFO ‘ DFF1 . ‘ D L DFFO .. . LoaGic.
(@) (@) (1[9)) il
. out 1 2 3 4 5 S 5 o o o o o ‘ 27 ... 31

103
<4:.0>
104
<9:5>
104 (DIR)
<14:10>
DFFO(CLK)
<20:16>
DFFO(D)
<25:21>
2-bit LUT1(INO)
<30:26>

106
<190:186>
107
<196:192>

l08
<201:197>
I08(DIR)
<206:202>

Figure 6.2. Connection Matrix Structure
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DFFO
ouT#3 IN#27]
£ CLK nQT—
//40 A
: Connection Matrix |
| d |
1 1 1 |
| 2 |9 2 2 |
| B! > 0 3 3
432 4 x 4 x I
: a2 #0 = = :
| P s x [ Px Pox |
| 2l 5 2 [ 2 8 2 8 |
I B3 © |
| ; |
| |
i |
| |
| |
| |
| 0 |
I 2 (1) I
| 3 > (i |
| 5 3 |5 #5 |
b V%
| i g 3 # |
| Pl 14 x |
| 23 |5 2 & |
H p 3 - #--
| 27 23 X I
| a5 & !
| B #36 |
| |
| |
| |
| |
| |
| N N N I
| 1 1 1 |
2 2 2
| 3 3 3 I
| 4 é 4 é 4 é |
I S U S 3 |uss 5 2 [xs9 I
I i X i X % I
| 23 8 23 8 & [
| i : |
| |
| |
| |
| |
| |
| |
| S S |
L 1
Figure 6.3. Block Diagram of Connection Matrix
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6.2. Matrix Input Table

Table 6.1. Matrix Input Table
: : : : \ Matrix Decode
Matrix Input Number Matrix Input Signal Function ‘ 2 3 5 1 0
0 Logic 0 0 0 0 0 0
1 102 DOUT 0 0 0 0 1
2 103 DOUT 0 0 0 1 0
3 104 DOUT 0 0 0 1 1
4 2-bit LUTO OUT / DFFO/LATCHO Q 0 0 1 0 0
5 2-bit LUT1 OUT / DFF1/LATCH1 Q 0 0 1 0 1
6 2-bit LUT2 OUT 0 0 1 1 0
7 2-bit LUT3 OUT 0 0 1 1 1
8 3-bit LUTO OUTO / DFF2/LATCH2 (SET/RST) Q 0 1 0 0 0
9 3-bit LUT1 OUTO / DFF3/LATCH3 (SET/RST) Q 0 1 0 0 1
10 3-bit LUT2 OUT / DFF4/LATCH4 (SET/RST) Q 0 1 0 1 0
11 3-bit LUT3 OUT / DFF5/LATCH5 (SET/RST) Q 0 1 0 1 1
12 Shift Register OUTO 0 1 1 0 0
13 Shift Register OUT1 0 1 1 0 1
14 4-bit LUTO OUT / TMR2 OUT (w/ EXTCLK) 0 1 1 1 0
15 TMRO OUT (w/ EXTCLK Shared with TMR1 EXTCLK) 0 1 1 1 1
16 TMR1 OUT (w/ EXTCLK shared with TMRO EXTCLK) 1 0 0 0 0
17 TMR3 OUT 1 0 0 0 1
18 TMR3 ED 1 0 0 1 0
19 PDLY OUT 1 0 0 1 1
20 OSC OUTO0 1 0 1 0 0
21 OSC OUT1 1 0 1 0 1
22 3-bit LUT4 OUT / Shift Register (1st stage) Q[1] 1 0 1 1 0
23 Ready 1 0 1 1 1
24 106 DOUT 1 1 0 0 0
25 107 DOUT 1 1 0 0 1
26 108 DOUT 1 1 0 1 0
27 DFFO/LATCHO nQ 1 1 0 1 1
28 DFF1/LATCH1 nQ 1 1 1 0 0
29 3-bit LUTO OUT1 / DFF2/LATCH2 (SET/RST) nQ 1 1 1 0 1
30 3-bit LUT1 OUT1 / DFF3/LATCH3 (SET/RST) nQ 1 1 1 1 0
31 Logic 1 1 1 1 1 1
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6.3. Matrix Output Table

Table 6.2. Matrix Output Table
Register Bit Address \ Matrix Output Signal Function Matrix Output Number
<4.0> 103 DIN 0
<9:5> 104 DIN 1
<14:10> 04 DIR 2
<20:16> INO of 2-bit LUTO or CLK of DFFO or L of LATCHO 3
<25:21> IN1 of 2-bit LUTO or D of DFFO/LATCHO 4
<30:26> INO of 2-bit LUT1 or CLK of DFF1 or L of LATCH1 5
<35:31> IN1 of 2-bit LUT1 or D of DFF1/LATCH1 6
<40:36> INO of 2-bit LUT2 7
<48:44> IN1 of 2-bit LUT2 8
<53:49> INO of 2-bit LUT3 9
<58:54> IN1 of 2-bit LUT3 10
<63:59> INO of 3-bit LUTO or CLK of DFF2 or L of LATCH2 11
<68.64> IN1 of 3-bit LUTO or D of DFF2/LATCH2 12
<73:69> IN2 of 3-bit LUTO or nRST(nSET) of DFF2/LATCH2 13
<78:74> INO of 3-bit LUT1 or CLK of DFF3 or L of LATCH3 14
<83:79> IN1 of 3-bit LUT1 or D of DFF3/LATCH3 15
<89:85> IN2 of 3-bit LUT1 or NnRST(nSET) of DFF3/LATCH3 16
<94:90> INO of 3-bit LUT2 or CLK of DFF4 or L of LATCH4 17
<99:95> IN1 of 3-bit LUT2 or D of DFF4/LATCH4 18
<104:100> IN2 of 3-bit LUT2 or NnRST(nSET) of DFF4/LATCH4 19
<109:105> INO of 3-bit LUT3 or CLK of DFF5 or L of LATCH5 20
<114:110> IN1 of 3-bit LUT3 or D of DFF5/LATCH5 21
<119:115> IN2 of 3-bit LUT3 or nRST(nSET) of DFF5/LATCH5 22
<124:120> INO of 3-bit LUT4 or D of Shift Register 23
<129:125> IN1 of 3-bit LUT4 or nRST of Shift Register 24
<134:130> IN2 of 3-bit LUT4 or CLK of Shift Register 25
<139:135> INO of 4-bit LUTO or CLK of TMR2 26
<145:141> IN1 of 4-bit LUTO or IN of TMR2 (RST for Counter Mode) 27
<150:146> IN2 of 4-bit LUTO or KEEP of TMR2 28
<155:151> IN3 of 4-bit LUTO or UP of TMR2 29
<160:156> IN of TMRO (RST for Counter Mode) 30
<165:161> IN of TMR1 (RST for Counter Mode) 31
<170:166> CLK of TMRO/TMR1 32
<175:171> IN of TMR3 (EXT CLK for Counter Mode) 33
<180:176> IN of PDLY 34
<185:181> PWRDWN of OSC (Higher Priority) (HIGH is Power Down). 35
<190:186> 106 DIN 36
<196:192> 107 DIN 37
<201:197> 108 DIN 38
<206:202> 108 DIR 39
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7. Combinatorial Logic

Two Look Up Tables (LUTs) within the ALM1108 provide the support for combinatorial logic. There are two 2-bit LUTs and eight Multifunctional Macrocells that
can be used as LUTs. For more details, please see Section 8 Multifunctional Macrocells.

7.1. 2-bitLUT

The 2-bit LUT (Figure 7.1) takes in two input signals from the connection matrix and produces a single output that goes back into the connection matrix. The
LUT allows implementing user-defined combinatorial logic function, including standard digital logic gates (AND, NAND, OR, NOR, XOR, XNOR). Standard
logic gate configuration of the LUT is shown in the Table 7.1.

Table 7.1. Truth Table of Standard Logic Gates
Function
. AND2
NAND-2
~ OR2
NOR-2
. XOrR2
XNOR-2
| 2-bit LUT :
|
| Truth Table I
| (©ouT) 4x1 MUX |
I <LSB> 0 0 :
I <> 0 1 | OUT, To Connection,_
I s 1 0 | Matrix Input #-*
: <MSB> 1 1 |
I |
From Connection Matrix Output #;llNl l
From Connection Matrix Output #: lino :
gl
e ]

Figure 7.1. 2-bit LUTs

7.1.1. 2-bit LUT2 Macrocell
Registers of 2-bit LUT2 defined its output function set out in Table 7.2.

Table 7.2. 2-bit LUT2 Truth Table
IN1 INO ouT \
0 0 <227> LSB
0 1 <228>
1 0 <229>
1 1 <230> MSB

7.1.2. 2-bit LUT3 Macrocell

Registers of 2-bit LUT3 defined its output function set out in Table 7.3.

Table 7.3. 2-bit LUT3 Truth Table

IN1 INO ouT \
0 0 <231> LSB
0 1 <232>
1 0 <233>
1 1 <234> MSB
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8. Multifunctional Macrocells

Nine multifunction macrocells (MF) in the ALM1108 can serve more than one logic or timing function. They can serve as a Look Up Table (LUT) or as another
logic or timing function in four of the cases. Functions that can be implemented in these macrocells:
e Two selectable 2-bit LUTs or DFF/LATCHS;
Four selectable 3-bit LUTs or DFF/LATCHSs;
One 3-bit LUT or 16-bit Shift Register;
One 4-bit LUT or 8-Bit TMR;
One Programmable Delay or Edge Detector.

8.1. MF (2-bit LUT / DFF/LATCH) Macrocells
The ALM1108 has MF macrocells capable of serving as either 2-bit LUTs, DFFs, or LATCHSs (see Figure 8.1).

When the MF macrocells are used as LUT, the 2-bit LUT takes in two input signals from the connection matrix and produces a single output that goes back
into the connection matrix. The LUT allows implementing user-defined combinatorial logic function, including standard digital logic gates (AND, NAND, OR,
NOR, XOR, XNOR). Standard logic gate configuration of the LUT is shown in the Table 8.1.

When the macrocells are used as DFF or LATCH, the two input signals from the connection matrix go to the data (D), clock/latch (CLK/L) inputs for the
DFF/LATCH, and the outputs Q and nQ go back to the connection matrix. Operation of the DFF and LATCH are shown in Table 8.2, Table 8.3.

| 2-bit LUT / DFF/LATCH

|

|
: <LSB> <DFF/LATCH>

I o

| <> <Initial State>

| <MSB>

|

|

From Connectign ling
Matrix Output #-- 1D
I

EMUX \
o

/1x2 D
-
=)

| x
| ~ 2 | ouT! _ To Connection
| T Q" Matrix Input #:*
[ X0 D Q L
- =
From Connectign 'INO L
Matrix Output #- :CL KIL B prHbATER

Q .

o § To Connection,
| Z 4 CLK/L nQ] nQ, Matrix Input#-
|
|
| 1
| | <LUT/DFFLATCH> | $
|

Figure 8.1. Schematic diagram of 2-bit LUT / DFF/LATCH

Table 8.1. 2-bit LUT Truth Table of Standard Logic Gates

Function
AND-2
NAND-2

OR-2
NOR-2
XOR-2
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Table 8.2. Operation of the DFF
D CLK Q(t)/nQ(t)
0 £ 0/1
0 Y -1
1 £ 1/0
1 Y -1
Note 8.1: X — Don’t Care
Note 8.2: t—1 — Previous State
Table 8.3. Operation of the LATCH
L D Q(t)/nQ(t)
0 0 0/1
0 1 1/0
1 0 -1
1 1 t—1

Note 8.3: X — Don'’t Care
Note 8.4: t—1 — Previous State

8.1.1. 2-bit LUTO/ DFFO/LATCHO Macrocell
Register settings of 2-bit LUTO / DFFO/LATCHO macrocell set out in Table 8.4.

Table 8.4. 2-bit LUTO / DFFO/LATCHO Register Settings

Signal Function Register Bit Address Register Definition
LUT or DFF/LATCH <235> 0: LUT
selection 1. DFF/LATCH
LUT data <218:215> 4-bit data
DFF or LATCH selection <215> 0: DFF function

1: LATCH function

DFF/LATCH <217> 0: LOW
initial state selection 1: HIGH

The 2-bit LUTO / DFFO/LATCHO macrocell, if programmed for a LUT function, uses 4-bit register to define its output function by reg<218:215> (see Table 8.5).

Table 8.5. 2-bit LUTO Truth Table
IN1 INO ouT \
0 0 <215> LSB
0 1 <216>
1 0 <217>
1 1 <218> MSB

8.1.2. 2-bit LUT1/DFF1/LATCH1 Macrocell
Register settings of 2-bit LUT1 / DFF1/LATCH1 macrocell set out in Table 8.6.

ALM1108 28 0of 73 July 2024
Document number: DS46635 Rev. 1 - 2 www.diodes.com © 2024 Copyright Diodes Incorporated. All Rights Reserved.



NS HASIC
.l-,. c.o ua PoRATED ALM1108

Table 8.6. 2-bit LUT1/ DFF1/LATCH1 Register Settings
Signal Function Register Bit Address Register Definition
LUT or DFF/LATCH <236> 0: LUT
1: DFF/LATCH
LUT data <223:220> 4-bit data
DFF or LATCH selection <220> 0: DFF function
1: LATCH function
DFF/LATCH <222> 0: LOW
initial state selection 1: HIGH

The 2-bit LUT1 / DFF1/LATCH1 macrocell, if programmed for a LUT function, uses 4-bit register to define its output function by reg<223:220> (see Table 8.7).

Table 8.7. 2-bit LUT1 Truth Table
INL IN[s) ouT \
0 0 <220> LSB
0 1 <221>
1 0 <222>
1 1 <223> MSB

8.2. MF (3-bit LUT / DFF/LATCH) Macrocells

The ALM1108 has an MF macrocell that can serve as either 3-bit LUTs or as DFF/LATCHSs (Figure 8.2, Figure 8.3).

When the MF macrocells are used as LUT, the 3-bit LUT takes in three input signals from the connection matrix and produces a single output for 3-bit LUT2
and 3-bit LUT3, and two outputs for 3-bit LUTO and 3-bit LUT1 that go back into the connection matrix. The LUT allows the implementation of user-defined
combinatorial logic function, including standard digital logic gates (AND, NAND, OR, NOR, XOR, XNOR). Standard logic gate configuration of the LUT is shown
in Table 8.8.

When the macrocells are used as DFF or LATCH, the three input signals from the connection matrix go to the data (D), clock/latch (CLK/L) and (n)RST/(n)SET

inputs of the DFF/LATCH, and the output (DFF4/LATCH4, DFF5/LATCHS) or outputs (DFF2/LATCH2, DFF3/LATCH3) go back to the connection matrix.
Operation of the DFF and LATCH are shown in Table 8.9, Table 8.10.

Table 8.8. 3-bit LUT Truth Table of Standard Logic Gates

Function
AND-3
NAND-3

OR-3
NOR-3
XOR-3

XNOR-3

Table 8.9. Operation of the DFF
NRST/NSET D CLK Q(t) \
nRST =0 X X 0/1
nSET =0 X X 1/0
1 0 £ 0/1
1 0 i -1
1 1 ; 1/0
1 1 Y -1
Note 8.5: X — Don’t Care
Note 8.6: t—1 — Previous State
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Table 8.10. Operation of the LATCH

NRST/NSET D QM)/nQE) |
nRST =0 X X 0/1
nSET =0 X X 1/0
1 0 0 0/1
1 0 1 1/0
1 1 0 t—1
1 1 1 t—1
Note 8.7: X — Don’t Care
Note 8.8: t—1 — Previous State

F———————— —— o — — — — — — —  — — —  —— —— ————— =
I 3-bit LUT / DFF/LATCH

I
I I
[ Truth Table | DFFILATCH | Truth Table '
I (ouUTO) settings (OUT1) 8x1 MUX I
| <LSB> | <DFFILATCH>| <LsB> F=#——— o0 o :
: o <> 0 0 1 |outo . I
| <> <nRST/NSET> <> - - 010 = |
| <> <Initial State> <> = 011 = QUTO, Lo Connection
- Ql Matrix Input #:--
I <> <> =—t—t—p— 1 0 0 i &
I <> <> 1 0 1 |OUT1 :
: S G 11 OJ |
| <MSB> <MSB> 111 — |
I ing| N :
I
| 50 |
From Connectign|IN2 2 I
Matrix Output #-- |NRSTNSET a |
N
I X 1 I
| [~ :
I
| |
I =@ |
From Connectign|IN1 E I
Matrix Output # - |D a |
N
[ L] :
I ~ |
I
I 0 x |
| = q 5 o % ouUT1l To Connection_
From Connectign|INO Z 2 nQIMatrix Input #
Matrix Output 2 [CLK/L &) DFF/LATCH 1Y :
I &
— 1 CLK/L
| ~ nQT— |
I NRST/NSET |
I |
I |
|| <LUT/DFF/LATCH> | :
I
- 1

Figure 8.2. Schematic diagram of 3-bit LUT / DFF/LATCH (with nRST/nSET and 2 OUTSs)
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: 3-bit LUT / DFF/LATCH

|
| Truth Table| DFF/LATCH |
I (oum) settings 8x1 MUX |
I <LSB> | <DFF/LATCH> 0 0 |
I <> <Q Polarity> 00 1 |
I <> <nRST/NSET> 01 0 :
: <> <Initial State> 01 1 '
I Sz 100 |
' i 101
| Froos 11 0
I <MSB> 11
|
|

EMUX \
o

From ConnectiqmllNZ
Matrix Output #-TnRST/NnSET
I

/ 1x2 D
T

- I
I
I
I
|
I
I
| I
| [~ |
. :
| lg |
From_ Connectign IN1 E |
Matrix Output #: iD a I
N
| =1 |
| ~ '
| I
| I
| 30 D QnQ |
From Connectign ;INO & |
Miatrix Output # | CLKIL o DFF/LATCH [
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Figure 8.3. Schematic diagram of 3-bit LUT / DFF/LATCH (with nRST/nSET and single OUT)

8.2.1. 3-bit LUTO/ DFF2/LATCH2
Schematic diagram of 3-bit LUTO / DFF2/LATCH2 macrocell is shown in Figure 8.2. Its register settings set out in Table 8.11.

Table 8.11. 3-bit LUTO/ DFF2/LATCH2 Register Settings

Signal Function Register Bit Address | Register Definition
LUT or DFF/LATCH <293> 0: LUT
select 1. DFF/LATCH
LUT OUTO data <244:237> 8-bit data
LUT OUT1 data <252:245> 8-bit data
DFF or LATCH selection <237> 0: DFF function

1: LATCH function

DFF/LATCH <239> 0: nRST from matrix out
nRST/NSET selection 1: nSET from matrix out
DFF/LATCH <240> 0: LOW
initial state selection 1: HIGH

The 3-bit LUTO / DFF2/LATCH2 macrocell, if programmed for a LUT function, uses 8-bit register to define its output function (see Table 8.12):
OUTO by reg<244:237>;
OUT1 by reg<252:245>.
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Table 8.12. 3-bit LUTO Truth Table
IN2 | IN1 INO ouTo ouT1 \
0 0 0 <237> <245> LSB
0 0 1 <238> <246>
0 1 0 <239> <247>
0 1 1 <240> <248>
1 0 0 <241> <249>
1 0 1 <242> <250>
1 1 0 <243> <251>
1 1 1 <244> <252> MSB

8.2.2. 3-bit LUT1/DFF3/LATCH3

Schematic diagram of 3-bit LUT1 / DFF3/LATCH3 macrocell is shown in Figure 8.2. Its register settings set out in Table 8.13.

Table 8.13.

3-bit LUT1/ DFF3/LATCH3 Register Settings

Signal Function

Register Bit Address

Register Definition

LUT or DFF/LATCH <294> 0: LUT
selection 1. DFF/LATCH
LUT OUTO data <260:253> 8-bit data
LUT OUT1 data <268:261> 8-bit data
DFF or LATCH selection <253> 0: DFF function

1: LATCH function
DFF/LATCH <255> 0: nRST from matrix out
NRST/nSET selection 1: nSET from matrix out
DFF/LATCH <256> 0: LOW
initial state selection 1: HIGH

The 3-bit LUT1 / DFF3/LATCH3 macrocell, if programmed for a LUT function, uses 8-bit register to define its output function (see
Table 8.14):

OUTO by reg<260:253>;

OUT1 by reg<268:261>.

Table 8.14. 3-bit LUT1 Truth Table
IN2 | IN1 INO QuUTO0 OouUT1 \
0 0 0 <253> <261> LSB
0 0 1 <254> <262>
0 1 0 <255> <263>
0 1 1 <256> <264>
1 0 0 <257> <265>
1 0 1 <258> <266>
1 1 0 <259> <267>
1 1 1 <260> <268> MSB

8.2.3. 3-bit LUT2/ DFF4/LATCH4

Schematic diagram of 3-bit LUT2 / DFF4/LATCH4 macrocell is shown in Figure 8.3. Its register settings set out in
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Table 8.15. 3-bit LUT2 / DFF4/LATCH4 Register Settings

Signal Function Register Bit Address

Register Definition

LUT or DFF/LATCH <295> 0: LUT
selection 1: DFF/LATCH
LUT data <276:269> 8-bit data
DFF or LATCH selection <269> 0: DFF function

1. LATCH function
DFF/LATCH <270> 0: Non-Inverted (Q)
output polarity selection 1: Inverted (nQ)
DFF/LATCH <271> 0: nRST from matrix out
nRST/nSET selection 1: nSET from matrix out
DFF/LATCH <272> 0: LOW
initial state selection 1: HIGH

The 3-bit LUT2 / DFF4/LATCH4 macrocell, if programmed for a LUT function, uses 8-bit register to define its output function by reg<276:269> (see Table 8.16).

Table 8.16. 3-bit LUT2 Truth Table

IN2 | IN1 INO ouT

LSB

MSB

8.2.4. 3-bit LUT3/DFF5/LATCH5

Schematic diagram of 3-bit LUT3 / DFF5/LATCHS macrocell is shown in Figure 8.3. Its register settings set out in Table 8.21.

Table 8.17. 3-bit LUT3/ DFF5/LATCHS Register Settings

Signal Function Register Bit Address \ Register Definition
LUT or DFF/LATCH <296> 0: LUT
selection 1: DFF/LATCH
LUT data <284:277> 8-bit data
DFF or LATCH selection <277> 0: DFF function

1: LATCH function

DFF/LATCH <278> 0: Non-Inverted (Q)
Output polarity selection 1: Invertede (nQ)
DFF/LATCH <279> 0: nRST from matrix out
NRST/nSET selection 1: nSET from matrix out
DFF/LATCH <280> 0: LOW
initial state selection 1: HIGH

The 3-bit LUT3 / DFF5/LATCHS5 macrocell, if programmed for a LUT function, uses 8-bit register to define its output function by reg<284:277> (see Table 8.18).

Table 8.18. 3-bit LUT3 Truth Table

IN2 | IN1 INO ouT
0 0 <277>

LSB

<278>

<279>

<280>

<281>

<282>

<283>

[l Ll (=] (=1 ] | o [ [e]

N ===
Rlo|r|lo||o|-

<284>

MSB

8.3. MF (3-bit LUT4 / Shift Register) Macrocell
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The MF macrocell has a capability to serve as either a 3-bit LUT or as a Shift Register (SHR).

When the MF macrocell is used as LUT, the 3-bit LUT takes in three input signals from the connection matrix and produces a single output, that go back into
the connection matrix. The LUT allows implementing user-defined combinatorial logic function, including standard digital logic gates (AND, NAND, OR, NOR,
XOR, XNOR). Standard logic gates configuration of the LUT is shown in the Table 8.19.

The Shift Register contains sixteen stages cascade of positive edge triggered DFFs. The signal from any stage can be routed to OUTO and OUT1 independently.
The Q[1] output is always connected to the output of the first stage. The Shift Register has Data (D), Clock (CLK) and Reset (nRST) inputs from connection
matrix. Applying low-level signal to the nRST sets all stage values to zero.

Schematic diagram of 3-bit LUT4 / Shift Register macrocell is shown on Figure 8.4.

.
3-bit LUT4 / Shift Register |

<LUT / Shift Register>
<297>

|

|

|

|

: Truth Table (OUT)

| OUT1 stage | OUTO stage
| <292:289> | <288:285>
|

|

|

|

|

|

|

|
|
|
|
|
|
|
4 4 I
|

[o]
X

N

o

|
OUT(LUTITo Connection,,
Q[1]|Matrix Input #22

|

<
C
X
x1 MUX

\
.\
\=

2] N1

|
. 30 |
From Connectl@HNz & |
Matrix Output #25 |CLK 2 I
| X
Z 4 |
' |
| — I
x
| 2 |
From Connection|IN1 E I
Matrix Output #24|NRST P~ |
| < 1 |
| |/>:§<> L :
F C i
rom onnec |@|INO g <292:289> |
Matrix Output #23|P
N <288:285> I
| X b— 4 |
' |
| S |
| 16 Q1] S OUTO|To Connectiony,
: Q[ Qi Quel g | Matrix Input #12
i — |
! D QuI{D QP i ‘ |
[ R Y A B o i . [~ |
| DFFO DFR o b ) |
| FCLK cLi PP 16 | 2 |
| i DFF 5 |
| PIFCLK D Q[16] O ouT1
I I nOUT1, Matrix Input #13
| t | iRy DFF15
| ¢ £ CLK :
| E T |
I H |
| - I
: <OUT1 Polarity> I
| <298> :
L e e J
Figure 8.4. 3-bit LUT4 / Shift Register
Table 8.19. 3-bit LUT Truth Table of Standard Logic Gates
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Function
AND-3
NAND-3
OR-3

NOR-3
XOR-3
XNOR-3

8.3.1. 3-bit LUT4 / Shift Register
The MF registers set out in Table 8.20.

Table 8.20. 3-bit LUT4 / SHR Registers Settings

Signal Function Register Bit Address | Register Definition
LUT or Shift Register output <297> 0: LUT
selection 1: Shift Register
LUT data <292:285> 8-bit data
OUTO stage selection <288:285> Data (Shift Register number)
OUT1 stage selection <292:289> Data (Shift Register number)
Shift Register OUT1 <298> 0: Non-Inverted (OUT1)
polarity selection 1: Inverted (nOUT1)

The 3-bit LUT4 / Shift Register macrocell, if programmed for a LUT function, uses 8-bit register to define its output function by reg<292:285> (see Table 8.21).

Table 8.21. 3-bit LUT4 Truth Table
IN2 | IN1 INO ouT

0 0 0 <285> LSB

<292> MSB

8.4. MF (4-bit LUTO/ 16-Bit Timer) Macrocells
One macrocell has the capability to serve as either 4-bit LUTs or as 16-bit timer (TMR) (Figure 8.5).

When the MF macrocells are used as LUT, the 4-bit LUT takes in four input signals from the connection matrix and produces a single output that goes back
into the connection matrix. The LUT allows implementing user-defined combinatorial logic function, including standard digital logic gates (AND, NAND, OR,
NOR, XOR, XNOR). Standard logic gates configuration of the LUT is shown in the Table 8.22.

When the macrocells are used to implement TMR function, four input signals from the connection matrix go to the external clock (EXTCLK), IN (RST for Counter
and FSM modes), KEEP and UP for the TMR, with the output going back to the connection matrix.

The timer has the following mode of operation:
. Delay
o Counter
. One Shot
. Frequency Detector

The output polarity of the TMR is configurable and can be selected as non-inverted or inverted.
The KEEP input allows to pause counting by applying HIGH level to KEEP, the counting is resume after KEEP goes LOW.
In Delay mode, the TMR delays the input signal by the selected edge event (rising edge, falling edge, both edges) for a time determined by the Control Data,

input clock signal, and selected divider value. If input signal is shorter than the delay value, the signal does not propagate to the output. The timing diagrams
of this mode are shown in Figure 9.2...Figure 9.7.
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In the Counter mode the TMR divides input clock signal by the value determined by the Control Data, input clock signal, and selected divider value. The output
of the TMR goes HIGH every time when the Counted Value (current value of the counter) is equal 0. The RST of the TMR resets the Counted value to 0 by
one of the following events: rising edge, falling edge, both edge, high level. The timing diagrams of this mode are shown in Figure 9.8...Figure 9.13.

The TMR2 has an optional Finite State Machine (FSM) function. There are two matrix inputs for Up and Keep that support FSM functionality. Any counter
within the part counts down by default. In FSM mode, it is possible to reverse counting direction by applying HIGH level to the UP input. Timing diagrams of
the FSM are shown in Figure 9.27...Figure 9.30.

In One-Shot mode, this macrocell generates a high-level pulse with a set width when detecting the edge event, which is selectable by the registers on its IN
input. The pulse width is determined by the Control Data, input clock signal, and selected divider value. Any incoming edges are ignored during pulse width
generation. The timing diagrams of this mode are shown in Figure 9.14...Figure 9.19.

In Frequency Detector mode the TMR functions in the following scenarios:

e Rising Edge: The output will go HIGH if the time between two rising edges is less than the delay.
The output will go LOW if the next rising edge has not come after the last rising edge in specified time.
e Falling Edge: The output will go HIGH if the time between two falling edges is less than the set time.
The output will go LOW if the next falling edge has not come after the last falling edge in specified time.
e  Both Edges: The output will go HIGH if the time between the rising and falling edges is less than the set time, which is equivalent to the

length of the pulse.
The output will go LOW if the next rising/falling edge has not come after the last falling/rising edge in specified time.
The timing diagrams of the Frequency Detector Mode is shown in the Figure 9.20...Figure 9.25.

Time of Timers for each mode can be calculated using the following formulas (Note 8.9, Note 8.10):
e Delay (Figure 9.2...Figure 9.7)
Delay Time = (Control Data + 1 + VAR) / Fcik;
. Counter Figure 9.8...Figure 9.13, Figure 9.27...Figure 9.30)
Output Period = (Control Data + 1) / Fcik;
Output Frequency = Fc¢ ik / (Control Data + 1);
e  One Shot (Figure 9.14...Figure 9.19)
Pulse width = (Control Data + 1 + VAR) / Fc;
. Frequency Detector (Figure 9.20...Figure 9.25)
Detected Frequency = Fcix / (Control Data + 1 + VAR).

Note 8.9 Fcik — CLK input frequency.
Note 8.10 VAR = 0...1 — defined by the asynchronous time between the input signal and the first clock pulse.
Note 8.11 Counters initialize with Control Data after POR.

Table 8.22. 4-bit LUT Truth Table of Standard Logic Gates

Function
AND-4
NAND-4

OR-4
NOR-4
XOR-4

XNOR-4
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Figure 8.5. 4-bit LUTO/ TMR2
ALM1108 38 of 73 July 2024

Document number: DS46635 Rev. 1 - 2 www.diodes.com © 2024 Copyright Diodes Incorporated. All Rights Reserved.



NAIES HASIC
.l"... c.o un PoRATED ALM1108

8.4.1. 4-bit LUTO/TMR2
Settings of 4-bit LUTO / TMR2 is set out in Table 8.23.

Table 8.23. 4-bit LUTO / TMR2 Register Settings

Signal Function Register Bit Address Register Definition
LUT or TMR selection <324> 0: LUT
1: TMR
LUT data <314:299> 16-bit data
TMR Control Data <314:299> 1 — 65535: (Delay Time = (Control Data +1) / Frequency)
TMR Mode selection <316:315> 00: Delay
01: One Shot
10: Frequency Detector
11: Counter
TMR Clock Source selection <319:317> 000: OSCcik

001: OSCCLK 14

010: OSCCLK /8

011: OSCcik /116

100: OSCCLK 164

101: OSCCLK 1128

110: External CLK

111: TMR1our

TMR Trigger Event selection <321:320> 00: On Both Falling and Rising Edges

01: On Falling Edge only

10: On Rising Edge only

11: No Delay on either Falling or Rising Edges for Delay Mode /
High Level Reset for Counter Mode

SET/RST selection <322> 0: Resetto 0
(for Counter mode) 1: Set to Control Data
TMR Output polarity selection <323> 0: Non-Inverted (OUT)

1: Inverted (NOUT)

The 4-bit LUTO / TMR2 macrocell, if programmed for a LUT function, uses 16-bit register to define its output function by reg<314:299> (see Table 8.12).

Table 8.24. 4-bit LUTO Truth Table

N IN1 I

o

ouT

<299> LSB
<300>
<301>
<302>
<303>
<304>
<305>
<306>
<307>
<308>
<309>
<310>
<311>
<312>
<313>
<314> MSB

o
o

Rk |kr|k|r|r|r|lo|lo|o|o|olo]lo
Plr|r|r|ololo|o|k|r|k|r|olo]lo|o
Rlr|lo|lo|k|r|lo|lo|r|r|o|o|r|~|o
=R =R E R E E E R EEE R 2

ALM1108 390f 73 July 2024
Document number: DS46635 Rev. 1 - 2 www.diodes.com © 2024 Copyright Diodes Incorporated. All Rights Reserved.



NS HASIC
.l-.u clo un PoRATED ALM1108

8.5. MF (PDLY / Edge Detector) - Programmable Delay / Edge Detector Macrocell

The ALM1108 has a macrocell that can serve as programmable delay (PDLY) or as an edge detector (Figure 8.6).

In PDLY mode, the macrocell serves as both edge delay with four selectable delay value Tap;: 140 ns, 280 ns, 420 ns, 560 ns. If input signal is shorter than
the delay value, the signal does not propagate to the output and is filtered out.

In Edge Detector mode, the macrocell generates a high level pulse (for non-inverted polarity) when detecting the respective selected edge event (rising edge,
falling edge, both edges). The pulse width value (Twiporr) is configurable (140 ns, 280 ns, 420 ns, 560 ns).
See the timing diagrams below for further information (Figure 8.7).

The output polarity of the macrocell is configurable and can be selected as non-inverted or inverted.

Programmable Delay / Edge Detector

| |
: Delay Value Mode |
| <462>|<461>| Definition <460>|<459> Definition |
| 0 0 140ns 0 0 | Rising Edge Detector I
| 0 1 280ns 0 1 | Falling Edge Detector :
I 1 0 420ns 1 0 | Both Edge Detector
|
I 1 1 560ns 1 1 Both Edge Dela)
| g y |
| ] '
I |
I |
| | :
Frorjn Connectl@: IN IN PDLY o |
Matrix Output #34I é
= OUT:To Connection;
: < NOUT Matrix Input #19
N
| 5 !
I |
|
: OUT Polarity I
| <458> I
I |
Figure 8.6. Programmable Delay
T i et Twigth =t
IN
OUTrisinG
OUTFaLLIN
G
OUTegomH
OUTgotH bLY
—»| -
TPROP 4? 47
PROP
[~ Tou— —Tou

Figure 8.7. Edge Detector Output
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8.5.1. PDLY / Edge Detcotr
Settings of PDLY / Edge Detector is shown in Table 8.25.

Table 8.25. Programmable Delay Register Settings

Signal Function

Register Bit Address

Register Definition

Programmable Delay OUT polarity selection <458> 0: Non-Inverted (OUT)
1: Inverted (NOUT)
Edge Mode of PDLY <460:459> 00: Rising Edge Detector
& Edge Detector selection 01: Falling Edge Detector
10: Both Edge Detector
11: Both Edge Delay
Delay value selection for programmable delay & <462:461> 00: 140 ns
edge detector 01: 280 ns
(Voo = 3.3V, typical condition) 10: 420 ns
11: 560 ns
ALM1108 410f 73 July 2024
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9. Timers (TMR)

The ALM1108 has three configurable 8-bit timers (TMRO, TMR1 — see Figure 9.1, TMR3 — see Figure 9.31).

TMRO and TMR1 have one input from the connection matrix for IN/RST, and one for an external counter/clock source (for a total of two inputs from the
connection matrix). One of the Timer macrocells (TMR3) has one input from the connection matrix, which has a shared function of IN or external CLK input.
The outputs of TMRO and TMR1 go back to the connection matrix. TMR3 has an additional output of Edge Detector.

Each timer has the following mode of operation:
Delay

Counter

One Shot

Frequency Detector

Edge Detector

The output polarity of the TMR is configurable and can be selected as non-inverted or inverted.

In Delay mode, the TMR delays the input signal by the selected edge event (rising edge, falling edge, both edges) for a time determined by the Control Data,
input clock signal, and selected divider value. If input signal is shorter than the delay value, the signal does not propagate to the output. The timing diagrams
of this mode are shown in Figure 9.2...Figure 9.7.

In Counter mode, the TMR divides input clock signal by the value determined by the Control Data, input clock signal, and selected divider value. The output of
the TMR goes HIGH every time when the Counted Value (current value of the counter) is equal 0. The RST of the TMR resets the Counted value to 0 by one
of the following events: rising edge, falling edge, both edge, high level. The timing diagrams of this mode are shown in Figure 9.8...Figure 9.13.

In One-Shot mode, this macrocell generates a high-level pulse with a set width when detecting the edge event, which is selectable by the registers on its IN
input. The pulse width is determined by the Control Data, input clock signal, and selected divider value. Any incoming edges are ignored during pulse width
generation. The timing diagrams of this mode are shown in Figure 9.14...Figure 9.19.

In Frequency Detector mode, the TMR functions in the following scenarios:

e Rising Edge: The output will go HIGH if the time between two rising edges is less than the delay.
The output will go LOW if the next rising edge has not come after the last rising edge in specified time.
e Falling Edge: The output will go HIGH if the time between two falling edges is less than the set time.
The output will go LOW if the next falling edge has not come after the last falling edge in specified time.
e  Both Edges: The output will go HIGH if the time between the rising and falling edges is less than the set time, which is equivalent to the

length of the pulse.
The output will go LOW if the next rising/falling edge has not come after the last falling/rising edge in specified time.
The timing diagrams of the Frequency Detector Mode are shown in Figure 9.20...Figure 9.25.

In Edge Detector mode, the TMR generates short high level pulse (for non-inverted polarity) when detecting the respective selected edge event (rising edge,
falling edge, both edges). The timing diagrams of this mode are shown in Figure 9.26.

Time of Timers for each mode can be calculated using the following formulas (Note 8.9, Note 8.10):
e Delay (Figure 9.2...Figure 9.7)
Delay Time = (Control Data + 1 + VAR) / Fcik;
. Counter Figure 9.8...Figure 9.13)
Output Period = (Control Data + 1) / Fcik;
Output Frequency = Fc¢ik / (Control Data + 1);
e  One Shot (Figure 9.14...Figure 9.19)
Pulse width = (Control Data + 1 + VAR) / Fck;
. Frequency Detector (Figure 9.20...Figure 9.25)
Detected Frequency = Fci« / (Control Data + 1 + VAR).

Note 9.1 Fcuk — CLK input frequency.
Note 9.2 VAR = 0...1 — defined by the asynchronous time between the input signal and the first clock pulse.
Note 9.3 Counters initialize with Control Data after POR.

There is also one Multifunctional Macrocell that can implement either 4-bit LUT or 16-bit TMR (See Section 8.4 MF (4-bit LUTO / 16-Bit Timer) Macrocells).
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9.1.

[ _____________________________________
8-bit TMR#
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.
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TMR Timing Diagrams

9.1.1. Delay Mode (Control Data: 4)
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Figure 9.1. Timers
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Figure 9.3. Delay Mode Timing Diagram (Falling Edge Detect, Forced OSC)
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Figure 9.4. Delay Mode Timing Diagram (Both Edge Detect, Forced OSC)
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Figure 9.5. Delay Mode 'Eiming Diag‘;rar}n (F;isir;g édge Detect, Auto 0sC)
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Figure 9.6. Delay Mode Tliming Diagram (F;alling Edge Detect, Auto OSC)
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Figure 9.7. Delay Mode Timing Diagram (Both Edge Detect, Auto OSC)

9.1.2. Counter Mode (Control Data: 4)

osce [ YU WU UL ARRR AR AR ATAVAVAVAVAVHTAVAVARAVAVARANAY
RST // \ \
/% 510.0.0.0.0.0.000000000000000:0000000 00
OUTrsie e ﬁ} 1 T%m - j(CD + 1)/F%LK*
Figure 9.8. Counter Mode Timing Diagram (TMRO, TMR1, Rising Reset, Forced OSC, Auto OSC)
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Figure 9.9. Counter Mode Timing Diagram (TMRO, TMR1, Falling Reset, Forced OSC, Auto OSC)
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Figure 9.10. Counter Mode Timing Diagram (TMRO, TMR1, Both Edge Reset, Forced OSC, Auto OSC)
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Figure 9.11. Counter Mode Timing Diagram (TMRO, TMR1, High Level Reset, Forced OSC)
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Figure 9.12. Counter Mode Timing Diagram (TMRO, TMR1, High Level Reset, Auto OSC)
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Figure 9.13. Counter Mode Timing Diagram (TMR3, Auto OSC, Forced OSC)
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Figure 9.14. One-Shot Generator Mode Timing Diagram (Rising Edge, Forced OSC)
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Figure 9.15. One-Shot Generator Mode Timing Diagram (Falling Edge, Forced OSC)
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Figure 9.16. One-Shot Generator Mode Timing Diagram (Both Edge, Forced OSC)
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Figure 9.17. One-Shot Generator Mode Timing Diagram (Rising Edge, Auto OSC)
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Figure 9.18. One-Shot Generator Mode Timing Diagram (Falling Edge, Auto OSC)
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Figure 9.19. One-Shot Generator Mode Timing Diagram (Both Edge, Auto OSC)

9.1.4. Frequency Detector Mode (Control Data: 4)
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Figure 9.20. Frequency Detector Mode Timing Diagram (Rising Edge, Forced OSC)
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Figure 9.21. Frequency Detector Mode Timing Diagram (Falling Edge, Forced OSC)
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Figure 9.22. Frequency Detector Mode Timing Diagram (Both Edge, Forced OSC)
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Figure 9.23. Frequency Detector Mode Timing Diagram (Rising Edge, Auto OSC)
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Figure 9.24. Frequency Detector Mode Timing Diagram (Falling Edge, Auto OSC)
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Figure 9.25. Frequency Detector Mode Timing Diagram (Both Edge, Auto OSC)

9.1.5. Edge Detector Mode TMRO, TMR1, TMR3 (EDGE out)

OUTrisne | // | I I ’| //
OUTearnG | // l I I //
o 11 f 1L L1111l

Figure 9.26. Edge Detector Mode Timing Diagram

—

9.1.6. Counter Mode TMR2 (Control Data: 4)

AR RN A AR AN ATAU AN AN AN AN AR AN AN AN AN AN ARV AVAUAVAUANRARAVATRNANAY
RST | // \
KEEP //
uP [ //
0006000 SENN000000000/, "
OUTRISING : // I_‘

Figure 9.27. TMR2 Counter Mode Timing Diagram (Rising Reset, Forced OSC)
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Figure 9.28. TMR2 Counter Mode Timing Diagram (Rising Set, Forced OSC)
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Figure 9.29. TMR2 Counter Mode Timing Diagram (Rising Réset, Auto 0SC)
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Figure 9.30. TMR2 Counter Mode Timing Diagram (Rising S‘et, Autb 0OsC)

9.2. 8-bit TMRO

Schematic diagram of TMRO macrocell is shown in Figure 9.1. Its register settings set out in Table 9.1.

Table 9.1. TMRO Register Settings
Signal Function Register Bit Address \ Register Definition
TMR Control Data <350:343> 1-255: (Delay Time = (Control Data +1) / Frequency)
TMR Mode selection <352:351> 00: Delay Mode
01: One Shot

10: Frequency Detector
11: Counter mode
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R

Signal Fun Register Bit Address \ egister Definition

TMR Clock Source selection <355:353> 000: OSCcik

001: OSCc/4

010: OSCCLK/8

011: OSCc«/16

100: OSCck/64

101: OSCcik/128

110: External CLK

111: TMR3our

TMR Trigger Event selection <357:356> 00: On Both Falling and Rising Edges

01: On Falling Edge only

10: On Rising Edge only

11: No Delay on either Falling or Rising Edges for Delay Mode /
High Level Reset for Counter Mode

TMR Edge Detector <358> 0: Default Output
Output selection 1: Edge Detector Output
TMR Output polarity selection <359> 0: Non-Inverted (OUT)

1: Inverted (NOUT)

9.3. 8-bit TMR1

Schematic diagram of TMR1 macrocell is shown in Figure 9.1. Its register settings set out in Table 9.2.

Table 9.2. TMRL1 Register Settings
Signal Function Register Bit Address Register Definition
TMR Control Data <367:360> 1-255: (Delay Time = (Control Data +1) / Frequency)
TMR Mode selection <379:378> 00: Delay Mode
01: One Shot

10: Frequency Detector

11: Counter Mode

TMR Clock Source selection <382:380> 000: OSCcik

001: OSCCLK/4

010: OSCCLK/8

011: OSCCLK/16

100: OSCc /64

101: OSCc«/128

110: External CLK

111: TMRO()UT

TMR Trigger Event selection <384:383> 00: On Both Falling and Rising Edges

01: On Falling Edge only

10: On Rising Edge only

11: No Delay on either Falling or Rising Edges for Delay Mode /
High Level Reset for Counter Mode

TMR Edge Detector <385> 0: Default Output
Output selection 1: Edge Detector Output
TMR Output polarity selection <386> 0: Non-Inverted (OUT)

1: Inverted (NOUT)
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9.4. 8-bit TMRS3

Schematic diagram of TMR3 macrocell is shown on Figure 9.31. Its register settings set out in

Table 9.3.
| 8-bit TMR3 I
TMR OUT Polarity I
' <403> '
I I
I I
I Control Data I
| <395:388> ITMR30ur -
| i |
To C i
| < 0 N ouT OuUT|To lonnec |on=
) 2 o [Matrix Input #17
From Connectign|N E 8-bit Timer I )
i 33 o ED'To Connection
Matrix Output #33| CLK ~ £ CLK Edge Detector T - >
> Matrix Input #18
| - 1 2 2 I
I [~ I
I I
OSCcrk | > :
0SCo /4 ! . [
0SCq.«/8 | . I
OSC¢ /16 | > |
OSCc /64 | » l
0SCax/128 | > |
: EXT CLK_ :
TMR20ur , > I
! = Mode |
: <397>|<396> Definition |
I <400:398> 0 0 Delay I
| Clock Source 0 1 | One Shot |
| 1 0 | Frequency Detector |
I 1 1 | Counter I
I I
| |
| _| |
I Trigger Event I
| <402:401> Definition |
| 0 0 Both Edge |
| 0 1 Falling Edge |
: 1 0 Rising Edge :
| 1 1 No Delay I
e |
Figure 9.31. TMR3
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Table 9.3. TMR3 Register Settings

Signal Function

Register Bit Address

Register Definition

TMR Control Data

<395:388>

1-255: (Delay Time = (Control Data +1) / Frequency)

TMR Mode selection

<397:396>

00: Delay Mode

01: One Shot

10: Frequency Detector
11: Counter Mode

TMR
Clock Source selection

<400:398>

000:
001:
010:
011:
100:
101:
110:
111:

OSCcik
OSCck/4
OSCc1k/8
OSCc /16
OSCc«/64
OSCc1k/128
External CLK
TMR20ut

TMR Edge selection

<402:401>

00: Delay on Both Falling and Rising Edges for Delay Mode
01: Delay on Falling Edge only for Delay Mode

10: Delay on Rising Edge only for Delay Mode

11: No Delay on either Falling or Rising Edges for Delay Mode

TMR Output polarity selection

<403>

0: Non-Inverted (OUT)
1: Inverted (NOUT)
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The Memory of yASIC consists of two main parts: non-volatile memory (NVM) and registers. The configuration of the yASIC is stored in the NVM and is loaded
to the volatile registers during device power on. The registers’ values define macrocells configuration, matrix connections setting (signal routing), 10
configuration etc., which allows desired functionality for the user’s application (see Figure 10.1).

NON-VOLATILE MEMORY

REGISTERS

10s

COMBINATORIAL LOGIC

MULTIFUNCTIONAL MACROCELLS

CONNECTION MATRIX  32x40

TIMERS

OSCILLATOR

Figure 10.1. Memory Architecture
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11. Data Protection

The ALM1108 has two stages of data protection, which is provided by CRC-8 and CRV.

11.1. CRC-8

Validity of correct NVM programming and NVM loading to the registers is checked by CRC-8. So, if the CRC-8 is Enabled and no errors are detected, the
ALM1108 starts working. Otherwise, the chip will restart. Used CRC polynomial is x8 + x® + x3 + 1

Table 11.1. CRC-8 Register Settings

Signal Function Register Bit Address \ Register Definition
CRC-8 Enable <457> 0: Disable
1: Enable
CRC-8 <214:207> CRC polynomial is x8 + x5 + x3 + 1
11.2. CRV

Continuous Registers Verification (CRV) is provided by a continuous comparison of the register bits <501, 411, 377, 376, 368, 342, 327, 219, 191, 140, 84,
43, 42, 41, 15> with hardcoded value 15’b011001100001101. If the comparison shows a mismatch, the ALM1108 automatically restarts.

Table 11.2. CRV Register Settings

Signal Function Register Bit Address Register Definition
Continuous Registers Verification Enable <456> 0: Disable
1: Enable
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12. Oscillator (OSC)

12.1. Oscillator Overview

ALM1108 has an internal Oscillator with two selectable frequencies: 25 kHz and 2 MHz. OSC macrocell can be sourced from internal oscillator or by external
frequency from 108.

The OSC has two prescaler stages that give user flexibility for introducing clock signals on the Connection Matrix Input lines. The first stage (CLKprescaie) allows
to divide the fundamental frequency by /1, /2, /4, or /8. The two independent second stage prescaler allow to divide the frequency from the first stage divider
by /1, /14, 18, /16, /32, 164, or /128, and outputs this frequency on the Connection Matrix Input #20 and #21 (See Figure 12.1 for more details).

When internal OSC is used, there is a choice between “Force Power On”, meaning that the OSC will always run, or “Auto Power On”, meaning that the OSC
will run only on demand of internal logics (TMRs) and consequently have an associated startup and settling time.

The oscillator is turned on when the PWRDWN signal is LOW and turned off when the PWRDWN signal is HIGH. The PWRDWN signal has the highest priority.

12.2. OSC (25kHz / 2MHz)
Schematic diagram of the OSC macrocell is shown in Figure 12.1. Its register settings set out in Table 12.1.

| |OSCc /4
I '0SCc.k/8

I 1 0SCcik/16
: |OSCe. (/64
|

|

YYYVYYY

|OSCeri/128

25kHz / 2MHz|Force ON ]

<326> <325> CLKprescaler

- > PWRDWN
Matrix Output #35!
I

Oscillator 1/2 001

|
<329:328>
From Connection|PWRDWN % :
|
|

OUTHO0 1
1/2
1/4
L 1/8

1/4 010 s |
1/8 011 2| OUTO, To Connection
1/16 100y |Matrix Input #20
132 101 |
1/64 110
1/128 111
EXT CLK 3
<336>

2x1 MUX
Prescaler
4x1 MUX
Prescaler

108

I

I

I

I

I
OUT Oprescaler |
<332:330> |
I

I

I

I

I

I

001
010

x I

0112 I

100 =|0uUT1!T0o Connection
& ;Matrix Input #21

101

110

OUT Lprescaler
<335:333>

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| %
|
|
|
|
|
|
|
|
|
|
|
|
|
|

!
111 :
Ts I
!
!
!
!

Figure 12.1. OSC Block Diagram
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Table 12.1. OSC Register Settings

Signal Function
Frequency selection

Register Bit Address

<326>

0: 25kHz
1. 2MHz

Register Definition

Force ON

<325>

0: Auto power on
1: Force on

Clock Source selection

<336>

0: Inner oscillator
1: External CLK (108)

CLKprescale S€lECtion

<329:328>

00: 1

01:1/2
10: 1/4
11: 1/8

OUTOprescaler SElECtiION

<332:330>

000: 1
001: 1/2
010: 1/4
011: 1/8
100: 1/16
101: 1/32
110: 1/64
111: 1/128

OUTOprescater S€lection

<335:333>

000: 1
001: 1/2
010: 1/4
011:1/8
100: 1/16
101: 1/32
110: 1/64
111: 1/128
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13. Power On Reset (POR)

To ensure correct device initialization and operation of all macrocells in the device, the pASIC has a Power-On Reset (POR) circuit. The POR circuit achieves
consistent behavior and predictable results during VDD power ramp up and power down. To accomplish this goal, the POR circuit releases a defined Power-
Up sequence of internal events that initialize different macrocells inside the device.

13.1. POR General Operation

To start the Power-Up sequence, the voltage applied on the VDD should be higher than the POWER ON threshold (which can vary by PVT, but typical is
1.6 V). The operational Vpp range for the ALM1108 is 1.71V...3.60V. Therefore, the Power-Up sequence will start earlier, as soon as the Vpp rises to the
POWER ON threshold, but the VDD voltage itself must continue to ramp up to the operational voltage value. After the POR sequence has started, ALM1108
will have a period of time to go through all the steps in the sequence and will be ready and completely operational after the Power-Up sequence is completed.

ALM1108 is powered down and non-operational when the VDD voltage is between 0.6 V and -0.6 V. Another essential condition for the chip to be powered
down is that no voltage higher than the VDD voltage is applied to any other pin (although there is a 0.5V margin due to forward drop voltage of the ESD
protection diodes).

All pins are in HIGH IMPEDANCE state while the Power-Up sequence is taking place, and when the chip is powered down. The last step in the Power-Up

sequence releases the 1/O structures from the HIGH IMPEDANCE state making the device operational. The design programmed into the chip defines the pin
configuration of the device when operational. (The voltage on pins can’t be higher than the VDD and this rule does apply to when the chip is powered on).

13.2. Power-Up Sequence

The Power-Up sequence of signals is shown in Figure 13.1.

Tsu

A
v

VDD

PWR_UPnym

(NVM enable)
PWR_UPpur

(10 input/IO pull up/IO pull down/
Connection matrix enable)
PWR_UPcore

(LUT/DFF/LATCH/Shift register/Timers/
other macrocells enable)

PWR_UPour
(10 output/Oscillator/Ready enable)

}4—3 cycles of 2MHz—>‘ }«1 cycle of 2MHz

Figure 13.1. POR sequence

As demonstrated by Figure 13.1 after the Vpp starts ramping up and crosses the POWER ON threshold, the on-chip NVM memory is enabled. After that, Input
pins and Connection Matrix are enabled and all traces between all macrocells are routed. The macrocells like LUT, DFF, LATCH, Shift Register, Timers and
others are initialized and stabilized for the next 3 cycles of 2MHz oscillator. After another one cycle, READY signal and OSC outputs are enabled and outputs
start to run. The output pins transition from HIGH IMPEDANCE to active at this point.

The completion time for the POR sequence varies by device type in the yASIC family. The completion time also depends on many environmental factors, such
as: slew rate, Vpp value, and temperature to a degree that the times will even vary from chip to chip due to process influence.
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13.3. Macrocells Output States During Power-Up Sequence

First, all macrocells have their output set to logic LOW, except the output pins which are in HIGH IMPEDANCE state, before the NVM is enabled. Then until
the NVM is ready, all macrocell outputs are unpredictable except the 10s. On the next step Input pins determined by external signals, LOGIC 1 is high, LOGIC
0 is low, LUTs and PDLY macrocell configured as edge detector work according to their inputs. All other macrocells are initialized in the next step. Lastly,
READY signal, oscillator and the output pins become active as determined by the input signals. (Figure 13.2 describes the macrocell output signal states during
the Power-Up sequence).

VDD

IO input

Logic 1
to matrix
Logic O

to matrix

LUTour

to matrix

PDLYour

to matrix

P_EDGE_DETour
to matrix

DFF/LATCHour

to matrix

TMRour

to matrix

OSC

to timers/matrix

Ready

to matrix

Determined by Input Signals

Unpredictable, Determined by Input Signals

Determined by Input Signals

Determined by Input Signals

Determined by OSC settings

10 output §i-z:
to PAD |

Figure 13.2. Internal Macrocell States during POR sequence

13.4. Reset Events

There are a number of reset events for ALM1108:

. POR;

° CRC-8;

. CRV;

. 102 Reset.

The CRC-8 (see section 11.1), CRV (see section 11.2), and 102 Reset can be enabled or disabled by register bits (Table 13.1). Keep in mind that 102 should
be configured as Digital IN (any of the input modes) as long as 102 Reset is enabled.

Table 13.1. 102 Reset Register Settings

Signal Function Register Bit Address Register Definition
102 Reset Trigger Event selection <498:497> 00: Rising Edge
01: Falling Edge
10: High Level
11: Reserved

102 Reset Enable <499> 0: Disable
1: Enable
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reviations
ADJ Adjustable
ASIC Application-Specific Integrated Circuit
CLK Clock
CLK/L Clock/Latch
CRC Cyclic Redundancy Code
CRV Continuous Registers Verification
CM Connection Matrix
CMI Connection Matrix Inputs
CMO Connection Matrix Outputs
CcVv Counted Value
D Data
DC Direct Current
DFF D Flip-Flop
DI Digital Input
DIR Direction
DILV Digital Input Low Voltage
DIO Digital Input/Output
ED Edge Detector
ESD Electrostatic Discharge
EXTCLK External Clock
FSM Finite State Machine
GND Ground
IC Integrated Circuit
IMC Input Mode Control
IN Input
110 Input/Output
Logic O Low Logic Level
Logic 1 High Logic Level
LSB Least Significant Bit
LUT Look Up Table
LV Low Voltage
MF Multi-Functional
MSB Most Significant Bit
MUX Multiplexer
N/A Not Applicable
N/C Not Connected
NMOS N channel Metal Oxide Semiconductor
NVM Non-Volatile Memory
oD Open Drain
OosC Oscillator
0OSG One Shot Generator
ouT Output
PDLY Programmable Delay
PMOS P channel Metal Oxide Semiconductor
POD Power On Delay
POR Power On Reset
PP Push Pull
PROP Propagation
PW Pulse Width
PWRDWN Power Down
REG Register
RST Reset
SHR Shift Register
ST Schmitt Trigger
TMR Timer
TQFN Thin Quad Flat No Leads
VDD Voltage Drain-Drain
VSS Voltage Source-Source
w/ With
w/o Without
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15. Appendix A — ALM1108 Register Definition

Register Bit Address

Signal Function

Register Definition

CRC

<214:207>

LUT / DFF/LATCH

<4:0> Matrix Output Number 0 103 DIN
<9:5> Matrix Output Number 1 104 DIN
<14:10> Matrix Output Number 2 104 Output EN
<15> Bit 0 CRV 1
<20:16> Matrix Output Number 3 INO of 2-bit LUTO or CLK of DFFO or L of LATCHO
<25:21> Matrix Output Number 4 IN1 of 2-bit LUTO or D of DFFO/LATCHO
<30:26> Matrix Output Number 5 INO of 2-bit LUT1 or CLK of DFF1 or L of LATCH1
<35:31> Matrix Output Number 6 IN1 of 2-bit LUT1 or D of DFF1/LATCH1
<40:36> Matrix Output Number 7 INO of 2-bit LUT2
<41> Bit 1 CRV 0
<42> Bit 2 CRV 1
<43> Bit 3 CRV 1
<48:44> Matrix Output Number 8 IN1 of 2-bit LUT2
<53:49> Matrix Output Number 9 INO of 2-bit LUT3
<58:54> Matrix Output Number 10 IN1 of 2-bit LUT3
<63:59> Matrix Output Number 11 INO of 3-bit LUTO or CLK of DFF2 or L of LATCH2
<68:64> Matrix Output Number 12 IN1 of 3-bit LUTO or D of DFF2/LATCH2
<73:69> Matrix Output Number 13 IN2 of 3-bit LUTO or nRST(nSET) of
DFF2/LATCH2
<78:74> Matrix Output Number 14 INO of 3-bit LUT1 or CLK of DFF3 or L of LATCH3
<83:79> Matrix Output Number 15 IN1 of 3-bit LUT1 or D of DFF3/LATCH3
<84> Bit 4 CRV 0
<89:85> Matrix Output Number 16 IN2 of 3-bit LUT1 or nRST(nSET) of
DFF3/LATCH3
<94:90> Matrix Output Number 17 INO of 3-bit LUT2 or CLK of DFF4 or L of LATCH4
<99:95> Matrix Output Number 18 IN1 of 3-bit LUT2 or D of DFF4/LATCHA4
<104:100> Matrix Output Number 19 IN2 of 3-bit LUT2 or nRST(nSET) of
DFF4/LATCH4
<109:105> Matrix Output Number 20 INO of 3-bit LUT3 or CLK of DFF5 or L of LATCH5
<114:110> Matrix Output Number 21 IN1 of 3-bit LUT3 or D of DFF5/LATCH5
<119:115> Matrix Output Number 22 IN2 of 3-bit LUT3 or nRST(nSET) of
DFF5/LATCH5S
<124:120> Matrix Output Number 23 INO of 3-bit LUT4 or D of Shift Register
<129:125> Matrix Output Number 24 IN1 of 3-bit LUT4 or nRST of Shift Register
<134:130> Matrix Output Number 25 IN2 of 3-bit LUT4 or CLK of Shift Register
<139:135> Matrix Output Number 26 INO of 4-bit LUTO or CLK of TMR2
<140> Bit 5 CRV 0
<145:141> Matrix Output Number 27 IN1 of 4-bit LUTO or IN of TMR2 (RST for Counter
Mode)
<150:146> Matrix Output Number 28 IN2 of 4-bit LUTO or KEEP of TMR2
<155:151> Matrix Output Number 29 IN3 of 4-bit LUTO or UP of TMR2
<160:156> Matrix Output Number 30 IN of TMRO (RST for Counter Mode)
<165:161> Matrix Output Number 31 IN of TMR1 (RST for Counter Mode)
<170:166> Matrix Output Number 32 CLK of TMRO/TMR1
<175:171> Matrix Output Number 33 IN of TMR3 (RST for Counter Mode)
<180:176> Matrix Output Number 34 IN of PDLY
<185:181> Matrix Output Number 35 PWRDWN of OSC (Higher Priority)
(HIGH is Power Down)
<190:186> Matrix Output Number 36 106 DIN
<191> Bit 6 CRV 0
<196:192> Matrix Output Number 37 107 DIN
<201:197> Matrix Output Number 38 108 DIN
<206:202> Matrix Output Number 39 108 Output EN

<215> DFFO or LATCHO selection / 0: DFF function
2-bit LUTO <0> 1. LATCH function
<216> 2-bit LUTO <1>
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Signal Function

Register Definition

<217> DFFO/LATCHO initial state selection / 0: LOW
2-bit LUTO <2> 1. HIGH
<218> 2-bit LUTO <3>
<219> Bit 7 CRV 0
<220> DFF1 or LATCH1 selection / 0: DFF function
2-bit LUT1 <0> 1: LATCH function
<221> 2-bit LUT1 <1>
<222> DFF1/LATCHL1 initial state selection / 0: LOW
2-bit LUT1 <2> 1. HIGH
<223> 2-bit LUT1 <3>
<226:224> Reserved
<230:227> 2-bit LUT2 data
<234:231> 2-bit LUT3 data
<235> 2-bit LUTO or DFFO/LATCHO selection 0: LUT
1. DFF/LATCH
<236> 2-bit LUT1 or DFF1/LATCHZ1 selection 0: LUT
1. DFF/LATCH
<237> DFF2 or LATCH2 selection / 0: DFF function
3-bit LUTO OUTO <0> 1: LATCH function
<238> 3-bit LUTO OUTO <1>
<239> DFF2/LATCH2 nRST/nSET selection / 0: nRST from matrix output
3-bit LUTO OUTO <2> 1: nSET from matrix output
<240> DFF2/LATCH?2 initial state selection / 0: Low
3-bit LUTO OUTO <3> 1: High
<244:.241> 3-bit LUTO OUTO <7:4>
<252:245> 3-bit LUTO OUT1 <7:0>
<253> DFF3 or LATCHS3 selection / 0: DFF function
3-bit LUT1 OUTO <0> 1: LATCH function
<254> 3-bit LUT1 OUTO <1>
<255> DFF3/LATCH3 nRST/nSET selection / 0: nRST from matrix output
3-bit LUT1 OUTO <2> 1: nSET from matrix output
<256> DFF3/LATCH3 initial state selection / 0: LOW
3-bit LUT 3 OUTO <3> 1: HIGH
<260:257> 3-bit LUT1 OUTO <7:4>
<268:261> 3-bit LUT1 OUT1 <7:0>
<269> DFF4 or LATCH4 selection / 0: DFF function
3-bit LUT2 <0> 1: LATCH function
<270> DFF4/LATCH4 Output selection / 0: Q output
3-bit LUT2 <1> 1: nQ output
<271> DFF4/LATCH4 nRST/nSET selection / 0: nRST from matrix output
3-bit LUT2 <2> 1: nSET from matrix output
<272> DFF4/LATCHA4 initial state selection / 0: LOW
3-bit LUT2 <3> 1. HIGH
<276:273> 3-bit LUT2 <7:4>
277> DFF5 or LATCHS selection / 0: DFF function
3-bit LUT3 <0> 1: LATCH function
<278> DFF5/LATCHS Output selection / 0: Q output
3-bit LUT3 <1> 1: nQ output
<279> DFF5/LATCHS5 nRST/nSET selection / 0: nRST from matrix output
3-bit LUT3 <2> 1: nSET from matrix output
<280> DFF5/LATCHS initial state selection / 0: LOW
3-bit LUT3 <3> 1. HIGH
<284:281> 3-bit LUT3 <7:4>
<288:285> 3-bit LUT4 <3:0> / Shift Register OUTO selection
<292:289> 3-bit LUT4 <7:4> / Shift Register OUT1 selection
<293> 3-bit LUTO or DFF2/LATCH2 selection 0: LUT
1. DFF
<294> 3-bit LUT1 or DFF3/LATCH3 selection 0: LUT
1. DFF
<295> 3-bit LUT2 or DFF4/LATCH4 selection 0: LUT
1. DFF
<296> 3-bit LUT3 or DFF5/LATCHS5 selection 0: LUT
1. DFF
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Register Bit Address
<297>

Signal Function
3-bit LUT4 or Shift Register selection

Register Definition
0: LUT
1: Shift Register

<298>

4-bit LUTO / 16-bit TMR2
<314:299>

4-bit LUTO <15:0> or TMR2 Control Data selection

Shift Register OUT1 polarity selection

0: Non-Inverted
1: Inverted

1-65535
Delay Time = (Control Data +1)/Freq

<316:315>

TMR2 mode selection

00: Delay Mode

01: One Shot

10: Frequency Detector
11: Counter Mode

<319:317>

TMR2 Clock Source selection

000: OSCcik

001: OSCCLK/4
010: OSCc/8
011: OSCc/16
100: OSCCLK/64
101: OSCc /128
110: External CLK
111: TMR1oyr

<321:320>

TMR2 Trigger Event selection

00: On Both Falling and Rising Edges

01: On Falling Edge only

10: On Rising Edge only

11: No Delay on either Falling or Rising Edges for
Delay Mode / High Level Reset for Counter
Mode

<322>

SET/RST selection
(for Counter mode)

0: Resetto 0
1. Setto Data

<323>

TMR2 Output polarity selection

0: Non-Inverted
1: Inverted

<324>

0OSC
<325>

Force Oscillator On

4-bit LUTO or TMR2 selection

0: LUT
1: TMR

0: Auto Power On
1: Force Power On

<326>

Oscillator Frequency Control

0: 25 kHz
1.2 MHz

<327>

Bit 8 CRV

1

<329:328>

OoSsC CLKPrerscaler

00:1

01: 12
10: V4
11: 1/8

<332:330>

OSC o UTOPrescaIer

000: OSCCLK
001: OSCck/2
010: OSCc /4
011: OSCCLK/8
100: OSCc.k/16
101: OSCc /32
110: OSCCLK/64
111: OSC¢1«/128

<335:333>

OSC o UT 1Prescaler

000: OSCCLK/:I.
001: OSCCLK/Z
010: OSCck/4
011: OSCc.«/8
100: OSCCLKIlG
101: OSCc /32
110: OSCc /64
111: OSCCLK/lZS

<336>

10s
<337>

External Clock Source selection

103 Driver Strength selection

0: Internal Oscillator
1: EXTCLK from 108

0: x1 Driver Strength
1: x2 Driver Strength

<338>

104 Driver Strength selection

0: x1 Driver Strength
1: x2 Driver Strength
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Signal Function

Register Definition

<339> 106 Driver Strength selection 0: x1 Driver Strength
1: x2 Driver Strength
<340> 107 Driver Strength selection 0: x1 Driver Strength
1: x2 Driver Strength
<341> 108 Driver Strength selection 0: x1 Driver Strength
1: x2 Driver Strength
<342> Bit 9 CRV 1
TIMERS
<350:343> TMRO Control Data 1-255
Delay Time = (Control Data +1)/Freq
<352:351> TMRO Mode selection 00: Delay Mode
01: One Shot
10: Frequency Detector
11: Counter Mode
<355:353> TMRO Clock Source selection 000: OSCcik
001: OSCck/4
010: OSCcik/8
011: OSCCLK/lG
100: OSCc«/64
101: OSCck/128
110: External CLK
111: TMR3our
<357:356> TMRO Trigger Event selection 00: On Both Falling and Rising Edges
01: On Falling Edge only
10: On Rising Edge only
11: No Delay on either Falling or Rising Edges for
Delay Mode / High Level Reset for Counter
Mode
<358> TMRO Edge Detect Output selection 0: Default Output
1: Edge Detect Output
<359> TMRO Output polarity selection 0: Non-Inverted
1: Inverted
<367:360> TMR1 Control Data 1-255
Delay Time = (Control Data +1)/Freq
<368> Bit 10 CRV 0
<369> 103 Force Input Enable 0: Disable
1: Enable (Input is always ON)
<370> 104 Force Input Enable 0: Disable
1: Enable (Input is always ON)
<371> 106 Force Input Enable 0: Disable
1: Enable (Input is always ON)
<372> 107 Force Input Enable 0: Disable
1: Enable (Input is always ON)
<373> 108 Force Input Enable 0: Disable
1: Enable (Input is always ON)
<374> Reserved
<375> Reserved
<376> Bit 11 CRV 0
<377> Bit 12 CRV 1
TIMERS
<379:378> TMR1 mode selection 00: Delay Mode
01: One Shot
10: Frequency Detector
11: Counter Mode
<382:380> TMR1 Clock Source selection 000: OSCcik
001: OSCCLK/4
010: OSCCLK/S
011: OSCCLK/32
100: OSCCLK/16
101: OSC¢ /128
110: External CLK
111: TMROOUT
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Register Bit Address
<384:383>

Signal Function

TMRL1 Trigger Event selection

Register Definition
00: On Both Falling and Rising Edges
01: On Falling Edge only
10: On Rising Edge only
11: No Delay on either Falling or Rising Edges for
Delay Mode /
High Level Reset for Counter Mode

<385>

TMR1 Edge Detect Output selection

0: Default Output
1: Edge Detect Output

<386>

TMRL1 Output polarity selection

0: Non-Inverted
1: Inverted

<387>

Reserved

<395:388>

TMR3 Control Data

1-255
Delay Time = (Control Data +1)/Freq)

<397:396>

TMR3 mode selection

00: Delay Mode

01: One Shot

10: Frequency Detector
11: Counter Mode

<400:398>

TMR3
Clock Source selection

000: OSCCLK

001: OSCCLK/4
010: OSCc«/8
011: OSCCLK/lG
100: OSCCLK/64
101: OSCck/128
110: External CLK
111: TMR20ur

<402:401>

TMR3 Edge selection

00: Delay on Both Falling and Rising Edges for
Delay Mode

01: Delay on Falling Edge only for Delay Mode

10: Delay on Rising Edge only for Delay Mode

11: No Delay on either Falling or Rising Edges for
Delay Mode

<403>

<404>

TMR3 Output polarity selection

103 Output Enable

I0s Output Enable

0: Non-Inverted
1: Inverted

0: Input Mode
1: Output Mode

<405>

106 Output Enable

0: Input Mode
1: Output Mode

<406>

<408:407>

107 Output Enable

102 Input Mode Control

0: Input Mode
1: Output Mode

00: Digital Input w/o Schmitt Trigger
01: Digital Input w/ Schmitt Trigger
10: Digital Input Low Voltage

11: Reserved

<410:409>

102 Pull Down Resistor Value Selection

00: Floating
01: 10 kQ
10: 100 kQ
11:1 MQ

<411>

<413:412>

Bit 13 CRV

103 Input Mode Control

1

00: Digital Input without Schmitt trigger
01: Digital Input with Schmitt trigger
10: Digital Input Low Voltage

11: Reserved

<415:414>

103 Output Mode Control

00: Push Pull
01: Open Drain NMOS
10: Open Drain PMOS
11: Reserved

<417:416>

103 Pull Up/Down Resistor Value selection

00: Floating
01: 10 kQ
10: 100 kQ
11: 1 MQ

<418>

103 Pull Up/Down Resistor Enable

0: Pull Down Resistor Enable
1: Pull Up Resistor Enable
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Register Bit Address

104
<420:419>

Signal Function

104 Input Mode Control (DIR is LOW)

Register Definition

: Digital Input w/o Schmitt Trigger
: Digital Input w/ Schmitt Trigger
: Digital Input Low Voltage

: Reserved

<422:421>

104 Output Mode Control (DIR is HIGH)

: Push Pull
: Open Drain NMOS
: Open Drain PMOS
: Reserved

<424:423>

104 Pull Up/Down Resistor Value selection

: Floating
110 kQ

1100 kQ
11:

1MQ

<425>

<427:426>

104 Pull Up/Down Resistor Enable

106 Input Mode Control

0: Pull Down Resistor Enable
1: Pull Up Resistor Enable

: Digital Input without Schmitt trigger
: Digital Input with Schmitt trigger

: Digital Input Low Voltage

: Reserved

<429:428>

106 Output Mode Control

: Push Pull
: Open Drain NMOS
: Open Drain PMOS
: Reserved

<431:430>

106 Pull Up/Down Resistor Value selection

: Floating
110 kQ

1100 kQ
11:

1 MQ

<432>

<434:433>

106 Pull Up/Down Resistor Enable

107 Input Mode Control

0: Pull Down Resistor Enable
1: Pull Up Resistor Enable

: Digital Input without Schmitt trigger
: Digital Input with Schmitt trigger

: Digital Input Low Voltage

: Reserved

<436:435>

107 Output Mode Control

: Push Pull
: Open Drain NMOS
: Open Drain PMOS
: Reserved

<438:437>

107 Pull Up/Down Resistor Value selection

: Floating
10 kQ

1100 kQ
11:

1 MQ

<439>

<441:440>

107 Pull Up/Down Resistor Enable

108 Input Mode Control

0: Pull Down Resistor Enable
1: Pull Up Resistor Enable

: Digital Input w/o Schmitt Trigger
: Digital Input w/ Schmitt Trigger
: Digital Input Low Voltage

: Reserved

<443:442>

108 Output Mode Control

: Push Pull
: Open Drain NMOS
: Open Drain PMOS
: Reserved

<445:444>

108 Pull Up/Down Resistor Value selection

: Floating
110 kQ
1 100 kQ
1 MQ

<446>

108 Pull Up/Down Resistor Enable

0: Pull Down Resistor Enable
1: Pull Up Resistor Enable

Pattern ID
Protection
<455> Reserved
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Register Bit Address

Signal Function

Register Definition

<456> Continuous Registers Verification 0: Disable
1: Enable
<457> CRC-8 Enable 0: Disable
1: Enable
Programmable Delay and Edge Detector
<458> Programmable Delay OUT polarity selection 0: Non-Inverted
1: Inverted
<460:459> Edge Mode of PDLY & Edge Detector selection 00: Rising Edge Detector
01: Falling Edge Detector
10: Both Edge Detector
11: Both Edge Delay
<462:461> Delay value selection for programmable delay & 00: 140 ns
edge detector 01: 280 ns
(Vob = 3.3V, typical condition) 10: 420 ns
11: 560 ns
<470:463> Reserved
<476:471> Reserved
<477> Reserved
<478> Reserved
<480:479> Reserved
<488:481> Reserved
<496:489> Reserved
RESET
<498:497> 102 Reset Trigger Event selection 00: Rising Edge
01: Falling Edge
10: High Level
11: Reserved
<499> 102 Reset Enable 0: Disable
1: Enable
<500> Reserved
<501> Bit 14 CRV 0
<509:502> Reserved
<510> Reserved
<511> Reserved
ALM1108 66 of 73 July 2024

Document number: DS46635 Rev. 1 - 2

www.diodes.com

© 2024 Copyright Diodes Incorporated. All Rights Reserved.



NS HASIC
.l-... clo u.a PoRATED ALM1108

16. Package Drawing and Dimensions

X1-QFN1012-8 (Type AX)

L2(7x)

[ C //Jcec[C

88 E 4» 8] 8 ‘k'— - Wk A— <] ‘ X1-QFN1012-8
¢ ‘ Type AX

Min  Max Typ

Pin #1 Index
Area

u
Bt
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All Dimensions in mm
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17. Tape and Reel Specifications

I Max Units per Reel Leader (min) Trailer (min)
Nominal Tape Part
Package Type Package &Si':léb Width,  Pitch,
Size, mm mm’ Length, mm
Pockets Pockets
mm

X1-QFN1012-8 1.0x

Q : 8 1.2x 3000 3000 178/60 100 400 100 400 8 4

(Type AX)

0.42

17.1. Carrier Tape Drawing and Dimensions

Package Type

X1-QFN1012-8
(Type AX)

o -

I P1 O TL

- o >
Y
= ~ [iq"' So
j— 4 QZZZZZIJ
| |--AQ
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18. Recommended Land Pattern

Y (8%) Tf

X2

G1

X1-QFN1012-8 (Type AX)

X(7x)

<—-<—D
N

Value
(in mm)

Dimensions

Cc
G
Gl
G2
G3
X
X1

ALM1108
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19. Mechanical Data

. Moisture Sensitivity: Level 1 per J-STD-020
e  Terminals: Finish — NiPdAu. Solderable per MIL-STD-202, Method 208
e  Weight: 0.0012 grams (Approximate)
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20. Recommended Reflow Soldering Profile

Please see IPC/JEDEC J-STD-020: latest revision for reflow profile based on package volume of 0.66 mm (nominal). More information can be found at
www.jedec.org.
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21. Revision History

Date Version Change
August 11, 2024 1 Initial release
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2. Legal Statement

IMPORTANT NOTICE

1 DIODES INCORPORATED (Diodes) AND ITS SUBSIDIARIES MAKE NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH
REGARDS TO ANY INFORMATION CONTAINED IN THIS DOCUMENT, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD PARTY INTELLECTUAL PROPERTY
RIGHTS (AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

2. The Information contained herein is for informational purpose only and is provided only to illustrate the operation of Diodes’ products
described herein and application examples. Diodes does not assume any liability arising out of the application or use of this document or any product
described herein. This document is intended for skilled and technically trained engineering customers and users who design with Diodes’ products.
Diodes’ products may be used to facilitate safety-related applications; however, in all instances customers and users are responsible for (a) selecting
the appropriate Diodes products for their applications, (b) evaluating the suitability of Diodes’ products for their intended applications, (c) ensuring
their applications, which incorporate Diodes’ products, comply the applicable legal and regulatory requirements as well as safety and functional-
safety related standards, and (d) ensuring they design with appropriate safeguards (including testing, validation, quality control techniques,
redundancy, malfunction prevention, and appropriate treatment for aging degradation) to minimize the risks associated with their applications.

3. Diodes assumes no liability for any application-related information, support, assistance or feedback that may be provided by Diodes from
time to time. Any customer or user of this document or products described herein will assume all risks and liabilities associated with such use, and
will hold Diodes and all companies whose products are represented herein or on Diodes’ websites, harmless against all damages and liabilities.

4. Products described herein may be covered by one or more United States, international or foreign patents and pending patent applications.
Product names and markings noted herein may also be covered by one or more United States, international or foreign trademarks and trademark
applications. Diodes does not convey any license under any of its intellectual property rights or the rights of any third parties (including third parties
whose products and services may be described in this document or on Diodes’ website) under this document.

5. Diodes’ products are provided subject to Diodes’ Standard Terms and Conditions of Sale (https://www.diodes.com/about/company/terms-
and-conditions/terms-and-conditions-of-sales/) or other applicable terms. This document does not alter or expand the applicable warranties provided
by Diodes. Diodes does not warrant or accept any liability whatsoever in respect of any products purchased through unauthorized sales channel.

6. Diodes’ products and technology may not be used for or incorporated into any products or systems whose manufacture, use or sale is
prohibited under any applicable laws and regulations. Should customers or users use Diodes’ products in contravention of any applicable laws or
regulations, or for any unintended or unauthorized application, customers and users will (a) be solely responsible for any damages, losses or
penalties arising in connection therewith or as a result thereof, and (b) indemnify and hold Diodes and its representatives and agents harmless
against any and all claims, damages, expenses, and attorney fees arising out of, directly or indirectly, any claim relating to any noncompliance with
the applicable laws and regulations, as well as any unintended or unauthorized application.

7. While efforts have been made to ensure the information contained in this document is accurate, complete and current, it may contain
technical inaccuracies, omissions and typographical errors. Diodes does not warrant that information contained in this document is error-free and
Diodes is under no obligation to update or otherwise correct this information. Notwithstanding the foregoing, Diodes reserves the right to make
modifications, enhancements, improvements, corrections or other changes without further notice to this document and any product described herein.
This document is written in English but may be translated into multiple languages for reference. Only the English version of this document is the
final and determinative format released by Diodes.

8. Any unauthorized copying, modification, distribution, transmission, display or other use of this document (or any portion hereof) is
prohibited. Diodes assumes no responsibility for any losses incurred by the customers or users or any third parties arising from any such
unauthorized use.

9. This Notice may be periodically updated with the most recent version available at https://www.diodes.com/about/company/terms-and-
conditions/important-notice

The Diodes logo is a registered trademark of Diodes Incorporated in the United States and other countries.
All other trademarks are the property of their respective owners.
© 2024 Diodes Incorporated. All Rights Reserved.
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