SLG46880-A RENESAS

Auto AEC-Q100 Qualified GreenPAK Programmable Mixed-Signal
Matrix with Asynchronous State Machine and Dual Supply

General Description

The GPAK product family is based around Renesas Electronics Corporation's proprietary Zero Static Power ASM
(Asynchronous State Machine). This machine is fault tolerant and operates continuously over a wide voltage range with very
low latency. The SLG46880-A provides a small, low power component for commonly used Mixed-Signal functions. The user
creates their circuit design by programming the one time Non-Volatile Memory (NVM) to configure the interconnect logic, the 10
Pins, and the macrocells of the SLG46880-A. This highly versatile device allows a wide variety of Mixed-Signal functions to be
designed within a very small, low power single integrated circuit.

Key Features

m Two High Speed General Purpose Rail-to-Rail Analog m Crystal Oscillator
Comparators (ACMPxH) m Analog Temperature Sensor
m Two Low Power General Purpose Rail-to-Rail Analog m Power-On Reset
Comparators (ACMPxL) m Wide Range Power Supply
m Two Voltage References m 25V (8 %)to 5V (x10 %) Vpp

= Two Vref Outputs m 25V (#8 %) to 5 V (10 %) Vpps (Vop2 < Vop)

m Twelve Combination Function Macrocells m Ambient Operating Temperature Range: -40 °C to 125 °C
m One Selectable DFF/LATCH or 2-bit LUT m RoHS Compliant/Halogen-Free
m Four Selectable DFF/LATCHES or 3-bit LUTs m 32-pin TQFN: 5 mm x 5 mm x 0.75 mm, 0.5 mm pitch
m One Selectable Pipe Delay or Ripple Counter, or 3-bit = AEC-Q100 (Tp = -40 °C to 125 °C) Qualified
LUT
m One Selectable Programmable Pattern Generator or
2-bit LUT

m Four Selectable 8-bit CNT/DLYs or 3-bit LUTs

m One Selectable 16-bit CNT/DLY or 4-bit LUT
m Asynchronous State Machine

m Twelve States

m Four Dynamic Memory Macrocells

m f(1) Computation Macrocell with Dedicated ACMP
m Serial Communications

= 12C Protocol Interface
m Programmable Delay with Edge Detector Output
Deglitch Filter or Edge Detector
m Three Oscillators

m 2.048 kHz Oscillator

m 2.048 MHz Oscillator

m 25 MHz Oscillator

Applications

m Infotainment

m Navigation

m Advanced Driver Assistance Systems (ADAS)
m Automotive Display Clusters

m Body Electronics
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2 Pinout

2.1 PIN CONFIGURATION - TQFN- 32L

- o
550880800
o >0 0 0o o OO0
GPOO :|1|3]2 Q Q Q Q; |2]7 |2]6 |2_|524|:GPI7
GPIOO ]2 (/_ _____ K 23| GPI6
GPIO1 []3 | | 22[] GPI5
GPIO2 4 | P : 21] GPI4
GPIO [TJ5 : | 20]GPIos
GPI1 [16 | | 19| GPIO7
GPI2/SDA [J7 Co 1 18] GPIO6
GPI3/SCLII8 g 19 11 12 13 14 15 16" [_|GPO4
|:|6 Q @ |c‘_|_) g g g g Legend:
a3 65°8 6 TP- Thermal Pad

TQFN-32 GPI - General Purpose Input

GPO - General Purpose Output
GPIO - General Purpose Input/
Output

(Top View)

Table 1: Functional Pin Description

TC.JFN Pin Name |Functions

Pin #
1 GPOO General Purpose Output or ACMP4F Input 1 or ASM1 output
2 GPIOO  |General Purpose 10 or ACMP4F Input 2
3 GPIO1 General Purpose 10 or ACMP4F Input 3
4 GPI02 General Purpose 10 or VrefO1 or Din LATCH (en1)
5 GPIO General Purpose Input or Din LATCH (en0)/EXT_CLK2
6 GPI1 General Purpose Input or Din LATCH (en0)/EXT_CLK1/Vref IN
7 GPI2/SDA |General Purpose Input/IZC SDA
8 GPI3/SCL |General Purpose Input/I°C SCL
9 GPIO3  |General Purpose |10 or Din LATCH (en1)
10 GPIO4 |General Purpose 10 or 1’c exp0 output
11 GPIO5  |General Purpose |0 or 1°C exp1 output
12 GPO1 General Purpose Output or ASM2 output
13 GPO2 General Purpose Output or ASM3 output
14 GND Ground
15 Vbp2 Power Supply
16 GPO3 General Purpose Output or ASM4 output
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Table 1: Functional Pin Description(Continued)

TQFN Pin Name |Functions
Pin #
17 GPO4 General Purpose Output or ASM5 output
18 GPIO6  |General Purpose |10 or Din LATCH (en1) or e exp2 output
19 GPIO7 |General Purpose 10 or Din LATCH (en1) or 1’c exp3 output
20 GPIO8 |General Purpose 10 or ACMP4F Input 7
21 GPl4 General Purpose Input (XTAL IN) or Din LATCH (en0)/EXT_CLK1
22 GPI5 General Purpose Input (XTAL OUT) or Din LATCH (en0)/EXT_CLK3
23 GPI6 General Purpose Input or ACMP4F Input 4
24 GPI7 General Purpose Input or ACMP4F Input 5
25 GPIO9 |General Purpose 10 or ACMP4F Input 6 or VrefO0
26 GPIO10 |General Purpose |10 or ACMPOH
27 GPIO11  |General Purpose 10 or ACMP1H
28 GPO5 General Purpose Output or ACMP2L or ASM6 output
29 GPOG6 General Purpose Output or ACMP3L or ASM7 output
30 GND Ground
31 Vop Power Supply
32 GPO7 General Purpose Output or ACMP4F Input 0 or ASMO output
TP TP Thermal Pad. Must be connected to GND externally

Table 2: Pin Type Definitions

Pin Type Description

Vpp Power Supply

GPI General Purpose Input

GPIO General Purpose Input/Output

GPO General Purpose Output

GND Ground
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3 Characteristics
3.1 ABSOLUTE MAXIMUM RATINGS

Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress
ratings only, so functional operation of the device at these or any other conditions beyond those indicated in the operational
sections of the specification are not implied. Exposure to Absolute Maximum Rating conditions for extended periods may affect
device reliability.

Table 3: Absolute Maximum Ratings

Parameter Min Max Unit
Supply Voltage on Vpp relative to GND -0.3 7 \%
DC Input Voltage GND-0.5V | Vpp+0.5V \Y
Maximum Average or DC Cyrrent _ 90 mA
(Through Vpp or GND pin)
Current at Input Pin -1.0 1.0 mA
Input Leakage Current (Absolute Value) - 1000 nA
Storage Temperature Range -65 150 °C
Junction Temperature -- 150 °C
Moisture Sensitivity Level 1
3.2 ELECTROSTATIC DISCHARGE RATINGS
Table 4: Electrostatic Discharge Ratings
Parameter Min Max Unit
ESD Protection (Human Body Model) 2000 -- \%
ESD Protection (Charged Device Model) 1300 -- \%
3.3 RECOMMENDED OPERATING CONDITIONS
Table 5: Recommended Operating Conditions for SLG46880-A
Parameter Condition Min Max Unit
Supply Voltage (Vpp) 23 5.5 Vv
Supply Voltage 2 (Vppy) Vop2 < Vpp 2.3 5.5 \
Operating Temperature -40 125 °C
Maximal Voltage Applied to any PIN in High _ Vpp+0.3 v
Impedance State (Note 1)
Capacitor Value at Vpp 0.1 -- uF
Analog Input Common Mode Range é:lr:)swable Input Voltage at Analog 0 Vpp V
Note1GPIs0,1,2,3,4,5,6,7, GPIOs 0,1,2,3,8,9, 10,11, GPOs 0, 5, 6, 7 are powered from Vpp and GPIOs 4, 5, 6, 7,
GPOs 1, 2, 3, 4 are powered from Vpp,
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3.4 10 PINS ELECTRICAL CHARACTERISTICS
Table 6: EC of the 10 Pins at T = -40 °C to +125 °C, Vpp = 2.3 V to 5.5 V Unless Otherwise Noted

Parameter | Description Condition Min Typ Max Unit
0.7x VDD+
Logic Input (Note 2) Vop - 0.3 \
(Note 1) (Note 1)
0.8x VDD+
Vi HIGH-Level Input Voltage Logic Input with Schmitt Trigger Vbp - 0.3 \%
(Note 1) (Note 1)
Vpp*
Low-Level Logic Input (Note 2) 1.25 - 0.3 \%
(Note 1)
0.3x
Logic Input (Note 2) Ggl?' - Vbb \Y
’ (Note 1)
v LOW-Level Input Voltage GND- 0.2x
IL p g Logic Input with Schmitt Trigger 03 - Voo Y,
’ (Note 1)
Low-Level Logic Input (Note 2) Ggl?' -- 0.5 Vv
o ' Vpp=23V1to3.0V 0.28 0.41 0.55 \Y
Viys \S/gn;"g'g Trigger Hysteresis /- =3V 0 4 v 031 | 045 | 059 | V
Vpp=4Vto55V 0.37 0.54 0.72 Vv
Push-Pull, 1oy = 100 pA, 1x Drive, _
Vpp = Vppp = 2.3V 10 3 V 2.288 2.593 \Y
Push-Pull, oy = 3 mA, 1x Drive,
Vop = Voo = 3 V 10 4 V 2.696 3.244 - \%
Push-Pull, oy =5 mA, 1x Drive,
3.608 4.588 - \%
v HIGH-Level Output Voltage | Vop = Vpp2 =4 V10 5.5V
OH | (Note 1) Push-Pull, loy = 100 pA, 2x Dri
. lon MA, 2x Drive, _
Vop = Voo = 2.3V 10 3 V 2.294 2.596 \Y
Push-Pull, I = 3 mA, 2x Drive,
Vpp = Vpp = 3 Vo 4V 2.854 3.340 - \%
Push-Pull, I =5 mA, 2x Drive,
Vpp = Vppg = 4 V0 5.5 V 3.809 4.712 - Y
Push-Pull, I = 100 pA, 1x Drive,
Vop = Voo = 2.3 V 10 3V -- 0.007 0.009 \Y
Push-Pull, 1o, = 3 mA,1x Drive,
Vop = Voo = 3 V 10 4 V -- 0.161 0.232 \%
Push-Pull, 1o, = 5 mA, 1x Drive,
Vop = Vpop = 4 V10 5.5 V -- 0.215 0.313 \%
Push-Pull, I, = 100 pA, 2x Drive,
Vpp = Vppp = 2.3 V 10 3 V -- 0.003 0.005 \Y
LOW-Level Output Voltage Push-Pull, 1o, = 3 mA, 2x Drive, _
VoL | (Note 1) Voo = Vppz =3 V10 4V 0.080 | 0.113 ) vV
Push-Pull, I, =5 mA, 2x Drive,
-- 0.108 0.153 \%
VDD = VDD2 =4Vto55V
NMOS OD, Ig = 100 pA, 1x Drive,
-- 0.003 0.004 \%
VDD = VDD2 =23Vto3V
NMOS OD, lg. =3 mA, 1x Drive,
-- 0.064 0.090 \Y
VDD=VDD2=3VtO4V
NMOS OD, lg. =5 mA, 1x Drive,
Vpp = Vppy =4 V10 5.5 V -- 0.086 0.122 \Y
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Table 6: EC of the 10 Pins at T = -40 °C to +125 °C, Vpp = 2.3 V to 5.5 V Unless Otherwise Noted(Continued)

Parameter | Description Condition Min Typ Max Unit
\N/QADOEV?;[;’Q Igl_2.=31\(/)(t)ou(§ VZX brive, -- 0.001 0.002 \Y,
VoL |(-€;/t\/él_1e)vel Output Voltage \N/L\)/IDO=SV(I)DE;,2 '25 =V3t énf,VZX Drive, __ 0033 | 0.046 y
Von Noms 24V 0555 ~ | 0044 | 0062 | v
\F;g;h;F;;Jgég/gg _=3\\//Dt% -30\./2, 1x Drive, 149 230 B —
Vo vy D5 Vo a 528 | 1170 | - | mA
Push-Pull, Vo = 2.4V, 1x Drive, 14.59 2730 _ "
ot | ety ote )" oiepul Vg = Voo 07 2408
Voo = Vooz S5 3ViosV ’ 2.96 4.50 - mA
Vo vy D5 Vo d 1044 | 2320 | - | mA
Pusi-Pull Voy =24V 2xDrive. | 574 | 5370 | - | ma
Von = Vops 223V i3V 148 | 230 | - | mA
\F;g;h;%‘gé);/gL;vot-g X\; x Drive, 470 %0 ; -
\F/)gzh;wa;/ LV onsy 597 | 930 | - | mA
Voo = Vons 223V 103V 205 | 45 | - | mA
\F/’gzh;F:}J[I)II,D;/QL3=VOt.3 XV 2x Drive, 9.41 14.30 ~ -
Push-Pull, Vo = 0.4V, 2x Drive, _
. e "
Vop = VDD,2 =02L.3 Vto3V ’ 3.74 5.70 - mA
\'\I/L\)ADO=S v%g'z\iogf\j Ay, Txprve. 1185 | 17.90 | - mA
\N/QADOE V%[.;'z ey 1495 | 2290 | - mA
\N/QADOEV%[;’Z\L%L; \(3.t105sv\,/2x Drive, 2 30 110 ~ —
\'\I/L\)ADO=S v%[;'z Yors o4\, 2xpve, 2308 | 3490 | - mA
\N/QADOE V%[.;'z\ioi\j o e gy prive. 2891 | 4430 | - mA
Tsy | Startup Time From Vpp rising past PONTyg | 122 | 209 | ms
Twr NVM Page Write Time — - - ne
Ter NVM Page Erase Time — — - o
PONtyr | Power-On Threshold Vpp Level Required to Start Up the Chip 1.64 1.85 2.06
POFFryr | Power-Off Threshold \éﬂﬁo Level Required to Switch Off the 0.81 126 o
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Table 6: EC of the 10 Pins at T = -40 °C to +125 °C, Vpp = 2.3 V to 5.5 V Unless Otherwise Noted(Continued)

Parameter | Description Condition Min Typ Max Unit
1 M for Pull-up: V| = GND; _ 1 _ MO
for Pull-down: V|y = Vpp

Pull-up or Pull-down 100 k for Pull-up: V|5 = GND; _ _
RPULL | Resistance (Note 1) for Pull-down: V\ = Vpp 100 kQ
10 k For Pull-up: V|y = GND; _ 10 _ kO

for Pull-down: V| = Vpp

Cin Input Capacitance 4 pF

Note 1GPIs0,1,2,3,4,5,6,7,GPIOs 0,1, 2,3,8,9,10, 11, GPOs 0, 5, 6, 7 are powered from Vpp and GPIOs 4, 5, 6, 7,
GPOs 1, 2, 3, 4 are powered from Vpps.

Note 2 No hysteresis.
Note 3 DC or average current through any pin should not exceed value given in Absolute Maximum Conditions.

3.5 1°C PINS ELECTRICAL CHARACTERISTICS
Table 7: EC of the IC Pins at T = -40 °C to +125 °C, Vpp = 2.3 V to 5.5 V Unless Otherwise Noted

L . Fast-Mode Fast-Mode Plus .
Parameter | Description Condition i M M M Unit
in ax in ax
LOW-level Input
Vi Voltage -0.5 0.3Vpp -0.5 0.3 Vpp \Y
HIGH-level Input
ViH Voltage 0.7Vpp 5.5 0.7Vpp 5.5 \Y
Hysteresis of Schmitt
Vhys Trigger Inputs 0.05Vpp - 0.05Vpp - \Y
(Open-Drain or open
LOW-Level Output | collector) at 3mA sink
VoL Voltage 1 current 0 04 0 04 v
VDD >2V
(Open-Drain or open
LOW-Level Output | collector) at 2 mA sink
VoL2 Voltage 2 current 0 0-2Vpp 0 0-2Vpp v
Vpps2V
VOL =04 V, VDD =23V 3 - 19.3 - mA
| LOW-Level Output | VoL=04V,Vpp=3.0V 3 - 20 - mA
ot Current (Note 1) VoL =04V,Vpp=45V 3 -- 20 - mA
VOL= 0.6V 6 - - - mA
Output Fall Time
14x 10x
t from Vyminto V| 250 120 ns
of (Note '1H)m'n ILmax (Vpp/5.5 V) (Vpp/5.5 V)
Pulse Width of
Spikes that must be
tsp suppressed by the 0 50 0 50 ns
Input Filter
| Input Current each | ¢ /00 < v, < 0.9V, 10 +10 10 +10 A
[ 10 Pin -1VpD = V| = U.9VDDmax - - H
Capacitance for
G each 10 Pin - 10 - 10 PF

Note 1 Does not meet standard 12C specifications: to; = 20x(Vpp/5.5 V) (min); For Fast-mode Plus g, = 20 mA (min) at
VOL =04 V.

Note 2 For Fast-mode Plus SDA pin must be configured as NMOS 2x Open-Drain, see registers [893] in section 21.
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Table 8: I2C Pins Timing Characteristics at T = -40 °C to +125 °C, Vpp = 2.3 Vto 5.5V Unless Otherwise Noted

Parameter | Description Condition/Note Fast-Mode Fas;ﬂs"de Unit
Min Max Min Max
FscL Clock Frequency, SCL - 400 - 1000 | kHz
tLow Clock Pulse Width Low 1300 - 500 -- ns
thigH Clock Pulse Width High 600 - 260 - ns
Vpp=23Vto3V - 156 - 156
f zng“E,thDe/;f’pike Suppression Iy =3 V1t04 V ~ |18 | ~ | 186 | ns
Vpp=4Vtob55V - 152 - 153
tvp ack | Data Valid Acknowledge Time - 900 - 450 ns
tauF gtjasrtFree Time between Stop and 1300 _ 500 _ ns
thp sta | Start Hold Time 600 - 260 -- ns
tsy sta | Start Set-up Time 600 - 260 - ns
typ par | Data Hold Time 0 - 0 -- ns
tsy par | Data Set-up Time 100 - 50 - ns
tr Inputs Rise Time -- 300 -- 120 ns
te Inputs Fall Time -- 300 -- 129 ns
tsu sto | Stop Set-up Time 600 - 260 -- ns
toH Data Out Hold Time 50 - 50 - ns
typ par | Data Valid Time -- 900 -- 450 ns
Note 1 Timing diagram can be found in the Figure 126.
3.6 ASYNCHRONOUS STATE MACHINE SPECIFICATION
Table 9: Asynchronous State Machine Specifications at T = 25 °C
Parameter | Description Condition Min Typ Max Unit
_ Vpp=25V+8% 133 - 277
tet_out_delay gi%gﬁ[‘g’enlg‘ﬁ%ge Machine I\, =33V« 10 % 96 190 | ns
Vpp=5.0V+10% 70 - 123
Vpp=25V+8% - -- 165
o | Gopperenos Stae Wachine [y, =33V s 10% S N
Vpp=5.0V+10% - -- 46
_ Vpp=25V+8% 28 - -
puso | Refnebroneus State Machine (Vo =30V 10% | = | - |
Vpp=5.0V+10% 12 - -
Vpp=25V+8% - -- 10
tcomp | pemehronous State Machine [y =33 = 10% == 7 | ns
Vpp=5.0V+10% - - 5
_ Vpp=25V+8% 229 - 485
e | At St e [Vop =33V 10% w2 | - | o0 | s
a Vpp=5.0V+10% 119 - 208
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Table 9: Asynchronous State Machine Specifications at T = 25 °C(Continued)

Parameter | Description Condition Min Typ Max Unit
VDD =25V+8% 229 - 485
tst dmiatch | Asynchronous State Machine _ _
s_dquaayc ~ | Dynamic Memory Latch Delay Vbp=33V£10% 162 330 ns
VDD=5.0Vi10 % 119 - 208
3.7 MACROCELLS CURRENT CONSUMPTION
Table 10: Typical Current Estimated for Each Macrocell at T = -40 °C to +125 °C
Parameter | Description | Note Vpp=2.5V | Vpp=3.3V | Vpp=5.0V Unit
Chip Quiescent (IZC enable) 0.06 0.08 0.13 HA
Chip Quiescent (IZC disable) 0.06 0.08 0.13 HA
Vref0 (ACMPxH, 32 mV) 12.46 12.53 12.88 HA
Vref1 (ACMPxL, 32 mV) 6.08 6.13 6.37 HA
Vref0 (Source None) 7.79 7.84 8.05 HA
Vref1 (Source None) 1.41 1.44 1.54 HA
Vref0 (Source Temp Sensor) 7.79 7.84 8.05 HA
ACMPOH, 100 pA disabled, hysteresis
disabled, gain 1 or 0.25, +IN - GP1010, 22.75 23.16 24.45 HA
Vref =32 mV
ACMPOH, 100 pA disabled, hysteresis
disabled, gain 1, Buffered +IN - GP1010, 26.37 26.79 28.22 HA
Vref =32 mV
ACMPO,1H, 100 pA disabled, hysteresis
disabled, gain 1, +IN - GP1010, GPIO11, 37.72 38.48 40.85 HA
Vref =32 mV
ACMPO,1H 100 pA disabled,
ACMP2, 3L, hysteresis disabled,
gain 1, +IN - GPIO10, GPIO11, GPOS, 39.15 39.91 42.31 WA
GPOB6, Vref =32 mV
| Current ACMPOH, 100 pA disabled, hysteresis

disabled, gain 1, +IN - Vpp, Vief=32my | 748 38.17 40.30 WA
ACMPOH, 100 pA enabled, hysteresis
disabled, gain 1, +IN - GPIO10, 48.22 48.81 50.97 HA
Vref =32 mV
ACMP2L, hysteresis disabled, gain 1 or
0.25, +IN - GPOS5, Vref = 32 mV 1.67 1.70 182 HA
ACMP2,3L, hysteresis disabled, gain 1,
+IN - GPO5, GPOS, Vref = 32 mV 1.92 1.96 2.08 WA
OSC2 25 MHz, pre-divider = 1 132.93 179.43 290.73 HA
0OSC2 25 MHz, pre-divider = 4 54.28 69.38 105.96 HA
OSC2 25 MHz, pre-divider = 8 40.86 50.64 74.58 HA
OSC1 2.048 MHz, pre-divider = 1 22.13 23.91 27.74 HA
0OSC1 2.048 MHz, pre-divider = 4 19.04 19.81 21.45 HA
OSC1 2.048 MHz, pre-divider = 8 18.51 19.09 20.35 HA
0OSC0 2.048 kHz, pre-divider=1o0or4or 8 0.33 0.36 0.45 HA
Push-Pull 1x + 4 pF @ 25 kHz 28.69 32.86 42.15 HA
Push-Pull 1x + 4 pF @ 2 MHz 62.86 77.61 108.86 HA
Temperaturg Sensor, range 0.75to0 1.2, 15.28 15.35 15.76 UA
Source Matrix
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Table 10: Typical Current Estimated for Each Macrocell at T = -40 °C to +125 °C (Continued)

Parameter | Description | Note Vpp=2.5V | Vpp=3.3V | Vpp=5.0V Unit
Dperse Soreor 00620099, | qg15 | oa1 | tssz | w
! Current Temperature Sensor, range 0.62 to 0.99,

Source Matrix or GPIO11 15.14 15.21 15.62 WA
3.8 TIMING CHARACTERISTICS
Table 11: Typical Delay Estimated for Each Macrocell at T =25 °C
Parameter |Description |Note _VI_DD =25 V _VI_)D =33 V : \_IDD =S V Unit

Rising | Falling| Rising| Falling| Rising | Falling
tpd Delay DFF Q 17 20 14 14 9 10 ns
tpd Delay DFF nQ 18 19 13 14 9 10 ns
tpd Delay DFF nRESET Q - 21 - 15 - 11 ns
tpd Delay DFF nRESET nQ 19 - 13 - 9 - ns
tpd Delay DFF nSET Q 19 -- 13 - 9 -- ns
tpd Delay DFF nSET nQ - 21 - 15 -- 11 ns
tpd Delay DFF Second Q 16 19 12 14 8 10 ns
tpd Delay DFF Second nQ 18 18 12 14 9 10 ns
tpd Delay LATCH Q 16 18 12 13 8 9 ns
tpd Delay LATCH nQ 17 18 12 13 9 10 ns
tpd Delay LATCH nRESET Q 21 22 15 16 11 11 ns
tpd Delay LATCH nRESET nQ 20 23 14 17 10 12 ns
tpd Delay LATCH nSET Q 18 21 12 15 9 11 ns
tpd Delay LATCH nSET nQ 19 20 14 14 10 10 ns
tpd Delay LATCH second Q 18 21 13 15 9 11 ns
tpd Delay LATCH second nQ 19 20 14 15 10 10 ns
tpd Delay 2-bit LUT 16 15 12 11 8 8 ns
tpd Delay 3-bit LUT 20 22 15 17 10 12 ns
tpd Delay 4-bit LUT 20 22 15 17 11 13 ns
tpd Delay DM 2-bit LUT INO 15 16 10 12 7 9 ns
tpd Delay DM 3-bit LUT INO to 2-bit LUT INO 16 19 12 14 8 10 ns
tpd Delay glr\wﬂesskr)wlct)tLthzlgi? IE(L)J'(I': ll\lNT 1 45 | 46 ) 33 | 34 1 23 | 24 ) s
tpd Delay DM 3-bit LUT IN1 to 2-bit LUT INO 16 17 11 13 8 9 ns
tpd Delay DM 3-bit LUT IN2 to 2-bit LUT INO 16 18 12 13 8 9 ns
tpd Delay DM CNT Edge detect to 2-bit LUT IN1| 35 35 26 26 18 19 ns
tpd Delay ESATC;IZII Frequency detect to 2-bit 45 45 33 34 o4 o4 ns
tpd Delay DM CNT One Shot to 2-bit LUT IN1 44 45 33 33 23 23 ns
tpd Delay DM CNT Delay to 2-bit LUT IN1 37 39 27 28 19 20 ns
tpd Delay Low Voltage Digital input to PP 1x 29 220 21 150 16 96 ns
Digital input to with Schmitt Trigger to

tpd Delay ke S 9 26 | 30 | 19 | 22 | 14 | 16 | ns
tpd Delay Digital input to PP 1x 27 31 19 23 15 17 ns
tpd Delay Digital input to PP 2x 25 30 18 22 14 16 ns
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Table 11: Typical Delay Estimated for Each Macrocell at T = 25 °C(Continued)

Vop=25V | Vpp=3.3V Vop=5V

Parameter |Description |Note — - — - — - Unit

Rising | Falling| Rising| Falling| Rising | Falling
tpd Delay Digital input to 1x 3-State (Z to 0) - 30 - 22 - 16 ns
tpd Delay Digital input to 1x 3-State (Z to 1) 28 - 20 - 15 - ns
tpd Delay Digital input to 2x 3-State (Z to 0) - 30 - 22 - 16 ns
tpd Delay Digital input to 2x 3-State (Z to 1) 26 - 18 - 14 - ns
tpd Delay Digital input to NMOS 1x - 28 - 23 - 16 ns
tpd Delay Digital input to NMOS 2x - 32 - 20 - 15 ns
tpd Delay Ripple UP CLK CNT QO 16 18 12 13 9 10 ns
tpd Delay Ripple UP CLK CNT Q1 22 25 16 19 11 14 ns
tpd Delay Ripple UP CLK CNT Q2 25 28 19 20 14 15 ns
tpd Delay Ripple DOWN CLK CNT Q0 16 18 12 13 9 10 ns
tpd Delay Ripple DOWN CLK CNT Q1 23 25 17 19 13 13 ns
tpd Delay Ripple DOWN CLK CNT Q2 26 30 29 22 14 16 ns
tpd Delay Ripple UP nSET CNT Q0 21 - 15 - 11 - ns
tpd Delay Ripple UP nSET CNT Q1 20 - 15 - 11 - ns
tpd Delay Ripple UP nSET CNT Q2 21 - 15 - 11 - ns
tpd Delay Ripple DOWN nSET CNT Q0 21 - 15 - 11 - ns
tpd Delay Ripple DOWN nSET CNT Q1 20 - 15 - 10 - ns
tpd Delay Ripple DOWN nSET CNT Q2 21 - 15 - 11 - ns
tpd Delay PGen CLK 16 18 11 13 8 9 ns
tpd Delay PGen nRESET (Z to 0) - 19 - 14 - 10 ns
tpd Delay PGen nRESET (Z to 1) 18 - 13 - 9 - ns
tpd Delay Pipe Delay Q 20 21 14 16 10 11 ns
tpd Delay Pipe Delay nQ 20 24 15 18 11 13 ns
tpd Delay Filter Q 154 137 106 98 67 66 ns
tpd Delay Filter nQ 136 155 97 108 65 69 ns
tpd Delay Edge detect 20 20 15 15 11 10 ns
tpd Delay Edge detect Delayed 225 228 169 177 126 128 ns
tw Width Edge detect 204 205 155 155 116 116 ns
Table 12: Typical Delay Estimated for F(1) at T = 25 °C
Parameter Description Note Vpp=25V | Vpp=33V | Vpp=5V | Unit
tpd Delay Delay 0 147 103 68 ns
tpd Delay Delay 1 415 358 294 ns
tpd Delay Delay 10 774 724 687 ns
tpd Delay Delay 20 1175 1124 1086 ns
tpd Delay Delay 100 4833 4326 4281 ns
tpd Delay LOOP without Delay data 136 95 61 ns
tpd Delay LOOP with 0 Delay data 148 104 69 ns
tpd Delay LOOP with 1 Delay data 416 359 294 ns
tpd Delay LOOP with 10 Delay data 775 725 688 ns
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Table 12: Typical Delay Estimated for F(1) at T = 25 °C(Continued)

Parameter Description Note Vpp=2.5V | Vpp=3.3V | Vpp=5V | Unit
tpd Delay LOOP with 20 Delay data 1186 1123 1071 ns
tpd Delay LOOP with 100 Delay data 4384 4327 4281 ns
tpd Delay INV 151 105 68 ns
tpd Delay AND 150 103 66 ns
tpd Delay OR 150 103 66 ns
tpd Delay XOR 150 103 66 ns
tpd Delay LOADx 302 208 132 ns
tpd Delay OUTXx 153 105 67 ns
tpd Delay POP 150 103 66 ns
tpd Delay PUSHO 152 105 67 ns
tpd Delay RESET (Time for OUTO) 71 50 32 ns
tpd Delay RESET (Time to f1 init) 83 58 38 ns
Table 13: Programmable Delay Expected Delays and Widths (Typical) T =25 °C
Parameter Description Note Vpp=2.5V | Vpp=3.3V | Vpp=5.0V | Unit
tw Pulse Width, 1 cell | mode: (any) edge detect, edge detect output 200 153 114 ns
tw Pulse Width, 2 cell | mode: (any) edge detect, edge detect output 402 304 228 ns
tw Pulse Width, 3 cell | mode: (any) edge detect, edge detect output 605 457 343 ns
tw Pulse Width, 4 cell | mode: (any) edge detect, edge detect output 806 609 457 ns
time1 Delay, 1 cell mode: (any) edge detect, edge detect output 23 18 12 ns
time1 Delay, 2 cell mode: (any) edge detect, edge detect output 23 18 12 ns
time1 Delay, 3 cell mode: (any) edge detect, edge detect output 23 18 12 ns
time1 Delay, 4 cell mode: (any) edge detect, edge detect output 23 18 12 ns
time2 Delay, 1 cell mode: both edge delay, edge detect output 226 171 127 ns
time2 Delay, 2 cell mode: both edge delay, edge detect output 428 326 242 ns
time2 Delay, 3 cell mode: both edge delay, edge detect output 631 479 357 ns
time2 Delay, 4 cell mode: both edge delay, edge detect output 832 632 471 ns
Table 14: Typical Filter Rejection Pulse Width at T =25 °C
Parameter Vpp=2.5V | Vpp=3.3V | Vpp=5.0V Unit
Filtered Pulse Width <123 <84 <52 ns
Table 15: Typical Counter/Delay Offset Measurements at T = 25 °C
Parameter OSC Freq | OSC Power Vpp=2.5V | Vpp=3.3V | Vpp=5.0V Unit
Power-On time 25 MHz auto 0.03 0.03 0.02 us
Power-On time 2.048 MHz auto 0.47 0.47 0.43 ps
Power-On time 2.048 kHz auto 666 576 482 us
frequency settling time 25 MHz auto 0.3 0.4 0.5 us
frequency settling time 2.048 MHz auto 1 1.5 2 ps
frequency settling time 2.048 kHz auto 488 488 977 us
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Table 15: Typical Counter/Delay Offset Measurements at T = 25 °C(Continued)

Parameter OSC Freq | OSC Power Vpp=2.5V | Vpp=3.3V | Vpp=5.0V Unit
variable (CLK period) 25 MHz forced 0-40 0-40 0-40 ns
variable (CLK period) 2.048 MHz forced 0-0.5 0-0.5 0-0.5 us
variable (CLK period) 2.048 kHz forced 0-488 0-488 0-488 ps

propagation delay 25 MHz/ .
(non-delayed edge) 2.048 kHz either 43 31 23 ns
3.9 OSCILLATOR CHARACTERISTICS
Table 16: Oscillators Frequency Limits, Vpp=2.3Vto 5.5V
Temperature Range
osC +25°C -40 °C to +85 °C -40 °C to +105 °C -40 °C to +125 °C
Minimum | Maximum | Minimum | Maximum | Minimum | Maximum | Minimum | Maximum
Value, kHz | Value, kHz | Value, kHz | Value, kHz | Value, kHz | Value, kHz | Value, kHz | Value, kHz
2.048 kHz OSCO 1.991 2.089 1.821 2.116 1.798 2.116 1.600 2.116
2.048 MHz OSC1 2002 2096 -- -- -- -- 1922 2110
25 MHz OSC2 24455 25602 -- -- -- -- 23467 25713
Table 17: Oscillators Frequency Error, Vpp = 2.3 V to 5.5 V (Error Calculated Relative to Nominal Value)
Temperature Range
0sC +25°C -40 °C to +85 °C -40 °C to +105 °C -40 °C to +125 °C
Error Error Error Error Error Error Error Error
(%, at Min) | (%, atMax) | (%, at Min) | (%, at Max) | (%, at Min) | (%, at Max) | (%, at Min) | (%, at Max)
2.048 kHz OSCO -2.78 +2.00 -11.08 +3.32 -12.21 +3.32 -21.88 +3.32
2.048 MHz OSC1 -2.25 +2.34 -- -- -- -- -6.15 +3.03
25 MHz OSC2 -2.18 +2.41 -- -- -- -- -6.13 +2.85

OSC Power-On Delay

Table 18: Oscillators Power-On Delay at T = 25 °C, OSC Power Mode: "Auto Power-On"

Power Oscillator0 Oscillator1 Oscillator2 Oscillator2 25MHz
Supply 2.048 kHz 2.048 MHz 25 MHz Start with Delay
Range Typical Maximum Typical Maximum Typical Maximum Typical Maximum
(Vop), V Value, ps Value, ps Value, ps Value, pys Value, ps Value, us Value, pys | Value, ps
23 709.28 983.01 0.321 0.576 0.043 0.050 0.142 0.155
3.3 575.87 745.60 0.446 0.562 0.027 0.030 0.138 0.152
5.5 448.86 541.03 0.404 0.428 0.020 0.030 0.138 0.154
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3.10 ANALOG COMPARATOR CHARACTERISTICS
Table 19: ACMP Specifications at T = -40 °C to +125 °C, Vpp = 2.3 V to 5.5 V Unless Otherwise Noted

Parameter | Description Note Condition Min Typ Max | Unit
Positive Input 0 -- V \%
e P Vpp =25V £5 % bD
Negative Input 0 - Vpp V
ACMPOH, ACMP1H, | positive Input 0 ~ Vob v
Vacmp ACMP2L, ACMP3L - Vpp=33V+10%
Input Voltage Range | Negative Input 0 - Vbp \
Positive Input 0 -- Vpp \
- VDD=5.0V110%
Negative Input 0 - Vpp V
ACMPOH, ACMP1H )
Input Offset Voltage | Vhys =0 mV, Gain = 1, -9.93 - 753 | mV
Voffset ACMPZL. ACMP3L Vref =32 mV to 2016
, mV - -
Input Offset Voltage 7.09 4.83 mv
ACMPOH, ACMP1H | ACMP Power-Ondelay, - 26.71 53.34 s
¢ Start Time Minimal required wake ' ' H
start ; «
ACMP2L, ACMP3L time for the “Wake and
Start Time Sleep function” - 136.52 | 283.31 | ps
Vhys = 32 mV T=25°C 24.07 - 36.62 | mV
Vhys = 64 mV T=25°C 55.67 - 68.85 | mV
ACMPOH, ACMP1H | VHys = 192 mV T=25°C 183.74 - 197.01 | mV
Built-in Hysteresis Vhys = 32 mV 19.19 - 39.72 | mv
VHYS =64 mV 50.83 - 72.00 mV
v Vhys = 192 mV 179.47 - 200.85 | mV
HYS Viys = 32 mV T=25°C 26.33 ~ 38.63 | mV
Vhys = 64 mV T=25°C 59.19 - 70.20 | mV
ACMP2L, ACMP3L Vhys =192 mV T=25°C 186.18 - 198.90 | mV
Built-in Hysteresis Vhys = 32 mV 22.73 - 4218 | mV
Vhysg = 64 mV 55.73 - 7329 | mV
Vhys = 192 mV 180.62 - 201.74 | mV
Gain = 1x - 100.0 -- MQ
Series Input Gain = 0.5x -- 2.04 -- MQ
Rsin Resistance Gain = 0.33x - 2.04 - | ma
Gain = 0.25x - 2.04 - MQ
Gain =1, Low to High - 1.71 9.13 V&
Vref =32 mV to 2016
Propagation Delay, mv, . High to Low - 2.04 6.03 V&
for ACMPOH, Gain = 1, Low to High - 0.58 2.11 us
ACMP1H Vref = 32 mV to 2016
PROP )
mvV, High to Low - 0.57 115 | us
Overdrive = 100 mV
Propagation Delay, Gain =1, Low to High - 54.96 113.68 | us
Response Time Vref =32 mV to 2016
for ACMP2L, mv, High to Low - 55.34 | 112.75 | ps
ACMP3L Overdrive =10 mV
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Table 19: ACMP Specifications at T = -40 °C to +125 °C, Vpp = 2.3 V to 5.5 V Unless Otherwise Noted (Continued)

Parameter | Description Note Condition Min Typ Max | Unit
Propagation Delay, Gain =1, Low to High - 21.24 52.94 V&
PROP Response Time Vref =32 mV to 2016
for ACMP2L, mv, High to Low - 2358 | 78.33 | ps
ACMP3L Overdrive = 100 mV
G=1, - 1 --
Gain error (including | g =0.5, 0.478 - 0.529
G threshold and internal
Vref error) G =0.33, 0.319 - 0.353
G =0.25, 0.240 -- 0.264
Resistance Load =
1 MQ - - 5 PF
Resistance Load =
560 KQ - - 10| pF
Resistance Load =
100 kQ - - 40| pF
VrefO Output Resistance Load =
Vref Capacitance Loading 10 KO - - 80 pF
Resistance Load =
2 kO -- -- 120 pF
Resistance Load =
1KQ,
Vref =32 mV to - - 150 PF
1024 mV
Resistance Load =
1MQ - - 15 PF
Resistance Load =
560 KQ - - 27 | pF
Resistance Load =
100 kQ - - 64 | pF
Vref1 Output Resistance Load =
Vref Capacitance Loading 10 KO - - 120 pF
Resistance Load =
2 kO - - 180 pF
Resistance Load =
1KQ,
Vref =32 mV to - - 210 PF
1024 mV
Is Input Current Source Vin =Vpp-0.7V 55.45 | 106.35 | 123.59 | pA

3.11 ANALOG TEMPERATURE SENSOR CHARACTERISTICS
Temperature Sensor typical nonlinearity is +1.04 % for output range 1 and +0.69 % for output range 2 at Vpp = 3.3 V.

Table 20: TS Output vs Temperature (Output Range 1)

T °C VDD =25V VDD =33V VDD =50V
’ Typical, mV Typical, mV Typical, mV
-40 997 996 996
-30 974 974 974
-20 952 951 951
-10 929 928 928
Datasheet Revision 3.0 25-Jun-2024

CFR0011-120-00 23 of 335 © 2024 Renesas Electronics Corporation



SLG46880-A

LENESAS

Auto AEC-Q100 Qualified GreenPAK Programmable Mixed-Signal

Matrix with Asynchronous State Machine and Dual Supply

Table 20: TS Output vs Temperature (Output Range 1)(Continued)

T °C Vpp=25V Vpp=3.3V Vpp=5.0V
’ Typical, mV Typical, mV Typical, mV
0 906 905 905
10 883 882 882
20 860 860 859
30 837 836 836
40 814 813 813
50 790 790 790
60 767 766 766
70 743 742 742
80 719 718 718
85 707 706 706
90 695 694 694
100 671 670 670
105 659 658 658
110 646 645 645
120 622 621 621
125 611 610 610
Table 21: TS Output vs Temperature (Output Range 2)
T.°C Vpp=25V Vpp=3.3V Vpp=5.0V
Typical, mV Typical, mV Typical, mV
-40 1201 1200 1203
-30 1178 1177 1177
-20 1151 1149 1149
-10 1123 1122 1122
0 1096 1094 1094
10 1068 1067 1067
20 1040 1039 1039
30 1012 1011 1011
40 984 983 982
50 956 954 954
60 927 926 926
70 898 897 897
80 869 868 868
85 855 854 854
90 840 839 839
100 811 810 810
105 796 795 795
110 781 780 780
120 752 751 751
125 738 737 737
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Table 22: TS Accuracy at Vpp=2.5Vto5V

Accuracy, %

T, °C Output Range 1 Output Range 2
Min. Max. Min. Max.
-40 -1.36 0.72 -0.15 2.16
-30 -1.41 0.78 -0.11 2.27
-20 -1.38 0.82 0.01 2.31
-10 -1.39 0.87 0.08 2.41
0 -1.40 0.88 0.15 2.44
10 -1.45 0.90 0.22 249
20 -1.51 0.90 0.28 2.56
30 -1.60 0.81 0.28 2.56
40 -1.66 0.82 0.30 2.60
50 -1.77 0.81 0.28 2.69
60 -1.90 0.77 0.22 2.73
70 -2.08 0.87 0.12 3.00
80 -2.37 0.83 -0.09 2.98
85 -2.52 0.79 -0.19 3.05
90 -2.67 0.77 -0.38 3.02
100 -3.20 0.80 -0.77 3.25
105 -3.33 0.89 -0.91 3.44
110 -3.62 0.83 -1.18 3.37
120 -4.55 1.34 -1.91 4.04
125 -6.50 3.71 -4.01 6.46
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4 User Programmability

The SLG46880-A is a user programmable device with a one time programmable (OTP) memory array that is used to configure
the 12 state ASM, logic, and Mixed-Signal circuits. Three of the 10 Pins provide a connection for the bit patterns into the OTP on
board memory. A programming development kit allows the user the ability to create initial devices. Once the design is finalized,
the programming code (.gpx file) is forwarded to Renesas Electronics Corporation to integrate into a production process.

Product
Definition

Customer creates their own design in
GreenPAK Designer

J

Emulate design to verify behavior

C Customers Programs Engineering

Samples with GreenPAK
Development Tools

<—]

Customer verifies GreenPAK
in system design

GreenPAK Design
approved

E-mail design file to
greenpak@renesas.com

i

CCustom GreenPAK part enters production

NI N N N N

N

Figure 2: Steps to Create a Custom GreenPAK Device
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5 10 Pins
5.1 10 PINS

The SLG46880-A has a total of 12 GPIO, 8 GPI, and 8 GPO pins, which can function either as a user defined Input or Output, or
as a special function (such as outputting the voltage reference), as well as a signal for programming of the on-chip Non Volatile
Memory (NVM). Refer to Section 2 for pin definitions.

GPIs0,1,2,3,4,5,6,7,GPIOs 0,1,2,3,8,9,10, 11, GPOs 0, 5, 6, 7 are powered from Vpp and GPIOs 4, 5, 6, 7, GPOs 1,
2, 3, 4 are powered from Vpp,_ All internal macrocells are powered from Vpp Voltage on Vpp, Pin must be less or equal voltage
on Vpp Pin.

In case Vpp;, floating and any Pin powered from Vpp, is configured as input, ESD pin protection diodes must be considered when
applying an input signal to the pin. This will cause a significant current leakage.

In case Vpp;, floating and any Pin powered from Vpps is configured as Output, the pin will behave as NMOS Open-Drain.
It is not recommended to connect Vpp, to the GND.

5.2 PULL-UP/DOWN RESISTORS

All IO Pins have the option of user-selectable resistors that can be connected to the pin structure. The selectable values on these
resistors are 10 kQ, 100 kQ, and 1 MQ. The internal resistors can be configured as either Pull-up or Pull-downs.

5.3 100 NS DEBOUNCE DELAY
100 ns debounce can be enabled for GPI0, GPI1, GPI5, and GPI6 by setting registers [536], [537], [538], and [539], respectively.

5.4 FAST PULL-UP/DOWN DURING POWER-UP

During power-up, IO Pull-up/down resistance will switch to 2.6 kQ initially and then it will switch to normal setting value. This
function is enabled by register [670].

5.5 DIGITAL INPUT LATCH

Digital Input Latch can be enabled for GPI0, GPI1, GPI4, GPI5, GPIO2, GPI03, GPIO6, GPIO7. For timing diagram refer to
Figure 3.

Digital Input

LATCH Enable (LE) L i L N
Without LATCH 1 L J_|_|_|_ || U | | .

Normal LATCH — I RS R .

InputDataOLATCH _____ | || SN B

Figure 3: Digital Input Latch Timing Diagram

Input Data 1 LATCH
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5.6 GPO OUTPUT SKEW

Output Skew function can be enabled for GPOs 0 to 7. Once enabled for any GPO (register [671]), Output Skew becomes valid
for all GPOs. All eight GPOs are grouped in pairs: GPOO and GPO7, GPO1 and GPO2, GPO3 and GPO4, GPO5 and GPO6.
Output Skew allows to delay each pair before setting HIGH or LOW consequently. See Figure 4.

IN ><

Output Skew Disabled,
all GPOs

Output Skew Enabled,
GPO 0 and GPO 7

Output Skew Enabled, X
GPO 1 and GPO 2

Output Skew Enabled,
GPO 3 and GPO 4

Output Skew Enabled,
GPO 5 and GPO 6

Figure 4: Output Skew Timing Diagram
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5.7 GPI10 STRUCTURE (Vpp)

5.7.1 GPI 10 Structure (for GPIs 6, 7)

Note 1: 100 ns debounce is available for GPI6 only

Note 2: Can be varied over PVT, for reference only Trigger Input

Non-Schmitt

Input Mode [1:0] Trigger Input
00: Digital In without Schmitt Trigger, wosmt_en = 1 | a
01: Digital In with Schmitt Trigger, smt_en = 1 |
10: Low Voltage Digital In mode, Iv_en =1 register [539] |
11: Analog 10 mode WOSMT_EN |
Schmitt :
|
|

Digital IN

SMT_EN Low Voltage

Input

Fe————— e e

See Note 1 |

vy Ly

LV_EN

> Analog 10

Voo Floating
0 f———

172Q
(Note 2)

PAD

900 kQ 90kQ

L

Res_sel [1:0]
00: Floating
01: 10 kQ
10:100 kQ
= 11:1 MQ

Pull-up_EN

Figure 5: GPI 10 Structure Diagram
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5.8 GPI WITH INPUT LATCH 10 STRUCTURE (Vpp)

5.8.1 GPI with Input LATCH IO Structure (for GPIs 0, 1)

Non-Schmitt
Trigger Input
register [536] for GPIO Latch config
register [537] for GPI1 LATCH Config 00: without latch (S0)
2-bits 01: normal latch (S1)
WOSMT_EN 10: input data 0 latch (S1)
Schmitt 11:input data 1 latch (S1)
Trigger Input 100 ns
' Debounce
SMT_EN Low Voltage To Matrix
I Input
LATCH_EN
(from Register)
LV_EN
> Analog IO
Floating
s0 p————
1720 Voo
(Note 1) T
Input Mode [1:0]
00: Digital In without Schmitt Trigger, wosmt_en = 1
01: Digital In with Schmitt Trigger, smt_en =1
PAD 10: Low Voltage Digital In mode, Iv_en = 1
900 kQ 90kQ 11: Analog 10 mode
Note 1: Can be varied over PVT, for reference only
Res_sel [1:0] 1
00: Floating -
01:10 kQ Pull-up_EN
10:100 kQ
— 11:1 MQ
Figure 6: GPI with Input LATCH Structure Diagram
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5.9 GPI WITH I>C MODE 10 STRUCTURE (Vpp)

5.9.1 SLG46880 GPI with I°C Mode Structure (for GPls 2, 3)

Input Mode [1:0] PAD _Il:l:nsfr?ﬂ:
00: Digital In without Schmitt Trigger, wosmt_en = 1 | 99 P
01: Digital In with Schmitt Trigger, smt_en=1 g

10: Low Voltage Digital In mode, Iv_en =1
11: Reserved
WOSMT_EN
Schmitt

| Trigger Input

T > Digital IN
SMT_EN

Low Voltage
| Input 1

Floating

900 kQ 90 kQ

p
Res_sel[1:0]
— 00: Floating

- 01: 10 kQ
10: 100 kQ
11: 1 MQ

A L

Pull-up_EN

Only used when FC is
selected

I
| |
[ |
: li 12C SDA Signal 1

|
| 1
| 1
| 1
| 1

not available for direct user control

Figure 7: SLG46880 GPI with 12C Mode IO Structure Diagram
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5.10 GPIO WITH MATRIX OE 10 STRUCTURE (Vpp OR Vpp»)

5.10.1 GPIO with Matrix OE 10 Structure (for GPIOs 0, 1, 8, 9, 10, 11 with Vpp, and GPIOs 4, 5 with Vpp))

Non-Schmitt
'\ Trigger Input
Input Mode [1:0]
00: Digital In without Schmitt Trigger, wosmt_en = 1
01: Digital In with Schmitt Trigger, smt_en =1 WOSMT_EN
10: Low Voltage Digital In mode, Iv_en =1
11:analog IO mode Schmitt

Output Mode [1:0]

00: Push-Pull 1x mode, pp1x_en=1

01: Push-Pull 2x mode, pp2x_en =1, ppix_en =1
10:NMOS 1x Open-Drain mode, od1x_en = 1 SMT EN
11:NMOS 2x Open-Drain mode, 0d2x_en =1, od1x_en = 1 -

Trigger Input

Digital IN

Note 1: Can be varied over PVT, for reference only.

7 Ly

Low Voltage
Input
LV_EN
> Analog IO
Floanng
Vopor Vope
§ 1720
(Note 1)
900kQ 90kQ
Voo or Vopz Res_sel [1:0]
g? T‘tf:;;"g Pull-up_EN
10:100 kQ
o Digital OUT
Digital OUT
OE OE
PPIx_EN ——4 1 OD1x_EN
Voo or Vooz
VDDDYVDDZ PAD =
Digital OUT Digital OUT
OE OE
PP2x_EN oD2x_EN
Figure 8: GPIO with Matrix OE 10 Structure Diagram
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5.11 GPIO WITH MATRIX OE AND INPUT LATCH IO STRUCTURE (Vpp OR Vpp»)

5.11.1 GPIO with Matrix OE and Input LATCH IO Structure (for GPIOs 2, 3 with Vpp, GPIOs 6, 7 with Vpp,)

Non-Schmitt Latch config
'\ Trigger Input LATCH Config 00: without latch (S0)
2-bits 01:normal latch (S1)
10:input data 0 latch (S1)
Input Mode [1:0] WOSMT_EN 11:input data 1latch (S1)
00: Digital In without Schmitt Trigger, wosmt_en = 1 Schmi
01: Digital In with Schmitt Trigger, smt_en =1 Tri c! mlm t
10: Low Voltage Digital In mode, Iv_en =1 '_ﬂ'\ rigger inp
11:analog IO mode
To Matrix
Output Mode [1:0] SMT_EN
00: Push-Pull 1x mode, ppix_en=1
01: Push-Pull 2x mode, pp2x_en = 1, pp1x_en = 1 Low Voltage
10: NMOS 1x Open-Drain mode, od1x_en = 1 ,\ Input
11: NMOS 2x Open-Drain mode, od2x_en = 1,0d1x_en =1
Note 1: Can be varied over PVT, for reference only. LV_EN LATCH—_EN
(from Register)
> Analog 10
Floating
0
s Vooor Voo
172Q J
(Note 1)
900 kQ 90 kQ
Vopor Vope Res_sel [1:0] j_
00: Floating =
01:10kQ Pull-up_EN
10: 100 kQ
- Digital OUT
Digital OUT
OE {>c I
PP1x_EN ——4¢ OD1x_EN
Vopor Vopa
Vopor Vope PAD -
Digital OUT Digital OUT
OE
PP2x EN ———4 OD2x_EN
Figure 9: GPIO with Matrix OE and Input LATCH IO Structure Diagram
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5.12 GPI WITH INPUT LATCH AND CRYSTAL INPUT 10 STRUCTURE (Vpp)

5.12.1 GPI with Input LATCH and Crystal Input 10 Structure (for GPIs 4, 5)

Non-Schmitt
Trigger Input
: ) I Latch config
| | register [538] : LATCH Config 00: without latch (S0)
2-bits 01:normal latch (S1)
WOSMT_EN | I 10: input data 0 latch (S1)
Schmitt | | 11:input data 1 latch (S1)
Trigger Input | |
[ 4 7 |
SMT_EN j Low Voltage To Matrix
Input
LATCH_EN
(from Register)
LV_EN
> Analog 10
Floating
s0 p——
1720 Voo
(Note 2) T Input Mode [1:0]
00: Digital In without Schmitt Trigger, wosmt_en = 1
01: Digital In with Schmitt Trigger, smt_en =1
PAD 10: Low Voltage Digital In mode, Iv_en =1
11: Analog 10 mode
900 kQ 90 kQ 10kQ
Note 1: 100 ns debounce is available for GPI5 only
Res_sel [1:0] 1 Note 2: Can be varied over PVT, for reference only
00: Floating =
01:10 kQ Pull-up_EN
10:100 kQ
— 11:1MQ
Figure 10: GPI with Input LATCH and Crystal Input 10 Structure Diagram
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5.13 GPO REGISTER OE 10 STRUCTURE (Vpp OR Vppy)

5.13.1 GPO Register OE 10 Structure (for GPOs 0, 5, 6, 7 for Vpp, and GPOs 1, 2, 3, 4 for Vpp,)

Output Mode [1:0] s1 Connection Matrix Out
00: Push-Pull 1x mode, pp1x_en=1 Digital Out

01: Push-Pull 2x mode, pp2x_en=1, ppix_en=1 .

10: NMOS 1x Open-Drain mode, od1x_en = 1 s0 ASM Pin Output

11: NMOS 2x Open-Drain mode, od2x_en = 1,0d1x_en =1

ASMto GPO
0: Matrix Out
1: ASM Pin Out

Floating

Vopor Vopz

900 kQ 90 kQ

VpporV,
el Res_sel [1:0]

00: Floating

01:10 kQ Pull-up_EN

10:100 kQ
| b O| 11:1 MQ
Digital OUT Digital OUT

§
OE OE
PP1x_EN {>C OD1x_EN

Vppor Vopz

L
4.t

4

Vopor Vopz

Digital OUT
Digital OUT
Igl _0_1\_1
OE \ {>c I OE
PP2x EN {>c 0D2x_EN

Figure 11: GPO Register OE 10 Structure Diagram
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5.14 10 TYPICAL PERFORMANCE
22 T T T

Push-Pull 2x @ VDD =5V
20 Push-Pull1x @ VDD=5V

== Push-Pull 2x @ VDD =3.3V

18
/ / Push-Pull 2x @ VDD = 2.5V

16

/ / Push-Pull 1x @ VDD =25V |
/

Push-Pull 1x @ VDD =3.3V ]

14
z / /
E L
10 / //
/ /
1/ [l A /
6
7
[/ [T
2 ;/ /
0 /
5.00 4.75 4.50 4.25 4.00 3.75 3.50 3.25 3.00 275 2.50 2.25 2.00 1.75 1.50
Vou (V)
Figure 12: Typical High Level Output Current vs. High Level Output Voltage at T = 25 °C
22
- / i | g ] ~
18 = ~
/ /
16 ‘/ ,/ /’/
14 // /// /’/
- / // /
£
810 // /// /'
’ / /// /’/ —
Open Drain1x @ VDD =5V
6 / /// ,// Open Drain 1x @ VDD =33 V
/ ] Open Drain 1x @ VDD = 2.5V
4 _ ]
4 Push-Pull1x @ VDD =5V
) // Push-Pull 1x @ VDD =3.3V |
V Push-Pull 1x @ VDD = 2.5V
0 | | | | |
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90
VOL (V)
Figure 13: Typical Low Level Output Current vs. Low Level Output Voltage, 1x Drive at T = 25 °C
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22

20

18

e

16 /
14

/
/
7 =
e

N

lo (MA)
[~
\\

—
/

A
L
e

~
~
ANAN

Open Drain 2x @ VDD =5V
Open Drain 2x @ VDD =3.3V
Open Drain2x @ VDD =25V ___|
Push-Pull 2x @ VDD =5V
Push-Pull 2x @ VDD = 3.3V

Push-Pull 2x @ VDD = 2.5V

N

0.00

0.20

0.30
Vo (V)

0.50

0.60 0.70

Figure 14: Typical Low Level Output Current vs. Low Level Output Voltage, 2x Drive at T = 25 °C
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6 Connection Matrix

The Connection Matrix in the SLG46880-A is used to create the internal routing for internal functional macrocells of the device
once it is programmed. The registers are programmed from the one-time NVM cell during Test Mode Operation. The output of
each functional macrocell within the SLG46880-A has a specific digital bit code assigned to it that is either set to active “High” or
inactive “Low”, based on the design that is created. Once the 4096 register bits within the SLG46880-A are programmed a fully
custom circuit will be created.

The Connection Matrix has 64 inputs, 84 outputs and 17 state dependent outputs. Each of the 64 inputs to the Connection Matrix
is hard-wired to the digital output of a particular source macrocell, including 10 pins, LUTs, analog comparators, other digital
resources, such as Vpp and GND. The input to a digital macrocell uses a 6-bit register to select one of these 64 input lines.

For a complete list of the SLG46880-A’s register table, see Section 21.

Matrix Input Signal N

Functions
GND 0
GPIOO Digital In 1
GPIO1 Digital In 2
GPIO2 Digital In 3

nRST_core (POR) 62

Vbp 63
Matrix Inputs N 0 1 A 83
Registers register [5:0] register [11:6] register [17:12] | = == === registers [503:498]
i Matrix OUT: INO of | Matrix OUT: IN1 of | Matrix Out: INO of
. Function LUT2_0 or Clock LUT2_0 or Data LUT2 1orClock | =====~="~ DM EXT CLK1
Matrix Outputs Input of DFFO Input of DFFO Input of PGen
Figure 15: Connection Matrix
Function Connection Matrix

GPIOO : '

LuT GPIO6 GPIO0 : X

GPIO2 . .
GPIO2 N S A

LUT

Figure 16: Connection Matrix Example
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6.1 MATRIX INPUT TABLE
Table 23: Matrix Input Table

LS Matrix Input Signal Function Matrix Decode
Number 5 4 3 2 1 0
0 GND 0 0 0 0 0 0
1 GPIOO Digital Input 0 0 0 0 0 1
2 GPIO1 Digital Input 0 0 0 0 1 0
3 GPIO2 Digital Input 0 0 0 0 1 1
4 GPIO Digital Input 0 0 0 1 0 0
5 GPI1 Digital Input 0 0 0 1 0 1
6 GPIO3 Digital Input 0 0 0 1 1 0
7 GPIO4 Digital Input 0 0 0 1 1 1
8 LUT2_0/DFFO Output 0 0 1 0 0 0
9 LUT2_1/PGen Output 0 0 1 0 0 1
10 LUT3_O/DFF1 Output 0 0 1 0 1 0
11 LUT3_1/DFF2 Qutput 0 0 1 0 1 1
12 LUT3_2/DFF3 Output 0 0 1 1 0 0
13 LUT3_3/DFF4 Output 0 0 1 1 0 1
14 LUT3_4/CNT_DLY1(8bit) Output 0 0 1 1 1 0
15 LUT3_5/CNT_DLY2(8bit) Output 0 0 1 1 1 1
16 LUT3_6/CNT_DLY3(8bit) Output 0 1 0 0 0 0
17 LUT3_7/CNT_DLY4(8bit) Output 0 1 0 0 0 1
18 LUT4_O/CNT_DLYO(16bit) Output 0 1 0 0 1 0
19 LUT3_8/Pipe Delay OutputO/Ripple CNT Output0 0 1 0 0 1 1
20 Pipe Delay Output1/Ripple CNT Output1 0 1 0 1 0 0
21 Internal 2.048 MHz Osc Output 0 1 0 1 0 1
22 Internal 2.048 kHz Osc Output 0 1 0 1 1 0
23 Internal 25 MHz Osc Output 0 1 0 1 1 1
24 Filter/Edge Detect Output/Ripple CNT Output2 0 1 1 0 0 0
25 Programmable Delay with Edge Detector Output 0 1 1 0 0 1
26 F(1) Function OutputO 0 1 1 0 1 0
27 F(1) Function Output1 0 1 1 0 1 1
28 F(1) Function Output2 0 1 1 1 0 0
29 DMO_0 Macrocell Output0 0 1 1 1 0 1
30 DMO_0 Macrocell Output1 0 1 1 1 1 0
31 DMO_0 Macrocell Output2 0 1 1 1 1 1
32 GPI2/SDA Digital Input or 12C_virtual_0 Input 1 0 0 0 0 0
33 GPI3/SCL Digital Input or IZC_virtuaI_1 Input 1 0 0 0 0 1
34 12C_virtual_2 Input 1 0|0/ oO 1 0
35 12C_virtual_3 Input 1 0| o 0 1 1
36 12C_virtual_4 Input 1 0| o0 1 0| o0
37 12C_virtual_5 Input 1 0| o 1 0 1
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Table 23: Matrix Input Table(Continued)

kTS Matrix Input Signal Function Matrix Decode
Number 5 4 3 2 1 0
38 IZC_virtuaI_G Input 1 0 0 1 1 0
39 12C_virtual_7 Input 1 0| o0 1 1 1
40 DMO_1 Macrocell OutputO 1 0 1 0 0 0
41 DMO_1 Macrocell Output1 1 0 1 0 0 1
42 DMO_1 Macrocell Output2 1 0 1 0 1 0
43 ASM Connection Matrix Output RAM 0 1 0 1 0 1 1
44 ASM Connection Matrix Output RAM 1 1 0 1 1 0 0
45 ASM Connection Matrix Output RAM 2 1 0 1 1 0 1
46 ASM Connection Matrix Output RAM 0 1 0 1 1 1 0
47 GPIO5 Digital Input 1 0 1 1 1 1
48 GPIO6 Digital Input 1 1 0 0 0 0
49 GPIO7 Digital Input 1 1 0 0 0 1
50 GPIO8 Digital Input 1 1 0 0 1 0
51 GPI4 Digital Input/Crystal OSC 1 1 0 0 1 1
52 GPI5 Digital Input 1 1 0 1 0 0
53 GPI6 Digital Input 1 1 0 1 0 1
54 GPI7 Digital Input 1 1 0 1 1 0
55 GPIO9 Digital Input 1 1 0 1 1 1
56 ACMPOH Output 1 1 1 0 0 0
57 ACMP1H Output 1 1 1 0 0 1
58 ACMP2L Output 1 1 1 0 1 0
59 ACMP3L output 1 1 1 0 1 1
60 GPIO10 Digital Input 1 1 1 1 0 0
61 GPIO11 Digital Input 1 1 1 1 0 1
62 nRST_core (POR) as matrix input 1 1 1 1 1 0
63 Vop 1 1 1 1 1 1

6.2 MATRIX OUTPUT TABLE
Table 24: Matrix Output Table

ReA%i::Z"ssBit Matrix Output Signal Function Magli.lxmc:ouetrp "
[5:0] Matrix Out 0: INO of LUT2_0 or Clock Input of DFFO 0
[11:6] Matrix Out 1: IN1 of LUT2_0 or Data Input of DFFO 1
[17:12] Matrix Out 2: INO of LUT2_1 or Clock Input of PGen 2
[23:18] Matrix Out 3: IN1 of LUT2_1 or nRST of PGen 3
[29:24] Matrix Out 4: INO of LUT3_0 or Clock Input of DFF1 4
[35:30] Matrix Out 5: IN1 of LUT3_0 or Data Input of DFF1 5
[41:36] Matrix Out 6: IN2 of LUT3_0 or nRST (nSET) of DFF1 6
[47:42] Matrix Out 7: INO of LUT3_1 or Clock Input of DFF2 7
[63:48] Matrix Out 8: IN1 of LUT3_1 or Data Input of DFF2 8
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Table 24: Matrix Output Table(Continued)

ReAgJ:::sBit Matrix Output Signal Function Mamlxm%l:fm
[69:54] Matrix Out 9: IN2 of LUT3_1 or nRST (nSET) of DFF2 9
[65:60] Matrix Out 10: INO of LUT3_2 or Clock Input of DFF3 10
[71:66] Matrix Out 11: IN1 of LUT3_2 or Data Input of DFF3 1"
[77:72] Matrix Out 12: IN2 of LUT3_2 or nRST (nSET) of DFF3 12
[83:78] Matrix Out 13: INO of LUT3_3 or Clock Input of DFF4 13
[89:84] Matrix Out 14: IN1 of LUT3_3 or Data Input of DFF4 14
[95:90] Matrix Out 15: IN2 of LUT3_3 or nRST (nSET) of DFF4 15
[101:96] Matrix Out 16:INO of LUT3_4 or Delay1 Input (or Counter1 nRST Input) 16

[107:102] Matrix Out 17:IN1 of LUT3_4 or External Clock1 Input of Delay1 (or Counter1) 17
[113:108] Matrix Out 18:IN2 of LUT3_4 18
[119:114] Matrix Out 19:INO of LUT3_5 or Delay2 Input (or Counter2 nRST Input) 19
[125:120] Matrix Out 20:IN1 of LUT3_5 or External Clock1 Input of Delay2 (or Counter2) 20
[131:126] Matrix Out 21:IN2 of LUT3_5 21
[137:132] Matrix Out 22:INO of LUT3_6 or Delay3 Input (or Counter3 nRST Input) 22
[143:138] Matrix Out 23:IN1 of LUT3_6 or External Clock1 Input of Delay3 (or Counter3) 23
[149:144] Matrix Out 24:IN2 of LUT3_6 24
[155:150] Matrix Out 25:INO of LUT3_7 or Delay4 Input (or Counter4 nRST Input) 25
[161:156] Matrix Out 26:IN1 of LUT3_7 or External Clock1 Input of Delay4 (or Counter4) 26
[167:162] Matrix Out 27:IN2 of LUT3_7 27
[173:168] Matrix Out 28:INO of LUT3_8 or Input of Pipe Delay 28
[179:174] Matrix Out 29:IN1 of LUT3_8 or nRST of Pipe Delay 29
[185:180] Matrix Out 30:IN2 of LUT3_8 or Clock of Pipe Delay 30
[191:186] Matrix Out 31:INO of LUT4_0 or Delay0 Input (or CounterO nRST Input) 31
[197:192] Matrix Out 32:IN1 of LUT4_0 or External Clock Input of Delay0 (or Counter0) 32
[203:198] Matrix Out 33:IN2 of LUT4_0 or UP Input of FSMO 33
[209:204] Matrix Out 34:IN3 of LUT4_0 or KEEP Input of FSMO 34
[215:210] Matrix Out 35: ACMPOH Power-down 35
[221:216] Matrix Out 36: ACMP1H Power-down 36
[227:222] Matrix Out 37: ACMP2L Power-down 37
[233:228] Matrix Out 38: ACMP3L Power-down 38
[239:234] Matrix Out 39: GPO7 DOUT 39
[245:240] Matrix Out 40: GPOO DOUT 40
[251:246] Matrix Out 41: GPIO0O DOUT 41
[257:252] Matrix Out 42: GPIO0O DOUT OE 42
[263:258] Matrix Out 43: GPIO1 DOUT 43
[269:264] Matrix Out 44: GPIO1 DOUT OE 44
[275:270] Matrix Out 45: GPIO2 DOUT 45
[281:276] Matrix Out 46: GPIO2 DOUT OE 46
[287:282] Matrix Out 47: GPIO3 DOUT 47
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Table 24: Matrix Output Table(Continued)

ReAgdi::irssBit Matrix Output Signal Function MaLermObt;tfut
[293:288] Matrix Out 48: GPIO3 DOUT OE 48
[299:294] Matrix Out 49: GPIO4 DOUT 49
[305:300] Matrix Out 50: GPIO4 DOUT OE 50
[311:306] Matrix Out 51: GPIO5 DOUT 51
[317:312] Matrix Out 52: GPIO5 DOUT OE 52
[323:318] Matrix Out 53: GPO1 DOUT 53
[329:324] Matrix Out 54: GPO2 DOUT 54
[335:330] Matrix Out 55: GPO3 DOUT 55
[341:336] Matrix Out 56: GPO4 DOUT 56
[347:342] Matrix Out 57: GPIO6 DOUT OE 57
[353:348] Matrix Out 58: GPIO6 DOUT 58
[359:354] Matrix Out 59: GPIO7 DOUT 59
[365:360] Matrix Out 60: GPIO7 DOUT OE 60
[371:366] Matrix Out 61: GPIO8 DOUT OE 61
[377:372] Matrix Out 62: GPIO8 DOUT 62
[383:378] Matrix Out 63: GPIO9 DOUT OE 63
[389:384] Matrix Out 64: GPIO9 DOUT 64
[395:390] Matrix Out 65: GPIO10 DOUT OE 65
[401:396] Matrix Out 66: GPIO10 DOUT 66
[407:402] Matrix Out 67: GPIO11 DOUT OE 67
[413:408] Matrix Out 68: GPIO11 DOUT 68
[419:414] Matrix Out 69: GPO5 DOUT 69
[425:420] Matrix Out 70: GPO6 DOUT 70
[431:426] Matrix Out 71: ASM nRST 71
[437:432] Matrix Out 72: OSC0O ENABLE 72
[443:438] Matrix Out 73: OSC1 ENABLE 73
[449:444] Matrix Out 74: OSC2 ENABLE 74
[455:450] Matrix Out 75: Filter/Edge detect input 75
[461:456] Matrix Out 76: F1 interrupt 76
[467:462] Matrix Out 77: Programmable delay/edge detect input 77
[473:468] Matrix Out 78: Temp sensor/Crystal OSC/Vref Out_0/Vref Out_1 Power Up 78
[479:474] Matrix Out 79: GPI LATCH enable 79
[485:480] Matrix Out 80: GPIO LATCH enable 80
[491:486] Matrix Out 81: BG enable 81
[497:492] DM EXT CLKO 82
[503:498] DM_EXT_CLK1 83

Note: For each Address, the two most significant bits are unused.
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6.3 CONNECTION MATRIX VIRTUAL INPUTS

As mentioned previously, the Connection Matrix inputs come from the outputs of various digital macrocells on the device. Eight
of the Connection Matrix inputs have the special characteristic that the state of these signal lines comes from a corresponding
data bit written as a register value via 12C. This gives the user the ability to write data via the serial channel, and have this
information translated into signals that can be driven into the Connection Matrix and from the Connection Matrix to the digital
inputs of other macrocells on the device. The 12C address for reading and writing these register values is at Ox1DB (475).

Six of the eight Connection Matrix Virtual Inputs are dedicated to this virtual input function. An I2C write command to these register
bits will set the signal values going into the Connection Matrix to the desired state. A read command to these register bits will read
either the original data values coming from the NVM memory bits (that were loaded during the initial device startup), or the values
from a previous write command (if that has happened).

Two of the eight Connection Matrix Virtual Inputs are shared with Pin digital inputs (GPI13/SCL Digital Input or IZC_virtuaI_1 Input),
and (GPI2/SDA Digital Input or IZC_virtuaI_O Input). If the virtual input mode is selected, an I2C write command to these register
bits will set the signal values going into the Connection Matrix to the desired state. A read command to these register bits will read
either the original data values coming from the NVM memory bits (that were loaded during the initial device startup), or the values
from a previous write command (if that has happened). The 12C disable/enable register bit [4084] selects whether the Connection
Matrix input comes from the Pin input or from the virtual register.

m Select SCL & Virtual Input 1 or GPI3/SCL.
m Select SDA & Virtual Input 0 or GPI2/SDA.

See Table 25 for Connection Matrix Virtual Inputs.

Table 25: Connection Matrix Virtual Inputs

Milt:r):\:oZF:m Matrix Input Signal Function A?:I?:I?Iesst:;sB(I:i)
32 12C_virtual_O Input [3800]
33 I2C_virtual_1 Input [3801]
34 I°C_virtual_2 Input [3802]
35 12C_virtual_3 Input [3803]
36 IZC_virtuaI_4 Input [3804]
37 I°C_virtual_5 Input [3805]
38 I2C_virtual_6 Input [3806]
39 IZC_virtuaI_7 Input [3807]

6.4 CONNECTION MATRIX VIRTUAL OUTPUTS

The digital outputs of the various macrocells are routed to the Connection Matrix to enable interconnections to the inputs of other
macrocells in the device. At the same time, it is possible to read the state of each of the macrocell outputs as a register value via
12C. This option, called Connection Matrix Virtual Outputs, allows the user to remotely read the values of each macrocell output.
The I2C addresses for reading these register values are 0x1D7 (471) to Ox1DE (478). Write commands to these same register
values will be ignored (with the exception of the Virtual Input register bits at 0x1DB (475)).
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7 Combination Function Macrocells

The SLG46880-A has 12 combination function macrocells that can serve more than one logic or timing function. In each case,
they can serve as a Look Up Table (LUT), or as another logic or timing function. See the list below for the functions that can be
implemented in these macrocells.

One macrocell that can serve as either 2-bit LUT or as D Flip-Flop

Four macrocells that can serve as either 3-bit LUTs or as D Flip-Flops with Set/Reset Input

One macrocell that can serve as either 3-bit LUT or as Pipe Delay/Ripple Counter

One macrocell that can serve as either 2-bit LUT or as Programmable Pattern Generator (PGen)
One macrocell that can serve as either 4-bit LUT or as 16-Bit Counter/Delay/FSM

Four macrocells that can serve as either 3-bit LUTs or as 8-Bit Counter/Delays

Inputs/Outputs for the 12 combination function macrocells are configured from the connection matrix with specific logic functions
which are defined by the state of NVM bits.

When used as a LUT to implement combinatorial logic functions, the outputs of the LUTs can be configured to any user defined
function, including the following standard digital logic devices (AND, NAND, OR, NOR, XOR, XNOR). Inputs/Outputs for the 11
combination function macrocells are configured from the connection matrix with specific logic functions being defined by the state
of NVM bits.

7.1 2-BIT LUT OR D FLIP-FLOP MACROCELLS

There is one macrocell that can serve as either 2-bit LUT or as D Flip-Flop. When used to implement LUT functions, the 2-bit LUT
takes in two input signals from the connection matrix and produces a single output, which goes back into the connection matrix.
When used to implement D Flip-Flop function, the two input signals from the connection matrix go to the data (D) and clock (CLK)
inputs for the Flip-Flop, with the output going back to the connection matrix.

The operation of the D Flip-Flop and LATCH will follow the functional descriptions below:
m DFF: CLK is rising edge triggered, then Q = D; otherwise Q will not change

m LATCH: when CLK is Low, then Q = D; otherwise Q remains its previous value (input D has no effect on the output, when CLK
is High).

INT register [563] DFF or LATCH Select
. . register [562] Output Select (Q or nQ)
From Connection Matrix Output [1] . register [561] DFF Initial Polarity Select
2-bit LUTO our

0: 2-bit LUTO IN1

1: DFFO Data _— INO r-—- -
I LUT Truth 1
I Table 1
' ' SO | To Connection Matrix

4-bits NVM Input [8]
registers [563:560]
S1
T T L1 0: 2-bit LUTO Out
| DFF/Latch | 1: DFFO Out
D I Registers |
From Connection Matrix Output [0]
DFFO0 amna
0: 2-bit LUTO INO
1: DFFO CLK CLK
1-bit NVM

register [616]
Figure 17: 2-bit LUTO or DFFO
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7.1.1 2-Bit LUT or D Flip-Flop Macrocell Used as 2-Bit LUT

Table 26: 2-bit LUTO Truth Table

IN1 INO ouT
0 0 register [560] LSB
0 1 register [561]
1 0 register [562]
1 1 register [563] MSB

This macrocell, when programmed for a LUT function, uses a 4-bit register to define their output function:
2-Bit LUTO is defined by registers [663:560]

Table 27 shows the register bits for the standard digital logic devices (AND, NAND, OR, NOR, XOR, XNOR) that can be created
within each of the 2-bit LUT logic cells.

Table 27: 2-bit LUT Standard Digital Functions

Function MSB LSB
AND-2 1 0 0 0
NAND-2 0 1 1 1
OR-2 1 1 1 0
NOR-2 0 0 0 1
XOR-2 0 1 1 0
XNOR-2 1 0 0 1
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7.1.2 Initial Polarity Operations

Vbb / :

Data

Clock

POR

Initial Polarity: High
Q with nReset (Case 1) /

Initial Polarity: Low e .

Q with nReset (Case 1)

Figure 18: DFF F-’ola-rity Oberations .
7.2 2-BIT LUT OR PROGRAMMABLE PATTERN GENERATOR

The SLG46880-A has one combination function macrocell that can serve as a logic or timing function. This macrocell can serve
as a Look Up Table (LUT), or Programmable Pattern Generator (PGen).

When used to implement LUT functions, the 2-bit LUT takes in two input signals from the connection matrix and produces a single
output, which goes back into the connection matrix. When used as a LUT to implement combinatorial logic functions, the outputs
of the LUT can be configured to any user defined function, including the following standard digital logic devices (AND, NAND,
OR, NOR, XOR, XNOR). The user can also define the combinatorial relationship between inputs and outputs to be any selectable
function.

When operating as a Programmable Pattern Generator, the output of the macrocell with clock out a sequence of two to sixteen

bits that are user selectable in their bit values, and user selectable in the number of bits (up to sixteen) that are output before the
pattern repeats.
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From Connection Matrix Output [2] In0
2-bit LUT1 out
From Connection Matrix Output [3] In1 :— I__U'F T_ruﬁ11|
| Table |
To Connection Matrix Input [9]
registers [583:568] 0: 2-bit LUT1 OUT
. : S1 1: PGen OUT
| PGen | 1
Data
L4 prsT "7 °
PGen
ouT
> CLK
;— Pattern 1|
size
: . register [617]
registers [567:564]
Figure 19: 2-bit LUT1 or PGen
VDD N ¥ ¥ ' [ : ' ' [
r—-————— =  t
NnRST + v ' P ' ' ' ' ' ' ' ' ' ' ' ' ' . .
'Z.Z:II.I:!!!::I!!I!Z.?\.>t
CLK ' ' I!
..Hﬂ:hﬂﬂﬂﬂhﬂﬁﬂﬁﬂhﬁhﬁhh t

ouTt

Figure 20: PGen Timing Diagram
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7.2.1 2-Bit LUT or PGen Macrocell Used as 2-Bit LUT

Table 28: 2-bit LUT1 Truth Table

IN1 INO ouT
0 0 register [564] LSB
0 1 register [565]
1 0 register [566]
1 1 register [567] MSB

This macrocell, when programmed for a LUT function, uses a 4-bit register to define their output function:
2-Bit LUT1 is defined by registers [667:564]

Table 29 shows the register bits for the standard digital logic devices (AND, NAND, OR, NOR, XOR, XNOR) that can be created
within each of the 2-bit LUT logic cells.

Table 29: 2-bit LUT Standard Digital Functions

Function MSB LSB
AND-2 1 0 0 0
NAND-2 0 1 1 1
OR-2 1 1 1 0
NOR-2 0 0 0 1
XOR-2 0 1 1 0
XNOR-2 1 0 0 1

7.3 3-BIT LUT OR D FLIP-FLOP WITH SET/RESET MACROCELLS

There are four macrocells that can serve as either 3-bit LUTs or as D Flip-Flops with Set/Reset inputs. When used to implement
LUT functions, the 3-bit LUTs each take in three input signals from the connection matrix and produce a single output, which goes
back into the connection matrix. When used to implement D Flip-Flop function, the three input signals from the connection matrix
go to the data (D) and clock (CLK), and Reset/Set (nRST/nSET) inputs for the Flip-Flop, with the output going back to the
connection matrix.

DFF1 operation will flow the functional description below:
m if register [619] = 0, and the CLK is rising edge triggered, then Q = D, otherwise Q will not change

m if register [619] = 1, then data from D is written into the DFF by the rising edge on CLK and output to Q by the falling edge on
CLK
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register [591] DFF or LATCH Select
register [590] Output Select (Q or nQ)
register [589] DFF nRST or nSET Select

register [588] DFF Initial Polarity Select

To Connection Matrix
Input [10]

From Connection ) IN2
Matrix Output [6]
— N1 3-bit LUTOQ out
S1
/ r—=—-—=-=-n"
INO I LUT Truth 1
From Connection | Table |
Matrix Output [5] | SO . .
—
S1
LT 8-bits NVM
registers [591:584]
From Connection
Matrix Output [4]
| DFF/Latch !
| Registers |
DFF DFF amna
b D Q D Q
nRST/| nRST/|
1CL nSET r1CL_ nSET
nRST/nSET
CLK register [619]

>

1-bit NVM
register [618]
Figure 21: 3-bit LUTO or DFF1
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From Connection

Matrix Output [9]

From Connection

register [599] DFF or LATCH Select
register [598] Output Select (Q or nQ)
register [597] DFF nRST or nSET Select

Matrix Output [8]

From Connection

Matrix Output [7]

register [596] DFF Initial Polarity Select

To Connection Matrix
Input [11]

S1

1-bit NVM

IN2
— N1 3-bit LUT1 ourt
INO I LUT Truth 1
| Table |
8-bits NVM
registers [599:592]
|rDFF/Latch1|
D | Registers |
nRSTSET DFF2 anQ
> CLK

register [620]

Figure 22: 3-bit LUT1 or DFF2

From Connection
Matrix Output [12]

From Connection

register [607] DFF or LATCH Select
register [606] Output Select (Q or nQ)
register [605] DFF nRST or nSET Select

Matrix Output [11]

\_\

From Connection

Matrix Output [10]

register [604] DFF Initial Polarity Select

To Connection Matrix
Input [12]

S1

IN2
— N1 3-bit LUT2 our
INO I LUT Truth 1
| Table |
8-bits NVM
registers [607:600]
; DFF/Latch I
D | Registers |
nRsT/nseT DFF3 Qna
> CLK

1-bit NVM

register [621]
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Figure 23: 3-bit LUT2 or DFF3
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From Connection

Matrix Output [15]

From Connection

register
register
register

Matrix Output [14]

From Connection

Matrix Output [13]

register

615] DFF or LATCH Select
614] Output Select (Q or nQ)
613] DFF nRST or nSET Select
612] DFF Initial Polarity Select

To Connection Matrix

Input [13]

S1

1-bit NVM

IN2
— N1 3-bit LUT3 ourt
INO I LUT Truth 1
| Table |
8-bits NVM
registers [615:608]
|rDFF/Latch1|
D | Registers |
nrsTinsET DFF4 aina
> CLK

register [622]

Datasheet

Figure 24: 3-bit LUT3 or DFF4
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7.3.1 3-Bit LUT or D Flip-Flop Macrocells Used as 3-Bit LUTs

Table 30: 3-bit LUTO Truth Table

Table 32: 3-bit LUT2 Truth Table

IN2 IN1 INO ouT IN2 IN1 INO ouT
0 0 0 register [584] LSB 0 0 0 register [600] LSB
0 0 1 register [585] 0 0 1 register [601]
0 1 0 register [586] 0 1 0 register [602]
0 1 1 register [587] 0 1 1 register [603]
1 0 0 register [588] 1 0 0 register [604]
1 0 1 register [589] 1 0 1 register [605]
1 1 0 register [590] 1 1 0 register [606]
1 1 1 register [591] MSB 1 1 1 register [607] MSB
Table 31: 3-bit LUT1 Truth Table Table 33: 3-bit LUT3 Truth Table
IN2 IN1 INO ouT IN2 IN1 INO ouT
0 0 0 register [592] LSB 0 0 0 register [608] LSB
0 0 1 register [593] 0 0 1 register [609]
0 1 0 register [594] 0 1 0 register [610]
0 1 1 register [595] 0 1 1 register [611]
1 0 0 register [596] 1 0 0 register [612]
1 0 1 register [597] 1 0 1 register [613]
1 1 0 register [598] 1 1 0 register [614]
1 1 1 register [599] MSB 1 1 1 register [615] MSB

Each macrocell, when programmed for a LUT function, uses a 8-bit register to define their output function:
3-Bit LUTO is defined by registers [691:584]
3-Bit LUT1 is defined by registers [699:592]
3-Bit LUT2 is defined by registers [607:600]
3-Bit LUTS3 is defined by registers [615:608]

Table 34 shows the register bits for the standard digital logic devices (AND, NAND, OR, NOR, XOR, XNOR) that can be created
within each of the four 3-bit LUT logic cells.

Table 34: 3-bit LUT Standard Digital Functions

Function MSB LSB
AND-3 1 0 0 0 0 0 0 0
NAND-3 0 1 1 1 1 1 1 1
OR-3 1 1 1 1 1 1 1 0
NOR-3 0 0 0 0 0 0 0 1
XOR-3 1 0 0 1 0 1 1 0
XNOR-3 0 1 1 0 1 0 0 1
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7.3.2 Initial Polarity Operations

Voo / R :

Data o M . . . NN

Clock ; . : :

POR N ' v . C N

Initial Polarity: High e

nReset (Case 1) o . Co - : :

Q with nReset (CL/_ . Co : v

nReset (Case 2) o : . . ' ' . . .

Q with nReset (Case 2) / Vo . r ' : o

Initial Polarity: Low Co : o N .o

nReset (Case 1) N : T . . .

Q with nReset (Case 1) Vo : ; . . . I

nReset (Case 2) P : ! : : oo
Q with nReset (Case 2) Lo . r Vo . _—

Figure 25: DFF Polarity Operations with nReset
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Vop / T

Data o .o . . ! o
Clock : N :

POR v . M Lo o v

Initial Polarity: High A
nSet (Case 1) N : o g : .
Q with nSet (Case 1) / Co Lo N Vo
nSet (Case 2) Ca : il B N
Q with nSet (Case 2) / Co o e Voo
Initial Polarity: Low : Co : o
nSet (Case 1) : e v 1 . : '

Q with nSet (Case 1) . : o ! : oo
nSet (Case 2) . : T T o

Q with nSet (Case 2)

Figure 26: DFF Polarity Operations with nSet
7.4 3-BIT LUT OR PIPE DELAY/RIPPLE COUNTER MACROCELL

There is one macrocell that can serve as either a 3-bit LUT or as a Pipe Delay/Ripple Counter.

When used to implement LUT functions, the 3-bit LUT takes in three input signals from the connection matrix and produces a
single output, which goes back into the connection matrix.

When used as a Pipe Delay, there are three inputs signals from the matrix, Input (IN), Clock (CLK), and Reset (nRST). The Pipe
Delay cell is built from 16 D Flip-Flop logic cells that provide the three delay options, two of which are user selectable. The DFF
cells are tied in series where the output (Q) of each delay cell goes to the next DFF cell input (IN). Both of the two outputs (OUTO
and OUT1) provide user selectable options for 1 to 16 stages of delay. There are delay output points for each set of the OUTO
and OUT1 outputs to a 4-input mux that is controlled by registers [547:544] for OUTO and registers [551:548] for OUT1. The 4-
input mux is used to control the selection of the amount of delay.
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The overall time of the delay is based on the clock used in the SLG46880-A design. Each DFF cell has a time delay of the inverse
of the clock time (either external clock or the Oscillator within the SLG46880-A). The sum of the number of DFF cells used will
be the total time delay of the Pipe Delay logic cell. OUT1 Output can be inverted (as selected by register [552]).

In the Ripple Counter mode there are 3 options for setting, which use 7 bits. There are 3 bits to set nSET value (SV) in range
from 0 to 7. It is a value, which will be set into the Ripple Counter outputs when nSET input goes LOW. End value (EV) will use
3 bits for setting outputs code, which will be last code in the cycle. After reaching the EV, the Ripple Counter goes to the first code
by the rising edge on CLK input. The Functionality mode option uses 1 bit. This setting defines how exactly Ripple Counter will
operate.

The user can select one of the functionality modes by register: RANGE or FULL. If the RANGE option is selected, the count starts
from SV. If UP input is LOW the count goes down: SV—-EV—EV-1 to SV+1—-8V, and others (if SV is smaller than EV), or SV—SV-
1 to EV+1—-EV—-S8YV (if SV is bigger than EV). If UP input is HIGH, count starts from SV up to EV, and others.

In the FULL range configuration the Ripple Counter functions as follows. If UP input is LOW, the count starts from SV and goes
down to 0. Then current counter value jumps to EV and goes down to 0, and others.

If UP input is HIGH, count goes up starting from SV. Then current counter value jumps to 0 and counts up to EV, and others. See
Ripple Counter functionality example in Figure 28.

Every step is executed by the rising edge on CLK input.
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From Connection
Matrix Output [28]

From Connection
Matrix Output [29]

From Connection
Matrix Output [30]

From Connection
Matrix Output [28]

From Connection
Matrix Output [30]

From Connection
Matrix Output [29]

Datasheet

registers [551:544]

From Connection

Matrix Output [28

From Connection

Matrix Output [29

From Connection

Matrix Output [30

INO

IN1

IN2

3-bit LUT8 our

Plpe De|ay registers [551:548]

—r» N
—®nRST

—1 | CLK

16 Flip-Flops

register [552]

OouT1

Deglitch Filter/
Edge Detector OUT

OuUTOo

register [554]

registers [547:544]

. =3
Ripple Counter 2
3 Flip-Flops 2
uP @
—1=" | UP/IDOWN > )
Control ouTo o
D Q
CLK DFF1
P CL nQH
_EE; SET ,_7 OUT
Control D Q
DFF2
* - n i
ouT2

Mode & SET/END
Value Control

—>[DQ

register [550:544]

Figure 27: 3-bit LUT8/Pipe Delay/Ripple Counter
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/- Funetionalty mode: \\

RANGE FULL

UP Input: \‘ '/ UP Input:

- N

LOwW HIGH LOowW HIGH

. - start counter value set by LOW on nSET input of ripple Counter cell ‘ - END ripple Counter value, after wich CNT start again ~——gm. - direction of crossvalue transition
O - any ripple Counter value in used range O - ripple Counter value, out of the used range .\> - direction of crossvalue transition, first after n"SET

- unused transition

Figure 28: Example: Ripple Counter Functionality

7.4.1 3-Bit LUT or Pipe Delay Macrocells Used as 3-Bit LUT

Table 35: 3-bit LUT8 Truth Table

IN2 IN1 INO ouT
0 0 0 register [544]
0 0 1 register [545]
0 1 0 register [546]
0 1 1 register [547]
1 0 0 register [548]
1 0 1 register [549]
1 1 0 register [550]
1 1 1 register [551]
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Each macrocell, when programmed for a LUT function, uses a 8-bit register to define their output function:

3-Bit LUTS8 is defined by registers [651:544]
7.5 3-BIT LUT OR 8-BIT COUNTER/DELAY MACROCELLS
There are four macrocells that can serve as either 3-bit LUTs or as Counter/Delays. When used to implement LUT function, the
3-bit LUT takes in three input signals from the connection matrix and produces a single output, which goes back into the connec-
tion matrix. When used to implement 8-Bit Counter/Delay function, two of the three input signals from the connection matrix go
to the external clock (EXT_CLK) and reset (DLY_IN/CNT Reset) inputs for the Counter/Delay, with the output going back to the

connection matrix.

Counter/Delay macrocell has an initial value, which defines its initial value after GPAK is powered up. It is possible to select initial
Low or initial High, as well as initial value defined by a Delay In signal.

For example, in case initial LOW option is used, the rising edge delay will start operation.
These macrocells can also operate in a frequency detection mode.
Delay time and Output Period can be calculated using the following formulas:

m Delay time: [(Counter data + 2)/CLK input frequency — Offset (Note)]
m Output Period: [(Counter data + 1)/CLK input frequency — Offset (Note)]

One Shot pulse width can be calculated using formula:

m Pulse width = [(Counter Data + 2)/CLK input frequency — Offset (Note)]

Note: Offset is the asynchronous time offset between the input signal and the first clock pulse.

Three of the four macrocells can have their active count value read via 12C (CNTO, CNT2, and CNT4). See Section 19.6.1 for
further details.

Note: After two DFF — counters initialize with counter data = 0 after POR.
Initial state = 1 — counters initialize with counter data = 0 after POR.
Initial state = 0 And After two DFF is bypass — counters initialize with counter data after POR.
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7.5.1 3-Bit LUT or 8-Bit CNT/DLY Block Diagrams

From Connection
Matrix Output [17]

From Connection
Matrix Output [16]

1-bit NVM

From Connection
Matrix Output [18]

IN2
3-bit LUT4
IN1
ouT
INO ro -0
I LUT Truth 1
| Table |
8-bits NVM
register [3943:3936]
. CNT
eé(E—K | Data |
CNT/DLY1 ouT
DLY_IN/CNT Reset
| Config |
. Data |

registers [926:916]

To Connection
Matrix Input [14]

register [927]

Datasheet

Figure 29: 3-bit LUT4 or CNT/DLY1
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From Connection
Matrix Output [21]
IN2
3-bit LUT5
From Connection IN1
Matrix Output [20]
ouT
INO r-- o=
I LUT Truth 1
| Table |
. I To Connection
8-bits NVM Matrix Input [15]

registers [3951:3944]

"~ CNT
ext_CLKI Data !

L— — — — 2

CNT/DLY2 ouT

DLY_IN/CNT Reset
, Config™ |
Data

registers [939:929]

Figure 30: 3-bit LUT5 or CNT/DLY2

From Connection
Matrix Output [19]

1-bit NVM
register [940]

From Connection
Matrix Output [24]
IN2
3-bit LUT6
From Connection IN1
Matrix Output [23]
ouT
r——=-=n"
INO | LUT Truth |
| Table |
I I To Connection
8-bits NVM Matrix Input [16]

registers [3959:3952]

"~ CNT
ext CLK | Data |

L — - =4

CNT/DLY3 ouT
DLY_IN/CNT Reset

| Config |

, Data |

registers [953:943]

Figure 31: 3-bit LUT6 or CNT/DLY3

From Connection
Matrix Output [22]

1-bit NVM
register [954]
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From Connection
Matrix Output [26]

From Connection

From Connection
Matrix Output [27]

IN2
3-bit LUT7
IN1
N LT Truth |
| Table |

ouT

8-bits NVM
registers [3967:3960]

©CNT
ext_CLKI Data |

Matrix Output [25]

L - - — 2

CNT/DLY4

1-bit NVM

DLY_IN/CNT Reset
, Config™
, Data |

OouT]

registers [966:956]

register [967]
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Figure 32: 3-bit LUT7 or CNT/DLY4
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7.5.2 3-Bit LUT or CNT/DLYs Used as 3-Bit LUTs

Table 36: 3-bit LUT4 Truth Table

Table 38: 3-bit LUT6 Truth Table

IN2 IN1 INO ouT IN2 IN1 INO ouT
0 0 0 register [3936] LSB 0 0 0 register [3952] LSB
0 0 1 register [3937] 0 0 1 register [3953]
0 1 0 register [3938] 0 1 0 register [3954]
0 1 1 register [3939] 0 1 1 register [3955]
1 0 0 register [3940] 1 0 0 register [3956]
1 0 1 register [3941] 1 0 1 register [3957]
1 1 0 register [3942] 1 1 0 register [3958]
1 1 1 register [3943] MSB 1 1 1 register [3959] MSB
Table 37: 3-bit LUT5 Truth Table Table 39: 3-bit LUT7 Truth Table
IN2 IN1 INO ouT IN2 IN1 INO ouT
0 0 0 register [3944] LSB 0 0 0 register [3960] LSB
0 0 1 register [3945] 0 0 1 register [3961]
0 1 0 register [3946] 0 1 0 register [3962]
0 1 1 register [3947] 0 1 1 register [3963]
1 0 0 register [3948] 1 0 0 register [3964]
1 0 1 register [3949] 1 0 1 register [3965]
1 1 0 register [3950] 1 1 0 register [3966]
1 1 1 register [3951] MSB 1 1 1 register [3967] MSB
Each macrocell, when programmed for a LUT function, uses a 8-bit register to define their output function:
3-Bit LUTH4 is defined by registers [3943:3936]
3-Bit LUTS5 is defined by registers [3951:3944]
3-Bit LUTE is defined by registers [3959:3952]
3-Bit LUT7 is defined by registers [3967:3960]
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7.6 CNT/DLY/FSM TIMING DIAGRAMS

7.6.1 Delay Mode CNT/DLY0 to CNT/DLY4

Delay In . . .

OSC: force Power-On

(always running) | | | | | | | | | | |

—.>: :4— ;'\syncl:wonou's dela)l/ variable

Delay Output . 4—> . . . e S —— . . . .
. ' délay = beriod B (cou'nter data + 15 + variable 'delay = periéd X (cbunter'data +'1) + variable . .
' variable is from 0 to 1 clock period variable is from 0 to 1 clock period ' '
Delay In A e
—» a—offset | Lol L e e—ofset
OSC: auto Power-On o : ' ' ol : : : ' '
(powers up from delay in) P ] ' ! ! . | | I | I | I | ] ' ! ' !
: N ] L} ] 0 0 : 1 v 0 1 1 0 ] ] L} ]
Delay Output , > . e

delay = offset + period x (counter data + 1)

See offset in table 13

delay = offset + period x (counter data + 1)
See offset in table 13

Figure 33: Delay Mode Timing Diagram, Edge Select: Both, Counter Data: 3
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The macrocell shifts the respective edge to a set time and restarts by appropriate edge. It works as a filter if the input signal is
shorter than the delay time.

Delay time :

Delay time ' '
Delay time_; L S
Delay time_: ! : : Delay time -
— | . L
One-Shot/Freq. DET/Delay IN L ! ' : : |_| |_| |_| =
Delay time_ @ . : t
Delay Function Lo : : L
Rising Edge Detection : ” o : N
Lo | . l B t
Delay Function : L 5 : : : EERERENE
Falling Edge Detection D : . M
' : | ' : | : ' : | : : : . ' : t
Delay Function Lo ' ' ' e
Both Edge Detection ! : : ! L
t
Figure 34: Delay Mode Timing Diagram for Different Edge Select Modes
7.6.2 Count Mode (Count Data: 3), Counter Reset (Rising Edge Detect) CNT/DLY0 to CNT/DLY4
ReseTN [
« U U Uy Uy L
Counter OUT E E 3 CLK: periodl pulse E E E E E E
Count start in first ;ising édge C:LK : : : : : : : :
Figure 35: Counter Mode Timing Diagram without Two DFFs Synced Up
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RESET_IN

Counter OUT

i CLK period pulse I_

Count start in 0 CLK after reset

Figure 36: Counter Mode Timing Diagram with Two DFFs Synced Up
7.6.3 One-Shot Mode CNT/DLY0 to CNT/DLY4

This macrocell will generate a pulse whenever a selected edge is detected on its input. Register bits set the edge selection. The
pulse width determines by counter data and clock selection properties. The output pulse polarity (non-inverted or inverted) is
selected by register bit. Any incoming edges will be ignored during the pulse width generation. The following diagram shows one-
shot function for non-inverted output.

Delay time_ ;
Delay time ! !
Delay time : : :
Delay time L : Delay time_ . '
One-Shot/Freq. DET/Delay IN L : | : ' : _| |_| ¥ :
Delay time : . .. | L :::::E t
One-Shot Function R L Lo R
Rising Edge Detection : : : : B :
o t
One-Shot Function o ! : | RN
Falling Edge Detection ' : : : o I :
Lo L L t
One-Shot Function S IR o
Both Edge Detection —1 ' —_r——
Lo T t
Figure 37: One-Shot Function Timing Diagram
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This macrocell generates a high level pulse with a set width (defined by counter data) when detecting the respective edge. It
does not restart while pulse is high.

7.6.4 Frequency Detection Mode CNT/DLY0 to CNT/DLY4

Rising Edge: The output goes high if the time between two successive edges is less than the delay. The output goes low if the
second rising edge has not come after the last rising edge in specified time.

Falling Edge: The output goes high if the time between two falling edges is less than the set time. The output goes low if the
second falling edge has not come after the last falling edge in specified time.

Both Edge: The output goes 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 goes low if after the last rising/falling edge and specified time, the second edge has not
come.

Delay time :
Delay time_ - . .
e e - \ .
Delay time_ | ; : : : :
.I ] . ! ' ! !
Delay time_: ' : : : Delay time [ ., .
One-Shot/Freq. DET/Delay IN L s : ! . I_I Ca :
Delay time_ « . s : : ! I :: t
=
Frequency Detector Function L L : : o
Rising Edge Detection o . | : : - . |
Lo i ! : o t
Frequency Detector Function : ! X R
Falling Edge Detection C = . . . N -
' : : 1 : ' : : : ' : 1 : ' : t
Frequency Detector Function Lo o : ! ' L
Both Edge Detection oo L : . : N
t
Figure 38: Frequency Detection Mode Timing Diagram
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7.6.5 Edge Detection Mode CNT/DLY1 to CNT/DLY4

The macrocell generates high level short pulse when detecting the respective edge. See Table 13.

Delay time_ -
Delay time_ . . ! :
Delay time | i :
Delay time , : Delay time , :
One-Shot/Freq. DET/Delay IN N : ' .

—
—1

t
Edge Detector Function R O . - : I
Rising Edge Detection | L | : : : | : | ! | Lo
, C o . X : L o ! t
Edge Detector Function L : ' S L :
Falling Edge Detection | : O : . 1] L
' . : ' : ' | : : : ' : . ' : t
Edge Detector Function S : : ' L
Both Edge Detection | : : ! ; | | '
t
Figure 39: Edge Detection Mode Timing Diagram
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7.6.6 Delayed Edge Detection Mode CNT/DLYO0 to CNT/DLY4

In Delayed Edge Detection Mode, High level short pulses are generated on the macrocell output after the configured delay time
if the corresponding edge was detected on the input.

If the input signal is changed during the set delay time, the pulse will not be generated. See Figure 40.

Delay time_ -
Delay time_ - .
Delay time_; - ! ! :
Delay time ' ' . ! Delay time -
One-Shot/Freq. DET/Delay IN N ! : : : |_| |_| L
Delay time_ ! C . ! . : R t
—_— . ' . R C
Delayed Edge Detector Function T L I
Rising Edge Detection ! | L | : : I
: ' : : ' ' : ! : b : ' : : t
Delayed Edge Detector Function ! : : ' : R ! : ' :
Falling Edge Detection Lo | : - | R
| : : \ : : I : : : D : \ : t
Delayed Edge Detector Function Lo . : : : I
Both Edge Detection : : I: | ! T
t
Figure 40: Delayed Edge Detection Mode Timing Diagram
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7.6.7 CNT/FSM Mode CNT/DLY0

RESET IN

—EOEEE

Figure 41: CNT/FSM Timing Diagram (Reset Rising Edge Mode, Oscillator is Forced On, UP = 0) for Counter Data = 3

Note: Q = current counter value

SETIN

-

Figure 42: CNT/FSM Timing Diagram (Set Rising Edge Mode, Oscillator is Forced On, UP = 0) for Counter Data =3

' ' ' '
Note: Q = current counter value
' ' ' '
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Note: Q = current counter value

Figure 43: CNT/FSM Timing Diagram (Reset Rising Edge Mode, Oscillator is Forced On, UP = 1) for Counter Data =3
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Figure 44: CNT/FSM Timing Diagram (Set Rising Edge Mode, Oscillator is Forced On, UP = 1) for Counter Data =3
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7.6.8 Difference in Counter Value for Counter, Delay, One-Shot, and Frequency Detect Modes

There is a difference in counter value for Counter and Delay/One-Shot/Frequency Detect modes. The counter value is shifted for
two rising edges of the clock signal in Delay/One-Shot/Frequency Detect modes compared to Counter mode. See Figure 45.

One-Shot/Freq. SET/Delay IN

« [UUUUULL
CNT Out | | Lo ;
N 000000E

DLY Out

Delay Data

Figure 45: Counter Value, Counter Data = 3
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7.7 4-BIT LUT OR 16-BIT COUNTER/DELAY MACROCELL

There is one macrocell that can serve as either 4-bit LUT or as 16-bit Counter/Delay. When used to implement LUT function, the
4-bit LUT takes in four input signals from the Connection Matrix and produces a single output, which goes back into the Connection
Matrix. When used to implement 16-Bit Counter/Delay function, two of the four input signals from the connection matrix go to the
external clock (EXT_CLK) and reset (DLY_IN/CNT Reset) for the counter/delay, with the output going back to the connection
matrix.

This macrocell has an optional Finite State Machine (FSM) function. There are two additional matrix inputs for Up and Keep to
support FSM functionality.

This macrocell can also operate in a one-shot mode, which will generate an output pulse of user-defined width.
This macrocell can also operate in a frequency detection or edge detection mode.

This macrocell can have its active count value read via I°C. See Section 19.6.1 for further details.

Note: After two DFF — counters initialize with counter data = 0 after POR.

Initial state = 1 — counters initialize with counter data = 0 after POR.
Initial state = 0 And After two DFF is bypass — counters initialize with counter data after POR.
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7.7.1 4-Bit LUT or 16-Bit CNT/DLY Block Diagram

From Connection
Matrix Output [34]

From Connection
Matrix Output [33]

From Connection
Matrix Output [32]

From Connection
Matrix Output [31]

1-bit NVM

So0

S1

/
S0

S1

L IN3
L IN2
4-bit LUTO
IN1
ouT

INO r-—- - ="

| LUT Truth |

| Table |

16-bits NVM

" CNT
ext_CLKI Data !

L - - — 2

registers [3935:3920]

CNT/DLYOQ ouT

DLY_IN/CNT Reset

L— KEEP
FSM
up " “Config
Data |

registers [907:896]

register [908]
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Figure 46: 4-bit LUTO0 or CNT/DLY0
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7.7.2 4-Bit LUT or 16-Bit Counter/Delay Macrocells Used as 4-Bit LUTs

Table 40: 4-bit LUTO Truth Table

IN3 IN2 IN1 INO ouT
0 0 0 0 register [3920] | LSB
0 0 0 1 register [3921]
0 0 1 0 register [3922]
0 0 1 1 register [3923]
0 1 0 0 register [3924]
0 1 0 1 register [3925]
0 1 1 0 register [3926]
0 1 1 1 register [3927]
1 0 0 0 register [3928]
1 0 0 1 register [3929]
1 0 1 0 register [3930]
1 0 1 1 register [3931]
1 1 0 0 register [3932]
1 1 0 1 register [3933]
1 1 1 0 register [3934]
1 1 1 1 register [3935] | MSB

This macrocell, when programmed for a LUT function, uses a 16-bit register to define their output function:

4-Bit LUTO is defined by registers [3935:3920]

Table 41: 4-bit LUT Standard Digital Functions

Function | MSB LSB
AND-4 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NAND-4 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
OR-4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
NOR-4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
XOR-4 0 1 1 0 1 0 0 1 1 0 0 1 0 1 1 0
XNOR-4 1 0 0 1 0 1 1 0 0 1 1 0 1 0 0 1

Datasheet Revision 3.0 25-Jun-2024

CFR0011-120-00 74 of 335 © 2024 Renesas Electronics Corporation




SLG46880-A REN ESAS

Auto AEC-Q100 Qualified GreenPAK Programmable Mixed-Signal
Matrix with Asynchronous State Machine and Dual Supply

7.8 WAKE AND SLEEP CONTROLLER

The SLG46880-A has a Wake and Sleep (WS) function for ACMPOH and ACMP1H. The macrocell CNT/DLYO can be reconfigured
for this purpose registers [897:896] = 11 and register [910] = 1. The WS serves for power saving, it allows to switch on and off
selected ACMPs on selected bit of 16-bit counter.

FPower control

From Connection Matrix Output[59] for 2 kHz Low Power Osc.

0OSC WS Controller
CNTO_out
CNT cnt_end — P To Connection Matrix Input [14]
- CK_OSC | Divider ck Analog Control Block
ACMPxH WS EN [1:0]
registers [663], [664]
9
— bg/regulator
From Connection pd
WS_out Matrix Output [38:37] -
WS_PD  -|-»WS_PD
B (from OSC PD) ACMPs_PD 2
WS_PD to W&S out WS_out
state selection
registers [531:530]
WS clock freq. pre-divider
registers [910]
WS ratio control data
ACMPs
registers [903:900]
WS clock freq. selection | ACMPXHOUT
+
Note: WS_PD is High at WS OSC - ’m 2
(2 kHz Low Power OSC) Power-down i 1 _
ACMPxH_PD 2 \ To Connection
WS out | Matrix Input
BG/Analog_Good 1 [57:56]
Figure 47: WS Controller
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CNT_RST

(From Connection Matrix) |

ACMP_PD is High

(From Connection Matrlx)

CNTO_out
(To Connection Matrix)

WS_out
(internal signal)

BG/Analog_Good
(internal signal)

time between Reset goes low
and 1st WS clock rsmg edge

Force Wake
/5/
N .  ———————
. i . : :  S—
' ‘/ Data is latched // : .
, | 7
~ : > — ; > -
Sleep Mode Normal ACMP Sleep Mode \ Normal ACMP ‘Sleep Mode
ACMP Latches Last Data ! Operation ACMP Latches New Data Operation ACMP Latches
: N ! ACMP follows input ACMP follows input New Data
BG/Anang 'BG/Anang '

Startup time*

Startup time*

Note: CNTO_out is a delayed WS_out signal for 1us to make sure the data is correct during latch.

Figure 48: Wake/Sleep Timing Diagram, Normal Wake Mode, Counter Reset is Used

CNT_RST

(From Connectlon Matrlx)

ACMP_PD is High

(From Connection Matrlx)

CNTO_out
(To Connection Matrix)

WS_out
(internal signal)

BG/Analog_Good
(internal signal)

time between Reset goes low

Force Wake and 1st WS cIock rsing edge
S . ' " SR S
. . ! ' ' Data is latched |
- : I Data is latched / / I
i “ : J
- : :
Sleep Mode . < Sleep Mode >'< Normal ACMP >'<Sleep Mode>
" ACMP Latches Last Data . ACMP Latches New Data | ! Operation for short time ACMP Latches
H Normal ACMP ACMP follows inout New Data
BG/Analog Operation for short time 'BG/Analog
Startup time* ACMP follows inout Startup tim%*
Note: CNTO_out is a delayed WS_out signal for 1us to make sure the data is correct during latch.
Figure 49: Wake/Sleep Timing Diagram, Short Wake Mode, Counter Reset is Used
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time between Reset goes low
and 1st WS clock rsing edge

Force Sleep

~a [
CNT_SET . . y/i

(From Connection Matrix) . . .

ACMP_PD is High :
(From Connection Matrix) , '

CNTO_out : i . ! /] ; :
(To Connection Matrix) | ' ' : . () S

WS_out : !
(internal signal) _ .
BG/Analog_Good : -~
(internal signal) '

Data is latched .

Sleep Mode ' Normal ACMP ~ Sleep Mode
ACMP Latches Last Data ! Operation ACMP Latches New Data
. . ACMP follows input

"BG/Analog
Startup time*

Note: CNTO_out is a delayed WS_out signal for 1us to make sure the data is correct during latch.

Figure 50: Wake/Sleep Timing Diagram, Normal Wake Mode, Counter Set is Used

time between Reset goes low

Force Sleep and 1st WS clock rsing edge
~a [ -
CNT_RST - . J/i :
(From Connection Matrix) ! ! ' !
ACMP_PD is High : ; ! : ; -
(From Connection Matrix) * ' '
CNTO_out ' ' ' ' Y !
(To Connection Matrix) . . ! . .
WS_out ' '
(internal signal) PE— ! '
BG/Analog_Good . , 14— Datais latched
(internal signal) :
-+ >
' Sleep Mode ! \ Sleep Mode
ACMP Latches Last Data ! Normal ACMP ACMP Latches New Data
— Operation for short time
"BG/Analog * ACMP follows inout
Startup time*

Note: CNTO_out is a delayed WS_out signal for 1us to make sure the data is correct during latch.

Figure 51: Wake/Sleep Timing Diagram, Short Wake Mode, Counter Set is Used
Note: If low power BG is powered on/off by WS, the wake time should be longer than 2.1 ms. The BG/analog start up time will
take maximal 2 ms. If low power BG is always on, OSCO period is longer than required wake time. The short wake mode can be
used to reduce the current consumption.
To use any ACMPxH under WS controller the following settings must be done:

m ACMPxH Power Up Input from matrix = 1 (for each ACMPxH separately).
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m CNT/DLYO must be set to Wake and Sleep Controller function (for all ACMPxH).
m Register WS — enable (for each ACMPxH separately).
m CNT/DLYO set/reset input = 0 (for all ACMPxH).

As the OSC any oscillator with any pre-divider can be used. The user can select a period of time while the ACMPxH is sleeping
in a range of 1 to 65535 clock cycles. Before they are sent to sleep their outputs are latched, so the ACMPs remain their state
(High or Low) while sleeping.

WS controller has the following settings:

m Wake and Sleep Output State (High/Low)
If OSC is powered off (Power-down option is selected; Power-down input = 1) and Wake and Sleep Output State = High, the
ACMPxH is continuously on.
If OSC is powered off (Power-down option is selected; Power-down input = 1) and Wake and Sleep Output State = Low, the
ACMPxH is continuously off.
Both cases WS function is turned off.

m Counter Data (Range: 1 to 65535)
User can select wake and sleep ratio of the ACMP; counter data = sleep time, one clock = wake time.

m Q mode - defines the state of WS counter data when Set/Reset signal appears Reset - when active signal appears, the WS
counter will reset to zero and High level signal on its output will turn on the ACMPs. When Reset signal goes out, the WS
counter will go Low and turn off the ACMPxH until the counter counts up to the end. Set - when active signal appears, the WS
counter will stop and Low level signal on its output will turn off the ACMPxH. When Set signal goes out, the WS counter will go
on counting and High level signal will turn on the ACMPxH while counter is counting up to the end.

Note: The OSCO matrix power down to control ACMP W/S is not supported for short wait time option.

m Edge Select defines the edge for Q mode
High level Set/Reset - switches mode Set/Reset when level is High

Note: Q mode operates only in case of "High Level Set/Reset”.
m Wake time selection - time required for wake signal to turn the ACMPxH on

Normal Wake Time - when WS signal is High, it takes BG/analog start up time to turn the ACMPs on. They will stay on until
WS signal is Low again. Wake time is one clock period. It should be longer than BG turn on time and minimal required com-
paring time of the ACMP.

Short Wake Time - when WS signal is High, it takes BG/analog start up time to turn the ACMPs on. They will stay on for 1 ps
and turn off regardless of WS signal. The WS signal width does not matter.

m Keep - pauses counting while Keep = 1

m Up - reverses counting

If Up = 1, CNT is counting up from user selected value to 65535.
If Up = 0, CNT is counting down from user selected value to 0.
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7.8.1 WS Register Settings

Table 42: WS Register Settings

Register Bit
Signal Function Address Register Definition
Counter/delay0 registers 0000: OSC2
Clock Source Select [903:900] 0001: OSC2 /4
0010: OSC1

0011: OSC1 /8
0100: OSC1 /64
0101: OSC1 /512
0110: OSCO

0111: OSCO0 /8

1000: OSCO /64
1001: OSCO0 /512
1010: OSCO0 /4096
1011: OSCO0 /32768
1100: OSCO0 /262144
1101: CNT4 Overflow
1110: External

1111: Reserved

ACMPOH Wake & Sleep register [663] | O: Disable
function Enable 1: Enable
ACMP1H Wake & Sleep register [664] | O: Disable
function Enable 1: Enable
Wake Sleep Output State register [909] | O: Low
When WS Oscillator 1: High

is Power-down if DLY/CNTO

Mode Selection

is "11"

DLY/CNTO registers 1-65535
(16bits, [15:0] = [3935:3920]

[3935:3920]) Control Data
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8 Analog Comparators

There are four General Purpose Rail-to-Rail Analog Comparator (ACMP) macrocells in the SLG46880-A. In order for the ACMP
cells to be used in a GreenPAK design, the power up signals (ACMPOH PWR UP, ACMP1H PWR UP, ACMP2L PWR UP, and
ACMP3L PWR UP) need to be active. By connecting to signals coming from the Connection Matrix, it is possible to have each
ACMP be on continuously, off continuously, or switched on periodically based on a digital signal coming from the Connection
Matrix. When ACMP is powered down, output is low.

Two of the four General Purpose Rail-to-Rail Analog Comparators are optimized for high speed operation (ACMPOH and
ACMP1H), and two of the four are optimized for low power operation (ACMP2L and ACMP3L).

Each of the ACMP cells has a positive input signal that can be provided by a variety of external sources, and can also have a
selectable gain stage before connection to the analog comparator. Each of the ACMP cells has a negative input signal that is
either created from an internal Vref or provided by way of the external sources.

PWR UP =1 — ACMP is powered up.
PWR UP =0 — ACMP is powered down.

During power-up, the ACMP output will remain LOW, and then become valid 51.4 ys (max) after power up signal goes high for
ACMPOH and ACMP1H, and become valid 326.6 us (max) after power up signal goes high for ACMP2L and ACMP3L. Input bias
current < 1 nA (typ). The Gain divider is unbuffered and consists of 2 MQ resistors.

Each High Speed ACMP (ACMPOH and ACMP1H) has an optional Rail-to-Rail Input Buffer, which can be used along with the
Gain divider to increase ACMP input resistance. However, Input buffer will increase an input offset voltage.

Each cell also has a hysteresis selection, to offer hysteresis of (0, 32, 64, 192) mV. The hysteresis option is available when using
an internal Vref only.

The ACMPOH has an additional option of connecting an internal 100 pA current source to its positive input, register [666]. It is
also possible to connect the 100 pA current source to each next ACMP via an internal analog MUX.

ACMPOH IN+ options are GP1010, buffered GPIO10, Vpp, 100 pA Current Source
ACMP1H IN+ options are GPIO11, buffered GPI0O11, ACMPOH IN+ MUX output
ACMP2L IN+ options are GPO5, ACMPOH IN+ MUX output, ACMP1H IN+ MUX output
ACMP3L IN+ options are GPO6, ACMP2L IN+ MUX output, Temp Sensor OUT
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8.1 ACMPOH BLOCK DIAGRAM
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registers [3895:3890]

From Connection
Matrix Output [35]

isters [628:627]

Hysteresis
Selection

]

To Connection
Matrix Input[56]

PWR UP

L Latch
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Figure 52: ACMPOH Block Diagram
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8.2 ACMP1H BLOCK DIAGRAM

to ACMP2L’s MUX input
registers [636:635]

Hysteresis
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]
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Figure 53: ACMP1H Block Diagram
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8.3 ACMP2L BLOCK DIAGRAM
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From Connection
Matrix Output [37]

Figure 54: ACMP2L Block Diagram
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8.4 ACMP3L BLOCK DIAGRAM
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Figure 55: ACMP3L Block Diagram
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8.5 ACMP TYPICAL PERFORMANCE
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Figure 56: Typical Propagation Delay vs. Vref for ACMPxH at T = 25 °C, Vpp=2.3 V to 5.5V, Gain = 1, Hysteresis = 0
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Figure 57: Typical Propagation Delay vs. Vref for ACMPxL at T = 25 °C, Vpp =2.3 V to 5.5V, Gain = 1, Hysteresis = 0
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Figure 60: ACMPxH Input Offset Voltage vs. Vref at T = -40 °C to 125 °C, Input Buffer Disabled
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Figure 61: ACMPxL Input Offset Voltage vs. Vref at T = -40 °C to 125 °C, Input Buffer Disabled
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Figure 62: ACMP Input Current Source vs. Input Voltage at T = -40 °C to 125 °C, Vpp=3.3V
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9 Programmable Delay/Edge Detector

The SLG46880-A has a programmable time delay logic cell available that can generate a delay that is selectable from one of four
timings (time1) configured in the GreenPAK Designer. The programmable time delay cell can generate one of four different delay
patterns, rising edge detection, falling edge detection, both edge detection, and both edge delay. These four patterns can be
further modified with the addition of delayed edge detection, which adds an extra unit of delay as well as glitch rejection during
the delay period. See Figure 64 for further information.

Note: The input signal must be longer than the delay, otherwise it will be filtered out.

registers [559:558] ‘ registers [557:556]
Delay Value Selection Edge Mode Selection
To Connection
From Connection Matrix Output [77] Prog rammable Matrix Input [25]
— i IN Del ay ouT —I»

Figure 63: Programmable Delay

9.1 PROGRAMMABLE DELAY TIMING DIAGRAM - EDGE DETECTOR OUTPUT

— width --— —p, Width 'g—
IN L S
L : timel —p' 'eg—
Rising Edge Detector ! e !
timel —pm ieg— N :
Falling Edge Detector . : : Edge Detector
R i Output
Both Edge Detector : :
Both Edge Delay v o
time2 —po-r - ~— time2 —pr ~—
time1 is a fixed value
time2 delay value is selected via register
Figure 64: Edge Detector Output
Please refer to Table 13.
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10 Additional Logic Function

The SLG46880-A has one additional logic function that is connected directly to the Connection Matrix inputs and outputs. There
is one deglitch filter, with edge detector function.

10.1 DEGLITCH FILTER/EDGE DETECTOR

Filter
) . R
From Connection Matrix
Output [75] - YWW—2 0
jL[C
= 1
I:)Edge
etector .
Logic To C'\(/)Ir;?rei):tlon
Input [24]
registers [543:542]| register [540] register [541]
register [554]
Ripple Counter OUT2
Figure 65: Deglitch Filter/Edge Detector
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11 Voltage Reference
11.1 VOLTAGE REFERENCE OVERVIEW

The SLG46880-A has a Voltage Reference (Vref) Macrocell to provide references to the four analog comparators. This macrocell
can supply a user selection of fixed voltage references, or temperature sensor output. The macrocell also has the option to output
reference voltages on GPIO2 and GPI09. See Table 43 for the available selections for each analog comparator. Also, see Figure
66, which shows the reference output structure.

11.2 VREF SELECTION TABLE
Table 43: Vref Selection Table

SEL[5:0] Vref SEL[5:0] Vref
0 0.032 32 1.056
1 0.064 33 1.088
2 0.096 34 1.12
3 0.128 35 1.152
4 0.16 36 1.184
5 0.192 37 1.216
6 0.224 38 1.248
7 0.256 39 1.28
8 0.288 40 1.312
9 0.32 41 1.344
10 0.352 42 1.376
1 0.384 43 1.408
12 0.416 44 1.44
13 0.448 45 1.472
14 0.48 46 1.504
15 0.512 47 1.536
16 0.544 48 1.568
17 0.576 49 1.6
18 0.608 50 1.632
19 0.64 51 1.664
20 0.672 52 1.696
21 0.704 53 1.728
22 0.736 54 1.76
23 0.768 55 1.792
24 0.8 56 1.824
25 0.832 57 1.856
26 0.864 58 1.888
27 0.896 59 1.92
28 0.928 60 1.952
29 0.96 61 1.984
30 0.992 62 2.016
31 1.024 63 External
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11.3 TRUTH TABLE FOR VREF0 BUFFER AND OUTPUT SWITCH CONTROL
Table 44: VrefOO0 Truth Table

VrefOO0 VrefOO0 VrefOO0 TS PD TS PD GPIO9
Source Buffer Buffer Selection Register Analog Mode
: Selection | Selection | Enable X Control Enable
Function Matrix Buffer Output Note
Enable out78 reqi state switch
" i 0 0 0 gister
register register register register register [856:855]= 11
[655:654] [3261] [653] [651] [650] : :
means enable
None 00 0 0 0 0 0 Disable Off Off VrefOO is all off
01 0 0 0 Disable Off Off VrefOO select ACMPOH;
output has no buffe_r;
01 0 0 0 0 0 Enable off On  [Pdcomes from register
[653]
01 0 1 0 0 0 Disable On Off VrefOO select ACMPOH;
output has buffer;
pd comes from register
ACMPOH_Vref 01 0 1 0 0 0 Enable On On [653]
01 1 0 0 0 0 Disable Off Off VrefOO select ACMPOH;
output has no buffer;
01 1 0 0 0 0 Enable Off On pd comes from matrix78
01 1 0 1 0 0 Disable On Off VrefOO select ACMPOH;
output has buffer;
01 1 0 1 0 0 Enable On On pd comes from matrix78
10 0 0 0 0 0 Disable Off Off VrefOO select ACMP1H;
output has no buffer;
10 0 0 0 0 0 Enable off On |pd.comes from register
[653]
10 0 1 0 0 0 Disable On Off VrefOO select ACMP1H;
output has buffer;
pd comes from register
ACMP1H_Vref 10 0 1 0 0 0 Enable On On 653]
10 1 0 0 0 0 Disable Off Off VrefOO select ACMP1H;
output has no buffer;
10 1 0 0 0 0 Enable Off On pd comes from matrix78
10 1 0 1 0 0 Disable On Off VrefOO select ACMP1H;
output has buffer;
10 1 0 1 0 0 Enable On On pd comes from matrix78
11 0 0 0 0 0 Disable Off Off
11 0 0 0 0 0 Enable Off Off TS enable comes from
11 0 0 0 0 1 Disable on off  |register [650]
1 0 0 0 0 1 Enable On On
TS function
11 0 0 0 0 0 Disable Off Off
11 0 0 0 0 0 Enable Off Off TS enable comes from
1 0 0 1 0 0 Disable On off |Matrix78
11 0 0 1 0 0 Enable On On

11.4 TRUTH TABLE FOR VREF1 BUFFER AND OUTPUT SWITCH CONTROL
Table 45: VrefO1