RENESAS Application Note

Implementing an Analog Clock with SLG47003V
SLG47003V

This application note describes how to use the Renesas SLG47003V to implement an analog clock.

The application note comes complete with a design file that can be found in the Reference section.
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1. Terms and Definitions

ACMP Analog Comparator
CNT/DLY Counter-Delay

DFF D Flip-flop

GPO General Purpose Output
IC Integrated Circuit

I/0 Input / Output

LDR Light-dependent resistor
LED Light Emitting Diode
LUT Look-up Table

MF Multi-function Macrocell
OSC Oscillator

PCB Printed Circuit Board
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Implementing an Analog Clock with SLG47003V

2. References
For related documents and software, please visit:

SLG47003 - AnalogPAK Programmable Mixed-Signal IC, VDD Range: 2.3-5.5V, 15 GPIOs, 1 ACMPs, 2 Op Amps,
2 Rheostats, 12C | Renesas

Download our free Go Configure Software Hub [1] to open the .aap files [2] and view the proposed circuit design.
Use the AnalogPAK development tools [3] to freeze the design into your own customized IC in a matter of minutes.
Renesas provides a complete library of application notes [4] featuring design examples as well as explanations of
features and blocks within the Renesas IC.

[1] Go Configure Software Hub, Software Download and User Guide, Renesas Electronics

[2] AN-CM-424 Implementing an Analog Clock with SLG47003V.aap, Renesas Electronics

[3] GreenPAK Development Tools, GreenPAK Development Tools Webpage, Renesas Electronics

[4] GreenPAK Application Notes, GreenPAK Application Notes Webpage, Renesas Electronics

Author: Volodymyr Lazebnyi, Application Engineer, Renesas Electronics

Initially published at Allaboutcircuits:

https://www.allaboutcircuits.com/projects/build-your-own-clock-with-analog-dials-part-1/

https://www.allaboutcircuits.com/projects/build-your-own-clock-with-analog-dials-part-2/

https://www.allaboutcircuits.com/projects/build-your-own-clock-with-analog-dials-part-3/
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3. Introduction

The Analog Clock is a timekeeping device that uses analog measuring instruments (microammeters) to display
time.

An ammeter, typically used to measure electric current, can be designed with an analog display resembling a
clock face, where the needle movement indicates current levels instead of time. These "analog ammeters" often
use a moving coil, moving magnet, moving iron, or electrodynamic mechanism to deflect a needle across a
calibrated scale, showing current flow.

Figure 1. Visual Example and Time Representation on the Analog Clock

In this application note, we will explore the implementation of an Analog Clock using AnalogPAK SLG47003V
chips. The SLG47003V combines analog and digital functionality in a compact, low-power package, making it
ideal for a wide range of embedded applications.

Any electronic clock consists of the following essential building blocks:

= A stabilized pulse generator (Crystal Oscillator 32768 Hz)
= A divide-by-32768 circuit / seconds pulse generator

= A divide-by-60 circuit / seconds counter

= A divide-by-60 circuit / minutes counter

» A divide-by-24 circuit / hours counter

» Time setting and control circuitry

To be able to read time from an analog microammeter, we need to extend the basic building blocks of the
electronic clock with additional modules that will convert digital signals into a stepwise-changing voltage.

Voltage step Voltage step Voltage step
generator for generator for generator for
seconds minutes hours

microammeter

microammeter

microammeter

Crystal Oscillator
L
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32768Hz
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Time setting and
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Figure 2. Analog Clock Block Diagram
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4. The Design
4.1 Circuit Design
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Figure 3. Analog Clock Electrical Schematic
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Clock Features
The Analog Clock is built using three SLG47003V chips and provides the following functionalities:

= Timekeeping with hour, minute, and second indication using three analog ammeters.

= Ambient temperature measurement (range: 10 °C to 40 °C) using the chip’s internal temperature sensor, with
the measured temperature displayed via the analog ammeter normally used for seconds.

= Backlight control for the microammeters, operable in manual or automatic mode (based on a photoresistor
signal).

= Battery charging management for the backup power supply.
Clock Control and User Interface

The clock is operated using seven buttons:

= SET - enters time setting mode.

= Set Minutes — adjusts the minutes value.

= Set Hours — adjusts the hours value.

= RESET_SEC - resets the seconds counter.

» Second/Temperature — toggles between time and temperature display.

= BackLight ON/OFF — controls backlight activation.

= BackLight Manual/Auto — switches between manual and automatic backlight modes.

Switching to temperature measurement mode is triggered by a short press of the Second/Temperature button.
An LED labeled “Second/Temperature” indicates the active temperature mode.

The backlight (LEDs “BackLight HOUR”, “BackLight_MIN”, “BackLight_SEC”) is activated by a long press of
the BackLight ON/OFF button. Brightness has four levels and can be adjusted with short presses of the same
button.

In automatic mode, brightness adjusts based on ambient light intensity detected by a photoresistor. Switching
between manual and automatic modes is done via the BackLight Manual/Auto button.

The clock is powered by a 5 V main power source and includes a 4.2 V backup battery. When operating on
battery power, the display and backlight are disabled to conserve energy. The “PowerON” LED indicates main
power operation and turns off when the main power is lost.

The clock circuitry also monitors the battery charging voltage and disables charging when the battery
reaches 4.2 V.

To set the time:

» Hold the SET button for ~0.5 seconds to enter time setting mode (indicated by the “SET” LED).
» Time setting mode pauses the seconds counter.

» Use Set Minutes and Set Hours to adjust the time (only incrementing is available).

= Use RESET_SEC to reset the seconds.

= To exit time setting mode and resume normal operation, hold SET again for ~0.5 seconds.
Let's consider the designs in which this version of the clock is implemented.

On Chip A, the following are implemented:

= Crystal Oscillator.

» Divide-by-32768/second pulse generator.

» Divide-by-60 circuit / seconds counter.

= Second voltage step generator.

» Time setting and clock control (RESET_SEC, power source control).
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On Chip B, the following are implemented:

» Divide-by-60 circuit / minutes counter.

* Minute voltage step generator.

= Divide-by-24 circuit / hours counter.

» Hour voltage step generator.

= Time setting and clock control (clock control button monitoring).
On Chip C, the following are implemented:

= Temperature measurement.
= Backlight control.
= Switching of the analog indicator “Second/Temperature”.

4.2 Design of Chip A for the Analog Clock

MMMMMM

Figure 4. Design of Chip A for the Analog Clock
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Crystal Oscillator

The stable pulse generator responsible for generating one-second timing pulses is built using the Crystal
Oscillator module, which is specifically designed to operate with external quartz resonators.

Figure 5 shows the circuit configuration for connecting the quartz resonator. For this clock, we will use a
standard “watch” quartz crystal resonator with a frequency of 32.768 kHz.

C1 SLG47003
GPIO2
T
Ixi Rt
o |
PIO7
——f e
R2

Figure 5. Circuit Diagram for Connecting the Quartz Resonator

Divide-by-32768/second pulse generator

To obtain stable one-second intervals, the 32.768 kHz frequency generated by the Crystal Oscillator needs to be
divided by 32768. A 16-bit CNT1/DLY1/FSM1 is used as the divider, configured as a counter (see Figure 6).

XTAL in

256Hz @ 1Hz

CNT3/DLY3 - L
- o o

XTAL out

[ R P DLY L
@ o

Properties ® Properties =
8-bit CNT3/DLY3 (MF3) 8-bit GNT4/DLY4 (MF4)
Multi-function p Multi-function p
mode: CMNT/DLY - T CNT/DLY v
Mode: Reset counter - Mode: Reset counter i
Counter data: 127 = Counter data: 255 =
(Range: 1-255) (Range: 1-255)
Output period Formula Output period 18 Formula
(typical): 3.90625 ms ormula (typical): i
Edge mode select: | Falling - Edge mode select:  Both -
Properties )
DLY IN init. value: | Bypass theinitisl  + DLY IN init. value: | Bypass the initial ~ ~ P DLY
Output polarity: Non-inverted (OUT) « Qutput polarity: Non-inverted (OUT) ~ Mode: Both edge delay -
Up signal SYNC: | None Up signal SYNC: | None Delay value: 500 ns -
Mode signal Mode signal .
SYNC: Bypass - SYNC: Bypass - Information
. = Delay and pulse width
Connections Connections J H

- . Pulse width
Clock source: Ext. Clk. (Frommat ~ Clock source: Ext. Clk. {From mat ~ VDD (V) Delay (ns) (ns)
Clock divider: N/D Clock divider: N/D
Clock frequency:  22.768 kHz Clock frequency: 256 Hz

k=) Apply [ 7 ] 5] Apply | 1 ] k=] Apply

Figure 6. Second Pulse Generator and Configuration of CNT3, CNT4, P DLY
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Divide by 60 / Seconds Counter
The conversion of seconds pulses into minutes pulses is handled by the Divide by 60 / seconds counter.

The Divide by 60 / seconds counter consists of an 8-bit CNTO/DLYO, which is configured as a divide-by-60
frequency divider (see Figure 7).

Properties 3]
8-bit CNTO/DLY0/FSMO (MFO)

Multi-function

mode: CNT/DLY v

Mode: Counter/F5M =

Counter data: 59 —
(Range: 1-255)

Output period Formuld

(typical): &2 o

Edge mode select: | Both -

DLY IN init. value: | Bypass the initial ~

Output polarity: Non-inverted (DUT) ~

Up signal 8YNC: | Bypass -

SM;ng:signal s -

Soecion: | |Resmwo -
Connections

Clock source: Ext. Clk. (From mat

Clock divider: N/D

Clock frequency: 1Hz

k=) Apply

Figure 7. Settings for 8-bit CNTO/DLY0
Seconds voltage step generator

The voltage step generator in this design is built using OPAMP1, VREF OA1, digital rheostat RHO, 8-bit
CNT1/DLY1, DFF12, 3-bit LUT1, and Shift Register1.

OPAMP1 is configured as a non-inverting amplifier, with its gain controlled by the digital rheostat RHO (see
Figure 8).

VREF SLG47003
96mV

+
OPAMP1

PIN7 +IN_OPAMP 1

piNg | - IN_OPAMP 1

PIN13 RHO_B

R1 RHO
5Kk OR

PIN14 RHO A

= pINg | OUT_OPAMP 1

Figure 8. Circuit configuration of OPAMP1 as a step voltage generator

A stable voltage of 96 mV from VREF OA1 is applied to the +IN input of OPAMP1. Thus, OPAMP1 amplifies the
input voltage with a gain coefficient equal to K. The gain coefficient is calculated by the formula:

K=1+ —
+R1
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The digital rheostat RHO has a maximum resistance of approximately 100 kQ, and a minimum resistance close
to 0 Q. By varying the resistance of the digital rheostat from 0 to 100 kQ, the gain of OPAMP1 (assuming R1 =
5 kQ) changes from 1 to nearly 21. Accordingly, the output voltage of OPAMP1 will vary from 96 mV to
approximately 2000 mV. By dividing the entire resistance range of the rheostat into 60 equal steps and
increasing the resistance by 1/60 of its range every second, we can generate a stepwise increasing voltage at
the output of OPAMP1.

The digital rheostat RHO has 1023 switching steps. To utilize the rheostat’s full range, RHO must be incremented
by 17 steps every second. This means that a burst of 17 pulses must be generated every second. The
components 8-bit CNT1/DLY1, DFF12, and 3-bit LUT1 are responsible for generating this pulse burst (the
configuration of these elements is shown in Figure 9).

Properties ®
3-bit LUT1/DFF/LATCH3

Properties 3] Type: LT M
8-bit CNT1/DLY1 (MF1)
IN3 IN2. IN1 INO ouT = =

Mode: One shot - 0 0 0 0 0 IS ED X

0 0 0 1 0 DFF/LATCH12 (MF1)
Counter data: 15 s o 0 1 o L Mode: DFF -

(Range: 1-255) 0 0 1 1 1
Pulse width 0 1 0 i} 0 HSE.T'," A== NRESET ~7
(typical): 1.6ms Formula - option:
’ 0 1 0 1 0 i ; i %)
5 Initial polarity: Low - Praperties (=

Edge mode select: | Rising - o

0 1 1 0 0 ] . Digital Rheostat0
DLY IN init. value: |Bypasstheinitial 0 1 1 1 0 Qoutput polarity: | Non-inverted (Q)  ~

Enable Enable =
1 0 0 0 0 - tatus:
Information CHTS
i i 1 0 1 1] - Nan,
Output polarity: Non-inverted (QUT) « “ - . : Normal operation Mode: None
0 4] 0
0 E 0 D CLK t nQ(t
Up signal SYNC: | None ! v v x oo EPGhdm . Disable -
Mode signal ] 1 0 0 0 1 0 1 to Rheostat:
G Bypass - ] ] 5 0 ] t-1 t-1 Data mapping MSB -
- selection: @
Connections ' ! 0 2 ! ! ! 0 Active level for
T osc0 1 1 1 1] 1 1 t-1 t-1 UP/DOWN: Up when LOW -
z b4
Standard gates Alto0 t-1 - previous state; Resistance (initial |0 a
o NRESET=0=>Q=0;nQ=1; data): (Range: 0-1023)
Clockimydes EEEDL Defined by user - Allto1 NRESET =1 => normal operation;
nSET=0=>Q=1;nQ=0; Cal_culated ~0 Ohm
Clock frequency: 10 kHz Regular shape e NSET =1 =>normal operation; resistance: Formula
k=) Apply [ | 5] Apply \ | 5] Apply \ ) D] Apply

Figure 9. Settings for 8-bit CNT1/DLY1, DFF12, RHO and 3-bit LUT1

The 8-bit CNT1/DLY1 generates a pulse of approximately 1.6 ms on each rising edge of the seconds pulses.
DFF12 synchronizes this pulse with the clock pulses from OSCO, and using the 3-bit LUT1, the resulting pulse is
filled with 17 clock pulses from OSCO (see the oscilloscope waveform in Figure 10).

v v [ ready [ci|c2 sisz samplesat4 mHz | 2025-08-04 12:43:00.485 QR L dE &
s 16 L B B L B s B v v

5 14

4 12

2 10

0 8

2 6

4 4

6 2 [ ]

5 0

0 2

12 -4 ! L L L L I L T T T L
x|+ -0.2ms 0ms 0.2ms 0.4 ms 0.6ms 0.8ms 1ms 12ms L4ms 1.6ms 18m

C1 (red) — 8-bit CNT1/DLY1 output
C2 (blue) — 3-bit LUT1 output

Figure 10. The pulse burst generation circuit waveform

R19ANO449EE0100 Rev.1.00 RENESAS Page 9
May 25, 2026



Implementing an Analog Clock with SLG47003V

After the resistance of RHO has increased from 0 to its maximum value, it must be quickly reset back to the
minimum. This is done using the Reload input of the RHO rheostat. The initial value of RHO is set to 0 (see
Figure 9). CNTO/DLYO0 and 3-bit LUT10 generate this signal at the beginning of each minute (when CNTO/DLY0
counts to 60). Shift Register1 introduces a slight delay to the clock pulses for RHO, ensuring that the Reload
process completes before the next clock pulses arrive.

At the output of OPAMP1 we receive a cyclic step signal, which can be displayed using an analog microammeter
(see Figure 11).

c1v €| Ready |C1)C2 5000 samplesat 80 He | 2025-06-04 15:38:13.824 R X
2 L L L L L L L O A

. ! -

o -
- -

| o
N .
ol JJFHI

L L

o b b b b b b b b b e becen b b b b b b e e by
X|v-0.5min 0,333 min -0.167min Omin 0.167 0333 in 0.667min 0,833 min 1min 1167 mi

Figure 11. The seconds’ step signal generation circuit waveform

The step voltage changes from 96 mV, so part of the microammeter scale will not be involved (the arrow will not
return to the 0-scale mark); to remove this unwanted effect, the design uses a circuit on OPAMPO and Analog
SWITCH (see Figure 12). This circuit is a voltage stabilizer of which at the output we get a voltage of 96 mV.
Thus, if we turn on the microammeter between the output of this stabilizer and the output of OPAMP1, this will
compensate for the offset of the step voltage and the microammeter arrow will return to the zero-scale value.

SLG47003
96mV.

+
OPAMP1

PIN7 | +IN_OPAMP 1

PiNg | -IN_OPAMP 1

PIN13 | RHOB

R1 RHO
Vdd 5k 0R
SLG47003 PIN14.

RHO_A

= OUT_OPAMP 1
PIN12| +IN_OPAMP 0 + outs | ez = PINg K

OPAMPO SWITCH -
PIN11] -IN_OPAMP 0 OUTA | PIN3 uA + W

R3
VREF 100
96mV
PIN10 |_OUT_OPAMP 10

Figure 12. Circuit configuration for connecting the microammeter

Time Setting and Clock Control

Time setting and clock control refers to the processing of button signals, monitoring of power supply voltage
levels, and monitoring the charge level of the backup battery (see Figure 13).

R19ANO449EE0100 Rev.1.00 RENESAS Page 10
May 25, 2026



Implementing an Analog Clock with SLG47003V

Shift Register0 functions as a debounce filter for the "RESET_SEC" button. Together with the configuration of
PIN 20 as a digital input with Schmitt trigger and a pull-down resistor, this setup ensures protection against false
triggering caused by contact bounce.

3-bit LUT3 and 8-bit CNT2/DLY2 are responsible for resetting the seconds value during time setting. 2-bit

LUT1 blocks the passage of seconds pulses from the seconds pulse generator when the clock is in time-setting
mode. The configuration of the elements responsible for handling the "RESET_SEC" button press is shown

in Figure 14.

SET_IN

(o2

MF2 (3-bit LUT10, DFF/LATCH13, 8-bit CNT2/DLY2)

Rising One Shot °
RESET_SEC
| =2
POR (o} Gl
CNT2/DLY2 *——1—*

Figure 13. Part of the design responsible for button press handling

Properties 3]
. — 3-bit LUT1/DFF/LATCH3
Properties ] Properties £
3-bit LUT10 (MF2) Type: LT ¥ 8-bit CNT2/DLY2 (MF2)
IN3 IN2 IN1 IND ouT
0 0 0 0 0 IN3 IN2 IN1 IND ouT Mode: One shot -
- 0 0 0 0 0
0 0 0 L .
0 0 1 0 [ 1 ';‘ s ‘: ; 0 Counter data: 4 =
0
0 0 1 L - 0 . v 0 (Range: 1-255)
0 1 Pulse width
0 = 200 ns Formula
0 ! 0 0 v 0 1 0 0 0 (typical): -
Y ! 0 ! v 0 1 0 1 0 Edge mode select: | Rising -
0 1 1 0 0 o
0 1 1 0 0 e .
0 DLY INinit. value: | Bypass theinitial
v ! ! ! v 0 1 1 1 0
1 0 0 0 1] ] 5 - - = Properties 3]
1 0 0 ] 5 | 5 Output polarity: | Nonvinverted (OUT) ~ || | 3-pit LUT4/DFF/LATCH6/Shift Registe...
1 0 1 0 0 -
1 0 i] ] 0 ] 0 Up signal SYNC: None Type: U= M
1 1 a 0 Mode signal
1 1 ] g
] ] o A . ; — — SYNC: Bipas M Register length: 8 =
0 0 0 0
1 1 0 7 1 0 = Connections Initial -
: : : = \:I value [7:0]: 00000000
! ! ! ! ¢ Clock source: 0sC1 - SET/RESET RESET -
Standard gates Allto 0 Standard gates Allto 0 opu.on:
Clockdivider:  OSC1 /1 pohelercl o wiavel -
Defined byuser = Allto1 Defined by user = Allto 1 SET/RESET:
Regular shape e Regular shape e Clock frequency: 25 MHz gnT:rt'r?yu} Nor-inverted (Q) =
(5] Apply [ ] k=) Apply L 1 ] | D} Apply [ ] k=) Apply

e = N

Figure 14. Configuration of the elements responsible for button press handling

The MS ACMP monitors the power supply voltage level (Channel 1, configuration shown in Figure 16) and
the backup battery charge level (Channel 0).

When Vdd exceeds 4.4 V, the MS ACMP outputs a HIGH level on OUT_CH1. This HIGH level keeps the time
display active on the clock as long as the supply voltage remains above 4.3 V, i.e., while the clock is connected
to a stationary power source.

Channel 0 of the MS ACMP monitors the backup battery voltage level (configuration is shown in Figure 15).
When the voltage exceeds 4.2 V, it outputs a HIGH level on OUT_CHO which disables the external battery
charging circuit and stops the charging process.

R19ANO449EE0100 Rev.1.00 RENESAS Page 11
May 25, 2026



Implementing an Analog Clock with SLG47003V

MS ACMP

Figure 15. Part of the design responsible for monitoring the power supply voltage level

Properties %) Properties (&)
MS ACMP MS ACMP
Mode selection: Sampling - Mode selection: Sampling -
Number of Number of
2 - 2 -
channels: channels:
Enable mode: High Level Activatic = Enable mode: High Level Activatic ~
Output result ‘Output result
e One by one - appearance: One by one -
Clock source: 05C0 - Clock source: 0SC0 -
Sampling clock: 0sCo - Sampling clock: 0SC0 -
Analog MUX " - Analog MUX - _
e Sampling engine (4 ~ = Sampling engine (4 +
Analog MUX Out . Analog MUX Out .
10 GPIOZ: D - to GPIO2: Disane v
Sync ready . Sync ready =
polarity: Nen-inverted - polarity: Nor-inverted -
Force bandgap Enable - Force bandgap Enable -
on: o
Input voltage Input voltage
selection: 2olel - selection: SOSY M
Channels Channels
0 1 2 3 4 i 0 1 2 3 4 L
IN+ gain: x0.33 - IN+ gain: x0.33 -
IN+ gource: RH1_A - IN+ source: VDD \
IN- Low to High 1408 mv - IN- Low to High 1472 mv .
source: source:
IN- High to Low 1344 mv - IN- High to Low 1440 mv .
source: source:
Hysteresis: B4 my Hysteresis: -32mvV
Output polarity: Q - Output polarity: o] -
(O] Apply L 7} = Apply

Figure 16. Configuration of the elements responsible for monitoring the power supply voltage level
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4.3 Design of Chip B for the Analog Clock

A

Immmmmmm-

o
o
o
o
o
o
o
o
o
o

Figure 17. Design of Chip B for Analog Clock
Let’s take a closer look at the operation of the Chip B design of the clock.
Divide by 60 / Minutes Counter

The counting of minutes pulses and the generation of hours pulses is performed using an 8-bit CNTO/DLYO,
which is configured as a divide-by-60 frequency divider, following a similar scheme to the Divide by 60 / Seconds
Counter used in Chip A.
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Minutes voltage step generator

The voltage step generator for minutes in this design is built using OPAMPO, VREF OAQ, digital rheostat RHO, 8-
bit CNT1/DLY1, DFF12, 3-bit LUT4, and P DLY. It operates similarly to the voltage step generator for seconds in
Chip A.

Divide by 24 / hours counter and hours voltage step generator

Division by 24 and counting of hours pulses is performed using the EPG (Extended Pattern Generator). In this
design, the EPG also controls the hours voltage step generator. The digital rheostats can be driven by the EPG.
In rheostat mode, the 8-bit data from the EPG will be loaded into the activated rheostat counters at the rising
edge of the corresponding RELOAD signal.

B
[d'EDD] [ouTZ-0UTT] Value (hex) Value (dec)
Properties (3] o |o]ofojofa]ofa)a 0x0B 1
EPG 1 [ofo[cfa]o[a]ofa 0x15 21 = —
2 Jofoofafafa]a]a 0x1F 31 Properties [E3]
EENT ‘fwerﬂo“"'! Overflow - 3 |ofofafofa)oofx %29 a1 Digital Rheostat1
el 4 Jojola]aoo1]s 0x33 51
Initial data a 5 |ofofafaafa]ofa 0x3D 61
[OUT7:0UTOJ: 00000001 v | Enable Enable -
& |ofafojofofafa]a 0347 71 status:
Output bit width: | 8-bit parallel output « 7 |oMekolt)oM ot & .
8 [ofa]efafa]ofa)a 0x5B 91 Mode: Rheostat M
Data: Edit waveforms 2 |ofafafofof1lofa 083 101
10 [ofafa]ofafa]a]2 Ox6F 1
| | EPG data Enable -
11 Jofafafafajojos 0x79 121 to Rheostat:
Output 2: EPG OUT2 o 12 [1]o|o|ofofof1]s 0x83 131 i
13 [a]o[ofofafa]ofs 0xBD 141 Data mapping MSE -
i - L7
Output 3: EPG OUT3 - 12 [1]o[ofa]o[1]a]a 0x57 151 selection: -
15 |1)of1]o/o|ofo]s OxA1 161 Acti
ctive level for
Output 4: EPG OUT4 v 16 |1fo[afofa]o]1]x OxAB 171 UP/DOWN: Up when HIGH b
17 [a]ofa]a]of]ofx 0xES 181 . —
Output 5: EPG OUTS v s [iJoiARRRA P o1 Resistance (initial | 0
19 [1fa]o|of1folos 0xC9 201 data): (Range: 0-1023)
Output 6: EPG OUTS v
20 [1)a]of1folofa]s 0xD3 211 Calculated ~0 Ohm
Output 7: EPG OUT7 - 21 [ajelpfajepn 000 221 resistance: Formula

22 |1fa|afolofa]a]s OxE7 231

23 o/ojoj0j0jO|0|0 0x00 o

k=] Apply Anply
Py Cancel =) ApDply

Figure 18. Configuration of the EPG and digital rheostat RH1

Data corresponding to the resistance values of the digital rheostat RH1 have been added to memory cells 0
through 22. RH1 sequentially accepts these values upon receiving pulses at the CLK EPG input. The EPG
remains active when a high level is present at the nRESET input. The data is selected such that for memory
cells 0 through 22, the OUTO output always holds a logical 1. The signal from OUTO is fed to the nRESET input
through two buffers (3-bit LUT3, 4-bit LUTO), and as soon as the EPG reaches cell 23 (where OUTO has a
logical 0), the EPG is reset to the Initial state. Upon reset, RH1 is loaded with the Initial data from the EPG, and
subsequent pulses at the CLK EPG input cycle through the memory cells from 0 to 22. This process repeats
cyclically with each incoming pulse at CLK EPG. This setup allows for division by 24 and control of the hours
Voltage Step Generator using a single EPG.

The hours voltage step generator in this design is built using OPAMP1, VREF OA1, the digital rheostat RH1, and
the EPG. The operating principle of the generator is just like those used for the minutes and seconds. An
example of the circuit operation for generating a stepped control signal for the microammeter displaying hours is
shown in Figure 19. To simplify the acquisition of the oscilloscope trace, the frequency of pulses at the CLK EPG
input has been significantly increased to approximately 156 Hz.
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cav <€ Ready  [C1 C2 8192 samples at 40 kHz | 2025-08-11 12:10:26.307 @ ~ H I Y

19 [N R A N B L e I e e e o e e L e e e L B

I__I—

15 ’_—l—r_J

s N N
T

05 _ _—I___l_d ’_r
_,__1

0.1 T T T T T T T T T O O T T T T O T T T A .
X|v-20ms oms 20 ms 40ms 60 ms 80 ms 100 ms 120 ms 140 ms 160 ms 180 ms

Figure 19. The hours’ step signal generation circuit waveform

Time Setting and Clock Control

To process button presses for clock control — SET, Set Minutes, Set Hours and the button for switching the
backlight mode between BackLight Manual and Auto, this design uses the MS ACMP in Range mode. The
circuit's operating principle is based on measuring the voltage across resistor R4 (see Figure 20), which is
formed by voltage dividers on resistors R5—R8 when buttons SW1-SW4 are pressed. The dividers are powered
by a stable voltage of 2016 mV from the SS Buffer output (PIN19).

SLG47003
PIN24 | IN_Buttons MS-ACMP
SET RS
sSwi 75k
SET Minute R6
e Iy 024mV/1024mV
504mV/1504mV
SET Hour R7
SW3 W [ 920mV/1920mV
BackLight_Manual/Auto R8 PIN19 | vref
1.1k /S Buffer

i3]
%0k
Wy

Figure 20. Part of the circuit responsible for processing clock control button presses

The configuration of the MS ACMP is shown in Figure 21.

R19ANO449EE0100 Rev.1.00 RENESAS Page 15
May 25, 2026



Implementing an Analog Clock with SLG47003V

Properties Properties Properties Properties Properties
MS ACMP MS ACMP MS ACMP MS ACMP MS ACMP
Mode selection: Range Mode selection: Range Mode selection: Range Mode selection: Range = Mode selection: Range -
Number of 5 MNumber of g Number of s Number of 5 - Number of 5 -
channels: channels: channels: channels: channels:
Enable mode: High Level Activatic Enable mode: High Level Activatic Enable mode: High Level Activatic Enable mode: High Level Activatic ~ Enable mode: High Level Activatic ~
Output result Output result Output result Output result Output result
One by one = -
appearance: by appearance: One by one appearance: One by one appearance: Qualbione appearance: Qoeingoss
Clock source: 0sco clock source: 05c0 Clock source: 0sco Clock source: 0sCo v Clock source: osco -
Sampling clock: 0SCO0 /8 Sampling clock: 0SCO /8 Sampling clock: 0SC0/8 Sampling clock: 0sC0 /8 = Sampling clock: 0SC0 /8 v
Analog MUX - Analog MUX Analog MUX - Analog MUX Analog MUX
! Sampling engine (4 og i i ! = i i = jine (4 ~
input: pling engine (; input: Sampling engine (4 input: Sampling engine (A input: Sampling engine (4 + — Sampling engine (#
Analog MUX Out . Analog MUX Out Analog MUX OQut Analog MUX Out Analog MUX Out
Disabl °9 log - log .
to GPIOZ: ek 1o GPIO2: icatie 10 GPIO2: DS 10 GPI0Z: DR 10 GPIOZ: Dizad
Sync ready Sync ready Sync ready Sync ready Sync ready N
N Mon-inverted i = - - Hi = H
polarity: polarity: Non-inverted polarity: Non-inverted it Mon-inverted polarity: Non-inverted =
Fi band
u:[ce andgap Enable Force bandgap Enable Fo.rce bandgap Enable Force bandgap Enable - Force bandgap Enable -
3 on: om: on: on:
Input voltage Input voltage Input vohage Input voltage Input voltage
: 2016V . . . b . =
selection: selection: 2omev selection: zotev selection: 2mev selection: 2oV
Channels Channels Channels Channels Ghannels
o 1 2 3 4 3 ] 1 2 3 4 3 1] 1 2 3 4 5 1] 1 2 3 4 5 0 1 2 3 4 5
IN+ gain: Disable IN+ gain: Disable IN+ gain: Disable IN+ gain: Disable - IN+ gain: Disable -
IN+ source: PIN 24 (GPI02) IN+ source: PIN 24 (GPIOZ) IN+ source: PIN 24 (GPI02) IN+ source: PIN24 (GPIOZ)  ~ IN+ source: PIN 24 (GPIOZ)
IN- Low to High IN- Low 1o High IN- Low to High IN- Low to High IN- Low to High
96 mV 5 - .
[SOmLe: source: 12y source: 1024 mv source: 1504 my source: 1920 mv
IN- High to Low IN- High to Low IN- High to Low IN- High to Low IN- High to Low
96 mv 5 g .
source: source: L A source: 1024 mv source: 1504mv T source: 1920 mv
Hysteresis: omv Hysteresis: omv Hysteresis: omv Hysteresis: omv Hysteresis: omv
Output polarity: Q Output polarity: Q Output polarity: Q Output polarity: | O - Output polarity: Q v
5] Appl (5] Appl 5] Apply 5] Apply =) Appl

Figure 21. MS ACMP Configuration

The operating principle behind the MS ACMP in Range mode is illustrated by the oscilloscope trace shown in
Figure 22. A high level appears at the output OUT CH1 of the MS ACMP when the voltage at the IN_Buttons
input (PIN24) (based on the configuration shown in Figure 21) is within the range of 96 mV to 512 mV. Similarly,
a high level appears at the output OUT CH2 when the input voltage is between 512 mV and 1024 mV. At the
output OUT CH3, a high level corresponds to an input voltage range of 1024 mV to 1504 mV. At the output OUT
CH4, a high level corresponds to an input voltage range of 1504 mV to 2016 mV.

The voltage dividers are designed in such a way that pressing each button generates a voltage at resistor R4
that falls in the middle of each of the above ranges, so that we can obtain distinct high-level signals at the MS
ACMP outputs corresponding to each individual button.

Thus, using only one chip pin, we can process four independent buttons.

However, due to button contact bounce and the specific behavior of the MS ACMP (during signal rise and fall at
the MS ACMP input, other button outputs that were not pressed may also trigger), there is a high risk of incorrect

operation of this circuit (see Figure 23).
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av. 4 Ready  [C1|C2 8102 samples at 8 kHz | 2025-08-04 17:30:30.914 @ x 2 I E v, e8
2.25 L B I T B B B A

025 b b b b b b b b b b b b b b b b b b b s
x|+ 300 ms 200 ms 100 ms oms 100 ms 200 ms 300ms 400 ms 500 ms 500 ms 700 ms

4 .= _ [, T, Simple Puse Protocol, Input: Digital and Analog -~ "¥Digitize = X

Name Pin T 4006 samples at 4 kkz | (17/32bit) &

in

DI0 0 oo 1 - .
o0 1 [ 1 [ 1

oo 2 1 1
Do 3 oo 3} | ]

X |¥ 300 ms -200 ms -100 ms @ms 100 ms 200 ms 300 ms 400 ms 500 ms 600 ms 700 m:

C1 (red) — PIN24 (IN_Buttons)
DIO 0 — OUT CH1 MS ACMP
DIO 1 — OUT CH2 MS ACMP
DIO 2 — OUT CH3 MS ACMP
DIO 3 — OUT CH4 MS ACMP

Figure 22. MS ACMP operation in Range mode waveform

av <€ Ready €1 C2 8102 samples at 8 kHz | 2025-08-04 17:44:32.773 @ X 2 I E V3.8
235 L L L B L L B B B D /2 I L B I L L L L B B B

-0.25 NN IR Ll Ll T T | T | T | L1l L1l L1l L1l L1l L1l L1l L1l L1l L1l -

X|v-310ms -210ms -110 ms -10 ms 90 ms 190 ms 200 ms 390 ms 490 ms 590 ms 690 ms

4 .= .|, T, Simple Puse Frotocol, Input: Digital and Analog - [¥Digitize = X
Name Pin T 4096 samples at 4 kHz | (17/32bit) ~

DIO 0 DIO 0
DIO 1
DIO 2

DIO 3 IO 3 | ]

x|¥310ms -210 ms -110 ms -10 gis 90 ms 190 ms 290 ms 390 ms 490 ms 590 ms 690 m:

C1 (red) — PIN24 (IN_Buttons)
DIO 0 - OUT CH1 MS ACMP
DIO 1 - OUT CH2 MS ACMP
DIO 2 - OUT CH3 MS ACMP
DIO 3 - OUT CH4 MS ACMP

Figure 23. The button press processing waveform when the BackLight_Manual/Auto button is pressed
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To eliminate the effects of button contact chatter and spurious signals, this design uses debounce filters built on
Shift Register 1 (3-bit LUTS), Shift Register 2 (3-bit LUT6), CNT2/DLY?2, and CNT4/DLY4. The settings of these
components are shown in Figure 24.

Properties X Properties ®
8-bit CNT2/DLY2 (MF2) 8-bit CNT4/DLY4 (MF4)
Mode: Delay v Mode: Delay -
Counter data: 124 = Counter data: 124 =
(Range: 1-255) (Range: 1-255)
Delay time ; N Delay time S
(typical): 100 ms Formula (typical): 100 ms Formula
Edge mode select: | Both - Edge mode select: | Both -
DLY IN init. value: | Bypass the initial ~ DLY IN init. value: | Bypass theinitial . - ) .
Properties %] Properties (]
i i 3-bit LUTS/DFF/LATCH7/Shift Registe... 3-bit LUT6/DFF/LATCHB8/Shift Registe...
Output polarity: Nor-inverted (OUT) + Output polarity: Non-inverted (OUT) +
Type: shift Register - Type: Shift Register -
Up signal SYNC: None Up signal SYNC: None
Mode signal Mode signal o Register length: 8 Register length:
G Bypass - s Bypass gl gt - gl gth: 8 -
Initial - Initial -
Connections Connections value [7:0]: 00000000 value [7:0]: 00000000
SET/RESET SET/RESET
Clock source: 0SC0 /8 - Clock source: 05C0/8 v option: RESET - option: RESET -
" Active level for Low level - Active level for level -
Clock divider: 0SC0 /8 Clock divider: 0SC0/8 SET/RESET: L she SET/RESET: Low level
Q output - Q output =
Clock frequency:  1.25 kHz Clock frequency:  1.25kHz pnlar'r?y: Non-inverted (Q) = pnlar'rlzy: Nonnverted (Q)  ~
8 Apply 7 ] = Apply ) k=) Apply | | (D] Apply

Figure 24. Configuration of Shift Register 1 (3-bit LUT5), Shift Register 2 (3-bit LUT6), CNT2/DLY2, CNT4/DLY4

Figure 25 shows the oscilloscope waveform of the signals from the outputs of the debounce filters when pressing
the BackLight _Manual/Auto button. As can be seen, false triggering is now absent during the transition of the
signal rising to a steady state.

To eliminate false button triggering, the voltage dividers that generate voltages for each button are powered from
a stable source with a voltage of 2016 mV. This voltage is generated using an SS Buffer and VREF.
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av. ¢ Ready  |C1 C2 8192 samples at 8 kHz | 2025-08-04 17:48:53.959 @ & 2 T

A 2 Y
2.25 L L L B I 2 L L L L L O BB

Bh . W
T T

025 b b b b b b b b b b b b b b b b b b B i v

X|v-310ms -210 ms -110 ms -10 ms 90 ms 190 ms 290 ms 390 ms 490 ms 590 ms 690 ms
o, - . T, simple Pulse Protocol, Input: Digital and Analog - [¥Digitize <= b4
Name Pin T 4096 samples at 4 kHz | (17/32bit) &
DIO 0 DIO 0
DIO 1
DIO 2
b0 3 [
X|v310ms -210ms -110ms -10 s 90 ms 190 ms 200 ms 390 ms 490 ms 590 ms 690 m:

C1 (red) — PIN24 (IN_Buttons)
DIO 0 — OUT Shift Register 1
DIO 1 — OUT CNT2/DLY2
DIO 2 — OUT CNT4/DLY4
DIO 3 — OUT Shift Register 2

Figure 25. The button press processing waveform when pressing the BackLight_Manual/Auto button (signals from
the outputs of MS ACMP passed through debounce filters).

Multiplexers based on 3-bit LUT10 and 3-bit LUT12 switch signals from the SET Hour_Button, SET
Minute_Button, and internal signals from the output of CNYO0/DLYO or PIN 17 “1Minute_IN” according to the
control signal SET.

Rising Edge Detectors are implemented using 3-bit LUT7, 2-bit LUT1, 3-bit LUT1, and 2-bit LUT2. These
detectors help eliminate false triggering of the hours counter and EPG during the transition from clock setup
mode to normal operation, in cases where the output of CNYOQ/DLYO or PIN 17 “1Minute_IN" is at a HIGH level.

R19ANO449EE0100 Rev.1.00 RENESAS Page 19
May 25, 2026



Implementing an Analog Clock with SLG47003V

4.4 Design of Chip C for the Analog Clock
K
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=TS S

3
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Figure 26. Design of Chip C for Analog Clock
Let's take a closer look at the operation of the Chip C design of the clock.
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Temperature Measurement

The following components are used for temperature measurement in this design: TEMP SENSOR, Sink/Source
BUFFER, OPAMPO, OPAMP1, and VREF OA1.

The structural diagram of the TEMP SENSOR is shown in Figure 27.

v Reg[692] TS_OUT_EN
o Reg[689] BUF_OUT EN

TS_OUT Reg[682:681] BUF_IN_SEL[1:0]

—— MS-ACMP IN+ MUX

T5_OUT Buffer -
Sink/Source Buffer
GPIO3
VDD
1
ouT
+
$/S Buffer BUF_OUT_EN
| BUF_IN_SEL[1:0]
Temperature Sensor TS_OUT_EN

Figure 27. Analog Temperature Sensor Structure

The value of the analog voltage at the TEMP SENSOR output can be calculated using the following formula:
Vrsour = —4.8 X T, +1825.2
Where:
V1s out: TS_OUT voltage in mV
TJ: Junction temperature in °C.

Thus, for the temperature ranging from 10 °C to 40 °C, the voltage at the output of the TEMP SENSOR will vary
from approximately 1633 mV to 1777 mV. To achieve a thermometer range of 10 °C to 40 °C while utilizing the
full scale of the microammeter, OPAMPO is configured as a differential amplifier with a gain factor of 15. A
reference voltage source is built using OPAMP1 and VREF OA1. OPAMP1, configured as a buffer (voltage
follower), serves to buffer the VREF OA1. The voltage at the output of OPAMP1 sets the starting point of the
temperature measurement range (10 °C).

The differential amplifier on OPAMPO amplifies the difference between a stable reference voltage corresponding
to a temperature of 10 °C and the voltage generated at the output of the TEMP SENSOR. As a result, the output
of OPAMPO provides a voltage ranging from 0 to approximately 2160 mV, which corresponds to a temperature
range from 10 °C to 40 °C. The temperature measurement circuit is shown in Figure 28.
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SLG47003

PIN19

TEMP
SENSOR|
R1 R6
SLG47003
1824mV

PIN7 +IN_OPAMP 1 + PIN11] - IN_OPAMP O
OUT_OPAMP 1 | PIN9 OUT_OPAMP O | PIN10 -— uA

OPAMPO
PIN12 § +IN_OPAMP 0

im

Figure 28. Temperature measurement scheme

OPAMP1

PIN8 | - IN_OPAMP 1

The analog voltage value at the output of OPAMPO can be calculated using the following formula:

R1
Vour = R6 X Vi = Vorw)

Where:

Vout: Output voltage OPAMPO

V+in: +IN Input voltage OPAMPO

V.n: +IN Input voltage OPAMPO

and R1 =R4, R5 = R6
Switching the Analog Indicator “Second/Temperature”

R7

Switching between the Second or Temperature display modes is done using the Second/Temperature button.
CNT4/DLY4 functions as a debounce filter for the “Second/Temperature” button. Together with the configuration
of PIN 5 as a digital input with a Schmitt trigger and a Pull Down resistor, it prevents false triggering due to

contact bounce. DFF15 toggles and stores the state of Second or Temperature. 2-bit LUTO controls the

activation of OPAMPO and changes the state of PIN 24 from a LOW level to HIGH-Z. 2-bit LUT1 generates the

control signal EN_SEC_OUT at PIN 20 and controls the SWITCH.

The control circuit for the microammeter — the temperature and seconds indicator — is shown in Figure 29.
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SLG47003 (Chip A)
som

+
OPAMP1

PIN7 | +IN_OPAMP 1

Ping | -IN_OPAMP 1

PIN13 | RHOB

R1 RHO
5k R

4 RHO A

= PINg | OUT_OPAMP 1

‘dd
SLG47003 (Chip A) ':f;’f‘ en_sec_N| pine

piniz | +IN_oPAMP 0 . outs | ome
OPAMPO SWITCH R2 -
PNt | -INOPAMP O _ OUTA {PING é MM @ +

R3
VREF 100
PIN2 SLG47003 (Chip C)

pinto |_OUT_OPAMP 10
- SwiTcH

PIN3

PIN24 Internal EN_SEC_OUT Jpin2o

Logic
- opaupo et
R4 -
PIN10 OUT_OPAMP 0
L AAA opAWRO

+IN_OPAMP 0_| PIN12
+ X

Figure 29. Control circuit for the microammeter — temperature and seconds indicator

In “Seconds” mode, the “~” terminal of the microammeter is connected through current-limiting resistor R2 to PIN
3 of chip A, while the “+” terminal of the microammeter is connected through the closed SWITCH of chip C to the
output of OPAMP1 of chip A. At this time, OPAMPO of chip C is turned off by a control signal from 2-bit LUTO,
and its output is switched to HIGH-Z, as is the output of PIN 24. This ensures that the temperature measurement
circuit does not interfere with the operation of the microammeter and does not affect the seconds display circuit.
Meanwhile, OPAMP1 of chip A is active, and the microammeter displays the seconds value.

In “Temperature” mode, a LOW level appears on PIN 24, connecting the “~” terminal of the microammeter to the
circuit's GND. The SWITCH opens, disconnecting the output of OPAMP1 of chip A from the “+” terminal of the
microammeter, and OPAMP1 of chip A is also turned off. OPAMPO of chip C is activated and connected to the
“+” terminal of the microammeter through the current-limiting resistor R4. As a result, the microammeter begins
to display the temperature value.
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Backlight Control

The backlight of the microammeters can operate in two modes: manual and automatic. The backlight is turned
on by a long press (more than 500 ms) of the BackLight ON/OFF button. Switching between manual and

automatic backlight control is done via the BL_Manual/Auto signal, which is generated by the

BackLight Manual/Auto button (see Design B).

In manual mode, short presses (less than 200 ms) are used to select one of four brightness levels.

In automatic mode, the brightness of the backlight changes depending on the intensity of ambient light falling on

the clock. The ambient light intensity is monitored by an LDR (Light Dependent Resistor).

Shift Register0 functions as a debounce filter for the BackLight ON/OFF button. Together with the configuration
of PIN 17 as a digital input with Schmitt trigger and a Pull Down resistor, it prevents false triggering due to
contact bounce. CNTO/DLY0 and DFF 11 detect long presses of the BackLight ON/OFF button. CNT1/DLY1 and

3-bit LUT9 detect short presses and block short press activation in case of a long press.

The configuration of these components is shown in Figure 30, and the oscilloscope waveform of this module’s

operation is presented in Figure 31.

Properties ®
8-bit CNTO/DLY0/FSMO (MFO0)

Properties ®
Mode: Delay —
8-bit CNT1/DLY1 (MF1)
Counter data: 208 = Mode: One shot -
(Range: 1-255)
ek it 501.6 ms Formula || Counter data: 249 -
(typical):
= e (Range: 1-255)
ge mode select: | Rising - o
(Pt::;i;;;_mh 200 ms Formula
DLY IN init. value: | Bypass theinitial - :
Edge mode select: | Rising -
Output polarity: Nor-inverted (OUT) = DLY IN init. value: | Bypass the initial =
Properties ®
Up signal SYNC: | Bypass Output polarity: Inverted (nOUT) = 3-bit LUT4/DFF/LATCH6/Shift Registe...
Mode signal Bypass . T
. - 3 i ister
SILTE Up signal SYNC: Mone s =
FSM SET/RST Reset 100 Mode signal B - .
Selection: R SYNC: ¥pass Register length: 6
Connections i Initial
Connections value [5:0: 000000
Clock source: 0SCO0 /24 = Clock source: 0SCO0 /8 = SEI.—"rRES ET RESET
option:
L. Active level for
Clock divider: 0SC0 /24 Clock divider: 0SC0/8 SET/RESET: Low level
Clock frequency: 416.667 Hz Clock frequency: 1.25kHz So‘;::ym Non-inverted (Q)
k= Apply [ 7 ] k=) Apply [ | k=l Apply
Figure 30. Setting CNT0/DLY0, CNT1/DLY1, Shift Register0
Name Pn T Ready 1024 samples at 409.6 Hz | 2025-08-21 15:00:28.723 (16/16bit) I E a8
PIN 17 po o] 1 [ 1 1 I 1
OUT_DFF11 X 1 [
DUT_3LUTS | X I 1
X~ -0.25s 0 & 0.25s 0.5s 0.75s 1s 1.25s 15s 1.75s 2s 2.25¢
Figure 31. The BackLight ON/OFF button press processing waveform
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Brightness Adjustment of the Backlight

Brightness adjustment is achieved by changing the duty cycle of the PWM signal controlling the backlight LEDs
(100%, 75%, 50%, 25%).

The PWM signals are generated as follows:

Shift Register1, configured as a frequency divider by 4, generates the base PWM signal with a 50% duty cycle.
PWM signals with 75% and 25% duty cycles are generated using CNT3/DLY3, 3-bit LUT11, CNT2/DLY2, and 3-
bit LUT10, based on the 50% PWM signal. All PWM signals are combined using 4-bit LUTO.

The configuration of the components that generate the PWM signals is shown in Figure 32.

Properties (5]

P il £
3-bit LUT10 (MF2) roperties ®

3-bitLUT11 (MF3)

Properties @ Properties ®
IN3 IN2 IN1 IND out = E
B 0 o o - 8-bit CNT2/DLY2 (MF2) 8-bit CNT3/DLY3 (MF3) N3 | N2 N1 IND | ouT
- 0 0 0 0 0
0 0 a 1 0 Mode: One shot - Mode: One shat - -
) o 0 1 0
1] 0 1 ] a
o 1 a 0
0 1 1 1 Counter data: 24 = Counter data: 74 - 0 ] ] ‘ =
1 0 0 0 (Range: 1-255) (Range: 1-255) ; 0 . -
Pulse width Pulse width o
ormula 2 Formula
1 0 1 0 {typical): 25ms Formu (typical): 75ms 1 0 ] 0
! ! 0 4 Edge mode select: Rising - Edge mode select: | Rising - 0 1 1 0 0
0 1 1 1 1] o ] 1 ] 2
1 0 0 0 DLY INinit. value: | Bypass theinitial = DLY IN init. value: | Bypass theinitial  ~
- N . 1 0 0 0 0 Properties =
1 0 1 1] 0 = = = =
- . 1 0 0 -]
] - — = Output polarity: Nor-inverted (OUT) Output polarity: Non-inverted (OUT) + 3-bit LUTS/DFF/LATCHZ7/Shift Registe...
- - 1 0 0
1 1 0 1 0 Type: Shift Register -
] - - . Up signal SYNG: | None Up signal SYNC: | None §
0 0 0 1 0 0 0
Mode signal Maode signal 3 =
1 0 1 0 S;NG:SIQM Bypass - SYNC: < Bypass v 1 0 0 Register length: 2
0 - = 0 0 Initial a
! - Y Connections Connections ! Y v value [1:0]: o
1 1 a 1 1 0
N SET/RESET
Standard aat Clock source: 0sCo - Clock source: 05C0 - S— upliom;r RESET -
andard gates andard gates -
g Al . Alloo Active level for Low level -
Defined by user - Allto1 Clock divider: 0SC0 /1 Clock divider: 0sc0 /1 Defined by user - I SET/RESET:
Q output "
Regular shape Invert Clock frequency: 10 kHz Clock frequency: 10 kHz Regular shape Tren e Inverted (nQ) -
el Apply k=) Apply [ 7 ) 5] Apply [ 1 & Apply (7 ] (5] Apply

Figure 32. Configuration of CNTO/DLY0, CNT1/DLY1, 3-bit LUT10, 3-bit LUT11, Shift Register1

A 4-channel 2-to-1 multiplexer is implemented using the elements 3-bit LUT1, 3-bit LUT2, 3-bit LUT3, and 3-bit
LUT6. This multiplexer selects the control signal source for the PWM signal generation circuit.

Manual Backlight Control

Switching between PWM signals in manual mode is performed using the EPG. The configuration of the EPG is
shown in Figure 33.

Properties 3]
EPG
CNT overflow/ ovestlow -
keep:
Initial data a
[oUT7:0UTO): 00010001 i

Output bit width: &-bit parallel output + E

Data: Edit waveforms i 2

(dec) [oUT7-:0UTO] Value (hex) Value (dec)
Output 2: EPG OUT2 - 0 |o|ojof1]olof1]o ox12 18
Output 3: EPG OUT3 - 1 |ojojojrjojr|o|o 0x14 20

2 0x18 24
Output 4: EFG OUT4 - 01010 NAlCI 010

3 |ojojoja|ojafo|o 0x14 20
Output 5: EFG OUTS -

4 |ojojoj1fojo]1|o ox12 18
LITTIE SRELILE T 5 |o|o/o|o]ofo/o]o 000 o
Output 7: EPG OUT7 M & |ojojojojojojo)jo 0x00 0

k=] Apply Apply Cancel

Figure 33. EPG Configuration
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This EPG configuration allows cyclic switching between PWM signals according to the scheme shown in

Figure 34.

The signal from output OUT4 is fed to the nRESET input and as soon as the EPG reaches state 5 (where OUT4
has a logical 0), the EPG is reset to the Initial state. Subsequent pulses at the CLK input of the EPG each cycle
through states 0 to 4. This process repeats cyclically as pulses continue to arrive at the CLK input.

PWM
./’ 100%
. Initial state

PWM PWM
75% 75%
State 4 State 0
PWM
50%
State 1

PWM

25%

State 2

Figure 34. PWM Signal Switching Using EPG

The oscilloscope waveform of the manual backlight brightness control operation is shown in Figure 35.

cv

10

9

8

v £ Ready  |C1|C2|8192 samples at 5.4609 kHz | 2025-08-05 17:24:26.443 O » 2 I
5 L B B B B B B LI s T

4

3

E a1z

=

nv—s PRI AR naanann | AU | L | L
| 4, == _ | _ T, simple Fulse Protocol, Input: Digital and Analog v [¥Digitze = X
Nam Pin T 4096 samples at 2.667 kHz | (18/32bit) ©
DIO 0 oo | [
DIO 1 | ] I L
DIO 2 | I | I
DO 3 I |
X [‘4 s 0.78s 0.92s 1.06 s 12s 1.34 s 148s 1.62s 176 s 19s 2.04s
C2 (blue) — PIN17 (Button_BackLightON/OFF)
C1 (red) — PIN18 (Backlight_MIN)
DIO 0 - OUTO EPG
DIO 1 - OUT1 EPG
DIO 2 - OUT2 EPG
DIO 3 - OUT3 EPG
Figure 35. The manual brightness backlight control waveform
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Automatic Backlight Control

In automatic mode, the brightness of the backlight changes depending on the intensity of ambient light falling on
the clock. The ambient light intensity is monitored by an LDR. As the ambient light level decreases, the backlight

brightness also decreases.

The automatic backlight control is built using the LDR and MS-ACMP (see Figure 36).

A voltage divider is formed using R1 and the LDR, powered by a stable Vref voltage. The voltage from the

divider is fed to the input of the MS-ACMP. When the ambient light intensity increases, the voltage at the divider
decreases; when the ambient light intensity decreases, the voltage increases.

Vref

SLG47003 (Chip B)

SIS Buffer|

IN_PHOTORES MS-ACMP

SLG47003 (Chip C)

IN+ChO

96mV/96mV IN-Cho

- 512mV/512mV IN-Ch1
N

DR 024mV/1024mV IN-Ch2

504mV/1504mV IN-Ch3

OUT Cho
OUT Ch1
OUT Ch2,
OUT Ch3

IN+Ch1
IN+Ch2
IN+Ch3

(1]

~—

Figure 36. Automatic Backlight Control Circuit

The configuration of MS-ACMP is shown in Figure 37.
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Properties
MS ACMP
Mode selection: Range
Number of 4
channels:

Enable mode:

Output result
appearance:

Clock source:
Sampling clock:

Analog MUX input:

High Level Actival
One by one

0sC0o

0SC0 /8

sampling engine {

Analog MUX Out to .
GPI0Y: Disable
Sync ready polarity: | Non-inverted
Force bandgap on: | Enable
Input voltage
selection: 20l
Channels
1] 1 2 3 4 5
IN+ gain: Disable
IN+ source: RH1_E
IN- Low to High 46mv
source:
IN- High to Low A6mv
source:
Hysteresis: omy
Output polarity: Q
7] = Apply

B Properties

MS ACMP
Mode selection: Range
Number of 2
channels:
Enable mode: High Level Activatl
Output result One by one
appearance:
Clock source: 0sco
Sampling clock: 0SCO /8

Analog MUX input:
Analog MUX Out to

Sampling engine |

GPIO2: Disable

Sync ready polarity: | Mon-inverted

Force bandgap on: Enable

Input voltage

selection: A
Channels

1] 1 2 4 5

IN+ gain: Disable

IN+ =source: RH1_E

IN- Low to High 512 mv

source:

IN- High to Low 512 mv

source:

Hysteresis: omy

Output polarity: Q

Apply

@E Properties

MS ACMP
Mode selection: Range
Number of i
channels:

Enable mode:

Output result
appearance:

Clock source:
Sampling clock:

Analog MUX input:
Analog MUX Qut to

High Level Activatl
One by cne

0SCOo

05C0 /8

sampling engine {

GPI0Y: Disable
Sync ready polarity: | Non-inverted
Force bandgap on: Enable
Input voltage
selection: Zo18V
Channels
1] 1 2 4 5
IN+ gain: Disable
IN+ source: RH1_E
IN- Low to High 608 mV
source:
IN- High to Low 608 mV
source:
Hysteresis: omv
Output polarity: Q
7] 5] Apply

Figure 37. MS-ACMP Configuration

® Properties =
MS ACMP
- Mode selection: Range -
Number of
- 4 -
channels:
- Enable mode: High Level Actival «
- Output result One by one .
aAPpearance:
v Clock source: 0sco -
- Sampling clock: 0SCO /8 -
- Analog MUX input: | Sampling engine | «
Analog MUX Qut to .
v GPI2: Disable -
- Sync ready polarity: | Mon-inverted -
bl Force bandgap on: Enable -
Input voltage
T selection: 2015 T
Channels
0o |1]| 2 4 | 5
- IN+ gain: Disable -
- IN+ source: RH1_B -
- IN- Low to High 704 mv -
SOUrce:
- IN- High to Low 704 mV -
SOUTCE:
Hysteresis: omv
- Output polarity: Q ol

The oscilloscope waveform of the automatic backlight brightness control operation is shown in Figure 38.
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ctmv €[ Ready |c1]€2 8102 samples at 6.8250 kiz | 2025-08-05 16:36:34.837 o~ 2 11 E v .8 @y
900 I\\I‘\\I\I\\I‘\\\'I\\I\\I\\\\\\\I\\I\\\\\\\I\\I\\I\\\\I\\I\\I\\\\\\\I\\I\\\\\\\I\\
800
700
600
500
400
300
200
100
0
-100 I\\I\\I\I\\I‘\\\\I\\I‘\\I\\\\\\\I\\I\\\\\\\I\\I\\I\\\\I\\I\\I\\\\\\\I\\I\\\\\\\I\\‘
x|* -230ms -110 ms 10ms 130 ms 250 ms 370 ms 490 ms 510 ms 730 ms 850 ms 970 ms
‘ ,
.- . T. Simple Pulse Protocol, Input: Digital and Analog ~ ¥ Digitize = X
Name PN T 4096 samples at 3.333 kiz | (17/32bit) ©
Do 0 DIO 0 [
DO 1 Do 1
Do 3 oo 3| | ]
oo 4 oos — LITUTITTTTUTUUUUIAI e naen e T
X|* 230 ms 110 ms Aoms 130 ms 250 ms 370 ms 490 ms 610 ms 730 ms 850 ms 70 m:

C1 (red) — PIN6 (IN_PHOTORES)
DIO 0 - OUT CHO
DIO 1 - OUT CH1
DIO 2 - OUT CH2
DIO 3 - OUT CH3
DIO 4 — PIN18 (Backlight_MIN)
Figure 38. The automatic brightness backlight control waveform
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5. PCB Design and Project Layout

For testing purposes a PCB was designed, and can be seen in Figure 39.

R1 SE RESET SEC
| [ I [
RS_Clock ONJOFF

T [

ec/°C

Ej (3]

BackLi

£ [

Photo R8  Man/Auto

:’ffz resistor I [I] - [ICY) BackLight

Manual/Auto

I 3
0 i, off W=1 & Q,
= =]

g 1 r’ C?:] o3 ]
s t.’“ t_,.- : IE_lcs L Second/°C

rail, i o G cy8 : 3
20f] 3’

. R24E_lg§fﬁ_0[ Rzg Rtw[ R15E jE ]E-Ims ,, lL

R32 ____OFL

E] E]E]

R14"- "R13

Figure 39. PCB for Analog Clock

SLG47003V chips feature an 12C module that enables control over these chips within a wide range. The use of
I2C in this project significantly simplifies and accelerates configuration and debugging during development.

The operation of the prototype of the “Analog Clock” project in clock mode is shown on Figure 40. The first
microammeter on the left displays the hours (50 pA = 24 hours), the microammeter in the middle displays the
minutes (50 pA = 60 minutes), the microammeter on the right displays the seconds (50 yA = 60 seconds). In
temperature measurement mode, the microammeter on the right displays the temperature.

sy 2
/ 251 wp

Figure 40. The prototype for the Analog Clock
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6. Conclusions

By using three SLG47003V devices, a fully functional device was created that demonstrates the full capabilities
of the SLG47003V chips. Examples of the operation of nearly all blocks included in these chips are shown,
covering both the analog and digital components.

The analog clock built using microammeters is more of an engineering experiment or an art project than a
practical device. It demonstrates the idea that a standard indicator (a microammeter) can be used in a
completely unconventional way, made possible with Renesas GreenPAK chips.
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