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Attention :
1. HYCON Technology Corp. reserves the right to change the content of this datasheet without further
notice. For most up-to-date information, please constantly visit our website:

http://www.hycontek.com .

2. HYCON Technology Corp. is not responsible for problems caused by figures or application circuits
narrated herein whose related industrial properties belong to third parties.

3.  Specifications of any HYCON Technology Corp. products detailed or contained herein stipulate the
performance, characteristics, and functions of the specified products in the independent state. We
does not guarantee of the performance, characteristics, and functions of the specified products as
placed in the customer’s products or equipment. Constant and sufficient verification and evaluation
is highly advised.

4. Please note the operating conditions of input voltage, output voltage and load current and ensure
the IC internal power consumption does not exceed that of package tolerance. HYCON Technology
Corp. assumes no responsibility for equipment failures that resulted from using products at values
that exceed, even momentarily, rated values listed in products specifications of HYCON products
specified herein.

5. Notwithstanding this product has built-in ESD protection circuit, please do not exert excessive static
electricity to protection circuit.

6. Products specified or contained herein cannot be employed in applications which require extremely
high levels of reliability, such as device or equipment affecting the human body, health/medical
equipments, security systems, or any apparatus installed in aircrafts and other vehicles.

7. Despite the fact that HYCON Technology Corp. endeavors to enhance product quality as well as
reliability in every possible way, failure or malfunction of semiconductor products may happen.
Hence, users are strongly recommended to comply with safety design including redundancy and
fire-precaution equipments to prevent any accidents and fires that may follow.

8.  Use of the information described herein for other purposes and/or reproduction or copying without

the permission of HYCON Technology Corp. is strictly prohibited.

e ————— ]
© 2009-2011 HYCON Technology Corp Preliminary DS-HY3131-V05_EN
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Features
Operating voltage: 3.6V

Built-in crystal oscillation circuit and

4.9152MHz operation clock source

Programmable multifunctional network

B \Voltage/resistor/capacitor auto range
measurement

B Fixed voltage/current output

B Self calibration components

B Positive/negative electrode differential

Multifunctional comparator

B Hysteresis and latch function eliminates
glitch
Programmable comparison voltage
Enable short circuit test, frequency
measurement or capacitor
discharge/charge frequency
measurement

Operational amplifier

B Amplify small signal with external

components

© 2009-2011 HYCON Technology Corp
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Programmable AC buffer
AC full-wave rectification circuit can be
formed with combination of external
components

High Resolution ZAADC (AD1)

B 50,000 Counts @ 5Hz Output rate

B Zero input, Zero Output

B High Impedance Input (with input buffer)

High Speed AADC (AD2)

B Digital true RMS converter can be formed
with combination of internal digital circuit.

B Peak hold measurement can be
achieved with combination of internal
digital circuit.

Built-in absolute temperature sensor

SPI Interface connect to microprocessor

44-pin & 48-pin LQFP Package

DS-HY3131-V05_EN
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2. Block Diagram
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3. Package And Pin
3.1. Pin Definition
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3.2. Pin Description
LQFP44:

“I/O” Input/Output, “I” Input, “O” Output, “S” Schmitt Trigger, “C” CMOS, “P” Power, “A” Analog

Pin Characteristic Description
No. Name /10 Type
1 RLD I/0 A Analog switch network terminal
2 NC No Connect
3 AGND I/0 A Analog signal ground
4 REFO I/0 A Voltage reference terminal
5 VSSA I P Analog power supply ground
6~11 PB<7> ~ PB<2> I A Analog input terminal
12 ACM' 110 A ADC common ground
13 VDDA I P Analog power supply
14 ~15 | PB<1>~ PB<0> I A Analog input terminal
16 PB<8> I A Analog input terminal
17 OP1N I A OPAMP(OP1) negative input terminal
18 OP10 0] A OPAMP(OP1) output terminal
19 OP2N I A OPAMP(OP2) negative input terminal
20 OP20 O A OPAMP(OP2) output terminal
21 ~22 FTP, FTN 110 A Pre-filter capacitor terminal
23 VDD I P Digital power supply
24 NC No Connect
25~ 26 XOUT, XIN I/0 C Crystal oscillator terminal
27 CS I S SPI interface chip select
28 CK I S SPI interface clock input
29 DI I S SPI interface data input
30 DO 0] C SPI interface data output
31 CMP 0] C Comparator output
32 CNT I S Frequency counter input terminal
33 VSS | P Digital power supply ground
34 ~43 | PA<9> ~ PA<0> I/0 A Analog switch network terminal
44 RLU I/0 A Analog switch network terminal

' ACM pin can only be connected to external capacitors, otherwise it may lead to error action.

© 2009-2011 HYCON Technology Corp
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LQFP48:

“I/O” Input/Output, “I” Input, “O” Output, “S” Schmitt Trigger, “C” CMOS, “P” Power, “A” Analog

Pin Characteristic Description
No. Name /10 Type
1 RLD I/0 A Analog switch network terminal
2 NC No Connect
3 AGND I/0 A Analog signal ground
4 REFO I/0 A Voltage reference terminal
5 VSSA I P Analog power supply ground
6~11 PB<7> ~ PB<2> I A Analog input terminal
12 NC No Connect
13 ACM? 1/0 A ADC common ground
14 VDDA I P Analog power supply
15~16 | PB<1>~ PB<0> I A Analog input terminal
17 PB<8> I A Analog input terminal
18 OP1N I A OPAMP(OP1) negative input terminal
19 OP10 O A OPAMP(OP1) output terminal
20 OP2N I A OPAMP(OP2) negative input terminal
21 OP20 O A OPAMP(OP2) output terminal
22 ~ 23 FTP, FTN 110 A Pre-filter capacitor terminal
24 NC No Connect
25 VDD I P Digital power supply
26 NC No Connect
27 ~ 28 XOUT, XIN I/0 C Crystal oscillator terminal
29 CS I S SPI interface chip select
30 CK I S SPI interface clock input
31 DI I S SPI interface data input
32 DO 0] C SPI interface data output
33 CMP 0] C Comparator output
34 CNT I S Frequency counter input terminal
35 VSS | P Digital power supply ground
36 NC No Connect
37 ~46 | PA<9> ~ PA<0> I/0 A Analog switch network terminal
47 RLU I/0 A Analog switch network terminal
48 NC No Connect

2 ACM pin can only be connected to external capacitors, otherwise it may lead to error action.
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4. Typical Application Circuit
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Microprocessor

4.9152MHz—
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5. Absolute Maximum Ratings
Absolute maximum ratings over operating free-air temperature (unless otherwise noted)

Voltage applied at VDD(VDDA) to VSS(VSSA) ... ..ttt e i aeaeea e n -0.2Vto4.0V
Voltage applied toany pin . ... ... . i e e -0.2VtoVDD + 0.3V
Diode current at any device terminal .......... ... i i e 2 mA
Storage temperature range, Tstg . .........ccitiitnnrniinn ettt e -55°C to 150C
Total power dissipation ... ..... ... .. i e 0.5w
Lead temperature (soldering, 108) .......... ittt ittt ettt e 300C
© 2009-2011 HYCON Technology Corp Preliminary DS-HY3131-V05_EN
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6. Electrical Characteristics
(VDD=VDDA=3.6V, VSS=VSSA=0V, TA=+25C, unless otherwise noted)

HYGON

HYCON TECHNOLOGY

Parameter Test Conditions Min. Typ. Max. Unit

Supply Voltage VDD-VSS, VDDA-VSSA 3.6 \Y
Power On Reset Voltage VDD-VSS 1.9 \%
Zero Input Reading Vin=0V, 500mV Scale -1 0 +1 Counts
Zero Reading Drift Vin=0V, 500mV Scale, TA=0C ~ 70°C -0.03 0 +0.03 Counts /'C
Linearity 500mV Scale -2 0 2 Counts
Input Leakage Current Vin=0V 1 10 pA
Bandwidth of OP1 or OP2 2 MHz
DC Gain of OP1 or OP2 130 dB
OP1 or OP2 Current Consumption 190 uA
OP3 Source Capability OP3 positive input=3.5V, AVq =-0.1V 600 MA
OP3 Source Capability OP3 positive input=0.0 ~ 3.4V, AVp =-0.1V 900 uA
OP3 Sink Capability OP3 positive input=0.2 ~ 3.5V, AV, =+0.1V 900 MA
OP3 Sink Capability OP3 positive input=0.1V, AV, =+0.1V 600 MA
OP3 Current Consumption 30 MA
Bandwidth of Comparator Vin=600mVep SIN 6 MHz
(CMPH & CMPL) Vin=40mVep SIN 2
Comparator Current Consumption CMPH & CMPL 40 MA
Switch Resistance PS9 ~ PS2 80 Q

PS1~PS0 40

DS9 ~DS0 80

FS9 ~ FSO 300

SS9 ~ SS0 300
AD1 Current Consumption Without Input & Reference Buffer 90 uA
AD2 Current Consumption 2160 MA
Low Pass Filter 50 MA
Current Consumption
Digital True RMS Converter 210 pA
Current Consumption
Sleep Current 1 MA
Digital Output High lo,=+10mA VDD-0.3 \Y
Digital Output Low lo,=-10mA VSS+0. \Y

3

Digital Input High CK, DI & CS Pin 1.8 VDD \Y
Digital Input Low CK, DI & CS Pin VSS 0.5 \Y

© 2009-2011 HYCON Technology Corp
www.hycontek.com

Preliminary

DS-HY3131-V0O5_EN

page12



HY3131 HYGSN

50,000 Counts DMM Analog Front End HYCON TECHNOLOGY
Digital Input High CNT Pin 24 VDD \%
Digital Input Low CNT Pin VSS 1.3 \%

CK High Pulse Width Time(Tcx) 20 ns
CK Low Pulse Width Time(TckLo) 60 ns
DI Data Set Time(Tpiser) 60 ns
DI Data Hold Time(TpioLp) 20 ns
DO Data Ready Time(TpopL) 60 ns

e ————— ]
© 2009-2011 HYCON Technology Corp Preliminary DS-HY3131-V05_EN
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7. Digital Interface
7.1. SPI Protocol
Read:

SPI Read Period
<>
CS

o1V VY VA W A A O A O A W A W A A W A W A W A W A O A W A W W

DI ADDRESS<6:0> 1

DO XXX RD_DATA1<7:0> RD_DATA2<7:0>

Write:
CS

o/ VYV VL O O A O A W A W A O A O A O W

DI ADDRESS<6:0> 0 WR_DATA1<7:0> WR_DATA2<7:0>

DO XXX

IRQ:

SPI Read Period

«— |IRQ —>—— > Read Cycle

cs /
CK IAAWEAWAWAWAWAWAW

DI ADDRESS<6:0> 1

DO SPI DATA XXX RD_DATA1<7:0>

Timing:

«— TckLo —»i«— TokH —>

cK \ / \

i«— ToISET —»:\—TDlHOLD —

DI

I

/ ‘ Data Latch

DO

Data Output  —» TpobL «
7.2. Description
(1) Address : SPI address includes 7-bit. After CS is Low, the first 7 bit of DI is address.
(2) Read mode : If the eighth bit of Dl is 1, then it enters Read mode. The ninth bit must be blank after
entering Read mode and waits for SPI to capture data. The tenth to seventeenth bit of DO is address data and
from this bit, address automatically adds 1. It is no need to wait SPI to capture data, every 8 bits afterward, is
the content of address add 1. Readout action will stop when CS is configured high.
(3) Write mode : Continued (1), if the eighth bit of Dl is 0, it is Write mode. The ninth bit does not need to be
blank after entering Write mode. The ninth bit to sixteenth bit of DI is address data and from this bit, address
automatically adds 1. It is no need to wait SPI to capture data, every 8 bits afterward, is the content of address
add 1. Write-in action will stop when CS is configured high.
(4) IRQ output mode : After entering IRQ waiting mode, CS is set high. At this time, IRQ occurs and DO is

high. Conversely, if DO is low, IRQ will not occur. After IRQ took place, sets CS as Low, then read/write data

e ————— ]
© 2009-2011 HYCON Technology Corp Preliminary DS-HY3131-V05_EN
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can be implemented. IRQ graph appears after IRQ occurrence, read action is activated. Please be noted that
when CS is High, DO is IRQ output mode. CS is Low, DO is SPI output mode.
(5) Timing relation of CK and DI and DO is shown as the graph.

© 2009-2011 HYCON Technology Corp Preliminary DS-HY3131-V05_EN
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8. Register List

HYGON
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Address|  Name Bit<7> Bit<6> | Bit<5> |  Bit<d> Bit3> | Bit<z> | Bit<1> Bit<0>
37h R37 Testing Mode, Don't use or Write "0" only
33h R33 OP1CHOP<1:0> | ENosCc | ENXI SFT1<1:0> \ SAD1I<1:0>
32h R32 ENOP2 SOP2P<2:0> ENOP1 | SOP1P<2:0>
31h R31 ENREFO ENBIAS | SAGND<1:0> SFUVR<3:0>
30h R30 SREFO ACC<6:0>
2Fh R2F ENVS SMODE<6:0>
2Eh R2E PS9 DS9 FS9 859 PS8 DS8 FS8 ss8
2Dh R2D Ps7 DS7 Fs7 ss7 Ps6 DS6 FS6 Ss6
2Ch R2C PS5 DS5 FS5 885 PS4 DS4 FS4 ss4
2Bh R2B Ps3 DS3 FS3 Ss3 Ps2 DS2 FS2 ss2
2Ah R2A PS1 DS1 FS1 ss1 PSO DS0 FSO S50
29h R29 ENRMS ENLPF LPFBW<2:0> ENPKH PKHSEL<1:0>
28h R28 - SAD1RH<2:0> - SAD1RL<2:0>
27h R27 SAD2IP<1:0> SAD2IN<1:0> SAD2RH<1:0> \ SAD2RL<1:0>
26h R26 ENAD2 | 0 ENCHOPAD2 |  AD2RG SAD2CLK AD20SR<2:0>
25h R25 AD2IG<1:0> AD1IG<1:0> SACM<1:0> | ops<2> | oOPs<t>
24h R24 SAD1FP<3:0> SDIo SAD1FN<2:0>
23h R23 ENAD1 | - 0 AD1RG ADTRHBUF | AD1RLBUF [ AD1IPBUF | AD1INBUF
22h R22 AD108<2:0> AD1CHOP<1:0> AD10SR<2:0>
21h R21 SCMPRH<3:0> SCMPRL<3:0>
20h R20 SCMPI<2:0> ENCMP ENCNTI ENPCMPO ENCTR 0
1Fh INTE - - - RMSIE LPFIE AD1IE AD2IE CTIE
1Eh INTF BORF - - RMSF LPFF AD1F AD2F CTF
1Dh CTA<23:16>
1Ch CTA CTA<15:8>
1Bh CTA<7:0>
1Ah CTB<23:16>
19h cTB CTB<15:8>
18h CTB<7:0>
17h CTC<23:16>
16h cTC CTC<15:8>
15h CTC<7:0>
14h CTSTA PCNTI ACPO CMPHO CMPLO - - CTBOV
13h PKHMAX<23:16>
12h PKHMAX PKHMAX<15:8>
11h PKHMAX<7:0>
10h PKHMIN<23:16>
OFh PKHMIN PKHMIN<15:8>
OEh PKHMIN<7:0>
0Dh RMS<39:32>
0ch RMS<31:24>
0Bh | RMS_DATA RMS<23:16>
0Ah RMS<15:8>
09h RMS<7:0>
08h LPF<23:16>
07h | LPF_DATA LPF<15:8>
06h LPF<7:0>
05h AD2<23:16>
04h | AD2_DATA AD2<15:8>
03h AD2<7:0>
02h AD1<23:16>
01h | AD1_DATA AD1<15:8>
00h AD1<7:0>
© 2009-2011 HYCON Technology Corp Preliminary DS-HY3131-V05_EN
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9. Data Register
(1) AD1<23:0> : Register for High Resolution ADC (AD1) output data. Max. value: 7FFFFFh, min. value:

800000h.

(2) AD2<23:0> : Register for High Resolution ADC (AD2) output data. Max. value: 03FFFFh, min.
value:FC0000h. AD2<18:0> is effective bit, AD<23:19> and AD<18> is the same.

(3) LPF<23:0> : Register for Low Pass Filter output data. Max. value: 03FFFFh, min. value: FCO00Oh.
LPF<18:0> is effective bit, LPF<23:19> and LPF<18> is the same.

(4) RMS<39:0> : Register for RMS Converter output data. Max. value: 1FFFFFFFFFh, min. value:
E000000000h. RMS<37:0> is effective bit, RMS<39:38> and RMS<37> is the same.

(5) PKHMAX<23:0> : Register for Peak Hold max. output data. Max. value: 03FFFFh, min. value: FCO000h.
PKHMAX<18:0> is effective bit, PKHMAX<23:19> and PKHMAX<18> is the same.

(6) PKHMIN<23:0> : Register for Peak Hold min. output data. Max. value: 03FFFFh, min. value: FCO000h.
PKHMIN<18:0> is effective bit, PKHMIN<23:19> and PKHMIN<18> is the same.

(7) CTA<23:0> : Register for Frequency Counter data. Max. value: FFFFFFh, min. value: 000000h.

(8) CTB<23:0> : Register for Frequency Counter data. Max. value: FFFFFFh, min. value: 000000h.

(9) CTC<23:0> : Register for Frequency Counter data. Max. value: FFFFFFh, min. value: 000000h.

e ————— ]
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10. Interrupt

Address Name Bit<7> Bit<6> Bit<5> Bit<4> Bit<3> Bit<2> Bit<1> Bit<0>
1Fh INTE - - - RMSIE LPFIE AD1IE AD2IE CTIE
1Eh INTF BORF - - RMSF LPFF AD1F AD2F CTF

10.1. INTE : IRQ Enable Register

(1)

7)

RMSIE : IRQ is generated when RMS event takes place. 1=Enable > 0=Disable.

LPFIE : IRQ is generated when Low Pass Filter event takes place. 1=Enable, 0=Disable.
AD1IE : IRQ is generated when AD1event takes place. 1=Enable, 0=Disable.

AD2IE : IRQ is generated when AD2 event takes place. 1=Enable, 0=Disable.

CTIE : IRQ is generated when Frequency Counter event takes place. 1=Enable, 0O=Disable.
When XXIE is set 1, XXF is set 1; IRQ will be generated by DO of SPI Interface.

When XXIE is set 0, XXF still will be set as 1 due to relative event occurrence, IRQ will not be generated.

10.2. INTF : IRQ Event Register

(1)

BORF : When VDD lowers than 1.9V, BORF will be set 1. This bit has neither relative INTEx nor IRQ

event.

(2) RMSF : RMSF will be set 1 when RMS event takes place.

(3) LPFF : LPFF will be set 1 when Low Pass Filter event takes place.

(4) AD1F : AD1F will be set 1 when AD1 event takes place.

(5) ADZ2F : AD2F will be set 1 when AD2 event takes place.

(6) CTF : CTF will be set 1 when Frequency Counter event takes place.

(7) INTF register will be erased 0 when IC rest or after INTF register is read. INTF register can be written as
0 by SPI Interface, but not 1.

(8) Relative bit of INTF register will be set 1 when event takes place. It is suggested to erase INTF register
as 0 before setting INTEx as 1 (SPI readout or write-in 0) to prevent unnecessary IRQ.

© 2009-2011 HYCON Technology Corp Preliminary DS-HY3131-V05_EN
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11. Clock System

X
9 o
] 2 8
4 P4 <
o our] SYSCLK—»] % 2 % 2 >
= > MUX [—> AD2CLK
M 4.9152MHz=— Crystal MUX > syscik
Oscillator
XIN }—E
SYSCLK—! % 30 —»ADICLK
Address Name Bit<7> | Bit<6> Bit<5> Bit<4> Bit<3> | Bit<2> Bit<1> Bit<0>
33h R33 OP1CHOP<1:0> ENOSC ENXI SFT1<1:0> SAD1I<1:0>
26h R26 ENAD2 | 0 ENCHOPAD2 AD2RG SAD2CLK | AD20SR<2:0>

The IC has built-in Crystal Oscillator, which generates Clock for system usage. The pin of XIN and XOUT can

be connected to external oscillator components. XIN can be used as input pin for system clock when no

oscillator is being connected, as shown in the graph.

(1)
()

®)
(4)

®)
(6)

ENOSC : Register bit that can enable Crystal Oscillator. 1=Enable ; 0=Disable -

ENXI : Register bit that can select system clock. SYSCLK - 0 : SYSCLK=Crystal Oscillator output ; 1 :
SYSCLK =XIN.

SYSCLK : System clock that provides for IC usage

AD1CLK : Sampling signals of Modulator1 of AD1 that frequency is fixed at Fsysc k/30. Fsyscik is the
frequency of SYSCLK.

AD2CLK : Sampling signals of Modulator2 of AD2 that frequency is selected by register bit SAD2CLK.
SAD2CLK : Register bit, frequency of choosing AD2CLK.

0:Fapzcik=Fsyscik/2; 1:Fapzacik=Fsvscik/4° Fsyscik is the frequency of SYSCLK. Fapacik is the frequency
of AD2CLK.

If register Address=37h, write-in Data=60h, the IC will Reset.

If VDD<1.9V, the IC will Reset.

e ————— ]
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12. Function Network

VOLT/OHM/
CAP/DT

O

100k

;

=)
=

:

=

OHM/CAP/DT/mV

PTC + 100

mA/UA

10k 90k
AGND
g 2 = g
& 5 |~ =
) A
\opser» \ops<» & & sense>| ADIFP
OPS<1> OPS<2> o] @ FB>— 100k 10k
IN_OP1 IN_OP2 & o
sENsE>—| IN- — SENsE>— IN- e RLUS]
RELBJ% ng% oo
>— >
OP20>—|
OP10 0P20
AGND>—{ \ux AGND>—{ \ux VDD >—|
PB<0>>—] PB<0>>— REFO >—|
PB<1>>— CHOP_CLK PB<1>>— VREF>—  uux
PB<2>>— PB<2>>— PB<O> >
PB<8>>— PB<3>>— PB<A> >
SOP1P<2:0> SOP2P<2:0> PB<2>>—
oo PB<8>>—
—— —> VDD PB<4>>—| /
svss -
L2504 vss VDSC<16>>—|VRH_CMP|  ACPO cMPO E:<:>i SFT1<1:052XK
SGND <6>
| SN AGND VDSC<13>>—
VDSC<11>>— PB<7>>—
VDSC<10>>— SAD1FP<3:0>
VDSC<9>>—|
VDSC<8>>—| ENCMP SENSE>_| ADIFN o
VDSC<7>>—| RLUS—|
PB<T>>— VSS>—|
[ AGNDP<6>>— $—>CMPHO  nGND>—| 11x A\
AGNDP<5>>— PB<2>>— -
AGNDP<4>>— PB<3> >
AGNDP<3>>— PB<d> >
AGNDP<2>>— PB<5>>—] ADIFN
| AGNDP<1>>—|
AGNDP<0>>— SAD1FN<2:0>
AGNDN<1>>—| (
ORI AD1FP>—| AD1IP AD1FN>—| AD1IN
<3.0>
FB>7 mux —»aDIP  RU>— Mux - AD1IN
TS1P>—| TS2N>—|
SENsE>—| IN-CMP TSIN>—| TS2P>—]
FB>— SAD1I<1:0> SAD1I<1:0>
OP10>—|
PBO>>—| ACPO FB>_| ADIRH RLUS_| ADIRL
PB<1>>— REFO>— AGND>—|
PBRI;SD; VREF >— PB<3>>—]
<3>
pE<d>_| PB<6>>— Mux |—»ADIRH PB<>— mMux |—»ADIRL
o . RLU>—| FB>—
SVODE g 28037 VDD>— vss>—|
so 3 22638 SCMPI<2:0>
AGND >—| VREF>—|
0000 X| 000 > >
000X 000 VoSC<2>> ) VRELMP SAD1RH<2:0 SADIRL<2:0;
0010 X| 000 <2:0> <2:0>
0011X 000 xg§g<g>*
0100 X| 000 <7>>—
AD2IP AD2IN
0101 X| 000 OP10>— RLU>—
o1onx 000 VDSC<8>>—| CMPLO ot Nivsan
0111x 101 VDSC<9>>—| oP207 ] Mux —»ap2ip AONDZT] MUX > AD2IN
100 X0 000 <4> <3>
1o00xt ooo YDSC<10>> PB<7>>— PB<5>>—
101X0 000 VDSC<11>>— &
101X1 000 M N o
Totxt 900 PBG>>— | v B9 SAD2IP<1:0> SAD2IN<1:0>
110X1 000 AGNDN<6>>—| o 2
11X 110 AGNDN<5>>—| b0 VREF FB>—{ AD2RH RLU>—{ ADZRL
AGNDN<4>>—| 99000x| vos<ir> REFO>—{ vux »ADZRH  AGND>— i | anort
AGNDN<3>>—| 309803 vosse VREF > PB<3>>—
AGNDN<2>>— 00110 X| AGNDP<g> PB<6>>— PB<5>>—
01000 X| AGNDP<8>
AGNDN<1>>— 01010 x| AGNDP<7> SAD2RH<1:0> SAD2RL<1:0>
AGNDP<0>>— 01100 X| AGNDP<6>
01110 X| AGNDP<0>
AGNDP<1>>— 10000Xx| vDs<t>
10010 X| VDS<2>
»FB SCMPRL<3:0> 10100x| vos<a
10110 X| AGNDN<9>
» SENSE 11000 X| AGNDN<8>
capacitor array VDs<17>>— VREF 119 00X Ao
— = / VDS<16>>— 11110X| PB<7>
/ VDS<15>>| X000 10 vDs<i> | - ~
ACC<6:0>  ACC<6:0> / X00011 VDS<1> VDSC<X>=VDS<X> _
> RLU AGNDP<9>>—| X00110| VvDS<16> (VDSC<X>-VSS)=K1(VDD-VSS) (AGNDIP/NI<X>-AGND)=K2(REFO-AGND)
X00111 VDS<2>
AGNDP<8>>— * X01010| vDS<is> VDSC<X> K1 AGND[P/N]<X> K2
AGNDP<7>>—]| /| xo1011| vos<s VDSC<17> | 35136 AGNDP<g> | 1001120
/ X011 10| AGNDP<9> <16> <8>
peisea [ | xeaiiaeene | | SR rovor | eoes
<0>>— X 100 10| AGNDP<8>
MUX > VREF | 54001 1| AGNDN<s> <> <6>
VDS<1>>— X100 1 1] ASNDN<E VDSC<14; 28/36 AGNDP<6; 401120
VDS<2>>— X 1011 1| AGNDN<7> VDSC<13> 26/36 AGNDP<5> 201120
X 110 10| AGNDP<6> <12> <4>
VDS<3>>—| X11810] Acnone VDSC<12: 24/36 AGNDP<4: 10/120
AGNDN<9>>—{ X 111 10| AGNDP<0> VDSC<11> 22/36 AGNDP<3> 61120
AGNDN<8>>— X11111] PB<T> VDSC<10> | 2036 AGNDP<2> | 4120
AGNDN<7>>—| l«—cMPO VDSC<e> | 18/3% AGNDP<1> | 21120
AGNDN<6>>— |€— SFUVR<3:0> VDSC<8> 16/36 AGNDP<0> 0
PB<7>>— |€—SMODE<3> VDSC<7> 14136 AGNDN<1> 21120
VDSC<6> 12/36 AGNDN<2> -4/120
VDSC<5> 10/36 AGNDN<3> -6/120
_— VDSC<4> 8/36 AGNDN<4> -10120
- VDSC<3> 4/36 AGNDN<5> -20/120
VDSC<2> 2/36 AGNDN<6> -40/120
VDD>— —» VDSC<17:1> Ly Tsip VDSC<1> 1/36 AGNDN<7> | -60/120
R\Elggi R\;?e"rae?'ece —>» VDS<17:1> Temperature ::%;g \ AGNDN<8> | -80/120
- Sensor AGNDN<g> | -100/120
gl v san ENREFO
g 1> (AGND-VSS)=K3(VDD-VSS)
Vor Bandgap REFO SAGND<1:0> K3
oltage Voltage % o
SAGND<1:0>—»| Reference AGND ENREFO—> peterence | ppegso] MUK W REFO o =
Generator 2 =12V
10 01
W L SREFO T Fioating
) AGND E \ J
] 4
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12.1.Voltage Reference Generator

N
VDSC<X>=VDS<X>

(VDSC<X>-vSS)=K1(vDD-vss) (ACNDIP/NI<X>-AGND)=K2(REFO-AGND)  (AGND-VSS)=K3(VDD-VSS)

VDSCX> Ki AGNDPINIX>| K2 SAGND<1:0> | K3 SACN<10> [ (ACWVSS)V
VDSC<17> | 3536 AGNDP<g> | 100/120 00 05 % 2
p| [ vbsceie | aams AGNDP<8> | 80/120 o1 03 o1 08
_ VDSC<15> | 3236 AGNDP<7> | _60/120 10 01 m 5
g VDSC<14> | 2836 AGNDP<6> | 40/120 1 Floating s 125
/ VDSC<13> | 26/36 AGNDP<5> | 201120 To ADC
) VDSC<12> | 2436 AGNDP<4> | 101120
/ VDSC<11> | 22136 AGNDP<3> | _ 6/120 ACM
/ VDSC<10> | 2036 AGNDP<2> | 4120 SACM<1:0>—»|  Voltage ACM
ENBIAS BIAS VDSC<e> | 1813 AGNDP<1> | 2120 Generator
[ VDSC<8> 16/36 AGNDP<0> 0 0.1uF
~ ‘ - vbsc<r> | 1436 AGNDN<1> | 21120 I
) VDsC<6> | 1236 AGNDN<2> | 4/120
\\//gg; Voltage ng:f:;if VDSC<5> 10/36 AGNDN<3> | -6/120 VSSA
REFO>— Reference i VDSC<4> 8/36 AGNDN<d> | 101120
AGND>— —>» AGNDP<9:0>
ENVS._ 3] Generator 1 L 5 AGNDN<g:-1> VDSC<3> 4136 AGNDN<5> | 201120 ENREFO
: vDSC<2> 236 AGNDN<6> | 40/120
Voltz VDSC<1> 1136 AGNDN<7> -60/120 Bandgap REFO
oltage AGNDN<B> | -80/120 ENREFO—p| _VOltage MUX REFO
SAGND<1:0>— ;:;::dez T’AGND AGNDN<9> | -100120 Ref_ﬁ";’{fe PB<6>>—|
L )\ J SREFO
o
’_%_‘ AGND E
% i
0.1uF I 0.1uF
VSSA AGND
Address Name Bit<7> Bit<6> Bit<5> Bit<4> Bit<3> Bit<2> Bit<1> | Bit<0>
31h R31 ENREFO ENBIAS SAGND<1:0> SFUVR<3:0>
30h R30 SREFO ACC<6:0>
2Fh R2F ENVS SMODE<6:0>
25h R25 AD2IG<1:0> \ AD11G<1:0> \ SACM<1:0> | ops<>> | oOPs<t>

Voltage reference generator provides bias and voltage reference for ADC, Comparator and OPAMP usage.

(1)
(2)

(6)

()
(8)

©)

(10)

Voltage Reference Generator1: Generates VDS<17:1>>VDSC<17:1>> AGNDP<9:0> and AGNDN<9:1>.
Voltage Reference Generator2: Generates AGND pin voltage as the reference point of the measurement
system

AGND pin needs to be connected with external capacitor, 0.1uF.

Band gap Voltage Reference : Can generate relative AGND, approximate 1.2V voltage

REFO Buffer : Buffer input is selected by SREFO. Band gap Voltage Reference or PB<6> voltage is
selectable.

Buffer output, REFO pin needs to be connected with external capacitor, 0.1uF.

ACM Voltage Generator : Generates ACM pin voltage as the reference point of common mode of the
internal ADC

ACM pin needs to be connected with external capacitor, 0.1pF.

ENBIAS : Register bit that can enable bias circuit, providing bias for all analog circuit. 1=Enable >
O=Disable.

ENVS : Register bit that can enable Voltage Reference Generator1. 1=Enable > 0=Disable.
SAGND<1:0> : Register bit that can select AGND voltage. When SAGND<1:0>=11, Voltage Reference
Generator2 will be disabled and AGND pin is in Floating status.

ENREFO : Register bit that can enable approximately 1.2V voltage of relative AGND of the internal Band
gap Voltage Reference and can enable REFO Buffer. 1=Enable, 0=Disable. When it is set 0, REFO pin
is in Floating status.

SREFO : Register bit that can select input source of REFO Buffer. "0”: select relative AGND 1.2V voltage

of the internal Band gap; "1”: select PB<6> pin.

(11) SACM<1:0> : Register bit that can select ACM voltage.

e ————— ]
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(12) For all correlative voltages, please refer to the above graph.

12.2. Analog Switch Network
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VOLT/OHM/
CAP/DT
&
i
SFURR 88
S0 33| vRer
00000 X/ VDS<17>
00010x| VDS<te>
00100 X/ VDS<15>
00110 X| AGNDP<9>
100k ps7 01000 X| AGNDP<8>
. 01010 X| AGNDP<7>
’J\N\/‘IE<7> — 01100 X AGNDP<6>
Ds7 ——4 01110 X| AGNDP<0>
Fs7 10000 X| VDS<1>
10010 X| VDS<2>
ss7 10100X VDS<3>
10k PSt 10110 X| AGNDN<9>
M<s> 4 11000 X AGNDN<B>
\ VREF 11010 X| AGNDN<7>
DS6 — \ VDS<17>>— 11100 X| AGNDN<6>
re \ ool X00050 vosar
\ <i7>
ss6 \ VDS<15>>— X000 11| vbs<i>
1k PS: AGNDP<9>>— X 00110 VDS<16>
»MA/—IE<5> — \ AGNDP<8>>—] 4] X9%atal vesE
0S5 1 \ AGNDP<7>>—| /| xo1011] vos<a
\ / X011 10| AGNDP<9>
Fss \ :g:g;kg); / X011 11| AGNDN<g>
885 | '<0> X 100 10| AGNDP<8>
psa v VDS<too| MUX [PVREF | X100 1 1] AcNn<e>
PA<4> — g X 101 10| AGNDP<7>
ol a o VDS<2>>— X 10111 AGNDN<7>
DS4 e SMODE 2/ 288330 = VDS<3>>—| X110 10| AGNDP<6>
o4 <30 3 0255099 X110 1 1| AGNDN<6>
AGNDN<9>>— X111 10| AGNDP<0>
ss4 |- 0000X 0000000 AGNDN<8>>—| ALl T
PS3 0001X 1000000
PA<3> — 0010x/ 0100000 AGNDN<7>>— [€—CMPO
DS3 . g ? é é ))2 g g S ? g g g AGNDN<6>>— |€— SFUVR<3:0>
Fs3 0101X 1001000 PB<7>>— {«—SMODE<3>
3 0110x/ 0100110
0111X/ 0010101
PS; 100X0/ 0000000
PA<2> —t 100X1 1000000
101X0[ 0100000
ps2 ha—— 101X1/ 0010000
Fs2 110X0[ 0001000
110X1 1001000
882 111X0[ 0100110
PS1 111X1/ 0010101
PA<1> — 4
Ds1 o—T—4 ‘\‘
Fs1 |
ss1 |
PSO
PA<0> o— |
> DSO — |
£ FSO »FB |
5 sso » SENSE |
a S —— | /
s (" capacitorarray | /
: ‘ s o ‘77 ) ’/
I — /
S ( | acess0”  accsso> ) - /
7 » RLU
/
! SMODE<S>
RLU }
1 \
4 }» AGND \
PTC + 100 H p - \
RLD scp “‘
SCN \
|
N y v
6
capacitor array = > ACC<n>* 2 0.2pF
n=0
Address Name Bit<7> Bit<6> Bit<5> Bit<4> Bit<3> Bit<2> Bit<1> Bit<0>
31h R31 ENREFO ENBIAS SAGND<1:0> SFUVR<3:0>
30h R30 SREFO ACC<6:0>
2Fh R2F ENVS SMODE<6:0>
2Eh R2E PS9 DS9 FS9 SS9 PS8 DS8 FsS8 SS8
2Dh R2D PS7 DS7 FS7 §S7 PS6 DS6 FS6 SS6
2Ch R2C PS5 DS5 FS5 SS5 Ps4 DS4 Fs4 sS4
2Bh R2B PS3 DS3 FS3 S§S3 PS2 DS2 FS2 S§S2
2Ah R2A PS1 Ds1 Fs1 Ss1 PS0 DSO0 FS0 SS0
24h R24 SAD1FP<3:0> SDIO SAD1FN<2:0>

Analog switch network is described as in the graph. With combination of external resistances, it can constitute

various networks to measure voltage, resistance and capacitance. The internal switch of PA<9:0> pin is
controlled by register bit PS9~PS0, DS9~DS0, FS9~FS0 and SS9~SSO0 respectively. The value of controlled
switch resistance is shown in below table : @VDDA=3.6V

Register Bit

PS9 ~ PS2

PS1~PSO

DS9 ~ DS0

FS9 ~FSO0

SS9 ~ 8S0

© 2009-2011 HYCON Technology Corp

www.hycontek.com

Prelimi

nary

DS-HY3131-V05_EN
page22



HY3131
50,000 Counts DMM Analog Front End

HYGON

HYCON TECHNOLOGY

Switch Resistance(Q)

80 40 80 300 300

(1)

)

®)

OP3 can be used as fixed voltage source. Combining with MOS that controlled by SCP/SCN, it can form
fixed current source that provides current for measuring components.

The positive input end of OP3 is VREF. VREF voltage selection is controlled by CMPO, register bit
SFUVR<3:0> and SMODE<3> combination. For its voltage value, please refer to the above graph.
register bit SMODE<3:0> and CMPO signal compose internal control signal, SGND, SVDD, SVSS,

SVSO01, SVS0O2, SCP and SCN. The value is shown in the above graph.

(4)
®)

CMPO is the output signal of comparator.

above graph. The capacitance value is controlled by register bit ACC<6:0>.

(6)

measurement voltage when measuring Diode.

()

12.3. OPAMP and Comparator

Node FB, SENSE, RLU, RLD and PB<8:0> can be measured by ADC through MUX.

Capacitor array can compensate ACV measurement bandwidth; the capacitance value is shown in the

Register bit SDIO can connect PB<0> and PB<8> pin. This function is implemented to divide

www.hycontek.com

10k 90k
AGNDG—ANN, |
é éﬂ z <] sl Ja
o o o a & h
o o o OJ o o
) OPS<1> ) OoPS<2> (S‘ (,C,
IN_OP1 oPssh IN_OP2 B=g £ £
SENSE>— N~ e SENsE>—] N .
FB>— FB>—
Rw> OPI0 ] s—» OP20
AGND>—{ \ux AGND>— \ux
PB<0>>—| PB<0>>—
PB<1>>—| CHOP_CLK PB<1>>—
PB<2>>—| PB<2>>— ENCMP
PB<8>>— PB<3>>— ¢
SOP1P<2:0> SOP2P<2:0>
CMPHO
VDSC<16>>—{ VRH_CMP VDSC<2>>— VRL_CMP SENSE>—{ IN-CMP
VDSC<13>>— VDSC<5>>— FB>—
VDSC<11>>—| VDSC<7>>— OP10>— ACPO  ACPO CMPO
VDSC<10>>— VDSC<8>>— PB<0>>— x| INCMP
VDSC<9>>— VDSC<9>>— PB<1>>—|
VDSC<8>>— VDSC<10>>—| RLD>—
VDSC<7>>—] VDSC<11>>—| PB<3>>—
PB<7>>—  \lUX | VRHCMP PB<6>>—  \1Ux [ VRLCMP PB<4>>—
AGNDP<6>>— AGNDN<6>>—| CMPLO
AGNDP<5>>—| AGNDN<5>>—| SCMPI<2:0>
AGNDP<4>>— AGNDN<4>>—|
AGNDP<3>>— AGNDN<3>>—|
AGNDP<2>>— AGNDN<2>>—|
AGNDP<1>>— AGNDN<1>>—|
AGNDP<0>>— AGNDP<0>>—
AGNDN<1>>—| AGNDP<1>>—
SCMPRH<3:0> SCMPRL<3:0>
Address Name Bit<7> |  Bit<6> Bit<5> Bit<4> Bit<3> |  Bit<2> Bit<1> |  Bit<0>
33h R33 OP1CHOP<1:0> ENOSC ENXI SFT1<1:0> SAD11<1:0>
32h R32 ENOP2 ‘ SOP2P<2:0> ENOP1 ‘ SOP1P<2:0>
25h R25 AD2IG<1:0> \ AD1IG<1:0> SACM<1:0> OPs<2> | OPs<1>
21h R21 SCMPRH<3:0> SCMPRL<3:0>
20h R20 SCMPI<2:0> ENCMP ENCNTI ENPCMPO ENCTR 0
14h CTSTA PCNTI ACPO ‘ CMPHO CMPLO - - - CTBOV
]
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OPAMP:

There are two OPAMP embedded in the IC, namely OP1 and OP2. With combination of external components,

it can form amplifying circuit and full-wave rectification circuit.

(1) Register bit OPS<2:1> can determine the negative input pin of OPAMP to be OPXN or OPXO pin.

(2) Register bit ENOP1 and ENOP2 can Enable OP1 and OP2 respectively (it is not shown in the graph).
1=Enable, 0=Disable.

(3) The positive input pin of OPAMP is connected by MUX and is controlled by register bit SOP1P<2:0> and

SOP2P<2:0>.
SOP1P<2:0> 000 001 010 011 100 101 110 111
OP1 Positive Input | SENSE | FB RLU AGND PB<0> PB<1> PB<2> PB<8>
SOP2P<2:0> 000 001 010 011 100 101 110 111
OP2 Positive Input | SENSE | FB RLU AGND PB<0> PB<1> PB<2> PB<3>
(4) CHOP_CLK is the chopper clock of OP1, the signal is controlled by register bit OP1CHOP<1:0> as
follows :
OP1CHOP<1:0> 00 01 10 11
CHOP_CLK 0 1k Hz square wave | 2k Hz Square wave 1

Comparator:

Internally, there are two analog comparator of the IC. CMPH and CMPL form comparators with function of

delay and latch that can compare analog and digital signal.

(1) Comparator output, CMPHO, CMPLO and ACPO can be read by register CTSTA. The data can be
transmitted and processed in digital units as to measurement frequency and duty cycle.

(2) Comparator input is separately connected by MUX and is controlled by register bit SCMPRH<3:0>,

SCMPRL<3:0> and SCMPI<2:0>.

SCMPRH<3:0> | 0000 0001 0010 0011 0100 0101 0110 0111
VRHCMP VDSC<16> | VDSC<13> | VDSC<11> [ VDSC<10> | VDSC<9> VDSC<8> VDSC<7> PB<7>
SCMPRH<3:0> | 1000 1001 1010 1011 1100 1101 1110 1M1
VRHCMP AGNDP<6> | AGNDP<5> | AGNDP<4> | AGNDP<3> | AGNDP<2> | AGNDP<1> | AGNDP<0> | AGNDN<1>
SCMPRL<3:0> | 0000 0001 0010 0011 0100 0101 0110 0111
VRLCMP VDSC<2> VDSC<5> VDSC<7> VDSC<8> VDSC<9> VDSC<10> | VDSC<11> | PB<6>
SCMPRL<3:0> | 1000 1001 1010 1011 1100 1101 1110 1111
VRLCMP AGNDN<6> | AGNDN<5> | AGNDN<4> [ AGNDN<3> | AGNDN<2> | AGNDN<1> | AGNDP<0> | AGNDP<1>
SCMPI<2:0> 000 001 010 o1 100 101 110 11

INCMP SENSE FB OP10 PB<0> PB<1> RLD PB<3> PB<4>

@)
(4)

switch network unit.

®)

ACPO : ACPO is comparator output after latch.
CMPO : This signal is ACPO output after Buffer. CMPO can control VREF or other switches of analog

ENCMP : Register bit that can enable CMPH and CMPL comparator. 1=Enable, 0=Disable.

R i e T i T e,
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12.4.Pre-Filter, ADC Input MUX and Temperature Sensor

[\ z
= =
AD1FP>—| AD1IP AD1FN>—| AD1IN
ADIFP * FB>— mux —»aDtiP  RWU>T yux > ADIIN
SENSE >— TS1P>—| TS2N>—
oo 100k 10k TSIN>—| Ts2P>—|
RLU>— SAD1I<1:0> SAD1I<1:0>
oP10>— I \ x N
0OP20>—| 00y o1\ 10 FB>_| ADTRH RLUS_| ADTRL
VDD>— REFO>— AGND>—
5';’;2; W\ 7 VREF>— PB<3>>|
N Y
pBegmo| MUK : PB<6>>— \ux |—»ADIRH PB<5>>—| mux |—» ADIRL
RLU>— FB>—|
PB<1>>— VDD>—| VSS>—|
PB<2>>— AD1FP AGND>—| VREF>—
PB<8>>| - -
PB<4>>—| /
PB<5>>| U SAD1RH<2:0> SADIRL<2:0>
PB<6>>—]
AD2IP AD2IN
PB<r>>1 orzo] AGNDo]
y MUX |— AD2IP MUX |— AD2IN
SAD1FP<3:0> PRt o] PB<3oo]
YT . PB<7>>— PB<5>>—|
\
SENSE>— i SAD2IP<1:0> SAD2IN<1:0>
RLU>—
VSs>— Fe>_| AD2RH RLU>_| AD2RL
AGND>— 1\ 11
pBeosa| MUX \ Y REFO>— mux |—pAD2RH  AGND>— x| » AD2RL
- VREF > PB<3>>—|
PB<3>>—| PB<6>>—| PB<5>>—
PB<4>>|
PB<5> > ADIEN | SAD2RH<1:0> SAD2RL<1:0> )
SAD1FN<2:0>
> 1s1P
Temperature —» TS1N
> 1S2P
Sensor TN
Address Name Bit<7> | Bit<6> Bit<5> Bit<4> Bit<3> | Bit<2> Bit<1> Bit<0>
33h R33 OP1CHOP<1:0> ENOSC ENXI SFT1<1:0> SAD1I<1:0>
28h R28 - \ SAD1RH<2:0> - \ SAD1RL<2:0>
27h R27 SAD2IP<1:0> ‘ SAD2IN<1:0> SAD2RH<1:0> ‘ SAD2RL<1:0>
24h R24 SAD1FP<3:0> SDIO \ SAD1FN<2:0>

ADC input signal and reference signal is connected by MUX. AD1 input stage can select if to pass pre-filter.
Moreover, the IC has built-in temperature sensor that can measure IC temperature through AD1.
Pre-Filter:

(1) There is a resistance network of AD1 input stage. Filter is formed by connecting filter capacitor between
FTP and FTN. It will help to filer noise and stabilize signal. The positive/negative input signal is
connected by MUX. AD1FP and AD1FN represents the positive and negative output signal of the filter
respectively and is controlled by register bit SAD1FP<3:0>, SAD1FN<2:0> and SFT1<1:0>.

SAD1FP<3:0> 0000 0001 0010 0011 0100 0101 0110 0111
Filter Positive Input SENSE FB RLU OP10 OP20 VDD REFO VREF
SAD1FP<3:0> 1000 1001 1010 1011 1100 1101 1110 111
Filter Positive Input PB<0> PB<1> PB<2> PB<3> PB<4> PB<5> PB<6> PB<7>
SAD1FN<2:0> 000 001 010 011 100 101 110 111
Filter Negative Input SENSE RLU VSS AGND PB<2> PB<3> PB<4> PB<5>

(2) SFT1<1:0> : Register bit that can select filter resistor as 100K, 10K, 0 or nil, as shown in the above
graph.

ADC Input MUX:

Input signal and reference signal of AD1 and AD2 is connected by MUX and is controlled by register bit.

(1) AD1IP and AD1IN : The positive/negative input signal of AD1, controlled by register bit SAD11<1:0>.

e ————— ]
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(2) AD1RH and AD1RL : The positive/negative reference signal of AD1, controlled by register bit
SAD1RH<2:0> and SAD1RL<2:0> respectively.

(3) AD2IP and AD2IN : The positive/negative input signal of AD2 that controlled by register bit SAD2IP<1:0
and SAD2IN<1:0> respectively.

(4) AD2RH and AD2RL : The positive/negative reference signal of AD2 that controlled by register bit
SAD2RH<1:0> and SAD2RL<1:0> respectively.

SAD11<1:0> 00 01 10 1

AD1IP AD1FP FB TS1P TS1N

AD1IN AD1FN RLU TS2N TS2P

SAD1RH<2:0> | 000 001 010 oM 100 101 110 111
AD1RH FB REFO VREF PB<6> RLU VDD AGND X
SAD1RL<2:0> | 000 001 010 011 100 101 110 111
AD1TRL RLU AGND PB<3> PB<5> FB VSS VREF X
SAD2IP<1:0> 00 01 10 1

AD2IP OP10 OP20 PB<4> PB<7>

SAD2IN<1:0> 00 01 10 1"

AD2IN RLU AGND PB<3> PB<5>

SAD2RH<1:0> | 00 01 10 1

AD2RH FB REFO VREF PB<6>

SAD2RL<1:0> | 00 01 10 11

AD2RL RLU AGND PB<3> PB<5>

Temperature Sensor:
A temperature sensor is built-in in the IC. It has two output voltage sets, (TS1P, TS2N) and (TS1N, TS2P) that
can be measured by AD1. The temperature calculation is as follows :

(1) Configure SAD11<1:0>=10, a digital code: TCode1 is obtained after AD1 measurement.

)
(2) Configure SAD11<1:0>=11, a digital code: TCode2 is obtained after AD1 measurement.
(3) Calculate TCode=(TCode2 - TCode1)/2. It helps to erase Temperature Sensor Offset.
(4) Supposed a single point is calibrated at 25°C, TCode@25°C is obtained. One offset is added in because

the temperature sensor itself has offset. The slope of a temperature curve G is obtained as follows :

TCode@25°C

25+273.15+ Tog , TOS is offset, approx.160K.

(5) Supposed the temperature to be measured is TXC

_ TCode@T,°C _ [

T, 273.15+T,s] °C

e ————— ]
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13.2ZAADC, Low Pass Filter, RMS Converter and Peak Hold
13.1. High Resolution ADC(AD1)

8
v o4
o & é
o i 2
5538 & sus g
<<= = < VoD@ f\.é Q %
5222 Qrlzyg o
i L_Li oooaoaoo )
I<I<I<< <
U 1
1| C Modulator1 :
|
AD‘”Pﬁ 2 >/  Input Gain = | AD1<23:0>
| 0.9,18,27,36 Comb| ! >
| p —» . |
1op VR Gain = Filter | ADIE
ADIN>L| g |\ 10,0333 |
1 !
| R [}
AD1RH  AD1RL
Address Name Bit<7> | Bit<6> Bit<5> Bit<4> Bit<3> Bit<2> Bit<1> Bit<0>
25h R25 AD21G<1:0> AD11G<1:0> SACM<1:0> OPS<2> OPS<1>
23h R23 ENAD1 - 0 AD1RG AD1RHBUF AD1RLBUF AD1IPBUF AD1INBUF
22h R22 AD108<2:0> AD1CHOP<1:0> AD10SR<2:0>

AD1 is High Resolution ADC. AD1IP and AD1IN is positive/negative input signal, AD1RH and AD1RL is
positive/negative reference signal.
(1) ENAD?1 : Register bit that can Enable AD1. 1=Enable, 0=Disable and clear AD1<23:0> as 0.
(2) AD1CHOP<1:0> : Register bit that can configure Chop AD1 input signal, the result is reflected at the
output AD1<23:0> of AD1.
Supposed VOS is the Offset output code of AD1, VX is the output code of AD1Zero Offset.

AD1CHOP<1:0> | 00 01 10 1

AD1<23:0> VX+VOS VX-VOS VX VX

(3) AD1IG<1:0> : Register bit that can configure Gain of AD1 input signal.
(4) AD1RG : Register bit that can configure Gin of AD1 reference signal.

AD11G<1:0> 00 01 10 1 AD1RG 0 1

AD1 Input Gain | 0.9 1.8 2.7 3.6 AD1 Reference Gain 1.0 0.333

(5) AD10S<2:0>: Register bit that can configure DVOS of zero input voltage. If the signal to be measured is

not symmetrical, using this function enables AD1 to operate in a better range.

AD10S<2:0> 000 001 010 oM 100 101 110 1M1

DCOS 0 0.25 0.5 0.75 0 -0.25 -0.5 -0.75

Supposed VIN is the input signal of AD1, VR is the reference signal of AD1, IG is the gain of AD1 input
AD1<23:05>=12°VIN  DCOS
signal and RG is the Gain of AD1 reference signal. Then, RGe VR RG
(6) AD1IPBUF : Register bit that can configure whether positive input signal of AD1 passes through Buffer.
1=Enable ; 0=Disable.
(7) AD1INBUF : Register bit that can configure whether negative input signal of AD1 passes through Buffer.

1=Enable ; 0=Disable.

DS-HY3131-V0O5_EN
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(8) AD1RHBUF : Register bit that can configure whether positive input signal of AD1 passes through Buffer.
1=Enable ; 0=Disable.

(9) AD1RLBUF : Register bit that can configure whether negative input signal of AD1 passes through Buffer.
1=Enable ; 0=Disable.

(10) AD1CLK : Sampling signal of Modulator1, of which the frequency is fixed at FSYSCLK/30. FSYSCLK is
the frequency of SYSCLK.

(11) AD10OSR<2:0> : Register bit that can configure Over Sampling Ratio (OSR1) of AD1 Comb Filter.
AD1 data output rate=FAD1CLK/OSR1. FAD1CLK is the frequency of AD1CLK.

AD10SR<1:0> | 000 001 010 011 100 101 110 M

OSR1 256 512 1024 2048 4096 8192 16384 32768

(12) AD1<23:0> : Data register of AD1 output, totally there are 24 bits.
(13) AD1F : Flag of the occurred AD1 events, this signal will be transmitted to INTF register.

13.2. High Speed ADC(AD2), Low Pass Filter, RMS Converter and Peak Hold

o s 8
8 . 3 p
a S w = T
883 ¥ 38 g2
; % ) a Gy [} E
W< 9
LLL AD2IG<1:0> AD2RG &
ey _ | __d__ AD1<23:5> —
1AD2 i i i ! Low Pass [— LPF<18:0> —» PKHMAX<18:0>
| I AD2<18:0>—» . AD2<18:0>—| Peak Hold
e Modulator2 | Filter > LPFF > PKHMIN<18:0>
h ! LPF<18:0>—
AD2|P>:7 Input Gain = 1 »
V|° 05,1.0,15,20 || Comb —+—» AD2<18:0> =
p ; |
S VR Gain = Filter —» AD2F &
AD2IN> e 1.0, 0.333 | l
[ 1
1 1
L | i RMS<37:0
k I ADp<1s0s_y| High Pass RMS |—»RMS<37:0>
AD2RH  AD2RL Filter Converter —» RMSF
Address Name Bit<7> Bit<6> Bit<5> | Bit<4> Bit<3> Bit<2> Bit<1> | Bit<0>
29h R29 ENRMS ENLPF LPFBW<2:0> ENPKH PKHSEL<1:0>
26h R26 ENAD2 0 ENCHOPAD2 ‘ AD2RG SAD2CLK AD20SR<2:0>
25h R25 AD2I1G<1:0> AD11G<1:0> SACM<1:0> OPS<2> ‘ OPS<1>

AD2 is High Speed ADC. AD2IP and AD2IN is the positive/negative input signal while AD2RH and AD2RL is
the positive/negative reference signal.
(1) ENAD?2 : Register bit that can Enable AD2. 1=Enable ; 0=Disable and clear AD2<18:0> as 0.

(2) ENCHOPAD?2 : Register bit that can Enable Chop input signal of AD2.1=Enable, 0=Disable.

(3) AD2IG<1:0> : Register bit that can configure input signal gain of AD2.

(4) AD2RG : Register bit that can configure reference signal gain of AD2.
AD2IG<1:0> 00 01 10 11 AD2RG 0 1
AD2 Input Gain | 0.5 1.0 1.5 2.0 AD2 Reference Gain 1.0 0.333

(5) AD2CLK : Sampling signal of Modulator2, of which frequency is selected by register bit SAD2CLK.
SAD2CLK=0 : FAD2CLK=FSYSCLK/2 ; SAD2CLK=1 : FAD2CLK=FSYSCLK/4. FSYSCLK is the
frequency of SYSCLK; FAD2CLK is the frequency of AD2CLK.
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(6) AD20SR<2:0> : Register bit that can configure Over Sampling Ratio (OSR2) of AD2 Comb Filter.
AD2 data output rate=FAD2CLK/OSR2.

AD20SR<2:0> | 000 001 010 011 100 101 110 M

OSR2 32 64 128 256 512 1024 1024 1024

(7) AD2<18:0> : Output data of AD2, totally there are 19 bits.
(8) ADZ2F : Flag of the occurred AD2 events, this signal will be transmitted to INTF register.

Low Pass Filter:
(1) ENLPF : Register bit that can Enable Low Pass Filter. 1=Enable ; 0=Disable and clear LPF<18:0> as 0.
(2) LPFBW<2:0> : Register bit that can configure Over Sampling Ratio (OSR4) of Low Pass Filter.

Low Pass Filter data output rate=data input rate/OSR4.

LPFBW<2:0> 000 001 010 oM 100 101 110 1M

OSR4 128 256 512 1024 2048 4096 8192 16384

(3) LPF<18:0> : Data register of Low Pass Filter output.
(4) LPFF : Flag of the occurred Low Pass Filter events, this signal will be transmitted to INTF register.
RMS Converter:
(1) ENRMS : Register bit that can Enable RMS Converter. 1=Enable ; 0=Disable and clear RMS<37:0> as 0.
(2) RMS<37:0> : Data register of RMS Converter output.

RMS data output rate=Low Pass Filter data output rate.
(3) Supposed X=AD2<18:0> is the data passed High Pass Filter, N= OSR of Low Pass Filter and is
configured by LPFBW<2:0>.

2

RMS <37:0>= Y X

Then, N 1o get the desired RMS, it is necessary to square root by means of
external MCU software.

(4) RMSEF : Flag of the occurred RMS Converter events, this signal will be transmitted to INTF register.

Peak Hold:
(1) ENPKH : Register bit that can Enable Peak Hold. 1=Enable ; 0=Disable and clear PKHMAX<18:0> as

40000h, PKHMIN<18:0> as 3FFFFh.
(2) PKHSEL<1:0> : Register bit that can select Peak Hold input to be AD1<23:5>, AD2<18:0> or

LPF<18:0>.

PKHSEL<1:0> 00 01 10 1"

Peak Hold Input | AD2<18:0> | AD1<23:5> | LPF<18:0> | LPF<18:0>

(3) PKHMAX<18:0> : Data register of Peak Hold max. output value. Default value=40000h.
(4) PKHMIN<18:0> : Data register of Peak Hold min. output value. Default value=3FFFFh.

e ————— ]
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14. Frequency Counter, CNT and CMP Pin
<]
o
ENCNTI .
i £=z3
@; PONTI °le °
g
z
t—> CTA<23:0> 4
ACPO—>| —» CTB<23:0>
oo ron I ZEG ool
ACPO CMPO
—>»CTF
Address|  Name Bit<7> |  Bit<6> |  Bit<5> Bit<4> Bit<3> Bit<2> Bit<1> Bit<0>
20h R20 SCMPI<2:0> ENCMP ENCNTI ENPCMPO ENCTR 0
14h CTSTA PCNTI [ ACPO | GCMPHO CMPLO - - - cTBOV

Frequency Counter:

Frequency Counter can select ACPO or PCNTI to be input source. Output data will be written to data register

CTA<23:0>, CTB<23:0> and CTC<23:0>. By reading data register, it can calculate signal frequency and Duty

Cycle.

(1) ENCTR : Register bit that can Enable Frequency Counter. 1=Enable ; 0=Disable and clear CTA<23:0>,
CTB<23:0>, CTC<23:0> and CTBOV as 0.

(2) ENCNTI : Register bit that can Enable CNT Buffer and can select input source of Frequency Counter.

ENCNTI 0 1

Frequency Counter Input ACPO PCNTI
(3) PCNTI : CNT Buffer output, it will be transmitted to register CTSTA<7>.
(4) CTA<7:0> : Register bit. When ENCTR=0, CTA<7:0> will be cleared 0.
(5) CTA<23:8> : Register bit. When ENCTR=0, CTA<23:8> will not be cleared 0. When ENCTR=0,
CTA<23:8> can write in data through SPI only. When ENCTR=1, CTA<23:8> can write in data through

Frequency Counter.

(6) CTB<23:0>: Data register. When ENCTR=0, it will be cleared 0. When ENCTR=1 and interrupt occurred
after counting complete, it will record the whole cycle amount of the signal to be measured. And can be
implemented to calculate frequency of the signal to be measured.

(7) CTC<23:0>: Data register. When ENCTR=0, it will be cleared 0. When ENCTR=1 and interrupt occurred
after counting complete, it will record SYSCLK amount of the signal to be measured while it is in High.
And can be used to calculate Duty Cycle of the signal to be measured.

(8) CTBOV : Register bit. When CTB<23:0> is Over Flow, it will be set as 1. Reading CTSTA register or
ENCTR=0, it will be set 0.

(9) CTF : Flag of the occurred Frequency Counter event; this signal will be transmitted to INTF register.

(10) SYSCLK is the system clock.

Frequency Counter is operated as follows :

(1) Configure ENCTR=0, CTA<7:0> will be set 0.

(2) Configure the initial value of counting at CTA<23:8>, the default counting time: Gate
Time=[1000000h-CTA<23:0>]/FSYSCLK.

(3) Configure ENCTR=1, counting starts. When CTA<23:0> Over Flow, CTA<23:0> continues counting until

CTB<23:0> records the whole cycle amount of signal to be measured, then it will stop counting.

e ————— ]
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(4) Waiting for interrupt.

(5) Ceased counting after interrupt occurrence.

(6) Readout CTA<23:0>, CTB<23:0>, CTC<23:0> and CTBOV.

(7) If CTBOV=1, it means Gate Time configuration is too long but the frequency of signal to be measured is

high, so CTB<23:0> is Over Flow. This counting record is meaningless. It must restart from step (1) and
reconfigure Gate Time and count again.

(8) If CTBOV=0, it means this counting record is meaningful. It can measure the Duty Cycle frequency of
signal to be measured.
Total counting time T=[1000000h-CTA<23:0>Initial+ CTA<23:0>Final]/FsyscLk
Frequency of signal to be measured=CTB<23:0>/T
Duty Cycle of signal to be measure =CTC<23:0>/[1000000h-CTA<23:0> i+ CTA<23:0>Final
FSYSCLK is the frequency of SYSCLK, CTA<23:0>Initial is the setup value before counting,

CTA<23:0>kais is the readout value after counting finished.

CNT and CMP pin:

CNT Pin is digital input pin. Signals can be inputted through these pins and transmitted the signal to
Frequency Counter for measurement. CMP Pin is digital output pin. CMPO signal of the IC can output to CMP
Pin.

(1) ENCNTI : Register bit that can Enable CNT Buffer. 1=Enable ; 0=Disable. It can also select input source
of Frequency Counter.

(2) PCNTI : CNT Buffer output and can be transmitted to register CTSTA<7>.

(3) ENPCMPO : Register bit that can Enable CMP Pin Buffer. 1=Enable ; 0=Disable.

e ————— ]
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15. Reference Documents
APD-DMMO003_EN  HY313X Configurations
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16. Ordering Information

1 Package ) Package Shipment Unit Material )

Device No. Pins . . . MSL
Type Drawing Packing Type| Q’ty |Composition

HY3131-L044 LQFP 44 L 044 Tray 160 Green® MSL-3

HY3131-L048 LQFP 48 L 048 Tray 250 Green® MSL-3

' Device No.: Model No. — Package Type Description (Standard Parts)
Ex: You request HY3131 in LQFP44 package.
The device no will be HY3131-L044.
And please clearly indicate the shipment packing type when placing orders.
Ex: You request HY3131 in LQFP48 package.
The device no will be HY3131-L048.
And please clearly indicate the shipment packing type when placing orders.
2 MSL:
The Moisture Sensitivity Level ranking conforms to IPC/JEDEC J-STD-020 industry
standard categorization. The products are processed, packed, transported and used
with reference to IPC/JEDEC J-STD-033.
% Green (RoHS & no CI/Br):
HYCON products are Green products that compliant with RoHS directive and are
Halogen free (Br/Cl<0.1%).
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17. Packaging Information
LQFP44 (L044)
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HYCON TECHNOLOGY

VARIATIONS {ALL DIMENSIONS SHOWN IN MM)
SYMBOLS MIN, NOM. MAX,
A — — 1.60
Al 0.05 — 0.15
AZ 1.35 1.40 1.45
cl 0.09 — 0.16
D 12.00 BSC
o1 10.00 BSC
E 12.00 BSC
E1 10.00 BSC
0.80 BSC
0.30 0.37 0.45
L 0.45 0.80 0.75
L1 1.00 REF
8° o | 35 7
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JEDEC MS-026 Compliant
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LQFP48 (L048)
VARIATIONS (ALL DIMENSIONS SHOWN IN M)
b SYMBOLS | MIN. | NOM. | MAX.
D1 A —_ _ 1.60
5 Al 005 | —— | 0.15
A2 135 | 1.40 | 1.45
HHHHHHHHHH% 2| 135 | 140 | 14
! ——1% c 0.08 — 0.20
O — D 8.00 BSC
— D1 7.00 BSC
= E 9.00 BSC
— E1 7.00 BSC
— e 0.50 BSC
— L 045 | 060 | 0.75
1 N o L1 1|.ou REF|
) o 3.5 7
[TUOTTTIO0]

"]

™)

o

GAGE PLANE r’ =
SEATING PLAME
< 1
L
L1
JEDEC MS-026 Compliant
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18. Revision Record

Major differences are stated thereinafter:

Version Page Revision Summary
V03 All First edition
V05 5,7~9 Revise ACM notice and add in new pin definition
32 Remove Example circuit to reference documents: APD-DMMO003_EN HY313X
Configurations
33 Revise Ordering information content

35 Add in new package type
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