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XE8BLCO1 sensing Machine

16 + 10 bit Data Acquisition
Ultra Low-Power Microcontroller

Key product Features

General Description

The XE88LCO1 is an ultra low-power microcontroller unit
(MCU) associated with a versatile analog-to-digital con-
verter (ADC) including a programmable offset and gain
pre-amplifier (PGA) .

XE88LCO1 is available with on chip Multiple-Time-Pro-
grammable (MTP) Flash program memory and ROM.

Applications

. Internet connected appliances

. Portable, battery operated instruments
. Piezoresistive bridge sensors

. HVAC control

. Motor control

Downloaded from Elcodis.com electronic components distributor

Low-power, high resolution ZoomingADC

. 0.5 to 1000 gain with offset cancellation

. up to 16 bits ADC

. up to 13 input multiplexer

Low-voltage low-power controller operation
. 2 MIPS at 2.4 V to 5.5 V supply voltage

. 300 pA at 1 MIPS, 2.4 V to 5.5 V supply
22 kByte (8 kinstruction) MTP, 520 Byte RAM
RC and crystal oscillators

5 reset, 18 interrupt, 8 event sources

100 years MTP Flash retention at 55°C

Ordering Inform ation

Reference |Memory type | Temperature Package
XEBB8LCOLMIO00| MTP Flash | -40°C to 85°C die
XE88LCO1MI027| MTP Flash -40°C to 85°C LQFP44
XE88LCO01MI032| MTP Flash -40°C to 85°C PLL-44L
XE88LCO1RI000 ROM -40° C to 125°C die
XE88LCO1RI027 ROM -40°C to 125°C LQFP44
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1 Detailed Pin Description
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Figurel1.1: Pinou of the XE88LCO1in LQFP44 padkage
Pin
Postion . . _
oisrt' 0 Fundion Seondfundion Type Desaiption
TQFP44 name name
1 PA(5) Input Input of Port A
2 PA(6) Input Input of Port A
3 PA(7) Input Input of Port A
4 PC(0) InputOutput Inpu-Output of Port C
5 PC(1) InputOutput Inpu-Output of Port C
6 PC(2) InputOutput Inpu-Output of Port C
7 PC(3) InputOutput Inpu-Output of Port C
8 PC(4) InputOutput Inpu-Output of Port C
9 PC(5) InputOutput Inpu-Output of Port C
10 PC(6) InputOutput Inpu-Output of Port C
11 PC(7) InputOutput Inpu-Output of Port C
Input-OutputAnalogof Port B/
12 PB(0) testout Inpu/Outpu/Analog Dataoutputfor tes and M TP programing/
PWM output
Input-OutputAnalogof Port B/
13 PB(1) Inpu/Outpu/Analog PWM output
14 PB(2) Input/Outpu/Analog Input-OutputAnalogof Port B
Input-Output-Analogof Port B,
15 PB(3) SOuU Inpu/Outpu/Analog Output pin of USRT
Input-OutputAnalogof Port B/
16 PB(4) SCL Input/Outpu/Analog Clock pin of USRT
Input-OutputAnalogof Port B/
7 PBE) SIN Inpu/Outpu/Analog Datainputor input-output pinof USRT
Input-OutputAnalogof Port B/
18 PB(6) Tx Inpu/Outpu/Analog Emission pin of UART
Input-OutputAnalogof Port B/
19 PB(7) Rx Inpu/Outpu/Analog Recepion fin of UART
20 VPP TEST Vhigh Special Test mode/Hgh voltagefor MTP programing
21 AC_RG) Andlog Highest potental nzgeéoandrefelenceof
22 AC_R(2) Anaog L owes potentialnodefor 2ndreferenceof ADC
23 AC_A(7) Anaog ADC input node
24 AC_A(6) Analog ADC input noce
25 AC_A(5) Anaog ADC input node
26 AC_A(4) Anaog ADC input noce
Table1.1: Pin-out of the XE88LCO1in LQFP44
(see Table “10 pins performances’ on page 18 for drive capabiliti es of the pins)
3 D02®-60
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Pin
Postion . . -
in Fundion Seondfundion Type Desaiption
TQFP44 name name

27 AC_A(3) Anaog ADC input node

28 AC_A(2) Anaog ADC input node

29 AC_A(1) Anaog ADC input node

30 AC_A(0) Anaog ADC input noce

31 AC_R(1) Anaog Higheg potental nodefor 1st referenceof ADC

32 AC_R(0) Anaog Lowest potental nodefor 1st referenceof ADC

33 VSS Power Negative power supply, connectedo subgrate

34 Vbat Power Postive powersupply

35 Vreg Analog Regulatedsupply

36 RESET Input Reset pin (activehigh)

37 Vmult Anaog Pad for optiond voltage multipli er capadtor

38 Oscin ck_cr Analog/nput CoolRISC cli?(r}r;?égnatg(i( I\t/Ia"I'IP programing

39 OscOut pck Analog/input Peripherl clo?:?(';g?cttolegnatr?dxl\sla':'/P programing
Input of Port A/

40 PA(0) tedin Input Datainputfor teg and MTP programing/
CounterA input
Input of Port A/

41 PA(2) tegck Input Dataclockfor tes andM TP programing/
Courter B input

42 PAQ) Input CounterC iLr;)FilltIIgoEﬁnHAc/aptue input

43 PAR) Input CourterD ILT;)%L; gozz':eﬁclaptue input

44 PA(4) Input Input of Port A

Table1.1: Pin-out of the XE88LCO1in LQFA4

(see Table “10O pins performances’ on pege 18 for drive cagpabiliti es of the pins)

4 D02@-60

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6131017/xe88lc01.html

ata Sheet XE88LCO1
Data Acquisition Microcontroller

2 Absolute maximum ratings

Stresses beyond these listed in this chapter may cause permanent damage to the device. No
functional operation is implied at or beyond these conditions. Exposure to these conditions for
an extended period may affect the device reliability.

Paameter Valéue
VBAT with respedt to VSS -0.3V to 6.0V
Inputvoltageon any input pin VSS0.3V to VBAT+0.3V
Storagetenperture -55°C to 125C
Storagetemperature for programmedM TP devices -40°C to 85°C
Table2.1: Absdute maximum ratings

These devices are ESD sensitive. Although these devices feature proprietary ESD protection
structures, permanent damage may occur on devices subjected to high energy electrostatic
discharges. Proper ESD precautions have to be taken to avoid performance degradation or
loss of functionality.

5 D02@-60
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3 Electrical Characteristics

All specification are -40°C to 85°C unless otherwise noted. ROM operates up to 125°C.

Operation conditions min typ max Unit Remarks
Power supply ROM version 24 55 \%
PP MTPverson 24 55 v
Openting speed 24V to55V 0.032 2 MHz
Instruction cycle anyingruction 500 ns 7
CPU running
atL MIPS 310 uA !
CPU running
at32kHz
on Xtal, 10 uA !
RC off
CPU halt,
. timer on Xtal, 1 UA 1
Currentrequrement RC off
CPU halt,
timer on Xtal, 1.7 UA 1
RCrealy
CPU halt,
Xtal off
timer onRC 14 uA 1
at100kHz
CPU halt,
ADC 16 bits 190 WA 4,6
at4 kHz
CPU halt,
ADC 12 bits
atd kHz, 460 A 4.6
PGA gain 100
CPU at 1 MIPS
ADC 12 bits 670 WA 34,6
i at4 kHz
Current requirement CRUAIMIPS
ADC 12 hitsat 4 kHz, 790 A 34,6
PGA gain 10
CPU at 1 MIPS
ADC 12 hitsat 4 kHz, 940 A 34,6
PGA gain 100
CPU at 1 MIPS
ADC 12 hitsat 4 kHz, 1100 uA 3,46
PGAgain 1000
Voltagelevel detedion 15 UuA
Prog. voltage 103 108 \Y
MTP Flash Erasetime 0.2 1 s 8
memory Write/Erase gycles 10 100 5
Data retention 10 years 85,2
100 yeas 55°C, 2
Table3.1: Spedficaionsand currentrequiremer of the XE88LCO1
Note: 1) Power suppy: 24V - 5.5V, temperature is 27°C.
2) < 10erasecycles.

3) Output not loaded.

4) Current requremert can be divided by afador of 2 or 4 by reducing the speedaccadingly.

5) More cyclespossble during developmert, with restaint retertion

6) Power supply: 3.0V, at 27°C; seechapter Power Consumgion on @ge30 for variation o current
with voltage and clock speed variation

7) With 2 MHz clock, all instructions are using exacty 1 clock cycle

8) Longer erase time may degrade retertion

6 D02@-60
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The XE88LCO1 CPU is a low power RISC core. It has 16 internal registers for efficient imple-
mentation of the C compiler. Its instruction set is made of 35 generic instructions, all coded on
22 bits, with 8 addressing modes. All instructions are executed in one clock cycle, including
conditional jumps and 8x8 multiplication.

A complete tool suite for development is available from XEMICS, including programmer, C-
compiler, assembler, simulator, linker, all integrated in a modern and efficient graphical user
interface.

7 D02@-60
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5 Memory organisation

The CPU uses a Harvard architecture, so that memory is organised in two separated fields:
program memory and data memory. As both memory are separated, the central processing
unit can read/write data at the same time it loads an instruction. Peripherals and system control
registers are mapped on data memory space.

Program memory is fitted onto one page. Data is made of several 256 bytes pages.

Oh1FFF / 01hBFF
=) 4 0h027F
2 3
0 [%]
o o
% g RAM
IS
Program g : 512Bytes
memory I 8
8k instructionsMTP g CPU 0h0080
or
6k instructionsROM Peripheraks
Instriction | CPU 0h0010
0h0000 pipdine | regsters LPRAM  ono000
22 bitswide 8 hits wide
Figure5.1: Memory orgarizaion

5.1 Program memory
The program memory is implemented as Multiple Time Programmable (MTP) Flash memory.

The power consumption of MTP memory is linear with the access frequency (no significant
static current).

Size of the MTP Flash memory is 8192 x 22 bits (= 22 kBytes)

Size of the ROM memory is 6144 x 22 bits (= 17 kBytes)

block size address
MTP 8192 x 22 HO000- H1FFF
ROM 6144 x 22 HO0000- H1BFF
Table5.1: Programaddressesfor MTP or ROM memory
8 D02@-60
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5.2 Data memory

The data memory is implemented as static Random-Access Memory (RAM). The RAM size is
512 x 8 bits plus 8 low power RAM bytes that require very low current when addressed. Pro-
grams using the low-power RAM instead of RAM will use even less current.

block size address
LPRAM 8x8 H0000- HO007
RAM 512x8 HO0080- HO27F
Table5.2: RAM addresses

6 Registerslist

Left column include register name and address.

Right columns include bit name, access (r: read, r0: always 0 when read, w: write, c: cleared
by writing any value, c1: cleared by writing 1), and reset status (0 or 1) and signal. Empty bits
are reserved for future use and should not be written, neither should their read value be used
for any purpose as it may change without notice.

6.1 Peripherals mapping

block size address Page
LPRAM 8x8 HO000-H0007
Sygemcontrol 16x8 HO0010-HOO1F
Port A 8x8 H0020H0027
Pott B 8x8 H0028-HO02F
Port C 4x8 HO0030-H0033
Reserved 4x8 H0034H0037
MTP 4x8 H0033-H003B
Event 4x8 HO03GHO003F
Interuptscontrol 8x8 H0040:H0047 Page0
reserved 8x8 HO0048HO04F
UART 8x8 HO0050-H0057
Countes 8x8 HO058-HO05F
Zooming ADC 8x8 HO0060-H0067
Reserved 12x8 H0068H0073
Reserved 8x8 HO074-HO07B
(?/E‘S; 4x8 HO07GHOOTF
RAM1 128x8 HO080 - HOOFF
RAM2 256x8 H0100 - HOIFF Pagel
RAM3 128x8 H0200- HO27F Page?2
Table6.1: Peripherak addresss
9 D02®2-60
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6.2 Resats
The reset source name is simplified in the following registers description. Name mapping is in
the next table.
namein this
resetsource
document
resetsystem
resetSynch global
resetPOR
resetCold cold
resetPad
resetPconf pconf
res¢Sleep sleep
Table6.2: Rese signal name mapping

6.3 Low power RAM

Low power RAM is a small additionnal RAM area with extremely low power requirement.

Name 7 6 5 4 3 2 1 0
/Address
0000 w w w w w w w w
h00OL w w w w w w w w
h0002 w w w w w w w w
h0003 w w w w w w w w
h0004 w w w w w w w w
h0005 w w w w w w w w
h0006 w w w w w w w w
h0007 w w w w w w rw w
Table6.3: Low power RAM
10 D02®-60
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6.4  System, oscillators, prescaler and watchdog

Name 7 6 5 4 3 2 1 0
Address
RegSysCtrl SlegpEn | EnResPConf| EnBus-Error | EnResWD
h0010, type 1 rw, 0 par rw,0cold | rw,0cold | rw,Ocold
ReSysRest Sleep ResRr ResBuws-Error| ReswWD ResPrtA | ResrdDeb ResPad
h0011, type 1 w, 0 cold 0 rc, O cold rc, O cold rc, Ocold rc, 0 cold rc, 0 cold
RegSysClock CpuSel ExtClk EnExtClk BiasRC CddXtal CadRC EnabeXtal EnableRC
h0012, type 1 rw, Osleep r, 0 cold rw, O cold rw, 1 cold r,1deg r, 1sleep rw,0deep | rw, ldeg
. Output- Output
RegSysMisc RCONPAO | DebFas Ck)?tal CkaPU
h0013, type 1 rw,0slegp | rw,0sleep | rw,Osleep | rw,0dee
RegSyswWD WatchDog(3) | WatchDog@) | WatchDog(l) | WatchDog(0)
h0014 special speca specal special
Redre
RedSysPre0 Cleat ow-
Precal (*)
h0015 w, 0 cold
RegSysRCTriml RpfaFfSS gg,,f&) 5@2?‘@ gipéé'&) ggé%
h001B rw, 0 cold rw, O cold rw, 0 cold rw, 0 cold rw, O cold
cespmcrinG | e | e | e | e | e
h001C rw, 1 cold rw, O cold rw, 0 cold rw, 0 cold rw, 0 cold rw, 0 cold
Table 6.4: Systemcontrol regsters
6.5 PortA
Name 7 6 5 4 3 2 1 0
Address
RegPAIn PAIN(7) | RegPAIN(6) | PAIn(5) PAIN(4) PAIN(3) PAIN(2) PAIN(1) PAIN(0)
h0020 r r r r r r r r
RegPADebounce PADeb(7) PADeb@) PADeh(5) PADeb(4) PADeb@) PADehb(2) PADeb(1) PADeb(Q)
h0021 rw, 0 pconf | rw, 0pconf | rw, 0pconf | rw, 0pconf | rw, 0pconf | rw, 0pconf | rw, 0pconf | rw, O pcorf
RegPAEdge PAEdge(’) | PAEdge(6) | PAEdgef) | PAEdged) | PAEdge(@) | PAEdge@) | PAEdge() | PAEdge()
h0022 rw, 0 global | rw, O global | rw, 0 gobd | rw, O global | rw, 0 gobal | rw, O global | rw, O global | rw, O global
RegPAPUllup PAPUIlUp(7) | PAPUIlUP(6) | PAPUIUp (5) | PAPUlUp(4) | PAPUIlUP(3) | PAPUIUR(2) | PAPUlUp() | PAPUIlUp(0)
h0023, type 1 rw, 0 pconf | rw, 0 pconf | rw, 0 pconf | rw, 0 pconf | rw, O pconf | rw, 0 pconf | rw, 0 pconf | rw, O pcorf
RegPAReD PAReD(7) | PARes0(6) | PAResO(5) | PAResO(d) | PAResO(3) | PAResD(2) | PAResO(1) | PARes0(0)
h0024 rw, 0 global | rw, O dglobal | rw, 0 gobd | rw, 0 global | rw, O gobal | rw, 0 global | rw, O global | rw, O global
RegPAResl PAResl(7) | PAResl(6) | PAResl(5) | PAResl(d) | PARes1(3) | PAResl(2) | PAResi(l) | PAResl(0)
h0025 rw, 0 global | rw, O global | rw, 0 gobd | rw, O global | rw, 0 goobal | rw, O global | rw, O global | rw, O global
Table 6.5: Pat A registers
11 D02@-60
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6.6 PortB
Name 7 6 5 4 3 2 1 0
Address
RegPBOUL PBOUt(7) | PBOW() | PBOutE) | PBOut@) | PBOW(3) | PBOut2) | PBOut(l) | PBOUt(0)
h0028 rw, 0 pconf | rw, Opconf | rw, 0pconf | rw, 0pconf | rw, 0pconf | rw, 0pconf | rw, 0pconf | rw, 0 pcorf
RegPBINn PBIN(7) PBIN(6) PBIN(5) PBIn(4) PBIN(3) PBIN(2) PBIn(1) PBIn(0)
h0029 r r r r r r r r
RegPBDir PBDir(7) PBDir(6) PBDir(5) PBDir(4) PBDIr(3) PBDiIr(2) PBDir(1) PBDir(0)
h002A rw, 0 pconf | rw, Opconf | rw, 0pconf | rw, 0pconf | rw, 0pconf | rw, 0pconf | rw, 0pconf | rw, 0 pcorf
RegPBOpen PBOpen(?) | PBOpen@) | PBOpen(5) | PBOpend) | PBOpen@) | PBOpen(2) | PBOpen() | PBOpenQ)
h002B rw, 0 pconf | rw, Opconf | rw, 0pconf | rw, 0 pconf | rw, 0pconf | rw, 0pconf | rw, 0pconf | rw, 0 pcorf
RegPBPullup PBPullUp(7) | PBPUllUp(6) | PBPUlUp(5) | PBPUllUp(4) | PBPUIlUp(3) | PBPUlUp(2) | PBPUllUP(1) | PBPUIlUp(0)
h002C rw, 0 pconf | rw, Opconf | rw, 0pconf | rw, 0pconf | rw, 0pconf | rw, 0pconf | rw, 0pconf | rw, 0 pcorf
RegPBAna PBANa() PBANna(2) PBAna(1) PBANa(0)
h002D rw, 0 pconf | rw, O pconf | rw, O pconf | rw, O pcorf
Table 6.6: Pat B registers
6.7 PortC
Name 7 6 5 4 3 2 1 0
Address
RegPCOut PQOOut(7) PCOut(6) POOut() PQOut(4) PCOut(3) PQOut(2) PQOut(1) PCOut(0)
h0030 rw, 0 pconf | rw, Opconf | rw, 0 pconf | rw, 0pconf | rw, Opconf | rw, 0pconf | rw, 0pconf | rw, O pcorf
RegPan PCIN(7) PAnN(6) PCIN(5) PCIn(4) PCIN(3) PAN(2) PCIn(1) PAN(0)
h003L r r r r r r r r
RegPir PCDIr(7) PCDir(6) PCDIr) PQDir(4) PCDIr(3) PCDir(2) PCDir(1) PCDir(0)
h003R2 rw, 0 pconf | rw, Opconf | rw, 0pconf | rw, 0pconf | rw, 0pconf | rw, 0 pconf | rw, 0pconf | rw, 0 pcorf
Table6.7: Pat Cregisters
6.8 MTP
Name 7 6 5 4 3 2 1 0
Address
RedgEEP
h003B w w w w w w w w
RegEEP1
h0039 w w w w w w w w
RegEEP2
hO03A specal special speca specal special speca specal special
RegEEP3
h003B specal special spedal specal special speca specal special
Table 6.8: MTP control registers
12 D02@-60
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6.9 Events
Name 7 6 5 4 3 2 1 0
Address
RegEvn EvnCntA EvnCntC EvnPrel EvnPA(1) EvnCntB EvnCntD EvnPre2 EvnPA(QQ)
h003C rcl,0 global | rcl, Oglobal | rcl,0global | rcl,0gobal | rcl,0global | rcl,0global | rcl,0global | rcl,0 globa
RegEvnEn EvnEnCntA | EvnEnCntC EvnEnPrel | EvnEnPA(1) | EvnEnCntB EvnEnCntD EvnEnPre2 | EvnEnPA(0)
h003D rw, 0 global | rw,0global | rw,0gdobal | rw,0gobal | rw,0gobal | rw,0 goba rw, 0 global | rw, O global
RegEvnPriority EvnPiiority(7) | EvnPriority (6) | EvnPriority(5) | EvnPriority(4) | EvnPriority(3) | EvnPiiority (2) | EvnPriority(1) | EvnPriority(0)
h003E r,1 gobal r,1 global r,1 global r,1 global r,1 gobal r,1 global r,1 global r,1 global
RegEvnEvn EvnHigh EvnLow
hO03F r, 0 gobal r, 0 global
Table 6.9: Events contrd registers
6.10 Interrupts
Name 7 6 5 4 3 2 1 0
Address
ReglrgHig IrgAc IrgPrel IrgCntA IrgCntC IrqUartTx IrgUartRx
h0040 rcl,0 global | rci, Oglobal rcl,0global | rci,0 global rc1,0global | rcl,0global
ReglrgMid IrgPA(5) IrgPA(4) IrgPre2 IrqVvid IrqPA(1) IrgPA(QQ)
h0041 rcl,0 global | rcl,0global | rcl,0global | rc1,0global | rcl,0global | rcl,0globa
ReglrgLow IrqPA(7) IrqPA(6) IrgCntB IrqCntD IrgPA(3) IrgPA(2)
h0042 rcl,0 global | rcl, Oglobal | rcl,0global | rcl,0gobal | rcl,0global | rcl,0 global
ReglrgEnHig IrgEnAc IrgEnPrel IrgEnCntA IrgenCntC IrgEnUartTx | IrgEnUartRx
h0043 rw, 0 global | rw, 0global rw, 0 global | rw, 0 gobal rw, 0 global | rw, 0 gobal
ReglrgEnMid IrgEnPA(5) IrqgEnPA(4) IrgEnPre2 IrqgEnVId IrgEnPA(1) IrgEnPA(0)
h0044 rw, O global | rw,Oglobal | rw,0global | rw,O goba rw, 0 global | rw, O global
ReglrgEnLow IrgEnPA(7) IrgEnPA(6) IrgEnCntB IrgEnCntD IrgEnPA(3) IrgEnPA(2)
h0045 rw, 0 global | rw,0global | rw,0gdobal | rw,0global | rw,0gobal | rw,0 goba
ReglrgPriority IrgPiiority(7) | IrqPriority(6) | IrqPriority(5) | IrgPriority(4) | IrgPriority(3) | IrgPriority(2) | IrgPriority(1) | IrgPriority(0)
h0046 r, 1 globd r, 1 global r, 1 global r, 1 global r, 1 global r, 1 goba r, 1 global r, Lglobal
Reglrglrq IrgHig IrgMid IrgLow
h0047 r, 0 gobal r, 0 global r, 0 global
Table 6.10: Interrupts control regstas
6.11 USRT
Name 7 6 5 4 3 2 1 0
Address
RegUsrtSin UsrtSin
h0048 rw, 1 global
RedJsitScl UsrtScl
h0049 rw, 1 global
RegUstCtrl UsrtWaitS0 Usré%?]\év? U | UsitEnwaitso | UsitEnable
hO04A r, 0 global rw, O global rw, 0 global | rw, O global
RegUstData UsrtData
h004D r
RegUstEdgeS UsrtEdgeScl
h004E r, 0 gobal
Table 6.11: USRT cortrol registers
13 D02@-60
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6.12 UART
Name 7 6 5 4 3 2 1 0
Address
RegUartCtrl UartEcho UartEnRx UartEnTx UartXRx UartXTx UartBR(2) UartBR(1) UartBR(0)
h0050 rw, 0 global rw, 0 global rw, 0 global rw, 0 global rw, 0 global | rw, 1 goba rw, O global rw, 1 global
RegUatCmd SelXtal UartWakeup | UartRCSl(2) | UatRCSel(1) | UartRCSel(0) UartPM UartPE UartWL
h0051 rw, 0 global | rw,0global | rw,0gobal | rw,0gobal | rw,0gobal | rw,0goba | rw,0gdobal | rw, 1 global
RegUartTx UartTx(7) UartTx(6) UartTx(5) UartTx(4) UartTx(3) UartTx(2) UartTx(1) UartTx(0)
h0052 rw, 0 global rw, O global | rw,0gobal | rw,0global | rw,Ogobal | rw,0 goba rw, 0 global rw, 0 global
RegUartTxSta UartTxBusy UartTxFull
h0053 r, 0 global r, 0 global
RegUartRx UartRx(7) UartRx(6) UartRx(5) UartRx(4) UartRx(3) UartRx(2) UartRx(1) UartRx(0)
h00X4 r r r r r r r r
RegUartRxSta UartRxSErr | UattRxPErr | UatRxFErr | UatRxOEm | UartRxBusy | UartRxFull
h00%5 r r r ¢ r r
Table 6.12: UART cortrol registers
6.13 Counters
Name 7 6 5 4 3 2 1 0
Address
RegCntA CounteA(7) | CounteA(6) | CounteA(5) | CourterA(4) | CounteA(3) | CounteA(2) | CounteA(1) | CourterA(0)
h0053 w w w w w w w w
RegCntB CounteB(7) | CourterB(6) | CounerB(5) | CounteB(4) | CounteB(3) | CourteB(2) | CounerB(1) | CounteB(0)
h00%9 w w w w w w w rw
RegCntC CountelC(7) | CourterC(6) | CounerC(5) | CounteC(4) | Countec(3) | CourterC(2) | CounterC(l) | CounteC(0)
h005%A w w w w rw w w rw
RegCntD CounteD(7) | CounteD(6) | CounteD(5) | CourteD(4) | CounteD(3) | CounteD(2) | CounteD(1) | CourterD(0)
h005B w w w w w w w rw
RegCntCtrICk CntDSd(1) CntDSel(0) CntCSd(1) CntCSel(0) CntBSel(1) CntBSd(0) CntASel(1) CntASel (0)
h005C w w w w w w w w
RegCntConify1 CntDDownUp | CntCDownUp | CntBDownUp| CntADownUp | CasadeCD CagadeAB CntPWM1 CntPWMO
h005D w w w rw w w rw, 0 gobal rw, 0 gobal
RegCntConfig2 CapSel@) CapSel(0) CapFunc(l) CapFuncQ) | PWM1Size() | PWM1SizeQ) | PWMOSize(l) | PWMO0Size Q)
h0OSE rw, O global | rw,Oglobal | rw,0gobal | rw,0 global w rw w rw
RegCntOn CntDEnable | CntCEnable CntBEnable | CntAEnable
hO05- rw, Oglobal | rw, O global rw, 0 global | rw, O global
Table6.13: Counters cortrol registers
14 D02@-60
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6.14 Acquisition chain

Name 7 6 5 4 3 2 1 0
Address
RegAcOutLsh AdcOutl(7) | AdcOutl(6) | AdcOutL(5) | AdcOut(4) | AdcOutl(3) | AdcOutl(2) | AdcOutl(l) | AdcOut(0)
h0060D r r r r r r r r
RegACcOUtMsb AdcOUtM(7) | AdcOuUtM(6) | AdcOUM(5) | AdcOutM(4) | AdcOutM(3) | AdcOutM(2) | AdcOutM(1) | AdcOuM(0)
h0061 r r r r r r r r
RegAcCfg0 Start NelConv(1) NelConv(0) OSR(2) OSR(1) OSR(0) Cont
h0062 rOw, 0 global | rw,Ogdlobal | rw,1gobal | rw,0global | rw,1gobal [ rw,0goba rw, 0 global
RegAcCfgl IbAMpADC(1) | IbAmpAdc(0) | IbAmpPga(l) | IbAmpPga0) Enable@) Enable(2) Enable() EnableQ)
h0063 rw, 1 global | rw,1global | rw,1gdobal | rw,1gobal | rw,0global | rw,0 goba rw, 0 global | rw, 1 global
RegAcCfg2 Fin(1) Fin(0) Pga2Gainl) | Pga2GainQ) Pga20f£(3) Pga20ff( 2) Pga20f(1) Pga20f(0)
ho0&4 rw, 0 global | rw,0global | rw,0gdobal | rw,0gobal | rw,0gobal | rw,0 goba rw, 0 global | rw, O global
RegAcCfg3 PgalGan Pga3Gain6) | Pga3Gaing) | Pga3Gaind) | Pg3Gan(3) | Pga3Gairf2) | Pga3Gain) | Pga3GainQ)
h0065 rw, Oglobal | rw,Oglobal | rw,0gdobal | rw,0gobal | rw,1gobal | rw,1goba rw, 0 global | rw, O global
RegAcCig4 Pga30f(6) | Pga30f(5) | Pga3Of(4) | Pga3Of(3) | Pga3Off(2) | Pga30Of(1) | Pga30f(0)
h0066 rw, O global | rw,Ogdlobal | rw,0global | rw,0gobal [ rw,0 goba rw, 0 global | rw, O global
RegAcCfg5 Busy Def AMux(4) AMux(3) AMux(2) AMux(1) AMux(0) VMux
h0067 r, 0 globd wr0 rw, Oglobal | rw,Oglobal | rw,0gobal | rw,0goba | rw,0gobal | rw,0 gobal
Table 6.14: Acquisition chain control registers
6.15 Vmult and VId registers
Name 7 6 5 4 3 2 1 0
Address
RegvmultCfg0 Enable Fin(1) Fin(0)
h007C rw,0globa | rw,Oglobal | rw,0 gobal
RegVIdCtrl VidMult VIdTune@) VIdTune() VIdTuneQ)
hOO7E rw, 0 cold rw, 0 cold rw, 0 cold rw, 0 cold
RegVIdStat Vidirg VidValid VIdEn
hOO7F r, 0 gobal r, 0 global rw, 0 global
Table 6.15: Vmult and VId cortrol registers
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7 Peripherals

The XE88LCOL1 includes usual microcontroller peripherals and some other blocks more spe-
cific to low-voltage or mixed-signal operation. They are 3 parallel ports, one input port (A), one
|0 and analog port (B) with analog switching capabilities and one general purpose 10 port (C).
A watchdog is available, connected to a prescaler. Four 8-bit counters, with capture, PWM and
chaining capabilities are available. The UART can handle transmission speeds as high as
115kbaud.

Low-power low-voltage blocks include a voltage level detector, two oscillators (one internal
0.1-2 MHz RC oscillator and a 32 kHz crystal oscillator) and a specific regulation scheme that
largely uncouples current requirement from external power supply (usual CMOS ASICs re-
quire much more current at 5.5 V than they need at 2.4 V. This is not the case for the
XE88LCO01).

Analog blocks (ZoomingADC (acquisition path)) are defined below. All these blocks operate
on 2.4 - 5.5V power supply range.

7.1 Counters

. 4 8-bit counters

. Daisy chain on 16 lits

. PWM on 816 hits

. Capture - compare on 16bits

. Eventsand interrupts generation

7.2 Prescaler

. Interrupt gererated with 1 secand period for ultralow power hibernation mode

7.3 Watchdog
. 2 seconds watchdog

74 UART
. full duplex operationwith buffered receiver and transmitter.
. Interral bawdrate geneator with programmable baudrate (300 - 115000 lauds).
. 7 or 8 hits word length.
. even, odd, or no-parity bit generation and detedion
. 1 stop hit
. error receive detection : Start, Parity, Frameand Overrun
. recaver eclo mode
. 2 interrupts (receive full and transmit empty)
. enable receive ard/or trarsmit
. invertpad Rx and/or Tx
16 D02@-60
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7.5 Xtal clock
The Xtal Oscillator operates with an external crystal of 32’768 Hz.
symbol desaiption min typ max unit commerts
f_clk32k naminal frequency 32768 Hz
st_x32k cscillator start-up time 1 2 s for full precision
duty_clk32k duy cycleonthedigital output 30 50 70 %

relative frequency deviation from

N ; _ notincluded:
fstab_1 norrinal, for a aystal with CL_?'Z pF -100 +300 ppm crystal frequencytoleranceandaging
andtemperature between40° and
+85°C crystal frequency- temperature dependence
Table7.1: Xtal oscillator specifications.
Note: Board layout recommendations for safer crystal osdllation and lower current consumption:

Keep lines xtal_in and xtal_out short and inset a VSSline between them.
Comed packageof the crysal to VSS

No nasy or digital lines near xtal_in and xtal_out.

Insert guards at V SSwhereneeckd.

7.6 RC oscillator

The RC Oscillator is always turned on at power-on reset and can be turned off after the option-
al Xtal oscillator has been started. The RC oscillator has two frequency ranges: sub-MHz
(100KHz to 1MHz) and above-MHz (1MHz to max MCU frequency). Inside a range, the fre-
quency can be tuned by software for coarse and fine adjustment.

Note: No external comporent is required for the RC osdllator.

The RC oscillator can be in 3 modes. In mode 1(RC on), the RC oscillator and its bias are on.
In mode 2 (RC ready), the RC oscillator is off and the bias is on. In mode 3 (RC off), the RC
oscillator and the bias are off. RC ready mode is a compromise between power consumption
and start-up time.

A frequency
—— 500 kHz

— @ tune = Oh3F /’ /
© tune = 0h20 / / /
_ O tune = 0h00 C/
N /C/ @/ mult= Ohd
N @/ mult = 0h3

mult = 0h2
7] 3/o/ ~ mult=0h1
mult = 0h0
code =
Figure7.1: RC frequendesprogramming example for low range (typicd values)
17 D02@-60
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symbol description min typ max unit comments
Fet frequencyet start-up 50 80 110 kHz
range rangeselection 1 10 multiplies Fg;
mult[3:0] coarse tuning range 1 16 4 bits, multiplies Fg; * range
{ure(5:0] fi!'letunihg range 0.65 15 6 bits, multiplies Fg; * range* mult
finetuning step 14 2 %
Tst sart-up time 30 50 us bias current is off (RC off)
Ogt overshootat start-up 50 % bias current s off (RC off)
Twu wakeuptime 3 5 us biascurrent is on (RC realy)
Ouu overshootatwakeup 50 % biascurrentison (RC realy)
jit jitter rms 2 %00
Table7.2: RC spedfications

7.7 Parallel 10 ports
. 8 bit input port A with interrupt, reset ard event generation.
. 8 bit inpu-output-analog pat B with analog switching capabilities.
. 8 hit input-output port C.

sym description condtion min typ max Comments
Pott A: low threshald limit
Port A: high threshold limit Vbat=
output drop whensinking 1 mA 12v 04
output drop whensourcing 1mA 04
Pott A: low threshadd limit 1
Pott A: high threshold limit 15
outputdrop whensinking 1 mA Vbat=
outputdrop whensinking 8 mA 24V 0.4
output drop whensourcing 1mA
output drop whensourcing 8mA 04
Port A: low threshold limit 2
Pott A: high threshold limit 3
outputdrop whensinking 1 mA Vbat=
outputdrop whensinking 8 mA 50V 04
output drop whensourcing 1mA
output drop whensourcing 8mA 04
pull-up, pull-downresstor 50 150 kohm

<|<|<|<|<|<|<|<|<|<|<|<|<]|<|<|<|S
2

Table7.3: 10O pins performances
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7.8 Voltage level detector

. Can beswitched off, on a simultaneously with CPUadivities
. Gereraesaninterrupt if power supply is below a pre-determined levd

The Voltage Level Detector monitors the state of the system battery. It returns a logical high
value (an interrupt) in the status register if the supplied voltage drops below the user defined

level.
symtol description min typ max unit commerts
Notel trimming values:
VIdRange VIdTune

153 0 000
144 0 001
1.36 0 010
1.29 0 011
122 0 100
1.16 0 101

Vth Threshold voltage 111 \% 0 110
1.06 0 111
3.06 1 000
288 1 001
272 1 010
257 1 011
244 1 100
233 1 101
222 1 110
213 1 111

Teom duration o measuement 20 25 ms Note 2

Tpw Minimum pulse width detected 875 1350 us Note 2

Table 7.4 Voltage level detedor operation
Note: 1) Absolute precision of the threshold voltage is£10%.

2) This timing isrespeded in case theinternal RC or crystal oscill atorsare sdeded. Refer to theclock
block documentation in casethe external clock is used.

19 D02@-60
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8 ZoomingADC

The fully differential acquisition chain is formed of a programmable gain (0.5 - 1000) and offset
amplifier and a programmable speed and resolution ADC (example: 12 bits at 4 kHz, 16 bits
at 1 kHz). It can handle inputs with very low full scale signal and large offsets.

N refererce selectin

-1~
AC_A(0 ™\

“A3
AC_A(4 % ADC
AC_AESK: f f —
ﬁg_ﬁ(g)— ganl gain2 gan3 mode output

Al offset2 offset3 code

inpu seledion

Figure8.1: Acquisition channel block diagram

Input selection is made from 1 of 4 differential pairs or 1 of seven single signal versus AC_A(0).
Reference is chosen from the 2 differential references. Acquisition path offset can be sup-
pressed by inverting input polarity.

The gain of each amplifier is programmed individually. Each amplifier is powered on and off on
command to minimize the total current requirement. All blocks can be set to low frequency op-
eration and lower their current requirement by a factor 2 or 4.

The ADC can run continuously (end of conversion signalled by an interrupt, event or by pooling
the ready bit), or it can be started on request.

81 PGA1l
symbol description min typ max unit Commerts
GD1 PGAL1 SignalGain 1 10 - GD1=1o0r10
GD_pred Precison ongainsettings -5 +5 %
GD_TC Tempeature dependency of gain settings -5 +5 ppm/C
fs input sampling frequency 512 kHz
Zinl Input impedance 150 kQ 1
Zinlp Inputimpedancéor gain 1 1500 Q 1
VN1 Input referrednoise 286 Squzﬁz) 2
Table8.1: PGA1Perfamances
Note: 1) Measured with block conneded to inputsthroughAMUX block. Normalized input sampling frequen-
cy for inputimpedanceis 512 kHz. Thisfigure has to be multiplied by 2for fs= 256 kKHz ard 4 for fs
=128kHz.
2) Input referred rmsnoise is 205 W per input sampe with gain = 1, 20.5 uV with gain = 10. This cor-
respondsto 286 nV/sqrt(Hz) for fs=512 kHz and gain = 10.
20 D02@-60
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8.2 PGA2
sym description min typ max unit Commerts
GD2 PGAZ2 Signal Gain 1 10 - GD2=1,2,50r10
GDoff2 PGA2 Offset Gain -1 1 FS
GDoff2_gep GDoff2(code+1)- GDoff2(code) 018 02 0.22 -
GD_pred Precison ongainsettings -5 +5 % valid for GD2 andGDoff2
GD_TC Tempeature dependency of gain settings -5 +5 ppm/C
fs Inputsampling frequency 512 kHz
Zin2 Input impedance 150 kQ 1
VN2 Inputreferrednoise 475 s quzll-llz) 2
Table 8.2: PGA2Perfamances
Note: 1) Measured with block conreded to inputsthroughAMUX block. Normalized input sampling frequen-
cy for input impedanceis 512 kHz. Thisfigure has to be multiplied by 2for fs= 256 kKHz ard 4 for fs
=128kHz.
2) Inpu refered rmsnoiseis 340 W perinpu sample with gain = 1, 34 W with gain = 10.This corre-
sponds to 47.5 nV/sgrt(Hz) for fs = 512 kHz and gain = 10.
8.3 PGA3
sym description min typ max unit Commerts
GD3 PGA3 Signal Gain 0 10 -
GDoff3 PGA3 Offset Gain -5 5 FS
GD3_gep GD3(code+1)- GD3(code) 0.075 0.08 0.085
GDoff3_gep GDoff2(code+1)- GDoff2(code) 0.075 0.08 0.085 -
GD_pred Precigon ongainsettings -5 +5 % valid for GD3andGDoff3
GD_TC Tempeature dependency of gain settings -5 +5 ppm/C
fs Inputsampling frequency 512 kHz
Zin3 Input impedance 150 kQ 1
VN3 Input referrednoise 510 sqr;zll—liz) 2
Table 8.3: PGA3Perfamances
Note: 1) Measured with block conneded to inputsthroughAMUX block. Normalized input sampling frequen-
cy for inputimpedanceis 512 kHz. Thisfigure has to be multiplied by 2for fs= 256 kKHz ard 4 for fs
=128kHz.
2) Inpu referred rmsnoiseis 365uV per imputsamplewith gain =1, 36.5 uV with gain = 10. This cor-
respondsto 510 nV/sqrt(Hz) for fs= 512 kHz.
21 D02®2-60
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8.4 Analogtodigital converter (ADC)

The whole analog to digital conversion sequence is basically made of an initialisation, a set of
Nelconv elementary incremental conversions and finally a termination phase(Nymy, cony iS set
by 2 bits on RegACCfg0). The result is a mean of the results of the elementary conversions.

input 12 smax 1 2 smax 12 smax
sanple | | |1 | | | |
/
START 14 elementary 2ndelementary ! elemetary elemettary END
corverson cornverson cornverson conwerson

nversion
icr?dexerso 1 2 NumConv'l NumConv
Figure8.2: Conwersion sequance smaxis the oversanmpling rate.

Note: Nymconv elementary conversions are performed, each elementary conversion being made of
smax input samples.

Nymcony = 2NELCONV
smax = 8*20SR

During the elementary conversions, the operation of the converter is the same as in a sigma
delta modulator. During one conversion sequence, the elementary conversions are alterna-

tively performed with direct and crossed PGA-ADC differential inputs, so that when two ele-
mentary conversions or more are performed, the offset of the converter is cancelled.

Some additional clock cycles (Njyt+Ngnp) clock cycles are used to initiate and terminate the
conversion properly.

8.5 ADC performances

sym description min typ max unit Commaents
VINR Inputrange -0.5 05 Vref
Resol Relution 6 16 lits
NResol Numericd resolution 16 hits 3
DNL Differential non-linearity -0.1 01 LSB LSB at 16 hits
INL Integal nondineaiity -3 2 LSB 2, LSBat16bits
fs sampling frequency 10 512 kHz
smax Oversampling Ratio 8 1024 - 1
IS
NuMCony Nurrberoifnilrzrrrrir:zlyn?gz\éeuon5|n 1 8 ; 1
Ninit Numberof periogjs_f_or_inc_rementi convesion 5
initiali zation
Nend Numberof periodsfoﬂnqremenbl convesion 5
termination
Table 8.4: ADC Performances
Note: 1) Only powers of 2
Note: 2) INL is defined asthe deviation of the DC transfer curve from the beg fit straight line. This specfi-
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cétion hdds over 100% of the full scde.
3) NResol isthemaximal readable resolution of the digital filter.

resdution conditions input frequengy. | convertiontime. | output frequeng.
6 oversamp_ling perconvet_ion = 8 512KHz 20 25 kHz
1 convession (no df setregjection)
8 oversampling per comvertion = 16 512kHz 50 15 20 kHz
1 conversion (no df setrejection)
12 oversampling per convertion = 64 512kHz 150us 6.7 kHz
1 convession (no df setrejection)
oversampling per conwertion = 64
13 2 convertions (off set rejection) 512kHz 275us 36 kHz
16 oversarrpling per convetion= 256 512kHz 500us 2kHz
1 convertion (no offsetrejection)
oversampling per convetion = 256
16 2 convertions (off set rejection) 512kHz 1ms 1kHz
oversampling per convetion = 1024
16 8 convertions (off set rejection) 512kHz 165ms 60Hz
Table 8.5: ADC peformarcesexamges
8.7 Linearity

To quantify linearity errors, Integral Non-Linearity (INL) and Differential Non-Linearity (DNL)
were measured for the ADC alone and for gains of 1, 5, 10, 20, 100, 1000, and a resolution of
12 bits and 16 bits.

INL is defined as the deviation (in LSB) of the DC transfer curve of each individual code from
the best-fit straight line. This specification holds over the full scale.

DNL is defined as the difference (in LSB) between the ideal (1 LSB) and measured code tran-

sitions for successive codes. INL and DNL are specified after gain and offset errors have been
removed.

8.8 Integral Non-Linearity (INL) and Differential Non-Linearity (DNL) for 12-bit reso-

lution
12 bits - ADC converter (No PGA; ADC only) (version v5a) 12 bits - ADC conver ter (No PGA; ADC only) (version v5a)
Vbat = Vrel - 50V: 5 = 500kHz, OSR = 32; NELCONV = 4 Vbat = Vre! - 50V: 15 = 500KHz, OSR = 32; NELCON = 4
= oMz, 15 AMP(L/0) - 11, Vinn=OV e = oM in 1B AMP(L10) 2 11; vinn=0V
N oo = 1201, averagh on 4 sampies N Sweon - 1201, average on 4 samples

0.50
> Zz o040
E S o030
2= £
@ 2 @ oo
58 T o
5= S= o010
7. 52
TZ £8 ow
o - @ y
g 5 0.10
£ 5 -020

-0.30 + ! ! | |

o 500 1000 1500 2000 2500 o 500 1000 1500 2000 2500
Viy [MmV] Vin [mV]
Figure8.3: NO GAIN (ONLY ADC), 12bit ADC sdting
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12 bits - ADC conv erter (GDtot = 1) (version v5a)
Vbat = Vref = 5.0V; fs = 500kHz; OSR = 32! NELCONV = 4
frc = 2MHz; 1B_AMP(L'0) = 11; Vinn=0v
N sweep = 1201: average on 4 samples

15

1.0

0.5

0.0
-0.5 1

(INL) [LSB]

-1.0

Integral Non-Linearity

-1.5

-2.0

Figure 8.4:

Integral Non-Linearity
(INL) [LSB]

Figure 8.5:

500 1000 1500 2000 2500
Vin [mV]

GAIN=1, 12 Lt ADC sdting

12 bits - ADC converter (GDtot
Vbat = Vref = 5.0V; s = 500kHz; OS|

fr = 2MHZ; 1B_AMP(1:0) = 11; Vinn=0V

N sweep = 1201; average on 4 samples

5) (version v5a)
N =4

100 200 300 400 500
Vi [mV]

GAIN=5, 12 bt ADC seting

12 bits - ADC converter (GDtot = 10) (version v5a)
Vbat = Vref = 5.0V; fs = 500kHz; OSR = 32; NELCONV = 4
fre = 2MHz; IB_AMP(1:0) = 11; Vinn=0V'

N sweep = 1201; average on 4 samples

2.0
> 151
B 1.0
Q.
5 % 0.5
Lo
§= oo
zJ
] £ 051
& 10+
£

-15

2.0+

Figure 8.6:

50 100 150 200 250
Vin [mV]

GAIN=10, 12 bit ADC setting
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12 bits - ADC converter (GDtot = 1) (version v5a)
Vbat = Vref = 5.0V; fs = 500kHz; OSR = 32: NELCONV = 4
frc = 2MHz; IB_AMP(1:0) = 11; Vinn=0v
N sweep = 1201; average on 4 samples

2z
5
2 [
=4
|
5§ | |
23
8z
€48
o
O
S
[a]
-0.30 + t t t T
0 500 1000 1500 2000 2500
Vin [mV]
12 bits - ADC converter (GDtot = 5) (version v5a)
e I B A0 S 13 sy
N ey T30, essgn on 4 sampien
0.50
5 o T
g 0.30 1
£
- M
T 0.20
¢ 9
o=
Z = o010
=
8 Z
= 0.00
f=4 9,
g -0.10
=
5 020
-0.30 T T 1 t
o] 100 200 300 400 500
Vin [mV]
12 bits - ADC conv erter (GDtot = 10) (version v5a)
Vet = Viet = S0V: 15 = S00Krz; OSR !
e oAz, 15 AMP(L0) 11 vinn=0V
N awen = 1251, mxags on 4 sampies
0.50
RN T T A
£ a0 il | |
g
£ .. 020
2 % 0.10
52
z = 0.00
< E -0.10
£8
e -0.20
g -0.30 1
a -0.40
-0.50 T
0] 50 100 150 200 250

Vin [mV]

24

Downloaded from Elcodis.com electronic components distributor

D02®-60


http://elcodis.com/parts/6131017/xe88lc01.html

ata Sheet XE88LCO1
\Data Acquisition Microcontroller

12 bits - ADC conv erter (GDtot = 20) (version v5a)
Vbat = Vref = 5.0V; fs = 500kHz; OSR = 32i NELCONV = 4
frec = 2MHz: 1B_AMP(1:0) = 11; Vinn=0v
N sweep = 1201; average on 4 samples

12 bits - ADC conver ter (GDtot = 20) (version v5a)
Vbat = Vref = 5.0V; fs = 500kHz; OSi 2; NELCONV = 4
frc = 2MHz: 1B_AMP(L'0) = 11; Vinn=0v
N sweep = 1201; average on 4 samples

0.8
>
=R It (AW i 5
§ o4 A Wy L g
5@ o2 >
9] c 9
T o=
5= o0 25
2 3 Z
B E 027 28
5 [
2 04 (]
] £
= 06 i fa}
08 -0.80 .
o 20 40 50 80 100 120 0 20 40 v 60 v 80 100 120
m
Vi [mV] w[mV]
Figure8.7: GAIN=20, 12 bit ADC setting
12 bits - ADC conv erter (GDtot = 100) (version v5a) 12 bits - ADC conv erter (GDtot = 100) (version v5a)
Vbat = Vrel = 50V fs = 500Kiz; OSR = 32; NELCONV = 4 Vbat = Vrel = 5.0V: s = 500kHz; OSF = 32; NELCONY = 4
frc = 2Nz, 18_AMP(110) 12 Vinn=0v i = 2MiHz; 1B_AMP(10) = 13; Vinn=0v
N sweep - 1201; average on 4 samples Nsweep = 1201; average on 4 samples
4.0 1.00
> 30 2
Z | [ S 050 Lo
g 2.0 | g
£m L L | =l
58 10 Z ! 0.0
2 904 s =
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0 5 10 15 20 25 0 5 10 15 20 25
Viy [mV] Vin [mV]
Figure 8.8: GAIN=100 12 ht ADC sdting
12 bits - ADC conv erter (GDtot = 1000) (version v5a) 12 bits - ADC converter (GDtot = 1000) (version v5a)
Vbat = Vre! = 5.0V: s = 500KHz OSR = 32. NELCONV =4 Vil = S.0V. 15 = 500KkHz: OSR = 32 NELCONV = 4
e - BNz, 18_AMP(10)  11; Vinn=0V G = 2Viiz; 18_AMP(1:0) - 11; Vinn=0v
N Sweep = 1201, average on 4 samples N sweun = 1201, nverage on 4 samples
6.0 2.0
> 404 | | | Zz 15
£ ‘ l § ., | L] |
C__ 50 | | E=
o = 0.5
49 < :
€= 904 S =
S ~ U Z o 0.0 4
z2 =z
3Z 40 82 051
g . [t l m 28
2 g -1.0 4
IS 4.0 t
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Figure 8.9: GAIN=1000, 12 bt ADC setting
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8.9 Integral Non-Linearity (INL) and Differential Non-Linearity (DNL) for 16-bit reso-
lution

16 bits- ADC converter (No PGA; ADC only) (version v5a) 16 bits - ADC converter (No PGA; ADC only) (version v5a)
Vbal = Vref = 5.0V; fs = 500kHz; OSR = 512; NELCONV =2 Vbat = Vref = 5.0V; fs = 500kHz; OSR = 512; NELCONV =2
fRC = 2MHZ: 1B_AMP(1:0) = 11; Vinn=0v fRC = 2MHz; IB_AMP(L:0) = 11; Vinn=0V.
N sweep = 1201; average on 4 samples N sweep = 1201; average on 4 samples

3 0.10
2
> 2
2 2 8 005 |
@ 5}
o, __ 4] [ =gp—
£m Jm
30 L O 0.00
2 ] 8=
o ~ ’_T
=3 k] Z 0051
S a r T e
g g
£ g 010
E ' £
3 . . -0.15
0 500 1000 1500 2000 2500 o 500 1000 1500 2000 2500
Vin [mV] Vin [MmV]

Figure 8.10: NO GAIN (ONLY ADC), 16 bit ADC seting

16 bits - ADC conv erter (GDtot = 1) (version v5a) 16 bits - ADC converter (GDtot = 1) (version v5a)
Vbat = Vref = 5.0V; s = 500kHz; OSR = 512; NELCONV = 2 Vbat = Vref = 5.0V; fs = 500kHz; OSR = 512; NELCONV = 2
fRC = 2MHzZ; IB_AMP(L:0) = 11; Vinn=0v. fRe = 2MHz; 1B_AMP(1:0) = 11; Vinn=0V
N sweep = 1201; average on 4 samples N sweep = 1201; average on 4 samples
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20.0 e, > 008
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z 15.0 / \ ® 0.06
g _ 100 2 oo4 | lh
tm / Za ] TN 1]
3@ 50 7 N ] £ g oo
e
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=
23 504 B Z -002 IR e
B £EQ
5 -10.0 q § = -0.04
8 o
€ -15.0 1 RQE) -0.06 -
-20.0 4 [a} -0.08
-25.0 -0.10 . .
o 500 1000 1500 2000 2500 o 500 1000 1500 2000 2500
Vin [mV] Vin [mV]
Figure 8.11: GAIN=1, 16 hit ADC seting
16 bits - ADC converter (GDtot = 5) (version v5a) 16 bits - ADC con verter (GDtot = 5) (versio n v5a)
Vbat = Vrel = 5.0 fs = 500kHz, OSR = 512/ NELCONY = Vbat = Vref = 5.0V: 5 = 500kHz, OSR = 512, NELCONY =2
frRe = 2MHz; IB_AMP(1:0) = 11; Vinn=0V' frC = 2MHz; IB_AMP(1:0) = 11; Vinn=0V'
N sweep = 1201; average on 4 samples N sweep = 1201; average on 4 samples
10.0 0.15
2
2 5.0 = 0.10
g : L el
Sm 00 S @ 005 i
39 52
§= 5.0+ h 2 =~ 000
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Figure8.12: GAIN=5, 16 hit ADC seting
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16 bits - ADC converter (GDtot = 10) (version v5a) 16 bits - ADC con verter (GDtot = 10) (version v5a)
Vbat = Vref =5.0V; fs = 500kHz; OSR = 512; NELCONV = 2 Vbat = Vref = 5.0V; fs = 500kHz; OSF LCONV =2
Naweep = 1201, sverage on 4 samples Namoop - 1201, et agb on 4 samples
30
| >
2 20 A £
§ @ 10 5o l i
55 I8 0 Ll AT, T
: At LU S
2 J ¢ ] TR |
8 = 0 o =
N S 7
s E . ) 8z
= 10 y“ g0
g e v 5~
£ 2 # L
=
-30
0 50 100 150 200 250
0 50 100 150 200 250
Vin [mV]
Vin [mV]
Figure 8.13: GAIN=10, 16 bit ADC setting
16 bits - ADC converter (GDtot = 20) (version v5a) 16 bits - ADC conve rter (GDtot = 20) (version v5a)

Vbat = Vief = 5.0V, fs = 500kHz; OSR = 512; NELCONV = 2
fRe = 2MHz; 1B_AMP(1:0) = 11; Vinn=0V
N sweep = 1201; average on 4 samples

Vbat = Vref = 5.0V, fs = 500kHz; OSR = 512; NELCONV =2
fRe = 2MHz; IB_AMP(1:0) = 11; Vinn=0v.
N sweep = 1201; average on 4 samples.
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Figure 8.14: GAIN=20, 16 bit ADC setting
16 bits - ADC conv erter (GDtot = 100) (version v5a) 16 bits - ADC con verter (GDtot = 100) (version v5a)
Vbat = Vref = 5.0V 5 = 500KHz; OSR - 512; NELGONY =2 Vbat = Vref =5.0V; fs = 500KHz; OSR = 512; NELCONV =2
oc~ 2WHz; 1B AMP(L0) = 11: Vitn =0V i = 2MHz: 1B AMP(10) = 11; Vinn -0V
N weep - 1201, average on 4 samples N swesp - 1267, average on 4 samples
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E g 04 g Ay Lo N
5 % :.| g 0.2 +
g = § 2 00+
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Figure 8.15: GAIN=100, 16 ht ADC seting
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16 bits - ADC converter (GDtot = 1000) (version v5a)
Vbat = Vref = 50V fs = 500ktz; OSR = 512; NELCONV = 2
fRC = 2MHz; IB_AMP(1:0) = 11; Vinn=0V'
N sweep = 1201; average on 4 samples

16 bits - ADC conv erter (GDtot = 1000) (version v5a)
Vbat = Vref = 5.0V; fs = 500kHz; OSR = 512; NELCONV = 2
frRe = 2MHzZ; IB_AMP(1:0) = 11; Vinn=0V
N sweep = 1201; average on 4 samples.
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10*V,y [mV] 10V, [mV]
Figure 8.16: GAIN=1000, 16 bt ADC setting
The gain settings of each PGA stage for the plots of above figure are those of the table below.
PGA Gain PGAl1Gan PGA2Gan PGA3Gan
GDyor GD1 GD2 GD3
(VIV) VIV) (VIV) (VIV)
1 1 bypased bypased
5 1 5 bypassed
10 10 bypased bypased
20 10 2 bymased
100 10 10 bypssed
1000 10 10 10
Table 8.6: Individual PGA gainsfor INL & DNL measuemens
Table8.7:
8.10 Noise

Ideally, a constant input voltage Vy should result in a constant output code. However, because
of circuit noise, the output code may vary for a fixed input voltage. The figure shows the distri-
bution for the ADC alone (PGAL, 2, and 3 bypassed) and of several configurations of the
PGAs. Quantization noise is dominant in this case of ADC only, and, thus, the ADC thermal
noise is negligible.

One has to considere two points when computing final noise of the acquisition chain:

. thisis atype of amplifier (switched-cap with constant cgpadtiv e load) that maintains its output
noise when changing thegain. Therefore input referednoise is lowered whenthe gain of an
anmplifier isincreased

. the ADC is oversanpled, ard the number of sampes taken lowers the thermal noise

Total input refered noise can be computed using the following equation:

(Vn outl)2 +( Vi, out2 2)2 +( Vi, out3 3)2
gainl gainl-gain gainl-gain2-gain
numcony - smax

2
V n,in=
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Where V, ouix is the rms output noise of amplifier x.

o Typicd output noiseper :
Amplifier Symbol yp p P Unit
over-sanple
PGA1 Vnoutt 205 uvrms
PGA2 Vhout2 340 uvrms
PGA3 Vn,out3 365 uvrms
Typical output nois e of ZoomingADC preamplifie rs
80
_ ADC only
£ 601
0
£35407
83
O %=
<207
0 —— ————
5 4 3 2 4 0 1 2 3 4 5
Output Code Deviation From Mean Value [LSB]
40 30
PGA1: 1
EEE PGA2: 10 z*
o E
g5 PGAS: off ge®
g g 20 1 £ 2157
g3 g
O Oy 10 7
=107 2
£ 8 513
0 - 01
5 4 3 2 4 0 1 2 3 4 5 5 4 3 2 4 0 1 2 3 4 5
Output Code Deviation From Mean Value [LSB] Output Code Deviation From Mean Value [LSB]
6
40 .
35 PGAL: 10 =5 PGAL: 1
Tao PGA2: 10 gt PGA2: 10
2S £ .
g5 PGA3: off i3 GA3:10
2520 : £g3
8% 15 82
o5 Oy 2
R 10 =
[N . =1
0° 0
5 4 -3 2 4 0 1 2 3 4 5 20 16 12 8 4 0 4 8 12 16 20
Output Code Deviation From Mean Value [LSB] Output Code Deviation From Mean Value [LSB]
Figure8.17: Noise measured at the output of the ZoomingADC

As one can see on the figures above, increase the gain of the first amplifier lowers the output
noise for constant global gain. It also lowers sensitivity to temperature drift as offset is better
compensated on first amplifier.

8.11 Gain Error and Offset Error

Gain error is defined as the amount of deviation between the ideal transfer function and the
measured transfer function (with the offset error removed). The left figure shows gain error vs.
temperature for different PGA gains. The curves are expressed in % of Full-Scale Range
(FSR) normalized to 25°C.
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Offset error is defined as the output code error for a zero volt input (ideally, output code = 0).
The measured offset errors vs. temperature curves for different PGA gains are depicted in the
right figure below. The output offset error, expressed in (LSB), is normalized to 25°C.

02 100 g :
_—— [ cEel
% 0.1 7 e @ 803 — a5 H
s o =3 = 3 . o0
5 004X ““§=';:E-:::.§_ e S 603 -+ 100
° 1 e Rngang 5 s0la
= E X R
~ -0.17 T kit F B
[ E S 20
0 0.2 & o1 M 5 Jo n
c K B 5 07 S AH T3 TR
8 0.3 7 K - 0---20 H I=2 _20; N o
E --%---100 3 E
0.4 Hr—r—+—r—rrr—r—rrr—rrt——— -40 I
-50 -25 o) 25 50 75 100 -50 -25 o 25 50 75 100
Temperature [°C] Temperature [°C]
Figure 8.18: Gan andoff seterror vs temperature for several gains, normalizedto 25°C, off setcarcelation

disabed. When the off set cancdlationis enaled, the off se remainsbdow the LSB in all
temperature situations.

8.12 Power Consumption

Left figure below plots the variation of quiescent current consumption with supply voltage Vpp,
as well as the distribution between the 3 PGA stages and the ADC. As shown in the right figure,
quiescent current consumption is not greatly affected by sampling frequency. It can be seen
that the quiescent current varies by about 20% between 100kHz and 2MHz. Quiescent current
consumption vs. temperature is shown in the second set of figures, showing a relative increase
of nearly 40% between -45 and +85°C.

800 800
700 750
< I
2 600 PGAL2&3 2 Sampling Frequency fs: 500kHz _~
- < 700 250kHz —
£ 500 g 62.5kHz
H PGA1& 2 only 5 650
S 400 ©
z z
8 PGA1 only 8 600
2 300 9 o
=3 =3
© 200 © 550
No PGAs, ADC only
100 T T T T T 500 T T T T T
25 3.0 35 4.0 45 5.0 55 25 3.0 35 4.0 4.5 5.0 55
Supply Voltage - Vppa [V] Supply Voltage - Vppa [V]
Figure 8.19: Quiescent current versus supply voltagefor diff erent gains and clock speed(not using the PGA and
ADC low power modes)
Supply ADC PGA1 PGA2 PGA3 | TOTAL Unit
Vpp =5V 250 165 130 175 720 pA
Vpp =3V 190 150 120 160 620 pA
Table 8.8: Typicd quiescent current distributions in acguisition chain (n = 16 hits, fg = 500kHz)
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Figure 8.20: Absdute and(b) relative change in quiescert currert consumption vs. temperatre
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Figure 8.21: Absdute and(b) relative change in quiescert currert consumption vs. clock speed

8.13 Power Supply Rejection Ratio

Figure below shows power supply rejection ratio (PSRR) at 3V and 5V supply voltage, and for
various PGA gains. PSRR is defined as the ratio (in dB) of voltage supply change (in V) to the
change in the converter output (in V). PSRR depends on both PGA gain and supply voltage
VDD.
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Figure 8.22: Power supfy rejedion ratio (PSRR)

Suppy GAIN=1 GAIN =5 GAIN = 10 GAIN = 20 GAIN=100 | Unit
Vpp = 5V 79 78 100 99 97 B
Vpp =3V 72 79 90 90 86 B

Table 8.9: PRR (n=16 hts, V|y = Vgge = 25V, fg = 500kHZz)

8.14 Frequency Response

The incremental ADC of the XE88LCO1 is an over-sampled converter with two main blocks:
an analog modulator and a low-pass digital filter. The main function of the digital filter is to re-
move the quantization noise introduced by the modulator. As shown below, this filter deter-
mines the frequency response of the transfer function between the output of the ADC and the
analog input V). Notice that the frequency axes are normalized to one elementary conversion
period OSR/fg. The plots below also show that the frequency response changes with the
number of elementary conversions Ng cony Performed. In particular, notches appear for
NEgLconv = 2. These notches occur at:

i fg

f (= i
NOTCH OSR- Ng cony (H2)for i=12,...(Ngcow =D

and are repeated every fg/OSR.

Information on the location of these notches is particularly useful when specific frequencies
must be filtered out by the acquisition system. For example, consider a 5Hz-bandwidth, 16-bit
sensing system where 50Hz line rejection is needed. Using the above equation and the plots
below, we set the 4th notch for Ng| cony = 4 to 50Hz, i.e. 1.25-f5/OSR = 50Hz. The sampling
frequency is then calculated as fg = 20.48kHz for OSR = 512. Notice that this choice yields
also good attenuation of 50Hz harmonics.
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Figure 8.23: Frequercy reporse:normalizedmagnitude vs. frequengy for different Ng_ cony
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9 Physical description

9.1 LQFP44 package
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34 44
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Figure9.1: LQFP44 packagesizein mm.
9.2 PLL-44L package
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Figure9.2: PLL-44L package,
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9.3 Dieform

Figure9.3:

XE88LCO1in die: 4.1 X 4.6 mn?

9.3.1 Bonding padslocation

\Data Acquisition Microcontroller

Coordinates start with a point near to the bottom left border (with respect to above picture). X
is horizontal, Y is vertical.

Pad size is 85 x 85 um.

Symbol Pad X Y Symbol Pad X Y
um um um um

1 PA(4) 52.6 40755 27 AC_R(2) 3314.1 47.6

2 PA(5) 52.6 3795.5 28 AC_A(7) 3958.4 522.4
3 NC 52.6 3515.5 29 NC 3958.4 807.4
4 PA(6) 52.6 32355 30 AC_A(6) 3958.4 1092.4
5 PA(7) 52.6 2955.5 31 AC_A(5) 3958.4 1377.4
6 PC(0) 52.6 26755 32 AC_A(4) 3958.4 1662.4
7 PC(1) 52.6 23955 33 AC_A(3) 3958.4 1947.4
8 PC(2) 52.6 21155 34 AC_A(2) 3958.4 2232.4
9 PC(3) 52.6 1835.5 35 NC 3958.4 2517.4
10 NC 52.6 1555.5 36 AC_A(1) 3958.4 2802.4
11 PC(4) 52.6 12755 37 AC_A(0) 3958.4 3087.4
12 PC(5) 52.6 9955 38 AC_R(1) 3958.4 3372.4
13 PC(6) 52.6 7155 39 AC_R(0) 3958.4 3657.4
14 PC(7) 52.6 4355 40 Vss 3958.4 3942.4
15 PB(0) 3985 47.6 41 Vbat 3597.6 4453.4
16 PB(1) 533.5 476 42 NC 3332.6 4453.4
17 PB(2) 668.5 47.6 43 Vreg 3067.6 4453.4
18 PB(3) 798.5 47.6 44 RESET 2802.6 4453.4
19 PB(4) 933.5 47.6 45 vmult 2537.0 4453.4
20 NC 1063.5 47.6 46 Oscin 2007.6 4453.4
21 PB(5) 11985 476 47 NC 1742.6 4453.4
22 PB(6) 13285 476 48 OscOut 1477.6 4453.4
23 PB(7) 1463.5 47.6 49 PA(0) 1212.6 4453.4
24 TEST 1934.1 47.6 50 PA(1) 947.6 4453.4
25 NC 2394.1 47.6 51 PA(2) 682.6 4453.4
26 AC_R(3) 2854.1 476 52 PA(3) 417.6 4453.4

Table9.1: Bondng pads locdion. Do not conrectpadsnamedNC. Conred Vsspad and substate to Vss.
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