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ABSTRACT

This. thesis present 'the developing the Electric Traction Machine where it is
most used in the physical therapy of a_hospital for-curing the. Cervical and Lumbar
Spondylosis and:Herniated Disk. This machine can generate the static traction force
from 1.5 kef to 60 kef-The. traction system actuator of this'machine is a Permanent
Magnet DC motor. In order to contrek-motor-forhigh efficiency, the power electronic
circuit is used for the motor drive system. Measuring device is a current shunt
monitor used to measure the armature winding current for convert in term of
traction force. An effective technique for a digital control system with digital P
controller is used to control this machine. The management of the whole process of

the Electric Traction Machine is operated by PIC (Peripheral Interface Controller).
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@ e y ) : 4 - o o & o
Wadinslugiadu (Pulse Width Modulation) Aiansnaduaauaud ADN1TAIAIAIIND

o ' o as i % - Y P - ')
Asl win e @yanadianiie Hish) wazmsla (@Eyeraiianadu Low) Weaa11uning

a4 : = v v a v ¢ i a
maagﬂﬂaumﬂu High was Low ipmn eaanulaoAadwlasidus 0-100 % Anadsvad

w ¢ 0 a ™ o v < o T a a
LL‘Nﬂ"uLGWWV!@]LME)NWNﬂ'l'iﬂiaﬂﬂﬂm;!ﬂ’llﬂﬂUEl?JLUULUEﬁW‘UMLWJJE]‘LIF]U

Tuga PWM T PIC16F877A axillugalnltanu 2 ga laun Tuga €CP1 uagluga CCP2

2.23.3 dquuﬂaqamﬁaﬂejﬁﬁmaa (Analog to Digital Converter Module)

o v

mmﬂaae‘fagq;mmnamaaﬂLﬁuﬁ%maaasﬁqUﬂsﬂﬁWWMUWﬁLLUaaé’cgcgmﬁﬁaﬂiw
A/D %358 Analog to Digital Converter Module T,ﬂaqﬂﬂizﬁﬁa:mw%’ué’fgmmﬁlﬁmnﬁﬁﬂ
Fyeyras niusznUasraneg ﬁeﬁulﬁﬂuﬁhﬁui’m‘luiwuﬁ%maammzﬁ’uﬁﬁwuﬂﬁ'wm
Bit % Tnewdannuuasdeygyias Analog To Digital udavslinailudyaudinea (Digital)
yun 10 Bit 39 PICL6F877A il Input 8 Input #a ANO — AN7 Taefiiazli#¥u Analog Input

e ANO fedtygrunlasuananpesisuriduauetitnes (Current Shunt Monitor)



2.2.3.4 Waunsuitldaruauuseds

Start

|

AMuuaRatls-a=0;j=0--e=0 ,d=0 ,b=0, s = 600,

p:o,kp:o.os |kpb:01;

frvumya RAO Ty Input |RBO,RBL,RB2 181 Output 91 -RC 1y
Output ,PWM1 liag PWM2 Initialize 1v17 10kHz

AL PWM1,PWM2 § Duty il 0 Wax start pwm

Awusly RBO 1 Output W1

l

5U# 2.11 Flow Chart
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While(a<400)

l

j++; RB1output \Ju 1 ;pwm1_Change Duty()) ;

pwm2_ Change Duty(0) ;

N

1241781 500

ms

Y

' al
a tnuda ADC Naulean

RAD

Ul 2.11 Flow Chart (sie)
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While(400<=a<

RB1 output tUu 0 RB2 Output

10U 1; e=s-a ; p=e*kp ;

False ‘l/
\r If(e>=0)
- True
=03

d=j+p ; b=0;
b=abs(e)*kpb ;

N - ,
pwm1 Change Duty(d) ; pwm2_Change_Duty(b) ;

7 a 1fiuda ADC #iguldann RAO

N

wmmmh

:

Eﬂﬁ 2.11 Flow Chart (na)




RB1ua¥RB2 Output 1Tu 1
pwm1_Change_ Duty(0);

pwm2 Change Duty(0);

1174281 10000

ms

V

pwm1_Change_Duty(0) ;

pwm2_ Change_Duty(25) ;

End

JU# 2.11 Flow Chart (¢ia)
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3.2 A1SNAADINTISNIIUYBII9ATVULDLADS

NNINARBUINNTTUNDIADT Fenasarunsavitiuameivyulansandiinng lael9as
Weunnussnulniings 24V gUil 3.2 agui 3.4 uansnisvaaesdunemainndoyayuds

nswWasuaT Duty Cycle Wu 20%, 40% uag 60% nanandlugunuaiu

RIGER T1D Y e F 1.68U

+Duta1) 28 .68% Uayalll= 4. 18U
[HREES S.G8U Time 58.68us - 162.0us

RIGOL T'0 () o e i F 1.68U

+Dutull) 48 .85 Vavsa(ll= 9.83U

HzfER S5.00U Time 58.00us -




RIGOL T°D

+Dutall) 66 .8% Uavslll= 13.7U
Time 50.00us &+—162.8us

g

- o :
sUn 3.4 duqurusewnain Duty Cycle 60%

s - o « o A A
wsaruliadeuawmeiuilaainddnis Wie D As Duty Cycle

Vg = D24

3.3 A1snaaseinausalunasasausefalniins sediune 60 kg
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wanaunsvilugun 3.5

A1919% 3.1 wan1svadeuaaiSalunTsas s IR inaus et 60 ke

7 % Duty Cycle Time (sec)
25 37
30 24
35 14
40 11
45 9
50 7
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=
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JUT 3.5 nimnansvaaeunnsaluntsadreuseRslviiingafaia 60 ke

¢ =3
3.4 MINAABIYUNTUIAUTIAY
nmsvedeugUnialinusdialegnisinainsuuaiiddewnes warveiodyaaliivuie
€ ““!’ o Blﬂ Bl 4 S el EJ 2/ [L :"
Ivgjfiuane ADB210 yauziiflitsianaeg Tasuanins mdgynunseuaind deinedlugui 3.6

LagianIeyaran1 Taaedlun1ingg 3.2 wazwanadunsaflugun 3.7

F 1.44U
9

+Dutw(l) 28. 1% Uavsalll= T28mU +[ngtul2) 20 .,.6%

CHi= 1.88U [EHikEEs 188U Time 28.80us

s

UM 3.6 nszuantmewmes CH1 Ae nszuaniduanes CH2 Ae dygyial Duty Cycle
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L298

DUAL FULL-BRIDGE DRIVER

s OPERATINGSUPPLYVOLTAGEUP TO 48V

= TOTALDCCURRENTUPTO4 A

= LOWSATURATIONVOLTAGE

s OVERTEMPERATURE PROTECTION

= LOGICAL 0" INPUT VOLTAGE UP- TO15 V
{HIGH NOISE IMMUNITY)

DESCRIPTION

Tha L2898 & aninlegratadmonoiithe crcuilin 8 15-
lead Mullwatt and PowarS0O20 packages. It s a
high voitage, high curant dual fulbindge driver de-
signadio accept standard TTLIogcleveis anddrive
inductive ioads such as miays, solanoids, OC and
stepping motors. Two enable nputs are provded to
anabia ordisabie the devite indapandenttyofl thain-
put signals. The emillers of thelower transksiors of
each bndgs are connecled logetherand the corre-
sponding extemal mmmnalcan be usad for hecon-

BLOCK DIAGRAM

Multiwatt15s

DRDERING NUMBERS @ L2338N (Mullmall Van )
L29BHN (Multiwatl Hownz )
L2998 1PowetS 020)

nection of an exlamal sansing resistor, Anadditional
supply npulis provided so thal thelogc works at a
tower vollage.

e

¥

AN

1 2 3 4
% ol
' = r
g b o|
L) Enl
% . 5
" L)
l —:.-OWO o
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L298
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Y Powne Sugply 50 v
Vas  |Loge Sugply Voltage 7 v
Vi Ve inpat and Enabie Vonqe B3 7 Vv
Ia {Paak Output Current (each Chamed)
- Non Repettve (1= 100y s) 3 A
~Regettve B0% on ~20% off lev * 10me) 25 A
~-DC Opemtion 2 A
Vias Sensng Vollage -ft023 v
Pt Total Power Dissipaton (T owe® 75°C) 25 W
Top Juncion Operding Tempeaiure ~25% 130 ]
T T Swrage and Juncion Tamparalure -40 %2 150 C
PIN CONNECTIONS {top view)
/ H e WLy CURFENT SEMNGME SR
M B i) - KT IPUT 4
@‘ o P i
LE 8w i
31 :::: ENARE B
T RT3
; LD | bOOC BIRCLL TADE Vis
PRitwas | | ey o
2 o e QAN N (O
' S0 EMAREN
R\ ity
A A PPE Y WOUTR OB
$. N
[R wowroeemeewes BT T 81
\ n e VPRSI0 counReNTBERGNG A
Z T8 CORPETC TID 101 NS P ]
&
an 11 2o [0 oo
seme A [0 2 1w ] Gerswe®
NC 33 W NG
3 mww & 1w ) ous
ouwz =¥+  PowerSO20 ¢ I ou2
va o & 15 ) mpd
L S e 14 “;::] Eralic 8
Eoavio - T3 8 12 ] weu
wpog, 019 iz £0Y vas
e o] :: 10 11 L) ano
THERMAL DATA
Symbol Parameter PowerS020 Multiwatt15 Unit
Rty jom Thermd Resstnce Junclion-case Slax. - 3 W
Ry paes | Tharmal Resistance Junction-amibent Bax 13{°) 35 Cw
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Figure 5 : Sink Cument Delay Times vs. Inpul 0 V Enable Switching.

LY |

B 1O DA WA FAST MECOVERY DRDE (1), €200}

BTy

(&%)
m R e "
- -
3-W 4T
Figure 6 : Bidwectional DC MobrConkal,
Inputs Function
Vin « H CeH: DL IFowad
Col.DaH Reverse
£+ D FasiMotor Stop
Vi =k CeX DX F ree Running
Mator Sop
Lo Low H =Mion X = Dontcare
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L298

Figure7 : For higher currents, outpulscan be paralislad. Take care to parabal channel 1 with channel 4

and channe!2 with channel 3.

.h
|
L2986
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£
am 1]
(}" -
cﬂi 1
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APPLICATION INFORMATION (Refar to the block diagram)

1.1. POWEROUTPUT STAGE

The Lzeatmogatesiwopumanmtstagu(& B).
The power outpul stage s a badge configuration
and its outpulscan drive an mdoctive load in com-
monor differanzial mode, dependngon the stateof
the inputs. The cument that flows through the load
comes out from he bridge al the sensa output : an
axtemalresisior (Rsa ; Rea.) allowstodetectthein
lensityof this current.

1.2.INPUT STAGE

Each bridge 12 driven by means of ourgalesthen-
put of which are In ; In2; EnA and In3:1nd4 | EnB.

The In mpuls setthebridge state when The Enaiput
ishigh; a bwstate oftheEn nputnhibis the brdge.
Allthe npuls are TTL compabble.

2. SUGGESTIONS

A non inductiva capacifor, usually of 100 oF, must
ba foresean batween both Vs and Vss, b ground,
as near as possible to GND pin. When helarge ca-
pacitor of he power supply is bo farfromthe IC, a
second smaller one must be foresean near he
L298.

The sense resistor, not of a wire wound type, must
ba grounded near the negative pole of Vs that must
be neartha GNDpinof the |.C.

Eadhinput must be connecied o tha source of the
driving signats by maans of a very shor path.
Tum-Onand Tura-O1f: Balore o Tum-ONthe Sup-
piy Voltageand beloreta TumitOFF the Enablein-
put must be dovento the Low siate.

3. APPLICATIONS

Fig6 shows a bidiractional DC motor control Sche-
matic Diagram for which only onabridge isneeded.
The extlemal bndge of diodes D1 to D4 is made by
four fast recovery alaments (irr = 200 nsac) that
must be chosen of a WF as low as possible al the
warst case of the laad current

The sensa oulputvollage can be used to controlthe
current ampliuda by chopping tha inputs, or o pro-
vida overcurrant protection by switching low thaen-
ableinput.

Tha brake function (Fad molbor stop) requires that
tha Absolule Maximum Ratng of 2 Amps must
nevar be overcoma.

When the repatitive peak currant neaded from the
loadis higher han 2 Amps, a paralieled configura-
tion can ba chosen{See Fig.7).

An axternal bridge of diodes are required when in-
duchve loads ame dravenand when theinputs of the
IC ara chopped; Shotkydiodeswoukd bepraferred.
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PIC16F87XA

28/40/44-Pin Enhanced Flash Microcontrollers

Devices Included in this Data Sheet:

= PIC16F873A + PIC16F876A
+ PIC16F874A * PIC16FB77A

High-Performance RISC CPU:

= Only 35 single-word instructions to learn
» All single-cyele instructions except for program
branches, which are two-cycle
» Operating speed: DC — 20 MHz clock input
DC ~200 ns instruction cycle
+ Upto 8K x 14 words of Flash Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM),
Up to 256 x 8 bytes of EEPROM Data Memory
» Pinout compatible to other 28-pin or 40/44-pin
PIC186CXXX and PIC16FXXX microcontrollers

Peripheral Features:

» Timer0: 8-bit timer/counter with 8-bit prescaler
« Timer1: 16-bit timer/counter with prescaler,
can be incremented during Sleep via external
crystal/clock
+ Timer2: 8-bit timer/counter with 8-bit period
register, prescaler and postscaler
» Two Capture, Compare, PWM modules
- Capture is 16-bit, max. resolution is 12.5 ns
- Compare is 16-bit, max. resolution is 200 ns
- PWM max. resolution is 10-bit
Synchronous Serial Port (SSP) with SPI™
(Master mode) and 12C™ {Master/Slave)
Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI) with 9-bit address
detection
Parallel Slave Port (PSP) — B bits wide with
external RD, WR and CS controls (40/44-pin only)
« Brown-out detection circuitry for
Brown-out Reset (BOR)

Analog Features:

+ 10-bit, up'te 8-channel Analog-to-Digital
Converter (A/D)
+ Brown-out Reset (BOR)
= Analog Comparator module with:
- Two analog comparators
- Programmable on-chip voltage reference
(VREF) module
- Programmable input multiplexing from device
inputs and internal voltage reference
- Comparator outpuls are externally accessible

Special Microcontroller Features:

= 100,000 erase/write cycle Enhanced Flash

program memory typical

1.000,000 erase/write cycle Data EEPROM

memory typical

Data EEPROM Retention > 40 years

* Self-reprogrammable under software control

in-Circuit Serial Programming™ (ICSP™)

via two pins

» Single-supply 5V In-Circuit Serial Programming

+ Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation

*» Programmable code protection

+ Power saving Sleep mode

+ Selectable oscillator options

In-Circuit Debug (ICD) via two pins

.

CMOS Technology:

* Low-power, high-speed Flash/EEPROM
technology

« Fully static design

= Wide operating voltage range (2.0V to 5.5V)

+ Commercial and Industrial temperature ranges
* Low-power consumplion

Program Memory | Data |ccppom 10bit | cop |—r Timers
Device Byiss # Single Word (:'::‘::) (Bytes) o AD (ch)| (PWM) | gpy Master | USART 8/16-bit Comparators
Instructions ’c
PIC16F873A| 7.2K 4096 192 128 22 B 2 Yes| Yes Yes 21 2
PIC16F874A | 7.2K 4096 192 128 33 8 2 Yes| Yes Yes 21 2
PIC16FB76A | 14.3K 8192 368 256 22 5 2 Yes| Yes Yes 21 -
PIC16FB77A | 14.3K 8192 368 256 33 8 2 Yes| Yes Yes 1 2




PIC16F87XA

Pin Diagrams

28-Pin PDIP, SOIC, SSOP

RcLRNVee —=L]®1 ~ 28] == RE7PGD
RADAND L] 2 271 ] = RB&/PGC
RA1/ANI == L] 3 26[] == RBS
RA2/AN2/VREF-/CVReF =L 4 < 25[] == RB4
RAJ/AN3VRers *+>L] 5 E 24[ ] <= RB3IPGM
RA4/TOCKI/CIOUT +>L] 6 g 23[] == Re2
RAS/AN4/SS/C20UT == L] 7 o 22[] == RB1
ves —=[] 8 5 21[] == RBOINT
OSCUCLKI —=L] 9 5 20[] =— voo
0SC2/CLKO =—L] 10 5 19[] «+— vss
RCOT10SOTICK! =—=[]11 & 18[7] == RCTAXDT
ReiT108VCCP2 =—=[]12 17[] =+ RCBTX/CK
Rczicer1 =—=[]13 18] = RC5SDO
RC3/SCK/SCL =+ ]14 15[] =+== RCA/SDVSDA
28-Pin QFN

MCLR/VPP

== RB7/PGD

26—

RAZ/ANZIVREF JCVREF ==
RAJ/ANIVEREF+ =

RAATOCKICIOUT i - AB1
RAS/ANSSS/020UT = «—+ RBOANT

V35 ——u-PS - DD

OSC1/CLK} ——a 6 e VS5

OSC2/CLKO -—§7 ~—w RC7/RX/DT

P
W 3h53288
44-Pin QFN &0 L—-.géxsg
. A5 Pok gekrzic
O ,g Do O = - E ol
k83§§§&§§6§ o
#H aac AN &t
CEEERRRRER
T DN DO D W T
RC7/RAX/DT e 1."’ YIRS 83 “33] —» OSC2/CLKO
RDAPSP4 w—w |2 221 +— OSGI/CLKI
ROS/PSPS == |3 a1 | =-— V8s
RD&/PSPE == )4 30} =+— Vss
RD7PSP7 w—e |5 291 -— VDD
A S PIC16FB74A 21 <— U0
VDD == §7 PIC16F8T7A )| «—s RE2CEAN7
r—— 261 w—» RE1WR/ANG
RBO/NT e |9 251 =—= REQ/RD/ANS
RB1 - |10 241 =—= RAS/AN4/SS/C20UT
RB2 s 11293?32&923&&23l -+ RA4TOCKICIOUT
S0xVO0RSs b
323Bpetiz i
5 855295
] tosa 2
© oy E;
&
<
g8




Pin Diagrams (Continued)
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PIC16F87XA

40-Pin PDIP
MoLAVPe —=01 N/ 40 [=—e RB7PGD
RAO/ANO w—[] 2 39 [] «—= RBEPGC
RA1T/AN! -—a[] 3 38 [] =— RBS
RAZ/ANZVREF/CVREF w—a[] 4 37 []=— RB4
RAZANIVREF+ w—[] 5 36 [] =— RBIPGM
RA4/TOCKIC10UT e—=[] & 35 [] «—» RB2
RAS/AN4/SS/C20UT =—=[] 7 < 34[J=— RBI
REOADANS =——e[8 K  33[) = RBOINT
REIWRANG =0 2 a2[] «— woo
RE2/CS/AN7 —s[]10 o  31[]=*— V55
Voo — [ 11 s 30 [] w—a RD7/PSP7
Vs —w[]12 W5 20[]=—w RDEPSPE
OSC1/CLKl v [] 13 5 28 [} =— RDS/PSPS .
OSC2/CLKO w—[] 14 = e RD4/PSP4 i
ACOT10SOTICKI w—s[] 15 26 [3 «=s ‘RO7ZRYX/OT 2
RC1/TIOSKCCP2 w—a[] 18 25 [ =~ RCBTXCK L
RC2/CCP1 w—a] 17 24 [] == RCHSDO £ g
RCA/SCK/SCL =—=[] 18 23 [ =—= AC4/SDI'SDA 5’52 s Aw
RDOPSPO w—w[] 19 22 [0 = RDI/PSP3 <=gge do
RD1/PSP! w—s-[] 20 21 [} e—s RD2/PSP2 ggigooggg;o
- =ZoaoaxZ
44-Pin PLCC I t I 1 I
> 39
RAJ/TOGKLCIOUT ] <= RB3PGM
RASANA'SS/ 4 e RB2
REQ/RD/ANS =~ RB1
RE{/WR/ANS =[] 10 o RBOINT
Rezcsz@m -—-E PIC16F874A = Voo
D0 - \/g8
Vo3 —e PIC1GF87TA <= RD7/PSP7
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Uayav8s PWM (Pulse-Width Modulation Module)

8.0 CAPTURE/COMPARE/PWM
MODULES

Each Caplure/Compare/PWM (CCP) module contains
a 16-bit register which can operate as a:

= 16-bit Capture register

+ 16-bit Compare register

« PWM Master/Slave Duty Cycle register

Both the CCP1 and CCP2 modules are identical in
operation, with the exception being the operation of the
special event trigger. Table 8-1 and Table 8-2 show the
resources and interactions of the CCP module(s). In
the following sections, the operation of a CCP module
is described with respectto CCP1.. CCP2 operates the
same as CCP1 except where noted.

CCP1 Module:

Capture/Compare/PWM Register 1 (CCPR1) is com-
prised of two 8-bit registers: GCPRI1L (low byte) and
CCPR1H (high byte). The CCP1CON register controls
the operation of CCP1.. The special event trigger is
generated by a compare match and will reset Timer1.

TABLE 8-2:

PIC16F87XA

CCP2 Module:

Capture/Compare/PWM Register 2 (CCPR2) is com-
prised of two 8-bit registers: CCPR2L (low byte) and
CCPR2H (high byte). The CCP2CON register controls
the operation of CCP2. The special event trigger is
generated by a compare match and will reset Timer1
and start an A/D conversion (if the A/D module is
enabled).

Additional information on CCP modules is available in
the PICmicro® Mid-Range MCU Family Reference
Manual (DS33023) and in application note AN594,
*Using the CCP Module(s)” (DS00594).

TABLE 8-1: CCP MODE - TIMER
RESOURCES REQUIRED
CCP Mode Timer Resource
Capture Timer1
Compare Timer1
PWM Timer2

INTERACTION OF TWO CCP MODULES

CCPx Mode | CCPy Mode

Interaction

Capiure Capture | Same TMR1 time base

Capture Compare | The compare should be configured for the special event trigger which clears TMR1

Compare Compare | The compare(s) should be configured for the special event trigger which clears TMR 1
PWM PWM The PWMs will have the same frequency and update rate (TMR2 interrupt)
PWM Capture |None

PWM Compare |None
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REGISTER 8-1:

bit 7-6
bit 5-4

bit 3-0

CCP1CON REGISTER/CCP2CON REGISTER (ADDRESS 17h/1Dh)

u-0 u-0 RW-0  RW-0 RW-0  RWO RWO0 RWO
— | — | cepxx | cepxy | ccPxma | copxm2 | CCPxM1 | CCPxMo |
bit 7 bit 0

Unimplemented: Read as ‘0’

CCPxX:CCPxY. PWM Least Significant bits

Capture mode:

Unused.

Compare mode:

Unused.

PWM mode;

These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPRxL.

CCPxM3:CCPxMO: CCPx Mode Select bits

0000 = Capture/Compare/PWM disabled (resets CCPx module)

0100 = Capture-mode, every falling edge

0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge

0111 =Capture mode, every 16th rising edge

1000 = Compare mode, set output on match (CCPxIF bitis set)

1001 = Compare mode, clear output on match (CCPxIF bit is set)

1010 = Compare mode, generate software interrupt on match (CCPxIF bitis set, CCPx pin is
unaffected)

1011 =Compare mode, trigger special event (CCPxIF bitis set, CCPx pin is unaffected); CCP1
resels TMR1; CCP2 resets TMR1 and starts an A/D conversion (if A/D module is

enabled)
11xx = PWM mede
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1" = Bit is set ‘0’ = Bit is cleared X = Bitis unknown




8.3 PWM Mode (PWM)

In Pulse Width Modulation mode, the CCPx pin
produces up to a 10-bit resolution PWM output. Since
the CCP1 pinis multiplexed with the PORTC data latch,
the TRISC<2> bit must be cleared to make the CCP1
pin an output.

Note: Clearing the CCP1CON register will force
the CCP1 PWM output latch to the default
low level. This is not the PORTC VO data
latch.

Figure 8-3 shows a simplified block diagram of the
CCP module in PWM mode.

For a step-by-step procedure on how to set up the CCP
module for PWM operation, see Section 8.3.3 “Setup
for PWM Operation™.

FIGURE 8-3: SIMPLIFIED PWM BLOCK
DIAGRAM
Duty Cycle Rﬁﬂislars,-—- CCPACON<5:45
I CCPRIL [ |
I CCPRIH (Stavq)l —I
RG2/CCP1
[ Caomparanr i R Q
[ e oo
S
TRISC<2>
CEPY b ang
latch D.C.

Note 1: The B-bit timer is concatenated with 2:bit infemal Q
clock, or 2 bits of the prescaler, 1o create 10-bit time
base.

A PWM output (Figure 8-4) has a time base (period)
and a time that the output stays high (duty cycle). The
frequency of the PWM is the inverse of the period
(1/period).

FIGURE 8-4: PWM OQUTPUT

Period

2oy T oo e R o

i

Duty Cycle |
1
L]

TMR2 = PR2
TMR2 = Duty Cycle

TMR2 = PR2
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8.3.1 PWM PERIOD

The PWM period is specified by writing to the PR2
register. The PWM period can be calculated using the
following formula:
PWM Period = [(PR2) + 1] *4 + Tosc*
(TMR2 Prescale Value)

PWM frequency is defined as 1/[PWM period).

When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:

« TMR2 is cleared

= The CCP1 pin is set {(exception: if PWM duty
gycle = 0%, the CCP1 pin will not be set)

* The PWMduly cycle is latched from CCPR1L into
CCPR1H

Note: The Timer2 postscaler (see Section 7.1
“Timer2 Prescaler and Postscaler”) is
not used in the determination of the PWM
frequency. The postscaler could be used
1o have a servo update rate at a different
frequency than the PWM output.

8.3.2 PWMDUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPRIL register and to the CCP1CON<5:4> bits. Up
to 10-bit resolution 15 available. The CCPR 1L contains
the eight MSbs and the CCP1CON<5:4> contains the
two LSbs. This 10-bit value is represented by
CCPR1L:CCP1CON<5:4>. The following equation is
used to calculate the PWM duty cycle in time:

PWM Duty Cycle =(CCPRIL:CCPICON<5:4>)
Tosc » (TMR2 Prescale Value)

CCPR1L and CCP1CON<5:4> can be written to at any
lime, but the duty cycle value is not latched into
CCPR1H until after a match between PR2 and TMR2
occurs (i.e., the period is complete). In PWM mode,
CCPR1H is a read-only register.
The CCPR1H register and a 2-bit internal latch are
used to double-buffer the PWM duty cycle. This
double-buffering is essential for glitch-free PWM
operation.
When the CCPR1H and 2-bit latch match TMR2,
concatenated with an internal 2-bit Q clock or 2 bits of
the TMR2 prescaler, the CCP1 pin is cleared.
The maximum PWM resolution (bits) for a given PWM
frequency is given by the following formula.

EQUATION 8-1:

Iug(%)

log(2)

Resolution = bits

Note:  If the PWM duty cycle value is longer than
the PWM period, the CCP1 pin will not be
cleared.
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8.3.3

SETUP FOR PWM OPERATION

The following steps should be taken when configuring

the CCP module for PWM operation:

1. Setthe PWM period by wriling to the PR2 register.

2. Set the PWM duty cycle by writing to the
CCPR1L register and CCP1CON<5:4> bits.

3. Make the CCP1 pin an output by clearing the
TRISC<2> bit.

4. Setthe TMR2 prescale value and enable Timer2
by writing to T2CON.

5. Configure the CCP1 module for PWM operation.

TABLE 8-3: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 20 MHz
PWM Frequency 1.22kHz | 4.88kHz | 19.53 kHz | 78.12kHz | 156.3 kHz | 208.3 kHz
Timer Prescaler (1, 4, 16) 16 4 1 1 | 1
PR2 Value OxFFh OxFFh OxFFh Ox3Fh Ox1Fh 0x17h
Maximum Resolution (bits) 10 10 10 8 7 5.5
TABLE 8-4: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE AND TIMER1
Value on

Address | Name | Bit7 | Bte | ®its | Bit4a | Bt3a | Bit2 | Bit1 | BRtO :g';"‘:g; ng ;!1;!
0Bh.8Bh, |INTCON GIE | PEE | TMROE [ INTE RBIE | TMROF | INTF | RBIF (o000 ogox|oooo ooo
10Bh, 18Bh &
0Ch PIR1 PsPIF)| ADIF | ROIF TXIF | SSPIF | CCPVF | TMR2IF | TMR1IF 0000 oooofoooo ooo
0Dh PIR2 — - —_ - - — - LGCPAF [==-- -+-0}--~-- ---
8Ch PIET psPE| apiE | RoiE | TxXE | SSPE | coPiiE | TMR2IE | TMRIIE {oooo oecofoooo ooo
8Dh PIE2 — — — — - o - CCP2IE~-~2 ~-~0]- -
87h TRISC PORTC Data Direction Register 1131 #111)1112 111
OEh TMRIL Holding Register for the Least Significant Byte of the 16-bit TMR1 Register {2o0ex xxxx|uuuu uuy
OFh TMR1H | Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XX 0k | uuuu ule
10h TICON — | —_ [T1CKPST[TICKPS0] T1OSCEN] TISYNC | TMR1CS| TMRTON]- -00 0000 -uu uuu
15h CCPRIL |Capture/ComparePWM Register 1 (LSB) EMXN XXXX|uuuu uuu
16h CCPRiH |Capture/Compare/PWM Register 1 (MSB) X0 20000 | uuuy uuy
17h cepicon| . —< | — [ cepax ['ccpiy | copima-{ccrimz|cePiMi | GEPIMO| - -00 cooof--00 oo
1Bh CCPR2L |Capture/Compare/PWM Register 2 (LSB) XK AKX | UULY ULy
1Ch CCPR2H |Capture/Compare/PWM Register 2 (MSB) xxex xxxx|uuuu uuu
1Dh corcon] — | — ] corax | acpey | copems [copame]copami [ copemol- 0o oooo] --00 oo
Legend: x =unknown, u = unchanged, - = unimplemented, read as ‘0'.'Shaded cells are not used by Capture and Timer1.
Note 1: The PSP is notimplemented on 28-pin devices, always maintain these bits clear.
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TABLE 8-5: REGISTERS ASSOCIATED WITH PWM AND TIMER2
ke B Value on
Address Name Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 POR, BOR all other

e
0BhgBh, |INTCON | GIE | PEIE | TMAOIE | INTE | RBIE | TMROF | INTF | RBIF |0000 000x]0000 000U
10Bh, 18Bh
0Ch PIR1 PSPIFU)|  ADIF RCIF TXF | SSPIF | CCP1IF | TMR2IF | TMR1IF |oo00 oooojoooo 0000
0Dh PIR2 - - — — — — - CCP2IF |---- --- of---- --- 0
8Ch PIE1 psPIE ADE | RCIE | TXIE | SSPiE | CCPIIE | TMR2IE | TMRIIE |0000 nooofoooo 0000
8Dh PIE2 — — — — — - — | ccraiE B
87h TRISC PORTC Data Direction Register 1111 1111j1111 1112
1th TMR2 Timer2 Module’s Register 0000 0000{0000 0000
a2h PR2 Timer2 Module's Period Register 1111 13131111 1133
12h T2CON — [routrsaftourPsz]TouTps1[TouTPSo] TMR20N | T2CKPS1 [T2CKPSO0[ - 000 0000]- 000 0000
15h CCPRIL |Capture/Compare/PWM Register 1 (LSB) oo xxxtjuuun uuay)
16h CCPR1H |Capture/Compare/PWM Register 1 (MSB) xxxx xxxxjutuu uwuuyl
17h ccricon] — | — ] cerax [ cepiy [cepmva]cerimzfeepimi fecrimol- 0o 0ooo]--00 oooo
1Bh CCPR2L  |Capture/Compare/PWM Register 2 (LSB) XXX XXXX|ULLY UuUu
1Ch CCPR2H |Capture/Compare/PWM Register 2 (MSB) oo soooduuun uuuy
10h corecon| — [ — - eerax | copey [ copema] copeme focramt [eeramol- S0 0000]- 00 oooo
Legend: x =unknown, u = unchanged, - = unimplemented, read as ‘0" Shaded ceélis are not used by PWM and Timer2.

Bits PSPIE and PSPIF are reserved on 28-pin devices; always maintain these bits clear.
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11.0 ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) Converter module has five
inputs for the 28-pin devices and eight for the 40/44-pin
devices.

The conversion of an analog input signal results in a
corresponding 10-bit digital number. The A/D module
has high and low-voltage reference input that is soft-
ware selectable to some combination of VoD, Vss, RA2
or RA3.

The A/D converter has a unique feature of being able
to operate while the device is in Sleep mode. To
operate in Sleep, the A/D clock must be derived from
the A/D's internal RC oscillator.

REGISTER 11-1:

PIC16F87XA

The A/D module has four registers. These registers are:
+ A/D Result High Register (ADRESH)

« A/D Result Low Register (ADRESL)

« A/D Control Register 0 (ADCONO)

« A/D Conirol Register 1 (ADCON1)

The ADCONO register, shown in Register 11-1, con-
trols the operation of the A/D module. The ADCON1
register, shown in Register 11-2, configures the func-
tions of the pori pins. The port pins can be configured
as analog inputs (BA3 can also be the voltage
reference) or as digital 1O.

Additional informalion on using the A/D module can be
found in the PICmicro® Mid-Range MCU Family
Reference Manual (DS33023).

ADCONO REGISTER (ADDRESS 1Fh)

R/W-0 R/W-0 RMW-0 RW-0 RIW-0 R/W-0 U0 R/W-0
[ABcsi | ADCSo | CHS2 | CHSi | CHSO [GODONE[ — [ ADON |
bit 7 bit 0

bit 7-6 ADCS1:ADCS0: A/D Conversion Clock Select bits (ADCONO bits in bold)
ADCON1 ADCOND
<ADCS2> | <ADCST:ADCS0> Clock Conversion
o oo
4] 01
0 10
0 i1 FRC (clock denived Trom the intemal A/D RC osciliator)
1 00
3 01
- 4 10
3 11 FRC (clock derived from the internal A/D RG oscillator)

bit 5-3
000 = Channel 0 (ANQ)
001 = Channel 1 (AN1)
010 = Channel 2 (AN2}
011 =Channel 3 (AN3)
100 = Channel 4 (AN4)
101 = Channel 5 (AN5)
110 =Channel 6 (ANG)
111 = Channe! 7 (AN7)

Note:

CHS2:CHSO0: Analog Channel Select bits

The PIC16FB73A/876A devices only implement A/D channels 0 through 4; the

unimplemented selections are reserved. Do not select any unimplemented
channels with these devices.

bit 2 GO/DONE: A/D Conversion Status bit

1 = A/D conversion in progress (setting this bit starts the A/D conversion which is automatically
cleared by hardware when the A/D conversion is complete)

0 = A/D conversion not in progress

bit 1 Unimplemented: Read as ‘0’
bit 0 ADON: A/D On bit

1 = A/D converter module is powered up
0 = A/D converter module is shut-off and consumes no operating current

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bitis set ‘0’ = Bit is cleared X = Bit is unknown
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REGISTER 11-2: ADCON1 REGISTER (ADDRESS 9Fh)

RW-0  RW-0 U-0 U-0 RW-0 RW-0 RW-0  RW-0
[aDFm [ AaDcs2 | — [ — [ pcraa | pcrG2 | PCFG1 | PCFGO |
bit 7 bit 0

bit 7 ADFM: A/D Result Format Select bit
1 = Right justified. Six () Most Significant bits of ADRESH are read as '0'.
0 = Left justified. Six (6) Least Significant bits of ADRESL are read as ‘0".
bit & ADCS2: A/D Conversion Clock Select bit (ADCONT1 bits in shaded area and in bold)

ADCON1 ADCONO
<AD(?82> <ADCS1:ADCSO0> Glook Conversion
0 0 FosC/2 =
0 01 Fosc/8
0 10 Fosc/32
0 11 FRC (clock derived from the internal A/D RC oscillator)
3 00 Fosc/a
1 01 Fosc/16
1 10 Fosc/64
1 11 FRC (clock derived from the internal A/D RC oscillator)

bit5-4 Unimplemented: Read as ‘0’
bit 3-0  PCFG3:PCFGO0: A/D Port Configuration Control bits

POFG | an | Ane | Ans | ANa | aNa | ANz | ANt | ANO | Veers | Veer- | CR
0000 | A | \A A | A A A A A | Voo | Vs | 80
0001 A A A A | VREF+ A A A AN3 Vss m
o010 | D | D DR A A A A | voo | vss | 50
0011 D D D A | VREF+ A A A AN3 Vss | 4/1
0100 D D D D A D A A Voo vss | 3/0
o101 | D D | D | D |vees]| D Al A | ana | Vss [ 21
011x D D D D D D D D - - 0/0
1000 A A A A | VREF+ | VREF- | A A AN3 AN2 | 6/2
1001 D D A A A A A A Vob Vss | 6/0
1010 D D A A | VREF+ A A A AN3 Vss 5/1
1011 D D A A | VREF+ | VREF-| A A AN3 | AN2 | 4/2
1100 D D D A | VREF+ | VREF- | A A AN3 | ANZ2 | 32
1101 [<D D D | D | Veers+ | VRer- | A A | AN3 | AN2 | 22
1110 D D D D D D D A VDD Vss 1/0
1111 D D D D | VRer+ | VRer-| D A AN3 | AN2 1/2

A = Analog input D = Digital /O

C/R = # of analog input channels/# of A/Dvoltage references

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

- n = Value at POR 1" = Bitis set ‘0 = Bit is cleared x = Bit is unknown

Note: On any device Resel, the port pins that are multiplexed with analog functions (ANx)
are forced to be an analog input.
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The ADRESH:ADRESL registers contain the 10-bit
result of the A/D conversion. When the A/D conversion
is complete, the result is loaded into this A/D Result
register pair, the GO/DONE bit (ADCONO<2>) is cleared
and the A/D interrupt flag bit ADIF is set. The block
diagram of the A/D module is shown in Figure 11-1.

After the A/D module has been configured as desired,
the selected channel must be acquired before the con-
version is started. The analog input channels must
have their corresponding TRIS bits selected as inputs.
To determine sample time, see Section 11.1 “A/D

Acquisition Requirements”. Aifter this acquisition
time has elapsed, the A/D conversion can be started.

To do an A/D Conversion, follow these steps:

1. Configure the A/D module:

+» Configure analog pins/voltage reference and
digital VO (ADCON1}

+ Select A/D input channel (ADCONQ)
+ Select A/D conversion clock (ADCONQ)
* Turn on A/D module (ADCONO)

Configure A/D interrupt (if desired):

+ Clear ADIF bit

+ Set ADIE bit

+ Set PEIE bit

+ Set GIE bit

Wait the required acquisition time.

Start conversion:

« Set GO/DONE bit (ADCONO)

Wait for A/D conversion to complete by either:

+ Polling for the GO/DONE bit to be cleared
(interrupts disabled); OR

* Waiting for the A/D interrupt

Read A/D Result register pair
(ADBESH:ADRESL), clear bit ADIF if required.
For the next conversion, go to step 1 or step 2
as required. The A/D conversion time per bit is
defined as TAD.

FIGURE 11-1: A/D BLOCK DIAGRAM
CHS2.CHSD
= REZ/ANT()
L} z 10 »
oo S e e
: 108
' \5————————& REQ/AN5"
1 )
' 100 ==
! . RAS/AN4
VAIN o :
(Input Voltage) : \o_”l—._.—@ RAJ/ANSVREF+
] [}
AID X N \ooag |
Converter ' M RA2/AN2/VREF
. 601 .
VoD ‘ \'; T ‘g RA1/AN1
et ' fad Ll )
¥ . : aboy
VREF+ : o.._T \:— : & RAO/ANO
(Reterence ! -
Voltage) -.n”.
PCFG3PCFGO
W
'
(Reference -«
Voltage) b 3 1
NI vss
PCFG3:PCFGO
Note 1: Not available on 28-pin devices.
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11.1  A/D Acquisition Requirements

For the A/D converter to meet its specified accuracy,
the charge holding capacitor (CHOLD) must be allowed
to fully charge to the input channel voltage level. The
analog input model is shown in Figure 11-2. The source
impedance (Rs) and the internal sampling switch
impedance (Rss) directly affect the time required to
charge the capacitor CHOLD. The sampling switch
(Rss) impedance varies over the device voltage (VDD);
see Figure 11-2. The maximum recommended
impedance for analog sources is 2.5 k(1 As the
impedance is decreased, the acquisition time may be

EQUATION 11-1: ACQUISITION TIME

decreased. After the analog input channel is selected
(changed), this acquisition must be done before the
conversion can be started.

To calculate the minimum acquisition time,
Equation 11-1 may be used. This equation assumes
that 1/2 LSb error is used (1024 steps for the A/D). The
1/2 LSb error is the maximum error allowed for the A/D
to meet its specified resolution.

To calcuiate the minimum acquisition time, TACQ, see
the PICmicro® Mid-Range MCU Family Reference
Manual (DS33023).

TAMP + TC + TCOFF

TacQ = Amplifier Settling Time + Hold Capacitor Charging Time + Temperature Coefficient

2 ps + Te + [(Temperature =25 “CHO.05 ps/°C)|

Tc = CHOLD(RIC + RSS + Rs)In(1/2047)
= - 120pF(1 kQ + 7 kQ + 10 k) In(0.0004885)
= 1647 s
TACQ = 2ps+ 16.47 ps+ [(50°C - 25°CH0.05 ps/°C)
= 1972 us
Note 1: The reference voltage (VREF) has no effect on the equation since it cancels itself out.

: The charge holding capacitor (CHOLD) is not discharged after each conversion. :
: The maximum recommended impedance for analog sources is 2.5 ki This isrequired to meet the pin

leakage specification.

FIGURE 11-2: ANALOG INPUT MODEL
vop ing
VT = 0.6V R
Rics 16135 Rss)
F o : CHRC capact
- = {:]
s V1= 0.6V(} Juees ok T LYY A
lVSS
Legend: CeriN = input capacitance B
VT = threshold voltage 5
ILEAKAGE . = leakage currant a1 the pin due 1o Vop4
various junctions 3
Ric = interconnect resistance 2
SS = sampling switch
CHOLD = sample/hold capacitance (from DAG) 567891011
Sampling Switch
(k£2)




11.2 Selecting the A/D Conversion
Clock

The A/D conversion time per bit is defined as Tap. The
A/D conversion requires a minimum 12 TAD per 10-bit
conversion. The source of the A/D conversion clock is
software selected. The seven possible options for TAD
are:

« 2TosC

« 4 Tosc

« 8 Tosc

= 16 Tosc

+ 32 Tosc

+ 64 Tosc

« Internal A/D module RC oscillator (2-6 |is)

For correct A/D conversions, the A/D conversion clock
(TAp) must be selected to ensure a minimum TAD time
of 1.6 ps.

Table 11-1 shows the resultant TAD times derived from
the device operating frequencies and the A/D clock
source selected.
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11.3  Configuring Analog Port Pins

The ADCON1 and TRIS registers control the operation
of the A/D port pins. The port pins that are desired as
analog inputs must have their corresponding TRIS bits
set (input). If the TRIS bit is cleared (output), the digital
output level (VoH or Vou) will be converted.

The A/D operation is independent of the state of the
CHS2:CHSO bits and the TRIS bits.

Note 1: When reading the port register, any pin
configured as an analog input channel will
read as cleared (a low level). Pins config-
ured as digital inputs will convert an analog
input. Analog levels on a digitally config-
ured input will not affect the conversion
accuracy.

2: Analoglevels on any pin that is defined as
a digital input (including the AN7:AND
pins) may cause the input buffer to con-
sume current that is out of the device
specifications.

TABLE 11-1:  Tap vs. MAXIMUM DEVICE OPERATING FREQUENCIES (STANDARD DEVICES (F))
AD Clock Source (Tap)
Maximum Device Frequency
Operation I ADCS2:ADCS1 :ADCS_IL
2 TosC 0080 > 1.25 MHz
4 Tosc 100 2.5MHz
8 Tost 001 5 MHz
16 Tosc 101 10 MHz
32 Tosc 010 20 MHz
64 Tosc 110 20 MHz
RCH2D x11 (Note 1)
Note 1: The RC source has a typical TAD time of 4 us but can vary between 2-6 is.

2: When the device frequencies are greater than 1 MHz, the RC A/D conversion clock source is only

recommended for Sleep operation.

3: For extended voltage devices (LF), please refer to Section 17.0 “Electrical Characteristics”.
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11.4 A/D Conversions

Clearing the GO/DONE bit during a conversion will
abort the current conversion. The A/D Result register
pair will NOT be updated with the partially completed
A/D conversion sample. That is, the ADRESH:ADRESL
registers will continue to contain the value of the last
completed conversion (or the last value written to the
ADRESH:ADRESL registers). After the A/D conversion

FIGURE 11-3: A/D CONVERSION Tap CYCLES

is aborted, the next acquisition on the selected channel
is automatically started. The GO/DONE bit can then be
set to start the conversion.

In Figure 11-3, after the GO bit is set, the first time
segment hasa minimum of TCY and a maximum of TAD.

Note: The GO/DONE bit should NOT be set in

the same instruction that turns on the A/D.

Tcy to TAD, TAD1 | TAD2 |, Tap3  TAD4 | Tap5  TApS

TAD7 , TADS . TADS TAD1O TAD11

Tb9b8b7b6b5

Conversion starts

Set GO bit

Hokling capagitor is disconnected from analog input (typically 100 ns}

b4 b3 b2 b1 b0

ADRES s loaded

GO bit is cleared

ADIF bitis set

Holding capacitor ig connected to analog input

11.4.1 A/D RESULT REGISTERS

The ADRESH:ADRESL register pair is the location
where the 10-bit A/D result is loaded at the completion
of the A/D conversion. This register pair is 16 bils wide.
The A/D module gives the flexibility to left or right justify
the 10-bit result in the 16-bit result register. The A/D

FIGURE 11-4: A/D RESULT JUSTIFICATION

Format Select bit (ADFM) controls this justification.
Figure 11-4 shows the operation of the A/D result
justification. The extra bits are loaded with ‘0's. When
an A/D result will not averwrite these locations (A/D dis-
able), these registers may be used as two general
purpose 8-bit registers.

—l
ADFM =1
o R 4

PO TIREELE — =
7 2107 0765 0
000000 I ] [ 0000 00 J
i & e i < b " i ’
ADRESH ADRESL ADRESH ADRESL
\._.—Y.—-__J \._w_-—i
10-bit Result 10-bit Result
Right Justified Lett Justified

ADFM = 0
p—'-A——\




11.5 A/D Operation During Sleep

The A/D module can operate during Sleep mode. This
requires that the A/D clock source be set to RC
(ADCS1:ADCS0 = 11). When the RC clock source is
selected, the A/D module waits one instruction cycle
before starting the conversion. This allows the SLEEP
instruction to be executed which eliminates all digital
switching noise from the conversion. When the conver-
sion is completed, the GO/DONE bit will be cleared and
the result loaded into the ADRES register. If the A/D
interrupt is enabled, the device will wake-up from
Sleep. If the A/D interrupt is not enabled, the A/D mod-
ule will then be turned off, although the ADON bit will
remain set.

When the A/D clock source is another clock option (not
RC), a sSLEEP instruction will cause the present conver-
sion 1o be aborted and the A/D module to be turned off,
though the ADON bit will remain set.

Turning off the A/D places the A/D module in its lowest
current consumption state.

TABLE 11-2:
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Note:  For the A/D module to operate in Sleep,
the A/D clock source must be set to RC
(ADCS1:ADCSO0 = 11). To allow the con-
version to occur during Sleep, ensure the

SLEEP instruction immediately follows the

instruction that sets the GO/DONE bit.

11.6 Effects of a Reset

A device Reset forces all registers to their Reset state.
This forces the A/D module to be turned off and any
conversion is aborted. All A/D input pins are configured
as analog inputs.

The value that is in the ADRESH:ADRESL registers is
not . modified for a Power-on Reset The
ADRESH:ADRESL registers will contain unknown data
after a Power-on Reset.

REGISTERS/BITS ASSOCIATED WITH A/D

Address | Name | Bit7 | Bi6 | Bits | Bra | Bita | B2 | Bit1 | Bito p::;:eaot;‘n ﬁ;"m
— = ———

0Bh,8Bh, [INTCON | GIE | PEIE |TMROIE] INTE | RBIE | TMROF | INTF | RBIF | 0000 000x}0000 000u
10Bh,18Bh :

0Ch PIR1 PsPEY| aoiF | RO | TxiE. | ssPiF | coPuF | TMR2IF | TMRIIF | cono 0oao | oooo 0000
8Ch PIE1 PSPIE| ADIE | RCIE TXIE | SSPIE | CGP1IE | TMR2IE | TMR1IE | 0000 ©o00 [ 0000 0000
1Eh ADRESH | AD Result Register High Byte 3006 300 f uunu uuuu
9Eh ADRESL |AD Result Register Low Byte xxxx xxxx [uuuu uuwuu
1Fh ADCOND | ADCS1]ADCS0| oHS2 | CHSt | GHSO {GODONE| . — | ADON | 0000 00-0 o000 0o-o
9Fh ADCON1 | ADFM | ADCS2| — - PCFG3| PCFG2 | PCFG1 | PCFGD | 00-- 0000 | 00-- 0000
85h TRISA e < | PORTA Data Direction Register 5521 FA31]--11 1112
05h PORTA — — | PORTA Data Latch when written: PORTA pins when read 40x/ 0000 | --0u 0000
gon(! TRISE IBF | OBF | 1IBOV |PSPMODE| -- |PORTE Data Direction bits 0000 4111|0000 -111
ooh"  [PORTE |~ — — - — - pe2’ [ rer | REOL | -4 xxx|---- -uuu
Legend: x = unknown, u= unchanged, - = unimplemented, read as ‘0", Shaded cells are notused for AJD conversion.

Note 1:

These registers are not available on 28-pin davices.
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AU IAIRT8IARSITUNTUANatMaS (Current Shunt Monitor)

ANALOG
DEVICES

High Voltage, Bidirectional
Current Shunt Monitor

AD8210

FEATURES

+4000 VHBM ESD
High common-mode voltage range
-2V to +65 V operating
~5Vto +68 V survival
Buffered output voltage
5 mA output drive capability
Wide operating temperature range: -40°C to +125°C
Ratiometric half-scale output offset
Excellent ac and de performance
1 uV/°C typical offset drift
10 ppm/°C typical gain drift
120 dB typical CMRR at dc
80 dB typical CMRR at 100 kHz
Available in 8-lead SOIC
Qualified for automotive applications

APPLICATIONS

Current sensing
Motor controls
Transmission controls
Diesel Injection controls
Engine management
Suspension controls
Vehicle dynamic controls
DC-to-dc converters

GENERAL DESCRIPTION

The AD8210 is a single-supply, difference amplifier ideal for
amplifying small differential voltages in the presence of large
common-mode voltages. The operating input common-maode
voltage range extends from =2 Vto +65 V. The typical supply
voltage is 5 V.

The AD8210 is offered in a SOIC package. The operating
temperature range is —40°C to +125°C.

Excellent ac and dc performance over temperature keep errors
in the measurement loop to a minimum. Offset drift and gain

drift are guaranteed to a maximum of 8 pV/°C and 20 ppm/°C,

respectively.

FUNCTIONAL BLOCK DIAGRAM

VsuppLy

asreram

The output offset can be adjusted from 0,05 V to 4.9 V with

@ 5 V supply by using the Vius1 pinand the Va2 pin. With the
Vaerl pin attached to the ¥+ pinand the V2 pin attached to
the GND pin, the ontpat is set at half scale. Attaching both Vil
and V2 to GND causes the outpat to be unipolar, starting
near ground. Attaching both Viuerl and Viss2 to V+ causes the
output to be-wnipolar, starting near V+. Other offsets can be
obtained by applying an external voltage to Verel and Va2,
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AD8210

SPECIFICATIONS

Ta = operating temperature range, Vs = 5 V, unless otherwise noted.

Table 1.
ADS8210 SOIC’
Parameter Min Typ  Max Unit Conditions
GAIN
Initial 20 viv
Accuracy +0.5 % 25°C,Vo 2 0.1V dc
Accuracy Over Temperature 0.7 % Ta
Gain Drift 20 ppm/°C
VOLTAGE OFFSET
Offset Voltage (RTY) +1.0 mv 25°C
Over Temperature (RT1) +1.8 my Ta
Offset Drift +8.0 ueC
INPUT
Input Impedance
Differential 2 k0
Common Mode S MO V common mode > 5V
1.5 kO V common mode < 5V
Common-Maode Input Voltage Range -2 +65 v Common mode, continuous
Differential Input Voltage Range 250 mv Differential’
Common-Mode Rejection 100 120 dB Taf=dc,Vou>5V
80 95 d8 Ta, F=dc to 100 kHz}, Vau < 5V
80 dB Ta, f =100 KHZ Van > 5V
80 dB Ta f=40kHz' Vou > 5V
QUTPUT
Output Voltage Range 0.05 49 v Ru=25k0
Output Impedance 2 Q
DYNAMIC RESPONSE
Small Signal -3 dB Bandwidth 450 kHz
Slew Rate 3 Vips
NOISE
0.1 Hz to 10 Hz, RTI 7 Hv pp
Spectral Density, 1 kHz, RTI 70 nVivHz
OFFSET ADJUSTMENT
Ratiometric Accuracy 0499 0501 VIV Divider to supplies
Accuracy, RTO 106 mv/v Voltage applied to Vier 1 and Vies 2 in parallel
Output Offset Adjustment Range 0.05 4.9 v Vs=5V
Vies Input Voltage Range 0.0 Vs \"
Veer Divider Resistor Values 24 32 40 k()
POWER SUPPLY, V¢
Operating Range 45 50 55 v
Quiescent Current Over Temperature 2 mA Veu >5V?
Power Supply Rejection Ratio 80 de
TEMPERATURE RANGE ’
For Specified Performance -40 +125 °'C

' T 10 Tiaax = ~40°C 10 +125°C.

* Differential input voltage range = £125 mV with half-scale output offset.

! Source imbalance < 200

“ The offset adjusiment is ratiometric to the power supply when Vier1 and Vie 2 are used as a divider between the supplies.

* When the input common mode is less than 5 V, the supply current increases. This can be calculated with the following formula: ks = <0.7 (Vou) + 4.2 (see Figure 21).
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THEORY OF OPERATION

In typical applications, the AD8210 amplifies a small differential The differential currents through Q1 and Q2 are converted
input voltage generated by the load current flowing through a into a differential voltage by R3 and R4. A2 is configured as an
shunt resistor. The AD8210 rejects high common-mode voltages instrumentation amplifier. The differential voltage is converted
{up to 65 V) and provides a ground referenced buffered output into a single-ended output voltage by A2. The gain is internally
that interfaces with an analog-to-digital converter (ADC). set with precision-trimmed, thin film resistors to 20 V/V.
Figure 26 shows a simplified schematic of the AD8210. The output reference voltage is easily adjusted by the Vi1 pin
The AD8210 is comprised of two main blocks, a differential and the Va2 pin. In a typical configuration, Vel is connected
amplifier and an instrumentation amplifier. A load current to Vie while Vi 2 is connected to GND. In this case, the output
flowing through the external shunt resistor produces a voltage is centered at Vi/2 when the input signal is 0 V.

at the input terminals of the AD8210. The input terminals are
connected to the differential amplifier (A1) by R1 and R2. Al
nulls the voltage appearing across its own input terminals by
adjusting the current through R1 and R2 with Q1 and Q2.
When the input signal to the AD8210 is0'V, the'currents in R1
and R2 are equal. When the differential signal is nonzero, the
current increases through one of the resistors and decreases in
the other. The current difference is proportional to the size and
polarity of the input signal,

VouT = (lssunr * Aaunr) * 20

it o

Figure 26, Simplified Schernatic
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MODES OF OPERATION

The ADB210 can be adjusted for unidirectional or bidirectional
operation,
UNIDIRECTIONAL OPERATION

Unidirectional operation allows the ADI8210 to measure
currents through a resistive shunt in one direction. The basic
modes for unidirectional operation are ground referenced
output mode and V+ referenced output mode.

In unidirectional operation, the output can be set at the negative
rail (near ground) or at the positive rail (near V+) when the
differential input is 0 V. The output moves to the opposite rail
when a correct polarity differential input voltage is applied. In
this case, full scale is approximately 250 mV. The required
polarity of the differential input depends on the output voltage
setting. If the output is set at ground, the polarity needs to be
positive to move the output up (see Table 5). If the output is set
at the positive rail, the input polarity needs to be negative to
move the output down (seé Table 6).

Ground Referenced Output

When using the AD8210 in this mode, both reference inputs
are tied to ground, which causes the output to sit at the negative
rail when the differential input voltage is zero (see Figure 27
and Table 4).

.

oI ]
Vs()—iamr
AD8210 g
Vage!
- OUTPUT
G = +20 b
3 Vags2
ano]
% 3
v

Figure 27. Ground Referenced Output

Table4. V+ =5V

V+ Referenced Output

This mode is set when both reference pins are tied to the
positive supply. It is typically used when the diagnostic scheme
requires detection of the amplifier and wiring before power is
applied to the load (see Figure 28 and Table 5).

= L

+IN N

v5(§-‘.

0ApF

AD8210

ouTPUT

ool

I !

Figure 28. V+ Referenced Quiput -

Table 5. V+# =5V

Vi (Referred to —IN) Vo
ov - 49V
~250 mV 0.05V
BIDIRECTIONAL OPERATION

Bidirectional operation allows the AD8210 to measure currents
through a resistive shunt in two directions. The output offset
can be set anywhere within the output range. Typically, it is set
at half scale for equal measurement range in both directions. In
some cases, however, it is set at a voltage other than half scale
when the bidirectional current is nonsymmetrical.

Table 6. V+ =5V, Vo =25V with Vin=0V

Vi (Referred to ~IN) Vo
+125 mV 49V
=125mV 005V

Vin (Referred to ~IN) Vo

ov 0.05Vv
250 mV 49V

Adjusting the output can also be accomplished by applying
voltage(s) to the reference inputs,
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The AD8210 is ideal for high-side or low-side current sensing. A
Its accuracy and performance benefits applications, such as 0.1pF
3-phase and H-bridge motor control, solenoid control, and SWITCH }‘11’ ,-E_’
power supply current monitoring.
For selenoid control, two typical circuit configurations are used: BAFTHE B i
high-side current sense with a low-side switch, and high-side il _ ADB210
current sense with a high-side switch. i M GHND Vg2 MG

X Giooe [ L
HIGH-SIDE CURRENT SENSE WITH A LOW-SIDE
SWITCH i =
In this case, the PWM control switch is ground referenced. An T R s i

inductive load (solenoid) is tied to a power supply. A resistive
shunt is placed between the switch and the load (see Figure 33).
An advantage of placing the shunt on the high side is that the
entire current, including the recirculation current, can be meas-
ured because the shunt remains in the loop when the switch'is
off. In addition, diagnostics can be enhanced because short circuits
to ground can be detected with the shunt on the high side.

%

E
% mom 'o.am LOAD
BATTERY 2= +N - Veeel  #Vg  OUT
SHUNT AD8B210
4N GND Vg2 NG
l_.rl ) LT
SWITCH 1

gEureE

v NC = NO CONNECT
Figure 33. Low-Side Switch

In this cireuit configuration, when the switch is closed, the
common-mode voltage moves down to the negative rail. When
the switch is opened, the voltage reversal across the inductive
load causes the common-mode voltage to be held one diode
drop above the battery by the clamp diode.

HIGH-SIDE CURRENT SENSE WITH A HIGH-SIDE
SWITCH

This configuration minimizes the possibility of unexpected
solenoid activation and excessive corrosion (see Figure 34). in
this case, both the switch and the shunt are on the high side.
When the switch is off, the battery is removed from the load,
which prevents damage from potential short circuits to ground,
while still allowing the recirculation current to be measured and
diagnostics to be preformed. Removing the power supply from
the load for the majority of the time minimizes the corrosive
effects that could be caused by the differential voltage between
the load and ground.

Figure 34. High-Sidle Switch

Using a high-side switch connects the battery voltage to the
load when the switch 15 closed. This causes the common-mode
voltage to increase to the battery voltage. In this case, when the
switch is opened, the voltage reversal across the inductive load
causes the common-mode voltage to be held one diode drop
below ground by the clamp diode.

H-BRIDGE MOTOR CONTROL

Another typical application for the AD8210 is as part of the
control loop in H-bridge motor control. In this case, the AD8210
is placed in the middle of the H-bridge (see Fipure 35) so that it
can accurately measure current in both directions by using the
shumt available at the motor. This configuration is beneficial for
measuring the re¢ircnlation eurrent to further enhance the
control loop diagnostics.

sy
Mg
a1
Wg | OUT
AD8210
Va2 NC v

NG = NO CONNECT
Figure 35. Motor Contral Application

The AD8210 measures current in hoth directions as the H-bridge
switches and the motor changes direction. The output of the
ADS21¢vis configured in an external reference bidirectional
mode (see the Modes of Operation section),

T G12





