MicrocHIP PIC24FIXXXDA1/DA2/GB2/GA3/GCO

PIC24FIXXXDA1/DA2/GB2/GA3/GCO Families Flash
Programming Specification

1.0 DEVICE OVERVIEW

This document defines the programming specification
for the PIC24FIXXXDA1/DA2/GB2/GA3/GCO families
of 16-bit microcontrollers (MCUs). This programming
specification is required only for those developing pro-
gramming support for the PIC24FIXXXDA1/DA2/GB2/
GA3/GCO0 families. Customers using only one of these
devices should use development tools that already
provide support for device programming.

This specification includes programming specifications
for the following devices:

PIC24FJ128DA106
PIC24FJ128DA110
PIC24FJ128DA206
PIC24FJ128DA210
PIC24FJ128GB206
PIC24FJ128GB210
PIC24FJ64GA310
PIC24FJ64GA308
PIC24FJ64GA306
PIC24FJ64GCO010
PIC24FJ64GC008
PIC24FJ64GCO006

PIC24FJ256DA106
PIC24FJ256DA110
PIC24FJ256DA206
PIC24FJ256DA210
PIC24FJ256GB206
PIC24FJ256GB210
PIC24FJ128GA310
PIC24FJ128GA308
PIC24FJ128GA306
PIC24FJ128GC010
PIC24FJ128GC008
PIC24FJ128GC006
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PIC24FJXXXDA1/DA2/GB2/GA3/GCO

2.0 PROGRAMMING OVERVIEW
OF THE PIC24FJXXXDA1/DA2/
GB2/GA3/GCO FAMILIES

There are two methods of programming the
PIC24FJXXXDA1/DA2/GB2/GA3/GCO families of
devices discussed in this programming specification.
They are:

¢ In-Circuit Serial Programming™ (ICSP™)

» Enhanced In-Circuit Serial Programming
(Enhanced ICSP)

The ICSP programming method is the most direct
method to program the device; however, it is also the
slower of the two methods. It provides native, low-level
programming capability to erase, program and verify
the chip.

Note: The address of Special Function Register,

TBLPAG, has changed from 0x32 to 0x54
in PIC24FJXXXDA1/DA2/GB2/GA3/GCO
family devices.
In those cases where legacy programming
specification code from other device
families is used as a basis to implement
the PIC24FIXXXDA1/DA2/GB2/GA3/GCO
families’ programming specification, spe-
cial care must be taken to ensure all
references to TBLPAG, in any existing
code, are updated with the correct opcode
hex data for the mnemonic and operands
(as shown below).

PIC24FIXXXDA1/DA2/GB2/GA3/GCO Families

Command Data Description
(Binary) (Hex) P
0000 8802A0 |[MOV W), TBLPAG
All Other PIC24F Families
Command Data Description
(Binary) (Hex) P
0000 880190 MOV WD, TBLPAG

The Enhanced In-Circuit Serial Programming
(Enhanced ICSP) protocol uses a faster method that
takes advantage of the Programming Executive (PE),
as illustrated in Figure 2-1. The Programming Execu-
tive provides all the necessary functionality to erase,
program and verify the chip through a small command
set. The command set allows the programmer to
program the PIC24FIXXXDAL1/DA2/GB2/GA3/GCO
MCUs without having to deal with the low-level
programming protocols of the chip.

FIGURE 2-1: PROGRAMMING SYSTEM
OVERVIEW FOR
ENHANCED ICSP™

PIC24F Devices

Programming
Executive
i

Programmer | >

Y

On-Chip Memory

This specification is divided into major sections that
describe the programming methods independently.
Section 3.0 “Device Programming — ICSP” describes
the In-Circuit Serial Programming method. Section 4.0
“Device Programming — Enhanced ICSP” describes
the Run-Time Self-Programming (RTSP) method.
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PIC24FJXXXDA1/DA2/GB2/GA3/GCO

2.1 Power Requirements

Al PIC24FJXXXDA1/DA2/GB2/GA3/GCO devices
power their core digital logic at a nominal 1.8V. To
simplify system design, all devices in the
PIC24FIXXXDA1/DA2/GB2/GA3/GCO families incor-
porate an on-chip regulator that allows the device to
run its core logic from VDD. For the PIC24F128GA310
and PIC24FJ128GC010 families, the regulator is always
enabled, so there is no ENVREG pin on these devices.

The regulator provides power to the core from the other
VDD pins. A low-ESR capacitor (such as ceramic or tan-
talum) must be connected to the VCAP pin (see Table 2-1
and Figure 2-2). This helps to maintain the stability of the
regulator. The specifications for core voltage and capac-
itance are listed in Section 7.0 “AC/DC Characteristics
and Timing Requirements”.

2.2 Program Memory Write/Erase
Requirements
The Flash program memory on PIC24FJXXXDAL1/DA2/

GB2/GA3/GCO devices has a specific write/erase
requirement that must be adhered to for proper device

FIGURE 2-2: CONNECTIONS FOR THE
ON-CHIP REGULATOR
Regulator Enabled (ENVREG tied to VDD):
3.3v
PIC24FIXXXDA1/DA2/GB2
VDD
ENVREG
[ VCAP
CEFC T~
(10 uF typ) ves
FIGURE 2-3: CONNECTIONS FOR THE
VBAT PIN

Regulator Enabled (VBAT tied to VDD or a Battery):

3.3V

operation. Any given word in memory must not be T PIC24FIXXXGA3/GCO
written more than twice before erasing the page where VI

it is located. Thus, the easiest way to conform to this

rule is to write all of the data in a programming block, VBAT
within one write cycle. The programming methods VeAp

specified in this specification comply with this CEFC ;l:—

requirement. (10 WF typ) Vss

Note:  Writing to a location multiple times without =
erasing is not recommended.
TABLE 2-1: PIN DESCRIPTIONS (DURING PROGRAMMING)
During Programming
Pin Name
Pin Name Pin Type Pin Description

MCLR MCLR P Programming Enable

ENVREG(® ENVREG(® [ Enable for On-Chip Voltage Regulator

VDD, AVDD and SVpp® VDD P Power Supply

Vss, AVss and SVss@ Vss P Ground

Vcap VcapP P On-Chip Voltage Regulator Output to the Core
PGECx PGECx | Programming Pin Pairs 1, 2 and 3: Serial Clock
PGEDx PGEDx /0 Programming Pin Pairs 1, 2 and 3: Serial Data
Legend: |=Input, O = Output, P = Power

Note 1: There is no ENVREG pin in the PIC24FJ128GA310 and PIC24FJ128GCO010 families. The regulator is
always enabled and the ENVREG pin is replaced by the VBAT pin. It is recommended to connect the VBAT
pin to the battery or VDD during programming.

2:  All power supply and ground pins must be connected, including analog supplies and ground (AVDD/AVSS

and SVDD/SVss, where implemented).

© 2009-2012 Microchip Technology Inc.
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PIC24FJXXXDA1/DA2/GB2/GA3/GCO

2.3 Pin Diagrams

Figure 2-4 through Figure 2-17 provide the pin dia-
grams for the PIC24FJXXXDA1/DA2/GB2/GA3/GCO
families. The pins that are required for programming
are listed in Table 2-1 and are indicated in bold text in
the figures. Refer to the appropriate device data sheet
for complete pin descriptions.

FIGURE 2-4:

23.1 PGECx AND PGEDx PIN PAIRS

All of the devices in the PIC24FIXXXDA1/DA2/GB2/
GA3/GCO families have three separate pairs of pro-
gramming pins, labelled as PGEC1/PGED1, PGEC2/
PGED2 and PGEC3/PGED3. Any one of these pin pairs
may be used for device programming by either ICSP or
Enhanced ICSP. Unlike voltage supply and ground
pins, it is not necessary to connect all three pin pairs to
program the device. However, the programming
method must use both pins of the same pair.

PIC24FIXXXDAX PIN DIAGRAM (64-PIN TQFP)

RE4
RE3
RE2
RE1
REO
RF1
RFO

|

ENVREG

VcarP
RD7
RD6
RD5
RD4
RD3
RD2
RD1

PGEC2/AN6/RP6/CN24/RB6 [ 17
PGED2/AN7/RP7/RCV/CN25/RB7 [__|18

038833V HBBIBDSBL
RE5 [ 1 48 [ ] RC14
Res [ 2 47 [] RC13
RE7 [ 3 46 [ ] RDO
RG6 [] 4 45 ] RD1L
rRc7 5 44 ] RD10
RG8 [ 6 43 ] RD9
MCLR [] 7 42 ] RDS8
RG9 18 PIC24FJXXXDAX06 41 ] Vss
vss [ 9 40 [ ] RC15
vop [] 10 39 ] RC12
PGEC3/AN5/C1INA/VBUSON/RP18/CN7/RB5 [] 11 38 ] vop
PGED3/AN4/C1INB/USBOEN/RP28/CN6/RB4 [] 12 37 ] RG2
RB3 [ 13 36 ] RG3
RB2 [|14 35 [] Vuss
PGEC1/AN1/RP1/VREF-/CN3/RB1 [ 15 34 ] RF2
PGED1/ANO/VREF+/RPO/CN2/RBO [ 16 33 [ ] RF3
FRINIAILELERAIBSS
AaResSd88333383R
IR REEEEC
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PIC24FJXXXDA1/DA2/GB2/GA3/GCO

FIGURE 2-5: PIC24FJXXXGA306 PIN DIAGRAM (64-PIN TQFP)
= Q
TONAOAO ¢ o OO T ON A
[T ITRIT TR T el aNayalyalaliya)
rooroeorxrx >>0 ene e e
03IBITIRBLEBIBIIIB
RES ] 1 48 []RC14
RE6 ] 2 47 [JRC13
RE7 [ 3 46 []RDO
RG6 [] 4 45 []RD11
RG7 [ 5 44 1RD10
RG8[ ] 6 43 []RD9
MCLR[] 7 42 []RDS8
RG9[] 8 PIC24FIXXXGA306 4L Jvss
Vss[] 9 40 []RC15
Vob [] 10 39 []RC12
PGEC3/AN5/C1INA/RP18/SEG2/CN7/RB5 [ 11 38 []vobp
PGED3/AN4/C1INB/RP28/SEG3/CN6/RB4 [ 12 37 1RG2
RB3[ |13 36 [ |RG3
RB2[] 14 35 []RF6
PGEC1/CVREF-/AN1/RP1/SEG6//CN3/RB1 [| 15 34 ]RF2
PGED1/CVREF+/ANO/RPO/SEG7/PMAG/CN2/RBO [] 16 33 []RF3
OO0 d AN MO O~ O 4N
NN NN NN NNNNOOOM
O NV OO H VAo NMST WO S W
S¢EE3E2S gt
< < x roowo

PGED2/AN7/RP7/CN25/RB7 18

PGEC2/AN6/RP6/LCDBIAS3/CN24/RB6 17
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PIC24FJXXXDA1/DA2/GB2/GA3/GCO

FIGURE 2-6:

PIC24FIXXXGB206 PIN DIAGRAM (64-PIN TQFP)

ENVREG

RE4
RE3
RE2
RE1
REO
RF1
RFO
Vcap
RD7
RD6
RD5
RD4
RD3
RD2
RD1

é

PGEC2/ANG/RP6/CN24/RB6 [ 17
PGED2/AN7/RP7/RCV/CN25/RB7 [ 18

T O N AOODOMNOUOLT OMHONAOOD
O © O O O O IO WLWHWWWWLWWLW S
RE5 (11 48 [ ] RC14
RE6 [ 2 47 [1RC13
RE7 [ 3 46 [ ] RDO
RG6 [ 4 45[ ] RD11
rRG7 (|5 44 ] RD10
RG8 [ 6 43 [ ] RD9
MCLR ] 7 42 ] RD8
Roo [ 8 PIC24FJXXXGB206 417 vss
vss [|9 40 ] RC15
vop [] 10 39 ] RC12
PGEC3/AN5/RP18/VBUSON/CLINA/CN7/RB5 [] 11 38 [] vob
PGED3/AN4/RP28/USBOEN/C1INB/CN6/RB4 [ 12 37 [] D+HRG2
RB3 [ 13 36 [] D-/RG3
RB2 [ 14 35 [ ] Vuse
PGEC1/AN1/RP1/VREF-/CN3/RB1 [ 15 34 [] vBus
PGED1/ANO/RPO/VREF+/CN2/RBO [ 16 33[ ] RF3
OO 1N M T WO OMN~NWOOGO 4N
T N NN N AN NN NNNOMM
QO N0 OO d4 N o NMS WS n
O v MmMddnvao A A A o LW LW
S>Spyom0>>S 0000y @
<< < x @Xoworo
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PIC24FJXXXDA1/DA2/GB2/GA3/GCO

FIGURE 2-7: PIC24FJXXXGCO006 PIN DIAGRAM (64-PIN TQFP)
= o
S OMONAO A O « < NSO S MO o
LUuwuwwwL Lo ocOooooooan
roorrrrx >>roeKne e e
03B RBLHBBIBIIIL
REs 11 48 []RC14
RE6 ] 2 47 [JRC13
RE7[]3 46 []1RDO
RG6[ ] 4 45 []RD11
RG7[] s 44 []RD10
RG8[ |6 43 [1RD9
MCLR[] 7 42 []RD8
RG9[] 8 PIC24FJXXXGC006 41 [ 1vss
Vss[]9 40 []RC15
VoD [] 10 39 []RC12
PGEC3/AN5/OPA10/C1INA/RP18/SEG2/CN7/RB5 [] 11 38 []vobp
PGED3/AN4/OPA1NO/C1INB/RP28/USBOEN/SEG3/CN6/RB4 [ 12 37 []D+/RG2
RB3[]13 36 [ _]D-/RG3
RB2[] 14 35 []Vuss
PGEC1/AVREF-/CVREF-/AN1/OPA2P1/RP1/SEG6/CTED12/CN3/RB1 [] 15 34 [ VBUS/IRF7
PGED1/AVREF+CVREF+/DVREF+/ANO/BGBUF1/RPO/SEG7/PMAG/CN2/RBO [ 16 33 []RF3
OO0 4N MW O~ O 4N
AN NN NN NNNNNOMOOM
888289333210
I I
Iing5050n EEEREE

PGEC2/AN6/OPA1P3/RP6/LCDBIAS3/CN24/RB6 17
PGED2/AN7/RP7/SEG30/COM6/CN25/RB7 18
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PIC24FJXXXDA1/DA2/GB2/GA3/GCO

FIGURE 2-8:

PIC24FIXXXGA308 PIN DIAGRAM (80-PIN TQFP)

o N
TONAO0OO A do T IO N o
UUWLIONOOLI s 5000Q0QQ0AQ0
CIXCCrFACES>SS>SEXEAEACLLET

é

OO~ OULSTONAHO D ON O LS MN o
ONNNMNNMNNMNMNMNNMNNMNNMNNNSO OO O O©O© O OO
RES [ 10 60 [ JRC14
REG [ 2 59 []RC13
RE7[]3 58 [JRDO
RC1 [ 2 57 [JRD11
RC3 5 56 []RD10
RG6 (|6 55 JRD9
RG7 7 54 [1RD8
RG8 [ 8 53 [JRA15
MCLR [ 9 52 [RA14
51 [JVss
RGO [ 10 PIC24FJXXXGA308 H
Vss [ 11 50 [ RC15
Vop [ 12 49 ]RC12
RE8 []13 48 [ VbD
RE9 [ 14 47 (RG2
PGEC3/AN5/C1INA/RP18/SEG2/CN7/RB5 [ 15 46 [RG3
PGED3/AN4/C1INB/RP28/SEG3/CN6/RB4 [ 16 45 []RF6
RB3 [ 17 44 RF7
RB2 [ 18 43 [|RF8
PGEC1/CVREF-/AN1/RP1/SEG6 [ 19 42 (RF2
PGED1/CVREF+ANO/RPO/SEG7 [ 20 41 CRF3
NMITODON~NODDOANMITLL ONWOWOO O
NANANNNNNOOOOOOOONOONONONS
2384223498833 333357
r<>>prr00>> 000000
X< << x o Xrereroeoeo

PGED2/AN7/RP7/CN25/RB7 22

PGEC2/AN6/RP6/LCDBIAS3/CN24/RB6 |21
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PIC24FJXXXDA1/DA2/GB2/GA3/GCO

FIGURE 2-9: PIC24FIXXXGCO008 PIN DIAGRAM (80-PIN TQFP)

RE4
RE3
RE2
RE1
REO
RGO
RG1
RF1
RFO
VBAT
VcAP
RD7
RD6
RD5
RD4
RD13
RD12
RD3
RD2
RD1

é

OO~ OILSTOHONAO D OMN O LT MAN A
ONNNMNNMNNMNMNNMNNMNNMNNMNNS O OO O O© O O OO
RES ] 1© 60 [ JRC14
RE6 [ 2 59 [JRC13
RE7 ] 3 58 [1RDO
RC1 [ 4 57 [JRD11
RC3 5 56 [1RD10
RG6 ] 6 55 [1RD9
RG7[]7 54 [JRD8
RG8 [ 8 53 [TRA15
MCLR [] 9 52 [JRAl4
51 [V
RG9 ] 10 PIC24FJXXXGC008 L1Vss
Vss []11 50 [JRC15
vop [ 12 49 MRC12
RE8 []13 48 [ VoD
RE9 [ 14 47 []D+RG2
PGEC3/ANS/OPA10/C1INA/RP18/SEG2/CN7/RB5 [] 15 46 []D-/RG3
PGED3/AN4/OPALNO/C1INB/RP28/USBOEN/SEG3/CN6/RB4 [ 16 45 [ Vuss
RB3 [ 17 44 [ VBUSIRF7
RB2 [ 18 43 [JRF8
PGECL/AVREF-/CVREF-/ANL/OPA2P1/RP1/SEG6/CTED12/CN3/RB1L [ 19 42 [RF2
PGEDL1/AVREF+/CVREF+DVREF+ANO/BGBUFL/RPO/SEG7/CN2/RBO [ 2 41 []RF3
MNMITODON~NOVDDOATNMITNH OO
NANANNNNNONMOOOOOOOOOO S
D0 0 nun + OI + F'| O NMIT OSSO S W0
23888 585555 5k%
*EI205050hrrrre e

PGED2/AN7/RP7/SEG30/COM6/CN25/RB7 |22

PGEC2/AN6/OPA1P3/RP6/LCDBIAS3/CN24/RB6 21
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PIC24FJXXXDA1/DA2/GB2/GA3/GCO

PIC24FIXXXDAX10 PIN DIAGRAM (100-PIN TQFP)

FIGURE 2-10:

Tay ]
zay ]
eay ]
Z1ayd ]
€1aQy ]
yay ]
say ]
9ay ]
Lay
dvoA [
93XANT [
04y
149
Tod [
094 ]
ovyd [
Lvd
039 [
T3y [
7194 [
2194 [
€194 [
23y
€34 [
3y ]

Vss
RC14

9L
LL
8.
6.

18
Z8
€8
8
S8
98
.8
88
68
06
16
26
€6
6
S6
96
AS)
86
66
00T

RC13
RDO
RD11
RD10
RD9
RD8
RA15
RA14
Vss
RC15
RC12
VDD
RAS5
RA4
RA3
RA2
RG2
RG3
VusB
RF7
RF8
RF2
RF3

PIC24XIXXXDAX10

0S
61
114
Ly
o
14
144
514
[44
v
or
6€
8¢
L€
9€
G€
e
€e
43
1€
og
6¢
8¢
L2
9¢

RG15[ |1
Vob [ |2
RE5[]3
RE6 [ 4
RE7 |5
RC1[ |6
RC2[]7
RC3[|8
RC4[]9
RG6 (] 10
RG7 11
RG8 []12

MCLR 13
RG9[{14
Vvss |15
voo [ 16
RA0 {17
RES |18
RE9[]19

PGEC3/AN5/RP18/VBUSON/CLINA/CN7/RB5 [ 20

PGED3/AN4/C1INB/USBOEN// RP28/GD4/CN6/RB4 [ 21
RB3[ |22

RB2 [ 23

PGEC1/AN1/RP1/CN3/RB1 [ 24
PGED1/ANO/RPOCN2/RBO [ 25

] sdd
1 v4d
[ sT1Qd
1 v1ay
[ 1QdA
[ SSA
—1s1ay
1 v1ay
1 eTay
[ 1zT1ayd
12144
1 eT4d
1 Tvd
[ 1adA
[_1SSA
1 T118d
1 otgy
169y
1 8ay
[ 1 SSAV
[ aanv
[ 10Tvyd
[ 16vYd
[ 294/SZNO/AMAD/ADY/LdY/LNY/2ATDd
[ 994/7ZND/9d¥/9NY/20TDd
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PIC24FJXXXDA1/DA2/GB2/GA3/GCO

FIGURE 2-11:

PIC24FIXXXGA310 PIN DIAGRAM (100-PIN TQFP)

RG15 []

VoD [

RE5 [

RE6 [

RE7 []

RC1[]

RC2 [

RC3 [

RC4 [

RG6 [

RG7 []

RG8 [

MCLR []

RGO [

Vss []

VoD [

RAO [

RES [

RE9 [
PGC3/AN5/C1INA/RP18/SEG2/CN7/RB5 [_|
PGD3/AN4/C1INB/RP28/SEG3/CN6/RB4 [_|
RB3 [

RB2 [
PGEC1/CVREF-/AN1/RB1/SEG6 [
PGED1/CVREF+/ANO/RBO/SEG7 [|

qmmﬂgﬁiﬁo,\@oado':(Ll(rxcomq-ﬁf—u\lmm\—q
Luwooouwuws<<O00LL gsoco0o00000n0n
roeorrrrrrrrrrr>>r e xxen
08885883255 3385883330802RR 8
1 75
2 74
3 73
4 72
5 71
6 70
7 69
8 68
9 67
10 66
11 65
12 PIC24FIXXXGA310 64
13 63
14 62
15 61
16 60
17 59
18 58
19 57
20 56
21 55
22 54
23 53
24 52
25 51
RREHNBIRAER89TYQINEN T
S
CEZIrCRR R RRER RS

PGEC2/AN6/RP6/LCDBIAS3/CN24/RB6 26

PGED2/AN7/RP7/CN25/RB7 27

[ 1Vss
[ 1RC14
[ 1RC13
1 RDO
1 RD11
[ 1RD10
1 RD9
1 RDS8
1 RA15
1 RA14
[ 1Vss
] RC15
[ 1RC12
[ 1VbD
1 RA5
1 RA4
1 RA3
1RA2
1RG2
1RG3
_1RF6
[ 1RF7
1 RF8
] RF2

1RF3

© 2009-2012 Microchip Technology Inc.
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PIC24FJXXXDA1/DA2/GB2/GA3/GCO

FIGURE 2-12:

PIC24FJIXXXGB210 PIN DIAGRAM (100-PIN TQFP)

PGEC3/AN5/RP18/VBUSON/C1INA/CN7/RB5 []
PGED3/AN4/RP28/USBOEN/C1INB/CN6/RB4 []

PGEC1/CVREF-/AVREF-/AN1/RP1/CN3/RB1 []
PGED1/CVREF+/AVREF+/ANO/RPO/CN2/RBO [

ENVREG

RE4
RE3
RE2
RG13
RG12
RG14
RE1
REO
RA7
RA6
RGO
RG1
RF1
RFO
Vcap
RD7
RD6
RD5
RD4

O
100
99
98
97
96
95
94
93
92
91
90
89
88
87
86
85
84
83

RG15[ |1
Vob ]2
RE5[]3
RE6[]4
RE7[]5
RC1[|6
RC2[]7
RC3[]8
RC4[]9
RG6 []
RG7 ]
RG8 []

MCLR ]
RG9 ]
Vss []
Vop []
RA0 [
RES []
RE9 []

PIC24XJIXXXGB210

RB3 []
RB2 []

82

81

RD13

80
79

RD12
RD3
RD2
RD1

78

77

76

RA9 |28
RA10 |29
Avbp [ 30
Avss []31

RB8 [ 32

RB9 33
RB10 ]34
RB11 |35

Vss [] 36

vop [ 37

RAL ]38
RF13 39
RF12 [ 40
RB12 |41
RB13 ] 42
RB14 43
RB15 [ 44

PGEC2/AN6/RP6/CN24/RB6 | 26
PGED2/AN7/RP7/RCV/CN25/RB7 [ 27

Vss []45
Vop [] 46
RD14 [ 47
RD15 [ 48
RF4 [ 49
RF5 [ 50

[ 1Vss
] RC14
[ ]RC13
] RDO
[ ]RD11
] RD10
1 RD9
] RDS8
[ 1 RA15
1 RA14
] Vss
] RC15
1 RC12
1 VbD
1 RA5
1 RA4
1 RA3
[ 1 RA2
[ 1RG2
1 RG3
1 Vuss
1 VBus
[ 1RF8
1 RF2
[ 1RF3

DS39970E-page 12
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PIC24FJXXXDA1/DA2/GB2/GA3/GCO

FIGURE 2-13:

PIC24FJXXXGCO010 PIN DIAGRAM (100-PIN TQFP)

RG15 [

VoD [

RE5 [

RE6 [

RE7 [

RC1 [

RC2 ]

RC3 ]

RC4 ]

RG6 [

RG7 ]

RG8 [

MCLR []

RG9 [

Vss [

Vop [

RAO ]

RE8 [

RE9 [

PGEC3/AN5/OPA10/C1INA/RP18/SEG2/CN7/RB5 [|
PGED3/AN4/OPA1NO/C1INB/RP28/USBOEN/SEG3/CN6/RB4 [_|
RB3 [

RB2 [
PGEC1/AVREF-/CVREF-/OPA2P1/AN1/RP1/SEG6/CTED12/CN3/RB1 [|
PGED1/AVREF+/CVREF+/DVREF+/ANO/BGBUF1/RPO/SEG7/CN2/RBO [

RE4
RE3
RE2
RG13
RG12
RG14
RE1
REO
RA7
RA6
RGO
RG1
RF1
RFO
VBAT
VcAP
RD7
RD6
RD5
RD4
RD13
RD12
RD3
RD2
RD1

%

(@)
100
99
98
97
96
95
94
93
92
91
90
89
88
87
86
85
84
83
82
81
80
79
78
77
76

©O~NOOOD_WNPRP
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PIC24FJIXXXGCO010

RA9 []28
RA10 |29
AVDD []30
AVss 131
Svss []32
CHO+ ]33
CHo- ]34
CH1+ 35
CH11 36
Svop []37

RA1 ]38
RF13 39
RF12 []40
RB12 |41
RB13 42
RB14 []43
RB15 |44

Vvss []45

Vop []46
RD14 []47
RD15 []48

RF4 []49

RF5 50

PGEC2/AN6/OPA1P3/RP6/LCDBIAS3/CN24/RB6 |26
PGED2/AN7/RP7/SEG30/COM6/CN25/RB7 27

[—1Vss
[ 1RC14
[ 1 RC13
1 RDO
1 RD11
[ 1 RD10
[ 1RD9
1 RD8
[1RA15
1 RA14
[ 1Vss
[JRC15
[ 1RC12
1 VbD

[ 1RA5

[ 1RA4
1 RA3
[1RA2
1 D+/RG2
1 D-/RG3
[ 1Vuss
1 VBUS/RF7
[ 1RF8
[1RF2

1RF3
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PIC24FJXXXDA1/DA2/GB2/GA3/GCO

FIGURE 2-14: PIC24FJXXXDAX10 PINOUT DIAGRAM (121-PIN BGA)
1 2 3 4 5 6 7 8 9 10 11
@] (@] @] (@] O O (@] @] (@] (@] O
RE4 RE3 RG13 REO RGO RF1 ENVREG N/C RD12 RD2 RD1
(@) (@] (@] (@] O O O O (@] O O
N/C RG15 RE2 RE1 RA7 RFO Vcap RD5 RD3 Vss RC14
@] (@] @] (@] O O (@] @] (@] (@] O
RE6 VDD RG12 RG14 RA6 N/C RD7 RD4 VDD RC13 RD11
] (@] @] (@] O O (@] @] (@] (@] O
RC1 RE7 RES Vss Vss N/C RD6 RD13 RDO N/C RD10
(@) O O (@] O O O O (@] O O
RC4 RC3 RG6 RC2 VDD RG1 N/C RA15 RD8 RD9 RA14
o o o (@) @) @) o o (@) o @)
MCLR RG8 RG9 RG7 Vss N/C N/C VbD RC12 Vss RC15
@] o O (@] O O (@] O (@] (@] O
RES8 RE9 RAO N/C VoD Vss Vss N/C RA5 RA3 RA4
@] (@] o (@] o (@] (@] o (@] (@] o
PGEC3/ PGED3/ Vss VDD N/C VoD N/C RF7 Vuse D+/RG2 RA2
RB5 GD4/RB4
(@) O (@] (@] O O O O (@] O O
RB3 RB2 PGED2/ AVDD RB11 RAL RB12 N/C N/C RF8 D-/IRG3
RB7
@] (@] @] (@] O O (@] @] (@] (@] O
PGEC1/ PGED1/ RA10 RB8 N/C RF12 RB14 VbD RD15 RF3 RF2
RB1 RBO
O O O (@) O O o O (@) O O
PGEC2/ RA9 AVss RB9 RB10 RF13 RB13 RB15 RD14 RF4 RF5
RB6
FIGURE 2-15: PIC24FJXXXGBX10 PINOUT DIAGRAM (121-PIN BGA)
1 2 3 4 5 6 7 8 9 10 11
(@] @] O (@] (@] (@] @] (@] (@] (@] o
RE4 RE3 RG13 REO RGO RF1 ENVREG N/C RD12 RD2 GD1
(@] O (@) O O (@] (@] O O (@] (@)
N/C RG15 RE2 RE1 RA7 RFO Vcap RDS RD3 Vss RC14
(@] (@] O (@] (@] (@] (@] (@] (@] (@] (@)
RE6 VoD RG12 RG14 RA6 N/C RD7 RD4 VDD RC13 RD11
(@] (@] O (@] (@] (@] (@] (@] (@] (@] O
RC1 RE7 RE5 Vss Vss N/C RD6 RD13 RDO N/C RD10
(@] @] O (@] (@] (@] @] (@] (@] (@] o
RC4 RC3 RG6 RC2 VoD RG1 N/C RA15 RD8 RD10 RA14
o o O (@] (@] (@] @] (@] (@] (@] o
MCLR RG8 RG9 RG7 Vss N/C N/C VDD RC12 Vss RC15
(@] @] O (@] (@] (@] @] (@] (@] (@] o
RES8 RE9 RAO N/C VDD Vss Vss N/C RA5 RA3 RA4
(@] (@] O O (@] (@] (@] o (@] o (@)
PGEC3/ PGED3/ Vss VDD N/C VDD N/C RF7 Vuss D+/RG2 RA2
RB5 RB4
(@] O (@) O O (@] (@] (@] (@] (@] (@)
RB3 RB2 PGED2/RB7 AVDD RB11 RA1 RB12 N/C N/C RF8 D-/IRG3
@) o O o (@) O o O o @) o
PGEC1/ PGED1/ RA10 RB8 N/C RF12 RB14 VDD RD15 RF3 RF2
RB1 RBO
(@] o O (@] (@] (@] o (@] (@] (@] o
PGEC2/ RA9 AVss RB9 RB10 RF13 RB13 RB15 RD14 RF4 RF5
RB6
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PIC24FJXXXDA1/DA2/GB2/GA3/GCO

FIGURE 2-16: PIC24FJXXXGA310 PINOUT DIAGRAM (121-PIN BGA)
1 2 3 4 5 6 7 8 9 10 1
A O O O O O O O O O O O
RE4 RE3 RGI3 REO RGO RF1 Vear NC RDI2 RD2 RD1
B O O O O O O O O O O O
N/C RGIS RE2 REL RA7 RFO Vcap RD5 RD3  Vss RCl4
C O O O O O @) O O O O O
RE6  Vop RG12 RG14 RA6 NC RD7 RD4  Vss RC13 RDI1
D O O O O O O O O O O O
RCl RE7 RES Vss NC NC RD6 RDI13 RDO N/C  RDI10
E O O O O O O O O O O O
RC4 RC3 RG6 RC2 NC RGL N/C RA15 RD8 RDY RAL4
E o O O O O O O O O O O
MCLR RG8 RG9 RG7 Vss NC NC  Vob OSCI  Vss OSCO/
RC12 RC15
G O O O O O O O O O O o
RE8 RE9 RAO NIC Voo Vss Vss NC  RA5 RA3 RA4
H o] (@] O O O O O O O O O
RB5/ RB4/ Vss Vss NC Voo NIC RF7  RF6 RG2 RA2
PGEC3 PGEDS3
J O (@] O O O O O O O O O
RB3 RB2 RB7/ AVoD RBIL RAL RB12 NC  NC RF8 RG3
PGED2
K O O O O O O O O O O O
RBL/ RBO/ RAI0 RB8 NC RF12 RBl4 Voo RDI5 RF3  RF2
PGEC1 PGED1
L O (@] O O O O O O O O (@]
RB6/ RA9 AVss RBY RBIO RF13 RBI3 RB15 RD14 RF4 RF5
PGEC2
FIGURE 2-17: PIC24FJXXXGCO010 PINOUT DIAGRAM (121-PIN BGA)
1 2 3 4 5 6 7 8 9 10 11
A O O O O O O O O O O O
RE4 RE3 RGI3 REO RGO RFl Vear NC RD12 RD2 RD1
B O O O O O O O O O O O
N/C RG15S RE2 REL RA7 RFO Vcap RD5 RD3  Vss RCl4
C O O O O O O O O O O O
RE6  Vop RG12 RG14 RA6 NIC RD7 RD4  NC RCI13 RDI1
D O O O O O O O O O O O
RCL RE7 RE5 NC NC NC RD6 RDI3 RDO N/  RDIO
E O O O O O O @) O O O O
RC4 RC3 RG6 RC2 NC RGL NC RAI5 RD8 RD9 RAl4
E O O O O O O O O O O O
MCLR RG8 RG9 RG7 Vss NC NC Vop RC12 Vss RCI5
G O O O O (@] O O O (@] O (@]
RE8 RE9 RAO NC  Vop NC Vss NC  RA5 RA3  RA4
H ©) o O (@) O O (@) (@) O @) @)
PGEC3/ PGED3/ N/C  N/C ~ CHO- N/C  NIC  RF7  Vuss RG2  RA2
RB5  RB4
J O O O O (@] O O O (@] O (@]
RB3  RB2 PGED2 AVop SVvop RAL RB12 NC  NC  RF8  RG3
RB7
K O O O O O O O O O O O
PGECL/ PGED1/ RA10 SVss CH1+ RF12 RB14 Vop RDI15 RF3  RF2
RB1  RBO
L O O O O (@] O O O (@] O O
PGEC2/ RA3 AVss CHO+ CHi- RF13 RB13 RBI5 RD14 RF4  RF5
RB6

© 2009-2012 Microchip Technology Inc.
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PIC24FJXXXDA1/DA2/GB2/GA3/GCO

24 Memory Map

The program memory map extends from 000000h to
FFFFFEh. Code storage is located at the base of the
memory map and supports up to 87K instruction words
(about 256 Kbytes). Table 2-2 provides the program
memory size, and number of erase and program blocks
present in each device variant. Each erase block, or
page, contains 512 instructions, and each program
block, or row, contains 64 instructions.

Locations, 800000h through 8007FEh, are reserved for
executive code memory. This region stores the Pro-
gramming Executive and the Debugging Executive.
The Programming Executive is used for device
programming and the Debugging Executive is used for
in-circuit debugging. This region of memory cannot be
used to store user code.

The last four implemented program memory locations
are reserved for the Flash Configuration Words. The
reserved addresses are provided in Table 2-2.

Locations, FFO000h and FF0002h, are reserved for the
Device ID registers. These bits can be used by the
programmer to identify what device type is being
programmed. They are described in Section 6.1
“Device ID". The Device ID registers read out
normally, even after code protection is applied.

Figure 2-18 displays the memory map for the
PIC24FJXXXDA1/DA2/GB2/GA3/GCO family variants.

TABLE 2-2: CODE MEMORY SIZE AND FLASH CONFIGURATION WORD LOCATIONS FOR
PIC24FIXXXDA1/DA2/GB2/GA3/GCO DEVICES
_ User Mem_or;_/ Write Erase Configuration Word Addresses
Device Address Limit Blocks Blocks
(Instruction Words) 1 2 3 4

PIC24FJ64GA3XX

00ABFEh (22K) 344 43 00ABFEh | OOABFCh | 00ABFAh | O0ABF8h
PIC24FJ64GCOXX
PIC24FJ128DA1XX
PIC24FJ128DA2XX
PIC24FJ128GB2XX 0157FEh (44K) 688 86 0157FEh | 0157FCh | 0157FAh | 0157F8h
PIC24FJ128GA3XX
P1C24FJ128GCOXX
PIC24FJ256DA1XX
PIC24FJ256DA2XX 02ABFEh (87K) 1368 171 02ABFEh | 02ABFCh | 02ABFAh | 02ABF8h
PIC24FJ256GB2XX

DS39970E-page 16
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PIC24FJXXXDA1/DA2/GB2/GA3/GCO

FIGURE 2-18: PROGRAM MEMORY MAP
Ny 000000h
User Flash
Code Memory®
OXXXF7h()
C T T T T T T T T OXXXF8h
Flash Configuration Words @
OXXXFEh
0xxx00h®)
Py
o
58
=8
5 (%]
%2}
S
Reserved
\/ 7FFFFEh
A 800000h
Executive Code Memory
(1024 x 24-bit)
8007FEh
800800h
Reserved Memory
8008FEh
- - 800880h
> Diagnostic and
<) Calibration Words
£ (8 x 24-hit)
= 80088Eh
cd
o
s8&
=}
=2
kS
o
O
Reserved
FEFFFEh
Device ID FF0000h
(2 x 16-bit) FF0002h
Reserved FF0004h
\ FFFFFEQ
Note 1: The size and address boundaries for user Flash code memory are device dependent. See Table 2-2 for details.

© 2009-2012 Microchip Technology Inc.
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PIC24FJXXXDA1/DA2/GB2/GA3/GCO

3.0 DEVICE PROGRAMMING - ICSP

ICSP mode is a special programming protocol that
allows you to read and write to the memory of
PIC24FJIXXXDA1/DA2/GB2/GA3/GCO devices. The
ICSP mode is the most direct method used to program
the device; however, Enhanced ICSP is faster. ICSP
mode also has the ability to read the contents of
executive memory to determine if the Programming
Executive is present. This capability is accomplished
by applying control codes and instructions, serially to
the device, using pins, PGECx and PGEDx.

In ICSP mode, the system clock is taken from the
PGECKXx pin, regardless of the device’s Oscillator Con-
figuration bits. All instructions are shifted serially into an
internal buffer, then loaded into the Instruction Register
(IR) and executed. No program fetching occurs from
internal memory. Instructions are fed in 24 bits at a
time. PGEDXx is used to shift data in and PGECx is used
as both the serial shift clock and the CPU execution
clock.

Note: During ICSP operation, the operating
frequency of PGECx must not exceed
10 MHz.

3.1 Overview of the Programming
Process

See Figure 3-1 for a high-level overview of the
programming process. After entering ICSP mode, the
first action is to Chip Erase the device. Next, the code
memory is programmed, followed by the device
Configuration registers. Code memory (including the
Configuration registers) is then verified to ensure that
programming was successful. Then, the code-protect
Configuration bits are programmed, if required.

3.2 ICSP Operation

Upon entry into ICSP mode, the CPU is Idle. Execution
of the CPU is governed by an internal state machine. A
4-bit control code is clocked in using PGECx and
PGEDx, and this control code is used to command the
CPU (see Table 3-1).

The SIX control code is used to send instructions to the
CPU for execution and the REGOUT control code is
used to read data out of the device via the VISI register.

TABLE 3-1: CPU CONTROL CODES IN
ICSP™ MODE
4-Bit . .
Control Code Mnemonic Description
0000 SIX Shift in 24-bit instruction
and execute.
0001 REGOUT |Shift out the VISI
(0784h) register.
0010- 1111 N/A Reserved.
FIGURE 3-1: HIGH-LEVEL ICSP™

PROGRAMMING FLOW

Enter ICSP™

l

Perform Chip
Erase

l

Program Memory

1

Verify Program

l

Program Configuration Bits

l

Verify Configuration Bits

l

Exit ICSP

End
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PIC24FJXXXDA1/DA2/GB2/GA3/GCO

3.2.1 SIX SERIAL INSTRUCTION

EXECUTION

The SIX control code allows execution of PIC24F family
assembly instructions. When the SIX code is received,
the CPU is suspended for 24 clock cycles, as the instruc-
tion is then clocked into the internal buffer. Once the
instruction is shifted in, the state machine allows it to be
executed over the next four PGECx clock cycles. While
the received instruction is executed, the state machine
simultaneously shifts in the next 4-bit command (see
Figure 3-2).

Coming out of Reset, the first 4-bit control code is
always forced to SIX and a forced NOP instruction is
executed by the CPU. Five additional PGECx clocks
are needed on start-up, resulting in a 9-bit SIX
command instead of the normal 4-bit SIX command.

After the forced SIX is clocked in, ICSP operation
resumes as normal. That is, the next 24 clock cycles
load the first instruction word to the CPU.

Note: To account for this forced NOP, all example
code in this specification begins with a

NOP to ensure that no data is lost.

FIGURE 3-2: SIX SERIAL EXECUTION
~ T~
7 AN PL.
1 2 3 4/5 6 7 8 9 1 2 3 .4 .5 6 7 8 17 18 19 20 21 22 23 24 1 2 3 4

PGECx : X " p4 ! 1 S

! 1 ! 1
P3| e PIA->, |<— 245
e . )
C . \ / P1B—' '4—
P2 |
OOOO\0000O/LSBxxxx><><><>r<(><xxxx><MSB 0 0 0 o
PGEDX ) . ]
~_ 7 T~ _ NGV
Execute PC — 1, 1 24-Bit Instruction Fetch Execute 24-Bit
Fetch SIX Only for Instruction, Fetch
Control Code Program Next Control Code
Memory Entry
PGEDXx = Input

3.2.1.1 Differences Between the Execution

of SIX and Normal Instructions

There are some important differences between
executing instructions normally and using the SIX ICSP
command. Therefore, the code examples in this speci-
fication may not match those for performing the same
functions during normal device operation.

During SIX ICSP operation:

» Two-word instructions require two SIX operations
to clock in all of the necessary data.

Examples of two-word instructions are GOTOand
CALL.

» Two-cycle instructions require two SIX operations.
The first SIX operation shifts in the instruction and
begins to execute it. The second SIX operation,
which should shift in a NOP to avoid losing data,
provides the CPU clocks required to finish
executing the instruction.

Examples of two-cycle instructions are Table Read
and Table Write instructions.

The CPU does not automatically stall to account
for pipeline changes.

A CPU stall occurs when an instruction modifies a
register that is used for Indirect Addressing by the
following instruction.

During normal device operation:

« The CPU will automatically force a NOP while the new
data is read. When using ICSP, there is no automatic
stall, so any indirect references to a recently modified
register should be preceded by a NOP.

For example, the instructions, MOV #0x0, W) and
MOV [ W], W, must have a NOP inserted among
them.

If a two-cycle instruction modifies a register that is
used indirectly, it will require two NOPs: one to exe-
cute the second half of the instruction and the other
to stall the CPU to correct the pipeline.
Instructions, such as TBLWIL [ WO++] , [ W],
should be followed by two NOPs.

The device Program Counter (PC) continues to
automatically increment during ICSP instruction
execution, even though the Flash memory is not
being used.

As aresult, the PC may be incremented to point to
invalid memory locations. Invalid memory spaces
include unimplemented Flash addresses and the
vector space (locations: 0x0 to Ox1FF).

If the PC points to these locations, the device will
reset, possibly interrupting the ICSP operation. To
prevent this, instructions should be periodically exe-
cuted to reset the PC to a safe space. The optimal
method to accomplish this is to perform a

GOTO 0x200.

© 2009-2012 Microchip Technology Inc.
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PIC24FJXXXDA1/DA2/GB2/GA3/GCO

3.2.2 REGOUT SERIAL INSTRUCTION
EXECUTION

The REGOUT control code allows for data to be
extracted from the device in ICSP mode. It is used to
clock the contents of the VISI register, out of the device,
over the PGEDX pin. After the REGOUT control code is
received, the CPU is held Idle for 8 cycles. After these
8 cycles, an additional 16 cycles are required to clock the
data out (see Figure 3-3).

The REGOUT code is unique because the PGEDXx pin
is an input when the control code is transmitted to the
device. However, after the control code is processed,
the PGEDx pin becomes an output as the VISI register
is shifted out.

Note 1: After the contents of VISI are shifted out,
the PIC24FJXXXDA1/DA2/GB2/GA3/GCO
devices maintain PGEDx as an output until
the first rising edge of the next clock is
received.

2. Data changes on the faling edge and
latches on the rising edge of PGECx. For
all data transmissions, the Least Significant
bit (LSb) is transmitted first.

FIGURE 3-3: REGOUT SERIAL EXECUTION
1 2 3 4 1 2 7 8 102 5 6 11 12 13 14 15 16 1 2 3 4
PGECx ks S
" P4 ' j ' P4A
-~ ' P5 . r——e

J

roeon [\ 0 0 o BOEEOOEEEE@E o o o o
J AN

“ _

Y
Execute Previous Instruction, CPU Held in Idle
Fetch REGOUT Control Code

—~ '

Shift Out VISI Register<15:0> No Execution Takes Place,

Fetch Next Control Code

PGEDX = Input

PGEDx = Output PGEDx = Input

DS39970E-page 20
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PIC24FJXXXDA1/DA2/GB2/GA3/GCO

3.3 Entering ICSP Mode

As displayed in Figure 3-4, entering ICSP Program/Verify
mode requires three steps:

1. MCLR is briefly driven high, then low.
2. A 32-bit key sequence is clocked into PGEDXx.

3. MCLR is then driven high within a specified
period and held.

The programming voltage applied to MCLR is VIH,
which is essentially VDD in the case of
PIC24FIXXXDA1/DA2/GB2/GA3/GCO devices. There
is no minimum time requirement for holding at ViH. After
VIH is removed, an interval of at least P18 must elapse
before presenting the key sequence on PGEDXx.

The key sequence is a specific 32-bit pattern:
‘0100 1101 0100 0011 0100 1000 0101 0001
(more easily remembered as 4D434851h in hexa-
decimal). The device will enter Program/Verify mode only
if the sequence is valid. The Most Significant bit (MSb) of
the most significant nibble must be shifted in first.

Once the key sequence is complete, VIH must be
applied to MCLR and held at that level for as long as
Program/Verify mode is to be maintained. An interval of
at least time, P19 and P7, must elapse before present-
ing data on PGEDx. Signals appearing on PGECX,
before P7 has elapsed, will not be interpreted as valid.

On successful entry, the program memory can be
accessed and programmed in serial fashion. While in
ICSP mode, all unused |/Os are placed in the
high-impedance state.

FIGURE 3-4: ENTERING ICSP™ MODE
. P6 . . .
T T P14 ‘P19 . P7 |
' _— - Vil ——p——>
— - - --VH e -
MCLR ! Y \ ' / !
VDD / ' ! :
' I Program/Verify Entry Code = 4D434851h '
PGEDx : 0o /1\o o/1Y..\o o o/1 :
[ b31 b30 b29 b28 b27 b3 b2 bl bo : !
PGECx ' AVAVAVAVAVAVAWVAWAWA IAVAVAWAWA
" p1g + —= =rPIA ' :
- > '« P1B
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PIC24FJXXXDA1/DA2/GB2/GA3/GCO

3.4 Flash Memory Programming in
ICSP Mode

34.1 PROGRAMMING OPERATIONS

Flash memory write and erase operations are
controlled by the NVMCON register. Programming is
performed by setting NVMCON to select the type of
erase operation (see Table 3-2) or write operation (see
Table 3-3) and initiating the programming by setting the
WR control bit (NVMCON<15>).

In ICSP mode, all programming operations are
self-timed. There is an internal delay between the user
setting the WR control bit and the automatic clearing of
the WR control bit when the programming operation is
complete. Refer to Section 7.0 “AC/DC Characteris-
tics and Timing Requirements” for information about
the delays associated with various programming
operations.

35 Erasing Program Memory

The procedure for erasing program memory (all of the
code memory, data memory, executive memory and
code-protect bits) consists of setting NVMCON to
404Fh and executing the programming cycle.

A Chip Erase can erase all of the user memory or all of
both the user and configuration memory. A Table Write
instruction should be executed prior to performing the
Chip Erase to select which sections are erased.

The Table Write instruction is executed:

« If the TBLPAG register points to user space (is
less than 0x80), the Chip Erase will erase only
user memory and Flash Configuration Words.

« If the TBLPAG register points to configuration
space (is greater than or equal to 0x80), the Chip
Erase is not allowed. The configuration space can
be erased, one page at a time.

Note:  The Chip Erase is not allowed when the
TBLPAG points to the configuration space
to avoid the Diagnostic and Calibration
Words from getting erased.

TABLE 3-2: NVMCON ERASE
OPERATIONS
NVMCON .
Value Erase Operation
404Fh Erase all code memory, executive

memory and Configuration registers
(does not erase Device ID registers).

4042h Erase a page of code memory or

Figure 3-5 displays the ICSP programming process for
performing a Chip Erase. This process includes the
ICSP command code, which must be transmitted (for
each instruction), LSb first, using the PGECx and
PGEDXx pins (see Figure 3-2).

executive memory.

Note:  Program memory must be erased before
writing any data to program memory.

TABLE 3-3: NVMCON WRITE
OPERATIONS
NVMCON Write Operation
Value

4003h Write a single code memory word,
Configuration Word or Executive Memory
Word.

4001h Program 1 row (64 instruction words) of
code memory or executive memory.

3.4.2 STARTING AND STOPPING A
PROGRAMMING CYCLE

The WR bit (NVMCON<15>) is used to start an erase or
write cycle. Setting the WR bit initiates the programming
cycle.

All erase and write cycles are self-timed. The WR bit
should be polled to determine if the erase or write cycle
has been completed. Starting a programming cycle is
performed as follows:

BSET NVMCON, #WR

FIGURE 3-5: CHIP ERASE FLOW

Write 404Fh to NVMCON SFR

l

Set the WR bit to Initiate Erase

No Is WR bit
cleared (‘0")?

Yes

End
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PIC24FJXXXDA1/DA2/GB2/GA3/GCO

TABLE 3-4: SERIAL INSTRUCTION EXECUTION FOR CHIP ERASE
Command Data Description
(Binary) (Hex) P
Step 1: Exit the Reset vector.
0000 000000 NOP
0000 040200 GOoTO 0x200
0000 000000 NOP
Step 2: Set the NVMCON register to erase all program memory.
0000 2404FA MoV #0x404F, WO
0000 883B0A MoV W0, NVMCON
Step 3: Set the TBLPAG register and perform dummy Table Write to select what portions of memory are erased.
0000 2Xxxx0 MoV #<PAGEVAL>, W
0000 8802A0 MoV W), TBLPAG
0000 200000 MoV #0x0000, WO
0000 BB0800O TBLWIL WO, [ W]
0000 000000 NOP
0000 000000 NOP
Step 4: Initiate the erase cycle.
0000 ABE761 BSET NVMCON, #WR
0000 000000 NOP
0000 000000 NOP
Step 5: Repeat this step to poll the WR bit (bit 15 of NVMCON) until it is cleared by the hardware.
0000 040200 GOTO 0x200
0000 000000 NOP
0000 803B02 MoV NVMCON, W2
0000 883C22 MoV w2, VISl
0000 000000 NOP
0001 <VI Sl > Clock out contents of the VISI register
0000 000000 NOP

© 2009-2012 Microchip Technology Inc.
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PIC24FJXXXDA1/DA2/GB2/GA3/GCO

3.6

The procedure for writing code memory is the same as
that of writing the Configuration registers, except that
64 instruction words are programmed at a time. To
facilitate this operation, working registers, W0:W5, are
used as temporary holding registers for the data to be
programmed.

Writing Code Memory

Table 3-5 provides the ICSP programming details,
including the serial pattern with the ICSP command
code, which must be transmitted, LSb first, using the
PGECx and PGEDx pins (see Figure 3-2).

In Step 1, the Reset vector is exited. In Step 2, the
NVMCON register is initialized for programming a full
row of code memory. In Step 3, the 24-bit starting
destination address for programming is loaded into the
TBLPAG register and W7 register. (The upper byte of
the starting destination address is stored in TBLPAG
and the lower 16 bits of the destination address are
stored in W7.)

To minimize the programming time, a packed instruction
format is used (see Figure 3-6).

In Step 4, four packed instruction words are stored in
working registers, WO:W5, using the MOV instruction
and the Read Pointer, W6, is initialized. The contents of
WO:W5 (holding the packed instruction word data) are
displayed in Figure 3-6.

In Step 5, eight TBLWI instructions are used to copy the
data from WO:WS5 to the write latches of code memory.
Since code memory is programmed, 64 instruction
words at a time, Steps 4 and 5 are repeated 16 times to
load all the write latches (Step 6).

After the write latches are loaded, programming is
initiated by writing to the NVMCON register in Steps 7
and 8. In Step 9, the internal PC is reset to 200h. This
is a precautionary measure to prevent the PC from
incrementing into unimplemented memory when large
devices are being programmed. Lastly, in Step 10,
Steps 3-9 are repeated until all of the code memory is
programmed.

FIGURE 3-6: PACKED INSTRUCTION
WORDS IN WO0:W5
15 8 7 0
W0 LSWO
w1 MSBL1 \ MSBO
w2 LSW1
w3 LSW2
w4 MSB3 \ MSB2
w5 LSW3

TABLE 3-5: SERIAL INSTRUCTION EXECUTION FOR WRITING CODE MEMORY
Command Data Description
(Binary) (Hex) P

Step 1: Exit the Reset vector.

0000 000000 NOP

0000 040200 GOTO 0x200

0000 000000 NOP
Step 2: Set the NVMCON register to program 64 instruction words.

0000 24001A MOV #0x4001, WO

0000 883B0A MOV WLO, NVMCON
Step 3: Initialize the Write Pointer (W7) for TBLWI instruction.

0000 200xx0 MOV #<Desti nati onAddr ess23: 16>, W

0000 8802A0 MOV WO, TBLPAG

0000 2XXXXT MOV  #<Dest i nati onAddr ess15: 0>, W
Step 4: Load WO:W5 with the next 4 instruction words to program.

0000 2xxxx0 MOV #<LSWO>, W

0000 2xxxx1 MOV #<NMSB1: MSBO>, WL

0000 2XXXX2 MOV #<LSWL>, W2

0000 2XXXX3 MOV #<LSW2>, WB

0000 2XXXX4 MOV #<MBB3: MSB2>, W

0000 2XXXX5 MOV #<LSWB>, Wb
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TABLE 3-5: SERIAL INSTRUCTION EXECUTION FOR WRITING CODE MEMORY (CONTINUED)

Command Data

(Binary) (Hex)

Step 5: Set the Read Pointer (W6) and load the (next set of) write latches.
0000 EB0300 CLR W6
0000 000000 NOP
0000 BBOBB6 TBLWIL  [W6++], [W]
0000 000000 NOP
0000 000000 NOP
0000 BBDBB6 TBLWH B [ W6++], [W++]
0000 000000 NOP
0000 000000 NOP
0000 BBEBB6 TBLWIH. B [ W6++] , [ ++W]
0000 000000 NOP
0000 000000 NOP
0000 BB1BB6 TBLWIL  [W6++], [W++]
0000 000000 NOP
0000 000000 NOP
0000 BBOBB6 TBLWIL  [W6++], [W]
0000 000000 NOP
0000 000000 NOP
0000 BBDBB6 TBLWH B [ W6++], [W++]
0000 000000 NOP
0000 000000 NOP
0000 BBEBB6 TBLWIH. B [ Wo++] , [ ++W]
0000 000000 NOP
0000 000000 NOP
0000 BB1BB6 TBLWIL  [W6++], [W++]
0000 000000 NOP
0000 000000 NOP

Step 6: Repeat Steps 4 and 5, 16 times, to load the write latches for 64 instructions.

Step 7: Initiate the write cycle.

BSET NVMCON,
NOP
NOP

#WR

the WR bit (bit 15 of NVMCON) until it is cleared by the hardware.

GQOro 0x200

NOP

MoV NVMCON,
MoV W, VI SI
NOP

O ock out contents of the VISI

NOP

W

0000 ABE761
0000 000000
0000 000000
Step 8: Repeat this step to poll
0000 040200
0000 000000
0000 803B02
0000 883C22
0000 000000
0001 <VI Sl >
0000 000000
Step 9: Reset device internal PC
0000 040200
0000 000000

GOTO 0x200
NOP

Step 10: Repeat Steps 3 through 9 until all code memory is programmed.

© 2009-2012 Microchip Technology Inc.
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FIGURE 3-7: PROGRAM CODE MEMORY FLOW

( Start )
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LoopCount =0

Configure
Device for
Writes

Load 1 Instruction Word
N=N+1 Write Buffer at <Addr>

N=1
LoopCount = Start Write Sequence
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done?
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3.7 Writing Configuration Words covered by this specification, while others occur only in
) ] ) specific device families. These bits and their values are
Device configuration for PIC24FIXXXDA1/DA2/GB2/ listed in Table 3-7.

GA3/GCO0 devices is stored in Flash Configuration Words
at the end of the user space program memory and in
multiple register Configuration Words, located in the test
space. These registers reflect values read at any Reset
from program memory locations. The values for the Con-
figuration Words for the default device configurations are

To change the values of the Flash Configuration Word,
once it has been programmed, the device must be Chip
Erased, as described in Section 3.5 “Erasing Program
Memory” and reprogrammed to the desired value. It is
not possible to program a ‘0O’ to ‘1’; they may be

listed in Table 3-6. programmed from a ‘1’ to ‘0’ to enable code protection.

Table 3-8 provides the ICSP programming details for

TABLE 3-6: DEFAULT CONFIGURATION programming the Configuration Word locations. This

REGISTER VALUES includes the serial pattern with the ICSP command

code, which must be transmitted, LSb first, using the

Address Name Default Value PGECx and PGEDx pins (see Figure 3-2).

Last Word Cw1 7FFFh In Step 1, the Reset vector is exited. In Step 2, the lower

Last Word — 2 CW2 EEEFEh 16 bits of the source address are stored in W7. In

Last Word — 4 cwa FEEEN St_ep 3, the NVMCON register is initialized for program-

ming of code memory. In Step 4, the upper byte of the

Last Word — 6 cw4 FFFFh 24-bit starting source address for writing is loaded into
The values can be changed only by programming the the TBLPAG register.

content of the corresponding Flash Configuration Word The TBLPAG register must be loaded with 00h for

and resetting the device. The Reset forces an auto- 64 Kbytes, 01h for 128 Kbytes and 256-Kbyte devices.

matic reload of the Flash stored configuration values by
sequencing through the dedicated Flash Configuration
Words and transferring the data into the Configuration

To verify the data by reading the Configuration Words
after performing the write in order, the code protection
bits should initially be programmed to a ‘1’ to ensure

registers. that the verification can be performed properly. After
For the PIC24FIXXXDA1/DA2/GB2/GA3/GCO families, verification is finished, the code protection bit can be
certain reserved Configuration bits have default states programmed to a ‘0’ by using a word write to the
that must always be maintained to ensure device func- appropriate Configuration Word.

tionality, regardless of the settings of other Configuration
bits. Some of these bits occur in all device families

TABLE 3-7: RESERVED CONFIGURATION BIT LOCATIONS

Family Register/Bits Value Comments
All devices CW1<15> 0 Always program as ‘0’; required to maintain device functionality.
PIC24FJ128GA3 CW2<3:2> 1 Always program as ‘1.
CW2<14:13> 1 Always program these bits as ‘1’.
CW3<9> 1 Always program as ‘1’.
CW4<15:9> 1 Always program these bits as ‘1’.
PIC24FJ128GCO Cw2<12> 0 On 64-pin devices, this bit is reserved and should always be
programmed to ‘0’; implemented as ALTCVREF on all other
devices (see Table 4-4).
Cw2<11> 0 On 64-pin devices, this bit is reserved and should always be
programmed to ‘0’; implemented as ALTADREF on all other
devices (see Table 4-4).
CwW2<2> 1 Always program as ‘1’.
CW3<7> 1 Always program as ‘1’.
CWa3<11> 1 Always program as ‘1’.
CW4<14> 1 On 64 and 80-pin devices, this bit is reserved and should
always be programmed to ‘1’; implemented as I2C2SEL on
100 and 121-pin devices (see Table 4-4).
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TABLE 3-8: SERIAL INSTRUCTION EXECUTION FOR WRITING CONFIGURATION REGISTERS
Command Data Description
(Binary) (Hex) P
Step 1: Exit the Reset vector.
0000 000000 NOP
0000 040200 GOTO 0x200
0000 000000 NOP
Step 2: Initialize the Write Pointer (W7) for the TBLWI instruction.
0000 2xxxx7 MOV #<OWLAddr ess15: 0>, W
Step 3: Set the NVMCON register to program CW1.
0000 24003A MoV #0x4003, WO
0000 883B0A MOV W10, NVMCON
Step 4: Initialize the TBLPAG register.
0000 200xx0 MOV #<CWLAddr ess23: 16>, W
0000 8802A0 MoV W), TBLPAG
Step 5: Load the Configuration register data to W6.
0000 2XXXX6 MOV #<CWL_VALUE>, W6
Step 6: Write the Configuration register data to the write latch and decrement the Write Pointer.
0000 200008 MOV #0x0000, W8
0000 000000 NOoP
0000 BBCB88 TBLWH. B V8, [W]
0000 000000 NOP
0000 000000 NOP
0000 BB1386 TBLWIL. W W6, [W--]
0000 000000 NOP
0000 000000 NOP
Step 7: Initiate the write cycle.
0000 ABE761 BSET NVMCON, #WR
0000 000000 NOP
0000 000000 NOP
Step 8: Repeat this step to poll the WR bit (bit 15 of NVMCON) until it is cleared by the hardware.
0000 040200 GOTO 0x200
0000 000000 NOP
0000 803B02 MoV NVMCON, W2
0000 883C22 MoV W, VIS
0000 000000 NOP
0001 <VI Sl > Cl ock out contents of the VISI register.
0000 000000 NOP
Step 9: Reset device internal PC.
0000 040200 GOTO 0x200
0000 000000 NOP

Step 10: Repeat Steps 5 through 9 to write Configuration Word 2 to Configuration Word 4.
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3.8 Reading Code Memory

Reading from code memory is performed by executing
a series of TBLRDinstructions and clocking out the data
using the REGOUT command.

Table 3-9 provides the ICSP programming details for
reading code memory. In Step 1, the Reset vector is
exited. In Step 2, the Write Pointer, W7, is initialized. In
Step 3, the 24-bit starting source address for reading is
loaded into the TBLPAG register and W6 register. The
upper byte of the starting source address is stored in
TBLPAG and the lower 16 bits of the source address
are stored in We.

To minimize the reading time, the packed instruction
word format that was utilized for writing is also used for
reading (see Figure 3-6). In Step 4, two instruction
words are read from code memory and clocked out of
the device, through the VISI register, using the
REGOUT command. Step 4 is repeated until the
desired amount of code memory is read.

TABLE 3-9: SERIAL INSTRUCTION EXECUTION FOR READING CODE MEMORY
Command Data Description
(Binary) (Hex) P
Step 1: Exit Reset vector.
0000 000000 NOP
0000 040200 GOTO 0x200
0000 000000 NOP
Step 2: Initialize the Write Pointer (W7) to point to the VISI register.
0000 207847 MOV #VI SI,
0000 000000 NOP

Step 3: Initialize the TBLPAG register and the Read Pointer (W6) for TBLRD instruction.

#<Sour ceAddr ess23: 16>, W

0000 200xx0 MOV
0000 8802A0 MOV W), TBLPAG
0000 2XXXX6 MOV

#<Sour ceAddr ess15: 0>, Wb

the REGOUT command.

Step 4: Read and clock out the contents of the next two locations of code memory, through the VISI register, using

0000 BAOB96 TBLRDL [W6], [W]
0000 000000 NOP
0000 000000 NOP
0001 <VI SI > Cl ock out contents of VISI register
0000 000000 NOP
0000 BADBB6 TBLRDH B [W++], [ W++]
0000 000000 NOP
0000 000000 NOP
0000 BAD3D6 TBLRDH B [ ++W6] , [WI--]
0000 000000 NOP
0000 000000 NOP
0001 <VI SI > Cl ock out contents of VISI register
0000 000000 NOP
0000 BAOBB6 TBLRDL  [W6++],
0000 000000 NOP
0000 000000 NOP
0001 <VI SI > Cl ock out contents of VISI register
0000 000000 NOP
Step 5: Reset device internal PC.
0000 040200 GOTO 0x200
0000 000000 NOP

Step 5).

Step 6: Repeat Steps 3 through 5 until all desired code memory is read (note that “Reset device internal PC” will be

© 2009-2012 Microchip Technology Inc.
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3.9

The procedure for reading configuration memory is
similar to the procedure for reading code memory,
except that 16-bit data words are read instead of 24-bit
words. Configuration Words are read, one register at a
time.

Reading Configuration Words

Table 3-10 provides the ICSP programming details for
reading the Configuration Words. Note that the
TBLPAG register must be loaded with 00h for
64 Kbytes, 01h for 128 Kbytes and 256-Kbyte devices.
W6 is initialized to the lower 16 bits of the Configuration
Word location.

TABLE 3-10:  SERIAL INSTRUCTION EXECUTION FOR READING ALL CONFIGURATION MEMORY
Command Data Descrintion
(Binary) (Hex) P

Step 1: Exit Reset vector.
0000 000000 NOP
0000 040200 GOTO  0x200
0000 000000 NOP

Step 2: Initialize the TBLPAG register, the Read Pointer (W6) and the Write Pointer (W7) for TBLRD instruction.
0000 200xx0 MoV #<CWLAddr ess23: 16>, W
0000 8802A0 MoV W), TBLPAG
0000 2XXXX6 MoV #<CWLAddr ess15: 0>, W6
0000 207847 MoV #VISI, W
0000 000000 NOP

VISI register using the REGOUT command.

Step 3: Read the Configuration register and write it to the VISI register (located at 784h), and clock out the

0000 BAOBA6 TBLRDL [V6--],
0000 000000 NOP

0000 000000 NOP

0001 <VI Sl >

0000 000000 NOP

[ W]

C ock out contents of VISI

register

Step 4: Repeat Step 3 to read Configuration Word 2 to Configuration Word 4.

Step 5: Reset device internal PC.

0000 040200 GOTO
0000 000000 NOP

0x200
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3.10 Verify Code Memory and
Configuration Word

The verify step involves reading back the code memory
space, and comparing it with the copy held in the
programmer’s buffer. The Configuration registers are
verified with the rest of the code.

The flowchart in Figure 3-8 illustrates the verify pro-
cess. Memory reads occur a single byte at a time, so
two bytes must be read to compare with the word in the
programmer’s buffer. Refer to Section 3.8 “Reading
Code Memory” for implementation details of reading
code memory.

Note: Because the Configuration registers
include the device code protection bit,
code memory should be verified immedi-
ately after writing if code protection is
enabled. This is because the device will
not be readable or verifiable if a device
Reset occurs after the code-protect bit in
CW1 has been cleared.

FIGURE 3-8: VERIFY CODE

MEMORY FLOW

Set TBLPTR =0

Read Low Byte
with Post-Increment

Read High Byte
with Post-Increment

l

N Failure,
Word = Expect N0 . Report
Error

All
code memory
verified?

l Yes
End

3.11 Reading the Application ID Word

The Application ID Word is stored at address,
8007F0h, in executive code memory. To read this
memory location, you must use the SIX control code to
move this program memory location to the VISI
register. Then, the REGOUT control code must be
used to clock the contents of the VISI register out of the
device. Table 3-11 provides the corresponding control
and instruction codes that must be serially transmitted
to the device to perform this operation.

After the programmer has clocked out the Application
ID Word, it must be inspected. If the Application ID has
the value, CCh, the Programming Executive is resident
in memory and the device can be programmed using
the mechanism described in Section 4.0 “Device
Programming — Enhanced ICSP”. However, if the
Application ID has any other value, the Programming
Executive is not resident in memory; it must be loaded
to memory before the device can be programmed. The
procedure for loading the Programming Executive to
memory is described in Section 5.4 “Programming
the Programming Executive to Memory”.

3.12 Exiting ICSP Mode

Exiting Program/Verify mode is done by removing VIH
from MCLR, as displayed in Figure 3-9. The only
requirement for exit is that an interval, P16, should
elapse between the last clock and program signals on
PGECx and PGEDx before removing VIH.

FIGURE 3-9: EXITING ICSP™ MODE

PGEDx = Input
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TABLE 3-11: SERIAL INSTRUCTION EXECUTION FOR READING THE APPLICATION ID WORD
Command Data Description
(Binary) (Hex) P
Step 1: Exit Reset vector.
0000 000000 NOP
0000 040200 GOTO  0x200
0000 000000 NOP
Step 2: Initialize the TBLPAG register and the Read Pointer (WO0) for TBLRD instruction.
0000 200800 MOV #0x80, WO
0000 8802A0 MOV W), TBLPAG
0000 207F00 MoV #0x07F0, WD
0000 207841 MoV #VI S, W
0000 000000 NOP
0000 BA0890 TBLRDL [ W], [W]
0000 000000 NOP
0000 000000 NOP
Step 3: Output the VISI register using the REGOUT command.
0001 <VI Sl > Clock out contents of the VISI register
0000 000000 NOP
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4.0 DEVICE PROGRAMMING —
ENHANCED ICSP

This section discusses programming the device
through Enhanced ICSP and the Programming Execu-
tive. The Programming Executive resides in executive
memory (separate from code memory) and is executed
when Enhanced ICSP Programming mode is entered.
The Programming Executive provides the mechanism
for the programmer (host device) to program and verify
the PIC24FIXXXDA1/DA2/GB2/GA3/GCO devices,
using a simple command set and communication
protocol. There are several basic functions provided by
the Programming Executive:

* Read Memory

» Erase Memory

* Program Memory

» Blank Check

* Read Executive Firmware Revision

The Programming Executive performs the low-level
tasks required for erasing, programming and verifying
a device. This allows the programmer to program the
device by issuing the appropriate commands and data.
Table 4-1 provides the commands. A detailed descrip-

tion for each command is provided in Section 5.2
“Programming Executive Commands”.

TABLE 4-1: COMMAND SET SUMMARY

Command Description

SCHECK Sanity Check

READC Read Device ID Registers

READP Read Code Memory

PROGP Program One Row of Code Memory

and Verify
PROGW Program One Word of Code Memory
and Verify
QBLANK Query if the Code Memory is Blank
QVER Query the Software Version

The Programming Executive uses the device's data
RAM for variable storage and program execution. After
the Programming Executive has run, no assumptions
should be made about the contents of data RAM.

4.1 Overview of the Programming
Process

Figure 4-1 displays the high-level overview of the
programming process. After entering Enhanced ICSP
mode, the Programming Executive is verified. Next, the
device is erased. Then, the code memory is
programmed, followed by the configuration locations.
Code memory (including the Configuration registers) is
then verified to ensure that programming was successful.

After the Programming Executive has been verified
inmemory (or loaded if not present), the
PIC24FIXXXDA1/DA2/GB2/GA3/GCO families can be
programmed using the command set provided in
Table 4-1.

FIGURE 4-1: HIGH-LEVEL ENHANCED
ICSP™ PROGRAMMING FLOW

Enter Enhanced ICSP™

l

Perform Chip
Erase

l

Program Memory

l

Verify Program

l

Program Configuration Bits

l

Verify Configuration Bits

Exit Enhanced ICSP

End

4.2 Confirming the Presence of the
Programming Executive

Before programming can begin, the programmer must
confirm that the Programming Executive is stored in
executive memory. The procedure for this task is
displayed in Figure 4-2.

First, ICSP mode is entered. Then, the unique
Application ID Word, stored in executive memory, is
read. If the Programming Executive is resident, the
Application ID Word is CCh, which means programming
can resume as normal. However, if the Application ID
Word is not CCh, the Programming Executive must be
programmed to executive code memory using the
method described in Section 5.4 “Programming the
Programming Executive to Memory”.

Section 3.0 “Device Programming — ICSP” describes
the ICSP programming method. Section 3.11 “Reading
the Application ID Word” describes the procedure for
reading the Application ID Word in ICSP mode.
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FIGURE 4-2: CONFIRMING PRESE
OF PROGRAMMING

EXECUTIVE

NCE 4.3 Entering Enhanced ICSP Mode

As displayed in Figure 4-3, entering Enhanced ICSP

| Enter ICSP™ Mode |

{

Read the
Application ID
from Address

8007F0Oh

.

Is
Application ID
CCh?

Program/Verify mode requires three steps:

1. The MCLR pin is briefly driven high, then low.
2. A 32-bit key sequence is clocked into PGEDXx.
3. MCLR is then driven high within a specified

period and held.

The programming voltage applied to MCLR is VIH,
which is essentially VDD in the case of
PIC24FJXXXDA1/DA2/GB2/GA3/GCO0 devices. There
is no minimum time requirement for holding at ViH. After
VIH is removed, an interval of at least P18 must elapse
before presenting the key sequence on PGEDXx.

The key sequence is a specific 32-bit pattern:
‘0100 1101 0100 0011 0100 1000 0101 0000
(more easily remembered as 4D434850h in hexa-
decimal format). The device will enter Program/Verify
mode only if the key sequence is valid. The MSb of the
most significant nibble must be shifted in first.

Prog. Executive is
Resident in Memory

Prog. Executive must
be Programmed

Once the key sequence is complete, VIH must be

A J
End

applied to MCLR and held at that level for as long as
Program/Verify mode is to be maintained. An interval of
at least time, P19 and P7, must elapse before present-
ing data on PGEDx. Signals appearing on PGEDX,
before P7 has elapsed, will not be interpreted as valid.

FIGURE 4-3:

On successful entry, the program memory can be
accessed and programmed in serial fashion. While in
the Program/Verify mode, all unused 1/Os are placed in
the high-impedance state.

ENTERING ENHANCED ICSP™ MODE
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4.4 Blank Check

The term, “Blank Check”, implies verifying that the
device has been successfully erased and has no
programmed memory locations. A blank or erased
memory location is always read as ‘1".

The Device ID registers (FFO002h:FF0000h) can be
ignored by the Blank Check since this region stores
device information that cannot be erased. The device
Configuration registers are also ignored by the Blank
Check. Additionally, all unimplemented memory space
should be ignored by the Blank Check.

The QBLANK command is used for the Blank Check. It
determines if the code memory is erased by testing
these memory regions. A ‘BLANK’ or ‘NOT BLANK’
response is returned. If it is determined that the device
is not blank, it must be erased before attempting to
program the chip.

4.5 Code Memory Programming

451 PROGRAMMING METHODOLOGY

Code memory is programmed with the PROGP
command. PROGP programs one row of code memory
starting from the memory address specified in the
command. The number of PROGP commands
required to program a device depends on the number
of write blocks that must be programmed in the device.

A flowchart for programming the code memory of the
PIC24FJXXXDA1/DA2/GB2/GA3/GCO families is dis-
played in Figure 4-4. In this example, all 87K instruction
words of a 256-Kbyte device are programmed. First,
the number of commands to send (called
‘RemainingCmds’ in the flowchart) is set to 1368 and
the destination address (called ‘BaseAddress’) is set to
‘0. Next, one write block in the device is programmed
with a PROGP command. Each PROGP command
contains data for one row of code memory of the
device. After the first command is processed success-
fully, ‘RemainingCmds’ is decremented by 1 and
compared with 0. Since there are more PROGP
commands to send, ‘BaseAddress’ is incremented by
80h to point to the next row of memory.

On the second PROGP command, the second row is
programmed. This process is repeated until the entire
device is programmed. No special handling must be
performed when a panel boundary is crossed.

FIGURE 4-4: FLOWCHART FOR
PROGRAMMING CODE

MEMORY
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RemainingCmds = 1368
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PROGP response
PASS?
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RemainingCmds =
RemainingCmds — 1

BaseAddress =
BaseAddress + 80h

ﬂk

Are
RemainingCmds
0?

No

Ye

Y

s
- Failure
< Finish > Q?eport ErroD

452 PROGRAMMING VERIFICATION

After code memory is programmed, the contents of
memory can be verified to ensure that programming
was successful. Verification requires code memory to
be read back and compared with the copy held in the
programmer’s buffer.

The READP command can be used to read back all of
the programmed code memory.

Alternatively, you can have the programmer perform
the verification, after the entire device is programmed,
using a checksum computation.
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4.6 Configuration Bits Programming The tables on the following pages provide the Config-
uration bit descriptions and their locations within the
4.6.1 OVERVIEW Flash Configuration Words:
The PIC24FJXXXDA1/DA2/GB2/GA3/GCO families + Table 4-2, PIC24FJXXXDA1/DA2/GB2 families
have Configuration bits stored in the last four locations of * Table 4-3, PIC24FJXXXGA3 family
implemented program memory (see Table 2-2 for loca- « Table 4-4, PIC24FJXXXGCO family.
tions). These bits can be set or cleared to select various - - —
device configurations. Note: AItho_ugh not |mplementeq Wlth a sp_e_cmc
] ] ) function, some Configuration bit positions
There are two types of Configuration bits: system opera- have default states that must always be
tion bits and code-protect bits. The system operation bits maintained to ensure device functionality,
determine the power-on settings for system level compo- regardless of the settings of other Config-
nents, such as the oscillator and Watchdog Timer. The uration bits. Refer to Table 3-7 for a list of
code-protect bits prevent program memory from being these bit positions and their default states.
read and written to.

TABLE 4-2: PIC24FJXXXDA1/DA2/GB2 CONFIGURATION BIT DESCRIPTIONS
Bit Field Register(l) Description

ALTPMP CW3<12> | Alternate PMP Pin Mapping bit

1 = EPMP is in Default Location mode

0 = EPMP is in Alternate Location mode

ALTVREF CW1<5> Alternate VREF Location Enable bit

1 = VREF is on a default pin (VREF+ on RA9 and VREF- on RA10)

0 = VREF is on an alternate pin (VREF+ on RBO and VREF- on RB1)
DEBUG CW1<11> |Background Debugger Enable bit

1 = Device resets into Operational mode

0 = Device resets into Debug mode

FCKSM<1:0> CW2<7:6> | Clock Switching and Fail-Safe Clock Monitor (FSCM) Configuration bits

1x = Clock switching and Fail-Safe Clock Monitor are disabled

01 = Clock switching is enabled, Fail-Safe Clock Monitor is disabled
00 = Clock switching is enabled, Fail-Safe Clock Monitor is enabled
FNOSC<2:0> CW2<10:8> | Initial Oscillator Source Selection bits

111 = Fast RC Oscillator with Postscaler module (FRCDIV)

110 = Reserved

101 = Low-Power RC Oscillator (LPRC)

100 = Secondary Oscillator (SOSC)

011 = Primary Oscillator with PLL module (XTPLL, HSPLL, ECPLL)
010 = Primary Oscillator (XT, HS, EC)

001 = Fast RC Oscillator with Postscaler and PLL module (FRCPLL)
000 = Fast RC Oscillator (FRC)

FWDTEN CWi<7> Watchdog Timer Enable bit

1 = Watchdog Timer is enabled
0 = Watchdog Timer is disabled

FWPSA CW1i<4> Watchdog Timer Prescaler bit

1 = WDT prescaler ratio of 1:128
0 = WDT prescaler ratio of 1:32

GCP CW1<13> | General Segment Program Memory Code Protection bit

1 = Code protection is disabled
0 = Code protection is enabled for the entire program memory space

Note 1. Bits<23-16> should be programmed to a value of 0x00 to ensure that accidental program execution of any
of the Configuration Words would be interpreted as a NOP opcode.

2:  The JTAGEN bit can be modified using only In-Circuit Serial Programming™ (ICSP™).

3. Irrespective of the WPCFG status, if WPEND =1 or if WPFP corresponds to the Configuration Words
page, the Configuration Words page will be protected
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TABLE 4-2: PIC24FIXXXDA1/DA2/GB2 CONFIGURATION BIT DESCRIPTIONS (CONTINUED)
Bit Field Register(d Description

GWRP CW1<12> |General Segment Code Flash Write Protection bit

1 = Writes to program memory are allowed
0 = Writes to program memory are disabled

ICS<1:0> CW1<9:8> |ICD Emulator Pin Placement Select bits

11 = Emulator functions are shared with PGEC1/PGED1
10 = Emulator functions are shared with PGEC2/PGED2
01 = Emulator functions are shared with PGEC3/PGED3
00 = Reserved; do not use

IESO Cw2<15> Internal External Switchover bit

1 = Two-Speed Start-up is enabled
0 = Two-Speed Start-up is disabled

IOL1IWAY CW2<4> IOLOCK Bit One-Way Set Enable bit

1 = The IOLOCK bit (OSCCON<6>) can be set once, provided
the unlock sequence has been completed. Once set, the Peripheral
Pin Select (PPS) registers cannot be written to a second time.

0 = The IOLOCK is cleared as needed (provided an unlocking sequence
is executed)

JTAGEN® CW1<14> |JTAG Enable bit

1 = JTAG port is enabled
0 = JTAG port is disabled

OSCIOFCN CW2<5> OSC2 Pin Function bit (except in XT and HS modes)

If POSCMD<1:0> =11 or 00:
1 = OSCO/CLKO/RC15 functions as CLKO (Fosc/2)
0 = OSCO/CLKO/RC15 functions as port /0 (RC15)

If POSCMD<1:0>=100r 01:
OSCIOFCN has no effect on OSCO/CLKO/RC15.

PLLDIV<2:0> CW2<14:12> | USB 96 MHz PLL Prescaler Select bits

111 = Oscillator input divided by 12 (48 MHz input)
110 = Oscillator input divided by 8 (32 MHz input)
101 = Oscillator input divided by 6 (24 MHz input)
100 = Oscillator input divided by 5 (20 MHz input)
011 = Oscillator input divided by 4 (16 MHz input)
010 = Oscillator input divided by 3 (12 MHz input)
001 = Oscillator input divided by 2 (8 MHz input)
000 = Oscillator input used directly (4 MHz input)

POSCMD<1:0> CW2<1:0> | Primary Oscillator Mode Select bits

11 = Primary Oscillator is disabled

10 = HS Oscillator mode is selected
01 = XT Oscillator mode is selected
00 = EC Oscillator mode is selected

PLL96MHZ CW2<11> |USB 96 MHz PLL Start-up Enable bit
1 = 96 MHz PLL is enabled automatically on start-up
0 = 96 MHz PLL is enabled by user in software (controlled with
the PLLEN bit in CLKDIV<5>)
Note 1. Bits<23-16> should be programmed to a value of 0x00 to ensure that accidental program execution of any
of the Configuration Words would be interpreted as a NOP opcode.
2:  The JTAGEN bit can be modified using only In-Circuit Serial Programming™ (ICSP™).
3. Irrespective of the WPCFG status, if WPEND =1 or if WPFP corresponds to the Configuration Words
page, the Configuration Words page will be protected
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TABLE 4-2: PIC24FIXXXDA1/DA2/GB2 CONFIGURATION BIT DESCRIPTIONS (CONTINUED)
Bit Field Register(® Description
SOSCSEL<1:0> CW3<9:8> | SOSC Selection Configuration bits
11 = Secondary oscillator in Default (high drive strength) Oscillator mode
10 = Reserved; do not use
01 = Secondary oscillator in Low-Power (low drive strength) Oscillator
mode
00 = External Clock (SCLKI) or Digital /0O mode
WDTPS<3:0> CW1<3:0> |[Watchdog Timer Postscaler bits
1111 =1:32,768
1110 =1:16,384
0001 =1:2
0000 =1:1
WINDIS CW1<6> Windowed WDT bit
1 = Standard Watchdog Timer is enabled
0 = Windowed Watchdog Timer is enabled; FWDTEN must be ‘1’
WPCFG CW3<14> | Configuration Word Code Page Write Protection Select bit
1 = Last page (at the top of program memory) and Flash Configuration
Words are not Write-protected(3
0 = Last page and Flash Configuration Words are write-protected
provided WPDIS =0
WPDIS CW3<13> | Segment Write Protection Disable bit
1 = Segmented code protection is disabled
0 = Segmented code protection is enabled; protected segment is defined
by the WPEND, WPCFG and WPFPx Configuration bits
WPEND CW3<15> | Segment Write Protection End Page Select bit
1 = Protected code segment, upper boundary is at the last page of program
memory; lower boundary is the code page specified by WPFP<7:0>
0 = Protected code segment, lower boundary is at the bottom of program
memory (000000h); upper boundary is the code page specified by
WPFP<7:0>
WPFP<7:0> CW3<7:0> | Write-Protected Code Segment Boundary Page bits
Designate the 512-instruction page that is the boundary of the protected
code segment, starting with Page 0 at the bottom of program memory.
If WPEND = 1:
Firstaddress of designated code page is the lower boundary of the segment;
the last implemented page will be the last write-protected page.
If WPEND = 0:
Last address of designated code page is the upper boundary of
the segment.
WUTSEL<1:0> CW3<11:10> | Voltage Regulator Standby Mode Wake-up Time Select bits

11 = Default regulator start-up time is used
01 = Fast regulator start-up time is used
x0 = Reserved; do not use

Note 1: Bits<23-16> should be programmed to a value of 0x00 to ensure that accidental program execution of any
of the Configuration Words would be interpreted as a NOP opcode.
2. The JTAGEN bit can be modified using only In-Circuit Serial Programming™ (ICSP™),
3: Irrespective of the WPCFG status, if WPEND =1 or if WPFP corresponds to the Configuration Words
page, the Configuration Words page will be protected
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TABLE 4-3: PIC24FJXXXGA3 FAMILY CONFIGURATION BIT DESCRIPTIONS
Bit Field Register(d Description

ALTVRF<1:0> CW2<12:11> | Alternate VREF/CVREF Location Enable bits
11 = AVREF is in default location and CVREF is in default location
10 = AVREF is in default location and CVREF is in alternate location
01 = AVREF is in alternate location and CVREF is in default location
00 = AVREF and CVREF are in alternate locations
BOREN:BOREN1 CW3<12>: | Brown-out Reset Enable bits
CW2<3> |11 = BOR is enabled (outside of Deep Sleep)
10 = Reserved
01 = Reserved
00 = BOR is disabled
DEBUG CW1<11> |Background Debugger Enable bit
1 = Device resets into Operational mode
0 = Device resets into Debug mode
DSSWEN CW4<8> Deep Sleep Software Control bit
1 = Deep Sleep is controlled by the register bit, DSEN
0 = Deep Sleep operation is always disabled
DSWDTEN CW4<7> Deep Sleep Watchdog Timer Enable bit
1 =DSWDT is enabled
0 = DSWDT is disabled
DSBOREN CW4<6> Deep Sleep BOR Enable bit
1 = BOR is enabled in Deep Sleep
0 = BOR is disabled in Deep Sleep (does not affect Sleep mode)
DSWDTOSC CW4<5> DSWDT Reference Clock Select bit
1 = DSWDT uses LPRC as reference clock
0 = DSWDT uses SOSC as reference clock
Note 1. Bits<23:16> should be programmed to a value of 0x00 to ensure that accidental program execution of any
of the Configuration Words would be interpreted as a NOP opcode.
2:  The JTAGEN bit can be modified only using In-Circuit Serial Programming™ (ICSP™).

3: Irrespective of the WPCFG status, if WPEND =1 or if WPFP corresponds to the Configuration Words
page, the Configuration Words page will be protected
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TABLE 4-3: PIC24FIXXXGA3 FAMILY CONFIGURATION BIT DESCRIPTIONS (CONTINUED)

Bit Field Register(d Description
DSWDPS<4:0> CW4<4:0> | Deep Sleep Watchdog Timer Postscale Select bits
The DS WDT prescaler is 32; this creates an approximate base time
unit of 1 ms.

11111 = 1:68,719,476736 (25.7 days)
11110 =1:34,359,738368(12.8 days)
11101 = 1:17,179,869184 (6.4 days)
11100 = 1:8,589,934592 (77.0 hours)
11011 =1:4,294,967296 (38.5 hours)
11010 = 1:2,147,483648 (19.2 hours)
11001 = 1:1,073,741824 (9.6 hours)
11000 = 1:536,870912 (4.8 hours)
10111 =1:268,435456 (2.4 hours)
10110 =1:134,217728 (72.2 minutes)
10101 =1:67,108864 (36.1 minutes)
10100 = 1:33,554432 (18.0 minutes)
10011 = 1:16,777216 (9.0 minutes)
10010 =1:8,388608 (4.5 minutes)
10001 = 1:4,194304 (135.3 s)

10000 = 1:2,097152 (67.7 s)

01111 = 1:1,048576 (33.825 s)
01110 = 1:524288 (16.912 s)

01101 = 1:262114 (8.456 s)

01100 = 1:131072 (4.228 s)

01011 = 1:65536 (2.114 s)

01010 = 1:32768 (1.057 s)

01001 = 1:16384 (528.5 ms)

01000 = 1:8192 (264.3 ms)

00111 = 1:4096 (132.1 ms)

00110 = 1:2048 (66.1 ms)

00101 = 1:1024 (33 ms)

00100 = 1:512 (16.5 ms)

00011 = 1:256 (8.3 ms)

00010 = 1:128 (4.1 ms)

00001 = 1:64 (2.1 ms)

00000 = 1:32 (1 ms)

FCKSM<1:0> CW2<7:6> | Clock Switching and Fail-Safe Clock Monitor Selection Configuration bits

1x = Clock switching and Fail-Safe Clock Monitor are disabled
01 = Clock switching is enabled, Fail-Safe Clock Monitor is disabled
00 = Clock switching is enabled, Fail-Safe Clock Monitor is enabled

FNOSC<2:0> CW2<10:8> | Initial Oscillator Source Selection bits

111 = Fast RC Oscillator with Postscaler module (FRCDIV)

110 = Reserved

101 = Low-Power RC Oscillator (LPRC)

100 = Secondary Oscillator (SOSC)

011 = Primary Oscillator with PLL module (XTPLL, HSPLL, ECPLL)
010 = Primary Oscillator (XT, HS, EC)

001 = Fast RC Oscillator with Postscaler and PLL module (FRCPLL)
000 = Fast RC Oscillator (FRC)

Note 1. Bits<23:16> should be programmed to a value of 0x00 to ensure that accidental program execution of any
of the Configuration Words would be interpreted as a NOP opcode.
2.  The JTAGEN bit can be modified only using In-Circuit Serial Programming™ (ICSP™).
3. Irrespective of the WPCFG status, if WPEND =1 or if WPFP corresponds to the Configuration Words
page, the Configuration Words page will be protected
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TABLE 4-3:

PIC24FIXXXGA3 FAMILY CONFIGURATION BIT DESCRIPTIONS (CONTINUED)

Bit Field

Register®

Description

FWDTEN<1:0>

CW1<6:5>

Watchdog Timer Configuration bits

11 = Watchdog Timer is enabled in hardware

10 = Watchdog Timer is controlled with the SWDTEN bit setting

01 = Watchdog Timer is enabled only while device is active and disabled
in Sleep; SWDTEN bit is disabled

00 = Watchdog Timer is disabled in hardware; SWDTEN bit is disabled

FWPSA

CWi1<4>

Watchdog Timer Prescaler Ratio Select bit

1 = Watchdog Timer prescaler ratio of 1:128
0 = Watchdog Timer prescaler ratio of 1:32

GCP

CW1<13>

General Segment Program Memory Code Protection bit

1 = Code protection is disabled
0 = Code protection is enabled for the entire program memory space

GWRP

Cwi<12>

General Segment Code Flash Write Protection bit

1 = Writes to program memory are allowed
0 = Writes to program memory are disabled

ICS<1:0>

CW1<9:8>

ICD Emulator Pin Placement Select bits

11 = Emulator functions are shared with PGEC1/PGED1
10 = Emulator functions are shared with PGEC2/PGED2
01 = Emulator functions are shared with PGEC3/PGED3
00 = Reserved; do not use

IESO

Cw2<15>

Internal/External Switchover bit

1 = Two-Speed Start-up is enabled
0 = Two-Speed Start-up is disabled

IOLIWAY

Cw2<4>

IOLOCK Bit One-Way Set Enable bit

1= The IOLOCK bit (OSCCON<6>) can be set once, provided the
unlock sequence has been completed. Once set, the Peripheral Pin
Select (PPS) registers cannot be written to a second time.

0 = The IOLOCK is cleared as needed (provided an unlocking sequence
is executed)

JTAGEN®

Cwi<14>

JTAG Enabile bit

1 = JTAG port is enabled
0 = JTAG port is disabled

LPCFG

Cwi<10>

Low-Power (Low-Voltage) Regulator Control Enable bit

1 = Low-voltage regulator is disabled, regardless of RETEN bit

0 = Low-voltage regulator feature is available and controlled by
RETEN bit during Sleep

OSCIOFCN

CW2<5>

OSC2 Pin Function bit (except in XT and HS modes)
If POSCMD<1:0> =11 or 00:

1 = OSCO/CLKO/RC15 functions as CLKO (Fosc/2)
0 = OSCO/CLKO/RC15 functions as port I/O (RC15)
If POSCMD<1:0>=100r 01:

OSCIOFCN has no effect on OSCO/CLKO/RC15.

Note 1: Bits<23:16> should be programmed to a value of 0x00 to ensure that accidental program execution of any
of the Configuration Words would be interpreted as a NOP opcode.

2. The JTAGEN bit can be modified only using In-Circuit Serial Programming™ (ICSP™),

3: Irrespective of the WPCFG status, if WPEND =1 or if WPFP corresponds to the Configuration Words
page, the Configuration Words page will be protected
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TABLE 4-3:

PIC24FIXXXGA3 FAMILY CONFIGURATION BIT DESCRIPTIONS (CONTINUED)

Bit Field

Register®

Description

POSCMD<1:0>

CW2<1:0>

Primary Oscillator Mode Select bits

11 = Primary Oscillator mode is disabled
10 = HS Oscillator mode is selected
01 = XT Oscillator mode is selected
00 = EC Oscillator mode is selected

SOSCSEL

CWa3<8>

SOSC Selection Configuration bit

1 = Secondary Crystal Oscillator (SOSC) mode
0 = Digital External Clock (SCLKI) mode

VBTBOR

CW3<7>

VBAT BOR Enable bit

1 = VBAT BOR is enabled
0 = VBAT BOR is disabled

WDTPS<3:0>

CW1<3:0>

Watchdog Timer Postscaler bits

1111 =1:32,768
1110 =1:16,384

0001 =1:2
0000 =11

WDTWIN<1:0>

CW3<11:10>

Watchdog Timer Window Width bits
00 =75%

01 = 50%

10 =37.5%

11 =25%

WINDIS

CW1<7>

Windowed WDT bit

1 = Standard Watchdog Timer is enabled
0 = Windowed Watchdog Timer is enabled; FWDTEN must be '1'

WPCFG

Cw3<14>

Configuration Word Code Page Write Protection Select bit

1 = Last page (at the top of program memory) and Flash Configuration
Words are not Write-protected(

0 = Last page and Flash Configuration Words are write-protected
provided WPDIS =0

WPDIS

CWw3<13>

Segment Write Protection Disable bit

1 = Segmented code protection is disabled

0 = Segmented code protection is enabled; protected segment defined
by the WPEND, WPCFG and WPFPx Configuration bits

WPEND

CWw3<15>

Segment Write Protection End Page Select bit

1 = Protected code segment upper boundary is at the last page of
program memory; lower boundary is the code page specified
by WPFP<6:0>

0 = Protected code segment lower boundary is at the bottom of program
memory (000000h); upper boundary is the code page specified by
WPFP<6:0>

Note 1. Bits<23:16> should be programmed to a value of 0x00 to ensure that accidental program execution of any
of the Configuration Words would be interpreted as a NOP opcode.
2:  The JTAGEN bit can be modified only using In-Circuit Serial Programming™ (ICSP™).
3: Irrespective of the WPCFG status, if WPEND =1 or if WPFP corresponds to the Configuration Words
page, the Configuration Words page will be protected
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TABLE 4-3: PIC24FIXXXGA3 FAMILY CONFIGURATION BIT DESCRIPTIONS (CONTINUED)

Bit Field Register(d Description

WPFP<6:0> CW3<6:0> | Write-Protect Program Flash Pages bits (valid when WPDIS = 0)©)

When WPEND = 0:

Erase/write-protect Flash memory pages, starting at Page 0 and
ending with page WPFP<6:0>.

When WPEND = 1:

Erase/write-protect Flash memory pages, starting at Page WPFP<6:0>
and ending with the last page in user Flash.

Note 1:

Bits<23:16> should be programmed to a value of 0x00 to ensure that accidental program execution of any
of the Configuration Words would be interpreted as a NOP opcode.

The JTAGEN bit can be modified only using In-Circuit Serial Programming™ (ICSP™).

Irrespective of the WPCFG status, if WPEND =1 or if WPFP corresponds to the Configuration Words
page, the Configuration Words page will be protected

TABLE 4-4: PIC24FJXXXGCO FAMILY CONFIGURATION BIT DESCRIPTIONS

Bit Field Register(d Description
ALTADREF® CW2<11> |External 12-Bit A/D Reference Location Select bit
1 = AVREF+/AVREF- are mapped to RA9/RA10, respectively
0 = AVREF+/AVREF- are mapped to RBO/RB1, respectively
ALTCVREF® CW2<12> |External Comparator Reference Location Select bit
1 = CVREF+/CVREF- are mapped to RA9/RA10, respectively
0 = CVREF+/CVREF- are mapped to RBO/RB1, respectively
BOREN CW3<12> | Brown-out Reset Enable bit
1 = BOR is enabled in hardware (outside of Deep Sleep)
0 = BOR is disabled
DEBUG CW1<11> |Background Debugger Enable bit
1 = Device resets into Operational mode
0 = Device resets into Debug mode
DSSWEN CW4<8> Deep Sleep Software Control bit
1 = Deep Sleep is controlled by the register bit, DSEN
0 = Deep Sleep operation is always disabled
DSWDTEN CW4<7> Deep Sleep Watchdog Timer Enable bit
1 = DSWDT is enabled in Deep Sleep
0 = DSWDT is disabled
DSBOREN CW4<6> Deep Sleep BOR Enable bit
1 = BORis enabled in Deep Sleep
0 = BOR is disabled in Deep Sleep (does not affect Sleep mode)
DSWDTOSC CW4<5> DSWDT Reference Clock Select bit
1 = DSWDT uses LPRC as reference clock
0 = DSWDT uses SOSC as reference clock
Note 1: Bits<23:16> should be programmed to a value of 0x00 to ensure that accidental program execution of any
of the Configuration Words would be interpreted as a NOP opcode.
2: Voltage reference selection is not available on 64-pin devices. These positions must always be
programmed (= 0) on these devices.
3: Implemented on 100-pin and 121-pin devices only. This bit position must be ‘1’ on 64-pin and 80-pin
devices.
4: The JTAGEN bit can be modified only using In-Circuit Serial Programming™ (ICSP™).
5: Irrespective of the WPCFG status, if WPEND = 1 or if WPFP corresponds to the Configuration Words

page, the Configuration Words page will be protected
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TABLE 4-4:

PIC24FIXXXGCO FAMILY CONFIGURATION BIT DESCRIPTIONS (CONTINUED)

Bit Field

Register®

Description

DSWDPS<4:0>

CW4<4:0>

Deep Sleep Watchdog Timer Postscale Select bits

The DS WDT prescaler is 32; this creates an approximate base time
unit of 1 ms.

11111 = 1:68,719,476736 (25.7 days)
11110 =1:34,359,738368(12.8 days)
11101 = 1:17,179,869184 (6.4 days)
11100 = 1:8,589,934592 (77.0 hours)
11011 = 1:4,294,967296 (38.5 hours)
11010 = 1:2,147,483648 (19.2 hours)
11001 = 1:1,073,741824 (9.6 hours)
11000 = 1:536,870912 (4.8 hours)
10111 =1:268,435456 (2.4 hours)
10110 =1:134,217728 (72.2 minutes)
10101 =1:67,108864 (36.1 minutes)
10100 = 1:33,554432 (18.0 minutes)
10011 = 1:16,777216 (9.0 minutes)
10010 =1:8,388608 (4.5 minutes)
10001 = 1:4,194304 (135.3 s)

10000 = 1:2,097152 (67.7 s)

01111 = 1:1,048576 (33.825 s)
01110 = 1:524288 (16.912 s)

01101 = 1:262114 (8.456 s)

01100 = 1:131072 (4.228 s)

01011 = 1:65536 (2.114 s)

01010 = 1:32768 (1.057 s)

01001 = 1:16384 (528.5 ms)

01000 = 1:8192 (264.3 ms)

00111 = 1:4096 (132.1 ms)

00110 = 1:2048 (66.1 ms)

00101 = 1:1024 (33 ms)

00100 = 1:512 (16.5 ms)

00011 = 1:256 (8.3 ms)

00010 = 1:128 (4.1 ms)

00001 = 1:64 (2.1 ms)

00000 = 1:32 (1 ms)

FCKSM<1:0>

CW2<7:6>

Clock Switching and Fail-Safe Clock Monitor Selection Configuration bits
1x = Clock switching and Fail-Safe Clock Monitor are disabled

01 = Clock switching is enabled, Fail-Safe Clock Monitor is disabled

00 = Clock switching is enabled, Fail-Safe Clock Monitor is enabled

Note 1: Bits<23:16> should be programmed to a value of 0x00 to ensure that accidental program execution of any
of the Configuration Words would be interpreted as a NOP opcode.

2: Voltage reference selection is not available on 64-pin devices. These positions must always be
programmed (= 0) on these devices.

3: Implemented on 100-pin and 121-pin devices only. This bit position must be ‘1’ on 64-pin and 80-pin

device

S.

4: The JTAGEN bit can be modified only using In-Circuit Serial Programming™ (ICSP™).

5. Irrespective of the WPCFG status, if WPEND =1 or if WPFP corresponds to the Configuration Words
page, the Configuration Words page will be protected
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TABLE 4-4: PIC24FJIXXXGCO FAMILY CONFIGURATION BIT DESCRIPTIONS (CONTINUED)

Bit Field

Register®

Description

FNOSC<2:0>

CWw2<10:8>

Initial Oscillator Source Selection bits

111 = Fast RC Oscillator with Postscaler module (FRCDIV)

110 = Reserved

101 = Low-Power RC Oscillator (LPRC)

100 = Secondary Oscillator (SOSC)

011 = Primary Oscillator with PLL module (XTPLL, HSPLL, ECPLL)
010 = Primary Oscillator (XT, HS, EC)

001 = Fast RC Oscillator with Postscaler and PLL module (FRCPLL)
000 = Fast RC Oscillator (FRC)

FWDTEN<1:0>

CW1<7:6>

Watchdog Timer Configuration bits

11 = Watchdog Timer is enabled in hardware

10 = Watchdog Timer is controlled with the SWDTEN bit setting

01 = Watchdog Timer is enabled only while device is active and disabled
in Sleep; SWDTEN bit is disabled

00 = Watchdog Timer is disabled in hardware; SWDTEN bit is disabled

FWPSA

CWi1<4>

Watchdog Timer Prescaler Ratio Select bit

1 = Watchdog Timer prescaler ratio of 1:128
0 = Watchdog Timer prescaler ratio of 1:32

GCP

CWi1<13>

General Segment Program Memory Code Protection bit

1 = Code protection is disabled
0 = Code protection is enabled for the entire program memory space

GWRP

Cwi<12>

General Segment Code Flash Write Protection bit

1 = Writes to program memory are allowed
0 = Writes to program memory are disabled

12C2SEL

CWi4<14>

Alternate 12C2 Location Select bit(®

1 =12C2 is multiplexed to SDA2/RA3 and SCL2/RA2 (default)
0 =12C2 is multiplexed to SDA2/RF4 and SCL2/RF5

ICS<1:0>

CW1<9:8>

ICD Emulator Pin Placement Select bits

11 = Emulator functions are shared with PGEC1/PGED1
10 = Emulator functions are shared with PGEC2/PGED2
01 = Emulator functions are shared with PGEC3/PGED3
00 = Reserved; do not use

IESO

Cw2<15>

Internal External Switchover bit

1 = Two-Speed Start-up is enabled
0 = Two-Speed Start-up is disabled

IOLIWAY

CWwi4<15>

IOLOCK Bit One-Way Set Enable hit

1 =The IOLOCK bit (OSCCON<6>) can be set once, provided the unlock
sequence has been completed. Once set, the Peripheral Pin
Select (PPS) registers cannot be written to a second time.

0 = The IOLOCK is cleared as needed (provided an unlocking sequence
is executed)

Note 1. Bits<23:16> should be programmed to a value of 0x00 to ensure that accidental program execution of any
of the Configuration Words would be interpreted as a NOP opcode.

2. Voltage reference selection is not available on 64-pin devices. These positions must always be
programmed (= 0) on these devices.

3: Implemented on 100-pin and 121-pin devices only. This bit position must be ‘1’ on 64-pin and 80-pin

devices.

4: The JTAGEN bit can be modified only using In-Circuit Serial Programming™ (ICSP™).

5: Irrespective of the WPCFG status, if WPEND = 1 or if WPFP corresponds to the Configuration Words
page, the Configuration Words page will be protected
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TABLE 4-4: PIC24FIXXXGCO FAMILY CONFIGURATION BIT DESCRIPTIONS (CONTINUED)
Bit Field Register(d Description

JTAGEN® CW1<14> |JTAG Enable bit

1 = JTAG port is enabled

0 = JTAG port is disabled

LPCFG CW1<10> |Low-Power (Low-Voltage) Regulator Control Enable bit

1 = Low-voltage regulator is disabled, regardless of RETEN bit
0 = Low-voltage regulator feature is available and controlled by
RETEN bit during Sleep

OSCIOFCN CW2<5> OSC2 Pin Function bit (except in XT and HS modes)
If POSCMD<1:0> =11 or 00:

1 = OSCO/CLKO/RC15 functions as CLKO (Fosc/2)
0 = OSCO/CLKO/RC15 functions as port I/O (RC15)
If POSCMD<1:0>=100r 01:

OSCIOFCN has no effect on OSCO/CLKO/RC15

PLLDIV<3:0> CW4<13:10> | PLL Input Prescaler Select bits
1111 = PLL is disabled
1110 =}
-}
.} Reserved; do not use
-}
1000 =}

0111 = Oscillator divided by 12 (48 MHz input)
0110 = Oscillator divided by 8 (32 MHz input)
0101 = Oscillator divided by 6 (24 MHz input)
0100 = Oscillator divided by 5 (20 MHz input)
0011 = Oscillator divided by 4 (16 MHz input)
0010 = Oscillator divided by 3 (12 MHz input)
0001 = Oscillator divided by 2 (8 MHz input)
0000 = Oscillator used directly (4 MHz input)

POSCMD<1:0> CW2<1:0> |Primary Oscillator Mode Select bits
11 = Primary Oscillator is disabled
10 = HS Oscillator mode is selected
01 = XT Oscillator mode is selected
00 = EC Oscillator mode is selected
RTCBAT CW4<9> RTCC VBAT Battery Operation Enable bit
1 = RTCC operation continues while in VBAT mode
0 = RTCC operation stops in VBAT mode
SOSCSEL CW3<8> |SOSC Selection Configuration bit
1 = Secondary Crystal Oscillator (SOSC) mode
0 = Digital External Clock (SCLKI) mode
Note 1: Bits<23:16> should be programmed to a value of 0x00 to ensure that accidental program execution of any
of the Configuration Words would be interpreted as a NOP opcode.
2: Voltage reference selection is not available on 64-pin devices. These positions must always be
programmed (= 0) on these devices.
3: Implemented on 100-pin and 121-pin devices only. This bit position must be ‘1’ on 64-pin and 80-pin
devices.
4: The JTAGEN bit can be modified only using In-Circuit Serial Programming™ (ICSP™).
5: Irrespective of the WPCFG status, if WPEND = 1 or if WPFP corresponds to the Configuration Words
page, the Configuration Words page will be protected
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TABLE 4-4: PIC24FJIXXXGCO FAMILY CONFIGURATION BIT DESCRIPTIONS (CONTINUED)
Bit Field Register(d Description
VBTBOR CW2<14> |VBAT BOR Enable bit
1 = VBAT BOR is enabled
0 = VBAT BOR is disabled
WDTCLK<1:0> CW2<4:3> | WDT Clock Source Select bits
When WDTCMX = 1:
11 = WDT uses LPRC
10 = WDT uses 31 kHz source from FRC when active in Windowed WDT
mode and when not using LPRC as the system clock; uses LPRC
during Sleep mode and for all other settings
01 = WDT uses SOSC input
00 = WDT uses system clock when active, LPRC while in Sleep mode
When WDTCMX = 0:
WDTCLK bits are ignored, LPRC is the WDT clock source
WDTCMX CW2<13> | Watchdog Timer Clock Multiplex Select bit
1 = WDT clock source is determined by the WDTCLK Configuration bits
0 = WDT always uses LPRC as its clock source
WDTPS<3:0> CW1<3:0> |Watchdog Timer Postscaler bits
1111 = 1:32,768
1110 = 1:16,384
0001 =1:2
0000 =1:1
WDTWIN<1:0> CW3<10:9> |Watchdog Timer Window Width bits
00 = 75%
01 =50%
10 =37.5%
11 = 25%
WINDIS CW1<5> Windowed WDT bhit
1 = Standard Watchdog Timer is enabled
0 = Windowed Watchdog Timer is enabled; FWDTEN must be '1'
WPCFG CW3<14> | Configuration Word Code Page Write Protection Select bit
1 = Last page (at the top of program memory) and Flash Configuration
Words are not Write-protected(5)
0 = Last page and Flash Configuration Words are write-protected
provided WPDIS =0
WPDIS CW3<13> | Segment Write Protection Disable bit
1 = Segmented code protection is disabled
0 = Segmented code protection is enabled; protected segment is defined
by the WPEND, WPCFG and WPFPx Configuration bits

Note 1. Bits<23:16> should be programmed to a value of 0x00 to ensure that accidental program execution of any
of the Configuration Words would be interpreted as a NOP opcode.

2. Voltage reference selection is not available on 64-pin devices. These positions must always be
programmed (= 0) on these devices.

3: Implemented on 100-pin and 121-pin devices only. This bit position must be ‘1’ on 64-pin and 80-pin
devices.

4: The JTAGEN bit can be modified only using In-Circuit Serial Programming™ (ICSP™).

5. Irrespective of the WPCFG status, if WPEND =1 or if WPFP corresponds to the Configuration Words
page, the Configuration Words page will be protected
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TABLE 4-4: PIC24FJXXXGCO FAMILY CONFIGURATION BIT DESCRIPTIONS (CONTINUED)
Bit Field Register(d Description
WPEND CW3<15> | Segment Write Protection End Page Select bit
1 = Protected code segment upper boundary is at the last page of
program memory; lower boundary is the code page specified
by WPFP<6:0>()
0 = Protected code segment lower boundary is at the bottom of program
memory (000000h); upper boundary is the code page specified by
WPFP<6:0>
WPFP<6:0> CW3<6:0> | Write-Protect Program Flash Pages bits (valid when WPDIS = 0)®)

When WPEND = 0:

Erase/write-protect Flash memory pages, starting at Page 0 and
ending with Page WPFP<6:0>

When WPEND = 1:

Erase/write-protect Flash memory pages, starting at Page WPFP<6:0>
and ending with the last page in user Flash

Note 1. Bits<23:16> should be programmed to a value of 0x00 to ensure that accidental program execution of any
of the Configuration Words would be interpreted as a NOP opcode.

2. Voltage reference selection is not available on 64-pin devices. These positions must always be
programmed (= 0) on these devices.

3: Implemented on 100-pin and 121-pin devices only. This bit position must be ‘1’ on 64-pin and 80-pin

devices.

4: The JTAGEN bit can be modified only using In-Circuit Serial Programming™ (ICSP™).

5: Irrespective of the WPCFG status, if WPEND = 1 or if WPFP corresponds to the Configuration Words
page, the Configuration Words page will be protected
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4.6.2 PROGRAMMING METHODOLOGY

Configuration bits may be programmed, a single word
at a time, using the PROGW command. This command
specifies the configuration data and Configuration
register address. When Configuration bits are pro-
grammed, any unimplemented or reserved bits must be
programmed with a ‘1",

Four PROGW commands are required to program the
Configuration bits. See Figure 4-5 for a flowchart for
Configuration bit programming.

Note: If the General Segment Code-Protect bit
(GCP) is programmed to ‘0’, code memory
is code-protected and cannot be read. Code
memory must be verified before enabling
read protection. See Section 4.6.4
“Code-Protect Configuration Bits” for
more information about code-protected
Configuration bits.

4.6.3 PROGRAMMING VERIFICATION

After the Configuration bits are programmed, the
contents of memory should be verified to ensure that
the programming was successful. Verification requires
the Configuration bits to be read back and compared
with the copy held in the programmer’s buffer. The
READP command reads back the programmed
Configuration bits and verifies that the programming
was successful.

FIGURE 4-5: CONFIGURATION BIT PROGRAMMING FLOW

ConfigAddress =
ConfigAddress + 2

ConfigAddress = OXXXF8h(1

Send PROGW
Command

Note 1: Refer to Table 2-2 for Flash Configuration Word addresses.

'

Is
PROGP response
PASS?

No

Is
ConfigAddress
OXXXFER?®

Failure
Report Error
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46.4 CODE-PROTECT CONFIGURATION
BITS

PIC24FJXXXDA1/DA2/GB2/GA3/GCO family devices
provide two complimentary methods to protect applica-
tion code from overwrites and erasures. These also
help to protect the device from inadvertent configura-
tion changes during run time. Additional information is
available in the product data sheet.

46.4.1 GENERAL SEGMENT
PROTECTION

For all devices in the PIC24FIXXXDA1/DA2/GB2/GA3/
GCO0 families, the on-chip program memory space is
treated as a single block, known as the General Seg-
ment (GS). Code protection for this block is controlled
by one Configuration bit, GCP. This bit inhibits external
reads and writes to the program memory space; it has
no direct effect in normal execution mode.

Write protection is controlled by the GWRP bit in the
Configuration Word. When GWRP is programmed to
‘0’, internal write and erase operations to the program
memory are blocked.

4.6.4.2 CODE SEGMENT PROTECTION

In addition to global General Segment protection, a
separate subrange of the program memory space can
be individually protected against writes and erases.
This area can be used for many purposes where a
separate block of write and erase-protected code is
needed, such as bootloader applications. Unlike
common boot block implementations, the specially pro-
tected segment in PIC24FIJXXXDA1/DA2/GB2/GA3/
GCO devices can be located by the user anywhere in
the program space, and configured in a wide range of
sizes.

Code segment protection provides an added level of
protection to a designated area of program memory by
disabling the NVM safety interlock, whenever a write or
erase address falls, within a specified range. It does not
override General Segment protection controlled by the
GCP or GWRP bits. For example, if GCP and GWRP
are enabled, enabling segmented code protection for
the bottom half of program memory does not undo
General Segment protection for the top half.

Note: Chip Erasing in ICSP mode is the only way
to reprogram code-protect bits from an ON

state (‘0’) to an OFF state (‘1).

4.7 Exiting Enhanced ICSP Mode

Exiting Program/Verify mode is done by removing VIH
from MCLR, as displayed in Figure 4-6. The only
requirement for exit is that an interval, P16, should
elapse between the last clock, and program signals on
PGECx and PGEDx, before removing VIH.

FIGURE 4-6: EXITING ENHANCED
ICSP™ MODE
« VH
MCLR ; :
VDD X I
e _V|;| _____

peecx\ / \ / \

PGEDxX = Input
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5.0 THE PROGRAMMING
EXECUTIVE

Note:  The Programming Executive (PE) can be
located within the following folder within
your installation of MPLAB® IDE:
Microchip\MPLAB IDE\REAL ICE and
then select the Hex PE file:
RI PE_01c_xxXxXxXxX. hex.

51 Programming Executive
Communication

The programmer and Programming Executive have a
master-slave relationship, where the programmer is
the master programming device and the Programming
Executive is the slave.

All communication is initiated by the programmer in the
form of a command. Only one command at a time can
be sent to the Programming Executive. In turn, the
Programming Executive only sends one response to
the programmer after receiving and processing a
command. The Programming Executive command set
is described in Section 5.2 “Programming Executive
Commands”. The response set is described in
Section 5.3 “Programming Executive Responses”.

511 COMMUNICATION INTERFACE
AND PROTOCOL

The Enhanced ICSP interface is a 2-wire SPI,
implemented using the PGECx and PGEDx pins. The
PGECX pin is used as a clock input pin and the clock
source must be provided by the programmer. The
PGEDXx pin is used for sending command data to, and
receiving response data from, the Programming
Executive.

Data transmits to the device must change on the rising
edge and hold on the falling edge. Data receives from
the device must change on the falling edge and hold on
the rising edge.

All data transmissions are sent, MSb first, using 16-bit
mode (see Figure 5-1).
FIGURE 5-1: PROGRAMMING
EXECUTIVE SERIAL
TIMING FOR DATA
RECEIVED FROM DEVICE
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FIGURE 5-2: PROGRAMMING
EXECUTIVE SERIAL TIMING
FOR DATA TRANSMITTED

TO DEVICE

i
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R EOOO000000EE

Since a 2-wire SPI is used, and data transmissions are
half-duplex, a simple protocol is used to control the
direction of PGEDx. When the programmer completes
a command transmission, it releases the PGEDx line
and allows the Programming Executive to drive this line
high. The Programming Executive keeps the PGEDx
line high to indicate that it is processing the command.

After the Programming Executive has processed the
command, it brings PGEDx low for 15 ps to indicate to
the programmer that the response is available to be
clocked out. The programmer can begin to clock out the
response, 23 ps after PGEDX is brought low, and it must
provide the necessary amount of clock pulses to receive
the entire response from the Programming Executive.

After the entire response is clocked out, the programmer
should terminate the clock on PGECx until it is time to
send another command to the Programming Executive.
See Figure 5-3 for this protocol.

51.2 SPI RATE

In Enhanced ICSP mode, the PIC24FJXXXDA1/DA2/
GB2/GA3/GCO devices operate from the Internal Fast
RC Oscillator (FRCDIV), which has a nominal fre-
quency of 8 MHz. This oscillator frequency yields an
effective system clock frequency of 4 MHz. To ensure
that the programmer does not clock too fast, it is
recommended that a 4 MHz clock be provided by the
programmer.
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513 TIME-OUTS

The Programming Executive uses no Watchdog Timer
or time-out for transmitting responses to the
programmer. If the programmer does not follow the flow
control mechanism using PGECx, as described in
Section 5.1.1 “Communication Interface and Proto-
col”, itis possible that the Programming Executive will
behave unexpectedly while trying to send a response

to the programmer. Since the Programming Executive
has no time-out, it is imperative that the programmer
correctly follow the described communication protocol.

As a safety measure, the programmer should use the
command time-outs identified and provided in
Table 5-1. If the command time-out expires, the pro-
grammer should reset the Programming Executive and
start programming the device again.

FIGURE 5-3: PROGRAMMING EXECUTIVE — PROGRAMMER COMMUNICATION PROTOCOL

. Host Transmits

'+ Last Command Word Processes Command

12 15 16

Programming Executive

X Host Clocks Out Response

15 16 1 2 15 16

/' MsB XxX LsB \ .. /i MSB XXX LsB
b))

P

j _P8_, P9 , P20 'po1 !
" PGECx = Input ' PGECx = Input (Idle) ' PGECX = Input
PGEDXx = Input PGEDx = Output PGEDXx = Output
5.2 Programming Executive FIGURE 5-4: COMMAND FORMAT
Commands 5 12 1 0
The Programming Executive command set is provided Opcode Length

in Table 5-1. This table contains the opcode,
mnemonic, length, time-out and description for each
command. Functional details on each command are
provided in Section 5.2.4 “Command Descriptions”.

521 COMMAND FORMAT

All Programming Executive commands have a general
format, consisting of a 16-bit header and any required
data for the command (see Figure 5-4). The 16-bit
header consists of a 4-bit opcode field, which is used to
identify the command, followed by a 12-bit command
length field.

Command Data First Word (if required)

Command Data Last Word (if required)

The command opcode must match one of those in the
command set. Any command that is received, which
does not match the list in Table 5-1, will return a “NACK”
response (see Section 5.3.1.1 “Opcode Field”).

The command length is represented in 16-bit words
since the SPI operates in 16-bit mode. The Program-
ming Executive uses the command length field to
determine the number of words to read from the SPI
port. If the value of this field is incorrect, the command
will not be properly received by the Programming
Executive.
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5.2.2

PACKED DATA FORMAT
When 24-bit instruction words are transferred across

the 16-bit SPI interface, they are packed to conserve
space using the format displayed in Figure 5-5. This
format minimizes traffic over the SPI and provides the
Programming Executive with data that is properly

aligned for performing Table Write operations.

Note: When the number of instruction words
transferred is odd, MSB2 is zero and
LSW?2 cannot be transmitted.
523 PROGRAMMING EXECUTIVE
ERROR HANDLING
The Programming Executive will “NACK” all

unsupported commands. Additionally, due to the

FIGURE 5-5: PACKED INSTRUCTION memory constraints of the Programming Executive, no
WORD FORMAT checking is performed on the data contained in the
programmer command. It is the responsibility of the
15 8 7 0 programmer to command the Programming Executive
LSW1 with valid command arguments or the programming
MSB2 ‘ MSB1 operation may fail. Additional information on error
LSW2 r;?;gljng is provided in Section 5.3.1.3 “QE_Code
LSWx: Least Significant 16 bits of instruction word '
MSBXx: Most Significant Bytes of instruction word
TABLE 5-1: PROGRAMMING EXECUTIVE COMMAND SET
. Length . .
Opcode Mnemonic (16-bit words) Time-out Description
Oh SCHECK 1 1ms Sanity check.
1h READC 3 1ms Read an 8-bit word from the specified Device ID register.
2h READP 4 1 ms/row |Read N 24-bit instruction words of code memory, starting
from the specified address.
3h RESERVED N/A N/A This command is reserved; it will return a NACK.
4h PROGC 4 5ms Write an 8-bit word to the specified Device ID registers.
5h PROGP 99 5ms Program one row of code memory at the specified
address, then verify.(®
6h RESERVED 5 5ms This command is reserved; it will return a NACK.
7h RESERVED N/A N/A This command is reserved; it will return a NACK.
8h RESERVED N/A N/A This command is reserved; it will return a NACK.
9h RESERVED N/A N/A This command is reserved; it will return a NACK.
Ah RESERVED N/A N/A This command is reserved.
Bh QVER 1 1ms Query the Programming Executive software version.
Ch RESERVED N/A N/A This command is reserved; it will return a NACK.
Dh PROGW 4 5ms Program one instruction word of code memory at the
specified address and then verify.
Eh QBLANK 3 30 ms/Kbyte | Query if the code memory is blank.
Note 1: One row of code memory consists of (64) 24-bit words. Refer to Table 2-2 for device-specific information.
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524 COMMAND DESCRIPTIONS

All commands supported by the Programming Executive
are described in Section 5.2.5 “SCHECK Command”
through Section 5.2.12 “QVER Command”.

525 SCHECK COMMAND

15 12 11 0
Opcode Length
Field Description
Opcode Oh
Length 1h

The SCHECK command instructs the Programming
Executive to do nothing but generate a response. This
command is used as a “Sanity Check” to verify that the
Programming Executive is operational.
Expected Response (2 words):

1000h

0002h

Note:  This instruction is not required for
programming; it is provided for
development purposes only.

5.2.6 READC COMMAND

15 12 11 8 7 0
Opcode Length
N Addr_MSB
Addr_LS
Field Description

Opcode 1h

Length 3h

N Number of 8-bit Device ID registers to

read (max. of 256)
Addr_MSB | MSB of 24-bit source address

Addr_LS Least Significant 16 bits of 24-bit
source address

The READC command instructs the Programming
Executive to read N or Device ID registers, starting
from the 24-bit address specified by Addr_MSB and
Addr_LS. This command can only be used to read 8-bit
or 16-bit data.

When this command is used to read Device ID
registers, the upper byte in every data word returned by
the Programming Executive is 00h and the lower byte
contains the Device ID register value.
Expected Response (4 +3* (N —1)/2 words for N odd):
1100h
2+N
Device ID Register 1

Device ID Register N

Note: Reading unimplemented memory will
cause the Programming Executive to
reset. Ensure that only memory locations
present on a particular device are
accessed.
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5.2.7 READP COMMAND

5.2.8 PROGC COMMAND

15 12 11 8 7 0
Opcode Length
Reserved Addr_MSB
Addr_LS
Data
Field Description
Opcode 4h
Length 4h

Reserved |0Oh
Addr_MSB | MSB of the 24-bit destination address

Addr_LS Least Significant 16 bits of the 24-bit
destination address

Data 8-bit data word

15 12 11 8 7 0
Opcode Length
N
Reserved Addr_MSB
Addr_LS
Field Description
Opcode 2h
Length 4h
N Number of 24-bit instructions to read
(max. of 32768)
Reserved Oh
Addr_MSB MSB of 24-bit source address
Addr_LS Least Significant 16 bits of 24-bit
source address

The READP command instructs the Programming
Executive to read N 24-bit words of code memory,
including Configuration Words, starting from the 24-bit
address specified by Addr_MSB and Addr_LS. This
command can only be used to read 24-bit data. All data
returned in response to this command uses the packed
data format described in Section 5.2.2 “Packed Data
Format”.
Expected Response (2 + 3* N/2 Words for N Even):

1200h

2+3*N/2

Least Significant Program Memory Word 1

Least Significant Data Word N
Expected Response (4 + 3* (N - 1)/2 Words for N Odd):
1200h
4+3*(N-1)/2
Least Significant Program Memory Word 1

MSB of Program Memory Word N (zero-padded)

Note: Reading unimplemented memory will
cause the Programming Executive to
reset. Ensure that only memory locations
present on a particular device are
accessed.

The PROGC command instructs the Programming
Executive to program a single Device ID register
located at the specified memory address.

After the specified data word has been programmed to
code memory, the Programming Executive verifies the
programmed data against the data in the command.
Expected Response (2 Words):

1400h
0002h
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529 PROGP COMMAND

15 12 11 8 7 0
Opcode Length
Reserved Addr_MSB
Addr_LS
D 1
D 2
D_96
Field Description
Opcode 5h
Length 63h

Reserved |0Oh
Addr_MSB | MSB of the 24-bit destination address

Addr_LS Least Significant 16 bits of the 24-bit
destination address

D 1 16-bit Data Word 1

D_2 16-bit Data Word 2

16-bit Data Word 3 through 95
D_96 16-bit Data Word 96

The PROGP command instructs the Programming
Executive to program one row of code memory, includ-
ing Configuration Words (64 instruction words), to the
specified memory address. Programming begins with
the row address specified in the command. The
destination address should be a multiple of 80h.

The data to program to memory, located in command
words, D_1 through D_96, must be arranged using the
packed instruction word format displayed in Figure 5-5.

After all data has been programmed to code memory,
the Programming Executive verifies the programmed
data against the data in the command.
Expected Response (2 Words):

1500h

0002h

Note: Refer to Table 2-2 for code memory size
information.

5.2.10 PROGW COMMAND

15 12 11 8 7 0
Opcode Length
Data_MSB Addr_MSB
Addr_LS
Data LS
Field Description

Opcode Dh

Length 4h

Reserved Oh

Addr_MSB MSB of the 24-bit destination address

Addr_LS Least Significant 16 bits of the 24-hit
destination address

Data_MSB MSB of 24-bit data

Data_LS Least Significant 16 bits of the 24-bit

data

The PROGW command instructs the Programming
Executive to program one word of code memory
(3 bytes) to the specific memory address.

After the word has been programmed to code memory,
the Programming Executive verifies the programmed
data against the data in the command.
Expected Response (2 words):

1600h

0002h
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5.2.11 QBLANK COMMAND

5.2.12 QVER COMMAND

15 12 11 0
Opcode | Length
Field Description
Opcode Bh
Length 1h

15 12 11 0
Opcode | Length
PSize_ MSW
PSize LSW
Field Description
Opcode Ah
Length 3h
PSize Length of program memory to check
in 24-bit words plus one (max. of
49152)

The QBLANK command queries the Programming
Executive to determine if the contents of code memory
and code-protect Configuration bits (GCP and GWRP)
are blank (contain all ‘1's). The size of code memory to
check must be specified in the command.

The Blank Check for code memory begins at Oh and
advances toward larger addresses for the specified
number of instruction words.

QBLANK returns a QE_Code of FOh if the specified
code memory and code-protect bits are blank;
otherwise, QBLANK returns a QE_Code of OFh.

Expected Response (2 Words for Blank Device):
1AFOh
0002h

Expected Response (2 Words for non-Blank device):
1AO0Fh
0002h

Note:  QBLANK does not check the system
operation Configuration bits, since these
bits are not setto ‘1’ when a Chip Erase is
performed.

The QVER command queries the version of the Pro-
gramming Executive software stored in test memory.
The “version.revision” information is returned in the
response’s QE_Code using a single byte with the fol-
lowing format: main version in upper nibble and
revision in the lower nibble (i.e., 23h means Version 2.3
of Programming Executive software).

Expected Response (2 Words):
1BMNh (where “MN” stands for Version M.N)
0002h
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5.3 Programming Executive
Responses

The Programming Executive sends a response to the
programmer for each command that it receives. The
response indicates if the command was processed
correctly. It includes any required response data or
error data.

The Programming Executive response set is provided in
Table 5-2. This table contains the opcode, mnemonic
and description for each response. The response format
is described in Section 5.3.1 “Response Format”.

TABLE 5-2: PROGRAMMING EXECUTIVE
RESPONSE OPCODES
Opcode | Mnemonic Description
1h PASS Command is successfully
processed
2h FAIL Command is unsuccessfully
processed
3h NACK Command is not known

531 RESPONSE FORMAT

All Programming Executive responses have a general
format, consisting of a two-word header and any
required data for the command.

15 12 11 8 7 0

Opcode Last Cmd QE_Code

Length

D_1 (if applicable)

D_N (if applicable)

Field Description
Opcode Response opcode
Last_Cmd Programmer command that

generated the response

QE_Code Query code or error code

Length Response length in 16-bit words
(includes 2 header words)

D1 First 16-bit data word (if applicable)

D_N Last 16-bit data word (if applicable)

5311 Opcode Field

The opcode is a 4-bit field in the first word of the
response. The opcode indicates how the command was
processed (see Table 5-2). If the command was
processed successfully, the response opcode is PASS. If
there was an error in processing the command, the
response opcode is FAIL and the QE_Code indicates the
reason for the failure. If the command sent to the Pro-
gramming Executive is not identified, the Programming
Executive returns a NACK response.

5.3.1.2 Last Cmd Field

The Last Cmd is a 4-bit field in the first word of
the response and indicates the command that the
Programming Executive processed. Since the Pro-
gramming Executive can only process one command
at a time, this field is technically not required. However,
it can be used to verify that the Programming Executive
correctly received the command that the programmer
transmitted.
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53.1.3  QE_Code Field

The QE_Code is a byte in the first word of the
response. This byte is used to return data for query
commands and error codes for all other commands.

When the Programming Executive processes one of
the two query commands (QBLANK or QVER), the
returned opcode is always PASS and the QE_Code
holds the query response data. The format of the
QE_Code for both queries is provided in Table 5-3.

TABLE 5-3: QE_Code FOR QUERIES

TABLE 5-4: QE_Code FOR NON-QUERY
COMMANDS
QE_Code Description
Oh No error
1h Verify failed
2h Other error

Query QE_Code

QBLANK | OFh = Code memory is NOT blank
FOh = Code memory is blank

QVER 0xMN, where Programming Executive
Software Version = M.N (i.e., 32h means

Software Version 3.2)

When the Programming Executive processes any
command other than a query, the QE_Code represents
an error code. Supported error codes are provided in
Table 5-4. If a command is successfully processed, the
returned QE_Code is set to Oh, which indicates that
there was no error in the command processing. If the
verification of the programming for the PROGP or
PROGC command fails, the QE_Code is set to 1h. For
all other Programming Executive errors, the QE_Code
is 2h.

5314 Response Length

The response length indicates the length of the Pro-
gramming Executive’s response in 16-bit words. This
field includes the 2 words of the response header.

With the exception of the response for the READP
command, the length of each response is only 2 words.

The response to the READP command uses the
packed instruction word format, described in
Section 5.2.2 “Packed Data Format”. When reading
an odd number of program memory words (N odd), the
response to the READP command is (3 * (N + 1)/2 + 2)
words. When reading an even number of program
memory words (N even), the response to the READP
command is (3 * N/2 + 2) words.
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5.4

54.1

Programming the Programming
Executive to Memory

OVERVIEW

If it is determined that the Programming Executive is
not present in executive memory (as described in
Section 4.2 “Confirming the Presence of the Pro-
gramming Executive”), it must be programmed into
ICSP, as described in

executive memory using

Section 3.0 “Device Programming — ICSP”.

Storing the Programming Executive to executive
memory is similar to normal programming of code
memory. Namely, the executive memory must be
erased and then the Programming Executive must be
programmed, 64 words at a time. Table 5-5 provides
this control flow.

Note:  The Programming Executive must always
be erased before it is programmed, as

described in Table 5-5.

TABLE 5-5: PROGRAMMING THE PROGRAMMING EXECUTIVE
Command Data Description
(Binary) (Hex) P
Step 1: Exit Reset vector and erase executive memory.
0000 000000 NOP
0000 040200 GOTO 0x200
0000 000000 NOP
Step 2: Initialize the NVMCON register to erase executive memory.
0000 240420 MoV #0x4042, W
0000 883B00 MOV W), NVMCON
Step 3: Initialize the Erase Pointers to the first page of executive and then initiate the erase cycle.
0000 200800 MOV #0x80, WO
0000 8802A0 MoV W), TBLPAG
0000 200001 MoV #0x0, W
0000 000000 NOP
0000 BB0881 TBLWIL W, [W]
0000 000000 NOP
0000 000000 NOP
0000 ABE761 BSET NVMCON, #15
0000 000000 NOP
0000 000000 NOP
Step 4: Repeat this step to poll the WR bit (bit 15 of NVMCON) until it is cleared by the hardware.
0000 040200 GOTO 0x200
0000 000000 NOP
0000 803B02 MoV NVMCON, W2
0000 883C22 MoV W, VIS
0001 000000 NOP
<VI Sl > Cl ock out contents of the VISI register.
0000 000000 NOP

Step 5: Repeat Steps 3 and 4 to erase the second page of executive memory. The W1 Pointer should be
incremented by 400h to point to the second page.

Step 6: Initialize the NVMCON register to program 64 instruction words.
0000 240010 MoV #0x4001, WO
0000 883B00 MoV VW, NVMCON
Step 7: Initialize the TBLPAG register and the Write Pointer (W?7).
0000 200800 MoV #0x80, WO
0000 8802A0 MoV W), TBLPAG
0000 EBO380 CLR W1
0000 000000 NOP
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TABLE 5-5: PROGRAMMING THE PROGRAMMING EXECUTIVE (CONTINUED)
Command Data Description
(Binary) (Hex) P

Step 8: Load WO:WS5 with the next four words of packed Programming Executive code and initialize W6 for
programming. Programming starts from the base of executive memory (800000h), using W6 as a Read
Pointer and W7 as a Write Pointer.

0000 2<LSW>0 MoV #<LSW>, W

0000 2<NMBSB1: MBBO>1 | MOV #<MSB1: MSBO>, W

0000 2<LSWL>2 MOV #<LSWL>, W

0000 2<LSWe>3 MoV #<LSW2>, W8

0000 2<NMBB3: MSB2>4 | MOV #<NMSB3: MSB2>, WA

0000 2<LSVB>5 MoV #<LSWB>, Wb
Step 9: Set the Read Pointer (W6) and load the (next four write) latches.

0000 EB0O300 CLR ]

0000 000000 NOP

0000 BBOBB6 TBLWIL [Ws++], [W]

0000 000000 NOP

0000 000000 NOP

0000 BBDBB6 TBLWH. B[ W6++] , [W/++]

0000 000000 NOP

0000 000000 NOP

0000 BBEBB6 TBLWH B[ Wo++] , [ ++W]

0000 000000 NOP

0000 000000 NOP

0000 BB1BB6 TBLWIL [W6++], [W++]

0000 000000 NOP

0000 000000 NOP

0000 BBOBB6 TBLWIL [Ws++], [W]

0000 000000 NOP

0000 000000 NOP

0000 BBDBB6 TBLWH. B[ V6++], [W++]

0000 000000 NOP

0000 000000 NOP

0000 BBEBB6 TBLWH B[ Wo++] , [ ++W]

0000 000000 NOP

0000 000000 NOP

0000 BB1BB6 TBLWIL [W6++], [W++]

0000 000000 NOP

0000 000000 NOP

Step 10: Repeat Steps 8 and 9, 16 times, to load the write latches for the 64 instructions.

Step 11: Initiate the programming cycle.

0000 ABE761 BSET NVMCON, #15
0000 000000 NOP
0000 000000 NOP
Step 12: Repeat this step to poll the WR bit (bit 15 of NVMCON) until it is cleared by the hardware.
0000 040200 GOTO 0x200
0000 000000 NOP
0000 803B02 MOV NVMCON, W2
0000 883C22 MOV we, Vi Sl
0000 000000 NOP
0001 <Vl Sl > Clock out contents of the VISI register.
0000 000000 NOP
Step 13: Reset the device internal PC.
0000 040200 GOTO 0x200
0000 000000 NOP
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TABLE 5-5: PROGRAMMING THE PROGRAMMING EXECUTIVE (CONTINUED)
Command Data Description
(Binary) (Hex) P

Step 14: Repeat Steps 8 through 13 until all 16 rows of executive memory have been programmed.

54.2 PROGRAMMING VERIFICATION

After the Programming Executive has been
programmed to executive memory using ICSP, it must
be verified. Verification is performed by reading out the
contents of executive memory and comparing it with
the image of the Programming Executive stored in the
programmer.

Reading the contents of executive memory can be
performed using the same technique described in
Section 3.8 “Reading Code Memory”.

A procedure for reading executive memory is provided
in Table 5-6. Note that in Step 2, the TBLPAG register
is set to 80h, such that executive memory may be read.
The last eight words of executive memory should be
verified with stored values of the Diagnostic and
Calibration Words to ensure accuracy.

TABLE 5-6: READING EXECUTIVE MEMORY
Command Data Description
(Binary) (Hex) P
Step 1: Exit the Reset vector.
0000 000000 NOP
0000 040200 GOoro 0x200
0000 000000 NOP
Step 2: Initialize the TBLPAG register and the Read Pointer (W6) for TBLRD instruction.
0000 200800 MoV #0x80, W
0000 8802A0 MoV W), TBLPAG
0000 EB0300 CLR W6
Step 3: Initialize the Write Pointer (W7) to point to the VISI register.
0000 207847 MoV #VISI, W
0000 000000 NOP

using the REGOUT command.

Step 4: Read and clock out the contents of the next two locations of executive memory, through the VISI register,

0000 BAOB96 TBLRDL [W8], [W]
0000 000000 NOP
0000 000000 NOP
0001 <VI SI > Cl ock out contents of VISI register
0000 000000 NOP
0000 BADBB6 TBLRDH. B[ W6++] , [ W/++]
0000 000000 NOP
0000 000000 NOP
0000 BAD3D6 TBLRDH. B[ ++W6], [WI--]
0000 000000 NOP
0000 000000 NOP
0001 <VI SI > Clock out contents of VISI register
0000 000000 NOP
0000 BAOBB6 |TBLRDL [Ws++], [W]
0000 000000 NOP
0000 000000 NOP
0001 <VI SI > Clock out contents of VISI register
0000 000000 NOP
Step 5: Reset the device internal PC.
0000 040200 GOTO 0x200
0000 000000 NOP

Step 6: Repeat Steps 4 and 5 until all 1024 instruction words of executive memory are read.
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6.0 DEVICE DETAILS Table 6-1 provides the Device ID for each device,
Table 6-2 provides the Device ID registers and Table 6-3
6.1 Device ID lists and describes the bit field of each register.

The Device ID region of memory can be used to
determine mask, variant and manufacturing
information about the chip. The Device ID region is
2x 16 bits and it can be read using the READC
command. This region of memory is read-only and can
also be read when code protection is enabled.

TABLE 6-1: DEVICE IDs

Device DEVID Device DEVID
PIC24FJ128DA106 4109 PIC24FJ128GB206 4100
PIC24FJ256DA106 410D PIC24FJ256GB206 4104
PIC24FJ128DA110 410B PIC24FJ128GB210 4102
PIC24FJ256DA110 410F PIC24FJ256GB210 4106
PIC24FJ128DA206 4108 PIC24FJ64GC006 4888
PIC24FJ256DA206 410C PIC24FJ64GC008 488A
PIC24FJ128DA210 410A PIC24FJ64GCO010 4884
PIC24FJ256DA210 410E PIC24FJ128GC006 4889
PIC24FJ64GA306 46C0 PIC24FJ128GC008 488B
PIC24FJ64GA308 46C4 PIC24FJ128GC010 4885
PIC24FJ64GA310 46C8
PIC24FJ128GA306 46C2
PIC24FJ128GA308 46C6
PIC24FJ128GA310 46CA

TABLE 6-2: PIC24FIXXXDA1/DA2/GB2/GA3/GCO DEVICE ID REGISTERS

Address Name ot
sl l2|alw]e e 76 s ala]z]1]o
FF0000h DEVID FAMID<7:0> DEV<7:0>
FF0002h DEVREV — | REV<30>

TABLE 6-3: DEVICE ID BIT DESCRIPTIONS

Bit Field Register Description
FAMID<7:0> DEVID Encodes the family ID of the device.
DEV<7:0> DEVID Encodes the individual ID of the device.
REV<3:0> DEVREV Encodes the sequential (numerical) revision identifier of the device.
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6.2 Checksum Computation

Table 6-4 lists the devices and describes how to
calculate the checksum for each device. All memory

Checksums for the PIC24FIXXXDA1/DA2/GB2/GA3/ locations are summed, one byte at a time, using only

GCO families are 16 bits in size. The checksum is their native data size. Especially, Configuration registers
calculated by summing the following:

« Contents of code memory locations
» Contents of Configuration registers

are summed by adding the lower two bytes of these
locations (the upper byte is ignored), while code memory
is summed by adding all three bytes of code memory.

TABLE 6-4: CHECKSUM COMPUTATION

Erased Checksum with
Device Read C(.)de Checksum Computation Checksum OXAAAAAA at 0x0
Protection Value and Last Code
Address
PIC24FJ128DA106 Disabled CFGB + SUM(0:157F7) F784h F586h
Enabled 0 0000h 0000h
PI1C24FJ256DA106 Disabled CFGB + SUM(0:2ABF7) F984h F786h
Enabled 0 0000h 0000h
PIC24FJ128DA110 Disabled CFGB + SUM(0:157F7) F784h F586h
Enabled 0 0000h 0000h
PIC24FJ256DA110 Disabled CFGB + SUM(0:2ABF7) F984h F786h
Enabled 0 0000h 0000h
PIC24FJ128DA206 Disabled CFGB + SUM(0:157F7) F784h F586h
Enabled 0 0000h 0000h
P1C24FJ256DA206 Disabled CFGB + SUM(0:2ABF7) F984h F786h
Enabled 0 0000h 0000h
PIC24FJ128DA210 Disabled CFGB + SUM(0:157F7) F784h F586h
Enabled 0 0000h 0000h
PIC24FJ256DA210 Disabled CFGB + SUM(0:2ABF7) F984h F786h
Enabled 0 0000h 0000h
PIC24FJ64GA306 Disabled CFGB + SUM(0:0ABF7) F984h F786h
Enabled 0 0000h 0000h
PIC24FJ64GA308 Disabled CFGB + SUM(0:0ABF7) F984h F786h
Enabled 0 0000h 0000h
PIC24FJ64GA310 Disabled CFGB + SUM(0:0ABF7) F984h F786h
Enabled 0 0000h 0000h
PIC24FJ128GA306 Disabled CFGB + SUM(0:157F7) F784h F586h
Enabled 0 0000h 0000h
PIC24FJ128GA308 Disabled CFGB + SUM(0:157F7) F784h F586h
Enabled 0 0000h 0000h
PIC24FJ128GA310 Disabled CFGB + SUM(0:157F7) F784h F586h
Enabled 0 0000h 0000h
PIC24FJ128GB206 Disabled CFGB + SUM(0:157F7) F784h F586h
Enabled 0 0000h 0000h
P1C24FJ256GB206 Disabled CFGB + SUM(0:2ABF7) F984h F786h
Enabled 0 0000h 0000h
Legend: [tem Description

SUMJa:b]
CFGB

Byte sum of locations, a to b inclusive (all 3 bytes of code memory)
Configuration Block (masked) byte sum of ((CW1 & 0x7FFF) + (CW2 & OxFFFF) +
(CW3 & OXFFFF) + (CW4 & OXFFFF))

Note: CWL1 address is the last location of implemented program memory; CW?2 is (last location — 2); CW3 is (last
location — 4); CW4 is (last location — 6).
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TABLE 6-4: CHECKSUM COMPUTATION (CONTINUED)
Erased Checksum with
Device Efg?eg?gr? Checksum Computation Checksum OX;‘SAI‘_QQAC{’EC?:O
value Address
PIC24FJ128GB210 Disabled CFGB + SUM(0:157F7) F784h F586h
Enabled 0 0000h 0000h
PI1C24FJ256GB210 Disabled CFGB + SUM(0:2ABF7) F984h F786h
Enabled 0 0000h 0000h
PIC24FJ64GC006 Disabled CFGB + SUM(0:0ABF7) F984h F786h
Enabled 0 0000h 0000h
PI1C24FJ64GC008 Disabled CFGB + SUM(0:0ABF7) F984h F786h
Enabled 0 0000h 0000h
PIC24FJ64GC010 Disabled CFGB + SUM(0:0ABF7) F984h F786h
Enabled 0 0000h 0000h
P1C24FJ128GC006 Disabled CFGB + SUM(0:157F7) F784h F586h
Enabled 0 0000h 0000h
PI1C24FJ128GC008 Disabled CFGB + SUM(0:157F7) F784h F586h
Enabled 0 0000h 0000h
P1C24FJ128GC010 Disabled CFGB + SUM(0:157F7) F784h F586h
Enabled 0 0000h 0000h
Legend: [tem Description

SUM[a:b]
CFGB

Byte sum of locations, a to b inclusive (all 3 bytes of code memory)
= Configuration Block (masked) byte sum of ((CW1 & Ox7FFF) + (CW2 & OXFFFF) +
(CW3 & OXFFFF) + (CW4 & OXFFFF))

Note: CW1 address is the last location of implemented program memory; CW?2 is (last location — 2); CW3 is (last
location — 4); CW4 is (last location — 6).
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7.0

AC/DC CHARACTERISTICS AND TIMING REQUIREMENTS

Standard Operating Conditions
Operating Temperature: 0°C to +70°C. Programming at +25°C is recommended.

Pla\lrsm Symbol Characteristic Min Max Units Conditions
D111 |VDD Supply Voltage During Programming 2.20 3.60 VvV |Normal programming(l)
D112 |IpP Programming Current on MCLR — 5 pA
D113 |IpppP Supply Current During Programming — 16 mA
D031 |ViL Input Low Voltage Vss 0.2 VDD \Y,
D041 |VIH Input High Voltage 0.8 VDD VDD \%
D080 |VoL Output Low Voltage — 0.4 \% loL=8.5mA @ 3.6V
D090 |VoH Output High Voltage 3.0 — V  |loH=-3.0mA @ 3.6V
D012 (Cio Capacitive Loading on I/O pin (PGEDXx) — 50 pF | To meet AC specifications
D013 |CF Filter Capacitor Value on Vcap 4.7 10 uF  |Required for controller core
P1 TPGEC Serial Clock (PGECXx) Period 100 — ns |ICSP™ mode
250 — ns |Enhanced ICSP mode
P1A TPGECL Serial Clock (PGECXx) Low Time 40 — ns |ICSP mode
100 — ns |Enhanced ICSP mode
P1B TPGECH Serial Clock (PGECXx) High Time 40 — ns |ICSP mode
100 — ns |Enhanced ICSP mode
P2 TseTl Input Data Setup Time to Serial Clock T 15 — ns
P3 THLD1 Input Data Hold Time from PGECx T 15 — ns
P4 ToLyl Delay Between 4-Bit Command and 40 — ns
Command Operand
P4A TDLY1A Delay Between 4-Bit Command Operand 40 — ns
and Next 4-Bit Command
P5 ToLY2 Delay Between Last PGECx { of Command 20 — ns
Byte to First PGECx T of Read of Data Word
P6 TSET2 vop T Setup Time to MCLR T 100 — ns
P7 THLD2 Input Data Hold Time from MCLR 1 25 — ms
P8 TbLY3 Delay Between Last PGECx { of Command 12 — ps
Byte to PGEDx T by Programming Executive
P9 ToLy4 Programming Executive Command 40 — us
Processing Time
P10 TDLY6 PGECx Low Time After Programming 400 — ns
P11 TDLY7 Chip Erase Time 20 40 ms
P12 ToLY8 Page Erase Time 20 40 ms
P13 TDLY9 Row Programming Time 1.5 — ms
P14 |Tr MCLR Rise Time to Enter ICSP mode — 1.0 ps
P15 |TvALID Data Out Valid from PGECx T 10 — ns
P16 |TpLyl0 |Delay Between Last PGECx 4 and MCLR { 0 — s
P17  |THLD3 MCLR { to VoD 4 100 — ns
P18  |Tkevl Delay from First MCLR { to First PGECx T 10 — ms |PIC24FJXXXGCOXX and
for Key Sequence on PGEDx PIC24FJIXXXGA3XX
devices
40 — ns |All other devices
Note 1: VDD mustalso be supplied to the AVDD pins during programming. AVDD and AVss should always be within 0.3V

of VDD and Vss, respectively. When the internal voltage regulator is enabled (i.e., ENVREG = VDD), the nominal
Vcapr is 1.8V.
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7.0

AC/DC CHARACTERISTICS AND TIMING REQUIREMENTS (CONTINUED)

Standard Operating Conditions

Operating Temperature: 0°C to +70°C. Programming at +25°C is recommended.

Pla\lrsm Symbol Characteristic Min Max | Units Conditions
P19 TKEY2 Delay from Last PGECx { for Key Sequence 1 — ms
on PGEDx to Second MCLR T
P20 ToLyll Delay Between PGEDx { by Programming 23 — us
Executive to PGEDx Driven by Host
P21 ToLy12 Delay Between Programming Executive 8 — ns
Command Response Words
Note 1: VDD mustalso be supplied to the AVDD pins during programming. AVDD and AVss should always be within 0.3V

of VDD and Vss, respectively. When the internal voltage regulator is enabled (i.e., ENVREG = VDD), the nominal
VAP is 1.8V.
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APPENDIX A: REVISION HISTORY
Revision A (February 2009)

Initial revision of this document, released for
PIC24FJ128DA1/DA2/GB2 family devices.

Revision B (September 2010)

Adds PIC24FJ128GA3 family devices.
Revision C (August 2011)

Adds PIC24FJ128GCO0 family devices.

Amends Section 3.7 “Writing Configuration Words”
with a comprehensive list of reserved bits with specific
programming requirements (Table 3-7). Existing tables
in this section are sequentially renumbered from the
previous revision.

Updates the following Configuration bits and definitions
for PIC24FJ128GAS3 family devices (Table 4-3):

* SOSCSEL (redefined as a single bit, CW3<8>)
e ALTVRF (corrected from ALTVREF)

Removes the BBEN, RTCBAT and BBDIS Configuration
bits from PIC24FJ128GAS3 family devices.

Adds revision history as a new feature.
Revision D (December 2011)

Removes the BORYV bit from the Configuration register
(CW2<3>) and changes it to reserved.

Revision E (March 2012)

Adds the BOREN1 bit (Cw2<3>) to
PIC24FJ128GA310 family devices, and describes its
operation as part of a pair with the existing BOREN bit.

Removes previous independent description of the
BOREN Configuration bit.
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Tel: 86-10-8569-7000
Fax: 86-10-8528-2104

China - Chengdu
Tel: 86-28-8665-5511
Fax: 86-28-8665-7889

China - Chongqging
Tel: 86-23-8980-9588
Fax: 86-23-8980-9500

China - Hangzhou
Tel: 86-571-2819-3187
Fax: 86-571-2819-3189

China - Hong Kong SAR
Tel: 852-2401-1200

Fax: 852-2401-3431
China - Nanjing

Tel: 86-25-8473-2460
Fax: 86-25-8473-2470
China - Qingdao

Tel: 86-532-8502-7355
Fax: 86-532-8502-7205

China - Shanghai
Tel: 86-21-5407-5533
Fax: 86-21-5407-5066

China - Shenyang
Tel: 86-24-2334-2829
Fax: 86-24-2334-2393

China - Shenzhen
Tel: 86-755-8203-2660
Fax: 86-755-8203-1760

China - Wuhan

Tel: 86-27-5980-5300
Fax: 86-27-5980-5118
China - Xian

Tel: 86-29-8833-7252
Fax: 86-29-8833-7256

China - Xiamen
Tel: 86-592-2388138
Fax: 86-592-2388130

China - Zhuhai
Tel: 86-756-3210040
Fax: 86-756-3210049

ASIA/PACIFIC

India - Bangalore
Tel: 91-80-3090-4444
Fax: 91-80-3090-4123

India - New Delhi
Tel: 91-11-4160-8631
Fax: 91-11-4160-8632

India - Pune
Tel: 91-20-2566-1512
Fax: 91-20-2566-1513

Japan - Osaka
Tel: 81-66-152-7160
Fax: 81-66-152-9310

Japan - Yokohama
Tel: 81-45-471- 6166
Fax: 81-45-471-6122

Korea - Daegu
Tel: 82-53-744-4301
Fax: 82-53-744-4302

Korea - Seoul

Tel: 82-2-554-7200
Fax: 82-2-558-5932 or
82-2-558-5934

Malaysia - Kuala Lumpur
Tel: 60-3-6201-9857
Fax: 60-3-6201-9859

Malaysia - Penang
Tel: 60-4-227-8870
Fax: 60-4-227-4068

Philippines - Manila
Tel: 63-2-634-9065
Fax: 63-2-634-9069
Singapore

Tel: 65-6334-8870
Fax: 65-6334-8850

Taiwan - Hsin Chu
Tel: 886-3-5778-366
Fax: 886-3-5770-955
Taiwan - Kaohsiung
Tel: 886-7-536-4818
Fax: 886-7-330-9305
Taiwan - Taipei

Tel: 886-2-2500-6610
Fax: 886-2-2508-0102

Thailand - Bangkok
Tel: 66-2-694-1351
Fax: 66-2-694-1350

EUROPE

Austria - Wels

Tel: 43-7242-2244-39
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828

Fax: 45-4485-2829

France - Paris

Tel: 33-1-69-53-63-20
Fax: 33-1-69-30-90-79
Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781

Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Spain - Madrid

Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
UK - Wokingham

Tel: 44-118-921-5869
Fax: 44-118-921-5820
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