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Abstract

This thesis arrange from project which develop and take from to electrical instrument,
use for computer device as same as CPU ( Central Processing Unit ) or VGA( Video Graphic
Array ) card from personal computer. Have to display on VGA moniter follow VGA standard
with microcontrollerPIC . MicrocontrollerPIC in this project is main controller device in control
for display follow signal pattern input , with learning about generating graphic signal in VGA
standard. Will get to pattern in plotting graph for design circuit and programming , to get VGA
monitor not used working but can use in normally mode apply for with this project’s circuit.
This circuit to take and develop is-small , stability, and not expensive. -In this thesis is sum for

introduction , programming , option device , limit for develop and important theory.
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2.5.5 VGA timing information

2.5.5.1 Horizontal Timing

Horizontal Dots

Vertical Scan Lines

510 2-12 wemIRIMINUHATYYIM VGA Sync

640 640 640
350 400 480

Horiz. Sync Polarity POS NEG NEG

A (us)
B (us)
C (us)
D (us)
E (us)

31.77 31.77
397 377
1.89  1.89
25.17 25.17
094" 094

31.77
3.77
1.89
25.17

0.94
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2.5.5.2 Vertical Timing

Horizontal Dots 640 640 640
Vertical Scan Lines 350 400 480
Vert. Sync Polarity NEG POS NEG

Vertical Frequency 70Hz 70Hz 60Hz
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R (ms) 11.13 1272 1525

S (ms) 1.2 041 0.35
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4.1 msnaveudaanan lulnsneulnsames

T2
Cursor
-0.02div
=Filter= =0Offsel= =Record Length= =Trigger=
Smeoothing : OFF CH1 00000V Main = 10K Mode . AUTO
BW - FULL CH2 : 0.00V Zoom @ 10K Twpe : EDGE CH2 4
Delay 0.0ns
Hold OfF MINIRAURA

51/ 42 panemmihm s a9 9N 1 Y8 IVertical Sync
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Smsidiv

MORM:200kS /s

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing | OM CH1 : 0.00v KMain 10K Mode : AUTO
BW ! FULL CH2 : 0.00v Zgom : 10K Type : EDGE CH1 &
Delay : 0.0ns
Hold OfF : MMINIMUM
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Stopped 2005/03/22 20:29:18
CH1I=5v : : : : Sus /div
DC 1:1 : : : I (Busydiv)
: : NORMI200MS /s

=Filter= =0Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00V Main : MK Mode : SINGLE
BW I FULL CH2 : 0.00V Zoom I 10K Type : EDGE CH2 4
Delay : 0.0ns
Hold OfFF MINIMUM
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A3

: T ious/div
: i (10us/div)
NORM:10)MS /5

=Filter= =0Offsel= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00v Main : 10K Mode : RUTO
BW @ FULL CH2 : 0.00V Zoom : 10K Type ©: EDGE CH1 &
Delay : 0.0ns

Hold Off !  MINIMUM
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Talsunsu

0000 EF99

GOTO

0002 FO2B (nop)
0x0005732

0004 6AEA

CLRF OxFEA

0006 OE3B

MOVLW 0x3B

0008 6EE9’
MOVWF 0xFE9

000A 50EF

MOVF OxFEF,W

000C EQOF BZ
0x000002¢

000E 0EOC

MOVLW 0xC

0010 6EO0I

MOVWF 0x1

0012 6A00 CLRF
0x0

0014 2E00

DECFSZ 0x0

0016 D7FE BRA
0x0000014

0018 2E01

DECFSZ 0x1

001A D7FB BRA
0x0000012

001C OEF7

MOVLW 0xF7

001E 6E00

MOVWF 0x0

0020 2E00

DECFSZ 0x0

0022 D7FE BRA

0x0000020

0024 0000 NOP
0026 0000 NOP
0028 2EEF

DECFSZ OxFEF

002A D7F1 BRA
0x000000e

002C 0C00

RETLW 0x0

- 002E OEO0

MOVLW 0x0
0030 6E95

MOVWE 0xF93

0032 CO3A

MOVFF

0034 FF8C (nop)
0x3A.0XFSC

0036 OE02

MOVLW 02

0038 6E3B
MOVWF 0x3B

003A DFE4

RCALL 0x0000004
003C 9082  BCF
0xF82,0x0

003E 0E02

MOVLW 0x2

0040 6E3B

MOVWE 0x3B

0042 DFEO

RCALL 0x0000004
0044 8082  BSF
0xF82,0x0

0046 0C00

RETLW 0x0

0048 8082  BSF

0xF382,0x0

004A 8282 BSF
0xF82,0x1
004C 9482 BCF

© OxF82,0x2

004E 8484j.- BSF
0xF84,0x2

0050 9084  BCF
0xF84.0x0

0052 9284 BCF
0xF84,0x1 :
0054 8080 BSF
0xF80,0x0

~ 0056 9080 BCF

0xF80,0x0
0058 8280 BSF
0xF80,0x1
005A 9280 BCF

0xF80,0x1

005C 900D BCF
0xD,0x0 -

005E 0EQ0

MOVLW 0x0

0060 6E95
MOVWE 0xE95

0062 6A0C

CLRF OxC

0064 6AOB

CLRF 0xB

0066 520C

MOVF 0xC

0068 A4DS

BTFSS OXFD8,0x2
006A EF33

GOTO

006C FOO4  (nop)
0x0000866

006E 500B
MOVF 0xB.W
0070 081D
SUBLW 0x1D
0072 AODS
BTFSS 0xFDS.0x0

0074 EF33

GOTO
0076 FO04  (nop)
0x0000866

0078 6AOA

CLRF OxA

~ 007A 6A09

CLRF 0x9

007C 520A
MOVF 0xA

007E A4D8
BTFSS 0xFD8.0x2
0080 EF23.
GOTO

. 0082 FoO4 (nop)

0x0000846

0084 5009
MOVF 0x9,W
0086 082C
SUBLW 0x2C
0088 AODS
BTFSS 0xFD8,0x0
008A EF23
GOTO'

008C FOO4 . (nop)
0x0000846
008E 500B
MOVF 0xB.W
0090 0808

SUBLW.0xB



0312 DESD

RCALL 0x000002e
0314 800D  BSF
0xD.0x0

0316 500B

MOVF 0xB,W

0318 080D

SUBLW 0xD

031A A4D8

BTFSS 0xFD8,0x2
031C D062 BRA
0x00003¢2

031E 520C

MOV% OXC‘

0320 A4DS

BTFSS 0xFD8,0x2
0322 DOSF BRA
0x00003e2

0324 5009

MOVF 0x9,W

0326 0804

SUBLW 0x4

0328 E102  BNZ
0x000032e

032A 520A

MOVF 0xA

032C E002  BZ
0x0000332

032E 0E00

MOVLW 0x0

0330 DOOI BRA
0x0000334

0332 0EOI

MOVLW 0x1

0334 6EOE

MOVWEF 0xE

0336 5009

MOVF 0x9,W

0338 0806

SUBLW 0x6

033A E102 BNZ
0x0000340

033C 520A

MOVF 0xA

033E E002 BZ
0x0000344

0340 OE00

MOVLW 0x0

0342 D0OY BRA
0x0000346 ‘
0344 OEO!

MOVLW 0xl

0346 100E

IORWF OxE,W

0348 0A00

XORLW 0x0

034A E004 BZ
0x0000354

034C OEO!

MOVLW 0x1

034E 6E3A
MOVWEF 0x3A

0350 DEGE

RCALL 0x000002¢
0352 800D BSF
0xD,0x0

0354 5009

MOVF 0x9,W

0356 080C

SUBLW 0xC

0358 E102 BNZ
0x000035¢

035A 520A

MOVF 0xA

035C E002 BZ
0x0000362

035E OE00

MOVLW 0x0

0360 D001 BRA
0x0000364

0362 OEOI
MOVLW 0x1
0364 6EOE
MOVWF OxE
0366 5009
MOVF 0x9,W
0368 080D
SUBLW 0xD
036A E102,
0x0000370
036C 520A
MOVE 0xA
036F E002
0x0000374
0370 OE00

MOVLW 0x0

0372 DOOI
0x0000376

" 0374 OEO1

MOVLW 0x1

0376 100E

IORWF O%E,W
0378 6EOF
MOVWF OxF
037A 5009
MOVF 0x9,W
037C 0811
SUBLW 0x11
037E E102
0x0000384
0380 520A
MOVF 0xA
0382 E002
0x0000388
0384 OE00
MOVLW 0x0

" 0386 DOOL

0x000038a
0388 OEO!L
MOVLW 0x!

BNZ

BZ

BRA

BNZ

BZ

BRA

038A 100F
IORWF (OxF.W
038C _6El()
MOVWF OxAlO
038E 5009
MOVF 0x9,W
0390 0812
SUBLW 0x12
0392 E102 BNZ
0x0000398
0394 520A

MOVF 0xA

0396 E002 BZ
0x000039¢

0398 OE0O

MOVLW 0x0

039A DOO! BRA
0x000039¢

039C 0EO1

MOVLW Ox!

039E 1010

IORWF 0x10,W

03A0 0A0O

XORLW 0x0

. 03A2 EO04  BZ

0x00003ac

03A4 OEO02

MOVLW 0x2

03A6 6E3A
MOVWEF 0x3A

03A8 DE42

RCALL 0x000002e
03AA 800D BSF
0xD,0x0

03AC 5009 -

MOVF 0x9,W

03AE 0816

SUBLW 0x16

03B0 E106 BNZ
0x00003be



04F2 100E
IORWF OXE,W

04F4 0A00

XORLW 0x0

04F6 E004  BZ
0x0000500

04F$ OEOI

MOVLW 0x1

04FA 6E3A
MOVWF 0x3A

04FC DD98

RCALL 0x000002¢
O04FE 800D  BSF
0xD,0x0 ’

0500 5009

MOVF 0x9,W

0502 080C

SUBLW 0xC

0504 E102  BNZ
0x000050

0506 520A

MOVF 0xA

0508 E002  BZ
0x000050e
050A OE00

MOVLW 0x0

050C D001 BRA
0x0000510

050E OEO1

MOVLW 0x1
0510 6EOE

MOVWF 0xE

0512 5009

MOVF 0x9,W

0514 080E

SUBLW OxE

0516 E102  BNZ
0x000051c

0518 520A

MOVF 0xA

051A EO02 - BZ
0x0000520

051C 0E00

MOVLW 0x0

0SIE D001 BRA
00000522

0520 OEOL"
MOVLW 0x!

0522 100E

. IORWF OxE,.W

0524 6EOF

MOVWF 0xF

0526 5009

MOVF 0x9,W

0528 0810

SUBLW 0x10

052A E102 BNZ
0x0000530

052C 520A

MOVF O0xA

052E E002 BZ
0x0000534

0530 OE0O

MOVLW 0x0

0532 D001 BRA
0x0000536

0534 0EO01

MOVLW Ox!

0536 100F

IORWF OxF,W

0538 6EI0

MOVWF 0x10

053A 5009

MOVF 0x9,W

053C 0812

SUBLW 0x12

053E E102 BNZ
0x0000344

0540 520A

MOVF 0xA

0542 E002  BZ
0x0000548

0344 0EQO

MOVLW 0x0

0346 D001 BRA
0x000054a

0548 6E01

MOVLW Ox1

034A 1010

IORWF 0x10,W

054C 0A00

XORLW 0x0

034E EO04 — BZ
0x0000558

0350 0E02

MOVLW 0x2

0352 6E3A
MOVWF 0x3A

03554 DD6C

RCALL 0x000002¢
0556 800D BSF
0xD,050 :
0558 3009

MOVF 0%9,W

055A 0816

SUBLW 0x16

035C E106 BNZ
0x000056a

035E 320A

MOVF OxA

0560 E104 BNZ
0x000056a

0562 0E03
MOVLW 0x3

0564 6E3A

MOVWF 0x3A

0566 DD63

" RCALL 0x000002e

0568 800D BSF

0xD,0x0

036A 5009

MOVF 0x9.W

056C 081B

SUBLW 0x1B

056E E106 BNZ
0x000057c

0570 520A

MOVF 0xA

0572 E104 BNZ
0x000057¢

0574 0E04

MOVLW 0x4

0576 6E3A

MOVWEF 0x3A

0578 DD3A

RCALL 0x000002¢
037A 800D BSF
0xD,0x0

057C 5009

MOVF 0x9.W

057E 0820

SUBLW 0x20

0580 E106 BNZ
0x000058¢

| 0582 520A

MOVF 0xA

0584 E104 BNZ
0x000058e

0386 OEO03

MOVLW 0x3

0588 6E3A
MOVWF 0x3A

058A DD5t

RCALL 0x000002e
058C 800D BSF
0xD,0x0 V

058E 500B

MOVF 0xB.W

0590 0810

SUBLW 0x10



03B2 520A

MOVF 0xA

03B4 E104  BNZ
0x00003be

03B6 0E03

MOVLW 0x3

03B8 6E3A
MOVWF 0x3A

03BA DE39

RCALL 0x000002¢
03BC 800D  BSF
0xD,0x0

03BE 5009

MOVF 0x9,W

03CO 08IB -
SUBLW 0x1B

03C2 E106  BNZ
0x00003d0

03C4 520A

MOVF 0xA

03C6 E104  BNZ
0x00003d0

03C8 OE04

MOVLW 0x4

03CA 6E3A
MOVWF 0x3A

03CC DE30

RCALL 0x000002¢
03CE 800D  BSF
0xD,0x0

03D0 5009

MOVF 0x9,W

03D2 0820

SUBLW 0x20

03D4 EI06  BNZ
0x00003€2

03D6 520A

MOVF 0xA

03D8 EI04  BNZ
0x00003¢2

03DA OEO05
MOVLW 0x3

03DC 6E3A
MOVWF 0x3A

03DE DE27

RCALL 0x000002e
03E0 800D BSl;‘
0xD,0x0

03E2 500B

MOVF 0sB,W

03E4 080E

SUBLW OxE

03E6 A4D8

BTFSS 0xFD8,0x2
03E8 DO6C BRA
0x00004c2

03EA 520C

MOVF 0xC

03EC A4D8

BTESS 0xFD8,0x2
03EE D069 BRA
0x00004c2

03F0 5009

MOVF 0x9,W

03F2 0804

SUBLW 0x4

03F4 E102 BNZ
0x00003fa

03F6 520A

MOVF 0xA

03F8 E002  BZ
0x00003fe

03FA OE00
MOVLW 0x0

03FC D001 BRA
0x0000400

03FE 0EOL
MOVLW 0xi

0400 6EOE

MOVWF 0OxE

0402 5009
MOVF 0x9,W

0404 0805

SUBLW 0x5

0406 E102  BNZ
0x000040¢c

| 0408 520A

MOVF OxA
040A E002, BZ
0x0000410

040C 0EOO

MOVLW 0x0
040E DGOl BRA

~ 0x0000412

0410 OEO1

- MOVLW 0x1

0412 100E
IORWF OXE,W
0414 6EOF
MOVWF OxF
0416 5009
MOVE 0x9,W
0418 0806

i SUBLW 0x6

041A EL02 BNZ

. 0x0000420

041C- 520A
MOVF 0xA
041E E002 BZ

© 0x0000424

0420 0E00

MOVLW 0x0

0422 D001 BRA
0x0000426

0424 OEO1

MOVLW 0x1

0426 100F

IORWF OxF,W

0428 0A00

XORLW 0x0

042A EO004 BZ
0x0000434

042C OEOI

MOVLW 0x1

042E 6E3A
MOVWF 0x3A

0430 DDFE

RCALL 0x000002e
0432 800D BSF
0xD.0x0

0434 5009

MOVF 0x9,W

0436 080C

SUBLW 0xC

0438 E102 BNZ
0x000043e

043A 520A

MOVF 0xA

043C EOOZ BZ
0x0000442

043E 0EQ0

MOVLW 0x0

0440 D001 BRA
0x0000444

0442 0EO1

MOVLW 0x1

0444 6EOE
MOVWF OxE

0446 5009

MOVF 0x9,W

0448 080E

SUBLW OxE

044A E102 BNZ
0x00004350

044C 520A°
MOVF 0OxA

044E E002 BZ
0x0000454

0450 0E00
MOVLW 0x0



06D2 800D
0xD.,0x0
06D4 5009
MOVF 0x9,W
06D6 080B
SUBLW 0xB
06D8 E102
0x00006de
06DA 520A
MOVF 0xA
06DC E002
0x00006e2
06DE 0EOO
MOVLW 0;:0
06EC D001
0x00006e4
06E2 0OEO1
MOVLW 0xl
06E4 6EOE
MQYWF OxE
06E6 5009
MOVF 0x9,W
06E8 080C
SUBLW 0xC
06EA E102
0x0000610
06Et 520A
MOVF 0xA
O06EE E002
0x00006t4
06F0 OEO0O
MOVLW 0x0
06F2 DO0OL
0x00006f6
06F4 OEOIL
MOVLW 0x1
06F6 100E
IORWF OxE.W
06F8 6EOF
MOVWE 0xF

BSF

BNZ

BZ

BRA

BNZ

BZ

BRA

06FA 3009
MOVF 0x9,W
06FC 080D
SUBLW 0xD

06FE E102 BNZ

0x0000704 3

0700 520A

MOVF 0xA

0702 EG02  BZ
0x0000708

0704 OE00
MOVLW 0x0

0706 D00l = BRA .,

0x000070a

0708 0EOL
MOVLW 0x1

070A 100F
IORWF OxF,W
070C 6E10
MOVWF 0x10
070E 5009

MOVE 0x9,W

0710 080F
SUBLW OxF

0712 E102 ~ BNZ
0x0000718

0714 520A

MOVF 0xA

0716 EGO2 BZ
0x000071c

0718 OE00
MOVLW 0x0
071A DOOI BRA
0x000071e

071C 0EO1
MOVLW 0x1

071E 1010
IORWF 0x10,W
0720 6E11

MOVWF 0x11

0722 5009

MOVF 0%9,W

0724 0811

SUBLW 0x!1

0726 E102 BNZ
0x000072¢

0728 520A

MOVF 03A

072A E002. BZ
0x0000730

072C OE00

MOVLW 0x0

072E D0OI BRA
0x0000732

0730 0FO0!

MOVLEW 0x]

0732 1011

IORWF 0x11,W

0734 6E12

MOVWF 0x12

0736 5009

MOVE 0x9,W

0738 0812

SUBLW 0x12

073A EI02 BNZ
0x0000740

073C 520A

MOVF UxA

073E E002 BZ
0x0000744

0740 OE0O

MOVLW 0x0

0742 DOO! BRA
0x0000746

0744 0OEOI

MOVLW 0x1

0746 1012

JORWF 0x12,W

0748 6E13

MOVWF 0x13

074A 3009

MOVF 0x9,W

074C 0813
SUBLW 0x13

074E E102 BNZ
00000754

0750 520A

MOVF 0xA

0752 E002 BZ
0x0000758

0754 OE00

MOVI W 0x0

0756 D00 BRA
0x000075a

0758 OEO1
MOVLW 0Oxl

0735A 1013
IORWF 0x13,W
075C 0A00
XORLW 0x0

075E E004 BZ
0x0000763

0760 OE02
MOVLW 0x2

0762 6E3A

MOVWF 0x3A

0764 DCé4

RCALL 0x000002e
0766 800D BSF
0xD.,0x0

0768 5009

MOVF 0x9, W

076A 0815

SUBLW 0x15

076C ElO;': BNZ
0x0000772-

076E 520A

MOVF 0xA

0770 E002 BZ

0x0000776



08B2 EC02
CALL

08B4 F000 {nop)

0x0000004

08B6 OEI4
MOVLW Ox14
08B8 6EOA
MOVWF 0xA
08BA DFD9
RCALL 0x000086e
08BC 6A05
CLRF 0x5

08BE 5005
MOVF OXS.;A’
08CO 0801
SUBLW 0x|
08C2 AODS
BTFSS 0xFD8,0x0
08C4 EFT7F
GOTO

08C6 F023 (nop)

0x00046fe

08C8 9EBI BCF

0xF81,0x7
08CA OE09
MOVLW 0x9
OSC&I 6E00
MOVWF 0x0
08CE 2E00
DECFSZ 0x0

08D0 D7FE BRA

0x00008ce

08D2 0000 NOP
08D4 0000 NOP

08D6 OEO02
MOVLW 0x2
08D8 6E00
MOVWF 0x0
08DA 2E00
DECFSZ 0x0

08DC D7FE
BRA 0x00008da
08DE 8E81
0xF81,0x7
08EO OE06
MOVLW 0x6
08E2 6E00
MOVWF 0x0
08E4 2L00
DECFSZ 0%0
08E6 D7FE
0x00008e4
08E8 0000
08EA 9080

- 0xF80,0x0

08EC 8682
0xF82,0x3
O08EE OES3
MOVLW 0x53
08F0 6E00
MOVWF 0x0
08F2 2E00
DECFSZ 0x0
08F4 DTFE
0x0000812
08F6 0000
08F8 0000
08FA 0000
08FC 0000
08FE 9682
0xF82,0x3
0900 8080
0xF80,0x0
0902 0E02
MOVLW 0x2
0904 6E00
MOVWF 0x0
0906 2E00
DECFSZ 0x0

BSF

BRA

NOP
BCF

BSF

BRA

NOP
NOP
NOP
NOP
BCF

BSF

0908 D7FE
0x0000906
090A 9ESI
0xF81,0x7
090C 0E09

" MOVLW 0x9

090E 6E00
MOVWF 0x0
0910 2L00 .
DECFSZ 0x0
0912 D7FE
0x0000910
0914 0000
0916 0000
0918 OE02
MOVLW 0x2
091A 6E00
MOVWF 0x0
091C 2E00
DECFSZ 0x0
091E D7FE
0x00009 Ic
0920 SE8I
0xF81,0x7
0922 OE06
MOVLW (x6
0924 6E00
MOVWF 0x0
0926 2E00
DECFSZ 0x0
0928 DTFE
0x0000926
092A 0000
092C 9080
0xF80.0x0
092E 8682
0xF82,0x3
0930 0OE53
MOVLW 0x53

BRA

BCF

BRA

NOP
NOP

BRA

BSF

NOP
BCF

BSF.

0932 6E0Q
MOVWEF 0x0
0934 2E00
DECFSZ 0x0
0936 D7FE
0x0000934
0938 0000
093A 0000
093C 0000
093E 0000
0940 9682
0xF82,0x3
0942 8080
0xF80,0x0 -
0944 OE02
MOVLW 0x2
0946 6EQ0
MOVWEF 0x0
0948 2E00
DECFSZ 0x0
094A D7FE
0x0000948
094C 9E8!
OxF81.0x7

_ 094E OE09

MOVLW 0x9
0930 6E00
MOVWF 0x0
0952 2E00
DECFSZ 0x0
0954 DTFE
0x0000952
0956 0000
0958 0000
095A OE02"
MOVLW 0x2
095C 6E00
MOVWF 0x0
095E 2E00
DECFSZ 0x0

BRA
NOP
NOP
NOP

NOP
BCF

BRA

BCF

BRA

NOP
NOP



tﬂy 1 d’ Y o U 24 tﬂ' = I 5 1 Y o ¥ €Y ¥
wnanstluenashanulidmiunislidnuienisfinuwinu eugrelnhluldusslovdmunisin

laidnsdilas Medu Snvivhuiilvidauwdasiomuazdosdnddisdivetenarsynasaninisluly



MICROCHIP

PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

+ PIC16F873
- PIC16F874

- PIC16F876
+ PIC16F877

Microcontroller Core Features:

High performance RISC CPU
Only 35 single word instructions to learn
All single cycle instructions except for program
branches which are two cycle
Operating speed: DC - 20 MHz clock input

DC - 200 ns instruction cycle
Up to 8K x 14 words of FLASH Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM)
Up to 256 x 8 bytes of EEPROM Data Memory

Pinout compatible to the PIC16C73B/74B/76/77
Interrupt capability (up to 14 sources)

Eight level deep hardware stack

Direct, indirect and relative addressing modes
Power-on Reset (POR)

Power-up Timer (PWRT) and

Oscillator Start-up Timer (OST)

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

Programmable code protection

Power saving SLEEP mode

Selectable oscillator options

Low power, high speed CMOS FLASH/EEPROM
technology

Fully static design

in-Circuit Serial Programming™ (ICSP) via two
pins

Single 5V In-Circuit Serial Programming capability
In-Circuit Debugging via two pins

Processor read/write access to program memory
Wide operating voltage range: 2.0V to 5.5V
High Sink/Source Current: 25 mA

Commercial, Industrial and Extended temperature
ranges

Low-power consumption:

- <0.6 mA typical @ 3V, 4 MHz

- 20 pA typical @ 3V, 32 kHz

- <1 pA typical standby current

Pin Diagram
PDIP

MCLRVPp ——» ]
RAQ/ANO <——»[]
RAVAN1 <+—[]

RA2IANZIVREF- ~—-[]
RA3JANSVREF+ ~a——-[]
RA4ITOCK! <[]
RAS/AN4/SS <+—]
REO/RD/ANS e[|
RE1/WRIANG ~—[]
RE2/CS/AN7 <—»-[]

VDD ey [

VSS e [

OSCY/CLKIN —»[{ 13
OSC2/CLKOUT «——[] 14
RCO/T10SO/TICK! -—»-[} 15
RCA/T10SICCP2 <[] 16
RC2ACCP1 e[} 17
RCIUSCKISCL <+—[] 18
RDO/PSPO -—[1 18
RD1PSP1 <—a[] 20

[1-<—= RB7/PGD
[} «— RBG&/IPGC
:]<—> RB5

[] <—» RB4

] <—» RB3/PGM
| ] «— RB2

] «— RB1
[]-«—> RBO/INT

| ] -— Voo

| ] e—— Vss

] =— RD7PSP7
[} =—> RDG/PSPE
] «— RD5/PSPS
] «—» RD4/PSP4
|} «— RC7RXDT
[} «—» RCEMTX/ICK
| }-e—a RC5SDO
] =—> RCA/SDISDA
{ ] «—» RD3/PSP3
[ ] e—» RD2/PSP2

© NV L WN -

=
=

PIC16F877/874

DRBRENENBEBELARBLIEEUEBS

Peripheral Features:

» Timer0O: 8-bit timer/counter with 8-bit prescaler

Timer1: 16-bit timer/counter with prescaler,

can be incremented during SLEEP via external

crystal/clock

= Timer2: 8-bit timer/counter with 8-bit period
register, prescaler and postscaler

» Two Capture, Compare, PWM modules

- Capture is 16-bit, max. resolution is 12.5 ns
~ Compare is 16-bit, max. resolution is 200 ns
- PWM max. resolution is 10-bit
= 10-bit multi-channel Anailog-to-Digital converter
« Synchronous Serial Port (SSP) with SPI™ (Master
mode) and 12C™ (Master/Slave)
= Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI) with 9-bit address
detection
- Parall_el Slave Port (PSP) 8-bits wide, with
external RD, WR and CS controls (40/44-pin only)
» Brown-out detection circuitry for
Brown-out Reset (BOR)

© 2001 Microchip Technology Inc.
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PIC16F87X

3.0 VOPORTS
" Some pins for these 1/O ports are multiplexed with an

alternate function for the peripheral features on the

device. In general, when a peripheral is enabled, that
pin may not be used as a general purpose /O pin.

Additional information on 1/O ports may be found in the
PICmicro™ Mid-Range Reference Manual, (DS33023).

3.1 PORTA and the TRISA Register

PORTA is a 6-bit wide, bi-directional port. The corre-
sponding data direction register is TRISA. Setting a
TRISA bit (= 1) will make the corresponding PORTA pin
an input (i.e., put the corresponding output driver in a
Hi-impedance mode). Clearing a TRISA bit (= 0) will
make the corresponding PORTA pin an output (i.e., put
the contents of the output latch on the selected pin).

Reading the PORTA register reads the status of the
pins, whereas writing to it will write to the port latch. All
write operations are read-modify-write operations.
Therefore, a write to a portimplies that the port pins are
read, the value is modified and then written to the port
data latch.

Pin RA4 is multiplexed with the Timer0 module clock
input to become the RA4/TOCKI pin. The RA4/TOCKI
pin is a Schmitt Trigger input and an open drain output.
All other PORTA pins have TTL input levels and full
CMOS output drivers.

Other PORTA pins are multiplexed with analog inputs
and analog VREF input. The operation of each pin is
selected by clearing/seiting the control bits in the
ADCON1 register (A/D Control Registert).

pins, even when they are being used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set when using them as analog inputs.

EXAMPLE 3-1: INITIALIZING PORTA
BCF STATUS, RPO
BCF STATUS, RP1 Bank0

;
H
CLRF PORTA ; Initialize PORTA by
; clearing output
; data latches
BSF STATUS, RPO ; Select Bank 1
MOVLW 0x06 ; Configure all pins
MOVWF  ADCON1 ; as digital inputs
MOVLW 0xCF ; Value used to
; initialize data
; direction
; Set RA<3:0> as inputs
; RA<5:4> as outputs
; TRISA<7:6>are always
; read as '0’.

MOVWF TRISA

FIGURE 3-1: BLOCK DIAGRAM OF
RA3:RA0 AND RAS5 PINS
Data Data Latch
Bus
D Q
WR Vop
Pt L b k@

WR
TRIS

RD
TRIS T
Input
' 3 Buffer
D
~J
EN

RD Port >

To A/D Converter

=

Note 1: O pins have protection diodes to VoD and Vss.

The TRISA register controls the direction of the RA

FIGURE 3-2: BLOCK DIAGRAM OF
RA4/TOCKI PIN
Data Data Laich
Bus D Q
WR
Port

1O pint®

WR
TRIS

RD
TRIS

EN
RD Port {>c -—l

TMRO Clock Input

Note 1: /O pin has protection diodes to Vss only.

® 2001 Microchip Technology Inc.
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PIC16F87X

TABLE 3-1: PORTA FUNCTIONS

Name ' Bit# | Buffer Function
RAO/ANO bit0 TTL | Input/output or analog input.
RA1/AN1 bitt TTL |Input/output or analog input.
RA2/AN2 bit2 TTL |Input/output or analog input.
RA3/AN3/VREF bit3 TTL |input/output or analog input or VREF.
RA4/TOCKI bit4 ST | Input/output or external clock input for Timer0. Output is open drain type.
RA5/SS/AN4 bit5 -| TTL |Input/output or slave select input for synchronous serial port or analog input.

Legend: TTL = TTL input, ST = Schmitt Trigger input

TABLE 3-22 SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Value on: | Value on all

Address | Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bit 0 POR, other
BOR RESETS

RA5 | RA4 | RA3 | RA2 | RA1 | RAO |--0x 0000| --0u 0000

05h |PORTA

85h |TRISA PORTA Data Direction Register --11 1131 --11 1111
9Fh |ADCONT |[ADFMF — | ~— . [PCFG3]| PCFG2 [ PCFG1 | PCFGO | --0- 0000 | --0- 0000
Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0". :

Shaded cells are not used by PORTA.

DS30292C-page 30 © 2001 Microchip Technology Inc.



PIC16F87X

3.2 PORTB and the TRISB Register

PORTB is an 8-bit wide, bi-directional port. The corre-
sponding data direction register is TRISB. Setting a
TRISB bit (= 1) will make the corresponding PORTB pin
an input (i.e., put the comesponding output driver in a
Hi-lmpedance mode). Clearing a TRISB bit (= 0) will
make the corresponding PORTB pin an output (i.e., put
the contents of the output latch on the selected pin).

Three pins of PORTB are multiplexed with the Low
Voltage Programming function: RB3/PGM, RB6/PGC
and RB7/PGD. The alternate functions of these pins
are described in the Special Features Section.

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is per-
formed by clearing bit RBPU (OPTION_REG<7>). The
weak pull-up is automatically tumed off when the port
pin is configured as an output. The pull-ups are dis-
abled on a Power-on Reset. .

FIGURE 3-3: BLOCK DIAGRAM OF
RB3:RBO PINS
Vbb
RBPU
RBPU® Weak
P pull-up
Data Bus Data Latch
b ohb—l>—1N
¥ {{[»]
WR Port CK“'\_ pin("
TRIS Latch
. - N TiL
Input 7
WRTRIS CK\.. Buffer
RD TRIS l
Q D
RD Port
EN
RBO/INT
RB3/PGM <
~ o
Schmitt Trigger |
Butor RD Port
Note 1: /O pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS
bit(s) and clear the RBPU bit (OPTION_REG<7>).

Four of the PORTB pins, RB7:RB4, have an interrupt-
on-change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e., any RB7:RB4 pin
configured as an output is excluded from the interrupt-
on-change comparison). The input pins (of RB7:RB4)
are compared with the old value latched on the last
read of PORTB. The “mismatch” outputs of RB7:RB4
are OR’ed together to generate the RB Port Change
interrupt with flag bit RBIF (INTCON<0>).

This interrupt can wake the device from SLEEP. The
user, in the Interrupt Service Routine, can clear the
interrupt in the following manner:

a) Any read or write of PORTB. This will end the
mismatch condition.

b) Clear flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF.
Reading PORTB will end the mismatch condition and
allow flag bit RBIF to be cleared.

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt-on-change
feature. Polling of PORTB is not recommended while
using the interrupt-on-change feature.

This interrupt-on-mismatch feature, together with soft-
ware configureable pull-ups on these four pins, allow
easy interface to a keypad and make it possible for
wake-up on key depression. Refer to the Embedded
Control Handbook, “Implementing Wake-up on Key
Strokes” (AN552).

RBO/INT is an external interrupt input pin and is config-
ured using the INTEDG bit (OPTION_REG<6>).

RBO/INT is discussed in detail in Section 12.10.1.

FIGURE 3-4: BLOCK DIAGRAM OF
RB7:RB4 PINS
VoI
REPUR)

D
Weak
—{ e

Data Latch
Data B T B P
i e LR -]
/(o]
WR Port SR pint®
TRIS Latch
] Q
WR TRIS °N TTL
CK 3 Input 7 Y\7
Buffer ST
P b Buffer
RD TRIS
Lateh
/‘ Q D

RD Port l
EN Qi

Set RBIF

From other RD Port
RB7:RB4 pins EN
Q3
RB7:RB6

In Serial Programming Mode

Note 1: 1O pins have diode protection to VDb and Vss. .

2: To enable weak pull-ups, set the appropriate TRIS
bit(s) and clear the RBPU bit (OPTION_REG<7>).

® 2001 Microchip Technology Inc.
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PIC16F87X

TABLE 3-3: PORTB FUNCTIONS

Name | Bit# Buffer Function

RBO/INT bitd TTSTY | Input/output pin or external interrupt input. Internal software
programmable weak pull-up.

RB1 bit1 TTL Input/output pin. Internal software programmable weak pull-up.

RB2 bit2 TTL Input/output pin. Internal software programmable weak puil-up.

RB3/PGMB) | bit3 TTL Input/output pin or programming pin in LVP mode. Internal software
programmable weak pull-up.

RB4 bit4 TTL input/output pin (with interrupt-on-change). Internal software programmable
weak pull-up.

RB5 bits TTL Input/output pin (with interrupt-on-change). Intemal software programmable
weak pull-up.

RB6/PGC bit6 TTUST® | Input/output pin (with interrupt-on-change) or In-Circuit Debugger pin.
Intemal software programmable weak pull-up. Serial programming clock.

RB7/PGD bit7 TTUST® | Inputfoutput pin (with interrupt-on-change) or In-Circuit Debugger pin.

Internal software programmable weak pull-up. Serial programming data.

Legend: TTL =TTL input, ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.

2:

This buffer is a Schmitt Trigger input when used in Serial Programming mode.

3: Low Voltage ICSP Programming (LVP) is enabled by default, which disables the RB3 1/O function. LVP
must be disabled to enable RB3 as an /O pin and allow maximum compatibility to the other 28-pin and
40-pin mid-range devices.

TABLE 3-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

Value on: | Value on

Address Name Bit7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 POR, all other
BOR RESETS
06h, 106h |PORTB RB7 RB6 RB5 | RB4 | RB3 | RB2 | RB1 | RBO | xxoxx xxox | uuuu uuuun
86h, 186h |TRISB PORTB Data Direction Register 1111 1111|1113 1131

81h, 181h |OPTION_REG | RBPU

INTEDG

11121 1323 {2212 2211

Legend: x = unknown, u = unchanged. Shaded cells are not used by PORTB.
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3.3 PORTC and the TRISC Register

PORTC is an 8-bit wide, bi-directional port. The corre-
sponding data direction register is TRISC. Setting a
TRISC bit (= 1) will make the corresponding PORTC
pin an input (i.e., put the corresponding output driver in
a Hi-impedance mode). Clearing a TRISC bit (= 0) will
make the corresponding PORTC pin an output (i.e., put
the contents of the output latch on the selected pin).

PORTC is multiplexed with several peripheral functions
(Table 3-5). PORTC pins have Schmitt Trigger input
buffers.

When the 12C module is enabled, the PORTC<4:3>
pins can be configured with normal I2C levels, or with
SMBus levels by using the CKE bit (SSPSTAT<6>).

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTC pin. Some
peripherals override the TRIS bit to make a pin an out-
put, while other peripherais override the TRIS bit to
make a pin an input. Since the TRIS bit override is in
effect while the peripheral is enabled, read-modify-
write instructions (BSF, BCF, XORWF) with TRISC as
destination, should be avoided. The user should refer
to the corresponding peripheral section for the correct
TRIS bit settings.

FIGURE 3-5: PORTC BLOCK DIAGRAM

(PERIPHERAL OUTPUT
OVERRIDE) RC<2:0>,
RC<7:5>

Port/Peripheral Select®

Peripheral Data Out 0 Vob

Data B

WaR =t{p @ P

Port a1 pint)

A X
WR p— D Q
TRIS crLQ —:D -
TRIS Latch —D—‘
TRIS
—_— Schmitt
_ Trig'gner %7

oL 2 e

RD r EN

Port DO j

Peripheral Input

Note 1: VO pins have diode protection to VDD and Vss.
2: Port/Peripheral select signal selects between port
data and peripheral output.
3: Peripheral OE (output enable) is only activated if
peripheral select is active.

FIGURE 3-6:

PORTC BLOCK DIAGRAM
{PERIPHERAL OUTPUT
OVERRIDE) RC<4:3>

Port/Peripheral Select?)

Peripheral Data Out

Voo

P o
1 i\j_—: I% pint®

Data Bus
D
WR Q
Port cKLa
Data Latch
wr TP @
TRIS cKLQ
TRIS Latch
RD <
TRIS
Peripheral
O®
RD

Port DC
SSPI Input

Note 1: VO pins have
2

: Port/Peripheral select signal selects between port data
and peripheral output.
3: Peripheral OE (output enable) is only activated if
peripheral sefect is active.

SSPSTAT<6>

diode protection to VDD and Vss.

© 2001 Microchip Technology Inc.
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TABLE 3-5: PORTC FUNCTIONS

Name ' Bit# | Buffer Type Function

RCO/T10SO/T1CKI bit0 ST Input/output port pin or Timer1 oscillator output/Timer1 clock input.

RC1/T10SI/CCP2 bit1 ST Input/output port pin or Timer1 oscillator input or Capture2 input/
Compare2 output’/PWM2 output.

RC2/CCP1 bit2 ST Input/output port pin or Capture1 input/Compare1 output/
PWM1 output.

RC3/SCK/SCL bit3 ST RC3 can also be the synchronous serial clock for both SPi
and 12C modes.

RC4/SDI/SDA bit4 ST RC4 can also be the SPI Data In (SPI mode) or data /O (2C mode).

RC5/SDO bits ST Input/output port pin or Synchronous Serial Port data output.

RC6/TX/CK bit6 | = ST Input/output port pin or USART Asynchronous Transmit or

' Synchronous Clock.

RC7/IRX/IDT bit7 ST Input/output port pin- or USART Asynchronous Receive or

Synchronous Data.

Legend: ST = Schmiit Trigger input

TABLE 3-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

Value on: | Value on all

Address | Name | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 POR, other
. { BOR RESETS

07h PORTC | RC7 RC6 RC5 RC4 RC3 | RC2 | RC1 RCO | xoxxx xoox | uuuu uuuun
87h TRISC [PORTC Data Direction Register 1111 1131 | 13111 1111
Legend: x = unknown, u = unchanged
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34 PORTD and TRISD Registers FIGURE 3-7: PORTD BLOCK DIAGRAM

N ORT MODE
PORTD and TRISD are not implemented on the (IN /O PORT ) .
/O pin!

PIG16F873 or PIC16F876. Data Data Laich

PORTD is an 8-bit port with Schmitt Trigger input buff- Bus D Q ——‘ D S

ers. Each pin is individually configureable as an input or ;‘ﬁ}t
PORTD can be configured as an 8-bit wide micropro- TRIS Latch
cessor port (parallel slave port) by setting control bit L b q|
PSPMODE (TRISE<4>). In this mode, the input buffers WR
are TTL. IRIS
IRIS | CK A Schmitt
_L_ Trigger \7
Input
Buffer
RD | ]i]
TRIS

Q D

<1
EN
RD Port -r I|>¢ﬁ _l

Note 1: /O pins have protection diodes to VDD and Vss.

TABLE 3-7:  PORTD FUNCTIONS

Name Bit# Buffer Type Function
RDO/PSPO bito sty Inputioutput port pin or parallel slave port bit0.
RD1/PSP1 | bitl st Inputfoutput port pin or parallel stave port bit1.
RD2/PSP2 bit2 st Input/output port pin or parallel slave port bit2,
RD3/PSP3 bit3 st Inputfoutput port pin or paraliel slave port bit3.
RD4/PSP4 bit4 st Inputfoutput port pin or parallel slave port bitd.
RD5/PSP5 bit5 staTL Inputioutput port pin or parallel slave port bit5. -
RD6/PSP8 bit6 sTTLM Inputioutput port pin or paraliel slave port bit6.
RD7/PSP7 bit7 sT/rTL Inputioutput port pin or parallel slave port bi7.

Legend: ST = Schmitt Trigger input, TTL = TTL input
Note 1: input buffers are Schmitt Triggers when in /O mode and TTL buffers when in Parallel Slave Port mode.

TABLE 3-8: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD

Value on: | Value on
Address| Name | Bit7 | Bit6 | Bit5 Bit4 Bit3 | Bit2 Bit1 Bit0 POR, all other
BOR RESETS

08h PORTD | RD7 { RD6 | RD5 RD4 RD3 RD2 RD1 RDO | xxoxx xxxx | uuuu uuuu
88h TRISD |PORTD Data Direction Register 1111 11311 {1111 1311
8%h TRISE | IBF | OBF paov[PSPMODE[ [ PORTE Data Direction Bits [ 0000 -111 | 0000 -111

Legend: x = unknown u = unchanged, - = ummplemented rééd as '0'. Shaded celIs are not used by PORTD.
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3.5 PORTE and TRISE Register FIGURE 3-8: PORTE BLOCK DIAGRAM
{IN /O PORT MODE)

PORTE and TRISE are not implemented on the
PIC16F873 or PIC16F876. . L Data: Data Latch 0 pint"
PORTE has three pins (REO/RD/ANS, RE1/WR/ANS, Bus D Q _D__,_‘E
and RE2/CS/AN7) which are individually configureable WR
as inputs or outputs. These pins have Schmitt Trigger Port ek U
input buffers. _t——
The PORTE pins become the I/O control inputs for the TRIS Latch
microprocessor port when bit PSPMODE (TRISE<4>) is +—° @
set. In this mode, the user must make certain that the b .
TRISE<2:0> bits are set, and that the pins are configured ———&K_\___ ?ﬁ“g;“e"r‘ %7
as digital inputs. Also ensure that ADCONH1 is configured Input
for digital I/O. In this mode, the input buffers are TTL. A Buffer
Register 3-1 shows the TRISE register, which also con- $3,S [ ~
trols the parallel slave port operation.
PORTE pins are multiplexed with analog inputs. When A
selected for analog input, these pins will read as '0’s. Q o
TRISE controls the direction of the RE pins, even when EN
they are being used as analog inputs. The user must rlpent _I
make sure to keep the pins configured as inputs when {>c
using them as analog inputs.
= Note 1: VO pins have protection diodes to VDD and Vss.

TABLE 3-9: PORTE FUNCTIONS

Name Biti## | Buffer Type Function

1O port pin or read control input in Parallel Slave Port mode or analog input:
RD
REO/RD/ANS | bitd | ST/TTLY |1 =idie
0 = Read operation. Contents of PORTD register are output to PORTD
IfO pins (if chip selected) i

110 port pin or write control input in Parallel Slave Port mode or analog input:

WR

REVWR/ANG| bitt | STATLM 1= ide

¢ = Write operation. Value of PORTD /O pins is latched into PORTD
register (if chip selected)

YO port pin or chip select control input in Parallel Slave Port mode or analog input:
cs

1 = Device is not selected

0 = Device is selected

RE2/CS/AN7 | bit2 | ST/TLD

Legend: ST = Schmitt Trigger input, TTL = TTL input
Note 1: Input buffers are Schmitt Triggers when in /O mode and TTL buffers when in Parallel Slave Port mode.

- TABLE 3-10: SUMMARY OF REGISTERS ASSOCIATED WITH PORTE

N N N " . . N . Value on: Value on

Address Name Bit7 Bit6 Bit5 Bit 4 Bit3 Bit2 Bit 1 Bit0 POR. BOR all other
’ RESETS

0%h PORTE | — | — | — | "— — RE2 | REV | REO |---- —xnx|---- -uuu
89h TRISE IBF | OBF ’|Bov PSPMODE i ] PORTE Data Direction Bits | 00600 -111 } 0000 -111
9Fh ADCON1 ADFM — =1 = PCFG3 | PCFG2 [PCFG1 [PCFGO --0- 0000 | --0- 0000

Legend: x = unknown, u= unchanged -= ummplemented read as '0’. Shaded cells are not used by PORTE.
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REGISTER 3-1:

bit7

bit 6

bit 5

bit 4

bit3

bit2

bit 1

bit O

TRISE REGISTER (ADDRESS 89h)

R-0 R-0 RW-0  RMW-0 U0  RW-1  RW-1  RWA1
[ 1BF [ oBF | 1BOV |PSPMODE| : — | Bit2 Bitt | Bito |
bit 7 ~ bit 0

Parallel Slave Port Status/Control Bits:

IBF: input Buffer Full Status bit

1 = A word has been received and is waiting to be read by the CPU

0 = No word has been received

OBF: Output Buffer Full Status bit

1 = The output buffer still holds a previously written word

0 = The output buffer has been read

IBOV: Input Buffer Overflow Detect bit (in Microprocessor mode)

1 = A write occurred when a previously input word has not been read (must be cleared in

software)
0 = No overflow occurred

PSPMODE: Parallel Slave Port Mode Select bit

1 = PORTD functions in Parallel Slave Port mode
0 = PORTD functions in general purpose /O mode
Unimplemented: Read as ‘0’

PORTE Data Direction Bits:

Bit2: Direction Control bit for pin RE2/CSIAN7

1 =input

0 = QOutput

Bit1: Direction Conrol bit for pin RE1/WR/AN6

1 = Input

0 = Output

Bit0: Direction Control bit for pin REO/RD/ANS

1 = Input

0 = Output

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1’ = Bitis set 0’ = Bitis cleared  x =Bitis unknown
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3.6 Parallel Slave Port

The Parallel Slave Port (PSP) is not implemented on
the PIC16F873 or PIC16F876.

PORTD operates as an 8-bit wide Parallel Slave Port or
microprocessor port, when control bit PSPMODE
(TRISE<4>) is set. In Slave mode, it is asynchronously
readable and writable by the external world through RD
control_input pin REO/RD and WR control input pin
RE1/WR.

The PSP can directly interface to an 8-bit microproces-
sor data bus. The external microprocessor can read or
write the PORTD latch as an 8-bit latch. Setting_bit
PSPMODE _enables port_pin REO/RD to be the RD
input, RE1/WR to be the WR input and RE2/CS to be
the CS (chip select) input. For this functionality, the cor-
responding data direction bits of the TRISE register
(TRISE<2:0>) must be configured as inputs (set). The
AD port configuraton bits PCFG3:PCFGO
(ADCON1<3:0>) must be set to configure pins
RE2:REQ as digital 1/O.

There are actually two 8-bit latches: one for data out-
put, and one for data input. The user writes 8-bit data
to the PORTD data latch and reads data from the port
pin latch (note that they have the same address). In this
mode, the TRISD register is ignored, since the external
device is controlling the direction of data flow.

A write to the PSP occurs when both the CS and WR
lines are first detected low. When either the CS or WR
lines become high (level triggered), the Input Buffer Full
(IBF) status flag bit (TRISE<7>) is set on the Q4 clock
cycle, following the next Q2 cycle, to signal the write is
complete (Figure 3-10). The interrupt flag bit PSPIF
(PIR1<7>) is also set on the same Q4 clock cycle. IBF
can only be cleared by reading the PORTD input latch.
The Input Buffer Overflow (IBOV) status flag bit
(TRISE<5>) is set if a second write to the PSP is
attempted when the previous byte has not been read
out of the buffer.

A read from the PSP occurs when both the CS and RD
lines are first detected low. The Output Buffer Full
(OBF) status flag bit (TRISE<6>) is cleared immedi-
ately (Figure 3-11), indicating that the PORTD latch is
waiting to be read by the external bus. When either the
CS or RD pin becomes high (level triggered), the inter-
rupt flag bit PSPIF is set on the Q4 clock cycle, follow-
ing the next Q2 cycle, indicating that the read is
complete. OBF remains low until data is written io
PORTD by the user firmware.

When not in PSP mode, the IBF and OBF bits are held
clear. However, if flag bit IBOV was previously set, it
must be cleared in firmware.

An interrupt is generated and latched into flag bit
PSPIF when a read or write operation is completed.
PSPIF must be cleared by the user in firmware and the
interrupt can be disabled by clearing the interrupt

enable bit PSPIE (PIE1<7>).
FIGURE 3-9: PORTD AND PORTE
BLOCK DIAGRAM
(PARALLEL SLAVE
PORT)
r———_—— === |
Data B
|mBataBus 5 a II/\ 1
I WR oy
| Port CK YL | pin
i , m I
l o D I
] 2> - 1
] Port {
AL et [ KN — ot o )
One bit of PORTD

Set Interrupt Flag
PSPIF(PIR1<7>)

Note 1: VO pins have protection diodes to VDb and Vss.
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FIGURE 3-10:

PARALLEL SLAVE PORT WRITE WAVEFORMS

= I\
WR \

at | @2 | a3 | a4

demenm—

a1 | a2 | @3 | a4

Qt | a2 | @3 | a4

r

JNNNNNNNNNNY

1"

. z
PORTD<7:0> —4__ \\_)—
BF : \ \[ :
oo _ s NI
PSPIF \'j
FIGURE 3-11: PARALLEL SLAVE PORT READ WAVEFORMS

1 | a2 | a3 | o4

at | a2 | @3 | o2

ot } a2 | a3 | o4

L J e e e wm

F de e e v

PORTD<7:0>

1BF

k\\\\\\\\\\\\\‘/i

X

\

e

&

OBF :
PSPIF : Y / :
TABLE 3-11: REGISTERS ASSOCIATED WITH PARALLEL SLAVE PORT
Y ) " . . : . Value on: Value on
Address | Name Bit7 Bit6 | Bit5 Bit 4 Bit3 Bit2 Bit1 Bit 0 POR, BOI'! all other
RESETS
08h PORTD | Port Data Latch when written: Port pins when read XXXZX XXXX | duul uuuu
0oh PORTE oo b .} = | rRE2 | RE1 | REO [---- -wox|---- -uuu
89h TRISE IBF PORTE Data Direction Bits 0000 -111} 0000 -111
0Ch PIR1 PsPIF( | ' ™ 10000 0000 0000 0000
8Ch PIE1 pspPIE( ] o000 oooo{ oooo ocoo
9Fh ADCON1 | ADFM: : --0- 0000]--0- 0000
Legend: x = unknown, u = unchanged, - = unimplemented, read as '0’. Shaded cells are not used by the Parallel Slave Port.

Note 4: Bits PSPIE and PSPIF are reserved on the PIC16F873/876; always maintain these bits clear.
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K6X1008C2D Family CMOS SRAM

Document Title
128Kx8 bit Low Power CMOS Static RAM -

Revision History
Revision No. History Draft Data Remark
0.0 Initial draft July 15, 2002 Preliminary
0.1 Revised December 4, 2002 Preliminary

- Deleted 32—TSOP1-0820R)=_ackagé'Type.
- Added Commercial product.

0.2 Revised May 13, 2003 Preliminary
- Added Lead Free 32-SOP-525 Product

0.3 Revised June 21, 2003 Preliminary
- Added Lead Free 32-TSOP1-0820F Product

1.0 Finalized September 16, 2003  Final
- Changed lcc from 10mA to 5SmA
- Changed Icc2 from 35mA to 25mA
- Changed Iss from 3mA to 0.4mA
- Changed IDRr(industrial) from 15pA to 10pA
- Changed Ipr(Automotive) from 25pA to 20pA

The attached datasheets are provided by SAMSUNG Elecironics. SAMSUNG Electronics CO., LTD. reserves the right to change the specifications and
products. SAMSUNG Electronics will answer to your questions. if you have any questions, please contact the SAMSUNG branch offices.

1 Revision 1.0
September 2003




K6X1008C2D Family CMOS SRAM
128Kx8 bit Low Power full CMOS Static RAM

FEATURES GENERAL DESCRIPTION

« Process Technology: Full CMOS The K6X1008C2D families are fabricated by SAMSUNG's
« Organization: 128K x 8 advanced CMOS process technology. The families support
« Power Supply Vqltage: 4.5~5.5V _ ‘ verious operating temperature ranges and have various pack-
+ Low Data Retention Voltage: 2V/(Min) age types for user flexibility of system design. The families

« Three state output and TTL Compatible
« Package Type: 32-DIP-600, 32-SOP-525,
32-SOP-525, 32-TSOP1-0820F

also support low data retention voltage for battery back-up
operation with low data retention current.

PRODUCT FAMILY
B NI N Nt - | . Power Dissipation -
 ProductFamily | o orature | Ve©RaNgE) Speed | standby | Operatin
K6X1008C2D-B Commercial(0~70°C) 10pA 32-DIP-600, 32-SOP-525,
32-SOP-525
K6X1008C2D-F Industrial{(-40~85°C) 4.5~55V | 55%70ns 15uA 25mA 32.TSOP1-0820F
K6X1008C2D-Q | Automotive(-40~125°C) 25uA 32-SOP-525, 32-TSOP1-0820F]
1. The parameters are tested with 50pF test load
PIN DESCRIPTION FUNCTIONAL BLOCK DIAGRAM
[ Cxgen 1 Prechargs dircuit. ]
[ I I
N []1o U 32f Jvec S
ats[2 31 A5 =
aal]s sof jcs2 . |
a2 s 2o JWE ABCH1 2{0E 4
ar[1s 28{ Jm3 ::E%O 233%2 Row ' Raow h &
s 3250P zdm  (REH 2B N ERST Fes
a7 32-DIP 26[ 1A9 %Es 27106 f
mlls sa1 veects 32-TSOP 2Bt . -
sl u[Joe  NeEe Typel-Forward 2SS R an
rl e 2[ a0 sscdn 202 s
amn =l AZE2 | 2hdl
ao {12 21| Jvos = i 195 A1 I
vor o ofior  E|E = YOS T Ny
voz[14 19] Juos . >H cont { } Column select |
voa[]15 18[ Juos i
vss[{1s 17[ Jvos 1
Data |.
N y
CS1, CS2 Chip Select input <~
OE Output Enable Input Cr-
pem—— cs: — Control
WE Write Enable Input W —|togic
VO1~1/O8 Data Inputs/Outputs OF —
Ac~A1s Address Inputs
Vee Power
Vss Ground
NC No Connection

SAMSUNG ELECTRONICS CO., LTD. reserves the right to change products and specifications without notice.

2 Revision 1.0
September 2003




K6X1008C2D Family

CMOS SRAM

PRODUCT LIST
Commercial Products(0~70°C) " industrial Products(-40~85°C)  Automotive Products(40~125°C) -
_Part Name - Function - PartName | Function. |  PartName .|  Function s
K6X1008C2D-DB55 32-DIP, 55ns, LL K6X1008C2D-DF55 32-DIP, 55ns, LL K6X1008C2D-GQ55 | 32-SOP, 55ns, L
K6X1008C2D-DB70 | 32-DIP, 70ns, LL K6X1008C2D-DF70 32-DIP, 70ns, LL K6X1008C2D-GQ70 | 32-SOP, 70ns, L
K6X1008C2D-GB55 | 32-SOP, 55ns, LL K6X1008C2D-GF55 32-SOP, 55ns, LL K6X1008C2D-TQ55 | 32-TSOP-F, 55ns, L
K6X1008C2D-GB70 | 32-SOP, 70ns, LL K6X1008C2D-GF70 32-SOP, 70ns, LL K6X1008C2D-TQ70 | 32-TSOP-F, 70ns, L
K6X1008C2D-BBS55" | 32-SOP, 55ns, LL K6X1008C2D-BF55" | 32-SOP, 55ns, LL
K6X1008C2D-BB70" | 32-SOP, 70ns, LL K6X1008C2D-BF70" | 32-SOP, 70ns, LL
K6X1008C2D-TB55 32-TSOP-F, 55ns, LL | K6X1008C2D-TF55 32-TSOP-F, 55ns, LL
K6X1008C2D-TB70 32-TSOP-F, 70ns, LL | K6X1008C2D-TF70 32-TSOP-F, 70ns, LL
KBX1008C2D-PB55" | 32-TSOP-F, 55ns, LI | K6X1008C2D-PF55" | 32-TSOP-F, 55ns, LL
KEX1008C2D-PB70" | 32-TSOP-F, 70ns, LL | K6X1008C2D-PF70" | 32-TSOP-F, 70ns, LL
1. Lead Free Product
FUNCTIONAL DESCRIPTION
H x" XM X" High-Z Deselected
xXn L xX» XM High-Z Deselected Standby
L H- H H High-Z Output Disabled Active
L _H L Dout Read Active
L H XD L Din Write Active
1. X means don't care (Must be in high or low states)
ABSOLUTE MAXIMUM RATINGS"
TS e T L Symbok  Ratings 0l unit | Remark’
Voltage on any pin relative fo Vss Vin,Vout -0.5 to Vce+0.5V(Max. 7.0V) A\ -
Voltage on Vce supply relative to Vss Vce -0.3t07.0 \" 5
Power Dissipation Po 1.0 W =
Storage temperature Tste -65to 150 G, =
0to 70 °C K6X1008C2D-B
Operating Temperature Ta 401085 oC K6X1008C2D-F
-40 to 125 °C K6X1008C2D-Q

1. Stresses greater than those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. Functional operation should be
restricted to recommended operating condition. Exposure to absolute maximum rating conditions for extended periods may affect reliability.

Revision 1.0
September 2003



K6X1008C2D Family CMOS SRAM

RECOMMENDED DC OPERATING CONDITIONS"

i - ftem - Symbol | Mn | Typ | Max [ Unit_
Supply voltage Vce 45 5.0 55 v
Ground Vss 0 0 0 v
Input high voltage ViH 22 - Vect0.59 \
Input low voltage Vi 059 - 0.8 v

Note:

1. Commercial Product: Ta=0 to 70°C, Otherwise specified
Industrial Product: TaA=40 to 85°C, Otherwise specified
Automotive Product: Ta=-40 to 125°C, Otherwise specified

2. Overshoot: Vcc+3.0V in case of pulse width<30ns.

3. Undershoot: -3.0V in case of pulse width<30ns.

4. Overshoot and undershoot are sampled, not 100% tested.

CAPACITANCE" (.=1MHz, TA=25°C)

T mwem | symbol .| TestCondiion
Input capacitance CiN VIN=0V
Input/Output capacitance Cio Vio=0V

1. Capacitance is sampled, nat 100% tested

DC AND OPERATING CHARACTERISTICS

Input leakage current it |ViN=Vss to Vee -1 - 1 | pA
Output leakage current o |CS+=ViHor CS2=ViLor OE=Vix or WE=V1L, Vio=Vss to Vcc -1 - 1 | pA
Operating power supply cumrent|  lcc  |llo=0mA, CS1=ViL, CS2=Vin, ViN=Vitor ViL, Read - - 5 | mA
lcei |Cycle time=1ps, 100%duty, lo=0mA, CSi<02v,CS2Veo 02V, | _ | ! 7 | mA
. Vingd.2V or VinzVee-0.2V
Average operating current AL/ -
Cycle time=Min, 100% duty, lo=0mA, CS1=Vi, CS2=ViH,
lccz > g 4 2
VIN=VIH or ViIL £ ™
Output low voltage VoL |lot=2.1mA - - 104t V
Output high voltage VoH - |loH=-1.0mA 241 - 4 v
Standby Current(TTL) _IsB CS1=ViH, CS2=Vi, Other inputs=ViH or ViL - - 104 mA
= K6X1008C2D-B - -
Standby Current(CMOS) sB1 CS1>Vee-0.2V, CS22Vee-0.2V or 10| pA
©S2<0.2V, Other inputs=0~Vce K6X1008C2D-F | - | - | 15| pA
K6X1008C2D-Q - - {25 | pA
4 Revision 1.0

September 2003




K6X1008C2D Family CMOS SRAM

AC OPERATING CONDITIONS ~
TEST CONDITIONS( Test Load and Input/Output Reference) %
Input pulse level: 0.8 to 2.4V

input rising and falling time: 5ns cu? T
input and output reference voltage:1 5V
Output load(see right): Ct=100pF+1TTL 1. including scope and jig capacitance
CL=50pF+1TTL .
AC CHARACTERISTICS
(Vcc-4 5~5. 5V Commerual product Ta=0 to 70°C, Industrial product Ta=-40 to 85°C Automotive product. TA-40~125°C)
. P‘aiame‘mer wst | Symbql
Read Cycle Time {RC 55 - 70 - ns
Address Access Time tan - 55 - 70 ns
Chip Select to Output tco - 55 - 70 ns
Output Enable to Valid Output toe - 25 - 3% | ns
Read Chip Select to Low-Z Output , 2z 10 - 10 - ns
Output Enable to Low-Z Output torz 5 - 5 - ns
Chip Disable o High-Z Output tHz 0 20 0 25 ns
Output Disable to High-Z Output toHz 0 20 0 25 ns
Output Hold from Address Change toH 10 - 10 - ns
Write Cycle Time twe 55 - 70 - ns
Chip Select to End of Write tew 45 - 60 - ns'
Address Set-up Time tas 0 - 0 - ns
Address Valid to End of Write taw 45 - 60 - ns
Write Write Pulse Width twp 40 - 50 - ns
Write Recovery Time twr 0 - 0 - ns
Write to Output High-Z twHz 0 20 0 25 ns
Data to Write Time Overlap tow 20 - 25 - ns
Data Hold from Write Time toH 0 - 0 - ns
End Write to Output Low-Z tow 5 - 5 - ns

DATA RETENTION CHARACTERISTICS

o U em | Symbol | . TestCondition. - .. p
Vee for data retention VDR CS1>Vcc~O zvi) 2.0 4 55 \Y
) K6X1008C2D-B | = - - 10 pA
Data retention current IDR Veo=3.0V, CS1>Vee-0.2vh K6X1008C2D-F - - 10 pA
K6X1008C2D-Q - - 20 BA
Data retention set-up tme tSoR See data retention waveform 0 h - ms
Recovery time tRDR 5 - -
1. CS12Vee-0.2V, CS22Vee-0.2V, or CS2<0.2V
5 Revision 1.0
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K6X1008C2D Family CMOS SRAM

TIMING DIAGRAMS
TIMING WAVEFORM OF READ CYCLE(1) (Address Controlled, CS1=0E=Vit, CS2=WE=Vi)

Address )( ' — *

Data Out Previous Data Valid Data Valid

TIMING WAVEFORM OF READ CYCLE(2) (WE=Vi)

Address }(

Data out Data Valid

NOTES (READ CYCLE)

1. tHZ and tOHZ are defined as the time at which the outputs achieve the open circuit conditions and are not referenced to output voltage
levels. 1

2. At any given temperature and voltage condition, tHz(Max)) is less than t.2(Min.) both for a given device and from device to device
interconnection.

6 Revision 1.0
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K6X1008C2D Family , CMOS SRAM

TIMING WAVEFORM OF WRITE CYCLE(1) (WE Controlied)

finne.

Address )( )(
cs1
cs2 tcw2) >
—_ twe(t)
wE Y I

tAs(3) r {DW ——sle— 1DH A:I
Data in A Data Valid A

——twz— L_towaI

Data out Data Undefined

TIMING WAVEFORM OF WRITE CYCLE(2) (CS1 Controlled)

Address %
_ (4)
Cs1 7‘
csz NET]
tWP(1)
WE
. to
Data in * Data Valid ;
Data out High-Z High-Z
7 Revision 1.0

September 2003




K6X1008C2D Family CMOS SRAM

TIMING WAVEFORM OF WRITE CYCLE(3) (CSz Controlled)

<
3

Address )F

AS(3) tew(2)
cs1
taw
N
€S2 3
tcw(2)
—_ tWP(ty———
WE
tow——»L——th
Data in )E Data Valid jﬁ
Data out High-Z High-Z
NOTES (WRITE CYCLE)

1. A write cccurs during the overlap of a low CSs, a high CS2 and a low WE. A wiite begins at the latest transition among__&'l goes low,
€S2 going high and WE going low: A write end at the earliest transition among CS1 going high, CS2 gaing low and WE going high,
twp is measured from the begining of write to the end of write.

2. tew is measured from the CS1 going low or CS2 going high to the end of write.

3. tas is measured from the address valid to the beginning of write. A d

4. twr is measured from the end of write 1o the address change. twr applied in case a write ends as CS1 or WE going high twrz applied
in case a write ends as CS2 going to low.

DATA RETENTION WAVE FORM

C_S'1 controlled
Data Retention Mode

Vee je—1SbRr
4- sv [ |l A SANAMY AN AN AN L bl

CS2Vec - 0.2V

CS2 controlled

Vce

4.5V
CS2

VDR

04V CS2<0.2V
GND -—-—-"—-"—"—-—"~"— =" - -~~~ - T - -~ —--- - - --SoSoo oo mmmTEm T
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XC9572 In-System Programmable
CPLD

December 4, 1998 (Version 3.0)

Product Specification

Features

7.5 ns pin-to-pin logic delays on all pins
+ fonTto 125 MHz
+ 72 macrocells with 1,600 usable gates
» Up to 72 user /O pins
» 5V in-system programmable (ISP)
- Endurance of 10,000 program/erase cycles
- Program/erase over full commercial voltage and
temperature range
« Enhanced pin-locking architecture
+ Flexible 36V 18 Function Block
- 90 product terms drive any or all of 18 macrocells
within Function Block
- Global and product term clocks, output enables, set
and reset signals
+ Extensive IEEE Std 1149.1 boundary-scan (JTAG)
support
» Programmable power reduction mode in each
macrocell
+ Slew rate control on individual outputs
« User programmable ground pin capability
- Extended pattern security features for design protection
» High-drive 24 mA outputs
« 3.3Vor5V /O capability
- Advanced CMOS 5V FastFLASH technology
+ Supports paraliel programming of more than one
XC9500 concurrently
« Available in 44-pin PLCC, 84-pin PLCC, 100-pin PQFP
and 100-pin TQFP packages

Description

The XC9572 is a high-performance CPLD providing
advanced in-system programming and test capabilities for
general purpose logic integration. It is comprised of four
36V18 Function Blocks, providing 1,600 usable gates with
propagation delays of 7.5 ns. See Figure 2 for the architec-
ture overview.

Power Management

Power dissipation can be reduced in the XC9572 by config-
uring macrocelis to standard or low-power modes of opera-
tion. Unused macrocells are turned off to minimize power
dissipation.

Operating current for each design can be approximated for.
specific operating conditions using the following equation:

Icc (mA) =

MCpp (1.7) + MCyp (0.9) + MC (0.006 mA/MHZz) f

Where:

MCpp = Macrocells in high-performance mode

MC|_p = Macrocells in low-power mode

MC = Total number of macrocelis used

f = Clock frequency (MHz)

Figure 1 shows a typical calculation for the XC98572 device.

200
wigh PeﬁO’nﬂa"“"/ (160) -

= (125)
E
¥ 100 o (100)
Ig /

(65)

0 50 100

Clock Freguency (MHz)

Figure 1: Typical Ig¢ vs. Frequency for XC9572
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XC9572 In-System Programmable CPLD

g 3
o——F— JIAG o )
JTAG Port { —1 1, Controller > In-System Programming Controller
y A A
4
\ \ Y
> 3‘3’ »!  Function
WK F3— 18 Block 1
l Macrocells
vo K3 ¢ 11018
K F— A A
¥
VoK F— »{ £ 36, »I Funciion
- < 18 Block 2
. 5 ‘ﬁ Macrocells
. 1o = 11018
L4 w
Blocks b A LA
wE F——— 5 - \
o F—— > 2 71 Function
£ 18 Block 3
o L F———— s I Macrocells
u 11018
K 3——
Vo 3 A AA
yoicck K _ 33— 36 Y
1 > #—>1  Function
yoicsrR K _3—~ 18 Block 4
2 i I Macrocells
voicTs K JF— s 'y 4
} A A
X5921

Figure 2: XC9572 Architecture

Note: Function Block outputs (indicated by the bold line) drive the /O Blocks directly
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XC9572 In-System Programmable CPLD

Absolute Maximum Ratings

Symbol Parameter Value Units
Voo Supply voltage relative to GND 0510 7.0 \Y
ViN DC input voltage relative to GND -05to Vg + 0.5 Vv
VTs Voltage applied to 3-state output with respect to GND 050 Vg + 0.5 \
TsTG Storage temperature -65 to +150 °C
TsoL Max soldering temperature (10 s @ 1/16 in = 1.5 mm) +260 °C

Warning: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are
stress ratings only, and functional operation of the device at these or any other conditions beyond those listed under
Recommended Operating Conditions is not implied. Exposure to Absolute Maximum Rating conditions for extended periods
of time may affect device reliability.

Recommended Operation Conditions:

Max

Symbol Parameter Min "~ Units

VCCINT Supply voltage for internal logic and input buffer 4.75 5.25 Vv
(4.5) (5.5)
Veeio Supply voltage for output drivers for 5 V. operation 4.75 (4.5) 5.25 (5.5) A
Supply voltage for output drivers for 3.3 V operation 30 3.6 \'

ViL Low-level input voltage 0 0.80 \
ViH High-level input voltage 2.0 Veeint 105 Vv
Vo Output voltage 0 Veceoio \
Note: 1. Numbers in parenthesis are for industrial temperature range versions.
Endurance Characteristics

Symbol Parameter Min Max Units
tor Data Retention 1 20 - Years
Npg Program/Erase Cycles 10,000 - Cycles

December 4, 1998 (Version 3.0)




XC9572 In-System Programmable CPLD

DC Characteristics Over Recommended Operating Conditions

: Symbol | Parameter ' Test Conditions Min | Max | Units
VoH Output high voltage for 5 V operation loy = -4.9 mA 24 v
. Vee = Min
Output high voltage for 3.3 V operation log=-3.2 mA 24 v
Ve = Min
VoL Output low voitage for 5 V operation loL=24 mA 0.5 v
VCC = Min
Output fow volitage for 3.3 V operation o, =10 mA 0.4 \
VCC = Min
h Input leakage current Vce = Max +10.0 | pA
VIN =GND or VCC
IH 1/O high-Z leakage current Vee = Max +10.0 | pA
VlN =GND or Vcc
CiN I/O capacitance VIN=GND 100 | pF
f=1.0MHz
lce Operating Supply Current V= GND, No load 65 (Typ) ma
(low power mode, active) f=1.0 MHz

AC Characteristics

XC9572-7 | XC9572-10 | XC9572-15
Symbol Parameter g S - Units
Min | Max | Min | Max | Min | Max
tep I/O to output valid 7.5 10.0 150 | ns
tsy 1/O setup time before GCK 4.5 6.0 8.0 ns
tH 1/O hold time after GCK 0.0 0.0 0.0 ns
tco GCK to output valid 4.5 6.0 80 | ns
fent! 16-bit counter frequency 125.0 111.1 95.2 MHz
fsysTem 2 [Multiple FB internal operating frequency | 83.3 66.7 55.6 MHz
tpsy I/O setup time before p-term clock input 0.5 20 40 ns
tpH I/O hold time after p-term clock input 4.0 40 | . 4.0 ns
trco P-term clock to output valid 8.5 10.0 12.0 | ns
toe GTS to output valid 5.5 6.0 11.0] ns
tob GTS to output disable 5.5 6.0 110} ns
tpoE Product term OE to output enabled 9.5 10.0 14.0| ns
troD Product term OE to output disabled 9.5 10.0 140 | ns
twiH GCK pulse width (High or Low) 40 4.5 5.5 ns

Note: 1. foyyis the fastest 16-bit counter frequency available, using the local feedback when applicable.
fonr is also the Export Control Maximum flip-flop toggle rate, frog.
2. fgysTEM is the internal operating frequency for general purpose system designs spanning multtiple FBs.

V1EST
Ry
OutputType | Vccio Viest R4 Ry G
Device Output O = ® 50V 50V 160 120 Q 35 pF
: _L 33V 33V 260 Q 360 Q 35 pF
Ro CL
I X5906

Figure 3: AC Load Eircuit
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