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Radio Frequency Identification
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Abstract

This project consists of two main parts which are tag and reader. Tag is a part where data
is reserved with in microcontroller and then sent out by antenna. Whereas reader takes part by
providing energy to tag and in the meanwhile receive the data from tag by detected the changing
of carrier wave then transform the change into the required data.

Reading uses wireless by magnetic field and sending data with FSK which carrier
frequency is 13.56 MHz and subcarrier frequency is 484 kHz and 423 kHz. This project has
analog part and digital part. In analog part which includes Power Amplifier circuit, Modulation
circuit and Demodulation circuit. In digital part, we use C language to program in

microcontroller ,PIC.
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2.5.3 Phase Shift Keying ( PSK)
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4 .
gunislusesmunszue
. o .
- ma¥ouToansauiunaiiian (Magneticaly Coupled) vnefe guvilelunses Tl

§ 5 4 1 4 1 Y i 1 <
nagednginilsluasesh lildidous efuriumsauiusivanndeuilas (Transformer) 11

= Qs 1

HUBNAIDYTI
& AqyY o A v ] < & [ a0 £
‘H‘LN“V]G],‘D”Hﬁﬂﬂ'liﬂ'lil‘]f@uﬂ@ﬂ'lﬁﬁu'mlmmﬁﬂ “INﬂggﬂuﬂﬁGl‘lﬂl:ilﬂ‘WﬁQQTNV]G'IFJL‘VW'Iﬂ’N"l}iTTHQ

-7 é
11da9n23931ila
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+ //\\ \\
/ /’.\\ N\ \
v 1 A
\ N _
NN

~ v 1 g A a g
71U 2.26 Mangauumanninavy

= Y ~ . v o 9 a v [ o
1n3UN 2.20 vaadawY N 5019 aszueva, i) umhldfeddndauusiman
4 a 4
¢ N INAYU

d 1 §
seuqUaadn 1nguesiisuadna1n 13

_ 99
dt
v o a a o = v [ r?/’
Wand, ¢ ARandasiMsasunlasnszuansnaiaeiy
do di
V= N—‘?———
di dt

%30 szﬂ Taed L=Nﬂ
dt di

Tagh L 939ni3un71 Self-Inductance 1HDI9IN HavBITsduIAanInmMslasuuanssua

Ao luYRaIAREINY

L
. L O, 2
+ 0 |, +
,"\
(t) vi v,
N
— ~’ —
N, turns N, turns

517 2.27 ¥Aa2a%ie Self-Inductance (AU L, Lag L,

uAa2A 2 ¥AfiA1 Self-Inductance MAD L, uaz L, 119 1ndnu uaaia Liuaz L2 Wy

0o w A 1A w o :/, A a ,ﬁ' a
N1 Az N, 39UMUa1a Y LHD391NUARIN LZVIJJiJﬂ‘i%LLfT‘lﬁa ﬂaﬂmmﬁmmﬂmuiuwa’mw

P
179 ¢1 :¢11 +¢12
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dgl_\ d i, di

o da & =
USIAUNINATUNYAIAN 1: v, = N, =N, — =1,
dt di, dt dt

o da 24 4 d de,, di di
ussuNBaIURUAaIAN 2: v, = N, % _ N, ¢’? —L =M,
. dt di dt dat

1ag# M,,: mutual-Inductance Y99UAAIA
4 v

v Y Y 9 1y ° - [ o ¢ A 4?]
Glum&mmumm ﬂ'lsl'ﬁ“\]ﬂa?ﬂ L1 "lmmamﬁ"lﬂamummmﬂu ‘Naﬂcﬁ'ﬂ\‘lﬁllﬂ mﬂﬂmu"lu
Y19 2 A0: ¢, = ¢, + ¢,

by _yy dby diy _; diy

v da & o
usanunaIu luvAalIan 2: v, =N, =N,— =L,
dt di, dt dt

di

Faild v, = L, —-

dt
o da £ 4 d de,, di di
ussnuinaiuluvaalnd 1: v, = N, P _ NI&_Z = M, 22
d di, dr dt

WNUIIM,, =M, =M 1aghl M A0A1 Mutual Inductance 551 119UAAIN 2 YA

ANgInINTumImnuaus siu anumileniisi ausonarsan1dlag1ld Dot Convention

v w

JUU
{2

- dnszud Inadhgevesuaanduusn ussiumileniie wusswaalnhidesian

o
VY9I9ALIUUIN

£

- dnszualvavenaingavesuaaladuusn ussdumileniswveaalaiiia

o
vosyavziluay

1]
]

]

L+



36

N N
. 3 I e 1 .
L=L +L,+2M L=L+L,-2M

4 a o da 4
gﬂm 2.28 NANMIVDINTEUELALTIAUNDAYU ILvARA

2.17.1 waanKlusasNiealeanis (Energy in a Coupled Circuit)

w o A, 1. .,
wasnuazau ludunilenis w=§Lz
o 4, 1 .2 1. . -
wasnuazanluvaalamtiod W=EL111 +5L212 + Mii,

o I ) N B 1 . ..
WasUNRATUILARIIANNS BVIAD 0 AaTiu ELlllz +—=L,i," + Miji, >0

Qs @ I'd 1 T 1
ANUAURUTIZHINA M uazi Lo /L, L, — M vie M./L L,
DATIFIUVBIAANUHN LIV ADALRATUBIMAIIINHINITIUAAA
% =% Q( -7 Q’l
duilse@n5n15ndU1/as(Coefficient of coupling),k

g5V k< 0.5 35N Loosely Coupled

§1M5U k> 0.5 92150021 Tightly Coupled

A or Terriie core

loosely coupled 5= tightly coupled

{a} iy

] o k4
319 2.29 dulszAnsnmsnaillag
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UNN 3

MIATHINUUAZDDNULUINDS

3.1 3995 Tag
~ ~ 10 Voltage 5v
= i l M- Regulator ~ [—————%
IVCC
Ll A
co ]
= % 4k7
K ksp10
4K7 5p ksp10
A W——] iy
1
1N4148 | L
10k 2 100k n
l L CPU

100 data
cik [«
R 128 /32
bs170 —-Hl Freq Div
HC193 + HC4040 ¢

31191 3.1 2993904 Tag

NNIT Tag 1l52no11A282995LC Resonant 2933 Voltage Regulator W23993 CPU

HAZITHITANUD

TaeludIUU092993CPU 929101984 data 91 TANIN S5 a1 Manchester Code
g . Ay A A o qud . S o o
nniuthumsanuddersesmsanutiei 1y sub Carrier vinduthuswdan

fuTaeld Mosfet
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3.1.1 M399NUUVINDIT Tag Regulator

Q1
BC 549B

) N

R3
Ig1
Ir3
/1 R1
lc2
\| IB2

VDC in ——Cr Q2 «— Vo
2N5089
Ir2
v
R2
LM 385-1.2

\/ \/
o _ . . O

Yo

g‘ﬂﬁ 3.2 2997 Tag Regulator
1) smuam v, 148 5 Ve 1, ,,,, 56125 mA
2.) MInIA R3,R1,R2
iloeninnszuan Ivariu R, a1 aaduns
I 25mA
Ly = Iset ~ -2 4 4014 - +40p4 = 0.165mA
1MIN 2 0
' ' 69.24x107° '
R, Ry, = —————— , R; =420Q
ISET
R, = 4700

v iq o 1 [
1A R, 15 Awes Iy, wilu

4»0

(3.2.1)

(3.2.2)
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69.24x10°°
Tggp m——F———=Icpuy =147.3u4

RSET

I, 147.3
Iy ™~ lOO’uA =1.473pu4

B 2MIN

oy ~ 2015, ~20x1.473 A ~ 29.46 4

I
Loy = Leopuax — ﬁOMAX v ey >20p4
1MIN

25mA
]CZMIN = 1473[.1.14 —2—00 = 223[JA

. TCZ < Leoriuy + Leonan ~ 147.3ud +22.3uA4 ~84.8d
2 2
jCZ
210 Vigy =VyInl —=1 = 0.61
‘[S
rV . R V
R2 zM=62.6k , o2 1=171
Y. R, Vg, +1.235

! 3 v
Taa1 R, uazwia R, mal# lda vo Indinesiuidosns

wld

R, = 470Q R, = 82kQ R, = 47kQ

130 V, ~(1.235+ Ve, )(1 + —1%) ~ 4.96V
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9 ¥
ﬂi%uﬁ‘ﬂNHﬂ‘ﬂW‘lﬂiﬂﬂ

I, =14 +1, =1473ud+2946u4=176.76pu4  (3.2.3)
3.1.2 MIAMUINMIATNQ Vo3 Tag

%
X
Y

h
:pczo::::::{:

3 1 3.3 Tag Coil ¥iia Rectangular loop

] [] 4 9
111 NQ 11015 o1 Tasnia1 NQ numuiniga luntazenaiod 193 1uIUsouAdua 1-3

A ' A
lu@\‘i"ﬂ']ﬂNQMAx @gﬁlualﬁl\m

Stepl MIAUBS L

TAG

Q

Average width of coil 5.5cm
Average Length of coil = 8.5 cm

coil height = 0.04 cm

Total Diameter * H =~ 0.04 ¢cm

X

Y

H

C = xt+y+2h = 5.5+8.5+(2x0.04) = 14.08 cm
d,

b width of cross section ®Nd+ (N-1)0.1 mm
d

Bare Diameter ~ 0.36 mm
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10 ;- 00276CN)  uh (3.3.1)
N 1.908C +9b+10A
dlo N Ao $1uausoLVRIUAAIR Felimdud 1-3 501
2
CALED L, = 0.0276(14.08x 1) ~ 0.1986 pH
(1.908 x14.08)+ (9% 0.004)+ (10 x 0.04)
2
L, = 0.0276(14.08x 2) 07848 i
(1.908 x14.08)+ (9% 0.018) + (10 x 0.04)
2
L = 0.0276(14.08 x 3) lms0
(1.908 x14.08)+ (9% 0.032) + (10x 0.04)
Step2 111 Ry, 140 Ry, Y09 Tag coil
| 1(dY
31N RS(DC) =] RDC[I +Z§(.§] ]Q
(3.3.2)
T p : Copper Resistivity = 1.7x10° Q—m
o : Copper Conductivity=—1— ~5.8x10' (Q—-m)—1
p
NWAYDY Skin effect : o~ ! (3.3.3)
: — 3.
6.6x107 6.6x107
wla S, ~ ~ m ~ 1.79x107° m
" Jf J13.56x10°
2
210 A= ”‘i m’, A= 1.02x107 m’

v
NN L, ANVENVBIAIANINMUA ~ 2N (x+y) m

¢ =(2x1)(0.055+0.085) = 0.28 m
., =(2x2)0.055+0.085)= 0.56 m
£,, =(2x3)0.055+0.085) =0.84m
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hd>25 : Rg(e) = P s Aey ~ =(d ~(d - 25))
A, 4
4 2 2
AAC'uiNEnﬂ zZ[dT —(dT _26) ]
~ %[(0.36x10‘3)2 ~(0.36x107° - 0.0358x107)*]
z%[(1.296x10_7)—(1.051x10‘7)]
~1.924x10%m?
v 2 7x1078
iy Rs(ac) ~ ply LTV XLy g8y,
A, 1.924x10
9z 1dN Ry =0.88x0.28 = 0.2551Q
Rgyac) = 0.88x0.56 = 05121 O
Rgsac) = 0.88x 0.84 = 0.7708 Q2
Lazn  On R 2n /L, (3.34)
RS(AC)
1 Y
UNUA Louag Ryg,c) 9214
0,, = 66.34
0,, =130.6
0,, =192.8
Aeriy RP(AC) ~ sN(AC)(1+QuI\’2) (3.3.5)
Rpysc) = 1124Q

RPZ(AC) = 873 IQ
Rps(sc) = 28.66KQ

2218
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—p—Ste 3 v Cp(resonance) ’ 1{L(AC) > 1{TOT ’ QL ’NQL

A
#}I1 RL(AC)

VDC(IN)

VDC(IN)PK
DC(INymin -

VDC(IN)

v t

-~ . A Y o [ o
317 3.4 nsluaas rpple filter 1N 15 1M UM IANUINU R,

VDC(]N)PK =V, +Vprop +AV

= 5+1.7+1= 7.7V

Vi pxy ® Ve w)y T Ve

~7.7+2.25 =9.95V

vV
Vi (RMS ) = ﬂj—gﬁ‘ ~ TV ps

10 P, = Ppe (IN )

2
VTAG (RMS )

Q

Ve ivy* Lo (oc)y ® T-T1 146 (o0

RLAC
R _ 49
e 7'7ITAG (oCc )
Ve s
RL(AC) - AC(rms0 z350£2
DC(IN)
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v
L, wildan

1
LP = S£1+—Q7] (3.3.6)

L, =0.1987uH
Ly, =0.7848uH
Ly, =1.745uH

1 1
N N )
L, T a6k 100 A L

C,, =693.3pF
~ a1 C,, =175.5pF
Cp, = 78.96 pF

0 Ror = RP // RL(AC)

(3.3.7)
Ryor, = 1124Q//350Q ~ 266.8Q
Rrop, ~8731Q//350Q ~ 336.5Q
Rppp, ~ 28.66KQ//350Q ~ 345.8Q
1
1N BW~r ——— Hz (3.3.8)
27CpRror
wla BW, ~ 0.8603 MHz
BW, ~ 2.694 MHz
BW, ~ 5.829 MH
i NG, - Jo _ N x13.56 MHz (33.9)

CBW BW
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NQ,, = 15.76
NQ,,= 10.07
NQ,= 6.979

\ o J v o ar v 4 Vo
ﬁ§ﬂﬂ1ﬂ1i1u!ﬂﬂiﬂ]d°] TIRIUNITHIAT NQ ‘ll’eN’N%iﬂQ Tag ulﬂﬂdﬂﬁN

N(turn) Ls( :U-H ) RS(AC) QU LP( CP(nF ) RP(AC)( BW NQL
(Q) ' uH) Q) | (MHz)

1 0.1986 | 0.2551 | 66.34 | 0.1987 | 693.3 | 1124 | 0.8603 | 15.76

2 0.7848 | 0.5121 | 130.6 | 0.7848 | 175.5 | 8731 | 2.694 | 10.07

3 1.745 | 0.7708 | 192.8 | 1.745 | 78.96 | 28.66K | 5.829 | 6.979

~ t ~ /= o Y
AN 3.1 ﬁzﬂﬂ’]W’ﬁ’]NLﬂﬂﬁﬂﬂ’]u’quﬂﬂl@Q'Ni]i tag

3.1.3 29035115AND

VDD 0 0 00 VDD
16 15 14 13 12 11 10 9 16 15 14 13 12 11 10 9
HC 193 HC 4040
1 2 3 4 5 6 78 1 2 3 4 5 86 7 8
CLK 13.56 MHz i l
U 1

71 3.5 eI LA

&4

< ' = < o A o ~
ningiilunsaetesmsanud lneld lodaosdafe HC193 N HC4040 Taeh

v v 14 ¥
HC193 92niinni1snnuale v3o 14 ansiuazdn lod HC4040 1ia¥iin1511s 2 o lag

14
= o

lo® HC193 Hmawiianail
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o & A Y o day o Y A o & A o
Lannsaruiunieasld lasnmstounadndesmsiiudnne sEluvw)mse 4(iu
& o v 4 a A A o Y M
89) F99119IUFIV VULV Clock TAITNITNANS DENIINHANTIIHTI
< oA 9 Y] N ~ A o ¥
2. asomasudu 1d TasnsfouTadn 0huPL nSe1 11 szthdieyasin Po—P3
< =
Nuhlundast Qo - Q3
< = 6’3
3atmravaetifuguisianuafio MR(Master Reset) active low
u’: LY) ¥ o u’: 1 ¥ 4 o I~ Y]
Tunslgauiiuaz lFmsiuauTastiusaud 2 3u'ly (0010) lesnndesmsi ldidunmsiiy

o LR ~ a o
14 U3 EI]"IﬂuuiNl,‘U"l‘lﬂ“]fﬁ"li 2 9NATY

3.1.4 MsHuves CPU lumnas

XOR 01010101

{ o o v 0
717 3.6 Flow Chart taamsinaumonisvesdas

o u’: a 1 @ ! g o = :1’ o LY 3
Tunsiouves ldsunsusiusuannlasvandusyia 8 Oaasly vintiusisail 1y
' [~ a ¥ Qs =Y o Y v 4
wrieliidu 4 a gesye Weldsdauuy 4 Taudr s waudazygaunveodoya o

A A ° v 3 Y Aa  a M o o W e ° A o
L‘Wﬂﬂﬂz‘ﬂ"lelﬁﬂa"lﬂlﬂuel]@lluﬁﬂll 8 Us f’fﬂ\ﬁzﬂ ﬁﬁ\ﬁ]"lﬂﬂﬂﬂ"l‘l]ﬂﬂ;ljau“lﬂﬂ"lﬂ"lﬁ Excusive OR N1

Il
o A

P A o o3 4 o 1]
Clock ¥1504ouaniisHe 01010101 iWoNae i Uil Manchester Code 1iia 1@Ld19s A5 d

U
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9 P=1 a 1w ° & L =4 3 o U

Yoya lUfazyaanaonu wagiing delay Wodsdoymass vntduTdsunsuezimsdedoya
P [ o d’l 4

Tnsidarziudnuasi TS eee

3.2 3997 Reader

3.2.1 24999 Oscillator B8y Power Amp

+12V
22n J_ 220
in LM 317 out I I
L 150 N N
100u % ]riom adi —Hﬂ'
= B Lrd
1k 3u9
100n 3k3 % L
L7 c1
22/25 108 = ) R2=50
il 5 ]'_'
5% 1u2 . - c3
i Y'Yy KTD882 R1
P~ c2 C4
T 1
80p 33p 5u6 = = -
1k5 ]i .
30p A = -

gﬂ‘ﬁ 3.7 N7 Oscillator LLasPower Amp

YUADUNITODNUUY

1) W89 (NQ,),,, tH01FIumssuian (ND,,,, 910mM3HIa (NQ),,

o nshuaall
dedu ag 19 NQ, i 10.07

€
€e

D

N

=

=}
HILADN

N, = 2 581

2.) AWIUNIN (ND,..,. 270811 (NQ, )., 91090 1
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2VTagrms(a2 +r)"?
(NI)Rd rms = 2 Arms
2nfsCosapya”(NQ, ),
Snuald a: Read Radius ~ 38x107°m

r: Read Range ~ 0 — 3cm
s: Read Surface~ (5x 8)cm® ~ 4x107> m?
V.

Tag

NQ, ~10.07
cosa =09 (+25.8")

~ 7‘8 Vrms

7 -3\2 7 L5
fulu (NI) g, rms = 6 2x7.8_>3<[(38x10 ) +r7] _
27 x13.56x10° x4x107" x0.9x 47 x107" x(38x107°)° x10.07

~29500.038” +72)° 4,

r(cm) (NI )rm
0 0.1619
1 0.1790
2 0.2336
3 0.3348

3.) WUl Reader Coil Taeld (3x6) 0y Loop

T 9
e 1¥ifiana Load Modulation A9HWI1H N, > Ny, puer

9
@

==
SINTERGRE! N = 1.8 580

4.) M3 Output Matching
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_ 2 2 2
ol 35 85

Wy 2P 2A)

L2
] ' ! l
I C2

~

3191 3.8 113911 Matching 521319 Output Ail) 50 Q

Match 910 Series from U9 [Zc //IOOPF] —50Q,Q~5 Tasl4 Network C2

210 AN267
Cout Xct XL2
I I} Y ‘|’ 50 Q
R1 Xc2
Zc I
719 3.9 Network C2 911 AN267

) 9

ﬁ'lﬂJ'liﬂﬂ'lH')iuvlﬂ"l]'lﬂ
=} )
1. ta9nfM1 Q

R R R
2.X..=0R, , X, =R f—l,X =X 4+ L=+ X
C1 Q 1 C2 L RL —Rl L2 Cl1 [XCZ J Cout

[

nSeausaldnINn1g datasheet Auauiiuasan1iuds Tesas ldaraegdail
Q=5, X, =100 , X, =40.82 , X,, =124.49 , R, =20
o

@ 9
Faiunelden

C,=120p , C,=300p , L, =1.66u

5.) 115 Matching 910 50 © 11 R,



50

R2= 50 O C3 Lrd

|

|||F

317 3.10 2995 Match 910 50 Q i R,

#113.56 MHz f1 L,, ¥ 18910

5.1 4af1 L 99 Reader Coil(L,, ) Na1wdd1 14 1.66 uH
5.2 9aA1 Self Resonant U84 Reader Coil ( fsp) 55.2 MHz

5.3 MM parasitic Cp

1
1D Cp = — T T
4r fsp L.,

wld Cp = 5.018pF

5.4 M1BURALAUGUDS Reader Coil (Z,, ) 13.56 MHz

210 Z, o = 234k //j141.36

= j150.35 Q

5.5 9I0A1 Z,,, 9NIA1 L, 191N

_ ‘ZLRd (f)l
2r f

= 1.766 uH

5.6 917995 Matching @1015011 R, 19910

(R, +20X,)+4(R, +20x, ) - 40 +1)x,”
' 2(0% +1)
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NUY

Xcoy =0R, =5x25=125 ..C, =94pF
R 3

Xc4=R2 RZ—_IRIZSO C4 z235}71'?

3.2.2 3999 Demodulator

3.2.2.1 9999 Demodulator Carrier

Reader Coil
A
Al

10n  Demod FSK Subcarrier

e

68u
7YY Y Y

——10n

I~
§ i L
300 :li 390p 390pI

.

319 3.11 2995 Butterworth (8% Voltage Amp.
11n311)sznoulUd 61995 Voltage Amplifier (POSI) 1a229930309AIUA
(Butterworth) TasN 995 POSI 921 Negative Feedback ﬁﬂﬂf_)l

9INMIAIUIU Ac Model TUdIUUDIDT Voltage Amp. 9814 4, ~ 300 uaziiloll

Feedback éﬂﬁﬁ’lﬁ’hﬁv R, = 30
R,+R, 5043300

=14.93x107wwhlild 4, . Ao s
vcer
1+ 4, F

3
Tua 1997995 Butterworth ,n = 3 92 UAN199 A9

NLVZW_TN
Rs 2  =Ci caL z
T

gﬂﬁ 3.12 2995 Butterworth i n = 3
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An=33UMRs=1,C1=1,L2=2,C3 =1 fadiuamnsomaI RLC 1dan
L'Z C'
~r— , C= ;
2nf 2nfZ

Tael z=300 ,f=135M auiuez'ld R, R, =300 , C1,C3=390p , L2 =68u

R¢,R, =RZ

o o

iazd Passband 1AL 850 KHz uazil Stopband 111D 13.5 MHz HUADI99592A19

< v ddg v
ﬂ’JTﬂJﬂﬁvﬂﬂﬂﬂ‘l‘ﬂ uazazeon 19n1uDNAINI1 850 KHz Hiutiues

3.2.2.2 1N399 Demodulator Subcarrier

POSI n2

— H

16 15

MC 3361

T
!

100nx3

u|_| }_\:

4
T,
L [

80P 680u L «+5V
10m 2u2 Comparator
N~ Il
1 LT §
= in5 I in5 I 1k8l

‘]Jﬁ 3.13 ‘N9 Quadrature Detector

NSNIIUVDIIIDT Quadrature Detector ‘ﬁ'lﬂ‘lﬂﬂ&lf)']ﬁ’ﬂﬂﬁ’ﬂﬂ'li“llf)\iﬂ'lilﬁﬂutwﬁ"llﬂﬁ
o 4 a 2 v gy o Y o a Y w = Y
ﬂgﬂgmm%mﬂaaumumma LLﬁ’ﬂ%’Nﬁ]iﬂm‘Vﬂ‘l’iWWIL‘lJ‘H!‘V\IﬁﬂmﬂLG]fJi DIFYYIUNNIUN
=] A a @ 124 1 @ o < = o
Januamenuualmanienu ’Ni]iﬂmﬁ]$ﬁ1ﬂJ1§ﬁ]‘]/l'l\ﬂuL‘]JuW\lﬁﬂL‘I/lﬂWIfJi
1ng 44 I8 v, =V, coswr uaz v, =V, cos(wt +6)

@ o <
aunnseanaziy

Xy = kv, = o, (cos(20t +86)+ cosH)

x, = k" cos(2wt +0)+ k" cos@
A o a a Y o d'(; T Sl a o
!1]f)u']ﬂfgmu']mﬂﬂ'mﬂﬂﬂllﬂﬁﬂuslﬁﬂﬂjqﬂiﬂﬁ@\?ﬂj'lilﬂm']w']u WIUNUANNOFIWYNNIIA
o @ d‘ 9/ d‘ é Y d‘ 1 a1 [
ﬂ@ﬂ‘lll Iﬂﬂ?\ﬁ]iﬂ'mﬂﬂ?']uﬂfJ\ﬁlzslsﬁ Butterworth N n=3 "]Ni]gslﬂﬂj'luﬂw']uuﬂuﬂ']ﬂﬂ 56 kHz

3 @ = Y 1 ]
nniudygutudigleesae i
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3.2.3 ‘N5 Comparator

+5V

222 % 100k 700n

47 L 47 ) h §2k2
TIOOp % LM393 x 2 10 .
AN +
47 47
§100k Tae *
e ‘ 100k
L M <§100k VW
—_ data
data
~
‘g',‘ﬂﬂ 3.14 2995 Comparator
o o o & 1 g g
Ay iidn1995 Comparator 32gn i uTuADC wAsNVILINYDI OpAmp WG Uiy
EY 3

' v Y a o 9 Yw Ay Y o Y a o At
ANLIIAUD NN ﬂ11ﬁﬁi‘gilpmﬂ]'lﬂL‘]JaﬂuuﬂammﬁigmﬂmmﬂEN ﬂ\muﬁi‘gﬂpm%zummuﬂ

v
A

o a < @ 3 o 1 d’l [
0-5V wazildyn1me0na 1y Data NOYUULAN NA19IAUUEIA Data 3 11hd PIC A25UIie
noAsHanAD 11/

3.2.4 M3MIUYS CPU lumnasu

_LCD Standby

I

|

v
// 2

Yy

2 T

& f N
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I,(mA) Load (ohm) Vo(V) LR( %)
0 © 4.84 0
I,/6 1.2k 4.83 0.21
I,/3 560 4.82 041
I, /2 390 4.81 0.62
21,/3 300 4.80 0.83
51,/6 240 4.80 0.83
I, 200 4.80 0.83

A15199 4.1 WaM353AA1 Load Regulation

oW (v ¢
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Vi (V) Io(A)
Vo (15=0.5 | LR(%) | Vo (o= Ly | LR(%)
IMAX)
7.0 4.78 0.42 4.77 0.21
10.0 478 0.42 477 0.21
12.5 4.78 0.42 4.78 0
15.0 4.80 0 4.78 0
17.5 4.80 0 4.78 0
20.0 4.80 0 478 0
225 4.80 0 4.78 0

A15197 4.2 HaN153AA1 Line Regulation

V out (V)

o wr ¢ o d
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Py R2~12Q
Range (cm) | Vip, V) | Vigige (V) L, (mA) Vig, V) Power (W)
0 10.91 4.75 14.1 3.6 0.54
1 11.93 4.5 14.3 3.8 0.60
2 13.95 4.76 14.3 4.0 0.67
3 15.75 4.78 15.1 4.8 0.96
13197 4.3 wams3amd P,
2) naaeslavlddmdsnufinnfigaioga iissezeie
Puax  Ven =48V  Power < 0.96 W
Range (cm) Vienreg V) Vi V) I, (mA)
0 16.44 4.81 16.7
1 16.18 4.81 16.5
2 16.17 4.80 16.1
3 15.76 4.78 15.5
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Y1lsunsusnaavued PIC16F628A

#include <16F628A.h>
#fuses NOWDT,EC_IO,NOPROTECT,NOLVP
#use delay(clock=13560000)
#use rs232(baud=9600,xmit=PIN_ B2 rcv=PIN B1)
#include <stdio.h>
int 1,9,a,y;
char d[5],data,datal data2,reall real2;
void loop()
{
q=0b00000000;
d[4]=y & 0b00001000; //d[4]=0000X000//
d[3]=y & 0b00000100; //d[3]=00000x00//
d[2]=y & 0b00000010; //d[2]=000000x0//
d[1]=y & 0b00000001; //d[1]=0000000x//
for (i=4;i>=1;i--)
{
d[i] = d[il<<(G-1);  //0x000000//
q=q+d[il; //0x000000/
d[i] = d[i]<<1; //x0000000//
q=q+d[il; //xx000000//

}

void loop1()

{
q=0b00000000;
d[4]=y & 0b00010000; //d[4]=000x0000//
d[3]=y & 0b00100000; //d[3]=00x00000//
d[2]=y & 0b01000000; //d[2]=0x000000//



d[1]=y & 0b10000000;  //d[1]=x0000000//
for (i=1;i<=4;i++)
{
d[i] = d[i]>>@-1);  //x0000000//
q=q+d[il; //x0000000/
d[i} = d[i]>>1; //0x000000//
q=q+dli]; //xx000000//

}

void transmit()
{
datal=a & 0b00001111; //datal = 0000XXXX//
data2=a & 0b11110000; //data2 = XXXX0000//
y=datal;
loop();
reall=q"0b01010101;
y=data2;
loop1();
real2=q"0b01010101;
while(1)
{ putc(reall);
putc(real2);
delay ms(100);
}
}
void main()
{
a='G"; //01000111//

transmit();



TilsunsuA5uve3 PIC16FS77A

#include <16F877A.h>
#fuses NOWDT,HS, NOPROTECT,NOLVP
#use delay(clock=13560000)
#use rs232(baud=9600,rcv=PIN_A0)
#include <stdio.h>
#use fast_io (B)
#define use portb_lcd
#include <lcd.c>
int ij,d;
char data[2],x,y,sum,a[5],g;
void recieve()
{
data[0]=getc();
data[1]=getc();
data[0]=data[0] » 0x55;
data[1]=data[1] » 0x55;
x=data[0];
y=0x00;
a[4]=x & 0b10000000;
a[3]=x & 0b00100000;
a[2]=x & 0b00001000;
a[1]=x & 0b00000010;
for (i=1;i<=4;i++)
{
a[i] = a[il>>1;
y=y+alil;
}
data[0]=y;



x=data[1];
y=0x00;
a[4]=x & 0b10000000;
a[3]=x & 0b00100000;
a[2]=x & 0b00001000;
a[1]=x & 0b00000010;
for (i=1;i<=4;i++)
{
a[i] = a[i]>>1;
y =y +ali];
}
data[1]=y<<4;
sum=data[0]+data[1];
}
void main()
{
delay ms(150);
led_init();
led gotoxy(1,1);
led putc("~ A RFID ~ A");
led_gotoxy(1,2);
led putc(" FREQ 13.56 MHz ");

output_high(PIN_DO);

while(1){
if(kbhit()) {
recieve();
d=sum;
led_init();
if (d=="G"

{output_low(PIN_DO0);



output_high(PIN_D1);

led gotoxy(1,1);

led pute(" PASS! ");
delay ms(3000);
output_low(PIN_D1);
lcd_putc("\f™);

}

else

{output_low(PIN_DO0);
output_high(PIN_D2);

fed gotoxy(1,1);

led putc("~ A~ RFID » A");
led_gotoxy(1,2);

led pute(" FREQ 13.56 MHz ");
delay ms(3000);
output_low(PIN_D2);

led putc("\f");

}

output_low(PIN_A0);
output_high(PIN_A0);
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Matching Network Designs

with Computer Solutions

Prepared by: Frank Davis
INTRODUCTION

One of the problems facing the circuit design engineer
is the design of high-frequency matching networks. Careful
design of a network that will accomplish the required
matching, harmonic attenuation, bandwidth, etc., and yield

components of practical size can resuit in many hours spent

with pencit and slide rule.

The design of matching networks for high—frequency
circuits involves an infinite number of possibilities, and a
complete tabulation of possible network solutions would be
virtually impossible. However, it is often necessary to design
matching networks with a 50 + j 0 ohm impedance at one
port. This, combined with a restricted range of impedance
values to be matched, imposed by network and device
limitations, makes practical a tabulation of some of the more
commonly used networks. These design solutions are given
in this report.

The network solutions included in this report have the
limitation that one terminating impedance must be 50 + j 0
ohms. These networks are often used for matching in
transistor RF power amplifier circuits that have a 50-ohm
source or load. When the network does not have a 50-ohm
termination at either port, the mathematical procedure given
for each network in Appendix | can be used for the solution.

COMPONENT CONSIDERATIONS

Four networks are presented in this report with solutions-

in the form of computer tabulations. Each network has its
own limitations. Although the network configuration is
normally up to the discretion of the design engineer, it is
sometimes necessary to use one configuration in preference
to another in order to obtain component values that are more
realistic from a practical standpoint.

Component selection in the UHF and VHF frequency
ranges becomes a major problem, and the network
configuration to obtain realistic component values is of vital
importance to the design engineer. Design calculations for
matching networks can become completely meaningless
unless the components for the network are measured at the
operating frequency.

For example, a 100 pF silver mica capacitor that meets
all specifications at 1 MHz can have as much capacitance
as 300 pF at 100 MHz. At some frequency, the capacitor’s
series lead inductance will finally tune out the capacitance,
thus leaving the capacitor net inductive.

Values of inductance in the low nanohenry range are also -

difficult to obtain, since the inductance of a one-inch straight
piece of #20 solid tinned wire is approximately 20 nH.

REV 0

Component tolerances have no meaning at VHF
frequencies and above uniess they are specified at the
operating frequency. It cannot .be over-emphasized that
components must be measured at the operating frequency.

NETWORK SOLUTIONS

The resistor and capacitor shown in the box labeled
“device to be matched” represent the complex input or output
impedance of a transistor. These complex impedances have
been represented in series form in some cases and parallel
form in others, depending on which form is most convenient
for network calculation. The resultant impedance of the
network, when terminated with 50 + j 0 ohms, must be equal
to the conjugate of the impedance in the box. The computer
tabulations provide this solution.

Network A (see Figure 1) is applicable only when the
“device to be matched" has a series real part of less than
50 ohms. As we can see from the computer tabulation, as
the series real part approaches 50 ohms, the reactance of
C1 approaches infinity. However, in RF power amplifiers, we
nommally find that the series real part of both the input and
the output is less than 50 ohms, making this matching
network applicable to most RF power amplifier stages.
Where the terminating impedance is other than 50 ohms,
the mathematical procedure for the network solution is given
in Appendix . )

Network B (see Figure 2) is the Pi network widely used
in vacuum tube transmitters. As is apparent from the

" computer tabulation, this network is often impractical for use

where Ry is small. For values of Rq less than 50 ohms, the
inductance of L becomes impractically smali while the
capacitance of both C{-and C, become very large. Where
the Pi network configuration must be used to match low
values of impedance, a double Pi network, in which the Q
of the first section is very low, can be utilized to yield practical
components.

o
Cout Xu l Xea o
Ry Xe1 I 50

DEVICETO
BE MATCHED

Figure 1. Network A

© Motorola, Inc. 1993
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DEVICETO
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Figure 2. Network B

Network C has been solved in two forms (see Figure 3).
oth of these networks have the limitation that Ry must be
ss than 50 ohms. However, it must be stressed that this
stwork configuration quite often yields the most practical
ymponents where low values of Ry must be matched.

Network D (see Figure 4) is a “Tee” network. This network

useful for matching impedance less than or greater than
) ohms. It has been observed in laboratory tests that this
stwork configuration also yields very high collector
ficiencies when used for output matching in transistor RF
>wer amplifier stages.

Network C4 e e
—r—I—
Cout Xt
A
Ry Xez I 502
DEVICETO -
BE MATCHED Network C,
Figure 3
I,—.L_NYY\ . 2228 o
Cou Xu X
Ry
R; Xc1 I 50Q
DEVICETO
BE MATCHED

Figure 4. Network D

Freescale Semiconductor, Inc.

SUMMARY

Four computer-solved networks have been presented.
The mathematical procedure for the solution of each network
has been given in Appendix 1.* Although the networks have
found major use in matching solid-state RF power amplifier
stages, they are also applicable to any circuit where the
individual network’s limitations are fulfilled.

*For the derivation of the equations used, refer to Electronic Circuit

Analysis, Volume 1, “Passive Networks," Philip Cutler.

APPENDIX |
To convert a parallel resistance and reactance
combination to series:
Rp
1+ (Rp/Xp)?
Rp
Xs=Rs Xo

To convert a series resistance and reactance combination
to parallel:

Rp =Rq [1+ (X/Rs)

Rp
XoRg

XP=

To solve network A:
1. SelectaQ
Xp1=QR¢ + Xcou
Xc2 = ARt
(B/AYB/Q) _ B
(BIA)-(B/Q) Q-A

whaere A=|/ [_R_ﬁ;:_d")] -1

i B=R;(1+Q3%
To solve network B:
i 1. SelectaQ

Xc1=

Xc1=Ry/Q

- I/ RiR,
Xz =R @) - Rr)

QR4 + (R{R /Xc2)
X=—0p

Q2+1
To solve network C4:
1. SelectaQ
Xp1 = Xcout
Xc1=QRy
Ry
Xez2= R
R -Ry
RyRL
X2=Xcy +
( Xc2 )

™~
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To solve network Cy: To solve network D:
1. SelectaQ 1. SelectaQ
2. L4 is not used in this network X1 = (RQ) + X
=QR
Xei 1 X2 = R.B
Ry (AJQ)(A/B) A
= RL - -
Xez Ry - R4 Xer (NQ)+ (A/B) Q+B
R =
Xu=Xc1+( 1RL)+}: whare A 31(1+02)
Xc2 ( A )
B=|/{-=)-1
H o 20
:g‘ i D-\ z 50 "
CR
i X, =Yo
[ @
|
‘Z&“} 2pp 257, .0k
Xeo © 85
2c 0 1)
MOTOROLA SEMICONDUCTOR ARBIRASIGNINERRMATINOR This Product, | 3
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NETWORK A

TO DESIGN A NETWORK USING THE TABLES
1. Transform the parallel impedance of the device to be

b—o matched to series form (Rq + Xcout).
Cou X’ Xc2 2. Define Q, in column one, as X 1/R.
. | BEESTER) " s 3. Choosea Q.
4. For a Q, find the Rg to be matched in the R column

and read the reactive value of the components.

- ] = = 5. Xp¢ is equal to the quantity X 1 obtained from the
DEVICETO i tables plus | Xcoud-

M 6. This completes the network.
Q | Xy Xci Xea Rq Q | X1 | Xcq Xea R4 Q | X4 Xcq Xc2 Ry
1 |26 |s5 10 26 3 | 42 84 67 14 4 | 112 | 440 | 146 | 28
1 |27 {753 | 1444 | 27 3 |4 | o5 71 15 4 | 116 | 482 149 | 29
1 | 28 |8568 | 1732 | 28 3 |4 | 105 74 16 4 | 120 | s27 152 | 30
1 | 20 {oese66 |20 29 3 | s1 1w | n 17 4 | 128 | 635 157 | 32
1 | 30 {1085 | 2236 | 30 3 |s4 | 130 81 18 4 | 136 | 170 162 | 34
1 | 32 |13s 26.46 | 32 3 st | 143 84 19 4 | 144 | 045 168 | 36
1 | 3¢ }170 30 34 3 leo | 158 87 20 4 | 152 | 1180 | 173 | 38
1 | 3 2138 | 3316 | 36 3 |es | 173 89 21 4 | 180 {1510 | 177 | 40
1 | 38 {2725 | 3805 | 38 3 |es | 190 82 2 4 | 168 | 2007 | 182 | 42
1 | 40 |3s55 87 | 40 3 |es | 200 95 23 4 | 176 | 2837 | 187 | 44
1 | a2 |4 4123 | 42 3 |72 | 228 97 24 4 | 184 | 4500 | 181 | 46
1 | 44 le8632)] 4350 | 44 3 |75 | 250 100 25 4 | 192 | o407 | 196 | 48
1 | a6 J1102 | 4583 | 48 3 |78 |24 102 26
2351 | 48 48 81 | 299 105 27
114 g 84 | 307 107 % 5 | 10 | 108 10 2
2 | 22 |327 |1ss8 1
3 | a7 | 358 110 29 5 | 15 | 183 374 |3
2 | 24 |36 |224 12 S I s 3 o 5 | 20 | 263 52 1
2 |26 |as 27.4 13
3 | o6 | 473 116 32 S |25 | 348 632 |5
2 | 28 {512 | 316 14
3 {102 | 575 120 a4 5 |3 |4 73 6
2 | 30 |ss 35.4 15
] : 5 | 35 |54 81 7
2 | 32 {653 |387 | 16 3 | 108 | 706 124 36
) 3 | 114 | 882 128 38 S | 40 |65 89 8
2 | 34 }731 418 17
3 {120 | 1129 | 132 40 S 145 |76 96 8
2 | 3 |s814 |44z 18 i
| 3 | 126 | 1502 | 136 42 S | S0 |88 102 110
2 | 38 J903 |a74 19
3 | 132 | 2124 | 140 44 5 | 8 | 101 108 |1
2 {4 ]100 50 20 .
5 | 60 | 115 14 |12
2 | 42 11104 |524 | 21 3 | 138 | 3372 | 143 46
2 | as {122 |ss 2 3 | 144 |19 | 146 | 48 N I I :'Z’g by
2 146 1134 57 23 4 |12 | 132 | 714 3 5 |75 | 163 130 |15
2 | 48 147 59 24 4 |16 |2 30 4 5 | 80 | 181 135 | 16
2 | 50 161 61 25 4 |20 | 269 | 418 |5 5 | 85 | 201 140 |17
2 | 82 fjAmm 63 26 4 |24 | 342 | 51 6 5 | o0 |22 145 | 18
2 | 54 1194 €5 27 4 |28 | 421 587 | 7 5 | o5 | 245 149 | 19
2 | 86 }213 67 28 4 |32 |s06 | 66 8 5 | 100 | 269 153 | 20
2 | S8 233 69 29 4 |3 |60 72 9 5 | 105 | 295 157 | 21
2 | 60 286 4 30 4 |40 | 69 77 10 5 | 110 | 323 162 | 22
2 | 64 |310 74 32 4 | 44 80 83 1 5 | 115 | 354 166 | 23
2 | 68 377 77 34 4 | 48 91 88 12 5 | 120 | 387 169 | 24
2 (72 1464 | 81 36 4 |52 | 103 92 13 5 | 125 | 423 173 | 25
2 {76 |582 84 38 4 |56 115 97 14 s { 130 | 462 177 | 28
2 | 80 746 87 40 4 | 80 129 101 15 5 | 135 | 505 181 | 27
2 | 84 §995 89 42 4 | 64 144 105 16 5 | 140 | 553 184 | 28
2 | 88 [1409 |92 44 4 | 68 159 109 17 5 | 145 | 604 188 | 29
2 | 92 2241 |65 46 4 | 72 176 13 18 5 | 150 | 662 191 | 30
2 | 9% (4739 |97 48 4 |76 | 194 17 19 5 | 160 | 796 198 | 32
3 | 18 | 235 | 223 6 4 |80 | 214 120 20 5 | 170 | 965 204 | 34
3 |21 2086 {316 7 4 |84 |23 124 21 5 | 180 | 1184 | 210 | 36
3 | 24 l3se |387 8 4 |8 | 257 127 22 5 | 190 | 1477 | 217 | 38
3 |27 Ja27 | 447 9 4 |92 | 282 131 23 5 | 200 | 1800 | 222 | 40
3 |30 {s0 50 10 4 o6 | 308 134 24 5 | 210 | 2510 | 228 | 42
3 |33 |s78 |sis | 11 4 | 100 | 337 137 25 5 | 220 | 3548 | 23¢ | 44
3 |3 |es 59 12 4 | 104 | 368 140 26 5 | 230 | se28 | 239 | 46
3 |3 }7s 63.2 13 4. ] 108.] 403 143 27 5 | 240 | 11874°| 245 | 48
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Y | Xy Xe1 Xe2 Ry Q | Xu Xer Xez2 | Ry Q | Xy Xe1 Xc2
H 12 13.8 34.6 2 7 189 | 710 255 27 9 108 210 216
3 18 2.7 55.2 3 7 196 | 776 260 28 9 17 237 225
3 24 32.2 70 4 7 203 | 849 265 29 9 126 266 234
H 30 425 82 5 7 210 | 929 269 30 9 135 207 243
3 36 53.6 93 6 7 224 | 1117 278 32 9 144 330 251
5 42 65.5 102 7 7 238 1354 287 34 9 153 365 259
3 48 78 110 8 7 252 1661 296 36 9 162 403 267
5 54 92 119 9 7 2866 | 2071 304 38 9’ 171 444 275
3 60 107 126 10 7 280 | 2649 312 40 9 180 488 282
5 66 122 133 1 7 294 | 3518 320 42 9 189 535 289
b 72 139 140 12 7 308 | 4971 328 44 9 198 586 296
3 78 157 147 13 7 322 | 7882 335 46 9 207 | 641 303
3 84 176 153 14 7 336 | 16626 343 48 9 216 701 310
] 90 197 159 15 9 225 766 316
5 96 219 165 16 8 18 8.7 274 |1 9 234 837 323
5 102 242 170 17 8 16 19.3 632 | 2 9 243 914 329
5 108 | 267 175 | 18 8 | 24 31 85 3 9 252 | 999 335
5 | 114 295 181 19 8 | 32 436 102 4 9 261 1092 341 29
5 120 324 186 20 8 40 57.4 17 5 9 270 1196 347 30 .
3 126 355 191 21 8 48 72 130 6 9 288 1438 359 32
5 132 | 389 185 22 8 | 56 88 142 7 9 308 1743 | 370 34
5 138 426 200 23 8 64 105 163 8 9 324 2137 381 36
5 144 466 205 24 8 72 124 164 9 9 342 2665 391 38
8 150 509 208 25 8 80 143 173 10 9 360 3407 402 40
5 156 556 214 26 8 88 164 182 1 9 378 4525 412 42
;] 162 608 218 27 8 96 187 191 12 9 396 6393 422 44
5 168 864 222 28 8 104 | 211 199 13
5 174 727 226 29 8 12 | 236 207 14 10 10 12 .} 505 1
B 180 795 230 30 8 120 | 264 215 15 10 20 245 87 2
5 192 957 238 32 8 128 | 293 222 16 10 { 30 39 112 3
5 204 1160 246 34 8 136 | 324 230 17 10 40 55 133 4
8 | 216 | 1422 | 253 36 .8 | 144 | 358 237 | 18 10 | 50 72 151 {5
5 228 | 1775 | 260 38 8 152 | 394 243 19 10 60 91 167 6
B 240 270 267 40 8 160 | 433 250 20 10 70 111 181 7
B 252 3015 274 42 8 168 | 475 256 21 10 80 132 195 8
B 264 4260 281 44 8 176 | 521 263 22 10 90 155 207 9
[ 276 6755 | 287 46 8 184 | 570 269 23 10 100 180 219
[ 288 14250 | 294 48 8 192 | 623 275 24 10 110 206 230

8 200 681 281 25 10 120 234 241
7 14 16.7 50 2 8 208 744 286 26 10 130 264 251
7 21 26.8 71 3 8 216 812 292 27 10 140 296 261.
7 28 38 87 4 8 224 888 297 28 10 150 330 271
7 35 50 100 5 8 232 971 303 29 10 160 367 280
7 42 63 112 6 8 240 1062 308 30 10 170 406 289
7 49 77 122 7 8 256 1277 318 32 10 180 448 297
7 56 92 132 8 8 272 1548 329 M4 10 190 494 306
7 63 108 141 9 8 288 1899 338 36 10 200 543 314
7 70 125 150 10 8 304 2368 348 38 10 210 535 322
7 77 143 158 11 8 320 3028 357 40 10 220 652 330
7 84 163 166 12 8 336 4022 366 42 10 230 713 337
7 91 184 173 13 8 352 5682 375 44 10 240 780 345
7 98 206 180 14 8 368 9009 383 46 10 250 852 352
7 105 230 187 15 10 260 930 359
7 112 256 193 16 9 9 10 40 1 10 270 1016 366
7 119 283 200 17 9 18 219 76 2 10 280 1111 373
7 126 313 206 18 9 27 35 Q9 3 10 290 1214 379
7 233 344 212 19 9 36 494 118 4 10 300 1329 383
7 140 379 218 20 9 45 65 134 5 10 320 1598 399
7 147 415 224 21 g 54 82 149 6 10 340 1937 411
7 154 455 229 22 9 63 100 162 7 10 360 2375 423
7 161 498 234 23 9 72 119 174 8 10 380 2961 | 435
7 168 544 239 24 9 81 139 185 9 10 400 3787 446
7 175 595 245 25 g 90 162 196 10 10 420 5029 458
7 182 650 250 26 9 99 185 206 11 10 440 7104 469
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NETWORK B
The following is a computer solution for the Pi network when R, equals 50 ohms.

L

. : —— 1YY\ Fe)
l ., l X, TO DESIGN A NETWORK USING THE TABLES
' Ry 1. Define Q, in column one, as R{/Xc¢1.
Ry Cout | Xc1 Xe2 500 2 c ; .
. . Cq actual is equal to C — parallel C,,, of device to be
:[ ; I (SEESTEP2) I matched.
= = ' = = S 3. This completes the network.
DEVICE TO '
BE MATCHED
Q| Xct Xe2 | X R¢ Q| Xct Xc2 X, Ry Q| Xct Xc2 XL Ry
101 503 |547 |1 13]033 |224 253 1 5|20 14.43 3255 | 100
1| 2 744 |8 2 3| o067 |317 |376 |2 5}25 16.31 |38.78 | 125
1] 3 879 | 1003 |3 3|1 388 |476 |3 5130 18.06 |44.82 | 150
1{ 4 1021 |18 |4 3] 133 }a49 565 |4 5|35 19.72 |s50.72 | 175
1| s 147 | 134 |5 3| 167 503 [647 |5 5| 40 2132 {565 | 200
1] 10 1667 | 20 10 31333 (714 |10 10 5|45 2287 |62.18 | 225
1] 15 21 2535 | 15 3ls 878 |1303 |15 5150 244 |67.78 | 250
1| 20 25 30 20 3| 667 |1021 [158 |20 5|60 27.38 |78.76 | 300
1] 25 2887 | 3415 | 25 3| 833 | 1147 |184 |25 5|80 33.33 | 100 400
1] 30 3273 | 3791 |30 3|10 1263 {2087 |30 5| 100 39.53 | 12048 | 500
1] 35 3689 | 4135 | 35 3| 1167 | 1372 |2326 |35 5| 120 46.29 | 140.31 | 600
1] 40 4082 | 4449 | 40 311333 | 1474 |2556 |40 s | 140 54.01 | 159.54 | 700
1] 45 4523 | 4737 | 45 315 1572 |21.81 |45 5 | 160 63.25 |178.17 | 800
1] 50 50 50 50 3| 1667 | 16.67 |30 50 5| 180 75 196.15 | 900
1| 85 5528 | 5237 |55 3| 1833 | 1758 |3214 |5 5 | 200 91.29 |213.37 | 1000
1] eo0 6124 | 5449 | 60 3| 20 18.46 |3425 |60 5] 220 117.26 | 22958 { 1100
1] 65 68.44 | 5635 | 65 3| 2167 | 1933 |3832 |65 5 | 240 173.21 | 244.09 | 1200
1| 70 7638 | 5791 | 70 3| 2333 | 2017 3835 |70
1175 |86 |5915 |75 3] 25 21 4035 |75 61017 1116 132 |1
1] 80 100 | 60 80 3| 2667 | 2182 }4233 |80 61417 1585 |983 |25
1] 85 1902 | 60.35 | 85 312833 | 2263 |4428 |85 61833 833 (1622 |50
1] %0 150 60 0 3|30 2343 4621 |90 61125 11028 |2202 |75
31 31.67 2422 |48.12 95 6 | 16.67 11.95 | 27.52 100
2l 05 |317 |35 |1 3| 3333 | 25 50 100 6| 2083 | 1348 |3282 |125
2] 15 |s51 664 |3 3| so 3273 ls791 | 150 62917 | 16116 |43.01 | 175
21 25 |714 |9 5 31 6667 | 4082 lsaaa | 200 61375 | 1861 |5283 |225
2| s 1021 {138 | 10 3l 75 4523 lozar | 225 64167 | 1976 |57.63 | 250
2| 75 1263 | 17.87 | 15 3l 8333 | 50 160 250 6|50 22 67.08 | 300
2| 10 1474 | 2156 | 20 6| 6667 | 2626 |8545 | 400
2| 125 |1667 | 25 25 4 6 | 83.33 | 3043 |103.28 | 500
2| 15 1846 | 2825 | 30 4 :;222 ?‘27_5 ;;;33 gg 6 | 100 34.64 |1207 | 600
2| 175 | 2047 {3135 |35 4| 1875 | 1555 |3183 |75 6 | 116.67 | 39.01 |137.76 | 700
2| 20 2182 | 3433 | 40 s | 25 1826 |39.64 | 100 6 |133.33 | 4364 |1545 | 800
2| 225 | 2343 3121 | 45 a| 3125 | 2076 |a712 | 195 6 | 150 48.67 | 170.94 | 900
2| 25 25 40 50 sl 3rs {2315 |5436 | 150 6 | 166.67 | 54.23 | 187.08 | 1000
2| 215 | 2685 | 42711 |55 a| a37s | 2546 {6139 | 175 6 | 183.33 | 60.55 |202.93 | 1100
2] 30 28.1 4535 | 60 4| so 2174|6827 | 200 6 | 200 67.94 |218.46 | 1200
2| 325 | 2964 | 4793 |65 4| s625 | 30 75. 225 6 | 216.67 | 7587 |233.66 | 1300
2| 35 31.18 | 5045 | 70 4| 625 |3227 |8161 | 260 6 | 233.33 | 88.19 |248.48 | 1400
2| 375 [ 3273 |5291 |75 al 75 36.93 9448 | 300 6| 250 103.51 | 262.83 | 1500
2| 40 343 | 5532 | 80 4| 100 a7.14 | 119.07 | 400 6 | 266.67 | 126.49 | 276.55 | 1600
2] 425 | 3589 | 5769 |85 4| 125 59.76 | 14225 | so0 6 | 283.33 | 168.33 | 289.32 | 1700
2| 45 375 |60 90 4| 150 7746 [ 16386 | 600 6 | 300 300 | 300 1800
2| so 4082 | 64.49 | 100 4| 200 200 | 200 800 71014 |1 1.14 1
2| 625 |50 75 125 7|357 |503 |847 |25
2] 75 6124 | 84.49 | 150 5| 02 139 |1.58 1 7]714 |74 |14 50
2| 875 | 7638 | 92981 | 175 55 |7 167 |25 711071 | 879 |19.03 |75
2| 100 | 100 100 200 5| 10 10 1923 |50 7} 1429 | 1021 |238 100
2| 1125 | 150 105 225 5| 15 12.37 }26.08 |75 7| 1786 | 1147 |28.4 125
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Ql X Xca X R4 Q Xet1 | Xea2 X Ry Q| Xet | Xe2 X R¢
712143 | 1263 | 3287 | 150 10] 0.1 07 0.8 1 16 | 1875 | 773 | 2623 | 300
7|25 1372 {3726 | 175 10| 5 5 98 50 16 | 25 886 | 3359 | 400
7] 2857 | 1474 | 4156 | 200 10} 10 711 16.87 | 100 16 | 3125 | 10.06 | 40.8 500
713214 | 1572 | 4581 | 225 10] 15 8.75 2334 | 150 16 | 375 107 | 479 600
713571 1667 | 50 250 10| 20 10.15 | 2955 | 200 16 | 4375 | 12 5493 | 700
7| 4286 | 1846 | 58.25 | 300 10| 25 1141 | 356 | 250 16 | 50 1288 | 61.88 | 800
7|57.44 {2182 | 7433 | 400 10] 30 1257 | 4152 | 300 16 | 5625 | 13.72 {68.79 | 800
7{71.43 |25 90 560 10} 40 1466 | 53.11 | 400 16 | 62.5 1452 | 7565 | 1000
718571 | 281 105.35 | 600 10| 50 1657 | 64.44 | 500 16175 16.05 | 89.26 | 1200
7{ 100 31.18 | 12045 | 700 10} 60 18.36 | 7558 | 600 16 | 875 17.48 | 102.74 | 1400
7| 11429 | 34.3 135.32 | 800 10} 70 20.06 | 8658 | 700 16 | 100 18.86 | 116.12 | 1600
7| 12857 | 375 150 800 10| 80 2169 | 9746 | 800 16 | 1125 | 20.18 | 12942 | 1800
7| 142.86 § 40.82 | 164.49 | 1000 10| 90 2328 | 10824 | 800 16 | 125 2147 | 142.84 | 2000
7117143 | 4804 | 192.98 | 1200 10{ 100 24.85 | 11894 { 1000 16 | 1375 | 2273 | 1558 | 2200
71200 56.41 | 220.82 | 1400 10| 120 27.91 | 140.09 | 1200 16 § 150 2396 | 1689 | 2400
7 | 22857 | 66.67 | 248 1600 10| 140 3097 | 161 1400 16 | 1625 | 25.18 | 181.95 | 2600
7125714 | 80.18 | 274.45 | 1800 10| 160 34.05 | 181.68 | 1600 16 | 175 26.39 | 194.96 | 2800
7] 28571 | 100 300 2000 10| 180 37.21 | 202.17 | 1800 16 | 187.5 | 27.59 | 207.92 | 3000
7| 31429 | 1354 | 32425 | 2200 10{ 200 4049 | 222.47 | 2000. 16 | 218.75 | 30.59 | 240.16 | 3500
7 | 34286 | 244.95 | 3458 | 2400 10| 220 4393 | 24261 | 2200 16 | 250 3361 | 272.18 | 4000
8 | 013 0.88 1 1 10| 240 47.58 262.59 | 2400 16 | 28125 | 36.71 | 304.01 | 4500
8 {313 44 745 25 12} 25 10.39 | 34.79 | 300 16 § 3125 | 399 | 335.66 | 5000
8 | 825 625 12.31 50 12} 3333 12.08 4452 | 400 16 | 343.75 | 43.25 | 367.15 | 5500
8 | 9.38 7.68 16.74 75 12} 41.67 13.61 5405 | 500 16 | 375 46.8 398.49 | 6000
8 | 125 8.91 2094 | 100 12} 50 15.02 | 63.43 ] 600 18] 1667 | 686 | 2335 | 300
81563 |10 25 125 12| 5833 | 1635 | 727 | 700 1812222 {794 | 209 400
8 |1875 | 11 28.95 | 150 12] es67 | 1761 | 8187 | 800 18 { 27.78 | 8.91 3633 | 500
8 § 21.88 11.83 32.82 175 121 75 18.82 80.97 | 800 :g gg %721 gg _c;gg
8|25 12.8 3663 | 200 12| 8333 J20 | 100 1000 - 8 -
8 | 2813 | 1364 | 4038 | 225 12| 100 227 | 11789 | 1200 }g g-‘“ }‘2‘:‘13 gf;g 3‘3'.6
8 |3125 | 1443 | 4409 | 250 12| 11667 | 24.46 | 1356 | 1400 18|5556 | 128 |era 1000
8 |315 1594 | 514 300 12} 133.33 | 26.61 | 153.15 | 1600 18 | es67 | 1412 | 7984 | 1200
8 |50 18.73 | 65.66 | 400 12| 150 28.73 | 17057 | 1800 18| 7778 | 1535 {9157 | 1a00
8 1625 2132 |79.58 | 500 12| 166.67 | 30.86 | 187.86 | 2000 18 | 88.89 | 16.52 | 103.51 | 1600
8 {75 2379 | 9325 | 600 12} 18333 | 33 - | 205.06 | 2200 18 | 100 1765 | 115.38 | 1800
8 | 875 26.2 106.71 | 700 12} 200 3517 | 222.15 | 2400 1819111 | 1873 | 1272 | 2000
8 | 100 2857 | 120 800 12| 21667 | 37.39 | 239.16 | 2600 18| 122.22 | 19.79 | 138.85 | 2200
8 | 1125 | 3094 | 133.44 | 900 12| 233.33 | 39.66 | 256.07 | 2800 18 | 133.33 | 20.81 | 150.66 | 2400
8 | 125 33.33 | 146.15 | 1000 12| 250 42,01 | 2729 | 3000 | - }g :gg 5;'2% }%ﬁ ‘;’ggg
8 | 150 3825 | 171.82 | 1200 12] 20167 | 483 314.64 | 3500 : .81 -
8 | 175 435 | 197.07 | 1400 12} 33333 | 5547 | 3559 | 4000 | |18 16667 | 23.79 | 185.55 | 3000
8 {200 4924 | 22192 | 1600 12| 3rs 63.96 | 396.67 | 4500 }g %g 23257 513-38 3&8
8 {225 55.71 | 246.38 | 1800 12| 41667 | 74.54 | 436.92 | 5000 18 | 250 3084 |27118 | 4500
8 | 250 63.25 | 27048 | 2000 12} 458.33 | 88.64 | 47657 | 5500 18127778 | 3333 | 300 5000
8 | 275 72.37 294.15 | 2200 12§ 500 109.54 | 515.44 | 6000 18 | 30556 | 35.76 - | 32827 | 5500
8_t 300 84.02 | 317.36 | 2400 14§ 2143 | 886 2991 | 300 18 | 333.33 | 38.25 | 356.44 | 6000
9 | 833 | 6.83 1493 | 75 14] 2857 | 1029 | 383 | 400
9 | 1111 | 791 1869 | 100 14] 3571 | 1156 | 4651 | 500 gg ;g g-}g g;gi 3%
9 | 13.89 | 8.87 2232 | 125 14] 4286 | 12.73 | 546 | 600 20 | 25 8 3273 | 500
9 | 1667 {9.74 2585 | 150 14| s0 1383 | 6259 | 700 2 | 30 878 | 3844 |eoo
9 19.44 10.56 29.31 175 14| 57.14 14.87 70.51 800 201 35 9.51 44.09 700
9 22.22 11.32 32.72 200 14} 64.29 15.86 78.37 S00 20| 40 10.19 49.69 800
9|25 12.05 | 36.08 | 225 147 7143 | 16.81 | 86.17 | 1000 20| 45 1084 | 5524 | 900
9 | 2778 | 12.74 | 394 250 14| 8571 | 18.62 | 101.63 | 1200 20 | 50 1146 {6076 | 1000
9 | 3333 | 14.05 | 4595 | 300 14} 100 20.35 | 116.95 | 1400 20| 60 1262 | 71.71 | 1200
9 44 44 16.44 58.74 400 141 11428 | 22.02 132.15 | 1600 20| 70 137 82.57 140C
9 | 5556 | 18.63 | 71.24 | 500 14| 12857 | 23.64 | 14724 | 1800 20 | 80 1472 | 93.35 | 1600
9 | 6667 | 207 | 83.53 | 600 4] 14286 | 25.24 | 162.25 | 2000 20 1 80 15.7 1 104.07 | 1800
9 | 77.78 {2269 | 9564 | 700 14| 157.14 | 26.81 | 177.47 | 2200 20 [ 1% 1864 [ 1413 %8
o | 8889 | 2462 | 107.62 | 800 14} 17143 | 28.38 | 192.02 | 2400 20 | 120 1844 | 13593 | 2400
9 | 100 2652 | 119.48 | 900 14| 185.71 | 20.84 | 20681 | 2600 20 | 130 193 | 1a6.47 | 2600
9 | 133.33 | 32.16 | 154.46 | 1200 14| 21429 | 33.09 | 23621 | 3000 20 1 150 2097 | 167.46 | 3000
9 | 15556 | 36 177.37 | 1400 14} 250 37.12 | 27266 | 3500 20| 175 2299 | 19354 | 3500
9 | 177.78 | 40 200 1600 14} 285.71 | 41.34 | 308.82 | 4000 20 | 200 2496 | 219.48 | 4000
8 | 200 44.23 | 22237 | 1800 14| 321.43 | 45.86 | 344.7 | 4500 20 | 225 268 2453 | 4500
9 222221 488 2445 2000 14} 357.14 §{ 50.77 38033 | 5000 20 | 250 28.82 271.01 | 5000
9 | 244.44 | 538 | 2664 | 2200 14| 392.86 | 5622 | 415.69 | 5500 20 | 275 30.74 | 296.62 | 5500
9 | 266.67 4 59.41 | 288.05 | 2400 14 ] 42857 | 62.42 | 450.78 | 6000 20 | 300 32.67. | 322.15 | 6000
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NETWORK C4
The following is a computer solution for an RF matching network.
This computer solution is applicable for two forms of matching networks.
TO DESIGN A NETWORK USING THE TABLES
1. X1 =Xcout-
Ry Cou Xy4 sor. 2. Define Q, in column one, as X¢{/R;.
:[ :[ 3. All network values can now be read from the charts
in terms of reactance.
- - - - - 4. This completes network Cq.
DEMICETO 14¢ e
BE MATCHED gt
12op NETWORK C,
(2n 2 oy | LASH
3 5)‘ WY A PR TO DESIGN A NETWORK USING THE TABLES
. L 100 T s 1. Lqis not used in this network.
RYi Y| . .
T I ki X 2. Transform the impedance of the device to be
Cout X (SEESTEPS) matched to series form (R4 + Xcout)-
Ry Xes 5:*-0 3. Define Q, in column one, as X¢4/R.
90 . 4. Foradesired Q, find the R; to be matched in the R4
te column and read the reactive value of the compo-
= v = nents
DEVICETO v 0 5. X2 is equal to the quantity X;, obtained from the
BE MATCHED 507 tables plus | Xcoud-
6. This completes network C,.
Q | Xet Xe2 X2 Ry Q | Xcy Xe2 X2 Ry Q | Xeq Xc2 X2 Ry
1 1 7.14 8 1 1 38 88.98 59.35 38 2 54 54.17 78.92 27
1 2 10.21 118 2 1 40 100 60 40 2 56 56.41 80.82 28
1 3 12.63 14.87 3 1 42 114.56 | 60.33 42 2 58 58.76 82.68 29
1 4 14.74 17.56 4 1 44 1354 60.25 44 2 60 61.24 84.49 30
1 5 16.67 20 5 1 46 169.56 | 59.56 46 2 64 66.67 88 32
1 6 18.46 2225 6 1 48 24495 | 57.8 48 2 68 72.89 91.32 34
1 7 20.17 24.35 7 2 72 80.18 94.45 36
1 8 2182 | 2633 | 8 2 2 7.14 9 1 2 76 | 88.98 | 97.35 | 38
1 9 2343 28.21 9 2 4 10.21 13.8 2 2 80 100 100 40
1 10 25 30 10 2 6 1263 | 1787 | 3 2 84 | 11456 | 10233 | 42
1 1" 26.55 31.81 11 2 8 14.74 21.56 4 2 88 1354 104251 44
1 12 | 281 33.35 | 12 2 10 11667 | 25 5 2 92 | 169.56 | 10556 | 46
1 13 | 2964 | 3493 | 13 2 12 } 1846 | 2825 | 6 2 96 | 24495} 1058 | 48
1 14 ]} 3113 | 3645 | 14 2 14 12017 | 3135 | 7
1 15 32.73 37.91 15 2 16 21.82 34.33 8 3 3 7.14 10 1
1 16 34.3 39.32 16 2 18 23.43 37.21 9 3 6 10.21 15.8 2
1 17 35.89 40.69 17 2 20 25 40 10 3 9 12.63 20.87 3
1 18 375 42 18 2 22 26.55 42.71 1 3 12 14.74 25.56 4
1 19 39.14 4327 19 2 24 28.1 45.35 12 3 15 16.67 30 5
1 20 40.82 44.49 20 2 26 29.64 47.93 13 3 18 18.46 34.25 6
1 21 4255 45.68 21 2 28 31.18 50.45 14 3 21 20.17 38.35 7
1 22 44.32 46.82 22 2 30 32.73 52.91 15 3 24 21.82 42.33 8
1 23 46.15 4792 | 23 2 32 343 55.32 16 3 27 23.43 46.21 9
1 24 48.04 48.98 24 2 34 35.89 57.69 17 3 30 25 50 10
1 25 | 50 50 25 2 36 |3715 60 18 3 33 | 2655 | 53.71 1
1 26 | 5204 | s0.98 | 25 2 38 |[39.14 | 6227 | 19 3 36 | 28.1 5735 | 12
1 27 54.17 51.92 27 2 40 40.82 64.49 20 3 39 29.64 60.98 13
1 28 56.41 52.82 28 2 42 42.55 66.68 21 3 42 31.18 64.45 14
1 29 58.76 53.68 29 2 44 44 32 68.82 22 3 45 32.73 67.91 15
1 30 61.24 54.49 30 2 46 46.15 70.82 23 3 48 343 | 71.32 16
1 32 66.67 56 32 2 48 48.04 72.98 24 3 51 35.89 74.69 17
1 34 72.89 5732 | 34 2 50 50 75 25 3 54 375 78 18
1 36 80.18 58.45 36 2 52 52.04 76.98 26 3 57 39.14 81.27 19
8
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Xcq Xc2 X2 Ry Q | Xcy Xc2 X2 Ry Xeq Xe2 Xi2 Ry
60 40.82 84.49 20 5 40 21.82 58.33 8 252 11456 | 270.33 | 42
63 42.55 87.68 21 5 45 23.43 64.21 9 264 1354 28025 | 44
66 44 32 90.82 22 5 50 25 70 10 276 169.56 | 289.56 | 46
69 46.15 93.93 23 5 55 26.55 75.71 11 288 24495 | 2978 48
72 48.04 96.98 24 5 60 28.1 81.35 12 7 714 14 1
75 50 100 25 5 65 29.64 86.93 13 14 1621 238 2
78 52.04 10298 | 26 5 70 31.18 92 45 14 21 12.63 32.87 3
81 54.17 10592 | 27 5 75 32.73 97.91 15 28 14'74 41.56 13
84 56.41 108.82 | 28 5 80 343 103.32 16 35 1 6. 67 50' 5
87 58.76 11168 | 29 5 85 35.89 108.69 17 42 18.46 58.95 6
90 61.24 11449 | 30 5 80 375 114 18 49 20’17 66‘35 7
96 66.67 120 32 5 25 39.14 119.27 19 N -

e | 56 |21.82 | 7433 |8
102 72.89 12532 | 34 ‘ L8251 63 23.43 82.21 9
108 80.18 13045 | 36 105 42.55 129.68 -

114 } 8898 ] 13535} 38
120 § 100 140

126 | 11456 | 144.33
132 | 1354 148.25
138 | 169.56 | 151.56

0 77 26.55 7.7 1
42
44
46

144 24495 | 153.8 48
1
2
3
4
5
6
7
8
9

84 28.1 10535 | 12
91 2964 | 11293 | 13
98 31.18 | 12045 | 14
105 } 3273 | 12791 | 15 |
112 | 343 13532 | 16
119 | 35.89 | 142.69 | 17
126 | 37.5 150 18
133 | 39.14 | 15727 | 18
140 | 40.82 | 164.48 | 20
147 | 4255 | 171.68 | 21
154 | 44.32 | 17882 | 22
161 | 46.15 | 18502 | 23
168 | 48.04 | 19298 | 24

4 744 | 11
8 1021 | 17.8
12 | 1263 | 2387
16 | 1474 | 2056
20 |1667 |35
24 | 18.46 | 4025
28 | 2017 | 45.35
32 | 2182 | 5033
36 | 2343 | 5521
40 |25 60 10
44 | 2655 | 6471 | 11
48 | 281 |6935 | 12
12084 | 7303 | 13
56 | 3118 | 7845 | 14
60 | 3273 | 8291 |15
64 | 343 |8732 |16
68 | 3583 | 9169 | 17
72 |3rs5 |96 18
76 | 3814 | 10027 | 19
80 | 40.82 | 10449 | 20
84 | 4255 | 10868 | 21
88 | 4432 | 11282 | 22
92 | 4615 | 11692 | 23
96 | 4804 | 12098 | 24
100 | 50 125 | 25
104 | 5204 | 12898 | 26
108 | 54.17 | 13292 | 27
112 | 56.41 | 13682 | 28
116 | 58.76 | 14068 | 29
120 | 6124 | 144.49 | 30
128 | 6667 | 152 | 32
136 | 7280 | 15032 | 34
144 | 80.18 | 166.45 | 36
152 | 88.98 | 173.35 | 38
160 | 100 180 | 40
168 | 11456 | 186.33 | 42
176 | 135.4 | 192.25 | 44
184 | 169.56 | 197.56 | 46
192 | 244.95 | 2018 | 48

5 7.14 12 1
10 1021 19.8 2
15 12.63 26.87 3
20 14.74 33.56 4
5
6
7

182 | 52.04 | 20698 | 26
189 | 5417 | 21392 | 27
56.41 22082 | 28
203 | 58.76 | 22768 | 29
210 | 6124 | 23449 | 30
224 | 66.67 | 248 32
238 | 7289 | 26132 | 34
252 | 80.18 | 27445 | 36
266 | 88.98 | 287.35 | 38
280 | 100 300 40
284 | 11456 | 31233 | 42
308 | 1354 | 32425 | 44
322 | 169.56 | 335.56 | 46
336 | 24495 | 3458 48

8 7.14 15 1
16 10.21 25.8 2
24 12.63 | 35.87 3
32 14.74 | 45.56 4
40 16.67 | 55 5
6
7
8
9

108 } 375 132 18
114 | 39.14 | 138.27 19
120 | 40.82 | 14449 | 20
126 | 42.55 | 150.68 | 21
132 | 4432 | 156.82 | 22
138 | 46.15 | 16292 | 23
144 | 48.04 |168.98 | 24
150 | 50 175 25
156 | 52.04 | 18098 | 26
162 | 54.17 | 18692 | 27
168 | 56.41 19282 | 28
174 | 58.76 | 198.68 | 29
180 | 61.24 | 20449 | 30
192 | 66.67 | 216 32
204 | 7289 (22732 | 34

36

38

40

48 18.46 | 64.25
56 2017 | 73.35
64 21.82 | 82.33
72 23.43 91.21
80 25 100 10
88 26.55 108.71 | 11
96 28.1 11735 | 12
104 | 29.64 12593 | 13
112 31.18 13445 | 14
120 | 32.73 14291 | 15
128 343 161.32 | 16
136 35.89 159.69 { 17
144 | 375 168 18
152 | 39.14 176.27 | 19
160 | 40.82 184.49 | 20
168 | 42.55 192.68 | 21
176 | 44.32 | 20082 | 22
184 46.15 | 208.92 | 23

25 16.67 40
30 18.46 46.25
35 2017 52.35

216 | 80.18 | 23845
228 | 88.98 | 249.35
240 | 100 260
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Q | Xet Xe2 X2 R4 Q | Xet Xe2 X2 Ry Q | Xei Xe2 X2 Ry
8 192 48.04 21698 | 24 9 153 35.89 176.69 | 17 10 80 23.43 10921 9
8 200 50 225 25 9 162 375 186 18 10 100 | 26 120 10
8 208 52.04 23298 | 26 9 171 39.17 19527 | 19 10 110 | 26.55 130.71 1"
8 216 54.17 24092 | 27 9 180 40.82 20449 | 20 10 120 ! 28.1 14135 § 12
8 224 56.41 24882 | 28 9 189 42.55 21368 | 21 10 130 ] 29.64 16193 | 13
8 232 58.76 256.68 | 29 9 198 44 .32 2282 | 22 10 140 } 31.18 16245 | 14
8 240 61.24 26449 | 30 9 207 46.15 231.92 23 10 150 32.73 172.91 15
8 256 66.67 280 32 9 414 169.56 | 42756 | 46 10 160 } 343 183.32 16
8 272 72.89 28532 | 34 9 432 244951 4418 48 10 170 | 35.88 193.68 17
8 288 80.18 310.45. | 36 g 216 48.04 24098 | 24 { - 10 180 } 37.5 204 18
8 304 88.98 32535 ] 38 9 225 50 250 25 10 180 ] 39.14 21427 19
8 320 100 340 40 9 234 52.04 25888 | 26 10 200 | 40.82 2449 | 20
8 336 11456 | 354.33 | 42 9 243 54.17 26792 | 27 110 210 | 42.55 23468 | 21
8 352 1354 36825 | 44 9 252 56.41 276.82 | 28 10 220 | 44.32 24482 | 22
8 368 169.56 | 38156 | 46 9 261 58.76 28588 | 29 10 230 ] 46.15 254921 23
8 384 244,95 1 393.8 48 9 270 61.24 29449 { 30 10 240 | 48.04 264.98 | 24
9 9 1714 16 1 g 288 66.67 312 32 10 250 | 50 215 | 25
9 18 1 0 21 278 2 g 306 72.89 32932 | 34 10 260 | 52.04 284.88 | 26
9 27 1 2.63 38.87 3 9 324 80.18 34645 | 36 10 270 | 54.17 29482 | 27
9 a6 1 4'7 4 49' 56 4 9 342 88.98 36335 | 38 10 280 | 56.41 304.82 | 28
9 45 1 6.67 60. 5 9 360 100 380 40 10 290 | 58.76 31468 | 29
9 54 1 8. 46 70.25 6 9 378 11456 | 396.33 | 42 10 300 | 61.24 32449 | 30
. . g 396 1354 41225 | 44 10 320 § 66.67 | 344 32
8 63 20.17 80.35 7
10 340 | 72.89 36332 | A
9 72 21.82 90.33 8 10 160 | 80.18 38245 | 36
9 81 23.43 100211 9 10 10 7.14 17 1 . .
10 380 | 88.98 40135 | ‘38
g 80 25 110 10 10 20 10.21 29.8 2 10 400 | 100 420 40
8 89 26.55 119.71 11 10 30 12.63 41.87 3
10 420 | 11456 | 438.33 | 42
9 108 28.1 12935 | 12 10 40 14.74 53.56 4
’ 10 440 | 1354 45825 | 44
] 117 29.64 13893 1 13 10 50 16.67 65 5
10 460 | 16956 | 473.56 | 46
9 126 31.18 14845 | 14 10 60 18.46 76.25 6 10 480 | 24495 | 4898 48
9 135 32.73 157.91 15 10 70 20.17 87.35 7 il -
9 144 34.3 16732 | 16 10 80 21.82 98.33 8
10 7 . For More InforntRIGRGL PR EIIBUCTOR APPLICATION INFORMATION

Go to: www.freescale.com



Freescale Semiconductor, Inc.

5477 | 5249
60 59.16 | 54.96
65 6325 | 574

70 67.08 | 69.79
75 70.71 62.13
80 7418 | 64.43
85 7746 | 66.69

114 | 12845 | 68.23"
120 | 132.29 | 70.85
126 | 136.01 | 73.42
132 | 13964 | 75.86
138 | 143.18 | 78.45
144 | 146.63 | 80.91
150 83.33
165 | 158.11 | 89.25

110 | 106.07 | 66.73
120 | 1118 70.82
130 | 11726 | 74.8

140 | 12247 } 78.66
150 | 12748 | 82.43
13229 | 86.1

170 | 136.93 | 89.69

AN267
NETWORK D
The following is a computer solution for an RF “Tee” matching network.
" Tuning is accomplished by using a variable capacitor for C;.
Variable matching may also be accomplished by increasing X; » and adding
an equal amount of X¢ in series in the form of a variable capacitor.
| L Yo Yo TO DESIGN A NETWORK USING THE TABLES
Cout Xir l X2 1. Define Q, in column one, as X, {/R;.
(SEE STEP 3}

A ; Yey 5:*}2 2. Foran Ry to be matched and a desired Q, read the
reactances of the network components from the
charts.

= : = = 3. Xy is equal to the quantity X; { obtained from the
DEVICE TO tables plus | Xcoud -
BEMATCHED | 4. This completes the network.

Q | X | X2 Xc1 | Ry Xt | X2 Xetr | Ry X | X2 Xe1 | Ry
26 10 43.33 26 50 61.24 38.76 25 57 83.67 40.66 19
27 14.14 | 42.09 27 52 83.25 39.82 26 60 86.6 42.26 20
28 1732 | 41.59 28 54 65.19 40.66 27 63 89.44 43.85 21
29 20 41.43 29 56 67.08 418 28 66 82.2 4542 22
30 ] 2236 | 41.46 30 58 68.92 4292 69 04.87 46.96 23
32 2645 | 41.85 32 60 70.71 43.93 72 97.47 48.49 24
34 30 425 34 64 74.16 45.83 75 100 50
36 33.17 | 43.29 36 €8 77.46 47.9 78 102.47 | 51.49
38 36.06 | 44.16 a8 72 80.62 49.83 81 104.88 | 52.97
40 3873 | 45.08 40 76 83.67 51.72 84 10724 | 54.42
42 4123 | 46.04 42 80 86.6 53.59 87 109.54 | 55.87
44 4359 | 47.01 44 84 89.44 5543 80 1118 57.29
46 4583 | 48 46 88 92.2 §7.23 96 116.18 | 60.11
48 4796 | 49 48 92 84.87 59.01 102 | 12042 | 62.87
50 S0 50 50 86 87.47 60.77 108 | 1245 65.57

55 .
60
65
70
75
80
85
90

FBISTBRSEERREBERNER

95 83.67 | 71.07 95

180 | 14142 | 93.2 80 180 | 165.83 | 94.99
100 | 86.6 73.21 100 190 | 145.77 | 96.63 95 195 | 17321 | 100.56
125 | 100 83.33 125 200 | 150 100 100 210 | 18028 | 105.97

150 | 1118 92.71 150
175 | 12247 | 10146 | 175

250 | 16956 | 11593 | 125
300 | 187.08 | 130.62 | 150
350 | 203.1 14434 | 175
400 | 217.84 | 15726 | 200
450 | 23184 | 169.51 | 225
500 | 24495 | 181.19 | 250
§50 | 257.39 | 192.37 | 2715
600 | 269.26 | 203.11 | 300

225 | 187.08 | 111.25
] 240 | 19365 | 116.4

255 | 200 -121.43
270 | 206.16 | 126.35
285 121213 | 131.17
300 | 21794 | 135.89
375 124495 ) 15825 | 125
450 26926 | 178.89 { 150

ERE3RBRBEERVEBLLRSBRNBY

225 | 14142 | 11754 | 225
250 | 150 125 250
275 | 15811 ] 13214 | 275
300 | 165.83 | 139 300

©o
o

s N Y S e e O e e e e e e e e I I T N I Y N NP P NP NP S S S NP N N N Y
-
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g

2 22 1581 ] 23.75 1 :
: 5§25 | 291.5 198.17 | 175
2 24 2236 | 24.52 12 18 2236 | 17.41 6 600 | 312 22 21633 | 200
2 26 2739 | 2551 13 21 31.62 19.27 7 ) )
675 | 331.66 | 233.57 | 225
2 28 3162 | 2659 14 24 38.73 | 21.19 8 750 | 350 250 450
2 30 3536 | 277 15 27 44.72 | 23.11 9
825 | 367.42 | 265.74 | 275
2 32 38.73 | 28.83 16 30 50 25 10 900 | 38406 | 28087 | 300
2 34 4183 | 29.96 17 33 54.77 | 26.88 1 : X
2 36 4472 | 31.09 18 36 59.16 | 28.69 12 12 7.07 12.31 3
2 38 4743 | 32.22 19 39 63.25 | 30.48 13 16 30 "1 14.78 4
2 40 50 1 33.33 20 42 67.08 | 32.25 14 20 41.83 17.57 5
2 42 5244 | 34.44 21 45 70.71 33.88 15 24 50.99 20.32 6
2 44 54.77 | 35.54 22 48 74.16 35.69 16 28 58.74 23 7
2 46 57.01 36.62 23 51 77.46 37.37 17 32 65.57 25.6 8
2 48 §9.16 | 37.7 24 54 80.62 | 39.02 18 36 71.76 28.15 9
MOTOROLA SEMICONDUCTOR AL SAJIRNRIEHMTINON This Product, g
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Xi1 X2 Xe1 R4

[»)
&
3
&

R4 Xyq X2 Xcq

40 77.46 | 3064 10
82.76 | 33.07 11
87.75 | 3545 12
9247 | 37.78 13
86.85 | 40.07 14
101.24 | 42.32 15
105.36 | 44.54 16
109.32 | 46.72 17
72 113.14 | 48.86 18
76 116.83 | 50.97 19
80 120.42 | 53.06 20
84 123.9 | 55.11 21
a8 127.28 | 57.14 22
92 130.58 | 59.14 23
96 133.79 | 61.12 24
100 136.93 | 63.07 25
104 140 65 26

100 | 1533 | 64.47 20
105 | 157.48 § 67 21
110 161.85 | 69.49 22
115 165.53 | 71.96 23
120 | 169.41 | 74.39 24
125 | 17321 ] 76.79 25
130 | 176.92 | 79.17 26
135 | 180.55 | 81.52 27
140 | 184.12 | 83.85 28
145 | 18762 | 86.15 29
150 | 191.05 | 88.43 30
160 | 197.74 | 92.91 32
170 | 204.21 | 97.31 34
180 | 21048 } 10163 | 36
180 | 216.56 | 105.88 | 38
200 | 22249} 11006 | 40
210 | 22825 | 11417 | 42

Ry
180 23022 | 10467 t 30
192 238.12 | 110.01 32
204 24576 | 11525 | 34
216 253.18 | 12039 | 36
228 26038 | 12545 | 38

240 267.39 | 13042 | 40
252 | 27423 | 13531 | 42
264 280.89 | 140.13 | 44
276 | 2874 | 14488 | 46
288 293.77 | 14955 | 48
300 300 15417 | 50
330 315.04 | 16544 | 55
360 32939 | 176.36 | 80
380 | 343.45 | 18697 | 65
420 35637 | 1973 70
450 369.12 | 20736 | 75
- 480 38144 | 21719 | 80

BRBELER

108 143 66.91 27 220 23388 | 11821 | 44 510 ] 39338 22679 | 85
112 145,95 | 68.8 28 230 | 23937 1222 46 540 |40497 | 236.18 | 80
116 148.83 | 70.67 29 240 | 24474 | 12613 | 48 570 | 41623 | 24538 | 95
120 15166 | 72.51 30 250 260 130 50 600 | 4272 2544 100
128 157.16 | 76.16 32 275 | 262681 13946 | 55 750 | 47828 | 29713 | 125
136 16248 | 79.73 34 300 27477} 14864 | 60 800 | 5244 33661 | 150
144 167.63 | 83.24 36 325 | 28636 15754 { 65 1050 | 566.79 | 3735 175
152 172.63 | 86.68 38 350 | 29749 ] 16621 ] 70 1200 | 606.22 | 40829 | 200
160 177.48 | 80.07 40 375 30822 17466 | 75 1350 | 64323 | 441.3 225
168 18221 | 934 42 400 31859 | 18291 }| 80 1500 | 67823 | 472.79 | 250
176 186.82 | 96.69 44 425 | 328.63 ] 130987 | 85 1650 | 711.51 | 50296 | 275
184 191.31 ] 99.92 46 450 338.38 | 19885 | 80 1800 | 743.3 §31.86 | 300
192 1857 | 103.11 48 475 347.851] 20657 | 95 14 50 125 2
200 200 10625 | S0 500 35707 | 21414 { 100 21 70.71 17.83 3
220 21036 | 11393 | 55 625 400 250 125 86.6 279 4
22023 { 12136 | 60 750 438.75} 283.12 | 150 35 100 27.78 5
260 22967 | 12859 | 65 875 47434 | 31408 | 175 42 118 32.48 6
1 280 23875 )] 13561 | 70 1000 | 507.44 | 34326 | 200 49 12247 | 37.04 7
300 24749 | 14246 | 75 1125 | 538.52 | 67095 | 225 56 13229 | 41.47 8
320 25593 1 14815 | 80 1250 | 567.89 | 397.36 | 250 63 14142 | 4579 9

340 264.1 155.68 | 85

360 27203 | 162.07 | 90

380 279.73 | 168.32 | 95

400 28723 | 17446 | 100
500 3221 203.5 125
600 353.55 | 230.33 | 150
700 38243 | 2654 175
800 40827 | 279.02 | 200
900 43445 | 30144 | 225
1000 | 45826 | 32282 | 250
1100 | 480.88 | 343.3 275
1200 | 50249 | 362.99 | 300

10 10 10 2
15 37.42 13.57 3
20 51.96 17.22 4
25 63.25 { 20.75 5
6
7
R
9

1375 | 595.82 | 42267 | 275

70 4150 50 10
1500 | 622.49 | 446.99 | 300

7 158.11 | 54.12 1
B4 165.83 | 58.16 12
91 17321 | 62.12 13’
98 180.28 | 66 14
105 | 187.08 | 69.82 15
112 193.65 | 73.58 16
19 | 200 71.27 17
126 | 206.16 | 80.91 18
133 | 21213 | 84.5 19
140 | 21794 | 88.04 20
147 122361 | 91.53 21
154 | 229.13 | 94.97 22
161 23452 | 98.37 23
168 | 239.79 | 101.73 | 24
175 |} 24495 | 10505 | 25
182 | 250 108.33 | 26
189 | 25495 | 111.58 | 27
196 | 2569.81 | 114.79 | 28
203 | 26458 | 11797 | 29
210 26926 | 121.11 | 30
224 | 27839 | 12731 | 32
238 | 28723 | 13339 | 34
252 | 2958 .| 138.36 | 36
266 | 304.14 | 14523 | 38
280 | 31225 | 151 40
294 | 320.16 | 156.68 | 42
308 | 327.87 | 16227 | 44
322 133541 | 167.78 | 46
336 | 342.78+| 173.21 | 48

24 70 20 4
30 8216 | 24.2 5
36 92.74 | 28.26 6
42 102.23 | 32.2 7
48 110.91 | 36.02 8
54 118.95 | 39.74 9
60 126.49 | 43.38 10
66 1336 | 46.93 1
72 140.36 | 50.41 12
78 146.8 | 53.83 13
B4 162.97 | 57.18 14
90 158.9 | 60.47 15
96 164.62 | 63.71 16
102 170.15 } 66.89 17
108 175.5 | 70.03 18
114 180.69 | 73.12 19
120 185.74 | 76.17 20
126 190.66 | 79.18 21
132 19545 | 82.15 22
138 200.12 | 85.08 23
144 20469} 87.97 24
150 § 208.17 | 80.83 25
156 | 213.54 | 83.66 26
162 | 217.83 | 96.46 27
168 | 222.04 | 99.23 28
174 226,16 | 101.96 | 29

30 728 24.16
35 81.24 | 2747
40 88.88 | 30.69
45 95.92 | 33.82
50 102.47 | 36.88 10
55 108.63 | 39.87 1"
60 114.46 } 428 12
65 120 45.68 13
70 1253 | 4849 14
75 130.38 | 51.26 15
80 13528 | 53.99 16
85 140 56.67- 17
80 144.57 | 59.31 18
85 149 61.91 19
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X1 X2 Xc1 R¢

640 | 507.44 | 286.52 | 80
680 | 52321 ] 29923 | 85
720 | 53852 | 311.66 | 90
760 | 5534 | 32384 ] 95
800 | 567.89 { 335.78 | 100
1000 | 63541 | 39236 | 125
1200 | 696.42 | 44463 | 150

X4 X2 Xeq Ry

1575 | 845,58 | 553.81 | 175
1800 | 804.16 | 60554 | 200
859.17 | 65464 | 225
2250 | 1011.19 | 701.48 | 250
2475 | 1060.66 | 746.36 | 275
2700 | 1107.93| 789.51 | 300

350 350 178.57 | 50
385 367.42 | 191.66 | 55
420 384.06 | 204.34 | 60
455 400 216.67 | 65
490 41533 | 22866 | 70
525 430.12 | 24035 | 75
560 444.41 | 251.76 | 80

wCooooo|l
33

595 458.86 | 26291 | 85 1400 | 7525 | 49349 | 175

630 | 4717 | 21382 | 90 1600 | 804.67 | 539.57 | 200 :g ;g gg":’a ‘1’71; ;
665 | 48477 | 28451 | 95 1600 | 85367 | saaze | 225 [- | IO f23 |88 1172 2
700 | 497.49 | 204.99 | 100 2000 | 00 | 625 | 250 0 |0 |1o0s | ater |2
875 | 55678 | 34463 | 125 2200 | 944.06 | 664.96 | 275 bl I ool A
1050 | 61033 | 330.49 | 150 2400 | 986.15 | 703.38 | 300 : :
10 |60 |16673 | 4545 | 6
1225 | 65955 | 43336 | 175
9 |40 837 | 1 10 |70 18125 | 5189 | 7
1400 | 70534 | 473.78 | 200
; 18 |55 |156 |2 10 |80 |19468 |s8.16 | 8
1575 | 74833 | 512.14 | 225 27 |osgs | 224 10 {90 |20724 | 6426 | 9o
1750 | 788.99 | 54873 | 250 - -

36 1179 | 28.88 10 } 100 }219.09 | 70.23 10

3

. 4

1925} 827.65 | 583.79 | 275 45 | 13416 | 3500 | 5 10 | 110 {23033 | 7606 | 11
6
7
8

2100 | 864.58 | 617.5 | 300 54 | 14866 | 41.09 10 | 120 {241.04 |81.78 | 12

63 161.86 | 46.91 10 1130 }251.3 | 87.38 13

Q

8

8

8

8

8

8

8

8

8

8

8

8

8

9

9

9

9

9

9

9
i )8 27.39 7.6 1 9 |72 174.07 | 52.56 10 1 140 |261.15 | 92.89 14
v 116 63.25 1403 | 2 9 | 81 185.47 | 58.07 9 10 | 150 | 27065 | 98.29 15
. 85.15 20.1 3 8 | 80 19621 | 63.45 10 . 10 | 160 |[279.82 | 10361 | 16
P132 10247 | 2587 | 4 9 |99 2064 | 68.71 1 10 1 170 |2887 108.85 | 17
i ] 40 11726 | 3142 | 5 9 108 | 216.1 73.86 12 10 {180 |297.32 | 114.01 | 18
i ] 48 13038} 3677 | 6 9 117 } 22539 | 78.92 13 10 | 180 | 305.7 119.09 | 19
I 1423 | 4195 | 7 9 | 126 | 234.31 | 83.88 14 10 | 200 |[313.85 | 124.1 20
v | 64 1633 | 4699 | 8 9 135 | 2429 | 88.76 15 10 1210 [321.79 | 129.05 | 21
172 163.55 | 519 9 9 | 144 | 2512 |} 9355 16 10 | 220 |329.55 | 133.93 | 22
i {80 173.21 | 56.7 10 9 | 163 | 259.23 | 98.28 17 10 | 230 {33712 | 13875 | 23
» 188 182351 6139 | 11 9 162 | 267.02 | 10293 | 18 10 [ 240 |34453 | 14351 | 24
i ] 96 -191.05 | 6598 | 12 9 1 27459 | 10751 | 19 10 ] 250 |351.78 | 14822 | 25
} 104 18937 ] 7049 | 13 9 180 | 281.86 | 112.03 | 20 10 | 260 |358.89 | 15287 | 26
b 112 207.36 | 74.91 14 9 189 | 289.14 | 11649 | .21 10 |.270 .|.365.86 | 15747 | 27 .
b 1120 215.06 | 7926 | 15 9 198 | 296.14 |. 12089 | 22 10 § 280 }372.69 | 162.03 | 28
} 128 22249 | 8354 | 16 9 | 207 | 30299 ) 12523 | 23 10 | 290 |379.41 | 166.53 | 29
b 136 22967 | 87.74 | 17 9 | 216 | 309.68 | 129.53 | 24 10 | 300 |386.01 | 17099 | 30
) 144 23664 | 9189 | 18 9 | 225 | 31623 | 13377 | 25 10 | 320 |398.87 | 179.78 | 32
} 152 243411 9597 | 19 9 | 234 | 32265 13797 { 26 10 | 340 {41134 | 1884 34
i ] 160 250 100 20 9 | 243 | 328.84 | 14212 | 27 10 | 360 }423.44 ] 196.87 | 36
| 168 256.42 | 103.97 | 21 9 | 252 | 33511 | 14622 ] 28 10 [ 380 }435.2 2052 38
; 176 26268 § 1079 | 22 9 | 261 341.17 | 150.28 | 29 10 | 400 |446.65 | 21338 | 40
i1 184 268.79 §{ 11177 | 23 9 | 270 | 347.13 | 1543 30 10 | 420 45782 | 221.44 | 42
b} 192 27477 | 11559 | 24 9 | 288 | 358.75 | 16223 | 32 10 | 440 [468.72 | 22937 | 44
i ] 200 280.62 } 119.38 | 25 9 | 306 } 370 170 34 10 { 460 |479.37 | 237.19 | 46
y | 208 286.36 | 123.11 | 26 9 | 324 | 38092 | 17763 | 36 10 | 480 |} 4898 2449 48
b § 216 29198 | 126.81 | 27 9 | 342 | 39154 | 185.14 | 38 10 } 500 | 500 2525 50
b1 224 297.49 { 13047 | 28 9 | 360 | 401.87 | 19252 | 40 10 § 550 |524.64 | 271.07 | 55
b 232 302.9 13409 | 29 9 | 378 | 41195 | 199.78 | 42 10 | 600 |548.18 | 289.07 | 60
b} 240 308.22 | 13767 | 30 9 | 396 | 421.78 | 20693 | 44 10 | 650 |570.75 | 306.56 | 65
b | 256 318.59 | 14473 | 32 9 | 414 | 43139 | 21398 | 46 10 | 700 |592.45 | 32358 | 70
b} 272 328.63 ] 15165] 34 9 | 432 | 440.79 } 22093 | 48 10 | 750 |613.39 | 340.18 | 75
i ] 288 338.38 | 15846} 36 9 | 450 | 450 22778 | S0 10 | 800 ]633.64 | 356.37 | 80
bo] 304 34785 ] 165.14 | 38 9 | 495 | 47223 | 24452 | 55 10 | 850 |65326 | 37221 | 85
i1 320 35707 | 17171 | 40 9 | 540 | 493.46 | 260.74 | 60 10 | 900 |672.31 | 387.7 90
i ] 336 366.06 | 178.18 | 42 9 S5 | 513.81 | 27651 | 65 10 { 950 ]690.83 | 402.87 | 95
b} 352 37483 | 18455 | 44 9 | 630 | 53339 20185] 70 10 | 1000 | 708.87 | 417.74 | 100
i} 368 383.41 ] 190.83 | 46 9 | 675 | 552.27 | 306.8 75 10 | 1250 | 792.94 | 48823 | 125
b ] 384 39179 | 187.02} 48 9 | 720 | 57053 | 3214 80 10 | 1500 | 868.91 | 553.36 | 150
b | 400 400 203.13 | 50 9 | 765 | 58822 ] 33567 | 85 10 | 1750 [938.75 | 61425 | 175
b ] 440 419.82 | 218.04 § 55 9 | 810 | 605.39 | 349.63 | 80 10 | 2000 | 1003.74] 671.66 | 200
i ] 480 438.75| 23249 | 60 9 | 855 | 622,09 | 363.31 | 95 10 | 2250 {1064.78] 726.14 | 225
b ] 520 456.89 | 246.53 | 65 9 | 900 {63836 376.71 | 100 10 | 2500 | 11225 | 778.12 | 250
i | 560 47434 | 2602 | 70 9 1125 | 714.14 | 44024 | 125 10 | 2750 | 1177.39| 82792 | 275
i} | 600 49117 | 273821 75 9 1350 | 782.62 | 498.94 | 150 10 | 3000 | 1229.84] 875.8 300
JTOROLA SEMICONDUCTOR ARBHSASIGNINGPRMATINON This Product, 13
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MICROCHIP

PIC16F62X

FLASH-Based 8-Bit CMOS Microcontrollers

Devices included in this data sheet:
- PIC16F627 - PIC16F628
Referred to collectively as PIC16F62X .
High Performance RISC CPU:

« Only 35 instructions to learn

« All single-cycle instructions (200 ns), except for
program branches which are two-cycle

- Operating speed:
- DC - 20 MHz clock input
- DC - 200 ns instruction cycle

Memory
Device FLASH RAM EEPROM
Program Data Data
PIC16F627 1024x 14 | 224 x8 128 x 8
PIC16F628 2048x14 | 224x8 128 x 8

« interrupt capability

- 16 special function hardware registers

« 8-level deep hardware stack

- Direct, Indirect and Relative addressing modes

Peripheral Features:

= 15 /O pins with individual direction control
» High current sink/source for direct LED drive
« Analog comparator module with:
- Two analog comparators
- Programmable on-chip voltage reference
(VREF) module
- Programmable input multiplexing from device
inputs and internal voltage reference
- Comparator outputs are externally accessible
« Timer0: 8-bit timer/counter with 8-bit
programmable prescaler
- Timer1: 16-bit timer/counter with external crystal/
clock capability
+ Timer2: 8-bit timer/counter with 8-bit period regis-
ter, prescaler and postscaler
- Capture, Compare, PWM (CCP) module
- Capture is 16-bit, max. resolution is 12.5 ns
- Compare is 16-bit, max. resclution is 20Q ns
- PWM max. resolution is 10-bit

« Universal Synchronous/Asynchronous Receiver/
Transmitter USART/SCI

+ 16 Bytes of common RAM

Special Microcontroller Features:

Power-on Reset (POR)

Power-up Timer (PWRT) and Oscillator Start-up
Timer (OST)

Brown-out Detect (BOD)

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

Muitiplexed MCLR-pin
Programmable weak pull-ups on PORTB -
Programmable code protection
Low voltage programming
Power saving SLEEP mode
Selectable oscillator options
- FLASH configuration bits for oscillator options
- ER (External Resistor) oscillator
- Reduced part count
- Dual speed INTRC
- Lower current consumption
- EC External Clock input
- XT oscillator mode
- HS oscillator mode
- LP oscillator mode
Serial in-circuit programming (via two pins)
Four user programmable ID locations

CMOS Technology:

Low-power, high-speed CMOS FLASH technology
Fully static design

Wide operating voltage range

- PIC16F627 - 3.0V to 5.5V

- PIC16F628 - 3.0V to 5.5V

- PIC16LF627 - 2.0V to 5.5V

- PIC16LF628 - 2.0V to 5.5V

Commercial, industrial and extended temperature
range

Low power consumption

- <20mA@5.0V, 4.0 MHz

- 15 pA typical @ 3.0V, 32 kHz

- < 1.0 pA typical standby current @ 3.0V

© 1999 Microchip Technology Inc.
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Pin Diagrams

PDIP, SOIC

RA2/AN2/VREF o g
RA3/AN3/CMP1 5
RA4/TOCKI/CMP2 «+—» [
RASMCLR/THV — [}
Vsg —

RBO/INT <a—» []
RB1/RX/DT 4— ]
RB2/TXICK . [
RB3/CCP1 «—» []]

DO~NODONAWN =

XZ949191d

18[] -—» RA1/AN1

17 [1 <«— RAO/ANO

16 [] <—m RA7/OSC1/CLKIN
15[] ~<+— RA6/OSC2/CLKOUT
14[] +—— VDD

13{] -— RB7/T10SI

120 ~—» RB6/T10SOM1CKI

1

] -— RrBs5

10[] -«— RB4/PGM

SSOP

RA2/AN2VREF ¢ []
RA3/AN3/CMP1 a—» []
RA4TOCKIICMP2 ~-—» []
RAS/MCLR/THV — [
Vs§ —»

Vss — [

RBO/NT ~«—» [
RB1/RX/DT -— []
RB2/TX/CK «—» L[]
RB3/CCP1 -—» []

DN AWN =

-
(o]

Xz94910ld

20 [] ~— RA1/AN1

18 [ <— RA7/OSC1/CLKIN

17 [} <=— RAG/OSC2ICLKOUT
16 [ ] <-—— VoD

15 [] <+—— VoD

14 [ ~—= RB7/T10S!

13 [] ~«—» RB6/T10SO/TICKI
12 [] -«— RB5

11 [ -«— RB4/PGM

Device Differences

Voltage Process
Device g Oscillator Technology
Range .
(Microns)
PiC16F627 3.0-55 See Note 1 0.7
PIC16F628 3.0-55 See Note 1 0.7
PIC16LF627 20-55 See Note 1 0.7
PIC16LF628 20-55 See Note 1 0.7

Note 1: If you change from this device to another device, please verify oscillator characteristics in your application.
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PIC16F62X

1.0 GENERAL DESCRIPTION

The PIC16F62X are 18-Pin FLASH-based members of
the versatile PIC16CXX family of low-cost,
high-performance, CMOS, fully-static, 8-bit
microcontrollers.

All PICmicro® microcontroliers employ an advanced
RISC architecture. The PIC16F62X have enhanced
core features, eight-level deep stack, and multiple inter-
nal . and extemal interrupt sources. The separate
instruction and data buses of the Harvard architecture
allow a 14-bit wide instruction word with the separate
8-bit wide data. The two-stage instruction pipeline
allows all instructions to execute in a single-cycle,
except for program branches (which require two
cycles). A total of 35 instructions (reduced instruction
set) are available. Additionally, a large register set gives
some of the architectural innovations used to achieve a
very high performance.

PIC16F62X microcontrollers typically achieve a 2:1
code compression and a 4:1 speed improvement over
other 8-bit microcontrollers in their class.

PIC16F62X devices have special features to reduce
external components, thus reducing system cost,
enhancing system reliability and reducing power con-
sumption. There are eight oscillator configurations, of
which the single pin ER oscillator provides a low-cost
solution. The LP oscillator minimizes power consump-
tion, XT is a standard crystal, INTRC is a self-contained
internal oscillator and the HS is for High Speed crys-
tals. The SLEEP (power-down) mode offers power sav-
ings. The user can wake up the chip from SLEEP
through several external and internal interrupts and
reset.

A highly reliable Watchdog Timer with its own on-chip
RC oscillator provides protection against software
lock- up.

Table 1-1 shows the features of the PIC16F62X
mid-range microcontroller families.

A simplified block diagram of the PIC16F62X is shown
in Figure 3-1.

The PIC16F62X series fits in applications ranging from
battery chargers to low-power remote sensors. The
FLASH technology makes customization of application
programs (detection levels, pulse generation, timers,
etc.) extremely fast and convenient. The small footprint
packages make this microcontroller series ideal for all
applications with space limitations. Low-cost,
low-power, high-performance, ease of use and |/O flex-
ibility make the PIC16F62X very versatile.

1.1 Development Support

The PIC16F62X family is supported by a full-featured
macro assembler, a software simulator, an in-circuit
emulator, a low-cost development programmer and a
full-featured programmer. A Third Party “C" compiler
support tool is also available.

© 1999 Microchip Technology Inc.
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PIC16F62X

TABLE 1-1:

Maximum Frequency
of Operation (MHz)

PIC16F62X FAMILY OF DEVICES

20 20 120 20
FLASH Program Memory (words) | 1024 2048 1024 2048
RAM Data Memory (bytes) 224 224 224 224
EEPROM Data Memory (bytes) 128 128 128 128

Timer Module(s)

TMRO, TMR1, TMR2

TMRO, TMR1, TMR2

TMRO, TMR1, TMR2

TMRO, TMR1, TMR2

Comparators(s)

2

2

2

Capture/Compare/PWM modules

1

1

1

Serial Communications USART USART USART USART
Internal Voltage Reference Yes Yes Yes Yes
Interrupt Sources 10 10 10 10
110 Pins 16 16 16 16
Voltage Range (Volts) 3.0-5.5 3.0-55 2.0-5.5 2.0-5.5
Brown-out Detect Yes Yes Yes Yes
Packages 18-pin DIP, 18-pin DIP, 18-pin DIP, 18-pin DIP,
SOIC; SOIC; SOIC; SOIC;
20-pin SSOP 20-pin SSOP 20-pin SSOP 20-pin SSOP

all PICmicro® Family devices have Power-on Reset, selectable Watchdog Timer, selectable code protect and high /O current
sapability. All PIC16F62X Family devices use serial programming with clock pin RB6 and data pin RB7.

DS40300B-page 6
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PIC16F62X

3.0 ARCHITECTURAL OVERVIEW

The high performance of the PIC16F62X family can be
attributed to. a number of architectural features
commonly found in RISC microprocessors. To begin
with, the PIC16F62X uses a Harvard architecture, in
which, program and data are accessed from separate
memories using separate busses. This improves
bandwidth over traditional von Neumann architecture
where program and data are fetched from the same
memory. Separating program and data memory further
allows instructions to be sized differently than 8-bit wide
data word. Instruction opcodes are 14-bits wide making
it possible to have all single word instructions. A 14-bit
wide program memory access bus fetches a 14-bit
instruction in a single cycle. A two-stage pipeline over-
laps fetch and execution of instructions. Consequently,
all instructions (35) execute in a single-cycle (200 ns @
20 MHz) except for program branches.

The Table below lists program memory (Flash, Data
and EEPROM).

=

Memory
Device FLASH RAM EEPROM
Program Data Data
PICA6F627 1024 x 14 224 x8 128 x 8
PIC16F628 2048 x 14 224 x8 128 x 8
PIC16LF627 1024 x 14 224 x8 128 x8
PIC16LF628 2048 x 14 224 x 8 128x 8

The PIC16F62X can directly or indirectly address its
register files or data memory. All special function
registers including the program counter are mapped in
the data memory. The PIC16F62X have an orthogonal
(symmetrical) instruction set that makes it possible to
carry out any operation on any register using any
addressing mode. This symmetrical nature and lack of
‘special optimal situations’ make programming with the
PIC16F62X simple yet efficient. In addition, the
learning curve is reduced significantly.

The PIC16F62X devices contain an 8-bit ALU and
working register. The ALU is a general purpose
arithmetic unit. It performs arithmetic and Boolean
functions between data in the working register and any
register file.

The ALU is 8-bit wide and capable of addition,
subtraction, shift and logical operations. Unless
otherwise mentioned, arithmetic operations are two's
complement in nature. In two-operand instructions,
typically one operand ‘is the working register
(W register). The other operand is a file register or an
immediate constant. In single operand instructions, the
operand is either the W register or a file register.

The W register is an 8-bit working register used for ALU
operations. It is not an addressable register.

Depending on the instruction executed, the ALU may
affect the values of the Carry (C), Digit Carry (DC), and
Zero (Z) bits in the STATUS register. The C and DC bits
operate as a Borrow and Digit Borréw out bit,
respectively, bit in subtraction. See the SUBLW and
SUBWF instructions for examples.

A sirﬁpliﬁed block diagram is shown in Figure 3-1, with
a description of the device pins in Table 3-1.

Two types of data memory are provided on the
PIC16F62X devices. Non-volatile EEPROM data
memory is provided for long term storage of data such
as calibration values, look up table data, and any other
data which may require periodic updating in the field.
This data is not lost when power is removed. The other
data memory provided is regular RAM data memory.
Regular RAM data memory is provided for temporary
storage of data during normal operation. Itis lostwhen
power is removed.

© 1999 Microchip Technology 'Inc.
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PIC16F62X

FIGURE 3-1: BLOCK DIAGRAM

13 Data Bus 8
FLASH Program Counter lL =
Program
Memory RAM L—r Data EEPROM
8 Level Stack - File
(13-bit) Registers
Program 4,
Bus RAM Addr (1) PORTA
instruction reg x?ﬁ:?
I Direct Addr 7 | RA2/AN2/VREF
7 v RA3/AN3/CMP1
<— RA4/TOCK1/CMP2
RAS/MCLR/THV
STATUS reg RA6/0SC2/CLKOUT
8 RA7/OSC1/CLKIN
Powe 3 PORTB
ower-up
\} Timer RBOANT
’ RB1/RX/DT
tnstruction Oscillator
Decode & K= | Start-up Timer ALU RB2/TX/CK
Control L RB3/CCP1
Power-on 1
Reapt 8 - RB4/PGM
- W RB5
iming > atchdog _ RB6/T10SO/T1CKI
®<;:|'> Generation Timer Wreg RB7/T10S!
OSC1/CLKIN Brown-out
OSC2/CLKOUT Detect
Low-Voltage
Programming

2

MCLR VDD, Vss

Comparator Timer0 Timer1 Timer2

) it it it
U b

VREF CCP1 USART
Memory
Device FLASH RAM EEPROM
Program Data Data

PIC16F627 1024 x 14 224 x 8 128x 8
PIC16F628 2048 x 14 224 x8 128x 8
PIC16LF627 1024 x 14 224 x 8 128 x8
PIC16LF628 2048 x 14 224x 8 128x 8

Note 1: Higher order bits are from the STATUS register.
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TABLE 3-1: PIC16F62X PINOUT DESCRIPTION
DIP/
SSOP | 1oO/P Buffer .
Name SQIC Pin # Type Type Description
Pin # .

RAO/ANQ 17 19 10] ST Bi-directional I/O port/Analog comparator input

RA1/AN1 18 20 110 ST Bi-directional 1/O port/Analog comparator input

RA2/AN2/VREF 1 1 110 ST Bi-directional /O port/Analog comparator input/VREF ‘out-
put

RA3/AN3/CMP1 2 2 I{e] ST Bi-directional I/O port/Analog comparator input/compara-
tor output

RA4/TOCKI/CMP2 3 3 110 ST Bi-directional 1/O port/Can be configured as TOCKlfcom-
parator output

RA5/MCLR/THV 4 4 | ST Input port/master clear (reset input/programming voltage
input. When configured as MCLR, this pin is an active low
reset to the device. Voltage on MCLR/THV must not
exceed VDD during normal device operation.

RA6/0SC2/CLKOUT 15 17 IO ST Bi-directional 1/O port/Oscillator crystal output. Connects
to crystal or resonator in crystal oscillator mode. In ER
mode, OSC2 pin outputs CLKOUT which has 1/4 the fre-
quency of OSC1, and denotes the instruction cycle rate.

RA7/OSC1/CLKIN 16 18 110 ST Bi-directional 1/O port/Oscillator crystal input/extemal
clock source input. ER biasing pin.

RBO/ANT 6 7 /10 TTUsT Bi-directional 1/0 port/external interrupt. Can be software
programmed for intemal weak pull-up.

RB1/RX/DT 7 8 110 TTUsT® Bi-directional /O port/ USART receive pin/synchronous
data I/O. Can be software programmed for internal weak
pull-up.

RB2/TX/CK 8 9 o | TTust® Bi-directional /O port/ USART transmit pin/synchronous
clock I/O. Can be software programmed for internal weak
pull-up.

RB3/CCP1 e] 10 /O ‘ITL/ST(4) Bi-directional 1/O port/Capture/Compare/PWM #O. Can
be software programmed for internal weak pull-up.

RB4/PGM 10 1 wo | TTusT® Bi-directional 1/O port/Low voltage programming input pin.
Wake-up from SLEEP on pin change. Can be sofiware
programmed for internal weak pull-up. When low voltage
programming is enabled, the interrupt on pin change and
weak pull-up resistor are disabled.

RB5 1M 12 lie} TTL Bi-directional /O port/Wake-up from SLEEP on pin
change. Can be software programmed for internai weak
puil-up. '

RB6/T10SO/T1CKI 12 13 wo | TrusT® Bi-directional 1/O port/Timer1 oscillator output/Timer1
clock input. Wake up from SLEEP on pin change. Can be
software programmed for internal weak pull-up.

RB7/T10SI 13 14 I{e] TTLSTR Bi-directional /O port/Timer1 oscillator input. Wake up
from SLEEP on pin change. Can be software programmed
for internal weak pull-up.

Vss 5 5,6 P — Ground reference for logic and I/O pins.

VDD 14 15,16 P — Positive supply for logic and /O pins.

Legend: O = output 1/0 = input/output P = power

— = Notused. | = Input ST = Schmitt Trigger input
TTL = TTL input /0D =input/open drain output

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
Note 2: This buffer is a Schmitt Trigger input when used in serial programming mode.
Note 3: This buffer is a Schmitt Trigger /O when used in USART/Synchronous mode.
Note 4: This buffer is a Schmitt Trigger /O when used in CCP mode.

Note 5: This buffer is a Schmitt Trigger input when used in low voltage program mode.

© 1999 Microchip Technology Inc.
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PIC16F62X

31 Clocking Schemellnstruction Cycle

The clock input (OSC1/CLKIN/RA7 pin) is internally
divided by four to generate four non-overiapping
quadrature clocks namely Q1, Q2,-Q3 and Q4. Inter-
nally, the program counter (PC) is incremented every
Q1, the instruction is fetched from the program memory
and latched into the instruction register in Q4. The
instruction is decoded and executed during the
following Q1 through Q4. The clocks and instruction
execution flow is shown in Figure 3-2.

3.2 Instruction Flow/Pipelining

An “Instruction Cycle” consists of four Q cycles (Q1,
Q2, Q3 and Q4). The instruction fetch and execute are
pipelined such that fetch takes one instruction cycle
while decode and execute takes another instruction
cycle. However, due to the pipelining, each instruction
effectively executes in one cycle. If an instruction
causes the program counter to change (e.g., GOTO)
then two cycles are required to complete the instruction
(Example 3-1).

A fetch cycie begins with the program counter (PC)
incrementing in Q1.

In the execution cycle, the fetched instruction is latched
into the “Instruction Register (IR)" in cycle Q1. This
instruction is then decoded and executed during the
Q2, Q3, and Q4 cycles. Data memory is read during Q2
(operand read) and written during Q4 (destination
write).

FIGURE 3-2: CLOCK/INSTRUCTION CYCLE =
IQ1]Q2|Q3|Q4IQ1[Q2|Q3|Q4|Q1|02j03|Q4I
0SC1 ’ ;
Qly—\ /A _ |
Qzy 7\ | /T \ ; T\ s :
Q3 | M\ i I\ i V) | Phase
Q4 \ T\ A T
PC I( PC Jx PCH J)( PCZ l
0OSC2/CLKOUT k____/————(___/——’_\___/——l

(ER mode) |
Fetch INST (PC)

Fetch INST (PC+1)

L Execute INST (PC-1)
-

Execute INST (PC) Felch INST (PC+2)

Execute INST (PC+1)

EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW

1. MOVLW 55h { Fetch 1 Execute 1

2. MOVWF PORTB Fetch 2 Execute 2

3. CALL SUB_1 Fetch 3 Execute 3
4. BSF  PORTA, BIT3 Fetch 4

All instructions are single cycle, except for any program branches. These take two cycles since the fetch
instruction is “flushed” from the pipeline while the new instruction is being fetched and then executed.

Fetch SUB_{‘ Execute SUB_ 1
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PIC16F62X

4.0 MEMORY ORGANIZATION

4.1 Program Memory Organization

The PIC16F62X has a 13-bit program counter capable
of addressing an 8K x 14 program-memory space. Only
the first 1K x 14 (0000h - 03FFh) for the PIC16F627
and 2K x 14 (0000h - Q7FFh) for the PIC16F628 are
physically implemented. Accessing a location above
these boundaries will cause a wrap-around within the
first 1K x 14 space (PIC16F627) or 2K x 14 space
(PIC16F628). The reset vector is at 0000h and the
interrupt vector is at 0004h (Figure 4-1 and Figure 4-2).

FIGURE 4-1: PROGRAM MEMORY MAP

AND STACK FOR THE
PIC16F627
PC<12:0> |
CALL, RETURN 13
RETFIE, RETLW 7

Stack Level 1
Stack Level 2

[ ]
Stack Level 8

Reset Vector 000h
<}_—_—__

Interrupt Vector 0004

’ 0005

On-chip Program
Memory

FIGURE 4-2: PROGRAM MEMORY MAP AND
STACK FOR THE PIC16F628

[ PC<12:0>

CALL, RETURN 13,
RETFIE, RETLW

Stack Level 1
Stack Level 2

Stack.LeveI 8

Reset Vector 000h
<r‘—_—_‘

Interrupt Vector 0004

0005

On-chip Program
Memory
O7FFh

| 08ooh

1FFFh

4.2 Data Memory Organization

The data memory (Figure 4-3) is partitioned into four
Banks which contain the general purpose registers and
the special function registers. The Special Function
Registers are located in the first 32 locations of each
Bank. Register locations 20-7Fh, AOh-FFh, 120h-14Fh,
170h-17Fh and 1FOh-1FFh are general purpose regis-
ters implemented as static RAM.

The Table below lists how to access the four banks of
registers:

RP1 RPO
BankO 0 0]
Bank1 0 1
Bank2 1 0]
Bank3 1 1

Addresses FOh-FFh, 170h-17Fh and 1FOh-1FFh are
implemented as common RAM and mapped back to
addresses 70h-7Fh.

4.21 GENERAL PURPOSE REGISTER FILE

The register file is organized as 224 x 8 in the
PIC16F62X. Each is accessed either directly or indi-
rectly through the File Select Register FSR
(Section 4.4). '

© 1999 Microchip Technology Inc.
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PIC16F62X

JIGURE 4-3: DATA MEMORY MAP OF THE PIC16F627 AND PIC16F628

File
Address
Indirect addr.(*) | 00h Indirect addr.(*) | 80h Indirect addr.(*) | 100h Indirect addr:(*) | 180h
TMRO 01h OPTION 81h TMRO 101h OPTION 181h
PCL 02h . PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h ' 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
07h 87h 107h ' 187h
08h " | 88h ' 108h 3 o 188h
09h 89h 109h . SRR 189h
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch o] 10Ch : 18Ch
i 7 | oon . | 8Dh "4 10Dh 18Dh
TMR1L OEh PCON 8Eh i s | 10Eh 18Eh
TMR1H OFh e ] BFh o+ 10Fh 18Fh
T1CON 10h . goh e
TMR2 11h 91h
T2CON 12h PR2 92h
1 13n e o3n
. 14h 94h
CCPRI1L 15h 95h
CCPR1H 16h 96h
CCP1CON 17h Sl g7h
RCSTA 18h TXSTA 98h
TXREG 19h SPBRG 9%h
RCREG 1Ah EEDATA 9Ah
i 1Bh EEADR 9Bh

1Ch EECON1 9ch
1Dh EECON2* | 9Dh

1Eh { 9Eh
CMCON 1Fh VRCON 9Fh 11Fh
20h General AOh General 120h
Purpose Purpose
Register Register
80 Bytes 48 Bytes 14Fh
General - 1 150h
Purpose
Register
96 Bytes EFh 16Fh 1EFh
FOh 170h 1F0h
accesses accesses accesses
70h-7Fh 70h-7Fh 70h - 7Fh
7Fh FFh 17Fh 1FFh
Bank O Bank 1 Bank 2 Bank 3

Unimplemented data memory locations, read as 0.
Not a physical register. :
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422 SPECIAL FUNCTION REGISTERS

The special function registers are registers used by the
CPU and Peripheral functions for controlling the
desired operation of the device (Table 4-1). These
registers are static RAM.

The special registers can be classified into two sets
(core and peripheral). The special function registers
associated with the “core” functions are described in
this section. Those related to the operation of the
peripheral features are described in the section of that
peripherali feature.

TABLE 4-1: SPECIAL REGISTERS SUMMARY BANKO
Value on | Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR all other
Reset Resets“)
Bank 0
00h INDF Addressing this location uses contents of FSR to address data memory (not a physical register) HAXK KKK | XHHX XHXX
01h TMRO Timer0 Module’s Register XXXX XXXX | uuuu uuuu
02h PCL Program Counter’s (PC) Least Significant Byte 0000 0000 | 0000 0000
03h STATUS IRP RP1 RPO ]T—O_ PD V4 DC C 0001 1xxx | 000g quuu
04h FSR Indirect data memory address pointer XXXX XXXX |uuuu uuuu
05h PORTA RA7 RA6 RA3 RA2 RA1 RAO xxxx 0000 |xxxx 0000
06h PORTB RB7 RB6 RB3 RB2 RB1 RBO XXX XXXX | uuuu uuuu
e TUnimplementsd T — — e
| Unimplemente = = —
Unimplemented S : : L = o
PCLATH ik i Write buffer for upper 5 bits of program counter ---0 0000 {---0 0000
INTCON GIE PEIE INTE RBIE TOIF INTF RBIF 0000 000x } 0000 000u
EEIF CMIF TXIF SOZZEEZI CCPMIF [ TMRRIF | TMR1IF 0000 -000 | 0000 -000
Holding register for the least significant byte of the 16-bit TMR1 XXXX XXXX | uuuu uuuu
Holding register for the most significant byte of the 16-bit TMR1 XXXX XXXX |uuuu uuuu
~ =] = 7 [TicKPsS1 | TICKPSO | T1OSCEN [ TISYNC [TMR1CS |TMRION | --00 0000 | --uu uuuu
TMR2 module’s register 0000 0000 [ 0000 0000
TOUTPS3 | TOUTPS2 | TOUTPST | TOUTPSO | TMR2ON | T2CKPS1 | T2CKPSO0 | -000 0000 | -uuu uuuu
:Unlmplément i B o [ s
CCPRI1L Capture/Compare/PWM register (LSB) XXXX XXXX | Uuuuu uuuu
CCPR1H Capture/Compare/PWM register (MSB) XXX XxXxXX |uuuu uuuu
CCP1CON : ] CCP1X CCP1Y CcCP1M3 | CCP1M2 {CCP1M1 | CCP1MO | --00 0000 | --00 0000
RCSTA SPEN RX9 SREN CREN ADEN FERR OERR RX9D 0000 -00x | 0000 -00x
TXREG USART Transmit data register 0000 0000 | 0000 0000
USART Receive data register
CMCON C20UT | Cc1oUT C2INV CM1 CMO 0000 0000 | 0000 0000

Legend:

shaded = unimplemented

— = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, q = value depends on condition,

Note 1: Other (non power-up) resets include MCLR Reset, Brown-out Detect and Watchdog Timer Reset during

normal operation.

© 1999 Microchip Technology Inc.
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PIC16F62X

TABLE 4-2:

SPECIAL FUNCTION REGISTERS SUMMARY BANK1

Value on | Value on

Address Name Bit7 Bit6 Bit5 | Bit4 | Bit3 | Bit2 | Bit1 Bit 0 POR all other
Reset resets“)
Bank 1
80h INDF Addressing this location uses contents of FSR to address data memory (not a physical reg- | xxxx xxxx [ xxxx xxxx
ister)

81h OPTION RBPU_|INTEDG | ToCS _ |TOSE _|PSA  [Pps2  |pst __ |Pso 1111 1111 1111 1111
82h PCL Program Counter's (PC) Least Significant Byte : 0000 0000 0000 0000
83h STATUS IRP_|RP1 [rro |70 [PD [z Joc [c 0001 1xxx |000g quuu
84h FSR Indirect data memory address pointer XXXKX XXXX | uuuu uuuu
85h TRISA TRISA7 | TRISA6 — TRISA4 | TRISA3 |TRISA2 |TRISA1 |{TRISAO [11-1 1111 |11-1 1111
86h TRISB TRISB7 | TRISB6 | TRISBS | TRISB4 [TRISB3 |TRISB2 |TRISB1 {TRISBO {1111 1111 {1111 1111
87h Unimplemented -{ i S e — —
88h - Unimplemented — —
89h . _} Unimpiemented . — —
8Ah PCLATH e P e — Write buffer for upper 5 bits of program counter ---0 0000 ---0 0000
8Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x |0000 000u
8Ch PIE1 EEIE CMIE RCIE TXIE = CCP1IE | TMR2IE | TMR1IE | 0000 -000 [0000 -000
8Dh: - ; Unihibleménted' S : G S T Bl DR A e L
8Eh PCON = — [oscF BOD ~__ 1.0x |---- 1-ug
‘8Eh TUnimplemented s i
Q0h' 42 ['Unimplemented = —
9th o | Unimplemented -} e =
92h PR2 Timer2 Period Register 11111111 11111111
93k A s )
94h =
97h " TUnimplemented: |- S S e G i s
98h TXSTA csrRc  [Tx9 [TXEN  [s¥Ne =< 7]BrRGH |TRMT _ |[Tx9D 0000 -010
99 SPBRG Baud Rate Generator Register 0000 0000
9Ah EEDATA EEPROM data register uuuu uuuu
9Bh EEADR i 1 EEPROM address register uuuu uuuu
9Ch EECON1 = [:— ] — Jwrerr[wreN [wr  [RD ---- qooo
9Dh EECON2 EEPROM control register 2 (not a physicalregister) = | -=-===--- |-=------
9Eh - [ Unimplemented |1 R e = - 1 S
9Fh VRCON VREN |VROE [VRR | — JVR3 _|VR2 |WR1 _|VRO 000- 0000 |000- 0000
Legend: : — = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, q = value depends on condition,

shaded = unimplemented

Note 1: Other (non power-up) resets include MCLR Reset, Brown-out Detect and Watchdog Timer Reset during
normal operation.
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TABLE 4-3: SPECIAL FUNCTION REGISTERS SUMMARY BANK2
Value on | Value on
Address Name Bit7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 | Bitt Bit 0 POR all other
Reset resets(1)
Bank 1
100h INDF Addressing this focation uses contents of FSR to address data memory (not a physical reg- | xxxx x| X0 00
ister)
101h TMRO RBPU | INTEDG | TOoCS _ |TosE [Psa  [ps2 |Psi [Pso 1111 1111 1111 1111
102h PCL Program Counter's (PC) Least Significant Byte 0000 0000 0000 0000
103h STATUS IrRP | RP1 |RPO [To [eD [z [pc [c 0001 1xxx | 000g quuu
104h FSR Indirect data memory address pointer XXXX XXXX | uuuu uuuu
105h Unimplemented S . : — U
106h PORTB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 [TRISB1 | TRISBO | 1111 1111 1111 1111
107h Unimpiemented |~ & ' — L
108h Unimpleniented: — RO
108h Uniimplemented . — R
10Ah PCLATH = — — Write buffer for upper 5 bits of program counter ---0 0000 ---0 0000
108h INTCON GIE PEIE TOIE INTE | RBIE TOIF INTF RBIF 0000 000x | 0000 000u
1OCh i i % R s : B e P R o

10Dh i | Unimplemented:
A0Eh: e
40FhH Unimplementad
“410h 7 55 Unimplemented

A1th

442K

3h

A14h

“415h

416h:

7h:

118h

119h

11Ah

11Bh

11Ch

11Dh

HiEh 7
Legend: Unimplemented locations read as ‘0’, u = unchanged, x = unknown, q = value depends on condition,

shaded = unimplemented

Note 1: Other (non power-up) resets include MCLR Reset, Brown-out Detect and Watchdog Timer Reset during
normal operation.
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TABLE 4-4: SPECIAL FUNCTION REGISTERS SUMMARY BANK3
Value on | Value on
Address Name Bit7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 Bit 1 Bit 0 POR all other
: ' : Reset resets(!
Bank 1
180h INDF Addressing this location uses contents of FSR to address data memory (not a physical reg- | xxxx xXxxxX |XXXX XXXX
’ ister)
181h OPTION RePU |INTEDG | Tocs |TosE  |psA  [ps2 _[Pst ] pso 1111 1111 |1111 1111
182h PCL Program Counter's (PC) Least Significant Byte 0000 0000 |0000 0000
183h STATUS RP [RP1 [rRro |70 [PD {z [oc Jc 0001 lxxx |000g gquuu
184h FSR Indirect data memory address pointer XXXX XXXX | uuuu uuuu
185h Unimplemented: |77 : SRR PR e — —_
186h TRISB TRisB7 |TRISB6 | TRISB5 | TRISB4 | TRISB3 |TRISB2 [TRISB1 |TRISBO |1111 1111 j1111 1113
187h Unimplemented- |- E w N e : — =
188h ° Unimplemiented: | — —
189h o] Unimplemented. |- g e e — —
18Ah PCLATH % e s iR | Write buffer for upper 5 bits of program counter ---0 0000 --~-0 0000
18Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF [ RBIF 0000 000x {0000 000u
18Ch - S i el e : N
18Dh 1k
18Eh
A8Fh =

190h

- = Unimplemented locations read as ‘0’, u

shaded = unimplemented

Note 1: Other (non power-up) resets include MCLR Reset, Brown-out Detect and Watchdog Timer Reset during
normal operation.

= unchanged, x = unknown, q = value depends on condition,
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4221 STATUS REGISTER

The STATUS register, shown in Register 4-1, contains
the arithmetic status of the ALU, the RESET status and
the bank select bits for data memory (SRAM).

The STATUS register can be the destination for any
instruction, like any other register. If the STATUS
register is the destination for an instruction that affects
the Z, DC or C bits, then the write to these three bits is
disabled. These bits are set or cleared according to the
device logic. Furthermore, the TO and PD bits are not
writable. Therefore, the result of an instruction with the
STATUS register as destination may be different than
intended.

For example, CLRF STATUS will clear the upper-three
bits and set the Z bit. This leaves the status register as
000ouuluu (where u = unchanged).

It is recommended, therefore, that only BCF, BSF,
SWAPF and MOVWF instructions are used to alter the
STATUS register because these instructions do not
affect any status bit. For other instructions, not affecting
any status bits, see the “Instruction Set Summary”.

Note 1: The C and DC bits operate as a Borrow
and Digit Borrow out bit, respectively, in
.subtraction. See the SUBLW and SUBWF

instructions for examples.

REGISTER 4-1: STATUS REGISTER (ADDRESS 03H OR 83H)

RW-x  RM-x

1 = Bank 2, 3 (100h - 1FFh)
0 = Bank 0, 1 (00h - FFh)

11 = Bank 3 (180h - 1FFh)
10 = Bank 2 (100h - 17Fh)
01 = Bank 1 (80h - FFh)
00 = Bank 0 (00h - 7Fh)

bit 4. TO: Time-out bit

0 = AWDT time-out occurred
bit 3: PD: Power-down bit

0 = By execution of the SLEEP instruction
bit 2: Z: Zerobit

the source register.

1 = After power-up or by the CLRWDT instruction

R/W-0 RW-0 RW-0 RA1 R-1 R/W-x
[IRP [Rp1 [rRP0 [0 [PD [z [oc Jc - R = Readable bit
bit7 bit0 W = Writable bit
U = Unimplemented bit,
read as '0’

-n = Value at POR reset
-x = Unknown at POR reset

bit 7: IRP: Register Bank Select bit (used for indirect addressing)

bit 6-5: RP1:RP0: Register Bank Select bits (used for direct addressing)

1 = After power-up, CLRWDT instruction, or SLEEP instruction

1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero

bit 1:  DC: Digit carry/borrow bit (ADDWF, ADDLW, SUBLMW, SUBWF instructions )(for borrow the polarity is reversed)
1 = A carry-out from the 4th low order bit of the result occurred
0 = No carry-out from the 4th low order bit of the result

bit 0:  C: Carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)
1 = A carry-out from the most significant bit of the result occurred
0 = No carry-out from the most significant bit of the result occurred
Note: For borrow the polarity is reversed. A subtraction is executed by adding the two's complement of the
second operand. For rotate (RRF, RLF) instructions, this bit is loaded with either the high or iow order bit of

© 1999 Microchip Technology Inc.
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4222 OPTION REGISTER

) . . Note: To achieve a 1:1 prescaler assignment for
The OPTION register is a readable and writable TMRO, assign the prescaler to the WDT
register which contains various control bits to configure (PSA = 1). See Section 6.3.1

the TMRO/WDT prescaler, the external RBO/INT
interrupt, TMRO, and the weak pull-ups on PORTB.

REGISTER 4-2: OPTION REGISTER (ADDRESS 81H)

RW-1  R/W-1 RW-1 RW-1  R/W-1 R/W-1 R/W-1 R/W-1

[RBPU |INTEDG [T0CS |TOSE |PSA _ [PS2 __ |PSt [pso |
bit7 bit0

bit7: RBPU: PORTB Pull-up Enable bit
1 = PORTB puli-ups are disabled
0 = PORTB pull-ups are enabled by individual port latch values

bit 6: INTEDG: Interrupt Edge Seiect bit
1 = Interrupt on rising edge of RBO/INT pin
o = Interrupt on falling edge of RBO/INT pin

bit 5: TOCS: TMRO Clock Source Select bit
1 = Transition on RA4/TOCKI pin
0 = Internal instruction cycle clock (CLKOUT)
bit 4: TOSE: TMRO Source Edge Select bit
1 = Increment on high-to-low transition on RA4/TOCKI pin
0 = Increment on low-to-high transition on RA4/TOCKI pin

bit 3: PSA: Prescaler Assignment bit
1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module

bit 2-0: PS2:PSO0: Prescaler Rate Select bits
Bit Value TMRO Rate WDT Rate

000 1:2 1:1
001 1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:.64
111 1:256 1:128

R = Readabie bit
W = Writable bit
-n = Value at POR reset

DS40300B-page 20 Preliminary
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4223 INTCON REGISTER

. . . Note: Interrupt flag bits get set when an interrupt
The INTCON register is a readable and writable condition occurs regardless of the state of
register which contains the various enable and flag bits its corresponding enable bit or the global
for all interrupt sources except the comparator module. enable bit, GIE (INTCON<7>).

See Section4.2.24 and Section4.22.5 for a
description of the comparator enable and flag bits.

REGISTER 4-3: INTCON REGISTER (ADDRESS 0BH OR 8BH)

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RMW-x
[GIE [PEIE_[TOE_|INTE |RBIE [TOIF _ [INTF |RBIF | |R = Readable bit
bit7 bit0 W = Writable bit
U = Unimplemented bit, read
as’'0’
-n = Value at POR reset
-x = Unknown at POR reset

bit7:  GIE: Global Interrupt Enable bit
1 = Enables all un-masked interrupts
0 = Disables all interrupts

bit 6: PEIE: Periphera! interrupt Enable bit
1 = Enables all un-masked peripheral interrupts
0 = Disables all peripheral interrupts

bit 5 TOIE: TMRO Overflow Interrupt Enable bit
1 = Enables the TMRO interrupt
0 = Disables the TMRO interrupt

bit 4: INTE: RBO/INT External Interrupt Enable bit
1 = Enables the RBO/INT external interrupt
0 = Disables the RBO/INT external interrupt

bit 3: RBIE: RB Port Change Interrupt Enable bit
1 = Enables the RB port change interrupt
o0 = Disables the RB port change interrupt

bit 2:  TOIF: TMRO Overflow Interrupt Flag bit
1 = TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow

bit 1: INTF: RBO/INT External Interrupt Flag bit
1 = The RBO/INT external interrupt occurred (must be cleared in software)
0 = The RBO/INT external interrupt did not occur

bit 0: RBIF: RB Port Change Interrupt Flag bit
1 = When at least one of the RB7:RB4 pins changed state (must be cleared in software)
0 = None of the RB7:RB4 pins have changed state

© 1999 Microchip Technology Inc. Preliminary DS40300B-page 21
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4224 PIE1 REGISTER

This register contains interrupt enable bits.

REGISTER 4-4: PIE1 REGISTER (ADDRESS 8CH)

bit7: EEIE: EE Write Complete Interrupt Enable Bit
1 = Enables the EE write complete interrupt
0 = Disables the EE write complete interrupt

bit 6: CMIE: Comparator Interrupt Enable bit
1 = Enables the comparator interrupt
o0 = Disables the comparator interrupt

bit 5: RCIE: USART Receive Interrupt Enable bit
1 = Enables the U§ART receive interrupt
0 = Disables the USART receive interrupt

bit 41 TXIE: USART Transmit Interrupt Enable bit
1 = Enables the USART transmit interrupt
0 = Disables the USART transmit interrupt

bit 3: Unimplemented: Read as ‘0’

bit 2: CCP1E: CCP1 Interrupt Enable bit
1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt

bit 1: TMR2IE; TMR2 to PR2 Match Interrupt Enable bit
1 = Enables the TMR2 to PR2 match interrupt
0 = Disables the TMR2 to PR2 match interrupt

bit 0: TMR1IE: TMR1 Overflow Interrupt Enable bit
1 = Enables the TMR1 overflow interrupt
0 = Disables the TMR1 overflow interrupt

RW-0 RW-0 RW-O RW-0 U RW-0 RW-O RMW-0
[EEIE_[CMIE [RCE [TXIE | - [CCP1IE |TMR2IE[TMRIIE| |R = Readable bit
bit7 bitd W = Writable bit

U = Unimplemented bit, read
as’'0’
-n = Value at POR reset
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4225

This register contains interrupt flag bits.

PiR1 ! R
R1 REGISTE Note: Interrupt flag bits get set when an interrupt

condition occurs regardliess of the state of
its corresponding enable bit or the global
enable bit, GIE (INTCON<7>). User
software should ensure the appropriate
interrupt flag bits are clear prior to enabling
an interrupt. '

REGISTER 4-5: PIR1 REGISTER (ADDRESS 0CH)

RW-0 R0 R-0 U R/W-0 RW-0 R/W-0

[cMIF _[RCIF__[TXIF [ - |CCP1F [TMR2IF [ TMR1IF | |R = Readable bit

bit 7:

bit 6:

bit 5:

bit 4:

bit 3:
bit 2:

bit 1:

bit O:

bitd W = Writable bit

U = Unimplemented bit, read
as’'0’

-n = Value at POR reset

EEIF: EEPROM Write Operation Interrupt Flag bit
1 = The write operation completed (must be cleared in software)
0 = The write operation has not completed or has not been started

CMIF: Comparator Interrupt Flag bit
1 = Comparator input has changed
0 = Comparator input has not changed

RCIF: USART Receive Interrupt Flag bit
1 = The USART receive buffer is full
0 = The USART receive buffer is empty

TXIF: USART Transmit Interrupt Flag bit
1 = The USART transmit buffer is empty
0 = The USART transmit buffer is full

Unimplemented: Read as ‘0’

CCP1IF: CCP1 Interrupt Flag bit

Capture Mode
1 = A TMR1 register capture occurred (must be cleared in software)

0 = No TMR1 register capture occurred

Compare Mode
1 = A TMR1 register compare match occurred (must be cleared in software)

0 = No TMR1 register compare match occurred
PWM Mode
Unused in this mode

TMR2IF: TMR2 to PR2 Match Interrupt Flag bit
1 = TMR2 to PR2 match occurred (must be cleared in software)
0 = No TMR2 to PR2 match occurred

TMR1IF: TMR1 Overflow Interrupt Flag bit
1 = TMR1 register overflowed (must be cleared in software)
0 = TMR1 register did not overflow
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4226

The PCON register contains flag bits to_differentiate -
between a Power-on Reset, an external MCLR reset,

PCON REGISTER

WDT reset or a Brown-out Detect.

Note:

BOD is unknown on Power-on Reset. It

must then be set by the user and checked ..
. on subsequent resets to see if BOD is.
“cleared, . indicating- " a brown-out has’
.- occurred.. The BOD status bit is a. “don’t:
- care" ‘and-is not necessarily predlctable if
the brown-out circuit is disabled (by
programming’ 'BOREN  bit: in_“the
“.Configuration word). Lo

REGISTER 4-6: PCON REGISTER (ADDRESS 8Eh)

bit 1:

bit O:

bit 7-4,2: Unimplemented: Read as ‘0’
bit 3:

OSCF: INTRC/ER oscillator speed
1 = 4 MHz typical(”

0 = 37 KHz typical

POR: Power-on Reset Status bit

1 = No Power-on Reset occurred

u-0 U-0 u-0 uU-0 RWwW-1 U0 RW-q R/W-q
= =  [=  JoscF |- [POR  |BOD | |R = Readable bit
bito W = Writable bit -
U = Unimpiemented bit, read
as’'0’

-n = Value at POR reset

0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)

BOD: Brown-out Detect Status bit
1 = No Brown-out Reset occurred

0 = A Brown-out Reset occurred (must be set in software after a Brown-out Reset occurs)

specified by the external resistor.

Note 1: When in ER oscillator mode, setting OSCF = 1 will cause the oscillator speed to change to the speed

DS40300B-page 24

Preliminary

© 1999 Microchip Technology Inc.




PIC16F62X

43 PCL and PCLATH

The program counter (PC) is 13-bits wide. The low byte
comes from the PCL register, which is a readable and
writable register. The high byte (PC<12:8>) is not directly
readable or writable and comes from PCLATH. On any
reset; the PC is cleared. Figure4-7 shows the two
situations for the loading of the PC. The upper example in
the figure shows how the PC is loaded on a write to PCL
(PCLATH<4:0> — PCH). The lower example in the figure
shows how the PC is loaded during a CALL or GOTO
instruction (PCLATH<4:3> — PCH).

FIGURE 4-7: LOADING OF PCIN
DIFFERENT SITUATIONS

PCH PCL

12 8 7 0 Instruction with
pc [ i | PCLas

Destination
E PCLATH<4:0> i 8
5 ALU resuit
PITTITL]-

PCLATH

PCH PCL
12 11 10 8 7 : 0
pC | | i | goro, cain

2 E PCLATH<4:3> 11
T rm
PCLATH

Opcode <10:0>

432 STACK

The PIC16F62X family has an 8 level deep x 13-bit
wide hardware stack (Figure 4-1 and Figure 4-2). The
stack space is not part of either program or data space
and the stack pointer is not readable or writable. The
PC is PUSHed onto the stack when a CALL instruction
is executed or an interrupt causes a branch. The stack
is POPed in the event of a RETURN, RETLW or aRET-
FIE instruction execution. PCLATH is not affected by a
PUSH or POP operation.

The stack operates as a circular buffer. This means that
after the stack has been PUSHed eight times, the ninth
push overwrites the value that was stored from the first
push. The tenth push overwrites the second push (and
so on).

“Note 1: _There are no STATUS bits to- .
' nndlcate stack overﬂow or stack .

- Note 2:

; iqterrupt adQ(é§é'.

431 COMPUTED GOTO

A computed GOTO is accomplished by adding an offset
to the program counter (ADDWF PCL). When doing a
table read using a computed GOTO method, care
should be exercised if the table location crosses a PCL
memory boundary (each 256 byte block). Refer to the
application note “/Implementing a Table Read" (AN556).

© 1999 Microchip Technology Inc.
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44 Indirect Addressing, INDF and FSR
Registers

The INDF register is not a physical register. Addressing
the INDF register will cause indirect addressing.

Indirect addressing is possible by using the INDF register.
Any instruction using the INDF register actually accesses
data pointed to by the file select register (FSR). Reading
INDF itself indirectly will produce 00h. Writing to the INDF
register indirectly results in a no-operation (although sta-
tus bits may be affected). An effective 9-bit address is
obtained by concatenating the 8-bit FSR register and the
IRP bit (STATUS<7>), as shown in Figure 4-8.

A simple program to clear RAM location 20h-2Fh using
indirect addressing is shown in Example 4-1.

EXAMPLE 4-1:

NEXT

CONTINUE:

FIGURE 4-8: DIRECT/INDIRECT ADDRESSING PIC16F62X

movlw
movwi
clrf
incf
btfss
goto

INDIRECT ADDRESSING
0x20 ;initialize pointer
FSR ;to RAM
INDF ;clear INDF register
FSR ;inc pointer

FSR, 4 ;all done?
NEXT ;no clear next

;yes continue

Direct Addressing
RP1 RPO 6 from opcode 0
(L] il
- v J

bank select location selectl
» 00 01

10

-
00h

Data
Memory

7Fh

Bank 0 Bank 1

For memory map detail see Figure 4-3.

Bank 2

Indirect Addressing
IRP 7 FSR register 0
N EEEEn
bank select T)cation selectj
1 o
180h
1FFh
Bank 3
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12.0 UNIVERSAL SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (USART)

The Universal Synchronous Asynchronous Receiver
Transmitter (USART) module is one of the two serial
I/O modules. (USART is also known as a Serial Com-
munications Interface or SCl). The USART can be con-
figured as a full duplex asynchronous system that can
communicate with peripheral devices such as CRT ter-
minals and personal computers, or it can be configured

as a half duplex synchronous system that can commu-
nicate with peripheral devices such as A/D or D/A inte- -
grated circuits, Serial EEPROMs etc.

The USART can be configured in the following modes:

« Asynchronous (full duplex)

« Synchronous - Master (half duplex)

+ Synchronous - Slave (half duplex)

Bit SPEN (RCSTA<7>), and bits TRISB<2:1>, have
to be set in order to configure pins RB2TX/CK and

RB1/RX/DT as the Universal Synchronous Asyn-
chronous Receiver Transmitter.

REGISTER 12-1: TXSTA: TRANSMIT STATUS AND CONTROL. REGISTER (ADDRESS 98h)

RW-0 R/W-0 R/W-0 R/W-0 U-0

R/W-0

R-1 R/W-0

[CsRC | Tx9 | TXEN | SYNC || —°

BRGH | TRMT | TxoD |

R = Readable bit

bit7

bit 7: CSRC: Clock Source Select bit
Asynchronous mode
Don't care
Synchronous mode
1 = Master mode (Clock generated internally from BRG)
0 = Slave mode (Clock from external source)
bit 6: TX9: 9-bit Transmit Enable bit
1 = Selects 9-bit transmission
0 = Selects 8-bit transmission
bit 5: TXEN: Transmit Enable bit
1 = Transmit enabled
0 = Transmit disabled
Note: SREN/CREN overrides TXEN in SYNC mode.
bit 4: SYNC: USART Mode Select bit
1 = Synchronous mode
0 = Asynchronous mode
bit 3: Unimplemented: Read as '0'
bit 22 BRGH: High Baud Rate Select bit
Asynchronous mode
1 = High speed
0 = Low speed
Synchronous mode
Unused in this mode
bit 1: TRMT: Transmit Shift Register Status bit.
1 = TSR empty
0 = TSR full
bit 0: TX9D: 9th bit of transmit data. Can be parity bit.

bito | W = Writable bit

U = Unimplemented bit, <
read as ‘(0

-n = Value at POR reset
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REGISTER 12-2: RCSTA: RECEIVE STATUS AND CONTROL REGISTER (ADDRESS 18h)

RW-0 RW-0 RW-0 - RW-0_ RW-O0 R-0 R-0 R-x
[SPEN | RX9 | SREN | CREN | ADEN | FERR | OERR | RX9D | [R=Readable bit
bit7 bitd W = Writable bit
U = Unimplemented bit,
readas'0’”
-n = Value at POR reset
x = unknown

bit 7: SPEN: Serial Port Enable bit
(Configures RB1/RX/DT and RB2/TX/CK pins as serial port pins when bits TRISB<2:17> are set)
1 = Serial port enabled
0 = Serial port disabled

bit 6: RX9: 9-bit Receive Enable bit
1 = Seiects 9-bit reception
0 = Selects 8-bit reception

bit 5 SREN: Single Receive Enable bit

Asynchronous mode:

Don't care -
Synchronous mode - master:

1 = Enables single receive

o = Disables single receive

This bit is cleared after reception is complete.
Synchronous mode - slave:

Unused in this mode

bit 4: CREN: Continuous Receive Enable bit
Asynchronous mode:
1 = Enables continuous receive
0 = Disables centinuous receive
Synchronous mode:
1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)
0 = Disables continuous receive

bit 3: ADEN: Address Detect Enable bit
Asynchronous mode 9-bit (RX9 = 1):
1 = Enables address detection, enable interrupt and load of the receive buffer when RSR<8> is set
0 = Disables address detection, all bytes are received, and ninth bit can be used as parity bit
Asynchronous mode 8-bit (RX9=0):
Unused in this mode
Synchronous mode
Unused in this mode

bit 2: FERR: Framing Error bit
1 = Framing error (Can be updated by reading RCREG register and receive next valid byte)
0 = No framing error
bit 1: OERR: Overrun Error bit
1 = Overrun error (Can be cleared by clearing bit CREN)
0 = No overrun error

bit 0: RX9D: 9th bit of received data (Can be parity bit)
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12.1 USART Baud Rate Generator (BRG)

The BRG supports both the Asynchronous and Syn-
chronous modes of the USART. It is a dedicated 8-bit
baud rate generator. The SPBRG register controls the
period of a free running 8-bit timer. In asynchronous
mode bit BRGH (TXSTA<2>) also controls the baud
rate. In synchronous mode bit BRGH is ignored.
Table 12-1 shows the formula for computation of the
baud rate for different USART modes which only apply
in master mode (intemal clock).

Given the desired baud rate and Fosc, the nearest inte-
ger value for the SPBRG register can be calculated
using the formula in Table 12-1. From this, the error in
baud rate can be determined.

Example 12-1 shows the calculation of the baud rate
error for the following conditions:

Fosc = 16 MHz

Desired Baud Rate = 9600

BRGH=0

SYNC =0

TABLE 12-1: BAUD RATE FORMULA

EXAMPLE 12-1: CALCULATING BAUD RATE
ERROR
Desired Baud rate = Fosc/ (64 (X + 1))
9600 = 16000000 /(64 (X + 1))
X = 125.042°=25
Calculated Baud Rate=16000000/ (64 (25 + 1))
= 9615

Error = (Calculated Baud Rate - Desired Baud Rate)
Desired Baud Rate

(9615 - 9600) / 9600
0.16%

it may be advantageous to use the high baud rate
(BRGH = 1) even for slower baud clocks. This is
because the Fosc/(16(X + 1)) equation can reduce the
baud rate error in some cases. :

Writing a new value to the SPBRG register, causes the
BRG timer to be reset (or cleared), this ensures the
BRG does not wait for a timer overflow before output-
ting the new baud rate.

SYNC BRGH = 0 (Low Speed) BRGH =1 (High Speed)
0 (Asynchronous) Baud Rate = FOSC/(64(X+1)) Baud Rate= FOsc/(16(X+1))
1 (Synchronous) Baud Rate = FOsC/(4(X+1)) NA

X = value in SPBRG (0 to 255)

TABLE 12-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR

Address | Name Bit7 | Bit6 | Bit5 | Bit4

Value on | Value on all

Bit2 | Bit1 | Bit0 | "por | other resets

98h TXSTA BRGH | TR} 1 0000 -010 | 0000 -010
18h RCSTA | SPEN EERR 0000 -00x | 0000 -00x
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x = unknown, - = unimplemented read as '0". Shaded cells are not used by the BRG.
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TABLE 12-3: BAUD RATES FOR SYNCHRONOUS MODE
BAUD Fosc = 20 MHz SPBRG 16 MHz SPBRG 10 MHz SPBRG 7.15909 MHz SPERG
RATE % value % value % value % value
) |KBAUD  £rpoR  (decimal|KBAD ERROR (decimal)] KBAYC  ERROR  (decimal) KBAUD  £RrOR  (decimal)
0.3 NA - - NA - - NA - - NA - -
1.2 NA - - NA - - NA - - NA - -
24 NA - - NA - - NA - - NA - -
9.6 NA - - NA - - 9.766 +1.73 255 9.622 +0.23 185
19.2 19.63 +1.73 255 19.23 +0.16 207 19.23 +0.16 129 19.24 +0.23 92
76.8 76.92 +0.16 64 76.92 +0.16 51 75.76 -1.36 32 77.82 +1.32 22
96 96.15 +0.16 51 95.24 -0.79 41 96.15 +0.16 25 94.20 -1.88 18
300 2941 -1.96 16 307.69 +2.56 12 312.5 +4 17 7 298.3 0.57 5
500 500 0 9 500 0 7 500 4] 4 NA - -
HIGH 5000 - 0 4000 - 0 2500 - 0 1789.8 - 0
tow 19.53 - 255 15.625 - 255 9.766 - 255 6.991 - 255
Fosc = 5.0688 MHz 4 MHz 3.579545 MHz 1 MHz 32.768 kHz
BAUD SPBRG SPBRG SPBRG SPBRG SPBRG
RATE | KBAUD % value |KBAUD % value | KBAUD % value |KBAUD % value |KBAUD % value
(K) ERROR (decimal) ERROR (decimal) ERROR (decimal) ERROR (decimal) ERROR (decimal)
0.3 NA - - NA - - NA - - NA - - 0.303 +1.14 26
1.2 NA - - NA - - NA - - 1.202 +0.16 207 1.170 -2.48 6
24 NA - - NA - - NA - - 2.404 +0.16 103 NA - -
9.6 9.6 0 131 9.615 +0.16 103 9.622 +0.23 92 9.615 +0.16 25 NA - -
19.2 19.2 0 65 19.231 +0.16 51 19.04 -0.83 46 19.24 +0.16 12 NA - -
76.8 79.2 +3.13 15 76.923 +0.16 12 74.57 -2.90 1 83.34 +8.51 2 NA - -
96 97.48 +1.54 12 1000 +4.17 9 99.43 +3.57 8 NA - - NA - -
300 316.8 +5.60 3 NA - - 298.3 -0.57 2 NA - - NA - -
500 NA - - NA - - NA - - NA - - NA - -
HIGH 1267 - 0 100 - 0 894.9 - 0 250 - 0 8.192 - ]
tow 4,950 - 255 3.906 - 255 3.496 - 255 0.9766 - 255 0.032 - 255
TABLE 12-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0)
BAUD Fosc = 20 MHz SPBRG 16 MHz SPBRG 10 MHz SPBRG 7.15909 MHz SPBRG .
RATE % value % value % value % value
(K) |KBAUD ERROR (decimal)|KBAUD ERROR (decimal)| KBAUD ERROR (decimal)| KBAUD ERROR {decimat)
0.3 NA - - NA - - NA - - NA - -
1.2 1.221 +1.73 255 1.202 +0.16 207 1.202 +0.16 129 1.203 +0.23 92
24 2.404 +0.16 129 2.404 +0.16 103 2.404 +0.16 64 2.380 -0.83 46
9.6 9.469 -1.36 32 9.615 +0.16 25 9.766 +1.73 15 9.322 -2.90 1"
19.2 19.53 +1.73 15 19.23 +0.16 12 19.53 +1.73 7 18.64 -2.90 5
76.8 78.13 +1.73 3 83.33 +8.51 2 78.13 +1.73 1 NA - -
96 104.2 +8.51 2 NA - - NA - - NA - -
300 312.5 +4.17 0 NA - - NA - - NA - -
500 NA - - NA - - NA - - NA - -
HIGH 312.5 - 0 250 - 0 156.3 - 0 111.9 - 0
Ltow 1.221 - 255 0.977 - 255 0.6104 - 255 0.437 - 255
FOsC = 5.0688 MHz 4 MHz 3.579545 MHz 1 MHz 32.768 kHz
BAUD SPBRG SPBRG SPBRG SPBRG SPBRG
RATE % value % value % value % value % value
(K) KBAUD ERROR (decimal)] KBAUD ERROR (decimal)} KBAUD ERROR {decimal)| KBAUD ERROR {decimal) KBAUD ERROR (decimal)
0.3 0.31 +3.13 255 0.3005 -0.17 207 0.301 +0.23 185 0.300 +0.16 51 0.256 -14.67 1
12 1.2 0 65 1.202 +1.67 51 1.190 -0.83 46 1.202 +0.16 12 NA - -
24 2.4 0 32 2.404 +1.67 25 2.432 +1.32 22 2.232 -6.99 6 NA - -
9.6 9.9 +3.13 7 NA - - 9.322 -2.90 5 NA - - NA - -
19.2 19.8 +3.13 3 NA - - 18.64 -2.90 2 NA - - NA - -
76.8 79.2 +3.13 0 NA - - NA - - NA - - NA - -
96 NA - - NA - - NA - - NA - - NA - -
300 NA - - NA - - NA - - NA - - NA - -
500 NA - - NA - - NA - - NA - - NA - -
HIGH 79.2 - 0 62.500 - 0 55.93 - 0 15.63 - 0 0.512 - 0
LtOwW | 0.3094 - 255 3.906 - 255 0.2185 - 255 0.0610 - 255 0.0020 - 255
DS40300B-page 74 Preliminary © 1999 Microchip Technology Inc.




PIC16F62X

TABLE 12-5: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 1)

BAUD FOSC =20 MHz SPBRG 16 MHz SPBRG 10 MHz SPBRG 7.16 MHz SPBRG

RATE % value % value % value % value

(K) |KBAUD ERROR (decimal)] KBAUD ERROR (decimal)] KBAUD ERROR (decimal){KBAUD ERROR (decimal)

9.6 9.615 +0.16 129 9.615 +0.16 103 9.615 +0.16 64 9.520 -0.83 46

19.2 | 19.230 +0.16 64 19.230 +0.16 51 18.939 --1.36 32 19.454  +1.32 22

38.4 | 37.878 -1.36 32 38.461 +0.16 25 39.062 +1.7 15 37.286  -2.90 11

576 |56.818 -1.36 21 58.823  +2.12 16 56.818 -1.36 10 55.930 -2.890 7

115.2 {113.636 -1.36 10 11111 -3.55 8 125 +8.51 4 111.860 -2.90 3

250 250 0 4 250 0 3 NA - - NA - -

625 625 0 1 NA - - 625 0 0 NA - -

1250 1250 0 0 NA - - NA - - NA - -
BAUD FOSC = 5.068 MHz SPBRG 4 MHz SPBRG 3.579 MHz SPBRG 1 MHz SPBRG 32.768 kHz SPBRG
RATE % value % value % value % value % value
(K) KBAUD ERROR (decimal)l KBAUD ERROR (decimal)] KBAUD ERROR (decimal) KBAUD ERROR (decimal)] KBAUD ERROR (decimal)
9.6 9.6 0 32 NA - - 9.727 +1.32 22 8.928 -6.99 6 NA - -
19.2 18645 -2.94 16 1.202  40.17 207 18.643 -2.90 11 20.833 +8.51 2 NA - -
38.4 39.6 +3.12 7 2403 +0.13 103 37.286 -2.90 5 31.25 -18.61 1 NA - -
57.6 52.8 -8.33 5 9.615 +0.16 25 55.930 -2.90 3 62.5  +8.51 0 NA =~ - -
115.2 105.6 -8.33 2 19.231 +0.16 12 111.860 -2.90 1 NA - - NA - -
250 NA - - NA - - 223.721 -10.51 0 NA - - NA - -
625 NA - - NA = - NA - - NA - - NA - -
1250 NA - - NA - - NA - - NA - - NA - -
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12.1.1  SAMPLING

The data on the RB1/RX/DT pin is sampled three times
by a majority detect circuit to determine if a high or a
low level is present at the RX pin. If bit BRGH
(TXSTA<2>) is clear (i.e., at the low baud rates), the
sampling is done on the seventh, eighth and ninth fall-
ing edges of a x16 clock (Figure 12-3). If bit BRGH is
set (i.e., at the high baud rates), the sampling is done
on the 3 clock edges preceding the second rising edge
after the first falling edge of a x4 clock (Figure 12-4 and
Figure 12-5).

FIGURE 12-1: RX PIN SAMPLING SCHEME. BRGH =0

RX Start bit /" Bit0

(RB1/RX/DT pin)

cTTttttTTooonTTTTTETmT T <— Baud CLK for all but start bit N
baud CLK l

1 2 3 4 5 6 7 8 9 10 1M 12 13 14 15 16 1 2 3

L

Samples

FIGURE 12-2: RX PIN SAMPLING SCHEME, BRGH = 1
RX pi
- —\ Start Bit bit0 r bit1
baud clk m

First falling edge after RX pin goes low
Second rising edge

x4 clk

Q2,Q4cl

I I Ii

Samples Samples Samples
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FIGURE 12-3: RX PIN SAMPLING SCHEME, BRGH = 1
RX pi ,

pln \ Start Bit / bito
\<_ Baud CLK for all but start bit —

First falling edge after RX pin goes low
Second rising edge

Baud CLK

x4 CLK

1 2 3 4

li

Samples

FIGURE 12-4: RX PIN SAMPLING SCHEME, BRGH =0 OR BRGH =1

Start bit /—BltO_

cToTTTTTToTmommTTTomTTm T ~— Baud CLK for all but start bit l—_—

RX
(RB1/RX/DT pin)

Baud CLK

N isizinininigigigigigigigiginpigipinEniinl

{1 2 3 4 5 6 7 8 9 10 1 12 18 14 15 16 1 2 3

|1

Samples
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12.2 USART Asynchronous Mode

In this mode, the USART uses standard nonreturn-to-
zero (NRZ) format (one start bit, eight or nine data bits
and one stop bit). The most common data format is
8-bits. An on-chip dedicated 8-bit baud rate generator
can be used to derive standard baud rate frequencies
from the oscillator. The USART transmits and receives
the LSb first. The USART's transmitter and receiver are
functionally independent but use the same data format
and baud rate. The baud rate generator produces a
clock either x16 or x64 of the bit shift rate, depending
on bit BRGH (TXSTA<2>). Parity is not supported by
the hardware, but can be implemented in software (and
stored as the ninth data bit). Asynchronous mode is
stopped during SLEEP.

Asynchronous mode is selected by clearing bit SYNC
(TXSTA<4>).

The USART Asynchronous module consists of the fol-
lowing important elements:

-

« Baud Rate Generator

« Sampling Circuit

» Asynchronous Transmitter
« Asynchronous Receiver

12.21 USART ASYNCHRONOUS TRANSMITTER

The USART transmitter block diagram is shown in
Figure 12-5. The heart of the transmitter is the transmit
(serial) shift register (TSR). The shift register obtains its
data from the read/write transmit buffer, TXREG. The
TXREG register is loaded with data in software. The
TSR register is not loaded until the STOP bit has been
transmitted from the previous load. As soon as the
STOP bit is transmitted, the TSR is loaded with new
data from the TXREG register (if available). Once the
TXREG register transfers the data to the TSR register
(occurs in one TcY), the TXREG register is empty and
flag bit TXIF (PIR1<4>) is set. This interrupt can be
enabled/disabled by setting/clearing enable bit TXIE
( PIE1<4>). Flag bit TXIF will be set regardless of the

FIGURE 12-5: USART TRANSMIT BLOCK DIAGRAM

state of enable bit TXIE and cannot be cleared in soft-
ware. It will reset only when new data is loaded into the
TXREG register. While flag bit TXIF indicated the sta-
tus of the TXREG register, another bit TRMT
(TXSTA<1>) shows the status of the TSR register. Sta-
tus bit TRMT is a read only bit which is set when the
TSR register is empty. No interrupt logic is tied to this
bit, so the user has to poll this bit in order to determine
if the TSR register is empty.

Note 1: - The TSR register is not:mapped in data’
~ memory so it is not available to the user.

Note 2: Flag bit TXIF is set when enable bit TXEN
is set.

Transmission is enabled by setting enable bit TXEN
(TXSTA<5>). The actual transmission will not occur
until the TXREG register has been loaded with data
and the baud rate generator (BRG) has produced a
shift clock (Figure 12-5). The transmission can also be
started by first loading the TXREG register and then
setting enable bit TXEN. Normally when transmission
is first started, the TSR register is empty, so a transfer
to the TXREG register will result in an immediate trans-
fer to TSR resulting in an empty TXREG. A back-to-
back transfer is thus possibie (Figure 12-7). Clearing
enable bit TXEN during a transmission will cause the
transmission to be aborted and will reset the transmit-
ter. As a result the RB2/TX/CK pin will revert to hi-
impedance.

In order to select 9-bit transmission, transmit bit TX9
(TXSTA<6>) should be set and the ninth bit should be
written to TX9D (TXSTA<0>). The ninth bit must be
written before writing the 8-bit data to the TXREG reg-
ister. This is because a data write to the TXREG regis-
ter can result in an immediate transfer of the data to the
TSR register (if the TSR is empty). In such a case, an
incorrect ninth data bit maybe loaded in the TSR regis-
ter.

rﬁm

TXREG register J

Pin Buffer
and Control

Interrupt

RB2/TX/CK pin
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Steps to follow when setting up an Asynchronous 4. |f 9-bit transmission is desired, then set transmit
Transmission: bit TX9.
1. Initialize the SPBRG register for the appropriate 5. Enable the transmission by setting bit TXEN,

baud rate. If a high speed baud rate is desired, which will also set bit TXIF.

set bit BRGH. (Section 12.1) . 6. If 9-bit transmission is selected, the ninth bit
2. Enable the asynchronous serial port by clearing should be loaded in bit TX9D. :

bit SYNC and setting bit SPEN. 7. Load data to the TXREG register (starts trans-
3. If interrupts are desired, then set enable bit mission).

TXIE.

FIGURE 12-6: ASYNCHRONOUS MASTER TRANSMISSION

Write to TXREG . _(C
Word 1 PpB)

BRG output
v SN py W ey B By B N e (GRS LT LT S

RB2/TX/CK (pin L
(pin) T N\_Start Bit__ < B0 S Bit1 X 3§ X BB /stop Bit

.o WORD 1 :

TXIF bit . '

(Transmit buffer ' !

reg. empty flag) %lr 4_,'( J( .

) WORD 1 —» ‘

TRMT bit { '

(Transmit shift Transmit Shift Reg .
reg. empty flag) ——_—l c r

ph)

FIGURE 12-7: ASYNCHRONOUS MASTER TRANSMISSION (BACK TO BACK)

Write to TXREG I Il (c
BROoutpdt  —— L LT
RB2/TX/CK (pi : . .
(pin) ——————_startBit < B0 X Bt X_§§ X Bit7B_/Stopbit \StatBit B0

TXIF bit '
(interrupt reg. flag) I WORD 1 t WORD 2

f | cC
JJ
TRMT bit WORD 1———» WORD 2
(Transmit shift Transmit Shift Reg. 2
reg. empty flag) ransm 9 Transmit Shift Reg.
- C
JJ

Note: This timing diagram shows two consecutive transmissions.

TABLE 12-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

) Value on Vajue on
Address | Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR all other
Resets

0Ch PIR1 0000 -000] 0000 -000

18h RCSTA
19h TXREG
8Ch PIET | CME| RCE | TXE
98h TXSTA | Txo | TXEN | S¥NC

99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x = unknown, - = unimplemented locations read as '0'. Shaded cells are not used for Asynchronous Transmission.

0000 -00x| 0000 -00x

0000 0000 | 0000 0000

0000 -000| 0000 -000

0000 -010§ 0000 -010
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12.2.2 USART ASYNCHRONOUS RECEIVER

The receiver block diagram is shown in Figure 12-8.
The data is received on the RB1/RX/DT pin and drives
the data recovery biock. The data recovery block is
actually a high speed shifter operating at x16 times the
baud rate, whereas the main receive serial shifter oper-
ates at the bit rate or at Fosc.

Once Asynchronous mode is selected, reception is
enabled by setting bit CREN (RCSTA<4>).

The heart of the receiver is the receive (serial) shift reg-
ister (RSR). After sampling the STOP bit, the received
data in the RSR is transferred to the RCREG register (if
it is empty). If the transfer is complete, flag bit RCIF
(PIR1<5>) is set. The actual interrupt can be enabled/
disabled by setting/clearing enable bit RCIE (PIE1<5>).
Flag bit RCIF is a read only bit which is cleared by the
hardware. It is cleared when the RCREG register has
been read and is empty. The RCREG is a double buff-

FIGURE 12-8: USART RECEIVE BLOCK DIAGRAM

ered register, i.e. itis a two deep FIFO. ltis possible for
two bytes of data to be received and transferred to the
RCREG FIFO anda third byte begin shifting to the RSR
register. On the detection of the STOP bit of the third
byte, if the RCREG register is still full then overrun error
bit OERR (RCSTA<1>) will be set. The word in the RSR
will be lost. The RCREG register can be read twice to
refrieve the two bytes in the FIFO. Overrun bit OERR
has to be cleared in software. This is done by resetting
the receive logic (CREN is cleared and then set). if bit
OFERR is set, transfers from the RSR register to the
RCREG register are inhibited, so it is essential to clear
error bit OERR if it is set. Framing error bit FERR
(RCSTA<2>) is set if a stop bit is detected as clear. Bit
FERR and the 9th receive bit are buffered the same
way as the receive data. Reading the RCREG, will load
bits RX9D and FERR with new values, therefore it is
essential for the user to read the RCSTA register before
reading RCREG register in order not to lose the old
FERR and RX9D information.

x64 Baud Rate CLK

Baud Rate Generator

RB1/RX/DT
Pin Buffer Data
* and Contro! Recovery
SPEN ]
RX9 Enable

ADEN Load of

Receive

RX9 Buffer

ADEN
RSR<8>

Interrupt

8
RX9D RCREG register
FIFO
RX9D RCREG register
/V 8

b
Data Bus
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FIGURE 12-9: ASYNCHRONOUS RECEPTION WITH ADDRESS DETECT

: Start S
RETIROT (i) —\ " it X G5 ) ot/ siom\ i (0 Y S5 Yo/ Siop
it '

Rev shift reg_» I<é ¢ : (C
Rev bufler reg ) JJ . J ) JJ
Bit8 = 0, Data Byte Bit8 = 1, Address Byte \QIOR[? 1

Read Rev (C (< L RORES (¢ i
buffer reg ) ) - V pD)]
RCREG . )
RCIF (C ¢ : _CC
(interrupt flag) D) D) — )

1 (G— (C : _(« T
ADEN =1
(address match ) ) J)
enable)

Note: This timing diagram shows a data byte followed by an address byte. The data byte is not read into the RCREG (receive buffer)
because ADEN = 1 and bit8 = 0.

FIGURE 12-10: ASYNCHRONOUS RECEPTION WITH ADDRESS BYTE FIRST

i Start Start
RC7TIRXIDT (i) —\ 2" g\ it 9@>_it8_/sgptp \ it {60 YOS Yeie Stop
{ t

Eicav shift . C Cc ¢
Rev buffer reg . ) ) PO
Bit8 = 1, Address Byte g’ggg& Bit8 = 0, Data Byte
bRead Rev C . C e
uffer reg 5 ) — YT 5 —
RCREG ' ’)
RCIF ( o S S
(interrupt flag) D)
1 _(C (C (( 1

ADEN=1
(address match ) b)) D)

enable)

Note: This timing diagram shows an address byte foliowed by an data byte. The data byte is not read into the RCREG (receive buffer)
because ADEN was not updated (still = 1) and bit8 = 0.

FIGURE 12-11: ASYNCHRONOUS RECEPTION WITH ADDRESS BYTE FIRST FOLLOWED BY VALID

DATA BYTE
RCT/RXIDT (pi Start Start
RNV €1 65 VNI S8 OV
2(3 shift . ’ () % ’ Iy ()() l n J)(T
Rev buffer reg Bit8 = 1, Address Byte T WORD 1  Bit8 = 0, Data Byte T WORD 2
read R RCREG RCREG
e ST "
RCREG . ? : )
RCIF C fﬂ Q — J)(T L
(interrupt fiag) JJ D) ‘
ADEN 55 1 C C
(address match )J pp)

enable)

Note: This timing diagram shows an address byte followed by an data byte. The data byte is read into the RCREG (receive buffer)
because ADEN was updated after an address match, and was cleared to a ‘0", so the contents of the receive shift register (RSR)
are read into the receive buffer regardless of the value of bit8.
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Steps to follow when setting up an Asynchronous 6.
Reception:
1. Initialize the SPBRG register for the appropriate

‘baud rate. If a high speed baud rate is desired, 7.

set bit BRGH. (Section 12.1).
2. Enable the asynchronous serial port by clearing
bit SYNC, and setting bit SPEN. 8.
3. |f interrupts are desired, then set enable bit
RCIE.
4. If 9-bit reception is desired, then set bit RXS.
5. Enable the reception by setting bit CREN.

Flag bit RCIF will be set when reception is com-
plete and an interrupt will be generated if enable
bit RCIE was set.
Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.
Read the 8-bit received data by reading the
RCREG register.
If any error occurred, clear the error by clearing
enable bit CREN.

TABLE 12-7: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

Value on Value on

Address | Name Bit 7 Bit6 | Bit5 | Bit4d | Bit3 | Bit2 Bit 1 Bit 0 all other
POR
Resets

0Ch PIR1 EeF |cmiE| RCIF |TXE | — CCPAIF | TMR2IE ] TMR1UE| 0000 -000| 0000 -000
18h RCSTA SPEN RX9 | 'SREN| CREN | ADEN| FERR | OERR | RX9D | 0000 -00x| 0000 -00x
1Ah RCREG | USART Receive Register 0000 0000 0000 0000
8Ch PIE1 |- EEE | cmE| RoE | TXE | = ‘CCPAIE| TMR2IE| TMR1IE| 0000 -000| 0000 -000
98h TXSTA | GSRC | Tx9 | TXEN | SYNC| — | BRGH . _TRMT | TX9D | 0000 -010] 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000| 0000 0000

Legend: x =unknown, - = unimplemented jocations read as '0'. Shaded cells are not used for Asynchronous Reception.
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123 USART Function

The USART function is similar to that on the
PIC16C74B, which includes the BRGH = 1 fix.

12.3.1 USART 9-BIT RECEIVER WITH ADDRESS
DETECT

When the RX9 bit is set in the RCSTA register, 9-bits
are received and the ninth bit is placed in the RX9D bit
of the RCSTA register. The USART module has a spe-
cial provision for multi-processor communication. Mul-
tiprocessor communication is enabled by setting the
ADEN bit (RCSTA<3>) along with the RX9 bit. The port
is now programmed such that when the last bit is
received, the contents of the receive shift register
(RSR) are transferred to the receive buffer, the ninth bit
of the RSR (RSR<8>) is transferred to RX9D, and the
receive interrupt is set if and only if RSR<8> = 1. This
feature can be used in a multi-processor system as fol-
iows:

A master processor intends to transmit a block of data
to one of many slaves. It mustfirst send outan address
byte that identifies the target slave. An address byte is
identified by setting the ninth bit (RSR<8>) to a "1’
(instead of a0’ for a data byte). if the ADEN and RX9
bits are setin the slave’s RCSTA register, enabling mul-
tiprocessor communication, all data bytes will be
ignored. However, if the ninth received bit is equal to a
‘1", indicating that the received byte is an address, the
slave will be interrupted and the contents of the RSR
register will be transferred into the receive buffer. This
allows the slave to be interrupted only by addresses, so
that the slave can examine the received byte to see if it
is being addressed. The addressed slave will then
clear its ADEN bit and prepare to receive data bytes
from the master.

When ADEN is enabled (='1"), all data bytes are
ignored. Following the STOP bit, the data will not be
loaded into the receive buffer, and no interrupt will
oceur. If another byte is shifted into the RSR register,
the previous data byte will be lost.

The ADEN bit will only take effect when the receiver is
configured in 9-bit mode (RX9 = '1'). When ADEN is
disabled (='0"), all data bytes are received and the 9th
bit can be used as the parity bit.

The receive block diagram is shown in Figure 12-8.
Reception is enabled by setting bit CREN (RCSTA<4>).

12.3.1.1  SETTING UP 9-BIT MODE WITH
ADDRESS DETECT

Steps to follow when setting up an Asynchronous or

Synchronous Reception with Address Detect Enabled:

1. Initialize the SPBRG register for the appropriate
baud rate. If a high speed baud rate is desired,
set bit BRGH.

2. Enable asynchronous or synchronous commu-
nication by setting or clearing bit SYNC and set-
ting bit SPEN.

3. |If interrupts are desired, then set enable bit
RCIE.

4. Set bit RX9 to enable 9-bit reception.

5. Set ADEN to enable address detect.

6. Enable the reception by setting enable bit CREN
or SREN.

7. Flag bit RCIF will be set when reception is com-
plete, and an interrupt will be generated -if
enable bit RCIE was set.

8. Read the 8-bit received data by reading the
RCREG register to determine if the device is
being addressed.

9. If any error occurred, clear the error by clearing
enable bit CREN if it was already set.

10. If the device has been addressed (RSR<8> = 1
with address match enabled), clear the ADEN
and RCIF bits to allow data bytes and address
bytes to be read into the receive buffer and inter-
rupt the CPU.

© 1999 Microchip Technology Inc.
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TABLE 12-1: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION
Value on Value on
Addr |Name Bit7 Bit 6 Bit 5 Bit 4 Bit3 Bit 2 Bit 1 Bit 0 POR all other
' Resets
0Ch PIR1 EEIF CMIF RCIF TXIF — CCP1IF} TMR2IF | TMR1IF | 0000 -000 | 0000 -000
18h RCSTA SPEN RX9 SREN CREN | ADEN| FERR OERR RX9D 0000 -00x | 0000 -00x
1Ah RCREG RX7 RX6 RX5 RX4 RX3 RX2 RX1 RX0 0000 0000 ! 0000 0000
8Ch PIE1 EEIE | . CMIE RCIE TXIE 7= |~CCPHE}{ TMR2IE | TMR1lE| 0000 -000 | 0000 -000
98h TXSTA | CSRE:}:TX9 | TXEN SYNC — BRGH TRMT TX9D 0000 -010 | 0000 -010
9Sh SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented locations read as '0°. Shaded cells are not used for Asynchronous Reception.
12.4 USART Synchronous Master Mode ble around the falling edge of the synchronous clock
In Synchronous Master mode, the datais transmitted in (Figure 12'1.2)' The transmlss[on can also be s} aﬂefi
a half-duplex manner, i.e. transmission and receptioh by first loading the TXREG register and then setting bit
P s TXEN (Figure 12-13). This is advantageous when slow
do not occur at the same time. When transmitting data, baud rates are selected, since the BRG is kept i t
the reception is inhibited and vice versa. Synchronous hendbits TXEN CREr\i C;i SReEN s Iep 'g rese
mode is entered by setting bit SYNC (TXSTA<4>). in :n eble lbs't TXEI\] will st’aratnth BRGare cc:.ar. ett:hn'?t
addition enable bit SPEN (RCSTA<7>) is set in order to able bit 7/ e BR, crealing @ s
configure the RB2TX/CK and RB1/RX/DT /0 pins to clock immediately. N.ormqlly when transmission is first
CK (clock) and DT (data) lines respectively. The Master started, the T SR rgglster ls_empty, SO a.transfer o the
mode indicates that the processeor transmits the master TXREG re_glstfer will result in an immediate transfer to_
clock on the CK line. The Master mode is entered by TSR resultlng in an empty TXREG. Back-to-backtrans-
setting bit CSRC (TXSTA<7>). fers are possible.
Clearing enable bit TXEN, during a transmission, will
1241 USART SYNCHRONOUS MASTER cause the transmission to be aborted and will reset the
TRANSMISSION transmitter. The DT and CK pins will revert to hi-imped-
. . > ance. If either bit CREN or bit SREN is set, during a
The USART transmitter block diagram is shown in . T
Figure 12-5. The heart of the transmitter is the transmit g;nf:/l:;f% tgeh:;?s(:g:zf: slfa?:czgﬁdaarr:aiéz‘;o?;)r
(serial) shift register (TSR). The shift register obtains its The CK pin will remain an output if bit CSRC is sei
Ei&t;Egor_th th_erzxéesg/wntg ¢ tra-nslmlt d deffe.[h r:iagtlst(?r (internal-clock). The transmitter logic however is not
frw ) The TSR rtatgls.er 'St loaded Wlt.l tha? Ir: reset although it is disconnected from the pins. In order
Zﬁ haasret;eene transnrwei)tgt;;e;r(l)smn?heoar:viok:}r; : loaz Ts to reset the transmitter, the user has to clear bit TXEN.
soon as the last bit is transmitted t‘t)me TSR is loe;ded I bitSRE.N 1S s?t (to interrupt an on-going t'ransmissio.n
with new data from the TXREG (if ’avaiiable) Once the and receive a single word), then after the single word is
) . . received, bit SREN will be cleared and the serial port
TXREG 'registe_rrtra?sfetr:, ﬂ_}(;(gaégtp the TSR rj?'fter will revert back to transmitting since bit TXEN is still set.
fﬁ;?“ﬁ "})‘(’I“Fe (I;:I}Il:(l:1e<)t’1>)eis ot Th‘:‘ ?nTepr% st"ca': ‘;; The DT line will immediately switch from hi-impedance
, . . to t - Nina. .
enabled/disabled by setting/clearing enable bit TXIE trﬁi‘;e';ﬁ T”)‘(c[’fs sﬁoﬁj";:';::i dSta" driving. To avoid
(PIE1<4>). Flag bit TXIF will be set regardless of the ' _ T
state of enable bit TXIE and cannot be cleared in soft- In order to select O-bit transmission, the X9
ware. It will reset only when new data is loaded into the (TXSTA<6>) bit should be set and the ninth bit should
TXREG register. While flag bit TXIF indicates the status be written to bit TX9D (TXSTA<0>). The ninth bit must
of the TXREG register, another bit TRMT (TXSTA<1>) be written before writing the 8-bit data to the TXREG
shows the status of the TSR register. TRMT is a read register. This is because a data write to the TXREG can
only bit which is set when the TSR is empty. No inter- resEJIt in an immedi_ate transfer of the data to the TSR
rupt logic is tied to this bit, so the user has to polt this register (ifthe TSR is empty). fthe TSR was empty and
bit in order to determine if the TSR register is empty. the TXREG was written before writing the “new TX9D,
The TSR is not mapped in data memory so it is not the “present” value of bit TX9D is loaded.
available to the user.
Transmission is enabled by setting enable bit TXEN
(TXSTA<5>). The actual transmission will not occur
until the TXREG register has been loaded with data.
The first data bit will be shifted out on the next available
rising edge of the clock on-the CKline. Data-out s sta-
DS40300B-page 84 Preliminary © 1999 Microchip Technology Inc.
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Steps to follow when setting up a Synchronous Master 4. if 9-bit transmission is desired, then set bit TX9.
Transmission: 5. Enable the transmission by setting bit TXEN.
1. initialize the SPBRG register for the appropriate 6. If 9-bit transmission is selected, the ninth bit
baud rate (Section 12.1). : should be loaded in bit TX9D.
2. Enable the synchronous master serial pon by 7. Start transmission by loading data to the
setting bits SYNC, SPEN, and CSRC. ‘ TXREG register.
3.  If interrupts are desired, then set enable bit
TXIE.
TABLE 12-2: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION
Address |Name | Bit7 | Bite | Bits | Bit4 | Bit3 [ Bit2 | Bit1 | Bit0 Va:,‘g;“ ;‘::L“re;e"s:g
0Ch PIR1 EEIF CMIF |/RCIE{ TXIF | — .CCP1IF | TMR2IF | TMR1IF- 0000 -000 § 0000 -000
18h RCSTA | SPEN | Rxo | SREN | CREN| ADEN | FERR | OERR | RX9D | 0000 -00x | 0000 -00x
19h TXREG | USART Transmit Register 0000 0000 | 0000 0000
8Ch pE1 | eee | emed roie| e | = |ccpiiE | TMR2IE | TMR1IE | 0000 -000 | 0000 -000
98h Txs1A | csrC | 1xo | Txen|[sync| = | BRGH | TRMT | Txgp | 0000 -010 | 0000 -010
9%h SPBRG | Baud Rate Generator Register 0000. 0000 { 0000 0000
Legend: x =unknown, - = unimplemented, read as '0". Shaded celis are not used for Synchronous Master Transmission.

FIGURE 12-12: SYNCHRONOUS TRANSMISSION

o1|az]oa|o4-o1loz‘oa|o4o1|oz]oa|o4o1|ozioa|o4q1|ozioa|04| |03|a4. o1|oz|oa|omQ1|02|Qa|o4‘01|02|03|o4=01|02103|0101|oz{uslodmloz’oalm
RB1IRXIDT i~ BIC B DS SDC:
< L WORD1- WORD 2 A
RB2/TX/CK pin : : . 5_{4_\__!‘4—\__1_‘_1_1——\__"_5 (
Write to : X : : . : X : .
TXREG reg I T : {— ; : : §§ .
Write word1 ' Write word2 ' ' ' ' ' .
TXIF bit : . : ' ' : : : : L :
(Interrupt flag) ' l_,____l : I"r )()( — T —ﬁ ' ) [
TRMTbI — SR T : : DR e
¢ ' ' f JJ ' f ' 1 2)J f
TXEN bit —— . ’ ' : (¢ : : : ( *

Note: Sync master mode; SPBRG = '0". Continuous transmission of two 8-bit words

FIGURE 12-13: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)

RB1/RX/DT pin X bio X bt X bit2 3 X vits X bitr

RB2ITXICK pin N\ MM

TXRV\EIrCi%terég j J) )(
TXIF bit ((
‘ L )) !
TRMT bit —I (¢ ( l
%
TXEN bit | ))
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12.4.2 USART SYNCHRONOUS MASTER
RECEPTION

Once Synchronous mode is selected, reception is
enabled by setting either enable bit SREN (RCSTA<5>)
or enable bit CREN (RCSTA<4>). Data is sampled on
the RB1/RX/DT pin on the falling edge of the clock. If
enable bit SREN is set, then only a single word is
received. If enable bit CREN is set, the reception is
continuous until CREN is cleared. If both bits are set
then CREN takes precedence. After clocking the last
bit, the received data in the Receive Shift Register
(RSR) is transferred to the RCREG register (if it is
empty). When the transfer is complete, interrupt flag bit
RCIF (PIR1<5>) is set. The actual interrupt can be
enabled/disabled by setting/clearing enable bit RCIE
(PIE1<5>). Flag bit RCIF is a read only bit which is
reset by the hardware. In this case it is reset when the
RCREG register has been read and is empty. The
RCREG is a double buffered register, i.e. it is a two
deep FIFO. It is possible for two bytes of data to be
received and transferred to the RCREG FIFO and a
third byte to begin shifting into the RSR register. On the
clocking of the last bit of the third byte, if the RCREG
register is still full then overrun error bit OERR
(RCSTA<1>) is set. The ward in the RSR will be lost.
The RCREG register can be read twice to retrieve the
two bytes in the FIFO. Bit OERR has to be cleared in
software (by clearing bit CREN). If bit OERR is set,
transfers from the RSR to the RCREG are inhibited, so
it is essential to clear bit OERR if it is set. The 9th

receive bit is buffered the same way as the receive
data. Reading the RCREG register, will load bit RX9D
with a new value, therefore it is essential for the user to
read the RCSTA register before reading RCREG in
order not to lose the old RX9D information.

Steps to follow when setting up a Synchronous Master

Reception:

1. Initialize the SPBRG register for the appropriate
baud rate. (Section 12.1)

2. Enable the synchronous master serial port by
setting bits SYNC, SPEN, and CSRC.

3. Ensure bits CREN and SREN are clear.

4. If interrupts are desired, then set enable bit
RCIE.

5. If 9-bit reception is desired, then set bit RX9.

6. If a single reception is required, set bit SREN.
For continuous reception set bit CREN.

7. Interrupt flag bit RCIF will be set when reception
is complete and an interrupt will be generated if
enable bit RCIE was set.

8. Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception. ‘

9. Read the 8-bit received data by reading the
RCREG register.

10. If any error occurred, clear the error by clearing
bit CREN.

TABLE 12-3: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION

. . - . . . . Vaiue on: Value on all
d B

Address | Name Bit 7 Bit 6 Bit5 | Bit4 Bit2 it1 Bit 0 POR other Resets
och PIRT | EEIF | OMIE | RCIF | TXIF 2 = | TMRAIE | 0000 -000 | 0000 -000
18h RCSTA SPEN RX9 | SREN | CREN | ADEN | FERR | OERR RX9D | 0000 -00x | 0000 -00x
1Ah RCREG | USART Receive Register 0000 0000 | 0000 0000
8Ch PIE1 | EEPIE | oMIE | RCIE | TXE = —000 0000 | -000 -000
98h TXSTA | CSRC | 1 XEN | SYNC | 0000 -010 | 0000 -010
99%h SPBRG | Baud Rate Generator Register 0000 0000 } 0000 0000
Legend: x =unknown, - = unimplemented read as '0". Shaded cells are not used for Synchronous Master Reception.

DS40300B-page 86

Preliminary

© 1999 Microchip Technology Inc.



PIC16F62X

FIGURE 12-14: SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

0210:«104:01040:10‘1:010404040104010%01040:{0401040104:01040:104@01 040404:01qjo:io4io1oz{o:{o4ioioz{o:{o4i

RB1/RX/DT pin S bito > bitt X bit2 S bit3 "bit4 . bit5 bit6 bit7

RB2/TX/CK pin R

. . [ . ' 0 '

Write to . : : X X N . : .

bit SREN — LI : : : : : : : :

SREN bit — I : I ! Z i I ] S
CREN bit -0, : — : : : : : S
RCIFbt : : : : : : : B ey I
(interrupt) . . . . . . . . . . .
Read . . . . . . . . X . .
RXREG - ~ ~ : ' ' ' ' : ' 2

Note: Timing diagram demonstrates SYNC master mode with bit SREN ='1"and bit BRG ='0".
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125 USART Synchronous Slave Mode

Synchronous slave mode differs from the Master mode
in the fact that the shift clock is supplied externally at
the RB2/TX/CK pin (instead of being supplied internally
in master mode). This allows the device to transfer or
receive data while in SLEEP mode. Slave mode is
entered by clearing bit CSRC (TXSTA<7>).

1251 USART SYNCHRONOUS SLAVE
TRANSMIT

The operation of the synchronous master and slave
modes are identical except in the case of the SLEEP
mode.

If two words are written to the TXREG and then the
SLEEP instruction is executed, the following will occur:

a) The first word will immediately transfer to the
TSR register and transmit.

b) The second word will remain in TXREG register.

c) Flag bit TXIF will not be set.

d) When the first word has been shifted out of TSR,
the TXREG register will transfer the second
word to the TSR and flag bit TXIF will now be
set.

e) If enable bit TXIE is set, the-interrupt will wake
the chip from SLEEP and if the global interrupt
is enabled, the program will branch to the inter-
rupt vector (0004h).

Steps to follow when setting up a Synchronous Slave

Transmission:

1. Enable the synchronous slave serial port by set-
ting bits SYNC and SPEN and clearing bit
CSRC.

2. Clear bits CREN and SREN.

3. If interrupts are desired, then set enable bit
TXIE.

4. If 9-bit transmission is desired, then set bit TX9.

5. Enable the transmission by setting enable bit
TXEN.

6. If 9-bit transmission is selected, the ninth bit

" should be loaded in bit TX9D.

7. Start transmission by loading data to the
TXREG register.

12.5.2 USART SYNCHRONOUS SLAVE
RECEPTION

The operation of the synchronous master and slave
modes is identical except in the case of the SLEEP
mode. Also, bit SREN is a don't care in slave mode.

if receive is enabled, by setting bit CREN, prior to the

SLEEP instruction, then a word may be received during

SLEEP. On completely receiving the word, the RSR

register will transfer the data to the RCREG register

and if enable bit RCIE bit is set, the interrupt generated
will wake the chip from SLEEP. If the global interrupt is
enabled, the program will branch to the interrupt vector

(0004h).

Steps to follow when setting up a Synchronous Slave

Reception:

1. Enable the synchronous master senal port by
setting bits SYNC and SPEN and clearing bit
CSRC.

2. If interrupts are desired, then set enable bit

RCIE.

if 9-bit reception is desired, then set bit RXS.

To enable reception, set enable bit CREN.

5. Flag bit RCIF will be set when reception is com-
plete and an interrupt will be generated, if
enable bit RCIE was set.

6. Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

7. Read the 8-bit received data by reading the
RCREG register.

8. If any error occurred, clear the error by clearing
bit CREN.

o
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TABLE 124: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION

Value on Value on all

Address | Name Bit7 Bit6é | Bit5 | Bit4 | Bit3 Bit 2 Bit1 Bit 0 POR other Resets
0Ch PIR1 EEIF CMIF | RCIF | TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000 } 0000 -000

18h RCSTA SPEN RX9 | SREN | CREN | ADEN | FERR OERR RX9D | 0000 -00x | 0000 -00x

19h TXREG | USART Transmit Register 0000 0000 | 0000 0000

8Ch PIE1 EEIE CMIE | RCIE | TXIE — CCP4IE | TMR2IE | TMR1IE | 0000 -000{ 0000 -000

98h TXSTA CSRC TX9 | TXEN | SYNC — BRGH TRMT TX9D | 0000 -010} 0000 -010

9%h SPBRG | Baud Rate Generator Register 0000 0000 { 0000 0000

Legend: x = unknown, - = unimplemented read as '0". Shaded cells are not used for Synchronous Slave Transmission.

TABLE 12-5: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION

Value on Value on all

Address | Name Bit7 Bit6 | Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0 POR other Resets
0Ch PiR1 EEIF: |.CMIE:| RCIF | IXIE | == {.CCPIAIFE | TMR2IE “TMR1IF;| 0000 -000 } 0000 -000
18h RCSTA SPEN RXx9 | SREN | CREN | ADEN | FERR OERR RX8D | 0000 -00x { 0000 -00x
1Ah RCREG | USART Receive Register 0000- 0000 | 0000 0000

8Ch PIE Eele | omie| rRoE | e | o | cCPUIE | TMR2IE | TMRYIE | 0000 -000 | 0000 -000

98h TxsTA | csrc | <o | Txen|sync| = | ‘BRGH | TRMT:| TXgD | 0000 -010 ] 0000 -010
0000 0000 0000 0000

99h SPBRG | Baud Rate Generator Register
Legend: x =unknown, - = unimplemented read as '0". Shaded cells are not used for Synchronous Slave Reception.
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SN54HC193, SN74HC193
4-BIT SYNCHRONOUS UP/DOWN COUNTERS
(DUAL CLOCK WITH CLEAR

SCLS122D - DECEMBER 1982 - REVISED OCTOBER 200

Wide Operating Voltage Range of 2 Vto 6 V
Outputs Can Drive Up To 10 LSTTL Loads
Low Power Cansumption, 80-pA Max Icc
Typical tpq=20 ns

+4-mA Output Drive at5V

Low Input Current of 1 A Max

SN54HC193...J ORW PACKAGE
SN74HC193...D, N, NS, OR PW PACKAGE

(TOP VIEW)
B[} ~ 16l Vee
Qg f]2 15[} A
Qafls 14{] CLR
DOWN [] 4 13[] BO
uP[]s 12[} €O
ac e 11{] LOAD
ap f]7 10[] C
GND [] 8 sllD

description/ordering information

® Look-Ahead Circuitry Enhances Cascaded
Counters

® Fully Synchronous in Count Modes

® Parallel Asynchronous Load for Moduio-N
Count Lengths

® Asynchronous Clear

SN54HC193 . . . FK PACKAGE
(TOP VIEW)
m (6] 8
OmonZ><
g v { o | e e
321219
4 18]

DOWN [15 17[] BO
NC[]s 16[} NC
up 7 15[] CO -

Qc s 14[] COAD
112 13
|
O

—_
o
-

%

)
Qp o
GND [J

on
pd

NC - No internal connection

The °'HC193 devices are 4-bit synchronous, reversible, up/down binary  counters.

Synchronous operation is provided by having all flip-

flops clocked simultaneously so that the outputs change

coincidentally with each other when so instructed by the steering logic. This mode of operation eliminates the
output counting spikes normally associated with asynchronous (ripple-ciock) counters.

ORDERING INFORMATION

" racroet S |
PDIP -N Tube of 25 SN74HC193N SN74HC193N
Tube of 40 SN74HC193D
SOIC-D Reel of 2500 SN74HC193DR HC193
Reel of 250 SN74HC193DT
T40°C o 85°C SOP - NS Reel of 2000 SN74HC193NSR HC193
Tube of 90 SN74HC193PW
TSSOP - PW Ree! of 2000 SN74HC193PWR HC193
Reel of 250 SN74HC193PWT
cbip-J Tube of 25 SNJ54HC1934 SNJ54HC 1934
-55°C to 125°C | CFP-W Tube of 150 SNJ54HC193W SNJ54HC193W
LCCC - FK Tube of 55 SNJ54HC193FK SNJ54HC193FK

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are

available at www.ti.cam/sc/package.

SA Please be aware that an important notice concerning

availability, standard warranty, and use in critical applications of

Texas Instruments semicenductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of -publication date.

Copyright © 2003, Texas Instruments Incorporated

Products conform to sgecil_‘icatiuns per the terms, of Texas Ilglrumem: i On produicts compliant to MIL-PRF-38535, all parameters are tested
standard y. Pr pt g does not yinclude unless | otherwise- noted. On'| all other) products, production
testing of all parameters. I EXAS p ing does not ily include testing of all parameters.

INSTRUMENTS
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SN54HC193, SN74HC193
BIT SYNCHRONOUS UP/DOWN COUNTERS
JUAL CLOCK WITH CLEAR

LS122D0 - DECEMBER 1982 - REVISED OCT!)BER 2003

de

bscription/ordering information (continued)

The outputs of the four flip-flops are triggered on a low-to-high-level transition of either count (clock) input (UP
or DOWN). The direction of counting is determined by which count input is pulsed while the other count input
is high. :

All four counters are fully programmable; that is, each output may be preset to either level by placing a low on
the load (LOAD) input and entering the desired data at the data inputs. The output changes to agree with the
data inputs independently of the count pulses. This feature allows the counters to be used as modulo-N dividers
simply by modifying the count length with the preset inputs.

A clear (CLR) input has been provided that forces all outputs to the low level when a high level is applied. The
clear function is independent of the count and LOAD inputs.

These counters were designed to be cascaded without the need for external circuitry. The borrow (BO) output
produces a low-level pulse while the count is zero (all outputs low) and DOWN is low. Similarly, the carry (CO)
output produces a low-level pulse while the count is maximum (9 or 15), and UP is low. The counters then can
be cascaded easily by feeding BO and CO to DOWN and UP, respectively, of the succeeding counter.

wfa
“9 TeEXAS
INSTRUMENTS
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SN54HC193, SN74HC193
4-BIT SYNCHRONOUS UP/DOWN COUNTERS
(DUAL CLOCK WITH CLEAR)

SCLS122D - DECEMBER 1982 - REVISED OCTOBER 2003

logic diagram (positive logic)

13 —
ﬁﬁ BO
CLR l"_Do__ -/U\- t I
pown -4 LC
S
—_— 1
LOAD —CDT 2
A = 4 -] S 3 Qa
—C}> C1
—41D
[ > R
E__._;_qb 1U 4
B 1
P
W Lds 2 a
B
> ‘)_)_/ u——c>10C1
e R b
> @
wl__J
10
C
>
S 6 Q¢
3 —F> C1
1D
LS P
1
o1/
D 9
>
S ! Qp
—d> C1
1D
> &

Pin numbers shown are for the D, J, N, NS, PW, and W packages.

“? TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3



SN54HC193, SN74HC193
4-BIT SYNCHRONOUS UP/DOWN COUNTERS
(DUAL CLOCK WITH CLEAR

CLS122D - DECEMBER 1982 - REVISED OCTOBER 2003

typical clear, load, and count sequence

3 The following sequence is illustrated below:
1. Clear outputs to 0
’ 2. Load (preset) to binary 13
3. Countup to 14, 15, carry,0, 1, and 2
4. Countdown to 1, 0, borrow, 15, 14, and 13
CLR I
|
LOAD } ; H
S D o A I
N I e . — —
T e i
;e St A S
s —_ —— —_— e —
Lo Z”1 - - -
JEN
up :_L T T ‘ !
_H:H__:LJLJL_I - ‘]!
pown | | ! !
—H =+ _T : LrrruT
1
- - i T ! f
i I O w1 T e T T o AN A
_ | [ 1 f |
Qg —' ; [ | I ( :
Data —
0 1 [ ! | [ |
utputs ac —_ | ; 4 | | | J ‘
— | I { f
: 4 — |
L % _ l } | | [ | |
|| |1 ‘ l i
‘\‘ co P [l ! l_l I |
R L |
BO 1 1 : 1 i T
lo' 3‘ ‘ 14 15 0 1 2' ' 1 oL‘l15 14 13
Count Up Count Down —»1
\_\/"/ \_\f"/
Clear Preset
NOTES: A. CLR overrides LOAD, data, and countinputs.
B. When counting up, count-down input must be high; when counting down, count-up input must be high.
¥ 1
EXAS
INSTRUMENTS
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SN54HC193, SN74HC193
4-BIT SYNCHRONOUS UP/DOWN COUNTERS
(DUAL CLOCK WITH CLEAR)

SCLS122D - DECEMBER 1982 - REVISED OCTOBER 2003

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

SUPPlY VORAGE TANGE, VGG -+ v o v v v v n e e e e e ettt -05Vto7V
input clamp current, ik (Vi< 0orV|>Veg)(seeNote 1) ..o +20 mA
Output clamp current, lgk (Vo < 0 or Vg > V¢c) (see Note 1) +20 mA
Continuous output current, Ig (Vo =0toVeg) oo oivi it I 125 mA
Continuous current through Vo of GND Lo +50 mA
Package thermal impedance, 64 (see Note 2): D package ........ et e e 73°CIW

Npackage .......coooiioiiioiinnnnnn, 67°C/wW

NSpackage .............iiiiiiiiiian, 64°C/W

PWpackage ........cco.ommmiininnnenannnn, 108°C/W
Storage temperature range, Tgg - - -« oo v -65°C to 150°C

T 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 indicated under “recommended operating conditions™ is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input and output voltage ratings may be exceeded if the input and output current ratings are observed.

2. The package thermal impedance is calcutated in accordance with JESD 51-7.

recomrrlended operating conditions (see Note 3)
SN54HC193 SN74HC193
MIN NOM MAX MIN NOM MAX UNIT
Vce Supply voitage 2 5 6 2 5 6 \%
Veg =2V 15 15
ViH High-leve! input voltage Ve =45V 3.156 3.15 \Vj
Voo =6V 42 4.2
Vec =2V 0.5 0.5
ViL Low-level input voltage Vo =45V 1.35 1.35 \V]
. : Voo =6V 1.8 1.8
Vi Input voltage 0 Vee 0 \ele \%
Vo Output voltage 0 Vece 0 Vce Vv
, Voo =2V 1000 | - 1000
atiavt  Input transition riseffall time Ve =45V - 500 500 ns
Vecc =6V 400 400
TA QOperating free-air temperature -55 125 -40 85 °C

NOTE

3. All unused inputs of the device must be held at Vg or GND to ensure proper device operation. Refer to the Tl application report,
Implications of Slow or Floating CMOS Inputs, literature number SCBA004.

T 1f this device is used in the threshold region {from Vi max = 0.5 V to Vjqmin = 1.5 V), there is a potential to go into the wrong state from induced
grounding, causing double clocking. Operating with the inputs at t = 1000 ns and Vg = 2 V does not damage the device; however, functionally,
the CLK inputs are not ensured while in the shift, count, or toggle operating modes. .
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SN54HC193, SN74HC193

4-BIT SYNCHRONOUS UP/DOWN COUNTERS
(DUAL CLOCK WITH CLEAR

CLS122D - DECEMBER 1982 - REVISED OCTLBER 2003

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

‘«

\PARAMETER TEST CONDITIONS | Vee ___Ta= 2% SNS4HC193 | SN74HC193 UNIT
gyl MIN TYP MAX| MIN MAX]| MIN MAX
L 2V 1.9 1.998 19 1.9
IoH =20 uA 45V 4.4 4499 4.4 4.4
VOH V)= Viy or ViL 6V 5.9 5.999 5.9 5.9 v
loH = —4 MA 45V 3.98 43 37 3.84
loH = -5.2 mA 6V 548 5.8 5.2 5.34
2V 0.002 0.1 0.1 0.1
loL = 20 HA 45V 0.001 0.1 0.1 0.1
VoL V| =VH or Vy_ 6V 0.001 01 0.1 0.1 vV
loL = 4 mA 45V 017 0.26 0.4 0.33
loL = 5.2 mA 6V 015 0.26 0.4 0.33
1 V]=Vggor0 6V 0.1 +100 +1000 +1000] nA
L lce Vi=Vggor0, Ig=0 6V 8 160 80| uA
G 2Vto 6V 3 10 10 10} pF

o
tihing requirements over recommended operating free-air temperature range (unless otherwise
;ff’*gn'pted)

Ta = 25°C SN54HC193 SN74HC193
Vee [Tmin max| min mMAx| min max| N7
2V 4.2 2.8 3.3
falock  Clock frequency 45V 21 14 17| MHz
6V 24 16 19
2V 120 180 150
CLR high 45V 24 36 30
6V 21 31 26
d ‘ 2V 120 180 ' 150
‘étﬂtw Pulse duration LOAD low 45V 24 36 30 ns
e 6V 21 31 26
2V 120 180 150
UP or DOWN high or low 45V 24 36 30
6V 21 31 26
2V 110 165 140
Data before LOAD inactive 45V 22 33 28
' 6V 19 28 | 24
2V 110 165 140
tsu Setup time CLR inactive before UPT or DOWNT 45V 22 33 28 ns
6V 19 28 24
2V 110 165 140
LOAD inactive before UPT or DOWNT | 4.5V 22 33 28
6V 19 28 24
2V 5 5 5
th Hold time Data after LOAD inactive 45V 5 5 5 ns
N | . , ' 6V
PN
(;‘\ 2e
Vb @
TEXAS
N
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SN54HC193, SN74HC193
4-BIT SYNCHRONOUS UP/DOWN COUNTERS
(DUAL CLOCK WITH CLEAR)

SCLS122D - DECEMBER 1982 - REVISED OCTOBER 200

switching characteristics over recommended operating free-air temperature range, Ci_ =50 pF
(unless otherwise noted) (see Figure 1)

FROM T0 Tp = 25°C SN54HC193 | SN74HC193
PARAMETER (INPUT) (OUTPUT) Vee [Tmin v MAX| mMin mAx| MmN max| N7
2V 42 8 2.8 33
fmax 45V 21 55 14 17 1. MHz
6V 24 60 16 19
2V 75 165 250 205
UP Co 45V 24 33 50 41
6V 20 28 43 35
2V 75 165 250 205
DOWN BO 45V 24 33 50 41
6V 20 28 43 35
tpd 2V 190 250 375 35| ™
UP or DOWN Any Q 45V 40 50 75 - 63
6V 35 43 64 54
2V 190 260 »390 325
LOAD Any Q 45V 40 52 78 65
6V 35 44 66 55
, 2V 170 240 360 300
tPHL CLR Any Q 45V 36 48 72 60 ns
6V 31 41 61 51
2V 38 75 110 95
t Any 45V 8 15 22 19] ns
6V 6 13 19 16
operating characteristics, Tp = 25°C
PARAMETER TEST CONDITIONS | TYP | UNIT
de Power dissipation capacitance No load 50 pF
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SIN54HC193, SN74HC193
4-BIT SYNCHRONOUS UP/DOWN COUNTERS
QDUAL CLOCK WITH CLEAR

CLS122D - DECEMBER 1982 — REVISED OCTLBER 2003

l PARAMETER MEASUREMENT INFORMATION

. —— Vce
High-Level
Pulse 50% 50%
From Output Test l ' ov
Under Test Point 1 < tw |
/1: CL =50 pF : | Vee
(see Note A) ) Low-Level 50% 50%
— Pulse —_—— 0V

LOAD CIRCUIT VOLTAGE WAVEFORMS
PULSE DURATIONS

{
:4— tPLH *: }4— tPHL —>=
——Vee In-Ph | ' ———V
R n-Phase | I | OH
eference 50% outout ‘ 50% | 90% | 90% N 50%
. Input P . 10% 10%
! ov I I ¢ : { " VoL
e t -H‘-——‘— ty, —» M ot P ot
i P | v {4 tpL —M {€— tpLy —™ v
| Data [ ] —— ¥CC I OH
‘  Input,30% fl 80% 90% 1545 50% Out-of-Phase 90% TS‘&-”O% 50% A 90%
; 10% I 1 | l 10% ov Output | I 10% 10% : _'_____ VOL
—» et —» €t —¥ —>
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD AND INPUT RISE AND FALL TIMES PROPAGATION DELAY AND OUTPUT TRANSITION TIMES

MOTES: A. Cj includes probe and test-fixture capacitance.
B. Phase relationships between waveforms were chosen arbitrarily. All input pulses are supplied by generators having the following

characteristics: PRR < 1 MHz, Zg =50 €, tr =6 ns, tf= 6 ns.
C. For dock inputs, fmax is measured when the input duty cycle is 50%.
D. Theoutputs are measured one at a time with one input transition per measurement.
E

. tppH and tpH_ are the same as tpd.

Figure 1. Load Circuit and Voltage Waveforms
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