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CHIP race Hart JH#E#5(Modem) SM HT2015

1.0 %F 5 (Features)

6 HART G845 VU B = 2K
A5 HT2015. A5191HRT SYM20C15 524 FH % o —
Ij]ﬁﬁ& o L _".'.l . ]
RIS RMAUENT A T2 . SM
TAFEH M 3.0V~5.5V, HT20C15LQ
B AL EXUT 1200b/s [ FSK IR i 2., 12205UA
76 Bell202 #nifE, #0044 1200Hz 1 2200Hz X

PN AR R IE U Ay, DL i Y HART 3 T2 208 Ha i
AT AN 460.8kHz iy A4 BB e 1 e 2 Bl AT FH A58 I B o
TV 2l T AR JE:-40°C ~+85C

32 [ LQFP 41 28PLCC H1%%.

i /& RoHS R ZSK .

mEEER
L R A R

eeeeeene
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g b b b b b b b b o o

SM HT2015 i AR IELE (K AR b (FSKO IR REAR, 4R 1200 £7/F),
KHEXRCTIAE, 46 HART Phsl) 3 220Kk . 5 7 S FRAEAE SV HLI 1501 A,
3.3V i 110w A, KTFIA R HADL HART &5 . WERHIENTFE 22—, & HART
iR H 22—

SM HT2015 (32 il LQFP) #Bi#i /£ RoHS M RAR#E. 15 7 5 HT2015/SYM20C15
8¢ ASI91HRT 5E4dfess, v HIERAULH B SSME B, L w s PCB . AR
HT2015/SYM20C15 et =4, 0 ASI91HRT A #FH B —A~rfE (K 8
X1 R6).

2.0 F=f#iiA (General Description)

SM HT2015 /2% A5 HART Wil vt i) CMOS Hufs i &, T 3k
HART Whi I SRSl . O R s eilocft, BInle HART #8E)Z
Ryo ek, QdEiHS S
W, IR TR, BRI R AR E SRR A . TR TORHE B I RR S D Re A

3.0 iTHER
SM HT2015 /& 32 il LQFP 271 28 il PLCC 3¢, i Ha#k 1 #7110,

L 1ATME R

E NV AN T
LQFP-32P HT2015-LQ SM  C(JEFD)
PLCC-28P HT2015-PL SM  C(JEFD)
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30 20 28 27 26 25
el TEST11 TESTS
INRESET XD INRESET
TEST7 INRTS TEST? SM
TESTE — vDD J.
Testo [ HT2015 vss Tem HT2015
OTXA - e
- OXTL -:::;
10 11 12 13
Fig. 1 - 28 pin PLCC Pinout Package Fig. 2 - 32 pin LQFP Pinout Package
4 1. LQFP32 345 & PLCC28 & ]
4.0 ERHR % 21454  (Pin Descriptions
AL TR JE e fipa

Signal Type LQFP PLCC Description

TESTS — 1 5 A& F] VSS (Connect to Vss.)

INRESET i (Input) 2 6 AR, EALTAEIF2 % (Reset all digital logic when low)

TEST7 i (Input) 3 7 JEH:3] VSS (Connect to Vss.)

TESTS i (Input) 4 8 EH:3] VSS (Connect to Vss.)

TEST9 i (Input) 5 9 JEH3] VSS (Connect to Vss.)

VSS o (Ground.) 6 e (Ground.)

OTXA it (Output) 7 10 B, RIEFFE HART BUEH FSK WEIE S, (59 R%EH 420 2%
HL R B 4% 11 (Modulated output transmit analog. FSK modulated HART
transmit signal to 4-20mA loop interface circuit.)

IAREF i\ (Input) 8 11 Wil 2% H & (Analog reference voltage.)

ICDREF A (Input) 9 12 HIRNS 2 K (Carrier detect reference voltage. )
7?\‘%% J=] Fié%:(rﬁ}%g ll}’ﬁ‘/_‘ M/ Penzhen 'Sma ﬁ‘%ﬁﬂ E@friﬁ '%l1ﬁru%ﬁ%ﬁnSQﬁWRﬂr%%abg%?pclllg%nh?\/\l\m smar.cc




CHIP race

Hart 5447 1H24Modem) SM HT2015

TEST10 — (Input) 11 14 B %R VSS (Connect to Vss.)

VSSA Hh 12 i (Analog ground.)

VDDA HLJE (Power) 13 15 P HLYE (Analog supply voltage. )

IRXA i\ (Input) 14 16 BRI, B A HART MUFE FSK TS S, F5 KA
4-20 £ % IR i 1 (FSK modulated HART receive signal
from 4-20mA loop interface circuit. .)

ORXAF i (Output) 15 17 Biflog 1, BalcuEnk 2t (Analog receiver filter input.)
IRXAC i\ (Input) 16 18 Mg 1, Bl bR 28I N (Analog receive comparator input.)

OXTL it (Output) 17 19 AR A H . (Crystal oscillator output.)

IXTL A\ (Input) 18 20 AR A4 (Crystal oscillator input.)

VSSA Hh 19 i (Analog ground.)

VSS o 20 21 Hedh (Ground.)

VDD M 21 22 B H YR (Digital supply voltage.)

INRTS i\ (Input) 22 23 RILTE R, KA AR (Request to send.)

ITXD i\ (Input) 23 24 WIAKHE UART [MfFRZEEIRFR, £ OTXA #Iki%E (Input
transmit data. Transmitted HART data stream from UART.)

TESTI11 — 24 25 &~ (No connect.)

ORXD firth (Output) 25 26 PRSI S (1) HART 03, 2% UART 11 (Received demodulated HART data
to UART.)

0OCD i (Output) 26 27 BRI, IRXA A7800 & P (Carrier detect output.)

TEST12 — (Input) 27 28 #&7% (No connect.)

TESTI1 — (Input) 28 1 B ER:F] VSS  (Connect to Vss.)

TEST2 — (Input) 29 2 #&7% (No connect.)

VDD HLJE (Power) 30 B H YR (Digital supply voltage.)

TEST3 — (Input) 31 3 #&7% (No connect.)

TEST4 — (Input) 32 4 #&2% (No connect.)

i R

® JAREF: #ifl &% ik

BEE LR A ATBOR M LSS A i A R A R, MR R 4 B M i .

® ICDREF: # Al (

H4% TAREF 5 ICDREF ¥ 2= (45 I B A I e, A R T B iIAE 5 A4 Befll OCD fiifig,
V* 1AREF -V ICDREF=80mV W, ZI A B{E 4 100mVp-p.

® INRESET:H 7 ENES
RSP A B8, W TAE e . B i, 78 vDD KT 2.5V 5, INRESET

IRMERFHE P AT 10ns, B0 3.
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CHIP race Hart JH#E#5(Modem) SM HT2015

| 2.5V

VDD

- -

INRESET.

o <
O
O

10ns—p  —

3 BiEFE
® INRTS:Kikif=k
RHEPFER BT, SR A TR PR S, OTXA Jofa 5 5 i HE R e B I 1) R e
b 24 INRTS AR T, S IR N HIIRES, OTXA FFinH b BB (5 5. 76 LR,
T BN PR P

® IRXA: Bl MAHLE S5
PARLE AT 4-20mA HLALEIEE I 1200/2200Hz 25, FEALE 8.

® IRXAC: FLILFRIL LLE At N
T R I B 28 AN B I LU A 1 i N i o

® ITXD:KZEEE A
Vg N, BRI ZE S (NRZ) S . 4 ITXD KHT G2 0) I, OTXA &
[T 2200HZ BETE (55 ITXD mH - G4 1) K, OTXA &M 1200Hz B EHAE 5 .

® IXTL: ¥E¥esHiA
TR SO, 26T ) BRSBTS 460.8KHZ 1) R M KSR 82, AR BERT Bt
Y I E B, 1 9 S 10 .

® OCBIAS: Hi%fhi & HLIR
Z I BT F R e AR ER IR 2 5
W TELR, OCBIAS HLJR (ith TocBias) HEE R 2.51 A

® OCD: 4
BEWCIEI: 8 Nt B0 B — AN R N R RIS AN B )5, OCD A8 . A3 3m N FR H
S I AR KT H1 TAREF A1 ICDREF 85 [ 541

® ORXAF: IR &% th
PR K e TIPS RSO - WL 8
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CHIP race Hart JH#E#5(Modem) SM HT2015

® ORXD: %8t (CMOS)

o R BT . IS 5 2 1200HZ IF 325N, ORXD i s d s, M8alfs 5 2
2200Hz IE5ZP N, ORXD #itKHIF. ORXD A2 5T OCD: 24 OCD £ Fif, ORXD {4
R QI S ERUE 9
® OTXA: FifltLskH

G T RS O BRTEDE , E INRTS AR HSF H ITXD MR H- TR, 455 4004% 2200Hz;
7E INRTS MK T H ITXD b s P, {5 5 5% 4 1200Hz.

® OXTL: &% astth
B R AN 460.8kHz I MR K #E 460.8 kHz & 4% Bl b B 14 2% o

® TEST(1: 12): illik#%
® VDD: HFHIF
® VDDA

® VSS: Hih
32 I LQFP 7 4, 28 & PLCC A FLRIH - Hh

® VSSA: fRfUlHs
Viarer §5 IAREF % I B 4 Vieprer §5 ICDREF 55 1) B R AH
5.0 TiRefid

SM HT2015 5 HT2015. SYM20C15. A5191HRT [IhEese M. & a— AN RIE IR
HISE TR I 28 | BRSO I S A R 2% . Bl i . IR %, DhAEE R WA 4 Fis.

ITXD —»
» .|-:-_.u,_,:_ T
INRTS —» E4EEH] [ il il s A &
ORXD <— {5 i il T ¥
<«— IRXA
ocD «—  HATH (e «— IRXAC
‘Af‘ﬁll Eill{ I.u‘r » ORXAF
FIE% 1 2% 14 o0aKs - o3ks 2
XTL —l s || <«— ICDREF
OXTL <—] 7 L » OCBIAS

B 4 HT2015 NS5 HIE
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CHIP race Hart JH#E#5(Modem) SM HT2015

VR 2% T R AR S . WERBARUE 5, (5 S BTERTE s  ROAA S S AT, Al
Z A4 HART MUY 280 I P R AU B SO IE A St FI PR AN AN 2 2% Wi R Viarer 5 Vicrer 2 [] 1)
ZEAHMEAT LU, DARAE B8R I . BT i B0 A 5 AT IR, AR a0 A\ A T P,
B I P B o R 3% L A AN IR AR N B, 4 AN B R A I P R

P S8 T FSK 7 (1200Hz 24 1, 2200Hz 4 0), LLEFE 1200 A7/F5.

5.1 JEI B AUERBTR R

VA CE ITXD ST (NRZ) WS04 5, AT I BRI LB 5 7 OTXA
FEIAL A A HART WSt R0 FSK RIS 5, Wi 5 1518 6 ik, INRTS EPMIAGHRREE b T A fe
(RAE VR 0 113 TAE

¥ Viarer=1.235V DC I,0TXA #4—A 0.25~0.75 V {20, Viarer=2.5VDC  OTXA ¥4
—/N0.5~1.5V KRR,

R s A HH A2 3 T S R I 4 (OCD)
5.2 iR BRI AG Il

fiE A AE IRXA 200 FSK 15 %5, Zf# )5 7E ORXD i B 5715 5, HLE3 4 1200bps,
iR A (0 AR AR i 7 TR

IRXA

I

I

| | |

| | |

ORXD T 1 | i
T 1T 1 00 T 1 |

| | = |— |

171200 Sec
LREELT S

fft U A i A2 i TR A (OCD), A SO s 2 MG 5 KT — e (H AU E N
100mVp-p), B EPAT I LB ARG, A2 1E ORXD M B 801 50d . 4l HART B, 1
BRI 460.8kHz(+1.0%), IRXA NN FRIISAE T, WA REShA LB ORXD Hith
T2 — AN TG 58 FE IR 12%*

155 2 b BB A LR 2 R A A, 7E OCD 4 Hh 2 I 45 31 (LI 4 Rl 8D 2
INRTS i H~F I HLABA I L e th DU ANESE I kR, OCD A2 o A INRTS fREFAE i
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CHIP race Hart f#E I #4(Modem) SM HT2015

HoF, JF HAE 2.5ms WA F—AMkaP 215k, OCD A & 4e e o
1 OCD A,  H AR AN LU 25 75 2 DU A ESE K G OCD A4 TR AR Ay vy
o MBS & 1200Hz FT 2200Hz B,  PYUASIESE Kb s ] 2351 52 3.33ms A1 1.82ms.

5.3 BRI B
53.1 3%k
HT2015 4 Viarer 5 Vicorer B EFEHE . VIAREF 58 N BB UK 25 A1 LU 25 I BLR RS TR S

M, AR 4 EPE MM Viarer {H. OCD HH ARG TS R ZE{H. 4 VIAREF-VICDREF
=80mV, AL 1 BIAE A 100mVp-po

C3 C2 C1
Hert_In  470p( 1nf 1nf
> it i

] Hﬁ‘ I.
ek 2210k 7

I 44k Ta Camer
I Detect

i EIAREF ==

| Modem?3

i COREF

8 AR

*7F 460.8kHz I8P, ORXD %53 4 1200Hz; Bl AR AR, RS20, ORXD HrHiidx
] — AL G5 FE 1 12%(7E 460.8kHz B 8f11)) A 1/1200%12%=100 1 S,

5.3.2 fWEHFM

HT2015 FE M E I Reias %4 Ocias f1 VSS 724 (i B HLJA TocBias, T4 58 P LA
e TAE S, ZHmEHZAI N 2.5 As 24 VIAREF &2 1.235V I, Reias #EFEE 500K Q, 2.5V INHEFE A
IMQ.,

WK 8 fan, A HIANS A PSR =T 2 £5%. BT 4 3MQ (R2) HLFH AR ZETE B &+
5%4h, A BH R ZE VT AR 2 £ 1%, HT2015 AN R CULIE 8) T EB AR BB IO 2% — i 41
A =R gy (GRUEAR Y 624Hz), FEEIN—AN—BMRE BER g (EUESR 2500Hz) .
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CHIP race Hart JH#E#5(Modem) SM HT2015

7E HT2015 IS, A —NEUESCR Y 35Hz Sl gEdias, — MEUEME N 109Hz FRE IER 2,
R JE A 2 AT £ 30%IM 4R . JEBEAR I A PH BT HAL T 50Hz I KT 6.7M Q.
54 R

HT2015 7t OXTL EFFZ—> 460.8kHz 25 5, v LUl I SMESMHB I 2 el 7 2 3515 .
5.4.1 NEIRG 2

P I s ot AT LMH% 460.8kHz 1] S AR bE %1k as, WK 9.

C1
i | OXTL
L | 4 %
- aop —
=60 8kHz e 37 4 ki HH
[ i ]
| |— IXTL
vV

9 mideas

WRSITE A 460.8kHz (+1% R0, AR Cl. C2 {H ML TR 2% i 5 11
I, H CL. C2 {HMNAZAAN], 8 1E 33pF £ 470pF Z[1],

5.4.2 AhERETER

K 10 — AN 460.8kHz AhBI e B s w1, i IXTL 4 204 o

460.8kHz OXTL

-IJT‘- i "J :fllII _'Jf"] |

r IXTL

10 #HEIRT Erda A

rev)
-
(@]
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Hart J5 7% ias(Modem)

SM HT2015

6.0 B4
%3, BAHERHY

Ta BRI -40 ~83 °C
Ts R -55 =150 o
Voo it s ITs -0.3 ~6.0 \'4
Vv Vour | it A Fith -0.3 Vpot0.3 Vv
T [T 3 45 EL 1 Per [IPC/JEDECI-STD-020C | °C

*4. B
(Vpp=3.0VE|S.5V. VS5 = 0V. T, = -40°CE[+85°C)

il S5
Vi AR, 2480 3.0-55 ' 0.3*Vpp [ v
Vi o Al ECE, L 3.0-5.5 0.7*Vip v
Vor fin PRSP (Ior=0.6TmA) 3.0-55 0.4 v
Vor fin th 4T EHCF (Iog=0.67mA) 3.0-55 | Vpp0.6 v
S WE
Cue NS 2.0
IRXA 25 pF
A 3.5
Inm i AE D +500 nA
Iorp i A B s AL =10 pA
o 3.3 - 110 120
Ioo TR TEEER LA
5.0 < 150 170
3.3 12 1.235 1.26
ViaRer HLEE WL ~ St v
Vicopes™® | EvekrilZ=E i/t (Viager -0.08V) i ks L
5.0 2.420
{-'Iilgl'fﬂﬁluﬂi
Inoceras | (RBIAS=500kQ, IAREF = 1.235V g 25 LA
RBIAS=1M®, TAREF =2.5V)

;5. AT
(Vpp=3-0VE|5.5V, V38 = 0V. T = -40°C#[+35°C)




CHIP race Hart f#E I #4(Modem) SM HT2015

REE | BAE B

PR el e i A
_— R iR +130 nA
i - H 1 1190 1200 1210 Hz
‘ HiSE -0 2180 2200 2220 Hz
R AT S e % 1 A i AR e
AR HH#E (SR) 0.025 Vius
¥ i (GBW) 500 kHz
‘ s 0.1 Vpp-0.15 | V
W— PR AT S % S Al R LR AR S A
i L | ‘ ‘ +500 ‘ nA
FRATL R ) e
S - A 1200 Hz
i -0 2200 Hz
#RlE (IAREF 1.235V) 500 mV,
OTXA* =48 (IAREF 2.5V) 1000 mVyp
T ek A 2.79 mV/ps
ik 30 kQ
i 4 I ARG T (INRTS S L) VDD=3 3V 0.5 v
| b 11 19 R0k &b F (INRTS 1) VDD=5V 1 v
e ol
| ER L (20 ] | [as
e ARl ik T A
| 194 F R |20 | | | s

6. VIR AR
Vi =3 0VH|55V. V35 =0V. I, = -40°C#[+85°C)

VAT PERR ) 12 % of 1 bit’

Tt

1. i AB%ETC1200Hz & 10Hz, 2200Hz +20Hz

. B Ph 45 92460 8kHz £ 0.1%

3. IRXAG A6 5 2 5

*1bit fit FRORIDY th 49 3 1 — AL it, 758 PsE % 460.81Hz
i, bt ¥ 112008,

[ 3]
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(V, =30VESSV,VSS=0V, T, = 40°CEH85°C)

24 MAE | ARE 2 RAE | A
1 4he 2
i 1.0 %
Sl 5 460.8 kHz
Yt b
HEEPEIE | 4562 460.8 4654 kHz
gl 40 50 60 %
i Vou-Vor v

7.0 HERME

E2
32
0nan 0:20m
bﬁgﬁ —2
1 ;
5 = L — 5 "{ (+—0° min
—
L : = ”_/‘
CI = T — 0.08R mi 0.080.20R
= =
3 | — 17 L|-—0’-7'
— il
K] A —
TTTI[TIT] i A
bl
{f HL P WiE A
sl
I B )
Ry B
1 1.00
< LIEEWE: !
Rif: 8K
i /Ml Al b i
A = - 1.6
Al 0.05 0.10 0.15
A2 135 140 1.45
D 9.00
D2 4.50
I D1 7.00 smar.cc
E 900
ER 150
£l 7.00
045 0.60 0.75
. 0.80
b 030 037 045
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CHIP race Hart [#5E 7% (Modem) SM HT2015

{ll i1
\ iﬂlf-!f_ilj:; (1101
™
N S -L—
i =
[ u
= =i {I: :i'l % ;
= -H e R

= 0| L

LIL LI T i S

Di o
” |
ffy ¥ i 42 P
Ky E9rER
w2 TN E. T b FNi|
E 0.4830 (12.320) 04950 (12.574)
El 04500 (11.430) - 04560 (11.382)
D 04850 (12.320) - 0.49350(12.574)
D1 04500 (11.430) - 0.4560 (11.382)
a8 0.3900(9.906) 0.4300 {10922)
b 0.0130 (0.330) - 0.0210(0.533)
c 0.0260 (0.660) - 0.0320 (0.813)
d 0.0200 (2.286) - 0.1200 (3.048)
e - 0.0300 (1.270) -
T 0.1650 (4.191) - 0.1300 (4.572)
z 0.0075 (0.191) - 0.0125 (0.318)
h 0.0200 (0.508) - -
1 0.1480 (3.760) - 01340 (3912)
3 0.0420 (1.067) *45° 0.048 (1.219%45"
PLCC283 %4 R~}
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R B S Ay A R A B R A5 44) 5 HART 5175 SMAR (R AL 4 A 2

RS A RS AT K, Z29K—H A DIt F2 A 34 FE H n] 35 2 25 Al
. B IR BT ER I IRGS MR RS TT R

Smar [/ 8 2N H AN AT B RS
BN T R i85 AT 25

NS B AR P E Y Tk A Y 5 e R4 ) R G 2 ) g STl — RS, JE R s
T B AR B A B T N Tk ASNE, R A2 w5 S R SR ok Tk Al i
P e rp R A, SRS AR RS, DMEEE [ T ER IS, AR 4 Tk A
M MV R A R At oT ke H RO Dok — B <A BR) . SRR g R, SR
PRI KRSES QEEr 7%, B et B WA B sh i3 il A /BRI A m S a1, 2
e E Y E sh Ak AR 1R

WO Kie. 1EAR. 2y,

RIMEN HART 57, ATV KRR, SRR TERISCRE, Wl Rk, R 7T
TIAEARET A B0, AT L AR 2 ) 1)) 55 7 e S A o
http://shop33637954. taobao. com

AT R ] K RUES S T 100%408T ) 200, B 1 QQ: 774228246

FH 1% 0755-25324689

] FEARHEE s HART S5 /2 4 20 DL 4 22 J% Profibus PA i TS il #/4 28 7= i

T
Syt ues B At Y gt 17018 22
HART Phisits SM HT2015PL | PLCC28P | [El =& 2t It 7y | AR#so il PERER L sl
HART Pt SM HT2015LQ | LQFP32P | [E =&t Ity | ARdso il PERER L sl
HART #pi8Lats HT20C12PL | PLCC28P | Hf 1% £
HART pi8Lats HT2012PL PLCC28P | 1 J5i ks £
HART pi8La0s HT2015PL PLCC28P | 1 J5i ks £
HART pi8Lats HT20C15PL | PLCC28P | Hf 1% £
HART Pt HT2015LQ LQFP32P | #1524 A
HART pi8Lats HT20C15LQ | LQFP32P | i Ji %k £
HART pi8La0s SYM2015 PLCC28P | 1 J5i ks £
HART pi8Lats A5191HRTPG | PLCC28P | 3 1% £
HART #pi8Lats A5191HRTLG | LQFP32P | kI % £
R4ty s | FB3050TQ QFP prig Wi e A

smar £E b5 i 77 1 A0 56 oA IR LR & . 2B 77 K FH 3% o 2 B AR 7= il 4= 7 8T (1) 40
SEHAT BE— AR T . AEREAT S 2 ST BT 400 R smar Bl R s R
25 (SYSTEM30 2) ot & “smar First In Fieldbus” M DEE. BT HA 2R 868
#. Profibus PA ¥ 2% N A gmFE ¥l 255~ dh LASL,  smar ISHEH T A A HAR et
Dife o K I M H 248 SYSTEM302, ‘B4 T OPC, HEdr SxHii sk s LUK
W (HSE) N3k 4 2 Bi37) 2k H1 25 9 A L FhrvE T HeR . smar 80037 B 2RI & 27 it
PIF= A I ARIE RS . AL Dl e gk /e ds o /I R0 ek fieds . I
W/ MG T A T e SOl iR . 2001 4F 6 H , smar 1) DF1302 X %4
R B HEIRAS I B 2R It 4 25 vl UK I (HSE) B T /R UGIE 1 BERS %% (LD) .
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CHIP race Hart JH#E#5(Modem) SM HT2015

Hart Modem HT2015 Datasheet

%

Features

Can be used in designs presently using the HT2015. A5191HRT SYM20C15 or
equivalent type chip
Single-chip, half-duplex 1200 bits per second FSK modem
Bell 202 shift frequencies of 1200 Hz and 2200 Hz
2.7V-5.0V power supply
Transmit-signal wave shaping
Receive band-pass filter
Low power: optimal for intrinsically safe applications
CMOS compatible
Internal oscillator requires 460.8 kHz crystal or ceramic resonator
Meets HART physical layer requirements
Industrial temperature range of -40 °C to +85 °C
Available in a 28-pin PLCC and 32-pin LQFP packages
(LQFP pictured)
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General Description

The HT2015 is a single-chip,CMOS modem for use in Highway Addressable Remote
Transducer (HART) field instruments and masters. The modem and a few external
passive components provide all of the functions needed to satisfy HART physical layer
requirements including modulation, demodulation, receive filtering, carrier detect and
transmit-signal shaping. The HT2015 is pin-compatible with the HT2015. A5191HRT
SYM20C15. See the Pin Description and Functional Description sections for details on pin
compatibility with the HT2015. A5191HRT SYM20CI5.

The HT2015 uses Phase Continuous Frequency Shift Keying (FSK) at 1200 bits per
second. To conserve power the receive circuits are disabled during transmit operations
and vice versa. This provides the half-duplex operation used in HART communications.

E 4 O e ~ ™ D e D Lr = Ei 15 1 | \EFD Biny - P —
Fig. 1 - 28 pin PLCC Pinout Package ig. 2 - 32 pin LQFP Pinout Package
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Signal Type PLCC LQFP Description

TEST1 Input 1 28 Connect to Vss.

TEST2 * 2 29  No connect.

TEST3 2 3 31 No connect.

TEST4 2 4 32 No connect.

TESTS Input 5 1 Connect to Vss.

INRESET Input G 2 Reset all digital logic when low.

TEST7 Input 7 3 Caonnect to Vss.

TESTS Input 8 4 Connect to Vss.

TESTS Input 9 5 Connect to Vss.

OTXA Qutput 10 7 Modulated output transmit analog. FSK modulated HART
transmit signal to 4-20mA loop interface circuit.

|IAREF Input " 8 Analog reference voltage.

ICDREF Input 12 9 Carrier detect reference voltage.

OCBIAS Qutput 13 10 Comparator bias current.

TEST10 Input 14 11 Connect to Vss.

VDDA Fower 15 13 Analog supply voltage.

IRXA Input 16 14 FSK modulated HART receive signal from 4-20mA loop
interface circuit. .

ORXAF Qutput 17 15 Analog receiver filter input.

IRXAC Input 18 16 Analog receive comparator input.

OXTL Qutput 19 17 Crystal oscillator output.

IXTL Input 20 18 Crystal oscillator input.

VS5 Ground 21 6,20 Ground.

VDD Fower 22 21,30 Digital supply voltage.

INRTS Input 23 22  Requestto send.

XD Input 24 23 Input transmit data. Transmitted HART data stream from
UART.

TEST11 % 25 24 No connect.

ORXD Qutput 26 25  Received demodulated HART data to UART.

OoCcD Qutput 27 26 Carrier detect output.

TEST12 * 28 271  No connect.

VSSA Ground * 12,19 Analog ground.



CHIP race Hart JH#E#5(Modem) SM HT2015

Pin Descriptions:

IAREF: Analog Reference Voltage

This analog input sets the dc operating point of the operational amplifiers and
comparators and is usually selected to split the dc potential between Vob and Vss.
See |IAREF in DC Characteristics on page 11.

ICDREF: Carrier Detect Reference Voltage

This analog input controls at which level the carrier detect (OCD) becomes active.
This is determined by the dc voltage difference between ICDREF and IAREF. Selecting
ICDREF - IAREF equal to 0.08Vbc will set the carrier detect to a nominal 100 mVp-p.

INRESET: Reset Digital Logic
When at logic low (Vss) this input holds all the digital logic in Reset. During normal
operation INRESET should be at Voo. INRESET should be held low for a minimum of
10nS after Voo = 2.5 V as shown in Figure 3.

INRTS: Request To Send
This active-low input selects the operation of the modulator. OTXA is enabled when
this signal is low. This signal must be held high during power-up.

IRXA*: Analog Receive Input
This input accepts the 1200/2200 Hz signals from the external filter

IRXAC: Analog Receive Comparator Input
This is the positive input of the carrier detect comparator and the receiver filter
comparator.

ITXD: Digital Transmit Input (CMOS)

This input to the modulator accepts digital data in NRZ form. When ITXD is low, the
modulator output frequency is 2200 Hz. When ITXD is high, the modulator output
frequency is 1200 Hz.

IXTL: Oscillator Input
This input to the internal oscillator must be connected to a parallel mode 460.8 kHz
ceramic resonator when using the internal oscillator or grounded when using an external
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460.8 kHz clock signal.

OCBIAS: Comparator Bias Current

The current through this output controls the operating parameters of the internal
operational amplifiers and comparators. For normal operation, OCBIAS current is set to
2.54A

OCD: Carrier Detect Output

This output goes high when a valid input is recognized on IRXA. If the received signal
is greater than the threshold specified on ICDREF for four cycles of the IRXA signal,
the valid input is recognized.

NRESET

10 NS —+

Figure 3 - Reset Timing

ORXAF*: Analog Receive Filter Output
This signal is the square wave output of the receiver high-pass filter.

ORXD: Digital Receive Output (CMOS)

This signal outputs the digital receive data. When the received signal (IRXA) is
1200 Hz, ORXD outputs logic high. When the received signal (IRXA) is 2200 Hz,
ORXD outputs logic low. ORXD is qualified internally with OCD and is logic high when
OCD is low.

OTXA: Analog Transmit Output

This output provides the trapezoidal signal controlled by ITXD. When ITXD is low, the
output frequency is 2200 Hz. When ITXD is high, the output frequency is 1200 Hz.
This output is active when INRTS is low and 0.5 Voc when INRTS is high.

OXTL: Oscillator Output

This output from the internal oscillator must be connected to an external 460.8kHz
clock signal or to a parallel mode 460.8 kHz ceramic resonator when using the internal
oscillator..

TEST(12:1): Factory Test
These are factory test pins. For normal operation, tie these signals as per Table1.

VDD: Digital Power
This is the power for the digital modem circuitry.
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VDDA: Analog Supply Voltage
This is the power for the analog modem circuitry.

VSS: Ground
This is ground.
VSSA: Analog Ground
This is the analog ground.

Functional Description

The HT2015 is a functional equivalent of the HT2015. A5191HRT SYM20C15 HART
Modem. It contains a transmit data modulator and signal shaper, carrier detect circuitry,
analog receiver and demodulator circuitry and an oscillator, as shown in Figure 4.

The internal HART modem modulates the transmit-signal and demodulates the
receive signal. The transmit-signal shaper enables the HT2015 to transmit a HART
compliant signal.

The carrier is detected by comparing the receiver filter output with
the difference between two external voltage references. The analog receive circuitry
band-pass filters the received signal for input to the modem and the carrier detect circuitry.
The oscillator provides the modem with a stable time base using either a simple external
resonator or an external clock source.

(D —
IExn Modulator and
Control , > OTXA
INRTS — . Transmit Wave -
Logic — :
Shaping
ORXD +— H——L
f— rRxa
-y +—— Carrier Detect | ] . — TRXAC
ach Receive Filter IREAL
— ORXAF
AT «— IAREF
INTL — . :
aeaite: L Demodulator e
-‘_
OXEL —» OCBIA
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Modem Characteristics
HT2015 LOGIC

The modem consists of a modulator and demodulator. The modem uses shift
frequencies of nominally 1200 Hz (for a 1) and 2200 Hz (for a 0). The bit rate is
1200 bits/second.

Modulator

The modulator accepts digital data in NRZ form at the ITXD input and generates the
FSK modulated signal at the OTXA output. INRTS must be a logic low for the modulator
to be active.

Demodulator

The demodulator accepts an FSK signal at the IRXA input and reproduces the
original modulating signal at the ORXD output. Thenominal bit rate is 1200 bits per
second. Figure 5 illustrates the demodulation process.

The output of the demodulator is qualified with the carrier detect signal (OCD),
therefore, only IRXA signals large enough to be detected (100 mVp-p typically) by the
carrier detect circuit produce received serial data at ORXD. Maximum demodulator jitter
is 12 percent of one bit given input frequencies within HART specifications, a clock
frequency of 460.8 kHz (1.0 percent) and zero input (IRXA) asymmetry.

IRXA, ﬁu‘ \,f"'r"u '\f/\

w4

ORXD
| ] I
r Y 01 0 0 :
[ | - [
1/1200 Sec

I 1 501

WWW.Smar.cc



CHIP race Hart JH#E#5(Modem) SM HT2015

TRANSMIT-SIGNAL SHAPER

The transmit-signal shaper generates a HART compliant FSK modulated signal at
OTXA. Figure 6 and Figure 7 show the transmit-signal forms of the HT2015.

For IAREF = 1.235 Vbc, OTXA will have a voltage swing from approximately 0.25 to
0.75 Voc.
CARRIER DETECT CIRCUITRY

The Carrier Detect Comparator shown in Figure 8 generates logic low output if the
IRXAC voltage is below ICDREF. The comparator output is fed into a carrier detect
block (see Figure 4 on page 6). The carrier detect block drives the carrier detect output
pin OCD
high if INRTS is high and four consecutive pulses out of the comparator have arrived.
OCD stays high as long as INRTS is high and the next comparator pulse is received in
less than 2.5 ms. Once OCD goes inactive, it takes four consecutive pulses out of the
comparator to assert OCD again. Four consecutive pulses amount to 3.33 ms when the
received signal is 1200 Hz and to 1.82 ms when the received signal is 2200 HZ.

2~
e
H\-\H\"'\.

B
,f"f |
b

T ..H:\.\;...;....;....; R .:
-
S

200mV M 200ps Ch3r5  AmV

s S T R T Ty : VO LT~
Figure 6 - OTXA Waveform (1200 Hz)
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ANALOG RECEIVER CIRCUITRY

Voltage References
The HT2015 requires two voltage references, IAREF and ICDREF.

IAREF sets the dc operating point of the internal operational amplifiers and
comparators. A 1.235 Voc reference (Analog Devices AD589) is suitable as IAREF.

The level at which OCD (carrier detect) becomes active is determined by the dc
voltage difference (ICDREF -IAREF). Selecting a voltage difference of 0.08 Voc will set
the carrier detect to a nominal 100 mVp-p.

Bias Current Resistor

The HT2015 requires a bias current resistor to be connected between OCBIAS and
Vss. The bias current controls the operating parameters of the internal operational
amplifiers and comparators.

The value of the bias current resistor is determined by the reference voltage
IAREF and the following formula:
IAREF
25pA

The recommended bias current resistor is 499 Kohm; when IAREF is equal to 1.235
Voc. In Figure 8 all external capacitor values have a tolerance of £5 percent and the
resistors have a tolerance of £1 percent, except the 3 ohm; which has a tolerance of +5
percent. External to the HT2015, the filter exhibits a three-pole, high-pass filter at 624 Hz
and a onepole,low-pass filter at 2500 Hz. Internally, the HT2015 has a high-pass pole at
35 Hz and a low-pass pole at 90 kHz. The low-pass pole can vary as much as 30
percent. The input impedance of the entire filter is greater than 150 Kohm; at frequencies
below 50kHz. 2 cs
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OSCILLATOR

The HT2015 requires a 460.8kHz clock signal on OXTL. This can be provided by an
external clock or external components may be connected to the HT2015 internal
oscillator.

Internal Oscillator Option

The oscillator cell will function with either a 460.8 kHz crystal or ceramic resonator. A
parallel resonant ceramic resonator can be connected between OXTL and IXTL. Figure 9
illustrates the crystal option for clock generation using a 460.8 kHz (£l percent tolerance)
parallel resonant crystal and two tuning capacitors. The actual values of the capacitors
may depend on the recommendations of the manufacturer of the resonator. Typically,
capacitors in the range of 100 pF to 470pF are used.

External Clock Option

It may be desirable to use an external 460.8 kHz clock as shown in Figure 10 rather
than the internal oscillator because of the high cost and low availability of ceramic
resonators. In addition, the HT2015 consumes less current when an external clock is
used. Minimum current consumption occurs with the clock connected to OXTL and
IXTL connected to Vss.

8%]
2
OSCILLATOR

— -

CELL
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Electrical Characteristics

ABSOLUTE MAXIMUMS
Symbol Parameter Min. Max. Units
Ta Ambient Af) +85 €
Ts Storage Temperature -55 150 C
Voo f?.um::l:.r Voltage 27 6.0 v
Viy, Vour | DC Input, Cutput AT Voo + .3 v
T Lead Temperature (soldering) 250 C

Cautions:

1. CMOS devices are damaged by high-snengy electrostatic discharge. Devices must be stored in conductive
foam or with all pins shunted. Precautions should be taken to avoid application of voltages higher than the
maximum rafing. Stresses above absclute maximum ratings may result in damage to the device.

2. Remove power before insertion or removal of this device.

DC CHARACTERISTICS
(Voo = 3.0V to 5.5V, Vas =0V, Ta=-40C to +85C)
Symbol Parameter Voo Min. Typical Max. Units
Vi Input Voltage, Low 3.0-55 3% Voo )
Viv Input Voltage 30-55] .7 Voo v
Voo Output Voltage, Low (1oL = 57TmA) 30-55 A v
Von Output Voltage, High (ioH= 67Tma) | 3.0-5.5 24 v
Cm Input Capacitance 29 pF
Analog Input 25
IRXA 3.5
Digital Input
{112} Input Leakage Current +-500 nA
loLe Output Leakage Current +-10 it
Ioo Power Supply Current 3.3 150 180 it}
{REIAS = 500kn, IAREF = 1.235V) 5.0 170 00
IAREF | Analog Reference 3.3 1.2 1.235 2.6 )
5.0 25
1 ICOREFF * | TCamear Natert Raforanra 1 1 14F 1 v
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AC CHARACTERISTICS
(Voo = 3.0V to 5.5V, Vss=0V, Ta=-40C to +85C)
IRXA Receive Analog Input
Leakage Current +-150 ni
Frequency - Mark (Logic 1) 1190 1200 1210 Hz
Frequency - Space (Logic 0) 2180 2200 2220 Hz
ORXAF | Output of the High-pass Filter
Slew Rate 025 Vips
Gain Bandwidth (GBW) 150 kHz
Voltage Range A5 VoD - .15 Vips
IRXAC | Carrier Detect & Receive Filter Input
Leakage Current +-500 ni
OTXA | Modulator Output
Frequency * - Mark {Logic 1) 1196.9 Hz
Frequency - Space (Logic 0) 21943 Hz
Amplitude (IAREF 1.235 V) S00 my pp
Slope 279 m\ips
Loading (IAREF = 1.235 V) 30 k2
ORXD | Receive Digital Cutput ns
Rise/Fall Time 20
OCD Carrier Detect Output ns
Rise/Fall Time 20

" The modular output frequencies are proportional o the input clock frequency (480.8 kHz)

MODEM CHARACTERISTIC

(Voo = 2.7V to 5.5V, Vss =0V, Ta=40Cto +85C)

Demodulator Jitter
Conditions 12 % of 1 bit
1. Input frequencies at 1200 Hz +/-10 Hz,
2200 Hz +/-20 Hz
2. Clock frequency of 460.8 kHz +/-0.1%
3. Input (HLXA) asymmetry, 0

CERAMIC RESONATOR - EXTERNAL CLOCK SPECIFICATIONS
(Voo = 2.7V to 5.5V, Vss =0V, Ta=-40C to +85C)
Parameter Min. Typical Max Units

Resonator
Tolerance 1.0 %
Frequency 460.8 kHz
Extemal
Clock Frequency 456.2 460.8 465.4 kHz
Duty Cycle 40 50 &0 %
Amplitude Vos - Vo ')
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Mechanical Specification

Symbaol Min Nom Max

A A65 A72 A80
A 099 A1 A10
D A85 480 495
D1 A50 A52 A55
D2 390 420 430
D3 .300 REF
E A5 480 495
E1 A50 452 A55
Ez2 390 420 430
E3 .300 REF
e {050 BSC
]
Lfa)
2o —PIN 1 D |
LE:TL’ / IDENTIFIER & ZONE | 0 :
S i M W ‘
Wl 1 11
I gl
5 L2 [
4l [0 + 1
= M
I R
N D3 -
032/ .076
/ \ SEATING PLANE
L i

<

Vi

20 min

021/.013 ||
Dz /Ez |

r 1

R 048 [ 025

Figure 11 - 28-pin PLCC Mechanical Specification
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Symbol Min Nom Max
A - - 1.60
Ad 05 .01 A5
Az 1.35 1.40 1.45
1] 9.00 BSC
Drz 4.50 BSC
D 7.00 BSC
E 9.00 BSC
Er2 4.50 BSC
E1 7.00 BSC
L 45 60 | 75
e B0 BSC
b 30 a7 A5
C 04 - 20
CCC - - A0
ddd - - 20
D
- D2 - D/2
D1

0.20 min

DETAIL A

SEE DETAIL A

1.00 (REF)
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