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Features and Benefits

+ 750 mA, 30 V FiE
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24 pin SOIC

Functional Block Diagram
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P B AR D B LIRS
WER
Part Number Package Packing
HR3967 24-pin SOIC (SOP24) 1000 per reel
TAERIR
Characteristic Symbol Notes Rating Units
LY HL S Vi 30 \Y%
P25 1) v B HL Y L R Vee 7.0 \Y%
N . ty>30ns —0.3t07.0 A%
1B A L L Vin
ty<30ns -1t07.0 A\
KA HL VsEnsEx 0.68 \%
MANSHHE VREFx Vee mA
i Y LR /INSZ o 2R LG PR R
5 " y G
BRI Z I, Rie e | Bk 750 | mA
B 4 HLUA Iour | 1L, AZLERGTE E R HUE
11150°C.
T ARSI Pp U - -
AR B B Ta Range S -20 to 85 °C
WS AE T PR SR s H B R R
yEyE " - c oo v . . °
ARG T | a5 ARSI A, AR DR G 150 c
LA Tye 5510150 | °C
Thermal Characteristics
Characteristic Symbol Test Conditions Value. Units
Package Thermal Resistance 2-layer PCB, 1.3 in.? 2-0z. exposed copper 50 °C/W
Ry
Junctionto Ambient " 4-layer PCB, based on JEDEC standard 35 °C/W
5 T
\
Rgyr = 6.0°C/W “
1
4 Y
1
1
1
1
\ 1
3 ~ r
\
\ Ryp = 35°CW L
— [
2 T l...~ Il‘
Raua = S0°C/W ™~ -~ "““’\,‘ ‘I|
1 R LS
S ~ 1
--.-n.h.:b\\ l‘
e
0 ﬁh%’"!
25 50 75 100 125 150
TEMPERATURE IN °C
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HURFYE, 976 Ta = 25°C, Vo = 35V, Vec=3.0 to S5VIHIE, BRIEASFRH.

o . Limits
Characteristic Symbol Test Conditions - -
Min. Typ. Max. ‘ Units
T H 3R 3h
. . Operating 4.75 - 30 \%
H L FEL Y HE P Vas ;
During sleep mode 0 - 30 \%
. N VOUT = VBB - <1.0 20 uA
i 4 s LR Icex
VOUT =0V - <-1.0 -20 uA
Source driver, Iyt = -750 mA - 1.9 2.1 Vv
N Source driver, Iyt = -400 mA - 1.7 20 \%
it PR R T Veg(sat) ———
Sink driver, Ioyr = 750 mA - 0.65 1.3 \'%
Sink driver, loyr =400 mA - 0.21 0.5 \%
SO Iz =750 mA - 1.4 1.6 v
PR R A P Ve
Iz =400 mA - 1.1 1.4 v
Outputs enabled - - 50 | mA
Lhk W s IR Ins RESET high - ) 200 | uA
Sleep mode - - 20 uA
EHIZHE
T Y s Y Vee Operating 3.0 5.0 55 \Y%
—— Vino) 0.7Vee - Y
bR RPN
VIN(O) - - 0-3VCC \Y
. o N N IIN(I) VIN = 0-7VCC -20 <1.0 20 uA
AR N R
IIN(O) VIN = 0~3VCC -20 <1.0 20 uA
5 KSTEPAIAR forep 500% - - | kHz
Blank Time tBLANK th 56kQ N C1= 680 pF 700 950 1200 ns
[#] 58 ZE YR (1] tosr R, =56 kQ, C;= 680 pF 30 38 46 us
HT—R
L1 ORI E R R
MS1  MS2 Resolution
L L 4201t (2 phase)
H L 1/2:53
L H 1/45 3
H H 1/84 3
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HURFYE, 97 Ta = 25°C, Vo = 35V, Vec=3.0 to S5VIHIE, BRIEASFRH.

L . Limits
Characteristic Symbol Test Conditions - -
Min. Typ. Max. | Units
b S
§ N . PFDH - 0.6Vce - A%
TR S U A i K H
PFDL - 0.21Vee - \%
REF47 N\ H R 30 [ VREF Operating 1.0 - Vee \Y
REF#i A\ BT Zrer 120 160 200 | kQ
Vrer = 2V, Phase Current = 38.37%
- - +10 %
T
RN Vrer =2 V, Phase Current = 70.71%
355 Z2E: (note 3) Eg T"EF - - 50| %
Vrer =2V, Phase Current =
- - +5.0 %
100.00% T
O il T, - 165 - °C
ORI Hir AT, - 15 - °C
AN =LA Vuvio Increasing Ve 2.45 2.7 2.95 \%
ADE L AP asii AVuyyro 0.05 0.10 - A%
Outputs enabled - 50 65 mA
1255 P A N HLIR Tee Outputs off - - 9.0 mA
Sleep mode - - 20 uA
R LGB = 1 Step S TAEZATATHY, EAHEE.
1 8 microstep/step operation
NOTES: 1. B SH RN Bt 5%.
2. SRS SR BT RHRE IR 1 F R HE P p in il
3. Eg = ([Vrer/8] = Vsense)/ (vrer/8)
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Ty RE b

B TAE: HR3967/&— 3N B e 10 A0 4 4 i p LK S)
B, DA R 2 R0 T 44, RRIRSOUI ik LA4s . 172,
VAR /8 REEAT. e iitad AN 14 1 H i 0 e — AN [ e
BOb IR PWM L FE ], DABR L G 38 e — MR
PR —ANDHE, I LI PRI el A1 FRLIACRAE FBH R AP
2 B L Ve DA X DACH i HH L W5 o TTDACH % HH FiL s
FHTRANSLATORI¥Z 8% AT R, 7= AR LIRS 1
G LR

HLE R I, R DACH i AR AL IR BT A
HOME# it N XF I (RIB AR, 4 AR U P i 80 ok T 5
WA MSTEP(E 5 AR S Bl i, DACHBI#EAN T —
ANG WY, AR Bk AR AR X R TR B AR th#R2%)
KPR, BRECD I EEHIBHMST. MS2#t5E, HABEAEER W
1,

STEP_ LTl Ay, U sR N — I DACHT AR T4 1T — 2 0
B, FEE APFDAI S g O TERAS N (PREEL 125k
REFED » WA —HMDACK I & 1200 — 2,
e HRENE A RE DA AR s A D) o 7 ik
IBRIRGENE, WU T BIKIB I .

FAFN (NRESET): RESETHA (IRHLAA 0 1615
TRANSLATORIR R A 4R As, Wi BT B DMOSHir i,  HOME%r 45 4
{RHL P, BEISTEPHI AN TCR, B RIRESETPPEAR Jy i H P 1k o

STEPHI A\ (STEP): STEP{5 5 5 H P+ fish /% 5 %%, 8 3l TRANSLATOR
i, REASSTEP oy H Pl R AT AT HUHLAT — ANk A .
TRANSLATOR¥ HIDACIH) 4t NNt Bk £ Bl () b it 1) s f—20
HE R R IR/ NG 5y £ JBE FHMS LRIMS 256 N 3B 48 f bl . FLA
W R WAL,
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WP R ERE (MS1. MS2) : MSURIMS2yk 5E bk (4 77
R, AR AR B K LK 1 MS1 MS2 AR A5 4k 76~ —NSTEP
L FAS RISk 2 T AN A

ikEg) 7 mEH] (DIRD « IDRE A I ik (K5 5 J 1] o

P EBPWME SR ®]: A NHBF A AN B 2 b 1N 1A

PWM AL L, AR 6 3 i /e — D 90,
SIS 4 5B IDMOS (—tt [ FHFED 4 T bR A,

HLFLAZE HUHLSR 4RI SENCE BT B2 1A Fif BURE B (LI

S ICRE LB PR P B 25 T-DACHI St HLUIR I, LR IORE LA 3
PWM#EIAF 85200, ISR IR S8 (AR, dh AN R
2 SRR SCHTIE BRI (R BE AR SR
B W E E6 2 8 A T B Y b 6 P2 S A R D e 8 2 )
[ s L I T 45 5k 1k e ARG, IERR B R R B,
HLSRA P R, B AAPWMIEFRSE K. b, 35K B Ivax
2 R FhLBFL R FRL R EURE L2310 A HEL SPVREF 4281170 -

lrrPmax=Vrer / 8Rs
KD IS FB A S KAL) P20 B, 3R -

ltrip = (%ITR|pmax/1 OO)TTR|pmax
P T YR R s A0 SN Hhl L 2 FH — ANtk 2l 2 1)
RSO TR SEfkeR i), Bt tHAMERy FICT YE. Cr=

470 pF ~ 1500 pF, Ry=12kQ ~100kQ
torr = RrCr
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Ry RE b

R (Blanking): k& T PWMEs b i 1% 1 i 2 TN ), Cr %
SE T UIR AR T BT IR] o 24 oy Ay 08 PR 42 1) P B 42 b 1 T
ORI, MCTHRERR R T LL A i rni A, DAL 1A i
B I S 10 W 52 LA S A AT RS I I DGR A 5 1 1y ded e %
Koo T BRI ()t ank 0 HI R 3UA 5

tBLANK = 14OOCT

fEREBIA(NENABLE): M AT AFET i IIT 6. 24
TN P, S G IO ISR T, Py
ffREHAEN . 0285 ANSTEP, DIR, MSLFIMS2, LALK NI
W, AR, ShSLFnENABLESIA o

SHUTDOWN GMr: i A b i (47 s & AEVCPII X
FE P8, SHUTDOWNZ) B 14 LA , It v e (1) 1E 46 DO e e 2 1k
LB ER B BISHUTDOWN AL o fEFL it b ferh, VDD Hsid
A1k B H IR, VDD Hs P O A7 H DMOS FRL S 435 5G
T, HOME%r 4 e & h WA IR o

PRERAE (NSLEEP): Y4 SLEEP 5| i A AR T N, 24k
FEHENARIRA S, TR PRS2 R R TG . 1R AARHRASE
UG BLER RS> P L M S DMOS Ay FL . T 3% A H
Ff R AEARHAT IR TAE . MBI ) s iSRGk E )
I PRSI AR R T 2 HOME CIRZS, T B
WA A Pk S A e (LA, 7% SLEEP 15 & Hi P B 1ms J& STEP
{55 A REIER .

Typical output saturation voltages showing

sink-driver operation.

PFD: 44BN — B HISTEPS 5, AT 2 AT — A
STEPHVRE I, firth b N IR kA a: 1858, Pl
LW, R FHMEF S HPFDI LR s o 4PFDHL KT
0.6Veeht, JERAMEER, WRPFDHE/NT0.21Vee, 3
KPR, AR Z I, R VR A s

BETZRBER. : WHRPFDAT0. 8VocM0. 21V Z il
K HE TR A RO o LR A p A R — AN PWM
FHI ] 52 A RS TR 2 R, MR AN SE G 7 M L RIA B
KMt Imax)s, 290k HE NS0 4 SENSE E ¥ HURE
PR FE )% 22 PFD )3 FEL S Veepo i tep IR EENG , 2311
A B e W= IS 1 b L N 7 N N S O
TR YA 2 IS (F) tep A -

tro=R71*C1*In (0. 6Vcc / Vprp)

25
Ta=425°C
E 210
5 —
F SOURCE DRIVER
g |
s 18
-l
=]
=
§ 10 /
: /
= ]
= 05 —— —
= —
E SINE DRIVER —
2 r
X _.-—T-"T_—I
200 300 L L] S00 B0 700

QUTPUT CURRENT IN MILLIAMPERES
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FEL R AR B (5 5 I P _E R K

(TA=+25°C, Vee =5V, Logic Levels are V¢ and Ground)

STEP S0%

- C D

MS1MSZ
DIR/RESET
E —=
r i
SLEEP

A. Minimum Command Active Time

Before Step Pulse (Data Set-Up Time)....... 200 ns

B. Minimum Command Active Time

After Step Pulse (Data Hold Time)............. 200 ns
C. Minimum STEP Pulse Width ...................... 1.0 vs
D. Minimum STEP Low Time .........c.cccceuenee. 1.0 vs
E. Maximum Wake-Up Time .........ccecvevverrennenns 1.0 ms
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CEVIVAEL PSS

Layout: #iUfii ok HLS kit i .

NP B A ORI RE i HH KBl 5 A B A
FLERAR Lo

X AUHLHLIRVEB,  NAZIE AN/ T-ATuF (K L7 AT R 75
PSS AT B AR S A

N T T G A d v/ d AR e S ) P AR T A, K ) FL i
Bt i L R e I 2 A A N\ O (4 G

MW B AGNDRIPGND [ 25 Wb 25 AE 5 A ki Bz o JITAT
bk AR NOERLAE ik, HIEZOENSUS T REML. —4>
REF AT AR A B e e, K2 — ML it
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FVRHRE R B : b 7/ 2k b 25 A s RS LR
WRZE, GURMIRZE . BRI B A S B AR AT )
HhE L L, IR e

SNBEAE GRS, I FRs LAY R F&V=T*Rs1R /)5, PCB_L %Lk
JERS ok BT 20, X ek,

PCBJS 58 6 G i U A 4 A8, 0o e ) 3 42 L L W7
SUERS IR/, X HLBRIE IR ZE o RSTEINIEFEEAE T 41

2~

Rs :O.S/Impmax

FOOR 224 P 358 Hl i S5 L 150 °C I, IR BEE T4 T4
KIS IR . bR R F i LR e R P
e AT R, T AN 0 R R TR 0 A R . BAOG
W B L 7 1K/ R 15°C
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2. Step Sequencing
Home State = 45°C Step Angle, DIR=H

Phase 1 Current Phase 2 Current
Full Step | Half Step Y4 Step YStep (%l4ripmax) (%6lyripmax) Step f\ngle
(%) (%) ©
1 1 1 100.00 0.00 0.0
2 98.08 19.51 11.3
2 3 92.39 38.27 22.5
4 83.15 55.56 33.8
1 2 3 5 70.71 70.71 45.0
6 55.56 83.15 56.3
4 7 38.27 92.39 67.5
8 19.51 98.08 78.8
3 5 9 0.00 100.00 90.0
10 —19.51 98.08 101.3
6 11 —38.27 92.39 112.5
12 —55.56 83.15 123.8
2 4 7 13 -70.71 70.71 135.0
14 -83.15 55.56 146.3
8 15 -92.39 38.27 157.5
16 -98.08 19.51 168.8
5 9 17 —100.00 0.00 180.0
18 -98.08 -19.51 191.3
10 19 -92.39 -38.27 202.5
20 -83.15 -55.56 213.8
3 6 11 21 -70.71 -70.71 225.0
22 -55.56 -83.15 236.3
12 23 -38.27 -92.39 247.5
24 -19.51 -98.08 258.8
7 13 25 0.00 —100.00 270.0
26 19.51 —98.08 281.3
14 27 38.27 -92.39 292.5
28 55.56 —83.15 303.8
4 8 15 29 70.71 —70.71 315.0
30 83.15 —55.56 326.3
16 31 92.39 -38.27 337.5
32 98.08 -19.51 348.8
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STEP
INPUT

70.7%

PHASE 1
CURRENT

—70.7%

70.7%

PHASE 2
CURRENT

-70.7%

Full Step Operation
MS;=MS,=L,DIR=H

SLOW
DECAY g
SLOW
DECAY >
== — |

The vector addition of the output currents at any step is100%.
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Full Step Operation
MS,=H,MS,=L,DIR=H

STEP
weor LT LML L L L L L
§>- o> g)— Qz g>— o> g)— Qé
<9§pq§5h19§h<§8p49§b<§5-19§r<§8>
= =4 O -a m 0 =a DN =0
100% ——  —
70.7% m—
PHASE 1
CURRENT

—70.7% '
-1 DD‘M‘: _I— _I_

a > =X Q> > a > = o Q> >
< < = < < =
<§Bh198b4§§hqgﬁhdﬁahngahqﬁéhdgﬁb
=0 w A =0 A =0 WA =0 WA
100%
70.7% —t———
PHASE 2
CURRENT

=70.7% _I_I
-100%

The mixed-decay mode is controlled by the percent fast decay voltage (Vprp). If the voltage at the PFD input is greater than 0.6Vc then
slow-decay mode is selected. If the voltage on the PFD input is less than 0.21Vc then fast-decay mode is selected. Mixed decay is between

these two levels.
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Quarter Step Operation
MS, =L, MS,=H, DIR =H

wor J LU
INPUT

SLOW MIXED SLOW MIXED
DECAY DECAY DECAY DECAY

100%
70.7% —
38.3%

PHASE 1
CURRENT

-38.3%

~70.7%
-100% ——

MIXED SLOW MIXED SLOW
*— DEcAY — "% DEcAY — ™% DEcaY — TI¥  DECAY — ™

100%
70.7%

38.3%

PHASE 2
CURRENT

-38.3%

-100%

The mixed-decay mode is controlled by the percent fast decay voltage (Vprp). If the voltage at the PFD input is greater than 0.6 V¢ then
slow-decay mode is selected. If the voltage on the PFD input is less than 0.21Vc then fast-decay mode is selected. Mixed decay is between

these two levels
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8 Microstep/Step Operation
MS,=MS, =H, DIR =H

eor INULLALULL UL AT
INPUT

“— pecay 1+ pecay 1+ pEcay T+ DEcay —>
100% —
70.7% —
38.3% —
PHASE 1
CURRENT

-38.3%
=70.7%

~100% ™

MIXED sLow MIXED SLOW
= pEcaY — "% DECAY ""‘ DECAY — T DEcay — *

100%
70.7%

38.3%

PHASE 2
CURRENT

-38.3% ——--—

=70.7% —
=100% m—

The mixed-decay mode is controlled by the percent fast decay voltage (Vpgp). If the voltage at the PFD input is greater than
0.6V then slow-decay mode is selected. If the voltage on the PFD input is less than 0.21Vc then fast-decay mode is selected.

Mixed decay is between these two levels.
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Pin-out Diagram

REF PFD
RC2 RC1
SLEEF RESET
OUTza OUT1e
p.-,;.:'»ﬁﬁ? ;ﬁggl Y1
GND GND
GND | GND
SENSE2 . SEMSE1
> ML
ClUTza . [ | = OUT1a
STEP TRANSLATOR ENABLE
& CONTROL
S Mz
Terminal Terminal
Name Terminal Description Number
REF Gm reference input 1
RC2 Analog input for fixed offtime — bridge 2 2
SLEEP Logic input 3
OUT2B H bridge 2 output B 4
LOAD SUPPLY2 VBB2, the load supply for bridge 2 5
GND Analog and power ground 6,7
SENSE2 Sense resistor for bridge 2 8
OUT2A H bridge 2 output A 9
STEP Logic input 10
DIR Logic Input 11
MS1 Logic input 12
MS2 Logic input 13
LOGIC SUPPLY VCC, the logic supply voltage 14
ENABLE Logic input 15
OUTI1A H bridge 1 output A 16
SENSE1 Sense resistor for bridge 1 17
GND Analog and power ground 18, 19
LOAD SUPPLY1 VBBI, the load supply for bridge 1 20
OUTI1B H bridge 1 output B 21
RESET Logic input 22
RCl1 Analog Input for fixed offtime — bridge 1 23
PFD Mixed decay setting 24
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Package SOP24

.

Y

HARARAAAFA

!

ilil

-
—_—

T

| b

“
o

I

iHBHHBHEHG

——

AR

—

-7

———

85 5 5 5 5 B B B

Dimensions In Millimeters Dimensions In Inches
Symbol : X
Min Max Min Max
A 2. 350 2. 650 0.093 0.104
A1 0.100 0. 300 0.004 0.012
A2 2.100 2. 500 0.083 0.098
0. 330 0.510 0.013 0. 020
C 0.204 0. 330 0. 008 0.013
D 15. 200 15. 600 0. 598 0.614
E 7. 400 7. 600 0.291 0.299
E1 10. 210 10. 610 0. 402 0.418
e 1. 270 (BSC) 0. 050 (BSC)
L 0. 400 1.270 0.016 0. 050
0 0° 8° 0° 8°
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