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MRS

i HH PR e VSS — 0.3V ~ VSS+6V iR g -——--50° C ~ 125° C
AN} AR VSS —0.3V ~VDD+0.3V TAEHREE-—--40° C ~ 85° C
D.C. Characteristics WVoo=2 4V~5.5V, Ta=25°C (Unless otherwise specified)
Test Conditions
Sym bol Parameter Voo Conditions Min. Typ. Maox. Unit
Voo Operating Voltage — — 2.4 5.0 5.5 v
oo Operating Cument av ::_;?;"ngsgttm — 0.5 1.0 mA
st Stand by Current 2V Mo lpad, power down mode — 1 5 h
Vi Input Low Voltage 5V |DATA, WR,CS, RD 0 — | 0.3Vpo
ViH Input High Voltage 5V |DATA, WR,CS,RD 07Voo | — 5
ke 4 OSC, SYNC, DATA 5V |V =05V 10 20 - mi
lons OSC, SYMC, DATA 5V |Vew=4.5V 5 10 - mi
loLz ROW Sink Current 5V Vo =05V 10 _ - mA
lomz ROW Source Cumrent 5 [ Vie=4.5V AD - . it
loLs COM Sink Current 5V Vg =05V 250 . _ m
loHa COM Source Current oV | Vioy=2.5V 40 — — mf
R Pull-high Resistor 5V |DATA, WR,CS, RD 10 30 60 k0
A.C. Characteristics Vop=2.4V~5.5V, Ta=25°C {Unless otherwise specified)
EE; Symbol Parameter Tost Condi'.tif:}ns Min. Typ. Max. Unit
Voo Conditions
% favs System Clock 5V | On-chip RC oscillator 230 256 282 kHz
% o LED Duty Cyde & Frame SV | 1/8 duty —  |fovsf2624 | — Hz
= Frequency 5V |1/16 duty | fayuieB2e | Hz
%ﬁ fouk Serial Data Clock (WR pin) 5V |Duty cyde 50% — — 1 MHz
. foie Serial Data Clock (RD pin) 5V |Duty cyde 50% - - 500 kHz
tes E:-,;tar: Interface Reset Pulse _|zs 250 o o e
towx WR, RD Input Pulse Width sy [mte mode o5 — — us
Read mode 1.0 — —

Rise/Fall Time Serial Data
W Clock Width (Figure 1) — — — 50 100 ns

Setup Time for DATA to WR,

e RD Clock Width {Figure 2)

Hold Time for DATA to WR, RD,
b Clock Width {Figure 2) - — 100 200 — ns

Setup Time for CS to WR, RD,
e Clock Width (Figure 3) - — 200 300 - ns

Hold Time for CS to WR, RD,
Clock Width (Figure 3)
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WIRTE %3 - RAM
B ASATfidt i FH AT
T RoR B,
WearEhy e4*a frEg
H96%4 A, W AR R
B B OR
32ROW&8COM, NI
RAM K/ 64*4 47,
LU S A= S U
24ROW&16COM , ]
RAM K7\ 96* 4 437
RAM o A7 T80 £ 4l
o HIERIR I )
LED. 414 RAM %4i%
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THE RN, RAM
H BT L
A B PA R BB L
5. RAM AT LLIEE 0
LT RS 2R &
A

ROWO
ROW1
ROW2
ROW3
ROW4
ROWS
ROWE
ROWT
ROWSE
ROWS
ROW10
ROW11
ROW12
ROW13
ROW14
ROW15
ROW1E
ROW1T
ROW18
ROW19
ROW20
ROW21
ROW22
ROW23
ROW24
ROW25
ROW2E6
ROW2T
ROW28
ROW29
ROW30
ROW31

COM7 COME COM5 COM4 COM3 COM2 COM1 COMD
01H DOH
03H 02H
05H 04H
07TH DEH
09H 0EH
DBH DAH
0DH OCH
OFH DEH
11H 10H
13H 12H
15H 14H
17H 16H
19H 18H
1BH 1AH
1DH 1CH
1FH 1EH
21H 20H
23H 22H
25H 24H
2TH 26H
29H 28H
2BH 2AH
2DH 2CH
2FH 2EH
A1H 30H
33H 32H
A5H 34H
37H 36H
39H 38H
3BH IAH
IDH ACH
IFH IEH
D3 D2 D1 DO D3 D2 D1 DO

Addr.
Data

Addr.
Data

F

4l
-

32 ROW & 8 COM for 644 Display RAM




COM15 COM14 COM13 COMiIZ @ . COM3 cCOmz COM1 COMO

ROWO 03H 00H
ROW1 07H 04H
ROWZ 0EH 0&H
ROW3 0OFH OCH
ROW4 13H 10H
ROWS 17H 14H
ROWG 1EH 18H
ROWT 1FH 1CH
ROWS Z3H 20H
ROWI Z7TH 24H
ROW10 ZBH 28H
ROWA1 ZFH | e 2CH
ROW12 33H 30H
ROW13 37TH HH
ROW14 3BH 38H
ROW15 3FH 3CH
ROW16 43H 40H
ROWAIT 47H 44H
ROW18 4BH 46H
ROW19 4FH 4CH
ROW2Z0 53H S0H
ROWZ1 57H 54H
ROWZ2 5BH S8H
ROWZ3 5FH | e SCH
D3 Dz D1 Do ar D3 Dz D1 Do w_
Data D ata
- -

24 ROW & 16 COM for 96~ 4 Display RAM

RGN 8.

TH1632C [RGB IR ™ A R S8 TAE I 4548, LED X  OSC -+ Extemal Clock Source ——
S B, SACINERTT LU EL A Y RC R (256KH), Bk Ean{higggzxiuumrjgﬁT
M S/W B E AN BN . ARG A iR R . 4
SYS DIS iy & HAT I, RGEMEM1E, LED TAEIRERIEHECH],
XIS HBEEN 5 A RC ki — BRGNS BME 1L, LED Bon A H, WEA 2 R HIfE. LED_OFF
1T KIS LED TAEFRIN. LED TARMRIAOCHIZ i, JT SYS DIS fird A HYTISC, 7 <. Hit
U ST AN I BRI (1, AT SYS DIS i AN REME OGP HRY s LASCHATA . ShiARdR B vl BLd g
OSC & AR I phiide, FEXAELL T, REGUHAREREA . £ RS LN, HT1632C 4&7E SYS DIS Ik
5F.

System Oscillator Configuration



LED IX3):

HT1632C %15 256 (32*8) Al 384 (24*16) iz LED
9Bl ATLAOsOE R 32%8 B 24816 SR,
it AT LA B N-MOS B P-MOS i H Ui . XSRS
HT1632C 1] LLIE WY 2 FAN A led N 3765 o LED GK ) I )it
T ARG KB PG DL N PR Tk s 256KHz
B MM 2. LED AHXT R4 il 5l an 38 /s o

com

HAHHAAT) 10 0 ppifran e SRy & 002 24 Hi )
T T AR U A0 . LED OFF i A2l G T

VEARFR K5 ] LED ¥ %7, LED ON i A38 iH FT7F LED TAE7
R IRZE LED .

RDEAT
HT1632C A INSRIIAE, NERIIA
FF BLINK ON FT AR ] BLINK OFF R SIZHE .

LED

TurnDn
CI255

Tum Off
025z

F

Command
Name Code Function

LED OFF | 10000000010X | Turn off LED outputs

LED ON | 10000000011 | Turm on LED outputs
ab=00: N-MOS open
drain output and 8 com-
mon option
ab=01: N-MOS open
drain output and 16

Commons common option

Option | 10000108bXXX | 1 —10: P-MOS open

drain output and 8 com-
moan option

ab=11: P-MOS open
drain output and 16
common option

B4 A ) LED (NI, TNIRIEZEA 0.25s JT 0.25s XK

RERATINERST

Blink On

Example of Waveform for Blinker

i A

S/W #E W LIELE HT1632C, 1 Ry S8 ki &
HT1632C 1) %5 DL ALk LED o idts. dr kRl 10
0, MAMNXHRAME WL RANPhEF w4, LED BlE
LM B AEAEEN L 5. s
o ATELZEEHAE DR ) A ar 2B 1D B
T PRI % A A 2 FIEE AL AT 3%, W R A 4%
IR R G TAEAE AR Sk dr 4 5 R IE
—H/CS BE 0, —ANBTIHERERR U EER RN

A FIBIT A2

E(c5Se

Blirk Off
Operation Mode (0]
Read Data 110
Write Data 101
Read-Modify-Write Data 101
Command Command 100

EatAh, W SR hRIR(1D) 100 AT LU #T I o
AL, W/CS TSI AZACE 1, SEnr i E R S a2,




Sh AR
MCU 5 HT1632CiH 15 K i EEatR4efin] . /CSHISRATRE Hh 474 LIE 5 I &% DL & 2401 H 5 AMEMCU R AE

R /CSHE L, W Ry 2 L2 1F . If the CS pinis set to 1, the data and command issued between the
host controller and the HT1632C are first disabled and then initialized . DATATG|Zk H K AT4E4 s, /RDSIZH]
KA AT B, , RAMEE 75 /RDIF) T BRI, 1B 2 fEDATA S | 2 AR . /WR | 4 HIK 5 N5 4,
s, Huhb RG22 TEDATAS | 26 G S ALE/WRI R B U . #EFF: MCUTE [ — Mkt B, £ F
B 5 5l

Timing Diagrams

READ Meode — Command Code=110

cs | |
we WULLLLULLLE PYRYPYEYRSRYRYRYRYR!
o g s

DATA 1 1|0 [A6A5 A4 A3 A2 A1A0[DOD1D2D3[>[1 1|0 [A6 AS A4 A3 A2 A1 AD|DO D1 D2 D3|
Memory Address 1 (MA1) Data (MA1) Memory Address 2 (MA2) Data (MAZ)

READ Mode — Successive Address Reading

s |

RD el

DATA 1 1|0 |AB A5 A4 A3 A2 A1 AO|DO D1 D2 D3|D0 D1 D2 D3|D0 D1 D2 D3|D0 D1 D2 D3|D0
Memory Address (MA) Data (MA) Data (MA+1) Data (MA+2) Data (MA+3)

WRITE Mode - Command Code =101

cs | [ [
WR AAABAALAAL LU DU AR

DATA 1[0 |1 [ABA5 A4 A3 A2 A1 A0[DOD1 D2 D3[<] 1|0 | 1 [A6 A5 A4 A3 A2 A1 AD|DO D1 D2 D3|
Memory Address 1 (MA1) Data (MA1) Memory Address 2 (MA2) Data (MAZ)

WRITE Mode — Successive Address Writing

DATA 1|0 ] 1|A8 A5 A4 A3 A2 A1 A0|DO D1 D2 D3|D0 D1 D2 D3|DO0 D1 D2 D3[D0 D1 D2 D3[D0
Memory Address (MA) Data (MA) Data (MA+1) Data (MA+2) Data (MA+3)




READ-MODIFY-WRITE Mode - Command Code =10 1

cs | |

DATA 1 m 1 |A6 A5 A4 A3 A2 A1 A0|DO D1 D2 D3|D0 D1 D2 D3[X] 1 ﬂ 1 [A6 A5 A4 A3 A2 A1A0|D0 D1 D2 D3|
Memory Address 1 (MA1) Data (MA1) Data (MA1) Memory Address 2 (MA2) Data (MA2)

READ-MODIFY-WRITE Mode — Successive Address Accessing

cs |

RD e N G e NG N S

DATA 1 0| 1|A6 A5 A4 A3 A2 A1 A0[D0 D1 D2 D3|D0 D1 D2 D3|D0 D1 D2 D3{D0 D1 D2 D3|D0 D1 D2 D3|D0
Memory Address (MA) Data (MA) Data (MA) Data (MA+1) Data (MA+1) Data (MA+2)

Command Mode - Command Code=100

cs | 1

wR AL BULBURL AU BHE LA RLE L BB

DATA 1|0 o|csc7cecsca caczcet co|{X)xcs c7 cscs ca c3czct co X XXX XX

Command 1 Command... Command i Command
or
Data Mode

Mode - Data and Command Mode

cs | | [
wrR o AV AML L LIAMVAMAL AL AV AL
oata  XDXDSPOOCK/ /00 DXDXDXPOOO/ /KX DXDXDDAGKX/ /XXX

Command Command Command
or Address and Data or Address and Data or Address and Data
Data Mode Data Mode Data Mode



Application Circuits

Low Power LED Application (Direct Drive)

+ 32 ROW = 8 COM example

cs » O
WR » WR
RO » RO
DATA | e DATA
MCU
osC

ROWO-
ROW31

HT1632C

COMI-
COM7

Mote: Values of the "R" resistors are selected depending on the power consumption of the LEDs.

« 24 ROW =« 16 COM example

cs » S
WR * WH
RD » D
DATA |  DATA
MCu
ROWO-
ROW23
HT1632C
0sc
COMO-
COM15

ROwo R A Fekad il e Ll
> I - R
MH—T—H'LII ]_‘H’i"‘ —H‘Lr I—H‘iu
o - A o4
M'_T_H_" l—”—«l — I—FT—«
ﬁ i o A A
ROWZ s 1 .|._.+—" — |_>’|_"
own oot py et i
R A il A il
ROW31 ) gl
LED Matrix
ROwo R e A A A
SRl =
R o ) o e
w\m—b—?—.—l—u L—.-I—u- ——4 |—H—u
o A O
M—p—rﬂ—u J_—H—" —-— rb’liu
Fl: " A e
ROWZ1 ] 1 l—”—« —ﬂ—u rb’liu
- o
rowz2 f o . g7 w4 e B
e s rry s
ROWZ3 R | | Noiad i
/ LED Matrix

Mote: Values of the "R" resistors are selected depending on the power consumption of the LEDs.




Middle Power LED Application (COM with Transistor Buffer)
» 32 ROW = 8 COM example

MCu

WR
RD
DATA

Fy

yYyYyYyYYv

cs

WR

RO

DATA
ROWO~
ROW31

HT1632C

0SC
COMO~
COMT

Mote: Values of the "R" resistors are selected depending on the power consumption of the LEDs.

» 24 ROW = 16 COM example

MCuU

WR
RD
DATA

YY717*r¥Y

Mote: Values of the "R" resistors are selected depending on the power consumption of the LEDs.

cs

WR

RD

DATA
ROWO-
ROWZ23

HT1632C

0SC
COMO~
COM15

ROWO R i L i i

s - [ B
rRow1 R L | ,-r.f. A I | ..'J.
Rowz R —f—ﬂri" L_.{'i. ] Rt
RO 20 =] ey r o : e \ -
wh—l—r—ﬁl l_.-:i' _.'.ri.. l_.".ri.
ROW3231 R ;F_Ar I Ay | . | .
COMO 1
COM1 4

1 LED Matrix
COME i 4
COMT 4_
gy
M o o A
M._T_H_ {F =_..|_ )
ROW1 R . T | I,-'.ﬂ If.-' ,-fl.-'
rowz G o .73 4 L
ROW2 1 H! I.r,-'r I,-r.nrr I.-,r I.-rl,-f
ROWZZ R i I odadl § - A A
Rawes T B
COMD {
Sl
COM1 :|I
LED Matrix

comia | 4
COM1S :II

r




High Power LED Application (ROW & COM with Transistor Buffer)
+ 32 ROW = 8 COM example

332

MCU

3

¥YYY

£ 8138

TA

COMO~
COM7

HT1632C

ROMO~
ROW31

Voo

ol

fhh R

'_L.

VR R R

—

b

T

C
COoMD
COoM1 i r_.:
COoMz
COoM3 é E
- *
CoM4
# ki
COME
COME i t:
+
COoMm7

3

4 9 [
LT

[ [ B B B e e

R

3
,—Ji

:

i3

> 5o |
T

LED Matrix

:
&

ROW31 :J|
o

7

MNote: Values of the "R" resistors are selected depending on the power consumption of the LEDs.

* 24 ROW = 16 COM example

RD
DATA

MCu

F 3

¥Yr¥y

COMD-
COoM1is

HTi632C

ROAWD-
ROWZ3

h..:'i i‘i"l" ; I..vr I_...-:.J
2 2 Y
F-'iu J.#"“ 4—.--)‘Iriun I-i’—’u

- . .
o .’:—u r‘iﬂ J—‘—ﬂ r‘—ﬂ
rr L ) )
S - b-—. l—.——u 1—'-—1. I—'-—u
coMis ) - . ) s s
——— '-— 1 J—Hr |+ »
R
-
ROWO
B
ROW1 o
i i LED Matrix
i R :
ROW22 ! : -
—_—
B
ROWZES
e

Mote: Values of the "R" resistors are selected depending on the power consumption of the LEDs.




Cascade Function
= 32 ROW = 8 COM example (direct drive)

= CE1
" Cs2
" Cs3
- TR MCU
= RO
" »{ DATA
== ROWO j}*
o ROWO~ | 32 ROW i
= Diivers :
el ROW31
» FD ROW31
» DATA HT1632C R LED
(Master) Mat ris
COMO
X 0SC COMO~ | 5coM :
. comy | Drivers
SYNC COMT
s ROWD &
» TR ROWD- 32 ROW
e ROw31 | Drvers ROW31
o » DATA HT1632C R LED
(Slave) Matrix
COMO
» OSC COMO~ | g com
Drivers
I P COMT COMT
e rROwo R
- ROWD~ | 32 ROW
—* WR ROW31 Drivers ‘
o &5 ROW31
o DATA HT1632C R LED
(Slave) Matrix
COMO
* OsC COMOD~ | 8 COM
Drivers
» SYNC CoMT COMT

Note: 1. Italso can set cascade mode by software. User must set the Master in master mode and Slaves in slave
mode with command. The CS pin must be connected to MCU individually for independent read and write.

2. Values of the "R" resistors are selected depending on the power consumption of the LEDs.



+ 32 ROW = 8 COM example (COM with transistor buffer)

+———— S
4 Cs2
CS3
«— WR MCuU
s RD
3 | DATA
COMO
» 5 COMO~ | g com e I{
» TR COMT Drivers "
* RD comr ;L
» OaTH HT1632C LED
(Master) Matrix
rowo R
- 0SC ROWD~ | 33 ROW v
< ROwa1 | Drvers
SYNC ROW31 |
R
‘ * 5
* WR
* RD
+ » DaTa HT1632C LED
(Slave) Mat rix
ROWD R
» OSC ROWD~ | 32 Row
_ ROW31 Divers
»|SYNG ROW31 |
R
* CS
— WR
* RD
4 o pDATA HT1632C LED
(Slave) Mat rix
rROWD R
* 0SC ROWO~ | 35 row
ROW31 Divers
# SYNC ROW31  §
R

Mote: 1. It also can set cascade mode by software. User must set the Master in master mode and Slaves in slave

mode with command. The CS pin must be connected to MCU individually for independent read and write.
2. Values of the "R" resistors are selected depending on the power consumption of the LEDs.



+ 24 ROW = 16 COM example (direct drive)

MCu

kL
L J
[
>
=

L rOwo R
"= ROWO~ | 24 ROW
:’:_E ROwza | Drivers ROW23
i R
» DaTa HT1632C LED
{Master) Matrix
COMO
< nse COMO~ | 16 COM ;
Dirivers
COM15 :
r SYNC COM15
‘ _ ROWD R
Hcs ROWOD~ | 24 ROW
| WR rowz23 | O™ powes
| 75
R
+ » DaTa HT1632C LED
{Slave) Matrix
COMO
» 0SC COMO~ | 16 COM i
Drivers
»{SYNC comts COM15
. ROWD R
Fcs ROWO~ | 24 ROW
L 7 H
"""'_R ROwzg | Dnvers ROW23
» 7D
R
+ » DATA HT1632C LED
{Slave) Matrix
COMO
. COMO~ | 16 COM
o SYNC COM15

Mote: 1. i also can set cascade mnﬂe by software. User must set the Master in master mode and Slaves in slave
mode with command. The CS pin must be connected to MCU individually for independent read and write.

2. Values of the "R" resistors are selected depending on the power consumption of the LEDs.



» 24 ROW = 16 COM example (COM with transistor buffer)

MCuU

.
L
=)
o
=

b A J

COMOD
(] COMC~ | 15 cOM W"_'{L
R COMi5 | Drivers "
RD COM15 i
» DAaTA HT1632C LED
(Master) Matrix

R
ROWO ™

h 4

- 0SC ROWO~ | 24 row
SYNC ROW?23 Drivers

ROW23

Y
)

* WR
* RD
+ » pDaTa HT1632C LED
(Slave) Matrix
Row) R
» OSC ROWO~ | 24 Row
_ ROW23 Drivers
> SYNC ROW23 |
R
* TS5
—* WR
* RD
" » DAaTA HT1632ZC LED
(Slave) Matrix
ROWD R
» OSC ROWD~ | 54 Row
ROW23 Dirivers
¥ SYNC ROW23
R

Mote: 1. It also can set cascade mnie by software. User must set the Master in master mode and Slaves in slave
made with command. The CS pin must be connected to MCU individually for independent read and write.

2. Values of the "R" resistors are selected depending on the power consumption of the LEDs.



— TR

| Power on

4

SYS DIS
(Master, Slave)

1

COM Option
(Master, Slave)

1

Master Mode
(Masler)

1

Slave Mode
(Slave)

'

SYS ON
(Master, Slave)

'

LED ON
(Master, Slave)

3

Write RAM Data
(Master, Slave)

1

»/| Update RAM Data
(Master, Slave)




I A
A2

Command Summary

Name 1D Command Code DIC Function Def.
READ 110 | ABABA4AIAZATADDODID2D3 | D |Read data from the RAM
WRITE 101 | ABABA4AIAZATADDODID2D3 | D |Write data to the RAM
E%%MDD' FY=| 101 |AGA5A4A3A2A1A0D0D1D2D3 | D |Read and Write data to the RAM
SYS DIS 100 | 0000-0000-X c Turn off both system oscilator and LED duty Yes
cycle generator
SYS EN 100 | 0000-0001-X C | Turnon system oscilator
LED Off 100 |0000-0010-X C | Turn off LED duty cycle generator Yes
LED On 100 |0000-0011-X C |Turnon LED duty cycle generator
BLINK Off 100 | 0000-1000-X C | Turn off blinking function Yes
BLINK On 100 |0000-1001-X C | Turnon blinking function
Set slave mode and clock source from exter-
SLAVE Mode 100 | 0001-0M0E-X C | nal clock, the system clock input from OSC pin
and synchronous signal input from SYN pin
Set master mode and clock source from
RC Master on-chip RC oscillator, the system clock out-
100 - - i
Mode 0001-1000c-X ¢ put to OSC pin and synchronous signal out- Yes
put to SYM pin
EXT CLK Set master mode and clock source from ex-
100 |0001-11XK-X C |ternal clock, the system clock input from OSC
Master Mode i . :
pin and synchronous signal output to SYN pin
ab=00: N-MOS open drain output and
8 COM option
ab=01: N-MOS open drain output and
. 16 COM option ab
100 - -
COM Option 0010-abXx-X c ab=10: P-MOS open drain output and =00
8 COM option
ab=11: P-MOS open drain output and
16 COM option
100 | 101X-0000-X C [PWM 1/16 duty
100 | 101X-0001-X C |PWM 2/16 duty
100 |101X-0010-X C |PWM 3/16 duty
100 |101X-0011-X C |PWM 4/16 duty
100 |101X-0100-X C |PWM 5/16 duty
100 | 101X-0101-X C |PWM B6/16 duty
100 | 101X-0110-X C |PWM 7/16 duty
100 |[101X-0111-X C |PWM B/16 duty
PWHM Duty
100 | 101X-1000-X C |PWM 9/16 duty
100 |[101X-1001-X C |PWM 10/16 duty
100 [101X-1010-X C |PWM 11/16 duty
100 [101X-1011-X C |PWM 12/16 duty
100 |101X-1100-X C |PWM 13/16 duty
100 |[101X-1101-X C |PWM 14/16 duty
100 [101X-1110-X C |PWM 15/16 duty
100 [101X-1111-X C |PWM 16/16 duty




Mote:  X: Don't care
AB-AD: RAM addresses
D3~00: RAM data
D/C: Datalfcommand mode
Def.: Power on reset default

Allthe bold forms, namely 110,10 1, and 1 0 0, are mode commands. Among these, 1 0 0indicates the com-
mand mode ID. If successive commands have been issued, the command mode 1D except for the first com-
mand will be omitted. The source of the tone frequency and of the time base clock frequency can be derived
from an on-chip RC oscillator or an external clock. Calculation of the frequency is based on the system fre-
guency sources as stated above. Itis recommended that the host controller should initialize the HT1632C after
power on reset, for power on reset may fail, which in turn leads to the malfunction of the HT1632C

Package Information
52-pin QFP (14mm=14mm) Qutline Dimensions
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Dimensions in mm
Symbol
Min. Mom. Max.
A 17.3 17.5
B 139 141
C 17.3 175
D 139 141
E 1.0
F 04
G 2.5 3.1
H 3.4
I 0.1
J 0.73 1.03
K 0.1 0.2
i 0= 7






