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Revision Table

No. [Revision Date

REV REVISION HISTORY

1 2009/06/01

1.1 Initial revision

Feature table

Main Chip:

AMLOGIC AML6210DP

Internal:

128MB SDRAM +
2MB NOR FLASH/256Mb Nand FLASH

Panel:

7" Analog TFT-LCD panels

Interfaces:

4-in-1 card-reader (MS/SDHC/MMC/XD)
USB 2.0 Host Port
6 buttons

MAO0706DDV10(AML6210D For Digital)
MA0706DDV10(AML6210D For Digital)

12VIN

Speaker

MP1411 |

Digital LCD

TPA6011

16Mb FLASH
2Mx8Bit

OR

NAND FLASH

SDRAM -
4Mx16 bit Or
1Mx16 bit

AML6210DP

4 IN 1 CardReader

USBPORT

KEY_IR_Usb
KEY_IR Usb.sch

6 Function Key
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E. Card
SD/MS_CLK XD_D3/SD_CLK
SD/MS_CMD XD RB_RB
SD/MS_CLK XD ALE ALE
SD/MS_CMD XD_Dé6/SD_D2
SD/MS_CMD XD_D2/SD_CMD
SD/MS_CLK XD_RE RE
XD DO SD/MS/XD_IN
XD_D1 XD_D7/SD_D3
XD _D5/SD_D1 XD_CE _CE
SD/XD_WP XD_WE_WE
XD _CLE_CLE CARD_EN
XD_D4/SD_D0

E. Card

G. LCD TCON and LCD power

- PWM OFEH
OV CKV STVL
D CIK OEV LCD_R[5..0]
STHL D_CLK LCD_GI5..0]
STHL LCD_B[5..0]
VCOM
G. LCD TCON and LCD power
J Audio
ii(lilélIfK ASCLK ADATAO/AL
AMCLK ALRCLK MUTE
AMCLK SHOT ON/FF
J Audio
F. Usb
T orr o
ID1 VBUSI1 DI
ID1
F. Usb
I Rtc
12C _SCL 12C SCL 2C_SDA 12C SDA

IRtc

H. LCD Backlight control

INV_EN EYEN

H. LCD Backlight control

B.Power

B.Power

XD D3/SD
XD D4/SD
XD D5/SD
XD D6/SD
XD D7/SD
PWM
NAND CE
ADATAO/AL
ALRCLK
ASCLK
AMCLK
NAND RE
F nCS

F nOE
NAND ALE
D CLK
OEV
STHL
12C_SCL
12C SDA
NAND CLE

NAND CLE

C. Decoder
M1 D[15.8] CKV IR
XD_D2/SD_CMD VCOM OET
XD_D3/SD_CLK OEH DP1
XD _D4/SD_D0 D1 I
XD_D5/SD_D1 ID1 DM
XD _D6/SD_D2 DM1 BUST
XD_D7/SD_D3 VBUSI STV
PWM STVL T LK
NAND_CE MI_CLK T DOMI
ADATAO/AL MI1_DQMI1 MI D70
ALRCLK M1_D[7..0] o ———
ASCLK MI_A[11..0] T e
AMCLK Mi1_CAS N T WE N
NAND_RE MI1_WE N TSCS0 N
F_nCS MI1_SCSO0_N IMT RAS N
F_nOE MI_RAS N T DOMO
NAND ALE MI_DQMO 55
D_CLK MI1_BAO NV EN
OEV INV_ EN Illree
STHL RESET N NI BAT
12C_SCL MI_BAIl OB
12C_SDA XD_DlI D DO
NAND CLE XD_D0 IS
NAND_nWE XD_WE_WE D RE RE
LCD _R[5..0] XD RE RE S RERE
NAND_R/B XD RB RB BCE—Crcr
LCD_GI5..0] XD_CE_CE SD/MS/XD TN
LCD_B[5..0] SD/MS/XD_IN D ALE ALE
SD/MS/XD_IN XD_ALE ALE D CLE CLE
SD/XD_WP XD_CLE_CLE NUTE
CARD_EN MUTE STVR SW

STVR SW
C. Decoder
D. Memory

NAND_CLE MI1_RAS N
NAND_ALE M1_WE N
NAND_nWE MI1_D[7..0]
M1_BAO F_nOE
MI_A[11..0] MI_DQMI
M1_CAS_N Ml1_D[15..8]
MI1_DQMI MI_SCSO N
MI1_A[11..0] MI1_DQMO
NAND R/B Ml _WE N
NAND_RE Ml1_CLK
RESET N MI_BAO
NAND_CE MI1_D[15..8]
M1 _DI[7..0] M1_DQMI1
F_nCS MI1_BAI
M1_D[15..8] MI1_A[11..0]
MI_DQMO MI_DQMO

M1_D[7..0]

D. Memory
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2 3 4 5 6 7 8
12V Input &5V DC IN
DC_IN DC IN
CON6 ?) FB2I  FB T
2 EC113
Al EC24 B25 B anutev I+ c121
P : 27 22 + vee
A| §5} 0.1u CI120  10nf/NC VIV VCC
0.1uF 102 [B26  FB o2 V5V
depower  GND_I 220u16V E YA SVA
© = < a — LCD 5V
Vs . LCD 3.3V
A ul4 T PisV c122 AC 33V
o N z @ s 12 I5GHNC 22UF/10V CClL2V
EN SWo— ~ vav
. 1
0 ss g Z m— s dy ECll6
ERNA i
<] s} R + == ciy
MP1411/NC = o.uf 2\
ciis - & 100uf/10V i
DI8
SK-1P2T-SMT 0.1uF/NC 2§
R76 100K ' NG 5} GND| |
R w1 lena B340A-13-F/NC| 2 |
D =
g [3omine Ea
2 EN = = \/ N/
EN \v4
1 R77 20K o Z I
W8 C126
S 0.1uF 10WNC
C0603/SMD
10k 1%/NC
R74
VsV vee
FB27
FB
VsV +5VA
FBI1
FB
VsV D 5
) vee DAC 3.3V LCD 3.3V 3 Lepsv
5V input 33V
21 ((? FB24 FBIS
3 IN ouT 2 DAC 33V 1 2 FB
e — SOT-223/SMD 50R
1 b4 EC127
‘ Ql j ADJ/GND 4 2 I+ Cioa
DC_INIRLML640ITR (APM2301A) pwR-5V % . . 2
VR RS FB AAICTT17-33CY g o 1uF
Jusp! ~A g L~ <
111 FBY  FB -
~A
‘ 47K 0.1UF
R9 N
1K DAC 33V VCCL2v
125V
e @ ‘ U20 ﬁ))
1 RI2 3 I out |2
£y . SOT-223/SMD 4
1K i LOYERD 4 RS [+ ciz
o 3904 ——0.1uF
(MMBT3904) \F AMS1117-ADJ N
2
=
= E]
E]
‘ ‘ 2
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2 3 4
LCD 5V BL_VCC
FB17  FB
YY)
BL_VCC
LED B+
LIl _10uH D22 CON11
YY) Ng . 1
VL 2
SS14
EC159 C160 BHS3.5-2A
C125 ¥
—~ luf/25v
0.~ | o0upriov LED_GN}
u19
1 INV_GND
INV_GND 6 | S 1
BL EN_IN RIMOR 4 N R 3
2 6o ooV —2 R1ss
R183 0.47
47K MP3202DJ
INV_GND
INV_GND INV_GND
L800
FB(50R)
L801
FB(50R)
INV_GND AGND
BackLight
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texXet
Size Number 'I'F]Ey Revision
Checked by: . Ver01
Ad H. LCD Backlight control
Date: 10-Jun-2009 [ Sheet of 9of 12
2 3 4




DAC 33V

U7
12c scL___R43 0 6
12c spa R44 0 5 o DD
SDA VBAT
T RQ/FOUT GND
L x X2
ISL1208
Y2
1 | 1 2
1 I
33.768KHz

D23
X7 “iNa143
C55
0.1uF
C108
Y
J1+
GC5.5V 0.22F
AGND
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1 2
LCD 33V
DAC 33V _>LCD 33V
VCC1.2V
USB5V
V5V USBSV T U311
3 VN VOUT —1 VBUS1
FB20  FB 4N Vo I 1
Y 1K a
Core3.3V R3 %
EC110 -
_+ €95 4.7 RT9701
T~ _— 10K ol
100uf/10V | 0.1uF
o
22K
D1 R37, 1 l/ Q34
AGND AGND <mr A N, MMBT3904 AGND
(o]
AGND

FB19 FB120
CONI13

DM1 RIT 0 1
W 5 > 9 BSV
DP1 R10) 0 D+ 3 §
5
CEl 94 c19 SN
+ pr— ju— C13 C20 7
—_ J B i +——CO GND
100uf/10V -~ T~ 0.1uF 0.1uF SENG SOENG _go GND
P P £
1 AG D_O GND
change value AGND AGND AGND
£ L USB OTG MiniUSB
AGND AGND
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2 3 4 5 6 7 8
D
VCCL.2V
AUDIO_VCC
AUDIO_VCC
AUDIO_VCC
AUDIO_VCC +5VA
EC28_ |+ R802
92 100K
100uF/10V . uF J106
FBI120
413 AuDIQ vee U3 g@PR ser 2
0 L paND ROUT+ —24 SpRe 1
2 = 23
ROUT- SE/BTC p— N
181|104 3 e 22 RS0, SPEAKER/NC
RS39 10K [ VIR HE/UINE AUDIO_VCC
Az _our cis4a| | 4 RHPIN VOLUME 21 R807 47K o AUDIO_VCC
I \
R800  1UF CI82||_474 5 [BONEN SEDIFF 20 \ RS0: NC /
1IK/NC ci83||_474 [ 19 RSOX A 4.7K c
Cl18s 104 7| vop AGND |18 R810 47K
p CI86]| 474 8 N BYPASS —17 s
0 C187||_474 9 === 16 AUDIQ_VCC o
RS0 10K LLINEIN FADE 474
A our cimy | 10 Lipin THOTDOWN [— 15— FER A A IO
1UF L c190 I 104 11 D LouTs 14
R801 12 13
L LOUT- PGND GNB A
1K/NC —
TPAGO11A4 - SPL+ 1108
0 0 SHOT ON/FF SHOT ON/FH SPL»?
R30
FBI3 SPL
PL_ON FB SPEAKER
4
Lo Bz 1B 3 a2
sPLe 4ECI| ( 100uF/10V, 4Ll 10ul 2 HEAD PHONE
N, g Y T |
FBI4  FB B
SPR: 4EC2 ( 100uF/10V] 412
|
avpio ar  R371 OR o our
4R2 4R3
U410 1K 1K
[ADATAO/AL SDATA  AOUTL § *%’A e )
ASCLK } SCLK VA
ALRCLK LRCLK  AGND g Fdase |- 387
AMCLK —|———————| MCLK AOUTR b -
100uf/1QV
CS4334
AUDIO AR R372 OR AR OUT l
0 = GND_A
A
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YR

LCD_10V

il

V1

RI136
82

R137
150

V2

R140
6.8

C138| | 0.1uF
I

R141
100

V3

R144
150

C140| | 0.1uF
I

R145
6.2k

V4

R148
68

C142| | 0.1uF
1

R149
3.0k

V5

R154
82

C143| | 0.1uF
I

RI155
150

Ve

RI58
150

Cl44| | 0.1uF
I

RI159
200

R164
120

C145| | 0.1uF
Ll

R165
680

LCD 5V

L1__6.8uH
C100

0.1uF

R39
220
PWM

C102  0.1uF

D9
IN4148

— ]

L
01uF - BAv99

C146| | 0.1uF
I

DIl

R134
82

RI135
3.3k

RI138
120

R139
680

C132| | 0.1uF
I

R142
150

R143
200

C133| | 0.1uF
I

R146
82

R147
150

C134 | 0.1uF
I

R150
68

RI151
3.0k

C135] | 0.1uF
I

RI156
150

R157
6.2k

C137| | 0.1uF
I

R160
6.8

R161
100

C139| | 0.1uF
I

AGND
Gammar Votage

LCD_10V
33

R166
82

R167
150

Cl141| | 0.1uF
1

22?4
(LSDJOV

BAT54C

1L

C191

+ C53

4.7uf/16V

GND

10uF/25V

GND

R34 1K

7D9
10v/0.5w

VGH_I5V
GND

20mAELOV

GND

VGH_I5V

C66

LCD 5V

D1

C57

0.1uF

BZT55C15/NC

GND

0 R38
2

+ EC75

10uF/25V

GND

©
R37
4K | c136

0.1uF
F D 5V

FB23

Z

10uF/25V.

AN

ZD8
6.8v/0.5w
BZT55C1

+|(

oM

R17,

RP24

CONS8

1.POL

VL
EV

2.STVD

—|rofw &

3.0EV
4.CKV

———9
olol|<

o0

il

boD R0

<{_LCD RJ[5..0:

4x22

5.8TVU
6.GND1

EDGSL
LCD 3.3V

7.EDGSL

LCD_33VO

8.VCC3.3

VGL_-10VO

—VGL 10V

9.(V9)
10.-10V

V2

VGH 15V

11.(v2)

VGH_15V O

12415V

LCD_10V &

13.(V6)

14.U/D
15.VCOM1

16.GND2

17.+10V

18.(V14)

19.V11)

20.(V8)

21.(V5)

ol

22,(V3)
23.GND3

24.R5
25.R4

26.R3
27R2

GND
GND

28R1

<LCD G[5.0] —s

2 chan;

4x100

3600 200MHZ|

29.R0

L_{30GNpa

32

vee
V5V

VA

LCD 5V

LCD 3.3V
AC 3.3V
CCl.2V.

31

ATOS0TNO3_I
CON9

31.GND5

32.G5

SN Y

33.G4
34.G3

35.G2
36.G1

37.G0

DR2NC st p

STHL 5]

22

38.STHL
39.INV

40.GND6

{D_CIK b

82 100

41.DCLK

LCD 33VO

42.VCC3.3V
43.STHR

R17Q T00

OB f

LCD BS

BT/ T00

441D
45.B5

€351

LCD B4

15pF

LCD B3

RT T00 -

46.B4
47.B3

LCD B2

—

48.B2

FND

LCD B1 C

LCD BO

Notalo!

49.B1 GND

LCD B[5.0] e

Qi

RIY  AOpen

LCD 3.3V
[e]

t RTTQ 0
RIZ  AQpen

T RIRAD [

R12, 0

RTZ2 Open |

RI124 Open

T

 I—

FB/NC

TR [

AGND

L3 10uH/NC

YY)

RP23 4x300

50.B0 GND
51.R/L

52.(V1)

53.(V4)

54.(V7)

55.(V10)

56.(V12)

57.(V13)

LCD_10V &

COM &

CcOoM

58410V
59.GND7
60.VCOM2

[ )91 NS [ 1N Y %1 )

LCD 10V
4.7uf/16V

T

U3 MPI1540/NC

2EC1
+

T~
100uf/10°

Cl103

“Toueme

/NC

._
Z

SW

R408
0/NC 4

R411
100k/NC

C131 | C16:

AGND

R413 R412

0.1uF |0.1uF

L |
C10s

AGND

7.5K/NC 3.9K/NC J

31

32

ATO80TNO3_2

Interface

LCD 3.3V

C130 | C128

0.1uF | 0.1uF

o1
4.7uf/16N/NC
AGND

LCD_10V

RVS

RI133
4.7k

AGND

10k_adj

vcc
V5V
+5VA
LCD_5V
LCD 3.3V
DAC 3.3V
VCC1.2V

AGND
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SD_CMD

DAC 33V

RP9
4%4,

RP1
4¥4.7K

XD D2/SD CMD

RP11
447K

RP12

/SD_CLK

D D3/SD CLK

=il

/SD_DO

XD D4/SD DO

I /SD_D1

XD D5/SD D

D6/SD_D2

XD

4*22R
RP13

D7/SD D

XD D7/SD D3

XD CLE CLE

6 XD CLE

[CEENGDE

ALE ALE

XD ALE ALE

XD WE WE

4%22R
RP14

Xp CE CE

XD RE RE

XD _RB RB

[ =N 1

XD DO

R943  22R

4%22R

XD _DDO

<{_XD D0
<{_XD D1

XD D1

R94 22R

XD DD1

[ SD/MSXD IN

[ SD/XD WP

DAC 3.3V

SSDIXD WP

XD WP, SD WP,

DAC 3.3V

XD BB

CARD_VCC

VCCl.2V

XD RE

XD CE

XD CLE

XD ALE

XD WE

IRLML6401TR
(APM2301A)

° l_K-l“‘Qé

CARD_VCC

R98

R96

47K

47K

1

5

3

4.7TuF

C98 C99

o)

XD_DDO

55
<
Z

XD DD1

XD D2

5EE

XD D3

XD D5

XD D6

UUUU‘UUUC)
SHEOD=SZ

SBEE

XD D7

SD/MS/%D TN

IS

il
|
&

D D2

D cMp

SD-DATA3

oot 1
=] 1o 1 1N

MS_VCC
SD_CMD

SD_GND

SD_VCC

SD_CLK

SD_GND

SD_DATAO

SD_DATAI

SD_WP

D v

=]

MS_SCLK
MS_DATA3
MS_DATA2

MS_INS
MS_DATAO

MS_BS

P PN PPN Y

MS_DATAI

MS_GND

TAI_ TWUN_4IN1_SOKET
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Cancel 1X16 SDRAM

MAKI MAK2
CMI_A[IT.0] il i oo
DQI M1 D1
DQZ M1 D2
M1 D3
AGND AGND 38‘31 i1 D4
DQS M1 D5
DQ6 1 M1 D6
ull DQ7 2 wmior
DQg (—32 o8 — M D[7.0] ]
1 48 M1 D9
%4—i NC NC 3¢ 1o —
x5 NC NC X boll 3w on
X——1 NC NC —=xX M1 BAO 4 M1 D12
1 15 < MI_BAO DQI2
>—— NC NC — 4 M1 D13
RS2 NC 5 4 w1 o7 DQI3
X NC _ DQ7 — Mi_CLKB 35 4 W1 D14
RE 5 | NoRB2 D06 k M1 D6 CLK DQI4 —
ND BB |-AND RE RB DQs 4 M1 D5 3 DQIS MLD1S s s
o 3 . = -
NAND RE NAND RE RE DQ4 j M1 D4 CKE 33 Core33V M1 D[15..8
ND_CE_|—1AND CE CE NC —30¢ 18 NC—5— T
TCE Rs3 NC _miscsons 18 | gy NC
> NCICE2 NC —=x
comay b RN N coma Comddv _wmswe 17 | pagy vee
M1_WE NB 15 25
— M WENB O WE# vce
vss vss —wioasng 16 | oagy
i:: e Na _Ei veeQ L
NAND CLE |—1\AND CLe CLE NC —3% L ¢MI_DQM0_|—41-23t 3] poMr veeQ ————4
NAND ALE AGND w13 {_MI_DQM]_|—M1Dam1 DQMH VCCQ ———9
NAND ALE ALE DQ3 24
NAND nWE —NAND nWe WE DQ2 M1 D2 vCCQ
WP M1 D1
s gg ggll) M1 DO VSS gg
»5— NC NC —5X vss
55— NC NC —56X R 4
XS N\e NC —28% Qo
< — Ne NC —25 VSSQ a1
VSSQ
1 vssQ 4
AGND NAND-FLASH/128MB/TSOP48
SDRAM IM*16(981616BH) TSOPSONC, =
. u12
AGND Core3.3V
83 RS6 AGND ] BV DQI4 ¢
RS54 2R ] 6.8pF/NC 0 wioks )<= RYBY ggg 97< uis
9
MI_DQMO AN DY Al9 DQIl —=2
CIK M o 75— AlS DQI10 7 T cxe Doy —f—m
N WR N M1 WE N 1l ——— 8 wmiwens Al7 DQ9 ——=5X DQl
WE N M1 D13 48 1 5 M1 D2
CAS N —Micasn 2 7 _micAs NB i D12 Al6 DQ8 —=< i o7 T2 VDDI DQ2 —s—2
RAS N |—MtRasn 3 6 mRss e M1 D11 o DY 4 M1 D6 27 D2 DO M1 D4 E
SCSO N —Miscson 4 5 M1 SCS0 NB M1 D10 E iig ggg 7 M1 D5 Vi) ggg 0 wmips B
RP2 40R M1 D9 Al2 DQ4 M1 D4 VDDQI DQ6 M1 D6 3
M1 D8 g All DQ3 3 M1 D3 7 VDDQZ DQ7 M1 D7
MI_D[15..8] bt AL = Al0 DQ2 : L 7 VDDQ3 DQ8 e v—— MI_D[7.0
M1_A10 A9 DQ[ 9 M1 D1 VDDQ4 DQ9 M1 D9
M1_A9 A8 DQO M1 DO 28 DQ]O ; M1_D10
M1_A8 A7 5 VSS1 DQII M1 D11 L
LA A6 2 57— Vss2 DQI2 Ll B
Core3.3V m i: AS RESET ————————RESET N | VSS3 DQI3 x: ;‘j E
A n M — | 2 Dol o i
T A3 CE —35¢ 1 VssQl DQIS = ——
S 7 A2 OE T 7 VSSQ2 N MI_D[15.8
L I < Al WE MI_WE N 5 VSSQ3 A0 T .
o2 [ces  [cso ess oo |oss [css <16 [ ALAL 1 A0 VAR Al s
— . A-1/DQIS A2
F o {olF [0 JolF  [OIF [OlF  [OWF JOIE g up VI AN bbbl e 10 vee 31 36 Ner A2 wim
: 3 NCI/A20 27 EC60 —— NC2 A4 e
1 o T Ne2 GND —5¢ 18 AS — s
< MI_DQMI |2 NC3/WP/ACC GND T00ue/10 CLK A6 m: 23 o
A7 E
- For 32MBit Flash M1 SCS0 NB 9 M1 A8 I
AGND MX29LV160CBTC/TSOP4S/NC 1 RAS NB 8 g/s:;# 22 4 i ag 3
M1 _CAS NB 7 CAS# A0 M1_A10
AGND AGND M1 WE NB 6 WE# All M1 A1
M1 A[11..0
R30 47K | Core3.3v MI DQM( i Dawmo ;g DQML BAO %‘1) -
MI_DQM]_|—t1Daw DQMH BAI — MI_BAI
Write-Protection Option
4Mx16_bit_SDRAM/K4S281632F-UC60
AGND
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‘ 2 ‘ 3 4 5 6 7
Core3 3V
DAC 3.3V RCRS102-293BS1
. Core3 3V
i vee  reser 2 E— <RESETN__]
o .
B c2s a3 ca cs [ <1 cs <} clo ci %
- 22UF/1206 9
OF [0 _Fm‘ _Fm‘ _Flm _Flm _Flm _le _le ofur 100ut/10v ® cle
Ul
100K/ T 001N
AGND AGND L
Corel 2V Core3 3V AGND
CORE33V
AGND|
AGND AGND
lelsll = |lio|l |22 2l 4
NAND B 1 7 =171 -
[CNAND RB>—He e — v RI02
[CRAND nWE >——twomwe SEE ARRRRRRRR 3% Sz m
8888 SR2882888 == z2 sTva 1L 126 508 S 47K
2 g g ] €2 TCON_STV2 o BesoA ]
gy CE gggg gegggggae 22 < TCON STVI |10 S BCSCL |
z = -
cs £g TCON CPVI
4t %= : C ey
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1. General Specifications
No. Item Specification Remark
1 LCD size 7.0 inch(Diagonal)
2 Driver element a-Si TFT active matrix
3 Resolution 800 x 3(RGB) x 480
4 Display mode Normally white, Transmissive
5 Dot pitch 0.0635(W) x 0.1905(H) mm
6 Active area 152.4 (W) x 91.44 (H) mm
7 Module size 165(W) x 104(H) x 5.5(D) mm Note1
8 Surface treatment Anti-Glare
9 Color arrangement RGB-stripe
10 Interface Digital
11 Backlight power consumption | (1.782W) (Typ.)
12 Panel power consumption 0.437W (Typ.)
13 Weight TBD

Note1: Refer to Mechanical Drawing.
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2. Pin Assignment

2.1.

SPEC NO.: A070-82-TT- 01

TFT LCD Panel Driving Section

Date : 2008/07/22
Page: 2/27

FPC Connector is used for the module electronics interface. The recommended model is
P-TWO “AF 730L-A2G1T” manufactured by P-TWO.

Pin No. Symbol /10 Function Remark
1 POL I Polarity selection
2 STVD I/O Vertical start pulse input when U/D=H Note 1
3 OEV I Output enable
4 CKV I Vertical clock
5 STVU I/O0 Vertical start pulse input when U/D= L Note 1
6 GND B Power Ground
7 EDGSL I Select rising edge or falling edge
8 DVpp P Power for Digital Circuit
e V9 I Gamma voltage level 9
10 A/ P Gate OFF voltage
11 V2 I Gamma voltage level 2
12 VeH P Gate ON voltage
13 V6 I Gamma voltage level 6
14 u/D I Up/down selection Note 1,2
15 Vcowm I Common voltage
16 GND P Power Ground
17 AVpp P Power Voltage for Analog Circuit
18 V14 I Gamma voltage level 14
19 V11 I Gamma voltage level 11

The copyright belongs to InnoLux. Any unauthorized use is prohibited.
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20 V8 I Gamma voltage level 8
21 V5 I Gamma voltage level 5
22 V3 I Gamma voltage level 3
23 GND P Power Ground
24 R5 I Red data(MSB)
25 R4 I Red data
26 R3 I Red data
27 R2 I Red data
28 R1 I Red data
29 RO I Red data(LSB)
30 GND P Power Ground
31 GND P Power Ground
32 G5 I Green data(MSB)
33 G4 I Green data
34 G3 I Green data
35 G2 I Green data
36 G1 I Green data
37 GO I Green data(LSB)
38 STHL I/O Horizontal start pulse input when R/L =L | Note 1
39 REV I Control signal are inverted or not Note3
40 GND I Power Ground
41 DCLK I Sample clock
42 DVpp P Power Voltage for Digital Circuit
43 STHR I/O Horizontal start pulse input when R/L =H | Note 1
44 LD | Lat_ches the polarity of outputs and

Switches the new data to outputs

The copyright belongs to InnoLux. Any unauthorized use is prohibited.
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45 B5 I Blue data (MSB)
46 B4 I Blue data
47 B3 I Blue data
48 B2 I Blue data
49 B1 I Blue data
50 BO I Blue data (LSB)
51 R/L I Right/ left selection Note 1,2
52 V1 I Gamma voltage level 1
53 V4 I Gamma voltage level 4
54 V7 I Gamma voltage level 7
55 V10 I Gamma voltage level 10
56 V12 I Gamma voltage level 12
57 V13 I Gamma voltage level 13
58 AVpp P Power for Analog Circuit
59 GND P Power Ground
60 Vcowm I Common voltage

nput, O: output, P: Power

Note 1: Selection of scanning mode

Setting of scan

) IN/OUT state for start pulse
control input

Scanning direction

u/D R/L STVD | STVU | STHR | STHL

GND DVbp O I I O Up to down, left to right
DVpp GND I O O I Down to up, right to left
GND GND O I @) I Up to down, right to left
DVpp DVpp I O | O Down to up, left to right

The copyright belongs to InnoLux. Any unauthorized use is prohibited.
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Note 2: Definition of scanning direction.
Refer to the figure as below:

|| =) Right

ﬂ LCM

Note 3: When REV="L", it's under normal operation.
When REV="H", these data will be inverted.

2.2. Backlight Unit Section

LED Light Bar Connector is used for the integral backlight system.
The recommended model is BHSR-02VS-1 manufactured by JST.

Pin No. | Symbol | 1/O Function Remark

1 ViED+ P | Power for LED backlight anode Pink

2 VLED- P | Power for LED backlight cathode White

The copyright belongs to InnoLux. Any unauthorized use is prohibited.
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3. Operation Specifications
3.1. Absolute Maximum Ratings
(Note 2)
Values
Item Symbol Unit Remark
Min Max.
DVpp -0.5 5 Vv
AVpp -0.5 13.5 \Y
Power voltage VaH -0.3 20.0 \Y
Vel -13.0 0.3 \Y
Ver-VeL - 33.0 \Y}
V1~V7 0.4 AVpp AVpp+0.3 Vv Note 1
Input signal voltage
V8~V14 -0.3 0.6AVpp Vv
Operation Temperature Top -30 85 T
Storage Temperature Tst -30 85 T
Each LED
LED Reverse Voltage Vr - 1.2 Vv Note 3
LED Forward Current IF - 25 mA | Each LED

Note 1: AVpp-0.12 V12 V22 V32 V42 V52 V62 V7,

V82 V9= V102 V112 V122 V132 V142 AVgs+0.1.

Note 2: The absolute maximum rating values of this product are not allowed to be exceeded
at any times. A module should be used with any of the absolute maximum ratings
exceeded, the characteristics of the module may not be recovered, or in an extreme
condition, the module may be permanently destroyed.

Note 3: Vr Conditions: Zener Diode 20mA
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3.2. Typical Operation Conditions
(Note 1)
Values
Item Symbol Unit Remark
Min. Typ. Max.

DVpp 3.0 3.3 3.6 Vv Note 2

AVpp 10.2 10.4 10.6 Vv
Power voltage
VeH 15.3 16.0 16.7 Vv
Vel -7.7 -7.0 -6.3 Vv
{ ) (V1+V14)/2

Vcom 4.1 Vv 5 o\/
Input signal voltage V1~V7 0.4 AVpp - AVpp -0.1 Vv
V8~V14 0.1 - 0.6 AVpp Vv
Input logic high voltage Vin 0.7 DVpp - DVpbp V

Note 3
Input logic low voltage ViL 0 - 0.3 DVpp V

Note 1: Be sure to apply DVpp and Vg, to the LCD first, and then apply Vg.

Note 2: DVpp setting should match the signals output voltage (refer to Note 3) of

customer’s system board.

Note 3: POL, STVD, OEV, CKV, STVU, EDGSL, U/D, STHL, REV, DCLK, STHR, LD, RI/L.

RO~R5, GO~G5, BO~B5.
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3.2.1. Current Consumption
Values
Item Symbol Unit Remark
Min. Typ. Max.
|GH - 0.2 0.5 mA VGH =16.0V
IGL - 0.2 1.0 mA VGL =-7.0V
Current for Driver
IDVpp - 5.0 10.0 | mA | DVpp =3.3V
IAVpp - 40.0 50.0 | mA | AVpp =10.4V
3.2.2. Backlight Driving Conditions
Values
It Symbol Unit Remark
em Min. Typ. Max.
Voltage for LED Backlight Vi (9.3) (9.9) | (10.5) Vv Note1
Current for LED Backlight I (170) | (180) | (200) mA
LED life time - 20,000 - - Hr Note 2

Note 1: The Voltage for LED Backlight is defined at Ta=25C and I, =180mA.
Note 2: The “LED life time” is defined as the module brightness decrease to 50% original
brightness at Ta=25°C and I. =180mA. The LED lifetime could be decreased if
operating I is larger than 180 mA.

The copyright belongs to InnoLux. Any unauthorized use is prohibited.
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3.3. Power Sequence
1. Power on:
¢ |
I VGH
I
I B/L
: AV,
| DV,
: DATA
T=0: GND
I
|
' |
' |
I
| VGL
I
I
e N R — — ————— = W > T
DVpp—VGL—VGH—Data—BJ/L
2. Power off:
|  VGH
I
I
| BL _— I\
I AVDD |
I \ AN A
I DVog IR
: DATA \ >10ms | | >20ms I
:lﬁﬂ I
T=0{— GND i e\ :
| ' : :>5ms:
l o
| >10ms
: |
| VGL
I
I
e > T

B/L—Data—VGH—-VGL—DVpp

Note: Data include DCLK,POL,OEV,CKV,STVU,STVD,STHL,STHR,LD,R0~R5,G0~G5,B0~B5
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3.4. Timing Characteristics
3.4.1. Timing Conditions
Values
Item Symbol Unit Remark
Min. Typ. | Max.
DCLK frequency Fdclk - 40 45 | MHz
DCLK cycle Tcph 22 25 - ns
DCLK pulse width Tcw 8 - - ns
Data set-up time Tsu 4 - - ns
Data hold time Thd 2 - - ns
Time that the last data to LD TId 1 - - Tcph
Pulse width of LD Twid 2 - - | Teph
Time that LD to STHL/R Tlds 5 - - | Tecph
POL set-up time Tpsu 6 - - ns
POL hold time Tphd 6 - - ns
CKV frequency Fvclk - - 200 | KHz
CKYV rise time Trek - - 100 | ns
CKYV falling time Tfck - - 100 | ns
CKV pulse width PWCLK | 500 - - ns
Horizontal display timing range Tdh - 800 - Tcph
Horizontal timing range Th - 1056 - | Teph
STVU/D setup time Tsuv 200 - - ns
STVU/D hold time Thdv 300 - - ns
STVU/D delay time Tdt - - 500 | ns
Driver output delay time Tdo - - 900 ns
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Output rise time Ttlh - 500 | 1000 | ns
Output falling time Tthi - 400 800 | ns
OEV pulse width Twcl 1 - - us
OEV to Driver output delay time | Toe - - 900 | ns
Horizontal lines per field Tv 512 525 610 | Tdh
Vertical display timing range Tvd - 480 - Tdh
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3.4.2. Timing Diagram
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4. Optical Specifications
Values
Item Symbol Condition Unit Remark
Min. Typ. | Max.
oL ®=180°(9 o’clock) | 60 70 -
Viewing angle O | P=0°(3 o'clock) w | G ~ 1y Note 1
egree
(CRz10) o s
O ®=90°(12 o’clock) 40 50 -
Os ®=270°(6 o’clock) 60 70 -
Ton - 10 20 msec | Note 3
Response time
Torr - 15 30 msec | Note 3
Contrast ratio CR 400 500 - - Note 4
Wy Normal 0.26 | 0.31 | 0.36 - Note 2
Color chromaticity 6=0=0 Note 5
Wy 0.28 | 0.33 | 0.38 - Note 6
Luminance L 160 | 200 - cd/m? | Note 6
Luminance uniformity Yu 70 75 - % Note 7

Test Conditions:

1. DVpp =3.3V, I. =180mA (Backlight current), the ambient temperature is 25C.

2. The test systems refer to Note 2.

The copyright belongs to InnoLux. Any unauthorized use is prohibited.
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Note 1: Definition of viewing angle range

Normal line
0=0=0°
®=90°
12 o’clock direction

o7

E

®=180° %
®=0°

| \\\

|

w P

.~ Active Area
|

|

7
7

7

7
7

. LCM

T ©=270°
6 o’clock direction
Fig. 4-1 Definition of viewing angle

Note 2: Definition of optical measurement system.
The optical characteristics should be measured in dark room. After 30 minutes

operation, the optical properties are measured at the center point of the LCD
screen. (Response time is measured by Photo detector TOPCON BM-7, other
items are measured by BM-5A/Field of view: 1° /Height: 500mm.)

Normal line
6=0=0°
Photo detector

T -

®=90°

500mm 12 o’clock direction
/ Ve
e
p %
»=180° ) o ®=0°
-
e
‘ e - LCM
®=270°

6 o’clock direction

Fig. 4-2 Optical measurement system setup
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Note 3: Definition of Response time
The response time is defined as the LCD optical switching time interval between
‘White” state and “Black” state. Rise time (Ton) is the time between photo detector
output intensity changed from 90% to 10%. And fall time (Togg) is the time
between photo detector output intensity changed from 10% to 90%.

(%/hite (TFT OFF) Black (TFT ON) White (TFT OFF))

. 100%
90%

n

Photo detector output
(Relative value)

Fig. 4-3 Definition of response time

Note 4: Definition of contrast ratio
Luminance measured when LCD on the "White" state

Contrast ratio (CR) = _
Luminance measured when LCD on the "Black" state

Note 5: Definition of color chromaticity (CIE1931)
Color coordinates measured at center point of LCD.

Note 6: All input terminals LCD panel must be ground while measuring the center area of
the panel. The LED driving condition is I.=180mA .
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Note 7: Definition of Luminance Uniformity

Active area is divided into 9 measuring areas (Refer to Fig. 4-4 ).Every measuring
point is placed at the center of each measuring area.

Luminance Uniformity (Yu) = B

L------ Active area length W---—-- Active area width

L
L/6 L/3 L/3

D D ™
z O () O
- & O @

Fig. 4-4 Definition of measuring points

W/6

W/3

W/3

Bmax: The measured maximum luminance of all measurement position.
Bmin: The measured minimum luminance of all measurement position.

The copyright belongs to InnoLux. Any unauthorized use is prohibited.



INNOLUX SPEC NO.: A070-82-TT- 01 Date : 2008/07/22

Page: 23/27
5. Reliability Test Items
(Note3)
Item Test Conditions Remark

High Temperature Storage Ta=85C 240 hrs Note 1,Note 4
Low Temperature Storage Ta=-30TC 240hrs Note 1,Note 4
High Temperature Operation | Ts =85C 240hrs Note 2,Note 4
Low Temperature Operation | Ta =-30C 240hrs Note 1,Note 4
Operate at High Temperature +60°C, 90%RH max. 240 hrs Note 4

and Humidity

-30°C/30 min ~ +85°C /30 min for a total 100
Thermal Shock cycles, Start with cold temperature and end Note 4
with high temperature

Frequency range:10~55Hz
Stroke:1.5mm

Vibration Test Sweep:10Hz~55Hz~10Hz

2 hours for each direction of X. Y. Z.
(6 hours for total)

100G 6ms, X, 1Y, +Z 3 times for each

Mechanical Shock ) .
direction

Random Vibration :

0.015G*G/Hz from 5-200HZ, -6dB/Octave
Package Vibration Test from 200-500HZ

2 hours for each direction of X. Y. Z.

(6 hours for total)

Height:60 cm

Package Drop Test 1 corner, 3 edges, 6 surfaces

Electro Static Discharge + 2KV, Human Body Mode, 100pF/1500Q

Note 1: Ta is the ambient temperature of samples.

Note 2: Ts is the temperature of panel’s surface.

Note 3: In the standard condition, there shall be no practical problem that may affect the
display function. After the reliability test, the product only guarantees operation,
but doesn’t guarantee all the cosmetic specification.

Note 4: Before cosmetic and function test, the product must have enough recovery time,
at least 2 hours at room temperature.
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6. General Precautions

6.1. Safety

Liquid crystal is poisonous. Do not put it in your mouth. If liquid crystal touches your
skin or clothes, wash it off immediately by using soap and water.

6.2. Handling

1. The LCD panel is plate glass. Do not subject the panel to mechanical shock or to
excessive force on its surface.

2. The polarizer attached to the display is easily damaged. Please handle it carefully
to avoid scratch or other damages.

3. To avoid contamination on the display surface, do not touch the module surface
with bare hands.

4. Keep a space so that the LCD panels do not touch other components.

5. Put cover board such as acrylic board on the surface of LCD panel to protect panel
from damages.

6. Transparent electrodes may be disconnected if you use the LCD panel under
environmental conditions where the condensation of dew occurs.

7. Do not leave module in direct sunlight to avoid malfunction of the ICs.

6.3. Static Electricity

1. Be sure to ground module before turning on power or operating module.
2. Do not apply voltage which exceeds the absolute maximum rating value.

6.4. Storage

1. Store the module in a dark room where must keep at 25+10°C and 65%RH or less.

2. Do not store the module in surroundings containing organic solvent or corrosive
gas.

3. Store the module in an anti-electrostatic container or bag.

6.5. Cleaning

1. Do not wipe the polarizer with dry cloth. It might cause scratch.
2. Only use a soft sloth with IPA to wipe the polarizer, other chemicals might
permanent damage to the polarizer.
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7. Mechanical Drawing
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8. Package Drawing
8.1. Packaging Material Table
Model Unit
No. Item . Dimensions(mm) | Weight | Quantity | Remark
(Material)
(kg)

LCM

1 ATO70TN82 165 x 104 x 5.5 TBD 50pcs
Module

2 | Partiion |SCComugated |55 349 x 226 | 1466 | 1 set

Paper

3 Corrugated | BC Corrugated 512 x 162 0.046 4 set
Bar Paper

4 Corrugated | BC Corrugated 510 x 343 0.130 1pcs
Board Paper

5 | Dust-Proof | pp 700 x 530 0.048 | 1pcs
Bag

6 | A/SBag PE 180 x 160 x 0.05 0.002 50 pcs

7 | carton CRrruss 530 x 355 x 255 | 1.100 | 1pcs

paper
8 | Total weight TBD
8.2. Packaging Quantity

Total LCM quantity in Carton: no. of Partition

2 Rows x

quantity per Row 25

50
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8.3. Packaging Drawing
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1 Introduction

The AML6210DP A/V processor is a complete integrated system targeting the digital picture frame market.
The device combines a super fast JPEG decoder, all digital LCD drivers/ TCON signals, USB and card-reader
I/Os and a 32-bit host CPU in a small 144 pin package.

The embedded 32-bits core CPU handles all system related application software. It executes AVOS, the base
operating system for AML6210DP. All applications and drivers run on top of AVOS. Drivers including USB
drivers, card-reader hardware driver, and video and other hardware related programming interfaces are provided
by AVOS. Applications include graphical user interfaces and file system sub-system are also inclu

Developers can add additional applications to customize for each platform.

The core CPU interfaces to the video and audio processing hardware. It performs advance al a
decoding. It provides support for all existing audio formats and it also has enough flexibili ccommodate
new audio standards. Popular audio formats like MPEG Layer I/11/11I, LPCM, MP3 and WAV

can be supported.

ture’ AMRISC™

es with no limits in

JPEG pictures are processed by dedicated picture decoding hardware an
engine. The hardware and microcode combination is capable of decoding
picture resolution. Once decoded, the output pictures are passed to a sophisticated video sub-system that
performs image analysis, enhancement and scaling functions. Contr

scaling, video interpolation, and zoom are also supported. The h1gh solution scalar supports both up-scaling
and down-scaling of images and video. The scalar can a iple graphics and OSD layers for the
final display. The integrated video encoder supports all , esolutions thru the on-chip triple
panel DACs. In addition, a programmable digital LCD ded for the AML6210DP to interface to
digital LCD panels directly.

The AML6210DP also integrated a USB 2.0 High Speed OTG controller/PHY and card-reader controller. The
card-reader controller can support SD/SDHC, MS/MS-Pro/MS-Duo/MS-Pro Duo, MMC, xD and CF cards.
FAT and FAT32 file systems are supported. ntroller can be connected to USB hard disk, FLASH
drive, digital cameras and MP3 players. ivers and applications for AML6210DP firmware
includes the basic USB device driver, tocol'stacks to support bulk and INTR transfer, Hub, Mass-
Storage (MS) class and Picture Transfer Prot (PTP). The AVOS USB firmware also supports multiple file

e file transfer ctions between USB devices.

systems and includes flexib

@
AML6210DP A/V processor, has a very flexible clocking circuits that implement the adaptive
AMPOWER-II power r gotithms. The chip works in conjunction with the AVOS software to

reduce total power con

requirements. OWER-II, the system can reduce power consumption for portable applications and
helps consume ics to,achieve the Energy Star rating. In addition, AMPOWER-II also provides higher
perforrn‘me in smaller, thermally constrained environments.

\
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2 Features

The AML6210DP chip is very flexible and most of the capabilities are under firmware control. The following
list of features may or may not be included in the firmware library or binary, depending on the actual
application and platform.

> High Integration

0 Embedded 32-bits core RISC processor for system control
Complete JPEG decoding logic and video scaling logic
Complete audio decoding and stereo audio DACs
Integrated digital LCD video signals and TCON
Integrated USB 2.0 High Speed OTG port
Integrated card reader controllers
Integrated NAND FLASH controller

OO0 o0OO0OO0O0

> JPEG Decoding
Super fast hardware decoding of JPEG picture

o

0 Unlimited pixel resolution (currently test with 16M pixel pictu
O Supports scaling (zoom in or out), rotation and transitionieffects
O Automatic image analysis and enhancement

»  Other Images/Pictures Decoding
0 Decodes BMP, PNG, GIF, TIFF and o

O Supports zoom in and out, rotation an

>  Special Trick Modes:
O Pause
0 Reverse playback
0 Multiple steps fast forward/b

>  Picture Processing
O Automatic image an
O Variable steps pic
0 On-Screen-Displa
0

de cement

(up to 8x)

capable of supporting 4/16/256 colors or True-Color
deo display

» TV Encoder / TCO
0 Digital video ut signals especially for digital LCD panels

o] ammable tint, brightness and other TV enhancements
o] ated programmable timing controller (TCON) for digital LCD panels
®
>  Graphics
ics can be scaled independently of the video output
o] nified graphics memory architecture for maximum flexibility and system cost savings
> A oding

0 Full MPEG audio layers I, IT and III
0 Capable of decoding popular audio formats including: MP3, WMA and WAV

>  Audio Post Processing and Output
O Integrated a 2-channel audio DACs
0 Muting, volume control, etc.

> USB Interface
0 Integrated OTG 2.0 High Speed controller and PHY
0 Backward compatible with USB 1.1 devices
0 USB OTG port can be configured as USB device, host or OTG port
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OO0 O0OO0OO0O0

DMA support for data movement for BULK, INTR and ISO transfer

USB device driver, native USB protocol stack supported in AVOS firmware

Integrated support for Mass-storage class (MS-Class) and Picture Transfer Protocol (PTP)
USB Hub support

Audio and image decoding from USB attached MS-Class or PTP devices

Connecting to PCs or Apple computers as USB MS-Class devices

» Card Reader Interfaces and Controllers

(o}
(o}
(o}

Support MS, SD/SDHC, MMC, and xD memory card formats
Supports reading and play back of audio and picture multimedia files
AV OS software supports all file operations via file system on each memory card

> Core CPU Sub-system

(0]

Oo0OO0OO0OO0OO0O0

> System, Peripherals and Misc. Interfaces

OO0OO0OO0OO0OO0O0

32-bit core CPU dedicated for user applications

Embedded debug interface using ICE/JTAG

Shared MPEG SDRAM as run time data storage for minimal system ¢

Integrated interrupt controller

Integrated general purpose timers and counters

Integrated general purpose DMA controllers

Supports up to 8M bytes of 8-bit FLASH chip

Supports single SDRAM interface (mi1_*). The SDRAM i ace can support 8M or 16M
bytes of SDRAM.

One 27 MHz crystal oscillator for A/
AMPOWER-II power reduction algori
Numerous programmable GPIO pins fo ontrol and interrupts
Integrated i2c master controllers, remote conttel input circuitry, quad PWM output pins
1.2 volt and 3.3 volt power supplies
3.3 volt I/O support

144 pins LQFP RoHS packag

\
N

.g,\\

\Y

5/19/2008

6/24 AMLOGIC Proprietary



AML6210DP A/V Processor User Guide Version 0.2

3 External Interfaces

3.1 Global Configurations

3..1 Power-On Configuration

The chip has a common active-low reset signal called reset_n. This signal puts the entire chip into a known
state by resetting internal registers and state-machines to their default states. Typically this signal is held low
for at least 100 msec after the power and crystal clock is stabilized. The reset process also plays a role.in
configuring certain functions within the chip. Using the state of the configuration pins and
the reset_n signal, the user can dictate the configuration of the JTAG pins and the boot de
configuration pins should be pulled up or down using 10K resistors to either 3.3v or ground.

PIN Function

ml _a 10 This pin controls the JTAG configuration after RESET:

ml_we n This pin controls the Boot Option after RESE

ml dqml This pin controls the FLASH Data

» Tie to 3.3v with 10k resistor
» Tie to ground with a 10k zesistor

ml _cas n This pin controls the NAND e Size after RESET (only for NAND flash):

for 512 bytes page size

» Tie to groundiwi 3 esistor for 2048 bytes page size

ml_ras n This pin contro ash Size after RESET. The pin controls the number of
ALE pulses that i ed to set the ROW address.
> ie to_ 3. ith 0k resistor for large size NAND flash device that needs 3 ALE

Example:
The followingex le illustrates a start-up configuration for a single 2M Bytes SDRAM and 8-bit FLASH
memory d&pr ction environment (i.e. no JTAG debugging). Mi_a_1o is tied to GND to disable JTAG
: e
e

tied to GND to boot from NOR FLASH; and m1_dqmiu is tied to GND for 8-bits NOR

5/19/2008 7/24 AMLOGIC Proprietary
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mi_a_to
GND
mi_we_n
GND
Power mi_dqmi
i —_— — "\~
Applied I GND
to Powe-On
Configuration

Log]

Controller

5/19/2008 8/24 AMLOGIC Proprietary



AML6210DP A/V Processor User Guide

Version 0.2

3.2 Clocks

The AML6210DP has multiple internal clock domains, but all the internal clock domains are derived from a
single external reference: OSC. As illustrated below, the crystal/oscillator pin pairs (OSCIN/OSCOUT) can
be connected to a crystal or driven from an external oscillator. In the typical A/V application, a 27 MHz crystal
is connected to the OSC pins. The following diagram depicts a typical crystal circuit; the actual values of the

components depend on the type of crystal used in the application.

y 4 y 4
OSCIN I % OSCIN
J_ 22pF
1ook 1 27M
OSCOUT T OSCOUT __
xTAL |

27 MHz 22PF V4

3.1.3 JTAG for Software Developmen

The embedded core processor can be controlled through i
embedded ICE interface allows the developer to downloa a'to the SDRAM memory, probe registers
on the AML6210DP chip, execute and debug the RISC code us a user friendly development environment.

The JTAG interface is enabled by tying m1_a_1o hi as illus

A——
TDI <«—— TDI
vC AOGPIO ™S L
e TCK — TCK
\ TDO ———— TDO
........... |
JTAG Controller
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3.1.4 GPIOs

Configurable hardware controllers (e.g. iac, card-reader, etc.) and DMAs are integrated into the AML6210DP

device to speed up the common operations and relieve the core RISC for user-level applications. Since

hardware controllers and state-machines cannot cover all possible external devices or system-level signals,

numerous general-purpose I/O pins are available on the chip for purpose like Portable Media Player keypads.
Each GPIO pin can be independently configured to be an input or an output. As indicated in the diagram, there

are various I/O types.

GPIO PAD TYPES

GPIO I/O Type I

I Read back
Register

GPIO I/O Type O

o) iy ‘ 1/0_O
‘ Register

GPIO I/O Type OD - (Pull-up required)

Read back
Register

I/O_EN
Register

I/0

GPIO I/O Type FC - (NO Pull-up required)

Read back
Register

I/O

I/O_EN
Register

I/0_O
Register
R

\
N

N\
&
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3.2 Memory Interfaces

3.2.1 SDRAM Interfaces

The AML6210DP device uses external SDRAM for data storage and code execution. The SDRAMI interface is
labeled as mi_* interface. The SDRAM interface can access up to 16 M bytes of memory. Depending on the
application, 166 MHz 4Mx16 or 8Mx16 SDRAM chips can be used. The following example depicts a system

with 8M bytes of SDRAM on mi1_* interface.

AE—
A

Mi_DJo..15] D[o..15]
Mi_Alo..1i1] Alo..10]
Mi_BA1 BA1
Mi_BAo BAo
Mi_CLKo CLK
Mi1_RAS_n RAS#
Mi_CAS_n CAS#
Mi_SCSo_n CS#
M:i_DQMo DQML
M1 DQM: DQMH
Mi1_WE_n WE#

3.2.2 FLASH Interface

The FLASH interface can accommoda -

FLASH interface is shared with the SD (

the 8-bits wide FLASH interface desigh:. The FLA

device. Due to the limited number of I/O pins, the
terface. Up to 8M bytes of FLASH is accessible with

should be connected as indicated in the following

diagram:
@
\ A
Mi_BA1 Al7]
Mi_BAo Al16]
Mi_CAS_n Alrs]
) M1_RAS_n Al4]
Mi1_DQMi1 Al3]
M:_DQMo Alrz]
Mi_Alm:o] Alro]
Mi_D[15:0] D[1s:0]
Mi1_WE_n WE#
FLASH_CS_n CS#
FLASH_OE_n @i
8-bit FLASH

3.2.3 NAND FLASH Interface

The NAND FLASH interface can accommodate an 8-bits or 16-bits NAND FLASH device. Due to the limited
number of I/O pins, the FLASH interface is shared with the SDRAM (mi_*) interface. NAND FLASH has a
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very large capacity that ranges from 32MB to more than 1IGB. The NAND FLASH should be connected as

indicated in the following diagram:

8-bit NAND FLASH
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3.3 Audio Interfaces

A pair of audio DAC:s is provided in the AML6210DP device. The audio DACs are designed for connecting to
small speaker inside the photo frame or ear buds for external listening. A simple external amplifier is needed.
Please see the following sample circuit diagram.

Internally, the delta-sigma algorithm is used to improve the performance and ensure high SNR output. The
implementation includes a multi-tap interpolation filter which increases the sample rate of the audio channels
to the modulator rate. Then the audio stream is passed through a sigma-delta modulator that generates the
serial PWM data stream. An internal analog filter is then used for out-of-band noise filtering and analog signal

reconstruction. External arnplifier is needed to provide the necessary current to drive the speakers o ad
phones.
A—— A
IL
ADATA o (L) > R

4

ADATA 1 (R) > AMPIFLER \
Circuit

Internal Ste \

AD

\
N

N\
9
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3.4 Display Output Interfaces

3.4.1 Digital Output

The AML6210DP integrated internal LCD video scalar and encoder and high-resolution triple panel DACs
(PDAC) for direct connection to digital LCD panels. The LCD scale and encoder convert the images to the
LCD resolution and prepare the image to be displayed. Then special LCD specific dithering logic and gamma
correction algorithm is applied before the data is sent to the digital output.

3.4.2 LCD Timing Controller

The AML6210DP AV processor has a built-in LCD timing controller (TCON) that works
the digital output to provide the best performance on a digital LCD panel. The TCON and al output drive
the digital LCD panel directly without any additional logic. AML6210DP’s TCON is prog
used in any small to medium size digital LCD panels. The LCD TCON also include

pulse generator for the LCD panel voltage generator. Together with some simple i bnents,

VGH/VGL can be generated.

DV Out

es—3

LCD —> Digital
Timing [ » LCD

€
>
‘ Controller f 3 Panel
\ >

@ VGH/VGL Y,
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3.5 Peripherals

3.5.1 Card-Reader Interface

The AML6210DP have an integrated hardware controller for SD/MS/MMC/xD card-reader operations. The
hardware controller is capable of executing the low-level card interface protocols, computing the CRC or
checksum, and transferring data to/from SDRAM. The hardware provides interface for the necessary signals
(e.g. SD_CLK, SD_CMD, SD_Do-3 for SD cards) but signals like card detect and write-protect are provided
using GPIO only.

3.5.2 USB Interface Q

AM6210DP AV processor has integrated one high speed USB 2.0 OTG controller and PHY e chip. The
output USB signal (DP/DM) can drive the external USB controller (e.g. Hub, FLAS % nera, PC, Mac,
etc.) directly. The OTG controller can acts as a high speed USB Host or USB Defice o )TG controller.
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4 Operating Conditions

4.1 DC Characteristics
Table 4-1 DC Characteristics

Vpp = 3.3 +/- 0.3V, T =0 to 65°C

Symbol Parameters Condition Min Typ Max Unit
Vi High Level Input 2.0 3.3 V
Vi Low Level Input -0.3
VT+ Schmitt trigger, positive going Threshold
VT- Schmitt trigger, negative going threshold
Voh High-level output voltage loh =-2.0mA 2.4
to 24mA
Vol Low-level output voltage lol =2.0 mA
to 24mA
Iy High-level input current Vin = Vpp
I Low-level input current UuA
loz Tri-state output leakage current
Pp Power Dissipation Vin = Vpp W

4.2 Absolute Maximum Ratings

The table below gives the absolute maximum ratings. Ex re ses beyond those listed in this table may
result in permanent device damage, unreliability or both.

Table 4-2 Absolute Maximum Ratings

Characteristic Value Unit
1.2V Core Supply Voltage 1.3 \
3.3V Pads Supply Voltage 3.6 \
Input voltage, V: -0.5 " 4.6 \
Output voltage, V, -0.5 " 4.6 v
Operating Temperature 65 °C
|
4.3 Recom Operating Conditions

erating Conditions

meter Min. Typ. Max Unit
Core Supply Voltage 1.10 1.2 1.3 \
.3V Pads Supply Voltage 3.0 3.3 3.6 \
Junction Temperature 0 125 °C
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s Pin-out

The AML6210DP A/V processor pin-out is described in the following table.

Abbreviations:
» I == Input digital pin, O == Output digital pin, I/O == Input/Output pin
» Al == Analog input pin, AO == Analog output pin, AIO == Analog input/output pin
» P == Power pin, AP == Analog power pin, NC == No connection

Pin # Pin Name Description Alternate Usage / Comments Type
1 VAA3V Analog power 3.3V analog power AP
2 APAD 0 Audio output Audio output - LEFT AP
3 APAD 1 Audio output Audio output - RIGHT

4 AGND Analog ground Analog ground

5 TCON_STH2 LCD Panel signal LCD panel clock pulse

6 TCON_STH1 LCD Panel signal LCD panel clock pulse

7 TCON_OEV1 LCD Panel signal LCD panel clock pul 1/0
8 TCON _CPV1 LCD Panel signal LCD panel clock 1/0
9 VDD33 Digital 1/0 Power Digital 1/0 3. P
10 TCON STV1 LCD Panel signal LCD panel clock 1/0
11 TCON_STV2 LCD Panel signal LCD panel clock 1/0
12 VSS33 Digital Ground p
13 TCON_VCOM LCD Panel signal pulse 1/0
14 TCON_OEH LCD Panel signal 1se 1/0
15 TCON_CPH1 LCD Panel signal k pulse 1/0
16 GPI0 // XD_INS GPIO reader 1/0
17 GPIO // SD_INS GPIO reader 1/0
18 GPIO // MS_INS GPIO GPIO for card reader 1/0
19 NAND WE n NAND Interface NAND Interface WE 1/0
20 NAND RDYBSY NAND Interface RDYBSY 1/0
21 NAND CE n NAND Interface CE 1/0
22 NAND RD n NAND Interface RD 1/0
23 VDD12 ; ore Power Digital core 1.2V power P
24 M1 A3 SDRAM1 and/or FLASH 1/0
25 ML A 2 SDRAM1 and/or FLASH 1/0
26 ML A 1 Al SDRAM1 and/or FLASH 1/0
27 Digital I/0 Power Digital 1/0 3.3V power P
28 M1 A O SDRAM1 and/or FLASH 1/0
29 M1 A 4 SDRAM1 and/or FLASH 1/0
30 5 ML A5 SDRAM1 and/or FLASH 1/0
31 M1 ML A6 SDRAM1 and/or FLASH 1/0
32 N Digital Ground Digital ground p
33 ML A7 ML A7 SDRAM1 and/or FLASH 1/0
34 M1 A 8 M1 A 8 SDRAM1 and/or FLASH 1/0
35 M1 A9 ML A9 SDRAM1 and/or FLASH 1/0
36 ML A 10 M1 A 10 SDRAM1 and/or FLASH 1/0
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Pin Pin name Description Comments / Alternate usage Type
37 M1 A 11 ML A 11 SDRAMI and/or FLASH 0
38 M1_BA1 M1_BA1 SDRAM1 and/or FLASH 0
39 M1_BAO M1_BAO SDRAM1 and/or FLASH 0
40 VDD33 1/0 Power 3.3V Digital I1/0 power 3.3V P
41 M1_CLKO M1_CLKO SDRAMI and/or FLASH 0
42 M1 _DQM1 M1_DQM1 SDRAM1 and/or FLASH 0
43 M1_DQMO M1_DQMO SDRAM1 and/or FLASH 0
44 M1 SCSO n M1 _SCSO_n SDRAM1 and/or FLASH 0
45 M1 _RAS n M1_RAS n SDRAMI and/or FLASH 0
46 M1_CAS_n M1_CAS_n SDRAM1 and/or FLASH
47 M1 _WE n MI_WE n SDRAM1 and/or FLASH
48 M1 D 8 M1 D 8 SDRAM1 and/or FLASH 1/0
49 VSS VSS Digital ground P
50 VDD12 Digital Core 1.2V Digital core power 1. p
51 M1 D9 ML DO SDRAM1 and/or 1/0
52 M1 D 10 M1 D 10 SDRAM1 and/or FL 1/0
53 M1 D 11 ML D 11 SDRAM1 1/0
54 M1 D 12 M1 D 12 SDRAM1 1/0
55 VDD33 1/0 Power 3.3V 3V p
56 M1 D 13 M1 D 13 ASH 1/0
57 M1 D 14 M1 D 14 1/0
58 M1 D 15 M1 D 15 1/0
59 Ml D 7 M1 D 7 1/0
60 VSS VSS Digital ground P
61 M1 D 6 SDRAMI and/or FLASH 1/0
62 M1 D 5 SDRAM1 and/or FLASH 1/0
63 M1 D 4 SDRAM1 and/or FLASH 1/0
64 M1 D 3 SDRAM1 and/or FLASH 1/0
65 M1 D 2 SDRAMI and/or FLASH 1/0
66 MI D 1 SDRAM1 and/or FLASH 1/0
67 MI DO SDRAM1 and/or FLASH 1/0
/0 Power 3.3V Digital I1/0 power 3.3V P
Remote Remote Control 1
LCD PWM PWM for the LCD ? 1/0
GPO GPO for LCD power control 0
Reset Master Reset 1
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Pin Pin name Description Comments / Alternate usage Type
USB Mini-receptacle Identifier between mini-

({5 USBA_id USBA identifier A/mini-B plug Al
USB power supply pin (5 volt). An off-chip AP
charge pump is used to provide power to the

74 USBA_vbus USBA mini VBUS VBUS pin.

USBA Digital 1.2V AP

75 USBA_vdd12 Power Digital 1.2V power for USB-A

76 USBA vssl2 USBA Digital Ground Digital ground for USB-A AP

77 USBA vssa33t USBA ground Analog ground for USB-A transceiver AP

78 USBA_dp USBA D+ D+ analog signal from the USB cable A

79 USBA_dm USSA D- D- analog signal from the USB ca k

80 USBA vdda33t USBA 3. 3V power Analog 3.3V power for USB-A trans "

USBA Ext Ref External resistor that controls t

81 USBA rext resistor current for USB

82 USBA_vdda33c USBA 3. 3V power Analog 3.3V power AP

83 USBA vssad3c USBA ground Analog ground for AP

84 PLLC_AVDD33 PLL VDD PLL power AP

85 PLLC_AVSS33 PLL Ground PLL ground AP

86 PLLB_AVDD33 PLL VDD PLL power AP

87 PLLB_AVSS33 PLL Ground PLL ground AP

88 PLLA_AVDD33 PLL VDD PLL po AP

89 PLLA_AVSS33 PLL Ground PLL g AP

90 OSCIN 0SC Input V/ oscillator input 1

91 0SCouT 0SC Output crystal oscillator output

92 VDD12 Digital Core Pow Digit core 1.2V power P

93 BUTTON_1 BUTTON_1 BUTTON or GPIO or MISC 1/0

94 BUTTON_2 BUTTON_2 BUTTON or GPIO or MISC 1/0

95 BUTTON_3 ‘ BUTTON or GPIO or MISC 1/0

96 VDD33 Digital Power 3.3V P

97 12C_CLOCK GPIO 1/0

98 12C_DATA GPIO 1/0

99 VSS Digital Ground P

100 Reader 1/0 Card Reader I/F or GPIO 1/0

101 Reader 1/0 Card Reader I/F or GPIO 1/0

Card Reader 1/0 Card Reader I/F or GPIO 1/0

Card Reader 1/0 Card Reader I/F or GPIO 1/0

Card Reader 1/0 Card Reader I/F or GPIO 1/0

Card Reader 1/0 Card Reader I/F or GPIO 1/0

k Card Reader 1/0 Card Reader I/F or GPIO 1/0

107 D WP Card Reader 1/0 Card Reader I/F or GPIO 1/0
108 VDD33 Digital 1/0 Power Digital 1/0 3.3V power P

5/19/2008 19/24 AMLOGIC Proprietary



AML6210DP A/V Processor User Guide

Version 0.2

109 GPIO GPIO General Purpose 1/0 or CARD ENABLE 1/0
110 XD DO Card Reader 1/0 Card Reader I/F or GPIO 1/0
111 XD D1 Card Reader 1/0 Card Reader I/F or GPIO 1/0
112 XD D2 // SD_CMD Card Reader 1/0 Card Reader I/F or GPIO 1/0
113 XD D3 // SD CLK Card Reader 1/0 Card Reader I/F or GPIO 1/0
114 VSS VSS Digital Ground p
115 XD_D4 // SD_DO Card Reader 1/0 Card Reader I/F or GPIO 1/0
116 XD D5 // SD D1 Card Reader 1/0 Card Reader I/F or GPIO 1/0
117 XD D6 // SD D2 Card Reader 1/0 Card Reader I/F or GPIO 1/0
118 VDD33 Digital 1/0 Power Digital 1/0 3.3V power
119 XD_D7 // SD_D3 Card Reader 1/0 Card Reader I/F or GPIO
120 VDD12 VDD Digital Power 1.2V
121 LCD_RO LCD Video Out LCD Video Signal Output 0
122 LCD_R1 LCD Video Out LCD Video Signal 0
123 LCD_R2 LCD Video Out LCD Video Signal Outp 0
124 LCD R3 LCD Video Out LCD Video Sign 0
125 LCD R4 LCD Video Out LCD Video Signal 0
126 LCD_R5 LCD Video Out LCD Video Si 0
127 LCD_GO LCD Video Out 1 Output 0
128 LCD G1 LCD Video Out Output 0
129 VSS VSS P
130 LCD_G2 LCD Video Out Output 0
131 LCD_G3 LCD Video Out Output 0
132 LCD G4 LCD Video Out LCD Video Signal Output 0
133 LCD_G5 LCD Video Out LCD Video Signal Output 0
134 VDD33 VDD Digital Power 3.3V p
135 LCD BO LCD Video Signal Output 0
136 LCD_B1 LCD Video Signal Output 0
137 LCD B2 LCD Video Signal Output 0
138 LCD_B3 LCD Video Signal Output 0
139 LCD B4 Out LCD Video Signal Output 0
140 LCD_B5 Out LCD Video Signal Output 0
141 JTAG TMS JTAG 1/0
142 JTAG TDI JTAG 1/0
143 JTAG TCK JTAG 1/0
144 JTAG TDO JTAG 1/0
5/19/2008 20/24 AMLOGIC Proprietary




AML6210DP A/V Processor User Guide Version 0.2

5.1 Package pin-out diagram
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VAA3V| 1 O 108|VvDD33
APADO| 2
APAD1| 3
AGND| 4
TCON_STH2| 5
TCON_STH1| 6
TCON_OEV1| 7 ADY
TCON_CPV1| 8
VvDD33| 9 XD_RE
TCON_STV1| 10 VSS
TCON_STV2| 11 12C_DATA
VSS33| 12 12C_CLOCK
TCON_VCOM| 13 96(VDD33
TCON_OEH| 14 95[BUTTON3
TCON_CPH1| 15 94(BUTTON2

GP10 | 16| AMLOGI | 93[BUTTON1

GPIO| 17| | 92|vDD12

GP10 | 18| C | o1|oscout

NAND_VWE_n| 19 | _90|oscIN
NAND_RDYBSY| 20| | 89|PLLA_AVSS33

NAND_CE_n| 21 PLLA_AVDD33
NAND_RD_n| 22 PLLB_AVSS33

f
@ |0 [ |
a o |N |0

vop12| 23 PLLB_AVDD33
M1_A_3| 24 PLLC_AVSS33
Mi_A_2| 25 84|PLLC_AVDD33
Mi_A_1| 26 83|USBA_vssa33c
voD33| 27 82|USBA_vdda33c
Mi_A_o| 28 81|USBA_rext
M1_A_4| 29 80|USBA_vdda33t
M1_A_5| 30 79|UsBA_dn
M1_A_6| 31 78[usBA_dp
vss| 32 77|UsBA_vssa33t
Mi_A_7| 33 76|USBA_vss12
Mi_A_8| 34 75|UsBA_vdd12
Mi_A_9| 35 74|USBA_vbus
M1_A_10| 36 73|usBA_id
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5. iple function pins
Multip pins are used to converse pin consumption for different features. The AML6210DP devices can

be used in'many different applications but each application will not utilize all the on chip features. As a result,
some of the features share the same pin. Most of the multiple usage pins can be a GPIO pin also.

The following tables illustrate the applications of the multiple usage pins.

s.2.1 Card Reader interface multi-function pins
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PIN# | PACKAGE PIN NAME | XD SD MS GPIO

100 | XD _RE XD_RE AT_GPIL00
101 | XD_WE XD_WE AT GPI01
102 | XD_READY XD_READY AT _GPI0Z
103 | XD CE XD CE AT GPI103
104 | XD_ALE XD_ALE AT_GP106
103 | XD_CLE AT_GP107
110 | XD_D0 XD_DO AT _GPI08
11| Xp D1 XD DI AT GP109
112 | XD D2 XD D2 SD_CMD MS_STB AT _GPI010
113 | XDD3 XD D3 SD_CLK MS_CLK

115 | XD D4 XD DA SD_DO VS DO

116 | XD D5 XD D5 SD DI VS D1

117 | XD D6 XD_D6 SD_D2 VS D2

119 | Xbb7 XD D7 SD_D3 VS D3

5.2.2 TCON Multi-Function Pins

Pin# Package Pin Name LCD TCON GPIO

5 TCON_STH2 TCON_STH2 LCD_GP10 29

6 TCON_STHI TCON_STHI

7 TCON_OEV1 TCON_OEV1

8 TCON_CPV1 TCON_CPV1

10 TCON STV TCON STV

1 TCON_STVZ TCON_STV2 X

13 TCON_VCOM TCON_VCOM LCD_GP10_31

11 TCON_OFH TCON_OEH 1CD_GP10_30

15 TCON_CPHI TCON_CPHL/2/3 LCD_GP10_23

5.2.3 JTAG interface
@

i-fu

tion pins

Pin# | Package Pin Name MISC GPIO

141 JTAG_TMS 12C_MSTR_CLK JTAG_GPIO 1

142 JTAG_TDI 12C_MSTR_DATA JTAG_GPIO 2

143 JTAG_TCK UART_RX JTAG_GPIO O

144 JT!}DO JTAG_TDO UART_TX JTAG_GPIO_3

5.2.4 ASH and mi_* interface multi-function pins

Pin# Package Pin Name SDRAM Memory Interface | NAND FLASH Usage NOR FLASH Usage MISC
Usage (8-bits wide or 16- (8-bits wide, maximum
(16bits wide only) bits wide) of 8Mbytes)

111 NAND _WE n NAND _WE_n EGPIO_8

112 NAND_RDYBSY NAND_RDY_BSY EGPIO 9

113 NAND CE_n NAND CE n FLASH _CS_n

114 NAND_RD n NAND_RD_n FLASH OE_n

116 M1 A 3 M1 A 3 FLASH A 3

5/19/2008 22/24 AMLOGIC Proprietary




AML6210DP A/V Processor User Guide

117 ML A 2 ML A 2 FLASH A 2
118 MLA 1 ML A1 FLASH A 1
120 MLAO ML A O FLASH A 0
121 ML A 4 ML A 4 FLASH A 4
122 ML A5 ML A5 FLASH A 5
123 ML A6 ML A6 FLASH A 6
125 ML A7 ML AT FLASH A 7
126 ML A8 ML A 8 FLASH A 8
127 ML A9 ML A9 FLASH A 9
128 ML A 10 M1 A 10 FLASH A 10
1 ML A 11 ML A 11 FLASH A 11
2 M1 BAL M1 BAL

3 M1 BAO M1 BAO

5 M1 CLKO M1_CLKO

6 ML_DQML ML DQML

7 ML_DQUO M1 DQMO

8 ML SCS0_n M1 SCS0_n

9 ML RAS n M1 RAS n

10 M1 CAS n M1 CAS n

11 ML WE n ML WE n

12 MID 8 M1 D 8 NAND FLASH A 12
15 MID 9 M1 D 9 NAN FLASH A 13
16 ML D 10 M D 10 NAND_1 FLASH A 14
17 Ml:D:l 1 MI:D:I 1 NAND 11 FLASH A 15
18 M1_D_12 M1_D_12 12 FLASH A 16
20 ML D 13 M1 D 13 AND 13 FLASH A 17
21 M1_D_14 M1_D_14 14 FLASH A_18
22 M1_D_15 M1_D_15 D_15 FLASH A_19
93 ML D 7 M1 D 7 NAND 7 FLASH D 7
95 ML D 6 M1 D 6 NAND 6 FLASH D 6
2% Wi D5 NAND_5 FLASH D 5
97 VLD 4 NAND 4 FLASH D 4
28 Ml:D:B NAND 3 FLASH D 3
29 MID 2 NAND 2 FLASH D 2
30 ML D1 NAND_1 FLASH D_1
31 Ml:D:O NAND 0 FLASH D 0
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6 Mechanical Specifications

The AML6210DP A/V processor is packaged using a 144 pins LQFP package. The mechanical dimensions are

given in millimeters as below:
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FEATURES SUMMARY

HIGH DENSITY NAND FLASH MEMORIES

- Cost effective solutions for mass storage applications

MULTIPLANE ARCHITECTURE

- Array is split into two independent planes. Parallel
Operations on both planes are available, halving
Program and erase time.

NAND INTERFACE

- x8/x16 bus width.

- Address/ Data Multiplexing

- Pinout compatiblity for all densities

SUPPLY VOLTAGE
- 3.3V device : Vcc = 2.7V ~3.6 V

MEMORY CELL ARRAY
- X8 : (2K + 64) bytes x 64 pages x 2048 blocks
- x16 : (1K + 32) words x 64 pages x 2048 blocks

PAGE SIZE
- (2K + 64 spare) Bytes
- (1K + 32 spare) Words

BLOCK SIZE
- (128K + 4Kspare) Bytes
- (64K + 2Kspare) Words

PAGE READ / PROGRAM

- Random access : 25us (max.)

- Sequential access : 25ns (min.)

- Page program time : 200us (typ.)

- Multi-page program time (2 pages) : 200us (typ.)

COPY BACK PROGRAM
- Automatic block download without latency time

FAST BLOCK ERASE
- Block erase time: 1.5ms (typ.)
- Multi-block erase time (2 blocks) : 1.5ms (typ.)

CACHE READ

- Internal (2048 + 64) Byte buffer to improve the read

throughtput.

HY27UF(08/16)2G2B Series
2Gbit (256Mx8bit) NAND Flash

STATUS REGISTER
- Normal Status Register (Read/Program/Erase)
- Extended Status Register (EDC)

ELECTRONIC SIGNATURE

- 1st cycle : Manufacturer Code

- 2nd cycle : Device Code

- 3rd cycle : Internal chip number, Cell Type, Number of
Simultaneously Programmed Pages.

- 4th cycle : Page size, Block size, Organization, Spare
size

- 5th cycle : Multiplane information

CHIP ENABLE DON'T CARE
- Simple interface with microcontroller

HARDWARE DATA PROTECTION
- Program/Erase locked during Power transitions.

DATA RETENTION
- 100,000 Program/Erase cycles (with 1bit/528byte ECC)
- 10 years Data Retention

PACKAGE
- HY27UF(08/16)2G2B-T(P)
: 48-Pin TSOP1 (12 x 20 x 1.2 mm)
- HY27UF(08/16)2G2B-T (Lead)
- HY27UF(08/16)2G2B-TP (Lead Free)

- HY27UF082G2B-F(P)
: 63-Ball FBGA (9 x 11 x 1.0 mm)
- HY27UF082G2B-F (Lead)
- HY27UF082G2B-FP (Lead Free)

- HY27UF082G2B-UP
: 52-ULGA (12 x 17 x 0.65 mm)
- HY27UF082G2B-UP (Lead Free)
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. HY27UF(08/16)2G2B Series
h nmix 2Gbit (256Mx8bit) NAND Flash

1.SUMMARY DESCRIPTION

Hynix NAND HY27UF(08/16)2G2B Series have 256Mx8bit with spare 8Mx8 bit capacity. The device is offered in 3.3V Vcc
Power Supply, and with x8 and x16 1/0 interface Its NAND cell provides the most cost-effective solution for the solid state
mass storage market. The memory is divided into blocks that can be erased independently so it is possible to preserve
valid data while old data is erased.

The device contains 2048 blocks, composed by 64 pages. A program operation allows to write the 2112-byte page in typi-
cal 200us and an erase operation can be performed in typical 1.5ms on a 128K-byte block.

Data in the page can be read out at 25ns cycle time per byte(x8). The 1/0 pins serve as the ports for address and data
input/output as well as command input.

This interface allows a reduced pin count and easy migration towards different densities, without any rearrangement of
footprint. Commands, Data and Addresses are synchronously introduced using CE, WE, RE, ALE and CLE input pin. The
on-chip Program/Erase Controller automates all read, program and erase functions including pulse repetition, where
required, and internal verification and margining of data. The modify operations can be locked using the WP input. The
output pin R/B (open drain buffer) signals the status of the device during each operation. In a system with multiple mem-
ories the R/B pins can be connected all together to provide a global status signal.

The copy back function allows the optimization of defective blocks management. When a page program operation fails
the data can be directly programmed in another page inside the same array section without the time consuming serial
data insertion phase. Copy back operation automatically executes embedded error detection operation: 1 bit error

every 528byte (x8) or 1bit error out of every 264-word (x16) can be detected. Due to this feature, it is no more nor neces-
sary nor recommended to use external 2-bit ECC to detect copy back operation errors. Data read out after copy back read
(both for single and multiplane cases) is allowed.

Even the write-intensive systems can take advantage of the HY27UF(08/16)2G2B Series extended reliability of 100K pro-
gram/erase cycles by supporting ECC (Error Correcting Code) with real time mapping-out algorithm. The chip supports CE
don't care function. This function allows the direct download of the code from the NAND Flash memory device by a micro-
controller, since the CE transitions do not stop the read operation.

This device includes also extra features like OTP/Unique ID area, Read ID2 extension.

The HY27UF(08/16)2G2B Series are available in 48-TSOP1 12 x 20 mm, 63-FBGA 9 x 11mm, 52-ULGA 12 x 17 mm.

1.1 Product List

PART NUMBER ORGANIZATION Vcec RANGE PACKAGE

HY27UF082G2B x8 48-TSOP1, 63-FBGA, 52-ULGA
2.7V ~ 3.6V

HY27UF162G2B x16 48-TSOP1
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HY27UF(08/16)2G2B Series

l/ll/|l/ll)( 2Gbit (256Mx8bit) NAND Flash
VCC

CE I00~1I07

— I08~1015 (x16 Only)

WE ——O

RE— > R/B

ALE

CLE

WP —0

VSS

Figurel: Logic Diagram

1015 - 108 Data Input / Outputs (x16 only)
107 - 100 Data Input / Outputs
CLE Command latch enable
ALE Address latch enable
CE Chip Enable

RE Read Enable

WE Write Enable

wp Write Protect

R/B Ready / Busy

Vce Power Supply

Vss Ground

NC No Connection

Table 1: Signal Names
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. HY27UF(08/16)2G2B Series
l/ll/|l/ll)( 2Gbit (256Mx8bit) NAND Flash

NC ] @ 48 ] NC NC [ @ 48 1 Vss
NC ] NC NC [ ] 1/015
Ne [ 1 NC NC [ 11/07
NC [ 1 NC NC [ —11/014
Ne —11/07 ne 11/06
nNe O ] 1/06 ne O —] 1/013
Rr/B 1 1/05 r/B 1 1/05
RE ] /04 rE ] [—] 1/012
= = =5 =h
NC
Ne O NAND Flash 1 Ne ne O NAND Flash 1 Ne
vee []12 37 [ Vee Vee []12 37 [ Vee
= G 1= w3 TSOPL 35
NC E % NC NC ]\
(x8) NC NC O (x16) ] 1/011
CLE [ | 103 CLE ] -
ALE [] - ALE [] =] 1/03
4= =[is d= =i
NC O ] 1/00 NC E % 1/09
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= S 4= S
NC 24 25 [INC NC 24 25 [ Vss

Figure 2: 48TSOP1 Contact, x8 and x16 Device

1 2 3 4 5 6 7 8 9 10

]
©E ©O
©) ©E

o 0O W >

OROOOGG®
OOOOOO®
OeOOOOG®
OO
@G
6/666]0[66/d)

A W T o

‘| ©O ©O
©O OO

2

Figure 3: 63FBGA Contactions, x8 Device (Top view through package)
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. HY27UF(08/16)2G2B Series
l/ll/|l/ll)( 2Gbit (256Mx8bit) NAND Flash

Vv

CN%O O /%I)E C% NC
ON

%OVSSO OVCCO%

ALE NC NC /IRE
O O
Oo%o o0 %o O
NC NC /WE R/B NC NC
/WP VSS
@) O O
NC 100 NC NC

O
OIO1 O O IO7O

zZz £ r X «rT @ mmoOoOw >»r

Q NC o 102 106 o NG O
NC o 103 105 NC
Q NC vSs 104 NC O
NC Q O NC
VsS vCC
O O O O
Q NC NC NC NC O
NG NC

Figure 4. 52-ULGA Contactions, x8 Device (Top view through package)
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HY27UF(08/16)2G2B Series

h nmix 2Gbit (256Mx8bit) NAND Flash

1.2 PIN DESCRIPTION

Pin Name Description
DATA INPUTS/OUTPUTS
100-107 | The 10 pins allow to input command, address and data and to output data during read / program
108-1015() | operations. The inputs are latched on the rising edge of Write Enable (WE). The 1/0 buffer float to
High-Z when the device is deselected or the outputs are disabled.
COMMAND LATCH ENABLE
CLE This input activates the latching of the 10 inputs inside the Command Register on the Rising edge of
Write Enable (WE).
ADDRESS LATCH ENABLE
ALE This input activates the latching of the 10 inputs inside the Address Register on the Rising edge of
Write Enable (WE).
CE CHIP ENABLE
This input controls the selection of the device.
e WRITE ENABLE
WE This input acts as clock to latch Command, Address and Data. The 10 inputs are latched on the rise
edge of WE.
READ ENABLE
RE The RE input is the serial data-out control, and when active drives the data onto the 1/0 bus. Data is
valid tREA after the falling edge of RE which also increments the internal column address counter by
one.
. WRITE PROTECT
WP The WP pin, when Low, provides an Hardware protection against undesired modify (program / erase)
operations.
R/B READY BUSY
The Ready/Busy output is an Open Drain pin that signals the state of the memory.
Ve SUPPLY VOLTAGE
The Vcce supplies the power for all the operations (Read, Write, Erase).
Vss GROUND
NC NO CONNECTION
Table 2: Pin Description
NOTE:

1. For x16 version only

2. A 0.1uF capacitor should be connected between the Vcc Supply Voltage pin and the Vss Ground pin to decouple
the current surges from the power supply. The PCB track widths must be sufficient to carry the currents required
during program and erase operations.

3. An internal voltage detector disables all functions whenever VCC is below 1.8V (3.3V version) to protect the device

from any involuntary program/erase during power transitions.

Rev 0.2 / Jan. 2008 8




hynix

HY27UF(08/16)2G2B Series
2Gbit (256Mx8bit) NAND Flash

100 101 102 103 104 105 106 107
Ist Cycle A0 Al A2 A3 A4 A5 A6 A7
2nd Cycle A8 A9 A10 All LD L@ L® L™
3rd Cycle A12 Al13 Al4 A15 Al6 Al7 A18 A19
4th Cycle A20 A21 A22 A23 A24 A25 A26 A27
5th Cycle A28 L@ LW L® LD LD L@ LD
Table 3: Address Cycle Map(x8)
NOTE:
1. L must be set to Low.
1/08-
100 101 102 103 104 105 106 107 1015
1st Cycle AO Al A2 A3 A4 A5 A6 A7 L@
2nd Cycle A8 A9 A10 LD L® LD L® L® LD
3rd Cycle All Al12 A13 Al4 Al15 Al6 A17 A18 L@
4th Cycle Al9 A20 A21 A22 A23 A24 A25 A26 LD
5th Cycle A27 LD L@ LD L@ L@ LD L@ LD
Table 4: Address Cycle Map(x16)
NOTE:
1. L must be set to Low.
FUNCTION 1st CYCLE | 2nd CYCLE | 3rd CYCLE | 4th CYCLE Acce’gﬁ?r']‘; %?Jr;‘;‘a”d
READ1 00h 30h - -
READ FOR COPY-BACK 00h 35h - -
READ ID 90h - - -
RESET FFh - - -
PAGE PROGRAM 80h 10h - -
COPY BACK PGM 85h 10h - -
MULTI PLANE PROGRAM 80h 11h 81h 10h
MULTI PLANE COPYBACK 85h 11h 81h 10h
PROGRAM
BLOCK ERASE 60h DOh - -
BLOCK ERASE eon 6on pon -
READ STATUS REGISTER 70h - - -
RANDOM DATA INPUT 85h - - -
RANDOM DATA OUTPUT 05h EOh - -
READ CACHE (RANDOM) 00h 31h - -
READ CACHE (SEQUENTIAL) 31h - - -
READ CACHE END 3Fh - - -
READ EDC STATUS REGISTER 7Bh - - -

Note:

Table 5: Command Set

1. READ EDC STATUS REGISTER is only available on Copy Back operation.
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HY27UF(08/16)2G2B Series
2Gbit (256Mx8bit) NAND Flash

CLE ALE CE WE RE WP MODE

H L L Rising H X Command Input

— Read Mode
L H L Rising H X Address Input(5 cycles)
H L L Rising H H Command Input

Write Mode
L H L Rising H H Address Input(5 cycles)
L L L Rising H H Data Input
L L LMD H Falling X Sequential Read and Data Output
L L L H H X During Read (Busy)
X X X X X H During Program (Busy)
X X X X X H During Erase (Busy)
X X X X X L Write Protect
X X H X X 0V/Vcc | Stand By
Table 6: Mode Selection
NOTE:

1. With the CE high during latency time does not stop the read operation

Rev 0.2 / Jan. 2008
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. HY27UF(08/16)2G2B Series
h nmix 2Gbit (256Mx8bit) NAND Flash

2. BUS OPERATION

There are six standard bus operations that control the device. These are Command Input, Address Input, Data Input,
Data Output, Write Protect, and Standby.

Typically glitches less than 3ns on Chip Enable, Write Enable and Read Enable are ignored by the memory and do not
affect bus operations.

2.1 Command Input

Command Input bus operation is used to give a command to the memory device. Command are accepted with Chip
Enable low, Command Latch Enable High, Address Latch Enable low and Read Enable High and latched on the rising
edge of Write Enable. Moreover for commands that starts a modify operation (write/erase) the Write Protect pin must be

high. See Figure 6 and Table 13 for details of the timings requirements. Command codes are always applied on 107:0
regardless of the bus configuration. (x8 or x16)

2.2 Address Input

Address Input bus operation allows the insertion of the memory address. Five cycles are required to input the addresses
for the 4Gbit devices. Addresses are accepted with Chip Enable low, Address Latch Enable High, Command Latch Enable
low and Read Enable High and latched on the rising edge of Write Enable. Moreover for commands that starts a modify-
ing operation (write/erase) the Write Protect pin must be high. See Figure 7 and Table 13 for details of the timings
requirements. Addresses are always applied on 107:0 regardless of the bus configuration (x8 or x16).

2.3 Data Input

Data Input bus operation allows to feed to the device the data to be programmed. The data insertion is serial and timed
by the Write Enable cycles. Data are accepted only with Chip Enable low, Address Latch Enable low, Command Latch
Enable low, Read Enable High, and Write Protect High and latched on the rising edge of Write Enable. See Figure 8 and
Table 13 for details of the timings requirements.

2.4 Data Output

Data Output bus operation allows to read data from the memory array and to check the status register content, the EDC
register content and the ID data. Data can be serially shifted out by toggling the Read Enable pin with Chip Enable low,

Write Enable High, Address Latch Enable low, and Command Latch Enable low. See Figure 9,10,12,13,14 and Table 13
for details of the timings requirements.

2.5 Write Protect

Hardware Write Protection is activated when the Write Protect pin is low. In this condition modifying operation does not
start and the content of the memory is not altered. Write Protect pin is not latched by Write Enable to ensure the protec-
tion even during the power up.

2.6 Standby

In Standby mode the device is deselected, outputs are disabled and Power Consumption is reduced.
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. HY27UF(08/16)2G2B Series
h nmix 2Gbit (256Mx8bit) NAND Flash

3. DEVICE OPERATION

3.1 Page Read

This operation is operated by writing 00h and 30h to the command register along with five address cycles.

Two types of operations are available: random read, serial page read. The random read mode is enabled when the
page address is changed. The 2112 bytes (x8) or 1056 words (x16) of data within the selected page are transferred to
the data registers in less than 25us(tR). The system controller may detect the completion of this data transfer (tR) by
analyzing the output of R/B pin. Once the data in a page is loaded into the data registers, they may be read out in
25ns cycle time by sequentially pulsing RE. The repetitive high to low transitions of the RE clock make the device out-
put the data starting from the selected column address up to the last column address.

The device may output random data in a page instead of the sequential data by writing random data output command.
The column address of next data, which is going to be out, may be changed to the address which follows random data
output command. Random data output can be operated multiple times regardless of how many times it is done in a

page.

3.2 Page Program

The device is programmed by page. The number of consecutive partial page programming operation within the same
page without an intervening erase operation must not exceed 8 times. The addressing should be done on each pages
in a block. A page program cycle consists of a serial data loading period in which up to 2112bytes of data may be
loaded into the data register, followed by a non-volatile programming period where the loaded data is programmed
into the appropriate cell. The serial data loading period begins by inputting the Serial Data Input command (80h), fol-
lowed by the five cycle address inputs and then serial data. The bytes other than those to be programmed do not need
to be loaded. The device supports random data input in a page.

The column address of next data, which will be entered, may be changed to the address which follows random data
input command (85h). Random data input may be operated multiple times regardless of how many times it is done in
a page. The Page Program confirm command (10h) initiates the programming process. Writing 10h alone without pre-
viously entering the serial data will not initiate the programming process. The internal write state controller automati-
cally executes the algorithms and timings necessary for program and verify, thereby freeing the system controller for
other tasks. Once the program process starts, the Read Status Register command may be entered to read the status
register. The system controller can detect the completion of a program cycle by monitoring the R/B output, or the Sta-
tus bit (1/0 6) of the Status Register. Only the Read Status command and Reset command are valid while programming
is in progress. When the Page Program is complete, the Write Status Bit (I1/0 0) may be checked. The internal write
verify detects only errors for "1"s that are not successfully programmed to "0"s.

The command register remains in Read Status command mode until another valid command is written to the com-
mand register. Figure 16 details the sequence.
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. HY27UF(08/16)2G2B Series
h nmix 2Gbit (256Mx8bit) NAND Flash

3.3 Multi Plane Program

Device supports multiple plane program: it is possible to program in parallel 2 pages, one per each plane.

A multiple plane program cycle consists of a double serial data loading period in which up to 4224bytes of data may be
loaded into the data register, followed by a non-volatile programming period where the loaded data is programmed
into the appropriate cell. The serial data loading period begins by inputting the Serial Data Input command (80h), fol-
lowed by the five cycle address inputs and then serial data for the 1st page. Address for this page must be within 1st
plane (A<18>=0). The data of 1st page other than those to be programmed do not need to be loaded. The device
supports random data input exactly like page program operation. The Dummy Page Program Confirm command (11h)
stops 1st page data input and the device becomes busy for a short time (tDBSY). Once it has become ready again, 81h
command must be issued, followed by 2nd page address (5 cycles) and its serial data input. Address for this page
must be within 2nd plane (A<18>=1). The data of 2nd page other than those to be programmed do not need to be
loaded. Program Confirm command (10h) makes parallel programming of both pages start. User can check operation

status by R/B pin or read status register command, as if it were a normal page program; status register command is
also available during Dummy Busy time (tDBSY). In case of fail in 1st or 2nd page program, fail bit of status register

will be set: Device supports pass/fail status of each plane. Figure 21 details the sequence.

3.4 Block Erase

The Erase operation is done on a block basis. Block address loading is accomplished in there cycles initiated by an
Erase Setup command (60h). Only address A18 to A28 is valid while A12 to A17 is ignored (x8). The Erase Confirm
command (DOh) following the block address loading initiates the internal erasing process. This two step sequence of
setup followed by execution command ensures that memory contents are not accidentally erased due to external noise
conditions. At the rising edge of WE after the erase confirm command input, the internal write controller handles erase
and erase verify.

Once the erase process starts, the Read Status Register command may be entered to read the status register.

The system controller can detect the completion of an erase by monitoring the R/B output, or the Status bit (1/0 6) of
the Status Register. Only the Read Status command and Reset command are valid while erasing is in progress. When

the erase operation is completed, the Write Status Bit (1/0 0) may be checked.
Figure 20 details the sequence.

3.5 Multi Plane Erase

Multiple plane erase, allows parallel erase of two blocks, one per each memory plane.

Block erase setup command (60h) must be repeated two times, each time followed by 1st block and 2nd block address
respectively (3 cycles each). As for block erase, DOh command makes embedded operation start. Multiplane erase
does not need any Dummy Busy Time between 1st and 2nd block address insertion. Address limitation required for

multiple plane program applies also to multiple plane erase, as well as operation progress can be checked like for mul-
tiple plane program. Figure 22 details the sequence
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3.6 Copy-back Program
Copy-Back program with Read for Copy-Back is configured to quickly and efficiently rewrite data stored in one page

without data reloading when the bit error is not in data stored. Since the time-consuming re-loading cycles are
removed, the system performance is improved. The benefit is especially obvious when a portion of a block is updated
and the rest of the block also needs to be copied to the newly assigned free block. Copy-Back operation is a sequen-
tial execution of Read for Copy-Back and of copy-back program with the destination page address. A read operation
with "35h" command and the address of the source page moves the whole 2112byte data into the internal data buffer.
A bit error is checked by sequential reading the data output. In the case where there is no bit error, the data do not
need to be reloaded. Therefore Copy-Back program operation is initiated by issuing Page-Copy Data-Input command
(85h) with destination page address. Actual programming operation begins after Program Confirm command (10h) is
issued. Once the program process starts, the Read Status Register command (70h) may be entered to read the status
register. The system controller can detect the completion of a program cycle by monitoring the R/B output, or the Sta-
tus bit(1/0 6) of the Status Register.

When the Copy-Back Program is complete, the Write Status Bit(1/0 0) may be checked(Figure 18 & Figure 18). The
command register remains in Read Status command mode until another valid command is written to the command
register. During copy-back program, data modification is possible using random data input command (85h) as shown
in Figure19.

Copy-back program operation is allowed only within same plane.

3.7 Multi-Plane Copy-Back Program

The copy-back program is configured to quickly and efficiently rewrite data stored in one page without utilizing an
external memory. Since the time-consuming cycles of serial access and re-loading cycles are removed, the system
performance is greatly improved. The benefit is especially obvious when a portion of a block needs to be updated and
the rest of the block also need to be copied to the newly assigned free block.

The operation for performing a copy-back program is a sequential execution of page-read without serial access and
copying-program with the address of destination page. A read operation with "35h" command and the address of the
source page moves the whole 2112byte data into the internal data buffer. As soon as the device returns to Ready
state, optional data read-out is allowed by toggling RE (See Figure 23), or Copy Back command (85h) with the
address cycles of destination page may be written. The Program Confirm command (10h) is required to actually begin
the programming operation. Data input cycle for modifying a portion or multiple distant portions of the source page is
allowed as shown in Figure 23.

Most NAND devices require 2 bit external ECC only due to copy back operation while 1 bit ECC can be enough for all
other operation. Reason is that during read for copy back + copy back program sequence a bit error due to charge
loss is not checked by external error detection/correction scheme. On the contrary, 2Gbit NAND includes automatic
Error Detection Code during copy back operation: thanks to this, 2 bit external ECC is no more required, with signifi-
cant advantage for customers that can always use single bit ECC. More details on EDC operation are available in sec-
tion 3.8.
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3.8 EDC Operation

Error Detection Code check automatically starts immediately after device becomes busy for a copy back program oper-
ation (both single and multiple plane). In the x8 version EDC allows detection of 1 single bit error every 528 bytes,
where each 528byte group is composed by 512 bytes of main array and 16 bytes of spare area (see Table 20,21).

So described 528byte area is called “EDC unit”. In the x16 version EDC allows detection of 1 single bit error every 264
words, where each 264 word group is composed by 256 words of main array and 8 words of spare area (see Table
20,21). So described 264 word area is called “ EDC unit”.

To Properly use EDC, some limitations apply:

- Random data input can be used only once in copy back program or page program or multiple page program, unless
user inputs data for a whole EDC unit (or more whole EDC units).

- Any page program operation must be done on whole page basis, or on whole EDC unit ().

EDC result can be checked only during copy back program through 7Bh (specific Read EDC register command, Table 22)

3.9 Read Status Register
The device contains a Status Register which may be read to find out whether, program or erase operation is completed,
and whether the program or erase operation is completed successfully. After writing 70h command to the command

register, a read cycle outputs the content of the Status Register to the 1/0 pins on the falling edge of CE or RE, which-

ever occurs last. This two line control allows the system to poll the progress of each device in multiple memory connec-
tions even when R/B pins are common-wired. RE or CE does not need to be toggled for updated status. Refer to table

14 for specific Status Register definitions. The command register remains in Status Read mode until further commands
are issued to it. Therefore, if the status register is read during a random data output, the read command (00h) should
be given before starting read cycles.

3.10 Read EDC Status Register

The operation is available only in copy back program and it allows the detection of errors occurred during read for copy
back. In case of multiple plane copy back, it is not possible to know which of the two read operation caused the error.
After writing 7Bh command to the command register, a read cycle outputs the content of the EDC Register to the 1/0
pins on the falling edge of CE or RE, whichever occurs last.

Operation is same read status register command. Refer to below Table 22 for specific EDC Register definitions.

3.11 Read ID.

The device contains a product identification mode, initiated by writing 90h to the command register, followed by an
address input of 00h. Five read cycles sequentially output the manufacturer code (ADh), and the device code and 3rd,
4th, 5th cycle 1D, respectively. The command register remains in Read ID mode until further commands are issued to

it. Figure 24 shows the operation sequence, while tables 15 explain the byte meaning.

3.12 Reset

The device offers a reset feature, executed by writing FFh to the command register. When the device is in Busy state
during random read, program or erase mode, the reset operation will abort these operations. The contents of memory
cells being altered are no longer valid, as the data will be partially programmed or erased. The command register is
cleared to wait for the next command, and the Status Register is cleared to value COh when WP is high. Refer to table
14 for device status after reset operation. If the device is already in reset state a new reset command will not be

accepted by the command register. The R/B pin goes low for tRST after the Reset command is written. Refer to Figure
27.
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3.13 Cache Read

Cache read operation allows automatic download of consecutive pages. Immediately after 1st latency end, while user
can start reading out data, device internally starts reading following page.

Start address of 1st page is at page start (A<10:0>=00h), after 1st latency time (tr) , automatic data download will
be uninterrupted. In fact latency time is 25us, while download of a page require at least 100us for x8 device. (50us for
x16device).

The Cache Read function may be issued after the Read function is complete (SR[6] is set to one). The host may enter
the address of the next page to be read from the Flash array. Data output always begins at column address 00h. If
the host does not enter an address to retrieve, the next sequential page is read. When the Cache Read function is
issued, SR[6] is cleared to zero (busy). After the operation is begun SR[6] is set to one (ready) and the host may
begin to read the data from the previous Read or Cache Read function. Issuing an additional Cache Read function
copies the data most recently read from the array into the page register. When no more pages are to be read, the
final page is copied into the page register by issuing the 3Fh command. The host may begin to read data from the
page register when SR[6]is set to one (ready). When the 31h and 3Fh commands are issued, SR[6] shall be cleared
to zero (busy) until the page has finished being copied from the Flash array.

The host shall not issue a sequential Read Cache (31h) command after the last page of the device is read.

Refer to Figure 15.

Cache Read operation must be done only block by block if system needs to avoid reading also reading from invalid
blocks.
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4. OTHER FEATURES

4.1 Data Protection & Power On/Off Sequence
The device is designed to offer protection from any involuntary program/erase during power-transitions. An internal

voltage detector disables all functions whenever Vce is below about 2.0V(3.3V device). WP pin provides hardware pro-
tection and is recommended to be kept at VIL during power-up and power-down. A recovery time of minimum 10us is
required before internal circuit gets ready for any command sequences as shown in Figure 28. The two-step command
sequence for program/erase provides additional software protection.

4.2 Ready/Busy.
The device has a Ready/Busy output that provides method of indicating the completion of a page program, erase,

copy-back and random read completion. The R/B pin is normally high and goes to low when the device is busy (after a
reset, read, program, erase operation). It returns to high when the internal controller has finished the operation. The
pin is an open-drain driver thereby allowing two or more R/B outputs to be Or-tied.

Because pull-up resistor value is related to tR(R/ﬁ) and current drain during busy (lbusy), an appropriate value can be
obtained with the following reference chart (Fig 28). Its value can be determined by the following guidance.
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hynix

HY27UF(08/16)2G2B Series

2Gbit (256Mx8bit) NAND Flash

Parameter Symbol Min Typ Max Unit
valid Block NVB 2008 - 2048 Blocks
Number
Table 7 : Valid Blocks Numbers
NOTE:
1. The 1st block is guaranteed to be a valid block at the time of shipment.
Symbol Parameter Value Unit
Ambient Operating Temperature (Commercial Temperature Range) 0to 70 T
Ta
Ambient Operating Temperature (Industrial Temperature Range) -40 to 85 T
Tgias Temperature Under Bias -50 to 125 T
Tst6 Storage Temperature -65 to 150 \Y
vio® Input or Output Voltage -0.6 to 4.6 v
Vce Supply Voltage -0.6t0 4.6 \Y
Table 8: Absolute maximum ratings
NOTE:

1. Except for the rating “Operating Temperature Range”, stresses above those listed in the Table “Absolute
Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and operation of
the device at these or any other conditions above those indicated in the Operating sections of this specification is
not implied. Exposure to Absolute Maximum Rating conditions for extended periods may affect device reliability.

Refer also to the Hynix SURE Program and other relevant quality documents.

2. Minimum Voltage may undershoot to -2V during transition and for less than 20ns during transitions.

Rev 0.2 / Jan. 2008
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HY27UF(08/16)2G2B Series

[ |
I/I nmix 2Gbit (256Mx8bit) NAND Flash
A28 ~ AO
% ADDRESS
REGISTER/ 1
COUNTER
PROGRAM
ERASE X
CONTROLLER - .
iV GENERATION 2048 Mbit + 64 Mbit b
NAND Flash o E
ALE MEMORY ARRAY o)
D
ce 1] °
— R
CE COMMAND
wp INTERFACE [
p— LOGIC
RE
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PAGE BUFFER
. COMMAND [ =
4 REGISTER
Y DECODER
V' N VN
. DATA ]
4 REGISTER
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V' N
A
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Figure 5: Block Diagram
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hynix

HY27UF(08/16)2G2B Series

2Gbit (256Mx8bit) NAND Flash

o 3.3Volt )
Parameter Symbol Test Conditions - Unit
Min Typ Max
Sequential tRc=25ns
Icc1 —_ _ - 15 30 mA
Operating Read CE=VIL, lout=0mA
Current Program Icc2 - - 15 30 mA
Erase Icc3 - - 15 30 mA
E=VIH,
Stand-by Current (TTL) Icca WP=0V/Vce - 1 mA
CE=Vce-0.2,
Stand-by Current (CMOS) Iccs WP=0V/Vco - 10 50 UA
Input Leakage Current ILi VIN=0 to Vce (max) - - * 10 UA
Output Leakage Current Lo Vout =0 to Vce (max) - - + 10 UA
Input High Voltage VIH - 0.8xVcce - Vce+0.3 \Y
Input Low Voltage ViL - -0.3 - 0.2xVce \"
Output High Voltage Level VoH loH=-400uA 2.4 - - \Y
Output Low Voltage Level VoL loL=2.1mA - - 0.4 \Y
Output Low Current (R/B) lo VoL=0.4V 8 10 - mA
(R/B)
Table 9: DC and Operating Characteristics
Value
Parameter
3.3Volt
Input Pulse Levels 0V to VCC
Input Rise and Fall Times 5ns
Input and Output Timing Levels VCC/2

Output Load (2.7V - 3.6V)

1 TTL GATE and CL=50pF

Table 10: AC Conditions

Rev 0.2 / Jan. 2008
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hynix

HY27UF(08/16)2G2B Series
2Gbit (256Mx8bit) NAND Flash

Item Symbol Test Condition Min Max Unit
Input / Output Capacitance Cio ViL=0v - 10 pF
Input Capacitance CIN VIN=0V - 10 pF
Table 11: Pin Capacitance (TA=25C, F=1.0MHz)
Parameter Symbol Min | Typ | Max | Unit
Program Time / Multi-Plane Program Time tPROG - 200 700 us
Dummy Busy Time for Two Plane Program tbBsy - 0.5 1 us
Number of partial Program Cycles in the same page NOP - - 8 Cycles
Block Erase Time / Multi-Plane Block Erase Time tBERS - 15 2 ms
Read Cache Busy Time tRBSY - 3 tR us

Table 12: Program / Erase Characteristics

Rev 0.2 / Jan. 2008
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HY27UF(08/16)2G2B Series

=
h nmix 2Gbit (256Mx8bit) NAND Flash
3.3V
Parameter Symbol - Unit
Min Max
CLE Setup time tcLs 12 ns
CLE Hold time tcLH 5 ns
CE setup time tcs 20 ns
CE hold time tcH 5 ns
WE pulse width twp 12 ns
ALE setup time taLs 12 ns
ALE hold time tALH 5 ns
Data setup time tos 12 ns
Data hold time toH 5 ns
Write Cycle time twe 25 ns
WE High hold time twH 10 ns
Data Transfer from Cell to register trR 25 us
ALE to RE Delay tAR 10 ns
CLE to RE Delay tCLR 10 ns
Ready to RE Low tRR 20 ns
RE Pulse Width trRP 12 ns
WE High to Busy twa 100 ns
Read Cycle Time trC 25 ns
RE Access Time tREA 20 ns
RE High to Output High Z tRHZ 100 ns
CE High to Output High Z tcHz 50 ns
CE High to Output hold tcoH 15 ns
RE High to Output Hold tRHOH 15 ns
RE Low to Output Hold tRLOH 5 ns
RE High Hold Time tREH 10 ns
Output High Z to RE low tiR 0 ns
CE Low to RE Low tcr 10 ns
Address to data loading time tADL 70 ns
WE High to RE low tWHR 60 ns
RE High to WE low tRHW 100 ns
Device Resetting Time (Read / Program / Erase) trRST 5/10/500) us
Write Protection time tww® 100 ns

Table 13: AC Timing Characteristics
NOTE:
1. If Reset Command (FFh) is written at Ready state, the device goes into Busy for maximum 5us
2. Program / Erase Enable Operation : WP high to WE High.
Program / Erase Disable Operation : WP Low to WE High.
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HY27UF(08/16)2G2B Series

|}
h nmix 2Gbit (256Mx8bit) NAND Flash

10 Page Program Block Erase Read Cache Read CODING

0 Pass / Fail Pass / Fail NA NA Pass: ‘0’ Fail: ‘1’

1 NA NA NA NA -

2 NA NA NA NA -

3 NA NA NA NA -

4 NA NA NA NA -

5 Ready / Busy Ready / Busy Ready / PIER Active: ‘0’ Idle:’1’

Busy Controller Bit
6 Ready / Busy Ready / Busy ReBa(?Isy / Ready/Busy Busy: ‘0’ Ready:'1’
usy

7 Write Protect Write Protect Write NA Protected: ‘0

Protect Not Protected: ‘1’

Table 14 : Status Register Coding

DEVICE IDENTIFIER CYCLE DESCRIPTION
1st Manufacturer Code
2nd Device ldentifier
3rd Internal chip number, cell Type, etc.
4th Page Size, Block Size, Spare Size, Organization
5th Multiplane information

Table 15: Device Identifier Coding

Part Number Voltage Bus 1st cycle 2nd cycle 3rd 4th 5th
9€ | width (Manufacture Code) | (Device Code) | cycle cycle cycle

HY27UF082G2B 3.3V x8 ADh DAh 10h 95h 44h

HY27UF162G2B 3.3V x16 ADh CAh 10h D5h 44h

Table 16: Read ID Data Table
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hynix

HY27UF(08/16)2G2B Series
2Gbit (256Mx8bit) NAND Flash

Description 107 106 105 104 103 102 | 101 100
1 00
. 2 01
Die / Package 4 10
8 11
2 Level Cell 00
4 Level Cell 01
Cell Type
8 Level Cell 10
16 Level Cell 11
Number of L 00
. 2 01
Simultaneously
Programmed Pages 4 1o
9 9 8 11
Interleave program Not 0
Between multiple chips | Supported 1
. Not 0
Write Cache Supported 1
Table 17: 3rd Byte of Device Idendifier Description
Description 107 106 105-4 103 102 101-0
1KB 00
Page Size 2KB 01
(Without Spare Area) | 4KB 10
8KB 11
Spare Area Size 8 0
(Byte / 512Byte) 16 1
50ns 0 0
. . 30ns 0 1
Serial Access Time 25ns 1 0
Reserved 1 1
64K 00
Block Size 128K 01
(Without Spare Area) | 256K 10
512KB 11
L X8 0
Organization X16 1
Table 18: 4th Byte of Device Identifier Description
Rev 0.2 / Jan. 2008 24



hynix

HY27UF(08/16)2G2B Series
2Gbit (256Mx8bit) NAND Flash

Description 107 106 105 104 103 10 101 100
1 0 O
Plane Number i 2 (l)
8 1 1
64Mb 0O 0 O
128Mb 0 0 1
256Mb 0O 1 o
Plane Size 512Mb 0o 1 1
(w/o redundant Area) 1Gb 1 0 O
2Gb 1 0 1
4Gb 1 1 0
8Gb 1 1 1
Reserved 0 0 0

Table 19: 5rd Byte of Device Idendifier Description
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hynix

Main Field (2,048 Byte)

HY27UF(08/16)2G2B Series
2Gbit (256Mx8bit) NAND Flash

Spare Field {64 Byte)

4 > >
“A" area “B" area “C* area “D" area “E" ar=a F* area “G" area “H* area
(15t secior) (Znd sector) (3rd sector) (4ih sactor) {1st sector} | (2Znd sector) | (Jrd sector) | (£th sector)
512 Byte 512 Byte 512 Byte 512 Byte 16 Byte 16 Byt= 16 Byte 16 Byte
Main Field {Column 0~2, 047) Spare Field {Column 2,048~2 111)
Sector
Area Mame Column Address Area Name Column Address
1=t 528 Byte Sector AT 0~511 “E” 2,045 ~ 2,083
2nd 528 Byte Sector B 512~ 1,022 F 2,084 ~ 2,078
3rd 528 Byte Sector “c 1,024 ~ 1,535 “G" 2,080 ~ 2,085
4th 528 Byte Sector "o 1,526 ~ 2,047 “HT 2088 ~211
Table 20: Page organization in EDC units (x8)
- Main Field {2,048 Byte) o Spare Field (64 Byte) o
- i | L
“AT area ‘B area “CT arsa ‘D" ar=a “E" area “F" area “E" area “H* ar=a
{1st sector) {2nd sector) (2rd sector) (4th sector) {1st sector} | (2nd sector) | (3rd sector) | (4th sector)
2506 Words 258 Words 256 Words 2508 Words & Waords 8 Words & Words 5 Words
Main Field {Column 0~1, 1023) Spare Field (Column 1,024~1,055)
Sector
Area Name Column Address Area Mame Column Address
15t 2684 Words Sector AT 0~ 255 “E" 1,024 ~ 1,031
2nd 264 Words Sector “B" 266 ~ 511 F 1,032 ~ 1,038
3rd 264 Words Sector “ct 512 ~ 787 G 1,040 ~ 1,047
4th 264 Words Sector "D 768 ~ 1,023 H 1.048 ~ 1,085

Table 21: Page organization in EDC units (x16)

10 Copy back Program CODING
Pass/Fail Pass: ‘0’ Fail: ‘1’
1 EDC status NO error: ‘0’
2 EDC Validity Invalid: ‘0’ Valid: ‘1’
3 NA -
4 NA -
5 Ready/Busy Busy: ‘0’ Ready: ‘1’
6 Ready/Busy Busy: ‘0’ Ready: ‘1’
7 Write Protect Protected: ‘0O’ Not Protected: ‘1’

Table 22: EDC Register Coding
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HY27UF(08/16)2G2B Series
2Gbit (256Mx8bit) NAND Flash

CLE
\ < tCsS Mg tCH o
N T f
CE A /
tWP
WE { ;/
< tALS ol ALH
ALE \ /
tDS tDH
I/0 x L Command k
Figure 6: Command Latch Cycle
tCLS
CLE N\
tCS
o/ twe twe twe tWC
CE R
— tWP — —tWP—», —tWP—> tWP—
WE \ [ ) [ . i \ [ \ )
tALS FALH tALS  fALH tALS  tALH tALS  fALH tALS | tALH
ALE / 7 i T T 7 4
tDH\J tDI-\IJ . tDSjJ . tDISIJ tDH
tDS D DS tDS tDS
I/0x Col.Add1 Col.Add ow Add ow Add ow Add

Figure 7: Address Latch Cycle
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HY27UF(08/16)2G2B Series

I/II/|I/IIX 2Gbit (256Mx8bit) NAND Flash

CLE

ALE

1/0x

«~— tCLH
) /

i~ tCH }/
0
twC

\ A

«

—_ WP — WP ~—tWP—
\—L—tWH—»\%VH\—/
{DH

{DH tDH

tDS tDS tDS-»
)
* * DIN 1 N *DINfinal
{8

Notes: DIN final means 2,112Bytes (x8)

Figure 8: Input Data Latch Cycle
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HY27UF(08/16)2G2B Series

I/II/|I/IIX 2Gbit (256Mx8bit) NAND Flash
tRC »>
CE H
tCHZ
tREH-»|
RE 4EF:EA 4t_IEEA tREA tCOH
\ /
. \_ —
tRHZ tRHZ
‘tRHOE

tRR—

R/B
Notes: Transition is measured at +/-200mV from steady state voltage with load.
This parameter is sampled and not 100% tested. (tCHZ, tRHZ)
tRHOH starts to be valid when frequency is lower than 33MHz.
Figure 9: Sequential Out Cycle after Read (CLE=L, WE=H, ALE=L)
— tCR
CE ! /
tRC R tCHZ
| tRP | tREH | . tCOH R
JE— 1l
“ e o\
tREA tREA < tRHZ >
) tRLOH « tRHOH
M
I/Ox Dout ><:>< Dout ~ )—
Ll
tRR !
H
R/B

Notes: Transition is measured at +/-200mV from steady state voltage with load.
This parameter is sampled and not 100% tested. (tCHZ, tRHZ)
tRLOH is valid when frequency is higher than 33MHz.
tRHOH starts to be valid when frequency is lower than 33MHz.

Figure 10: Sequential Out Cycle after Read (EDO Type CLE=L, E=H, ALE=L)
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HY27UF(08/16)2G2B Series

lAl/]VllX 2Gbit (256Mx8bit) NAND Flash
{CLR
CLE % tcLs \\
{CLH
{cs
~c . L l
CE \f\ X ) /
]
{CH
— tWP-’l
WE F ) +~— tCR — fCHZ
R fCoH"
RE \ /
I/'tDS_' tDH \|7 iR tREA t RIE(I;E
1/0x \ 70h / Status Output | X

Figure 11: Status Read Cycle

tCLR

ae  /\ AV
\ [\

twe

twB

ALE l_/ \ RHZ

J— ] \ m F
RE

1/Ox X oon XcOLAdecm.AddeeoWAdd)(zowAddz)éowAddX 30h Dout N

Column Address Row Address

% ‘Busy;

Figure 12: Readl Operation (Read One Page)
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. HY27UF(08/16)2G2B Series
I/II/|I/IIX 2Gbit (256Mx8bit) NAND Flash

CLE _/—\ /—\ /_\
& [\ F
z ¥,

tWB tCHZ
tAR {CO]
ALE / \ W
IR~ tRC
RE L/
tRﬂ fe—
. . Dout Dout Dout
1/0x Y EHE D ED (ORE KR A R ———
Column Address Row Address I
R/ E -xBusy;l

Figure 13: Readl Operation intercepted by CE
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HY27UF(08/16)2G2B Series
2Gbit (256Mx8bit) NAND Flash
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Figure 14 : Random Data output
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. HY27UF(08/16)2G2B Series
I/II/|I/IIX 2Gbit (256Mx8bit) NAND Flash
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—
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Figure 15: Read Operation with Read Cache
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. HY27UF(08/16)2G2B Series
I/II/|I/IIX 2Gbit (256Mx8bit) NAND Flash

CLE \ / \
CE / \
— \ / /
WE \_/
tWB —»«—tPROG —»| [+ tWHR»
ALE / \
RE X
Row Row
1/0x Add1 Add2 Add1 Add2 Add3 >_.<j
Senal Data 1 up to m Byte Program Read Status

Input Command Column Address Row Address Sgnal Ian)nlt Com?nand Command 1

R/B \ 7 |

1/00=0 Successful Program
o o 1/00=1 Error in Program
NOTES : tADL is the time from the WE rising edge of final address cycle to the WE rising edge of first data cycle.

Figure 16: Page Program Operation
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HY27UF(08/16)2G2B Series
2Gbit (256Mx8bit) NAND Flash

hynix
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Figure 17: Random Data In
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HY27UF(08/16)2G2B Series
2Gbit (256Mx8bit) NAND Flash
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Figure 18: Copy Back Program Operation

36

Rev 0.2 / Jan. 2008



HY27UF(08/16)2G2B Series
2Gbit (256Mx8bit) NAND Flash
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Figure 19: Copy Back Program Operation with Random Data Input
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CE —\

HY27UF(08/16)2G2B Series
2Gbit (256Mx8bit) NAND Flash

CLE /" \ /—\ [\ /7 \ [
twC
WE ‘Hﬂf\f\_;L T
tWB—»¢———tBERS —»|

A —/ N\

RE

I/0x

X 60h XRow AddIXRow Add2XRow Add3X DOh }
h

|\

/

R/B

Page(Row) Address

Auto Block Erase Setup Command

Erase Command

BUSY 2 /

{ 70h ) { 1/00 }

Read Status 1/00=0 Successful Erase
Command I/00=1 Error in Erase

Figure 20: Block Erase Operation (Erase One Block)
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HY27UF(08/16)2G2B Series
2Gbit (256Mx8bit) NAND Flash

hymnix
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Figure 21: Multiple plane page program
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. HY27UF(08/16)2G2B Series
I/II/|I/IIX 2Gbit (256Mx8bit) NAND Flash
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Row Address I Row Address ] 1
R/B | | \ Busy ;{
Block Erase Setup Command1 Block Erase Setup Command2 Erase Confirm Command 1/0 0 = 0 Successful Erase

1/0 0 =1 Error in Erase
Read Status Command

Ex.) Address Restriction for Two-Plane Block Erase Operation

tBERS
—J

R/B

Row Add1,2,3 Row Add1,2,3
A12 ~ A17 : Fixed ‘Low’ A12 ~ A17 : Fixed ‘Low’
A18 : Fixed ‘Low’ A18 : Fixed ‘High’
A19 ~ A28 : Fixed ‘Low’ A19 ~ A28 : Valid

Figure 22: Multiple plane erase operation
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HY27UF(08/16)2G2B Series
2Gbit (256Mx8bit) NAND Flash
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. HY27UF(08/16)2G2B Series
I/II/|I/IIX 2Gbit (256Mx8bit) NAND Flash

ae _/ \
€\
WE o \_/ \_/

RE ) T\

tREA
I/O x { 90h ) 00h ADh DAh 10h 95h 44h
Read ID Command Address 1 cycle Maker Code Device Code  3rd Cycle 4th Cycle  5th Cycle

Figure 24: Read ID Operation
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. HY27UF(08/16)2G2B Series
lAl/]VllX 2Gbit (256Mx8bit) NAND Flash

System Interface Using CE don’t care

To simplify system interface, CE signal is ignored during data loading or sequential data-reading as shown below.

So, it is possible to connect NAND Flash to a microprocessor. The only function that was removed from standard NAND
Flash to make CE don’t care read operation was disabling of the automatic sequential read function.

ae [\ [ L

CE don't-care

= _ANAAA M AAACIAAR
VYAV A A A S VR VATER TRV VA

e BRVAVAVAVIR
I/0x —<80h>—< Start Add.(5Cycle) >—< Data Input >—< Data Input

Figure 25: Program Operation with CE don’t-care.

CLE /_\ /—\

If sequential row read enabled,

CE must be held low during tR. CE don't-care
e JUAAR @A AAAAARRDA M
* INVATATAAATAA '
L RTRVATATA
R/E t tRj
aimialalalaial
I/Ox Start Add.(5Cycle) >—< 30h )—( Data Output(sequential) >—

Figure 26: Read Operation with CE don’t-care.
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. HY27UF(08/16)2G2B Series
I/II/|I/IIX 2Gbit (256Mx8bit) NAND Flash

ALE

)

CLE

107:0 —@

B < tRST N
R/B /|

Figure 27: Reset Operation

((
2.7V 2.7V
2.5V Z/ )) \i 2.5V
VCC
> / 5 \
don’t / \ don’t
care i iE care
CE Vi
e Vi 1ms max Operation v,
100u smax ( (
Invalid )) don’t
care
ReadyBusy /

Figure 28: Power On and Data Protection Timing

VTH = 2.5 Volt for 3.3 Volt Supply devices
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. HY27UF(08/16)2G2B Series
h nmix 2Gbit (256Mx8bit) NAND Flash

ibusy

Ready Vcc:

R/B
open drain output

VoL : 0.4V, VoH : 2.4V

VoL Busy ,,/
7/

|

Fig. Rp vs tr, tf & Rp vs ibusy

@ Vce = 3.3V, Ta = 25°C, CL.=50pF

3.3
ibusy
@ 300n—+ 290 —+ 3m
B =
fa >
S 200n 4 4 2m 3
2
100n 4- -+ 1m
O O O O
: : : :
1k 2k 3k 4k
Rp (ohm)
Rp value guidence
Rp (min) = Vee (Max.) - VoL (Max.) _ 3.2V
ToL + 2L 8mA + 311

where IL is the sum of the input currents of all devices tied to the R_/B pin.

Rp(max) is determined by maximum permissible limit of tr

Figure 29: Ready/Busy Pin electrical specifications
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Page 63 (64)
Page 31 (32)
Page 2 (3)
Page 1 (2)
Page 0 (1)
Data register

DATA IN : Data (1) — Data (64)

Page 63

Page 31

Page 2
Page 1
Page 0

HY27UF(08/16)2G2B Series
2Gbit (256Mx8bit) NAND Flash

(64)

Data register

Ex.) Random page program (Prohibition)

DATA IN : Data (1) — Data (64)

Figure 30: page programming within a block

Rev 0.2 / Jan. 2008
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. HY27UF(08/16)2G2B Series
h nmix 2Gbit (256Mx8bit) NAND Flash

Bad Block Management

Devices with Bad Blocks have the same quality level and the same AC and DC characteristics as devices where all the
blocks are valid. A Bad Block does not affect the performance of valid blocks because it is isolated from the bit line and
common source line by a select transistor. The devices are supplied with all the locations inside valid blocks
erased(FFh). The Bad Block Information is written prior to shipping. Any block where the 1st Byte in the spare area of
the 1st or 2nd th page (if the 1st page is Bad) does not contain FFh is a Bad Block. The Bad Block Information must be
read before any erase is attempted as the Bad Block Information may be erased. For the system to be able to recog-
nize the Bad Blocks based on the original information it is recommended to create a Bad Block table following the flow-
chart shown in Figure 31. The 1st block, which is placed on 00h block address is guaranteed to be a valid block.

START
Block Address=
Block 0
Increment
Block Address
A
Update

Bad Block table

END

Figure 31: Bad Block Management Flowchart
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. HY27UF(08/16)2G2B Series
h nmix 2Gbit (256Mx8bit) NAND Flash

Bad Block Replacement

Over the lifetime of the device additional Bad Blocks may develop. In this case the block has to be replaced by copying
the data to a valid block. These additional Bad Blocks can be identified as attempts to program or erase them will give
errors in the Status Register.

Unlike the case of odd page which carries a possibility of affecting previous page, the failure of a page program oper-
ation does not affect the data in other pages in the same block, the block can be replaced by re-programming the cur-
rent data and copying the rest of the replaced block to an available valid block.

Refer to Table 23 and Figure 32 for the recommended procedure to follow if an error occurs during an operation.

Operation Recommended Procedure
Erase Block Replacement
Program Block Replacement
Read ECC (with 1bit/528byte)

Table 23: Block Failure

Block A Block B
2
Data @) > Data
n' page Failure n page
(3)
FFh FFh

Buffer memory of the controller

Figure 32: Bad Block Replacement

NOTE :

1. An error occurs on nt page of the Block A during program or erase operation.

2. Data in Block A is copied to same location in Block B which is valid block.

3. Nt data of block A which is in controller buffer memory is copied into nth page of Block B
4. Bad block table should be updated to prevent from eraseing or programming Block A
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HY27UF(08/16)2G2B Series
2Gbit (256Mx8bit) NAND Flash

Write Protect Operation

The Erase and Program Operations are automatically reset when WP goes Low (tWW = 100ns, min). The operations

are enabled and disabled as follows (Figure 33~36)

1/0x

R/B

1/0Ox

R/B

— 80h 10h

A

Figure 33: Enable Programming

80h 10h

Figure 34: Disable Programming

Rev 0.2 / Jan. 2008
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. HY27UF(08/16)2G2B Series
I/II/|I/IIX 2Gbit (256Mx8bit) NAND Flash

tww

I/0Ox  — 60h DOh

R/B \

Figure 35: Enable Erasing

W NI

tww

/Ox ——] (60N ) DOh
wpP _5(
R/B

Figure 36: Disable Erasing
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HY27UF(08/16)2G2B Series
2Gbit (256Mx8bit) NAND Flash

hynix

2 DIE

E1

i
m
i

Figure 37: 48-TSOP1 - 48-lead Plastic Thin Small Outline, 12 x 20mm, Package Outline

millimeters
Symbol
Min Typ Max
A 1.200
Al 0.050 0.150
A2 0.980 1.030
B 0.170 0.250
C 0.100 0.200
CP 0.100
D 11.910 12.000 12.120
19.900 20.000 20.100
E1l 18.300 18.400 18.500
e 0.500
L 0.500 0.680
alpha 0 5

Table 24: 48-TSOP1 - 48-lead Plastic Thin Small Outline,
12 x 20mm, Package Mechanical Data
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. HY27UF(08/16)2G2B Series
l/ll/|l/ll)( 2Gbit (256Mx8bit) NAND Flash

FD1 >

FE

BALL “cp”

!
|
i FE1
1
T

A A2
A1
| |

I 1
4 N OUUUUUUUUNM L

P

Figure 38: 63-ball FBGA - 9 x 11 ball array 0.8mm pitch, Pakage Outline

NOTE: Drawing is not to scale.

Symbol Millimeters
Min Typ Max
A 0.80 0.90 00
Al 0.25 0.30 035
A2 0.55 0.60 065
b 0.40 0.45 050
D 8.90 9.00 310
b1 4.00
b2 7.20
E 10.90 11.00 11.10
el 5.60
E2 8.80
° 0.80
o 2.50
FD1 0.90
Fe 2.70
FEL 1.10
3D 0.40
S 0.40

Table 25: 63-ball FBGA - 9 x 11 ball array 0.8mm pitch, Pakage Mechanical Data
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HY27UF(08/16)2G2B Series
2Gbit (256Mx8bit) NAND Flash

B1
B2

Cc2

C1

O | O c
——0O0— 60— 00— |~ |A2|A1|A
o ®)

@)
o
o
—o
o}

9)

cpl v
@l o0.1@[ClAB] _ cp2
I 0.1@[CAB

Figure 39: 52-ULGA, 12 x 17mm, Package Outline

(Top view through package)

Symbol millimeters
Min Typ Max
A 16.90 17.00 17.10
A 13.00
A2 12.00
B 11.90 12.00 12.10
o1 10.00
i 6.00
¢ 1.00
o 1.50
c 2.00
P 1.00
o 1.00
- 0.65
CPL 0.65 0.70 0.75
cP2 0.95 1.00 1.05

Table 26: 52-ULGA, 12 x 17mm, Package Mechanical Data
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HY27UF(08/16)2G2B Series
2Gbit (256Mx8bit) NAND Flash

MARKING INFORMATION - TSOP1 / FBGA / ULGA

Packag Marking Example
TSOP1 hynix <| o] |r
/
EBGA H Y 7 F X X G 2 B
/
ULGA X X X Y W X X
- hynix : Hynix Symbol
- KOR : Origin Country

-HY27UFXxXx2G2B XXXX
HY: Hynix
27: NAND Flash
U: Power Supply
F: Classification
XX : Bit Organization
2G: Density
2: Mode

B: Version

: Part Number

1 U(2.7V~3.8V)

: Single Level Cell+Single Die+Large Block

: 08(x8), 16(x16)

1 2Ghit

:2(1nCE & 1R/nB; Sequential Row Read Disable)

: 3rd Generation

X: Package Type
x: Package Material

X: Operating Temperature

X: Bad Block

- xXx: Process Code

: T(48-TSOP1), F(63-FBGA), U(52-ULGA)

: Blank(Normal), P(Lead Free)
:C(0C~707C), I(-40TC~857T)

: B(Included Bad Block), S(1~5 Bad Block),

P(All Good Block)

- Y: Year (ex: 5=year 2005, 6= year 2006)
-ww: Work Week (ex: 12= work week 12)

Note
- Capital Letter

- Small Letter

Fixed Item

Non-fixed Item

Rev 0.2 / Jan. 2008
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Data Sheet

Low Power RTC with Battery Backed
SRAM

The ISL1208 device is a low power real time clock with
timing and crystal compensation, clock/calendar, power fail
indicator, periodic or polled alarm, intelligent battery backup
switching and battery-backed user SRAM.

The oscillator uses an external, low-cost 32.768kHz crystal.
The real time clock tracks time with separate registers for
hours, minutes, and seconds. The device has calendar
registers for date, month, year and day of the week. The
calendar is accurate through 2099, with automatic leap year
correction.

Ordering Information

TEMP.
Vpp RANGE
PART NUMBER | MARKING | RANGE (°C) PACKAGE
ISL12081U8 AGS 2.7V to -40to |8 Ld MSOP
YWW 5.5V +85
ISL12081U8-TK AGS 2.7V to -40to |8 Ld MSOP
YWW 5.5V +85 |Tape and Reel
1ISL12081U8Z ANW 2.7V to -40to |8 Ld MSOP
(See Note) YWW 5.5V +85 |(Pb-free)
ISL1208IU8Z-TK| ANW 2.7V to -40to |8 Ld MSOP
(See Note) YWW 5.5V +85 |Tape and Reel
(Pb-free)
ISL12081B8 1208 2.7V to -40to |8 Ld SOIC
YWW 5.5V +85
ISL1208IB8-TK 1208 2.7V to -40to |8 Ld SOIC

YWW 5.5V +85 |Tape and Reel
1ISL12081B8Z 1208 2.7V to -40to |8 Ld SOIC
(See Note) YWwz 5.5V +85 |(Pb-free)
1ISL1208IB8Z-TK 1208 2.7V to -40to |8 Ld SOIC
(See Note) YWWz 5.5V +85 |Tape and Reel

(Pb-free)

NOTE: Intersil Pb-free plus anneal products employ special Pb-free material
sets; molding compounds/die attach materials and 100% matte tin plate
termination finish, which are RoHS compliant and compatible with both SnPb
and Pb-free soldering operations. Intersil Pb-free products are MSL classified
at Pb-free peak reflow temperatures that meet or exceed the Pb-free
requirements of IPC/JEDEC J STD-020.

* Contact Factory for availability.

ISL1208
12¢c® Real Time Clock/Calendar

FN8085.3

July 29, 2005

Features

Real Time Clock/Calendar
- Tracks Time in Hours, Minutes, and Seconds
- Day of the Week, Day, Month, and Year

15 Selectable Frequency Outputs

Single Alarm

- Settable to the Second, Minute, Hour, Day of the Week,
Day, or Month

- Single Event or Pulse Interrupt Mode
Automatic Backup to Battery or Super Cap
Power Failure Detection

On-Chip Oscillator Compensation

2 Bytes Battery-Backed User SRAM

12C Interface
- 400kHz Data Transfer Rate

400nA Battery Supply Current
Same Pin Out as ST M41Txx and Maxim DS13xx Devices

Small Package Options
- 8 Ld MSOP and SOIC Packages

Pb-Free Plus Anneal Available (RoHS Compliant)

Applications

Utility Meters

HVAC Equipment

Audio/Video Components

Set Top Box/Television

Modems

Network Routers, Hubs, Switches, Bridges
Cellular Infrastructure Equipment
Fixed Broadband Wireless Equipment
Pagers/PDA

POS Equipment

Test Meters/Fixtures

Office Automation (Copiers, Fax)

Pinout _
* Home Appliances
ISL1208
(8-PIN MSOP, SOIC) » Computer Products
TOPVIEW + Other Industrial/Medical/Automotive

xi 1 =~ s vpp

x2[] 2 7 ﬁIFOUT
Vear [ 3 6 [scL
GND[] 4 5 1 SDA

1 CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures.

1-888-INTERSIL or 1-888-468-3774 | Intersil (and design) is a registered trademark of Intersil Americas Inc.

Copyright Intersil Americas Inc. 2004, 2005. All Rights Reserved
All other trademarks mentioned are the property of their respective owners.


http://www.dzsc.com/stock-ic/ISL1208.html

ISL1208

Block Diagram
a| SDA )
SDA ” BUFFER 2c Seconds
scL > o SCL o INTERFACE [ | controw |« p|| Minutes
BUFFER LOGIC
Hours
+ Day of Week
x1 "] CRYSTAL _ RTC Dat
X2 | osciLLATOR ”  DIVIDER ate
l Month
Vv A 4
bD » POR FREQUENCY Year
ouT ALARM
- CONTROL
VIRIP L REGISTERS
? SWITCH USER
I [ ] T ‘\ SRAM
) e IRQ/
V| INTERNAL >
BAT SUPPLY > ) Four
Pin Descriptions
PIN
NUMBER SYMBOL DESCRIPTION
1 X1 The X1 pin is the input of an inverting amplifier and is intended to be connected to one pin of an external 32.768kHz
quartz crystal. X1 can also be driven directly from a 32.768kHz source.
2 X2 The X2 pin is the output of an inverting amplifier and is intended to be connected to one pin of an external 32.768kHz
quartz crystal.
3 VBAT This input provides a backup supply voltage to the device. VgaTt supplies power to the device in the event that the
Vpp supply fails. This pin should be tied to ground if not used.
4 GND Ground.
5 SDA Serial Data (SDA) is a bidirectional pin used to transfer serial data into and out of the device. It has an open drain
output and may be wire OR’ed with other open drain or open collector outputs.
6 SCL The Serial Clock (SCL) input is used to clock all serial data into and out of the device.
7 ﬁ/FOUT Interrupt Output/Frequency Output is a multi-functional pin that can be used as interrupt or frequency output pin. The
function is set via the configuration register.
8 VpD Power supply.

FN8085.3
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ISL1208

Absolute Maximum Ratings

Voltage on Vpp, VeaT, SCL, SDA, and IRQ pins Storage Temperature. .. ..................... -65°C to +150°C
(respecttoground). . ....... ... ... -0.5V to 7.0V Lead Temperature (Soldering, 10s). .. .................. 300°C
Voltage on X1 and X2 pins
(respecttoground)............ -0.5V to Vpp + 0.5 (Vpp Mode)

-0.5V to VgaT + 0.5 (VgaT Mode)

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

DC Operating Characteristics — RTC Temperature = -40°C to +85°C, unless otherwise stated.

SYMBOL PARAMETER CONDITIONS MIN (N-Ic;r:4) MAX UNITS NOTES
Vpp Main Power Supply 27 5.5 \Y
VBAT Battery Supply Voltage 1.8 5.5 \%
IpD1 Supply Current Vpp =5V 2 6 pA 1,2
Vpp =3V 1.2 4 MA
IpD2 Supply Current With 12C Active Vpp = 5V 40 120 pA 1,2
IpD3 Supply Current (Low Power Mode) Vpp = 5V, LPMODE = 1 1.4 5 pA 1
IBAT Battery Supply Current VaT = 3V 400 950 nA 1
I Input Leakage Current on SCL 100 nA
ILo I/0 Leakage Current on SDA 100 nA
VTRIP VpaT Mode Threshold 1.6 22 26 \Y
VTRIPHYS V1rIp Hysteresis 10 30 75 mV
VBATHYS VeaT Hysteresis 15 50 100 mV
IRQ/Fout
VoL Output Low Voltage Vpp =5V 0.4 \
loL =3mA
Vpp = 2.7V 0.4 \Y
loL = 1mA
Power-Down Timing Temperature = -40°C to +85°C, unless otherwise stated.
TYP
SYMBOL PARAMETER CONDITIONS MIN (Note 4) | MAX UNITS NOTES
VDD SR- Vpp Negative Slewrate 10 Vims 3
Serial Interface Specifications Over the recommended operating conditions unless otherwise specified.
TYP
SYMBOL PARAMETER TEST CONDITIONS MIN | (Note4) | MAX | UNITS | NOTES
SERIAL INTERFACE SPECS
VL SDA and SCL input buffer LOW -0.3 0.3 x \Y
voltage Vpp
ViH SDA and SCL input buffer HIGH 0.7 x Vpp + \Y%
voltage Vpp 0.3
Hysteresis | SDA and SCL input buffer hysteresis 0.05 x \Y
Vbb
VoL SDA output buffer LOW voltage, 0 0.4 \Y
sinking 3mA
3 —i"t—ers“ Julnggozaosdg



ISL1208

Serial Interface Specifications Over the recommended operating conditions unless otherwise specified. (Continued)

TYP
SYMBOL PARAMETER TEST CONDITIONS MIN | (Note4) | MAX | UNITS | NOTES
Cpin SDA and SCL pin capacitance Ta =25°C, f = 1MHz, Vpp =5V, 10 pF
V|N = OV, VOUT =0V
fscL SCL frequency 400 kHz
tiN Pulse width suppression time at SDA | Any pulse narrower than the max spec 50 ns
and SCL inputs is suppressed.
tan SCL falling edge to SDA output data | SCL falling edge crossing 30% of Vpp, 900 ns
valid until SDA exits the 30% to 70% of Vpp
window.
tBUF Time the bus must be free before the | SDA crossing 70% of Vpp during a 1300 ns
start of a new transmission STOP condition, to SDA crossing 70%
of Vpp during the following START
condition.
tLow Clock LOW time Measured at the 30% of Vpp crossing. | 1300 ns
tHIGH Clock HIGH time Measured at the 70% of Vpp crossing. 600 ns
tsu:sTA START condition setup time SCL rising edge to SDA falling edge. 600 ns
Both crossing 70% of Vpp.
tHD:sTA | START condition hold time From SDA falling edge crossing 30% of 600 ns
Vpp to SCL falling edge crossing 70%
of Vpp.
tsu-DAT Input data setup time From SDA exiting the 30% to 70% of 100 ns
Vpp window, to SCL rising edge
crossing 30% of Vpp
tHD:DAT | Input data hold time From SCL falling edge crossing 30% of 0 900 ns
Vpp to SDA entering the 30% to 70%
of Vpp window.
tsu-sTo | STOP condition setup time From SCL rising edge crossing 70% of 600 ns
Vpp. to SDA rising edge crossing 30%
of Vpp.
tHp:sTo | STOP condition hold time From SDA rising edge to SCL falling 600 ns
edge. Both crossing 70% of Vpp.
tDH Output data hold time From SCL falling edge crossing 30% of 0 ns
Vpp, until SDA enters the 30% to 70%
of Vpp window.
tR SDA and SCL rise time From 30% to 70% of Vpp 20 + 300 ns
0.1xCb
te SDA and SCL fall time From 70% to 30% of Vpp 20 + 300 ns
0.1 xCb
Cb Capacitive loading of SDA or SCL Total on-chip and off-chip 10 400 pF
Rpu SDA and SCL bus pull-up resistor off- | Maximum is determined by tg and tg. 1 kQ
chip For Cb = 400pF, max is about 2~2.5kQ.
For Cb = 40pF, max is about 15~20kQ
NOTES:
1. IRQ & FoyT Inactive.
2. LPMODE = 0 (default).
3. In order to ensure proper timekeeping, the Vpp gRr- specification must be followed.
4. Typical values are for T = 25°C and 3.3V supply voltage.
FN8085.3
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ISL1208

SDA vs SCL Timing

tF tHIGH tLow trR

- | »
tsu:paT \

tHD:DAT tsu:sTo

SCL E

tsu:sTA

tHD:STA

SDA
(INPUT TIMING)

tpH tBUF
SDA
(OUTPUT TIMING)
Symbol Table
WAVEFORM INPUTS OUTPUTS
Must be steady Will be steady
May change Will change
from LOW from LOW
to HIGH to HIGH
May change Will change
_“_ from HIGH from HIGH
to LOW to LOW
Don’t Care: Changing:
Changes Allowed State Not Known
N/A Center Line is
High Impedance
5 intersil FN8085.3
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ISL1208

Typical Performance Curves Temperature is 25°C unless otherwise specified

1E-6 1E-6
900E-9
800E-9 P 800E-9
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£ 400E-9 - 2 400E-9 —
/ - |
300E-9 p—=
200E-9 200E-9
100E-9
000E+0 000E+0
1.5 20 25 3.0 35 40 45 50 55 40 20 0 20 40 60 80
Vgar (V) TEMPERATURE (°C)
FIGURE 1. IgaT VS VBAT FIGURE 2. IgaT vs TEMPERATURE AT Vgat = 3V
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vee=sv | - 2.0E-6 -
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FIGURE 3. Ipp4 vs TEMPERATURE FIGURE 4. Ipp4 vs Vgc WITH LPMODE ON & OFF
2.1E-6 3.0E-6 r
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1.9E-6 27E6
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FIGURE 5. IDD1 Vs FOUT AT VDD =3.3V FIGURE 6. IDD1 Vs FOUT AT VDD =5V
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ISL1208

EQUIVALENT AC OUTPUT LOAD CIRCUIT FOR Vpp = 5V

5.0V

FOR Vg = 0.4V
15330 { oL

SDA AND lp, = 3mA

AND

IRQ/FOUT
100pF

FIGURE 7. STANDARD OUTPUT LOAD FOR TESTING THE
DEVICE WITH Vpp = 5.0V

General Description

The ISL1208 device is a low power real time clock with
timing and crystal compensation, clock/calendar, power fail
indicator, periodic or polled alarm, intelligent battery backup
switching, and battery-backed user SRAM.

The oscillator uses an external, low-cost 32.768kHz crystal.
The real time clock tracks time with separate registers for
hours, minutes, and seconds. The device has calendar
registers for date, month, year and day of the week. The
calendar is accurate through 2099, with automatic leap year
correction.

The ISL1208's powerful alarm can be set to any
clock/calendar value for a match. For example, every
minute, every Tuesday or at 5:23 AM on March 21. The
alarm status is available by checking the Status Register, or
the device can be configured to provide a hardware interrupt
via the IRQ pin. There is a repeat mode for the alarm
allowing a periodic interrupt every minute, every hour, every
day, etc.

The device also offers a backup power input pin. This VgaT
pin allows the device to be backed up by battery or
SuperCap with automatic switchover from Vpp to Vgat. The
entire ISL1208 device is fully operational from 2.0V to 5.5V
and the clock/calendar portion of the device remains fully
operational down to 1.8V (Standby Mode).

Pin Description

X1, X2

The X1 and X2 pins are the input and output, respectively, of
an inverting amplifier. An external 32.768kHz quartz crystal
is used with the ISL1208 to supply a timebase for the real
time clock. Internal compensation circuitry provides high
accuracy over the operating temperature range from

-40°C to +85°C. This oscillator compensation network can
be used to calibrate the crystal timing accuracy over
temperature either during manufacturing or with an external
temperature sensor and microcontroller for active
compensation. The device can also be driven directly from a
32.768kHz source at pin X1.

L L4,

L]

T "

FIGURE 8. RECOMMENDED CRYSTAL CONNECTION

VBar

This input provides a backup supply voltage to the device.
VAT supplies power to the device in the event that the Vpp
supply fails. This pin can be connected to a battery, a Super
Cap or tied to ground if not used.

m/FOUT (Interrupt Output/Frequency Output)

This dual function pin can Msed as an interrupt or
frequency output pin. The IRQ/FoyT mode is selected via
the frequency out control bits of the control/status register.

* Interrupt Mode. The pin provides an interrupt signal
output. This signal notifies a host processor that an alarm
has occurred and requests action. It is an open drain
active low output.

* Frequency Output Mode. The pin outputs a clock signal
which is related to the crystal frequency. The frequency
output is user selectable and enabled via the 12C bus. Itis
an open drain active low output.

Serial Clock (SCL)

The SCL input is used to clock all serial data into and out of
the device. The input buffer on this pin is always active (not
gated). It is disabled when the backup power supply on the
VBAT pin is activated to minimize power consumption.

Serial Data (SDA)

SDA is a bidirectional pin used to transfer data into and out
of the device. It has an open drain output and may be ORed
with other open drain or open collector outputs. The input
buffer is always active (not gated) in normal mode.

An open drain output requires the use of a pull-up resistor.
The output circuitry controls the fall time of the output signal
with the use of a slope controlled pull-down. The circuit is
designed for 400kHz 12C interface speeds. It is disabled
when the backup power supply on the VgaT pin is activated.

Vpp, GND

Chip power supply and ground pins. The device will operate
with a power supply from 2.0V to 5.5VDC. A 0.1uF capacitor
is recommended on the Vpp pin to ground.

Functional Description

Power Control Operation

The power control circuit accepts a Vpp and a VgaT input.
Many types of batteries can be used with Intersil RTC
products. For example, 3.0V or 3.6V Lithium batteries are
appropriate, and battery sizes are available that can power
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the ISL1208 for up to 10 years. Another option is to use a
Super Cap for applications where Vpp is interrupted for up
to a month. See the Applications Section for more
information.

Normal Mode (Vpp) to Battery Backup Mode

(VBAT)

To transition from the Vpp to VgaT mode, both of the
following conditions must be met:

Condition 1:

VDD < VBAT - VBATHYS
where VgaTHYS = 50mV

Condition 2:
VpD < VTRIP
where VTRIP ~ 2.2V

Battery Backup Mode (Vga71) to Normal Mode
(Vop)
The ISL1208 device will switch from the Vgat to Vpp mode

when one of the following conditions occurs:
Condition 1:

VpD > VBAT + VBATHYS
where VgaTHYS = 50mV

Condition 2:

Vpp > VTRIP * VTRIPHYS
where VTRr|pHYS = 30mV

These power control situations are illustrated in Figures 9
and 10.

BATTERY BACKUP
MODE

VBAT +V,
VBAT - VBATHYS BAT ™ "BATHYS

FIGURE 9. BATTERY SWITCHOVER WHEN VgaT < VTRIP

BATTERY BACKUP
MODE

VTRIP + VTRIPHYS

FIGURE 10. BATTERY SWITCHOVER WHEN Vgat > VTRIP

The 12C bus is deactivated in battery backup mode to provide
lower power. Aside from this, all RTC functions are
operational during battery backup mode. Except for SCL and
SDA, all the inputs and outputs of the ISL1208 are active
during battery backup mode unless disabled via the control
register. The User SRAM is operational in battery backup
mode down to 2V.

Power Failure Detection

The ISL1208 provides a Real Time Clock Failure Bit (RTCF)
to detect total power failure. It allows users to determine if
the device has powered up after having lost all power to the
device (both Vpp and VgaT).

Low Power Mode

The normal power switching of the ISL1208 is designed to
switch into battery backup mode only if the Vpp power is
lost. This will ensure that the device can accept a wide range
of backup voltages from many types of sources while reliably
switching into backup mode. Another mode, called Low
Power Mode, is available to allow direct switching from Vpp
to VgaT without requiring Vpp to drop below V1rip. Since
the additional monitoring of Vpp vs VTR|p is no longer
needed, that circuitry is shut down and less power is used
while operating from Vpp. Power savings are typically
600nA at Vpp = 5V. Low Power Mode is activated via the
LPMODE bit in the control and status registers.

Low Power Mode is useful in systems where Vpp is normally
higher than VgaT at all times. The device will switch from
Vpp to Vgat When Vpp drops below VgaT, with about 50mV
of hysteresis to prevent any switchback of Vpp after
switchover. In a system with a Vpp = 5V and backup lithium
battery of Vgat = 3V, Low Power Mode can be used.
However, it is not recommended to use Low Power Mode in
a system with Vpp = 3.3V £10%, VgaT = 3.0V, and when
there is a finite I-R voltage drop in the Vpp line.

InterSeal™ Battery Saver

The ISL1208 has the InterSeal™ Battery Saver which
prevents initial battery current drain before it is first used. For
example, battery-backed RTCs are commonly packaged on
a board with a battery connected. In order to preserve
battery life, the ISL1208 will not draw any power from the
battery source until after the device is first powered up from
the Vpp source. Thereafter, the device will switchover to
battery backup mode whenever Vpp power is lost.

Real Time Clock Operation

The Real Time Clock (RTC) uses an external 32.768kHz
quartz crystal to maintain an accurate internal representation
of second, minute, hour, day of week, date, month, and year.
The RTC also has leap-year correction. The clock also
corrects for months having fewer than 31 days and has a bit
that controls 24 hour or AM/PM format. When the ISL1208
powers up after the loss of both Vpp and Vgar, the clock will
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not begin incrementing until at least one byte is written to the
clock register.

Accuracy of the Real Time Clock

The accuracy of the Real Time Clock depends on the
frequency of the quartz crystal that is used as the time base
for the RTC. Since the resonant frequency of a crystal is
temperature dependent, the RTC performance will also be
dependent upon temperature. The frequency deviation of
the crystal is a function of the turnover temperature of the
crystal from the crystal’s nominal frequency. For example, a
~20ppm frequency deviation translates into an accuracy of
~1 minute per month. These parameters are available from
the crystal manufacturer. The ISL1208 provides on-chip
crystal compensation networks to adjust load capacitance to
tune oscillator frequency from -94ppm to +140ppm. For
more detailed information see the Application Section.

Single Event and Interrupt

The alarm mode is enabled via the ALME bit. Choosing
single event or interrupt alarm mode is selected via the IM
bit. Note that when the frequency output function is enabled,
the alarm function is disabled.

The standard alarm allows for alarms of time, date, day of
the week, month, and year. When a time alarm occurs in
single event mode, an IRQ pin will be pulled low and the
alarm status bit (ALM) will be set to “1”.

The pulsed interrupt mode allows for repetitive or recurring
alarm functionality. Hence, once the alarm is set, the device
will continue to alarm for each occurring match of the alarm
and present time. Thus, it will alarm as often as every minute
(if only the nth second is set) or as infrequently as once a
year (if at least the nth month is set). During pulsed interrupt
mode, the IRQ pin will be pulled low for 250ms and the alarm
status bit (ALM) will be set to “1”.

NOTE: The ALM bit can be reset by the user or cleared
automatically using the auto reset mode (see ARST bit).
The alarm function can be enabled/disabled during battery
backup mode using the FOBATB bit. For more information
on the alarm, please see the Alarm Registers Description.

Frequency Output Mode

The ISL1208 has the option to provide a frequency output
signal using the IRQ/FoyT pin. The frequency output mode
is set by using the FO bits to select 15 possible output
frequency values from 0 to 32kHz. The frequency output can
be enabled/disabled during battery backup mode using the
FOBATB bit.

General Purpose User SRAM

The ISL1208 provides 2 bytes of user SRAM. The SRAM wiill
continue to operate in battery backup mode. However, it
should be noted that the 12C bus is disabled in battery
backup mode.

I2C Serial Interface

The ISL1208 has an 12C serial bus interface that provides
access to the control and status registers and the user
SRAM. The I2C serial interface is compatible with other
industry 12C serial bus protocols using a bidirectional data
signal (SDA) and a clock signal (SCL).

Oscillator Compensation

The I1SL1208 provides the option of timing correction due to
temperature variation of the crystal oscillator for either
manufacturing calibration or active calibration. The total
possible compensation is typically -94ppm to +140ppm. Two
compensation mechanisms that are available are as follows:

1. An analog trimming (ATR) register that can be used to
adjust individual on-chip digital capacitors for oscillator
capacitance trimming. The individual digital capacitor is
selectable from a range of 9pF to 40.5pF (based upon
32.758kHz). This translates to a calculated
compensation of approximately -34ppm to +80ppm. (See
ATR description.)

2. A digital trimming register (DTR) that can be used to
adjust the timing counter by +60ppm. (See DTR
description.)

Also provided is the ability to adjust the crystal capacitance
when the ISL1208 switches from Vpp to battery backup
mode. (See Battery Mode ATR Selection for more details.)

Register Descriptions

The battery-backed registers are accessible following a
slave byte of “1101111x” and reads or writes to addresses
[00h:13h]. The defined addresses and default values are
described in the Table 1. Address 09h is not used. Reads or
writes to 09h will not affect operation of the device but should
be avoided.

REGISTER ACCESS

The contents of the registers can be modified by performing
a byte or a page write operation directly to any register
address.

The registers are divided into 4 sections. These are:

1. Real Time Clock (7 bytes): Address 00h to 06h.
2. Control and Status (5 bytes): Address 07h to 0Bh.
3. Alarm (6 bytes): Address 0Ch to 11h.
4. User SRAM (2 bytes): Address 12h to 13h.

There are no addresses above 13h.
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Write capability is allowable into the RTC registers (00h to

06h) only when the WRTC bit (bit 4 of address 07h) is set to
“1”. A multi-byte read or write operation is limited to one
section per operation. Access to another section requires a
new operation. A read or write can begin at any address

within the section.

A register can be read by performing a random read at any

address at any time. This returns the contents of that register
location. Additional registers are read by performing a
sequential read. For the RTC and Alarm registers, the read

instruction latches all clock registers into a buffer, so an
update of the clock does not change the time being read. A
sequential read will not result in the output of data from the
memory array. At the end of a read, the master supplies a
stop condition to end the operation and free the bus. After a
read, the address remains at the previous address +1 so the
user can execute a current address read and continue
reading the next register.

It is not necessary to set the WRTC bit prior to writing into
the control and status, alarm, and user SRAM registers.

TABLE 1. REGISTER MEMORY MAP

REG BIT
ADDR. | SECTION | NAME 7 6 5 4 3 2 1 0 RANGE | DEFAULT
00h SC 0 SC22 SC21 SC20 SC13 SC12 SC11 SC10 0-59 00h
01h MN 0 MN22 MN21 MN20 MN13 MN12 MN11 MN10 0-59 00h
02h HR MIL 0 HR21 HR20 HR13 HR12 HR11 HR10 0-23 00h
03h RTC DT 0 0 DT21 DT20 DT13 DT12 DT11 DT10 1-31 00h
04h MO 0 0 0 MO20 MO13 MO12 MO11 MO10 1-12 00h
05h YR YR23 YR22 YR21 YR20 YR13 YR12 YR11 YR10 0-99 00h
06h DW 0 0 0 0 0 DW2 DW1 DWO 0-6 00h
07h SR ARST | XTOSCB | Reserved | WRTC |Reserved| ALM BAT RTCF N/A 01h
08h Control INT IM ALME |LPMODE | FOBATB FO3 FO2 FO1 FOO0 N/A 00h
09h and Reserved N/A 00h
0Ah Status ATR | BMATR1 | BMATRO | ATR5 ATR4 ATR3 ATR2 ATR1 ATRO N/A 00h
0Bh DTR | Reserved DTR2 DTR1 DTRO N/A 00h
0Ch SCA ESCA ASC22 | ASC21 ASC20 | ASC13 | ASC12 ASC11 ASC10 00-59 00h
0Dh MNA | EMNA | AMN22 | AMN21 | AMN20 | AMN13 | AMN12 | AMN11 | AMN10 00-59 00h
OEh HRA EHRA 0 AHR21 AHR20 | AHR13 | AHR12 | AHR11 AHR10 0-23 00h
OFh Alarm DTA EDTA 0 ADT21 ADT20 ADT13 ADT12 ADTM11 ADT10 1-31 00h
10h MOA | EMOA 0 0 AMO20 | AMO13 | AMO12 | AMO11 | AMO10 1-12 00h
11h DWA | EDWA 0 0 0 0 ADW12 | ADW11 | ADW10 0-6 00h
12h USR1 | USR17 | USR16 | USR15 | USR14 | USR13 | USR12 USR11 USR10 N/A 00h
13h Hser USR2 | USR27 | USR26 | USR25 | USR24 | USR23 | USR22 | USR21 USR20 N/A 00h
10 intersil FN8085.3
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Real Time Clock Registers

Addresses [00h to 06h]
RTC REGISTERS (SC, MN, HR, DT, MO, YR, DW)

These registers depict BCD representations of the time. As
such, SC (Seconds) and MN (Minutes) range from 0 to 59,
HR (Hour) can either be a 12-hour or 24-hour mode, DT
(Date) is 1 to 31, MO (Month) is 1 to 12, YR (Year) is 0 to 99,
and DW (Day of the Week) is 0 to 6.

The DW register provides a Day of the Week status and uses
three bits DW2 to DWO to represent the seven days of the
week. The counter advances in the cycle 0-1-2-3-4-5-6-0-1-
2-... The assignment of a numerical value to a specific day
of the week is arbitrary and may be decided by the system
software designer. The default value is defined as “0”.

24 HOUR TIME

If the MIL bit of the HR register is “1”, the RTC uses a 24-
hour format. If the MIL bit is “0”, the RTC uses a 12-hour
format and HR21 bit functions as an AM/PM indicator with a
“1” representing PM. The clock defaults to 12-hour format
time with HR21 = “0”.

LEAP YEARS

Leap years add the day February 29 and are defined as those
years that are divisible by 4. Years divisible by 100 are not leap
years, unless they are also divisible by 400. This means that
the year 2000 is a leap year, the year 2100 is not. The ISL1208
does not correct for the leap year in the year 2100.

Control and Status Registers

Addresses [07h to 0Bh]

The Control and Status Registers consist of the Status
Register, Interrupt and Alarm Register, Analog Trimming and
Digital Trimming Registers.

Status Register (SR)

The Status Register is located in the memory map at
address 07h. This is a volatile register that provides either
control or status of RTC failure, battery mode, alarm trigger,
write protection of clock counter, crystal oscillator enable and
auto reset of status bits.

TABLE 2. STATUS REGISTER (SR)

ADDR| 7 6 5 4 3 2 |1 0

07h |ARST | XTOSCB |reserved WRTC |reserved | ALM|BAT |RTCF

Default| 0 0 0 0 0 0|0 0

REAL TIME CLOCK FAIL BIT (RTCF)

This bit is set to a “1” after a total power failure. This is a read
only bit that is set by hardware (ISL1208 internally) when the
device powers up after having lost all power to the device.
The bit is set regardless of whether Vpp or VgaT is applied
first. The loss of only one of the supplies does not set the
RTCF bit to “1”. The first valid write to the RTC section after
a complete power failure resets the RTCF bit to “0” (writing
one byte is sufficient).

BATTERY BIT (BAT)

This bit is set to a “1” when the device enters battery backup
mode. This bit can be reset either manually by the user or

automatically reset by enabling the auto-reset bit (see ARST
bit). A write to this bit in the SR can only set it to “0”, not “1”.

ALARM BIT (ALM)

These bits announce if the alarm matches the real time
clock. If there is a match, the respective bit is set to “1”. This
bit can be manually reset to “0” by the user or automatically
reset by enabling the auto-reset bit (see ARST bit). A write to
this bit in the SR can only set it to “0”, not “1”.

NOTE: An alarm bit that is set by an alarm occurring during an SR
read operation will remain set after the read operation is complete.

WRITE RTC ENABLE BIT (WRTC)

The WRTC bit enables or disables write capability into the
RTC Timing Registers. The factory default setting of this bit
is “0”. Upon initialization or power up, the WRTC must be set
to “1” to enable the RTC. Upon the completion of a valid
write (STOP), the RTC starts counting. The RTC internal
1Hz signal is synchronized to the STOP condition during a
valid write cycle.

CRYSTAL OSCILLATOR ENABLE BIT (XTOSCB)

This bit enables/disables the internal crystal oscillator. When
the XTOSCB is set to “1”, the oscillator is disabled, and the
X1 pin allows for an external 32kHz signal to drive the RTC.
The XTOSCB bit is set to “0” on powerup.

AUTO RESET ENABLE BIT (ARST)

This bit enables/disables the automatic reset of the BAT and
ALM status bits only. When ARST bit is set to “1”, these
status bits are reset to “0” after a valid read of the respective
status register (with a valid STOP condition). When the
ARST is cleared to “0”, the user must manually reset the
BAT and ALM bits.

Interrupt Control Register (INT)
TABLE 3. INTERRUPT CONTROL REGISTER (INT)
ADDR | 7 | 6 5 4 3/ 2]1]|o0

08h IM | ALME | LPMODE | FOBATB |FO3 | FO2 |FO1 |FOO0

Default | O 0 0 0 0 0 0 0
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FREQUENCY OUT CONTROL BITS (FO <3:0>)

These bits enable/disable the frequency output function and
select the output frequency at the m/FOUT pin. See

Table 4 for frequency selection. When the frequency mode is
enabled, it will override the alarm mode at the m/FOUT pin.

TABLE 4. FREQUENCY SELECTION OF FoyT PIN

FREQUENCY,
FouT UNITS| FO3 FO2 | FO1 | FOO
0 Hz 0 0 0 0

32768 Hz 0 0 0 1
4096 Hz 0 0 1 0
1024 Hz 0 0 1 1

64 Hz 0 1 0 0
32 Hz 0 1 0 1
16 Hz 0 1 1 0
8 Hz 0 1 1 1
4 Hz 1 0 0 0
2 Hz 1 0 0 1
1 Hz 1 0 1 0
172 Hz 1 0 1 1
1/4 Hz 1 1 0 0
1/8 Hz 1 1 0 1
116 Hz 1 1 1 0
1/32 Hz 1 1 1 1

FREQUENCY OUTPUT AND INTERRUPT BIT (FOBATB)

This bit enables/disables the Foy/IRQ pin during battery
backup mode (i.e. VgaT power source active). When the
FOBATB is set to “1” the FoyT/IRQ pin is disabled during
battery backup mode. This means that both the frequency
output and alarm output functions are disabled. When the
FOBATB is cleared to “0”, the FoyT/IRQ pin is enabled
during battery backup mode.

LOW POWER MODE BIT (LPMODE)

This bit enables/disables low power mode. With

LPMODE = “0”, the device will be in normal mode and the
VeaT supply will be used when Vpp < VgaT - VBaTHYS and
Vpp < V1rip- With LPMODE = “1”, the device will be in low
power mode and the Vgt supply will be used when

Vpp < VBaT - VBATHYS: There is a supply current saving of
about 600nA when using LPMODE = “1” with Vpp = 5V.
(See Typical Performance Curves: Ipp vs Vg with
LPMODE ON & OFF.)

ALARM ENABLE BIT (ALME)

This bit enables/disables the alarm function. When the ALME
bit is set to “1”, the alarm function is enabled. When the ALME

is cleared to “0”, the alarm function is disabled. The alarm
function can operate in either a single event alarm or a periodic
interrupt alarm (see IM bit).

NOTE: When the frequency output mode is enabled, the alarm function
is disabled.

INTERRUPT/ALARM MODE BIT (IM)

This bit enables/disables the interrupt mode of the alarm
function. When the IM bit is set to “1”, the alarm will operate
in the interrupt mode, where an active low pulse width of
250ms will appear at the @/FOUT pin when the RTC is
triggered by the alarm as defined by the alarm registers (0Ch
to 11h). When the IM bit is cleared to “0”, the alarm will
operate in standard mode, where the @/FOUT pin will be
tied low until the ALM status bit is cleared to “0”.

IM BIT INTERRUPT/ALARM FREQUENCY
0 Single Time Event Set By Alarm
1 Repetitive/Recurring Time Event Set By Alarm

Analog Trimming Register
ANALOG TRIMMING REGISTER (ATR<5:0>)

X1

Cx1 i Crystal
Oscillator

X2

Sis

FIGURE 11. DIAGRAM OF ATR

Six analog trimming bits, ATRO to ATRS5, are provided in
order to adjust the on-chip load capacitance value for
frequency compensation of the RTC. Each bit has a different
weight for capacitance adjustment. For example, using a
Citizen CFS-206 crystal with different ATR bit combinations
provides an estimated ppm adjustment range from -34 to
+80ppm to the nominal frequency compensation. The
combination of analog and digital trimming can give up to -94
to +140ppm of total adjustment.

The effective on-chip series load capacitance, C_oaD.
ranges from 4.5pF to 20.25pF with a mid-scale value of
12.5pF (default). C| pap is changed via two digitally
controlled capacitors, Cx4 and Cxo, connected from the X1
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and X2 pins to ground (see Figure 11). The value of Cx1 and
Cxo is given by the following formula:

Cy = (16-b5+8-b4+4-b3+2-b2+1-b1+0.5-b0+9)pF

The effective series load capacitance is the combination of
CXl and CXZ:
CLoap = 1
(CJ_ + CJ_)
X1 ~X2

c _(16-[75+8-b4+4-b3+2~b2+1~b1+0.5~b0+9) F
LOAD = > P

For example, C oap(ATR=00000) = 12.5pF,
CLoAD(ATR=100000) = 4.5pF, and C| oap(ATR=011111) =
20.25pF. The entire range for the series combination of load
capacitance goes from 4.5pF to 20.25pF in 0.25pF steps.
Note that these are typical values.

BATTERY MODE ATR SELECTION (BMATR <1:0>)

Since the accuracy of the crystal oscillator is dependent on
the Vpp/VaT operation, the ISL1208 provides the capability
to adjust the capacitance between Vpp and VgaT when the
device switches between power sources.

DELTA
CAPACITANCE
BMATR1 BMATRO (CgaT TO CyDD)
0 0 OpF
0 1 -0.5pF (=~ +2ppm)
1 0 +0.5pF (= -2ppm)

+1pF (= -4ppm)

DIGITAL TRIMMING REGISTER (DTR <2:0>)
The digital trimming bits DTRO, DTR1, and DTR2 adjust the

average number of counts per second and average the ppm
error to achieve better accuracy.

» DTR2is a sign bit. DTR2 = “0” means frequency
compensation is >0. DTR2 = “1” means frequency
compensation is <0.

* DTR1 and DTRO are both scale bits. DTR1 gives 40ppm
adjustment and DTRO gives 20ppm adjustment.

A range from -60ppm to +60ppm can be represented by
using these three bits (see Table 5).

TABLE 5. DIGITAL TRIMMING REGISTERS

DTR REGISTER ESTIMATED
FREQUENCY

DTR2 DTR1 DTRO PPM

0 0 0 0 (default)

0 0 1 +20

0 1 0 +40

0 1 1 +60

1 0 0 0

1 0 1 -20

1 1 0 -40

1 1 1 -60

Alarm Registers

Addresses [0Ch to 11h]

The alarm register bytes are set up identical to the RTC
register bytes, except that the MSB of each byte functions as
an enable bit (enable = “1”). These enable bits specify which
alarm registers (seconds, minutes, etc) are used to make the
comparison. Note that there is no alarm byte for year.

The alarm function works as a comparison between the
alarm registers and the RTC registers. As the RTC
advances, the alarm will be triggered once a match occurs
between the alarm registers and the RTC registers. Any one
alarm register, multiple registers, or all registers can be
enabled for a match.

There are two alarm operation modes: Single Event and
periodic Interrupt Mode:

+ Single Event Mode is enabled by setting the ALME bit to
“1”, the IM bit to “0”, and disabling the frequency output.
This mode permits a one-time match between the alarm
registers and the RTC registers. Once this match occurs,
the ALM bit is set to “1” and the IRQ output will be pulled
low and will remain low until the ALM bit is reset. This can
be done manually or by using the auto-reset feature.

* Interrupt Mode is enabled by setting the ALME bit to “1”,
the IM bit to “1”, and disabling the frequency output. The
IRQ output will now be pulsed each time an alarm occurs.
This means that once the interrupt mode alarm is set, it
will continue to alarm for each occurring match of the
alarm and present time. This mode is convenient for
hourly or daily hardware interrupts in microcontroller
applications such as security cameras or utility meter
reading.

To clear an alarm, the ALM bit in the status register must be
set to “0” with a write. Note that if the ARST bit is set to 1
(address 07h, bit 7), the ALM bit will automatically be cleared
when the status register is read.
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Below are examples of both Single Event and periodic
Interrupt Mode alarms.

Example 1 — Alarm set with single interrupt (IM="0")
A single alarm will occur on January 1 at 11:30am.

A. Set Alarm registers as follows:

ALARM BIT
REGISTER|7 |6 |54 |3 |2|1|0| HEX| DESCRIPTION

SCA 0[{0|0|0|0|0|0|0| OOh |Seconds disabled

MNA 1/0/1]1]0|0|0]|0]| BOh |Minutes set to 30,
enabled

HRA 1/0[{0|11]0|0[0| 1| 91h |Hours setto 11,
enabled

DTA 1/0/0|0|0|0|0|1]| 8h |Datesetto1,
enabled

MOA 1/0/0|/0|0|0|0|1| 81h |Monthsetto 1,
enabled

DWA 0/{0|0|0[0|0|0|0| OOh |Day of week
disabled

B. Also the ALME bit must be set as follows:

CONTROL BIT
REGISTER |7 |6]54]3 2] 1] 0] HEX | DESCRIPTION

INT 0|1|x|x|0]|0|0]|0| xOh |Enable Alarm

xx indicate other control bits

After these registers are set, an alarm will be generated when
the RTC advances to exactly 11:30am on January 1 (after
seconds changes from 59 to 00) by setting the ALM bit in the
status register to “1” and also bringing the IRQ output low.

Example 2 — Pulsed interrupt once per minute (IM="1")

Interrupts at one minute intervals when the seconds register
is at 30 seconds.

A. Set Alarm registers as follows:

ALARM BIT
REGISTER |7 6543|210 HEX| DESCRIPTION

SCA 1 BOh |Seconds set to 30,
enabled

o
N
N
o
o
o
o

MNA 0|{0(0[0[0|0|0|0|00h |Minutes disabled
HRA 0({0|(0|0|0|0|0|0|00h [Hours disabled

DTA 0|0(0|0|0|0|0|0| 00h |Date disabled

MOA 0(0(0|0|0|0|0|0]|00h |Month disabled
DWA 0/0[0(0|0|0|0|0|00h Day of week disabled

B. Set the Interrupt register as follows:

CONTROL BIT
REGISTER | 765|432 HEX| DESCRIPTION

-
o

INT 1/1|x|[x|[0|0|0|0| x0Oh |Enable Alarm and Int
Mode

xx indicate other control bits

Once the registers are set, the following waveform will be
seen at IRQ-:

RTC and alarm registers are both “30” sec

! !
I I

|4— 60 sec —P'

Note that the status register ALM bit will be set each time the
alarm is triggered, but does not need to be read or cleared.

User Registers

Addresses [12h to 13h]

These registers are 2 bytes of battery-backed user memory
storage.

I12C Serial Interface

The ISL1208 supports a bidirectional bus oriented protocol.
The protocol defines any device that sends data onto the
bus as a transmitter and the receiving device as the receiver.
The device controlling the transfer is the master and the
device being controlled is the slave. The master always
initiates data transfers and provides the clock for both
transmit and receive operations. Therefore, the ISL1208
operates as a slave device in all applications.

All communication over the 12C interface is conducted by
sending the MSB of each byte of data first.

Protocol Conventions

Data states on the SDA line can change only during SCL
LOW periods. SDA state changes during SCL HIGH are
reserved for indicating START and STOP conditions (See
Figure 12). On power up of the ISL1208, the SDA pin is in
the input mode.

All 12C interface operations must begin with a START
condition, which is a HIGH to LOW transition of SDA while
SCL is HIGH. The ISL1208 continuously monitors the SDA
and SCL lines for the START condition and does not
respond to any command until this condition is met (See
Figure 12). A START condition is ignored during the power-
up sequence.

All 12C interface operations must be terminated by a STOP
condition, which is a LOW to HIGH transition of SDA while
SCL is HIGH (See Figure 12). A STOP condition at the end
of a read operation or at the end of a write operation to
memory only places the device in its standby mode.

An acknowledge (ACK) is a software convention used to
indicate a successful data transfer. The transmitting device,
either master or slave, releases the SDA bus after
transmitting eight bits. During the ninth clock cycle, the
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receiver pulls the SDA line LOW to acknowledge the Byte of a write operation. The master must respond with an
reception of the eight bits of data (See Figure 13). ACK after receiving a Data Byte of a read operation.

The I1ISL1208 responds with an ACK after recognition of a
START condition followed by a valid Identification Byte, and
once again after successful receipt of an Address Byte. The
ISL1208 also responds with an ACK after receiving a Data

TN S

DATA DATA DATA
START STABLE CHANGE STABLE STOP

FIGURE 12. VALID DATA CHANGES, START, AND STOP CONDITIONS

SCL FROM
MASTER 1 8 N

(C
SDA OUTPUT FROM HIGH IMPEDANCE
TRANSMITTER \ / X 2/ X \ {
C / \
J)
SDA OUTPUT FROM HIGH IMPEDANCE «
RECEIVER Sy |
START ACK

FIGURE 13. ACKNOWLEDGE RESPONSE FROM RECEIVER

WRITE
SIGNALS FROM s
THE MASTER T S
A IDENTIFICATION ADDRESS DATA T
R BYTE BYTE BYTE o
T AL AL (_/% P
r N\ r N\
rrrrruori T T T T T 11 r1rrrrri
SIGNAL AT SDA 11011110 [0000 m
L1 11 1 1.1 11 1 1 1 11 L1111 11 !
SIGNALS FROM A A A
THE ISL1208 c c c
K K K
FIGURE 14. BYTE WRITE SEQUENCE
H H FN8085.3
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Device Addressing

Following a start condition, the master must output a Slave
Address Byte. The 7 MSBs are the device identifier. These
bits are “1101111”. Slave bits “1101” access the register.
Slave bits “111” specify the device select bits.

The last bit of the Slave Address Byte defines a read or write
operation to be performed. When this R/W bit is a “1”, then a
read operation is selected. A “0” selects a write operation
(Refer to Figure 15).

After loading the entire Slave Address Byte from the SDA
bus, the ISL1208 compares the device identifier and device
select bits with “1101111”. Upon a correct compare, the
device outputs an acknowledge on the SDA line.

Following the Slave Byte is a one byte word address. The
word address is either supplied by the master device or
obtained from an internal counter. On power up the internal
address counter is set to address Oh, so a current address
read of the CCR array starts at address Oh. When required,
as part of a random read, the master must supply the 1 Word
Address Bytes as shown in Figure 16.

In a random read operation, the slave byte in the “dummy
write” portion must match the slave byte in the “read”
section. For a random read of the Clock/Control Registers,
the slave byte must be “1101111x” in both places.

SLAVE
ADDRESS BYTE

A7 A6 A5 A4 A3 A2 A1 A0 | WORD ADDRESS

I I I I I I I
D7 D6 D5 D4 D3 D2 D1 DO
1 1 1 1 1 1 1

DATA BYTE

FIGURE 15. SLAVE ADDRESS, WORD ADDRESS, AND DATA

Write Operation

A Write operation requires a START condition, followed by a
valid Identification Byte, a valid Address Byte, a Data Byte,
and a STOP condition. After each of the three bytes, the
ISL1208 responds with an ACK. At this time, the 12c
interface enters a standby state.

Read Operation

A Read operation consists of a three byte instruction
followed by one or more Data Bytes (See Figure 16). The
master initiates the operation issuing the following
sequence: a START, the Identification byte with the R/W bit
set to “0”, an Address Byte, a second START, and a second
Identification byte with the R/W bit set to “1”. After each of
the three bytes, the ISL1208 responds with an ACK. Then
the ISL1208 transmits Data Bytes as long as the master
responds with an ACK during the SCL cycle following the
eighth bit of each byte. The master terminates the read
operation (issuing a STOP condition) following the last bit of
the last Data Byte (See Figure 16).

The Data Bytes are from the memory location indicated by
an internal pointer. This pointer initial value is determined by
the Address Byte in the Read operation instruction, and
increments by one during transmission of each Data Byte.
After reaching the memory location 13h the pointer “rolls
over” to 00h, and the device continues to output data for
each ACK received.

BYTES
SIGNALS | S S
FROMTHE < T IDENTIFICATION T IDENTIFICATION s
MASTER | A BYTE WITH ADDRESS A BYTEWITH A A T
R RIW=0 BYTE R RIW =1 c c o
T T K K P
r1rrrriri rrrrriri LI LI L L L rrrrriri
SIGNALAT (A 1474701111 0 11011111 m
SDA A L1111 L1111 Ll i1 SS L1 11111
SIGNALS FROM c c c
FIRST READ LAST READ
THE SLAVE K K K DATABYTE DATA BYTE

FIGURE 16. READ SEQUENCE
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Application Section

Oscillator Crystal Requirements

The ISL1208 uses a standard 32.768kHz crystal. Either
through hole or surface mount crystals can be used. Table 6
lists some recommended surface mount crystals and the
parameters of each. This list is not exhaustive and other
surface mount devices can be used with the ISL1208 if their
specifications are very similar to the devices listed. The
crystal should have a required parallel load capacitance of
12.5pF and an equivalent series resistance of less than 50k.
The crystal's temperature range specification should match
the application. Many crystals are rated for -10°C to +60°C
(especially through hole and tuning fork types), so an
appropriate crystal should be selected if extended
temperature range is required.

TABLE 6. SUGGESTED SURFACE MOUNT CRYSTALS

MANUFACTURER PART NUMBER
Citizen CM200S
Epson MC-405, MC-406
Raltron RSM-200S

SaRonix 32812
Ecliptek ECPSM29T-32.768K
ECS ECX-306
Fox FSM-327

Crystal Oscillator Frequency Adjustment

The ISL1208 device contains circuitry for adjusting the
frequency of the crystal oscillator. This circuitry can be used
to trim oscillator initial accuracy as well as adjust the
frequency to compensate for temperature changes.

The Analog Trimming Register (ATR) is used to adjust the
load capacitance seen by the crystal. There are six bits of
ATR control, with linear capacitance increments available for
adjustment. Since the ATR adjustment is essentially “pulling”
the frequency of the oscillator, the resulting frequency
changes will not be linear with incremental capacitance
changes. The equations which govern pulling show that
lower capacitor values of ATR adjustment will provide larger
increments. Also, the higher values of ATR adjustment will
produce smaller incremental frequency changes. These
values typically vary from 6-10 ppm/bit at the low end to
<1ppm/bit at the highest capacitance settings. The range
afforded by the ATR adjustment with a typical surface mount
crystal is typically -34 to +80ppm around the ATR=0 default
setting because of this property. The user should note this
when using the ATR for calibration. The temperature drift of
the capacitance used in the ATR control is extremely low, so
this feature can be used for temperature compensation with
good accuracy.

In addition to the analog compensation afforded by the
adjustable load capacitance, a digital compensation feature
is available for the ISL1208. There are 3 bits known as the
Digital Trimming Register (DTR). The range provided is
+60ppm in increments of 20ppm. DTR operates by adding or
skipping pulses in the clock counter. It is very useful for
coarse adjustments of frequency drift over temperature or
extending the adjustment range available with the ATR
register.

Initial accuracy is best adjusted by enabling the frequency
output (using the INT register, address 08h), and monitoring
the ~IRQ/FoyT pin with a calibrated frequency counter.
The frequency used is unimportant, although 1Hz is the
easiest to monitor. The gating time should be set long
enough to ensure accuracy to at least 1ppm. The ATR
should be set to the center position, or 100000Bh, to begin
with. Once the initial measurement is made, then the ATR
register can be changed to adjust the frequency. Note that
increasing the ATR register for increased capacitance will
lower the frequency, and vice-versa. If the initial
measurement shows the frequency is far off, it will be
necessary to use the DTR register to do a coarse
adjustment. Note that most all crystals will have tight enough
initial accuracy at room temperature so that a small ATR
register adjustment should be all that is needed.

Temperature Compensation

The ATR and DTR controls can be combined to provide
crystal drift temperature compensation. The typical
32.768kHz crystal has a drift characteristic that is similar to
that shown in Figure 17. There is a turnover temperature
(Tg) where the drift is very near zero. The shape is parabolic
as it varies with the square of the difference between the
actual temperature and the turnover temperature.

0.0

-20.0

-40.0

-60.0 /
-80.0 /

-100.0

-120.0 /

-140.0

PPM

-160.0
-40 -30 -20 -10 0 10 20 30 40 50 60 70 80

TEMPERATURE (°C)

FIGURE 17. RTC CRYSTAL TEMPERATURE DRIFT

If full industrial temperature compensation is desired in an
ISL1208 circuit, then both the DTR and ATR registers will
need to be utilized (total correction range = -94 to +140ppm).
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A system to implement temperature compensation would
consist of the ISL1208, a temperature sensor, and a
microcontroller. These devices may already be in the system
so the function will just be a matter of implementing software
and performing some calculations. Fairly accurate
temperature compensation can be implemented just by
using the crystal manufacturer’s specifications for the
turnover temperature Tq and the drift coefficient (). The
formula for calculating the oscillator adjustment necessary
is:

Adjustment (ppm) = (T = Tg)2 * B

Once the temperature curve for a crystal is established, then
the designer should decide at what discrete temperatures
the compensation will change. Since drift is higher at
extreme temperatures, the compensation may not be
needed until the temperature is greater than 20°C from Ty.

A sample curve of the ATR setting vs. Frequency Adjustment
for the ISL1208 and a typical RTC crystal is given in Figure
18. This curve may vary with different crystals, so it is good
practice to evaluate a given crystal in an ISL1208 circuit
before establishing the adjustment values.

90.0
80.0
70.0 A\C
60.0
50.0 |—N\
40.0
30.0 N
20.0 NG
N
10.0 N
0.0 ™

-10.0

-20.0 -
-30.0 T~

-40.0

PPM ADJUSTMENT

0 5 10 15 20 25 30 35 40 45 50 55 60
ATR SETTING

FIGURE 18. ATR SETTING vs OSCILLATOR FREQUENCY
ADJUSTMENT

This curve is then used to figure what ATR and DTR settings
are used for compensation. The results would be placed in a
lookup table for the microcontroller to access.

Layout Considerations

The crystal input at X1 has a very high impedance, and
oscillator circuits operating at low frequencies such as
32.768kHz are known to pick up noise very easily if layout
precautions are not followed. Most instances of erratic
clocking or large accuracy errors can be traced to the
susceptibility of the oscillator circuit to interference from
adjacent high speed clock or data lines. Careful layout of the
RTC circuit will avoid noise pickup and insure accurate
clocking.

Figure 19 shows a suggested layout for the ISL1208 device
using a surface mount crystal. Two main precautions should
be followed:

Do not run the serial bus lines or any high speed logic lines
in the vicinity of the crystal. These logic level lines can
induce noise in the oscillator circuit to cause misclocking.

Add a ground trace around the crystal with one end
terminated at the chip ground. This will provide termination
for emitted noise in the vicinity of the RTC device.

|| b =
'-\

==l

FIGURE 19. SUGGESTED LAYOUT FOR ISL1208 AND
CRYSTAL

In addition, it is a good idea to avoid a ground plane under
the X1 and X2 pins and the crystal, as this will affect the load
capacitance and therefore the oscillator accuracy of the
circuit. If the ~IRQ/FoyT pin is used as a clock, it should be
routed away from the RTC device as well. The traces for the
VBaT and Ve pins can be treated as a ground, and should
be routed around the crystal.

Super Capacitor Backup

The ISL1208 device provides a Vgat pin which is used for a
battery backup input. A Super Capacitor can be used as an
alternative to a battery in cases where shorter backup times
are required. Since the battery backup supply current
required by the ISL1208 is extremely low, it is possible to get
months of backup operation using a Super Capacitor.
Typical capacitor values are a few uF to 1 Farad or more
depending on the application.

If backup is only needed for a few minutes, then a small
inexpensive electrolytic capacitor can be used. For extended
periods, a low leakage, high capacity Super Capacitor is the
best choice. These devices are available from such vendors
as Panasonic and Murata. The main specifications include
working voltage and leakage current. If the application is for
charging the capacitor from a +5V £5% supply with a signal
diode, then the voltage on the capacitor can vary from ~4.5V
to slightly over 5.0V. A capacitor with a rated WV of 5.0V
may have a reduced lifetime if the supply voltage is slightly
high. The leakage current should be as small as possible.
For example, a Super Capacitor should be specified with
leakage of well below 1pA. A standard electrolytic capacitor
with DC leakage current in the microamps will have a
severely shortened backup time.

Below are some examples with equations to assist with
calculating backup times and required capacitance for the
ISL1208 device. The backup supply current plays a major
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part in these equations, and a typical value was chosen for
example purposes. For a robust design, a margin of 30%
should be included to cover supply current and capacitance
tolerances over the results of the calculations. Even more
margin should be included if periods of very warm
temperature operation are expected.

Example 1. Calculating backup time given
voltages and capacitor value

1N4148

i

2.7V to 5.5V Vee VBar J_

Cgar
GND l

FIGURE 20. SUPERCAPACITOR CHARGING CIRCUIT

In Figure 20, use Cgat = 0.47F and V¢ = 5.0V. With Ve =
5.0V, the voltage at VgaT Will approach 4.7V as the diode
turns off completely. The ISL1208 is specified to operate
down to VgaT = 1.8V. The capacitance charge/discharge
equation is used to estimate the total backup time:

| = Cgar * dV/dT (EQ. 1)

Rearranging gives

dT = CgaT * dV/lToT to solve for backup time. (EQ.2)

CpaT is the backup capacitance and dV is the change in
voltage from fully charged to loss of operation. Note that
IToT is the total of the supply current of the ISL1208 (IgaT)
plus the leakage current of the capacitor and the diode, || k.
In these calculations, | kg is assumed to be extremely small
and will be ignored. If an application requires extended
operation at temperatures over 50°C, these leakages will
increase and hence reduce backup time.

Note that IgaT changes with VgaT almost linearly (see
Typical Performance Curves). This allows us to make an
approximation of IgaT, using a value midway between the
two endpoints. The typical linear equation for Igat Vs VBaT
IS:

IgaT = 1.031E-7*(VRAT) + 1.036E-7 Amps (EQ. 3)
Using this equation to solve for the average current given 2
voltage points gives:

IBaTAVG = 5.155E-8*(VaT2 + VBAT1) + 1.036E-7 Amps
(EQ. 4)

Combining with Equation 2 gives the equation for backup
time:

Teackup = Cear ™ (VBaT2 - VBAT1) / (IBATAVG * ILKG)

seconds (EQ. 5)
where

CpaT = 0.47F

VeaT2 = 4.7V

Veat1 = 1.8V

ILkg = 0 (assumed minimal)
Solving equation 4 for this example, IgaTavg = 4.387E-7 A

TACKUP = 0.47 * (2.9) / 4.38E-7 = 3.107E6 sec

Since there are 86,400 seconds in a day, this corresponds to
35.96 days. If the 30% tolerance is included for capacitor
and supply current tolerances, then worst case backup time
would be:

CgaT = 0.70 * 35.96 = 25.2 days
Example 2. Calculating a capacitor value for a

given backup time

Referring to Figure 20 again, the capacitor value needs to be
calculated to give 2 months (60 days) of backup time, given
Ve =5.0V. As in Example 1, the VgaT voltage will vary from
4.7V down to 1.8V. We will need to rearrange Equation 2 to
solve for capacitance:

CgaT = dT*l/dV (EQ. 6)

Using the terms described above, this equation becomes:

Cgat = Teackup * (IBatave * ILkc)/(VBaT2 — VBAT1)
(EQ. 7)

where

Teackup = 60 days * 86,400 sec/day = 5.18 E6 sec
IsaTAVG = 4.387 E-7 A (same as Example 1)
I_Lkg = 0 (assumed)

VBAT2 =47V
Veat1 = 1.8V
Solving gives

CpaT = 5.18 E6 * (4.387 E-7)/(2.9) = 0.784F

If the 30% tolerance is included for tolerances, then worst
case cap value would be

CgaT = 1.3 *.784 = 1.02F
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Packaging Information

8-Lead Miniature Small Outline Gull Wing Package Type M

0.118 + 0.002
(3.00 + 0.05)
0.012 + 0.006 / -0.002
(0.30 + 0.15 / -0.05) — — 0.0256 (0.65) Typ.
R 0.014 (0.36)
I
0.118 + 0.002 R
(3.00 * 0.05) ]
l v Q .
0.030 (0.76) H H H H
—»| |«-0.0216 (0.55)
0.036 (0.91) 7° Typ.
0.032 (0.81) 81)

Y
0.040 + 0.002

0 004 (0 10)
—> |<— 0.0256" Typical
T A 0.025"
T Typical
0.007 (0.18) 0. 150 (3 81) "’
0.005 (0.13) o 193 (4 90) 0.220"
Ref.
—»‘ ’4— 0.020"
Typical
FOOTPRINT 8 Places
NOTE:

1. All dimensions in inches and (millimeters).
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Packaging information
8-Lead Plastic, SOIC, Package Code S8

HHHH

0.150 (3.80) 0.228 (5.80)
0.158 (4.00) 0.244 (6.20)

Pin 1 Index
Pin 1 H H |:| |:|
J L 10.014 (0.35)
0.019 (0.49)
0.188 (4.78)
0.197 (5.00)
(4X) 7° /\
. . 0.053 (1.35)
I | _t 0.069 (1.75)
0.004 (0.19)
0.050 (1.27) < 0.010 (0.25)
10.010 (0.25) R 0.050"Typical
e mi
0.050"
Typical
___ ¥ 00075 (0.19)
7\ —+- 0.010 (0.25) 0.250"
0.016 (0.410) L
0.037 (0.937)
+‘ |¢ 0.030"
Typical
FOOTPRINT 8 Places

NOTE: All dimensions in inches (in parentheses in millimeters).

All Intersil U.S. products are manufactured, assembled and tested utilizing ISO9000 quality systems.
Intersil Corporation’s quality certifications can be viewed at www.intersil.com/design/quality

Intersil products are sold by description only. Intersil Corporation reserves the right to make changes in circuit design, software and/or specifications at any time without
notice. Accordingly, the reader is cautioned to verify that data sheets are current before placing orders. Information furnished by Intersil is believed to be accurate and
reliable. However, no responsibility is assumed by Intersil or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may result
from its use. No license is granted by implication or otherwise under any patent or patent rights of Intersil or its subsidiaries.

For information regarding Intersil Corporation and its products, see www.intersil.com

21 intersil FN8085.3
~— July 29, 2005



SDRAM 128Mb F-die (x4, x8, x16) CMOS SDRAM

128Mb F-die SDRAM Specification

54 TSOP-II with Pb-Free
(ROHS compliant)

Revision 1.2

August 2004

* Samsung Electronics reserves the right to change products or specification without notice.
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SDRAM 128Mb F-die (x4, x8, x16) CMOS SDRAM

Revision History

Revision 1.0 (January, 2004)
- First release.

Revision 1.1 (May, 2004)
» Added Note 5. sentense of tRDL parameter.

Revision 1.2 (August, 2004)
« Corrected typo.

Rev. 1.2 August 2004
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SDRAM 128Mb F-die (x4, x8, x16) CMOS SDRAM

8M x 4Bit x 4 Banks / 4M x 8Bit x 4 Banks / 2M x 16Bit x 4 Banks SDRAM

FEATURES
« JEDEC standard 3.3V power supply

¢ LVTTL compatible with multiplexed address
« Four banks operation
* MRS cycle with address key programs
-. CAS latency (2 & 3)
-. Burst length (1, 2, 4, 8 & Full page)
-. Burst type (Sequential & Interleave)
All inputs are sampled at the positive going edge of the system clock.
Burst read single-bit write operation
* DQM (x4,x8) & L(U)DQM (x16) for masking
Auto & self refresh
« 64ms refresh period (4K Cycle)
¢ 54 TSOP(Il) Pb-free Package
* RoHS compliant

GENERAL DESCRIPTION

The K4S280432F / K4S280832F / K4S281632F is 134,217,728 bits synchronous high data rate Dynamic RAM organized as 4 x
8,388,608 words by 4 bits / 4 x 4,194,304 words by 8 bits / 4 x 2,097,152 words by 16 bits, fabricated with SAMSUNG's high perfor-
mance CMOS technology. Synchronous design allows precise cycle control with the use of system clock I/O transactions are possible
on every clock cycle. Range of operating frequencies, programmable burst length and programmable latencies allow the same device to
be useful for a variety of high bandwidth, high performance memory system applications.

Ordering Information

Part No. Orgainization Max Freq. Interface Package
K4S280432F-UC(L)75 32M x 4 133MHz LVTTL 54pin TSOP(II)
K4S280832F-UC(L)75 16M x 8 133MHz LVTTL 54pin TSOP(II)

K4S281632F-UC(L)60/75 8M x 16 166MHz LVTTL 54pin TSOP(II)
Organization Row Address Column Address
32Mx4 AO0~All AO0-A9, A1l
16Mx8 A0~A1l A0-A9
8Mx16 AO0~A1l AO-A8

Row & Column address configuration

Rev. 1.2 August 2004
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SDRAM 128Mb F-die (x4, x8, x16)

CMOS SDRAM

Package Physical Dimension
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SDRAM 128Mb F-die (x4, x8, x16) CMOS SDRAM

FUNCTIONAL BLOCK DIAGRAM

S« LWE
Data Input Register < g
3 < LDQM
’—+ Bank Select ‘ l
A,
> 8Mx4/4Mx8/2M x 16
g : g X X X o 9
3 g 2 » 8Mx4/4Mx8/2Mx16 & 3 5
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= |
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5 3 s
) o < Latency & Burst Length
2 i
LCKE Programming Register
LRAAS LCABR LV%/E LCAS I LWCBR LDEM
Timing Register
CLK CKE cs RAS CAS WE L(U)DQM

* Samsung Electronics reserves the right to change products or specification without notice.
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SDRAM 128Mb F-die (x4, x8, x16) CMOS SDRAM

PIN CONFIGURATION (Top view)

x16 X8 x4

VbD VDD VDD
DQO DQO N.C
VDDQ VDDQ VDDQ
DQ1 N.C N.C
DQ2 DQ1 DQO
VssQ VssQ VssQ
DQ3 N.C N.C
DQ4 DQ2 N.C
VDDQ VDDQ  VDDQ
DQ5 N.C N.C
DQ6 DQ3 DQ1
VssQ VssQ VssQ
DQ7 N.C N.C
VDD VDD VDD
LDOM N.C N.C
_WE _WE  _WE
CAS CAS CAS
RAS RAS RAS
CS CS CS
BAO BAO BAO
BA1 BA1 BA1
A10/AP A10/AP A10/AP
A0 A0 A0
Al Al Al
A2 A2 A2
A3 A3 A3
VDD VDD VDD

PIN FUNCTION DESCRIPTION

5 x4 x8 x16
g1l 54 B Vss Vss Vss
g2 53 N.C DQ7 DQ15
03 52 B VssqQ VssQ VssQ
g4 51 N.C N.C DQ14
05 50 @ DQ3 DQ6 DQ13
06 49 A VDDQ VDDQ VDDQ
gv 48 N.C N.C DQ12
08 47 B N.C DQ5 DQ11
o9 46 A VssQ VssQ VssQ
g 10 458 N.C N.C DQ10
Oi11 44 A DQ2 DQ4 DQ9
012 43 A VDDQ VDDQ \VVDDQ
gi13 42 B N.C N.C DQ8
014 41 B Vss Vss Vss
g 15 40 B N.C/RFU N.C/RFU N.C/RFU
016 39 DQM DQM UubDQM
Oi7 380 CLK CLK CLK
018 37 P CKE CKE CKE
019 36 A N.C N.C N.C
020 35Q All All All
021 34 A A9 A9 A9
O 22 33 P A8 A8 A8
023 32 P A7 A7 A7
O 24 31 P A6 A6 A6
g 25 30 A5 A5 A5 54Pin TSOP
O 26 29 P A4 A4 A4 (400mil x 875mil)
27 28 A Vss Vss Vss (0.8 mm Pin pitch)

Pin Name Input Function

CLK System clock Active on the positive going edge to sample all inputs.

== . Disables or enables device operation by masking or enabling all inputs except

CS Chip select CLK, CKE and DOM
Masks system clock to freeze operation from the next clock cycle.

CKE Clock enable CKE should be enabled at least one cycle prior to new command.
Disable input buffers for power down in standby.
Row/column addresses are multiplexed on the same pins.

Ao ~ A1 Address Row address : RA0 ~ RA11,
Column address : (x4 : CAo ~ CA9,CA11), (x8:CAo~ CA9), (x16: CAo~ CAs)
Selects bank to be activated during row address latch time.

BAo ~ BAL Bank select address Selects bank for read/write during column address latch time.

RAS Row address strobe Latches row addresses on the positive going edge of the CLK with RAS low.
Enables row access & precharge.

CAS Column address strobe Latches column addresses on the positive going edge of the CLK with CAS low.
Enables column access.

= ) Enables write operation and row precharge.

WE Write enable Latches data in starting from CAS, WE active.

. Makes data output Hi-Z, tsHz after the clock and masks the output.
DQM Data input/output mask Blocks data input when DQM active.
_ . Data inputs/outputs are multiplexed on the same pins.

DQo~N Data inputioutput (x4 DQo~3), (x8:DQ0~7), (x16:DQo ~ 1)

VDD/Vss Power supply/ground Power and ground for the input buffers and the core logic.

VDDQ/Vsso | Data output power/ground _Isolateq power supply and ground for the output buffers to provide improved noise
immunity.

N.C/RFU No connection This pin is recommended to be left No Connection on the device.

/reserved for future use

ELECTRONICS
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SDRAM 128Mb F-die (x4, x8, x16) CMOS SDRAM

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Value Unit
Voltage on any pin relative to Vss VIN, VouT -1.0~4.6 \%
Voltage on VDD supply relative to Vss VDD, VDDQ -1.0~4.6 \%
Storage temperature TsTG -55 ~ +150 °C
Power dissipation Pp 1 w
Short circuit current los 50 mA

Note : Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded.
Functional operation should be restricted to recommended operating condition.
Exposure to higher than recommended voltage for extended periods of time could affect device reliability.

DC OPERATING CONDITIONS

Recommended operating conditions (Voltage referenced to Vss = 0V, TA = 0 to 70°C)

Parameter Symbol Min Typ Max Unit Note
Supply voltage VDD, VDDQ 3.0 3.3 3.6 \%
Input logic high voltage VIH 2.0 3.0 VbD+0.3 \
Input logic low voltage ViL -0.3 0 0.8 \%
Output logic high voltage VoH 2.4 - - \% IoH = -2mA
Output logic low voltage VoL - - 0.4 \% loL = 2mA
Input leakage current ILi -10 - 10 uA 3

Notes : 1. VIH (max) = 5.6V AC. The overshoot voltage duration is < 3ns.
2. ViL (min) = -2.0V AC. The undershoot voltage duration is < 3ns.
3. Any input OV < VIN < VDDQ.
Input leakage currents include Hi-Z output leakage for all bi-directional buffers with Tri-State outputs.

CAPACITANCE (vbb =3.3V, Ta = 23°C, f = 1IMHz, VREF =1.4V + 200 mV)

Pin Symbol Min Max Unit Note
Clock CcLk 25 3.5 pF
RAS, CAS, WE, CS, CKE, DQM CIN 25 3.8 =
Address CADD 25 3.8 pF
(x4 : DQo ~ DQs3), (x8 : DQo ~ DQ7), (x16 : DQo ~ DQ15) Cout 4.0 6.0 pF

Rev. 1.2 August 2004
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SDRAM 128Mb F-die (x4, x8, x16) CMOS SDRAM

DC CHARACTERISTICS (x4, x8)

(Recommended operating condition unless otherwise noted, Ta = 0 to 70°C)

. Version ]
Parameter Symbol Test Condition = Unit Note
. Burst length = 1
Operating curr.ent Icc1 tRC > trRc(min) 90 mA 1
(One bank active) ~
lo=0mA
Precharge standby currentin | Icc2P |CKE < ViL(max), tcc = 10ns mA
power-down mode Icc2PS |CKE & CLK < ViL(max), tcc = oo
CKE = ViH(min), CS = ViH(min), tcc = 10ns
) IccaN . . . 20
Precharge standby current in Input signals are changed one time during 20ns A
m
non power-down mode CKE 2 VIH(min), CLK < ViL(max), tcc =«
IccaNS . 10
Input signals are stable
Active standby current in IccsP | CKE < ViL(max), tcc = 10ns A
power-down mode Icc3PS |CKE & CLK < ViL(max), tcc = o
_ _ locsN | CKE 2 ViH(min), CS > VIH(min), tcc = 10ns 20 A
Active standby current in Input signals are changed one time during 20ns
non power-down mode - —
(One bank active) — CKE 2_\/|H(m|n), CLK < ViL(max), tcc =« o5 mA
Input signals are stable
Operating current lo=0mA
(Burst mode) lcca Page burst 1o mA 1
Refresh current Iccs  |tRC > trc(min) 200 mA
c 2 mA
Self refresh current Icce |CKE<0.2V
L 800 UA

Notes : 1. Measured with outputs open.
2. Refresh period is 64ms.
3. K4S2804(08)32F-UC
4. K4S2804(08)32F-UL
5. Unless otherwise noted, input swing level is CMOS(ViH /VIL=VDDQ/VSSQ)

Rev. 1.2 August 2004
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SDRAM 128Mb F-die (x4, x8, x16) CMOS SDRAM

DC CHARACTERISTICS (x16)

(Recommended operating condition unless otherwise noted, Ta = 0 to 70°C)

. Version ]
Parameter Symbol Test Condition Unit Note
-60 -75
Operating current Burst length = 1
P 9 . Icc1 tRC > trRc(min) 130 100 mA 1
(One bank active) ~
lo=0mA
Precharge standby currentin | Icc2P |CKE < ViL(max), tcc = 10ns mA
power-down mode Icc2PS |CKE & CLK < ViL(max), tcc = oo
CKE = ViH(min), CS = ViH(min), tcc = 10ns
) IccaN . . . 20
Precharge standby current in Input signals are changed one time during 20ns mA
non power-down mode CKE 2 VIH(min), CLK < ViL(max), tcc =«
IccaNS . 10
Input signals are stable
Active standby current in IccsP | CKE < Vi(max), tcc = 10ns A
power-down mode Icc3PS |CKE & CLK < ViL(max), tcc = o
_ _ locsN | CKE 2 ViH(min), CS > VIH(min), tcc = 10ns 20 A
Active standby current in Input signals are changed one time during 20ns
non power-down mode - —
(One bank active) — CKE 2_\/|H(m|n), CLK < ViL(max), tcc =« 25 mA
Input signals are stable
Operating current lo=0mA
(Burst mode) lcca Page burst 150 140 mA L
Refresh current Iccs  |tRC > trc(min) 220 200 mA
c 2 mA
Self refresh current Icce |CKE<0.2V
L 800 UA

Notes : 1. Measured with outputs open.
2. Refresh period is 64ms.
3. K4S281632F-UC
4. K4S281632F-UL
5. Unless otherwise noted, input swing level is CMOS(ViH /VIL=VDDQ/VSSQ)

Rev. 1.2 August 2004
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SDRAM 128Mb F-die (x4, x8, x16) CMOS SDRAM
AC OPERATING TEST CONDITIONS (vop = 3.3V + 0.3V, Ta = 0 to 70°C)
Parameter Value Unit
Input levels (Vih/Vil) 2.4/0.4 \%
Input timing measurement reference level 14 \%
Input rise and fall time tr/tf = 1/1 ns
Output timing measurement reference level 1.4 \Y
Output load condition See Fig. 2
T 3.3V o Vtt=1.4V
~ 12000 ~ 500
ouput - e e » YOHOO) =24V, OH=2MA e z0=500 )
VoL (DC) = 0.4V, loL = 2mA
8700 50pF —— 50pF
v /A
(Fig. 1) DC output load circuit (Fig. 2) AC output load circuit
OPERATING AC PARAMETER
(AC operating conditions unless otherwise noted)
Parameter Symbol Version Unit Note
- 60 (x16 only) -75
Row active to row active delay tRRD(MIN) 12 15 ns 1
RAS to CAS delay treD(min) 18 20 ns 1
Row precharge time tRP(mMin) 18 20 ns 1
o tRAS(MIn) 42 45 ns 1
Row active time
tRAS(Max) 100 us
Row cycle time trc(min) 60 65 ns 1
Last data in to row precharge trRDL(Min) 2 CLK 25
Last data in to Active delay tDAL(min) 2 CLK +tRP - 5
Last data in to new col. address delay tcoL(min) 1 CLK 2
Last data in to burst stop tBbL(min) 1 CLK 2
Col. address to col. address delay tcep(min) 1 CLK 3
. CAS latency=3 2
Number of valid output data ea 4
CAS latency=2 - 1

Notes : 1. The minimum number of clock cycles is determined by dividing the minimum time required with clock cycle time
and then rounding off to the next higher integer.
2. Minimum delay is required to complete write.
3. All parts allow every cycle column address change.
4. In case of row precharge interrupt, auto precharge and read burst stop.

5. In 100MHz and below 100MHz operating conditions, tRDL=1CLK and tDAL=1CLK + 20ns is also supported.
SAMSUNG recommends tRDL=2CLK and tDAL=2CLK + tRP.

ELECTRONICS
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SDRAM 128Mb F-die (x4, x8, x16) CMOS SDRAM
AC CHARACTERISTICS (AC operating conditions unless otherwise noted)
- 60 (x16 only) -75 .
Parameter Symbol - - Unit Note
Min Max Min Max
CAS latency=3 6 7.5
CLK cycle Y tec 1000 1000 ns 1
time CAS latency=2 - 10
CLK to valid CAS latency=3 5 5.4
tsac ns 1,2
output delay | CAS latency=2 - 6
0utput data CAS |atenCy=3 2.5
. toH ns 2
hold time CAS |atency:2 -
CLK high pulse width tcH 25 25 ns 3
CLK low pulse width tcL 2.5 25 ns 3
Input setup time tss 15 15 ns 3
Input hold time tSH 0.8 ns 3
CLK to output in Low-Z tsLz 1 ns 2
CLK to output CAS latency=3 5 54
S tsHz ns
in Hi-Z CAS latency=2 - 6
Notes : 1. Parameters depend on programmed CAS latency.
2. If clock rising time is longer than 1ns, (tr/2-0.5)ns should be added to the parameter.
3. Assumed input rise and fall time (tr & tf) = 1ns.
If tr & tf is longer than 1ns, transient time compensation should be considered,
i.e., [(tr + tf)/2-1]ns should be added to the parameter.
DQ BUFFER OUTPUT DRIVE CHARACTERISTICS
Parameter Symbol Condition Min Typ Max Unit Notes
L Measure in linear
Output rise time trh region : 1.2V ~ 1.8V 1.37 4.37 Volts/ns 3
. Measure in linear
Output fall time tth region : 1.2V ~ 1.8V 1.30 3.8 Volts/ns 3
L Measure in linear
Output rise time trh region : 1.2V ~ 1.8V 2.8 3.9 5.6 Volts/ns 1,2
. Measure in linear
Output fall time tth region : 1.2V ~ 1.8V 2.0 2.9 5.0 Volts/ns 1,2

Notes : 1. Rise time specification based on OpF + 50 Q to Vss, use these values to design to.
2. Fall time specification based on OpF + 50 Q to VDD, use these values to design to.
3. Measured into 50pF only, use these values to characterize to.
4. All measurements done with respect to Vss.
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SDRAM 128Mb F-die (x4, x8, x16)

CMOS SDRAM

IBIS SPECIFICATION

loH Characteristics (Pull-up)

100MHz 100MHz 66MHz
Voltage 133MHz 133MHz Min
Min Max
(V) I (MmA) I (MmA) I (MmA)
3.45 -2.4
3.3 -27.3
3.0 0.0 -74.1 -0.7
2.6 -21.1 -129.2 -7.5
2.4 -34.1 -153.3 -13.3
2.0 -58.7 -197.0 -27.5
1.8 -67.3 -226.2 -35.5
1.65 -73.0 -248.0 -41.1
1.5 -77.9 -269.7 -47.9
1.4 -80.8 -284.3 -52.4
1.0 -88.6 -344.5 -72.5
0.0 -93.0 -502.4 -93.0
loL Characteristics (Pull-down)
100MHz 100MHz 66MHz
Voltage 133MHz 133MHz Min
Min Max
(V) I (MmA) I (MmA) I (MA)
0.0 0.0 0.0 0.0
0.4 27.5 70.2 17.7
0.65 41.8 107.5 26.9
0.85 51.6 133.8 33.3
1.0 58.0 151.2 37.6
1.4 70.7 187.7 46.6
1.5 72.9 194.4 48.0
1.65 75.4 202.5 49.5
1.8 77.0 208.6 50.7
1.95 77.6 212.0 51.5
3.0 80.3 219.6 54.2
3.45 81.4 222.6 54.9

<
£

mA

-100

-200 -

-300

-400

-500

-600

250

200 -

150

100

66MHz and 100MHz/133MHz Pull-up
0 0.5 1 15 2 25 3 35

T f f f f o L]
P /D
P —— S /ET
/D/,,,
o
o
,Dﬂ
1 y
/’/D//
'
Voltage
—®—  |oH Min (100MHz/133MHz)
——loH Min (66MHz)
—&— loH Max (66 and 100MHz/133MHz)
66MHz and 100MHz/133MHz Pull-down
[~
41 )j
o o0 0®® ° ]
o
e K AN gAS A

1 15 2 25 3 35

Voltage

° loL Min (100MHz/133MHz)
—~— loL Min (66MHZz)
—m— loL Max (100MHz/133MHz)
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SDRAM 128Mb F-die (x4, x8, x16) CMOS SDRAM

Minimum Vbb clamp current

VbD Clamp @ CLK, CKE, & DQM & DQ (Referenced to VbD)

VoD (V) I (mA)
0.0 0.0 20
0.2 0.0
0.4 0.0
0.6 0.0 15
0.7 0.0
0.8 0.0 K
0.9 0.0
1.0 0.23 < 10 /
12 134 E /‘
14 3.02
1.6 5.06
1.8 7.35 57 Va
2.0 9.83 <
2.2 12.48 V
2.4 15.30 I SR
2.6 18.31 0 1 5 3
Voltage
Minimum Vss clamp current
Vss Clamp @ CLK, CKE, CS, DQM & DQ
Vss (V) T (mA) -3 -2 -1 0
2.6 57.23 0 2AAAAMRERED
24 4577
22 38.26 10 - Va
-2.0 -31.22 e
18 2458
16 -18.37 -20 J
14 -12.56
12 757 < -30 - p
10 -3.37 E
0.9 -1.75 .
0.8 -0.58 0T
-0.7 -0.05 4
0.6 0.0 50 -
0.4 0.0
0.2 0.0
0.0 0.0 -60
Voltage

Rev. 1.2 August 2004
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SDRAM 128Mb F-die (x4, x8, x16) CMOS SDRAM

SIMPLIFIED TRUTH TABLE (V=Valid, X=Don't care, H=Logic high, L=Logic low)
Command CKEn-1 | CKEn | CS | RAS | CAS | WE | DQM | BA0.1 | Awo/AP A°A~1f9' Note
Register Mode register set H X L L L L X OP code 1,2
Auto refresh H 3
H L L L H X X
Entry L 3
Refresh Self
) L H H H 3
refresh Exit L H X X
H X X X 3
Bank active & row addr. H X L L H H X \% Row address
Read & Auto precharge disable L Column 4
H X L H L H X \Y
column address [z to precharge enable H address | 4 5
Write & Auto precharge disable L Col 4
H X L H L L X \Y oumn
column address 5o precharge enable H address | 4 g
Burst stop H X L H H L X X 6
Bank selection \Y L
Precharge H X L L H L X X
All banks X H
Ent H L H X X X X
ntr
Clqck suspend or y L v v v X
active power down
Exit L H X X X X X
H X X X
Entry H L X
L | H H | H
Precharge power down mode X
_ H X X X
Exit L H X
L \Y \Y, \Y
DQM H X \Y, X 7
) H X X X
No operation command H X X X
L | H H H

Notes : 1. OP Code : Operand code

Ao ~ A11 & BA0 ~ BA1 : Program keys. (@ MRS)

2. MRS can be issued only at all banks precharge state.
A new command can be issued after 2 CLK cycles of MRS.

3. Auto refresh functions are as same as CBR refresh of DRAM.
The automatical precharge without row precharge command is meant by "Auto".
Auto/self refresh can be issued only at all banks precharge state.

4. BAo ~ BA1 : Bank select addresses.
If both BAo and BA1 are "Low" at read, write, row active and precharge, bank A is selected.
If BAo is "High" and BA1is "Low" at read, write, row active and precharge, bank B is selected.
If BAo is "Low" and BA1 is "High" at read, write, row active and precharge, bank C is selected.
If both BAo and BA1 are "High" at read, write, row active and precharge, bank D is selected.
If A10/AP is "High" at row precharge, BAo and BA1 is ignored and all banks are selected.

5. During burst read or write with auto precharge, new read/write command can not be issued.
Another bank read/write command can be issued after the end of burst.
New row active of the associated bank can be issued at trp after the end of burst.

6. Burst stop command is valid at every burst length.

7. DQM sampled at positive going edge of a CLK and masks the data-in at the very CLK (Write DQM latency is 0),
but makes Hi-Z state the data-out of 2 CLK cycles after. (Read DQM latency is 2)

Rev. 1.2 August 2004
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3-W STEREO AUDIO POWER AMPLIFIER
WITH ADVANCED DC VOLUME CONTROL
FEATURES DESCRIPTION

e Advanced DC Volume Control With 2-dB

Steps

From -40 dB to 20 dB
— Fade Mode
— Maximum Volume Setting for SE Mode

— Adjustable SE Volume Control

Referenced to BTL Volume Control
e 3 Wlnto 3-Q Speakers
e Stereo Input MUX
« Differential Inputs

APPLICATIONS
 Notebook PC

e LCD Monitors
» Pocket PC

APPLICATION CIRCUIT

The TPAG6011A4 is a stereo audio power amplifier
that drives 3 W/channel of continuous RMS power
into a 3-Q load. Advanced dc volume control
minimizes external components and allows BTL
(speaker) volume control and SE (headphone) vol-
ume control. Notebook and pocket PCs benefit from
the integrated feature set that minimizes external
components without sacrificing functionality.

To simplify design, the speaker volume level is
adjusted by applying a dc voltage to the VOLUME
terminal. Likewise, the delta between speaker volume
and headphone volume can be adjusted by applying
a dc voltage to the SEDIFF terminal. To avoid an
unexpected high volume level through the
headphones, a third terminal, SEMAX, limits the
headphone volume level when a dc voltage is ap-
plied. Finally, to ensure a smooth transition between
active and shutdown modes, a fade mode ramps the
volume up and down.

24 V|
ROUT+ bo
1
PeND g 122 100 ke
SE/BTL
= > cs L2 rout- I SIS
3 HP/LINE
Power Supply PVpp
Ci
Right HP 4 21
9 _)|7 RHPIN  VOLUME |——
Audio Source Ci In From DAC
5 20
Righttine 3L 21 RUNEIN  sEDIFF [—— o
Audio Source G Potentiometer
6 19
)i RIN SEMAX (DC Voltage)
ce VoD
s
A J‘ ! V| AGND 18
AP eP 1 Cevp)
2w BYPASS 17—|(—_L
= Cj =
Left Line ) 9 p— 1)
Audio Source c LLINEIN FADE _-l-
Left HP \| 10 15 System
Audio Source /1 LHPIN' SHUTDOWN Control
11
Power Supply T PVpp Lout+ |24
12
I Cs r LOUT- PGND i_l_

A

Right
Speaker DC VOLUME CONTROL
== Cc 30
20 =
L 10 =)
1kQ
. .
o[~ BTL Volume -rr.—
B 10 I f"? r';'"r
—ox—~vn 8 2 - A
o a 2 5 o Jr'"{
3 J#,.r JJ_'.I"_ SE Volume,
Headphone s -40 e i SEDIFF [Pin 20]= 0 V —
- | |
-50 ¥ 1 1 1
SE Volume,
L 1ka -60 SEDIFF [Pin 20] = 1 V
1 o L
LT T
-80 BTL Volume (dB) [Wblume (V)
SE Volume (dB) [Wblume (V) - SEDIFF
;eft ) -90 W)
E[I peaker 0 05 1 15 2 25 3 35 4 45 5
Volume [Pin 21] - V

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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AVAILABLE OPTIONS
T, PACKAGE
24-PIN TSSOP (PWP)(®
40°C to 85°C TPAG6011A4PWP
(1) The PWP package is available taped and reeled. To order a taped
and reeled part, add the suffix R to the part number
(e.g., TPA6011A4PWPR).
ABSOLUTE MAXIMUM RATINGS
over operating free-air temperature range (unless otherwise noted)®
UNIT
Vss Supply voltage, Vpp, PVpp -0.3Vto6V
\ Input voltage -0.3Vto Vppt0.3V
Continuous total power dissipation See Dissipation Rating Table
Ta Operating free-air temperature range -40°C to 85°C
T, Operating junction temperature range -40°C to 150°C
Tstg Storage temperature range -65°C to 150°C

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds

260°C

(1) 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.

DISSIPATION RATING TABLE

PACKAGE Th <25°C DERATING FACTOR T, =70°C T, =85°C
POWER RATING ABOVE T, = 25°C POWER RATING POWER RATING
PWP 2.7 mW 21.8 mW/°C 1.7 W 1.4W

RECOMMENDED OPERATING CONDITIIONS

MIN MAX | UNIT

Vss Supply voltage, Vpp, PVpp 4.0 5.5 \%
. . SE/BTL, HP/LINE, FADE 0.8 x Vpp \Y

ViH High-level input voltage
SHUTDOWN 2 \Y
. SE/BTL, HP/LINE, FADE 0.6 x Vpp \Y

Vi Low-level input voltage
SHUTDOWN 0.8 \Y
Ta Operating free-air temperature -40 85 °C
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ELECTRICAL CHARACTERISTICS
T, = 25°C, Vpp = PVpp = 5.5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP  MAX| UNIT
) ) Vpp = 5.5V, Gain =0 dB, SE/BTL=0V 30| mv
| Voo | Output offset voltage (measured differentially) -
Vpp = 5.5V, Gain = 20 dB, SE/BTL =0V 50| mv
PSRR  Power supply rejection ratio Vpp =PVpp=4.0Vto55V -42  -70 dB
[l High-level input current (SE/BTL, FADE, HP/LINE, |Vpp=PVpp=5.5V, 1 LA
IH SHUTDOWN, SEDIFF, SEMAX, VOLUME) V| = Vpp = PVpp
Low-level input current (SE/BTL, FADE, HP/LINE, _ _ _
el SHUTDOWN, SEDIFF, SEMAX, VOLUME) Vop =PVpp =55V, Vi =0V 1 wA

Vop = PVpp =5.5V, SE/BTL=0V,
SHUTDOWN =2 V 6.0 7.5 9.0

| Supply current, no load —— mA
eo PPY Vpp = PVpp =55V, SE/BTL=55V,

SHUTDOWN = 2 V 305 6
Vpp =5V = PVpp, SE/BTL=0V,
Ipb Supply current, max power into a 3-Q load SHUTDOWN =2V, R| =3Q, 15 Arms
Po =2 W, stereo
Ibpsp)  Supply current, shutdown mode SHUTDOWN = 0.0 V 1 20| pA
OPERATING CHARACTERISTICS
T, =25°C, Vpp = PVpp =5V, R =3 Q, Gain = 6 dB (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
THD = 1%, f = 1 kHz 2
Po Output power w
THD = 10%, f = 1 kHz, Vpp = 5.5 V 3
THD+N Total harmonic distortion + noise Po=1W,R =8Q, f=20Hzto 20 kHz <0.4%
VoH High-level output voltage R_ =8 Q, Measured between output and Vpp 700 mV
VoL Low-level output voltage R_ =8 Q, Measured between output and GND 400 mV
V(gypass BYypass voltage (Nominally Vpp/2) | Measured at pin 17, No load, Vpp = 5.5V 265 275 285 \Y
)
Bowm Maximum output power bandwidth | THD = 5% >20 kHz
Supply ripple rejection ratio f=1kHz, Gain = 0 dB, Cgyp) = 0.47 uF BTL 63 dB
SE -57 dB
Noise output voltage E?B\Z(S) Iizot.%ouléHz, Gain =0 dB, BTL 36 MVRrMms
Z Input impedance (see Eigure 26) | VOLUME = 5.0 V 14 kQ
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PWP PACKAGE

(TOP VIEW)
PGND CI]10 24 [T ROUT+
RoOuUT- 12 23 [T SE/BTL
Pvpp CI{3 22 [T HPLINE
RHPIN CI]4 i_ _iZl T VOLUME
RLINEIN CI5 | 20 T SEDIFF
RIN 6 | |19 T3 SEMAX
VDD 17 | |18 T 1 AGND
LIN CI]s | |17 [T BYPASS
LLINEIN CI9 |L |16 -1 FADE
LHPIN CIJ10 “————-'15 [FT1 SHUTDOWN
PVpp 111 14 [T LOUT+
LOUT- 112 13 [T PGND

Terminal Functions

TERMINAL
NAME NO. lfe} DESCRIPTION

PGND 1,13 | - |Power ground

LOUT- 12 O | Left channel negative audio output

PVpp 3,11 | - |Supply voltage terminal for power stage

LHPIN 10 | | Left channel headphone input, selected when HP/LINE is held high

LLINEIN 9 | | Left channel line input, selected when HP/LINE is held low

LIN 8 I | Common left channel input for fully differential input. AC ground for single-ended inputs.

Vpp 7 - | Supply voltage terminal

RIN 6 I | Common right channel input for fully differential input. AC ground for single-ended inputs.

RLINEIN 5 | | Right channel line input, selected when HP/LINE is held low

RHPIN 4 | | Right channel headphone input, selected when HP/LINE is held high

ROUT- 2 O | Right channel negative audio output

ROUT+ 24 O | Right channel positive audio output

SHUTDOWN 15 | | Places the amplifier in shutdown mode if a TTL logic low is placed on this terminal

EADE 16 | Places the a_mplifier in fade mode if a logic low is placed on this terminal; normal operation if a logic high is
placed on this terminal

BYPASS 17 | | Tap to voltage divider for internal midsupply bias generator used for analog reference

AGND 18 - | Analog power supply ground

SEMAX 19 | | Sets the maximum volume for single ended operation. DC voltage range is 0 to Vpp.

SEDIFF 20 | | Sets the difference between BTL volume and SE volume. DC voltage range is 0 to Vpp.

VOLUME 21 | | Terminal for dc volume control. DC voltage range is 0 to Vpp.

HP/CINE 29 | Input MUX control. When logic high, RHPIN and LHPIN inputs are selected. When logic low, RLINEIN and
LLINEIN inputs are selected.

SE/BTLC 23 | Output MUX control. When this terminal is high, SE outputs are selected. When this terminal is low, BTL
outputs are selected.

LOUT+ 14 O | Left channel positive audio output.
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FUNCTIONAL BLOCK DIAGRAM
RHPIN —I— R
RLINEIN ——] MUX
| T
| HP/LINE
RIN :
|
|
|
|
|
|
|
SE/BTL —:— MUX
—_ Control —— PVop
HP/LINE —
| PGND
|
l —I_ Vbp
VOLUME -] Power BYPASS
SEDIFF —} \3/?)5:;32 Management
SEMAX Control —f SHUTDOWN
FADE | —1— AGND
| |
LHPIN —— L |
LLINEIN —| MUX |
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|
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|
: LOUT-
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NOTE: All resistor wipers are adjusted with 32 step volume control.
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Table 1. DC Volume Control (BTL Mode, Vpp =5 V)®

VOLUME (PIN 21) GAIN OF AMPLIFIER
FROM (V) TO (V) (Typ)
0.00 0.26 -85@
0.33 0.37 -40
0.44 0.48 -38
0.56 0.59 -36
0.67 0.70 -34
0.78 0.82 -32
0.89 0.93 -30
1.01 1.04 -28
1.12 1.16 -26
1.23 1.27 -24
1.35 1.38 22
1.46 1.49 -20
157 1.60 -18
1.68 1.72 -16
1.79 1.83 -14
1.91 1.94 -12
2.02 2.06 -10
2.13 2.17 -8
2.25 2.28 6@
2.36 2.39 -4
2.47 2.50 -2
2.58 2.61 0
2.70 2.73 2
2.81 2.83 4
2.92 2.95 6
3.04 3.06 8
3.15 3.17 10
3.26 3.29 12
3.38 3.40 14
3.49 3.51 16
3.60 3.63 18
3.71 5.00 20@

(1) For other values of Vpp, scale the voltage values in the table by a factor of Vpp/5.

(2) Tested in production. Remaining gain steps are specified by design.
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Table 2. DC Volume Control (SE Mode, Vpp =5 V)@®

SE_VOLUME = VOLUME - SEDIFF or SEMAX GAIN OF AMPLIFIER

FROM (V) TO (V) (Typ)
0.00 0.26 -850
0.33 0.37 -46
0.44 0.48 -44
0.56 0.59 -42
0.67 0.70 -40
0.78 0.82 -38
0.89 0.93 -36
1.01 1.04 -34
1.12 1.16 -32
1.23 1.27 -30
1.35 1.38 -28
1.46 1.49 -26
1.57 1.60 -24
1.68 1.72 -22
1.79 1.83 -20
191 1.94 -18
2.02 2.06 -16
2.13 2.17 -14
2.25 2.28 -12
2.36 2.39 -10
2.47 2.50 -8
2.58 2.61 -6
2.70 2.73 -4
2.81 2.83 -2
2.92 2.95 0@
3.04 3.06 2
3.15 3.17 4
3.26 3.29 6(
3.38 3.40 8
3.49 3.51 10
3.60 3.63 12
3.71 5.00 14

(1) For other values of Vpp, scale the voltage values in the table by a factor of Vpp/5.

(2) Tested in production. Remaining gain steps are specified by design.
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TYPICAL CHARACTERISTICS
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THD+N - Total Harmonic Distortion + Noise (BTL) — %

THD+N - Total Harmonic Distortion + Noise (SE) - %
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SELECTION OF COMPONENTS
Eigure 283 and m are schematic diagrams of typical

APPLICATION INFORMATION

notebook computer application circuits.
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A. A 0.1-uyF ceramic capacitor should be placed as close as possible to the IC. For filtering lower-frequency noise
signals, a larger electrolytic capacitor of 10 pF or greater should be placed near the audio power amplifier.

Figure 28. Typical TPA6011A4 Application Circuit Using Single-Ended Inputs and Input MUX
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APPLICATION INFORMATION (continued)
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A. A 0.1-uF ceramic capacitor should be placed as close as possible to the IC. For filtering lower-frequency noise
signals, a larger electrolytic capacitor of 10 puF or greater should be placed near the audio power amplifier.

Figure 29. Typical TPA6011A4 Application Circuit Using Differential Inputs

SE/BTL OPERATION

The ability of the TPA6011A4 to easily switch between BTL and SE modes is one of its most important cost
saving features. This feature eliminates the requirement for an additional headphone amplifier in applications
where internal stereo speakers are driven in BTL mode but external headphone or speakers must be
accommodated. Internal to the TPA6011A4, two separate amplifiers drive OUT+ and OUT-. The SE/BTL input
controls the operation of the follower amplifier that drives LOUT- and ROUT-. When SE/BTL is held low, the
amplifier is on and the TPA6011A4 is in the BTL mode. When SE/BTL is held high, the OUT- amplifiers are in a
high output impedance state, which configures the TPA6011A4 as an SE driver from LOUT+ and ROUT+. Ipp is
reduced by approximately one-third in SE mode. Control of the SE/BTL inEut can be from a logic-level CMOS

source or, more typically, from a resistor divider network as shown in Ei

input can be found in the recommended operating conditions table.

. The trip level for the SE/BTL

17
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APPLICATION INFORMATION (continued)
4 | RHPIN
R A A
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Figure 30. TPA6011A4 Resistor Divider Network Circuit

Using a 1/8-in. (3,5 mm) stereo headphone jack, the control switch is closed when no plug is inserted. When
closed the 100-kQ/1-kQ divider pulls the SE/BTL input low. When a plug is inserted, the 1-kQ resistor is
disconnected and the SE/BTL input is pulled high. When the input goes high, the OUT- amplifier is shut down
causing the speaker to mute (open-circuits the speaker). The OUT+ amplifier then drives through the output
capacitor (C,) into the headphone jack.

HP/LINE OPERATION

The HP/LINE input controls the internal input multiplexer (MUX). Refer to the block diagram in m This
allows the device to switch between two separate stereo inputs to the amplifier. For design flexibility, the
HP/LINE control is independent of the output mode, SE or BTL, which is controlled by the aforementioned
SE/BTL pin. To allow the amplifier to switch from the LINE inputs to the HP inputs when the output switches from
BTL mode to SE mode, simply connect the SE/BTL control input to the HP/LINE input.

When this input is logic high, the RHPIN and LHPIN inputs are selected. When this terminal is logic low, the
RLINEIN and LLINEIN inputs are selected. This operation is also detailed in Table 3 and the trip levels for a logic
low (V) or logic high (V,y) can be found in the recommended operating conditions table.

SHUTDOWN MODES

The TPA6011A4 employs a shutdown mode of operation designed to reduce supply current (Ipp) to the absolute
minimum level during periods of nonuse for battery-power conservation. The SHUTDOWN input terminal should
be held high during normal operation when the amplifier is in use. Pulling SHUTDOWN low causes the outputs to
mute and the amplifier to enter a low-current state, Ipp = 20 pA. SHUTDOWN should never be left unconnected
because amplifier operation would be unpredictable.
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Table 3. HP/LINE, SE/BTL, and Shutdown Functions
INPUTS @) AMPLIFIER STATE
HP/LINE SE/BTL SHUTDOWN INPUT OUTPUT

X X Low X Mute

Low Low High Line BTL

Low High High Line SE

High Low High HP BTL

High High High HP SE

@

Inputs should never be left unconnected.

FADE OPERATION

For design flexibility, a fade mode is provided to slowly ramp up the amplifier gain when coming out of shutdown
mode and conversely ramp the gain down when going into shutdown. This mode provides a smooth transition
between the active and shutdown states and virtually eliminates any pops or clicks on the outputs.

When the FADE input is a logic low, the device is placed into fade-on mode. A logic high on this pin places the
amplifier in the fade-off mode. The voltage trip levels for a logic low (V, ) or logic high (V,4) can be found in the
recommended operating conditions table.

When a logic low is applied to the FADE pin and a logic low is then applied on the SHUTDOWN pin, the channel
gain steps down from gain step to gain step at a rate of two clock cycles per step. With a nominal internal clock
frequency of 58 Hz, this equates to 34 ms (1/24 Hz) per step. The gain steps down until the lowest gain step is
reached. The time it takes to reach this step depends on the gain setting prior to placing the device in shutdown.
For example, if the amplifier is in the highest gain mode of 20 dB, the time it takes to ramp down the channel
gain is 1.05 seconds. This number is calculated by taking the number of steps to reach the lowest gain from the
highest gain, or 31 steps, and multiplying by the time per step, or 34 ms.

After the channel gain is stepped down to the lowest gain, the amplifier begins discharging the bypass capacitor
from the nominal voltage of Vpp/2 to ground. This time is dependent on the value of the bypass capacitor. For a
0.47-uF capacitor that is used in the application diagram in , the time is approximately 500 ms. This
time scales linearly with the value of bypass capacitor. For example, if a 1-uF capacitor is used for bypass, the
time period to discharge the capacitor to ground is twice that of the 0.47-uF capacitor, or 1 second. Figure 30
below is a waveform captured at the output during the shutdown sequence when the part is in fade-on mode.
The gain is set to the highest level and the output is at Vpp when the amplifier is shut down.

When a logic high is placed on the SHUTDOWN pin and the FADE pin is still held low, the device begins the
start-up process. The bypass capacitor will begin charging. Once the bypass voltage reaches the final value of
Vpp/2, the gain increases in 2-dB steps from the lowest gain level to the gain level set by the dc voltage applied
to the VOLUME, SEDIFF, and SEMAX pins.

In the fade-off mode, the amplifier stores the gain value prior to starting the shutdown sequence. The output of
the amplifier immediately drops to Vpp/2 and the bypass capacitor begins a smooth discharge to ground. When
shutdown is released, the bypass capacitor charges up to Vpp/2 and the channel gain returns immediately to the
value stored in memory. Figure 31 below is a waveform captured at the output during the shutdown sequence
when the part is in the fade-off mode. The gain is set to the highest level, and the output is at Vpp when the
amplifier is shut down.

The power-up sequence is different from the shutdown sequence and the voltage on the FADE pin does not
change the power-up sequence. Upon a power-up condition, the TPA6011A4 begins in the lowest gain setting
and steps up 2 dB every 2 clock cycles until the final value is reached as determined by the dc voltage applied to
the VOLUME, SEDIFF, and SEMAX pins.
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Fade-on Mode Fade-off Mode

VOLUME, SEDIFF, AND SEMAX OPERATION

Three pins labeled VOLUME, SEDIFF, and SEMAX control the BTL volume when driving speakers and the SE
volume when driving headphones. All of these pins are controlled with a dc voltage, which should not exceed

When driving speakers in BTL mode, the VOLUME pin is the only pin that controls the gain. Table 1 shows the
gain for the BTL mode. The voltages listed in the table are for Vpp = 5 V. For a different Vpp, the values in the
table scale linearly. If Vpp = 4 V, multiply all the voltages in the table by 4 /5 V, or 0.8.

The TPA6011A4 allows the user to specify a difference between BTL gain and SE gain. This is desirable to avoid
any listening discomfort when plugging in headphones. When switching to SE mode, the SEDIFF and SEMAX
pins control the singe-ended gain proportional to the gain set by the voltage on the VOLUME pin. When SEDIFF
= 0V, the difference between the BTL gain and the SE gain is 6 dB. Refer to the section labeled bridged-tied
load versus single-ended load for an explanation on why the gain in BTL mode is 2x that of single-ended mode,
or 6dB greater. As the voltage on the SEDIFF terminal is increased, the gain in SE mode decreases. The voltage
on the SEDIFF terminal is subtracted from the voltage on the VOLUME terminal and this value is used to
determine the SE gain.

Some audio systems require that the gain be limited in the single-ended mode to a level that is comfortable for
headphone listening. Most volume control devices only have one terminal for setting the gain. For example, if the
speaker gain is 20 dB, the gain in the headphone channel is fixed at 14 dB. This level of gain could cause
discomfort to listeners and the SEMAX pin allows the designer to limit this discomfort when plugging in
headphones. The SEMAX terminal controls the maximum gain for single-ended mode.

The functionality of the SEDIFF and SEMAX pin are combined to set the SE gain. A block diagram of the
combined functionality is shown in Eigure 33. The value obtained from the block diagram for SE_VOLUME is a
dc voltage that can be used in conjunction with Table 2 to determine the SE gain. Again, the voltages listed in
the table are for Vpp = 5 V. The values must be scaled for other values of Vpp.

Table 1 and Table 2 show a range of voltages for each gain step. There is a gap in the voltage between each
gain step. This gap represents the hysteresis about each trip point in the internal comparator. The hysteresis
ensures that the gain control is monotonic and does not oscillate from one gain step to another. If a
potentiometer is used to adjust the voltage on the control terminals, the gain increases as the potentiometer is
turned in one direction and decreases as it is turned back the other direction. The trip point, where the gain
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actually changes, is different depending on whether the voltage is increased or decreased as a result of the
hysteresis about each trip point. The gaps in Table 1 and Table 2 can also be thought of as indeterminate states
where the gain could be in the next higher gain step or the lower gain step depending on the direction the
voltage is changing. If using a DAC to control the volume, set the voltage in the middle of each range to ensure
that the desired gain is achieved.

A pictorial representation of the volume control can be found in m The graph focuses on three gain steps
with the trip points defined in Table 1 for BTL gain. The dotted line represents the hysteresis about each gain

step.
SEDIFF (V) SEMAX (V)

Is SEMAX>

(VOLUME-SEDIFF) >—1ES
?

+ _|_ VOLUME-SEDIFF_

>

VOLUME (V) SE_VOLUME (V) = VOLUME (V) - SEDIFF (V)

SE_VOLUME (V) = SEMAX (V)

Figure 33. Block Diagram of SE Volume Control
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Figure 34. DC Volume Control Operation

21



{if TEXAS
TPAG011A4 INSTRUMENTS

www.ti.com
SLOS392A—-FEBRUARY 2002—REVISED JULY 2004

INPUT RESISTANCE

Each gain setting is achieved by varying the input resistance of the amplifier, which can range from its smallest
value to over six times that value. As a result, if a single capacitor is used in the input high-pass filter, the -3 dB
or cutoff frequency also changes by over six times.

Input Signal

Figure 35. Resistor on Input for Cut-Off Frequency

The input resistance at each gain setting is given in m
The -3-dB frequency can be calculated using Equation 1.

1
f_3as/ 2n CR.
! @)

INPUT CAPACITOR, C,

In the typical application an input capacitor (C;) is required to allow the amplifier to bias the input signal to the
proper dc level for optimum operation. In this case, C; and the input impedance of the amplifier (R;) form a
high-pass filter with the corner frequency determined in Equation 2.

ﬁ
-3dB

1
fehighpass) ~ 23R .C,

fe )

The value of C; is important to consider as it directly affects the bass (low frequency) performance of the circuit.
Consider the example where R; is 70 kQ and the specification calls for a flat-bass response down to 40 Hz.
Equation 2 is reconfigured as Equation 3.

©)

In this example, C,; is 56.8 nF, so one would likely choose a value in the range of 56 nF to 1 pF. A further
consideration for this capacitor is the leakage path from the input source through the input network (C;) and the
feedback network to the load. This leakage current creates a dc offset voltage at the input to the amplifier that
reduces useful headroom, especially in high gain applications. For this reason, a low-leakage tantalum or
ceramic capacitor is the best choice. When polarized capacitors are used, the positive side of the capacitor
should face the amplifier input in most applications as the dc level there is held at Vpp/2, which is likely higher
than the source dc level. Note that it is important to confirm the capacitor polarity in the application.
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POWER SUPPLY DECOUPLING, C,

The TPA6011A4 is a high-performance CMOS audio amplifier that requires adequate power supply decoupling to
ensure the output total harmonic distortion (THD) is as low as possible. Power supply decoupling also prevents
oscillations for long lead lengths between the amplifier and the speaker. The optimum decoupling is achieved by
using two capacitors of different types that target different types of noise on the power supply leads. For higher
frequency transients, spikes, or digital hash on the line, a good low equivalent-series-resistance (ESR) ceramic
capacitor, typically 0.1 pF placed as close as possible to the device Vpp lead, works best. For filtering
lower-frequency noise signals, a larger aluminum electrolytic capacitor of 10 uF or greater placed near the audio
power amplifier is recommended.

MIDRAIL BYPASS CAPACITOR, Cgyp

The midrail bypass capacitor (Cgyp)) is the most critical capacitor and serves several important functions. During
start-up or recovery from shutdown mode, Cgypy determines the rate at which the amplifier starts up. The second
function is to reduce noise produced by the power supply caused by coupling into the output drive signal. This
noise is from the midrail generation circuit internal to the amplifier, which appears as degraded PSRR and
THD+N.

Bypass capacitor (Cgyp)) values of 0.47-puF to 1-uF ceramic or tantalum low-ESR capacitors are recommended
for the best THD and noise performance. For the best pop performance, choose a value for Cgypy that is equal to
or greater than the value chosen for C;,. This ensures that the input capacitors are charged up to the midrail
voltage before Cgypy is fully charged to the midrail voltage.

OUTPUT COUPLING CAPACITOR, C,

In the typical single-supply SE configuration, an output coupling capacitor (C(C)) is required to block the dc bias at
the output of the amplifier, thus preventing dc currents in the load. As with the input coupling capacitor, the
output coupling capacitor and impedance of the load form a high-pass filter governed by Equation 4.

/—
-3dB

R
cthigh) ~ 2qR C g

fe (@)

The main disadvantage, from a performance standpoint, is the load impedances are typically small, which drives
the low-frequency corner higher, degrading the bass response. Large values of C, are required to pass low
frequencies into the load. Consider the example where a C, of 330 uF is chosen and loads vary from 3Q ,4 Q,
8 Q, 32Q, 10 kQ, and 47 kQ. Table 4 summarizes the frequency response characteristics of each configuration.

Table 4. Common Load Impedances vs Low Frequency
Output Characteristics in SE Mode

R c LOWEST
© FREQUENCY
3Q| 330pF 161 Hz
4Q| 330pF 120 Hz
8Q| 330uF 60 Hz
32Q| 330pF 15 Hz
10,000 Q| 330 pF 0.05 Hz
47,000 Q| 330 uF 0.01 Hz
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As Table 4 indicates, most of the bass response is attenuated into a 4-Q load, an 8-Q load is adequate,
headphone response is good, and drive into line level inputs (a home stereo for example) is exceptional.

USING LOW-ESR CAPACITORS

Low-ESR capacitors are recommended throughout this applications section. A real (as opposed to ideal)
capacitor can be modeled simply as a resistor in series with an ideal capacitor. The voltage drop across this
resistor minimizes the beneficial effects of the capacitor in the circuit. The lower the equivalent value of this
resistance, the more the real capacitor behaves like an ideal capacitor.

BRIDGED-TIED LOAD vs SINGLE-ENDED LOAD

m shows a Class-AB audio power amplifier (APA) in a BTL configuration. The TPA6011A4 BTL amplifier
consists of two Class-AB amplifiers driving both ends of the load. There are several potential benefits to this
differential drive configuration, but, initially consider power to the load. The differential drive to the speaker
means that as one side is slewing up, the other side is slewing down, and vice versa. This in effect doubles the
voltage swing on the load as compared to a ground referenced load. Plugging 2 x Vqppy into the power equation,
where voltage is squared, yields 4x the output power from the same supply rail and load impedance (see
Equation 5).

v ~ Voree)
ms) T 55
2
Power — V(rﬂ
R ®)

jDD
Tt
L_l
O A T

Vbb

/\/ t Vo(rp)

R

Figure 36. Bridge-Tied Load Configuration

Jek
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In a typical computer sound channel operating at 5 V, bridging raises the power into an 8-Q speaker from a
singled-ended (SE, ground reference) limit of 250 mW to 1 W. In sound power that is a 6-dB improvement, which
is loudness that can be heard. In addition to increased power there are frequency response concerns. Consider
the single-supply SE configuration shown in m A coupling capacitor is required to block the dc offset
voltage from reaching the load. These capacitors can be quite large (approximately 33 puF to 1000 uF), so they
tend to be expensive, heavy, occupy valuable PCB area, and have the additional drawback of limiting
low-frequency performance of the system. This frequency limiting effect is due to the high-pass filter network
created with the speaker impedance and the coupling capacitance and is calculated with Equation 6.

g -1

©  2nR C. ©)

For example, a 68-uF capacitor with an 8-Q speaker would attenuate low frequencies below 293 Hz. The BTL
configuration cancels the dc offsets, which eliminates the need for the blocking capacitors. Low-frequency
performance is then limited only by the input network and speaker response. Cost and PCB space are also
minimized by eliminating the bulky coupling capacitor.

Vbb

\f\ : Voer) -3dB

D L

fe

Figure 37. Single-Ended Configuration and Frequency Response

Increasing power to the load does carry a penalty of increased internal power dissipation. The increased
dissipation is understandable considering that the BTL configuration produces 4x the output power of the SE
configuration. Internal dissipation versus output power is discussed further in the crest factor and thermal
considerations section.

SINGLE-ENDED OPERATION
In SE mode (see M), the load is driven from the primary amplifier output for each channel (OUT+).

The amplifier switches single-ended operation when the SE/BTL terminal is held high. This puts the negative
outputs in a high-impedance state, and effectively reduces the amplifier's gain by 6 dB.

BTL AMPLIFIER EFFICIENCY

Class-AB amplifiers are inefficient. The primary cause of these inefficiencies is voltage drop across the output
stage transistors. There are two components of the internal voltage drop. One is the headroom or dc voltage
drop that varies inversely to output power. The second component is due to the sinewave nature of the output.
The total voltage drop can be calculated by subtracting the RMS value of the output voltage from Vpp. The
internal voltage drop multiplied by the RMS value of the supply current (Ipprms) determines the internal power
dissipation of the amplifier.

An easy-to-use equation to calculate efficiency starts out as being equal to the ratio of power from the power
supply to the power delivered to the load. To accurately calculate the RMS and average values of power in the
load and in the amplifier, the current and voltage waveform shapes must first be understood (see @pﬁfﬁ
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Vo lop
X x

Figure 38. Voltage and Current Waveforms for BTL Amplifiers

VitrRms)

Although the voltages and currents for SE and BTL are sinusoidal in the load, currents from the supply are very
different between SE and BTL configurations. In an SE application the current waveform is a half-wave rectified
shape, whereas in BTL it is a full-wave rectified waveform. This means RMS conversion factors are different.
Keep in mind that for most of the waveform both the push and pull transistors are not on at the same time, which
supports the fact that each amplifier in the BTL device only draws current from the supply for half the waveform.
The following equations are the basis for calculating amplifier efficiency.

P
Efficiency of a BTL amplifier — —-
Psup
Where: )
P vyms? dv Ve therefore, P Ve
- , an — —, therefore, - =
L R, LRMS 2 L 2R,
1/ Ve _1, Ve N av
and Psyp = Vpplpp@9 and Ippavg — ﬁ/ R, Sin(@®dt = 5 X R, [costh] o _ =22
o L n Ry
Therefore,
p _ 2Vpp Vp
SuP nR
L )
substituting PL and PSUP into Equation 7,
2
Ve
. . 2R
Efficiency of a BTL amplifier x L " Ve
Vop Vp 4Vpp
n R|_
Where:
Vp X 2P R_
Therefore, —
2P R
"BTL X T v
4Vpp
P_ = Power delivered to load Vp = Peak voltage on BTL load
Psup = Power drawn from power supply Ippavg = Average current drawn from the power supply
V| rmMs = RMS voltage on BTL load Vpp = Power supply voltage
R, = Load resistance ngtL = Efficiency of a BTL amplifier ®)

Table 5 employs Equation 8 to calculate efficiencies for four different output power levels. Note that the efficiency
of the amplifier is quite low for lower power levels and rises sharply as power to the load is increased resulting in
a nearly flat internal power dissipation over the normal operating range. Note that the internal dissipation at full
output power is less than in the half power range. Calculating the efficiency for a specific system is the key to
proper power supply design. For a stereo 1-W audio system with 8-Q loads and a 5-V supply, the maximum draw
on the power supply is almost 3.25 W.
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Table 5. Efficiency vs Output Power in 5-V, 8-Q BTL Systems

OUTPUT POWER EFFICIENCY PEAK VOLTAGE INTERNAL DISSIPATION
W) (%) ™ W)
0.25 31.4 2.00 0.55
0.50 44.4 2.83 0.62
1.00 62.8 4.00 0.59
1.25 70.2 4.470) 0.53

(1) High peak voltages cause the THD to increase.

A final point to remember about Class-AB amplifiers (either SE or BTL) is how to manipulate the terms in the
efficiency equation to utmost advantage when possible. Note that in equation 8, Vpp is in the denominator. This
indicates that as Vpp goes down, efficiency goes up.

CREST FACTOR AND THERMAL CONSIDERATIONS

Class-AB power amplifiers dissipate a significant amount of heat in the package under normal operating
conditions. A typical music CD requires 12 dB to 15 dB of dynamic range, or headroom above the average power
output, to pass the loudest portions of the signal without distortion. In other words, music typically has a crest
factor between 12 dB and 15 dB. When determining the optimal ambient operating temperature, the internal
dissipated power at the average output power level must be used. From the TPA6011A4 data sheet, one can
see that when the TPA6011A4 is operating from a 5-V supply into a 3-Q speaker, that 4-W peaks are available.
Use equation 9 to convert watts to dB.

P
W 4W
P X 10LogP X 10Long>< 6 dB

dB
ref 9)

Subtracting the headroom restriction to obtain the average listening level without distortion yields:
e 6dB-15dB =-9 dB (15-dB crest factor)

e 6dB-12dB =-6 dB (12-dB crest factor)

e 6dB-9dB=-3dB (9-dB crest factor)

e 6dB-6dB=0dB (6-dB crest factor)

e 6dB-3dB=23dB (3-dB crest factor)

To convert dB back into watts use equation 10.
PdB/10
Py — 10P9B/10xp

= 63 mW (18-db crest factor)
=125 mW (15-db crest factor)

= 250 mW (12-db crest factor)

= 500 mW (9-db crest factor)

= 1000 mW (6-db crest factor)

= 2000 mW (3-db crest factor) (10)

This is valuable information to consider when attempting to estimate the heat dissipation requirements for the
amplifier system. Comparing the worst case, which is 2 W of continuous power output with a 3-dB crest factor,
against 12-dB and 15-dB applications significantly affects maximum ambient temperature ratings for the system.
Using the power dissipation curves for a 5-V, 3-Q system, the internal dissipation in the TPA6011A4 and
maximum ambient temperatures is shown in Table 6.
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Table 6. TPA6011A4 Power Rating, 5-V, 3-Q Stereo
PEAK OUTPUT POWER POWER DISSIPATION MAXIMUM AMBIENT
(W) AVERAGE OUTPUT POWER (W/Channel) TEMPERATURE
4 2 W (3 dB) 1.7 -3°C
4 1W (6 dB) 1.6 6°C
4 500 mW (9 dB) 1.4 24°C
4 250 mW (12 dB) 1.1 51°C
4 125 mW (15 dB) 0.8 78°C
4 63 mW (18 dB) 0.6 96°C
Table 7. TPA6011A4 Power Rating, 5-V, 8-Q Stereo
PEAK OUTPUT POWER POWER DISSIPATION MAXIMUM AMBIENT
(W) AVERAGE OUTPUT POWER (W/Channel) TEMPERATURE
25 1250 mW (3-dB crest factor) 0.55 100°C
25 1000 mW (4-dB crest factor) 0.62 94°C
25 500 mW (7-dB crest factor) 0.59 97°C
25 250 mW (10-dB crest factor) 0.53 102°C

The maximum dissipated power (Ppmay) is reached at a much lower output power level for an 8-Q load than for
a 3-Q load. As a result, this simple formula for calculating Pp .y may be used for an 8-Q application.

2
2VDD

P X ——
D(max) n ZRL

(11)

However, in the case of a 3-Q load, the Ppmay Occurs at a point well above the normal operating power level.
The amplifier may therefore be operated at a higher ambient temperature than required by the Ppyay formula for
a 3-Q load.

The maximum ambient temperature depends on the heat-sinking ability of the PCB system. The derating factor
for the PWP package is shown in the dissipation rating table. Use equation 12 to convert this to 0, .

1 1 o
O Derating Factor X poz < ACW (12)

To calculate maximum ambient temperatures, first consider that the numbers from the dissipation graphs are per
channel, so the dissipated power needs to be doubled for two channel operation. Given8 ;,, the maximum
allowable junction temperature, and the total internal dissipation, the maximum ambient temperature can be
calculated using Equation 13. The maximum recommended junction temperature for the TPA6011A4 is 150°C.
The internal dissipation figures are taken from the Power Dissipation vs Output Power graphs.

TA Max / TJ Max — 93a PD
/ 150 — 45(0.6 x 2) / 96°C (15-dB crest factor) (13)

NOTE:

Internal dissipation of 0.6 W is estimated for a 2-W system with 15-dB crest factor per
channel.

Table 6 and Table 7 show that some applications require no airflow to keep junction temperatures in the
specified range. The TPA6011A4 is designed with thermal protection that turns the device off when the junction
temperature surpasses 150°C to prevent damage to the IC. Table 6 and Table 7 were calculated for maximum
listening volume without distortion. When the output level is reduced the numbers in the table change
significantly. Also, using 8-Q speakers increases the thermal performance by increasing amplifier efficiency.

28




X3 Texas THERMAL PAD MECHANICAL DATA
INSTRUMENTS

www.ti.com PWP (R-PDSO-G24)
THERMAL INFORMATION

This PowerPAD™ package incorporates an exposed thermal pad that is designed to be attached directly to an
external heatsink. When the thermal pad is soldered directly to the printed circuit board (PCB), the PCB can be
used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached directly to a
ground plane or special heatsink structure designed into the PCB. This design optimizes the heat transfer from
the integrated circuit (IC).

For additional information on the PowerPAD package and how to take advantage of its heat dissipating abilities,
refer to Technical Brief, PowerPAD Thermally Enhanced Package, Texas Instruments Literature No. SLMA002
and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAQ0O4. Both documents are
available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.
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This drawing is subject to change without notice.

A
B.
C. Body dimensions do not include mold flash or protrusions.
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This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad
Thermally Enhanced Package, Texas Instruments Literature No. SLMA0O2 for information regarding
recommended board layout. This document is available at www.ti.com <http: //www.ti.com>.

E. Falls within JEDEC MO-153

PowerPAD is a trademark of Texas Instruments.

{i’ TEXAS

INSTRUMENTS

www.ti.com



IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

TI assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using TI components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which TI products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless

Mailing Address: Texas Instruments
Post Office Box 655303 Dallas, Texas 75265

Copyright © 2004, Texas Instruments Incorporated


http://amplifier.ti.com
http://dataconverter.ti.com
http://dsp.ti.com
http://interface.ti.com
http://logic.ti.com
http://power.ti.com
http://microcontroller.ti.com
http://www.ti.com/audio
http://www.ti.com/automotive
http://www.ti.com/broadband
http://www.ti.com/digitalcontrol
http://www.ti.com/military
http://www.ti.com/opticalnetwork
http://www.ti.com/security
http://www.ti.com/telephony
http://www.ti.com/video
http://www.ti.com/wireless

(()) AIC

AIC1117

800mA Low Dropout Positive Adjustable
Regulator

B FEATURES

e Dropout Voltage 1.2V at 800mA Output Current.
e Fast Transient Response.

e Line Regulation typically at 0.015%.

e Load Regulation typically at 0.1%.

¢ Internal Thermal and Current Limiting.

e Adjustable Output Voltage or Fixed 2.85V, 3.3V,

5V.
e Standard 3-Pin Power Packages.

Il APPLICATIONS

e SCSI-2 Active Terminator.

e Post Regulator for Switching Supply.
e Battery Chargers.

e Constant-Current Regulators.

¢ PC Add-On Card.

Bl TYPICAL APPLICATION CIRCUIT
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Fixed Voltage Regulator

Bl DESCRIPTION

The AIC1117 is a low dropout three terminal
regulator with 800mA output current capability.
The output voltage is adjustable with the use
of a resistor divider. For fixed output voltage
versions, the output voltage is internally set at
2.85V, 3.3V or 5V. Dropout is guaranteed at a
maximum of 1.3V at maximum output current.
Its low dropout voltage and fast transient
response make it ideal for low voltage
microprocessor applications. Internal current
and thermal limiting provides protection
against any overload condition that would
create excessive junction temperatures.

Vrer=Vour - Vap,=1.25V (typ.)
Vour=Vger X (1+RF2/RF1)+ |,p; X RF2
lap,=55MA (typ.)

(1) C1 needed if device is far away from filter
capacitors.
(2) C2 required for stability.
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Il ORDERING INFORMATION

AIC1117-XXXX ORDER NUMBER PIN CONFIGURATION
L
PACKAGING TYPE AIC1117CE FRONT VIEW —
E: TO-252 T0-252)
M: TO-263 ( 1: ADJ (GND)
T. T0-220 2: VOUT (TAB) 1 2 3
TEMPERATURE RANGE
coeTe AIC1117CM FRONT VIEW ——
OUTPUT VOLTAGE (TO-263)
DEFAULT: ADJ. 1. ADJ (GND)
28: 2.85V 2: VOUT (TAB) L2 2
33: 3.3V 3: VIN U1l
50: 5.0V
AIC1117CT FRONT VIEW O
(TO-220) .
1: ADJ (GND)
2: VOUT (TAB)
3:VIN H [| [|
AIC1117CY FRONT VIEW I_l
(SOT-223) .
1: ADJ (GND)
2: VOUT (TAB) 1 2 4
3:VIN |:| |:| |:|
B ABSOLUTE MAXIMUM RATINS
VIN pinto ADJ/ GND PIN oo e e e e e e e e e et e e e e e e e e e e aeaaees A%
Operating Junction Temperature RaNQge ...covieeiiiiiiiie e e e e e 0°C ~ 125°C
Storage Temperature  RaNgE oo e - 65°C ~ 150°C
Thermal Resistance (Junction to Case) TO-220 i 3°C /W
TO-252 i, 12.5°C /W
SOT-223 oot 15°C /W
Lead Temperature (Soldering) 10 SEC.  .oviiiiiiiiiiiiii e e e ee e aeeaaens 260°C

Bl TEST CIRCUIT
Refer to TYPICAL APPLICATION CIRCUIT.
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B ELECTRICAL CHARACTERISTICS

AIC1117

(Vn=5V, T,=25°C, I,=10mA, Unless otherwise

specified)
PARAMETER TEST CONDITIONS MIN. | TYP. | MAX. | UNIT

Reference Voltage AIC1117 (Adj.)
T,=25°C 1.238 1.25 1.262 \%
0°C£T;£125°C 1.225 1.25 1.275

Output Voltage AIC1117-28, V=5V 2.82 2.85 2.88
AIC1117-33, V=5V 3.26 3.30 3.33 \%
AIC1117-50, V=7V 4.95 5.00 5.05
2.65EV,ETV

Line Regulation T,=25°C 0.015 0.2 %
0°CE£T,;£125°C 0.035 0.2
T,=25°C, 1,=10~800mA 0.1 0.3

Load Regulation %
0°CE£T,;E125°C 0.2 0.4
DVouyt, DVrer=1%

Dropout Voltage 10mAEI,E800mA 12 1.4 \%
0°C£T,£125°C

Current Limit 0°C£T;£125°C 0.85 A
2.65£V |\ ETV

Adjusted Pin Current (l5pj) 10mAEILE 800mA 55 120 mA
0°CE£T;£125°C
2.65EV |\ ETV

,(Asjlil;,;ed Pin Current Change 10MAEILEB00MA 0.2 5 A
0°CE£T;£125°C

o - I5=0.5A oe ”

perature Stability 0°CET,£125°C

Minimum Load Current 0°C£T,£125°C 5 10 mA

RMS Output Noise (% of V,y) | 1OHZEE10KHZ 0.003 %
120Hz input ripple

Ripple Rejection Ratio CouF25:F PP 60 72 dB
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AIC1117

B TYPICAL PERFORMANCE CHARACTERISTICS
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Hl BLOCK DIAGRAM
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[l PIN DESCRIPTIONS

ADJPIN -
(GND PIN -
VOUT PIN -
VINPIN -

Providing Vrge=1.25V (typ.) for adjustable Vq1. Vrer=VoutVaps and lap;=55mA (typ.)

Power ground.)

Adjustable output wltage.

Power Input.

Il PHYSICAL DIMENSIONS

® TO-220 (unit: mm)

«—E—>

:

F3.81+0.27

el

-

v,
(0]

e2 —»

J1

t3

SYMBOL MIN MAX
A 3.56 4.82
D 14.23 16.51
E 9.66 10.66
e 2.29 2.79
el 0.50 1.15
e2 - 1.10
F 0.51 1.39
J1 2.04 2.92
L 12.70 14.73
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AIC1117
® TO-252 (unit: mm)
%,_ e SYMBOL MIN MAX
- et B A 2.19 2.38
. T,J: Al 1.02 1.27
b 0.64 0.88
5 ., b2 5.21 5.46
c1 0.46 0.58
Y : D 5.33 5.59
L E 6.35 6.73
. e 2.28 (TYP.)
L g H 9.40 10.42
L 0.51 -
® SOT-223
< D > SYMBOL MIN MAX
PN g Al 0.02 0.12
——] 'y = B 0.60 0.80
X B1 2.90 3.15
r— c 0.24 0.35
D 6.30 6.80
_ 8l E 3.30 3.70
3(PLCS e 2.30 (TYP.)
H 6.70 7.30

J
0° ~10°

0.91 MIN

® SOT-223 Marking

Part No. Marking
AIC1117CY  |AK17
AIC1117-28 |AK28
AIC1117-33 |AK33
AIC1117-50 |AK50
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® TO-263 (unit: mm)

c SYMBOL MIN MAX
— > A A 4.06 4.83
X i i 11(::2 b 0.50 1.00
b2 1.14 1.40
C - 0.7
L P c2 114 1.40
L D 8.63 9.66
I_E_I |_‘__| I_%I v E 9.65 10.29

: e 2.54 (TYP.)
bz_:J \h‘e_' > CI}_ L 14.60 15.88
b L1 2.28 2.80
L2 - 1.40
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