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HN28F4001 Series Preliminary
“T—-46-(13 -6

4M (512K x 8-bit) Flash Memory

B DESCRIPTION

The Hitachi HN28F4001 is a 4-Megabit CMOS Flash
Memory organized as 524,288 x 8-bit. The HN28F4001 is
capable of in-system electrical chip and block erasure and
reprogramming.

The HN28F4001 programs and erases data witha 12V
Ve supply and a5 V V. supply. The HN28F4001 conforms
1o the JEDEC Standard Dual-Supply EEPROM Command
Set. lts Automatic Commands.do not require complicated
external control to program or erase data because of its
automatic verify programming, chip erase and block erase
functions.

The block architecture of the HN28F4001 segments the
device into 32 blocks of 16KBytes each. This feature allows
the user to erase and reprogram one random block of data
and more than one block of data simultaneously.

Hitachi's HN28F4001 is offered in JEDEC-Standard
Byte-Wide EPROM pinouts in 32-pin Plastic DIP and 32-
lead SOP and TSOP packages. This allows an easy upgrade
from the HN28F101, 1 Megabit Flash Memory, as well as
socket replacement with EPROMs and Mask ROMs. The
HN28F4001 TSOP is offered in both standard and reverse
bend pinouts.

B FEATURES
* Dual Power Supply:
Ve =5V 10%
Ve = 12.0 V£ 0.6 V (Erase/Program) _

* Fast Access Times: (TFP-32D) and (TFP-32DR)
120 ns/150 ns/200 ns (max)

» Low Power Dissipation:

Read Current: 30 mA (typ)
Standby Current: 20 pA (max)

* Automatic Byte Programming:
Programming Time: 10 ps/Byte (typ)
Address, Data, Control Latch Function
Internal Automatic Program Verify
Data Polling Function

« Automatic Chip and Block Erase:

Erase Time: 1 sec (typ) -
Internal Pre-Write and Erase Verify
Status Polling Function

* Block Architecture:

" Block Size: 16KBytes x 32 Blocks
Simultaneous Erase of Multiple Blocks
« Erase Endurance:
10,000 times (min})

= Pin Arrangement:

JEDEC Standard Byte-Wide EPROM
EPROM and Mask ROM Compatible

» Packages:

32-pin Plastic DIP
- 32-lead Plastic SOP
32-lead Plastic TSOP (Type I)
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HN28F4001 Séries
n ORDE.l'fIIP‘lG INFO_R!IA“ON_ 1- 46—‘ 3_26
Type No. Access Time Package
HN28F4001P-12 120 ns 32-pin Plastic DIP
HN28F4001P-15 150 ns (DP-32)
HN28F4001P-20 200 ns
HN28F4001FP-12 120 ns 32-lead Plastic SOP
HN28F4001FP-15 150 ns (FP-32D)
HN28F4001FP-20 200 ns
HN28F4001T-12 120 ns 32-lead Plastic TSOP
HN28F4001T-15 150 ns (TFP-32D)
HN28F4001T-20 . 200 ns
HN28F4001R-12 120 ns 32-lgad Plastic TSOP
HN28F4001R-15 150 ns (TFP-32DR)
HN28F4001R-20 200 ns Reverse bend
B PIN ARRANGEMENT B PIN DESCRIPTION
HN28F4001P Series Pin Name Function
HN28F4001FP Series A,-A, Address
VPPV =3 J 2h oo VO,-10, | Input/Output
A6 O 2 31 A18 CE Chip Enable
A5 O 3 300 A17 OE Output Enable
A12 O 4 29 A4 Vee Power Supply
A7 5 283 A13 v, Programming Supply
A6 ] 6 sz;r:N 271 A8 Ve Ground
A5 T 7 saiea0 260 A9
A4 E 8TO§(\)I'I,EW 25 : ﬂ'
A3 O 2 OF
A2 OJ10 233 A10
Al O 221 CE
A0 J12 213 V07
100 CJ13 20 1106
yo1 14 1913 O5
o2 415 183 /04
Vss []16 178 103
{PinD32.HN2BF4001)
| L HITACHI
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H PIN ARRANGEMENT (continued) HITACHI/ LOGIC/ARRAYS/MEN
I
HN28F4001T Series T-46-13-26
AN 1 32— 0F
AAC—] 2 31 A10
A8C—] 3 , 30 FCE
A3 ] 4 29 1/07
Al4aC—] 5 28 [—331/086
A7 6 : 27 -311/05
ABCT—] 7 STANDARD PINOUT 26 —31/04
Vee | 8 BLEeD 25 —1/08
Vep 9 - TOP VIEW 24 P Vg
Al T 10 23[31/02
A15 ] 1 20
A2 ] 12 21 31/00
A7 ] 13 20 A0
A6 —] 14 19 Al
A5 ] 15 18 A2
A4 ] 16 17 |- A3
(PinT132.HN28F4001T)
HN28F4001R Series
OE ] 1 , 32 3 At
A0 ] 2 31 =3 A9
CEC 3 30 3 A8
o7 = 4 20 £ A13
/o6 — 5 28 =1 A14
1105 — 6 27 1 A17
1104 ] 7 REVERSE PINOUT 26 /3 A18
1703 ] 8 32.LEAD 25 1 Veo
Vgs ] 9 TSOP 24 Vep
1702 310 TOP VIEW 23— A16
1/01 11 22 1 A15
1700 =12 21 3 A12
A0 C—]13 20 [/ A7
Al 14 19— A6
A2 115 18— A5
A3 116 17 A4
(PInT132.HN28F4001R)

HITACHI
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= BLOCK DIAGRAM HITACHI/ LOGIC/ARRAYS/MEM

- T-46-13-26
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Device !dentifier Code can be output in Command Program Mode. Refer to Command
Address and Data Input Table.

11.4VsV, s126V

Data can also be read when 12 V is applied to V... Device ldentifier Code can be output by
Command Inputs. See Device identifier Mode Descnptuon Table for more details.

Refer to Command Address and Data Input Table. Data is programmed, erased, or verified
after inputting Commands.

Status of Programming and Erase can be verified in this mode. Status Outputs on /O,

170, to /O, are in high impedance states.
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@ COMMAND ADDRESS AND DATA INPUT HITACHI/ LOGIC/ARRAYS/MEM
First Cycle Second Cycle
Bus Cycles | Operation| Address 2| Data ® | Operation| Address 2| Data ?
Command Required | Mode ' Mode !
Read (Memory) * 1 Write X 00H Read RA Dot
Read Identifier Godes 2 Write X 90H Read 1A 1D
Set-up Chip Erase/ 2 Wirite X 20H Write X 20H
Chip Erase ®
Set-up Block Erase/ 2 Wirite X 60H Write BA 60H
Block Erase ® .
Erase Verify 5 2 Write EVA AOH Read X EVD
Setup Auto Chip Erase/ 2 Write X 30H Write X 30H
Auto Chip Erase ® .
Setup Auto Block Erase/ 2 Write X 20H Write BA DoH
Auto Block Erase °
Setup Program/Program 7 2 Write X 40H Write PA PD
Program Verify 7 2 Write PA CoH Read X PVD
Setup Auto Program/ 2 Write X 10H | write | PA PD
Auto Program *
- Reset 1or2 Write X FFH | Write" X FFH"
Notes: 1. Refer to Command Program Mode in Mode Selection about operation mode.
2. Refer to Device ldentifier Mode. |A = Identifier Address, PA = Programming Address, EVA =

Erase Verify Address, RA = Read Address, BA = Block Address. Addresses are latched onthe
rising edge of chip-enabie pulse.

3. Refer to Device Identifier Mode. PA are latched by Programming Command. ID = Identifier
Output Code, PD = Programming Data, PVD = Programming Verify Qutput Data, EVD = Erase
Verify Output Data.

4. Command latch default value when applying 12 V to V.., is "00H". Device is in Read Mode after
V,p is set 10 12 V (before other Command is input).

5.  Alldata in the chip is erased. Erase data according to the Manual Chip Erase Flowchart.

6. All data in the chip is erased. Data is automatically programmed to 00H and erased
by internal logic circuitry. External Manual Erase Verify is not required. Erasure completion
must be verified by Status Polling on 1/O,.-

7. Program data according to the Manual Programming Flowchart.

8. Biock data indicated by BA is erased. Erase data according to the Manual Block Erase
Flowchart. :

9. Block data indicated by BA is erased. Data is automatically programmed to 00H and erased
by internal logic circuitry. External Manual Erase Verify is not required. Erasure completion
must be verified by Status Polling on 1/O,.

10.  One Byte of data is programmed. Data is programmed automatically by internal logic circuit.
External program verify is not required. Program completion must be verified by Data Polling
on /Q.,.

11. Write ﬁeset Command twice to exit from program setup state or auto verify program setup
state. Write it once to exit from others.

HITACHI _
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HN28F4001 Series—— S1E D W 4496203 0017544 bbY EHITE
B ABSOLUTE MAXIMUM RATINGS HITACHI/ LOGIC/ARRAYS/MEM

tem Symbol Value Unit

Supply Voltage ' Vee -0.6to +7.0 v

Programming Voltage Ves -0.6 to +14.0 '

A, Voltage '2 : Vo -0.6to +13.5 \'

All Input and Output Voltage 2 Vi Vour -0.6 to +7.0 v

Operating Temperature Range Toen 0to +70 °C

Storage Temperature Range ° Tsre -65 to +125 °C

Storage Temperature Under Bias Tous -10 to +80 °C

Notes: 1. Relativeto Vg
2. V,, V,andV,min=-2.0V for pulse width < 20 ns.
3. Device storage temperature range before programming.
B CAPACITANCE (T, = 25°C, f = 1MHz)
ltem Symbol | Min. Typ. Max. Test Conditions
Input Capacitance Cn - - 6 pF V=0V
Output Capacitance Cour - - 12 pF Vour =0V

B DC ELECTRICAL CHARACTERISTICS FOR READ OPERATION
(Voo = 5V £ 10%, Vi, = Vg 10 Ve, T, = 010 70°C)

ltem Symbol | Min. | Typ. Max. | Unit | Test Conditions

Input Leakage Current I - - 2 V= Ves o Voo
Output Leakage Current o - - 2 Vour = Ves 10 Ve,
Operating V. Current - 30 loyr = 0 MA, f=1MHz
- 100 loyr =0 MA, =8 MHz
Standby V. Current 1 CE=V,

- 20 CE=V 0.3V

Vg, Current - 20 Ve =55V

Input Voltage * 0.3 0.8
22
Qutput Voltage - - 0.45 by =2.1mA
Vo 24 | - - g = -400 pA

Notes: 1. V, min=-1.0V for pulse width < 50 ns.
- 2. V,max=V, + 15V for pulse width < 20 ns. If V,,is over the specified maximum value,
Read operation can not be guaranteed.

HITACHI
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B AC ELECTRICAL CHARACTERISTICS FOR READ OPERATION . T-46-13-26

(Voo = 5V £ 10%, Vpp = Vs to Ve, T, = 010 70°C) HITACHI/ LOGIC/ARRAYS/MEMN
Test Conditions

* Input pulse levels: 045Vv/24V

* input rise and fall times: <10 ns

+ Output load: 1 TTL Gate + 100 pF (including scope and jig)

* Reference levels for measuring timing: 0.8V, 2.0V

HN28F4001-12 [ "HN28F4001-15 | HN28BF4001-20 Test

ltem Symbol | Min. | Max. | Min. | Max. | Min. | Max. Conditions
Address Access Time oo | - | 120 | - | 150 | - [ 200 | ns | CE=OE=V,,
Chip Enable Access Time| 1. - | 120 | - - | 200 [ ns | OE=V,,

Output Enable Access toe -1 6 [ -] 70 80 | ns | CExV,
Time

Output Disable toHigh-Z'| t, | 0 30 35 40 ns

Output Hold to Address to 5 - 5 - - ns
Change ‘

Note: 1.t is defined as the time at which the output becomes an open circuit and data is no longer
driven.

B READ TIMING WAVEFORM

X X

Standby Mode Active Mode / Standby Mode
: l Tce

/]

Data Out Data Out Valid

(TD.R.HN28F4001)
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HN28F4001 Series

B DCELECTRICAL dHARACTERlSTlcs FOR PROGRAMMING AND ERASE OPERATIONS .
(Vcc =5Vt 10°/o, VPP =120V 106 V, T. =0to +70°C) T_46_~| 3—26

Item Symbol | Min. Typ. Max. Unit | Test Conditions
Input Leakage Current u - - 2 pA | V=V, toV,
Output Leakage Current o - - 2 PA | Vgur=Vesto Ve,
Operating V. Read mA | |,;=0mA,f=1MHz
Current mA loyr=0mMA, f=8MHz
Program mA | Programming
Erase mA Erasing

Program mA Programming Verify
Verify
Erase mA Erase Verify
Verify
Standby V. Current

mA | CE=V,,

pA | CE=V, +03V
PA

mA

Vg Current Read Vep=126V
Program Programming
Erase mA Automatic Erase

Program mA Programming Verify .
Verify
Erase : mA Erase Verify
Verify
input Voltage Vv
V, 22
Vv, - - . o, =21 mA

v 24 - - lop = -400 pA

Output Voltage

Notes: 1. V. mustbe applied before V., and removed after V...
V must not exceed 14 V, |nclud|ng overshoot.
Dewce reliability may be adversely affected if the device is installed or removed while V,,,
=12V,
When CE = V,,_do notchange V,, fromV, to 12Vori2VtoV,,.
Vv, min = -1 OVforpulsewidthSZOns
if V," is over the specified maximum value, programming operation cannot be guaranteed.

HITACHT/ LOGIC/ARRAYS/MEM
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@ AC ELECTRICAL CHARACTERISTICS FOR PROGRAMMING AND ERASE OPERATIONS

| (Voo =5V £ 10%, V,, = 120V 0.6V, T, = 0 10 70°C) H
1 Test Conditions ITACHI/ LOGIC/ARRAYS/HEH

* Input pulse ievels: 045Vv/24V _
3 * Input rise and fall times: <10 ns T-46-13 26
} + Output load: 1 TTL Gate + 100 pF (Including scope and jig)

* Reference levels for measuring timing: 0.8 V, 2.0V

HN28F4001-12 | HN28F4001-15 | HN28F4001-20
Item Symbol | Min. [Max. | Min. | Max. | Min. | Max. | Unit
V., Setup Time “tups 100 | - 100 | - 100 - ns
Output Enable Setup Time toes 100 - 100 - 100 - ns
Chip Enable Hold Time teen 20 - 20 - 20 - ]
Chip Enable Pulse Width teer 50 - 50 - 50 - ns
Address Setup Time ts 50 - 50 - 50 - ns
Address Hold Time L 10 - 10 - 10 - ns
Data Setup Time tos 50 - 50 - 50 - ns
Data Hold Time ton 10 - 10 - 10 - ns
CE Setup Time before tese | 100 | - 100 | - 100 - ns
Status Polling
Chip Enable Setup Time | 0 - 0 - 0 - ns
Chip Enable Setup Time teese | 100 | - 100 - 100 - ns
before Command Write -
Chip Enable Setup Time teesy 6 - 6 - 6 - us
before Verity
V,p Hold Time Y 100 | - 100 - 100 - ns
Output Disable Time? tor 30 - 35 - 40 - ns
Status Polling Access Time | t., - | 120 - | 150 - 200 [ ns
Verity Access Time tua - 1120 - | 150 - 200 | ns
Total Auto Chip Erase Time| t,... 05 | 30 05) 30 | 05 30 s
Total Auto Block Erase Time tew 05 | 30 05] 30 | 05 30 ]
Total Auto Verify Programming Time | 1, 10 | 400 10 | 400 | 10 | 400 | ps
Standby Time Before Programming | S 10 - 10 - 10 - us
Erase Standby Time t, 96 | - 95| - 9.5 - ms
Block Address Load Cycle | t,, . 70 |300 | 70 | 300 | 70 | 300 | ns
Block Address Load Time toa 1 - 1 - 1 - us

Notes: 1. CE and OE must be fixed high during Vo transition from5Vto 12Vorfrom12Vio 5 V.
2. Except for sending a Command Program a Read operation at V.= 12 V is similarto a
Read operation at V.=V .
3. t,is defined as the tlme at whlch the output becomes an open circuit and data is no longer
driven.

HITACHI
Hitachi America, Ltd. - 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 - (415) 589-8300 3-21




53 D WN uuy9kLe03d 0017548 202 EMEHITE

HN28F4001 Serle —
8 s HITACHI/ LOGIC/ARRAYS/MEM

s AUTOMATIC PROGRAMMING TIMING WAVEFORM »

One Byte of data is programmed. External programming verification is not required because these
operations are executed automatically by internal control circuitry. Programming completion can be verified
by Dafa Polling after the Automatic Programming starts. Device outputs reverse input data during auto
programming on I/O,. /O, to /O, are high impedance.

T-46-13-26
Setup Auto Program Auto Program & Data Polling
Vee 5V
12v
Vpp /
tvPs
Sy falatlyl vt
CE N/ 1 N R\
toes| | jeep] | 1CEM | teep| |tces “ﬁs teesd
OE /
\ / 10ES
Dg{ | tDH tDH | - tsP; {DF
107 —————7 commanain}{ oamin - {5 ou Y oot ou p—
Data Polling
100-1/0g —————— Commandin){|  Datain
Command 10H
(TD.AP.HN28F4001)
HITACHI
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B AUTOMATIC CHIP ERASE TIMING WAVEFORM T-46-13-26

The fast Automatic Chip Erase algorithm shown in the following timing waveform can be applied. All of the
datain the chipis erased. External pre-write and erase verify are not required because the cells are pre-written
and data is erased automatically by internal control circuitry. Erasure completion can be verified by Status
Polling after the Automatic Erase starts. This algorithm provides a fast erase time without any voltage stress

to the device or deterioration in data reliability.
HITACHI/ LOGIC/ARRAYS/MEM

.

Setup Auto Chip Erase Auto Chip Erase & Status Polling

Veo 5V
12V
o A
ov
o) VP
AO-A18 X
% AETC -
—_— y
3 N A /] YA
| toggl ICEP CEP | [1cE #ﬁs 1CESE
o N T
tD§| DH .'_Dél 1D JPA 1

#o7 ———————( Commandin <] Command in — / N

Status Polling

100-406 ———————] Commandin <] command n )

Command 30H Command 30H

(TD.ACE HN2BF4001)

B STATUS POLLING .
The HN28F4001 features Status Polling as a method to indicate that the embedded algorithms are
either in progress or completed.” While the Automatic Chip or Block Erase algorithm is in operation, the /O,

pin is lowered to V, until the erase operation is completed. Upon completion of the erase operation, the /O,
pinissetto V,,

HITACHI
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HN28F4001 Series

HITACHI/ LOGIC/ARRAYS/MEM

B AUTOMATIC BLOCK ERASE TIMING WAVEFORM

The fast Automatic Block Erase algorithm shown in the following timing waveform can be applied. All ofthe
data in the block (16KBytes) indicated by A, to A, is erased. External pre-write and erase verify is not required
because the cells are. pre-written and data in the block is erased automatically by internal control circuitry.
Erasure completion can be verified by Status Polling after the automatic erase starts. This algorithm provides
a fast erase time without any voltage stress to the device or deterioration in data reliability.

Asindicated below, a single random block or any combination of multiple blocks can be erased simultaneously.

Auto Block Erase & T-46-13-26
Setup Auto Block Erase Status Polling
Vec 5V
vor 12v_/ {
A0-A13

<

Block Block # Block
wes SRRXXKHTINN, K )X X) XXX

ﬂ—dw- 1 tBAL tAETB
E—— —
® | tN N\ S\ LN
I‘EE ToeH [eer |18 icES toesq
oF F \ a2
L B~ L L5 o5,
Vo7 C hH m} \ / L—
Status Polling
VO0-106 gf‘ npd h}
Command 20H Command DOH

(TD.ABE.HN28F4001)
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H MANUAL PROGRAMMING FLOWCHART

T-46-13-26
— HN28F4001 Series

The HN28F4001 can be programmed with the fast, high-reliability programming algorithm shown in the
following flowchart. This algorithm provides fast programming time without any voltage stress to the device or

HITACHI/ LOGIC/ARRAYS/MEM

deterioration in reliability of programmed data.

L

[ Apply Vpp=12.01 0.6 V |

i

ress =0

n

n=0

+

1-n

l Write Setup Program Command

:

| Write Program Command

Wait 10 us

l Write Program Verify Command

L Address + 1—~>Address |

I Write Read Command l

[ Apply Vep= Vo

]

HITACHI
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YES
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HN28F4001 Series : - .
8 MANUAL PROGRAMMING TIMING WAVEFORM HITACHI/ LOGIC/ARRAYS/MEM
| 1-46-13-26
Setup Program Program Program Verty
Vee 5V
12v -
Vep
ov wes .N_P"J\_
AO- Ate W Adoss
L \
——— L r
c \—’ 1 1—-\__
hb_e:l CEP CEP tcep CES CESE
1|1 B | T oo
VOO-VO7. C "‘H Datain J,r' in Data out veid
Command 40H Command COH
(TD.MP.HN28F4001)
HITACHI
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8 MANUAL CHIP ERASE FLOWCHART T-46-1 3-26
The HN28F4001 can be erased with the fast, high-reliability chip erase algorithm shown in the following
flowchart. This algorithm provides a fast erase time without any voitage stress to the device or deterioration in

data reliability.
HITACHI/ LOGIC/ARRAYS/MEM

Program all Bytes to 00H *1

{ Apply Vpp = 12.0£ 06 V |
Y
s )

i+
| n+1i— n |
Y

Write Setup Chip Erase Command ]

Y

Write Chip Erase Command |

Y

Wait 10 ms ]

v

Address = 0 |

>y

l Write Erase Verify Command

Address++ Address | |
) Wait 6 pus

Last Address?

L Apply Vpp = Ve

*1. Refer to Manual Programming Flowchart

({FC.CE.HN28F4001)
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M
@ MANUAL BLOCK ERASE FLOWCHART HITACHI/ LOGIC/ARRAYS/ME

The HN28F4001 can be erased with the fast, high-reliability block erase algorithm shown in the following
flowchart. This algorithm provides a fast block (16KBytes) erase time without any voltage stress to the device

or deterioration in data reliability. T-86-13-26

| Program all Bytes of Block to 00H *1 J

[ Apply vpp = 12.0+ 0.6 v|

N
*4

I n++=> n J
Y

I Write Setup Block Erase Command J

v

I Write Block Erase Command J

¥

| Wait 10 ms J

Y

| Address =0 l

>y

[ Write Erase Verify Command

r Address+1—> Address l ‘

| Wait 6 us |

Apply Vpp = Vcc

SN

*1. Refer to Manual Programming Flowchart

(FC.BE.HN28F4001)
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a MANUALCHIPE}RASETIMINGWAVEFORM HITACHI/ LOGIC/ARRAYS/MEM

T-46-13-26

Setup Chip Erase Chip Erase Erase Verity

Command 20H Command 20H

(TD.CE.HN28F4001)

B MANUAL BLOCK ERASE TIMING WAVEFORM
As indicated below, a single random block or any combination of muitiple blocks can be erased
simultaneously.

Setup Block Erase Block Erase Erase Verify

Vee 5V

12v
Vep

o VP
a0 X o KOOXXX

A14-A18

Y B R

[
=y
VOO-O7 4 h— {c in Data out v.b
Command 60H Command 60H Command AOH
(TD.BE.HN28F4001)
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m DEVICE IDENTIFIER MODE DESCRIPTION : T-46-13-26

The Device identifier Mode allows binary codes to be read from the outputs that identify the manufacturer
and the type of device. Using this mode with programming equipment, the device will automatically match its
own erase and programming algorithm.

EM
B HN2BF4001 SERIES IDENTIFIER CODE HITACHI/ LOGIC/ARRAYS/MN

Identifier A, | VO, | 1O, | ¥O, | VO, | VO, | O, | VO, | O, | HexData
Manufacturer Code | V, 0 0 0 0 0 1 1 1 07
Device Code vV, 1 0 0 0 0 0 0 0 80

Notes: 1. Device identifier code can be read out by applying 120V 0.5Vio A9whenV_ V.., or
inputting command while V=12 V.
2. Vg =V,=5.0V1i10% when applying 12 V 1o A9.
Ve =5.0V £ 10% and V,,=12.0 V £ 0.6 V in command inputs.
3. AitoA8,A10t0oA18,CE,andDE=V,,.
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