HM67G1866 Series

65,536-words x 18-bits Synchronous Fast Static RAM Target Spec

HITACHI

ADE-203-579A(Z)
Rev. 3
Dec. 25, 1995

Features

e 3.2t0 3.6V Operation

e 1.5 VHSTL Compatible Input and Output
* Synchronous Operation

e Internal self-timed Late Write

e Agynchronous/G Output Control

e Byte Write Control
(2 byte write selects, one for each 9 bits)

¢ Programmable Impedance Output Drivers
¢ Differential Clock Inputs
¢ Boundary Scan

Ordering Information

Type Number Cycle Time Package

HM67G1866BP-7 7 ns 119 Bump 1.27 mm
14 mm x 22 mm BGA (BP-119)
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HM67G1866 Series

Pin Arrangement
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NC SA1T M1 VDD M2 SA6 NC

08030
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OO0 00000

VvDDQ TMS__TDI__TCK TDO NC VDDQ
(Top view)
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Pin R3 and RS are clock mode pins. For this application, Pin R3 and RS need to connect to Vgg and Vp,
respectively. Pin G4 and H4 are output clocks. For this application, Tied to Vp, are recommended.
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HM67G1866 Series

Block Diagram
16 o
VRer Voba
SAO0 - T _°Vop
SA15 T °Vss
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Enable Write
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|Register Memory
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rite 9

JTAG Register, Byte ¢ (65536words

Register Wri 9 % 18bits)
S, |l e
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¥ Write
JTAG Register| 18
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N

G o
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DQa0 -8 o0
DQc0 -8
TDi
JTAG T
TCK
T™MS
TDO o

Note:  The functional block diagram illustrates simplified device operation. See truth table, pin
descriptions and timing diagram information.
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HM67G1866 Series

Pin Descriptions

Name 1/0 Type Descriptions Note

Voo Power Supply

Vg Ground

Vona Output Power Supply

K Input Input Clock

K Input Input Clock

SS Input Synchronous Chip Select

SWE Input Synchronous Write Enable

Viaer Input I/O Reference Voltage

SAn Input Synchronous Address n=0,1,2,..14,15
SWEXx Input Synchronous Byte Write Enable X=a,c

G Input Asynchronous Output Enable

ZQ Output Impedance Control 1

DQxm 110 Synchronous Data Input/Output Xx=a,cm=0,1,2,..8
Mn Input Output Protocol Mode Select 2n=1,2

T™MS Input Boundary Scan Test Mode Select

TCK Input Boundary Scan Test Clock

TDI Input Boundary Scan Test Data In

TDO Output Boundary Scan Test Data Out

NC No Connection

Notes: 1. ZQis to be connected to V¢ via a resistance RQ where 175 Q < RQ <350 Q, if ZQ = V, output
buffer impedance will be minimum push pull output buffer mode.
2. M1 and M2 need to connect to either V¢ or V,,, respectively. The state of the Mode control
inputs must be set before power-up and must not change during device operation. Mode control
inputs are not standard inputs and may not meet V,, or V,_specifications.

M1 M2 Protocol
Vs Voo Single Clock Register Register
4
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HM67G1866 Series

Truth Table

1) Single differential clock Mode (Register Register Mode)

SS G SWE SWEa SWEe K K Operation DQa DQc
H X X X X L-H H-L Dead (not selected) High-Z High-Z
L H H X X L-H H-L Dead (Dummy read) High-Z High-Z
L L H X X L-H H-L Read Dout Dout
L X L L L L-H H-L Write Din Din
L X L H L L-H H-L Write High-Z Din
L X L L H L-H H-L Write Din High-Z
Notes: 1. X means don’t care for synchronous inputs, and H or L for asynchronous inputs.

2. SWE, SS, SWEa, SWEc, SA are sampled at the rising edge of K clock.
Absolute Maximum Ratings
Parameter Symbol Value Unit Note
Supply voltage Voo -0.51t0 +4.6 \'% 1
Output Supply Voltage Vooa -05t01.6 \'% 1
Voltage on any pin Vi —0.5t0 V,+0.5 (4.6 V max) \% 1
Operating Temperature Ta 0to 70 °C
Storage Temperature Tstg (bias) -551t0 125 °C
Output Current per pin lout +70 mA
Power dissipation Pd 2.2 w

Notes: 1. All voltage are referenced to V.

2. Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional
operation should be restricted the Operation Conditions. Exposure to higher than recommended
voltages for extended periods of time could affect device reliability.

3. The device is tested under the minimum transverse air flow of 2.5 meters per second for the DC
and AC specifications shown in the tables.

4. Power Up Initialization
The following supply voltage application sequence is recommended: Vg, Vy, then Vi,

HITACHI
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HM67G1866 Series

Recommended DC Operating Conditions (Ta =0 to 70°C)

Parameter Symbol Min Typ Max Unit Notes
Supply voltage Voo 3.2 3.3 3.6 \Y

Output Supply voltage Vooa 1.2 1.5 1.6 \Y

Input voltage Logic High Level Vi Veee +0.2 — Vppg + 0.3 \%

Logic Low Level V. -0.3 — Vier - 0.2 \%

I/O Reference DC Voltage Veer(DC) 0.6 — 0.9 \

/O Reference AD Voltage Veer(AC) — — Veer(DX) X 5% Vg,

Clock input differential Voltage VDIF 0.4 \Y

Clock input common mode voltage VCM 0.6 — 0.9 Vv

Note: 1. Clock input common mode voltage VCM V..(AC) may not exceed 5% of V(DC).
2. Differential input levels.

HITACHI
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HM67G1866 Series

DC Characteristics (Ta =0 to 70°C, V,, =3.2 Vt0 3.6 V)

Parameter Symbol Min Typ Max Unit Note
Input Leakage Current I, -5 — 5 UA 1
Output Leakage Current lo -5 — 5 UA 2
V;pp Operating Current oo — — 600 mA 3
Output Voltage Voo 0 — 0.4 \Y 4
Vou 0.8 — Vppg + 0.3 \ 4
ZQ pin connect Resistance Rq 175 250 350 Q
Output Current lo 2.5%XVppa — 2.5%Vpq mA 5
/RQ-20% /RQ+20%
lon 2.5xVpq — 2.5XVpq mA 6
/RQ-20% /RQ+20%
Note: 1. 0<Vin<V,

2. 0 <VI/O £ Vypq, Tristate 110, SS=V,,orG=V,
3. lout =0 mA, t.,; = 7 ns, Address increment pattern, read 50% / write 50%, V, = V, max, SS=

VIL

4. Minimum impedance push pull output buffer mode, I, = -2.4 mA, I, = 2.4 mA

5. Measured at Vo, =1/2
6. Measured at V,, =1/2

Input Capacitance (Ta = 25°C, f = 1 MHz)

Parameter Symbol Min Max Unit Pin Name Note
Address Input Capacitance Cina — 5 SAn, SS, SWE, SWEx 1
Clock Input Capacitance Cine — 8 K, K, G,C,C 1
I/O Capacitance Civo — 8 DQxm 1
Note: 1. This value is measured by sampling and not 100% tested.

7
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HM67G1866 Series

AC Test Conditions

e Temperature

e Input Reference Point for Differential Signals
¢ TInput Reference Point for Single-Ended Signals

e Input pulse levels
¢ Clock Input pulse levels
e Input Rise/Fall Time

® Clock input Rise/Fall Time

e Output timing reference

e Input reference DC voltage (Vref)

e Qutput load

0°C<Ta<70°C

Differential Cross-Over Point
075V

Otol5V

Otol5V

1.0 ns (20% to 80%)

1.0 ns (20% to 80%)

075V

075V

See figures

V=075V
DUT
Vppa~1.5V
Veer[0-75V z0_s00 102
DQ
ZQ_VDD 7-77|—-C|_ =10 pF*
Load A (tknavs taLav)
Vr=075V
DUT
Vppa
VRer[~ 08
DQ
L =5pF*
ZQ-Vpp ;CL P * Including scope and jig
capacitance
Load B (for txnax: tkraxe: taLax: tkraz: taHaz)

HITACHI
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HM67G1866 Series

AC Characteristics (0°C < Ta < 70°C)

Parameter Symbol Min Max Unit Notes
Clock Control

Clock Cycle tkn 7.0 — ns

Clock High Width kL 3.0 — ns

Clock Low Width teikn 3.0 — ns

Read Control

K Clock Access tknav — 4.0 ns

Output Enable Access tarav — 4.0 ns

K High to Q Change teax 0.5 — ns

Output Enable to Low-Z tarax 0.5 — ns 1
Output Buffer Control

K High to Low-Z tkuaxe 0.5 — ns 1

K High to Q Hi-Z tknaz 0.0 4.0 ns 1
Output Enable to Hi-Z tanaz 0.0 4.0 ns 1
Setup Times

Address Setup Time tavicr 0.5 — ns SA, SS, SWE, SWEa, SWEc
Data Setup Time tovkm 0.5 — ns

CID Update Setup tarkn 2.0 — ns 2
Hold Times

Address Hold Time tiax 2.2 — ns SA, SS, SWE, SWEa, SWEc
Data Hold Time tkrox 2.2 — ns

CID Update Hold tknax 2.0 ns 2

CID Update

CID Update Time tereL | ns 2

Notes: 1. Transition is measured =100 mV from steady voltage with specified loading in Load B.
This parameter is sampled and not 100% tested.

2. These specifications are required for impedance updates when G is high.
At least the same number of cycles of initialization as the depth of the part are required to
provide initial impedance matching.

HITACHI

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



HM67G1866 Series

Read Cycle 1
tKHKH kHKL | TKLKH
K X X X X
TAVKH |q ol ] IKHAX
sh X A XK n2 XK A3 XK _Ad X
TAVKH || IKHAX
ss QA_| p2 oo | oo | P27
tavkH < EKHAX
swe 77 | \ZZ ] | T | &
SWEa, ¢
IkHav_
DQ XX Doo XX Do1 XX Do2
tkHax
Notes: G=V,_
10
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HM67G1866 Series

Read Cycle 2 (SS Controlled)

tKHKH tkHKL | TKLKH
K X X X X
tavkH tkHAX
ST X 7/ A3 %, W
LAVKH [t TcHAX
ss A | o TN | L7\ | IZ.
LAVKH [ tkHAX
swe 7 | & 1 | Y7 | &«
SWEa, ¢
- > tKHQZ(l\|/Iax)
DQ XX Doo XX Dot {Do 3
tkHaz(Min) t:HoZ
Note: G=V,
11
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HM67G1866 Series

Read Cycle 3 (G Controlled)

LG B LG
K X X X XX
LAVKH [ tkHAax
sA X AL XK 2 X777K A3 XK Aa XK
tAVKH |-l tkHAX
sS N | o | o | A | 2
tAVKH o <a] TkHAX
swe 7 |\ | X | T | ¢
SWE3, ¢
G
L?HQZ(Ma)i E;LQX
DQ XX Doo XX Dot { Do 3
I I<I—> -
taHQZ(Min) taLax

12
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HM67G1866 Series

Write Cycle
LG WL LG
E X X X
tavkH | lKHAX
sa X AT XX A2 XK A3 Y X _aa X2
tAVKH |- TkHAX
ss A | N | oo | 2
tAVKH [olaa] tkHAX
SWE 2 p2 YN VAN zZ
tAVKH || THAX
SWEa,c _ X W/*‘ Vﬁ(‘vﬁ(‘)@
G
tovkH tkHDX
DQ X pio X7 Di 1 X bi2 X X Di3 X
T T T T

HITACHI
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HM67G1866 Series

Read-Write Cycle

READ (EREAtDI) WRITE READ (S_BEAP ) WRITE
B tkHKH tkHkL | IkikH
< X * X X X X
tavkH tkHAx
tavikH tkHax
ss LTI TN |00 | 20777 NN RN
tavkH tkHax
SWE N/ Y/ R /R i e R /g
tavkH [tkHax
SWEa, ¢ VI, W T SR A
G /
laHQz (Max) | tovkH|tkHDX taLav
DQ XX Doo X D|o|1 )‘—k Di 3 Do4 ) Dig ——
tkHax mM_ ) ) tkHaz (Min)
oy ! tkHQZ (Max)
Impedance update timing
K ——
tlGHKH [+ tkHGx
G
teHaL
14
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HM67G1866 Series

Boundary Scan Test Access Port Operations

Overview

In order to perform the interconnect testing of the modules that include this SRAM, the serial boundary
scan test access port (TAP) is designed to operate in a manner consistent with IEEE Standard 1149.1 -

1990. But does not implement all of the functions required for 1149.1 - 1990.

Test Access Port Pins

Symbol I/O Name

TCK Test Clock

T™S Test Mode Select
TDI Test Data In
TDO Test Data Out

Note: This Device does not have a TRST (TAP Reset) pin. TRST is optional in IEEE 1149.1. To disable
the TAP, TCK must be connected to V. TDO should be left unconnected.

TAP DC Operating Characteristics (Ta =0°C to 70°C)

Parameter Symbol Min Max Note
Boundary scan Input High voltage Vi 22V Voo + 0.3V
Boundary scan Input Low voltage vV, -05V 08V
Boundary scan Input Leakage Current I, -5uA +5uA 1
Boundary scan Output Low voltage Voo -0.3V 0.4V
Boundary scan Output High voltage Vou 24V Vpp +0.3V 3
Notes: 1. 0<Vin<V,,

2. lgp=2mA

3. lgy=-2mMA

15
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HM67G1866 Series

TAP AC Operating Characteristics (Ta =0°C to 70°C)

Parameter Symbol Min Max Unit
Test Clock Cycle Time S 67 — ns
Test Clock High Pulse Width S 30 — ns
Test Clock Low Pulse Width trmm 30 — ns
Test Mode Select Setup tavra 10 — ns
Test Mode Select Hold trimx 10 — ns
Capture Setup tes 10 — ns
Capture Hold ton 10 — ns
TDI Valid to TCK High tovry 10 — ns
TCK High to TDI Don’t Care thox 10 — ns
TCK Low to TDO Unknown triax 0 — ns
TCK Low to TDO Valid trav — 20 ns

Notes: 1. tcs + toy defines the minimum pause in RAM /O pad transitions to assure pad data capture.

16
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HM67G1866 Series

TAP AC Test Conditions
e Temperature 0°C £Ta<70°C
e Input Reference Point for Single-Ended Signals 1.5V
e Input pulse levels Oto30V
e TInput Rise/Fall Time 1.0 ns (20% to 80%)
e Output timing reference 1.5V
e Test load termination supply voltage (V) 1.5V
e Qutput Load See boundary scan AC test load

Vr=15V

DUT
50 Q
Zo =500
TDO
Vref=15V
boundary scan AC test Load

17
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HM67G1866 Series

TAP Timing Diagram
triri trem b
TCK \ \ \ \ /
tmvTH trumx
™S ___/ [\ ﬁ /1N | L/ |\ \__/
tovTH[* > tTHDX
TDI:XXXX::XXXXZZXXXJ( OO0 X0 XXX [ X0
<—=tr qv
triax
TDO X) XX XX LJO XX
teste ten
RAM XXXX X XXXX__ | XXXX XXX | XXXX
ADDRESS
TAP Timing Diagram
18
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HM67G1866 Series

Test Access Port Registers

Register Name Length Symbol Note
Instruction Register 3 bits IR [0;2]

Bypass Register 1 bits BP

ID Register 32 bits ID [0;31]

Boundary Scan Register 51 bits BS [1;51]

TAP Controller Instruction Set

IR2 IR1 IRO Instruction Operation

0 0 0 SAMPLE-Z Tristate all data drivers and capture the pad value
0 0 1 IDCODE

0 1 0 SAMPLE-Z Tristate all data drivers and capture the pad value
0 1 1 BYPASS

1 0 0 SAMPLE

1 0 1 BYPASS

1 1 0 BYPASS

1 1 1 BYPASS

Note: This Device does not perform EXTEST, INTEST or the preload portion of the PRELOAD command
in IEEE 1149.1.

HITACHI
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HM67G1866 Series

Boundary Scan Order

Bit # Bump ID Signal Name Bit # Bump ID Signal Name
1 5R M2 27 2B NC

2 6T SA4 28 3A SA12
3 4P SA5 29 3C SA13
4 6R SA6 30 2C SA14
5 5T SA7 31 2A SA15
6 7T NC 32 1D DQcO
7 7P DQa0 33 2E DQc1
8 6N DQaft 34 2G DQc2
9 6L DQa2 35 1H DQc3
10 7K DQa3 36 3G SWEc
11 5L SWEa 37 4D ZQ
12 4L K 38 4E SS

13 4K K 39 4G C

14 4F G 40 4H C

15 6H DQa4 41 4M SWE
16 7G DQa5 42 2K DQc4
17 6F DQa6 43 1L DQc5
18 7E DQa7 44 2M DQc6
19 6D DQa8 45 1N DQc7
20 6A SA8 46 2P DQc8
21 6C SA9 47 3T SA0
22 5C SA10 48 2R SA1
23 5A SA11 49 4N SA2
24 6B NC 50 2T SA3
25 5B NC 51 3R M1
26 3B NC

Notes: 1. Bit#1 is the first scan bit to exit the chip.

2. NC pads listed in the TABLE are represented in the Boundary Scan Register by a Place Holder.
Place Holder registers are internally connected to vdd.

3. K, K, C, C are sampled individually. In scan modes each of these differential inputs are
referenced to Vg

20
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HM67G1866 Series

ID register

Bit# |31(30|29|28(27|26|25(24|23(22|21|20(19|18(17|16|15(14|13|12|11|10/9 |8 |7 |6|5(4 |3 |2 |1 |0
Value| X | X |X|X|0|O|1|0|O|O|O|O|1|1|0O|O|O|O|O|O|O|O|O|O|O[O|O|O(fT|1]|1]|1

Vend am, am,
Re”. or No. | 16M Depth | 16M | Width Use in the future Vendor ID No. Fix
evision No- | pepth Width

TAP Controller State Diagram

1 Test-Logic- |
Reset
0
/
0 Run-Test/ |1 | Select- |1 | select- |1
Idle DR-Scan IR-Scan
A 0
1 Y
re-DRl
0
/
Shift-DR 0

]
Y ;

0
Y
| Pause-DR 0

1
0 Y
1
Y
Update-Til<— Update-IR
Yo

1 0]

1

Note:  The value adjacent to each state transition in this figure represents the signal present at TMS at the
time of a rising edge at TCK.
No matter what the original state of the controller, it will enter Test-Logic-Reset when TMS is held
high for at least five rising edges of TCK.

21
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HM67G1866 Series

Package Outline
HM67G1886BP (BP-119) Unit : mm
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